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The current shift toward digitalization is pushing companies to modernize their legacy
systems. This thesis gives a comprehensive summary of legacy systems. Furthermore, a
systematic mapping study was performed to study a relatively new legacy system
modernization trend – the trend of migrating legacy software systems to microservice
architecture. The study examines the existing research literature according to approach,
research area and contribution. One of the main findings from the study is that there is a
lack of empirical studies attempting to explain the microservice migration.
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1. Introduction
Companies spend a lot of money developing software systems for their needs. These
systems are often the backbone of their business models. Understandably, companies want
to maximize the return on their investment and will try to keep their software systems
running for as long as possible. Software systems may be used for as long as 10 years or
even longer. Naturally, there will be maintenance to these software systems, which is
required to satisfy business and customer needs, and changes in the underlying hardware,
as well as to fix bugs (Sommerville, 2016). Lehman’s first law states, software needs to be
updated continually or it will become obsolete (Lehman, et al., 1998).
Maintaining a software system works well for a while, but as the time passes, the system
becomes increasingly complex and out of date, and eventually maintenance will no longer
be efficient or cost effective. Business needs dictate that the system needs to be
modernized to improve the system’s maintainability, performance, and business value.
Modernization takes much more effort to accomplish compared to maintenance. In the end,
when a software system can no longer be updated, it will need to be replaced (ComellaDorda, et al., 2000).
This study attempts to give a comprehensive summary of legacy software, what it is and
how to manage it. Additionally, a systematic mapping study (SMS) was performed to
study a relatively new legacy software modernization trend – the trend of migrating
monolithic legacy software systems towards microservice architecture. Microservice
architecture (MSA) increases maintainability, scalability and decreases coupling
(Lithicum, 2016). MSA has become popular due to new technological advancements, such
as cloud computing and dockerization. Furthermore, the overall digitalization of the
business world has forced companies to search for more dynamic software architecture.
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2. Research method
This thesis conducts research in the form of SMS. SMS is a research methodology that
summarizes a pool of research papers and results by gategorizing them. The results are
visualized to create the map of the researched subject (Kitchenham, et al., 2007). SMS is
recommended as the research methodology in software engineering when the research area
is still emerging, and there isn’t yet substantial quantity of high quality studies
(Kitchenham, et al., 2007). This is the case with the literature of migrating legacy software
to MSA. Systematic mapping studies are more commonly used in medical research and are
less popular on the field of software engineering (Bailey, et al., 2007).

2.1 Research process
The SM study approach that is used in this thesis is adapted from the approach used by
Petersen, et al. (2008) in their paper. The main phases of the SMS study are definition of
research questions, conducting the search, screening of papers, keywording and data
extraction and mapping, as can be seen in Figure 1. All the phases have an output that is
forwarded to the next phase and the last output is the systematic map.

Figure 1. Systematic mapping study process (Petersen, et al., 2008)

2.2 Research questions and scope
The goal of SMS is to provide a general view of the research subject (Petersen, et al.,
2008). In this thesis the research subject is migration of monolithic systems to MSA. The
research questions and their sub questions reflect the goal of this SMS. Research questions
are listed below.
RQ1: What are the research approaches?
RQ2: What areas of migrating to MSA are addressed?
RQ3: What are the contributions to modernization from monolithic legacy systems to
MSA?
5

2.3 Search strategy
Google Scholar’s research database was used to get research material for the SMS. It was
chosen because it looks for research material from many different publishers, such as ACM
and IEEE. The search was conducted using a search term, which was developed by testing
keywords against the database. The goal of testing different search terms was to find a
keyword combo that would yield a high number of search results (300 – 500 results) and
would reflect the research area. The search results were evaluated manually to estimate if
they matched the research area. The evaluation was done by reading through the search
result summaries and seeing if they fitted the research area. As suggested by Petersen, et
al., (2008) the search terms do reflect the research questions. The final search combo
consisted of the following words: microservices, legacy software, migration and
modernization.

2.4 Inclusion and exclusion
The less relevant research papers were filtered out from the results. This was done by using
inclusion and exclusion criteria. The research criteria for inclusion were the following:
research papers, conference papers and journal articles from 2015 to 2020, with more than
4 pages of text, English as the primary language, public access and no master’s or
bachelor’s thesis. Additionally, the research paper must explicitly discuss the theme of this
SMS (i.e., migration of legacy software systems to microservices architecture) in the topic,
abstract or introduction of the paper. The number of citations was not considered as it
would have given a less realistic view of the research area.

2.5 Classification schemas
The classification scheme is developed by using a systematic process introduced by
Petersen, et al., (2008). The process utilizes keywording to craft the classifications. There
is two steps in the keywording process. First, abstracts are read through to look for
keywords and trends that reflect the contribution of the research paper. While doing this it
is also possible to identify the context of the research. Once this is done, the sets of
keywords are unified to create a higher level representation of the research. From the high
level representation it is easier to create classification scheme that represent the underlying
6

populations. If the abstract is not informative enough the introduction and conclusion
would be read. Finally, a set of keywords is chosen and combined to create the categories
for the systematic map (Petersen, et al., 2008).

The keywording process for this study yielded three main categories. These categories are
research contribution, research type and the research area. The research contribution is
derived from the keywords. The research contribution can be a tool, data, information,
processes and so on. The research area schema describes the area in focus in relation to the
topic. For example, decomposition of a legacy system, challenges, and benefits of the
migration (Petersen, et al., 2008). The research type was categorized by using Wieringa’s
(2006) categorization method, which is illustrated in Table 1. This categorization method is
general and does not depend on any specific research field (Petersen, et al., 2008).

Table 1. Classification for research types by (Wieringa, et al., 2006).
Category

Description

Validation Research

Techniques investigated are novel and have not yet been
implemented in practice. Techniques used are for example
experiments, i.e., work done in the lab.

Evaluation Research

Techniques are implemented in practice and an evaluation of
the technique is conducted. That means, it is shown how the
technique is implemented in practice (solution
implementation) and what are the consequences of the
implementation in terms of benefits and drawbacks
(implementation evaluation). This also includes to identify
problems in industry.

