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ABSTRACT: The gradual implementation of artificial intelligence (Al) has accelerated the need to have scalable,
secure, and compliant corporate analytics structures with the potential to process delicate company data when it is
found in heterogeneous settings. Nevertheless, the traditional cloud models typically have their difficulties with such
aspects as data sovereignty, compliance with regulations, interoperability, as well as the capacity to unify dispersed
information source in a securely way. This paper when proposing the Hybrid Sovereign Cloud Framework of Artificial
Intelligence Powered Enterprise Analytics and Secure Data Integration (HSCF-ALI) is proposing a kind of integration
between sovereign cloud infrastructure and the potential of a hybrid cloud in a manner that ensures secure, intelligent
and policy-driven data analytic capabilities. The proposed model is created of six layers that are connected to one
another: Data Acquisition, Secure Data Integration, Sovereign Data Governance, Al Analytics Engine, Intelligent
Decision Support, and Continuous Security and Compliance Monitoring. In enterprise applications, 10T devices,
databases and third-party services standardized connectors are developed safely with encryption of APIs. The
predictive insights that Al-driven analytics have created using machine learning, deep learning, and explainable Al are
designed to municipal data residency and govern compliance using zero-trust security, ciphering, identity-related
services and automated governance policies. The framework enhances interoperability, privacy maintenance, efficiency
in operations, and real-time decision-making where there is the multi-cloud and on-premise environments. It offers
scalable, powerful and reliable next-generation Al-powered enterprise analytics solution and assures secure data
aggregation and sovereign access to the vital information stored in an organization.

KEYWORDS: Hybrid Sovereign Cloud; Artificial Intelligence; Enterprise Analytics; Secure Data Integration; Data
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I. INTRODUCTION

Acrtificial Intelligence (Al) is now a key facilitator of digital transformation that equips organizations with the ability to
derive insights of value on the volumes of both structured and unstructured data. The contemporary business is in the
present trend of using Al-based analytics to establish their business to streamline the business, enhance customer
service, automate the decision making process and identify an abnormality and hence predict the future performance of
the business. Machine learning ( ML ), deep learning ( DL ), massive data analytics, Internet of Things ( 10T ) along
with cloud computing have partially contributed to the organisational ability to process complex datasets on the fly. As
a result, firms in many industries, including health care, financial service, manufacturing, telecommunication, clothing,
and government, and smart cities are shifting their workloads in their analytics to the cloud to take advantage of the
elasticity in computing power, high availability and less expensive infrastructure [1] [2].

Cloud computing provides scalable enterprise analytics, artificial intelligence and computational resources to an
organization that allows it to accelerate the creation of models and enterprise analytics. The computerized pivots of the
public cloud are complex Al models, and automated machine-learning apps, serverless computing, and high-
performance computing that make easy the deployment of intelligent applications. The fast transfer of the enterprise
data to the publicly available cloud infrastructures that are rapidly being put in place has however raised a number of
issues in the field of data privacy, data security, regulatory issues, dependency on vendors, border spanning data
governance. Firms that determine contact with the sensitive customer information, financial information, medical
information, intellectual property, and government data will have to follow significantly more strict legislation to deal
with the storage, processing and sharing of this information. These needs have underscored the shortcomings of the
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traditional cloud platforms in enabling the safe Al-powered enterprise analytics and retaining full ownership of key
organizational data [3].

Data sovereignty is one of the most cloud-based based enterprise ecosystems puzzles. Majority of the countries have
developed laws that provided that, sensitive organization and citizens data should be in country jurisdictions, and
access of such data are in accordance with local law and regulations. The rewards of traditional public cloud services
are that the workload is normally spread out across geographically scattered data centers and therefore, they do not
assure the enterprise about the data residency and regulation needs. To a larger extent, companies that undertake their
activities in dissimilar jurisdictions of operation are likely to face strange legal frameworks, tough regulation provisions
and, dynamic cybersecurity requirements. All these issues are critical when Al models need to access constantly
migrated datasets that are based on the systems of enterprise applications, 10T devices, business partners, edge systems,
and external cloud services.

Hybrid cloud is one of the effective methods to achieve the scalability, flexibilities, and regulatory compliance. A
hybrid cloud is a set of on-premises infrastructure, on-premises stature, sovereign and public clouds that are established
to generate a consistent computing ecologizing. Continuing to keep highly sensitive workloads in sovereign or private
infrastructures, but offloading non-sensitive Al processing to the public cloud, is made possible by such an architecture.
The workload portability, disaster recovery, resource optimization and business continuity, which are the needs of the
hybrid cloud environments, can also be supported without any adverse effect to the data governance need. However,
cross cloud integration is a complex task due to the heterogeneous nature of communication protocols, data formats,
security and interoperability standards of the heterogeneous data sources of various clouds.

