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Let F, be a finite field with g elements and 7 a positive integer. In this paper, we use matrix method to give all primitive idempotents

q

of irreducible cyclic codes of length 7, whose prime divisors divide g — 1.

1. Introduction

Let [, be a finite field with g elements, where ¢ = p°
and p is a prime. Let € be a [n,k,d] linear code over [F,,
i.e., it is a k-dimensional subspace of [F;’ with minimum
Hamming distance d. If for each codeword (¢, ¢;,...,¢, ;) €
G, (Cy_1>Co> - - - > C4—) is also in &, then we call € a cyclic code.
In fact, each cyclic code of length n over [, can be viewed as
an ideal in the ring R = F, [x]/{x" — 1) and each irreducible
cyclic code of length 1 over F_ is an ideal of R generated by a
primitive idempotent.

A lot of papers investigate primitive idempotents of R. We
list some results about the length n.

(D) In[1,2],n =2,4,I", and 2I", where l is an odd prime
and p is a primitive root modulo #.

(2) In[3,4],n=2",m > 3.

(3) In [5], n = I{"l,, where I, I,, p are distinct odd primes
with ged((17")/2,¢(1,)/2) = 1 and p is a common
primitive root modulo I{* and [,.

4)In [6], n = l;"llgnz, where [;,1,, and p are three
distinct odd primes, ordlinl (p) = go(l;'ll) /2, ordl;nz (p) =
go(lgnz)/Z, and gcd(<p(l;"1),go(l£"2)) =2.

(5)In [7, 8], n = t",t,m > 1, where [ is an odd
prime different from the characteristic of Fpotl(g-
1), ged(t,]) = 1 and ord,m(q) = p(I");n=1"m > 1,
where [ is an odd prime and / | (¢ — 1).

(6)In [9, 10], n = l;"llgnz, where [}, [, are two distinct
primes with [;1, | (¢ — 1); n = 41" and 81", where

is an odd prime with [ | (g — 1).

(7)In [11], n = 2"’11”‘1;"2, where [;,1, are two distinct
primes with 41,1, | (g - 1).

8) In[12],n= l;"‘ -1, wherely, ..., 1, are distinct odd
primes with [, --- 1. | (g — 1).

In this paper, suppose that rad(rn) | (q — 1). We shall use
matrix method to give all primitive idempotents of the ring
R. The rest of paper is organized as follows: in Section 2, we
give some basic results, in Section 3, we obtain all primitive
idempotents in IFq[x]/ (x"* — 1) under the condition: rad(n) |
(g — 1), and in Section 4, we conclude this paper.

2. Preliminaries

If a positive integer n has a prime factorization, n =
PPy ps where pi,p,,..., py are distinct primes and
positive integers o; > 1 for 1 < i < [, we denote rad(n) =
pipy-prand v, (n) = o, 1 < i < [, and ord(«) is the
order of & € [Fq* . Through this paper, we always assume that
gcd(n, q) = 1.

Every cyclic code of length n over a finite field F, is
identified with exactly one ideal of the quotient algebra
F, [x1/ (x" = 1). Some explicit factorizations of x" — 1 can be
found in [7-11, 13-16]. We need the following results about
the irreducible factorization of x" — 1 over F,.

Lemma 1 ([14, Corollary 1]). Let F, be a finite field and n a
positive integer such that both rad(n) | (q — 1) and either
q # 3(mod4) or 8 1 n. Let m; = n/ged(n,q - 1), 1, =
(g—1)/ ged(n,q— 1), and 0 be a generator of[Fq*. Then one has
the following:
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(1) The factorization of x" — 1 into irreducible factors in

[Fq[x] is
M 1 (<o)

tlm, 1<u<gcd(n,g—-1) (1)
ged(u,t)=1

(2) For each tlm,, the number of irreducible factors of
degreet is o(t)/t-gcd(n, q—1), where ¢ denotes the Euler Totient
function, and the number of irreducible factors is

p-1
plljn[l <1+vp(m1)'7). @)
p prime

Lemma 2 ([14, Corollary 2]). Let F, be a finite field and n a
positive integer such that rad(n) | (@ — 1), ¢ = 3 (mod 4), and
8 | n. Let m, = n/ gcd(n,q* — 1), 1, = (q - 1)/ ged(n,q - 1),
L =(q* - 1)/ ged(n,q* - 1), r = min{v,(1n/2), v,(q + 1)}, and
« be a generator of [F;Z satisfying 0 = a1*'. Then one has the
following:

