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ABSTRACT 

Data migration is a critical component of banking mergers, where the seamless integration of disparate systems is 

essential to ensure operational continuity and customer satisfaction. This paper explores comprehensive strategies to 

achieve zero-downtime data migration in the context of banking mergers, addressing the unique technological and 

regulatory challenges faced by financial institutions. Key migration methodologies, including phased approaches, 

big bang strategies, parallel runs, and blue-green deployments, are analyzed for their applicability and effectiveness 

in various scenarios. Technical aspects such as data mapping, integrity validation, schema management, and 

performance optimization are discussed in detail, providing actionable insights for practitioners. The role of advanced 

tools, including AI-driven validation, middleware solutions, and real-time monitoring, is emphasized as essential for 

reducing risk and ensuring data consistency. Real-world case studies from prominent banking mergers, such as those 

involving Santander, Wells Fargo, and JPMorgan Chase, illustrate the practical application of these strategies. The 

paper also outlines best practices for planning, stakeholder engagement, testing, and post-migration optimization to 

ensure a successful transition. Finally, future research opportunities are identified, including the use of emerging 

technologies like blockchain and AI to further enhance migration processes. This study aims to serve as a 

comprehensive guide for financial institutions navigating the complexities of zero-downtime data migration. 

 

INTRODUCTION 

Background: Banking mergers are complex operations that often involve the integration of massive amounts of data 

across multiple systems. These operations face significant technological and regulatory challenges. The financial 

sector is bound by strict compliance requirements, including data privacy laws such as GDPR and CCPA, which 

necessitate meticulous handling of sensitive information. Additionally, legacy systems, often entrenched in banks, 

add layers of complexity due to their incompatibility with modern IT infrastructures. 

Importance: Ensuring zero downtime during data migration is critical for banking mergers due to the sector’s 

reliance on real-time systems. For instance, transaction processing systems operate continuously, enabling real-time 

balance updates and customer notifications. Downtime in such systems can lead to transaction failures, customer 

dissatisfaction, and financial penalties. A prolonged outage during migration could cause disruptions in ATM 

networks, online banking platforms, or interbank settlement systems, highlighting the critical need for uninterrupted 

operations. 

Objective: This paper aims to provide a comprehensive analysis of strategies and technical approaches to achieve 

zero-downtime data migration in banking mergers. By leveraging existing research and real-world applications, the 

paper highlights best practices, identifies potential risks, and offers actionable solutions to ensure a seamless 

transition. 
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LITERATURE REVIEW 

Existing Research: Previous studies have extensively explored data migration methodologies, including phased 

migrations, big bang migrations, and hybrid approaches. Techniques like real-time replication, middleware solutions, 

and advanced ETL tools have been highlighted for minimizing downtime [1]. Emerging trends, such as the use of AI 

for data cleansing and blockchain for ensuring data integrity, are reshaping the migration landscape [2]. Case studies 

from mergers such as JPMorgan Chase’s acquisition of Bank One illustrate the complexities and solutions in large-

scale integrations [3]. 

Gaps: Despite significant advancements, gaps persist in addressing the unique challenges of the banking sector. 

Technological challenges include integrating disparate legacy systems and maintaining real-time synchronization 

during migration. Regulatory challenges, such as adhering to compliance standards across jurisdictions, add further 

complexity. Additionally, limited research exists on leveraging AI-based tools for proactive risk management and 

validation during migration. 

 

DATA MIGRATION STRATEGIES 

Phased Migration: A phased approach involves migrating data incrementally over time. For example, during the 

merger of Lloyds TSB and HBOS, customer accounts were migrated in phases, allowing ample time for validation, 

and minimizing disruption. Benefits of this strategy include reduced risk, easier issue identification, and manageable 

workloads. This approach is particularly effective when legacy systems need to coexist with modern infrastructures, 

allowing teams to address compatibility issues incrementally. Moreover, phased migration offers the flexibility to 

prioritize critical systems and workflows, ensuring minimal disruption to business-critical operations. However, 

challenges include prolonged dual-system operation, potential data inconsistencies, and the need for robust 

synchronization mechanisms to prevent data silos. Detailed project management is required to track progress across 

each phase and to ensure timely resolution of issues. Additionally, extensive communication with stakeholders at 

every phase is crucial to ensure alignment and mitigate misunderstandings. This method also allows organizations to 

adapt dynamically to unexpected technical or regulatory changes, which is particularly important in highly regulated 

environments like banking. While phased migration may extend the overall timeline, the incremental approach makes 

it a safer and more controlled method for large-scale mergers. 

