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Abstract 
This thesis investigates how data sources, message queues, and messages can 

be generalized in such way that it allows for easy configuration and setup in a 

frontend visualization application. It also includes increasing the productivity of 

the application testers and the usability of the user interface. An analysis of one 

of Dewire’s test tools gave insightful information to identify what was needed 

in the proof-of-concept application and resulted in a list of requirements. The 

information gained from Dewire also indicated what technologies to use and 

resulted in a research phase. Different design proposals were presented and one 

was chosen to be implemented. An agile approach was chosen as method for the 

implementation phase to emphasize flexibility. It was set to be iterative and in 

close communication with people at Dewire. The implementation resulted in a 

proof-of-concept application with a GUI that allows user to configure data 

sources, message queues and messages. The messages are uploaded in XML 

format and the GUI allows for modification through HTML forms which mir-

rors the XML files. The user is also able to send these messages as JMS mes-

sages. Responses to these JMS messages are also shown in the GUI and saved 

in a database. The results suggest that accomplishing the common task to select 

a connection tree and send a message takes 45% less time in the proof-of-

concept application compared to Dewire’s tool. To accomplish the common task 

to alter a message and send it takes 79% less time in the proof-of-concept appli-

cation compared to Dewire’s tool. The results also suggest that theory of com-

puter-human interaction have been applied during the implementation to ac-

complish a usable UI. It is assessed that data sources, message queues and mes-

sage can be easy configured in a GUI. Further, it is assessed that the productivi-

ty has been increased compared to the former tool used.  

Keywords: JMS, Java EE, Java, Human-computer-interaction, XML, message 

queue, JMS provider. 
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1 Introduction 
The thesis is done on behalf of Dewire, which is a Swedish-based IT consultant 

company specialized in mobile solutions. The overall task is to investigate how 

data sources, message queues and messages can be generalized in such way that 

it allows for easy configuration and setup in a frontend visualization application. 

The overall task also includes increasing the productivity of the application 

testers and the usability of the user interface (UI). A proof-of-concept web ap-

plication will be developed for visualizing and managing the content of a con-

figurable set of arbitrary data sources, message queues and messages.  

1.1 Background and problem motivation 

Today, most enterprise applications consists of not only one system, but rather a 

set of systems connected in a distributed way both geographically and organiza-

tionally separated. The need for organizing the infrastructure in a good manner 

increases in the same pace as the complexity grows. A popular way to organize 

highly complex systems is to divide them into different logical interconnecting 

parts and focus on the communication between them. The communication can 

be done on different levels regarding how much the different parts depend on 

each other.  

Remote procedure call and Remote method invocation are two language para-

digm-specific standards to invoke procedures and methods on remote systems, 

as if they were in the same system [1]. However, a more loosely coupled com-

munication method exist using messages and message queues to reduce the de-

pendency between the systems. 

The message-oriented solution helps decoupling systems by the use of messag-

es and message queues. This approach allows systems to communicate without 

being aware of the exact details of the receiving system. This unawareness in-

creases the maintainability and extensibility of the systems, but also introduces 

drawbacks. That is it could be hard to get an overview of what systems are 

communicating with each other, since it is more indirect. The main idea of de-

coupling systems is to facilitate communication between a variety of systems, 

and therefore the structure of the messages sent can also vary widely to ac-

commodate the system.  

At Dewire there is an increased need for a tool that in a better way can manage 

messages and message queues, compared to the currently used test tools at 

Dewire. Such tool would increase the productivity of the application tester by 

providing features to store and retrieve user-made tests together with all the 

historical replies they have created. In the same pace as the data of this test tool 

grows, it will be easier and easier to figure out what the problem is, since the 

probability that at specific reply has already been generated increases. 
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These features can also help Dewire with giving interesting and concrete 

presentations to customers although the developed system doesn’t have a graph-

ical user interface (GUI).  

1.2 Overall aim 

The main problem for Dewire is that the now existing solutions for testing the 

backend parts are very hard-coded and does not provide an usable interface, 

which strongly limits the possibilities for the tester. Factors that are affected by 

such static code are customizability and maintainability. These factors increase 

the dependency between application testers and developers. Whenever there is a 

small change in one of the partitions of the Java Message Service (JMS) setup, 

from message to data source and queue, the developers might have to change 

the source code and recompile the tool that the application testers use. 

The project’s overall aim is to investigate how data sources, message queues 

and messages can be generalized to allow application tester to configure them 

with ease. The aim also involves increasing the productivity of application test-

ers as well as the usability of the UI. This will be done by creating a test tool 

which allows users to create test scenarios. The user shall be able to configure 

new data sources, such as JMS providers, and also message queues within these 

providers. The UI shall also provide a mechanism to specify and upload com-

mon message structures that is used together with the specified data source and 

message queue. To increase productivity, common test scenarios shall be easy 

to store and retrieve together with its results.  

1.3 Scope 

A widely used backend solution used at Dewire is the Java Enterprise Edition 

(Java EE) environment. The theoretical part therefore consists of an in-depth 

backend study focused on Java EE. Within Java EE, the JMS application pro-

gramming interface (API) will be examined to understand how messages are 

sent and received in general. Technologies to communicate with web browser 

clients interactively and in real-time will also be examined within Java EE. 

A wide variety of Java EE application servers exist. A full-featured application 

server called Glassfish is chosen for the in-depth analysis and proof-of-concept 

implementation. The JMS provider ActiveMQ will be used as message-oriented 

middleware (MOM). However, the JMS API was built to allow easy substitu-

tion of JMS provider, which means that an easy transition to other MOMs 

should be possible. 

The end users of the front-end application will not necessarily be application 

developers, but rather application testers. So focus will be on providing a highly 

configurable application and hiding the technical details, so it becomes as user-

friendly as possible but still providing flexibility. User tests will therefore be a 

continuous process throughout all the development stages.  
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1.4 Concrete and verifiable goals 

This thesis will examine how data sources, message queues and messages can 

be generalized to allow easy configuration and setup. It will also involve how 

the productivity and usability can be increased for application testers and the 

tools they use for testing. In this case, productivity corresponds to the amount 

of time it takes to do common tasks. To demonstrate the results, a proof-of-

concept application will be implemented. Although that the concrete goals pre-

sented below are derived in close relation to Dewire and from the tools that they 

use, related work are also considered and influences the thesis as whole. This is 

done to make the thesis produce general results. 

In order to ensure that the thesis has met its goals, the following four concrete 

main goals have been proposed:  

 Analysis – An analysis done on the tools currently used at Dewire to 

identify what functionalities it provides, limitations and technologies 

used. This will produce a preliminary list of requirements for the proof-

of-concept application. The analysis also covers all the technologies that 

might be used in the proof-of-concept implementation. Further, research 

of related work will be done. 

 Design – Proposal for possible solutions. The more concrete low-level 

goal is to propose at least one design for a solution that is accepted by 

Dewire. 

 Implementation – A proof-of-concept application implementing the cho-

sen design to solve the problem. More concrete low-level goals are pre-

sented below: 

o Functionality to send and receive JMS messages. 

o Functionality to store pairs of sent and received messages. 

o Functionality to store test scenarios. 

o Functionality to concurrently work with the same queue. 

o User interface that is usable. 

o Low integration complexity. 

 Evaluation – Evaluation of the results with both measured and theoreti-

cal properties.   

o Productivity 

o Internal parts 
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o Integration complexity 

o Maintainability 

o Usability 

1.5 Outline 

Chapter 2 aims at describing the different technologies that are relevant for un-

derstanding the thesis work. It also includes theory about general software test-

ing and human-computer interaction. 

