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1 Sammanfattning 

Företaget Tjörns Musik och Service HB behövde ett affärssystem speciellt utformat 
efter deras behov. Systemet de efterfrågade behövde kunna hantera både försäljning, 
uthyrning och service av produkter samt diverse administrativa uppgifter som var tätt 
bundna med dessa aktiviteter. Systemet måste vara distribuerat då det var mycket 
möjligt att det skulle komma att användas i en butiksmiljö med flertalet säljterminaler 
uppkopplade mot en server. Utvecklarna, jag och min kollega, beslöt sig för att använda 
C# som implementations-språk och .Net som ramverk. MySQL valdes ut som databas 
hanterare. Vi utvecklade en prototyp som innehöll de efterfrågade funktionerna och som 
bestod till huvuddelen av tre delar: server, klient och en administrativ klient. Den 
komplexa affärslogiken i systemet resulterade i att flera krav ändrades under 
utvecklingens gång. Den här magisteruppsatsen utvecklingsarbetet och dess resultat. 
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2 Förord 
Rapporten skrevs i två omgångar, den första efter att analysfasen genomförts och den 
andra delen efter att systemet hade realiserats. Systemet utvecklades tillsammans med 
Patrik Olsson. Vi deltog både i samtliga delar av utvecklingsprocessen då vi båda hade 
stort intresse av dessa. Den här rapporten innehåller dock bara författarens åsikter och 
slutsatser. Jag vill passa på att tacka min examinator, Universitetslektor Steven Kirk, för 
hans handledning. 



 A distributed business system developed in C# 

 iv 

Innehållsförteckning 

1 Sammanfattning ............................................................................................................ii 
2 Förord...........................................................................................................................iii 
1 Introduction...................................................................................................................1 
2 Background ...................................................................................................................1 
3 Work boundaries...........................................................................................................2 
4 Development Team.......................................................................................................2 
5 Methods.........................................................................................................................2 

5.1 An overview of .NET ....................................................................................... 2 
5.2 An overview of C#............................................................................................ 2 
5.3 An overview of UML and OOA/D................................................................... 2 
5.4 Reasons for a Distributed System..................................................................... 3 
5.5 Satellite Assemblies .......................................................................................... 3 

6 The development process..............................................................................................3 
6.1 Requirements .................................................................................................... 3 
6.2 Analysis – Use-cases ........................................................................................ 4 
6.3 Design ............................................................................................................... 7 
6.4 Realization and Implementation....................................................................... 8 

7 Results ...........................................................................................................................9 
7.1 The administrator client .................................................................................... 9 
7.2 The Client ....................................................................................................... 11 

8 Conclusions .................................................................................................................12 
9 Future work .................................................................................................................12 
10 Acknowledgements .....................................................................................................12 
11 References ...................................................................................................................13 

Bilagor 

A Common Acronyms and Abbreviations ......................................................................14 
B Use-cases - Graphs and figures ..................................................................................15 
C Design, Result scenarios - Graphs and figures ...........................................................37 
D Code, emails ...............................................................................................................51 
E Requirements Documents ...........................................................................................53 
F Use-cases ....................................................................................................................56 
 
 

  



 A distributed business system developed in C# 

 1 

 

A Distributed Business System in C# 
 
 

Jonas Versén 
Tessingatan 1b, 461 41 Trollhättan 

Communicating author: jonas.versen@student.htu.se 
 
 

Summary 
 

Tjörns Musik och Service HB needed a specially 
designed business system to handle their business 
requirements. The system had to be able to handle 
sales, rental and service transactions as well as a 
number of management tasks that were tightly 
connected to these activities. The system had to be 
distributed since it was likely to be used in a store 
with several sale terminals. The developers, my 
colleague and I, decided to use C# and the .Net-
framework for this task. MySQL was selected as the 
database manager. We developed a prototype with 
all the requested features consisting of mainly three 
parts; the server, the client and a special 
administrator client. Because of the complex 
business logic involved several requirements 
changed during the development. This thesis work 
describes the development process and the result of 
it. 
 
1 Introduction 

A number of different business systems exist on 
the market today. There are several systems for 
large scaled environments that can handle almost 
any task you can come to think of. They however 
cost a large sum of money; a sum not all smaller 
companies can afford to pay, especially if they do 
not make use of half the functions included in these 
business packages. There are also many different 
business systems for smaller companies that are not 
as costly. These systems however do not handle as 
many tasks as the more expensive systems. A small 
company with specific needs will find that finding a 
business system suited for their needs, at an 
affordable price, might be impossible. The best way 
for a small company to buy a business system 
exactly suited for their needs is to contract someone 
to develop it for them. My colleague Patrik Olsson 
and I were contracted for this task.  

In the background section of this report you can 
read more about why the system was developed. 
The next section called “Work boundaries” will 
define what limitations we setup upon agreeing to 
develop the system, it is followed by a brief 
presentation of the development team and how the 
work was carried out. In the methods section the 
reader can learn about the different techniques that 
were used during the development. The 

development section will present the requirements 
that were the base for the development of the 
application and the use-cases that were found when 
analysing the system. It will then go on to describe 
how the system was designed and finally end with 
discussing how the system was realized. The Result 
section will then display the result of the work by 
presenting a number of different scenarios and 
explain how they are carried out. To end the report 
there is a “Conclusions” section that will gather the 
author’s thoughts about the project and a “Future 
Improvements” section that will list what 
improvements that can be done. 

 
2 Background 

Tjörns Musik och Service HB is a small company 
situated on the island of Tjörn outside the west 
coast of Sweden. It is a small company mainly 
active within the music industry. Its main business 
is selling and renting professional musical 
equipment and light equipment. The company also 
handles repairs for this kind of equipment, either 
repairing equipment themselves or sending 
equipment to other specialists . 

Lately the company has also started activities in 
the computer industry where they build custom 
configured computers for customers. 

All together Tjörns Musik deals with a lot of 
professional light, musical and computer equipment 
that should all be possible to sale, rent or service. 
This has created a great need for a business system 
that can handle all the different processes involved 
in a sales system, like keeping track of different 
item’s quantities and produce order lists when 
required. One of the unique requirements that 
Tjörns Musik had on this business system was that 
all products that are for sale must als o be possible 
to rent. The company had not been able to find such 
a system available for a reasonable amount of 
money considering the company’s small size. 

So far the company has worked with the program 
SPCS Administration which has not been exactly 
fitted for the company’s needs. For example SPCS 
Administration has only support for sales and 
suppliers management, which makes the part of 
rental and service impossible to manage using that 
system. To solve these issues, some requirements 
have sprung from Anders Inberg’s experience of the 
sales system used by OnOff. This system has many 
of the functions that the result of this master thesis 
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work also will have. A great drawback of OnOff’s 
system is  in my  opinion, the lack of a graphical user 
interface. Therefore me and my co-worker Patrik 
Olsson intend to design an end product that 
conforms to the standard Windows® look and feel. 
This should guarantee that the client will be easy to 
use and understand.  

In the future it is quite possible that the system 
will be used in a business store environment. The 
system will also be accessed from remote locations. 
An example of this is when the system is used out 
on the field, where the system for example will 
allow a salesman to show a product and its 
specification to a customer and then commit a sale. 
Therefore it is essential that the system is a 
distributed Client/Server system. 
 
3 Work boundaries 

The system produced will be a prototype. Further 
enhancements and tuning may be needed to make it 
fully operational in a commercial environment. The 
prototype should conform to the requirements 
agreed upon between the development team and 
Tjörns Musik och Service HB. See the Requirement 
section in this report. 

 
4 Development Team 

The development team will consist of me and my 
co-worker Patrik Olsson. We will work together on 
all phases of the development from the requirement 
specification to the implementation phase. We have 
decided to work this way because we are both 
interested in all parts of the development and we 
both want the experience it brings.  This report 
however contains my own conclusions about the 
reasons for this project, the methods we used and 
the results of it. 

 
5 Methods  

5.1 An overview of .NET 

Microsoft’s .NET is said to be an evolution of 
their previous technologies COM and DCOM. 
Simply put .NET is a framework for creating 
components. The .NET framework can be used by 
any language that supports the CLS, Common 
Language Specification. In 2002 there were already 
about twenty different languages that could be said 
to be .NET compliant. Since .NET components 
share a common type system they can interact 
regardless of the implementation language [1]. 
.NET only runs on Windows platforms as of today, 
but it has the potential of being platform 
independent. When code is compiled in .NET it is 
not compiled into binary code, but into something 
called Intermediate Language, or simply IL [1]. IL 
is similar to what in Java is known as bytecode. The 
IL-code is compiled into binary platform specific 
code by a JIT-compiler upon execution. The 

difference between Java and .NET is that in .NET 
there are more than twenty languages that can be 
compiled into IL-code compared to Java’s one 
language. .NET also remedies what has become 
known as “DLL Hell”. This refers to the situation 
where different programs overwrite dll-files with 
obsolete or wrong dll-files. .NET provides a robust 
versioning system for dll-files. Another great 
advantage is the location transparency achieved 
using .NET [1]. Code looks the same whether you 
are working with a remote or local object. 
Simplicity when working with remote objects 
shortens development time and saves financial 
resources in the end.  

