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ABSTRACT

Cyber Supply Chain Security (CSCS) has emerged
as a critical challenge due to the increasing
interconnection of digital infrastructures, cloud
services, third-party vendors, and software
dependencies across modern organizations. The
rapid expansion of cyber-physical systems and
distributed enterprise ecosystems has significantly
increased the attack surface available to malicious
actors, making supply chains vulnerable to
sophisticated cyber threats such as ransomware,
spyware, phishing, Advanced Persistent Threats
(APTs), and supply chain infiltration attacks.
Traditional cybersecurity mechanisms primarily rely
on reactive defense approaches, which often fail to
identify hidden wvulnerabilities and predict future
attacks before significant damage occurs. To address
these limitations, this project proposes an intelligent
Cyber Threat Predictive Analytics framework that
integrates Cyber Threat Intelligence (CTI) with
Machine Learning (ML) techniques to improve
cyber supply chain security. The proposed system
systematically analyzes CTI parameters such as
Indicators of Compromise (IoCs), Tactics,
Techniques, and Procedures (TTPs), attacker
behavior, and historical malware data to predict
potential threats and vulnerabilities within
interconnected supply chain environments. Several
machine learning algorithms including Logistic
Regression, Support Vector Machine, Random

Forest, and Decision Tree are trained and evaluated

www.ijesat.com

using the Microsoft Malware Prediction dataset to
enhance predictive accuracy and threat detection
capabilities. The  system  performs data
preprocessing, feature extraction, classification, and
predictive analysis to generate actionable security
recommendations for organizations. Experimental
results demonstrate that the integrated ML-driven
CTI framework effectively identifies cyberattack
patterns and predicts high-risk threats such as
ransomware and spear-phishing attacks with
improved accuracy. The proposed model enables
organizations to shift from reactive security
mechanisms to proactive and predictive defense
strategies, thereby enhancing resilience, minimizing
operational disruptions, and strengthening the
overall cybersecurity posture of digital supply

chains.
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L. INTRODUCTION

The rapid advancement of digital transformation
technologies has fundamentally changed the
structure and operational dynamics of modern
supply chains. Organizations across industries
increasingly depend on interconnected digital

ecosystems involving cloud computing, Internet of
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Things (IoT) devices, third-party vendors, software
repositories, and cyber-physical infrastructures to
ensure seamless operational continuity [1]. This
evolution has resulted in the emergence of Cyber
Supply Chains (CSC), where the exchange of digital
information becomes equally important as the
physical movement of products and services [2].
However, the interconnected nature of these
ecosystems has significantly expanded the attack
surface available to cybercriminals and state-
sponsored threat actors [3]. Modern attackers
frequently exploit vulnerabilities within trusted
vendors, software updates, open-source libraries,
and third-party service providers to infiltrate larger
organizations through indirect pathways [4].
Incidents such as the SolarWinds attack,
ransomware outbreaks, and supply chain malware
campaigns have demonstrated that compromising a
single supplier can cascade into widespread
organizational  disruptions  [5].  Traditional
cybersecurity mechanisms primarily focus on
reactive defense models such as firewall protection,
signature-based detection, and incident response
systems, which are insufficient for detecting
sophisticated and evolving threats [6]. Existing
approaches also suffer from limited visibility into
deep-tier suppliers and hidden vulnerabilities within
interconnected infrastructures [7]. Cyber Threat
Intelligence (CTI) has emerged as a strategic
approach for collecting and analyzing adversarial
behaviors, Indicators of Compromise (IoCs), and
Tactics, Techniques, and Procedures (TTPs) to
enhance situational awareness [8]. Nevertheless, the
enormous volume and complexity of threat data
generated across supply chains make manual
analysis difficult and inefficient [9]. Consequently,
organizations require intelligent predictive systems
capable of transforming raw threat data into

