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AHnHomauusi — NpuUBeeH aHanua KOOBbIX XapakTepUCTHK
MaTPOWAHbIX KOPPEKTUPYIOLMX KOLOB M 3HEPreTMHYEecKoro Bbi-
Mrpbillia oT NPMMEHEHWS 3TWUX KOLOB B CMCTEMaXx CBA3W. Takke
npeacTasned anropuTM reHepauuu ONTUMAnkHOA CTPYKTYphbI
YMHOXMUTENEH Haf pacluMpeHHbIM nonem Manya.

. BeegeHue

Mpu oueHKe kayecTBa CUCTEMbI CBS3W, CopepXallen
yCTpOWCTBA NOMEXO03alUMLIEHHOr0 KOOWPOBaHUS WU ae-
KoaupoBaHuA (kodeku), NPUHATO WMCNONbL30BaTb OTHO-
LeHue cpegHen 3Heprun Ha BuT WHopmauuM K cnek-
TpanbHOW MowHocTU WwymMa Eu/N,. Cpean WM3BECTHbIX
Hed8oUYHbLIX METOOOB MOMEXO03ALLMLLEHHOMO KOAWPOBa-
HUS CaMbiMW MONYNSAPHLIMKU U BLICOKO3MMEKTUBHLIMU
senaTea kogsl Puga-Conomona (PC). OgHum U3 “cna-
Beix mect’ PC-kogoB - 3TO anroputM AeKOAUPOBaHUA W
CNOXHOCTbL ero peanusauun. M3BecTHo, YTO CHOXHOCTb
nekoaupoeaHust PC-kofoB He NpeBOCXOOUT BENUYUHbI
O(n log’n) W 3aBUCUT OT CMOXHOCTM BbLIMMCTIEHUS
ceepmku B nonax Manya.

B paborte [1] npeanoxeH U onvcaH HOBLIA KNacc Jiu-
HelHbIX KOOOB, Ha3BaHHbIX MampoudHbiMu. MaTpoua-
Hble (UM M-) KOAbl He YCTynaiT, Mo KOpPeKTUPYHoLen
cnocobHoctn, kogam PC. [ns M-konoe paspaboTtaHbi
anroputMbl KOOUpoBaHWA U Aekoaupoeanua [2]. Bnaro-
Oapsi cBOei NUHEeMHOCTW, annapaTHas peanu3auusi Ko-
neka M-koga npowe, yem gns PC-kopa. B pgoknape
NPUBOAMUTCA pacyeT BbIMIpbilla OT MaTPOMAHOrO Kogu-
poBaHuWA, a TaloKe npeacTaBneH MeTon NoCTPOeHUS on-
TUManLHOW CTPYKTYpbl YMHOXUTENEeW (MynbTUnAMkaTo-
POB) Ha KOHCTaHTY, UCMOMb3YeMbIX NpU BLIYMCAEHUSX B
pacwuupeHHbix rionsax anya.

Il. OcHoBHas 4YacTk

OObiyHbIE METOL ONpefeneHus 3HepreTU4ecKoro
BbiUrpbilia oT kogupoeaHusa (3BK) coctout B cpaBHeHUn
rpacuKoB, MOKa3biBaKOLWUX 3aBUCMMOCTb BEPOATHOCTM
owmnbku ot Ep/N, ans cuctem 6e3 KogUpPOBaHUA U C KO-
OUPOBaHWEM, C MocneaylowuM onpeaeneHueM pasHo-
CTW 3Ha4eHuin Ex/N, npu gaHHOW BEPOATHOCTU OLUMBKK.
MatpougHble koAbl — 3aTO0 Hed8oUYHLIE NuHelHble 6ro-
koebkie (n, k) Kogbl, NOCTPOEHHbIE Haf paclUMpeHHbIMU
nonsmu Manya GF(2™), rae n - Y4CNo CUMBONOB B KO-
[loBOM crioBe, K - YNCMNO MCXOOHLIX (MHOPMALIMOHHbLIX)
CWUMBOMOB Ha BXofe Kofepa, m - paspaaHOCTb CUMBO-
noe. M-kogel c napametpamu (n.kf) cywecTByloT AN\
BCEX N W k TaKux, 4To:

t= (n- k) div 2 npu n< 2™+1, (1)
roe { — KoppeKkTUpyLWwas cnocobHOCTL KOAA, BbIpaXeH-
Has B cumBonax. Mexay paccToaHueMm XaMMUHIa dmin W
napameTpom [ cobnioaaeTcs M3IBECTHOE COOTHOLLIEHME:!

min= 2t+1 unu dmin=n-k+1. (2)

MpuseneHHble ypaBHenws (1) u (2) ycraHaenuealoT
T.H. 2paHuubl 0518 KoO0B020 PACCMOAHUS MaTPOUAHBLIX
KOOOB C 3afaHHbLIMK napameTpamu (n, k, t) Hag nonem
GF(2™). Nerko BUAETL, YTO MUHUMANLHOE PAcCTOsIHUE
Omin MPAMO NPONOPLMOHANBLHO (CO 3HAKOM MWMHYC) CKO-
pocTu koga R= kin.

