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noise, 90-91
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testing, 272, 290-292
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AOTFs, 72-73
AWG devices, 73
Fabry Perot cavity filters, 70-71
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MZI, 74
thin film, 74-75
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FOTP (fiber-optic test procedures), 270
lasers, 43-44
chirp, 49
DBR, 4647
distributed feedback, 45
Fabry Perot (FP) cavity lasers, 47
line width, 49
modulation, 50-51
spontaneous emission, 44
VCSEL, 47

passive, performance measurement parameters,

287-288
photodetectors, 52
APDs, 55-57
PIN, 53-54
receiver noise, 57-58
receiver performance, 58
receiver sensitivity, 67—68
photonic component design, 316
Raman amplifiers, 94-95
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hybrid, 98
repeaters, 111
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bubble, 82
electro-optical, 81
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thermo-optic, 82
test equipment, 270
attenuators, 274
BERTsS, 297
broadband light sources, 276
laser sources, 275
optical spectrum analyzers, 276-278
OTDRs, 279
power meters, 273
transponders, 75-77
cost of, 266
full/limited wavelenth conversion, 203
DFCs (dispersion compensation fibers), 101-102
DGD (differential group-delay), 12, 132
diffraction, 15
direct modulation, 50
directional couplers, 81
directly modulated lasers, 179
dispersion, 13, 24
assessing power penalty, 114
chromatic, 112
DCUs, 126-128
effect on maximum transmission
distance, 116

effect on pulse spreading, 112
high dispersion fibers, 101-103
material, 26
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mitigating effects of through
simulation, 314
postcompensation, 100-101
precompensation, 101
waveguide dispersion, 28
dispersion maps, optimizing DCU placement,
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dispersion-shifted fibers, 28, 31
displaying eye patterns, 296
distance limitations of optical fiber
attenuation coefficient, 23
calculating maximum transmission
distance, 110
distributed amplification, 97
distributed Bragg reflector lasers, 46—47
distributed feedback lasers, 45
distributions, Self-Similarity, 245, 260-262
heavy-tailed distribution, 264-265
long-range dependence, 263
second-order, 262-263
DLE (dynamic lightpath establishment), 197
doping, 43, 290-292
EDFAs, 91-94
ISS testing method, 290
noise, 93-94
time domain extinction testing method,
291-292
versus Raman amplifiers, 98
downstream transmission, EPON, 220
DPT (Dynamic Packet Transport), 231
SRP architectures, 232, 237
control/data packets, 234
generic frame header, 233-234
IPS, 233
ring selection, 235
topology discovery, 235
traffic flow, 235
DRAs (Distributed Raman amplifiers), 97. See also
Raman amplifiers
dropping channels, 34
DSFs (dispersion shifted fibers), 112
dual-hubbed architectures, 151
dynamic lightpath establishment, 197
optimization parameter, 198—199
Dynamic Packet Transport. See DPT
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E field
effect on polarization, 12
Maxwell’s equations, 15
relationship to H field, 16

EDFAs (Erbium doped fiber amplifiers), 91-92, 313

noise, 93-94
testing, 290-292
ISS method, 290

time domain extinction method, 291-292

versus Raman amplifiers, 98
edge-emitting LEDs (EELEDs), 276
EFM (Ethernet in the First Mile) task force, 218
electrical repeaters, 111
electromagnetics
Maxwell’s equations, 16
wave-propagation theory, 16
electrons, 43
population inversion, 43
electro-optical switches, 81
ellipticity of signal, 284
encoding schemes, Gigabit Ethernet, 212
EPONSs (Ethernet passive optical networks), 219
downstream transmission, 220
upstream transmission, 220-221
equations
lightpath-link matrix, 190-192
Schrodinger's nonlinear propagation, 116
Erbium doped fiber amplifiers. See EDFAs
error function of BER, 63-67
estimating node-induced system loss, 124-126
Ethernet
10 GE, 215
physical layer, 215
XAUI, 217
XGMII, 215
EFM task force, 218
EPON, 219
downstream transmission, 220
upstream transmission, 220-221
evolution of, 210
Fast Ethernet, 210
frames, 212
GE, 211-212
encoding scheme, 212
GBIC applications, 213-214
physical layer, 213-214
protocol stack, 212
over WDM, 209
Eurasian optical network standards, SDH, 221
external modulation, 51

lasers, 179
extinction ratio, 179, 294-296
extraordinary rays, 11-12
extrinsic bending loss, 21
eye mask testing, 296
eye patterns
extinction ratio, 296
waveform analysis, 293-294