actionable security intelligence [10].
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Machine Learning (ML) techniques provide a
promising  solution for addressing these
cybersecurity challenges by enabling automated
threat prediction, anomaly detection, and behavioral
analysis [11]. ML algorithms can analyze historical
attack patterns, classify malware activities, and
identify hidden relationships within massive
datasets to forecast future cyber threats [12].
Integrating CTI with ML enables organizations to
move beyond traditional reactive security
approaches toward proactive and predictive defense
strategies [13]. In the proposed system, machine
learning models such as Logistic Regression,
Support Vector Machine, Random Forest, and
Decision Tree are trained using the Microsoft
Malware Prediction dataset to identify attack trends
and predict vulnerabilities within cyber supply
chains [14]. The system systematically processes
CTI features including attack vectors, threat actor
motivations, malware characteristics, and system
vulnerabilities to generate accurate predictions and
recommend suitable security controls [15]. Data
preprocessing and feature engineering techniques
improve the efficiency of the predictive framework
by eliminating noise and extracting relevant
attributes [16]. The proposed architecture supports
continuous monitoring, intelligent risk analysis, and
automated threat forecasting across interconnected
infrastructures [17]. By combining predictive
analytics with structured threat intelligence, the
framework enhances organizational resilience
against ransomware, phishing, spyware, and
advanced persistent threats [18]. Furthermore, the
integration of ML-driven CTI analysis reduces alert
fatigue, improves threat prioritization, and supports
faster incident response mechanisms [19]. The
proposed system therefore contributes toward
building a scalable, intelligent, and proactive

cybersecurity framework capable of securing
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modern digital supply chains against emerging cyber

threats [20]-[30].
II. LITERATURE SURVEY

Cyber supply chain security has become a major
research domain due to the increasing dependency
of organizations on interconnected digital
infrastructures  and  third-party  ecosystems.
Researchers have explored multiple approaches to
identify, analyze, and mitigate cyber threats
targeting supply chain environments. A. Yeboah-
Ofori and S. Islam proposed a cybersecurity threat
modeling framework specifically designed for
organizational  supply chain  environments,
emphasizing the importance of identifying
vulnerabilities ~ within  interconnected vendor
ecosystems [l]. Their study demonstrated that
formal threat modeling techniques significantly
improve the detection of hidden attack vectors and
third-party risks [2]. Woods and Bochman analyzed
the evolution of software-centric supply chains and
highlighted the security challenges associated with
open-source dependencies and third-party software
integration [3]. Their work revealed that modern
supply chains are highly vulnerable to malicious
code injections and compromised software updates
[4]. ENISA evaluated the operational effectiveness
of Threat Intelligence Platforms (TIPs) and
identified  major  limitations  related to
interoperability, automation, and contextual threat
analysis [5]. Their findings emphasized the
necessity of intelligent systems capable of
transforming raw threat feeds into actionable
intelligence [6]. Christian Doerr presented an
overview of cyber threat intelligence standards such
as STIX and TAXII, demonstrating that standardized
intelligence  sharing  significantly  enhances
collaborative cyber defense mechanisms [7].
Yeboah-Ofori, Katsriku, and Abdulai investigated

cyber risks associated with cyber-physical systems
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and concluded that traditional IT security
frameworks are inadequate for protecting critical
infrastructures against sophisticated attacks [8].
MITRE’s CAPEC-437 framework systematically
categorized supply chain attack patterns and
established structured methodologies for identifying
attack execution techniques [9]. OWASP identified
the most critical application security vulnerabilities
affecting modern digital systems and emphasized
the prevalence of injection flaws, broken
authentication, and insecure software dependencies
[10]. SAFECode recommended integrating security
practices directly into the Software Development
Life Cycle (SDLC) using  DevSecOps
methodologies and continuous software verification
mechanisms [11]. The National Cyber Security
Centre also highlighted real-world supply chain
attack scenarios and recommended stronger vendor
risk assessment and continuous monitoring
strategies [12]. Collectively, these studies
demonstrate that cyber supply chain security
requires  integrated, intelligence-driven, and
predictive defense mechanisms capable of

addressing complex interconnected risks [13]-[15].

Recent advancements in Machine Learning (ML)
have significantly improved cybersecurity analytics
by enabling intelligent threat detection and
predictive analysis. Researchers have increasingly
focused on applying ML algorithms to classify
malware, detect anomalies, and forecast
cyberattacks across complex infrastructures [16].
Logistic Regression and Support Vector Machine
models have been widely utilized for intrusion
detection and malware classification because of their
capability to handle high-dimensional datasets
effectively [17]. Random Forest algorithms have
shown improved accuracy in identifying malicious
behaviors due to their ensemble learning capabilities
and resistance to overfitting [18]. Decision Tree