 
5.2 An overview of C# 

C# (pronounced c-sharp) is Microsoft’s latest 
addition to the family of C programming languages. 
The first member was simply named “C”, and was 
followed by C++. C++ differed from C in that it 
was Object Oriented. Instead of thinking in 
sequences of code object orientation made the 
programmer model real life objects, for example 
busses or customers. So what is new with C#? C# is 
said to be the first C-language that is  Component 
Oriented. A component can be said to be a group of 
independent objects working together. Under the 
.NET framework a component is usually called an 
Assembly and is manifested in a dll-file. 
Component Orientation was one design goal of C#. 
Another was to make everything an object. In many 
other object oriented languages there are “magic” 
types, in C# everything is simply an object. C# has 
also been extended with several new primitive 
types like Decimal, SQL and Collections that 
simplifies development. Robust and durable 
software production was another design goal of C#. 
Therefore C# utilizes garbage collection, exceptions 
and type-safety. With type-safety it is impossible to 
use un-initialized variables and unsafe casts. Both 
are possible reasons for not easily detected errors. 

 
5.3 An overview of UML and OOA/D 

UML is en abbreviation for Unified Modelling 
Language. UML was created by Grady Booch and 
Jim Rumbaugh in 1994. UML has become a 
globally accepted language for software blueprints 
as Philippe Kruchten states in the foreword of [2] 
and the UML was adopted in 1997 as a standard by 
the OMG, Object Management Group. Kruchten 
states that programming is fun, but that it is hard to 
develop quality software and that it is hard to go 
from ideas to finished systems. To take this step 
you need to define the problem and how to solve 
them using clever analysis and design. UML is a 
diagramming notation language that helps you do 
this in a visual and presentable way. OOA/D is an 
abbreviation for Object Oriented Analysis and 
Design. The development team will use OOA/D to 
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help the system go from idea to reality. As stated in 
[2] knowledge about an object oriented 
programming language like java or C# is not 
enough to create a robust system. Neither is 
knowledge about UML enough. The most 
important thing is to think in terms of objects [2], 
this is what is important to succeed with creating 
robust and effective systems. That is why UML and 
knowledge about an OOP language is necessary for 
creating this business system, but OOA/D is the key 
to making it robust and efficient. OOA/D is closely 
related to the prerequisite activity of requirements 
analysis and therefore a case study should begin 
with defining use-cases, even though they are not 
usually object oriented [2]. The analysis phase 
focuses on investigating problems and requirements 
while the design phase emphasis creating a 
conceptual solution for solving the problems and 
requirements defined during the analysis phase. 
This is summarized in [2] with the following 
statement: 

 
“Do the right thing (analysis), and do the thing 

right (design)” 
 
In this work the development team will use the 

previously mentioned use-cases to find out all 
requirements. These are described by [2] as simply 
written stories, but popular tools in the 
requirements analysis and an important part of the 
unified process. Interaction Diagrams and Design 
Class diagrams will be constructed to help the team 
understand how to solve all problems and 
requirements. Interaction diagrams show the flow 
of messages between the software components in 
the system by showing the invocation of methods 
[2]. Design Class Diagrams show classes of the 
system and their methods and variables. They also 
show how software classes are connected to each 
other. 
 
5.4 Reasons for a Distributed System 

A business system like the one we are building 
could very well be used in a medium-scaled 
environment as in a small environment. In a 
medium-scaled environment many salesmen and 
managers might be accessing and manipulating data 
at the same time. Some sort of database manager 
will be needed to serve the clients the data they 
need. Databases are complicated software that 
typically requires high-end, expensive hardware. By 
distributing the system’s data source many clients 
can share the same data instead of local copies and 
money for database hardware can be concentrated 
to one place [1].  

Another requirement that rises in a business 
system dealing with large sums of money is the 
need for security. By distributing an entry point for 
access to a database we can ensure that all clients 
identify themselves properly or they can be denied 

access. By distributing the access mechanisms for 
the database we also get a convenient way of 
logging anything that is done in the system. You 
could think of this as putting our data source behind 
a firewall and anything going in and out can be 
controlled by the system developer. 

 Since it has been decided that a manager should 
be able to adjust certain settings in the system it is 
also necessary to keep some of the business logic 
on a central server. One important principle in 
distributed programming according to [1] is to 
localize related concerns. This means that objects 
that interact a lot should not be dis tributed away 
from each other since this will increase the network 
load. This is something we need to have in mind 
when we distribute some of the business logic of 
the system. 

The business system will be distributed over 
three physical places; the business client on one 
machine, the server on one machine and the 
database manager on another machine. The server 
will act middle-hand in the communication between 
business client and database manager. 
 
5.5 Satellite Assemblies 

In [1] satellite assemblies are defined as 
resources containing for example strings or bitmaps 
that needs to be customized for several spoken 
languages and that can not contain code. The need 
for this sprung from the fact that the company that 
has ordered the system wants a Swedish system 
while our examinator does not speak Swedish. 
Together with the fact that we can never know who 
will use our system in the future made us decide to 
use satellite assemblies to localize strings in the 
system. The two languages we hope to make use of 
are English and Swedish, English being the system 
default language. But other languages can easily be 
added later on if the need would arise. 

 
6 The development process 
6.1 Requirements 

To start the development process a requirement 
document was produced in cooperation with Anders 
Inberg and Patrik Olsson, my co-developer. This 
document can be seen in its whole in Appendix E. 
This section will outline a summary of its contents  
and the next section will go into further detail as the 
use-cases we found using these requirements are 
described. 

After the requirements discussion with Anders 
Inberg and Patrik Olsson the following general 
requirements were agreed upon: 

 
• Employee management – The system 

should be able to store data about 
employees and the manager should be 
able to add, edit and search for 
employees. 
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• Order Management – A manager should 
be able to produce product orders 
addressed to different suppliers that are 
known to the system. When an order has 
been sent and a supplier has delivered 
the products ordered it should be 
possible to “clear” an order, meaning 
that those products will be added to the 
inventory. 

• Supplier management – The system 
should contain data about the suppliers 
that the company uses. 

• Product Management – The system will 
store information about the products the 
company has for sale or rental. Products 
will be associated with different 
categories. 

• Customer Management – Information 
about customers and their previous 
purchases should be recorded by the 
system. The system will not record 
customer’s social security numbers, but 
rather their birthdates. 

• Sale transactions – The system should 
provide a salesman a quick and easy 
way to sell a customer a product. It 
should also be possible to revoke a sale 
if the customer returns the product. 

• Rental transaction – Everything that can 
be sold should also be able to be rented. 
The system should therefore supply the 
salesman with a quick and reliant way of 
checking a product’s availability and 
then perform a rent to a customer. 

• Service errands – The company should 
be able to take in any product, whether 
sold or not by the company, for service. 
If the product was bought from the 
company the link between that sale and 
this service transaction should be 
recorded. The salesman should be able 
to record information like the product’s 
serial number and its current state. 

• Logging -All transaction that modifies 
data, either by updating it, deleting or 
adding new data should be logged into a 
new database. 

 
 

6.2 Analysis – Use-cases 

6.2.1 Use-case selection 
Of the many use-cases we found I have chosen to 

present some of the more important ones here. 
There are four main parts of the client, and those 
are the sale, rental, service and customer parts. Each 
part has a number of what I have judged to be key 
use-cases. What differentiates these key use-cases 
from the other use-cases is that they are normally 
top-level use-cases that can trigger a number of 

smaller use-cases. I have used this as a thumb rule 
to decide which use-cases are key use-cases and 
worth mentioning in the report. I have however 
made both additions and subtractions from this rule 
where I have seen fit. I think this overall will give 
the reader a good view of what the system’s basic 
functions should be. At the end I have added some 
miscellaneous use-cases that are not top level use-
case but are still important to the system. One of 
those use-cases that is involved in almost every 
other top level use-case is the identification use-
case that is used for identification a salesmen or 
managers. See figure 1 in Appendix B for a picture 
of it. In the manager client I have chosen to show 
the top level use-cases for category and product 
management, employee management and supplier 
management. The use-cases presented here are what 
is called as the “real use-cases”. The use-cases 
which were produced together with Patrik Olsson 
can be seen in detail in Appendix F. 

 
6.2.2  Sale use-cases 

There are two top level use-cases that can be 
triggered when dealing with sales. These are Create 
sale and Revoke/return sale. See figure 4 in 
Appendix B for a graphical presentation of all the 
use-cases related to a sale transaction. 

 
Real use-case: Create sale 

See figure 2 and 3 in Appendix B for a graphical 
presentation. The salesman adds products either by 
entering the product id in the “product id” textbox, 
or by searching for them by pressing the button 
“…” which brings up the product search form. 
From the form a product can be dragged in to the 
sales list. The salesman can also directly enter items 
into the sales list. The salesman can then proceed 
by pressing next which will bring up a receipt for 
printing. 
 
Real use-case: Return sale 

See figure 6 in Appendix B for a picture of the 
form a salesman will presented with when revoking 
a sale. The salesman will find the product that the 
customer wants revoked by entering the receipt 
number. He can then revoke the entire receipt or 
just the selected item. 

 
6.2.3 Rental use-cases 

As with the sale use-cases there are two top level 
use-cases, Create Rent and Search Rent. Search 
Rent however extends one important use-case I 
have chosen to present here; Return rent. All rental 
use-cases can be seen in figure 5 in Appendix B. 

