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Abstract. In this paper, the expressions for primitive idempotents in group algebra of cyclic group G of length

16pn, where p is prime and q is some prime or prime power (of type 16k+ 7), n is a positive integer, order of q

modulo pn is φ(pn)
2 , are obtained. Associated with this the generating polynomials and minimum distance bounds

for the corresponding cyclic codes are obtained.
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1. INTRODUCTION

The group algebra FC16pn , F is field of order q and C16pn is cyclic group of order 16pn

such that g.c.d.(q,16p) = 1, is semi-simple having finite cardinality of collection of primitive

idempotents which is equal to the cardinality of collection of q-cyclotomic cosets modulo 16pn.

The primitive idempotents of minimal cyclic codes of length m, where order of q modulo m is

φ(m) for m = 2,4, pn,2pn were calculated by Pruthy and Arrora. The primitive idempotents

of length pn with order of q modulo pn is φ(pn)
2 were computed by Arora et. all and minimal
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quadratic residue codes of length pn by Batra and Arrora. Cyclic codes of length 2pn over

F , where order of q modulo 2pn is φ(2pn)
2 were calculated by Batra and Arrora. Minimal cyclic

codes of length pnq, where p and q are distinct odd primes were computed by Sahni and Bakshi.

Further, when order of q modulo pn is φ(pn), the minimal cyclic codes of length 8pn were

obtained by J. Singh and Arrora. Irreducible cyclic codes of length 4pn and 8pn, where q ≡

3(mod 8) and p/(q−1) were obtained in [2].

In this paper, we computed cyclic codes of length 16pn over F where q is some prime or prime

power of the form 16k + 7 and order of q modulo pn is φ(pn)
2 . For every odd prime p, there

exist an integer g such that 1 < g < 16p which is primitive root modulo p. For p of the type

4k+1, the order of g modulo 4, modulo 8 is 2 and modulo 16 is 4 and for p of the form 4k+3

then order of g modulo 4, modulo 8 and modulo 16 is 2. For q any prime or prime power with

(q, p) = 1, there exist g /∈ {1,q,q2, ...,q
φ(p)

2 −1}. For S = {1,2, ...,16pn} and for all a,b ∈ S, the

equivalence relation defined by a ≡ bqi(mod 16pn) for some integer i ≥ 0, partition the set S

into 32n+ 9 equivalent classes namely q− cyclotomic cosets modulo 16pn given by Ωapn =

{apn} for a ∈ {0,8}, Ωbpn = {bpn,bpnq} for b ∈ B = {1,2,3,4,6,9,11} and for 0≤ i≤ n−1,

Ωt pi = {t pi, t piq, ..., t piq
φ(pn−i)

2 −1}, Ωtgpi = {tgpi, tgpiq, tgpiq2, ..., tgpiq
φ(pn−i)

2 −1}, such that t ∈

A = {1,2,4,8,16,λ ,2λ ,4λ ,µ,2µ,ν ,2ν ,η ,ξ ,ρ,χ}, A′ = B
⋃
{0,8}. We are taking the case for

p is a prime of the form 8k+1. However in the other cases whenever p is prime or prime power

of the type 8k+3, 8k+5 and 8k+7 the expression for primitive idempotents can be computed

by using permutation on the set A. Idempotents corresponding to Ωt pn for t ∈ B are computed in

the section 2. In section 3, we compute expression for primitive idempotents corresponding to

Ωt pi fot t = 8,16,8g,16g and for t = 2,4,2λ ,4λ ,2µ,2ν ,2g,4g,2λg,4λg,2µg,2νg in section

4. And rest of all expressions are obtained in section 5. In section 6, we derived the generating

polynomials and dimensions for the corresponding cyclic codes of length 16pn. Section 7

consist of minimum distance or the bounds for minimum distance of these codes. At the end,

an example is obtained to illustrate the various parameters for these codes in section 8.
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2. PRIMITIVE IDEMPOTENTS CORRESPONDING TO Ωt pn , t ∈ A′

Throughout this paper, we consider α to be 16pnth root of unity in some extension field of F .

Let Ms be the minimal ideal in R16pn = F [x]
<x16pn−1>

∼=FC16pn , generated by (x16pn−1)
ms(x)

, where ms(x)

is the minimal polynomial for αs, s ∈ Ωs. We take Ps(x), the primitive idempotent in R16pn ,

corresponding to the minimal ideal Ms, given by Ps(x) = 1
16pn

16pn−1

∑
t=0

ε
s
i xs where εs

i = ∑
s∈Ωs

α
−is

and Cs = ∑
s∈Ωs

xs.

Then,

(1) Ps(x) =
1

16pn [ ∑
a∈A′

ε
s
apnCapn +

n−1

∑
i=0
{∑

a∈A
ε

s
apiCapi + ∑

a∈A
ε

s
agpiCagpi}]

Lemma 2.1. For cyclotomic cosets Ωapn , a ∈ A′, Ωapn = −Ω(8+a)pn if a ∈ {1,3} and

Ωapn =−Ωapn if a ∈ {2,4,6,8}.

Proof. Since Ωapn = {apn}, so {(8+ a)pnq+ apn} = pn{(8+ a)q+ a} = pn{(8+ a)(16k+

7)+a} ≡ 0(mod16pn). Similarly other result holds.

Theorem 2.2. The explicit expression for the primitive idempotents Papn , a,w ∈ A′ in R16pn are

given by

Pwpn(x) = 1
16pn [{∑

a∈A′
(−1)wa

α
wap2n

Cpn} +
n−1

∑
i=0
{∑

a∈A
(−1)wa

α
wapn+i

Capi +

∑
a∈A

(−1)wa
α

wagpn+i
Cagpi}].

Proof. By definition, εs
i = ∑

sεΩs

α
−is and Cs = ∑

sεΩs

xs where α is 16pnth root of unity. For s = 0,

since ε0
k = 1 for every 0 ≤ k ≤ 16pn− 1, therefore P0(x) = 1

16pn [ ∑
a∈A′

Capn +
n−1

∑
i=0
{∑

a∈A
Capi +

∑
a∈A

Cagpi}].

From lemma 2.1, Ωpn =−Ω9pn , therefore ε
pn

k = ∑
sεΩpn

α
−ks = α

−pnk = α
9pnk

ε
pn

0 =−ε
pn

8pn = 1, ε
pn

pn =−ε
pn

9pn =−α p2n
, ε

pn

2pn = α2p2n
,

ε
pn

3pn =−ε
pn

11pn =−α3p2n
, ε

pn

4pn = α4p2n
, ε

pn

6pn = α6p2n
,

ε
pn

pi =−ε
pn

η pi =−α pn+i
, ε

pn

2pi =−ε
pn

2µ pi = α2 pn+i, ε
pn

4pi =−ε
pn

4λ pi = α4 pn+i,
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ε
pn

8pi =−ε
pn

16pi =−1, ε
pn

λ pi =−ε
pn

ξ pi =−αλ pn+i
, ε

pn

2λ pi =−ε
pn

2ν pi = α2λ pn+i
,

ε
pn

µ pi =−ε
pn

ρ pi =−αµ pn+i
, ε

pn

ν pi =−ε
pn

χ pi =−αν pn+i
, ε

pn

gpi =−ε
pn

ηgpi =−αgpn+i
,

ε
pn

2gpi =−ε
pn

2µgpi = α2gpn+i
, ε

pn

4gpi =−ε
pn

4λgpi = α4gpn+i
, ε

pn

8gpi =−ε
pn

16gpi =−1,

ε
pn

λgpi =−ε
pn

ξ gpi =−αλgpn+i
, ε

pn

2λgpi =−ε
pn

2νgpi = α2λgpn+i
, ε

pn

µgpi =−ε
pn

ρgpi =−αµgpn+i
,

ε
pn

νgpi =−ε
pn

χgpi =−ανgpn+i
, .

Using all these in (2.1) the expression for Ppn(x) can be computed.

Similarly, by lemma 2.1, Pwpn(x), w ∈ A′−{0,1} can be computed.

3. PRIMITIVE IDEMPOTENTS CORRESPONDING TO Pt pi , t = 8,16,8g,16g

We define H j = p j
∑

sεΩ8gp j

α
s ; I j = p j

∑
sεΩ16gp j

α
s ; Q j = p j

∑
sεΩ8p j

α
s ;R j = p j

∑
sεΩ16p j

α
s, for 0≤

j ≤ n−1. Since Qq
j = (p j

∑
sεΩ8p j

α
s)q = (p j)q( ∑

sεΩ8p j

α
s)q = (p j)q

∑
sεΩ8p j

α
qs = (p j)q

∑
sεqΩ8p j

α
s.

However, (p j)q = p j, so Qq
j = p j

∑
sεqΩ8p j

α
s. Moreover, Ω8p j is a cyclotomic coset, so

qΩ8p j = Ω8p j . Hence Qq
j = p j

∑
sεΩ8p j

α
s = Q j and Q j ∈ GF(q). Similarly H j, I j, R j ∈ GF(q).

Lemma 3.1. I j +R j =

 −pn−1 if j = n−1

0 otherwise.
for 0≤ j ≤ n−1.

Proof. By definition I j +R j = p j

φ(pn− j)
2 −1

∑
t=0

(δ gqt
+δ

qt
) where δ = α16p j

.

The set {1,q,q2, ...,q
φ(pn− j)

2 −1,g,gq,gq2, ...,gq
φ(pn− j)

2 −1} is a reduced residue system mod(pn− j)

so I j +R j = p j[
pn− j

∑
t=0

δ
t−

pn− j

∑
t=1,p/t

δ
t ] = p j[

pn− j

∑
t=0

δ
t−

pn− j−1

∑
t=1

δ
pt ] =

 −pn−1 if j = n−1

0 otherwise.

Lemma 3.2. For 0≤ j ≤ n−1, H j +Q j =

 pn−1 if j = n−1

0 otherwise.

Proof. This result can be computed on similar lines as that of lemma 3.1 and using that

{1,q,q2, ...,q
φ(pn− j)

2 −1,g,gq,gq2, ...,gq
φ(pn− j)

2 −1} is a reduced residue system mod(2pn− j).

