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Abstract 

With businesses’ and organizations’ steadily growing dependence on IT, the 
infrastructure of Information Systems has become a lot more complex. Reasons such 
as company mergers and continuously changing markets have made system 
integration an increasingly important factor for companies today.  

This was the background for the following study which sought to solve a company’s 
system integration problem through the use of a more modern, service-oriented 
approach. A need for systems to communicate and exchange information in a more 
reliable and efficient manner had yielded demands for an improved integration. 
Therefore, the objective was to design a robust and flexible architecture that would 
handle all of the current systems integration needs while the purpose was to find 
evidence of whether the use of service-orientation along with the introduction of an 
Enterprise Service Bus would deliver project value. 

The resulting prototype makes use of a web service and an Enterprise Service Bus to 
deliver the functions necessary to satisfy the requirements. Several of the requirements 
were met through the very use of service-orientation which played a small but 
nonetheless instrumental part in the construction and development process of the 
integration solution.  
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1. Introduction 
1.1 Background 

oday it is hard to imagine a world without computers or internet connectivity. The 
progress and innovation in the Information Technology (IT) field have been 

enormous (Andary & Sage, 2010) and have been so at breakneck speed. Software and 
hardware engineers have been pushing the limits of what is possible to achieve and are 
still doing so every day. Whether it is the software requirements that are driving the 
hardware innovation or the hardware being ever more capable, making more enhanced 
and complex software possible, is difficult to determine. What can be established, 
however, is that they are highly symbiotic and are not of any real value on their own; a 
computer without any software will not be of much use and a program without any 
hardware platform on which to be executed will simply not work, let alone be 
developed.  

With businesses’ and organizations’ steadily growing dependence on IT together with 
the recent dramatic increase of collected data (Godinez, et al., 2010), which 
incidentally has launched the demand for Business Intelligence, the infrastructure of 
Information Systems has become a lot more complex. Reasons such as company 
mergers and continuously changing markets, necessitating flexibility and adaptability, 
have made system integration an increasingly important factor for companies today 
(Hu, Luo, Li, Tong, & Liao, 2008). The demand for systems interaction and integration 
puts pressure on developers to manufacture efficient solutions to automate events and 
enhance flexibility. The development of so called middleware, which essentially lets 
heterogeneous systems exchange information (Duggan, 2012), was an important step 
in satisfying the need for systems to communicate with one another. On a larger scale, 
applications and systems might well be distributed across different physical locations 
on disparate platforms using different types of software. Integration at this level is 
commonly referred to as Enterprise Application Integration, or EAI1 (Linthicum, 
1999).  

To increase system and program integration flexibility and to promote reusability, it is 
important to avoid the systems and programs from becoming too dependent of one 
another as this directly restricts its application. A way to resolve this quest for 
independence is through the use of a Service-Oriented Architecture (SOA) which 
enables the development of loosely coupled services that can communicate with each 
other in a highly flexible fashion (Duggan, 2012; Erl, 2004).2 When integrations grow 
larger and more complex, possibly even transcending geographical boundaries, a need 
to centralize the interconnections arise to make system governance easier (Hsiung, 
Rivelli, & Hüttenegger, 2012). This need is oftentimes satisfied by the introduction of 
an Enterprise Service Bus (ESB)3, which among many other things brings about the 
ability to manage and maintain services more efficiently (Rademakers & Dirksen, 
2009).  

                                                   
1 EAI will be explained in the Systems integration section. 
2 The SOA concept will be discussed at greater length in the Service-Oriented Architecture section. 
3 ESB will also be explained in the ESB – Enterprise Service Bus section.  

T 
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This is the context for the following study which seeks to solve a company’s select 
system integration problem using a more modern and flexible approach. The study will 
be conducted at a medium-sized international company that works with providing IT-
solutions and support to industries. They have a couple of regional offices in Sweden, 
one in Finland and a few more scattered across Europe and Asia. The company wishes 
to remain anonymous in the study and therefore their name will not be revealed. 

The ambition is to replace the existing application with a newer, more capable and 
architecturally superior solution. The outcome will be a prototype that will serve as a 
starting point for the building of the actual application which will be done either in-
house or by external consultants, depending on financial and time constraints. 

1.2 Problem  

The company has several different systems that need to communicate and exchange 
information in a reliable and efficient manner. Demands for better integration and 
more functionality have surfaced that call for a new solution which must also be flexible 
and able to deal with further requirements that may arise in the future.    

The system that acts as the intermediary today is a script that takes information from 
one system, determines whether any changes have been made to the data and if so 
sends the new modified data to another system for storage in its database once every 
day. The initial program started as a quick fix that eventually grew in both size and 
complexity due to demands for added functionality. This has led to a program not only 
difficult to maintain but also one that cannot handle new requirements and 
functionality as required. Since it is tailored to a specific environment, its use in other 
areas is virtually non-existent, which is something the proposed solution will aim to 
remedy.   

 

Figure 1 – A high-level diagram of the system topology. 
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In the topology diagram depicted above4 in Figure 1, the box in the centre represents 
the present script-based integration which is to be replaced with a superior integration 
solution.  

From a scientific viewpoint, the problem is to determine how best to take advantage of 
the new possibilities that come with the adoption of a Service-Oriented Architecture 
and the use of an Enterprise Service Bus. 

1.3 Purpose 

At a high level, the objective is to design a robust and flexible architecture that handles 
all of the current systems integration needs. To deliver maximum flexibility, the aim is 
to define a service-oriented architecture that will allow for a smooth and efficient 
integration of the systems that also will make possible future expansion requirements. 
In this initial phase, the process should be completely automated and contain the same 
functionality as today. New functionality should be possible to add in subsequent 
future phases. The adaptation of a service-oriented architecture with its inherent loose 
component coupling will be an important factor to achieve a successful outcome.      

Moreover, should the project outcome be a success, plans to implement it elsewhere in 
the company exist. Because of this, the ambition to prepare the solution to the highest 
extent possible for being ready to handle additional future requirements is an essential 
project criterion.  

The actual purpose, however, is to find out whether the use of service-orientation along 
with the introduction of an Enterprise Service Bus will not only satisfy the project 
requirements but also deliver substantial value. The study is approached from a 
deductive standpoint, discussed in greater detail in the method chapter, which is 
something that requires a working hypothesis. In this case, the hypothesis for the 
remainder of the thesis coincides with the purpose.   

While the scientific literature contains several examples of systems integration every 
scenario will ultimately be different from the next subsequently making each solution 
unique. Thus, the intention here is neither to invent new theory nor to revolutionize 
the scientific approach but rather to provide another fruitful example of systems 
integration as well as providing support for the aforementioned hypothesis. The 
expected outcome in connection with the problems mentioned in the preceding sub-
section is thus a prototype developed and constructed based on available theory.  

The ambition is to provide the reader with a representation of relevant techniques and 
methodologies necessary to undertake a similar integration software development 
project. It is emphasized that due to the multitude of design methodologies available, 
the manner of how this particular study was conducted is but one of many options 
obtainable, and the reader who wishes to embark on a similar process is urged to look 

                                                   
4 The figure and the system topology will be explained in more detail in a subsequent chapter, its 
inclusion here is just to provide the reader with a brief overlook, making the problem easier to visualize. 
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into these before deciding on any particular one. The deciding factors might include 
context, developer experience, available resources, type of applications, project scope 
etc. The motives for the choices made here will be presented alongside the respective 
methods.  

1.4 Research question 

To be more specific, the question that the thesis will set out to try and answer is the 
following: 

 When designing the new integration solution, how will the use of service-
orientation and an ESB help deliver value? 

1.5 Delimitations 

The study will be limited to provide the existing functionality and disregard other 
requirements at this stage. However, additional requirements, if any, will be collected 
and the overall architecture will be designed so as to make for a smooth inclusion at a 
later stage. Requirements specific to other individual countries will neither be collected 
nor included in the development process, though the aim of the solution is to make it 
generic enough so that this still will be possible.    

The resources available are as follows: 

 Time – ≈4 months 
 Personnel – the author 
 Budget – none5  

1.6 Thesis Outline 

After this introductory section the theory section follows where the concepts relevant 
to the construction of a prototype are discussed in turn. The process of software 
development is outlined as well as Service-Oriented Architecture and Enterprise 
Application Integration. This chapter is succeeded by the literature review where some 
literature in the field of systems integration is discussed to shed some light on previous 
studies and research findings. Next, the method chapter explains how necessary data 
and information are acquired in relation to the proposed theory as well as some 
comments on the analysis of the results. This is followed by a discussion of some of the 
problems that might arise with the proposed method. The design and modelling of the 
prototype are covered in the next chapter which is then succeeded by the 
implementation and evaluation chapters respectively. The thesis is concluded with the 
sections dealing with analysis and discussion and conclusions.  

