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AxHomauusi — MaTpougHei (M-) ko4 — HOBBIA Knace (nu-
HeliHbIX) KOPPEKTUPYIOWMX KOAOB, KOTOPbIA chocoben soccTa-
HOBUTb MCXOAHBIE AaHHbIE MpY NoTepe (MCKaxeHun) 4o nono-
BWHbI NepeaanHbix cumeonoB. Moctpoenne M-koga oTHOCUTCA
K 3afaqam NONMHOMMANIbHON CnoxHocTW. MpeanoxeH meToa
nocTpoeHus M-koaa, OCHOBaHHBIN Ha NoUCKe OAHOPOAHBIX (U-)
MaTpouaoB CPeAN LUWUKNOKMACcCOB COMPSHKEHHbIX 3INEMEeHTOB
BEKTOPHOTO NPOCTPaHCTBA Haj pacluupeHHbiM nonem [anya.
YcTaHoBREHB! rpaHuLbl CylecTeoBaHus U-maTponaos.

. BBegeHune

B cuctemax o6paboTku, xpaHeHus u nepegaqv Auc-
KpeTHON MHopMauMn nos BO3ASWCTBUEM BHEWHUX U
BHYTPEHHUX (DaKTOPOB 4acTO MPOUCXOAUT UCKaXeHue
AaHHbIX. [puunHaMn UCKaxeHns AaHHbIX MOTyT ObiTb
uapanuHel Ha NOBEPXHOCTU KOMNAKT-LUCKOB, HECAHK-
LMOHNPOBAHHBIA AOCTYN K UHOPMALMU, LIYMbl B KOM-
MYHUKALMOHHbIX KaHanax, cobCcTBeHHble LyMbl B TNpK-
6opax u yctponcrteax CBY texHuku.

[Ona wcnpaBneHus pasnuyHoro poga owmbok npu-
MEHAeTCs MOMexXoyCTon4nmBoe koguposanue. Hanbonb-
wee pacrnpocTpaHeHue nosyunno 6nokosoe koauposa-
Hue. Cpeayn GNOKOBbIX KOAOB BbIAENWM KNacc KOAOB C
MHOropaspsgHbIMU cumBonamu. B atom, BaxHoM ans
NPaKkTWKK, Cny4ae NOTOK AaHHbIX NpeacTaBnsaeT cobor
nocrneaosaTenbHOCTb KOAOBLIX CNOB (BEKTOPOB), CO-
CTOSIUMX U3 MHODOPMALMOHHBIX W KOHTPONbHbIX (NpoBe-
POYHbIX) CUMBOJIOB.

KoppekTtupyiowasi cnocobHocTb (3pdpeKkTUBHOCTb) p
KOAOB ONpenesiseTcs YNCMOM MCNPABMEHHbIX OWnBoY-
HbiIX cumBonos. [ns nuHerHbix GNOKOBbIX KOZOB YyCTa-
HOBIeH TeopeTuyeckuit npegen adgekTusHoctTn [1]:
ps(n-k)/2, rge n — pnuna BekTopa, Kk - KONUYECTBO MH-
hOpPMALIMOHHBIX CUMBONOB (B CNOBE).

B panHO paboTe npeactaBneH METO4 MOMEXO-
YCTOWYMBOrO KOAMPOBaHUs € p<1/2. MeToa, HasBaHHbIN
matpouaHoe koauposaHue (unu M-koa), npepycmaTpu-
BaeT NuHenHoe npeobpasoBaHue MCXOAHbIX CUMBOMNOB,
bopMUpPOBAHUE BBIXOAHOTO BEKTOPA, aHanu3 nonyyeH-
HOrO KoAa, pacnosHaBaHue OWWOKW U BOCCTaHOBMEHWE
(ecnn 3TO BO3MOXHO) UCXOAHBIX JaHHbIX.

