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0 Introduction

In 2006, (1+ w) constacyclic codes over F, +
uF; were first introduced by Qian et al in Ref. [ 2],
where it was proved that the Gray image of a linear
simple-root (1+ w) constacyclic code over F, + uF,
is a binary distance invariant linear cyclic code.
From then on, codes over this family of rings have
been a topic of study. Abular et al*! discussed the
minimal spanning sets of repeated-root cyclic codes
over [y, + uF, and F, + uF, + «'F,, and it was
extended to F,[u]/(u") by Al-Ashke et al*'! where
q= p" for prime number p and positive integer m.
Shi et al® determined the minimal spanning sets of
(1+ w) constacyclic codes with length 2¢ over F, +
uF, , which was extended to constacyclic codes of
arbitrary length over F, + uF, by Abular et al™.
Zhu et al'™ studied the minimal spanning sets of
simple-root cyclic and negacyclic codes over F,[ u]/
(u*y. Shi et al™ determined the structure and
minimal generating sets of simple-root «a
constacyclic codes over F,[ u]/{u"), which are
based on the factorization of (2 —a) in F,[ ul/
(u*). Kai et al®™ determined the structure and
generator polynomials of repeated-root (1 + Au)
constacyclic codes over F,[ u]/{(u*), which was
extended to F,[u]/<(u*) by Li et al*-,

The sturctures of simple-root constacyclic
codes and repeated-root (1+Au) constacyclic codes
over F,[ u]/{u*) have been determined, but the
structures of other repeated-root constacyclic codes
aren’t clear. Besides, the minimal spanning sets of
simple-root « constacyclic codes over F,[ w]/(u") in
Ref. [7] are based on the factorization of (2" — @)
in F,L u]/{u"*), which is not conducive to decoding
and determining the distance distribution of
constacyclic codes. In this paper, we determine the
minimal spanning sets of (1 -+ Au) constacyclic
codes with an arbitrary length N= p‘n over R, as
well as of o7 (1+ Auw) o constacyclic codes and

s .
o "'’  constacyclic

N=(p'— & mod p' over R, where p™ '+ 1<k’

codes  with  length

and 0<C8<C p' — 1 for non-negative integer t. As a

consequence, the generator polynomials and
minimal spanning sets of (14 &) constacyclic
codes with odd length and length N=2 (mod 4)

over Fyn[ u]/(u’) are determined for any {€ Fyn,

1 Preliminaries

Let R denote the polynomial residue ring
FoLu]/<(u") for positive prime number p and
positive integer k=2. Let n and p be relatively
prime, if a"—1= [, f,++ f; is the factorization of
(2"—1) into a product of monic basic irreducible
pairwise coprime polynomials in Fy«[ 2], then this
factorization is unique and can be directly carried
over R from over F,». Let C be a code of length
N= p‘n over R, where e is a non-negative integer.
For some fixed unit a of R, the a constacyclic shift
V., on RY is the shift V,(cyrcp et

s cn—2). The code C is said to be an «a

sen 1) =Caey s
Cos CLs *e
constacyclic code if V,(C)=C. Now, we identify a
codeword ¢= Ccys ¢ 5 ***» cy—1) with its polynomial
representation c(x) = ¢ +aqax+ =+ oy 1 2V 1,
then xc(x) corresponds to an a constacyclic shift of
() in RLa]/{x¥— .
of length N over R can be identified as ideals in R
[x]/¢aN — a).
minimal spanning set of a constacyclic code C is
defined as the rank of C, which is denoted by
rank(O).

Thus « constacyclic codes

The number of elements in a

2 (1 -+ Au) constacyclic codes of
arbitrary length over R

Let A be a unit of R, then the following lemma
is straightforward from Theorem 4 and LLemma 3 of
Ref. [9].

Lemma 2.1 Let C be a (1+ Aw) constacyclic
code of length N= p‘n over R, then

C= I f e f)0 s
where non-negative integer 0<Ck, << kp* for 1<Ci<<
| C| = prv—o,

j. Furthermore, where ¢ =

D kideg(f).
i1
In RCx]/<aN— Q1+ 2w, if max{ki, ks,
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k;}=0, then C=<(1).

If min{k;, ks,
D =(Aw*)=<0).