Solution Proposal

A solution for a problem is proposed, the solution can be
either novel or significant extension of an existing technique.
The potential benefits and the applicability of the solution is
shown by a small example or a good line of argumentation.
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Philosophical Papers

These papers sketch a new way of looking at existing things
by structuring the field in form of a taxonomy or conceptual
framework.

Opinion Papers

These papers express the opinion of somebody whether a
certain technique is good or bad, or how things should be
done. They do not rely on related work and research
methodologies.

Experience Papers

Experience papers explain on what and how something has
been done in practice. It must be the personal experience of
the author.

2.6 Data extraction and systematic map
After finishing the classification scheme, data from research papers is extracted and the
papers are sorted into the scheme. The scheme keeps evolving through the data extraction
process, which means that the categories can be merged or added depending on the data
(Petersen, et al., 2008). The data extraction process works in three steps. First, a research
paper is read through and key information is stored into Excel sheet. Second, the
information is analyzed, and the appropriate classification is added to the paper’s
information. Finally, the classification information is transformed into graphs to visualize
the ‘map’ of the research topic.
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3. Review of legacy software
In this chapter the notion of legacy software is explored. The aim is to explain how legacy
software is born, what is the life cycle of a software system and how to modernize legacy
systems. Additionally, a review of legacy software related literature is conducted.

3.1 Software stages
The life cycle of a software can be divided into five stages: (1) initial development, (2)
evolution, servicing and (3) phasing out and closedown. During the initial development,
the first versions of the software are developed. After the initial development phase, the
evolution of the software product takes place. In this phase, the abilities and functionalities
of the software product are shaped to meet customer needs. This phase may include major
upgrades to the software. When the product has taken shape and only requires minor
changes and tweaks, it enters the servicing phase of its life cycle. In servicing phase, no
major upgrades are applied, only minor changes and bug fixes. The two final phases of the
product’s life cycle are phaseout and closedown. In phaseout stage, the software product is
no longer cost effective and so the software will enter closedown phase, where it will be
replaced or removed completely from the market. If replaced, the customers are directed
towards the replacing software product (Vaclac, et al., 2000).

3.2 Software aging
In theory, software is composed of logical operations based on math, and math does not
change, so software should not age. However, the opposite is true, and software does in
fact age. This is caused by the changes in the world around the software. The world is
constantly shifting and changing, which demands the software to change with it or be
obsolete. To be precise, it is not the physical software that is aging. It is the purpose of the
software that changes, and to account for that the software needs to change too (Parnas,
1994).
3.2.1

Causes

There are two main causes for software aging. Firstly, developers fail to implement
changes to the software. If the software is not frequently updated to match the needs of the
customers, the customers will become dissatisfied and start looking for alternative
solutions. In theory, a software from 1950s could be used today, but no customer would be
9

satisfied by its performance or features. Secondly, the changes are successfully
implemented to the software, but these changes are done by developers who do not
understand the original design of the software. This will cause the structure of the software
to degrade. If the changes are inconsistent with the original design, the resulting software
will have two possibly colliding designs implemented on it. The next developer trying to
make changes must now understand the original design and the design of the changes. This
addition of complexity to a software can go on for the whole life cycle of the software,
accumulating complexity and decreasing maintainability. The problem is aggravated by
lack of documentation or incorrect documentation (Parnas, 1994).

3.3 Legacy systems
In the 1960s, digitalization of companies started and has continued to this date. Old
software systems were made using the languages, hardware and supporting software
available at the time, and the support for those is long gone. Most of these systems had to
evolve because of the changes in business models and user requirements, as well as in
technological advancements (Liu, et al.,1998). These old software systems are business
critical and long lived. They are often referred to as legacy software systems (Dayini-Fard,
et al., 1999).
The dictionary defines legacy systems as “systems that are in one way or another outdated,
but still in use” (YourDictionary, 2020). There are many signs that can tell a system is a
legacy system: there is no replacement hardware, the documentation is non-existing or
invalid, the source code has gone missing, change history has not been managed and the
original developers are no longer working in the company (Pressman, 2015).
3.3.1

Legacy system components

A legacy software system can be divided into system hardware, support software,
application software, application data, business processes and business rules. Replacing
one piece of this complex system will affect all the other parts. The hardware that the
legacy system was developed with are outdated and expensive. Special skills are required
to maintain the hardware and it is not compatible with other hardware used in the system.
The support software such as OS, drivers used by hardware and development environments
used for developing the system are out of date and contain security vulnerabilities. The
application software is the main application that provides the business services to clients. It
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is often made up of many applications that have been created in different times by many
different teams. The application data refers to the data that the application uses to function.
Old legacy systems often have huge amounts of accumulated data. The data can be partly
corrupted or inconsistent, because of the changes made to the application during years of
maintenance. The business processes are used by businesses to accomplish a certain
business goal. Business processes are often built around legacy systems that can enable and
constrain their performance. The business rules define how a company does some part of
their business (Sommerville, 2016). For example, bank can embed rules for giving out
loans into their application. Sometimes companies lose their documentation of the business
rules, and the only place they exist in is the application.
3.3.2

Existing legacy code

It is very difficult to estimate how much legacy software and systems are still in use. Some
indication can be drawn from the estimations that in year 2000 there was still 200 billion
lines of COBOL in use (Kizior, et al., 2000). According to the survey done by
Computerworld (2012), 60% of the companies surveyed used COBOL more than they used
C++ and Visual basic. COBOL is an old software language used from 1960s to 1990s,
especially in the financial industry. There are still many software systems built with
COBOL and if they keep working there is no need to replace them. However, there is an
increasing risk since the support for old systems is running out. COBOL is no more a
mainstream language and there are no new developers that would learn it. In the next
decades old COBOL systems need to be replaced with modern versions (Kizior, et al.,
2000). COBOL is just one of the many examples when it comes to legacy software
systems.
3.3.3

