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Abstract

Modern organizations are increasingly held back by the enterprise legacy applications that are built on
antiquated architectures that are still in use on outdated technologies. As cloud native paradigm drove
microservice architecture and Al-driven infrastructure, the technological gap between legacy systems and the
latest one increased significantly. This review reviews the current enterprise legacy modernization, analyzes
the prevailing approaches like rehosting, refactoring, reengineering, and service-oriented migrations, and
reports the empirical results from industrial cases. The article presents a basis for major technical and
organizational challenges, addresses the role of automation and smart tooling in the transformation processes,
and provides future research directions in order to achieve better transformation outcomes. Finally, it advises
on the need for an integrated and strategic, with risk-managed, approach to bridging of legacy and modern
computing worlds.

Keywords: Application Refactoring; Cloud Migration; Digital Transformation; Enterprise Architecture;

Legacy System Modernization.

1. Introduction

With organizations wanting to stay competitive,
scalable, and agile in the digital ecosystem that is
rapidly evolving, the modernization of legacy
enterprise systems has become an issue of top
priority. A large number of legacy systems, due to
their development decades ago, running on top of
outdated programming languages, monolithic
architectures, and tightly coupled modules, are still in
use to support critical business processes in industries
such as finance, healthcare, government, logistics,
and so on [1]. While these systems are radically
essential in the performance of organizational roles,
they are functionally impracticable due to high
operational costs, poor maintainability, and narrow
integration capabilities [2]. Thanks to Cloud
computing, micro services, containerization, and
serverless architectures, the difference between
conventional and modern software paradigms has
become much more significant to such an extent that
it starts to hurt [3]. The real challenge to adopting
microservices in large enterprises is that core legacy
applications are stuck in the business workflows.
Industry surveys state that more than 70 percent of all
global companies still use at least part of their legacy

in their technology stack, but they struggle to
integrate it with modern technologies like APIs, Al,
and RTA platforms [4]. As discussed above, these
constraints hamper innovation, scaling, and create a
risk environment in companies by using legacy
software and unsupported systems [5]. From an
academic and practical point of view, this topic has
great value because it links with software
engineering, systems architecture, business strategy,
and digital transformation. And lastly, the
modernization of legacy applications is a strategic
imperative, not just a technical one, as it includes risk
management, cost-benefit analysis, and change in the
entire organization. Additionally, current research
into architectural transformation patterns, refactoring
patterns, code migration tools, and techniques for
migration related to cloud native adaptation has still
not converged into one integrated solution that can,
amongst others, provide non-biased, repeatable, and
objective results within this area [6]. The current
research faces key challenges such as the deficiency
in the standard assessment models for assessing
modernization readiness, the lack of empirical
evidence on the long-term effects of architectural
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migrations, and the lack of incorporation of Al-based
automation into the transformation process [7].
Moreover, organizational resistance,  skill
shortcomings, and compliance constraints in the
application of modern architectures [8] make the
purpose of transitioning from legacy to modern
architectures even more difficult. It collectively
shows that a detailed review that clings to recent
development, identifies research gaps, and suggests a
course of future work is required. Indeed, this review

2 i https://doi.org/10.47392/IRJAEM.2025.0266

current enterprise system architecture and modern
computing paradigms. The next sections describe
legacy system characteristics, review modern
architectural approaches, assess modernization
methodologies, and present experiential results on
how these were applied in actual world case studies.
The modernization will be reviewed in terms of its
technical, organizational, and strategic dimensions,
and some future research directions will be offered to
sustain and scale up the transformation, Table 1.

aims to explore the modernization of legacy 2. Literature Review

applications based on closing the gap between the

Table 1 Summary of Key Research Studies on Legacy Modernization

Focus Findings (Key Results and Conclusions) Reference
. Model transformation approaches significantly reduce
Model-driven legacy system . ;
) manual effort in converting legacy models to modern [9]
transformation
ones
Refactoring COBOL-based Incremental refactoring allowed partial migration [10]
systems for cloud integration without disrupting mission-critical services
Business rule extraction from Rule mining tools increased efficiency by 45% in [11]
legacy systems reengineering decision logic into modern services
Comparative evaluation of Rehosting and reengineering combined strategies
o , X . [12]
modernization strategies provided optimal cost-performance trade-offs
o Containerized legacy apps showed 30-40%
Impact of containerization on . . oL .
o . improvement in deployment flexibility and environment [13]
legacy application portability .
consistency
Challenges in legacy system Lack of structured documentation increased reverse
: A [14]
documentation and recovery engineering time by up to 60%
Service-oriented migration from SOA-based approaches facilitated gradual transition [15]
mainframe systems without full replacement, reducing risk
. . Al-assisted translation tools achieved up to 80%
Automated code conversion using : : . .
accuracy in converting procedural to object-oriented [16]
Al and NLP
code
Economic evaluation of ROI analysis frameworks helped reduce uncertainty in [17]
modernization investment legacy modernization business cases
DevOps adoption in legacy Integrating DevOps early in the modernization process [18]
modernization enhanced automation and continuous delivery success
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3. Proposed Theoretical Model for