Il. OcHoBHas yacTb

Ansi xapaxTepusauun maTtpouja BOCMONb3YEMCA MO-
Hatnem F-npedcmasumocmu [2). MMycte S={1,2,...,n},
v=Fk Habop BeKTOpOB-conbUOB AnuHbI K Hag nonem F.
Onpepenum oToGpaxeHue @:S—V, KOTOpoe MOXHO
npeacTaButb matpuuenn A pasmepHoctu kxn, npu 3TOM
cTonbubi matpuusl A ectb ¢(1),..., o(n). ToBopsaT, yTO
matpoua M ot S npedcmasum Hag nonem F (unu F-
npedcmasum), eCnu OTODPAKEHNE (p COXPAHAET PaHr.

C TOUKM 3peHUs NOMEXO3aLLULLEHHOTO KOAMPOBaHUS
npeacTaBnseT uHTepec F-npeacrtaBMMOCTb Makcumarb-
HOrO paHra, T.e. criyyan odHopooHozo (U-) mampouda
paHra k. MNpuyem npeactasnexne U-maTtpouaos AOCMKHO
6bITb peann3oBaHO Haf PaCLUMPEHHLIM MONEeM MHOro-
unexos GF*(2™, rpe k - pasmepHocTb nonsi, 27 — xapak-
TepUCTUKa NONfi, m - paspsigHOCTL CUMBOMOB. Toraa
maTpuua A 6yaet onpegensaTb nuHenHoe npeobpasosa-
Hue Buga

V=Xe A, Q)]

rpe X= <x1, ..., X> - BEKTOp MWCXOAHbIX CHMBOIOB,
V=<yy,...,v> - PE3yNbTUpYloLllee kogosoe cnoso, A= [ai],
aie GF2™), i=1,... .k, j=1,....n.

B cnyyae U-npepcrtaeumoctu npeobpasosanue (1)
3afaeT CUCTEMY NMUHENHBIX YPaBHEHWI, B KOTOPOW nio-
6asi noacuctema us k ypaeHenuin obpasyet siuHelHO-
Hesaeucumblli 6a3uc.

Tenepb BO3HUKaET BONPOC. KAKOBO AOMKHO ObITb
COOTHOLUEeHWe mexay K u n? O4yeBMAHO, YTO AN BOC-
CTAHOBNEHUS BCeX Kk WHMDOPMAaLUOHHBIX CMMBOSIOB HE-
obxogumo vmeTb, No KpaHen Mepe, elle k AONOMHU-
TenbHbIX 6@3NCHbIX YpaBHEHWU.

Takum obpasom, 3agjaya nocTpoeHus M-koga cBO-
ANTCS K NMOWUCKY ogHopoaHoro matpouga Uk Haa nonem
GF*(2™. NMpuseaem npumep. MNycte k=2 n m=2. He-
TPYAHO nokasaTb, 4TO MaTpuua

2 3 23
A2x4=[3 0 1 3] 2

NpeacTaBnNseT OAHOPOMHLI MaTpoua, T.e. nioboe noa-
MHOXEeCTBO paHra 2 MaTpuubl 22) ecTb ©a3uc B BEKTOP-
HOM npocTpaHcTBe Hag GF (2°). 310 Oo3Havaer, 4T0 B
cucTeMe ypaBHeHu

2)(] + 3,\'2 =V

3xy=vy;

v=Xxe A= | 2 (3)
2x1+x3=v3;

3x) +3xp = vy

BCE MOACUCTEMbI paHra 2 SBAAKOTCA NUHENRHO-
HeszaBucumbiMu. B obwem cniyvae, ana 3agaHHoro mar-

2k )! .

pouga Ux moryT ObiTb CIQ‘,( =(71k_)' cucTem JIMHEWHO-

HesasucuUMbIX ypasHeHun (JI3Y). Bece onepauvn B (3)
k

BbINOMHAKTCA N0 MOAYNId g(x) g(x)=20,.\-’, ai —
i=0

anemeHTbl pacwmperHoro nons GF(2™) ¢ xapakmepu-
mn

CMUYEeCKUM MOJIUHOMOM p(x)=2b,-x’ , bie GF(2). Ans
=0

NPpUBEAEHHOTO MpUMEpa XapakTEPUCTUYECKUM SBIISIETCS

NOFIMHOM p(x)=1+x+x7, a g(x), HasbIBAEMbIN 2eHepPamo-

pom noniag (unu Koda), BblbupaloT cpean Henp:/eodumux

(mpumumueHbIX) MOIUHOMOE BUaa g(x) =l+2a,x' :
i=]
BenununHa k ABRseTcs BaXHON XapaKkTepucTukow
matpougHoro kopa. OnHa onpepenser ero agdekTus-
HOCTb (KOppekTupytoLLyio cnocobHocTb) p. Kog, creHepu-
poBaHHbI cuctemon (3), cnocobeHn BOCCTaHOBUTL A0 2
owmbBouHbIX CUMBOMOB. [InA 3Toro (aekoaepom) npume-

HAETCA OAHa U3 C% = 6 noacuctem N13Y.

