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A posteriori probability (APP), 144, 159
Add-compare-select, 145
Algebraic-geometry codes, 73
Array code, 132
Asymptotic coding gain, 207, 225

greater than, with block
partitioning, 225

Augmented code, 122
Automatic repeat request (ARQ), 116
AWGN channel, 17, 144

metric, 145

BCH bound, 53
BCH code, 52

extended, 65
general decoder, 56
performance AWGN channel, 66
Specified by zeros, 53

BCH decoder
Berlekamp–Massey algorithm, 55
Euclidean algorithm, 55
general, 56
Massey algorithm, 75
PGZ algorithm, 56

BCJR algorithm, 161
BEC channel, 64
Belief-propagation decoding, 196
Berlekamp–Massey algorithm, 55,

57–60
Chien search, 63
discrepancy, 57
errors-and-erasures

errata evaluator, 80
errata locator, 80
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modified discrepancy, 80
modified Forney algorithm, 80

Bit error probability
AWGN, 1
Rayleigh fading channel, 21

Block code concept, 4
Boolean function, 31
Bound

BCH, 53
bit error probability, AWGN

channel, 66
Chernoff, 21
Hamming, 13

nonbinary case, 13
RS decoder, 84
union

AWGN channel, 18
convolutional code, 100
multilevel modulation code for

UEP, 225
Branch metric, 145
Burst error-correcting capability,

132

Chase algorithm
soft-output, 186

correction factor, 187
scaling factor, 187

Chase type-II algorithm, 151
Code

Algebraic geometry, 73
Array, 132
Augmenting, 122
BCH, 52
Binary cyclic, 39
Binary image, 74
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Code (continued )
Concatenated, 134
Construction X, 127
Convolutional, 87

Direct-truncation, 95
Tail-biting, 95
Zero-tail, 94

CRC, 44, 45
Difference set, 70
Direct sum, 125
Euclidean geometry, 54
Expurgating, 122
Extending, 121
Fire, 45
Generalized concatenated, 132, 136
Golay, 29
Hamming, 27
Hsiao, 44
Interleaved, 133
Interleaved and shortened, 134
Lengthening, 122
Linear, 7
Low-density parity check, 190
Low-density parity check (LDPC),

169
Maximum distance separable

(MDS), 74
Maximum-length-sequence (MLS),

43
Nonprimitive BCH, 71
Nonprimitive Hamming, 86
Optimal rate-1/4 and rate-1/6, 129
Parallel concatenated , 174
Perfect, 13
Polynomial, 53
Product, 128, 169
Projective geometry, 54
Punctured convolutional, 112
Puncturing, 122
Reed–Muller (RM), 31, 126, 139
Reed–Solomon, 73
Repeat-and-accumulate, 184
Reversible, 70
Self-dual, 9, 34
Serially concatenated, 183
Shortened cyclic, 44

Shortening, 119
Simple repetition, 5
Time sharing, 124
Turbo, 170, 174
Turbo product code, 185
Unequal error protection, 137
Unequal error protection (UEP), 12
|u|u + v| construction, 126

Coded modulation, 203
bit-interleaved (BICM), 226
main idea, 3
MCM, 3, 207, 217

multistage decoding, 218
parallel decoding, 223
unequal error protection, 221

Pragmatic TCM
symbol transformation, 213
two-stage decoding, 213

TCM, 3, 207, 209
example modified state diagram,

212
MLD decoding, 211

turbo trellis(TTCM), 227
Coding gain, 3, 18

asymptotic, 207, 225
Complementary error function (erfc), 3
Concatenated code, 134
Concatenated coding, 3
Conjugate elements, 51
Constellation, 205
Construction X3, 127
Convolutional code, 3

block code obtained from, 94
catastrophic, 89
complete weight enumerator

sequence, 98
constraint length, 88
finite-state machine, 87
generator sequences, 89
polynomial generator matrix, 92
recursive systematic (RSC code),

92
state diagram, 88
union bound over BSC and AWGN

channel, 100
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weight distribution block codes
from, 95–99

weight enumerating sequence, 97
Convolutional codes

optimal, 129
Correlation discrepancy, 157
Correlation metric equivalence to

changing sign, 144
Coset, 122

decomposition, 123, 128, 138
leader, 11
representative, 138, 165

CRC code, 44, 45
Cycle set, 51
Cyclic code, 39

definition, 40
encoding by division by ḡ(x), 43
extended, 65
general decoder, 47
MLS code, 43
RM code, 34
shortened, 44
syndrome decoding, error-trapping,

46
zeros of, 40

Cyclic shift, 40
Cyclotomic coset, 51

Decoding
BCH codes general, 56
BCJR algorithm, 161
Belief-propagation, 196
Berlekamp–Massey algorithm, 55,

