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WE: KR TH o+ oy FRER. R EAEROCEZIE T3 F +oF ERER
ARELE R, IEH T3 By + oFy BRI — AN AR MIEIE A ME— AR A o, #mAEIT
B —MED I H— A2 T A B,

EKBIR: K P+ oFy; TR brdETEAE oG E

MR(2010) ER5ZES: 94B05; 94B15 FESES: 01574
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A BRIF LRSIt 5 i T =t 2 B4R 23 ZE SR [7]) Y, Hammons %510
TR SR ) AR RY, U Kerdock 5. Delsarte-Goethals i3 #5 v] LA Z, - 2R 1MERD
) Gray 14, X MH15 A RS HIA RSS2 2772 90, MM FS BRI AS I 7T oA g b 3R A 7t
) — A7 In). FRATHENE, B 7P oI Fy AR 4 BRI R IR Z, 24, A/ AN Y T R
Fo+uFy, ={0,1,u,1 +u}, TE u?=0; F, +vF, ={0,1,v,1 + v}, XH v? = v. HFFRXPYAN
VU eI LR MRS i gh 2 — MA@ IR, X By EgPERS MMt e, CE R 2K
ik, S TIRZEH; X Zy ER9ZetEry (RIPY o) WA 1R 2 A0 CH 98 TAE (4 ik [10]
) M Fy 4 uFy EVERSIIE S ILSCER (1, 4, 8], HET=AMA—FERE, ¥ Fy + oFy AN
AR SCHR (9] R4 RER A TR Frobenius & A T 4hl, X145 IE8EH L 465
I 46 52 2 GV,

AR, —Ee2 B A A AESER F, + oF, ERZGMER, IXH o2 =0, p B—1FE 1
SCHER [11] B, R EEFEHA T F 4+ oFy BRI FPEIRD; ££3CHR [5], Cengellenmis Z5Hf
T A = Bolon, vz, uil /(0F = v w0y = vyva), 1 < j < b REOZRRERS, X —3 A2
W Fy +oFy HIHES; FE3CHR [12]) B, R EEFEHA T F, +oF, B (1 — 20) - EEHE, X
Hp 2—MTERY HET F,+oF, L1 (1 —20) - EIEHEE Gray A ENIAELE .

AN B bR A e R Z ) Fy + o Fy b REIARS F H B AL AR B 25 4. FRATT
JEARIEIA Fy + v Fy R ZR A% RS (1) A2 B B SRR HOGHE AL 1) A8 Bl R R s P AR B A #E T A2 T
HRZIE Fy + vFy EREIAGS S HGHED ) A S 4.

2 F&ENA

Y #s HEA: 2013-06-26 FEYTHEA: 2013-09-23

EeWH: AR ARR¥EESEB (11171370; 11301254); i 5§ 4 ik 5 50 9 B A7+ 21 50 H
(132300410313); WA E TR HARP AL E AT H (13A110800).

EE® T M (1973-), 5, Wt B, mIEER, EEPA T M RIS,
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W RE—MHBRATTHA R, 2 R EK A n 4NN C B R 11— R - T4,
XHE R = {(z1,10, -+ ,2)|1; € R} SEEMW 2 = (v1, 22, ,T0), ¥y = (Y1,%2,-* ,Yn) €
R, BAVE X z,y FINR: (z,y) = 2191 + Tayo + - + Tpyn. WHR C 2 R EK N n L
PG, 4w X CH ={x € R*|(z,c) =0,Ve € C}, M| C+ B3 R LKA n LM, 2R
C FIHEID. Wik C C C+, MG C & B IERH; Wik ¢ = C+, &M C 2 B X,
SCHR [9] WEBH T XFH PR Frobenius 3 R _EWAE—2E1%0S O, 36 |C||CH| = |R|".

