Contents

| Introduction and Fundamentals 1
1 Introduction 3
1.1 Motivation . . .. .. .. ... 3
1.2 Objectives and Scope of the Thesis . . . . . ... ... .... 8
1.3 Structureofthe Thesis . . . . . . .. .. ... ... ...... 10

2 Foundations and Research Field 17
2.1 Workload Modelling and Specification Techniques . . . . . . . 18
2.1.1 Selected Workload Modelling Techniques . ... ... 23

2.1.2  Selected Workload Specification Techniques . . . . . . 27

2.2 State-of-the-Art in Workload Generation . . . ... ... ... 30
2.2.1 Web Workload and Traffic Generation . . .. .. ... 34

2.2.2 Traffic Generation at Transport Layer Service Interfaces 40
2.2.3 Traffic Generation at Network Layer Service Interfaces 44
2.2.4 'Traffic Generation at Data Link Layer Service Interfaces 47

2.2.5 Workload Tests in Research and Industry . . ... .. 55

2.3 A Unified Approach to Workload Modelling and Generation
in Computer Networks . . . . .. ... ... .......... 56
Il Workload Specification and Modelling 61
3 A Formal Workload Description Technique 63
3.1 The Basic Concept of User Behaviour Automata . . ... .. 63

3.2 Generalisation of the Basic Concept of User Behaviour Automata 68
3.2.1 Definition of the Generalised User Behavior Automa-

ton (UBA) .. ... ... ... ..., 69
3.2.2 Specification of Transitions between Elementary States 73
3.2.3 Aggregation of User States into Macro-States . . . . . 76

Bibliografische Informationen HE
http://d-nb.info/113658403X digitalisiert durch B I| Y LE


http://d-nb.info/113658403X

Contents

X
3.3 XML Schema Definition for the UBA Components . . . . . . 77
3.3.1 XSD Simple Elements . . ................ 79
3.32 XSD Complex Elements . . . ... ........... 81
3.3.3 Introduction to the UBA Schema . . . ... ... ... 81
3.4 Description of Abstract Requests and System Reactions . .. 84
3.4.1 Relevant Abstract Request Types. . . . .. ... ... 85
3.4.2 Semantics of Abstract Request Types . .. ... ... 86
3.4.3 Definition of Abstract Request Types in the UBA
Schema ... ...... ... ... . . . . . . ... 89
3.5 Specification of Values for UBA Parameters . . .. ... ... 91
3.6 Syntax Rules for Context Expressions . . ... ........ 94
3.7 Specification of Complex User Environments . ... ... .. 95
4 Examples of Load Models for Different Traffic Sources 99
4.1 Models for Speech Traffic Sources . . . . . . ... ... .... 99
4.1.1 Voice Codecs with Constant Bit Rate . ... ..., .100
4.1.2  Voice Codecs with Silence Detection . . ... ... .. 102
4.2 Modelling of Video Traffic Sources . . .. ........... 108
4.2.1 Modelling of the GOP Structure . ........... 109
4.2.2 Statistical Characterization and Modelling of Frame
Lengths . . ... ... ... ... . ... ... .. .. 113
4.2.3 Partitioning into Shot Classes . . . .. ... ... ... 126
4.3 Modelling of Web Workloads with UniLoG . ... ... ... 131
4.3.1 UniLoG Approach for Web Workload Modelling and
Generation . . .. ... ... ... e 134
111 Workload Generation 143
5 Architecture of the Unified Load Generator 145
5.1 Basic Requirements. . . . . ... ... ... ... ..., 145
5.1.1 Functional Requirements . ... ... ... ... ... 145
5.1.2 Non-functional Requirements . .. .. ......... 146
5.2 Overview of the UniLoG Architecture . ... ......... 150
5.3 Generator Functionality . . ... ... ............. 154
5.4 Adapter Functionality . . .................... 155
5.5 Real-time Requirements of Requests . . . ... ........ 158
5.5.1 Impact of Multitasking . ................ 158
5.5.2 Latency Introduced by System Calls . . . ... .. .. 160

5.5.3 Latency Introduced by UniLoG Components . . . . . 162



Contents xi

5.5.4 Intrinsic Model Factors . .. ... ... ........ 163

5.6 UniLoG Design Extensions for Multi-Core Platforms . . . . . 163

6 Distributed UniLoG Architecture 167
6.1 Prerequisites and Requirements . . . . . ... ... ... ... 167
6.2 System Architecture for Distributed Load Generation . . .. 172
6.3 Implementation Aspects . . . . . .. ... ... ... ... 175

7 Load Generation at Network Layer Service Interfaces 177
7.1 Application Scenarios and Requirements . . . . ... ... .. 177
7.2 Design of the UniLoG.IPv4 Adapter . ... ... .. e 179
7.2.1 Abstract IP Requests . ... . ... ........... 182

7.2.2 Types of Abstract System Reactions . . . ... .. .. 186

7.3 Performance Evaluation . . ... ................ 188

8 Load Generation at Transport Layer Service Interfaces 195
8.1 Design and Architecture of the UniLoG.TCP Adapter . . .. 196
8.1.1 Supported Types of Abstract Requests . . . . . .. .. 196

81.2 TCP Load Receivers . . . . ... ............ 202

8.1.3 Supported Types of Abstract System Reactions . . . . 203

8.1.4 Types of Supported Traffic Matrices . . ... ... .. 205

8.2 Performance Evaluation . . ... ... ............. 205
8.3 Aspects of the UniLoG.UDP Adapter Implementation . . . . 215

9 Generation of Web Workloads 217
9.1 Architecture of the UniLoG.HTTP Adapter . . ... ... .. 217
9.2 Implementation Aspects . . . . . .. .. ... .. 220
9.2.1 Browser Imitation . . .................. 222

9.2.2 Browser Integration . . ... .............. 224

9.3 Construction of the Pool of Web Sites . . . ... ... .. .. 227
9.3.1 Estimation of Abstract Workload Characteristics . . . 229

9.3.2 Measurement Results . ... .............. 240

IV Applications of the UniLoG Load Generator 249
10 Estimation of QoS Parameters for RTP/UDP Video Streaming 251
10.1 Experimental Network . . . . . ... ... ... ........ 252
10.2 Configuration of the Background Load . . . . ... ... ... 255
10.3 Streaming Quality Metrics . . . . . . ... ... .. ... ... 257

10.4 Results and Discussion . . . . . .. ... ... ... ...... 258



xii Contents

11 Estimation of QoS Parameters for RTP/TCP Video Streaming 263

11.1 Experimental Network . . . . .. . ... .. ... ....... 265
11.2 Configuration of the TCP Background Load . . . . . ... .. 268
11.3 Measurement Results and Discussion . . . . .. ... ... .. 269
11.3.1 Streaming in the Experimental Network without Back-
ground Load . .......... .. ... . ..., 270
11.3.2 Streaming in the Experimental Network under Back-
ground Load .. ... ... ... ... ... . ..., 273
114 Conclusions . . . . . .« o v i it i e e e 278
V Results and Conclusions 281
12 Summary and Outlook 283
12.1 Summaryof Results . . . . . ... ... ... ... . ..., 283
12.2 Outlook on Future Work . . . . . .. .. ... ... ..... . 286
A Context Expression Functions 287

Bibliography 291



