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Abstract Letn = p‘l)“ pgz... pY", where p;’s are distinct odd primes, be a positive integer and F; be a finite field
of prime order [ where gcd(l, n) = 1. Here, we compute the weight distributions of all irreducible cyclic codes

of length n over F; for the case when multiplicative order of / modulo pf"' ; Opg,« =2 pf"'_l foreach o; > 1.

It is also shown that computation of weight distributions of irreducible cyclic codes of length p1ps...p, over F;
is sufficient to compute the weight distributions of all irreducible cyclic codes of length .

Keywords Irreducible cyclic codes - cyclotomic cosets - weight distribution

Mathematics Subject Classification 94B15

1 Introduction

Let n be a positive integer and let F; be a finite field of order /; gcd (n, 1) = 1. Then R, =<5£+ﬂ> is a semisimple
ring. Every cyclic code over F;j is an ideal of R, and, in particular, an irreducible cyclic code C is a minimal
ideal in R, (Chapter 7 [5]). If elements of C are such that for g(x) € C, the Xt g(x) (modulo x" — 1) is also in
C, then C is called a cyclic code. Since elements of R, are polynomials over F; of degree at most n — 1, the
mapping bg + b1x + box2 + -+ by 1x" 1V = (b, by, by, -+, bp_y) is an isomorphism from R, — F,
where an is a vector space of all n-tuples over Fj, therefore, we can identify by + b1 x + box2 4 by x!
by (bo, b1, b2, - -+, by—1) in F]'. The weight of an n-tuple 7 := (bg, b1, by, - - , b,—1) is number of non-zero
coordinates in it. Let A;(C) denotes the number of codewords of weight ¢ in a cyclic code C, then the collection
{Ap(C), A1(C), ..., A, (C)} is weight distribution of C.

Since the error detecting and error correcting capacity of a code is directly related to its weight distribution,
many authors have studied the weight distributions of cyclic codes. Authors in [1,4,7,8,10-12] have computed
the weight distributions of some irreducible cyclic codes of prime power length. In [9], Vega computed weight
distribution for any irreducible cyclic code of length p™. He used MacWilliams identity to compute these weight
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1074 Riddhi et al.

distributions. In [2], Fang studied some specific codes of composite length 22 — 1 having two zeros whose

dual codes have three weights. In [3] and [6], the authors computed the weight distributions of some cyclic

codes of composite length p" and 2p”, and 2" p™ respectively over F,, where ¢ is a primitive root modulo p”"

and O (q) = 1. Here, in this paper, we compute the weight distributions of some irreducible cyclic codes of
composite length n = p{' p5*...p;", where p!s are distinct odd primes.

Throughout the paper, p1, pa, ..., pr, [ are distinct odd primes and n = p o pgz. .pi". Further, for each

a; > 1, the multiplicative order of / modulo pal ie. O P =2 pal . In Section 2, we have discussed some

results on the cyclotomic cosets modulo n. In [9], Vega used MacWilliams identity to compute weight enumerator
polynomial A(Z)' of a code C which is a direct sum of p? equivalent codes each having same weight enumerator
polynomial A(Z). In Theorem 1 [9], he showed that A(Z)" = (A(Z))pd. Since, for cases discussed in Theorem
1 [9], the A(Z) is at most a trinomial, therefore, it becomes easy to compute (A(Z))Pd. If A(Z) has k + 1 terms,
then A(Z) has C(p? + k, k) terms, where C(p¢ + k, k) stands for number of combinations of k things out of
p? + k distinct things . Therefore, a Weight set corresponding to codewords of weight 7 is defined to compute
the weight distributions of cyclic codes of length n = p‘f‘1 pgz... py" over F; with the help of weight distributions
of cyclic codes of length pps...p, over Fj easily. In Section 3, we have computed the weight distributions of
all irreducible cyclic codes of length m = p; p2..-Dr. In Section 4, it is shown that for computation of weight
distributions of all cyclic codes of length n = p, ! pgz. .pr, the weight distributions computed in Section 3 are
sufficient. In the end, weight distributions of all irreducible cyclic codes of length 15 and 225 are computed over
Fo.

