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Abstract: Mainframe systems have long been the backbone of many large enterprises, handling critical workloads, 

transactions, and data processing. However, the growing demand for agility, cost efficiency, and innovation has driven 

many organizations to consider cloud migration as part of their mainframe modernization strategy. This research 

explores cloud migration strategies for mainframe systems, focusing on a comparative study of three major cloud 

providers: Amazon Web Services (AWS), Microsoft Azure, and Google Cloud Platform (GCP). By examining the tools, 

services, and migration approaches offered by each platform, this study evaluates the suitability of these cloud 

providers for modernizing legacy mainframe applications. The analysis covers key aspects such as scalability, 

performance, cost, security, and compliance, with an emphasis on best practices, challenges, and real-world case 

studies. The findings provide valuable insights for enterprises considering cloud migration and offer guidance on 

selecting the most appropriate cloud platform based on organizational needs and technical requirements. 
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I. INTRODUCTION 

A. Background: 

Mainframe systems have played a pivotal role in the operations of large enterprises for decades, particularly in 

industries such as banking, insurance, healthcare, and government. They have been designed to handle large volumes of 

transactions, data processing, and critical workloads. However, as organizations strive to become more agile, cost-efficient, 

and digitally connected, these legacy systems face limitations, including high maintenance costs, lack of scalability, and 

inflexibility in adapting to new technologies. Mainframe modernization has emerged as a crucial strategy to overcome these 

challenges. Moving from on-premises mainframe systems to the cloud allows organizations to leverage cloud technologies, 

including scalability, flexibility, and automation, enabling a more responsive infrastructure and a pathway to digital 

transformation. 

 

B. Problem Statement: 

Organizations have long relied on mainframe systems for mission-critical applications, but the cost of maintaining 

and running these legacy systems has become unsustainable. The pressure to innovate, reduce operational costs, and 

integrate modern technologies, such as cloud-native applications, AI, and analytics, has driven businesses to explore 

migration options. However, migrating from mainframes to cloud platforms introduces significant challenges. These include 

data migration complexities, security concerns, application refactoring, and ensuring minimal disruption to business 

continuity. This research addresses the need for a comprehensive understanding of cloud migration strategies and evaluates 

how three major cloud providers—AWS, Microsoft Azure, and Google Cloud Platform—can assist in this modernization 

journey. 

 

C. Research Objectives: 

The main objectives of this research are: 

 To investigate and compare the cloud migration strategies for mainframe systems across AWS, Azure, and GCP. 

 To analyze the various tools, services, and methodologies offered by each cloud provider for mainframe 

modernization. 

 To evaluate the performance, scalability, security, and cost-effectiveness of cloud migration on these platforms. 

 To offer practical insights and recommendations to organizations seeking the most effective cloud solution for their 

mainframe migration efforts. 
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D. Research Significance: 

This study is significant because it offers insights into the challenges and opportunities associated with migrating 

mainframe workloads to cloud platforms. As organizations across industries adopt cloud solutions, understanding which 

cloud provider offers the best support for mainframe modernization is crucial. By providing a detailed comparison of AWS, 

Azure, and GCP, this research will serve as a guide for enterprises to make informed decisions, optimize costs, reduce risks, 

and accelerate the digital transformation process. 

 

E. Scope and Limitations: 

The scope of this research is focused specifically on the migration of mainframe workloads to public cloud platforms. 

It will examine the cloud migration strategies of AWS, Azure, and GCP, as well as the tools, technologies, and approaches 

used by each. While this study addresses core aspects of mainframe modernization, it does not explore other alternatives 

such as hybrid cloud solutions or private cloud implementations. Additionally, the research is not focused on specific 

industry sectors but rather offers a general overview applicable to a broad range of organizations. 

 

II. LITERATURE REVIEW 

A. Mainframe Modernization: Current Trends: 

Mainframe modernization is an evolving field that addresses the need for businesses to integrate newer technologies 

while still retaining the reliability and power of their legacy systems. A key driver of modernization efforts is the growing 

demand for agility and cost-efficiency. Over the years, organizations have moved from simple hardware upgrades to more 

comprehensive strategies like refactoring or replatforming applications to the cloud. Some businesses are opting for a 

complete replacement of their mainframe systems, while others are choosing hybrid models, where mainframes coexist with 

cloud platforms. Literature suggests that successful mainframe modernization often involves careful planning, a phased 

migration approach, and the right mix of cloud services. 

 

B. Cloud Computing and Cloud Adoption: 

Cloud computing has revolutionized IT infrastructures by providing on-demand access to computing resources such 

as storage, processing power, and networking over the internet. The adoption of cloud platforms has been driven by their 

scalability, flexibility, and reduced operational costs. According to recent studies, organizations migrating to the cloud 

experience enhanced operational efficiency, better performance, and improved innovation capabilities. As businesses seek to 

modernize their legacy systems, cloud adoption has become a preferred strategy, enabling enterprises to harness cloud-

native services such as machine learning, big data analytics, and microservices. However, the shift to the cloud also presents 

challenges such as data security concerns, integration issues, and the need for specialized skills. 

