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OAHa M3 OCHOBHblX n p o 6 n e ~  IlOCTpOeHMR MaTpOMA- 
HOrO KOAa FlBnSIeTCR nOMCK OAHOpOAHblX MaTpOMAOB u k  

HaA GFk(2m). &~CTBMTenbHO, AnSI HaXO)KJ@HMR U- 
MaTpOMAOB paHra k nOTpe6yeTCR, B o 6 u e ~ ,  nepe6paTb 

c ( k ,  n7)= c i L k  KOM6MHaqMfi BeKTOpOB. HanpMMep, 

Anfi cpMKcMpoeaHHoro m=4 MMeeM cneAylouMe 3~acle- 
HMSI n e p e 6 o p ~ o h  cnomtiocm: ~ ( 2 ,  4)= 1.75. IO', ~ ( 3 ,  
4)= 6.535. 10'' M c(4, 4)= 8.436.1033. AnR IlpaKTMcleCKM 
BaXHblX Cny.laeB, T.e. 6 o n b u r ~ x  m M k, nOMCK O,QHOPO,Q- 
HblX MaTpOMAOB nepe60pHblM MeTOAOM CTaHOBMTCR 
HeueneCOO6pa3HblM (M3-3a nOnMHOMManbHOh CnOXHO- 

OAMH M3 nOAX0AOB YMeHbUeHMR "nepe6op~o8 
CTM 3 a ~ a c l ~  nowclta)! 

CnoxHocTd' - M C ~ O ~ ~ ~ O B ~ H M ~  TexHonorMM XadHblX an- 
TOPMTMOB. flPMMeHMTenbH0 K 3aAacle nOMCKa U- 
MaTpOMAa "XaAHOCTb" 6yAeT npO5lBnRTbCR B (nOKanb- 
HOM) nOMCKe HOPManbHblX 6asucos OrpaHMqeHHOi AnM- 
Hbl [4]. PaCnpOCTpaHMM IlOHRTMe HOpManbHOrO 6 a w c a  
Ha none MHOrOclneHOB GF'(2'") M Ha30BeM T a K O i  6 a 3 ~ c  
paCluUpeHHblM. PaCWMpeHHblh HOPManbHbl8 6 a 3 ~ c  
(PH6) MMeeT BMA: 

(4) 
rAe y - nopomdamu(u0 (npu~umus~b i i i )  a n e ~ e ~ ~  n o m  

CBOAMTCSI K s a ~ a l r e  noMcKa PH6, CnoxHocTb KOTOPO~ 
onpeAenReTcn MoutiocTblo ceMeAcTBa UmnoKnaccoe 

{$, qr 4 ,..., fi9 e= 22k-', 

GFk(2m). TorAa 3aAacla nOMCKa OAHOpOAHOrO MaTpOMAa 

BMAa (4). 
B HMXeIl P M  BeAeH H O i  ~ a 6 n  ML(e IlpeACTa BneH bl 3Ha- 

cleHm w c n a  L(MmoKnaccoB AnR Tex cnyclaee, KorAa B 

COOTBeTCTByloueM BeKTOPHOM IlpOCTpaHCTBe HaA 
GFk(2m) CyUpCTByeT PH6. CHMBOn 0 yKa3blBae-r Ha 
OTCYTCTBMe PH6, a CMMBOnOM 4 OTMecleHbl Cny.laM Ha- 
nMClMR P H 6  B OrpaHMcleHHOM ~Mana3oHe ~MKnOKJlaCCOB 
(M3-3a HeXBaTKM PeCypCOB 3BM). 

Yucno yu~no~naccos U zpa~uybi cyu(ecmsosa~u~ 

Numbers of cycloclasses and the bounds of 
uniform matroids over GFk(2"') 

OdHOpOdHblX MampOUdO6 Had GFk(2"') 

npeAn0XeHHblfi cnoco6 nOMCKa U-MaTpOMAOB Ha 
HeCKOJlbKO #?CRTKOB IlOpRAKOB MeHbWe, CleM nOMCK 
IlPRMblM nepe6opo~. 

111.3awrto~e~~e 
B p a 6 o ~ e  npe,QCTaWleH MeTOA nOCTpOeHMR MaTpO- 

MAHOrO KO@, t l O 3 B O n R l O ~ M h  BOCCTaHOBMTb MCXOAHOe 
c o o 6 u e ~ ~ e  npM noTepe AO nonoambi n e p e g a w o i  MH- 

cpOpMaL(MM. 
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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. 

I. 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 [ I ] :  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 ~2%. 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. 

II. 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 
GFk(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. e. 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 Uk over GF"(2"). As an example of the 
obtained Uz 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(Zm). The combination of 

C i k  linear-independent subsystems (LIS) generally has a Uk- 

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 %. The known cluster-correcting codes 
have smaller values of p and R [I, 31; however, such performance 
is difficult to achieve. This is because the search for a Uk-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 0 
denotes the absence of U-matroids, and the symbol d denotes 
occurrences of such matroids within a restricted range of cyclo- 
classes (due to insufficient computer resources). 

Ill. 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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