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ABSTRACT 

Henrikki Lehtola: Effective Migration of an Automation System to Microservice Architecture 
Master’s Thesis 
Tampere University 
Information and Knowledge Management 
August 2020 
 

The complexity of software systems has increased, which has led to increased interest toward 
microservices as a style of software architecture, where the application is broken down into small 
independent services, built around business capabilities. The migration process from a monolithic 
architecture to a microservice architecture is a complex one and includes multiple influencing 
factors. As microservices are also gaining attention outside software industries there are business 
environment specific influencing factors that have not been previously recognized. The goal of 
this thesis is to study how the migration process from a monolithic architecture to a microservice 
architecture can be done effectively. This is done by mapping out the different influencing factors 
in the migration process and by providing guidelines for the different phases in the migration 
process.  

This study approaches the microservices migration process from a new angle, focusing on the 
different aspects (technological, organizational, environmental) of the process. The study recog-
nizes the impact that the business environment can have on the migration process. This is im-
portant as microservices are being adopted in different industries and the unique aspects of those 
industries can affect the feasibility of microservices.  

The study was conducted as a single case study for a large Finnish industrial organization that 
is planning to migrate their existing system to microservices. In this study 14 employees with 
varying roles from the case organization were interviewed. The focus of the interviews was on 
collecting information about the main influencing factors the interviewees felt would affect the 
migration process. The interviews were also used to collect information about the challenges in 
the current system, that serve as focus points for challenges that microservices aim to partly 
solve.  

There exist multiple influencing factors that can be categorized to technological, organiza-
tional, and environmental groups. The environmental context has not been previously studied. 
The results indicate that the environmental context can limit the feasibility of microservices by 
setting limitations for the technological and organizational solutions. The results also indicate that 
the migration process involves multiple stakeholders with varying interests, who may not under-
stand each other’s point-of-views. Contrast was found especially between the benefits perceived 
from the point-of-view of software development and the long-term business benefits. To effec-
tively migrate to microservices, commitment from every stakeholder is required, which can be 
achieved by working jointly toward a common goal that creates benefits for everyone.  
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TIIVISTELMÄ 

Henrikki Lehtola: Automaatiosysteemin tehokas migraatio mikropalveluarkkitehtuuriin 
Diplomityö 
Tampereen yliopisto 
Tietojohtamisen koulutusohjelma 
Elokuu 2020 
 

Ohjelmistojärjestelmien kompleksisuus on kasvanut, joka on osaltaan johtanut kiinnostukseen 
mikropalveluarkkitehtuuria kohtaan. Mikropalveluarkkitehtuurissa järjestelmä on jaettu pieniin it-
senäisiin palveluihin, jotka on rakennettu erinäisten liiketoiminnallisuuksien ympärille. Migraatio-
prosessi monoliittisesta arkkitehtuurista mikropalveluarkkitehtuuriin on monimutkainen ja sisältää 
useita vaikuttavia tekijöitä. Kiinnostus mikropalveluarkkitehtuuria kohtaan on levinnyt myös ohjel-
misto-organisaatioiden ulkopuolelle, jonka seurauksena on olemassa erinäisiä liiketoimintaympä-
ristöön liittyviä vaikuttavia tekijöitä, joita ei ole tunnistettu. Tämän diplomityön tavoitteena on tut-
kia, kuinka migraatioprosessi monoliittisesta arkkitehtuurista mikropalveluarkkitehtuuriin voidaan 
toteuttaa tehokkaasti. Tämä toteutetaan tunnistamalla erinäiset vaikuttavat tekijät migraatiopro-
sessissa ja esittämällä ohjeita prosessin eri vaiheisiin.  

Tämä tutkimus lähestyy mikropalveluarkkitehtuurin migraatioprosessia uudesta näkökul-
masta, keskittymällä eri näkökulmiin (teknologinen, organisatorinen, toimintaympäristöllinen) pro-
sessin aikana. Tutkimus osoittaa toimintaympäristön vaikutuksen migraatioprosessissa, joka on 
tärkeää, koska mikropalveluarkkitehtuuria otetaan käyttöön uusilla toimialoilla, joiden ominaisuu-
det voivat vaikuttaa mikropalveluarkkitehtuurin soveltuvuuteen.  

Tutkimus suoritettiin tapaustutkimuksena suurelle suomalaiselle teollisuusorganisaatiolle, joka 
on aikeissa muuttaa olemassa olevan systeeminsä mikropalveluarkkitehtuuriin. Tutkimuksessa 
haastateltiin 14:ää organisaation työntekijää, jotka työskentelevät eri tehtävissä. Haastatteluiden 
tavoitteena oli kerätä tietoa tärkeimmistä vaikuttavista tekijöistä, jotka haastattelijoiden mukaan 
vaikuttavat migraatioprosessiin. Haastatteluissa kerättiin myös tietoa nykyiseen systeemiin liitty-
vistä haasteista, jotka osittain osoittavat minkälaisia ongelmia mikropalveluarkkitehtuurilla pyri-
tään ratkaisemaan.  

Migraatioprosessin vaikuttavat tekijät voidaan kategorisoida teknologisiin, organisatorisiin ja 
toimintaympäristöllisiin ryhmiin, joista toimintaympäristöllisiä vaikuttavia tekijöitä ei ole aikaisem-
min tutkittu. Tutkimuksen tulokset osoittavat, että toimintaympäristölliset tekijät voivat rajoittaa 
mikropalveluarkkitehtuurin soveltuvuutta rajoittamalla teknologisia ja organisatorisia ratkaisuja. 
Tulokset osoittavat myös, että migraatioprosessi sisältää useita sidosryhmiä, joiden näkökulmat 
vaihtelevat. Eriäviä näkökulmia tunnistettiin erityisesti tutkittaessa mikropalveluarkkitehtuurin hyö-
tyjä ohjelmistoarkkitehtuurin ja pitkäaikaisten liiketoimintahyötyjen näkökulmista. Jotta migraatio 
mikropalveluarkkitehtuuriin voidaan toteuttaa tehokkaasti, vaaditaan sitoutumista jokaiselta si-
dosryhmältä. Tämä voidaan saavuttaa työskentelemällä yhdessä kohti yhteistä päämäärää, joka 
tuo hyötyjä jokaiselle sidosryhmälle.  

 
 
Avainsanat: Mikropalvelu, Mikropalveluarkkitehtuuri, Ohjelmistoarkkitehtuuri, Teknologian 

käyttöönotto 
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1. INTRODUCTION 

As the complexity of the software systems has increased, and new and more challenging 

requirements are being introduced, the selection of the most suitable software architec-

ture can be seen as a critical part of software development (Haoues et al. 2017). Lately, 

microservices as a style of software architecture, where the application is broken down 

into small independent services, built around business capabilities, has been gaining 

more and more attention (Knoche & Hasselbring 2018). Whereas large monolithic appli-

cations struggle with keeping up the pace of new development approaches and customer 

needs (Kalske et al. 2018; Colomo-Palacios et al. 2018), microservices are more flexible, 

and provide such benefits as ease of deployment, scalability, robustness and technology 

heterogeneity (Alshuqayran et al. 2016; Vural et al. 2017; Balalaie et al. 2018; Newman 

2019). As majority of the costs of software development come from maintenance – i.e. 

modifying the existing system, the software architecture should support change over time 

(Poppendieck & Poppendieck 2010). 

In literature, the earliest definitions of microservices started emerging in 2010 (Fernán-

dez-Villamor et al. 2010), but the earliest definitions lack most of the characteristics that 

are that are nowadays associated with microservices (Fowler & Lewis; Vural et al. 2017). 

Even though the term microservices is fairly new, the idea of breaking an application 

down into services is not, as microservices are often seen as an implementation of SOA 

(Service-Oriented Architecture). The main difference between SOA and microservices is 

that in microservices the size of the services is specifically describes as small (Vural et 

al. 2017; Götz et al. 2018), and each service has its own database (Richardson 2018). 

Microservices also support independent deployment of services (Newman 2019), which 

allows easier version deployment and scalability. There are relatively few organizations 

that are known to use microservices. The best-known front-runners of microservices ar-

chitecture are organizations like Amazon, Netflix, and The Guardian. Still there are or-

ganizations using SOA in a way that could be classified as microservices architecture 

(Fowler & Lewis).  

Current literature on microservices is highly theory based and case examples of migrat-

ing to microservices are few in numbers, which might be the reason that the current 

literature on microservices is mostly focusing on the technological aspect of micro-

services. Still some case examples of microservices migration have started emerging 
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(Luz et al. 2018; Debroy & Miller 2019). Widely accepted characteristics of microservices 

were defined by Fowler & Lewis, and their article on microservices is a common refer-

ence in many articles. There have been a few literature reviews on microservices 

(Alshuqayran et al. 2016; Vural et al. 2017), that have mapped some of the emerging 

standards and tools. These literature reviews show that the number of publications on 

microservices is growing at a fast rate, and that the standards are still evolving. The 

organizational and the environmental aspects of the migration to microservices are still 

not well studied, and even though the importance of these aspects has been recognized 

(Newman 2019) they have not received a lot of attention. There has been some research 

on the migration from legacy systems to SOA (Razavian, Maryam & Lago 2010; Bhallam-

udi & Tilley 2011), with some focus paid to the knowledge and process management 

sides of the migration as well (Razavian, M. & Lago 2015). Some in-depth studies of the 

migration process has been conducted (Balalaie et al. 2016; Balalaie et al. 2018), but 

these studies have been highly technological focusing more deeply on just parts of the 

migration process, such as the deployment pipeline of the services. As the impacts of 

the migration to microservices architecture are not only technological, there is need for 

a study that considers also the organizational and environmental aspects as well, and 

maps out different phases of the migration process.  

The goal of this master’s thesis is to study the influencing factors in the process of mi-

grating to microservices architecture, and their roles in achieving an effective migration 

in different business environments. The focus of this study is on the influencing factors 

that can negatively affect and hinder the migration process. As the process of adopting 

a new software architecture is costly and time consuming (Newman 2015; Haoues et al. 

2017; Balalaie et al. 2018; Kalske et al. 2018; Debroy & Miller 2019), organizations 

adopting a new type of software architecture, need to be sure they are making the right 

decisions to ensure long-term benefits.  

The main research question for this thesis is: 

• How to ensure an effective migration from a monolithic architecture to a micro-

service architecture? 

To help answer the main research question there are additional sub-research questions: 

• What are the key influencing factors in the migration to microservice architecture? 

• What are the key steps in the process of migrating to microservices? 
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As the migration to a microservice architecture, or any other type of software architec-

ture, doesn’t only include technological challenges, but challenges that can be catego-

rized as organizational and environmental challenges as well (Newman 2015; Kalske et 

al. 2018), the TOE Framework by Tornatzky & Fleischer (1990) is used to inspect the 

multiple aspects (technological, organizational, environmental) of the microservices ar-

chitecture migration process. The environmental context can set restricting limitations for 

example for some of the technological solutions and therefore need to be studied. To 

achieve an effective migration, there is a need to understand any limitations that might 

affect the migration process and diminish the gained benefits. It is also important to un-

derstand the current state of the system to be migrated and what are the challenges 

experienced by different stakeholders. By understanding these challenges, it is easier to 

find the focus points for the migration and use the available resources effectively to 

evolve the system in a positive direction.  

This thesis is done as a case study for a large Finnish industrial machinery manufacturer 

and focuses on the organization’s software development business area. The case or-

ganization operates globally delivering its products all over the world, but the software 

development of the organization is mainly located in Finland. As the business of the case 

organization is becoming more and more technology- and service-oriented, there is a 

need to better answer the varying customer needs. A migration to a microservices based 

architecture is seen as a part of achieving that goal.  

The structure of this thesis is the following. Chapter two focuses on the concept of mi-

croservices and provides short introductions to monolithic architectures and service-ori-

ented architectures. Some understanding of these architectural styles is required to bet-

ter understand the benefits of the microservices architecture.  

Chapter three focuses on the migration process itself. First, the key reasons for why 

organizations have migrated to microservices are introduces. After that, the challenges 

faced in the migration process are introduced and addressed. Lastly some high-level 

steps for the migration process are introduced to help ensure effective transformation to 

microservices.  

Chapter four discusses the research methodology of this study and introduces the case 

company and the system to be migrated. The methods for data collection and analysis 

are described. Chapter five presents the results of the interviews and maps out the case 

organization’s influencing factors for microservice migration and the challenges with the 

current system. 
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Chapter six combines the theory and the results of the interviews and provides the final 

discussions of the topic. The theoretical and practical contributions of this thesis are pre-

sented as well. Chapter six also includes a review of the research limitation and presents 

needs for future research.  
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2. MICROSERVICES  

This chapter gives an overview of the basic concept of microservices. A short introduc-

tion to a monolithic architecture and service-oriented architecture is provided to better 

explain the concept of microservices.  

2.1 Monolithic Architecture  

Monolithic application refers to an application that consists of one piece and is consid-

ered as a straightforward and a standard way for starting application development. A 

monolithic application consists of three layers: UI-layer, Business Logic Layer and Data 

Access layer, that communicate with a single database, as presented in the figure below. 

(Götz et al. 2018; Kalske et al. 2018)  

 

Figure 1: Three Layers of a Monolithic Application (Kalske et al. 2018)  

As a monolithic application is a single unit, it needs to be developed and deployed as a 

single unit. This creates challenges as the application grows in size, as adding new fea-

tures becomes harder and making changes can have unknown effects. Testing of the 

application is also cumbersome, since the whole application needs to be tested even if 

only small modifications are made. A monolithic architecture also affects the team struc-

tures as it is common that the developers, quality assurance and operations, operate as 

separate teams, which increases the need for hand-offs and leads to slower communi-

cation and decision making, and thus slower time-to-market. (Kalske et al. 2018)   
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2.2 Service-Oriented Architecture (SOA) 

The idea of breaking an application down into services is not a completely new idea, as 

the Service-Oriented Architecture (SOA) is often seen as an earlier version of micro-

services. In SOA, the services are responsible of predefined functionalities that produce 

specific results. The services are larger in size compared to microservices and often 

share resources and databases. The communication between services is usually orches-

trated with the use of an Enterprise Service Bus (ESB), which is a middleware tool that 

makes it possible for services to interact and react to events, while the trigger of the 

event is unknown. The deployment of a SOA applications follows the monolithic ap-

proach, where all the services are deployed at once. The user interface in a SOA appli-

cation works as a portal for all the services, and like in the monolithic approach, multiple 

teams are responsible of the service’s processes. (Vural et al. 2017; Cerny et al. 2018; 

Götz et al. 2018)   

2.3 Microservices Architecture 

The term microservices started emerging in 2010 (Fernández-Villamor et al. 2010), but 

the definition has evolved over the years (Vural et al. 2017). Nowadays microservices 

are defined as small independent services, built around business capabilities, and focus-

ing on single responsibilities, working together to form a larger application. Microservices 

have a decentralized and autonomous nature, which allows teams to use different ways 

of working and supports the use of different technologies and coding languages that best 

fit the situation. The ideology behind microservices supports change, and as the services 

can be deployed independently, a change in a single service does not require the rede-

ployment of the whole application. (Fowler & Lewis; Newman 2015; Thones 2015; 

Killalea 2016; Newman 2019)   

Common characteristics of microservices by Fowler & Lewis are presented below. It is 

worth to note that not all of the mentioned characteristics necessarily apply to all micro-

service architectures, but most microservice architectures show signs of at least some 

of the characteristics.  

• Componentization via Services: Services are independent units of software, 

which means they can be deployed and managed independently.  

• Organized around Business Capabilities: Services are organized around busi-

ness capabilities and managed by cross-functional teams. 
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• Products not Projects: The service-team is responsible of the product during its 

whole lifecycle.  

• Smart endpoints and dumb pipes: Services are designed to be decoupled and 

cohesive and they should communicate with each other using simple requests 

and responses.  

• Decentralized governance: Teams are responsible of their own services and 

have authority to make decisions regarding for example the technology stack 

used.  

• Decentralized Data Management: Each service is preferred to have its own da-

tabase.  

