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bin sort fair queueing (BSFQ), 165
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capacity-based pricing, 5, 98, 113
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cooperative bargaining game, 110
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CSP, 22

cumulative distribution function (CDF), 26, 60
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DAG, 22
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data compression, 10, 15
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decomposition heuristic, 81, 83

decreasing distribution, 26, 27, 31, 135
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deficit round-robin (DRR), 164

demand distribution, bimodal, 26, 27, 31, 84
demand distribution, decreasing, 26, 27, 31
demand distribution, increasing, 26, 27, 31
demand distribution, Pareto, 113

demand distribution, quadrimodal, 84
demand distribution, triangle, 26, 27, 31
demand distribution, uniform, 26, 27, 31, 84
demand distribution, unimodal, 26, 27, 31
demand distributions, 26, 27, 31

demand driven heuristic (DDH), 44

demand point, 9, 20
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DH, 81, 83

directed acyclic graph, DAG, 22

directional p-median problem, 12

directional p-median problem, applications, 15

directional p-median problem, joint
optimization, 33

directional p-median problem, on the plane,
14,76

directional p-median problem, on the real line,
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directional p-median problem, on the real line,
stochastic demands, 60

directional feasible solution, 13

directional intersection points, 14

directional mapping, 13, 60

directional rectilinear distance metric, 12

directional rectilinear distance metric, on the
plane, 13

directionality constraints, 13, 20

discrete-PM2, 11

discrete-PM2, GRIA heuristic, 79

discrete-PM2, HC, 81

discrete-PM2, heuristics, 77

discrete-PM2, integer friendly, 78

discrete-PM2, TB heuristic, 78, 80

distance metric, directional rectilinear, 12

distance metric, Euclidean, 10

distance metric, rectilinear, 10

DPM1, 47-50, 52, 56, 57

DPM1, bandwidth tiered service, 19

DPM1, constrained, 38

DPM1, definition, 13

DPM1, feasible solution, 20, 22

DPM1, graph representation, 22

DPMI, linear dynamic programming
algorithm, 22, 24

DPM1, quadratic dynamic programming
algorithm, 21

DPM2, 14,76

DPM2, decomposition heuristic, 81, 83

DPM2, definition, 76

DPM2, dynamic programming algorithm, 91

DPM2, strictly dominating solution, 90

DRR, 164, 171

economic model, 97

economic model, tier sizing, 101

elastic applications, 155
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facility-build cost, 33

fair round-robin (FRR), 166

fairness index (FI), 181, 186

FCFS, 156

FI, 181

FIFO, 165

first-come, first-served discipline (FCFES), 156
first-in, first-out (FIFO), 165

frame relay (FR), 2

frame-based packet schedulers, 157, 163
FRR, 166, 170, 171

generalized processor sharing (GPS), 158

generic framing procedure (GFP), 37

GFP, 37

global system for mobile communications
(GSM), 37

global/regional interchange algorithm (GRIA),
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GPS, 158, 169

GPS, max-min-fairness, 159

GRIA heuristic, 79

Grid system, 16

guaranteed-service applications, 155

HC, 81

Hessian matrix, 64, 105

heuristic concentration (HC), 81
hybrid packet schedulers, 157, 164

increasing distribution, 26, 27, 31, 135
indifference curve, 142, 143

inelastic market, 125

inter-class scheduler, S-RR, 166
Internet service pricing, 98

Internet service provider (ISP), 2, 4
intersection points, 10

intersection points, directional, 14
intra-class scheduler, S-RR, 166

ISP, 2,97, 98

JDPM1, 33, 107
JDPM1, definition, 33
JDPM1, generalization, 107

label switched path (LSP), 15, 55

label switched path (LSP), resizing, 16
LCAS, 38

leap forward virtual clock (LFVC), 178
Lehmer random number generator, 26
LFVC, 178
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link capacity-adjustment scheme (LCAS), 38
LSP, 15, 38, 55

market segmentation, 125, 131

MAX-ES, 103

MAX-ES, approximate formulation, 105, 106

MAX-ES, approximate solution, 105

MAX-ES, definition, 103

MAX-ES, nonlinear programming, 104

MAX-ES-2D, 144

MAX-ES-2D, approximate solution, 145, 147

MAX-ES-2D, definition, 144

MAX-ES-2D, fixed tiers, 145

MAX-ES-2D, fixed tiers, dynamic program-
ming algorithm, 147

max-min fairness, 156

MAX-S, 128

MAX-S, approximate solution, 133

MAX-S, definition, 128

MAX-S, dynamic programming algorithm,
133

MAX-S, fixed tiers, 131

MAX-S, fixed tiers, dynamic programming
algorithm, 132

MAX-S, single-tier, 129

maximization of expected provider surplus
problem, two dimensions (MAX-ES-
2D), 144

maximization of expected surplus problem
(MAX-ES), 103

maximization of provider surplus problem
(MAX-S), 128

metaheuristic, 81

Monge property, 22

Monge property, definition, 23

monotone matrix, definition, 24

MPLS, 15, 55

MPLS, traffic grooming, 38

multi-dimensional tiered structure, 75, 76

multi-protocol label switching (MPLS), 15, 55

multi-tier pricing, 5, 98

multiprocessor system, 16

Nash bargaining, 108

Nash product, 110

NBR, 26

NBR, stochastic input, 62, 69

NES, 117-119, 123

next generation SONET/SDH, 38

normalized bandwidth requirement, 49

normalized bandwidth requirement (NBR), 26

normalized bandwidth requirement (NBR),
stochastic input, 62

normalized DPM2 cost, definition, 83
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normalized expected revenue, 120, 121

normalized expected surplus (NES), 117-119,
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NSFnet, 55, 56

