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ABSTRACT

Comparative Analysis of Case Studies on Legacy System

Migration in Banking Industry

Advances in technology, changing customer requirements, and pressure from
business goals are the main drivers for innovation in the banking industry. Legacy
architectures with monolithic structures prevent banks from implementing new gener-
ation banking models. To stay competitive, banks migrate to modular and scalable
architectures. This migration has a significant impact on banks’ technical and organi-
zational infrastructures, so it is crucial to devise an end-to-end migration strategy and
plan the transformation. This thesis reports our observations on the legacy system
migration of three large retail banks between 2014 and 2020, focusing on the eval-
uation and prioritization criteria for their application portfolio to be migrated. We
compare and contrast the motivations, migration strategies, and migration prioritiza-
tion methods and discuss key takeaways from these high scale migration projects. The
existing legacy architecture, most urging issues of the current operations and industry
trends at the time of the transformation program, define the target architecture for
legacy migration. The culture and availability of strong governance structures such
as architecture boards, solution architecture teams, and target architecture patterns
play an essential role in how migration planning is conducted. Regardless of the plan-
ning approach selected, value-driven program management practice would provide the
most optimized prioritization. A robust migration project management is required to
ensure the continuity, progress, and quality of the transformation. As transformation
programs migrate the applications to the new platform, migration evaluation and pri-
oritization criteria are subject to change. Continuous alignment of these criteria with
program objectives is essential to succeed in the application migration during legacy

modernization programs.
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OZET

Eski Sistem Gecislerinin Bankacilik Endiistrisinde
Karsilagtirmali Vaka Analizi

Yaganan teknolojik gelismeler, miisteri ihtiyaclarindaki siirekli degigim ve is
hedeflerinden dogan baskilar bankacilik endiistrisindeki inovasyonun temel itici giicii
olmaktadir. Monolitik yapidaki eski nesil mimariler bankalarin yeni nesil ig model-
lerini uygulamalarinin éniinde engel olugturmaktadir. Bankalar rekabetci kalabilmek
icin daha modiiler ve genisleyebilir mimarilere go¢ etmek durumundadirlar. Bu tiir
bir gog, bankalarin sahip oldugu mevcut teknik ve organizasyonel yapiya ciddi bir
etki yaratmaktadir, bu sebeple boyle bir doniigiim i¢in uc¢tan uca bir gog stratejisinin
olugturulmasi ve planlanmasi kacinilmazdir. Bu tez 2014 ve 2020 yillar arasinda eski
nesil sistem mimarilerinden bdyle bir doniigim yolculuguna ¢ikmis olan ti¢ biiytik perak-
ende bankanin taginma stireclerini degerlendirme kriterlerini, taginacak olan uygulama
portfoylerini nasil onceliklendirdiklerine yonelik gozlemlerimizi karsilastirmali olarak
raporlamaktadir. Caligmamizda bankalarin motivasyonlari, go¢ stratejlerini ve gog
onceliklendirme metodlarim1 kargilagtiriyor ve bu tiir biiyiik ¢aph dontigiim projeleri
icin onemli olacak unsurlar1 tartigiyoruz. Eski nesil teknoloji mimarileri, ig operasy-
onlarinin en oncelikli sorunlar1 ve doniigiim programlarinin bagladigi donemlerdeki
teknoloji akimlari yeni nesil mimarilerin ge¢imini etkilemektedir. Kurum kiltiiri ve
mimari karar otoriteleri, ¢oziim mimarisi ekipleri gibi kuvvetli yonetigim yapilari uygu-
lama goclerinin yapilig sekillerini belirlemektedir. Uygulama tasima planlar1 ne gekilde
yapilirsa yapilsin, deger odakli program yonetisim yapilar: en etkin onceliklendirmelerin
yapilmasini saglayan metod olarak ortaya c¢ikmaktadir. Doniisim programlar:t uygu-
lamalar1 yeni mimariye tagidik¢a, tagima ve onceliklendirme kriterleri dinamik olarak
degismektedir. Bu kriterlerin program motivasyonlar1 ve hedefleri ile stirekli olarak

hizalanmas1 programlar agisindan 6énemli bir basar: kriteri olarak ¢ikmaktadir.
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1. INTRODUCTION

Rapidly changing customer expectations, advances in technology, and pressure
from the business side force banks to constantly assess their current I'T infrastructures
and innovate. The customers require that banking systems seamlessly integrate into
their daily activities. The technology provides tools for multi-device, anytime, any-
where access. The business demands lower costs for ever-high quality of service. All
these drivers for change demand new models for banking infrastructures, and banks

with legacy architecture struggle to implement these new models [1].

Legacy banking platforms are monolithic structures that are too complex. Ap-
plications for these platforms get too complicated over time to maintain. Such appli-
cations require development teams to split by functions - user interface, application,
middleware, database, etc. Another disadvantage of these applications is their fragility,
for a single bug quickly brings the entire application down. To overcome these disad-
vantages, banks replace their legacy systems with inherently resilient scalable modular

architectures following modern design principles [2].

The success of the migration from the legacy system directly affects the compet-
itiveness of a bank; therefore it requires careful planning and execution. This thesis
reports our observations on the legacy system migration of three large retail banks

between 2014 and 2020.

In this comparative study, we examined the following research questions:

R1: Which are the key motivations for banks to start their transforming from legacy
systems towards next generation architectures?

R2: What is the strategy for application migration?

R3: How are the migrations of individual applications prioritized?

R4: How to measure success for the transformation programs?



This thesis is structured as follows. Chapter 2 provides background information
on legacy architectures and migration to modern architectures. Chapter 3 outline our
research method. Chapter 4 explains details on the migration of three retail banks and
discusses the similarities and differences in these cases. Chapter 5 includes the related

work and Chapter 6 concludes the thesis.



2. BACKGROUND

This section provides background information on legacy systems in the banking
industry and an overview of legacy migration. The legacy system in banking is typ-
ically called core banking system as a back-end system that processes daily banking
transactions and posts updates to accounts and other financial records. Core bank-
ing functions typically include transaction accounts, loans, mortgages, and payments.
Banks make these services available across multiple channels like automated teller ma-
chines, Internet banking, mobile banking, and branches. Core banking systems or

legacy systems for a bank underpin nearly every major banking process.

2.1. Legacy Architectures in Banking Industry

Considering competition from non-banks such as telecommunication service providers,
online retailers, or sole payment providers, cost pressures, and increased product en-
vironments, banks need to continuously evolve their operating models. They need to
increase their investments in new core banking systems to overcome constraints in their
existing environments and upgrade their products and services. Therefore, banks are
searching for adopting an agile and effective way to clarify their architecture to re-
spond more effectively to continually shifting market conditions. However, this search
for evolution is not unusual. There has always been a continuous change and transfor-
mation need in banking architecture since the banking industry existed like all other

industries.

The first core banking system appeared in the 1970s [3,4]. Legacy core banking
systems became product—centric structures that have separations for each major prod-
uct line and developed in silos within a decade. Core banking with product—centric
structures is a banking model with the objective of acquiring customers through prod-
ucts. An example of such separation is a product specialization on payment processes

for the banking ecosystem.



In 1990s the first Internet banking applications appeared. Also, the product—
centric model evolved to the customer—centric model with multi-channel integration
and service-oriented architecture [5]. This evolution facilitated to increase of customer—
centricity in distribution way in the banking industry, which is called segment—centric
architecture. Core banking application with segment—centric architecture groups cus-
tomers in segments and serves them with shared functions across products that create

synergies, cost efficiency, and increased sales opportunities.

Banks traditionally have embarked on industrialization programs to move from
product—centric models to manufacturing—centric models, adopting the automotive in-
dustry’s practices. The main objective is to have one production house/kitchen that
provides requirements for many restaurants. An example is providing financial solu-
tions to an ecosystem. With the everyday use of internet access, the banking industry
has witnessed an increase in the number of channels with multi-channel platforms fa-
cilitating multi-channel convergence. As a result, online banking became mainstream

in the industry, and the structure evolved to customer—centricity.

New technologies and innovations such as big data analytics and cloud-based
platforms brought new perspectives to the banking industry to reach their customers
and respond quickly to their requests during the first decade of the 2000s. In the early
2010s, banks realized they are required to be more than banks for their customers via

mobile banking burst and transformed rapidly.

