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YKOpPa4MBaHUA LUKNNYECKUX KOA0B

O6ocHOBaHa aKTyaJIbHOCTh HCIIOJIB30BaHMSA ANBTEPHATUBHOTO METO/AA YKOpa-
YUBAHUS KONIOB, UCTIPABIIIONINX ITAKETHI OIMMHOOK OONBIION JIHHEL. BrImomHeH
aHaIIN3 CYIIECTBYIOIINX CIIOCOOOB M WX ammapaTrHOW peanm3anuu. [Ipemmara-
eMBIH aBTOpaMH MeToq ([0 CPaBHEHHIO C TPAJAMIUOHHBIMH METOAAMH YKOpa-
YUBAHMsI KOAOB) OTJIMYAETCS MPOCTOTON MPUMEHEHUS, B TOM YHCIE IS KOJOB
¢ OOJIBIIIMM MapaMeTPOM YKOPAUUBAHHUSL.

Knrouesvie cnosa: none I'anya, muKIMYecKue KOIBI, YKOPOUEHHBIE KOIBI, TBOM-
CTBEHHBII TTOJMHOM, TIOPOXKIAFOIIN ITOJTMHOM, TTAKET OIITHOOK.

O. N. Dyachenko, V. O. Dyachenko
Alternative method for shortening cyclic codes

The applicability of an alternative method for shortening codes to correct large
error bursts has been substantiated. Analysis of existing methods and their
hardware implementation has been performed. The method suggested by the
authors is characterized by simplicity of use (as compared to conventional code
shortening methods), including for codes with large shortening parameter.

Key words: Galois field, cyclic codes, shortened codes, dual polynomial,
generator polynomial, error burst.

WHAMUYHBIE U3MEHEHHS B PA3INYHBIX cepax MesTeNbHOCTH COBPEMEH-

HOTO OOIIECTBa XapaKTePU3YIOTCS JaBHHOOOPAa3HBIM POCTOM O00BEMA

camMoil pa3nuyHOi MH(OpMALWHU: BOSHHOH, KOMMEpPUYECKOH, MYJIbTHME-
JNIUAHOM, COIMATIbHO-TIOJINTUYECKOM, TPOU3BOJCTBEHHOM, HAYYHON, TEXHUUECKOM,
KyJIBTYPHOU | JIp.

OcHOBY OONBIIMHCTBA TEOPHUA W KOHIICTIIUH, MPOIUBAIOIINX CBET HA TIIy-
OMHHBIC M3MEHEHHS B SKOHOMHUYECKOH M COLMANbHOU cdepax MepeaoBbIX CTpaH
MUpa, HayaBIIMecs B cepennHe XX B., COCTaBIsAET NIPU3HAHUE HEOCITOPUMOMN 3Ha-
YUMOCTH MH(GOPMAIINY B KU3HH OOIIECTBA.

Cy1ecTByeT MHOKECTBO TEOPHUH U KiaccuPpHUKanuii HayIHO-TEXHUIECKHUX pe-
BOJIFOLIMHM B ICTOPUU YEIOBEYECTBA.

Tak, DnBuH Toddrep BbACISIET TPH dTana B pa3BUTHU OOIECTBA:

— arpapHBbIi (TTepexo] K 3eMJIICICITHIO);

— WHAYCTPUATBHBIHN (TTEPHOJ TPOMBIIIIICHHON PEBOIIOINN);

— nH(popManMOHHBIN (Mepexox K OOLIECTBY, OCHOBaHHOMY Ha 3HaHWUU, —

MTOCTHUHAYCTPUATHHOMY ).

Amnaronuii inbnd PakuToB oT™MeUaeT nath HHPOPMAIMOHHBIX PEBOJFOIIHIA:
— BO3HUKHOBCHHUEC U BHCAPCHUEC B NCATCIbHOCTL U CO3HAHNEC YCJIIOBCKA A3BIKA,
— M300peTeHNE MUCHbMEHHOCTH;
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— n300peTeHne KHUToIeJaTaHus;
— n300peTenue Tenerpada u renedona;
— u300peTeHrne KOMIbIOTEPOB U MoaBieHne HTepHeTa.

A TpU3HAaHHBIA KJIACCHUK TEOPHUM MOCTUHIycTpuanuisMma JpHuen benn Bbije-
JISIET TPU TEXHOIOTUIECKUX PEBOIFOIIHIH:
— n300perenue napoBoit mammHel B XVIII B.;
— HAyYHO-TEXHOJIOTHYECKUE JTOCTIKEHUS B 00IACTH DIEKTPUIECTBA U XUMHH
B XIX B.;
— CO3/1aHUe KOMITbIOTEpOB B XX B.