                                                   
5 This includes expenditures for travel and meetings  
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2. Theoretical foundation 

his section aims to provide a brief foundation on the topics of systems integration, 
Service-Oriented Architecture and the software development process and the steps 

commonly associated with it relevant to the successful development of a prototype. 
Important concepts such as requirements gathering will be explored in order to 
provide a solid theoretical underpinning for the remainder of the project. 

On a high level, the ultimate objective of developing a new software or the 
improvement and refinement of an existing one is to provide value and satisfy business 
needs (Cui & Paige, 2012). In this case, with changing and increasing demands of added 
functionality and improved performance, there exists a clear need for a solution that 
can provide an architectural construct that can be easily maintained to cater for future 
upgrades and inclusion of additional systems. To deliver real value the solution must 
be able to expand in accordance with future business needs, in other words it needs to 
be scalable. 

2.1 Software development 

Since the dawn of the computer era, software development has undergone numerous 
changes and improvements along the path of evolution. The earlier ways that built on 
the waterfall model have given way to more agile6 approaches used today. This can be 
seen as a direct reaction against the waterfall model which could lead to projects failing 
to deliver value, because of the initial requirements had changed or were not 
sufficiently articulated and defined (Gonzalez & Díaz-Herrera, 2014), or that they 
rarely followed an exact linear approach (Pressman, 2010).  What characterizes agile 
development is that it embraces change as something that is inevitable, the realization 
that requirements will change because of the fast-paced and ever-changing 
environment of today’s business (Sommerville, 2011; Bennett, McRobb, & Farmer, 
2010). Moreover, constant deliverables throughout the iterative process, known as 
increments, allow for continuous evaluation and refinement (Stephens, 2015). Agile 
approaches include for instance; SCRUM7, XP8 and AUP9. The benefits of using an 
agile approach include; faster time-to-market delivery, greater insight into the delivery 
process (Cohn, 2010), greater customer satisfaction and more effective use of time and 
resources (Stephens, 2015).  

A software process according to Sommerville contains the following four phases: 
software specification, software design and implementation, software validation and 
software evolution (Sommerville, 2011). Pressman mentions five phases which differ 
slightly from the previous; communication, planning, modelling, construction and 

                                                   
6 The agile movement harks back to 2001 when a group of software developers met as a reaction to the 
heavyweight software development methodologies used at that time. They produced a manifesto that 
establishes key principles for agile development (Bennett, McRobb, & Farmer, 2010).   
7 SCRUM is regarded as a framework which allows for the development of complex products designed 
with flexibility and versatility in mind. 
8 XP, eXtreme Programming, is a highly iterative approach employing programming in pairs.  
9 AUP, Agile Unified Process, builds on the Rational Unified Process (RUP) and incorporates its phases 
into a single model (Bennett, McRobb, & Farmer, 2010). 

T 

http://www.agilemanifesto.org/
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deployment (Pressman, 2010). Although displaying considerable overlap, the main 
difference between these two models is that the latter includes evolution in the final 
phase, i.e. continued improvement, something that is lacking in the former. Both 
models are to be used in a continuous fashion, i.e. iteratively, to produce incremental 
deliverables. A third variation on the same theme, this time named Software 
Development Life Cycle (SDLC) is shown in figure 2 (Stephens, 2015). 

 

Figure 2 – The Software Development Life Cycle (Stephens, 2015, p. 277).  

The different phases of software development are briefly outlined below, starting with 
the software specification (which incorporates communication), or requirements 
engineering, which is discussed slightly more in depth due to its criticality in 
successfully leveraging the project (Sommerville, 2011). However, although the phases 
are described separately, oftentimes the boundaries between them are not definitive, 
resulting in that they often bleed into each other and blur together (Stephens, 2015).  

2.1.1 Requirements gathering 

The success of any large-scale project is always largely dependent on a preliminary 
phase where requirements are collected from the stakeholders involved no matter what 
type of project. It is the requirements that set the direction for the rest of the project 
(Stephens, 2015), without which the goals and objectives will be difficult to reach and 
accomplish are they not well-defined. 
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2.1.1.1 Defining requirements 

A requirement can be a constraint necessary to fulfil in order to get acceptance from a 
stakeholder or a certain feature that needs to be implemented in the software (Bruegge 
& Dutoit, 2010). Requirements need to be clear, unambiguous, consistent and 
prioritized (Stephens, 2015). There must be no doubt as to the meaning, which must 
be stated in a concise and concrete manner which cannot be interpreted in any way 
other than the intended. Furthermore, they should be non-contradictory and clearly 
ranked by importance from top to bottom. This could be done by using the so called 
MoSCoW method where the requirements are listed in descending order of importance 
as must have, should have, could have and would like to (or sometimes won’t have). 

Oftentimes, requirements are divided into two broad categories, namely functional and 
non-functional requirements (Sommerville, 2011). Highly dependent on the type of 
software being developed, the functional requirements prescribe what the system 
should do, how it should behave (ibid.) and what functionalities should be included as 
well as detailed descriptions of inputs and outputs (Bennett, McRobb, & Farmer, 
2010). The non-functional requirements on the other hand include aspects such as 
quality (Stephens, 2015) usability, performance, availability and security 
(Sommerville, 2011). A model sometimes used in this context is the FURPS+10 which 
stems from the Unified Process (USDP)11 and is used to group these types of 
requirements together, then referred to as the quality requirements (Bruegge & Dutoit, 
2010).  

The process of gathering requirements for a software project is known as requirements 
engineering which includes a number of different consecutive phases. According to 
Pressman they are; inception, elicitation, elaboration, negotiation, specification and 
validation (Pressman, 2010). Sommerville defines them as; feasibility study 
(determining usefulness to the business), elicitation and analysis, specification and 
validation (Sommerville, 2011). A spiral model of the process is shown below in figure 
3 (ibid.). 

                                                   
10 FURPS+ is an acronym for Functionality, Usability, Reliability, Performance and Supportability. The 
+ indicates additional categories.  
11 USDP is short for Unified Software Development Process and often referred to simply as the Unified 
Process. It was originally created by the team who created UML (Bennett, McRobb, & Farmer, 2010). 
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Figure 3 – A spiral model of the requirements engineering process (Sommerville, 2011, p. 99). 

2.1.1.2 Assuring the quality  

Solely collecting requirements is not the whole story and key to a successful 
requirements gathering process, it is paramount that they are of good quality in order 
to prove useful and provide guidance to the continued software developing process. To 
assist in this is a group of people whose expertise is essential to reach the desired 
outcome and whose insight and assistance should be sought, namely the domain 
experts (Parra, Dimou, Llorens, Moreno, & Fraga, 2015). 

Quality function deployment (QFD) is a management technique used to ensure 
maximum customer satisfaction through the understanding of the issues important to 
the customer (Pressman, 2010). This understanding should permeate the entire 
software development process.   

The requirements are also essential at the end of a project, during the evaluation phase, 
when the whole project should be analysed and evaluated to see if all the requirements 
were actually met (Stephens, 2015). 

2.1.2 Planning 

The planning phase involves the work conducted before the actual building of the 
artefact or prototype commences. The idea is to conjure up a roadmap for the 
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development process, or rather a project plan, that will serve as a guide for the 
remainder of the process. It can include technical tasks, required resources, risks, 
deliverables and a project schedule (Pressman, 2010). Technical considerations such 
as what programming language to use, which code conventions are valid and what 
development environment including software tools is available are things that can be 
decided on here (Stephens, 2015).  

If it is a big project, this phase might have to include the process of locating, negotiating 
and acquiring resources in the form of personnel (ibid.). This includes assembling 
teams and establishing whether or not all necessary resources are available on-
premises or if external consultants are needed.   

2.1.3 Design/modelling 

As implied by the name of this phase, the intended output here is a design model. The 
guidance for this model should be the requirements elicited in the requirements 
engineering phase which serve as a foundation for setting design goals (Bruegge & 
Dutoit, 2010). The model should convey the overall architecture and how the different 
parts are supposed to fit together (Pressman, 2010). This overarching architecture is a 
critical link from the requirements phase, as it embodies the main structural 
components and their relationships, and it is therefore quite common to find overlap 
between these two phases (Sommerville, 2011). The design model can be regarded as a 
bridge between these two stages and have to be both abstract enough to not cloud the 
big picture with unnecessary detail yet detailed enough so that builders get the required 
information (ibid.). The solution for accommodating these contradictory goals usually 
means designing two different models.   

Design and modelling are usually done at different levels, Stephens talks of high-level 
and low-level designs (Stephens, 2015). The high-level design is intended to give an 
overview of the proposed design without too much detail to come in the way of the big 
picture. The low-level on the other hand is designed to contain and provide much more 
detail in terms of technical decisions and implementation guidelines such as database 
entities and class-attributes, its focus is on answering the question how, instead of the 
high-level’s what (ibid.). However, the boundaries between the levels are not always 
crystal clear though it can be established that the low-level design is much more fine-
grained, i.e. the level of detail is much greater. Moreover, the intended audience for the 
design models is different in that the former is for instance project managers and other 
stakeholders whereas the latter is programmers and developers.  