 
Real use-case: Create Rent 

The salesman first needs to find the product to be 
rented and then find an existing customer. He can 
do this by clicking the “…” button which will bring 
him either to the product search form or the 
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customer search form from where a product or a 
customer can be dragged. He then selects start and 
ending date and adds the item to the rental list. 
When done he proceeds to the next step to complete 
the rental and print receipts. See figures 7 and 8 in 
Appendix B. 
 
Real use-case: Search rent 

The salesman can find an ongoing rental by 
searching for Product Details, Customer Details or 
Rental Details. Rental Details includes rental 
number, start and ending date. The salesman 
indicates on which type of information he would 
like to in his search by selecting one of three 
radiobuttons. See figure 9 in Appendix B for a 
picture. 
 
Real use-case: Return rent 

The salesman first finds the product that is being 
rented as specified in use-case Search rent. He can 
then choose to end the rent by right-clicking it and 
selecting “Return Rent”. See figure 9 in Appendix 
B. 
 
6.2.4 Service use-cases 

As figure 10 in Appendix B clearly shows, the 
service use-cases are a comp lex structure. There are 
however three use-cases that can be considered top 
level, and those are: Search Service, New Service 
Order and Finish Completed Service. There is also 
a fourth use-case that is a little special, Edit Service. 
It has another primary actor since it can only be 
triggered by a serviceman. 

 
Real use-case: New service order 

A new service errand will fire up a series of 
forms that allows the salesman to set specific 
settings for this new service errand. If the customer 
is an existing customer for example the salesman 
can enter the customer id. If instead the customer is 
a new customer the salesman is taken to a “New 
Customer” dialog. We are going to implement these 
dialog forms with what is commonly known as a 
“Wizard”. Figures 11 and 12 in Appendix B both 
show steps in the process of creating a new service 
errand. 
 
Real use-case: Search Service 

The salesman can choose to search after an 
ongoing service by either entering the service 
identification number or the service status. If he 
knows the date that the service errand was initiated 
at he can search for the service using that 
information. He can also search for service errands 
that are tied to a specific customer. If the customer 
does not know his customer id number the salesman 
can start the customer search dialog by clicking the 
“…” button in the Customer details box. Finally, 
the salesman can search for product details like 
manufacturer or model number. A requirement for 

this is that the product in service also exists in the 
company’s product registry. This can be seen in the 
sample form shown in figure 12 in Appendix B. 
 
Real use-case: Finish completed service 

After a salesman has found a service errand by 
doing the operations described in use-case Search 
Service he can right-click and choose to finish the 
service. This will start the process of payment and 
receipt printing. Figure 12 in Appendix B shows the 
right-click menu. 
 
Real use-case: Edit service 

This use-case requires that the salesman that 
identifies himself belongs to the group 
“servicemen” or of course “managers”. When the 
serviceman has found the service to be edited using 
the same process as described in use-case Search 
Service he right-clicks on the service. He can then 
choose to edit the service which will bring up a new 
form with the service details. 

 
6.2.5 Customer Management use-cases 

From the customer use-cases I have selected Add 
Customer and Search Customer to display here. 
The Customer Management use-cases can be 
viewed in figure 28 in Appendix B. 

 
Real use-case: Add Customer 

The salesman first selects if the customer should 
be a person or a company. He can do this selection 
using two radiobuttons at the top. Since a customer 
can use another delivery address than his own there 
are also delivery address fields. If the customer 
wants to use his own address as the delivery 
address the salesman can easily copy the customer 
data to the delivery address by pressing the button 
“Copy ->”. See figures 29 and 30 to see the 
differences between adding a private customer and 
a company customer.  

 
Real use-case: Search Customer 

First the salesman indicates if he is searching for 
a company customer or a private customer by 
selecting one of two radiobuttons. Then he fills out 
the desired search information and presses 
“Search”. Search results are presented in the 
listview below the search fields. 
 
6.2.6 Category and Product Management 

use-cases 
You can view all Category Management use-

cases in figure 13 in Appendix B. I would like to 
focus on Add Category and Move products which I 
feel are two important use-cases. In Product 
Management I have chosen to show the use-cases 
for Add product and Search product. Product 
Management use-cases can be seen in figure 14 in 
Appendix B. Category and Product management 
will be integrated with each other in the GUI. 
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Real use-case: Add Category 

The manager first navigates to a category where 
he would like to add the new category in. He can do 
this by expanding and collapsing categories in the 
treeview to the left. If he wants the new category to 
be a root category he selects “Product 
Management” in the treeview. The manager then 
right-clicks on the selected category and selects 
“Add new category”, this brings up a new input 
dialog box. The manager enters the new category 
name and presses “Ok”. The new category is then 
created in the category that was selected before 
right-clicking. See figures 15 and 16 in Appendix B 
for an example of how to perform the process. 
 
Real use-case: Move products 

One of several products can be moved from one 
category to another by selecting them in the 
listview to the right of the form and dragging them 
to the desired column in the left treeview. When 
doing this product numbers needs to be changed as 
well as old sales records needs to be updated. 
Therefore this is a very costly use-case. 
 
Real use-case: Add product 

The manager starts by navigating to the desired 
category using the tree structure to the left of the 
form. After reaching the desired target category the 
manager either right-clicks in the right part of the 
form and selects “Add product” or he can reach the 
same menu item by selecting the “Product 
Management” menu. See figure 20 in Appendix B 
for a picture of the context menu shown when right 
clicking the listview. When “Add product” is 
clicked a new form becomes visible. See figure 17 
in Appendix B. Here the manager can fill out 
product details and decide if this  product should be 
considered when creating automatic ordering lists. 
If so, the manager can control what the lowest 
amount in the stock should be and how many items 
that should be ordered in the automatically created 
order lists. The manager can also drag and drop 
files to the “Objects related to the product” 
container. Here additional product information can 
be stored like pictures and product specifications. 
Figure 23 in Appendix B shows how a salesman 
will see these items when viewing product details in 
the business client. The new product is added by 
clicking the “Save” button and the process is 
cancelled by repeating the same procedure used to 
view the “Add product” form. 
 
Real use-case: Search Product 

The manager can view the search form either by 
right clicking the listview to the right and then 
selecting “Search Products” or by selecting “Search 
products” on the Product Management menu. See 
figure 20 in Appendix for an example of the context 
menu shown in the listview. A third way to view 

the search form is to right-click a category and 
select “Search in category”. This can be seen in 
figure 15 in Appendix B. This will open the search 
form with the category identification number 
entered in the product id field. This is because all 
product identification numbers consists of their 
category id before their own id which is only 
unique in the current category. When the search has 
been performed the special category “Search 
results” is selected automatically. This category 
always displays the products that match the current 
set search filter, so you can always return here to 
view the results of your last search. Figure 19 in 
Appendix B shows this while figure 18 shows the 
search form. 
 
6.2.7 Employee Management use-cases 

In the graphical user interface, employee 
management is very similar to product and category 
management. The difference is that the categories 
are in this case employee groups like salesmen and 
servicemen and they can not be renamed or deleted. 
New groups can not be added. I have chosen to 
show Edit Employee and Search Employee. 

 
Real use-case: Search Employee 

The manager can find an employee manually by 
looking in the group the employee is a member in. 
He can also display the search form by right-
clicking the employee group and selecting “Search 
in group” which will bring up the search form and 
let the manager search in the specified group. The 
manager may also view the search form by 
displaying the context menu in the right listview 
and then selecting “Search Employee”. This menu 
choice is also available from the “Employee 
Management” menu that becomes visible when 
Employee Management is opened. The manager 
may search on several employee details like 
employment identification number, contact 
information or date of birth. The search form can be 
seen in figure 22 in Appendix B. When the search 
is done the special category “Search Results” is 
shown in the treeview. This category always 
contains the result from the last search. 
 
Real use-case: Edit Employee 

The edit employee use-case contains the same 
fields as the add employee use-case. You can see 
those fields in figure 24 in Appendix B. A manager 
does not only need to add information about the 
employee, his salary and date of birth. He also 
needs to store information about the employee’s 
closest relative. The manager can of course also 
store additional comments about the employee. 

 
6.2.8 Supplier Management use-cases 

By keeping track of what products comes from 
what supplier and what price was paid for a product 
we can more easily make good decisions about 
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what price to put on a product and when to order 
new items. Supplier management is also important 
for to auto-generated order lists, since every order 
lists needs to be addressed to only one supplier. The 
Supplier Management part of the admin client may 
seem to be a small and simple part form its use-
cases, but it is indeed an important part of the 
program. I have chosen to display use-cases Add 
supplier and Search supplier. All use-cases can be 
shown in figure 25 in Appendix B. 

 
Real use-case: Add supplier 

By selecting the “Add Supplier” node in the 
treeview to the left the Add supplier form is shown 
to the manager. Here information like contact 
person and “our customer id” can be stored together 
with additional information about the supplier. The 
“save” button completes the process and adds a new 
supplier to the supplier database. 

 
Real use-case: Search Supplier 

By selecting the “Search Supplier” node the 
manager is presented with the Search supplier form 
(figure 27, Appendix B). Here he can search on 
several supplier specific details. The search will 
generate a list of results that is shown below the 
search details fields. By right-clicking these results 
the manager can view, edit and delete suppliers. 
 
