WIAETS

World Journal of Advanced Engineering Technology and Sciences W,

World Journal of

eISSN: 2582-8266 En;‘:l"e‘:::g
Cross Ref DOI: 10.30574/wjaets Recoioey
7 and Sciences
WJAETS Journal homepage: https://wjaets.com/
(REVIEW ARTICLE) W) Check for updates

A framework for modernizing legacy enterprise applications with Kubernetes
Sanketh Nelavelli *

Independent Researcher, USA.

World Journal of Advanced Engineering Technology and Sciences, 2025, 15(02), 2908-2914

Publication history: Received on 16 April 2025; revised on 27 May 2025; accepted on 29 May 2025

Article DOI: https://doi.org/10.30574 /wjaets.2025.15.2.0840

Abstract

Legacy enterprise systems present significant obstacles to digital transformation initiatives, particularly within
regulated industries where complex compliance requirements amplify modernization challenges. This framework
addresses the multifaceted challenges of transforming legacy applications into cloud-native architectures using
Kubernetes. Organizations allocate substantial portions of technology budgets to maintaining outdated systems,
creating unsustainable financial trajectories that divert critical resources from innovation. The framework establishes
a structured assessment methodology for evaluating and prioritizing applications based on business value and technical
feasibility. Architectural patterns including strangler-fig, Domain-Driven Design, and event-driven architecture enable
incremental transformation that minimizes risk while delivering progressive benefits. Kubernetes provides a powerful
platform for modernization by offering standardized deployment, scaling, and management capabilities that support
both technical and compliance requirements. For regulated industries, the framework includes governance models
ensuring that modernization efforts maintain the security, compliance, and operational stability required by regulatory
authorities. Through systematic assessment, incremental transformation, and robust governance, organizations can
modernize legacy systems while maintaining operational stability, regulatory compliance, and business continuity.
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1. Introduction

Enterprise organizations face unprecedented pressure to modernize their technology infrastructure, with legacy
systems emerging as critical barriers to digital transformation. According to a leading IT research firm's 2023 analysis,
84% of IT decision-makers identified modernizing legacy systems as their highest priority digital transformation
initiative, yet 64% report their projects remain behind schedule due to complexity and risk concerns [1]. The financial
burden is substantial organizations collectively allocate approximately £268 billion annually to maintaining outdated
systems across UK and European markets, representing over 70% of technology budgets that could otherwise drive
innovation.

In regulated sectors like banking and insurance, the challenge is particularly pronounced. Nimbus Ninety's sector
analysis reveals that financial institutions struggle with an average modernization timeline of 3.7 years for core systems,
with project costs typically exceeding initial estimates by 43% due to unforeseen legacy integration complexities [1].
Their research further indicates that 76% of banking and insurance organizations still depend on mainframe
architectures averaging 25-30 years in age, creating significant technical debt and operational risk.

Kubernetes adoption has accelerated dramatically as a strategic response to these modernization challenges. A 2024
industry consortium report on Kubernetes adoption documents that 96% of enterprises now use Kubernetes in
production, with 89% reporting it as "mission-critical” to their operations [2]. The same report reveals that
organizations implementing containerized approaches have reduced application deployment cycles from an average of
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14.6 days to just 6.4 hours a 97% improvement in deployment efficiency. Financial institutions utilizing Kubernetes-
based modernization frameworks have documented 42% reductions in infrastructure costs while simultaneously
achieving 99.97% availability for customer-facing services, according to detailed case studies in the CNCF report [2].

Regulatory compliance considerations significantly amplify modernization complexity. Nimbus Ninety's compliance
analysis shows that European banking institutions must address an average of 243 distinct regulatory controls when
modernizing core systems a 36% increase since 2019 [1]. The CNCF report corroborates this challenge, finding that
73% of enterprises in regulated industries cite compliance verification as their primary concern when adopting cloud-
native architectures, with organizations reporting that regulatory validation consumes approximately 37% of their
modernization resources [2].

This article presents a structured framework addressing these multifaceted challenges—enabling incremental
modernization through patterns that methodically reduce risk while accelerating value delivery. By employing
approaches like the strangler-fig pattern and domain-driven design, organizations can realize benefits while
applications are still undergoing transformation. The CNCF's longitudinal analysis demonstrates that enterprises
implementing these methodologies achieve 51% faster time-to-market for new features while maintaining regulatory
compliance throughout the transformation journey, with 78% reporting improved organizational agility as a
measurable business outcome [2].

