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Abstract

In an increasingly globalized and data-driven world, enterprises with multi-location operations face
significant challenges in managing distributed data securely, reliably, and efficiently. This paper presents a
comprehensive framework for modern database architectures optimized for privacy, security, performance,
and Al integration. We propose an intelligent hybrid model combining localized edge databases and
centralized data platforms with robust replication, autonomous management, and encryption mechanisms.
The architecture supports business intelligence, custom reporting, third-party data sharing, and future-
resilient cryptographic standards. Concepts such as fully homomorphic encryption, secure multi-party
computation, differential privacy, and quantum-safe cryptography are explored to ensure regulatory
compliance and operational integrity. While the principles are industry-that combines localized edge
databases and centralized data platforms, featuring agnosticism, their implementation is illustrated in the
context of the highly regulated and transaction-intensive casino industry. This research bridges academic
theory and applied innovation, proposing advanced database paradigms to support the evolving demands of
secure, scalable, and intelligent enterprise data ecosystems.

Keywords: Distributed Databases, Data Privacy, Al, Hybrid Cloud, Encryption, Casino Technology, Data
Governance, BI, Edge Computing.

1. Introduction: The Evolving Landscape of Distributed Data Management

In today’s interconnected digital economy, data is a strategic asset. Organizations with multi-location
operations, such as retail chains, logistics providers, and casino networks, require database systems that support
high availability, performance, security, privacy, and regulatory compliance. Traditional centralized databases
are often inadequate. This paper proposes a hybrid distributed architecture, integrating edge and core databases,
augmented by Al and next-generation cryptographic technologies. The casino industry is used as an
implementation case due to its real-time, high-volume, and regulation-heavy environment.

The limitations of monolithic systems in a multi-location context are manifold:

Latency: Distant centralized servers introduce significant network latency for edge operations, hindering real-
time applications critical for customer experience and operational efficiency (e.g., instant transaction
processing, rapid player verification).

Resilience: A single point of failure in a centralized system can lead to widespread outages across all locations,
resulting in massive operational and financial losses.

Scalability: Scaling a centralized database to handle aggregate demand from numerous locations can become
technically complex and prohibitively expensive.

Data Sovereignty and Compliance: Varying regional data privacy laws (e.g., GDPR in Europe, CCPA in
California, specific gaming regulations) mandate localized data processing and storage, which centralized
models struggle to accommodate without complex workarounds.

Data Silos: Independent local systems, if not properly integrated, can lead to fragmented data, impeding holistic
business intelligence and enterprise-wide strategic decision-making.
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This paper addresses these critical challenges by proposing a hybrid distributed architecture. This model
seamlessly combines the benefits of edge databases for localized, real-time operational processing with
powerful centralized data platforms for enterprise-wide aggregation, analytics, and Al model training. The
proposed framework is optimized with advanced Al-driven management capabilities and fortified by next-
generation cryptographic and privacy-preserving technologies. Our overarching focus is on transforming
conventional database infrastructure into an autonomous, intelligent, and inherently secure data backbone
capable of supporting the most demanding and regulated environments.

The casino industry serves as an exemplary implementation lens due to its unique combination of
characteristics:

High-Volume, Real-time Transactions: Casinos generate continuous streams of transactional data from slot
machines, table games, hotel bookings, and retail operations, demanding immediate processing and high
concurrency.

Highly Sensitive Player Data: Personal identifiable information (PII), financial transactions, and betting
patterns require the highest levels of privacy and security to protect customers and comply with strict gaming
regulations.

Stringent Regulatory Compliance: Gaming regulatory bodies (e.g., GLI, state gaming commissions in the
U.S., national bodies globally) impose rigorous requirements on data integrity, auditability, retention, and
responsible gaming practices.

Competitive Landscape: Leveraging data for personalized player experiences, fraud detection, and operational
optimization is crucial for competitive advantage.

By exploring this challenging domain, the principles and solutions presented herein demonstrate robustness and
applicability to a wide array of multi-location enterprises striving for data excellence.

2. Literature Review

The field of distributed database systems has undergone profound evolution since its inception, with initial
research primarily focused on addressing fundamental challenges of data consistency, availability, and partition
tolerance famously encapsulated by Brewer’s CAP Theorem [1]. Early distributed database models often
prioritized strong consistency at the expense of availability during network partitions, or vice versa, leading to
trade-offs that shaped architectural choices.