2 Preliminaries and some notations

Throughout the papern = p; “ pgz. .p¥", where pjs are distinct odd primes, / is an odd prime with gcd (I, n) = 1,

F; is a finite field of order /. For each o; > 1, the multiplicative order of / modulo pf” ; Opqi =2 p?i_l,

1 <i < r. The [-cyclotomic coset modulo n containing s is denoted by C?(l) and, the irreducible cyclic code

corresponding to C;’(l) by M. For a code C, A;(C) denotes the number of codewords of weight ¢ in C and, in
particular A;(M7) is number of codewords of weight ¢ in M7 . Throughout the paper, § is a fixed primitive nth
root of unity in some extension of F;. Since every code has a minimal and a generating polynomial, therefore,

Definition 2.1 Minimal polynomial and generating polynomial: The polynomial % (x) denotes the minimal
polynomial of M7. It is given by A (x) = ]_[S€ ¢ (x — &%). The generating polynomial of M is denoted by

gi(x). Itis given by gi' (x) = %

In [9], Vega used MacWilliams identity to compute weight distribution of a code C which is a direct sum
of p? equivalent codes each having same weight enumerator polynomial A(Z). In this case weight enumerator
polynomial A(Z) of C is A(Z) = (A(Z))”d. Since, for cases discussed in Theorem 1 [9], A(Z) is at most a
trinomial, therefore, it becomes easy to compute (A(Z))Pd. If A(Z) has k+ 1 terms, then A(Z)' has C(pd +k, k)
terms. Therefore, we define a set and call it the Weight Set. With the help of this set it is easy to compute the
weight distribution of a code which is a direct sum of equivalent codes (see Example 4.6).

Definition 2.2 Weight Set corresponding to weight 1: Let D be a cyclic code such that D = Dy ® D> ®...® D,
i.e., D is a direct sum of r equivalent cyclic codes. For 1 <i < r, by [7], each D; has same weight distribution.
Let {Aj,Aj,,...Aj;} be the weight distribution of each D;. Further let ¢ € D has weight 7. Define
Xy = {(i1, 02, ..o, i 101 + j2io + ... + jrix = t, where iy, is..., iy are non-negative integers}. Then, we
call X; the weight set for D corresponding to weight ¢, since the number of codewords of weight ¢ in D i.e.,
A((D) =
Y C it 4+ iCG + oo+ ik i) Cli + oo+ ks i2)-nn Cli—1 + ik, k1) AT AZ A%
= ! Al AR Al
r—>G+ix+ ... +iIE)IE)!. )Y 2k
where the sum runs over each element of X;, C(r, i) denotes the number of combinations of r distinct things
taking i at a time and (7)! stands for i factorial.
By our choice on multiplicative order of / modulo p®; p prime, the O (l) = 2, 0,2(1) = 2p, O 3(1) = 2p2,
.., therefore, we have following result:
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Weight distributions of some irreducible 1075

Lemma 2.3 Let py, p2, ..., pr be distinct primes. If 0 < y; < «; foreach i, 1 < i < r and OP%—M () =
Zp?i_yi_l, then

aj—y1—1 _ar—yr—1 o —yr—1
0[;1’11—1/11,;2—1/2 P - () =2p, v P> " wPr’ e

Proof Since Ongy,v =2 p;.xi_y’_l, therefore,

o =Y =

1  —
1% = L(mod pj" V)1 <i<r
Simultaneously,
ap=ri=l 5 ar—=yr—1 oy —yr— _ -
llcm(zp 2])2 e 2Py 1(m0d p‘xl Y1 ng VZI"pgl) Vr).

. ap—y—1 _a—y—1 ar—yr—1 ~ _ _ _
Equivalently, 1271 Py wePr ~ 1(mod i Ty T
1 —y—1 r—yr—1 1 1 =1 g
since em(2p{' " T 2pst T L 2 T Ty = 2p T T p? 2T L py . This proves the Lemma.

<&

The set C"(I) {s,sl, s, ..., sI*~1}, where u is smallest positive integer such that s/* = s(mod n) is called
[-cyclotomic coset modulo 7. As a consequence of Lemma 2.3, we have following two theorems:

Theorem 2.4 Foreachi, let0 < y; < ;. If ged(s,n) = p}' p3...p}", where n = p{' p3*...p}", then order of
Cn(l) ie. O(Cn(l)) Otl yi— 1”'prar*)/r*1.

