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digital data transmission (cont.)
optimum threshold detection, 95–96
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bit error rate, 646
code-excited linear prediction, 660
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fast access channel, 660, 661
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in-band, on-channel, 642, 650–657

system overview, 652–653
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multiplexing, 661
orthogonal frequency division 

multiplexing, 645, 646, 649, 
653–657, 661–662

perceptual audio coding, 645
phase shift keying, 645–646, 649–650
pulse code modulation, 643
quadrature amplitude modulation, 

645, 646, 661

quadrature phase shift keying, 645, 646
radio frequency, 644
satellite digital audio radio services, 

642, 662–665, 663
spectral band replication, 660, 661
streaming audio codec, 666
streaming audio server, 666
superframe, 662
technological approaches, 646
technology, 643
transmission modes, 649, 650
in United Kingdom and other 

countries, 643, 646, 647, 668–670
in United States, 667–668
upper sideband, 659, 660
webcasting, 665–667, 671

Digital Radio Development Bureau, 668
Digital Radio Mondiale (DRM)

audio encoding, 660–661
digital radio broadcasting, 657–662

multiplexing, 661
international use, 670–671

digital rights management (DRM), 296
Digital Satellite Broadcasting 

Corporation, 662, 663
digital signal 1 (DS-1), 162, 573, 575
digital signal-3 (DS-3), 91
digital signal n (DS-n)

public switched telephone 
network, 162

statistical time division multiplexing, 
579, 581

time division multiplexing, 575
digital signal processing (DSP)

digital communications, 630, 631
discrete multitone modulation, 

477–479
frequency modulation, 416
information theory, 182, 185
modems, 311
optical differential phase shift 

keying, 469
spread spectrum signals, 675

digital signals, 20, 84, 419–421, 
422–425, 631

digital signal zero (DS-0), 162
digital subscriber line access multiplier 

(DSLAM), 316
digital subscriber line (DSL)

digital communications, 629, 634
modems, 316–317
passive optical networks, 948

digital sum, 534
digital switching, 166–168
digital television (DTV), 294, 295
digital-to-analog converter (DAC)

pulse-amplitude modulation, 405
digital-to-analog (D/A) conversion

digital communications, 630
high defi nition television, 297
M-ary communications, 95
orthogonal frequency division 

multiplexing, 597–598
digital transition tracking loop 

(DTTL), 501
digital transmissions, 84–101

additive white Gaussian noise, 94, 98
alternate mark inversion, 90–91
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analog-to-digital (A/D) conversion, 
85–86

analog-to-digital conversion
sampling theorem, 85–86

band-limited AWGN channel, 98
baseband digital transmission, 

87–93
bipolar (alternate mark inversion or 

AMI), 90–91
channel bandwidth, 89
delta modulation, 88–89
differential pulse code 

modulation, 88
digital data transmission, 87–93
frequency division multiplexing, 93
line coding, 89–90
PCM: quantization and 

companding, 87–88
pulse shaping: intersymbol 

interference, 91–93
time division multiplexing, 93
timing extraction and jitter, 93

baseband transmission, 84
binary N zero substitution, 91
bipolar (alternate mark inversion or 

AMI), 90–91
binary N zero substitution, 91
delay modulation (Miller code), 91
high-density bipolar N (HDBN) line 

coding, 91
Manchester coding, 91

bit error rate, 84, 98
carrier-to-noise ratio, 98
channel bandwidth, 89
delay modulation (Miller code), 91
delta modulation, 88–89
detection error, 94
differential pulse code modulation, 88
digital data transmission, 85–99

analog-to-digital conversion, 85–86
band-limited AWGN channel, 98
baseband digital transmission, 

87–93
error correction and detection, 98
M-ary communications, 96–98
multiple-access techniques, 98–99
noise and detection errors, 94–95
optimum threshold detection, 

95–96
passband transmission, 93–94
pulse modulation, 86–87

error correction and detection, 98
frequency division multiplexing, 93
frequency modulation, 85
high-density bipolar N (HDBN) line 

coding, 91
information transmission, 84–85

analog and digital, 84–85
noise in communication systems, 

84–85
signal transmission, 84

integrated services digital network, 91
intersymbol interference, 91–93
line coding, 89–90
Manchester coding, 91
M-ary communications, 96–98
multiple-access techniques, 98–99
noise, 94

in communication systems, 84–85
and detection errors, 94–95

optimum threshold detection, 95–96
passband transmission, 93–94
passband transmissions, 84
PCM: quantization and companding, 

