
Lecture Simplifying the BP decoder contd and a discussion on density

evolution

Weshall first briefly discuss how the simplificationforthe check variable

messages came about

Recallthat each factor node computes
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Wethen have that
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which is precisely the update in

QuickHW Canyou derivea similar expressionfor
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Hence we obtain that
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thereby verifying the simplification ofthe computation

A discussion on density evolution

We end our discussion on LDPC codes with a brief discussion on



analyzing the performance ofthe BP decoder for a certainclassofLDPClodes

overthe BEC E

It canbe verified that the message passing routine over theBECCE

simply reduces tothe peeling decoder we haddiscussedearlier

In practice irregular ensembles ofLDPC codes are used insteadoftheregular
ensemble wehad seen earlier

Def 1 The standard irregular ensemble LDPC N P of LDPCcodes is

obtained by first picking A variablenodes resp Pi checknodes

ofdegree i I I lmax resp I i rmax giving risetothe

generating functions A x EE ix and P x pin

Letthe no ofvariablenodes resp checknodes be n resp m

The ensemble isthengeneratedby pickig a random permutation to

connect the halfedges atthevariableand checknodes asearlier

HI Verify that Ni n and P i m

Define L x 1 and R x Pplf

Further define Nx 4 and f x If
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Now for fixed degree distributions fromtheedgeperspective d andS

consider the ensemble LDPCndis defined as follows from 1.5 obtain

N R M see HW above and pick a suitable n suchthat nL and

no 1 Rj are integers for all admissible i j For such n the

ensemble LDPC n 1,5 equals the ensemble LDPC nA nR

FACT Foran LDPC code chosen uniformly at random fromthe ensemble

LDPC n 1.5 we have that the computationgraphs offixed

height say 21
obtainedby unrollingthe edges revealed during

message passing iterations is atree wp 1 as n 0

Recall thatthis isgood since as argued inthelastlecture message

passing is guaranteed to converge totheonect marginals ifthe factorgraph
is a tree



The above fact allows us to focus on cyclefree LDPC codes inLDPC nd

Wenowprovide a short sketchof the density evolution analysis over theBEC E

forsuch a code

Let po the channel easure probability

We aim to find a recursive formulafor be 131 whichistheprobability
that a random edgecakesatiariable check erasure in round of

MP decoding feelingdecoder operation

Wethen aim to findthe layest called EBP or BP thresholdsuchthat

be 170

Notethatfora fixed edge e
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Now since the edgeis randomly chosenfrom thedistribution 5

wehave

Pe van Eisa i e bent fffe



Next fix an edge emanating froma variable node
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Again sincethe edgeis drawnfrom 1 we obtainthat
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DensityEvolution DE recusion

FACT There exists a threshold EBPEBP Asuchthatfor E C EBP wehave

like 0 Further let n

fan betheDE fixedpoint

Wehave that EBPA5 infoge
x

HI Programming Exercise Consider an LDPC code with n variablenodes

and d x x f x x

i Compute the degrees of thevariable nodesand checknodes What

canyousay about the ensemble LDPC n dis



ii Simulate the density evolution mansionforvarying