Theorem 2.5 Let {1,2,...r} = {iy, iz, ..., iy }. If

iy Y Vikpr Vikg2 Vi
ged(s,n) = Pi piz plk Py Piyyy Pi g

r

where, n = p{" p3*...p7" and 0 < y;, < a;,, then

n(l Qigy Vg1~ Yo~V =1 o =y, —1
oy =2p," Mgl wppr T

3 Weight distributions of irreducible cyclic codes of length p1p>...p, over F;

In this section we compute the weight distributions of all two dimensional irreducible cyclic codes of length
P1p2...pr, Where pls are distinct primes.

Lemma 3.1 Letm = pyp>...pr andl be a prime with gcd (I, m) = 1. If ) is a primitive mth root of unity and, for
eachi,1 <i <r, the Op,(l) =2, then, for every positive integer s; s < m and gcd(s, m) = 1, the polynomial

Bi Bit1

i B+

—1

m XM 4 B1x™ T3 4 Box™ T4 + L+ B2 is a complete polynomial and

Proof By Synthetic Devision, let

x™ —1

X" -2 m—3 m—4
G = + A"+ fox™ T+ o

si (@=DsG+1) _ . . . o .
Then B; = % We will now show that each §; is nonzero. As A is a primitive mth root of unity,

therefore, B; is zero only when m|(I — 1)s(i + 1). The O, (/) = 2 ensures that gcd(m,[ — 1) = 1. Moreover,
ged(s,m) = 1 and (i + 1) < m, therefore, m ¥ (I — 1)s(i + 1). Consequently, each B; is nonzero. As
Bi Bi+i
Bj Bj+1

If gcd(s, ,m) = 1, then by Theorem 1 [7], M{* and M lm are equivalent codes, there in the following theorem we
compute weight distribution of M{".

ASi ()L(l*l)a'(iJrl) —1)

Bi = — s therefore, it is easy to see that <
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1076 Riddhi et al.

Theorem 3.2 Letm = pyp;...py, | be aprime with gcd(l, m) = 1 and, for eachi,1 <i <r, Op,(I) =2. Then
Ag(M") =1, Ay (M) =m( — 1), Ay (M) = (1 — 1) —m + 1) and A (M{") = 0 otherwise.

Proof As Op,(I) = 2, therefore, Oy, (1) = 2. Then MI" :=< x"~2 + B1x™ 3 + fox™ 4 + ..+ Bz > isa
two dimensional cyclic code of length m over F;, where B;’s are same as defined in Lemma 3.1. Clearly, the
generating matrix G(say) of M{" is

G = I:,Bm—Z Bn—3 Bn-4 ... B1 1 O]
0 Buo2Buns.-P2pbil

By Lemma 3.1,

Bi Bi+i
Bj Bj+1

therefore, all columns of G are linearly independent. Since M{" is a two dimensional code, every codeword in
M f” is of the form [a b] G, where a, b € F;. We consider [a b] G as an m-tuple over F; and denote it by 0. The
equation SB;x + Bi4+1y = 0 always has [ — 1 solutions over F; (if x = a, y = bis asolution of B;x + Bi+1y = 0,
then x = na, y = nb; n € Fj is also a solution of B;x + B;i4+1y = 0). Consequently, there are [ — 1 choices of the
form (a, b) over F; which makes exactly one coordinate of o zero. Equivalently, we get a codeword of weight
m—1inM f” The G has m columns, therefore, there are m (I — 1) codewords of weight m — 1 in M {" The number
of choices of nonzero tuples of the form (a, b); a, b € F; is 12 — 1 out of which only m(l — 1) tuples produce a
single zero in o, therefore, P—-1—-ml-=1=((-1{I4+1—=m) codewords in M 1" have weight m. Moreover,
there is exactly one codeword of weight zero. Hence we have Ag(M{") = 1, A,,(M{") = (I — D[ + 1 —m),
Ap 1 (M) =m(l — 1) and Ap(M7") = O otherwise. o

If ged(s, m) = P, then by Theorem 1 [7], M and M l’,ﬁ’ are equivalent codes, therefore, in the following theorem
we compute weight distribution of M.

