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Ta6nuya 1 

Table 1 
Ynntioxetiue no Modynm p(x)=l +x+x4 

Multiplication mod p(x), p(x)=l +x+x4 

2 4 6 8 1 0 1 2 1 4  3 1 7 5 1 1  9 1 5 1 3  
3 6 5 1 2 1 5 1 0  9 1 1  8 1 3 1 4  7 4 1 
4 8 1 2  3 7 1 1 1 5  6 2 1 4 1 0  5 1 1 3  
5 1 0 1 5  7 2 1 3  8 1 4 1 1  4 1 9 1 2  3 
6 1 2 1 0 1 1 1 3  7 1 5  3 9 1 5 1 4  8 2 
7 1 4  9 1 5  8 1 6 1 3 1 0  3 4 2 5 1 2 1  
8 3 1 1  6 1 4  5 1 3 1 2  4 1 5  7 1 0  2 9 
9 1 8  2 1 1  3 1 0  4 1 3  5 1 2  6 1 5  7 1  

PUG. I .  6 n o ~ - c x e ~ a  Kodepa M-Koda c g(x)=l+x+x‘+2x3 
Had cF3p4) U p(x)=l+x+x4 tiad GF(2) 

Fig. 1. Block diagram of M-coder with g(x)=1+x+x2+2x3 
over GF{z4) and p(x)=l+x+x4 over GF(2) 
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PUC. 2. A u a 2 p a ~ ~ a  nocnedosamenbuo- 

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

napannenbuoeo deKOdUpOeaHURM-KOda 

HeHTbl XI, Xp M X3 BXOAHOrO CnOBa X YMHOXatoTCR H a  CO- 
OTBeTCTBylOuMe MyJlbTMnnMKaTMBHble K03Ct)Ct)MuMeHTbl, a 
nOTOM CyMMMPYtoTCR no MOAyn to  p(X); H a  BblXOAe M- 
KOAepa  M M e e M  KOMnOHeHTbl BeKTOpa V. YMHOXeHMe 
BblnOJlHReTCR aCMHXPOHHO. A J l R  3TOr0 p a 3 p a 6 0 T a H a  
MeTOAMKa, nO3BOnRtOuaR CBeCTM CTPYKTYPY KOM6MHa- 

UMOHHOh CXeMbl YMHOXMTenR, CnOXHOCTb KOTOPOh no- 
PRAKa O(m4), K CXeMe C HeCKOJlbKHMM BeHTMnRMM XOR. 
H a n p M M e p ,  YMHOXeHMe KOMnOHeHTbl X'(X1, Xp, X 3 ,  X4) H a  

2 no MOAynlO p(X) 6 y A e T  BblnOnHRTbCR no CXeMe: X i t X 4 ,  

A e K O A e p  M-KOAa AOJ lXeH BblnOJlHRTb 6onee CnOX- 
H Y O  @yHKUMto, a MMeHHO, paCn03HaTb  OUIM~KY B IlPMHR- 
TOM BeKTOpe V M Bb16paTb nOACMCTeMy JlMHehHblX YpaB-  
HeHMh, HeO6XOAMMblX a n R  BOCCTaHOBneHMR MCXOAHblX 

X Z ~ X ~  XOR ~ 4 ,  X 3 t X 2 ,  ~ 4 t ~ 3 .  

c w M B o n o B  x. B o 6 1 4 e ~  cnyqae, AeKoAep A o n x e H  pacno- 
A 

3HaTb  OAHY M3 Cci, 0 ~ ~ 6 0 ~  BeKTOpa V. B I l pMBeAeH-  

HOM n p M M e p e  AOnyCTHMa o w ~ 6 ~ a  KpaTHOCTM 3; nto6a~ 
nOACMCTeMa M3 3-X YpaBHeHMR CMCTeMbl (2) MCnpaBMT 
OUIM~OCIH~H) KOM6MHBUMto. n p M  IlOMCKe KOppeKTHOrO 

elk IlOACMCTeM JlMHehHblX YpaBHeHMh. OAHMM M3 CnO- 

~ 0 6 0 ~  OnTMMM3auMM IlOMCKOBOh n p O u e A y p b l  FlBflReTCR 

I 4  

peluenm MOXHO nepe6pa~b (B HaMxyAueM cnyqae) 

n p e A c T a e n e H M e  M e p a p x m  peluewh B BMAe 6yne~oh 
p e w e w .  TaKOe n p e A c T a s n e n M e  n o 3 ~ 0 n ~ l e ~  y n o p R A o -  

OUIH~KM. Ha p ~ c . 2  n p e a c T a e n e H a  A M a r p a M M a  nocnedo- 
eamenbuo-napannenbuoeo ae~oduposa~u~  Ann aHanM-  
w p y e ~ o r o  npMMepa ;  c T p e n K a  H a  A M a r p a M M e  0 3 ~ a q a e ~  
nepexoa K cneAytoqeh rpynne AeKoAMpyeMb ix  (npoee- 

W T b  l lpOl\eCC Bb l6Opa  nOACMCTeM YpaBHeHMh M COKpa- 
TMTb (pi0 MMHMMYMa) ClMCnO UlarOB paCflO3HaBaHMR 

PReMblX H a  KOPpeKTHOCTb) YpaBHeHMfi, eCnM 0 6 H a p Y X e -  
H a  o l u ~ 6 ~ a ;  npepblBMCTaR CTpenKa  yKa3b lBaeT  H a  OUIM- 

60q~yto KOMnOHeHTy. H3 AMarpaMMbl  CneAYeT,  ClTO Haw- 
6onee TPYAHO06HaPYXiHMaR (M, COOTBeTCTBeHHO, TPYA- 
HOBOCCTaHaBJlMBaeMaR) RBnReTCR OAMHOqHaR O U I M ~ K ~ .  

111.3a~nlo~e~~e 
npeAnOXl teHbl  M MCCneAOBaHbl 3@@eKTMBHble CXeMbl  

KOAMPOBaHMR M AeKOAMpOBaHMR MaTPOMAHOrO KOAa. 
KOAMpOBaHMe M AeKOAMpOBaHMe nPOM3BOARTCR aCMH- 
XPOHHO B pe"e p e a n b H o r o  BpeMeHM. 

IV. CnHcoK nnTepaTypbi 
[I] 6op~qeeuv 6. M., OneGUUK 6. fl. MaTpOHAHble KOAbl - HO- 

Bbla nOflXOA K 3aUHTe HH@OPMal&lM E KOMnbloTepHblX CHC- 

TeMax. - Acta Academia, 1996-1 997, 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. 

I. Introduction 
Matroid codes were in [I], 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 encodeddecoder elaboration for the matroid 
(M-) code in its "pure" form. 

II. Main part 
The functioning of M-code encoder (or M-coder) is defined by 

v= x 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 GFk(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 k x n  ma- 
trix A represents a corresponding uniform matroid Ukof 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(z4) 
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 GF3(24). 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(z4). A method of optimal multiplication implementation 
was elaborated. As a result the multiplication scheme consists 
of some XOR gates. For the example above the multiplication 
of the vector's x component x=(xI, x2, x3, x4) by 2 mod p(x) will 
be performed as follows: xlCx4, x Z t x l  XOR x4, x 3 t x z ,  x 4 t x 3 .  

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). 

Ill. Conclusion 
Efficient schemes of the matroid code encoding/decoding 

are proposed and analyzed in this paper. Encoding and decod- 
ing are asynchronously performed in real time. 
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