Fig. 2.1 depicts the legacy information technology (IT) architecture of a typical
bank installed after 2000s. It is composed of an online application layer that provides
self-servicing functions to its customers running on top of a core banking system that
transacts and store all banking transactions. The core system is monolithic architec-
ture. While all the online transactions run over the core, separate siloed and mostly
batch-based business intelligence (BI) systems are evolved as a side system for serving

the bank’s reporting and analytic requirements.
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Figure 2.1. A typical IT architecture of banks after 2000s

The legacy core banking systems have a monolithic architecture comprised of
tightly coupled components relying on shared resources such as a single code base,
databases, and servers. While these systems provided a robust and secure architecture
for systems transactions, they hurt modularity, scalability, and flexibility [4]. To meet
the increasing and changing needs of the market, monolithic core banking systems have
been modified excessively and deviated from the intended architecture over time. In-
sufficient documentation, risk of a single point of failure, inconvenience of deployment,
complexity, and unscalability have prevented banks from releasing new services and
new features in their existing services in a short time and triggered migration from the

legacy systems.

2.2. Overview of Legacy Migration

Banks typically start to consider on migrating legacy applications to new tech-
nology architectures, either to private cloud or cloud-ready on-premises platforms,
after the identification of target reference architecture. Shifting to a next-generation
banking architecture starts with identification of required architectural capabilities and
building the infrastructure and platform to enable these capabilities. After providing

the framework and environment to develop applications in target architecture, banks



initiate transformation program for the migration of legacy to the new.

Based on the observations on several transformation programs executed by banks,
the migration process commonly encompasses four phases as seen in Fig 2.2. Initially
banks determine the migration strategy based on their target reference architecture, the
complexity of the legacy architectures, and co-existence of legacy and new during the
transition stage. Secondly, banks determine the approach to develop migration plans.
Governance structures responsible for architecture influences the way this planning
activity is conducted. In the next phase, current legacy applications are assessed, the
inter-dependencies are identified, and domains/ applications are prioritized according
to the enterprises’ objectives. This evaluation study leads banks to plan on how to
migrate each of the domains/ applications in their portfolio and in which order. This is
a continuous activity that should take place throughout the transformation. The final
phase, migration execution, could be generalized as plan the migration of domain/
application, design the solution blueprint, implement the application based on new

solution standards, and migrate.

I Migration Strategy Determination

il Migration Approach Definition

] IV

Migration

Migration
Execution

Evaluation &
Prioritization

Figure 2.2. Overview of Legacy Migration

In the following sections, we conduct an in-depth analysis of the application
migration planning approach by outlining the considerations of different strategies on

application migration and depicting the evaluation process on how to prioritize the



migration.

2.3. Migration Strategies

Every migration journey needs to define a clear migration strategy for every ap-
plication that is based on a holistic application analysis. This analysis should consider
not only technical aspects but also business, organization, security, and compliance.
The selected strategy fundamentally affects the expected migration effort, the poten-
tial benefits, and possible long term cost savings of the new operations model. Each
strategy indicates a clear outcome for a transformed application, but not necessarily
the actual migration steps. Commonly used migration strategies of next-generation

architectures and how they typically conducted are as follows;

e Retain: Application with modern applications or newly upgraded software pack-
ages are generally not prioritized during the application migration planning.
Banks only required to migrate what makes sense for the business; yet, as the
gravity of the application portfolio changes from on-premises to the cloud, there

will be fewer reasons to retain.

Remediate the application by addressing pain points
— Implement CI/CD (Continuous Integration/Continuous Development) ca-
pabilities
— Run application(s) to end of life where they have a finite lifespan to save
wasted cost to achieve
— Move Dev/Test environments to off-host /cloud infrastructure where possible
to reduce cost and increase agility
e Replace: Moving to an commercial off-the-shelf product. More suited to applica-
tions that provide non-differentiating functionality
— Identify a managed service/ application that can provide required function-
ality
— Implementation of a COTS or SaaS package to replace existing, custom-built

mainframe application(s).



— Extract and migrate data to new system
e Re-Host: Also known as “lift and shift”. In a large legacy migration scenario
where the organization is looking to scale its migration quickly to meet a business
case, it is applicable for most applications to be re-hosted. More suited to more
modern architectures than mainframe.
— Moving an application as-is to a cheaper location, utilizing the same hard-
ware platform, making no changes to the application code.
— Utilize 3rd party mainframe hosting to externally host applications and data.
— Delivers some cost benefits while avoiding the risk of changing the program-
ming language
e Re-Platform: To port an application from one technical platform to another by
mostly or fully reusing the code asset in the target platform.
— Move an application without changing the programming language to another
platform / Operating System

— Use a solution to re-compile COBOL to run on off-host hardware.

Use solutions to migrate application binaries (e.g. where no source code)

Allows running legacy applications in the Cloud — public, private and hybrid
— Delivers cost benefits while avoiding the risk of changing language

e Re-Factor: Using migration toolkits to transform from legacy to modern pro-
gramming languages code.

— Fully automated tooling yields partially refactored applications at great
speed/low cost.

— Semi automated tooling yields fully refactored application at greater dura-
tion/cost

— Migrate the risk by removing the dependencies on legacy skills.

e Re-Architect: Transforming to a modular and scalable architecture with cloud-
native features and adopting new methods like agile and DevOps. Suitable if the
Business is re-imagined.

— Rewrite the application using Cloud-based architectures based on newly
developed requirements, domain driven design

— Resultant system is not based on current system capabilities, thereby en-



abling not only technology modernization, but the modernization of out-
dated business processes
— Enables the highest usage of cloud native services, tools, development pat-

terns, and future innovation.

At the end of the transformation, an assessment on each functional domain, who
owns lines of application, is necessary to figure out the applications in the IT portfolio
that are no longer useful and can simply be turned off. These savings can boost the
business case, direct your team’s scarce attention to the things that people use, and

lessen the surface area you have to secure.

These strategies build upon the amazon’s cloud migration strategies. Banks typ-

ically consider multiple strategies while building their migration plans.

2.4. Migration Planning Approaches

There are numerous alternatives for migrating applications to target reference
architecture; best fitting alternative varies between banks according to enterprise rou-

tines, organizational culture, and banking architecture.

Centralized Approach. The nature of centralized approach considers business
priorities and requests on the pipeline regarding current application inventory in terms
of interface, data model, integration etc. This approach requires comprehensive and
complete planning of migration at the beginning of the transformation lifecycle. The
migration planning activities are led by a centralized team, commonly I'T architecture
team. The centralized team has a leading role to coordinate business and technical
stakeholders and drive the execution of the activities. In planning phase, all legacy ap-
plications and domains are evaluated, target application mapping is developed, depen-
dencies are overseen closely, and co-existence scenarios are considered. The migration

plan is prepared based on prioritization that relies on expert judgement. The central-
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ized team creates guidelines and documentation that will be followed throughout the

transformation.

The main advantage of the centralized approach is that the time required to
complete evaluation process is relatively less compared to de-centralized approaches as
they require a series of workshops. Overall plan and prioritization will be ready much
earlier when decided by the architecture team. In addition, less resources are needed

in terms of effort and dedication.

Applying centralized approach have also negative aspects. Generally, domain
specific needs could not be captured on planning stage and may lead to misidentification
of common components. As the prioritization is solely based on expert judgement and
previous experience, transformation programs tend to lean on technical perspective

and fall behind the realization of business value.

Domain—driven Approach. The domain driven approach indoctrinates a migra-
tion based on target application architecture model and a logical ranking according
to component usage, interdependencies, scalability etc. Each domain defines its mi-
gration plan in cooperation with architecture team and a solution is created for each
domain separately. Migration tasks and activities are planned at domain level for each
application following individual workshops with each domain. This approach obviously
requires a series of workshops to discuss and define the domain specific applications
with participation of representatives from a single domain. Both evaluation and exe-

cution of different domains take place separately and the teams work in parallel.

The main advantage of the domain driven approach is that domain specific re-
quirements can be identified at early stage. As the domains involve in the transforma-
tion from an early stage, it is easier to cascade the know-how to the project teams. In

addition, a more detailed domain implementation plans are created with this approach.
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As domain driven approach gives architectural compliance responsibility to the
domain teams, the solution designed may lead to inconsistence with technology ar-
chitecture principles, and outputs may differentiate among domains. A misalignment
among domains may also occur due to different level of knowledge on new architec-
tural components. Resource limitations in terms of domain support is another negative

aspect of the approach that causes additional effort of I'T architecture team.

Hybrid Approach. In this approach, evaluation and prioritization is selected
based on the domain specific requirements and dependencies. Migration tasks, ac-
tivities and common components are defined and planned by a series of workshops
with participation of representatives from every domain. Even the execution is domain
driven, yet a centralized governance team ensures the compliance to architectural stan-
dards and assists the coordination. The identified common components include pro-
cesses, products (e.g. product factory, pricing, accounts, commission etc.), and both

internal and external services.