W E+oF,={0,1,v,1+v}, TR 2 =0v. G F + b ERTEA K]/ (v? +0);
HP W —NmRwBHTUERR L c = a+ob EX, BH a,b € F,. DEERER =
Fy + vFy, W3R R Z—AE R, A P REAEZ (v) A1 (1 4 o), BT RE
W R/(v) = R/(1+0v) = F. XX REIR/(1+0v)=FA—"EHARRE, M “a”:
R— R/(1+v)=F :x+vy+— x+y; FAFE X RE R/(v) =KL HBHE-AHARMH
& e “8”: R— R/{(v) = F, : o +vy — z. HIRHL AT EUK X AN RZS 2303 788
R — Fy WIRFEZS, U5 nhictl “o” M “g” . NIr RN, ATLUEH ro Frf 53515
NRYHRITGER r £ a M BTG W ACRY, H A il AP 3l RonES A R IRFTA G
FAE o M B Z NI IIES .

I REIR F, @ F, H— Gray M4 ¢ 1R ¢(c) = (a,a+b), XE c=a+ovb,a,bc Fy,
XFE ¢ —NIREM. IR R IR R & — AN A RAg i) F BAREN, WLSCHR (6, dmel 2.7],
R R 22— HIR Frobenius #f.

W C = R EKJyn ZMER. ST 3R [10] tham 1.1 FUER, Zetbrd ¢ A —AM
A RUERE G-

[ko A B Dl + ’UD2
0 UIkl 0 vCy ’
0 0 (1+4+v), (Q+v)E

o ko, ki, ko NAETREEL 1, Iy s In, 0 RIY N ko, K, ko BERALHERE; A, B, Cy, Dy, Dy Fil
E 352 (0,1) 5EFE. IXFELNERS C RS FEANEL|C| = 4ko2ki 2k,
W C RSN R EKAn ML, & XEA CLCo W

Cy={x e |z +vyc O, FEHEAN Ny e Iy}
Cy={z+ye Flz+vycC},

W Cy, Cy 72— Jed s, JF H. Cy, Co B4 RFERE 73 5

I, A B D I, A B D +D,
Gl = y GQ = .
0 0 I, E 0 L, 0 O

BRI A ko + ko = dimCy, ko + ki = dimCy. B ko + ko, ko + k1 53 R LMD C 19
A R R IEEUTE O, TR IES C S AN | O = 4ho2kioke = 2(kotkot(kotha) B D) Ty
FA|C| B LR O 1A B PR IUE K.

W C W R EKAn LM, a e R I8 (C:a) ={z € R"|az € C}, M| (C : a) &
IR EKAn &N, TR R P DI ER c ATLERIRI ¢ = a + vb HTER,
XH a,be Fp. XFEH
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SI3E 2.1 A5k, W (1) (C:v)*=Cy; (2) (C: (140))? =C.

WE (1) BAUEM (C:v)® C Cy. Bl y € (C :v), WAF{E z € (C :v), 1§ y = 2. &
r=r+uvqg, XRrqge Fp, WMav=r+q HoreC, Buvlr+q) €C, ¥ r+qeCy. HIk
y=x%=r+qec Cy. HIATE (C:v)* C .

FIE (C:v)* D Co. B 2 € Oy, MAFEE 2 +vy e C, 18 2 =2 +y. MR 2 +vy € C,
Moz +y)=v@x+ovy) eC, B z+ye (C:v). A 2z2=02+y=(x+y)* € (C:v)* {
13 (C:v)* D Cy. Btk (C 2 v)> = Cs.

(2) JGIEH (C: (14+0))P C O AEl y € (C: (1 +0))?, WAFLE 2 € (C : (1 +v)), 1T
y=20 %z=r+vg, R rqge F}, W2 =r. H (1+v)2€C, 18

r+or=(1+v)r=(1+v)(r+vg) =(1+v)zeC,

reC,. HWikty=2°=reC,. HEAH (C:(1+0))P CC.

FHEH (C: (14 0)? 2 Cy. fEHLr € Oy, MAFTE g € F, ffifd r +vqg € C. A
(1+v)r=(1+v)(r+vq) €C, filhr e (C: (1+v)). FHitkr =7% € (C: (1 +v))~.

g LRTR, (C: (1 +v))? = (.

