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Abstract 
A great number of business critical systems represent legacy software, which is difficult to modify 
and expensive to maintain. In order to stay in line with business strategy, these aging software 
systems should be modernized. However, modernization is a complex process, which has not 
only technological, but also business, organizational and environmental aspects. Some 
modernization projects affect only technical layer in IT architecture, but others impact on all 
enterprise architecture layers.  
The main research question of this thesis was, how the Web application, which is in active use, 
can be modernized so that transition between the legacy and the target system happens without 
problems for current users. In order to answer this question, I have gathered information about 
modernization case studies, already implemented in industry. After that, I have investigated a real 
legacy software system and target architecture in the context of a software development 
company, which operates in the finance administration domain. Finally, I have proposed a plan for 
the legacy system modernization. 
Based on the case study review, a lot of attention in modernization initiatives is paid to target 
architectures:  evolvable architectures, loose-coupling and independent life-cycles of 
components, as well as well-defined interfaces are concerned very important. For successful 
project implementation, incremental modernization and use of regression testing are strongly 
recommended. Also, implementation of pilot projects and establishing center for coordination of 
modernization initiative are found useful.  
In the modernization plan, I have suggested incremental redevelopment of the system using 
business rules extracted from the legacy software. The modernization project would contain 
transformation of architecture, and affect not only technical, but also application layer of enterprise 
architecture. I have also proposed that modernization would be implemented by a single 
functionality set at a time. 
To sum up, legacy software modernization is a complex and relatively new research field, which 
needs well-established terminology and a framework for comparing different methods, 
approaches and techniques, used in projects. Another problem is, that most of the papers 
discuss very old technologies, and modernization of relatively new web applications is not 
covered. However, the amount of legacy software, which strongly need modernization is 
increasing rapidly, and new case studies and researches in the field are bound to follow.

Keywords legacy software, modernization, IBM Domino, architecture transformation, business-
IT alignment, software evolution, system evolution
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Tiivistelmä 
Suuri määrä liiketoiminnallisesti tärkeitä järjestelmiä edustavat perinnejärjestelmiä, joita on vaikea 
muokata ja kallista ylläpitää. Jotta nämä järjestelmät pysyvät yhdenmukaisina 
liiketoimintastrategian kanssa, ne pitää modernisoida. Modernisointi on kuitenkin monimutkainen 
prosessi, jossa ei ole vain teknologisia vaan myös liiketoiminta-, organisaatio- ja 
ympäristönäkökulmia. Jotkin modernisointiprojekteista vaikuttavat vain tekniseen tasoon IT-
arkkitehtuurissa, kun taas osa vaikuttaa kaikkiin yritysarkkitehtuurin tasoihin. 
Tämän työn päätutkimuskysymys oli: kuinka web-ohjelman, joka on aktiivisessa käytössä, voi 
modernisoida siten, että siirtyminen perinnejärjestelmästä kohdejärjestelmään sujuu 
saumattomasti nykyisten käyttäjien näkökulmasta. Jotta voin vastata tähän kysymykseen, olen 
kerännyt tietoa modernisoinnin tapaustutkimuksista, jotka on jo toteutettu käytännössä. Sen 
jälkeen olen tutkinut oikeaa perinne- ja kohdejärjestelmää ohjelmistoyrityksen kontekstissa. 
Lopuksi, olen ehdottanut suunnitelmaa perinnejärjestelmän modernisointiin. 
Tapaustutkimusten tarkastelun perusteella modernisointi hankkeissa annetaan paljon painoarvoa 
kohdejärjestelmille: jatkokehitettävät arkkitehtuurit, komponenttien löyhät kytkennät ja 
riippumattomat elinkaaret, sekä hyvin määritellyt rajapinnat pidetään hyvin tärkeinä. Jotta projekti 
olisi toteutettu onnistuneesti, vähittäinen modernisointi ja regressiotestaus ovat vahvasti 
suositeltuja. 
Modernisointisuunnitelmassa olen ehdottanut vähittäistä järjestelmän uudelleenkehitystä käyttäen 
liiketoimintasääntöjä, jotka on poimittu perinnejärjestelmästä. Modernisointiprojektin tulisi sisältää 
arkkitehtuurin muutoksen ja se ei vaikuttaisi vain tekniseen vaan myös sovellustasoon 
yritysarkkitehtuurissa. Olen myös ehdottanut, että modernisointi toteutettaisiin yksi 
toiminnallisuusjoukko kerrallaan.  
Yhteenvetona, perinnejärjestelmien modernisointi on monimutkainen ja suhteellisen uusi 
tutkimusala, joka tarvitsee hyvin vakiintunutta terminologiaa ja kehystä eri metodien, 
lähestymistapojen ja tekniikkojen vertailuun. Toinen ongelma on, että suurin osa tutkimuksista 
käsittelee erittäin vanhoja teknologioita ja suhteellisen uusien web-ohjelmien modernisointia ei 
tarkastella. Kuitenkin, sellaisten perinnejärjestelmien määrä, jotka vahvasti tarvitsevat 
modernisointia, kasvaa nopeasti ja väistämättä uusia tapaustutkimuksia ja tutkimustyötä tullaan 
näkemään.

Avainsanat perinneohjelmisto, modernisointi, IBM Domino, arkkitehtuurin muutos, liiketoiminnan 
ja tietotekniikan lähentäminen, ohjelmiston evoluution, järjestelmän evoluutio
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1 Introduction

As any other product or service on the market, software systems should constantly change in order 
to meet changing customer requirements. Software companies have to gain a competitive edge 
offering suitable set of software features at a reasonable price despite scarce financial and human 
resources. Therefore, software products or services, which are not extendable enough or which 
maintenance is too expensive compared to their contribution to business value, cause losses to 
their owners. The losses could be various, such as missed business opportunities, decreased 
market share or just unprofitableness. In order to stay on the market and compete successfully, 
something should be done to such software systems. 

Although new software could be unprofitable too, most of the problems are caused by aging, 
outdated software systems, which already constitute core of business processes and are tightly 
integrated with other software systems. Such systems cannot be abandoned, as it would cause 
serious consequences to business, and usually cannot be redeveloped from scratch easily. 
However, there are sufficiently large variety of options to modernize aging software and their 
components. 

Legacy software covers not only 30 years old mainframe systems developed with COBOL or PL/I, 
but also much newer software systems (Sneed 2006). Thus, even Web applications developed 
with older technologies could be considered as legacy, if they cannot meet business needs. Taken 
into account that modern Web technologies are developing rapidly and enable more flexible and 
scalable solutions with better user experience, legacy systems should evolve in order to stay 
competitive.  

1.1 Research question, goals and constraints 
The main research question is, how the Web application in use should be modified or redeveloped, 
so that transition from the current legacy system to the target system would happen without any 
problems for users. This thesis is a part of the project which goal is to modernize a group of legacy 
software systems, so that they are in line with business strategy. The whole system consists of 
several applications with different age and technology stack, and development of all the applications 
continue. The applications have also some integrations with each other, which could affect the 
modernization project. 

In order to find the answer to the main research question, some smaller research goals are set: 

- To find out, what legacy software is, and which are the main reasons for software aging 

- To draw up the general view of approaches to deal with legacy software as well as the main 
target solutions 

- To investigate modernization case studies for methodologies, best practices and pitfalls  

- To analyze the current state of the software application, the target state, and to propose the plan 
for transition from current to desired state 
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The needs of the project have set some requirements for focus areas of the research. Firstly, as 
almost all systems (including the application, chosen for the research) are Web-based applications, 
Web software related methodologies and case studies are considered as the most interesting for 
the thesis. Secondly, current technology stack is sufficiently new, i.e., such old languages and 
technologies, as COBOL or CICS are not used. Therefore, case studies and theories, which are 
designed primarily with such specific old technologies, cannot be used as such, though some 
general recommendations could be taken into account.  

Another important issue in this research is the questions, why software systems become legacy 
and how this process can be slowed down. This is because the ideal situation after modernization 
project is an evolvable system which expected life-time is sufficiently long and which tolerates 
continuous change without significant decrease of quality. Finally, the target system has some 
quality requirements (e.g., scalability and maintainability), which come out from business strategy. I 
will discuss these quality attributes later in this thesis. However, I should take notice of how quality 
requirements are taken into account in methodologies, theories, and case studies, investigated in 
the research.  

The research has also some constraints, which come from practical project requirements, nature of 
the software and time limits of the thesis. The list of the main constraints is the following: 

- In this thesis software modernization is examined from the viewpoint of a company, which core 
competency is software development. Therefore, case studies and methodologies, which are 
concerned with only commercial-off-the-shelf solutions are out of scope of this work. 

- One of the goals of the project is the partial or full replacement of technology stack used in the 
applications. The decision about the replacement is made. Therefore, reasons for this decision 
as well as alternative solutions (for instance, modernization without technological changes or 
alternative technology stacks) are not considered in this work. 

- The research is focused on technical problems and solutions. Other important issues and side 
effects (project management challenges, possible organization and cultural change, budgeting, 
financial benefits, possible communication problems etc.) are left outside of this work. However, 
some issues, closely related to software development and evolution processes, will be 
mentioned when needed.  

- As I have mentioned earlier, the project is concerned about web applications. Therefore, case 
studies and methodologies which use other technologies, languages and platforms (both too old 
and outside the scope) are discussed without taking into account technology-specific details of 
implementation and requirements for target solution. For instance, non-functional requirements 
for Web-applications which are delivered as a service are quite different than requirements for 
embedded software, which results in differences in modernization projects.  

- One of the main activities in evolution and modernization projects is software assessment. 
Assessment is carried out on different levels, from evaluation of information systems of the whole 
enterprise to project-specific assessments of particular parts of applications. One of the reasons 
for enterprise-level assessments is to decide, which application should be modified first. 
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However, in the project, the decision about the application under modernization is already made. 
Therefore, I do not discuss this level of assessment in details.  

1.2 Research methods 
This research contains two different parts: literature review and case study. The literature review was 
conducted in order to answer the research questions about legacy software and common 
modernization solutions. Additionally, literature review was used to gather information about 
modernization case studies, implemented in industry. The two main science article databases, used 
for data collection, were ACM (Association for Computing Machinery) and IEEE/IET Electronic 
Library. Also, some articles and books were found from other sources.  

Case study research is an iterative process (Runeson & Höst 2009). Therefore, in some cases 
additional data gathering was done after data analysis. The case study in this thesis followed the 
process, described by Runeson and Höst (2009). Firstly, case study design was completed. After 
that data was collected and analyzed (iteratively). Finally, results were reported in the thesis. 

1.2.1 Case study design 
Case study design contains the following issues: 

- objective. In this case study, it is the main research question 

- research questions. In this case study, there are four research goals, set in Chapter 1.1 

- theoretical background. In this case study, theoretical background is gathered by literature review 
and described in Chapters 2 - 4 

- case. This is the unit of analysis (i.e., what is studied). The case contains the legacy system and 
its environment (for example, interfacing systems, operational, development and testing 
environments), and the target architecture. They are described in Chapter 5. 

- methods and sources for data collection. In this thesis, data was collected iteratively and 
primarily third degree data collection techniques were used (according to classification by 
Lethbridge, Sim and Singer (2005)). In the next subchapter, I will explain data collection 
techniques in more detail. 

1.2.2 Data collection methods and sources 
According to the classification of data collection techniques proposed by Lethbridge, Sim and 
Singer (2005), three techniques were used in this case study: 

- Documentation Analysis 

- Static and Dynamic Analysis of a System 

- Analysis of Electronic Databases of Work Performed 
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Lethbridge, Sim and Singer (2005) have created classification of data collection methods, which is 
based on the degree of human intervention. All three techniques, used in this case study, belong to 
the third degree category, which means that the main sources of information are artifacts, such as 
source code, documentation or other similar sources. These techniques were chosen, because 
they are suitable for gathering data about the legacy system and the architecture of the target 
system (i.e., they are suitable in the context of the research question and the research goals). 

First and second degree techniques were not used. However, some information was gathered 
during informal discussions with employees of the company. For instance, this information was 
needed to locate sources, where documentation can be found; to get the knowledge, how the 
development environment of the legacy system can be used; to validate the formal data sources 
(for instance, if documentation is outdated or incomplete); to interpret the source code. 

1.2.3 Documentation Analysis 
According to Lethbridge, Sim and Singer (2005), documentation sources can be both separate 
documents, which describes the system, and comments in the code. 

In this thesis, three sources of technical documentation (coding guidelines in old development 
environment, shared drive and Confluence documentation), and code comments, were used. 
Additionally, official documentation of legacy system technology (IBM Domino Designer 
documentation) was utilized. 

Advantage of documentation is that it could contain not only details, but also high-level design 
pictures of the system. Disadvantage is that it can be incomplete, outdated or somehow irrelevant. 
Therefore, validation is required. 

1.2.4 Static and Dynamic Analysis of a System 
Static analysis means, that the source code is analyzed without executing the program, whereas in 
dynamic analysis traces of running program are investigated (Lethbridge, Sim & Singer 2005). 

Need for code metrics or models construction was not detected. This is both because technology 
stack should be changed and there is no need for substantial legacy code refactoring, and 
because the legacy system alone is relatively small. 

Therefore, system analysis was done manually. Static analysis was done by investigating the code. 
Only UI (user interface) part was inspected, when program was running (using browser developer 
tools). According to Lethbridge, Sim and Singer (2005), the main problem of system analysis is lack 
of suitable tools. However, when doing analysis manually, it is not a problem. 

1.2.5 Analysis of Electronic Databases of Work Performed 
According to Lethbridge, Sim and Singer (2005), electronic databases of work performed cover 
problem reporting, change request and configuration management systems. In this thesis, such 
databases are task tracking systems, used in the development (both an old system, which is now 
deprecated, and a new system, currently used in the development process).  
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Advantage of this method in the case study is, that it gives some understanding about how the 
legacy system was developed and what the current state is. Such conclusions could be made 
based on the number and nature of change requests, as well as state of tasks. Disadvantage of 
this method is that information is incomplete and sometimes incorrect: task management systems 
do not cover the whole development history, and specifications and states of the tasks were not 
always updated. Also, format of information can be different depending on the person, who filled in 
the task information. 

This is not the main technique in this case study, but it should complement the general picture 
gathered from documentation, source code and working application. 

1.2.6 Threats to validity 
In order that research is valid and reliable, threats to validity should be understood and taken into 
account, when collecting data, analyzing gathered data and making conclusions. There are four 
aspects of validity in a case study research: construct, internal and external validity, and reliability 
(Runeson & Höst 2009). I will discuss threats to validity in the context of these four aspects. 

Construct validity assesses, whether measures, used in the research, are correct for research 
question investigation. In this case study, it means that the review of previous case studies and 
aspects, which are inspected in the legacy and target system, contribute to research question 
investigation. The first threat to construct study is that the list of issues to be inspected, is based on 
the theoretical background and modernization case studies, reported in the literature. This means, 
that these aspects may be incorrect, as: 

- not all case studies are reported (especially failed) 

- not all aspects of each case study are reported (authors selected the information) 

- not all case studies were found, and some of the case studies were filtered out 

The second threat to construct validity is that there is no guarantee that the same aspects are 
important for each legacy system, to be modernized. As noticed later in the case study review, 
researchers were focused on different aspects of modernization, and different challenges were 
faced depending on projects. Therefore, I cannot be sure that the issues, I take into account are the 
most important in the context of this modernization initiative: project domain, technology stack, 
organizational culture and many other things can influence, which aspects are the most important. 

To minimize threats to construct validity, the following steps were made: 

- case studies, discussed in the review, are retrieved from different databases (sources), and these 
case studies deal with various modernization initiatives 

- during data collection and analysis of Heeros case study, I take into account not only aspects, 
found in literature, but also characteristics, which are specific for this particular case study (such 
as project domain, legacy and target technology stacks etc.) 
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Internal validity reflects, whether causal relationships are investigated correctly. As implementation of 
modernization project is not a goal of this case study, and I will not discuss causal relations in the 
case study, internal validity does not create any threats. 

External validity defines, to what extent research findings can be generalized. In this case study, the 
legacy system, chosen for the research, is relatively small compared to the other systems, which 
are waiting for modernization in the company. Therefore, recommendations for modernization could 
possibly be unsuitable for other systems. Another threat to external validity results from the fact, that 
all the systems are technologically a bit different (the legacy system under modernization has not 
own data storage, whereas other systems do). Generalization for other companies, technology 
stacks and domains could be even more challenging.  

To minimize threats to external validity, I will mention in the analysis and discussion, whether 
recommendation or conclusion concerns only the case study application, or can be applied to 
other projects. Certainly, if generalizing for other technology stacks or for applications with 
completely different structure, only some conclusions takes place and only some recommendations 
can be utilized. 

The last aspect of validity - reliability - evaluates, whether the result of the research is dependent on 
the researcher. Concerning this aspect, two main threats are subjectivity and low expertise level in 
the legacy technologies. As I am working at the company as a developer and doing research at the 
same time, the developer role can affect the research. Low level of expertise at the legacy 
technology stack will certainly extend the time, needed for the system investigation, and can cause 
some misunderstandings in data collection and analysis (especially code analysis). 

In order to increase reliability of the case study research, I will investigate legacy technology 
documentation to get better understanding of the legacy system. Additionally, informal discussions 
with the developers about the code and documentation can partly compensate the lack of 
expertise. However, the main technique, I will use to increase reliability of the research, is 
triangulation. 

Triangulation is used to get broader picture and more precise results. It means, that the object is 
investigated from different viewpoints. In this case study, methodological triangulation is used. In 
methodological triangulation, multiple data collection methods are used. In this research three 
methods are used: documentation analysis, system analysis and analysis of electronic databases of 
work performed. The methods are described in the previous subchapters. (Runeson & Höst 2009) 

1.3 The structure of the thesis 
The structure of this thesis is the following. In the second chapter, I will define the concept of legacy 
software, discuss the place of legacy software in the software life cycle and list the general 
approaches to such software systems. Next, I will discuss software modernization, its aspects and 
goals. I will also explain modernization processes from the enterprise architecture viewpoint. The 
fourth chapter is dedicated for review of industrial modernization case studies, their comparison and 
analysis. In the fifth chapter, I will explain the case Heeros Oyj, and after that, in the sixth chapter I 
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will suggest the modernization solution. The seventh chapter contains analysis of the proposed 
solution and discussion. Finally, Chapter 8 summarizes the thesis. 
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2 Legacy software

Legacy or aging software is a wide concept and it is usually applied to business critical software 
systems, which are difficult to modify and expensive to maintain (Bennett 1995; Bisbal et al. 1997; 
Khadka et al. 2014). In this chapter, I will describe different viewpoints to legacy software, its place in 
the software life cycle, and relation to such concepts as software maintenance and software 
evolution. I will also touch on the reasons for software aging. After that I will review high-level options 
to deal with aging systems and list the main technical approaches. At the end of the chapter, I will 
define, what software modernization concept means in this thesis. 

2.1 What is legacy software 
Legacy software systems are old, core systems, which failure could have a significant impact on 
business. According to Khadka et al. (2014), these systems are perceived from slightly different 
viewpoints in industry and academia. Researchers pay more attention on technological factors, 
whereas practitioners think more about business-related issues. 

For practitioners the main question is, if the software system is in line with business strategy. The 
possibility to add new functionality or to enhance quality is important in highly competitive 
environment (Bisbal et al. 1997). Therefore, if software does not fit to business strategy, it is 
considered legacy. Legacy software systems are usually characterized in industry as reliable and 
stable systems, which use proven technology. This is because legacy software has worked in 
production environment for a long time and possible bugs are fixed in the past. (Khadka et al. 2014) 

At the same time, common features of legacy software, discussed in academia, contain large 
scale, old language, obsolete hardware, mainframe environment, and use of non-standard 
development techniques (Bennett, Ramage & Munro 1999; Bisbal et al. 1999).  

There are different opinions about information encapsulated in legacy systems. On the one hand, 
legacy software is considered as possibly the only source of information about organization’s 
business rules (Bisbal et al. 1997; Canfora, Cimitile & Lucarelli 2000). On the other hand, legacy 
software could reflect old business processes and be out-the-date with current business needs 
and practices. Such situation could cause for instance development of desktop shadow systems, 
like additional spreadsheets and databases (Ulrich & Newcomb 2010, p. 3). Thus, view of 
organization’s business rules, based only on legacy software analysis would be misleading. 

Both, researchers and practitioners, have reported about the same main challenges, caused by 
legacy systems (Khadka et al. (2014) referred to them as drivers for modernization). These 
challenges are the following: 

- inflexibility 

- high maintenance cost 

- lack of knowledge 
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These challenges are interrelated and results from the same basic problems of legacy systems. In 
order to meet changing business requirements, software systems should evolve and ensure fast 
time-to-market. However, adding functionality to legacy systems is problematic due to degraded 
application and data architecture, poor or lack of documentation, and lack of experts in the 
technologies used for software development. The same reasons make maintenance of the system 
difficult and costly, as understanding the system, impact analysis and tracing faults are time 
consuming activities. Another main challenge - lack of knowledge - covers lack of experts and 
documentation, as well as limited suppliers, if the legacy system uses some third-partly software. 
(Bennett, Ramage & Munro 1999; Khadka et al. 2014) 

Murer and Bonati (2010, pp. 4-12) emphasize, that very large information systems have even more 
problems because of their complexity. Significant amount of connections between parts of the 
system and long development history as well as heterogeneity in technologies, used for each part 
result in difficulties in management, maintenance and evolution of such systems. (Murer & Bonati 
2010) 

All the above challenges cause phenomenon, which Bennett (1995) in his article called legacy 
dilemma. On the one hand, legacy software is crucial for business, and it cannot be easily replaced. 
On the other hand, this software causes high maintenance costs and cannot respond business 
requirements, and hence market opportunities could be lost. 

2.2 Why and when software becomes legacy 
Legacy software systems, their problems and possible solutions are often discussed in the context 
of software maintenance and evolution (Canfora, Cimitile & Lucarelli 2000; Pigoski 2001). This is 
because software aging is mostly a result of changes, made to software after initial development. In 
this chapter, I will describe different viewpoints on the place of legacy systems in the software 
system life cycle as well as relationship to concepts of software maintenance and evolution. After 
that I will define the viewpoint on software changes, used in this thesis. 

2.2.1 Life cycle of software system 
Lehman (1980) in his software evolution research has distinguished three levels of abstraction, 
where software life cycle can be observed: generations of system sequences, sequence of releases 
and sequence of activities. The lowest level - sequence of activities - is also the most discussed in 
the literature, as it covers single release of software system and is described by common life-cycle 
phases, like development, testing, and maintenance. Such sequence of activities could be 
observed in waterfall model (Royce 1970). When software development is iterative, single sequence 
could cover several cycles of activities, for instance several spirals in Boehm’s spiral model (Boehm 
1988). 

The intermediate level of life-cycle abstraction covers sequence of releases (or life-cycle of 
generation). It can be applied to any system, which has more than one release. Example of such life 
cycle model is the versioned staged model (Rajlich & Bennett 2000). The highest level - generation 
of system sequences - is described as a long lasting phenomenon (5 to 20 years), which is difficult 
to observe and research. (Lehman 1980) 
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2.2.2 Lehman’s laws of software evolution 
On the grounds of the research in the field of software life-cycles and evolution, Lehman has 
formulated laws of software evolution. According to these laws, evolution is an inevitable part of 
software nature. Software system should continuously adapt to changing environment and add 
functionality in order to satisfy growing users’ needs and expectations and compete with alternative 
products. Because of this, the complexity of the system increases and quality declines unless 
simplicity and quality are maintained. (Lehman 1980; Lehman 1996) 

Theoretically, maintenance done to software should sustain the structure and quality of the system, 
so that architecture would not degrade and difficulty of making software change would not 
increase. But in reality, software systems becomes legacy and it is more and more difficult to make 
changes to software (Canfora, Cimitile & Lucarelli 2000). 

As evolution of software systems cannot be avoided, Lehman suggests, that the change process 
should be controlled and its unit cost should be as low as possible. Also, the growth of unit cost 
along with system complexity should be minimized. Therefore, not only initial development costs, 
but also maintenance and evolution costs should be taken into account. (Lehman 1980) 

2.2.3 Maintenance 
As the concept of legacy software is closely related to software maintenance and software 
evolution, I have to define these concepts and their relationship. Therefore the short review of life-
cycle models from viewpoint of legacy, maintenance, and evolution follows. 

