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Abstract. Legacy systems continue to remain crucial for the core busi-
ness operations of most financial service providers around the globe. How-
ever, increasing operational risk due to knowledge loss and lack of skills
because of demographic change, rising maintenance and run costs, as
well as changing business requirements, put organizations under pressure
to modernize them. By applying the case study research methodology,
this paper derives the core elements of a socio-technical system design
methodology for the stepwise managed evolution of a large, mainframe-
based and historically grown legacy application. It demonstrates why
this approach could be superior to frequently favored "lift-and-shift" or
replace strategies, with respect to cost efficiency, risk mitigation and
solution quality. In addition, a system architecture and implementation
strategy are proposed and evaluated to demonstrate, how this is achieved.

Keywords: Legacy Modernization - Socio-Technical Systems - Core Bank-
ing System - Re-Engineering - COBOL - Java

1 Introduction

The modernization of software systems, particularly the migration of monolithic
legacy mainframe applications, represents a significant challenge in software en-
gineering. As organizations seek to transition away from outdated technologies
like COBOL and PL/1, along with the corresponding legacy databases (e.g.
IMS-DB) or transaction processing monitors (like IMS-TM or CICS) [1], [2],
they must overcome various technical and organizational barriers.

One of the main difficulties arises from the declining availability of exper-
tise in these legacy technologies [3]. Many legacy applications were developed
several decades ago, and the original developers have since retired. This demo-
graphic shift has resulted in a growing skill gap, with respect to maintaining
these systems [4], [5].

Moreover, as usually multiple legacy systems coexist, understanding their
interdependencies becomes a significant task [6].
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Another significant complication is the often insufficient documentation of
legacy systems. The lack of clear and comprehensive documentation limits the
ability of current development teams to decipher existing code [7], [8].

The usual tight coupling of monolithic architectures, which are often intri-
cately integrated at the database and module call levels, makes it challenging to
isolate and transfer individual components to more flexible architectures [9].

The absence of automated testing poses a further challenge. Historically,
these systems were designed without contemporary testing protocols in mind,
increasing the testing efforts massively, including the risk of errors during system
alterations [8], [10].

Decoupling monolithic structures into services-style components can mitigate
such risks, as service-oriented architectures promote modularity and independent
deployments, thus simplifying testing and error recovery processes [11].

Furthermore, the effort and cost necessary for refactoring legacy systems
cannot be understated. This transition is not merely a technical migration, but
requires a broader change management strategy, involving stakeholder engage-
ment and potential restructuring of team dynamics [6], [7].

Due to these reasons, while different modernization approaches have been
proposed and applied in research and practice, the legacy modernization chal-
lenge remains unsolved to a large extend until today [1], [2].

Therefore, in this paper, results from a case study of an ongoing modern-
ization project for large-scale COBOL applications in a big European bank are
presented, which uses a step-wise, managed evolution approach for the transition
from COBOL to Java and to containerized services.

As such modernization projects could be understood as complex socio-techni-
cal systems [12], the strategy adopted in this case study serves as a blueprint for
the core elements of an evolving socio-technical systems design (STSD) method-
ology [13] for evolutionary legacy modernization. STSD is an approach to design
combining technological, organizational, human and social factors [13].

The rest of this paper is organized as follows: In section 2, the related work
is analyzed in more detail, while the research design used is presented in section
3. Section 4 describes the approach used and the related design artifacts. The
evaluation and results are presented in section 5. We conclude with a summary
of our findings.

2 Related Work

The concept of understanding organizations as socio-technical systems was orig-
inally introduced by Emery in 1959 [12], [15], and over the years has been widely
applied to various kinds of organizational problems [15], [16].

Here, we adopt the conceptual structure of socio-technical systems proposed
by Leavitt [14], as it combines the various aspects of social-technical systems into
four main subsystems, which allow for a more pragmatic application during the
case study. Figure 1 illustrates these subsystems and their mutual interactions.
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Fig. 1. Main subsystems of a socio-technical system and their mutual interactions as
proposed by Leavitt [14].

