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ABSTRACT: Cloud databases form the backbone of modern web and enterprise applications, enabling scalable, data-

driven operations across industries. However, the increasing integration of Artificial Intelligence (AI) into these 

environments introduces a broadened risk landscape characterized by data sensitivity, model leakage, and dynamically 

evolving cyber threats. To address these challenges, this paper presents a Secure AI Framework specifically designed 

for Oracle Cloud Infrastructure (OCI) and Oracle Database environments, focusing on safeguarding AI-enabled data 

systems within web applications.The proposed framework adopts a Zero Trust architecture as its foundational security 

model, enforcing continuous verification, least-privilege access, and micro-segmentation to prevent lateral movement 

within AI-data ecosystems. Complementing this is a risk-based incident management module, which applies AI-driven 

analytics for proactive threat detection, prioritization, and response orchestration. A governance and compliance layer 

aligns the framework with globally recognized standards and best practices, including NIST 800-series, ISO 27001, 

CIS Benchmarks, and OWASP Application Security Guidelines, ensuring both regulatory adherence and operational 

accountability. The paper’s key contributions include a vendor-aware architectural model optimized for Oracle Cloud 

services, a risk-informed operational playbook for incident response, and a mapping matrix that bridges governance 

frameworks to practical security controls.  
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I. INTRODUCTION 

Organizations increasingly deploy AI features that read, transform, and model data stored in cloud-hosted databases. In 

Oracle Cloud (OCI) environments, services such as Autonomous Database, Oracle Database on VM, and managed data 

services are common back-ends for web applications. The combined challenges are (a) protecting sensitive data at-rest 

and in-use for model training and inference, (b) defending web application attack surfaces (injection, broken access 

control), and (c) operationalizing incident response in a risk-prioritized manner that reduces business impact. Oracle 

provides cloud-scale security controls, but these must be integrated with modern architectural patterns—Zero Trust, 

policy-as-code, and risk-based adaptive controls—to manage AI-specific threats. Oracle+1 

II. BACKGROUND & RELATED WORK 

2.1 Cloud database security and AI risks 

Cloud DBs introduce threats beyond traditional DBMS concerns: multi-tenant misconfiguration, insecure API 

exposure, data-exfiltration via model outputs, and telemetry leakage from training/inference pipelines. Reviews and 

literature have catalogued gaps in cloud DB privacy and security practices up to 2023, recommending stronger 

encryption, provenance, and runtime controls for AI pipelines. arXiv+1 

 

http://www.ijrai.com/
mailto:editor@ijrai.com
https://www.oracle.com/a/ocom/docs/cloud/oci-for-the-modern-enterprise.pdf?utm_source=chatgpt.com
https://arxiv.org/abs/2210.02161?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 5, November–December 2024|| 

 DOI:10.15662/IJRAI.2024.0706006 

IJRAI©2024                                                               |    An ISO 9001:2008 Certified Journal   |                                               11487 

 

 

2.2 Web application vulnerabilities and guidance 

Web application security remains a leading cause of data breaches; OWASP’s Top 10 (2021) highlights injection, 

broken access control, and insecure design as critical risks to web apps that consume and expose database-backed AI 

features. Secure AI frameworks must address both application-layer and data-layer threats. OWASP Foundation 

2.3 Zero Trust and standards for architecture & governance 

Zero Trust Architecture (NIST SP 800-207) and standards such as ISO/IEC 27001 and CIS Controls provide 

prescriptive controls for identity, least privilege, segmentation, monitoring, and governance. Incident response guidance 

(NIST SP 800-61) and NIST risk guidance (IR 8286) inform how to operationalize detection and response in a risk-

driven manner. NIST Publications+4NIST Publications+4ISO+4 

2.4 Risk-based and adaptive authentication research 

Academic studies through 2023 have demonstrated the efficacy and practical complexity of risk-based 

authentication/adaptive controls (RBA) and how they can balance security and usability. These adaptive controls are a 

useful analog for risk-based incident handling where response intensity is proportional to assessed risk. arXiv+1 

III. THREAT MODEL 

Targets: Oracle-managed databases (Autonomous DB, Exadata Cloud Service, DB systems on OCI) and web 

applications that (a) serve ML/AI inference, (b) provide training data ingestion, or (c) expose analytics endpoints. 

Adversaries: 

• External attackers exploiting web vulnerabilities (SQLi, broken auth). 

• Malicious insiders with privileged DB access. 

• Supply-chain attacks affecting model artifacts or third-party libraries. 

• Data-siphoning via model inversion / membership inference when models are accessible. 

