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Abstract: As supply chains become more interconnected and more dependent on digital systems, the risk of cyber threats and attacks 

on these networks. is increasing. Cybersecurity risks within the supply chain have become a significant challenge for organizations. 

Because breaches within the supply chain can have far-reaching consequences, including data breaches, business interruption, 

intellectual property theft, and reputational damage, To effectively manage and mitigate these risks, it is important to implement a 

comprehensive supply chain cybersecurity risk analysis framework. 

This overview presents a comprehensive framework designed to assess and manage cybersecurity risks within supply chains. The 

framework covers various stages, from risk identification to risk mitigation, and emphasizes the importance of collaboration 

between stakeholders across the supply chain ecosystem. 

The first stage of the framework involves identifying and mapping the key components of the supply chain, including suppliers, 

contractors, and other related parties. This step aims to provide a holistic understanding of the supply chain structure and identify 

potential entry points for cyber threats. 

The second phase will focus on assessing the cybersecurity posture of each component of the supply chain. This includes evaluating 

existing security controls, policies, and procedures and conducting vulnerability assessments and penetration testing. This 

assessment helps identify vulnerabilities and weaknesses that can be exploited by attackers. 

In the third phase, the framework emphasizes the need for continuous monitoring and sharing of threat intelligence. Facilitate the 

implementation of real-time monitoring tools and techniques to quickly detect and respond to cyber threats. Additionally, it 

facilitates the establishment of information-sharing mechanisms between supply chain partners, improving situational awareness 

and enabling proactive threat mitigation. 

The fourth stage of the framework focuses on risk quantification and prioritization. In this step, different components of the supply 

chain are assigned risk scores based on their criticality and vulnerability. By quantifying and prioritizing risks, organizations can 

effectively allocate resources and focus on the most critical areas that require immediate attention. 

The final stage of the framework focuses on risk mitigation and resilience. This includes but is not limited to, implementing secure 

communication protocols, conducting regular security awareness training, establishing incident response plans, and ensuring supply 

chain partners adhere to cybersecurity best practices. It encompasses the implementation of a variety of cybersecurity measures. 

By adopting this comprehensive framework, companies can improve their ability to identify, assess, and mitigate cybersecurity 

risks within their supply chains. The framework fosters a proactive and collaborative approach to cybersecurity risk management, 

enabling organizations to build resilient and secure supply chain ecosystems in the face of evolving cyber threats. 

Keywords: Cybersecurity risk, Supply chains, Framework, Risk analysis, Risk management, Interconnected networks. 

I. INTRODUCTION  

In today's interconnected world, supply chain risk management has become an essential aspect of ensuring the smooth 

operation of businesses. With the increasing adoption of digital technologies, the threat landscape has expanded to 

include cyberattacks that can severely disrupt supply chains. As a result, there is a pressing need for a cybersecurity 

rating system that can effectively assess and manage these risks. This article delves into the importance of cybersecurity 
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in supply chain risk management and discusses the challenges involved in developing a comprehensive global rating 

system. It also presents an empirical formula that can be used to calculate a cybersecurity rating for supply chain 

networks. By understanding and implementing this formula, businesses can enhance their cybersecurity posture and 

mitigate potential risks.  

II. The Importance of Cybersecurity in Supply Chain Risk Management  

A. Understanding Supply Chain Risk Management  

 

In today's interconnected world, supply chains have become increasingly complex and globalized. Companies rely on a 

vast network of suppliers, manufacturers, distributors, and service providers to deliver goods and services to customers. 

While this interconnectedness brings numerous benefits, it also exposes supply chains to various risks, including 

cybersecurity threats. Supply chain risk management is the process of identifying, assessing, and mitigating risks 

throughout the entire supply chain. Traditionally, these risks have been associated with factors such as natural disasters, 

political instability, and economic uncertainties. However, in recent years, the threat landscape has evolved to include 

cyberattacks as a significant risk to supply chain operations.  