If max{ky ks, s ki) =sp°
for 1<<s<{k—1, then C=((2N—DH=(Qw*) =
(u').

Suppose min{k;, ky s =+, k; } << p° and max? k; ,
kyyess kj} 7 0. If k<< p, then we put f’fl as a
factor of polynomial G,. If sp<k < (s+1) p“for 1

sk} = kpy then C={(( 2N —

°,kj}=min{kl, Ro 9 °°*

< s<k—1, then we put ff and fflﬂpe as a factor of
polynomials G, for 1<CI< s and G, ; respectively.
By the analysis of k; for 1<i<{j, we get flk' f’
fj’ =G Gy
over Fyr and 1<<deg(G,) < N—1 for 1< w< 1
Furthermore, G, | G | | G, | Gy | (2N —1). So
fﬁ ji’ fj’ = Hi' Hi Hli’ , where H, is a monic
polynomial over F,» and 1<, <<k for 1<<w<li.
Besides, L+ L4+ 1<k and H,| H_, || H, |
H | (28 —=1). If we let deg (H.) = d., then
1<<d,<<d; <<-+<d,<<d;<N.

Suppose sp<<min{ kys kys oy by} << (s+1) p°
<ok} F sp for 1<<s<<k—1. By

«+G,, where G, is a monic polynomial

and max{k; , kg,
the ananysis of k; for 1<Ci<Cj, we get f}' [y ---fff =
(N—1)H} HE -
polynomial over Fy» and 1<, <Ck— s for 1<Cw<{i.
Besides, [, + L+ -+ ;<<k—sand H;,| H, ,|-]|
H,|H, | (zN—1). If we let deg( H.) =d., then
1<<d,<<d; <<-+<d,<<d;<N.

From the construction of H,, for 1<<w<<{i and

1 . .
H', where H,. is a monic

the above discussion, we have the following lemma
and theorem.
Lemma 2. 2 In F [ 2], we have the

following results:

N —1 p=1 | _
(I) ged e s H| =1.
1
v —1
() ged o ,HLJ=1for2<L<iand
1
gcd[HHw ,Hi‘j‘fl ] =1 for 1<<w<li—1.
w1
( H. B
Qi gcle “ ,H,,JZI for 1< w<Il—1<
wl 1

i—1.
ky

Theorem 2,3 Let C= <ff1 FESIEE fff > be any

(1+Aw) constacyclic codes over R of length N=
p‘n and ged(n, p) =1. Then, C has one of the
following forms:

@O C=<(0. Or,

@ C=(1. Or,

@ C=((2"=1)") = (u) where 1 < s<
k—1. Or,

@ C=(H}!HZ-+H/), where Hi| H, ;| -+
H,| H | (2N —1) over Fp and 1< [, <k for
1<<w<{i<{k. Furthermore, [+ [, + -+ [;<{k and
1<<d,<<d—, <+-»<dy;<<d, <N where deg( H,) =
d. for 1I<<w<<i. Or,

©® C=(2N—1)*H} Hz -+ H)=(uwH, H}
H'), where H/| H, [+ | Hy | H | (2¥—1) and
1<, < k— sk for I<<w<<i<<k— s Furthermore,
Ltltet+i<k—sand 1<d,<<dim <<+ <dy<<
dy <N where d.,=deg(H,) for 1<<w<i.

Definition 2. 4 Let b be a non-negative

If 0<<6<<l;, then
N1

L L 1 -
g () = Hp Hy - H' D) apa’.

r 0

+ [,<b< Ll + lz "‘+ llfl for 1<t<

integer and ay;, ,,€ F,m.

