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Abstract. In this paper, the expressions for primitive idempotents in group algebra of cyclic group G of length
16p", where p is prime and ¢ is some prime or prime power (of type 16k +7), n is a positive integer, order of g

o(p")

modulo p" is ©5—, 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 FCigpn, F is field of order g and Cjgpn is cyclic group of order 16p”
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 g-cyclotomic cosets modulo 16p".
The primitive idempotents of minimal cyclic codes of length m, where order of ¢ modulo m is
¢(m) for m = 2,4, p" 2p" were calculated by Pruthy and Arrora. The primitive idempotents
of length p" with order of ¢ modulo p" is @ were computed by Arora et. all and minimal
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quadratic residue codes of length p” by Batra and Arrora. Cyclic codes of length 2p" over
F, where order of ¢ modulo 2p" is @ were calculated by Batra and Arrora. Minimal cyclic
codes of length p"g, where p and ¢q are distinct odd primes were computed by Sahni and Bakshi.
Further, when order of ¢ modulo p” is ¢(p"), the minimal cyclic codes of length 8p" were
obtained by J. Singh and Arrora. Irreducible cyclic codes of length 4p™ and 8p”, where g =
3(mod 8) and p/(q— 1) were obtained in [2].

In this paper, we computed cyclic codes of length 16p™ over F where ¢ is some prime or prime
power of the form 16k + 7 and order of ¢ modulo p" is @ 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 g any prime or prime power with
(g,p) = 1, there exist g ¢ {1,g,4°, ...,q@_'}. For S ={1,2,...,16p"} and for all a,b € S, the
equivalence relation defined by a = bg'(mod 16p™) for some integer i > 0, partition the set S
into 32n + 9 equivalent classes namely g— cyclotomic cosets modulo 16p" given by Q,,n =
{ap"} fora € {0,8}, Q= {bp",bp"q} forb € B={1,2,3,4,6,9,11} and for0 <i<n—1,
Q= {tp',tpiq, ...inqw_]}, Qppi = {tgp',tgp'q,tgp'q?, ...,tgpiqw_l}, such that 7 €
A={1,2,4,8,16,A,24, 44, u,2u,v,2v.n,&.p,x}, A’ = BlJ{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 4 7 the expression for primitive idempotents can be computed
by using permutation on the set A. Idempotents corresponding to £ » for ¢ € B are computed in
the section 2. In section 3, we compute expression for primitive idempotents corresponding to
Q,,i fott =8,16,8g,16g and for r = 2,4,21,4A,21,2v,2g,4g,2Ag,4Ag,2|1g,2Vg 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 16p". 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 Qipnyt € A

Throughout this paper, we consider o to be 16p"th root of unity in some extension field of F.

16p"
Let M, be the minimal ideal in Ry¢,» = % = FCiepn, generated by (xmp()gl) , where m;(x)

is the minimal polynomial for o, s € ;. We take Ps(x), the primitive idempotent in Ri¢,

16p"—1 .
corresponding to the minimal ideal M;, given by Py(x) = 161p” Z €x’ where € = Z oa®
t=0 sEQy
and C; = Z x.
sEQ
Then,
(1 16 Z "Cap”+z{2 al’l+ Z agp’ agp}
p acA’ i=0 acA
Lemma 2.1. For cyclotomic cosets Qqpy, a € A, Quy = —Qg i) if a € {1,3} and

Qup = —Qup ifa € {2,4,6,8).

Proof. Since Qun = {ap"}, so {(8 +a)p"q+ap"} = p"{(8 +a)g+a} = p"{(8+a)(16k +
7)+a} = 0(mod16p™). Similarly other result holds.

Theorem 2.2. The explicit expression for the primitive idempotents Py, a,w € A in Rigpn are

given by
Pop(x) = DT Al o S Z{Z ",
. acA’ i=0 acA
a wagp" =
Z(—l)wa 87 Cgpi f-
ach

Proof. By definition, € = Z a % and Cy = Z x> where a is 16p"th root of unity. For s =0,

s€Q s€Q
since € =1 for every 0 < k < 16p" — 1, therefore Py(x) = 16[),1[ Z Copr + Z{Z Copi +
_ acA’ i=0 acA
Z Cagp"}]'
achA
L _ _n n
From lemma 2.1, Qun = —Qo, therefore € = Z o % =g Pk = Pk
SEQpn
AN L 2N p Pt 2p
80 = £8p =1, gpn = _8917” =—-o" , gzpn = ,
1 n n 2n 7 2n
—_ 3P Pt L 4p P’ _ ~6p
£3p —&fi =, ey, =a?, el =%,

L P ALY L 2 n+i Pt o0 At
& = Ep ar . & Cup =X By Eapp =P
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Pt " Apiti Pt 2Aptt
egp[ — 816])’ — 1, elp’ gp —a ’ 822,]) 82Vp[ =a ’
" n +i +i n +
el =gl = oM e” c=—el =" e = g = g
up ppr xp gp' ngp
p" " 2gp"ti p " 4gptt  Lp" p"
g . =—¢€ =Q , € =—€ = , & ,=—¢&_ .=—1,
2gp! 2ugp! 4gpt — TAdgp' 8gp 16gp!
8[7 .= _SP = _algp” l’ 81) —8‘D aZAgP , gp — gp L= —oH8r
Agp Sgp 22gpt T T2vgp! ugpt — “pgp
p" p" v
g . =—& =—0'8
vgp A8P

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

Similarly, by lemma 2.1, P,y (x), w € A’ —{0, 1} can be computed.
3. PRIMITIVE IDEMPOTENTS CORRESPONDING TO Byt = 8,16,8¢,16g

We define H; = p/ Z a’;1=p’ Z o’ ;Qj=p’ Z o' ;R =p’ Z o, for 0 <

SSQSgpj SeQ]égpj SSQgpj Sngepj
j<n-—1. Since Q;I, = (p/ Z a’)? = (p/)4( Z a’)? = (p')? Z o = (pf)a Z o
. . seQSPj . seﬂgpj ssQSPj squSP_j
However, (p/)? = p’, so Q? = p/ Z «’. Moreover, Qg is a cyclotomic coset, so
sé‘qQSpj
Q%) = Qg,,j. Hence 01 =p/ Y o' =Q;and Q; € GF(q). Similarly H;, I;, R; € GF(q).
SEQSJ'
D
n 1 . .
— ifj=n—1
Lemma3.1. I, +R; = P I for0<j<n—1.
0 otherwise.
¢<p'2'*f>_1
Proof. By definition I; +R; = p’ Z (qut + 6q[) where & = o167’
t=0
0 n—j n—‘
The set {1,q,q2, s 7 >_1,g,gq,gq2, ,gq =) . 1} is a reduced residue system mod(p" /)
pnfj pnfj P n j—1 - n—1 :p + __ .
. . prifj=n—1
soli+Rj=p/[) &~ Y &) :pj[z 8 — Z 5" =
=0 t=1,p/t =0 0 otherwise.
prlifj=n—1

Lemma3.2. ForO0<j<n—1,H;j+Q;=
0 otherwise.

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

P j) -1 (Pn7

{1,q9,4%, .. ,q " .8,80,8G%,....8q 2 o) Y is a reduced residue system mod(2p" /).

Lemma 3.3. For cyclotomic cosets ., 0 <i<n—1

() N2Qy = NQp i = Qi = V2Q, = X°Q,,
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(i) p2Q = Qp i = Qi = p?Q = 12Q, = £2Q,;
(iii) (22)2Q, = 2Q, i = 4Q i = Qq i = (21)*Q, = (2v)*Q,,
(lV) (41)29111‘ = Ql()pi = 298pi = 4Q4pi = 16Qpi.

Proof. (i) Since n = 1+ 8p".  Therefore N> = (1 + 8p")? = 1 + 64p>" + 16p" =
1(mod16p™). This implies 172 = 1(mod16p") = n’Q,i = Qp'.  Now n’Q,i =
2P a2 pi e n?pig 5 Y = ninp npg R, pig )

=NQ, . Now v2=(14+6p")?% =1+36p>" +12p" = 1(mod16p") and y*> = (1+ 14p")? =
1 +196p*" 4-28p" = 1(mod16p™). Hence VZQP,- = ngpi = Q.. Similarly other result holds.