 

B. The Growing Threat of Cyberattacks in Supply Chains  

 

Cyberattacks targeting supply chains have seen a dramatic increase in frequency and sophistication. Hackers recognize 

that targeting supply chains can yield substantial rewards, as a successful  breach can provide access to sensitive 

information, disrupt operations, and compromise the integrity of products and services. One notable example is the 

NotPetya attack in 2017, which originated from a compromised software update from a Ukrainian account ing software 

supplier. This attack spread rapidly, affecting numerous organizations worldwide and resulting in billions of dollars in 

damages. It highlighted the vulnerability of supply chains to cyber threats and the subsequent ripple effects on global 

businesses.  

 

C. The Need for a Cybersecurity Rating System  

 

Given the critical role that supply chains play in the global economy, it is essential to establish robust cybersecurity 

measures to safeguard against cyber threats. However, determining the cybersecurity posture of supply chain partners 

is a significant challenge. Without a standardized framework for assessing and rating cybersecurity practices, 

organizations struggle to evaluate the security posture of their suppliers and make informed risk management decisions. 

A cybersecurity rating system for supply chains can address this need by providing a common language and set of 

criteria for evaluating and comparing the cybersecurity capabilities of various entities within the supply chain. Such a 

rating system would enable organizations to make more informed dec isions about their partners, identify potential 

vulnerabilities, and prioritize risk mitigation efforts.  

 

 

III. Challenges in Developing a Global Cybersecurity Rating System  

 

A. Lack of Standardization in Cybersecurity Practices  

 

One of the major challenges in developing a global cybersecurity rating system for supply chain risk management is the 

lack of standardization in cybersecurity practices. Different organizations and industries have varying levels of 

understanding and implementation of cybersecurity measures. This lack of consistency makes it difficult to establish a 

universal framework for assessing cybersecurity risks across supply chains. To address this challenge, it is important to 

promote and encourage the adoption of international cybersecurity standards and best practices. Collaboration between 

governments, industry associations, and cybersecurity experts can play a crucial role in establishing a common baseline 

for cybersecurity measures. This would not only facilitate the development of a global cybersecurity rating system but 

also enhance overall cybersecurity resilience in supply chains.  

 

B. The complexity of Supply Chain Networks  

 

The complexity of modern supply chain networks presents another significant challenge  in developing a global 

cybersecurity rating system. Supply chains are often comprised of multiple tiers of suppliers, interconnected systems, 

and diverse stakeholders. Each node in the supply chain network can introduce potential vulnerabilities and cyber  risks. 

Assessing cybersecurity risks in such intricate supply chain networks requires a comprehensive understanding of the 

various interconnected components and their potential impact on the overall security posture. Developing a rating 
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system that can effectively capture and analyze the complexities of supply chain networks is crucial for accurately 

evaluating cybersecurity risks and providing actionable insights to mitigate them.  

 

C. Difficulty in Assessing Cybersecurity Measures  

 

Another challenge in developing a global cybersecurity rating system is the difficulty in assessing the effectiveness of 

cybersecurity measures implemented by organizations. Cybersecurity is a rapidly evolving field, and new threats and 

vulnerabilities emerge constantly. Traditional methods of evaluating cybersecurity measures may not be sufficient to 

capture the dynamic nature of cyber risks. To overcome this challenge, the rating system should incorporate a continuous 

monitoring approach that considers the evolving threat landscape. It should consider not only the existence of 

cybersecurity measures but also their effectiveness in mitigating risks. This can be achieved through the collection and 

analysis of relevant data, including incident response capabilities, vulnerability management, and proactive security 

measures, among others.  

 

IV. Framework for a global cybersecurity rating system 

 

A. Scope Definition 

 

1. Stakeholder Identification: Stakeholder identification is a crucial first step in establishing a global cybersecurity rating system 

for supply chain risk management. It involves mapping all entities involved in the supply chain ecosystem, but a deeper 

understanding of these entities and their roles is essential. Here's a breakdown of some key stakeholder categories: 

 

o Internal Stakeholders: 

 Manufacturing: Production facilities, research and development teams, quality control departments. 

 Distribution and Logistics: Warehousing, transportation providers, freight forwarders. 

 Sales and Retail: Customer service teams, retail stores, e-commerce platforms. 

 Information Technology: IT security teams, network administrators, application developers. 

 Management: Executives responsible for cybersecurity strategy and budget allocation. 

o External Stakeholders: 

 Suppliers: Raw material providers, component manufacturers, software vendors. 