There are several different views to software maintenance. In the traditional view, maintenance is a 
post-delivery activity, distinguished from software development. Its main goal is to keep system 
operational (Canfora, Cimitile & Lucarelli 2000). The example of such view could be found in 
waterfall model, proposed by Royce (1970). This model have several implementation steps, and 
only the last one - operations - represents the life of software after delivery. Operations (or 
maintenance) phase is seen as a separate activity, which should be performed by other persons 
than development. Maintenance activities are not explained at all, and possible changes to software 
after delivery are mentioned only in the context of need for clear documentation in redesign and 
improvement of software (Royce 1970). 

According to alternative view, maintenance activities are performed both, before and after software 
is released. Predelivery activities contain among other things planning for postdelivery operations 
(Pigoski 2001). This conforms to the view, that system’s maintainability should be planned in 
advance. 

Another question is concerned with maintenance tasks and their differences from software 
evolution tasks. Main viewpoints to this issue are the following: 

- maintenance (and evolution) could be handled the same way as initial development 

- no differences between maintenance and evolution 

- maintenance and evolution are different activities 

�10



- maintenance is a wide concept, which covers evolution and servicing 

Next, I will describe these viewpoints in more details. 

2.2.4 Maintenance = development 
In the Boehm’s spiral model of software development and enhancement, maintenance is handled 
the same way as other development activities. In this model, concept of enhancement covers both 
maintenance and evolution. According to Boehm, this model encourages reuse of the developed 
software at the early stages, takes possible software change into account and removes ”second-
class citizen” status from maintainers. As the model uses risk-driven approach, it also facilitate 
evaluation of impact of software change, and therefore avoid risk that bigger software changes are 
approached the same way as small corrections. (Boehm 1988) 

The spiral model does not take into account any differences between initial development and 
changing the software, which is already in use.  However, some other researchers and practitioners 
state that post-delivery activities differ from initial development (Pigoski 2001; Rajlich 2014) 

2.2.5 Maintenance = evolution  
According to Pigoski (2001), the main goal of maintenance is to provide cost-effective support to 
software product throughout its life-cycle. He provides a list of maintenance tasks, some of which 
are for instance: 

- correct errors 

- make enhancements 

- interface with other systems 

- migrate legacy systems 

- retire legacy systems 

Software maintainers are developers, who track modification requests, implement changes to 
code, test the system and release a new version of software. (Pigoski 2001) 

As we can see, such maintenance covers typical bug fixes, evolutionary changes and even dealing 
with legacy systems. However, according to next viewpoint, maintenance and evolution are different 
activities and have very dissimilar impact on software system. 

2.2.6 Maintenance ≠ evolution 
Weiderman et al.  (1997) distinguish software maintenance from software evolution. In their article 
software maintenance is described as a short-term activity, which does not bring strategic benefits. 
In practice, this means small, local changes, which don’t affect the structure of the system 
significantly, such as errors corrections or small enhancements. 

Software evolution at the same time causes significant structural changes and brings strategic 
benefits as well as increases economic value of the whole system. Evolution gives new capabilities 
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to the system, and brings opportunity for development of new functionality, which was impossible 
or problematic before. The level of the change is architectural. (Weiderman et al. 1997) 

2.2.7 Maintenance = evolution + servicing + … 
Another model, which separates maintenance and evolution concepts is the staged model of 
software lifespan (life-cycle). In this model, maintenance covers all post-delivery activities, but 
distinguishes several stages, which should be handled differently and which have different effects 
from business point of view. Also, the model takes into account that software systems consists of 
sequence of releases. Thus, one version of software is released to customers, and another is under 
development (evolution). This variation of the model is called versioned staged model (Figure 1) 
(Rajlich & Bennett 2000). 

The staged model has 5 stages: initial development and 4 maintenance stages, which are 
evolution, servicing, phaseout and closedown. Before maintenance (during initial development) 
developers choose technologies and make architectural decisions, which are very difficult or even 
impossible to change afterwards. 

During evolution stage, functionality of the system could be modified significantly. Rajlich (2014) 
proposes the use of Evolutionary Software Development practice in this phase. This means that the 
main part of the development is implemented during evolution stage and initial development 
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remains as short as possible. According to Rajlich (2014), it gives an early feedback about the 
system and possibility to change or modify requirements. Evolutionary Software Development 
includes such software development practices as iterative, agile, open source, and inner source 
development. 

In the next phase - servicing - only minor changes could be done, as the main objective is to keep 
software operating while minimizing costs of servicing. Any significant changes, as adding new 
functionality, are not allowed. This stage begins, when software system is released to users. During 
the last two stages - phaseout and closedown - system should not be changed. One of the main 
issues before system is retired, is to plan migration of data to a new system, if such system exists.  
In other words, as Pigoski (2001), Rajlich and Bennett (2000) include migration to the new system 
and retirement of the old software system into maintenance activities. 

An important characteristics of the staged model is, that transition between stages is considered as 
irreversible action. This is because of software architecture degradation and decrease of staff 
expertise level  (servicing could be left to less experienced developers). Therefore, system should be 
kept in each stage as long as possible, transition to the next stage should be considered, and 
development of a successor software system should be started early enough. Otherwise, software 
decay could happen too fast and the company may lose its market position. According to Rajlich 
and Bennett (2000), attempts to return the software system to the previous stage using 
reengineering techniques are risky and expensive. (Bennett & Rajlich 2000; Rajlich & Bennett 2000; 
Rajlich 2014) 

2.2.8 The main problem of legacy software 
As Bennett (1995) states, software systems are never considered as tomorrow’s legacy systems, 
when they are built, and their need for change is not taken into account. Schneidewind (1987) 
expresses the similar opinion about software maintenance. According to him, the main problem of 
maintenance is that software systems are not designed to maintenance, and if situation does not 
change, there will always occur problems with maintenance of the systems being in production. 
Warren and Ransom (2002) state that the reasons of high maintenance costs is that software 
engineering techniques were immature, when legacy software was developed. Also, maintainability 
was not the main quality requirement and expected lifetime of this software was short. 

But, software change (evolution or maintenance) is inevitable part of software development. 
Therefore, maintenance and evolution should be taken into account during initial development of 
software system. When choosing technologies, total lifetime costs, not only initial development 
costs, should be assessed, and possible maintenance problems with this particular technology 
should be considered. (Lehman 1980; Bennett & Rajlich 2000) Also, software system should be 
flexible enough for evolution, as new user requirements could emerge. (Rajlich & Bennett 2000) 

According to Murer and Bonati (2010), not only initial development, but also evolution should be 
controlled. They propose the Managed Evolution approach, in which all enhancements to the 
system are divided into two categories: one increases business value (e.g., brings new functionality 
to the system, required by stakeholders) and another improves the agility (quality of the system), 
and covers improvements in such areas as architecture, technologies and code base. During the 
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continuous evolution of the system these two types of enhancements should be balanced. The 
opposite to such evolutionary solution is the opportunistic approach, when functional 
enhancements are made to the system with the least possible effort and without consideration of 
system’s agility. The main problem of the opportunistic approach is, that it results in a complex, 
inconsistent system, which very soon suffers from the typical legacy problems. (Murer & Bonati 
2010, pp.17-26) 

2.2.9 Legacy software and software evolution in this thesis  
Above, I have presented description of various viewpoints to software changes and the place of 
legacy software in a life cycle. However, I have to choose one viewpoint, which will be used in this 
thesis, so that meaning of the terms is clear and unambiguous. 

Legacy software and its problems are rarely discussed in the context of software life cycle. Aging 
software is not even mentioned in waterfall (Royce 1970) or spiral models (Boehm 1988). In newer, 
versioned staged model (Rajlich 2014) legacy software is defined as a software in servicing stage. In 
this model, if evolution is not possible, software moves from servicing to phase-out and close-down 
stages. But development of the next, successor system is not even discussed. Probably, it 
happens because a legacy software system is seen as a narrow concept, restricted to particular 
piece of software. 

However, perspective to software life cycle presented by Lehman (1980) gives much wider view to 
aging software systems. If such system is considered as a set of functionality needed for business 
processes, rather than a piece of software, then servicing, software evolution and system evolution 
can be separated. Servicing is what Rajlich and Bennett called servicing (2000) and Weiderman et 
al. called software maintenance (1997). This concept covers small fixes and enhancements, which 
don’t bring strategic benefits and could be considered as a patch to software. Software evolution is 
respectively evolution in the versioned staged model, Lehman’s definition of software evolution 
(1980) and partly software evolution in the article written by Weiderman et al. (1997). Software 
evolution brings or enables new functionality, raise quality of the software and gives strategic 
benefits. The result of software evolution is a new release of the software system. 

System evolution comes on the scene, when software maintenance and evolution are impossible 
or unprofitable, but legacy system evolution is still needed for business-IT alignment. In this situation, 
a part or the whole legacy system should be redeveloped or migrated, and a piece of legacy 
software as such could be retired. However, functionality from the aging system, and possibly some 
legacy components remain in a new system. Therefore, life cycle as a sequence of releases could 
be cut off, but life cycle as a sequence of software systems continues. 

To sum up, three important aspects, related to legacy software modernization were found. Firstly, 
software evolution could be a part of modernization concept, which will be described later. 
Secondly, if some business critical features should remain in the modernized system, but software, 
related to these features cannot be salvaged, modernization includes also system evolution. And 
finally, careful design of the target solution is at least equally important, as the success of 
modernization project. If the new system is designed to be maintainable and evolvable, it could 
slow down software aging. 
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2.3 What can be done to legacy software 
In order to define, what is modernization project, I will at first review the main alternatives to deal with 
legacy software, described in literature. After that, I will explain the main technical approaches and 
terms, related to legacy software. Finally, the concept of modernization in the scope of this thesis 
will be defined.  

2.3.1 Review of options lists 
There are different lists of alternative solutions for legacy software. These lists include both attributes, 
which describe whether the system is changed or not, and terms, which are related to technical 
solutions. For instance, Bennett, Ramage and Munro (1999) state that possible options are: 

- discard, 

- freeze, 

- carry on, 

- wrap, 

- outsource, and 

- reengineer 

Two of these - wrap and reengineer - could be considered as software technologies, whereas 
others characterize, whether the system should be modified or not, and who is responsible for the 
change. Such mix of general and technical terms could be found in the lists composed by 
Sommerville (e.g., carry on and reengineer) (2011, p. 252), Bisbal et al. (redevelopment and 
wrapping) (1999), Warren and Ransom (continued maintenance and restructuring) (2002), 
Almonaies, Cordy and Dean (redevelopment and wrapping) (2010) and Estes (2010) (migration and 
COTS). 

Additionally, there are different opinions about classification of these activities and options. 
According to Canfora, Cimitile and Lucarelli (2000) such activities as reengineering, 
redocumentation and restructuring belong to preventive maintenance category, whereas wrapping 
and migration to adaptive maintenance. In other words, reengineering and migration are separate 
activities. Bisbal et al. (1999) in their article also state that reengineering is much closer to 
redevelopment than to migration. Therefore, they put redevelopment and reengineering in the same 
category (replacement).  But, Sneed in his article (1995) describes migration as one of the 
objectives of reengineering. 

Situation with classifications and terms becomes even more challenging, when such term as 
modernization comes into discussion. Ionita (2013) mentions goal of modernization, describing 
relationship of migration and maintenance. Bruneliere et al. (2015) use terms migration and 
modernization as synonyms. Khadka et al. (2014) define modernization, as a process of software 
evolution, which could contain redevelopment, reuse and migration of components, which is 
needed when traditional maintenance cannot achieve the goal. According to Estes (2010), almost 
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all activities from COTS and wrapping to rewriting the whole application go under the concept of 
modernization (except greenfield replacement and rationalization). 

Because of such mixed classifications and definitions of terms, in this thesis I will distinguish 
alternative ways to deal with legacy systems from technical solutions. I will use all beforementioned 
classifications and draw up separate lists for alternatives and technical approaches. I will also define 
the place of modernization in this frame. 

2.3.2 Alternatives for legacy software 
From classification of Bennett, Ramage and Munro (1999), Sommerville (2011, p. 252), Bisbal et al. 
(1999), Warren and Ransom (2002) and Estes (2010), as well as from description of possible 
solutions by Murer and Bonati (2010, pp. 19-22) I can distinguish the following alternatives: 

- Discard: the system should be completely abandoned. According to Sommerville (2011, p. 252), 
this should be done if the legacy system has not business value anymore. It could happen for 
instance, when business processes changes significantly and software system becomes 
useless and doesn’t contribute to core business. 

- Outsource: the legacy system could be outsourced to third-party, if it doesn’t belong to core 
business and some other company offers system with the same functionality as a service  
(Bennett, Ramage & Munro 1999). Another possible situation is, when partners jointly own 
service provider, which develops and maintains a needed software product or service. In both 
cases, the main drawback is that it is difficult to influence the rate and nature of changes in the 
outsourced software. Scenario, similar to outsource could take place during mergers and 
acquisitions, when it is a profitable solution to migrate to one of existing IT system in order to 
harmonize business processes. (Murer & Bonati 2010, p. 19) 

- Replace with COTS (commercial-off-the-shelf) or GOTS (government-of-the shelf): legacy 
software could be replaced with COTS system (or group of systems), if it is more cost-effective 
solution, than evolution of own legacy system or replacement with own new system. However, 
COTS replacement is not such straightforward as it could seem. Firstly, it could be problematic 
to find a standard software package, which has all the required functionality. Secondly, this new 
application should be configured to provide needed functionality and interfaces of other 
applications should be modified, which could cause significant integration costs. Finally, in some 
cases even business practices should be changed to suit this new COTS solution. (Estes 2010; 
Murer & Bonati 2010, p. 19; Sommerville 2011, p. 252; Ulrich & Newcomb 2010, p. 9-11) 

- Freeze: if the system is stable and reliable, organization could decide not to do any further 
changes to it. However, being reliable, this legacy system could be used as a component of 
another, larger system (Bennett, Ramage & Munro 1999; Canfora, Cimitile & Lucarelli 2000). 

- Carry on: this option could be used, if the system is stable and meet business requirements, or 
system’s redevelopment is too risky and expensive compared to its maintenance. In this case, 
there is no need (or possibility) for significant changes and only regular maintenance is needed 
(Bennett, Ramage & Munro 1999; Sommerville 2011, p. 252; Warren & Ransom 2002). 
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- Redevelop from scratch: this alternative, also known as Greenfield replacement is considered as 
risky, expensive and long-lasting. Its main drawback is not using current legacy system as a 
source of information. In Greenfield replacement, all the requirements should be re-defined and 
the risk that a new system is missing some critical functionality is high. The main challenge is that 
both systems should be supported: the old have to be maintained and the new should be 
developed. Also, because of the long duration of the project, technologies and requirements 
could be outdated by the end of the project. (Bennett, Ramage & Munro 1999; Murer & Bonati 
2010, p. 22; Ulrich & Newcomb 2010, p. 7) 

- Modify current (software evolution): there are many suggestions about how the current software 
system could be modified using different technical solutions such as reengineering, migration, or 
wrapping. Such modification is suggested, if quality (for instance, maintainability) of the system 
decreased because of software evolution and new functionality is still needed (Sneed 1995; 
Sommerville 2011, p. 252). Another reason could be a need for a new interface with other 
system, in which case wrapping is suggested (Bisbal et al. 1999) 

- Redevelop from current (system evolution): if system functionality is critical for business, but partly 
out-of-date with current business processes, and modification of the system is not feasible, 
redevelopment could be an option. In this approach, an aging software system is used as a 
source of information and could be replaced at once (also known as Big Bang or Cold Turkey 
approach) or incrementally. Redevelopment of the whole system has some of the drawbacks of 
greenfield replacement, although the old system is used as a source of information. As it is a 
long-lasting project, and new functional requirements could appear during redevelopment 
project, it is challenging to implement them in both systems. Also, the technology stack could be 
outdated at the project completion. When replacing legacy software, reengineering, migration 
and wrapping, as well as other technological solutions could be used. (Bisbal et al. 1999; Murer 
& Bonati 2010, p. 22; Warren & Ransom 2002) 

I should mention that different options could use the same technological solutions, but they still 
have different goals. Thus, migration to a new technology stack could be used in software 
modification, if it enables addition of new required functionality, which was impossible before. 
Migration could be also a part of redevelopment project, when both, technology stack changes, 
and accordance of functionality and business processes is checked. Similarly, reengineering, 
wrapping, reverse engineering, design recovery and other techniques could be used in context of 
different options. 

Another important issue is that both high-level options and technical solutions are not exclusive. As 
Bisbal et al. state (1999), alternative options are usually applied at a component level (Sommerville 
(2011) called such components as programs). Thus, one component could remain as is (for 
instance, carry on -approach), second component could be redeveloped, and third modified. 
Therefore, each component of the legacy system (or group of systems) should be assessed from 
technical and business point of view, and suitable mix of options and technologies should be 
chosen. (Bisbal et al. 1999; Canfora, Cimitile & Lucarelli 2000; Sommerville 2011, p. 253) 
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2.3.3 Technical approaches 
There are two basic technical approaches to legacy software systems: black-box approach (aka 
wrapping) and white-box approach (reengineering in the broad sense of the term). In this 
subchapter, I will describe shortly, what these approaches mean. It should be mentioned that 
reengineering is discussed in this chapter only as general activity. Such viewpoints, as levels of 
enterprise architecture, reengineering is dealing with, or types of reengineering will be described in 
the next chapter. 

2.3.3.1 Wrapping 

Wrapping means, that the legacy system is wrapped with middleware, which provides interface 
between legacy software and other systems. The legacy system remains unchanged, but its 
interfaces should be identified. The main purpose of this solution is to make legacy system more 
accessible for external systems. Such case could be, for instance, wrapping of legacy database, 
when other legacy systems are modernized, or wrapping a legacy system to provide access to a 
new user interface. Also, wrapping could be used during modernization project as a part of the 
solution. Wrapping could be applied to the whole system or to its part. (Bennett, Ramage & Munro 
1999; Bisbal et al. 1999; Estes 2010; Ulrich & Newcomb 2010, p. 1) 

There are different opinions about benefits and drawbacks of wrapping. According to Weiderman 
et al. (1997), program understanding (aka reverse engineering), needed for reengineering or 
redevelopment project is too time-consuming and costly. This happens partly because of 
architecture degradation during software evolution and partly because of immature development 
methods. Therefore, in the most cases it is more cost-effective solution to focus on high-level 
system understanding (i.e., its interfaces), and treat the legacy system or its components as a black 
box, only providing interfaces to external systems. Weiderman calls this technique as black-box 
reengineering. (Weiderman et al. 1997) 

Another view to wrapping is that wrapping can achieve short-term goals, but causes problems 
from the long-term perspective. Wrapping is regarded a reasonable solution, when such technique 
enables reuse of a reliable legacy system, which meets business requirements. However, when 
requirements to the system tend to change or the system doesn’t meet current requirements, use 
of middleware makes maintenance and evolution of such system much more difficult. (Bennett, 
Ramage & Munro 1999; Bisbal et al. 1999; Estes 2010; Ulrich & Newcomb 2010, p. 11) 

2.3.3.2 Reengineering 

Reengineering (aka renovation) is a broad concept, which covers examination of the system and its 
alteration to the new form without changes in business functionality (Chikofsky & Cross 1990). 
Although improvement in quality of the system is usually viewed as the main goal of reengineering 
(Sneed 1995; Sneed 2008; Sommerville 2011, p. 252), the pure quality improvement projects are 
rare (Borchers 2011). This could probably happen because users don’t consider it important to 
enhance the internal quality of software unless they are software vendors (Sneed 2008). Other 
reported reasons of reengineering projects are migration (to different platform or programming 
language), rationalization, preparation for functional changes, and even marketing purposes 
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(improved user interface without any changes to other parts of application) (Borchers 2011; Estes 
2010; Sneed 1995). 

Not allowing changes in functionality or data is considered very important in reengineering projects. 
This is related to use of regression testing, when correctness of the transformation is tested 
comparing test results of the new system with the old ones. If any changes to functionality are 
made, there is no way to prove whether possible problems are caused by incorrect transformation 
or by errors in added business functionality. According to Sneed (1995), possibility to use regression 
testing with proven test oracle is the main benefit of reengineering, when compared to forward 
engineering project. However, it is possible to make the legacy system more flexible, so that it is 
sufficiently easy to implement enhancements to functionality after the system is reengineered. 
(Borchers 2011; Estes 2010; Sneed 1995) 

Reengineering project usually contains some reverse engineering and forward engineering or 
restructuring activities. Although the set of activities depends on the goals of the project, I will shortly 
describe them. To define reengineering activities, Chikofsky and Cross (1990) use a concept of 
abstraction levels. According to them, during life-cycle there is a transition from more abstract levels 
(for instance, general requirements) to levels, which contains more implementation details. Among 
other things, reengineering activities differ from each other by such characteristic as if they modify 
software within current level or move it to more abstract or more detailed level. (Chikofsky & Cross 
1990) 

Forward engineering could be described as a traditional software development process, when 
development is moving form high-level abstractions to low-level implementation (for instance, from 
requirements to lower level design and from design to implementation). Forward engineering could 
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be used both, in initial software development projects, and reengineering projects (for instance, if a 
piece of software should be reimplemented after design recovery). (Chikofsky & Cross 1990) 

Restructuring is the transformation of the system within the same abstraction level. Restructuring 
changes internal behavior of the system, but preserves functionality. This activity could be applied 
both to code and data (for instance, data normalization) and used to improve the quality of the 
system. (Chikofsky & Cross 1990) Refactoring is a form of restructuring, which is used in object-
oriented development (Sneed 2008). 

While the main goal of forward engineering and restructuring is creation and enhancement of code 
and data structures, reverse engineering is intended for understanding, how the software system 
works, from which components it is created and how these components are related to each other. 
Using this information it is possible to create representation of the system, which could be used for 
maintenance or development of a new replacement system. Reverse engineering includes such 
activities as redocumentation and design recovery. (Chikofsky & Cross 1990) 

The purpose of redocumentation is to create another view of the system at the same abstraction 
level (for instance, data structure diagram or control flow diagram). Redocumentation is needed, for 
example, if documentation is missing or its format is not suitable. At the same time, design recovery 
creates a view of software system at the higher abstraction level. Compared to redocumentation, 
design recovery uses not only existing code and documentation, but also experience and 
knowledge of the staff about how system works. (Biggerstaff 1989; Chikofsky & Cross 1990) 

2.3.4 Modernization concept in this thesis 
There is no generally accepted definition of software modernization. As I have mentioned above, 
some researchers discuss modernization in the context of migration projects, some define it as 
software evolution activity and some list almost all options from COTS replacement to 
redevelopment in the scope of modernization concept. However, to discuss software 
modernization projects, I have to define this concept and its boundaries. 

On the grounds of the previous chapter, I can conclude that there are different options and technical 
approaches to deal with legacy software systems. However, not all of them could be considered as 
software modernization activities.  As I have mentioned before, these solutions are applied at a 
component level. Therefore, even in modernization project, some of the components could be 
frozen and wrapped, and some considered as non-core functions and replaced with COTS.  

To define a concept of modernization, I will use software and system evolution concepts, described 
before. In the scope of this thesis, a project will be considered as a modernization initiative, if its 
main part belongs to software evolution (significant changes to software which have strategic 
benefits) or system evolution (changes to a system, which contains replacement of a part or the 
whole software system). Such definition leaves projects which are solely outsourcing, COTS or 
greenfield replacement outside the scope of modernization.  
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3 Software modernization

This chapter covers the main issues of modernization initiative. Firstly, I will describe some general 
aspects of modernization from organizational, technical and management perspectives. After that, I 
will list some common goals of modernization initiatives and target solutions, usually chosen to 
achieve these goals. Thirdly, I will explain features and challenges of modernization projects. Finally, 
architectural levels related to modernization will be examined. 

3.1 Aspects and challenges of modernization 
A software modernization initiative contains not only technological aspects but also organizational, 
business and environmental viewpoints. This thesis is focused on the technological viewpoint and 
partly touch on the business viewpoint, when it is necessary in the business-IT alignment context. 
However, in this chapter, I will briefly describe all the main aspects in order to establish better 
understanding of modernization project complexity.  