ITo muenmio bemna, «mogo0HO TOMY Kak B pe3yiibTaTe MPOMBIILICHHON pe-
BOJIIOLIMY TOSBUJIOCH KOHBEHEpHOE MPOU3BOACTBO, MOBBICHBIIIEE POU3BOJUTENb-
HOCTB TPy/ia U TIOATOTOBHBIIEE OOLIECTBO MACCOBOTO MOTPEOICHHUS, TaK U TENEPh
JIOJDKHO BO3HUKHYTH TOTOYHOE IMPOU3BOJICTBO MHQOPMAIMHU, 00ECIeunBaroIiee
COOTBETCTBYIOIIEE COLMATIFHOE PAa3BUTHUE TI0 BCEM HarpaBieHmsM» [ 1, ¢. 152].

Joctmxenns B o0macTu BHeApEeHUs WH(OPMAIIMOHHBIX TEXHOJIOTHHA CITyXKaT
OJTHMM U3 pelaroimux (pakTopoB SKOHOMHUUECKOTO pa3BUTHsI OOILIECTBA B MOCIIEA-
Hue accatwietrs. CTpeMHTETHHO pas3BHBaromascs WHGoOpManmuoHHas WHpa-
CTPYKTYpa MPeIOCTaBISIET HOBBIC YCIYTH — 3TO U AUCTAaHIIMOHHOE 00pa3oBaHHUe,
Y TOKYIIKa OMIJIETOB OHJIAWH, U TesepadoTa, TeNeMeANLINHA, JIeKTPOHHAsI TOPTOB-
JI5, ”HTEPHET-0aHKUHT, OIljIaTa CUYETOB U JIp.

HeyxkiioHHBIN poCT KOMMYECTBa MHPOPMALIUH, KOTOPYIO HEOOXOAUMO XPaHHUTh,
o0OpabareIBaTh W TepeaaBaTh, HEM30CKHO TIPEMIoIaracT U odecredeHue e€ JT0CTo-
BEPHOCTH. DTO 33aj1a4a JUIs KOIOB, OOHAPYKHUBAIOIINX U UCTIPABIISFOIIUX OIINOKH.

Haubonee >ddexTrBHBI A MCTIpaBlieHUS OMIMOOK — IMKINYECKUE KOABI,
KOTOpBIE, O1aromapsi MPOCTOH anmapaTHOW peasu3alliid ¥ BBICOKHM KOPPEKTHPY-
IONIMM CBOWMCTBaM, HAalLIM IIUPOKOE MPUMEHEHHUE B 3Toi cdepe. CrenuanucTsl
B 00JTaCTH IIOMEXOYCTOWIMBOTO KOIMPOBAHUS YK€ JaBHO MEPEKITIOUMIA CBOE BHU-
MaHHE C UKIUYECKUX KOJOB Ha COBEPIICHCTBOBAHHME U Pa3pabOTKy IPYTHX KO-
TOBBIX KOHCTpYKIHH [2]. [loaTOMY HH)KEHEpPHI-ITPAKTHKH BHIHYKICHBI MTpe/IaraTh
pelIeHus ISl KaKI0i KOHKPETHOW TeXHUYECKOH 3a/1aui BHE CBSI3H ¢ 001Ieil cTpa-
TEruel pa3BUTHsI IUKIUYCCKUX KOIOB.

OTcioma ¥ aKTyalbHOCTh PEUICHHsS MPAKTHYECKHX BOIPOCOB ITOCTPOSHUS
U alnmapaTHOW pealn3aluy [UKINYSCKUX KOZOB.

[Ipu peanmzanyy MUKIMYECKUX KOMOB 3a4acTy0 BO3HHUKAET HEOOXOTUMOCTH
WX YKOpaYHMBaTh (HampuMmep, yKopoueHHbIe Koabl Puna — ConoMoHa Haj mojieM
lanya GF(28) s CD-ROM, DVD u uudpoBoro TeieBUIeHHs BRICOKOTO paspe-
menns — popmar HDTV) [3—5; 6]. CymecTByeT HECKOIBKO METOJIOB YKOPadH-
BaHMS KOJIOB. B 0CHOBE 0ZIHOTO M3 HUX —MCIOJIb30BAHUE JBOHCTBEHHBIX MOPOXK-
JTAIOMINX TIOJTMHOMOB.

