
Lecture Decoding linear codes

In this lecture and elsewhere in classical coding theory we shallconsideras

motivation the problem of decoding a codewordofa linearcode over a

binary symmetri
channel BSC with some cross over probabilityof

Fix 112 as the alphabet ofthe code under consideration

some.meEcokcode.ord E1 EEtte DeodenEstate

The binary symmetricchannel BSC

Recall the structureofthe ML or MAP decoder over the BSCp given

ML y ayme
P y agree duly

Thistask of findingthe codeword that is closest to y is alsocalled

minimum distance decoding MDD

In this lecture weshall explore what MDD means inthe contextof 1

being a linear code



Notefirst that

MDD y Find an errorvector e ofsmallest Hanningweight
suchthat f e El Decode to I y 1

Now given y itis of interest to characterizetheset

y e EE y eel

This is the setof candidate error vectors Clearly MDD can correct

those sequences y
causedby error vectors suchthat thereexists a

unique nor vector of smallestweight in y

Furthermore notethat

Ely e ee y c linearityofe

and hence since I is a subgroupof IE verifythis it followsthat

Ely is a coset of 1 in IE

MDD hence reduces to finding a coset couesp.to f off in II and
obtaining an error vector ofmin weight inthiscoset

StandardagandcomplexityfMDD

The task above requires us tofind a specificcoset y C among all cosets



oft in15 Let C be an n k code

From Lecture3 recall thatthe costs of 1in IF partition IE furthermore

eachcoset has size exactly 11 2k There arehence exactly 272k 2ⁿ

cosets
of Cin IE

Example Consider the systematic linear code generatedby

a

Clearly wehave dim e 2 K The costs of C in canbewritten

as follows

C Qtr 00000 01001 10101 11100

0001 C 00008 01000 10100 11101 Tikidate
cosetleaders

0010 C 00010 01011 101 1 11 10

0001 R 00011 01010 10110 11 11

00100 2 00100 01101 10001 11000

0101 C 00101 01100 10000 11001

00110 1 00110 01111 10011 11010

00111 the 0011 01110 10010 11011

Standard awaytableforC


