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Abstract:  
 

Critical business processes in financial services, retail, healthcare, and government 

sectors have decades of experience and processing of significant commercial volumes 

of transactions on enterprise mainframe systems and have been entrusted with the 

custody of sensitive organizational information. Nevertheless, these old platforms create 

major limitations to organizational agility, integration capacities, and responsibilities to 

changing market requirements despite their transferable reliability and security features. 

Targeting both the technical change and the organizational change, governance 

restructuring, and the development of workforce capabilities, the Mainframe Zero 

(MFZ) strategy introduces a systematic approach to the systematic removal of 

mainframe dependencies by migrating to cloud-native data platforms. Frameworks 

include discovery processes to catalog the workloads and business dependencies, risk-

based phasing to order activities during migration by business value and technical 

complexity, data migration with both bulk historical backfill and change data capture 

frameworks, and application refactoring with the use of strangler fig patterns to break 

down the project incrementally. Target-state architectures use managed cloud databases, 

such as BigQuery to support analytics workloads, Cloud Spanner to support 

transactions where the world is one, and event-driven messaging infrastructure to 

replace batch-based processing models. Security and compliance integration integrates 

identity management, encryption, network controls, and monitoring features in line with 

the NIST Cybersecurity Framework across the execution of transformation. 

Organizational enablement focuses on domain-related team architecture, platform 

engineering competencies, federated governance frameworks, and communication 

mechanisms that maintain stakeholder trust in the course of long-term move programs. 

An example of a case study has shown quantifiable results such as cost reduction of 

infrastructures by eradicating mainframe licensing, better recovery targets by utilization 

of multi-region deployment structures, and higher velocity of feature delivery by 

contemporary development methods. Decision frameworks help technology leaders to 

choose the suitable migration patterns in terms of workload characteristics, strategic 

goals, and risk tolerance, and prioritize the transformation domains and control the risk 

accordingly during cloud-native modernization programs. 

 

1. Introduction 
 

Enterprise mainframe systems are still the 

foundation of the most vital business processes in 

financial services, retail, healthcare, and 

government sectors in the global arena. These 

systems have proved to be highly persistent, and 

they handle most of the business deals in the world, 

and they hold sensitive organizational information 

that has taken decades to produce. A study of 

mainframe infrastructure points out that the systems 

have tremendous transaction processing power, 

data integrity controls, and data security 

functionality that have enabled them to become 

invaluable to mission-critical processes that need 

unquestionable reliability [1]. Nevertheless, the 

same features that make it stable also constrain the 

ability of the organization to be agile and integrate 

with new cloud services and react quickly to 

changing market demand. 

The Mainframe Zero (MFZ) approach is an overall 

approach to the systematic dissolution of the 

http://dergipark.org.tr/en/pub/ijcesen
http://www.ijcesen.com


Naga Malleswara Babu Velpuri / IJCESEN 12-1(2026)1414-1420 

 

1415 

 

mainframe reliance by transferring it to the cloud-

native information infrastructures. The strategy 

considers that mainframe modernization does not 

just imply technical change but also organizational 

change, governance reorganization, as well as 

development in workforce capability. Empirical 

studies of the modernization of legacy systems have 

also pointed out that effective transformation 

efforts must be organized in ways that can deal with 

both technical complexity and human and 

organisational issues, which often determine a 

project's success or failure [2]. There is a much 

larger rate of failures in companies that engage in 

unorganized modernization activities than in 

companies that use disciplined methodologies, with 

well-defined phases, gates, and validation 

conditions. 

This paper defines MFZ as a repeatable model 

including discovery, risk-based phasing, data 

migration, application refactoring, security 

integration, and organizational enablement. Later 

paragraphs provide practical recommendations to 

enterprise architects and technology executives who 

go through mainframe retirement efforts, offer 

target-state architecture, decision models, and 

summaries of success stories with real results. 

 

2. Discovery and Risk-Based Phasing 

Methodology 

 

The first step in the effective mainframe retirement 

process is an extensive process of discovery, which 

catalogs the current workloads, charts the business 

process interdependencies, and forms a baseline 

knowledge of the current operational environment 

in need of transformation. The discovery initiatives 

should deal with the high complexity that is in 

mainframe environments that have grown across 

decades and experienced accumulating layers of 

functionality, integration points, and undocumented 

dependencies. Empirical studies of the 

modernization of COBOL-based systems have 

shown that in most cases, enterprise mainframe 

systems have very large codebases, built over long 

durations, and big chunks of the system have since 

been lost in organizations due to retirement and 

attrition [3]. Such a knowledge gap poses a 

significant danger to modernization efforts that are 

undertaken without proper discovery. 