Lemma 3.4. (i) Q1 1pn)p = =11 (14-1)pr}pi and hence Qyypmyeni = =14 (14—1)prygpis JOT
1=0,2,4.6

(71) Qo (141pm)pi = = Qg4 (6-1)pr)pi And hence Qo1 1 ypnygpi = —Qog14(6-1)pr)gpis JOr t = 0,2
(iif) Q4pl = —Qyy i and hence Qg i = — Q) o,

(iv) Q —Q, i and hence Qi = —Cy, i, fort =8,16. Where 1 <i<n—1.

) (")

= 1(mod16). Further, g4

o(p

Proof. Since y =1+ 14p" = —1(mod16) and g2~ = 1(mod16),

as q = 1(mod16), therefore %qT) = —1(mod16). Also q - = 1(modp™) so q% =
—1(modp™) and y = 1(modp™), thus xq% = —1(modp"™). However (16,p") = 1 thus
xq% = —1(mod16p") and so —Q,, i = Q. Hence —Q, i = Q

x8P gp'

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

as for the relation obtained.

Lemma3.5. For0<i<n;0<;j<n-—1,

Z aSgpis _ Z a4gpis _ Z a4lgpis _ Z aZlgpis _ Z aZ/.Lgpis

SSQP ;i sesz_,- seszj SEQ Api SEQ api
i i i i i i
Z o2ver's — Z orer's — Z oter's — Z oVer's — Z oNer's — Z 058r's —
S£Q4pj SSQSpf SgQg,,j SSQSpj Sgggpj SEQgpj

Z aPsP’s — Z axsr's  — Z o*her's Z o2Mep's Z Q2ver's

SSQSP.,- sSQspj SeQz)ij seQij SEQMLPI
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_¢(P;7])’ ifi+j>n,
SHij if i+j<n—1,g#1,
5iQisjy ifi+j<n—1,g=1

Proof. As a is 16p"th root of unity in some extension field of GF (q), so

%ﬁj),l ‘P(l”;ij)il
y o2ver's — Y o 3(12p") (1+6p")gp" g _ y odsrd — y ad8r's
s£94lpj t=0 t=0 SEij
o)) o)
i+ Ropi A Repitigl Z ‘
Ifﬁ:(XSgl"thenZagpS: Z (%8P 74y = Z (BT).
s€Q ;i =0 =0
P
¢(Pn_j) -1 i
. : : 8ep's % 8api*tiq o(p"7)
Fori+ j > n, B is 16th root of unity, and therefore Z o = Z o A —
SSij t=0

Ifi+j<n—1, B is 16p""~Ith root of unity. Then ﬁq[ = B9 which is possible when | =

("=

- . n—j =1 i+j

o(p" ) sgp's _ _9(P") 3 ¢ _P z Y= it j

r(mod=~—=). So o = — Bt = — o =— .
’ s§ o & P pl

Similar result hold for Q;y ;.
Proof of lemma 3.6, similarly can be obtained using definition of /; and R;.

Lemma 3.6. For0<i<n;0<j<n-—1

Z olosr's  — Z adsr's  — Z olosr's  — Z oler's  — Z o 38r's

se.ij sstpj SSszj s£Q4pj s€Q4pj

Z a16gp’s _ Z a47tgp’s _ Z a16gp‘s _ Z aZ?Lgp’s _ Z a4lgp’s
SEQ api SEQ api seQSPj sngp_,- seQSPj

Z a2,u.gp"s _ Z aZVgpis _ Z angpis _ Z algpis _ Z a2&gpis
s££28pj S&‘.Q.gpj seQmpj S&‘Qmpj S£Q.16pj

Z a*her's _ Z oher's — Z o2her's Z aVsr's  — Z Q2Ver's
seQmpj seQmpj Ste6pj s£§216pj SsQlépj

y ahsr's — y adsr’s — y aPsP’s — y aXsr's — y othep's
s££216pj S&‘.Qlej s££216pj s8£216pj SSQMPJ-

G if i+ j>n,
Silivy, ifitj<n—1,g#1,
SiRisj, ifitj<n—1,g=1.
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Theorem 3.7. When p = 1(mod8), the expressions for primitive idempotents corresponding to

By pi, Pygpis Pigpi and Pigg i in Rigpn are given by

Popy®) = 1nM Y (1) T} + 22D LY (Y (- DYCop + Cagw}} +

teA’ i=n—j achA

ll’l
i Z {Q,+, (Cpi + Cypi +Cppi +Cy i+ Crypi + C i + Cp i 4 Cy i) + Rin j(Copi + Cppi +
i=0

Cspi + Cropi + Coppi +Cappi + Coppi + Coypi) + His j(Copi + Crgpi + Crrgpi + Crgpi +Crpgpi +
E!g'gpi + Epgpi + Exgpi) + I,~+]~(62gpi + 645,1,1' + 68gpi + 6166,1,1‘ + Ezlgpi + C4;Lgpi + Ezugpi +
EZVgpi)}]

. B i n—1 o .
161p"[w{zctp"} + M Y (Y ACy + Cupitt +

teA’ i=n—j achA

Pigpi (%)

: Z { Z {RH‘] Il+j6agpi}}]

p] i—=0  ach

_ n=1(16p"+7p—17 _ n=1(16p"+7Tp—7
where Q,_| = %[pn LIV A f P )], H, | — %[pn 1_ Vi f P )]’ I, =
o \/ﬁ _ n—1 n _ .
%[—p" L VP (16f +7p 7)]anan,1——%[p" L VP (Mf 7P 7)]andf0revery]§n—2

Qi=H;=1;=R;=0.

. . . J _
Proof. Since Qg,j = —Qg,j, as obtained in lemma 3.4, so elfp = Z a k= Z Bk,
seQ SSQ

Thus Sgﬁj = (—1)85—~ ¢( fort € A" and using Lemma 3.3, 3.5 — 3.6, wherever is required we

obtain
o) pr )
J J J j j j j j ——5—ifi+j>n
sﬁf’ — eﬁ’; eﬁi 88” 68” egi SSP e;f) 1 2
5 Qij fitj<n—1
. . ‘ . , . O ) o,
8p/ _ 8p/ _ 8p/ _ 8p/ _ 8p/ _ 8y sp s— ifi+j>n
& =€ =& =€ i =& 8,1 =g =& =
D p 8p 16p 2Ap! 4 pt 2Up 2vp lR o < 1
o7 i+j ifi+j<n—
n 1
gp! Agp' ugp' vgp! ngp' — “Egp' T Tpgp’ T Txep H PR 1
SiHij lfl+] <n-—
o) e
j j j j j j j j ifi+j=>n
8p _88;9 _88p _881) _88p 88[) 88p _8p - 2

2gpt — TAgp'  "8gpt T Tlogpt T T2Agpt T T4dgp' T T2ugp’ T T2vepl T

Silijifitj<n—1
Using all these in (2.1), expression for Py ,; is obtained.

Using Lemma 3.3 — 3.6, the expression for Pygpj, Byg,j and Pig,,j can be computed. However,
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the expression for Pyy,i(X), Piggpi(X) can be written by interchanging Q and R by H and 1 in
the expressions of Fg,j, Py ;-

Since Cy = Z x* and (E‘k)amp,- = E’k(ampj) = Z (ampj)s. Therefore apn(am”j) =1 for

SSQk S{:‘Qk
reA.
0P ) irid 0P ) o
_ j ==—ifi+j>n =S—ifi+j>n
Ca[)i(a16pj) =9\ T and C g (ar) = 1 s
ﬁRifivifiA‘f‘an_l- pilivjyifitj<n—1.
Using all these in P16pj( 16”]) =1, to obtain
16p" = 22 (g ¢ L7y 16R?4 j + 1617
p" + Z pf Z 17( i+j+ 16171 )
i=n—j i=0
n—j—1 n—1 7 n—j—1
which in turn implies# ;) ?(R2i+j+12i+j) = p2 (p—|—1)+p3—2(19—1).
n—1 n—1
In particular for j =n—1, I#(Rznq —|—12n_1) = p2 (p+1)+7pT(P— 1).
n—1 n _
Using lemma 3.1 to obtain I,y = 3[—p"~! + X2 (164p Rl 7)] and R,_1 = —3[p" ' +
n—1 n _
p (16f +7p 7)] andsol, =R, »=1,3=R,_ 3=...=0.

