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Linear block codes

@ An (n,k) linear block code can be defined by a k x n generator

matrix.
[ go ] i 80,0
g1 81,0
G= . = .
| k-1 | | 8k—1,0
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Linear block codes

@ An (n,k) linear block code can be defined by a k x n generator

matrix.
go 80,0 80,1 80,2 T 80,n—1
g1 &1,0 81,1 81,2 te 81.n—1
G= . = . . . . .
| k-1 | | 8k-1,0 8k-1,1 8k-12 - 8Bk-1,n—1 |

@ The set of 2% binary codewords is formed by taking the linear
combinations of the rows of G.

@ For the binary information sequence u= (up, u1, -+, ux—1), the
corresponding binary codeword sequence is given by

v=uG = Upgo + U181 + -+ + Uk—18k—1 (modulo—2)
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Linear block codes

@ The sum of any two codewords in a linear code is also a codeword,
i.e., if v1 and vy are codewords, then vi + vs is a codeword.
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Linear block codes

@ The sum of any two codewords in a linear code is also a codeword,
i.e., if v1 and vy are codewords, then vi + vs is a codeword.

@ The all zero vector 0= (0, 0, ---, 0) is a codeword in every linear
code.
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Linear block codes

@ The sum of any two codewords in a linear code is also a codeword,
i.e., if v1 and vy are codewords, then vi + vs is a codeword.

@ The all zero vector 0= (0, 0, ---, 0) is a codeword in every linear
code.

@ An (n, k) linear block code is a k-dimensional subspace of the vector
space V, of all binary n-tuples.
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Linear block codes

Example 2.1: Let k = 3 and n = 6. The table gives a (6, 3) linear block
code.

Message Codewords
(uo,ul,u2) (Vo,Vl,VQ,V3,V4,V5)
(000) (000000)
(100) (011100)
(010) (101010)
(110) (110110)
(001) (110001)
(101) (101101)
(011) (011011)
(111) (000111)
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Linear block codes

Example 2.1 (contd.): We can write the coded bits in terms of
information bits as follows

Vo = uUr+uw
Vi = U+ u
Vo = Up+ U
V3 — U
Vg = U
Vg = Up

go,0 8o,1 80,2 80,3 8o4 805
[Vo Vi V2 V3 V4 V5]=[Uo U Uz] g0 81,1 812 813 814 815
820 821 822 823 824 825
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Linear block codes

A generator matrix for this code is

g6 011100
G=|g |=|101010
g 11000 1

The codeword for the message u = (10 1) is

v = u-G
= 1-(011100)+0-(101010)+1-(110001)
= (011100)4+(000000)+(110001)
= (101101)
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Linear block codes

@ An (n,k) linear block code is in systematic form, if its generator
matrix is in the following form:

G = [Pilk]
[ Po,o Po,1 "t Po,n—k—1 100 -+ 0]
P1,0 P1,1 “er PLn—k—1 o100 --- 0
— P20 P21 o P2n—k—1 o 01 .- 0
| Pk-10 Pk-11 - Pk—1n—k-1|0 0 O - 1 |
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Linear block codes

@ An (n,k) linear block code is in systematic form, if its generator
matrix is in the following form:

G = [Pilk]
[ Po,o Po,1 "t Po,n—k—1 1 00 -+ 0]
P1,0 P1,1 “rr PLn—k—1 o10 --- 0
— P20 P21 o P2n—k—1 o1 - 0
| Pk-10 Pk-11 - Pk—1n—k-1|0 0 O -+ 1 |

@ Every codeword consists of two parts: a message part and a parity
check part.
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Linear block codes

@ For systematic linear block code, the message part consists of the k
unaltered message bits, and the parity check part consists of n — k
parity check bits.
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Linear block codes

@ For systematic linear block code, the message part consists of the k
unaltered message bits, and the parity check part consists of n — k
parity check bits.

@ The encoding equations for a systematic code are given by (parity
check equations:)

Vi = Uppoj+ uip1j+ -+ uk—1pk—1j, 0<j<n—k—-1

(message bits:)
Va—kti = U, 0 <1 < k—1
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Linear block codes

@ For systematic linear block code, the message part consists of the k
unaltered message bits, and the parity check part consists of n — k
parity check bits.

@ The encoding equations for a systematic code are given by (parity
check equations:)

Vi = Uppoj + uip1j+ -+ uk—1pk—1j, 0<j<n—k—-1

(message bits:)
Va—kti = U, 0 <1 < k—1

@ Each parity bit v;,0 <j < n—k —1, is a (modulo-2) sum of certain
message bits.
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Linear block codes

@ Linear (n,k) block can also be specified by an (n-k) x n parity check
matrix H.
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Linear block codes

@ Linear (n,k) block can also be specified by an (n-k) x n parity check
matrix H.

@ If v=(w,v1, -+, Vvp_1) is a binary n-tuple, then v is a codeword if
and only if
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Linear block codes

@ Linear (n,k) block can also be specified by an (n-k) x n parity check
matrix H.

@ If v=(w,v1, -+, Vvp_1) is a binary n-tuple, then v is a codeword if
and only if
vHT =(0,0,---,0),

@ Example 2.3: Consider a (7,4) linear systematic code with generator
matrix

_ = O
O K~
= = = O
oo or
oo~ O
o~ OO
R O O O
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Linear block codes

@ The encoding equations can be written as

1101 000
[Vo vi vo v3 vy V5 V| = [ug U1 up us) b 10100
1 1.1 0 0 1 0
1 01 0 0 0 1
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Linear block codes

@ The encoding equations can be written as

1 1. 01 0 0 O
[vo vi va v3 va v5 6] = [up u1 w2 us] 110100
1 110010
1 01 0 0 0 1
@ We can write this as
Voo = Up+ U1+ u3
vi = Up+tur+uw
2 = up+uxtus
V3 = U
Vg = U1
Vs = U
Ve = U3
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Linear block codes

@ Equivalently, we can write the encoding equations as

wwt+tw+wv+v = 0
in+wvs+wvi+vs = 0
wt+veit+vs+vg = 0
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Linear block codes

@ Equivalently, we can write the encoding equations as

w+wvs+w+v = 0
vi+wvs+wvi+vs = 0
wt+vait+vs+vg = 0
@ In matrix form,
1 0 0 ]
0 1 0
0 0 1 0
o vwwvsvawsw] | 1 1 0| =1[0
0 1 1 0
1 1 1
|1 0 1
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Linear block codes

@ For a systematic code with generator matrix G = [P : I¢], the parity
check matrix can be written as,

H = [l,_«:PT]
(1 0 0 0| po,o P10 St Pk—1,0 |
0 1 0 0| poa p1,1 T Pk-11
— 0 0 1 --- 0]pop p1,2 S Pr-12
| 0 0 0 -+ 1|pon—k—1 Plan—k-1 °*° Pk—l,n—k-1 |
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Linear block codes

Example 2.3: Consider a (7,4) linear systematic code with generator
matrix

G—

_ — O R
O = = =
= = = O
OO O
OO = O
O = OO
— O O O

Then the parity-check matrix in systematic form is

H=

O O =
O - O
= O O
O = =
= = O
= o=
R O~
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