2.1.4 Implementation 

After all the preliminary work has been carried out, it is finally time to start the actual 
construction of the software. This assumes that a decision has been made by the 
company to construct the software as opposed to just purchasing a readymade off-the-
shelf system (COTS)12 (Sommerville, 2011). Serving as a manual for the construction 

                                                   
12 Commercial Off-The-Shelf 
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process, the models from the previous phase will, if detailed enough, make this phase 
fairly straight-forward.  

Although the actual manner in which the implementation process is carried out can 
vary depending on type of programming language etc. the goal is still the same, to 
produce working software. In an agile setting, this is done through a series of iterations 
where every iteration produces a more complete piece of software with increasing 
capabilities and functionality (Bennett, McRobb, & Farmer, 2010). If applicable, an 
investigation into possible code, software or system reuse should be conducted so as 
not to do the same thing twice (Sommerville, 2011).  

2.1.5 Deployment 

The deployment of a new software is the rolling-out of a new product in its intended 
working environment (Bennett, McRobb, & Farmer, 2010). Testing is normally 
conducted continuously during the building process and is also an integral part in this 
phase, assuring the smooth running of the new software (Sommerville, 2011).  

As the deployment can vary significantly depending on the size and type of software, 
hardware platform, number of systems involved etc. it is important to develop a plan 
that is well suited to the current needs (Stephens, 2015). The plan should try and 
anticipate all problems, along with their swift resolution, that might occur during 
deployment. It is advisable to have a rollback plan that can be effectuated immediately, 
so that the system can be restored to its previous state should things not go as planned 
(ibid.). 

The process of migrating users to a new system or application is known as cutover. 
Four different ways can be discerned; staged deployment, gradual cutover, incremental 
deployment, and parallel testing (Stephens, 2015). The idea is to make the process as 
smooth and secure as possible.  

2.1.6 Validation 

The requirements that were elicited in the requirements engineering phase serve as a 
basis for product verification and customer validation, i.e. the customer can sign off on 
that the delivered product works according to the demands initially proposed 
(Stephens, 2015).  

The actual process of validation and verification is also carried out through different 
testing procedures whose criteria for success normally is established in the 
requirements specification (Pressman, 2010).  

2.1.7 Evolution 

After the system or software has been built and deployed begins the final phase called 
evolution or maintenance. This includes everything from correcting minor flaws such 
as bug-fixes, adapting to changing requirements, improving performance to the 
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addition of further functionality (Pressman, 2010). The main tasks can be summarized 
into four categories; preventive, corrective, adaptive and perfective. (Stephens, 2015). 
Most time is normally spent on the last one where the focus is on new or improved 
features. 

As much as two-thirds of the overall software budget is spent during this phase, which 
is due to companies investing heavily in software systems on which they become 
dependent (Sommerville, 2011). Since constructing or acquiring a piece of software is 
expensive to begin with, in order to get return on the investment it has to be in place 
for a fair amount of time, usually more than 10 years (ibid.). Because of this, a great 
part of the budget is spent on enhancing existing software instead of replacing it. 

For most systems there comes a point when it has been revised so many times to 
accommodate changing requirements and environmental changes that every 
enhancement becomes increasingly less cost-effective (ibid.). This is when it is time to 
retire the software and replace it altogether with another. This is normally referred to 
as the decommissioning stage, which can include harnessing or migrating data or 
intellectual property, or destruction of sensitive material and storage media. 

Service engineering 

This final sub-section concludes the software development section with a brief 
overview of the process of constructing services, which is discussed more in-depth in 
the subsequent section.  

The three phases and their corresponding sub-phases of service engineering are 
depicted below in figure 4 (Sommerville, 2011). In the first, candidates for service 
implementation are identified along with the requirements. Next comes the design of 
interfaces, service operations and messages. Finally, the service is built, either from the 
ground up or as interfaces to existing components, tested and deployed. 

 

Figure 4 – The stages of Service Engineering (Sommerville, 2011, p. 519).  

2.2 Service-Oriented Architecture 

Service-oriented architecture, or simply SOA, is a conceptual architectural design to 
provide communication between different distributed systems through the use of 
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services. The concept of services is not just a technological one but a more generic 
concept that applies to both the business and the software (Lankhorst, 2013). SOA is a 
design model which encapsulates application logic within services used for interaction 
and communication through a common protocol (Erl, 2004). The individual elements 
that together make up the SOA, because of their independence, make them possible to 
move around, replace and adapt to fit in new contexts and surroundings (Pulier & 
Hugh, 2006). Erl advocates the following design principles of service-orientation: 
“reuse, statelessness, autonomy, abstraction, discoverability, loose coupling and 
composability (Erl, 2004).” These principles make possible application functionality 
to be provided and consumed as services (Lankhorst, 2013).  

Distributed systems and distributed computing refers to the need for at least two 
computer systems to work together to provide a business service or fulfil a business 
process or task (Pulier & Hugh, 2006). It could be an order process where product data 
is stored in one system and the customer information in another (Andary & Sage, 2010) 
or it could be a payment process which needs information from a CRM system, a 
product database and a financial system. The systems may or may not differ in terms 
of type, software, hardware, physical location etc. A service is an independent building 
block used to represent an application environment (Erl, 2004). It separates the 
external behaviour, i.e. what the application ‘does’, from the internal, i.e. how it does 
it, which for consumers of the service normally is irrelevant (Lankhorst, 2013).  

Web Services are based on open standards and are often used to expose the 
functionality of a software application (Duggan, 2012). They simplify remote 
procedural calls (RPC) and data exchange between systems, i.e. EDI13 (Pulier & Hugh, 
2006). Web Services are frequently used with legacy systems, where the functionality 
of the old system is made available through the Web Service interface without the need 
to change the legacy system (ibid.). This greatly increases the data availability in that 
other systems that previously did not have access suddenly can get access to the data, 
resulting in an improved organizational resource-sharing (Duggan, 2012). The 
inherent independence along with the encapsulated logic refrains it from being bound 
to any specific platform or vendor, making it dramatically more versatile (Erl, 2004). 

A Web Service as defined by W3C14 (Booth, et al., 2004): 

“A Web service is a software system designed to support interoperable 
machine-to-machine interaction over a network. It has an interface 
described in a machine-processable format (specifically WSDL15). Other 
systems interact with the Web service in a manner prescribed by its 
description using SOAP16 messages, typically conveyed using HTTP17 

                                                   
13 Electronic Data Interchange 
14 W3C is short for World Wide Web Consortium, an international community that works together to 
develop Web standards.  
15 WSDL, Web Services Description Language, describes the definitions of a Web Service in a consistent 
manner so that it can be discovered and consumed by other Web Services (Erl, 2004).  
16 SOAP, Simple Object Access Protocol, (or oftentimes Service-Oriented Architecture/Application 
Protocol) is a messaging format consisting of an XML document (Erl, 2004). 
17 HTTP, Hypertext Transfer Protocol, is an internet communication protocol. 
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with an XML18 serialization in conjunction with other Web-related 
standards.”19 

From this it can be deduced that HTTP, which by far is the most commonly used 
internet communication protocol, is used by Web Services as an agreed on common 
language for communication. Moreover, its independence or autonomy makes it a 
perfect vehicle for loosely connected business functions to be utilized together using 
these open standards to form a greater architectural construct (Erl, 2004). 

As illustrated in figure 5, a service can be either a consumer (requestor) or a provider, 
meaning that a service consumes the desired encapsulated functionality of another 
service, then acting as the provider (Erl, 2004). Services can take on both roles as 
needed. A service registry can be used where services publish their functionality 
allowing other services acting as consumers to find it and make use of its application 
logic, requiring only a mutual agreement defining the conditions for information 
exchange, i.e. the service contract (Andary & Sage, 2010).  

 
Figure 5 – A basic SOA functionality (Andary & Sage, 2010, p. 49). 

In conclusion it should be noted that although Web Services have become almost 
synonymous with SOA, they are not the only means to realize a Service-oriented 
architecture (Demirkan, et al., 2008; Gonzalez & Díaz-Herrera, 2014). Other means of 
implementation include; the Enterprise Service Bus (ESB) (Riad, Hassan, & Hassan, 

                                                   
18 XML stands for Extensible Markup Language, and is used to add a layer of intelligence to the 
information (Erl, 2004). 
19 It should be noted that since this definition was originally written, other language standards have 
emerged besides SOAP and XML, such as JSON and WADL. 
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2010), components, REST20 services (Erl, 2009) which are but a few of other existing 
possibilities.  

