
XAPAKTEPL4CTI1KM CMCTEMbI CB5131
C MATPO:4JHbIM KOALPOBAH14EM

60gJqH F. K., JyHa Ji. 0.
TeXHUL4eCKUUi yHueepcumem Mondoebl

yn. Wlm. Lien Mape 168, KuwuHee - MD2012, P. Mondoea
men.: +37322-237505, e-mail: gbodean@mail.md

AHHoma4uRu- npiKBegeH aHlJar3 KOAOBbX xapaKepuCTuK
MaTpOUI4)HIbX KOppelC"py- "X KOgOB 1 3HepreTM4ecKorO Bbl-

i4rpliwa OT npiMeHeHms 3TKX KOAOB B c4crTemax CBM3W. Tame
npeAcTasneH aJlroptTM reHepatrn OnTMaMbHOM CTPYKTypbl
yM-ioxKTene1 Hag paCWKUpHHbiM noneM ranya.

1. BoeeeHme
np44oLAeHKe Ka4eCTBa CKCTeMbir CER34, coAep)KauLeK

yCTPO=CTBa nomexo3aueHHrO KKOAMPOBaHH M Ae-
KO,AUpOBasHKS (odeKu), np4HS;TO 4cnonf3OBaTb OTHO-
WeeHie cpeAHei 3Hfeprlm Ha 6UT KHCOPMaLtL4K K cneK-
TpanbHo0i MOL4HOCTU wyma EbINO. CpeAw W3BeCTHbIX
Hed6OuYHbIX MeTOAOB nomexo3aueHHoro KOA4pOBa-
HKSI caMbIMI nfl0lWpHbIMK K BbICOKO44eKTMBHb6MM
ABJ1IIOTC.q KOgbI PUAa-COnOMOHa (PC). OAHKM 43 "cna-
6bIX MecT" PC-KOAOB - 3TO cnrOPUTM AeKop4poBaHL4F K
CnO)KHOCT ero peanJ3aL4K. I3BeCTHO, 4TO C10)KHOCTb
AeKOAMPOBaHI PCKOAOB He npeBOCXOA/1T BenJM1HHbi
O(n log2n) U 3aBKCHT OT CJ1O)KHOCT4 BbI4mCneHAS;
ceepmKu B nonsx raciya.

B pa6oTe [1] npegnO)KeH m OnUCaH HOBblM Knacc nu-
HeUHbIX KOAOB, Ha3BiHHbIX MampoU(HbiMU. MaTpoug-
HbIe (mww M-) KOgbI He yCTyfnaIOT, no Kopp puem
cnoco6Hocmr, KoAaM PC. AnS M-KO/OB pa3pa6oTaHbl
aJcl1rOPTMbI KOUpOBSaH1R K AeKmpoaHUR [2]. riaro-
Aap caoei nmHeimHocT, annapaTHas peanM3aqms; KO-
AeKa M-KOgQa npoL4e, 4eM Ans PC-Koga. B AOKnaAe
npsoA,KTcS; pac'eT B6I4rpblwa OT MaTPOUAHOrO KOg4m-
pOBaHMSl, a TaioKe npegcTaBjieH MeToA nocTpoeHI45 on-

TKMmanbHOA CTppKTypbI YMHOWTenek (MynbTmnnmKaTo-
pO) Ha KOHCTaHTy, 14CnQOb3yeMbIX npM BbI44cji,eHKX B

p8acwupeHHbIx noJTRx ranya.

IL OCHOBHaR 4aCTb
06bi'"Hb;i MeTOA onpeAeneHHq 3HepreTH4ecKoro

BblKpbiW8 OT KO0APOBaHL4I (3BK) COCTOKT B cpaBHeHKU
rpa4wlKoe, noKa3biBai0LJ.MX 3aBcKMGCThb BepORTHOCT4
o0Wt6K1 OT EbNo Alns c4cTreM 6e3 KoAt4poBaHHq K C KO-

