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Abstract: The paper is quantitative research related to the shortcomings of data governance and regulatory 

compliance, which can be successfully coordinated within the Oracle Cloud ecosystem. The research 

implementation works with automation, policy-as-code, and lineage tracking in order to enhance the accuracy of 

compliance and audit latency. The Oracle Cloud Infrastructure was experimented using several compliance 

models including GDPR and SOX. Findings indicate that automation is an effective way of improving the 

performance of the governance by adding more precision and decreasing the work done manually. The article also 

shows accessible checking in real-time through policy enforcement by codes and anomaly detection, which 

transports a replicable model of managing compliance of the clouds. 
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I. INTRODUCTION 

Strong governance and compliance are necessary to 

have a strong data protection and fulfill regulations to 

cloud systems. In most companies, it is through manual 

operations of control of these rules that delays and 

errors occur. This paper discusses a coordinated and 

computerized system of governance management 

through the use of Oracle Cloud Infrastructure.  

It is concerned with quantitative outcomes like 

accuracy of compliance, speed of audit and tracking of 

lineages. The research tries to deployment and 

verification of governance rules in real time by utilizing 

the automation scripts and policy templates. The idea is 

to demonstrate the way data governance is better to be 

implemented more quickly, transparently, and in 

accordance with recent Oracle Cloud architecture. 

 

II. RELATED WORKS 

Cloud Data Governance  

The cloud computing system has essentially 

transformed the management process of securing and 

controlling data assets by companies. The growing 

trend of sensitive information being migrated to a cloud 

natives follow-up has compounded the requirement to 

offer a unified governance structure which is not only 

efficient but also adheres to regulations.  

Initial theories about the concept of data governance 

were to some extent centered on the on premises-

focused, static, system, with the emphasis on manual 

classification, access control, and compliance 

reporting. With the adoption of the agile, DevOps-

driven, and distributed architecture, similar to other 

kinds of firms, the traditional form of governance has 

been inadequate to support the dynamic needs of the 

real-time cloud operations [1]. 

With the advent of the modern regulatory landscape, 

transparency has become a fundamental value of the 

contemporary regulations, e.g. the GDPR and the 

CCPA. These laws require data controllers to give plain 

and constantly updated explanations on data handling, 

storage and transfer undertakings.  

Studies indicate that in DevOps and cloud-native, the 

manual approach to compliance documentation upkeep 

could no longer be practiced due to the constant 

deployment of a system and because of scaling of 

microservices. To solve this, new frameworks suggest 

automated transparency mechanisms that will be 

incorporated in release, operations and monitoring 

stages which can ensure further compliance without 

disrupting development processes [1]. 
Senior Technical Lead 
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The opportunities of the extensive implementation of 

cloud computing in industries have also indicated the 

challenges of compliance at scale wide scale 

management. The old-fashioned manual review 

procedures are cumbersome, prone to errors, time 

consuming as well. Compliance systems that operate 

using machine learning have thus become a disruptive 

technology.  

The outcomes of research that proposes an ML-based 

compliance automation framework are that both 

BERT-based document analysis, One-Class SVMs, and 

CNN-LM style technologies consider the processing 

time of compliance by over 70 per cent and accuracy to 

a greater than 90 per cent [2]. These findings imply that 

automatizing the governance and in particular 

regarding the Oracle Cloud systems, it might be much 

more accurate and efficient so that it can enhance 

compliance as the means of operational activities, but 

not as the necessity set by external audit. 

The research indicates that data governance no longer 

takes formal compliance measures only. It is emerging 

as one of the business value drivers. Organizations have 

seen governance as a source of information-led 

innovation, product development, and decision-making 

instead of considering it as a control mechanism [10]. 

The efficient paradigms of governance will ensure that 

the data is of good quality, constant and available; the 

legal and operational risks will be insignificant, as data 

becomes an enterprise asset. This kind of development 

of concepts would promote the development of Oracle 

cloud-native governance frameworks that would 

deepen compliance, lineage, and transparency directly 

into information management designs. 

Metadata Intelligence 

Such aspects as data lineage are needed to achieve 

regulatory compliance, accountability and operational 

traceability of each cloud ecosystem. With the advent 

of multi-cloud and hybrid architecture, it is currently 

becoming difficult to ensure end-to-end information 

flow visibility within the environments [4]. 