If ll +Lg A
i—1, then

N dl 1
L l -
g () = Hy HZ - H' >} agx” + Hp
r 0
dy—d,—1

! ! !
H; 2 iy e A H Y e

=10

d, dyjq 1

b E: -
i
H, A+l 1) 1y o 1)L
ro

If 11 +lg "'+l,‘<b<k7 then

N d) 1

g () = H Hy - H! > aga’ + Hy -
=0

dy—dy—1

3 )
H; 2 azl(/Hl)rl" + e+
r 0

d

-1 4

1
H' § a x"
; Uyl 1y e L r
=0

di—1
i

-
2 : AL | Ly L) ==l ) r X

In R[ =z ]/<2N— (14w, if

ul g,() s then ay,—p,=0.
Proof In R[ x]/(aN— 14+ Aw), 2N —(1+
2w =0, so u=A"'"(xzN—1). Thus, H;| H; ;||

Lemma 2. 5
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H, H | (ZN—Duw Similarly, we can get
If 0<b<ll , then Aobr = Qi (o=t = °°° T QAU Ly e D) 0
. . . Nodp 1 Where ll+lg"'+1/,<b<ll+[/2"‘+Lt71 for 1<l<
w| HYHZ - H' D) apa’s i—1
r oo :
which implies If l,+ 1+ 1 <<b<<k, then
N N4 1 N—d,—1
N _ _ ) Lol L . L,
- 1 ‘ H O HE - HY S aga. w| [HY HE o HY S ag -+ HY oo
1 —o =0
By Lemma 2. 2, we have z 4 dy 1
] Ned,—1 H; Z X’ + et
JT—\ —1 ‘ 2 - r 0
H, < Aotr T« 4 —d—
] .
Since Hz’ E A 1y e L D Gy =ty X +
=0
N —1 41
N*dl*1<N*dl=deg H <l’ - X
! Z Aty 1 17)r1"]-
then ag, =0 for 0<Lb<lI,. , nY
7 Since H;|u. then
If ll+lz"'+Lr<b<[l+[z"‘+lffl for 1<t< d 1
i—1, then Hi | Z Ayt 1y oo 17T
N ¢ 1 r o
u | [H? Hé}Hi Z aopx” - Hé’ Since d; — 1 < d; = deg ( H;) << N, then
r a(,l Ly | ll)(h*l]*'"*ll)r:O where l} +Zg+"‘+l;<
dy—d,—1
LN . ] b<k—1. Thus,
I_Ill E al] (l’ill)y‘]: + o + Hl‘Hll o - N—d. 1
=0 NTaT
d, dyy 1 u | [Hil H;Z Hf E Ay + H;Z
L r =0
H; Z AL+l L o 1L ]
"0 ' ! A dy 1
. I .
Since H,|u, then H, Z INTIRTS i sl
zil "1\1 1 IV O[ .
H, | Hv - H" Attt & e yr PR )
t #1 i Z; il G W H; E Ay 1Ly e L D el —e—ly e 1.
. . . =0
which implies .. N N o
0 a Similarly, we can get w, = a0 4, = 0 =
t 1
H — | Hl - HY Z AClt iyt 1) 1y o 1T dy 1, e po—y—e—1p, =0 where L+ L+t L
o ne b<<{k—1. This gives the proof. L]
By L 2.2 h
y Lemma Iilwi ave Theorem 2. 6 Let C be any (1 + Aw)
H G4 )
! 2 Q1 e Ly Gty constacyclic codes over N= p‘n of length N= p‘n
H = 1072 [} 1 i .
i 0 and gcd(n, p) =1, the constraints on the generator
Since polynomials is the same as in Theorem 2. 3.
H
di—d—1<d —d, = deg ’]< N. (1) If C=<1), then rank(C)= N and C has a
=1 =

minimal spanning set over R given by y = {1, x,

then a(ll Ly [ 1) (bl == Ly =0 where 1,1 + [3 b + .. I\I 1}
LSO<bF b+l for 1St<i—1. Thus, (1) Tf C=(w) where 1<<s<<k—1, then
N—d; —1 .. .
W | [H" H” - H" 2 apx + HE rank(C) = N and C has a minimal spanning set over
L H! o LR ,
! =0 R given by . ={u'swx, uwx" '},

dy dy 1

(I Let C=CHY HY e HYDL 16 44 L Ao
H[il Z ay o yrx’ + Hi--- I e ! H, 1 1 )
r 0

[;<<k—1, then rank(C) = N and C has a minimal

d, —d,—1

H' a x"]
; E : U A Y N A P S 1
r=0

spanning set over R given by

l l L l L L
v = { H!H?--H;,xH!H}--H/,*,
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J 1 L 1
N4 T HEHE - HY

1 L L 1 d
xul HOZ oee Hil geee, 1 2

L L
ur H - H/
Z 1
Ly H2 oo HY  eee
u 2 i ’

