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Abstract 
The aim of this work is to design an experiment, where client-server systems can be 
compared. They belong to the group of systems that are called component systems. Client-
server systems are difficult to compare, because they are complex. The client-server systems 
are documented in different ways. Notations in the implementation of them are in different 
ways. There is a large difference in the communication between the client and server. The 
architectures between the client-server systems differ also, but they are not totally different. 
Therefore it is possible to construct an experiment for comparing them. Client-server systems 
that will be compared are Java RMI, Web Services, CORBA, and Enterprise JavaBeans. We 
are going to use Java as the programming language. Some of these systems, for example 
CORBA, can be implemented in other languages. The designed experiment is among other 
things going to answer how long time is needed to implement a specific application, how fast 
a specific client-server system is, and how long time is spent for learning about a specific 
system.  
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1. Introduction 
The problem, goal, goal criteria, motivation, and matter of experiment are described in this 
section.  

1.1 Problem 

Component systems provide means for developing language and platform transparent 
systems, e.g. client-server systems. However, due to their complexity, the client-server 
systems are hard to understand. Moreover, due to the different notions in the respective 
documentations and literature, the client-server systems are hard to compare. 

1.2 Goal 

The goal of the proposed thesis is to implement a simple client-server system with four 
different component systems. The component systems will be:  
 
1. Java RMI 

2. Enterprise JavaBeans 

3. Web Services 

4. CORBA 

 
The four systems will be compared with respect to:  

− Learning time 

− Time for installing the component system infrastructure  

− Implementation time 

− The number of compile time bugs 

− The number of logical errors 

− performance overhead compared to the local solution 

− programming overhead compared to the local solution 

 
The thesis is a self-experiment preparing a scientific validation of the pros and cons of the 
component systems in a controlled experiment.  

1.3 Goal criteria 

Clarity in documenting both the development process of the systems and the systems 
themselves is the foremost goal criteria. Both ought to be easy understandable, repeatable and 
comparable. As far as possible, application code needs to be separated for code connected to 
the component systems. 

1.4 Motivation 

The designed experiment, which is the preparation of the scientific validation, will make it 
possible to compare the component systems. This comparison is going to make it easier to 
understand the advantages and disadvantages of them. Problems will arise until a simple 
component system is implemented. These problems will for each component system be 
documented in detail. The component systems are as well in general going to be documented. 
The documentation is above all used in the design of the experiment. But it is also interesting 
in the understanding of the systems. 
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1.5 Matter of the designed experiment and limitations 

The same application will be programmed in the designed experiment for the local solution 
and each component system. In the application it will be possible to set and get an address. 
The first application is the local solution and then one of the four client-sever systems will be 
implemented. Only one component system is implemented. Otherwise gained experience 
would influence the result of the experiment. We were deciding the designed experiment by 
doing it as a self-experiment. Naturally, in the self-experiment is all four component systems 
plus the local solution implemented.  

In the method section the designed experiment is presented. The method section contains 
the designed experiment with an evaluation at the end. In the evaluation, it is noted in what 
way the experiment has changed during the self-experiment. We are going to use the designed 
experiment as a preparation to compare the four client (server) systems in a scientific way.  

Several things were decided during the self-experiment. For example it was decided how the 
architectures of the component systems were going to look like. Otherwise the designed 
experiment would be an experiment for comparing client-server architectures. This is not the 
intention of the designed experiment. The result of the experiment would probably be 
different, if the architecture is changed. The software and equipment to perform the 
experiment were as well decided. Other software and equipment would probably give another 
result. Particularly, the result would be different in the performance measurements. Minor 
details were also changed and added during the self-experiment.  

The designed experiment can be tested out by a larger group of experimenters. A larger 
group of experimenters will make it possible to compare the component systems in a 
scientific way. 
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2. Method of experiment 
This section is about the designed experiment. At the end there is an evaluation. In this 
evaluation it is described how the designed experiment has changed during the self-
experiment. It was necessary to perform the experiment as a self-experiment, because it is a 
complex experiment. Otherwise it had not been possible to design an experiment, which other 
experimenters can do. The evaluation tells about the important decision steps in constructing 
the experiment. In the evaluation the changes are also pointed out. The designed experiment is 
describing how to compare component systems. The compared component systems are: 
 
Java RMI 

CORBA 

Web Services 

Enterprise JavaBeans 
 
There is a discussion in the designed experiment around the use of equipment, software, how 
to perform the experiment, and other important things in the experiment. It is also descriptions 
of how the graphical user interface shall look like. In the graphical user interface it shall be 
possible to set and get an address. It is also descriptions of how the architectures of the local 
solution, Java RMI, CORBA, Web Services, and Enterprise JavaBeans are going to look like. 

2.1 Equipment and software 

The experimenters shall have the same computer equipment. It can for example be Windows 
XP Home with an internal memory of 500 MB and a clock frequency of 1.4 GHz. It is 
important the computers are of the same model, because it can differentiate much between the 
models. Particularly one part of the experiment will be affected a lot if not the same computer 
equipment is used. This part is the time measurements in performance. 

The software to perform the experiment is: 
 
Local solution: Java 1.5 and TextPad. 
Java RMI: Java 1.5 and TextPad. 
Web Services: Java 1.5, TextPad, Axis 1.3, Tomcat 5.0, activation.jar, mail.jar (The package 

JavaMail   contains mail.jar.), and updating Windows. 
CORBA: Java 1.5 and TextPad. 
Enterprise JavaBeans: Java 1.5, TextPad, EJB 2.1, JBoss 4.0, and updating Windows. 

2.2 How to perform the experiment 

The experiment is intended to be performed individually, but it can also be groups with two, 
three, four, or five group members. Each experimenter shall only solve one component 
system. First they shall all begin with the local solution. It is important the experimenters have 
similar previous knowledge. Otherwise it can be difficult to compare the results of the 
experiment. It is assumed the experimenters have enough good previous knowledge to 
perform the experiment. The programming language, which is used, is Java. 

2.3 Questionnaire for the experimenters 

The questions the experimenter is going to answer during the experiment are:  
 

• Learning time: How much time is spent to learn about the local solution or the 
component system before the programmer can begin to implement it? It can for 
example be to study the special way to code a specific system. Other learning things, 
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which are related to a specific system, are also included in the learning time. It is 
important the programmer states the following thing. How much previous knowledge 
he/she has about the component system or the local solution? The measurements are 
made in minutes. The quality of the learning matter and estimated previous knowledge 
is estimated on a scale from one to seven. It is easier to do good statistics with 
numbers in the estimations. The scale numbers corresponds to the following values: 

 
1 – very very bad 
2 – very bad 
3 – bad 
4 – medium 
5 – good 
6 – very good 
7 – very very good 

 

• Time for installing: How much time is spent to install the software of the local 
solution or a specific component system infrastructure? What kind of software was 
already installed? The software is installed, when the programmer can run a test 
application, which the software developer usually supplies. If there is no test 
application from the software developer or anyone else, the programmer shall install 
the software in a careful way and begin to program an own test application. The time 
for implementing the test application shall also be noted. Times are measured in 
minutes. Difficultness of installing the software shall be estimated on a scale from one 
to seven. Different numbers correspond to the values: 

 
1 – very very easy 
2 – very easy 
3 – easy 
4 – medium 
5 – difficult 
6 – very difficult 
7 – very very difficult 
 
Quality of the installation manuals shall also be estimated on a scale from one to 
seven. The numbers correspond to the values: 
 
1 – very very bad 
2 – very bad 
3 – bad 
4 – medium 
5 – good 
6 – very good 
7 – very very good 

 

• Implementation time: How much time is spent to implement a specific system? It is 
only the implementation time for the programming code and not any time for the 
documentation of the code. The implementation is finished, when the GUI application 
is working. Time to implement the performance test is not counted. Implementation 
time is measured in minutes. 
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• The number of compile time errors: How many compile time errors occurs during 
the implementation of a system? They are all counted, if it is several compile time 
errors during one compilation. 

• The number of logical errors: How many logical errors will it be, when the local 
solution or a component system is implemented? In a program with logical errors there 
are no compile time errors. A logical error is when something does not work in a 
proper way when the program runs. A logical error is counted as one, even if it needs 
several times to change the code and compile and run before the program works in a 
proper way. 

• Performance overhead: The time for setting and getting an address of a telephone 
number is measured in milliseconds. It is measured in the class, where the method 
invocation is done. Test values for setting and getting an address shall be the same for 
all component systems and for the local solution. It shall be ten measurements for both 
setting and getting an address. Not more than one time is measured at one occasion. 
All the times shall be noted. Average values shall be calculated.  

• Programming overhead: How many extra lines of code are needed to program a 
specific component system compared to the local solution? How many extra lines of 
code are needed to program for the different parts in a specific component system 
compared to the local solution. Different parts are classes, interfaces and XML files. 
The programmer shall estimate the difficultness of the whole system of a specific 
component system and it shall be compared with the local solution. Difficultness is 
estimated on a scale from one to seven. Numbers correspond to the following values: 

 

1 – very very easy 
2 – very easy 
3 – easy 
4 – medium 
5 – difficult 
6 – very difficult 
7 – very very difficult 

 
The above definition of a logical error is described in [1]. Some of the ideas to the 
questionnaire are from [2]. Reference [38] was used to formulate the questions in an 
appropriate way. It is possible to answer all questions except the programming overhead 
question, when the local solution is programmed. First the local solution is programmed. 
Thereafter the component system is programmed. 
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2.4 The graphical user interface 

The graphical user interface shall be similar to the GUI below. 
 

 
 

Figure 1: A picture of the graphical user interface. 
 

It is an error message in the text field Error message, if something is wrong, when the 
user is going to set or get an address. In the case of setting an address, the user has to write the 
telephone number, name, street, postal code, and town. In the case of getting an address, the 
user only has to write the telephone number. When the necessary text fields are filled in, the 

buttons Get address and Set address are used to get and set the address. The data 

types of the text fields shall be in the following way: 
 
Error message: String 
Telephone number: integer 
Name: String 
Street: String 
Postal code: integer 
Town: String 

2.5 Specific things in the implementation of all systems 

The addresses will be stored in a file system (In this case it is one file.). A file system is much 
faster than a database system, which is an advantage in this experiment, when performance 
overhead is measured. The interesting thing to measure is the fastness of the client-server 
system, when performance overhead is measured. A database at the server-side would 
probably destroy these measurements, because a database is too slow. A GUI class is not used 

in the measurements of performance, because the Timer in java does not call the 

actionPerformed method every millisecond. Instead it is waiting for the 

actionPerformed method in the GUI class to finish first. The GUI class, which will be 

one class in all the programs, is replaced by a TestTime class, when the time is measured. 

