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TOTALLY REAL THUE INEQUALITIES OVER IMAGINARY
QUADRATIC FIELDS

ISTVAN GAAL, BORKA JADRIJEVIC AND LASZLO REMETE
University of Debrecen, Hungary and University of Split, Croatia

ABSTRACT. Let F(z,y) be an irreducible binary form of degree > 3
with integer coefficients and with real roots. Let M be an imaginary qua-
dratic field with ring of integers Zp;. Let K > 0. We describe an efficient
method how to reduce the resolution of the relative Thue inequalities

[F(z,9)| < K (z,y € Zn)
to the resolution of absolute Thue inequalities of type
[F(z,y)| <k (z,y € Z).

We illustrate our method with an explicit example.

1. INTRODUCTION

Let F(x,y) € Z[z,y] be an irreducible binary form of degree > 3 and let
a € Z\ {0}. There is an extensive literature of Thue equations of type

F(z,y)=a in z,y € Z.

In 1909 A. Thue ([10]) proved that these equations admit only finitely many
solutions. In 1967 A. Baker ([1]) gave effective upper bounds for the solutions.
Later on authors constructed numerical methods to reduce the bounds and
to explicitly calculate the solutions, see [6] for a summary.
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Let M be an algebraic number field with ring of integers Z,;. Let
F(z,y) € Zm[z,y] be an irreducible binary form of degree n > 3 and let
i€ Zy \ {0}. As a generalization of Thue equations consider relative Thue
equations of type

F(l‘,y) = in T,y € ZM

Using Baker’s method S. V. Kotov and V. G. Sprindzuk ([8]) were first to
give effective upper bounds for the solutions of relative Thue equations. Their
theorem has been extended by several authors. Applying Baker’s method,
reduction and enumeration algorithms I. Gaal and M. Pohst ([7]) gave an
efficient algorithm for solving relative Thue equations (see also [6]).

Let M be an imaginary quadratic number field. Assuming in addition
that the roots of F(z,1) are all real, in the present paper we give an efficient
algorithm to reduce the resolution of relative Thue inequalities of the type

|F(z,y)| < K in x,y € Zy
to the resolution of (absolute) Thue inequalities of the type
|F(z,y)] <k in z,y € Z.

To find the solutions of the above absolute Thue inequality one can use Kash
([4]) or Magma ([2]) which admit efficient algorithms for solving (absolute)
Thue equations F(x,y) = k' for k' € Z with |k'| < k. For an efficient method
for calculating ”small” solutions of Thue inequalities we refer to [9].

Our method is illustrated with an explicit example.

2. THE MAIN RESULT

Let F'(x,y) be a binary form of degree n > 3 with rational integer coeffi-
cients. Assume that f(z) = F(z,1) has leading coefficient 1 and distinct real
roots aq,...,ay,. Let 0 <e <1, 0<n<1andlet K >1. Set

A = min|o; — a4, B = min o — oy,
wina; — in ][ o — o
J#i
K
C = —_— 1
max{(ls)"lB’ }

K1l/n Kl/n
Cl = max{ A , (20)1/(71—2)}, 02 = Imax {E—A, Cl/(n_2)},
po (K __\" o p_OewiK
n(l—e)»"1AB ’ (1—e)n1

Let m > 1 be a squarefree positive integer, and set M = Q(iy/m). Consider
the relative Thue inequality

(2.1) |F(z,y)| < K in z,y € Zp.
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If m = 3 (mod 4), then z,y € Zys can be written as
1+ ’L\/ﬁ . (2$1 + $2) + in\/ﬁ
2 - Y

r=1x1+ X2

2
1+ 1iy/m 2y1 + + yai/M
Yy =u1+y2 2\/_:(311 y2)2 riy/m

with z1,x2,y1,y2 € Z.
If m=1,2 (mod 4), then z,y € Zj; can be written as

T =z + T2V M, Y =y1 + Y2ivm
with T1,22,Y1,Y2 € 4.