Introducing a socio-technical perspective to the field of software development
and system design is considered beneficial to improve project outcomes and
reduce risks [13]. Consequently, such an approach would then lead to STSD
methodologies [13].

Nevertheless, in many software development projects the technical side is still
dominating, so Baxter and Sommerville argue that “a pragmatic approach to the
engineering of socio-technical systems based on the gradual introduction of socio-
technical considerations into existing software procurement and development
processes” is required [13].

This holds in particular true for software re-engineering and legacy applica-
tion modernization projects, where in addition to the general tasks of software
engineering, one typically has to deal with a lack of skills, documentation and
knowledge [17].

However, the design of a STSD method for legacy application modernization
has rarely been discussed so far. While the modernization of legacy mainframe
applications [18] has been a key focus of both research and practical applications
over the years [17], [19]-[22], the majority of the existing literature addresses the
technical side only.

Traditional methods for modernizing legacy systems are generally grouped
into the following strategies:

Rehosting and Replatforming involve migrating legacy applications to
new platforms, which can improve their performance and accessibility [1], [20],
[23]. This strategy is often combined with wrapping techniques that encapsulate
legacy systems, enabling them to interact with more modern applications [19],
[21], [22], [24].

Rearchitecting focuses on redesigning legacy programs to run on modern
architectures and programming languages. The goal is to enhance the maintain-
ability and scalability of these applications in a gradual, evolutionary manner,
ensuring they align better with current business requirements [22], [24], [25].
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Redevelopment refers to the complete redevelopment of the legacy system,
which can be resource-intensive but may provide substantial long-term advan-
tages. This approach is often necessary when the existing system is too outdated
to be effectively modernized [17], [18], [25], [26].

Replacement entails replacing the legacy system entirely with an "off-the-
shelf" solution, offering immediate functionality without requiring substantial
redevelopment efforts [17].

Refactoring makes use of transpilers — tools that formally translate one
programming language into another, facilitating modernization by converting
legacy code into more contemporary languages, thereby extending the life and
utility of the existing application [27], [28].

However, such translations typically only result in the original code being
written in a new syntax without altering the underlying architecture or structure.
In the case of COBOL-to-Java migrations, this often leads to the creation of
"Jobol" or "Jabol" code, which can be challenging for native Java developers to
understand and maintain.

While other current approaches try to overcome the drawbacks of transpiler
solutions by applying generative AI (GenAI)[2], in this study we investigate the
general approach of a partial, step-wise redevelopment of legacy systems, en-
abling a risk-minimized managed evolution instead of the full migration usually
studied in the literature. This has only rarely been studied in research so far.

Nevertheless, our approach might be combined with GenAl techniques in a
second step as well.

Therefore, in this paper the research question is addressed, how the core ele-
ments of a STSD methodology for legacy application modernization with respect
to technology(software architecture, tools), task (development and operations
processes), people and structure (change management, organizational structure)
need to be designed, to enable a step-wise, managed evolution of legacy systems
from COBOL to Java, and finally to containerized services.

3 Research Design

This paper adopts a case study research design, following the guidelines described
by Yin [29].

This approach was chosen, as a case study "investigates a contemporary
phenomenon within its real-life context, especially when the boundaries between
phenomenon and context are not clearly evident" [29, p. 13], which corresponds
best to the scenario given in the respective project under investigation.

3.1 Project Context

The main original driver for the described project was a substantial increase in

mainframe run costs by the bank’s current mainframe outsourcing provider.
The core strategy for cost reduction is to successively shift the workload

from the monolithic COBOL code to a modern, clean Java implementation to
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increasingly utilize the mainframe’s so-called z Information Integration Proces-
sors (zIIP) (dedicated CPUs for Java workloads), while additionally modernizing
the software architecture.

zIIPs are licensed on a per-CPU basis instead consumption-based, therefore
being much cheaper then the general-purpose CPU (CPC) required by COBOL
code.

The first phase of the project’s implementation focuses on short-term cost
optimization and preparing for platform neutrality. This involves transferring
COBOL to Java under CICS, which already results in initial cost savings through
the use of zIIPs. The initial focus of this phase is on the top 10 applications in
the securities system that have the highest CPU consumption.