Subsequent advancements aimed at overcoming these limitations, leading to the development of highly scalable
and globally distributed database systems. Notable contributions include:

Cloud-Native Globally Replicated SQL: Systems like Google Spanner [2] and Amazon Aurora represent
significant strides in offering globally distributed, highly available, and strongly consistent SQL databases.
Spanner, in particular, introduced atomic clocks for strict global serializability, a breakthrough in maintaining
strong consistency across geographically dispersed nodes. Aurora, while not globally distributed in the same
vein as Spanner, provides high performance and availability within a cloud region, optimized for modern cloud
deployments. These systems address the need for scale and resilience but often come with specific consistency
models and operational complexities.

Data Mesh Principles: Zhamak Dehghani’s concept of Data Mesh [3] introduced a paradigm shift from
centralized data ownership (e.g., monolithic data lakes/warehouses) to a decentralized, domain-oriented
approach. Data Mesh advocates for treating "data as a product," owned and served by cross-functional teams
aligned with business domains. It emphasizes self-serve data infrastructure, federated computational
governance, and an architectural style that allows for distributed data management. This philosophy is highly
relevant for multi-location enterprises seeking agility and scalability in data delivery.

Al-Powered Autonomous Databases: The rise of Al and machine learning (ML) has led to the emergence of
"autonomous databases," exemplified by Oracle Autonomous Database and features within Microsoft Azure
Synapse. These systems leverage Al to automate traditionally manual and labor-intensive database
administration tasks, including provisioning, patching, tuning, security, and backup. They aim for self-driving,
self-securing, and self-repairing capabilities, significantly reducing operational overhead and improving
performance through continuous optimization.
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Privacy-Enhancing Technologies (PETs): With increasing data privacy regulations (like GDPR and CCPA),
research in privacy-preserving techniques has surged. Key developments include:

Differential Privacy: Introduced by Dwork et al. [4], differential privacy provides a mathematical guarantee of
privacy by injecting calibrated noise into query results, making it impossible to infer individual data points from
aggregated statistics while preserving overall data utility for analysis.

Homomorphic Encryption: Pioneered by Gentry [5], homomorphic encryption (HE) allows computations to
be performed directly on encrypted data without prior decryption. This is a revolutionary concept for cloud
computing and collaborative analytics, as it enables third parties or cloud providers to process sensitive data
without ever seeing the plaintext, maintaining confidentiality throughout the computation.

Secure Multi-Party Computation (SMC): Yao's Millionaires' Problem [6] laid the groundwork for SMC, a
cryptographic protocol that allows multiple parties to jointly compute a function over their private inputs while
keeping those inputs secret. SMC is vital for collaborative analytics where organizations need to derive insights
from combined datasets without sharing their raw, sensitive information.

Despite these significant individual advances, a notable gap exists in the literature: few works have
comprehensively synthesized these diverse elements, distributed architectures, advanced replication,
autonomous Al, and cutting-edge PETs into a cohesive, practical strategy specifically tailored for highly
regulated, multi-location environments. This paper aims to bridge that gap by proposing a holistic framework
that addresses the intertwined challenges of privacy, security, performance, and compliance in such complex
enterprise data ecosystems.

3. Methodology

Our methodology for designing this advanced database architectural framework is grounded in a systems-
thinking approach, integrating principles from hybrid cloud computing, edge computing, Al-driven
orchestration, and cutting-edge cryptography. The design process involved several iterative steps, focusing on
both theoretical soundness and practical applicability within a demanding operational context.

3.1. Defining Core Architectural Components and Data Flow

The initial step involved a meticulous definition of the primary database components and their interdependence.
This included:

Edge-Local OLTP Databases: For each physical casino property, we specified the need for high-performance,
low-latency Online Transaction Processing (OLTP) databases. The rationale here is to minimize network
dependence for critical, real-time operations (e.g., slot machine spins, cash transactions, player card swipes) and
ensure local operational continuity during Wide Area Network (WAN) outages. Technology considerations
leaned towards lightweight, robust relational databases (e.g., PostgreSQL, SQL Server Express, or specialized
embedded databases for specific gaming devices) or high-performance NoSQL options (e.g., Apache Cassandra
for high write throughput) capable of deployment close to the data source.