There are relatively many researches, which discuss various aspects of software modernization with 
different level of granularity. Some of researchers distinguish only few high-level aspects, others 
separate more viewpoints. For instance, Chang, Chiu and Chiao (2015) use the TOE (technology-
organization-environment) framework to discuss modernization, Ransom, Somerville and Warren 
(1998) propose an assessment method, which covers technical, business and organizational 
perspectives, whereas Bergey, Northrop and Smith (1999) propose enterprise-wide framework for 
software evolution, which contains seven elements (legacy and target systems, technologies, 
systems and software engineering, project and organization). 

Also, these aspects are discussed in the context of different phases of modernization initiative. 
Some of them are drivers or inhibitors of modernization, like increase of competition, legislative 
issues or security concerns. Others affects the modernization initiative during assessment phase, 
like sufficiency of resources in organization or technical condition of the legacy system. Some of the 
aspects should be taken into account also during implementation of the project, such as resistance 
from organization or business-IT alignment. Even when the project is successfully completed, there 
still may be some issues, like need for changes in organizational processes or training for end-
users. (Chang, Chiu & Chiao 2015; Murer & Bonati 2010, pp. 30-32; Ransom, Somerville & Warren 
1998) 

Taking non-technical perspectives of software modernization into account is important, as it affects 
the success of modernization initiative. Such factors, as management, organizational culture, 
resistance from employees, communication to employees, end-users and top-management, 
government policies and business needs play a significant role in modernization projects and could 
cause challenges if they are not addressed timely and correctly. (Bergey, Northrop & Smith 1999; 
Khadka et al. 2014) 
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3.1.1 Technology 
Technologies are the most obvious viewpoint to modernization initiatives. However, there could be 
found some factors, which are not usually discussed. Bergey, Northrop and Smith (1999) have 
broadly covered technological aspects in the Enterprise Framework for the Disciplined Evolution of 
Legacy Systems. This framework should assist in assessment of modernization initiative and 
improve the overall understanding of the legacy system in context. Five from the seven elements of 
the framework are related to technology in the broad meaning of the term: legacy and target 
systems, technologies, systems and software engineering. (Bergey, Northrop & Smith 1999) 

Bergey, Northrop and Smith (1999) have divided both, legacy and target systems, into three parts: 
core system, which is usually the main subject of modernization, operational environment (related 
hardware and software), and support environment (for instance, development and testing 
environments). Core system is usually an application or group of applications, which have some 
technical characteristics, such as source code quality and functional size, legacy and target 
architecture, number of dependencies, quality attributes, rate of changes and documentation. 
(Bergey, Northrop & Smith 1999; Ransom, Somerville & Warren 1998; Murer & Bonati 2010, pp. 
10-12) 

Commonly architectures of the legacy and the target systems have the most significant place in the 
modernization initiatives. Thus, Murer and Bonati (2010, p. 30) pay great attention to the 
architecture management, and Ulrich and Newcomb (2010, pp. 11-12) justify the importance of 
architecture-driven modernization. Special attention is commonly paid to interfaces to other 
systems and dependencies on external interfaces. Murer and Bonati (2010, p. 30) discuss 
interfaces under the wider concept of integration architecture, which covers not only dependencies 
between software components, but also dependencies on infrastructure.  

Architecture of the legacy system can also influence the nature of the modernization project. Thus, 
non-evolvable architectures are reported as a challenge of software modernization (Khadka et al. 
2014). For instance, monolithic architectures are very difficult to decompose, which is a problem in 
incremental reengineering projects. Another example is poorly designed architectures with back 
doors in databases instead of standard interfaces. Even if wrapping of such system is required, 
interfaces should be redeveloped, as non-standard interfaces cannot be used. Later, architectures 
will be discussed in more details in the context of architectural layers in modernization projects. 

Paying attention also to operational and support environment is important, as during legacy system 
evolution not only the core system evolves. Changes in the operational and support environments 
could affect the organization (for instance development processes) and customers (changes in the 
way software is used). Legacy system environments are also mentioned in other works. Thus, 
Ransom, Somerville and Warren (1998) suggest to assess not only technical state of the legacy 
system, but also take into account external technical environment, which includes hardware, 
supporting software and organizational infrastructure. Murer and Bonati (2010) consolidate such 
components in the concept of technology portfolio.  

Systems and software engineering covers the processes related to requirements engineering, 
architecture, software development, testing, integration, validation and verification (Bergey, Northrop 
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& Smith 1999). These processes could also evolve because of modernization project. Thus, 
architecture of the target system differ drastically from the one of the legacy system, when shifting to 
service-oriented architecture. Another example is a significant change of testing procedures, when 
migrating to the cloud.  

Chosen software development method is critical to the technical success of the modernization. At a 
very high-level, it is usually recommended that for all except very small software systems, 
incremental development strategy should be chosen. It mitigates the risks of the project and gives 
an opportunity to roll back the system, if something went wrong. (Bergey, Northrop & Smith 1999) 

Another important and challenging software engineering component is testing. It is usually 
recommended, that regression testing is used in modernization projects, when possible. However, 
if regression testing is not used before, it is difficult to find all the use cases from the legacy code, so 
that functionality of the modified and the original systems could be compared. (Khadka et al. 2014) 

Bergey, Northrop and Smith (1999) also distinguish the technology element, which covers among 
other things programming languages, architectural styles and software development related tools, 
such as code analyzers, visualization and performance analysis tools. Some important issues 
related to technology element are choice of the suitable stack of technologies, training of 
developers for use of new technologies and compatibility of the chosen technologies. (Bergey, 
Northrop & Smith 1999) 

Although Bergey, Northrop and Smith (1999) have focused on the technologies for the target 
software system, it is also important to gather information and assess the technologies, used in the 
legacy system. For instance, one of the significant technical challenges in the cloud migration is 
compatibility between the legacy system and cloud environment: the wider the gap, the more 
reengineering effort needed (Chang, Chiu & Chiao 2015). 

Another technical challenge with the legacy system is heterogeneity of its technology base (Murer & 
Bonati 2010, p. 11). Because of the long development history, the legacy system could be 
dependable on many different technologies, and not all of them could be replaced. It could cause 
challenges, if some legacy component should be salvaged. 

Data migration is perceived as a very challenging technical issue in industrial modernization projects. 
Although business logic is also very important, in some industries durability of data is critical for 
business and data loss could cause not only material losses but also have legislative 
consequences. Therefore, in some projects, planning for data migration at the beginning of the 
modernization initiative is well justified. (Khadka et al. 2014) 

Software development and reengineering tools support, especially automated techniques and 
visualization tools, can significantly reduce the time, needed for business logic extraction and 
facilitate understanding of the legacy system (Khadka et al. 2014). However, availability of such tools 
is limited, especially for unpopular programming languages or languages, which are not considered 
as legacy yet. When a tool is not available on the market, software company should decide 
whether development of such tool will pay off.  
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3.1.2 Business 
Business-IT alignment is one of the most important drivers of modernization. Thus, Murer and 
Bonati (2010, p. 31) suggest, that application and technology portfolio should be continuously 
assessed in order to ensure, that they meet the business strategy. In both researches, by Murer and 
Bonati (2010, p. 11) and by Ransom, Somerville and Warren (1998) it is mentioned that business 
value and mission criticality of the system to be modernized should be evaluated. Other important 
issues are definition of business goals, analysis and reengineering of business processes, business 
functionality, provided by applications, and business information. These issues comprise the 
business architecture, which determines the goals of modernization project (Murer & Bonati 2010, 
pp. 42-43). 

Understanding the long-term benefits of modernization is extremely important for sustainability of 
modernization initiative. Therefore, failures in communication to the business-side stakeholders and 
positioning a modernization project as a tactical effort could cause problems with funding and 
sufficiency of resources during the project. Additional challenge is predicting the ROI of the project. 
Short term ROI cannot prove long term benefits, which modernization initiative will bring. Therefore, 
one of the suggestions of practitioners is to illustrate modernization benefits with appropriate 
business cases and to use these cases to explain the need for modernization. (Khadka et al. 2014; 
Ulrich & Newcomb, 2010, pp. 403-404) 

3.1.3 Organization 
There are plenty of organizational issues, which influence modernization initiatives. Firstly, IT 
capabilities of organization should be assessed before the project begins, such as skills and 
knowledge base about the current legacy software and new technologies and architectures, which 
are meant to be used in the target system. Sufficiency of resources (or their lack) affect also the 
time, needed for the completion of modernization project. According to Khadka et al. (2014), time 
constraint is regarded by practitioners as the most challenging factor of software modernization. 
(Bergey, Northrop & Smith 1999; Chang, Chiu & Chiao 2015; Khadka et al. 2014) 

Secondly, ability to collaborate and coordinate efforts is essential, especially in large projects. It could 
be very challenging, if developers or even organizational units worked independently before and do 
not trust the deliverables of each others. Such lack of coordination could result in the situation, 
when extra, and even counterproductive work is done, and experiences about methods and tools 
are not shared. Additionally, collaboration could be needed not only inside the organization, but also 
with partners, customers and external service providers. (Bergey, Northrop & Smith 1999; Chang, 
Chiu & Chiao 2015; Murer & Bonati 2010, p. 31; Ulrich & Newcomb, 2010, p. 404) 

Collaboration is not the only challenge, which require cultural and structural changes inside the 
organization. Such issues as resistance to the change in technologies, working habits and 
responsibilities from employees and end-users side are usually reported. The problem could be 
partly solved, if communication processes inside the organization are enhanced, and reasons and 
benefits of the modernization initiative are explained to all stakeholders. Also, training and education 
for both employees and users of the system improve attitude towards the project and the new 
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system. (Bergey, Northrop & Smith 1999; Chang, Chiu & Chiao 2015; Khadka et al. 2015; Murer & 
Bonati 2010, p. 31) 

General project management issues, such as planning, scheduling, task management, 
measurement of the results and reporting, also can be considered among components of 
organization (in the broad meaning of the term), although Bergey, Northrop and Smith (1999) have 
distinguished project and organization to two distinct elements. One of the main issues is to ensure 
that the project strategy is in line with the overall business strategy. (Bergey, Northrop & Smith 1999) 

3.1.4 Environment 
Environment aspect also affects modernization projects. It covers such factors as structure and 
nature of the competition in industry, government regulations and laws, and situation in the related 
industries, such as partners and customers market. For instance, laws can restrict the use of cloud 
storage outside the country, and thus inhibit the adoption of cloud computing. Another example is 
the services, provided by partners, such as cloud providers or external web services or interfaces 
providers. (Chang, Chiu & Chiao 2015) 

3.2 Goals of modernization 
Software modernization initiatives contains a lot of challenges and, in order to be profitable, benefits 
achieved in the project should outweigh the problems. General modernization benefits comprises 
achievement of various business, organizational and technological goals. However, these generic 
goals are usually realized using target solutions, such as software product line, different types of 
architectures or cloud computing. In this subchapter, I will explain both, general benefits and target 
solutions, which are commonly set as a goal of a modernization project. 

3.2.1 General benefits 
The main benefits of modernization projects, promised in literature, are related to enhancements of 
software maintenance and improvements in flexibility when developing new features. These benefits 
are usually expected as a result of several changes: shift to more suitable architecture with loose-
coupled components and well-defined interfaces, elimination of obsolete technologies, 
standardization of technology portfolio and software development process, decomposition of 
monolithic systems and software reuse. (Almonaies, Cordy & Dean 2010; Khadka et al. 2015; 
Murer & Bonati 2010, p. 29; Ulrich & Newcomb 2010, pp. 11-12; Vale et al. 2016) 

Another group of general goals, which is related to business demands and business-IT alignment, 
depends on the nature of the modernization project and cannot be reached in such projects, where 
only technical enhancements take place. However, when business architecture and domain 
models are handled, modernization brings also business-related benefits. These benefits are 
consolidation and automation of business processes, enhancements in usability, and, as a result, in 
productivity of software usage, decrease of maintenance, licensing, and development costs and 
more intelligent IT planning, which is in line with business requirements. Additionally, modernization 
gives an opportunity to extend the lifetime of the system and enables separation of lifecycles for 
different components of the system and infrastructure. In order to achieve these benefits, not only 
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technical but also business and organizational changes could be required. (Khadka et al. 2015; 
Murer & Bonati 2010, p. 129; Ulrich & Newcomb 2010, pp. 11-12) 

However, achievement of the benefits, proposed in academia, is not always proven. Therefore, 
Khadka et al. (2015) conducted a research in which expected benefits of five modernization 
projects were compared to the benefits, observed at the end of the projects. According to this 
research, almost all the benefits, expected at the beginning of the projects, were realized. Also, 
most of the benefits, observed at the end of the projects in industry, were also mentioned in 
academia. (Khadka et al. 2015) 

However, one of the groups - organizational benefits - was not commonly mentioned in academia, 
and wasn't in the list of expected benefits in industrial cases. These benefits are improvement in 
organizational flexibility, and organizational transparency (three cases of five) - because of 
collaboration between departments and business units. (Khadka et al. 2015) 

3.2.2 Target solutions 
Specific technical goals as well as paths from the legacy to the target system vary. The main 
purpose of some modernization projects is to modify mainframe software system to SOA 
(Almonaies, Cordy & Dean 2010), whereas some others migrate SOA system to the cloud (Babar & 
Chauhan 2011). Target solutions can be also combined and connected to each other. For instance, 
software system could be implemented using both service-oriented architecture and component-
based architecture, or software product line could be implemented from components (Vale et al. 
2016). 

As the number of possible paths, implemented in software modernization projects is endless, I will 
describe the most common target systems. They are Service-oriented architecture (SOA), 
Component-based architecture (CBA), Software product line (SPL) and Cloud computing.  

3.2.2.1 Service-oriented architecture 

Service-oriented architecture (SOA) is implemented as a set of services, which are interacting with 
each other. Service is a coarse-grained, interface-based, discoverable, platform-independent 
software unit that exists as a single instance. One of the main features of SOA is separation of 
internal implementation from interface. It means, that service is treated as a black-box and can be 
provided to both, other services (internal and external), and to end-users. (Almonaies, Cordy & 
Dean 2010; Brown, Johnston & Kelly 2002; Lewis et al. 2005; Palma et al. 2013; Vinoski 2007) 

Software systems, which are developed using SOA, are more flexible and evolvable because 
internal implementation of the service could be changed without affecting other systems, which 
utilize the service. Also, the system, which utilizes the service, should only support the 
communication mechanisms with the services and is not dependent on the service internal 
technology. It is possible because of platform and language-independent interfaces. However, 
interfaces are also one of the most critical issues in SOA, as poor design decisions make 
maintenance and development difficult. (Brown, Johnston & Kelly 2002; Lewis et al. 2005; Palma et 
al. 2013) 
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Another benefit of service-oriented architecture is, that it could be implemented using different 
technologies and communication mechanisms, depending on purposes. The most common 
service-oriented architecture implementation is Web services, which use SOAP (Simple Object 
Access Protocol) over HTTP. (Brown, Johnston & Kelly 2002; Lewis et al. 2005) 

Another implementation is RESTful Web services. Some researchers and practitioners do not 
consider REST (Representational State Transfer) as Service-oriented architecture solution (Vinoski 
2007), some other consider SOAP and REST as two main ways to implement Web services 
(Babar & Chauhan 2011; Nath 2012; Palma et al. 2013). Although there are differences between 
SOAP and REST Web services, which will be shortly described later, both solutions meet the main 
principles of SOA, such as separation of implementation from interfaces, loose coupling and high-
granularity of services. Therefore, in this thesis, both implementations belong to service-oriented 
architecture.  

The main difference between SOAP and REST Web services is their purpose. Web services based 
on SOAP are suitable for information exchange in distributed heterogeneous environment using 
middleware. Although SOAP is commonly used with HTTP, the protocol could be used also with 
SMTP (Simple Mail Transfer Protocol) or TSP (Transmission Control Protocol) or other transport 
mechanisms, and even change the transport protocol along the way. The communication could be 
implemented as Remote Procedure Calls (RPC) or using message bus. Additionally, SOAP 
message format and the WSDL interface definition language give freedom for interface design. All 
these features give SOAP-based web services interoperability and flexibility, especially useful for 
building gateways of legacy systems. (Nath 2012; Pautasso, Zimmermann & Leymann 2008) 

REST is designed as an architectural style for Web. RESTful Web services are implemented as 
Remote Procedure Calls, which use only HTTP as transport protocol. Interfaces are uniform and 
stable, with predefined HTTP methods. Messages are self-descriptive, i.e., they do not require 
separate interface description. Such stability of interfaces could cause problems with Web-
unfriendly legacy systems, but it is suitable for Web applications. REST doesn’t give much freedom 
for developers, but it requires less effort to learn and develop Web services. (Liu et al. 2008; 
Pautasso, Zimmermann & Leymann 2008) 

As we can see, both solutions have own strengths and weaknesses, and should be chosen 
depending on situation. Some factors, which can affect the decision, are security and scalability 
requirements, design of existing legacy systems, need for interface design freedom, and availability 
of time, needed for learning and developing of web services. (Nath 2012; Pautasso, Zimmermann 
& Leymann 2008) 

3.2.2.2 Component-based architecture (CBA) 

Component-based architecture has much in common with SOA: both are implemented as a set of 
discoverable, interface-based, loosely coupled, reusable software entities. The key design issue in 
both architectural styles is interface design. However, software units in CBA are more fine-grained, 
use different design patterns, and can have multiple instances, when needed. Examples of 
component-based architectures are J2EE (Java Enterprise Edition) and .NET frameworks. (Brown, 
Johnston & Kelly 2002; Vale et al. 2016) 
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The same way as SOA systems, component-based development promises increased flexibility, 
reusability and maintainability. However, there are also some constraints and possible drawbacks. 
For instance, problems with components compatibility and possible architectural mismatch are 
reported in the literature. Additionally, component-based development requires high initial efforts, 
and therefore is more profitable on long term. However, initial efforts could be sufficiently decreased, 
when using off-the-shelf component-based frameworks (Vale et al. 2016) 

According to Brown, Johnston and Kelly (2002), Service-oriented architecture not only could be 
constructed using components at the lower level, but it is the best way to implement services. As 
we can see from Figure 3, coarse-grained services are based on the lower, finer-grained 
component layer, which in turn uses object-oriented development as the basis. Each layer 
represents the level of software reuse. (Brown, Johnston & Kelly 2002) 

3.2.2.3 Software Product Line (SPL) 

Product, created from a product line, can leverage all the assets, such as architectural design, 
software components, models, analysis and testing methods. (Weiderman et al. 1997) 

SPL approach could be used not only in different products, which uses the same components, but 
also could be used for product customization and personalization. Thus, Rabiser, Wolfinger and 
Grunbacher (2009) propose Product line approach for three-level customization of complex 
systems. The approach is illustrated in Figure 4. It comprises three levels: customization by 
suppliers of the product, customers and end-users. Suppliers can change the product depending 
on customer requirements, customers can modify product depending on user groups and 
company specifics, and users can personalize application depending on their tasks and 
preferences. At each level opportunities for customization narrow. Such customization is enabled 
because of plug-ins and components, added to the core system. (Rabiser, Wolfinger & Grunbacher 
2009) 
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3.2.2.4 Cloud computing 

Cloud computing offers not only changes to software implementation, but also scalability and 
flexibility for infrastructure. Cloud provides on-demand resources, such as servers, storage and 
applications, which could be added or removed from use in relatively short time. Additionally, 
payment models for some types of cloud are very flexible, as users could pay only for resources, 
they have utilized. (Babar & Chauhan 2011; Chang, Chiu & Chiao 2015) 

Cloud computing offers different service and deployment models. The main deployment models 
include public, private and hybrid clouds. The difference between public and private cloud consists 
in the owner of the cloud infrastructure: in public cloud deployment model the owner of the cloud 
and the user(s) are different organizations, whereas private cloud owner set up cloud infrastructure 
only for own private usage. The hybrid cloud means, that organization uses both, own private cloud 
and public cloud from external provider. (Babar & Chauhan 2011) 

In the private cloud, organization has the full control on the computing and storage resources, as 
well as on technologies, but cannot take advantage of scalability and flexibility of cloud computing. 
Additionally, owner has to invest in infrastructure of the cloud and maintain the technologies, 
needed for cloud operation. On the other hand, users of public clouds can achieve significant cost 
savings, but have some risks related to security of data and dependency on public cloud provider. 
Another deployment model is Virtual Private Cloud (VPC), which combines the main benefits of 
public cloud, such as flexibility and cost savings, and security mechanisms of private clouds. (Babar 
& Chauhan 2011) 

As mentioned before, cloud computing has different service models. They are Infrastructure as a 
Service (IaaS), Platform as a Service (PaaS) and Software as a Service (SaaS). Depending on the 
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The three levels provide different views on the same 
product line variability model.  
(from Rabiser, Wolfinger & Grunbacher 2009)



needs, users can choose the suitable service model (Chang, Chiu & Chiao 2015). The common 
choice for software developers is utilization of IaaS or PaaS, when they can offer the implemented 
software using SaaS model. Decision about the service model depends on such factors, as need 
for portability, security and state of the current (legacy) system. Although PaaS could be easier to 
use, the technological stack depends on the cloud provider. If some specific versions should be 
used, or existing legacy application need too much refactoring to suit the API of the platform, IaaS 
could be a better solution. (Babar & Chauhan 2011) 

3.3 Features of software modernization project 
Project management related issues, such as project planning or progress measurement, are out of 
scope of this thesis. However, it is important to mention, that software modernization and evolution 
projects differ from initial development projects significantly. The main factor is existence of a legacy 
system, which sets some constraints and requirements to modernization projects.  

Firstly, during the initial development of the legacy systems some architectural decisions were 
made. These decisions determine, for instance, such important factor, as decomposability of the 
legacy system. A software system is decomposable, when its user interface, business logic and 
database component are separated. Maintenance and evolution of such system is easier 
compared to semi-decomposable (only UI separated) and non-decomposable systems. For 
instance, replacement of legacy user interface (UI) requires less effort, if there is already interface 
between business logic and UI components. Also, code or database migration progresses faster, 
when database access should not be extracted before. (Brodie & Stonebraker 1993; Lehman 
1980; Warren & Ransom 2002) 

Secondly, existing code and data set some constraints. The quality of the code, for example, has 
an effect on program understanding and the need of refactoring. The data, which in some cases is 
the main asset of the legacy system, influences one of the most important phases in 
redevelopment projects - data migration. The amount of data can set some requirements for 
iterative migration, whereas data constants, embedded in the code, should usually be extracted. 
Existing code and data can also have an effect on system transformation order. For example, in 
some systems database migration should be done first, whereas in some other systems it should 
be done after all the other components are modernized (Brodie & Stonebraker 1993; Lehman 
1980; Warren & Ransom 2002) 

Thirdly, established coding practices and organizational culture could have an effect on the 
modernization projects because of the resistance to the change, discussed earlier. And finally, user 
habits influence the rate of change in user interfaces and system workflow. If too radical changes 
are done to interaction between user and software, some usability problems could occur. 
Therefore, in some projects one of the main requirements is to preserve the functionality and UI 
elements arrangement and navigation (Distante et al. 2006).  (Lehman 1980; Warren & Ransom 
2002) 

Another important issue, which is related to modernization projects, is that many researchers 
recommend to implement modernization projects and deploy a new software incrementally. ”Big 
Bang” modernization is considered more risky for a several reasons. Firstly, such project is long 
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lasting, and technologies chosen for the project would become outdated before the new software 
system is deployed. Secondly, new requirements could emerge and the old ones become 
outdated during the long-lasting project. Therefore, either the new system will be obsolete, or these 
new requirements should be implemented in both, legacy and target systems. Another option - 
freezing the old functioning system during a long modernization - could lead to loss of business 
opportunities. Finally, some legacy systems are too large to cut-over. For instance, large databases 
cannot be migrated overnight. For all these reasons, incremental development and deployment is 
less risky, as it brings business value earlier, allows requirements change during the project and 
always has a safe backup version, if some increment of the project fail. (Bisbal et al. 1997; Brodie & 
Stonebraker 1993; Ulrich & Newcomb 2010, p. 33; Warren & Ransom 2002) 

3.4 Architectural levels of modernization 
During each phase, modernization projects cover one or more layers of enterprise architecture. For 
instance, information system assessment could be executed from application architecture or from 
business architecture viewpoint. The same way, software refactoring and transformation could 
involve several architectural levels. Therefore, I will briefly describe enterprise architecture layers in 
the context of modernization projects. 

