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corresponding minimal cyclic codes are also obtained.
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1 Introduction

Let F be a finite field of prime power order g and G be a cyclic group of order m such that g.c.d.(m,q) =1
. Then FG , the group algebra of the cyclic group G over F , is semi-simple and has only a finite number of
primitive idempotents which equals the number of cyclotomic cosets modulo m . Let t be the multiplicative
order of ¢ modulo m , then 1 <t < ¢p(m) [4]. If t = ¢(m) and m = 2, 4, p", 2p", the complete sets of
primitive idempotents were calculated by Pruthi and Arora [1, 6]. The minimal quadratic residue cyclic
codes of length p” were obtained by Batra and Arora [3]. The minimal cyclic codes of length p"g were
discussed by Bakshi and Raka [2]. The minimal cyclic codes of length 8p" over field of prime power order
g , where q is of the form 8k + 5, were obtained by Singh and Arora [7]. Explicit expression of primitive
idempotents in FCap» and corresponding codes were obtained by Singh and Ahlawat [10, 11]. The minimal
cyclic codes of length 8p" were discussed by Singh and Arora [12, 13].

The equivalence relation a ~ b whenever a = bg/( mod 8p”) partitions the set S = {1,2, ,8p"} into

Qrpn = {rp"} forr=0,4

Qspn= {sp", sp"q} fors=1,2,v=1+4p"

andfor0<,;<n-1,
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o ) ) r1—j
Qupi={tp’ tp’q, tp’q> ..., tp/q®® 71}
where t=1,2,4,8 A=1+2p", u=2(1+2p"),v=1+4p", x=1+6p".

In the following lemmas some results for cyclotomic cosets are obtained:
,,71 el

D™ @™
Lemma l.1. Ifp = 1(mod 4), then (1+6p")q . = —1(mod 8p" )andifp=3(mod4)then(1+4p")q . =
—1(mod 8p").

Proof. For an odd prime p, so 90" is odd iff p = 3(mod 4).
Ppy, Pp) g
Now, g , = —1(mod p") and (1 + 6p") = 1(mod p"), so (1 + 6p")g = —1(mod p").

11

P
Further, p” =4t+1, thus (1+6p")g > = —1(mod 8p").

b(p'

bl
When p” =4t +3,then (1+4p")g : = —1(mod8)andhence(1+4p")g = = —1(mod 8p").
O

Remark 1.2. By above lemma, we obtained the following “If p = 1(mod 4), then —Qi1 = Qy and if
p = 3(mod 4) then —Q1 =Q..”

Lemma 1.3. For cyclotomic cosets Qp;, 0 <j<n—1
(i) A2Qp = QP = AQp;.

(i) v2Qp; = QP = vQup;.

(iii) X*Qpi = QP =X Qi

(iv) p12Qp = 40P/ = uQyupj = 2Q2p) = Qap;.

Proof. Since A2 =(1+2p")2 =1+4p?" +4p" =1+ 4p"(p" + 1).

As pis odd, so p” + 1 = 0(mod 2) and hence A2 = 1(mod 8p").

Therefore, A Qpi = Qpi. Also, _ '

A20,= (A %7 A g, .., A%7q? " DY) = A{Apd Apq, .., ApPg®P )7L} = AQup.

Thus, 2Qp = QF =AQxp;. O

Proof of remaining parts will go on similar lines.

Lemma 1.4. For cyclotomic cosets Qpn, Q2pn, Qapn and Qupn :
(i) —Qpn = Qupn

(ii) —Q2pn = Q2pn

(iii) —Qapn = Qapn

Proof. Proof is trivial. O
Lemmal.5. Ifr=1,2,48 A u vorxthen forO<j<n-—1.

rQSpj = QSpj = SQrpj = 4Qypj.

Proof. Since 8rp/ Z Ip/g"(mod 8p") for I=1,2,4,8,A, u, v, x. So, 8rp/ = 8p/g“(mod 8p"). Hence

the required result holds. O

Lemma 1.6. For cyclotomic cosets Q2p;j, Qapi, Q8pj, Qapi, Qupi, Qup; and Qyp; :
(i) If p = 1(mod 4), then —Q2pj = Qup,.
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(ii)If p = 3(mod 4),then —Q2p; = Q2p; and —Qupi = Qupj,
(iii)—Qap; = Qap; and —Qsp; = Q8p;.

