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Abstract : The migration of legacy systems to modern cloud platforms is a critical step for organizations looking to improve
scalability, reduce costs, and enhance flexibility. Despite the substantial benefits, the migration process presents several challenges,
including issues related to data integrity, downtime, application compatibility, and the complexity of choosing the right cloud model.
This review explores the methodologies, best practices, and challenges associated with migrating legacy applications to the cloud.
It also highlights the importance of cloud-native tools and services in ensuring smooth and efficient migrations.

IndexTerms - Legacy system migration, cloud platforms, data integrity, cloud-native tools, migration strategy, digital
transformation.

INTRODUCTION

In recent years, the migration of legacy applications to cloud-based platforms has emerged as a critical focus
area for many organizations striving to remain competitive in the increasingly digital landscape. Legacy
systems, which were designed for on-premises infrastructure, often struggle to meet the evolving demands
of businesses in terms of scalability, flexibility, and cost-effectiveness. Cloud computing, by contrast,
provides a range of advantages, including resource optimization, improved performance, and on-demand
access to powerful computing resources. However, migrating legacy applications to cloud environments
presents significant technical and organizational challenges that must be carefully managed. This transition,
while promising substantial benefits, has become an important subject of study in both the academic and
professional realms due to the rapidly growing reliance on cloud technologies.

The importance of this topic is underscored by the widespread adoption of cloud computing in industries
across the globe. According to recent studies, the global cloud market is projected to grow exponentially in
the coming years, with businesses increasingly recognizing the benefits of cloud migration, including reduced
infrastructure costs, enhanced operational efficiency, and the ability to scale rapidly. However, despite these
benefits, the migration process itself is fraught with complexities. Organizations often face issues related to
data security, application compatibility, performance optimization, and organizational resistance to change.
Moreover, the specific technical challenges associated with cloud migration are frequently underexplored in
existing literature, making it difficult for practitioners to navigate these hurdles effectively.

In the broader context, migrating legacy systems to the cloud plays a crucial role in enabling businesses to
stay ahead of technological advancements and harness the full potential of modern cloud platforms. The
need for cloud-based infrastructure has been heightened by the increasing volume of data and the demand
for faster, more efficient processing capabilities. The challenges that arise from this migration often extend
beyond technical considerations, encompassing issues of organizational culture, project management, and
resource allocation. Thus, a holistic understanding of both the technical and organizational aspects of legacy
system migration is essential for achieving successful outcomes.

The purpose of this review is to provide a comprehensive examination of the key challenges and best
practices associated with migrating legacy applications to cloud platforms. This review will explore the current

JETIR2506791 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | h723


http://www.jetir.org/

© 2025 JETIR June 2025, Volume 12, Issue 6

www jetir.org (ISSN-2349-5162)

research landscape, highlighting gaps in existing literature and offering insights into effective strategies for

managing the migration process.

Summary of Key Research on Migrating Legacy Applications to Cloud Platforms

Year

Title

Focus

Findings

[5] 2023

Cloud Computing:
Transforming Legacy
Systems  for  the
Digital Era

Examines how cloud

computing can help
modernize legacy
applications.

The study highlights
the technical
challenges of
migrating legacy
applications, including
data security and
compatibility issues,
but emphasizes the
significant cost
savings and
scalability benefits of
cloud adoption.

[6] 2022

Legacy System
Migration to Cloud
Platforms: Challenges
and Solutions

Focuses on the
challenges faced
during the migration
of legacy systems to
the cloud.

Identifies key
challenges such as
data integrity,
application

reengineering, and
downtime. Solutions
include phased
migration strategies,
cloud-native tools,
and comprehensive
testing.

[7] 2021

Scaling for the Future:
The Role of Cloud
Migration in Business
Transformation

Explores how cloud
migration drives
business
transformation.

Cloud adoption is
found to enhance
operational efficiency,
reduce IT overhead,
and foster innovation.
However, companies
must overcome
resistance to change
and manage cloud
costs carefully.

[8] 2020

The Complexities of
Migrating Legacy
Applications: A
Critical Review

A critical review of
legacy system
migration processes.

The paper outlines
technical and
organizational hurdles
in legacy migration,
including lack of cloud
expertise and change
management.

Recommends

adopting agile
methodologies for
smoother transitions.
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[9] 2021 Best Practices for | Provides a guide on | The study
Migrating Legacy | best practices for | emphasizes the
Applications to the | cloud migration. importance of
Cloud stakeholder  buy-in,

careful planning, and
leveraging cloud
management tools. It
also stresses the
need for ongoing
training and support
post-migration.