Theorem 3.3 Letm = pyp>...pr and P is divisor of m. If O, (1) =2; 1 <i <r,then Ay_p(Mp) = %(l— 1),
AnMp) = (1= 1)+ 1—=5), Ao(My) =1 and Ax(Mp) = 0 otherwise.
Proof As gcd(s,m) = P < m, O, (I) = 2, therefore, the minimal polynomial 4’} (x) corresponding to the

cyclotomic coset C ",f(l) is (x —AP)(x — A'P), where A is a fixed primitive mth root of unity. Then, the generating
polynomial of the code M’ is

gh(x) = ol
P ' (x)
m(P—1)

P = DU +x?P o x P )
B (x = AP)(x — ALP)

Let C be a code of length % generated by %. Then, by Theorem 3.2, A%_I(C) = 50—,
A%(C) =(l-DU+1- %), Ao(C) = 1 and Ax(C) = 0 otherwise. Clearly M’y is a repetition code of C

repeated P times, the result follows. <o

Sl.ince hy' (x) = (x — 1), therefore, the g’ (x) = (1 + x + x2 + ..x"™1). Then we have following simple
corollary:

Corollary 3.4 The Ag(M') =1, Ap(My') =1 — 1, Ap(M') = 0 otherwise.

4 Weight distributions of irreducible cyclic codes of length n = pi” p5*...p;", where p!s are distinct odd

primes

In this section, we observe that the weight distributions of two dimensional irreducible cyclic codes of length

p1p2...pr over Fy are sufficient to compute the weight distributions of all irreducible cyclic codes of length
n = p}' py*...p;". First we prove a lemma.
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Weight distributions of some irreducible 1077

Lemma 4.1 Let C be an irreducible cyclic code of dimension d > 1 over Fy having length m. Further, let g(x)
be the generating polynomial of C. If C* =< g(x"), x'g(x"), x* g(x"), ..., x'@Vg(x") > is a cyclic code of
length mt over Fj, then C and C* have same weight distribution.

Proof Since C is a d dimensional irreducible cyclic code of length m, it is a d dimensional vector space over F;
with basis {g(x), xg(x), ..., x¢~1g(x)}. Then, for ¢(x) € C,

c(x) = apg(x) + a1xg(x) + ... + g 1x 7 g(x); i € Fy

Equivalently,
c(x') = aog(x") + a1x'g(x") + .. + ag_1x" Ve (x"); i € F.
From above equation, we get that ¢(x") is a linear combination of
g, x' g (), ¥ g (), ., XD g (x)

over Fj. Therefore, c(x") € C*. As C and C* both have same dimension and there is a one to one correspondence
between codewords of C and C*, C and C* have same weight distribution. o

As a result of above lemma we have following observations:

Observations 4.2 (i) Clearly C* =< g(x'), x"g(x"), x* g(x"), ..., x'@ Dg(x") > is a d dimensional code
over Fj.
(i1) For each positive integer i, the code

t+i—1 2t+i—1 xt(d—1)+i—1

C; =< xi_lg(xt),x g(x’),x g(x’), s g(xt) >

and
C* =< g(x"), x'g(x"), ¥ g(x), ., X" Ve(x") >
have same weight distribution.
(iii) Codes Cy, C3, ..., C;, where

t+i—1 (Hd=D+i-1

C; =< xi_lg(x’), X g(xt), s g(xt) >

are linearly independent also.
By Lemma 4.1 and Observations 4.2, we have following theorem:

Theorem 4.3 Let C be a cyclic code of dimension d > 1 over F; having length m. Further, let g(x) = Bo +
Bix + Box? + ... + Bu_ax""? be the generating polynomial of C. If C** is a td dimensional code of length
mt generated by f(x) = Bo + Bix" + Box® + ... 4+ Bu_ax "D then C* = C, & C2 & ... ® C;, where
C1, Ca, ..., C; are same as defined in Observations 4.2(ii).

Proof Clearly f(x) = g(x"). Therefore,
{g(x"), xg(x"), x*g(x"), ... x' 1o (x"),
xg(xh), x g (x), x' T2 g (x"), ... x¥ g (x"),
x2lg(xt)’ xzf-‘rlg(xt)’ x2t+2g(xt), s XSZ_lg(Xt),

is a basis of C** over F;. We regroup above basis of C** as:

x(d—l)tg(xt)7
x(d—l)t+1

{g(x), x"g(x"), x> g(x"), ...,
xg(xt)’ xt+1g(xl‘)’ x2t+1g(xl‘)’ - g(xl‘),
ng(.xt), xl‘Jrzg(xt), x21+2g(xt)’ s x(d*l)f‘}'zg(xl)’

e, X2 e (xh), X g (xh), ., x¥ T g (x)).