Relations for Qi j and H; j can be derived by using lemma 3.2 and the fact that Py, (aspi) =1

4. PRIMITIVE IDEMPOTENTS CORRESPONDING TO P, i, t =2, 4, 21, 44,

2u,2v,2g,4g,21g ,4Ag,21g,2vg

For 0 < j <n—1, we define

Cj:pj Z OCS,FJ':pj Z (Xs,Gj:pj Z OCS,Kj:pj Z (XS,Oj:pj Z OCS,
sEQ SEQ, i seQ seQ seQ

24gp] 2gp/ 4gp/ 24pJ 2p/
_ 7 s . . . . . . . . .
P; = p’ Z o’. Due to similar procedure as in section 3, we obtained C;, Fj, G, K;, O;, P,
s£Q4p ;i

€ GF(q).

Lemma4.1.ForOSjgn—l,Kj—ﬁpj 0;=0;C; ngl ;=0 where B = o*"".

Proof. Since o?*r' = q2(1+2P" )0 — o2V’ BP0 K;=p’ Z a® = plloAP' 4 o2arr'
SSQAP,

21 il ]) )L : i i i i 2 i i o(p ”*j) i
o2aAP L e 2 p] pla®P B+ P BP 4 24P BP 4.4 g2ra 2 ﬁp]:
Brp’ Y., a'l=pro;.

S8Q2pj
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

Citj» Fivjo Gitjy Kiyj, Oitjy Py j.

Lemmad4.2. For0<i<n;0<j<n-—1

y asr's — y assr's — y aNsr's — y oVer's — y oX8r's — y aPsP's

seszj seszj SEQ SEQZlLPj seQZWj ssgzvpj

i i i i i

- _ Z aVéPs — — Z aX8r's — _ Z aMspr's — _ Z aPsrs — _ Z aésp s
ssgzpj ssgzpj SSQMPJ- SEQZ)ij seQ

(

2upl
¢(p:*./){a6gpi+j _}_OCIngHj}’ lf l+] Z n, g 75 1,

i- . . . . . _

=— Z Qler's — 5iCivjy if i+ j<n Lg#1,

selt, ) ¢(p:’-’){a6pi+f + alOpiﬂ}, ifitji>n g=1,

i, ifitj<n—1,g=1.

\

Lemmad4.3. For0<i<n;0<j<n-—1

y a28P's  — y arsr's  — y alsr's  — y aPsP’s  — y QX8P's

SSij Sengpj seﬂmpj SeQZ/Jpj sengpj
i i io i
_ Z oVers — Z oXxer's — Z oher's - _ Z i —
SSQZApj SSszpj SSQZupj SsQvaj

p

W) fo2er ™ 4 @Y if i >, g £ 1,

I%FH—ja lfl+]§n_17g7é 1,

q)(p:—J){azpiH +a14pi+j}7 if i+j Z n,g= 1,

[ 5Oy ifitj<n—1lg=1.

Lemmad4. For0<i<n;0<j<n-—1

y oer's — y arsr's — y oVeP's — y aler's — y oXsr's — y Q2Ver's

SEij SeQUij SSQM,;J' SeQMij S894Apj SEQz)ij
— Z o2Her's — Z o2ver's — _ Z oher's — Z oner's — _ Z oPsr's
seQZupj SeQZij S£Q47ij S€Q4lpj SSQMij
( n—j i+tj i+j
p 4 J 12 J P .
oD roter™ o280 Y if it j >, g # 1,
LG ifi+j<n—1 1
i SR A lfl+]_n ag# )
= — Z (XZ,Ué’P R (Pp(]pnfj) 4p,‘+j 12pi+j o .
SEQy) i o +a bifitj>n, g=1,
1 .
| LPejifiti<n—1g=1
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Theorem 4.5. When p = 1(mod8), the expressions for the primitive idempotents corresponding

to PZpi’P4pi’ lepi, P4;Lpi, qupi, PZV[Ji’ Pngi’ P4gpi’ P2/lgpi’ P4lgp"’ P2[.Lgpi and szgpi are given by
n—1

n=J n+j— (P(pn J)
Pzpj(x) = lélpn[w{z:(_l)tazltp thp"} + Z {Z { Z/Iap C D+
teA’ i=n—j ach
n—j—1

i+ j— 1 _ — — — —
a8, it} + i Y {—KitjCp — PisjCop + Qi+ jCyp + RivjCypi + RivjCrepi —
i=0
Oi+jCpi +Pit jCop pi + Qit jCap pi + Kit jCpy i — 1+JC2‘upl+01+vapl+Pl+JC2vp ,ﬂCnpi—
Ol'+j6§pi +Ki+j(_jppi + 0i+j(_jxpi — C,+1Cgp Gl'+jC2gpi +Hi+jC4gpi +Ii+jC8gpi +Ii+jclégpi —

F;‘+j(_jkgpi + Gi+j62;tgpi + Hprj@‘mgpi + Ci+jC”gpi — Gi+j62[.1gpi + E+j6vgpi + Gi+j(_jzvgpi -

Ciﬂ(_jngpi - Fiﬂaégp" + Ciﬂépgp" + Fiﬂaxgp" j]

lﬁt,n[*“”T"”){Z<—1>’a4fp””apn}+ o 2) IR NI

teA’ i=n—j achA

P4pj (x) =

i+
atsp JCagp 3 + — Z { PiijCp + QisjCopi + RiyjCypi + RisjCypi + RisjCrepi +

Py iCopit Qz+JC27Lpl +Rz+JC4/1pl Py iCpypi+ Qiv jCoppi+Pi jCy i + Qi jCoy i — Pir jCrp i +

Py jCepi — Py jCp i + Pir jCy i — Giy jCypi + Hit jCopgpi 4 It jCag i + It jCsgpi + I jCr6gp0 +
Giﬂ'c}lgpi + Hiﬂ'CZlgp" + Iiﬂ'c%gp" - Giﬂaugpi + H"HEZugpi - Giﬂ'évgp" + H"+J'62Vgpi -
Giﬂ'éngpi + Giﬂaégpi - Giﬂfpgp" + Giﬂaxgp" 1

ln[¢(P;_j){Z(_ t 2[p”+16vtp } + q)(pz Z {Z { Qapt-wc -

szpf(x) = Top
tEA’ i=n—j achA

1 n—
a8 C it} + Z { Oi+jCpi + PirjCop + Qs jCapi + RitjCypi + RitjCrep —

KiyjCppi— P jCap + Q,+,C4 ap T O0itjCppi+Piv jCop i+ Kir jCy i — Piy jCay i — Oy jCry i —
KiyjCe i+ Oy jCp i+ Kiy jCoypi = Fir jCypi + Git jCag i + Hit jCagpi + it jCygpi + it jCr6p1 —
Ci.‘.jélgpi — GH.jEzlgpi + HH_jaugpi + Ci+j6ugpi + Gi+j62'ugpi + Ci+j6vgpi — GH_jézvgpi —
Fiﬂ'angpi - Ci+j€§gpi + Fiﬂ'apgp" + Ci+j€xgp" H

n—j n+j— ¢(pn7 apit
Pij(x) = 16lpn[¢(pz ){Za4tp ICtpn} n wr - Z {Z 1) otp JC n
teA’ i=n—j achA
i+
o' C, i1}
1 n—j—1

p] Z {Pl+]c + Q1+Jc2p’ +Rl+]C4pl —I—R,+]C8pl +RZ+JC16P PH’J.Elpi + Qi+j(_/121pi +
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R,-HEMP,- + PH_JEM,i + QH-jEQMPi - 13,-+,Evp,- + Qi—i—jaz\,pi + Pl-ﬂfm,,- - PH_JE&I,I' + Pi+j6ppi -
P jCppp + GirjCop + HivjCogpi + It jCagpi + 1it[Cagpi + liCrogy — GisjCagpi +
Hiy iCopgpi + it jCapgpi + Git jCugpi + Hit [Copgp — Git jCygpi + Hit jCaygpi + Giy jC

ngp'
Giﬂ'aigp" + GiﬂEpgp" - Giﬂéxgpi H
Pup®) = el UL @ e+ MO DY Y e e,
2upl - 2
teA’ i=n—j achA

a““gp”jfagpi}} + I% ;) {KH.japi — Pi+j62pi + Qi+j€'4pi + Ri+j68pi + Ri+j616pi +
Fa

