Contents

Part I Telecommunication Networks

1 Introduction to Telecommunication Networks . . . ... ...........
Milestones in the Evolution of Telecommunications. ..........
1.2 Standardization Bodies in Telecommunications. . ............
1.3 Telecommunication Networks: General Concepts. . ...........
1.3.1 Transmissions in Telecommunication Networks. . . ... ..
1.3.2  Switching Techniques in Telecommunication

1.1

1.4

1.5

1.6

Networks. .............

1.3.3  The ISO/OSI Reference Model . . .. .................
1.3.4 Traffic Engineering: General Concepts. .. ............
1.3.5 Queuing Theory in Telecommunications. . ............

Transmission Media. . ..........

1.4.1 Copper Medium: The Twisted Pair. . . . ..............
1.4.2 Copper Medium: The Coaxial Cable.................

1.4.3 Wireless Medium.........

1.44 Optical Fibers...........
Multiplexing Hierarchy . .........

I5.1 FDM. ... .
152 TDM. ...

1.5.3 The El Bearer Structure. . . .
The Classical Telephone Network . .

1.6.1 Digital Transmissions Through POTS ... .............

1.6.2 Switching Elements in PSTN

References. ......................

2.1

Legacy Digital Networks. . ..........

Introduction to Digital Networks . . .
2.1.1 X.25-Based Networks. . . . ..