System Modernization

Legacy

Figure 1 Legacy Modernization Transformation
Framework

Figure 1. This proposed theoretical model is a
modular, layered architecture for applying enterprise
legacy applications to move from a modern
environment like microservices, containers, and
cloud native platform. That is a seven-phase
transformation process that emphasizes the
modernization of the industry with aligning
modernization stages marked by Al, DevOps, and
service-oriented frameworks. The diagram represents
the transformation from a tightly coupled legacy
system into a scalable, maintainable, and modular
modern architecture.
3.1. Discussion of Theoretical Model Components

3.1.1. Legacy System Baseline and Capability

Mapping

First, the legacy systems are technically and
functionally assessed. Also, the critical business
functions and the code dependency are identified by
reverse engineering, static analysis, and capability
mapping [19]. One of the missing aspects in the
legacy systems and the systems that are embedded
with business logic, which must be externalized for
modernization.

3.1.2. Target Architecture Design
The target environments based on business agility
needs and technical constraints are considered to
designing the architectures. One of these choices is

Service Oriented Architecture (SOA), micro services,
or to go serverless [20]. This is being selected on the
ground of architectural decision matrices and quality
attribute analysis framework.

3.1.3. Automated Code and Data Migration
However, the automated tools like Al, natural
language processing, or rule-based transformation
assimilate to transform the legacy code to modern
platforms. Transformation examples are from a
procedural to object-oriented, or normalizing data
format. Using domain-specific language patterns for
their Al models can significantly help their success in
modernization [21].

3.1.4. Service Enablement and API Layer
API gateways and orchestration tools expose legacy
functions to be used as modular services. This
intermediate layer separates legacy components from
modern front-ends and makes modern front-ends
access RESTful or message-based services [22].

3.1.5. DevOps-Enabled CI/CD Integration
The new architecture makes sense for continuous
integration and delivery pipelines such that
automated testing and deployment can occur with the
help of continuous integration and delivery pipelines.
Rollouts and rollbacks are made simple through
DevOps practices, and the feature enhancements are
further supported through code quality [23].

3.1.6. Monitoring, Security, and Governance
Applied within observability layers, observability is
implemented through application performance
monitoring (or APM), log management, and service-
level objectives (or SLO). Security audits, data
privacy checks, and enforcement through policies of
code [24] are considered jurisdiction.

3.2. Key Benefits of the Model
e Incremental Modernization: Supports staged
migration rather than a risky "big bang"
transformation.
e Technology-Agnostic Design:
Accommodates various target platforms,
including cloud-native, container-based, and

SOA systems.

e Al-Assisted Migration: Reduces manual
effort and improves code translation
accuracy.
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e Built-In Compliance Support: Integrates
governance and auditability throughout the
pipeline.

e Business Continuity: Minimizes downtime
during  modernization by isolating
transformation phases.

4. Experimental Results, Graphs, and Tables

4.1. Overview of Experimental Setup

Several cases of legacy system modernization have

been empirically studied, and some have been
evaluated. Metrics that are typically included are
project success rates, cost efficiency, migration
accuracy, and post-modernization performance of the
system. Both controlled case studies and industrial
surveys, for comparative analysis, are based on
experimental migrations, Table 2.

Table 2 Comparative Outcomes of Legacy Modernization Approaches

L Success Average Cost Post-Migration
Modernization Strategy ; Performance Reference
Rate (%) Reduction (%)
Improvement (%)
Rehosting (Lift-and-Shift) 82 18 10 [25]
Refactoring (Code 76 29 28 [26]
restructuring)
Reengineering (Partial 84 26 35 [27]
redesign)
Complete System 58 5 50 28]
Replacement
Service-Oriented Migration
(SOA transformation) 80 21 32 [29]

Success Rate by Modernization Strategy

Reengineering 84%

Rehosting 82%

Service-Oriented Migration 80%

Refactoring 76%

Complete System Replacement

IS 20 40 60 Bb 100
Success Rate (%)

Figure 2 Success Rate by Modernization Strategy

Reengineering approaches yielded the highest project
success rates, primarily due to phased deployment
and risk mitigation strategies [27], Figure 2.