3.2 Units of Analysis

The units of analysis cover the main outcomes of the project’s scope:

The project is centered around a hybrid cloud target platform architecture,
complemented by a developed software architecture that integrates COBOL and
Java.

This combination supports the managed evolution of the solution, ensuring
both legacy compatibility and modern scalability. A structured development
process is required, together with appropriate tools to enhance productivity and
maintain quality.

In parallel, the implementation of organizational change and skill develop-
ment initiatives ensures the workforce is equipped to adapt to new technologies
and methodologies.

A comprehensive risk mitigation strategy has been defined to proactively
address potential challenges, while the overall project is guided by a robust
project management approach to ensure timely and successful delivery.

3.3 Evaluation Criteria

The evaluation criteria for this initiative focus on several key factors to ensure
both operational success and long-term sustainability.

A primary consideration is the reduction of run costs, aiming to optimize
resources while maintaining system efliciency.

In addition, the solution must deliver performance, scalability, and security
that are on par with existing standards, ensuring the system can handle growth
without compromising reliability or data protection.

Future maintainability is also crucial, with an emphasis on ease of updates
and long-term system health. The approach supports a stepwise implementation,
allowing for gradual transitions and minimizing disruption. It is essential that the
solution fits well within the organization’s existing structure, promoting seamless
integration and adoption.

Furthermore, alignment with both business requirements and IT strategy is
key, ensuring that the solution serves the company’s objectives while also lever-
aging current technological priorities. Finally, a strong focus on risk reduction
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ensures that potential challenges are proactively addressed, safeguarding the
project’s success.

4 Designed Artifacts and Data Collection

4.1 Platform Architecture Enabling Managed Evolution

; Vainframe 3
2105

Java

Liberty i —
Batch w

Fig. 2. Proposed phases of the managed evolution of the platform architecture.

To enable the managed evolution of the existing mainframe platform, a three-
phased approach was designed, as illustrated in figure 2. It allows for a step-by-
step modernization of the platform, moving from a traditional mainframe-centric
setup towards a hybrid, cloud-ready environment:

1. Phase focuses on short-term cost optimization and preparation for platform
neutrality. It involves the selective transfer of COBOL services to Java. These
Java services will run under CICS on the mainframe, using the Liberty* ap-
plication server. The initial focus is on the top 10 applications in the securi-
ties system with respect to highest CPU consumption. This phase maintains
the core mainframe infrastructure but introduces modern Java applications
integrated with the existing COBOL framework.

2. Phase represents the further development towards a cloud-ready architecture
(platform neutrality). The design introduces the operation of Java applica-
tions using container technology (OpenShift). This includes the option for a
hybrid architecture, where Java applications can run on both the mainframe
(specifically under z/VM Linux on Z with OpenShift) and cloud container
platforms. Migration steps to container platforms are possible during this
phase.

* See https://openliberty.io
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3. Phase depicts target state of the architecture. In this state, the host (main-
frame under z/0OS) is primarily developed into a data storage and provi-
sion platform for a heterogeneous application environment. It is mainly used
for high-volume batch processing. Applications are migrated to a platform-
independent architecture based on their respective requirements. Online trans-
action processing takes place in the hybrid cloud (using OpenShift containers
on Linux on Z and other platforms).

The managed evolution through these phases was chosen to achieve several
key objectives:

— Significant cost reduction: The primary driver is the substantial increase
in prices for outsourcing services, necessitating urgent action to address ris-
ing operating costs, particularly affecting the securities system. Migrating
COBOL services to Java allows the project to increasingly shift workload to
cheaper zIIP processors. The operational transition of applications immedi-
ately after implementation enables a continuous reduction of operating costs
for a quick effect.

— Future-proofing and platform neutrality: Introducing Java and con-
tainer technology (OpenShift) ensures platform neutrality and establishes
cloud-readiness. This provides flexibility for future deployment choices across
different platforms.

— Combining modernization with short-term effects: Phase 1, focus-
ing on the top CPU consumers and migrating them to Java on the main-
frame, combines modernization with short-term savings effects. This allows
the organization to start realizing cost benefits quickly while building the
foundation for future architectural changes.