THEOREM 2.1. Let (z,y) € Z3; be a solution of (2.1). Assume that

(2.2) lyl >Cy if m=3(mod 4),
(2.3) ly| > Cs if m=1,2(mod 4).
Then

(2.4) T2y1 = T1Y2-

I. Further, if m = 3 (mod 4), then the following holds:
TAL. If 2y7 +y2 =0, then 2x1 + x2 =0 and

2"K
(2.5) |F (22, y2)| < :
(v/m)"
TA2. If [2y1 +y2| > 2D, then
(2.6) |F (221 + x2,2y1 +y2)| < 2"E.
IB1. If y2 =0, then 2 = 0 and
(2.7) |F(z1,01)] < K.
2
(2.8) |F (22, y2)| < ——=F
(Vm)"

II. If m =1,2 (mod 4), then the following holds:
ITA1. Ify; =0, then 1 = 0 and

(2.9) |F(z2,y2)| <

(vm)™
ITA2. If |y1| > D, then

(2.10) |F(z1,y1)| < E.
IIB1. If yo =0, then o =0 and

(2.11) |F(z1,11)] < K.
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D
IIB2. If |yo| > then

N

(2.12) |F (22, y2)| <

E
V-

Our result is a far reaching generalization of an idea of [5].

3. PROOF OF THE MAIN RESULT
In the proof of Theorem 2.1 we shall use the following Lemma.
LEMMA 3.1. Let x,y € Z,y # 0. Assume that

d
§ -
ly|™

T
Qi — —

for some ig (1 <igp<mn) andd>0. If

then
[Fa,y)] < d@+0)" 7 [T ley — e
J#io
PRrOOF. By our assumption, we have
x
Qj — ; < |aj - ai0| + Qg (1 +n)|aj Qi

for j # ig. Therefore

HO&——ZOQ'O——'H Oé]——SW 1+77 Hlaj azo'
j=1 (A= Y iio
which implies our assertion. O

Now we turn to the proof of our main result Theorem 2.1.

PROOF. Let (z,y) € Z3, be an arbitrary solution of (2.1) with y # 0. Let
Bj =z — o5y, 7 =1,...,n, then the inequality (2.1) can be written as

(3'1) |516n| <K.
Let ip be the index with
o] = min 5]
Then |8;,| < K= and together with (2.2) and (2.3) we get

181 2 185 = Bial = Bial = lay — i - |yl = K = (1= ) - o — o | - [y
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for j # ig. From the previous inequality and (3.1), we have
K c

(3.2) 1Bio| < <
" Hj;éio 1551 ly|»—*
with
K
c= .
(I—e)t Hj;éig laj — o
By (3.2) we obtain
Ty T c
Wiy — 75| = [Qio — —| < 77
P Oyl
hence
‘ai0|y|2 _xy‘ < 2725
|yl
which implies
c
Im(zy)| < ——.
S e

Note that = < £ and =z < 1 for m =3 (mod 4) and m = 1,2 (mod
4), respectively, according to (2.2) and (2.3). Therefore [Im(zy)| = %|ways —
z1y2|v/m < & and |Im(27)| = |z2y1 — z1y2/v/m < 1 for m = 3 (mod 4) and
m = 1,2 (mod 4), respectively. Hence in both cases we have (2.4).

I. Let m = 3 (mod 4).

TA. The inequality (3.2) implies |Re(8;,)| < ‘y‘%, ie.

2c
(3.3) (221 + 2) — aio (251 +y2)| < P=.

IAL. If 2y; + yo = 0, then (3.3) yields 2z1 + x2 = 0, and the inequality

(2.1) has the form
‘F (zgz\/ﬁ yﬁ;/ﬁ)' <K

2 Y

whence we get (2.5).
TA2. If 2y1 + Y2 75 0, then

2c 2c
(221 + 22) — @iy (201 + y2)| € Ty = -
10 |y|n 1 ‘ (2y1 + y2) + yQZ\/ﬁ n—1

2
2"¢

S o
[2y1 + y2|™~

o 1/n
2 > [ ==
|y1+y2|_<77A> )

Since we have assumed
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Lemma 3.1 implies
|F (221 + 22, 2y1 + )| < 2"c(1 + )" ? H lo; — vy
J#io
whence we get (2.6).
IB. By the inequality (3.2), we have |[Im(3;,)| < IyI%’ ie.

