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TE A m HEEH For RAMRE. R L ANE For FRTEMBRNTE, Gz) =23 +1, £F L 8
TERHTE Gx) R, ME ¢ | (2m—1). & T(L,G) AL G(z) 1A Goppa ZTA.. L A= XEH =TT
] 4 Goppa . A AEH % Goppa HHYR/NEBETHRITES, Bl d=6t+1. X3/ T Bezzateev
#1 Shekunova (1995) 45 R, B A XK E| T R 280 — m & 8, #— ¥ 7 T Grassl W& L& &,
BERBRNE, AXHEED 3 M TREBEH LA, €110 5804 A4 [32,16,8]. [62,43,8] fu
(128,106, 8]. X 245 Grassl 4% B A0 B S H WAL EN, FTHIAAZEFZ5 M0 EmRIT
B 2 PR,

XiiR  Goppa B —TmAUH HNES
MSC (2020) Ffa72  94B05

1 3

1971 4F, Goppa '213) 2117 Goppa i, ‘E /&2 MG IR A BRI 7282 —, BT BT &
Varshamov-Gilbert 5t 81, IXZ&H 2~ Y Reed-Solomon (generalized Reed-Solomon, GRS) i fI%E 5 T
Y. BT X E A T B RS =, 2T Goppa MHISCRRIEAZ.

TSR LR B — AR T2, ENTRA @A SRS 5%, 2T 55 . B A &
GUREE RGPARE) T M. X ERS S TATR B IX R 8 A1 T Goppa 2B
5? Goppa 2] 57 Goppa M7E—EXT N IR T SIES R 78 0 B2 540, 2 )G, —Hegh R
SR B (S WCHR [2,4,7,19,23,24]), HAEA, CERTEA Goppa I5iE 2R/,
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McEliece 29 ¢t | —HMFT =70 Goppa WHIF APIH IS RS, X(EF3 Goppa MW FLAEE
M e A ORI ey, 7E R E B S brE S H AR LB (National Institute of Standards and
Technology, NIST) 5 & T % MR AL A 2 51k 7, Hoh— a2 DL McEliece %04 R G Hy 5t
filh (L], X EPTRUR T S AT 70 % 8.

BT, Gao 25 M B Goppa FSIIM ASHTFT T GRS BB IEAS 4, %%, Huang A1 Yue '2), Li A1
Yue 16171 Chen 1 Zhang 19 #}f 5 T ANATZ) Goppa MSHEE; Sui A1 Yue 22 A T —Fh G 201041
Goppa S PEIGHE. Lépez 1 Matthews '8! /-84 T £ 56 Goppa i%— &t Goppa %42 & A — FREG,
W5 T 26 Goppa MIIRISHEFE, JF M H 2 J0 Goppa 1415 3] [ 2| gkl B 12 8509 . KIS 128
PEXHE BAMS . B XHEE A E R 6.

2 LFTEE, % T Goppa TMOTHIUEH 2 TRTE. H55IML, TR Goppa T H0HEEUR BN B A
— I AEE AR . S/ DR JL2E Goppa B2 H1I0 T

o TE3CHR [21] H, RIS HIKE S Goppa 2 B IR EH 2 5N A5, Moreno A1 Moreno i
AR EONgS T B/NE AT 2t + 1 1 Goppa B —ANT3K.

o TE3CHE [5] H, Bezzateev Ml Shekunova UERH T A]73r 2 WIAN G(z) = 2t + A HE XEN L 11—
JG Goppa M FH/NEEET 2t + 1, X B L FHTRAALE Glz) IR, ¢t | 2™ - 1), H A N Fs,
FICEM) t R

o {ESCHR [6] H, Bezzateev il Shekunova U] T —%& — 0] 4 Goppa M JE— &85, H H T LAH
SE i b A R I e R S

FE_ER—RIVGIRIE KT, ACHE ST —2K 750 Goppa i, FE Ha /MR R, 4o/, 1
Wt | (2™ —1), ¥ Bezzateev Fl Shekunova %! ({45 54 2 3t (15T, ACRTHNAEMLHIT. 5 2
T [E B Goppa FS K E LK — 76 Goppa S ITEN. 28 3 545 ARSI 3 245 5 Hillid Magma 4511
HARK G RIS 3 5 MIE K =70 Goppa B4, 55 4 %545 HVF 28 — ey, #— 24 78 7 Grassl
2k HagE.