Lemma 3.3. For cyclotomic cosets Ωpi , 0≤ i≤ n−1

(i) η2Ωpi = ηΩη pi = Ωpi = ν2Ωpi = χ2Ωpi
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(ii) µ2Ωpi = Ωη pi = ηΩpi = ρ2Ωpi = λ 2Ωpi = ξ 2Ωpi

(iii) (2λ )2Ωpi = 2Ω2pi = 4Ωpi = Ω4pi = (2µ)2Ωpi = (2ν)2Ωpi

(iv) (4λ )2Ωpi = Ω16pi = 2Ω8pi = 4Ω4pi = 16Ωpi .

Proof. (i) Since η = 1 + 8pn. Therefore η2 = (1 + 8pn)2 = 1 + 64p2n + 16pn ≡

1(mod16pn). This implies η2 ≡ 1(mod16pn) ⇒ η2Ωpi = Ωpi. Now η2Ωpi =

{η2 pi,η2 piq,η2 piq2, ...,η2 piq
φ(pn−i)

2 −1}= η{η pi,η piq,η piq2, ...,η piq
φ(pn−i)

2 −1}

= ηΩη pi . Now ν2 = (1+ 6pn)2 = 1+ 36p2n + 12pn ≡ 1(mod16pn) and χ2 = (1+ 14pn)2 =

1+196p2n +28pn = 1(mod16pn). Hence ν2Ωpi = χ2Ωpi = Ωpi . Similarly other result holds.

Lemma 3.4. (i) Ω(1+t pn)pi =−Ω{1+(14−t)pn}pi and hence Ω(1+t pn)gpi =−Ω{1+(14−t)pn}gpi , for

t = 0,2,4,6

(ii) Ω2(1+t pn)pi =−Ω2{1+(6−t)pn}pi and hence Ω2(1+t pn)gpi =−Ω2{1+(6−t)pn}gpi , for t = 0,2

(iii) Ω4pi =−Ω4λ pi and hence Ω4gpi =−Ω4λgpi ,

(iv) Ωt pi =−Ωt pi and hence Ωtgpi =−Ωtgpi , for t = 8,16. Where 1≤ i≤ n−1.

Proof. Since χ = 1+14pn ≡−1(mod16) and q
φ(pn)

2 ≡ 1(mod16). Further, q
φ(pn)

4 ≡ 1(mod16),

as q ≡ 1(mod16), therefore χq
φ(pn)

4 ≡ −1(mod16). Also q
φ(pn)

2 ≡ 1(mod pn) so q
φ(pn)

4 ≡

−1(mod pn) and χ ≡ 1(mod pn), thus χq
φ(pn)

4 ≡ −1(mod pn). However (16, pn) = 1 thus

χq
φ(pn)

4 ≡−1(mod16pn) and so −Ωχ pi = Ωpi . Hence −Ωχgpi = Ωgpi .

Proof of remaining parts can be computed using relations of congruences and similar reasons

as for the relation obtained.

Lemma 3.5. For 0≤ i≤ n; 0≤ j ≤ n−1,

∑
sεΩp j

α
8gpis = ∑

sεΩ2p j

α
4gpis = ∑

sεΩ2p j

α
4λgpis = ∑

sεΩ4p j

α
2λgpis = ∑

sεΩ4p j

α
2µgpis =

∑
sεΩ4p j

α
2νgpis = ∑

sεΩ8p j

α
λgpis = ∑

sεΩ8p j

α
µgpis = ∑

sεΩ8p j

α
νgpis = ∑

sεΩ8p j

α
ηgpis = ∑

sεΩ8p j

α
ξ gpis =

∑
sεΩ8p j

α
ρgpis = ∑

sεΩ8p j

α
χgpis = ∑

sεΩ2λ p j

α
4λgpis = ∑

sεΩ4λ p j

α
2µgpis = ∑

sεΩ4λ p j

α
2νgpis =
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−φ(pn− j)

2 , i f i+ j ≥ n,
1
p j Hi+ j, i f i+ j ≤ n−1, g 6= 1,
1
p j Qi+ j, i f i+ j ≤ n−1, g = 1.

Proof. As α is 16pnth root of unity in some extension field of GF(q), so

∑
sεΩ4λ p j

α
2νgpis =

φ(pn− j)
2 −1

∑
t=0

α
8(1+2pn)(1+6pn)gpi+ jqt

=

φ(pn− j)
2 −1

∑
t=0

α
8gpi+ jqt

= ∑
sεΩp j

α
8gpis.

If β = α8gpi+ j
then ∑

sεΩp j

α
8gpis =

φ(pn− j)
2 −1

∑
t=0

(α8gpi+ jqt
) =

φ(pn− j)
2 −1

∑
t=0

(β qt
).

For i+ j≥ n, β is 16th root of unity, and therefore ∑
sεΩp j

α
8gpis =

φ(pn− j)
2 −1

∑
t=0

α
8gpi+ jqt

=−φ(pn− j)

2
.

If i+ j ≤ n−1, β is 16pn−i− jth root of unity. Then β ql
= β qr

which is possible when l ≡

r(mod φ(pn−i− j)
2 ). So ∑

sεΩp j

α
8gpis =

φ(pn− j)

φ(pn−i− j)

φ(pn−i− j)
2 −1

∑
t=0

β
qt
=

pi+ j

p j ∑
sεΩ8gpi+ j

α
s =

1
p j Hi+ j.

Similar result hold for Qi+ j.

Proof of lemma 3.6, similarly can be obtained using definition of I j and R j.

Lemma 3.6. For 0≤ i≤ n; 0≤ j ≤ n−1

∑
sεΩp j

α
16gpis = ∑

sεΩ2p j

α
8gpis = ∑

sεΩ2p j

α
16gpis = ∑

sεΩ4p j

α
4gpis = ∑

sεΩ4p j

α
8gpis =

∑
sεΩ4p j

α
16gpis = ∑

sεΩ4p j

α
4λgpis = ∑

sεΩ8p j

α
16gpis = ∑

sεΩ8p j

α
2λgpis = ∑

sεΩ8p j

α
4λgpis =

∑
sεΩ8p j

α
2µgpis = ∑

sεΩ8p j

α
2νgpis = ∑

sεΩ16p j

α
16gpis = ∑

sεΩ16p j

α
λgpis = ∑

sεΩ16p j

α
2λgpis =

∑
sεΩ16p j

α
4λgpis = ∑

sεΩ16p j

α
µgpis = ∑

sεΩ16p j

α
2µgpis = ∑

sεΩ16p j

α
νgpis = ∑

sεΩ16p j

α
2νgpis =

∑
sεΩ16p j

α
ηgpis = ∑

sεΩ16p j

α
ξ gpis = ∑

sεΩ16p j

α
ρgpis = ∑

sεΩ16p j

α
χgpis = ∑

sεΩ4λ p j

α
4λgpis =

φ(pn− j)
2 , i f i+ j ≥ n,

1
p j Ii+ j, i f i+ j ≤ n−1, g 6= 1,
1
p j Ri+ j, i f i+ j ≤ n−1, g = 1.
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Theorem 3.7. When p≡ 1(mod8), the expressions for primitive idempotents corresponding to

P8pi , P8gpi , P16pi and P16gpi in R16pn are given by

P8p j(x) = 1
16pn [

φ(pn− j)
2 {∑

t∈A′
(−1)tCt pn} + φ(pn− j)

2

n−1

∑
i=n− j

{∑
a∈A

(−1)a{Capi + Cagpi}} +

1
p j

n− j−1

∑
i=0
{Qi+ j(Cpi +Cλ pi +Cµ pi +Cν pi +Cη pi +Cξ pi +Cρ pi +Cχ pi) + Ri+ j(C2pi +C4pi +

C8pi +C16pi +C2λ pi +C4λ pi +C2µ pi +C2ν pi) +Hi+ j(Cgpi +Cλgpi +Cµgpi +Cνgpi +Cηgpi +

Cξ gpi + Cρgpi + Cχgpi) + Ii+ j(C2gpi + C4gpi + C8gpi + C16gpi + C2λgpi + C4λgpi + C2µgpi +

C2νgpi)}]

P16p j(x) = 1
16pn [

φ(pn− j)
2 {∑

t∈A′
Ct pn} + φ(pn− j)

2

n−1

∑
i=n− j

{∑
a∈A
{Capi + Cagpi}} +

1
p j

n− j−1

∑
i=0
{∑

a∈A
{Ri+ jCapi + Ii+ jCagpi}}]

where Qn−1 = 1
2 [p

n−1 +

√
pn−1(16pn+7p−7)

4 ], Hn−1 = 1
2 [p

n−1 −
√

pn−1(16pn+7p−7)
4 ], In−1 =

1
2 [−pn−1+

√
pn−1(16pn+7p−7)

4 ] and Rn−1 =−1
2 [p

n−1+

√
pn−1(16pn+7p−7)

4 ] and for every j≤ n−2

Q j = H j = I j = R j = 0.

Proof. Since Ω8p j =−Ω8p j , as obtained in lemma 3.4, so ε
8p j

k = ∑
sεΩp j

α
−ks = ∑

sεΩp j

α
8ks.

Thus ε
8p j

t pn = (−1)t φ(pn− j)
2 for t ∈ A′ and using Lemma 3.3, 3.5− 3.6, wherever is required we

obtain

ε
8p j

pi = ε
8p j

λ pi = ε
8p j

µ pi = ε
8p j

ν pi = ε
8p j

η pi = ε
8p j

ξ pi = ε
8p j

ρ pi = ε
8p j

χ pi =

 −
φ(pn− j)

2 if i+ j ≥ n
1
p j Qi+ j if i+ j ≤ n−1

ε
8p j

2pi = ε
8p j

4pi = ε
8p j

8pi = ε
8p j

16pi = ε
8p j

2λ pi = ε
8p j

4λ pi = ε
8p j

2µ pi = ε
8p j

2ν pi =


φ(pn− j)

2 if i+ j ≥ n
1
p j Ri+ j if i+ j ≤ n−1

ε
8p j

gpi = ε
8p j

λgpi = ε
8p j

µgpi = ε
8p j

νgpi = ε
8p j

ηgpi = ε
8p j

ξ gpi = ε
8p j

ρgpi = ε
8p j

χgpi =

 −
φ(pn− j)

2 if i+ j ≥ n
1
p j Hi+ j if i+ j ≤ n−1

ε
8p j

2gpi = ε
8p j

4gpi = ε
8p j

8gpi = ε
8p j

16gpi = ε
8p j

2λgpi = ε
8p j

4λgpi = ε
8p j

2µgpi = ε
8p j

2νgpi =


φ(pn− j)

2 if i+ j ≥ n
1
p j Ii+ j if i+ j ≤ n−1

Using all these in (2.1), expression for P8p j is obtained.