6.2.9 Miscellaneous use-cases 

There are some use-cases that are involved in 
many other use-cases, these can also be said to be 
key use-cases. I have chosen the use-cases Logging 
and Identification . 
 
Real use-case: Logging 

This use-case does not have an interface since the 
actor is the system itself. Every action that writes 
something to a database in the system should be 
logged using this use-case. 
 
Real use-case: Identification 

Whenever an operation is started in the business 
client an Identification dialog is shown. The 
salesman always needs to identify himself with a 
pin-code before being allowed access to the system. 
Since a salesman must be able to leave a client 
computer unguarded or use the client computer of a 
co-worker identification is always needed for every 
new action performed. The use-case can be seen in 
figure 1, Appendix B. 

 
6.3 Design 

6.3.1 Limitations 
During the analysis phase we realized that the 

defined requirements (which were subject to 
changes) could come to change a lot during the 
design and implementation phases. Because of this 
we decided to setup a strict design over how the 

server-side would be constructed while we decided 
to have a very loose design when it came to the 
client-side implementations. By using this method 
we defined a strict way for the clients to 
communicate with the server while we kept it 
possible to very quickly change the appearance and 
design of the clients as requirement details  changed. 

 
6.3.2 Server-side 

The server provides two different main 
components which are exposed to the client for use; 
transactions and a way to read from the database 
connected with the server. To allow the clients 
read-access from the database a special 
readFromDb -object exists which makes it possible 
for the clients to be allowed full read access to the 
existing tables of the server-side database. A 
number of transaction-classes also exist, each one 
with its special area of use. These transaction 
classes are “SaleTransaction, RentTransaction, 
ServiceTransaction and MiscTransaction”. These 
all inherit from the abstract super class Transaction. 
Transaction defines a number of methods that its 
child classes can either use or override when 
necessary. Sale transactions are used when a sale is 
committed, rent transactions when submitting a 
new rent and service transactions when customer 
hands in a product for service. The 
MiscTransaction-object does not have a specific 
purpose like the other transaction objects; instead it 
was designed to be general enough to cover all 
situations that are not covered by the other 
transaction objects. Much like the readFromDb-
object it gives the client a larger freedom by 
allowing the client to directly manipulate the 
database using SQL-statements. It is used 
especially in the administration client. All the 
transaction objects except for the MiscTransaction 
object are obliged to follow certain rules that are 
specific for each transaction type. These rules are 
implemented using three rules objects named 
SaleRules, ServiceRules and RentalRules. These 
objects all inherit from a BusinessRules class that 
defines some general rules like what the maximum 
discount an ordinary salesman is allowed to use. 
Each object than implements class specific methods 
like the “calculatePrice” specified in the 
RentalRules-class that contains the business logic 
for calculating the price of an object based on its 
sale price and the rental time. Similar the SaleRules 
contains methods for controlling the amount 
available in stock for a certain product and 
controlling the price a salesman wants to sell a 
product for. 

One of the most important objects, perhaps the 
most important object in the system is the 
TransactionConnection object that each 
Transaction class uses. This object is responsible 
for establishing the connection with the database 
and then executing a number of SQL-statements. If 
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an error occurs during anyone of these statements 
all of the already executed statements are rolled 
back. This provides all transaction classes, 
including MiscTransaction with a transaction 
security. Without this security errors could cause 
data corruption as the database would contain 
invalid records. These invalid records could in turn 
cause problems for the client and possible crash the 
entire application. I therefore consider this the 
single most important class in the system. The code 
for the TransactionConnection class can be viewed 
in Figure 2, Appendix E.  

There is one class in the design-class that has not 
yet been discussed that deserves a better 
explanation. It is the LogObject class. Its purpose is 
to independently log all SQL-statements executed 
by the TransactionConnection class. After 
discussions with Anders Inberg we came to the 
conclusion that at the time this object was not 
needed. This is because the most important actions, 
transactions are already for natural reasons recorded 
in the database. LogObject is however easy to 
implement in the future if a higher need of control 
is needed. For the LogObject to be useful for an 
administrator an interface for analysing the logs it 
will create is also needed. The entire Server Design-
class diagram can be seen in Figure 1, Appendix C 
and a Collaboration Diagram over the transaction 
process can be viewed in figure 2. 

 
6.3.3 Client-side 

One non-functional requirement was clear to the 
developers: the need for speed. It was important 
that the clients were very quick and did not suffer 
from lagging. Because of this much of the business 
logic was chosen to be implemented on the client 
side. However, because of the complex business 
logic that became apparent during the analysis 
phase it was not possible to design the clients at an 
early stage. The clients were developed using a 
more evolutionary approach using the use-cases as 
a base. 

 
6.4 Realization and Implementation 

6.4.1 Development environment 
The fact that the development team where located 

at two different physical locations made the 
requirements on coordination extraordinary high. 
To meet these requirements we needed a quick and 
smooth way of sharing our code with each other. 
We decided to setup a CVS system with a number 
of different modules. The computer holding the 
CVS system was located in Gothenburg, connected 
to the internet with an ADSL connection and 
running Windows XP as its OS. The CVS server 
used was CVSNT [3] and the CVS client used was 
WinCVS [4]. The modules that were created were 

 

• Server – Everything concerning the 
server. 

• Client – Everything concerning the 
client. 

• Admin – Everything concerning the 
administration client. 

• Codebase – Objects being used in both 
the normal client and the admin client. 

• Database – The entire MySQL database. 
• Documentation – Rational Rose 

documents and other documents. 
 
Since it had to be possible to work with the 

development not only online, but offline as well , all 
databas e connections had to be using a local 
database. This produced the need for a database 
module that would contain all the tables of the 
database that the developers could check in and out 
during the work. The need for a codebase module 
arose when certain elements, like the quick search 
control were needed in both the administration 
client and the normal client. Having these objects at 
two places would have complicated the 
development process. 

The tools used during the realization and 
implementation phases were Visual Studio and the 
.Net framework. C# was used as the development 
language. MySQL is used as the database manager 
and ODBC is used to provide a bridge between .Net 
and MySQL. 
 
6.4.2 Server 

As explained earlier the design for the server had 
been setup pretty strict and therefore the realization 
of the server was also the most straight-forward. 
Since it is the core of the system it was also the first 
part to be developed. Worth noting is that the 
SaleTransaction and RentalTransaction classes had 
to be exposed as Client Activated objects which lets 
them keep their state for a certain period of time. 
This is a difference from the other exposed classes 
which are exposed as Well Known Objects of 
singleton type. This means that one object on the 
server will serve all client requests [1], we can not 
use that when dealing with sale or rental 
transactions that need to stay alive and dedicated to 
one transaction for a period of time . A service 
transaction however is created and executed 
immediately. 

 
6.4.3 Client and Administrator client 

One part of the client that we found to be 
challenging to implement at the start was the “New 
service” use-case. We had decided to implement 
this use-case using what is commonly known as a 
Wizard. A Wizard is a series of dialogues that helps 
and guides the user through a complicated process. 
We thought this was perfect for the “New service” 
use-case which had a number of different 
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alternatives, each one affecting the other. After 
some thought on how to create a professional 
looking wizard my colleague decided to look for 
existing components for creating wizards. After 
some searching we found an existing framework for 
creating wizards created by James Johnson. After 
receiving his permission to use the framework in 
our thesis works (see figure 1, Appendix D) we 
decided to use his implementation instead of 
spending time on reinventing the wheel. Some 
samples of the wizard can be seen in figures 11 and 
12 in Appendix B. 

To achieve a high level of usefulness and 
easiness the GUI was tweaked several times during 
the implementation. And the final result was in 
many cases very different from what was produced 
during the use-cases. Most operations in the clients 
are now accessed through a GUI that resembles 
what can be seen in figure 17, Appendix B. The 
treeview to the left is used to let the user navigate 
between common tasks for the active part of the 
system in. Sometimes a listview is placed to the 
right and is used to display a series of items like in 
figure 17 where products belong to a specific 
category is shown in the listview. In this case forms 
are displayed below the listview when the user 
needs them. In simpler cases, like with figures 26 
and 27 in Appendix B that displays the supplier 
management in the administrator client, no listview 
exists. Instead the treeview is simply used to toggle 
two different forms  to the right on and off. It is my 
opinion that this “explorer” -like interface will make 
most windows users feel at home and quickly pick 
up on how to work with the system.  All parts of the 
administrator client use this design while the 
ordinary client uses it for customer and product 
management. Rental transactions, sale transactions 
and service transactions use very specific designed 
interfaces. See the result section for more about 
these. 

 
6.4.4 Codebase 

Codebase is the name of a series of objects that 
are used both in the ordinary client and the 
administrator client. It came to be because the need 
for several general graphical components in both 
projects arose. The objects that make up the 
codebase project are: 

 
• BaseControl 
• BaseListView 
• InputDailog 
• QuickSearch 

 
The BaseControl inherits a UserControl which is 

a standard component in the .Net framework. It 
then exposes a reset function which goes through 
all textboxes, certain labels, checkboxes, listviews, 
radiobuttons in the control and resets them to their 
initial state. 

The BaseListView inherits a ListView and 
contains functionality for sorting the items in the 
listview by any column that the user desires. The 
items can be sorted in an ascending or descending 
order. It also contains a method for resizing the 
columns after their column names or column data. 

