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AnHomayusi - Onpeaenenbl pyHKUUM Koaepa u Aekoaepa
marpoupHoro kopa. Paspabotana meToaMka onTUMU3ALUM
BbIMUCNEHUA K pacno3HaBanus OWWOKW, PaCCMOTPEHbLI OCO-
6EHHOCTU KOAUPOBAHUSA 1 AEKOAVPOBAHUA MATPOULHOIO KOAA.

|. BBegeHue

NousTe MampoudHsil K00 Bnepsble bbino BBEAEHO
B pabote [1]. B ykasaHHoW pabote npepnaranocb wuc-
nonsL3osaTb Marpouiel Ansi BOCCTAHOBNEHUst MHG opMa-
LUuu B Criy4ae BO3HUKHOBEHUS NOTEPb NpuW nepejave ee
no cetsm cBssu. Ho, ouepTvB npoGnemy, aBTOpGbI
CTONKHYNUCb C HEPaspeLuMMOCTbIO (Ha TOT MOMEHT)
3aja4m NOCTPOEHNS OAHOPOAHBIX MATPOWAOB C 3afaH-
HOW M3BLITOYHOCTBIO U NpeanoXunu “cmaranTe” Tpebo-
BaHUS K MaTPOWAHOMY KoAy B ywiep6 HagexHOCTW BOC-
CTaHOBNEHUA.

[anHas pabota nocesieHa 3agavam paspaboTku
Koaepa v Aekopepa MaTtpowaHOro Koja, NpeacTaBneH-
HOro B €ro “kecvtkoi” chopme, T.e. OAHOPOAHBIM MaT-
pouzom.

Il. OcHOBHas YacTb

®PyHKUMA KkOdepa MaTpougHoro koaa (wnu M-koga)
onpeaenseTcs npeobpa3oBaHUEM V= X o A: Ha BXOJ KO-
Aepa (0T UCTOUHMKA) MOCTynaeT MHAOPMaLMOHHOE CAOBO
X AMuHbl Kk ¢ m-paspsifHeIMU CUMBONaMK; Ha BbIXoZe
Koaepa hopmupyeTCcs KOAOBOE CNOBO V YABOEHHON Anu-
Hbl, T.e. paBHOe 2- k, C m-paspsAHbBIMU CUMBONAMM; KO-
OEp BLINONHAEST MAaTPUUHOE YMHOXEHME X Ha A Haj no-
nem GF”(Z”’), rae matpvua A nipeactaenseT
COOTBETCTBYIOLNIA OAHOPOAHBI MaTpoua,.

Paccmotpum npumep. MNycte k=3 u m=4. ns yka-
3aHHOI xapakTepucTukn m BbibepemM B kayecTBe MOpo-
»patwwero (reHepatopa noss) NONUHOM p(x)=1+x+x4 c
onepauusmu Hag GF(2), a B kayecTBe reHepaTopa Koaa
— nonuHom g(x)=1+x+x"+2x° nap GF°@2%). Coctasum
Tabnuuy ymHoXeHns no mogynio p(x). Ans atoro npea-
ctaBuMm anemenTbl nona GF(p) 8 AecaTudiHoM chopmarTe,

Tabnuya 1
YmHoxeHue 110 Modymo p(x)=1+x+x*
Table 1
Multiplication mod p(x), p(x)=1+x+x"

o] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1§
1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
22 46 8101214 3 1 7 511 9 15 13
3] 36 5121510 911 81314 7 4 1 2
4 4 812 3 71115 6 21410 5 113 9
5 51015 7 213 81411 4 1 912 3 ¢
6l 612101113 7 1 5 3 91514 8 2 4
71 714 915 8 1 61310 3 4 2 5 12 11
8l 8 311 614 51312 415 710 2 9 1
ol 9 1 8 211 310 413 512 615 7 14
10010 71314 4 9 315 5 8 2 111 6 12
1111 51410 115 4 712 2 913 6 8 3
1201211 7 5 914 210 6 113 15.3 4 §
13013 9 4 112 8 5 21511 6 3 14 10 7
14114 15 113 3 212 9 7 6 8 410 11 5
1501513 2 9 6 411 11412 3 8 7 5 10

7..0~-93100,1-937101,2~-370 X, 3~ 310 X*+1, 4 — 370
X, U T.A., 15 — aTo XX+, Pe3ynbraThl yMHOXEHUN
mod p(x) npeAcTasneHbl B Tabnuue 1.