The discovery stage uses both automated scanning 

systems and manual analysis methods to list 

application components, database schemas, data 

flows, and integration interfaces. Compiler tools 

read the source code and extract program structure, 

data references, and inter-program 

communications, building dependency graphs that 

present dependencies between applications in the 

portfolio. Manual analysis is used to supplement 

automated discovery by including business 

stakeholders knowledgeable of functional 

requirements, operational procedures, and other 

exceptional handling procedures that might not be 

clear in a code study. Important deliverables are 

detailed application inventories that record 

technical attributes and business environment, such 

as ownership, criticality level, regulatory 

provisions, and business alignment. 

Risk-based phasing contextualizes discovery 

knowledge into migration roadmaps, which ranked 

workload transformation in a balanced approach to 

business value, technical complexity, and 

operational risk. Good phasing strategies 

acknowledge that any transformation initiative 

should keep the business running, but gradually 

phase out of the old systems, and this change 

should be well orchestrated and must not disrupt 

the interdependent systems. Studies that have 

studied management of organizational change in 

technological shifts focus on gradual processes that 

enable demonstration of success at an early stage, 

develop confidence in stakeholders and 

organizational momentum that may support long-

term undertakings [4]. Companies that strive to 

achieve global simultaneous change often run out 

of resources, exhaust the patience of stakeholders, 

and add to technical issues that set back 

progress.The first stages of migration are normally 

directed towards the analytics and reporting loads 

that are not as complex as the transactional systems 

and have lower operational risk. Business 

intelligence systems, enterprise data warehouses, 

and decision support systems tend to use batch 

update cycles and allow a limited number of brief 

inconsistency that makes migration implementation 

easier. These workloads create tangible business 

value by increasing the level of analytics, and 

transformation benefits could be seen in these 

workloads, which would justify future investment 

in the next step. After analytics migration, 

organisations will move to operational systems 

such as inventory management, supply chain 

planning, and customer relationship platforms that 

are moderately complex with well-established 

validation processes. 

Last migration stages work with transactional core 

systems, where consistency requirements, latency 

sensitivity, and business criticality create extremely 

rigid requirements of success. Order management, 

financial ledgers, and payment process systems 

demand broad parallel-run validation, thorough 

rollback facilities, and detailed cutover planning. 

Risk-based phasing makes sure that risky 

migrations are preceded by the team that has gained 

experience, perfected their playbooks, and 
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developed organizational confidence through the 

successful previous phases. 

 

3. Data Migration Methodology and Quality 

Assurance 

 

Data migration is the workstream basis that allows 

mainframe retirement to take place, and it is the 

workstream that has to be carefully planned and 

executed to maintain data integrity between the 

heterogeneous source and target environments. 

Typically, enterprise mainframe systems are 

systems of record that have decades of transactional 

history, customer relationships, financial records, 

and operational data that need to be transferred 

correctly to cloud-native systems. The literature on 

enterprise information management highlights that 

the quality of data has a direct influence on 

organizational decision-making, operational 

efficiency, and regulatory adherence, and therefore, 

the accuracy of migration is critical to success in 

the transformation process [5]. Before starting the 

migration process, organizations should have 

elaborate data governance frameworks, quality 

standards, validation processes, and remediation 

processes. 

The MFZ methodology involves a single migration 

process that is based on bulk historical backfill and 

change data capture mechanisms that synchronize 

migration processes across long periods of 

migration windows. Bulk backfill takes historical 

data out of mainframe databases such as DB2, IMS 

hierarchical structure, and VSAM file systems, and 

stages the extracted data in the cloud storage to be 

transformed and loaded. The extraction processes 

should be able to handle mainframe-specific data 

formats such as packed decimal numeric formats, 

EBCDIC character encoding, and record structures 

defined in COBOL copybooks. These legacy 

representations are transformed into cloud-native 

formats by transformation logic and with data 

quality rules identifying anomalies, enforcing 

business constraints, and finding records that need 

manual remediation. 