OijChpi+ PitjConpi + Qi jCapi — Kin jCppi — Pite jCoppi = Oict jCy pi + Piy jCoy i + Ki jCp i +

Olﬂcél) Kiyj C pp Oiﬂ'EXP" + Ciﬂ'agp" - GiﬂEng" +Hi+ia4gpi + Ii+i€8gp" + Ii+i€16gp" +

E'_._jC;Lgpi + Gi+jC2)Lgpi + Hi+j64lgpi — Ci+j5”gp,- — Gi+j62ugp" — E+j6Vgpi + GH_jEngpi +

Ci+/6ngpi + Fiﬂ'aégp" - Ci+jépgpi - Fiﬂ'éﬂcgp" H

n—j n+j— ¢(pn ] nl i+
Prp(x) = gl Y @®7Cpy + 2 Z (Y (—){a®r™'c,, +

teA’ i=n—j achA

o2aer™ agp}}+ Z {04 jCpi+Piy jCppi+Qir jCapi+Rit jCypi+Rit jC g + Kiy jC i —

1)i+162/'1,pi+Qi+JC4lp’ 01+Jcﬂp‘+1)l+]c2up’ K+ jCypi = Pis jCoy i+ Oiy jCr i+ Kis jC i —
Oi+Cppi — Kt JCoypi + Fi JC qpi + Gt jCogpi + Hirt jCagpi +Iit iCogpi + it Crgpi + Cit FCrgpi —
Gi+jc27tgpi + Hi+J'C47Lgp" - Fiﬂ'cugpi + Giﬂ'CZugp" - Ciﬂ'cvgpi - Gi+J'C2Vgpi + Fiﬂcngpi +
Cj+j6§gpi - F;’+j6pgpi — C,’HE%gpi}] where

Py = gl4V=p D + /(= 16p" T=Tp+7)] . Gut = —gl4/-p2 D) -

VY (=16p" 1 —Tp+7)] and Cij, Fi+j Kirj, Oirj can be obtained, from the fol-

lowing relations

Z { Kiyj H‘j+01+jcl+]}_ Pn*l(P—1)+9Pn7j71(P—1)
pj )2 2 32 ’

n—

O i+ Cis i Fov s pl Tp" Y p—1
1 Z { l-‘rj i+J i+J H—j}:_ J (p—l)— ( )

» P 32 ’

anl Kitj l+j+01+j l+j}_ pnijil(p_l)

P & P 16 ’
J K j+Cij+ FPiyj+ 0% P P p—-1)
2y : p=—pt0 L)
i=0 p

The expressions for Py, i, Pagpis Poggpis Papgpir Pougpi and Py, can be obtained by replacing
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i+ i+ . . .
P,ORK ObyG,H,IC,F and P by oep™ respectively in the expression ofpzpi, P4pj,

lepj, P42'pj, qupj andPvaj.

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 P, ,; (Oczl’i) =1, Py (Oczgl’i) =0,
Py, (a?*?") = 0 and P, (0?¥8"") = 0.

5. PRIMITIVE IDEMPOTENTS CORRESPONDING TO Pt = LA,u,v,n,é&,p,

x:8,A8,18,ve,ng . Eg.pg, X8

For 0 < j <n—1, define A; = p/ Z a’; B; = p/ Z o' ; Dj=p’ Z o Ej=

seQ j S€.Ql i seQ j

) ) ) 8p ] 8P ) ugp-

Py, ofi=pl Yy atili=pl Y, @ iMj=p/ ), @' iNj=p/ Y o
SSQvgpj SSQ)LPJ‘ SSQ/,ij SSvaj S&‘ij

Using similar procedure as in section 3 we obtain A, Bj, D, E;, J;, Lj, M;, Nj € GF(q).

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

Lemma 5.1. For 0< j<n—1, Lj—BP’'N; =0; M;—B'J; =0; D; — B&"'A; = 0; E; —
J
Be”’'B; = 0.

Proof of Lemma 5.2 — 5.5 is similarly as that of lemma 3.5.
Lemma 5.2. For0<i<n;0<j<n-—1

y Q8PS — y alsr's — y aPsP's — y oVeP's — y aN8r's — y o X8P's

s&‘ij SSQM)J- sEQWj serpj ssanj seQ

xpl
— _ Z oX8r's — _ Z oler's — _ Z oher's — Z o58r's — _ Z oPsr's
SE.QVPJ' SgQ?ij S{:‘Q”pj A‘Sﬂépj SSQppj

/

W {7 Y if i, g £ 1,
SAi, if itj<n—1,g#1,
O far™ 1oy if i j >, g =1,

SN, if i+ j<n—1,g=1.

\

Lemma5.3. For0<i<n;0<j<n-—1

ahsr's — assr's — aVer's — oX8r's — _ alr's — _ aPsP's
)» )y )y )y )» )y

S[;'Q.pj SSQTIPj SSQIJPj SSQppj S8ij ngvpj



-y aler's — _

SS.Q;LPJ'
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y QX8r's —

SEQ J
up

(

\

¢(p:71){a3gpi+j +(X58Pi+j}, ifi+j>n, g#1,
B, ifi+j<n—1,g#1,
¢’(Pzij){a3pi+j _|_a5pi+j}, lf l+_] >n, 8= 17

[%Jiﬂ-, ifi+j<n—1,g=1.

LemmaS4. For0<i<n;0<;j<n-—1

Z oHer's — Z aVeP's — Z aPsP's —

SSij SSQAPJ ssan]

Z aPsP’s — _

SEQ
pl

Z ax8r's — _

52Q;

( MPT””'){OC3gP"”+a5gPiH}, ifi+j=n, g#1,
Dij,ifi+j<n—1,g#]1,

(p(%lfj){a3pi+j+a5pi+.i}, ifi+j>n, g=1,

Z QX8p's

SSQMJ

S alsP's — _

seQ
up/

y alsr's —

sSva j

iLivj ifitj<n—1,g=1

\

Lemmas.s. For0<i<n; 0<j<n-—1

Z avgpis: Z anPiS: Z aégpis:

SEij SSQMJ SSQWj

y axer's — _

S&‘ij

y aXsr's — _

sa‘917 j
p
¢(P:7j){agp’+j +a7gpz+1}’ ifi+j>n, g#1,
#E,.ﬂ-, ifi+j<n—1, g#1,
¢(p:*1){api+j+a7pi+j}7 lfl+] Z n,g= 1,
UMy, ifitj<n—1,g=1

Z o H8p's
SEQA,;J'

(

y aPsP's —

seQé ;i

_ Z aNsr's — _

SS.Q.ij

\

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

to Ppi, P/’Lpi’Pupi’PVp”Pnpi’PtSpi’Pppi’PxPi’Pg ”P/lgp”P/.Lgpl’PVgp”Pngp”Pégp”Ppgp’ and P z are
given by

e i o(p" )
P = ML (CD)' T} Y (X 0T, +

teA’ i=n—j a€A

n—j—1

it j— 1 — — — — —
a8 C i} + i Y {(+Mis;Cpi — KirjChpy — PisjCypi + QirjCypi + RijCirgpi —
i=0

Li+j6;bpi — 0i+j(_12,1pi —|—Pi+j64;tpi —Jl‘+j6’upi +Ki+j(_jzupi _Ni+j(_jvpi + Oi+j(_jzvpi +Mi+j6npi +

