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Legacy applications refer to the applications that have been in use for a long
period of time and developed using obsolete technologies. They are often
business-critical systems; therefore, any changes here inevitably will affect the
other parts of the system. Legacy applications need to be compatible and up to
date with the contemporary business requirements and modern infrastructure,
however their outdated architecture and stern design constraints proved to be a
major hurdle towards achieving this goal. Cloud computing offers numerous
benefits over traditional on-premises infrastructure. It provides a new platform
for organizations, which promises flexible scalability, business agility, high
availability and reduction in cost. Considering these benefits, migration of legacy
applications to cloud is a lucrative option for many organizations. However, the
architecture of these legacy applications requires a tested, fool-proof and risk-
free approach for migration. The existing models or frameworks proposed for the
migration of legacy applications does not address all major issues of migration.
These models either lack the software re-architecting phase or mentions it in an
abstract and brief way without involving the specifics and intricacies of its
application. This research explores and evaluates the coverage of design
refinement phase in existing studies for migration of legacy applications to cloud
and proposes a design refinement-based implementation framework for
systematic migration of legacy applications to cloud. For the purpose of
designing the framework, structured interviews are employed to seek the most
up-to-date feedback regarding current industry trends. The information obtained
through the interviews is used to gain decisive inputs for the designing of the
artefact. As part of this research, it is justified with the help of empirical evidence
that the use of good practices through design patterns help in improving the
three key quality factors of software namely efficiency, flexibility and
maintainability. The information gained is used to incorporate legacy
application’s design refinements as one of the core components of the proposed



implementation framework for systematic migration of legacy applications to
cloud. Expert review is used to validate the proposed implementation framework.
Moreover, two applications were chosen and migrated to cloud by applying
necessary design refinements as one of the core steps of the proposed
framework. Expert review confirms that the framework is easy to implement and
is applicable to all typical legacy applications which allows the architects to follow
the steps sequentially for a systematic migration. After successful migration, the
performance of the application is compared to its on-premise deployment to see
the overall performance improvements as well as the improvements in terms of
the stated quality factors (an increase in 51% efficiency, 66% flexibility and 7%
maintainability is recorded in the migrated application). The main contribution of
this research is to systematically embed and justify with evidence the
significance of architectural and design refinement process that improves
efficiency, flexibility and maintainability of the legacy application as part of its
migration to cloud. This systematic design refinement process ensures
improving the overall architecture suitable for cloud infrastructure.
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Sistem warisan merujuk pada aplikasi yang telah digunakan untuk jangka waktu
yang lama dan dikembangkan menggunakan teknologi usang. Mereka
selalunya sistem kritikal perniagaan; oleh itu, sebarang perubahan di sini pasti
akan mempengaruhi bahagian sistem yang lain. Aplikasi warisan harus serasi
dan terkini dengan keperluan perniagaan kontemporari dan infrastruktur moden,
namun seni bina mereka yang ketinggalan zaman dan kekangan reka bentuk
yang tegas terbukti menjadi halangan utama untuk mencapai tujuan ini.
Pengkomputeran awan menawarkan banyak faedah berbanding infrastruktur
tradisional di tempat. Ini menyediakan platform baru untuk organisasi, yang
menjanjikan skalabilitas fleksibel, kelincahan perniagaan, ketersediaan tinggi
dan pengurangan kos. Memandangkan faedah ini, penghijrahan sistem warisan
ke awan adalah pilihan yang menguntungkan bagi banyak organisasi. Walau
bagaimanapun, seni bina aplikasi warisan ini memerlukan pendekatan bebas,
tanpa bukti dan bebas risiko untuk migrasi. Model atau kerangka kerja yang ada
yang dicadangkan untuk cloudifikasi sistem warisan tidak menangani semua
masalah utama dalam migrasi. Model-model ini tidak mempunyai fasa
pengarsipan semula perisian atau menyebutnya secara abstrak dan ringkas
tanpa melibatkan spesifik dan selok-belok penerapannya. Penyelidikan ini
meneroka dan menilai liputan fasa penyempurnaan reka bentuk dalam kajian
yang ada untuk penghijrahan aplikasi warisan ke awan dan mencadangkan
kerangka pelaksanaan berasaskan penyempurnaan reka bentuk untuk
penghijrahan aplikasi warisan ke cloud secara sistematik. Untuk tujuan
merancang kerangka kerja, wawancara berstruktur digunakan untuk
mendapatkan maklum balas terkini mengenai trend industri semasa. Maklumat
yang diperoleh melalui temu ramah digunakan untuk mendapatkan input yang
menentukan untuk merancang artefak. Sebagai sebahagian daripada
penyelidikan ini, dibenarkan dengan bantuan bukti empirikal bahawa