 Third-Party Service Providers: Cloud service providers, data storage providers, logistics management companies, cybersecurity 

consultants. 

 Financial Institutions: Banks, insurance companies, payment processors. 

 Government Agencies: Regulatory bodies overseeing data privacy, industry standards compliance. 

 Customers and Consumers: Individuals and businesses purchasing goods and services. 

o It's not just about identifying these entities; understanding their specific roles and potential vulnerabilities is crucial. Here are 

some additional considerations: 

 Data Access: Identify which stakeholders have access to sensitive data within the supply chain (e.g., customer information, 

intellectual property, financial records). This helps prioritize assessments for entities handling critical data. 

 Interdependencies: Map the interdependencies between stakeholders. An incident at one organization can have cascading 

effects on others. Understanding these connections helps assess overall supply chain risk. 

 Contractual Obligations: Review contracts with suppliers and service providers to identify cybersecurity requirements and 

potential liabilities in case of breaches. 

 Risk Profiles: Develop risk profiles for different stakeholder categories based on their size, security maturity, and industry 

regulations. This can inform the level of scrutiny required during assessments. 

By taking a comprehensive approach to stakeholder identification, you gain a clearer picture of the entire supply chain ecosystem 

and its potential vulnerabilities. This information lays the groundwork for targeted assessments and ultimately, a more robust 

cybersecurity rating system. 
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B. Technology Inventory: Categorize the technologies used across the supply chain, encompassing hardware, software, 

firmware, and cloud infrastructure. 

Creating a comprehensive technology inventory is essential for understanding the cybersecurity posture of a supply chain. This 

goes beyond simply listing devices; it involves categorizing the technologies used across various stages, encompassing hardware, 

software, firmware, and cloud infrastructure. Here's a breakdown of key areas to consider: 

o Hardware: 

 Production Equipment: Industrial control systems (ICS), programmable logic controllers (PLCs), robots, automation 

equipment. 

 Network Devices: Routers, switches, firewalls, wireless access points, network attached storage (NAS) devices. 

 Communication Infrastructure: Servers, workstations, laptops, tablets, mobile devices (including those used for inventory 

management or communication). 

 Point-of-Sale (POS) Systems: Cash registers, barcode scanners, credit card terminals. 

o Software: 

 Enterprise Resource Planning (ERP): Systems managing core business processes like inventory, finance, and human resources. 

 Supply Chain Management (SCM) Systems: Software for order management, logistics planning, and warehouse operations. 

 Customer Relationship Management (CRM) Systems: Software for managing customer interactions and data. 

 Cybersecurity Software: Antivirus, anti-malware, intrusion detection/prevention systems (IDS/IPS), endpoint security 

solutions. 

 Industrial Automation Software: Software controlling manufacturing processes and equipment. 

o Firmware: 

 Device firmware for routers, switches, printers, and other network equipment. 

 Operating system firmware for servers, workstations, and mobile devices. 

 Firmware for industrial control systems and other specialized equipment. 

o Cloud Infrastructure: 

 Infrastructure-as-a-Service (IaaS): Renting virtualized computing resources like servers, storage, and networking. 

 Platform-as-a-Service (PaaS): Access to cloud-based platforms for developing, deploying, and managing applications. 

 Software-as-a-Service (SaaS): Subscription-based access to cloud-hosted applications (e.g., CRM, SCM systems). 

o A thorough technology inventory goes beyond just creating a list. It's crucial to consider: 

 Version Control: Track software and firmware versions to identify outdated systems with known vulnerabilities. 

 Deployment Locations: Identify where technologies are deployed (on-premises, cloud-based, hybrid environments). This helps 

assess the attack surface and potential access points for attackers. 

 End-of-Life (EOL) Status: Be aware of software and hardware reaching their EOL, as these may no longer receive security 

updates, increasing vulnerability. 

 Patch Management Processes: Evaluate how organizations manage security patches for their technologies. Timely patching is 

crucial for mitigating known vulnerabilities. 

By creating a comprehensive and detailed technology inventory, you gain a deeper understanding of the attack surface within the 

supply chain. This information is essential for conducting effective security assessments and prioritizing areas for risk mitigation. 

C. Data Mapping: Identify the types of data flowing through the supply chain, focusing on sensitive data like customer 

information, intellectual property, and financial records. 