Measured times are the times for setting and getting the address in the AddressClient 

class. The GUI and TestTime classes are both calling the AddressClient class. 

Therefore it will not have any impact of the time measurements, when a specific TestTime 

class is used instead of the GUI class. The time result from every measurement shall be 

written out in the Console and the time shall be written out after it has been stopped. It shall 
also be paths to the text files, where the addresses are stored. In Web Services is by default 
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the text file stored in Windows System32. It can crash the operating system, if a file in 

Windows System32 is overwritten. 

2.6 The architectures of the local solution and component systems 

The experimenters are going to follow the architectures, which are described below. It is 
important for the experimenters to implement the solutions according to the architectures. 
Otherwise the experiment will be about comparing different architectures and it is not the 
intention of this experiment.  

2.6.1 Local solution 

The class diagram of the local solution is drawn in the following way: 
 
 

<<interface>>
Address

AddressClient
AddressImplementationGUI

 
 

Figure 2: An UML class diagram of the local solution. 
 

The local solution is an example of the design pattern Proxy. It is recommended to study the 

design pattern PROXY at Internet or in a book. The different classes and the interface in the 

design pattern PROXY correspond to the following classes and interface in the local solution. 

 

• The AddressClient class corresponds to the Proxy class.  

• The AddressImplementation class corresponds to the RealSubject class.  

• The Address interface corresponds to the Subject interface.  

• The GUI class is used to test the Proxy.  
 

The test class GUI has sometimes a unidirectional link (arrow) to the Address interface, but 

here the test class GUI has a unidirectional link to the AddressClient class. There is a 

reason and it is consistency with the architectures of the component systems. From the GUI 

class there are method calls to the AddressClient class. The called methods are 
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setAddress and getAddress and these methods are in the Address interface. Both the 

AddressClient and AddressImplementation classes will implement the Address 

interface. As mentioned before, the GUI class is replaced by a TestTime class, when 

performance is measured. The local solution does not have any client or server, but in the four 
client-server systems, which will be implemented later, the different classes in the class 
diagram will correspond to classes at the client-side and server-side. At the client-side are the 

GUI and AddressClient classes. At the server-side is the AddressImplementation 

class. The Address interface is both at the client-side and server-side. 

2.6.2 Java RMI 

An UML class diagram of Java RMI is looking as follows: 

<<interface>>
Address

AddressClient AddressImplementationGUI AddressServer

«remote method invocation»

«hidden»

 
 

Figure 3: An UML class diagram of Java RMI. 
 

The Java RMI UML class diagram is similar to the local solution but not exactly the same. 

The extra AddressServer class is a difference. Java RMI is not in the same way a design 

pattern PROXY as the local solution. Instead the Proxy class is the stub class, which is 

hidden for the programmer. The stub class is called from the AddressClient class. But 

the AddressClient class in Java RMI is still a “client” as it is in the local solution. The 

stereotype “remote method invocation” is not an ordinary method call with an 

AddressServer reference in the AddressClient class. Instead it is a complex method 
call with the mentioned stub and a skeleton. The skeleton is at the server-side. It is also hidden 
for the programmer. Implementation of the “remote method invocation” is located in the 

AddressImplementation class. The AddressImplementation class is 

implementing the Address interface in an ordinary way. The AddressClient class is 

implementing the Address interface in a hidden way. This means, the implementation of the 

Address interface can not be seen in the programming code of the AddressClient class. 

Instead the implementation of the Address interface is in the stub, which the 

AddressClient class is calling. 
 

 



 9 

2.6.3 Web Services 

The UML class diagram of the Web Services program is below: 
 
 

<<indirect interface>>
Address

AddressClient AddressImplementationGUI

« remo te  method  invoca tion»

 
Figure 4: An UML class diagram of Web Services. 

 
The class diagram of Web Services is similar to the local solution. The difference is the 

Address interface. There is no Address interface implemented. Instead there is an 

“indirect interface”. The methods of the indirect Address interface are defined in the 

AddressClient class by the methods setOperationName, addParameter, and 

setReturnType. The methods are like before in the local solution setAddress and 

getAddress. Still, the implementation of the setAddress and getAddress 

methods is in the AddressImplementation class. 
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2.6.4 CORBA 

Java RMI and CORBA have a similar architecture. The UML class diagram is as follows: 
 

 

<<an IDL interface>>
Address

AddressClient
AddressImplementation

GUI
AddressServer

«remote method invocation»

«hidden» «hidden»

  
Figure 5: An UML class diagram of CORBA. 

 
There is a big difference. It is the IDL interface Address. The IDL interface is not an 

ordinary java interface. Both the client and server are implementing the IDL interface in the 
stub at the client-side and in the skeleton at the server-side. Both the stub and skeleton are 

hidden for the programmer. The AddressClient and AddressImplementation 
classes are in a “hidden” way by the stub and skeleton implementing the IDL interface 

Address. Therefore the stereotype “hidden” is used. As in the local solution the IDL 

interface consists of the getAddress and setAddress methods. The stereotype “remote 
method invocation” is as before used to mark a complex method call between the client and 
server. 
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2.6.5 Enterprise JavaBeans 

The UML class diagram of Enterprise JavaBeans is in the following way: 
 

AddressClient AddressBeanGUI

<<remote interface>>
Address

«remote method invocation»

«hidden» «hidden»

  
 

Figure 6: An UML class diagram of Enterprise JavaBeans. 
 

The architecture of Enterprise JavaBeans (EJB) is similar to Web Services. There are also 
similarities with CORBA. Similarities are the stub and skeleton. The remote interface 

Address is implemented in EJB, which it wasn’t in Web Services. The remote interface is in 

a similar way hidden as in CORBA. It is hidden in the AddressClient class and in the 

AddressBean class. For remote invocations there is also a factory interface called 

AddressHome. Other interfaces that shall be programmed but not used are two local 

interfaces and they are AddressLocal and AddressLocalHome. These interfaces are 
local, because the invocation is local. In this experiment the invocation shall only be remotely. 

The remote interface Address consists of the setAddress and getAddress methods. 

The AddressBean class corresponds in the earlier architectures to the 

AddressImplementation class. As before the stereotype “remote method invocation” is 
used to mark a complex method call. The “remote method invocation” is from the 

AddressClient class to AddressBean class.  

2.7 Evaluation 

The architectures were decided during the self-experiment, which will be described in 5,6,7,8, 
and 9. Two important things to decide in the architectures were how to separate the systems 
into appropriate classes and to decide the look of the UML diagrams. Another important thing 
was to make the architectures as simple as possible and at the same time complete. The stubs 
and skeletons were excluded in the architectures. This is an important decision in making the 
architectures simpler. Stubs and skeletons are not needed, because they are hidden for the 

programmer. It was also an important decision to use the design pattern PROXY as a starting 
point in the implementation of the local solution. Component systems are easier to 

understand, when the design pattern PROXY is used as a starting point, because there are 
similarities between the component systems and the design pattern PROXY.  The use of a file 
system was a success in the self-experiment. Time measurements gave good results with a file 
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system. The questionnaire in the designed experiment was in some way changed compared to 
the self-experiment. The changes were: 
 

• Different estimations were translated to numbers. Statistics can’t be done, if it isn’t 
numbers. 

• The number of time measurements was extended from five to ten measurements. Five 
measurements are probably not enough to have good statistics. 

• Details in the questionnaire were also changed.  
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3. The local solution 
The local solution is described in this section. The local solution is in a detailed way described 
with respect to theory and implementation. 

3.1 Class diagram and theory of the local solution 

The class diagram of the local solution is below. We have often throughout the thesis used 
reference [26] to decide how to draw the UML diagrams. The look of the class diagram was 
decided after studies of the references [5], [14] and [15]. 
 
 

<<interface>>
Address

AddressClient
AddressImplementationGUI

 
 

Figure 1: An UML class diagram of the local solution. 
 

The local solution is an example of the design pattern Proxy according to reference [15]. 

Corresponding classes and interface in the local solution compared to the design pattern 

Proxy are: 
 

• The AddressClient class corresponds to the Proxy class.  

• The AddressImplementation class corresponds to the RealSubject class. 

•  The Address interface corresponds to the Subject interface. 

•  The GUI class is used to test the Proxy.  
 

In this case the AddressClient class is a so-called virtual proxy, which is postponing the 

access to the addresses. In Java RMI according to the references [5] and [14], the Proxy 
class will for the programmer be the hidden stub. The hidden stub is called from the 

AddressClient class. In the local solution there is no stub. Therefore the 

AddressClient class has been chosen to be the Proxy class. The local solution reminds 

of Java RMI. But the hidden stub and skeleton in Java RMI have been excluded and the 
design pattern Proxy is a virtual proxy in the local solution and in Java RMI it is a remote 
proxy. A remote proxy is sending a request, which is encoded, to another address space. The 

address space is the so-called RealSubject. When the hidden parts in Java RMI have 
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been excluded, the local solution is as similar as it is possible compared to Java RMI and it is 
also as simple as possible. It is according to reference [26] a unidirectional link between the 

GUI and AddressClient classes. When the arrow is pointing from the GUI class to the 

AddressClient class, it means the GUI class contains an object reference to the 

AddressClient class. Then it is possible to make a method call from the GUI class to the 

AddressClient class. If it is an arrow from the GUI class to the Address interface it is 

only possible to call the methods in the interface in the AddressClient class, which it is 

in reference [15]. When the arrow is from the GUI class to the AddressClient class it is 

instead possible to call all methods in the AddressClient class, which makes it less 
restricted. Here it will only be calls to the interface methods. But it is anyway a unidirectional 

link from the GUI class to the AddressClient class, because it is important that the 
architectures of the client-server systems and the local solution look as similar as possible. It 

is for example impossible to have a unidirectional link from the GUI class to the IDL 

interface in CORBA, because the IDL interface is not even a java class. Therefore the GUI 
class can not contain a reference to the IDL interface. The CORBA information was from 

reference [17]. Both the AddressClient and AddressImplementation classes will 

implement the Address interface. The GUI class contains the information for building the 

graphical user interface. From the GUI class an address can be set or get. The GUI class calls 

the AddressClient class. The AddressClient class calls in its turn the 

AddressImplementation class. It is calls to the same methods in both the 

AddressClient and AddressImplementation classes. These methods are decided 

by the Address interface. A return value is returned from the 

AddressImplementation class to the AddressClient class and from the 

AddressClient class to the GUI class. Between the GUI, AddressClient, and 

AddressImplementation classes it will just be parameter passing between methods. 