Change data capture provides the consistency of 

mainframe sources and cloud targets continuously 

throughout the migration cycles that can span 

several months in a large-scale activity. Changes in 

the database are automatically replicated to 

subsequent systems with little latency through CDC 

mechanisms, which intercept changes as they 

happen to the database. This real-time 

synchronization allows parallel-run environments 

where the mainframe and cloud environments can 

run workloads at the same time, allowing a 

comparative validation to ensure that the 

functionality is equivalent to that of the production 

cutover. Studies about real-time data integration 

architectures point out that CDC-based models 

have a cutover risk that is significantly smaller than 

in point-in-time migration models that demand 

longer periods of system unavailability [6]. 

Reconciliation frameworks offer operational release 

of the migration progress and data congruence in 

the source and target environments. The process of 

automated reconciliation runs continuously as part 

of migration, comparing the number of records in 

an environment, calculating the hash-based 

integrity, and testing business rules. Mismatches 

are the initial events provoking investigation 

processes that identify the root causes of the 

problem, such as logic errors in transformations, 

time variations, and the quality of source 

information. Pipeline stages have quality gates that 

block propagation of data that has been corrupted to 

downstream systems, which would have led to 

corrupt data being sent to the target environments 

where it could be needed in the production process. 

Data quality frameworks incorporate validation 

rules applying business semantics across migration 

pipelines. These rules ensure that referential 

integrity exists between related entities, that domain 

constraints on single fields are valid, and that 

business rule constraints are met upon calculated 

values and derived attributes. During the process of 

migration, organizations often find out that old 

systems have data quality problems that have been 

hidden behind application logic, or have been 

treated as working fine. Migration projects offer 

chances to address these problems, enhancing the 

quality of the data in the target systems in 

comparison to source systems. 

 

4. Application Refactoring and Cloud-Native 

Target Architecture 

 

Application refactoring refines mainframe 

applications to cloud-native services based on 

incremental decomposition patterns that address 

risk and gradually eliminate old-fashioned 

components. Rewrites that aim at simultaneous 

modification of entire application portfolios have 

high failure rates because of the complexity of 

scope, long schedule, and compounded technical 

issues. The pattern of the strangler fig offers an 

established solution that allows the gradual 

migration process through intercepting the requests 

at the system boundaries and redirecting the traffic 

to the modernized implementations in gradual 

stages. The AWS prescriptive advice on the 

strangler fig pattern underlines that this method can 

minimize transformation risk by allowing for the 

migration in small steps, constant validation, and 

easy rollback once problems occur [7]. New cloud-
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native services become operable gradually until the 

original mainframe units are put into an idle state 

and shut down. 

The initiation of the strangler fig pattern is through 

laying down facade layers that intercept requests 

that are directed to mainframe applications. These 

facades only forward the traffic to the existing 

systems without making changes to them, and they 

provide infrastructure on which the routing changes 

will be done without affecting the existing 

operations. With the availability of modernized 

services, the facade configurations reroute certain 

types of requests to the cloud implementation and 

leave the rest of the traffic to be routed to the 

mainframe components. This progressive 

redirection can be used to granularly validate the 

functionality that has been modernized, and 

rollback only requires a straightforward 

configuration change in routing, as opposed to 

system restoration. 

Target-state architectures take advantage of 

containerized cloud services with a zero-overhead 

infrastructure management orchestration with 

enterprise-grade reliability, scalability, and security 

levels. The analytics of mainframe-based reporting 

and decision support workloads are migrated to the 

analytics basis of the BigQuery platform. 

According to Google Cloud documentation, 

BigQuery is a fully managed enterprise data 

warehouse that allows running super-fast SQL 

queries based on Google infrastructure processing 

power, and serverless architecture does not need 

capacity planning and infrastructure management 

[8]. By adopting managed services, organizations 

that have migrated out of batch based mainframes 

reporting have realized a significant performance 

enhancement as well as simplification of 

operations. 

Cloud Spanner also supports the globally uniform 

transactional demands typical of fundamental 

business applications such as order processing, 

inventory management, and financial processing. 

The distributed architecture of Spanner offers high 

levels of consistency at geographical boundaries as 

well as providing horizontal scalability that is not 

limited to the capacity of an architecture to support 

an increase in transaction volume. AlloyDB is a 

PostgreSQL-compatible relational database that is 

optimized to serve transactional workloads that 

need low-latency reads and high-throughput writes. 

Event-based architectures substitute the mainframe-

based models of batch processes. Pub/Sub 

messaging infrastructure circulates business events 

throughout distributed services to support real time 

processing to remove delays inherent in the batch 

accumulation cycles. The adjustment of inventory 

elicits immediate downstream changes instead of 

waiting until time windows at the end of the day, 

making the end-to-end latency run-time (in hours) 

hours-to-seconds, and enhancing the resiliency of 

the system by having loosely coupled parts. 