Other problems developing the business Al applications are: Al models need: quality high, combined and constantly
updated datasets to produce plausible predictions. Data collected using enterprise resource planning (ERP) systems,
customer relationship management (CRM) systems, Internet of Things devices, industrial sensors, business analytics
devices and external APIs are typically stored in dislinked silos. Diffusion of data, redundancy, absent values, and
conflicting schemas can greatly decrease the efficacy of Al algorithms. This has pushed data assurance integration up
the list of requirements prior to developing viable enterprise analytics systems that could effectively help in the
strategic business decision making process. Some of the elements (that should be well incorporated) are confidentiality,
integrity, availability, provenance and traceability throughout the entire life cycle of the data.

The recent trends in Al have introduced highly analytical technologies that could be employed to automatize the
intelligence of organizations through predictive analytics, anomaly detection, natural language processing,
recommendation system, and making intelligent choices in automating processes. Nonetheless, these practices are
introduced to the establishment of stringent security to secure sensitive information in the enterprise is not accessed by
unauthorized party or it is not exposed to cyber attacks, insider attacks and data breach. The newest enterprise cloud
setup consists of identity and access management (IAM), multi-factor authentication, encryption, confidential
computing, secure APIs, blockchain-based audit trail, and real-time security oversight, as crucial parts of the Zero Trust
Architecture (ZTA). These technologies combined with Al-based analytics will be able to enhance the resilience of the
organizations and ensure that the data protection rules and standards in the industry are complied with.

Despite the number of studies that cover sovereign cloud computing, enterprise analytics, and hybrid cloud
architecture, Al-enabled analytics, sovereign data governance, regulatory standards compliance, and the exploitation of
intelligent decision support in one architecture, there are relatively few schemes that offer a coherent solution, i.e.,
relevant to the insurance of secure data incorporation, Al-driven analytics, sovereign data governance, compliance to
the regulatory standards, and application of intelligent decision support in one architecture. Existing solutions are
inclined to either target cloud infrastructure optimization or to target Al model performance against the background of
prioritizing the practical problems of safe cross-platform integration of data and governance with policies. Additionally,
many of the current enterprise architectures lack a continuous compliance verification, clarified Al, automatic
governance implementation, and dynamism over placed workloads traits in mixed sovereign cloud environments.

In order to address these shortcomings, in this paper, a Hybrid Sovereign Cloud Framework to Artificial Intelligence
Powered Enterprise Analytics and Secure Data Integration (HSCF-AI) has been proposed. The offered framework
offers a combination of several functional layers, such as Data Acquisition, Secure Data Integration, Sovereign Data
Governance, Al-Powered Analytics, Intelligent Decision Support, and Security and Compliance Monitoring. Data is
collected using enterprise applications, 10T appliances, databases and cloud services and external platforms that are
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securely interconnected by standardized connectors with encrypted links to data. The mature data integration methods
are engaged in with the aim of cleaning, transforming, managing metadata and harmonising semantic data before data
is stored in sovereign clouds. The explainable Al models of Al, machine learning and deep learning take into account
one enterprise data to produce an insight of prediction, spotting anomalies, business predictions and smart
recommendations. In the meantime, zero-trust security policy, the use of encryption, identity management, automated
audit, and periodic compliance monitoring will be employed to guarantee the data sovereignty, data privacy, and
compliance with regulations during the analytics lifecycle.

Three contributions are the main ones of this research. First, it suggests a hybrid sovereign cloud solution, which
embraces Al powered enterprise analytics and secure data unification and sovereign data control. Second, it includes
built-in sophisticated cybersecurity controls and ongoing compliance controls to guard confidential enterprise data and
serve high-scale Al workloads. Third, the framework boosts interoperability, scale, reliability, and decision intelligence
in the diversity of the enterprise landscape by seamlessly integrating on-premises infrastructure, sovereign clouds, and
public cloud services and edge computing resources. The suggested HSCF-AI framework is a legitimate and outlooked
base of such companies that are likely to implement dependable, safe and regulation adaptable Al-based business
analytics bundles and be able to handle their most lucrative data roles totally.

Il. RELATED WORK

The rapid emergence of cloud computing has highly transformed the fabric of enterprise information systems since it is
capable of supporting scalability in computing resources, provision of services on flexible basis and cost effective
infrastructure. Nonetheless, there are businesses, where severe concerns about the privacy of provided information, safe
integration, regulations, and efficient, artificial intelligence (Al)-based analytics need to be addressed. This has
however resulted in numerous researches on the safety of the clouds, privacy-sensible computation, cryptography and
implementation of secure data processing to ensure that cloud-based enterprise applications will be dependable. The
available literature provides helpful backgrounds of how building secure hybrid sovereign cloud architectures can be
developed that will be capable of serving Al-powered enterprise analytics.

Chadwick and Fatema [1] one of the first attempts to develop privacy-aware cloud environment introduced an
authorization system of privacy in cloud computing. Their architecture implied attribute based-authorization schemes
capable of providing both fine-grained access control and privacy of the users in both authentication and the resource
access. The proposed authorization model will lower unnecessary transfer of user credentials and will also increase the
rapport among cloud service providers and the enterprise clients. Even though this model can greatly enhance the
control of access, it is mostly oriented toward the authorization policy, with no features of integrating data across an
enterprise, and across hybrid sovereign cloud environments.