2c
(3.4) Vmlzs — aigys| < s

IB1. If y2 = 0, then (3.4) implies £ = 0 and the inequality (2.1) has the
form

whence we get (2.7).
IB2. If yo # 0, then

2 2 2mn
|z — aipy2| < cn_l = ‘ ) prpy g n . n—1°
vmly| \/E‘ (2y1 + y2) + ygz\/m‘ (v/m)™|ys|
2

Since

iz ()

2"c 1
(\/ﬁ)n (1 + 77) jl;[ |aj — Qg
io

Lemma 3.1 implies

|F(I25y2)| S

which implies (2.8).

II. Let m = 1,2 (mod 4).
ITA. The inequality (3.2) implies |Re(8;,)| < 5=, i.e.

‘y‘nfl Y

C
(35) |$1 — Oéioyll < W

ITA1. If y; = 0, then (3.5) yields x; = 0 and the inequality (2.1) has the
form
|F(ivmza, iv/mys)| < K,
whence we get (2.9).
ITA2. If y; # 0, then
¢

c
ly1 +iy/myz|"~1 T [y |n

c 1/n
77_14 )

C
|$1 - aioyll < |y|n,1 =

Since we have assumed

v

|y1|
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Lemma 3.1 implies

|F(x1,91)] < e(l+n) ! H la; — vy
Jj#io
whence we get (2.10).
IIB. By the inequality (3.2) we have [Im(3;,)| < —‘y‘ﬁ,l, ie.

C
(36) \/E|£L’2 — Oéioy2| § W

IIB1. If yo = 0, then (3.6) implies x5 = 0 and the inequality (2.1) has the
form
|[F'(z1, )] < K

which is just our assertion (2.11).
IIB2. If yo # 0, then
c

C
- < .
ly1 +iv/mya|"~1 T (Vm)"yz |

C
_ o < =
N

Since

ly2| = (W)l/n,

Lemma 3.1 implies

|F(22,y2)| <

(\/ﬁ)n (1 + 77)"7 ]];;[0 |aj — Qg

whence we get (2.12). O

4. How TO APPLY THEOREM 2.1

In this section we give useful hints for a practical application of Theorem
2.1.

Using the same notation let us consider again the relative Thue inequality
(2.1). We describe our algorithm in the case I (for m = 3 (mod 4)) since the
case II is completely similar.

1. If |y| < Cy then we have only finitely many possible values for y and
hence for y1, y2, as well. For each possible y and for all integers u € Zjs
with || < K we calculate the roots of the equation F'(z,y) —p = 0in
xz. For such a root x we calculate the corresponding z1,xs. If x1, 22
are integers, then = € Zy; and (x,y) is a solutions of (2.1).

Alternatively, by |8;,| < K we obtain |z| < K& + max |a;| - Cy.
We can simply enumerate and test the finitely many possible values of
r1,To and y1, ys.

2. Assume that |y| > Cy.

(a) If |2y1 + y2| < 2D, then
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If |y2| < 2D/+/m, then we have only finitely many values
for y1,y2, we proceed as in 1.

If |yo| > 2D/+/m, then we use IB2. We solve F(za,y2) = k
for all k € Z with |k] < 2"E/(y/m)™. We determine the
possible values of y; which satisfy |[2y1 + ya2| < 2D. We
substitute zo,y1,y2 into xoy; = x1y2 to see if there exist
corresponding integer ;.

(b) If |2y1 + y2| > 2D, then we use IA2. We calculate the solutions
X =2x1 +x2,Y =2y1 +y2 of F(X,Y) =k for all k € Z with
|k| < 2"E.