2.3 Systems integration 

The multitude of possible parameters, e.g. hardware, software, business logic, 
applications, programming languages, platforms or vendors, that together constitute 
an integration scenario, will inevitably make it unique. This implies that so will every 
proposed solution (Erl, 2004).  

Historically, computer systems have gone from single machines containing all the 
applications necessary to perform the business processes as well as the data itself, to 
the separation and distribution of logic, presentation and data, something which can 
be referred to as fat and thin clients21. This separation is known as division into 
different tiers where each tier is responsible for a particular step and is illustrated 
below in Figure 6. This evolution was an important step in achieving the distributed 
systems computing discussed earlier. 

 

Figure 6 – Illustration of 1, 2, 3 and n-tiered designs.22  

The integration of applications on an enterprise level is aptly termed Enterprise 
Application Integration (EAI) and refers to both the concept of linking large systems 

                                                   
20 REST, Representational State Transfer, allows the construction of distributed systems through 
resources. In comparison to SOAP based services REST services or RESTful services are much more 
light-weight (Erl, 2009). 
21 A fat client refers to a computer that takes care of the processing and storing of data whereas a thin 
client is responsible only of the graphical representation and leaves the rest to the server(s).  
22 Retrieved from danwebbcloud.com http://danwebbcloud.com/images/n-tier-architecture.gif 

http://danwebbcloud.com/images/n-tier-architecture.gif
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together as well as specific products designed to this end (Pulier & Hugh, 2006) with 
the first being the more common definition. It was not uncommon for organizations to 
end up with large isolated blocks of infrastructure, usually called silos or islands, where 
the same data was stored in several different physical locations. EAI seeks to avoid this 
unnecessary redundancy by enabling the sharing of data and business processes 
between all of the systems and applications in an organization (Linthicum, 1999), 
primarily through the use of web services (Pulier & Hugh, 2006). Integration using EAI 
can be done on either of the following four levels; the data level, the application level, 
the methods level or the user interface level (Gannouni, Beraka, & Mathkour, 2014). 
The inclusion of technologies for the interaction and coordination of distributed 
heterogeneous systems helps disparate applications come together to form enhanced 
business processes (Linthicum, 1999).  

Traditionally, an EAI architecture was realized using a message broker and an 
orchestration engine (Erl, 2004) but has come to be replaced by a superior 
implementation solution utilizing the Enterprise Service Bus (ESB), which is discussed 
next. 

2.3.1 ESB – Enterprise Service Bus 

An ESB is an integration platform that can act as a dynamic hosting environment for 
services and applications (Erl, 2004). The ESB is built on open standards and uses a 
distributed bus-based architecture as opposed to the older EAI hub-and-spoke23 model 
(Rademakers & Dirksen, 2009). This further reduces the risk of becoming vendor-
dependent. 

Some of the core functionalities typically found in an ESB as identified by Rademakers 
& Dirksen are listed below (2009): 

 Location transparency – the communication between a service provider and 
consumer via the ESB takes place without the need for the consumer to be aware 
of the provider’s location. 

 Transport protocol conversion – as different applications might be using 
various transport protocols for communication, the need for a transformation 
capability is satisfied by the ESB. 

 Message transformation – the integration of heterogeneous components 
written in different languages might require a transformation of the message 
format.   

 Message routing – when several applications are included in an integration the 
ESB has to determine where the messages have to be sent. 

 Security – authentication, authorization and encryption of messages is 
especially important if communication is done over the internet (using the 
HTTP protocol). 

                                                   
23 Several remote (spoke) sites or systems are connected to a central (hub) site or system. 



Using service-orientation and ESB to leverage integration for increased flexibility 

 

- 16 - | P a g e  
 

 Monitoring and management – due to its criticality in a systems integration 
context, the ESB must provide functions to monitor and manage the processes, 
applications and messages flows.  

Figure 7 shows an example of how an ESB integrates and connects with other 
applications and services.  

 

 

Figure 7 – Applications integration using ESB. Adapted from (Rademakers & Dirksen, 2009, p. 7). 

The presence of these capabilities in an ESB makes it a technology that can function as 
an enabler of a service-oriented architecture and can therefore be regarded an 
extension of EAI (Sui, Zhu, & Nan, 2009). Systems integration built on a service-
oriented architecture that is based on an ESB has nowadays come to be looked upon 
by several practitioners and researchers as the new middleware (He & Xu, 2014). 
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3. Literature review 

umerous examples exist in the literature on the subject of systems integration and 
this section highlights some of them.   

The importance of integrating different systems is obviously something that needs to 
be determined at the onset of an integration project since all integration comes at a 
price. To be able to implement it successfully, it is paramount that the company’s 
business processes are clearly understood and in order to justify its existence, things 
such as increased productivity, error reduction or more efficient processes need to be 
weighed against the implementation costs (Linthicum, 1999). The potential economic 
impact of realizing a SOA is very difficult to measure as there are a multitude of 
parameters that need to be taken into account. In an attempt to remedy this, however, 
Mueller, Viering, Legner, & Riempp develop a model that seeks to describe the 
economical relationship between a SOA and the potential value on the business side 
(2010). Based on their investigation, they conclude that the benefits are mostly derived 
from improvements in the information technology operational infrastructure but can 
also be discerned at the strategical level (ibid.).  

One of the key business drivers for implementing systems integration is the ability to 
optimize business processes. According to Frantz, Corchuelo, & Roos-Frantz, the reuse 
of applications already present in an organization is made possible through the use of 
EAI (2016). Tools such as Mule or Spring are common in implementing and designing 
integration solutions that can be based on patterns. Andary & Sage point to the fact 
that a SOAs inherent ability to reuse existing components can help save precious time 
when developing integration solutions, something that on a larger scale can prove 
beneficial in contributing to an organization’s agility and reliability (2010). When 
implementing EAI, web services based on open standards can help reduce cost, time 
and complexity in the interoperating systems (Pulier & Hugh, 2006).  

Arafa, Boldyreff, H.Tawil, & Liu conclude that by using a service-oriented approach in 
the design and implementation phases of their research project, advantages such as 
scalability and flexibility were gained (2012). Moreover, it proved useful when 
additional components were to be dynamically assembled into the middleware system 
using a common API24 to handle interoperability between distributed components 
(ibid.).  

Claiming that web services are mostly used at a higher level of data integration, Liu, 
Ma, & Liu propose a solution that addresses integration of remote devices at a lower 
level (2012). The project focusing on remote terminal data integration in a water supply 
company shows how middleware is used to resolve integration problems through the 
extraction of data communication leaving the upper-level tier responsible only for data 
representation while the lower-level takes care of the data transfer (ibid.).  

                                                   
24 API, Application Programming Interface is an interface used for communication between applications 
and various libraries consisting of tools and protocols, used for application and software development. 

N 
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Since web services are exposed over the internet and the only requirement necessary 
to utilize them is a reliable internet connection, the integration of systems and business 
can quite easily scale up to transcend both regional and national borders. In their 
article Hsiung et al. first argue that a SOA infrastructure today is built using web service 
technology before they go on to demonstrate how this can be applied on a global scale 
(2012). With the components distributed across the world, an ESB is used at the heart 
of the infrastructure but the approach to the architectural design is nevertheless kept 
minimalistic (ibid.).  

Gannouni et al. suggest that the sharing of data can benefit from using data service 
middleware (DSM), which makes possible the discovery of existing heterogeneous data 
sources (2014). The exporting of data sources as services during application 
devlopment can lead to time being saved through the integration of already exisiting 
data sources (ibid.). This implies that if different data sources are needed to provide 
information or to make possible various business processes that depend on distributed 
data, exporting them as services is definitely a viable option.  

Galinium & Shahbaz’ s study on the potential success factors of migrating legacy 
systems into a service-oriented environment, demonstrates that certain positive effects 
can be expected as a consequence of the new architectural design principles (2012). 
These factors are a company’s ability or readiness to migrate into SOA, not all systems 
and processes are well suited to this transition; the strategy of migration, meaning a 
choice has to be made whether to use existing components, perhaps by exposing them 
as web services, or if they ought to be redeveloped altogether; and SOA governance 
which here is referring to business-oriented or technical Service Level Agreements 
(SLAs) used to establish boundaries for legacy migration (ibid.). 

The level of service-orientation in a company can vary substantially, especially if they 
have embarked on the migration journey only recently. Depending on the context, the 
potential business value inherent in service-enabling the business vary considerably, 
Demirkan, et al. distinguish four different categories from low to high where the lowest 
level equals the mere usage of web services, the second the service-oriented integration 
of functions, the third enterprise-wide IT transformation and finally, the highest level 
on-demand business transformation (2008). The implication is that benefits are 
possible to reap at various levels in connection to the degree of commitment and that 
there is a direct corrspondence between money invested and potential gain. 

