


Macro Threat Landscape: The Imperative for Identity Modernization

Before engineering a modern identity architecture, we must quantify the operational risk inherent in 

legacy cloud environments. Industry threat telemetry confirms that machine identities represent the 

primary attack surface across cloud infrastructure—driven by excessive default permissions and 

credential compromise. 

The following data establishes the empirical business rationale for eliminating static secrets and 

enforcing strict least-privilege governance. 





Stage 0 Baseline: Exposing the Static Secret Vulnerability

Modernizing non-human identity security requires a clear audit of legacy deployment 

practices. Historically, automated CI/CD pipelines relied on long-lived symmetric client 

secrets—static passwords stored in repository settings or build environment variables. 

The following evidence illustrates the high-risk pre-configuration state: a two-year static 

secret creating a massive exposure window, heavy operational overhead for manual 

rotation, and vulnerability to pipeline leaks. 





Stage 0 Baseline: Quantifying Excessive Control-Plane Permissions
Beyond credential vulnerability, legacy machine identities are frequently over-
privileged at the subscription scope. Assigning broad administrative roles—such 
as Contributor—directly to service principals creates immense blast-radius risks.

The following evidence highlights this control failure: if the underlying secret is 
compromised, an attacker gains unrestricted operational authority over every 
cloud asset across the subscription rather than tightly scoped data-plane access. 





Strategic Remediation Architecture: The ACPHF 

Methodology

Remediating legacy identity vulnerabilities requires a 

structured, repeatable engineering model rather than ad-

hoc configuration changes. 

The AI & Cloud Pipeline Hardening Framework 

(ACPHF) provides a four-phase blueprint specifically 

designed to systematically eliminate static secrets and 

over-privileged access across enterprise workloads. 

The following framework outlines the strategic progression 

from foundational boundary isolation to passwordless 
cryptographic federation and granular data-plane control.





Phase 1: Core Cloud Boundary & Metadata Alignment

Before issuing tokens or configuring federated trust, an architecture must 

establish absolute directory boundary alignment. Misaligned tenant or 

subscription coordinates introduce routing errors, cross-tenant leaks, and 

broken authorization chains. 

The following architecture defines universal routing coordinates across 

multi-cloud environments—mapping the root identity authorities (Tenant 

ID, IdP ARN, Organization ID) to their respective target resource 

boundaries (Subscription ID, AWS Account ID, GCP Project ID) to 

ensure deterministic routing. 





Phase 2: Machine Identity Provisioning Sequence & 
Tenancy Architecture

Provisioning non-human identities requires strict directory 
isolation and deliberate attack surface reduction from 
inception. This phase governs schema creation in Microsoft 
Entra ID by separating the global Application Object 
blueprint from the local Service Principal security context. 

The following sequence illustrates the enforcement of 
single-tenant boundaries and the elimination of interactive 
login vectors by locking redirect URIs to guarantee headless, 
non-interactive pipeline execution.





Phase 2: Entra ID App Registration Implementation

Translating the provisioning sequence into Microsoft Entra 
ID requires establishing a dedicated App Registration 
configured strictly for headless workload execution. 

The following portal configuration demonstrates the 
provisioned Replacement Secure Identity. 

By locking the account type exclusively to Single Tenant and 
explicitly omitting Redirect URIs, we enforce deterministic 
directory routing and eliminate interactive user 
authentication vectors. 





Phase 3 (Part 1 of 2): Passwordless Cryptographic 

Federation Sequence

Phase 3 is divided into two sequential views to distinguish 

the underlying security logic from its production setup. 

This first slide outlines the multi-stage cryptographic 

handshake required to establish OpenID Connect (OIDC) 

trust between external runners and Microsoft Entra ID. 

The following framework details the runtime validation 

gates—guarding against AADSTS700213 claim mismatch 

errors, enforcing casing invariance, and capping short-

lived access tokens at a 60-minute lifetime.





Phase 3 (Part 2 of 2): Production Federated Credential 

Configuration

Following the architectural blueprint established in Part 1, 

this second slide demonstrates the live production 

implementation inside the Microsoft Entra ID portal. 

The following configuration confirms the applied settings: 

binding the federated trust directly to the GitHub issuer 

authority (token.actions.githubusercontent.com), 

restricting the audience (api://AzureADTokenExchange), 

and scoping authentication exclusively to the target 

repository's main branch to ensure deterministic boundary 

isolation.