L I ’ !
BLRE H, ol o H,
x‘li p—d 1 1(11 Py fee H[' s
i
Wbl | bt Tty

If ,+L+-++1=kFk, then rank(C)=N—d,; and C
has a minimal spanning set over R given by

i = {H" H,;---H' , xHb HHI L e,

—d. — L L. L
IN 4 =1 HA Hzﬂ . H’_' , LL[1 HZZ

L. L —do—1
H;, xu" H "'H N H ---H e,

LL11+12+~-~+1H Hf[ , qulﬂrmﬂﬂ H:l T
i1 i Ll Hf Y
(V) Let C=(wH! Hz -+ H). U L+ 1+
+1<k— s— 1, then rank (C) = N and C has a
minimal spanning set over R given by
v = {wH,; Hy - H, . cw HY Hy - H; \oe,

srrh T1b [ L I,
Nl ulel sz Hil ,uth sz H;‘ y

L. ) 1
austh HZZ vee Hil yere, &

1, L
whh HZZ eee H” Lo,

sIL Tl Lo L 3 Sl Ly el L
u\‘ 1k i—1 Hil yau' [y —1 Hi’ .
—d—1 s l
P TR [, H',
Tl st g sl

If L,-+10,+++1;=k—s, then rank(C)= N—d; and
C has a minimal spanning set over R given by
s = | u-\‘Hil H;Z Hf‘ , xu“H? H;Z Hf’ Leee

Nodp 1,

N 4

crrh ok L e 1 1
! wH!H} - H},uw h H;--H},
L I’ ! L
o H e H eyt B Lyt H Y e H e
B Hi Lt h ok A Hf‘ ,

2di—di o Hf v
(1) Suppose

Proof
k—1
Z fl«mu T+ IZ albu U Rl e Z aN nHoU u' =0,

Wbl

b 0 b 0 b 0
where a, € Fyr for 0<<r<{ N—1 and 0 << b<<
k—1, then
Ealof +u2a;l«r + .- Jru’f Ea,uﬂ)I = 0.
r=0 =0 =0
N 1
Thus, u Za,@x' which implies (2¥ — 1) |
r 0
N—1
Z Ay x’. SO a,():O fOI‘ O< rgNil.
r 0

Similarly, we can geta, =0 for 0<Cr<< N—1
and 0 <X b<X bk — 1. This implies that the Y1 can
linearly compose p™ different codewords over R,
while the number is the same as |C| from Lemma
2.1 and the codewords from linear composition are
all in C= (1). Thus,

spanning set over R given byy;

C= (1) has a minimal
={1,xyey v 1},
(Il ) The proof is similar to Theorem 2.6
CI).
(I Let C=<H} Hy - H/>.
L <k—
such that

I L+lLt--+

1, we suppose that there exist a—p, € Fy»

dy dy 1

L 1 L I ! L i bl
HY Hp - HY D5 D apu’a 4+ u Hy o HY D D ayo o a4+

r o b roob o
7(171
. bl 1Ly L)
u l'H 2: E: ACty iy e 1 DLl 1Ly el g TP a4
=0 b=l el
d;i—1 k=1
[ b (Gl
TR E E: Aty il Gty 12T 2 =0,
r0b Gl el
. | k1 [ - N that y; can linearly compose
. : 1A . P, — 2
which implies ; wg, () 0. us, we have PN ) e DGy ) Tk e 1y )
h O

k—1

Z wg,(2). This shows that u| g, ().
b1

k—1
2w (.

b=1

Similarly, we can get ul g,(x) for 0<Cb<{k— 1.

8o () =—

By Lemma 2.5, g, (x) = 0

According to Lemma 2.5, ay, »-=0. This implies

Pl D DN gyl dy e d )]
different codewords over R, while the number is
the same as | C| from Lemma 2. 1 and the

codewords from linear composition are all in C=

(H} HZ+- H?). Thus, C=(H, HZ - H?) has a
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minimal spanning set over R given by ;.

Similarly, if ¢, + 1, ++++ 1, =k, then C=
<H? H;Z HiL> has a minimal spanning set over R
given by yi.