Assumptions: 

• OCI tenancy uses standard Oracle identity and networking primitives; customers control tenancy-level IAM, 

VCNs, and DB configuration. Oracle operates underlying infrastructure per cloud responsibilities. Oracle 

IV. DESIGN PRINCIPLES 

1. Least privilege & identity-centric access: enforce strong IAM, short-lived credentials, and role separation 

down to database roles and query-level access. (Maps to ISO and CIS controls.) ISO+1 

2. Zero Trust for data access: continuous authentication and authorization for each access request 

(implementing NIST ZTA concepts). NIST Publications 

3. Defense-in-depth for AI artifacts: combine encryption (at-rest, in-transit, and for backups), data 

masking/tokenization for training pipelines, and model access controls. Oracle Docs 

4. Policy-as-code & automated governance: continuous compliance checks (CSPM), automated drift detection, 

and policy enforcement integrated into CI/CD for models and apps. Oracle 

5. Risk-based incident management: triage incidents by business impact and likelihood; apply adaptive 

responses (e.g., step-up controls) rather than binary “on/off” measures. arXiv+1 

 

 

http://www.ijrai.com/
mailto:editor@ijrai.com
https://owasp.org/Top10/?utm_source=chatgpt.com
https://nvlpubs.nist.gov/nistpubs/specialpublications/NIST.SP.800-207.pdf?utm_source=chatgpt.com
https://arxiv.org/pdf/2308.15156?utm_source=chatgpt.com
https://www.oracle.com/cloud/?utm_source=chatgpt.com
https://www.iso.org/contents/data/standard/05/45/54534.html?utm_source=chatgpt.com
https://nvlpubs.nist.gov/nistpubs/specialpublications/NIST.SP.800-207.pdf?utm_source=chatgpt.com
https://docs.oracle.com/en/database/oracle/oracle-database/19/security.html?utm_source=chatgpt.com
https://www.oracle.com/a/ocom/docs/cloud/dao-research-securing-data-and-apps-in-cloud.pdf?utm_source=chatgpt.com
https://arxiv.org/pdf/2308.15156?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 5, November–December 2024|| 

 DOI:10.15662/IJRAI.2024.0706006 

IJRAI©2024                                                               |    An ISO 9001:2008 Certified Journal   |                                               11488 

 

 

V. PROPOSED SECURE AI FRAMEWORK 

Components 

1. OCI Tenancy foundation 

o OCI Identity and Access Management: dynamic policies, federation with enterprise IdP, MFA 

enforcement. 

o Virtual Cloud Network (VCN) segmentation: separate subnets for web front-end, app layer, DBs, and 

management plane. Oracle One Federal 

2. Data lifecycle controls 

o Ingest: connectors that validate and sanitize incoming data; include provenance metadata. 

o Store: Oracle DB with Transparent Data Encryption (TDE), Data Redaction, Label Security where 

needed. 

o Process (AI): model training in isolated compute (private subnets), use synthetic or tokenized data 

where feasible. 

o Serve: inference endpoints behind API gateways with rate limiting and per-call logging. 

3. Policy & governance plane 

o Policy-as-code (e.g., OPA/Rego or cloud-native policy engines) enforcing data residency, encryption, 

RBAC, and allowed model outputs. 

o Continuous monitoring with Oracle Cloud Guard / OCI Logging feeding SIEM/SOAR for correlation 

and automated playbooks. Oracle 

4. Adaptive controls & RBA for high-risk operations 

o For sensitive operations (export, schema change, model download), compute a runtime risk score 

combining identity, device posture, behavior trend, and request context; require step-up auth or 

temporary quarantine for high risk. This reuses RBA insights applied to incident decisioning. arXiv 

5. Forensics & immutable logging 

o Append-only, tamper-evident logs (OCI Object Storage with versioning + integrity checks); ensure 

DB audit trails (unified auditing) are retained and linked to application logs for end-to-end tracing. 

Oracle Docs 

VI. RISK-BASED INCIDENT MANAGEMENT (RBIM) PLAYBOOK 

This playbook adapts NIST incident handling to a risk-based posture suitable for web apps with AI-backed DBs: 

1. Preparation (pre-incident) 

o Define business assets and risk appetite for data and models (use NIST IR 8286 guidance). 

o Create automation: detection rules, enriched telemetry, and canned containment actions (network 

ACLs, session invalidation, data frozen state). 

o Tabletop exercises covering model-leakage and ML-poisoning scenarios. NIST Publications 

2. Detection & Analysis 

o Use model-specific indicators (sudden spike in inference requests, unusually high similarity between 

outputs and training examples) alongside classic indicators (SQL error spikes, anomalous privilege 

escalations). 

o Apply a risk score combining impact (sensitivity of the DB/table/model) and likelihood (confidence 

of the detection). Prioritize high-scoring incidents for active containment. arXiv+1 

3. Containment 

o Soft containment: throttle API, require re-auth, disable model export, snapshot and isolate suspected 

compute nodes. 

o Hard containment: revoke credentials, isolate VCN segments, apply WAF rules or DB network 

rules. Ensure actions are reversible where possible to limit business disruption. 