LitjCepi +JitjCppi + Nit jCy pi — Ei jCq i — Cigt jCog i — Gig jChgpi + Hit jCggpi +1i4 jCr6gpi —

b i+f€lgpi - Fiﬂ(_jﬂgp" + Gi+f(—j4lgpi - Biﬂaugp" + C"HEZugpi - Aiﬂ'évgp" + Fiﬂ@vgp" T

Eiﬂ(—jnw" +D iﬂQgp" +B f+J'Epgp" +Ai+i€xgp" j]
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n—j n+j— ¢(pn7 i+
mﬂwzzﬁﬂw%%;;—www Ciph + =5 Z{Z% (e Cop +
ZG / i=n—j ac
okep’™ Cagp 1} + Z { LH—] P — OH_]'EZPi + Pi+j64pi + Qi+j68pi + Ri+j516pi +

MiyiChpi— Ki+j62/l P P:+1C4x pi FNit jCppi+ Oy jCoppi = Jit jCypi + Kit. jCaypi+Lit jCppi —
Mi jCe i — N jCp i + it jCyypi — Dit jCypi = Fiy jCogpi + Git jCagpi + Hit jCygpi + It jCrgpi +
EiyjChgpi — CirjCorgpi — GivjCapgpi + AirjCpgpi + Fir jCopgpi — Biv jCygpi + Cit jCoygpi +
D i+1'6ngp" - Eiﬂaigp" _Aiﬂ'apgp" +B i+f€xgp"}]

n—j n+j— n_]
@szuyw%%zemwm Gk + 22T Y (et T, ¢

teA’ i=n—j acA
algp'ﬂc _ .y KiiiCri — PouiCoi o Co Riv :Crv
o agp' }} + Z { H—j i + 4% 2pt i+j%~4pt + QH—J 8p! + i+j%“16p +

Ni+jChpi+0it jCop i +PI+JC4)L P +Ml+j6,upi —KitjCopupi —Lis jCypi = Oi jCoy pi + i jCrp i —

z+]C§p z+]Cppz +Ll+_]Cxp Bi+j(_jgpi =+ Ci+j62gpi — Gi+j64gpi +Hi+j68gpi +Ii+j(_jl6gpi +
AitjChgpi + Fit jCopgpi + Giy jCapgpi + Eit jCrgpi — Cit jCopgp — Dit jCygpi — Fit jCoygpi +
Bl‘+j(_jngpi —Ai+j6§gpi —E,'+j€pgpi +Di+j€xgpi}]

1 ¢(P"7j) t tp q)(pn J) ol ap'™
Pypi(x) = lépn[T{Z (~1\ @ Cip} + — L {1 ()e "Cop +

teA’ i=n—j achA
aesr” Cagp 3 + — Z { ~NitjCpi + OijCopi + Py jCapi + QivjCyp + RisjCrep —
Ji+jC/1pf+Ki+jCz/1p - z+JC4;Lp LitjCpupi = OitjCoppi = Mis jCypi — Kiy jCoypi+Ni jCrppi +

Ji jCepi+Lit jCppi+Mit jCypi — A jCopi+ Fiy jCogpi + Gi jCagyi + Hi jCyypi +1it [Crgp0 —
Bi+jE)Lgpi + Ci+ja2lgpi — Gi+j64kgpi — Di+j6”gpi — E+j62ugpi — Ei+j6vgpi — Ci+j62vgpi +
Aiﬂ'angpi +B iﬂ'Eé‘gp" +D i+J'Epgp" + Ei+fExgp"}]

n-j i o(p" ) " i
Popilx) = 161p",-+j[w{2 N Y Y ()Y a™?C,, +
teA’ i=n—j achA
Y « Ve’ Cagp} + Z {MH-] — KijCypi — PipjChpi + QirjCypi + RitjCigpi +
ach

LitjCppi = Oir jCoppi + Pl+JC47L pi i/ Cpupi+Kit jCoppi+Ni jCy pi + Oice jCoy pi = Miy jCp i —

Liy jCepi —JitjCppi = Niv jCypi + Eiy jCqpi — Cit jCopgpi — Giy jCagpi + Hiy jCygpi + it jCrgp +
D iﬂ'clgp" - F"ﬂ'éﬂgp" + Giﬂ(_j%gpi + Biﬂéugp" + C"+J'E2ugpi + A"*J'Cvgpi + FiﬂEZVgpi -
EiyjCropi — DitjCegpi — Bit jCpgpi — AirjC

ngp' pgp' xep' 1
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n-j = ¢(p"7) " i+
Pepi(@) = @gm2GHY o C )+ s Y AY {a'C,, +
teA’ i=n—j achA
it j— 1 ! — — — — —
loatatl Cagpi}} + 17 Z{) {L,uerp,- — 0i4jCypi + PirjCypi + QitjCgpi + RitjCiepi —

M jChpi = Kit jCoppi = Pit jCappi = Nit jCpupi+ Ot jCoppi + it jCy pi+ Ki jCaypi = Liy jCppi +
Miy jCe i+ Ni jCp i — it jCyypi ++ Dit jCypi = Fiy jCogpi + Git jCagpi + Hit jCagpi +Iit jCrogpi —
EiyjChgpi — CivjCorgpi — GirjCargpi — AirjCpgp + Fit jCopgpi + Bit jCygpi + Cit jCoygpi —
D i+j€ngp" +Ei+i€f§gp" +Ai+japgp" —B i+f€xgp"}]

nej Apitis o(p" ) " Aptiz
Popilx) = 163)’1[%{2061 PG} + 5 Y (Y a"Cp

teA’ i=n—j acA

n—j—1

i+ 1 — — —
Z aalgp ]Cagp} + Z {J1+JC + Kl+JC2p - I)i+jc4pi + Qi"‘jCSpi + Ri+jcl6pi -
ach
NH‘]Clp’+0H‘1C27Lp’+Pl+]C4lp - l+]C/Jp - l+]C2”pl+Ll+]CVp Oi+jC2vpi_Ji+anpi+
NH.jCépi +M,-+ijpi LZ'HCXP’ —|—B,+]C +Ci+jC2gpi —Gi+jC4gpi +Hi+j68gpi +Ii+jal6gpi -

Ai+jC7Lgpi + Fl'+jC2;Lgpi + G,'+jC4;Lgpi — E,~+qugp,- — Ci+jc2ugpi + DH_jCVgpi — Fi+jC2Vgpi —

Biﬂangpi +Ai+j(_:é‘gp" + Eiﬂapgp" - Diﬂ'axgp"}]
19" ) tp"ti=s ¢’(P"7j ) = apitiz
Ppi0) = gt e Gyt + o= ) Y e G
teA! i=n—j achA

n—j—1
%O‘agp Cagp } + i {Niy;,Cpi + Oi1jCypi + Py jCyyi + QirjCspi + RiyjCrgpi +
ac
JitjCopi+Kit jCop pi — B+JC4/'Lp’ +Liy jCppi = Oiy jCoppi +Miy jCy i — Ki jCay pi — N jCpy i —
JitjCepi = Lit jCppi — Miy jCoypi +Air jCypi + Fir jCagpi + Git jCagpi + Hit jCyygpi + iy jCrogpi +
Biﬂ(—jﬂgpi + Ciﬂ(—jﬂgp" - Giﬂ(_ngp" +D "Hqtgp" - Fiﬂ@ugpi + Eiﬂ'avgp" - CiﬂEngp" -
Alﬂcngp i+i€€gp —-D lﬂcpgp lJrfExgpi}]
The expressions for ngj, P;Lgpj, Pugpj, Pvgpj, Pngpj, ngpj, Ppgpj and ngpj can be computed
by interchanging P, O, R, K, O, L, M, N, J by G, H, I, C, F, D, E, A, B and o/*""” by qvP'"’

respectively, Where A; 1 j, Biy j, Diyj, Eiyj, Jitj, Liyj, Miyj, Niy j can be computed, using lemma

5. 1 and the following relations,

My jNi +Al+JEl+] +JivjLiyj+BiyjiDiyj n_l (P + 1) 7Pn_j_1 (P - 1)
pj Z { pz } 4 N 16 ’

1 M+ jBitj+ NiyjDiyj—JitjEivj—AirjLivj, 39" (p—1)
P Z { P b= 16 ’
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—j—1

A M2i+j+E2i+j+L2i+j+D2i+j+12i+j+32i+j+N2i+j+A2i+j}

i=0 pl . )
pnijil(p o 1)(3 +4a6pn+j +4a2pn+1)

8 )

VNG EijLiv + JisjAij— My jDiy j— Niy jBiy
F : J
i=0 p ‘ _
S5priYp—1)  pv I (p—1) (o tHer"™ _ q(viug)r™)

n—1
= —1
pPi(p—1)+ g + 2

= 2pln—1)+

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 3.77. Also the relations can be derived using ij(ocpi) =1,

P,i(a?r) =0, P,;(a"?') = 0 and Py ,i(a#¢”") = 0.
6. DIMENSION AND GENERATING POLYNOMIALS

The polynomial m(x) = H (x — &) denote the minimal polynomial for a* and the gener-
SEQ,
ating polynomial for cyclic code M of length 16p” corresponding to the cyclotomic coset €

is xl:lp(_)l and the dimension of M; is equal to the cardinality of the class g by J. Singh and

Arrora.