 

5. Security, Compliance, and Organizational 

Change Management 

 

The security and compliance requirements 

incorporated during MFZ implementation can also 

be used to guarantee that cloud-native target 

conditions meet regulatory requirements and 

improve the overall state of security. Cloud 

platforms offer holistic security functions that are 

often beyond the control of mainframe 

environments when correctly implemented and 

managed. Studies conducted on cloud security 

models indicate that organizations should adopt 

defense-in-depth approaches involving identity 

management, network controls, encryption, 

monitoring, and incident response features in order 

to meet the security goals [9]. To achieve security 

requirements, migration planning should consider 

security requirements based on initiation and 

controls that need to be incorporated all through 

transformation and not try to have a retrofit after 

deployment. 

Introduction to identity and access management. 

Identity and access management applies the 

principles of least privilege using the granular 

policies that limit access to the resources according 

to the job function, project assignment, and the 

classification of sensitivity of the data. Role-based 

access control systems specify the set of 

permissions adapted to the organizational tasks, 

making it easier to administer and at the same time 

guaranteeing a uniform enforcement. The need for 

multi-factor authentication ensures the security of 

paths of privileged access, minimizing the risk of 

credential theft. Service accounts that allow 

automated processes have narrow permissions that 

are restricted to a set of required resources and 

actions. 

Encryption secures the privacy of data both in 

storage and transmission settings. Cryptographic 

data control: Customer-managed keys allow 

organizations to have key custody but use cloud-

native storage services. Transport Layer Security 

offers security for moving data along the network 

communications. The major management processes 

deal with rotation and access controls, and recovery 

processes that guarantee cryptographic continuity. 

The framework developed by NIST Cybersecurity 

gives systematic advice to organizations that deal 

with security risk in terms of identification, 

protection, detection, response, and recovery 

services [10]. Asset inventory and risk assessment 
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are the starting points of the framework 

implementation that ensure initial awareness of the 

security situation. The protection controls relate to 

access control, awareness training, data security, 

and protective technology implementation. 

Detection capabilities allow security events to be 

detected in a timely manner by using constant 

monitoring and anomaly detection. Response 

procedures: Response procedures are needed to 

make sure that the incident is handled effectively, 

minimizes its impact, and enables recovery. 

Recovery planning is concerned with the 

restoration of capabilities and services after security 

attacks. 

Organizational change management treats human 

factors that predetermine a successful migration 

over and above technical implementation. The 

domain-aligned teams take ownership of 

modernized services and include business 

knowledge and technical capacity. Platform 

engineering teams create standardized templates, 

deployment pipelines, and observability settings 

that make teams onboard faster and maintain 

architectural integrity. Enablement programs 

provide training on cloud platform capabilities, 

current development practices, and tooling specific 

to migration. 

Federated governance strikes a balance between 

central control and domain control and has 

guardrails that impose security, conformity, and 

architectural controls but allow flexibility in 

implementation. The communication plans keep 

stakeholders informed about the progress made in 

the project by making frequent updates and 

reporting risks clearly. 

 

6. Case Study: Measurable Outcomes and 

Decision Framework 

 

An example of a case study inspired by MFZ 

programs at one of the multinational retail 

companies illustrates quantifiable results that can 

be achieved through methodological execution. The 

organization had mainframe systems that supported 

point-of-sale processing, inventory control, 

merchandise planning, and financial reconciliation 

in its operations all over the world. Mainframe 

infrastructures were devouring huge shares of 

technology budgets in terms of hardware 

maintenance contracts, software authorization 

charges, and specialized human resources wages. 

The discovery analysis showed a large size of the 

COBOL codebase, thousands of batch job 

definitions, and many real-time transaction 

programs that need to be modernized.Migration 

was done over a series of years in stages, starting 

with analytics workloads such as enterprise 

reporting, demand forecasting, and customer 

analytics. The next stages dealt with inventory, 

warehouse, and merchandise planning systems. The 

last stages dealt with point-of-sale transaction 

processing and financial systems that were most 

complex and operationally critical. The data 

migration involved large amounts of data being 

moved between phases, with the CDC 

synchronization maintaining consistency at the 

points of running in parallel. High accuracy rates 

were confirmed at initial cutover in reconciliation 

processes, with any remaining discrepancies 

managed by the already developed data stewardship 

processes. 