Whether the overall IT architecture should be aligned with the existing organizational 
architecture or not when transitioning into a SOA architecture is something that is 
important to consider. Too much compromising might lead to a suboptimal IT 
infrastructure if the sacrifices necessary become too prominent and according to 
Andary & Sage the whole topic is something that needs to be the subject of further 
research (2010).  

Stubbings & Polovina discuss the differences and similarities between the current 
programming standard, the object-oriented programming, OOP, and the possible shift 
to the service-oriented programming, SOP, due to the heavy influences from service-
orientation in general (2013). They conclude that there is much to be gained from the 
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integration of SOA in OOP and what they refer to as the service-ready approach is 
something that can help bridge the gap between the two different programming 
perspectives. An important contribution is the ambition to reduce the complexities 
rather than solely focusing on meeting the requirements, something which can be 
achieved through the preparation of the development techniques and methodologies 
by an adoption of the service-oriented mindset (ibid.). This suggests that the way in 
which software is developed today should strive to incorporate the service-oriented 
thinking rather than choosing whether or not to apply it at all. Its inclusion at an earlier 
stage will prove beneficial as it is almost inevitable that the software will not at least in 
some respect be part of a greater service-oriented architecture in the future, at least to 
some degree. This should hold true and be an important consideration whenever 
application longevity and integrability are to be found among the requirements.  

In summary, the integration of systems using a service-oriented approach has the 
potential to leverage long-term value to the business. Although the biggest dividends 
can be expected at the enterprise-wide level, benefits and improvements can still be 
achieved at lower levels of integration. In order to meet the expectations and deliver 
on the promises, however, a number of things need to be addressed and evaluated 
before considering to pursue this direction of integration. The business processes need 
to be well understood and documented and must also be suitable for service-
enablement to begin with to be worthwhile. The reuse of applications, both present and 
future, is an essential key business driver that will contribute to the overall success. 
Any new application should be designed with this in mind so as to make the best 
possible use of the advantages it brings. The potential to scale up quite easily can be a 
decisive factor when choosing what road to travel as this can help an organization to 
prepare for events and scenarios that might become reality further down the road. The 
inclusion of an ESB in the company infrastructure will provide an opportunity to 
organize dispersed services and make governance easier and more manageable. 
Traditional ways of software development should seek influence from and capitalize 
on the benefits of the service-oriented paradigm. Rather than being replaced and 
superseded, the ambition should be to converge the different perspectives into a 
symbiotic whole through the adaptation of proven methodologies.  
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4. Method 

 deductive approach was employed in order to first obtain the information 
necessary to establish a solid theoretical foundation from which the continued 

work could draw. The reason why this approach was judged most suitable was that the 
research question was of the type that set out to test the proposed hypothesis by 
following already existing theory rather than inventing new. The insights gained were 
utilized in the construction process and served as a roadmap of how to best manage a 
software development project in this particular context. Existing literature has been 
acquired and reviewed that was deemed relevant to the different areas where 
knowledge was considered necessary in order to arrive at a successful thesis result. The 
literature has consisted of books and articles from different scientific journals and 
publications as well as documents from other electronic sources. Most of the articles 
have been retrieved from the electronic library at LTU using various keywords when 
performing the searches. The main categories are listed below:  

 System integration 
 SOA 
 Software development 
 ESB 

All the articles used in this study have been peer-reviewed in an effort to increase 
reliability and the majority of them have been published this decade to provide as 
recent and up-to-date research findings as possible. While an abundance of material 
on the subject can be found, the particular reasons for choosing one article over 
another oftentimes boiled down to the author’s personal opinion, guided by perceived 
relevance, credibility, scientific importance, matching keywords etc. It is without a 
doubt, however, that other articles may or may not indicate opposing opinions and 
ideas but the impression is that the general premises on which this thesis is built are 
both valid and universally accepted. As stated in the introduction, the overall goal here 
is not to provide the only solution possible, as there usually are as many possible 
solutions as there are developers, but one that will satisfy the requirements in the given 
context in an effective and satisfactory manner.  

The books used and referenced throughout were mostly selected based on availability, 
although they are all written by respected authors, many of whom are considered 
authorities in their field, and a lot of them agree or share similar opinions on a number 
of issues and topics.  

In general, the study followed the software developmental phases outlined in the 
theory section in order to arrive at a solution that would satisfy the requirements and 
answer the posed research question.  

The outline of the method was as follows: 

 Data collection and analysis 
► Establishing a baseline 

A 
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► Technical analysis of current program 
 Design and construction 

► Designing the solution 
► Implementation 
► Deployment 
► Testing 
► Validation 

 Analysis of results 

4.1 Data collection and analysis 

The empirical data was amassed during the elicitation phase in the requirements 
engineering process.  

Establishing a baseline 

The first step was to gather sufficient information about the present situation, the 
stakeholders involved and the technical and economic constraints with the objective of 
establishing an “as-is” perspective. The information was elicited through face-to-face 
and online meetings, interviews and consulting existing documentation. The findings 
were compiled into a baseline view which was used as a starting point from which the 
continued work could evolve. The main purpose of the baseline view, however, was to 
discover how the communication between the involved system transpired today, both 
on the lower technical level as well as on the higher architectural level. 

The current limitations and weaknesses gave rise to some of the new requirements that 
were gathered and compiled at the requirements engineering phase. 

Technical analysis of current program 

To discover and learn about how the present application was constructed, a meeting 
with a developer of the original script was arranged. The purpose was to reveal program 
and architectural composition as well as the organization of the processes and 
functions so that a thorough understanding could be gained. This coupled with the 
analysis of the requirements gathered served as input to how the new solution would 
be constructed. 

4.2 Design and construction 

As stated above, the designing and implementation of the solution followed the steps 
of the software development model and were used in an iterative fashion where several 
revisions of the design and implementation were carried out in order to arrive at the 
final solution. 

Designing the solution  

The actual solution was designed on the basis of the project’s requirements, the 
previously mentioned constraints and available resources. In order to make possible 
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the future inclusion of additional connected systems, the decision to include web 
services was made, as these can constitute an entry point into the process over the 
Internet using the HTTP protocol. 

Implementation 

The implementation was done in an iterative and incremental fashion where different 
functions were constructed, tested and then combined into an increasingly more 
capable system in order to satisfy the requirements. This manner of working was 
deemed most appropriate not only because it allowed individual functions to be tested 
in isolation before integrating them with other components, but also because it would 
increase the chances of delivering a working system within the timeframe given, albeit 
one without all the functionality in place.  

Deployment 

The application was deployed locally to a company server after the installation and 
setting up of the necessary software. A virtual server was created to this end so as to 
avoid any potential interference with other processes.  

Testing 

The testing was carried out in two separate phases; the testing of individual functions 
and components and the testing of the finished product. The first series of tests were 
performed during construction as an integral part of the overall process. The agile 
development methodology provides good opportunities for the testing of each 
increment before moving on to the next. This way has many advantages as the testing 
process is not saved for last when time is limited but rather is used continuously during 
the development process. Moreover, it is also something that comes rather natural for 
the developer since the testing of individual functions and methods is both fairly 
straightforward and its significance quite evident.  

In the second phase the complete flow was tested in its entirety from the reading of a 
file of employee records to querying one database and writing to two. The tests were 
performed in two different environments, the author’s and a staging environment at 
the company.  

Validation 

Finally, the established requirements were compared to the actual solution to get the 
stakeholders’ approval that the conditions and requirements had been met in a 
satisfactory way. This was done during a meeting between the author and the project 
owner, held at the company.  

4.3 Analysis of results 

The results from the implementation phase, i.e. the prototype itself and its 
performance in the given context, were compared and contrasted with the outcome of 
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the literature review to see whether the findings were in alignment with these theories 
or if deviations or differences could be observed. The main points from the review were 
used in a manner reminiscent of a key against which aspects of the solution were 
checked for conformity.     

4.4 Methodological Problems 

One of the fundamental requirements was to construct a solution that could easily scale 
up should additional functionality, components or systems be added. There were also 
expectations that it would be generic enough to be able to implement it in different 
integration contexts in other countries. To fully understand the requirements that 
might exist in other countries, this data would have been necessary to collect and 
analyse as well. Due to time and financial constraints, this is something that was not 
done and is also reflected in the project’s scope.  

Another requirement was to make integration of additional systems possible, 
something which is hard to test have it been made possible or not. Although an 
important requirement, the testing of whether other systems are capable to 
interconnect and exchange information with this one falls outside of the delimitations 
of this thesis and are therefore disregarded at this point. It should be noted, however, 
that the mere inclusion of web services will allow for integration, at least to some 
extent.  