Average Cost Reduction by Modernization Strategy

Reengineering 26%

Refactoring

Service-Oriented Migration 0%

Rehosting 18%

Complete System Replacement

0 5 1 e 2 5 0
Average Cost Reduction (%)

Figure 3 Cost Reduction Comparison

Reengineering and refactoring achieved the greatest
cost savings by reusing business logic and
minimizing greenfield development [26][27], Figure
3.
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Post-Migration Performance Improvement by Approach

Complete Replacement

Reengineening

SOA Migration

Refactoring

Rehosting

0 10 20 0 0 50 60
Performance Improvement (%)

Figure 4 Post-Migration System Performance
Improvement

The largest performance gains were offered by
complete system replacements, but they brought
higher risks and higher costs, and the overall success
rates were lower [28], Figure 4.

4.2. Key Experimental Findings

e Rehosting (Lift-and-Shift) approaches were
effective in achieving rapid infrastructure
upgrades, but yielded limited performance
benefits due to legacy code constraints [25].

« Refactoring provided significant operational
improvements by modularizing applications
and optimizing internal code structures
without fundamental redesigns [26].

« Reengineering strategies achieved the highest
overall modernization success by combining
architectural redesign with incremental
delivery models [27].

o Complete System Replacement showed the
highest gains in system performance, but
failure risks and cost overruns were
substantially higher compared to hybrid
strategies [28].

e Service-Oriented Migration allowed for
gradual modernization through service
wrapping and  orchestration,  offering
moderate improvements in both cost and
system scalability [29].

5. Future Research Directions

Machine learning is barely explored in the realm of
automation of parsing, understanding, and
transformation of legacy code bases. The research in
the reduction of human effort and cost of
modernization projects through Al models that can
perform semantic code comprehension and, in turn,
automate refactoring of heterogeneous and
unstructured legacy systems is described [30]. These
are very disruptive and highly risky monolithic
transformations. Future studies should concentrate on
an incremental modernization framework that
enables gradual, low-risk application components
and business continuity at the same time [31]. The
cost, effort, and risk associated with alternative
modernization pathways are still a big gap to predict
accurately. The future work should be to develop
predictive modelling frameworks grounded on real-
world migration datasets [32] to enable organisations
to take evidence-based decisions. Then, post-
migration governance of hybrid systems consisting of
legacy remnants coupled with modern components
brings about compliance, security, and operational
complexities, the same complexities as other legacy
systems [33], urges research on the development of
dynamic governance models capable of guaranteeing
consistency, traceability, and policy enforcement in
the new post-modernization environment where
components evolve. There is limited discussion of the
environmental impact of legacy modernization
projects. In future research, the effects that
modernization of energy consumption, resource
utilization, and carbon footprint have and how they
take place when migrating to a cloud environment
need to be examined [34].

Conclusion

Modernization of the enterprise legacy application
holds a significant yet complex place in the current
digital transformation projects. It is found through
empirical evidence that strategies like rehosting,
refactoring and service oriented migration leads to
measurable improvements in system performance
(i.e. throughput, response time), cost efficiency
(measured in terms of cost per transaction or
computation performed and time), scalability (i.e.
maximum throughput) but there is no universal
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solution that fits all environments [35].
Modernization in the modern era needs to be done
with a detailed comprehension of existing system
architecture, business needs, and operational
limitations. While Al-based tools promise to
automate repetitive tasks in code transformation as
well as in recovering outdated documentation,
challenges in achieving model transparency,
covering a variety of legacy technologies, and
preserving business-critical logic are still unresolved.
[36] Through incremental modernization approaches
such as these, one can derive strategic alternatives to
large-scale system replacement that accommodate
transformation benefits and operational risk. Among
the critical factors for modernization success are
robust practice of stakeholder engagement, clear
governance principles, proper assessment of risk, and
investment in skills development capacity for new
architectures. Future work must merge technological
innovation with organizational change management,
targeting to change both technology and business
agility, plus resilience for the long term. However, in
the long run, such a task of bridging the gap between
legacy systems and modern architectures will have to
be an interdisciplinary effort including software
engineering, business strategy, and information
governance, with continuous evaluation of it
empirically and risk management methodically.
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