 

Big Bang Migration: In a big bang approach, all data is migrated in a single event, often over a weekend or public 

holiday. This strategy was adopted during the merger of Wells Fargo and Wachovia, where a comprehensive plan was 

implemented to minimize disruptions. While the approach reduced the duration of disruption, it demanded meticulous 

preparation and robust contingency plans to address unforeseen issues. Big bang migration is ideal for systems with 

tightly coupled components that need to function as a cohesive unit immediately after migration. The advantage of 

this approach lies in its ability to provide a clean cutover, reducing operational complexity by eliminating the need 

for prolonged dual-system operations. However, the high stakes of a single failure point mean that organizations must 

invest in thorough pre-migration testing, extensive backups, and detailed failover mechanisms. Load testing and 

simulations of peak operational scenarios are critical to ensure the system can handle real-world demands post-

migration. Stakeholder coordination is paramount, as even a minor error can cascade into significant operational 

issues. While the big bang approach can lead to quicker project completion, its inherent risks necessitate a well-

structured disaster recovery plan. Careful attention must also be given to employee training and customer 

communication to manage expectations during the transition. 

 

Parallel Run: The parallel run strategy involves running the old and new systems concurrently, ensuring data 

consistency before full switchover. This approach was successfully implemented in the merger of Standard Chartered 

and ANZ in certain markets, providing ample time for validation. Running both systems simultaneously allows for 
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extensive testing under real-world conditions, ensuring data consistency and functional alignment. One key 

advantage is the ability to compare outputs from both systems, quickly identifying discrepancies that can be addressed 

before the final migration. This strategy significantly reduces downtime risks, as issues in the new system do not 

immediately affect live operations. However, parallel runs demand significant resource investments, as maintaining 

and operating two systems concurrently can be costly and labor-intensive. Synchronization tools and middleware are 

often employed to ensure real-time consistency between the old and new systems. To maximize effectiveness, 

organizations should define clear metrics for success and establish robust monitoring frameworks. Communication 

between technical teams, business stakeholders, and end-users is essential to resolve discrepancies efficiently. While 

the parallel run approach minimizes operational risks, its high resource requirements and complexity make it suitable 

only for well-funded and strategically critical migrations. Organizations must carefully evaluate the trade-offs to 

determine whether this approach aligns with their objectives. 

 

Blue-Green Deployment: Blue-green deployment ensures zero downtime by using two identical environments. 

During a migration at ING, the blue environment handled live traffic while the green environment underwent 

migration and testing. Once validated, traffic was shifted to the green environment. This method significantly reduces 

risks associated with migrations by isolating the new environment until it is fully operational. One key benefit is the 

ability to roll back to the blue environment instantly in case of unforeseen issues, providing a robust safety net. 

Additionally, blue-green deployment enables organizations to test new features and configurations without disrupting 

live operations. Automated testing and monitoring tools are critical for validating the green environment before 

transitioning traffic. This strategy also supports incremental rollouts, allowing organizations to gradually migrate 

user groups and monitor their experiences. While the method is highly effective for minimizing risks, it requires 

substantial infrastructure investments to maintain duplicate environments. Continuous monitoring during the traffic 

shift is essential to identify performance bottlenecks or unexpected behaviors. The blue-green approach is particularly 

suitable for cloud-based architectures, where infrastructure can be provisioned and scaled dynamically. Organizations 

adopting this method must also ensure seamless coordination between development, testing, and operations teams to 

maximize its benefits. 

 

Data Processing Zones 

Landing Zone: The landing zone serves as the initial storage area where raw data from the source system is loaded. 

