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

detection and error correction are most
Important in practice




Basics of linear codes: Encoder
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Matrix description

= All operations are mod 2. Note -

“

.(\“'4\ "\kﬁl’ﬂ"“b 1
S &
5 A ple[m m m
() 0
Generator matrix =
[m m m p p pl=-[m m mlo 10
W W S
cp)\c,,ml,c, eSS gt M \O/‘I_\f_\_)
Parity-check matrix < ww C\W“Wm~r
m|
1 17 0)[1 O 0
W;} 0 1 1/lo 1 0|"|-|o
|4 Jdhoo 1flo o 1f[P] |o
Yf\‘b\«‘;’?ﬁ:{ < n ST
r\‘oo /? pzv\c‘f




iln general...
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« Code: Set of codewords (v k) o4 + Jduw

Y\ codew

s Generator matrix of a linear code f § odewerds

. z

= kKX n generator matrix G (rank k) |
« Systematic form G = [7, P] ~ P:lxrn-r aautle
= Message mencodedas c= mG. TN

« If Gis systematic, ¢ = [m p]
= Parity-check matrix for same linear code

= N — kX n parity-check matrix A (rank n-k)
« Systematic form H=[P' I ]
« Codeword ¢ satisfies HcT = 0
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iLinear Codes: Vector space view

= Notation: (n, k) linear code
« Message length = k; Codeword length = n

s Forms a A-dimensional vector subspace of the
rdimensional binary vector space

« mod-2 sum of two codewords is another codeword
= Rows of G': Basis for the codespace

«a C=mG
= Rows of A : Basis for dual of codespace

« Hc'=0

« Vector x is a codeword iff Hx7 =0




i Examples

= (3,1) Repetition Code = {000, 111} \
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iMinimum Distance

= Hamming distance between two binary vectors is the number of
places where they are different.

« dist(000, 111) = 3
« dist(1101,011Q) = 3

=  Minimum distance of a code: The minimum Hamming distance
between any two codewords

« d.,of (3,1) repetition code = 3
« d.;, of (5,1) repetition code = 5
« d_. of (6,3)example code = 3 (How?)

£
« (nk,d) - code:
« Block-length = n, Dimension =k, d,,, = d
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iMinimumDistance: Linear Codes

= Minimum Distance

= Hamming weight of a binary vector is defined to
be the number of 1sin it

= dist(u,v)=weight(u+v) (+ modulo 2)

« d.;, of a linear block code is the minimum weight

of a nonzero codeword
« U,V : distinct codewords; w = u+v: nonzero codeword

« Min dist(u,v) = min weight(u+v) = min weight(w)
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i Geometry of an (n,k,d) code
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iExampIe: (7,4) Hamming Code

r=[rr..r] el b=[b,b,..b,] | Findcthat | ¢
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r>0,b=0
Ifrr<0,b =1.
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