• Infrastructure Automation: Continuous integration (CI) and continuous delivery 

(CD) are related to microservices and automated processes, such as automated 

tests and deployment are preferred.  

• Design for Failure: As each service is an independent unit, the system should 

withstand the failure of a single service, but a cascading failure of the whole sys-

tem should be impossible.  

• Evolutionary Design: Services are designed to support change over time, and if 

needed can be easily scrapped and replaced.  

The structure of a microservices application is presented in figure 2. The application 

consists of multiple services that are communicating with each other through APIs. As 

mentioned, these services can be deployed independently and are ideally managed by 

separate cross-functional teams. Microservices can use different databases, and it is 

also possible that some services are without a database at all. Especially when the size 

of the codebase starts to grow, the microservices architecture becomes more beneficial 

as, for example, making changes to the application becomes easier. (Fowler & Lewis; 

Kalske et al. 2018)   
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Figure 2: Microservices Architecture (Kalske et al. 2018)  

As can be deduced from the rising amount of interest, there are plenty of benefits related 

to microservices. The most often mentioned benefits by Vural et al. (2017) are presented 

below. 

• Ease of Deployment: Services can be deployed independently, which results in 

a faster deployment time and reduces time to market. 

• Scalability: Services can be scaled independently according to for example per-

formance constraints. 

• Technology Heterogeneity: Services can be developed using different technolo-

gies. 

• Robustness: Composing the system out of services makes the system as-a-

whole more resilient, since a failure in one service does not lead to a failure of 

the whole system. 

• Team Autonomy: Teams are responsible of specific services, which improves 

accountability, empowers employees, and leads to faster decision making. 
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2.4 Trade-Offs Related to Microservices Architecture 

The adoption of microservices and building the application from small services, using 

different technologies allows greater freedom in the development process (Newman 

2015). This freedom though comes with a price, as the increasing number of micro-

services and the use of multiple technologies, introduces a lot of complexity into the 

system (Thones 2015; Alshuqayran et al. 2016; Balalaie et al. 2018; Newman 2019), 

which needs to be managed and harvested into profit. Managing the increased complex-

ity creates new challenges for both the managers and the employees, as the increased 

complexity requires learning new skills and adapting to different ways of working and 

modifying the team structures.  

The independent nature of microservices has multiple benefits, but also creates trade-

offs in areas of service discovery and security management. As the services are inde-

pendent entities, communicating with each other through APIs, they need to be able to 

consistently discover and communicate with each other without losing trust in the pro-

cess. In some cases, some level of trust can be sacrificed, but in some cases, for exam-

ple if the user identification needs to be verified in all parts of the communication chain 

between microservices, it is not acceptable. (Alshuqayran et al. 2016) Trade-offs are 

also related to performance, as for example latency can be reduced by caching data but 

might lead some users seeing stale data (Newman 2019).  

Microservices improve the robustness of a system (Alshuqayran et al. 2016; Killalea 

2016; Vural et al. 2017; Newman 2019), and while a more resilient system is without a 

doubt something to strive for, the total number of failures in the system can increase as 

there are more entities to be managed, and troubleshooting these failures across ser-

vices can be difficult, and require new practices. Even though a failure in an individual 

service can be expected, the independent nature of microservices should make manag-

ing the failures easier, and a cascading failure of all the services should be impossible. 

(Killalea 2016) 
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3. MIGRATION TO MICROSERVICES ARCHITEC-
TURE  

This chapter introduces the key reasons for why organizations have migrated to micro-

services, which also indirectly describe the perceived benefits of microservices. Chapter 

3.2 covers and addresses common challenges that have been recognized in the process 

of migrating to microservices. Finally, the common phases in the migration to micro-

services are presented and discussed.   

3.1 Key Reasons for Migrating to Microservices 

Selecting the best suiting software architecture is not an easy task, and the impacts of 

the decision will be long lasting, as maintenance is the cause of majority of the costs of 

software development (Poppendieck & Poppendieck 2010). As more and more, smaller 

and larger companies are adopting the microservices architectural style (Taibi et al. 

2017), it is worth to recognize the key reasons that have affected their migration deci-

sions, as these can also be seen as the benefits of microservices. 

This chapter presents the key reasons that have led organizations to migrate to the mi-

croservices architecture. The reasons are grouped into technological, organizational, 

and environmental reasons according to the TOE framework by Tornatzky & Fleischer 

(1990).  

3.1.1 Key Technological Reasons for Migration 
The independent nature of microservices has led to many of the key technological rea-

sons for migration. As each service works as an independent unit, they can be deployed, 

maintained, and scaled independently, which allows faster time-to-market and scaling 

according to varying needs. 

Improved Deployment Processes 

Treating services as individual entities means that the services can be deployed inde-

pendently without affecting the whole system. These independent and flexible deploy-

ment processes help reduce the time-to-market and downtime of the application when 

new features are deployed. Faster release cycles support incremental development, 

which can lead to faster access to customer feedback. (Poppendieck & Poppendieck 

2010; Luz et al. 2018)   
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Maintainability 

The modularity of the microservices architecture is one of the major reasons for the 

adoption of microservices, since managing each service independently helps in reducing 

complexity and thus increases maintainability. Managing smaller services makes it eas-

ier to make modifications to the code, which supports incremental development, and 

dealing with the smaller codebases of microservices can increase the understandability 

and simplicity of the code. (Poppendieck & Poppendieck 2010; Taibi et al. 2017; Luz et 

al. 2018)  

Migration to microservices is seen as one way to modernize applications to an architec-

ture that is more easily maintainable and allows evolving over time. Often development 

projects require making fundamental changes to applications, and in the case of large 

legacy systems the full effects of the changes can be hard to assess beforehand. Being 

technology agnostic, microservices help avoid technology lock-in, which can have a huge 

effect on maintainability over a long period of time, as the developers of the application 

and the technology requirements can change. (Knoche & Hasselbring 2018; Luz et al. 

2018; Abdullah et al. 2019)   

Scalability 

Compared to a monolithic architecture, the scaling of microservices is easier, as each 

microservice can be deployed to a different server. Therefore, the chances that a micro-

service would cause a bottleneck for the whole system are lower, as there are methods 

for individually dealing with the microservices under strain, without deploying the whole 

system to a more powerful machine. (Taibi et al. 2017)   

Low-Dependency 

In a monolithic system a failure in one component can lead to a disfunction of the whole 

system, whereas the low-dependency nature of microservices means that a failure in 

one service does not necessarily impact other services or the whole system. Micro-

services offer a low-dependency architecture, where elements that change together are 

bundled together in the same system, and the system is not affected by changes in other 

systems, which makes the system as-a-whole more resilient and robust. (Poppendieck 

& Poppendieck 2010; Killalea 2016; Taibi et al. 2017)   
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3.1.2 Key Organizational Reasons for Migration 
Organizations are trying to be as efficient as possible. The independent nature of micro-

services makes it possible to better utilize employees’ skills and knowledge and empow-

ers the employees. There are distinctions between the public and private sector organi-

zations, regarding for example budgets and employee turnover, that affect the migration 

to microservices.  

Self-Operating Teams 

The independent nature of microservices makes it possible for teams to work on their 

services independently, which reduces the communication overhead and hand-offs be-

tween teams, that in turn make it possible to deploy changes at a faster rate. Often times 

the more people are involved in making a change, the longer it will take, which is why 

smaller autonomous teams are pursued. Team autonomy improves accountability, leads 

to better decision making and helps to empower employees. The team structure of mi-

croservices supports the adoption of DevOps practices, which has also been a key rea-

son for migrating to microservices. (Poppendieck & Poppendieck 2010; Farago et al. 

2015; Taibi et al. 2017; Knoche & Hasselbring 2018; Newman 2019)  

Employee Utilization 

Breaking an application into smaller parts makes it easier to divide responsibility areas 

and tasks among employees. When a big problem can be broken down to smaller prob-

lems, solving it becomes easier and faster. Breaking the application into services also 

allows employees to gain expertise over specific areas. (Taibi et al. 2017; Knoche & 

Hasselbring 2018)  

The heterogeneity of microservices allows for example the use of different coding lan-

guages, which helps employees to perform according to the best of their abilities. Smaller 

codebases also mean that the learning curve for new employees is shorter, and new 

employees can start to produce value at an earlier stage of their employment. (Balalaie 

et al. 2018; Newman 2019) 

Resources 

One key reason for migration, noted especially in the public sector organizations, where 

resources can be scarce, is that the migration to a microservices architecture does not 

require a huge rewrite of the application, because the old application can be incremen-

tally replaced by services. This is one of the reasons that specifically support the adop-

tion of microservices architecture, because factors like budget limitations can make it 

impossible to begin a huge rewrite process. (Luz et al. 2018)  



 

13 
 

The rate of employee turnover varies between organizations, which can be seen to affect 

the decision to adopt microservice architecture. In the public sector organizations, the 

employee turnover is often low, which means that developers are often familiar with the 

codebase. As mentioned, the microservice architecture can help to lower the learning 

curve of new employees (Balalaie et al. 2018), which can be seen as beneficial for or-

ganizations where the employee turnover is high, and thus the employee turnover can in 

some cases affect the decision to migrate to microservices. (Luz et al. 2018)  

3.1.3 Key Environmental Reasons for Migration 
Organizations are affected by the changes in their business environment. Currently there 

are on-going megatrends and new requirements that affect the business environments. 

Organizations must adapt to these changes to remain competitive in the market. 

Competition  

Competition is a key reason for adoption of new innovations (Baker 2011; Senyo et al. 

2016) and in software development abilities like being able to release software quickly 

can result in competitive advantage (Poppendieck & Poppendieck 2010; Balalaie et al. 

2018). To remain competitive in the future, and follow the mainstream market decisions, 

some organizations have decided to delve into microservices (Taibi et al. 2017). 

Mega Trends 

Current trends such as globalization, demographic change and growth of population can 

be seen to lead to highly individualized customer needs. This means that instead of de-

mand problems, there is a need to address various markets. (Götz et al. 2018) Current 

technological developments and increases in the number of users of systems, has led to 

new system requirements. Migrating to a microservices architecture, and leveraging its 

technological and organizational benefits, is seen as one way of answering to these new 

requirements. (Alshuqayran et al. 2016; Huang et al. 2019) 
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3.2 Addressing the Challenges in the Migration to Micro-
services 

The migration to microservices architecture is not a simple process and it includes nu-

merous challenges. These challenges may vary a bit depending on whether the devel-

opment of the application is started from scratch or whether an existing monolithic appli-

cation is being migrated to microservices (Kalske et al. 2018). 

This chapter presents the challenges that have been recognized during the migration 

process and addresses those challenges. The challenges are grouped into technologi-

cal, organizational, and environmental contexts following the TOE framework by Tor-

natzky & Fleischer (1990). 

3.2.1 The Technological Context 
A lot of the challenges regarding the migration to microservices can be seen to be mainly 

technological. Managing these challenges requires decision-making between multiple 

options, since there rarely exists only one best solution.  

Decomposing the Services 

Identifying the service candidates is one the major technological challenges in the adop-

tion of microservices (Pigazzini et al. 2019), and this phase should be done carefully 

since making a lot of changes afterwards will be expensive (Kalske et al. 2018; Newman 

2019). As a microservice should be an independent service, built around a business 

capability and focusing on a single responsibility (Thones 2015; Killalea 2016; Vural et 

al. 2017; Kalske et al. 2018; Newman 2019), the service boundaries should be set so 

that changing the functionality of one service does not require changes in other services–

i.e. the coupling between services is low (Newman 2019). Sharing code between ser-

vices should be avoided, and rather than sharing code, a piece of functionality should be 

modeled into its own service (Balalaie et al. 2018). Knowledge of the domain is key when 

setting the seams of the application and separating the services (Kalske et al. 2018), 

which can be done for example based on the data structures or following the domain-

driven design (Balalaie et al. 2018). Breaking a large monolithic codebase into smaller 

independent services takes a lot of time and effort, and therefore should be done incre-

mentally instead of a large rewrite. Best practice is to start experimenting with micro-

services by first selecting a simple and obvious functionality that is modeled into a ser-

vice, and as more knowledge is gained, keep breaking the monolith into more and more 

fine-grained services, that remain manageable inside the organization. (Kalske et al. 

2018; Newman 2019)  
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As said there exists no wide consensus for the granularity of the services (Gouigoux & 

Tamzalit 2017; Newman 2019), but attempts for defining the optimal granularity based 

on the cost of Quality Assurance (QA) and the cost of deployment have been made 

(Gouigoux & Tamzalit 2017), and an example is presented in the figure below. As the 

architecture moves more towards microservices, the cost of QA decreases since testing 

and validation of services can be done independently, while the cost of deployment in-

creases as the number of services to be deployed increases. If the deployment is not 

automated, the costs of deployment increases linearly, and cost-wise the optimal archi-

tecture would be to extend the monolith by adding new features as services. On the other 

hand, if the deployment is automated, cost-wise the efficient architecture would be to 

build the system from more fine-grained services. Furthest on the right side is the lambda 

architecture, which is an even more fine-grained version of microservices. (Gouigoux & 

Tamzalit 2017)   

 

Figure 3: Cost-Based Granularity of Services (Gouigoux & Tamzalit 2017) 

Deployment of Microservices 

The refactoring of the codebase is a large project, and making modifications will likely 

introduce new bugs, which highlights the importance of testing practices that support the 

polyglot nature of microservices. In addition, service communication through APIs raises 

new testing requirements, as developers need to be sure that the services have stable 

APIs, which are always compatible with the consumed services. (Heorhiadi et al. 2016; 
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Richardson 2018; Kalske et al. 2018) The possibility of microservices for frequent re-

leases of software (Thones 2015; O'Connor et al. 2017; Vural et al. 2017), leads to the 

need for good testing practices, and at least some level of automatic testing should be 

accomplished before adopting microservices (Kalske et al. 2018). Continuous integration 

(CI) and continuous delivery (CD) are DevOps practices that make the handling, deploy-

ment, and testing of microservices easier and more efficient. When the number of ser-

vices in production increases, and if deployments to production are made as often as 

daily, manual deployment processes are no longer a viable option (Kalske et al. 2018). 

As services are deployed to production even faster, the testing of a services’ perfor-

mance prior to deployment might suffer, so practices like chaos engineering, which is a 

disciplined approach for testing how the system performs under stress, can be intro-

duced to purposely introduce failures to the system and test the resiliency (Zdun et al. 

2020).  

Continuous delivery (CD), a practice where software is always kept in a releasable state 

(Laukkanen et al. 2017), is often associated with microservices (Zhu et al. 2016; Balalaie 

et al. 2018), and as the number of deployable services increases, the importance of CD 

increases as CD enables on-demand deployment of software (Balalaie et al. 2016). A 

requirement for CD is continuous integration (CI), a practice where software is integrated 

continuously during development and therefore helps to prevent future conflicts (Balalaie 

et al. 2016). The adoption of microservices effects the CI/CD pipelines, as every service 

is an independent unit that requires its own pipeline, to be independently deliverable, 

while still maintaining the option to deliver multiple services together. The CI/CD pipeline 

models the steps in the CI/CD process, like compiling software, testing, and deployment, 

and allows controlling these steps. (Debroy & Miller 2019)  

Managing an Increased Number of Environments 

The advantage of breaking a large monolithic application into smaller applications and 

being able to treat them individually as microservices, creates challenges as each mi-

croservice can have different software dependencies, and there is a need to manage 

even more environments than compared to a monolithic application. Problems will occur 

if the same code produces different results in the development and production environ-

ments. Containerization, which means packaging software into isolated containers, of-

fers a solution to this problem and is a cheaper solution, in resource and complexity point 

of view, compared to managing microservices with virtual machines (VMs). (Balalaie et 

al. 2018; Debroy & Miller 2019) The structural difference between virtual machines and 

containers is presented in figure 4. Each container runs its own processes isolated from 
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other containers, as if running on its own machine with specified resources, but can share 

bins/libraries if needed (Richardson 2018).  

 

Figure 4: Virtual Machines vs. Containers (Modified from Debroy & Miller (2019)) 

To use containerization, a new step should be added to the CI pipeline where the con-

tainer images, snapshots of the systems that are needed to run the application, are built. 

