Contents

1 Introduction............. ... 1
EXEICISES ..ttt et 6
2 Lévy Processes and Lévy-Driven Queues ................................ 7
2.1  Infinitely Divisible Distributions, Lévy Processes.................. 7
2.2 Spectrally One-Sided Lévy Processes..........ccovveiiiiiinnn. 10
2.3 @-Stable LEVY MOtONS. . .oovvii et 15
24 Lévy-Driven QUEULS ......coovinuuiiitiiii i 17
EXEICISES ..ttt ittt e 21
3 Steady-State Workload..................ccoiiiiiiiiiiiii 23
3.1  Spectrally Positive Case............c.ceiiiiiiiiiiiiiiiiiie e, 23
3.2 Spectrally Negative Case..........uueeeeiiiiiiieiiiiieeeannnnn. 30
3.3 Spectrally Two-Sided Case ..........cccovviiiiiiiiiiiiiiieenninn, 30
3.4  Spectrally Two-Sided Case: Phase-Type Jumps .................... 39
3.5  Spectrally Two-Sided Case: Meromorphic Processes .............. 44
EXEICISES ..ttt et e 46
4  Transient Workload ............ ... 49
4.1  Spectrally Positive Case...........oooiiiiiiiiiiiiiiiiiiiiieen. 49
4.2 Spectrally Negative Case..........oooviiiiiiiiiiiiiiiiiiiiieeennn. 55
4.3  Spectrally Two-Sided Case ............ccevviiiiiiiiiiiiiiieeannn. 60
EXEICISES ...ttt et e 65
5 Heavy Traffic....... ..o 67
5.1  Lévy Inputs with Finite Variance .....................ooocociii 69
5.2 Lévy Inputs in the Domain of a Stable Law ........................ 74
EXEICISES ..ottt et e 78
6 BusyPeriod.......... .o 81
6.1  Spectrally Positive Case.............eviiiiiiiiiiiiiiiiiie e, 82
6.2  Spectrally Negative Case.........c..veieiiiiiiiiiieiiiiieeeannn. 85
6.3  Spectrally Two-Sided Case .........cccovviiiiiiiiiiiiiiieinninnn, 87

ix



10

11

12

13

Contents

6.4  Infimum Over Given Time Interval.................................. 88
| 35 (S (& F e 92
Workload Correlation Function .......................................... 97
7.1  Spectrally Positive Case: Transform .................oooeeiiiin.. 97
7.2 Spectrally Negative Case: Transform ..................ocociiiiie. 99
7.3 Spectrally Positive Case: Structural Results ........................ 100
7.4  Spectrally Negative Case: Structural Results ....................... 103
| 3 (S (& Y 104
Stationary Workload Asymptotics................coooeiiiiiiiiiiiiii 105
8.1  Light-Tailed Regime ...........ccoeiiiiiiiiiiiiiiiiiiiii s 106
8.2 Intermediate Regime .............cccoiiiiiiiiiiiiiiiiiiiii 111
8.3  Heavy-Tailed Regime ...........ccoeiiiiiiiiiiiiiiiiiiiiii s 112
| 35 (S (e Y 116
Transient ASymptotics ... 119
9.1  Transient Workload ASymptotiCS..........uuuiiiiiiiiiiiiiieeeeennns 119
9.2  Joint Transient Distribution ..............cooviiiiiiiiiiiiiiineiinn.. 122
9.3  Busy Period and Correlation Function ................cooooeiiiiit. 124
9.4  Infimum over Given Time Interval .....................ccooiiiiin... 127
BRI CISS vttt e e 128
Simulation of Lévy-Driven Queues ...................coovviiiiiiiii.n, 131
10.1  Simulation of Lévy-Driven Queues ................c.oooiieeeeannn. 131
10.2  Estimation of Workload Asymptotics ...........cceuuuuuuuunnnnnn.. 134
10.3  Estimation of Busy-Period Asymptotics ............cocuvuuuunnnnn.. 136
10.4 Estimation of Workload Correlation Function ...................... 139
BRI CISS vttt 141
Variants of the Standard Queue ......................ccoiiiiiiiiiiiin.. 143
11.1 Finite-Buffer Queues ..........cooiiiiiiiiiiiii i, 143
11.2 Models with Feedback ............coooiiiiiiiiiii i 148
11.3  Vacation and Polling Models ..............oooiiiiiiiiiiiiiiiinn. 149
11.4 Models with Markov-Additive Input .............coooviiiiinnnn. 150
BRI CISS vttt e e e 157
Lévy-Driven Tandem QUEUES ...............cooviiiiiiiiiiiiiiiiiinennnn.. 161
12.1 Representation for Stationary Downstream Workload ............. 163
12.2  Steady-State Workload of the Downstream Queue ................. 165
12.3 Transient Downstream Workload....................c.cooiviin... 169
12.4  Stationary Downstream Workload Asymptotics.................... 172
12.5 Bivariate Distribution ..............cooiiiiiiiiiii i 174
EXOICISES vttt e e 178
Lévy-Driven Queueing Networks ......................ooooiin. 181
13.1 Definition, Multidimensional Skorokhod Problem ................. 181

13.2 Lévy-Driven Tree Networks ..o, 183



Contents xi

14

15

16

17

13.3 Representation for the Stationary Workload ........................ 186
13.4 Multinode Tandem Networks ..., 189
13.5 Tree Networks: Stationary Distribution at a Specific Node ........ 194
13.6  Priority Fluid QUeues .........coooviiiiiiiiiiiiiiiiiiiiiiiiee e 195
EXEICISES ..ttt 196
Applications in Communication Networks .............................. 197
14.1 Construction of Stationary On—Off Source ......................... 198
14.2 Convergence of Traffic Process: Horizontal Aggregation .......... 199
14.3  Convergence of Traffic Process: Vertical Aggregation ............. 203
14.4  Convergence of Workload Processes ............ccevvviiiieeeaann. 205
EXEICISES ..ttt ittt e 206
Applications in Mathematical Finance ................................... 209
15.1 Specific Lévy Processes in Finance ..................oooooeeeaa. 210
15.2 EStmAation ......ooiuuiiiiiiiii i 212
15.3 Distribution of Running Maximum...............c.c.oooviieeeen.nn. 214
15.4  Option Pricing: Payoff Structures ...............cooeviiiiiiiiean. 217
15.5 Option Pricing: Transforms of Prices .................ooooieeeia. 219
15.6 Applications in Non-life Insurance ..............ccccooviiiiieennn. 225
15.7 Other Applications in Finance ..o 232
EXEICISES ..ttt ettt e 233
Computational Aspects: Inversion Techniques.......................... 235
16.1 Approach 1: Approximation and Inversion ......................... 236
16.2 Approach 2: Repeated Inversion....................oooooiiiiiin 238
16.3  Other ApplCAtIONS .......ooiiiiiiti it 240
B X OTCISES - . 243
Concluding Remarks...............oooiiiiiiiiiiiii e 245

R OI@INCES . ... ot e 247



2 Springer
http://www.springer.com/978-3-319-20692-9

Queues and Lewy Fluctuation Theory
Debicki, K.; Mandjes, M,

2015, X, 255 p. 12 illus., Softcover
ISBN: 978-3-319-20692-9



	Contents

