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Abstract 

This study examines a DevSecOps-based solution of automating Oracle database deployments in a multi-

environment pipeline with emphasis on security, compliance and operational efficiency. The conventional 

Oracle implementations are marred by disintegrated workflows, complex approval processes and a 

vulnerability when the implementation is completed slowing down the time-to-market. Security, 

compliance checks and infrastructure-as-code implementation to CI/CD pipelines will shift quality and 

governance controls to take place in the front-end development phases. The results obtained indicate that, 

time to deployment, security incident rates and overheads relating to the preparation of the audit were cut 

significantly, at the same time when compliance rates are up, and availability in the system is enhanced.  

The quantitative data shows that average deployments time was reduced by 48%, security threats with 

releases by 63% and error with operations by 52%. The automation of compliance verification also saved 

close to 60 percent manual preparation time to conduct audits. The radar chart analysis of organizational 

maturity showed that there was considerable progress in integration of development, operational and 

compliance functions that enhanced the overall DevSecOps readiness index.  

The study finds that the implementation of DevSecOps in Oracle database deployment pipelines can 

provide more than secure and compliant releases as they also offer a measurable enhancement of 

scalability, reliability, and cost efficiency. This study makes an addition to the existing research on the 

topic of cloud-native DevSecOps practices and proves that such practices can be applicable even in 

reference to the traditionally complicated environments in the enterprise, including those based on Oracle. 
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1. Introduction 

Oracle databases have been a mainstay of enterprise information systems and are the basis of mission-

critical workloads in the worlds of finance, healthcare, and government. Nonetheless, their deployment 

pipelines are traditionally manually configured, siloed and the security is reactive. Such legacy solutions 

are risky in the age of agility, compliance and resilience. Security vulnerabilities tend not to be identified 

until late in the process, compliance checks are more often than not fairly manual and bottlenecks in 
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operations slows the release to markets. The effect is one in which speed and security seem to be mutually 

exclusive, so Oracle deployments stand out as especially difficult to modernize. 

DevSecOps comes out as the paradigm shift with the security integrated as the shared responsibility in the 

software delivery life cycle. DevSecOps embeds continuous scanning, policy-as-code and automated 

compliance checks, as well as policy into CI/CD pipelines instead of using end-stage security gates. In 

case of Oracle deployments, such transformation is essential because of not only technical risks but also 

regulatory requirements in the areas of data protection, auditability, and high availability. 

In this study, the authors provide a prototype of a DevSecOps enabled Oracle deployment mechanism that 

automates deployment of provisioning, patching and compliance verification with incorporation of 

governance at each step.  

The approach would be the infrastructure-as-code (IaC) with the help of Terraform, automated rule-

engines to ensure policy compliance, and vulnerability management via real-time monitoring. The study 

quantifies the operational and the governance advantages of this approach, through the measurement of 

the deployment speed, security incidents and efficiency of compliance in multiple environments. 

This study underscores the fact that automation of Oracle deployments can be secure and it is 

transformative. The results offer guidance to how organizations struggling to balance agility and 

compliance can modernize mission-critical enterprise systems. 

 

2. Literature Review 

CI/CD Pipelines in Database Environments 

The implementation of Continuous Integration and Continuous Delivery (CI/CD), however, in the 

software delivery has had a huge impact, but its employment, especially in terms of databases operations 

has been limited to applications development.  

According to CI/CD as discussed that it is a highly popular concept in the software engineering field but 

fails to gain prominence when it comes to database application development that is inherently complicated 

in nature due to schema changes, transaction integrity and regulatory issues. Their suggested generic 

CI/CD database pipeline shows quantifiable gains related to a reduction in the deployment failures and 

enhanced stability highlighting that automation can be used to mitigate the issue of the rigidity of the 

database release many years.  

Donca et al. [2022] support these findings and maintain that pipeline-based strategies offer an advantage 

in terms of reducing ambiguity, normalized alignment, and the provision of enhanced delivery timelines.  

Likewise, Shankeshi and Ranjan [2022] observe that automation frameworks based on Infrastructure-as-

Code (IaC) and CI/CD integration are especially effective when automating work on Oracle databases, in 

their study they managed to increase the deployment speed by 60 percent and significantly lower the cost 

of their operations. 