(V) The proof is similar to Theorem 2. 6
(. U]

Let p=2, m=1, A=1, k=2 in Theorems 2. 3
and 2. 6, we have the following corollary.

Corollary 2. 7 Let C be any (1 + u)
constacyclic codes over F, + uF, of length N=2n
and gcd(2,n) =1, then C has one of the following
forms:

@ C=<0). Or,

@ C= (1) and rank (C) = N. One of its
minimal spanning sets over F, + uF; is m = {1, x,

2N ') Or,

® C= (u) and rank (C) = N. One of its
minimal spanning sets over F;+ uF; is m={u, ux,

o ux¥ '), Or,

@ C=(H,)>, where H, | (zN—1) over F; and
deg(H,)=d,<<N. Then, rank(C)= N and C has
a minimal spanning set over F;+ uF; given by =
{HysxHy ooy 29 "Hy s us uax, = s ux® '), Or,

® C=<(H?), where H; | (zN—1) over F; and
deg(H;)=d;<<N. Then, rank(C)=N—d and C
has a minimal spanning set over F,+ uF, given by
n = {H}, xH?,-, 2" Hi}. Or,

® C=(H,H,), where H, | H; | (¥ —1) over
F,. Let deg(H.,)=d., for w=1,2, then d,<d, <<
N. So, rank (C) = N— d, and C has a minimal
spanning set over F, + uF, given by = ={ H, H,,
aH Hyy ey 2849 Y HHy, uH,, uxH;, -,
uxd "% 1TH,}. Or,

@ C=<(uH,), where H, | (¥ —1) over F,
and deg( H;) = d; << N. Then, rank(C) = N— d,
and C has a minimal spanning set over F, + uF,
given by m={uH;,uxH, >+, ux¥ 4 "H,}.

Note The results of Abular and Siap in Ref.
[1] about minimal spanning sets contain Corollary

2.7, @, ® and @, but Corollary 2. 7 @ and

® were not discussed.
3 Some other constacyclic codes over R

In the following, let a«= ay + ua, for o, € F»

and o € R. Suppose p~' + 1 < k< p' and
p'(I—1)+1<N<p'l for non-negative integer t
and [. Let p'l=t,mod(p"—1).

Theorem 3. 1

length N= p'l — & over R is equivalent to an 7

A (1+Aw) constacyclic code of

constacyclic code of length N over R, where
0<<o<< p'—1 and qﬁzaﬁm b Aw &
Proof Let ¢ be the map
(p:R[l’]/<IN —(1+ra)) > R x]/(xN — o) s
r(x) = r(ax).
For any polynomials r (x2),n(2) € R[ x],
(o) = r(Dmod(x¥ — (14 Aw)
& There exists a polynomial I( x) € R[ x] such
that n(x) — (=IO 2N—0+2rw ]
Sr(ar)—rax)=I(ax) [N — 1+ 2w ]

En (ax)*rg(ax):aNI(aI)(x‘Vflj:ju)
S Cax) — rg(ax')ZQNI(ax)[IN*Lﬁu)a(]
Qg

<:>r1(ax)*rg(ax):aNI(ax)(xN*r)s)
Sn(a)=r(ax)mod(x™ — 7).
Therefore, ¢ is a one-to-one map. On the
other hand,

o(r (o) + (o) = nla) +nla) =

e(r () + e(r (),
olrn(onrn(o) =nla)rnax) =
e(r () elry (1)),

Thus ¢ is a ring isomorphism and this gives the
proof. L]

Corollary 3.2 A (1+ w constacyclic code of
length N=41—1 over Fy»[ u]/<{u’) is equivalent to
a (1+ ¢iu?) constacyclic code of length N=4[—1
over Fom [ u]/<{u’"), where [ is a non-negative
integer and & Fyn,

Proof Let A=1, 6=1 and a=1-+ul 1+ (¢+
1 wu] in Theorem 3.1, then

=0+ wll+ut@E+Dud] =1+ g’

This gives the proof. L]

From Theorems 2. 3 and 2. 6, Corollary 3. 2,
and Lemma 2.1, we get the following theorem.