Theorem 6.1. (i) The generating polynomial for the codes My, for t € A" are (14 x+
X240 D) 8 (2 4+ B (2 — BO)(x + B)(x + BT + x'0 4 ... 4 x10P"=1)y,
(x4 B2 (x—=BO) (¢ = 1) (¥ + 1) (1 4+ 4461001, (x4 B3) (x4 %) (8 = B2) (6® = 1) (1 +
O x0T 2 — ) (D) S 4 D) (14 x4 XD 8 ) (e — 1) (x —
B (x4 BO)(1+x"0+ .. +x0C" D) 6B+ D+ 1) (2 + 1) (x— 1)(1 +x10 4 .. 4 x1060" 1)),
(% = 1) (> = BO) (¥ + B) (x = B7) (x = B) (1 +x"0 ... +-x100" 1)) andl (6 — 1) (o + BO) (* —
B (x—B3)(x—B)(1 4 x'0 + ...+ x10" =1 respectively, where B is 16th root of unity.

(ii) The generating polynomial for Mg, & Mg,,i, Mg, © Mgz, and M, & My, & My, &
M. pi Mo pi © Myppi © My pi @ Moy i S My i © My i © My i © Mg i © My i © My i © M ©
Mg pi ©Magpi S M) gpi @ Moy gpi O My gpi @Mugp’ OMygpi OMygpi O Moy i &My gpi OMgpi ©
My ®Myg, are (37 + 1) = 1)+ 1)+ 1) H D)L+
APy T ) P T ) 2P D) (A D 8P 1) (8P 1) (1410

IOy g 2P DT DT DT D)1+ 4
Xl (p'=

n—i—1

DY respectively.



MINIMAL CYCLIC CODES OF LENGTH 16p" OVER GF (g) 17
Proof. (i) The minimal polynomial for a?", fort € A" are (x— 1), (x—B)(x —B7), (x — B?) (x +
BO). (x=PB3)(x—PB), (& +1), (x—BO)(x+B?), (x+1), (x+B)(x+p7) and (x+B7)(x+B),
respectively. The corresponding generating polynomials are (1 +x+x*+ ... +x{16p" — 1)),
(¥ = (2 + B2 = BO)(x + B)(x + BT)(1 + 210+ .+ 210W0), (o + D)6t — 1) (x +
B2)(x = BOY(1+x"0 4 .. 4+ 21O (B — 1) (2 4 BO) (x + B) (& — B) (x+ B) (1 + 410 +
XD 2 — DA DB D (1210 x0T S ) (6 — 1) (x— B (x +
BO)(1+x0 4 . x10"=D) (B + 1) (a4 1) (6 + 1) (x — 1) (1 +x10 4421601 (38 —
1D = BO)(x = B7)(x = B) (¥ + B2 (1 +x'0 4. 42100 (68 — 1) (x = B3) (x = B°) (" +
BOY(x2 — B2)(1 4 x16 .. 4+ 516" =)y,
(if) The product of minimal polynomial satisfied by o8P and a®¢” is (xj:i:ﬂl) There-
+DE

DS 4+ 1) (14 x17"" 4 4 x167" (=1 The product of minimal polynomial satis-

n—i

fore, the generating polynomial for Mg i © Mg, is T )P = 1) (2P

fied by a7 and o187 is ( ;‘fr_lrll). Therefore, the generating polynomial for M4, ©
x p—

-1 1>(xpnﬂ + 1)(x2p + 1)(x4p + 1)(x8p + 1)(x8p”*' L1 TN

+x16pnii(pi_l))~ Also the product of minimal polynomial satisfied by a?, a?”, o*”',...,

. . n—i n—i n—i
aPsr' | oxsp s (% : +D lJrl)(xg" {rll) .
DT e )

Mpi EBszi EBM4pi EBMM,;‘ @lepi EBMémpi EBM‘upi @Mzﬂpi EBMvpi EBMvai EBani @Mépi D

n—i n—i n—i n—i

Mgy is (X7

Therefore, the generating polynomial for

n—i—1 n—i—1 n—i—1

My, © My i © My, © Moy, © Myg i © My gpi © Moy gpi ©Mypgpi ©Mygpi © Moy, © My, ©
M2Vgpi @Mngpi @Mégpi EBMngi EBMXgpi 1s (XZP + 1)(X4p + l)<x8p + 1)(x2pnﬂ o

1)(14x167"" 4 x167" (01, O

7. MINIMUM DISTANCE

If [ is a cyclic code of length m generated by g(x) and its minimum distance is d, then the code
I of length mk generated by g(x)(1 +x" 4 x*" 4 ...+ x*~ 1) s a repetition code of I repeated
k times and its minimum distance is dk by Bakshi. Here, we find the minimum distance of the

minimal cyclic code M; of length 16p”, generated by the primitive idempotent F.

Theorem 7.1. Each the codes M, fort € A’ are of minimum distance 16p". For0 <i<n—1,

the minimum distance of the cyclic codes M, i, M, c = {8,16} are greater than or equal

cgp”
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M

32p' and minimum distance for the codes M agpi» 1 €A — {8,16} are greater than or equal

ap’
to 16p'.

Proof. As the generating polynomial for the code M) is a polynomial of length 16p”, hence its
minimum distance is 16p". Also, the generating polynomial for the cyclic code M is (x8 -
(2 4+ B (x4 B) (x> = BO) (x + B7) (1 +x'0 + ...+ x'0("=1)) Which the code repeat for the
cyclic code of length 16 with generating polynomial (x® — 1) (x> + B2)(x+ B) (x> — B%) (x+ B7),
repeated p” times. So its minimum distance is 16p”. Similarly, the minimum distance for each
of the cyclic codes M;,n, where 2 <t < 15is 16p".

The cyclic codes Mg, and Mg, with genrating polynomial T DT = DT
D"+ 1) 1) (142167 4 4 x167""(P'=1) is a repetition code of the code gener-

ated by (x""" "

n—i

DT =D ) 1) (3P +1) of length 16p" and minimum
distance 32 repeated p' times. Therefore its minimum distance is 32p’. The codes correspond-
ing to Mg, and My, are the sub codes of the above codes, so their minimum distances are
greater than or equal to 32p'.

Similarly, the minimum distance for each of the cyclic codes Mg, and M, of length 16p™
are also greater than or equal to 32p'.

The product of generating polynomials for the cyclic codes M, M,

is (2P 4+ DT DT 4 1) (%

ois @ € A—1{8,16}
F 1)1 4x167" 1D I we

n—i—1 n—i—1 n—i—1 n—i

—i—1 n—i—1

+ 1)+

1) (8" 4+ 1)(x*"" + 1), then the minimum distance for this code is 16. Since the cyclic

consider a code C of length 16p™~' generated by the polynomial (xzpn

code of length 16p" generated by the said polynomial is a repetition of the code C repeated p’
times. Hence its minimum distance is 16p".