Msl npepnaraeM ajdbTEpPHATHBHBIA METOJ NMPUMEHEHUS JIBOMCTBEHHBIX I1O-
JUHOMOB 1T KOAWPOBAaHUS W NEKOAMPOBAHHUA YKOPOUYEHHBIX KOAOB. JTO HaéT
HEOCIIOPUMEIE MPEHMYINECTBA MPH peau3alii KOAOB, HCIIPABISIONUX MaKEThI
OIIHOOK OOJIBIIION TJTHUHEL.
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Ocnognaa uodea aibMeEPHAMUECHOZ0 MEMOOA NPUMEHEHUA O0BOIICMEEH-
Hblx nonunomos. CeronHa Hanbolee MOMYISPHBI KOIBI, UCTPABIISIONIAE TTAKeTHI
ommnbOok: koabl Daiipa, (255, 223, 33) xox Puga—ConomMoHa isi KOCMUYECKOH
cBs3u NASA, pacmupennsit (128, 122, 7), kon Puza—Comnomona nan monem [ a-
mya GF(27) JUTsT KaOebHBIX MOJIEMOB M MH. Jp. [2—5; 7]. BmecTe ¢ TeM IUKIN-
YeCKUH KoJ XAOMMUHTA, UCIIPABIISIONINNA OAMHOYHBIC OMIMOKH, 3aCITy>KUBAET 0CO-
00ro BHUMaHUsI, TIOCKOJIBKY SIBISICTCS (PYHIaMEHTOM JJisi IOHUMAaHUS IPUHIIMIIOR
MOCTPOCHHS 0O0JIee MOIIHBIX KOOB. [103TOMy OCHOBHYIO HCHO aJIbTEPHATHBHOTO
METOa TPUMEHEHHs JIBOWCTBEHHBIX IMOJMHOMOB JUII YKOPAauWBaHUS LHKIUYE-
CKHX KOJIOB pacCCMOTPUM Ha IpUMepe KoJa XIMMUHTA.

OcHOBHOE pa3nuyue KOAMPOBAHUS H JCKOJUPOBAHHS YKOPOUCHHBIX ITHKIIH-
YeCKMX KONIOB 3aKJIOYaeTcsi B cienyromeM. Jlekonep BBIOMHSAET HCIpaBlIeHUE
MPUHATOTO CJIOBA TPAAUIIMOHHBIM CITIOCOOOM (TIPUMEHSS yMHOKEHHE Ha TIOJTMHOM,
PaBHBIM OCTaTKy OT JejeHHs mojuHoma X "~ K+ Ha MOPOXKJAIOIIHNI TOTUHOM,
U JieIeHre Ha mopoxKiarouiuii moauHoM). Ho Takoil octatok ompenenseTcs: aib-
TEPHATUBHBIM CIIOCOOOM, TIPH KOTOPOM TapaMeTp YKOpauWBaHUS HE y4JacCTBYET.
[pennaraemelii crioco0 OCHOBAaH Ha CBOMCTBE 3IeMEHTOB mosiel ['aya, mony4eH-
HBIX JUIS JIBOMCTBEHHBIX MOPOXKIAIOIIAX MOJHMHOMOB. DTH 3JI€MEHTH — HE 4TO
WHOE, KaK OCTAaTKH OT JEJICHUS HEHYJEBBIX ITOJIMHOMOB B CTEIICHHOM BHJIE U, KPO-
Me TOT0, COCTOSIHHSI TeHepaTropa CHHIpoMa B Jekoaepe (Tabm. 1).

Tabnuya 1
JuiemeHThI moJs lanya GF(24)
¢ IBOWICTBEHHBIMHM MOPOKAAIOIMMH MMOJUHOMAMU
p(z)=z4+z+1 p*(z)=z4+z3+1
B Buge crenenn B nBonunoM BHaE B Bune crenenn | B nBonmunoMm BHjae
0 0000 0 0000
ol 0001 =o' 0001
o! 0010 a'=a™ 0010
o 0100 a?=a 0100
o 1000 d=a? 1000
ot 0011 at=o™M 1001
o 0110 ad=al? 1011
ol 1100 ab=a" 1111
o 1011 o =o" 0111
o 0101 ad=a’ 1110
o’ 1010 od=af 0101
o'’ 0111 al=a” 1010
al! 1110 al'=a™ 1101
al? 1111 a?=a" 0011
ol 1101 a=a? 0110
o 1001 a*=a! 1100
ol 0001 a®=d° 0001
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Oxonuanue mabnuyvt 1

p(z)=z4+z+l

P*[) =z4+z3+ 1

B Buae crenenu B aBonuHoM BHIE B Buae crenenn | B aBouyHoM BuAe
o' 0010 0010
o 0100 0100
o’ 1000 1000

