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Anromayua — CNucarHa TexXHONoMA OBKOAUPORSHMA MaT-
pouatoro (M-kopa), MccnenoBaHa croXHOCTL 3a034M W npoLe-
Oypbl AEKOZUPOBAHWS, NPEACTa8NeHEl CXEeMHbIE PELLEHWA NPo-
uecca aekoanposaqua M-koaos.

1. BRegeuue

Bnok-cxema xopepa matpowaHoro (M-)koga npen-
crasneHa B paGore [1]. Tam xe, B 0GLMX YepTax, ONK-
caH anropuT™ aekoaupoeadus M-koaa. Takum oBpascm,
pewenve 3agaqM gexogupobanun M-koga Toneko Aek-
NapypoBaHo, HO He PACCMOTPEHO AeTanbHo.

HanomHum cyTe npobnembl. [nwHa n npuHATOro
cnosa v pasHa: =2k, rge k — YMCNO UCXOAHLIX M-
pa3psgHbIX CAMBOMOB, |- YMCNC OWKWBOYHBIX CUMBONOB,
Hanpwmep, ecnu k=8 u (=8, To n=24. B obluem cnydae,
[exoaep AO/MKEH HAWTU KOPPeKTHOoe pPelleHWe cpeau

C:, T.e. Cga =735471, cuctem (43 K=8) NUHERHBIX

ypasHeHwd. Ha nepesid B3arnsg 3agava npencraenseTcs
cnoxHo paspewwumoit. (Mosenaetca “coGnasH” oTaath
npeanoutenue koaam Pruaa-Conomora).

B panHoW pabBorte 6ynet npegcraenena obwas cxe-
Ma AEKOBUPOBAHWS MATPOMBHOrO KoAa, a Tawke, fe-
TANBHO PACCMOTPEHBI BONPOCh K 3a0aqyu BoCCTaHoBe-
HWS MCXOLHbIX JaHHLIX H& OCHOBE NONYYEHHBIX.

Il. OcHOBHaA YacThk

MaTpoufiHbie KOOkl OTHOCATCHA K KITACCY MUHEAHBIX
kogoe. Kognpoeanve v gexogupoBaHwe CloB k0Aa Bbi-
NOMHABTCH (MNU [OMKHO BINOMAHATLCA) ACHHXPOHHO
(3a oguH 1akT). OBwan cxema “MarpOMAHOIQ” KOANPO-
BaHUA 1 JEKOAMPCBaKUs NpPencTaBneHa Ha pucymxe 1.

Ha Bxoa komepa nogaetcs MCXOSHbIA BekTop a(x),
copepxauwid k cumBonos paspsgHocTh m. Kogep Bhi-
nonHAeT NuHerHoe npeobpasoBanue BMAA:

v(x)= a(x)e U, 1
rge U — MaTpuLa kx<n ogHoOpoaHoro Matpouga.
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MpeoGpasosanue (1) nerko BLINOHWUMO U NoapobHo
onucaHo e [1]. Ha Beixoae koaepa popMupyeTCs acuH-
XPOHHO BEKTOP V(X), KOTOPLIA NOCLINAETCA NO KOMMYHK-
KaUWUOHHOMY KaHany (MUHuM cBA3M) nony<arenio. Mpu-
HATBIA BEKTOP V'(X), BOIMOXHO COAEpPMALWA OLWUGKN,
nocTynaeT Ka Bxog “pewarens” System Solver. 3ToT
pewarens npegcrasnseT cofol KOMEUHALMOHHYH Cxe-
My, KOTOpaa COOepHWT Bnoku yMHOXeHUs (MynbTUnMu-
KaTopbl) U CYMMWPOBaHWA No Mopynio p(x), rae p(x) —
nopoXOalolWWiA NOMMHOM pacluMpenHors nons anya

GF2™: p(x)=1+3 p,x', p, e {0.1} Ana k BeiBpanHbIX
=1

CMMBONOB NPWHATOTO BEKTORa V'(X) pewaeTca cooTBeT-
CTBYIOWAA cUCTEMa NUHERHbIX ypaBHeHU. B peaynbTta-

Te NonysaeTca pelueHre A(X) - BbINUCNEHHbIE 3Have-
HUA KOMMOHEHT UCXOGHOIO BEXTOPA a(x).