2 TR

L n NIEREL Ty AR F, ERIPTE n 4E BRI RS RIE @ = (20,21, ., 20-1)
5 y=(o,y1,-. yn—1) €FL. & = ] Hamming HEEE LN

wg(x) ={i:x; #0,0<i<n—1},
M « 5 y i Hamming #0252 A
dp(z,y) = [{i: 2 # y;,0 <i <n— 1},

W Fp AE Fy ER—A k QL7500 C N [n, k] ¢- JeZeiES, % C MR/ Hamming FRESE T d, 10
1E [n, k,d) MRS, X B C 5/ Hamming #5525

d=dyg(C) =min{wy(x):x € C,x #0}.
R4 Goppa T 5 SCFT— S8 P i .
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EX 2.1 % Ga) NETRAIF Fyula] Bt RE 1 2R, L = {ar,a,...,a,} CFpm N
Fym 0 DMAFTCERARMNES, HH G(a;) #0,i=1,...,n. 15K~ n 1 ¢ JC Goppa % T'(L, G) &

I'(L,G) = {(61,62,...,cn) ey : Z

i=1

- fiai =0 (mod G(x)),¢; € ]F‘q}, (2.1)
XE L FRoNE X, G(x) #XN Goppa 18 T'(L, G) 1) Goppa 2 iz,

AR T E ) Goppa 4 T'(L, g) 72 F, FRKESET n=|L| BN, R4 k> n —mt, &
IR d > t+ 1 (AR [19]). 2 g = Glay)™, 1< <n, WINHFE (2.1) WTLLEH, T(L, G) IR

g1 g2 gn
g1ty gaQx2 ... gp&
H=| " . B (2.2)
gral™ goal™t L gpatst

EX 2.219 1R Goppa ) Goppa £ G(x) BAH EM, WFRE AT Goppa A,

X T 76 Goppa WHITETE, A NP> 5] 2.

5138 2.1 09 % T(L,G) N_JLA4) Goppa i, HH L = {a € Fom : G(a) # 0} H deg(G(z)) =,
e BN d > 2t 4 1.

138 2.20 % T'(L,G) N —JCAI4r Goppa i3, Goppa ZIi G(z) = 2t + A, L = {a € Fam :
Gla) £0}. #t| (2™ —1) H AR Fs. FOUEM ¢ KR, WERHRNEE d=2t+1.

3 FELERMGIT

£ 3.1 W I'(L,G) N_JG Goppa B, Goppa ZIi G(z) = 23 + 1, XH ¢t | (2™ - 1),
L={ae€Fom :G(a)#0}. WIRFTFE
¢ ¢ ¢
e B e S g
1+ x] + o7 1+ x5 + x5 14+ x5 + 23

HHEE {a e ol £ 1) FRDH A (21,22, 23), W 70 Goppa i I'(L, G) HIi/MEESETH
B EE R, B d = 6t + 1.

UERA B GIEE 2.1 A, AT EUEAAE —JC Goppa 14 T'(L, G) FAF{E—MEF ) Hamming 555
T 6t + 1.

RNTHEER, SIAJANES. & 2™ — 1 =tl, w N Fom F—PARJETT, B F5. = (w), W

-1
Fsm = U w' (w').
1=0
HEER, ME 3t (2™ —1), WMAGIH 2.2 EEATUEHEER. THa2ii& st (2™ -1). HT
t]@2m—1), ITLAE MM ITRER A 31 (2™ — 1), B m NAFEG vs(t) = vs(2™ — 1) H o m %, iX

=0 (3.1)
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B ovy(n) BB 0 HERE p MFREC W

{a €Fgm : G(a) =0} = {w¥,0 <y < 2™ —2: w =1}
={w’,0<y<2™ —2:3yt =0 (mod 2™ — 1)}
={w’,0<y<2™~-2:y=0 (mod l)}

= <wl>.