3 I} F, +oF, FRYTEIRED

W R WM& C HA—DNERE, WERMEEM (co,c1, - ,cn1) € C, A
(Cno1,Co, " yCn2) € C. I8 R, = R[z]/(x™ — 1). EFHLMEN C FHIITE ¢ = (co, 01,
Cn1) ECH R, FHIE c(2) =co+ 1z + -+ + ¢zt 5 F. FILLHN C 22— 1N KN
n BIEPS 2 HANY C 23 R, —NEAR. FATHE R —F s Fy EREHS. 5—14
—ut EKN 0 BIPEE C B2 Fyx)/ (2™ — 1) — AN FEE. F—AMEHE C hIHE —A
BRI 20K g(2), 18 C = (9(x)), FHH g@)|(a™ — 1), FK g(z) NIEH C 1Y
2. % g(x) 23 R, TH—NE— 2R, g(z) EBIEHE C, W g(x) ZIGHE C
HAE R 2 T HAY Y g(2)] (2™ — 1).

B (@), f2(2), -+ s ful@) € R, WH fi(2), fo(@), -, fu(w) FTAEREIHEAR DY

<f1(x)af2<l‘)7"' 7fn(x)>
W f(z)=ao+ax+ax®>+--+a, 12" a; € Ri=0,1,--- ,n—1,1c
f(@)*=af +afx+---+a® 2" Y f(x)ﬁ = ag +afm+~-~+a§71x"*1.

FATH MT ForHERE M R B
EIE 3.1 W C R R EKAn BANEN, AR G inF:

I, A B D, +vDy
G = 0 ”UIkl 0 'UCl ,
0 0 (A+4vl, (Q+v)E

b ko, ey, ko #ONAETEEL 1, Ly, Ty 0 9VEIN ko, Ky, ko HIBAAIAERE; A, B, Cy, Dy, Dy
B #5528 (0,1) HEE, N
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(1) %%
ETBT + C,iTAT + (Dl + ’UDQ)T C,ir ET Infk
H= vBT 0 vly, 0
(1 +U)AT (1+ v)ly, 0 0

SRR C BB O AR RE, RIS C FIRSIRAERE, 1IX B k = ko + k1 + ko.

(2) (CH:v)*=((C:v))h (CF:(1+0)" = ((C:(1+v)")"

IE (1) ¥ D RBERE H B s R RS, w1 LB EESAE HGT=0, JTLl D C O+,
T3 R Z—"AR Frobenius 3, IE4 |C||C*| = |R|™, Hif5
|R[" 4"
O] ~ 4ko2ki2ke

|CH| = = 4nhogmhigThe,
FHER R D] = 4n-k2k2ke = gn-Fog=mg=k "FrLL |D| = |C|, Hit D = C*.

(2) BRI (C : v)* C ((C : v))t fEflz € (C+ :wv),y € (C :v), WH
ve € Ct vy € C, 8 (vz)(vy)T =0, Bl v(zy”?) = 0, Bk 2y € (1 +v)R, BIfF 2%(y*)T =0,
HAEH (CLv)> C ((C:v)*)*r. XARFEEH 3.1(1) M5IH 2.1, FH

dim(C*:v)* =n—k+ky =n — (ko + k1),
dim((C : v)*)* =n — dim((C : v)*) = n — (ko + k1),

BI1S dim(C* : v)® = dim((C : v)*)*+. Bl (C* 1 v)* = ((C : v)*)*.

I3 A A B ATHEE.

#IL 3.2 FFo . WO R R BRIy n BZAIEN, HARFERE NHEE G, M C 2 H X
B H 24 HA S R TS 26 AR AL

(i) C =& HIEALH;

(i) = 2(ko + 1), k1 = ko

IE (=) & CZEXER, W (1) 2R, BER C = C+,

kzo—|—k:1:n—k+k2,k0+k2:n—k+k1.

Rl n = 2(ko + k1) = 2(ko + ko), BP1F ky = ko, 84 (i) BROZ.
(=) BT n=2(ko+ k1), ks = ko, NI

|C‘ _ 4k02k12k2 — 4ko+k1, |CL| — 4n—k2k12k2 _ 4k:0+k1.

X CCot o =Ct B o &EXET.

