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Spotty Byte Error Control Codes
2l gEt #]wR —t R T
Toshihiko Kashiyama Kazuyoshi Suzuki Eiji Fujiwara
1. Eifﬁ% Vel7627'"762k762k+17"',62k+j € EL/b with €1 %
WRT A A, KT 4 A, FHEATY, SOAEY €2, ", e2k—1 F €2k
SAFARBNT, RREONA MRV ERBETBHE o o BT e BT 4. T
& LT Reed-Solomon 55 (EAF, “RSHH” LFT ) () Sia Z“'f e€2d 1H€22E+ o ey 7o b
MERSNTND [1]. N1 MDA bz L2 SRR
FTRTOBMODERTOICHL, FRifL, N MPICELCS ZEL, 1,40, ,04-1(0 <dg,in, -+ ,40-1 <n—1) 13

PEDE Y MR EARY F 4 N1 N EFRL [2)[3],
TORHDOROEHFENREIN TS, Thbb,
ARy TFANA FED &R, bEY bEFTBENA b
ICEUS t(<b) Ew RUUFO#ED (BUF, “4/b8b”» &
I B)THD, B—ARy T4 /N1 MNROETET 5
HEBREINTNS [2][3].

AR T4 NA MR OHAEMNAE E LT, DRAM
Fy S ICBIBEONBITENS. T4, DRAMFv S
IZEWI/OfE (N1 FEb=28,16,32EY b)) 2&DL>S
2720, SBARBRIECHEEERFICL D ERDS >
LEY RRODELCDTV. INHERDT I LEY
FEDI, ®%2,3EyY MEETHD, EDRAMFv 7/
PYPBEANCHSI TH D ONA FAIEEINS. Lo
T, INEDRVDEKIFIARY T4 N1 MRV TH Y,
AR T4 NA BRO GIETFBIIMERD /N MR D HIEH
RBIHRTRKIBAREY v FOHIENHETE 3.

AR TIE, GF(2°) LOR/NESE (LA, “BEAE 0
EMTD)EHITDHARY T4/ FRDHIHRS 2R
£95. ZM'%F:L; b/2 <t <bIZBWT, WEBEd 2H
95 RSFHFHII—HT 5.

2. ARyT 4N/ FBRUBHFS

2.1 %%
ETELOEYRMSRBINAMIt1<t<) EY D
UTORONGFETHEE, TOBRDEARY T4 INAT
RRYD, 3 t/b B0 EHRT 5. 0

FE1H(O0<i<n-1)%RxbDEATH&EL,
H = [HOH1H2H3~ "Hn-—l] ETB. iz, Et/b = {6 €
GF(2%) | 1 < wi(e) < t} #TRTO /b RO DEAE
T5. I2EL, we(e) 3T Mle DNV TEATH
5. ZOLE, HEREdERETDARY TN FROHI
HEBOBLBETRREIIUTORTERINS.

(i) (e1 +e2) - HE + (e3 +es) - HL + -+ + (e2p-1 +
eax) - HE # o for Vk € {k|2k < d - 1,k >

1}, Vei, €2, - ,eq-1 € E,, with e; # ez, e3 #
€4, -, €ak—1 F €2k

(i) (ex + e2) - HY + -+ + (eap—1 + eax) - HL +
eskt1 - Hsz“ + IR 7T Hg;ﬂ, # o for

Vk,j € {kj2k+j =d-1k > 1,j > 1},
THRE TR RERERE T 2R
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TRTRAY, 0=(0,0,---,0) TH5. O
FHR1IZI-1HEUTOARY T LN PRODI R
O—AfMNo ERSHBNWIERRTIETIHEHATES.

(FM7EEEIEIAR— A DBEREN S88Y 5. AT, )
TR 2 B dEFETLARY T4 N1 FROBIE/FS

BB ED (d-1)t Ey PORERZAT 5. O
EH 2 IEHE 1 ITRTLETRERELD, RETHIO
(d— 1t BIPBRBMITHD I EKDIHTES.
TE 3 B dOATFROLE, HERNEY N, RER
REY FEETZARY T4 N1 MRV GIEFSIEZLT
DERR Z T

(d—1)/2 t J
- IN/b] -1 b
=2 (MI{E0)
(d— 1)/2 1 ¢ J

[N/b] -1 b
o (M0
i=1
mm(t,N—b(t'N/b]—l))
N —b([N/b] — 1)