The local solution does not have any client or server. But in the client-server systems, which 
will be implemented later, the different classes in the class diagram will correspond to classes 

at the client-side and server-side. The GUI and AddressClient classes are at the client-

side. The AddressImplementation class is at the server-side. The Address interface 

is at both the client-side and server-side. The information is stored in a file called 

Address.txt and the file handling is in the AddressImplementation class.  
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3.2 Class diagram of the GUI class 

The local solution is implemented according to the class diagram above. A more detailed 

description will now follow. The GUI class will look as below: 
 

GUI

+errorMessage:JTextField
+errorMessageText:JLabel
+telephonenumber:JTextField
+telephonenumberText:JLabel
+name:JTextField
+nameText:JLabel
+street:JTextField
+streetText:JLabel
+postcode:JTextField
+postcodeText:JLabel
+town:JTextField
+townText:JLabel
-getAddress:JButton
-setAddress:JButton
+p1:JPanel
+p2:JPanel
+p10:JPanel
+p11:JPanel
+p12:JPanel
+p13:JPanel
+p14:JPanel
+p15:JPanel

+GUI()
+actionPerformed(e:ActionEvent):void
+main(arg:String[]):void

JFrame
<<interface>>
ActionListener

 
 

Figure 2: A class diagram of the GUI class. 
 

The GUI class inherits JFrame and implements ActionListener. We have been using 

the attributes and the constructor in the GUI class to construct the graphical user interface. 

The method actionPerformed is used for communication with the graphical user 
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interface. There is an AddressClient object in the method actionPerformed. It is 

used to call the GetAddress and SetAddress methods in the AddressClient class.  

3.3 Class diagram of the AddressClient class 

The AddressClient class is looking as follows: 

 

AddressClient

-theAddressImplementation:Address
-theAddressIsSet:boolean
-theArraylistOfAddress:ArrayList
-milliseconds:int
-t:Timer
+timeIsMeasured: int = 0

+setAddress( theTelephonenumber:int, theName:String, theStreet:String, thePostcode:int, theTown:String):boolean
+getAddress(theTelephonenumber:int):ArrayList
+actionPerformed(e:ActionEvent):void

<<interface>>
ActionListener

<<interface>>
Address

+setAddress( theTelephonenumber:int, theName:String, theStreet:String, thePostcode:int, theTown:String):boolean
+getAddress(theTelephonenumber:int):ArrayList

 
 

Figure 3: Class diagram of the AddressClient class. 
 

The AddressClient class has two interfaces. The interface ActionListener is 

implemented by the actionPerformed method. We have been using the 

actionPerformed method to measure the time to set and get an address and it is called 

every millisecond. The Address interface is implemented by the setAddress and 

getAddress methods. 
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3.4 Class diagram of the AddressImplementation class 

The AddressImplementation class is described below. 
 
 

AddressImplementation

+setAddress( theTelephonenumber:int, theName:String, theStreet:String, thePostcode:int, theTown:String):boolean
+getAddress(theTelephonenumber:int):ArrayList
+searchAddress(theTelephonenumber:int):boolean

<<interface>>
Address

+setAddress( theTelephonenumber:int, theName:String, theStreet:String, thePostcode:int, theTown:String):boolean
+getAddress(theTelephonenumber:int):ArrayList

 
  

Figure 4: Class diagram of the AddressImplementation class. 
 

The AddressImplementation class implements the Address interface. The Address 

interface is implemented by the setAddress and getAddress methods. We did as well 

use the searchAddress method in the setAddress method.  

3.5 Answers to the questionnaire 

All questions can be answered, when the local solution is programmed except the 
programming overhead question. The answers are below. 
 

• Learning time:  The learning time was 3 hours and 10 minutes. The references [3] 
and [4] were used to get acquainted with the Java code, which was not familiar. 
Mostly, reference [3] was used. Java courses were the previous knowledge. The 
courses has most of the times used Java 1.4. Here Java 1.5 is used. 

• Time for installing:  There was no software installed, because Java 1.5 and TextPad 
were already installed. A few programs had been implemented before. Therefore it 
was not necessary to test a Hello World program. 

• Implementation time: The time to implement the local solution was 11 hours and 37 
minutes. 

• The number of compile time errors: We had 48 compile time errors. 

• The number of logical errors: The number of logical errors was 13. 

• Performance overhead: The time to set an address was 0 ms and the time to get an 
address was 0 ms. There were five measurements in both setting and getting the 
address. All measurements gave the result 0 ms. There was a need to program an extra 

java file called TestTime.java and it replaced the file GUI.java. The Timer 

did not call the actionPerformed method every millisecond, when the graphical 

user interface was used. It waited for the actionPerformed method in the GUI 

class to finish first. The TestTime class is just a short java file. Replacement of 
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GUI.java with TestTime.java had no impact of the time measurements, 

because the time is measured in the AddressClient class.  
It is an advantage to store information in a file, because a file system (In this case 

one file.) is very fast compared to a database system. The time spent to read and write 
from the file can be seen to be negligible, when the time to set and get an address is 0 
ms. The most interesting time to measure in this thesis is the time spent to 
communicate between the client and server. It can now be measured in a good way. 
When the time is 0 ms for setting and getting an address in the local solution, this 
means, all the time except the time for communication between the client and server 
can be seen as negligible.  

The test case to set an address is: 
 

Telephone number: 11111 
Name: Kalle Johansson 
Street: Gata 1 
Postcode: 12345 
Town: Växjö 
 
The test case to get an address is: 
 
Telephone number:  11111 

  
These test cases to set and get an address will even be used for the four client-server systems. 
Compilation and running of the local solution is made in the same way as for an ordinary java 
program.  
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4. Java RMI 
Java RMI is a component system. The theory and implementation of Java RMI will be 
presented here. 

4.1 Class diagram and theory of Java RMI 

RMI in Java RMI stands for remote method invocation. This client-server system will, 

according to reference [5], have an AddressClient class, AddressServer class, 

AddressImplementation class, and Address interface. The GUI class is an 

application class. The UML diagram of these classes and the interface is looking as below. 

<<interface>>
Address

AddressClient AddressImplementationGUI AddressServer

«remote method invocation»

«hidden»

  
Figure 1: An UML class diagram of Java RMI. 

 

Java RMI is a Proxy according to the references [14] and [15]. The corresponding classes 

and interface of Java RMI compared to PROXY are: 
 

• The Proxy class corresponds to the stub, which is hidden for the programmer. Calls 

are made from the AddressClient class to the stub.  

• The Subject interface corresponds to the Address interface.  

• The RealSubject class corresponds to the AddressImplementation class. 

 

One difference compared to the local solution is the AddressServer class. There is no 

AddressServer class in the local solution. The method call from the AddressClient 

class to the AddressServer class is a “remote method invocation”. It is a complex method 

call and it will be described later. Implementation of the method is in the 

AddressImplementation class. The hidden stub is implementing the Address 

interface. Therefore the AddressClient class is said to implement the Address interface 

in a “hidden” way, because the AddressClient class is calling the hidden stub. The 

stereotypes “hidden” and “remote method invocation” are used to change the original 
meaning of the relationships. It is appropriate to define new relationships with stereotypes, 

according to reference [26]. The AddressImplementation class is in an ordinary way 

implementing the Address interface. Client-side consists of the GUI and 

AddressClient classes. Server-side consists of the AddressServer and 
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AddressImplementation classes. The GUI class is in the same way as in the local 

solution calling the setAddress and getAddress methods in the AddressClient 

class. There are also changes in the implementation of the AddressClient class compared 

to the local solution. Otherwise there are only small changes of Java RMI compared to the 
local solution.  

The communication (“remote method invocation”) between the client and server is handled 
by the RMI technology and it can be described as follows: 
 

• The client is calling a stub, which is hidden for the programmer. There are three kinds 
of information in the stub:  
1. The first information is an identifier to find the correct receiver object at the 

server-side. The receiver is also hidden for the programmer and it is sometimes 
called skeleton. It is a communication between the stub and receiver. 

2. The second information is a description of the remote method.  
3. The third information is the marshalled parameters. Marshalling means, the 

parameters are encoded in some way so they can be transported over the network.  

• The stub is calling the receiver. The receiver is unmarshalling the parameters to a java 
representation. It delegates the remote method call to the server implementation 

(AddressImplementation class). The remote method is processed and a return 
value is sent back to the receiver. This return value is marshalled and sent over the 
network to the stub. Finally, the stub is unmarshalling the return value to a java 
representation and the stub is sending the return value back to the client, which can 
process it. 

 
The information to the above part comes from the references [5] (mostly), [6], and [7].  

4.2 Answers to the questionnaire 

The questions in the questionnaire were answered in the following way. 
 

• Learning time: The time spent to learn about Java RMI was 3 hours and 15 minutes. 
The previous knowledge was none.  

• Time for installing: Java 1.5 and TextPad were the only software, which were needed 
to program Java RMI. A Hello World program was found in reference [8]. The time to 
test the Hello World program was 35 minutes. This is the total time spent to install the 
software. The software is according to the questionnaire installed, when the 
programmer can run a Hello World program or somewhat similar. 

• Implementation time: The time to implement the Java RMI system was 3 hours and 7 
minutes.                                 

• The number of compile time errors: The number of compile time errors was 13.  

• The number of logical errors: We had 4 logical errors. 

• Performance overhead: The time for setting and getting an address of a telephone 
number is measured in milliseconds. Time for setting an address was in average 14 ms 
and for getting an address 13 ms. We did use 5 measurements for both setting and 
getting an address. Values for setting an address were between 12 and 15 ms. Values 
for getting an address were between 12 and 16 ms. As before, in the local solution, the 

file TestTime.java was used to measure the times. The file TestTime.java 

replaced the file GUI.java. 

• Programming overhead: The extra lines of code compared to the local solution are: 
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AddressServer: A new class. It was not needed in the local solution. There were 18 
lines of extra code. 

Address: 2 lines of extra code. 
AddressImplementation: 3 lines of extra code. 
AddressClient: 24 lines of extra code. Some code from the local solution was not 

needed. 
GUI: There was no change at all. 
TestTime: There was no change at all. 

 
Totally 47 extra lines of code were needed to program Java RMI compared to the local 
solution.  

The difficultness of programming Java RMI is estimated to be quite easy. But it is 
more difficult to program than the local solution. The extra lines of code of the 

AddressClient and AddressServer classes were quite easy. Extra lines of 

code of the other classes were not at all difficult to program.  

4.3 Implementation, compilation, and running of Java RMI  

Now it will be a description, according to reference [5], of how to implement, compile, and 
run Java RMI. 

