
 

 

 

Volume 12, Issue 6, June 2023 

Impact Factor: 8.423 



International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET) 

                                           |e-ISSN: 2319-8753, p-ISSN: 2347-6710| www.ijirset.com | Impact Factor: 8.423| A Monthly Peer Reviewed & Referred Journal | 

|| Volume 12, Issue 6, June 2023 || 

| DOI:10.15680/IJIRSET.2023.1206156 | 

IJIRSET©2023                                                                |     An ISO 9001:2008 Certified Journal   |                                           9015 

 

Evolution of Database Management System in 
Hybrid and Multi Cloud Platform: 

Challenges, Solutions and Innovations 
 

Prof. Pankaj Pali1, Prof. Abhishek Vishwakarma2, Prof. Jaya Choubey3, Rishita Jaiswal4,  

Pranjil Soni 5 

Department of CSE, Baderia Global Institute of Engineering and Management (BGIEM), Jabalpur, M.P., India 

 

ABSTRACT: The rapid advancement in cloud computing has catalyzed the evolution of database management 

systems (DBMS), particularly in the context of hybrid and multi-cloud platforms. This review paper examines the 

transformative journey of DBMS, focusing on the challenges, solutions, and innovations that have emerged in hybrid 

and multi-cloud environments. Key challenges include data consistency, security, latency, and cost management, which 

are compounded by the heterogeneity and distributed nature of these platforms. The paper discusses state-of-the-art 

solutions, such as advanced data replication techniques, automated policy-driven management, and robust security 

protocols, that address these challenges. Furthermore, it highlights groundbreaking innovations in database architecture, 

including cloud-native DBMS, serverless databases, and AI-driven database optimization, which are reshaping the 

landscape. By providing a comprehensive analysis of these developments, this review aims to offer valuable insights 

into the current trends and future directions of DBMS in hybrid and multi-cloud platforms, serving as a resource for 

researchers and practitioners in the field. 
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I. INTRODUCTION 
 
In recent years, the landscape of database management systems (DBMS) has undergone a profound transformation with 

the widespread adoption of hybrid and multi-cloud platforms. This evolution represents a significant shift from 

traditional on-premises data storage and management practices to dynamic, scalable, and geographically distributed 

infrastructures. As organizations increasingly embrace cloud computing for its flexibility, scalability, and cost-

efficiency, the need for robust DBMS solutions that can seamlessly operate across multiple cloud environments has 

become paramount. 

 

A. Overview of Database Management Systems (DBMS) in Cloud Computing 

Database Management Systems (DBMS) play a crucial role in managing data efficiently and ensuring its integrity, 

security, and availability. With the advent of cloud computing, DBMS technology has evolved significantly, 

transitioning from traditional on-premises systems to scalable, cloud-based solutions. Cloud computing offers various 

models such as Infrastructure as a Service (IaaS), Platform as a Service (PaaS), and Software as a Service (SaaS), each 

providing different levels of abstraction and control over the underlying infrastructure. This shift has facilitated the 

development of more dynamic, flexible, and cost-effective database solutions, enhancing performance and reducing 

operational complexities. 

 

B. Definition and Importance of Hybrid and Multi-Cloud Environments 

Hybrid and multi-cloud environments have emerged as pivotal strategies in modern IT architecture. A hybrid cloud 

environment combines private and public clouds, allowing data and applications to be shared between them. Multi-

cloud, on the other hand, involves the use of multiple cloud services from different providers, ensuring redundancy, 

minimizing vendor lock-in, and optimizing performance. These environments offer significant advantages, such as 

enhanced scalability, flexibility, and resilience, making them indispensable for organizations seeking to leverage the 

full potential of cloud computing. 

 

C. Significance of Studying the Evolution of DBMS in These Environments 

Understanding the evolution of DBMS within hybrid and multi-cloud environments is essential for identifying trends, 

challenges, and opportunities in data management. As organizations increasingly adopt these architectures, there is a 

growing need to explore how DBMS technologies are adapting to support diverse and complex cloud landscapes. This 
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study aims to shed light on advancements, best practices, and future directions in DBMS development, ensuring that 

businesses can harness the benefits of cloud computing while maintaining robust data management frameworks. 

 
II. EVOLUTION OF DBMS 

 

The evolution of Database Management Systems (DBMS) has been a transformative journey marked by significant 

technological advancements and paradigm shifts. Beginning in the 1960s with hierarchical and network models, DBMS 

initially focused on efficient data organization and retrieval for early business applications. The emergence of the 

relational model in the 1970s, pioneered by Edgar F. Codd, introduced the concept of tables with rows and columns, 

fundamentally altering data management by emphasizing data independence and declarative querying through SQL 

(Structured Query Language). 