[10] 2020 Cloud Migration | Focuses on migration | Key findings indicate
Strategies for Large | strategies for large | that large-scale
Enterprises: Lessons | enterprises. migrations require
Learned dedicated teams,

robust risk
management plans,
and clear migration
timelines. The study
advocates for a
hybrid-cloud

approach in large
enterprises.

[11] 2019 Managing the Risk of | Focuses on  risk | Discusses the
Legacy Systems | management during | importance of
during Cloud | legacy system | assessing risks,
Transition migration. particularly  around

data loss and
downtime, and
suggests a gradual
approach with proper
testing and validation
phases to mitigate
risks.

[12] 2021 Optimizing Legacy | Examines methods to | The paper discusses
System Performance | optimize legacy | optimization
in the Cloud applications in cloud | techniques such as

environments. cloud-based caching
and containerization,
which help improve
the performance and
scalability of legacy
applications in cloud
environments.

[13] 2022 Cloud Adoption | Investigates how | The study finds that
Models for Legacy |small to medium-| SMEs face unique
Systems in SMEs sized enterprises | barriers due to limited

(SMEs) can migrate | resources and
legacy systems. recommends phased
migration and
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selecting appropriate
cloud service
providers to reduce
costs and complexity.

[14] 2020 Evaluating the Cost- | Analyzes the cost- | The paper concludes
Effectiveness of | benefit aspect of | that while the upfront
Migrating Legacy | legacy system | costs of migration are
Applications to Cloud | migration to the cloud. | high, the long-term
Platforms savings and efficiency
gains from cloud
adoption justify the

investment,
particularly in terms of
scalability and
flexibility.

Challenges of Vendor Lock-In
. Limited Portability

Applications and data tightly coupled with proprietary services (e.g., AWS Lambda, Azure Cosmos DB) are difficult and
expensive to migrate to other platforms.

° High Switching Costs

Moving away from a vendor may involve significant reengineering, new licenses, training, and downtime.
° Dependency on Proprietary APls

Unique APIs and services create technical barriers that prevent easy transition to alternative vendors.

° Contractual and Licensing Constraints

Long-term contracts or restrictive licensing agreements can hinder agility and negotiation power.

° Lack of Flexibility in Service Customization

Some vendors may limit customization options, locking users into predefined configurations and performance models.

Challenges of Multi-Cloud Interoperability
l. Inconsistent APIs and Service Models

Different cloud providers offer varied APIs and architectures, making it hard to integrate services seamlessly.
. Data Synchronization and Consistency Issues
Maintaining real-time or near-real-time data consistency across platforms is complex and may impact performance or accuracy.
1. Security and Compliance Fragmentation
Each platform may have unique security protocols and compliance frameworks, complicating unified governance.
V. Monitoring and Management Complexity
Centralized monitoring, logging, and management become difficult when using tools that don’t work across platforms.Building
workflows that span multiple clouds may require custom middleware or orchestration layers, increasing development and
maintenance costs.
V. Increased Operational Overhead

Managing different billing models, SLAs, and support systems across platforms adds administrative burden.

Block Diagrams and Proposed Theoretical Model for Legacy Application Migration to Cloud Platforms

A simplified block diagram outlining the stages of legacy application migration to the cloud is shown below:
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Figure 1: Block Diagram for Legacy Application Migration to Cloud Platforms.

1. Assessment and Planning

In the first phase, organizations assess their current infrastructure and applications. This includes evaluating the existing
system architecture, understanding business requirements, and determining the key motivations for migration, such as cost
reduction or improved scalability. A detailed migration plan is created that outlines key objectives, milestones, and
potential risks ([15]).

2. Application Evaluation:

In this phase, legacy applications are analyzed for their compatibility with cloud platforms. This includes evaluating
whether the application requires refactoring or whether a lift-and-shift approach is more appropriate. This stage also
assesses data dependencies and security requirements, ensuring that the cloud infrastructure chosen is appropriate for the
application’s needs ([16]).

3. Cloud Architecture Design:

During the architecture design phase, cloud solutions are selected based on the needs of the legacy application. This
includes decisions on whether to adopt a public, private, or hybrid cloud model. It also involves the selection of specific
cloud services, such as computing, storage, and network infrastructure, which will support the migrated application ([17]).
4, Migration Execution:

The actual migration process involves transferring data, code, and configurations to the cloud platform. It often requires
specific tools for migration, such as cloud-based migration platforms or third-party services. This stage also requires
coordination between teams to ensure minimal downtime and data integrity during the migration process ([18]).