This has been mentioned as the issue in the challenge of schema evolution to the database-centric CI/CD 

pipelines. As early works like De Jong et al. [2017] with QuantumDB have shown, schema evolution can 

be done without a downtime and thus continuous deployment of data-intensive systems is possible.  
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Presaging that schema adaptability is a valuable building block to resilient CI/CD adoption, more recent 

work, such as that of Brahmia et al., [2024] offers a comparative study of the strategy of schema evolutions 

in both relational and non-relational systems. Hu et al.[2022] build upon and go even further and propose 

Tesseract, a methodology that allows taking schema evolution as a modification operation, achieving 

transactional schema changes without any downtime. These solutions overlap with those described by 

Herrmann et al. [2017] where the approach to bringing schema versions into coexistence involves 

automated generation of a delta code, which makes sure that the applications running in parallel will not 

break.  

These experiments underscore the importance of database schema evolution facilities as a core support 

component to CI/CD within systems such as Oracle and other systems whose availability and data integrity 

are paramount concerns. 

The Rise of DevSecOps 

The need to integrate security into DevOps, and establish DevSecOps, has become an industry-wide 

requirement as companies seek to establish the alignment between agility and regulatory and operational 

security. In their systematic mapping of the adoption challenge of DevSecOps on 4 dimensions, people, 

practices, tools, and infrastructure Rajapakse et al. [2021] find that tool related issues are overwhelming 

because automation is needed urgently.  

Their results indicate that the shift-left security and the seemingly continuous security assessment practice 

are essential to bake the resilience into a high-velocity delivery. Prates and Pereira [2024] confirm, citing 

the emergence of DevSecOps standards that prioritize security incorporation into the creation process top 

to bottom, to the point that, today, application security scanners, compliance testers, and related tools have 

not only integrated with the pipelines, but have become impossible to separate.  

Zhao et al. [2024] continue to classify them in their model of CPTM, as the acronym of challenges, 

practices, tools and measures of DevSecOps maturity, which allows using the model of researchers and 

practitioners alike in diagnosis. 
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Certain security risks of CI/CD environments have been investigated thoroughly. In their study, Pan et al. 

[2023] analysed more than 320,000 GitHub repositories and revealed that CI/CD pipelines rely on insecure 

scripts and have gaps in secrets management. Such results demonstrate that even the CI/CD pipelines 

themselves are a potential source of attack and fastidious hardening should be established.  

Kumar and Madisetti [2024] develop Sher, a security-minded utility towards GitHub Actions to use 

ephemeral runners and dynamically fix the vulnerability in the workflow to show a practical way to 

mitigate risk at the pipeline level. Relating to this paradigm, Coston et al. [2025] build their paradigm 

AZTRM-D, combining DevSecOps, Zero Trust, and AI-based risk management. Their methodology 

shows that automation, together with smart monitoring can make compliance continuous and adaptive 

threat detection that strengthens the security posture of the agile delivery environment. All these works 

take the position that, in regulated enterprise environments, including the Oracle database environment, 

DevSecOps is not seen as an optional add-on but is a requirement to provide secure CI/CD. 

 

Oracle Database Operations 

Their Oracle database operations can be at the heart of mission critical applications, have special needs 

when it comes to DevSecOps adoption in terms of complexity of patching, provisioning and compliance. 

His presentation [2025] reiterates that automation and IaC are needed to close the divide between the 

DevOps agility and database governance, and that it will be necessary to balance Oracle integration with 

cloud-native ones.  

With built-in continuous monitoring, compliance validation and IaC-based provisioning enterprises can 

gain scalability and agility with control over sensitive data. These benefits have been described in 

Shankeshi and Ranjan [2022], who present quantitative evidence of significant accelerations in 
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deployment rates, failure prevention and cost reductions by automation frameworks specifically designed 

to work in Oracle systems. 

The literature also acknowledges the part played by organizational and cultural aspects in facilitating the 

occurrence of DevSecOps in database set-ups. Cheenalli and others [2025] demonstrate that technical and 

cultural challenges limit how small and medium-sized enterprises (SMEs) can achieve a DevSecOps 

implementation, with only a small percentage of companies (12%) can perform the security scan with each 

commit although the top management gives strong support to security. According to their findings, unless 

there is a full automation and cultural adoption of the DevSecOps, then adoption will continue to be 

incomplete and uncoordinated.  

This can be compared to Rajapakse et al. [2021], who report equal people- and practice-related and tool/ 

infrastructure barriers to the gaps. Oracle-based entities can draw the conclusion that automation will have 

to be supplemented by training, cross-departmental collaboration, and security-focused leadership to reach 

a sustainable transformation. 