3.4.1 Enterprise architecture layers 
Enterprise architecture is commonly divided into three main architectural layers: business, 
application and data, and technical layer (see Figure 5). Business architecture layer covers such 
issues as business strategy, products and services, business processes capabilities, organizational 
structures and related business information and semantics. Application and data layer represents 
application landscape, i.e., how business processes and business information are implemented in 
the software system. Technical layer covers underlying infrastructure (e.g., platforms, operating 
systems, middleware components, languages, and other components), which support application 
and data layer (SOA, CBA, cloud). Sometimes set of such technological components is called 
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(from Ulrich & Newcomb 2010, p. 17)



technology portfolio. (Jonkers et al. 2003; Murer & Bonati 2010, pp. 41-42, 57; Ulrich & Newcomb 
2010, pp. 17-19) 

Application and data, and technical layers are sometimes joined under the concept of IT 
architecture. Although business and IT architectures operates in different domains, they are still 
dependent on each other: for instance, some technical aspects can set constraints on the business 
processes, and at the same time new technologies can bring new business opportunities. (Ulrich & 
Newcomb 2010, pp. 17-19) 

Some problems usually occur, if these architectural layers get out of sync. If business requirements 
changes over time and IT architecture does not respond these changes, shadow systems could be 
created, or effectiveness of the system for users could decrease. In the worst case, business 
opportunities could be lost. (Ulrich & Newcomb 2010, pp. 17-19)  

Sometimes, also vertical architectures are mentioned in the context of technology portfolio. They 
are integration architecture, system management architecture, security architecture and others. 
Vertical architectures can cross and affect multiple levels of enterprise architecture. For instance, 
security architecture should protect information at all layers (from technical security mechanisms to 
security business information). (Murer & Bonati 2010, pp. 61-63) 

Integration issues are usually mentioned as extremely important in complex systems with 
heterogeneous technology platforms. Integration architecture covers all three enterprise architecture 
layers, as they concern such issues as technological solutions and standardization of interfaces, 
integration across application domains, and flow of business processes (for instance, orchestration 
of services in SOA, where business processes could be modified by changes in the workflow of 
services). Standardization and consistency of interfaces plays an important role in systems’ 
evolution, when whole systems or their parts can be modified or replaced without affecting other 
related systems. Such integration using interfaces brings very flexible solution, where parts of the 
system can have independent life cycles and can be redeveloped when needed. A good example 
of shifting to such integration architecture is decomposition of mainframe system to manageable 
services using service-oriented architecture. (Murer & Bonati 2010, pp. 61-63) 

To describe and manage structure of architectural layers, different kinds of models are used (specific 
for each level). Murer and Bonati (2010, pp. 39-41) mention technical domain model, application 
and data domain models and business functionality map as the main models for enterprise 
architectural layers. Domain models can be decomposed into smaller subdomains, when needed.  
These models should show the high-level view of  the target (ideal) system. For instance, business 
functionality map has to show not only existing functionality, but also the functionality, which should 
be implemented. The same way, application domain model (or models, when there are multiple 
applications), should show not only existing applications functionality but also take into account the 
functionality, required by business needs. (Murer & Bonati 2010, pp. 39-41, 45-46) 

Murer and Bonati (2010) mention two important issues in creating domain models. Firstly, it is not 
allowed to think in current products, as some synergies (reuse of functionality, software product line) 
will not be identified. For instance, the high-level view can show, which functionality is redundant 
and which is missing, where strategy or process can be changed, where reorganization required 
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etc. The similar recommendation is suggested by Hess (2005), who is warning about analyzing one 
application at a time. Secondly, when system is large and has a lot of developers, users and 
architects, semantics of domain models (i.e., what does the concepts and the terms exactly mean) 
should be defined, so that all the stakeholders understand it the same way. Therefore, also 
semantic models are useful. (Murer & Bonati 2010, pp. 47, 53) 

Discussing the assessment phase of modernization project, Hess (2005) has also mentioned 
business and legacy applications models, which are needed for business-IT alignment. Two types 
of business process models - functional decomposition and component-service model - are 
mentioned as useful. Although legacy application models for high-level analysis were not specified, 
the list of application meta-data, important for initial assessment, was adduced. These meta-data 
issues includes among other things interfaces, technical dependencies, decomposition of the 
architecture and other similar issues, which can affect transformation activities. (Hess 2005) 

Another important issue is, that models of different architectural layers should be consistent during 
evolution of the system. It is especially difficult, as each architectural layer has commonly own 
modeling language and integration between these languages is weak. As a possible solution, 
metamodels and automatic model checking tools are introduced. However, integration of models is 
still problematic and getting the whole picture is very difficult (Jonkers et al. 2003; Murer & Bonati 
2010, pp. 39, 41) 

Figure 5, mentioned before, shows also two states of the system: existing solution (as-is system), 
which represents current legacy system, and target solution (to-be system), which describes the 
desired state of the system. During the modernization project the existing system should be 
modified into target.


Ulrich and Newcomb (2010, p. 18) in their book introduce concept of architecture-driven 
modernization (ADM), where modernization project is viewed from the perspective of architecture 
layers. Figure 6 shows, that transformation during modernization can happen at three different 
levels. Physical transformation covers only technical architecture (e.g. code), and therefore is the 
easiest to implement. However, such transformation has a little value for business. Logical 
transformation improves applications and data, used for current business processes, and therefore, 
is more valuable and challenging (more analysis needed). The last, business transformation, covers 
all three layers, and includes analysis and improvement of business processes if needed. This type 
of transformation is the most long lasting and challenging. In the best case, IT architecture should 
reflect business architecture requirements. (Ulrich & Newcomb 2010) 

3.4.2 Modernization activities and architectural layers 
There is a wide variety of modernization activities, mentioned in the literature, which come under the 
concepts of software and system evolution. They are, for instance, rehosting, code migration, 
rearchitecting, redevelopment, simplification, rationalization, refactoring and restructuring, redesign 
with reuse, transformation, data migration and others (Estes 2010; Ulrich & Newcomb 2010, pp. 
19-32; Warren & Ransom 2002). Additionally, different assessment activities are usually mentioned 
in connection with modernization initiatives (Lewis et al. 2005; Ransom, Somerville & Warren 1998; 
Ulrich & Newcomb 2010, pp. 19-24; Warren & Ransom 2002) 
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Ulrich and Newcomb (2010, p. 19) place all these activities into three main categories: assessment, 
refactoring, and transformation. I will use this classification in this thesis, as it the most complete 
compared to others, found in the literature. 

It is important to mention, that modernization project can contain some mix of these activities 
depending on the goals of the project. In other words, a customized solution should be created for 
each project depending on business, technical, environmental and organizational factors. (Ulrich & 
Newcomb 2010, p. 19) 

3.4.2.1 Assessment 

Assessment is often mentioned in modernization frameworks and initiatives (Warren & Ransom 
2002). Some researchers have discussed assessment methodologies and benefits in detail. 
(Ransom, Somerville & Warren 1998; Bergey, Northrop & Smith 1999). Some assessment 
approaches are focused on technical conditions of a legacy system. For instance, Canfora, Cimitile 
and Lucarelli (2000) list four factors, which should be used for legacy system evaluation: 
obsolescence, deterioration, decomposability and business value. However, during assessment not 
only technical condition, but also business, organizational and environmental factors, which affect 
the legacy system, should be evaluated (Bergey, Northrop & Smith 1999; Ransom, Somerville & 
Warren 1998; Warren & Ransom 2002). 

Some of the assessment techniques are enterprise-wide, e.g., firstly the whole application portfolio 
is assessed and only after that the decision about which parts of the system should be modernized 
first is made. Other assessment methods assume, that this decision is already made, and assess 
all the factors from certain application viewpoint. Both approaches are useful, as enterprise 
assessment gives the overall picture for strategic planning, whereas project-level assessment is 
needed for single project planning. Therefore, in some projects firstly the initial assessment is done, 
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and after that the more detailed, project-level analysis is executed. (Hess 2005; Ransom, Somerville 
& Warren 1998; Ulrich & Newcomb 2010, p. 19) 

3.4.2.2 Refactoring 

Refactoring contains different activities, related to legacy system simplification, modularization and 
improvement of structure (Ulrich & Newcomb 2010, pp. 24-25). Refactoring tasks can cover all 
parts of the system (business logic, data and user interfaces), or only one of them. Refactoring 
activities are more concerned with technical layer and application and data layer.  

One the main goals of refactoring is to prepare the system to transformational activities (Ulrich & 
Newcomb 2010, pp. 24-25). However, refactoring can be also sufficient to modernize system. For 
instance, if the only business requirement is to change ”green screen” interfaces with more 
attractive graphical interfaces, user interface refactoring is enough. Another example could be the 
need to move the system into distributed environment without any changes to functionality and 
interfaces, where lift and shift platform migration can fulfill the need. 

Refactoring activities are program restructuring and design improvement, data definition 
rationalization and standardization, software modularization, user interface refactoring and lift and 
shift migration.  

Program restructuring 

Program restructuring and design improvement contains such activities, as removal of anomalous, 
redundant or dead code, separation of business logic from data, and different kinds of optimization, 
simplification and improvements in program design. Additionally, source code could be checked for 
conformity to coding standards. Program restructuring is needed, when software system becomes 
too complex, and required changes to functionality as well as maintenance becomes increasingly 
difficult. Therefore, removing extra dependencies and redundant code, and separation of concerns 
(UI, business logic, data) can significantly improve the legacy system. (Murer & Bonati 2010, pp. 
5-8; Ulrich & Newcomb 2010, p. 25; Warren & Ransom 2002)  

Data definition rationalization 

Data definition rationalization and standardization includes, among other things, removal of 
redundant data definitions, clarification of data semantics and standardization of attributes in data 
models, as well as extraction of data, embedded into business logic of application. (Ulrich & 
Newcomb 2010, pp. 25-26) Sometimes data definition rationalization is placed in program 
restructuring activities (Warren & Ransom 2002). Combining of code and data refactoring into single 
group can be acceptable, as these activities are tightly related. For instance, separation of data 
access and business logic can be classified as both, code and data refactoring. However, most of 
the data definition related tasks differ from code refactoring and require different methodologies and 
approaches. Therefore, separation of data definition rationalization from program restructuring is 
well-grounded.  
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Software modularization 

According to Ulrich and Newcomb (2010, p. 26), software modularization comprise code slicing, 
application reaggregation and consolidation. Code slicing (aka program slicing) is a technique, used 
for defining a program slice, e.g., subset of a program statements, which affect the values 
computed at some point in a program. There are two basic types of program slicing: static and 
dynamic. In the former, there are no assumptions about the program input values, and therefore all 
possible dependencies are taken into account. In the latter type, some or all the values are defined 
and form a specific test case. For that reason, in case of dynamic slicing only dependencies, which 
occur in this particular test case are included in the program slice. The technique, initially used for 
code debugging, is currently used also for program comprehension, impact analysis and reverse 
engineering. (Tip 1995) 

Application reaggregation uses code-slicing technique in order to improve functional consistency of 
the software system. Application consolidation extends the concept of reaggregation for multiple 
applications, and is used in case of merging multiple applications or eliminating redundancy (Hess 
2005; Ulrich & Newcomb 2010, p. 26;). According to these definitions software modularization is 
similar to concept of rationalization, proposed by Estes (2010). The main goal of rationalization is to 
reduce the complexity of the system. Estes (2010) has divided rationalization into two categories. 
Internal rationalization means, that only one application is modified. During external rationalization 
project business functionality of multiple applications are analyzed, overlapping and inconsistent 
functionality is identified, and business functionality of these applications is merged. (Estes, 2010) 

User interface refactoring 

User interface refactoring covers not only replacement of command-line interfaces with Graphical 
User Interfaces (GUI), but also alignment of user interfaces with business processes. The former 
goal can require not only development of GUI screens, but also some kind of middleware for 
communication between legacy system and new GUI. Additionally, some refactoring of legacy 
system could be needed, if business logic and user interface of the legacy system are tightly 
coupled. Alignment of user interfaces with business processes has also some additional tasks: at 
least business processes should be identified and well understood. When business processes are 
known, user interfaces can be refactored to meet the workflow requirements, to eliminate some 
manual steps and to remove the need for shadow systems. (Ulrich & Newcomb 2010, p. 26; 
Warren & Ransom 2002) 

Lift and shift migration 

Lift and shift migration means, that language, platform or data migration causes only minimal 
changes to legacy system, if any (Ulrich & Newcomb 2010, p. 27). Language and data migration 
are usually automated or semi-automated processes, where legacy code is ”translated” into 
another language, and legacy data is moved from one type of database to another (Estes 2010). 
Examples of lift and shift platform change (aka rehosting) are cloud migration to PaaS or IaaS 
solutions from SOA, or migration from monolithic software to distributed platform using wrapping 
(Estes 2010; Ulrich & Newcomb 2010, p. 27). Such type of migration is not necessarily standalone 
activity, but can be combined with code restructuring before or after migration. However, when 
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language or platform migration requires significant modification of legacy system (for instance, 
migration from procedural to object-oriented languages), it comes under the group of 
transformational activities.  

3.4.2.3 Transformation 

The main goal of transformation is to modify current legacy system, so that it meets business 
requirements and reaches target architecture. Compared to refactoring, transformation is much 
more difficult, but brings strategic long-term benefits. Transformation usually means, that current 
architecture should be extracted, target architecture should be designed, and transition from as-is 
to to-be should be planned and implemented. (Ulrich & Newcomb 2010, pp. 28-29) 

Transformational activities are language and platform transformation, data architecture derivation 
and transformation, system workflow transformation, business rule extraction and transformation, 
and architecture reconstruction and transformation. 

Language and platform transformation 

Compared to ”lift and shift” migration, this transformation usually requires not only translation of the 
code but also significant changes, which cannot be fully automated. Such transformation is 
required, for instance, during the migration from procedural to object-oriented languages and 
frameworks. When the gap between the new and the old technology is wide, some parts of the old 
system are not needed anymore, and therefore should not be migrated. At the same time, some 
new parts of the system, which were missing from the legacy system, could be required. (Ulrich & 
Newcomb 2010, p. 29) 

The main reason for migration is usually shift to more flexible environment, which suits better from 
business viewpoint. Benefits of new environment could be, for instance, decrease in software 
maintenance costs, reuse of parts of the software system or facilitation of functional enhancements 
in the future. (Bisbal et al. 1997; Bisbal et al. 1999) 

The side effect of migration could be an improvement in quality characteristics of software system, 
but such transformation could be viewed as successful, if a new system has the same functionality 
and performs at least as well as an old system did. In other words, language and platform migration 
covers IT architecture, but do not touch on business rules. (Estes 2010; Sneed 2008; Ulrich & 
Newcomb 2010, p. 29) 

Data architecture derivation and transformation 

Compared to refactoring data-related task, this activity should not only rationalize and standardize 
data, and remove redundant and inconsistent data definitions, but also align data with business 
semantics, so that data model meet business model requirements. This activity could require some 
refactoring and data migration also. Prerequisite of this activity is gathering business semantics 
knowledge. (Ulrich & Newcomb 2010, p. 30) 
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System workflow transformation 

The goal of this task is to analyze, how user interacts with the application, and how workflow, 
offered in the application, aligns with business processes. This touch upon both, backend and user 
interfaces. System workflow transformation helps to eliminate manual steps and shadow system, 
and improve orchestration of services for instance. (Ulrich & Newcomb 2010, pp. 30-31) 

Business rule extraction and transformation 

Business rule extraction and transformation is an important task in both cases, if business rules 
logic should be salvaged or transformed. Business rule is extracted, analyzed, transformed if 
needed, and redeployed. According to Ulrich and Newcomb (2010), business rule extraction from 
source code should be supported by tools in order to be practical. During manipulation of business 
rules, rule reuse or consolidation opportunity could be identified. (Ulrich & Newcomb 2010, p. 31) 

Architecture transformation and reconstruction 

The main goal of architecture transformation and reconstruction is to modify the legacy system, so 
that it meets the target architecture. Although at the high level the main phases of such process are 
definition of the current and the target architecture, and transformation from current to target 
architecture, in each concrete project the set of activities varies a lot. (Ulrich & Newcomb 2010, p. 
32) 

According to Warren and Ransom (2002) some components of the legacy system can be salvaged 
during architecture transformation and integrated with the target architecture. The aim of such 
legacy components integration is to reuse well-coded business rules. (Warren & Ransom 2002) 

Estes (2010) has divided architecture transformation into two groups, depending on automation 
used. Rearchitecting is semi-automated process, where extraction of information from the legacy 
system and redevelopment is tool-assisted, whereas during rewrite the same tasks are done 
manually.  

3.5 Summary 
To sum up, software modernization is a complex process. It has four main aspects: technological, 
business, organizational and environmental. The main general benefits of modernization are related 
to enhancements in technologies and business-IT alignment. However, also organizational benefits 
are reported in the literature. Further in this thesis only technology- and partly business-related 
aspects, advantages and drawbacks will be discussed, as other viewpoints are outside of the 
scope. Even so, it is important to remember, that there are a lot of factors, which can influence the 
success or failure of modernization projects. 

The main target solutions, usually set as a goal in modernization initiatives, are service-oriented 
architecture, component-based architecture, software product line and cloud computing. Paths, 
which lead from the legacy system to the target, are various and can concern different layers of 
enterprise architecture. Although the number of different modernization activities is substantial, they 
can be divided into three groups: assessment, refactoring and transformation. In order to see, 
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which goals are set, which architecture layers are concerned and which activities are implemented 
in real projects, in the next chapter, I will review and compare modernization case studies. 
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4 Case studies: Review

In this chapter, I will review modernization case studies, reported in the literature. The main 
requirements for case studies are the following: case study should be a real project (not 
experimental application or theoretical framework), at most 10 years old (from 2005, as not all 
publications from year 2016 are available yet), and preferably related to Web-based applications 
(either target solution or both, target and legacy systems). Other than Web-based applications or 
applications with too old technologies are also taken into account, if they contain some useful 
information, but the focus in such case studies is on the main principles, and not on the technical 
details. 

4.1 Comparison Criteria 
In order to describe and compare case studies, carried out in the field of software modernization 
and evolution, I have to choose some comparison criteria. As a starting point, I have chosen the 
comparison study, conducted by Almonaies, Cordy and Dean (2010). In this study, researchers 
compare SOA modernization case studies using eight criteria: modernization strategy, legacy 
system type, degree of complexity, analysis depth, process adaptability, tool support, degree of 
coverage and validation maturity (Almonaies, Cordy & Dean 2010). Next, I will describe these criteria 
and explain, which are chosen for this thesis, which are not, which criteria are added, and the 
reasons for such decisions.  

The main difference between the comparison study, done by Almonaies, Cordy and Dean (2010) 
and the comparison, done in this thesis is that the subjects of comparison in the former are 
approaches (or methodologies) of modernization, whereas in the latter case studies are compared. 
This is because there can be multiple case studies, which have implemented the same 
modernization method. However, as the starting points (e.g., legacy systems) are different, as well 
as goals of modernization projects, characteristics of the projects can differ significantly. Therefore, 
in the first column of the table A.1 (see Appendix A) I will mention not only case study, but also 
name of the methodology (if exists).  

First criterion is modernization strategy. Almonaies, Cordy and Dean (2010) have distinguished four 
modernization strategies: replacement, redevelopment, wrapping and migration. I have explained 
earlier, that such classification could mix general approaches and technical solutions. Therefore, I will 
use another criterion - general approach - instead of modernization strategy. General approach 
contains alternatives, explained in subchapter 2.3.2:  

- discard,  

- outsource,  

- COTS (e.g., replace with COTS),  

- freeze,  

- carry on,  
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- greenfield replacement (e.g., redevelop from scratch),  

- software evolution (e.g., modify current system),  

- system evolution (e.g., redevelop from current system).  

There can be multiple general approaches mentioned in a case study, as they are applied at the 
component level of the system.  

In order to describe, what was done to modernize the system in more technical terms, I have 
added such criterion as modernization activities. As explained in subchapter 3.4.2, these activities 
are divided into three categories: assessment, refactoring, and transformation. The values in the 
table, used for classification are: 

- Assessment: 

- Enterprise-level 

- Project-level 

- Refactoring 

- Program restructuring and design improvement → Program 

- Data definition rationalization and standardization → Data 

- Software modularization → Modularization 

- User interface refactoring → UI 

- Lift and shift migration → Migration (Code/Data) 

- Transformation 

- Language and platform transformation → Migration (Language, Platform, Data) 

- Data architecture derivation and transformation → Data 

- System workflow transformation → Workflow 

- Business rule extraction and transformation → Business rule 

- Architecture transformation and reconstruction → Architecture 

Technological solutions, explained in subchapter 2.3.3 (wrapping and reengineering types) will also 
be mentioned in the context of modernization activities, when necessary.  

The second criterion, mentioned in comparison study by Almonaies, Cordy and Dean (2010), is 
legacy system type. In their study this criterion has such values as ”Legacy programs”, ”Interactive 
legacy system”, ”Individual blocks of code”, ”COBOL program”, ”Java application”, ”Object-
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oriented program” and others. Such description has some valuable information (like language, 
which is used in legacy system), but is still very limited. I will add, when possible, not only language, 
but also platform, system size and age, and other important information in order to describe legacy 
system with sufficient amount of details.  

In this thesis, additionally to legacy system description, goals of modernization project and 
description of target system are mentioned. These criteria help to understand, why some particular 
approach or modernization activity is chosen and whether a case study project was successful, 
and achieved its goal. In some cases, technical goals, such as SOA or SPL, also describe the 
target system.  

The next in the list is degree of complexity. Almonaies, Cordy and Dean (2010) have evaluated time 
and cost complexity of the methods, described in the case studies. However, without wide variety 
of case studies of different legacy systems using the same methodology, it is difficult to evaluate and 
make some conclusions about how time consuming and costly is the methodology. Additionally, 
the unit of the comparison in this thesis is case study, and not methodology. Therefore, I do not use 
this criterion, as gathering objective data about complexity of each method goes out of the scope 
of this thesis.  

The fourth comparison criterion in Almonaies, Cordy and Dean (2010) study is analysis depth. This 
parameter describes, how well system should be understood, and which parts of the legacy 
system should be understood, so that usage of modernization method is possible. I will not use this 
criterion as such, but will replace it with another similar criterion - the topmost architectural layer 
transformed. As I have explained before, enterprise architecture has three layers - technical, 
application and data, and business layer. The more deeply system should be evaluated, refactored 
or transformed, the more higher level of architecture should be understood. Certainly, such division 
into three layers is coarse-grained, and inside each layer could be a great amount of levels of 
comprehension. But in order to see the big picture, I will use such coarse-grained classification. 
Additionally, the criterion is focused on the transformation of the system, and not just 
understanding, as the level of transformation gives some clue about business value, brought by 
modernization project. 

The next criterion - process adaptability - means, how much the legacy system is changed during 
modernization project (Almonaies, Cordy & Dean 2010). I will not use this criterion, as it is partly 
described in modernization activity criterion: refactoring modifies current system or component 
without architectural changes, whereas transformation means more thorough changes made to the 
system or component.  

The sixth criterion is tool support, which describes, if some tools are used for modernization 
activities and if some processes are automated. Almonaies, Cordy and Dean (2010) set such 
values to this criterion, as ”automated”, ”semi-automated”, ”manual”, ”yes”, and names of the tools. 
I will slightly change the usage of this criterion, and mark the activity type, for which automation is 
used, when possible. For instance, ”project-level assessment: visualization” or ”refactoring 
migration: automated”. 
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Degree of coverage means, if methodology proposes complete strategy for modernization, or 
covers only part of modernization project (Almonaies, Cordy & Dean 2010). I will not use this 
criterion, but similar information will be found from ”modernization activities” column, where 
activities, implemented in the case studies are described. 

The last criterion is validation maturity. It describes, if the approach is applied and validated. For 
instance, the approach proposed could be only the theory or it could be implemented in case 
study, or could be already a methodology, which is widely used in commercial projects (Almonaies, 
Cordy & Dean 2010). As the unit of comparison in this thesis is case study, I will not use this 
criterion. Additionally, the comparison will not contain theoretical modernization approaches, which 
are not applied in any case studies.  