Then, by Observation 4.2(iii), C* = C; & C> & ... ® C;. <o
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1078 Riddhi et al.

Next we compute weight distributions of all irreducible cyclic codes of length n = p‘f” pgz ..pY over Fy.

Theorem 4.4 Let s be a positive integer with gcd(s,n) =d = p1 p2 .pY", where, 0 < y; < ;. Foranonzero

positive integer v, if X, = {(a, b)|ap1p>...pr + b(p1p2...pr — 1) = v} is nonempty, then Avp” ol (M} =

Cp T @ b)) Clat b, ) = DU+ 1= pipa.c.p) (p1 pa...pr)’. where the sum runs
1
over each element of X,,.

Proof Since ged(s,n) = d = p}' p}...pJ", by Theorem 2.4,
0(cg<l>) O(C"(l)) al yi— lpgz y2—1 'p;xr—yr—l7

therefore, M and M; are equivalent codes. Hence we compute the weight distribution of M}j. Clearly M is a

2py'” n-1 Py T . p;x’_y”_l dimensional code having
ap=yi=bar—yr—1 ap=b o L S ap=lap—1
(xP Dr _§P1 Pr )(xm —Pr _glpipr ),
where § is a primitive nth root of unity, as its minimal polynomial.
Then, generating polynomial gJ;(x) of M} is
x*—1
n
x) = ——
= @)
(xp‘l)‘l_ylmpgr—)/r . l)(l + xpill_}/lmptrlr—w TR x(pi“l_yl_mpgr—yr)(pylmp)r/r_l))
(xp‘l'l*Vlflmp;Yr*Vr*I _ 61)‘]"1’1.“1)30—1)(xp‘l"lfylflmpgfr*}/r 1 811711 1 p;lr—l) :
Let C be a cyclic code generated by
(xptlxryl P D
g(x) a=yi—1  ar—yr—1 ap=1 -1 ap=y1=1 ar—yr—1 "‘1_1 ar—1 "
(xP1 -Pr — 8Pt Py (xP1 -Pr —8pe prt
Putting
xptln—n—]pgz—yz—'mpgrfwfl .
and
ay—1 ar—1
8171 < Pr = A
. . PLP2-Pr _] _
in g(x), we getapolynomial f(y) = (ny ByLemma3.1, f(y) = Bo+B1y+...+Bp; py...pp—2 Y172 Pr 2,
Then
o =v=l =y =1
gx) = flxM P
ap—yp—1 ar—yr—1 ( ap—yp—1 ar*]/rfl)( —-2))
— /30 + ,lep] ~-Pr + ...+ 131)1[)2 pr—2X Py D pPip2..-pr .
Therefore, by Theorem 4.3,
C=C1oC2d...8 Cptlylfylflmpg,,y,q. (1

By Lemma4.1, foreach i, C; is equivalent to a two dimensional code of length p1 p»... p,. Therefore, by Theorem
32, Apppp,(Ci)=(U =D = pip2...pr + 1) and Ay, p,—1(C;) = (I — 1) p1p2...pr. Consequently, each
block of (1) contributes pips...p, or p1pa...pr — 1 to the weight of a codeword in C. For a nonzero positive
integer v, if Xy, = {(a, b)|ap1p2...pr + b(p1p2...pr — 1) = v} is nonempty, then C has codewords of weight v
and, by Definition 2.2,

Au(C) = LGy p L pl T @k BNt b ) = DU = prpaeep) (pr 2,
where the sum runs over each element of X,. Since M} is a repetition code of C repeated p1 p2 pl

times, for each codeword of weight v in C, there is a codeword of weight vp1 p2 ..py" in M. Therefore,

Aplnpyz.yr(M)—A(C) o
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In the following theorem we have {1, 2, 3, ...

{1,2,3,...,r}.

