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Abstract

Symbol-pair codes are designed to protect against pair error in data reading. The pair-distance is
an important parameter to measure the error correction ability of the symbol pair in the symbol
pair reading channel. MDS symbol pair codes are the best symbol pair codes with the largest sym-
bol pair distance when the length and dimension of the symbol pair codes are constant. One of the
important problems of symbol-pair codes is to construct MDS symbol-pair codes with a large code
length and a large minimum pair-distance. In this paper, we analyze the method of characterizing
pair-distance by repeated-root cyclic codes and construct a new class of MDS symbol-pair codes
with different parameters and larger symbol pair-distance.
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1. R

B % R AR AR R B R R, NATTRENE A FH 15170 1% 28 (VA7 At 3 AR R S a3k A7 PRIk (1) A7 i AT
SR I H TR A AR (R PR, 75 H50HE (9 1 DG 2 Hh AN 5 BR A FH 3 20 % 36 10 1 A 48 SR s B e v 7 %
R 5 NV FIT AT H AR o P FH A1 19 2 % 2 0 1S Sk SR 152 B IRR I v 20 W 28 5 N A7) T A 2 )
R, 5 EEIE R RA S W — R T SRR S, RAR TSR, BATEXMEE
MNP S X I EE . BAIMNE, R RR—DERFRNES, (x5, x,, ) WEERNET, 1E/45
S BERA T 0 AR (30,3, )2 (350, )oe oo (3,03, ) ) o BRI, BT RTFIREE R R AR, 5 F-7E
R R T e R AR R, AR RS F I FF S0 A — DR Z AR5 ML iR — NS
SRR AR TE — N F 5 0 HAEAE — AN BN 5 R 1R o BEXT X PP %L, Cassuta F1 Blaum [1] [2]42
T A5 X RS SR 220 I A5 0 S EAE T H IR R R (R A 0 T e B G

‘&C%WiﬁﬁﬁnvﬁﬁMﬁﬁ%\ﬁ%wﬁ%%@mﬁ%ﬁm,ﬂ%@M@%ﬁ%ﬁmo
52 A DAL, A5 500 PE 2 AT DU BRSSP RS IR B R A A5 68, URF S W BERC N d, B, IZANTE
BXE LT ULIE | (d, -1)/2 | MFEXHERR]. T 38R R RE IR X, BRG]
B A S R PR B BRI R SRS . S Ak, AT Aa i A A 2 AR 9 2 s i B 1) — A B )
MR 2<d,(C)<n, WaM<qg™"?, %EFYHA Singleton-type F[3]. WHRM =¢" ", WL C
PR B B RT 9y (MDS)FF 5 X8, 128 (n,d, ), MDS 5 34H4 .

BT QAT AL & A5 50 PR B K MDS FF-5 X RS IR ) &1, 2015 47, Kai [4]5 AFI % JE A5 14 5 44
T — RS REEE N 5 A6 (1 MDS #5551, 2016 4F, Chen [5145 A i EARIEIRDHIE T 755 %t
FRESJY 7 F1 8 1) MDS fF5 5. 2018 4, SCHER[6]3F— R H EREIAMDL 1 3 BT X BB Ny
6 Al 7 §) MDS 755 %415

KRS ST T RS RS A SR, ZIE T AR IS AT S X EE R, JEMIE AT SRR 7
(IETZ 501 MDS #7505, FIH Magma #0PF, 45t 73T MDS #5505 S5 345 H T Bk S5,
FH H e 555 0 B D o X e S R T RS PR B D S 1) — SRR AE, R R — B T E ARG
I S X B 5

2. MEFHIR
Bx=(xp,x, X, )X, WA x X RLAIFF 5 [ B

7 (x) =[ (%% (5% )+ (x,103) ] (1.1)
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7 (x) KI5 (x,x,, ) B — DX, B8 7 (x) B ox ME—HiE. XV (a,b),(c,d)eZxZ,
f(ab)=(c,d)ZHMNHa=b, c=d. Bx=(xx, %) y=00, .)€ EX
dP(x,y)de(ir(x),ﬂ(y)) (1.2)
BN x, y BIFFSXTEER, XH dH(ﬂ(x),ﬂ(y)) Fon w(x) Mz (y) H) Hamming BEES. KT [ &
x:(xo,xl,---,xn,l) , BN x MFF S X HEN
dP(x)=|{xl. #0|x, ex}|, (1.3)
SR X
gap(x):‘{OSiSn—HxieE;,x.H:O}‘, (1.4)