Combining the two different approaches have various benefits. Firstly, company-
wide defined common components reduce replicated functionalities and avoid double
effort. Also, domains do not confront same challenges as there will be unified compli-
ance to functional and technical design principles. It provides ability to define priorities
and plan in line with transformation goals. With the hybrid approach, it is easier to
identify and manage dependencies among applications. Collective approach also has
drawbacks. It may not meet every domain specific need and there is still a requirement
for additional effort to clarify details at domain level as there is limited responsive-
ness to product level requirements. Establishing team and workshop execution may be
difficult to organize and require additional time. Domain solution blueprint definition
may be started after the identification of common components and prioritization of

domains are possible to be deferred after common components’ definition.
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2.5. Application Migration Prioritization

The migration prioritization is based on assessing business impacts, technological
dependencies, regulatory requirements, and value trapped by technical debt. A holistic

evaluation of every aspect is required for the right prioritization.

e Reflecting on new business models in technology architecture

e Rapidly changing customers’ needs and continuous demands

e Respond quickly to new entrants both in terms of defense and collaboration

e Compliance with regulatory requirements with challenging deadlines

e Unlocking the trapped value with the elimination of technical debt

e Readiness of technological capabilities and technical dependencies to common

services

The prioritization activity is performed by a central authority, mainly a team
composed of enterprise and solution architects, at the beginning of the transformation
program for each application. The enterprise acknowledges this prioritization assess-
ment as the guideline to initiate the execution stage. However, in non-centralized
approaches, the prioritization assessment is executed by each domain per application.
Architects only provide a checklist, a content to conduct a survey, to support domains.
The main difference between the domain-driven and hybrid approach is on the central
governing body, which oversees technical dependencies and schedules the execution

plan.

Applications in the portfolio need to be assessed, and a clear roadmap needs to

be produced. This process is typically performed in four phases as seen Fig 2.3.

1. Preparation 2. Data Gathering 3. validation 4. Rodmap
Identify Data Sources Collect Data Determine Phase/Wave Publish the Roadmap

Prepart_arg)r:?laGtaetherlng Verify Gathered Data
Identify Waves

Figure 2.3. Application Migration Assessment Process
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Preparation. In this phase, data sources to be used during prioritization are
identified for each application. A template for data gathering template is prepared
to collect data in a structured manner. Projects/Application lists, Service lists, func-
tional models, application models, effort estimates are typical work products of this
phase. Depending on the migration planning approach, enterprise architects, domain
architects, technical architects are involved in this phase. For each application, an
evaluation criterion is set. Business value, technical feasibility, inter-dependencies, ap-
plication life cycle, and application priorities are typical criteria for identifying a score
for each application. This score is calculated by giving weight to each application.
The release period of the application is determined by the scope and duration of the
application and the number of projects that can be started simultaneously. In this
way, related applications are clustered, and the migration strategy for each application
is identified. Application development duration is specified at a high level (i.e. short-
term less than 3months, medium-term between 3 and 12 months, long term more than

12 months).

Data Gathering. Applications data are collected and verified in this phase. Do-
main architects provide the data through the templates. The work product of this phase
is the list of applications and projects. Enterprise architects and technical architects

support this process and verify the gathered data through cross-checks.

Validation. FEnterprise architects determine the wave based on the data gathered
for each project/application. Some applications/projects may span multiple waves.
This phase also ensures that dependencies are handled properly. Domain Architects
detect dependencies among the projects. Existing and potential dependencies are iden-

tified and challenged.

Roadmap. In the last phase, a roadmap is developed and presented to the

committees to align all stakeholders. The roadmap represents the waves in which the
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application is migrated, dependencies among the applications, and a high-level time

plan.

A sample roadmap after conduction this prioritization may look like in Fig.2.4.

Core Applications & ‘ ‘ High Business Value & ‘ ‘ Medium Business Value

OBJECTIVE

Quick Wins Application Priority & Application Priority Application Priority Applications

‘ Low Business Value & ‘ ‘ Remaining and Ongoing ‘

SELECTION
CRITERIA

Business . . . -
High High Medium Low All remaining

Technical L
Yes Yes No No All remaining

Inter- . . -
_ Provider Consumer & Provider All All All remaining

dependenc

Aﬂ;f):::a:::n New & High Age New & High Age Medium Age Low Age All remaining

Al ion MF CPU, MF CPU, Tech Upgrade, L
Tech Upgrade Tech Obsolete Al Al All remaining

Figure 2.4. Sample Roadmap after Application Prioritization

2.6. Application Migration Execution and Governance

After the strategy is set and prioritization is complete, banks start the projects
aligned with the roadmap. This phase continues throughout the transformation pro-
gram until the program is official closed. Several governance activities executed during
the execution phase and success of migration heavily depends on successful execution

of the governance processes.

Project Onboarding. Project onboarding is the preparation stage, where several
planning activities are held before starting a wave. The governance office is the entity
that coordinates activities among project teams and ensures that planned activities
are executed appropriately. According to the wave plan, the governance office includes
the assessed and sorted applications to the wave plan and consolidates the program
backlog. Capacity planning and its requirements need to be completed based on a
consolidated program backlog. Resource planning activities and deployment of the
teams are carried out. Coordination of the necessary training before the deployment

of the teams is also conducted at this stage.
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Application Migration Kick-off. Each project is initiated by kick-off stage, pre-
sented by the project manager. Governance office ensures that all projects follow this
process. Domains prepare project estimation and kick-off and evaluate the up to date
resource requirements. The start and end date of the project is adjusted regarding all
sort of dependencies. Domains clearly define the outputs of the project plan in order
to show clear results. In the meanwhile governance office identifies possible risks and
issues. They control the project plan and challenge the time plan feasibility, effort
estimation, team structure and wave plan during this stage. They give guidance and
ask domains to revisit parts of their plans if necessary until there is no blocker issues

to give "go decision” to the project.

Design Compliance Management. During the solution development phase of
each project, application architecture compliance is reviewed and ensured. This ac-
tivity is typically conducted by an authority such as architecture board that is part
of the program governance. Domain architects prepare the solution through solution
blueprint document. Application architecture is documented as part of the solution
blueprint Governance team tracks each project and ensure that this steps is executed
appropriately. Common services of the overall architecture, dependencies among ser-
vices and compliance to the overall architecture and principles are ensured through

this process.

Dependency Management. The process for declaring, resolving, and monitoring
the program level dependencies is required for program execution. Stray and Moe et
al. [29] state that managing dependencies between teams and within teams is critical
when running large-scale agile projects. Dikert et al. [6] emphasize the importance of
dependency management for the success of large-scale agile transformation programs.
This process starts by identifying dependencies, describing in detail, and clarifying the
effect, and detecting related /owner parties. The process goes with the planning phase.
The governance team records each dependency as milestones and gives a reference

number for unique identification. It makes sure that dependency is linked to the rest
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of the program and schedule so its’ impact on them would be known. Dependency is
typically linked to possible risks and issues. The team evaluates dependencies and pri-
oritizes them based on impacts. After planning, an agreement is assured by contacting
the associated teams. If there is no agreed solution for the dependency, it needs to
be escalated to the upper committee based on escalation rules. During the escalation
period, this dependency is accepted as a risk. Monitoring and control is the last phase
of dependency management. The governance team regularly communicates with the
teams if they are still on track to deliver the dependency on the agreed date. It applies
the determined/planned series of dependency action(s) and manages the series of de-
pendencies and their impact on the project. The Dependency Log needs to be regularly

reviewed and updated by teams and reviewed in associated boards and meetings.
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3. RESEARCH METHOD

We have used the case study methodology in our research. Case study method-
ology is used for several types software engineering research, as the objects of study
are modern phenomena, which are challenging to study in isolation. There are many
case study methodology handbooks available in social sciences [7], [8], [9] which liter-
ature also have been used in software engineering. Software engineering cases studies
are different from social science case studies and also to some extend case studies in
information systems. The subjects in software engineering case studies are 1) either
private or public companies or units in these companies 2) project based rather than
operations 3) the studied work is sophisticated engineering or architecture work con-
ducted by highly educated people rather than routine work [10]. Our case study meets

all these characteristics.

Our research has descriptive and exploratory characteristics, as explained by
Runeson and Host [10]. We first portray the situation for each case by collecting
information about them. We used questionnaires and surveys for collecting the in-
formation. Chief information officers, enterprise architects, solution architects, and
application domain leaders and software engineers of the banks are the key stakehold-
ers of our research. We tried to find out what has happened during these transformation
programs, sought insights, and generated ideas and hypotheses for new research. We
have conducted 19 one to one meetings, out of which 8 were with C-Level executives.
We have also conducted more than 260 hours of workshops (wshop) to understand the
situation; stakeholders’ key decisions and their relationship during the transformation
program have been observed and analyzed. Program managers, enterprise architects,

domain architects, and software engineers attended these workshops.

