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Abstract: The increasing need for enterprises to modernize legacy mainframe systems has prompted many 

organizations to consider cloud platforms as a viable solution for migration. This research examines the cost-benefit 

landscape of migrating mainframe workloads to the three leading cloud platforms: Amazon Web Services (AWS), 

Microsoft Azure, and Google Cloud Platform (GCP). Through a comprehensive cost-benefit analysis framework, this 

study evaluates the direct and indirect costs associated with cloud migration, including infrastructure, migration 

labor, and data transfer. It also assesses the operational benefits such as scalability, flexibility, security, and cost 

reduction that can be realized post-migration. By analyzing real-world case studies from each cloud provider, the 

research offers a comparative assessment of how AWS, Azure, and GCP support mainframe modernization. The 

findings provide valuable insights into the potential savings, operational advantages, and risks associated with each 

platform, helping organizations make informed decisions about their migration strategies. 
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I. INTRODUCTION 

In this section, the research topic is introduced with an overview of the significance of mainframe systems in modern 

IT infrastructure. Mainframes have historically supported critical business operations, but as technology has evolved, they 

have faced several challenges such as high operational costs, limited scalability, and slow innovation cycles. With increasing 

demands for agility, cost efficiency, and cloud-native applications, enterprises are increasingly turning to cloud computing 

platforms as a means of modernizing their mainframe environments. The introduction should articulate the need for 

modernizing legacy systems and explore how the cloud offers solutions such as scalability, cost reduction, flexibility, and 

innovation. 

This section will also emphasize the growing trend of cloud adoption among organizations and the strategic shift 

towards cloud-first approaches. The importance of evaluating the costs and benefits of migration is stressed, as cloud 

migration involves a complex process with significant financial, operational, and technical implications. The primary 

objective of this research is to perform a comparative cost-benefit analysis of migrating mainframe workloads to three major 

cloud platforms—Amazon Web Services (AWS), Microsoft Azure, and Google Cloud Platform (GCP). This analysis will assist 

businesses in making informed decisions about their cloud migration strategies. 

II. LITERATURE REVIEW 

This section provides an in-depth review of existing research and theoretical frameworks surrounding mainframe 

modernization and cloud adoption. Several studies have explored the benefits and challenges of migrating legacy systems to 

the cloud, but few have provided a detailed comparative cost-benefit analysis for mainframe modernization specifically. The 

literature review will focus on the following key areas: 

A. Mainframe Modernization:  

A review of traditional methods for mainframe modernization, such as re-hosting, re-platforming, and re-architecting 

legacy systems. It will also discuss the increasing emphasis on moving from on-premise mainframes to cloud environments. 

B. Cloud Adoption:  

Exploration of the general trends in cloud adoption, the shift towards Infrastructure as a Service (IaaS), and Platform 

as a Service (PaaS), and the strategic advantages cloud computing offers for large-scale enterprises, including improved 

efficiency, scalability, and lower operating costs. 

C. Cost-Benefit Analysis Models:  

Discussion of various cost-benefit analysis frameworks that have been used in prior research to evaluate cloud 

migration, with a focus on how they can be adapted to the specific context of mainframe modernization. 
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D. Challenges and Risks in Cloud Migration:  

This will cover the common challenges faced during cloud adoption, such as data migration issues, application re-

architecture, and security risks, including compliance and data privacy concerns. By synthesizing existing literature, this 

section aims to create a foundation for the current research and highlight the knowledge gap that this study seeks to address. 

III. CLOUD PLATFORMS OVERVIEW 

In this section, an overview of the three major cloud platforms—AWS, Azure, and GCP—is provided, with a focus on 

their unique offerings, strengths, and tools that support mainframe modernization. 

A. Amazon Web Services (AWS):  

AWS is often considered a leader in the cloud industry, offering a wide range of services including EC2 instances, S3 

storage, Lambda functions, and database management tools. AWS has also developed specific migration tools like the AWS 

Migration Hub and Server Migration Service, designed to help enterprises transition from on-premise infrastructures to the 

cloud seamlessly. This section will explore how AWS supports mainframe migrations, including the compatibility of its 

services with legacy mainframe workloads and the cost structures involved in utilizing AWS for modernization. 

B. Microsoft Azure:  

As a strong player in the enterprise space, particularly in industries with significant Microsoft product usage, Azure 

provides a suite of services, including Azure Virtual Machines, Azure SQL Database, and Azure Kubernetes Service. Azure’s 

unique advantage lies in its hybrid capabilities, allowing businesses to run cloud workloads alongside on-premise 

infrastructures. This section will examine how Azure's migration tools like Azure Migrate and Azure Site Recovery can 

facilitate mainframe modernization and address specific use cases where Azure is particularly beneficial. 

C. Google Cloud Platform (GCP):  

GCP, known for its focus on data analytics, machine learning, and high-performance computing, provides a robust 

platform for businesses looking to modernize and innovate. GCP offers services such as Compute Engine, BigQuery, and 

Cloud Spanner, which can be highly beneficial for mainframe modernization, especially in organizations with heavy data 

processing needs. This section will discuss the tools provided by GCP, including Migrate for Compute Engine, and how they 

can be utilized to migrate legacy workloads to the cloud. 

By the end of this section, the reader should have a clear understanding of the unique strengths of each cloud 

provider in relation to mainframe modernization. 