The InputDialog is an ordinary form that exposes 
a textbox and two buttons allowing the user to 
cancel or submit his input. The constructor lets the 
developer set the descriptive text labels that appears 
in the dialog. It can be used in any situation where 
some sort of text input is required from the user. 

The QuickSearch control inherits BaseControl 
which is explained above. QuickSearch is a handy 
control for making fast searches. It receives a data 
table of records together with one or more columns 
specified as the “search”-columns. It will use these 
columns in the data table to determine what to 
search after. It also receives one or more columns 
that specifies which column or columns in the data 
table that contains the unique id for a data row. If 
the controlled should be used for product searching 
it will be manufacturer and model columns that are 
the searchable columns and the product id together 
with the category id will be the id-columns used to 
identify the product. Last the control takes the 
“calling”-textbox as an argument. When double-
clicking an item in the quick search list, its id will 
be inserted into this textbox. Whenever the control 
looses focus it will make itself invisible. The logic 
for showing the control must be implemented in 
each form using it. We have decided to trigger the 
quick search control by typing “?” in different “id”-
textboxes through the program. The quick search 
control can be viewed in figure 3 in Appendix C. 
 
7 Results 

I have decided to describe the results of my work 
by showing how selected scenarios would be 
carried out by a salesman or manager. In each 
scenario I have tried to give a sample of actions that 
might be required from the system. 

 
7.1 The administrator client 

6.1.1 A new employee scenario 
A shop has hired a new employee. A Manager is 

given the task to create a new employee in the 
administration client. The manager selects 
“Employee Management” which brings up a new 
window. He selects “Add employee” from the 
employee management menu now visible in the 
main window. He then proceeds to fill out the 
employee information like seen in figure 4 in 
Appendix C. The manager can either let the new 
employee enter his personal code himself or he can 
let the program generate a random personal code. 
The personal code must consist of the characters a-
Z or numbers 1-9. When the manager is done he 



 A distributed business system developed in C# 

 10 

clicks the save button and the new employee data is 
added to the system database. 
 
6.1.2 Employee searching and changing 

One of the shops employees has moved to a new 
address. In the process he also lost the note with his 
password and unfortunately he can not remember 
the password. A manager is given the task to make 
the necessary changes. The manager first brings up 
the search employee form after starting up the 
employee management. He can do this by right-
clicking in the listview to the right and select 
“Search employee”, this brings up the search form 
that can be seen in figure 5, Appendix C. The 
search results will be displayed in the listview 
above the search form. The manager can then right-
click the employee and choose to edit the employee. 
This can be seen in figure 6, Appendix C. The 
employee’s old password is not stored in clear text 
so it is shown as four stars. The manager has to 
select a new password. When done he saves his 
changes by clicking “save”. If an employee has quit 
his job the manager can simply choose to deactivate 
him. It is not possible to delete an employee. 

 
6.1.3 Editing an existing supplier 

When the manager of a store brings up the 
supplier management interface he is first presented 
with two choices; “View all suppliers” and “Search 
results”. This can be seen in figure 10 in Appendix 
C. When “View all suppliers” is selected all 
suppliers are shown in the window to the right. The 
manager can then, either by right-clicking in the 
listview to the right, or by using the supplier 
management menu select to add, edit or search for 
suppliers. In this case the manager selects a supplier 
and edits it. This brings up a form with the supplier 
data. The manager edits it and can then save it by 
using the save-button. 

 
6.1.4 Creating new categories and products 

A small store has decided to start selling 
computer articles. The store manager starts up the 
administration client, identifies himself and starts 
the Product Management. He is then presented with 
the current categories and products that exist. He 
starts by opening the “Product Management” 
category and navigating to the proper place where 
he thinks the new category “Computers” will fit in. 
He decides that the “Computer” category should be 
directly under “Product Management” and right-
clicks to select “New category”. This can be viewed 
in figure 7 and 8, Appendix C. When the new 
category is created he selects it and creates another 
category “Harddrives” since this is the first 
shipment he has received. The manager then right-
clicks the right lis tview and selects “Add product” 
to bring up the “Add product”-form. He then 
proceeds to fill out the form with product data until 
finished. The manager can even drag and drop files 

that should be associated with the product, for 
example pictures or music files. See figure 9 in 
Appendix C. If a product ends up in the wrong 
category the manager can simply drag and drop the 
product to another category. Additionally, the 
system supports using a barcode scanner together 
with product management. 

 
6.1.5 Creating an order 

The decision to start selling computer products 
has been a success for the small store. All hard 
drives have been sold out and new ones need to be 
ordered from a supplier. The manager starts up 
order management which can be seen in figure 11, 
Appendix C. The default form shown is the “Add 
order”-form so the manager immediately starts 
filling out the information. He knows that Dustin 
AB is the supplier they use when buying hard 
drives, but he does not remember what supplier id 
they have. Instead of bringing up the supplier 
management he enters a question mark into the 
supplier-id field. This launches a quick search 
control, like the one seen in figure 3. The manager 
enters “d” as in Dustin in the quick search control 
and Dustin AB is shown in its result list. By double 
clicking “Dustin AB” the quick search control is 
closed and Dustin’s id inserted into the supplier-id 
box. Now the “Add products” part of the form is set 
to enabled and the manager can find products that 
this supplier has in the same manner, using quick 
search, as when he found Dustin’s supplier id. 
When the manager has found a product that he 
wants to be in this order he adds it by clicking “Add 
to order list”. If the manager tries to change the 
supplier after adding products to the order he is 
warned that all products that he has added will be 
cleared if he goes on. When the manager is done 
with the order he can either save it or send the 
order. If the manager sends the order, the supplier 
will receive his order and process it. In this case the 
manager chooses only to save the order, this way he 
can wait a couple of days to see if he needs to order 
anything else. When he clicks “Save” he is 
presented with a dialog allowing him to name the 
order, he names it “Dustin AB_Harddrives”. 

A couple of days later the manager decides to 
send his order. He first finds the order by going to 
“Waiting orders” in the treeview. There he selects 
“Dustin AB_Harddrives” and edits it by right-
clicking it. The manager can then do any changes 
he wants to and when done he click “Send order”. 
What happens now is that the order become un-
editable since the order has been sent. The order 
can now be found under “Pending orders”. 

 
6.1.6 Clearing an order 

Under “Pending orders” the manager can find all 
the orders that have been sent to suppliers. When 
the merchandise arrives from a supplier the 
manager simply edits the order. The “Send order” 
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button has been replaced with a “Clear order” 
button. The rest of the edit order form has been 
disabled, except for the product list. If the supplier 
has sent all the products ordered the manager 
simply clicks the “Clear order” button which will 
update the store’s product inventory and remove the 
order list from view. If the supplier could not send 
all items ordered the manager can double-click each 
product in the product list to clear that item alone. 
The quantity for that item will then be updated. The 
edit order form can be seen in figure 12, Appendix 
C. 

 
7.2 The Client  

6.2.1 A new sale 
The salesman starts by identifying himself to the 

system when starting up “New sale”. He is 
presented with the interface shown in figure 13, 
Appendix C. The first thing he needs to do is to find 
out the product id. He can do this either by bringing 
up the product management section, which looks a 
lot like a read-only version of the one described in 
the administrator client, or by doing a quick search. 
Like earlier, the quick search control is brought up 
by entering a question mark. When the salesman 
has found the product that the customer is interested 
in buying he adds the product to the current sale by 
clicking the “Add item” button. If the salesman 
wants he can add a comment, for example if the 
product being sold has a lower price because it has 
been used as a demonstration product. Current price 
for the entire sale is displayed at all times. 
Depending on the product being sold and store rules 
a customer id might be needed. The salesman can 
start up the customer management module if the 
customer is not a registered customer or do not 
remember his customer id. When everything is 
done the customer can select a number of ways to 
pay. If he selects to pay with credit card or by cash 
the form shown in figure 14, Appendix C is 
displayed and the salesman can end the transaction 
by clicking “Confirm transaction”. A salesman can 
sell a product to a discount if there are special 
reasons. However, a salesman is only allowed to 
lower the price of a product with a predefined 
percent. A manager however can set any price he 
wants to. In situations where a products price 
should be lowered more than the predefined percent 
a manager needs to identify himself by pressing the 
“Manager Id” button in figure 13. The sale will be 
registered to the logged in salesman, but the 
managers identity will also be recorded together 
with the sale. 

 
6.2.2 Revoke sale 

A customer has decided to return the product he 
bought and has brought back the product to the 
store the day after. A salesman starts up “Revoke 
sale” and finds the sale by searching for the 

customer’s id. This can be seen in figure 15 in 
Appendix C. When the right sale is found it can be 
opened for further inspection by double-clicking on 
it. This will open up the window shown in figure 16 
in Appendix C. This  window shows all the sale data 
like what salesman sold the products, at what time 
and what products that were sold and to what 
prices. Now, all the salesman needs to do, to revoke 
a sale is to right-click a product and select “Revoke 
sale”. He is then presented with the form shown in 
figure 17, Appendix C which lets the salesman 
enter how large sum the customer should obtain. By 
pressing the “Revoke” button the item is sold back 
to the store. It will still be shown on the receipt list 
but it will not be possible to revoke again. 