We have used two sets of questions to gather data for our case studies. First
set of question focus the why, what and how aspects of the transformations. We have

collected the data through one to one interviews and workshop where specific topics



Table 3.1. Interview Schedule

BankA BankB BankC
CIO 2 x 1-to-1 and > 2 x 1-to-1 and > > 6hrs of ws
4hrs.ofws 8hrs of ws
CTO 2 x 1-to-1 and > 2 x 1-to-1 and > N/A
hrs of ws 12 hrs of ws
Trans. Prog. N/A 2 x 1-to-1 meet- 2 x 1-to-1 and >
Mgr ings 20 hrs of ws
Enterprise Ar- 1 x 1-to-1 meet- N/A N/A
chitect ing
Lead Architect ~ N/A > 4 hrs of ws > 4 hrs of 1-to-1

Domain  Archi-
tects
Software  Engi-
neers (SE)

Total

2 x 1-to-1 meet-
ing

6 SE, > 40 hrs of
ws

7 x 1-to-1 and >
40 hrs of ws

4 x 1-to-1 meet-
ing

4 SE, > 40 hrs of
ws

10 x 1-to-1 and >
120 hrs of ws

meeting

1 x 1-to-1 meet-
ing

10 SE, > 40 hrs
of ws

3 x 1-to-1 and >
100 hrs of ws

18
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related to our interview questions were being discussed as part of their transformation
program. Table 3.1 outline the summary of interviews and workshops conducted for
gathering the inside we have compiled in our research. Our initial set of questions
were comprehensive. Questions were addressing further details of the execution of the
transformation program where we did not cover in the scope of this research. Answer to
some of these questions reveals follow-up research areas of this study. This set of general
questions were directed to the C-Level and program management level executives of

the transformation program.

Interview Questions.

e Background of Interviewee (e.g., your position, your responsibilities, career in in
the organization)

e Do you see a need for a change in the banking industry? Why?

e High level overview of the transformation (e.g., objective of the transformation,
key metrics used for measuring success)

e Approach and methods used during the transformation (i.e. Principles, Strate-
gies, delivery methods, Product design and development methods or practices)

e Design principles used before during shaping and execution of the program.

e Challenges and resolution (e.g., key challenges of the transformation, risk and
issues and mitigation actions)

e Key achievements and successes and obstacles (e.g., benefits achieved, results
delivered to date, issues of methods implemented)

e Communication and collaboration (e.g. division of work, inter-team communica-
tion and collaboration, collaboration with other departments, knowledge sharing,
challenges in communication and collaboration

e Which are the next phases (e.g., plans for the next phase, what else need to be
done or considered in the scope)

e Any general final comment (e.g., anything you would like to add)

It was necessary to understand the dynamics behind the decisions made during
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the programs. In order to understand these dynamics, we have directed questions to
software engineers and domain architects who are making decisions related to their
products or domains. These questions are addressing mostly what and how aspects of

the transformations.

Questions for Architects and Software Engineers.

e Who are you and what is your experience in Software Engineering?

e What was your role in the programme?

e How would you explain the overall programme?

e How do you describe your legacy architecture?

e How did you describe your to be architecture?

e How do you describe your banking model?

e Who are the sponsors and other stakeholders?

e What type of architects played role in the program? Who were they?

e What is the decision processes?

e How did you make agreements and decisions?

e Which are the architecture governance bodies? How did you select the members
of these entities?

e How does the architecture requirements collected?

e Which key architectural decisions were made?

e How was architecture introduce to the organization?

e What type of documentations exists for the architecture? Which documents did
you produce?

e Which are the key architecture decisions that impact the program most?

e How did you prioritize requirements? Who decide on the prioritization?

e How did software engineers utilize architecture?

e Were the change in the requirements that impact architecture? Which are they?

e How was the work coordinated in your domain/workstream?

e How did you prioritize work during the program? (e.g., in your team or domain)
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e Did you encounter dependencies while performing your work? Which are they?
e How did you program manage dependencies? (samples?)

e Which is the role of governance in managing dependencies?

e Did you encounter challenges with managing dependencies? (examples?)

e What type of knowledge was important to share between teams in this project?
e What kinds of practices were used to share knowledge?

e How did you measure your progress? (samples?)

e Which are the key metrics you report? How did you report them?

e How did you follow the status of the overall programme?

e Did a team know what other teams were working on?

e Were you able to distribute workload among teams?

We believed that it is crucial to understand the existing enterprise architecture
of the banks. We have conducted another set of interviews with software and in-
frastructure engineers from the banks’ information technology departments. In these
interviews, we explore the technical architecture of the underlying information tech-
nology systems, main processes of their I'T operating model such as project portfolio
planning, software design and development, configuration and release management, etc
and how they organized to execute these processes. Answers to these questions helps
us to draw the picture of their as-is state and helps us to evaluate the reasons for their

decisions and choices.
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4. THREE CASES OF LEGACY MIGRATION

In this section, first, we compare the demographics, motivations, and legacy archi-
tectures of each Bank. Then, we discuss the target architecture, migration strategies,
migration planning approaches, and prioritization criteria identified and followed by

each bank and the reasons that lead to the decision.

4.1. Description of Cases

We refer banks in our case study as BankA, BankB, and BankC. Table 4.1 summa-
rizes the number of ATMs, customers, and total assets of these three banks. Regarding
the total assets, each bank is classified in the same category as they rank in the top four
private banks in Turkey. In terms of the total customer volume, BankA and BankC are
leading, where BankB only has half of their volume. However, the number of digital
customers of all three banks, combining active customers that use the web and mobile
channels, are comparable. BankA leads in terms of the number of ATMs and branches

as they value face-to-face interaction with customers as their tradition.

Table 4.1. Comparison of cases in terms of the number of ATMS, branches,

customers and total assets

Bank A Bank B Bank C

# of ATMs 6600 4300 5200
# of Branches 1200 850 900
# of Customers 19M 9.5M 18.5M
# of Digital Customers 8.9M 7.2M 9.3M
Total Assets 430B6  370BE  385BH

Legacy Technology Stack. All banks had monolithic architectures prior to their
transformation. Table 4.2 summarizes the context of the banks before the transforma-

tion of their legacy technology architectures.
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Table 4.2. Legacy technology stack of banks
Legacy Tech. Bank A Bank B Bank C
Stack

Presentation  Java (Web&Mobile)  Java (Web&Mobile) Java (Web&Mobile)

Layer
Integration API, BPM, ESB API Mainframe, ESB
Layer
Backend Custom Application Custom Application Mainframe (CICS)
Layer with Java/J2EE and with Java/J2EE with Coolgen and
NET COBOL
Mainframe  (IMS)
with COBOL
Data Layer Mainframe DB2, Oracle Mainframe DB2
Oracle

Before the migration, BankC was highly dependent on its monolithic mainframe
core banking solution. Thanks to the highly modular and parametric mainframe archi-
tecture, BankC was still able to deliver business needs conveniently. With the rise of
online banking, BankC has adopted service-oriented architecture (SOA) and developed
Java-based web and mobile applications. These custom-developed applications are in-
tegrated with the mainframe using an Enterprise Service Bus (ESB) [11]. However,
online banking increased the number of transactions on the mainframe and amplified

the need for shifting towards open systems due to high operational costs.

BankB had already built its technology architecture on open systems before its
migration. Still, BankB’s 3-tier open system legacy was architected as a large mono-
lithic core that is modular but not parametric. Core banking modules had very few
cross-product service components. The backend of the monolithic core was developed
in Java/J2EE, served through four channel applications. Channel applications are also
developed in Java, and integration among layers was through API Gateway, and data

is stored in Oracle databases.
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The legacy technology stack of BankA had the burden of long-term co-existence
of both the mainframe architecture and the multi-tier architecture with open systems.
Most of the backend logic was on the mainframe; the multi-tier open system custom
backend applications were developed in Java/J2EE with web and mobile applications
developed in Java. The data were stored in mainframe (DB2 database) and open
systems (Oracle databases). As a result, the bank spent a significant effort in data
synchronization. To utilize SOA, BankA built an Enterprise Service Bus, an API
Gateway, and Business Process Management (BPM) [11] layers to address integration
requirements. As its legacy was running in product silos, there were a vast number of
redundant functionalities. There were very few shared cross-product services such as
product engine, pricing engine, fees and commission module used by product silos. New
products and services could be developed mostly by new design and development rather

than configuration. Besides, the monolithic core was neither modular nor parametric.