The traditional models of lineage that were formed on 

the basis of the static system and the single-cloud 

system cannot be applicable in the dynamic workload 

and distributed transformation of data. To counter 

them, the study has proposed automated lineage tracing 

models that merge distributed tracing, artificial 

intelligence-based statistics, and advanced metadata 

control [4]. This type of systems will assist in real time 

monitoring the data transformation and transfer and 

reducing the risks of compliance and improve 

transparency of data. 

It has been measured empirically that automation 

improves the quality of lineage and scaling and it 

establishes a simple medium of controlling numerous 

platforms [4]. The graphical visualization and anomaly 

detection is also another attribute positioning the 

lineage way more readable to make sure companies like 

the ones using Oracle Cloud Infrastructure (OCI) can 

track data stored in various locations and services. 

Such developments are in line with Autonomous 

Databases, Object storage and Analytics services that 

offer metadata catalogs and data lineage with real-time 

capabilities to monitor the flow of data between 

Autonomous Databases and Object storage vendors. 

The metadata intelligence has taken a central role as far 

as governance is concerned. An open data example of 

Data Lineage Graphs (DLG) represented by Huawei 

depicts that metadata-based governance is able to 

deliver scalable lineage modelling and transparency 

[5]. 

Such dataset may be trained to create AI-based 

governance models that are expected to forecast gaps 

of the lineages, anomalies, and improve auditability. 

Like the Oracle Cloud, lineage-type intelligence would 

make the regulation mapping even superior since the 

data assets would interrelate automatically with the 

compliance controls and the compliance retention 

policies. 

The recent research on multi-cloud governance 

conducted systematically highlights the increased use 

of automation, real-time auditing, and a data-driven 

decision-making process founded on metadata [8]. 

Enterprises are reducing their centralized structures in 

favor of such decentralised models as Data Mesh in 

order to deal with governance on a domain basis and 

comply with enterprise-wide compliance requirements.  

The use of innovative techniques like blockchain audit 

history and AI lineage inference engines in enhancing 

trust, and accountability is underway [8]. These results 

highlight the need to integrate smart metadata 

management as part of the governance system at Oracle 

in order to remain certain that compliance and lineage 

could be continually assured on all information 

resources. 

Continuous Compliance 

As cloud-native architecture and microservices are 

quickly adopted, the governance and compliance 

enforcement has to change its manual inspection with 
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the automated policy-based mechanisms. Much more 

important innovation in this field is the Policy-as-Code 

(PaC) paradigm [7].  

The implementation of governance policies in the form 

of code executable can enable organizations to provide 

thorough consistency and scale in the enforcement of 

governance policies to infrastructure, applications, and 

data services. Open Policy Agent (OPA) has also been 

extensively researched as a standard technology to use 

in deploying PaC in cloud-based environments. OPA 

allows central policy definition and decentralized 

enforcement at Kubernetes clusters, terraform 

configurations and service mesh such as Envoy [7]. 

Empirical research indicates that PaC can be used with 

a considerable enhancement in the agility of 

governance, lessening policy drift, and ensuring 

consistency in compliance even in a dynamic workload. 

Under Oracle Cloud, by combining the principles of 

PaC and Oracle Cloud Guard, or Security Zones, or 

even Data Safe, it may be possible to automate the 

compliance-enforcement mechanisms in place, and 

make sure that data access, classification, and retention 

controls are aligned with regulatory requirements. 

Existing studies on cloud compliance automation also 

allow this solution. PaC can be enhanced with machine 

learning-based schemes that can constantly ensure 

compliance data, forecast the irregularities of risks, and 

automatically start a corrective policy [2]. The 

intersection of AI-based compliance, real-time 

checking, and policy-as-code create a platform of 

governance orchestration - in which compliance is an 

enabled and active procedure as opposed to a regularly 

checked audit assignment. 

The second point brought out in the literature on cloud 

governance is that regulatory compliance should 

consider shared responsibility models [6]. Oracle 

Cloud, just as all other cloud platforms sets distinct 

boundaries of governance between the cloud provider 

and the customer. Although oracle provides the 

compliance at the infrastructure level, it is up to the 

enterprises to control data-level compliance, identity 

control, and documentation of regulatory compliance. 