4.3.1 Implementation 

A description of how to implement will now follow. The important steps in the 
implementation of the client will first be described. A context object is created. It is used to 
access the RMI registry. 
 
Context theNamingContext = new InitialContext(); 

 

The url is set as a string to "rmi://localhost/". The localhost is at the 
programmer’s computer. Next step is to retrieve a stub for the given name of the server 

object. This is done as below. The stub object is a reference to an Address object, which is 
located in the RMI registry. 
 
Address a = (Address) 

theNamingContext.lookup(url+"settingTheAddress"); 

 

Now it is possible to try to set an address at the server-side. The stub object invokes the 

remote method setAddress. 

 
theAddressIsSet = a.setAddress(theTelephonenumber, 

theName,theStreet,thePostcode,theTown); 

 

Next the code of the AddressServer class will be described. First an 

AddressImplementation object is created. It is the place, where the remote methods are 
implemented. 
 
AddressImplementation address1 = new AddressImplementation(); 

    

Thereafter a Context object is constructed. It is used to access the RMI registry. 
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Context theNamingContext = new InitialContext(); 

 

The name "rmi:settingTheAddress" is bounded to a receiver object, which will call a 

remote method in the AddressImplementation class. The type of address1 is 

AddressImplementation.  

 
theNamingContext.bind("rmi:settingTheAddress",address1); 

 
Finally, the server is ready to receive a remote method invocation from a client.  

4.3.2 Compilation and running 

The steps from the compilation to the running of Java RMI are a more complex process than 
otherwise. We must perform the following steps. 
 

1. First the java files with main are compiled at the client-side and server-side. 
  
javac GUI.java 

javac AddressServer.java 

 
2. In the next step the RMI registry is started. This is done in the following way in windows: 
 
start rmiregistry 

 
3. The server is started. Here the server is started in Windows. 
 
start java AddressServer 

 
4. The last step is to run the client. 
 
java GUI 

 

As usual, the file GUI.java is replaced by the file TestTime.java to test the time. 

Otherwise it is the same steps as above to compile and run. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 23 

5. Web Services 
Another component system is Web Services. Theory and implementation of Web Services 
will now follow.  

5.1 Class diagram and theory of Web Services 

The class structure of Web Services is looking as below. 
 
 

<<indirect interface>>
Address

AddressClient AddressImplementationGUI

« remo te  method  invoca tion»

 
Figure 1: An UML class diagram of Web Services. 

 
The class diagram of Web Services is similar to the local solution. The largest difference is 

the indirect Address interface. This interface is not implemented. Instead it is “indirect”. 

The methods in the indirect Address interface are defined in the AddressClient class. 

Definition is made by the methods setOperationName, addParameter, and 

setReturnType. The Address methods in the indirect interface are still the same as in 

the local solution. These methods are setAddress and getAddress. As usual, the 

methods are implemented in the AddressImplementation class. The 

AddressImplementation class is implemented in a similar way compared to the local 

solution. Client-side consists of the GUI and AddressClient classes. It also consists of 

the indirect Address interface. Server-side is offering the Web Services setAddress and 

getAddress. It consists of the AddressImplementation class and the indirect 

Address interface.  
The Web Services system is implemented in Axis. Axis is, according to reference [10], 

using SOAP to communicate between the client and server. SOAP has several advantages, 
because it is XML based. The advantageous are: 
 

• It is platform neutral. 
• Any programming-language can be used. 
• It is independent of the hardware. 
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Most of the times, according to reference [25], the communication between the client and 
server are a simple point-to-point communication. In the examples here in the thesis the 
communication is a simple point-to-point communication. The steps in such a communication 
are, according to reference [25]:  
 

• First the client is creating a request. The request is encoded to XML. The encoded SOAP 
XML request consists of a method name and parameters. 

• The client is invoking the Web Service method on the server. In a simple point-to-point 
communication the server is found by an URL. 

• Next the server is decoding the SOAP XML request. Data can be accessed after the 
decoding. Thereafter the server is processing the Web Service method. 

• The server will return a response, if the processing of the method is a success. In the case, 
the server fails in the processing of a Web Service method an error response will be returned 
from the server. 

• Now the server is encoding the response to XML. 

• An XML response is sent back to the client from the server. 

• The client is receiving the XML response. The response is decoded. 

• In the final step, the client is processing the received response. 
 
It had been three roles in the communication between the server and client, if it had been a 
complex communication. It had been a service provider, service requestor, and service broker. 

5.2 Answers to the questionnaire 

 The questions in the questionnaire will now be answered. 
 

• Learning time: The time to learn about Web Services was 11 h and 52 min. Previous 
knowledge was lectures in the Web Services course. The used references to learn 
about Web Services were [4], [5], [9], [10], [11], [12], and [13]. We have used these 
references in the Web Services part of this thesis. 

• Time for installing: It was difficult to install Web Services. The time to install Web 
Services was 24 h and 12 min. A Hello World program from the Web Services course 
was used in combination with the references [9] and [12] to test the installation. The 
software, which were installed, were software to update windows, axis 1.3, Tomcat 
5.0, activation.jar and mail.jar (The package JavaMail contains mail.jar.). Java 1.5 and 
TextPad were already installed. 

• Implementation time: The time to implement Web Services was 4 h and 49 min. 

• The number of compile time errors: We had 46 compile time errors. 

• The number of logical errors: It was 3 logical errors. 

• Performance overhead: The file TestTime.java was used instead of the file 

GUI.java to test the time. The file TestTime.java is the same as in the local 
solution. Time to set an address was in average 131 ms. The lowest value was 125 ms 
and the highest value was 140 ms. Time to get an address was in average 133 ms. The 
time to get an address varied between 124 and 142 ms. It was 5 measurements in both 
setting and getting an address.  

• Programming overhead: The extra lines of code of the java classes and interface are 
compared to the local solution. 

 
GUI.java, TestTime.java and Address.java: It is 0 extra lines of code. 
AddressClient.java: 46 extra lines of code. 
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AddressImplementation.java: 7 extra lines of code. 
 
Totally 53 extra lines of code were needed.  

The difficultness is estimated to be more difficult than Java RMI. But it is not much 
more difficult than Java RMI. The most difficult thing to program was the extra lines 

of code of the AddressClient class.  

5.3 Installation, implementation, compilation, and running of Web 
Services 

An explanation of how to install, implement, compile, and run a Web Service will now 
follow. The references were [4], [5], [9], [11], [12], and [13]. In broad outline the use of the 
references can be explained in the following way. In axis samples we used reference [13]. 
Particularly example2 in the user guide was studied more than the other examples. It was a 
calculator example. The references [4] and [5] were used to understand the URL class. The 
reference [9] was used to explain and program the Web Service. We also used reference [11] 
to explain how to have an array as a return type. The reference [12] tells about how to get 
started in Web Services in axis. The references for installing Axis/Tomcat were [28], [29], 
and [30]. 

5.3.1 Installation 

In this section it will be described how to install Axis/Tomcat. The steps are as follows:  
 

• Java 1.5 must be installed. 

• Upgrade Windows. 

• Next the software of Tomcat 5.0 is downloaded. 

• A JAVA_HOME environmental variable must be specified to the JDK. Choose Control 

panel -> System -> Advanced -> Environmental variables to have a new 
environmental variable. Thereafter choose new system variable in the lower window. 

Write the variable name and variable value. The variable name is JAVA_HOME and 

the variable value can for example be C:Program\Java\jdk1.5.0_04 or 

somewhat similar. In the environmental variable Path it shall now be a path 

…….;%JAVA_HOME%\bin. The sign “;” is used to distinguish the paths. Note it is 
recommended to avoid spaces in the variable value. 

• Tomcat 5.0 is installed by choosing add/remove program in the control panel. 

• Follow the instructions. Choose an installation directory, which does not contain any 
spaces in its name. Spaces in the name can sometimes cause problems. 

• Sometimes but not always it is necessary to copy tools.jar from 

lib\tools.jar in the jdk to common\lib in Tomcat. 

• It shall now be possible to start and stop Tomcat by choosing Start -> All programs -> 
Appache Tomcat 5.0 -> Configure Tomcat. 

• Start Tomcat and verify the installation by accessing http://localhost:8080/. The 
installation of Tomcat is completed, if the page tells the Tomcat setup is a success. 

• Download Axis 1.3. 

• Unzip the download and copy it to somewhat like C:Program\axis-bin-1_3. 

Avoid spaces in the name axis-bin-1_3. 

• It is not necessary to install an XML parser, because Java 1.5 already contains one. 
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• Copy the files in axis/WEB-INF/lib to CATALINA_HOME/common/lib. 

CATALINA_HOME is the home path of Tomcat. Note axis is located in 

%AXIS_HOME%\webapps. 

• Download activation.jar and the package JavaMail. The package JavaMail contains 

mail.jar. The jar files activation.jar and mail.jar are copied to AXIS_HOME/lib and 

to CATALINA_HOME/common/lib. 

• The next step is to set paths to the jar files in %AXIS_HOME%\lib. Three new 

environmental variables are needed. The first is AXIS_HOME, where the path is to 

somewhat like C:\Program\axis-bin-1_3\axis-1_3. The next 

environmental variable is AXIS_LIB and it will have the path %AXIS_HOME%\lib. 

The third environmental variable is AXISCLASSPATH and it will have paths to the jar 

files in AXIS_LIB. The AXISCLASSPATH will look somewhat like                                                     

%AXIS_LIB%\axis.jar;%AXIS_LIB%\jaxrpc.jar;……… and so on. It is 

important to check the names of the jar files real carefully in AXIS_LIB. One wrong 
letter will make the path to point to another place in the computer. Note the jar files 

are changing with versions of Axis. Finally the AXISCLASSPATH is added to the 

environmental variable CLASSPATH. The CLASSPATH is looking somewhat like 

……;%AXISCLASSPATH%. 

• The next step is to validate the Axis installation. First Tomcat need to be restarted. The 
validation can be done at the Internet page http://localhost:8080/axis/, where validate 
can be chosen. Axis is working when the core libraries are present. It is necessary to 
be connected to Internet to find the Internet page. Note the validation page does not 

check the paths to %AXIS_LIB%. The validation is a success and Axis isn’t working. 

Probably the paths to %AXIS_LIB% are the problem. 

• Axis is not working together with WebLogic 8.1. 

5.3.2 Implementation 

First it will be explained how to program a Web Service client (AddressClient class). 

The example will be about setting an address. First an URL address of the server endpoint is 
set. In this case, the endpoint is at the client computer. 
 