Chapter 3 describes the different steps taken to go through the thesis work. It is 

aimed at describing the methodology in such way it is easy to understand how 

to repeat the work. 

Chapter 4 describes the implementation process. It is structured so that a high-

level overview is first presented, and as the chapter goes on, a more low-level 

approach is presented. 

Chapter 5 presents the results and performance tests. Chapter 6 presents the 

conclusions based on the results, future work, ethical aspects, and personal re-

flections. 

1.6 Contributions 

All work presented in the thesis has been done by the author. Dewire has con-

tributed with the background and description of the problem, and also insightful 

information about the technologies and standards that they use. 
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2 Theory 
2.1 Java Enterprise Edition 

Java EE is a community-driven standard in enterprise software development. It 

is built on top of the Java Standard Edition (Java SE) with the Java program-

ming language core functionalities. The Java EE platform facilitates develop-

ment and running of large-scale, multi-tiered, scalable, reliable and secure net-

work applications. It also includes a set of APIs, which Java EE providers have 

to implement in their respective application server. [2][3] 

2.1.1 Java EE application server 

A Java EE application server provides an environment where applications can 

run and benefit from a set of features the server implements, described in the 

following subchapters. There exist both application servers that follow the Java 

EE specification strictly, often called full-featured Java EE application servers 

and those that only implements specific parts, often called lightweight Java EE 

application servers. The full-featured Java EE application servers are very simi-

lar regarding architecture and what they implement. The differences are in how 

they implement the different APIs that the specific version of Java EE includes. 

[4] 

2.1.2 Multitier architecture 

Java EE application servers make use of an architecture called multitier archi-

tecture. This means that the server is separated into different tiers or layers, see 

Figure 1. Java EE application servers are considered as three-tiered applications, 

although there are four in the figure. The reason for this naming is that the tiers 

are often running on three different locations; the client machine, the Java EE 

server machine, and the database server machine. [4] 
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Figure 1: Multitier architecture in Java EE. [5] 

 

Client machine 

The client tier, also known as presentation tier, is running on the clients ma-

chines. The clients can take the different forms as web browsers, standalone 

applications and other servers. The clients send request to the Java EE server 

which processes them and returns responses. [6] 

Java EE server 

The Java EE server can further be separated into a web tier and business tier. 

The web tier consists of components such as Servlets, JAX-RS and JavaServer 

Pages, that handle the communication between the client tier and the business 

tier. The business tier contains the components that handle the business logic of 

an application. This is where the core functionality of the application is imple-

mented. [7] 

Database server 

The database server is separated to the Enterprise information system tier. This 

tier is accessed by components in the business tier through the Java Transaction 

API, Java Persistence API (JPA) and Java Database Connectivity API. [8] 

2.1.3 Java Message Service 

JMS is an API that allows applications to communicate by messages. This is 

done by the functionalities provided by the API, such as create, send, receive  
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and read messages. A message is created and sent from one peer and delivered 

to a destination inside a MOM, see Figure 2. [9] 

 

 

Figure 2: Sending a message with JMS. 

 

Application 2 is the receiving peer in Figure 2 and listens to the same destination 

that the sending peer sent the message to. This design allows the API to be:  

 Asynchronous – The sending peer can send a message although there is 

not a peer listening on the destination and consuming the message. The 

message will reside inside the MOM until a peer consumes it. 

 Loosely coupled - The sending peer does not have to know anything 

about the receiving peer. 

 Reliable – The API ensures that a message is delivered only once. 

 

2.1.4 Messaging domains 

There are two types of messaging domains that the JMS API supports: 

Point-to-Point 

In the Point-to-Point (PTP) domain the destination at the MOM is a queue. The 

sender is called the producer and the receiver is called consumer. The character-

istic of PTP is that each message only has one consumer, making it a one-to-one 

relationship. In theory it could be a many-to-one relationship, but does not cor-

respond to the purpose of this domain. The queue keeps track of the message 

until it has been delivered to a receiving peer, or until the message timeout oc-

curs. This make it possible for the consumer to not even be active at the time 

the message was sent. [10] 
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Publish/subscribe 

The publish/subscribe domain uses a topic as destination at the MOM. The rela-

tionship is many-to-many, making it possible for multiple consumers to sub-

scribe to these topics and will receive messages only when they are active. [10] 

 

2.1.5 Correlation identifier pattern 

When a JMS message is sent, a message identification (ID) is generated and 

attached to the message as a field. In a JMS message, a correlation ID field also 

exists to pair request and replies. The correlation identifier pattern states that 

when the receiver of a message sends a response, it should set the correlation 

ID field to the receive message ID. The original sender can now match the sent 

email with the response and take actions properly. [11] 

2.1.6 Persistence 

Persistence is the ability of an object to maintain its state even after the process 

that created it is terminated [12]. In Java EE there is an API called JPA, which 

helps achieving persistence. JPA specifies an object-relational mapping (ORM) 

feature for managing the translation between Java objects and relational data. 

[13] 

2.1.7 Entity  

An entity is a lightweight persistence domain object. An entity class corre-

sponds to a table in a relational database, while an object or instance of this 

class corresponds to a row in this table. An entity is implemented as a plain old 

Java object (POJO), but with annotations describing what fields and properties 

to persist. Annotations can also be used to specify an entity’s relationship with 

another entity. [14] 

2.1.8 Enterprise JavaBean 

An Enterprise JavaBean (EJB) is a server-side component that simplifies the 

development of secure, transactional and distributed applications. With these 

features, EJBs are used to handle the business logic and data access of an appli-

cation. EJBs can be divided into session beans and message-driven beans. [15] 

[16]  

2.1.9 Session beans 

Session beans can further be divided into stateful, stateless and singleton beans. 

They all encapsulate business logic that can be accessed by clients through the 

bean’s methods. The business complexity is in this way separated from the cli-

ent. The way they differ is in how they maintain the state between client calls. 

[17] 

 



Visualizing and managing arbitrarily structured messages and message queues 

to increase productivity and usability 

Jakob Pedersen  2015-05-28 

9 

 

Stateful session beans 

A stateful session bean maintains its state throughout a client session. Its entire 

state including its instance variables are saved between method calls. Further, 

stateful session beans are not shared between clients; they can only have one 

client. [17] 

Stateless session beans 

In contrast to stateful session beans, stateless session beans do not maintain its 

state between a client’s method calls. However, the stateless session bean can 

maintain state specific to a client during an invocation. Further, stateless session 

beans can support multiple clients, offering better scalability. [17] 

When a stateless session bean is accessed from a client, it is the EJB container 

that handles the request. The EJB container keeps a pool of instances and upon 

a new request delegates one of these to the client. If every instance in the pool 

is occupied, the EJB container handles the queueing and synchronization. [18] 

Singleton session beans 

A singleton session bean exists for the lifecycle of an application and is only 

instantiated once. It is therefore shared between all clients concurrently in the 

application and maintains its state during client methods calls. [17] 

Since a singleton session bean has just once instance in the application, concur-

rent access is inevitable. The default way of handling concurrency in the single-

ton bean is done by the EJB container and is called container managed concur-

rency. Container managed concurrency lets the developer decide what type of 

locking the class and its methods shall have, by using predefined annotations. 