87–88
polar non-return to zero, 90
public switched telephone network, 

161–163
pulse code modulation, 85
pulse modulation, 86–87
pulse shaping: intersymbol 

interference, 91–93
sampling theorem, 85–86
signal-to-noise ratio, 84, 98
signal transmission, 84
symbol error rate, 84
systems, 85, 94–95
time division multiplexing, 93
timing extraction and jitter, 93
timing jitter, 93
unipolar NRZ (binary on-off 

keying), 90
unipolar RZ, 90
waveforms, 84

digital versatile disc (DVD)
data compression, 199
optical memories, 795, 805, 806, 

807–808
digital video disks (DVDs), 257, 304, 765
digital video interface (DVI), 303
digitization, 268
Digit-Life, 315
Dijkstra algorithm, 49
Dillard, R .A., 541
Dinan, E. H., 677, 681, 682, 684
Ding, Z., 842
diode modulators, 105
diphase coding, 531
Dirac delta function, 475, 476, 554
direct band-gap semiconductor 

materials, 746
direct broadcast satellite (DBS), 12, 304
direct current (DC), 105, 554
direct generation, 111
direct inward dialing trunks (DID 

trunks), 159
directional couplers, 835, 837
directivity, 751–752, 835
direct method, 416
direct modulation, 750, 758
direct outward dialing trunks (DOD 

trunks), 159
direct sequence hybrids, 545
direct sequence spread spectrum (DSSS)

bandwidth occupancy, 678
interference performance, 546–547
modem, architecture of, 679–681
signal model, 677–678
spread spectrum, 539, 542, 543, 

545–547
spread spectrum signals, 677

direct subscriber line (DSL), 3
Dirkson, P., 797, 798, 800, 806, 807
disconnect (DCN) signal, 140
discontinuous laser diode tuning, 

761–762

discontinuous transmission, 274
discrete cosine transform (DCT)

data compression, 208, 209
facsimile transmissions, 142
image compression, 214, 216–217
information theory, 194, 196
video compression, 229–230, 238

discrete diffraction, 869
discrete Fourier transform (DFT)

data compression, 208
discrete multitone modulation, 473
image compression, 212, 213
information theory, 183–184
orthogonal frequency division 

multiplexing, 591, 593–594, 597
two dimensional

image compression, 212, 213
discrete Fourier transform timing 

synchronization, 600
discrete memoryless source 

(DMS), 216
discrete multitone (DMT), 600, 635
discrete multitone (DMT) modulation, 

473–491
additive white Gaussian noise, 482
asymmetrical digital subscriber line, 

473, 487–489
baseband transmission, 479
bit error ratio, 486
capacity and adaptive bit loading, 

486–487
carrierless amplitude phase 

modulation, 426
channel capacity, 486
circular convolution, 480
convolution, 480
cross talk, 476
cyclic prefi x, 479, 485
digital signal processing, 477–479
Dirac delta function, 475, 476
discrete Fourier transform, 473
eye diagrams, 483–484
fi lter bank, 484–485
frequency division multiplexing, 

473, 474
frequency domain equalization, 

482–483
frequency-selective channels, 486–487
Gaussian distribution, 484
guard interval, 476–477, 485
guard interval length, 483–484
implementation aspects, 482–486

fi lter bank, 484–485
frequency domain equalization, 

482–483
guard interval, 485
insuffi cient guard interval length, 

483–484
peak-to-average power ratio 

problem, 484
intersymbol interference, 473, 475, 476
inverse discrete Fourier transform, 

478, 479, 485
low pass fi ltering, 474
mean square error, 484
minimum mean square error, 482
multicarrier modulation, 473, 

474–477
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discrete multitone (DMT) modulation 
(cont.)

frequency division 
multiplexing, 474

guard interval, 476–477
orthogonality criterion, 475–476

multi-user power allocation, 489
orthogonal frequency division 

multiplexing, 473
orthogonality criterion, 475–476
peak-to-average power ratio 

problem, 484
phase shift keying, 473
plain old telephone service 

(or system), 488
power line communications, 488
power spectral density, 482
principles of, 477–482

baseband transmission, 479
digital signal processing, 477–479
spectral properties of DMT signals, 

481–482
system description, 479–481

quadrature amplitude 
modulation, 475

signal-to-noise ratio, 482, 485–486
spectral properties of DMT signals, 

481–482
vectored DMT, 489

discrete optical solitons, 868–870
discrete sine transform (DST), 209
discrete time signals, 631
discrete wavelet transform (DWT), 209, 

