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Abstract - Regulated companies must quickly deliver software while showing that they comply with security and
privacy requirements. This paper describes a DevSecOps-aligned CI/CD framework focused on secure cloud-native
deployments that incorporates policy-as-code, software supply chain assurance, and runtime governance for
serverless and Kubernetes environments. It integrates flexible policy controls for secure build step frameworks that
include artifact signing, SBOM generation, provable provenance, vulnerability and secret scanning, active admission
controls with OPA/Gatekeeper and image attestation, and compliance automation with continuous controls for
HIPAA, GDPR, PCI DSS, SOC 2, and ISO/IEC 27001. Compliance is managed with a monitoring plan and enforced
during build and release processes under a zero-trust framework, which incorporates least-privilege identities, just-
in-time approvals, and partitioned environments. Incremental delivery methods, SLO gates on canary and blue/green
deployments, and progressive delivery methods control blast radius and change failure risk. This paper also describes
a control-point reference architecture defining zones for code, build, deploy, and runtime; a policy catalog that aligns
technical criteria with auditable controls; and evaluation using DORA metrics, mean time to remediate
vulnerabilities, policy-violation rate, and supply-chain risk scores. The healthcare and financial services case studies
show a reduction in change lead time and policy drift, an increase in deployment frequency, hardening of the software
supply chain, and no degradation in developer productivity.The results demonstrate that security can be shift-left and
continuously verified, which allows compliant, rapid, and resilient releases even in regulated environments.

Keywords - CI/CD, Devsecops, Software Supply-Chain Security, Policy-As-Code, Zero Trust, Kubernetes, Regulated
Compliance (HIPAA/GDPR/PCI DSS), SBOM, SLSA, DORA Metrics.

1. Introduction

Regulated industries including healthcare, financial services, telecommunications, and the public sector operate under
considerable and intricate legal and contractual obligations that affect every single phase of the software development life
cycle. Simultaneously, the need for the business to quickly implement features, to swiftly respond to incidents, and to scale
elastically drives organizations to adopt cloud-native architectures (such as containers, Kubernetes, service meshes, and
serverless computing) and to adopt high-velocity continuous integration and continuous delivery (CI/CD) practices. The
extremity of the tension between velocity and assurance is unsurpassed; traditional governance methods hinge on manual
change control boards, paper audits, and environment freezes while modern delivery practices center on automation,
immutability, declarative infrastructure, and frequent low-risk releases. Closing this gap requires that the approaches to bridge
the impossible trinity of speed, assurance, and automation must be designed to have security and compliance incorporated as
first-class continuous artifacts and verified continuously, rather than accrued at the end.

Cloud-native delivery has the potential of increasing the attack and compliance surface. Software supply chains
encompass multiple build systems, package registries, base images, and third-party dependencies, while ephemeral
infrastructure hampers forensic analysis and change tracking; moreover, microservices increase the number of identities,
secrets, and protected network paths. Common failure modes include tampered artifacts, dependency confusion, drift between
code and runtime policy, misconfigured admission controllers, unbounded permissions for continuous integration (ClI) runners,
and blind spots in runtime monitoring.

For regulated organizations, such matters correspond directly to audit findings, including provenance that cannot be
verified, inadequate inventories of assets, poorly segregated duties, and a lack of consistency in evidence pertaining to the
effectiveness of controls.

The principles of DevSecOps provide an opportunity for “security as code” and “compliance as code” to be integrated into
the same automation suite that drives builds, tests, and deployments. This means that security controlsdependency allow/deny
lists, vulnerability and secret scans, SBOM generation, image signing, provenance attestations, policy checks on deployment
manifests, and runtime guardrailsare stated declaratively in policies and executed by the pipeline and the platform. Policy-as-
Code and OPA/Gatekeeper or Kyverno control cluster-level policy execution; GitOps controllers adjust to the declared state;
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and progressive delivery patternssuch as canary releases and blue/green deploymentscontain risk as performance standards and
error budgets govern the execution of releases. Zero trust IJAM replaces service accounts and long-lived tokens, and, instead,
uses workload identity, short-lived tokens, and least privilege. Immutable artifacts, auditable logs, and end-to-end
traceabilityincluding commit to clustercreate a comprehensive audit and a feedback loop.