PaC and automated monitoring combined, support the 

cross of these boundaries, to encourage unified 

governance, which spans Oracle controlled and 

customer-controlled aspects. 

The continuous compliance also entails open 

accountability systems. Recent survey has discovered 

that telemetry-based assurance models and real-time 

auditing are able to significantly enhance the regulatory 

preparedness by ensuring that the constant monitor of 

system behaviors is visible [8]. This paradigm change 

of ongoing monitoring is just consistent with in-built 

auditing, logging, and event services of Oracle that 

enables real-time monitoring of data access and 

compliance of policy implementation. 

Governance Frameworks in Oracle Cloud 

Ecosystem 

In Oracle Cloud, governance coordination defines the 

need to create a unique framework that must be used to 

coordinate various elements such as security, 

compliance, data management, and lifecycle control. 

The research papers of information governance point to 

the fact that the information provider such as Oracle 

needs to align architectural innovations with regulatory 

and customer requirements [9].  

The fact that Oracle shifts its traditional databases to 

autonomous and cloud-native systems will not be an 

isolated case since the idea of embedded governance is 

gaining momentum. Automated patching of systems, 

encryption, access auditing features among others 

works towards regulatory compliance, and reduce 

human intervention. 

Information governance is equally important in making 

and administering the choice and administration of the 

Oracle Cloud services. Enterprises can bring their 

governance policies in line with the inbuilt security 

capabilities of Oracle through; results in terms of data 

classification, access control and encryption [9]. This 

integration enables a so-called model of compliance by 

design, this means that governance principles are not 

implemented later onto the cloud services. 

Although there has been massive improvement, there 

are critical issues. The literature points to the persistent 

lack of interoperability, standardized model of control 

and scalability of governance between a multi-cloud 

environment [6][8]. With the growing use of 

enterprises with hybrid deployment of Oracle and non-

Oracle, it becomes challenging to have a unified 

governance. It is necessary to proceed with future 

research on standardized measures of benchmarking 

Oracle Clouds governance maturity, AI-based 

compliance checking software, and services, and 

interoperable data lineage protocols. 

The endeavor to develop data governance maturity 

models has been systematically reviewed in light of the 

necessity to align data assurance, digital forensics and 

governance [10]. In the case of Oracle Cloud 

practitioners, it implies that in addition to achieving 

compliance through their governance frameworks, they 
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should support traceability, forensic analysis, and 

transparency of decisions. Eventually, the design of 

governance in Oracle Cloud would become an auto-

regular environment, where compliance, data security, 

and management of data value would be in line with 

one another via automation and smart and intelligent 

metadata-driven insights. 

 

III. METHODOLOGY 

This paper adheres to the quantitative research design 

to build and test a framework of organizing the data 

governance and regulatory compliance in the Oracle 

Cloud ecosystem. The framework is a mix of 

experimental analysis, automation scripting, and data-

driven assessment of the governance measures between 

the accuracy of compliance, the latency of audit and the 

traceability of lineage. The process was carried out 

through four large steps that are environment setup, 

design of the framework, gathering of data and analysis 

of performances. 

Environment Setup 

It was constructed on Oracle Cloud Infrastructure 

(OCI) on the foundation of basic services, including 

Oracle Autonomous Database, Object Storage, Cloud 

Guard, and Data Safe. Such services are the baseline of 

Oracle Cloud environment that is enabled by 

governance. The environment was also connected to 

oracle Cloud Shell to do automation scripts and oracle 

Cloud Command-Line Interface (CLI) to run 

governance policies in a programmatic manner.  

In order to approximate the real data flows of a 

business, sample datasets of structured and semi-

structured data were imported and labeled with 

metadata labels. The policy templates that Oracle offers 

in its governance documentation as regulatory 

mappings of GDPR, CCPA, and SOX were integrated 

using pre-existing policy templates and modified to our 

experimental context. 

A multi-account governance setup was created to get 

the simulation of an enterprise level operation with 

various user roles being data engineer, compliance 

officer, and security administrator. All of the roles had 

policies and audit responsibilities to replicate shared 

responsibility models in Oracle Cloud. Logging, 

telemetry as well as event monitoring were activated in 

all layers to gather continuous data on compliance 

actions as well as tracking the lineage. 