2.1.2 ISDN. ..

2.1.3 Frame Relay-Based Networks

— O ~J W W

XV



XVi Contents

2.2 B-ISDN and ATM Technology . . ........................ 83

2.2.1 ATM Protocol Stack. .. ......................... 86

222 CellFormat. ...........uuiiiiiiineeennn. 87

223 ATMProtocol Stack. ... ........ . ... ... ..... 90

2.2.4 Traffic Classes and ALL Layer Protocols. . ........... 92

225 ATMSwitches. .. ... . i 95

2.2.6 ATM Switch Architectures. . . .................... 96

2.277 Management of Traffic. ......... ... ... .. ....... 102

228 ATMPhysical Layer............. ... ..., 115

2.2.9 Internet Access Through ATM Over ADSL.. . ... ...... 124

References. . ... ... .. 125

3 IP-Based Networks and Future Trends. . . . ................... 129

3.1 Introduction. .. ...........iiinti e 129

32 Thelnternet. . ... ... 129

3.2.1 Introduction to the Internet Protocol Suite. . ........... 131

3.2.2 TCP/IP Protocol Architecture . . . ................... 131

33 IP (Version4) Addressing. . .. ..., 134

3.3.1 IPv4 Datagram Format. ......................... 136

332 IPSubnetting. ........ .o 139

3.3.3 Public and Private IP Addresses. . .................. 142

3.3.4 Static and Dynamic IP Addresses. . ................. 144

3.3.5 An Example of Local Area Network Architecture. . . . ... 144

33.6 IPVersion 6. . ... ... 146

3.4 Domain Structure and IPRouting . . . ......... ... .. oL 149

34.1 Routing Algorithms. .. ............ . ..., 151

3.4.2 Routing Implementation Issues. . ................... 165

3.5 QoS ProvisioninIP Networks. . ......................... 166

3510 InmtServ. .. ... 167

352 DiffServ. .. ... 174

3.6 [IP Traffic Over ATM Networks . . .. ..., 177

3.6.1 TheLISMethod.............. ... .. ...... 179

3.6.2 The Next Hop Routing Protocol . . . ................. 180

3.6.3 The Integrated Approach for IP Over ATM............ 181

3.7 Multi-protocol Label Switching Technology . ............... 183
3.7.1 Comparison Between IP Routing

and Label Switching . . .. ....... . ... ... ... ... 184

372 OperationsonLabels............................ 186

373 MPLSHeader.................. i iiiiinnn. 188

3.74 MPLS Nested Domains. ......................... 189

3.7.5 MPLS Forwarding Tables. . . ..................... 190

3.7.6 Protocols for the Creationof an LSP. . ... ... ... ... 193

377 IP/MPLSOver ATM. ....... ...ttt 195

3.7.8 MPLS Traffic Management. . . .................... 197

3,79 GMPLS Technology . ....... ... ... ... 200



Contents XVii
38 TransportLayer.............. ... .. . ... 201
381 TCP. ... e 202
382 UDP. ... ... e 238
3.8.3 Port Numbers and Sockets. . ..................... 239
3.9  Next-Generation Networks . . . ......................... 240
3.9.1 NGN Architecture. . . .......... .. 242
3.9.2 Geographical Core/Transport Networks. . ... ........ 249
3.9.3 Current and Future Satellite Networks. . . ... ........ 251
3.10 Future Internet Concepts. . . . . oo v vt ii ettt 253
References. .. ... .. 255
Exercises on Part [of the Book. ... ........ ... ... ............ 258

Part I’ Queuing Theory and Applications to Networks
4 Survey on Probability Theory.............................. 265
4.1  The Notion of Probability and Basic Properties. . ........... 265
4.2  Random Variables: Basic Definitions and Properties. . . ....... 268
4.2.1 Sum of Independent Random Variables. ... ......... 273
4.2.2 Minimum and Maximum of Random Variables. ... .. .. 274
4.2.3 Comparisons of Random Variables. ................ 275
424 Moments of Random Variables. . ................. 276

4.2.5 Random Variables in the Field

of Telecommunications. . . ...................... 279
4.3  Transforms of Random Variables. .. .................... 297
4.3.1 The Probability Generating Function. . .. ........... 298
4.3.2 The Characteristic Functionof apdf................ 306
4.3.3 The Laplace Transform of apdf................... 311
4.4  Methods for the Generation of Random Variables. . . ........ 313
4.4.1 Method of the Inverse of the Distribution Function. . . . . 313
4.4.2 Method of the Transform. . ... ................... 314
4.5 EXEICISES . . oottt it e 315
References. .. ... .. e 317
5 Markov Chains and Queuing Theory........................ 319
5.1  Queues and Stochastic Processes. . ...................... 319
5.1.1 Compound Arrival Processes and Implications. . . . .. .. 322
5.2  Poisson Arrival Process. . . .......... .. .. ... . ... 323
5.2.1 Sum of Independent Poisson Processes. ............. 326
5.2.2 Random Splitting of a Poisson Process. ............. 326
5.2.3 Compound Poisson Processes. .................... 327
5.3  Birth-Death Markov Chains. . ... ...................... 328
5.4  Notations for Queuing Systems. . .. ... ... 330
5.5 Little Theorem and Insensitivity Property. ... ............. 331
5.5.1 Proof of the Little Theorem. . .................... 332
5.6 M/M/1 Queue AnalysiS. . .......oiuiiiiinnnnnna.n 335



Xviii Contents
5.7 M/M/1/K Queue Analysis. ..............oiiiiin.. .. 336
577.1 PASTA Property.......... ..., 338
5.8 M/M/S Queue Analysis. ...........ccuiuiiiiiiiieannn. 339
5.9 M/M/S/SQueue Analysis. .. ...t 340
5.10 The M/M/oo Queue AnalysiS. .. .....ovvvin .. 344
5.11 Distribution of the Queuing Delays in the FIFO Case. ... ... .. 345
SA1.1 M/M/TCase. . oot 345
5012 M/M/SCase. . oo e e 347
5.12 Erlang-B Generalization for Non-Poisson Arrivals. . ......... 349
5.12.1 The Traffic Types in the M/M/S/S Queue. . ......... 349
5.12.2 Blocking Probability for Non-Poisson Arrivals. . . . ... 351
503 EXeICISes. .. ..o ottt 355
References. .. ... .. 364
6 M/G/1 Queuning Theory and Applications. . . .................. 367
6.1  The M/G/1 Queuing Theory. .......... ... ..., 367
6.1.1 TheM/D/1Case........ ... 374
6.1.2  The M°™P)/G®/1 Queue with Bulk Arrivals
orBulk Service. . ..... ... ... .. L L. 375
6.2  M/G/1 System Delay Distribution in the FIFO Case. . ........ 375
6.3  Numerical Inversion Method of the Laplace Transform. . . . . . . 377
6.4  Impact of the Service Time Distribution on M/G/1 Queue. . . . . 380
6.5 M/G/1 Theory with State-Dependent Arrival Process. ... ... .. 383
6.6  Applications of the M/G/1 Analysisto ATM............... 385
6.7 A Survey of Advanced M/G/1 Cases. . ................... 389
6.8  Different Imbedding Options for the M/G/1 Theory.......... 391
6.8.1 Imbedding at Slot End of the Output Line. . ......... 392
6.8.2 Imbedding at Transmission End
of Low-Priority Cells. . . .................... ... 393
6.8.3 Imbedding at Transmission End
of Low-Priority Messages . . .. .......ccovvveennn... 396
6.9  Continuous-Time M/G/1 Queue with “Geometric”
MESSaAZES . v v v v et e 397
6.9.1 Imbedding at Packet Transmission Completion. . . . . .. 398
6.9.2 Imbedding at Message Transmission Completion. . . . .. 400
6.10 M/G/1 Theory with Differentiated Service Times. ........... 402
6.10.1 The Differentiated Theory Applied to Compound
Arrivals. . ... 403
6.11 M/D™)/1 Theory with Batched Service.................... 404
6.12  EXEICISeS. . ..o ittt e 408
References. . ... ... .. e 413
7 Local Area Networks and Analysis. . ........................ 415
7.1 Introduction. ............ ... 415