(iv)If p = 1(mod 4), then —Quipj = Qup;.

(v) If p = 3(mod 4),then —Qypj = Qup;

Proof of these can be obtained by using lemma 1.1.
The 8n + 5 primitive idempotents are obtained in Theorem 2.8. In Section 3, we discuss generating
polynomials and dimensions for the corresponding minimal cyclic codes of length 8p". The minimum

distances or the bounds for these codes are obtained in Section 4. Minimal cyclic codes of length 24 for

g = 11 are calculated in Section 5.

Notation 1.7. Let a be a fixed primitive 8p"th root of unity in some extension field of F. For0 < j < n—1,

we define:
T =p a’, Sj=p o, Qi =p o, Pi=p a’, and Rj = p/ o,
sst,- ssQVp/- seQ Api SEQ/\,pj sstpj

Since (T;)9=T,. Thus T; € F. Similarly, S;, Q;, P and R; € F.

2 Primitive Idempotents

Throughout this paper, a is assumed to be 8p” th root of unity in some extension field of F, Ms the

R = FM = G (" 1) o .
minimal ideal in Rsp K9 FG; generated by “mx  and gg)f thé primitive |de|§otenjc in
R811, corresponding to the minimal ideal M, given by 9 (x) = 1 £°x' where £° = a—’[3].

19 s s 8pn i i

B = i=0 jEQs
Also, denote Cs = X°.
seQ

Lemma 2.1. For any odd prime p and a positive integer k, if & is a primitive p*th root of unity, { is a
primitive 2pkt81 root of unity in some extension field of F aed q a primitive root modulo p¥,
oY1 _ (-1

B e —Lk=1 2. Lk=1

and
0 k=2 0 k=2

s=0 s=0

Proof. Since {1,q,...,g**)~1} and {1, q,.., g*®)1} are reduced residue system modulo p* and 2p*

respectively and g is a primitive root modulo p*. Thus,
P(—1 p*

-

S

s

=0 _ _ _ s=1 =1 . o
Peg-t ¥ < = =
_ s

and f= - T+ e
s=0 s=1 s=1 s=1 s=1
Now, the result can be obtained using the properties of 6 and ¢ O

Lemma2.2. ForO0<j<n—1,T;+S;=0and Pi+ Q; =0.

Proof. Since a"? =a(1+4" W0 =g’ o*"P' =— P and o?' =a(1+60" )P =— ' Using

these the result follows. O
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LBmma 2.3. For0<ij<n-—1,
= = = =

aP’s = = aVP’s = a/\p"s — = a)(p"s — a)(p"s — aVP’s = — aP’s =

saQP J seQ seQ

S£Q ) seQ

s&Q, seQ i vpi

vpl xpl
P(p"7) +j 3p™Y ifia i
f(a" +a’P ), ifi+j=n,

1 e
;jT,-+j,IfI+_ISn—1.

P(rei)-1 P(ret)-1
Proof. Let 6 = a””’. Then aPf* = = ara’ = = 5.
seQ,; t=0 t=0
Consider the following cases:
Case:1.If i+ > n, then § = a”" is 8th root of unity and
87 = 67 iff ¢ = ¢'(mod 8) iff | = r(mod ¢(8)).

b (rgi)-1 iy o@=1 »

Hence af's = = 89 = D7) -3 59 = Q(M(apfﬂ‘ +a3"),
seQ,; +=0 @(8) =0 2

Case 2. Ifj+j < n—1, then & is 8p"~'~/th root of unity and

59 = &9 iff q' = g'(mod 8p"—"-) iff | = r(mod ¢(p"~))