Types of legacy systems

According to Langer (2016), “a legacy system is an existing application system in
operation”. What this means is that there can be generations of legacy systems in an
organization. The generations of legacy systems closely follow the generations of
programming languages. There are five of these programming language generations
(Langer, 2016):
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1. First generation: machine code performs actions using binary symbols between the
machine and the programming language. It is very unlikely to encounter a legacy
system with first generation programming language anymore.
2. Second generation: assembler languages. These languages translate higher level
languages to machine code that the hardware can understand. Some mainframe
computers are still running on assembly code.
3. Third generation: higher level symbolic languages such as: COBOL, FORTRAN
and BASIC. These languages use English keywords and are often specialized. For
example, FORTRAN is specialized for mathematics and scientific work, while
COBOL was designed for business applications.
4. Fourth generation: even higher-level languages that use English keywords, are
more focused on the output of a program rather than how statements need to be
written. Because of this, these languages were easier to learn for less technical
people. Examples of 4th gen programming languages are Visual Basic, C++ and
Delphi. These languages have features such as database querying, code generation
and graphic screen generation.
5. Fifth generation: these are known as the rule-based code generation which means
artificial intelligence software. These software use knowledge-based programming,
where developers do not tell the program how to solve the problem, but rather the
programs learn on their own.
In most cases, the legacy system is made with either 3rd or 4th generation programming
language (Langer, 2016). There are different tools and practices involved in modernizing
and replacing the different generations of legacy systems.
3.3.4

Risks of modernizing legacy system

Legacy systems seldom have a complete documentation specifying the whole system with
all its functions and use cases. In most cases, the documentation is badly out of date or
missing completely. Many years of maintenance under different developers and managers
can cause the documentation to degrade. Without up-to-date documentation specifying the
legacy system, it is hard to create a new system that would function identically to the
previous one. Companies have often coupled their legacy software with their business
processes. Changing legacy software can cause unpredictable consequences to the business
12

process that relies on it, which in term can cost a lot of money to the company. Legacy
systems have business rules as part of the software. Business rules are constraints that
companies use to regulate their business functions. For example, a casino might have
embedded its rules of winning into its slot machine. If the machines are replaced without
the same rules of winning, the company might lose money to the players. The nature of
replacing legacy systems with new ones is risky, since the new system can be more
expensive than expected and there can be problems with delivering it on time
(Sommerville, 2016).
3.3.5

Risk of staying with legacy system

First, legacy system is not compatible with new software, and it cannot interface with
internet and other more modern software. There are also too few developers that know old
languages or none. Therefore, maintenance needs to be bought from specialized
companies, which is expensive (Dogru, et al., 2011).
In some cases, documentation is out of date or completely missing. It might even be that
there is no source code, in which case developers needs to map out the functionalities of
the software and try to create a new system with similar capabilities (Dogru, et al., 2011).
Sometimes the source code of the legacy system may have degraded over the years. It
might be collection of programs from different time working together with questionable
logic. Furthermore, the code could have been written in a more optimized manner that new
developers do not understand, since it is not necessary with modern hardware and
languages (Dogru, et al., 2011).
Legacy systems may also have many different data files from different time periods with
duplicate data that can be out of date or corrupted. At worst, the databases might not even
be compatible with each other. At some point, the cost of maintaining legacy systems will
exceed the cost of replacing them with a new system (Dogru, et al., 2011).
3.3.6

Strategies for updating legacy system

There are three strategies for dealing with legacy systems: scrap the legacy system, keep
maintaining the system or replace the whole system (Malinova, 2010). Because companies
have limited amount of money to spend on their legacy systems, they need to carefully
assess the best option to get the best return of investment. Scrapping the system can be an
option when the company has found out that the legacy system no longer creates any value
13

and is not critical part of any business process. In this case, the best solution is simply
getting rid of the legacy system. Continuing to maintain the legacy system can be done
when the system is still stable, and maintenance is cost effective. Improving the legacy
system is possible when the system has degraded a bit, but it can still be maintained. The
idea is to add new interfaces to make the system easier to maintain. Lastly, replacing the
legacy system all together should be attempted when there is no longer hardware to support
for the system, maintenance is too expensive, and the cost of a new system is not too high
(Seacord, et al., 2003).
3.3.7

Deciding what to do

When company is assessing the state of their legacy system to determine what to do with
it, it is important to evaluate the legacy system from a technical perspective and from
business perspective (Warren, 1998). The technical perspective means that the quality of
the legacy system is evaluated. The business perspective is used to determine if the
business needs of the company require a new software to perform optimally. By combining
these two perspectives, a company can decide on whether they should invest into the
legacy system. If a legacy system has low quality and low business value, the system
should be removed. Legacy system with low quality but high business value should not be
removed, but because of the low quality, its maintenance is expensive, so it should be
replaced with a modern system. Systems with high quality and low business value do not
create much value, but they do not cost much to maintain. Thus, these systems can be left
running. Legacy systems with high quality and high business value are the best possible
option. They do not cost much to maintain, and they are creating value to the company.
These systems should be left running with normal maintenance (Sommerville, 2016).

3.4 Modernization
System modernization is a similar act of transforming software as maintenance is.
However, modernization differs in the sense that it is much more extensive process than
maintenance because modernizations often incorporate restructuring, functional changes,
and new software attributes. A legacy system can be modernized to lower its maintenance
costs if it still has business value.
There are two types of modernization strategies that can be used: white-box modernization
and black-box modernization. The key difference between them is the amount of
14

knowledge of the legacy systems needed to complete the modernization process. Whitebox modernization requires a lot of technical information about the internals of the legacy
system. Contrary to that, black-box modernization only requires information about the
external interfaces of the legacy system. Sometimes these methods are not enough, and a
legacy system is so outdated that it is not cost effective to modernize it. Thus, it should be
replaced (Comella-Dorda, et al., 2000).
3.4.1

White-box modernization

In order to do white-box modernization, it is necessary to reverse engineer the legacy
system in order to build up a higher level representation of the system, its relationships and
components (Chikofsky, et al., 1990). Program understanding is often used to reverse
engineer legacy systems in white-box modernization. In essence, program understanding is
the act of examining and studying the legacy system, modeling the system domain, using
reverse engineering tools to study the code base, and developing abstract models that help
to understand the system (Comella-Dorda, et al., 2000). The task of reverse engineering a
system is a time consuming and expensive operation. It is even more difficult if the system
is large and complex, and the documentation is outdated. Once there is a sufficient
understanding of the legacy system, the restructuring of the code and the system will
commence. Restructuring is transforming the code to increase performance,
maintainability and other quality attributes, while maintaining the functionality
(Chikofsky, et al., 1990).
3.4.2