Since most of the development and construction work has been done “out of office”, 
access to software tools has been restricted to open-source and freeware. 
Consequently, the range of software from which to choose has been limited to exclude 
commercial products that require licences be bought. This can have a negative impact 
since certain products are not even considered that possibly could have yielded better 
results. However, since the desired outcome is to deliver a working architecture in the 
given context, not the best or most efficient one, this potential weakness can be 
disregarded from. Moreover, an advantage of using open-source systems is that they 
are based on open standards whereas some vendors use proprietary protocols which 
severely limits the flexibility (Martínez-Carreras, García Jimenez, & Gómez Skarmeta, 
2015). What’s more, the budget constraints did not allow for any license acquisitions 
at that point.  

When trying to ascertain the trustworthiness and authenticity of the thesis, the 
following concepts can be appropriate in the evaluation process. Substantiation has 
been sought from the company through the discussion of requirements and results in 
order to establish and improve the credibility. Proven methodologies have been 
employed to the same end. Transferability of the results might be possible if the 
findings coincide with and are corroborated by the outcome of the literature review, 
i.e. if a degree of confirmability is also achieved. As for dependability, if the study were 
to be conducted at a different point in time but under the same circumstances and in 
the same context, the likelihood of the outcome being the same or at least very similar 
is considered reasonably high due to the fact that well-established and universally 
accepted theories were utilized, which can be found in the theory and literature review 
chapters respectively.  
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5. Conceptual design and modelling  

his chapter shows the results of the work from the initial phases of the software 
development lifecycle up until the design phase, beginning with the establishing of 

a baseline before continuing with the requirements engineering phase of the software 
development process.  

5.1 Establishing a baseline 

Before going into the requirements engineering part of the project, a clear view of what 
the situation looked like today needed to be established. The overview shown below in 
Figure 8 depicts the different interconnected systems where the script executes upon 
receiving information in the form of a csv-file and after processing it stores it in a 
database and forwards emails to various clients. It should be noted that there are 
actually several scripts that constitute the present middleware solution.   

 

Figure 8 – A baseline topology diagram.  

T 
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Figure 9 shows an activity diagram of the process flow. 

 

Figure 9 – An activity diagram showing operation logic. 
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The details are outlined in the list below: 

1. Receive file from HR system 
2. Import script runs 
3. A copy of the file is saved to the middleware DB 
4. The data is verified 
5. Filter out employees not from Sweden 
6. The data from the imported file is compared to the data in the middleware 

database 
7. If changes are found the database gets updated and triggers are fired that 

invoke: 
a. An update script for the Active Directory (AD); 
b. An update script for the payroll system 

If a new user is inserted into the AD 
8. An email is sent to the helpdesk, the insurance company and the flower 

company respectively 
If a user is deleted from the AD 

9. An email is sent to the helpdesk and the insurance company  

The scripts are hosted on the middleware DB server and are run as scheduled tasks at 
designated times. When a new employee is hired he or she receives a company 
insurance as well as a complimentary floral bouquet. This is the function of the emails 
sent to the insurance and flower companies respectively. The helpdesk is informed of 
new users and is among other things responsible for adding user accounts and correct 
licences in Office 365.   

The systems involved are HR-system, Payroll System, AD and Middleware DB. The 
tables in the middleware database are: Person, AD update and Payroll System update.  

It should be mentioned that because of the way the HR-system is constructed and 
currently connected to the other systems, this has led to restrictions on how the 
prototype has been developed. The sending of data files at regular intervals in an old-
fashioned, batch processing-like manner, as opposed to doing it dynamically whenever 
changes are made, can be attributed to this very fact. No APIs for handling dynamic 
processing exist at this point in time, hence the proposed prototype utilizes the same 
file-transfer structure as the present solution.  

5.2 Requirements engineering 

This is the process of gathering the requirements for the project and it is done 
according to the spiral model of requirements engineering depicted in Figure 3. The 
user requirements have been gathered through meetings with end users, the developer 
of the current system and an IT manager. 

 Business requirements specification 
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The business requirements identified at this point are derived from the business 
processes for which the system should provide infrastructure support and are 
identified as the following: 

 Register new employee (on-boarding) 
 Terminate employment (leaving) 
 Change employee information 

 Updating personal information (address, phone, next of kin etc.) 
 Salary changes 

 
 

 Feasibility study 

The justification of the project lies in that the company has realized that there is an 
increased need for systems communication and a more secure and efficient handling 
of the integration processes. The developer of the current program has indicated that 
it will no longer be feasible to continue adding code to cope with demands for 
additional features as this could jeopardize the running program. Basically, the 
program has run its course and needs replacing. 

 User requirements elicitation and specification 

The requirements found in this phase are listed below25 along with a brief explanation: 

 Traceability – all transactions should be traceable, perhaps stored in a separate 
database table  

 Notification – clear notification if a transaction fails including what has gone 
wrong   

 Scalability – the solution should be easy to scale up (or down) to include for 
instance other systems and/or business processes  

 All current features implemented – the features from the present script must all 
be included in the solution  

 Required form fields easier to identify – it should be easier from a user 
perspective to know exactly what information is required to input into the 
system 

 Improved reliability – the system should be more reliable so that users can rely 
on transactions working smoothly 

 Improved performance – faster and more frequent transaction processing, the 
transactions should execute more often than now, preferably in real-time as 
opposed to once a day  

 Better change-handling – new features and changing requirements should be 
easier to implement 

A summary is presented below in Table 1.  

                                                   
25 N.B. These requirements have undergone several revisions until arriving at this final compilation. 
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Functional Non-functional 
Traceability Improved reliability 
Notification Improved performance 
Scalability Better change-handling 
All current features implemented Required form fields easier to identify 

Table 1 – List of requirements 

Table 2 lists the requirements in a prioritized fashion according to the MoSCoW 
method where 1 is the highest priority equalling a must have requirement and so on in 
a descending order. 

1 2 3 4 
Current features Traceability Improved 

performance 
Required form 
fields 

Scalability Notification Improved 
reliability 

 

 Better change-
handling 

  

Table 2 – Prioritization of requirements 

 System requirements elicitation and specification 

The platform to host the new middleware should preferably be cloud-based using the 
company’s existing Microsoft Azure cloud. However, should this not be possible or 
suitable for various reasons, it could well be hosted locally on premises. 

 Review 

The requirements as described in Table 1 above were reviewed together with one of the 
stakeholders, the project owner in this case, in order to get sign-off before moving on 
to the next phase in the development process. In addition, the review process helped 
establish the prioritization of the requirements as presented in Table 2. It should be 
mentioned that not all stakeholders were involved in the review process because the 
project owner did not find their participation at this stage necessary. 

5.3 Planning 

In this phase, the outcome was to produce a project plan with a timetable, a list of the 
resources required and a summary of the project’s technical constraints and the 
decisions made.  

Project plan 

The plan for the project followed the phases of the software development process and 
was considered “rough” in the sense that the dates provided were more to be regarded 
as estimates of the time the individual phases would take to complete than they were 
immutable. Also, since an iterative approach was applied throughout the development 
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process, many of the phases overlapped considerably and were worked on 
simultaneously, especially the design and modelling and implementation phases. The 
timetable is reproduced in Table 3.  

Phase Start-date Deadline 

Requirements engineering 2016-02-15 2016-03-04 

Planning 2016-02-22 2016-02-28 
Design and modelling 2016-03-05 2016-04-24 

Implementation 2016-04-04 2016-05-08 

Deployment 2016-05-09 2016-05-15 

Validation 2016-05-12 2016-05-22 

Table 3 – Timetable for the project phases 

Required resources 

 Technical 
► Development environment 
► Software 

 Other 
► Personnel – stakeholders and the author 
► Time 

Technical considerations 

 Programming language: Java 
 Web Service – SOAP based using XML 
 ESB: Mule 
 Database: MySQL (Testing environment) 
 Hosting environment – Windows  
 Operating System – Windows 10, 64bit 

Java was chosen as the programming language for its platform independence and 
because the ESB from Mule is based on Java. The decision to use SOAP based web 
services as opposed to RESTful ones was based on two different reasons: Mule offers 
greater support for SOAP based web services and they have a lot of superior security 
features available that the lightweight RESTful web services lack. MySQL was used as 
the database management system as it is open-source and contains all necessary 
functions for testing and implementation.  

5.4 Design and modelling 

The objective in this phase was to deliver a design model that would show how the 
solution should be implemented in the subsequent phase. The model undergone two 
iterations before reaching the final state as shown in Figure 11. 
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Iteration 1 

The first design draft is depicted in Figure 10 which is a high-level illustration of the 
process flow. In this first iteration the idea was to use two different web services to 
handle the processing; the first taking care of reading the CSV file into memory and the 
second handling the read access from the database. For writing to the database, i.e. 
updating or inserting new records, this is not exposed as a web service but rather as an 
internal system function, the idea being that this is more secure. Before writing to the 
database the choice of updating an already existing employee or inserting a new one 
governs whether emails are sent to the insurance company, helpdesk and flower 
company respectively.  

 

Figure 10 – Process flow, iteration 1. 

