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Annomauusn

Bvinonnen ananuz cnocoboé nocmpoenus u npakmuyeckoll peanusayuy K00os
Puoa-Conomona, ucnpasnsirowux osotinvie owubxku. Paccmompenvl ocobennocmu
annapamnozo oexoouposanus (255, 251) kooa Puoa-Conomona, koppekmupyroue2o
060liHbIe ucKadicenHvle Oaumol. OBOCHOBAH 8bIB00 O PAYUOHATILHOCTIU NPUMEHEHUS
0J151 0AHHO20 MUNA KOO0 CUHOPOMHO20 MeMOOad 0eKOOUPOBAHUSL.

Kniouesvie cnosa. xoovt Puoa-Conomona, cunopommoe 0exoouposauue,

nopoxcoarowull notuHom, noie I anya.

ANALYSIS OF IMPLEMENTATION DOUBLE-ERROR-CORRECTING
REED-SOLOMON CODES

Dyachenko Valery Olegovich, Dyachenko Oleg Nikolagésh
Donetsk national technical university
Donetsk, Ukraine

Abstract

The methods for constructing and implementation of the double-error-
correcting Reed-Solomon codes have been analyzed. Features of the hardware
decoding for the correcting distorted double bytes using (255, 251) Reed-Solomon
code have been considered. The concluson of the rationality of application the
syndrome decoding for this type codes was substantiated.

Keywords. Reed-Solomon codes, syndrome decoding, generator polynomial,
Galoisfield.



BBenenue

CoBpeMEHHbBIEC TEHICHIIMM BHEAPCHHUS WHHOBAIIMOHHBIX TEXHOJIOTHMH  BO
BCEX O00JACTSIX YEIOBEYECKON NEATeNLHOCTH TMPUBOAAT K HEMPEPHIBHOMY
YBEIMYCHHIO OO0beMa HakarumBaeMoil wuH(popManuu. Bce Oosblee 3HaUeHHE
MPUOOPETAIOT CIHOCOOBI MMOMEXOYCTOMYMBOTO KOJWPOBAHHUS, OOECIICUYMBAIOIINC
TpeOyeMyl0  JOCTOBEpPHOCTh TMpH  Tepemade, oOpabOTKe W XpaHEHUU
uHQOpMaIIMOHHBIX  JaHHbIX. OpaumMu u3  Haubonee AHPEKTUBHBIX IS
UCITpaBJICHUS OMMOOK U, B 0OCOOCHHOCTH, MTAKETOB OIIMOOK, SBISIOTCS KOAbl Prma-

CosioMoOHa.

Ananus mutepatypsl [1-4] oTpakaeT mMpoYalIIMiA CrIeKTp pa3paboTaHHBIX
U YK€ UCIOJB3yeMbIX Ha MpakTuke kKoaoB Puma-ComomoHa. MoXHO TpHBeCTH
HECKOJIbKO HamOoJiee U3BECTHBIX mpumepoB: (255, 223, 33kon Puna-Comomona
s kocmudeckoi cBsizu NASA, ykopouennsie koAbl Puna-ConoMona Haj mosiem
Tanya GF(®) mis CD-ROM, DVD u 1udpoBOro TEleBHACHHS BBICOKOTO
paspemienust (popmar HDTV), pacmmpennsiii (128, 122, 7xon Puna-Conomona
Hag monem [amya GF(27) UL KaOEJbHBIX MOJIEMOB, (255, 239) kon
PEKOMEHIOBaH B KauecTBe BHemTHero koaa B WiMax.

Kpome Ttoro, koasl Pumga-ConomMoHa MOXHO MCHOJB30BaTh HE TOJIBKO MJIS
MIOMEXOYCTOMYMBOTO KOJUPOBAHUsS TMPHU Tepenade AaHHBIX, a TaKXkKe Be3le, TJie
€CTh HEOOXOIUMOCTh B TMPEAOTBPAIIEHUN HCKAKEHHUS WH(POPMAIMH, HAIPUMEP
[2]: oOHapyxeHHEe M HCHpaBlIeHHE OIMIMOOK B MOBPEKICHHBIX HIIM Je(PEKTHBIX
HOocHUTeNsIX uH(popManuu; OOHapy)KEHHE ¢  HCIpaBICHHE OIMMOOK TIpU
YMBIIIJIEHHOM ~ U3MEHEHUH  WH(OOPMAITMOHHBIX  COOOIICHWH € MEJbIo
ne3uHdopMaluK; oOHapyKEHHWE W HCIpaBlieHUe Moaudukanuu uHpopmauu 00
aBTOPE WJIM UCIIOJIHSAEMOTO KOJIa C IIEJIbI0 «B3JIOMa» MPOrpaMMHOTO OOecreueHus,
3aldTa TPOTPAMMHOTO OOECMEeYeHUs] WJIM JaHHBIX OT KOMHUPOBAaHUA C
JWIICH3UOHHOTO JUCKA; BOCCTAHOBJIICHWE OIHOTO WJIM HECKOJbKUX TOMOB
MHOTOTOMHOTO apXHBa, NCKAKEHHBIX WJIM BOOOIIE MOTEPSHHBIX MPHU 3arpy3Ke U3