7.1.1  Standards for Local Area Networks. ............... 419



Contents Xix
7.2  Contention-Based MAC Protocols. . ..................... 421
7.2.1 AlohaProtocol........... ... ... .. .. ... ........ 421
7.2.2 Slotted-Aloha Protocol . . .. ...................... 427
7.2.3 The Aloha Protocol with Ideal Capture Effect. ........ 430
7.2.4 Alternative Analytical Approaches
for Aloha Protocols. .. .......... ... ... ... 432
725 CSMA Schemes. .......... ... ... 437
7.3  Demand-Assignment Protocols. . .............. ... .. .... 468
7.3.1 Polling Protocols. . ............ . vuiiiiineo... 468
7.3.2 Token Passing Protocols. . ...................... 469
7.3.3 Analysis of Token and Polling Schemes. . ........... 471
7.3.4 Reservation-Aloha (R-Aloha) Protocol . . . ........... 475
7.3.5 Packet Reservation Multiple Access (PRMA)
Protocol . . ... . . 480
7.3.6 Efficiency Comparison: CSMA/CD vs. Token
Protocols. .. ... ..o i 481
7.4  Fixed Assignment Protocols. . .. .............. ... ... ... 486
7.4.1 Frequency Division Multiple Access (FDMA)......... 486
7.4.2 Time Division Multiple Access (TDMA). .. ......... 486
7.4.3 Code Division Multiple Access (CDMA)............ 487
7.4.4 Orthogonal Frequency Division Multiple Access
(OFDMA) . . oo 489
7.4.5 Resource Reuse in Cellular Systems. . .. ............ 489
7.5  EXeICISES . .o oo ittt e 490
References. .. ... ... . e 494
8 Networksof Queues. .......... ... ... ... .. ... .. .. ... ... ... 497
8.1 Introduction............ ... .. 497
8.1.1 Traffic Rate Equations. . . ....................... 500
8.1.2 The Little Theorem Applied to the Whole Network . . . . . 500
8.2  Tandem Queues and the Burke Theorem. ................. 501
8.3 ThelJackson Theorem. ............ ... iiiiineeennn.. 502
8.3.1 Analysis of a Queue with Feedback. . .............. 504
84 TrafficMatrices. . .. ... vt 506
8.5 Network Planning Issues. . ....... ... ... ... ... ...... 507
8.6  EXeICISeS. . ..ottt 508
References. . ... ... . e 512
Index . .. ... . 513



2 Springer
http://www.springer.com/978-1-4614-4083-3

Queuing Theory and Telecommunications

Metworks and Applications

Giambene, G.

2014, XXl, 516 p. 268 illus., 32 illus. in color., Hardcover
ISBEMN: 278-1-4614-4083-3



	Contents