= p's _Q(ﬂ)_ ¢>(pSf -1 q! 1 i+j ¢(PS] -1 pigt 1 i+j s o
Therefore, af® = Do) 69 = pl'p o = o o Since
SEQp/ t=0 t=0 SEprﬂ‘
1
. . S - —
p'ts a® = T, therefore, o= pj7_j+j- O
SEQ isj 5eQ,;
The proof of the following lemmas will go on similar lines as of the above lemma.
Lemma24. ForO0<ij<n,
; = Api = ; = ] = : = . ;
aP’s = oaP's = — aVP’s = oXP's = — a/\ps — aVPs = — aXP's =
s&Q7 seQ,; SeQ, i seQ,,; seQ,,; SeQ i seQ,;
n—j i+j i+j i+j L . .
“"4(("2 Yar™ — a30)6P” if i+j =,
1 e
— P iy ifi+j<n—-1
Lg\maZ.S. ForO<i<n0<j<n-1
4pi = = 4 = ; = ; = 4 = ;
atP's = a’P's = ar's = aPs = a/\ps — aIP's = aVP’s =
Q .
SEp7 S€Q,,j SeQ) i SEQ,, SEQy., seQ,, i 5&Q2,,;
’ i - - -
b = = = —p(p"),ifi+j=n
atr's = aXP's = ar's = akpP's = aHPs = pn—i-1 ifjyji=pn—1
seQ,j 5882, seQ,, i 5£Q,,, SEQ,,,, .
5 0,ifi+j<n—1.
Leémma 2.6. For0 < i < n; 0<isn-1
8pis 2p's 4pis 8pis >= Apis = 8p's = vpis
SEQ_ap= acPs = o P = P = a’'Ps = P = aVPs =
124 S£Q,,,; 5£92,,/ 5£Q), s€Qg,,j SeQ,, 569,/
8pi's >= is >3 4pis >3 is >= 8p's is 16p's
adP’s = oXP’s = atr's = aMpP's = adP’s = atP's = albr's =
Q.
S&Cxpi serpj seQW,- 5694}7]' SEQW,}' sstpj serj
d(p" ), ifi+j=n,j=n
16p's = 32p's = 64p's n—j—1 ;£:4 ¢
atOPs = a ePs = PP = —p"I-tifi+j=n—-1
SEQ,,; 589, se82y) 3 0,ifi +j <n-—1.
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Lﬁmaz.l ForO0<ij<n-—1,

e = e = P
seQy; seQ, i d=n seQ,i fi=n seQ, i 4=n SeQ, if=n
— otP's = oHP's = — a?P's = aMP's
ste,p]’/j=n seQij/j=n seQ id=n ssQApf/j=n
B = oAP'S = 0,1ifi+j2n
Y T P < _
seQ,,,; fi=n o Rivj, ifi+j<n-—-1

Theorem 2.8. The explicit expressions for the 2}%+ 5 primitive idempotents in Rspnare given by

Gy(x) = 8;*-[?0 +Con + Cypn + Gy +Cpn + {T‘pi +T_‘p,» +f‘p,» +Z‘8p,» +pri +fup,» —+

. _ i=0
Cvpi + C)(pi } ]
1 — pZIl + a3p2n —_— —_— pZn + a3p2n —_— '2 {( pr1+i + a3pn+i —_—
apn (X) = BDT[ZCO - (a )Cpn — 2C4p11 + (a )Cvp” - a )Cpi
2 2 i — n+i n+i — i= r+i r+i n+i—
+2Capi —2Cspi+(@ P -a® B Cwpi—(aP +a® )Cpi—(aP -a® 8P Cypill
1 —= _ — _ . _ _
Bopn (x) = ‘W[CO —Cp n+ Capn — {2c 200 — C 4pi — C gpi + Cppi 3]
i=0
Bion(x) =~ (G - Cor +C o+ Comr = = (= C gy C oy + g C oy 4 Cy 1 Cs )]
pn (X) = 8p" [Co pn 2pn 4pn vp o p 2pi 4pi 8pi Api upi vpi Xxp
=
11— pZn 3p211 —_ —_ p2n 3p2n —_ pn+i 3pn+1' [—
0vpl1(X) = 8pn [ZCO + (a ta )Cpn - 2C4pn - ((X +a )Cvpn + {(a +a )Cpi
2 2 i — +7 n+i — i:+g r1+i n+i—
-ZE4pi + ZESpi + (ap -a 3p )6P CApi - (oz p + 013’7 )Cvpi - (a p -—a 3p )6p C)(pi }]

andfor0<j<n-1,
94p/(X) = gprld(p” ) {Co — Con + Capn + Capn — Cupn} +
pn_j_l {Cpn-jr — Copn-ji-1 — Capn-j-1 — Cgpn-j-1 + Cupn-j-1 — Cppn-j-1 + Cypn-j-1 + C;, -