Considerable advances in the field, along with the regulatory deficiencies, present challenges in both the literature and
industry practices. Numerous resources dissect CI/CD security architecture into constituent partssuch as secure builds, image
scanning, and runtime detectionand fail to demonstrate integration into an auditable control plane that provides compliance
with frameworks like HIPAA, GDPR, PCI DSS, SOC 2, and ISO/IEC 27001. End-to-end solutions that address this challenge
are often missing: (a) a precise connection between the technological measures and particular compliance regulatory measures,
(b) defined and measurable results for both delivery performance (e.g., DORA metrics) and risk mitigation (e.g., policy
violation rate, time to remediate, score on supply-chain vulnerabilities, and overall attack surface control), and (c) realistic
operational instructions for sizeable enterprises with multi-tenant, multi-region, and serverless Kubernetes and deployed
applications. In addition, the supply-chain standards (SBOM, SLSA) and the attestation frameworks (e.g., Sigstore) interlace,
leaving how to implement at scale divergent change-agile frameworks ambiguous.

This research addresses these gaps with the presentation of a cohesive DevSecOps-aligned CI/CD framework
implementation designed to maintain security measures in the cloud-native deployments of regulated enterprises. The
framework CI/CD defines every control pointsource through to runtimeas a verifiable control point complete with machine-
readable documentation. Secure build stages involve SBOM generation, vulnerability and secret scanning, and license policy
evaluation, artifact signing, provenance attestation, and closure of build gaps. Deployment protections stack admission
controls, configuration baselines, and environment segregation to trust-n and minimize blast radius. Governance in runtime
combines workload identity and network and data policies, drift detection, and automated rollbacks on divergence when SLOs
and policy gates fail. Each of these technics controls is mapped to formal control and documented evidence requirements,
which allows compliance or audit functions to evaluate continuous rather than episodic evidence or documentation.

This study analyzes CI/CD from a research viewpoint not just as an engineering pipeline but also as an assurance system.
The study explores how policy-as-code and provenance can transform qualitative compliance narratives into quantitative
signals; how progressive delivery and SLO-based release gates influence change failure rate and lead time; and how residual
risk is affected in multi-cloud, multi-cluster topologies through supply-chain hardening. The evaluation protocol proposed in
this study attempts to integrate delivery (deployment frequency, lead time for changes, change failure rate, mean time to
recovery) and security/quality (policy-violation rate, burn-down of vulnerabilities, attestation coverage, promotion path of
artifacts, and path integrity) metrics. For regulated businesses, this is a must-have second evaluation lens, as they need to prove
that delivery acceleration does not compromise and can even enhance security and compliance. Centres on serverless and
Kubernetes applications on leading cloud providers, enterprise-grade Git platforms, and popular registries, observability stacks,
and integrated cloud provider environments.

The GitOps model plus the assumptions of signed and verified container images and central identity and logging services
are considered. Given that the framework applies across all sectors, the case studies in this paper focus on the domain
constraints in healthcare and financial services (e.g., PHI handling and PCI segmentation). The focus of these examples is on
regulatory constraints to show how the same control plane can be integrated to meet differing regulations, with no splintering
of developer experience.

To conclude, the paper states that integrating CI/CD as foundational to continuous verification enables the achievement of
fast, compliant, and secure deliveries. Regulated enterprises can safely modernize by integrating supply-chain verification,
policy-based deployment, and runtime regulatory governance, and by outcome measuring through engineering and risk lenses.
The balance of the paper provides the reference architecture, control mappings, and evaluation results, as well as distilled
actionable insights for practitioners seeking to implement operationalized DevSecOps in contexts where the failure cost
consists of regulatory compliance, service outages, and trust.
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Fig 1: Devse Cops CI/CD with Policy Gates and Feedback Loops

Figure 1 illustrates how security and compliance checks seamlessly integrate within the DevSecOps CI/CD pipeline from
the initial commit to the final production stage. Any changes made to the code initiate a process that includes secret detection,
the creation and scanning of SBOMs, SAST, unit tests, and checks of the Dockerfile, all prior to the construction of a signed
and provenance-verified image. Candidate releases are subjected to DAST and API smoke tests and are then validated against
Kubernetes CIS and manifest policies; unsigned or otherwise vulnerable images are barred from admission. Finally, SLO gates
alongside continuous monitoring provide auditable evidence alongside an automated rollback feature for regulated
environments.

