
Lecture Decoding linear nodes Contd

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 Takidate
cosetleaders

0010 C 00010 01011 101 1 11 10

0001 R 00011 01010 10110 11 11

00100 C 00100 01101 10001 11000

0101 C 00101 01100 10000 11001

00110 1 00110 01111 10011 11010

00111 the 0011 01110 10010 11011

Standard awaytableforC



A cosetleader ofa coset is any vectorof minimum Hamming weightin
thatcoset see above

Given such a standard
away theMDD

picks thecosetthatis

Y R and simply returns y Ie where Ie is the now fixed coset

leader of y l

Example In the standard awayabove supposethat y 01011 was

received This corresponds tothecoset 00010 1 TheMDDthus

returns 01011 0

1 eu
01001 EC

Remarks By properties ofcosets it is clearthat MDD y always liesin C

The
complexity of MDD is preciselythe complexityof storing and searchingthe

standard
away

whichis 2n this is bad highcomplexity

Returning to one motivationof decoding over theBSCp it followsthatthe

probability of correct decoding by theMDD is preciselytheprobabilitythat

the true nor vectoris one of the lost leaders i e

R MDD y
transmitted R y contleader transmitted



N w p l p
n G

where N w cosetleadersof Hammingweightw

HI Justify the equality in i above and computethisexpressionforthe

standard
away above

HI Suppose that C is an n K d code Arguethat in any
coset

with a sequence of weight 12 orless this sequence istheunique

cosetleader

Reducingthedecodingcomplexityviasyndioness

The standard
away

allows one to perform ML orMAP decoding over a

BSc p p However such a procedureis computationally expensive

In what follows we arguethat one can reducethecomplexityofMDD to
2 via a clever use of linearityofthecode

Notethatgiveny we are interested in finding thecoset leaderof y c
Canwe

somehow succinctly store loset identifier cosetleader



Def Fo a fixed parity checkmatrix Hofe thesyndrome ofye is

the vector s HyT

Propositions Two vectors
y ge nauin the same cosetof liff they

havethe same syndrome

Proof Yi ya in
the same cosetoff y fee

H y 725 0

Hy Hys

Theabove proposition gives rise tothe following versionofMDD with
reduced complexity called syndrome decoding

Steffffle storethe tableof syndrome coset leader

Stef Compute thesyndrome I Hyt giveny
Stef Obtainthe coset leader e corresponding to from Step0

steps Return f e

HI Findthe syndromes correspondingto eachcoset inthe standardaway
above