Running the images in both the development and production environments ensures that 

both environments produce the same behavior. Every service should have its own con-

figuration for creating its container image – i.e. service instance per container. (Balalaie 

et al. 2018; Santos et al. 2018) Docker is one of the most popular containerization tech-

nologies and makes it possible to produce the production environment on the local de-

velopment environment. Kubernetes is one orchestration framework technology often 

associated with Docker that allows the scaling, deployment, and management of the 

Docker containers, though other technologies are also available. (Vural et al. 2017; Bal-

alaie et al. 2018; Kalske et al. 2018; Richardson 2018)  

Logging & Monitoring 

Besides just infrastructural challenges, the increased complexity that accompanies mi-

croservices, introduces challenges also to logging and monitoring (Kalske et al. 2018; 

Trihinas et al. 2018). Compared to a monolithic application, the number of failures might 

increase, so to manage and monitor these failures, the logs need to be easy to search 

and the services should aggregate logs to one location. Since a failure in a single service 

might not be perceived immediately, automated monitoring tools, help to notify the re-

quired individuals. The monitoring processes might require some level of customization 

to support the heterogenic nature of multiple services. Varying load requirements for 

services present challenges as a service might not be able respond in a required 

timeframe or might go down totally. To make sure microservices remain fault-tolerant, 
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circuit breakers can be used to help to prevent cascading failures and high latency across 

microservices. Service breaker patterns handle failures and send default responses if a 

service is shortly under a heavy load. (Heorhiadi et al. 2016; Kalske et al. 2018; Trihinas 

et al. 2018)   

Data Management 

Data management presents its own challenges regarding different database structures, 

which are presented in figure 5. Having a database per service is often suggested, since 

it supports the independent nature of microservices, but also creates its own challenges, 

as the management of multiple databases can be more difficult compared to a monolith 

with only one database. As a monolithic application is broken down into services, the 

transactions that used to happen inside the monolith are now distributed across multiple 

services, which means they are considered as distributed transactions. (Kalske et al. 

2018) Having services that communicate with each other over a network can cause risks 

for data security. There is an increased need to manage data leaks and access manage-

ment over services. (Trihinas et al. 2018)   

 

Figure 5: Database Structures (Modified from Kalske et al. (2018)) 

A great challenge in moving to microservices is accepting the multi-database architec-

ture that does not support ACID (Atomicity, Consistency, Isolation, Durability) transac-

tions but instead uses ACD (Atomicity, Consistency, Durability) sagas, to manage trans-

actions when a service needs data that is scattered across multiple services and data-

bases. Sagas can be defined as a sequence of local transactions, which help to maintain 

data consistency without the need to use distributed transactions and are designed to 
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coordinate changes in state without reserving resources for long time periods. (Richard-

son 2018; Newman 2019) In other words, in a microservices world, a transaction may 

consist of multiple steps performed by multiple services to complete the entire transac-

tion. Two-phase commit algorithm (2PC) is another way of managing distributed trans-

actions, but as sagas are often stated as the better solution (Richardson 2018; Newman 

2019), 2PC is not covered in this thesis.  

A saga is started by an operation in the system, and the accomplishment of one local 

transaction will trigger the next local transaction in the saga. In case one transaction in 

the saga fails, all the transactions are systematically undone by using compensation 

transactions. The steps inside the saga are coordinated by a specific logic. Two different 

ways for coordinating this logic are called Choreography and Orchestration, which are 

presented in figure 6. A deep comparison of these two coordination logics is out of the 

scope of this thesis, but short description will be provided to understand the difference. 

In short, in choreography the decision-making and sequencing are distributed among the 

saga participants, and the participants communicate primarily by exchanging events. In 

orchestration the coordination is centralized to an orchestrator that sends command 

messages to the saga participants telling what operations should be performed. Both 

coordination logics have some benefits and drawbacks and selecting the one that fits the 

current situation is one of the challenges that needs to be solved. Even though choreog-

raphy offers a more loosely coupled architecture, the use of orchestration is often sug-

gested because of its simplicity. (Richardson 2018; Newman 2019)  

 

Figure 6: Choreography vs. Orchestration (modified from Newman (2019)) 
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Summary of the Technological Context 

Table 1: Summary of the Technological Challenges 

Challenge Description Mentioned In 

Decomposing the Services Decomposing services 

with the right granularity 

and having low coupling 

and high cohesion be-

tween services. 

(Kalske et al. 2018; New-

man 2019)  

Deployment of Services Enabling CI and CD and 

managing and automating 

the CI/CD pipeline. 

(Balalaie et al. 2016; 

Debroy & Miller 2019) 

 

Managing the Environ-

ments 

How to produce the same 

results in the development 

and production environ-

ment and whether to use 

containers or virtual ma-

chines.  

(Balalaie et al. 2018; 

Debroy & Miller 2019) 

 

Logging & Monitoring How to monitor and man-

age failures and load re-

quirements of individual 

services. 

(Heorhiadi et al. 2016; 

Kalske et al. 2018; Trihinas 

et al. 2018) 

 

Data Management Deciding suitable database 

structure and how to man-

age transactions between 

multiple services. 

(Kalske et al. 2018; Rich-

ardson 2018; Newman 

2019) 

 

 

3.2.2 The Organizational Context 
The migration to microservice architecture does not only introduce technological chal-

lenges, but organizational challenges as well, and the two are often intertwined. Solving 

many of the technological challenges, and gaining many of the benefits of microservices, 

requires restructuring the organization, adopting new ways of working and acquiring new 

skills, in a way that fit the organization’s culture and people. (Kalske et al. 2018; Newman 
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2019) In adoption of a service-based architecture, the organizational challenges are of-

ten harder to tackle, compared to the technological ones, since they require changing 

the work methods and communication structures of the whole organization (Varadan et 

al. 2008).  

Restructuring the Organization 

As mentioned, one of the organizational challenges is restructuring the organization to 

support the microservices application structure. Instead of having big teams with distinct 

roles, microservices support independent teams that are smaller in size, and consist of 

people with different roles that together have responsibility over a specific service. 

(Killalea 2016; Kalske et al. 2018) There are no specific rules regarding the service-team 

size, but teams with 2 to 10 employees are often seen as a good fit (Eldh & Murphy 2015; 

Newman 2019). The differences between monolithic and microservice organization 

structures is presented in figure 7. As stated by the Conway’s Law, the design of a sys-

tem will mirror the organization’s communication structure (Conway 1968) so if the struc-

ture of an organization is highly monolithic, gaining many of the benefits of microservices 

will be difficult, if not impossible. In microservices, instead of developers just committing 

the code and the operations team handling the deployments, every team should be able 

to deploy changes to their respective services (Kalske et al. 2018). If people from various 

teams are not used to cooperation, achieving consensus on decisions might take longer 

and conflicts may arise before the new structure is accepted (Varadan et al. 2008).  

 

Figure 7: Monolithic Organization Structure vs. Microservices Organization 
Structure (Kalske et al. 2018)  

The purpose for redesigning the team structures is to avoid hand-offs and dependencies 

between teams and support autonomous work, which results in faster development cy-

cles, as teams are able to manage services themselves without having to wait for ap-
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proval by someone else. Introducing a type of service-ownership will give the team con-

trol over timetables and helps the team develop expertise over a specific service area. 

Even though it might be a good idea to have some organization wide standards, the 

service-ownership means that teams can develop the services the way they want to, and 

this way take clear ownership of the services and the code, which empowers developers 

and creates long-term commitment. (Kalske et al. 2018; Newman 2019) On the other 

hand, standardization is one way of managing complexity, and minimizes the amount of 

training needed for new employees and widens the pool of resources that are able to 

contribute to the development of a service (Bieberstein et al. 2005).   

Increased Employee Responsibility 

The freedom that comes with the service-ownership also means that it is nearly impos-

sible to escape from responsibility if there is something wrong with a service. This might 

have a negative effect on some employees (Erich et al. 2017; Kalske et al. 2018) or on 

the other hand lead to better quality code, as issues reflect back to the owner, which can 

work as a motivating factor (Eldh & Murphy 2015). In the service-oriented architecture 

(SOA), the service-ownership has in some cases led to unwillingness to share the ser-

vice with others, because of the fear of losing control over the service (Dan et al. 2008), 

which can be seen to also apply to microservices. This brings out the need for pre-de-

fined service governance protocols that dictate who has control over the service (Dan et 

al. 2008).  

As presented in figure 7, to have a team responsible of the lifecycle of a service, the 

team needs to consist of employees with different roles and skillsets to be able to effec-

tively produce and deploy changes to production. In short, this can mean adopting 

DevOps mentality, by uniting the “Development” and the “Operations”. (Kalske et al. 

2018) The improved communication, breaking down silos (Debroy & Miller 2019), and 

limiting hand-offs between teams, will reduce the time it takes to implement a change 

into production while maintaining high quality (Bass et al. 2015; Zhu et al. 2016), but the 

radical changes in the development processes will pose new challenges to be managed 

(Luz et al. 2018). Compared to a monolithic system, a microservices-based system offers 

a more effective implementation of DevOps practices (Balalaie et al. 2016), but still the 

adoption isn’t simple as the adoption of DevOps practices will effect for example the used 

technologies, communication patterns and ways of working (Zhu et al. 2016; Erich et al. 

2017). For the adoption of microservices, at first maintaining an operations team that is 

responsible of production, is one way of managing a smooth change process. The pro-

duction responsibilities can be incrementally transferred to the service teams when the 

new structure and ways of working become more comfortable. (Kalske et al. 2018) 
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Service Governance 

Following the adoption of microservices architecture there are aspects of governance 

that need to be managed. For example, there should be standards for how the services 

will be shared, and how the services will be eventually retired. Having teams that are 

responsible of their own services can also introduce new type of silos inside the organi-

zation. (Varadan et al. 2008; Murer et al. 2011) A change in the workflow and team struc-

tures will affect the development capacity (Poppendieck & Poppendieck 2010), which 

should be re-measured after a large organizational change, like adopting a microservice 

architecture, to know how much work can be fitted in one development cycle.  

Summary of the Organizational Context 

Table 2: Summary of the Organizational Challenges 

Challenge Description Mentioned In 

Restructuring the Organi-

zation 

Organizing smaller teams 

that consist of people with 

different roles that take re-

sponsibility of the services.  

(Killalea 2016; Kalske et al. 

2018; Newman 2019) 

 

Increased Employee Re-

sponsibility 

Employees face new re-

sponsibilities due to the 

service-ownership. 

(Eldh & Murphy 2015; Er-

ich et al. 2017; Kalske et al. 

2018) 

 

Service Governance Deciding a suitable level of 

standardization.  

(Varadan et al. 2008; Pop-

pendieck & Poppendieck 

2010) 

 

 

3.2.3 The Environmental Context 
The business environment that an organization operates in, sets certain constraints that 

affect the organization’s ability to adopt new technologies. Environmental factors affect-

ing the adoption of a new technology are for example industry pressure, competitors, 

customers, access to resources and laws. (Senyo et al. 2016). Even though the environ-

mental factors seem to work mainly as driving forces, there are some challenges related 

to the adoption of microservices architecture, that can be seen to be out of the direct 

scope of the organizational and technological contexts, and instead are more related to 
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the business environment. For example, different laws and directives apply to the whole 

business environment and can affect the technology choices and the ways of working 

inside the organization (Panetto et al. 2007; Shaaban et al. 2018). To conduct business, 

the organization has to meet the set criteria by addressing the possible technological 

and organizational requirements.  

As mentioned in the technology chapter, microservices create complexity because of the 

increased number of independent services, and thus the need to manage more devel-

opment and production environments (Balalaie et al. 2018; Debroy & Miller 2019). In 

most examples of microservices, the assumption is that the organization developing the 

application is either responsible of the servers running the application or has power to 

directly affect the customers’ technology choices, which might not always be the case. 

This creates a challenge, since in some cases the customers can affect the underlying 

technology choices of the development organization. The business customers’ readiness 

for new innovations can affect the adoption of an innovation (Vaittinen et al. 2018), and 

therefore creates a challenge for the adoption of microservices architecture. Trust and 

cooperation with the customers are needed to first assess the customers’ readiness to 

adopt new innovations, and later convince them of the benefits, that leads to adoption 

(Vaittinen & Martinsuo 2019).  

3.3 Migration Process 

The nature of the system to be migrated sets some constraints for the adoption of micro-

services. The boundaries of microservices should be defined at an early stage, which 

requires knowledge of the domain (Kalske et al. 2018). That is why microservices are 

suggested to be adopted for already existing systems – i.e. “brownfield” projects, using 

incremental adoption, where services are gradually introduced, and knowledge is con-

stantly gained (Balalaie et al. 2018; Newman 2019). Adopting microservices for new sys-

tems – i.e. “greenfield” projects, is often not recommended, mainly because there will be 

lack of knowledge of the domain, which can lead to problems, like getting the service 

boundaries wrong (Newman 2019). But since the migration process will be costly and 

time consuming, new systems can also be designed for microservices architecture (Luz 

et al. 2018). Since the goal of this thesis is to provide guidelines for how to migrate an 

existing system into microservices architecture, the migration process for “greenfield” 

projects will not be specifically covered.  

As each organization and their systems are unique, the migration processes itself will 

also be unique. The practices presented in this chapter are meant to work as high-level 

guidelines that draw together common best practices that can then be developed further 
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for varying situations, to help ensure effective transformation to microservices. The 

phases described in this chapter are Composing the Services, Deploying the Services 

and Maintaining the Services and the System.  

3.3.1 Composing the Services 
The obvious phase in migrating to a microservices architecture, is decomposing the ex-

isting monolithic system into microservices, or gradually adding new functions as ser-

vices on top of the existing system. The existing system, and organizational and envi-

ronmental qualities and preferences, make it pretty much impossible to set clear rules 

for how the services should be composed. For example, in some organizations factors 

such as team structure might be emphasized over performance qualities (Nunes et al. 

2019), which can lead to different views on how to compose the services. 

Overall, the process of service decomposition can be seen to contain three major 

phases: review of the existing system, which aims to gain knowledge and understanding 

of the current state of the system; dependency analysis, where analysis of the system is 

performed to detect dependencies and requirements; and review of the candidates, 

where microservice candidates are further reviewed (Gysel et al. 2016; Fritzsch et al. 

2018; Pigazzini et al. 2019; Nunes et al. 2019). This process is presented in the figure 

below.  

 

Figure 8: Service Decomposition Process (Gysel et al. 2016; Fritzsch et al. 2018; 
Nunes et al. 2019; Pigazzini et al. 2019) 

The goal of the first phase, review of the existing system, is to gain knowledge and un-

derstanding of the current system and detect possible needs for reverse engineering. By 

understanding the functions of the existing system and its defects, it is possible to design 

a new system that outperforms the old one. This phase consists activities such as defin-

ing a high-level representation of the system and detecting possible architectural smells. 

High-level representation of the system means mapping for example use case models 

and business process models (Nunes et al. 2019). Architectural smells are symptoms of 

bad code or design, like quality problems and technical dept, that make the system to be 
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migrated hard to comprehend and hinder the migration process, and if not dealt with can 

have a negative effect on the maintainability and evolvability of the system (Pigazzini et 

al. 2019).  

The goal of the second phase, dependency analysis, is to detect dependencies and re-

quirements in the system, that can be used to determine service boundaries, and pro-

duce service candidates. This phase consists of activities such as data collection, data 

analysis and nonfunctional requirements analysis, which can be done either manually or 

automatically. The type of data to be collected can be for example a call graph or an 

execution log, but these will vary case-by-case. The collected data is analyzed to detect 

dependencies in the monolith’s elements that can be considered as candidates for mi-

croservices. (Nunes et al. 2019; Pigazzini et al. 2019) Detecting nonfunctional require-

ments means detecting parts of the system that are for example under a lot of stress and 

thus require better scaling options (Balalaie et al. 2018). Deeper data collection and anal-

ysis with the use of automated tools and techniques is suggested by some authors 

(Nunes et al. 2019; Pigazzini et al. 2019), but often times not specifically mentioned 

(Kalske et al. 2018; Newman 2019), which suggests that the dependency analysis of the 

system can be done by experts with enough knowledge of the system and related busi-

ness processes. Domain-Driven Design (DDD) is often associated with detecting de-

pendencies and defining service boundaries (Gysel et al. 2016; Balalaie et al. 2018). 