Post-migration evaluations ensured that there have 

been significant gains in the areas of operation, 

financial, and agility. The cost of infrastructure was 

reduced by removing the mainframe license and 

placing it on the cloud services on a consumption 

basis. Multi-region deployment architectures with 

automatic failover properties were able to achieve 

significant improvements in recovery time 

objectives. The feature delivery velocity was 

brought up significantly, as measured by how often 

the deployments were done, and teams delivered 

updates continuously, no longer had to wait till 

quarterly release windows to make their updates. 

Decision matrices help organisations to choose 

suitable migration patterns in relation to the nature 

of workloads and organisational strategic goals. 

Lift-and-shift strategies are well-suited to 

workloads with high-speed migration and low 

modification needs, and rehosting applications on 

cloud technologies with very few changes in 

architecture. Re-platforming is a moderate change 

using cloud-native services without changing the 

underlying application logic, suitable for the 

workload that has a database dependency that can 

be migrated to a managed service. The optimal 

long-term value is achieved with architectural 

change which comes with more investment and 

higher execution risk, which is suitable in strategic 

systems where long-term modernization 

commitment is worth the risk. 

Pattern selection is done based on such factors as 

business criticality, technical complexity, 

integration dependencies, and timeline available. 

Workloads with a high strategic value and moderate 

complexity are good candidates of refactoring. The 

end-of-life systems with minimal strategic 

differentiation can be carefully considered to be 

replaced by commercial packages instead of the 

alternative, which is a custom modernization 

investment. 
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Figure 1: MFZ Risk-Based Phasing Framework [3, 4] 

 

Table 1: Data Migration Mechanisms [5, 6] 

Mechanism Function Use Case 

Bulk Backfill Extract historical data from DB2/IMS/VSAM Initial data load 

Change Data Capture Real-time synchronization during migration Parallel-run periods 

Reconciliation Compare source/target consistency Validation checkpoints 

Quality Gates Enforce business rules, detect anomalies Pipeline stages 

Hash Verification Integrity checks across environments Cutover validation 

 

 
Figure 2: Cloud-Native Target Architecture [7, 8] 

 

Table 2: NIST CSF Security Controls [9, 10] 

NIST Function Control Area Implementation 

Identify Asset inventory Resource cataloging, risk assessment 

Protect Access management IAM policies, RBAC, MFA, CMEK 

Detect Monitoring Audit logging, anomaly detection 

Respond Incident handling Response procedures, containment 

Recover Service restoration Backup recovery, multi-region failover 

 

4. Conclusions 

 
The Mainframe Zero plan provides a rigorous 

system of eliminating the dependence of legacy 

mainframes with cloud-native changeover to allow 

organizations to remove technical debt and achieve 

significant operational and financial upgrades in the 

infrastructural cost, increase system resilience, and 

speed of innovation. Effective implementation 

requires architectural rigor with a focus on 

achieving target-state results despite tactical 

complications in large-scale migration, and 

organizational change management aligning teams 

to modernization goals and developing cloud-native 
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capabilities using formal enablement programs. 

Risk-based phasing based on discovery processes 

that develop comprehensive workload inventories 

and dependency mappings, and so on, is the basis 

of sequencing transformation activities to develop 

organizational confidence by demonstrating early 

success before taking on mission-critical 

transactional systems. Bulk extraction with change 

data capture data migration provides continuity and 

accuracy in longer parallel-run periods, whereas 

incremental decomposition with application 

refactoring to strangler fig patterns provides 

continuity and stability in controlling risk by 

continual validation and easy rollback. An identity 

management based on security integration that 

includes encryption and monitoring is in line with 

the accepted cybersecurity frameworks to assure 

regulatory compliance during transformation and to 

not hinder delivery progress. The analytics, 

transaction processing, and event-driven messaging 

capabilities enabled by cloud-native target 

architecture using managed services are no longer 

limited by the capabilities of mainframe 

infrastructure, such as real-time processing of data, 

scalability in response to changes in demand, and 

the ability to implement features quickly due to 

modern development practices. Organizations that 

undergo MFZ transformations place themselves in 

a position of sustained innovation, no longer 

limited by legacy requirements, having up-to-date 

platforms that adapt as business needs evolve, 

eventually enabling technology leaders to achieve 

the full potential of cloud-native architectures to 

offer sustained business differentiation and 

competitive advantage in high-speed market 

settings. 
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