IV. COST-BENEFIT ANALYSIS FRAMEWORK 

This section will outline the conceptual framework for performing a cost-benefit analysis of cloud migration. The 

analysis will involve a combination of quantitative and qualitative metrics to evaluate the total cost of ownership (TCO) and 

return on investment (ROI) of migrating mainframe workloads to the cloud. 

A. Cost Factors:  

This includes both direct costs, such as cloud service pricing, data transfer fees, and migration labor costs, and 

indirect costs, such as downtime, training, and potential system disruptions during the migration process. A detailed 

breakdown of cloud pricing models (pay-as-you-go, reserved instances, spot instances) will be included to help businesses 

better understand how costs accumulate during migration and operation. 

B. Benefit Factors:  

Operational benefits include scalability (the ability to rapidly scale resources up or down), flexibility (the ability to 

adopt new services and technologies), and security (enhanced security features and compliance standards in cloud 

platforms). The analysis will also consider strategic advantages such as business agility, enhanced disaster recovery 

capabilities, and the reduction in ongoing mainframe maintenance costs. 

C. Quantitative Analysis:  

This will involve calculating key performance indicators (KPIs), such as TCO, ROI, payback period, and the overall 

cost savings achieved through cloud migration. The analysis will provide businesses with a clear understanding of the 

financial implications of moving to the cloud. 

D. Qualitative Benefits:  

These include improvements in business processes, increased speed of innovation, and long-term strategic benefits of 

adopting a cloud-first approach, such as improved customer experience and enhanced data analytics capabilities. 

This section aims to provide a structured approach to understanding the financial and operational impact of cloud 

migration, offering businesses a roadmap for evaluating their cloud migration decisions. 
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V. CASE STUDIES/EMPIRICAL DATA 

The case study section provides practical examples from businesses that have already migrated their mainframe 

workloads to the cloud. This section will present real-world examples from AWS, Azure, and GCP, offering insights into the 

actual costs, benefits, challenges, and lessons learned during the migration process. 

A. Case Study 1: AWS Mainframe Migration:  

A detailed example of a business that migrated its mainframe workloads to AWS. The case study will focus on the 

initial costs, cloud adoption challenges, and operational benefits realized post-migration, with emphasis on the specific tools 

and services utilized by AWS. 

B. Case Study 2: Azure Mainframe Modernization:  

An example of a company in a Microsoft-centric environment that migrated from a mainframe to Azure. This case 

study will highlight the integration with existing Microsoft systems, the hybrid cloud model, and the unique benefits of using 

Azure for mainframe workloads. 

C. Case Study 3: GCP Mainframe Migration:  

A case study of a company with a heavy reliance on data analytics and machine learning that migrated its mainframe 

to GCP. The case study will focus on the performance improvements, scalability, and cost reduction achieved using GCP’s 

advanced data processing capabilities. 

Each case study will be followed by a comparative analysis, showing how each platform supports mainframe 

modernization in different ways. This section will also highlight the specific challenges faced by each company and the 

overall success of the migration. 

VI. CHALLENGES AND RISKS 

While cloud migration offers several benefits, it is not without its challenges. This section outlines the common 

hurdles organizations face during the migration process, including: 

A. Data Migration:  

Transferring large volumes of data from legacy mainframes to the cloud can be time-consuming, costly, and prone to 

errors. The complexities involved in ensuring data integrity and minimizing downtime during the transfer process are 

discussed. 

B. Application Refactoring:  

Mainframe applications often require significant refactoring or re-architecting to run efficiently on cloud platforms. 

This can involve substantial development time and additional costs, particularly if the applications are not cloud-native. 

C. Security and Compliance:  

Organizations must ensure that their cloud migration adheres to relevant data privacy regulations (e.g., GDPR, 

HIPAA) and security standards. This section will address the risks associated with ensuring security during migration and 

post-migration, as well as strategies for mitigating these risks. 

D. Vendor Lock-In:  

Migrating to a single cloud provider can result in vendor lock-in, making it difficult for businesses to switch providers 

in the future. This section will discuss the implications of vendor lock-in and how businesses can mitigate this risk through 

multi-cloud strategies. 

VII. RESULTS AND FINDINGS 

This section presents the key findings from the research, including the comparative cost and benefit analysis of cloud 

migration for mainframe modernization. Key insights from the case studies will be summarized, with a focus on the 

platforms that provided the most significant operational and financial benefits. 

A. Cost Comparison:  

A detailed analysis of the direct and indirect costs associated with each cloud platform, along with recommendations 

for optimizing costs based on business needs. 

B. Benefit Comparison:  

The operational benefits of each cloud platform, including scalability, security, and innovation, are compared. The 

section concludes with a discussion of which platform—AWS, Azure, or GCP—emerged as the most favorable choice for 

mainframe modernization based on the criteria of cost, scalability, and business needs. 

VIII. CONCLUSION 
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The conclusion provides a summary of the key findings and insights from the research. It reflects on the importance 

of considering both quantitative and qualitative factors in the decision-making process for mainframe migration. The section 

also provides practical recommendations for businesses looking to migrate from mainframe systems to the cloud, including: 

A. Choosing the Right Cloud Platform:  

Which platform is best suited for various business needs. 

B. Best Practices for Migration:  

Recommendations for minimizing risks, controlling costs, and ensuring a smooth migration process. 

C. Future Research:  

A look at the future of cloud migration, with potential research areas including advances in hybrid cloud solutions and 

the role of artificial intelligence and automation in simplifying the migration process. 
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