[19] There are two types of locking mechanisms, which are described below: 

 javax.ejb.LockType.READ – States that the method or class is safe to be 

accessed concurrently by multiple threads. A READ-lock can only be 

done when no other thread has WRITE-lock at the same time. [19] 

 javax.ejb.LockType.WRITE – States that the method or class should not 

be accessed concurrently. If multiple threads are trying to access it at the 

same time, the EJB container will put them in a queue until the resource 

becomes free. When WRITE-lock is obtained on a method, all other 

methods will also be locked. [19] 

2.1.10 JAX-RS 

Java API for RESTful Web Services (JAX-RS) is a Java API which simplifies 

the development of applications that uses the REST architecture. The REST 

architecture often use the ordinary HyperText Transfer Protocol (HTTP) meth-

ods get, put, post and delete, which JAX-RS tries to handle in the Java EE envi- 
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ronment. This is done in JAX-RS by using predefined annotations, see Table 1. 

[20] 

Table 1: JAX-RS annotations. 

Annotation Description 

@POST Processes HTTP POST requests 

@GET Processes HTTO GET requests 

@Path Relative URI path where the service 

can be accessed. Can also include 

variables sent by the user. 

@Consumes Specifies the MIME media type that 

the method can consume. 

@Produces Specifies the MIME media type that 

the method produces. 

 

2.2 Websocket 

WebSocket is a protocol providing communication over a single full-duplex, 

bidirectional and real-time Transmission Control Protocol (TCP) connection. 

This allows clients and servers to send or push messages at the same time, even 

when neither part is requesting it. This is in contrast to HTTP, which is a re-

quest/response protocol. WebSockets run by default through the same port as 

HTTP, port 80, and if configured over the same port as HyperText Transport 

Protocol Secure (HTTPS), port 443. This makes it easy for WebSockets to trav-

erse through firewalls without further configurations. Further, since WebSock-

ets does not rely on HTTP once the handshake has been done, it does not have 

the high overhead of the HTTP header. [21] 

A client can be implemented with JavaScript, which lets the developer imple-

ment functions to handle the different parts of the lifecycle of the connection, 

including sending and receiving messages. This increases the responsiveness 

and interactivity of the website since it can react to events upon receiving mes-

sages. [22] 

The WebSocket API was introduced in Java EE 7. It enables Java EE applica-

tions to implement both client endpoints and server endpoints. The server end-

point keeps track of each client by associating it with a session. This session is 

open during the lifecycle of the client connection, providing the application 

with great scalability since only one connection per client is used. [23] 
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2.3 AngularJS 

AngularJS is a model-view-controller (MVC) JavaScript framework used to 

create dynamic single page web applications by extending the HTML vocabu-

lary [24]. To extend the vocabulary, so called directives are used as attributes to 

the standard HTML tags [25].  

Two way data-binding 

To connect the view layer with the data variables, often called model layer, a 

two way data-binding concept is used. By using directives, the developer can 

connect specific HTML view tags to a variable. Two way data-binding means 

that the model will be updated whenever the corresponding HTML view tag is 

update, and also vice versa. [26] 

Controllers 

The AngularJS controller is a JavaScript object controlling the interaction be-

tween the view and the model. Container HTML tags are attributed with the ng-

controller directive, binding the content of the container to a specific controller. 

The controller can by this control the behavior of the content. [27] 

Routing 

The term single page application (SPA) comes from the ability of an application 

to appear as a single page, but content is actually loaded dynamically when the 

user interacts with the page. A full page request will never be made, except 

from the start. [28] In AngularJS, routing is the mechanism behind the SPA. 

When the uniform resource locator (URL) is changed, for example when a user 

clicks on a link, the routing mechanism will handle the work to dynamically 

load the specified view and controller. [29] 

2.4 Model-View-Controller 

MVC is a software design pattern used to separate an application into different 

modules, see Figure 3. The dependency between these modules should be min-

imized. This is done to make it easier to modify a specific module without hav-

ing to change too much in another module. The view tends to change more of-

ten than the model. Further, a specific model might be used in different views, 

making it crucial to be separated to enhance the capability to substitute, extend 

and maintain. [30] The different modules are described below:   

 Model – Handles the data and behavior of the application. Can respond 

to requests from the view about its data. Can also change its data due to 

instructions from the controller. [30]  

 View – Handles the representation of information in a particular format. 

[30]  
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 Controller – Handles the user inputs and other events. Does business 

logic and interacts with the model to change its data. [30] 

Controller – Handles the user inputs and other events. Does business logic and 

interacts with the model to change its data. [30] 

 

Figure 3: Model-View-Controller workflow [30] 

Figure 3 shows that the controller and view depend on the model but not the 

other way around. This is the main benefit of the separation, allowing building 

and testing the model independently.  

2.5 Bootstrap 

Bootstrap is an open-source HTML, CSS, and JavaScript framework used for 

frontend development. It consists of a collection of tools and predefined com-

ponents that scales and adjusts to the resolution it is running on. [31] 

2.6 Human-computer interaction 

When building an application that is intended for users to interact with more 

precise and targeted requirements, and design guidelines can be specified by 

identifying where it is going to be used and by whom. Humans are very good at 

recalling visual cues about certain things. For example the color and location of 

items are inherently easy to remember since it creates mental images. In con-

trast, other types of information are much more difficult to remember, for ex-

ample arbitrary material such as phone numbers and birthdays. When building 

user interfaces it is thus of most importance to take into account how the mind 

and memory works. [32] 

Further, there are mental images that are easier to remember than others. A gen-

eral design principle to enhance the probability of people remembering mental 

images easier is to present the information in an appropriate form to facilitate 

the perception and recognition of its underlying meaning. For example, an icon 

on a button should indicate what will happen if the button is pressed. The green 

should indicate something possible, while the color red should indicate some-

thing negative. [32] 

Consistency is a design principle stating that similar operations and elements 

should produce similar results. That is, an interface that follows rules, such as  
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always clicking the right mouse button to select a file. Contrary, exceptions to 

rules decreases the consistency. For example, clicking a file with the right 

mouse button under particular circumstances deletes the file. Exceptions to 

rules make interfaces more difficult to learn and users more prone to mistakes. 

Consistent interfaces are therefore easier to learn and use, since only one type 

of operation is required to be remembered to accomplish similar tasks.  [32] 

2.7 Software testing 

According to the ANSI/IEEE 1059 standard, testing can be defined as 

A process of analyzing a software item to detect the differences between existing and 

required conditions (that is defects/errors/bugs) and to evaluate the features of the 

software item. 

Software testing is thus done to evaluate a system to determine whether it meets 

the required results. Software tests are often aimed to test a specific attribute or 

capability of a system where the main goal is to improve quality. The definition 

of quality is performing as required under specified circumstances. To accom-

plish this, testing can also be seen as intent to find errors. Debugging can be 

seen as small part of software testing with the purpose of locating and identify-

ing design defects in the code by the programmer. [33] 

2.7.1 White box testing 

White box testing is the closest type of testing to debugging. The test requires a 

fundamental understanding and overview of the architecture of the tested appli-

cation. Further, programming skills are also required since the tests involve 

investigation of the structure and internal logic of the code to determine which 

part of the program an error occurs. [34] 

2.7.2 Black box testing 

Black box testing is done on a higher level. In contrast to White box testing, 

Black box testing does not require the tester to have programming skills or an 

understanding of the architecture behind the tested application. The tester works 

with a set of inputs for which the non-error outputs are known. However, the 

tester does not know how the system produces the output, as seen in Figure 4. 

[35] 

 

Figure 4: Black box testing [35] 
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2.7.3 Gray box testing  

Gray box testing is a combination of White box testing and Black box testing. 

In Gray box testing, the tester has some knowledge of the system’s architecture, 

access to system logs and potentially also the source code. [36] 

2.8 Existing applications 

Research has been conducted to identify tools that are relevant for the thesis 

and similar to the developed proof-of-concept application. SoapUI together 

with HermesJMS [37], and JMS Browser [38] are two enterprise commercial 

solutions in the form of cross-platform desktop applications. They both allow 

sending and receiving messages to JMS queues and topics. There also exist 

functionality to setup and store destinations to JMS providers by providing their 

respective Java archive files, see Figure 5.  