Fabry Perot (FP) cavity lasers, 47
Fabry Perot cavity-based SOAs, 99
fairness algorithm (SRP-fa), 236-237
Faraday rotators, 69
Faraday's Law of Induction, 16
Fast Ethernet, 210
fault tolerance
lightpath protection, 162
1+1, 164
dedicated, 164
mesh protection, 166
of fiber failure, 163
of path failure, 163
of subsystem failure, 163
PCA, 165
restoration, 153
FBGs (fiber Bragg gratings), 72
dispersion compensation, 112
GVD compensation, 102-103
FCS (frame check sequence) field (Ethernet), 212
FDLs (fiber delay lines), 243
FEC (forward error correction), 178
in 40 Gbps systems, 253
feedback, 45
Fermi-Dirac distribution equations, 44
fiber amplifiers, 111
fiber cut, 163
fiber delay lines (FDLs), 243
fiber lasers, 43
fiber optics, 15. See also optical communications
active devices, 4
attenuation, 21, 23
necessity of for signal propagation,
109-110
bending losses, 23
birefringence, 11-12
degradation in performance, 269
DGD, 12
dispersion-shifted, 28
DSFs, 112
GVD, 102-103
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high dispersion fibers, 101-102
postcompensation, 100-101
precompensation, 101
effect on WDM network design, 180
increasing capacity, 36-37
initial use of, 3
longitudinal cross section of fiber, 9
loss versus dispersion, 180
material absorption, 21
Maxwell’s equations, 16
modes, cutoff condition, 19-20
NA, 9-11
network layer technology breakthroughs, 187
passive devices, 4
pulse propagation, broadening of induced
pulses, 25-26
SMF, types of, 31
TIR, 4
fields
of Ethernet frames, 212
of SRP frames, 234
filters
AOTFs, 72-73
AWG devices, 73
Fabry Perot cavity filters, 70-71
FBGs, 72
MZI, 74
TFFs, 74-75
reducing nodal loss in MANs, 162
fixed transponders, 76
formulating integer linear programs to solve RWA
problems, 193
forward pumping, 92
FOTP (fiber-optic test procedures), 270

Fourier analysis of time domain representation, 254

FP-based analyzers, 276
framing

Ethernet, 212

IP over WDM, 210

optical technologies, 238

SRP, 233-234
Fresnel’s effect, 15
full wavelength conversion, 203
fully connected mesh, 143
future of optical switching technologies, 244
FWM (four-wave mixing), 29

G-l

gain
dBs, 32
enhancing, 92
Raman gain spectra, 95-97
saturation, 89
gain-tilt in metro core networks, 176
Gauss’s Law of Electricity, 16
Gaussian distributions
mean, 61
variance, 61-63
GBIC (Gigabit Interface Converter) types, 213-214
GE (Gigabit Ethernet), 211-212. See also 10 GE
encoding scheme, 212
GBIC applications, 213-214
physical layer, 213-214
protocol stack, 212
geometric optics, limitations of, 18-19
GMPLS (Generalized Multi-protocol Label
Switching), 260
graded index of fiber media, 9
graph coloring
sequential approach, 195-196
solving wavelength assignment problem,
194-197
gratings, 15
AOTFs, 73
FBGs, 72
dispersion compensation, 112
GVD compensation, 102-103
green-field networks, 145
group delay, 12

group index, material dispersion, 26

group velocity, 13, 24

GVD (group velocity dispersion), 24, 100, 112
compensation with FGBs, 102-103

H (magnetic) field
effect on polarization, 12
Maxwell’s equations, 15
relationship to E field, 16
hamming distance, 178
heavy-tailed distribution, 264-265
high dispersion fibers, 101-103
higher-order VCs, 227
HORNET (Hybrid Opto-Electronic Ring Network),
257-259
hubbed topology, 150
hybrid amplifiers, 98
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Hybrid Opto-Electronic Ring Network (HORNET),
257-259