Data mapping is a critical aspect of a global cybersecurity rating system for supply chain risk management. It involves identifying 

the types of data flowing through the entire supply chain ecosystem, with a particular focus on sensitive information. Here's a 

breakdown of key areas to consider: 
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o Data Types: 

 Customer Information: This includes personally identifiable information (PII) like names, addresses, phone numbers, email 

addresses, and financial data (credit card numbers, purchase history). 

 Intellectual Property (IP): Product designs, schematics, blueprints, source code, research data, patents, and copyrights. 

 Financial Records: Financial transactions, account information, invoices, purchase orders, tax documents. 

 Operational Data: Production schedules, inventory levels, logistics information, quality control data. 

 Human Resources (HR) Data: Employee information, payroll records, benefits data. 

o Data Flows: 

 Upstream Data Flows: Data traveling from suppliers to manufacturers (e.g., raw material specifications, production plans). 

 Downstream Data Flows: Data traveling from manufacturers to distributors and retailers (e.g., product information, pricing 

data, shipment details). 

 Internal Data Flows: Data moving within an organization across different departments (e.g., customer data from sales to 

marketing). 

 Third-Party Data Sharing: Data shared with external service providers like cloud storage providers, logistics companies, or 

cybersecurity consultants. 

o Data Storage Locations: 

 On-Premises Data Centers: Data stored in an organization's own physical servers and storage infrastructure. 

 Cloud Storage Platforms: Data stored in cloud-based environments offered by third-party providers. 

 Mobile Devices: Data stored on laptops, tablets, and smartphones used by employees throughout the supply chain. 

o Data Security Considerations: 

 Data Classification: Classify data based on its sensitivity (e.g., high-risk data like PII requiring stricter controls). 

 Data Access Controls: Implement access controls to restrict access to sensitive data based on the principle of least privilege. 

 Data Encryption: Encrypt data at rest and in transit to protect it from unauthorized access in case of breaches. 

 Data Loss Prevention (DLP): Implement DLP solutions to prevent unauthorized data exfiltration or accidental leakage. 

o A thorough data mapping exercise goes beyond simply identifying data types and flows. Here are some additional 

considerations: 

 Data Lifecycle Management: Develop policies for data lifecycle management, including data retention guidelines and secure 

disposal practices. 

 Data Residency Requirements: Be aware of any regulations governing data residency, which might dictate where data can be 

stored within a specific region. 

 Data Supply Chain Mapping: Map the flow of data across all stakeholders in the supply chain, including data sharing practices 

with third-party vendors. 

By creating a comprehensive data map, you gain a clear understanding of the sensitive information flowing through the supply 

chain. This information is essential for identifying potential data security vulnerabilities and implementing appropriate mitigation 

strategies. 

D. Vulnerability Assessment: Conduct a comprehensive vulnerability assessment across the identified technologies and 

infrastructure to pinpoint potential weaknesses attackers could exploit. 

A vulnerability assessment is a cornerstone of any effective cybersecurity rating system for supply chain risk management. It  

involves a systematic examination of identified technologies and infrastructure within the supply chain to pinpoint potential 

weaknesses that attackers could exploit. Here's a breakdown of key areas to consider: 

o Scope of the Assessment: 

 The scope should encompass all technologies and infrastructure identified during the technology inventory stage, including 

hardware, software, firmware, and cloud infrastructure. 

 Consider the types of data stored or processed by these technologies to prioritize assessments for systems handling sensitive 

information. 
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o Vulnerability Assessment Techniques: 

 Automated Vulnerability Scanning: Utilize automated vulnerability scanning tools to identify known vulnerabilities in 

operating systems, applications, and network devices. 

 Penetration Testing: Conduct penetration testing (pentesting) to simulate real-world attacker behavior and identify exploitable 

weaknesses in systems and security controls. 

 Manual Security Assessments: Supplement automated tools with manual assessments by qualified security professionals to 

uncover potential configuration weaknesses or custom code vulnerabilities. 

o Risk Prioritization: 

 Don't just identify vulnerabilities; prioritize them based on their severity (potential impact on the organization) and 

exploitability (likelihood of being successfully attacked). Resources should be focused on addressing high-risk vulnerabilities 

first. 