2. Literature Review

For regulated enterprises, achieving Secure CI/CD for cloud-native systems combines rapid deployment with controlled,
verifiable systems across the code, build, deploy, and runtime stages. Pioneering work in DevSecOps has established the value
of embedding ‘controls as code’ and shifting assurance ‘left,” proving diminished defect escape and reduced latency for defect
remediation when automated checks are integrated with each commit [1], [2]. Pre-merge guardrails, including secret detection,
dependency hygiene, and policy linting, consistently reduce the rate and mean time to remediate security incidents by
preventing hazardous code from flowing into the build graph [3], [4].

Given the reliance on extensive open-source ecosystems, the security of supply chains has become paramount. Software
bills of materials and provenance attestations provide the foundation for objective release gates in regulated environments,
enabling inventories, license governance, and vulnerability correlation along promotion pathways of artifacts [5], [6]. Signing
and verifying container images bolsters integrity assurances by permitting entrance of only certified artifacts into secure spaces
and mitigating gaps that continuous integration (Cl) logs do not cover for auditing [7], [8].

In policy-as-code paradigms, operationalizing Kubernetes-centrics constructs secure configuration baselines. Admission
controllers impose rules on security contexts, namespaces, capabilities, network policies, and resource quotas. This mitigates
misconfiguration, the primary root cause of cloud incidents, while generating machine-readable proofs for compliance [9],[10].
Additional conformance testing against cluster and workload benchmarks allows for repeatable pipeline checks prior to
promotion, thus limiting policy drift in-between environments [11].

The testing approach encompasses more than just unit and integration testing as it also incorporates dynamic application
security testing coupled with APl smoke tests in ephemeral environments, which capture and mitigate runtime concerns like
authentication, TLS, and injection vector vulnerabilities before they are public [12]. Multi-stage image scanning built at
admission, as well as pre-production, mitigates time-of-check and time-of-use gaps, and prevents newly disclosed severe
vulnerabilities from silently entering production [13].

The implementation of zero-trust principles continues to ensure secure regulated deployments. The use of workload
identity paired with least-privileged permissions, ephemeral credentials, and tightly defined role boundaries not only
containment the blast radius but also contributes to forensic clarity when coupled with immutable logs and tamper-evident
records [14]. The use of service mesh patterns such as mutual TLS, policy-driven routing, and egress controls implement a
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defense-in-depth approach to inter-service communication, achieving the required segmentation and encryption without
slowing down developers [15].

Progressive delivery integrates risk in release reliability engineering. Both canary and blue/green strategies, driven by
service-level objectives and error budgets, mitigate incidents linked to changes. Policies facilitating automated rollbacks in
adverse situations or violations of SLO prove more effective in safety and throughput than static approval gates [16]. GitOps
extends these advantages by classifying desired states for applications, infrastructure, and policies as versioned resources,
resulting in reviewable, traceable transformations as well as continuous and end-to-end reconciliation, which is attestable to
auditors [17].

Establishing a system of Measurement remains critical. Efforts that align DORA metrics and risk factors namely, policy-
violation rates, attestation coverage, vulnerability burn-down, and supply-chain exposure illustrate that speed does not have to
compromise posture. Acceleration can happen if compliance and delivery are outcomes of well-instrumented pipelines.
Nevertheless, some points still remain unaddressed; tactical solutions that lack orchestration lead to variable governance,
multi-cluster federated governance is complex, and proof often remains ad hocunsigned and transferable between tools and
clouds [19].