 

 

 

Figure 5: JMS Browser – list of JMS Providers  

Both enable the users to specify and edit messages to be sent and verify re-

sponses directly in the GUI, see Figure 6. The figure also illustrates a variety of  
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options that can be configured for a specific session. Histories of responses are 

stored and can be filtered and inspected at a later time. JMS Browser also re-

minds of Eclipse when navigating, which is a widely used integrated develop-

ment environment (IDE) among system developers which in turn makes it easi-

er to recognize and navigate in 

 

 

Figure 6: Soap UI – Editing messages and viewing responses [39] 
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3 Methodology 
This chapter describes the methodology used to realize the thesis work. It is 

heavily connected to solve the goals presented in chapter 1.4. The work was 

conducted using an agile iterative approach, meaning that the steps below were 

not necessary done in chronological order.  

3.1 Analysis of Dewire’s system 

In order to develop a solution to solve the problem presented in the introduction 

chapter, an analysis had to be done on the current system and the tools used at 

the moment. This was done to gain insight on what the system was capable to 

do and what functionalities it lacked, to be able to make the requirement speci-

fication more precise for the developed application.  

The analysis also includes an investigation in what technologies are used at 

Dewire regarding programming language, most common application servers for 

backend development, and also more specific APIs and frameworks. This was 

done to catch specific preferences from Dewire’s side, if any. The preferences 

also play a significant role in making the developed application easy to main-

tain and extend. 

3.2 Research phase 

A research phase was conducted based on the information collected from the 

analysis, see chapter Analysis of Dewire’s system. High-level recommendations 

were given from Dewire about potential technologies that could help fulfilling 

the goals presented in chapter Concrete and verifiable goals. However, widely 

used standards were prioritized to keep the results general. The research phase 

aim was to answer the following questions:  

 What is Java EE? 

 What is a Java EE application server? 

 What APIs and frameworks inside Java EE can be used to handle busi-

ness logic and persist data? 

 What APIs and frameworks inside Java EE can be used to facilitate 

communication with web browsers? 

 How does Java EE handle concurrency regarding shared objects?  

 How does JMS work? 

 What is AngularJS and how can it provide interactivity? 
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 What frameworks in JavaScript can be used to facilitate communication 

with web browsers? 

 What is the pattern MVC? 

 What is Bootstrap?  

3.3 Design 

Two design proposals for potential solutions were created based on the analysis 

and research phase. The proposals were analyzed and compared to each other to 

find the best solution. Dewire was also involved to make sure that the selected 

solution did not break any of their requirements. The design proposals are pre-

sented in the following subchapters. 

3.3.1 Design proposal 1 

Design proposal number one is presented in Figure 5. 

 

Figure 5: Design proposal 1 

 

The advantage of this solution is that an external JMS broker and queue as a 

mutual endpoint for received message allows the backend to fetch messages 

from a single place. The backend is in this case responsible for filtration of all 

the messages.  
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The disadvantage of this solution is that the receiver of a particular message 

sent from the backend, must implement the client code specific for the external 

JMS broker. This increases the integration complexity since it might require 

modification of every single tested system. Maintainability is also affected since 

the dependency between the proof-of-concept application and the tested system 

increases. If, for example, the external JMS broker is upgraded or substituted, 

every single system that previously have been implementing the client specific 

code for the broker might be force to upgrade their code and libraries as well. 

3.3.2 Design proposal 2 

Design proposal number two is presented in Figure 6. 

 

Figure 6: Design proposal 2 

 

The advantage of this design is that it utilizes a functionality of JMS that make 

use of temporary queues. Temporary queues are created dynamically in the 

source code but reside in the same JMS broker that the actual message is sent to.  
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Since the receiver of a particular message has connected to the same JMS bro-

ker to consume the message, it is also capable of sending a message back to the 

same broker because it already has the libraries and client code specific for the 

JMS broker. No direct disadvantage was found. 

3.4 Implementation 

In order to fulfill the implementation goal in chapter 1.4 an agile approach was 

chosen as method for the development phase to emphasize flexibility. It was set 

to be iterative and in close communication with people at Dewire. Several 

checkpoints were setup to go from a very basic prototype in the early stages, to 

a working prototype which fulfilled all the requirements. Each checkpoint gave 

valuable feedback from both the end users and the contractor. This continuous 

communication and iterative feedback also changed the original requirements 

during the project, to better fit the needs of the end users. A more specific plan 

to fulfill the implementation goal is presented in the list below: 

  Java EE application server setup 

 Database setup mirroring the entities and relationships implemented in 

the backend 

 An JMS application handling communication between the application 

server and JMS providers 

 Websocket server endpoint inside the application server to facilitate 

communication with web browser clients 

 A communication layer between the Websocket clients and the JMS ap-

plication 

 A persistence feature to store test scenarios and corresponding replies 

 HTML5 web-application with AngularJS and Bootstrap to provide  an 

interactive frontend 

3.5 Evaluation 

An evaluation was done to justify whether the results have improved the way 

application testers are testing systems. The following properties were evaluated: 

 Measured properties  

o Productivity 

o Internal parts 
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 Theoretically evaluated properties 

o Integration complexity 

o Maintainability 

o Usability 

The following subchapters describe the details of the previously mentioned 

properties.  

3.5.1 Productivity 

The productivity was evaluated by measuring the amount of time it takes to 

accomplish common tasks. This was done for both the proof-of-concept appli-

cation and the tool used at Dewire. To do this, a test person was introduced to 

the proof-of-concept application for the first time and was shown how to navi-

gate in the tool and how to accomplish the different tasks that was later used in 

the test. The following tasks where used in the test: 

 Task 1.0 – Configure a new data source, queue and message. 

o Task 1.1 – Send the message configured in task 1.0. 

o Task 1.2 – Alter the message configured in task 1.0 and send it. 

3.5.2 Internal parts 

The internal parts were measured according to Figure 7. TA is the specific time 

when a message is received in the backend. TB is the time when a message has 

been sent from the backend to the JMS broker. TC is the time when a message 

has been received in the backend from the JMS broker. TD is the time when a 

message has been stored and a response has been sent back to the client. Further, 

T1 is the elapsed time between TA and TB. T2 is the elapsed time between TB and 

TC. T3 is the elapsed time between TC and TD. 

The measurement was conducted by creating a WebSocket connection and send 

an example message that existed in the database. This was repeated 100 times 

and the resulting arithmetic mean values and standard deviation for T1, T2 and 

T3 were calculated and presented.  
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Figure 7: Time measurement of internal parts 

 

 

3.5.3 Integration complexity 

The complexity of integrating the proof-of-concept application was analyzed 

and evaluated theoretically. To do this, the result of the proof-of-concept appli-

cation was investigated regarding how dependent the implementation is on the 

system it is testing. Consideration was also taken against how difficult the ap-

plication is to setup in a new environment, as well as if any modification of the 

tested systems needs to be done to cooperate with the proof-of-concept applica-

tion. The result of this evaluation is of most importance. This is because organi-

zations, when deciding to invest in new solutions, often weigh the cost of inte-

grating versus the benefits they gain from the solution. If the integration re-

quires major changes in the tested systems, it might not be economically feasi-

ble to put through. The perfect and ideal situation would therefore require no 

modification or additional code added to the tested systems. 

3.5.4 Maintainability 

The maintainability of the proof-of-concept application was analyzed and eval-

uated. The implementation of the application was investigated regarding how 

well the code is divided into related modules and how dependent these modules 

are on each other. Further, how well the code utilizes the programming lan-

guage’s built in mechanisms to extend code was also analyzed and evaluated. 