214, 217–219
discriminators, 417
disc storage, 795–800
disk striping, 289
disparity, 534
dispersion

error sources, 353
optical solitons, 862, 863, 864
optical sources, 764

dispersion-compensating modules, 693
dispersion-compensation fi lters, 857
dispersion in space, 901–902
dispersion-managed solitons, 863, 864
dispersion parameter, 701
dispersion power penalty, 718
dispersion-shifted fi ber (DSF), 741
DisplayPort, 303
display technologies, 302
distance vector algorithm, 367
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wavelength division 

multiplexing, 608
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distributed data-processing (DDP), 21
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wavelength division multiplexing, 608

distributed optical regeneration, 739
distributed photodetectors, 722
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described, 861
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gap solitons, 871–873
incoherent spatial solitons, 870–871
logic functions, 873–875
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861–865
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current and carrier confi nement, 756
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laser diodes, 745, 755–761
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distributed Bragg refl ected lasers, 

758–760
distributed feedback, 758–760
light confi nement, 756–757
modulation response, 758
operating characteristics and 

conversion effi ciency, 757–758
tunable, 761–763
vertical-cavity surface-emitting 

laser, 760–761
laser fundamentals, 751–755
laser gain curve, 754–755
lasing modes, 754–755
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optical sources (cont.)
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optical transmitters, 708–718

driver circuits, 714–716
laser diodes, 709–711
light emitting diodes, 709
light sources, 709–713

laser diodes, 709–711
light emitting diodes, 709

modulators, 713–714
optical fi ber communications, 

694–695
packaging, 716–717
performance evaluation, 717–718
wavelength division multiplexing, 

607, 608, 712
optical transponder, 455
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frequency modulation, 417
Gaussian minimum shift keying, 449
minimum shift keying, 444
pulse-amplitude modulation, 403

phase modulation (PM), 414, 421–425
analog modulation, 103
angle modulation, 109
basic phase shift keying, 422–423
binary phase shift keying, 424
digital signals, 422–425
frequency, 421
frequency division multiplexing, 555
M-ary phase shift keying, 423–425
modems, 314
optical differential phase shift 

keying, 455
optical fi ber communications, 702
optical signal regeneration, 732
phase shift keying, 422–425

basic, 422–423
M-ary, 423–425
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phase modulation (cont.)
sensitivity, 421
voltage-controlled oscillator, 414, 422

phase noise, 729
phase-quadrature (I/Q) signals, 676, 680
phases, 103
phase shift keying (PSK)

analog modulation, 103
analog transmission, 113
digital phase modulation, 509, 510
digital radio broadcasting, 645–646, 

649–650
discrete multitone modulation, 473
facsimile transmissions, 132
passband transmissions, 93
phase modulation, 422–425
spread spectrum signals, 676
see also digital phase modulation 

(DPM)
phase synchronization, 636
phase trajectories, 447
phase trees, 440, 442
phase trellis, 440, 442
phase wander and jitter, 168
phasor diagram, 418
Philip, W. R., 838, 840
Philips Electronics, 803, 805, 806, 810
Phillips, I. D., 734
phone number portability, 6, 11
photodetectors, 695, 720–722
photomultiplier tube (PMT), 494
photonic access nodes, 890–891
photonic add-drop multiplexers 

(PADM), 890, 891
photonic band-gap (PBG), 853
photonic integrated circuits (PICs), 

726–727
photonic label switching routers 

(PLSR), 894–895, 898
photonic routing, 894–898
photon lifetime, 758
photon of energy, 746
photons, 752
photons per bit (PPB), 460
photophone, 901
Photoradio, 129
phototonic band-gap fi ber, 699
phototonic crystal fi bers (PCFs), 

699–700
Phung, M. H., 914
physical address of bridges, 391
physical dedicated control channel 

(PDCC), 688
physical dedicated data channel 

(PDCH), 688
physical layer operation, 

administration, and maintenance 
(PLOAM), 952, 954

physical layers, 24–25, 629–630
physical topologies, 31
Pickholtz, R., 885
Pickholtz, R. L., 677
pickup head, 764
picture clock frequency (PCF), 252
Pierce, J., 102
Pierce, J. R., 829, 830
Pierce, S. G., 838, 840
pigtail, 836

Pilipetskii, A. N., 863
pillar boxing, 298
pilot signal, 519
pilot tone, 502
pilot tone multiplex system, 564
PIN diodes, 494, 720, 721–722
Pinnow, D. A., 856, 857
pipeline forwarding (PF), 777, 778
pitch, 272, 759
pitch predictor, 273
pixel, 132
plain old telephone service (or system) 

(POTS), 81
discrete multitone modulation, 488
information theory, 193
modems, 309, 311
voice communication systems, 117

planar light-wave circuit (PLC), 854
planar waveguides, 830–831, 846
Planck’s constant, 187, 496, 750
Planck’s equation, 752
plasma television, 302
Plasmon, 803
plastic optical fi bers (POFs), 700, 709
playback formats, 299–301
plesiochronous digital hierarchy (PDH)

public switched telephone network, 
163–164

statistical time division multiplexing, 
579

time division multiplexing, 575
wavelength division multiplexing, 611

plesiochronous operation, 168
Plevyak, T., 176
PLL. See phase-locked loop (PLL)
plug and play, 57
plug-ins, 372
PM. See phase modulation (PM)
PMD. See polarization mode dispersion 