Regarding the infrastructure layer, all banks ran their legacy systems on-premises.
Due to the strict regulations that restrain banks from moving to the cloud, this typical

trait was mainly an obligation.

Although the architectures of the banks were classified as monolithic, the size
of their application and service inventory stocks varied. Whether the bank’s reliance
was on the mainframe or open systems, the technical components like the number of
databases, the number of APIs, and the number of applications were different than

each other. Table 4.3 lists the banks’ application and interface inventory.
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Table 4.3. Application and interface inventory of banks
BankA BankB BankC

# of Channel Applications 15 14 12
# of External APIs 17 50 70
# of Internal APIs 1648 125 350
# of Screens 1645 1250 8800
# of  Domains(Service 19 29 200
Groups)

# of Backend Services 4114 3000 12500
# of Distinct  Core 305 3 9
Databases

4.2. Key Motivations

In this section, we discuss R1: Which are the key motivations for banks to start
their transforming from legacy systems towards next-generation architectures? Three

banks have different motivations that lead them to initiate a transformation program.

BankA'’s pain points were limited multi-channel capabilities, low scalability, and
low data quality for regulatory requirements. BankA would like to improve its multi-
channel capabilities by introducing an omni-channel capabilities to its channel archi-
tecture. Several points to point integration of product and architecture components:
redundancy in management of identical products in different silo applications made
it difficult for BankA to make new products and features available for its customers
through information systems. BankA would like to change its core applications to
provide flexible product offering and bundling capabilities through the parametriza-
tion of key applications. BankA would like to move to an application and integration

architecture that allows higher scalability and performance at a lower cost.

BankB’s motivations were improving quality, reducing waste efforts, increasing

collaboration and ownership, increasing scalability, and reducing technical debt. BankB
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was introducing hundreds of system or application changes into their information sys-
tems yearly. Complexities of making a change were also increasing exponentially due
to the loosely coupled structure of the applications and configuration and release man-
agement processes. To introduce these changes at the required speed, the bank is
duplicating its efforts for designing components, lack of test automation, large mono-
lithic application packaging, and manual processing of release management processes
creates lots of wasted effort that is not delivering any value to the bank. BankB was
looking for efficient service development and delivery process where they minimize the
effort of redundant testing, release, deployment management, and overall quality of
the codes being developed. Besides rapid scalability is required in order to serve high
number of digital customers that have higher fluctuating behaviour. Traditional legacy
banking architectures either in mainframe or open systems, unless it is hosted on cloud
is required to have hardware architecture that support these peak usage behaviour with
required redundancy and this comes with significant cost. BankB would like to make

their applications cloud-enabled so that it benefits from cloud in terms of cost.

BankC’s primary concerns were high I'T costs and high attrition rates of qualified
employees. BankC was having challenges attracting and retaining talent due to the
mainframe technology they have been using for many years. Young engineers and soft-
ware developers were looking for work where they can practice new technologies. After
practicing Cobol and understanding the basics of software architectures in the banking
industry, these talents were looking for jobs in other banks or different industries to
practice new architectures or software programming languages. BankC realized that
to sustain their leadership position in banking technologies, they have to upgrade their
technology stack to attract the best people and retain them longer. Increased number
of visits to their bank accounts or execution of payment or credit card transactions
has increased the total number of transactions significantly. The cost of mainframes is
typically measured by the amount of money paid per MIPS. As a result, BankC started
to have higher costs than its peers for running its core banking applications. Therefore
they have a strong business case in migrating their core banking from mainframe-based

architecture to open systems. In a very dynamic business environment and highly
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volatile markets, BankC would like to have an architecture where they could introduce

changes more frequently and without sacrificing their systems’ quality and robustness.

To compete in the digital era, BankA was the first bank to initiate a transfor-
mation program. They have started their program in 2014 and completed by 2019 as
a transformed organization that evolved into a customer—centric model. To reflect on
technological advances and cost pressures, BankB and BankC aimed to build an IT
infrastructure for the next decades and to compete with non-banks; therefore, they
targeted to adapt to a digital ecosystem-centric model. BankB’s transformation pro-
gram is planned to be completed by 2023. BankC’s plan is in a broader time range,

with a target to complete the program by 2025.

Target technology architecture.  Taking motivations as the driving force and
target functional model as the lever, banks have adopted different target technology
architectures based on their needs. BankA continues to utilize SOA by using ESB and
BPM solutions. They adopted omnichannel architecture with business process-driven

logic. BankA’s infrastructure remains on-premises.

BankB and BankC adopted similar architectural principles with different solu-
tions. They both follow microservices architecture [12], where BankB has finer granu-
larity. BankC has coarser granularity. Their experience on the open platforms was the
primary reason for the granularity of their application components. BankB has already
running on open platforms and has the necessary tools and infrastructure to monitor
and manage high number of independent microservices components. BankC used to
rely on the mainframe’s resilient and robust management systems. They prefer to
build coarse-grained components, manage them and decided to split them into smaller
services at later stages of their transformation. Both banks adopted light-weight fron-
tend architectures, APl Gateway as integration layer, CI/CD pipelines [13] for deliv-
ery automation, and container platforms to orchestrate their cloud-ready applications.

BankB has built its private cloud infrastructure [14], but BankC’s infrastructure re-



28

mains on-premises.

4.3. Migration Strategies

In this section, we explore the different strategies for migration to answer R2:

What is the strategy for application migration?

Every migration journey needs to define a clear migration strategy for every ap-
plication based on a holistic application analysis. The selected strategy fundamentally
affects the expected migration effort, the potential benefits, and possible long term cost

savings of the new operations model.

After building the target technology architecture, all three banks have identified
migration strategies to move their applications and services from legacy to newly built
platforms. Re-architecting is the standard strategy for all of them; still, they approach
differently while defining the strategy.

BankA already has SOA-based applications; therefore, their primary strategy was
to retain the applications with small modifications and remediations. Re-architecting
was the second strategy to follow, mainly used for mainframe offloading. As BankB’s
legacy architecture was on open systems, their primary strategy was to rehost the
applications. They lift and shift the applications from legacy to a newly built cloud
platform with minor enhancements. The main driver here is to migrate applications
to new architecture rapidly and phase-out legacy systems for cost reduction. After
rehosting, they start to re-architect the applications based on new architectural prin-
ciples and develop microservices. BankC was heavily dependent on the mainframe,
and application migration means re-architecting for them. Therefore, they primarily
re-design and re-implement their applications from scratch, involving business stake-
holders in the transformation program. Applications with low criticality and minimum
transaction are classified to retain. For commodity applications that provide non-

differentiating functionality, replacing them with a commercial off-the-shelf product is
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another strategic decision for BankC.

All three banks have selected different migration planning approaches based on
their working cultures and organizational structure. BankA aspired to plan the trans-
formation in a structured way with a focused group leading the program; therefore,
they followed the centralized approach. The time required to complete the evaluation
process was relatively less for BankA compared to other banks, as they executed a se-
ries of workshops. Overall program plan and prioritization were prepared much earlier,
decided by the architecture team in the initial planning phase. However, BankA strug-
gled during the execution phase due to incorrectly captured domain-specific needs and
misidentification of common components. As the prioritization was solely based on ex-
pert judgment and previous architecture team experience, the transformation program

fell behind in terms of business value realization.

Principles of microservices architecture and agile delivery led BankB to follow
a domain—driven migration planning; thus, domain-specific requirements have been
captured by involving domains in an early stage. The know-how is cascaded to the
project teams smoothly. As architectural compliance responsibility is on the domain
teams, the inconsistency of designed solutions against target technology architecture
principles was a significant drawback that BankB has faced. Another pain point was
the double effort spent developing common services as every domain developed such

services under its responsibility with limited reusability.

BankC has followed a different path by combining two approaches. With a hybrid
approach in place, BankC benefits from the advantages of domain—driven execution
and centralized planning and control function. Firstly, they have defined company-
wide common components to reduce replicated functionalities and avoid double effort.
Moreover, a central governance body ensures the compliance of solutions to functional
and technical design principles. The central body also provided the ability to define
priorities and plan in line with transformation goals. Still, BankC could not meet

every domain-specific need and spent additional effort to clarify details at the domain
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level due to limited responsiveness to product level requirements. Establishing a team
and organizing workshop execution was a time-consuming activity that BankC had

overcome with the central governing body.

4.4. Prioritization

In all our selected cases, banks’ overall attitude was to define the prioritization
criteria from a technical aspect, with a motivation to overcome the technical obstacles
they are facing with the legacy architecture. Besides, the business and delivery ob-
jectives of banks also reflected while defining these prioritization criteria. Therefore,
the principles of new technology architecture and target banking architecture were two
key inputs. The prioritization assessment was commonly conducted as a survey by
distributing a set of questions to the organization to understand every domain’s needs.
The outcome was a list of prioritized applications and a transformation program plan

based on the questionnaire results.