The perfect and ideal situation would be that the modules depend on each other 

as little as possible. 

3.5.5 Usability 

The usability of the proof-of-concept application was analyzed and evaluated 

theoretically. This was done by investigating the GUI part of the results and 

relate it to the theory about human-computer interaction, presented in chapter 2.  

3.6 Software tools 

This chapter presents the tools used in design and implementation process.  
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3.6.1 Integrated development environment and editor 

The development of the application’s backend was done with the open-source 

IDE Eclipse Luna 4.4.2. The frontend development was done with the text edi-

tor Sublime Text 3 (build 3065).  

Programming environment 

The proof-of-concept application was implemented with the Java programming 

language inside the Java EE 7 platform. Java EE provides a rich enterprise 

software platform, where the ones utilized in the thesis are presented in Table 2 

below. 

Table 2: Java technologies, frameworks and APIs used 

Technology Version/Implementation 

Java Message Service JMS version 1.1 

Enterprise JavaBean (EJB) EJB 3.2  

WebSocket API JSR-356 

Java Persistence API  EclipseLink 2.5.2 

RESTful web services (JAX-RS) JAX-RS 2.17 (Jersey implementation) 

 

Application server 

The application server used for the proof-of-concept implementation was 

GlassFish. This application server was chosen because it is considered a full-

featured Java EE7 application server. Another factor was that it supports the 

different features needed for both the frontend and backend 

The frontend utilizes, apart from HyperText Markup Language 5 (HTML) and 

Cascading Style Sheet (CSS) as web developing standards, AngularJS to match 

the technologies used at Dewire.  

JMS provider 

For the development of the first prototype, ActiveMQ version 5.11.1 was used 

at localhost to simulate a MOM. For prototype number two and three, 

imqbroker 4.0 was also used.  

 

 



Visualizing and managing arbitrarily structured messages and message queues 

to increase productivity and usability 

Jakob Pedersen  2015-05-28 

23 

 

Database 

The database used was the Glassfish 4.0 application server’s built-in database 

called JavaDB/Apache Derby. 

3.6.2 Performance testing tools 

The open-source tool Apache JMeter was used to evaluate the performance of 

the proof-of-concept application. A plugin to Apache JMeter called jmeter-

websocket was used to enable JMeter to create a WebSocket connection. These 

tools were used since they together provided an easy way to test WebSocket 

endpoint in the backend. It also provided a way to repeat tests a configurable 

amount of times, which was vital to gain accurate data.  

A Java utility tool called System.nanoTime() was used to measure the time be-

tween different internal parts of the backend. The tool was used since the meth-

od could be called directly in the code. Further, the tool is part of the Java lan-

guage. 
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4 Implementation 
The proof-of-concept implementation is based on the initial need explained in 

chapter 1.1, and also the requirements given in chapter 4.1. The implementation 

extends and covers the functionalities that the now existing testing tool at 

Dewire lacks. However, the implementation is independent and is not in any 

way based on the code from the existing testing tools at Dewire. 

4.1 Requirements 

A proof-of-concept application was required to be implemented, as stated in 

chapter 1.4. The requirements are divided into three categories; functional re-

quirements, non-functional, and technical requirements. The following re-

quirements were derived from the analysis presented in chapter Analysis of 

Dewire’s system. 

Functional requirements: 

 Configure, save, edit and delete data sources, queues and messages. 

 Configure, save and delete connection trees consisting of a pair of one 

data source, one queue and one message. 

 Send and receive messages to and from the corresponding data source 

and queue in the connection tree. 

 Visualize history of pairs of sent and received messages. 

Non-functional requirements 

 The UI should be usable. 

Technical requirements: 

 Users use a web application with an UI to configure, save, edit and de-

lete data sources, queues and messages. 

 Users use a web application with an UI to configure, save and delete 

connection trees. 

 The web application communicates with a Java EE backend. 

 Created messages must be XML files. 

 Messages are sent and received to the Java EE backend with websockets. 

Messages are then sent to the destination via JMS. 
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4.2 Technology motivation 

This chapter presents the motivation behind the main technologies used in the 

thesis. The initial need presented in chapter 1.1 and the requirements in chapter 

4.1 have highly influenced the consideration of chosen technologies.  

The Websocket technology was compared to other similar technologies and is 

used because it is a HTML5 standard, provides little message overhead com-

pared to for example Asynchronous JavaScript and XML (AJAX), and also is 

more responsive since messages are pushed and received instantly rather than 

using long-polling. These properties comply well with the non-functional re-

quirements, presented in chapter 4.1. 

GlassFish application server as backend is used since it is a full-featured Java 

EE implementation, providing all the APIs needed for implementing the tech-

nical requirements, presented in chapter 4.1. 

4.3 Backend 

This chapter presents the implementation specific for the backend. 

4.3.1 Overview 

Figure 7 shows the high-level overview of the proof-of-concept application. 

Users interact with a web application in a web browser. The web application 

allows the user to configure new data sources, new queues and new messages. 

Configuring data sources requires a direct uniform resource identifier (URI) to 

the JMS provider. Configuring a new queue requires a name. Important to note 

is that configuring new data sources and queues do not create new physical in-

stances of these. The specified data sources and queues have to exist prior to 

configuring and using them. However, messages are more flexible and can vary 

more widely, depending on what the application tester want to test. The only 

constraint is that it has to be in XML format, since they are configured in the UI 

by uploading XML files.  
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Figure 7: High-level overview of the proof-of-concept application. 

 

The workflow for a user in the web application is presented in Figure 8. To send 

a message, the application tester first has to configure a data source, queue and 

the actual message in the UI. A data source can contain multiple queues, and 

messages can be sent to all sorts of combinations of these. Some combinations 

might be used more than others, which make it more productive to be able to 

save a combination of data source, queue and message as a connection tree. 

When a message is sent and the response is received, the user is able analyze 

the response and save it. 

 

Figure 8: Workflow for a user in the web application. 
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4.3.2 Web browser to backend 

AngularJS provides a service called $http, which provides the functionality to 

use the standard HTTP post and get methods to asynchronously make requests 

to the web server. AngularJS provides data-binding through a service called 

$scope, which can be accessed from within the JS function controlling the dif-

ferent views. When responses are received from a HTTP post or get, the specif-

ic view element can then be updated with the $scope object without reloading 

the entire page. 

4.3.3 Backend to web browser 

The backend implements a RESTful Web Service with JAX-RS based on mes-

sages sent and received as JSON.  The web service is implemented as two PO-

JOs; RestGet and RestPost. The POJOs are annotated to specify that they are 

JAX-RS web services and also the base path to the service. The classes contain 

methods for every request that can be sent from the web browser. Each method 

is annotated with a more specific path, parameters sent with the request and also 

the type sent with the request.  

RestGet and RestPost act as interfaces between the web browser and the data-

base. The process from making a request in the web browser to the database 

handling the request is shown in Figure 9. The original request from the web 

browser is converted in the JAX-RS module to a form that the DatabaseHandler 

can use to create a valid database request. RestGet requests the different data 

model classes shown in Figure 10, which DatabaseHandler returns as Java clas-

ses. The RestGet class then uses the library GSON to convert it to a JSON ob-

ject and then a JSON string before returning it to the browser. 

 

 

Figure 9: The process from making a request in the web browser to the database handling 

the request. 