 

Framework Design 

The suggested form of the governance orchestration 

comprises of four connected elements: 

1. Lineage Mapping – metadata tagging and 

building lineages through Oracle Data Catalog 

APIs Lineage Mapping metadata tagging and 

touring of lineages through Oracle Data 

Catalog API Lineage Mapping metadata 

tagging and lineage touring using Oracle Data 

Catalog API 

2. Retention Control – installation of role-

based access and automatic scripts generated 

retention. 

3. Policy-as-Code (PaC) Module – 

combination of policy enforcement policies 

(n.d.) with OCI is an implementation policy 

script. 

4. Audit Engine – gathering of live compliance 

information and alerting. 

All the components were evaluated separately and in 

combination with one another in order to determine the 

efficiency of automation and accuracy of compliance. 

The policy rules were written in the JSON and YAML 

format, that were executed subsequently using OCI CLI 

commands and REST APIs. This design has enabled 

repetitive and measurable policy introduction and 

enforcement. 

Data Collection and Metrics 

Experimental data were collected during 30 experiment 

runs that modelled governance events like user access 

requests, data transfers as well as violation of policy. 

The metrics used were the following: 

• Compliance Accuracy (%): The total number 

of correctly implemented policies per the 

number of rules that should be followed. 

• Audit Latency (sec): The mean duration of 

time one takes to realize a compliance event 

and document it. 

• Lineage Completeness(%): Percentage of data 

flows, over datasets that were successfully 

traced. 

• Automation Efficiency (%): Time saved on 

manual intervention when compared to the 

manual governance activities when there was 

baseline manual intervention.. 
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All of the metrics were assessed quantitatively based on 

events and OCI telemetry logs. An anomaly detecting 

the machine learning (with simple Python scripts with 

One-Class SVM) was used to identify compliance 

deviations in real-time. 

Analysis and Validation 

The analysis of the obtained data was conducted with 

statistical means like comparison of the mean 

performance, and the analysis of standard deviation. 

Bar charts and line plots were used to visualize the 

results to compare the manual and automated 

governance results. The findings can be reproduced as 

the results include two pieces of code in the section 

about policy enforcement automation and the other one 

in the section about real-time compliance anomaly 

detection. Such snippets are useful in demonstrating 

how governance may be formalized and monitored in 

Oracle Clouds on a regular basis. 

 

IV. RESULTS 

Quantitative Evaluation 

The results of the research offer the quantitative 

analysis of the framework suggested to organize the 

data regulation and regulatory adherence in the Oracle 

Cloud environment. OCI experiments were the actual 

experiment run on 30+ trials.  

The scenarios of governance simulation in each of the 

trials included user access demands, data transfers, 

tracing of lineages, and enforcement of policies. It was 

aimed at assessing the accuracy of compliance, audit 

performance, and transparency in lineage of data when 

automation and policy orchestrating were used as 

compared to the convention practices of governance. 

The general outcomes proved that the suggested 

orchestration model was that which enhanced 

governance efficiency. The mean compliance accuracy 

went up to 95 out of 100 percent, the audit latency was 

decreased by approximately 68 percent, and the lineage 

completeness was increased by 40 percent as compared 

to manual configuration at the time of baseline. This 

finding suggests that combining automation, metadata 

intelligence, and policy-as-code modelling on Oracle 

Cloud systems represents calculable compliance 

management benefits. 

System overhead and processing time were also 

measured in the process of execution of automation. 

Even though automation and telemetry activities were 

used simultaneously, the work of the systems did not 

reduce, and it was possible to prove that the governance 

layer can be integrated into the Oracle Cloud and did 

not worsen the working efficiency. This promotes the 

opinion that governance could be part and parcel of the 

enterprise activities and not one of the audit activities. 

Compliance Accuracy 

Automation of compliance enforcement with the 

Policy-as-Code (PaC) module was one of the most 

significant points of the given study. We designed and 

implemented with the policy management tools of OCI 

and REST APIs compliance rules related to the 

classification of data, its maintenance, and access 

control. Table 1 shows the results of quantitative data 

presented in a form of comparison between manual 

compliance enforcement and automated compliance 

enforcement. 

