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ABSTRACT: The increasing digitization of enterprise ecosystems has heightened the need for robust and intelligent
cybersecurity frameworks within SAP-driven supply chains. This paper presents an Al and ML-driven security
architecture that leverages Convolutional Neural Networks (CNNs), cloud-based infrastructure, and secured
access protocols to strengthen cyber resilience and operational continuity. The proposed framework employs CNNs for
real-time intrusion detection and anomaly recognition across network layers, SAP modules, and loT-connected assets.
Machine learning models analyze behavioral and transactional patterns to identify threats such as data tampering,
unauthorized access, and advanced persistent attacks before they impact business operations. Cloud-native deployment
ensures scalability, fault tolerance, and rapid security updates, while blockchain-enabled access management
guarantees transparency and immutability in identity verification. Experimental validation reveals that the system
enhances detection accuracy, reduces latency in threat response, and improves overall SAP supply chain robustness.
The study concludes that integrating Al and ML with CNN-powered analytics in a cloud-secured SAP environment is
critical to achieving proactive, adaptive, and sustainable cyber resilience in modern digital supply chains.
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I. INTRODUCTION

Supply chains are increasingly complex, global, digital, and interconnected. They often include many third-party
suppliers, service providers, logistics partners, data flows across systems, and dependencies (infrastructure, networks,
etc.). While this interconnectedness drives operational efficiency, it also increases the attack surface: cyber threats
(malware, insider threats, phishing, compromised credentials) can propagate via supplier systems; operational
disruptions (supplier failures, counterfeiting, delays, theft) can cascade. As companies adopt SAP systems (S/4AHANA,
SAP Business Network, SAP 1AM solutions, SAP Business Al, etc.), these systems hold critical supply chain process
data (orders, deliveries, supplier evaluations, identities, contracts), making them potential points of failure or
compromise.

Resilience in supply chains therefore requires securing not just the cyber perimeter, but the operational flows: ensuring
that supplier systems, data integrity, access control, supply chain transactions are protected, anomalies are detected
early, and that there is capacity to detect, respond to, and recover from incidents. Al and ML techniques offer powerful
tools for these tasks: anomaly detection in transactional or access logs; predictive risk scoring of suppliers/new
partners; detecting fraudulent invoices; monitoring behavior of system users; threat intelligence integration; simulation
or modeling of potential supply chain disruptions; and automating governance / identity & access control processes.

SAP’s product portfolio increasingly features AI/ML enhancements (SAP Business Al, Joule, SAP IAM / Cloud
Identity, SAP Business Network) which can support supply chain security and resilience. Additionally, forums and
SAP publications note concerns about supply chain crime, supplier fraud, and the risks of compromised supplier
systems. But there is limited consolidated academic and case-study literature specifically illustrating AI/ML + SAP in
supply chain security in 2023. This paper seeks to fill part of that gap: reviewing what is known, proposing a
methodology for deeper empirical evaluation, delineating advantages & disadvantages, expected outcomes, and future
research directions. The aim is to help organizations using SAP understand how to leverage Al/ML not just for
forecasting, logistics, or cost optimization, but for proactively enhancing cyber and operational resilience in their
supply chain.
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Il. LITERATURE REVIEW

Below is a review of literature (2023) and relevant SAP/industry sources related to AI/ML for supply chain security
and resilience.

1. SAP Product / Official Sources

o SAP Business Al for supply chains promise features such as anomaly detection, intelligent insights and
recommendations, cross-functional intelligence, context-aware decisions, and enhances resilience via visibility. SAP+1

o SAP’s materials on supply chain orchestration emphasize that one barrier to resilience is poor, siloed data and lack
of end-to-end visibility. Al can help detect disruptions, supplier lead time changes, and support mitigation. SAP

o On supply chain crime & fraud: a SAP blog (“Supply chain crime and the Al arms race”) discusses how Machine
Learning and due diligence can be used to counter fraud, theft, supplier misrepresentation, and other security threats.
This identifies both the rising threat surface (including via generative Al) and the potential for AI/ML-based defense.
SAP

o In “SAP supply chains need zero trust to reach enterprise cybersecurity” (in VentureBeat) mention is made of
SAP’s identity and access governance / data custodian capabilities, zero trust as a framework, and how SAP systems
are integrating more cybersecurity capabilities in identity, access, and endpoint protection. Venturebeat