4.2 Short description of each case study 
Sneed, 2006, SOA (SOAP), wrapping 

Case study is reported by Sneed (2006). Summary of the case study is in table A.1 (Appendix A) 
with reference ”Sneed, 2006”. 

The approach enable salvaging of some useful parts of the legacy code in the new service-oriented 
system. The methodology contains three steps. In the first step, individual functions are identified 
and extracted from legacy code. In order to find these useful functions, all the essential business 
rules of existing applications should be identified and business value of their reuse should be 
evaluated. After that, in the second step, function is automatically wrapped with a WDSL interface 
to be used with a SOAP framework. Finally, the resulting Web service should be linked to the 
business processes (e.g., the system, which uses these Web services). 

Although wrapping is commonly referred as black box technique, in these methodology very careful 
and deep analysis of existing system is needed. It is not a problem in smaller systems, but could be 
very difficult in large systems with lots of such useful functions. Sneed (2006) says, that byproduct of 
such reverse engineering is documentation of the existing business rules as data flow tree. Also, 
quality of implementation should be evaluated: if level of implementation is not acceptable, it could 
be better to rewrite the function.  

Canfora, 2006 and 2008, SOA (SOAP, stateful), wrapping 

Case study is reported by Canfora et al. (2006) and Canfora et al. (2008). Summary of the case 
study is in table A.1 (Appendix A) with reference ”Canfora, 2006; Canfora, 2008”. 

In this approach, interactive functionalities of the legacy system are reused. Legacy system is 
wrapped with SOA interface to be used as stateful Web services. During migration process the use 
cases should be selected and investigated, and after that an interaction model is constructed. The 
interaction model describes all possible scenarios of the use cases, and associated screen 
templates and actions, which could be performed. Statefulness of Web services is based on the 
fact, that in order to interpret the interaction state and to perform the required behavior (e.g., return 
the next screen), wrapper should be aware of which scenario is being executed. Another important 
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issue is to evaluate, if use case is worth for reusability, and if it should be broken down to smaller 
use cases or wrapped as such. 

In the later study Canfora et al. (2008) describes one more case study, which is executed on the 
same application using the same methodology. Due to similarities, I will not describe the second 
case study in details nor include it to table as a separate case study. The main difference of the 
second case study is, that the chosen use case is more coarse-grained, and therefore two different 
wrapping approaches are implemented: wrapping the whole use case, or splitting the use cases to 
two separate, smaller cases, and constructing the service for managing the workflow of smaller use 
cases. The workflow-based solution is considered by authors as more reusable and flexible. 

The drawback of the approach, proposed by Canfora et al. (2006) is that all possible scenarios of 
the use cases should be identified manually. As both case studies describe sufficiently small 
application, it is not possible to evaluate, if this approach could be applied to larger systems. 
Another possible problem is, that adding new functionality to such system is not discussed. 
Additionally, stateful Web services are commonly considered as a bad practice (Genkin 2007). 

Chung, 2007, SoSR (Service-Oriented Software Reengineering) 

Case study is reported by Chung, An and Davalos (2007). Summary of the case study is in table A.
1 (Appendix A) with reference ”Chung, 2007, SoSR”. 

The approach, proposed by Chung, An and Davalos (2007) is a methodology for legacy system 
modernization to Service-Oriented target system. Firstly, the legacy system should be modeled and 
the target system should be determined. After that, the legacy system should be modified into 
loosely coupled Web services, and finally, business process engine can execute composite 
services. The methodology is focused on business-IT alignment and modernization project 
management. Thus, modeling and analysis processes of legacy and target systems, as well as 
project participants roles, tasks, and produced artifacts are discussed.  

Although case study is given, it misses some important technical details about reverse and forward 
engineering, and is mainly focused on project management and modeling issues. Technical details, 
such as reverse engineering of the legacy system or system transformation to Web services, are 
not explained. Therefore, evaluation of approach applicability on other projects is difficult.  

Distante, 2006, UWAT+ design framework (Web) 

Case study is reported by Distante et al. (2006). Summary of the case study is in table A.1 
(Appendix A) with reference ”Distante, 2006, UWAT+”. 

Distante et al. (2006) have proposed an approach for redesign of the legacy system to a Web-
based system using Ubiquitous Web Applications Design Framework with an extended version of 
its Transaction Design Model (in abbreviated form UWAT+). The redesign process consists of three 
main phases: requirements elicitation, reverse engineering of the legacy application, and forward 
design.  
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During second and third phases UWAT+ models should be produced, and after that the new 
system could be developed using these models. UWAT+ models include, among other things, 
navigation, publishing, information and transaction models, which are intended for Web application 
design. According to Distante et al. (2006), reuse of the legacy components in a target system is 
possible, and should be taken into account during reverse engineering phase.  

The approach is somehow similar to initial development project, but the requirements for the target 
system comes both from requirements elicitation and reverse engineering of the legacy system. It is 
mentioned in the case study, that this design methodology required significant effort because of 
large number of meta-models and design activities. In addition, there is a need to translate UWAT+ 
models into some other models, which are more practical and useful from the implementation 
viewpoint.  

As regards tool support, reverse engineering activities were done manually, though there are 
opportunities for some automation. However, according to Distante et al. (2006), construction of 
UWAT+ models cannot be fully automated because of high-level abstractions used in models. 

Chen, 2005, Feature analysis (Web) 

Case study is reported by Chen et al. (2005). Summary of the case study is in table A.1 (Appendix 
A) with reference ”Chen, 2005, Feature analysis”. 

The approach is proposed for legacy system reengineering to Web services. As the most 
challenging in SOA migration is service identification from the legacy system, Chen et al. (2005) 
suggest feature analysis for this task. The reason for such suggestion is, that feature and service 
have very much in common, though they are not identical concepts: service can contain one or 
more features, which are logically related to each other. Chen et al. (2005) have distinguished three 
main phases in reengineering process: decomposition of the legacy system, component wrapping 
and service deployment.  

Chen et al. (2005) use the concept of feature in its general meaning, which is used by customers 
and developers, when speaking about groups of system’s functionality, which are visible via the user 
interface. Feature analysis includes identification of system’s features and construction a feature 
model, location of feature-related code and aggregation of this source code into module. According 
to Chen et al. (2005), after aggregation service can be extracted and thus, service identification is 
done. Next, service should be packaged (e.g., wrapped) and deployed.  

Cuadrado, 2008, Architecture reconstruction (SOA) 

Case study is reported by Cuadrado et al. (2008). Summary of the case study is in table A.1 
(Appendix A) with reference ”Cuadrado, 2008”. 

According to Cuadrado et al. (2008), the process of legacy system evolution contains three main 
phases: architecture recovery, evolution planning, and implementation. Architecture recovery uses 
both high-level knowledge about the system, like design documents, and low-level information, as 
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source code or user manuals. Selection of the tools for architecture recovery depends on the 
project.  

After that, evolution is planned, which means that target architecture is selected, evolution steps (or 
cycles) are defined and planned, as well as checked for feasibility. In the case study, evolution steps 
were migration to the target architecture, refactoring to web services, developing a new user 
interface and integration with another system. Finally, evolution is implemented. 

In the case study, QAR (QUE-es Architecture Recovery) workflow is used for design recovery. This 
technique includes static and dynamic analysis as well as analysis of documentation. As a result of 
this analyses, a domain model, list of use cases, UML class diagram of legacy Java code and 
some other artifacts are constructed. To be effective, process of architecture recovery should be 
tool supported, and can be partly or fully automated, except the phases, when human reasoning is 
required.  

Cuadrado et al. (2008) mention, that the main constraint of architecture recovery could be 
scalability. Therefore, such technique is not possibly suitable for large systems, in which wrapping 
should be used instead of refactoring. However, scalability cannot be evaluated based on the case 
study, as the legacy system was sufficiently small.  

Rabiser, 2009, SPL, three-level customization 

Case study is reported by Rabiser, Wolfinger and Grunbacher (2009). Summary of the case study is 
in table A.1 (Appendix A) with reference ”Rabiser, 2009, three-level customization”. 

In this methodology, software product line approach is used to improve customization of the 
monolithic system. In order to create product line from the monolithic legacy system, it should be 
decomposed. Firstly, user-visible features were defined so that each extension contain one feature, 
and can be added to core system as a plug-in. After that code related to these features was 
located. Finally, the system was reengineered to contain core application and distinct components, 
which can be added to core system as plug-ins. 

After the system was transformed, multi-level customization approach was applied. Assets related 
to customization were defined in the following way: plug-ins are single user-visible features; 
packages are tightly related features, used commonly together; and solutions combine packages. 
To facilitate customization process of the system and choose the right set of plugins, packages and 
solutions,  three tools - DecisionKing, ProjectKing and ConfigurationWizard - were developed. As a 
result, suppliers, customers and end-users can easily configure the system for their needs, for 
instance, by answering the questions about their tasks and roles. Such customization is more user 
friendly than choosing plug-ins and packages from the list. Also, binaries were much smaller, than 
before the project. Tools for system modernization were not discussed.  
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Babar, 2011, Cloud computing (SOA to IaaS) 

Case study is reported by Babar and Chauhan (2011). Summary of the case study is in table A.1 
(Appendix A) with reference ”Babar, 2011”. 

At the beginning of the case study project, requirements for the target system, such as scalability 
and preferred cloud types, were identified. Based on these requirements, IaaS deployment model 
was preferred to PaaS, as PaaS requires refactoring on the components. After such architectural 
decision was made, the system was modified. As the original system was previously migrated to 
SOA, there was no need for considerable changes. Firstly, database layer was separated, and 
secondly, an additional orchestration layer was added. Technical details of the modernization 
process are not discussed.  

Babar and Chauhan (2011) have reported the following observations, made during the case study. 
Firstly, software systems, which are already loosely coupled and capable for network 
communication, like service-oriented systems, can be migrated to cloud more easily. Secondly, 
testing the software in the cloud is more challenging, especially from the performance viewpoint. 
Finally, deployment model and type of cloud should be chosen carefully, as it affects scalability, 
portability and security.  

Lewis, 2005, SMART (SOA) 

Case study is reported by Lewis et al. (2005). Summary of the case study is in table A.1 (Appendix 
A) with reference ”Lewis, 2005, SMART”. 

SMART (The Service-Oriented Migration and Reuse Technique) is a framework, which purpose is to 
analyze legacy system, define the target SOA, and create a migration strategy. The technique 
consists of five main activities: stakeholder context establishment, description of existing capability 
and the target SOA state, gap analysis and migration strategy development. Stakeholders 
identification needed, as they can bring useful information about the legacy system, or requirements 
for the new system, or other project-related issues. During description of existing capability, the 
legacy system is analyzed and components of the system, which can be migrated to services, are 
identified. In the next activity - SOA state description - all the significant details about the target 
system are gathered and list of potential services is created. After that gap between legacy 
components and target services is analyzed, and different migration options are evaluated. Finally, 
one or more options is recommended.  

In the pilot project, some components with significant reuse potential were identified as well as 
inconsistencies in the code, architecture and documentation were found. However, as the target 
Service-Oriented Architecture of the organization was under development during the project, gap 
analysis was complicated and recommendations for strategy choice contained a lot of reservations.    
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Murer, 2010, Managed evolution 

Case study is reported by Murer and Bonati (2010). Summary of the case study is in table A.1 
(Appendix A) with reference ”Murer, 2010, Managed evolution”. 

Managed evolution approach (mentioned above, in the chapter 2) is successfully used more than 
10 years in Credit Suisse Bank. In addition to balance between improvements in functionality and 
quality, strategic directions of the approach are open architecture with well-defined interfaces, IT 
architecture leadership, systematic lifecycle management for different parts of the platform, 
investment protection and risk awareness. At the beginning of the project, the legacy system was 
analyzed and based on this analysis results managed evolution was started with a rearchitecturing 
program. The program included standardization of the data warehouses, two platforms (Credit 
Suisse and Swiss Volksbank) merging, restructuring of the core banking system to achieve better 
availability, construction of a new front-end system and a service layer with standardized interfaces 
for communication with backend, and development of application architecture strategy and 
function. (Murer & Bonati 2010, pp. ix, 23-29) 

During this modernization initiative, different architectural layers were analyzed and modeled (for 
instance, Business Component Maps for retail, private and investment banking (business layer), or 
application domain models (application and data layer)) , IT strategy was aligned with business 
needs, monolithic applications were decomposed (Murer & Bonati 2010, pp. 44-45, 48-51, 
126-128) 

Michael K. Smith, and Tom Laszewski, ADM (Modernization Case Study: Italian Ministry of 
Instruction, University, and Research) 

Case study is reported in the book written by Ulrich and Newcomb (2010,  p. 171-190). Summary 
of the case study is in table A.1 (Appendix A) with reference ”Smith (from Ulrich, 2011)”.


The case study describes IT system modernization of the Italian Ministry of Education. The 
modernization project was executed by Hewlett-Packard with several partners. In the beginning, 
current application portfolio was assessed, and HP created a Modernization Roadmap and defined 
a target architecture. For different components of the system different strategies were chosen. 
Some of the applications, which did not required highly customizable solution, were replaced with 
commercial-off-the-shelf applications.  Another system, developed with PowerBuilder and an 
Informix database, had to be redeveloped, as use cases were changed significantly and technology 
was outdated (J2EE, Oracle). As no automatic migration tools were found for application nor 
database, application was rewritten and database migrated by exporting the data from Informix and 
loading data using Oracle SQL Loader. The next part of the system - batch COBOL - was partly 
migrated to other languages and then rehosted (migrated to another platform). 

The most interesting part of the modernization project is refactoring and rearchitecting of the online 
CICS COBOL programs (13 000 000 LOC). As the programs should be migrated to Java, it was 
impossible to rewrite all the programs. On the other hand, automatic migration from procedural 
language could result in odd-looking, non-standard Java, which is difficult to maintain. Therefore, 
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the programs were analyzed for their criticality: non-critical programs was automatically migrated, 
whereas critical ones were rewritten.  

As a result of modernization project, ”green screens” were replaced with Web-based user 
interfaces, which improved end-users productivity significantly. Additionally, maintenance and new 
development costs decreased, and application portfolio simplified. According to report, the project 
was completed according to the roadmap, on time and budged. 

Bernhard Düchting and Tom Laszewski, ADM (Delta Lloyd Deutschland Data Migration Case 
Study) 

Case study is reported in the book written by Ulrich and Newcomb (2010,  p. 347-363). Summary 
of the case study is in table A.1 (Appendix A) with reference ”Düchting (from Ulrich, 2011)”. 

The main objectives of the modernization project at Delta Lloyd Deutschland AG holding group 
were increase of availability and security of IT system and agility of business processes using SOA 
and web-based applications. The modernization project was completed by Oracle and some other 
modernization partners. At the beginning of the project, Oracle defined a modernization roadmap, 
which contained preliminary and main assessment, proof of concept and implementation phases. 
During the assessment phases a transformation strategy was defined. According to this strategy 
four from six applications were replaced by one COTS solution, one application was rehosted 
without any changes to functionality, and one was rewritten with Java EE technology. Also, 
database was migrated from DB2 to Oracle database.  

During the proof of concept phase 3 prototypes were built to ensure, that the best approach is 
chosen for database migration. Also, the detailed plan for database migration was made. One of 
the most important issues in the database migration was data type and functions compatibility 
between DB2 and Oracle database. (should be mapped and some changes to application were 
made). The application redevelopment was not discussed. 

The project was successfully completed on time and budget. The essential elements for such 
success were among other things engagement of skilled IT modernization partners, project 
management and use of conversion tools during database migration. Additionally, change 
management in operational processes and user roles was important.  

Khadka, 2013, SOA 

Case study is reported by Khadka et al. (2013). Summary of the case study is in table A.1 
(Appendix A) with reference ”Khadka, 2013”. 

As a large legacy system in some Dutch bank became too complex and inflexible, it was decided 
to migrate it to service-oriented architecture. Based on the domains, the initiative was divided into 6 
projects, one of which is described in the case study.  

The migration process consisted from four phases. Firstly, a Migration Program Management 
Committee was formed. The committee was needed for proper migration strategy development, 
project portfolio management and business-IT alignment.  Secondly, a logical target architecture 
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was developed. In this target architecture, business components were identified, and related 
features were grouped together. The business components needed to identify potential candidate 
services, and evaluate their business value, reuse potential and functional dependencies. Based on 
this analysis, it was decided, which migration processes were possible to execute in parallel.  

In the third phase, the gap between the legacy system and the target architecture was analyzed. As 
a part of such analysis, quality and dependencies of the legacy system were defined. And finally, the 
migration was executed. As the technology stack was heterogeneous, four general approaches 
were used for different parts of the system. The decision about modernization approach for each 
part of the system was based on business value of the feature and technical quality of its current 
implementation.  

According to Khadka et al. (2013), the main lessons, learned from the project were understanding 
of importance of reverse engineering and knowledge gathering, usage of multiple modernization 
approaches, as well as taking into account organizational and business perspectives.  

Nasr, 2013, SOA 

Two case studies are reported by Nasr, Gross and van Deursen (2013). Summary of the case 
studies are in table A.1 (Appendix A) with references ”Nasr, 2013, first case (transport domain)” and 
”Nasr, 2013, second case (public domain)”. 

The study, conducted by Nasr, Gross and van Deursen (2013) contains two industrial case studies. 
I will describe both studies, as they were conducted in different domains and in slightly different 
ways. The lessons learned in the first case study were taken into account in the second, which 
affected the way, the second case study was implemented. 

The first case study was conducted in a transport domain organization. The main goals of 
modernization project were higher flexibility, reduced complexity and lower costs of both 
development and maintenance. Before the project started, application landscape was investigated 
in order to explore the applications and technologies they use. It was found, that technology 
platform was quite heterogeneous, with more than 700 applications, both COTS and developed in 
house. Most of the applications were monolithic with point-to-point integrations, which are difficult 
to maintain and modify. Therefore, it was decided to take advantage of more maintainable service-
oriented architecture with use of middleware technology (the Enterprise Service Bus, ESB). 

The modernization project contained three phases. In the first phase, Proof-of-Concept (PoC) was 
implemented, because of possible technological and organizational challenges. A Web portal 
solution was chosen for the pilot project, as such application was a good visual presentation of 
opportunities, which SOA offers, also for those, who don’t have technological background. In the 
second phase, the Integration center of competence ( ICoC) was established in order to manage 
and coordinate integration requests from different business units. Additionally, work process 
methodology was developed to facilitate decision making. Finally, part of the system was 
modernized to service-oriented architecture. Particular attention was paid to testing. In addition to 
unit testing, used for components, integration testing and acceptance testing were performed. 
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The use of pilot project was useful, as it gave an opportunity to verify technological solution. 
However, in the first phase organizational challenges appeared: it was unclear, who is responsible 
for decision making, and staff was resistant to changes in responsibilities. To solve these problems, 
some workshops and training sessions were organized. Another significant challenge was 
integration testing: each change can have some side effects on the system and therefore testing of 
multiple simultaneous integrations is problematic. 

The second case study was conducted in public sector organization. The main goal of the project 
was to renew hardware and software for smart identification cards management. The project 
contained both re-engineering of old systems developed for old ID cards, so that smart ID cards 
can use them, and greenfield development of smart ID card specific functionality. 

The second case study had also three stages. As in the first case, incremental approach was used. 
Thus, in the first phase, assessment and start-up project were conducted. The second phase 
contained two important issues: setup of the System Integration Organization (SIO), which was 
responsible for coordination of the project, and service identification. Finally, the new system was 
designed and implemented with Java EE and layered architecture. 

As in the first case, resistance from the staff caused some problems at the beginning, which were 
solved with workshops and discussions. This was important, because knowledge about current 
system and interfacing systems should be gained in order to perform modernization project 
successfully. In contrast to first case, the decision about middleware technology was postponed. 
Instead, service identification and application re-engineering were done, and after that, base on the 
information about interactions between applications, middleware was chosen. Thus, excessive 
investments were eliminated, and middleware met better business needs. 

4.3 Summary 
The modernization case studies, described before, are very different in terms of technologies, goals 
and starting points. In addition, almost all the case studies are focused only on some aspects of 
modernization process, and not discuss the others. For instance, Chung, An and Davalos (2007) 
focus on project management and modeling, Lewis et al. (2005) discuss only assessment phase, 
Rabiser, Wolfinger and Grunbacher (2009) discuss in details customization of the product after 
modernization, and Murer and Bonati (2010) focus on high-level architectural issues. Therefore, it is 
difficult to evaluate, if some methodology is suitable for the whole process. However, in this chapter, 
I will summarize general alternatives, technical approaches, main challenges, lessons learned and 
some other issues, which were discussed in the case studies.  

4.3.1 General alternatives 
As I have explained before, a case study was selected to this research only if it was mainly software 
or system evolution. Therefore, these two alternatives are the most common among the 
modernization case studies, described in this thesis. However, approaches are usually applied at 
the component level, and usage of multiple alternative strategies is not rare.  
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Multiple strategies were used, for instance, in modernization initiatives, when large software systems 
with several applications were in question. Such approach was useful, as some applications can be 
replaced with more cheap and effective commercial-off-the-shelf product, some other applications 
should be modified or redeveloped and the rest have to be discarded. Sometimes the unit for 
suitable alternative selection was not the application, but the layer in the application. Thus, user 
interface was sometimes redeveloped, whereas the rest of the system was modified (Cuadrado et 
al. 2008; Murer & Bonati 2010). The suitable approaches were chosen based on different criteria: 
business needs, technologies used in the application or component, quality of the current 
implementation or possible rate of changes in the future. (Khadka et al. 2013; Murer & Bonati 2010; 
Ulrich & Newcomb 2011, pp. 171-190, 347-363 (cases ”Smith (from Ulrich, 2011)” and ”Düchting 
(from Ulrich, 2011)”)) 

Two approaches - carry on and redevelop from scratch - were not mentioned in any modernization 
projects. Greenfield development was used, but only for development of new features and not for 
modernization of current functionality (Nasr, Gross & van Deursen 2013, second case). 

4.3.2 Technical approaches 
Both wrapping and reengineering activities were commonly used in modernization projects. 
Wrapping was used, for instance, in the projects, where the goal was service-oriented architecture. 
This is because migration to Web services includes among other things wrapping of extracted 
services with interface (e.g., Sneed 2006). Reverse engineering is commonly used for architecture 
recovery, code analysis and business rules extraction (e.g., Distante et al. 2006; Khadka et al. 
2013). Restructuring is required, for example, when system should be decomposed or changed in 
some other way before other modernization activities can be applied (e.g., Rabiser, Wolfinger & 
Grunbacher 2009). Forward engineering is used, when part of the system should be redeveloped 
(e.g., Murer & Bonati 2010).  

Although wrapping is considered as a black-box technique, it is usually used in conjunction with 
reverse and forward engineering. In order to identify part of code, which should be extracted, legacy 
system should be analyzed, and sometimes modified. However, wrapping without restructuring is 
also possible. For instance, in two cases, Sneed (2006) and Canfora et al. (2006), legacy code was 
wrapped and used in service-oriented architecture. However, the projects were implemented in 
completely different ways. In the first case, a single function was identified, extracted and wrapped 
with interface. This methodology requires, that very careful analysis of both, business rules and 
related code is made. In the second case, the whole legacy system was wrapped, so that it can be 
used as a stateful service, which returns the next screen of user interface. In this methodology, 
analysis of use cases and related interactions is required, but code analysis and single function 
extraction is not needed. The first solution enables decoupling of functionality, whereas the second 
makes different parts of the system even more dependent on each other, and development of new 
feature, which somehow changes interaction flow, becomes more challenging. (Canfora et al. 
2006; Sneed 2006) 
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4.3.3 Common goals and target solutions 
The main goals, reported in the case studies, can be divided into two groups: technical 
improvements, which affect costs and quality attributes of the system, and business-IT alignment. 
Technical improvements were commonly intended to decrease maintenance and development 
costs, to make the system more flexible and customizable, and to reduce complexity (Khadka et al. 
2013; Nasr, Gross & van Deursen 2013, first case; Rabiser, Wolfinger & Grunbacher 2009; Ulrich & 
Newcomb 2010, pp. 171-190 (case ”Smith (from Ulrich, 2011)”)). Additionally, improvement in 
quality attributes, such as usability, interoperability, availability and security, was tried to achieve 
(Cuadrado et al. 2008; Murer & Bonati 2010; Ulrich & Newcomb 2010, pp. 347-363 (case 
”Düchting (from Ulrich, 2011)”)).  