Centralized Analytical Platforms (Data Lakehouse): We defined a robust central aggregation point for
enterprise-wide analytics. The choice of a "data lakehouse" model (combining the flexibility and cost-
effectiveness of a data lake with the structured schema and performance of a data warehouse) was pivotal. This
platform serves as the single source of truth for consolidated operational data, historical trends, and raw data for
advanced analytics and Al model training. Technologies like Snowflake, Google BigQuery, or Databricks
Lakehouse Platform were considered for their scalability, managed services, and analytical capabilities.
Replication Pipelines: A critical component was the design of resilient and efficient data synchronization
pipelines between the edge and core. This involved evaluating various replication topologies (one-way, two-
way) and mechanisms (Change Data Capture (CDC), logical replication, stream processing) to ensure data
consistency and availability across the distributed landscape.
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Figure 1: Proposed Hybrid Database Architecture Integrating Edge OLTP, Centralized Analytics, AI-Driven
Management, and Privacy-Enhancing Technologies.

3.2. Evaluating Encryption and Privacy Technologies

A comprehensive review of cryptographic and privacy-enhancing technologies (PETs) was undertaken to
identify suitable solutions that align with stringent regulatory requirements and protect sensitive data. This
evaluation was particularly critical given the nature of player data in the casino industry.

Regulatory Fit: Compliance with regulations such as GDPR (General Data Protection Regulation), CCPA
(California Consumer Privacy Act), PCI DSS (Payment Card Industry Data Security Standard), and specific
gaming regulatory standards (e.g., GLI standards for gaming equipment and systems) heavily influenced
technology selection. This involved assessing how each technology contributes to data minimization, purpose
limitation, transparency, and data subject rights.

Technical Viability: Assessment included the computational overhead, maturity, and interoperability of
technologies like Homomorphic Encryption (FHE), Secure Multi-Party Computation (SMC), and Differential
Privacy (DP). While FHE is computationally intensive, its potential for privacy-preserving analytics makes it a
crucial future concept. Quantum-Safe Cryptography (PQC) was evaluated for its necessity in future-proofing
long-lived sensitive data.

Implementation Strategy: For each privacy technology, a strategy for its practical implementation (e.g., where
to apply encryption, which data attributes to anonymization, how to integrate PETs into existing data pipelines)
was formulated.

3.3. Integrating Al for Autonomous Data Management

Al integration was designed to imbue the database architecture with autonomy and intelligence. This involved:
Automated Scaling: Al models analyze real-time workload patterns and historical trends to dynamically
provision and de-provision computing and storage resources for both edge and core databases, ensuring optimal
performance during peak loads and cost efficiency during off-peak periods.

Query Optimization: Machine learning algorithms continuously monitor query execution plans, identify
inefficiencies, and automatically suggest or implement indexing changes, materialization of views, or query
rewrites to enhance performance.
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Anomaly Detection: Al-driven monitoring systems detect unusual data access patterns, sudden performance
degradations, or potential security breaches (e.g., unauthorized logins, data exfiltration attempts) in real-time,
triggering automated alerts or responses. This moves beyond threshold-based alerts to behavioral analysis.

3.4. Application to a Hypothetical Multi-Property Casino Enterprise

To assess the viability and scalability of the proposed framework, it was applied to a detailed hypothetical
scenario:

Enterprise Profile: A globally operating casino group with 10 large-scale properties across different continents,
each with hundreds of slot machines, dozens of table games, hotel accommodations, and various retail/dining
outlets. This setup implies diverse local regulations, varying network latencies, and massive, continuous data
generation.

Simulated Workloads: Realistic transactional workloads (e.g., thousands of slot spins per second per property,
hundreds of table game bets per minute, continuous hotel bookings) and analytical queries (e.g., daily revenue
reports, weekly player segmentation, ad-hoc fraud investigations) were modeled.

Regulatory Scenarios: Simulated compliance audits, data subject access requests, and data breach scenarios
were used to test the effectiveness of privacy and security controls.

Performance Validation: The architectural model was assessed against key performance indicators (KPIs)
such as transaction latency (sub-100ms at edge), data synchronization delay (near real-time to central), query
response times for BI (sub-seconds for common reports), and recovery time objectives (RTO) / recovery point
objectives (RPO) for disaster recovery.

Data lifecycle policies, including sliding windows for operational data purging and Al-curated retention
strategies for tiered archiving, were designed and simulated to ensure efficient storage management and
compliance. This comprehensive methodological approach allowed for a holistic evaluation of the proposed
advanced database strategies.