Ap9BOaHmeM, C nocnegyiouLM onpegeneHmem pa3Ho-
CTU 3Ha4eH4t4 EbdNO npm AaHHOH Be6OATHOCTM OWK6K4.
MaTPo,gHbIe KOgbf - 3TO HeaouqHbIe nuHeuHbIe 6no-
KOpebi (n, k) KOAbi, nOCTPOeHHbie Hag paCawpeHHbIMM
no.ns;M4 ranya GF(2m), rAe n - Nmcno CUMBOnOB B KO-
g0B0M cnose, k - 4Kcno HCXOAHbIX (WH4copMaaMOHHb1X)
CKMsOnOB Ha Bxoge Kogepa, m - pa3P;AHOCTb CHMBO-
1lO0. M-KOgbI C napameTpamU (n,k,t) CyXLeCTBY10T AnS
Bcex n K k TaKK4x, 'TO:

t=(n-k)div2 npKn. 2m+1, (1)
rge t -KpppKTpyouas lnOCo6HOCTb Ko/ga, Bbipa)KeH-
HaSF B C4MBOnax. Me*gqy paCCTOJqHmeM X3MMKHra dmin 1
napaMeTpoM t cO6mogaeTCs t43BeCTHO6 COOTHOWeH4e:

dmin= 2t+1 ilm dmin=nfk+1. (2)
npt4segeHHbje ypaBHeHKFI (1) 14 (2) ycTaH-aBni1BalOT

T.H. apaHUL4bI onl KOdoeoSo paccmofiHuu MaTpOUAHbIX
K00B C 3magHHblMK napameTpamm (n, k, t) HaA noneM
GF(2m). JlerKo BK/geTb, 'ITO MKHHMmaIbHOe PaCCTOfHKe
dmin nlpqMO npnOp14KOHanbHO (cO 3HaKOM MKHYC) CKO-
pOCTK KoA4a R= kin.

JQpyroi Knacc rpaHI4 - 3TO rpaHKLAbI gJ,J1 K00O6bIX
xapaKmepucmuK. AFirOpKTM geKOgKpOBaHK51 M-KogOB
F1BnJqeTCFI aJ"rOPKTMOM C OapaHULeHHbIM paccmo0lHueM,
T.e. HK OgHa KoM6mHaL145s M3 6onee t owv'6oK He Kc-
npaBnJIeTCR. AM5 TaKKx anropJ0TMos BsepOTHOCTb oTKa-
3a OT geKogKpOBaH45;, npf nosBneHKK B KogOsOM CJlOBe
6onee t OwK460K, MmeeT 6epHynneBcKoe paCnpegene-
HKe. C gapyroA CTOPOHbl, Ha BePOSTHOCTh OW6KM Ha
6UT (BER) Bni1KFIOT OTHOWeHmq EbNo. fly4wei c4"wTaeT-
c.q Ta cKcTeMa, KoTopasl gocTuraeT xenaemoro 3Ha'"e-
HK5R BER npm MeHbWeg nepegaBaemom MOULHOCTK ne-
pegaT4mKa.

Jns cpaBHeHus AByX pa3nK4HbX cxeM nepepa4m
cmrHa.nOB KCCnegyJOTcS rpacj4mx 3aacmM0CTK BER OT
Tpe6yeMblx OTHOWUeHI4m EbJNo. MOUHbIM CpegCTBOM GC-
C1e,O,OBaHKF 3aBKaCMOCTek BER OT EbdNo q8JngeTC$
rpaCPUMeCmas cpega BERTooI KCTeMbI MATLAB. Ha
pKc. 1 npKBegeHbI xapaKTepKcTMKK MaTP0KgHbIX KOAOB
(17, k, t) Hag GF(2 ) c paw3nKHOi CKOpOCTbio R nptU KG-
nonb3OBaHtHK 6WHapHO4 4oa3oBoA MogynsJ"1mK (Kore-
peHTHas CmCTeMa C )KeCTKKM geKOgKpOBsaHeM K aggu-
THBHbIM 6eJlbIM rayCCOBCKKM WyMOM). 3TK rpac4KKK
4eTKO yKa3biBalOT, An KaKKX CKOpOCTeA R 344UeIKBHO
MaTPOAHOe KOgKpoBaHme. TaK, MaKCHMclnbHbIt BbiKr-
PbIW OT KOAMpOBSaHKF As BER=10, xapaKTep:HoA AJ
KOaKCKa.nbHorO Ka6ens;, gocr4raeTCS; npf t= 4 (COoTeeT-
CTBeHHO R= 0,53) K cocTaBnqeT 4 A6. (kI3secTHo, ITO
Ka*)KJ,bIA gononHKTenbHbC. getA6en 3BK AaeT B 6onb-

Puc. 1. 3aeucuMocmb eepoqmHocmu OWU6KU om
OMHOwueHu5 Eb/No dnm cucmem c M-KodupoeaHUeM.
Fig. 1. Bit-error probability versus EL/No ratio for sys-

tems with M-codina
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WI4X CeT5X 3KOHOMM4eCKr4U 30cjeKT B COTHU4 MUIJ1J1OHOB
gonnapoB!) JQanbHek1wee yBenwieHt4e 3Ha4eHH1I t npw
BOAUT K yxygweHIO 34XceKTWBHOCTW M-Kogt4poaaH14s.