Using Lemma 3.3−3.6, the expression for P16p j , P8gp j and P16gp j can be computed. However,
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the expression for P8gp j(x), P16gp j(x) can be written by interchanging Q and R by H and I in

the expressions of P8p j , P16p j .

Since Ck = ∑
sεΩk

xs and (Ck)α16p j = Ck(α
16p j

) = ∑
sεΩk

(α16p j
)s. Therefore Ct pn(α16p j

) = 1 for

t ∈ A′.

Capi(α16p j
) =


φ(pn− j)

2 , i f i+ j ≥ n
1
p j Ri+ j, i f i+ j ≤ n−1.

and Cagpi(α16p j
) =


φ(pn− j)

2 , i f i+ j ≥ n
1
p j Ii+ j, i f i+ j ≤ n−1.

Using all these in P16p j(α16p j
) = 1, to obtain

16pn = φ(pn− j)
2 [9+

n−1

∑
i=n− j

φ(pn− j)

2
32]+

1
p j

n− j−1

∑
i=0

1
pi (16R2

i+ j +16I2
i+ j)

which in turn implies 1
p j

n− j−1

∑
i=0

1
pi (R

2
i+ j + I2

i+ j) =
pn−1

2
(p+1)+

7pn− j−1

32
(p−1).

In particular for j = n−1, 1
pn−1 (R2

n−1 + I2
n−1) =

pn−1

2 (p+1)+ 7pn−1

32 (p−1).

Using lemma 3.1 to obtain In−1 = 1
2 [−pn−1 +

√
pn−1(16pn+7p−7)

4 ] and Rn−1 = −1
2 [p

n−1 +√
pn−1(16pn+7p−7)

4 ] and so In−2 = Rn−2 = In−3 = Rn−3 = ...= 0.

Relations for Qi+ j and Hi+ j can be derived by using lemma 3.2 and the fact that P8p j(α8p j
) = 1.

4. PRIMITIVE IDEMPOTENTS CORRESPONDING TO Pt pi , t = 2, 4, 2λ , 4λ ,

2µ , 2ν , 2g, 4g, 2λg , 4λg, 2µg, 2νg

For 0≤ j ≤ n−1, we define

C j = p j
∑

sεΩ2λgp j

α
s, Fj = p j

∑
sεΩ2gp j

α
s, G j = p j

∑
sεΩ4gp j

α
s, K j = p j

∑
sεΩ2λ p j

α
s, O j = p j

∑
sεΩ2p j

α
s,

Pj = p j
∑

sεΩ4p j

α
s. Due to similar procedure as in section 3, we obtained C j, Fj, G j, K j, O j, Pj

∈ GF(q).

Lemma 4.1. For 0≤ j ≤ n−1, K j−β p j
O j = 0; C j−β gp j

Fj = 0 where β = α4pn
.

Proof. Since α2λ p j
= α2(1+2pn)p j

= α2p j
β p j

. So K j = p j
∑

sεΩ
λ pi

α
2s = p j[α2λ pi

+ α2qλ pi
+

α2q2λ pi
+ ...+α2q

φ(pn− j)
2 −1

λ pi
] = p j[α2pi

β pi
+α2qpi

β pi
+α2q2 pi

β pi
+ ...+α2piq

φ(pn− j)
2 −1

β pi
] =

β pi
[p j

∑
sεΩ2p j

α
s] = β pi

O j.

Remaining can be obtained in similar lines.
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Proof of lemma 4.2−4.4 can be computed on similar lines as that of Lemma 3.5 and represent

Ci+ j, Fi+ j, Gi+ j, Ki+ j, Oi+ j, Pi+ j.

Lemma 4.2. For 0≤ i≤ n; 0≤ j ≤ n−1

∑
sεΩ2p j

α
λgpis = ∑

sεΩ2p j

α
ξ gpis = ∑

sεΩ2λ p j

α
ηgpis = ∑

sεΩ2µ p j

α
νgpis = ∑

sεΩ2µ p j

α
χgpis = ∑

sεΩ2ν p j

α
ρgpis

=− ∑
sεΩ2p j

α
νgpis =− ∑

sεΩ2p j

α
χgpis =− ∑

sεΩ2λ p j

α
µgpis =− ∑

sεΩ2λ p j

α
ρgpis =− ∑

sεΩ2µ p j

α
ξ gpis

=− ∑
sεΩ2ν p j

α
ηgpis =



φ(pn− j)
4 {α6gpi+ j

+α10gpi+ j}, i f i+ j ≥ n, g 6= 1,
1
p j Ci+ j, i f i+ j ≤ n−1, g 6= 1,

φ(pn− j)
4 {α6pi+ j

+α10pi+ j}, i f i+ j ≥ n, g = 1,
1
p j Ki+ j, i f i+ j ≤ n−1, g = 1.

Lemma 4.3. For 0≤ i≤ n; 0≤ j ≤ n−1

∑
sεΩp j

α
2gpis = ∑

sεΩ2λ p j

α
λgpis = ∑

sεΩ2λ p j

α
ξ gpis = ∑

sεΩ2µ p j

α
ρgpis = ∑

sεΩ2ν p j

α
χgpis =

− ∑
sεΩ2λ p j

α
νgpis = − ∑

sεΩ2λ p j

α
χgpis = − ∑

sεΩ2µ p j

α
ηgpis = − ∑

sεΩ2ν p j

α
ξ gpis =

φ(pn− j)
4 {α2gpi+ j

+α14gpi+ j}, i f i+ j ≥ n, g 6= 1,
1
p j Fi+ j, i f i+ j ≤ n−1,g 6= 1,

φ(pn− j)
4 {α2pi+ j

+α14pi+ j}, i f i+ j ≥ n, g = 1,
1
p j Oi+ j, i f i+ j ≤ n−1,g = 1.

Lemma 4.4. For 0≤ i≤ n; 0≤ j ≤ n−1

∑
sεΩp j

α
4gpis = ∑

sεΩ4λ p j

α
λgpis = ∑

sεΩ4λ p j

α
νgpis = ∑

sεΩ4λ p j

α
ξ gpis = ∑

sεΩ4λ p j

α
χgpis = ∑

sεΩ2λ p j

α
2νgpis

= ∑
sεΩ2µ p j

α
2µgpis = ∑

sεΩ2ν p j

α
2νgpis =− ∑

sεΩ4λ p j

α
µgpis =− ∑

sεΩ4λ p j

α
ηgpis =− ∑

sεΩ4λ p j

α
ρgpis

=− ∑
sεΩ2λ p j

α
2µgpis =



φ(pn− j)
4 {α4gpi+ j

+α12gpi+ j}, i f i+ j ≥ n, g 6= 1,
1
p j Gi+ j, i f i+ j ≤ n−1, g 6= 1,

φ(pn− j)
4 {α4pi+ j

+α12pi+ j}, i f i+ j ≥ n, g = 1,
1
p j Pi+ j, i f i+ j ≤ n−1, g = 1.
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Theorem 4.5. When p≡ 1(mod8), the expressions for the primitive idempotents corresponding

to P2pi ,P4pi , P2λ pi , P4λ pi , P2µ pi , P2ν pi , P2gpi , P4gpi , P2λgpi , P4λgpi , P2µgpi and P2νgpi are given by

P2p j(x) = 1
16pn [

φ(pn− j)
2 {∑

t∈A′
(−1)t

α
2λ t pn+ j

Ct pn} +
φ(pn− j)

2

n−1

∑
i=n− j

{∑
a∈A

(−1)a{α2λapi+ j
Capi +

α
2λagpi+ j

Cagpi}} +
1
p j

n− j−1

∑
i=0
{−Ki+ jCpi − Pi+ jC2pi + Qi+ jC4pi + Ri+ jC8pi + Ri+ jC16pi −

Oi+ jCλ pi +Pi+ jC2λ pi +Qi+ jC4λ pi +Ki+ jCµ pi−Pi+ jC2µ pi +Oi+ jCν pi +Pi+ jC2ν pi−Ki+ jCη pi−

Oi+ jCξ pi +Ki+ jCρ pi +Oi+ jCχ pi−Ci+ jCgpi−Gi+ jC2gpi +Hi+ jC4gpi + Ii+ jC8gpi + Ii+ jC16gpi−

Fi+ jCλgpi + Gi+ jC2λgpi + Hi+ jC4λgpi +Ci+ jCµgpi − Gi+ jC2µgpi + Fi+ jCνgpi + Gi+ jC2νgpi −

Ci+ jCηgpi−Fi+ jCξ gpi +Ci+ jCρgpi +Fi+ jCχgpi}]

P4p j(x) = 1
16pn [

φ(pn− j)
2 {∑

t∈A′
(−1)t

α
4t pn+ j

Ct pn} +
φ(pn− j)

2

n−1

∑
i=n− j

{∑
a∈A

(−1)a{α4api+ j
Capi +

α
4agpi+ j

Cagpi}} +
1
p j

n− j−1

∑
i=0
{−Pi+ jCpi + Qi+ jC2pi + Ri+ jC4pi + Ri+ jC8pi + Ri+ jC16pi +

Pi+ jCλ pi +Qi+ jC2λ pi +Ri+ jC4λ pi−Pi+ jCµ pi +Qi+ jC2µ pi +Pi+ jCν pi +Qi+ jC2ν pi−Pi+ jCη pi +

Pi+ jCξ pi − Pi+ jCρ pi + Pi+ jCχ pi −Gi+ jCgpi + Hi+ jC2gpi + Ii+ jC4gpi + Ii+ jC8gpi + Ii+ jC16gpi +

Gi+ jCλgpi + Hi+ jC2λgpi + Ii+ jC4λgpi − Gi+ jCµgpi + Hi+ jC2µgpi + Gi+ jCνgpi + Hi+ jC2νgpi −

Gi+ jCηgpi +Gi+ jCξ gpi−Gi+ jCρgpi +Gi+ jCχgpi}]

P2λ p j(x) = 1
16pn [

φ(pn− j)
2 {∑

t∈A′
(−1)t

α
2t pn+ j

Ct pn} + φ(pn− j)