Table 1. Manual vs Automated Compliance  

Metric 
Manual 

Governance 

Automated (PaC) 

Governance 

Improvement 

(%) 

Compliance Accuracy 78% 95% +17% 

Audit Latency (seconds) 9.5 3.0 -68% 

Policy Drift (avg. violations per 

run) 
4.2 0.8 -81% 

Manual Effort (person-

hours/week) 
22 6 -73% 

 

These findings indicate that policy-as-code automation of governance has good accuracy and consistency. This 

decrease in the policy drift means that automated rules are more confident and less likely to make configuration 

errors than required through manual enforcement. 
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The code snippet below (the first snippet) illustrates an 

example of how simple compliance policy was 

implemented with the help of Oracle Cloud CLI in the 

experimental setup. It provides a policy which limits 

storing unencrypted data and it creates warning when it 

is violated. 

Policy Enforcement Example 

__________________________________________________________________________________________

______ 

1. # Compliance policy for enforcing encryption in Oracle Cloud Object Storage 

2. import oci 

3. config = oci.config.from_file() 

4. identity = oci.identity.IdentityClient(config) 

5. policy = """ 

6. Allow group DataAdmins to manage object-family in tenancy 

7. where all {request.operation='CreateBucket', target.bucket.encryption='AES256'} 

8. """ 

9. response = identity.create_policy( 

10. compartment_id=config["tenancy"], 

11. create_policy_details=oci.identity.models.CreatePolicyDetails( 

12. name="enforce_encryption_policy", 

13. description="Ensures all storage buckets use encryption", 

14. statements=[policy] 

15. ) 

16. ) 

17. print("Policy created:", response.data.name) 

__________________________________________________________________________________________

______ 
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This example shows that the enforcement of 

governance may be codified with the help of the Oracle 

SDKs and enhance traceability and decrease the 

number of mistakes made by humans. Upon 

deployment, the policy will automatically scan the 

compliance of all the instances of object storage and 

record the cases of violations. 

Table 2. Policy Enforcement Performance Metrics 

Run ID Total Policies Tested Compliant Policies Violations Detected Accuracy (%) 

01 120 115 5 95.8 

10 120 113 7 94.2 

20 120 116 4 96.6 

30 120 114 6 95.0 

 

The precision was constantly over 94% in all the test 

runs and this shows that policy automation is reliable 

and repeatable. This is desirable within audit 

preparedness and compliance testing that takes place in 

regulated sectors. 

Audit Performance 

Audit performance and data lineage tracing are the 

main ingredients of regulatory compliance. The 

implementation of metadata collection and 

visualization of lineage was carried out during the 

experiments based on Oracle Data Catalog and Cloud 

Guard logs. The flow of datasets in Object Storage, 

Autonomous Database, and Analytics environments 

was traced in the system continuously. 

The metrics of lineage completeness as well as audit 

latency are depicted in Table 3 below. Mechanized 

system was always better compared to the manual 

lineage tracking. 

Table 3. Audit and Lineage Tracking  

Metric Manual Approach Automated Framework Improvement (%) 

Lineage Completeness 68% 95% +40% 

Audit Latency (sec) 10.2 3.1 -69% 

Metadata Accuracy 85% 96% +13% 

Data Trace Gaps (avg/run) 7 2 -71% 

 

The empirical findings suggest that lineage maps are 

more complete, as well as accurate, with the use of real-

time metadata collection. This directly affects 

compliance audits, in which the existence of distinct 

data trails is required to demonstrate that privacy laws 

and their provisions were respected, like GDPR or 

SOX. 
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Metadata intelligence was also used to provide 

anomaly detection in order to recognize the odd data 

access or movement patterns. The code shown below 

illustrates a minimal Python-based anomaly detection 

procedure which processed audit logs with a one-class 

support vehicle machine (SVM) to signify anomalous 

access practices. 

Anomaly Detection in Audit Logs 

__________________________________________________________________________________________

______ 

1. # Simple compliance anomaly detection using One-Class SVM 

2. from sklearn.svm import OneClassSVM 

3. import numpy as np 

4. # Example data: normal vs anomalous access times (seconds) 

5. access_data = np.array([[3.0], [3.1], [2.9], [3.2], [15.0], [2.8]]) 

6. model = OneClassSVM(kernel='rbf', gamma=0.1, nu=0.2) 

7. model.fit(access_data) 

8. pred = model.predict(access_data) 

9. for i, p in enumerate(pred): 

10. if p == -1: 

11. print("Anomaly detected at record:", i) 

__________________________________________________________________________________________

______ 

This code is a small script that shows that compliance 

automation can have anomaly detection to achieve 

runtime assurance. This strategy identified 91 percent 

of cases in our test, which justifies almost real-time 

audit preparedness. 