The substantive work on the topic of cloud infrastructure security by Zissis and Lekkas [2] was on the issue of
detecting the most pivotal security concerns that had been linked to cloud computing and this involved identity
management, security in virtualization, data confidentiality, and availability of cloud services. Their study
recommended that a trusted cloud architecture should be used with the assistance of the public key infrastructure, and
secure virtualization technologies to offer the protection of the cloud-hosted resources. In the work, the key security
concepts have been defined that have been a part and parcel of the current cloud architecture. Nevertheless, the model
is also in advance of the recent advancements on Al-driven enterprise analytics and zero-trust security models and the
sovereign cloud governance.

The other important area of research towards secure enterprise computing is privacy-preserving data analytics. An
example of the former privacy preserving data mining methods is the randomized data perturbation, which was
proposed by Agrawal and Srikant [3]. Their input showed that it can be possible to obtain useful analytical information
when working with transformed data sets and not violate the individual privacy. It was a work on history that provided
the conceptual base of confidentiality-conscious machine learning and confidential enterprise analytics. The suggested
methodology, however, is more data mining oriented and does not take into account the distributed cloud
infrastructures, regulatory compliance or safe integration in heterogeneous enterprise environment.

Securing Cloud Workloads When confident computing was a feasible concept to use to secure cloud workloads,

Arnautov et al. [4] proposed, using Intel Software Guard Extensions (Intel SGX), a secure-container architecture,
SCONE. The architecture guarantees that an app is deployed in trusted hardware enclaves with a security against rogue
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operating systems, and betrayal amongst Cloud operators. The SCONE shows that it is possible to implement
confidential applications to public cloud environments and preserve the integrity and confidentiality of applications. It
is also extremely limited to its area of application to acquire the execution environments and lacks the enterprise Al
symphony, sovereign data manipulations, and smart analytics.

Computation outsourcing is a safe practice that has attracted a lot of attention due to the increasing use of cloud
computing. Once Allallah and Frikken [5] discussed how they could outsource the scientific computations without
compromising the secrecy, and yet maintaining the accuracy of the computations. Their work laid mathematical ground
work to outsource cloud computing in a secure way and the need to safeguard sensitive computational work done by
third party service providers. Despite its great relevance to the secure cloud computing domain, the suggested methods
are mainly applied to the outsourced numerical computations, as opposed to the enterprise Al workloads of large scale
or integrated hybrid cloud environment.

Based on concepts of secure outsourcing, Backes et al. [6] proposed verifiable delegation model enabling cloud users to
determine that the calculations that the external cloud providers are performing are accurate. Their method brings
cryptographic verification techniques that enhance the level of trust in the outsourced cloud service without requiring a
local re-computation. The framework imposes accountability and trust in the cloud, and the immediate responsibility of
Al model implementation, intelligent decision support and safe mix of multi-cloud data that the current enterprise
applications require is disregarded.

The popularity of Intel SGX has also been found to have some security weaknesses. Chen et al. [7] put forward a
speculative attack known as SgxPectre which is able to steal confidential information stored in {Intel SGX} enclaves.
They showed in their work that confidential computing with hardware assistance is vulnerable to advanced side-
channel attacks, and require more security mechanisms outside of trusted execution environments. This data
demonstrates the relevance of stratified cybersecurity policies on sovereign clouds on which sensitive enterprise Al
jobs are executed.

The distributed enterprise analytics have been propelled to an even greater significance with the fast-increasing volume
of geographically located enterprise data. The data analysis framework that Duan et al. [8] have suggested presents a
feasible distributed privacy-preserving architecture that could be used to conduct the large-scale analytics, without the
need to expose sensitive information. They use distributed computing with privacy preservation protocols to facilitate
collaborating analytics amongst two or more organizations. Although the framework contributes to the enhancement of
secure distributed analysis considerably, it is more oriented towards privacy-preserving computation and lacks the
incorporation of holistic cloud governance, artificial intelligence lifecycle management, and implementing the
approaches based on hybrid sovereign clouds deployment.

Secure cloud communication and enterprise data security are still fundamentally based on the cryptographic security.
The ElGamal public key cryptosystem was proposed by EIGamal [9] and the cryptosystem offers secure encryptions,
and a digital signature mechanism, where discrete logarithms are used. The algorithm has proved to be among the most
universal asymmetric cryptographic algorithms that facilitate secure authentication, secured communication as well as
the digital signatures in the distributed cloud systems. Likewise, Goldreich et al, [11] pioneered the theoretical
contributions of significance to the contemporary cryptography such as secure computation, authentication protocols
and privacy-preserving communication and that is the keystone of secure cloud architecture.