(1) The factorization of x" — 1 into irreducible factors in

[Fq[x] is
[T I

tlm, l<w<ged(ng-1)
todd  ged(w,t)=1

TTTT (-

tim, ueR,

=ged(ng-1)-

_ ewll)

©)

(ocul2 + (xqulz) xt + eulz) ,

where R, is the set
l<u<ged(ng” -1),2" }u,
{u eN & ( ! ) } )
ged (,1) = Lu < {qul g 1)

and {a}, denotes the remainder of the division of a by b.

(2) For each t odd with t | m,, the number of irreducible
polynomials of degree t is o(t)/t - gcd(n, q— 1), and the number
irreducible polynomials of degree 2t is

0]
t

e ()
2t o

27 ged(n,g—1) ift is even,

©)

2"—1)-ged(n,g—1) iftis odd.

The total number of irreducible factors is

22 2+, (m)))

S

N, =ged(n,q- 1)<% +

H <1+vp(m2)-

plm,
p odd prime

Lemma 3 (see [17]). Let my,...,m, be positive integers. For
a set of integers ay,...,a,, the system of congruences y =
a; (modmy;),i = 1,...,t, has solutions if and only if

m;)), i#j 1<i, j<t. (7)

If (7) is satisfied, the solution is unique modulo lem(m,,...,
m,).

a;=a; (mod ged (m

J
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3. Primitive Idempotents in R

In this section, we shall give all primitive idempotents in R if
rad(n) | (g - 1).

First, we consider the case g # 3 (mod4) or 8 { n.
In Lemmal, let ¢,,...,t; be all positive factors of m, =
n/ gcd(n,q — 1). For each t; with 1 < i < d, there are
s; = @)/t - gcd(n q — 1) positive integers ull,ulz,...,u,si
satlsfymg 1 < u;; < ged(n,g — 1) and ged(u;;, 1) = =
1,...,s;.Sincel; = (q—1)/ ged(n,q—1) and (0) = [Fq,(? = 011
is of order gcd(n, q — 1). Then the irreducible factorization of
x" -1 over F, can be rewritten as

X'-1= H (xt‘ —8”’7)
1<i<d
1<j<s; (8)
= ho_ ") ... fa _ s4aj)
J1 ey I (e -0%)

Note that the number of primitive idempotents in R
coincides with the number of irreducible factors of x" —1 over

F,-

Theorem 4. Let rad(n) | (q — 1) and either ¢ # 3 (mod 4) or
8 } n. Then there are N, primitive idempotents in R as follows:

n/t -1

0;; (x) = Z (6~ ‘J) X, )

corresponding to the irreducible polynomials x" — 8"i over Fyp
i=1...,dj=1...,s

Proof. Foreachi,1 <i<d,letR; = ]—[1<]<S 4 [x]/(x" — &™)
bearing with s; direct summands; for 0 < k < n—1,k = tju+v,
0<u<nft;-—1,and 0 < v < t; — 1. By (8) and Chinese
Remainder Theorem, there is an [Fq-algebra isomorphism:

¥ =(Y¥2 o ¥a) i R— Ry xRyx xRy, (10)

where each y; : R — R, Y1t ax’ Ajg+Ax+-+
t-1
Ajy-1x" isan F_-algebraic epimorphism and each

n/t;—1

n/t;—1
A < Z at u.+v8uu1 Z at u+v6uul2

u=0

(1)

n/t;—-1

Z at u+v

Note that Zz L Sit

‘s*>€ﬂ: 0O<v<t—1.

= n. Hence there is a [, -linear space

isomorphism:
d
iti
¢= (¢ ¢s -2 9a) i Ry x Ryx---x Ry — [ ]F;
i=1 (12)
_n
= [Fq’
where each ¢, : R, — [F;"t",Ai,O +ALX o+

t-1 . .
Ajgax = (A Ay Ajy ) is a Fy-linear space
eplmorphlsm. Hence there is a [, -linear space isomorphism:
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X=¢y:R—F, where B is a n X n invertible matrix over [Fq. Now we shall
n-1 f 13) determine Band B™'.