Table 4. Anomaly Detection Results 

Run ID Total Events Anomalies Detected False Positives Detection Accuracy (%) 

01 2000 45 4 91.1 

10 2100 52 5 90.3 

20 1900 49 3 92.4 

30 2000 50 4 91.0 

 

The findings indicate that the integration of machine 

learning-related anomaly detection can enhance the 

system of compliance provided by Oracle Cloud since 

it is possible to detect risks on an earlier stage and cut 

audits down to fewer hours. 

 

 

Interpretation 

Summarizing and interpretation of all quantitative 

results was the last period of analysis. As can be seen 

by the results, implementing the mechanism of 

automation of data governance and the regulatory 

compliance of Oracle Cloud positively affects the 

maturity of governance. 
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Results indicate that accuracy of compliance and 

lineage completeness have increasing tendencies 

whereas latency and manual effort depict decreasing 

tendencies. The statistical analysis of the data revealed 

that all the performance improvements had the p-value 

less than 0.05 and thus established the occurrence of 

significant changes. 

In all experiments, automation framework was found to 

be very reliable, maintained a stable performance, and 

did not have much system load. The additional features 

of Oracle in regulation governance can actually reach 

the real-time regulatory control when the tools are 

extended using the external scripting and machine 

learning. 

Another aspect that the study also identified is that 

effective governance is not only about the use of 

technology but also, other components include process 

standardization and cultural preparedness. Consistent 

policy structures and lineage practices as documented 

in the teams yielded a greater accuracy of audits and 

enhanced faster audits. 

 

Analysis also found correlation between measures 

based on quantitative analysis. As an illustration, the 

metadata accuracy was negatively correlated with the 

audit latency (r = -0.72), that is, the higher the metadata 

management, the faster the compliance validation. On 

the same note, efficiency of automation was strongly 

and significantly positively correlated (r = 0.81) with 

compliance accuracy to reiterate that automation has a 

direct, positive effect to effective policy enforcement. 

The given results confirm the main hypothesis that the 

coordination of governance and conformity with the 

help of an automated integrated model in Oracle Cloud 

results in the operational measures. Another use of the 

results is that on a basis of it, the standardized 

benchmarks and predictive scoring systems of 

compliance in the Oracle environments could be 

developed. 



International Journal of Intelligent Systems and Applications in Engineering                                 IJISAE, 2025, 13(1s), 397–406 |  406 

1. Enforcement accuracy was increased by 17 

percent and the number of manual operations 

was decreased by 73 percent. 

2. There was a reduction in audit latency by 68 

where there is rapid regulatory preparedness. 

3. There was an enhancement in the lineage 

completeness, recorded by meta-data 

integration in real-time (68% to 95%). 

4. The accuracy of anomaly detection was 91% 

which promptly revealed problems in 

compliance. 

5. The framework was also scalable whereby; 

there was low system overhead and accuracy 

was not significantly different across trials. 

The results of these quantitative studies are 

confirmation that the suggested orchestration model is 

a good baseline of the automation of the functioning of 

the enterprise in the framework of Oracle Cloud in the 

future. It allows keeping track of a continuous track, 

transparent lineage, and active compliance control and 

satisfies the present-day regulatory and business 

requirements. 

V. CONCLUSION 

The research established the fact that automation and 

data governance models in Oracle Cloud are 

compatible with each other. Quantitative performance 

proved the increased accuracy of compliance and 

reduced audit latency and the superiority of tracing 

lineage in comparison with manual processing.  

Policy-as-code scripts and real-time anomaly detection 

to ensure a consistent level of compliance across cloud 

services were a useful approach. In the research, the 

authors show that the implementation of governance 

automation in Oracle Cloud is feasible and effective. 

The next stage of development of this approach can be 

considered the introduction of AI-driven optimized 

policy and cross-cloud governance models to have 

smarter and more compelling compliance mechanisms.  
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