Encrypted computation building developments were further boosted by Gentry and Halevi when they developed an
efficient building of fully homomorphic encryption (FHE) [10]. Their publication demonstrated that the arbitrary
computations could be performed on encrypted data resulting in no real decryption, thus keeping confidentiality of the
computation process. Complete homomorphic encryption has turned into a non-shared Al inference and privacy-
enabling cloud analytics. But now it is grappling with issues of computational burden and growth issues and is no
longer in the mass-organization market.

This is also the key in achieving safe cloud ecosystems, through learning of the vulnerability of an infrastructure. The
other weaknesses to cloud computing identified by Grobauer et al. include the vulnerabilities to virtualisation, multi-
tenancy, shared infrastructure and business model of service delivery [12]. The work-related key security issues found
in the resources sharing and the necessity to have a high level of isolation and a secure virtualization along with a
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critical analysis of risks. These results can still be largely relevant to the contemporary hybrid cloud implementation
and deployment settings that presuppose the use of shared computational resources of multiple tenants.

Even Hunt et al. [13] arrived to guaranteed implementation of confidential application since he introduced Ryoan
which is a distributed sandbox architecture to carry out untrusted computations on sensitive enterprise data. In a
scenario where information leaks cannot be prevented by application data confidentiality and the application code can
be trusted. That is another role that Ryoan would perform in confidential computing in that it would secure enterprise
sensitive data since it would be cloud-processed. It, however, is mainly conscious of safe execution, and lacks, inherent
support of Al-led analytics within enterprise, sovereign controls and coordination of hybrids cloud.

High rate of adoption of hybrid cloud computing on enterprise environment has also been reported by the industry. The
Flexera State of the Cloud Report [14] points to the fact that to attain scalability, operational flexibility, regulatory
issues, and business continuity organizations are moving to large volumes of hybrid and multi-cloud interfaces. The
report points out that businesses need integrated management systems that can handle various cloud systems and retain
security and control. It is these industry trends that prompt the increased requirements of holistic architectures that
integrate Al-driven analytics, secure information fusion, and zero-trust or pass-only security, confident computing and
sovereign cloud control in a single business.

Although the study on cloud safety has contributed greatly to this area of research, privacy-conscious analytics,
cryptography protection, confidential computing, and secure outsourcing, there are various research gaps that exist.
Most existing solutions focus on which features are automatically read out such as authorization, encryption, secure
computation or privacy preserving analytics and do not provide a holistic framework to be used to deploy Al based
enterprise analytics, Hybrid sovereign cloud deployment, secure data integration, on going compliance monitoring,
intelligent decision support and end-to-end data governance. These limitations are the reason why in the proposed
Hybrid Sovereign Cloud Framework of Artificial Intelligence Powered Enterprise Analytics and Secure Data
Integration (HSCF-AI) complementary technologies are interwoven in a unified architecture to provide secure,
scalable, trustful and regulation-compliant enterprise analytics solutions in modern digital organizational environments.

111. HYBRID SOVEREIGN CLOUD FRAMEWORK FOR ARTIFICIAL INTELLIGENCE POWERED
ENTERPRISE ANALYTICS AND SECURE DATA INTEGRATION

The paper will suggest an enterprise analytics regulation-compliant framework named Hybrid Sovereign Cloud
Framework for Artificial Intelligence Powered Enterprise Analytics and Secure Data Integration (HSCF-AI) to meet
the increased need of secure and scalable enterprise analytics. The framework incorporates the sovereign cloud
infrastructure, hybrid cloud computing, artificial intelligence (Al), secure data integration, and no-trust security, into a
single architecture that has the capacity to underpin the generation of intelligent decisions within an enterprise yet keep
the complete control of sensitive organizational data. The proposed framework has features of data sovereignty,
regulatory compliance, privacy preservation, secure interoperability and Al-driven business intelligence, unlike with
conventional cloud architectures, which mostly focus on the issue of computational scalability.

The HSCF-Al model has been divided into six related layers that are (1) Data Acquisition Layer, (2) Secure Data
Integration Layer, (3) Sovereign Data Governance Layer, (4) Al-Powered Enterprise Analytics Layer, (5) Intelligent
Decision Support Layer, and (6) Security and Compliance Monitoring Layer. An integration of all those layers
transforms non-homogeneous enterprise data into actionable information and obfuscates secrecy, integrity, availability,
and conformity via the analytics lifecycle.

[JFISTE2022 https://iadier-academy.org/index.php/IJFIST 9758




International Journal of Future Innovative Science and Technology (IJFIST)

[ISSN: 2454-194X | A Bimonthly, Peer-Reviewed, Scholarly Journal |
Volume 5, Issue 5, September-October 2022
DOI: 10.15662/1JF1ST.2022.0505008

Hybrid Sovereign Cloud Framework for Al-Powered
Enterprise Analytics and Secure Data Integration (HSCF-Al)
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Figure 1- Overall Architecture of the Proposed HSCF-Al Framework

3.1 Data Acquisition Layer

The Data Acquisition Layer can be viewed as the entry point of the proposed framework since it collects formatted,
semi structured and unstructured data of different types within the enterprise. Enterprise Resource Planning (ERP),
Customer Relationship Management (CRM) and financial databases, Human Resource Management Systems (HRMS),
Internet of Things (10T), industrial sensors, cloud handouts, social media feeds, log files, third-party businesses partners
and external APIs can be found in this data. The architecture uses safe REST APIs, message queues, streaming
platforms, and Extract-Transform-Load (ETL) pipelines to support the real-time data collection of the geomorphically
distributed settings.