— Managed transition and skill building: The phased approach allows for
a stepwise conversion of COBOL programs. It helps the bank to manage the
changes associated with the new technology, including building necessary
skills and processes. The project plans for the training of internal employ-
ees by integrating them into implementation teams and providing defined
training measures.

4.2 Software Architecture

The core business logic of the project is strategically designed to reside within a
modern Java architecture, with the intention that this business logic should be
implemented only once to promote efficiency and maintainability.

The Java codebase is constructed to function as a plug-in replacement for
existing COBOL modules, thereby facilitating a seamless transition and integra-
tion of contemporary technologies into legacy systems.

In this design, as iluustrated in figure 3, mainframe-specific aspects are care-
fully encapsulated within the Java code, ensuring that legacy constraints are
effectively managed without compromising the advantages of modernization.

The results and impacts of this Java reference architecture design are sub-
stantial: the business-specific Java code is implemented as a container-ready
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Fig. 3. Software architecture for embedding modern Java components using a cloud-
ready implementation within the existing COBOL codebase, enabling a step-wise evo-
lutionary replacement of COBOL with Java.

Spring Boot application, which is then integrated into the mainframe environ-
ment through a COBOL wrapper. This integration adheres to the established
Java architecture guidelines, including Java 17, Spring Boot 3.2.x, and Spring
Data, thereby ensuring compliance with contemporary industry standards.

Moreover, the architecture has been optimized to run under Liberty within
the CICS environment, as well as in batch processing scenarios, enhancing its
versatility.

Notably, Java-COBOL interoperability is well-supported through IBM LE
ILC, available from Compiler Version 6.4 onwards, which further facilitates the
smooth coexistence of Java and COBOL in the enterprise system landscape.

4.3 Development Process and Tools

Jira and Confluence are key tools used in the project across the main areas of
development and project management:

Here, Confluence is used for organization of the tea, maintaining the meeting
calendar (including workshops, etc.), managing the vacation calendar (to be
maintained by team members), handling planning and providing an overview
list of milestones with status, and tracking an open points list for topics that are
not managed via Jira tickets. In addition, it is used to store meeting minutes,
result and status reports, and thereby supporting risk management.

On the other hand, Jira is used for structuring and tracking work items
based on the development steps up to deployment. This includes the phases of
development, test, deployment, and operations.
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Within the project’s meeting structures, Jira tickets will be reviewed if nec-
essary. Open points that are not captured as tickets will also be documented and
tracked.

In summary, Confluence serves as a central repository for project documen-
tation, planning, meeting information, and non-ticketed open points, while Jira
is used for the structured tracking and management of tasks and work items
throughout the development lifecycle and for general organizational purposes.

The standard Java development toolchain, including tools like Git, Jenk-
ins, etc., is used, with deployment to z/OS and container platforms using the
company’s respective, well-established custom tools.

4.4 Project Management Approach and Risk Mitigation

To manage the project, we rely on a combination of agile project management
and traditional methods to achieve the best possible results. This hybrid ap-
proach allows us to react flexibly to changes while maintaining a stable and
clear structure.

The project team consists of external employees from the service provider
(including the authors) and a team from the customer. The external team focuses
on architecture, development, project control and management communication.

On the customer side, the team includes the developers responsible for the
COBOL application, which will be successively converted to Java as part of the
modernization.

Project management is a shared responsibility between the service provider
and the customer. The main role of the customer project manager is to man-
age the customer organization to ensure that the technical and organizational
framework is in place for the project to run smoothly. In particular, the internal
project manager provides access to resources that are not directly assigned to
the project, such as setting up permissions or the necessary tool chain to deploy
the Java modules in the infrastructure (development, test and production).

The technical conversion of the COBOL modules to Java follows an agile
approach with defined sprints for each module. Each module is implemented
in three sprints of three weeks each. Topics such as documentation, integration
and acceptance tests are managed according to the classic project management
approach.

A key component of our project management is a clear governance structure,
which ensures that all project participants are fully aware of their roles and
responsibilities.