Zakx = (AI,O’ v Ay Age Ad,td—l) > In (14), let B := (By(9), ..., B;(8)) be a nxn matrix, where
k=0

each B;(9) = (Bgl)(é), . Bgt")(é)) is a n x s;t; matrix and each
(AI,O’ oAy Age s Ad’td_l) (14) B;V)(8), 1 <v<t,isanxs; matrix:

= (ag,ay,...a,_;) B,

0 0 0
) N0 0
@ @ . () »
0 0 0
0 0 0
B (&) = (8“)! (8“2)' o (8! (t, +v) l<v<t, (15)
0 0 0
0 0 ce 0
(614“)71/1‘,_1 (8ui2)n/tf_l ((Suisi)n/ti_l <<tﬁ . 1) tl. n V)
0 0 0 i
In fact, each B"(8) is determined by these k rows, where k = of x" — 1, so (8””)"”" =L Fixiandt, 1 <i<d Ifl< u;; #
tu+v,0<u<n/t;-1. ujp < ged(nq — 1), ged(uyj» t;) = 1, ged(u;p,£;) = 1. Then

We know that ord(8) = ged(n,q — 1), x — 87,1 < Ui < §%T ¢ 1 and (847 )h = 1. Let
ged(n, q—1),and ged(t;, u;;) = 1 are an irreducible polynomial

0 @) 0 o @) 0 e (o)
0 (8‘“1‘2)0 0o --- (6‘“1‘2)1 0o --- (8—“i2)”/t"_1 0
(B (7)) = S S : : (16)
0 (5 o0 ... (57 19 ... ( 8_ui5i)n/t,-—l 0
(v) (t;+v) ((;—l)tﬁv)
be a's; x n matrix over [,. Then, (Bi (5‘1))T -B; (9)
W) (-1 \\T
(B (57) BY 4 = 2E,, (7)) 1) (t)
t; ) = . (B1 (8),...,B;" (5)) (18)
(B (6‘1))T BM (@) =0 ifl<ved <t, (B (57))
n
= _Esiti’

ie., t;



where Eg and E,, are the identity matrices of order s;xs; and
s;t; X s;t;, respectively.
Let

(B (671)"
(B(67)" = ; (19)
(B (671))"

be a s;t; x n matrix. Next, we shall prove that (Bi(6_1))T .
By(8) =0,1<i#i <d.Infact,

(B:(67)) B @)

- ; (BY @) ... B (®)

(B2 (67))' (20)

@) 5 ® - (5 @) 5o

1

¢ (5)

1

(B (67)) B ) - (B (57))" B
Hence we only need to show that

(B (5) B @)=0, 1svsr, 159/ <1, @D

1

We consider the following congruence equations:

x=v (modt,)
(22)

v (modt;).

X

Suppose that ged(t;, t;) 4 (v - v"). Then it has no solution
in (22) by Lemma 3, so it holds in (21).

Suppose that ged(t;,t) | (v - v'). Then this is unique
solution x = g, in (22) with 1 < x < lem(¢;,t;). Let
lem(t;,ty) = ¢ = tio = tzB. Then x = ay + cl,l =
0,1,...,n/c — 1 are all solutions in (22) with 1 < x < n. Let
(Ml.(v)(é_l))TMi(,V,)(é) = (c;;) be as; x sy matrix over F,. Then
for1 < j<s;,1<j <sy, the(j,j)entryis

nfc—1 nfc—1

1=0

where 1 < Up Uy < ged(n, g — 1), gcd(uij,ti) = 1, and

ged(uy y,ty) = 1. Since x't — 8" is an irreducible divisor of
x" — Lover F,, (8“)Mh = 15 similarly, (6""/ Y = 1. Hence

(a7 B)" < (o) (ot Y =1 (24)

On the other hand, by t; # t; we assume that there is a
prime p such that v,(¢;) > v,(t;). Then p | fand p } «
by lem(t;,ty) = ¢ = tia = tyB, 50 p + (-u0 + )
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and p | ged(n,q — 1). Hence 6 “**“//# 4 1. Therefore,

¢jp = YleTh (@ Py = 0, and it holds in (21).