cetu; oOHapyxkeHUE W wucnpaBieHue omubok B uenoukax JHK B rennoi



HHXXCHCPHUH. HOG)TOMy BOIIPOCHI IMOCTPOCHHA U annapaTHOﬁ peajin3anu KOJOB
P I/II[a-COJ'IOMOHa SBJIIIOTCA  aKTyaJIbHbBIMH, Y4YWUTbIBAsA BCC 60JIBHIYIO nx

NOMYJSIPHOCTh U BOCTPEOOBAHHOCTD /ISl Pa3JIMUHBIX chep MPUMEHEHUS.

1. Koabl Puna-ConioMoHa — yacTHBII ciay4aii kogoB BUX

3ajaya CpaBHUTEIBHOTO aHajiu3a CHOCOOOB MOCTPOEHUs KoJoB Puma-
CosioMOHa, WCHPABIAIOMIMX ABOWHBIE OLIMOKH, MOSBHIACH MOCHE MyOIMKalUU
paboTel [4], B KOTOpO#l paccMaTpWBAaIOTCS BOMPOCH pealu3allii Kojepa |
nexoxaepa (255, 251)koma B FPGA. Bmecte ¢ tem, B pabortax [5-7] ocHOBHOE
BHUMaHUE YAENSAETCS JPYrMM  MPUHIUIAM IOCTPOCHHS] MOJOOHBIX KOJOB,
OTJIMYAIOIIUXCS 00JIe€ MPOCTHIMU METOJIAMU JE€KOUPOBAHMSI.

[Ipexxne Bcero, cieayer OTMETHTh, 4TOo koAbl Pupa-CosnomoHa,
UCIIPABJISAIONIME OJMHOYHBIE WJIM JBOWHBIE OLIMOKH, HE3aBUCHUMO OT TOIO, IO
KakoMmy moJito ['alya OHHM MOCTPOEHBI, YKOPOUEHBI, MOCUMBOJIBHO MEPEMEKEHBI
WIA HET, JOIYCKal0T MPUMEHEHHE METOJa CHMHAPOMHOIO JAeKoaupoBaHus. Takoi
METOJI HENPUMEHHUM I KOJOB HMCHPABIAIOMIMX OO0Jblliee KOJIUYECTBO OIIHUOOK.
JUis HUX TUNWYHBIA JEKOJAEp OCHOBAaH Ha OJIOKaX BBIYUCICHUS CHHAPOMA,
OydepHOro peructpa, peuieHus KJIYEBOTO YpaBHEHUS HA OCHOBE OJIHOTO W3
anmroput™MoB, (Hampumep, bepnexamma-Meccu, anroputma EBkimpa  wim
[Turepcona-I'opencreitna-llupnepa), mouncka KOpHEH IOJIMHOMOB JIOKATOPOB
OomMOOK Ha OCHOBE anroputma YeHs, pacyera 3HAYEHUS OIIMOKU (ITOpUTM
®opuM), KOppeKIuH omMO0K. Takoi crocod MOCTPOSHUS JIEKoAepa UCIOIb3YETCS
B [4].

['maBHOE OTAMYME HEABOMUYHBIX KOA0B Puaa-ConoMoHa OT ABOMYHBIX KOJOB
3aKJIFOYAeTCs B TOM, YTO B Ka4eCTBE CHMBOJIa BBICTYMAeT HE JBOMYHBIM CHMBOII
(6uT), a snement mous ["amya (HECKOJIBKO OMTOB), HA OCHOBE KOTOPOTO MOCTPOCH
kof. [Topoxnaromumii nonmmuom koja Puna-ConomoHa, HCIpaBisiomero S omuooxk,
JIOJKEH COZIepKaTh 2SKOPHEH:

j +1

{Gj01 a 0 » aj0+21 rery aj0+2s-]}a



rae O - NPUMHTUBHBIA dlieMeHT moisi [amya, jo — KOHCTPYKTHBHBIH
napamerp.