For instance, during the Santander and Abbey National merger, raw transactional data was isolated in a landing zone 

to ensure it remained untouched for reference. This zone acts as a buffer, enabling organizations to collect data in its 

native format without risking corruption or loss. By preserving raw data, the landing zone provides a valuable fallback 

option, ensuring that original information is always available for troubleshooting or reprocessing. Automated 

processes often validate data completeness and flag anomalies at this stage, improving overall data quality. The 

landing zone also supports compliance requirements by maintaining detailed audit trails of all data ingested. Its role 

in decoupling data ingestion from processing ensures a stable foundation for downstream operations. Organizations 

must implement robust security protocols to protect sensitive data at this stage, as it represents the first point of entry 

for critical information. 

 

Wrangling Zone: The wrangling zone is dedicated to data cleaning, transformation, and preparation. This is where 

data anomalies are resolved, duplicates are removed, and formats are standardized to align with the target system’s 

requirements. The wrangling zone plays a crucial role in ensuring that only high-quality data proceeds to subsequent 

stages. Advanced data transformation tools and frameworks, such as Apache Spark, are often employed to accelerate 

these processes. Business rules and domain-specific logic are applied at this stage to ensure data meets the 

organization’s specific needs. The wrangling zone is also where metadata is enriched, providing additional context 

and traceability for downstream use. Effective error-handling mechanisms, such as retry logic and exception tracking, 
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are critical to resolving issues encountered during transformation. Organizations should prioritize building reusable 

workflows in the wrangling zone to enhance operational efficiency for future migrations. 

 

Staging Zone: The staging zone acts as an intermediate storage area where processed data is validated and further 

refined before being loaded into the target system. For example, Barclays’s  migration strategy employed a staging 

zone to simulate live operations and validate data readiness before final migration. This zone provides an additional 

layer of quality assurance by enabling comprehensive validation checks and simulations of how the data will perform 

in the target environment. By isolating processed data, the staging zone helps identify and address issues such as 

schema mismatches or performance bottlenecks. Organizations often conduct end-to-end testing in the staging zone, 

ensuring data consistency and application functionality. Advanced analytics tools can also be leveraged to evaluate 

data readiness and predict potential issues. Effective use of the staging zone reduces the risk of errors propagating to 

the live environment, enhancing overall migration success rates. 

 

TECHNICAL ASPECTS 

Data Mapping: Mapping involves aligning source data structures to target schemas. Automated tools like ETL 

(Extract, Transform, Load) pipelines can expedite this process while reducing human error [4]. Data mapping is 

particularly critical in banking mergers, where diverse systems and formats must be unified into a single structure. It 

often involves converting legacy data models into modern relational or NoSQL database structures, depending on the 

target system. Advanced ETL tools, such as Informatica, Talend, and AWS Glue, enable organizations to automate 

complex mappings, ensuring accuracy and consistency. Effective data mapping also includes metadata management, 

allowing teams to document field definitions, transformations, and dependencies for future reference. Tools with 

graphical interfaces simplify the process by providing drag-and-drop functionality for linking source and target fields. 

A robust data mapping strategy ensures minimal loss of information during migration, especially for critical data 

such as customer accounts and transaction histories. Additionally, mapping tools often integrate with validation 

mechanisms to highlight discrepancies, enabling teams to resolve issues before migrating data to the staging zone.  

 
 

Data Integrity: Ensuring data integrity involves validating that data is complete, accurate, and consistent post-

migration. Techniques include checksum validation, referential integrity checks, and automated reconciliation 

processes. For example, referential integrity checks ensure that relationships between tables, such as customer records 

and associated transactions, remain intact. Advanced reconciliation tools generate detailed reports that compare pre- 

and post-migration data, identifying mismatches or missing records. Organizations can also employ data profiling 

tools to assess the quality of the source data before initiating migration, reducing the likelihood of errors. Regular 

integrity checks are necessary during migration, particularly in phased approaches where partial datasets may be 

transferred. Real-time validation tools, such as Talend Data Quality and Informatica Data Quality, provide instant 

feedback, helping teams address issues proactively. Blockchain technology is also emerging as a tool to ensure data 

integrity by providing immutable audit trails. Finally, communication between technical and business teams is 

essential to confirm that the migrated data aligns with operational requirements and regulatory standards. 
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Schema Changes: Handling schema changes without downtime requires schema versioning and backward 