OPT-P, 110

OPT-P, definition, 110

OPT-P, solution, 111, 112

optimal price, multiple tiers, 112

optimal price, single tier, 111, 112

optimal pricing, 108

optimal pricing, multiple tiers, 112

optimal pricing, single tier, 109

optimal tiering structure, 116, 135

optimal tiering structure, performance, 118,
119, 121, 123, 137, 138

optimal-rounded tiering structure, 116, 135

packet fair scheduling, 2, 16

packet scheduling, 155

packet scheduling, objectives, 155

packet scheduling, requirements, 155

Pareto distribution, 113

PDF, 26, 27, 31, 60, 84, 100, 144

periodic tasks, 16

PM1, definition, 12

PM2, heuristics, 77

power of two heuristic (PTH), 46

price optimization problem (OPT-P), 110

pricing, capacity-based, 5, 98, 113

pricing, Internet services, 98, 99

pricing, usage-sensitive, 5, 98, 113

pricing, usage-sensitive, 95-th percentile, 5

probability distribution function (PDF), 26, 27,
31, 60, 84

proportionally fair schedule, 17

provider surplus, 102, 125, 128, 136

PTH, 4648

QQ, 84

quadrimodal distribution, 84
quality of service (QoS), 2, 20, 75, 155

random number generator (RNG), 26
rectilinear distance metric, 10

RNG, 26

round-robin (RR), 163

RR, 163

S-RR, 166, 170, 171

SCFQ, 161

scheduler, inter-class, 166
scheduler, intra-class, 166
scheduler, timestamp-based, 16
schedulers, frame-based, 157, 163
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schedulers, hybrid, 157, 164

schedulers, timestamp-based, 157
scheduling discipline, 155

SDNAP, 113

SDPM1, 60, 104

SDPM1, approximate formulation, 66, 68
SDPM1, approximate solution, 66
SDPM1, approximate, optimal solution, 68
SDPM1, definition, 61, 62

SDPM1, feasible solution, 60

SDPM1, increasing distribution, 65
SDPM1, optimal solution, 62

SDPM, special case of MAX-ES, 104
SDPM1, uniform distribution, 64

SEFF, 160, 171

self-clocked fair queueing (SCFQ), 161
service bundle, 75, 141

service bundle, as marketing strategy, 141
service level agreement (SLA), 4, 75
service tiers, 3

SFF, 159

SFQ, 162

smallest eligible virtual finish time first policy
(SEFF), 160

smallest virtual finish time first policy (SFF),
159

smoothed round-robin (SRR), 165

social surplus, 102, 114

social welfare, 102

SRR, 165

start-time fair queueing (SFQ), 162

stratified round robin (SRR), 16

stratified round-robin (S-RR), 166

strictly dominating set, 90

strictly dominating solution, 90

supply point, 9, 20

surplus function, 100, 101

surplus, expected, 102, 115

surplus, provider, 102, 125, 128, 136

surplus, social, 102, 114

surplus, user, 102, 129

symbols, list of, xvii

synchronous digital hierarchy (SDH), 3, 37

synchronous digital hierarchy (SDH), next
generation, 38

synchronous optical network (SONET), 3, 37

synchronous optical network (SONET), next
generation, 38

task scheduling, 16

TB heuristic, 78, 80, 81, 83
TCP, 176

TDM emulation, 37
TDM-DPM1, 39
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TDM-DPM1, bidirectional supply driven
heuristic, 45

TDM-DPM1, definition, 39

TDM-DPMI1, demand driven heuristic, 44

TDM-DPM1, exhaustive search algorithm, 42,
43

TDM-DPMI, heuristic algorithms, 44

TDM-DPM1, objective function behavior, 41

TDM-DPM1, optimal solution, 40

TDM-DPM1, power of two heuristic, 46

TDM-DPM1, supply driven heuristics, 45

TDM-DPM1, unidirectional supply driven
heuristic, 45, 46

Teitz and Bart (TB), 78, 80, 81

tiered service, 3

tiered service fair queueing (TSFQ), 169, 170

tiered service, impact on resources, 26

tiered service, market segmentation, 125, 131

tiered service, performance penalty, 20

tiered-service network, 3

time division multiplexing (TDM), 4, 163

timestamp-based packet schedulers, 157

totally monotone matrix, 23

totally monotone matrix, definition, 24

traffic grooming, 38

transaction cost, 109

triangle distribution, 26, 27, 31

TSFQ, 169, 170

TSFQ, inter-tier scheduler, 171

TSFQ, intra-tier scheduler, 171, 173, 175

UB, 84

UDP, 179

uncapacitated facility location problem, 33

unidirectional supply driven heuristic (USDH),
45, 46

uniform distribution, 26, 27, 31, 84, 135

uniform tiering structure, 116, 131, 135, 145

uniform tiering structure, performance,
117-119, 121, 123, 137, 138

unimodal distribution, 26, 27, 31

usage-sensitive pricing, 5, 98, 113

USDH, 45-51

user surplus, 102, 129

utility function, 100, 101, 114, 125, 134, 142

utility function, Cobb-Douglas, 143

UuU, 84

VC, 162

VCAT, 38

vector quantization, 76

vertex substitution heuristic, 78, 80
virtual clock (VC), 162

virtual concatenation (VCAT), 38
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virtual private network (VPN), 15
voice-over-IP (VoIP), 156

weighted fair queueing (WFQ), 2, 16, 159
weighted round-robin (WRR), 163
WF2Q, 160

WF2Q+, 161, 169, 171

WFI, 160

WEQ, 159

worst-case fair weighted fair queueing
(WFQ), 160

worst-case fairness index (WFI), 160

WRR, 163
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