A2 7 LA x (1) Hamming #5585 A5 %5 B 5 BA X R
d, (x) = wi, (x)+ gap(x). (1.5)
KT Cex MFFSHRE, &,
d,(C)=min{d,(x,y):Vx,yeC,x# y}. (1.6)
T [7]: WER Cex", WR1<d, (C)sn-1, WAd, +1<d,(C)<2d, .
HAETD Ce F) A A-IERE, HHALY ¢ R F[x])/(x'-4)(AeF,) A EAE, Wf
ord(A)=r, ord,(q)=t, MAISeF, st &" =74 IR x" -4 WIRA IS (677 [0< j<n-1}, &

NEE
Q={1+r|0<j<n-1}, (1.7)
R F VseQ, EX
Cs = {s,sq,sqz,---}(modnr) , (1.8)
MLFTERES C AR Q B—rE. QNPT 2R TR IIES, W C HI4E R T
A g (x) TAERR N
g(x)=T11(x-¢'). (1.9)
Hr, 4cQ’.

Wk (n,p) =1, W CNERPEA. ¥ F LRERAMEAY C, Kb aeF,, n=Ilp'(s21), =1
H(p,)=1, 3g(x) st C=<g(x)>o & g(x) £ F, M52 W0 A
g(x):Hml.(x)ei , (1.10)
Hr, (mi(x),mj(x))zl(iij)ﬁ_eiSps(izl,Z,-u,k)o ENX
D, =(g,(x)). (1.11)
B, g (x)=1m (x), 232 eF, st. A =4, MIiD, & F' LRSI A A, HiE

>t
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o, g (x)=x"-2,

0,(0)-] , 012

I, g(x)=1
S AFRATRT LA G0 7 A 52 AR PR PF A ) Hamming £H Y
EH 2 2] Bn=Ip' (s21) H(Lp)=1, ¢ ZEH p WK, CZF' LIERIEN, BaH
d, (C)=min{P-d, (D,)|0<t<p' -1} (1.13)

KA B =TT (6 +1) s [tyrstinty] 2 ¢ 19 p EHIZER
R C i R — 52 A BRATT T LAS 21 96 F C 19 Hamming JF 25 RIRF 5065 2 88 (A SCHERR, B
SEHL 3 [5]: B CRF, L (nk,dy)(2<d, <n) WG R CHAAEDNKREN ), +5 15T
Hixt gy, WAt n—d, <k+s-1.
SEHE 4 [5]: W CRF LM (nkd,) B HH2<d, <n. Bad,(C)2d, +2 K5 HMNY C AR
MDS 4.
3. F, bR 2p K9 MDS FFS 3155
ERLS: Bp RFHBH p=5, WAAF(E(2p,7) MDS #5545,

R &Cz(g(x», g(x)=(x—l)3 (x+1)2 eF[x], B4 CﬂﬁﬁEGR:<;pp[f]l> EEAR . fEEE 2
W3 d, =4, WA C A% MDS 8, Blitd,(C)>d, +2, NS d,(C)=d, +2 REHL. WHE
dp=dy,+2, BWEIceC st dy(c)=d, +2, FAMNEELERFPE N

Casel: wt, (c)=5, gap(c)=1

HFip—d, >k, HEHE3 ATHASAEXFEIIDF o

Case2: wt, (c)=4, gap(c)=2

(i) c(x)=cy+ax+cx +c,x",(3<i<2p-2), /B\:EPCO,C“C[,CH]EF:, BT g(x)c(x), Ba

cyte+e+c,, =0
i =0
i(i-1)¢ +(i+1)ic,, =0 2.1)

i+l

G ~6 +(_1)i G +(_1)M ¢n=0

¢ +ic,+(i+1)c

e +i(=1)" ¢ +(i+1)(-1) ¢, =0
MAFRAQDFE . HATREA:
i[1=(=1)" Je + (D)1= (1) e =0, 2.2)
i AHE, HQ2.2)n 1
(i+1)c., =0, 2.3)