In conclusion, (B(8™))'B(8) =  (n/t)E,,,
(B0 ) B,(8) =0, 1 <i+i <d,and
b (B (7))
| eEE)

B'=2 . (25)

ta(B,(57))"

In the following, we present all primitive idempotents in
R by lifting some primitive idempotents in [F;' through the
isomorphism y.

By Lemmal, the number of irreducible factors of
x" — 1, which coincides with the number of primitive
idempotents in R, is N;. Let {e;, ..., e,} denote the standard
basis of F. Hence the vectors of [, e}, e;,....€ € 41,
Crisy420 > Crysibsyo e oo ez’;j thspt+1? ez’;j tpspt2’ 70 ezz;} thSptsq’
correspond to all primitive idempotents in R. Hence for i, j,
1<i<dl<j<s,letfx) = Yoo @x" be a primitive

idempotent in R, which is corresponding to eyit g rj BY
(14),

X(eij (x)) = (ag,ay,...,a,_,) B

Zi;lts+j
=<o,...,o, o ,0,...,0) (26)

= Eyi-1 .
it tuSntJ?

— o -1
and (ag, ay,...,a,;) = ey B - Sowe have proved the

theorem. O

Remark 5. In special cases in Theorem 4, we can give those
results in [8-11].

Second, we consider the case ¢ = 3 (mod4) and 8 | n.

In Lemma 2, let t,,¢,,...,t; be all odd factors of m, =
n/ ged(n,q* — 1) and let t4, .t 4,55 - . . » Lz, be all even factors
of m,. For each t; with 1 < i < d, there are s; = ¢(t;)/t; -
ged(n, q — 1) positive integers w;;, wy, . .., W, satisfying 1 <
w;; < ged(ng — 1) and ged(wypt;) = 1, j = 1,2,...,5;
For each t; with 1 < i < d + d', there are g; positive
integers u;;, Uy, ..., Uy, satisfying 1 < u;; < 2" ged(n,q -
D),ged(tpuy) = L2" + wy j = L...,g. Infact, n =

d d+d'
Y Siti+ 2y 2tig;.

Sincel, = (q—1)/ged(n,q—1),1, = (qz—l)/ ged(n, qz—l),
(0) = [Fq* ,and {(«a) = ﬂ:;z, there exist 8 € [Fq* and o € [Fq*z such
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that 8" = & and &2 = 0. Then the irreducible factorization of
x" — 1 over [Fq can be rewritten as

X" =1
ST )
1<i<d
1<j<s; (27)
1_[ (thi _ (O-uij + O-quij) xti + O.(q+1)uij) )
1<i<d+d’
1<j<g;

Theorem 6. Suppose that rad(n) | (9 —1), g = 3 (mod 4), and
8 | n. Then there are N, primitive idempotents in R as follows:

8

n/ti—-1

ti —w;; k kt;
0; = I;) (87" x (28)

correspond to the irreducible polynomials x'i — 8"i over Fp i=
1,...,d,j = 1,...,51'.
2

n/ti—1

My == 3 Tr((079)) £ (29)

=i
correspond to the irreducible polynomials x* — (0™ +09"1 ) x" +

o TV overFi=1,...,d+d,j=1,..., g, where Tr is the
trace map from Fz into [,

Proof. The factorization of x" — 1 into irreducible factors in
Fp [x] is

X'-1= H (xti—6wif)

1<i<d
1<j<s;

[T (x-a) (< -om).