(PMD)
Pockel’s effect, 834
Podolsky, B., 187
Poggiolini, P., 460
Pohlmann, K. C., 643, 645, 646, 654, 

764, 795, 801
Poincaré sphere method, 822
pointer (offset) value fi eld, 932–933
pointers, 932–933, 934
point of presence (POP), 118
point-of-sales, 572
point-to-multipoint (P2MP)

passive optical networks, 950, 
951, 953

synchronous optical network, 939
point-to-point (P2P), 939, 948, 950
point-to-point models, 338
point-to-point protocol (PPP), 40, 312, 

586, 942
point-to-point transmission, 886
Poisson channel, 498–499, 500, 503, 504
Poisson distribution, 495, 496, 524, 583
polarization, 735–736, 746
polarization bit interleaving, 469
polarization controller (PC), 822, 823
polarization couplers, 845–846
polarization-dependent gain, 821–822
polarization-dependent loss (PDL), 

821–822, 835, 836

polarization fi ltering (PF), 461
polarization-maintaining coupler, 836
polarization mode dispersion 

compensation (PMDC), 463
polarization mode dispersion (PMD)

fi ber-optic fi lters, 853
optical differential phase shift keying, 

455, 463–464
optical fi ber communications, 693, 

701–702, 702
optical fi bers, 817, 821–822
optical signal regeneration, 729
optical sources, 746
wavelength division multiplexing, 607

polarization multiplexing, 469
polarization sensitivity, 769
polar modulation, 449
polar non-return to zero

digital phase modulation, 513, 
514, 515

digital transmission, 90
line coding, 524, 525, 527, 528

polar return to zero, 511, 524, 527–528
polar signaling, 89
policy routing, 50
Pollet, T., 483
Pollock, C. R., 829, 830
polyharmonic broadcasting, 289
polyphase decomposition, 485
polyvinyl chloride (PVC), 323, 327
Pomportsis, A. S., 909, 925, 926
Ponomarenko, S. A., 871
PONs. See passive optical 

networks (PONs)
population inversion, 752, 753
portable network graphics 

(PNG), 221
ports, 391, 836
positive acknowledgement with 

retransmission (PAR), 362
positive stuffi ng, 933, 934
post, telephone and telegraph (PTT), 

117, 127
Postal Museum, 128
post compression rate distortion 

(PCRD), 236
postdistortion rate control 

algorithms, 241
Postel, J., 64, 69
postfi ltering, 274
postmessage procedure, 138–140
post offi ce protocol 3 (POP3), 146
POTS (plain old telephone system). See 

plain old telephone service (or 
system) (POTS)

Potsher, T., 598
POTS-splitter, 488
Poutrina, E., 864
power amplifi cation of OFDM signals, 

598–599
power consumption, 769
power delay profi le, 346, 347
power effi ciency, 650
power equalization, 768
power-limited systems, 632
power line communication (PLC), 

488, 591
power penalty, 732
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power spectral density (PSD)
biphase codes, 533
digital communications, 632
digital phase modulation, 517
discrete multitone modulation, 482
information theory, 185
line coding, 522, 523–524
minimum shift keying, 440, 442
non-return to zero codes, 526–527
optimum threshold detection, 95
pseudoternary codes, 530
return to zero codes, 528
spread spectrum, 539–540, 541
spread spectrum signals, 677

power spectrum, 185, 553
PPM. See pulse position modulation 

(PPM)
Prabhakar, B., 383
Prasad, R., 338, 484, 591, 594, 597, 600, 

601, 603, 687
Pratt, W. K., 194, 195
preamble, 36, 38
precedence, 40
precedence fi eld, 52
predictive admission control, 287
predictive coding, 142, 207–208
predictive dialers, 148–149
predictive frames, 195
pre-emphasis technique, 407–408
preferred pair, 549
prefi x codes, 200
premessage procedure, 138
presentation context, 78
presentation layer of the OSI model, 24, 

78–79
presentation-service access point 

(PSAP), 79
Press, W. H., 183, 184, 186, 187, 188, 

191, 192, 194, 497
presubscribed interexchange carrier 

charge (PICC), 8
Price, A., 710, 715
Price, A. J., 456
price-cap regulation, 6
price discrimination, 9
primary fi ber, 165
primary IBOC data service (PIDS), 654
primary lower (PL) sidebands, 654
primary pictures, 246
primary reference source (PFS), 168
primary upper (PU) sidebands, 654
Primosphere Limited Partnership, 

