Dedication

Tomy Parents, Wife and Kids

Mirghani



ACKNOWLEDGMENTS

I would like to express my deep and sincere gratitude to
my supervisor, Dr Mohamed Awad , Head of Computer
Systems and Networks, College Of Computer Science and
Information Technology, His wide knowledge and his
logical way of thinking have been of great value for me,
His understanding , encouraging and personal guidance

have provided a good basis for the present thesis.

Also I would like to express my gratitude to all those who
gave me the possibility to complete this thesis. 1 want to
thanks Sudatel for giving me permission to utilize the IT
infrastructure, to do the necessary research work and to

use their data.

Especially, I would like to give my special thanks to my wife

whose patient enabled me to complete this work.



uadla

O un Jle¥ cillae B kil clitd Gl u i Sl dle B skl
daasll @il pam 0S8 O OSa 315 Jle ) Gilina SV (A sl il any
saley Caliiy o D) agall jbgiy sl daily (g Al Clankiy Gigny 8 J e W ekl o
saley daman Al Ay & (Components) <l Sl cand Al 5 dome pll il jall el ) 6l
Gubill Ais gl e e A e g siat (g AT cliudal s Sl el Gl ol adi

aaill sa g (€ kel Chladd 93 yigh aldad aladinly (3 gu) YLD A0 gl 38 00 o o8
- OS Akl aaleas cj\yd adul ey KB ERGIVAL S8 g o Cna ¢ 13 Wiay 2

cj\y‘sﬂé\.o\m‘\j‘\ﬁ:uﬁe.}j dj\.l)u:\:\:u d;\d bﬁjja.\e-i eLLJ 1000 ‘_g-l-“‘_;-l-“‘_g-’
& 5iie 144000 ce Ji Y Lo deaal J93 gud (S idiadl cilera

Gladd a8 5a Jid dow Je QA‘J“‘GS“:"‘J“SJ [IENR bﬁ)he-i :2000 P
. jisa 248000 e Ju Y Le pady 4l Cun LaailiY) adl gall (anyg 0 sk 3l (S jide

(2-Tier Architecture) Al JSedl < 408 sadiuly aginse y Gadd odlel Gualladl) DS

3208 MS SQL Ul alasia) aiy il 5 andiusall dgal 5 eyl GanSY1 33 aladin) &5 4l Cua

s 2-Tier J 4@ aladin) e aadl s JSLEQ Gany Jaa gl allaill olaY) dajliags ccilily

Gaady el 5¥) 285 vie Ll sacldl clilsd) 8 cas Lae (Performance) gl old cana

AL Ge e e iy slail o gl i 8 Cpeadiall e € a3 Jaa e dass Sy
Galeadl g daliall Glleall dalled) JlaS)

¢ oSl clead ol e 3-Tier J dsi guda 390 13 Uhiay 8 Ulglo ASE Jal
dnap pladinly D Ky dilide a8l ge 8 de jgle Cledda Bac dga Alla 8 aadiid Lol Cua
LSl i aladin sale) AlSa) s ola¥) 3 Cpeail)l Laa o) 2)aY) Dy (COMY) il sS4

A gead ABLRYL 122 dladlae) Baw daae p Ad e e (Sl LSP‘ GA\‘)-\ ‘53 (ComponentS)
et Aaddball dgl) Sl g cadd gl Aalsll jgag GAU‘):J‘ Jee o JSLidl da g @aling) § Ll

(3-Tier) deshidl Gaca (S jidall Glard a8l ga (po 38T 22 JAS) o Al gey Ji3 5

2-Tier J 4 5) o judadl ciledd sl apead salely Lid 1aa Wiay 3 Al 4l )
e oSl dae i (e (S o 93 53l 5 (3-Tier using COM+) (€ jidiall cilana alas (3ada
. jiia 560000 L 2aml Jas Gun el Y1 2t Aoy oldl e il o0 S juia)



Abstract

An increasing number of applications is developed. These applications which
support the researcher in management and analysis of data often contain parts which can
be found in other applications in a similar form. To save time and development effort,
existing components of other applications could be reused when a new application is
developed. A module which is used for the composition of a new application should

consist of the business logic, the database and the component interface.

Sudan Telecom (Sudatel) billing environment was used as a case study in this

thesis and it was running the following 2 billing systems:

BCC 1000: developed in-house, deployed in regional Sites and Supporting 144,000
subscribers.

BCC 2000: developed in-house, deployed in Khartoum and some regional sites
supporting 248,000 subscribers.

Both above mentioned billing systems was built on 2 — Tier Architecture (MS-
Access as Front-End and SQL Server as Back-End) On the other hand, the problem arises
when the performance of the existing billing systems is largely affected by the number of

concurrent users, resulting in a major impact on transaction processing time.

We used 3-tier architecture as a solution , usually the three tier architecture is used
when an effective distributed Client/Server design is needed that provides (when
compared to the two tier) increased performance, flexibility, maintainability, reusability,
and scalability, while hiding the complexity of distributed processing from the user.

These characteristics have made three layer architectures.

The goal of this thesis is to implement a 3-Tier Architecture billing system using

COM+ technology as a middleware to resolve the performance bottleneck and benefit
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from the 3-tier architecture features, the solution (case study) was implemented in

Sudatel and the reengineered (3-Tier) billing system is supporting 560,000 subscribers.