penggunaan amalan baik melalui corak reka bentuk membantu dalam
meningkatkan tiga faktor kualiti utama perisian iaitu kecekapan, fleksibiliti dan
kesenggaraan. Maklumat yang diperoleh digunakan untuk menggabungkan
penyempurnaan reka bentuk sistem warisan sebagai salah satu komponen teras
kerangka pelaksanaan yang dicadangkan untuk penghijrahan aplikasi warisan
sistematik ke cloud. Untuk mengesahkan kerangka pelaksanaan yang
dicadangkan, kajian pakar digunakan. Selain itu, dua aplikasi dipilih dan
dimigrasikan ke cloud dengan menerapkan penyempurnaan reka bentuk yang
diperlukan sebagai salah satu langkah utama kerangka kerja yang dicadangkan.
Penghijrahan aplikasi yang berjaya mengesahkan bahawa kerangka kerja
mudah dilaksanakan dan dapat diterapkan pada semua aplikasi warisan khas
yang memungkinkan para arkitek mengikuti langkah-langkah secara berurutan
untuk migrasi yang lancar. Setelah penghijrahan berjaya, prestasi aplikasi
dibandingkan dengan penggunaan di premis untuk melihat peningkatan prestasi
keseluruhan dan juga peningkatan dari segi faktor kualiti yang dinyatakan.
Penyelidikan ini adalah penambahan yang berharga bagi kedua-dua penyelidik
dan pengamal industri yang bersangkutan dalam memindahkan aplikasi warisan
ke awan dengan menyediakan proses penyempurnaan reka bentuk sistematik
untuk aplikasi warisan yang memastikan peningkatan keseluruhan arsitektur
yang sesuai untuk infrastruktur awan.
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CHAPTER 1

INTRODUCTION

1.1 Background

Legacy applications refer to the applications that have been in use for a long
period of time and developed using obsolete technologies. They are often
business-critical systems; therefore, any changes here inevitably will affect the
other parts of the system. Although these systems are considered to be outdated
but are too costly and risky for an organization to replace it (Kumar & Jain, 2017;
Sommerville, 2011, p. 38).

Cloud computing provides a new platform for organization that promises flexible
scalability, business agility, high availability and reduction in costs (Mell &
Grance, 2011). Considering these benefits, migration of legacy applications to
cloud is a lucrative option for many organizations (Colosimo et al., 2009).
However the architecture of these legacy applications require a tested, fool-proof
and risk free approach for migration (Beserra et al., 2012).

Virtualization is the first step towards moving an application to cloud, however
legacy applications are typically not architected even for a virtualized
infrastructure (Frey & Hasselbring, 2011). Understandably, when designed, the
legacy applications were not intended to be ported on cloud. A legacy application
built using the on-premise infrastructure in mind will not have the capabilities of
integrating services and hence is not easily deployable on cloud. At times, legacy
application relies on hardware dependent modules that are not cloud
conversant. These modules might represent some specific business
requirements of a business critical application, therefore need to be dealt with
proper planning and execution (Frey & Hasselbring, 2010; llla et al., 2012).

Shifting and migrating legacy application onto the cloud is a complex task which
sometimes becomes more challenging than simply developing an application
from scratch with the cloud infrastructure in mind. However replacing these
legacy applications by newly developed solutions involve high risk, cost and time
which is never a priority of any enterprise (Colosimo et al., 2009). One of the
major tasks involved in this migration process is to re-architecture the application
in such a way that it can exploit the available benefits that cloud computing is
offering to its clients (Frey & Hasselbring, 2011). However the absence of
implementation frameworks to smoothly and efficiently carrying out this process
is a major hurdle towards achieving this target (Rimal et al., 2011).