 

Throughout the 1980s and 1990s, relational DBMS (RDBMS) became the dominant model due to its simplicity, 

flexibility, and robustness, leading to the development of numerous commercial systems like Oracle, IBM DB2, and 

Microsoft SQL Server. These systems standardized data management practices across industries and facilitated the 

integration of complex data structures and business logic. 

 

The late 1990s witnessed the advent of object-oriented and object-relational databases, aiming to bridge the gap 

between relational databases and complex data types, such as images and multimedia. Meanwhile, the internet boom 

catalyzed the need for scalable, distributed databases capable of handling vast amounts of data and supporting web 

applications and e-commerce platforms. This demand spurred the development of NoSQL databases, which offered 

schema flexibility, horizontal scalability, and high availability. 

 

In recent years, the focus has shifted towards cloud-based databases, leveraging virtualization and distributed 

computing to provide on-demand scalability, elasticity, and cost efficiency. Additionally, the rise of Big Data and the 

Internet of Things (IoT) has prompted further innovations in DBMS, with solutions tailored for real-time analytics, 

machine learning, and streaming data processing. 

 

Looking ahead, the evolution of DBMS continues towards enhancing performance, security, and interoperability across 

diverse data environments, including hybrid and multi-cloud deployments. As organizations increasingly rely on data-

driven insights to gain competitive advantage, the evolution of DBMS remains pivotal in shaping the future of data 

management and analytics. 

 

III. RELATED WORK 
 

The related work for a research paper on cloud computing and data management can draw from various scholarly 

sources to establish a comprehensive understanding of the current landscape and challenges in the field. The DAMA-

DMBOK (Data Management Body of Knowledge) provides foundational insights into best practices and standards for 

managing data, essential for ensuring effective utilization and governance across cloud environments 
[1]

.  

 

Almeida and Calistru highlight significant challenges in big data management, emphasizing the complexities of 

handling vast volumes of data generated in cloud settings and the need for robust data management strategies 
[2]

. 

 

Abadi discusses limitations and opportunities in cloud data management, underscoring issues such as data privacy, 

scalability, and performance optimization 
[3]

. 

  

Similarly, Mohammad et al. compare approaches in cloud data management, offering a critical overview of current 

methodologies and technologies employed to address data storage, processing, and security concerns 
[4]

. 

  

Grolinger et al. delve into the specifics of NoSQL and NewSQL data stores, exploring their suitability and limitations 

in cloud environments 
[5]

. 

 

Hong et al. provide an overview of multi-cloud computing, emphasizing its benefits in terms of redundancy, workload 

distribution, and vendor lock-in avoidance 
[6]

. 

  

Zardari et al. propose a Hybrid Multi-cloud Data Security (HMCDS) model, focusing on data classification and 

security measures essential for protecting data across multiple cloud platforms 
[7]

. 
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Sakr et al. survey large-scale data management approaches in cloud environments, discussing architectural paradigms 

and management strategies relevant for handling diverse datasets effectively 
[8]

. 

  

Ghoshal et al. explore data management strategies for scientific applications in cloud environments, highlighting 

specialized requirements and innovative approaches for optimizing data handling and analysis in research contexts 
[9]

. 

 

Collectively, these works contribute to a comprehensive understanding of cloud data management, spanning issues 

from scalability and performance to security and compliance. They provide a foundational basis for developing 

effective strategies and solutions to overcome challenges in leveraging cloud computing for data-intensive applications 

and research endeavors. 

 

IV. CLOUD   COMPUTING, HYBRID CLOUD PLATFORM, MULTI CLOUD PLATFORM 
 

Cloud computing has revolutionized the landscape of IT infrastructure by offering scalable, on-demand access to 

computing resources over the internet. It allows organizations to avoid the upfront costs and complexities associated 

with owning and maintaining physical servers, thus promoting agility and cost-effectiveness. Hybrid cloud platforms 

combine private and public cloud services, enabling businesses to leverage the benefits of both. This approach offers 

flexibility, allowing organizations to keep sensitive data secure on a private cloud while utilizing public cloud resources 

for less critical operations or to manage workload spikes. Moreover, hybrid clouds facilitate seamless data and 

application portability between environments, enhancing operational efficiency and resilience. 

 

In contrast, multi-cloud platforms extend this concept by incorporating services from multiple cloud providers. This 

strategy reduces dependency on a single vendor and diversifies risk, ensuring continuity even if one provider 

experiences downtime or other issues. Multi-cloud environments empower organizations to select best-of-breed 

services from different providers based on specific needs such as geographic presence, compliance requirements, or 

cost considerations. However, managing multiple clouds introduces challenges in terms of integration, data 

consistency, and security, necessitating robust governance and management frameworks. 