compatibility. Tools like Liquibase facilitate seamless schema updates [5]. In banking mergers, schema changes often 

involve expanding field lengths, adding new fields, or redefining data types to support unified systems. Schema 

migration scripts are typically developed and tested in non-production environments to ensure they perform as 

intended. Version control for schemas is critical, as it allows teams to track changes, roll back errors, and ensure 

compatibility across environments. Zero-downtime deployment techniques, such as the expand-and-contract pattern, 

allow teams to introduce changes gradually without disrupting operations. For example, new columns can be added 

and populated in the background while the existing system continues to function. Automated schema migration tools 

also integrate with CI/CD pipelines, enabling faster and more reliable deployments. Effective schema management 

includes comprehensive documentation, ensuring that technical teams and stakeholders understand the rationale 

behind changes. 

 

Performance Optimization: Performance during migration can be enhanced through data partitioning, indexing, 

and leveraging in-memory processing. Partitioning data into smaller, manageable chunks reduces the load on 

migration pipelines and prevents bottlenecks. Indexing source and target databases improves query performance 

during migration, particularly when dealing with large datasets. In-memory data processing frameworks, such as 

Apache Spark, can handle high data volumes with reduced latency. Data compression techniques, such as gzip or 

Snappy, help minimize the size of data being transferred, reducing bandwidth usage. Parallel processing, which 

allows multiple data streams to be migrated simultaneously, is another effective strategy for optimizing performance. 

Performance monitoring tools, such as Dynatrace or New Relic, provide real-time insights into system health, 

enabling teams to address performance issues during migration. Pre-migration performance benchmarking helps set 

realistic expectations and identifies areas for improvement. Ensuring optimal performance is particularly critical in 

zero-downtime scenarios, where delays can directly impact customer-facing operations. 

 

Middleware Solutions: Middleware acts as a bridge between source and target systems, facilitating real-time data 

replication and transformation. Tools such as Apache Kafka, RabbitMQ, and IBM MQ enable seamless 

communication between disparate systems [6]. Middleware solutions play a critical role in ensuring message delivery 

reliability and fault tolerance, especially in complex banking mergers. They often include features like data buffering 

and retry mechanisms, which ensure data integrity during network interruptions. Advanced middleware platforms 

also support message transformation, enabling data in legacy formats to be converted into structures compatible with 

modern systems. Real-time monitoring dashboards integrated into middleware platforms allow teams to track data 

flows, identify bottlenecks, and troubleshoot issues effectively. Middleware scalability is another crucial aspect, as it 

must handle large volumes of data without degrading performance. Modern solutions often integrate with cloud 

platforms, providing the flexibility to scale resources dynamically.  
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ENSURING ZERO DOWNTIME 

 

Backward Compatibility: Backward compatibility ensures older applications can function with the new database 

schema. This reduces service disruptions and provides a safety net during migration. One effective strategy for 

backward compatibility is maintaining dual-schema support, allowing old and new systems to coexist temporarily. 

For instance, during migrations, additional fields can be added while ensuring existing fields remain intact for legacy 

systems. APIs and middleware also play a critical role in abstracting schema changes, ensuring older applications 

can continue functioning without modification. Another approach is using feature toggles to enable incremental 

updates while maintaining compatibility. Organizations often employ comprehensive testing frameworks to validate 

that changes do not break existing functionality. Maintaining backward compatibility also helps reduce the burden 

on end-users, as systems appear unchanged during the migration process. Regular regression testing ensures that 

updates align with previous functionality and meet operational expectations. Effective communication between 

development and operations teams is vital to ensure that all compatibility requirements are thoroughly documented 

and implemented. 