Blackbox modernization

Black-box modernization does not attempt to uncover the inner workings of the legacy
system, since only the inputs and outputs of the system must be examined. This makes the
modernization process easier compared to white-box modernization (Comella-Dorda, et
al., 2000). Black-box modernization builds new interfaces around the legacy system rather
than trying to restructure it.
3.4.3

Replacement

Replacement of a legacy system is needed when the system is so badly outdated that it is
not possible or cost effective to modernize it. When replacing legacy system, a new system
needs to be built from the ground up to take its place. Building a new system requires a lot
of resources and knowledge. Since most developers work on maintenance, they may not
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know how to design new systems. Another risk is that some of the business knowledge that
is embedded in the legacy system will be lost. Furthermore, the new system might not
work as well as the old one (Comella-Dorda, et al., 2000).

3.5 Related research
A Mapping study by Agilar et al. (2016) reviewed 44 software modernization related
research papers published between 1995 and 2015. The study tried to find out what are the
characteristics of (1) legacy software modernization, (2) what techniques and tools are
used to modernize software, and (3) what causes companies to try to modernize software?
3.5.1

Characteristics of modernizing legacy software

According to the study, software modernization of a legacy system can be defined as the
evolution of systems, where new features are added according to customer needs and
business requirements, and updates are made to remove errors (Agilar, et al., 2016). This
definition is based on many existing models about software life cycle. For example,
Weiderman et al. (1997) suggests a model, where software evolution is split into three
stages: maintenance, modernization and replacement.
3.5.2

Tools for modernization

Regarding to the second question, the study observed three main modernization strategies:
white-box modernization, black-box modernization, and replacement. According to the
study, approximately 73 % of the companies mentioned in the research papers used whitebox methods, while black-box was used by approx. 23 %, and only approx. 3 % used
replacement methods. This is surprising, since the popular opinion seems to be that blackbox modernization is easier than white-box modernization (Comella-Dorda, et al., 2000). It
might be indication that the tools for white-box methods are getting better (Ransom, et al.,
1998).
3.5.3

Reasons for modernization

In order to answer the third question, analysis of the of publications revealed four main
reasons for modernization of legacy software. First of all, legacy systems are hard to
integrate to other software systems, since they were not designed for highly integrated
usage that is required in the world of today. Integration allows companies to better control
their resources, remove duplicate business rules, re-use existing software and reduce cost
of development. The second reason for modernization is that legacy systems are expensive
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to maintain, and the maintenance costs will only increase as the system ages (Agilar, et al.,
2016). The effort needed to keep legacy systems running often takes away resources from
other projects. The maintainance effort for legacy systems can take 50 % to 70 % of the IT
budget in a large company (Cimitile, et al., 2000). Often the reasons for rising maintenance
costs are bad documentations and the lack of understanding of the legacy systems (Bisbal,
et al., 1999). This leads to the problem of choosing between ever more rising maintenance
costs and expensive replacement of the legacy system (Bennett, 1994). Third reason
exposed by the study is the shrinking knowledge concerning the legacy system (Agilar, et
al., 2016). To be able to apply changes to any system, it is necessary to understand the
system (Bennett, 1994). Often legacy system’s original developers are gone, its
documentation is degraded and there is nobody willing to learn its design. Other way to
think about it is that legacy systems are like rare diamonds, and just like a rare diamond,
they cost a lot. The fourth reason for modernization are the frequent errors and bugs that
plague legacy systems. This is caused by the poor documentation and lack of
understanding (Bennett, 1994). The study also uncovered that 63 % of the research papers
were solution proposals, not empirical studies, pointing out a need for empirical studies
from this topic (Agilar, et al., 2016).
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4. Basics of microservices architecture
Microservices have gained a lot of popularity recently. In this chapter, the history, and the
current state of the microservices are described. It is also explained how microservices
differs from traditional monolithic architectures and what are its quality attributes.

4.1 Microservice architecture versus monolithic architecture
The term ´monolithic software´ is used to describe software application of which modules
cannot be executed separately, as illustrated in Figure 2. Example of monolithic
architecture. Monolithic architecture style has been the norm in software applications for a
long time. However, there are some general issues related to monolithic architecture,
which are causing migration to microservices (Dragoni, et al., 2017). List of issues is
below:
1. Monolithic applications tend to grow indefinitely. This causes the
complexity to also increase, which makes maintaining monolithic
applications gradually hard. Things like finding bugs and creating new
features takes a long time (Dragoni, et al., 2017).
2. If at some point a part of monolithic application needs to be updated, the
whole application needs to be restarted. This is fine for small applications,
but for large applications this might be a considerable downtime (Dragoni,
et al., 2017).
3. Monolithic applications are harder to deploy since some parts of the
application might have different requirements to other parts. This means
that some parts are computationally heavy, and others are memory heavy.
The developers must choose a one-size-fits-all environment to satisfy all
requirements, which is expensive and suboptimal (Dragoni, et al., 2017).
4. Handling scalability is another weakness of monolithic applications. When
an application is getting a spike in inbound requests, the strategy usually is
to create more instances of the application to handle the increased load.
However, monolithic applications work as a single monolithic structure and
cannot be split. This means that even the parts of the application, that do not
need the increased load, still get it, which wastes resources (Dragoni, et al.,
2017).
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5. Monolithic systems are locked in the same technology and cannot evolve
fast. The same programming language and framework must be used from
the first to the last module, even though better new options would have
appeared in the market (Dragoni, et al., 2017).

Figure 2. Example of monolithic architecture. Server application and database.