BankA conducted the prioritization activity by a central authority, mainly a team
composed of enterprise and solution architects, at the beginning of the transformation
program for each application. The enterprise acknowledged this prioritization assess-
ment as the guideline to initiate the execution stage. However, in BankB and BankC,

the prioritization assessment was executed by each domain per application.

The central architecture team of BankB provided a checklist, a content to conduct
a survey, to support domains. Domains provided inputs to these surveys and highlight
how they prioritize their applications within the domain. They also provided a high-
level project plan and their effort estimations with associated resource requirements.
The governance team compiles these inputs and comes up with a consolidated roadmap
for the transformation program. BankB did not conduct any governance on the solution
designs for each domain. Domains that have their plans completed and access to the
required resources are allowed to kick-off their plans while providing updates to the

governance entity for the progress and updates on their plans.
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BankC followed a more formal approach to identifying which projects to start. A
template to gather data about the application and projects lists are created. The data
about applications gather and verified through these templates. Each application is
assigned to a scope calculated through a formula that takes the business value, techni-
cal feasibility, inter-dependencies, application life-cycle, and application priorities. The
governance team and the solution architecture team assess these applications and their
scores and come up with a roadmap where applications are migrated in waves. BankC’s
architecture board and solution architecture team ensures consistency among the de-
signs and seeks common services among applications. The main difference between
BankB and BankC was on the central architecture governing body, which oversees
technical dependencies and schedules the execution plan, did not exist in the former,

but it was present in the latter.

During the transformation program’s execution phase, BankA performed the so-
lution development activity during the initial planning for each domain/ application.
BankB, instead, performed this activity in significantly later stages, mostly during the
technical design of the relevant project for the domain/ application. The main dif-
ference of BankC was centrally governing the domain solution architecture concerning
architectural standards and common services, where the domains are the only respon-

sible for the blueprinting in the domain—driven migration approach.

4.5. Measuring the Success

In this section, we discuss the mechanisms used to measure the legacy transfor-
mation program’s success to answer R4: How to measure the transformation program’s

success?

The accomplishment of a legacy migration transformation program requires a
dedicated tracking approach that clarifies understandings and interpretations. Based
on the observations of our cases, we have experienced that robust program governance

is a key success factor for the consistent alignment of projects with overall transforma-
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tion objectives and guidelines. The program governance focuses on business outcomes
delivered, ensures alignment with business priorities, and manages the program by pro-
viding standard processes to drive consistent reporting of status. It orchestrates project
teams regarding risks and dependencies, provides a consolidated program level sched-
ule and budget, and establishes a result tracking mechanism driven by value delivered

throughout the program.

It is a common approach for banks’ transformation office to set quantitative
and qualitative metrics to show the progress achieved. These metrics measure the
transformation program in terms of technology, processes, and people. Based on the
program goals and the function that drives the transformation, banks tend to set
technical-driven or business-oriented metrics. Those that set technical-driven metrics
struggle to get long term commitment from top management as the business value
delivered is vague. Contrary, banks that set business-oriented metrics keep track of
the program efficiently yet struggle in technical aspects such as quality and resilience,
which are revealed in later stages of the program and may cause significant fractures.

Therefore, it is essential to find the right mix in between.

The metric setup approach is tightly related to the migration approach selected at
the beginning. Metrics are defined, owned, and tracked by the central governance team
in centralized migration. Each domain defines, owns, and tracks its metrics separately
in domain-driven migration. In a hybrid migration, the central governance team defines

the metrics and assigns them to domains, domains own, track, and report.

As the metrics are defined and assigned, the program tracking process is run
parallel to the migration execution. The information collection process is executed
periodically (e.g., quarterly), metrics are calculated based on the data gathered, and

reports are published regularly.

BankA'’s waterfall approach for shaping the transformation program has consid-

ered mostly traditional program management KPIs as seen table 4.4. The program was
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composed of several initiatives grouped under two main domains. KPIs under transi-
tion to cloud based infrastructure monitor implementation of the new infrastructure
and migration of all artifacts to the new data center. Migration of the applications
from legacy architecture to the new architecture and decommissioning of the legacy
applications was used as a key measure to monitor the progress and success of tran-
sition to the next generation architecture. BankA executed the whole program as an
IT transformation program. During the execution of the program, bank’s business ob-
jectives are measured and monitored separately and they wasn’t any link established

between them.

Table 4.4: Key Performance Indicators of BankA

Main Objective Area Metrics

Completion Ratio of Shell & Core Items

Completion Ratio of Security Requirements

Transition to Cloud
Completion Ratio of Infrastructure Implementation

Based Infrastructure
Tracking of Outages Due to Migration

Completion Ratio of IT Inventory Migration

Progress of Planned FE & Middleware Development

Progress of Multichannel Management Development

Progress of Implementing New Components

Transformation to Next | Progress of .NET Software Development Architecture

Generation Application | Completion Ratio of Infrastructure Foundations

Architecture Re-Platforming Velocity of Applications

Progress of Legacy Application Decommissioning

Application Performance Improvements

Applications Availability Improvements

BankB has defined a detailed list of KPIs that would help them to monitor their
progress over the program. They have defined a different set of metrics for program

workstreams. Summary of these metrics reported to bank’s business units to help them
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follow. BankB defined KPIs as seen in table 4.5 grouped under five work streams.

These KPIs were specific to the type of activities grouped under these workstreams.

Migration to cloud based infrastructure, implementation of CD/CI delivery, application

of new methods and tools, transition to modular and scalable architecture, transition

on budget are the metrics groups owned by program workstreams. Similar to BankA,

BankB did not connect the program objectives with the bank’s business objectives.

Table 4.5: Key Performance Indicators of BankB

Main Objective Area

Metrics

Transition to Cloud Based

Infrastructure Architecture

Completion Ratio of Cloud Services Readiness

Application’s Cloud Transactions Ratio

Ratio of Cloud Transactions over all Transactions

# of Applications on Cloud Architecture

Completion Ratio of User Authorization Definitions

Container Security Standards Compliance KPIs

CI/CD

Product Backlog Ratio

Ration of Successful Deployments

# of Defects over # of Application’s Test Cases

Test Efficiency Ratio

Average Defect Fixing Duration

Test Coverage Ratio

Automated Tests Pass Ratio

Data Quality Test Pass Ratio

Automated Analysis Coverage Ratio

Fixing Ratio of Analysis Findings

Bringing New Technologies

and New Competencies

Employee Satisfaction Survey Score

Technology Dissatisfaction Score in Exit Interviews

Turnover Rate Reduction

Trainings Completion Ratio

Hiring Ratio from Top Universities

Continued on next page
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Table 4.5 — continued from previous page

Applications Ratio from Top Universities

Cost per Code Line per Application

Technical Debt Reduction Ratio

Transformation to Modular
Average Service Response Time
and Scalable Architecture

FE Service Response Time

Service Response Ratio

Project Budget Compliance Ratio

Infrastructure Budget Compliance Ratio

Transformation On Budget
Transformation Budget over Total I'T TCO

Cost Reduction per Milion Transactions

BankC applied a value-driven program management framework where they cal-
culate the expected value of each program actions, priotize accordingly and execute if
necessary. They have defined KPIs as seen in table 4.6, grouped under three strate-
gic objectives. Re-Imagine next-generation architecture, shift to CD/CI, and people
transformation objectives were the strategic objectives area where these KPIs were
grouped. BankC chose to measure value tangibly and drives to prioritize applications
dynamically as they progress over the program. All metrics were connected to the

strategic objectives connected to the bank’s business objectives.

Table 4.6: Key Performance Indicators of BankC

Main Objective Area Metrics
# of New APIs in the Catalog
# of New Web Components in the Web Catalog

Re-imagine Next Ratio of Transactions in the New Architecture

Generation Architecture | Ratio of Applications in Production

Common Business Services Transformation Ratio

Ratio of MIPS Reduction per Application

Continued on next page
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Table 4.6 — continued from previous page

Product Backlog Variance

Fix Duration of Broken Builds

Reduction in Time to Recover Production Failures

Average Resolution Time of Production Defects

Operational Incident Ratio

Shift to CD/CI
Automated Unit Test Coverage Ratio

Technical Debt Reduction

Budget Compliance Ratio

Infrastructure Saving from Transformation

Cost Reduction per MIPS

Turnover Rate Reduction

Employee Engagement Survey Scores

People Transformation
Hiring from Top Universities

Ratio of Trained Inhouse Resources

Despite different approaches to measuring progress and success of the program,
banks have several common KPIs although they use different names for KPIs. Table

4.7 outlines the common KPIs among the cases.