57–60
Bit-flip, 192
Chase algorithm, 150

soft-output, 186
Chien search, 63
Depth, 107
Errors-and-erasures, 64
Euclidean algorithm, 55, 61–62
Forney algorithm for RS codes, 75
GMD algorithm, 156
Log-MAP algorithm, 163
look-up table, 11
MAP algorithm, 161
Massey algorithm, 75

Max-Log-MAP algorithm, 164
Maximum likelihood, 101
MLD, 211
Modified Forney algorithm, 80
ordered statistics algorithm, 153

soft-output, 164
Parallel for multilevel codes,

223
PGZ algorithm, 55, 60–61
Soft-decision, 143
SOVA algorithm, 158
Sudan algorithm, 79, 158
SW-SOVA algorithm, 160
two-stage, 134, 213
Viterbi algorithm, 101–112
with standard array, 10

Decoding region, 12
Decomposable code, 126, 136
Difference-set code, 70
Direct-truncation code, 95
Discrepancy Berlelamp–Massey

algorithm, 57
Disjunctive normal form, 32
Distance

designed of BCH code, 52
free, 94
Hamming, 5
minimum Hamming, 5
minimum squared Euclidean, 207
squared Euclidean, 17

Dual code, 8
example, 9
of cyclic code, 43
of RM code, 33

Encoding
nonsystematic, 41
recursive with parity-check matrix,

43
systematic, 19, 41
with generator matrix, 9
with parity-check matrix, 9

Erasure, 64
value, 79

Erasure correction for binary linear
codes, 64

Erasure locator polynomial, 79
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Error, 1
positions, 55
values, 55

Error bursts, 3
Error correcting capability, 6
Error correcting code

as subset, 5
defined, 4
minimum Hamming distance, 5

Error evaluator polynomial, 75
Error-locator polynomial, 55
Error polynomial, 55
Error propagation, 224
Error-trapping decoder, 46
Euclidean algorithm, 55, 61–62

polynomials same up to a constant,
78

Euclidean geometry (EG) code, 53
Extended BCH code

Weight distribution, 66
Extended code, 121

Factoring polynomials in GF(2m) is
hard, 63

Field
Galois, 48

arithmetic, 48
element order, 51
representations, 49

Finding factors of x2m−1 + 1,
51

Finite geometry, 33
Fire codes, 45
Forney algorithm, 75
Fourier transform

BCH decoding with, 79
Free distance, 94

Gallager code, 191
Galois field, 48
Generalized concatenated code, 136

array codes, 132
Generator matrix, 8
Generator polynomial, 40

of BCH code, 52
of RS code, 74

GMD decoding, 156

Golay code, 29
Greatest common divisor (GCD), 62

Hamming code, 27
shortened (3,64,71) code, 44

Hamming space, 3, 5
Hamming weight, 8
Hard-decision decoding, 18

general structure, 23
Hsiao code, 44

Incidence matrix, 190
Incidence vector, 33
Inner code, 129
Interleaver, 182

block, 129
convolutional, 135
cyclic, 133
Ramsey, 129, 135

Interleavers for turbo codes, 182
Interleaving

Symbol in Turbo TCM, 228
Irreducible factors, 40
Irregular LDPC code

record performance, 4
Iterative belief-propagation algorithm

message passing, 197
Iterative belief-propagation decoding,

196
Iterative bit-flip decoding, 192
Iterative decoding convergence, 182

Key equation, 55

LDPC code, 190
error detection capability, 199

Least common multiple (LCM),
46

Likelihood, 101
Linear code, 7
Linear feedback shift register (LFSR),

57
List decoding, 158
Log and antilog tables, 49
Log-likelihood metric, 144
Log-likelihood ratio (LLR), 171

extrinsic, 173
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Log-MAP algorithm, 163
Low-density parity-check code, 190

MacWilliams identity, 65
MAP algorithm, 161
Massey algorithm, 75
Matrix

generator and parity-check, 7
Vandermonde, 53

Max-Log-MAP algorithm, 164
Maximum-a posteriori probability,

161
Maximum distance separable (MDS)

code, 74
weight distribution, 84

Maximum-length-sequence (MLS) code,
43

Meggit decoder, 46
Memory devices, 45
Message passing, 197
Metric

Euclidean, 18
log-likelihood, 144

Metric normalization, 108
Minimal polynomial, 50
Minimum Hamming distance, 5
Minimum squared Euclidean distance,

207
MLD decoding, 211

defined, 17
Viterbi algorithm, 101

Modified Forney syndrome, 80
Modified syndrome polynomial, 80
Modulation as mapping, 205
Monte Carlo integration, 21
Most reliable information positions,