= _ _ _ _ _ _ _
- ¢(pn—j) {Cpi - CZpi - C4pi - C8pi + CApi - Cypi + Cvpi + C)(pi}]

iTnfj

1 n—j J— _ _
198Pf (X) = 8pn [¢(p ) {CO + Cpn + C2pn + Capn + Cvpn}
-p n—j—-1 {gpi"/'_l + C2pn—j—1 - C4pn—/'—1 + C8pn—j—1 + CApn—j—l =+ Cl_lpn—j—l + Cvpn—j—l + CXpn—j—l}
s _ _ _ _ _ _
+ ¢(pn7") {Cpi + CZpi + C4pi + C8pi + C/\pi + C/,Lpi + Cvpi + C)(pi}]
i=n—j

If p" = 3(mod 4)

(apn+] +a3pn+] )7 (apn+J +a3pr1+1 )i

1 (X) = golép" ) (o - n&g=1 Con = Capr + “—5—Cupu }+
p" =1 {Capn-jn — Copn-j1}- 1 (T €i—-R € (=P € +R € i—T € +P € .}-
= o i+j p i+j 2p i+j Ap i+j up i+j vp i+j xp
» Zl dyi+j + a3pi+j B = B B (api+j —u 3pi+j )6pi+j N (fi+j . a3pi+j B

¢(pn /) . . { Cpi + C4pi - C8pi + C/\p,‘ - Cvpi —

i=n—j 2 2 2

P _ 30\ —
(@ —=a B8 )
192pj (X) = 8%[¢(pn_j) {CO - Can + C4pn}+ .
P ngi=—1

_ _ _ _ 1 _ _ _

p"=1{C 2%pn—j-1 — C 4pn—j-1 — C 8n—j-1 + Cup" /=1 } +pi {Ri+j Cp— R i+jCrxpi + Ri+jCupi
i=0
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=

— Ri+iCypi} —(p nij) {C2pi — Capi — Cgpi + Cupi}]
i=n—j
(apn+/‘ _a3pn+]' )6P11+/ _ (apru»j 3pn+/ )Bprz+] —
Fpi (x) = sp,, [P(p" /){Co _ nz'zl Con — C4pn > Cupn } +
p" =1 {Capn-j-1 — Cgpn-j-1} + 1 ipP €. ~—R € .—T € +R € —P € +T € i}-
pi o i+j p i+j 2p i+j Ap i+j up i+j vp i+j xp
[+] i+j 71+i: i+j i+j
_ = P S LA _ o a7
o(p” ])i=n—j { ) Cpi + Capi — C8pi + ) Crpi —

(P — o3P""y8P" — (P + 3Py~
) Cvpi — Cxpi 1]
Gupi (x) = zﬁln[d’(p”_j) {Co — Copn + Capn} +

p" I YC 1 =€ 1 — € w1+ C—nmja) — {(R €¢.-—R € +R ¢ .
2p 4p 8p up pi i+j p i+j Ap i+j vp

2 i=0

— Ri+jCXpi} _d)(p n ) i=n—j {CZpi - C4pi - CSpi + Cypi}]

Py o 3PH+j _ Pn+j ta 3pil+j _
Ovpi (X) = ganldle" ) (o + <a7% Con — Capn = &2 )+
p" =1 {Capnj1 — Copnjrt + 1 {r €+R € —P € i—R € —T € +P € i}+
P o i+j p i+j 2p i+j Ap i+j up i+j vp i+j xp
| zl doi+j N a3pi+j B ’_7 B (api+j w 3pit )Bpi+j B o[oz'+j . a3pi+j B
d)(pnij)i_nij { 2 Cpi — Capi + Cgpi + 2 Crapi — 2 Cvpi —
(api+j _ 3p1 ])6p1 +
2 Cxpi } ]
n (apn+j 7pn+] )Bpnﬂ (aprnj 3;1’”] )6;,n+j —
Oxp] (X) = 8p d)(p ){CO + nz 2 Cpn —_ C4pn - > Vpu } +
p" =1 {Capu-j-1 — Copnj-1}- 1 fp €1+R €© i—T € (=R € —P € +T € .} +
P o i+j p i+j 2p i+j Ap i+j up i+j vp i+j xp
i+j i+, i+j it+j i+j i+j i+j i+j
N = (@ - 3p ])BP - - _ (afg + a3p ) — (a” —a3p 8° "
d(p" ) { Cpi — Capi +Cspi + Chpi — Cupi —
i=n—j 2 2 2

oty —
(ul C)(pi } ]