Table 4.7: Common Key Performance Indicators

Common Metrics BankA | BankB | BankC
Cloud Services Readiness X X

Security Standards Compliance X X

Migration to Cloud Architecture Ratio X X

Reusable Components Ratio X X X
Ratio of Application in Production X X X
Product Backlog Variance X X X
Ratio of Transactions on New Architecture X X X

Continued on next page
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Table 4.7 — continued from previous page

Automated Test Coverage Ratio

>

Defect Fixing Duration

Availability/ Avr. Service Response Time X

Technical Debt Reduction

Cost Reduction per Code Line

Cost Reduction per Million Transaction

Total Budget Variance

Infrastructure Budget Variance

Transformation Budget/IT TCO

Employee Engagement Trends

Attrition Growth Rate

Hiring from Top Universities

ST IR I Bl Bl Bl Bl el Bl Bl il il

S T I el o Il ol Il e e

Training Completion Ratio

4.6. Discussion and Key Takeaways

Industrial trends. Our interviews with the chief technology officers of the banks
reveal that their decisions are affected by the software architecture trends. For the
cases of BankB and BankC, the chief technology officers agree that SOA pattern pro-
vides a straightforward solution to their problems, yet they opt for the microservice
architecture for it is the trending architecture pattern during their transformation pe-

riod.

Pattern selection. The most urging issues of the current operation influence
the design pattern chosen for the target architecture. For example, the redundancy
requirement of BankA over the application architecture force the bank to simplify the
application architecture, eliminate redundant interfaces and components, and increase

reusability in the cross-product components. As a result, the bank preferred to ap-
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ply the SOA pattern over a well-defined functional banking architecture. BankB had
problems with high amount of redundant efforts for development, issues during the re-
lease of new the versions and difficulties in configuring the management processes. To
solve these problems, the bank adopted domain—driven design patterns, the microser-
vice architecture, and the agile development method. BankC suffered from increasing
processing costs due to rapidly increasing online transactions from their high number
of digital customers, which forced them to move out from the mainframe they were

peacefully living in the last 20 years.

Functional application models. Historically, the functional application models
for banks evolve from product—centric to segment—centric and manufacturing-centric to
customer—centric and, recently, to ecosystem-centric functional models. The existing
legacy architecture and business requirements of the banks define their target func-
tional application model. BankA has been operating under a manufacturing-centric
functional model and strived to apply a more customer—centric banking model. BankB
and BankC claimed that they have already been using customer—centric models and
aimed for migrating to ecosystem-centric functional models to serve their customers
through their ecosystem partners. Therefore, these two banks implemented strong
API layers in their integration architectures with lightweight application architectures

at the front-end layer.

Multiple migration strategies. In all cases multiple migration strategies are fol-
lowed based on the previous transformation experiences, the existing legacy archi-
tectures, the target architectures, and the budget constraints of the banks. BankA,
which run on an existing hybrid architecture (mainframe and open system architec-
ture), did not consider a new core banking implementation from scratch due to their
past experiences on failed migration to a package core banking software and transfor-
mation costs. BankA preferred retaining existing applications by re-engineering them
(retain strategy), developing cross-product components that eliminate redundant ap-

plications (re-architect strategy), and gradually migrating to a business process based
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operating model. BankB, which has previously migrated fully from the mainframe
environment, preferred to re-platform existing monolithic applications to a different
architecture (re-host strategy). BankB also designed and implemented their primary
application domains in microservices architecture pattern (re-architect strategy) re-
lying on the domain—driven design and cloud-ready technology stack. On the other
hand, BankC which has not conducted a major core banking transformation program
in the last decades chose to retain some of the applications, to replace some others
and to re-architect their core banking system as a whole through a more extended

transformation program.

Governance organizations and design patterns. The culture and availability of
strong governance structures such as architecture boards, solution architecture teams,
and target architecture patterns play an essential role in how migration planning is
conducted. BankA, which has a strong architecture governance organization and a
top-down management style, conducted their migration planning exercises relying on
central teams. domain—driven design pattern and microservices architecture as target
design pattern let the teams conduct planning exercises through domains that maintain

an application under a functional domain.

Prioritization. Regardless of the planning approach selected, all banks develop a
prioritized list of projects in which they plan to migrate legacy application components
to the target architecture. BankA conducted a bottom-up analysis for each project.
It identified high-level application inventories to be updated and estimated the effort
required. BankB chose to apply a survey and asked the domain architect to evaluate
and score the applications they will re-architect under their domain and develop a
comprehensive list and application migration prioritization. BankC developed a scoring
model based on weights of prioritization criteria and the nature of the applications
or domains to be migrated. All these prioritization lists helped them to develop a
roadmap that shows them two or three years horizon with more detailed plans for

the coming quarters or years. It is essential to prioritize so that program governance
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over scope, schedule, and budget is managed. On the other than considering the very
complex nature of banking application architecture and duration of these programs and
continuously changing environment, it was never possible to stick to these plans. The
solution seems to develop a more agile program management approach where these
prioritize frequently change while still demonstrating that the program delivers the
highest possible value. We believe that value-driven program management [15] [16]

practice would provide the most optimized prioritization.

Robust project management. All three studies confirmed that a robust migration
project management is required to ensure the continuity, progress, and quality of the
transformation. A robust project management ensures the alignment of business and
IT functions. Project management is also crucial for quality assurance throughout the
transformation, by providing standard processes, actions to drive consistent reporting
of status, risks, issues, and resources. A robust project management enables planning
and monitoring the project by centralizing the project level plan, budget, dependencies,

and backlog.

Measuring business value. It is a common approach for the transformation of-
fice of banks to set quantitative and qualitative metrics to show the progress achieved.
These metrics measure the transformation program in terms of technology, processes,
and people. Based on the program goals and the function that drives the transforma-
tion, banks tend to set technical-driven or business-oriented metrics. Those that set
technical-driven metrics struggle to get long term commitment from top management
as the business value delivered is vague. Contrary, banks that set business-oriented
metrics keep the track of the program efficiently yet struggle in technical aspects such
as quality and resilience, which are revealed later stages of the program and may cause
major fractures in the program. Therefore, it is important to find the right mix in be-
tween. The metric setup approach is tightly related to the migration approach selected
at the beginning. Metrics are defined, owned, and tracked by the central governance

team in centralized migration. Each domain defines, owns, and tracks their own met-
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rics separately in domain-driven migration. In a hybrid migration, central governance
team defines the metrics and assigns to domains, domains own, track and report. As
the metrics are defined and assigned, the program tracking process is run in parallel

to the migration execution.

Continuous alignment. As the banks progress through the transformation pro-
gram and migrate the applications to the new platform, migration evaluation and
prioritization criteria are subject to change. Continuous alignment of these criteria

with program objectives is essential to succeed in the application migration.
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5. RELATED WORK

In this chapter we overview related work focusing on case study research in soft-
ware engineering and migration to cloud, microservices, SOA and large scale program

management practices.

Case studies in software engineering. Runeson and Host provide guidelines for
conducting case study research in software engineering [10] [17]. Verner et al. present a
framework with finer granularity for industrial case studies [18]. In this work we follow
the steps stated by [10] and consult the framework presented in [18] when needed. San-
tos presents strength and weaknesses from planning and performing member checking
to justify the findings of case studies performed in a software engineering [19]. We
tried to apply narrative accuracy and interpretive validity member checking techniques
in one-to-one interviews and elaborating our findings collected through surveys in the

workshops.

Service Oriented Architecture. FErrad and Anand investigate key approaches to
transform legacy applications into services to participate in an enterprise-wide SOA.
They present a decision framework to guide architects in selecting the optimal combi-
nation of legacy modernization options [20]. Gouigoux and Tamzalit share experiences
of a single migration from monolith to service—oriented architecture [21]. Main bene-
fits from this transformation are listed as reusability, changeability, and efficiency. A.
Megargel et al. [22] investigate bank’s technology infrastructure, IT governance pro-
cesses and maturity of SOA practices to find out their impacts on time-to-market of
new products and services. He conducted interviews and case study surveys with CTOs
from eight banks operating in Asia and conclude SOA maturity plays an important role
in digital transformation. He recommended establishing centre of excellence in SOA
and implementation of a well-architected ESB increases maturity of SOA. Among our

cases, BankA’s has the similar motivation and selected SOA as their design pattern
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to increase their time-to-market. BankA implemented ESB and has established SOA

center of excellence.