2

n−1

∑
i=n− j

{∑
a∈A

(−1)a{α2api+ j
Capi +

α
2agpi+ j

Cagpi}} +
1
p j

n− j−1

∑
i=0
{−Oi+ jCpi + Pi+ jC2pi + Qi+ jC4pi + Ri+ jC8pi + Ri+ jC16pi −

Ki+ jCλ pi−Pi+ jC2λ pi +Qi+ jC4λ pi +Oi+ jCµ pi +Pi+ jC2µ pi +Ki+ jCν pi−Pi+ jC2ν pi−Oi+ jCη pi−

Ki+ jCξ pi +Oi+ jCρ pi +Ki+ jCχ pi−Fi+ jCgpi +Gi+ jC2gpi +Hi+ jC4gpi + Ii+ jC8gpi + Ii+ jC16gpi−

Ci+ jCλgpi − Gi+ jC2λgpi + Hi+ jC4λgpi +Ci+ jCµgpi + Gi+ jC2µgpi +Ci+ jCνgpi − Gi+ jC2νgpi −

Fi+ jCηgpi−Ci+ jCξ gpi +Fi+ jCρgpi +Ci+ jCχgpi}]

P4λ p j(x) = 1
16pn [

φ(pn− j)
2 {∑

t∈A′
α

4t pn+ j
Ct pn} +

φ(pn− j)

2

n−1

∑
i=n− j

{∑
a∈A

(−1)a{α4api+ j
Capi +

α
4agpi+ j

Cagpi}}

+
1
p j

n− j−1

∑
i=0
{Pi+ jCpi + Qi+ jC2pi + Ri+ jC4pi + Ri+ jC8pi + Ri+ jC16pi − Pi+ jCλ pi + Qi+ jC2λ pi +
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Ri+ jC4λ pi +Pi+ jCµ pi +Qi+ jC2µ pi −Pi+ jCν pi +Qi+ jC2ν pi +Pi+ jCη pi −Pi+ jCξ pi +Pi+ jCρ pi −

Pi+ jCχ pi + Gi+ jCgpi + Hi+ jC2gpi + Ii+ jC4gpi + Ii+ jC8gpi + Ii+ jC16gpi − Gi+ jCλgpi +

Hi+ jC2λgpi + Ii+ jC4λgpi + Gi+ jCµgpi + Hi+ jC2µgpi − Gi+ jCνgpi + Hi+ jC2νgpi + Gi+ jCηgpi −

Gi+ jCξ gpi +Gi+ jCρgpi−Gi+ jCχgpi}]

P2µ p j(x) = 1
16pn [

φ(pn− j)
2 {∑

t∈A′
α

2λ t pn+ j
Ct pn} +

φ(pn− j)

2

n−1

∑
i=n− j

{∑
a∈A

(−1)a{α2λapi+ j
Capi +

α
2λagpi+ j

Cagpi}} +
1
p j

n− j−1

∑
i=0
{Ki+ jCpi − Pi+ jC2pi + Qi+ jC4pi + Ri+ jC8pi + Ri+ jC16pi +

Oi+ jCλ pi +Pi+ jC2λ pi +Qi+ jC4λ pi−Ki+ jCµ pi−Pi+ jC2µ pi−Oi+ jCν pi +Pi+ jC2ν pi +Ki+ jCη pi +

Oi+ jCξ pi−Ki+ jCρ pi−Oi+ jCχ pi +Ci+ jCgpi−Gi+ jC2gpi +Hi+ jC4gpi + Ii+ jC8gpi + Ii+ jC16gpi +

Fi+ jCλgpi + Gi+ jC2λgpi + Hi+ jC4λgpi −Ci+ jCµgpi − Gi+ jC2µgpi − Fi+ jCνgpi + Gi+ jC2νgpi +

Ci+ jCηgpi +Fi+ jCξ gpi−Ci+ jCρgpi−Fi+ jCχgpi}]

P2ν p j(x) = 1
16pn [

φ(pn− j)
2 {∑

t∈A′
α

2t pn+ j
Ct pn} +

φ(pn− j)

2

n−1

∑
i=n− j

{∑
a∈A

(−1)a{α2api+ j
Capi +

α
2agpi+ j

Cagpi}}+
1
p j

n− j−1

∑
i=0
{Oi+ jCpi +Pi+ jC2pi +Qi+ jC4pi +Ri+ jC8pi +Ri+ jC16pi +Ki+ jCλ pi−

Pi+ jC2λ pi +Qi+ jC4λ pi−Oi+ jCµ pi +Pi+ jC2µ pi−Ki+ jCν pi−Pi+ jC2ν pi +Oi+ jCη pi +Ki+ jCξ pi−

Oi+ jCρ pi−Ki+ jCχ pi +Fi+ jCgpi +Gi+ jC2gpi +Hi+ jC4gpi + Ii+ jC8gpi + Ii+ jC16gpi +Ci+ jCλgpi−

Gi+ jC2λgpi + Hi+ jC4λgpi − Fi+ jCµgpi + Gi+ jC2µgpi −Ci+ jCνgpi − Gi+ jC2νgpi + Fi+ jCηgpi +

Ci+ jCξ gpi−Fi+ jCρgpi−Ci+ jCχgpi}], where

Pn−1 = 1
8 [4

√
−p2(n−1) +

√
pn−1(−16pn−1−7p+7)] , Gn−1 = −1

8 [4
√
−p2(n−1) −√

pn−1(−16pn−1−7p+7)] and Ci+ j, Fi+ j, Ki+ j, Oi+ j can be obtained, from the fol-

lowing relations,

1
p j

n− j−1

∑
i=0
{

Ki+ jFi+ j +Oi+ jCi+ j

pi }=− pn−1(p−1)
2

+
9pn− j−1(p−1)

32
,

1
p j

n− j−1

∑
i=0
{

Ki+ jOi+ j +Ci+ jFi+ j

pi }=− pn−1

4
(p−1)− 7pn− j−1(p−1)

32
,

1
p j

n− j−1

∑
i=0
{

Ki+ jCi+ j +Oi+ jFi+ j

pi }=− pn− j−1(p−1)
16

,

1
p j

n− j−1

∑
i=0
{

K2
i+ j +C2

i+ j +F2
i+ j +O2

i+ j

pi }=−p(n−1)+
pn− j−1(p−1)

8
.

The expressions for P2gp j , P4gp j , P2λgp j , P4λgp j , P2µgp j and P2νgp j can be obtained by replacing
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P, Q, R, K, O by G, H, I, C, F and αupi+ j
by αugpi+ j

respectively in the expression of P2p j , P4p j ,

P2λ p j , P4λ p j , P2µ p j and P2ν p j .

Proof. These expressions can be obtained using Lemmas 3.3−3.6, 4.2−4.4 and similar proce-

dure as in theorem 3.7. Also the relations can be derived using P2p j(α2pi
) = 1, P2p j(α2gpi

) = 0,

P2p j(α2λ p j
) = 0 and P2p j(α2νgp j

) = 0.

5. PRIMITIVE IDEMPOTENTS CORRESPONDING TO Pt pi, t = 1,λ ,µ,ν ,η ,ξ ,ρ,

χ,g,λg,µg,νg,ηg,ξ g,ρg,χg

For 0 ≤ j ≤ n− 1, define A j = p j
∑

sεΩgp j

α
s; B j = p j

∑
sεΩ

λgp j

α
s ; D j = p j

∑
sεΩ

µgp j

α
s ; E j =

p j
∑

sεΩ
νgp j

α
s; J j = p j

∑
sεΩ

λ p j

α
s; L j = p j

∑
sεΩ

µ p j

α
s ; M j = p j

∑
sεΩ

ν p j

α
s; N j = p j

∑
sεΩp j

α
s.

Using similar procedure as in section 3 we obtain A j, B j, D j, E j, J j, L j, M j, N j ∈ GF(q).

Proof of lemma 5.1 is similar to that of lemma 4.1.

Lemma 5.1. For 0 ≤ j ≤ n− 1, L j − β p j
N j = 0; M j − β p j

J j = 0; D j − β gp j
A j = 0; E j −

β gp j
B j = 0.

Proof of Lemma 5.2−5.5 is similarly as that of lemma 3.5.

Lemma 5.2. For 0≤ i≤ n; 0≤ j ≤ n−1

∑
sεΩp j

α
gpis = ∑

sεΩ
λ p j

α
ξ gpis = ∑

sεΩ
µ p j

α
ρgpis = ∑

sεΩ
ν p j

α
νgpis = ∑

sεΩ
η p j

α
ηgpis = ∑

sεΩ
χ p j

α
χgpis

=− ∑
sεΩ

ν p j

α
χgpis =− ∑

sεΩ
λ p j

α
λgpis =− ∑

sεΩ
µ p j

α
µgpis =− ∑

sεΩ
ξ p j

α
ξ gpis =− ∑

sεΩ
ρ p j

α
ρgpis

=



φ(pn− j)
4 {αgpi+ j

+α7gpi+ j}, i f i+ j ≥ n, g 6= 1,
1
p j Ai+ j, i f i+ j ≤ n−1, g 6= 1,

φ(pn− j)
4 {α pi+ j

+α7pi+ j}, i f i+ j ≥ n, g = 1,
1
p j Ni+ j, i f i+ j ≤ n−1, g = 1.

Lemma 5.3. For 0≤ i≤ n; 0≤ j ≤ n−1

∑
sεΩp j

α
λgpis = ∑

sεΩ
η p j

α
ξ gpis = ∑

sεΩ
µ p j

α
νgpis = ∑

sεΩ
ρ p j

α
χgpis =− ∑

sεΩp j

α
ξ pis =− ∑

sεΩ
ν p j

α
ρgpis
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=− ∑
sεΩ

λ p j

α
ηgpis =− ∑

sεΩ
µ p j

α
χgpis =



φ(pn− j)
4 {α3gpi+ j

+α5gpi+ j}, i f i+ j ≥ n, g 6= 1,
1
p j Bi+ j, i f i+ j ≤ n−1, g 6= 1,

φ(pn− j)
4 {α3pi+ j

+α5pi+ j}, i f i+ j ≥ n, g = 1,
1
p j Ji+ j, i f i+ j ≤ n−1, g = 1.