IIpu jo = 1 MHOXKeECTBO KOpHe# mprobperaer Bux: {q, a2, a’... a®3.

st kona Puga — CosnoMoHa, MCTIPABISIONIET0 S OMIMOOK, MOPOXKIAOIIHIMA
MOJIMHOM TIPEICTABISET COOON MPOU3BEICHUE!

RSK) = (x - a)(x - 0)(x - &°)...(x - a®).

Ecmu mome Tlamya crpouTcss Hajg TPUMUTHBHBIM TMOJUHOMOM P(Z), TO
BO3MOXHa Jpyras (opma 3amucd MOPOXKAAONIETO MOJMHOMA — B KayecTBe
MPUMUTHBHOTO AJIEMEHTA Ol MO>KHO HCIIOIb30BaTh 3JIEMEHT noJis Z. Takas 3ameHa
BIIOCJIEICTBUM J1a€T BO3MOXKHOCTh IPEJACTABICHUS YMHOMKUTEJIEH Ha KOHCTAHTY

3JIEMEHTaMU JIBOMYHOM JIOTHKHU 0€3 HE0OX0AUMOCTH MocTpoeHus moss ["anya.

2. Koabl Puna—CosioMoHa, ncnpaBJisiioliye ABOHHYI0 OIIUOKY

B kauectBe monmHoMa P(Z) OyaeM MCHOJIb30BaTh MPUMUTUBHBINA MOJTHHOM.
Torna, mociie pacKpbITHsI CKOOOK M 3aMEHbI O Ha Z, MOPOXKAAIOUTUHN MTOJIMHOM KOJIa
Puna-ConomoHa, HCHpABISIONIETO JBOMHBIE OMIMOKH, MOXHO TPEJICTaBUTh B
CJIETyIOIIEM BU/IE:

RS(X)=(X-0)(X-a?)(X-a®)(X-aH=X"+X3(z"+L+F+2)+ X} (2" + L+ '+ )+
X2 +2+Z2'+2%)+°,

JlaHHBI MOPOXKAAIOUIUN TOJMHOM SIBJISIETCS CHPABEMJIMBBIM I JIHOOOTO
kona Puna-ConoMoHa, HCTIPaBIISIONIETO IBOWHBIE OMMOKH, U TF000r0 moms ['amya.

J1Jist BBIYMCIIEHUS TOPOKAAOUIETO MOJMHOMA ISl KOHKpeTHOro mouist ["anmya
HEO0OXO0AUMO BBIYUCIIUTD COOTBETCTBYIOIIKE K03 DUIIEHTBHI npu
nceBaonepeMeHHbIx X. [Ist 3TOro Kaxaplii COOTBETCTBYIOMIMKA KO3()(PUIIMEHT B
obrielt popmMe HEOOXOAUMO Pa3AEIUTh Ha PUMUTHBHBIN mosuHOM P(Z). OcraTok
OT JieNIeHus U OyAeT MpeACTaBIsATh COOON NCKOMBIN KOA((DUILIUEHT.

Hcnonb3yst Tabnuily HENPUBOAMMBIX TMOJIMHOMOB [3], B KkaudectBe P(2)

MOJKHO BBIOpATh MEPBBIA MOJUHOM (B 3TOW TabiMIle MEpBBIA MOJMHOM BCETa



NPUMUTHUBHBIN, TpPUYEM C  HAUMEHBIIMM  KOJHMYECTBOM  HEHYJIEBBIX
KO3 PUITUESHTOB) BOCBMOW CTETICHH

p(z) = 435 =100 011 104= FP+Z*+Z*+7+1.

[Tocne mnpuBenenus 1o wmoaymo P(Z) cremeHb Bcex KOA(PQOUIIMEHTOB
MOPOKTAFOIIETO TOJIMHOMA OyAeT He 00Jiee CeMH:

(Z*+Z+Z+z2)modp(z) = #HZ2+7+z;

(Z'+2°+Z*+Z2)modp(z) = +2°+ M+

(Z2+2+Z7'+2°)modp(z) = 2+ P+2°+7+z+1;

(2"9Ymodp(z) = +22+7*+7.