662, 663
printed circuit board (PCB), 

404, 407
printing, 132, 133
priority, 624
private branch exchange (PBX)

messaging systems, 146
public switched telephone 

network, 158
pulse position modulation, 492
voice communication systems, 

121–124
private switched services, 159
Proakis, J., 85, 87, 95, 96, 97, 98, 102, 

103, 105, 106, 107, 108, 109, 110, 
111, 112, 346, 347, 416, 417, 421, 

431, 434, 439, 450, 460, 461, 466, 
511, 518, 597, 676, 687, 726

probability bit error, 84
probability density function (PDF), 94, 

204, 205, 460
probability distribution function 

(pdf), 242
probability of error, 89, 633
probing cycle, 71
procedural interrupt (PRI), 140
processing gain, 540, 678
processing overhead, 184–185
program-associated data (PAD), 648
programmable delay lines (PDLs), 772
progressive compression methods, 228
progressive dialers, 149
progressive scanning, 296
promiscuous listening, 391
propagation, 334
propagation delay, 623
propagation factor, 764
propagation paths, 685
proporational quality of service 

differentiation, 914
proportional differentiation, 911
protect fi ber, 165
protection and restoration schemes, 

613, 920
protection lines, 939
protection schemes, 613, 920
protection switching, 939–940
protective jacket, 330
protocol data unit (PDU), 942
protocol independent multicast 

(PIM), 51
protocol operation, 394
protocols

data communcations, 20
data link layer of the OSI model, 

30–39
messaging systems, 155
modems, 312
multimedia streaming, 283–285
network layer of the OSI model, 

40–62
statistical time division multiplexing, 

586–587
transport layer of the OSI model, 

63–75
provider edge (PE) routers, 60
proxy caching, 287
Prucnal, P. R., 877, 886
Psaltis, D., 812
Psaras, I., 66
PSD. See power spectral density (PSD)
pseudo header, 57
pseudonoise (PN) sequences, 547, 

548–550, 677
pseudorandom binary sequence 

(PRBS), 451, 678, 735
pseudorandom bit sequence 

(PRBS), 736
pseudorandom postfi x, 486
pseudorandom sequences, 547, 

548–550, 678–679
pseudo-symbol, 501, 502
pseudoternary (PT) codes, 522–523, 524, 

529–530

PSTN. See public switched telephone 
network (PSTN)

psychoaccoustical coding, 645
psychoaccoustical masking, 645
psychoacoustic model, 276
psychovisual domain, 237–239, 

251–252
psychovisual redundancy, 228
public (or post) telephone and telegraph 

(PTT), 117, 127
public switched data network 

(PSDN), 131
public switched services, 159
public switched telephone network 

(PSTN), 5, 158–177
access services, 159
analog systems, 169
architecture, 159–160
digital network synchronization, 168
digital switching, 166–168
digital transmission systems, 161–163
modems, 310
network access, 158–159
network management, 173–176
network performance, 173
numbering plan, 160
plesiochronous digital hierarchy, 

163–164
service providers, 159
signaling systems, 168–173

in analog systems, 169
ITU-T Signaling System Number 7 

(SS-7), 161, 169–173
standardization, 160–161
statistical time division multiplexing, 

579, 581, 582
switching and synchronization, 

166–168
digital network synchronization, 

168
digital switching, 166–168

transport mechanisms, 161–166
digital transmission systems, 

161–163
plesiochronous digital hierarchy, 

163–164
synchronous digital hierarchy, 

164–166
synchronous optical network, 

164–166
transport services, 159
voice communication systems, 

117–118
public telecommunications operators 

(PTOs), 159
public telephone switched network 

(PTSN), 193
pulse-amplitude modulation (PAM), 

403–413
analog modulation, 103
applications, 410–412
channel performance limitations, 

407–410
data signaling, 405–407
digital communications, 634
digital data transmission, 86
digital phase modulation, 510
high speed interface, 403–404
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pulse-amplitude modulation (cont.)
optical differential phase shift keying, 

456, 468–469
quantization and companding, 87–88
signaling comparisons, 407–410
transmission system, 87
voice digitization technologies, 

119, 120
wired communication, 404–405

pulse code modulation (PCM)
baseband digital transmission, 87
channel bandwidth, 89
digital radio broadcasting, 643
digital transmissions, 85
image compression, 214
information theory, 190
line coding, 522
modems, 310, 311
public switched telephone network, 

161–162
speech and audio compression, 

268, 269
time division multiplexing, 573
voice digitization technologies, 120

pulsed frequency modulation, 545
pulse-driven GMSK (PDGMSK), 

450, 451
pulse duration modulation (PDM), 103, 

119, 120
pulse envelope distortion, 729
pulse modulations, 86–87, 103, 120
pulse position modulation (PPM), 