Business-IT alignment appeared, for instance, in the form of elimination of manual processes, or 
need for customer service. In some cases, software system was modified to meet current business 
processes. In other cases, current business processes were investigated and improved, and after 
that software system was modified to meet these new requirements. (Chung, An & Davalos 2007; 
Distante et al. 2006; Murer & Bonati 2010; Nasr, Gross & van Deursen 2013, second case) 

The most frequent target solution was service-oriented architecture. Component-based 
architecture was not mentioned as target solution in the projects. However, it was also used, as 
such frameworks as J2EE or .NET, which are component-based, were mentioned in target 
systems technology stacks. Another important architectural issue, often mentioned in the case 
studies, was layered architecture. Software system decomposability, separation of database or user 
interface, loose-coupling and independent life-cycles for different layers were considered as very 
important issues in target solutions. ( Babar & Chauhan 2011; Murer & Bonati 2010; Nasr, Gross & 
van Deursen 2013, first case) 

4.3.4 Architectural layers 
The case studies have examples of transformation of all three architectural layers. However, 
business layer transformation was the least frequent (only 3 projects) (Distante et al. 2006; Murer & 
Bonati 2010; Nasr, Gross & van Deursen 2013, second case). Although business processes can 
be investigated and business rules extracted from source code and documentation, transformation 
of business processes because of changes in business needs is rare. Probably this happens, 
because it is challenging to change technology stack, functionality and business processes on 
which functionality is based at the same time. 

When transforming application and data layer, investigation of business layer is still required, as the 
system should be modified to meet business requirements (Chung, An & Davalos 2007; Rabiser, 
Wolfinger & Grunbacher 2009). In one case study (Cuadrado et al. 2008) possible future changes in 
business layer were enabled, although application layer was the highest layer transformed during 
modernization project.  

In the case studies, where highest architectural layer transformed was technical, it was still possible, 
that other layers were inspected. For instance, technical SOA migration projects required business 
rule extraction and their business value assessment (Sneed 2006), or investigation of all scenarios 
for use cases (Canfora et al. 2006). However, completely technical layer projects were also 
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executed (Babar & Chauhan 2011; Ulrich & Newcomb 2010, pp. 347-363 (case ”Düchting (from 
Ulrich, 2011)”)). 

4.3.5 Modernization activities 
The modernization case studies have examples of assessment, refactoring and transformation 
activities. The modernization initiatives were started commonly with assessment activities. There are 
examples of both, enterprise-level and project-level assessment. Enterprise-level assessment is 
used, for instance, when a large information system is in question. Then, there is a need to analyze 
the whole application and technology portfolios, to evaluate, which parts of the system should be 
modernized, and to make some kind of modernization roadmap. In such cases, modernization 
initiatives are usually divided into several projects. (Khadka et al. 2013; Murer & Bonati 2010; Ulrich 
& Newcomb 2011, pp. 171-190, 347-363 (cases ”Smith (from Ulrich, 2011)” and ”Düchting (from 
Ulrich, 2011)”)) 

After enterprise-level assessment, more detailed project-level assessment is executed. In some 
modernization initiatives such assessment is enough. Project-level assessment can contain different 
reverse engineering tasks, such as code analysis, architecture reconstruction, stakeholders’ 
identification, documentation and design analysis. Additionally, this activity can include target system 
design and gap analysis, as they are important for modernization project planning. (Cuadrado et al. 
2008; Distante et al. 2006; Lewis et al. 2005; Rabiser, Wolfinger & Grunbacher 2009) 

The most common refactoring activity is modularization. Modularization is used to aggregate code, 
related to feature, service or plugin, and thus, prepares code before transformation activities (Chen 
et al. 2005; Murer & Bonati 2010; Rabiser, Wolfinger & Grunbacher 2009; Sneed 2006; Ulrich & 
Newcomb 2011, pp. 171-190 (case ”Smith (from Ulrich, 2011)”)). When language, or database 
should be changed in the system under modernization, lift-and-shift migration is used (Ulrich & 
Newcomb 2011, pp. 171-190, 347-363 (cases ”Smith (from Ulrich, 2011)” and ”Düchting (from 
Ulrich, 2011)”)). Refactoring is not mentioned in some modernization case studies. However, it 
seems unlikely, that source code didn’t require any preparation before transformation activities.  

Commonly used transformational activities are architectural transformation, and platform and 
language migration. Common transformation of architecture can be explained by substantial 
amount of projects, which main goal was service-oriented architecture (Khadka et al. 2013; Nasr, 
Gross & van Deursen 2013, second case; Sneed 2006). However, there were also some other 
projects, which required changes in architecture. For instance, in case study, described by Rabiser, 
Wolfinger and Grunbacher (2009) monolithic system was divided into core application and plugins. 
Also usage of layered architecture, when user interface, business logic and data access should be 
separated, causes substantial architectural transformations (Murer & Bonati 2010). 

Such transformation activities, as workflow transformation (Chung, An & Davalos 2007) and 
business rule transformation (Nasr, Gross & van Deursen 2013, second case), were rare. These 
transformations include changes in the business layer of enterprise architecture. Therefore, they can 
cause additional problems, when lower layers - technical and application layers - are under 
modernization.  
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4.3.6 Challenges and lessons learned 
Challenges and lessons learned, reported in the case studies, are related to different aspects, 
processes and subjects in modernization projects. I have divided them into four groups: legacy 
system, target system, modernization process, and other aspects.  

The legacy system, its business value and technical condition can have significant effect on 
modernization project. Firstly, knowledge gathering about the legacy system using different sources 
of information is considered very important, as it gives a picture of starting point (Khadka et al. 
2013). If legacy system analysis reveals bad technical condition of the legacy system, it could be 
better solution to redevelop the system using legacy system requirements, than to reuse parts of 
the legacy system (Sneed 2006).  

When it turns out, that the legacy system is decomposable, it significantly simplifies the 
modernization of the system, as different parts can be separated and modernized in their own 
pace. Naturally, some work should be done for separation of the components, especially in 
monolithic systems. (Babar & Chauhan 2011; Chen et al. 2005; Murer & Bonati 2010; Rabiser, 
Wolfinger & Grunbacher 2009) 

Another good question is, whether the legacy system and its documentation is the source of 
relevant or outdated business rules and processes. In some modernization projects features of the 
system are not changed (for instance, Chen et al. 2005), whereas in others new features and use 
cases are added (for example, Ulrich & Newcomb 2011, pp. 171-190 (case ”Smith (from Ulrich, 
2011)”)). Additionally, business rules in the legacy system cannot be considered as relevant, if the 
goal of the project is to modify the system to meet changed business processes (Chung, An & 
Davalos 2007). In the case study, reported by Distante et al. (2006) the legacy system was 
redeveloped using both, new requirements and business rules, extracted from the legacy system. 

In the target solutions, attention is paid especially to well-defined interfaces and architectural styles, 
which would enable loosely coupled components. These issues are viewed very significant for 
more manageable, maintainable and evolvable systems. On the contrary, point-to-point integrations 
and non-decomposable systems were considered as very difficult to maintain. (Nasr, Gross & van 
Deursen 2013, first case; Murer & Bonati 2010) 

Considering modernization process, implementation of pilot project and establishing center for 
coordination are reported as very useful. Pilot projects or Proof of Concept (PoC) were arranged 
both to test feasibility of technological solution and to find out possible problems in modernization 
process (Ulrich & Newcomb 2010, pp. 347-363 (case ”Düchting (from Ulrich, 2011)”); Nasr, Gross 
& van Deursen 2013, first and second case). A center for coordination needed to create 
modernization strategy, to manage project portfolio and to coordinate efforts of different projects 
and business units, so that their work isn’t redundant or counterproductive (Khadka et al. 2013; 
Nasr, Gross & van Deursen 2013, first and second case).  

Most of the case studies reported about tools, used in modernization projects. However, tools were 
used mainly for analysis and assessment of the legacy system. For instance, reverse engineering, 
modeling, architecture recovery and dependency identifications tools were mentioned in the case 
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studies (Chen et al. 2005; Chung, An & Davalos 2007; Cuadrado et al. 2008; Distante et al. 2006; 
Lewis et al. 2005; Murer & Bonati 2010; Sneed 2006). Refactoring and transformation activities 
were less tool-supported, according to the case studies. Some tools were used for wrapping and 
Web service interface construction (Chung, An & Davalos 2007; Sneed 2006), refactoring (Ulrich & 
Newcomb 2011, pp. 171-190 (case ”Smith (from Ulrich, 2011)”)) and data migration (Ulrich & 
Newcomb 2010, pp. 347-363 (case ”Düchting (from Ulrich, 2011)”)).  

Finally, it is important to mention, that organizational challenges were reported sufficiently frequently, 
although most of the case studies were focused on technological aspect of modernization. The 
main organizational challenges were absence of capabilities for project implementation and 
resistance to the change. IT organization does not necessarily have all the capabilities for system 
modernization, and learning curve of technologies, used in the projects, can be steep. Therefore, 
project can require larger effort and time, than planned. Possible solution could be getting skilled IT 
partners, which have knowledge in the field. (Distante et al. 2006; Ulrich & Newcomb 2010, pp. 
347-363 (case ”Düchting (from Ulrich, 2011)”)) 

The second problem - resistance from the staff - can cause a lot of problems, as collaboration and 
coordination with workers, who have valuable knowledge about the legacy system and interfacing 
systems, is critical for project success. Resistance sprang up not only because workers were afraid, 
that their skills would not be needed after the project, but also because processes, responsibilities 
and tasks were changing. However, it is reported, that arranging of workshops, discussions and 
training sessions helped to solve this problem. (Nasr, Gross & van Deursen 2013, first and second 
case; Ulrich & Newcomb 2010, pp. 347-363 (case ”Düchting (from Ulrich, 2011)”)) 
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5 Case Heeros Oyj

This chapter covers current state of the legacy system and the architecture, which is a desired 
outcome of modernization. Firstly, I will tell shortly about background and products of the company. 
Secondly, I will describe Main application and list the reasons for the modernization initiative. Thirdly, 
I will describe the sources, which were used for data gathering. After that, I will present the collected 
data about the core legacy system and related environments and development processes. Finally, I 
will describe the target system, based on the information gathered during data collection. 

5.1 Software development at Heeros Oyj 
Heeros Oyj is a growth company, headquartered in Finland, which mission is to modernize the 
finance administration processes by decreasing the amount of paper documents and by moving to 
electronic solutions. The company provides various automated cloud-based solutions, which cover 
all finance administration processes including scanning of paper invoices, processing and archiving 
of sales and purchase invoices, salary payments and accounting. The customers of Heeros are 
more than 9000 organizations from different countries. (Heeros 2017a, 2017b) 

The main products of Heeros Oyj are Circula (purchase and travel invoice processing), Venda (sales 
invoice processing), Identa (invoice scanning and recognition with OCR (Optical character 
recognition)), Admina (electronic archive), Accounting, Link (bank payments) and eSalaries. Almost 
all the products (except Identa) are Web-based applications. Additionally, Heeros products can be 
integrated with different ERP (enterprise resource planning) and accounting systems. Currently, 
there are more than 100 interfaces with other systems. (Heeros 2017c, 2017d)  

The company is established in 2000 (Heeros 2017a), and now has more than 15 years of software 
development experience in the finance software field. Such experience results in high quality and 
stable solutions. However, long development history also means, that Heeros has some legacy 
technologies, which affect the overall architecture and set some restrictions on the new software 
development. 

Concerning software development processes, the company uses agile development methods. 
Scrum is used for project management and control, which means, that the products are developed 
incrementally and iteratively (Scrum Guides 2017). Such development process enable faster time-
to-market and higher reliability of the products. (Heeros 2017c) 

As Heeros Oyj offers finance administration solutions, it has also some legal obligations to the 
customers concerning where, how and how long the electronic documents should be stored. 
These legal obligations vary a lot depending on the products and should be taken into account in 
modernization initiatives. Another important issue is, that the company has a lot of customers, 
which uses Heeros products in their day-to-day work tasks. Therefore, it is impossible to freeze 
maintenance and development of these products. Having customers, who actively use the 
products is a challenge in modernization initiatives. 
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5.2 Main application and modernization initiative 
There are several legacy applications in the application portfolio of the company. All of them should 
be incrementally modernized. However, for this modernization initiative a small application, called 
Main, is chosen. One of Main responsibilities is navigation, as most of other applications are placed 
inside Main in the form of the html frame. It means, that Main is always visible for users (see Figure 
7).  

In addition to navigation functionality, Main application contains user settings page, where users of 
the Heeros applications can change among other things name, password and language. Earlier the 
application contained also the page with announcements, which served as a starting page after 
user logged in and chose the company. However, this page is currently replaced with Dashboard 
application, which not only shows announcements, but also aggregates useful data from several 
other Heeros applications. 

Not only Main application is relatively small, but also the size of all Heeros Web applications is not 
too large. However, the overall system is complex, as it has many connections and dependencies 
between applications. Development of all legacy applications continue, although the rates of 
changes varies a lot. In the last few years also some new projects are started, which certainly adds 
to complexity of the system. 

The main frameworks in technology stack are the following: 

- IBM Domino platform (for old applications) 

- Spring framework (for server applications in new projects) 

- AngularJS framework (for client applications in new projects) 

The technology stack includes also other frameworks, various libraries and Amazon Web Services, 
some of which will be later described in more detail, if needed from the viewpoint of this thesis.  
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Although there are different technological challenges with legacy technology stack at the company, 
the main reason for modernization is the appearance of unexpected side effects of code changes 
during development and maintenance of legacy applications. Other problems, occurred recently, 
are the following: 

- too slow time-to-market because of legacy applications development 

- lack of experts in the legacy technologies 

- difficult to implement user interfaces with required functionality and great user experience 

- operation and maintenance costs are high 

- scalability is challenging 

5.3 Data sources 
I have collected the data for this case study from different data sources, both internal systems of the 
company, and official documentation of technological solutions, used in the legacy system. In this 
subchapter, I will describe shortly the sources, their content, and the reasons for their analysis.  

5.3.1 IBM Domino Designer documentation 
The data sources cover official IBM Domino Designer documentation, IBM products description 
and support materials. The data collection from these sources was done iteratively, in two steps: 
during December 2016, and between February and March 2017. The data collection method, 
used for these sources, was documentation analysis, explained in the Chapter 1. The data 
collection and analysis had the following goals: 

- to introduce myself with the technology 

- to gather the knowledge about how things should be done in this technology stack 

- to facilitate understanding of the current condition of the legacy system 

- to facilitate understanding of the gap between old and new technology stack 

As these data sources are public, they will be referenced as all other publicly available documents. 

5.3.2 Legacy system 
The legacy system, was analyzed using the method called static and dynamic analysis of a system, 
which was explained in the Chapter 1. The source code was written using IBM Domino framework, 
which means, that the code investigation required IBM Domino Designer. The static analysis was 
done by manual inspection of the source code structure. The further analysis was made by 
investigating software functionality using browser development tools. The data collection was done 
between December 2016 and February 2017. The data collection and analysis had the following 
goals: 
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- to understand high-level architecture of the application 

- to understand the low-level implementation principles 

- to find out the nature of business rules, application contains 

- to find out, if application has some outdated code or functionality 

As the source code of the application is an internal information of the company, results of static and 
dynamic analysis of the legacy system will be referenced as ”Source Code”.  

5.3.3 Internal documentation of the company 
Internal documentation covers four sources, a workspace ”Heeros Koodausohjeet” in IBM Notes 
client, Product development space at Confluence documentation, a shared disk, and comments in 
the legacy code. The data collection method, used for these sources, was the same as for IBM 
Domino documentation - documentation analysis. The data for all, except code comments, was 
gathered between February 2017 and May 2017. The data collection from code comments took 
place in conjunction with legacy system analysis. The data collection and analysis had the following 
goals: 

- to improve understanding of legacy system 

- to find out, if any parts of the system can facilitate modernization process 

- to find out, which is the target architecture of the applications at Heeros 

The internal documentation of the company will be referenced as ”Heeros Koodausohjeet”, 
”Confluence” or ”Code comments” depending on the source.  

Workspace ”Heeros Koodausohjeet” in IBM Notes client 

Previously IBM Notes client was also used to store development and maintenance related 
documentation. Workspace was used from December 2010 (first document created at 
14.12.2010) to March 2015 (last document changed at 24.03.2015). Nowadays it is not used 
anymore, as Confluence has replaced it.  

Workspace contained overall 576 documents. All titles of the documents were investigated in 
chronological order, as search categories and document types were not always marked. When the 
title was related to Main application, also the content of the document was investigated.  

The documentation does not contain much information about Main application. This could result 
from the fact, that the application is older, and the most active development phase was happened 
before this workspace was established. 

Product Development space in Confluence 

Confluence is a content collaboration software, where Heeros is storing nowadays the most of the 
documentation. In this case study, I am interested in old Main application documentation as well as 
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new (target) architecture. Therefore, only Product Development team’s documentation is analyzed, 
as other teams’ documentation hardly contains any articles about Main application features, or 
overall software architecture. At 16.05.2017 in the Product Development space, where 
development related documentation is stored, there were 1730 pages. 

Product Development space is divided into several parts, some of which are more likely to contain 
an important information about Main application and the target architecture. Therefore, some parts 
(like Architecture) were investigated more carefully, some other parts (like Meeting Materials) were 
searched based on titles of the documents, and some parts (like Sprint Documentation) were left 
outside of the research scope.  

Shared disk 

Shared disk is used in the company for storing different information. Most of the folders are 
changed between 2014 and 2017. The disk contains files with different formats. The folders are not 
divided into groups by company units, but all materials (R&D, sales & marketing, others) are mixed 
up. 

The disk contains among other things software (development tools and other programs), which is 
bought at the company; some backups; demo and marketing materials; icons; manuals, 
instructions and guides. None of these materials are related to current or target architecture, or old 
Main application. However, when modernizing other applications, this disk should be checked for 
possible important information. 

5.3.4 Task management systems 
There are two task management systems, used at the company: workspace ”Heeros Agile 
backlog” in IBM Notes client, and JIRA. The data collection method for these sources was analysis 
of electronic databases of work performed, explained in the Chapter 1. The data was gathered 
between February and May 2017. The data collection and analysis had the following goals: 

- to get picture about change rate in the application in the past and currently 

- to get the picture about the functionality of the application 

As the task management systems are internal information of the company, they will be referenced 
as ”Heeros Agile backlog” or ”JIRA” depending on the source. 

Workspace ”Heeros Agile backlog” in IBM Notes client 

”Heeros Agile backlog” is a workspace in IBM Notes client, which was used for task management 
from 2009 to 2013 (products, features and persons added to workspace in January 2009, tasks 
last modified in November 2013). In 2012 JIRA task management system replaced ”Heeros Agile 
backlog”. 

The workspace contains relatively few tasks for Main application (12 from overall 1712, in other 
words 0.7%). This could be caused both by small size of the application and by the fact, that active 
development of the Main application was earlier, than this workspace was taken into use. 
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JIRA task management system 

JIRA is a task management system, currently used at the company. In this system each task has a 
key, which starts with 3-4 letters for project name and ends with a number of the task in the project. 
For instance CIR-10 means, that this is the 10th task in Circula project. 

Only tasks which key starts with ”MAIN” were analyzed for this case study. MAIN project contains 
tasks for old Main application and new Dashboard application, as well as for the application, which 
is responsible for log in functionality. For each task the following information was gathered: task 
number, status, date of creation and short description. The tasks, related to Main application were 
analyzed in more detail than the tasks for Dashboard and Login applications , as they are outside of 
the scope. 

At 27.05.2017 there were 263 tasks with key MAIN: 

- 33 tasks for old Main application 

- 2 tasks for Login-client (application, which is responsible for log in functionality) 

- 228 tasks for new Dashboard application 

The overall number of tasks in JIRA for all projects is 9458. It means, that the number of the Main 
tasks is relatively small (33 from overall 9458, in other words 0.3%).  

5.4 Legacy system 
In this chapter, I will describe the state of the legacy system. Firstly, I will explain the main principles 
of IBM Domino platform, which is used in Main application. This is needed, as IBM Domino is 
relatively old technology, and differs from current libraries and frameworks. After that, I will describe 
the core system. Finally, I will describe operational, development and maintenance, and testing 
environment, as well as related processes.  

5.4.1 IBM Domino platform 
Heeros Oyj is using some of the products from IBM Notes and Domino family. These products are 
IBM Notes (formerly IBM Lotus Notes), IBM Domino (formerly IBM Lotus Domino) and IBM Domino 
Designer (formerly IBM Lotus Domino Designer). IBM Notes is an email clients which can also serve 
as a client for business applications. IBM Domino is a platform for hosting business applications, 
which can be accessed through Notes client or web browser. IBM Domino Designer is an 
integrated development environment (IDE), which is built on the basis of Eclipse IDE and is intended 
for IBM Domino applications development. (IBM Notes and Domino family n.d; IBM Notes n.d.; 
IBM Domino n.d.; IBM Domino Designer n.d) 

The main part of Domino application is a Domino database, which contains not only data 
(documents), but also business logic and design elements of the application (see Figure 8). (IBM 
Knowledge Center 2017d, 2017h) 
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Some of design elements are used for displaying and collecting the data (like pages and forms (IBM 
Knowledge Center 2017f)), some elements are used for organizing the data (views and folders (IBM 
Knowledge Center 2017g)), some for business logic functions (for instance, agents and actions 
(IBM Knowledge Center 2017a)) etc. User can access a Domino application through Notes client or 
Web browser (IBM Knowledge Center 2017d).  

Very important concept is a template. A template is a file, which contains the structure of the 
database without documents. When changes should be done to an application (database), a 
modified template should be applied to this application (database). (IBM Knowledge Center 2017c) 

The following main technologies and programming languages can be used in Domino applications 
(IBM Knowledge Center 2017a, 2017b, 2017e): 

- Java 

- Java Server pages (JSPs) 

- XML 

- XPages (based on JSF) 

- JavaScript 

- LotusScript 

- @Formula 

- CSS 
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Testing is poorly documented. For form testing only manual testing is described. For instance, when 
testing a form with response hierarchy, it is described, that form type should be deselected, when 
testing the form, and after that selected again. (IBM Knowledge Center 2017j) 

Agent testing is dependable on different factors. For example, testing an agent which uses 
LotusScript differs from the agent with other language. Also, agent, which does not call other 
agents, can be tested with Test menu command, whereas others cannot. To test complex agents, 
it is suggested to copy the database. (IBM Knowledge Center 2017k) 

To sum up, IBM Domino platform architectural style contradicts with architectural 
recommendations, found from case studies and other literature about legacy software 
modernization. The platform does not enable layered architecture, as the database is the container 
for the whole application. IBM Domino also does not encourage separation of user interface, 
business logic, and data access. Unit testing is either challenging or impossible, depending on 
coding language. End-to-end testing is expected to be done manually. 

In order to terms will be not confusing, I should specify meaning of term ’database’ and ’data 
storage’, when talking about legacy system. In the IBM Domino platform, database means the 
container for the whole application, which includes UI elements, business logic, and documents. 
Therefore, I will use the term ’data storage’ to specify documents, stored to the application, and 
term ’database’ to talk about the whole application. However, when discussing target architecture, 
terms ’database’ and ’data storage’ will have the same meaning.  

5.4.2 Core system 
Describing the core system, I will explain not only Main application structure, but also some other 
Web applications, which are based on IBM Domino platform, like Circula, Venda, Link and 
Accounting (referred later as Domino applications). I will mention some significant differences 
between these application and Main, so that is can be taken into account in analysis and 
discussion.  