1<isd+d’
1<j<g;

(30)

Similarly to proving Theorem 4, there is a [F-linear space
isomorphism:

@ @
x=(xXo o XA Agean A LA )
e [x] ) (1)
—_— — 25
(x" = 1) 1
n—-1 f
Zakx — (AI,O""’Ad,td—l’Dl,O""’Dd+d’,td+d;—l’
k=0 (32)

(q) (@)
Digs--- ’Dd+d’,td+d,—1) ’

where there are F_:-epimorphisms: for 1 <i < d,

A ol
6y e R @

1<j<s;

5
n-1 x
Zakx — (Ai,o’---’Ai,t,-—l)’ (34)
k=0
forl<i<d+d,
F.[x] Fp [x]
q q giti
T FY
S R e R
n—-1 x
Zakx > (Di,o’ ceey Di,ti—l) 5 (36)
k=0
andforl<i<d+d,
1@ . [qu [x] H ﬂ N =/ (37)
' (x"-1) 15j2g, (X1 = o) 7
© & @ @
Zakx — (Dif(j)""’Di,qt,»—l)' (38)
k=0

Hence there is a n X n invertible matrix B over [qu such that

(a9, @) B= (Ay00- s Ayt Dy

(39)
(@) (@)
Dy, s DB, D d’»w—l) .
Now we shall construct the matrix B. Let
B=(B,(8),....B;(8),B,(0),....Byry (@), By (¢7),...,
(40)

By, (07)),

where B;(8) are nx s;t; matrices over 2, 1 <i < d,and B(0),
B;(0%) are n x g;t; matrices over F2, 1 <i <d + d.
(a) For each i with 1 < i < d, by (33) we have

(ao, al, ceey an_l) Bl (6) = (Ai,O’ Ai,l’ PR Ai,ti—l) N (41)

where Ao, A1, Ay € F Let B(8) = (BP(d),

...,Bgti)(é)) be a n x s;t; matrix, and each BEV)((?), l<v<t
be a n x s; matrix as shown in Theorem 4.

(b) Foreachiwith1 < i < d +d, by (35) we have
that (ay,ay,...,a,.1)B;j(0) = (D;gDjy,..., D, ), where
Dy, Dy,..., Dy € FY. Let By(0) = (B"(0),..., B (0))

be anxg;t; matrix and each BEV)(G), 1 < v < t;,anxg; matrix:



Bi(V) (0) =

(c) For eachiwithl <i<d+d, by (37) we have that
R ng_)_l), where Df%),

(ag, ay, ...

B (%) -

»a,-1)B;(0%) = (D

(@D@

(O-‘Z”il)”/ti_l

0

,0274,12° "

0

(o-quiz )”/ti_l

0

(0"

D%

@....D
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)

(t;+v) 1<v<t. (42)

((G-))

€ FJ'. Let Bi(0%) = (B{"(0"),..., B" (69)) be

anx g;t; matrix, and each B,(V)(Uq), 1 < v <t;,anxg; matrix:

)

(t;+v) 1<v<t, (43)

(G -2))
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Similarly to proving Theorem 4, we obtain that

t, (B, (5_1))T

pt=t : , (44)
n C
tava (Bd+d’ (0 ))
—onT
t, (B, (071))
o
tara (Bara (079))
where
0o (@)’ o ... 0
0 (O-_Miz)o 0 0
T
(57 -
0 (o'_uisi)o 0 -~ 0

)

(c) for each i with 1 < i < d +d, B(c™ )" =

(B (0"
a g; X n matrix:

BV (o))"
: ,and for each vwith 1 < v < ¢, (B,gv)(a_q))T is

0o (™) o ... ¢
0 (c™™)° 0 - 0
—on\T
(57 () =
0 (O'_quisi 0 0 N 0
)

In the following, we give all primitive idempotents in
F,[x]/{x" = 1).

(1) For fixediand jwithl1 <i<dand1<j<s, 6" €
F,- Hence the primitive idempotents in Fp [x]/(x" — 8% are
the same as F, [x]/{x" — 6™i7). We have the result.