Microservices are cohesive and self-sufficient processes that interact with each other to
form a distributed application, as illustrated in Figure 3. Example of microservice
architecture.. They are small, independent services that have their own isolated
environment with operating system, databases, and other support software. Basically, all
the modules in an MSA application are microservices. An example of a microservice is a
web shop that has a microservice for handling their customer information. All that the
microservice does is add, delete, update and list customer information for the web shop.
The microservice has no other functions, and it does not know anything else. It is purely
focused on the narrow task of managing customer information. Adding multiple
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microservices together forms a distributed application. Microservices often use message
passing to communicate with each other. This means that a microservice can be built with
different programming languages and different environments depending on the
requirements (Dragoni, et al., 2017).

Figure 3. Example of microservice architecture. Multiple microservices applications and
databases.

MSA is a guideline for developers and managers, which helps them to develop and
implement distributed applications. By following MSA principle, developers work on
small, well specified functionalities that are well separated from other parts of the
application. This is also true for the higher level microservices that only coordinate the
work of other microservices (Dragoni, et al., 2017).
In an earlier part of this chapter, the issues of monolithic architecture were listed. Here is
how MSA attempts to cope with the same issues:
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1. Contrary to monolithic applications, microservices only implement one or couple
of specific functionalities. Because of this, the code bases are small and simple, and
finding bugs is easier. Additionally, developers can test their implementations in
isolation, because microservices are decoupled form the rest of the system
(Dragoni, et al., 2017).
2. When microservices need to be updated to a newer version, there is no need to
reboot the whole system. One microservice can be shut down, updated and restarted
with minimal downtime (Dragoni, et al., 2017).
3. Microservice applications are usually deployed using containerization. This means
that they run on virtualized environments that can be quickly deployed or taken
down. Thanks to containerization, they can be configured to ensure the best
performance by reducing costs and improving quality (Dragoni, et al., 2017).
4. Because microservices are fundamentally decoupled services, they scale well.
There is no need to duplicate the whole application to increase the performance on
one part of it. New instances of containerized microservices can be spooled up as
need be, this is effective and reduces costs (Maurizio Gabbrielli, et al., 2016).
5. With the exception of communication protocols, there are no language or
technology lock-ins imposed on MSA. Developers can choose the best
programming language and the best supporting software to support the
functionalities of a given microservice (Dragoni, et al., 2017).

4.2 History of microservices architecture
Architecture is what provides a structure to the software development. Using well designed
architectures allows software to evolve throughout its life span. Software architecture is
bridging the gap between software requirements and the functionality of the software
(Dragoni, et al., 2017). In this chapter, the history of software architecture is explored from
the early days of object-oriented programming to the emergence of microservices. The
whole timeline can be seen in Figure 4.
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Figure 4. History of microservices (Dragoni, et al., 2017).

4.2.1

Software architecture

In 1960s, the first large-scale software projects started to appear. Developing large-scale
software projects was a complex job with many difficulties (Brooks, 1995). During these
times, software design was not yet a tightly coupled part of the implementation process –
rather it was a separate activity with its special set of tools and documentation. The
differentiation made large-scale software hard to develop. This led to growing interest in
software design from the research community, who saw its importance in software
development. In 1980s, references to software architecture started to emerge. However, it
took another decade until the first foundations for software architecture were created by
Perry and Wolf in 1992 (Perry, et al., 1992). The definition of software architecture by
Perry and Wolf differed from software design, and has since gathered large research
community around it. The arrival of object-oriented programming (OOP) in the 1980s and
1990s, added to the software architecture research field. In OOP software architecture was
translated to code using software patterns (Dragoni, et al., 2017).

4.2.2

Component-based software development

In the early 2000s, software systems were becoming increasingly large, complex and hard
to manage. This led to a decrease in productivity, increase in development costs, and low
quality of software that was too risky to migrate towards new technologies (Pour, 1999a).
As a consequence, there was a need for a more efficient programming paradigm that would
give attention to separation of concerns. To answer this need, component-based software
development (CBSD) approach emerged. The idea of CBSD is to built software products
using off-the-shelf components with well defined software architecture (Pour, 1998).
CBSD is able to reduce development costs, time-to-market and improve maintainability,
reliability, and the overall quality of the software (Pour, 1999b).
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4.2.3

Service-oriented computing

In the last decade, there has been a shift towards service first paradigm, which further
evolved to MSA (W3C, 2004). Service-oriented computing (SOC) is an emerging software
architecture paradigm for distributed systems. It’s origins can be traced back to OOP and
component-based computing (CBC). SOC attempts to solve the complexity of distributed
systems and the problems of integrating multiple applications together (MacKenzie, et al.,
2006). SOC is based around services, which can connect and understand each other.
Connecting can be done via message passing using HTTP and TCP. Services can
understand each other by using the same format, for example, XML and JSON. The
philosophy behind SOC is to connect large enterprise systems together and make them
interoperable (Munindar, et al., 2004).
The benefits of SOC are as follows: dynamism, modularity, distributed development, and
integration of legacy systems and heterogenous systems. Dynamism means that new
instances of a service can be launched to increase the capacity of the system. Modularity
allows services to be constructed by combining other services together, which increases
code reuse. Because of well defined interfaces, services can be built apart from each other
allowing for distributed development. Communication between services is done with
standard protocols, which means that legacy sytems only need to implement the protocols
to be able to communicate with new services (Dragoni, et al., 2017).
The component based computing used in SOC has its origins in OOP literature. However,
there are some critical differences that led to the separation of the research paths. SOC was
and still is built on top of OOP languages. This is caused by the broad merging of the two
paradigms in the early 2000s. However, one should be careful when comparing the objects
and the services. The philosophy of object is to focus on encapsulation and to work on
shared memory, whereas service’s philosophy is independent deployment, and it works
using message passing. Both paradigms share the common idea of componentization
(Dragoni, et al., 2017).
Microservices are the second generation of SOC and service oriented architecture (SOA).
It attempts to fix many of the issues of the earlier generations by stripping away unneeded
complexity, and squarely focus on the development of simple services that only implement
one functionality. Microservices uses the same service-oriented languages as SOA did
(Dragoni, et al., 2017).
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4.3 Microservice architecture
Microservices architecture is a new service-oriented paradigm. MSA works by combining
simple light weight services together with message passing. Microservices are small
applications with few functionalities running on isolated environments. The MSA is built
on similar principles as SOA (MacKenzie, et al., 2006). ‘Microservice’ as a term was first
coined by a workshop group in 2011 to describe an architectural style that they had been
recently examining (Fowler, et al., 2014). The MSA had been used before this, but with a
different name. For example, Netflix used the term ‘fine-grained SOA’ for their
microservice-like architecture (Wang, et al., 2013).
Microservices are combatting the complexity of large software systems by splitting off
their functionalities to small, easily managed services. Microservices are independent in
development and deployment, making MSA applications highly modular. High degree of
modularization has many benefits, such as low coupling, high cohesion, maintainability,
scalability and faster development and deployment (Dragoni, et al., 2017).
MSA is often confused as a branch of SOA and to a degree that is correct (Fowler, et al.,
2014). However, there are some key characteristics that differentiate MSA from SOA, for
example, size, bounded context, and independency (Dragoni, et al., 2017). Microservices
are small, and they are supposed to only support a single business capability. This is
contrary to SOA service, where a typical service can range from a small to large enterprise
service. Component sharing is another difference in MSA. While SOA attempts to share as
many of the same components as possible, MSA tries to minimize it with bounded context
(Tuli, 2018). Bounded context allows microservices to have different meanings for
different data models depending on the context. This means that multiple versions of a
certain entity can exists in the microservice system without clashing (Fowler,
BoundedContext, 2014). Lastly, all microservices operate independently from each other,
only communicating through published interfaces (Dragoni, et al., 2017).
MSA has become popular due to its key characteristics, flexibility, modularity, and
evolution. Being flexible and able to change fast depending business needs, gives
companies that adopt MSA a competitive advantage. Modular design allows companies to
create new services and products for their customers and provide customized solutions.
24

