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Abstract—In this paper we present an efficient method for invert-
ing an ideal in the ideal class group of a C,, curve by extending
the method which is presented in [3]. More precisely we introduce a
useful generator for the inverse ideal as a K [X]-module.
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I. INTRODUCTION

HE first ideal class groups encountered in mathematics

were part of the theory of quadratic forms: in the case of
binary integral quadratic forms, as put into something like a
final form by Gauss, a composition law was defined on certain
equivalence classes of forms. This gave a finite abelian group,
as was recognized at the time. Later Kummer was working
towards a theory of cyclotomic fields. It had been realised
(probably by several people) that failure to complete proofs
in the general case of Fermat’s last theorem by factorization
using the roots of unity was for a very good reason: a failure
of the fundamental theorem of arithmetic to hold, in the rings
generated by those roots of unity, was a major obstacle. Out
of Kummer’s work for the first time came a study of the
obstruction to the factorization. We now recognize this as
part of the ideal class group: in fact Kummer had isolated
the p-torsion in that group for the field of p-roots of unity,
for any prime number p, as the reason for the failure of
the standard method of attack on the Fermat problem (see
regular prime). Somewhat later again Dedekind formulated
the concept of ideal, Kummer having worked in a different
way. At this point the existing examples could be unified.
It was shown that while rings of algebraic integers do not
always have unique factorization into primes (because they
need not be principal ideal domains), they do have the property
that every proper ideal admits a unique factorization as a
product of prime ideals (that is, every ring of algebraic integers
is a Dedekind domain). The ideal class group gives some
answer to the question: which ideals are principal ideals?
The answer comes in the form all of them, if and only if
the ideal class group (which is a finite group) has just one
element. Nowadays, an application of ideal class group is
in cryptography. The success of elliptic curves in public key
cryptography has created new interest in the arithmetic of more
general algebraic curves such as hyperelliptic, superelliptic
[4], Cap [1] Or C4 [2] curves. Unfortunately there is a heavy
computational amount of addition in the Jacobian of such non-
elliptic curves. The core of their arithmetic often consists of the
reduction process, which is: transforming any group element
into a reduced representative. But to compute such a reduced
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ideal, we need first to compute an inverse for the present ideal.
In this paper, we give a useful generator as a K [X]-module
for the inverse ideal of a typical ideal [3].

I1. DEFINITIONS AND NOTATIONS

We begin with a basic definition and some notations.

Definition 1: For coprime positive integers a and b, coprime
to the characteristic of the ground field K, a Cy; curve ([5],
[6]) C is defined by a non-singular plan curve defined by the
following form of polynomial F’

FX,Y)=Y"+ >  c;X'V7+Xx°
ia+jb<ab

Let K[F] = K[X,Y]/(F) be a coordinate ring of a Cy;
curve C which is defined by F and K(F') be its function field
(the field of fractions of K[F]). We will use three different
representations of ideals:

« The notation id(f1(X,Y), -, fm(X,Y)) will represent
the ideal
{f1(X7Y)91(X,Y) + o+ fm(va)gm(va)
a(X,Y), - gn(X,Y) € K[F]}.

o The notation [f1(X,Y), -, f(X,Y)]kixy  Will
represent the K[X] module
{fl(va)gl(X) + + fm(va)gm(X)
gl(X)v"' 7gm(X) € K[X]}
Every ideal may be written in this form. However, it is
not true that every such module is an ideal.

« The notation [I : .J] will represent the ideal
{heR:hgel VgeJ}
where R is aring and I and J two ideals of R. Specially
[f : J] denotes [id(f) : J] for every f in R.

I11. MAIN THEOREM

We begin this section with two lemma and end it with the
main theorem of this paper.

Lemma 2: Let F(X,Y) be a monic polynomial w.rt Y in
K[X,Y] and v(X) a polynomial in K[X], then Y — v divides
F(X,Y)— F(X,v).

Proof: There are Fy,- -, F,—1 in K[X] such that

a—1
F(X,Y) = Y"+) Fi(X)Y. 1)
j=0
Set
a—1 a—1 -1
H:ZYCL—I—]',Uj_i_Z-FZ Y*l—l—k,uk7
7=0 =1 k=0
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we have then:

a—1
H(Y —v) = (Y =)+ Y F;(Y/ =)
j=1
which is equal to F(X,Y) — F(X,v). |
With above notations, H can be written as:
a—1 ) a—2 )
H = Y Rt Y )
=0 k=1

A generator set for the ideal [u :
computed as follows:

Lemma 3: Let 2l = id(u(X),Y —v(X)) be a typical ideal,
F a polynomial of the form (1) in 2 and u divide F(X,v),
then

[u: A =id(u, H) mod F.

Proof: There is a polynomial w € K[X] such that

2A] mod F, can be

F(X,v) = wu. 3)
Define
B :=[u:2A mod F
then

B={pe KX, Y]|pnY —v) €id(u) mod F}. (4)
But by Lemma 2 and equation (3) we have
H(Y —v) = —wu € id(u) mod F,

hence
id(u, H) €% mod F.