 

Research in cloud computing, hybrid cloud platforms, and multi-cloud platforms continues to evolve, focusing on 

optimizing performance, enhancing security measures, and developing interoperability standards. Key areas of interest 

include workload management strategies, automated scaling mechanisms, and the orchestration of resources across 

diverse cloud environments. As organizations increasingly adopt these technologies, understanding their implications 

for data sovereignty, regulatory compliance, and overall IT strategy becomes crucial. Ultimately, research in these 

domains aims to empower businesses with the knowledge and tools needed to harness the full potential of cloud 

computing while mitigating risks and maximizing operational efficiency in an increasingly digital world. 

 

V. PROBLEM WITH TRADITIONAL DBMS IN CLOUD   COMPUTING 
 

Traditional Database Management Systems (DBMS) encounter significant challenges when deployed in cloud 

environments, primarily due to their inherent design and architecture. One of the foremost issues is scalability. 

Traditional DBMSs are often designed to run on a single server or a tightly coupled cluster, which limits their ability to 

scale out horizontally in response to varying workloads and data volumes. In contrast, cloud environments demand 

elastic scalability, where resources can be dynamically allocated and released based on demand, a capability that 

traditional DBMS architectures struggle to efficiently support. 

 

Another critical concern is performance optimization in distributed settings. Cloud deployments typically span multiple 

geographic regions or data centers to enhance availability and reduce latency. However, traditional DBMSs may not be 

optimized for such distributed architectures, leading to performance bottlenecks and increased response times. These 

systems often rely on synchronous communication protocols and centralized coordination mechanisms, which can 

become impractical or inefficient at scale. 

 

Moreover, cost-effectiveness poses a substantial challenge. Traditional DBMSs are typically licensed based on the 

number of cores or servers they run on, which can result in high costs when deployed in cloud environments where 

resources are expected to be dynamically provisioned and de-provisioned based on workload fluctuations. Additionally, 

managing traditional DBMSs in the cloud requires specialized skills and operational overhead, including tasks such as 

provisioning, monitoring, and maintaining backups, which may not align with the pay-as-you-go cost model of cloud 

computing. 
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Lastly, data sovereignty and compliance with regulatory requirements become more complex in cloud deployments. 

Traditional DBMSs may not natively support data replication across regions with specific regulatory constraints, 

necessitating custom solutions that can be challenging to implement and maintain. 

 

In conclusion, while traditional DBMSs have been foundational in on-premises environments, their adaptation to the 

cloud poses significant challenges related to scalability, performance optimization, cost-effectiveness, and regulatory 

compliance. Addressing these issues requires either substantial modifications to existing architectures or migration to 

cloud-native database technologies designed to leverage the elasticity, distributed nature, and cost model of cloud 

computing effectively. 

 

VI. HOW HYBRID AND MULTI CLOUD SOLVED THE PROBLEM 
 

Hybrid and multi-cloud architectures have revolutionized traditional Cloud DBMS solutions by offering unprecedented 

flexibility, resilience, and efficiency. Traditionally, organizations relied on single-cloud solutions, which often led to 

vendor lock-in, scalability challenges, and limited geographical reach. Hybrid cloud approaches integrate on-premises 

infrastructure with public and private cloud services, allowing enterprises to leverage existing investments while 

benefiting from the scalability and agility of cloud platforms. This integration enables seamless workload distribution, 

ensuring critical applications can run on-premises for data sovereignty or compliance reasons, while less sensitive tasks 

utilize public cloud resources for cost-efficiency and elasticity. 

 

Furthermore, multi-cloud strategies take hybrid models a step further by distributing workloads across multiple cloud 

providers. This approach mitigates risks associated with vendor dependency, as organizations can choose services 

based on specific needs like performance, cost, or regulatory compliance. Multi-cloud setups also enhance resilience 

against outages and data loss by spreading data across diverse geographic regions and infrastructure providers. 

Additionally, they enable workload portability and easier migration between platforms, reducing the complexities 

associated with vendor lock-in and facilitating strategic decision-making. 

 

Moreover, both hybrid and multi-cloud architectures enhance disaster recovery capabilities by enabling data replication 

and failover across diverse environments. This redundancy ensures business continuity even in the face of localized 

failures or broader service interruptions. By decoupling applications from specific cloud providers, organizations gain 

operational flexibility and cost savings through optimized resource utilization and competitive pricing models. In 

conclusion, hybrid and multi-cloud approaches have fundamentally transformed traditional Cloud DBMS solutions by 

offering unparalleled flexibility, resilience, and strategic advantage in today's dynamic digital landscape. 
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