Hi+l20, Mlc, =0, HHTE;

Hi+l1=0, HQDPE=AATEAG: 2¢, =0, B =0, #HEHTE:

i R, BRI ic, =0, HTF3<i<2p-1, Wi=0, Mific, =0, #HEHTIE.
(i) c(x)=c,+ex+e,x’ +cx',(4<i<2p-1), Hrf¢y,e,0,c, €F, BT g(x)lc(x), BAa
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¢ +e+e,+c, =0

¢ +2¢c, +ic, =0

2¢, +i(i—1)¢; =0 (2.4)
C c1+cz+( ) =0

¢ —2¢,+i(-1) "¢, =0

MR i(i-1)=0, HQATEZATEAE: ¢, =0, HbPH, FEMi(i-1)=0 Kl
TR QA . UAS TR £

2, +[1—(—l)l}c,. -0, (2.5)

20 R, BRS¢ =0, HEHTE:
2 REFHET, HQ.5)E:
¢ +c =0, (2.6)

BESL(2.4)F 28 AN REFN(2.6) T 5
2¢, +(i-1)¢, =0, 2.7

HQHFE AT TE: (i-1) ¢ =0, B¢ =04EHTE;

Miid, >d, +3=7, X Ci#& Singleton-type 7, Kt d, =7, M CzEé(ZpJ)p MDS 5 X} 14,
T

TR SRR E B 5 S S, IF HaEid C TR T Hamming BR S AN[F S DRI E C FT S
XPRRES, ARG AT, FRATAE AT LA [E] NS IR A A5 2 1) B RS - T e — MG .

Bl 1 BC=(g(x)), g(x)=(x=1)(x+1)" e F[x], H MAGMA IZ{F&HAH: C 2 (10,5,4) 215
. id

C ={ceC:wt, =i}, (2.8)

4<i<10, C 7% Hamming i 254 2R H 40 F -

D) [C|=40, C, T AA 4 FHIER: (0102030400) . (0204010300) « (0301040200)
(0403020100) , W %IVceC,, gap(c)=4, Miid,(c)=

2) |C|=8, A 4 REER: (0101010101) . (0202020202) . (0303030303)
(0404040404) , W HIVceCy, gap(c)=5, Mifid,(c)=10;

3) |Cy|=400, 3c'=(2,3,1,4,2,3,0,0,0,0)eC, st gap(c)=1, MAd,(c')=7, MifiVeeC,,
dp(c)27, BLARH “=" REMBIKOL;

4) M we, (¢)27, Wad,(c)=wt,(c)+gap(c)=7:

i k3. d,(C)=7, LW Cﬂz(l() 7), MDS 45545 .

2: WC=(g(x)), ¥ (x=1) (x+1)" € £, [x], 2HT MAGMA 4 0145 C 4 (14,9,4) 4
H51G, 4% Hamming JH & j(/J\XTCEPE%%éj\ W, g

C ={ceC:w, =i}, (2.9)
4<i<10, CHigF%HE Hamming i ES 7) KA H U1 -
) |C,|=420, XfVeeC,, gap(c)=4, MK d,(c)=8;
2) |C5|=756, XfveeCs, gap(c)=5, Wl d,(c)=10;
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3) 3¢"=(1,6,5,2,1,6,0,0,0,0,0,0,0,0)e C, » st. gap(c")=1, W4 d,(c")=7, MTii VeeC, »

dy(c)>7. A “=” REWSHT

4) Wk wey, (c)=27, Bad,(c)=wt,(c)+gap(c)=T:
LREVAS: d,(C)=7, BERSZE(14,7), MDS 5%,

4. &g

ASCHI 45 7 FEARGEPAS B BT 45 S 55 RS B AT -5 6) B B AR ARG AE 145 X BRSO 7 MDS 75

X1, 43t 2 HOR R T DA FLAS 0 BE BB BT MDS 76 5419, 4778 7 MDS 7 53126,
S5
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