Contents

PREFACE . . . . . . . i e xi
Abdelhamid MELLOUK

CHAPTER 1. CHALLENGES FOR QUALITY OF EXPERIENCE ENGINEERING FOR
ADDED VALUE SERVICES. . . . . . . . ottt it et et et et e e 1
Abdelhamid MELLOUK and Antonio CUADRA-SANCHEZ

1.1. Introduction and challenges. . . . . . ... .. ... .. .. ... .. .. ... 1
1.2.Contents . . . . ... 2
1.2.1. Chapter 2: An Ecosystem for customer experience management. . . . . . 2
1.2.2. Chapter 3: Measuring MPEG frame loss rate to evaluate the QoE
IMIPTVservices . . . . . ... .. 3
1.2.3. Chapter 4: Estimating the effect of context on the QoE of
audiovisual services . . . . . .. ... L. 4
1.2.4. Chapter 5: IPTV multiservice QOE management system. . . . . . .. ..
1.2.5. Chapter 6: High speed multimedia flow classification. . . . .. ... ... 5
1.2.6. Chapter 7: User driven server Selection algorithm for CDN
architecture . . . . . . .. ... 6
1.2.7. Chapter 8: QoE approaches for adaptive transport of video
streamingmedia . . . ... 7
1.2.8. Chapter 9: QoS and QoE effects of packet losses in multimedia
video streaming . . . . . .. ... 7
1.2.9. Chapter 10: A model for QoE estimation based on QoS parameters monitoring
for multimedia convergent services (tripleplay) . . . .. ... ... .... ... 8
1.2.10. Chapter 11: Quality of experience estimators in networks. . . . . . . .. 8
1.2.11. Chatper 12: QoE-based network selection is heterogeneous
CNVITONMENTS . . . . v v v it e e e e e e e 9

1.3.Conclusion . . . . . . . . ... 10



vi  Quality of Experience Engineering for Customer Added Value Services

CHAPTER 2. AN ECOSYSTEM FOR CUSTOMER EXPERIENCE MANAGEMENT . . . . . .
Antonio CUADRA-SANCHEZ, Mar CUTANDA-RODRIGUEZ, Andreas AURELIUS,
Kjell BRUNNSTROM, Jorge E. LOPEZ DE VERGARA, Martin VARELA,
Jukka-Pekka LAULAJAINEN, Anderson MORAIS, Ana CAVALLI,

Abdelhamid MELLOUK, Brice AUGUSTIN and Ismael PEREZ-MATEOS

2.1.Introduction . . .. ...
2.2. Managing customer eXperience. . . . . . . . . . . v e u e
2.2.1. Customer experience management . . . . . . . . . ... ... .......
2.2.2. Service quality management. . . . . . . ... ... ...
2.3. Quality of experience €cosystem. . . . . . . . .. . ..
23.1.QoEDatasources. . . . .. ... ..
2.3.2. QoE monitoring system . . . . . . ... ...
2.3.3. QoE management system . . . . ... ... ...
24.IPNQSIS . . o e
25.NOTTS . . o e
2.6.Conclusions . . . . .. ...
2.7. Acknowledgments. . . . . .. ...
2.8.Bibliography . . . . . . . ..

CHAPTER 3. MEASURING MPEG FRAME LOSS RATE TO EVALUATE THE QUALITY OF
EXPERIENCE INIPTV SERVICES. . . . . . . . . . ... ... ..
Diego HERNANDO-LOEDA, Jorge E. LOPEZ DE VERGARA, Javier ARACIL,