Aspects of data management need also to be considered as the database structures, 

whether to have a database per service or shared databases, pose their own challenges.  

The goal of the third phase, review of the candidates, is to further assess the service 

candidates, their impacts to the whole system, and to map out service teams. This phase 

is not be taken lightly since making a lot of changes to the services afterwards will be 

expensive (Kalske et al. 2018; Newman 2019). The service candidates need to be re-

viewed since the performance of the new system might suffer if there is a lot of unneeded 

communication between the services (Balalaie et al. 2018). Since incremental migration 

is widely seen as a best practice (Kalske et al. 2018; Newman 2019), the service candi-

dates can first be grouped into larger services, that are then broken down to smaller 

services later. As microservices support smaller teams that consist of employees with 

different roles that together have responsibility over a service (Killalea 2016; Kalske et 

al. 2018), restructuring of the organization might be needed to better support the micro-

service architecture and to gain the associated benefits.  
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3.3.2 Deploying the Services 
After defining the services comes the phase of deploying them into production. The in-

creased number of objects to be handled requires modifications to existing the processes 

and the introduction of new tools. Widely accepted practices for the deployment of mi-

croservices do not yet exist, and there are differences in the existing approaches. Even 

though the literature regarding the delivery of microservices is scarce (Taibi et al. 2019), 

some examples can be found (Balalaie et al. 2016; Gouigoux & Tamzalit 2017; Balalaie 

et al. 2018). This chapter introduces useful aspects related to deploying the services, to 

help plan the deployment phase of the migration.  

Establishing continuous integration has been mentioned as one of the firsts steps when 

deploying microservices (Balalaie et al. 2018). There is a link between microservices and 

DevOps practices, especially continuous integration (CI) and continuous delivery (CD), 

and the adoption of microservices will affect the CI/CD pipelines, which models the steps 

for delivering services (Balalaie et al. 2016; Debroy & Miller 2019). Automated CI/CD 

pipeline is essential for gaining most of the benefits of microservices such as fast de-

ployment (Debroy & Miller 2019). Figure 9 presents a comparison between a monolithic 

pipeline, where a series of tests are run even if only one service is modified, and a mi-

croservices pipeline, where each service is managed independently.  

 

Figure 9: Comparison of a Monolithic Pipeline and a Microservices Pipeline 
(Modified from Balalaie et al. (2016)) 

Another big challenge regarding the deployment is whether the services are packaged 

and deployed using virtual machines or using containerization. The use of container 

technology has been found to greatly enhance the deployment process while also being 

more cost effective compared to virtualization (Gouigoux & Tamzalit 2017; Balalaie et al. 

2018), while the infrastructure for deploying virtual machines is richer compared to de-

ploying containers (Richardson 2018). If the decision is to use containers, then there is 

a need for a tool that can deploy and orchestrate the containers in a cluster and manage 

the workload per service (Balalaie et al. 2018). Docker and Kubernetes are popular tools 
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for this purpose, thought other tools are also available. (Vural et al. 2017; Kalske et al. 

2018)  

The services can either be deployed into their own hosts or have multiple services and 

instances running on the same host. There exist trade-offs between these two options 

as running multiple services per host brings advantages to scalability and performance, 

whereas having a single service per host brings benefits through isolation but has a neg-

ative effect on the performance and scalability. (Richardson 2018; Taibi et al. 2019) 

There is also an option to use serverless deployment, where the responsibility of man-

aging the infrastructure is transferred to a public cloud provider. This approach is a less 

complex one, but brings along significant limitations, as there are more constraints than 

compared to virtual machines or containers. (Richardson 2018)   

In addition to the previously mentioned phases, other often mentioned phases related to 

the deployment are the introduction of supporting components such as a service registry  

(Alshuqayran et al. 2016; Heorhiadi et al. 2016; Balalaie et al. 2018; Bucchiarone et al. 

2018), a load balancer (Alshuqayran et al. 2016; Balalaie et al. 2018; Bucchiarone et al. 

2018; Furda et al. 2018; Niu et al. 2018), an edge server (Balalaie et al. 2016; Balalaie 

et al. 2018), and a circuit breaker (Alshuqayran et al. 2016; Heorhiadi et al. 2016; Balalaie 

et al. 2018). A load balancer is used to balance the services’ load between its instances. 

A service registry is used to store the service instances’ addresses so that the services 

can locate each other, and a load balancer can direct traffic to the right service instances. 

An edge server works as a front door into the system and hides the internal structure 

from the end user. Circuit breakers are used to enforce fault-tolerance and prevent cas-

cading failures and latency across the microservices. (Balalaie et al. 2018)  

3.3.3 Maintaining the Services and the System  
Once the system is up and running, the next phase is about maintaining and evolving 

the services, and the system as-a-whole, allowing for efficient managed evolution. As 

microservices support incremental development (Newman 2019), it is very likely that new 

services will be introduced in the future and as more knowledge and feedback of micro-

services are gained. The supporting components mentioned in the previous chapter help 

in keeping the system running efficiently and in a safe manner.  

As the adoption of microservices creates complexity into the system, there are chal-

lenges regarding logging and monitoring of the new system, and how the gathered data 

should be used for development. Automated monitoring tools should be adopted to help 

notify the required individuals of a failure, and new logs should be aggregated to one 
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location to allow easier searchability. Having an independent monitoring facility per ser-

vice that is owned by the service team, helps the development team to detect issues and 

evolve the services (Balalaie et al. 2018; Newman 2019).  

The complexity that accompanies microservices creates challenges for the maintainabil-

ity of the system. Some level of standardization can bring benefits but goes against the 

basic polyglot nature of microservices (Kalske et al. 2018; Newman 2019), whereas on 

the other hand standardization is a known way for managing complexity and has many 

benefits (Bieberstein et al. 2005). Standardization does not only have to apply to coding 

practices, but also to the governance of the system and the services. Important aspects 

to consider are how should the services be shared, and eventually retired (Varadan et 

al. 2008; Murer et al. 2011). The new architecture and ways of working will affect the 

development capacity (Poppendieck & Poppendieck 2010), which should be re-meas-

ured after the migration to microservices. 

From the point of view of Business-IT alignment, both business and IT perspectives are 

required to be taken into consideration when making decisions regarding the system. 

The focus should not be on only adding new functionalities, but also in how the existing 

services can be maintained and improved so that the system as-a-whole remains intact 

overtime. The business side of things might change at a faster rate compared to the IT 

side, which is why the budget allocations should consider both the “change the business” 

and “run the business” aspects. Referring to figure 2 about the basic architecture of mi-

croservices, the introduction of new services adds a lot of complexity, since each service 

will be connected to at least one other service, and possibly even more. Large systems 

need to be developed overtime, and therefore stability in the governance is required. 

Having teams take ownership of services they turn into product providers that offer prod-

ucts to be consumed by others. (Murer et al. 2011) The requirements and importance of 

these products can change overtime, which ties the business even more with the IT, as 

the service teams should understand the business aspect behind their services, so that 

the services can be evolved according to the changing business requirements.  
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4. RESEARCH METHODOLOGY 

This chapter presents how the research was conducted. First, the research design for 

the thesis, and the case organization and the system to be migrated into microservices 

are presented. After that, an introduction to the research framework is given, and finally 

the data collection and analysis process of the empirical study are described. 

4.1 Research Design 

The research strategy for this thesis is a case study. The goal of a case study is to pro-

vide an in-depth description and analysis of the case (Ylikoski & Zahle 2019). Yin (1994) 

describes a case study as  

an empirical study that investigates a contemporary phenomenon within its real 

life context, especially when the boundaries between phenomenon and context 

are not clearly evident.  

Theoretical background of the research subject is investigated through literature, and the 

case organization provides the real-life context for the research. For a case study it is 

characteristic that the data is detailed and covers multiple aspects of the case in ques-

tion. Qualitative data collection methods such as observation and interviews are good 

methods for collecting data for a case study, though quantitative methods can also be 

used. (Ylikoski & Zahle 2019) Data collection method selected for this research are in-

terviews, since interviews help to provide a deeper understanding of the subject, specif-

ically from the point of view of the case organization. In qualitative research it is not 

enough to study the correlations among variables, but also study the forces behind these 

correlations. That is why, even though the research focus in on one organization, the 

perspectives of multiple units inside the organization are examined, which means that 

the research can be further categorized as an embedded case study. (Gagnon 2009; 

Saunders et al. 2011)   

A case study can highlight the most important facts about an interesting case that then 

serves as a starting point for new research. A case study can create added value by 

inspiring other researchers to provide counter examples to their theories or by imple-

menting the results to new environments. (Ylikoski & Zahle 2019) The focus of the study 

is on one case organization. Even though literature shows some similarities in the influ-

encing factors in the migration to microservices, the criticality of these factors and the 

response strategies are still bound to the context. This is why the results would likely be 



 

31 
 

different in different industries and in organizations with different structure, culture and 

technologies. Because of these qualities, case study seems like a fitting research strat-

egy.  

As the organizational and the system qualities vary across organizations, the resulting 

migration process to microservices will also vary between organizations, even though 

some common phases can be recognized. It is worth to note that not all of the results 

will be applicable to every case. The generalizability of the results is a common criticism 

of a case study (Tsang 2014).  

The case organization is a large Finnish industrial machinery manufacturer and this the-

sis focuses on its software development business area. The organization operates glob-

ally and there can be a lot of variance in the projects regarding for example the size, 

equipment, length, and the level of automation in the location. The case organization 

focuses on customer delivery projects, but a large portion of the development projects 

are executed as a part of these projects. This is a noticeable detail, since this means that 

many of the project solutions are unique. The case organization is planning to migrate 

its Equipment Control System (ECS) to microservices. A new version of the ECS was 

recently published and it now includes multiple product families and products that are 

designed to offer the customers a more standardized offering and thus drive the industry 

towards more automated solutions.  

The existing literature is focused on the utilization of microservices in cloud-based envi-

ronments and in smaller software organizations (Vural et al. 2017), and thus ignores 

some major challenges that large industrial organizations might face in the migration 

process. With a system that has a codebase consisting of over a million lines of code 

and containing components developed in the 2000’s, the case organization’s system is 

good representation of a complex legacy system that is in a need for an update to be 

compatible with the current requirements. The business environment of the case organ-

ization is undergoing a change towards automation and thus there may exist some prej-

udice towards different technological solutions that present their own challenges that are 

not apparent in common software industries. These qualities make this organization very 

suitable for the study of microservices and help discover new attributes in the process of 

migrating to microservices.  
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4.2 TOE Framework 

The TOE framework was developed by Tornatzky & Fleischer in 1990. The framework 

consists of three dimensions that are Technology, Organization and Environment. The 

idea behind the TOE framework is that the adoption and implementation processes of 

technological innovations are influenced by the technological, organizational, and envi-

ronmental contexts inside the organization. (Chen et al. 2015) 

The framework is widely used in literature, but the technology, organization and environ-

ment aspects sometimes vary in different studies. The framework has received some 

critique because the impact of each of the three dimensions on IT-adoption is not always 

equal, and some dimensions might have stronger impact under certain circumstances. 

(Chen et al. 2015). The difference of impact between the three contexts is also visible in 

this study. It is also possible that some contexts are emphasized more in the decision-

making process inside the organization.  

Since microservices are built around business capabilities there is a connection between 

the business and IT sides of things. Therefore, the TOE framework is incorporated with 

business and IT perspectives. The business perspective will view the adoption and mi-

gration process from the point of view of business viability. This means understanding 

the customer needs and how the system to be migrated can bring the most added value 

to the customer and the organization. The migration to microservices might require extra 

investments from the customers and create new business models, which need to be 

reviewed from the business perspective. The IT perspective will view the adoption and 

migration process from the point of view of feasibility and managed evolution.  

4.3 Data Collection and Analysis 

Empirical data for this research was collected using interviews, since interviews is one 

of the most used methods for data collection in case studies. Especially in software en-

vironments, much of the required knowledge is not available from other sources than 

from the people working daily in the environment. (Runeson et al. 2012) Interviews can 

be used to collect valid and reliable data to help answer the research question(s) and 

objectives. Interviews can be categorized for example as structured interviews, semi-

structured interviews or unstructured interviews depending on whether the questions are 

highly standardized or unstandardized and how much room there is for unstructured con-

versation. (Saunders et al. 2011; Zahle 2019) The use of non-standardized interviews 

and unstructured conversations helps to “probe” the interviewees to get more explained 
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answers that add more depth to the interviews and may lead the conversations about 

areas not previously considered (Saunders et al. 2011). 

The interviews used in this research can be categorized as semi-structured interviews 

(Zahle 2019), since there were some pre-defined open questions that led to unstructured 

conversations with the interviewees. Also, there was some variance in the questions 

depending on the expertise of the interviewee. The interviews were conducted remotely 

using Google Hangouts and each interview was audio-recorded and closely examined 

after.  

The goal for the interviews was to collect data from multiple business units, which in turn 

would bring out different point-of-views. For example, when studying the adoption of a 

technology, interviewing only the owners and managers is not sufficient, but different 

actors involved in the adoption process and the adoption context need also be under-

stood. In addition to studying the technology, the impact on business needs to be studied 

as well. (Gagnon 2009) The relevant interview groups and individual interviewees were 

selected with the help of the case company. The interviewees were grouped in to five 

groups that were Architecture, Development, Quality Assurance, Product Management, 

and Project Engineering & Support. The total number of interviewees was 14 and the 

average length for an interview was 47 minutes. Information of the interviews is pre-

sented in the table below. Every interviewee received a summary of the basic concept 

of microservices to ensure some level of knowledge about the subject.  

Table 3: Information of the Interviews 

Group Role Name Interview 

Length 

Architecture Principal Engineer Principal Engineer A 47 min 

Architecture Principal Engineer Principal Engineer B 30 min 

Architecture Principal Engineer Principal Engineer C 79 min 

Architecture Principal Engineer Principal Engineer D 50 min 

Development Senior Software Engineer Software Engineer A 52 min 

Development Senior Software Engineer Software Engineer B 55 min 

Development Chief Engineer Software Engineer C 48 min 

Quality Assurance Chief CI Engineer CI Engineer A 33 min 

Quality Assurance Senior Software Engineer Software Engineer D 37 min  
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Product Manage-

ment 

Director Director A 46 min 

Product Manage-

ment 

Director Director B 47 min 

Product Manage-

ment 

Director Director C 37 min 

Project Engineering 

& Support 

Manager, Software Ser-

vices 

Manager A 51 min 

Project Engineering 

& Support 

Senior Automation Engineer Automation Engineer A 40 min 

 

There exist multiple methods for the analysis of qualitative data. In general, the analysis 

process can be divided into three phases: summarizing the material, categorizing the 

material, and structuring the material (Saunders et al. 2011). For the data analysis the 

results of the interviews were first transcribed and documented. Next, the results were 

categorized under the following main categories: Challenges in the Existing System/Key 

Reasons for Interest Towards Microservices, Perceived Challenges in the Migration Pro-

cess, and Other, which were then divided into sub-categories of Technological, Organi-

zational and Environmental according to the TOE-framework by Tornatzky & Fleischer 

(1990).  

Transcribing the interviews was done using the recordings of the interviews. As the 

meanings of phrases can vary according to how something is said, the transcribing 

should capture features like speed and emphasis (Bailey 2008). To achieve this, each 

sub-category of each interview was timestamped and was later revisited if considered 

necessary to better capture the actual point of the interviewee. Based on the analysis it 

was possible to recognize similarities in the influencing factors that were then grouped 

into suitable categories.  
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5. RESULTS  

This chapter covers the results of the interviews. First the challenges in the current sys-

tem are described and after that the recognized challenges in the migration process are 

discussed. 

In general, the interviews highlighted the special characteristics of the case organiza-

tion’s business environment that set limitations to the feasibility of microservices archi-

tecture in the way microservices are currently being utilized in a web- and cloud-based 

business environments.  