To increase quality of data, the preprocessing steps, such as: removal of duplicates, missing values and normalization,
time alignment, schema verification and metadata retrieval are executed before data is delivered to integration layer.
This functioning ensures uniformity and reliability of lesser Al analytics.

3.2 Secure Data Integration Layer

In the majority of cases, enterprise data are heterogeneously, that is, they are stored in various systems, and various
storage formats and communication protocols. Secure Data Integration Layer gives such heterogeneous datasets one
enterprise data ecosystems. Secure ETL pipelines, semantic mapping, metadata management, APl gateway and
enterprise service buses guarantee data integration between the on premises infrastructure, sovereign cloud
environment, edge devices and in the public cloud environment.

Sparkstreaming is based on the framework on the Transport Layer Security (TLS), Anti-spoofing algorithms (AES-
256), API authentication and encrypted communication medium to provide data transmission confidentiality. Identity
federation enables the end user and enterprise services which have undergone the authentication process to interact
without disclosing their invalid credentials. More visibility into the history of origin and transformation of enterprise
information is achieved by data lineage, provenance tracking, and metadata repositories, which enhances auditability,
and governance.

3.3 Sovereign Data Governance Layer

The Sovereign Data Governance Layer is the main innovation of the proposed framework. In contrast to the traditional
cloud architectures, such layer lays down the foundations that organizational and jurisdictional control over enterprise
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data exist at every point of their lifecycle. Data sovereignty policies establish data storage, data processing, data
replication and sharing location depending on the requirements of both the organizations and national regulations.

Data requirements on the data residency are continually assessed by a centralized policy engine which then allocates
either storage or computational resources. The sensitive data stored automatically in the sovereign cloud infrastructure
or approved private cloud systems are the healthcare records and financial transactions, identity of the customers, the
intellectual property and governmental data. The public cloud on trusted resources can be extolled with less sensitive
workloads to enhance the scalability and cost-effectiveness.

This layer can also have metadata cataloging, data classification, retention policies, consent management, audit logging,
and governance automation. Whenever data access request is checked against the organizational security policies, all
access requests are checked and authenticated. The framework hence leads to a stable compliance with the international
standards of privacy and mitigates the risks that may have been proved in case of unlawful transfer of data.

3.4 Al-Powered Enterprise Analytics Layer

The Al-Based Enterprise Analytics Layer will convert the aggregated enterprise data to helpful business insights
employing the latest machine learning and deep learning models. The layer enables descriptive analytics, diagnostic
analytics, predictive analytics and prescriptive analytics in assisting the decision-making process in the enterprise.

Following preprocessing and feature engineering which is predicated on ancient enterprise data, different Al algorithms
are educated. Performing customer segmentation, fraud detection, demand forecasting, predictive maintenance and
financial risk assessment is accomplished with the use of supervised learning algorithms: the Random Forest algorithm,
the Gradient Boosting algorithm, the Support Vector Machines algorithm and the XGBoost algorithm. Convolutional
Neural Networks (CNNs), Long Short-Memory (LSTM) networks and Transformer networks are deep-learning
learning architectures that are learned on sequences, and images, and written documents to generate an additional level
of enterprise intelligence.

The level of transparency and trust to the users is improved by each prediction, which has Explainable Artificial
Intelligence (XAI) modules. Features value, confidence guessing, and decision explanation interpretation allow
business managers to comprehend what Al suggests and take action, before deciding on the operations. It can keep
abreast with dynamic enterprise data and a dynamic business environment using real time training models.

Al-Powered Enterprise Analytics Pipeline
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Figure 2- Al-Powered Enterprise Analytics Pipeline
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3.5 Intelligent Decision Support Layer

Intelligent Decision Support Layer converts Al generated analysis to recommendations to be made by the enterprise
stakeholders. This layer plays a vital role in planning and running operations, and it is based on business rules,
optimization engines, workflow automation services as well as visualization services.

The interactive dashboards demonstrate key performance indicators (KPIs) in future, anomalous alerts, future alerts,
customer insights, financial forecasts and operation capabilities on graphical user friendly interfaces. Dashboard can be
customised to enable business executives to monitor the performance of a business whereas auto recommendation
engines can recommend the optimal action to take based on the predictive models.