(BE™M)"
(a) for each i with 1 <i < d, (B,(67")" = ( : )
(B )"
and for each vwith 1 < v < ¢, (BEV)(é_l))T is a's; X n matrix
as shown in Theorem 4.
(b) for each i with 1 < i < d +d, B(o™)' =

B )"

; ,and for each v with 1 < v < t;, (BEV)(U_I))T is
B )"

a g; X n matrix:

(™)' o G 0
(o'_uiZ ) 1 0 (O-_uiz )n/ti—l 0

; (45)
(O-—uis,» )1 0 (o'_”ifi )n/ti_l 0
(t;+v) ((;—1)ti+v>

i
(™)' (o5
(O,—qu,»z)l 0 (O-_quiZ)n/ti_l 0
(46)
(O-—‘Iuis,- )1 0 (O,—qu,»Si n/t;=1 0
(t;+v) ((?—l)ti+v>
i

(2) For fixed iand jwithl1 <i<d+d and1<j<g,
the polynomial x* — (6" + a%9)x" + ‘0" i is irreducible
over .. In fact, the primitive idempotents in Fpe [x]/(x¥i -
(0" + gTi) x" + 9Dy are the same as F, [x1/ (% — (o™i +

o 1% )xti + o-(q+1)uij ).



Note that there are F;-algebra isomorphisms:

Fp [x]

<x2ti — (0% + oTi) xti + o(q“)“"f'>

T;

[qu [x] [qu [X]
X b
(xti —g*i)  (xti — o)
2,-1

c(x) = Zakxk = y+zxt" — (y,z) N = (y',z'),
k=0

(47)

t-1 t-1 .

where y = Zk’—o ax', z = Zk’—o at_+kxk € Fp [x],and N is a
- - 1

2 X 2 matrix over [qu:

1 1
N=( ) (48)

Note that the identity of > [x]/ (x% —(0%i+0T ) xti 40T D%
is equal to the identity of [F,[x]/ P = (0% + o)Xt +
" D4iy Now, take c(x) = 1, then

7 (c(x) =7(1) = (LON = (1,1). (49)
Let 7;;(x) = Z;(l) akxk be a primitive idempotent in R

corresponding to the irreducible polynomials x* — (6" +
o) xtt + gD, By (31)

X(Wij (x)) = (ay,a1,...,a,1) B= (bps by>-..» b, 1)

@
- (ALO,...,Ad,td_l,Dw,...,Dd+d,,td+d,_l,Dl?0,...,
(50)
@ )
d+d',td+d/—l
=(0,...,0,D,,0,...,0,D{?,0,...,0),
— j (@ _ i
where D;, = (0,...,0,1,0,...,0),D;7 = (0,...,0,1

,0,...,0). Hence

(ao,al,...,an_l) = (bo,bl,...,bn_l)B_1

- %(Tr((a_“"f)o),0,...,0,Tr((0_uij)l)’0’“"0’ (51)

Tr ((07)"™"),0,...,0).

Hence we complete the proof. O

4. Concluding Remarks

In this paper, suppose that rad(n) | (q — 1), we use
matrix method to give all primitive idempotents in the ring
F, [x]/{x"—1). Suppose that the order of g modulo rad(n) is w,
where w is a positive integer. We can also obtain all primitive
idempotents of irreducible cyclic codes by the similar method
in Theorems 4 and 6. Hence, all primitive idempotents of
simple root irreducible cyclic codes can be presented by the
method in Theorems 4 and 6.

Mathematical Problems in Engineering

Data Availability

No data were used to support this study.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

The paper is supported by National Natural Science Foun-
dation of China (nos. 61772015, 11601475, and 11661014),
the Guangxi Science Research and Technology Development
Project (1599005-2-13), and Foundation of Science and Tech-
nology on Information Assurance Laboratory (no. KJ-17-
010).

References

[1] S.K.Aroraand M. Pruthi, “Minimal cyclic codes of length 2p",”
Finite Fields and Their Applications, vol. 5, no. 2, pp. 177-187,
1999.

[2] M. Pruthi and S. K. Arora, “Minimal codes of prime-power
length,” Finite Fields and Their Applications, vol. 3, no. 2, pp. 99—
113, 1997.

[3] M. Pruthi, “Cyclic codes of length 2™ The Proceedings of the
Indian Academy of Sciences — Mathematical Sciences, vol. 111, no.
4, pp. 371-379, 2001

[4] A.Sharma, G. K. Bakshi, V. C. Dumir, and M. Raka, “Irreducible
cyclic codes oflength 2" Ars Combinatoria, vol. 86, pp. 133-146,
2008.

[5] G.K. Bakshiand M. Raka, “Minimal cyclic codes of length p"g,”
Finite Fields and Their Applications, vol. 9, no. 4, pp. 432-448,
2003.