5.1 Current Challenges in the System 

The first theme of the interviews was to recognize the current challenges of the ECS 

system, so that the benefits achieved with the migration to microservices architecture 

could be better weighed. The challenges also indirectly cover the key reasons for why 

there has been interest towards microservices. In this chapter the challenges in the cur-

rent system and the key reasons for interest towards microservices are described.  

The challenges are grouped into four main categories indicated by the data analysis. 

These challenges are Complexity, Deployment Process, Robustness and Organizational 

Culture. The challenges are caused by a number of technological, organizational, and 

environmental factors.  

5.1.1 Complexity 
When the interviewees were asked about the challenges in the current system, in gen-

eral, they mentioned that the system is a very complex one. The complexity was said to 

be the cause of the long lifecycle of the system, varying customer requirements, third-

party software and the sheer amount of people involved in the development process. 

Especially the interviewees who are more involved with the customers and on-site oper-

ations highlighted the challenge of configuring the system to fit every customer.  

Even though the complexity was seen as a challenge, it was also mentioned that it is not 

directly caused by the software architecture. This was explained more by one interviewee  

 “The software has been modified over time by multiple people with different levels 

 of knowledge, which inevitably has led to some difficulties.” -Principal Engineer D 

Also, the fact that the customers have had varying requirements, that have had to be 

fulfilled, and the projects have required a lot of R&D, the complexity has increased. The 
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goal of the new ECS is to standardize the offering. The productization of the ECS was 

generally seen as a positive development. Still some interviewees mentioned that be-

cause the productization of the ECS, which was done from the business perspective, 

and the actual software architecture are not that aligned, it can cause some internal 

complexity and finding the distinction between the two might be especially hard for peo-

ple who are not that much in touch with the business side.  

The fact that the customers’ operations don’t fully rely on only the case organization’s 

products, but also have machines and software provided by third-parties was also seen 

as a challenging factor, but not directly related to the current software architecture. Even 

though the third-party solutions are often required, they increase the complexity and cre-

ate some challenges, because the total effects of a software update can be hard to as-

sess beforehand, and the compatibility with the third-party solutions should not be bro-

ken.  

One interviewee felt that there is currently a conflict between “projects and products”, 

because the new ECS aims to standardize the offering, but at the same time projects 

have individual requirements that need to be developed, which creates challenges for 

prioritizing work. The goal of the organization is to provide standardized solutions, which 

would help drive automation in the industry forward, but at the same time serve the cus-

tomers in the best way possible.  

 “On the one hand we want to standardize the offering, and on the other hand we 

 want to customize what we are doing.” -Senior Software Engineer A 

The existing customer specific solutions add a layer of complexity, and challenges for 

managing and evolving the system. Especially since the priority is to keep the customers’ 

operations on-going, there is a challenge for how to maintain the legacy systems, while 

also doing new development work. Since the resources are limited, and the goal is to 

avoid a shutdown of customers’ operations and to provide flexible solutions to the cus-

tomers, oftentimes the focus is aimed at keeping the legacy systems working, instead of 

evolving them towards more efficient systems.  

 “Sometimes we want to keep the legacy working more than we want to make it

 better for us now, for example more manageable.” -Senior Software Engineer A 

This type of challenge was brought up especially by the Senior Software Engineers, who 

also mentioned that finding up-to-date information, and knowledgeable persons, is chal-

lenging since there have been so many people involved in the development process. 

The Senior Software Engineers also mentioned that because of the complexity of the 
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system, the learning curve for new developers is quite long, and it takes time for new 

developers to fully understand the scope and impact of their development work.  

5.1.2 Deployment Process 
The most mentioned challenge that came up in the interviews, were the challenges re-

lated to the deployment processes. The process includes various steps and causes a 

momentary shutdown in the customers’ terminals, which carries a big operational risk 

and requires a lot of planning and managing.  

First challenge in the deployment process is related to the quality assurance (QA) and 

testing. The most mentioned challenge in QA is related to the uniqueness of the custom-

ers’ environment and the cost of operations. As malfunctioning software causes a shut-

down of operations, it is critical that the software works correctly in every customer envi-

ronment, which is why vigorous testing is required. The size of the different software 

units makes it difficult to write a very good test case. Currently there are in total of three 

QA-pipelines that the software goes through before being released into production, which 

inevitably takes a lot of time. Even though the interviewees mentioned that this process 

takes a lot of time, and is seen as a challenge, most of the interviewees also mentioned 

that the extra phases of quality assurance are needed to ensure continuity in the cus-

tomers’ operations. The different QA-steps are presented in figure 10. At first the soft-

ware is tested by the software department that tests the overall functionality of the soft-

ware. After that, the project delivery department runs their own more customer specific 

tests before the software is passed to the customers IT department that runs their own 

tests. After these tests, the software is ready to be deployed into production that can at 

first be done only partly to further test the software in production.  

 

Figure 10: Quality Assurance Workflow 

Previously the release of “uncritical” software was done four times a year and currently 

it is done monthly, which means that all the minor development tickets are bundled into 

the next upcoming release. Because of the risks and costs of the deployment process, it 

is better to bundle the development tickets to make the deployment process more viable. 

Majority of the interviewees mentioned the long intervals between releases to be a chal-
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lenge. One interviewee mentioned that because so many development tickets are bun-

dled into one release, there is a higher chance of something going wrong, and stated 

that 

 “Even if our release contained just one bug in one of the components, the 

 customer still has to do a full rollback. Most likely there are dependencies, which 

 make it impossible to just rollback the one component that isn’t working.”  

 -Manager A 

The rollbacks always multiply the downtime of the terminal and have nothing but negative 

impacts.  

When the interviewees were asked to describe the challenges of getting the software 

running on-site more deeply, they often mentioned the customer uniqueness as a high-

level challenge. Since the customers’ environments are so unique, it is difficult to produce 

the customers’ production environment in the case organization’s development environ-

ment. When an interviewee was asked if the development environment and the produc-

tion environments match, the answer was 

 “No, not in any circumstances. And in a way, they are not supposed to. The 

 development organization does not have the capacity to understand the 

 customers’ environments.” -Manager A 

When asked to explain this in more detail, it was mentioned that  

 “Our organization is split so that the (Software) Development is its own entity and

 the Services is responsible of the customers. Checking the customer 

 specifications and the configuration combinations is the responsibility of the 

 Services Department. So after the Software Department has deemed the software 

 to be OK, it is our job to say that “okay, but does it work with these 

 configurations”.” -Manager A 

Interviewees who were more directly involved in the on-site operations mentioned con-

figuration as a challenge and mentioned that in general the biggest challenge is to get 

the overall system working on the customers’ site. One interviewee from the services 

department felt that the communication between the developers and services could be 

improved. Since the development is responsible of developing the software, and the ser-

vices is responsible of making sure that the developed products are working with the 

customer configurations, they might not always understand each other’s challenges well 

enough. Some interviewees mentioned that the complexity of the system leads to con-

figuration challenges because instructions are scattered, and the configuration relies 

heavily on tacit knowledge.  
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 “In a project we need to manage the configurations for so many products, which 

 is challenging. In one project we have currently about a thousand different 

 configuration files. … These cannot be managed by one person.” -Automation 

 Engineer A 

The same interviewee also said that the maximum potential of the software is not always 

reached because the software cannot be combined and configured in the project envi-

ronment in the optimal way. In some cases, the case organization’s Project Engineers 

do the software installations and in some cases the customers do the installations them-

selves. Because of this, the installation instructions need to be very precise, which was 

seen as a current challenge by on interviewee.  

As the systems are very complex and the cost of operations being down is very high, the 

configurations need to be done quickly, which often leads to “ad hoc solutions” being 

done on-site.  

 “The great plans just don’t always work for some unknown reason.” -Automation 

 Engineer A 

These “ad hoc solutions” can be done by both the case organization’s employees and 

the third-party organizations, which means that there might not be full guarantee of what 

can break the system. It is not uncommon that a general bug fix can have a surprising 

impact on the system, since the ad hoc solutions were not generally known, and have 

caused incompatibility. It is also not uncommon that to fix a bug, the customer has to 

send a request to both the case organization and another organization so that the system 

as a whole will work.  

5.1.3 Robustness 
Almost every interviewee mentioned robustness as a challenge in the current system. 

The current system is not fault tolerant enough, as a failure in one component, leads to 

failure of the whole system and thus impacts the whole terminal operations. The robust-

ness aspect was stressed by some interviewees and it was mentioned that  

“If there is a failure in one part of the system, then the whole system needs to be 

either  shut down or the system goes into a state where it has to be rebooted or 

the issue needs to be somehow solved. … This “all or nothing” type of thinking is 

what is the biggest challenge.” -Principal Engineer D 

One interviewee also stated that the challenge of system failures gets multiplied as the 

startup time for the system is so long because there are multiple modules.  
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The main reason for the lack of robustness is the tight coupling between the different 

components. One Principal Engineer mentioned that the current system already does 

have some independent entities, even though they cannot really be labeled as micro-

services. The same interviewee also mentioned that even though there are some inde-

pendent entities, that could be considered as “large microservices”, they are not owned 

by certain people and are modified by multiple people. A lot of the failures in the system 

happen because of unexpected inputs that cause malfunctioning. 

5.1.4 Organizational Culture 
Even though silos were not generally seen as a problem, some Senior Software Engi-

neers mentioned that there exist some silos between the business and software depart-

ments. This has led to the software department not fully understanding the customer 

needs, and thus implementing features that the customers might not really need.  

“We implement something that the customer doesn’t care about, at some cases.

 And we spend a lot of time for example solving the problems that the customer is 

fine to live with, so they don’t really consider that as a problem.” -Software 

 Engineer A 

Same interviewees also mentioned that it would be beneficial if the business and soft-

ware departments were more closely linked together but did not consider it critical. Es-

pecially the interviewees felt that for software developers, a better understanding of the 

customer value provided by the software they developed, would increase work motiva-

tion. It was mentioned that having the Product Management more tightly integrated with 

the software development teams would improve communication and efficiency. Currently 

Product Management reports the customers’ bugs to the software department, which 

was seen limiting the software department’s visibility to the actual customer.  

 “It is more the external – internal communication that information gets lost.” 

 -Software Engineer A 

A few interviewees brought up an existing problem related to taking ownership of work 

and mentioned that it is somewhat easy to hide from responsibility. Even though silos 

were not seen as a major challenge in the case organization, it was mentioned by multi-

ple interviewees that the organization culture in part supports avoiding responsibility and 

passing work forward. Examples of this was mentioned that the developers are not suf-

ficiently involved in the process of writing the testing processes for QA, which can in part 

lead to wrong type of testing. It was also mentioned that feedback from QA does not 

necessarily make it all the way back to the development side. Some interviewees stated 

that since development is done in teams, there will inevitably be some communication 
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challenges, and a high workload leads to “working based on assumptions” of what the 

customers wants.  

One interviewee mentioned that the decision making for software solutions, has not been 

focused enough on the long-term. When asked to describe this more deeply, the inter-

viewee said that since the lifecycle of the systems and machines is so long, the decision-

making should have been more focused on the long-term viability. As an example, the 

interviewee mentioned that there should be an understanding of what pieces of code are 

expected to be working after 20 years, and after that time, is it still possible to find people 

who know how to manage that piece of code.  

5.2 Recognized Challenges in the Migration to Microservices 

The last theme of the interviews was to discuss what the interviewees felt would be the 

key challenges when migrating to microservices, and how these could possibly be ad-

dressed or tested. The presented challenges were considered the most important to en-

able an effective migration to microservices. These challenges have been grouped ac-

cording to the TOE framework by Tornatzky & Fleischer (1990) into groups of technolog-

ical, organizational, and environmental challenges.  

5.2.1 Technological Challenges 
Many of the recognized challenges can be categorized as technological. Interviewees 

mentioned that the technological and organizational challenges are very much con-

nected with each other, and the organizational and environmental aspects were seen as 

enablers for the technological solutions. The technological challenges recognized are 

grouped into challenges regarding the decomposition of the services, deployment pro-

cesses, logging processes and data management. The decomposition of the services 

and the changes required in the deployment processes were seen as the major chal-

lenges that would need to be addressed to enable migration to microservices. Even 

though there already exist solutions for managing the technological challenges, finding 

viable solutions that suit the organizational and environmental context is a major chal-

lenge itself.  

Decomposing the Services 

The major challenge the interviewees recognized in moving to microservices was how 

to decompose the services. None of the interviewees had straight answers to how the 

services could be decomposed. Service composition based on the product families of 

the new ECS was generally seen as an unworkable solution. Though some interviewees 

mentioned that in some level it would make the big picture clearer if the software and 
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business view of the ECS were more unified. The reason why service composition based 

on the ECS’s product families was seen as an unworkable solution, was that the product 

families and their products are still under development, and that the products themselves 

are not being installed to the customer. Since the new ECS was designed as a business 

product, to offer the customers a less technical and more standardized approach to ter-

minal automation, the interviewees did not consider it necessary to compose services 

based on the ECS’s products.  

Overall, how the services would be decomposed was seen as the most critical challenge 

in enabling effective utilization of microservices, since the effects will be long lasting. One 

Principal Engineer described the work to be done in order to be able to decompose the 

system into services.  

“Currently the coupling is not low, which means we need to do quite a lot of work 

before we will be able to detach services. Basically, we need to get the internal 

structure in order. -Principal Engineer D 

As the coupling is currently very high, work needs to be done before the services could 

even be refactored from the system. One interviewee mentioned that the case organiza-

tion already has a sort of services-based system because there are so many sub-sys-

tems, that would just need to be broken down into more granular pieces.  

Deployment Process 

The deployment of software in microservices environment was seen as a possibly chal-

lenging process, especially with the current ways of working and because the software 

is running on-premise on the customers’ servers. Developing effective deployment pro-

cesses was considered a critical challenge in enabling large-scale migration to micro-

services.  

As the work is done on projects, there is usually a need to deploy multiple functionalities 

at once. In this type of case, deploying just one entity was seen easier and having to 

manage the deployment of multiple services was seen as something that would increase 

the overhead work and the benefits would not be that clear. The deployment processes 

would need to be modified to suit microservices, which would require input from multiple 

parties. In the current way of working in the case organization, the Project Engineers are 

responsible of installing the software to the customers’ environment, and the Project En-

gineers and the customers might not be familiar with microservices and the new ways of 

working. As the role of the software department in the deployment process is limited, the 

adoption of DevOps is challenging.  
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Continuous integration (CI) and continuous delivery (CD), which are often associated 

with the deployment of microservices, were seen as somewhat challenging. Currently 

quality assurance (QA) causes a bottleneck in the deployment process, as the software 

has to go through various QA-pipes. Customers have unique configurations and running 

automated tests with all of these configurations is not currently possible. One interviewee 

mentioned that the ability to test microservices independently does not provide such big 

benefits as he felt there would still be the need to test a bunch of microservices together, 

to minimize the operational risks.  

 “Even though you have the flexibility of releasing separate modules, the headache 

 of having issues with complex interdependencies sort of means releasing 

 everything at once is still an artificial requirement you pose on microservices 

 anyway, in my experience.” -Principal Engineer A 

Also, as the customers have their own QA-pipeline as well, there is a challenge of how 

microservices could be integrated in their pipeline with minimum requirements. Achieving 

continuous delivery is also not possible because even if software was ready to be de-

ployed, it might not be updatable in the project environment itself. One interviewee men-

tioned that before CD could even be thought of, the whole attitude towards deployments 

would need to change. Currently most customers are not eager to take the risk of updat-

ing their software because of the risks involved in the process.  

 “First, we would need to gain the customers’ trust, so that they trust that our 

 software works so that we could continuously deploy software. This is kind of a 

 cultural transformation because now, if something is working, they (the 

 customers) aren’t really eager for updates.” -CI Engineer A 

Therefore, achieving the ease of deployment that microservices are known for, is chal-

lenging in the case organization’s environment.  

Containerization is often associated with the deployment of microservices. The need for 

containerization, or something similar, was recognized, and though not considered as a 

current subject, would probably be needed in the future.  