Lemma 5.4. For 0≤ i≤ n; 0≤ j ≤ n−1

∑
sεΩp j

α
µgpis = ∑

sεΩ
λ p j

α
νgpis = ∑

sεΩ
η p j

α
ρgpis = ∑

sεΩ
ξ p j

α
χgpis =− ∑

sεΩp j

α
ρgpis =− ∑

sεΩ
λ p j

α
χgpis

=− ∑
sεΩ

µ p j

α
ηgpis =− ∑

sεΩ
ν p j

α
ξ gpis =



φ(pn− j)
4 {α3gpi+ j

+α5gpi+ j}, i f i+ j ≥ n, g 6= 1,
1
p j Di+ j, i f i+ j ≤ n−1, g 6= 1,

φ(pn− j)
4 {α3pi+ j

+α5pi+ j}, i f i+ j ≥ n, g = 1,
1
p j Li+ j, i f i+ j ≤ n−1, g = 1.

Lemma 5.5. For 0≤ i≤ n; 0≤ j ≤ n−1

∑
sεΩp j

α
νgpis = ∑

sεΩ
λ p j

α
ρgpis = ∑

sεΩ
µ p j

α
ξ gpis = ∑

sεΩ
η p j

α
χgpis =− ∑

sεΩp j

α
χgpis =− ∑

sεΩ
λ p j

α
µgpis

=− ∑
sεΩ

ν p j

α
ηgpis =− ∑

sεΩ
ξ p j

α
ρgpis =



φ(pn− j)
4 {αgpi+ j

+α7gpi+ j}, i f i+ j ≥ n, g 6= 1,
1
p j Ei+ j, i f i+ j ≤ n−1, g 6= 1,

φ(pn− j)
4 {α pi+ j

+α7pi+ j}, i f i+ j ≥ n, g = 1,
1
p j Mi+ j, i f i+ j ≤ n−1, g = 1.

Theorem 5.6. For p ≡ 1(mod8), the expressions for the primitive idempotents corresponding

to Ppi , Pλ pi ,Pµ pi ,Pν pi ,Pη pi ,Pξ pi ,Pρ pi ,Pχ pi ,Pgpi ,Pλgpi ,Pµgpi ,Pνgpi ,Pηgpi ,Pξ gpi ,Pρgpi and Pχgpi are

given by

Pp j(x) = 1
16pn [

φ(pn− j)
2 {∑

t∈A′
(−1)t

α
tν pn+ j

Ct pn} +
φ(pn− j)

2

n−1

∑
i=n− j

{∑
a∈A

(−1)a{αaν pi+ j
Capi +

α
aνgpi+ j

Cagpi}} +
1
p j

n− j−1

∑
i=0
{−Mi+ jCpi − Ki+ jC2pi − Pi+ jC4pi + Qi+ jC8pi + Ri+ jC16pi −

Li+ jCλ pi−Oi+ jC2λ pi +Pi+ jC4λ pi−Ji+ jCµ pi +Ki+ jC2µ pi−Ni+ jCν pi +Oi+ jC2ν pi +Mi+ jCη pi +

Li+ jCξ pi + Ji+ jCρ pi +Ni+ jCχ pi−Ei+ jCgpi−Ci+ jC2gpi−Gi+ jC4gpi +Hi+ jC8gpi + Ii+ jC16gpi−

Di+ jCλgpi − Fi+ jC2λgpi + Gi+ jC4λgpi − Bi+ jCµgpi + Ci+ jC2µgpi − Ai+ jCνgpi + Fi+ jC2νgpi +

Ei+ jCηgpi +Di+ jCξ gpi +Bi+ jCρgpi +Ai+ jCχgpi}]
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Pλ p j(x) = 1
16pn [

φ(pn− j)
2 {∑

t∈A′
(−1)t

α
tµ pn+ j

Ct pn} + φ(pn− j)

2

n−1

∑
i=n− j

{∑
a∈A

(−1)a{αaµ pi+ j
Capi +

α
aµgpi+ j

Cagpi}} +
1
p j

n− j−1

∑
i=0
{−Li+ jCpi − Oi+ jC2pi + Pi+ jC4pi + Qi+ jC8pi + Ri+ jC16pi +

Mi+ jCλ pi−Ki+ jC2λ pi−Pi+ jC4λ pi +Ni+ jCµ pi +Oi+ jC2µ pi−Ji+ jCν pi +Ki+ jC2ν pi +Li+ jCη pi−

Mi+ jCξ pi−Ni+ jCρ pi +Ji+ jCχ pi−Di+ jCgpi−Fi+ jC2gpi +Gi+ jC4gpi +Hi+ jC8gpi + Ii+ jC16gpi +

Ei+ jCλgpi −Ci+ jC2λgpi − Gi+ jC4λgpi + Ai+ jCµgpi + Fi+ jC2µgpi − Bi+ jCνgpi + Ci+ jC2νgpi +

Di+ jCηgpi−Ei+ jCξ gpi−Ai+ jCρgpi +Bi+ jCχgpi}]

Pµ p j(x) = 1
16pn [

φ(pn− j)
2 {∑

t∈A′
(−1)t

α
λ t pn+ j

Ct pn} + φ(pn− j)

2

n−1

∑
i=n− j

{∑
a∈A

(−1)a{αaλ pi+ j
Capi +

α
aλgpi+ j

Cagpi}} +
1
p j

n− j−1

∑
i=0
{−Ji+ jCpi + Ki+ jC2pi − Pi+ jC4pi + Qi+ jC8pi + Ri+ jC16pi +

Ni+ jCλ pi +Oi+ jC2λ pi +Pi+ jC4λ pi +Mi+ jCµ pi−Ki+ jC2µ pi−Li+ jCν pi−Oi+ jC2ν pi +Ji+ jCη pi−

Ni+ jCξ pi−Mi+ jCρ pi +Li+ jCχ pi−Bi+ jCgpi +Ci+ jC2gpi−Gi+ jC4gpi +Hi+ jC8gpi + Ii+ jC16gpi +

Ai+ jCλgpi + Fi+ jC2λgpi + Gi+ jC4λgpi + Ei+ jCµgpi −Ci+ jC2µgpi − Di+ jCνgpi − Fi+ jC2νgpi +

Bi+ jCηgpi−Ai+ jCξ gpi−Ei+ jCρgpi +Di+ jCχgpi}]

Pν p j(x) = 1
16pn [

φ(pn− j)
2 {∑

t∈A′
(−1)t

α
t pn+ j

Ct pn} +
φ(pn− j)

2

n−1

∑
i=n− j

{∑
a∈A

(−1)a{αapi+ j
Capi +

α
agpi+ j

Cagpi}} +
1
p j

n− j−1

∑
i=0
{−Ni+ jCpi + Oi+ jC2pi + Pi+ jC4pi + Qi+ jC8pi + Ri+ jC16pi −

Ji+ jCλ pi +Ki+ jC2λ pi−Pi+ jC4λ pi−Li+ jCµ pi−Oi+ jC2µ pi−Mi+ jCν pi−Ki+ jC2ν pi +Ni+ jCη pi +

Ji+ jCξ pi +Li+ jCρ pi +Mi+ jCχ pi−Ai+ jCgpi +Fi+ jC2gpi +Gi+ jC4gpi +Hi+ jC8gpi + Ii+ jC16gpi−

Bi+ jCλgpi + Ci+ jC2λgpi − Gi+ jC4λgpi − Di+ jCµgpi − Fi+ jC2µgpi − Ei+ jCνgpi −Ci+ jC2νgpi +

Ai+ jCηgpi +Bi+ jCξ gpi +Di+ jCρgpi +Ei+ jCχgpi}]

Pη p j(x) = 1
16pn i+ j

[φ(pn− j)
2 {∑

t∈A′
α

tν pn+ j
Ct pn} +

φ(pn− j)

2

n−1

∑
i=n− j

{∑
a∈A

α
aν pi+ j

Capi +

∑
a∈A

α
aνgpi+ j

Cagpi} +
1
p j

n− j−1

∑
i=0
{Mi+ jCpi − Ki+ jC2pi − Pi+ jC4pi + Qi+ jC8pi + Ri+ jC16pi +

Li+ jCλ pi−Oi+ jC2λ pi +Pi+ jC4λ pi +Ji+ jCµ pi +Ki+ jC2µ pi +Ni+ jCν pi +Oi+ jC2ν pi−Mi+ jCη pi−

Li+ jCξ pi− Ji+ jCρ pi−Ni+ jCχ pi +Ei+ jCgpi−Ci+ jC2gpi−Gi+ jC4gpi +Hi+ jC8gpi + Ii+ jC16gpi +

Di+ jCλgpi − Fi+ jC2λgpi + Gi+ jC4λgpi + Bi+ jCµgpi + Ci+ jC2µgpi + Ai+ jCνgpi + Fi+ jC2νgpi −

Ei+ jCηgpi−Di+ jCξ gpi−Bi+ jCρgpi−Ai+ jCχgpi}]
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Pξ p j(x) = 1
16pn [

φ(pn− j)
2 {∑

t∈A′
α

tµ pn+ j
Ct pn} +

φ(pn− j)

2

n−1

∑
i=n− j

{∑
a∈A
{αaµ pi+ j

Capi +

α
aµgpi+ j

Cagpi}} +
1
p j

n− j−1

∑
i=0
{Li+ jCpi − Oi+ jC2pi + Pi+ jC4pi + Qi+ jC8pi + Ri+ jC16pi −

Mi+ jCλ pi−Ki+ jC2λ pi−Pi+ jC4λ pi−Ni+ jCµ pi +Oi+ jC2µ pi +Ji+ jCν pi +Ki+ jC2ν pi−Li+ jCη pi +

Mi+ jCξ pi +Ni+ jCρ pi−Ji+ jCχ pi +Di+ jCgpi−Fi+ jC2gpi +Gi+ jC4gpi +Hi+ jC8gpi + Ii+ jC16gpi−

Ei+ jCλgpi −Ci+ jC2λgpi − Gi+ jC4λgpi − Ai+ jCµgpi + Fi+ jC2µgpi + Bi+ jCνgpi + Ci+ jC2νgpi −

Di+ jCηgpi +Ei+ jCξ gpi +Ai+ jCρgpi−Bi+ jCχgpi}]