In addition, the established meeting structure ensures continuous dialogue
through weekly internal and joint status meetings for each sprint.

The actual implementation takes place in blocks for each COBOL module
to be converted. Each module is then implemented in three sprints of three
weeks each. After the last sprint, the integration test phase begins, followed by
a four-week test block in the acceptance environment to ensure that the new
Java modules are ready for use. The entire testing phase runs in parallel with
the subsequent implementation phase of the COBOL modules.
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At the beginning of each implementation block, the backlog is planned and
divided into sprints. The first sprint is planned very precisely, while the remaining
sprints are planned more roughly. Further sprint planning takes place before each
sprint as part of the defined governance structures to plan the following sprint
in detail.

At the end of the last sprint, a retrospective is conducted. This allows us to
learn from the experiences of previous sprints and to continuously improve our
processes.

Independent of the planned retrospectives, any shortcomings identified dur-
ing the sprints are addressed immediately.

During the conversion of the modules from COBOL to Java, the COBOL
developers were simultaneously trained in Java (on-the-job training) to ensure
the future operation and further development of the converted application.

4.5 Data Collection

For the empirical evaluation of the described processes and artifacts designed
for the project, a multifaceted approach to gathering feedback was adopted to
ensure a comprehensive assessment of their efficacy and impact.

This evaluation utilized various sources of feedback information, which in-
cluded the minutes from sprint retrospectives, wherein team members reflected
on the successes and challenges encountered during the sprint cycle.

In table 1, the experts participating in the qualitative study by contributing
their feedback and insights are described in detail.

Additionally, the insights garnered from code reviews played a crucial role in
identifying areas of strength and opportunities for improvement in the codebase.

Performance measurements derived from load tests offered quantitative data
regarding the system’s responsiveness and stability under different conditions,
serving as a critical indicator of operational capabilities.

Furthermore, documented reports from collaboration tools such as Conflu-
ence and Jira provided structured insights into task progress, project timelines,
and bottlenecks that were identified throughout the project lifecycle.

Lastly, informal feedback collected from project members contributed quali-
tative insights, capturing the nuanced experiences and perceptions that may not
be fully represented in formal documentation.

These different feedback sources were crucial in continuously evaluating the
project’s processes and artifacts, thereby facilitating informed decision-making
and continuous improvement.

5 Evaluation and Results

The platform and software architectures, as well as the development and deploy-
ment process and tools, were validated using a pilot implementation of a first,
comparably simple business service. A second, more complex business service
was re-implemented in Java immediately afterwards.
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Table 1. Overview about the experts contributing to the qualitative analysis, the
topics they gave feedback on, the artifacts used for analysis and the respective time
period covered by the analysis. The experts consisted of project team members and
stakeholders, grouped here into internal employees of the European bank and employees
of the external project partner.

lInternal Experts ‘Topics ‘Analyzed Artifacts ‘Analysis Period‘
Project Manager Schedule, Retrospectives, Emails,
Cost, Meeting Minutes, 02/2024 - 02/2025
Quality Oral Communication
Senior developers Software Code Reviews, 07/2024 - 02/2025
COBOL and Java Architecture, Documentation,
1 and 2 Code, Tests, Test Result,s
Build, Meeting Minutes,
Deployment, Emails, Jira Tickets,
Performance Retrospectives
Solution Manager Correctness, Meeting Minutes, 07/2024 - 02/2025
Performance, Test Results,
Maintainability, |Retrospectives
Enterprise Java Software Archi- |Source Code, 02/2024 - 06,/2024
Architect tecture, Build, [Documentation,
Deployment Code Reviews
Mainframe Security IT Security Emails, 02/2024 - 02/2025
Specialist Configuraton Retrospectives
Senior Mainframe Architecture, |Documentation, 02/2024 - 12/2024
Specialist Deployment, Meeting Minutes,
IT Security, Emails, Jira Tickets,
Performance Retrospectives
Test Management Team|Functional Test Reports, 01/2025 - 02/2025
Correctness, Logfiles
Performance
Head of Cost, Skills, Discussions, 02/2024 - 02/2025
Mainframe Operations |Reliability, Emails
Head of IT Strategy, Discussions, 02/2024 - 02/2025
Core Banking Systems |Alignment, Cost|Emails

lExternal Experts

l

l

l

Business Consultant Schedule, Retrospectives, Emails,
(Project Office) Planning Meeting Minutes, 02/2024 - 02/2025
Slides, Project Plans