Microservices and cloud migration. Jamshidi et al. [23] details a pattern-based
approach for multi-cloud architecture migration. JF Zhao and JT Zhou et al. [24]
discuss similarities and difference of migration strategies. In our case studies, the
main migration problem is the one from the monolithic legacy system to modular
architecture. Migration to cloud is a part of the problem, but not the main focus for
BankA and BankC. Re-hosting is one of the migration strategy for BankB. BankB looks
for ways to migrate existing application to cloud architecture with limited changes.
Balalaie et al. [25] report on the migration to a cloud-native microservices architecture
of a single company. Our work confirms the need for distributed data governance,
reusability, and scalability as the drivers for the migration. Bucchiarone et al. presents
the changes in the architecture from a monolith microservice architecture in the banking
domain [26]. The focus of discussion in [26] is on the changes in the architecture.
Dragoni et al. analyse the same case from a mission critical perspective [27]. Fan and
Ma comment that two drawback of the migration to microservices are complex structure
and increased resource use in their experience report on the migration of a web and
mobile application to microservices [28]. Di Francesco et al. survey 17 participants from
the industry for their experiences on migration to microservices [29] focusing on the
challenges in execution of the migration. He considered migration to services into three
steps: reverse engineering, architecture transformation and forward engineering. He
first identify the migration activities in each of these phases and analyze the challenges
faced by the participants in these subprocesses. Another survey is conducted by Taibi
et al. [30] where the participants answer questions on the migration process, cost, and
data overhead. In a recent study A Megargel et al. compares the monolithic and
microservices styles of application architecture in banking industry and proposes a
methodology for transitioning from monolithic to cloud-based microservices [31]. We
portray the existing architectures and focus on the similarities and differences in their

motivation. Our study analyzes migration strategy, and the detailed planning approach
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for the migration from legacy to the target architecture. Our our domain is limited to

the banking industry.

Service identification during planning. Banks commented that one of their prob-
lem is finding adequate granularity and cohesiveness of their services when thinking
of transforming, evolving and scaling existing applications. Li and Zhang et al. [6]
give a dataflow-driven approach to identifying microservices from monolithic applica-
tions. Baressi and Garriga et al. [32] investigate a method for identifying microservices
through interface analysis. He note that finding the adequate granularity and co-
hesiveness of microservices, both when starting a new project and when thinking of
transforming, evolving and scaling existing applications, is a problem. In this thesis, he
introduces a solution based on the semantic similarity of foreseen/available functional-
ity described through OpenAPI specifications. C Schréer et al. [33] conduct a literature
review on microservices identification approaches and classify the content based on the
software development process. Mostly monolithic applications were suitable for decou-
pling and conversion to microservices. Applications with higher data consumption are
not recommended. In case core banking applications, cross—products services such as
commission and fee engine, product factory engine, information provider services were
considered as best candidates for microservices. In our cases the banks did not consider
applying any automatic service identification techniques due to estimated complexities
and lack of documentation. C. Bandara et al. [34] also claim that with correct tool sup-
port, it would be possible to get insight into the possible services which can be found
in the existing monolithic system at code level without worrying about the existence of
architecture diagrams, system artefacts and people who know the legacy system well.
He propose a toolkit to analyze the monolithic systems and propose the best ways to
decompose the functionality into set of microservices. Highly complex architecture of

core banking application may not allow to implement such methods standalone.

Governance and Measurement. Programs at size of our cases requires a strong

and proven governance mechanisms. SU Haq et al. [35] investigate effectiveness of
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several program governance mechanisms and proposing a moderation model on how
to measure it. Kerzner et al. [36] shares best practices in the project management
metrics, KPIs, and dashboards in his book ”A guide to measuring and monitoring
project performance”. He grouped metrics into four categories; business-based, success-
based, project-based, and project management process metrics. He highlighted that the
right person who should be doing the asking could select the right metrics. Sanchez
and Robert et al. [37] propose to help to measure the achievement of a portfolio’s
strategic objectives taking into account the realization of key benefits. In our cases
banks realized the benefit of do it, but follow different approaches when selecting
specific KPIs. Shahin and Mahbod [38] present a method on how to prioritize KPIs
where there are several different KPIs to monitor. Our cases introduce more than
fitty KPIs without identifying the priorities among them. In order to ensure proper
governance some sort of prioritization would be helpful where there are multiple KPIs
alarming actions in different direction. C Karrenbauer et al. [39] study in this area
and present an evaluation approach with an optimization model for improving project

portfolio management, support value creation, and goal achievement.

Dependency Management. Stray and Moe et al. [40] states managing dependen-
cies between teams and within teams is critical when running large-scale agile projects.
Babinet and Ramanathan et al. [41] discusss the challanges of dependency management
in large agile environments. In transformation programs such as our cases large-scale
software development work is carried out simultaneously in parallel by many developers
and development teams. Dependency management is stated as one of the critical suc-
cess factors for legacy system migration programs. I. Pashchenko et al. [42] investigate
decision-making strategies for selecting, managing, and updating software dependen-
cies. N Sekitoleko et al. [43] outline difficulties in technical dependency management
and their communication during the program. V. Stray et al. [40] examine planning
methods in agile large-scale project and how these methods address different types
of dependencies. High number of dependencies in our cases requires development of

automating identification and monitoring of these dependencies.
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Enterprise Architecture and Migration. N. Silva et al. [44] recommend a set of
migration rules to automate migration of enterprise architecture. We observe an attemp
in BankA migration strategy to migrate some of the processes through automation.
Sun and Chen [45] propose domain based integrated enterprise technical architecture
for a universal bank, helping to build common patterns to manage bank’s technical
IT applications and infrastructure. This approach was very similar to the migration
prioritization approaches followed by BankB and BankC. BankB applies domain—driven
design and apply similar patterns in domains. BankC uses enterprise functional model
as an input to migration prioritization model. Agievich and Skripkin propose using
a change matrix to manage enterprise architectures migration [46]. Similar tools are
used in all our cases to manage the migration. Furda et al. investigate multitenancy,

statefulness, and data consistency for the migration of enterprise architectures [47].
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6. CONCLUSION

In this thesis we present a multi-case study of legacy system migration from
the banking domain. Three cases have a comparable number of digital customers
but differ in terms of total number of total customers, and application and interface
inventories. All three transformations took place between 2014 and 2020. Throughout
the migration projects, we interviewed the members of projects with different ranks
and roles in the projects. We conduct an in-depth analysis of the motivations for the
migration, migration strategies, and prioritization for the migration. We discuss the

key takeaways and lessons learned for such high-scale migration projects.

We observed similarities in motivations of the banks for the migration even though
they had different legacy banking architectures such as reducing costs and improving
quality although each bank had its specific triggers for the migration. The most urging
issues heavily influenced the target architectures of the bank. The decision makers
of the migration projects also admitted that architectural trends were another strong

influence for that decision.

All banks applied multiple migration strategies based on their transformation
experiences, existing legacy architectures, target architectures driven by technology
trends, and cost pressures. Culture and availability of strong governance structures
such as architecture boards, solution architecture teams, and target architecture pat-
terns play an essential role in how migration planning is conducted. We observed that
as the banks progress through the transformation program and migrate the applica-
tions to the new platform, migration evaluation and application prioritization criteria

are subject to change.

Finally, continuous alignment of these criteria with program objectives is essential
to succeed in the application migration. As applications are migrated, banks evolve to

new technology architectures and retire their legacy systems. On top of the techno-
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logical evolution, our cases aimed to adopt new methodologies like DevOps and agile
to maximize the benefits from their new architectures. These changes also drive our

cases to shift towards modern I'T operating models.

Reflecting on our experiences in this case study, we suggest the following lines for
future research: First, we consider it essential to replicate the study in organizations in
different industries. Banks have substantial monolithic architectures, and the modern-
ization of these systems cannot be completed in a single transformation program. On
the other hand, several organizations with a relatively small monolithic legacy system
require modernization programs with similar motivations. Approaches or techniques
used for identifying the migration strategies and prioritization of application may be

different

Second, we find it interesting to investigate governance methods used during
the execution of the transformation programs. Organizations maturity, culture and
experience is similar programs seem to have impact on the way governance is handled
and specific processes are executed. Program tracking, dependency management and
how the overall value is measured should have a huge impact on the successful outcome
of these programs. This could include, for example, challenges and success factors for
large-scale agile transformation programs (Dikert and Paasivaara at al. [6]) as the lenses

to guide the collection and analysis of case study data in future research.

Third, we acknowledge that the way the monolithic is decomposed and microser-
vices are identified is critical design decision for organization on how to architect the
new system. We therefore think, it is interesting to investigate automatic service iden-
tification techniques and frameworks (Baresi and Garriga at al. [32]), (Chen and Li at

al. [48] ) over modernization of legacy systems in banking.
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