EX 3.3 % gi(x) € Fyfz],i=1,2. FREAR S = {vg1(x), (1 +v)ga(x)} & C HI—Abrifk
A ITE, R C = (vgi(2), (1+v)g2(2)), 7 H g1(2), g2 () R KM SHE—4 6 € {1,2},
1 gi(x) AAE, N g;(x) & Fylz] THE — 20, IFH g,(2)|(2™ — 1).

5138 3.4 WRESL S = {vg1(x), (1 +v)ga(x)} ZIEHAE C = (vg(x), (1 +v)ga(x)) HI—
AFRAETE B AR G AR, T

(C ) ={gi(2)); (C:(1+v))" = (ga2(2)),
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B g1(z), ga(z) A HRIGIREG (C 2 v)> A1 (C: (1 + U))ﬁ LA e b
E (1) BN vgi(x) € C, FTbl gi(z) € (C 2 v), M gi(z) = gi(2)* € (C : v)*, B
(g1(x)) € (C:0)*. FAER f(2) € (C:v). FERE vf(rc) €C, [

vf(x) = hi(2)vgi(z) + ha(z)(1 + v)g2 (),
XH hy(x),ho(x) € R,. &
f(@) = fi(@) + (L+0)f2(2), ha(2) = hia(2) + (1 4+ 0)haa(2), ha(2) = ha1(z) + vhaa(x),
K i (2), fa(x), har (2), hia(2), hoy (), has(z) € Fylz]. Bk

vf(z) = vfi(z)
= [h(@) + (1 +v)hi2(@)]vgi (@) + [ha1 (@) + vha2(2)](1 + v)g2(2)
= vhii(2)g1(2) + (1 + v)hai(2)g2(2)
= v(h11(2)g1(2) + ha1(2)g2(2)) + ha1(x)g2().

BT vl fi(2) + hii(2)g1(x) + hor(2)g2(2)] = hor(2)g2(2), A har(z)g2(2) = 0 H fi(z) =
hin(2)g1(x) + hai (2)g2(2) = hii(x)gi(z). BB f(2)* = fi(z) = hi(z)gi () € (g1(x)), E
LK (g1(x)) 2 (C:v)*. HILBEE] (C:v)* = (g1 (x)).

(2) BN (1+0v)ga(x) € O, FTLh go(x) € (C: (1+0)), # ga(x) = ga(x)7 € (C: (1+0))7,
BP1F (go(x)) C (C: (1 +0))°. FHAEEL f(z) € (C: (1 +v)). HEH (1 +v)f(x) e C, WX
(14 0) () = wn (2)0g1 (&) + 1) (1 + 0)ga(z), BB s (2), ) € Ry

f(@) = fi(z) + vfe(x), ur(z) = uii (@) + (1 + v)ure(x), ug(z) = u21(w) + vuga(z),
K fi(2), fo(2), ui1 (), ur2(2), usi (), uge(x) € Folz]. KL
(1+v)f(x) = (1+v)fi()
= [un (@) + (1 4+ v)urz(2)]vgi(z)
+{ua1(x) + vuga(z)](1 + v)ga ()

= vun(z)g1(z) + (1 + v)usi(z)g2(7)
= v[ui(2)g1(z) + uz1(2)ga ()] + u21 (x)g2(z),

e
v[fi(z) + w11 (2)g1 (%) + ug1 () g2 ()] = f1(x) + uzn (z)g2(2),
WA f1(2) + ugr (2) g2 () = 0, BITF fi(x) = ugy (x)ga(x). Bk
f(@)” = fi(x) = usi (x)ga() € (g2(x)),

AEH (go(z)) 2 (C: (1 +0))?. HILRE] (C: (1+0))° = (g2(x)).
EIE 3.5 W C 2 R E—MEERENY, N C A ME—RbrdE e RoT k.
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W BESR C ¥ R BRI, M (C @ o) fl(C 2 (1 +0))? &£ G, &
MO #0, HEIE 21 774 (C:0)* M (C: (1+0)° RENRNE. AYHEE (C : o)
(C:(1+v)! BANE. 2 (C )" = (91(2)); (C: (14+0))7 = (g2(2)), EH g1(2), g2(x) 5
A (C:)> M (C 2 (1+0))° KAERZHA. FAIWE C = (vgr(2), (1 +v)g2(2)).

