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ABSTRACT

Inthispaper,theauthorspresentaconcatenationofHartmannandRudolph(HR)partiallyexploited
andadecoderbasedonhashtechniquesandsyndromecalculationtodecodelinearblockcodes.
ThisworkconsistsfirstlytousetheHRwithareducednumberofcodewordsofthedualcodethen
theHWDecwhichexploitstheoutputoftheHRpartiallyexploited.Researchershaveappliedthe
proposeddecodertodecodesomeBose,Chaudhuri,andHocquenghem(BCH)andquadraticresidue
(QR)codes.Thesimulationandcomparisonresultsshowthattheproposeddecoderguaranteesvery
goodperformances,comparedtoseveralcompetitors,withamuch-reducednumberofcodewords
ofthedualcode.Forexample,fortheBCH(31,16,7)code,thegoodresultsfoundarebasedonly
on3.66%oftheallcodewordsofthedualcodespace,forthesamecodethereductionrateofthe
runtimevariesbetween78%and90%comparingtotheuseofHartmannandRudolphalone.This
showstheefficiency,therapidity,andthereductionofthememoryspacenecessaryfortheproposed
concatenation.

KeywoRDS
BCH Codes, Decoding Algorithm, Error Correcting Codes, Hartmann Rudolph (HR), HWDec, Linear Codes, 
PHR-HWDec, QR Codes

1. INTRoDUCTIoN

Giventhatdigitalcommunicationhasbecomeincreasinglyimportant,thevolumeofdataexchanged
isgrowingcontinuouslyandthecommunicationchannelsarenotentirelyreliablesotheneedto
ensure the reliabilityof the transmitteddata to the reception isapivotalprocess;hencechannel
codinghasbecomeanindispensablemeansfordetectingandcorrectingerrorsoncomputernetworks,
telecommunicationsystemsanddatastorage.Avarietyoferrorcorrectingcodesareimplementedin
diversedevicessuchasSmartphones,compactdiscs(CDs),digitalversatilediscs(DVDs),harddisks
orpacketstransferredoverInterconnectedNetwork(Internet)orovermobilenetworks.Giventhe
difficultyoftheproblem,severallinearcodedecodingalgorithmsareusedtoimprovethemeasured
performanceasafunctionofbiterrorrate(BER).

Decoding algorithms employed in communication systems are classified into two principal
categories: soft decision and hard decision algorithms. Soft decision algorithms exploit directly
thereceivedsymbolsandtheyemployprincipallytheEuclidiandistanceasameasuretominimize
thedistance.Ontheotherhand,harddecisionalgorithmsworkonbinaryinputsthatresultfrom
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thresholding of the transmit channel output. This type of algorithms usually use the Hamming
distanceasametric(Clarck&Cain,1981).Amongtheworksthatareinterestedintheharddecision
algorithms,wefindthesebasedonthegeneticalgorithms(GA)(Azouaouietal.,2012),(Gallager,
1962),(Morelos-Zaragoza,2006),(Nouh,2012),thealgebraicdecoder(Berlekamp,1984),(Massey,
1969), (Chenet al., 2007)ofBerlekamp-Masseybasedon computeof syndromes and it has an
efficientmechanismtolocalizeallcorrigibleerrors.Wealsofindsomeworksbasedonsyndrome
decodingandthehashtechniques(Chenetal.,2016),(ElKasmiAlaouietal.,2019c),forexample
in(ElKasmiAlaouietal.,2019c),theresearchershavepresentedtwofastandefficientdecoders,
HSDec(harddecisiondecoderbasedonHashandSyndromeDecoding)andHWDec(Harddecision
decoderbasedontheerrorWeightDecreasing).

Forsoftdecisiondecoders,wefindanalgorithmapplicableforBCHcodesbasedontestand
syndromecomputingtolocalizetheerrorpositions(Jungetal.,2016).Askalietal.havepresented
aversionSoftIn-HardOut(SIHO)wheretheyhaveusedtheMacWilliams’spermutationdecoding
algorithm(McPD)asaharddecoder(Askali,2012).Tofacilitateself-synchronizationofthedigital
communicationsystemsShimetal.haveproposedaforwarderrorcorrectioncodesincommunication
channels(Shim,2017).In(Berkanietal.,2017)acompactGeneticAlgorithms(cGA)isusedto
generate twodualdomainSoftDecisiondecoders.The lowcomplexityof theHSDecalgorithm
comparedwithitscompetitorsencouragedustocombineitwiththeChase-2algorithm(ElKasmi
Alaouietal.,2017).In(Fossorier&Lin,1995),Fossorieretal.havepresentedtheOSD(Ordered
StatisticsDecoder)algorithmwhichisbasedonorderedstatisticsandit’sapplicableonlinearblock
codes.Adecodingalgorithmwhichprincipleisdifferenttothosecitedabove,iswhichpresentedby
HartmannandRudolph(HR)in(Hartmann&Rudolph,1976).Themainideabehindthisdecoderis
thesymbolbysymboldecodingofthereceivedsequence.In(ElKasmiAlaouietal.,2020;ElKasmi
Alaouietal.,2019a;ElKasmiAlaouietal.,2019b;Nouh,2018),severaldecodersdevelopedfrom
aserialconcatenationarepresented.

In(ElKasmiAlaouietal.,2019a),wehavepresentedaserialconcatenationbetweenHartmann
&RudolphpartiallyexploitedandHSDecdecoderthatisbasedonhashtechniquesandsyndrome
calculation.ThemainideainHSDecdecoderisbasedonahashfunctionthatpermitstofindthe
errorpatterndirectlyfromthesyndromeofthereceivedword.Thestoragepositionofeachcorrigible
errorpatternisequaltothedecimalvalueofitssyndromeandthereforethetimecomplexityismuch
reducedcomparing toknown lowcomplexitydecoders.ThemaindisadvantageofHSDec is its
spatialcomplexity,becauseitrequirestopreviouslystoringallcorrigibleerrorpatternsinmemory.
Tosolvethisproblem,weproposetoreplaceHSDecbyHWDecdecoderthatisbasedalsoonhash
techniquesandsyndromecalculation,butitrequiresstoringonlytheweightofeachcorrigibleerror
patterninsteadoftheerrorpatternitself.

Inthispaper,wepresentadecodingschemedevelopedfromaserialconcatenationbetweenthe
HartmannRudolphdecoderandHWDecdecoder.Theremainderofthispaperisstructuredasfollows.
Insection2wepresenttheproposedserialconcatenationbetweenPHRandHWDec.Insection3,we
presentexperimentresultsandcomparisonoftheproposeddecoder.Acomplexitystudyispresented
insection4.Finally,aconclusionisoutlinedinsection5.

2. THe PRoPoSeD CoNCATeNATIoN BeTweeN PHR AND HwDeC

2.1 Hartmann and Rudolph Decoder
TheHartmann&Rudolph(Hartmann&Rudolph,1976)algorithmisasymbolbysymboldecoder,
itisbasedonaprobabilisticstudytodeterminethevalueofasymbolrjofasequencer.Theowners
ofthisdecoderhaveshownthatthisprobabilitydependsonallthecodewordsofthedualcodeC ⊥ 
thismakesitstimecomplexityveryhigh,ofexponentialorderO(n22n-k),andthereforeunusablefor
codeswithreducedcodingrate.
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