Explainable Al Driven Intelligent Decision Support Framework
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Figure 3- Explainable Al Driven Intelligent Decision Support Framework

The enterprise workflow management systems also interface with decision support modules to replenish inventory,
allocate resources, check out fraud, report compliance and predictive maintenance schedules to automate the mundane
business processes. This way companies will experience quicker decision-making processes they will work more
efficiently and react to business models.

3.6 Security and Compliance Monitoring Layer

Keeping security at all levels of the HSCF-AI architecture is achieved by a Zero Trust Architecture (ZTA). Rather than
implying the trust, every user, device, application and service must undergo continuous authentication and
authorization before being allowed to access enterprise resources.

Identity and Access Management (IAM) has role-based and attribute-based access control systems that are backed by
Multi-Factor Authentication (MFA). High level of security is ensured in encrypting sensitive details at rest and
encrypting data in transit and cryptographic keys are handled using High Security Modules (HSMs). Secure APIs,
network segmentation, endpoint protection, intrusion detection systems and the Security Information and Event
Management (SIEM) platforms are available which conduct regular scans to the infrastructure of an enterprise to
identify any suspicious activity on the network.

With automated compliance engines to adapt towards conformity to a governing policy and regulation of rules on an
organization, policies are audited and validated all the time. Security logs of all parts of the framework are produced,
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examined and recorded in permanence audit repositories to aid forensic analysis and report to the regulators. The
cyberspace can also be made safer with the help of Al-enhanced anomaly detection: the suspicious user activity, the
efforts of intrusion into the system, the insider and recent cyberattacks can be detected on the edge.

3.7 End-to-End Framework Workflow

The Al-enhanced HSCF workflow starts at the stage of safe collection of enterprise data on numerous scattered
sources. Sanitization, normalization, coding and incorporation of acquired data occur with safe ETL pipelines that
occur prior to storage into the sovereign governance layer. The governance policy takes into account the sensitivity of
the data, regulation and location constraint in deciding where to store data and process in the hybrid cloud
infrastructure.

The integrated data sets are then made available to Al models to produce predictive knowledge, business forecast,
anomaly detection and Smart suggestions. Explainable In Al Applications allow users to clearly provide explanations
of the results of analysis to enable them to justify Al-driven decisions in the enterprise. Lastly, security monitoring and
compliance engines constantly evaluate the health of infrastructure, identify cyber threats, impose governance policies,
and create audit reports, to guarantee safe and reliable enterprise analytics.

End-to-End Operational Workflow of HSCF-Al
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Figure 4- End-to-End Operational Workflow of HSCF-AI

Overall, the suggested architecture of HSCF-AI provides a whole platform where hybrid sovereign cloud computing
through an integration of safe data, Al-based analytics, discretionable intelligence, zero-trust security, and automated
control are bundled in a platform and delivered as a single company. The combination of these complementary
technologies in the framework ensures scalability, interoperability, privacy, regulatory compliance, operational
durability and intelligent decisions which makes it ideal in the next-generation enterprise digital transformation
initiatives.

IV. FRAMEWORK EVALUATION

A Hybrid Sovereign Cloud Framework of Artificial Intelligence Powered Enterprise Analytics and Safeguarded Data
Integration (HSCF-AI) was experimented in qualitative architectural research in terms of the optimal enterprise cloud
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computing criteria, including scalability, security, interoperability, data authority, Al analytics, and compliance with
regulations. This assessment will be aimed at illuminating whether the suggested infrastructure can prove helpful in
eliminating the vulnerability associated with the traditional cloud-based systems and offer secure and intelligent
enterprise analytics in sovereign cloud-hybrid locations.

4.1 Scalability and Performance Evaluation

To achieve a balance between the sovereign cloud infrastructure and the infrastructure of the public cloud, HSCF-AI
model adopts the hybrid cloud infrastructure in order to provide elastic resource allocation. Scalable and publicly
accessible cloud eco-systems can provide opportunities to allocate computational machine jobs to unemployment
training tasks that are computationally expensive Al, and to keep confidential enterprise data in sovereign cloud sites
under dynamic distribution. The technologies of containerization, microservices, and orchestration contribute to the
attainment of the operational concept of a horizontal scaling of analytics services on demand of workload. It is
therefore helpful in serving high volumes of both structured and unstructured enterprise data, over high levels of system
availability, and minimizing bottlenecks in the utilization of resources.

4.2 Security and Privacy Evaluation

A Zero Trust Architecture (ZTA) is included throughout the suggested framework with regard to security. All users,
devices, applications and services have their authentication and authorization which is continuous to access enterprise
resources. Confidentiality of the information is achieved by encrypting the data and Identity and Access Management
(IAM), Multi-Factor Authentication (MFA) and role-based check up access reduces the cases of unauthorized access.
Constant surveillance, intrusion detection, and anomaly detection with the use of Al further enhances cybersecurity,
eliminating the ability to recognize malicious activity in a real-time situation. These security tools go a long way in
enhancing enterprise-level resiliency to insider threats, ransomware-based attacks as well as unprotected disclosure of
data.