 

4.3.4 Data model 

Figure 10 presents the class diagram of the entire data model. It consists of 

three core JPA entities; Data source, Queue and XmlMessage. These three enti-

ties encapsulate all the information needed to send a message with JMS.  
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Data source 

The Data source entity holds the information of where the JMS Broker is locat-

ed with an URI. It also holds a name, for visualization purposes, and a list of 

the queues within the JMS broker that are configured by the user.  

Queue 

The Queue entity holds information about a specific queue in the JMS broker 

specified by its parent Datasource entity. It relies entirely upon the application 

tester that the queue really exists within the data source. 

XmlMessage 

The XmlMessage holds the content of the XML file configured by the user in 

Figure 8.The XML content is stored in a Java String object. The XmlMessage 

works as a template when sending messages. The XML String comprises ele-

ments that contain dynamic info, which should be easy to change for the user. 

The info that the template holds when uploaded by the user is therefore not nec-

essary the info sent with JMS. 

ConnectionTree 

The ConnectionTree entity encapsulates the three core entities mentioned above.  

XmlMessageResponse 

The XmlMessageResponse entity holds information about the message sent and 

received in String objects, as well as a reference to the ConnectionTree used. 
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Figure 10: Class diagram of the entire data model. 

 

4.3.5 Send a message 

This chapter presents the different steps taken to send a message from the web 

browser to the destination specified, and back to the web browser. 

4.3.5.1 Setup 

A ConnectionTree has to be created to send a message. When a specific Con-

nectionTree is selected, the XML String in the message template has to be 

parsed in order to identify what information is dynamic and not. An example 

XML template string can be seen in Figure 11. Row 12-15 and row 19-25 show 

elements that contains text and therefore are likely to be dynamic. These ele-

ments are of importance for the application tester, since the content of these are 

what triggers different behaviors in the system the message is going to.  

The messages are arbitrary and can vary widely. A recursive algorithm is there-

fore used to parse and find all the elements containing a text node. These nodes 

are presented to the user to allow them to manipulate the message before send-

ing. 
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Figure 11: Example XML template string. 

 

4.3.5.2 Sending message 

The underlying process to send a message is presented in Figure 12. The class 

diagrams involved in the different steps in this process is show in Figure 13. 

When a message is ready to be sent, a Websocket session is established between 

the web browser and the WebsocketEndpoint in the application server. The 

WebsocketEndpoint class utilizes the Websocket API to establish and maintain 

open and real-time communication channels with concurrent users. Messages 

that are sent from the web browser to the WebsocketEndpoint encapsulate an ID 

of the connectionTree entity specified in the UI, and also the actual message to 

be sent.  

 

Figure 12: Underlying process to send a message 

 

Message manager 

To ensure concurrency, the MessageManager class is declared as a Stateful ses-

sion bean. The EJB container will handle the logistics of assigning an unused 

instance of MessageManager to each client. The MessageManager manage the 

retrieval of the specified connectionTree, which holds all the information need- 
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ded to send a message. Based on the connectionTree, the correct implementa-

tion of AbstractJmsBrokerClient is chosen.  

JmsBrokerClient 

JmsBrokerClient is the available implementations of AbstractJmsBrokerClient. 

The code that is general for all the JMS brokers is implemented in Ab-

stractJmsBrokerClient. The broker-specific code is implemented in the abstract 

method sendMessage(), minimizing the overhead of adding new JMS broker 

clients. When a message is sent, a temporary queue is created inside the destina-

tion broker where the responses are sent. The JmsBrokerClients implements the 

MessageListener interface, enabling it to asynchronously consume the messag-

es sent to the temporary queue.  

 

 

Figure 13: Class diagrams of the different steps involved in sending a message 

 

4.3.5.3 SessionHandler 

SessionHandler is a singleton session bean handling both the Websocket ses-

sions and JMS sessions. When a message is sent from one of the JmsBrokerCli-

ents, its messageId is saved in the SessionHandler in a HashMap instance in the 

form below: 

HashMap<String, SessionWrapper>  
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The HashMap key is the messageId and the value is an object of a Session-

Wrapper class containing the Websocket session, JMS session and connection 

tree. Since the SessionHandler class is a Singleton bean, multiple users will 

interact with the same instance, which requires concurrency control to avoid 

lost updates. The EJB container is assigned to handle the concurrency control of 

the methods in SessionHandler as shown below: 

@𝐿𝑜𝑐𝑘(𝐿𝑜𝑐𝑘𝑇𝑦𝑝𝑒. 𝑊𝑅𝐼𝑇𝐸) 𝑝𝑢𝑏𝑙𝑖𝑐 𝑣𝑜𝑖𝑑 𝑎𝑑𝑑𝑆𝑒𝑠𝑠𝑖𝑜𝑛(𝑆𝑡𝑟𝑖𝑛𝑔 𝑚𝑒𝑠𝑠𝑎𝑔𝑒𝐼𝑑,
𝑆𝑒𝑠𝑠𝑖𝑜𝑛𝑊𝑟𝑎𝑝𝑝𝑒𝑟 𝑠𝑒𝑠𝑠𝑖𝑜𝑛𝑤𝑟𝑎𝑝𝑝𝑒𝑟) { … } 

The annotation @Lock(LockType.WRITE) ensures that calls to all methods in 

SessionHandler will be queued until the current call has returned.  

4.3.5.4 Receiving message 

When a message is consumed in the JmsBrokerClient, it is sent to the Ses-

sionHandler’s handleMessage() method. To pair sent messages with responses 

handleMessage() assumes that the Correlation Identifier pattern is followed, 

described in chapter Correlation identifier pattern. An XmlMessageResponse is 

created and persisted with the sent and received messages together with a refer-

ence to the connectionTree. 

4.4 Frontend 

The chapter presents the implementation specific for the frontend. 

4.4.1 Structure 

The file structure for the frontend is presented in Figure 14. The web applica-

tion is implemented as a SPA. The index.html file bootstraps the application by 

loading all the frameworks used and displays the basic structure. Partials is a 

directory that contains all the different views that is dynamically loaded into the 

index.html file. Js is a directory that contains all the JavaScript and frameworks 

used. Css is another folder containing all the style specific code. 

 

Figure 14: File structure for the frontend 

The AngularJS code resides inside the js folder and has the structure according 

to Figure X.  
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Figure 15: AngularJS file structure 

4.4.1.1 Routes 

The route.js file bootstraps the AngularJS framework and also includes the 

ngWebSocket module and the ui.bootstrap module. The ngWebsocket module 

allows easy access to the built in HTML5 WebSocket feature. The ui.boostrap 

allows easy integration with the Bootstrap CSS framework. The route.js further 

specifies all paths to the partials together with their respective URL and control-

ler, as illustrated in Figure X. The URL /datasource with the parameter data-

sourceId loads the partial file located at /Web_project/partials/datasource.html. 

Further, the controller defined is named specificDatasourceController.   

 

Figure 16: Routes, paths, controllers 

4.4.1.2 Controllers 

All the controllers are defined in the controller.js file. Almost all the controllers 

defined in this file include at least the parts illustrated in Figure X. This control-

ler is the specific one that is loaded when the route in Figure X (den ovan) is 

triggered. It includes the httpFactory service, apart from the $scope variable and 

$stateParams variable. It allows the controller to make HTTP requests defined 

in the service and change the model when the request fires a success event. The 

controller also implements a function that is accessible from the view. 

 

Figure 17: Controller 
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4.4.1.3 Services 

There are two services implemented in the service.js file; httpFactory and web-

socketFactory. The httpFactory is a global service which implements functions 

to do POST and GET requests to the backend. The websocketFactory is another 

global service that provides access to the ngWebSocket module. 