classifiers provide interpretable prediction models
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suitable for identifying cyberattack patterns and
vulnerability indicators [19]. Several studies have
integrated CTI attributes such as Indicators of
Compromise (IoCs), Tactics, Techniques, and
Procedures (TTPs), attacker motivations, and
behavioral analytics into ML frameworks to enhance
predictive capabilities [20]. Researchers have also
emphasized the role of feature engineering, data
normalization, and preprocessing techniques in
improving prediction accuracy and reducing false
positives [21]. Modern cybersecurity frameworks
increasingly utilize predictive analytics to identify
ransomware attacks, phishing campaigns, spyware
infections, and advanced persistent threats before
they cause operational disruptions [22]. User and
Entity Behavior Analytics (UEBA) approaches have
been employed to monitor abnormal access patterns
and insider threats within supply chain ecosystems
[23]. Studies on Security = Orchestration,
Automation, and Response (SOAR) platforms have
shown that automated response  systems
significantly reduce incident response times and
improve mitigation efficiency [24]. Graph theory
and network-based ML approaches have also been
used to simulate malware propagation and analyze
cyberattack blast radius across interconnected
supply chain nodes [25]. Although existing research
demonstrates substantial progress in predictive
cybersecurity, most frameworks still lack complete
integration between Cyber Threat Intelligence and
Machine Learning within cyber supply chain
environments [26]. Many current systems operate
independently without effectively correlating threat
intelligence, malware datasets, and predictive
analytics to generate proactive security controls
[27]. Therefore, the proposed system addresses these
limitations by integrating CTI-driven feature
extraction with ML-based threat prediction models

to improve cyber supply chain security, reduce
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operational risks, and enhance proactive defense

capabilities [28]-[30].
IV. PROPOSED SYSTEM

The proposed Cyber Threat Predictive Analytics
system is designed to enhance Cyber Supply Chain
Security (CSCS) through the integration of Cyber
Threat Intelligence (CTI) and Machine Learning
(ML) techniques. The primary objective of the
system is to identify, analyze, and predict cyber
threats before they disrupt interconnected supply
chain infrastructures. Unlike traditional security
mechanisms that rely on reactive defense
approaches, the proposed framework adopts a
proactive and predictive security strategy capable of
forecasting future attacks based on historical threat
intelligence and malware behavior patterns. The
system collects structured CTI information
including Indicators of Compromise (IoCs), Tactics,
Techniques, and Procedures (TTPs), threat actor
behavior, malware characteristics, and attack vectors
from multiple intelligence sources. These
parameters are integrated with the Microsoft
Malware  Prediction dataset to create a
comprehensive analytical framework for identifying
vulnerabilities and predicting cyberattacks. The
collected data undergoes preprocessing operations
such as data cleaning, normalization, missing value
handling, and feature extraction to improve the
efficiency and accuracy of the machine learning
models. The extracted features are then utilized to
train classification algorithms including Logistic
Regression, Support Vector Machine, Random
Forest, and Decision Tree. These models analyze
hidden relationships between attack behaviors and
system vulnerabilities to accurately classify and
predict potential cyber threats across supply chain

networks.

Vol 26 Issue 05, May 2026

Page 386 of 391



ISSN No0:2250-3676

International Journal of Engineering Science and Advanced Technology

Micresolt Maluare Dataset

The predictive engine of the proposed system
continuously evaluates incoming threat intelligence
and network activities to detect suspicious patterns
and forecast future attacks such as ransomware,
spyware, spear-phishing, and Advanced Persistent
Threats (APTs). The system generates predictive
outputs in the form of vulnerability assessments,
threat probabilities, and Indicators of Compromise,
enabling organizations to implement targeted
security controls before damage occurs. Based on
the predicted threats, the framework recommends
appropriate preventive, detective, corrective, and
recovery mechanisms to strengthen organizational
cybersecurity posture. The integration of ML-driven
analytics with CTI significantly improves situational
awareness, reduces false positives, minimizes alert
fatigue, and enhances real-time decision-making
capabilities. Furthermore, the proposed architecture
supports scalable deployment within enterprise
environments through lightweight technologies such
as Python, Flask, Pandas, NumPy, and Scikit-Learn.
The system also enables continuous monitoring of
vendor activities, third-party access patterns, and
software supply chain integrity to identify hidden
risks across interconnected infrastructures. By
combining predictive analytics with intelligent
threat intelligence processing, the proposed system

provides an effective solution for securing modern
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cyber supply chains against evolving and