David MADRIGAL and Felipe MATA

3.1 Introduction & v v v v v v i e e e e e e e e e e e e e e
32.Related Work e ¢ v v v v v i e e e e e e e e e e e e e e e e e
33. Method description . . v v v v v v vt it e e e e e
33 1.VIdeoSetUP & v v v v v it e e e e e e e e
332 Experimentdata. . . . v v i it i i e e e e e
333. VQMgeneralmodel . . . . vt v vt i i e e
3.4. QoE predictionmodels .« v v v v v ittt i e e e e e e e e e e
3.4.1. Packet lossrate basedmodel. . . . . v v v v i ittt i e e e e
342 MPEGframe types « « v v v v v v v v v vt e vt ettt i e
343. MPEG framelossmodel . . . v v v v v v v vttt i i
3.5. Network monitoring tool « v ¢ v v v v v v v v v v vt et et e e
35 L FIOWMONITOr « v v v v v v v v et et et et e et e e
352.Capture ANalyzZer .« v v v v v v v v v i e e e e e e e e e e
353 QOEEStimator. « « v v v v v v vt e e e e e e e e e e e
3.6. Performance assesSSment .« v v v v v v v v v v vt et e e e e e e e e e
3.6.1. Assessment on Intel-based PC. . . . . ... .. v it it i i,
3.6.2. Assessment on an ARM-based device . ... v v v v v v it
3.7.Conclusionsand future work . . . . v v v v v i it i e

11
12
12
14
15
17
17
19
23
25
28
28
28

31

32
33
34
34
35
36
36
37
38
38
43
44
44
44
45
45
47
48



Contents vii

3.8. Acknowledgments. . « v v v v v it i e e e e e e e e e e e e 49
3.9.Bibliography « « v v v v v i e e e e e e e e e e e e 49

CHAPTER 4. ESTIMATING THE EFFECT OF CONTEXT ON THE QOE OF
AUDIOVISUAL SERVICES . . . . . . o ittt et e e e e e e e e e e e e 53
Toni MAKI, Martin VARELA and Jukka-Pekka LAULAJAINEN

4.1.Introduction « .« v v v it i e e e e e e e e e e e e 53
42.TESLCONENT « v v v v v v vt vt oo ot oo oo oo ae oo nenenensasas 55
4.3. Subjective testsinlaboratory . « . . v v v i i e e e e 57
4.4. Subjective testsat exhibition . « v v v v v v v i i i e e e 58
45.Results o v v vt e e e e e e e 60
4.6. Conclusions and furtherwork . .. .. ..o it ii i 69
4.7.Bibliography « « v v v v i e e e e e 70
CHAPTER 5. IPTV MULTISERVICE QOE MANAGEMENT SYSTEM . . . . ... ... .. 73

Antonio CUADRA-SANCHEZ, Mar CUTANDA-RODRIGUEZ, Alfredo PEREZ-MONTERO,
Eugenio ROGLES, Jesiis GUTIERREZ and Fernando JAUREGUIZAR

S.1.Introduction . . . . . ... 73
52.Stateoftheart . . . . ... ... 75
5.2.1. Video quality metrics. . . . . . ... ... .. 75
5.2.2. Multimedia quality metrics. . . . . . ... ... ... .. L. 78
5.2.3. Metrics for QoE monitoring of video services . . . . . ... ... ..... 79
5.3. Multiservice IPTVprobe . . . . .. ... ... ... ... 80
5.3.1. Architecture of the IPTVprobe . . . . ... ... .. ... ... ..... 80
5.3.2. Video quality metrics applied in the [IPTV probe . . ... ... ... ... 82
54.QoE management SyStem . . . . . . .. ... 85
5.4.1. Requirements for monitoring and management of QoE. . . . . . ... .. 85
5.4.2. Configuration management . . . . . . .. .. .. .. ..ot 87
543.Resultmanagement. . . . . ... ... ... 87
55.Conclusions . . . . ... 90
5.6. Acknowledgments. . . . . . ... . 90
5.7.Bibliography . . . . . ... 90
CHAPTER 6. HIGH SPEED MULTIMEDIA FLOW CLASSIFICATION. . . . . .. .. .. .. 93

Rafael LEIRA OSUNA, Pedro GOMEZ NIETO, Ivan GONZALEZ and Jorge E. LOPEZ DE VERGARA