Pρ p j(x) = 1
16pn [

φ(pn− j)
2 {∑

t∈A′
α

tλ pn+ j
Ct pn} +

φ(pn− j)

2

n−1

∑
i=n− j

{∑
a∈A

α
aλ pi+ j

Capi +

∑
a∈A

α
aλgpi+ j

Cagpi} +
1
p j

n− j−1

∑
i=0
{Ji+ jCpi + Ki+ jC2pi − Pi+ jC4pi + Qi+ jC8pi + Ri+ jC16pi −

Ni+ jCλ pi +Oi+ jC2λ pi +Pi+ jC4λ pi−Mi+ jCµ pi−Ki+ jC2µ pi +Li+ jCν pi−Oi+ jC2ν pi−Ji+ jCη pi +

Ni+ jCξ pi +Mi+ jCρ pi−Li+ jCχ pi +Bi+ jCgpi +Ci+ jC2gpi−Gi+ jC4gpi +Hi+ jC8gpi + Ii+ jC16gpi−

Ai+ jCλgpi + Fi+ jC2λgpi + Gi+ jC4λgpi − Ei+ jCµgpi −Ci+ jC2µgpi + Di+ jCνgpi − Fi+ jC2νgpi −

Bi+ jCηgpi +Ai+ jCξ gpi +Ei+ jCρgpi−Di+ jCχgpi}]

Pχ p j(x) = 1
16pn [

φ(pn− j)
2 {∑

t∈A′
α

t pn+ j
Ct pn} +

φ(pn− j)

2

n−1

∑
i=n− j

{∑
a∈A

α
api+ j

Capi +

∑
a∈A

α
agpi+ j

Cagpi} +
1
p j

n− j−1

∑
i=0
{Ni+ jCpi + Oi+ jC2pi + Pi+ jC4pi + Qi+ jC8pi + Ri+ jC16pi +

Ji+ jCλ pi +Ki+ jC2λ pi−Pi+ jC4λ pi +Li+ jCµ pi−Oi+ jC2µ pi +Mi+ jCν pi−Ki+ jC2ν pi−Ni+ jCη pi−

Ji+ jCξ pi−Li+ jCρ pi−Mi+ jCχ pi +Ai+ jCgpi +Fi+ jC2gpi +Gi+ jC4gpi +Hi+ jC8gpi + Ii+ jC16gpi +

Bi+ jCλgpi + Ci+ jC2λgpi − Gi+ jC4λgpi + Di+ jCµgpi − Fi+ jC2µgpi + Ei+ jCνgpi −Ci+ jC2νgpi −

Ai+ jCηgpi−Bi+ jCξ gpi−Di+ jCρgpi−Ei+ jCχgpi}]

The expressions for Pgp j , Pλgp j , Pµgp j , Pνgp j , Pηgp j , Pξ gp j , Pρgp j and Pχgp j can be computed

by interchanging P, Q, R, K, O, L, M, N, J by G, H, I, C, F, D, E, A, B and αupi+ j
by αugpi+ j

respectively, Where Ai+ j, Bi+ j, Di+ j, Ei+ j, Ji+ j, Li+ j, Mi+ j, Ni+ j can be computed, using lemma

5.1 and the following relations,

1
p j

n− j−1

∑
i=0
{

Mi+ jNi+ j +Ai+ jEi+ j + Ji+ jLi+ j +Bi+ jDi+ j

pi }=−5pn−1(p+1)
4

− 7pn− j−1(p−1)
16

,

1
p j

n− j−1

∑
i=0
{

Mi+ jBi+ j +Ni+ jDi+ j− Ji+ jEi+ j−Ai+ jLi+ j

pi }= 3pn− j−1(p−1)
16

,
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1
p j

n− j−1

∑
i=0
{

M2
i+ j +E2

i+ j +L2
i+ j +D2

i+ j + J2
i+ j +B2

i+ j +N2
i+ j +A2

i+ j

pi }

=−2p(n−1)+
pn− j−1(p−1)(3+4α6pn+ j

+4α2pn+ j
)

8
,

1
p j

n− j−1

∑
i=0
{

Ei+ jLi+ j + Ji+ jAi+ j−Mi+ jDi+ j−Ni+ jBi+ j

pi }

= pn−1(p−1)+
5pn− j−1(p−1)

8
+

pn− j−1(p−1)(α3(χ+µg)pn+ j −α(ν+µg)pn+ j
)

4
.

Proof. The above expressions can be obtained using Lemmas 3.3−3.6,4.2−4.4 and 5.2−5.5

and similar procedure as in theorem 3.7. Also the relations can be derived using Pp j(α pi
) = 1,

Pp j(αλgpi
) = 0, Pp j(αν p j

) = 0 and Pλ p j(αµgp j
) = 0.

6. DIMENSION AND GENERATING POLYNOMIALS

The polynomial ms(x) = ∏
sεΩs

(x−α
s) denote the minimal polynomial for αs and the gener-

ating polynomial for cyclic code Ms of length 16pn corresponding to the cyclotomic coset Ωs

is x16pn−1
ms(x)

and the dimension of Ms is equal to the cardinality of the class Ωs by J. Singh and

Arrora.

Theorem 6.1. (i) The generating polynomial for the codes Mt pn , for t ∈ A′ are (1 + x +

x2 + ... + x(16pn−1)), (x8 − 1)(x2 + β 2)(x2 − β 6)(x + β )(x + β 7)(1 + x16 + ... + x16(pn−1)),

(x+β 2)(x−β 6)(x4−1)(x8+1)(1+x16+ ...+x16(pn−1)), (x+β 3)(x+β 5)(x2−β 2)(x8−1)(1+

x16 + ...+ x16(pn−1)), (x2− 1)(x4 + 1)(x8 + 1)(1+ x16 + ...+ x16(pn−1)), (x8 + 1)(x4− 1)(x−

β 2)(x+β 6)(1+x16 + ...+x16(pn−1)), (x8 +1)(x4 +1)(x2 +1)(x−1)(1+x16 + ...+x16(pn−1)),

(x8−1)(x2−β 6)(x2+β 2)(x−β 7)(x−β )(1+x16+ ...+x16(pn−1)) and (x8−1)(x2+β 6)(x2−

β 2)(x−β 3)(x−β 5)(1+ x16 + ...+ x16(pn−1)) respectively, where β is 16th root of unity.

(ii) The generating polynomial for M8pi ⊕M8gpi , M16pi ⊕M16gpi and Mpi ⊕M2pi ⊕M4pi ⊕

Mλ pi ⊕M2λ pi ⊕M4λ pi ⊕Mµ pi ⊕M2µ pi ⊕Mν pi ⊕M2ν pi ⊕Mη pi ⊕Mξ pi ⊕Mρ pi ⊕Mχ pi ⊕Mgpi ⊕

M2gpi⊕M4gpi⊕Mλgpi⊕M2λgpi⊕M4λgpi⊕Mµgpi⊕M2µgpi⊕Mνgpi⊕M2νgpi⊕Mηgpi⊕Mξ gpi⊕

Mρgpi⊕Mχgpi are (xpn−i−1
+1)(xpn−i−1)(x2pn−i

+1)(x4pn−i
+1)(x8pn−i

+1)(1+ x16pn−i
+ ...+

x16pn−i(pi−1)), (xpn−i−1−1)(xpn−i
+1)(x2pn−i

+1)(x4pn−i
+1)(x8pn−i

+1)(x8pn−i
+1)(1+x16pn−i

+

...+ x16pn−i(pi−1)) and (x2pn−i−1
+ 1)(x4pn−i−1

+ 1)(x8pn−i−1
+ 1)(x2pn−i − 1)(1+ x16pn−i

+ ...+

x16pn−i(pi−1)) respectively.
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Proof. (i) The minimal polynomial for α t pn
, for t ∈ A′ are (x−1), (x−β )(x−β 7), (x−β 2)(x+

β 6), (x−β 3)(x−β 5), (x2+1), (x−β 6)(x+β 2), (x+1), (x+β )(x+β 7) and (x+β 3)(x+β 5),

respectively. The corresponding generating polynomials are (1+ x+ x2 + ...+ x(16pn− 1)),

(x8 − 1)(x2 + β 2)(x2 − β 6)(x + β )(x + β 7)(1 + x16 + ...+ x16(pn−1)), (x8 + 1)(x4 − 1)(x +

β 2)(x− β 6)(1+ x16 + ...+ x16(pn−1)), (x8− 1)(x2 + β 6)(x+ β 3)(x2− β 2)(x+ β 5)(1+ x16 +

...+ x16(pn−1)), (x2−1)(x4 +1)(x8 +1)(1+ x16 + ...+ x16(pn−1)), (x8 +1)(x4−1)(x−β 2)(x+

β 6)(1+ x16 + ...+ x16(pn−1)), (x8 + 1)(x4 + 1)(x2 + 1)(x− 1)(1+ x16 + ...+ x16(pn−1)), (x8−

1)(x2−β 6)(x−β 7)(x−β )(x2 +β 2)(1+ x16 + ...+ x16(pn−1)), (x8− 1)(x−β 3)(x−β 5)(x2 +

β 6)(x2−β 2)(1+ x16 + ...+ x16(pn−1)).