What is more, the deployment of DevSecOps with AI-based systems is becoming an important driver of 

safe database lifecycle management. R [2025a] and R [2025b] mentions that security monitoring and 

compliance validation of the security policies of databases can be automated using AI, as well as the 

creation of synthetic data to support CI/CD pipelines.  

When these approaches are applied to Oracle environments they can anticipate abnormalities, ensure 

compliance requirements like HIPAA or FedRAMP and minimize the time it takes to deliver code and 

deploy it securely. The combination of DevSecOps with AI is in line with the changing dynamics of a 

larger enterprise moving toward cloud-native, zero-trust and multi-cloud solutions, where Oracle 

databases continue to be a central backbone. 

 

Intelligent Automation 

According to the literature, it is clear that despite all the success in the implementation of DevSecOps to 

database operations, the future trends of such implementations will be dependent on standardization, 

incorporation of zero-trust, and AI-driven automation. Coston et al. [2025] demonstrate that Pull-Push 

Zero Trust models working in conjunction with DevSecOps pipelines have the potential to provide 

continuous, adjusted security execution, which is becoming critical to Oracle deployments in regulated 

environments.  

On the same note, Herrmann et al. [2017] and Brahmia et al. [2024] point out that standard schema 

evolutions frameworks decrease ambiguity and enhance maintainability that, in the future, will be critical 

as enterprises grow their Oracle database fleets. 

Also new opportunities are posed by the role of generative AI and intelligent automation. These articles 

by [2025a] and [2025a] talk about synthetic data generation and AI-guided anomaly detection as a part of 

DevSecOps pipelines, and potential applications to Oracle database activities could include automated test 

data generation, and automatic anomaly detection.  

This overlaps with the AZTRM-D conceptualization [Coston et al., 2025], according to which the effect 

of AI should be the basis of adaptive policy enforcement and compliance scoring. Collectively, these 
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works allude that the future of Oracle DevSecOps will be defined by autonomous security pipelines, in-

real-time, compliance verification and decentralized governance within multi-clouded environments. 

The proven value of the emerging IEEE standards on DevOps and DevSecOps is presented by Rates and 

Pereira [2024] to argue that these standards would hold a decisive value in clarifying the best practices 

and mitigating discrepancies of adoption. Incorporating compliance frameworks into the Oracle CI/CD 

pipelines through IaC-based controls, embedded policy-as-code, and programmatic audit mechanisms, can 

enable enterprises to align their agility with their compliance duties and obligations. Part of Zhao et al. 

[2024] argument is that metrics-based DevSecOps maturity will enable organizations to benchmark and 

optimize their database delivery pipelines to achieve long-term resilience. 

 

3. Findings 

Database Lifecycle Management 

The enforcement of DevSecOps focused CI/CD pipelines in the Oracle database operations operations 

demonstrated to deliver high efficiency at work as compared to the case of manual approach. Siloed 

lifecycle management with manual processes was often plagued by a lack of interdependence with the 

result that lifecycle tasks often experienced bottlenecks during provisioning, patching, and schema 

migration.  

Deployment schedules were immensely reduced with the introduction of automation frame works that 

employed mostly Ansible and Infrastructure-as-Code. Three-enterprise Oracle database environments 

benchmarking showed a speed gain average of 80 percent reduction in deployment time, reducing what 

used to be a five-hour provisioning cycle to less than one.  

This was not solely a quantitative reduction but also a qualitative one with operational teams believing 

that the better ability to achieve release windows, and the resulting synchronization of database changes 
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with that of releases on the application level occurred. To be able to measure this improvement, the 

deployment performance metrics were measured prior to and after DevSecOps change. 

Table 1: Deployment Time Reduction  

Environment Type 
Deployment Time 

(Manual) 

Deployment Time 

(Automated) 
Reduction 

Development 

Environments 
2.5 hours 20 minutes 87% 

Staging Environments 3.8 hours 35 minutes 84% 

Production Environments 5.0 hours 55 minutes 81% 

 

These findings support the argument that automation is the key towards enhancement of agility in 

enterprise-level Oracle functions. In addition, the use of CI/CD pipelines promoted more regular database 

releases, closer in time with the deployment of application code, something that was not possible in the 

past because of tight change management windows. 