List of Figures

Figure No. List of figure Page No.
Figure 2.1 Multitier Application 4
Figure 3.1 Visual Basic Form 19
Figure 3.2 Visual Basic Toolbox 19
Figure 3.3 Visual Basic Property Sheet 19
Figure 3.4 CORBA Wizard 24
Figure 3.5 Tree- View of COBRA Naming Services 24
Figure 3.6 COREBA Deploy Tool 25
Figure 4.1 Component Designer 29
Figure 5.1 Non Client — Server System 34
Figure 5.2 Traditional Host system with LAN 35

. . 36
Figure 5.3 Distributed Data Centers
Figure 5.4 Client \ Server 3- Tier Model 37
Figure 5.5 Distributed Client \ Server Model 39
Figure 5.6 Inter-Process Communication 40
Figure 5.7 Client \ Server 2- Tier Architecture 42
Figure 5.8 Typical 3- Tier Architecture 44
Figure 5.9 Middleware 45
Figure 6.1 Different Views of Interface Pointers 47
Figure 6.2 Threading Models 47
Figure 6.3 COBRA Architecture 50

Vi




Figure 6.4 Java RMI architecture 51
Figure 6.5 Interception Approach 54
Figure 6.6 Com Architecture 57
Figure 6.7 possible case for tread proliferation 65
Figure 7.1 Win32 system Mechanism 74
Figure 7.2 DLL loading 75
Figure 8.1 Information Flow in Accounting Process 84
Figure 8.2 Telecom. Management Network 85
Figure 8.3 TMN Physical Architecture 87
Figure 8.4 Functions of Mediation 92

Vil




Table of Contents

Dedication |
Acknowledgement I
Arabic abstract Il
Abstract vV
List of Figures VI
Table of Contents VIl
Chapter One Introduction 1
1.1 Background, Motivations 1
1.11 Software Components 1
1.1.2 Hierarchical Composition 2
1.2 The objectives of this Thesis 3
Chapter Two Background & Theory 4
2.1 Distributed Application Deign 4
21.1 Multilayer Design 4
2.1.2 Benefits of Multilayer Designs 5
2.2 Software Components 7
2.3 Component Development Process 8
2.3.1 Design Stage 8
2.3.2 Development Stage 9
2.3.3 Assembly Stage 9
2.3.4 Deployment Stage 10
2.4 Existing Component Models 10

VI




24.1 CORBA Component Model 10
2.4.2 Enterprise Java Beans 11
2.4.3 COM /DCOM / COM+ 12
24.4 Dot NET Framework 14
2.5 Project BCC Middleware (COM+) 15
Chapter Three Software Development Tools 18
3.1 Visual Basic 18
3.2 Visual Studio .NET 20
3.3 C++ Builder / Delphi 20
3.4 NetBeans IDE 21
34.1 Editor Module and Java Module 21
3.4.2 Form Editor Module 22
3.4.3 CORBA Module 22
3.5 EJB Deploytool 23
Chapter Four Visual Development 26
4.1 Requirements 26
4.2 Proposed Concepts 27
4.2.1 Component Designer 28
4.2.2 Assembly Tree View: 30
4.2.3 Property Sheets 30
4.2.4 Component Description File 31
4.2.5 Primitive Components 32
4.2.6 Packaging 32




Chapter Five Host Systems 34
51 Distributed Systems 36
5.2 Client/Server Model 37
5.3 Distributed Client/Server Model 38
54 Inter-process Communication 40
55 Benefits of the Client/Server Model 41
5.6 Client/Server 2-Tier Architecture 41
5.7 2-Tier Considerations 42
5.8 Two -Tier Pros and Cons 43
5.9 Three-Tier Client/Server Architecture 44
5.10 Middleware 45
Chapter Six Threading Models and Apartments (COM) 46
6.1 Apartments — Protection Domain 46
6.1.2 Threading Models — Synchronization 47
6.1.3 Marshaling Interface Pointers 49
6.1.4 Standard Marshaling and Custom Marshaling 49
6.2.1 CORBA 50
6.2.2 ol
JAVA/RMI




6.2.3 Comparison 52
6.3 Fault Tolerant Middleware 53
6.3.1 Eternal-Interception CORBA 53
6.3.2 COM on Multicast Transport 54
6.3.3 COM Architecture 56
6.3.4 Challenges 58
6.3.5 Design of the system 59
6.4 Overall Design 59
6.4.1 Replicating Instantiation 62
6.4.2 Multicast Invocation 63
6.4.3 Return Value Handling — Result Iteration 66
6.4.4 Unresponsiveness Handling 68
Chapter Seven Middle Tier Implementation details 71
7.1 Extending Win32 System 72
7.1.1 The Win32 Systems and DLL 72
7.1.2 Extending Win32 system 74
7.1.3 Coexistence with Standard system 75
7.2 Instrumentation of Win32 APIs 76
Chapter Eight Sudatel BCC System — Middleware(Case Study) 79

Xl




8.1 Scope and Contents 80
8.2 Charging Principles 80
8.2.1 Tariffs 81
8.2.2 Regulation 82
8.2.2.1 Charging Principles in PTN 82
8.3 Accounting Process 83
8.3.1 TMN 84
8.3.2 Mediation Systems 90
8.3.2.1 Functionality 91
8.3.3 Billing 94
8.3.3.1 Billing Requirements 94
8.3.3.2 Billing Functionality 95
8.3.4 Interfaces 96
8.4 Interconnect Billing 97
8.5 Charging for SS7 Signaling 98
8.6 Applying Accounting Model to Internet 99
8.7 Enterprise Component Services 100
Chapter Nine Conclusion & Recommendation 103
9.1 Conclusion 103
9.2 Recommendation and Future Works 104
References 106
Appendix 109

Xl




A Glossary 109
B BCC-Middleware Component Services 112
C BCC Modules Structure 113
D BCC Methods and Functions 114

X1