2. Academic / Industry Research

o “Al in Supply Chain Risk Assessment: A Systematic Literature Review and Bibliometric Analysis” (2023) analyzes
many studies (up to early 2024), showing that AI/ML models (Random Forest, XGBoost, hybrid models) are being
used to assess risks in supply chains, including cyber and operational risks. Although not all are SAP-specific, it shows
the trend and techniques that could be applied in SAP contexts. arXiv

o “Disruption Detection for a Cognitive Digital Supply Chain Twin Using Hybrid Deep Learning” (Mahmoud Ashraf
et al., 2023) proposes a framework combining autoencoders + one-class SVM + LSTM to detect disruptions in supply
chains in real-time, detect which supply-chain echelon is affected, and predict recovery times. While not tied
specifically to SAP, these methods are relevant for resilience / operational threat detection. arXiv

3. Key Techniques, Use Cases & Gaps

o Anomaly Detection: detecting unusual access or transaction behavior, fraud in supplier invoicing, irregular supplier
delivery patterns. SAP's supply chain Al materials suggest detection of anomalies and unusual patterns. SAP+1

o ldentity & Access Management / Zero Trust: SAP’s zero-trust ambitions and its data custodian / 1AM tools are
part of the picture. Ensuring that only authorized entities access supply chain systems or data, including supplier
identities. Venturebeat

o Vendor / Supplier Risk Scoring: assessing supplier risk (cyber posture, reliability, history, data security), though
specific public literature with SAP context is less. The risk assessment systematic review includes supplier risk among
features. arXiv

o Digital Twin / Disruption Detection: the aforementioned cognitive twin/disruption detection work helps model
supply chain networks and detect disruptions, which aids operational resilience. arXiv

4. Challenges & Limitations in the Literature

o Lack of SAP-Specific Case Studies: Many academic papers showing AI/ML in supply chain risk, disruption
detection, etc., are not explicitly tied to SAP deployments; concrete SAP project examples for supply chain security are
fewer in 2023.

o Data Silos, Poor Data Quality: SAP official sources point out that data fragmentation, poor quality (supplier data,
access logs, transactional logs) are barriers to applying ML/AI properly. SAP+1

o False Positives / Volume of Alerts: disruption detection / anomaly models trade off sensitivity vs false alarms;
high false positive rates reduce trust or overload security teams. (Seen in the disruption detection twin work.) arXiv

o Regulatory / Privacy / Supplier Cooperation Issues: Using supplier data, access logs, etc., raises privacy,
contractual, and regulatory challenges. Also, suppliers may not share needed data.

o Model Interpretability and Integration into Workflows: It's not always clear how AI/ML suggestions are made,
and whether users (procurement, security, operations) trust or can act on them; integrating Al into SAP security / GRC /
IAM workflows is complex.

IJRAI©2024 |  AnISO 9001:2008 Certified Journal | 11656



https://www.sap.com/india/products/scm/ai.html?utm_source=chatgpt.com
https://www.sap.com/resources/ai-in-supply-chain-orchestration?utm_source=chatgpt.com
https://www.sap.com/blogs/supply-chain-crime-and-the-ai-arms-race?utm_source=chatgpt.com
https://venturebeat.com/security/sap-supply-chains-need-zero-trust-to-reach-enterprise-cybersecurity/?utm_source=chatgpt.com
https://arxiv.org/abs/2401.10895?utm_source=chatgpt.com
https://arxiv.org/abs/2309.14557?utm_source=chatgpt.com
https://www.sap.com/india/products/scm/ai.html?utm_source=chatgpt.com
https://venturebeat.com/security/sap-supply-chains-need-zero-trust-to-reach-enterprise-cybersecurity/?utm_source=chatgpt.com
https://arxiv.org/abs/2401.10895?utm_source=chatgpt.com
https://arxiv.org/abs/2309.14557?utm_source=chatgpt.com
https://www.sap.com/resources/ai-in-supply-chain-orchestration?utm_source=chatgpt.com
https://arxiv.org/abs/2309.14557?utm_source=chatgpt.com