Amnanus Tabn. 1 mokaspiBaeT B3aMMOCBSI3b AJIEMEHTOB 3THX Tonei. JlobaBnenue
B Tabnuiy 4eThlpéx cTpok (deg p(z) = deg p*(z)) COOTBETCTBYET YMHOXXCHHIO TIPH-
HstToro cosa Ha momaHom X" ¥t tne n— k= deg p(z). CymecTByeT 3aBUCHMOCTb
MEXly 3HAYEHHSIMH DJIEMEHTOB B IBOMYHOM BHJE. [IpnyéM paccmaTpuBaTh X HYX-
HO B 00paTHOM MOPS/IKE CIICOBAHMS IBOUYHBIX CHMBOJIOB, YTO COOTBETCTBYET YMHO-

sKeHno ytementa ot (X ) Ha X €791 Hanpuwmep, o = 0011 u o' =o' = 1100,

o’ =0110ua” =a?>=0110,0°=1100u &> =0 > = 0011 u T. 1.

HenyneBpie ocTatku OT AefneHUS Ha MOPOXKIAIOMIMIN TTOJMHOM COCTOST U3 JBYX
nopMHOkecTB. OOI1Iee KOTMYECTBO IMEMEHTOB ATHUX IMOAMHOKECTB PaBHO JJIHMHE MC-
XOJIHOTO Kojia 71 (CyMMe MapameTpa YKOpaurBaHuUs { U 3HAYCHUS] HOBOU JITUHBI YKOPO-
YeHHOro koza). [lepecekarorcs 3TH MOJMHOXKECTBA Ha TPAHUYHBIX IEMEHTaX, U OHU
3epPKAIbHO PaBHBL YUHUTHIBAas 3TH CBOWCTBA, MOXKHO ITOJTYYHTH OCTAaTOK OT JICJICHHS
nommsoma X" ¥ Ha MOPOXKAAIONINI TIONWHOM 0e3 SIBHOTO y4Y€Ta i, a Ha OCHOBE
TOJBKO JUTMHBI YKOPOUCHHOTO KOJa M TBOWCTBEHHOTO MTOJITHOMA.

Ykopouennwvie koowt, ucnpaenarwuwue naxemsvt owudok. Ilpennonoxum,
kom (511, 499) meobxomumo ykopotuth nmo (272, 260)-xoma [3]. DToT Koxm uc-
MpaBIsieT BCE MAaKeTHl OMMOOK JUIMHBEI He Oojee 4. B maHHOM cirydae mopoxja-
o nonuHoM  g(X) =X+ X+ X+ X+ 1, X" F =X Heobxomumo
BBEIYHCIITE OCTATOK a(X) :Rg(X)[X 251]. B pabote [3] momuHOM X 21 MpeacTaB-
neH B BHge X' = (0.¢ 12)16 (0.¢ 12)4 0.¢ 11), 4yTOOBl BOCIIONIB30BAaTbCA PAaBEHCTBOM
X=X+ X+ X+ 1. IToBTOpPUB BO3BEAEHUE B KBaApaT IOJIMHOMA X 2y po-
BeZlsl penyKIuio o Moaymo g(X), Beraucaum (X 12)4 u (X 12)16, a CJIIOBATEIILHO,
u X**!, tak uro a(X) =x"+ X+ X+ X+ X+ 1.

PaccMmoTpuM BeIMHCIICHUE U 3TOTO K€ ocTaTka a(X) = Rgm[X 251] C TOMO-
HIpI0 TIpeIaraeMoro crocob6a. CHavana ONpeNneiuM OCTaTOK OT JCJCHHS TOJIH-
HOMa B CTEINEHH JUIMHBI HOBOTO YKOPOYEHHOTO KO/a, YMEHBIIEHHONW Ha eIWHUILY,
. e. X*'', Ha nBOlCTBEHHDII 2(X) nonuHOM

g =x%Dax H=xPx P+ xt+x 3 +x3+1)=
xR+ X7+ X+ x40

JIFOOBIM M3BECTHBIM CIIOCOOOM.
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Hamnpumep, ¢ moMomp0 IporpaMMBbl I€ICHNS TOTMHOMOB:

X'+ X2+ xd+xt+ X2+ 1.