Architecture and structure of the application 

The architecture of the application conforms mostly with the architecture, described in IBM Domino 
Designer documentation. However, not all of the IBM Domino elements are used. For instance, 
composite applications, folders, Web Services, and navigators are not utilized in Main. Also, 
Domino frameset-elements are not used, although the application contains framesets (for technical 
reasons). (Source Code) 

There is no clear separation between UI, business logic, and data access. The same file can 
contain, for instance, some business logic code and data access functions. However, the system 
architecture can be viewed as decomposable: user interface and business logic can be separated, 
and Domino application could remain in use as a legacy data storage. The example of such 
architecture will be described later, in target architecture, when explaining Dashboard application 
architecture. (Source Code) 
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Old IBM Domino applications communicates with each other using agents, which can make 
changes also in other applications’ data storages. Main has not own data storage and is connected 
only to the common databases, which store user settings and translations. Compared to Main, 
other Domino applications use own data storages to store documents (Circula, Venda) or utilize 
external SQL databases (MariaDB in Accounting). In case of Domino application data storage, 
schema of the documents can be discovered using forms of the application. (Source Code) 

Languages and technologies 

The application is based on IBM Domino 9 and uses the following languages: 

- JavaScript 

- LotusScript 

- html and Domino forms (”drag&drop” way to construct user interface) 

- @Formula 

- css 

Web services or other corresponding technologies are not used, although they are utilized in some 
other Heeros applications. The application is not connected to any third-party systems. Concerning 
third-party products, COTS and external libraries, Main uses only some Dojo (JavaScript) and 
LotusScript libraries. Code across applications is not reused, and therefore there is no custom 
common libraries. (Source Code) 

Compared to Circula and Accounting, Main doesn’t use XPages. Therefore, there is no support for 
CSS3 and HTML5 in the application. (Source Code) 

Source code 

There are pretty much old, outdated code, some of which is placed in comments, but still remains 
in the source code, and some other is still in active codebase. This code was accumulated before 
version control system was put into operation in the development process. Comments in the code 
are written in both, English and Finnish. Code quality characteristics were not measured. (Source 
Code) 

Customization 

Some Heeros applications have customized versions, in which application outlook or functionality 
differs from the standard solution. Thus, Main has some customizations for the outlook (css styles, 
custom layouts). Five customers, for which customizations were implemented, were mentioned in 
the old documentation. The same document contains some instructions, how the tailored version 
should be made. In Main application customization includes use of customer’s images for 
background and navigation bar, changes of starting page layout, and changes in application 
settings and styles. (Source Code, Heeros Koodausohjeet) 
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However, it is unclear, if customizations of starting page are used anymore, as customers have 
Dashboard application instead of Main starting page. There are not also information, whether all the 
old Main customization still work.  

Change rate of the application 

Main application is at least 15 years old. According to task management systems, during the past 8 
years there were relatively few tasks related to Main. The tasks from older task management 
system - Heeros Agile backlog - are collected to Table B.1 (see Appendix B) , and tasks from the 
newer JIRA system are gathered to Table B.2 (see Appendix B). Table B.1 contains 5 columns: 
Task number (assigned for task identification, not from Heeros Agile backlog), Created (date of task 
creation), Phase, Successor/Implemented (if task was implemented or have a successor task in 
JIRA), and Functionality (short description of what functionality task is related to). Table B.2 contains 
4 columns: Key (task identification key in JIRA), Created (date of task creation), Status (similar to 
Phase in Heeros Agile backlog), and Functionality (short description of what functionality task is 
related to). (Code comments, Heeros Agile backlog, JIRA) 

From 10 tasks in Heeros Agile backlog, 4 are related to navigation (adding, hiding, fixing links to 
other applications). Other tasks were related to user settings (1), logging in and out functionality (2), 
customization (1 bug), and other issues (2). 

It is important to mention, that in the middle of 2016 Heeros started development of a new 
Dashboard application (which is not the successor of Main), in which one of the features, requested 
for Main application in Heeros Agile backlog, is implemented. Dashboard application contains also 
announcements, previously shown in Main starting page. 

JIRA contained more tasks for Main application (33). When analyzing tasks, reported by year, it can 
be noticed, that from 2013 to 2015 application had not a lot of new requirements (see Table 1). 
However, the number of tasks increased significantly in 2016 and first half of 2017. This can be 
explained by development of some new applications, for which navigation links had to be added 
and sometimes also corrected. 

Table 1 Tasks created in JIRA by year 

Most of the tasks were not only reported, but also successfully implemented. This can be 
concluded from the number of closed, open and new tasks (see Table 2). 

Year Number of tasks

2013 4

2014 6

2015 4

2016 14

2017 (until 27.05.2017) 5
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Table 2 Tasks status in JIRA 

The main changes, required to the application functionality, were concerned with navigation (see 
Table 3). However, a few tasks are related to other functionality (user settings, and logging in and 
out), to fixing browser-specific bugs, to creating new templates for piloting versions, and to other 
issues.  

Table 3 Functionality, to which tasks are related 

To sum up, from 2009 to 2015 there were relatively small changes and fixes to Main, and no new 
feature requests, except the feature, implemented in Dashboard. However, from 2016 the number 
of tasks increased. It can be explained by launch of new Heeros applications, to which Main should 
provide navigation links.  

Responsiveness / mobile version 

Main application is not responsive. Usage of Main navigation bar on mobile phones or tablets is very 
problematic, as all items remain visible. The user settings page is not also directed for small screens: 
form has too small controls and should be zoomed out to be used. (”Source code”) 

Functionality and business rules 

As I have written before, Main application serves as a frame for other applications. Its main 
functionality is navigation and user settings management. Therefore, business rules, which can be 
extracted from the source code, are the following: 

- construction of url addresses and visibility of links for navigation to other applications 

Status Number of tasks

Closed 29

Open 3

New 1

Functionality Number of tasks

Navigation 17

Browser related bugs 4

Domino template 3

User settings 3

Logging in and out 2

Homepage of Main application 1

Other tasks 3
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- log out functionality 

- information about data storage field names, where user settings are saved to 

Currently, there are no documentation or specification, which would contain a list of business rules, 
or describe functionality. However, there are developers, who have all important information about 
business rules of the application. For other legacy applications, there are also product owners, who 
know about functionality of the applications.  (”Source code”, ”Confluence”) 

5.4.3 Operational environment 
Deployment 

There are no dependencies on the hardware and only some configuration needed for software to 
put application into operation. As for build process, Java code should be built, but other code is just 
a template, which should be applied to a database (Domino application). As Main application has 
no Java code in it, it is deployed only by applying template. 

Release process 

Commonly, before a new release of the application is put into operation for all customers, it is 
deployed for small group of piloting customers. If some bugs were found during piloting, they are 
fixed, and then the release is deployed to other customers as well. The workflow for piloting is well 
established and documented. (”Confluence”) 

Supported browsers 

Currently supported browsers are Mozilla Firefox (according to documentation version 48 or newer) 
and Microsoft Internet Explorer 11. Other or older browsers are not supported (although they might 
work). User can use both Microsoft Windows 7, 8, or 10; or Apple Mac OS X for Web applications. 
(”Confluence”) 

5.4.4 Development and maintenance environment 
Hardware and software dependencies 

Development of IBM Domino applications set some restrictions on development environment. For 
Domino application development IBM Domino Designer IDE, mentioned before, should be used. 
As IBM Domino Designer is only available for Windows platforms, use of Linux or MacOS operating 
systems for development and maintenance is not possible. (IBM Support, 2014) 

Version control 

Subversion (in short, svn) centralized version control system is used for source code version control. 
From product viewpoint, product owners decide about version content (which features and 
patches the particular version will contain). When deciding about version release, all dependencies 
between legacy applications should be taken into account. (”Confluence”) 
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Development process 

In the company, same developers carry out both initial development of a software application and 
its evolution and maintenance. However, initial development differs from post-delivery activities, as 
large changes in functionality are more risky because of paying customers. 

There are code style guide for LotusScript and Java, but not for @Formula. As for unit testing, it is 
possible to write unit tests for Java in Domino applications, but in old applications it was not done in 
a systematical way. Neither LotusScript nor @Formula can be unit tested. However, code review 
process is used in the development workflow for some time, which affects positively to code quality. 
(”Heeros Koodausohjeet”, ”Confluence”) 

Scrum is used for development projects for 3-4 years. Sprints usually take 3 weeks, start with 
planning and end with review and retrospective. Before Scrum was taken in use, backlog contained 
tasks in priority order and meetings were organized when needed. 

Development and maintenance processes related to task management (JIRA), as well as some 
documentation templates are well documented and in use. These processes are not directly related 
to any particular application and hardly should be changed during modernization. (”Confluence”) 

5.4.5 Testing environment 
There are testing team at Heeros Oyj, which conducts different types of testing, such as regression 
and user acceptance testing, as well as performance analysis of the products. Regression testing is 
executed each time, when new version of the product contains significant changes or new 
functionality. Performance analysis is done if needed (for instance, when application performance 
was significantly decreased). User acceptance testing is also executed at need by some other team 
at the company than development team. Testing team arranges UAT (user acceptance testing) and 
gathers testing results. 

Main is a very small and old application with stable set of functionality. The rare changes were made 
mostly to navigation paths, and these changes were tested each time after task was implemented. 
Because of scarce functionality and low change rate, UAT and performance analysis were not 
conducted for Main application. Also the need for documented regression test oracle was not 
identified before. However, in case of modernization project, test cases for regression testing can be 
relatively easily made for Main because of simple functionality.  

Other Domino based legacy applications (like Circula, Link, Venda or Admina) have well 
documented test cases for regression testing with test execution history. Regression tests are 
executed manually. Automatic end-to-end tests were tried out, but their use was abandoned 
because writing and maintaining test scripts was very time consuming, and was especially useless 
in applications under intensive development.  

When testing Domino application without Java (like Main application), tester uploads new versions 
of templates from svn and applies them to one or multiple databases located in testing 
environment. 

�69



5.5 Target system 
In this chapter, I will describe the target system. Firstly, I will describe the architecture of a new 
application (Dashboard), which uses new technology stack in conjunction with data from legacy 
applications’ data storages. Description of such architecture will facilitate understanding of what the 
target architecture is. After that, I will explain the target architecture for Main application and 
compare it to the legacy architecture. Finally, I will touch on important issues about target 
operational, development and maintenance, and testing environments, as well as related 
processes. 

5.5.1 Target architecture 
Target technical architecture for Main application is not documented, but can be extracted from 
architecture of another project. From mid 2016 an application called Dashboard was developed. 
Dashboard architecture is a combination of new technologies and data from legacy applications 
(see Figure 9) 

Client Dashboard application 

Client Dashboard application is developed with AngularJS framework. This application is deployed 
as a static web content at Amazon S3 (Amazon Simple Storage Service). For faster access to 
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client-side application, Amazon CloudFront (Amazon’s content delivery network) is used. 
(”Confluence”) 

Server Dashboard applications 

New server-side applications are developed using Spring framework (Java based). These 
applications are deployed on Amazon EC2 (Amazon Elastic Compute Cloud). RESTful services of 
new server-side applications can be accessed through Amazon API Gateway. The functions of 
Spring server-side applications is not only to contain business logic and to access new data 
storages, but also to get data from legacy databases using Domino Router, and to integrate data 
from different resources. Domino Router is a component, which main function in Dashboard is to 
fetch data storage views from different Domino applications for Spring applications. Generally, 
Domino Router can serve as a gateway for Domino data storage, and hence provide opportunity to 
decompose Domino application. (”Confluence”) 

The server-side technology stack contains two other components: AWS Lambda and Amazon 
DynamoDB. Lambda is used for serverless execution of the code, whereas DynamoDB provides 
NoSQL cloud database service. (”Confluence”)  

Main benefits of such architecture are that cloud services offer scalability and availability. Additionally, 
separation of client- and server-side parts to own applications enables independent life-cycles for 
them. Inside Spring applications n-tier architectural style is used. In AngularJS applications also 
separation of business logic, user interface and data access is utilized.  

Important architectural goals 

There are some important long-term architectural goals at the company. Firstly, IBM Domino 
platform should go out of use in the future. Thus, all Domino applications should be migrated to 
newer frameworks and then Domino Router can be retired. User management, currently located in 
Domino, has to be migrated to some common service. Secondly, databases should be migrated to 
cloud (possibly AWS cloud). However, Domino nsf data storages will be used at least the time, 
required by legislation. Thirdly, code should be reused in the form of common packages, when 
possible. And finally, continuous integration (CI) should be taken into systematic use.  

Quality requirements based on the reasons for modernization project are the following: 

- elimination of side effects 

- faster time-to-market 

- standard technologies, for which it is easier to find a new experts 

- more wide functionality with better user experience (UX) 

- lower operation and maintenance costs 

- scalability 

�71



Main target architecture 

Based on the Dashboard architecture, I can discuss about the target architecture for Main 
application. Firstly, client-side and server-side applications will be distinguished, as it is done in 
Dashboard. Secondly, as current Main application (Domino based) do not have data storage, there 
is no need for data storage migration (in scope of this modernization initiative). However, I can 
assume, that external data storages, which Main application is using, will be migrated to some 
cloud database, possibly located in AWS. So, current Domino application will be divided into UI 
(client-side application based on AngularJS framework), business logic and data access (both in 
layered server-side application based on Spring framework) (see Figure 10). (”Confluence”) 

This target architecture conforms long-term architectural goals and quality requirements. 
Additionally, the new technologies are already tested in Dashboard application. 

Requirements for new Main application 

Requirements for new Main application were gathered at a meeting. The most important of them 
are the following: 

- Announcements: already implemented in the Dashboard application (Dashboard were referred in 
documentation as ”new Main”) 

- Need for customization to outlook (for instance, custom logo), and different themes (dark and 
light user interface) 

- Navigation bar should contain among other things session time remained 
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- User settings form outlook should be changed 

- Some support for analytics should be added (”Confluence”) 

5.5.2 Operational environment 
Deployment 

For build processes, Spring applications use Gradle build tool, and AngularJS applications use Gulp 
task automation tool. In both frameworks, use of common custom packages through 
dependencies is encouraged. It enables code reuse among all the applications. Both client and 
server-side applications are deployed to AWS (Amazon Web Services) using Gradle scripts. This 
enables the minimum effort to build and deployment processes. 

Release process 

Release process with piloting is still controlled through applying Domino templates of Main 
application. In the future, when Main application consists of AngularJS client and Spring server-side 
applications, the way to change, add or remove navigation links to different applications for piloting 
customers should be changed. The pilot version of an application will be located at staging 
environment, and piloting customers will receive link to this application instead of production 
version. Changes of navigation links could be probably handled through customer settings. 

Supported browsers 

All new browsers, including mobile versions, should be supported.  

5.5.3 Development and maintenance environment 
Hardware and software dependencies 

Neither Spring nor AngularJS development is constrained to particular IDE and hardware. However, 
Windows OS restriction remain until IBM Domino platform is retired.  

Version control 

There are not version control changes, related to modernization initiative. Currently, Subversion 
version control system is used also for new projects. For storing common custom and third-party 
packages Artifactory repository manager is used.   

Development process 

There are code style guides and coding practices for AngularJS and Java. Spring MVC 
architectural principles and N-tier architecture are described in the documentation, and are 
implemented in practice in the new applications. However, some documentation about used 
technologies and coding practices is outdated (like documentation about JSP and jQuery) 
(”Confluence”) 
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The main change to development process, which is taken place simultaneously with modernization 
initiative, is development of continuous integration (CI) process. CI will be taken into use in the near 
future for performing unit tests, application packaging and deployment in some cases (for instance, 
automatic deployment to development environment). Additionally, code and performance analysis 
tools could be added to CI routines.  

5.5.4 Testing environment 
In new applications, testing workflow is mostly the same as for legacy applications testing. 
Regression test cases were also created for new products, and user acceptance testing is 
executed similarly to legacy applications. For performance testing, perhaps some new tools should 
be used. 

Applications, which use a new technology stack, should be deployed to testing environment (S3 or 
EC2) by developers. In products, which uses mixed technology stack, some components should 
be deployed to AWS and some should be applied to Domino databases. Not only deployment, but 
also testing of applications with mixed technology stack is more challenging, as there are more 
layers, from which the error can occur. 
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6 Modernization plan

In this chapter, I will present recommendations for the modernization of Main application. The 
main goal of this thesis, introduced in the research question, is to propose the solution for the 
application modernization, which does not cause any problems for current users of the system. 
Firstly, I will describe modernization process. After that, suggestions about technical 
implementation of the modernization are presented. It is important to mention, that in this 
chapter I will only suggest the solution for Main application. Possible generalizations for other 
applications will be discussed later. 

6.1 Modernization process  
The best general approach in this modernization project is redevelopment from current system 
(i.e. system evolution) using business rules of the legacy application. This is because the whole 
Main application should be migrated to a new technology stack, which differs dramatically from 
IBM Domino platform, and there is not any parts of the systems, which would need other 
approach or salvaging in the new system. Main application does not have own data storage, 
and therefore I have left migration of external data storage outside of the modernization project 
scope. 

6.1.1 Assessment 
As I have mentioned earlier, enterprise-level assessment is already carried out, and therefore in this 
project only project-level assessment should be done. In this assessment, several issues should be 
done: 

- stakeholders identification 

- requirements gathering for new application (already done) 

- business rules extraction from the legacy system (also possible customizations) 

Stakeholders identification is extremely important, as they are a primary source of the legacy system 
business rules. In this case, they are members of the company’s development team. Stakeholders 
are also important source of information about requirements for a new system. As Main application 
handles such common functionality, like navigation and user settings, and serves as a frame for all 
other applications, the group of stakeholders could be relatively large: all the product owners could 
tell about the needs from their products viewpoint. 

Based on the requirements, which were gathered before, functionality will remain mostly the 
same, as it is in the current version of the legacy system (i.e., navigation bar, user settings 
management, and logging out). New requirements, like session time, different customization 
and support for analytics, can be added later, after migration to a new technology stack ends.  

Business rules should be documented not only for new application development, but also for 
testing purposes. Currently, there is no information about customization of functionality in Main 
application. Therefore, there is no need to gather business rules for custom versions. However, 
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it should be clarified, how much customizations are used currently, so that these customers will 
be informed, if their custom versions will break down after modernization. Additionally, it should 
be decided, if customizations will be supported in the future, and which elements can be 
customized. 

6.1.2 Project implementation 
Project implementation contains usually refactoring and transformation activities. In this project 
refactoring activities are probably not needed, as the legacy system will not be salvaged, and 
migration can be implemented relatively quickly.  

As for transformation, the modernization project will contain architecture transformation, and 
language and platform transformation. Architecture transformation means, that the architecture 
of the application changes completely to meet new requirements. Language and platform 
transformation happens because of migration from IBM Domino platform to set of technologies 
and frameworks, the most important of which are Spring, AngularJS and AWS (Amazon Web 
Services). Business rules in this project will remain, but they can be modified after the 
modernization project easier than in Domino application. 

6.1.3 Testing of the modernized application 
As the functionality remains mostly the same, use of regression testing is possible. Although it 
was mentioned earlier, that regression test cases for Main are not documented, it can be done 
relatively easy. However, it shouldn’t be done based only on functionality, visible for common 
users of the system. For gathering test cases whether documented business rules or 
knowledge of developers should be utilized, as testers probably are unaware of some 
customized versions or special use cases. 

6.2 Technical implementation 
According to recommendations from academia and industry, the modernization project should 
be implemented incrementally (except the very small projects), as it mitigates the risks. There 
are two main possibilities to implement the modernization project incrementally. Firstly, it can be 
implemented one layer at a time (see Figure 11). Order of layers in the project can be different, 
than shown in the picture. However, this type of modernization means, that, for instance, in the 
first phase the whole user interface is separated from the legacy system and migrated to a new 
framework. After that, business logic and data access are migrated etc. The most problematic 
in such migration is need for gateways. If user interface is migrated first, there is a need for 
gateway between new UI and the legacy application. At the second phase, the first gateway 
should be removed, but occurs the need for gateway between server-side application and the 
legacy application.  
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Figure 11 Modernization by layer 

The second way to implement modernization project is to migrate one functionality set at a time 
(see Figure 12). In such modernization, functionality of the application should be grouped to 
sets, which are migrated in the same step. In the situation, when use cases remain the same as 
in legacy system, functionality set can be defined as one or multiple views, related to a use 
case. The challenge of such type of modernization is, that navigation between views in legacy 
application and a view in a new application should be possible.  

Figure 12 Modernization by functionality set 

For Main application, I suggest modernization by functionality set. Although the application is 
relatively small, it is still a bit risky to migrate the whole application to a new technology stack. 
Additionally, the problems with navigation between legacy and new applications were already 
solved in the previous projects: in some cases new window opens with the AngularJS 
application, and in other cases AngularJS application is placed into legacy application in the 
iframe tag.  

Functionality of Main application can be divided into two logical parts: navigation bar and user 
settings. If navigation bar would be replaced in the first step, it would cause the problems for 
user settings view. This is because Main application works as a frame container for other 
applications. If the main container would be a new application, most of the functionality of 
legacy Main application should be disabled, and only user settings should work. Therefore, it is 
better to migrate user settings first, and after that develop an application to replace navigation 
functions of Main.  

Another interesting question is, whether user settings and navigation bar should be in the same 
application after migration. If iframe-solution will remain, it would be better, that the container for 
other applications with navigation links does not contain any other pages. In this case, it will be 
easier to change the navigation bar next time without affecting other systems.  
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Suggested steps: 

1. User settings modernization: 

- common user settings service is already partially developed for needs of other 
applications. It uses Spring - Domino Router - External data storage stack, and can fetch 
user settings for client application. In this step other operations (create, update, and 
delete), which exists in the legacy application, should be added to service. This means 
changes to Spring component, as Domino Router has already CRUD operations for user 
settings; 

- a new client application should be created (or user settings view should be added to 
some other application); 

2. Switch to a new user settings functionality: 

- link to user settings view should be disabled in the old Main application; 

- user settings functionality have to be deployed to users 

3. Navigation and log out modernization: 

- a new client application should be created; 

- possibly some server-side services should be created or updated (depends on business 
rules, extracted in the assessment phase); 

4. Switch to a new Main application. The old Main application can be retired.  

5. Modernization project completed. After that, external data storage with user settings can 
be migrated (in the scope of other modernization project). 

Based on these steps, the topmost layer transformed is an application layer. 
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7 Analysis and Discussion

In this chapter, I will analyze the proposed modernization solution. Additionally, I will discuss about 
the possibility to generalize some parts of the solution to other projects, and touch on the issues, 
which will possibly influence the result of the modernization project, but left out of the scope of this 
case study.  

7.1 Analysis 
In the suggested solution, I can find some benefits, but also possible drawbacks and issues, which 
should be considered more. The most important decision about technical implementation was 
made based on the incomplete information. Firstly, modernization by layer is considered too 
complex because of the need for two or more gateways during modernization. However, I have not 
tried to implement a gateway between AngularJS application and the legacy system. Additionally, 
gateway between Domino data storage and new server-side applications - Domino Router - is 
successfully implemented at the company.  

Secondly, the modernization by functionality set could be very challenging, if a functionality set, 
chosen for modernization, comprises only part of a UI view. In such case functionality of the legacy 
view should be removed, when the modernized application is taken into use. Removing part of the 
functionality in the legacy application view can break down the whole view. Therefore, it is almost a 
must to choose the functionality sets by views. However, the benefit of the chosen solution is, that 
navigation between legacy and new applications is a proven technique, currently used in other 
projects.   

Regarding the sequence of functionality sets to be modernized, it could be claimed that navigation 
bar should be modernized first, as it brings more business value. However, such sequence of steps 
will cause a lot of extra problems, which can be avoided, if user settings migrate first.  

Another technical issue, which is not taken into account in the recommendations is related to 
iframe. Non-iframe solutions were not discussed nor analyzed. This is because currently all the web 
applications use iframe and the need to change this practice was not identified. However, if some 
other corresponding solution would be analyzed, the recommendations could be different. 

The most arguable decisions in modernization process recommendations are related to enterprise-
level assessment, new requirements gathering, and unchangeable business rules. Firstly, 
enterprise-level assessment could be useful, although it was left outside of this case study. When 
doing only project-level assessment, it is very common to think only in the frame of the current 
product, whereas at enterprise-level possibilities for applications reaggregation, consolidation or 
other similar decisions are more visible. Perhaps, if enterprise-level assessment were taken into 
account, it would be more clear, in which application user settings should be put. 

Recommendation about requirements gathering from the larger group of people could cause some 
problems. Although new ideas and needs could be discovered, the application, which is currently 
pretty simple, could grow dramatically, which affects maintainability. 
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Finally, I have suggested, that all but basic functionality will be implemented after the modernization 
project is completed. Although it could be a great temptation to develop all features at once, it still 
be better, if regression testing opportunity will be utilized.  

