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absorption filter, 365
acousto-optic filter, 364
active components, 357
acyclic network, 391
adjacency matrix, 390
algorithm for finding all cycles, 82
all-optical wavelength conversion, 11
all-optical traffic grooming, 172
all-to-all uniform traffic, 176
alternate-path routing (APR), 17
amplitude modulation, 379
analysis of a multi-hop single wavelength path, 189
analysis of single wavelength two-hop path, 188
approaches to network design, 383
a priori efficiency, 64
arbitrary topology design, 413
architecture-independent mapping, 276
architecture-dependent mapping, 277
arrayed waveguide grating, 366
asynchronous transfer mode (ATM), 2, 13, 382
ATM block transfer (ABT), 13, 31
ATM burst switching, 31
augmentation path, 405
automatic design process, 384
automatic sequential overlapping fault coverage, 165
available shortest-path routing (ASPR), 296
avalanche photodiodes (APD), 371
average nodal connectivity, 81
average path length, 120, 124, 301
average redundnacy, 81
average shortest path length, 302

backbone nodes, 175
backup lightpath, 26
backup multiplexing, 37, 46, 77, 89
backup sharing in TSN, 250
backward edge, 403
base network, 161
Bellman’s equations, 394
best-effort

class constraints, 92
protection, 39, 87, 91, 92

best-fit
decreasing packing order, 340
increasing packing order, 340

bidirectional line-switched ring (BLSR), 172
binomial distribution, 386
bit-error rates, 1
blocking

in TSN, 261
networks, 406
performance, 78, 300
probability, 14, 120, 123

Boltzmann’s constant, 53
Boolean cube, 412
bottleneck link, 104
breadth-first order, 402
broadcast-and-select networks, 4, 5
buffering technology, 30

cable cost, 41
cable TV, 5
capacitated multi-commodity flow design problem,

316
capacity

allocation, 67
fairness, 201, 203
minimization, 86–8, 96
planning, 39
utilization, 76, 81

centralized restoration, 36
centralized vs. distributed control, 36
channel, 29
channel access protocol, 6
channel capacity, 185
channel-space

switching, 242, 284
switch modeling, 273

chromatic dispersion, 360
circuit-switched network, 381
circulator, 373
closed walk, 391
code-division multiplexing (CDMA), 379
completely connected topologies, 409
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computing disjoint paths, 34
connected component of a graph, 392
connection admission control (CAC), 202, 206
connection establishment in TSN, 243, 252
connectionless service, 382
connection-oriented service, 382
connectivity information, 248
connectivity of a graph, 392
constrained grooming networks, 180, 295
constrained minimum spanning tree, 401
constrained sub-graph routing, 130, 163
constraint for topological diversity, 90, 91
cost model, 41
couplers, 372
coverage computation, 163
cross-connect

constraint, 45
cost, 41
node architecture, 21

cross-point switching element, 49
cycle in a graph, 391
cycle selection algorithms, 63
cycle-based protection, 62

data burst, 31
degree, 390
delays in networks, 386
demand

constraint, 46, 90, 91
normalization technique, 93

demultiplexors, 362
dense network, 82
depth-first search, 64, 402
design and upgrade problem, 51
detouring

end-to-end, 34
local, 34

diameter of a graph, 391
dielectric

constant, 360
thin-film filter, 363

differentiated services (DiffServ), 4
diffraction gratings, 366
digging cost, 41
Dijkstra’s method, 395
directed graph, 390
dispersion-compensated fiber, 362
dispersity routing, 298
distance-vector protocols, 244
distributed feedback laser, 368
distributed routing in TSN, 244
double-hub ring, 174
dual-failure restorability, 166
dual-link