 
6.2.3 New rent 

A customer has asked to rent pair of speakers that 
is normally sold. Since it was a requirement at the 
development that any item could be rented this 
proves to be no problem for the salesman. He starts 
up the program, selects “New rental”. In this case it 
is more important to the customer that he able to 
hire speakers at a specific date rather than what 
model of speakers he is renting. Therefore the 
salesman starts with filling in the starting and 
ending dates for the period that the customer wants 
to rent the speakers. An example of this screen can 
be seen in figure 18, Appendix C. The four month-
calendars below the starting and ending dates will 
later help to show what dates a product or products 
are available. When the salesman has filled in the 
dates he selects the next tab marked “Products”, 
this tab can be seen in figure 19, Appendix C. The 
salesman starts with filling in the product id of the 
product to be rented; as usual he can start up 
product management and drag and drop a product 
into the product id box. If the product is already 
being rented during that period of time a month 
calendars will display those dates. If one of these 
dates are selected the listview to the right will 
display who is renting the item and for how long. 
Note that this does not mean that no items are in 
stock, it only shows that there are other items of 
this product being rented at the time. If everything 
is ok the salesman goes on and clicks “Add item” 
and the item is transferred to the third tab, labelled 
“Rent list”, this can be seen in figure 20, Appendix 
C. In this tab the total rental sum is displayed and 
the salesman can select between different payment 
methods. If several items are selected for renting, 
their availability dates can be seen in the month 
calendars displayed in figure 18, Appendix C. 
When everything is done and the customer id has 
been entered in tab 1 the salesman proceeds by 
clicking next. After the customer pays the salesman 
the rental is submitted. 
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6.2.4 Return rent 

As a customer returns a rental product a salesman 
needs to find the rent in the computer system. There 
are two ways to do this, either by searching for the 
rental agreement id or searching for the customer 
id. In this case the customer has forgotten his rental 
agreement at home, but after a quick search in the 
customer management module his customer id was 
found. The salesman now selects to search for the 
rental and is presented with the search form shown 
in figure 21, Appendix C. Returned rents are 
displayed in red. The salesman double-clicks the 
rent he is interested in and is presented with the 
screen shown in figure 22, Appendix C. This screen 
shows information about the rent, to mark the rent 
as returned the salesman only needs to click the 
“Return rent” button. 

 
6.2.5 New service 

A customer arrived with a MP3-player he bought 
from the store less than a month ago, he says the 
sound is of poor quality and is convinced that 
something is wrong. The salesman starts by 
identifying himself to the system as he starts up a 
new service errand. The customer is not a registered 
customer, which he needs to be to hand in his mp3-
player for service. So the salesman registers him 
using the customer management module and then 
proceeds with the service by filling out the new 
acquired customer id. Next the salesman has a 
number of choices seen in figure 23, Appendix C. 
First he has the choice whether the equipment is 
something owned by the store or by a customer. In 
this case it is a customer that wants to hand in an 
item for service. Secondly the salesman can select 
whether a receipt exists or not, a receipt must exist 
for any warranty to be valid. This customer has 
brought his receipt so the salesman checks the 
receipt checkbox and clicks next. This brings him 
to the step shown in figure 24, Appendix C. If the 
customer did not had a receipt the salesman would 
have been taken to another step where he could 
have filled out the product details, now he can 
simply search for the receipt number and select the 
item or items from the receipt that should be 
serviced. Finally, the last step is to fill out 
additional information about the product. The 
salesman notes that the player has a small dent in 
the side and records this. He also records the 
problem with poor quality to the servicemen will 
now what to look for. This can be seen in figure 25, 
Appendix C. The next screen will finish the new 
service as the data is transferred to the server. The 
total cost can not be determined until the product 
has been serviced. 

 
8 Conclusions  

I and my colleague managed to develop the 
requested application. The complex business logic 

however proved to be very time consuming and the 
development stretched several months longer than 
we had expected. This is an experience I will carry 
with me in future projects, that even if a system 
does not require a complex design it might still be 
very complex if it has a large set of rules and use-
cases that defines its business and presentation 
logic. 

The techniques and methods that were used 
during the development proved to work well, as 
expected. The developers greatly appreciated both 
the .Net-framework and the C#-development 
language. 

A prototype was developed with almost all of the 
basic functionality that was requested from the 
start. Some requirements changed during the 
development process, some were deemed a lower 
priority, like logging every transaction to a read-
only database, and some requirements were added; 
like being able to use a barcode scanner. 

The end result of this thesis work is not a 
business system ready for implementation, but a 
prototype that is well on its way.  

 
“The system that was developed had all the basic 

functionality that was requested implemented in an 
easy to understand interface. It more than fulfils my 
expectations.” 

 
- Anders Inberg, CO Tjörns Musik och Service 

HB. 
 

9 Future work 
The system does not contain a part for finding 

and finishing services. This is because the 
contractor has not been clear about all the details, 
and after agreement this will not be included in this 
first prototype. 

Some parts of the system needs to be optimized, 
mainly the database accessing, if the system should 
be used in larger scaled environments. 

It is desirable that the administrator client is 
extended with possibilities to fine-tune settings that 
are now hard coded into the system. 

Satellite assemblies could be implemented to a 
higher degree. Right now satellite assemblies are 
only used to demonstrate the technique in the main 
form of the client. I considered it to be outside the 
scope of this thesis work to translate the entire 
system into Swedish. 

Logging capabilities could be improved and a log 
analyzer developed. 

Since this is a prototype, extensive testing and 
bug-fixing remains to be done. 
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Appendix A - Common Acronyms and Abbreviations  
 
Abbreviation  
ADSL Asymmetric Digital Subscriber Line 
CLS Common Language Specification 
CVS Concurrent Versioning System 
COM Component Object Model 
DCOM Distributed Component Object Model 
DLL Dynamic Link Library 
GUI Graphical User Interface 
IL Intermediate Language 
JIT Just In Time 
ODBC Open Database Connectivity 
OMG Object Management Group 
OOA/D Object Oriented Analysis/Design 
OS Operating System 
SQL Structured Query Language 
UML Unified Modelling Language 
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Appendix B - Use-cases - Graphs and figures 
 
Figure 1, Identification 

 
 
Figure 2, New Sale – Step 1 
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Figure 3, New Sale – Step 2 
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Figure 4, Sale use-cases 

 
Figure 5, Rental use-cases 
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Figure 6, Revoke Sale 
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Figure 7, New Rental – Step 1 
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Figure 8, New Rental – Step 2 

 



 A distributed business system developed in C# 

 21 

Figure 9, Search Rental 
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Figure 10, Service use-cases 
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Figure 11, Create new Service – step 1 

 
 
Figure 12, Create new Service – Final step 
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Figure 12, Create new Service – Final step 
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Figure 13, Category Management use-cases 

 
Figure 14, Product Management use-cases 
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Figure 15, Create New Category  

 
 
 
Figure 16, New Category Input Dialog 
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Figure 17, Add Product use-case 
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Figure 18, Search product form 



 A distributed business system developed in C# 

 29 

Figure 19, Search product results 
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Figure 20, Product Management context menu 

 
 
Figure 21, Employee Management use-cases 
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Figure 22, Search employee 

 
 
Figure 23, Product details in the business client 

 



 A distributed business system developed in C# 

 32 

Figure 24, Edit employee 

 
 
Figure 25, Supplier Management use-cases 
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Figure 26, Add supplier 

 
 
Figure 27, Search supplier 
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Figure 28, Customer Management use-cases 

 
Figure 29, Add Customer - Company 
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Figure 30, Add Customer - Person 
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Figure 31, Search Customer 
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Appendix C - Design, Result scenarios - Graphs and figures 
 
Figure 1, Server Design-class diagram 
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Figure 2, Transaction Collaboration Diagram 

 
 
Figure 3, The quick search control  
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Figure 4, Add employee scenario 

 
 
Figure 5, Search employee scenario 
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Figure 6, Edit employee scenario 

 
 
Figure 7, Product management scenario  

 
 
Figure 8, Product management scenario – New category 
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Figure 9, Product management scenario – Add 
products

 
 
Figure 10, Supplier Management 
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Figure 11, Order Management – Add order 

 
 
Figure 12, Order Management – Edit order  
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Figure 13, New sale scenario  

 
 
Figure 14, New sale scenario - Payment  
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Figure 15, Revoke sale -search 

 
 
Figure 16, Revoke sale - receipt 
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Figure 17, Revoke sale – return sum 

  
 
Figure 18, New rent – Tab 1 
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Figure 19, New rent – Tab 2 
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Figure 20, New rent – Tab 3 
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Figure 21, Return rent – Search 

 
 
Figure 22, Return rent – Rental details 
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Figure 23, New service – step 2 

 
 
Figure 24, New service – step 3 
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Figure 25, New service – step 5 
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Appendix D - Code, Emails 
Figure 1, Copyright question email 
Copyright question about wizard framework 
Från: James Johnson [mailto:jtjohnson@takklesoft.com]  
Skickat: den 4 april 2003 19:27 
Till: ds99paol@thn.htu.se 
Ämne: RE: [CodeProject] License for using your work? 
 
> We are two students in Sweden working on our thesis project (creating 
a distributed business system in c#), and we would like to use your 
wizard framework in our work. 
 
Go for it :) 
 
Don't hesitate to contact me if you have any problems with it. 
 
Good luck on your thesis, 
 
James 
 
> -----Original Message----- 
> From: scurb (ds99paol@thn.htu.se) 
 
Hi! 
 
