
Index

a posteriori probability, see posterior

absorption, 235

additive white Gaussian noise (AWGN)
channel, see channel

affine plane, 37, 38, 48, 70

amateur radio, 234, 241

antenna

effective area, 120

gain, 119

antenna array, 80, 81, 128, 280

autocorrelation, 117, 190, 191

autocovariance, 164, 190

automatic gain control (AGC), 112

band-edge symmetry, 169

bandwidth, 142, 149

single-sided vs. double-sided, 144

basis, 71

Bhattacharyya bound, see error probability

bit-by-bit on a pulse train, 137, 145

bit-error probability (convolutional code),
219

block-orthogonal signaling, 139, 145

Bolzmann’s constant, 118

carrier frequency, 232, 237–240, 244, 246, 259,
261

Cauchy–Schwarz inequality, 67

channel, 24

baseband-equivalent, 11, 252

binary symmetric (BSC), 51

complex-valued AWGN, 264

continuous-time AWGN, 25, 95, 96, 102,
103, 105, 119, 148

discrete memoryless, 49, 89

discrete-time AWGN, 25, 32, 39, 45, 46, 53,
97, 102, 180, 205, 208

discrete-time vs. continuous-time, 144, 180

impulse response, 112

lowpass, 160

memoryless, 24

passband AWGN, 243, 252

time-varying, 113

wireless, 111

wireline, 111

channel attenuation, 111, 256

channel capacity, 8, 14, 221

codes

convolutional, 146, 205–208, 226–229

low-density parity-check (LDPC), 9

turbo, 9, 222

codeword, 205

collinear, 67

colored Gaussian noise, 113

communication, digital vs. analog, 13

complex vector space, 66

conjugate

(anti)symmetry, 235

transpose, 36

converter, up/down, 12, 232, 246, 264, 278

convolutional codes, see codes

correlated symbol sequence, 166

correlative encoding, 166, 224

correlator, 108

covariance matrix, 61, 269

cumulative distribution function, 190

decision

function, 29, 31

regions, 29, 31

decoder, 12, 97, 205

decoding, 26

function, see decision function

regions, see decision regions

delay, 256

delay locked loop, 259

detection, see hypothesis testing

detour, 212, 213

detour flow graph, 214

differential encoding, 202, 260
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diffraction, 112, 234

dimensionality, 135, 142

Dirichlet function, 181

dither, 163

down-converter, see converter

duration, 142

electromagnetic waves, 234

encoder, 12, 97, 102, 205

encoding

circuit, 207

map, 206

entropy, 19

error probability, 26, 29, 31, 35

Bhattacharyya bound, 50, 87–90, 219

union Bhattacharyya bound, 48, 53

union bound, 44, 86, 91, 141, 228

events, 190

eye diagram, 173

fading, 81, 114

finite-energy functions, 161

first layer, 23

Fisher–Neyman factorization, 43, 83, 101, 130

Fourier

series, 167, 187

transform, 16, 184, 203

frame, 3

free-space path loss, 120

frequency hopping (FH), 261

frequency-shift keying, see FSK

frequency-shift property, 236

FSK, 104, 139

generating function, 214

Gram–Schmidt procedure, 72, 123, 124

Hermitian

adjoint, 53

matrix, 54, 61

skew, 54

hyperplane, 69, 70

hypothesis testing, 26, 32, 102

binary, 28

m-ary, 30

exercises, 74–77, 80–82, 91, 93, 125, 126,
129, 130

independent white Gaussian noises, 254

indicator function, 16, 30, 43

indistinguishable signals, 142

information theory, xi, 9, 18, 19, 103, 142,
147, 221

inner product space, 15, 65–67, 73, 96, 97,
100, 107, 132, 135, 162, 183, 244

inter-symbol interference (ISI), 173, 224

interference, 114

Internet, 1, 2, 4

Internet message access protocol
(IMAP), 2

Internet protocol (IP), 5

irrelevance, 41, 84

isometry, 132

Jacobian, 59

jitter, 173

L2

equivalence, 161, 183

functions, 161, 180

Laplacian noise, 75, 77, 90

law of total expectation, 30

law of total probability, 29

layer

application, 2

data link, 3

network, 3

physical, 4

presentation, 3

session, 3

transport, 3

layering, 1

LDPC code, see codes

Lebesgue

integrable functions, 182

integral, 180

measurable sets, 182

measure, 182

light-emitting diode (LED), 26

likelihood

function, 27, 257

ratio, 29, 34, 43

l. i.m., 168, 188

log likelihood ratio, 34

low-noise amplifier, 111

MAP

rule, 27, 51, 77

test, 29, 107

Mariner-10, 123

Markov chain, 41

matched filter, 108, 127, 128, 201

maximum a posteriori, see MAP

maximum likelihood, see ML

Mercury, 123

messages, 12

metric, 209

military communication, 261

minimum distance, 40, 136, 145, 146

minimum-distance rule, 39
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ML parameter estimation, 175, 257