String theServerEndpoint = 

"http://localhost:8080/axis/testServices/ 

AddressImplementation.jws"; 

 
A new service is created. 
 
Service setAddressService = new Service(); 

 
A new request call is created. 
 
Call setAddressCall = (Call) setAddressService.createCall(); 
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The target endpoint is the URL address in the theServerEndpoint. It is set by the help 

of the URL class. URL is a class, which is used to point out a unique address at the net. The 

theServerEndpoint is said to be the urlString. 

 
setAddressCall.setTargetEndpointAddress(new 

java.net.URL(theServerEndpoint)); 

 

The name of the Web Service method is set. It is setAddress. 

 
setAddressCall.setOperationName("setAddress"); 

 

The required parameters of the setAddress method are set. The names of them are not 

inParameter1 and so on. But this is not a problem, because they are sent in added order, 

when the call is invoked. It is in the SOAP XML file the parameters are called 

inParameter1 and so on. It is important to state the XML type e.g. XSD_INT. All the 

parameters are in ParameterMode IN. 
 
setAddressCall.addParameter("inParameter1", XMLType.XSD_INT, 

ParameterMode.IN); 

setAddressCall.addParameter("inParameter2", 

XMLType.XSD_STRING, ParameterMode.IN); 

setAddressCall.addParameter("inParameter3", 

XMLType.XSD_STRING, ParameterMode.IN); 

setAddressCall.addParameter("inParameter4", XMLType.XSD_INT, 

ParameterMode.IN); 

setAddressCall.addParameter("inParameter5", 

XMLType.XSD_STRING, ParameterMode.IN); 

 

The return type is set to the XML type Boolean. 

 
setAddressCall.setReturnType( XMLType.XSD_BOOLEAN ); 

 
The call is invoked and the purpose is to set an address. Real names of the parameters are now 
used. Return type can not be a primitive type. There are eight primitive types in Java. It must 

be a class, which extends the class Object. The class Object is the super class of all 

classes. Boolean with a capital letter B is a class, which extends Object. The type 

“boolean” with a small letter b is a primitive type. 
 
theAdressIsSetBoolean =(Boolean) setAddressCall.invoke(new 

Object[]{theTelephonenumber, theName, theStreet, thePostcode, 

theTown}); 

 
The above lines of code are the most important ones, when a Web Service is implemented. 
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5.3.3 Compilation and running 

An explanation of how to compile and run a Web Service is as follows: 
 

1. The java files GUI.java, AddressClient.java, Address.java, and 

AddressImplementation.java are in the same directory. It does not need to be any 

specific directory.  
 

2. Compile GUI.java and AddressImplementation.java. 
 

3. The Web Service AddressImplementation.java has to be copied to the 

webapps/axis directory in Tomcat. In this program, it is copied to the directory 

webapps/axis/testServices. It is also renamed to 

AddressImplementation.jws. 

 

4. Start Tomcat. 
  

5. Run GUI.class. 
 

It is only to replace GUI.java with TestTime.java, if the time shall be measured. 

It is important to have a path to the stored file. The file is by default stored in Windows 

system32. It can crash the operating system, if a file is overwritten in Windows 

system32 or removed by mistake.  
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 29 

6. CORBA 
Theory and implementation of CORBA will now follow. 

6.1 Class diagram and theory of CORBA  
Java RMI and CORBA will have a similar architecture. CORBA shall, according to reference 

[17], have a Client, a Server, an Implementation and an IDL interface. These four 

corresponds in the UML class diagram below to the AddressClient, AddressServer, 

and AddressImplementation classes and to the IDL interface Address. The GUI 
class is an extra application class. It is separated from the AddressClient class, because it 
would otherwise be difficult to understand the code. The UML class diagram of the 
architecture is below. 
 

 

<<an IDL interface>>
Address

AddressClient
AddressImplementation

GUI
AddressServer

«remote method invocation»

«hidden» «hidden»

 
  

Figure 1: An UML class diagram of CORBA. 
 

Compared to the local solution it is one new class. It is the AddressServer class. The 

interface is not an ordinary java interface. Instead it is an IDL interface. Client-side consists of 

the GUI and AddressClient classes. Corresponding classes at the server-side are the 

AddressServer and AddressImplementation classes. The IDL interface is at both 

the client-side and server-side. The GUI class has, according to reference [26], a 

unidirectional link to the AddressClient class. There is also a unidirectional link from the 

AddressServer class to the AddressImplementation class. From the IDL interface 

a lot of stub and skeleton classes are generated, when it is compiled. The AddressClient 
class uses the stub classes to communicate with the server. The server uses the skeleton 
classes. From the programmer’s point of view, the stub and skeleton are hidden. In the stub 
and skeleton are the IDL interface implemented. The implementation of the IDL interface in 

the AddressClient class is in a hidden way, because it is calling the stub. The 

AddressImplementation class is as well implementing the IDL interface in a hidden 

way. The skeleton, which delegates the call to the AddressImplementation class, is 
implementing the IDL interface. In the same way as in Java RMI and Web Services, the 
“remote method invocation” is a complex method call. Later, the “remote method invocation” 
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of CORBA is described. The following java files and corresponding class files are auto 

generated, when the IDL interface Address is compiled.  

 
AddressPOA.java 

_AddressStub.java 

AddressHolder.java 

AddressHelper.java 

Address.java 

AddressOperations.java 
 
Stub classes come from all these java files except AddressPOA.java. Skeleton classes are 
from all java files. 

We have used the references [5] and [17] to describe the communication between the server 
and client in CORBA. The communication can be said to be the so-called “remote method 
invocation”. The basic principle in CORBA for communication between the server and client 
is RPC. RPC stands for Remote Procedure Calls. In RPC remote method calls look like local 
method calls and all the advanced things are hidden for the programmer. In CORBA, they are 
hidden in the stub and skeleton. The following things happen in RPC, when a remote method 
invocation is made. First the parameters are marshalled, which means that they are packaged 
into a request package. The request consists of the request package plus the name of the 
remote method. It is sent over the network to the server. Parameters are unmarshalled, when 
the request has arrived. Parameters are unpacked in unmarshalling. Next step is to execute the 
method. The reply is marshalled and it is sent back as a package to the client, if it is a reply 
from the method. Communication has been done in a synchronous way. This means, the client 
is blocked until the method returns to the client again. CORBA can also communicate in an 
asynchronous way. The RPC communication has been extended a lot in CORBA. But the 
basic idea behind the communication between the client and server is RPC. The CORBA 
client-server system has an object request broker at both the client-side and server-side. This 
object request broker is sometimes called the “mail distributor”. The object request broker 
translates the objects sent between the client and server. Objects are translated independently 
of the language. The IDL interface has an important task, when it comes to make CORBA 
independent of the language. An example of an IDL interface will be presented later. 
According to the reference [9], CORBA is also independent of the operating system and the 
platform of the hardware. Another important thing in CORBA is the object adapter. The 
object adapter has the role of being the connection between the object request broker and the 
implementation of the remote methods.  

6.2 Answers to the questionnaire 

The answers to the questionnaire are: 
 

• Learning time: The time spent to learn about CORBA was 13 h and 41 min. Previous 
knowledge was none. References, which were used to learn about CORBA, were [3], 
[4], [5], [9], [16], [17], and [18]. The CORBA part of this thesis has used these 
references. 

• Time for installing: The time to install was short. The reason, Java 1.5 and TextPad 
were the only software, which were needed. They were already installed. We 
implemented the Hello World example in 1 h and 55 min. The Hello World program 
was the first example of CORBA and Java programming in reference [17]. The 
software is assumed to be installed, when the programmer can run a Hello World 
example. This means, the total time to install was 1 h and 55 min.  
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• Implementation time: The time to implement CORBA was quite short and it was 2 h 
and 17 min. 

• The number of compile time errors: We had 23 compile time errors. 

• The number of logical errors: It was also 4 logical errors. 

• Performance overhead: As usual, TestTime.java was used instead of 

GUI.java to test the time. The time to set an address was in average 20 ms. There 

were measured values between 14 and 29 ms. The time to get an address was also 
measured. It was in average 24 ms and the times varied between 10 and 28 ms. As 
before, it was 5 measurements in both setting and getting an address. 

• Programming overhead: The extra lines of code of the different java classes in 
CORBA are compared to the local solution: 

 
GUI.java, TestTime.java: The extra lines of code are 0. These classes have not 

changed. 
AddressClient.java: 85 extra lines of code. 
AddressImplementation.java: 15 extra lines of code. 
AddressServer.java: 41 extra lines of code. 
Address.idl: 8 extra lines of code. The IDL interface was used instead of the java 

interface Address.java. 
 
Totally 149 extra lines of code were needed.  

So far, CORBA is estimated to be the most difficult one to program. The 

AddressClient and AddressServer classes were most difficult to program. 

Thereafter the IDL interface Address comes in estimated difficultness. The extra 

lines of code of the AddressImplementation class was not difficult to program.  

6.3 Implementation, compilation, and running of CORBA 

An explanation of how to program, compile, and run CORBA will now follow. We have used 
the references [3], [4], [5], [16], and [17]. Mainly the use of the references can be explained in 
the following way. The most valuable source in programming CORBA was reference [17]. 
Reference [17] was used to explain, program, compile, and run CORBA. Reference [16] was 
needed to program the IDL interface. We did also use the reference [5] to explain and to 
program CORBA. The references [3] and [4] were used to understand “ordinary” Java code in 
CORBA.  

6.3.1 Implementation 

Now it will be explained how the CORBA application was implemented. It will be 

descriptions of the AddressServer and AddressClient classes and the IDL interface 

Address. First it will be explained how the IDL interface Address.idl was 

programmed. First an array of length 6 is constructed. 
 
typedef string ArrayString6[6]; 
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Thereafter the setAddress and getAddress methods are defined. 

The type long in IDL corresponds to the type int in java. The type string with 

lowercase s in IDL corresponds to the type String with uppercase S in java. The in 

parameter means, it is an in value to the method. 
 

boolean setAddress(in long theTelephonenumber, 

in string theName,in string theStreet,in long thePostcode,in 

string theTown); 

 
ArrayString6 getAddress(in long theTelephonenumber); 

 

An IDL interface is always finished with ;. 
 
interface Address 

{ 

….. 

….. 

}; 

 

Next the CORBA code of the AddressServer class will be explained. First information 
about the system is retrieved. 
 
Properties systemProperties = System.getProperties(); 

 
Now the Orb is initialized. The ORB is a code library. This code library has the knowledge to 
talk to other ORBs. It has the knowledge to marshal parameters and also to unmarshal them. 
The parameters are arguments and system properties. 
 