Theorem 4.5 Let s be a positive integer with

o
ged(s,n) =d =p; "' p;,>..p

where,0 < y;, < a;,; k+1 < u < r.Foranonzerov, ifX, = {(a, b)|api,,, Pir,s---Pi, +b(Pi | Pirsr---Pi, —1)

v} is nonempty, then

Avpf"il pf"iz
i ip

- ik+1 ik+2 iy

P,’k P

iy Vigpr —1 i ~Vigo =1 i, —yi, —
>.C(p pi

,r} =i, i, i3, ..., i, } 1.e, {i1, i2, i3, ..., [, } is an index set of

ot,-k
ik

Yikg2
+2

Yik41
ik+1

Vi
-D; ’

r

v, (M)

P,

Yigt2
k42

i Vikr1
ikt

'@ + b)Ca + b.ayl — DA + 1

Piry1 Pirya

D) Py Pino ...p,-,)b, where the sum runs over each element of X,.

. _ g % @iy Qi Yiger Yoo Vi . .
Proof Since gcd(s,n) =d = Piy Piy Py Pigyy Pipyy Pi, , where, 0 < y;, < «;,, by Theorem 2.5,
n()yy _ nU)y _ n Cikpr “Vigpr 1 @i Vi =l e, -y —1
o) =0(C,;") = 2pik+1 iin Dy, )

therefore, M and M; are equivalent codes. Hence we will compute the weight distribution of M);. As O (C:} (1)) =

Ui Vi~V i~V i, —yi—1 . Uiy Vg1~V Qo Vi~ -y —1 .
ik+1 k+1 Thet2 k2 "'p.tr Yir ,therefore,Mt’iHsaZp.'k“ k+1 2 2 Vir dimen-
k41 P42 lr Lk+1 lk+2 Iy
sional code having
gyl i1 T i iy T ai =i, 1 SRS SER L SE ST
hn(_x) = (xpik+1 Piy o =P, _ 51’11 Piy” Py Py it D, )
d
i Vet ! i Vg Tl a vl P T R
ik i <P Piy Piy” Py P i P
(x7 k1 k+2 r — 57 2 ko k1 k+2 r )
as its minimal polynomial. Then, generating polynomial g/j(x) of M is
Sl i1 iy Vi
" (x) x"—1 (x Tkt T — 1)
84\X) = —5 = n
hd(x) d(x)
Yikpl Vikr1 i i Yikpl Vigrr i Vi o Y Yp o Y Yiggy Vi o i
i + + l_lr ir i + + l_lr lr(pi ]pi 24--[’,‘ kpi, + ; + l_lr_l)
(1 + x" '+ r + .. 4 x r 1T kU1 Tlket2 r .
Let C be the cyclic code generated by
aik+l 7Vik+1 iy ~Viy
x ik i —1
n
hy (x)
Then, By Lemma 3.1 and Theorem 4.3,
C=C00s..0 Cp‘_"ik+1’yik+1’l Yigpa Vigpo Tl aip v =Lt @

k41

ir

k42
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1080 Riddhi et al.

By Lemma 4.1, for each i, C; is equivalent to a two dimensional code of length p;, ., pi,., ... pi,. Therefore, by
Theorem 3.3,

Apik+|pik+2...pl‘r (Cl) = (l - 1)(l + 1 - pik+1pik+2"'pi,~)

and

Apik+1pik+2-~»Pir—l(Ci) =(- 1)pik+1pik+2"‘pir'

Consequently, each block of (2) contributes pj, ., Pi,,---Pi, OF Piy,y Pigss---Pi, — 1 to the weight of a codeword
in C. For a nonzero v, if Xy, = {(a, b)|api, Pi;,»---Pi, + b(Piy., Piryr---Pi, — 1) = v} is nonempty, then C has
codewords of weight v, and by Definition 2.2
i1 ~Vig1 1 Qi o~ Viga— i, —yi—1
Ay(C) = Y C(py st Tt p te e gt T (a4 b)Cla + b,a)l = DA+ 1 — pi
pikﬁ...p,-r)“(pl-ka,-Hz...pir)b, where the sum runs over each element of X,. Since M is a repetition code
of C repeated

Uiy @iy i Vi VYigo o Vi
Piy Piy Py pik+1 pik+2 Pj,

times, for each codeword of weight v in C, there is a codeword of weight

Ciy iy iy Vigpr  VYieso Yir
VPiy Piy --Piy Piyyy Pipyy P,
. n ny —
in (M}"). Therefore, A a;, o, @y Vi Vs i (M) = Ay(C) ©

iy Piy” Py p'k+1 ket+2 r

Example 4.6 Here we compute the weight distributions of all irreducible cyclic codes of length 225 over Fag.