[pyroli oUeHKOW KOPPEKTUPYIOLLETO KOAa SBNSETCS
CKOpOCTb nepenaun uHgopmauum R, onpeaensemas oT-
HoweHuem K/n, kotopas ans M-koda nocTosHHa U pasHa
¥%. Cnepgyet OTMETUTb, YTO ANSA KOAOB, KOPPEKTUPYIOLLIMX
nakeTbl OIJJVIGOK, XapaKTepHbl MEHbLINE 3HaYeHWA, Kak
ANs KoppekTupylowen cnocobHocTu p, Tak U Ans CKOpo-
ctu nepepaun R [1, 3].
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OpHa 13 OCHOBHbIX MPODBNEM NOCTPOEHUs MaTpong-
HOro Kofa ABMAETCS MOUCK OAHOPOAHLIX MaTpouzos Uy
Hapg GFk(Z”’). OencteuteneHo, Ans Haxoxgenus U-
MaTpouaoB paHra k notpebyetcs, B obwem, nepebpaTb

C(l\',m)=C§,l‘,;k komMBuHaumii BekTopos. Hanpumep,

ANA (PUKCUPOBAHHOrO M=4 UMeeM chneayrlime 3Hadve-
Hus nepeBopHoit cnioxwocTw: C(2, 4)= 1.75- 10°, C(3,
4)=~ 6.535. 10" u C(4, 4)~ 8.436-10%. inn npaxtuueckn
BaXHbIX Cry4aes, T.€. Bonblunx m u k, NOMCK 0gHOpOA-
HbIX MaTpPOMAOB nNepeBopHbIM METOAOM CTaHOBUTCA
HeuenecooBpasHbiM (13-32 NOMIMHOMUANBHOW CROXHO-
CT¥ 3agaun noncka)!

OavH v3 nNOAXOAOB YyMeHblUeHus “nepebopHon
CNOXHOCTW® - UCNONb3OBaHWE TEXHONOMMU XaloHbiX an-
roputmoB. [lpumMenutenbHo Kk 3agadve noucka U-—
mMatpouaa “¥agHocTb’ GyaeT nposBNATLCA B (Nokanb-
HOM) NOWCKe HOPMarbHbIX 6a3ucoe OrpaHNyeHHol ANu-
Hbl [4]. PacnpocTpaHum noHsTue HopmanbHoro Sasuca
Ha none MHorounenoB GF*(2™ n nasosem Takol 6aanc
pacwupeHHbiM.  PacluvpeHHbll  HopmanbHbllh - 6asuc
(PHB) umeeT Bua:

&L o) 0= 25, )
rae y - nopoxOatowull (MPUMUMUEHbILU) aNeMEHT Nons
GF*(Z’”). Torpa 3apava novcka OAHOPOAHOrO MaTpouaa
csoauTcs K 3apgauye noucka PHB, cnoxHocTb koTopow
onpenensieTCs MOLHOCTbIO CeMEeNCTBa LMKNOKNaccos
Buaa (4).

B HuxenpuseneHHoON Tabnuue npeacTaBneHbl 3Ha-
YeHUs Yucna UMKIOKNAccoB ANS Tex Cry4yaes, koraa 8
COOTBETCTBYIOLIEM BEKTOPHOM  MpOCTPaHCTBE  Hajg
GF"(2’”) cywecteyet PHB. CumBon & ykasbiBaeT Ha
oTcytctBie PHB, a cumeonom ¥ oTMeueHbl criyuan Ha-
nuuns PHB B8 orpaHM4eHHOM AvianasoHe UMKNOKNaccoB
(n3-3a HexBaTkn pecypcos IBM).