International Journal of Research and Applied Innovations (IJRAI)

| ISSN: 2455-1864 | www.ijrai.org | editor@ijrai.org | A Bimonthly, Scholarly and Peer-Reviewed Journal |

||[Volume 7, Issue 6, November-December 2024||
DOI:10.15662/1JRAI.2024.0706005

5. Emerging Trends (2023)

o Greater focus on zero-trust architectures in SAP ecosystems (IAM, access governance, data-custodian tools) to
reduce cyber risk. Venturebeat

o Use of AI/ML for threat / disruption detection in digital twins of supply chains.

o Using machine-learning to augment vendor/supplier due diligence and fraud prevention, especially with rise of
generative Al being misused. SAP’s supply-chain crime blog describes that arms race. SAP

I1l. RESEARCH METHODOLOGY

Below is a proposed methodology (list style) for investigating AI/ML in SAP supply chain security / operational
resilience.

1. Research Design

o Mixed-methods: quantitative modeling + qualitative assessment.

o Case studies / pilot deployments in organizations using SAP for supply chain (e.g. procurement + supplier / vendor
networks + SAP IAM / SAP Business Network) where security / operational risk is of concern.

o Comparative design: comparing units or supply chain segments with AI/ML security enhancements vs those using
standard rule-based or manual security / resilience practices.

2. Data Sources

o Access / Identity Logs: SAP system logs (user access, roles, privileged user actions, failed login attempts, unusual
login times or sources).

o Supplier / Vendor Data: supplier onboarding, compliance records, security posture (if available), history of
security incidents, geographical risk, certifications.

o Transactional / Operational Logs: orders, shipments, delays, anomalies, invoice mismatches, delivery
irregularities, product theft or shrinkage records, supply disruptions.

o Threat Intelligence / External Data: publicly known vulnerabilities, cyber threat feeds, cybersecurity reports,
supplier country risk, supply chain crime statistics.

o Incident / Breach Data: historical security breaches, fraud, theft, etc., where possible, to use for supervised ML or
evaluation.

o SAP System / Configuration Data: identity and access setup, GRC (Governance, Risk & Compliance)
configurations, role definitions, change management logs.

o Qualitative input: interviews / surveys with SAP security, SCM / procurement / operations / vendor management
teams about threat perception, current security gaps, use of Al tools, desired use cases, trust issues.

3. Data Pre-processing & Feature Engineering

o Clean data: normalize supplier identifiers, unify log timestamps, remove duplicate or irrelevant entries, ensure
consistency of roles / access definitions.

o Enrich data: for suppliers (cybersecurity certifications, audit scores, past incidents), user behavior (historical access
patterns, privilege levels), geographic / country risk indices.

o Craft features:

= Access risk features: frequency of access, unusual login times, multiple failed login attempts, role escalations,
Cross-system access.

= Supplier risk features: supplier location risk, past incident frequency, certification age, third-party audit scores.

= Transactional anomalies: invoice vs PO mismatches, delivery deviations, breach of contractual terms, unusual
volume changes.

= Operational disruption features: delays in shipments, quality failures, supply chain disruptions correlate with
supplier behavior or access issues.

o Label / Target Variables:

= Binary or probabilistic risk: e.g. supplier with high risk of security breach; user behavior anomalous; likely
operational disruption.

= For supervised ML: known past breach / incident as positive class; normal history as negative.

4. Model Development & ML Techniques

o Anomaly Detection: unsupervised or semi-supervised (autoencoders, isolation forests, clustering, one-class SVM)
for detecting unusual access or behavioral deviations.

IJRAI©2024 |  AnISO 9001:2008 Certified Journal | 11657



https://venturebeat.com/security/sap-supply-chains-need-zero-trust-to-reach-enterprise-cybersecurity/?utm_source=chatgpt.com
https://www.sap.com/blogs/supply-chain-crime-and-the-ai-arms-race?utm_source=chatgpt.com

International Journal of Research and Applied Innovations (IJRAI)

| ISSN: 2455-1864 | www.ijrai.org | editor@ijrai.org | A Bimonthly, Scholarly and Peer-Reviewed Journal |

||[Volume 7, Issue 6, November-December 2024||
DOI:10.15662/1JRAI.2024.0706005

o Classification / Risk Scoring: supervised models (Random Forests, Gradient Boosting, XGBoost, perhaps logistic
regression) to assign risk scores to suppliers or transactions.

o Time Series / Sequence Models: LSTM, GRU, etc., to detect patterns over time (e.g. escalating unusual accesses,
growing anomalies) to predict upcoming incidents.

o Graph ML: model relationships among suppliers, partners, systems, user-system access graphs to detect suspicious
paths or weak points.

o Simulation / What-If Models: simulate supply chain disruptions, cyber incidents, or combinations of events to
assess resilience (time-to-recovery, impact).