Further when p = 1(mod 4), then the expressions for Opi, O2pi, Oapi, Gupi, Gvpi and Oypi in case when
p" = 3(mod 4), are the expressions for Oapi, Cupi, Opi, O2pi, Oxpi and Ovpi respectively, where 8 is a 4th
root of unity in F.

The expressions for Ti+j, Pi+j and Ri+j are given by:

if p"= 3(mod 4)

nFl g, rEY 1 I
L1504 P I+j =0 Pt ™
& TP = (=1)"(p"* = p"),
t=0 i+j
Rn-1 = p?~Yandforallj<n—2,R =0
o
gnzd_l{p 2_ (mod 4)
TP =p"+p
=0 Pi+j i+j i+ P P
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nil
P_-- {TA; + Pt =p"-1 —pn,
t=0 ! 17
Rn-1= —p?'~1 andforallj<n-—2,R;=0.

3 Dimension and Generating Polynomial

Y
If o is primitive 8p"th root of unity, then ms(x) = (x — a°) denote the minimal polynomial for o°.
seQ

Remark 3.1. [5] If ms(x) denote the minimal polynomial for o, seQs, then the generating polynomial for
8p'

cyclic code of length 8p" corresponding to the cyclotomic coset Qs is %and the dimension of minimal

cyclic code Mis is equal to the cardinality of the class Qs.

Theorem 3.2. (i) The generating polynomials for the codes Mo, M2p» and Mapr are (1 + x + x2 4. +x% 1 ), (x 6_ x

and (X’ = x® +x5 —x*+3 —x2 +x — 1)(1 + xB + ... + x3C"~1)) respectively.

(ii) The generating polynomials for the codes Map; and Msp; are

P 7T 1) — 1) (%P7 + 1) (T + 1) (L A XB + ...+ xBPT (P 1),

P 7T = )P + 1)(2P"T + 1) (T + 1)1+ X8 + ..+ xBP"T(P D) respectively.
(iii) The generating polynomials for Mpx @ My is (¥ — 1)(1 +x3+... + x 8("”_1)).
(iv) The generating polynomials for Mp; @ M2p; @ Map; © Mupi @ Mup; © Myp; is

(P 1) (T 1) (2T = 1)1+ X8+ xBT P D),

Proof. (i) The minimal polynomials for a®, a?*" and a**" are (x — 1), (x2 + 1) and (x + 1). Then, the
corresponding generating polynomials are

(L +x+x2+...+x8"71) (x0 —x* +x2 —1)(1 +xB +... + xB8C"~1))

and (X —x8+x° —x*+03 —x2 +x — 1)(1 +xB + ... + x8(" ")),

ap 8p/ G ) " 1)
(ii) The minimal polynomials for a and a are A1) and D

respectively. Then, the
corresponding generating polynomials are
O+ 1) = 1) (2" + 1) (T + 1)(1 + 8 + ..+ x0T 1))
and ("7 = 1) (%" + 1)(x2®"7 + 1)*"T + 1) (1 +xB + ...+ x8"T (P 1)),
(iii) The product of minimal polynomial satisfied by a®" and a*?" is (x* + 1). Therefore, the generating
n—1
polynomial for Mp: @ My is (X — 1)(1+x8+... +x 8 )). _ )
[Chatiliie s G s Y I
(X2P717j71+1)(x4;7"7j71+1)

Therefore, the corresponding generating polynomial for My @ M2y @ Mapi @ Mupi @ My B My, is
P74+ 1) T+ 1) — 1)1+ 8 + L+ x8PT (P D), O

(iv) The product of minimal polynomial satisfied by o , a?? , a® , a*® , a"?” and x* 7is

4 Minimum Distance
Lemma 4.1. If | is a cyclic code of length m generated by g(x) and its minimum distance is d, then the

code | of length mk generated by g(x)(1 + x™ + x*™ + ... + xX(k—1)m) s g repetition code of | repeated k

times and its minimum distance is dk[3].
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Theorem 4.2. The minimum distance of the codes Mo, M2p:, Map: are 8p", 4p", 8p" respectively and for

the codes Mp» and Mypn are greater than or equal to 2p".