ORB theOrb = ORB.init(args, systemProperties); 

 
An object, which has an IOR, is registered by the server application. IOR stands for 
Interoperable Object Reference. It is a long string, which starts with IOR. This string is 
uniquely describing the object. This registration makes it possible for a client to find it. But 
the client must know about the IOR. The IOR can for example be known by copying a .ref file 
from the server to the client. First the object is set to null. 
 
org.omg.CORBA.Object theObject = null; 

 
The root POA is an object adapter. It is a connecting link. The connection is between an ORB 

object and its servant (The AddressImplementation class). Root POA is registering 
and activating the servant. The root POA is first set to null. 
 
POA theRootPOA = null; 

 
The root POA reference to the ORB object is determined. 
 
theObject = theOrb.resolve_initial_references("RootPOA"); 
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The method narrow() ( POAHelper class ) is used to cast the type of the reference. It is a 

cast from the type org.omg.CORBA.OBJECT to the type 

org.omg.PortableServer.POA. 

 
theRootPOA = POAHelper.narrow(theObject); 

    

An AddressImplementation object is created. It is the place, where the IDL interface is 
implemented. 
 
AddressImplementation a_implementation = new 

AddressImplementation(); 

 
The servant is activated. It is provided with an object ID. 
 
byte[] idOfTheServant = 

theRootPOA.activate_object(a_implementation); 

 
The root POA will in the next line associate the servant with its reference. Root POA is an 
adapter between the ORB object and servant. The server object has now been registered with 

a unique IOR to an AddressImplementation instance. Remote methods in the IDL 

interface Address can now be invoked remotely from the client via the IOR of the server 
object. 
 
org.omg.CORBA.Object theAddress = 

theRootPOA.id_to_reference(idOfTheServant); 

 

A PrintWriter is created. The PrintWriter will have a file output stream to the file 

Address.ref. The “boolean” with the true value means, println methods are 
automatically flushing the output buffer. 
 
PrintWriter theWriter = new PrintWriter(new 

FileOutputStream("Address.ref"),true); 

 

IOR of the server object to the AddressImplementation instance is transformed to a 

String. 

 
String theRef = theOrb.object_to_string(theAddress); 
 

The string theRef is written to the file Address.ref. 
 
theWriter.println(theRef); 

 

Next the file output stream of the PrintWriter will be closed. 

 
theWriter.close(); 

 
The manager of the root POA is activated. 
 
theRootPOA.the_POAManager().activate(); 
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This line of code means, the object request broker is prepared to accept requests from the 
client. 
 
theOrb.run(); 

 

The AddressClient class will now shortly be introduced. The first two lines of code are 

the same as for the AddressServer class. 
 
Properties systemProperties = System.getProperties(); 

ORB theOrb = ORB.init(args, systemProperties); 

 

We have used the string theRef to read the IOR of the server object. 
 
String theRef = ""; 

 

The object theObj is used, when the theRef is cast from the type String to the type 

org.omg.CORBA.OBject. It is first set to null. 
 
org.omg.CORBA.Object theObj = null; 

 

A Scanner reads the IOR of the server. 
 
Scanner theReader = new Scanner(new File("Address.ref")); 

theRef = theReader.nextLine(); 

 

The IOR string is converted to type org.omg.CORBA.Object. 
 
theObj = theOrb.string_to_object(theRef); 

 

The object theAddress is used to invoke the method later. 

 
Address theAddress = null; 

 

Next the IOR reference is cast from the type org.omg.Corba.Object to the type 

Address. 

 
theAddress = AddressHelper.narrow(theObj); 

    
Finally the method is invoked. 
 
theAddressIsSet = theAddress.setAddress(theTelephonenumber, 

theName,theStreet,thePostcode,theTown); 

6.3.2 Compilation and running 

It will now follow an explanation of how to compile and run CORBA. First it will be two 

directories. Their names are Client and Server. In the Client directory are the files 

GUI.java, AddressClient.java, and Address.idl. In the Server directory are 

the files AddressServer.java, AddressImplementation.java, and 
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Address.idl. The following steps must be performed to have a working CORBA 

program. 
 

1. The file Address.idl in the Server directory is compiled by: 
 
idlj  –fall Address.idl 

 
There is a lot of java files created. As mentioned before, these are: 
 
AddressPOA.java 

_AddressStub.java 

AddressHolder.java 

AddressHelper.java 

Address.java 

AddressOperations.java 

 
The server needs these files. In the client case are all needed with the exception of the file 

AddressPOA.java. 
  

2. In the Server directory is the file AddressServer.java compiled. 

 
javac AddressServer.java 

 

3. In the Server directory is the file AddressServer.class run.  

  
java AddressServer 

 

4. Copy the file Address.ref from the Server directory to the Client directory. This 

must be done every time the file AddressServer.java is compiled and run. 

 

5. In the Client directory compile the IDL interface Address.idl. 
 
idlj  –fall Address.idl 

 

6. In the Client directory compile the file GUI.java. 

 
javac GUI.java 

 

7. Run the file GUI.class. 
 
java GUI 

 

It is only to replace the file GUI.java with the file TestTime.java, when the time is 

going to be measured.  
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7. Enterprise JavaBeans 
The last component system is Enterprise JavaBeans. Theory and implementation of Enterprise 
JavaBeans will now be presented. 

7.1 Class diagram and theory of Enterprise JavaBeans 

The architecture of Enterprise JavaBeans (EJB) is below. 
 
 
 

AddressClient AddressBeanGUI

<<remote interface>>
Address

«remote method invocation»

«hidden» «hidden»

 
  

Figure 1: An UML class diagram of Enterprise JavaBeans. 
 

The GUI class is at the client-side in the UML diagram. The GUI class calls the Address 

interface methods setAddress and getAddress in the AddressClient class. In the 

AddressClient class are the “remote method invocation” done. The “remote method 
invocation” is a complex method call as in the other component systems. In the 

AddressClient class is the setAddress method invoked, when an address is set. 

Implementation of the setAddress method is in the AddressBean class. The 

AddressBean class corresponds to the earlier mentioned AddressImplementation 

class. In the same way, it is possible to get an address in the AddressClient class. The 

AddressBean class consists of five compulsory methods. These methods are ejbCreate, 

ejbRemove, ejbActivate, ejbPassivate, and setSessionContext. Then there 
are business methods. Business methods are the invoked methods from the 

AddressClient class. In this case it is setAddress and getAddress. There are a 

stub and skeleton in EJB like in CORBA. The stub and skeleton are implementing the remote 

interface Address. In the same way as in CORBA, the AddressClient and 

AddressBean classes can be said to implement the remote interface Address in a hidden 

way. The AddressClient class is calling the stub. The skeleton is delegating the method 

call to the AddressBean class. It is for the programmer nearly looking like a local call to a 

method, when the AddressClient class invokes the business methods. The remote 

method call is said to have distributed transparency.   



 37 

There are another three interfaces needed in Enterprise JavaBeans. These interfaces are 

LocalAddress, AddressHome and AddressLocalHome. They will later be described 

in a more detailed way. These interfaces are always programmed in a specific way but not in 

the same way. Two XML files are also needed for deployment. The XML file ejb-

jar.xml is compulsory for all containers. The recommended containers are JBoss, 

WebSphere, WebLogic, and the server in J2EE (Java 2 Platform Enterprise Edition). Here 

JBoss is used. For the JBoss container, jboss.xml is also needed for deployment. The two 
mentioned XML files will also be described later. The structure of EJB is described in the 
references [19] and [20].   
 The communication (remote method invocation) between the client and server can be 
described, according to reference [20], as follows: 
 

• From the AddressClient class (Client class) is a stub called. The stub is a proxy 
object. From the programmer’s point of view the stub is hidden behind the scene. The 
stub has the responsibility to do calls over the network by the use of sockets. 
Parameters are by the stub converted to a network representation. 

• Next the call over the network from the stub is received by a skeleton. The skeleton is 
a proxy object at the server-side. It is also from the programmers point of view hide 
behind the scene. The skeleton is responsible for transforming the received network 
parameters to a java representation. 

• The next step for the skeleton is to delegate the call to the remote method in the 

AddressBean class (server implementation).  The AddressBean class is doing its 
work. Then a return value is sent back to the skeleton, if it is any. Even if it isn’t any 
return value, the control is anyway returned to the skeleton. The skeleton is 
transforming the return value to a network representation and it is sent back over the 
network to the stub. The stub is transforming the network representation of the return 
value to a java representation. Finally, the stub is returning the return value to the 
client. 

7.2 Answers to the questionnaire 

Now the questionnaire will be answered.  
 

• Learning time: The time to learn about EJB was 16 h and 41 min. Previous 
knowledge was none. References to learn about EJB were [19], [20], [21], [22], and 
[23]. We have used these references throughout the EJB part. 

• Time for installing: The total time to install was 14 h and 8 min. The software was 
Java 1.5, TextPad, EJB 2.1, JBoss 4.0, and software to update Windows. Java 1.5 and 
TextPad were already installed. Windows was also updated. The other software had to 
be installed. EJB 2.1 was easy to install. JBoss 4.0 was difficult to install. It was not 
possible to find a working Hello World example. Instead we used the references [19], 
[20], [21], [22], and [23] to program a Hello World example. A difficult thing to 
program in the Hello World example was JNDI. It was difficult to find a source about 
JNDI. JNDI is used to bind name or URL to an object. JNDI is also used to locate the 
JBoss server. Finally, the JNDI problem was solved. The information to solve the 
problem was found in reference [23]. The time spent to install EJB 2.1 and JBoss 4.0 
was 3 h and 49 min. We used the remaining time of the 14 h and 8 min to program the 
Hello World program.  

• Implementation time: The implementation time to implement the Address program 
in EJB was 3 h and 43 min. 
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• The number of compile time errors: The number of compile time errors in EJB was 
15. 

• The number of logical errors: It was 4 logical errors. 

• Performance overhead: As usual, TestTime.java was used instead of 

GUI.java to test the time. The time to set an address was in average 22 ms. Values 

were between 14 and 26 ms. The time to get an address in EJB was in average 21 ms. 
Times varied between 16 and 24 ms. We calculated the average value from 5 
measurements in both setting and getting an address. 

• Programming overhead: The extra lines of code in EJB are below. EJB is compared 
with the local solution. 

 
GUI.java: 1 extra line of code. 
TestTime.java: 1 extra line of code. 
Address.java: 6 extra lines of code. 
AddressBean.java: 27 lines of extra code. 
AddressClient.java: 33 lines of extra code. 