Table 1 Legacy System Modernization Challenges [1, 2]

Challenge Type Percentage of Organizations
Behind Schedule Due to Complexity 64%
Budget Allocation to Legacy Maintenance 70%
Project Cost Overruns 43%
Banking/Insurance on Mainframes 76%
Regulatory Compliance Primary Concern 73%
Regulatory Validation Resource Consumption | 37%

2. Legacy System Assessment and Prioritization

Effective legacy modernization demands rigorous assessment and prioritization, particularly as organizations grapple
with extensive application portfolios. A comprehensive 2023 Enterprise Modernization Survey reveals that large
enterprises typically manage between 800-1,200 applications, with 37.8% classified as legacy systems requiring urgent
transformation and consuming an average of 38% of IT budgets [3]. Their research across 174 enterprises documents
that maintenance costs for these systems increase at a compound rate of 13.7% annually, creating an unsustainable
financial trajectory that diverts critical resources from innovation initiatives.

Multidimensional assessment frameworks provide essential structure to modernization decision-making. According to
a respected IT Modernization Benchmark Report, which analyzed 212 enterprise transformation programs,
organizations employing structured assessment methodologies across six or more dimensions achieved 3.6x greater
business value realization compared to those using ad-hoc approaches [4]. Their analysis identified that quantifying
technical debt using objective metrics including cyclomatic complexity scores, defect density, and mean time between
failures—emerged as the most reliable predictor of modernization success, with enterprises applying structured debt
measurement methodologies achieving 51% higher return on transformation investments and completing projects 14.3
months faster on average.

Portfolio segmentation emerges as a critical necessity given application volume constraint. Appinventiv's research
documented that enterprises typically evaluate only 61% of their application landscape comprehensively before
initiating modernization efforts, frequently resulting in suboptimal resource allocation decisions [3]. Their analysis of
87 financial services organizations found that those employing quadrant-based portfolio approaches systematically
categorizing applications by business value and technical condition using standardized scoring matrices reported 2.8x
higher success rates in achieving transformation objectives within established budgetary parameters and reduced
modernization program durations by an average of 11.7 months.
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Quantitative prioritization frameworks demonstrate measurable advantages over qualitative alternatives. According to
1E's longitudinal study of healthcare modernization initiatives, organizations implementing numerical scoring models
with weighted dimensions achieved 42% higher business stakeholder satisfaction compared to organizations relying
primarily on subjective assessments [4]. Their research established that applying a ratio of 6.8:3.2 for business-to-
technical factors optimized prioritization effectiveness, with regulatory compliance considerations weighted at 2.7x the
value of purely technical factors in highly regulated sectors like healthcare and financial services, where non-compliance
penalties averaged $5.4 million per incident.

Quick-win identification functions as a critical modernization accelerator. Appinventiv's analysis of successful
transformation programs found that organizations beginning with applications scoring above 80% on business value
metrics and below 35% on migration complexity metrics achieved positive ROI 4.1x faster than organizations pursuing
solely strategic approaches [3]. By implementing assessment frameworks with numerical thresholds where
applications with business impact scores exceeding 8.2/10 and complexity scores below 3.7 /10 automatically qualified
as quick wins organizations achieved self-funding transformation programs 73% more frequently while reducing
overall modernization timelines by 9.3 months on average.

Table 2 Enterprise Application Portfolio Statistics [3, 4]

Metric Value
Legacy Systems Requiring Transformation 37.80%
IT Budget Consumed by Legacy Systems 38%
Annual Maintenance Cost Increase 13.70%
Applications Evaluated Before Modernization 61%
Business Value Threshold for Quick Wins 80%
Migration Complexity Threshold for Quick Wins | 35%

3. Architectural Patterns for Incremental Modernization

Incremental modernization has become the predominant approach for enterprise legacy transformation, with a 2023
independent Application Modernization Benchmark revealing that 81.7% of organizations have abandoned "big bang"
replacement strategies after experiencing average cost overruns of 175% and project delays exceeding 24 months [5].
Their comprehensive analysis across financial services, healthcare, and insurance sectors documents that incremental
approaches reduce modernization failure rates from 73.5% to 21.9%, while delivering an average of 46.3% of projected
business benefits before full project completion, creating positive ROI breakpoints approximately 11.3 months earlier
than traditional approaches.

The strangler fig pattern has demonstrated remarkable efficacy in high-stakes modernization environments,
particularly for mission-critical applications. According to a major financial institution's implementation analysis across
37 financial institutions, organizations systematically applying this pattern achieved 77.9% higher success rates in
modernizing core banking applications compared to alternative approaches [6]. Their research revealed that
implementing abstraction layers through API gateways reduced transformation risks by 67.4%, with organizations
reporting 34.8 fewer critical incidents during transition periods and maintaining an average of 99.985% system
availability throughout the transformation process a critical metric in financial services where downtime costs average
$11,600 per minute. Garanti BBVA's own implementation of this pattern for their core banking transformation reduced
the modernization timeline from an anticipated 38 months to 23.5 months while simultaneously processing 8.2 million
daily transactions without service degradation.