 Consider factors like the confidentiality, integrity, and availability of data at risk when determining vulnerability severity. 

o Third-Party Assessments: 

 Encourage or require suppliers and service providers to conduct their own vulnerability assessments and share the results. This 

provides a more holistic view of security posture across the entire supply chain. 

o Continuous Monitoring: 

 Vulnerability assessments should not be a one-time event. Regularly schedule assessments to identify newly discovered 

vulnerabilities and ensure patched systems remain secure. 

 Consider deploying continuous vulnerability monitoring solutions to detect new vulnerabilities as they emerge and prioritize 

remediation efforts. 

o A comprehensive vulnerability assessment goes beyond simply identifying and prioritizing vulnerabilities. Here are some 

additional considerations: 

 Vulnerability Management Lifecycle: Implement a vulnerability management lifecycle that includes vulnerability 

identification, prioritization, remediation, and verification processes. 

 Patch Management: Ensure timely patching of vulnerabilities with the latest security updates and firmware revisions. 

 Vulnerability Disclosure: Develop a vulnerability disclosure policy outlining how identified vulnerabilities will be reported 

and addressed. 

By conducting a comprehensive and ongoing vulnerability assessment program, organizations can gain a clear understanding of 

their security posture and prioritize efforts to mitigate the most critical risks within the supply chain. 

V. Cybersecurity Assessment Criteria 

o Security Policies and Procedures 

 Evaluation: This goes beyond presence to assess the effectiveness of policies in areas like access control (granular permissions, 

least privilege principle), data encryption (strong encryption algorithms, key management practices), incident response (defined 

roles, communication protocols, escalation procedures), and disaster recovery (backup strategies, restoration timelines, testing 

procedures). 

 Formula Enhancement: Consider weighting specific policies based on their criticality. For example, access control might hold 

a higher weight than password complexity requirements. 

o Security Training and Awareness  

 Training Programs: Evaluate the content, frequency, and effectiveness of training programs for different employee roles within 

the supply chain. Assess if training covers relevant cybersecurity threats, best practices, and reporting procedures for suspicious 

activity. 

 Formula Enhancement: The formula could be expanded to consider the depth and effectiveness of the training beyond just the 

number of trained employees. 
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o Risk Management 

 Process Assessment: Evaluate the organization's approach to risk management, including processes for identifying threats, 

analyzing their impact and likelihood, and implementing appropriate mitigation strategies. Additionally, assess the 

effectiveness of risk monitoring and reporting processes. 

 Formula Enhancement: The formula can incorporate a scoring system for the effectiveness of mitigation measures. This could 

involve factors like resource allocation, timely implementation, and continuous improvement based on lessons learned from 

incidents. 

o Security Controls 

 Control Selection and Deployment: Assess the appropriateness and effectiveness of deployed technical controls based on 

identified vulnerabilities and risk levels. This includes firewalls, intrusion detection/prevention systems, antivirus software, 

data loss prevention (DLP) solutions, and vulnerability management practices. 

 Control Effectiveness: Go beyond simply counting deployed controls. Evaluate how actively they are monitored, maintained, 

and updated. Penetration testing and security audits can further validate the efficacy of controls. 

o Incident Response Capability 

 Response Plan: Evaluate the incident response plan for its comprehensiveness, clarity, and adherence to best practices. Assess 

if the plan identifies roles and responsibilities, outlines steps for detection, containment, eradication, recovery, and post-incident 

review. 

 Formula Enhancement: The formula can incorporate metrics for successful incident response, such as the number of incidents 

contained within a specific timeframe or the average time to full recovery. 

VI. Data Collection and Analysis 

o Data Sources: In addition to self-assessments, audits, and third-party evaluations, consider incorporating threat intelligence 

feeds, security event logs, and vulnerability scan results to provide a more comprehensive picture. 

o Data Sharing: Establish mechanisms for secure data sharing within the supply chain, allowing organizations to leverage insights 

from other members for better risk identification and mitigation. 

VII. Scoring and Rating 

o Standardization: Define clear criteria for assigning scores to each assessment area and ensure consistency across different 

evaluators. 

o Weighting System: Develop a weighting system that reflects the relative importance of each assessment criterion in determining 

the overall cybersecurity posture. Critical areas like incident response and risk management might carry greater weight. 

o Rating Scale: Establish a rating scale (e.g., A-F or 1-5) with clear definitions for each level of cybersecurity maturity. 