Takum 06pa3om, mopoxkaaronuii moJuHoM koja Puma-ConoMoHa aiist mosist
GF(?):

RS(X) = X' + XY(Z"+P+7+z) + X(Z+P+42D) + X(Z+P+°+7+z+1) +
+ (L+2+ M+ D).

Hexonep xoma Puma — ConomMoHa aHanmorudeH aekoaepy koma bUX ¢
TOYHOCTBIO JI0 oOo3HaueHuidd (puc. 1). Takoil nekomep WCHpaBIsSET JIBa
BO3MOXHBIX OLIMOOYHBIX OaiiTa 3a 3N TaKTOB: N TaKTOB (POPMUPYETCSI CUHIPOM,
KOJIOBO€ CIIOBO 3aHOCUTCS B Oy(epHbI peructp; N TaKTOB BBIMOJIHAETCS
UCIIPaBJICHUE OJHOTO W3 JBYX BO3MOXHBIX OIMMOOYHBIX OaWTOB, CHUHIAPOM
MOAU(PUIIUPYETCS, KOJOBOE CIIOBO 3aHOBO MEPENUChIBAECTCS B Oy(hepHBIil peructp;
N TaKTOB BBITTOTHSIETCS UCIIPABJICHHE BTOPOTO OIMMOOYHOTO OaifTa.

Henocratok Takoro aexojepa — HECOTIacOBAaHHOCTh pabOThl Kojepa U
nekojepa (koxep MOJKeH JKAaTh 2N TaKTOB, MOKa JACKOJCP MCIPABUT OMIUOKH) —
YCTPaHSIETCS] IPUMEHEHHEM KOHBEMEPHOU pPean3alni.

JIJist mocTpoeHusl IeKoJepa Ha 3JeMEHTaX JBOMYHOM JIOTUKM HEOO0XOIUMO
MPEJACTABUTh YMHOXKHUTEIN HA KOHCTAHTY B BUJIE CYMMAaTOPOB MO MOJTYJIIO JBA.

JIJist ympolieHust Takoro mpeoOpa3oBaHUsl JOCTATOYHO BBITIOJIHUTH TOJIBKO
OJIHY OIEpalMI0 YMHOXEHHUSI U JECJNCHUS U MOJYyYUTh B JAHHOM CJIy4ae BOCEMb
pEe3yJIbTATOB. Y MHOXXEHUE DJIEMEHTA IOJIS B 00111eM BHUIE a7Z7 + 8526 + ag,z5 + a424 +

a323 + BQZ2 + &Z + @ Ha NOJIMHOM Z' u nenenre Ha P(Z) mo3BoseT MOAYYUTh BCE



ocTatku ot AeneHus Ry, ..., Ry cCOOTBeTCTBYIOMUX MPOU3BEACHHUI dJIEMEHTa MOJIs

B 00IIIEM BHUJIE U TOJIMHOMOB z ... D
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Pucynok 1 - lexonep (255, 251)kona Puna-ConomoHa, HCIIPABIISIONIETO BOMHEIE
OIIMOOYHbIE OANUTHI

Ta6muua 1. Kosdduumentst ocratkos ot aeerns A(z)Z Ha p(z)
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Z Z Z Z Z Z Z
R, | tat | @stact | atact | atagt | dstat | atast | artaet | artaet
tagtey | tas | tagtap | taptay | taptay | tagta | ta | tata
Ry | &tat | gtast | @stact | artact | actact | atagt | artas | artast
tagtay | tactay | ta | tagta | tata | tatd +ap
Re | &tact | atagt | actast | actact | agtat | artast | A | artas
+a | tasta | tasta | ta +ag +ag
R, | &t& | atast | artaet | dctact | atast | artaet | @ a
ta | tatay | tastd | ta +ay
R, | @& | &t | artaet | artaet | actast | artas | atd | &
ta | tata | +a
R, | & a | ata | atast | atact | ata | & 3
+ap +ay
Ri| & & a | ata | ate | ata | @ &
Ro| & 8 & a a Y a 2




Crpoke R; cOOTBETCTBYET cieIyroIIee BEIpaKEHHUE:

R=(a:z' + a2’ + &z’ + az' + &z’ + aZ° + az + a)z'modp(z)=

=(as+astaytan)z +(astautag) 2+ (artagtastap) 2+ (a+agtaptay) 2+

+(as+tagtaptar)Z +(agtastagtay) 2 +(artastap) Z-+H(artastastay);