The web services serve as access points for the current systems, i.e. the Middleware 
and the HR system, but could also be used by other internal or external systems, 
illustrated in the figure as System n.  

The division of functionality into two separate web services was designed under the 
notion that it would produce a more intuitive message flow with a clearer distinction 
of responsibilities. As will become evident in the next iteration, however, this had to 
give way to other considerations.  
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Iteration 2 

In the second iteration, the two web services were combined into a single one housing 
all the methods and functions of the individual web services (Figure 11). The single web 
service reads the CSV file and then updates or inserts a new employee into the database 
and controls the sending of emails, just as before. The main reason for joining the web 
services into a single one was to increase system performance. By having to 
communicate with the database twice in the flow to perform all required tasks, as in 
the manner depicted in iteration 1, the process was considerably slower. With all 
database access taking place in the web service’s “black box”, a significant performance 
gain was acquired. This improvement in performance had to be weighed against the 
risk of exposing database write access over the internet.  

  

Figure 11 – Process flow after second iteration. 

The actual flow at a slightly more detailed level can be seen in the activity diagram in 
Figure 12 which can be contrasted with the original flow from Figure 9. While not 
conveying all details for reasons of readability, the level of abstraction still provides a 
good overview of the whole process from start to end. The main differences to be noted 
are that here only one database trigger is used to update the other database and that if 
any exceptions are thrown during the process, an error file is first saved and then sent 
as an email to the system owner.  

Things that are deliberately absent from Figure 11 – Figure 12 are the depiction of 
multiple databases and the employee termination flow which incidentally is resolved 
by toggling a column called active in the database as opposed to actually removing the 
record. This means of implementation is for statistical reasons should a need for 
previous employee data arise at some point in the future.  
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Figure 12 – An activity diagram of the revised design model. 

 

5.4.1 Security implications  

When using web services that communicate over the internet, they do so through the 
unsecure HTTP protocol. Here, messages are sent in clear text, meaning that they are 
visible to anyone, something which obviously is undesirable especially if dealing with 
sensitive information. To resolve this, encryption is usually applied in order to preserve 
the confidentiality of the data. To ensure that the users of the web services are trusted, 
i.e. that they are authenticated and authorized by the service provider, an 
authentication method based on for example passwords, tokens, digital signatures or 
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certificates might be employed. Messages need also be protected from alteration, i.e. it 
must be possible to retain and verify the integrity. Another important concern is the 
service availability, if the service becomes unavailable for certain periods of time due 
to e.g. lost internet connectivity or server downtime, how will this affect the business, 
what are the implications and consequences. 

When dealing with web service security specifically, the WS-Security (Web Service 
Security) is a collection of security standards that are designed to be applicable in a 
SOA context. It can be regarded as an extension to the SOAP messaging protocol. Some 
of the most important and commonly used standards are the WS-Policy, SAML26, XML 
Signature, and XML Encryption (Williams, 2014). In addition, WS-Security is part of 
the WSIT27 that also contains message optimization and reliable messaging services. 
The WSIT will be employed during the implementation of the security as it is integrated 
in the IDE used.  

In this project, the security focus will be directed at protecting the confidentiality and 
integrity of the data as well as securing the web service from unauthorized access. Since 
the matter of availability is largely dependent on how and by whom the service is 
hosted, this will not be addressed here as this is more a question for the company itself 
whether they choose to host the service on an on-premises server or on an external 
cloud-based server.  

One of the benefits with using an ESB is the integrated support for security which will 
make possible the implementation of additional security features should this be 
decided in the future.   

  

                                                   
26 Security Assertion Markup Language, a format used to handle authentication and authorization based 
on XML. 
27 WSIT, Web Services Interoperability Technology, is a collaboration between Sun and Microsoft and is 
used to provide interoperability between Java-based and .Net-based web services and the Windows 
Communication Foundation (WCF) runtime. 
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6. Implementation and validation 

irst, this chapter describes the implementation process as well as the outcome from 
it, in the form of a diagram along with a corresponding explanation of the message 

flow. Then, the deployment of the application and its evaluation is briefly accounted 
for. 

6.1 Implementation 

The implementation started with the construction of Java classes that would hold the 
objects and methods necessary to achieve the desired operations. Methods for reading 
files and communicate with the database were constructed along with additional 
“helper” methods. A complete class diagram is shown in Diagram These classes 
constituted the foundation for the later development of the web service with its 
corresponding methods.  

Since the implementation transpired concurrently with the later stages of the design 
phase, the decision to go from two web services to one affected the class layout as well. 
At first, there was a separation of the classes where one handled the reading and 
transformation of files and another the reading from and writing to the database. When 
the two web services were merged into one, these two classes were also combined into 
a single one for much the same reasons.    

As described in section 0 Testing, all methods and program functionality were fully 
tested during development, both individually and in combination. A separate testing 
class was written to this end. In addition, two databases each containing a single table 
with seven and three columns respectively were built.    

A word on the error handling in the prototype, which was kept to a bare minimum, 
might be in place here. It was done so for two reasons; saving time during development, 
and since the input to the process was a file containing employee records, there was 
really no need to implement any particular error handling elsewhere in the flow at this 
point in time.  

After the completion of the web service, the next step was to configure the ESB 
environment which was supposed to, among other things, consume the web service 
and perform error handling and emailing functionality. This was also done iteratively, 
i.e. the different functions such as error handling configuration, sending emails, 
consuming web services, message transformation etc. were tested first in isolation 
before being pieced together into the complete flow. The result is shown graphically in 
Figure 13 followed by an explanation of the steps with the complete code to be found 
in appendix B, XML Code of Mule Application. 

 

 

F 
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Figure 13 – The final implementation in Mule ESB 

 

Outline of the process flow 

1. Web service polls folder for new files every 60 seconds.  
2. Upon accessing the file, the file is renamed with the current date and the original 

filename and moved to a different folder for backup. 
3. Web service performs “black box” operations; 

a. Reads the file 
b. Filters out employees that does not belong to the correct branch office 
c. Writes the file to the database 
d. A trigger in the database executes an insert or update command 

respectively to another database 
e. Returns new employees, if any 

4. The output from the web service is transformed from XML to String for further 
processing. 

5. Three different email templates are populated with employee variables from the 
database. 

6. Emails are sent with the template as the message body to the three recipients 
respectively. 
If step 3e returns more than one result, steps 4-6 are repeated until all results 
have been processed. 

7. Exceptions that might be thrown during the process are first saved to a file in a 
local error directory before then being sent as an email attachment to the system 
owner. 

 

1,2 3 4 

5 6 

7 

A 
B 

C 

D 
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Explanation of certain Mule peculiarities 

A. The choice element is a junction that lets the flow take different routes based on 
certain criteria. In this case the upper route is chosen if the output from the web 
service contains any elements, i.e. new employees. The lower route, which is also 
the default route, is chosen when the output is null, i.e. when no new employees 
are added to the database, the information is just updated. 

B. The splitter, or scatter-gather as the element is called in Mule, first splits the 
flow into three separate ones which executes concurrently before finally 
aggregating the message payload into a single message. Its function here is to 
send the same employee data to populate the three email templates that are sent 
to the three different recipients respectively. 

C. For each works like a loop, splitting a collection into elements before processing 
them iteratively and returning the original message to the flow. If the output 
from the web service is a list that contains several list elements, each element is 
sent through the flow one at a time until all elements have been processed.  

D. Should any errors occur or exceptions be thrown during the execution of the 
flow, the errors are handled by the message exception strategy as described 
above in step number 7. 

E. The logger element is used to log output from the message flow, for instance in 
the form of status notifications or exceptions.  

6.1.1 Security implementation 

The security features that were implemented on the server side of the application, i.e. 
the web service itself, used the aforementioned WSIT (see 27 above) platform. The 
actual method chosen for implementation was username authentication with 
symmetric keys, as this satisfied the needs for confidentiality and integrity. Encryption 
using a symmetric key means that a single secret key is used for both encryption and 
decryption where the key is shared between the sender and the recipient, (Dhillon, 
2007) which in this case corresponds to the server-side and client-side respectively. 
The level of security when using a key to encrypt messages is largely dependent on the 
size or length of this key, where a shorter key is easier to break than a larger one, and 
the encryption algorithm used (ibid.). For the prototype, a 192-bit key and a basic 
algorithm suite was employed that was deemed sufficient for this purpose, more 
advanced encryption is available should this be required.  

6.2 Deployment 

The deployment was done in two phases. First, the software necessary to run the 
application was downloaded, installed and set up on a virtual server at the company. 
After that, the ESB and the test databases were installed and created respectively. The 
construction of the two test databases and their accompanying tables was done using 
a DDL28 script. 