ZZT, [z 3z AETHS5ENDOBH, min(z,y) &,
z<yNDEEmin(z,y) =z, z >y DEZ min(z,y) = y
EERY.
FE3ZE(d- 1) 2BUATFTOITNTORARY F 4 N1 b
MDD RO—LMNERRD I EICKVEARATES.
2.2 MEBEUE
FE 2 H =[hg by -+ hj_,] ZFBEB min(2¢,0) ZHT
BrxbiFFlETH. TIT, bk, bl X GF(27)
EDOFRT ML THS. ]

min(2t,b) = b D& E, 175 H' i3 b ROERFTH (b K
DEMIFHEEE) THSH. —F, min(2,b) =2t D&
=, 75 H'\3GF(2) LONI > /il 2t +1 BT 5
(b,b—7) 8, bttty MEUTEHSORER
Fi&ies., LTOEMBIE, EE2IORLAZH Z2HNWT
R LB d2HT5 ARy T4 N1 MROF#EGS
DRETHERT.
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H/ H/ H/ Hl H/ H/
H - 'YOHI ,YlH/ ’72H' 73H’ '74H/ ’YSH'
- ’YOH' ,YQ H' ,Y4H/ 76H' ")’8H’

,YOH/ 'YBH, 'YGH, 'YQH/ ’leH’

,},IOHI ,YIZHI ’)/14H/ 7161{/ ’Ylng ’yZOH’
’}/15HI ’)’ISHI ’)/21H/ 724HI ’)’27H/ ,YBOH/

H/
’710H'

HI
,YQH/

H'
,.YSH/

H'
,Y6H/

H’
,Y7H/

THE4yEGFQ)ORMBILET S, HREdERL, D
DREER=A-1rEvybh HTHEEN=b-(2"-1)
v hEHTEARY T4 N1 MR G ORET
FNILLFICRENS.

H' H' H'
’YOH/ ,ylH/ ,Yn—lH/
H = ’)/OH’ ,),QH/ 72(n— I)Hl
,YO'I_I/ ,Ydf.zH/ ,Y(d—2)(-n—l)H/
ZZT, n=2"-1,

YH =] ~hy 7'h) Yhy, ],0<i<n—1

a

FIE 4 IRETH H NER LIORTBE & E2
WRTHIEERTIETIHATES. b/2<t<bHIZ
BWT H 13 b0ROERKTHIE/RD, H % bROEAT
FETBHE, EHAITRTHFIERS FHEIT—HT .

T 5 FHAICRITHRECLAGSORBEETRIZ
t
R> [logz (2 (b)ﬂ -1
TEINS.

=0

RIS 13 ORER O TR [log, (0 ()]
RIN, (d-1)BEEBRTHLIENSFHATES.

BEHELT, d=5, b=8Ewh t=2Ev N 1§
HWEK=64y FOEMHEL2ERAR Y T4 /N1 RO
iTIE (Dy/sEC) HHORETHER (1) IRT. ZIT,
v IFEHZEK p(z) =2 + 2+ 1 TEERS NS GF(2°%)
DEMIT, H U TICRTWE 452495 6 x 81751
THA.

O

4 ,),5 ,),18 v

10000010
01000010
00100011
00010011
00001001
00000101

FHREK =64y FNOES, HBid =5D RS H=
TIHREER=32EY N ¥ A4EY FROITIE
BCHASTIIREE R=28Yy MY EETHDITH
L, AEEIIREER=UEy NTHRTZ3.

Kz, WEAR YT N1 NROHIETEORETH
R

H=[1 7 4% ¥ 0 ]
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FE 6 R>(d-1)r D (R-r) % (d—2) DfEHEL,
v % GF(2R-N/@-2y pFEthILET 5. HEBEdEHL,
PORERREY b, BEEN = p(2F-1/0-2) 4 1)
'y bEETZ2REEARY T4 N1 MR GRS
OBRETHIEIUTIOREND.

H =
H H H H' O
’YOH' ,YIH/ ,Ynlel O O
,YOHI ’YQH, ,72(n~1)Hl O O
,YO.I_I/ 7‘1_'21-[’ ,y(d—2)(;z— Dy O ,YO‘H/
2L, no= 2R/

’yz(p(h?}—l) ] s
0<i<n-1

¢ : GF(2") — GF(2(B=m/d=2) 13 ik iz BE3 % HE ] &Y
ER. , o

TEH6IIEH 4 EERRICGIBATE 5. £/, FHA4ITR
TRE LR, b/2<t<b DD (R-71)/(d-2)=1(TF
bt R=(d—-1)r) DEZE, GF(2%) LD 2 kKRS
BB KT 5.

M1icd=5 b=8Ew hOBAITHBITD2EARY
T4 N1 PERDETIE (DysEC, t = 2 £21X3 Ew k)
5, RO 2&ENAT MRDETIE (DsEC, 4<t<8Ew
M BEICBT L ERESREEDOBIRETRT. IIT,
PRA IS 2, RUOEMIICRIBATHS.

d=5 b=16Ey hOEE, FzE, t=3Ev
EHREK =256 Ev h&ETBE, RSTHFFTIRREE
R=64Ew b, S2FA6EY FRVITIEBCH/FET
BBEER=54y MMEITHDIIHL, AFFIE
BREER=4Ey N THRTZ5.