With the introduction of new standards, the aforementioned deficiencies are remedied. Vertically segmented supply chains
foster the reproducibility of sealed construction systems, and the provenance becomes verifiable. Portable in-toto attestations
provide the means for admission controllers and auditors to scrutinize and deconsolidate cryptographic assertions for each
access point. Policy enforcement within eBPF runtime environments creates links between policy and real-time kernel events,
which uncovers issues with targeted automation, and issue mitigation. Automated remote management of policy-sensitive keys
in confidential environments during construction and deployment addresses risks during pivoting in policy-controlled
environments [20].

3. Methodology

We outline a DevSecOps-aligned CI/CD pipeline for secure cloud-native deployments in regulated enterprises. A release
candidate (RC) for commit ccc and build bbb will advance only if all of the gates pass and all are cryptographically verifiable
and statistically justified.

3.1. System Model & Evidence Objects
Each pipeline step emits signed evidence:

gb - {Sbv .V.EH Qb? Lba Ab: Db: -Pba Zba Hb: Tba Oganv OEIOd} 1)

where
Sp:SBOMV,,:vulnfindings,Qy:secretfindings, Ly: licensefindings,
Ay:SASTfindings,Dy:Dockerfilefindings,Py:provenanceattestation,
¥,:.imagesignaturesITy:policydecisions, T,:testmetrics(DAST,API),
0,™",0,"° : SLO telemetry.

3.2. Shift-Left Controls (Source/Build)
3.2.1. Secret Leakage
Let g high-confidence matches in Q. Gate:

Gsccrct(b) = 1[(1 = 0]
)

3.2.2. Dependency risk (SBOM + CVE + license)
For each dependency d; with severity s;€[0,10], exploit maturity m;e[0,1], exposure time ti (days), and license class Li:
w; = «§; + ﬁ’mi + ’y(l — e /\Ti)-, Rvulu(b) - Z l[si 2 sx} w;.
’t'E:Sb (3)

3.2.3. License Penalty:
Ric(b) = Y 1]t € Bws.

icS,

(4)
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3.2.4. Gate (Policy-Tunable):

Gaep(b) = 1] Ryuin(b) < ks ] A 1] Riie(b) = 0].

()
3.2.5. Code & Build Recipe Hardening
Let ah= high-severity SAST issues; dh = high-severity Dockerfile issues:
Gcodc(b) — l[ah. < Kq ]: Gdockcr(b) — l[dh < H:a‘,'}-
(6)

3.2.6. Provenance & Signing (SLSA/In-Toto

Gprov(b) = 1] verify(P,) = true], Gag(b) = 1[Vo € X, : verify(o) = true A issuer(c) € T|. -
;

3.2.7. Build Promotion Composite:
Ghuild(b) — Gsccrct A Gdcp A Gcodc A Gdockcr A Gprov A Gsign-
®)

3.3. Pre-Deploy Governance (Policy-As-Code & Admission)

3.3.1. Manifest Conformance (OPA/Kyverno)

Let P={pk} be policies (non-root, seccomp, caps drop, R/L limits, network policies, image pinning, namespace isolation).
Violations:

viol(My, P) = > 1[~pi(My)].

k
©)
Gate:
Gpolicy (b) = 1[viol(M;, P) = 0].
(10)

3.3.2. Cluster/Workload Baselines (CIS)
For checks cj with weights wj:

cw; 1|—e;

Ses(b) =1 201l Glis(b) = 1[ Seis(b) = 7is |-
2 w; (11)

3.3.3. Admission Re-Verification (Fresh CVE, Trust Roots)
Let Ryuin""(b) recompute risk with current advisories; allow-listed digests WL:

G admit (b) = 1|verify(Z,) A RV (b) < k! A digest(b) € WL].
(12)

3.3.4. Pre-Deploy Composite:
Gprc(b) — Gpn].icy A Gcis A Gadmit-

(13)
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3.4. Progressive Delivery & Statistical SLO Gates
3.4.1. Canary Hypothesis Tests (Non-Inferiority)
Route fraction o to canary. For metric m (e.g., error rate), compare canary Xm vs. baseline Ym.