Theorem 3. 3 Let C be a (1 + )
constacyclic code of length N=41—1 over Fon[ u]/

{(u'), where [ is a non-negative integer and (&
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Fyn. Then

C= (f 0 f (O [y (02,
where non-negative integer 0<Ck;<<3 for 1<Ci<{j
and 6, =1+ u+ ({+1)«. Furthermore, | C| =

3N
Zm(o\ s)7 Where

i

e = 2 kideg( ).

i=1

So C has one of the following forms:

@ C=<0). Or,

@ If C=(1), then rank(C)= N and C has a
minimal spanning set over Fyn[ w]/{(u’) given by f3
={l.a,. 2"}, Or,

@ I C=<(u') where 1<{s<<2, then rank(C) =
N and C has a minimal spanning set over Fon[ u]/
(u') given by B={u" s wx, =, ux"""}.

@ C= (H (§x) H (6x) - H (6,2)),
where H;| Hi—y | =+ | H; | (2¥—1) over Fy» and 1<
1.3 for 1<<w<<i<3. Furthermore, {, +1§+--+
L<<3 and 1< d;,<d, ; <+ <d < N where
deg(H,) =d, for 1<<w<<i. If |+ L4+ 1,<2,
then rank (C) = N and C has a minimal spanning
set over Fun[ u]/<{u’) given by

B = {H (6, x) H: (6 x)H (6 ),
cH (0 ) Hp (0, )+« Hi (6 2) 5+
AN ATHE O ) HE (O )+ HY (0, 2
uh H (6 )+ HY (6 2
au't HE (0, )+ Hi (0, 2) 4o
LTy HE (O ) e HY (6 2) 4 eee
uh M HY (O ) s T HY (0 2 e
Ty e HY (0 ) uh
ol e gl
If ,+++1=3, then rank(C)=N—d, and C has
a minimal spanning set over Fun[ u]/{u’) given by
B = {H! (6 2) HZ (0 2 H (6, 2,
cH ! (0 2) HE (0, 2+ HY (0, 2) 4,
ANTATVHT (0, 2) Hy (0, 1)+ Hy (0, 2)
W HY (0 )+ HY (0, 2) s
xul HY (0 )+ HY (0 ) 50 s
xh T HE (0 ) H (0 ) e

uh e HY (O ) 5w HY (O a) ey
R S Y e H[ (6, 0)}.
Or,
® C=(uH} (6 x) H (6, x) -+ H (6 2)),
where H;| H; |-+ H, [ (2¥—1) and 1<<1,<<3— s
<3 for 1<<w<<i<<{3— s Furthermore, [ + -+
<3—sand 1<d,<<d; ;<<---<d, <N where d,=
deg(H,) for 1<Cw<<i. If [, ++++1<<2—35, then
rank(C) = N and C has a minimal spanning set over
Fyn[ul/<{u') given by
B = {wH, (6 x) H (6, )+ H! (6, 2) s
aw H, (0 ) Hy (0, 2+ HY (0, 2) o
AT HY (0 a0 Hy (6 20+ HY (62 5ee s
wh T e Hf (0 )y zuthtHa Hf" (Ohx) s,

N 1 deee
]"dﬁl d; 1 urHl +1q H; (0l l) R urHl +1; ,

IurHlJr“drli y oo d; 1 urHl*“‘Jfl, }

. X
If 4u+0L++-+1=3—s, then rank(C)= N—d; and
C has a minimal spanning set over Fy» [ u]/{u’)
given by

B = {wH, () H (6, )+ H! (6 2) s

aw HE (0 2) HE (0, 2+« HE (0 2) 5+

DL H (0 ) HE (0,2 Hi (6, 2) 40

uhT Tl Hfi‘ (O )5 zu T T H?f (0, ) 522

gl Tyt Hi (CEORE

Corollary 3.4 A (1+ w constacyclic code of
length N=41—3 over Fy»[ u]/<{u’) is equivalent to
a (14 ¢u’) constacyclic code of length N=41—3
over For [ u]/<{u’ ), where [ is a non-negative
integer and & Fyn,

Proof let A=1, 6=3 and a=1+u(1+Zw in
Theorem 3.1, then py =1+ w (1+utgu) =1+
¢it. This gives the proof. U]

According to Corollary 3.3, we replace the 6
in Theorem 3.3 by (, =1+ u(1+ Cw , and get the
generator polynomial and minimal spanning sets of
a (1 ¢u®) constacyclic code of length N=4[1—3
over Fom [ w]/<{u'), where [ is a non-negative
integer and & Fyn,