153
MSED, 207
Multilevel coding, 217
Multilevel modulation code

definition, 218
Multistage decoding, 218, 223

Natural labeling, 209
Nonprimitive BCH codes, 71
Nonsystematic cyclic code, 41
Nyquist bandwidth, 203

Order of an element in GF(2m), 51
Ordered statistics decoding, 153
Orthogonal checks, 34
Outer code, 129

Parallel concatenated code, 174
Parity node, 190
Parity submatrix, 8
Parity-check matrix, 8

of BCH code, 53
of cyclic code, 42

Partition level, 136–137
Path memory, 103, 104
Pearl’s algorithm, 196
Perfect code

definition, 13
Permutation, 129
Permutation matrix, 174
PGZ algorithm, 55, 60–61
Polynomial

associated with vector, 39
erasure locator, 79
errata locator, 80
error, 55
error evaluator, 75
error-locator, 55
generator, 40
minimal, 50
modified syndrome, 80
parity-check, 42
primitive, 49
syndrome, 46

Polynomial code, 31, 53
Pragmatic turbo TCM, 228
Primitive

element, 49
polynomial, 49

Probability
a posteriori, 159
bit error, 18
bit error, BPSK over AWGN, 1
correct decoding, 16
incorrect decoding, 16
undetected error, 14

Product code, 128
decoding, 134

Projective geometry (PG) code, 53



262 INDEX

Punctured code, 122
Punctured convolutional codes, 112
Puncturing

as shortening the dual code, 122

Q-function, 3

Ramsey Interleaver, 182
Random Interleaver, 182
Rayleigh fading channel, 19

bound, 21
RCPC codes, 116
Redundancy, 4
Reed–Muller (RM) code, 31, 53, 138

decoder for cyclic code, 37
majority-logic decoding, 35
Number of minimum-weight code

words, 33
Reed–Solomon (RS) code, 3

as polynomial code, 73
binary image of, 74
encoding as a polynomial

evaluation, 73
generator polynomial, 74
weight distribution, 84

Reliability, 64
Reliability values, 151
Repeat-and-accumulate code, 184
Repetition code

example, 5, 6, 13
probability decoding error, 16

RS decoder
bound bit error probability, 84
bound word error probability, 84
error evaluator polynomial, 75
errors-and-erasures, 79

direct solution, 83
errata evaluator, 80
errata locator, 80
modified discrepancy, 80
modified Forney algorithm, 80
modified Forney syndrome, 80

Forney algorithm, 75
Massey algorithm, 75

Self-dual code, 121
Set partitioning, 209

block for unequal error protection,
222

hybrid, 222
Shannon limit, 87
Shortened code, 119

additional correctable error patterns,
121

Shortening depth, 44
Signal point, 205
Simulation of BPSK modulation, 24
Sliding window SOVA algorithm, 160
Soft-decision decoding, 18
Soft-output Chase algorithm, 186
Soft-output ordered statistics algorithm,

164
SOVA algorithm, 158
Spectral efficiency, 203
Squared Euclidean distances, 144
Squaring construction, 126
Standard array

as look-up table, 11
construction, 11
decoding, 10

State diagram
convolutional code, 88
for computing weight distribution,

96
for computing weight-enumerating

sequence, 212
for computing WES, 97

Subcode property, 138
Sudan algorithm, 158
Sum-product algorithm, 196
Supercode, 122
Syndrome

as evaluation of zeros of code, 55
as vector, 10
circuit for computing, 57

Syndrome polynomial, 46
Syndrome trellis, 146
Systematic cyclic code, 41
Systematic encoding, 4

Tail-biting code, 95
Tanner graph, 190
Time-sharing code, 124
Trellis diagram, 90
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Trellis structure
example 3-level coded 8-PSK

modulation, 218
of array codes, 132
of block and convolutional codes,

5
Ungerboeck mapping, 208

Turbo code, 124, 170, 174
as a punctured product code, 175
component RSC code, 170

Turbo TCM, 229
Two-dimensional code, 129
Two-stage decoding, 134, 213
Two-step majority-logic decoding, 35

Unequal error protection
multilevel modulation code, 221

Unequal error protection code, 116,
137

constrcutions X and X3, 128
example, 12

Union bound
AWGN channel, 18
Rayleigh fading channel, 21

Vandermonde matrix, 53
Variable node, 190
Viterbi algorithm, 102–112, 145

ACS, 111
branch synchronization, 107
traceback, 109
traceback memory, 90

Viterbi decoder
off the sshelf, 213

Weight distribution, 65
convolutional codes, 95–99
defined, 14
extended BCH codes, 65

Weight enumerating sequence, 97

Zero-tail code, 94