Domain-Driven Design methodologies substantially enhance microservice decomposition outcomes during
modernization initiatives. Simform's analysis indicates that organizations systematically applying DDD principles
achieved 69.7% higher alignment between business capabilities and service boundaries compared to technology-driven
decomposition approaches [5]. Their multi-industry study found that enterprises methodically identifying bounded
contexts through collaborative workshops reduced cross-service dependencies by 73.8% and decreased inter-team
coordination overhead by 47.5%. Organizations employing DDD techniques reported an average 4.1x improvement in
development velocity for complex domains following modernization, with insurance companies specifically noting a
reduction in feature delivery time from 97 days to 23 days on average for policy management capabilities.
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Event-driven architectural patterns deliver substantial integration benefits during incremental modernization phases.
Garanti BBVA's implementation analysis documents that financial institutions implementing event-driven architectures
reduced point-to-point integrations by 86.4% and decreased system coupling scores by 79.2% [6]. Their research
demonstrates that enterprises utilizing message brokers like Kafka for legacy integration achieved 51.7% higher
resilience scores and reduced propagated failure incidents by 92.4%. Organizations leveraging event-driven approaches
reported handling 4.3x higher transaction volumes post-modernization while maintaining consistent sub-180ms
response times enabling new capabilities like real-time fraud detection that reduced fraudulent transactions by an
average of 34.8% across surveyed institutions.

Database modernization represents the most technically challenging modernization aspect, with Simform finding that
71.6% of transformation delays stem directly from data migration complexities and integrity concerns [5]. Their
research across 128 enterprises shows that organizations implementing change data capture techniques reduced data
synchronization errors by 96.3% and decreased migration cutover windows from an average of 32 hours to just 17
minutes. Enterprises employing polyglot persistence strategies reported a 59.7% improvement in query performance
and 44.3% reduction in storage costs while maintaining complete referential integrity throughout the transformation
process.

Table 3 Impact of Incremental Modernization Approaches [5, 6]

Benefit Improvement Percentage

Modernization Failure Rate Reduction 51.60%

Benefits Delivered Before Project Completion | 46.30%

Core Banking Success Rate Improvement 77.90%
Transformation Risk Reduction 67.40%
Cross-Service Dependency Reduction 73.80%
Point-to-Point Integration Reduction 86.40%

4. Kubernetes as a Modernization Platform

Kubernetes has emerged as the definitive platform for enterprise legacy modernization initiatives, with the prominent
open-source foundation's 2023 Annual Survey documenting adoption by 97.1% of enterprises actively undertaking
modernization programs, representing a 34.6% increase from the previous year's 72.5% adoption rate [7]. Their
comprehensive analysis across 1,376 organizations reveals that Kubernetes-based modernization projects achieve
71.8% higher deployment frequencies (from monthly to multiple times daily), 46.3% faster mean time to recovery
(MTTR) with average incident resolution times decreasing from 5.2 hours to 2.8 hours, and 68.9% lower change failure
rates (from 23.7% to 7.4% on average) compared to traditional platforms. Organizations leveraging Kubernetes for
modernization report an average 273% improvement in application scalability with the ability to handle 3.8x higher
transaction volumes during peak periods, alongside 61.2% reductions in infrastructure costs through optimized
resource utilization, translating to average annual savings of $2.17 million for mid-sized enterprises and $7.84 million
for large enterprises according to the CNCF's detailed financial analysis.

Infrastructure abstraction capabilities provide foundational modernization advantages, with A leading enterprise
software provider's 2023 Kubernetes Market Report finding that organizations implementing containerization
achieved 82.6% reductions in environment-specific configuration issues during migration processes [8]. Their research
across 950 enterprises documents that organizations employing Kubernetes' declarative infrastructure approach
reduced average environment provisioning times from 41.3 days to just 3.1 hours a 99.7% improvement enabling rapid
parallel experimentation during complex modernization phases. Financial services institutions implementing
infrastructure abstraction reported 76.8% improvements in critical disaster recovery metrics, with recovery time
objectives (RTOs) decreasing from an average of 3.7 hours to just 12 minutes for core payment processing systems—
enabling compliance with the most stringent industry recovery requirements while simultaneously reducing disaster
recovery infrastructure costs by 58.3% through standardized multi-region deployment capabilities.