1.2 Research Motivation

Even though the use of cloud computing has significantly increased in the last
decade, but there exist several domains of cloud adoption especially the area
related to legacy application migration that has not been fully explored yet. In
recent years, to execute migration of these legacy applications, more studies
have been performed and some models and methodologies have been
proposed. However, most of these models and methodologies did not
adequately explain the phenomenon; the approach is problematic or contradict
with the existing updated knowledge. One such territory is the migrated
application design and architecture that should fit well as per the cloud
infrastructural requirements.

The available migration models and frameworks proposed for legacy
applications’ migration process emphasize merely on the generic phases and
procedures on migrating the applications and data to cloud. Some of these
models of cloud migration are based on advantages of deploying existing
applications to cloud which deals with issues like cost, time, security,
organizational culture and market maturity etc. Only few researchers have
identified application re-architecting as one of the constituent phases of
migration process but seemed to provide minimal or no explanation on how this
modification of design can contribute towards improving the missing elements of
legacy design. The existing research in this domain is limited to conceptual
artefacts and lacks the empirical validation of the redesigning approach.

1.3 Problem Statement

Fahmideh et al. (2017) state that existing methods for legacy application’s
migration to cloud do not provide a holistic solution considering the key
challenges from re-engineering perspective. In their research work, Fahmideh et
al. (2017) attempt to provide a way of applying design refinements as an
essential part of legacy applications migration to cloud by using design
principles, however this research is restricted to the application of four pre-fixed
design principles. It is hard to scope the refinement of legacy application design
using these four pre-fixed design principles. Shadrin (2005) concludes that the
design refinements should be applied sequentially by incorporating appropriate
design principles, heuristics and design patterns, and if these elements of object
orientation are not followed sequentially, it increases the chance of inducing
flaws and defects in the design. There are various other design principles and
patterns that can be applied to fix many other design issues, hence specifying
four design principles for all migration scenarios might not be appropriate for all
such cases. Design issues like application rigidity, high coupling, exposing of
creational logic, program to an implementation rather abstraction in conventional
legacy systems require a combination of design principles and patterns to be
applied to fix these issues. Hence, the implementation details of re-architecting



phase for the migration process need to be systematically executed in order to
get the benefits of cloud flexibility. Legacy applications usually follow a
monolithic and self-contained design which is highly coupled and inter-
dependent as opposed to a modular design which is much more efficient and
reusable (Guillén et al., 2013). Frey and Hasselbring (2011) have indicated that
most of the legacy applications are not architected with the application flexibility
factor in mind. Therefore, an attempt to forklift a legacy application to cloud
would incorporate rigid structures and undesirable results. This intensifies the
need for re-architecting the legacy application before migration (Borges et al.,
2018). Feldman (2013) has pointed out that many organizations take legacy
spaghetti and converts it into a cloud spaghetti without making it elegant for cloud
infrastructure. Frey and Hasselbring’s research (2011) establishes that most of
the legacy applications are not architected with the application flexibility factor in
mind. Some researches specify inefficiency (a delay in transmitting or
processing data), inflexibility and poor maintainability as major performance
issues that a traditional legacy application suffers from (Li et al., 2007; Rai et al.,
2015). Based on these three major problems associated with legacy
applications, design refinements should be applied to enhance efficiency,
flexibility and maintainability of the application before migrating to cloud for
optimal performance. These signify the need of a new design refinement-based
implementation framework for systematic migration of legacy applications to
cloud that can target the improvement of the stated quality factors.

1.4 Research Questions

This research was factored further into manageable research questions to
thoroughly examine this domain. Following research questions were articulated
to carry out research.

Question 1. What is the coverage of design refinement phase in existing
legacy application frameworks for cloud migration?

Question 2. What is the significance of design refinement phase in an
implementation framework for migrating legacy applications?

Question 3. What methods and techniques can be employed for improving
efficiency, flexibility and maintainability of an application by
refining application design?

Question 4. How does the implementation framework be validated for
systematic migration and effectiveness?



15 Research Objectives

The main objective of this research is to propose an implementation framework
for systematic migration of legacy applications to cloud by applying suitable
design refinements.

The main objective is supported by the following specific objectives:

1. To investigate existing legacy application frameworks for cloud
migration in terms of their coverage of design refinements.