IEEE 802.3 standard
evolution of Ethernet, 210
Fast Ethernet, 210
frame format, 212
GE, 211
IEEE 802.3ah (EFM) standard, 218
IEEE 802.3z (Gigabit Ethernet) standard, 212
encoding scheme, 212
GBIC applications, 213-214
physical layer, 213-214
protocol stack, 212
IEEE 802.ae (10 GE) standard, 215
physical layer, 215
XAUI, 217
XGMII, 215
IM (intensity modulated) schemes, 6
importing VPItransmissionMakerWDM demos, 305
incident rays, polarization, 13
increasing fiber capacity, 36-37
index profiles of fiber media, 9
input section of nodes, 158
installing VPItransmissionMakerWDM, 304
integer linear formulations to solve
RWA problem, 193
interferometer-based analyzers, 276
Internet, future of, 260
intrinsic fiber loss, 21
IP (Internet Protocol)
over DWDM, 238
framing issues, 210
POS, 229-231
IPS (intelligent protection switching), 233
irregular multihop topologies, 188
ISI (intersymbol interference), 13
ISS (interpolated source subtraction), 290
ITU standards
G.654, 31
metro core network-related, 153
optical network component testing, 270
ITU-grid wavelengths, 76

J-L

JET (Just Enough Time) protocol, 247-248
Jones vector measuring polarization, 281

L (long) band, 30
LAN PHY (10 GE), 215
lasers, 43—44
chirp, 49
DBR, 46-47
directly modulated, 179
distributed feedback, 45
externally modulated, 179
Fabry Perot (FP) cavity lasers, 47
line width, 49
mechanically tuned, 47
modulation, 50-51, 179
NRZ, 51
RZ, 51
sources, 275
spontaneous emission, 44
VCSEL, 47
lasing effect, 47
lasing threshold, 44
latency, 188
CORD, 244
layered protocols, SONET, 224-226
length field (Ethernet), 212
light quanta, 24
lightpath switches, 78
bubble, 82
electro-optical, 81
mechanical, 78-79
thermo-optic, 82
lightpath-link matrix, 190-192
lightpaths, 4, 35
blocking probability
calculating, 202-204
minimizing, 198
dynamic establishment, 197
optimization parameter, 198—199
load, 201
propagation, 3
protection, 146, 162
1+1 protection, 164
mesh protection, 166
of fiber failure, 163
of path failure, 163
of subsystem failure, 163
PCA, 165
Raleigh scattering, 22
reflection, 7
refraction, 7
critical angle, 8
refractive index of the media, 6-7
Snell’s law, 7-8
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restoration, 153
shortest path routing, 35
spatial diversity, 189
spontaneous emission, 44
static establishment, 197-199
stimulated emission, 44
virtual topology of optical networks, 187
limitations
of applying geometric optical principles to
pulse propagation, 18—19
of network design, 129
limited wavelength conversion, 203
line layer (SONET/SDH), 225
line rate of STM-1, 223
line width of lasers, 49
linear add/drop architecture, SONET/SDH, 228
linear polarization, 12
Lithium Niobate waveguide, 81
LOBS (label optical burst switching), 249
logical topologies, designing, 145-147
long-haul networks, 155-156
design considerations, 177
FWM, 130
nonlinearity, 114-116
PMD, 132
XPM, 131
nodal architectures, 159-161
VPItransmissionMakerWDM demo, 320
wavelength routing, 161
loopless deflection, 244
lower-order VCs, 227

M

macrobending, 23
magnetism
Ampere’s Law, 16-17
Gauss’s Law, 16
MANSs (metropolitan area networks)
BER, 175-176
designing, 170-176
gain-tilt, 176
nodal architectures, 161-162
power budget, 175
TFF, 174
wavelength conversion, 171
material absorption loss, 21
material dispersion, 24-26