492–508
additive white Gaussian noise 

channel, 503
analog modulation, 103
analog PPM, 492, 505
bit error rate, 497–500
bit-to-symbol mapping, 494–496
blind synchronization, 501–502
capacity of an optical channel, 

502–503
additive white Gaussian noise 

channel, 503
general capacity formulas, 503
Poisson channel, 503

channel model, 494
coded PPM, 495, 496–497, 500–501
combined PPM, 506
defi nition of, 493–494
detection of PPM symbols, 496–497

coded PPM, 496–497
differential PPM, 505
digital data transmission, 86
with a fi xed reference, 492
fundamentals of, 493–496
history of, 492
maximum likelihood detection, 

496–497
medical sensors, 493
multipulse PPM, 504
oil and coal drilling, 493
on-off keying, 503–504
optical communications links, 

492–493
overlapping PPM, 504–505
performance of PPM, 497–501

bit error rate, 497–500

coded PPM, 500–501
symbol error rate, 497–500

pilot tones, 502
Poisson channel, 503
related modulations, 503–506

analog PPM, 505
combined PPM, 506
differential PPM, 505
multipulse PPM, 504
on-off keying, 503–504
overlapping PPM, 504–505
wavelength shift keying, 505–506
wave shift keying, 506

remotely controlled vehicles, 493
symbol, 493
symbol error rate, 497–500
synchronization, 501–502

blind synchronization, 501–502
pilot tones, 502

system design, 496
underwater acoustic communications 

link, 493
voice digitization technologies, 

119, 120
wavelength shift keying, 505–506
wave shift keying, 506

pulse shaping: intersymbol interference, 
91–93

pulse-shaping fi lters, 426
pulse width modulation (PWM), 86
pumping, 752, 753
pump-modulated four-wave mixing, 741
pupil obscuration method, 797–798
Pursley, M. B., 539, 540, 678
push, 64
Puzmanova, R., 369, 380, 381, 384
pyramid broadcasting, 288

QAM. See quadrature amplitude 
modulation (QAM)

Q-component, 440–441, 443, 445, 
446, 447

Qi, W., 255
Qian, L. J., 868
Qiao, C., 587, 615, 616, 617, 618, 619, 

909, 910, 913, 914, 922
QoS. See quality of service (QoS)
QPSK. See quadriphase shift keying 

(QPSK)
Q-signaling (QSIG) standards, 124
quadrature amplitude modulation 

(QAM)
carrierless amplitude phase 

modulation, 426, 427, 428, 433
digital communications, 634, 638
digital radio broadcasting, 645, 

646, 661
discrete multitone modulation, 475
facsimile transmissions, 132
frequency division multiplexing, 563
information theory, 190
modems, 314
orthogonal frequency division 

multiplexing, 600
phase modulation, 424
spread spectrum signals, 676

quadrature amplitude modulation 
(QAM) (I/Q) constellation, 190

quadrature carriers, 515, 563
quadrature detection, 417
quadrature phase shift keying (QPSK)

digital radio broadcasting, 645, 646
orthogonal frequency division 

multiplexing, 597, 598
spread spectrum signals, 683

quadrature (Q) signals, 676
quadrature real spreading (Q-RS), 678
quadrature stream, 440
quadriphase shift keying (QPSK)

digital phase modulation, 510, 
513–515, 516, 517, 518–519

phase modulation, 423–425
quadruple play of telecommunications, 4
Quagga, 49
Qualcomm, 539
quality assessment, 271
quality of service (QoS)

multimedia streaming, 285, 287
network layer of the OSI model, 

51–52
optical burst switching, 624, 913–914
optical packet switching, 916
optical switching techniques in 

WDM networks, 909, 910, 911, 
913–914, 923

passive optical networks, 952
public switched telephone 

network, 173
routers, 365, 368, 370
speech and audio compression, 280
spread spectrum signals, 683
statistical time division multiplexing, 

583–584, 587
voice communications, 158
wavelength division multiplexing, 

606, 617, 621–625
wireless channels, 334

Quality of Service Forum, 623
quality of service models, 623–624
quality of service provisions, 925–926
quantitative terms, 911
quantization

analog-to-digital conversion, 85
and companding, 87–88
data compressions, 204
high defi nition television, 297
image compression, 215–216
speech and audio compression, 268

quantization errors
data compression, 203
delta modulation, 88
pulse amplitude modulation, 87
speech and audio compression, 268

quantization noise, 87, 635
quantization parameter (QP), 249
quantization stage, 85
quantized discrete cosine transform 

(QDCT), 230, 231, 238
quantized PPM (QPPM), 492
quantized values, 88
quantizer, 249
quantum confi ned Stark effect 