YHucno yuknoknaccos u epaHuubl cywecmeosanus
00HOPOOHBLIX Mampoudoe Had GF (2™)

Numbers of cycloclasses and the bounds of
uniform matroids over GF¥(2™

A m 2 3 4 5 6 7
2 4 27 104 426 1709 6835
3 12 170 | 1235 [ 10099 | 80941 | 646410
4 [%] %] 15725 | 258281 | 4146454 166199674
5 %] 2] @ |6908009[222056530] v
6 %) %) [%] %] v v
7 %] %] %] %] [%] V

MpeanoxeHHbit cnoco® noucka U-matpouaoe Ha
HECKONbKO [AECATKOB MOPSAAKOB MeHblle, Y4eM MOucK
npsAmMbivM nepedopom.

lil. 3aknovenne

B pa6GoTe npepcTaBneH mMeToa MOCTPOEHUA MaTpo-
WAHOTO KOAA, MNO3BOMAIOWNIA BOCCTAHOBUTb WUCXOAHOE
cooBuweHne npu noTepe 40 NOMNOBUHLI NEPEAaHHOW WH-
copmaumu.
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Abstract — The matroid (M-) code is a new type of error-
correcting codes capable of restoring the original data despite
half of the transmitted symbols being lost or distorted. M-coding
is a complicated problem. A technique is suggested based on
searching for uniform (U-) matroids among cycloclasses of the
vector space transforms over the extended Galois field. The
bounds of the U-matroid existence have been established.

|. Introduction

Error-correcting coding is widely used to restore the dam-
aged data. For this purpose data streams are broken into series
of codewords which consist of data and check symbols. Each
symbol is a sequence of m bits. The efficiency (correcting ca-
pability) p of an error-correcting code (ECC) is determined by
the number of erroneous symbols that have been corrected. An
important division of ECCs are block codes. The efficiency of a
linear block code has the following theoretical limits [1]: p<(n-
k)2, where n is the codeword length and k is the number of
information symbols.

The present paper deals with the development of a new
ECC technique with p<'z. This technique, called matroid or M-
coding, is based on a linear transformation of the original sym-
bols, output vector generation, analysis of the codewords ob-
tained, error recognition and restoration of the original data.

Il. Main part

A notion of F-representability is used to define matroids [2].
For the ECC purposes, the F-representability of the maximal rank
is of prime interest, i. e. the case of a k-rank uniform (U-) matroid.
U-matroids should be represented over the extended Galois field
GF¥(2™), in which case the matrix A would define the linear trans-
formation (1) with the original codeword x and the output vector v.

The expression (1) defines a system of linear equations
where any subsystem of k equations is a linear-independent ba-
sis. The number n of equations in (1) is taken as equal to double
k, i. €. n=2k, in order to achieve a maximum efficiency of p=1/2.

Hence the tasks of M-coding are reduced to searching for a
uniform matroid U(k,2k) or U, over GF¥(2™). As an example of the
obtained U, matroid see (2) and (3) where the operations are
performed modulo polynomial p(x) over GF(2) and the vectors are
generated by polynomials g(x) over GF(2"). The combination of

Cgk linear-independent subsystems (LIS) generally has a Uy-

matroid. The value k defines the matroid code efficiency. Another
important ECC feature is the rate R which has a constant value
and for the M-code equals %2. The known cluster-correcting codes
have smaller values of p and R [1, 3]; however, such performance
is difficult to achieve. This is because the search for a Ux-matroid
is a complicated task, i. e. it is NP-complete.

The technology of greedy algorithms should provide a way to
decrease the enumerative complexity. The uniform matroids
should be found among the cycloclasses of the length n. These
cycloclasses are defined by (4), in which case the searching
complexity is reduced drastically compared to enumeration pro-
cedures. The table above shows the cycloclass values for the
vector spaces where uniform matroids are found; the symbol @
denotes the absence of U-matroids, and the symbol ¥ denotes
occurrences of such matroids within a restricted range of cyclo-
classes (due to insufficient computer resources).

I1l. Conclusion

A technique for the matroid coding allowing for the restora-
tion of original message even with up to half of the transmitted
data being lost is described and analyzed in this work.
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