maximum transmission distance
calculating, 110
extending through simulation, 315-316
chromatic dispersion, effect on, 116
Maxwell’s equations, 3, 16
limitations of geometric optical principles,
18-19
modes, 15
mean of Gaussian distributions, 61
measuring
eye pattern, 295
polarization, 281
Jones vector, 281
PMD, 287
Poincare’s sphere, 285-286
SOP, 284-285
Stokes vector, 282-284
mechanical switches, 78-79
mechanically tuned lasers, 47
MEMS technology, 79
optical cross-connect, 257
mesh protection, 166
metro access networks, 149
hubbed topology, 150
protection algorithms, 151
thin film filter-based architecture, 150
metro core networks, 152
BER, designing, 175-176
collector networks, 153
designing, 170-176
gain-tilt, 176
ITU standards, 153
power budget, 175
ring topology, 154—155
TFF, 174
wavelength conversion, 171
metro rings, Gigabit Ethernet over DWDM, 214
Michelson interferometer-based analyzers, 276
micro bubbles, 82
microbending, 23
millisecond power transient analysis, 313
minimizing optical crosstalk, 312
minimum-weight spanning tree, 144
mitigating effects of PMD, 26
Mode field (SRP frames), 234
modeling Internet traffic, Self-Similarity, 260-262
heavy-tailed distribution, 264-265
long-range dependence, 263
second-order, 262-263
modes, 15
cutoff condition, 19-20
of pulse propagation, 18
SMF, types of, 31
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modulation schemes, 5, 50-51
cross phase, 115
NRZ, 51
of lasers, 179
RZ, 51, 254
SPM, 115
monochromators, 277

MPLS (multiprotocol label switching), label optical

burst switching, 249
MSOH (multiplexing section overhead), 224
Muller matrix method of measuring
polarization, 281
multihop networks, 188

multihubbed networks. See metro core networks
multiplexing techniques in optical networks, 36-37

SONET/SDH, 226
multiplicative factor, 56
multipoint PON topologies, 218-219
multistage amplification, 111
muxponding, 146
MZI1 (Mach Zehneder Interferometer), 74

N

N protection, 164
NA (numerical aperture), 9-11
NEs (network elements)
degree of connectivity, 144
estimating losses, 124-126
input section, 158
nodal architectures
of long-haul networks, 159-161
of MANSs, 161-162
switching section, 159
net fiber nonlinearity as network design
consideration, 114-116
NMSs (network management systems), 156
nodes (WDM), 41
architectures
access network, 169-170
long-haul network, 159-161
MANS, 161-162
cavities, 70
circulators, 69
couplers, 68
filters, 70
AOTFs, 72-73
AWG devices, 73
Fabry Perot cavity filters, 70-71

FBGs, 72
MZI, 74
thin film, 74-75
lasers, 43-44
chirp, 49
DBR, 47
DBR feedback, 46
distributed feedback, 45
line width, 49
spontaneous emission, 44
VCSEL, 47
photodetectors, 52
APDs, 55-57
PIN diode, 53-54
receiver noise, 57-58
receiver performance, 58
receiver sensitivity, 67-68
switches
bubble, 82
electro-optical, 81
mechanical, 78-79
thermo-optic, 82
transponders, 7577
noise
accumulation from multistage amplification,
111
ASE, 111
EDFA, 93-94
OSNR, 111
receiver, 57-58
nonblocking cross-connects, 256
nondeterministic polynomial time hard solutions to
RWA problems, 190
nondispersion-shifted fiber, 31
nonlinearity
FWM, 29
Soliton, 254
third-order susceptibility, 28
normal, 7-8
normalized frequency V, 20
NRZ (non-return to zero) modulation, 5, 51
in 40 Gbps systems, 254-255
NZDSFs (nonzero dispersion-shifted fibers), 31

o)

OADMs (optical add/drop multiplexers)
architectures, 171
effect on WDM network design, 181
reconfigurable, 266
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OBS (optical burst switching), 244
0OC-768, 40 Gbps data communication, 245
OEO (opto-elecro-opto) repeaters, 34, 111
offline RWA, 194
OH molecule, 21
OLT (optical line terminal), 218
online RWA, 194
ONUs (optical network units), 218
upsteam transmission, 221
OOK (on/off keying), 51
0-0-0 switches, 34
optical amplifiers, 88
doped fiber, EDFAs, 91-94
heuristics, 88—-89
noise, 90-91
Raman amplifers, 94-95
DRAs, 97
hybrid, 98
SOAs, 98-99