If |y2| < 2D/+/m then there are only finitely many possible
values for yo. We determine y; from Y. Using X = 2z1+x2
we set xo = X — 2x1, substitute o = X — 221,91, y2 into
Toy1 = x1y2 and test if there is a corresponding x; in Z.
If |y2| > 2D/+/m we use IB2. We solve F(xa,y2) = k for
|k] < 2"E/(y/m)™. We determine x1,y; from z3,ys and
X)Y.

For solving absolute Thue equations F'(z,y) = k for certain values k € Z
one can efficiently apply Kash ([4]) and Magma ([2]).

We remark that an appropriate choice of the parameters ¢, of Thereom
2.1 makes the resolution much easier. It is worthy to keep C7,Cy and also D
small, to avoid extensive tests of small possible solutions. On the other hand,
if E is small, then there are fewer Thue equations (over Z) to be solved. Of
course we can not make all these constants simultaneously small, therefore
we need to make a compromise, taking into consideration also the value of K
(which also determines the number of Thue equations to be solved). Usually
it is worthy to try several values of &, before we start solving (2.1).

5. AN EXAMPLE

Let M = Q(iv/5), and let
F(z,y) = a* — 923y — 212%y% + 88xy® + 48y*

and consider the solutions of

(5.1)

|F(l‘,y)| §20 in xayGZM-

The polynomial F(xz,y) is irreducible and the roots of F(xz,1) are approxi-

mately

—3.4271, —-0.49938,2.7581, 10.1684.

We may set A = 2.9278, B = 101.7426. Further, let e = 0.1 and n = 0.1. We
are in case II. Calculating the constants, Theorem 2.1 gives:
Assume |y| > 7.2229. Then:
ITAL. If y; =0, then 21 = 0 and |F(x2,y2)| < 0.8000.
ITA2. If |y1]| > 0.9796, then |F'(z1,y1)| < 36.5157.
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IIB1. If y; = 0, then o = 0 and |F(z1,y1)| < 20.
IIB2. If |ya| > 0.4381, then |F(z2,y2)| < 1.4606.

First we consider the values with |y| < Cy = 7.2229. We have |z| <
207 4 max |aej| - Co = 75.64. Enumerating and testing all possible z = x1 +
ivbxs and y = y; + iv/5Bys satisfying these bounds we obtain the solutions
(xla T2, Y1, y2) = (Oa 0,0, 0)7 (1a 0,0, 0)7 (2a 0,0, 0)7 (1a 0,-2, 0)’ (27 0,—4, 0)7 up
to sign.

If y1 = 0 then by ITA1 we have x; = 0 and |F(z2,y2)| < 0.8, whence
|F($2,y2)| = 0, Xro = O,yg =0.

If y = 0 then by IIB1 we have zo = 0 and |F(x1,y1)] < 20. Using
Magma we solve F(x1,y1) = k for —20 < k < 20. We obtain the solutions
(z1,11) = (0,0),(1,0),(1,-2),(2,0), (2,—4), up to sign. These bring the
above solutions (x1,x2,y1,y2) again.

From now on we assume that y; # 0 and yo # 0.

If |ly1| < 0.9796 and |yz| < 0.4381 then by ITA2 we have |F(x1,y1)] <
36.5157 and by IIB2 we have |F(x2,y2)] < 1.4606. In addition to the
above calculation we solve F(z1,y1) = k for 21 < |k| < 36 but we do not
get any further solutions. Hence the solutions of |F'(z1,y1)| < 36.5157 are
(z1,91) = (0,0),(1,0),(1,-2),(2,0),(2,—4), up to sign. Also the solutions of
|F(z2,y2)] < 1.4606 are (x1,y1) = (0,0),(1,0),(1,—2), up to sign. Testing
these possible (x1,z2,y1,y2) we do not get any new solutions.

If either |y1] < 0.9796 or |y2| < 0.4381 then y; = 0 or ya = 0 which cases
we have already considered.

Hence all solutions of (5.1) are (z,y) = (0,0), (1,0),(2,0), (1,—2), (2, —4),
up to sign. The calculation takes just a few seconds.
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