                                                   
28 Data Definition Language, a database language used to specify the database schema, including the 
construction, deletion and alteration of databases, tables and columns. 
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The second phase consisted in merely deploying the actual web service on an integrated 
application server, Glassfish in this case. As everything was installed and deployed in 
a separated environment, there was no risk of the application interfering with other 
applications or processes should any unforeseen events have occurred and thus, there 
was no need for any type of rollback strategy or fallback plan.   

6.3 Validation 

This process consisted of going through each of the requirements gathered in the 
requirements elicitation phase, (see Table 2), and see whether they were met or not in 
a satisfactory manner. Of the requirements from the two top-ranked categories, all but 
better change-handling were confirmed and verified to have been implemented in the 
prototype, with the reason for its absence largely due to the inability to find a 
representative manner in which to assess and measure its presence at this point in 
time. Whether the performance and reliability had been improved was never 
established because no such tests were carried out and because it would have been 
difficult to administer them correctly and fairly. 

At a greater scale, validation in the sense of the thesis corroborating the outcome of the 
theory sections, is discussed in the subsequent chapter.  
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7. Analysis & discussion 

hile the business process modelled here constituted a very small integration 
scenario, the belief was still high that at least some improvements should be 

discernible in the prototype of the solution. Among the more important requirements 
were scalability and improved notification, especially when dealing with the concept of 
error handling. The inclusion of a web service that acts as an endpoint to which other 
systems can connect makes for an architecture that can expand and scale up in a 
straightforward fashion. Arguably, just using one web service might well diminish the 
usability and possibility for other systems to interconnect and consume the services 
provided when compared to having several ones. However, as the task was to construct 
a prototype as opposed to a full-fledged system, the advantages and implications are 
still evident and clearly conveyed. The ESB provided excellent integrated error 
handling capabilities, far superior to the current application. Possibilities to customize 
it to deliver information from different parts of the message flow as well as the ability 
to select what and how to display it are but a few of the things that can be achieved with 
the introduction of an ESB. 

Although the web service only uses a single method to perform all of its required 
functions, the service does actually contain several additional methods (see Appendix 
C). These methods can be utilized in two different scenarios; they could either be 
invoked and consumed by other service consumers through the construction of 
additional flows or, one or two smaller web services could be created that each would 
hold some of these methods. The former way is preferable when additional 
functionality is required between the interacting systems while the latter can prove 
more beneficial, should the possibility to control which service consumers should have 
access to what methods be desirable. This has also the potential for code reuse as some 
services might improve and enhance the functionality with the existing code as a 
starting point. Examples include not having to have a file present to start the flow, 
inserting records into the database from other sources than files or retrieving data 
directly from the database. The construction of a graphical user interface from which 
the user could choose what methods to invoke, will provide the ability for users other 
than just other systems to access information from the service through its methods. 
The key factor here, is that both of these ways demonstrate the solution’s ability to scale 
up and include more systems, thereby enhancing the flexibility and increasing the 
overall usefulness. 

When designing the solution, the prior establishment of a thorough understanding of 
the process itself proved very helpful in that it enabled an adjustment and optimization 
of the flow. The modification and simplification of the flow was done for two reasons; 
not all the features were necessary for the construction of a prototype and more 
importantly, the original flow had become overly complicated due to features and 
functions being added in an ad-hoc manner over time and thus, as stated elsewhere, 
needed improvement.  

On a similar note, although the prototype itself did not make much use of the previous 
application, certain parts of it are indeed possible to include in a larger, more feature-
rich future scenario. Since Mule provides the possibility to incorporate scripts as 

W 
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building blocks in the process flow, either in its entirety or in part, opportunities for 
code reuse exist. 

The use of an ESB as a central hub to which services, processes and functions can 
connect and interconnect, helps bring a sense of organization into the overall 
environment. While perhaps not that evident in the prototype with its limited features, 
its benefits will become all the more evident when new services and functionality are 
added. System governance will be greatly facilitated, especially if the components are 
located at different company branches, hosting sites or even at different sides of a 
national border. The graphic interface makes it easy to visualize the different 
constituent components and how they are connected with one another.  

The implementation of the Java classes that are in support of the web service was done 
in the object-oriented style, meaning that every class is designed to cater for a specific 
task using a specific object or set of methods, with the intention of presenting an 
accurate description of the real world. To say that the design also was done with an 
adoption of the service-oriented paradigm at the lower levels of implementation would, 
however, be a bit presumptuous. In a project of a very limited scope such as this one, 
this was something that was neither discernible nor very applicable. However, should 
this prototype be used as a basis for an enhanced and more capable future integration 
solution, at least the first step towards realizing a service-oriented architecture has 
been taken. 

Eventually, the web service was deployed locally to a company server, as opposed to a 
cloud provider such as Azure. The reason for this was ease of deployment, 
configuration and application testing. This way, the web service was accessed locally 
and did not have to be allowed through any firewalls neither between different subnets 
nor through any border firewalls facing the Internet. Although this location for the 
deployment restricted its availability to only local resources, it is believed that for the 
purpose of demonstrating the functionality and overall usefulness of the prototype, it 
is sufficient.  

Even though the security for the prototype was implemented in a rather minimalistic 
fashion, a vast number of possibilities exist for providing stronger security should this 
be considered necessary. Although there are some security mechanisms available for 
RESTful web services, the SOAP-based equivalents have a lot more security features 
available and was, as mentioned previously, one of the very reasons why they were 
chosen as the manner in which to implement them.  
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8. Conclusions 

s business processes grow and become more elaborated, the need to extract and 
compile information from an increasing number of sources puts the emphasis on 

the concept of integration. The current need to integrate a couple of systems but with 
a future desire to integrate more, set the scene for this thesis. The purpose was to 
construct an integration solution that would replace an existing one. It needed to 
include all the current functionality as well as support for a few other features. The 
current solution suffered from architectural limitations and lacked dependability, 
hence new, additional requirements including flexibility, scalability and improved 
reliability were high in demand.  

Part of the proposed remedy was adopting a service-oriented approach to tackle the 
problems and challenges of the integration. As the advantages inherent in the very 
concept of SOA were in alignment with several of the requirements, the objective 
became to secure its implementation. The design and implementation of the solution 
manifested itself in the use of web services and an ESB, which both played an important 
part in satisfying a number of the different requirements. Arguably, the level of service-
orientation present in the prototype is not particularly high, although two things 
established are worthy of being mentioned; benefits of service-orientation can be 
enjoyed at all levels of implementation and moreover, it can be considered an 
important first step in this direction.  

Regarding the question as to whether the proposed solution can be used as a starting 
point for further refinement in the development process of an integration project, it is 
argued that there is enough evidence and sufficient support for the answer to be 
positive. Of the fundamental requirements established at the outset of the project, all 
but one were met, as was evident from the validation phase. This resulted in the 
prototype not only becoming approved but also considered apt by the company. 
Furthermore, as the result is in accordance with the outcome of the theoretical 
findings, this suggests that it is both appropriate and that the proposed methodology 
is capable of delivering the desired results.   

In the end, only time will tell whether this modest prototype will grow into something 
more expansive and useful that can help deliver further integration between the 
company’s systems. Through the use of service-orientation and the ESB, a number of 
the established requirements and problems were met and resolved respectively, and so 
there should be no doubt as to their significance, in this project or in similar ones. 
Moreover, ample evidence of the success and of the benefits they can leverage are found 
both in the literature and in the results presented here, hence it is the conclusion and 
recommendation that they be employed in the continued integration development 
process.   

A final word as to any continued research on the topics discussed throughout the thesis. 
While all concepts have been the subject of thorough research and study for quite some 
time, as technological advances are made and become available, methodologies evolve 
and new applications are introduced, the importance of continued research increases 
in order to thoroughly explore and take full advantage of the new possibilities.  

A 
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Appendices 
Appendix A – Class Diagram 

 

*This diagram shows the classes, attributes and methods that were used. Not included 
here are the simple getter and setter methods of the respective classes.   
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Appendix B – Code examples 
 

XML Code of Mule Application 

 

cont. on next page 
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MySQL Database trigger: 
 
DELIMITER && 
 
CREATE TRIGGER before_insert_employees  
BEFORE INSERT  
ON `employees`.person  
FOR EACH ROW  
BEGIN 
INSERT INTO `AD`.person(SSN, name, address)  
VALUES (NEW.SSN, NEW.name, NEW.address)  
ON DUPLICATE KEY UPDATE  
name = VALUES(name), address = VALUES(address); 
END&& 
 
DELIMITER ; 
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Appendix C – Web service methods 
 

Table of web service methods 
 
Name Description 
read Reads a file into memory 
readShow Reads a file into memory and displays the results as String 
showFile Shows the employees from the list 
showPersons Reads a file into memory and displays the results as objects 
info Displays all records from the DB 
getPerson Retrieves one employee from the DB 
checkExistence Queries the DB for the existence of a particular employee 
all Reads the file into memory, writes it to the DB, returns any 

new records (This is the method used in the solution) 

 