5. Testing and Optimization:

Once the migration is complete, the application is thoroughly tested to ensure it operates as expected in the cloud
environment. Performance testing, security checks, and user acceptance testing (UAT) are conducted to ensure that the
application functions properly after migration. Optimization efforts are made to enhance performance, reduce costs, and
improve scalability ([19]).

6. Post-Migration Support and Maintenance:

After the application has been successfully migrated, ongoing support is necessary. This includes monitoring the
application, troubleshooting any issues, and ensuring that the cloud environment remains efficient and cost-effective over
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time. The organization may also decide to integrate additional cloud-native services to further optimize the performance
of the legacy application ([20]).

7.

Data Integrity Risks and Mitigation Strategies

For critical legacy applications, maintaining data integrity during and after migration is paramount. The following risks
and mitigation strategies should be considered:

° Risk: Data Corruption During Transfer

Mitigation: Use checksums and hash validation (e.g., SHA-256) before and after migration to verify data integrity.
Employ secure transfer protocols such as HTTPS or SFTP.
° Risk: Incomplete Data Migration

Mitigation: Perform staged migrations with validation checkpoints. Use automated migration tools that provide
error reporting and rollback options.
° Risk: Schema Incompatibility and Data Format Mismatches

Mitigation: Conduct schema mapping and transformation planning in advance. Use ETL (Extract, Transform,
Load) tools to pre-process data and validate schema compatibility.
° Risk: Disruption of Data Dependencies in Interconnected Systems

Mitigation: Identify and map data flows between systems. Sequence migration phases to preserve application
dependencies and conduct pre-migration impact analysis.
° Risk: Loss of Transactional Integrity in Stateful Applications

Mitigation: Use transaction-aware migration tools that can preserve ACID properties. Consider temporarily
halting certain operations or employing dual-write mechanisms during cutover.
° Risk: Misconfiguration of Backup/Restore Processes

Mitigation: Establish robust backup policies pre-migration. Test data restoration in the cloud environment before
proceeding with production cutover.

Proposed Theoretical Model for Cloud Migration

To complement the block diagram, we propose the following theoretical model for guiding the migration of legacy applications to
cloud platforms. This model emphasizes key factors that influence the migration process and provides a structured approach to
overcoming challenges during each phase.

—— _—— ——— e

Figure 2: Theoretical Model for Legacy System Migration to the Cloud

1.

Pre-Migration Phase:

The pre-migration phase focuses on initial assessment and planning. Key variables in this phase include the identification
of business goals for migration, application readiness, and cloud readiness. This stage is critical for understanding potential
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challenges, including resource constraints and integration difficulties. Research suggests that a comprehensive needs
assessment and detailed planning are essential for a successful migration ([21]).

2. Migration Phase:

During this phase, the actual migration process occurs. This phase is heavily influenced by the choice of migration strategy
(e.g., lift-and-shift, re-platforming, or re-engineering) and the effectiveness of the tools and methodologies used. A
successful migration will require a robust data migration strategy and the use of cloud-native architectures for optimal
performance ([22]).

3. Post-Migration Phase:

The post-migration phase involves optimizing the cloud-based application and ensuring it delivers the expected
performance improvements. This phase is heavily reliant on ongoing performance monitoring, automated scaling, and
security management to ensure the legacy application functions smoothly in the cloud. A continuous feedback loop
between monitoring and optimization is key to maximizing the benefits of cloud adoption ([23]).

The theoretical model presented above provides a structured approach to understanding the critical stages and challenges of
migrating legacy applications to cloud platforms. By addressing each phase methodically, organizations can reduce the risk of
migration failure and ensure that legacy systems are successfully integrated into cloud environments.

Experimental Results

In this section, we present experimental results obtained from several case studies and surveys on the migration of legacy
applications to cloud platforms. These results highlight key performance indicators (KPIs), such as cost reduction, application
performance improvements, and migration time. The data presented is gathered from research studies that focus on organizations
adopting cloud migration strategies for legacy systems. These findings underscore the effectiveness of cloud migration in improving
scalability, flexibility, and operational efficiency.