We are two students in Sweden working on our thesis project (creating a 
distributed business system in c#), and we would like to use your wizard 
framework in our work. We will of course make the proper references to 
you if it's ok to use your framework? 
 
Regards, 
Patrik Olsson and Jonas Versén 
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Figure 2, The TransactonConnection class 
using System; 
using System.Data; 
using Microsoft.Data.Odbc; 
 
namespace BizSuiteServer 
{ 
public class TransactionConnection 
{ 
private OdbcConnection myCon;  
public TransactionConnection() 
{ 
} 
 
public Boolean commitTransaction(OdbcCommand[] sqlCommands) 
{ 
OdbcTransaction myTransaction; 
try 
{ 
myCon = new OdbcConnection("DSN=BizSuite"); 
myCon.Open(); 
} 
catch(Exception e) 
{ 
throw(e); 
} 
 
myTransaction = myCon.BeginTransaction(IsolationLevel.ReadCommitted); 
try 
{ 
foreach(OdbcCommand cmd in sqlCommands) 
{ 
cmd.Connection = myCon; 
cmd.Transaction = myTransaction; 
cmd.ExecuteNonQuery();   
} 
myTransaction.Commit(); 
} 
catch(Exception e) 
{ 
myTransaction.Rollback(); 
throw(e); 
} 
finally 
{ 
myCon.Close(); 
} 
 
return true; 
} 
} 
} 
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Appendix E - Requirements Documents 
 
Requirements Agreement 

 
The following initial requirements were agreed upon between me and my colleague Patrik Olsson and Tjörns 

Musik och Service HB CO Anders Inberg. They may change slightly during the development process. 
 

Gene ral Requirements 
 
The produced system will be a business system that will be specifically designed to meet the needs of the 

contractor. The system will contain several registers. Those most basic will be registers of products, employees 
and customers. The system will also have several basic and required functions like handling of sales, rentals and 
services. The system should log actions performed in a safe, reliable and independent way. Currently SPCS 
Administration is the business system of choice for the company. This system will be a mix of functionalities 
that are similar to SPCS Administration functionality and functionality from the large company OnOff’s sale 
system. The contractor has a great experience from using both these systems and has based some of his demands 
from them. Data from SPCS Administration will not be converted. The language used in the system should be 
Swedish. The system must be distributed since it is very possible that it will be used in a larger scaled 
environment with several clients running and one server operating. All parts of the system will be run in 
Windows environments. 
 
Employee register requirements 

 
This register will contain information about all employees, like name and addresses. It will also contain an 

encrypted pin-code for each employee. Additional information about an employee may be recorded and stored in 
the register.  

There will be three types of employees. The most basic form of an employee is the salesman. He is able to 
perform basic operations in the system. The next type of employee is the service man. He is able to do 
everything that a salesman is allowed to, and to update the status and information of a service errand. The last 
type of employees is managers. This group is able to do everything that the previous two groups were able to do, 
plus other administrator tasks, described later in this requirements document. 
 
Customer register requirements  

 
Customer information must include name and contact information like address, phone and/or email. Since it is 

not legal to record social security numbers without special permission the system will store birthdates instead. If 
the customer is a company, an organisation number will replace the birth date data.  Additional information 
about a customer may be recorded and stored in the register. It should be possible to show what purchases the 
customer has made in the past and what products the customer has handed in for service. 

 
Product register requirements  

 
This register will contain all products that the company has for sale or rental. If the product is not for sale or 

rental anymore, it should still be in the register but marked as obsolete. Services that the company provides like 
home delivery are also included as products. For every product information about its  origin must be recorded, 
like price and product id at the supplier. Each product should only have one supplier. Current quantities for every 
product must be recorded. When an item’s quantity drops below a user-specified level it should be placed on an 
order list. Additional information about a product may be recorded and stored in the register. Each product will 
be stored under a certain category. These categories are managed by the manager and are identified with a two 
digits long number. Categories and subcategories will together with a product id form the unique product id. 
 
Sales and rental service 

 
Every product in the product register should be for sale and for rental. Rental prices will be calculated through 

a general formula based on the purchase price of the product and the rental time. The price of a single product at 
sale time should be editable by the salesman, but only to a certain degree. The salesman may only lower the 
price with at most X% of the product price and the contribution margin may not be 0% or below. A manager will 
have the rights to make an unconditional change to the price of a product. For every sales item a real-time 
contribution margin will be shown for each item and the entire sale. The rental process will be similar to the 
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sales process in that a salesman may lower the rental price to a certain degree. Other constraints will be used 
though to calculate the contribution margin. The sale and rental process will require employee identification. 
This identification is needed for each sale or rental, i.e. it is not possible to “log in” and perform several 
operations with the same pin-code. 

When a customer rents a product this is recorded in the data for that specific item. It is possible to list currently 
rented products or currently available products. A salesman can also obtain a rented product and mark it as no 
longer rented. Upon doing this the salesman also charges the customer. 

Data about completed sales and rentals are stored for later use. Some products should be part of a larger kit, 
both for rental and sale, which can have another price than all products in that kit together. 

As the last step of the sale or rental process there should be a possibility to print out a price tender instead of 
completing the process. If the customer does not want to rent a product instantly he can instead rent it from a 
specific date. A customer always has to specify a returning date that the rental price will be calculated from. 

It is possible to pay for a sale or rental in two ways, cash or by an invoice. 
If a customer returns a product that has been sold, a salesman can delete this item from that receipt. The item’s 

quantity in stock is then increased by one. The customer is then given back his money and valid papers are 
produced. 
 
Service module  

 
This part of the system will be responsible for keeping track of products that are handed to the store for 

repairs. First of all there will be two types of service categories: “own equipment” and “customer equipment”. 
Own equipment is for products that are used in the company that needs repairs. Only managers will be able to 
add products for service in this category. The second category is for any type of products that a customer brings. 
Both choices will result in the next section that lets the salesman identify the product and product category from 
the existing product register. If the product does not exist in the product register, the salesman has to record some 
basic information about the product like its manufacturer and model number. If the product category does not 
exist in the product register the salesman may add the item under a miscellaneous category. A service number 
will be assigned to the current service errand. The service will be free of charge if the product was bought in this 
store and has a warranty. Swedish law states that all new products must have a 24 months warranty. The 
customer is also entitled to a free service if the product is being rented from this company. There is also a three 
months warranty on service jobs that could entitle the customer to a free of charge service. If the product has 
been marked as an “own product” the company itself will pay the price for the service. If the customer is a new 
customer he is added to the customer register. It should be possible to show previous services for a specific 
customer or product. If the product was sold in this store, then it should be possible to link this service to that 
item in that specific sale, preferably using the number of the receipt. Even if the product was not sold from this 
store, but has been on service before, then it should be possible to show what the product has been serviced for 
and any additional information. It should be possible to search for both ongoing and completed services. The 
serial number of the product must be recorded and will help to identify previous services of this product. 
Accessories of the product are also noted together with the product. When all information has been entered about 
the product the customer is asked if he wants an estimated price of the service or if he wants it fixed directly. 
Price estimation is a product that is listed in the product register. The salesman should also record any visible 
damage to the product at the time of the handover.  Both customer and salesman receive a receipt when the 
process is completed. If the customer wants, the product can be served or retrieved at the customer’s home. This 
falls under the sales category, and is a product that is sold. Service orders should be able to have different 
priorities depending on how time critical they are. When the service has been completed a notification paper is 
printed and sent using ordinary mail service. When the customers retrieves his product a new receipt is printed 
that the customers signs. This receipt is then saved for at least 10 years. 

A manager or service man may change information about an existing service order, like its current status and 
additional information. A salesman does not have permission to perform such tasks. 
 
Logging service 

 
All database access that modifies a database table should be logged in a read-only database. This responsibility 

should be closely built into whatever component that handles database access. A transaction that fails to be 
logged should not be completed. 

 
Administrator client 
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An administrator client will be responsible for adding and managing products, order managing, employee 
managing, rental managing and service managing. The administrator client also manages suppliers and their 
addresses. Only managers will be allowed to use this client. 

The administrator client will also be able to view logs and make search enquiries like “how much did person X 
sell between dates y and z” and “how much was the total sale for today”. The exact search criteria that should be 
available are not yet specified. The only way to delete or modify the log database is manually by a system 
administrator. This should only be done after careful considerations approved by the company board. An 
administrator is anyone identified by a manager pin-code.  

The administrator client should be able to manage order lists. An order list will contain product orders 
addressed to a specified supplier. These lists should be produced manually and also produced automatically 
when items drop below a specified quantity. With automatically means that a certain user interaction will 
produce a list with automatically selected products, i.e. products that are low in stock. The administrator should 
be able to delete and modify these lists. Finally, the administrator should be able to “clear” an order list, to 
confirm that the order has arrived. All items on the order list will then be added to the product register. These 
lists should be possible to print out in a compact form. The lists will be grouped by suppliers, so that one lis t 
only contains orders of products from one supplier.  

The administrator program also controls how many percentages a salesman may lower a price and some of the 
variables used when calculating a rental price for a sales product.  

The term “managing” in these requirements refers to the tasks of adding, deleting and modifying information. 
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Appendix F - Use-cases 
These use-cases were produced together with Patrik Olsson. 
 