4. Eradication & Recovery 

o For malicious SQL or compromised instances: remove malicious code, rebuild from known-good 

images, reissue secrets. 

o For model compromise: remove model artifacts, retrain from sanitized data, rotate inference 

endpoints. 
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5. Post-incident & Lessons Learned 

o Update policies-as-code, refine detection thresholds, and adjust risk scoring to avoid blind spots. 

o Produce governance reports for audit (mapping to ISO 27001 / CIS controls and regulatory 

obligations). 

Practical note: playbooks should be codified into SOAR runbooks for repeatability and speed. NIST SP 800-61 remains 

a core reference for incident handling structure and best practices. NIST Computer Security Resource Center 

VII. GOVERNANCE & COMPLIANCE MAPPING 

Map framework controls to recognized standards and requirements: 

• ISO/IEC 27001: risk assessment, ISMS governance, control selection, continual improvement. Use SoA to 

document AI-specific controls. ISO 

• CIS Controls v8: implement foundational hygiene (inventory, secure configuration, logging) that underpin 

RBIM. CIS 

• OWASP: adopt secure SDLC for web apps; instrument CI/CD to include SAST/DAST checks specifically for 

API and model interfaces. OWASP Foundation 

• Data protection laws (GDPR/HIPAA/sector rules): map data handling, retention, transparency, and breach 

notification timelines into the incident playbooks (ensure reproducible evidence for compliance). (Note: adapt 

to the jurisdiction in which data resides.) 

VIII. IMPLEMENTATION CONSIDERATIONS ON ORACLE CLOUD 

Concrete OCI features & recommendations: 

• Identity & Access: use OCI IAM compartments + federated IdP; prefer dynamic groups and policy 

statements to grant least privilege. Combine with ephemeral signing (e.g., instance principals) for compute. 

Oracle One Federal 

• Database controls: enable Transparent Data Encryption (TDE), Unified Auditing, Data Redaction, and 

Database Vault where applicable. Use Data Safe for assessment and activity auditing. Oracle Docs 

• Network & segmentation: leverage VCNs, private endpoints for DB access, and service gateways. Place 

inference/AI training in private subnets without public egress unless required. Oracle One Federal 

• Monitoring & automation: enable OCI Logging, Cloud Guard, and integrate with a SIEM; capture both 

application and DB audit trails for correlation and investigation. Use OCI Functions or Events to automatically 

trigger containment actions. Oracle 

IX. EVALUATION & CASE EXAMPLE (HYPOTHETICAL) 

A fintech web app on OCI exposes analytics and an AI-based credit-risk model. Applying the framework: 

• Sensitive tables are tokenized and accessed only via stored procedures (minimizes injection risk). 

• Model training uses a masked dataset; model artifacts are stored in private object storage with strict policies. 

• A surge in inference requests from uncommon geolocation increased risk score → automated soft 
containment: step-up authentication for admin access and throttling of inference; SIEM correlated a matched 

SQL anomaly → containment escalated to VCN isolation. Forensics showed compromised admin credentials 
via phishing; incident was contained and recovery followed with credential rotation and model retraining from 

validated data. This demonstrates RBIM’s utility: measured automation reduced time-to-containment while 

preserving critical services. 
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XI. DISCUSSION 

This framework balances operational realities (availability, performance) and security. Risk-based incident 

management reduces unnecessary disruption by scaling response to assessed risk. Challenges remain: accurate risk 

scoring for ML-specific incidents (model leakage detection), and ensuring visibility into cloud provider-managed 

layers. Continuous threat modelling and instrumentation of ML pipelines will be required as adversaries adapt. 

Academic research through 2023 shows RBA/adaptive techniques are promising but operationally complex—practical 

adoption favors incremental deployments with high-value protections first. arXiv+1 

XII. CONCLUSION 

Protecting AI applications backed by Oracle Cloud databases requires architecture that unifies identity-centric controls, 

Zero Trust, data lifecycle protections, and a risk-based incident playbook. By mapping controls to standards (NIST, 

ISO, CIS, OWASP) and operationalizing policy-as-code and automation, organizations can reduce exposure and 

respond faster to incidents involving both data and models. Future research should focus on robust model-leakage 

detection, standardized ML forensics, and calibrated risk-scoring tailored to AI workloads. 
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