AddressLocal.java:   6 lines of extra code. The interface AddressLocal.java is 

local and corresponds to the interface Address.java in the 

remote solution. 
AddressHome.java: 5 lines of extra code. 
AddressLocalHome.java: 5 lines of extra code. This interface is local. Otherwise it is 

the same as the interface AddressHome.java in the 
remote solution. 

 
There are also two extra XML files in EJB compared to the local solution. 
 
ejb-jar.xml: 15 lines of extra code. 
jboss.xml: 9 lines of extra code. 
 
Totally it was 108 lines of extra code in EJB compared with the local solution.  

EJB is estimated to be easier than CORBA but more difficult than Web Services. 

The AddressClient class was most difficult to program. The other classes, 
interfaces, and XML files were not difficult to program.  

7.3 Installation, implementation, compilation, and running of 
Enterprise JavaBeans 

Descriptions of how to install, implement, compile, and run an Enterprise JavaBeans 
application will now be made. The references to implement, compile, and run are the same as 
for the “Hello World” example. 

7.3.1 Installation 

The software to be installed is EJB 2.1 and JBoss 4.0. We have used the references [19], [31], 
[32], and [37] to install. The software is installed in the following way:  
 

• Java 1.5 is assumed to be installed. It was also assumed Windows has been updated. 

• A JAVA_HOME environmental variable has to be specified to the JDK.  The 

environmental variables are in the Control panel -> System -> Advanced -> 
Environmental variables. Then choose new system variable in one of the windows. 
The environmental variable is more restricted in the upper window. Write the variable 
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name and variable value. The variable name is JAVA_HOME. The variable value can 

for example be C:Program\Java\jdk1.5.0_04. It can also be somewhat 

similar. In the environmental variable Path, it is now a path like 

…….;%JAVA_HOME%\bin. Note avoid spaces in the variable value. 

• Download EJB 2.1. EJB 2.1 is a jar file. Set a path to EJB 2.1. The path is to an 

environmental variable called EJBCLASSPATH. The environmental variable 

EJBCLASSPATH must be created, if it isn’t created. The environmental variable 

EJBCLASSPATH is added to the CLASSPATH. Java is looking for jar files in the 

CLASSPATH. The CLASSPATH will now look somewhat like 

………;%EJBCLASSPATH%.  

• Download JBoss 4.0. Install JBoss 4.0 by choosing add/remove programs in the 
Control panel. Follow the instructions. 

• Create a new environmental variable called JBOSSCLASSPATH. The 

JBOSSCLASSPATH contains paths to the files in the %JBOSS_HOME%\client 

directory. Before the JBOSSCLASSPATH is created the environmental variables 

JBOSS_HOME and JBOSS_CLIENT are created. The JBOSS_HOME variable will 

have a value like C:\Program\jboss-4.0.3SP1. The value of the 

JBOSS_CLIENT variable is %JBOSS_HOME%\client. Finally, it is a lot of paths 

to the JBOSSCLASSPATH and it will look somewhat like 
%JBOSS_CLIENT%\......;%JBOSS_CLIENT%\......;………  

• The JBOSSCLASSPATH is used in the bat file, which is used to run EJB. The 

JBOSSCLASSPATH can also be added to the CLASSPATH. But in this experiment the 

computer did not like it. It was too many paths to the CLASSPATH. Therefore it was 

necessary to use the JBOSSCLASSPATH in the bat file. 

• JBoss is checked to work in a correct way by running run.bat in the directory 

%JBOSS_HOME%\bin. It is run by writing run.bat in the Console and then return. 

The Console must be in the directory, where the bat file is located.  Note JBoss 4.0 

will work even if the JBOSSCLASSPATH is not correct. 

7.3.2 Implementation 

Now it will be explained how the EJB application was programmed. The files were placed in 

two directories. In the address directory were the files Address.java, 

AddressBean.java, AddressClient.java, AddressHome.java, 

AddressLocal.java, AddressLocalHome.java, and GUI.java placed. In the 

directory META-INF were the XML files ejb-jar.xml and jboss.xml placed. The 
different files are described below. 
 
Address.java: This is the interface of the remote methods. The remote methods are 

setAddress and getAddress. 

AddressLocal.java:  This is nearly the same interface as Address.java. The difference is 
the call to the methods. The call is in this case local instead of remote. 

AddressHome.java: This interface has methods to destroy and create EJB objects. The create 
method in the interface serves as a factory for EJB objects. This 

interface is used, when the setAddress and getAddress methods 
are invoked remotely. 
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AddressLocalHome.java: This interface has the same function as the AddressHome 

interface. But it is used, when the call to the setAddress and 

getAddress methods are local. 

AddressBean.java: The AddressBean class is the implementation of the setAddress 

and getAddress methods in the Address interface. At the server-

side is the AddressBean class. The setAddress and getAddress 

methods are called business methods. There are also five compulsory 

methods in the AddressBean class. They are ejbCreate, 

ejbRemove, ejbActivate, ejbPassivate, and 

setSessionContext. The setAddress method uses the method 

searchAddress. 

AddressClient.java:  From the AddressClient class are the setAddress and 

getAddress methods invoked.  
GUI.java: This class is the same as in the local solution. The only difference is the first line 

of code, which declares the name of the directory, where the file GUI.java is 
placed. This code line is:  

 
package address; 

 
ejb-jar.xml: This is a deployment descriptor. The following things are the most important 

things in an ejb-jar.xml file: 
 

ejb – name: It is the nickname of the bean.  

home: It is the home interface. 

remote: It is the remote interface. 

ejb – class: It is the enterprise bean class.  

session – type: It can have one of the two values stateless or stateful.  

transaction – type: In this case it is a Container. The Container is a middleware 
between the client and server. It handles communication between 
the client and server. 

 
Jboss.xml: This XML file is used to deploy the EJB application in JBoss. It consists of: 
 

ejb-name: It is the nickname of the bean.  

jndi – name:  It is the jndi name of the deployed EJB component, which makes it possible 

to look it up over a network. 
 

Now it will be a description of how to program a setAddress invocation in the 

AddressClient class. A getAddress invocation is programmed in a similar way. First, 
the JNDI initial context is set. JNDI is used to look up an EJB object by name over a network. 
 
Context theContext = new InitialContext(); 

 
Next a reference will be returned. The reference is a Home Object. It is called a Home Object, 

when an object implements the AddressHome interface. First the reference is of the super 

class type Object. 

  
Object theObject = theContext.lookup("ejb/Address"); 
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The Home object is a RMI - IIOP object. Therefore theObject is cast to a RMI-IIOP 

object of the type AddressHome. 
 
AddressHome theHome = (AddressHome) 

javax.rmi.PortableRemoteObject.narrow( 

theObject,AddressHome.class); 

 

The factory AddressHome is used to create an EJB Object, which has the data type 

Address. The EJB Object is retrieved by calling the create method in the AddressHome 

interface. 
 
Address setAddress = theHome.create(); 

 

Next the client invokes the remote method setAddress on the AddressBean. Return 

value is a “boolean”, which tells if the address already is set. 

 
theAddressIsSet = 

setAddress.setAddress(theTelephonenumber,theName,theStreet, 

thePostcode,theTown); 

 

Finally, the Address EJB object is removed. 
 
setAddress.remove(); 

7.3.3 Compilation and running 

Now it will be described how to compile and run an EJB application. The programmer must 

be in the directory, where the address directory is placed. The java files in the directory 

address are compiled by: 

 
javac address\*.java  

 

A jar file shall now be created. It is an address directory with the compiled .class files and 

a Meta-INF directory with the two XML files ejb-jar.xml and jboss.xml. The 

programmer must be in the directory, where the address directory and the META-INF 
directory are placed, to do a jar file. A jar file is created by the following command.  
 
jar cfv Address.jar *.* 

 

The Address.jar file is at both the client-side and server-side. It is a very small jar file. 

Separated jar files for the client and server are a little bit smaller in size. They could have 
been done for both the client and server. But the common way is to supply both the server and 

client with the same jar file. The Address.jar file is deployed in the JBoss directory 

%JBOSS_HOME%/server/default/deploy. Thereafter JBoss is started by running 

run.bat in the directory %JBOSS_HOME%/bin. In the client an Address.bat file is 

run. This bat file consists of the following information: 
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java -Djava.naming.provider.url=jnp://localhost:1099  

-Djava.naming.factory.initial=org.jnp.interfaces.NamingContextFactory  

-Djava.naming.factory.url.pkgs=org.jboss.naming:org.jnp.interfaces  

-classpath Address.jar;%JBOSSCLASSPATH% address.GUI 

 

The file, which will run is GUI.class in the directory address in the jar file 

Address.jar. Normally this had been done by: 

 
java address.GUI 

 
But there are more information needed to run the EJB client. JNDI environmental variables 
are necessary. These are: 
 

java.naming.provider.url : The JBoss server is listening at this port number. 
 

java.naming.factory.initial : This is a factory for naming services, where objects 

have been bound by names. This makes it possible 
to retrieve them later by the use of lookup. 

java.naming.factory.url.pkgs :  Objects are bound by URL instead of name, 
according to reference [24]. 

 
Class paths are also needed and they are: 
 

Address.jar : This is the jar file, which was created before. It is located in the same 

directory as the file Address.bat. 

%JBOSSCLASSPATH% : Paths to the files in the directory %JBOSS_HOME%\client. 
 

In the same way as before, the file GUI.java is replaced by the file TestTime.java to 

test the time. At the first line in TestTime.java is the extra code line: 

 
package address; 

 

This code line is added compared to the local solution. In the file AddressClient.java 

is ejb/Address replaced by ejb/TestTime. Changes have also been made to the XML 

files ejb-jar.xml and jboss.xml. It is just name changes. The jar file was named 

TestTimeAddress.jar instead of Address.jar. The bat file to run the client had also 

some name changes. Name of the bat file is TestTimeAddress.bat.  
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8. Evaluation 
The evaluation begins first with a general analyze model. In this model it is pointed out how 
to analyze the model without going into details. The second part is an evaluation of the self-
experiment in a detailed way. It is not possible to draw any major scientific conclusions from 
the evaluation, because the experiment must be done by a larger group of experimenters. 
Some results were anyway achieved. But the evaluation shall mainly be used to evaluate the 
experiment when a lot of experimenters have performed it.   

8.1 Analyze model 

The questionnaire is analyzed by calculating different average values of the component 
systems and the local solution. Average values of the component systems can be used to 
compare the component systems. The average values of the local solution can be used to 
decide the previous knowledge of the experimenters. 
  