AMi CHI)KeHH1 Bbs4mcnJTenbHbIX 3aTpaT npu peanJ-
3a8L,m onepat,nm ceepmKu, npeAnoNxeH u peanr3soaH
anropiTM reHepaiqwt CTPYKTypbl mynbmunnuKamopa Ha
KoHcmaHmy:

Algorithm for calculating matrix A=[a]mxm
Enter: constant C, field polynomial p(x) of GF(2m)
Output: matrix A
for i,j=O to m -1 do a,p-O 11 initialize A
for i= O to m-1 do 11 generate A
a,r C //copy C to row i
ShiftLeft(C)
if degree(C)= m then C4- C@E p(x) I/bitwise XOR

end for

MaTpmiLa A=[aij oTpaKaeT CTpyKTypy yMHO)K4TeJ1q
Ha KOHcTaHTy C: aij= 1, ecnu cyulteCTByeT CBq3b / -+ j; a
npOTLBHOM cny4ae aq=O, rge i ecTb 14H,eKC BXOgHoro
pa3p5gAa, a j - BbIXOgHoro. np4 yMHO)KweHM Ha 1 MaTpH-
La A - 3TO eg4HH4HaS MaTPHLAa, KOTOPOU COOTBeTCTBY-
eT cTpyKTypa MynbT4nrinKaTopa, npegcTaBneHHaS Ha
pi4c.2, a). Ha pHc.2, b) npegcTaBneHa MaTpML4a A u co-
OTBeTCTBYIOXaq cxema yMHO)KWTenJ Ha 9 Ha; nonem
GF(24) c nopo*KJaiouAwM nonJHOMOM p(x)=l +x+x4.

B HaweM cny4ae MaKCLmanbHo Cno)WHa9 cxema -

x 9xl

a) b)
Puc. 2. CmpyKmypbl ymmwumeneO Ha I (a) u Ha 9 (b).
Fig. 2. The structures of multipliers on I (a) and on 9 (b)

MyJ1bTmnnL4KaTOp Ha 7, cogep)KHT 9 BeHTWneig XOR, qTO
B 4 pa3a npouLe, qeM 143BeCTHaq KoM6mHaL,IoHHas cxe-
Ma, CnOKHOCTm KOTOPOIi cocTaBnqeT m BeHTuneIi AND
u 1,5(m2-m) BeHTwnek XOR. A B cpegHeM, CnO)KHOCTb
MynbTWn1nKaTOpOB gnq npBsegeHHoro npmmepa co-
CTaBnFleT 4,25 (Ha nOpRAOK MeHbwe!) BeHTJnegi XOR.

111. 3avnFo4eHme
CocTaBneHa Simulink-MoP,enb CUCTeMbl CB913M C

MaTpOUgHbIM KOgNpOBaHi4eM. MogenWpoBaHwe nO3BO-
m4no ycTaHoBI4Tb rpaHuL4bI KOOBbIX xapaKTepH.cTHK 1

OLAeHt4Tb 3cpX$eKT4BHocTb npMmeHeHMA MaTpOIgHbIX
KOppeKTmpyouAwx KOAOB. npeJro)KeH anropL4TM reHe-
paL4 onTMMaflbHOA CTPYKTypbl MynbThnnfKaTopOB Hag
nonem ranya.
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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.

1. Introduction
A new dass 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.

11. Main Part
Matroid (n, k, t) code on m-bit symbols exists for all n and k

in relation (1), where t 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, Eb INo, in decibels. Figure 1 shows a MATLAB
BERTool plot of bit-error probability (BER) as a function of Eb
/No for M-codes (17, k, t). The error performance over AWGN
channel with PSK modulation improves when symbol error-
correcting capability t, increase from t=1 to t=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(2m). 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(24) with p(x)=1+x+x4,
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.

111. 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.

Puc. 3. l4HmepqceCc eeHepamopa mampuubi A.
Fig. 3. Software interface forA matrix generator
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