optical communication. See also optical networks

attenuation, 21
birefringence, 11-12
contention resolution, 244
DGD, 12
diffraction, 15
dispersion, 13, 24-25
fiber
increasing capacity of, 36-37
longitudinal cross section, 9
load, 201
material dispersion, 26
multihopping, 188
NA, 9-11
nonlinearity of optical fiber, 28
PMD, 12
reflection, 7
refraction, 7
normal, 7
refractive index of the media, 67
Snell’s law, 7-8
research in, 243-245
units of power measurements, 32
unusable wavelengths, 22
waveguide dispersion, 28
WDM nodes
cavities, 70
circulators, 69
couplers, 68
filters, 70-75
lasers, 43—-49
photodetectors, 52-58, 67-68

switches, 78—82
transponders, 75-77
windows of operation, 30
optical cross-connects, 256257
optical fiber, nonlinearity, 28
four-wave mixing, 29
third-order susceptibility, 28
optical framing, 238
optical label swapping, 245
optical networks
design considerations, 113
BER, 113
chromatic dispersion, 116
nonlinearity, 114-116
power budget, 113
SONET
drawbacks, 209
linear add/drop architecture, 228
multiplexing scheme, 226
POS, 209, 229-231
ring architecture, 229
VTs, 226
switching technologies, 243
burst switching, 244-249
traffic engineering, 256
virtual topology, 187
optical service channelm(OSC), 156-158
optical signals, absolute quality, 66
optical spectrum analyzers, 276278
optical spread. See dispersion, 13
optical waveform analysis, 293-294

optimizing WDM networks with simulations, 303
VPItransmissionMaker software, 306-307

ordinary rays, 11-12

OSC (optical service channel), 156—158

OSNR (optical signal-to-noise ratio), 111
calculating, 120-122

improving with Raman amplification, 123

tilt-limited systems, 132

OTDRs (Optical Time Domain Reflectometers), 279

outage probability, 104
output saturation power, 89
OXCs (optical cross-connects), 159

P

packet bursts, 244
parameters of group velocity, 14
Pareto distributions, 264
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parity bit field (SRP frames), 234
passive devices, 4
performance measurement parameters,
287-288
testing, 289
path layer (SONET/SDH), 225
PCA (protection channel access), 165
PDF (probability density function), 60
PDL, measuring, 281
performance
FOTP, 270
of passive devices
measurement parameters, 287-288
testing, 289
optical network component testing, 270
performing full end-to-end WDM tests, 299
performing full WDM end-to-end test, 299
perturbations, 44
FBGs, 72
phase shifts
chirped pulses, 129
in nonlinear signals, 114-116
walkover effect-induced, 115
photodetectors, 52
PIN, 53-57
receiver noise, 57-58
receiver performance, 58
BER, 59-67
receiver sensitivity, 67
SNR, 67-68
photoelastic effect, 73
photonic component design, 316
photonic layer (SONET/SDH), 225
photonic simulation, 307
maximizing transmission lengths, 315-316
minimizing optical crosstalk, 312
mitigating effects of PMD, 314
signal-to-noise simulation, 310
photonic slot routing (PSR), 244
photons, 44
phonon interaction, 73
spontaneous emission, 44
physical layer network design, 308
10 GE, 215
PIN photodetectors, 53-54
PMD (polarization mode dispersion), 12, 24-25,
112
measuring polarization, 287
mitigation techniques, 26, 314
p-n junction, 43
depletion region, 53
feedback, 45

Poincare’s sphere, measuring polarization, 285-286
point-to-point WDM networks, 32-34
Q-factor, 117
wavelength assignment, 35
polarization, 11-12, 69
circular, 12
linear, 12
measuring, 281
Jones vector, 281
PMD, 287
Stokes vector, 282-284
Poincare’s sphere, 285-286
SOP representation, 284-285
PON s (passive optical networks)
EPONS, 218
downstream transmission, 220
upstream transmission, 220-221
OLT, 218
ONU, 218
topologies, 218-219
population inversion, 43—44
POS (packet over SONET), 209, 229-231
postcompensation, 100-101
power budget, 175
power measurements, 32
power meters, 273
power penalties
chirp-induced, 129
Q-factor induced, 117
power requirements
OSNR, 111
receiver sensitivity, 110
PPMN (path protected mesh networks), 166
preamble, 212
prechirping, 101
precompensation, 101, 127
PRI field (SRP frames), 234
probabilities
BER, 59
error function, 63-67
Gaussian distribution, 61-63
outage probability, 104
protection, 146
1+1, 164
dedicated, 164
in metro access networks, 151
mesh protection, 166
PCA, 165
shared, 164
PSR (photonic slot routing), 244, 250
bridges, 252
slot copying, 251
subslot merging, 251
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pulse propagation
broadening of induced pulses, 25-26
cutoff condition, 19-20
frequency chirp, 129
modes, 18
nonlinear phase shift, 114-116
Schrodinger's nonlinear propagation, 116
pumps, 92