6.1.Introduction v v v v v v v v v i e e e e e e e e e e e e e e 93
6.2. The architeCture « « v v v v v v v v v v v o et et et et et oo o s o s 95
62.1.Intel DPDK . . & o vt ittt e it e e e e e e e e e e 95
6.2.2. Deep packet inspectionover GPU. . . . . . . . v v v i i i i 100
6.3.Validation .+ v v v v v v vttt e e e e e e e e e e e e 110
6.3.1.Usedhardware . . . . v v v v vt v ittt ittt 110

6.3.2. Used traffic traces. « v v v v v v v v e o e e e e et et et a e e 111



viii

Quality of Experience Engineering for Customer Added Value Services

6.3.3.0btained resultS. . o v v vttt e e e e e e e e e e e e e e e e
6.4. Conclusions

6.5. Acknowledgments. . . v v v v v it i e e e e e e e e e e e e e e e
6.6. Bibliography . « v v v v v i i i e e e e e e e e e e e

CHAPTER 7. USER DRIVEN SERVER SELECTION ALGORITHM FOR
CDN ARCHITECTURE. . . . . . . i i ittt e e e e e e e e e e e e e e e e s

Said HoceINL, Hai Anh TRAN and Abdelhamid MELLOUK

7.1. Introduction

7.7. Conclusion
7.8.Bibliography . . . . . . ...

7.2. Multi-armed bandit formalization . . . . .. ... ... ... ... ... ...,
72.1.MABparadigm . . . .. ...
7.2.2. Applications of MAB. . . . . . ...
7.2.3. Algorithms for MAB . . . . . . ... ..

7.3. Server selection schemes . . . . .. .. ... ... ..

7.4. Our proposal for QoE-based server selection method . . . .. ... ......
7.4.1. Proposed server selectionscheme . . . . ... ... ... ..........
7.4.2. Proposed UCB1-based server selection algorithm . . . . . ... ... ...

7.5.Experimental results. . . . . . . ... ...
7.5.1. Simulationresults. . . . . ... ... L

7.6. Acknowledgments. . . . . ... ...

CHAPTER 8. QOE APPROACHES FOR ADAPTIVE TRANSPORT OF VIDEO

STREAMING MEDIA

M. Sajid MUSHTAQ, Brice AUGUSTIN and Abdelhamid MELLOUK

8.1. Introduction

8.2. Adaptive video transport . . . . . ... Lo
82.1.Background . . . . ... L
8.2.2. Adaptive video delivery components . . . . . .. .. ... . L. L.