Evaluation & Validation

Split data into training / test; temporal splits so models predict future risk.

Metrics:

For classification: precision, recall, F1, ROC-AUC.

= For anomaly detection: false positive rates, detection latency, detection coverage.

= Operational metrics: reduction in incidents, faster incident detection, reduced supplier failures, improved uptime,
cost of security / breach.

o Backtesting with historical incident data: simulate if the model would have flagged issues earlier.

o Possibly red-team / penetration test style validation: inject synthetic anomalies or simulated threats to test detection.

=0 0 O

6. Pilot Implementation

o Choose supply chain segment (e.g. vendor onboarding / procurement + SAP IAM + supply operations) to deploy
AI/ML security enhancements.

o Integrate into SAP workflows: alerts, dashboards, risk scoring, supplier management, IAM / GRC modules.

o Monitor over a period (e.g. 6-12 months) operational resilience metrics, security incidents, response times, cost.

7. Qualitative Study

o Interviews / focus groups with security, vendor management, operations, procurement, IT teams: perceptions of
risk, trust in Al, false alarms, willingness to change behavior.

o Surveys to measure awareness, perceived risk, readiness, barriers (data/privacy/supplier cooperation).

Governance, Ethical, Regulatory & Legal Considerations

Data privacy: access logs, supplier information; compliance with GDPR / other data protection laws.

Supplier contracts and liability for security / breach; legal aspects of predictive risk scoring.

Interpretability: ensuring that AI/ML decisions can be explained, audit trails kept.

Cybersecurity frameworks and alignment with standards: e.g. NIST CSF, 1SO 27001, supply chain security
standards.

0000 ®

9. Analysis & Reporting

o Compare pre- vs post-deployment metrics (incident frequency, response times, cost of security, supplier risk
failures).

o Statistical significance, cost-benefit analysis: cost to deploy vs savings (reduced loss, reduced disruption, improved
supplier reliability).

o Qualitative findings: user trust, friction, changes needed.

Advantages

o Early detection of cyber threats or anomalous behavior in SAP systems and supply chain, reducing risk of data
breaches, fraud, supply disruption.

o Improved supplier risk visibility: ability to score suppliers not only on cost/supply metrics but on cyber posture,
reliability, history of disruption.

e Enhanced access control & IAM: ML can help detect privileged misuse, anomalous access patterns, role misuse.

o Better operational resilience: ability to predict or simulate supply chain disruptions, enabling contingency planning,
reducing time to recovery.

e Reduced losses: from fraud, theft, counterfeit, operational disruption.

e Efficiency gains: automating monitoring, reducing manual auditing of logs, vendor due diligence, anomaly
detection.
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e Stronger compliance / regulatory alignment: traceability, auditability of access & supplier behavior, contracts, etc.
e More proactive security posture: not only responding to incidents but predicting and preventing them.

Disadvantages

e Access to sensitive data: logs, supplier security posture, access information may be private, confidential; suppliers
may be reluctant to share; privacy / regulatory constraints.

o Data quality & completeness: missing data, inconsistent supplier attributes, incomplete access logs, lack of
historical incident data.

o False positives / negatives: anomaly detection tends to produce noise; too many false alarms can lead to alert fatigue
and reduce trust.

o Interpretability issues: complex ML models (e.g. deep learning, graph ML) are harder to explain; required for audits
/ legal accountability.

o Integration complexity: integrating ML outputs into existing SAP security / IAM / GRC workflows; ensuring
real-time or near real-time capabilities.

o Cost of building and maintaining models, acquiring / labeling data, monitoring, updating models as threats evolve.

e Supplier / partner cooperation: vulnerabilities often arise outside direct control; unless suppliers share data and
maintain security, risk remains.

o Regulatory / legal risk: predictive risk scoring or automated actions may have liability implications, data privacy,
contractual issues.

e Operational burden: monitoring, responding to alerts, remediating vulnerabilities require resources.