Q-R

Q-factor
calculating, 119-120
effect on point-to-point link design, 117
relationship to BER, 117

quanta, 24

quantum efficiency, 55

queueing SRP traffic, 235

Raleigh scattering, 21-22
Raman amplifiers, 94-95
DRAs, 97
hybrid, 98
improving OSNR, 123
versus EDFAs, 98
Raman gain spectra, 29, 95, 97
Raman threshold, 96
rarity of media, effect on refraction, 7
rays of light, 7
extraordinary rays, 11-12
ordinary rays, 11-12
receivers, 58
BER, 59-67
error function, 63—67
Gaussian distribution, 61-63
burst-mode, 259-260
noise, 57-58
sensitivity, 110
SNR, 67-68
reconfigurable OADMs, 266
redundancy, lightpath protection, 162
1+1, 164
dedicated, 164
mesh protection, 166
of fiber failure, 163
of path failure, 163
of subsystem failure, 163
PCA, 165
reflection, 7
reflective stack (thin film filters), 75

refraction, 7. See also polarization
birefringence, 11-12
critical angle, 8
density, effect on, 7
group index, material dispersion, 26
index profiles, 9
NA, 9-11
normal, 7
Snell’s law, 7-8
relationship of E and H fields, 16
repeaters, 111
requirements for VPItransmissionMakerWDM
installation, 304
researching new technologies, 243-245
40 Gbps systems
FEC, 253
RZ modulation, 254-255
burst switching, 245
attributes, 246
delayed reservation, 247
JET, 247-248
LOBS, 249
TAG, 246-247
burst-mode receivers, 259-260
HORNET, 257-259
optical cross-connect, 256-257
PSR, 250-251
SDLs, 252
transparent optical networks, 265-266
responsivity, 55
restoration, 153
reverse pumping, 92
ring topology, 144
in metro core networks, 154—155
SONET/SDH, 229
routing assignment, 189
constraints on maximizing throughput, 189-190
RPRs (resilient packet rings), 210
RSOH (regeneration section overhead), 224
RSVP (Resource Reservation Protocol), 255-256
RWA (routing and wavelength assignment)
blocking probability, calculating, 202-204
constraints, 193
corollaries, 201
degree of conversion, 203
dynamic lightpath establishment, 197-199
NP-hard solutions, 190
offline, 194
online RWA, 194
RZ (return to zero) modulation, 5, 51, 254-255
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S

S (short) band, 30
semiconductors, conduction state, 44
saturation power, 89
SBS (stimulated Brillouin scattering), 29
scattering, SRS, 29
Schrddinger's nonlinear propagation, 116
SCM (subcarrier channel multiplexing), 37
SDH (Synchronous Digital Hierarchy)
linear add/drop architecture, 228
multiplexing scheme, 226
protocol stack layers, 224-226
ring architecture, 229
SDLs (switched optical delay lines), 252
second-order Self-Similarity, 262
section layer (SONET/SDH), 225
selecting network topologies, 143
Self-Similarity, 245
heavy-tailed distribution, 264-265
long-range dependence, 263
properties of, 260, 262
second-order, 262-263
Sellmeier’s equation, 26
semiconductors
doping, 43
lasers, 43
p-n junction
depletion region, 53
feedback, 45
SOAs, 98-99
semi-lightpaths, 35
sequential approach to graph coloring, 195-196
serial interfaces, 10 GE physical layer, 215
shared protection, 164
Shot noise, 57
signals
measuring, 296
propagation
2R regeneration, 111
attenuation, 109-110
attenuation coefficient, 23
fiber attenuation, 21
Raleigh scattering, 22
repeaters, 111
representations (VPItransmissionMaker), 307
SOP, 284-285
signal-to-noise simulation, 310
simulations
commercial tools, 303-304
maximizing transmission lengths, 315-316