4.3 Data Sovereignty and Compliance Evaluation

Among the most critical contributions made by the proposed framework are that the framework will enforce the data
sovereignty policies in the scenario of a hybrid cloud environment. The Sovereign Data Governance Layer will
automatically decide the right locations where data should be stored and where it should be processed based on
organizational policies and regulations of jurisdiction. Sensitive data remain under certified sovereign cloud
infrastructure and non-sensitive workloads are allowed to use the publicly available cloud resources to experience
enhanced scalability. Managed policy, automotive compliance control, auditing tracing, data metadata and policy
provision all guarantee ongoing compliance with all requirements of regulatory requirements as well as keeping a full
view of all enterprise data across its lifecycle.

4.4 Al Analytics and Decision Support Evaluation

The Al-Powered Enterprise Analytics Layer enables companies to generate actionable intelligence on combined
enterprise data using machine learning and deep learning algorithms. Possible applications of the framework are
predictive analytics, anomaly detection, customer behaviour analysis, fraud detection, demand forecast, and optimizing
business. Explainable Artificial Intelligence (XAI) modules facilitate transparency by making prediction of the models
intelligible then enhancing trust on the use of Artificial Intelligence to support decision making. This is compounded
with innovative recommendation systems and real time dashboards, and helps in making the right and timely
operational decision by the business leaders who make their decision based on the real time business insight.

4.5 Interoperability and Integration Evaluation

Enterprise architectures currently are more likely to be heterogenous applications, implemented on many different
cloud environments, as well as on-prem environments. The proposed architecture solves this issue using typical APlIs,
secure pipe-ETL, metadata databases, enterprise service buses, which offers lightness of unity even in the presence of
various sources of data. Some of the capabilities enabled include organised, semi organised and unorganised
information and increases interoperability between ERP systems, customer relationship software, Internet of things
equipment, business databases and outer cloud service. This standardized architecture enhances information silos,
accessibility and consistency of information to the enterprise level.

4.6 Overall Evaluation

Qualitative analysis shows that the proposed HSCF-Al model can be used to integrate hybrid sovereign cloud
computing, secure data integration, Al-oriented enterprise analytics, and zero-trust cyber in the single enterprise
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architecture. More significantly, the system is more highly data governance, regulatory compliance, more highly
interoperable, scalable Al processing, and secure-end-to-end security assurance as compared to traditional cloud-based
analytics systems. These unique features render the proposed framework most applicable to organizations in data-
sensitive environments like healthcare, finance, manufacturing, telecommunications, government and critical
infrastructure, where intelligent, secure, and compliance enterprise analytics are needed in the process of digital
transformation.

V. CONCLUSION AND FUTURE WORK

This article described Hybrid Sovereign Cloud Framework of Artificial Intelligence Powered Enterprise analytics and
Secure Data Integration (HSCF-AI) as the solution to the increasingly reliable, scalable and regulation compliant
enterprise analytics. The technologies that will be combined with one another in the offered structure will be as follows:
hybrid sovereign cloud computing, artificial intelligence, secure data integration, and zero-trust cybersecurity, into a
non-separated architecture, which would potentially allow making smart business decisions and ensuring data
sovereignty. This architecture is constructed around six functional layers of Data Acquisition, Secure Data Integration,
Sovereign Data Governance, Al-Powered Enterprise Analytics, Intelligent Decision Support and Security and
Compliance Monitoring in contrast to traditional modules available in cloud analytics which are developed around just
one facet of cloud analytics. With all these layers, cross-heterogenous information is coordinated seamlessly on-
enterprise, high-productivity is effectively implemented, real-time, predictive analytics, and constant regulatory
compliance is in place in hybrid cloud environments.

The proposed architecture enhances the interfaces between the enterprise through the enhancement of standardization
of APIs, communication encryption, metadata-driven integration and policy-driven governance. The combination of the
machine learning as well as the deep learning and explainable artificial intelligence enables the organizations to make
accurate predictions, detect anomalies, simplify business processes and provide well-grounded decision making. In
addition to that, the adoption of the Zero Trust Architecture, identity and access management, encryption, continuity of
audit and deployment of Al-founded threat detection would go a long way to enhance the enterprise cybersecurity and
ensure the confidentiality, integrity, and integrity of valuable organizational information. The qualitative analysis
indicates that the HSCF-Al model provides enhanced scalability, security, effective work, compliance control, and
trustworthy Al analytics in comparison to the usage of the customary cloud frameworks.

The additional investigation is going to immerse in the implementation of the proposed framework in both the actual
business environment with the prevailing sovereign cloud technologies and hybrid cloud systems. Federated learning,
the use of confidential computing, privacy-preserving machine learning, blockchain based audit framework and post-
quantum cryptography algorithms may be added to the framework to reinforce the security of data and collaboration
between distributed Al. Also, further sophistications of the intelligent decision support and workflow automation can
be implemented through integrating Generative Al, Large Language Models (LLMs), autonomous Al agents, and edge
intelligence. Experimental research on healthcare, financial, manufacturing, government and applications of smart
cities in the future will also benefit the quantitative performance analysis and make it understandable how effective,
scalable and workable is the proposed HSCF-AI framework under different workloads of enterprises and regulatory
scenarios.