4.4.1.4 Directives 

There is one directive implemented in the directive.js file; onReadFile. This is a 

directive used for parsing the XML file in the browser when configured by the 

user. Since the XML content is encapsulated in a Java object, as explained in 

chapter Data model, only the string of content is needed and not the entire file. 

4.5 Type of box testing 

The implementation of the proof-of-concept application is dynamic in such way 

that it does not know anything about the tested system other than a message 

queue exists. The design and test environment it provides is therefore most re-

lated to Black box testing, see Figure 18. 

 

Figure 18: Black box testing 
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5 Results 
The chapter presents the results of the thesis and relates the outcome with the 

requirements and goals.  

5.1 Proof-of-concept implementation 

The goal stated in the introduction chapter to implement a proof-of-concept 

application is met. The functional- and technical requirements presented in 

chapter 4.1 were all successfully implemented. Figure 19 illustrates the view of 

data sources, which is the first step in creating a connection tree. The menu is 

static and located to the left. The area with white background is where the dif-

ferent views are loaded. A heading is displayed to show in what view the user is 

located. A navigation panel resides below the heading, which enables the user to 

go back and forth when going through different steps. 

 

Figure 19: View of data sources 

 

Figure 20 illustrates the view of queues. 
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Figure 20: View of queues 

 

Figure 21 illustrates the view of messages. 

 

Figure 21: View of messages 

Figure 22 illustrates the connection tree before creating it. 
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Figure 22: View of the connection tree before creating it 

Figure 23 illustrates the view of all connection trees. 

 

Figure 23: View of all the connection trees 

 

5.2 Performance test and theoretical evaluation 

This chapter presents the results of the system evaluations, as described in 

chapter Evaluation. 

5.2.1 User tests 

5.2.1.1 Task 1.0: Configure a JMS broker, queue and message 

Figure 24 shows the measured time in seconds it took for a user to accomplish 

the task to configure a JMS broker, queue and message and send the  
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message in the thesis’ test tool. Due to limitations of Dewire’s test tool, this task 

was not feasible to go through since the source code of the tool had to be altered 

and re-compiled.  

 

Figure 24: Measured time in seconds to configure a data source, message queue and 

message 

5.2.1.2 Task 1.1: Send the message configured in Task 1.0 

Figure 25 shows the measured time in seconds it takes for a user to send the 

message configured in Task 1.0, see chapter 5.2.1.1.  

 

Figure 25: Measured time in seconds to send the message configured in Task 1.0. 
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5.2.1.3 Task 1.2: Alter and send the message configured in Task 1.0 

Figure 26 shows the measured time in seconds it took for a user to accomplish 

the task to alter the message configured in Task 1.0, see chapter 5.2.1.1. 

 

Figure 26: Measured time in seconds to alter the message in Task 1.0 and send it 

 

5.2.2 Internal parts 

Figure 27 presents the arithmetic mean of the measured time in milliseconds for 

the different parts. Important to note is that the measured time for T2 includes 

the network latency between the backend and JMS broker. The measurement 

data and the standard deviation can be found in Table 5, see Appendix A. 
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Figure 27: Time measurement of internal parts 

 

5.2.3 Integration complexity 

The application runs on its own application server, GlassFish 4.0, which pro-

vides containers for both the frontend and backend. The whole application can 

thus be divided into a Java Archive (JAR) containing all the backend files, and 

a Web Application Archive (WAR) containing all the frontend files. These in 

turn can be packaged in an Enterprise Archive (EAR) file together with the li-

braries needed and connection details to the database. An EAR is the only file 

needed to deploy it to an application server. Further, a database has to be set up 

for the application to work. No further configuration of the database is needed 

since the implementation of JPA handles the ORM and thus automatically cre-

ates the different tables, columns and relations according to the annotated entity 

classes. 

The application does not require any modification of the tested system, assum-

ing that the Correlation identifier pattern is used. The application acts as it is a 

legitimate module in the system as whole and the receiver of the message can-

not tell that it is actually a test. Care should therefore be taken since the receiver 

will do the exact same thing as if the message came from a “legitimate” sender, 

especially when testing large systems since it could, for example, start a com-

plex chain of events that might be hard to undo.  

5.2.4 Maintainability 

The implementation of the proof-of-concept application is constructed accord-

ing to the multitier architecture. The tiers are separated into two different Java 

projects to minimize the dependency between each other; an EJB project and a  
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Dynamic Web project. The EJB project holds all the business logic which han-

dles all the data models, helper classes, and procedures to accomplish different 

tasks. This content is separated into different packages, which in turn contain 

the different Java classes. The Dynamic Web project contains all the web relat-

ed code and is structured in a similar manner as the EJB project. The Dynamic 

Web project also contains the RESTful Web Service handling all the requests 

and responses sent from and to the users. In the MVC pattern, the EJB project 

can be seen as the Model, the Dynamic Web project as the view, and the REST-

ful Web Service as the controller. The RESTFul Web Service acts as an inter-

face for the view to communicate with the model, and is the only route to do so.  

The web related code in the Dynamic Web project is further structured accord-

ing to the MVC pattern. This is done by dividing it into HTML and CSS files 

containing all the view-related code. The JavaScript code utilizes the AngularJS 

framework and is implemented in separated JavaScript files and acts as control-

lers for what data, or models, to display in the view.  

From a maintenance perspective, separating the code in this manner is a key 

advantage. The loosely-coupled paradigm enables different modules to be ex-

tended, modified and even replaced without changing anything, or very little, in 

other modules. This is especially important for code that changes frequently.  

A more low-level realization of increasing the maintainability is the way a JMS 

broker client class is implemented. The abstract class AbstractJmsBrokerClient 

contains all the general code to manage, receive, and store messages. If a new 

JMS broker is installed and the corresponding client class is not implemented in 

the proof-of-concept application, the only things needed are adding the broker-

specific libraries and extend the abstract class and implement the broker-

specific code.  

5.2.5 Usability 

The GUI displays the different data sources as blue, message queues as light 

blue, and messages with orange. These colors are the same across all the pages, 

including when composed together as a connection tree, see Figure . In addition 

to consistent colors, icons are used in appropriate forms to facilitate the percep-

tion and recognition of its underlying meaning. Further, when creating new 

items a green information box is shown when the creation was successful, and a 

read information box is shown when the creation generated some kind of error.  
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6 Conclusions 
The chapter presents the conclusions and discussion of the goals, outcome and 

results.  

6.1 Evaluation of goals, outcome and results 

The thesis has met all the goals set in the introduction chapter. The main goals 

were to investigate how data sources, message queues, and message could be 

generalized for easy setup and configuration, and how productivity and usabil-

ity could be enhanced for application testers and an UI, respectively. The main 

goals were further divided into an analysis, design proposal and implementation.  

The functional and non-functional requirements presented in chapter 4.1, and 

the theory presented in chapter 2 were all derived from the analysis of Dewire’s 

tools and the research phase. Further, the design proposals were developed from 

the gained knowledge from the analysis and research phase. The functional and 

non-functional requirements were also kept in mind when designing the pro-

posals.  

The implementation goals were achieved by implementing an application with a 

frontend that let application testers to send and receive JMS messages, store 

pairs of sent and received messages and store test scenarios. The development 

of the frontend was also influenced by human-computer interaction theory to 

provide a usable interface. A backend was also implemented to support the 

functionalities in the frontend. The backend also provides the functionality to 

concurrently work with the same queue.  

The user test indicates that it takes less time to accomplish common tasks in the 

proof-of-concept application, compared to Dewire’s test tool. Important to note 

is that the test subject has under a long period of time used and worked with 

Dewire’s test tool. The test subject is therefore more familiar with this tool. In 

contrast, the test subject was introduced to the proof-of-concept application the 

same day as the test took place. It takes nearly half the time (55%) to accom-

plish the task to send a newly configured message. Further, it takes nearly a 

fifth of the time (21%) to accomplish the task to alter a message and send it. 