Low coupling and high maintainability allow developers to evolve their microservice
systems, and create new features for customers (Dragoni, et al., 2017).
4.3.1

Development teams

In MSA, teams are created to be cross-functional, as shown in Figure 5, meaning that a
single team will have all the skills needed to develop a microservice. This includes userinterface (UI), storage persistence and server-side development. Microservices are divided
according to business capabilities. The reason for this organization is Conway’s law
(Fowler, et al., 2014). The law states the following: “Any organization that designs a
system (defined broadly) will produce a design whose structure is a copy of the
organization's communication structure.” - Melvin Conway (1968). In practice, this means
that traditionally teams are split along the technology layer, as illustrated in Figure 6. For
example, there can be UI teams, server teams and database teams. This is a fragile way to
organize teams, since even small changes require cross-team project, which is ineffective
and expensive. Often this forces teams to implement changes to the first technology layer
that they have access to. This means that before long there is logic in all the layers.
Because developers write logic to technology layer that is closest to them (Fowler, et al.,
2014).

Figure 5. Cross-functional team organized based on business capabilities.
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Figure 6. Development teams that have been grouped by technology layer.

4.3.2

Pipeline automation

There has been a huge surge of development of infrastructure technology in the past ten
years. Cloud service platforms like AWS and Azure have made operating and deploying
microservice based applications easier and cheaper. This allows teams to build
microservices using continuous integration (CI) and continuous delivery (CD) pipelines.
An example of this can be seen in Figure 7. The pipeline automates testing, building,
deploying and delivering the microservices. This makes developing and deploying new
features easier and faster, since developers can rely on their pipeline to handle the
validation of code and deployment to end-users (Fowler, et al., 2014). A microservice can
be updated independently without distrupting the functioning of other microservices. MSA
was developed after the popularization of CI and CL. Furthermore, MSA is designed to
work with CI and CL to automize the software development lifecycle (Dragoni, et al.,
2017).

26

Figure 7. Automation pipeline example.

4.3.3

Availability of microservices

For microservices availability is critical. Because microservices depend on each other, the
availability of the whole system can be evaluated by examining the availability of a single
microservice. A single microservice failing can cause failures in other services that are part
of the same microservice system (Dragoni, et al., 2017). It has been found out that small
software components, such as microservices, have high fault density (Hatton, 1997).
However, the fault density also grows when the component’s size grows (Emam, et al.,
2002). Microservices are designed to be small, and if they grow too much, they should be
split into multiple microservices. This should keep microservices in the optimal size
regarding fault density (Dragoni, et al., 2017).
4.3.4

Reliability of microservices

MSA is distributed by design, since microservices communicate through message passing.
Because of this, reliable communication is critical between microservices (Dragoni, et al.,
2017). MSA systems are built from small components with clearly defined interfaces. This
is a way to achieve high reliability in a system (Raymond, 2003). For communication, the
microservices community favors the ‘smart endpoint and bum pipers’ approach.
Applications designed with MSA try to be as decoupled and cohesive as possible; they
have their own domain logic that processes the incoming request returning a response. The
most used communication protocols with MSA are HTTP and Protocol Buffers (Fowler, et
al., 2014).
4.3.5

Maintainability of microservices

Often applications are developed in a project model, where development team builds a
software application. Once they are finished with it, the application is handed over to a
maintenance team. However, amongst the microservices community, this model is not
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favored. Instead, a common practice for microservices, development is for development
teams to own their products throughout the product’s lifetime (Fowler, et al., 2014). This
idea is inspired by Amazon’s “you build it, you run it” philosophy (Vogels 2006).
Developers working daily with their software and communicating with the customers
creates a feedback loop that helps further improve the software (Fowler, et al., 2014).
Microservices systems are by design decoupled, meaning that there are no strong
dependencies between individual microservices. This adds to maintainability by reducing
the cost of modifications, fixing problems, and creating new features (Dragoni, et al.,
2017).
4.3.6

Performance of microservices

The greatest performance weakness for microservices system is the communication that
happens over a network. As a comparison, monolithic application communicates inside a
single process using the same shared memory. However, microservices must communicate
across the network to pass messages. This decrease of performance is dependent on the
number of external connections each microservice has. If a microservice system has well
defined bounded contexts, it will experience less of a performance hit (Dragoni, et al.,
2017). The issues related to microservice connectivity can be mitigated in two ways,
making network calls less frequently and using asynchronous calls. The latter way means
that asynchronous network calls should be made parallel to each other, so that only the
slowest of the calls needs to be waited (Fowler, 2015).
4.3.7