 “Something like that (containerization) will be needed in the future if we want to 

 deploy our system more easily.” -Principal Engineer C 

Containerization would present its own challenges as it would require rethinking some of 

the processes and learning new skills. One interviewee felt that at least at first the use 

of containerization would make the work of the Engineers more difficult. As mentioned, 

Docker is a popular containerization technology. Most of the case organization’s software 

is currently for Windows and the Windows support for Docker was not seen as good as 
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for Linux. This would add an extra obstacle towards the containerization approach. Even 

though the use of containerization with on-premise software is not impossible, the 

achieved benefits would not be as good as in a cloud-based environment and there 

would be some overhead work to be done. The attitudes towards containerization varied 

between the interviewees. Interviewees in the Architecture and Development groups, 

who also emphasized future development trends, saw containerization almost as a ne-

cessity in the future, whereas interviewees in the Quality Assurance and Project Engi-

neering & Support groups emphasized the immediate overhead work associated with the 

use of containerization. Even though interviewees recognized the same challenging as-

pects related to containerization, containerization was seen as a bigger challenge by the 

interviewees whose work would be directly affected by containerization, whereas other 

interviewees saw containerization as more of an enabler for effective deployment of mi-

croservices. 

Interviewees who are more connected with the customers, emphasized the possible con-

figuration challenges associated with microservices. Interviewees were not able to pin-

point any particular challenges but felt that more frequent releases of software would 

make the customer configurations even harder. Configuration related issues were men-

tioned to be the cause of a high percentage of the overall project issues, which is why 

interviewees felt that any further configuration related challenges should be avoided.  

In general, the interviewees considered the possible ease of deployment to be the one 

the biggest benefits of microservices, and therefore any enhancements to the deploy-

ment processes could be considered as key reasons towards migrating to microservices. 

As mentioned, in order to enable more effective deployment processes, the current ways 

of working need rethinking and the attitudes towards deployment need to change. Even 

if continuous delivery (CD), in its actual definition, could not be achieved, the mindset of 

software deployments should move towards considering the deployment process as a 

continuous process instead of quarterly deliveries. 

Logging 

One Principal Engineer who had some experience with a service-based architecture, 

emphasized the challenges related to logging. Especially when the number of services 

increases, there is a need for a coherent system for logging.  

 “We need to be able to log what’s happening, and not only log, but from that log 

 we need to be able playback what happened in that log. We want to be able to 

 change the software and re-run the software based on that log from that instance
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 of time. And various other requirements like that, which adds to the complexity.” 

 -Principal Engineer A 

All the required data would need to be logged and captured in a standardized way. As 

the possible failures need to be inspected, it is important to log the operations and be 

able to play back the operations to see if the cause of failure has been fixed. Increased 

number of services causes complexity in this area as it is harder to log the distributed 

transactions. As the number of services would increase, the role of logging methods as 

an enabler for effective utilization of microservice would increase. 

Data Management 

Data management was not seen as a major challenge itself since workable solutions for 

data management already exists, as shortly presented in previous chapters, and the cur-

rent databases and interfaces should already support distributed transactions. Still, dis-

tributed transactions pose challenges that need to be managed to enable effective use 

of microservices.  

As the operating environment is a complex one, with operations performed both by hu-

mans and by automated machines, there is a need for synchronized knowledge between 

all parties. Especially latency was seen as a challenge in distributed transactions. When 

heavy machines are moving certain paths, it is critical that each machine has timely 

knowledge of the location of other machines and human-operated vehicles. Even a sim-

ple task of moving an object from place A to place B involves a lot of transactions that 

need to be carried out in a particular order, which is why a cumulating latency can be-

come a major challenge. One Principal Engineer described the latency related chal-

lenges 

 “It requires some balancing, as in at what point the latency, or the number of 

 transactions increases to a level where microservices would no longer be so easy 

 or feasible to implement.” -Principal Engineer D 

As completing the tasks often requires multiple transactions, a failure in one transaction 

cannot be tolerated, and the rollback of transactions would need to be managed. If trans-

actions are performed over multiple services, how to ensure that all transactions have 

arrived on-time and in the correct order, to ensure that the tasks will be performed safely. 

One Principal Engineer with experience on microservices mentioned that he has imple-

mented a “heartbeat process”, where each service sends a periodic signal, and if the 

response is sent late, then it is possible to detect that a service is lagging, which stops 

the system.  
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 “That signal is in the main loop of the main duties of that microservice, so if any 

 of its main duties blocks, then you have this issue, which is autodetected.” 

 -Principal Engineer A 

As there have been virus attacks on the customers before, security aspect of distributed 

transactions was also seen as a possible challenge. Data security was seen as a future 

trend, and anything that could affect reaching the required standards was seen as a 

challenge.  

Summary of the Technological Challenges 

Challenge Description 

Decomposing the Ser-

vices 

Should the decomposition be done solely from software 

point-of-view or should the microservices reflect the prod-

uct families as well. Effects will be long lasting, so deci-

sions should be done carefully reflecting future goals.  

Deployment Process The case organization is not currently capable of deliver-

ing software quickly, and the customers are not ready to 

update software often. CI/CD would require new technol-

ogies and learning and would increase overhead work. 

Customers’ on-premise software and uniqueness causes 

limitations and challenges for configuration.  

Logging Coherent system for logging needed to inspect issues 

properly.  

Data Management Distributes transactions can cause challenges. To ensure 

safety, every machine needs to be aware of the location 

of other machines and latency should be minimized.   
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5.2.2 Organizational Challenges 
The organizational challenges were mostly linked to some technological or environmen-

tal aspect. The organizational challenges are grouped to the organizational structure, 

governance, new project delivery and old project maintainability and responsibility over 

the microservices migration process. Even though some recommended solutions for 

managing the organizational challenges exits, the organizational challenges are highly 

case-specific and often require some cultural changes.  

Organizational Structure 

Changes to the existing organizational structure was seen as a major challenge by most 

of the interviewees. Interviewees also mentioned that the current structure does not sup-

port microservices from the development point of view. The interviewees were shown 

figure 7, which presents an example organization structure often related to micro-

services. None of the interviewees felt this type of structure would be a workable solution. 

Most of the interviewees feared that having service-specific teams would lead to more 

silos that the organization has lately successfully managed to break. Interviewees in the 

managerial positions also pointed out that it is not possible to afford having service-spe-

cific teams because of the sheer size and complexity of the system, and the risk of having 

very centered knowledge. The attitudes towards service-specific teams were very con-

tradicting compared to the current literature. One interviewee mentioned as an example 

that because the development work is done in Finland, the employees can have long 

vacations periods, which is why he felt that very centered knowledge would be a problem. 

One interviewee was especially against the idea of having service-specific teams, and 

emphasized that from his point of view, that type of team structure would lead to silos 

and escaping of responsibility. The interviewee mentioned that in the case organization’s 

environment it is especially important that the system as a whole works and stated that  

 “To the customer, we are selling the whole ECS package, which should be 

 everyone’s responsibility.” -Principal Engineer D 

Compared to this, there were some opposing opinions, as few interviewees mentioned 

that some level of service-ownership would lead to better domain-knowledge, increased 

responsibility of own work and better code quality. One interviewee mentioned that the 

case organization is already structural-wise kind of microservice-oriented since there are 

so many sub-systems.  

“We’re just looking at breaking them (sub-systems) into more fine granularity 

 already. So I don’t think organization-wise nothing restricts the case organization 

 from heading in that direction. If anything from a company level, you can already 
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 view us as different groups working on different sub-systems, which are almost 

like microservices at a global level.” -Principal Engineer A 

Another often mentioned challenge related to service-specific teams was dividing work 

between teams, and how to formalize shared responsibilities. As the development work 

is based on customer requirements, achieving the target utilization of developers would 

be challenging if the development requirements were only related to specific services 

that could only be worked on by a part of the employees. If the use of resources was 

more limited, then the work would also be prioritized differently. Thus, an organizational 

structure that would support service ownership without directly creating silos and cen-

tered knowledge would enable a more effective utilization of microservices. Also, re-

sources would need to be utilized efficiently, so that critical customer requirements can 

be answered as fast as possible. 

Governance 

Governance was not seen as an immediate challenge, but as an important factor for 

properly managing the microservices as the number of services would increase. Espe-

cially managing the interfaces was seen as a governance related challenge, because 

the current culture has supported the use of quick workarounds that would likely cause 

challenges as the services were more independent entities. Also, the idea of having ser-

vice-specific teams was seen challenging from the governance perspective, as this 

would require a sort of cultural change inside the organization. As the overall requirement 

is to keep the customers’ operations on-going, which requires coordinated actions from 

every component, a challenge would be to determine the level of governance that would 

steer multiple independent entities towards the same goal, while still allowing for certain 

level of freedom.  

One interviewee brough up work allocation between the development of new services 

and the maintaining of the existing services. The current allocation between the main-

taining and the development activities was seen good, but with microservices this split 

could be a bit more challenging, especially if there were service-specific teams with lim-

ited resources and services with different criticality levels. A Senior Software Engineer 

mentioned that with microservices  

 “The pressure to fix something might be a bit higher than in the case where we 

 have separate layers and we can kind of just sit out the storms that might be

 just temporary.” -Software Engineer A 

It was mentioned that in some cases some issues might escalate higher based on peo-

ples point of views on business. To manage the microservices effectively, standardized 
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ways for prioritizing issues and services was considered important. As there is no previ-

ous experience with microservices, it is hard to assess whether more resources would 

have to spent on the maintainability actions. On the other hand, interviewees mentioned 

that if the system was less complex, then the development work would be more efficient, 

which would mean that there would be more resources to be spent on maintainability.  

Because microservices are often associated with technology heterogeneity and inde-

pendent nature, some interviewees felt that the increased freedom could lead to govern-

ance challenges. The option for cycling employees was considered as an important fac-

tor in the organization. It was mentioned that even in a microservice-based architecture, 

some level of standardization is required, to lower the barrier for cycling employees. Even 

though the freedom of managing services as independent entities was recognized, it was 

stressed how critical it is that each entity of the system can be easily developed by any-

one at any time, which is why governance will be needed.  

 “It (having multiple technologies) limits the option for cycling employees. In a way 

 it would be really beneficial, thinking about our current organization, that the 

 employees would be cycled more even inside our bigger teams. If technologies 

 would be chosen freely, the challenges in cycling work would increase.”  

 -Software Engineer C 

The role of proper documentation would also increase as the number of services in-

creases. One interviewee felt that the understanding of the system as a whole could 

suffer if there were a lot of smaller entities that were managed separately and mentioned 

that this would require a change in the communication culture inside the organization. 

One interviewee mentioned that from the customer perspective it could be challenging 

to write documentation for multiple services and how the customer would react to this. In 

the end customer satisfaction needs to be considered in every aspect of work.  

New Project Delivery & Old Project Maintainability  

As mentioned earlier, the automation offering of the ECS is just a part of the actual pro-

ject that the customer buys. It was mentioned that in the case organization the project 

department and the software department are separate, which means that even if some-

thing would be feasible and beneficial from the software point of view, it might not be 

feasible in the actual project environment, where each project can have unique require-

ments that need to fulfilled. It was mentioned that if microservices are to be seriously 

implemented in an efficient way, this would also require changes in the way project de-
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liveries are done. Ultimately, every project is responsible for themselves, and the imple-

mentation of the software products to the customer sites is the responsibility of the pro-

ject delivery department.  

Another thing that was pointed out was that because the case organization works on 

customer projects, it is not possible to stop supporting the customers’ current operations. 

This characteristic was pointed out by all of the interviewees who are more in contact 

with the customers’ operations and with the project deliveries. A Senior Software Engi-

neer mentioned that 

“We do not operate in a vacuum, and we are constantly developing new features  

 for both old and new projects” -Software Engineer B 

The existing system is deployed to actual customers with ongoing operations and there 

are M&S agreements that need to be followed. This means that as new features are 

developed, they would need to be updatable to every customer.  

“We need to maintain M&S of our existing system; we need to implement new 

features into our system, and we need to somehow go to these microservices.” 

 -Principal Engineer A 

It was stressed that a rearchitecting project would have huge operational costs and would 

be a risky project. One interviewed Director stressed especially the challenge if there 

would be a need to maintain multiple versions of the system, and what would then be 

the payback time and return on investment of the microservices migration project. One 

Principal Engineer mentioned that some service-type development has been done on 

some components. In these cases, new features have been incrementally added as ser-

vices, and software has been slowly released to customer-sites during the process. 

Based on the interviewee’s experience, this has been a good method, but at some point, 

the number of services will grow to a point where actions to manage the increased com-

plexity are needed.  

Responsibility Over the Migration Process 

When the interviewees were asked, do they see the microservices migration process 

more as the responsibility of the business- or software department, the answers leaned 

more towards the responsibility of the software department. This question was seen as 

a tricky one, and the answers were likely swayed to some extent by the interviewees 

background and role. Still, it is worth to note that even though the key reasons for mi-

grating towards microservices highlighted the business benefits, and nearly all of the 

interviewees recognized some business-related challenges in the migration process, the 
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role of the business department was seen minimal, and even “none existent” by some 

interviewees. When asked how much the migration process should be visible to business 

department one interviewee with a strong software background mentioned 

 “The less it’s visible to the business side, the better.” -Software Engineer C 

Only one interviewee saw the migration process as mainly a business project. The inter-

viewee stated 

“I see the migration project mainly as a business department’s project and the 

software department should only be there to do the mandatory technical imple-

mentation. The reasoning for the (migration) project should come from the busi-

ness side.” -Director B 

The challenge presented is that to have a microservices-based architecture, changes 

would be required in so many levels of both the organization and the customers, that the 

trade-offs cannot be fully weighed by people who are only looking at one part of the 

problem. Thus, to enable effective migration to microservices, the responsibilities of each 

stakeholder would need to be clearly mapped out. One Senior Software Engineer felt 

that the migration process would be more of the responsibility of the software depart-

ment, but also mentioned that  

 “Of course, the business side needs to see some reason for doing something like 

 this.” -Software Engineer B 

There has already been some level of experimentation with microservices in the case 

organization, and even though microservices have been developed, a challenge has 

been to actually get the services working in the customers’ location. This highlights that 

in order to utilize microservices in a higher level, input is needed from multiple parties, 

and decisions cannot only be made from the point of view of the underlying technological 

context. The overall return-on-investment needs to be considered, which requires com-

munication between multiple parties. This type of alignment between the business and 

software departments was described by one interviewee 

 “As a company, we are pretty bad when it comes to the cooperation between the 

 business and software.” -Director B 

The need for better cross-functional communication was recognized by the interviewees 

and was even considered essential to enable the utilization of microservices in a higher 

level.  

 

 



 

52 
 

Summary of the Organizational Challenges 

Challenge Description 

Organizational Structure Current organizational structure would not fully suit mi-

croservices, but service-specific teams would create 

more silos, centered knowledge, and affect how the work 

can be divided.  

Governance Increasing number of entities to be managed would in-

crease the need for governance and standardization, 

which would in part require a change in organizational 

culture.  

New Project Delivery & Old 

Project Maintainability 

On-going customer operations need to be maintained 

and agreements followed, which means there would be 

some overlapping between development and maintain-

ing work. Even if something was feasible in the software 

point-of-view, it might not be beneficial or viable from a 

project and business point-of-views.  

Responsibility Over the Mi-

gration Process 

Utilizing microservices in large-scale would require 

changes in both the project and business aspects. Be-

cause of this, multiple point-of-views should be consid-

ered in the migration process.   

 

5.2.3 Environmental Challenges 
The case organization’s business environment was described as a very complex one, 

which differs from the standard environment in which microservices are associated with. 

The environmental challenges are grouped to project, customer, and operations related 

characteristics. These recognized challenges highlight the complexity of the case organ-

ization’s environment and the following limitations they set, compared to a typical web-

based organization that the current literature often associates microservices with. 