 

Security Enhancements  

Although efficiency was identified to be a major contributing factor, security controls integrated with the 

CI/CD pipelines were transformative just the same. Conventional oracle database controls tended to leave 

open compliance gaps as security checks were placed in the admittedly less convenient audit phase 

following the deployment process. The incorporation of DevSecOps linked the practice of shift-left 

security during which vulnerability scanning, policy-as-code, and automated compliance-check 

verification is embedded in the pipeline. 
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The assessment was compared with the provisions of three regulatory frameworks; HIPAA, FedRAMP 

and DoD. The automation pipelines would always report misconfigurations during the pre-deployment 

phases and therefore the insecure releases would not be deployed to production. Moreover, there was an 

improvement in patch compliance and automatic patch validation guaranteed an updated database contains 

over 95 percent of critical security updates each update while on the manual interface only an average of 

60 percent of databases were brought up to date with the latest security patches. 

 

Table 2: Security and Compliance  

Metric Pre-DevSecOps Post-DevSecOps Improvement 

Patch Compliance  58% 96% +38% 

Average Vulnerabilities  14 3 -79% 

Audit Readiness 62% 94% +32% 

Remediate Vulnerabilities 72 18 -75% 

 

These findings support the whole premise behind DevSecOps, that early integration of security into the 

pipelines will lower the remediation costs and organizational resiliency. Particularly, the aforementioned 

decrease in the number of vulnerabilities per release is evidence of the pragmatic benefit of automating 

security scanning as compared to reactive security assessments. 
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Operational Consistency 

The other major discovery was the increase in the level of operational consistency and minimization of 

human caused errors. Before automation, such things as configuration drift and non-consistent patching 

in Oracle were widespread problems. Version-controlled playbooks and the use of standard configurations 

introduced after pipeline adoption reduced the inconsistency greatly. Provisioning and schema migration 

error rates reduced by over 70 percent, and roll back rates were reduced since pipelines provided 

automated gate validation at each step. 

Another important change was in the way database administrators (DBAs) and the development teams 

transformed culturally. The DBA was initially worried that automation would decrease their level of 

control but the longitudinal feedback indicated a move toward acceptance when the repetitive manual 

tasks were removed. Squads said there were fewer calls on their minds, greater harmony with developers 

and trust in reliability of releases. 

Table 3: Operational Error Rates  

Operation Type Error Rate (Manual) Error Rate (Automated) Reduction 

Provisioning Failures 11% 3% -73% 

Patch Failures 9% 2% -78% 

Schema Migration  15% 4% -73% 

Configuration Drift  21% 5% -76% 

 

Besides operational performance, responding IT leaders mentioned that DevSecOps provided a boost to 

organizational agility. QSR-compliance cycles which were not built particularly on monthly or quarterly 

release cycles were brought up to potentially bi-weekly or weekly releases without compromising 
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compliance posture. This cultural shift was an important facilitator on the way toward alignment between 

Oracle database management and enterprise-wide DevOps activities. 

 

Future Readiness 

The compounding impacts of these transformations go beyond the realms of operational measures to the 

wider realms of organizational agility and future response-ability. Companies that had put DevSecOps 

pipelines in Oracle databases had not only cut down the time when they would get their products to market, 

but the outcome of auditing had been better as well as scaling up.  

In one large financial services case study, the audit preparation time was reduced by 60 percent because 

of ongoing compliance monitoring as part of the CI/CD pipelines. Correspondingly, the healthcare 

organizations, which fell under the HIPAA regulations reported that they could strongly enhance the audit 

paths of the changes of the databases, that had been originally scattered throughout the different systems. 

Such pipelines proved to be scalable to over 500 Oracle instances in both hybrid and multi-clouds. There 

was automation framework to ensure there is regular patching and compliance even in any deployment 

location, which again reduces overload on administration.  

The findings are in line with the emerging studies that accentuate the role of Zero Trust architectures and 

AI-based anomaly detection in defining the next wave of DevSecOps when it comes to database 

operations. Experimental use of AI-based anomaly detection in Oracle pipelines early on demonstrated 

potential in detecting suspicious schema changes and possible misconfigurations as early as before being 

deployed to production. 

The results further emphasise that the DevSecOps transformation of the Oracle databases is not a small 

upgrade but a paradigm shift that sets enterprise businesses ready to meet the future convergence of 

technology such as AI-enhanced DevSecOps, decentralised governance, and the continuous evolving laws 

and regulations. 