B f(z) € (C o), 13 f(2)* = g1(2). 2 f(2) = gi(2) + (L +v) fi(2), fr(z) € Fola]. H
vf(z) € C 15 vgi(z) € C; [AFATIE (1 +v)ge(z) € C, M C D (vgi1(x), (1 + v)ga(z)). FHAEH
F@) € C, M of(z) € C,(1+v)f(z) € C. &

f(@) = fi(z) + (1 +0)f2(z) = (f1(2) + f2(2)) + v/2(2),
ZE fi(2), fo(z) € Buylz]. BB vf(x) € C, T4 f(x) € (C:v), TS
f@)* € (C:v)* = (g1(2)),

B fi(2) € (g1(@)). & fi(2) = wi(@)gi(2),ur (@) € Fula]. WREML, BT (1+0)f(2) € C, T
J(@) € (C: (1+v)), HETif f(2)7 € (C: (1+0)) = (g2(a)), B fi(2) + fola) € (ga(@)). %

fi(@) + fa(z) = wa(2)ga2(z), u2(z) € F[z],
M fo(x) = uy(x)g1(z) + uz(z)ga(x). FI

fx) = filz)+ (1 +0)f2(x)
= (fi(@) + f2(2)) + vfa(w)
= uz(2)ga(z) + v[ur(2)g1(z) + u2(2)ga(z)]
= ui(@)(vgr(z)) + u2(@)((1 + v)g2(x)).

R C C (vgr(x), (1 +v)ga(2)). B C = (vgi(2), (1 + v)ga(z)).

W (C:v)* =0, WBAH g1 (z) = 0; W (C: (1 +0))° =0, WAH go(x) = 0.

FRAE — ot b RPE A G ) A 2 T g ME— 1%, g1 38 3.4 WI1R3F R ERAEFIEIMY C
PR AET A BT A fE ME— 1.

#iL 3.6 R, = R[z]/(z™ — 1) & FBEEE.

W #C 2R, FE—ANEE mEH 3574 C = (vgi(2),(1 + v)ge(z)), XH
{vgi(z), (1 +v)g2(z)} & C BIMRHE A BUTE. FEREE

vg1(x) = vlvgr(x) + (1 +v)g2(2)]; (1 +0)g2(2) = (1 + v)[vgr(z) + (1 + v)ga(2)].

RIS C = (vg1(z) + (1 +v)g2(2)), ¥ R, = R[z]/(a™ — 1) j& FHAEIL.
TR N R F BRI SR
Rl 3.7 W C ¥ R ER—AMER, W C XHERS C+ R IEIHRD. ¥

gi(x)hi(z) = 2" — 1, ga (@) ha(x) = 2" — 1;

_ 1. - 1
h1<$> — xdeg(m(x))hl(g), h2<$) — xdeg(hz(x))hQ(E)‘



No. 1 R By 4+ vy LGS 123

ED B1($) *D BQ(lE) ﬁj\%’JIEE[ h1(£E) %ﬂ hg(lv) E‘]E&%Iﬁﬁ Ia

* . 1 1 * . 1 7
hi(z) = mhl(x),hQ(x) = mhz(f)-

EE 3.8 W R EWMIEID C WIbsEIEAETTEN {vg1(z), (14 v)go(x)}, M C KT
1% C+ b ETZAE BTSN {vh(2), (1 + v)hi(2)}.
W HERE 3.1 (2) nIf4.
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CYCLIC CODES OVER F, +vF,

ZHANG Guang-hui, LI Liang-chen
(School of Mathematical Sciences, Luoyang Normal University, Luoyang 471022, C’hina)

Abstract: In this paper, cyclic codes over F» + vF5 are studied. By virtue of the generating
set in standard form for the cyclic codes over F» 4+ vF», we characterize the structure of cyclic codes
over the ring. Then we prove that any nonzero cyclic code over the ring has a unique generating
set in standard form and they are principally generated.

Keywords: F> 4 vF»; cyclic codes; generating set in standard form
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