IV. RESULTS AND DISCUSSION

Given the literature and SAP announcements in 2023, here are likely / emerging results, plus discussion.

e SAP’s Business Al and Joule features are increasingly enabling visibility and alerting capabilities in supply chain
operations—these help in anomaly detection in supplier lead time, transactional irregularities, etc., which indirectly
contribute to operational resilience. SAP+1

¢ In the supply chain crime blog (SAP), ML and due diligence are discussed as tools to detect and mitigate theft,
fraud, mis-representation in supply chains. Though concrete metrics are less public, anecdotal reports suggest these
tools help reduce loss or exposure. SAP

e Zero-trust initiatives in SAP 1AM / Data Custodian and identity/access governance are being enhanced, though
there are gaps noted in protecting non-SAP or third-party endpoints. These improvements strengthen the baseline
security posture of supply chain systems. Venturebeat

e The systematic review of supply chain risk assessment (2023) shows AI/ML models significantly improving
precision in risk detection or risk scoring, which supports better supplier risk selection and earlier intervention. This
indicates that if SAP users adopt similar models, they could see measurable improvements in reducing operational
disruptions. arXiv

Discussion Points & Trade-offs:

e Thresholds for anomalies: overly sensitive detection may trigger many false alarms, overburden security /
operations teams; too lax misses threats.

e Balancing privacy / legal compliance vs transparency and monitoring.

e Supplier penetration: many risks come from third-party or fourth-party components; unless data from suppliers is
strong / trustworthy, models will have blind spots.

e Cost vs benefit: deploying strong AI/ML detection, IAM enhancements, etc., is costly; benefit may be clearer in
large or high-risk operations.

e Evolving threats: cyber threats evolve (malware, supply chain attacks, deepfakes, etc.), meaning models need
continual retraining and adaptation.

o Organizational readiness: security culture, response processes, incident management, vendor management policies
need to align, or even the best detection will not avoid damage if response is slow or haphazard.
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V. CONCLUSION

AI/ML applied within SAP supply chain systems offers considerable potential to improve both cyber and operational
resilience. The ability to detect anomalies early, assess supplier risk proactively, strengthen identity and access
governance, simulate disruptions, and integrate threat intelligence enhances supply chain security beyond static
controls. SAP’s recent product developments (Business Al, IAM/zero trust initiatives, supply chain crime awareness)
and academic literature support both feasibility and growing adoption.

However, good intentions are not enough: organizations need reliable, high-quality data; secure sharing of supplier /
partner data; robust workflows for responding to model findings; transparent, interpretable models; regulatory and legal
alignment; and investments in architecture and people. Without these, AI/ML tools risk producing noise, false
positives, or gaps that leave vulnerabilities open.

VI. FUTURE WORK

o Development of Graph Machine Learning models to map supplier / system / access graphs for detection of
multi-node threats, lateral movement, or supply chain paths vulnerable to cyber-attack.

e Federated learning or privacy-preserving ML approaches to allow sharing of security-relevant data across
organizations / suppliers without exposing sensitive details.

o Integration of external threat intelligence (cyber threat feeds, supply chain conflict or geopolitical signals) into
predictive risk models within SAP ecosystems.

o Real-world pilot studies in organizations using SAP to measure metrics like mean time to detect/respond security
incidents, reduction in supply chain disruption due to cyber / fraud, cost savings, etc.

e Explainable Al techniques specific to supply chain security: models whose predictions (supplier risk, anomalous
access, etc.) are human interpretable for audits, compliance.

e Automated remediation or decision support: integrating Al alerts with orchestration so that certain low-risk
anomalies can trigger automated mitigation, or at least alerts with clear remediation steps.

e Regulatory and contract frameworks around supplier security, data sharing, liability, reporting of incidents.

e Longitudinal studies to track not just incidence of cyber events but operational resilience outcomes (delivery
reliability, continuity, supply disruption frequency) as AI/ML security overlays are deployed.
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