i E./N, vs. BER
Plot of BER vs. E, /N, (dB) for
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Coding enables same BER at lower E,/N,'s!
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*Decoder 1 for Repetition Code
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i BER vs. E,/N, Analysis
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Decoder 2 for Repetltlon Code
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iDecoder 1 for Repetition Code
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BER vs. E,/N, Analysis
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» Repetition code is not good enough 8“0%\“ av

eThere are many others that are good!




Example: (7,4) Hamming Code
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Message | Codeword Message | Codeword
0000 0000000 0100 | 0100111 Remarks
— e
0001 0001011 1001 | 1001110
— = o] wor
0010 | 0010110 0011 | 0011101 E codewords
0101 | 0101100 0111 | 0111010 e Cyclic
(fo11) |(1011000)) 1110 | 1110100 e— _
0110 | 0110001 1101 | 1101001 - hiessage dppears m\,\
1100 | 1100010 1010 | 1010011 the codeword Les¥ & ° a5
1000 1000101 1111 | 11111 oS




iHard Decision Decoder
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= Find codeword closest in Hamming distance
= Find distance of b from 2% codewords
« Complexity increases exponentially with k
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iExampIe: (7,4) Hamming Code

r=[rr;..r,] Hard b=[b,b,..b,] Fiqd e .that ¢
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Message | Codeword Message | Codeword
0000 0000000 K- 0100 0100111 o b= [1010101], c’-‘ = 2looco\ol
0001 0001011 1001 1001110 -
0010 0010110 0011 0011101 - b = [0110110]1 6 =2
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Maximum-Likelihood Decoder

Soﬁ,lec(stm
r=[rr,..r] | Findcthat | ¢ Aecs dex
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= Find codeword closest in Euclidean distance
« Find distances with 2k code-symbol vectors
= Complexity more than hard decision decoder

= Example: n=3 Repetition code; r=[1.9 -0.6 -0.2]
« ML decoder; é=[111]

o |7 -[111]]2=(0.9)2 +(1.6)2 +(1.2)? = 4.81
o |F-[-1-1-1]]2 = (1.9)2 +(0.4)2 +(0.8)2 = 4.41

« Hard decision decoder; é=[00 0]




iExampIe: (7,4) Hamming Code

n
T Encoder i Bit-to-symbol s_,{+r= s+ n ML
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4bits p_g /7 7 bits 7 sym.

Maximum likelihood decoding: (soft-decision decoding)
1. Suppose r=[1.11.30.81.50.20.6 1.2]. €="7?

Y
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2. Suppose £=[1.113081.5-02061.2]. é=? ¢

3. Suppose r=[1.11.3-0.8 1.5 -0.2 0.6 —0.1]. é=?




i BER Curves for Hamming Code
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iSummary

= Error-correcting codes provide significant
coding gains

« Coding gain has to be calculated using the BER vs.
E./N, plot

« Longer codes provide better coding gains
= Need to find good codes
« Good decoders are important
= Efficient implementation of encoding, error

gjetection e)nd error correction are most
Important in practice