[Opyroi knacc rpaHuy — 37O rpaHulbl Ans Kodossix
Xapakmepucmuk. Anroput™m pekoauwpoBaHusi M-kopos
SIBNAETCA anrOpUTMOM C 02PaHUYEHHbIM PacCmosiHUEM,
T.e. HU ogHa kombBuHauus ua Gonee t ownbok He uc-
npaensierca. [lng Takux anropuTMOB BEPOSITHOCTL OTKa-
3a OT AeKOAMPOBaHWSA, NpY NOABNEHUM B KOAOBOM CoBe
bonee t owwnbok, nmeet BepHynnesckoe pacnpepene-
Hue. C Opyron CTOpPOHbI, Ha BEPORTHOCTL OWWGKU Ha
but (BER) BnusitoT oTHoweHusa Ex/N,. Ilydwen cuutaeT-
cA Ta cUCTeMa, KOTopas [OCTUraeT Xenaemoro 3Have-
Hua BER npu meHbliei nepenasaemoi MOLHOCTH ne-
penartyuka.

Ons cpaBHeHus OByX paanuuHbIX CXEM nepenaun
CUrHanos uccneaywTca rpacguku 3asucumocTtn BER ot
Tpebyembix oTHOLWEHWA Ex/N,. MoWwHbIM CpeacTBoM uc-
cnepoBanus 3aeucumocten BER ot Ep/N, sensetca
rpacoudeckas cpega BERTool cuctemsl MATLAB. Ha
puc. 1 npuBeAeHbl XapakTepuCTUkM MaTpPoOUaHLIX KOAOB
(17, k, t) nan GF(2") c paanuuHoil ckopocTbio R npu uc-
nonb3oeBaHuM OuHapHoW pa3oBon MoOynAuuum (Kore-
PEHTHAA cUCTeMa C XKeCTKUM [AeKkoaupoBaHuem v aanu-
TUBHbIM GenbiM rayccoBCckMM LWyMoMm). 3TU rpaduku
YeTKO YKa3bIBaloT, ANA Kakux ckopocTen R 3(geKkTUBHO
MaTpPOMAHOE KOAUpOBaHUe. Tak, MakCUManbHbIA Bbiur-
pbill OT KOOWPOBaHUA ANA BER=10°, XxapakTepHoW ans
KoakcuansHoro kabens, gocturaeTca npu = 4 (cooTtseT-
cteeHHo R= 0,53) u cocraensiet 4 ab. (MaBecTHo, 4TO
KaabIi gononHuTeneHelid geunben 3BK paet B Honb-
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Puc. 1. 3asucumocmb gepoamHocmu owubku om
omHoweHus Ey/N, dns cucmem ¢ M-koduposaHueM.

Fig. 1. Bit-error probability versus Ey/N, ratio for sys-
tems with M-codina
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LUMX CETAX IKOHOMMUYECKMA 3(hcheKT B COTHWU MUMMOHOB
ponnapos!) [lancHelwee yBenu4eHue 3HaveHus f npu-
BOOMT K yXyALweHuo apchekTuBHoOCTU M-KoaupoBaHua.

NS CHUXKEHUS BbIMUCIIUTENBHBIX 3aTpaT NpU peanu-
3auuu onepauun ceepmiu, NPeanoXeH W peanvaosaH
anropuTM reHepauun cTpyKTYpbl MynbmunnuKkamopa Ha
KOHCmaHmy :

Algorithm for calculating matrix A=[a]m.m
Enter: constant C, field polynomial p(x) of GF(2™)
Qutput: matrix A
for ij=0 to m -1 do a0 Il initialize A
for i= 0 to m-1 do 1/l generate A
aw—C llcopy C to row i
ShiftLeft(C)
if degree(C)= m then C«— C® p(x) //bitwise XOR
end for

Matpuua A=[a;] oTpaXaeT CTPYKTYPy YMHOXWTens
Ha koHcTaHTy C: aj= 1, ecnu cywecTeyeT cBasb [ — j; a
npoTueHom cnyyae a;=0, rae i ecTe MHOEKC BXOQHOro
pa3psaaa, aj - BeixogHoro. [pyu ymHoXeHun Ha 1 maTpu-
ua A - 310 efMHUYHaA MaTpuLa, KOTOpPOW COOTBETCTBY-
eT CTpyKTypa MynbTUMNMWKaTopa, NpeacTaBneHHas Ha
puc.2, a). Ha puc.2, b) npeactaenexHa matpuua A U co-
OTBETCTBYKOLUAA CXemMa YMHOXuUTens Ha 9 Han, ronem
GF(2*) ¢ nopoxaatoLumm nonuHomMom p(x)=1+x+x".