[6] R. Singh and M. Pruthi, “Primitive idempotents of irreducible
quadratic residue cyclic codes of length pnqm,” International
Journal of Algebra, vol. 5, no. 5-8, pp. 285-294, 2011.

[7] B.Chen, H. Liu, and G. Zhang, “Some minimal cyclic codes over
finite fields,” Discrete Mathematics, vol. 331, pp. 142-150, 2014.

[8] B. Chen, H. Liu, and G. Zhang, “A class of minimal cyclic
codes over finite fields,” Designs, Codes and Cryptography. An
International Journal, vol. 74, no. 2, pp. 285-300, 2015.

[9] E Li, Q. Yue, and C. Li, “The minimum Hamming distances
of irreducible cyclic codes,” Finite Fields and Their Applications,
vol. 29, pp. 225-242, 2014.

[10] E Li, Q. Yue, and C. Li, “Irreducible cyclic codes of length 4p"
and 8p")” Finite Fields and Their Applications, vol. 34, pp. 208-
234, 2015.

[11] F Li and X. Cao, “A class of minimal cyclic codes over finite
fields,” Discrete Mathematics, vol. 340, no. 1, pp. 3197-3206, 2017.

[12] M. Pruthi, “The minimum Hamming distances of the irre-
ducible cyclic codes of length I/, [ ... I"*” Journal of Discrete

Mathematical Sciences and Cryptography, pp. 965-995, 2016.

[13] B. Chen, L. Li, and R. Tuerhong, “Explicit factorization of
X¥™P" _ 1 over a finite field.” Finite Fields and Their Applications,
vol. 24, pp. 95-104, 2013.

[14] E. Martnez, C. Vergara, and L. Oliveira, “Explicit factorization
of x" =1 € F,[x]” Designs, Codes and Cryptography. An
International Journal, vol. 77, no. 1, pp. 277-286, 2015.



Mathematical Problems in Engineering

[15] S.Yang and Z.-A. Yao, “Complete weight enumerators of a class
of linear codes,” Discrete Mathematics, vol. 340, no. 4, pp. 729-
739, 2017.

[16] S. Yang, X. Kong, and C. Tang, “A construction of linear codes
and their complete weight enumerators,” Finite Fields and Their
Applications, vol. 48, pp. 196-226, 2017.

[17] C. Ding, D. Pei, and A. Salomaa, Chinses Remainder Theorem:
Applications in Computing, Coding, Cryptography, Section 2.4,
World Scientific Publishing Co., Inc., Singapore, 1996.



Advances in Advances in . Journal of The Scientific Journal of
Operations Research Decision Sciences  Applied Mathematics World Journal Probability and Statistics

|nternational
Journal of
Mathematics and
Mathematical
Sciences

Journal of

Optimization

Hindawi

Submit your manuscripts at
www.hindawi.com

International Journal of
Engineering
Mathematics

International Journal of

Analysis

Journal of : Advances in ] Mathematical Problems International Journal of Discrete Dynamics in
Complex Analysis Numerical Analysis in Engineering Differential Equations Nature and Society

International Journa!

of
Stochastic Analysis Mathematics Function Spaces Applied Analysis Mathematical Physics

Journal of Journal of Abstract and ; Advances in



https://www.hindawi.com/journals/jmath/
https://www.hindawi.com/journals/mpe/
https://www.hindawi.com/journals/jam/
https://www.hindawi.com/journals/jps/
https://www.hindawi.com/journals/amp/
https://www.hindawi.com/journals/jca/
https://www.hindawi.com/journals/jopti/
https://www.hindawi.com/journals/ijem/
https://www.hindawi.com/journals/aor/
https://www.hindawi.com/journals/jfs/
https://www.hindawi.com/journals/aaa/
https://www.hindawi.com/journals/ijmms/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/ana/
https://www.hindawi.com/journals/ddns/
https://www.hindawi.com/journals/ijde/
https://www.hindawi.com/journals/ads/
https://www.hindawi.com/journals/ijanal/
https://www.hindawi.com/journals/ijsa/
https://www.hindawi.com/
https://www.hindawi.com/