 

C. Cloud Migration Frameworks: 

There are several frameworks and methodologies for migrating workloads to the cloud, each catering to different 

levels of system transformation. The commonly known "6 Rs" framework includes Rehost (lift-and-shift), Replatform (lift-

tinker-and-shift), Refactor (re-architecting applications), Repurchase (switching to a cloud-native product), Retire 

(decommissioning obsolete applications), and Retain (keeping some applications on-premises). This section reviews existing 

literature on these frameworks and discusses the advantages and drawbacks of each migration strategy, particularly in the 

context of mainframe systems. For example, "rehosting" may be suitable for moving legacy mainframe applications with 

minimal changes, whereas "refactoring" may be more appropriate for enterprises seeking to fully leverage cloud-native 

capabilities. 

 

D. Comparative Analysis of Cloud Providers: 

Several studies have compared the offerings of AWS, Azure, and GCP, often highlighting their individual strengths 

and weaknesses. AWS is known for its vast service ecosystem, scalability, and global infrastructure, making it an attractive 

option for large-scale migrations. Azure, with its strong enterprise focus and seamless integration with Microsoft 

technologies, is particularly favored by businesses already using Windows-based solutions. GCP, known for its strengths in 

data analytics, machine learning, and Kubernetes, offers an appealing choice for organizations looking to innovate. However, 

the selection of a cloud platform depends on various factors, including existing infrastructure, specific workloads, and long-

term strategic goals. This section synthesizes these studies to provide an overview of what each cloud provider brings to the 

table in terms of mainframe modernization. 
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III. CLOUD MIGRATION STRATEGIES FOR MAINFRAME MODERNIZATION 

A. Amazon Web Services (AWS): 

AWS is one of the most widely adopted cloud platforms and offers a suite of tools specifically designed for mainframe 

migration. AWS Mainframe Modernization is a set of services that enable organizations to move their mainframe workloads 

to the cloud with minimal disruption. AWS provides a flexible, scalable infrastructure with services like Amazon EC2, 

Amazon S3, and AWS Lambda, along with specialized tools such as AWS Migration Hub and AWS Snowball for large-scale 

data transfers. One of AWS’s key advantages is its extensive global infrastructure, which provides organizations with options 

for redundancy and high availability. The migration approach often follows the "rehost" strategy, though AWS also supports 

refactoring and replatforming for more comprehensive modernization efforts. Success stories, such as the migration of 

legacy applications by large enterprises, demonstrate AWS’s ability to handle mainframe workloads with minimal downtime 

and enhanced scalability. 

 

B. Microsoft Azure: 

Microsoft Azure has positioned itself as a strong contender for enterprises with heavy investments in Microsoft-based 

technologies. Azure’s cloud migration tools include Azure Migrate, which helps assess, plan, and execute cloud migrations. 

Azure's solutions for mainframe modernization focus on integrating existing on-premises mainframe applications with 

cloud-native services. Azure’s hybrid capabilities allow for the gradual migration of workloads, ensuring minimal disruption. 

In addition, Azure’s Azure VMware Solution and Azure NetApp Files provide high-performance and enterprise-grade options 

for managing workloads. Azure also offers enhanced support for data security, governance, and compliance, making it an 

appealing choice for regulated industries. Azure’s seamless integration with other Microsoft products such as SQL Server, 

Active Directory, and Office 365 makes it particularly suitable for businesses already embedded in the Microsoft ecosystem. 

 

C. Google Cloud Platform (GCP): 

Google Cloud Platform (GCP) differentiates itself with a strong emphasis on data analytics, artificial intelligence, and 

machine learning. GCP’s mainframe modernization offerings, such as the Google Cloud VMware Engine and Anthos, allow 

organizations to move their legacy workloads to the cloud without significant changes to the applications. GCP excels in 

supporting high-performance computing and big data analytics, which can be key for businesses seeking to unlock more 

value from their mainframe data. Moreover, GCP provides a strong developer ecosystem with a focus on containerization 

and microservices, which is ideal for businesses looking to refactor their applications for the cloud. GCP’s pricing model is 

also competitive, particularly for organizations with high data processing needs. Despite being a smaller player compared to 

AWS and Azure, GCP is gaining traction in the mainframe modernization space due to its strengths in AI, machine learning, 

and cloud-native development. 