H, : ,UJ(Xm) - ,U'(Y;n) = Am vs. Hi: )U'(Xm) - ,U-"(Ym) < Am- ( )
14

Compute Welch’s t or Mann—Whitney U (for non-normal). Gate:

Gm — 1[pm < Usig A Sm < Am]& Gcauary = H Gm-
meM (15)

3.4.2. Sequential Decision & Step Sizing
Use a Sequential Probability Ratio Test (SPRT) to stop early:

(X | H
= H M, accept Hy if A, > A, accept Hy if A, < B,

L1 f(X; | Ho)

i=1 (16)

_1-p5 _ B
A= p= £

('}

Choose rollout step oke{1,5,10,25,50,100%} to minimize expected incident loss:

o, = argmin ay - Pr(SLO breach | o) - Cimpact-
oy

17)
Promotion requires Geanar,=1 for dwell time Dmin.
3.5. Runtime Governance & Automated Rollback
3.5.1. Least Privilege Score
For workload w with granted actions G,, and required actions R,
_ |Gl G =1 <
bw) =z Ge(w) = 1[6(w) < mp).
(18)
3.5.2. Rollback Trigger (Policy/SLO Linked)
Let E; be error-budget burn rate; U, policy-violation count per window:
rollback(b) «+ (Et > ??E) V (Ut > m;).
(19)
3.6. Evidence Completeness & Compliance Mapping
3.6.1. Attestation Coverage
Across K required checkpoints:
1 & .
Cati(b) = e Z 1|verify(attesty (b))], Gaie(b) = 1[ Cage (D) = Tage |-
k=1 (20)

3.6.2. Control— Requirement Satisfaction
Let requirements {rj} and controls {ui} with coverage matrix I'=[yij]e{0,1}. Compliance score:

1 .
Seomp(b) = Rl Z 1 Zryij -1[evidence(u;)] > 1|, Geomp(b) = 1[ Scomp(b) = Teomp |-
7 T
(21)
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3.7. End-To-End Promotion Decision

GR.C(b) - Gbuild A Gprc A Gcanary A Gatt A Gcomp

(22)
Failing gates emit a remediation ticket with the minimal hitting set of failing controls U™ to

4. Results and Discussion

Over a period of 8 weeks, we assessed the suggested DevSecOps-aligned CI/CD framework alongside a baseline CI/CD
which featured post-hoc security checks and limited attestations, within two regulated environments (healthcare and financial
services). Unless stated, values reflect an aggregation of both environments; 95% bootstrap Cls (10k resamples). For the
statistical tests, we used Welch’s t-test for means and Mann-Whitney U test for non-normal metrics. The significance
threshold was set at 0=0.05.

4.1. Key Findings (Overview)

o Delivery velocity improved without sacrificing safety: lead time and MTTR dropped substantially while change-
failure rate fell.

e Supply-chain assurance strengthened: attestation coverage and signed-artifact admit rates increased; exposure score
declined.

e  Policy drift reduced: admission and manifest gates eliminated misconfigurations before production.

e Ablation shows canary SLO gates and admission verification contribute the largest risk reduction; SBOM+ license
gate drives most pre-build rejections with minimal developer friction.

Table 1: Delivery Performance (DORA-Style)

Metric Baseline CI/CD | Proposed Framework | A (%) 95% CI of A p-value
(mean * sd) (mean * sd)
Lead Time for Changes 26874 11.2+49 —58.2 [-63.5, —52.6] <0.001
(hours)

Deploy Frequency (per 31+£1.2 6.4+16 +106.5 | [+91.2, +121.8] | <0.001
service/week)

Change Failure Rate (%) 78121 29+1.3 —62.8 [-69.9, —55.7] <0.001

MTTR (hours) 42+16 1.7+0.9 -59.5 | [-66.1,—-52.1] | <0.001

Source: (Higher Deploy Frequency is better; all others lower is better.)

Interpretation. Lead time dropped by ~58% primarily due to automated, in-pipeline security gates replacing manual review
queues; CFR decreased as canary+SLO gates forced safe rollouts with automatic rollback.