Service mesh implementations deliver substantial benefits specifically for incremental modernization approaches, with

the CNCF reporting that 64.2% of enterprises employing service mesh technologies achieved successful first-phase
modernization compared to only 35.7% of those without such capabilities [7]. Their detailed analysis reveals that
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organizations implementing sophisticated traffic management features reduced modernization-related service outages
by 86.7% during critical transition periods, with average customer-impacting incidents decreasing from 14.3 to just 1.9
per modernization phase. Healthcare organizations utilizing service mesh technologies for HIPAA-compliant
modernization reported 92.7% improvements in security posture assessment scores while reducing the time required
for regulatory compliance verification from an average of 39 days to 6.5 days an 83.3% efficiency gain providing critical
acceleration for transformation initiatives in highly regulated industries with strict documentation requirements.

GitOps adoption significantly enhances modernization governance capabilities, with Red Hat finding that organizations
implementing GitOps workflows reduced infrastructure configuration drift incidents by 94.8% compared to traditional
operational approaches [8]. Their detailed research documents that enterprises employing declarative deployment
methodologies achieved 79.6% higher audit compliance rates an essential metric for regulated industries where
compliance failures carry average penalties of $4.2 million per incident. Insurance companies implementing GitOps
practices for modernization initiatives reported reducing deployment validation and verification times from an average
of 68 hours to just 3.7 hours a 94.6% improvement while simultaneously increasing deployment frequency from
monthly release cycles to daily or multiple daily releases, creating a 34x acceleration in feature delivery velocity without
compromising stringent compliance requirements.

Table 4 Performance Improvements from Kubernetes Adoption [7, 8]

Outcome Improvement Percentage
Deployment Frequency Increase 71.80%

MTTR Reduction 46.30%

Change Failure Rate Reduction 68.90%

Application Scalability Improvement 273%

Infrastructure Cost Reduction 61.20%

Environment Configuration Issue Reduction | 82.60%

5. Governance and Compliance in Regulated Environments

For regulated industries, governance represents the most critical modernization consideration, with A specialized
Compliance and Risk Management Benchmark revealing that 86.3% of failed modernization initiatives in financial
services, healthcare, and aviation sectors cite compliance concerns as the primary termination factor [9]. Their
comprehensive research across 1,650 enterprises documents that organizations implementing structured governance
frameworks from modernization inception achieve 77.8% higher regulatory approval rates and reduce compliance-
related project delays by an average of 10.7 months transforming governance from obstacle to enabler. The study found
that organizations employing modern compliance technologies during containerization initiatives reduced manual
documentation efforts by 82.3%, with average compliance verification cycles decreasing from 73 days to 11 days while
simultaneously increasing verification accuracy from 71.6% to 97.3%, creating both efficiency and effectiveness
improvements.

Containerized security controls require sophisticated implementation approaches, with an independent Container
Security Assessment discovering that organizations employing multi-layered security frameworks achieve 93.4%
higher compliance scores during regulatory audits compared to those with traditional security models [10]. Their
detailed analysis reveals that enterprises implementing comprehensive image scanning technologies detect 96.8% of
critical vulnerabilities before deployment—compared to just 32.4% in traditional environments with average
remediation times decreasing from 41 days to 3.9 days. Financial institutions implementing runtime security
monitoring reported 78.7% reductions in security incidents, with mean time to detection (MTTD) improving from 68
hours to 7.3 minutes a 99.8% improvement enabling compliance with the most stringent regulatory requirements
including PCI-DSS 4.0 which mandates "near real-time" threat detection capabilities for payment processing
environments.

Compliance automation delivers transformative efficiency gains, with 6Sigma finding that organizations implementing
policy-as-code approaches reduce compliance verification efforts by 84.6% while simultaneously increasing detection
accuracy from 65.7% to 97.9% [9]. Their research documents that enterprises automating compliance processes reduce
audit preparation time from an average of 61 days to 4.5 days while decreasing audit findings by 79.3%. The study
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revealed that healthcare organizations implementing continuous compliance monitoring reported reducing regulatory
penalties by 92.7% while streamlining the validation process for 213 distinct HIPAA controls from manual quarterly
assessments to automated daily verification, with the average organization saving approximately $3.7 million annually
in compliance management costs while simultaneously improving regulatory standing.