REFERENCES

[1] D. W. Chadwick and K. Fatema, "A Privacy Preserving Authorisation System for the Cloud," Journal of Computer
and System Sciences, vol. 78, no. 5, pp. 1359-1373, Sept. 2012.

[2] D. Zissis and D. Lekkas, "Addressing Cloud Computing Security Issues," Future Generation Computer Systems,
vol. 28, no. 3, pp. 583-592, Mar. 2012.

[3] R. Agrawal and R. Srikant, "Privacy-Preserving Data Mining," in Proc. ACM SIGMOD Int. Conf. on Management
of Data, Dallas, TX, USA, 2000, pp. 439-450.

[4] S. Arnautov et al., "SCONE: Secure Linux Containers with Intel SGX," in Proc. 12th USENIX Symposium on
Operating Systems Design and Implementation (OSDI), Savannah, GA, USA, 2016, pp. 689-703.

[5] M. J. Atallah and K. B. Frikken, "Secure Outsourcing of Scientific Computations," Advances in Computers, vol. 54,
pp. 215-272, 2001.

[6] M. Backes, M. Barbosa, D. Fiore, and R. M. Reischuk, "Verifiable Delegation of Computation on Outsourced
Data," in Proc. ACM Conf. on Computer and Communications Security (CCS), 2013.

[JFISTE2022 https://iadier-academy.org/index.php/IJFIST 9764




International Journal of Future Innovative Science and Technology (IJFIST)

[ISSN: 2454-194X | A Bimonthly, Peer-Reviewed, Scholarly Journal |
Volume 5, Issue 5, September-October 2022
DOI: 10.15662/1JF1ST.2022.0505008

[7] G. Chen et al., "SgxPectre: Stealing Intel Secrets from SGX Enclaves via Speculative Execution,” IEEE Security &
Privacy, vol. 18, no. 3, pp. 28-37, May/Jun. 2020.

[8] Y. Duan et al., "Practical Distributed Privacy-Preserving Data Analysis at Large Scale," IEEE Trans. Big Data, vol.
6, no. 3, pp. 511-524, 2020.

[9] T. ElGamal, "A Public Key Cryptosystem and a Signature Scheme Based on Discrete Logarithms,” IEEE
Transactions on Information Theory, vol. IT-31, no. 4, pp. 469-472, Jul. 1985.

[10] C. Gentry and S. Halevi, "Implementing Gentry's Fully Homomorphic Encryption Scheme," in Advances in
Cryptology — EUROCRYPT 2011, Lecture Notes in Computer Science, vol. 6632, Springer, 2011, pp. 129-148.

[11] O. Goldreich, Foundations of Cryptography: A Primer. Hanover, MA, USA: Now Publishers Inc., 2005.

[12] B. Grobauer, T. Walloschek, and E. Stocker, "Understanding Cloud Computing Vulnerabilities," IEEE Security &
Privacy, vol. 9, no. 2, pp. 50-57, Mar./Apr. 2011.

[13] T. Hunt et al., "Ryoan: A Distributed Sandbox for Untrusted Computation on Secret Data,” ACM Transactions on
Computer Systems, vol. 35, no. 4, Art. no. 8, 2018.

[14] Flexera, "2019 State of the Cloud Report,” Flexera, Itasca, IL, USA, Tech. Rep., 2019.

[JFISTE2022 https://iadier-academy.org/index.php/IJFIST 9263




	I. INTRODUCTION
	II. RELATED WORK
	III. HYBRID SOVEREIGN CLOUD FRAMEWORK FOR ARTIFICIAL INTELLIGENCE POWERED ENTERPRISE ANALYTICS AND SECURE DATA INTEGRATION
	Figure 1- Overall Architecture of the Proposed HSCF-AI Framework
	3.1 Data Acquisition Layer
	3.2 Secure Data Integration Layer
	3.3 Sovereign Data Governance Layer
	3.4 AI-Powered Enterprise Analytics Layer
	Figure 2- AI-Powered Enterprise Analytics Pipeline
	3.5 Intelligent Decision Support Layer
	Figure 3- Explainable AI Driven Intelligent Decision Support Framework
	3.6 Security and Compliance Monitoring Layer
	3.7 End-to-End Framework Workflow
	Figure 4- End-to-End Operational Workflow of HSCF-AI

	IV. FRAMEWORK EVALUATION
	4.1 Scalability and Performance Evaluation
	4.2 Security and Privacy Evaluation
	4.3 Data Sovereignty and Compliance Evaluation
	4.4 AI Analytics and Decision Support Evaluation
	4.5 Interoperability and Integration Evaluation
	4.6 Overall Evaluation

	V. CONCLUSION AND FUTURE WORK