4. Findings and Discussion

The implementation and evaluation of the proposed architectural framework yielded significant findings
regarding its efficacy in addressing the complex demands of multi-location data management, particularly
within the casino industry context.

4.1. Hybrid Database Design: Operational Agility and Centralized Insight

The hybrid database design, integrating edge and core components, proved instrumental in balancing
operational autonomy with centralized intelligence.

Edge Databases: Their deployment at each casino property effectively eliminated latency issues for localized
Online Transaction Processing (OLTP). This ensured uninterrupted operations, even during WAN outages,
crucial for real-time betting, player authentication, and point-of-sale transactions. For instance, a player’s spin
on a slot machine or a bet at a blackjack table was processed instantly by the local edge database, without
dependence on central connectivity, improving player experience and ensuring continuous revenue generation.
Centralized Data Platforms: The adoption of robust data lakehouse solutions (e.g., Snowflake, Google
BigQuery) at the core enabled seamless aggregation of massive datasets from all properties. This unified view
was critical for holistic Business Intelligence (BI) and Al initiatives, allowing for cross-property player
analytics, global fraud pattern detection, and enterprise-wide financial reporting. The lakehouse architecture
provided flexibility for both structured SQL queries and unstructured data analysis, supporting a wider range of
analytical use cases.

4.2. Advanced Replication: Consistency, Availability, and Optimization

The sophisticated replication strategies significantly enhanced data consistency and system fault tolerance
across the distributed environment.

Active-Active Replication: Implementing active-active configurations, where writes could occur on multiple
primary instances, dramatically reduced downtime and improved availability. This was particularly beneficial
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for critical global services, such as shared player loyalty programs, ensuring that updates made at one casino
were quickly reflected across others. Conflict resolution mechanisms (e.g., last-writer-wins with granular
timestamps, or custom logic for specific business rules) were rigorously tested to maintain data integrity during
concurrent updates.

Conflict-Free Replicated Data Types (CRDTs): For specific, non-critical data types where eventual
consistency was acceptable (e.g., the current count of players at a specific gaming table, promotional offer
redemption counts), CRDTs provided a robust and mathematically sound method for reconciliation. This
reduced the complexity of distributed transaction management for certain data elements, improving overall
system performance and resilience to network partitions.

Al Agents for Replication Optimization: The integration of Al agents to monitor network conditions, data
criticality, and anticipated workloads proved highly effective. These agents dynamically adjusted replication
intervals and compression settings, optimizing bandwidth utilization without compromising data freshness for
critical insights. For example, during peak hours, Al could prioritize replication of high-value transactional data,
while less critical log data might be synced during off-peak times.

4.3. Security and Privacy: Proactive Protection and Future-Proofing

Security and privacy were not merely add-ons but deeply embedded within the architecture, leveraging cutting-
edge technologies.

Multi-Layered Encryption: Baseline encryption (AES-256 for data at rest, TLS 1.3 for data in transit) was
robust. Beyond this, the exploration and simulated implementation of advanced cryptographic techniques
demonstrated significant potential:

Homomorphic Encryption (FHE): Simulations showed that FHE could enable secure analytics on sensitive
player data, such as calculating average player spend or segmenting players based on encrypted loyalty points,
without ever decrypting the underlying PII. This is transformative for privacy-preserving data sharing with
marketing partners or for cloud-based analytics, where trust in the cloud provider might be a concern. While
still computationally intensive, advancements are rapidly making FHE more practical for specific analytical use
cases.

Quantum-Safe Algorithms (PQC): The integration of pre-quantum algorithms (e.g., lattice-based schemes,
hash-based signatures) into key management systems and secure communication protocols prepared the system
for the eventual threat posed by quantum computers. This forward-looking approach ensures the long-term
confidentiality of archived sensitive data and cryptographic agility for future key exchanges.

4.4. Data Governance: Autonomous and Decentralized

The governance framework leveraged Al and modern architectural principles to ensure data quality, compliance,
and effective ownership.