sophisticated cyber threats.
III. SYSTEM DESIGN

The system design of the proposed Cyber Threat
Predictive Analytics framework is structured to
provide an efficient, scalable, and intelligent
architecture for securing cyber supply chains against
advanced cyber threats. The architecture consists of
four major phases: data collection, data
preprocessing, machine learning prediction, and
security control recommendation. In the first phase,
the system collects data from multiple Cyber Threat
Intelligence (CTI) sources and the Microsoft
Malware Prediction dataset. The collected
information includes malware behavior, Indicators
of Compromise (IoCs), Tactics, Techniques, and
Procedures (TTPs), attack patterns, threat actor
motivations, and vulnerability details. These
datasets are stored within the processing
environment and prepared for analytical operations.
During the preprocessing phase, the system
performs data cleaning, normalization, duplicate
removal, missing value handling, and categorical
feature encoding using Python libraries such as
Pandas and NumPy. Feature engineering techniques
are applied to identify the most relevant attributes
influencing cyber threats within supply chain
infrastructures. The extracted features are divided
into training and testing datasets to ensure accurate
model validation and performance evaluation. The
processed data is then forwarded to the machine
learning prediction engine where classification
algorithms including Logistic Regression, Support
Vector Machine, Random Forest, and Decision Tree

are implemented using the Scikit-Learn framework.
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recommendations, and recovery mechanisms to
minimize operational damage. The modular and
loosely coupled design approach ensures high
scalability, maintainability, and seamless integration
with existing enterprise infrastructures. Overall, the
system design provides a robust, intelligent, and
proactive cybersecurity framework capable of
protecting modern cyber supply chains against

emerging digital threats.
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component of the proposed architecture and is
responsible for identifying malicious patterns and
forecasting future cyber threats. Each ML model is V. RESULTS

trained using historical malware data and CTI

parameters to recognize attack trends and predict
vulnerabilities across interconnected systems. The
prediction results generated by the models include
the identification of ransomware, phishing attacks,
spyware infections, malware propagation risks, and
suspicious user activities within the supply chain
environment. The architecture also includes a web-

based dashboard developed using HTML, CSS,

LOGIN FORM

JavaScript, and Flask to provide an interactive
interface for security administrators. The dashboard
displays threat predictions, system alerts, risk
scores, and vulnerability assessments in real time,
enabling organizations to monitor cybersecurity
events effectively. The final phase of the architecture

focuses on recommending actionable security

controls based on the predicted threats. These
controls include preventive security measures,

intrusion monitoring strategies, incident response
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REGISTRATION FORM

THREAT DETECTION

VI. CONCLUSION

The increasing complexity and interconnectivity of
modern digital ecosystems have significantly
elevated the cybersecurity risks associated with
cyber supply chains. Traditional reactive defense
mechanisms are no longer sufficient to protect
organizations against sophisticated cyber threats
such as ransomware, phishing, malware injection,
spyware, and Advanced Persistent Threats (APTs).
This project successfully addressed these challenges
by proposing an intelligent Cyber Threat Predictive
Analytics framework that integrates Cyber Threat
Intelligence (CTI) with Machine Learning (ML)
techniques to improve Cyber Supply Chain Security
(CSCS). The proposed system systematically
analyzed Indicators of Compromise (IoCs), Tactics,
Techniques, and Procedures (TTPs), malware

characteristics, and attacker behavior patterns to

predict vulnerabilities and potential cyberattacks
within interconnected infrastructures. Multiple
machine learning algorithms including Logistic
b Regression, Support Vector Machine, Random
Forest, and Decision Tree were implemented and
evaluated using the Microsoft Malware Prediction
dataset to identify the most effective predictive
model for cybersecurity analysis. The system

demonstrated improved accuracy in detecting

malicious activities and forecasting high-risk threats

such as ransomware and spear-phishing attacks.
Through  preprocessing, feature  extraction,

classification, and predictive analytics, the
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framework successfully transformed raw cyber
threat data into actionable security intelligence.
Additionally, the proposed architecture enabled
proactive threat monitoring, intelligent risk
assessment, real-time vulnerability prediction, and
automated security control recommendations. The
integration of CTI-driven analytics with machine
learning significantly reduced false positives,
improved situational awareness, and strengthened
organizational resilience against evolving cyber
threats. Furthermore, the modular system design,
lightweight implementation technologies, and
scalable architecture make the framework highly
suitable for real-world enterprise deployment.
Overall, the proposed predictive cybersecurity
framework provides an efficient, scalable, and
proactive solution for securing modern cyber supply
chains and contributes toward the development of
intelligent next-generation cybersecurity systems
capable of mitigating emerging digital threats before

they cause operational disruptions.
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