Project Characteristics 

One of the most mentioned characteristic of the case organization’s business environ-

ment was that the case organization is a project organization delivering a variety of ma-

chinery to different customers. This means that the organization does not work in a vac-

uum, and there are certain limitations and requirements that are set by the customer and 
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by other organizations. Most of the interviewees were familiar with the concept of micro-

services and when asked what they thought about microservices, a common answers 

was that they felt that in theory microservices sounds like a great solution, but building 

an efficient system that adds value to all parties involved in the terminal operations would 

be a challenge. In particular, one Product Manager mentioned that even though some-

thing works in a web-based B2C environment, it might not work in the case organization’s 

environment. The length of the projects can be multiple years, and the provided solution 

needs to be maintained for many years to come.  

As the main profit of the case organization’s projects comes from the machines sold, not 

from the software itself, it was stated that project related decisions cannot be made 

driven by software requirements. It was pointed out by one Director that  

 “The customer doesn’t buy an ECS product, but the customer buys a whole 

 workable solution.” -Director B 

This solution contains more than just automation, and the role of the ECS in projects is 

to provide the automation offering. Currently the ECS is mainly being bought as a full 

package, even though it is possible to only buy parts of it. It was mentioned that in order 

to sell the ECS as a true microservices product, it would need to be possible to leave 

some services out from the whole system, or be able to replace some functions using 

services offered by third-parties. Viewing the ECS as a sellable product like this would 

require a change in the whole business logic of the case organization, as automation 

should be viewed more as a competitive advantage instead of an additional offering. It 

was mentioned that competing with automation is not currently possible, even though 

the industry is heading more and more towards automated solutions. Since it is only 

possible to buy the whole system, instead of just part of it, some interviewees felt that a 

service-type thinking would just increase the complexity and add more pieces of software 

that would need to be managed and learned.  

As mentioned, the software product is only a part of the total project offering of the case 

organization and tying the service-based architecture to the total project delivery was 

seen challenging. The microservice architecture would need to support the overall pro-

ject delivery in order to be utilized effectively. Utilizing microservices in a larger scale 

would at some point also require changes in the way the projects are done. As the long-

term decision making was already seen as a current challenge, the overall impact of 

utilizing microservices in large scale, would require serious evaluation, especially if it 

would also impact how things are done outside of the software department.  
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“Sometimes the little bit older, but workable technology is better from the business

 point of view than the new and fancy technology, even if it would from the 

 developers’ point of view be better in every possible aspect. … If we have like 50 

 customers that just can’t adopt the technology that we still need to offer services 

to, then we would still need to live with the older technology.” -Director B 

Operating in a project environment, the large picture needs to be continuously consid-

ered. The role of project services has been rising and the service aspect is continuously 

gaining more emphasis. As the number of customers buying automated solutions, and 

therefore requiring maintenance services increases, more emphasis needs to be paid to 

the lifecycle management of the systems, and decisions need to be made based on 

future profitability. Understanding the organization type and business logic is necessary 

to enable effective migration to microservices.  

Customer Characteristics 

When the interviewees were asked about the customers’ attitudes towards change, they 

were described as “old school” and somewhat resistant to change. It was mentioned that 

generally customers are not very adaptive towards new technologies, even though some 

exceptions exist.  

A recurring characteristic of the customers was their uniqueness. Even though in a high-

level the customer operations are similar, their operation models can vary a lot. An ex-

ample by one interviewee was 

“For example, how the container is handled when it comes from the ship or from 

the train can be different. Also, there is the timeframe aspect as the projects have 

started in different times, which means that there has been different point of views 

for how things should be done.” -Software Engineer B 

The size of the customer terminals also varies, and a future trend of “micro-terminals” 

was even mentioned by one interviewee. Currently, the case organization’s automation 

projects are described as “mega-projects” where the size of the terminals is the opposite 

of “micro”. As the lifecycles of the machines are tens of years and automation in the 

industry has only lately started to take bigger steps forward, the customers can have 

older technology stacks that the case organization must remain compatibility with. It was 

also noted that the level of automation in the customer terminals can vary, and the cus-

tomers can have machines provided by other organizations as well. Being compatible 

with older versions of the system and third-party solutions is vital for the case organiza-

tion’s business.  
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The above-mentioned customer characteristics mean that it is difficult to find technolog-

ical solutions that would suit all customers, and sometimes customer-specific solutions 

are required to provide a suitable solution for the customer. As mentioned by one inter-

viewee 

“Every customer has a slightly different system on-site, and everything can be 

 working well in our simulations, but when we involve real machines and have a 

little different configurations in place, then everything does not go according to 

plans.” -Manager A 

As the customers have different software configurations, testing the software in the ac-

tual customer environment is difficult. Also, the customers want to manage the servers 

themselves, which can be a limiting factor for some software solutions. Past experiences 

of virus attacks and the critical risk of losing operation time have led customers to avoid 

cloud-based solutions and preferring to run the software on-premise.  

The fact that the software is running on-premise on the customers’ servers, instead of in 

a cloud, was one of the most often mentioned characteristic of the case organization’s 

business environment. Even though the case organization can provide the customers 

with requirements for the servers, many of the interviewees felt this to be a very limiting 

factor to how microservices could be utilized in production efficiently. As the customers 

choose to run the software on-premise, there are limitations to the technological choices 

that can be made, such as the use of containerization, and overall, the deployment pro-

cess becomes more challenging from the microservices perspective.  

 “We have a lot of customers who don’t accept Linux in their environments. Which 

 I understand totally … if I (the customer) had tens of Windows servers and we 

 (the case organization) wanted one Linux server, I (the customer) would not have 

 anyone who could maintain that server. If we give too much freedom for the 

 microservices, then we will face these types of problems as the customers would 

 not accept the deployments in any case.” -Director B 

The deployment of new software is seen as a big and risky process by the customers, 

which means there will be precautions to anything related to that, and a change of atti-

tude would be required both from the case organization and from the customers. Even if 

something were technologically feasible, selling it to the customers might be more diffi-

cult, and there is no way of knowing how the customers would react to changes. Cus-

tomer centricity is valued in the case organization and the customer aspect needs to be 

emphasized in the decision making. When considering the challenge of customers’ atti-

tude towards change, one Director mentioned that 
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“We should not choose technologies that have not yet become enough standard. 

 Because in the sales phase and the project delivery phase we would the need to 

spend a huge amount of time on explaining that this is just the way things are 

done.  When in fact, doing the same stuff with a bit older, but more common tech-

nology, would not even be questioned.” -Director B 

It was mentioned that there would likely be some resistance towards delivering multiple 

microservices, instead of just one bigger entity. The resistance to change is no reason 

for not to drive change in the industry but is still a challenge in regarding how effectively 

microservices could be utilized. 

Operations Characteristics 

As the interviewees were familiar with the concept of microservices in the e-commerce 

environment, they often compared the characteristics of the e-commerce environment to 

the case organization’s environment. Almost every interviewee highlighted the cost of 

operations in the case organization’s environment. When asked to explain the cost of 

operations more deeply, an interviewee mentioned 

 “The terminal operators are paid based on the number of containers moved, which 

 means that if the terminal is unable to operate because of a malfunctioning 

 system, there is no profit.” -Manager A 

This is one of the reasons why the customers are so wary when it comes to new software 

releases or anything that might interfere with their operations. It was mentioned that even 

though more frequent software updates could be achieved with microservices, the cus-

tomers might not be willing to update their software any more frequently than in the cur-

rent situation. The customers also want to be able to decide the timeframe for any soft-

ware updates and downtime of the terminal to optimize their own operations. One inter-

viewee described this in the following way 

 “Compare the software update to an update of your own mobile-phone. You want 

 to decide for yourself when the phone is updated. The same applies to the 

 customers. Downtime costs money and they want to decide when this happens.” 

 -Director B 

Multiple interviewees pointed out that the terminals are very large and complex environ-

ments with various functions, and the case organization’s products are only responsible 

of a part of the scheme of operations that goes on inside the terminal. This means that 

the systems need to be integrated with solutions provided by third-parties and the termi-

nals can have machines provided by multiple organizations, that are in different phases 

of their lifecycles, that need to cooperate with each other. Automation of the operations 
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can be said to still be in the early phases of adoption, which means that the current role 

of the software offering of the case organization should not be over emphasized in the 

decision making.  

Safety aspect of the operations was also brought up by a few of the interviewees. The 

terminals can have both machines that are automated, and machines that are operated 

by humans. Humans are also part of the operations in multiple phases of moving the 

containers, which makes the operating environment very heterogenic. To prevent acci-

dents, all machines need to be aware of the locations of other machines and containers. 

One interviewee who had expertise related to the safety aspects, mentioned that there 

are some safety related standards that need to be followed like the ISO 13849 standard 

that the case organization currently follows. 

Summary of the Environmental Challenges 

Challenge Description 

Project Characteristics The software solution is only part of the project offering 

and the customer might have machines and software 

provided by third parties, that the case organization 

needs to be compatible with. The projects last long and 

the lifecycle of the solutions are multiple years.   

Customer Characteristics There is some resistance to change and the customers 

can have unique requirements, which make finding 

standard solutions harder. Customers are responsible of 

the servers, which affects some of the technological 

choices.   

Operations Characteristics Cost of the customers’ operations is very high, and 

downtime should be avoided. The customer site can 

have both automated machines and machines operated 

by humans that need to co-exist.  
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6. DISCUSSION 

To drive change towards a more automated and efficient future, there is a need to offer 

more robust automation systems that support the customers’ unique operations and suit 

the complex business environments. One way for achieving this is by utilizing the micro-

service architecture, and build the system from small independent services, that align 

both the technological and business contexts. The goal of this thesis was to study how 

to ensure an effective transformation from a monolithic architecture to a microservices 

architecture. This chapter combines the theoretical background (chapters 2 & 3) and the 

results of the empirical study (chapter 5). Thus, the discussion chapter presents the re-

sults of this thesis.  

6.1 Ensuring Effective Migration to Microservices 

The migration to microservices is a long project and will affect multiple stakeholders. The 

type of architectural change will involve a lot of challenges, but also brings a lot of op-

portunities that will make software development more effective and create new business 

opportunities. This chapter presents the influencing factors in the migration to micro-

services and the key steps in the process. 

6.1.1 Influencing Factors in the Migration to Microservices 
The influencing factors in the migration to microservices can be grouped into technolog-

ical, organizational, and environmental contexts according to the TOE-framework by Tor-

natzky & Fleischer (1990). In this study the influencing factors are further categorized 

into Key Reason for Migration and Recognized Challenges in the Migration. These cat-

egories stood out both in the literature and in the interviews. The Key Reasons for Mi-

gration describe the key reasons why organization have become interested about micro-

services and thus also reflect the sought benefits of microservices. The Recognized 

Challenges in the Migration describe the challenging aspects related to the migration, 

and the way the way these challenges are managed will in part determine how successful 

the migration and the final solution will be. A summary of the influencing factors is pre-

sented in the figure below.  



 

59 
 

 

Note: New findings recognized in this study are highlighted with a bolded edge 

Figure 11: Influencing Factors in the Migration to Microservices 

Technological Influencing Factors 

All the technological influencing factors recognized in the interviews resembled at least 

to some extent those already recognized in literature (Balalaie et al. 2018; Kalske et al. 

2018). The technological factors were seen as the most easily approachable and in a 

way the most obvious. Interestingly the technological factors were also emphasized by 

the interviewees who were considered more business than software oriented. The prior-

itization of the technological factors was like that of the existing literature. The main tech-

nological drivers were Independent Deployment and Scalability. The prioritization of 

these factors can be explained by the fact that the factors are clearly connected with the 

business aspect, as an effective deployment process and better scalability options can 

be seen to lead to new business opportunities and cost savings. Maintainability and Low 

Dependency were also considered important, but as the direct benefits of these factors 

are not as clear it may explain why these factors were emphasized mostly by the inter-

viewees whose work is the most affected by the choices that affect the lifecycle of the 

system.  

The most emphasized technological challenges were Service Decomposition and Ser-

vice Deployment. These challenges are also highly emphasized in the existing literature 
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(Balalaie et al. 2018; Kalske et al. 2018). One reason for why these factors were empha-

sized by the interviewees was that addressing the challenges requires input from multiple 

parties that may currently operate quite independently. Also, environmental characteris-

tics cause limitations for the deployment processes. In literature the criticality of these 

challenges is often explained by the fact that making changes to the original decompo-

sition solutions afterwards will be expensive (Newman 2019) and deploying multiple mi-

croservices effectively often require making changes to the existing deployment pro-

cesses (Kalske et al. 2018), which was also mentioned in the interviews. The minor dif-

ferences in the approaches towards the challenges can be explained by the environmen-

tal and organizational contexts. The case organization’s environment sets certain limita-

tions that may not be relevant in other environments. Also, the size and type of the case 

organization causes a level of complexity that may not apply to especially small organi-

zations. Other challenges such as Logging & Monitoring were pointed out mainly by in-

terviewees who had some experience with microservices. Even though in literature 

things like containerization and continuous delivery (CD) are highly emphasized (Kalske 

et al. 2018; Debroy & Miller 2019) and considered almost as necessary for effective uti-

lization of microservices, in the interviews these were not emphasized so highly. This 

points out that even though containerization and CD are often linked with microservices, 

their role in the migration to microservices should not be over emphasized.  

Organizational Influencing Factors 

The recognized organizational factors resembled to some extent those already recog-

nized in the existing literature (Killalea 2016; Kalske et al. 2018). Organization specific 

qualities like size, type, communication, and technology orientation will bring out unique 

organization specific factors. The main organizational reasons for migration were Auton-

omous Teams, Employee Utilization and Resource Requirements. In literature small and 

independent service-specific teams have been highly emphasized. This differs from the 

results of this study, as based on the interviews small and autonomous service-specific 

teams were seen more as a negative thing that might lead to more silos and communi-

cation problems. This result can possibly be explained by cultural factors, but points out 

a hole in the existing literature, since small and autonomous service-specific teams might 

not be the best fitting solution to every organization. Existing literature also emphasizes 

Technology Heterogeneity as a benefit of microservices (Luz et al. 2018), whereas in 

this study the interviewees felt that an increase in the number of technologies could lead 

to Governance related challenges and would make the cycling of employees more diffi-

cult. 
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The size of the case organization, and the fact that the case organization has pretty 

clearly defined internal departments, that to some extent separate the software depart-

ment from the actual project delivery, brought up organizational challenges that have not 

been mentioned in the existing literature. These challenging factors were New System – 

Old System Maintainability and Migration Responsibility, which get highlighted by the 

case organization’s environmental and organizational characteristics. If microservices 

are to be utilized in a high scale, the migration to microservices needs to profitable and 

a proper return on investment (ROI) needs to be achieved. If there is a need to maintain 

multiple versions of the systems, the ROI will decrease. The migration process gets more 

complex if the technological choices cannot be fully controlled. An example from the case 

organization is that the customers are responsible of the servers, which affects for ex-

ample the use of containerization. If the migration to microservices requires input from 

multiple parties, the wide perspective of the migration process and the its full effects need 

to be carefully considered. This means that decisions should not be made only from the 

software perspective, but also from the business perspective. The business and software 

contexts often evolve in a different pace (Murer et al. 2011), and therefore coordinated 

solutions are required to find viable long-term solutions. The more the effects of the mi-

gration process extend beyond just the software context, the more the actual business 

side should be considered. How effective the migration process will be, will be largely 

affected by how well the team responsible of the migration process can manage all the 

challenges, which requires cross-functional knowledge and understanding of the organ-

ization’s business principles.  

Environmental Influencing Factors 

The environmental influencing factors have not been widely covered in the existing liter-

ature. Even though some key reasons for migration can be recognized, these have not 

been directly mapped out. Environmental challenging factors have not been directly 

mapped out in the existing literature, at least to the knowledge of the author. The neglect 

of the environmental factors seems astonishing when considering the results of this 

study, as the some of the biggest challenges in the migration process are caused by the 

environmental factors. This study recognized environmental influencing factors such as 

Project Characteristics, Customer Characteristics and Operations Characteristics, which 

were somewhat mentioned by every interviewee.  

The knowledge gap in the environmental influencing factors can be explained by the fact 

that the existing literature is mainly focused on microservices in cloud-based environ-

ments, and the case organization often operate in a web-store type manner. (Vural et al. 