Mony4eHHbIA TakMM 0Bpa3om BeKTop ﬁ(x) ‘fponyc-
KkaeTcA" Yepes KOGEP, Ha BLIXOAE KOTOPOro (hOpMUPYETCA
BhIUMCNEHHOE 3HadeHue BexTopa V(X) . BoiMUCMEHHbIA 1

NPWHRTLIR BeKTOpa cooteeTcTBeHHO V(X) M V'(X) cpaB-
HUBAIOTCA (TAloKe aCMHXPOHHAA onepauus!), Ha OCHOBA-
HUMA Yero MPUHUMAETCS peLIeHWe: SBARETCH N Bbiuvc-
NeHHbIA BekTop A(X) KOPPEKTHLIM, WY NOMYyYeHHasn
MHCDOPMALMA OLIMBONHA M CNESYET BbIfIONHATE MOMHYIO
npoveaypy BOCCTAHOBNEHNS UCXOAHSIX AaHHbIX?
Mpoueaypa nonHore BoccTaHosneHus — Gnok Re-
store Ha guarpamme puc.1, NnpegycMaTpusaeT peweHue
k _ _
N =C; cuctem nunerHbix ypasHeHud. Cpean N pe-
WeHWA MoryT BhiTb XOppeKTHbieé U oluboudkble. Bnok
Restore AomweH BbiSpaTh KOPPEKTHOE PELISHME, T.e.
BbiuMCneHHbIR Bextop A(X), W BLAATL 670 Ha BLIXOA

Aexofepa. C poctoMm n BenudnHa N, C TOHMKM 3peHunsa
annaparHbiX 3aTPaT, CTaHOBMTCH Henpuemnemo Gonb-
woi. Hanpumep, ana =8 u 8, umeeMm
N = C}, = 735471 peleHnn CcUCTEM  NUHEIHbIX
YPaBHeHWi.

PelweHne cucTeMsl NIMHERHBIX YpaBHEHWA npen-
craenser cobol 3HaueHWn  k-3HadHoro  BekTopa
A(x) = <a1 perrally ) , roe a=i(v"), E1,...,.k. AnnapaThas

peanuzauns  (0HORD) NUHERHOTO npeoBpazoBaHUA
a)=f(v') npencraenneT coboil k~-BxcaoBoE KOMBUHALM-
QHHOE YCTPOACTBO, BLINGHHAKCLLEE K YMHOXEHUA RO
Moy p(x) v cyMMUpOBAHWE NO MOAYNIO p{x) pesynb-
TarToB npouvasefeHnid. Torda cNoXHOCTE 0AHOrO npect-
pa3oBaTtens COCTABUT BENUUUHY:
¢l i)=k(MyneTUnnukaTopoB)+1(cymMmmarop), (2)

a CNCKHOCTE YCTPOWCTBA BbIMMCHEHUA KOMMOHEHT k-
pa3pAnHOro BekTopa A(X) coCTaBWT BenUuMHY:

C(ki=k c(K)= K (MyneTMNNUKATOPOB)+k(CyMMaTOp).

Ana aHanuaupyemoro npumepa, uMeem C(8)=64+8,
a CNOXHOCTE BCEX petuaTeneit CUCTeM NuHeliHbIX ypas-

decoding HeHUil deKodepa COCTABMT BENUHKHY:
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N-C(k) unu 735471-73= 52953012. (3)

370 BECbMa BHYLUMTENBHOE 3HAYEHUE Aaxe ANA Co-
BpPEMEHHOTO YpoBHA paseuTua CBY TexHuxu. B To xe
BpEMA, CNOXHOCTL NpouEeaYPhl BOCCTAHOBMNEHWA BO
MHOMOM 3aBUCUT OT cnocoba pelleHWa CUCTEM NUHedH-
HbIX YPABHEHWN,

Kpome ykasamHoW npobnembl CNOXHOCTM peanusa-
LUK pewarenei Aekolepa, crnegyeT BLIOENUTL, Takke,
3anaqvy BuIGOpa KOpperTHbIX peleHuin. NMpUHATHIA BEK-
Top V'(X) MOXeT comepXaTh OLWGKY KPAaTHOCTH &, rae
ec{1,....5}. B aTom cny4ae, U3 BCEro MHOXECTBA pelue-
HWiA N, KOpPEKTHBIMW OKaXYTCA TONBKO

N(e)=C;, 4

CUCTEM NUHEWHLIX ypaBHeHWA. Bna k=8, n=24 u e=8

umeem N (B) = Cfﬁ = 12870 , KoTopyKo yMHOXaeM Ha
KOMHECTBO CYMMATOpOB-MYNMLTUNANKATCPOB:

M(B). €(8)=12870-72= 926640. (5}

B atom cnyyae senuumHa (5) Ha HeckofbKo NopAagd-
¥OB MeHblUg BENWYMHGI (3).

AanbHedllee ymeHbLUEHUE CNOXHOCTU pelwarens
AEKOAEPa MOXKHO DBECNeYnTh 3a CHeT yeeHveHus pelle-
HUR CUCTEMb! NMHEAHBIX YPABHEHMH, 3 UMEHHO, BbiMMC-

MEHWA 3HAYEHWA TONBKO ANA GAHOW KOMMOHEHTHI diy
pacueTHoro BekTopa A(x) . Torma cTpykTypa pewatens

penyumpyeTcs 00 CXeMbl OBHOTO NUHerHoro npeobpa-
30BaTeNsA, CNOXHOCTL KOTOporo paeHa c(k), n annapar-
Hble 3aTPAaThl Ha pelwaTenb COCTABAT BENUUUHY:

O(k)=N{k)-c(k) wnn O(8)= 12870.(B+1)= 115830. (6)
[lanee, ycTpoficTeo Bbibopa KOPPEKTHOTO pelleHUA
CpaBHUBAET BhIMMCNEHHbLIE sHavernna Bcex O(k) komno-
HEHT G() W NPUHUMAET pellieHWe: NPOJOCIKUTE aHanus

WK CHUTATE NONYYEHHOE 3HAMEHWE () MCTHHHBIM.
BaxHo OTMeTHTH, HTO CYUWECcTBYET ONTUMAanbHan
npoueaypa noucka KOPPEKTHOrO PEeHWs, KOTOpas Mc-
KIHOMAeT JanbHedluin aHanui ANnA Npov3BONLHOMO e.
OHa OCHOB3HAa Ha CeaylolWweM YTEepKAeHUN: ANA Bbl-
6Hopa KoppekTHOro peleHus Heobxodumo n docmamoy-

k
Ho onpepermte C’ | MOGHTMHHBIX (MCTUHHLIX) pelle-

- k .
HUU Cpenu BCeBOIMOXHBIX Cn peileHHN.

B poknage npweogutca npouegdypa (nocnegoea-
TENbHO-)NAPANIENLHOTO NOWCKA WCTUHHBIX  PELIeHMIA

k
cpean C._, BosmoxHbix. Takan npoueaypa Moxet

6biTe peanu3oBaHa acuHXpoHHo. PaspabortaHa aemoH-
CTPALKOHHANA NPOTPaMMa, KOTOpas BU3YANHU3MpYeT npo-
uect MaTpoOWIHOTO KOAWPOBEHWUS WM AESKOAUPOBAHMA 3a-
WYMMEHHLIX rpachuyeckux M3cOpaKeHUi.

lll. 3aknoyenne

Takum o6pa3om, HalWaeHa onTUManuHas cTpaTterns
LeKcAVpOBaHUA  MaTpOWAHOro Kopa, Mo3sonAlowas
peanu3aosaTb fdexogep M-koga MuHMMAanNbHbIMU anna-
paTHbIMK 3aTpaTamu.

IV. Cnucok nuTepaTypsl

[1] Bodan I, K., Bodan 4. I"., Yeprenes A. 1. KooupoBaHue u
AEKOOMPOBaH1e MaTPOMOHON KoAa, HCNPABNSAIOLLEro Nake-
bl owKGok. Marepuanst MexayHapoaHoi KpbIMCKOIA KOH-
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Abstract -Afgorithm of matroid (M-) code decoding is de-
scribed. The complexity of decoding procedure is analyzed. An
optimal decoding algorithm is proposed.

I. Introduction

In {1] was described the matroid code encoding. In this
work the M-code decoding is analyzed. Length n of matroid
codeword v(x) is equal to n=2t+k, where t is the number of er-
roneous symbols, k — number of original symbols. For example,
if k=8 and =8 then n=24. To find the original codeword a(x) is

k
need to sclve up to ( J:Cf, systems of k linear equations (for
n

above example, C§4 =735471). In this work the main diagram

of matroid code decoding is described and theoretically ana-
lyzed. Important results for practice are obtained.

Il. Main part

M-codes are linear codes. Matroid code encoding and de-
coding diagram are shown in Figure 1. Encoder petforms matrix
multiplication (1), where U is the uniform matroid matrix. The
System Sclver gets the transmitted vector v'(x}, that can con-
tain errors. System-Solver solves a system of linear equations

for k selected components of v{x). A solution a(x) comes on
out as a result. This solution is encoded and vector v(x) is
compared with received vector v'(x). If ¥{x)=v'(x) then a(x) is

accepted as original sequence a(x). Otherwise the Restore-
block tries to find the correct solution. For this is need to solve
N= Cf, systems of linear equations. Among N solutions can be
errcnecus and correct solutions. As n grows N becomes unac-
ceptable for engineers. In fact, the complexity of the one block
of linear transformation that performs calculus of the one com-
penents & of vector a(x) is equal (2) and the complexity of the
hole solver is equal to C{ki= K(multipliers)+kiadders). The
complexity of all decoder’s solvers is given by (3).

From the other hand, if received vecter v'(x) has an e-uple
error, then Restore-block must select only Me) correct solutions
(4). In this case, complexity of the value N(g)-C{e) is still big;
see, for example, (5). Further decreasing of the solver complex-
ity can be provided by cutting cbtained solution, namely, by
analyzing only solution for one component ay of a(x). The
complexity of solver, in this case, is given by (6).

Generally, next affirmation can be made: is needed and sut-

ficient to find CX_, identical solutions to restore ariginal data.

The described M-code decoding procedure was imple-
mented in a demo-software that aliows visualization of the en-
coding and decoding noises pictures.

lll. Conclusion

In conclusion, an efficient algorithm of matroid code decod-
ing was proposed. This algorithm allows implementing of the M-
code decoder with minimal hardware overhead.
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