Now we show
B Cid(u, H) mod F.

For this purpose let 8 € 9, it suffices to treat the special case:
a—1

0="> 0y, (5)
7=0

for some 6y, ..., 0,—1 in K[X], because from equation (1) we
have Y@ + % = (3297 F;Y7) + B. By equation (4),

0(Y —v) €id(u) mod F.
There are s0 7,1, ..., 10, s € K[X] such that

a—1

Oy —v) = (> _nY’)u+sF.
j=0
So from the equations (1) and (5) we have
Ou_ 1Y + Z;L;ll(QJ,1 — v6j)Yj — vy =
sY“ + Zj;ll(mij + sF5)Y7 4o + sFp.
We have then 6, 1 =sand for0 < j <a—2,

0; = w0j41+unjy1+ sFjp

a—1
(Ua—]—l+ Z ’Ul_]_lFl)S
I=j+1

a—1
+ (Z o' I

I=j+1

The later equations with (5) and (2) imply that:

a—2 a—2

0 = s(H=Y (""" + ) Fn* )Y
i=0 k=i
a—2 a—1
+ ((va—j—1+ Z Ul_j_lFl)S
j=0 I=j+1
a—1

which is an element of the ideal id(u, H) mod F, conse-
quently
B =id(u, H) mod F.

[ |
We now have all the ingredients needs to state and prove
the main theorem which computes a generator set for the ideal

[u:2] mod F,

as a K[X]-module.

Theorem 4: Let 2 = id(u(X), Y —v(X)) be a typical ideal,
F a polynomial of the form 1 in 2, « divide F(X,v) and
B = [u:A] mod F, then

B = [u,uY, ...,uY“_2,H}K[X] mod F, (6)
i.e.,
a—2
B={AF+> 0uY'+0, 1 H|\ € K[X,Y], 0; € K[X] }.
=0
Proof: Let

¢ = [u,uY,...,uY* 2 H] mod F,

by Lemma 2 and equation (3) we have YH = F —uw + vH
which is an element of ¢, also

Y2H =YF +v(F +vH — uw) —wuY € ¢,

and by the same reason Y'H € ¢ for i = 1,...,a — 1. Now

from equation (1) for all ¢ > a, there are H;,, H;,, ..., H;, , €
K[X] and H; € K[X,Y] such that
a—1

Y'=HF+Y H,Y’ )
j=0
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hence Y'H = (H;F + Z;Cé H; Y7)H € €. On the other

hand by equation 2 we have

a—2 a—2
Y(Lflu — (H*Z(vailii*FZFkﬁ_lvkii)Yi)u
i=0 k=i

a—2 a—2
= uH - Z(v“_l_i + Z Flo v Huy?,
=0 k=t

belongs to €. Also by equation (7), for all i > a we result that
Yiy = (H;F + Z?;& H;,Y7)u belongs to ¢. Consequently
B C ¢, moreover, by the lemma 3 it is clear that € C 93, and
thus B = €. ]

1V. AN EXAMPLE

In this section we give an example to explain how our
theorem work.

Let C be a Css curve in Zgr[z,y), defined by F = 43 +
Fyy + Fy where

[4] S.-D. Galbraith, S. Paulus, and N.-P. Smart. Arithmetic on superelliptic
curves. Mathematics of Computation, 71(237):393-405, 2002.

[5] S. Miura. Linear codes on affine algebraic curves. IEICE Transactions,
J81-A:1398-1421, 1998. In Japanese. English summary by Ryutaroh
Matsumoto available at http://mww.rmatsumoto.org/cab.html.

[6] S.Miuraand N. Kamiya. Geometric goppa codes on some maxima curves
and their minimum distance. In |EEE Worksop on Information Theory,
pages 85-86, Susono-shi, Japan, June 1993.

[7] Wikipedia encyclopedia. http://en.wikipedia.org/wiki/Mathematics

Fy = 24489 2451 22496 23 +2°, Fy = 6223 +88 22427 2+26.

Consider the ideal 2 = (u,y — v) where

u=19+56x+23 2% +24 22492 2°+3 24+ 25+ 87 27 +33 25,
v=282"4+13254862°+122% +252% + 5722+ 272+ 53.

By applying explained procedure in previous section we can
obtain that inverse ideal of 2l modulo F' is equal to:

id(u, H) = [u, uy, H],

where

H =y + yH, + Hy,

Hy =2827+132%4+86 25+ 1224 +25 23 +57 22+ 27 2 +53,
Ho=224762+872° 438212 +952 +862° + 51 2% +
67 2% + 6922+ 42°

+61 20 + 49213 + 66 2% + 927 4+ 84,

V. CONCLUSION

We presented an efficient method for inverting an ideal in
the ideal class group of a C,, curve which can be applied
in cases of hyperelliptic and superelliptic curves and also can
be used for computing the addition in the Jacobian of such
non-elliptic curves.
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