failure coverage, 157, 159, 161
sub-graph routing, 161

dynamic
programming, 394
routing, 17, 293
topologies, 411
traffic, 14, 178

economy of scale, 49
edge-emitting LED (ELED), 368
edge-disjoint shortest path, 71
effect of cost and technology trends, 50
effect of dispersity routing, 303
effect of grooming granularity, 221
effect of number of alternate paths, 221
effect of traffic grooming, 218
effect of wavelength assignment and topology, 218
effective utilization, 125
electrical-to-optical (O-E-O) conversions, 16
electronic switching, 9
electro-optic filter, 365
elimination test, 261
end-to-end

delay, 385
detouring, 34

enhanced hypercube, 412
erbium-doped silica fiber, 369
eribium-doped fiber amplifier (EDFA), 369
European ACT KEOPS, 12, 30
exponential distribution, 387
extended Dijkstra’s shortest path, 293
external modulators, 370

Fabry–Perot etalon filter, 363
Fabry–Perot laser, 368
facility cost, 42
failure-dependent path restoration, 144
fairness

analysis, 184
definition, 202
performance of RWA algorithms, 205

fault tolerance, 26, 118, 385
fiber Bragg gratings, 365
fiber cost, 41, 42
fiber delay lines, 29
fiber dispersion, 360
fiber loss, 362
fiber nonlinearities, 361
fiber optic cables, 357
find all cycles (G), 82
first-fit (FF), 19, 20
fixed alternate-path routing, 216, 243
fixed-path least-congestion routing (FPLCR), 243
fixed-path routing, 10, 17, 186
fixed-wavelength conversion, 11
flow control algorithms, 381
Floyd–Warshall method, 398
forward edge, 403
forward error correction, 42
four-wave mixing (FWM), 361
free and busy trunks, 241
frequency modulation, 379
frequency-division multiplexing, 379
full information restoration (FIR), 38
full permutation switching, 242, 282
full protection, 39, 87, 91
full-channel interchanger (FCI), 241
full-channel permutation switch, 273
full-wavelength conversion, 11
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generalized folding cube, 412
generic circle grooming algorithms, 177
GMPLS network, 37
graph algorithms, 393
graph model for network, 390
graph representations, 390
greedy algorithms, 384
grooming analysis of single wavelength link, 187
grooming connection setup and release, 180
grooming factor, 194
grooming granularity, 185
grooming policy, 215
grouping of channels, 239

Hamiltonian cycle, 63
Hamming distance, 411
helical cube, 413
hetereogenous grooming networks, 241
heterogeneous switch architecture model, 274
heuristic methods, 51, 177, 382
hierarchical network, 378
hierarchical ring, 174
homogeneous grooming networks, 241
hop-length constraint, 317
hub ring, 174
hypercube, 411

incidence matrix, 390
incremental costs, 59
incremental ring, 175
in-degree, 390
insertion loss, 5
installation costs, 48
instant redundancy (IR), 67
integer programming problem (IPP), 382
internal modulators, 370
Internet, 1
internet protocol (IP), 1
IP over WDM, 309–17
isolators, 373

just-enough-time (JET), 13, 32
just-in-time (JIT), 13, 32

K disjoint permutation, 407
K generalized shortest cycles, 54
knapsack problem, 338
Kruskal algorithm, 400
K-shortest paths, 341

label edge router (LER), 311
label switch path (LSP), 311
laser, 367
leasing cost, 41
least-congestion routing (LCR), 17
least-loaded routing (LLR), 25, 70
least-used wavelength assignment, 20
length of a light trail, 350
light-emitting diode, 368
light propagation, 358
light sources, 367

light trail, 330
characteristics, 333
design, 334
protection, 348
restoration, 347

lightpath, 7
limited grooming capability, 180
limited-wavelength conversion, 10, 11
line-speed, 185
link capacity constraint, 45, 89
link independence model, 189–90
link information, 247
link load, 121
link provisioning

constraint, 45
cost, 41

link-based restoration, 34
liquid crystal Fabry–Perot filter, 365
local area network, 5
local detouring, 34
long-term reconfiguration, 86, 87
loss probability, 385
low-rate traffic stream, 169
LP