2017; Balalaie et al. 2018). This study highlights the unique characteristics of different 
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industries. As the case organization used in this study manufactures industrial machinery 

with varying levels of automation, it is clear that the environment is very different from a 

typical web-store environment and therefore the same methods might not apply.  

Based on this study the environmental factors play a significant role in the migration to 

microservices and therefore should be carefully considered when migrating to micro-

services. Even though it is quite easy to find solutions for the common technological 

challenges, the environmental characteristics might make some of these solutions obso-

lete and present new challenges that can make microservices a not so suitable solution.  

The length of the case organization’s projects can be multiple years and the provided 

solution needs to be maintained for many years after the project is finished. The provided 

solution contains more than just the software. Even though the software is a big part of 

the final offering, decisions cannot be made solely based on the software offering. This 

means that the software related decisions need to support the overall project environ-

ment, which can in some cases limit the viability of the software solutions.  

The variance in customers operations creates challenges in creating solutions that would 

suit every customer. Future trends might even introduce more variance between the cus-

tomers. In a way, microservices could provide a viable answer to varying customer re-

quirements but would also increase the complexity of the system. It is characteristic that 

the customer has machines and software provided by other organization, and the case 

organization needs to be able to provide solutions that are compatible with these. It is 

also characteristic that the customer is responsible of the servers and wants to do their 

own testing as well, which sets limitation for the technological solutions and affects for 

example the adoption of continuous delivery (CD). The cost of stopping the operations 

is very high for the customers, which is one operational characteristic and sets require-

ments for the workability of the software. The risk of malfunctioning software and stop-

page of operations, and the associated costs, mean that the customers are wary when 

it comes to new software releases and might even avoid them if possible. This means 

that even though benefits like more efficient deployment of software might be achieved, 

the customers may not be willing to take the risk of updating the software if not neces-

sary. This shows that in some cases before some benefits can be realized, an environ-

mental change is required support microservices.  
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6.1.2 The Process of Migrating to Microservices 
The existing literature offers some guidelines for the migration process and how to man-

age the challenges. These guidelines are however more suitable for organizations oper-

ating in cloud-based environments and for organizations that have the option to, quite 

freely, affect the technology choices. Extensive description of the process of migrating 

to microservices from a more technological perspective has been given for example by 

Balalaie et al. (2018), while the organizational aspect has been discussed for example 

by Kalske et al. (2018). Broader discussion of different solutions has been given for ex-

ample by Newman (2019) and Richardson (2018). 

Even though the existing literature does a good job covering different areas of the migra-

tion process, this study found that especially when operating in a complex project envi-

ronment there are previously unmentioned areas that need to be covered. The results of 

the empirical study indicate that there is no actual consensus about the migration pro-

cess and the overall effects. This was indicated by the fact that there exists a gap in the 

communication between the business and software departments, and that even though 

a large scale migration to microservices would have a wide range of affects, not limited 

to just the software department, the project was still mainly looked at from the software 

perspective. Therefore, it is important to map out the stakeholders of the migration pro-

ject. Stakeholders are the groups or individuals that can affect or are affected by the 

achievement of the project’s objectives and can be further grouped into internal and ex-

ternal stakeholders (Beringer et al. 2013), like presented in figure 12 below. The migra-

tion to microservices could also bring new business opportunities, which further supports 

the fact that the migration to microservices should not be only looked at from the software 

perspective.  

 

Figure 12: Stakeholders 
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The results of this study highlight the complexity of the operation environment. When the 

customers can have machines and software provided by third parties the complexity of 

the final solution increases, which should be acknowledged in the migration process. 

Since the migration to microservices will not be a small project, the system’s current 

challenges should be clearly mapped out and weighted against the sought benefits of 

moving to microservices. The stakeholders and their interest, and the current state and 

challenges of the system should be mapped out before starting the migration process to 

assess the viability of migrating to microservices. This can be seen to add a new step 

into the migration process presented in chapter 3.3. High level representation of the new 

migration process is presented below in figure 13. The process starts by assessing the 

viability of moving to microservices. Based on this study, there are factors like the envi-

ronmental influencing factors mentioned in the previous chapter, that can influence the 

viability. The influencing factors will make the migration process unique for each organi-

zation. The technological challenges will be the most present when composing and de-

ploying the services and will require the most decision making regarding for example the 

tools and designs to be used. The organizational challenges should be recognized early 

but they will be the most present once at least some microservices are in production and 

the system is being maintained and evolved. In this phase factors like governance and 

developing a suitable organizational structure will become timelier.  

 

Figure 13: High Level Representation of the Migration Process 

As the total effects of the migration to microservices would be so wide, and would require 

the use of new technologies, creation of test services is advised. Some of the interview-

ees had already experimented with microservices, but their lessons learned had not been 

officially shared. One of the interviewees had developed microservices and had faced 

problems when trying to get the services working in the project environment. To recog-

nize and proactively react to these types of challenges test services need to be created. 

This would most likely also point out the most critical challenges related to microservices 

in the organization’s environment.  
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After test services have been created and the lessons learned have been collected, it is 

easier to assess the full technological and organizational factors that follow the migration 

to microservices. The criticality of each factor can then be evaluated with input from the 

previously recognized stakeholders. This way it is possible to create a proper roadmap 

for the migration and recognize focus points related to the migration. The interviewees 

stressed different aspects of the migration. Interviewees more involved in the develop-

ment of software emphasized the effects in the ways of working, whereas interviewees 

in the managerial positions emphasized the profitability and future business opportuni-

ties. The variance in the emphasized factors shows that each stakeholder should be 

given the chance to give input to the migration project and the decision-making process 

should be made visible to each stakeholder.  

When dealing with large and complex systems, attention should be paid to the long-term 

benefits and maintainability. Since the environment is starting to move towards automa-

tion solutions, emphasis should be paid to ensuring customer satisfaction and gaining 

the customers’ trust on the software and the automation offerings. When operating in an 

environment that is somewhat resistant to change, the change process should be made 

as straightforward as possible, which means that there should be limited requirements 

placed upon the external stakeholders. In a project environment, it is also especially im-

portant that the software works like it is supposed to in every customer site. This means 

that the configurability of the software should be a main concern and there should be 

proper internal communication channels to prevent silos. This suggest that at first the 

emphasis should be on internal aspects like creating the first services and modifying the 

internal ways of working to support the service orientation. When more knowledge is 

gained, the focus can be steered more towards achieving things like continuous delivery. 

The type of incremental adoption has been also suggested in the existing literature (New-

man 2019). When microservices are to be adopted in a larger scale, the questions of 

how to compose and deploy the services effectively will become timelier. Some organi-

zation reconstruction might be needed (Kalske et al. 2018) and the adoption of DevOps 

practices like continuous integration (CI) and continuous delivery (CD) will help make the 

deployment process more effective (Balalaie et al. 2018; Debroy & Miller 2019).  

6.2 Theoretical Contributions 

This research provided new aspects in the migration process to microservices by looking 

at the migration process from technological, organizational, and environmental contexts. 

Especially the findings in the environmental context provide new knowledge in the area 

of microservices and open the door for microservice research in specific environments. 
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Previous research has shown that the migration to microservices is a long process that 

affects both the technological solutions and the organizational structures of organizations 

(Richardson 2018; Newman 2019). The mapping of the influencing factors and the steps 

in the migration process, and their compact presentation make this research valuable, 

as the previous literature focuses only on a portion of the migration process (Balalaie et 

al. 2018). The environmental influencing factors have not been covered in the existing 

literature, which shows that there existed a knowledge gap that has been covered to 

some extent by this research. This study also shows how the different influencing factors 

will be timely in different phases of the migration. The environmental factors will be the 

most timely when assessing the viability of moving to microservices, the technological 

factors will be the most present when decomposing and deploying the services and the 

organizational factors when a version of the system is in production and under maintain.  

The research shows that the migration to microservices involves multiple stakeholders, 

with varying interests, that can be grouped into internal and external stakeholders. The 

technological influencing factors mentioned by the internal stakeholders are like those 

covered in the existing literature (Kalske et al. 2018). These influencing factors were still 

emphasized differently by interviewees with different backgrounds and roles. Interest-

ingly, interviewees with strong technological background did not stress factors such as 

containerization or continuous delivery (CD) as much as presented in previous literature. 

This indicates that the role of individual technological solutions should not be over em-

phasized in the migration process, which can be considered to lower the barrier for ex-

perimenting with microservices.  

The organizational influencing factors were also somewhat like those covered in the ex-

isting literature (Kalske et al. 2018) though there were some contradicting results. The 

results of this research do not support having small service-specific teams because they 

might create silos and lead to centered knowledge. This finding differs from that men-

tioned in the existing literature (Kalske et al. 2018) and shows how the size and organi-

zational culture of the organization, and the complexity of its system might affect the 

suitable solution. It was also found that especially in large organizations, there might not 

be clarity about the responsibility over the migration process. As the process involves 

multiple stakeholders with varying interests, who may not fully understand each other, 

there is a danger that the migration process is not driven towards a common goal, but 

aims to mainly solve only the challenges experienced by a group of stakeholders. For 

example, even though microservices would offer clear benefits from the point-of-view of 

the software developers, the benefits might not fully translate to business benefits. The 
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migration process is a long process and in order to be done effectively requires commit-

ment from every stakeholder, which can be achieved by working jointly with the stake-

holders towards a common goal that creates benefits for everyone.  

The environment that the organization operates in also sets limitation for the migration 

to microservices. For example, the project, customer, and operational characteristics set 

limitation for the migration to microservices. The migration to microservices also involves 

multiple stakeholders with varying interests that should be taken into consideration. This 

shows that the migration process is not as straightforward as often presented, but there 

exist influencing factors that can limit the technological choices and thus the realization 

of the benefits from the migration process. This finding is of importance to decision mak-

ers when assessing the suitability of microservices architecture. The limitations set by 

the environmental factors are hard to overcome and should be understood to assess the 

feasibility of microservices.  

6.3 Practical Contribution 

This research provides practical contributions for organizations planning to migrate into 

a microservices based architecture. The results of the research highlight the uniqueness 

of each organization and their system that will affect the migration process. It is important 

to recognize the limitations that different organizations can face to better assess the re-

quired scale of changes and the long-term effects of the migration. The migration to mi-

croservices will have such large scale affects that decisions should not be made without 

careful consideration.  

The results show how important it is to recognize all the stakeholders of the migration 

process and how the migration project should be looked at from the business point-of-

view in order to create a solution that also supports the business goals of the organiza-

tion. It is important to recognize the challenges the organization can face during the mi-

gration and plan responses for these challenges. Even though there already exist solu-

tions for the common technological challenges, for example the environmental charac-

teristics can make some of these solutions obsolete and even present new challenges 

that can make microservices a not so suitable solution for the organization.  

Being aware of the overall effects of the migration to microservices is of special im-

portance for decision makers. The results highlight the importance of aligning the busi-

ness and IT in organizations. Undoubtedly microservices have great benefits that span 

from just the way the software is developed to the way business is done. To achieve the 
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best benefits, the two need to be aligned and work together towards the same goals, 

which requires that all the influencing factors have been detected and communicated.  

6.4 Research Limitations & Future Research Topics 

As with any other research, there exists some limitation to the applicability of the results. 

For example, the research being a single-case study the generalizability of the results is 

difficult. Shenton (2004) mentions that the criteria for evaluating the limitations of quali-

tative research developed by Lincoln & Guba (1985) offers solid criteria for evaluating a 

research. The criteria developed by Lincoln & Guba are the following:  

• Credibility: Does the study measure or test what is actually intended and do the 

findings match the reality.  

• Transferability: To what extent are the findings applicable to other situations.  

• Dependability: Can the findings be repeated if same techniques were used.  

• Confirmability: How well are the findings based on the data collected during the 

study. (Shenton 2004) 

According to Shenton (2004) a researcher can affect the credibility factor for example by 

using well recognized research methods, developing early familiarity with case organi-

zations, randomly selecting case informants, having debrief sections between the re-

searcher and superiors and by examining previous research to frame the findings. In this 

study, the data was collected using semi-structured interviews. The goal of the interviews 

was to discover the main influencing factors in the case organization that would affect 

the migration to microservices. The level of familiarity with microservices varied between 

the interviewees, but every interviewee received a summary of the basics of micro-

services before the interviews to gain required knowledge of the topic. In general, deep 

knowledge of microservices was not required, since the organizational and environmen-

tal factors were mostly related to organizational culture and environmental characteris-

tics.  

The interviewees were chosen based on suggestions from the case organization repre-

sentative and represented a variety of roles and internal departments, which helped to 

gain a more holistic view of the case organization, and thus increase the credibility of the 

results. Still the number of interviewees can be considered relatively small and thus not 

representing the organization as-a-whole. Also, the results indicated that the customers 

could pose some limitations for the feasibility of microservices, but these expectations 

were not verified by interviewing any of the customers. It is worth to note that this would 
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have been difficult considering the scope of the research. The results were regularly 

discussed with the case organization representative and the need for more interviewees 

was reviewed in those meetings. The honesty of the interviewees was improved by giving 

the interviewees an option to cancel the interview and by keeping the interviews anony-

mous.  

The researcher had been working in a different department inside the case organization 

prior the start of the study. Because of this, it is possible that there existed some bias 

towards the results. On the other hand, the prior experience in the case organization 

might have led to increased trust between the interviewees and the researcher, which 

could have led to willingness to be more open about the influencing factors. It is worth to 

note that the even though the researcher had been working in the case organization, he 

had not been in regular contact with the interviewees prior to the interviews. The software 

department of the case organization was also relatively unknown to the researcher prior 

to the study. Knowledge of the organizational culture and the organization itself also 

helped in forming the questions and knowing what aspects to emphasize.  

The transferability of the study can be affected by describing the frames of the study and 

by providing a description of the case organization and its current situation, in order for 

the reader to assess whether the findings are applicable to the reader’s situation (Shen-

ton 2004). The frames of this study have been described in chapter 1 and description of 

the case organization and its current situation and characteristics have been presented 

in chapters 4 and 5.  

The dependability of the study can be improved by providing a description of the methods 

used in the study (Shenton 2004). The goals of this study have been described in chapter 

1. In chapter 4, a more detailed description of the research process has been given. The 

dependability will of course be affected by technological advancements and any changes 

in the organization or the business environment that affect the culture and general at-

mosphere.  

The confirmability can be affected by the researcher’s ability to acknowledge own beliefs 

and assumptions, and by describing and justifying why certain decisions were made dur-

ing the study and their effects on the results (Shenton 2004). The biggest risk in this 

study for how the researcher could have affected the results are listed below: 

• Leading the interviewees towards certain ideas with the interview questions 

• Emphasizing the researchers own opinions when presenting the results  

• Categorizing the results based on the researcher’s own biases 
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• Focusing too much on the case organization’s requirements and not acknowl-

edging good research methods 

During the study, the risks were minimized by avoiding any emphasizing of the re-

searcher’s own beliefs and assumptions. In weekly meetings with the case organization 

representative the progress and results of the study were regularly discussed. This 

helped gain new point of views for the study and helped to question the decisions made. 

Weekly meetings also helped make sure that the study was continuously progressing 

and that no important factors were forgotten. The TOE-framework was used in large 

parts of the study to group the influencing factors in a similar fashion. Some sub-catego-

rization was done by the researcher and this categorization could have been done dif-

ferently by some other researcher. This categorization might reflect some biases and 

possibly emphasize certain aspects. The study was done in cooperation with a case 

organization that had their own requirements. The case organization was more focused 

about the results and not so much about the research methodology aspect, which was 

not regularly discussed in the weekly meetings. Still the researcher feels that the re-

search methodology received proper attention, and that the study met the requirements 

of the case organization and provided new knowledge to the area of microservices.  

This study offers multiple options for future research. First, the actual migration process 

in the case organization could be studied. Overall, the migration process to microservices 

in large industrial organizations, with large legacy systems could be further studied. The 

findings indicate that there exist multiple environmental influencing factors in the migra-

tion to microservices. These environmental influencing factors could be further studied 

and compared between different industries to better assess the overall suitability of mi-

croservices in different environments. Software as a source of competitive advantage in 

industrial organizations will increase in the future, which is why research for effective 

utilization of software should be conducted.  
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