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What are Linear Block Codes?

LinearCodes

Information sequence is segmented into message
blocks of fixed length.

Each k-bit information message is encoded into
an n-bit codeword (n>k)

2k ) Binary Block ) 2k
K-bit Messages Encoder n-bit DISTINCT
codewords




What are Linear Block Codes?

Linear|Block Codes

Modulo-2 sum of any two codewords is .........
also a codeword

Each codeword v that belongs to a block code C
IS a linear combination of k linearly independent
codewords in C, I.e.,

U=my.gg+tm;.g *+...4m, 1.0y 4
0i=[9i0 Ji1 ++-- i n-1l




Some definitions

Binary field :

The set {0,1}, under modulo 2 binary
addition and multiplication forms a field.

Addition Multiplication
00=0 0-0=0
0Pl=1 0-1=0
1®0=1 1-0=0
1®1=0 1-1=1

Binary field is also called Galois field, GF(2).




Linear block codes — cont’d

The information bit stream is chopped into blocks of k bits.
Each block is encoded to a larger block of n bits.
The coded bits are modulated and sent over channel.
The reverse procedure is done at the receiver.
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Linear block codes — cont’d

The Hamming weight of vector U, denoted by
w(U), Is the number of non-zero elements in
U

The Hamming distance between two vectors
U and V, is the number of elements in which

they differ.
d(U,V)=w(U®DV)

The minimum distance of a block code Is
d mind(U;, U;) = min w(U;)

min -~ "I ™.
i




Linear block codes — cont’d

Error detection capabillity is given by

€= dmin -1

Error correcting-capabillity t of a code, which is
defined as the maximum number of
guaranteed correctable errors per codeword, is

d. —1

t — min

2




Linear block codes — cont’d

= Encoding in (n,k) block code

The rows of G, are linearly independent.




Linear block codes - cont’d

Example: Block code (n,k)=(6,3)

91
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(110100
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Message
vector (m) Codeword (U)

1101001

000 000000
100 110100
010 011010
110 101110
001 101001
101 011101
011 110011
111 000111




Example: Block code (n,k)=(7,4)

Encoder (U=m.G)

gl [1 101000
g| |01 10100
g,| |11 110010
g.|] |1 01 00 O01
m=[01 1 0]
Linear Block

v

U=g,%0,
U=[1000110]

Message (m) Codeword
0000 0000000
0001 1010001
0010 1110010
0011 0100011
0100 0110100
0101 1100101
0110 1000110
0111 0010111
1000 1101000
1001 0111001
1010 0011010
1011 1001011
1100 1011100
1101 0001101
1110 0101110
1111 1111111
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Example

g, 1 1 01 0 0 O I
Linearly
9 | _ 6010111 Dependent
g, 1 111 11 1}.
g.] (1 01 0 0 0 1
m=[0111] m=[100 1]
Block Encoder Block Encoder
(U=m.G) (U=m.G)
U=g,+g,+g; NOT DISTINCT  U=g,+0;

U=[0111001] €&————> U=[0111001]




® " Tugas, Dikumpulkan !

Consider a (7,4) code whose generator matrix is

I 1 1.1 0 0 0
1 01 0 1 0 0
G = 0O 1 1 0 0 1 0
1 1 0 0 0 0 1

1. Find all the codewords of the code.
2. What is the error-correcting capability of the code?

3. What is the error-detecting capability of the code?
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