RIZIE K EN n =L =2" —t =t(1—1) + 1.
BWL={a, .. an 1,0} = {0} U wi(wh). BEFRM (2.2) 152 AR 5656 R N

1 1 1 1

aft+1l ajf+1 " adt 41
- @ . —mlo

H— a‘;’tJrl ag”rl ai‘71+1
St 1 St 1 aitjll 0

3*+1 a3f+1 S |

AR B BB R B R R 6 DANFRIIIEEEL 1 < iy, i0, 03,14, 05,16 < | — 1 i3I0 E a = (a1,
as,...,a,) ] Hamming EEAN 6t + 1, HH a, =1 H a BHAMIERITE L 19 FHFEX R

{w'(w'y :j=1,...,6}.
FE a=(a,...,a,) R T(L,G) FIBTHHNY Ha™ =
[ 5E o, X T wiw') PRAERITER o, BN (2™ — 1) = ¢, A o3t = w¥t. A

1 1 1 +w3itw3jt
T L T 1= (w3t + 1)(wdit + 1) (3.2)
R (3.2) T 0 BHACY w3+ = 1, Bl i+ 4 = 0 (mod 1). XFEBMAFR] T 6 NAFRIEESL

]-<’Lla7'277’372457’577'6 -1 {Wj/@:

11+ i = i3 + 14 = i5 + 16 = L. (3.3)

BT (3.2) A1 (3.3), H
1 1 1 1 1 1

Wit + 1 T gt T1 T T1 YD 1 Tt 1 T et 1 +1=0. (34)
SFREER 6,1 <5 <3t—1, H ttj, aTLI#E3
J j a li';
P S 0 KT B (3.5)
23t + 1 w3t + 1

zEw* (wl)

A wh £ 1, il e — NITRROAL. SR ¢ | j, FREHEE j=t 5 j =2t WA (3.2), /15
t t

z z twitt tw it wht w
- + = — + Y — - + Y
Z ZSt + 1 Z ZSt + 1 U}‘hlt + 1 w 3i1t + 1 w311t + 1 w 31t + 1

z€w? (wl) zew?2 (wl)

—1i1t
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H
z2t Z2t thilt tw—2i1t w2i1t w—2i1t
e; h 23t + 1 + e;( h 23t 11 = w3itt 41 + w3t 1 = w3itt 41 + w3t 4 1° (3'7)
% By =wit. RIEHFE (3.6) 5 (3.7),
B gt B B A
6?+1+ﬁ;3+1_6§+1 B +1 1+p/+p67 (38)
A B % B3 = wist 5 Bs = w'st, H
Bs Byt B3 B2 B (39)
Bi+1 B33+ 1 B3+1 B+l 1+ B3+ 33 '
H
Bs gt B2 8% Bs
B4l Bl B+l B4l 1+fs4 (3:10)
RIEITTE (3.4) F1 (3.8)-(3.10), 15 a %D ARG T2 HALY
A1 Bs Bs 0. (3.11)

A+ 15t B 11k 58

LR 6 NAF IR 1 < iy, io, 45, 04,45, 06 < T — 1 EAGI7HE (3.3) 5 (3.11) WAL, IXFERE T AL

T EHEIER. O

3.1 EEE 3.1 KR E /N I TR 1) R AL NP PR AN T PR TR I .
sk TAE NP> T, (HARTAUE, 766 BRI 74 R (3.1) AR XE.
¥ 3.2 EEHE 31 R, Akt (2 —1) KAl B, A m =8, t=11. &