Learning time: Average values of the learning time, the quality of the learning matter, and 

the estimated previous knowledge are calculated. 
Time for installing:   A total average value of the time for installing the software is 

calculated. The total average value is the time to install plus the time 
for having a working test application. An average value of the time for 
having a working test application is also calculated. Average values are 
as well calculated for the difficultness of installing the software and the 
quality of the installation manuals. 

Implementation time: An average value of the implementation time is calculated. 
The number of compile time errors: It is a calculation of the average value of the compile 

time errors. 
The number of logical errors: An Average value of the number of logical errors is 

calculated. 
Performance overhead:  Average values of the times for setting and getting an address are 

calculated. 
Programming overhead:   An average value of the extra lines of code of every class, 

interface and XML file is calculated. An average value of the 
extra lines of code of a specific component system is also 
calculated. Finally, an average calculation of the estimated 
difficultness of the component systems is as well made.  

 
Deviating values in the calculations of different average values shall be considered. The 
values are spread in an uneven way, when the deviations are large. This means, the values are 
not spread in a normal distributed way. A method called interquartil range can be used to 
analyze an uneven spread, where for example a range with 95 % of the values is decided. The 
spread of the values of this thesis can be expected to be normal distributed. The look of a 
normal distribution is decided by two parameters. Parameters are the mean value and the 
standard deviation. The average value is also called mean value. Standard deviation can be 
calculated by a formula with different kinds of expectation values. One expectation value is 
the average value. The standard deviation measures the spread of the values. In a normal 
distribution a range can be decided, where for example 95 % of the values are expected to be. 
This range can easily be decided from a table of standard normal distributed values. We have 
used the references [33], [34], [35], and [36]. 
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8.2 A detailed evaluation of the experiment 

The detailed analysis of the experiment consists of four parts. These four parts are: 
 

• An analysis of the times for learning, installation, and implementation. 

• The number of logical and compile time errors. 

• It is an analysis of the times for setting and getting an address. 

• The extra lines of code compared to the local solution. 

8.2.1 Comparison of the times for learning, installation, and 
implementation 

The Excel diagram below shows the times to learn, install, and implement. The diagram 
shows as well the total time to learn, install, and implement. Time is in hours. The systems are 
the local solution and component systems. 
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Figure 1: The figure is showing the total time to learn, install, and implement with 
respect to the local solution and component systems. 
 
Difficultness of the systems was in order estimated to: 
 

• Local solution 

• Java RMI 

• Web Services 

• EJB 

• CORBA 
 
The first system is the easiest. In the diagram above isn’t the learning time and 
implementation time coinciding with the estimated difficultness. The learning time depends 
on three factors. This is the explanation of the lack of coincidence. The factors are the 
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difficultness of the system, gained experience, and the quality of the learning matter. Gained 
experience will not be a factor in the designed experiment, because the experimenters are 
implementing the local solution plus one component system. The local solution is reused in 
the implementation and in the learning of the component systems. Therefore it can only be a 
comparison between the component systems. The local solution is excluded in the 
comparison. But the times for learning and implementation of the local solution can be used 
to analyze the impact of the previous knowledge of the experimenters. The time to implement 
a component system depends on four factors. The factors are the quality of the learning 
matter, the difficultness of the component system, gained experience, and the extra lines of 
code compared to the local solution. As earlier mentioned, gained experience is not a factor in 
the designed experiment. The installation time depends on gained experience, the difficultness 
of installing the software, the number of software, and the quality of the installation manual. 
Total time to install, learn, and implement a component system is a measurement of the total 
difficultness of the component system. It is interesting to see, if the relationship between the 
total times to install, learn, and implement the component systems are the same as the 
estimated difficultness of the component systems. They are probably not equal. But they can 
be equal. All the times to learn, implement, and install is also depending on the previous 
knowledge of the experimenters. More Excel diagrams, which can be done, are: 
 

• Learning time of the component systems are compared to the quality of the learning 
matter and the estimated difficultness. 

• Implementation time of the component systems are compared to the estimated 
difficultness of the system, the estimated quality of the learning matter, and the extra 
lines of code compared to the local solution. 

• The estimated previous knowledge of the local solution is compared to the learning 
time, installing time, and implementation time of the local solution for each 
component system group. 

• Estimated previous knowledge of the component systems can be compared for each 
component system group. 

• The total times to install, learn, and implement the component systems can be 
compared to the estimated difficultness of the component systems. 

 
These Excel diagrams are not done in this thesis, because they would not tell anything. In the 
self-experiment is gained experience a factor, which is excluded in the designed experiment. 
But the suggestions of the above Excel diagrams can be used to analyze the designed 
experiment, when several groups have performed it. 
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8.2.2 The number of logical and compile time errors 

This diagram is showing the number of compile time and logical errors. 
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Figure 2: The figure shows the number of compile time and logical errors. 
 

One obvious conclusion can be drawn. In the above diagram, the number of logical errors is 
less than the number of compile time errors. Gained experience makes it impossible to draw 
any conclusions in a comparison between the systems. As mentioned before, this is not any 
problem in the designed experiment. The number of compile time and logical errors depends 
on four factors. These factors for the components systems are the number of extra lines of 
code, the difficultness of the component system, previous knowledge, and the quality of the 
learning matter. More Excel diagrams, which can be shown, are:  
 

• The compile time and logical errors are compared to the quality of the learning matter, 
the extra lines of code compared to the local solution, previous knowledge, and the 
estimated difficultness of the component system. 

• The number of compile time errors per logical error for the component systems. 

• The number of compile time and logical errors in the local solution can be compared 
for each component system group. This is one more way to decide the previous 
knowledge. 

 
A comparison between the local solution and the component systems can not be made, 
because the component systems are reusing code from the local solution. 
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8.2.3 The times for setting and getting an address 

The diagram below is a comparison between the times to set and get an address. 
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Figure 3: Comparison between the times to set and get an address. 
 

The times for setting and getting an address for each system is nearly equal. It does not seem 
to be any difference, when the methods for setting and getting an address are used. But there 
can be differences, which can have an impact of the time measurements. Two differences are 
the sent and returned parameters of the set and get methods. The method for setting an address 
has five parameters sent and the method for getting an address has one parameter sent. The 
type of the parameters, which is sent and returned are not equal for the methods to set and get 
an address. The local solution is the fastest, because the local solution is local. Java RMI is 
fastest among the component systems and next comes CORBA and EJB. CORBA and EJB 
are quite equal in speed. Web Services are slowest. As mentioned before, it is very good, 
when the times for setting and getting an address are 0 milliseconds in the local solution. 
Then, all times for setting and getting an address can be excluded except the time for 
communication between the client and server. 
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8.2.4 The extra lines of code of the component systems 

The diagram is showing the extra lines of code of the component systems compared to the 
local solution. 
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Figure 4: The diagram is showing the extra lines of code of the component systems 
compared to the local solution. 

 
CORBA needs most extra lines of code compared to the local solution. At second place is 
EJB. Java RMI and Web Services need fewest extra lines of code and both need around 50 

extra lines of code compared to the local solution. The extra lines of code of the GUI and 

TestTime classes were zero except for EJB, where one extra line of code was needed. The 

Address interface was an indirect interface in Web Services. It was not implemented, which 
means zero extra lines of code compared to the local solution. The explanation of the indirect 
interface is in the earlier Web Services part. The other component systems had some kind of 

Address interface. There were AddressClient and AddressImplementation 

classes in all component systems. The AddressServer class was only implemented in 

Java RMI and CORBA. Other extra lines of code means, extra lines of code compared to the 

local solution, where the extra lines of code are not from the GUI class, TestTime class, 
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Address interface, AddressServer class, AddressClient class, and 

AddressImplementation class. Other extra lines of code were only needed in EJB. 
They were used to implement three interfaces and two XML files. The interfaces were 

AddressHome, AddressLocal, and AddressLocalHome. The XML files were ejb-

jar.xml and jboss.xml. 
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9. Conclusions 
The conclusions, which can be drawn, are as follows: 
 

• A final experiment was designed. It can be done by a larger group of experimenters. 

• The evaluation of the experiment will probably give a lot of results. From the self-
experiment it can not be drawn any major amount of conclusions, because it has not 
been done in a scientific way. But when a larger group of experimenters have 
performed it. It will be possible to draw scientific conclusions. 

• The architectures of the component systems were decided to follow a structure, which 
makes it possible to compare the different classes of the component systems in one 
Excel diagram. 

• Some conclusions from the evaluation can be drawn. Learning time depends on the 
quality of the learning matter and the difficultness of the component system. 
Installation time depends on the difficultness to install the software, the number of 
software, and the quality of the installation manuals. Implementation time depends on 
the difficultness of the component system, the extra lines of code of the component 
system compared to the local solution, and the quality of the learning matter. The 
number of compile time and logical errors depend on the number of extra lines of code 
of the component system compared to the local solution, the difficultness of the 
component system, and the quality of the learning matter. The times for learning, 
installing, and implementing and the number of compile time and logical errors 
depend on the previous knowledge of the experimenters. Previous knowledge can be 
analyzed by studying the times to learn, install, and implement in the local solution. It 
can also be analyzed by studying the number of compile time and logical errors in the 
local solution. The previous knowledge is as well estimated by the experimenters.  

• The experimenters can get stuck, when they try to install Axis/Tomcat and JBoss 4.0. 
It can be necessary to give the experimenters an installation manual. The descriptions, 
which were made earlier in the thesis, of how to install Axis/Tomcat and JBoss 4.0 can 
be used as manuals at a Windows XP Home computer. 

• It was difficult to find good Internet sources about CORBA. A book was found in the 
library. But they will need several books, if it is several experimenters. It can be 
necessary to buy books. In EJB it was not possible to find any good Internet source. 
Instead books were bought from the Internet book store BOKUS to implement EJB. 
Somehow it is necessary to solve the source problem. Otherwise the experimenters can 
not perform the experiment. It can for example be solved by letting the experimenters 
buy books in the Internet book store BOKUS, which cooperates with 
Akademibokhandeln. 
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10. Fault sources 
 

• It will destroy the result of the experiment, if the experimenters begin to give each 
other hints about how to solve it. 

• It is important to analyze deviating values. They can depend on measurements, which 
have been performed in a wrong way.  

• The equipment can be a problem. The experimenters need to have the same 
equipment. Planning of how to have the same equipment is important. It is specific 
important, when it comes to measure times in performance. It is suggested, the 
experiment is performed with some kind of Windows XP Home computer, because the 
experiment in this thesis was performed at such a computer and it worked. But it can 
probably be performed at other computers as well, because most of the software can 
be run at most of the platforms. One equipment problem is the fastness of the 
computers. All time measurements can be 0 ms, if the computers are too fast. 
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