(ii) The product of minimal polynomial satisfied by α8pi
and α8gpi

is ( xpn−i
+1

xpn−i−1
+1

). There-

fore, the generating polynomial for M8pi⊕M8gpi is (xpn−i−1
+1)(xpn−i−1)(x2pn−i

+1)(x4pn−i
+

1)(x8pn−i
+ 1)(1 + x16pn−i

+ ...+ x16pn−i(pi−1)). The product of minimal polynomial satis-

fied by α16pi
and α16gpi

is ( xpn−i−1
xpn−i−1−1

). Therefore, the generating polynomial for M16pi ⊕

M16gpi is (xpn−i−1 − 1)(xpn−i
+ 1)(x2pn−i

+ 1)(x4pn−i
+ 1)(x8pn−i

+ 1)(x8pn−i
+ 1)(1 + x16pn−i

+

...+ x16pn−i(pi−1)). Also the product of minimal polynomial satisfied by α pi
, α2pi

, α4pi
,...,

αρgpi
, αχgpi

is (x2pn−i
+1)(x4pn−i

+1)(x8pn−i
+1)

(x2pn−i−1
+1)(x4pn−i−1

+1)(x8pn−i−1
+1)

. Therefore, the generating polynomial for

Mpi ⊕M2pi ⊕M4pi ⊕Mλ pi ⊕M2λ pi ⊕M4λ pi ⊕Mµ pi ⊕M2µ pi ⊕Mν pi ⊕M2ν pi ⊕Mη pi ⊕Mξ pi ⊕

Mρ pi ⊕Mχ pi ⊕Mgpi ⊕M2gpi ⊕M4gpi ⊕Mλgpi ⊕M2λgpi ⊕M4λgpi ⊕Mµgpi ⊕M2µgpi ⊕Mνgpi ⊕

M2νgpi ⊕Mηgpi ⊕Mξ gpi ⊕Mρgpi ⊕Mχgpi is (x2pn−i−1
+ 1)(x4pn−i−1

+ 1)(x8pn−i−1
+ 1)(x2pn−i −

1)(1+ x16pn−i
+ ...+ x16pn−i(pi−1)). �

7. MINIMUM DISTANCE

If l is a cyclic code of length m generated by g(x) and its minimum distance is d, then the code

l̄ of length mk generated by g(x)(1+ xm + x2m + ...+ x(k−1)m) is a repetition code of l repeated

k times and its minimum distance is dk by Bakshi. Here, we find the minimum distance of the

minimal cyclic code Ms of length 16pn, generated by the primitive idempotent Ps.

Theorem 7.1. Each the codes Mt pn, for t ∈ A′ are of minimum distance 16pn. For 0≤ i≤ n−1,

the minimum distance of the cyclic codes Mcpi , Mcgpi , c = {8,16} are greater than or equal
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32pi and minimum distance for the codes Mapi , Magpi , a∈ A−{8,16} are greater than or equal

to 16pi.

Proof. As the generating polynomial for the code M0 is a polynomial of length 16pn, hence its

minimum distance is 16pn. Also, the generating polynomial for the cyclic code Mpn is (x8−

1)(x2 +β 2)(x+β )(x2−β 6)(x+β 7)(1+ x16 + ...+ x16(pn−1)). Which the code repeat for the

cyclic code of length 16 with generating polynomial (x8−1)(x2+β 2)(x+β )(x2−β 6)(x+β 7),

repeated pn times. So its minimum distance is 16pn. Similarly, the minimum distance for each

of the cyclic codes Mt pn , where 2≤ t ≤ 15 is 16pn.

The cyclic codes M8pi and M8gpi , with genrating polynomial (xpn−i−1
+ 1)(xpn−i − 1)(x2pn−i

+

1)(x4pn−i
+1)(x8pn−i

+1)(1+x16pn−i
+ ...+x16pn−i(pi−1)) is a repetition code of the code gener-

ated by (xpn−i−1
+1)(xpn−i−1)(x2pn−i

+1)(x4pn−i
+1)(x8pn−i

+1) of length 16pn−i and minimum

distance 32 repeated pi times. Therefore its minimum distance is 32pi. The codes correspond-

ing to M8pi and M8gpi are the sub codes of the above codes, so their minimum distances are

greater than or equal to 32pi.

Similarly, the minimum distance for each of the cyclic codes M16pi and M16gpi of length 16pn

are also greater than or equal to 32pi.

The product of generating polynomials for the cyclic codes Mapi , Magpi , a ∈ A− {8,16}

is (x2pn−i−1
+ 1)(x4pn−i−1

+ 1)(x8pn−i−1
+ 1)(x2pn−i

+ 1)(1+ x16pn−i
+ ...+ x16pn−i(pi−1)). If we

consider a code C of length 16pn−i generated by the polynomial (x2pn−i−1
+ 1)(x4pn−i−1

+

1)(x8pn−i−1
+ 1)(x2pn−i

+ 1), then the minimum distance for this code is 16. Since the cyclic

code of length 16pn generated by the said polynomial is a repetition of the code C repeated pi

times. Hence its minimum distance is 16pi.

Since the codes corresponding to Ωapi , Ωagpi , a ∈ A are the sub codes of the said codes, so their

minimum distance is greater than or equal to 16pi. �

8. EXAMPLE

Example 6.1. Cyclic Codes of length 48.

Take p = 3, n = 1, q = 103. Then the q-cyclotomic cosets are

Ωs = {s,r} where 7s≡ r(mod48) and 0≤ s≤ 41.
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Minimal polynomials for αs,α7s where 0 ≤ s ≤ 41 are x− 1, x2− 2x+ 47, x2 + 90x+ 46,

x2 + 68x− 1, x2− 77x+ 56, x2− 54x+ 57, x2− 94x+ 1, x− 47, x2− 94x− 1, x2 + 7x+ 56,

x2 + 3x+ 57, x2− 14x+ 1, x2− 66x+ 47, x− 46, x2− 92x+ 57, x2 + 20x+ 1, x2 + 38x+ 47,

x2−40x+46, x+1, x2+2x+47, x2−90x+46, x2−68x−1, x−56, x2−9x−1, x2+96x+56,

x−57 and x2−11x+56 respectively.

The minimal codes M0, M1, M2, M3, M4, M5, M6, M7, M8, M9, M10, M11, M12, M13, M16, M17,

M18, M19, M20, M24, M25, M26, M27, M32, M33, M34, M40 and M41 of length 48 are as follows:

Code Dim. Min. Distance Bound Generating Polynomial

M0 1 48
47

∑
t=0
{xt}

M1 1 16≤ d ≤ 48 6+46x+61x2+6x3+91x4+41x5+2x6+54x7+

68x8 + 39x9 + 55x10 + 30x11 + 79x12 + 86x13 +

48x14 + 55x15 + 32x16 + 101x17 + 8x18 + 99x19 +

15x20 + 84x21 + 69x22 + 91x23 + 55x24 + 53x25 +

23x26 + 13x27 + 68x28 + 7x29 + 12x30 + 42x31 +

87x32 + 5x33 + 40x34 + 52x35 + 43x36 + 84x37 +

18x38 + 45x39 + 87x40 + 40x41 + 13x42 + 26x43 +

60x44 +2x45 + x46

M2 1 16≤ d ≤ 48 42 + 14x + 12x2 + 21x3 + 93x4 + 93x5 + 78x6 +

76x7 + 78x8 + 101x9 + 47x10 + 29x11 + 43x12 +

16x13 + 73x14 + 27x15 + 15x16 + 35x17 + 23x18 +

55x19 + 24x20 + 75x21 + 5x22 + 58x23 + 23x24 +

3x25 + 72x26 + 27x27 + 71x28 + 15x29 + 43x30 +

79x31+102x32+101x33+42x34+97x35+78x36+

58x37 + 55x38 + 21x39 + 54x40 + 26x41 + 42x42 +

74x43 +20x44 +13x45 + x46
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Code Dim. Min. Distance Bound Generating Polynomial

M3 1 48 86+9x+80x2+93x3+18x4+81x5+67x6+2x7+

100x8 + 4x9 + 63x10 + 65x11 + 54x12 + 29x13 +

69x14 + 86x15 + 46x16 + 21x17 + 32x18 + 34x19 +

78x20 +85x21 +90x22 +25x23 +39x24 +102x25 +

74x26 + 87x27 + 16x28 + 42x29 + 91x30 + 50x31 +

92x32 + 23x33 + 8x34 + 52x35 + 42x36 + 24x37 +

26x38 + 41x39 + 33x40 + 19x41 + 89x42 + 97x43 +

93x44 +35x45 + x46

M4 1 16≤ d ≤ 48 51 + 45x + 72x2 + 89x3 + 42x4 + 58x5 + 79x6 +

80x7 + 81x8 + 75x9 + 98x10 + 58x11 + 78x12 +

40x13 + 72x14 + 10x15 + 75x16 + 68x17 + 94x18 +

14x19 + 47x20 + x22 + 40x23 + 9x24 + 65x25 +

23x26 + 93x27 + 87x28 + 26x29 + 25x30 + 10x31 +

74x32 + 28x33 + 85x34 + 52x35 + 24x36 + 10x37 +

17x38 + 14x39 + 87x40 + 55x41 + 52x42 + 65x43 +

2x44 +77x45 + x46

M5 1 16≤ d ≤ 48 61 + 37x + 90x2 + 81x3 + 86x4 + 15x5 + 38x6 +

52x7 + 101x8 + 102x9 + 28x10 + 41x11 + 51x12 +

100x13 +83x14 +57x15 +67x16 +95x17 +31x18 +

53x19 +84x20 +66x21 +99x22 +33x23 +100x24 +

2x25 + 67x26 + 2x27 + 73x28 + 89x29 + 74x30 +

83x31 + 43x32 + 70x33 + 24x34 + 45x35 + 91x36 +

80x37 + 76x38 + 20x39 + 14x40 + 87x41 + 37x42 +

x43 +78x44 +54x45 + x46
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Code Dim. Min. Distance Bound Generating Polynomial

M6 1 48 36 + 78x + 86x2 + 75x3 + 63x4 + 79x5 + 50x6 +

89x7 + 76x8 + 51x9 + 83x10 + 26x11 + 95x12 +

46x13 + 6x14 + 3x15 + 70x16 + 88x17 + 65x18 +

48x19 + 18x20 + 99x21 + 18x22 + 48x23 + 65x24 +

88x25 + 70x26 + 3x27 + 6x28 + 46x29 + 95x30 +

26x31 + 83x32 + 51x33 + 76x34 + 89x35 + 50x36 +

79x37 + 63x38 + 75x39 + 86x40 + 78x41 + 36x42 +

10x43 +80x44 +94x45 + x46

M9 1 48 27 + 57x + 25x2 + 76x3 + 91x4 + 71x5 + 9x6 +

49x7 + 38x8 + 82x9 + 55x10 + 62x11 + 98x12 +

17x13 + 45x14 + 10x15 + 32x16 + 92x17 + 36x18 +

4x19 + 72x20 + 34x21 + 69x22 + 37x23 + 93x24 +

50x25 + 28x26 + 96x27 + 68x28 + 90x29 + 54x30 +

61x31 + 88x32 + 29x33 + 40x34 + 80x35 + 39x36 +

19x37 + 4x38 + 55x39 + 87x40 + 14x41 + 7x42 +

77x43 +82x44 +94x45 + x46

M10 1 16≤ d ≤ 48 86 + 89x + 37x2 + 60x3 + 93x4 + 48x5 + 42x6 +

27x7 + 86x8 + 9x9 + 47x10 + 5x11 + 39x12 +

87x13+62x14+33x15+15x16+38x17+52x18+

48x19+ 74x20+ 23x21+ 5x22+ 10x23+ 52x24+

100x25 + 16x26 + 33x27 + 71x28 + 31x29 +

39x30+ 24x31+ 57x32+ 9x33+ 42x34+ 70x35+

42x36+45x37+58x38+60x39+54x40+40x41+

86x42+29x43+96x44+96x45+ x46
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Code Dim. Min. Distance Bound Generating Polynomial