heuristic algorithm, 110
relaxation technique, 102, 103

M/M/m queue, 389
Mach–Zehnder

filter, 363
modulator, 371
interferometer grating, 366

managing large networks, 102
managing multiple link failures, 143
managing online reconfiguration, 88
manual design process, 384
Markov process, 187
Markovian correlation, 266
material dispersion, 360
maximum communication delay, 391
medium-term reconfiguration, 86
meshes, 411
MICRON framework, 243, 247
minimize link-primary-sharing (MLPS), 225
minimum spanning tree (MST), 399
minimum sum (MS), 25
mixed grooming policy, 217
modal dispersion, 359
modeling switches in TSN, 273
modes, 359
modulators, 370
Monte Carlo approach, 51
most-free routing (MFR), 70
most-used wavelength assignment, 20
multi-failure protection, 143–55
multi-fiber networks, 10, 23
multimode fiber, 358
multimode graded index fiber, 359
multiple rings, 62
multiple shortest paths, 399
multiplexors, 362
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multi-protocol label switching (MPLS), 4
multi-protocol lambda switching, 311
multi-stage interconnection network (MIN), 43
mutation scheme, 57

network (Max) flow, 403
network and fault model, 127
network control and management, 87
network design, 14, 377
network evolution, 56
network flow analysis algorithm, 403
network management techniques, 381
network model, 15
network operation, 86
network redundancy (NR), 67
network topology, 377, 385

design, 408
network upgrade, 55
network utilization, 121, 300
no protection, 39, 87, 91
node connectivity of a graph, 392
node-based subgraph routing, 130
non-overlapping traffic demands, 177
non-zero dispersion-shifted fiber, 362
normal distribution, 386

OAM channel, 38
optical add/drop multiplexers, 7, 374
optical amplifers, 7, 369
optical burst switching, 1, 31
optical channel routing, 3
optical couplers, 4
optical cross-connect (OXC), 7, 16
optical fibers, 362
optical filters, 362
optical modules, 357
optical network components, 357
optical packet switching, 12, 30
optical pump, 369
optical shutter, 331
optical switches, 374
optical terminating equipment, 16
optical trail, 330
optical transmssion, 2
optimal set of p-cycles, 68
optimization problems, 14
opto-electronic wavelength conversion, 11
out-degree, 390
overprovisioning, 50

packet-switched network, 381
partial information restoration (PIR), 38
passive component, 4, 357
path in a graph, 391
path information, 250

vector, 253
path-selection algorithms, 243, 253, 296
path-based restoration, 34
p-cycle-based design for dynamic traffic, 66
permutation, 407
permutation routing, 407

phase modulation, 379
photodetectors, 371
physical topology, 314
point-to-point WDM ring, 174
polarization mode dispersion (PMD), 361
positive intrinsic negative photodiodes (PIN), 371
power equilization, 42
precomputed paths, 36, 38
preconfigured protection cycles (p-cycles), 37, 62, 71
preprocessing step for light trail design, 335
preselection heuristic, 66
pre-wavelength set assignment, 104
Prim’s algorithm, 400
primary lightpath, 26
primary path wavelength usage constraint, 46, 89
primary–backup multiplexing, 28
primitive rings, 177
principle of optimality, 394
pro-active restoration, 34
pro-active subgraph fault tolerance, 167
probability distributions, 386
probability of path reassignment, 121
processing time delay, 388
propagation characteristics, 360
propagation delay, 388
protected working capacity envelopes, 66
public switched telephone network (PSTN), 1

quality of service (QoS), 382, 385
queuing

delay, 388
models, 389
theory, 386

Raman amplifiers, 370
random shuffling, 52
random wavelength assignment, 19
Rayleigh scattering, 362
reactive restoration, 34
reactive subgraph fault tolerance, 167
rearrangeable networks, 406
reconfigurable topologies, 412
recovery, 26
refractive index, 360
regenerators, 42
regular topologies, 408
rejection probability for fairness, 209
relative capacity loss (RCL), 25
relaxation methods, 103
reliability and scalability, 31
repeaters, 373
resource assignment in TSN, 244
resource reservation protocol (RSVP), 4
restoration, 26