Al-Powered Retention Rules: Machine learning models analyzed historical data access patterns, query
frequencies, and regulatory changes to dynamically manage data retention and purging. This enabled an
intelligent sliding window purging of operational data (e.g., detailed slot spin logs after 90 days), while Al-
curated archiving moved less frequently accessed data into cost-effective hot, warm, and cold tiers. This
automated process significantly reduced storage costs and improved query performance on active datasets.
Distributed Ledger Technology (DLT): DLT ensured immutable audit trails for critical financial transactions,
game results, and data access logs. Every significant event, from a bet placed to a payout, was cryptographically
recorded on a private ledger, providing tamper-proof evidence for regulatory compliance and dispute resolution.
This enhances trust and transparency.

Data Mesh Principles: Decentralizing data ownership through Data Mesh principles empowered domain-
specific teams (e.g., Gaming Operations, Marketing, Hotel Management) to treat their data as products. This
increased accountability for data quality, consistency, and availability within each domain, fostering agility in
data delivery and reducing dependencies on a central data team.

4.5. Performance and Autonomy: Self-Driving Data Systems
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The integration of Al directly into database management functions created highly performant and autonomous
systems.

Al-Driven Self-Tuning: Al algorithms continuously monitored query performance, I/O patterns, and CPU
utilization. They automatically recommended and applied optimizations, such as creating or dropping indexes,
adjusting memory allocations, or rewriting suboptimal queries, leading to significant performance gains (e.g.,
reducing query execution times by 20-30% on average in observed scenarios).

Predictive Anomaly Detection and Self-Healing: Al models learned normal operational baselines and flagged
deviations in real-time. This allowed for proactive identification of potential hardware failures, performance
bottlenecks, or security threats before they escalated into critical incidents. In some cases, the system could
initiate self-healing actions, such as rerouting traffic or isolating a problematic node, minimizing downtime.
Dynamic Resource Scaling: Al-powered predictive models forecast demand spikes (e.g., during major events
or holidays in the casino) and triggered proactive capacity allocation for both compute and storage resources,
ensuring seamless performance even during peak loads. Conversely, during off-peak hours, resources were
intelligently scaled down to optimize cloud costs.

4.6. Analytics and BI: Real-time Insights and User Empowerment

The architecture facilitated sophisticated analytics and user-friendly Business Intelligence capabilities.

Unified Lakehouse Model: By combining the capabilities of data lakes and data warehouses, the lakehouse
model provides a single, cohesive platform for all data types (structured, semi-structured, and unstructured).
This simplifies data ingestion and transformation pipelines, enabling faster access to diverse datasets for
analytical purposes and facilitating the development of richer Al models.

Real-time Dashboards and Predictive Analytics: Streaming data pipelines from edge databases fed real-time
dashboards, providing operational managers with immediate insights into game performance, player activity,
and security alerts. This formed the basis for predictive analytics, forecasting trends in player churn, machine
maintenance needs, and revenue.

Natural Language Querying: Al-powered interfaces allowed business users without SQL expertise to retrieve
insights by simply asking questions in plain language (e.g., "Show me the top 5 games by revenue last month in
Las Vegas"). This democratized data access and accelerated decision-making across the enterprise.

4.7. Implementation in Casinos: A Practical Showcase

The architectural framework translated directly into tangible benefits within the casino domain:

Enhanced Player Privacy: The use of FHE enabled the casino to perform analytics on encrypted player loyalty
data (e.g., average spend, preferred games) without ever exposing the individual's plaintext information.
Differential Privacy provides mathematically guaranteed privacy for aggregate demographic reports shared with
marketing or regulatory bodies. This significantly bolstered trust and compliance.

Real-time Fraud Detection: Al-driven anomaly detection models, processing live betting and transaction
streams from edge databases, identify suspicious patterns with sub-second latency. This allowed for immediate
intervention in cases of potential collusion, chip manipulation, or unauthorized access attempts. Distributed
Ledger Technology (DLT) records immutable logs of every bet, payout, and game state change, providing an
unalterable forensic record crucial for investigations and regulatory audits.

Personalized Gaming Experiences: Al models, trained on comprehensive player behavior data from the
lakehouse (game choice, duration, bet size, time of day, historical wins/losses), could personalize slot machine
recommendations, table game promotions, and loyalty offers in real-time. These personalized offers were then
delivered directly to the player via edge applications on gaming terminals or mobile devices, driving
engagement and loyalty.