2. To empirically evaluate the use of design refinements in cloud migration
by applying design principles and patterns for improvement in software
quality.

3. To develop an implementation framework for systematic migration of
legacy applications to cloud by applying design refinements to optimize
the key quality factors.

4. To conduct validation of the proposed implementation framework to
ensure optimization of the key quality factors.

1.6 Research Scope

The scope of this research is limited to following major segments of legacy
applications’ cloud migration process:

e The motivation for legacy application’s migration to cloud considering
the advancement of cloud computing.

e The techniques, options and potential concerns involved in legacy
applications’ migration process.

e The legacy application architectural constraints in migrating to cloud and
the problems associated with it.

e The constraints and issues involved in available frameworks and models
in terms of their coverage of design refinements.

e The systematic phases required in implementation framework for
migration of legacy applications to cloud.

The research related to the design refinements is pretty much oriented towards
the use of design principles and design patterns. The emphasis is given on re-
designing the application with cloud infrastructure in mind, re-developing its
architecture to improve the quality factors and eventually the modification of
application code subject to the changes in design. This research even though
generally touches application’s data migration concerns, does not specifically
cater for the issues in moving application data to cloud. Therefore, the



associated issues related to data conversion rules, audit trails, checksums and
cleaning data defects etc. are beyond the scope of this research.

There are potential risks related to cloud security, privacy and trust at various
levels of application deployment. However, this doesn’t come under the scope
of this research as the author is confined with the refinement of application
architecture to contribute for three key quality factors namely efficiency, flexibility
and maintainability. Moreover, several studies have already proved to improve
the application security by applying various strategies on the cloud. Similarly,
issues related to multi-tenancy and data leakage are not part of this
investigation. Guidelines have been developed for better governance and
vulnerability management that can be taken in account for such issues.
Exploring the shortcomings in governance related matters of cloud is a different
territory of research.

1.7 Thesis Structure

The thesis is organised to present the research process and outcomes in a
sequential flow.

Chapter 1 provides a basis for the overall research process and sets forth a
measurable criterion through research questions and objectives. Problem
statement concisely details the identified gaps and states the focus of
investigation in the research undertaken. The chapter also includes research
motivation and scope.

Chapter 2 encompasses literature review which focuses on associated
problems, considerations and potential concerns related to legacy application
migration techniques based on existing models and frameworks. It particularly
reviews the existing frameworks that have been proposed for legacy applications
with regards to their coverage of design refinement phase. This chapter also
helps author to uncover emerging trends and success strategies in the stated
research domain. Detailed discussions on object-oriented elements are
undertaken to identify techniques of enhancing quality through design
modifications. This part compliments the need of design and architectural
refinements in the migration framework. The last section of this chapter
formulates the conceptual migration framework.

Chapter 3 outlines the research methodology with detailed justifications. This
chapter presents the applied conceptual framework of research that illustrates
the key factors involved, inputs, outputs and relationships among them. The
conducted research has been divided into four discrete and sequential phases
which are explained thoroughly in distinct sections.



Chapter 4 provides analysis of the data gathered from structured interviews
through a systematic coding process. It examines the responses in a methodical
way to reach a valuable set of recommendations for the research in
consideration. It also presents in detail the findings of empirical evaluation of
essential quality factors for cloud migration that includes software efficiency,
flexibility and maintainability.

Chapter 5 presents the proposed solution in the form of an implementation
framework to be used for systematic migration of legacy applications to cloud.
The framework is constructed by incorporating good practices based on
research and industry feedback. The core components of this framework are
structured in a way that signifies it from the existing researches. The existing
literature is used to discover and understand the concepts and issues involved
in this development.

Chapter 6 evaluates the validity of the proposed implementation framework by
migrating two different applications to two heterogeneous cloud platforms. All
steps recommended by the framework were implemented to carry out the
migration process. The performance of the application before and after
deployment is compared. The correctness of the findings is validated through
expert review. The experts reviewed the implementation framework and
thoroughly examined the results of porting the applications to cloud.

Chapter 7 summarizes the research outcomes and provides conclusions. It
provides a detailed account of research contributions in the existing body of
knowledge. This chapter also includes the limitations of the research undertaken
as well as the recommendations for future work.
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