Since the codes corresponding to Qapi, Q i, a € A are the sub codes of the said codes, so their

agp
minimum distance is greater than or equal to 16p". 0

8. ExaAMPLE

Example 6.1. Cyclic Codes of length 48.
Take p =3, n =1, g = 103. Then the g-cyclotomic cosets are
Q; = {s,r} where 7s = r(mod48) and 0 < s < 41.
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Minimal polynomials for a*, oS where 0 < s <41 are x — 1, x> — 2x + 47, x* + 90x + 46,

X2 4+68x—1, x2 —TTx+56, x> —54x+57, x> —94x+ 1, x — 47, x* —94x — 1, x> + Tx + 56,
X2 4+3x4+57, x2 — 1dx+ 1, x> — 66x +47, x — 46, x* —92x + 57, x> +20x + 1, x> + 38x + 47,
X2 —40x+46, x+ 1, x2 +2x+47, x> —90x +46, x> —68x — 1, x — 56, x> —9x — 1, x*> + 96x + 56,

x — 57 and x% — 11x + 56 respectively.

The minimal codes My, My, M>, M3, My, Ms, Mg, M7, Mg, My, Myo, M1, My2, M3, Myg, M17,

Mlg, M19, Mz(), M24, M25, M26, M27, M32, M33, M34, M4() and M41 of length 48 are as follows:

Code

Dim.

Min. Distance Bound

Generating Polynomial

My

1

48

47
Zo{xt }

M,

16 <d <48

6+46x+61x% 4 6x> +91x* +41x° + 2x0 4 54x7 +
68x% + 39x + 55x'9 4 30x!! + 79x1% + 86x!3 +
48x™M + 55x15 4+ 32x10 4 101x17 4 8x!18 + 99119 +
15220 + 84x2! + 69x%2 + 91x2 4 55x%* 4+ 53x2% +
23x20 4 13x%7 + 68x%8 4 7x¥ + 12270 4 4231 +
87x32 4 5x%3 4 40x3* + 524 4 43x3¢ + 84x%7 +
18x38 +45x3% + 87x%0 + 40x*! 4 13x%2 4 26x* +
60)644 +2x45 + x46

16 <d <48

42+ 14x + 1227 + 2103 + 93x* + 937 + 7820 +
76x7 + 7828 + 1012 + 47x10 + 20x!1 + 43x12 4
1613 4 73x 4 27415 4 15x16 4 35x17 423218 4
55x19 4 24x20 4 7562 4 5622 4 58x23 4 23x% 4
3x% 4 72x%0 4+ 27x%7 + 7128 + 15220 4 43x%0 +
7931 +102x3% 4 101x33 +42x34 +97x35 +78x30 +
58537 455178 42103 4+ 5400 1262 + 4224 +
74x® 4 20xH 4 13x% 4 x40
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Code

Dim.

Min. Distance Bound

Generating Polynomial

48

86+9x+80x% +93x> + 18x* +81x° +67x0 4 2x7 +
100x3 + 4x% + 63x10 4 65x!! + 54x1%2 4 20x13 +
69x14 4 86x1 + 46x10 + 21x17 4 32x!8 4 34419 4+
78x%0 4 85x21 +90x%2 4+ 25x%3 4 39x24 4+ 102x> +
74x20 4+ 87x%7 + 16x28 + 42x%° 4+ 91x%0 + 50031 +
92x3% 4 23x33 4 8x3* 4 52x35 + 42x30 4 24x37 4+
26x38 4 41x% + 33x%0 + 19x*! 4 89x*2 + 974 +
93x* 4 35x® 4 x40

16 <d <48

51 4 45x + 72x* 4 89x° + 42x* + 58x° 4+ 79x° +
80x" + 81x% + 75x” 4 98x'0 + 58x!1 + 78x!2 +
40x3 + 720! 4 10x"° +75x10 4 68x'7 4 94x"8 +
14x" + 47620 4+ x22 + 40x% 4+ 9™ + 65x% +
23220 +93x%7 + 874 + 263 +25x% + 102! +
74x3% +28x3 + 85x3 4+ 52x% 4 24x3° 4+ 107 +
1738 4 14x% + 87x%0 + 55x* 4 52x4 + 658 +
2 7T 4 X0

16 <d <48

61 + 37x + 90x? + 81x° 4 86x* + 15x° 4 38x° +
52x7 4+ 101x3 + 102x° 4 28x10 + 41x!! 4 51x1% 4+
100x"3 + 83x!4 4+ 57x15 + 67x'0 +95x17 4+ 31x18 4+
53x19 4 84x%0 + 66x2! +99x2% 4 33x%3 + 100x%* +
2x3 + 67x%0 + 2x77 + 73278 + 89x% + 74130 +
83x3! 4 43x3% + 700433 + 24x3* + 45x% +91x%6 +
80x37 4+ 76x38 4+ 20037 + 14440 + 87x* 4 37x* +
x43 —|—78x44+54x45 —|—x46
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Code

Dim.

Min. Distance Bound

Generating Polynomial

48

36 + 78x + 86x% + 75x° 4 63x* + 79x° + 50x° +
89x7 + 76x8 + 51x° + 83x10 + 26x!1 + 95x12 4
46x'3 + 6x!% 4 3x15 4 70x16 4 88x!7 + 65x!8 +
48x19 4 18x20 4 99521 4 18x22 4 48x2% 4 65224 +
8875 + 707 + 3¢ + 6478 + 46> + 95x%0 +
262" + 8332 + 5123 + 7683 + 892 + 5007 +
79237 + 6337 +75x% + 8630 + 78x*! + 3622 +
10x* + 80x™ + 94x 4 x*0

48

27 + 57x 4 25x% + 76x3 + 91x* + 71x° + 90 +
49x7 + 38x% + 82x% + 55x10 4 62x! 4 98x12 +
17x13 4+ 45x1 + 10x15 + 32x'6 4+ 92x17 + 3618 +
4x10 + 72x%0 + 34x21 + 69x2% + 37x?3 + 93x%* +
50x2° 4 28x%0 + 96x%7 + 68x?8 4-90x%° + 54x%0 +
61x31 + 88x32 + 29x3 + 40x3* 4 80x3> 4 39x36 +
19537 + 4x38 + 55x39 4+ 87x%0 + 14x*! + 7x*2 +
77X 4 82xH 4 94x® 4 x40

16 <d <48

86 + 89x + 37x% + 60x> + 93x* + 48x> + 4225 +
27x7 + 86x% + 9x? + 47x10 4 5x'1 + 39x12 +
87x'3 4+ 62x'4 +33x!54+ 15x16 +38x17 + 52x'8 +
48x'9 + 74x%0 + 23x%1 + 5x%22 + 10x%3 + 52x%4 +
100x%5 + 16x%6 + 33x%7 + 71x%8 + 31x%9 +
39x30 4 24x31 4 57x32 4 9x33 4+ 42x34 4+ 70x35 +
42536 4+ 45537 + 58x38 + 60x39 + 54x*0 + 40x*1 +
86x*2 4 29x*3 + 96x*4 + 96x*5 + x*6
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Code

Dim.

Min. Distance Bound

Generating Polynomial

16 <d <48

78 + 94x + 75x% + 45x° + 18x* + 85x° + 44x® +
101x7 + 68x® 4 85x” 4 63x!10 + 100x!! + 37x12 +
74x13 4 84x!* + 25x15 + 46x16 + 64x!7 + 41x!8 +
69x'? + 86x20 4 81x%! + 90x?? 4 86x7 + 21x** +
X2 4 5x%0 + 72277 + 16x% 4 25x% 4 49x0 +
5303 4+ 9x%% + 5133 + 83 + 80x% + 86170 +
79x37 4 63x38 4 73x% + 33x%0 + 53xH 4 40x%? +
6x* + 55x4 4 100x* + X

M,

48

75 + 58x + 16x% + 63x° + 42x* 4 10x° + 98x° +
23x7 + 18x8 + 23x° + 98x10 4 10x!! 4 42x!12 +
63x!3 + 16x!* 4 58x15 + 75x10 + 65x!7 + 1118 +
89x!¥ + 102x%0 + x?2 + 14x% + 926 + 38x% +
28x%6 + 45x%7 + 87x28 + 40x%° + 6153 +93x3! +
5x3% + 80x3% + 85x3 + 80xF + 5x3¢ + 93x7 +
61178 + 40x% + 87x%0 + 45x%1 4 28x* 4 38x* +
92:x* 4 1424 4 x40

16 <d <48

17 + 66x + 20x> + 99x° + 86x* + 31x° + 68x5 +
51x7 4+ 11x8 + 56x° + 28x10 4+ 71x! 4+ 75412 +
3x3 4 7 4 x4+ 67x10 + 59417 4 88x18 +
50x1% + 53x%0 + 12x%1 4+ 99x%2 4 27x23 4 38x%* +
1012 4 95x26 4 94x%7 +73x28 1+ 26x%° 4 24x30 +
20031 21432 + 97xF + 24x34 4 93x3 4+ 49536 +
23537 + 97238 + 13x% + 14x%0 4 15x* 4+ 12x*2 +
102x*3 4 86x* 4 66x+ + x*6
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Code

Dim.