(QCSE), 713
quantum cryptography, 907
quantum dots, 736–737
quantum key exchange, 187
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quantum noise, 721
quarter common intermediate format 

(QCIF), 244
quasi-continuous wavelength 

tuning, 763
quasi harmonic broadcasting, 289
quaternary codes, 534
quaternary phase shift keying (QPSK), 

542, 886, 887–888
Qudah, B., 289
queueing theory, 572–573
queue performance, 584
quick connect, 311
Qureshi, S. U. H., 430

R1 and R2 signaling systems, 169, 
170–171

Rabiner, L. R., 151, 554
radar, 185, 186
Radhakrishnan, R., 867, 877
radial push-pull method, 798–800
radial wobble method, 798, 799
radiation modes, 831
Radio Advertising Bureau (RAB), 

642, 643
radio broadcasting. See digital radio 

broadcasting (DRB)
Radiocommunication Sector of the 

International Telecommunication 
Union (ITU-R), 161, 343

Radio Corporation of America, 294
radio frequency (RF)

digital radio broadcasting, 644
free-space optics, 902
frequency division multiplexing, 560
spread spectrum signals, 677
transmission subsystem, 653–657
wireless channels, 334, 337, 338

radio frequency interference (RFI), 354
radio frequency links, 904–905
radio government (RG), 323
Radio Manufacturers Association 

(RMA), 294
radiometer, 541
radio wave propagation, 334–338, 340
Raffaelli, C., 916
Ragulsky, V. V., 903
raised cosine form, 429, 430
raised cosine roll-off Nyquist fi lter, 93
RAJAR, 670
rake receivers, 685–686
RAM. See random access memory 

(RAM)
Ramamurthy, B., 622
Raman amplifi cation, 741, 863, 864
Raman scattering

optical fi ber communications, 701
optical signal regeneration, 729
optical solitons, 863, 868, 873

Raman susceptibility, 824
Ramaswami, R., 576, 770, 783
Ramaswamy, V., 756, 832
Rand, D., 877
random access, 34
random access memory (RAM)

lambda and sub-lambda switching, 
773, 776

modems, 311

optical switching techniques in WDM 
networks, 913

wavelength division multiplexing, 622
random early detection (RED), 73–74
randomly polarized, 746
random modulation, 541
rank mountable coupler, 836
Rao, K. R., 216, 217, 681
Rao, S. G., 287
Rappaport, T. S., 338, 340, 341, 342, 

418, 419, 518, 539, 553, 675, 684
Ratakonda, K., 248
rate adaption protocol (RAP), 72
rate control, 241–243, 252–255, 285
rate control algorithm, 242
rate-distortion bound, 228
rate-distortion function, 242
rate-distortion optimization (RDO), 249
rate-distortion (RD) theory, 213, 

214, 221
rate distortion trade-off, 213–214
rate-of-return regulation, 5–6
rate shaping, 285, 286
Rawles, P., 116, 118, 121
Raybon, G., 464, 740
Rayburn, D., 665, 666
Rayleigh criterion, 764, 765
Rayleigh fading channel, 597, 598
Rayleigh random variable, 685
Rayleigh scattering, 701, 815, 816, 

817, 818
Raytheon, R. T., 689
Razzak, M., 828
RCA’s Photoradio, 129
reactance tube, 111
read address control, 378
read beam, 795–796
read channel, 801
RealNetworks, 665, 666
real spreading DSSS (RS DSSS), 678
real-time control protocol (RTCP), 73, 

283, 284–285
real-time protocol (RTP), 72–73, 

283–285
real-time streaming protocol (RTSP), 

153, 283–284
real-time transport protocol (RTP), 

72–73
RealVideo-10, 262, 264
reamplifi cation, 469, 705
reamplifying, reshaping, retiming (3R)

optical cross connects, 783
optical fi ber communications, 705
optical signal regeneration, 730
regeneration, 730, 731
synchronous OCDM, 891, 892, 893

rearrangeably nonblocking 
network, 790

rearrangeably nonblocking optical cross 
connects, 785

reassembly, 40, 45–46
receipt notifi cation (RN), 152
received power, 632
receiver blocks, 725–726
receiver implementation, 429–430
receiver operation, 115–116
receiver-oriented congestion 

detection, 70

receiver report (RR) packet, 284
receivers (RX)

digital communications, 630
frequency division multiplexing, 559
minimum shift keying, 444, 449–450
optical fi ber communications, 693, 