Gx) =2 +1, L={acTFs:G(a)#0},

FH Magma, 1% JC Goppa 4 T'(L, G) FIZ¥N (253,11, 72).
FET R, I — L) R B A
il 3.1 4 m=5t=1, HFj = (w). H Magma A5
I T2 X3 o
142y + 23 + 1+ x5 + 73 * 14+ a3 +a23
BE 21 = w3, 20 = w8, 23 =w'. W G(z) =23 +1, L = {a € F} : G(a) # 0}. MIFEH 3.1, %=
JG Goppa 8 T'(L, G) Wif/NEEA 7, X —45 1A Magma JiE. FH5L b = e S M 240N
(31,16,7]). EHSCHR [14] AT%0, f9KA 31 450N 16 19 a2 MERD IR fe /MR B8 1 2 8, 7 STk [14] 1)
2 EAR P BCE KBLAA 4 [31,16, 7] 19— JuL kY.
5 3.2 4 m=7t=1, HF} = (w). H Magma 713

I + T2 + I3
14z 422 1+ze+2i 1+4z5+23
B 21 = w, 20 = v, 23 = wt. WG@)=23+1, L=1{acFy: G #0}, RFEH 3.1, =
Jt Goppa 14 T'(L, G) HI/NEE N 7, IX— 45 R0 Magma W0iE. FFsE b, oML SECN
[127,106,7]. HHSCHR [14] ATH1, —N SANR L — o2k 0D B 40 (127,106, 8).

=0
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3.3 4 m=8,t=3, HF=(w). H Magma AJ15
2

3 3 3
Ty Lo T3

+ +
1+234+2%  1+a3+2§ 1423+ 2§

AR 21 = wh, 20 = w5, 23 = w¥. W Gx) =241, L = {a € F : G(a) # 0}, WRIFEH 3.1, =
JC Goppa 8 T'(L, G) WH/NEEN 19, X—45 KA Magma KiF. F52 b = n L S40h
[253,181,19]. FHICHR [14] R %0, ASKSh 253, 4EHCN 181 W —nS g i /MR R 59 20, #£3C
R [14] B2 EIR A R IEA 2450 (253,182, 19] 1) —Ju 4 D,
5l 3.4 4 m=8,t=15 H Fi = (w). H1 Magma 7] 3
215 ol 2l

- =0
L+ald+230  1+2 +23° 1428+ 230

B 4 NME x1 = wh, 10 = w2, 3 = w3 (i1,i9,43) € {(2,5,7),(3,4,7),(3,6,8),(1,5,6)}. W G(x)
=a%+1, L ={a€F;:Gla)#0}, R EH 3.1, =JC Goppa 4 I'(L, G) H/NEE N 91, iIX—45
R Magma 30k, 98 b, b T Ing RS S E0h [241,4,91). HCHER [14] A1, —> ORISR
TICEMERS R S (241, 4, 128].
5l 8.5 4 m=9t=1 HTF} = (w). B Magma [
T T2 €3
1+ —|—x% + 1—|—x2+x§ + 1—|—1:3—|—z§ -

BiE 1 = w, 22 = w°, 23 = % & G(x) =2+ 1, L = {a € F}y : G(a) # 0}, WMFTH 3.1, =
JG Goppa % T'(L, G) I/ MR A 7, X—45 1240k Magma B00F. Fs2 b, b oGS ECN
511,484, 7].

f5) 3.6 4 m=10,t=23, H F;, = (w). H Magma A[43

3 3 3
Ty L2 T3

+ + =
1+23+2%  1+a3+2§ 1423+ 2§

AR 21 = w, 20 = 0 23 = 0. W G@) =2"+1, L = {a € F : Ga) # 0}, RIFEH 3.1, =
JC Goppa 18 T'(L, G) WH/NEE N 19, X—45 KA Magma KF. 52 b, oML SE0N
(1021, 931, 19)].