Security of microservices

MSA have the same security vulnerabilities as any other distributed architecture. MSA has
the same security issues as its predecessor SOA (O'Brien, et al., 2005). Microservices
transfer data across network to other microservices, which can always be a point of attack.
This means that there needs to be additional encryption of data that is send between the
microservices. Furthermore, the distributed nature of microservices means that there is
more surface on which security breaches can be targeted. Another security issue can raise
from the complexity of microservice systems. Even a moderately sized monolithic
application can be split into tens or hundreds of microservices. This is a lot of applications
to take care of, and creates opportunities for attackers (Dragoni, et al., 2017).
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5. Results of the systematic mapping study
This chapter reports on the results of the systematic mapping study. The goal of the study
was to discover trends related to legacy software modernization, more specifically, trends
in migrating from legacy applications to microservices. The study was conducted as a
systematic mapping study. A pool of 450 research papers was the starting point. After
exclusion analysis, 44 of them were chosen for further classification. Three classification
schemas were developed to map out the research subject: research type, research area and
research tool. These classifications are directly related to the research questions.

5.1 Results to the first research question
Regarding the first research question “(RQ1) What are the research approaches?”, the
research types were analyzed using a modified version of the classification schema by
Wieringa (2006). The classification schema consists of the following gategories: validation
research, evaluation research, solution proposal, philosophical papers, opinion papers and
experience papers, as listed in Table 1 in section 2.5. The distributions of research types
can be seen from the pie chart in Figure 8.

Figure 8. The distribution of research types.
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5.1.1

Implications

The research types can be divided into empirical and non-empirical research. Nonempirical types are solution proposal, opinion papers, experience papers and philosophical
papers. Empirical study types are validation and evaluation research. Most of the studies
(64 %) are non-empirical studies (Figure 9). This suggests a lack of empirical studies (36
%), which use verified data and observations in order to support research results. Empirical
studies are critical for validating theories, models, tools and other migration related
artifacts. The lack of empirical studies might be because researchers have a limited access
to modernization projects.

Figure 9. Research types divided by empirical and non-empirical studies.

5.2 Results to the second research question
Second research question deals with the research area: (RQ2) what areas of migrating to
MSA are addressed? The research area reflects specific problems and trends that
researchers are trying to figure out within the context of migrating to microservices. The
distribution of research areas can be seen in Figure 10. It is worth noting that a research
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paper can cover multiple research areas, hence the sum of all research areas (48) is greater
than the sum of all the research papers (44).

Figure 10. The distribution of research areas.
5.2.1

Decomposition

A large portion of the research papers dealt with decomposition (44 %). Research papers in
the decomposition category discuss the best practices, challenges, and experiences of
decomposing a legacy system to microservices. Knoche and Hasselbring (2018) present a
process to decomposing a large COBOL system consisting of over a million lines of code.
Their process establishes platform-independent interfaces that are based on bounded
context, improves maintainability and eliminates unnescessary parts of the application. The
process first mapped out and implemented the required functionalities to services in the
legacy application before migrating them to microservices in Java. This a less risky
approach and should only be done in large applications (Knoche, et al., 2018). A common
problem in decomposition is recognizing the microservices candidates from legacy
application (Escobar, et al., 2016; Kamimura, et al., 2018).
Escobar et al. (2016) created a model based approach for visualizing the structure and
dependencies of legacy applications. Their validation of the approach on a mid sized
legacy application shows that the visualization greatly improved understandability.
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Kamimura et al. (2018) developed a method to identify microservice candidates. The
method uses clustering algorithm to recognize relations between programs and data.
Additionally, the method also visualizes the candidates to give an overview of the system
to developers. This method was validated with two studies.
Balalaie et al. (2015) present a set of migration patterns that they have collected from
various microservices migration projects. The idea of these patterns is to support
organizations in planning their microservice migrations. The patterns are validated using
qualitative empirical research.
5.2.2

Lessons learned

Another large portion of the papers (37 %) reported on lessons learned. Papers categorized
as lessons learned report on the positive and negative experiences that researcher have
encountered during a microservices migration. Balalaie (et al., 2015) share their
experiences on migrating software as a service (Saas) application to microservices. They
conclude that microservices are not a silver bullet solution that fits every situation, because
of the complexities that are introduced to the system. Additionally, they recommend
considering the distributed complexities and other factors related to microservices
architecture before implementing it. However, they recommend microservices architecture
for situations where flexibility, scalability and availability are required.
Furda et al. (2018) discuss three challenges of microservice migration: multitenancy,
statefulness and data consistency. In their article, they explain that the best solutions for
these challenges are removing statefulness from migrated legacy code, implementing
multitenancy, and paying increased attention to data consistency.
Jamshidi et al. (2018) explain in their research paper the recent history of microservices
and future challenges. They conclude that there is a growing number of research papers
from the topic of microservice migrations. However, the papers have had a little effect on
microservices practices, because researchers don’t have access to large scale projects.
Lenarduzzi et al. (2020) share the results of their empirical study that monitored the
technical debt of migrating from legacy application to microservices. They found out that
after the migration technical debt grows 90 % slower. When the code normalizes, technical
debt decreases and starts growing linearly, with a growing trend much lower than the
monolithic legacy system. Additionally, they give three lessons learned to help future
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development. First, to create a microservice template that can easily be dublicated for
future microservices to decrease development time. Second, to create a microservices
strategy before hand, to reduce rework. Third, not to delay important architectural decision
making, as this will cause more effort in the future.