minimizing optical crosstalk, 312
mitigating effects of PMD, 314
signal-to-noise, 310
VPItransmissionMaker software, 306-307
sine waves, 254
single-hop networks, 188
sized-based network classification, 147-149
long-haul networks, 155-156
nodal architectures, 159-161
MANS, nodal architectures, 161-162
metro access networks, 149
hubbed topology, 150
protection algorithms, 151
thin film filter-based architecture, 150
metro core networks, 152
collector networks, 153
ITU standards, 153
ring topology, 154—155
SLE (static lightpath establishment, 197
slot copying, 251
SMF (single-mode fiber)
cutoff condition, 19-20
types of, 31
Snell's law, 7-8
SNR (signal-to-noise ratio), 58
of optical receivers, 67-68
OSNR, 111
calculating, 120-122
improving with Raman amplification, 123
SOAs (semiconductor optical amplifiers), 23, 98-99
SOF (start of frame) field, Ethernet, 212
Soliton, 254
solving RWA problems with integer linear
formulations, 193
solving wavelength assignment problem with graph
coloring, 194-197
SONET/SDH
drawbacks, 209
linear add/drop architecture, 228-229
multiplexing scheme, 226
POS, 209, 229
interfaces, 231
protection, 146
protocol stack layers, 224-226
SDH, 221
STM-1, 223
line rate, 223
MSOH, 224
RSOH, 224
transmission capacity, 224
STS-1, 222
VTs, 226
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transport overhead, 222

40 Gbps systems switches
FEC, 253 bubble, 82
RZ modulation, 254-255 electro-optical, 81
data rates, 221-223 mechanical, 78-79
SOP (state of polarization), 284-285 MEMS technology, 79
source address field (Ethernet), 212 thermo-optic, 82
spacer (thin film filters), 75 switching section of nodes, 159
spacing of channels, 5 switching technologies, 244
spatial diversity, 189 system loss, estimating, 124-126

speed of light, refractive index of the media, 67
SPM (Self Phase Modulation), 115
spontaneous emission, 44
SRP (Spatial Reuse Protocol), 232
architectures, 237 T

control packet, 234

data packet, 234 TAG (Tell and Go) protocol, 247
generic frame header, 233-234 TDM (time-division multiplexing), 36
IPS, 233 . Tell and Go protocol, 247
ring selection, 235 test equipment
topo}ogy discovery, 235 attenuators, 274
traffic flow, 235 ‘ broadband light sources, 276
SRP-fa (SRP fairness algorithm ), 236-237 laser sources, 275
SRS (stimulated Raman scattering), 29 optical spectrum analyzers, 276-278
standalone photonic computer-aided design OTDRs, 279
tools, 305

L. . passive devices, 289
static lightpath establishment, 197-199 power meters, 273

stimulated emission, 44

testing
STM-1 (Synchronous Transport Module amplifiers
Level-1), 223 ISS method, 290
line rate, 223 EDFAs, 290
MSOH, 224 ISS method, 290
RSOH, 224 time domain extinction method, 291-292
transmission capacity, 224 equipment
Stokes vector, 95 attenuators, 274
measuring polarization, 282-284 broadband light sources, 276
strength of magnetic fields. Ampere’s Law, 16-17 laser sources, 275
STS-1 (Synchronous Transport Signal Level-1), 222 optical spectrum analyzers, 276278
VTs, 226 OTDRs, 279
submarine networks, 156 passive devices, 289
subslot merging, 251 power meters, 273
subsystem modules FOTP, 270
optical amplifiers, 88 full WDM end-to-end tests, performing, 299
EDF.A,.91*94 performance of optical network components,
heuristics, 88-89 270
noise, 90-91 TFFs (thin film filters), 74-75
Raman amplifiers, 94-98 metro access network architecture, 150
_ SOAs, 98-99 reducing nodal loss in MANS, 162
susceptibility of nonlinear effects, 28 transition layer, 75

switch fabric (WDM networks), 34 thermal noise, 58

thermo-optic switches, 82
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thin film filters. See TFFs
third-order susceptibility, 28
throughput, 188-189
tilt limited systems, 132
time domain extinction method of EDFA testing,
291-292
TIR (total internal reflection), 4
tools
commercial simulation tools, 303-304
test equipment
attenuators, 274
BERTS, 297
broadband light sources, 276
laser sources, 275
optical spectrum analyzers, 276278
OTDRs, 279
power meters, 273
topologies
access networks, 168
access rings, 168
node architecture, 168—170