694, 695
optical multiplexing techniques, 

607, 608
orthogonal frequency division 

multiplexing, 595
pulse-amplitude modulation, 403
spread spectrum signals, 680, 

684–686
wavelength division multiplexing, 607
wireless channels, 334, 335

receiver sensitivity, 632, 724, 732
reciprocal compensation, 9
reclocking, 705
Recommendation T.6, 143
Recommendation T.37, 145, 146, 147
Recommendation T.38, 145–146
reconfi gurable free space optics 

networks, 907
reconfi gurable optical add-drop 

multiplexers (ROADMs), 455, 855
recording formats, 299–301
record route, 41
recursive least squares (RLS), 432
red, green, blue (RGB) images, 142, 

297, 302
reduced dialing, 121
reduced instruction set computing 

(RISC), 185, 372
reduced resolution update (RRU), 246
redundancy

information theory, 180
line coding, 524–525, 535
speech and audio compression, 276

redundancy bits, 355
redundant array of independent disks 

(RAID), 301–302
Reed, D. P., 372
Reed, G. T., 727
Reed-Solomon, 32–33, 361
Reed-Solomon (RS) codes, 98, 497, 

500, 501, 800
Reed-Solomon FSC code (RS-FEC), 

463–464
reference line, 133
reference voltages, 406
refl ectance, 835, 853
refl ection, 335–336, 697
refl ective star, 841
refraction, 336, 697
refractive index (RI), 696, 698, 745
regenerate symbols, 84–85
regeneration

lambda and sub-lambda 
switching, 772

optical fi ber communications, 693, 
694, 695

reamplifying, reshaping, retiming, 
730, 731

synchronous optical network, 930
regenerative repeaters, 85
regional Bell operating companies 

(RBOCs), 6
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region backbone, 51
regions of interest, 240
registrar, 400
registration admission status (RAS), 81
registration replies, 53
registration requests, 53
regular window (Wr), 288
Reibman, 584
Reichmann, K. C., 456
Reid, C. E., 183, 184, 187
Rejaie, R., 72
Rekhter, Y., 287
related modulations, 503–506
relation resonance, 710
relative element address designate 

(READ), 132
relative entropy, 180
relative quality of service, 623
relative quality of service 

differentiation, 914
relativity theory, 187
reliability, 40, 368
reliability information, 482
reliable periodic broadcast, 288
reliable service, 73
reliable transfer service elements 

(RTSE), 78
remotely controlled vehicles, 493
remote operations service elements 

(ROSE), 77
remote procedure call (RPC), 81
rendezvous function, 154
rendezvous point (RP), 51
Renner, T., 371, 386
Reno, 69
Rensselaer Polytechnic Institute 

Center, 250
repeaters

bridges, 390–391, 392
conducted communications media, 

324, 325
error prevention, 352
optical amplifi ers, 705
optical fi ber communications, 695, 

705–706
public switched telephone 

network, 164
synchronous optical network, 930

request sharing, 289
reroute control, 174
reserved fi elds, 55
reset, 64
reshaping, 469, 705
residential subscriber lines, 159
residual signal, 272
resilient packet ring (RPR), 586, 587
resistor as a transimpedance, 723–724
resonators, 753, 755, 757
resource allocation, 600–601
resource reservation and release, 

921, 922
resource reservation protocol (RSVP), 

52, 287, 587
resource reservation protocol-traffi c 

engineering (RSVP-TE), 52, 
619, 919

resource sharing, 287–289
responsiveness, 68

restoration schemes, 613, 920
resv message, 619
retiming, 469
retransmission, 33, 66
retransmission time-out (RTO), 66
retrorefl ectors, 902
return loss, 835
return to control (RTC), 138
return to zero (RZ)

alternate mark inversion codes, 529
bit error rate, 528
digital phase modulation, 511
Gaussian minimum shift keying, 451
line coding, 89, 522, 524, 527–528
optical differential phase shift 

keying, 457
optical fi ber communications, 693
optical receivers, 723
optical signal regeneration, 738, 739
optical transmitters, 708
power spectral density, 528

return-to-zero pulse width 
modulation, 492

reverse color transform, 233–234
reverse path broadcasting (RPB), 51
reverse path forwarding (RPF), 51
reverse path multicasting (RPM), 51
reversible color transform (RCT), 233
rewritable recording, 803–805
Reza, F. M., 181, 187, 188
RF, radio frequency (RF)
Rhodes, R. R., 450, 451
Rice, P. L., 343
Rice, S. O., 444
Richardson, D. J., 865
ridge or relief waveguides, 833
Riedi, R., 583
right-circularly polarized, 746
Rilum, J. H., 764, 765
ring connections, 328
ringing transients, 184
rings, 31, 939
ring switching, 941
ring topology, 321–322, 323
Riter, S., 492, 493, 505
Riza, N. A., 769
RJ-45 connector, 327, 328, 329
roaming agreements, 10
Roberts, J., 109, 110, 111
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