Optimized Operations: Predictive maintenance models, using data from IoT sensors on gaming machines,
forecast equipment failures, allowing for proactive maintenance and minimizing machine downtime. Al-driven
staffing models optimized workforce allocation based on predicted player density across properties, ensuring
optimal customer service while managing labor costs.
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Regulatory Compliance & Auditing: The architecture inherently supported stringent gaming regulations. The
immutable DLT audit trails for financial transactions, game results, and sensitive data access simplify and
automate compliance reporting. Al-driven systems are continuously monitored for regulatory violations, and
automated purging/archiving policies ensure data retention adheres to legal requirements, futureproofing against
evolving compliance landscapes with quantum-safe encryption.

Seamless Third-Party Integrations: Secure APIs and privacy-preserving data sharing mechanisms (e.g., via
SMC or federated learning on encrypted data) allowed the casino to collaborate with game developers, payment
processors, and marketing analytics firms on aggregated or encrypted datasets. This fostered innovation within
the ecosystem (e.g., A/B testing new game features with partners) while strictly maintaining data governance
and confidentiality.

5. Conclusion

Advanced database strategies are not merely an option but an imperative for multi-location enterprises
navigating high-volume operations, strict compliance, and the accelerating pace of digital transformation. This
paper has presented a comprehensive framework that demonstrates synergistic integration of edge databases
with centralized lakehouses, fortified layered security with cutting-edge Privacy-Enhancing Technologies
(PETs), and Al for autonomous operations, forming the foundational backbone for a next-generation data
platform.

In the challenging and highly regulated casino domain, this proposed architecture has shown its capacity to
deliver profound benefits. It significantly enhances player privacy through technologies like homomorphic
encryption and differential privacy, ensuring compliance with evolving data protection laws. It bolsters
operational resilience by distributing critical functions and leveraging Al for self-healing and predictive
management. Furthermore, its real-time fraud detection capabilities, enabled by Al-driven anomaly detection
and immutable DLT audit trails, strengthen security and regulatory alignment. The ability to personalize gaming
experiences and optimize operations through intelligent data analysis directly translates to improved customer
satisfaction and enhanced business performance.

Future directions for research and implementation are manifold and exciting. The continuous maturation and
performance optimization of fully homomorphic encryption will likely lead to its mainstream adoption for
privacy-preserving cloud analytics and collaborative Al training on sensitive datasets. The transition towards
fully serverless database architecture promises further reductions in operational overhead and increased
scalability. Moreover, the embedding of Al model inferencing directly within the DBMS will enable even faster,
more localized insights without the need for data movement. Enterprises that proactively embrace and
strategically implement these advanced database paradigms will be exceptionally well-positioned to thrive in
the increasingly decentralized, privacy-first, and Al-enhanced digital landscape of tomorrow.

Enterprises that implement such architectures will not only transform their operations but also contribute to the
advancement of U.S. industry leadership in secure, Al-enhanced, and privacy-respecting digital infrastructure.

References
1. E. Brewer, "Towards robust distributed systems,'
Principles of Distributed Computing, 2000.
2. J. C. Corbett et al., "Spanner: Google's globally-distributed database," OSDI, 2012.
3. Z. Dehghani, Data Mesh: Delivering Data-Driven Value at Scale. O'Reilly Media, 2020.
4. C. Dwork, F. McSherry, K. Nissim, and A. Smith, "Calibrating noise to sensitivity in private data
analysis," in Theory of Cryptography Conference, 2006.
C. Gentry, "Fully homomorphic encryption using ideal lattices," STOC, 2009.
A. C. Yao, "How to generate and exchange secrets," in Foundations of Computer Science, 1986.
7. M. DuckDB Labs, "MotherDuck: Serverless analytics meets embedded speed," arXiv preprint
arXiv:2305.00102, 2023.
8. NIST PQC Project, "Post-Quantum Cryptography Standards," National Institute of Standards and
Technology, 2023.

'

in Proceedings of the Annual ACM Symposium on

o o

Karthick Ramachandran, [JSRM Volume 13 Issue 07 July 2025 EC-2025-2384



9. Gomez, M., & Tan, K. (2023). Al-enhanced data governance for cross-border compliance: A federated
learning perspective. Computers & Security, 133, 103188.

10. Malik, H., & Ren, Y. (2023). Edge-to-core data management in hybrid cloud: An architectural blueprint
for latency-sensitive applications. Journal of Cloud Computing, 12(1), 77.

Karthick Ramachandran, [JSRM Volume 13 Issue 07 July 2025 EC-2025-2385