d T, .
8- paiiném nckombIit

[TomyumB ocTatok R 1 yMHOXKHB R(X ™ 1) Ha TTOTUHOM X
OCTAaToK:
a)=X"x N x e xtrxtrxie)=
= X"+ X+ X+ X+ X7+ 1

Crnemyer OTMETHUTh BaXHOE OTJIMYHE NpEIJIaraeMoro BTOPOTO crocoba
OT TIEPBOTO W JPYTUX M3BECTHHIX. M3 BRIUMCIIEHUI OCTaTKa BO BTOPOM criocobe
WCKJTIOUaeTCs mapaMeTp yKopadyuBaHus i. TakuM oOpa3oM, CTAHOBHUTCS BO3MOXK-
HOW peann3anys KOJOB ¢ OOJBIINM MapaMeTpoOM YKOpauMBaHHS M JUTMHOW HC-
MPaBIISIEMOTO TIAKeTa OIIHNOOK.

Cucmemamuueckuii K00, UCRPAGIAIOUIUIL RAKEMbl OUWHOOK:

Omnpenenenue mapaMeTpoB ucxomHoro koma: (7, 3)-kom, oOpasyromwii mo-
muaoM: C(X) =X Y+ X+ X2+ 1, wmma WCTIPAaBISEMOro IaKeTa OmMOoK b = 2.
[lycte mapamerp ykopauuBaHus i = 4; mapamerp nepemexenus j = 3. [lomydaem
nepeMexEHHbIN ykopoueHHbIH (3 - 7 —4, 3 - 3 — 4)-kog.

OmnpeneneHue mapamMeTpoB Koja:

(-7-4,3-3-4)=(17,5);
n=17,k=5.
OHpC,[[CJ'IeHI/Ie JAJIMHBI UCTIPABIISICMOI'O ITaKETa OIHI/I6OK:
b'=j-b=3-b=3-2=6,

rae b — JUIMHA UCTIPABISIEMOro MakeTa OMHOOK [T JaHHOTO KOfIa.
r * r
Omnpenenenune oopasyromero monmraoma C’ (X)) u C 7 (X):

CO=X""+X'+X 2+ 1=x"+X"+ X+ 1;
C'X=x* Xx"+x°+x %+ 1)=x"+x"+x +1.
Or[pe,[[eJIeHI/Ie MUHHUMAJIBHOT'O KOJIMYCCTBA MPOBCPOYHBIX CUMBOJIOB (p)
p=n—-k=17-5=12.

+i o
OmpeneneHue ocratka OT JeleHUS X PHD g 00pasyIonuii  OTMHOM

+iq.
ReolX: .
X X2 4 x% X041
X16+X13+X10+X4' X+ x ’
XB x4 x4
XB x4 x4+ x
X+ x*+x

RopX? =X + X'+ X,
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n—17 _ 10 7 4,
ReoX"T=X"0+ X7+ X%

RoX? 1=x"x Y+ x 7+ x H=x"+x"+x

Curnan V ucnonb3yercst Ui epeKIIoueHus Kittoueh kogepa. OH T0KeH OBbITh
BBICOKOTO YPOBHS TEpPBBIC k=5 TaKTOB W MOTOM IEPEKIIOUaThCsl B HU3KUH ypo-
BeHb (puc. 1). [loctpoenue nexonepa anst koxa (17, 5) npeacrasiieHo Ha puc. 2.

Konep CX=X"+X°+X°+1)

in
v
Puc. 1. lloctpoenue konepa mist kona (17, 5)
Jlexonep Rew X" '1=(X7+X*+X)
in x! x? x’ , 12 9 6
CX)y=(X"+X +X"+1)
6 x0 2

p-b=12-6=6

| —
} <

—>| RG (n=17) ]% out,

Puc. 2. Tlocrpoenue aexonepa mwist koma (17, 5)

Takum 00pa3om, MpeTIoKEHHBIN aBTOPAMHU METOJT IOCTPOCHHS YKOPOUCHHBIX
MUKJIAYECKHX KOJOB (B TOM YHCIIC U KOJIOB C OOJNBIION JIMHON HCHPABISIEMOTrO
MmakeTa OMMOOK) OTIIMYAETCS MPOCTOTON TIpuMeHeHusI. OMHAKO IS TaKUX KOZOB
MOYKHO HCIIOJIb30BaTh U TPAJUIIMOHHYIO allapaTHYIo WU MPOTPaMMHYIO peau-
3aIUI0 KOJIEPOB U JICKOICPOB.
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