8.3. Microsoft Smooth Streaming . . . . ... ... .. ... ... . L.

8.4. Apple HTTP live streaming. . . . . . . .. .. .. .. . ...

8.5. Adobe HTTP dynamic streaming . . . . . .. .. .. .. .. .. ........

8.6. MPEG—dynamic adaptive streaming over HTTP . . . . . .. ... ... .. ..

8.7. The goals of adaptive video streaming. . . . . . ... .. .. .. .. ......

8.8. Quality metrics for video streaming . . . . . . ... ... ... ...

8.9. The role of TCP in adaptive video streaming . . . . . .. .. ... ... ....

8.10. Bibliography . . . . . . . . ..

112
114
115
115

119

119
122
122
126
128
133
136
136
138
139
140
146
147
147

151

151
153
153
155
156
158
159
159
161
162
163
168



Contents ix
CHAPTER 9. QOS AND QOE EFFECTS OF PACKET LOSSES IN MULTIMEDIA
VIDEO STREAMING . . . . o ittt et et et et e e e e e e e 171
René SERRAL-GRACIA, Eva MARIN-TORDERA, Xavier MASIP-BRUIN and
Marcelo YANNUZZI
9.1. Introduction to the overall scenario . . . ... .................. 171
9.2 . Relatedwork. . . . . ... .. ... 173
9.3. Multilayer performance metrics . . . . . ... ... ... 174
9.3.1. Overlay performance metrics . . . . . .. .. .. .. ... ... ...... 175
9.3.2. Application performance metrics . . . . . .. ... ... 176
9.4. QoE multilayer metric and quality assessment mechanism . . . .. ... ... 178
9.5. Video streaming use case: peer-to-peer television (P2PTV). . . . .. ... .. 180
9.5.1. Testing environment . . . . . . .. .. .. ... 180
9.5.2. Performance evaluation . . ... ....................... 182
9.6. Conclusions and furtheractions . . . .. ... ... .. ............. 189
9.7.Bibliography . . . . . . ... 189
CHAPTER 10. A MODEL FOR QUALITY OF EXPERIENCE ESTIMATION
BASED ON QUALITY OF SERVICE PARAMETER MONITORING FOR
MULTIMEDIA CONVERGENT SERVICES (3-PLAY) . . . . . . ... ... ........ 191
Pedro DE LA CRUZ RAMOS, Raquel PEREZ LEAL, Francisco GONZALEZ VIDAL and
Luis BELLIDO TRIANA
10.1. Introduction. . . . . . . . . . . . e 191
10.2. Presentation of themodel . . . . . ... ... ... . ... .. ... ....... 193
10.3. Application of the model to convergent (3P) services. . . . . . ... .. ... 196
10.4. Quality evaluation process. . . . . . . . . .o v i 199
10.4.1. Global quality evaluation. . . . . . ... ... ... ... ......... 199
10.4.2. Valuation and parameterization functions. . . . . . . ... ... ..... 205
10.4.3. Weighting and aggregation processes . . . . . . . . . . . ... ... ... 216
10.4.4. Performance functions . . . . . ... ... ... .. ... .. ... 218
10.5. Model testing . . . . . . . ..o 218
10.6. Conclusions and future work . . . . . .. .. ... ... ... ......... 219
10.7. Acknowledgments . . . . . . ... ... 220
10.8. Bibliography . . . . . . . . . . . . e 220
CHAPTER 11. QUALITY OF EXPERIENCE ESTIMATORS IN NETWORKS . . . . . . .. .. 225
Frédéric GUYARD, Martin VARELA, Lea SKORIN-KAPOV, Antonio CUADRA-SANCHEZ and
Pedro J. SEVILLA-RAMOS.
11.1. Introduction. . . . . . . . . . . . . 225
11.2. QuEEN terminology and concepts . . . . . . .. .. ... .. ... .. 226
11.3. Modeling the QoE. The ARCUmodel . . . .. ... .. ............ 229
11.3.1. Four spaces for QoE-affecting factors. . . . ... ... .. .. ...... 229
11.4. The QuEEN layeredmodel . . . . ... ... ... .. .. .. .. .. ..... 232



x  Quality of Experience Engineering for Customer Added Value Services

11.5. Applications . . . . . . . . . . .. e
11.5.1. The QuEEN agent. . . . . . ... ... ... ... .. ...,
11.5.2. Service QoE monitoring . . . . ... ... ... ... ...
11.5.3. QoE-driven network management . . . . . ... ... ... ........
11.5.4. Service level management . . . . . .. ... ... ... ... ......

11.6. ConClusions. . . . . . . v v it

11.7. Acknowledgments . . . . . . ... .. ... .. ...

11.8. Bibliography . . . . . . . . . . . . e

CHAPTER 12. QOE-BASED NETWORK SELECTION IN HETEROGENEOUS
ENVIRONMENTS . . . . . . ottt et et et e e e e e e e e
Kandaraj PIAMRAT, Hyunhee PARK, Kamal DEEP SINGH and César VIHO

12.1. Introduction. . . . . .. ... .
12.2. Network selection in homogeneous environments:
ausecasein WLAN . . . . . ... L
12.3. Related work for network selection in the heterogeneous environment . . . .
12.4. QoE-based network selection in heterogeneous networks . . . . .. ... ..
12.4.1. Getting QoE inreal-time . . . . .. ... ... .. .. .. .. .. . ...
12.4.2. Using QoE in network selection over heterogeneous environment . . . .
12.4.3. Discussion of QoE and load-balancing results . . . . . . ... ... ...
12.5. Conclusions and discussions . . . . .. ... ... ... ... ... ...
12.6. Bibliography . . . . . . . . .. e

235
235
237
237
238
240
241
241

245

245

248
251
254
254
256
259
262
263

267
271