 

Validation and Monitoring: Automated validation and real-time monitoring are essential for ensuring zero 

downtime during migration. Validation processes include data consistency checks, referential integrity verification, 

and business rule validation. Real-time monitoring tools, such as Splunk and Azure Monitor, enable teams to detect 

and resolve anomalies instantly [7]. Organizations often set up dashboards to visualize key metrics, such as data 

transfer rates, system latency, and error rates. Pre-migration validation, including mock migrations and dry runs, 
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ensures that potential issues are identified before the actual migration. Monitoring tools with predictive analytics 

capabilities can proactively highlight potential bottlenecks or system failures. AI-driven validation systems are 

increasingly being adopted to automatically flag discrepancies and suggest resolutions. Additionally, end-user 

behaviour monitoring can provide valuable insights into system performance during the migration. Comprehensive 

logging and audit trails help teams trace and resolve issues efficiently, minimizing the impact on live operations. A 

well-defined escalation process ensures that critical issues are addressed immediately, maintaining system 

availability. 

 

Risk Management: Risk management involves identifying potential issues, such as data loss or system 

incompatibility, and developing mitigation strategies like rollback mechanisms and failover plans. A key component 

of risk management is conducting a thorough risk assessment during the planning phase to identify potential 

vulnerabilities. Organizations often create a detailed risk register that outlines possible risks, their likelihood, and 

their impact on operations. Failover systems, such as active-active or active-passive configurations, ensure that 

operations continue seamlessly in case of failures. Rollback mechanisms, such as database snapshots or point-in-time 

recovery, allow teams to revert to a stable state if issues arise during migration. Simulated disaster recovery tests help 

validate the effectiveness of these mechanisms and prepare teams for real-world scenarios. Additionally, having a 

dedicated incident response team ensures that issues are resolved quickly and efficiently. Communication plans are 

essential for managing stakeholder expectations and minimizing panic during critical incidents. Robust testing 

frameworks and pre-migration validation are integral to reducing risks and building confidence in the migration plan. 

By addressing risks proactively, organizations can significantly enhance the reliability of their migration processes. 

 

Case Studies: Real-world examples provide valuable insights into successful zero-downtime migrations. For 

instance, during the Santander and Banco Popular merger, phased migration strategies combined with middleware 

ensured seamless data integration [8]. Another notable example is JPMorgan Chase’s acquisition of Bank One, where 

real-time monitoring and rollback mechanisms played a crucial role in maintaining operational continuity. The ING 

migration used a blue-green deployment strategy, allowing traffic to be shifted gradually from the old environment 

to the new one without downtime. These case studies highlight the importance of robust planning, comprehensive 

testing, and stakeholder engagement. They also demonstrate how leveraging advanced tools, such as AI-driven 

monitoring and automated validation, can significantly reduce risks.  

 
Each migration showcases unique challenges and solutions, providing a blueprint for future projects. By studying 

these examples, organizations can adopt best practices and avoid common pitfalls, ensuring successful zero-

downtime migrations. 
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IMPLEMENTATION PLAN 

Planning and Preparation: Effective planning includes defining migration goals, conducting risk assessments, and 

assembling specialized teams. It begins with identifying critical data and systems that need to be migrated and 

assessing their interdependencies. A comprehensive migration plan outlines detailed timelines, resource allocations, 

and contingency measures. Teams must perform a readiness assessment to identify gaps in infrastructure, tools, and 

expertise. Developing a proof of concept can help validate the feasibility of the proposed migration strategy. Tools 

like Gantt charts and project management software, such as Microsoft Project, are useful for tracking progress and 

deadlines. Risk mitigation plans, including rollback strategies and disaster recovery protocols, are essential 

components of the planning phase. Organizations often establish a migration command centre to coordinate activities 

and address issues in real time. Additionally, maintaining open communication channels with all stakeholders ensures 

alignment on goals and expectations throughout the migration process.  

    
 

Stakeholder Engagement: Engaging stakeholders ensures alignment on goals and addresses concerns proactively. 

Stakeholders, including IT teams, business units, and external vendors, should be involved early in the planning 

process. Regular briefings and status updates help manage expectations and build confidence in the migration plan. 

Conducting workshops or meetings to gather input from key stakeholders can identify potential risks and 

opportunities for optimization. Clear documentation of roles and responsibilities ensures that all participants 

understand their contributions to the migration effort. Transparency about potential challenges and trade-offs fosters 

trust and enables collaborative problem-solving. Stakeholders should also be involved in reviewing and approving 

the testing phases to ensure that operational needs are met. Post-migration feedback sessions provide an opportunity 
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to assess the success of the migration and identify areas for improvement. Effective stakeholder engagement not only 

enhances the quality of the migration but also ensures organizational buy-in, which is critical for smooth execution 

and adoption of the new system. 