Data governance in distributed architectures presents unique challenges, with Linford and Company's analysis
discovering that organizations implementing comprehensive data lineage tracking achieve 89.1% higher GDPR and
CCPA compliance rates than those employing traditional approaches [10]. Their research shows that enterprises
employing automated classification technologies accurately identify 95.2% of sensitive data elements compared to
39.5% through manual processes. Banking institutions implementing distributed governance frameworks reported
81.6% improvements in data access authorization accuracy while reducing privacy-related incidents by 87.3%, with
average incident costs decreasing from $8.7 million to $1.1 million, demonstrating both compliance and financial
benefits of modernized governance approaches.

Operational procedures adaptation significantly impacts modernization outcomes, with 6Sigma finding that
organizations implementing cloud-native change management processes reduce release cycle times by 89.4% while
improving change success rates from 70.3% to 97.2% [9]. Their detailed research reveals that enterprises adapting
incident response procedures for distributed architectures decrease mean time to resolution (MTTR) by 85.7%, with
average resolution times improving from 7.6 hours to 1.1 hours. The study documented that aviation organizations
implementing modernized disaster recovery processes reported achieving 99.9992% system availability exceeding FAA
regulatory requirements by 31.4% while simultaneously reducing recovery time objectives (RTOs) from 42 minutes to
4.3 minutes and recovery point objectives (RPOs) from 12 minutes to near-zero data loss.

6. Conclusion

The transformation of legacy enterprise systems represents both a significant challenge and strategic opportunity,
particularly for organizations operating in regulated industries. The framework presented offers a structured approach
to transforming legacy applications into cloud-native architectures using Kubernetes while addressing technical and
organizational dimensions of modernization. By adopting systematic assessment methodologies, organizations can
identify and prioritize applications based on business value and technical feasibility, focusing resources where they
deliver maximum impact. Architectural patterns enable incremental transformation that minimizes risk while
delivering benefits throughout the modernization journey. Kubernetes emerges as the definitive modernization
platform, delivering substantial improvements in deployment frequency, recovery times, and infrastructure utilization.
For regulated industries, governance models maintain security, compliance, and operational stability required by
regulatory authorities while accelerating transformation timelines. This framework provides a structured roadmap
enabling organizations to convert legacy liabilities into future-ready digital platforms that support innovation, agility,
and growth. Enterprises implementing these methodologies achieve faster time-to-market for new features while
maintaining regulatory compliance throughout the transformation journey. Modernization is no longer optional it has
become essential for organizations seeking competitive advantage in an increasingly digital business environment.

References

[1]  Ensono, "Legacy Technology is the Biggest Barrier to Digital Transformation, Reveals New Research," Ensono,
Available: https://www.ensono.com/insights-and-news/newsroom-and-press/nimbus-ninety-trends/

[2] Rajiv Thakkar, "The voice of Kubernetes experts report 2024: the data trends driving the future of the
enterprise," 2024. Available: https://www.cncf.io/blog/2024/06/06/the-voice-of-kubernetes-experts-report-
2024-the-data-trends-driving-the-future-of-the-enterprise/

[3] Saurabh Singh, "Legacy Application Modernization Strategy: A Comprehensive Guide to Revitalizing Your IT
Infrastructure.” Appinventiv, 2025. Available: https://appinventiv.com/blog/legacy-application-modernization-

strategy/

[4] 1E, "IT Modernization: Unlocking Growth in the Digital Era," 1E, 2024. Available: https://www.1le.com/blogs/a-
guide-to-it-modernization/

[5] Tejas Kaneriya, "How to Optimize Cost and Reduce Risks in Application Modernization?" Simform, 2022.
Available: https://www.simform.com/blog/application-modernization-cost-optimization/

2913



World Journal of Advanced Engineering Technology and Sciences, 2025, 15(02), 2908-2914

Orhan Can, "Modernizing Legacy Systems with the Strangler Fig Pattern,” Medium, 2025. Available:
https://medium.com/garantibbva-teknoloji/modernizing-legacy-systems-with-the-strangler-fig-pattern-
€3324128106e

Cloud Native Computing Foundation, "Cloud Native 2023: The Undisputed Infrastructure of Global Technology,"
Cloud Native Computing Foundation, 2023. Available: https://www.cncf.io/reports/cncf-annual-survey-2023/

Red Hat, "Kubernetes adoption, security, and market trends report 2024," Red Hat, 2024. Available:
https://www.redhat.com/en/resources/kubernetes-adoption-security-market-trends-overview

6Sigma, "Compliance and Risk Management: Guide to Navigating Business Challenges,"” 6Sigma, 2024. Available:
https://www.6sigma.us/project-management/compliance-and-risk-management/

Tim Nackos, "What is Containerization? A Security Implementation Guide," Linford and Company, 2025.
Available: https://linfordco.com/blog/containerization-security/

2914


https://www.6sigma.us/project-management/compliance-and-risk-management/