VIII. Validation and Verification 

o Independent Review: Conduct independent reviews of the rating system by qualified cybersecurity professionals to ensure its 

objectivity and effectiveness. 

o Benchmarking: Compare the rating system to existing industry standards and frameworks (e.g., NIST Cybersecurity 

Framework) to ensure alignment and best practices. 

IX. Continuous Monitoring and Improvement 

o Periodic Reviews: Regularly assess the effectiveness of the rating system and update it as needed to reflect evolving threats, 

technologies, and industry best practices. 

o Cybersecurity Maturity Model: Consider developing a cybersecurity maturity model that outlines different levels of security 

posture with clear steps for organizations to progress towards improved ratings. 

X. Reporting and Communication 

o Standardized Reports: Develop standardized reports that communicate cybersecurity ratings clearly and concisely to all 

stakeholders in the supply chain system. 
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o Actionable Insights: Supplement ratings with actionable insights and recommendations tailored to each organization's specific 

vulnerabilities and areas for improvement. 

o Communication Channels: Establish clear communication channels for stakeholders to understand the rating system, request 

clarification on ratings, and report any discrepancies or concerns. 

XI.  Governance and Incentives 

o Governance Structure: Develop a clear governance structure for the rating system, outlining roles and responsibilities for 

oversight, maintenance, and updates. This might involve an industry consortium or a dedicated governing body. 

o Incentive Programs: Consider implementing incentive programs to encourage organizations to improve their cybersecurity 

posture. This could involve preferential procurement opportunities, insurance premium discounts, or recognition programs for 

high ratings. 

XII. Challenges and Considerations 

o Standardization and Consistency: Achieving global adoption requires harmonization with existing regional and national 

cybersecurity regulations and standards. 

o Data Sharing: Concerns around data privacy and confidentiality need to be addressed to encourage participation and secure 

data exchange within the supply chain. 

o Scalability and Cost: The framework should be scalable to accommodate organizations of various sizes and industries. Consider 

offering tiered assessments with varying levels of complexity and cost. 

o Enforcement and Accountability: Mechanisms may be required to ensure organizations act based on their ratings, potentially 

involving industry sanctions or regulatory intervention for persistently low ratings. 

 

XIII. CONCLUSION 

In conclusion, the need for a global cybersecurity rating system for supply chain risk management has become 

increasingly apparent in today's digital landscape. As supply chains continue to grow in complexity and 

interconnectivity, the threat of cyberattacks looms larger than ever before. Throughout this article, we have explored 

the importance of cybersecurity in supply chain risk management and the various challenges that hinder the development 

of a global cybersecurity rating system. The lack of standard ization in cybersecurity practices, the complexity of supply 

chain networks, and the difficulty in assessing cybersecurity measures all contribute to the urgency of finding a solution 

to this problem. However, there is hope on the horizon. The empirical fo rmula for a global cybersecurity rating system 

offers a practical approach to addressing these challenges. By identifying key factors for cybersecurity rating, assigning 

appropriate weightage to each factor, and calculating an overall cybersecurity rating,  organizations can gain valuable 

insights into their supply chain's cybersecurity posture. Implementing a global cybersecurity rating system will not only 

enable organizations to assess and improve their cybersecurity practices but also enhance transparenc y and trust 

throughout the supply chain ecosystem. With a standardized rating system in place, businesses can make informed 

decisions about their partners, suppliers, and vendors, ensuring that cybersecurity risks are effectively managed. 

Governments, industry stakeholders, and cybersecurity experts must collaborate  and work towards the implementation 

of a global cybersecurity rating system. This system will not only protect organizations from cyber threats but also 

safeguard the global economy and critical infrastructure. In conclusion, the empirical formula for a global cybersecurity 

rating system represents a significant step forward in mitigating supply chain cyber risk. By addressing the challenges 

and leveraging the power of data-driven assessments, organizations can enhance their cybersecurity posture and protect 

themselves from the ever-evolving threat landscape. The time to act is now, as the consequences of inaction could be 

devastating. Together, we can build a secure and resilient supply chain eco system for the future. 
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