M11 1 16≤ d ≤ 48 78 + 94x + 75x2 + 45x3 + 18x4 + 85x5 + 44x6 +

101x7 + 68x8 + 85x9 + 63x10 + 100x11 + 37x12 +

74x13 + 84x14 + 25x15 + 46x16 + 64x17 + 41x18 +

69x19 + 86x20 + 81x21 + 90x22 + 86x23 + 21x24 +

x25 + 5x26 + 72x27 + 16x28 + 25x29 + 49x30 +

53x31 + 9x32 + 51x33 + 8x34 + 80x35 + 86x36 +

79x37 + 63x38 + 73x39 + 33x40 + 53x41 + 40x42 +

6x43 +55x44 +100x45 + x46

M12 1 48 75 + 58x + 16x2 + 63x3 + 42x4 + 10x5 + 98x6 +

23x7 + 18x8 + 23x9 + 98x10 + 10x11 + 42x12 +

63x13 + 16x14 + 58x15 + 75x16 + 65x17 + 11x18 +

89x19 + 102x20 + x22 + 14x23 + 92x24 + 38x25 +

28x26 + 45x27 + 87x28 + 40x29 + 61x30 + 93x31 +

5x32 + 80x33 + 85x34 + 80x35 + 5x36 + 93x37 +

61x38 + 40x39 + 87x40 + 45x41 + 28x42 + 38x43 +

92x44 +14x45 + x46

M13 1 16≤ d ≤ 48 17 + 66x + 20x2 + 99x3 + 86x4 + 31x5 + 68x6 +

51x7 + 11x8 + 56x9 + 28x10 + 71x11 + 75x12 +

3x13 + 7x14 + x15 + 67x16 + 59x17 + 88x18 +

50x19 + 53x20 + 12x21 + 99x22 + 27x23 + 38x24 +

101x25 +95x26 +94x27 +73x28 +26x29 +24x30 +

20x31 + 21x32 + 97x33 + 24x34 + 93x35 + 49x36 +

23x37 + 97x38 + 13x39 + 14x40 + 15x41 + 12x42 +

102x43 +86x44 +66x45 + x46



MINIMAL CYCLIC CODES OF LENGTH 16pn OVER GF(q) 23

Code Dim. Min. Distance Bound Generating Polynomial

M17 1 16≤ d ≤ 48 70 + 46x + 17x2 + 70x3 + 91x4 + 30x5 + 92x6 +

54x7 + 100x8 + 43x9 + 55x10 + 32x11 + 29x12 +

86x13 + 10x14 + 58x15 + 32x16 + 94x17 + 59x18 +

99x19 + 16x20 + 53x21 + 69x22 + 49x23 + 58x24 +

53x25 + 52x26 + 83x27 + 68x28 + 83x29 + 37x30 +

42x31 + 31x32 + 24x33 + 40x34 + 28x35 + 21x36 +

84x37 + 81x38 + 10x39 + 87x40 + 77x41 + 83x42 +

26x43 +64x44 +92x45 + x46

M18 1 48 78 + 14x + 54x2 + 39x3 + 93x4 + 58x5 + 86x6 +

76x7 + 42x8 + 11x9 + 47x10 + 79x11 + 21x12 +

16x13 + 71x14 + 6x15 + 15x16 + 3x17 + 28x18 +

55x19 + 5x20 + 51x21 + 5x22 + 55x23 + 28x24 +

3x25 + 15x26 + 6x27 + 71x28 + 16x29 + 21x30 +

79x31 + 47x32 + 11x33 + 42x34 + 76x35 + 86x36 +

58x37 + 93x38 + 39x39 + 54x40 + 14x41 + 78x42 +

74x43 +90x44 +83x45 + x46

M19 1 16≤ d ≤ 48 42+9x+51x2+55x3+18x4+4x5+95x6+2x7+

38x8 + 81x9 + 63x10 + 35x11 + 12x12 + 29x13 +

53x14 + 42x15 + 46x16 + 43x17 + 30x18 + 34x19 +

42x20 +99x21 +90x22 +61x23 +43x24 +102x25 +

24x26 + 88x27 + 16x28 + 86x29 + 66x30 + 50x31 +

2x32 + 28x33 + 8x34 + 28x35 + 78x36 + 24x37 +

14x38 + 32x39 + 33x40 + 34x41 + 77x42 + 97x43 +

58x44 +65x45 + x46
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Code Dim. Min. Distance Bound Generating Polynomial

M20 1 16≤ d ≤ 48 80 + 45x + 15x2 + 77x3 + 42x4 + 55x5 + 29x6 +

80x7 + 4x8 + 51x9 + 98x10 + 55x11 + 86x12 +

40x13+15x14+48x15+75x16+100x17+101x18+

14x19 + 57x20 + x22 + 77x23 + 2x24 + 65x25 +

52x26 + 55x27 + 87x28 + 14x29 + 17x30 + 10x31 +

24x32 + 52x33 + 85x34 + 28x35 + 74x36 + 10x37 +

25x38 + 26x39 + 87x40 + 93x41 + 23x42 + 65x43 +

9x44 +40x45 + x46

M24 1 48
48

∑
n=1
{102nxn−1}(mod103)

M25 1 16≤ d ≤ 48 6 + 57x + 61x2 + 97x3 + 91x4 + 62x5 + 2x6 +

49x7 + 68x8 + 64x9 + 55x10 + 73x11 + 79x12 +

17x13 + 48x14 + 48x15 + 32x16 + 2x17 + 8x18 +

4x19 + 15x20 + 19x21 + 69x22 + 12x23 + 55x24 +

50x25 + 23x26 + 90x27 + 68x28 + 96x29 + 12x30 +

61x31 + 87x32 + 98x33 + 40x34 + 51x35 + 43x36 +

19x37 + 18x38 + 58x39 + 87x40 + 63x41 + 13x42 +

77x43 +60x44 +101x45 + x46

M26 1 16≤ d ≤ 48 42 + 89x + 12x2 + 82x3 + 93x4 + 10x5 + 78x6 +

27x7 + 78x8 + 2x9 + 47x10 + 74x11 + 43x12 +

87x13 + 73x14 + 76x15 + 15x16 + 68x17 + 23x18 +

48x19 + 24x20 + 28x21 + 5x22 + 45x23 + 23x24 +

100x25 +72x26 +76x27 +71x28 +88x29 +43x30 +

24x31 + 102x32 + 2x33 + 42x34 + 6x35 + 78x36 +

45x37 + 55x38 + 82x39 + 54x40 + 77x41 + 42x42 +

29x43 +20x44 +90x45 + x46
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M27 1 48 86 + 94x + 80x2 + 10x3 + 18x4 + 22x5 + 67x6 +

101x7 + 100x8 + 99x9 + 63x10 + 38x11 + 54x12 +

74x13 + 69x14 + 17x15 + 46x16 + 82x17 + 32x18 +

69x19 + 78x20 + 18x21 + 90x22 + 78x23 + 39x24 +

x25 + 74x26 + 16x27 + 16x28 + 61x29 + 91x30 +

53x31 + 92x32 + 80x33 + 8x34 + 51x35 + 42x36 +

79x37 + 26x38 + 62x39 + 33x40 + 84x41 + 89x42 +

6x43 +93x44 +68x45 + x46

M33 1 48 27 + 46x + 25x2 + 27x3 + 91x4 + 32x5 + 9x6 +

54x7 + 38x8 + 21x9 + 55x10 + 41x11 + 98x12 +

86x13 + 45x14 + 93x15 + 32x16 + 11x17 + 36x18 +

99x19 + 72x20 + 69x21 + 69x22 + 66x23 + 93x24 +

53x25 + 28x26 + 7x27 + 68x28 + 13x29 + 54x30 +

42x31 + 88x32 + 74x33 + 40x34 + 23x35 + 39x36 +

84x37 + 4x38 + 48x39 + 87x40 + 89x41 + 7x42 +

26x43 +82x44 +9x45 + x46

M34 1 16≤ d ≤ 48 86 + 14x + 37x2 + 43x3 + 93x4 + 55x5 + 42x6 +

76x7 + 86x8 + 94x9 + 47x10 + 98x11 + 39x12 +

16x13 + 62x14 + 70x15 + 15x16 + 65x17 + 52x18 +

55x19 + 74x20 + 80x21 + 5x22 + 93x23 + 52x24 +

3x25 + 16x26 + 70x27 + 71x28 + 72x29 + 39x30 +

79x31 + 57x32 + 94x33 + 42x34 + 33x35 + 42x36 +

58x37 + 58x38 + 43x39 + 54x40 + 63x41 + 86x42 +

74x43 +96x44 +7x45 + x46



26 VISHVAJIT SINGH, MANJU PRUTHI, JAGBIR SINGH

Code Dim. Min. Distance Bound Generating Polynomial

M41 1 16≤ d ≤ 48 102 + 57x + 48x2 + 36x3 + 43x4 + 17x5 + 32x6 +

63x7 + 21x8 + 3x9 + 37x10 + 44x11 + 65x12 +

69x13 + 97x14 + 73x15 + 31x16 + 71x17 + 98x18 +

75x19 + 70x20 + 40x21 + 25x22 + 98x23 + 28x24 +

81x25 + 43x26 + 7x27 + 19x28 + 22x29 + 61x30 +

87x31 + 16x32 + 77x33 + 13x34 + 49x35 + 94x36 +

93x37 + 92x38 + 44x39 + 7x40 + 76x41 + 24x42 +

99x43 +65x44 +11x45 + x46

Ma 1 32≤ d ≤ 48
48

∑
n=1
{57rnxn−1}(mod103) where r = a

8 and a ∈

{8,16,32,40}
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