AnAvTUBHBIE ONEpauuy BbINOSHAKTCA Kak nopaspag-
Hoe XOR Hap cooTBETCTBYIOWMMU ABOUMHBIMU Npea-
CTABNEHNAMM yKa3aHHbIX 4ECATUUHbBIX YHCE.

B xadectBe ogHopoaHOro maTpouaa BbibepemM CTpyk-
TYPY, NPeacTaBneHHyio MaTpuLei:

13 10 8 2 1 1
A=|[6 13 6 5 3 4.(1)
4 9 15 9 12 2

MaTtpuua (1) ABNAETCR KOHCTPYKTUBHON OCHOBON ANS

noctpoexus kogepa M-kopa Hag GF3(24). Nmeem:
1310 8 2 1 1
(v1 V2 V3 Vg Vs v6)=(x| X2 X3> 6 13 6 5 3
4 9 15 9 12
unu
13y +6xy +4x3 =1y,
]0x1 +13X2 +9X3 =vy,
8x1+6xy +15x3 =v3, 2
2xp+5xp +923 = vy,
x] +3xp +12x3 = vs,
X1 +4x7+2x3 =vg.

Ha puc.1 npeactaeneHa Gnok-cxema wckomoro M-
xopgepa. CTperku Ha cxeme NoMeueHbl MyNbTUMINKATVE-
HbIMK KO3thbULMeHTamu, a @ - 3TO0 CUMBON BbILLEYNOMS-
HyTOW aAaUTUBHOM onepauun. Takum obpasom, Kommno-

=]

> —» V3
— > V3

—> Vv,

Puc. 1. Briok-cxema kodepa M-koda ¢ g(x)=1+x+x“+2x°
Had GF°(2%) u p(x)=1+x+x* Had GF(2)

Fig. 1. Block diagram of M-coder with g(x)=1+x+x*+2x"
over GF° (24) and p(x)=1 +x+x* over GF(2)
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Puc. 2. Juazpamma nocnedosamesibHO-
napannensHo20 dekodupoeaHust M-koda

Fig. 2. Diagram of sequential-concurrent M-code
decoding

HEHTBI X1, X2 K X3 BXOAHOTO CNOBa X YMHOXAKTCA Ha CO-
OTBETCTBYIOWME MYNbTUNIIMKATUBHbIE KO3hUUMEHTBI, a
MOTOM CYMMWPYIOTCA NO MOAynio p(x); Ha Bbixoae M-
KOAEpPa VMEEeM KOMMOHEHTbl BEKTOpa V. YMHOXeHue
BbLINOMHAETCA acuHXpoHHO. [ns aTtoro paspaboTaHa
MeToAuka, NO3BONSALWAA CBECTU CTPYKTYpPY KOoMOGuHa-
LUMOHHON CXEeMbl YMHOXWTENS, CAOXHOCTL KOTOPOW No-
paaka O(m“), K CXemMe ¢ Heckonbkumu BeHTunamm XOR.
Hanpumep, yMHOXEHUE KOMMOHEHTB! X=(X1, X2, X3, X4) Ha
2 no moaynto p(x) ByaeT BoINONHATLCS NO CXEME: X1¢—Xa,
X26=X1 XOR Xa, X36=X2, Xa6—X3.

Dekopep M-kopa pgonxeH BbINONHATL Bonee cnox-
HY10 DYHKLMIO, @ UMEHHO, Pacno3HaTb OLMOKY B NpuHS-
TOM BEKTOpE V U1 BbibpaTh NogcucTeMy NUYHENHbLIX ypas-
HEHWUN, HeoOXOAUMbIX ANS BOCCTAHOBMEHUS WMCXOAHbIX
cumBonoB x. B obwem cnyyae, fekoAep AOMKEH pacno-

k
3HaTb O4HY U3 Cék owubok BekTopa v. B npueeaen-
i=1
HOM npumepe gonycrtuma owmbka kpaTHoctu 3; nobas
noacucrema u3 3-x ypasHeHWW cuctembl (2) ucnpaBut
owmbouHyto kombuHauwio. [Mpun noucke KOPPEKTHOrO
pewenna MOXHO nepeﬁpa'rb (B Haunxyguwem cny'-lae)
Cé’k NOACUCTEM JIMHENHbIX ypaBHeHun. OaHuM us cno-