 

IV. COMPARATIVE ANALYSIS OF AWS, AZURE, AND GCP FOR MAINFRAME MODERNIZATION 

A. Migration Tools and Services: 

Each cloud provider offers a suite of tools for assessing, migrating, and modernizing legacy workloads. AWS provides 

services like Migration Hub, Snowball, and the Mainframe Modernization tool, while Azure offers Azure Migrate and Azure 

VMware Solution. GCP uses tools like the Google Cloud VMware Engine and Anthos. The choice of migration tools can 

depend on several factors, such as the size of the mainframe environment, the complexity of the migration, and the 

organization's preferred migration strategy (e.g., rehost, refactor, or replatform). 

 

B. Scalability, Flexibility, and Performance: 

AWS is renowned for its massive scalability and flexibility, with a global network of data centers that allows 

businesses to scale on-demand. Azure’s hybrid cloud capabilities provide flexibility in handling both on-premises and cloud-

based workloads, while GCP stands out with its focus on big data and machine learning. In terms of performance, all three 

platforms offer robust infrastructure, but specific use cases (e.g., AI, high-performance computing) may be more suited to 

one platform over another. 

 

C. Cost Considerations: 

Cost is a significant factor in cloud migration, and each provider has its own pricing structure. AWS typically charges 

based on compute, storage, and data transfer usage, with several pricing models available (e.g., reserved instances, on-

demand). Azure’s pricing can be competitive for enterprises that already use Microsoft technologies. GCP is often considered 

more cost-effective for high-compute workloads and large-scale data analytics. A careful cost analysis, considering both 

upfront migration costs and long-term operational savings, is critical when choosing a cloud provider. 
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D. Security and Compliance: 

Security is a top priority for organizations migrating legacy mainframe workloads to the cloud. All three platforms—

AWS, Azure, and GCP—offer enterprise-grade security features, including encryption, identity management, and network 

security tools. However, there may be specific industry compliance requirements (e.g., HIPAA, GDPR, PCI DSS) that 

influence the choice of provider. For example, Azure is often preferred by businesses in highly regulated industries due to its 

extensive compliance certifications. 

 

E. User Experience and Support: 

User experience and support can greatly impact the success of a migration. AWS, Azure, and GCP all provide robust 

customer support and training resources. However, the complexity of their tools and services varies, with AWS being known 

for its large ecosystem and potentially steeper learning curve. Azure’s seamless integration with Microsoft products makes it 

easier for enterprises already using these tools. GCP’s focus on developer-friendly environments and open-source 

technologies offers flexibility for companies embracing modern development practices. 

 

V. CASE STUDIES AND REAL-WORLD EXAMPLES 

A. Case Study 1: AWS Mainframe Migration: 

This section would provide a detailed example of a company that migrated its mainframe workloads to AWS, 

highlighting the challenges, solutions, and benefits they experienced. Key factors like cost savings, scalability improvements, 

and enhanced performance would be discussed. 

 

B. Case Study 2: Azure Mainframe Migration: 

A case study of an organization that moved from mainframe systems to Azure would be presented, with a focus on 

hybrid cloud integration, security, and compliance, particularly in industries like healthcare or finance. 

 

C. Case Study 3: GCP Mainframe Migration: 

A case study of a company that leveraged GCP for its mainframe modernization would highlight the use of GCP’s data 

analytics and machine learning capabilities, particularly for businesses seeking to unlock value from their mainframe data. 

 

D. Lessons Learned from the Case Studies: 

This section would summarize key takeaways from the case studies, providing actionable insights on best practices, 

challenges to anticipate, and common mistakes to avoid. 

 

VI. DISCUSSION AND KEY FINDINGS 

A. Strengths and Weaknesses of Each Cloud Provider: 

Here, a detailed comparison of the strengths and weaknesses of AWS, Azure, and GCP will be provided, discussing 

factors such as service offerings, cost-effectiveness, and industry-specific needs. 

 

B. Best Practices for Mainframe Migration: 

Best practices derived from the research and case studies will be highlighted, helping organizations plan and execute 

a smooth transition to the cloud. 

 

C. Factors Influencing Cloud Platform Selection: 

The factors that influence an organization’s choice of cloud platform—such as cost, existing infrastructure, and 

business goals—will be analyzed. 

 

D. Recommendations for Organizations Planning Cloud Migration: 

Based on the research findings, specific recommendations will be made to guide organizations in choosing the best 

cloud platform for their mainframe modernization efforts. 

 

VII. CONCLUSION 

A. Summary of Findings: 

The final section will summarize the key findings of the research, emphasizing the comparative strengths of AWS, 

Azure, and GCP. 
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B. Contributions to the Field: 

The contributions of this research to the field of cloud migration and mainframe modernization will be discussed. 

 

C. Future Research Directions: 

Suggestions for future research will be provided, particularly areas that could be further explored as the cloud 

migration landscape continues to evolve. 
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