 

https://www.ijsat.org/


 

International Journal on Science and Technology (IJSAT) 
E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT26010150 Volume 17, Issue 1 (January-March 2026) 11 

 

4. Recommendations 

Based on the results of this paper it can be concluded that a transition to DevSecOps-powered CI/CD 

pipeline catalyzes meaningful reductions in deployment/change speed, security stance, compliance 

standard, and operational stability in environments based on Oracle. Nevertheless, in order to ensure that 

organizations can leverage these benefits as much as possible, there is a list of recommendations that can 

be drawn based on both, the quantitative results and the qualitative responses. 

Security-as-code must be integrating throughout all the pipeline stages of enterprises. Baking security 

automation testing into practice, e.g.: static application security testing (SAST), dynamic application 

security testing (DAST), and infrastructure-as-code (IaC) scanners, should take place before its release. 

Approaching security policies as modular and version-controlled objects, Oracle settings will enable their 

users to ensure consistency even in the highly regulated areas of finance, healthcare and government. 

The DevSecops maturity will require investment in training workforce and alignment of culture by 

organizations. Technical transformations have a way of being destroyed by resistance to process changes, 

thus structured training interventions, cross functional workshops, and gamified compliance activities 

have a possibility to create the trust needed between developers, and security and operations units. Life-

long education based on the deployment of toolchain that is specific to Oracle helps in the establishment 

of literacy in compliance and in efficiency. 

Enterprises need to implement hybrid observability models that integrate logs, metrics and traces across 

Oracle databases, middleware and applications to provide single and consolidated dashboards. The 

investigation results indicated that the number of hours spent on audit preparation reduced by 55 

percentages in case of automatization of observability pipelines. Observability practice standardization 

provides even more predictive detection of incidents and minimizes the requirement to verify compliance. 

Governance structures need to be codified in order to strike the right balance between agility and 

regulatory requirements. Enterprises can use policy as codes platforms to integrate with Oracle Cloud 

Infrastructures and on-premises systems to automate enforcement of authentication, control of data access, 

and data audit logs. Implementing the federated governance mechanisms enables scalability of the 

governance to more than one region in a way that they preserve regulatory fidelity. 

A thoughtful mix of technical automation, cultural change, and governance alignment will compose the 

right combination to allow enterprises to reap the full benefits of DevSecOps use in Oracle environments. 

The recommendations offer a strategic blueprint to the organizations that aspire to achieve sustainability 

in security, operations efficiency and regulatory compliance, in the context of complex enterprise 

ecosystems.  

 

5. Conclusion 

The study shows that DevSecOps can change the way the organizations implement the release of their 

databases by influencing the degree of automation in line with security and compliance in case of an 

Oracle deployment framework. The findings determine that there is a definable value to implementing 

security and compliance controls as a part CI/CD pipeline, which minimizes an over-reliance on post-

process manual validation.  
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Deployment times were reduced by almost 50 percent, illustrating efficiency gains which can be attained 

upon integrating infrastructure automation and validation at the early stages. More to the point, the drastic 

decrease in operational and security vulnerabilities confirm the hypothesis that proactive governance will 

eliminate risks prior to them affecting the production systems. 

A huge consequence of the research would be the measurement of compliance enhancements. The 

automation of compliance verification and codification of compliance policies resulted in more than 60% 

decrease to audit preparation time signifying DevSecOps can help reduce regulatory load.  

This transformation also facilitates cultural transformation by dissolving silos among the developers, 

operations teams, and the compliance officers, reinforcing the idea of DevSecOps, the collaborative 

nature. The radar maturity analysis revealed a significant rise in the organizational readiness, and, 

therefore, it is reasonable to assume that long-term impact of the integration is beyond technical 

efficiencies and encompasses the spheres of governance, accountability, and resilience. 

The results of this work can be applied not only to an enterprise that works on Oracle but also to the sphere 

of enterprises, which have very complicated legacy environments since the results of this work can be 

considered as a generalizable framework of embedding security into a complex legacy environment. 

Despite these comment adoption challenges (e.g. skill gaps, toolchain integration) the overall adoption 

trend is undeniable: organizations that do not adopt secure automation will fall behind as both competent 

in agility and in terms of compliance assurance. 

This article shows that DevSecOps is a scalable secure, and effective strategy to Oracle deployments. It 

strikes a balance between the competing imperatives of speed, compliance and resilience by showing that 

modernization and security can progress harmoniously and not as competing interests. 
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