Proof. Since the generating polynomial for the codegVl is (1 + x + x2 + ... + x8"~1), which is itself a
polynomial of length 8p”, hence its minimum distance is 8p".

The minimum distance of the cyclic code M2, with generating polynomial (x® — x* + x> — 1)(1 +x8 + ... +
x8@"=1)) s 4p" as it is repetition of the cyclic code of length 8 with generating polynomial (x® —x* +x2 —1)
whose minimum distance is 4, repeated p” times.

In a similar way, the minimum distance of the cyclic code Map: with generating polynomial (x’ — x® +
X=X =3+ x—x+ 1)1+ x8+ ...+ x30""1)is 8p" as it is repetition of the cyclic code of length 8
with generating polynomial (x’ — x® + x> — x* — x3 + x2 — x + 1) whose minimum distance is 8, repeated p”

times.

Since the generating polynomial for the cyclic codes Mp» and Mypn is R —1)(1+x8+...+x 8(p n_l)) ,
therefore, if we take a code / of length 8 generated by the polynomial (x* —1), then the minimum distance of this
code is 2. Since the cyclic code M (p", vp") generated by the polynomial (x* — 1)(1+x8 +... +x8¢" 1) s a
repetition code of the code /, repeated p” times. Hence its minimum distance is 2p”". The codes
corresponding to Qp» and Qupn are subcodes of above code so their minimum distances are greater than

or equal to 2p". O

Proof for theorem 4.3 is similar to that of theorem 4.1.

Theorem 4.3. For 0 < j < n — 1,the minimum distance of the cyclic codes May; and Msy; are 16p ahd
for the codes Mp;, M2p;, Mapj, Mupi, Mup; and My, are greater than equal to 8p .

5 Example

Example 5.1. cyclic code of length 24.

Take p=3,n=1,q =11. Then, the g-cyclotomic cosets modulo 24 are

Qo= {0}, Q1= {1,11}, Q2= {2,22}, Q3 = (3,9}, Q4 = {4, 20},

Qs = {6,18}, Q7 = {5,7}, Qs = {8, 16}, Q12 = {12}, Q13 = {13, 23},

014 = {10, 14}, Q15 = {15, 21}, Q19 = {17, 19}

Also, To =5, Ro = 5, Po = 2 and the corresponding primitive idempotents in S-IVX are
Qo(x) = 24 [Co + C1 + C2 + C3 + Ca + Co + C7 + Cs + C12 + C13 + C14 + Ci5 + C19]

Q1(x) = & [22‘0 + 62‘1 + 52‘2 + BE3 + & + 2(; + 1053 + 962 + 563 + 6514 + 8515 + 9519]
Q2(x) = 24 [2Co + 5C1 + C2 + 10Ca + 9C6 + 6C7 + 10Cs + 2C12 + 5C13 + C14 + 6C19]

Q3(x) = % [2Co + 3C1 + 3C3 + 9Ca + 8C7 + 2Cs + 9C12 + 8Ci3 + 8Cis + 3C19]

Q4(x) = 24 [2Co + C1 + 10C2 + 9C3 + 10C4 + 2C6 + C7 + 10Cs + 2Ci2 + C13 + 10C14 + 9Ci1s + Ci]
Q6(x) = 2 [Co + 10C2 + Ca + 10Cs + Cs + C12 + 10C14]

Q7(x) = 3% [2Co + 2C1 + 6C2 + 8C3 + Ca + 6C7 + 10Cs + 9C12 + 9C13 + 7C14 + 3C15 + 5C19]
Qs(x) = 3 [2Co + 10C1 + 10C2 + 2C3 + 10C4 + 2C6 + 10C7 + 10Cs + 2Ci2 + 10C13