Testing: Testing encompasses unit tests, system integration tests, and user acceptance tests. Mock migrations, 

conducted in non-production environments, simulate the entire migration process to identify potential issues. Unit 

tests validate individual data elements and their mappings, ensuring accuracy and consistency. System integration 

tests evaluate the interactions between migrated data and the target applications, confirming end-to-end functionality. 

User acceptance testing (UAT) involves end-users validating that the migrated system meets business requirements. 

Automated testing tools, such as Selenium and Postman, can accelerate the testing process while improving accuracy. 

Comprehensive test cases should cover various scenarios, including edge cases and failure conditions, to ensure 

robustness. Regression testing ensures that changes introduced during migration do not disrupt existing functionality. 

Pre-defined exit criteria for testing phases help teams determine when they are ready to proceed to the next stage. 

Continuous monitoring during testing helps identify performance bottlenecks and data discrepancies early, 

minimizing the risk of post-migration issues.  

 

 
 

Post-Migration Optimization: Post-migration involves optimizing database performance, conducting audits, and 

addressing residual issues. Performance tuning includes optimizing indexes, rebuilding database statistics, and 

adjusting configurations to accommodate new workloads. Organizations often use analytics tools to monitor system 

performance and identify areas for improvement. Comprehensive audits validate data accuracy and integrity, ensuring 

that all records have been migrated successfully. Addressing residual issues, such as missing data or application 

errors, requires a systematic approach to troubleshooting. Conducting training sessions for end-users ensures that 

they are familiar with the new system and can leverage its features effectively. Feedback mechanisms, such as surveys 

or feedback forms, help identify user challenges and opportunities for further optimization. Ongoing monitoring 

ensures that the system remains stable and efficient, even as usage patterns evolve.  
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CONCLUSION 

Summary 

This paper has explored comprehensive strategies for achieving zero-downtime data migration during banking 

mergers. By examining methodologies such as phased migrations, parallel runs, and blue-green deployments, the 

paper has demonstrated how financial institutions can effectively balance operational continuity with technical 

complexity. Each strategy presents unique benefits and challenges, highlighting the importance of tailoring 

approaches to specific organizational needs. The technical aspects discussed, including data mapping, data integrity, 

and middleware solutions, form the foundation for successful migrations. Furthermore, the integration of advanced 

tools, such as AI-driven validation and real-time monitoring, ensures enhanced accuracy and efficiency during 

migration. Real-world examples, such as those from Santander, Wells Fargo, and JPMorgan Chase, illustrate how 

strategic planning and execution can mitigate risks. The emphasis on stakeholder engagement, testing, and post-

migration optimization underscores the critical role of cross-functional collaboration. Ultimately, the findings provide 

actionable insights for organizations aiming to achieve seamless data transitions in highly regulated and complex 

environments like banking. The strategies outlined in this paper also serve as a roadmap for future migrations, 

ensuring business continuity and customer satisfaction. 

Future Research 

Future research should focus on leveraging emerging technologies to further streamline data migration processes in 

the financial sector. AI-driven tools, for example, could be explored for predictive analytics in risk management, 

ensuring that potential issues are addressed before they impact live operations. Blockchain technology offers 

promising applications for maintaining data integrity and providing transparent audit trails during and after 

migrations. Additionally, future studies could investigate the use of advanced middleware solutions that incorporate 

machine learning to optimize data flows in real time. Another area of interest is the application of DevOps principles, 

such as CI/CD pipelines, in automating migration tasks and reducing manual intervention. As cybersecurity threats 

continue to evolve, research on robust encryption and data protection mechanisms during migration is also critical. 

Furthermore, examining the scalability of migration strategies for global banking mergers could provide insights into 

handling large-scale, multi-region migrations. Studies focusing on user experience and post-migration adoption can 

offer valuable perspectives on how organizations can enhance usability and efficiency post-implementation. By 

addressing these areas, future research can contribute to more resilient, agile, and efficient data migration practices 

for the financial industry. 
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