23 &S

FHAITRLEARY T4 N1 FMRAOHIEGSOES
HBERT. v 22558, c2FEE, e 2RO ML E

T5HE, RO—-ASIEUTOXIICEREINS.

YH = ¥o(hy) ~Yo(hi)

S

[s1 s2 s3 Sd-1 |
v-HT =(c+e)-H =e-HT

ZZT, 81,582,583, ,8d—1 EGF(?T) ENnEnrey b
DIFNT MV THB. BIZIE, ZIEBv Dy, iz, -, ip B
HONA MZZENT e, €2, -, €, EGF(2°), wr(e;) <
ti = 1,2,---,p DARY T4 NA FBROBELCE
THE, vrRO—-LER (2 KWREN5B., ZIT,
e1 - HT e - HT, - e, - HT €GF(2") 22T
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40
406
35+ 07
| =48 DsECH ¥ 204 0
i vh) -
aot 208 .77
| = DysECH 5 10 I il
= 1151 S 3 et
LK t 1 3618
o5t =2 Dy/sECTH 55 87
£
20r N -t ST
RS-t S
33 o
Lo = E
15 46 D2/sECHR5% Dy ECHRS
32 64 128 256 512 1024 2048 4096
Mk K

1: B d =5%2H9 5 D, sECHE, KU DECHBICHBIT HEME LRERDBER

€1~HlT+€2-H’T+"'+€p-H’T r

’7“61‘HIT-}-’)’ZZGQ'H/T-F"'+"/i”€p'HIT
S = 721161-H'T+’y2i2€2~H'T+---+’y2i”6p'H’T

N@=Dirg, | {IT | (=i, HT 4. 4 y@=Ding . T

¢} eh,- e, €GF(2T) ETBHE, R (2) KRTL UK
O—-ARFOLS icEE 5.

S:

FEH 6 IRLEBEARY T2 N1 FMROKIEFS S
I L THEBTES.

3. R

Cepteptote g AWML TIE, GF(2Y) Eo&/NEREd 2835k
Yley+ ey + -+ e, LIZAR Y T4 N1 RO KR 5O RIE, RUOES
y2rel + y¥2el 4 .. 4 el (3) EERELE. RO RSHFEFEHEL, DPRVREE

,),(d—2)i1 ell + ,y(d—Q)iz.e/Q 4+ . 4 ,Y(d—2)7;7,e;7
K@) IKRT> > ROo—Al, GF(2") EORSKHEILS

THARTE, 8,16 £y FOAMIEAT S DRAM £F
BERLLBEATY S AT A BRTRETSS
72, T 3 BB IR d BB E DIIRR OB
25 B OMETS 5.

WT, dyia, -6y BEDNA MCZAER e el - ¢! ‘
DBV BEDY > FO—LhE KT 5. koT,  BEXM

X (3) DBIRY DB 41,49, ip KGF(27) LD
DT =2 e, ep, e, ZROBZENTED. dAVh
SNFEE, HATHOERBOA THER TE 5 5ESE
4 ZAWSHZENTES. LML, SFESEIXERE
d, BRUOBFBENNPRELRDLEBRBENKEL 2SR
BRBD. TIT, dDBREVWESE, N—Lh T3y
A B IR EDERERBEERNS.

RIZ, GF(2") EDBO T =2 el eh, - e, £ D
GF(2b) LD XY — ey e, e, ZEHT B, H’
RS min(2t,b) DITFI, T7xbb t By FROITER
BORENTHITHS12D, e - HT =¢f, ex- HT = ¢},
co,ep- HT = ¢! DBUEA S GF(2¥) LDRED /85—
1,62, ep T RICEDDZEMNTES. e1,e9,-++,¢p
ZROBHEEE, N1 hEbL=8,16 Ev FEETHN
i, BREPETIIAREAAOREKTRETEZS.

[1] T. R. N. Rao and E. Fujiwara, “Error-Control Coding
for Computer Systems,” Prentice Hall, 1989.

[2] Ganesan Umanesan and Eiji Fujiwara, “A Class of
Codes for Correcting Single Spotty Byte Errors,” IE-
ICE Trans. Fundamentals., Vol. E86-A, No. 3, pp 704 -
714 , March 2003.

[3] G. Umanesan and E. Fujiwara, “A Class of Random
Multiple Bits in a Byte Error Correcting and Single
Byte Error Detecting (S;;/,EC-SVED) Codes,” IEEE
Trans. Computers, Vol.52, No.7, pp.835-847, July 2003.

[4] Eiji Fujiwara, Kazuteru Namba, and Masato Kitakami,
“Parallel Decoding for Burst Error Control Codes,”
Electronics and Communications in Japan, Wiley Pub.,
Vol.87, No.1, pp.38-48, January 2004.

[5] S.B.Wicker, V.K.Bhargava, “Reed-Solomon Codes and
Their Applications”, IEEE Press, 1994.

45



FIT2004 (35 3 EIBHREIZRMT I+ —5 L)

46