B Hawem cnyyae makcumManbHO CNOXHaA cxema -
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Puc. 2. Cmpykmypbi ymHoxumenei Ha 1 (a) u Ha 9 (b).
Fig. 2. The structures of multipliers on 1 (a) and on 9 (b)

MynbTUNNUKaToOp Ha 7, cogepxuT 9 BeHTunern XOR, yTto
B 4 pasa npollie, Yem U3BecTHas KOMGHHELLHOHHSSI cxe-
Mma, cnoxmocm KOTOpPOW cocTaBnaer m? sentunen AND
mi1 S(m -m) seHTUnen XOR. A B cpegHeM, CNOXHOCTb
MYNbTUNNUKETOPOB [ANA NPUBEAEHHOro npuMepa co-
crasnseT 4,25 (Ha nopsgok meHbwe!) BeHTUnen XOR.

lll. 3aknoyeHune

CocrtaeneHa Simulink-mogens cucTemMbl CBSA3WM C
maTpouaHbiM koguposaHuem. MoaenwpoBaHue nNoO3BO-
NWNO YCTaHOBUTb FPaHWUbl KOOOBLIX XapaKTepucTuk u
OUEHUTL 3(PMEKTUBHOCTL NPUMEHEHUS MaTPOUAOHbIX
KOPpPeKTUpyloLWux kopoB. lMpennoxeH anroputm reHe-
paLuM onNTMManbHOW CTPYKTYPbI MYNbLTUNNIMKATOPOB Hagd
nonem Manya.
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Abstract — Presented in this paper is the analysis of code
characteristics for matroid codes and code gain at their use in
communication systems. Also, the algorithm for generation of
the optimal multiplier scheme over extended Galois field is
presented.

|. Introduction

A new class of nonbinary linear codes, called matroid (or M-)
codes, was proposed in [1]. Matroid codes have the same error-
correcting performances as Reed-Solomon (R-S) cyclic codes,
but the matroid-decoding complexity is less then for R-S codes. In
this paper matroid-coding gain is calculated. Also, the method of
generation the optimal structure of multiplier over extended
Galois field is presented.

Il. Main Part

Matroid (n, k, f) code on m-bit symbols exists for all n and k
in relation (1), where { is the symbol-error correcting capability
of the code, k is the number of data symbols being encoded,
and n is the total number of code symbols in the encoded block.
For matroid codes, the code minimum distance is given by (2).

Obviously, the coding gain of real-time communication
system is estimated by the ratio of bit energy to noise-power
spectral density, E; /N,, in decibels. Figure 1 shows a MATLAB
BERTool plot of bit-error probability (BER) as a function of E,
IN, for M-codes (17, k, t). The error performance over AWGN
channel with PSK modulation improves when symbol error-
correcting capability t, increase from =1 to {=4. Further, as values
t increases the error performance decreases. Thus, we can
conclude that the optimum code rate is about 0.5 for Gaussian
channel.

A procedure (see Algorithm) of reducing the multipliers
hardware complexity is proposed. The multiplication operation is
frequently used in the convolution operation over extended Galois
field GF(2"). The proposed Algorithm generates the optimal
scheme of multiplier that contains only XOR gates. Thus,
complexity of the multiplier is reduced about 10 times. In figure
2 the schemes of two multipliers over GF(2*) with p(x)=1+x+x",
generated by proposed Algorithm are shown.

In figure 3 presented is the interface of software that
generates the matrix A. Having matrix A, it is always possible to
restore the structure of constant multiplier.

ll. Conclusion

A Simulink-model of communication system with matroid
coding was implemented. An algorithm that generates the
optimal scheme for constant multiplier over extended Galois
field was analyzed.

7 Generate constant

Field polynomial:  1+x+x74

Degree‘l_j Constant: [7 H'_—_J Alpha™ i—-—ﬂ

Puc. 3. Mhmepgbelic 2eHepamopa mampuysb! A.
Fig. 3. Software interface for A matrix generator
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