guarantee, 27, 39
method, 34
model, 38
time, 26

retiming elements, 32
revenue maximization, 86, 97, 98
right-of-way cost, 41
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rings and multi-rings, 410
routing algorithms, 17, 18, 70, 406
RWA algorithms, 172

seggregated grooming policy, 217
segment-based restoration, 34
selecting a set of p-cycles, 67
self-phase modulation (SPM), 361
semiconductor optical amplifier, 369
shared backup path protection (SBPP), 80
shared mesh restoration, 37
shared risk link group (SRLG), 127
shared-wavelength TDM (SW-TDM), 30
sharing backup capacity 214
shortest path, 391–5
shortest-cycle approach, 35
shortest-path restoration (SPR), 38
shortest-widest path routing (SWPR), 296
short-term reconfiguration, 86
shuffling of request demands, 53
signal format, 3
signal regeneration, 7
signal-to-noise ratio, 23
simplex method, 382
simulated annealing, 51–9
single-link failure 210
single-mode fiber, 358
sink capacity, 377
solving for excess demands, 110
source capacity, 377
source routing in TSN, 244
sparse grooming networks, 180, 194, 294
star and tree topologies, 410
static routing, 17
static traffic grooming in rings, 173
static traffic matrix, 14
stationary probability, 187
stimulated Brillouin scattering (SBS), 361
stimulated Raman scattering (SRS), 361
store and forward operation, 381, 406
straddling link algorithm, 65
strictly non-blocking networks, 406
strongly connected graph, 392
subgraph shadowing, 141
subgraph-based protection strategy, 116
subgraph-based routing, 28, 117, 166
subtrunk, 247

assignment in TSN, 254
subwavelength service, 169
surface-emitting LED (SLED), 368
survivability, 25
survivable light trail design, 350
survivable traffic grooming 210
synchronous control, 6
synchronous digital hierarchy (SDH), 2
synchronous optical networks (SONET), 2

tell-and go (TAG), 13, 31
tell-and-wait (TAW), 13, 31
thermalization, 52
time-division multiplexing (TDM), 2, 379

time-slot interchanger (TSI), 29
topology sparsening effect, 47
total facility cost (TFC), 43
total internal reflection, 359
total spare capacity, 76
total working capacity, 77
traffic aggregation algorithm for IP over WDM,

318
traffic control and network management, 381
traffic grooming

in WDM networks, 28, 169
in WDM rings, 173

traffic stream
multiplexing 211
path 211
switching, 169, 201

transit wavelength, 175
transmission delay, 388
transmission speed, 3
transmission technology, 379
transport networking, 3
tree traversal, 402
trunk, 237
trunk grooming node, 258
trunk-switched networks, 236
tunable receiver scheme, 6

ultra-long haul WDM networks, 169
undirected graph, 390
unidirectional path-switched ring (UPSR), 170
uniform traffic pattern, 176
unit line-speed, 186
upgradeable network design, 38, 39
upgraded network, 48

validation of the TSN model, 280
vertical cavity surface-emitting lasers (VCSELs), 368
virtual topology, 314

walk in a graph, 391
waveguide dispersion, 360
wavelength add/drop multiplexers (WADMs), 16
wavelength assignment, 18
wavelength capacity correlation model, 189–90
wavelength chirping, 368
wavelength continuity constraint, 9, 10, 71
wavelength conversion, 9, 20, 22, 30, 376
wavelength-division multiplexing, 2
wavelength drift, 367
wavelength grooming cross-connects (WGXC), 178
wavelength interchanger (WI), 11
wavelength routing, 7
wavelength-level grooming networks, 294
wavelength-routed networks, 8
wavelength-selective (WS) network, 11
wavelength-selective cross-connects (WSXC), 178
WDM-TDM switch, 29
widest-shortest path routing (WSPR), 296

zero-dispersion wavelength, 362
z-link path model, 264
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