Phase 4: Data-Plane Access Control Isolation

Establishing passwordless authentication solves the 

credential vector, but security architecture must also 

strictly govern what an identity can access once 

authenticated. 

Phase 4 completes the ACPHF model by enforcing 

rigorous Control-Plane versus Data-Plane separation. 

The following portal evidence demonstrates the 

remediation of legacy over-privilege: stripping broad 

management roles (Contributor/Owner) and scoping 

permissions strictly to the target data-plane role (Key 

Vault Secrets User) applied exclusively at the individual 

resource boundary (KV-Secure-Data)





Phase 4: Data-Plane Access Control & Pipeline 

Execution Sequence

Building on the Key Vault RBAC configurations 

established in the portal, this diagram details the complete 

operational handshake and runtime security controls 

during pipeline execution. 

The following sequence outlines three critical execution 

safeguards: stripping control-plane write power in favor of 

targeted data-plane roles, enforcing the id-token: write 

cryptographic gate during token exchange, and applying 

runtime telemetry masking to prevent dynamic tokens 

from leaking into build logs.





ACPHF to Identity Architecture Ledger (IAL) Mapping

Technical architecture must translate directly into verifiable 

compliance and audit governance. 

The next slide illustrates how each executed phase of the 

AI & Cloud Pipeline Hardening Framework maps directly 

into the formal Identity Architecture Ledger (IAL). 

The following mapping demonstrates how validated live 

configurations—from boundary alignment to data-plane 

access—are locked, audited, and verified by an 

automated AI Audit Engine to ensure continuous security 

posture compliance.





Identity Architecture Ledger (IAL): Master Configuration 
State & IaC Output

Achieving continuous security posture validation requires 
codifying architecture into an immutable master 
configuration file. 

The Identity Architecture Ledger (IAL) captures verified 
runtime parameters across all four ACPHF hardening 
phases—from boundary identification and single-tenant 
provisioning to OIDC federated trust claims and zero-
contributor data-plane RBAC. 

The following ledger demonstrates the machine-readable 
state file (AI-Ingestion Format v2.4) alongside its auto-
generated Infrastructure-as-Code (IaC) Bicep template, 
guaranteeing auditability and automated, policy-compliant 
re-deployments.





Resource-Side Execution Breakdown: GitHub Actions 

Pipeline Log Verification

Verifying a Zero Trust identity architecture requires 

validating execution telemetry on the runner side. 

The following execution log details a 24-second GitHub 

Actions workflow run, demonstrating end-to-end runtime 

security: initializing an isolated runner, negotiating a 

passwordless OIDC token exchange via Entra ID, 

retrieving secret data under the scoped Key Vault 

Secrets User RBAC role, and immediately executing 

session teardown (az account clear) to guarantee zero 

residual credential state.





Control-Plane Governance & Identity Audit: Microsoft 

Entra ID Telemetry

Complete dual-perspective verification requires pairing 

resource-side runner logs with directory-side telemetry. 

The following Microsoft Entra ID sign-in audit logs provide 

cryptographic proof of governance: capturing the precise 

15-second progression between control-plane 

authentication (Azure Resource Manager) and data-plane 

access (Azure Key Vault). 

This immutable telemetry correlates directly with the 

GitHub Actions workflow timeline, confirming 

passwordless execution, egress IP attribution, and NIST 

800-207 Zero Trust compliance without exposing static 

credentials.





Data-Plane Asset Audit & Telemetry Tracing: Azure 

Log Analytics

Closing the verification loop requires querying resource-

level diagnostic logs directly from Azure Log Analytics. 

The following CLI telemetry query output provides 

granular proof of data-plane access on KV-SECURE-

DATA. 

It traces the complete OAuth challenge protocol—from the 

expected initial 401 Unauthorized challenge to the 

successful sub-second 200 OK SecretGet payload 

extraction—establishing end-to-end, queryable audit proof 

across both control and data planes.





Enterprise Security Engineering: Audit Results Ledger 

(ARL)

The final component of the ACPHF framework is the 

Audit Results Ledger (ARL), providing a formal 

summary of governance gates and AI-assisted intent 

verification. 

This ledger validates all four security gates—Coordinate 

Alignment, Character Matching, Token Clock Limits, and 

Plane Separation—yielding an OVERALL: PASS status. 

By executing correlated queries across Entra ID sign-in 

logs and Log Analytics telemetry, the ARL verifies 100% 

data-plane access alignment, zero orphan events, and 

zero static credential exposure.
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