5.2.3

Overview

The third category is microservices migration overview (18 %). Papers, in this category,
describe the overall process of migrating to microservices. Larrucea et al. (2018) present a
concise overview of migration to microservices. They share a general process for
migrating to microservices. The process has five steps: preparing for organizational
changes, getting to know the legacy system while noticing there are some special tools that
can help with this, creating system architecture that best fits the legacy system in question,
and include DevOps, enabling features in it, testing different migration methods to learn
which one is best suited for the project, and lastly, creating design that supports testing,
developing and integration. The design should use DevOps tools such as Git and Fuge
(Larrucea, et al., 2018).
Ramachandran et al. (2020) introduces a methodology for migrating monolithic
applications to cloud based microservices. This methodology can be split into two
approaches: blank-slate approach and migration approach. In the blank-slate approach, the
microservices application is developed as cloud based microservices from day one.
Whereas in the migration approach, the existing legacy application is migrated one
function at a time. The blank-slate approach is a better option for new applications and the
migration approach for legacy applications.
A clear trend in microservices related papers are the benefits gained from them. Mazzara et
al. (2018) give an overview migrating a large scale legacy system to microservices
architecture. In their paper, they highlight the benefits gained from the migration. The
migration led to higher cohesion, lower coupling and reduced complexity. Furthermore,
they report that compared to monolithic architecture, microservices have better scalability.
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5.2.4

Implications

Identifying bounded contexts from legacy system seems to be a core issue. It requires a
thorough understanding of the system (Escobar, et al., 2016; Kamimura, et al., 2018).
Many of the papers present processes and methods for identifying parts of a legacy system
that can be transferred to microservices. To understand legacy systems better, some
practitioners like Escobar et al. (2016) have developed visualization tools. However,
Balalaie et al. (2015) points out, it might be that there is no definite process for migrating
to microservices. Instead, organizations need to pick the best approach for their projects.

5.3 Results to the third research question
In this section, the third research question: “(RQ3) what are the contributions to
modernization from monolithic legacy systems to MSA?”, is answered. In total, six
different contribution categories were indentified from the research papers: tool, metric,
model, method, process and data. The distribution of research contributions can be seen in
Figure 11. Majority of the contributions are either processes (33 %) or data (43 %). A
process describes series of actions that can or should be taken in order to accomplish a
predetermined goal. Papers with data as their contribution, share information, survey study
results and personal experiences related to microservices migration. After data and process,
the next most popular contribution is method, with 11 % of the total.
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Figure 11. Distribution of research paper contributions.

To better understand the contributions, they were further classified according to the
contribution type. For this classification, two categories were used: managerial
contribution and technical contribution. Agilar et al. (2016) used this classification method
in their research for similar purpose. Managerial contribution describes process, method or
approach that manages the migration process. Technical contribution might be a tool,
metric, or piece of software to support migration effort. The classification by contribution
type can be seen in Figure 12.
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Figure 12. Research contribution types, technical and managerial.

5.3.1

Implications

The large difference between technical and managerial contributions might be that
managerial contributions are more relevant in the migration process. This is probably why
a large portion of the papers are suggesting migration processes and strategies. Tools for
migration are not nearly as relevant as the data and strategy of conducting migration to
microservices (Agilar, et al., 2016).
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6. Discussion
This research study answers to three research questions related legacy system migrations to
MSA.
•

RQ1: What are the research approaches?

•

RQ2: What areas of migrating to MSA are addressed?

•

RQ3: What are the contributions to modernization from monolithic legacy systems
to MSA?

The results to the first research question suggest that there is a lack of empirical papers.
This may be due to a limited access researcher have on industry-scale MSA migration
projects (Jamshidi, et al., 2018). The results to the second research question show that there
are three dominant focus areas: decomposition, overview and lessons learned.
Furthermore, it is suggested that there is no silver bullet approach to MSA migration, but
rather organizations need to find best solution for their project (Balalaie, et al., 2015).
Related to third research question, it is found that most common research contributions
were data and process. Further analysis shows that over 90 % of the research contributions
are managerial opposed to technical. This suggests that MSA migration is predominantly a
managerial issue (Agilar, et al., 2016).
Agilar et al. (2016) conducted a systematic mapping study about legacy system
modernization. In the study, they classified research papers by research type and
contribution. For research type, they used the classification schema by Wieringa (2006) as
is used in this paper. Furthermore, they also report a lack of empirical studies in their
results. Similarly, their results on research contributions match what is reported on this
paper: most of the contributions are related to managerial aspects of the modernization
rather than the technical tools (Agilar, et al., 2016). As suggested by Pahl et al. (2016)
research related to microservices is still in an early stage. More experimental and empirical
work needs to be done.
There has not been a research paper looking specifically into the trends of MSA migration
related research. However, there are similar trends seen in other software modernization
related research. The research, in this paper, is limited to the research discussing the
migration of legacy systems to MSA. Possible threat to validity is bias in the selection of
research papers. The research papers were chosen manually by one person. The bias was
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mitigated by following strict criteria explained in section 2.4. The starting point for this
research was 450 search result from Google Scholars. After the exclusion and inclusion
analysis 44 research papers were chosen. The criteria stated that a paper should be at least
4 pages long with English as a primary language and published between 2015 and 2020. It
was also demanded that a paper was publicly available, and it was neither a master’s nor
bachelor’s thesis. Furthermore, it needed to relate explicitly to migration of legacy systems
to MSA. This study should be possible to reproduce by other researchers.
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7. Conclusion
The aim of this paper is to explain what legacy systems are, how to modernize them and
describe what microservice architecture (MSA) is. Additionally, a systematic mapping
study was performed to map out the trends in MSA migration research. Legacy system
modernization is no trivial task and requires considerable effort from any organization
attempting it. In the past decade, a new modernization trend has surfaced.
Modernizing legacy systems to MSA is seen as the best option for large distributed
systems. MSA provides scalability, maintainability, and higher efficiency, while lowering
costs. Furthermore, for this paper a SMS was conducted to understand the research related
to microservice migrations better. Based on the results of the study, it can be concluded
that in the future, there is a need for more empirical studies in this subject. There is no
silver bullet approach to microservice migration, as MSA migration is primarily a
managerial process where technical tools have less of an effect.
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8. Appendix

Index

Research paper

Link

1

Using Microservices for Legacy Software Modernization

https://ieeexplore.ieee.org/document/8354422

2

On the Modernization of ExplorViz towards a Microservice Architecture

http://ceur-ws.org/Vol-2066/emls2018paper01.pdf

3

Towards the Understanding and Evolution of Monolithic Applications as

https://ieeexplore.ieee.org/document/7833410

Microservices
4

Analysis of Legacy Monolithic Software Decomposition into
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