7.2 Discussion  
The proposed modernization solution is directed to Main application. However, there are other 
legacy applications, based on IBM Domino platform at the company. They should be also 
modernized, and therefore some recommendations could be generalized. On the other hand, 
each legacy application is a bit different, and could require some specific modernization 
activities. 

Firstly, project-level assessment could be sufficient for such small application as Main. 
However, for large applications enterprise-level assessment with investigation of business 
architecture, creation of business functionality map and evaluation of business processes 
would be very useful. Additionally to the assessment of the system, semantics of domain 
should be defined. This is especially important, as the development team grows, and common 
understanding of terms and concepts is needed for successful projects. 

Secondly, standard solutions are commonly recommended for evolvable systems. As for the target 
architecture, it uses a standard modern technologies. However, for some smaller issues standard 
solutions or agreements should be developed. These issues are such like interfaces, dependency 
management, or documentation standards. 

The problem of data storage migration or legacy database connection is not discussed in this 
thesis, as it is not required for Main application. However, in other applications it can cause serious 
problems. As for most of the applications (like Circula, or Venda, which are dealing with payments), 
the data has not to be stored for a long time. But such application like Admina (used for archiving 
documents) should store all the data for at least six years. If IBM Domino platform should be 
removed from the technology stack earlier, data migration has to be performed.  

Another problem, related to legacy applications and their data storages is an integration through 
data storages. It means, that agents of one application can make some changes in the documents, 
stored in other application. Therefore, when modernizing legacy applications, data flows not only 
inside but also between applications should be identified. 

The next important issue is immutable business rules, when it is possible. If the business rules are 
not changing during migration to a new technology stack, regression testing can be utilized. 
Additionally, user habits should be taken into account: if not only visual style, but also workflow is 
changing dramatically during modernization, it could cause usability problems. However, as some 
changes to business rules and workflows could be needed, the suitable balance between changed 
and immutable elements should be found.  

Concerning business rules and processes, an effect of customizations is very important not only in 
modernization projects, but also in other development phases. It have to be figured out, which 
customizations of the legacy system are still working, and which of them must be implemented in 
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the new version of the application. It should be also decided, in which cases tailored versions will be 
offered to customers, and in which cases tailored version would cause a lot of troubles. The custom 
version should be documented not only for development and maintenance, but also for testing 
purposes.  

Organizational issues should cause less problems at Heeros compared to what was commonly 
reported in modernization case studies. This is because the change of established coding practices 
and organizational culture started earlier. Recently, development and documentation processes 
were improved significantly. Additionally, peer review of the code and unit testing were taken into 
systematic use.  

Although center of coordination for modernization activities is regarded as a very useful in other 
case studies, the need for such center is not identified, as the development team is not large 
enough, yet. Also reverse engineering tools are not needed for the modernization initiative. Firstly, 
reverse engineering tools are rare, and their development in house could be time-consuming. 
Secondly, currently all the business rules can be gathered using knowledge of developers and 
product owners. 
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8 Conclusions

Legacy software modernization is a complex research field, which has no established terminology, 
and variety of approaches, methods and techniques is very wide. One of the main problems of 
legacy software systems is that they are not designed to be maintainable and evolvable. In order to 
slow down aging of software, evolvable architecture should be chosen and agility of the system 
should be maintained. However, at some point each software system should be modernized. 

Very different aspects, such as architecture, business-IT alignment, organizational culture or 
legislation affect modernization. However, the common target solutions, found in the literature, are 
service-oriented architecture, component-based architecture and cloud computing. Depending on 
aspects, target solutions and goals of each project, modernization can transform different enterprise 
architecture layers. 

The main research question of this thesis was, how the Web application in use should be modified 
or redeveloped, so that transition from the current legacy system to the target system would 
happen without any problems for users. In order to answer this question, I have investigated 
modernization case studies, implemented in industry, and gathered information about benefits and 
drawbacks of different solutions. It was discovered, that a lot of different factors affect the success 
of modernization project, such as incremental modernization, evolvable architecture and use of 
regression testing. 

After that, in the Heeros Oyj case study, I have investigated the legacy application, explained the 
target architecture, proposed the solution for modernization project and discussed its benefits and 
drawbacks. I have suggested incremental redevelopment from current system using business rules 
of the legacy application. Each phase of the project should contain single functionality set 
modernization. The case study was discussed mostly from technological point of view, though 
some organizational, environmental and business aspects can cause challenges for modernization 
initiative.  

During this research, I have noticed that there are very little case studies about modernization of 
applications with relatively new technologies. Also, it is difficult to compare case studies, as the 
starting points (legacy architecture) and the target solution, as well as paths between them varies a 
lot.  

To sum up, the software modernization field is relatively new, and has need of well established 
terminology and modernization framework. There is also a need for more published industrial case 
studies, both successful and failed, in order to compare methodologies and techniques, as well as 
their suitability for particular technology stacks, domains and organizations. And the most 
interesting question concerned the legacy systems is, how the system should be designed, 
developed and evolved, so that its next modernization is less problematic.  

�82



References

Almonaies, AA, Cordy, JR & Dean, TR 2010, ’Legacy system evolution towards service-oriented 
architecture’, in International Workshop on SOA Migration and Evolution, pp. 53-62. 

Babar, MA & Chauhan, MA 2011, ’A tale of migration to cloud computing for sharing experiences 
and observations’, in Proceedings of the 2nd international workshop on software engineering for 
cloud computing, ACM, pp. 50-56. 

Bennett, K 1995, ’Legacy systems: Coping with success’, IEEE software, vol. 12, no. 1, pp. 19-23. 

Bennett, KH, Ramage, M & Munro, M 1999, ’Decision model for legacy systems’, in IEE 
Proceedings-Software, IET, vol. 146, no. 3, pp. 153-159. 

Bennett, KH & Rajlich, VT 2000, ’Software maintenance and evolution: a roadmap’, in Proceedings 
of the Conference on the Future of Software Engineering, ACM, pp. 73-87. 

Bergey, JK, Northrop, LM & Smith, DB 1999, ’Enterprise framework for the disciplined evolution of 
legacy systems’, Information Strategy: The Executive's Journal, vol. 16, no. 1, pp. 15-35. 

Biggerstaff, TJ 1989, ’Design recovery for maintenance and reuse’, Computer, vol. 22, no. 7, pp. 
36-49. 

Bisbal, J, Lawless, D, Wu, B, Grimson, J, Wade, V. Richardson, R & O’Sullivan, D 1997, ’A survey 
of research into legacy system migration’, Technique report.  

Bisbal, J, Lawless, D, Wu, B & Grimson, J 1999, ’Legacy information systems: Issues and 
directions’, IEEE software, vol. 16, no. 5, pp. 103-111.  

Boehm, BW 1988, ’A spiral model of software development and enhancement’, Computer, vol. 
21, no. 5, pp. 61-72. 

Borchers, J 2011, ’Invited Talk: Reengineering from a Practitioner's View - A Personal Lesson's 
Learned Assessment’, Software Maintenance and Reengineering (CSMR), 15th European 
Conference, pp. 1-2. 

Brodie, ML & Stonebraker, M 1993, ’DARWIN: On the incremental migration of legacy information 
systems’, Distributed Object Computing Group, Technical Report TR-0222-10-92-165, GTE Labs 
Inc. 

Brown, A, Johnston, S and Kelly, K 2002, ’Using service-oriented architecture and component-
based development to build web service applications’, Rational Software Corporation. 

Bruneliere, H, Cabot, J, Izquierdo, JLC, Orue-Echevarria, L, Strauss, O & Wimmer, M 2015, 
’Software Modernization Revisited: Challenges and Prospects’, Computer, vol. 48, no. 8, pp. 
76-80. 

�83



Canfora, G, Cimitile, A & Lucarelli, PB 2000, ’Software maintenance’, Handbook of Software 
Engineering and Knowledge Engineering, pp. 91-120. 

Canfora, G, Fasolino, AR, Frattolillo, G & Tramontana, P 2006, ’Migrating interactive legacy systems 
to web services’, in Conference on Software Maintenance and Reengineering (CSMR’06), IEEE, 
pp. 24-36. 

Canfora, G, Fasolino, AR, Frattolillo, G & Tramontana, P 2008, ’A wrapping approach for migrating 
legacy system interactive functionalities to service oriented architectures’, Journal of Systems and 
Software, vol. 81, no.4, pp. 463-480. 

Chang, SE, Chiu, KM & Chiao, YC 2015, ’Cloud migration: Planning guidelines and execution 
framework’, in 2015 Seventh International Conference on Ubiquitous and Future Networks, IEEE, 
pp. 814-819. 

Chen, F, Li, S, Yang, H, Wang, CH & Chu, WCC 2005, ’Feature analysis for service-oriented 
reengineering’, in 12th Asia-Pacific Software Engineering Conference (APSEC’05), IEEE, pp. 
201-208. 

Chikofsky, EJ & Cross, JH 1990, ’Reverse engineering and design recovery: A taxonomy’, 
Software, IEEE, vol. 7, no. 1, pp. 13-17. 

Chung, S, An, JBC & Davalos, S 2007, ’Service-oriented software reengineering: SoSR’, in System 
Sciences, HICSS 2007. 40th Annual Hawaii International Conference, IEEE, pp. 172c. 

Cuadrado, F, García, B, Dueñas, JC & Parada, HA 2008, ’A case study on software evolution 
towards service-oriented architecture’, in Advanced Information Networking and Applications-
Workshops, 2008. AINAW 2008. 22nd International Conference, IEEE, pp. 1399-1404 

Distante, D, Canfora, G, Tilley, S & Huang, S 2006, ’Redesigning legacy applications for the web 
with UWAT+: a case study’, in Proceedings of the 28th international conference on Software 
engineering, ACM, pp. 482-491. 

Estes, D 2010, ’Legacy Modernization: Overview’, in Cutter IT Journal, viewed 25 May 2017, 
https://www.cutter.com/journal/legacy-modernization-487226.  

Genkin, M 2007, ’Exploring the development, interfaces, and operation semantics of services’, 
viewed 02 June 2017, https://www.ibm.com/developerworks/library/ar-servdsgn1/index.html 

Heeros, 2017a, Heeros Oyj, viewed 4 June 2017, http://www.heeros.com/miksi-heeros/yritys/ 

Heeros, 2017b, Mission, viewed 4 June 2017, http://www.heeros.com/en/mission/ 

Heeros, 2017c, Solutions, viewed 4 June 2017, http://www.heeros.com/en/solutions/ 

Heeros, 2017d, Tutustu sähköisen taloushallinnon tuoteperheeseen, viewed 4 June 2017, http://
www.heeros.com/tuotteet/ 

�84

https://www.ibm.com/developerworks/library/ar-servdsgn1/index.html


Hess, HM 2005, ’Aligning technology and business: Applying patterns for legacy transformation’, 
IBM Systems Journal, vol. 44, no. 1, pp. 25-45. 

IBM Knowledge Center, 2017a, Adding automation to applications, viewed 25 March 2017, https://
www.ibm.com/support/knowledgecenter/SSVRGU_9.0.1/basic/H_AUTOMATION_OVER.html 

IBM Knowledge Center, 2017b, Communicating across platforms, viewed 25 March 2017, https://
www.ibm.com/support/knowledgecenter/SSVRGU_9.0.1/basic/
H_ACHIEVING_PLATFORM_INDEPENDENCE_TOUR_OVER.html 

IBM Knowledge Center, 2017c, Creating a database from a template, viewed 25 March 2017, 
https://www.ibm.com/support/knowledgecenter/SSVRGU_9.0.1/basic/
H_CREATING_A_DATABASE_FROM_A_TEMPLATE_OVER.html 

IBM Knowledge Center, 2017d, Creating an application, viewed 25 March 2017, https://
www.ibm.com/support/knowledgecenter/SSVRGU_9.0.1/basic/
H_DESIGNER_DATABASES_OVER.html 

IBM Knowledge Center, 2017e, Designing with XPages, viewed 25 March 2017, https://
www.ibm.com/support/knowledgecenter/SSVRGU_9.0.1/basic/H_ABOUT_XPAGES.html 

IBM Knowledge Center, 2017f, Displaying, collecting, and storing information, viewed 25 March 
2017, https://www.ibm.com/support/knowledgecenter/SSVRGU_9.0.1/basic/
H_TOUR_CREATING_A_PAGE_7571_MEMLIST.html 

IBM Knowledge Center, 2017g, Organizing your data, viewed 25 March 2017, https://
www.ibm.com/support/knowledgecenter/SSVRGU_9.0.1/basic/
H_TOUR_VIEWS_6698_OVER.html 

IBM Knowledge Center, 2017h, Overview - applications and databases, viewed 25 March 2017, 
https://www.ibm.com/support/knowledgecenter/SSVRGU_9.0.1/basic/
H_TOUR_APPLICATIONS.html 

IBM Knowledge Center, 2017j, Testing a form before deploying it, viewed 25 March 2017, https://
www.ibm.com/support/knowledgecenter/SSVRGU_9.0.1/basic/
H_ABOUT_TESTING_A_FORM_BEFORE_DEPLOYING_IT.html 

IBM Knowledge Center, 2017k, Testing agents, viewed 25 March 2017, https://www.ibm.com/
support/knowledgecenter/SSVRGU_9.0.1/basic/h_debug_agents_test_menuitem.html 

IBM Notes and Domino family, n.d., Bringing social collaboration and business applications 
together in an email client, viewed 18 February 2017, http://www-03.ibm.com/software/products/
en/notesanddominofamily 

IBM Notes, n.d., Enterprise email that helps you work smarter and improve business results, viewed 
18 February 2017, http://www-03.ibm.com/software/products/en/ibmnotes 

�85



IBM Domino, n.d., Security-rich application platform for social business, viewed 18 February 2017, 
http://www-03.ibm.com/software/products/en/ibmdomino 

IBM Domino Designer, n.d., Build business and collaboration applications in an integrated 
development environment, viewed 18 February 2017, http://www-03.ibm.com/software/products/
en/ibmdominodesigner 

IBM Support, 2014, Is the Domino Designer available for Linux/Ubuntu and Mac? viewed 18 
February 2017, http://www-01.ibm.com/support/docview.wss?uid=swg21687090 

Ionita, AD 2013, ’Introduction to the Migration from Legacy Applications to Service Provisioning’, 
Migrating Legacy Applications: Challenges in Service Oriented Architecture and Cloud Computing 
Environments, pp. 1-11. 

Jonkers, H, van Burren, R, Arbab, F, De Boer, F, Bonsangue, M, Bosma, H, Doest, HT, 
Groenewegen, L, Scholten, JG, Hoppenbrouwers, S & Iacob, ME 2003, ’Towards a language for 
coherent enterprise architecture descriptions’, in Enterprise Distributed Object Computing 
Conference, 2003. Proceedings. Seventh IEEE International, IEEE, pp. 28-37 

Khadka, R, Saeidi, A, Jansen, S, Hage, J & Haas, GP 2013, ’Migrating a large scale legacy 
application to SOA: Challenges and lessons learned’, in Reverse Engineering (WCRE), 2013 20th 
Working Conference, IEEE, pp. 425-432 

Khadka, R, Batlajery, BV, Saeidi, AM, Jansen, S & Hage, J 2014, ’How do professionals perceive 
legacy systems and software modernization?’, in Proceedings of the 36th International Conference 
on Software Engineering, ACM, pp. 36-47 

Khadka, R, Shrestha, P, Klein, B, Saeidi, A. Hage, J, Jansen, S, van Dis, E & Bruntink, M 2015, 
’Does software modernization deliver what it aimed for? A post modernization analysis of five 
software modernization case studies’, in Software Maintenance and Evolution (ICSME), 2015 IEEE 
International Conference, IEEE, pp. 477-486 

Lehman, MM 1980, ’Programs, life cycles, and laws of software evolution’, Proceedings of the 
IEEE, vol. 68, no. 9, pp. 1060-1076. 

Lehman, MM 1996, ’Laws of software evolution revisited’, in Software process technology, Springer 
Berlin Heidelberg, pp. 108-124 

Lethbridge, TC, Sim, SE & Singer, J 2005, ’Studying software engineers: Data collection techniques 
for software field studies’, Empirical software engineering, vol. 10, no. 3, pp. 311-341. 

Lewis, G, Morris, E, O'Brien, L, Smith, D & Wrage, L 2005, ’SMART: The service-oriented migration 
and reuse technique’ (No. CMU/SEI-2005-TN-029), Software Engineering Institute. 

Liu, Y, Wang, Q, Zhuang, M & Zhu, Y, 2008, ’Reengineering legacy systems with RESTful web 
service’, in Computer Software and Applications, 2008. COMPSAC'08. 32nd Annual IEEE 
International, pp. 785-790. 

�86



Murer, S & Bonati, B 2010, Managed evolution: a strategy for very large information systems, 
Springer Science & Business Media. 

Nasr, KA, Gross, HG & van Deursen, A 2013, ’Realizing service migration in industry - lessons 
learned’, Journal of Software: Evolution and Process, vol. 25, no. 6, pp. 639-661. 

Nath, S 2012, ’Web services: Design choices for space ground system integration’, in MILCOM 
2012 IEEE Military Communications Conference, IEEE, pp. 1-6. 

Palma, F, Nayrolles, M, Moha, N, Guéhéneuc, YG, Baudry, B & Jézéquel, JM 2013, ’SOA 
Antipatterns: An Approach for their Specification and Detection’, International Journal of 
Cooperative Information Systems, vol. 22, no. 04. 

Pautasso, C, Zimmermann, O & Leymann, F 2008, ’RESTful Web Services vs. ”Big” Web Services: 
Making the Right Architectural Decision’, in Proceedings of the 17th international conference on 
World Wide Web, ACM, pp. 805-814 

Pigoski, TM 2001, ’Software maintenance’. SWEBOK: Guide to the Software Engineering Body of 
Knowledge. 

Rabiser, R, Wolfinger, R & Grunbacher, P 2009, ’Three-level customization of software products 
using a product line approach’,  in System Sciences, 2009. HICSS'09. 42nd Hawaii International 
Conference, IEEE, pp. 1-10. 

Rajlich, VT & Bennett, KH 2000, ’A staged model for the software life cycle’, Computer, vol. 33, no. 
7, pp. 66-71. 

Rajlich, V 2014, ’Software evolution and maintenance’, in Proceedings of the on Future of Software 
Engineering, ACM, pp. 133-144. 

Ransom, J, Somerville, I & Warren, I, 1998, ’A method for assessing legacy systems for evolution’, 
in Software Maintenance and Reengineering, 1998. Proceedings of the Second Euromicro 
Conference, IEEE, pp. 128-134. 

Royce, WW, 1970, ’Managing the development of large software systems’, in Proceedings of IEEE 
WESCON, vol. 26, no. 8, pp. 1-9. 

Runeson, P & Höst, M, 2009, ’Guidelines for conducting and reporting case study research in 
software engineering’, Empirical software engineering, vol. 14, no. 2, pp. 131-164. 

Schneidewind, NF, 1987, ’The state of software maintenance’, IEEE Transactions on Software 
Engineering, vol. 13, no. 3, pp. 303-310. 

Scrum guides, 2017, The Scrum Guide, viewed 4 June 2017, http://www.scrumguides.org/scrum-
guide.html 

Sneed, HM 1995, ’Planning the reengineering of legacy systems’, IEEE software, vol. 12, no. 1, pp. 
24-34. 

�87



Sneed, HM 2006, ’Integrating legacy software into a service oriented architecture’, in Conference 
on Software Maintenance and Reengineering (CSMR’06), IEEE, pp. 3-14. 

Sneed, HM 2008, ’20 Years of Software-Reengineering: A Résumé’, in Workshop Software 
Reengineering, pp. 115-124. 

Sommerville, I 2011, Software Engineering. Addison Wesley edn. 

Tip, F 1995, ’A survey of program slicing techniques’, Journal of programming languages, vol. 3, 
no. 3, pp.121-189. 

Ulrich, WM & Newcomb, P 2010, Information systems transformation: architecture-driven 
modernization case studies, Morgan Kaufmann. 

Vale, T, Crnkovic, I, de Almeida, ES, Neto, PA, Cavalcanti, YC & de Lemos Meira, SR 2016, 
’Twenty-eight years of component-based software engineering’, Journal of Systems and Software, 
vol. 111, pp. 128-148. 

Vinoski, S 2007, ’REST Eye for the SOA Guy’, IEEE Internet Computing, vol. 11, no. 1, pp. 82-84. 

Warren, I & Ransom, J 2002, ’Renaissance: a method to support software system evolution’, in 
Computer Software and Applications Conference, 2002. COMPSAC 2002. Proceedings. 26th 
Annual International, IEEE, pp. 415-420 

Weiderman, NH, Bergey, JK, Smith, DB & Tilley, SR 1997, ’Approaches to Legacy System 
Evolution’, Technical Report, CMU/SEI-97-TR-014. 

�88



Appendix A


�89

A.
1



 

�90



 

�91



 

�92



�93



�94



Appendix B

Table B.1 Tasks from Heeros Agile backlog 

Table B.2 Tasks from JIRA 

Task number Created Phase Successor/
Implemented

Functionality

1 20.03.2009 Waiting Implemented logging in and 
out functionality 
(change 
password)

2 22.04.2009 Waiting Implemented in 
Dashboard (new 
application)

dashboard 
functionality

3 24.08.2009 Waiting no information customization 
(bug)

4 03.02.2010 New no information navigation (link 
added)

5 08.11.2011 New MAIN-11 
(Closed)

navigation (bug: 
link target 
incorrect)

6 10.08.2012 Done - navigation (bug: 
link incorrect)

7 09.10.2012 New Implemented navigation (link 
should be 
invisible)

8 27.11.2012 Done - browser related 
bug

9 16.01.2013 Implementation MAIN-10 
(Closed)

user settings 
(language 
added)

10 22.01.2013 Implementation MAIN-13 (Open) logging in and 
out functionality 
(bug: session 
should be 
cleared)

Key Created Status Functionality

MAIN-1 06.03.2013 Closed browser related bug 
(IE mode)

MAIN-3 22.03.2013 Closed other task (fonts)

MAIN-4 25.03.2013 Closed browser related bug 
(IE mode)

Key
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MAIN-9 05.11.2013 Closed browser related bug 
(IE mode)

MAIN-10 18.02.2014 Closed user settings 
(language added)

MAIN-11 12.03.2014 Closed navigation (bug: link 
target incorrect)

MAIN-13 03.04.2014 Open logging in and out 
functionality (bug: 
session should be 
cleared)

MAIN-15 23.04.2014 Closed browser related bug 
(IE mode)

MAIN-16 05.05.2014 Closed navigation (link 
changed)

MAIN-17 21.05.2014 Open logging in and out 
functionality (bug: 
cache should be 
cleared)

MAIN-20 16.11.2015 Closed navigation (link 
added)

MAIN-21 14.12.2015 Closed user settings (settings 
data used)

MAIN-22 21.12.2015 Closed navigation (link 
added)

MAIN-23 21.12.2015 Closed homepage change 
(part of the content 
set invisible)

MAIN-24 07.01.2016 Closed navigation (bug: 
navigation bar 
invisible)

MAIN-26 19.01.2016 Closed navigation (task: link 
changed)

MAIN-27 19.01.2016 Open user settings (bug: 
translation)

MAIN-28 22.01.2016 Closed navigation (bug: link 
invisible)

MAIN-29 12.02.2016 Closed other task

MAIN-30 18.05.2016 Closed navigation (link 
added)

MAIN-37 27.05.2016 New other task (epic)

Created Status FunctionalityKey
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MAIN-102 09.08.2016 Closed navigation (link 
added)

MAIN-134 05.09.2016 Closed template (new 
application added)

MAIN-162 03.11.2016 Closed navigation (task: link 
changed)

MAIN-163 03.11.2016 Closed navigation (task: link 
changed)

MAIN-164 03.11.2016 Closed navigation (link 
added)

MAIN-193 09.12.2016 Closed navigation (task: link 
changed)

MAIN-192 09.12.2016 Closed navigation (task: link 
changed)

MAIN-218 09.01.2017 Closed navigation (task: link 
changed)

MAIN-236 24.01.2017 Closed template (templates 
for piloting)

MAIN-260 06.03.2017 Closed navigation (bug: link 
invisible)

MAIN-261 07.03.2017 Closed template (templates 
for piloting)

MAIN-276 29.03.2017 Closed navigation (bug: link 
invisible)

Created Status FunctionalityKey
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