hub, 150
multihop, 188
PON, 218-219

ring, 154-155
selecting, 143
SRP, discovery process, 235
virtual, 200-201
traffic
burstiness, 245
self-similarity, 245
traffic engineering, 256
traffic grooming, 265
transition layer (thin film filters), 75
transmission capacity of STM-1, 224
transmission distance-based network classification,
147-149
long-haul networks, 155-156
designing, 177
nodal architectures, 159-161
MANS, nodal architectures, 161-162
metro access networks, 149
hubbed topology, 150
protection algorithms, 151
thin film filter-based architecture, 150
metro core networks, 152
collector networks, 153
ITU standards, 153
ring topology, 154-155
transparent optical networks, 265-266

transponders, 34, 75-77
cost of, 266
full/limited wavelength conversion, 203
transport overhead (SONET), 222
traveling wave SOAs, 99
trees, 144
TTL field (SRP frames), 233
tunable lasers, 3, 47
tunable transponders, 76

u-v

uneven channel spacing in long-haul networks, 177
units of power measurement, 32
upstream transmission (EPONs), 220-221

V parameter of cutoff condition, 20-21
variable attenuators, 274
variance of Gaussian distributions, 61-63
VCSELSs (vertical cavity surface-emitting lasers), 47
velocity of lightwaves, dispersion, 24-25
vendor-conducted fiber tests, 269
virtual topology of optical networks, 187, 200-201
VPItransmissionMakerWDM
installation requirements, 304
maximizing transmission lengths, 315-316
physical layer network design, 308
signal representations, 307
simulation technology, 306
demos
300 km OC-192 metro core ring, 319
300 km OC-48 metro core ring, 319
amplifier spacing and launch power, 321
back-to-back receiver sensitivity, 318
long-haul WDM system, 320
VSR (very short reach) applications, VCSEL
lasers, 47
VTs (virtual tributaries), 226

W

"walkover" effect, 115

WAN PHY (10 GE), 215

waveform analysis, 293-294
BERTS, 297

waveguide dispersion, 24, 28

wavelength assignment, 189
constraints on maximizing throughput, 189-190
integer linear formulations, 193
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ITU-grid, 76
lightpath-link matrix, 190-192
reuse
in metro rings, 154
topologies, effect on, 201-202
solving with graph coloring approach, 194-197
zero dispersion, 26
wavelength routing, 159
WDM (wavelength division multiplexing), 4
WDM network design, 178
WDM networks
cavities, 70
channels
add-drop capabilities, 34
spacing, 5
circulators, 69
composite signals, 32
couplers, 68
design considerations
access network topologies, 168—170
based on fiber types, 180
case studies, 134-140
degree of connectivity, 144
dispersion-based, 129
fully connected mesh, 143
green-field networks, 145
laser modulation, 179
logical topologies, 145-147
long-haul, 131
NEs, estimating system loss, 124-126
nodes, effect on, 159
nonlinearities, 115
OADMs, 181
optical amplifiers, 181
optical receivers, 180
OSC, 158
OSNR-based, 129
physical layer, 308
PPMN, 166
protection, 162—163
simulations, 303, 306-310
standalone photonic computer-aided
design tools, 305
topology selection, 143
trees, 144
filters, 70
AOTFs, 72
AWG devices, 73
Fabry Perot cavity filters, 70-71

FBGs, 72
MZI, 74
thin film, 74-75
lasers, 43-44
chirp, 49
DBR, 4647
distributed feedback, 45
line width, 49
spontaneous emission, 44
VCSEL, 47
modulation schemes, 5, 50-51
photodetectors, 52
APDs, 55-57
PIN, 53-54
receiver noise, 57-58
receiver performance, 58
receiver sensitivity, 67-68
point-to-point, 32-34
wavelength assignment, 35

signals, 36

switch fabric, 34

switches
bubble, 82

electro-optical, 81

mechanical, 78-79

thermo-optic, 82
transponders, 75-77
windows of operation, 30

windows of operation, 30

XAUI

10 GE, 217

XAUI (10 Gigabit attachment unit interface), 217
XGMII (10 Gigabit Media Independent Interface),

215

XPM

effect on long-haul design, 131

zero dispersion wavelength, 26