ML rule, 27, 39, 208, 261

for complex-valued AWGN channels, 252

mobile communication, 113, 222

modem, 4

modulation (analog)

single sideband (SSB), 241

amplitude (AM), 13, 241, 278

DSB-SC, 240

frequency (FM), 13

multiaccess, 93

multiple antennas, see antenna array

n-tuple former, 12, 97, 102, 159

NASA, 123

nearest neighbors, 145

noise, 111

correlated, 93

data dependent, 93

man-made, 99

Poisson, 75

shot, 99

thermal (Johnson), 99, 118

white Gaussian, 98

noise temperature, 119

non-coherent detection, 260, 263

nonlinearities, 114

norm, 67, 96

Nyquist

bandwidth, 169

criterion, 167, 168, 170, 179, 198–200, 281

pulse, 198

observable, 26, 101

OFDM, 113

open system interconnection (OSI), 1, 103,
250

optical fiber, 26

orthonormal expansion, 71

packet, 3

PAM, 39, 48, 79, 105, 135, 159, 179, 208, 221,
279

parallelogram equality, 67

parameter estimation, 175, 256

Parseval’s relationship, 99, 144, 161, 165, 167,
185, 238, 254

partial response signaling, 166

passband, 12, 232, 235, 276, 277

phase drift, 260

phase locked loop, 260

phase-shift keying, see PSK

phase synchronization, 256

decision-directed, 260

picket fence miracle, 193, 196, 200

Plancherel’s theorem, 185

Planck’s constant, 119

Poisson distribution, 26

positive (semi)definite, 55

post office protocol (POP), 2

posterior, 27, 51

power

dissipated, 121

received, 120, 121

power spectral density (PSD), 119, 163, 191,
197, 223, 224

power spectrum, see power spectral density

PPM, 104, 139

prior, 51

probability measure, 190

probability of error, see error probability

probability space, 190

projection, 69, 72

propagation delay, 112

pseudo-covariance matrix, 269

PSK, 46, 48, 80, 106, 136, 160, 179, 248, 263

pulse, 15

pulse amplitude modulation, see PAM

pulse position modulation, see PPM

Pythagoras’ theorem, 69

Q function, 31, 78, 228

QAM, 40, 48, 79, 86, 106, 126, 160, 179, 249,
263, 279

QAM (analog), 241

quantization, 20

radio spectrum, 234

raised-cosine function, 170

random process, see stochastic process

random variables and vectors, 61, 190

circularly symmetric, 270, 271, 273, 274,
279

complex-valued, 252, 267, 269

proper, 269, 271

Rayleigh probability density, 60

real vector space, 66

receiver, 24

receiver design

for continuous-time AWGN channels, 95

for discrete-time AWGN channels, 32

for discrete-time observations, 23

for passband signals, 243

reflection, 112, 234

refraction, 234

Riemann integral, 180

root-raised-cosine (im)pulse (response), 170,
192

root-raised-cosine function, 170

rotation (of the matched filter output), 260
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sample space, 190
sampling theorem, 161
satellite communication, 119, 222
Schur, 54
second layer, 95
self-similarity function, 164, 172, 178, 197
Shannon, xv, 8
σ-algebra, 190
signal

analytic-equivalent, 235, 236, 241
baseband-equivalent, 12, 235
energy, 46, 95, 96, 106, 111, 119, 121,

133–135, 137, 147, 166, 183, 236, 241,
264

power, 95
signal design trade-offs, 132
simple mail transfer protocol (SMTP), 2
simulation, 115, 231
sinc

Fourier transform, 185
peculiarity, 201

singular value decomposition (SVD), 56, 62
sky wave, 234
Slepian, 143
software-defined radio, 162
source, 23

binary symmetric, 19
continuous-time, 20
discrete, 18
discrete memoryless, 19
discrete-time, 20

spread spectrum (SS), 105, 261
square-root raised-cosine function,

see root-raised-cosine function
standard inner product, 66
state diagram, 207
stationary, 191
stochastic process, 190
sufficient statistic, 41, 83, 85, 102, 130

symbol, 159
PAM, 159, 160, 179, 208, 221, 279
PSK, 160, 179, 248, 263
QAM, 160, 179, 249, 263, 279

symbol-by-symbol on a pulse train, 159
synchronization, 112, 175

Bayesian approach, 176
DLL approach, 176
for passband signals, 256
LSE approach, 176
ML approach, 175

third layer, 232
time offset, 256
training

signal, 256, 258
symbols, 177

transmission control protocol (TCP), 5
transmitter, 24
trellis, 209
triangle inequality, 67

uncorrelated, 64, 165
union Bhattacharyya bound, see error

probability
union bound, see error probability
unitary, 53
up-converter, see converter
user datagram protocol (UDP), 5

vector space, 65
Viterbi algorithm (VA), 209, 222, 224
voltage-controlled oscillator (VCO), 177
Voronoi region, 39

water-filling, 113
waveform, 15
waveform former, 97, 102, 159
whitening filter, 113
wide-sense stationary (WSS), 163, 191
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