Min. Distance Bound

Generating Polynomial

16 <d <48

70 + 46x + 17x% + 706 + 91x* + 30x° + 92x° +
54x7 4+ 100x8 + 43x% 4 55x10 + 32x!1 20412 4
86x'3 + 1021 + 58x15 4 32410 + 94x!7 4 50¢18
99x!? + 16x*0 + 53x%" 4 69x7% + 49x> + 58x7* +-
5325 + 5200 + 8377 + 6827 + 8327 + 37470 +
42031 4 31032 4 2403 4 4003 4 28x3 + 2153 +
8437 + 81 4+ 1007 + 87a%0 + 77441 + 83x%2 +
26x* 4 64x™ 4 92x% 4 x40

48

78 + 14x + 54x% + 39x + 93x* + 58x° + 8610 +
76x7 + 42x8 + 11x° 4+ 47x'0 4 79x 4 21412 +
16x13 + 71x!* + 615 + 15x10 + 317 4 28418 +
55x1 4+ 5070 4 51! 4 5x%% + 55¢% + 28 +
3x2 + 15x%0 + 6277 + 71x%8 + 16x% + 21x%0 +
7930 + 475632 4+ 11233 4 42x3% 4 76x% + 86x30 +
58x7 4+ 93x78  39x%7 + 54x40 + 14xH 4 78x%% +
T4x* 4 90x* 4 83 4 x40

16 <d <48

424 9x 4 51x% +55x3 + 18x* +4x° +95x0 4+ 2x7 +
38x8 4 81x% + 63x10 4+ 35x!1 4 12412 4 29x13 +
53x1% 4+ 42x15 + 46x10 4 43x17 4- 30x!8 4 34x!° +
42520 4+ 99x21 1 90x22 + 61x23 +43x%* + 102x% +
24x26 4 88x%7 + 16x28 + 86x2° 4 66x30 + 50031 +
2032 4+ 28x33 4 8x3* + 28x% + 78x3¢ 4 24437 +
14x38 4+ 32x3 4 33x%0  34x* 4 77x%2 + 974 +
58x% 4+ 65x% + x40
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Code

Dim.

Min. Distance Bound

Generating Polynomial

16 <d <48

80 + 45x + 1532 + 772 + 42x* 4 5535 + 29x0 +
80x7 + 4x® 4 51x° 4 98x!0 + 55x!1 + 86x!2 +
40213 4 15x1 4 48x15 1 75x10 +100x'7 4 101x'8 +
14x19 4 57220 4+ 22 4 T7x® 4+ 2% 4 6555 +
52x%0 4+ 55x%7 + 87x%8 4+ 14x% + 170 + 105! +
2427 4 5203 4 853 + 282 + 74 + 10677 +
25578 4260 + 87x% + 932! + 232 + 652 +
9x44 + 40x45 + x46

48

48
Y {102"x"~ '} (mod103)

n=1

16 <d <48

6 + 57x + 61x% 4+ 97x3 + 91x* + 62x° + 2% +
49x7 + 68x% + 64x® + 55x10 + 73x! 4 79x12 +
17x13 4 48x'% + 48x1 + 32x10 4 2x17 + 8x18 +
4x1 4+ 15x20 4+ 19221 + 69x22 + 12x23 4+ 552 +
50x2% 4 23x%0 +90x%7 + 68x?8 4 96x%° + 12x%° +
61x3" + 87x%2 +98xF + 40x3* 4- 51437 4 43x36 +
19x37 4 18x38 + 58x% + 87x* 4 63x*! + 13x* +
77x* 4 60x* 4+ 101x® 4 x40

16 <d <48

42 + 89x + 12x% + 82x% + 93x* + 10x° + 78x% +
27x" + 78x8 4+ 2x% 4 47x10 + 74x! 4 43412 +
87x1% + 73x14 + 76x'5 + 15216 + 68217 + 2318 +
48x19 4 24x20 4 28x2! 4 5x22 4 45x%3 4 23x%4 4
100x% +72x76 4+ 76x77 + 71x78 + 88x%° + 43x%0 +
2453 4+ 1022% + 20 + 42203 + 6% + 7827 +
45277 + 55278 4 8227 + 5420 + 77! + 4249 +
29x*3 4 20x* +90x*  x*0
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Code

Dim.

Min. Distance Bound

Generating Polynomial

48

86 + 94x + 80x% + 10x> + 18x* + 22x° + 67x5 +
101x7 + 100x® + 99x° + 63x10 + 38x!! 4 54x1% +
74x13 + 69x1% + 17x15 4 46x10 4 82x17 + 32418 +
69x!9 + 78x%0 + 18x2! + 90x2% + 78x% 4 39x%* +
X2 4+ 74x% 4+ 16527 + 16x%8 + 61x%° + 9130 +
533 + 92032 4+ 80xF + 8x3 + 5137 + 42x%6 +
79x37 4 26x38 + 6203 + 33x%0 4 84x*! + 89x*? +
6x* +93xH 4 68x* 4 x40

48

27 + 46x + 25x% + 27x3 + 91x* + 32x° 4 9x0 +
54x7 + 38x8 + 212 + 55x10 + 41x!! + 98x12 +
86x!13 + 45x!% 4+ 93x15 4 32x10 + 1117 + 36418 +
99x!¥ + 72x20 4 69x2! + 69x%2 + 66x% + 93x** +
53x%5 + 28x%6 + 7x?7 + 68x + 13x%° 4 5430 +
42x31 + 88x32 + 74033 + 40x3 + 23x% 4 39x3¢ +
84xY7 4 4x8 4 48x%% + 87x%0 4 89x*! + Ta*? +
26x 4 82x* + 9x% 4 x40

16 <d <48

86 + 14x + 37x% + 43x3 4+ 93x* + 55x° + 42x5 +
76x7 + 86x3 + 94x° 4 47x'0 4 98x!! 4 39x12 4+
16x13 + 62x'* 4 70x15 4 15x'6 + 65x!7 + 5248 +
55x19 + 74x%0 4+ 80x?! + 5x%2 + 93x%3 + 52x%4 +
322 4 16x%0 4 70x%7 4 71228 4 72x%° 4 39230 +
7931 4 57x32 4+ 9433 + 42x34 4 33x3 + 42430 +
58x37 4 58x38 1 43x% + 54x%0 4 63x*! + 86x* +
T4xP 4+ 96xM + Tx + x40
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Code | Dim. | Min. Distance Bound | Generating Polynomial

My, 1 16 <d <48 | 102 4 57x + 48x% + 36x> + 43x* + 17x° 4+ 32x5 +
63x7 + 21x% + 3x% + 37x10 4+ 44x!! 4+ 65x12 +
69x13 4+ 97x1* + 73x15 + 31x10 4+ 71x17 + 9818 +
75x19 + 70020 + 40x%! + 25x%22 4 98x23 4 28x%* +
81x2 + 43x26 4 7x27 4 19428 4 2242 4 6110 +
87x°! 4 16072 + 77x% + 13 + 49x% + 94x +
93x37 + 92x%8 4 44539 + 7x40 + TexM 4 24x% +

99x*3 + 65x% 4+ 11x% 4 x40

48

M, 1 32<d<48| ) {57"x" '}(mod103) where r = & and a €
n=1

{8,16,32,40}
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