The test result therefore indicates that the tool is easy to learn and efficient to 

use. The productivity has been increased.  

The measurement of the proof-of-concept’s internal parts showed that the 

amount of time it takes from a user sending a message to the user receives a 

response, is highly dependent on the amount of time it takes for the tested sys-

tem to process the message. T1, the measured time between that a message is 

first seen by the backend to that it is sent away to the JMS broker, is 14% of T2, 

the amount of time the message is processed by the broker. T3, the measured 

time between receiving the message from the broker to that it has been saved in 

the database and a response sent back to the user, is 3% of T2. It can thus be  
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assessed that the proof-of-concept’s internal parts contribute very little to the 

waiting time when waiting for a response of a message. 

The main newsworthiness of this thesis is that the study is made on a real case 

scenario. Very little research and tools have been found that, from the very be-

ginning, take the needs of a real organization and develop a solution for manag-

ing arbitrary given data sources, message queues and messages with the main 

goal of increasing productivity of the end users. Even less research and tools 

have been found that take into account the theory of human-computer interac-

tion to make the user interface that the end users work with usable. No tool has 

been found that implements the functionality to store pairs of sent and received 

messages to increase the productivity of the end users. Further, no tool has been 

found that implements the same functionality as the proof-of-concept applica-

tion in a web application. The benefit gained from a web application is that us-

ers can utilize each other’s work, since they work on the same platform with the 

same database in the backend. Another benefit is that the tool can be accessed 

from anywhere with very little configuration and effort. 

6.2 Comparison with existing tools 

Existing tools are presented in chapter 2.8. The main advantages of the proof-

of-concept application are its simple way to go through each step required to 

successfully setup and store the different entities needed to send JMS messages. 

It is straightforward, intuitive and takes human-computer interaction theory into 

account to further simplify the process. However, the solution lacks some func-

tionality that the existing applications have. There is no easy way for the client 

to add new JMS providers, no support for other message formats than XML 

exists, and no functionality to change standard JMS settings. These problems 

are discussed in chapter 6.4. The amount of work required to implement these 

features are heavily dependent on how the proof-of-concept’s integration com-

plexity and maintainability which are presented in chapter 5.2.3 and 5.2.4, re-

spectively. One has to weigh between complexity and simplicity when consider-

ing what functionalities to implement. More functionality generally leads to 

higher complexity. The proof-of-concept application is more simple than func-

tionality-rich. 

6.3 Ethical aspects 

The proof-of-concept application is not bound to test a specific type of system. 

The only constraint to send a message is that a destination exists in the form of 

a JMS broker and message queue. What the tested system does and what the 

dynamic fields in the message contain is not in control, nor limited by the 

proof-of-concept application. It is therefore important to note that the moment 

the message leaves the application, it also hands over the responsibility of the 

message. However, when a response is received, it is saved together with the 

request. If the tested system involves for example personal information and has 

a message queue exposing this information, the pair of request/response mes-

sages might contain a part of this information. Since every connection tree is  
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accessible by everyone that have access to the web application, the sensitive 

information is also accessible by the same audience. User privacy could there-

fore possible be intruded since no further authentication or authorization is 

needed to access historical messages. 

Another questionable ethical aspect is the case when an employee is instructed 

to work with the test tool. If it can be determined that only one specific employ-

ee has worked with a specific connection tree for testing, the work progress can 

be tracked quite precise. If the work progress cannot be determined to individu-

al-level, it might still be possible to track in a similar manner for a group of 

users. The test tool does not provide the tools for identifying who has sent a 

particular message, but it might still be determined in, for example, social ways. 

Implementing mechanisms authentication an authorization could also affect the 

ethical aspects, possible both in positive and negative ways. For example, au-

thentication and authorization could prevent the exposing of sensitive infor-

mation to users that it is not intended for. However, authenticating users opens 

up for more precise individual-level tracking. It is up to the developers to en-

sure that the privacy of the users are kept within the frame of what they think is 

ethical and not.  

6.4 Future work 

6.4.1 Messaging domains 

The implementation supports one of the two JMS messaging domains presented 

in the theory chapter. There might be test scenarios where the Publish/subscribe 

messaging domain is used, and hence is not supported by the implementation in 

this thesis. Support for Publish/subscribe is therefore a legitimate subject for 

future work. The JMS API is designed so that the same code can be used to im-

plement both messaging domains. However, the complexity increases since the 

consumer inside the system currently tested might be different from time to 

time. Due to this, the dependency also increases between the test tool and the 

tested system which in turn decreases the generalization of the test tool.  

6.4.2 JMS providers 

The implementation supports two JMS providers; ActiveMQ and OpenMQ. 

Although these are common providers, there exist many others. Future work 

could be implementing more clients by including provider-specific libraries and 

extending the AbstractJmsBrokerClient so that the application can connect to 

more JMS providers. Another interesting thing to investigate is how to allow 

users to dynamically add new support for JMS providers by specifying provid-

er-specific libraries in the UI. For this to work, research also has to be done on 

how a generic JMS client can be implemented. 
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6.4.3 Message types 

The implementation supports XML files to be uploaded through the UI. Other 

emerging formats and ways to structure data, such as JSON, would be interest-

ing to implement in the application. 

6.4.4 Validation of message 

The user is in full control of the entire message sent and the application does 

not know in what circumstances or environment the legitimate sender acts in. 

The application can therefore not take into account what happens before the 

actual message is sent. Parts of the message can for example be composed with 

a HTML form and validated with JavaScript before sending it. However, since 

the message is in the XML format, XML Schema Definitions (XSD) might be 

used to validate the structure of the message. 

6.4.5 Adding headers to messages 

A JMS message can contain a number of different headers, such as Expiration, 

Priority, Type and DeliveryMode. Adding these functionalities in addition to the 

HTML form when sending messages would increase the utility of the tool.  

6.4.6 Authentication and authorization 

The application does not authenticate the users nor provides an authorization 

mechanism. This opens up for users accessing the application that is not intend-

ed to have access. Anyone that has access to the web application also has access 

to the different JMS brokers configured, which is a big security risk. The appli-

cation can in this way be used by an attacker to gain unauthorized access to 

other systems. Implementing mechanisms for authentication and authorization 

could have ethical aspects, as presented in chapter Ethical aspects. 
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Appendix A: Measurement data 
The appendix contains the data collected during the performance tests. 

User tests 

Table 3: Task 1.0 - Configure a JMS broker, queue and message 

 Test #1 Test #2 Test #3 Test #4 Test #5 Arithmetic 

mean 

Proof-of-

concept 

applciation 

153 140 132 130 121 115 

Dewire * * * * * * 

 

Table 4: Task 1.1 - Send the message configured in Task 1.0 

 Test #1 Test #2 Test #3 Test #4 Test #5 Arithmetic 

mean 

Proof-of-

concept 

applciation 

27 19 12 12 13 17 

Dewire 34 29 31 31 30 31 

 

Table 4: Task 1.2 - Alter the message configured in task 1.0 and send it 

 Test #1 Test #2 Test #3 Test #4 Test #5 Arithmetic 

mean 

Proof-of-

concept 

applciation 

8 7 8 8 5 7 

Dewire 35 35 32 31 30 33 

 

Time measurement of internal parts 
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Table 5: Arithmetic mean and standard deviation for measurement of the 

internal parts 

 T1 T2 T3 

Arithmetic mean 

(ms) 

70 488 16 

Standard deviation 

(ms) 

4 8 5 

 