Theorem 3. 5

p'l— 3 over R is equivalent to a 7; constacyclic code

A cyclic code of length N=



%28
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of length N over R, where 0 <C8<C p' — 1 and
n=d '

Proof Let ¢ be the map

$:RLx]/(a¥ —1) > RLal/(a™ — )
r(x) = r(ax).
Similar to the proof of Theorem 3.1, ¢ is a ring
isomorphism, and the result follows. L]

Corollary 3. 6 A cyclic code of length N=
41—2 over Fon[ul/{u’) is equivalent to a (14 ¢u®)
constacyclic code of length N=4[—2 over Ion[ u]/
(u' ), where [ is a non-negative integer and
g€ Fon.

Proof Since gcd(2,2" —1) =1, then there
exists Y€ Fyn such that ¥ =1¢ Let 6=2, a=1+yu
in Theorem 3.5, then &= (1+pBw’=1-+¢u’. This
gives the proof. ]

According to Theorems 2. 6, 3. 2 in Ref. [4]
and Corollary 3. 6, we can get the following
theorem.

Theorem 3. 7 Let C be a (1 + )
constacyclic code of length N=41— 2= 2°n over
Fon[u]/<{u’) and 6, =1+ yu, where {€ F;» and
¥ =1¢ Then C has one of the following forms:

D C=(gOx)+ up (Ox)+ > p, (02D,
where (g+up,+u p) | (2N —1), gl (2¥N—1)and
deg( py)<<deg(p,) over Fpn [ u]/{u’). Let deg(g) =
r, then rank(C) = N—r. A minimal generating set
of Cover For u]/<{ud) is

A= (gl + up, (6 2) + o p (6,20,
2l g(Os ) + upy (O3 2) + o po (052050,
2N T g0 ) + upy (6,0 + uf p (6520 ).

@ C=(g(a)+ up (Oax) 4+ & py (052
wWa, (0500, where ap | gl (2N—1), (g4 up) |

N_
(N—=1) over Fyn 4+ uF,» and g | [I 1],

g
2 1 2 2

deg(py). Let deg(g) = r and deg(a;) = t, then

l]d, deg ( p; ) <

rank (C) = N — . A minimal generating set of
Cover Fyn[ ul]/<{u') is
N = {g(O) + up, (O 2) + & p (0 2)
al g(0 ) + up, (0,0 4+ ¥ py (05 2) Js o0
2 g6 ) + upr (0, 0) + of p (00 ],

Was (05 0) s cuas (05 2) s+ " " Vil ap (05 0 ).
@ C=(g(bx)+ upy () + & py (0;2),
uay (O )+ 8 qu (6, 0) 5 1 a; (6, ) ) where az | ay | gl

N_ N__
(I'\Vil)a 23] ‘[)1 [I l]a az‘(h ITll ’
(. N_1Y (., .N_1)
@m41 1[1 ?yd%<m><d%<@»
g 1

deg(q)<<deg (a;) and deg ( p;) <<deg(a;) over
Fom. Let deg(g)=r, deg(a ) =s and deg(a) =1,
then C has a minimal generating set over Fon[ u]/
(') given by
As = {g(2) + up, () + o p (65 0)

al g(0; ) + upy (05 0) 4+ & py (B 0) o0

2N T g ) + upy (6,0 + f py (6,20 ],

u[cq 0y ) + uq (0, l‘)] ’

aul ar (0 ) + uqy (O ) ],

2l a (0 ) A+ ugr (620 ]

Wa (020 s xu” a (0, 20) 50+ s 2™l ay (6 0 )

4 Conclusion

In this paper, the generator polynomials and
minimal generating sets of some constacyclic codes
over Fyo [ u]/<{u") have been investigated. In
particular, the generator polynomials and minimal
generating sets of (14 ¢u®) constacyclic codes with
odd length and N=2(mod 4) over Fo» [ u]/{u’)
have been obtained for any ¢ & F;». A natural
problem is the determination of the generator
polynomials and minimal generating sets of (1 -+

Ciu?) constacyclic codes with length N=0(mod 4)
over Fom[ ul/Cu’).
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