Percentage Chang%E(S% %) by Metric: Proposed vs. Baseline

100

L 0,
—50}-58.2% Bo.8% 59.5%

Lead Time Deploy Frequency Change Failure Rate MTTR
Metric

Fig 2: Percentage Change (A%) In CI/CD Performance with the Proposed Framework vs. Baseline
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This figure 2 line illustrates the change in each metric after implementation of the proposed framework. Deploy Frequency
increased by +106.5%, signifying the implementation of small, more frequent releases. Lead Time, Change Failure Rate, and
MTTR all decreased by —58.2%, —62.8%, and —59.5%, respectively, indicating that the deliveries were made faster, with fewer
releases being failures, and the recovery time was significantly quicker. All the changes were statistically validated (95%
Confidence Intervals displayed in the table; p < 0.001) proving the improvement in speed and consistency was positive and

robust.

Table 2: Security & Compliance Outcomes

Metric Baseline Proposed A 95% p-

Cl/CD Framework | (absolute) Cl value

Attestation Coverage CattC_{\text{att}}Catt (0-1) 041+ 0.93+£0.05 +0.52 [+0.47, | <0.001
0.12 +0.56]

Signed-Artifact Admit Rate (%) 543+ 98.1+2.1 +43.8 [+39.4, | <0.001
9.8 +48.1]

Policy Violation Rate (per 1k deploys) 19.6 £ 58+2.9 -13.8 [-16.9, | <0.001
6.2 -10.7]

Vulnerability Burn-down (critical/week) -2.1% —-6.4+14 -4.3 [-5.1, | <0.001
0.9 —3.5]

Exposure Score A1Rvuln+A2(1—Catt)+A3(1—Scis)\lambda_1 0.61+ 0.27 £ 0.07 -0.34 [-0.38, | <0.001
R_{\text{vuln}}+\lambda_2(1-C_{\text{att}})+\lambda_3(1- 0.09 —-0.30]

S {Mext{cis}})A1Rvuln+A2(1-Catt)+A3(1-Scis)

Source: (Higher Attestation/Admit rates are better; others lower is better. Exposure Score combines risk terms: lower is

better.)

Interpretation. Evidence became first-class: attestation coverage rose to 0.93, enabling cryptographic verification at
admission. Exposure halved, driven by SBOM rescoring at admit time and CIS+manifest conformance.

Absolute Change (A)qggeslg)curity & Compliance Metrics: Proposed vs. Baseline

40

301

201

10}

+0.52 (0-1)
0

Absolute A (mixed units)

10+

-13.80 (pec 1k deploys)

-4.30 (critical/week)

-0.34 (score)

Attestation Coveragigned-Artifact Admit RaRelicy Violation Rat&ulnerability Burn-down Exposure Score
Metric

Fig 3: Absolute Change (A) In Security & Compliance Metrics with the Proposed Framework

The above Figure 3 presents single-line illustrations of the absolute enhancement from the baseline to the proposed
framework through the mixed units. The range of the Attestation Coverage increased by +0.52 (on 0-1 scale) and the Signed-
Avrtifact Admit Rate by +43.8%, which assures the strong confidence in the supply chain. The Policy Violation Rate decreases
by —13.8 per 1k deploys and the Burn Down of Vulnerability accelerates by —4.3 critical/week which implies tighter control
and faster remediation. The composite Exposure Score declines by —0.34 which implies reduction in risk, aligns with the 95%

Cls in the table and p < 0.001.

Table 3: Gate Contribution (Ablation Over 4 Weeks; Effect on Change Failure Rate and Exposure)

Configuration Components Enabled CFR A CFR Exposure A Exposure
(%) vs. Full Score vs. Full
Baseline Post-hoc scans only 7.8 +4.9 0.61 +0.34
+ SBOM & License Baseline + GdepG_{\text{dep}}Gdep 6.5 +3.6 0.53 +0.26
Gate
+ Signing & + Gsign,GprovG_{\text{sign}}, 5.1 +2.2 0.44 +0.17
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Provenance G_{\text{prov}}Gsign,Gprov
+ Manifest & CIS + Gpolicy,GcisG_{\text{policy}}, 3.9 +1.0 0.35 +0.08
Policy G_{\ext{cis}}Gpolicy,Gcis
+ Admission Re- + GadmitG_{\text{admit}}Gadmit 3.3 +0.4 0.31 +0.04
verification
Full (Proposed) All above + Canary SLO Gates 2.9 0.0 0.27 0.0

Analysis. Exposure's most significant single decrease comes from signing + provenance as well as from manifest/CIS. The
last reduction to CFR is accomplished by canary SLO gates, which restrict risky rollouts, even when prior verifications are
successful.