Senior Mainframe Architecture, Documentation, 07/2024 - 02/2025
Consultant Deployment, Meeting Minutes,

IT Security, Emails, Jira Tickets,

Performance Retrospectives
Senior Technical Software Code Reviews, 07/2024 - 02/2025
Consultant Architecture, Documentation,

Code, Tests, Meeting Minutes,

Deployment, Emails, Jira Tickets,

Performance Retrospectives
Senior CICS Architecture, |Documentation, 02/2024 - 02/2025
Consultant Deployment, Meeting Minutes,

IT Security, Emails, Jira Tickets,

Performance Retrospectives
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The findings from the case study indicate how the core elements of a STSD
methodology with respect to the four subsystems illustrated in figure 1 need to
be designed:

5.1 Technology

The data collected during the evaluation successfully validated the architecture
for migrating COBOL to Java. The qualitative evaluation of the architecture
and its technical feasibility made clear that it fits well for the purpose, resulting
in a clean and modern Java architecture.

The runtime analysis confirmed that approximately 30-50 percent of the pro-
cessor load can be shifted to the less expensive zIIP.

Even with Java programs, some processing still occurs on the main CPC pro-
cessor because the customers proprietary COBOL framework is still necessary,
and the Java program is called from within this framework.

The comparison measurement between the original COBOL module and the
newly written Java application showed that approximately 30% to 50% of the
processor load can be shifted to the cheaper zIIP processors.

Specifically, for the service implemented first, containing little business logic,
about 30% of the load could be shifted to zIPP. For the second service with
much more business logic, about 50% of the load could be shifted.

The success of the runtime behaviour provides a valid decision basis and
confirmes the feasibility of shifting workload to zIIP processors, supporting the
planned conversion of COBOL to Java.

5.2 People and Structure

The established project management structures promote transparency and facil-
itate communication within the operational team and with management through
regular steering committees with formalized status reporting.

These regular meetings enable us to continuously monitor progress, identify
issues early and implement improvements promptly.

With mainframe modernization projects such as this, it is important to un-
derstand that it is not a purely technical project. The technical change touches
the customer’s organization and starts a major change process.

5.3 Task

New processes and other skills are required to manage the new infrastructure
efficiently and effectively. As part of our project, the external project team not
only converted the modules, but also worked with the customer to build the
new tool chain, convert and define processes, and transfer knowledge to the
customer’s staff.

The hybrid project management approach allows for a balanced mix of flexi-
bility and stability, which enables us to manage projects efficiently and success-
fully. By combining agile and traditional methods, we are able to make short-
term adjustments while keeping an eye on long-term goals.
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Overall, the results of this case study clearly show that the approach chosen
is not only feasible, but addresses the specific requirements of the managed
evolution of legacy systems towards a modern architecture in a successful way.

6 Conclusion

In conclusion, despite the various modernization strategies that have been pro-
posed and implemented in both academic research and practical settings, the
challenge of legacy modernization remains largely unresolved to this day.

This paper presents findings from a case study focused on an ongoing mod-
ernization initiative involving large-scale COBOL applications within a major
European bank.

The project employs a stepwise, managed evolution approach to transition
from COBOL to Java and subsequently to containerized services.

The results indicate, how the core elements of a socio-technical system de-
sign methodology for legacy application modernization need to be designed, and
support the advantages of adopting a managed, stepwise evolution of core legacy
mainframe applications over more commonly pursued strategies like "lift-and-
shift" or complete replacement.

The presented approach is particularly effective in terms of cost efficiency,
risk minimization, and solution quality.

Though further research is needed, the results indicate that the strategy
adopted in this case study has the potential to serve as a valuable blueprint and
best practice for similar modernization efforts.
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