Hcnonp3ys moiaydeHHBIE OCTAaTKM, MOXKHO NEPEUTH OT YMHOXKHUTEIEH Ha
KOHCTaHThI K MX peau3alliyd Ha dJeMEHTaX ABOWYHOW Joruku. Hampumep, mis
MICEBAONIEPEMEHHOM X3:

(aZ'+acz +acz +az rasz +apz +ayz +a) (2 +2°+7+2) modp(z)=R+Rs+R,+Ry=
=(ar+as+as+agtas)Z +H(agtastaut ata) 25+ (8t ettt aptay) 2+ (ar+agt
+ayt+agtaptan)Z +(artagtaptarta)Z +H(artastaytaytan) 2+ (B taptastan)z+
+(artastasta).

[lIo momydyeHHOMY OCTaTKy OT JEJICHUS CTPOUTCS CXeMa YMHOXHUTENS Ha
KOHCTaHTy. OcTallbHble DSJIEMEHTBhl KOAepa U JeKojaepa [Jisi anmaparHou
peanuzaruu (255, 251)kona Puna-CooMoHa Ha 3JIeMEHTaX JBOMYHOM JIOTUKH HE

Tpe6YIOT KaKuXx-JI1100 CIICHUAJIIBHBIX PACUYCTOB WJIN MCTOJ0B ITOCTPOCHUS.
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Pucynok 2 - Peanu3zanusi yMHOXKUTEINSI HA KOHCTAHTY IS TICEBOTIEPEMEHHON X

Ha 3JIECMCHTax ,Z[BOH‘IHOﬁ JIOT'MKH

OcHoBHas 3aja4a pucyHka 2 — jaarh oOIee MpeAcTaBiIeHUE peanu3aliuu
YMHOXUTEJSI HA CyMMaTopax Mo MOJYJIIO JIBa.
PaccMmoTpeHHbIe CTIOCOOBI IEKOTUPOBAHUS U TPEOOPA30BAHUS YMHOXKHUTEICH

MOI'YT OBITH IIPUMCHUMbBbI HC€ TOJBbKO JId AAHHOI'O0 KOA4, HO TAaKXKC IJIs JTFOOBIX



kos10B Puma-CosoMoHa, HMCHOPABISIONIUX OJAWMHOYHBIE WM JBOWHBIC OIIUOKH,
MOCHUMBOJILHO TEPEMEKEHHBIX W/WIIM  YKOpOYEHHBIX. I, HakoHel, ciexyer
OTMETHUTD, YTO JUISl TEHEepaTopa CHUHAPOMA JIFOOOTO amnmapaTHO peann3yeMoro Kojaa
Puna-ConomMona HeoOxoguMa 3amMeHa YMHOXXHUTEJIEM Ha KOHCTAaHTY Ha OCHOBE
MPUMUTHUBHBIX 3JIEMEHTOB O CyMMAaTOpamMu 0 MOJIYJIIO JIBa 3JIEMEHTAMU JIBOMYHOM

JIOT'UKH.

BreiBOALI

[IpoBenen aHaiu3 cnocoOoB mocTtpoeHuss koaoB Puna-ConomoHna,
UCIIPABIISIIONIMX JABOMHBbIE MCKaXEHHbIE OalThl MPHU MapauiebHOM U TaKEeThl
OIIMOOK TpPH TOCIEAOBAaTENILHOM CIOCO0e MpUMEHEHHUs. PaccMOTpeHbl aertanu
anmapaTHON peanu3aluu JekogupoBanus Ha npumepe (255, 251)koma Puna-
Comomona.  Pesynbrarsl mokaszanu, 4TO AJsl TaHHOTO THIMA KOAOB PallMOHAIBHO
WCIIOJIb30BaTh CHHJPOMHBIA METON JeKoaupoBanus. JlampHelmyro paboTy
IUTAaHUPYETCSl HANpaBUTh Ha TMPOBEJEHUE HKCIEPUMEHTAJIbHBIX HCCIEI0BaHUN
kofoB Puna-Conomona na FPGA, nist yero OynyT MCHONBb30BATHCS OTIIAJ0YHBIC
wiatel upMm Xilinx u Altera, umeromuecs B pacnopsbkeHnn FPGAs1aboparopun

JouHTY [8].
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