1. Migration Time and Performance Improvement

In a study conducted by Davis and Moore (2021), organizations that migrated their legacy systems to the cloud experienced a
significant reduction in operational costs and a faster time-to-market for new features. The average time taken to migrate
applications was reduced by 30% with the use of cloud-native tools. Additionally, the performance of legacy applications improved

by 40% post-migration, as shown in the graph below.

Migration Time and Performance Improvement After Cloud Migration
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2. Cost Savings After Migration

A case study from Turner and Bell (2022) explored the cost savings that companies experienced after migrating their
legacy applications to the cloud. Organizations saw an average reduction of 25% in IT infrastructure costs after the
migration. Additionally, businesses that adopted hybrid cloud models were able to reduce their capital expenditure by
35%, as they were able to scale resources dynamically without significant upfront investment in hardware.

Table 2: Cost Savings After Cloud Migration

Company Type Cost Before Migration | Cost After Migration | Percentage Savings
Small EnterpriseSmall | $500,000 $375,000 25%

Enterprise

Medium Enterprise $1,200,000 $900,000 25%

Large Enterprise $5,000,000 $3,250,000 35%

3. Data Integrity and Downtime During Migration

In a study by Harris and Foster (2020), the risks of data loss and downtime during the migration of legacy applications
were evaluated. The study found that companies using cloud-based migration tools experienced a 20% reduction in
downtime compared to those relying on manual migration methods. Additionally, data integrity issues were minimized
by using advanced backup and synchronization techniques, as shown in the following experimental findings:

Figure 2: Downtime During Legacy System Migration

Downtime (%)

Manual Migration

Hybrid Approach

Cloud-based Tools
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Table 3: Data Integrity Issues Before and After Migration

Migration Type Data Integrity Issues (%0)
Manual Migration 35%
Cloud-based Tools 15%
Hybrid Approach 20%
5%
Automated Migration

4. Cloud Service Adoption and Future Trends

A study by Walker and Simms (2021) analyzed cloud service adoption trends and how organizations are increasingly moving
toward a multi-cloud or hybrid-cloud approach. The data showed that 60% of organizations plan to adopt a hybrid cloud model for
legacy application migration in the next three years. Furthermore, the majority of respondents (80%) expected that their cloud
infrastructure costs would stabilize within the first year of migration.

Figure 3: Adoption of Hybrid Cloud Model for Legacy System Migration
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Future Directions

Looking ahead, several emerging trends and research areas are expected to influence the future of legacy system migration to the
cloud. One of the primary directions is the evolution of automated migration tools. These tools are expected to become more
intelligent, leveraging machine learning and artificial intelligence to optimize migration workflows, reduce downtime, and enhance
data synchronization. As organizations adopt increasingly hybrid and multi-cloud environments, future research will need to
focus on developing effective frameworks for managing diverse cloud resources, ensuring interoperability, and maintaining security
across platforms [24].

Another area of growth lies in serverless computing. With its promise of simplifying infrastructure management, serverless
computing could play a major role in the future of legacy system migrations, particularly for applications requiring high scalability
without heavy infrastructure management. Additionally, quantum computing may provide new opportunities to optimize data
processing, potentially transforming the way large legacy systems interact with cloud platforms [25].

Moreover, there will be a continued focus on cloud security and compliance. As more critical applications and sensitive data are
moved to the cloud, organizations will need to address increasing security concerns. Future research could investigate more
advanced encryption methods, compliance automation tools, and best practices for safeguarding data privacy in multi-cloud
environments.

Finally, post-migration monitoring will continue to evolve. Future studies should explore more advanced tools for performance
analytics, offering real-time insights and automated recommendations for improving application performance after migration.

Conclusion

The migration of legacy applications to cloud platforms is a complex and challenging process but offers significant advantages,
including cost reduction, improved scalability, and enhanced flexibility. The results from recent studies suggest that companies
employing cloud-native tools and strategies such as lift-and-shift and re-platforming have experienced substantial performance
improvements post-migration, with a marked reduction in operational costs and downtime. However, the complexity of the
migration process remains a key barrier, particularly when dealing with data integrity, security concerns, and application
compatibility.

The role of cloud-native migration tools and services, along with the adoption of hybrid and multi-cloud models, will continue to
shape the future of cloud migration. For organizations aiming to achieve seamless cloud integration, careful planning, and the use
of best practices will be essential. Future research should focus onadvancing cloud migration methodologies, automating processes,
and addressing security and compliance challenges to make legacy system migration more efficient and less disruptive for
enterprises.
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