+ 10214 + 2215 + 102“19]
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Q12(x) = 4 [Co + 10C1 + C2 + 10C3 + C + Ce + 10C7 + Cs + C12 + 10C13 + C14 + 10C15 + 10C10]
0O13(x) = [220 + 57C1 + 57Cz + 823 +E4 + 927 + 107Cs + 15C12 + gC13 + gC14 + E?C15 + ;C19]
Q14(x) = A [220 + 621 +Ez + 1024 + 926 + SE7 + 1028 + 2212 + 6213 + 214 + 5219]

Q15(x) = %4 [2Co + 8C1 + 8C3 + 9Ca + 3C7 + 2Cs + 9C12 + 3C13 + 3C15 + 8C19]

Q19(x) = H [2C0 +9C1 +5C2 + 3C3 + C4 + 6C7 + 10Cs + 10C12 + 9C13 + 6C14 + 8C15 + 5C19]
Minimal polynomials of ab al, a? a3, o* af a’, a8 o'% '3, a4 al®> and a'® are
Xx—1,x2—=5x—1, x> —=5x+1, x2—8x—1, x> —x+1, x2+1, x> —2x—1, x> +x+1, x+1, x2+5x—1,

x> —6x+1, x>+ 8x — 1 and x* + 2x — 1 respectively.

The minimal codes Mo, M1, M2, M3, M4, Mes, M7, Ms, M12, M13, M14, M1s and M19 of length 24 are as

follows:
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Code | Dimension | Minimum Distance | Generating Polynomial

Mo 1 24 | 14+ x+x2+x3+xP+ x5+ x5 +x7 +x8 +x% +x10 +
114512 4 513 4 514 4 3 15 4 016 4 17 4 318 4 419 |

%20 4 521 4 522 4 423

M1 2 8<d<22 | 1+6x+4x®+8C +8x* +x° +3x%+8x” +7x8 +
6x° + 10x10 + 10x12 + 5x13 + 7x1% + 3x15 + 3x16 +
10x17 + 8x18 + 3x19 + 4x20 4+ 5x21 + x22

M2 2 8<d<20 | 10+6x+9x% +6x3 +10x* +8x° +x® +x8 +3x° +
10x10 + 10x12 + 8x13 + x1% + x16 + 3x17 + 10x18 +
10x20 + 8x?1 + x??

Ma 2 16 | =1 =x+x3+xP =08 —x7 +x% + x10 — x12 _ x13 4

15 4 x16 _ 518 _ 419 4 421 4 22

Me 2 12 | —14+x2 = x4+ x% —xB +x10 — x12 4 14 _ 516 4 18 _
x20 4 22
M7 2 8<d<22 | 1+9x+5x2+10x3 +7x* +7x° + 4x® + 10x7 + 6x8 +

9x2 + 10x10 + 10x12 + 2x13 + 6x1% + x15 + 4x16 +
Ax7 + 7x18 4 x19 4 5520 4 Dy21 | 422

Ms 2 16 | —1+x—=x3+x* = x84+ x” —x+x10 —x124 x13 — 15

+ x16 — 518 4 519 _ 21 4 422

8 ¢ x9 —

Mo 1 24| —=1+x—x2+x3 = x*+x° = x0 +x7 — x
510 451 512 4 13 414 15 416 4 17 _ 18

%19 — 520 4 421 _ 422 4 423

Mi3 2 8<d<22 | 14+5x+4x%2+3x3+8x*+10x> +3x%+3x7 +7x8 +
5x% + 10x10 + 10x12 + 6x13 + 7x1* + 8x15 + 3x16 +
x17 + 8x18 + 8x19 + 4x20 + 6x21 + x22

Mig 2 8<d<20 | 10+5x+9x%2 +5x3 +10x* + x® + 6x7 + 2x8 + 6x° +
x10 +10x12 +5x13 +9x1% +5x15 +10x16 +x18 +6x19 +

2x20 4+ 6x21 + x22

Mis 2 6<d<18 | 1+8x+10x2+10x%+3x%+x%+x8+8x% +10x10+
10x12 + 3x13 + x1* + x16 + 8x17 + 10x18 + 10x20 +
3x21 + x22

Mig 2 8<d<22 | 1+2x+5x2+x3 +7x* +4x° + 4x5 + x” + 6x8 +

2x% + 10x10 + 10x12 + 9x13 + 6x1% + 10x1> + 4x16 +

7x7 + 7x18 + 10x19 + 5x20 + 9x21 4 x22
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