By Lemma 3.1 and Theorem 3.2, we have following table for weight distributions of all irreducible cyclic codes
of length 15 over Fpg.

Table 1 .
t A((M); ged(s,15) = 1
0 1
1<r<13 0
14 420
15 420
By Theorem 3.3, we have
Table 2 .
t A (MP); ged(s, 15) =3
0 1
1<r<ll 0
12 140
13<t<14 0
15 700
Table 3 .
t Al(M?); ged(s,15) =5
0 1
1<t<9 0
10 84
11<t<14 0
15 756
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We now have following tables for weight distributions of all irreducible cyclic codes of length 225 over Fag.
Table 4, Table 5, Table 6 and Table 7 are consequences of Theorem 4.4 while Table 8 to Table 11 are due to
Theorem 4.5

Table 4 .

t A (M2P); ged(s, 225) = 1

0 1

14<t<15 C(15,1)(420)

28 <t <30 C(15,2)C(2, t — 28)(420)2

42 <t <45 C(15,3)C(3, t — 42)(420)3

56 <t <60 C(15,4)C4, r — 56)(420)*
70<t<75 C(15,5)C(5, t — 70)(420)°

84 <t <90 C(15,6)C(6, 1 — 84)(420)°

98 <t <105 C(15,7)C(7,t — 98)(420)7

112 <t <120 C(15,8)C(8, 1 — 112)(420)8

126 <t <135 C(15,9)C(9, t — 126)(420)°

140 < ¢ < 150 C(15,10)C(10, r — 140)(420)10

154 <t < 165 C(15,11)C(11, 1 — 154)(420)"!

168 <t < 180 C(15,12)C (12, t — 168)(420)!2

182 <t <195 C(15,13)C(13, 1 — 172)(420) 13

196 < ¢ < 209 C(15,14)C(14, t — 196)(420) '

210 C(15,14)C (14, 14)(420)* + C (15, 15)C (15, 15)(420)1d
211 <1 <225 C(15,15)C(15, t — 210)(420)'3

Table 5 .

t Az (M?); ged(s,225) =3
0 1

14<r<15 C(5,1)(420)

28 <t <30 C(5,2)C(2, 1 — 28)(420)2
42 <t <45 C(5,3)C(3, 1 — 42)(420)3
56 <t < 60 C(5,4)C(4, 1 — 56)(420)*
70<t<75 C(5,5)C(5, 1 — 70)(420)3
Table 6 .

t As (M?>); ged(s,225) =5
0 1

14<t<15 C(3,1)(420)

28 <t <30 C(3,2)C(2, 1 — 28)(420)?
42 <t <45 C(3,3)C(3, 1 — 42)(420)3
Table 7 .

t Ays (M22); ged(s, 225) = 15
0 1

14 420

15 420
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Table 8 .

t Ao (M??); ged (s, 225) =9

0 1

4<r<5 C(5, 1C(, 1t —4)(140)'—4(700) —*

8<r<10 C(5,2)C(2,t — 8)(140)2~1+8(700)" 8

2<t<15 C(5,3)C(3, 1t — 12)(140)3~1+12(700)! 12

16<r<19 C(5,4)C (4, 1 — 16)(140)*—1+16(700)! 10

20 C(5,4)C(4,4)(700)* + C(5,5)C(5, 5)(140)°

21<t<25 C(5,5)C(5, 1 — 20)(140)>~1+20(700)! ~20

Table 9 .

t Ags (M2%); ged (s, 225) = 45

0 1

4 140

5 700

Table 10 .

t Agsi (MJ?); ged(s, 225) = 25

0 1

2<t<3 C@3, 1)C(, 1 —2)(84)~1+2(756)! 2
4<1<5 C(3.2)CQ2, 1 —4) (84>~ (756)
6 C(3,2)C(2,0)(756)> + C(3,3)C(3,3)(84)°
7<t<9 C(3,3)C(3,1 — 6)(84)3~116(756)! 6
Table 11 .

t Agsi (M3*); ged(s, 225) =75
0 1

2 84

3 756
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