
Lecture Peeling decoder Contd and an introductiontomessagepassing decoding

Recallthe definition ofthe peeling decoder from lasttime We now present a
boundon its performance via the ideaofusing stoppingsets

Def 1 stoppingset A stoppingset ss S U is a collectionofvariable

nodes whose induced subgraph has no checknodes withdegree1

By definition we let the empty set be a ss

Remark Let supp denote the supportof a codeword inthecodeof

interest In order to satify theparity checkequations all

checknodes in N supp mustbeconnected at leasttwicetovariable

nodes insupp 1 Hence supp forany codeword is a stoppingset

Stopping sets have the followingproperties

Proposition If S and I are ss then so is S V12
2 Each subset W U has a unique maximal ss

3 If WEV isthe collectionof erased variablenodes thenthe

peeling decoder renovers thevalueof all variablenodesexcept thosein

the uniquemaximal ss in W



Proof

1 Note that if i e N S US then it NCS or ien S2

implyingthat i is connected at least twiceto nodesin US

2 Define Z tobe the union of all ss contained in W by i it

follows that Z is the uniquemaximalss inW as any ss in W is
contained

in Z

3 Note that since Z Z W is a ss thevariablenodesinW will

notbe revered by the peeling decoder Further any T WIZ

is suchthat T U Z is not a s s and will be recoveredinpart

by onestepofthe peeling deloder D

Def A ss in minimal ifthe only ss it contains besides itself is theempty
set

Fora given code I with afixed parity checkmetrixH thatdefinesatanner

graph let Ass h denote the numberofminimal stoppingsetsof

cardinality L Now over a BEE note that the feeling decoderis

unsuccessful atdeloding from theerasures introduced atsome_set y U

onlyif I contains some minimalss why

Hence it follows that
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FACT Luby et al 2001 Efficient erasure correcting lodes Cascaded

LDPC codes followedby an MDScode achievethe capacity of an erasure
channel when a feeling decoder isused fordecodingtheLDPCcodes

Anaside MAP decoding over theBEC E

Recall that the MAP deloder or equivalently theML decoderforequiprobable
codewords computes
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For an erasure channel given y let X y denotethesetofcodewords

compatible withy i e

y EEC g yj ifyj

If this set y
has cardinality 1 it follows that MAPdecodingwill

besuccessful why

Now inorder to findthe set Xly notethat we onlyneedtosolve a

systemof linear equations over E



of

Let I bethesetoferased locations forany set 8 let Hs
denote the submatrix of H obtainedby retainingthecolumns in S

Then note that

y IEC RennyYang
and Hei HasanJain

Solving this system oflinear equations takes time 0 m but

decoding via a feeling decoderis expected tobefaster

Remark Notethat the MAPdecoder fails if and onlyif I containsthe
supportof a codeword However thepeelingdecoder fails ifandonly

if y contains a stoppingset

The peeling decoder is hence suboptimalcomparedtothe

MAP decoder

An introduction to message passing decoding forgeneral channels

The peeling decoder structure informs a more general algorithm fordecoding
codes ongraphs suchas LDP codes over channels otherthanthe BEC

Is eleef at



palsocalled abelief propagation BP deloden
This general algorithm called the messagepassing decoder is basedon the

wellstudied sum product algorithm or generalizeddistributivelaw that

is applied tothe problemof computing marginals in probabilisticgraphical
models

An illustration ofthe BP decoder Fix a receivedsequence y over some

channel Pyx and lettheTannergraphofthe

8
odebe as shownbelow
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Thefactornodes forwardthe
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Factortovariable

nodemessages Vals xi

Ent ago.IMacxjENlallis

tovariablenode xi foreach
Xie oil

Hereagain v11 canbe
thoughtofasthe messagevector

andthe steps 1 a and 1 b are recused
over until conveyanceofthe
messages oruntidafixedno Ferations