cobos onTumusaunu NouckoBomn npoueaypbl ABNAETCH
npeacTaBneHne Mepapxuu pelieHui B Buae Oyneson
pewetku. Takoe npeacTaBneHWe No3BOnsAeT yNopsao-
4uTh Npouecc Bbibopa NOACUCTEM ypaBHEHWI W CoKpa-
TUTHL (A0 MWUHUMYMAa) 4YUCNO LWAroB pPacno3HaBaHMs
owwnbkn. Ha puc.2 npeacrasneHa guarpamma fiocnedo-
samenbHO-NapannensHozo 0ekoOuposaHusi ANA aHanu-
3UpyeEMOro nNpumepa; CTperka Ha auarpamme OsHadaeT
nepexoa K cneayiolien rpynne Aekoavwpyembix (npose-
PAEMBIX Ha KOPPEKTHOCTL) ypaBHEHUiA, ecnu obHapyxe-
Ha oum6Ka; NpepbLIBUCTan CTpenka ykasbiBaeT Ha OLiu-
BouHy0 KOMNOoHeHTY. U3 anarpammbl cnepyeT, uTo Hau-
Gonee TpyaAHOOBHapyXMMas (1, COOTBETCTBEHHO, TPYA-
HOBOCCTaHaBNUBaEMas) ABNSETCA OANHOUYHAs owmnbkKa.

lil. 3akniouexue

MpepnoxeHs! 1 uccneaoBaHbl 3dEKTUBHBIE CXEMbI
KOAVPOBAHUA W AEKOAWPOBaHWUS MaTpoOMAHOro Koaa.
KOAMPOBaHMe n aekoanposaHne npou3eoasiTCcA acuH-
XPOHHO B PEXUME peanbHOro BPEeMEH!.

IV. Cnucok nuteparypbl

[1] Bopwesud B. 1., OneliHuk B. J1. MaTponAHbie Koabl — HO-
BbIl NONXO0A K 3alUUTe UHGOPMAUNYN B KOMMBIOTEPHBIX CUC-
Temax. — Acta Academia, 1996-1997, pp. 40-49.
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Abstract — Encoder and decoder algorithms of the matroid
code are defined. The methods of calculus optimization and
error recognition are elaborated. The features of the matroid
code encoding/decoding are analyzed.

|. Introduction

Matroid codes were in [1], where a stochastic method of
construction of the important variety of such codes - matrands
are considered. Also, it was shown that applications of matroid
coding allows reaching the theoretical boundary of effective
restoring of the lost data asymptotically. Present work deals
with the tasks of encoder/decoder elaboration for the matroid
(M-) code in its “pure” form.

Il. Main part

The functioning of M-code encoder (or M-coder) is defined by
v=x e A: the source codeword x of length k is applied to encoder;
M-coder performs a matrix multiplication x by A over extended
Galois field GF*(2™); the output is a vector v of length n=2- k Vec-
tors x and v consist of symbols that contain m bits and kx-n ma-
trix A represents a corresponding uniform matroid U, of rank k.

For k=3 and m=4 a M-coding example is analyzed. Table 1
defines the multiplication modulo p(x), where p(x) is a field gen-
erator polynomial over GF(2) and the polynomials over GF(2*)
are shown in the decimal format. The sum mod p(x) is per-
formed as XOR bit-by-bit operation.

Matrix A given by (1) defines a uniform matroid generated
by a polynomial g{x) over GF*(2). In this case the algorithm of
functioning of M-coder will be defined by system (2). Fig. 1
shows the block diagram of such M-coder. The edges on Fig. 1
are marked by the multiplication coefficient, i.e. elements of the
field GF(2*). A method of optimal multiplication implementation
was elaborated. As a result the multiplication scheme consists
of some XOR gates. For the example above the muitiplication
of the vector's x component x=(x1, xz, X3, Xs) by 2 mod p(x) will
be performed as follows: x1¢=x4, X2¢—X1 XOR Xa, X3¢—Xz, X4¢—X3.

The aim of M-code decoding is error recognition and origi-
nal data restoration. A sequential-concurrent decoding algo-
rithm is proposed (see Fig. 2). The basis of the scheme on Fig.
2 is the corresponding Boolean lattice. Such a way of error
recognition scheme allows performing all operations in an
asynchronous mode. Each edge in Fig. 2 means a transition if
an error was found. From diagram in Fig. 2 results that single
errors are most difficult to detect (see interrupted edges).

lIf. Conclusion

Efficient schemes of the matroid code encoding/decoding
are proposed and analyzed in this paper. Encoding and decod-
ing aré asynchronously performed in real time.
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