7 3.3 T Magma IFHAEIIMIBRE], 2 m > 9 H ¢ > 3 B, BATEA % HE 2 10657

fE£ Magma HJF BN, @i KEH T, KAk 7 FEAELL m < 8 I AL,

B 3.1 A radt) Nt FTEARZRFE TR, & G(z) =2t + A, rad(t) | (2™ — 1), W=7t
Goppa 4 T(L,G) MIf/MEEN d=2t +1, XHE AN Fh, FEANATCREN t KR

VERNAK AR, AT A€ 2 Goppa T BR/NIEES . BL# AT AE S M oe ik A A8

4 FhMZITLk R

B3 NCASH T rk !t Goppa i, AR AR H— LU ) —on 2t py,.

R F| Carrasquillo-Lépez 25 Bl R ¥5 Coppa 22 (1% + 1)%. (26 4+ 1)% Al (27 + 1)5, HIhK
B 7B IP TOe RS, B C N [nk, d) 15, BARFTRAMIE Y [n,n — K, d] RHMES [n— 1,k,d — 1]
PFTRLAT [0 — 1,k — 1, d) FEALHS.
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F1 FHE 3.1 hRIZITLMRL

m t [n, k,d] i
4 1 [13,2,7] JUTP-ftl
5 1 [31,16,7] UL
6 1 [61,43,7] JUT- sl
6 3 [55, 16, 19] JUFAR
7 1 (127,106, 7] JUT-st
8 1 (253,229, 7] JUFAR
8 3 (253,181, 19]
8 5 [241,124, 31]
8 15 [241,4,91]
8 17 [205, 2, 103]
9 1 [511,484,7]
* 2 BEEITLME
[n, k, d] KER 1 MERY
(12,2, 6] [13,2,7) fEALE 1 AR5 6D
[14,2, 8] [13,2,7] ¥ s
[31,15,6] (31,16,7) HIXHERD
[30, 16, 6] [31,16,7) TEALE 1 AR
[29, 16, 5] [31,16,7] 7EALE 1 F1 2 AEIMIFH
[30,15, 7] [31,16,7) TEALE 1 AR5 LRY
[32,16, 8]* [31,16,7] 9 RS
(61,18, 16] (61,43, 7] BIXTED
[60, 43, 6] [61,43,7) TEALE 1 AR ATHD
[60,42, 7] [61,43,7] TEALE 1 ARIHEAGED
[62, 43, 8]* [61,43,7] K9 RS
(126,105, 7] (127,106, 7) TEALE 1 A HIAE LAY
[127,21, 43 [127,106, 7] RIS AL
[128,106, 8]* [127,106, 7] (99" FELD

MRAEEHE 3.1, & 1 ZAIH 7 L8 MRS, RGBSR [14) TP EFTIVE EISER, boidt 7L PR
i, JLT-mARTEHIE [n, k, d] 1SEEE LT8R, B [n,k,d + 1] (SR HMH. £ 2 FIH 7 L2810 —
TCLAES AL B T AT AT AL 3 R ARG, Forb = 805 5 3CHR [14] T SR T #I S BOM [ R 2 1k
GG, BT EATE K o8 RO MR K, Toik 52 Ridak M th g S0k AT BUAL, (H3RA1
SR oot R g T 2 HY. R AT 45 R A il Magma J01IF.
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A class of binary Goppa codes and induced new codes

Yansheng Wu, Fengwei Li, Ligin Hu & Qin Yue

Abstract Let m be a positive integer and Fom be a finite field. A binary Goppa code I'(L, G) is specified by a
separable Goppa polynomial G(z) = 23" + 1 and a locator set L of elements of Fam, where no elements of L may
be a root of G(z) and ¢ | (2™ — 1). For the nontrivial code, we prove that its minimum distance is equal to the
design distance, namely d = 6¢ + 1. This extends a result of Bezzateev and Shekunova (1995). We also present
many new binary linear codes, which extend the codetable of Grassl as a byproduct. It is worth emphasizing
that we have identified at least three binary linear codes with parameters [32, 16, 8], [62,43, 8], and [128, 106, 8],
respectively. These codes are considered the best-known linear codes with these specific parameters and are not
equivalent to any codes with the same parameters listed in the Grassl’s codetable.

Keywords Goppa code, binary linear code, minimum distance
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