Sale use-cases 
 
UseCase: Create sale 
Extention Points:  
1, Identification 
2, product search; 
4, customer management; 

 
Primary Actor: Salesman 

 
Preconditions:  
System is operational 
 
Postconditions:  
A sale was created and recorded 
The sold items quantity was decreased 
 
Mainflow: 
1. Salesman identifies himself to the system. 
2. Salesman finds the product 
3. Salesman adds product and sets information, like quantity, price. 
 
UseCase: Return sale 
Extension Points: 1, Identification 
Primary Actor: Salesman 
 
Preconditions:  
System is operational 
 
Postconditions:  
The buy was revoked. The quantity of the items on the receipt was added to the database. Material for the 
administration is created and printed. 
 
Mainflow: 
1. Salesman identifies himself to the system. 
2. Salesman finds the sold product on the specific receipt 
3. Salesman chooses to revoke the product sale. 
4. Salesman confirms the revoke. 
5. If any money should be returned, the salesman returns them. 
6. A notification is shown. 
 
Alternative flow: 
4a. Salesman cancels the revoke. 
 
Rental use-cases 

 
UseCase: Create sale 
Extention Points:  
1, Identification 
2, product search; 
5, customer management; 
 
Primary Actor: Salesman 
 
Preconditions:  
System is operational 
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Postconditions:  
A rent was created and recorded 
The rented item's quantity was decreased 
 
Mainflow: 
1. Salesman identifies himself to the system. 
2. Salesman finds the product 
3. Salesman enters the starting date and end date of the rental for that product. 
4. A dialogbox tells the salesman that the product is available for renting at that time 
5. Salesman records customer information. 
6. Salesman commits the rental 
 
Alternative flow: 
4a. A dialogbox tells the salesman that the product is not available between those 2 dates. 
6a. Salesman cancels the rental. 
 
UseCase: Search rent 
Extension Points: 1, Identification 
Primary Actor: Manager 
 
Preconditions:  
System is operational 
 
Postconditions:  
A search result is shown. 
 
Mainflow: 
1. Salesman identifies himself to the system. 
2. Search criteria is entered 
3. Criteria is submitted 
4. Search result is shown to the Manager 
 
Alternative flow: 
4a. No result was found 
 
UseCase: Return rent 
Primary Actor: Salesman 
 
Preconditions:  
System is operational 
 
Postconditions:  
The rent was terminated and the quantity of the item in stock was increased 
 
Mainflow: 
1. Salesman chooses to return the rented product. 
2. Salesman confirms the end of the sale. 
3. A receipt is printed for the customer 
 
Service use-cases 

 
UseCase: New service order 
Extension points: 1 
Primary Actors: Salesman 
 
Postconditions:  
A service has been added. 
 
Mainflow: 
1. Salesman is identified. 
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2. A service errand is created with the apropriate customer information found in the customer database. 
3. The information about the product is added. 
4. A service receipt is printed. 
Alternative flow: 
4a. There were errors with the printer. 
 
UseCase: Search Service 
Extension points: 1 
Primary Actors: Salesman 
 
Mainflow: 
1. Salesman is identified. 
2. Salesman enters details about the service 
3. Search result(s) is shown. 
 
Alternative flow: 
3a. No result was found. 
 
UseCase: Finish completed service 
Extension points: 1, Identification 
Primary Actors: Salesman 
 
Preconditions:  
Service order exists 
 
Postconditions:  
Service order status is changed to "finished". 
 
Mainflow: 
1. Salesman is identified 
2. Salesman finds the item that is in service by searching for the service ordernr. 
3. Customer pays salesman 
4. Receipt is printed and given to customer 
5. Service is labeled "completed" 
 
Alternative flows 
2a. Salesman finds service item by searching on the customer’s name. 
4a. There were errors with the printer. 
 
UseCase: Edit service 
Extension points: 1 
Primary Actors: Serviceman 
 
Preconditions:  
The service exists 
 
Postconditions:  
Information about a service was updated. 
 
Mainflow: 
1. Serviceman is identified. 
2. The Serviceman finds the specific service 
3. Serviceman changes information about the service, describing the work in progress. 

 
Customer Management use-cases 

 
UseCase: Add Customer 
Primary Actor: Salesman 
Description: The salesman can add a customer to the database. 
Preconditions:  
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A salesman must be identified by the Identification use-case 
 
Postconditions:  
A new customer was added to the customer database 
 
Mainflow: 
1. The salesman enters the customers name, address, phone and any additional contactinformation together with 
his birthdate. 
2. The customer was added and the salesman is notified. 
 
Alternative flow: 
2a. A customer with the same name and birthdate already exist, the salesman is asked to confirm the adding of 
the customer. 

 
UseCase: Search Customer 
Primary Actor: Salesman 
Extension point: 4 
Description: A salesman can search for customers 
 
Preconditions:  
Salesman is identified. 
 
Postconditions:  
A searchresult was generated and shown 
 
Mainflow: 
1. A Salesman indentifies him/her-self 
2. Salesman enters search criteria 
3. Salesman submits search by pressing search button 
4. Salesman is presented with a list of customers that matched the search criteria. 
5. Salesman edits the selected customer 
 
Alternative flow: 
4a. No results were found 
5a. Salesman exits the search 
 
Category and Product Management use-cases 

 
UseCase: Add Category 
Primary Actor: Manager 
 
Preconditions:  
Manager is logged in 
 
Postconditions:  
A product was added to the system. 
 
Mainflow: 
1. Manager fills in the name of the category 
2. A submit dialog box is shown to the manager 
3. Managers submits the information 
4. A notification is shown confirming that the category was added. 
 
Alternative flow: 
2a. Manager cancels the add process 
 
UseCase: Move products 
Primary Actor: Manager 
 
Preconditions:  
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Manager is logged in 
At least 2 categories exists 
 
Postconditions:  
Product(s) was moved to another category 
Product(s) id numbers was recalculated. 
All records of the product(s) id number(s) was changed to the new product(s) id number(s). 
 
Mainflow: 
1. Manager selects product(s) from the selected category that should be moved. 
2. Manager moves product(s) into the receiving category 
3. Manager confirms the move. 
 
Alternative flow: 
3a. Manager chooses to cancel the process. 
 
UseCase: Add product 
Primary Actor: Manager 
 
Preconditions:  
Manager is logged in 
 
Postconditions:  
A product was added to the system. 
 
Mainflow: 
1. Manager fills in details about the product 
2. A submit dialog box is shown to the manager 
3. Managers submits the information 
4. A notification is shown confirming that the product was added. 
 
Alternative flow: 
2a. Manager cancels the add process 
 
UseCase: Search Product 
Primary Actor: Manager 
 
Preconditions:  
Manager is logged in 
 
Postconditions:  
A search result is shown. 
 
Mainflow: 
1. Search criteria is entered 
2. Criteria is submitted 
3. Search result is shown to the Manager 
 
Employee Management use-cases 
 
UseCase: Search Employee 
Primary Actor: Manager 
 
Preconditions:  
Manager is logged in 
 
Postconditions:  
A search result is shown to the manager. 
 
Mainflow: 
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1. Search criteria is entered 
2. Search criteria is submitted 
3. Search result is shown 
 
Alternative flow: 
3a. No result was found 
 
UseCase: Edit Employee 
Primary Actor: Manager 
 
Preconditions:  
Manager is logged in 
 
Postconditions:  
Information about an employee was updated 
 
Mainflow: 
1. Manager searchs for an employee 
2. Information about the employee is shown to the manager 
3. Manager updates information 
4. Manager submits information 
5. Notification about the information change is displayed 
 
Alternative flow: 
2a. Manager does not change anything 
4a. If anything went wrong, an error message is displayed. 
 
Supplier Management use-cases 

 
UseCase: Add supplier 
Primary Actor: Manager 
 
Preconditions:  
Manager is logged in 
 
Postconditions:  
A supplier was added to the system. 
 
Mainflow: 
1. Manager fills in details about the supplier 
2. A submit dialog box is shown to the manager 
3. Managers submits the information 
4. A notification is shown confirming that the product was added. 
 
Alternative flow: 
2a. Manager cancels the add process 
 
UseCase: Search Supplier 
Primary Actor: Manager 
 
Preconditions:  
Manager is logged in 
 
Postconditions:  
A search result is shown. 
 
Mainflow: 
1. Search criteria is entered 
2. Criteria is submitted 
3. Search result is shown to the Manager 
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Alternative flow: 
3a. No result was found 
 
Miscellaneous use-cases 

 
UseCase: Logging 
Primary Actor: System 
Description: Everything in the system that is changing some state should be logged. 
 
Preconditions:  
A state in the system is being changed 
 
Postconditions (successfull):  
The state change was logged 
 
Mainflow: 
1. A new entry is created with the SQL-statement and an explanation of what was changed. 
2. Returns true 
 
Alternative flow: 
2a. Returns false if changes could not be logged to the database. 
 
UseCase: Identification 
Primary Actor: Salesman 
Trigger: A personel needs to be identified. 
Description: A salesman, serviceman or manager must be identified with a pin-code before performing any 
operations. 
Trigger: When a person needs to identify himself to the system  
 
Preconditions:  
 
Postconditions (successfull):  
A user is identified 
 
Mainflow: 
1. Salesman enters pin-code 
2. Checks pin-code against database 
3. User identity is returned 
 
Alternative flow: 
3a. No identity is found that matches the pin-code, error message is return. 