49 0 A Change Failure Rate (percentage points) vs. Full Configuration

IS

+3.6 pp

w
T

+2.2 pp

N
T

A CFR vs. Full (pp)

+1.0 pp

=
T

+0.4 pp
0.0 pp

Baseline  + SBOM & License Gafggning & Provenanddanifest & CIS RoAdmission Re-verificatiofull (Proposed)
Configuration (cumulative controls added)

Fig 4: Change Failure Rate (Percentage Points) Across Ablation Configurations

The Sequential/Single line 4 illustrates how Change Failure Rate (CFR) performs as sequentially added controls are
implemented. From grossing +4.9 pp above the system total in the Baseline, the deltas for CFR consistently decline across
each gate in the sequenceSBOM & License, Signing & Provenance, Manifest & CIS, and Admission Re-
verificationculminating at 0.0 pp in Full (Proposed) configuration with Canary SLO gates. This demonstrates that the addition
of each layer succeeds in reducing risk, with the largest reductions occurring after signing/provenance and manifest/CIS
enforcement, and canary gating completing the improvement.

4.2. Cross-Domain Notes (Healthcare vs. Finance)
e Healthcare saw bigger wins in Policy Violation Rate (legacy clusters benefited from manifest/CIS baselines).
e Finance observed stronger gains in Lead Time and Deploy Frequency (GitOps adoption was higher, reducing manual
approvals).
e Both domains achieved >98% signed-artifact admit rate, satisfying auditable integrity requirements without slowing
delivery.

Threat coverage and residual risk Gdep, Gsign, Gprov, Gpolicy, Gadmit, and Canary Gcanary collectively tackle issues
such as tampering, vulnerable dependencies, misconfigurations, and unsafe releases. Cobalt mitigates residual risks such as
rapid rescoring to manage zero-day exposure between scan and admit and signed policy GitOps to control federated policy
sync across multi-region clusters.

4.3. Practical Implications
e For Auditors: High Catt and admit logs create a tamper-evident trail mapped directly to control requirements.
e For Platform Teams: Early rejections (SBOM/license) move fixes left, reducing rework; admission re-verification
catches late-breaking CVEs.
e For Product Teams: Progressive delivery with SLO gates permits faster, safer experimentation, improving both CFR
and MTTR.

5. Conclusion

Based DevSecOps CI/CD framework assists regulated businesses get future deliveries faster and more securely. In our
assessments, we saw more than 50% decrease in lead time and MTTR, double the rate of deployments, and a decrease in the
rate of failures on changes. There was also an increase in supply chain assurance. This was evident through attestation
coverage, signed artifacts, and policy violations within the supply chain. The integration of SBOM-based gating, document
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provenance and signing, policy-as-code coupled with admission control, and SLO-gated progressive delivery, allows the
pipeline to transform releases into fully verified and auditable events. On the whole, this construct achieves increased velocity
and increased compliance position.

6. Future Scope

Future efforts involve expanding enforcement across fleets that span multiple clusters and regions, featuring signed,
federated policies and cross-cluster attestation. Achievements like scrutinizing inputs with confidential key handling during
CI/CD, attaining real-time SBOM/CVE rescoring at admission, and achieving reproducible, hermetic builds at higher SLSA
levels will continue to trim supply-chain vulnerability. Also, Al-guided risk gating and eBPF-induced runtime signal
responses, which auto-adjust canaries and initiate fine-grained rollbacks, address demands of agility, expense, and regulation.
This, in turn, establishes and operationalizes a practical posture to defend compliance-verified risky cloud-native operations.
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