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Abstract

Let A be a commutative domain of characteristic 0 which is finitely generated over Z as
a Z-algebra. Denote by A* the unit group of A and by K the algebraic closure of the
quotient field K of A. We shall prove effective finiteness results for the elements of the
set

C:={(z,y) € (A")*|F(2,y) = 0}

where F(X,Y) is a non-constant polynomial with coefficients in A which is not divisible
over K by any polynomial of the form X™Y"™ — a or X™ — aY™, with m,n € Zso,
max(m,n) > 0, a € K. This result is a common generalization of effective results
of Evertse and Gy6ry (2013) on S-unit equations over finitely generated domains, of
Bombieri and Gubler (2006) on the equation F(z,y) = 0 over S-units of number fields,
and it is an effective version of Lang’s general but ineffective theorem (1960) on this
equation over finitely generated domains. The conditions that A is finitely generated and

F is not divisible by any polynomial of the above type are essentially necessary.
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1. Introduction.

Let A be a commutative domain of characteristic 0 which is finitely generated over
Z, K the quotient field of A and A* the unit group (multiplicative group of invertible

elements) of A.

Let F € A[X,Y] be a non-constant polynomial. By a result of Lang [20] from 1960,
the equation

F(z,y)=0 inz,ye A (1.1)

has only finitely many solutions, provided F is not divisible by any polynomial of the

form
XYY" — « or X —aY" (1.2)

for any non-negative integers m,n, not both zero, and any o € A*. Lang’s proof is
ineffective. The conditions imposed in Lang’s theorem, i.e., that A be finitely generated
and F' not be divisible by any polynomial of type (1.2), are essentially necessary. Bombieri
and Gubler [5] (Theorem 5.4.5) gave an effective proof of Lang’s result in the case that A
is the ring of S-integers in a number field, and this was made more precise, with explicit
upper bounds for the heights of x,y, by Bérczes, Evertse, Gy6ry and Pontreau [4].

Using the method developed by Gyéry [15], [16] and Evertse and Gy6ry [12], we give
an effective proof of Lang’s result for arbitrary finitely generated domains A, i.e. we show
that given suitable representations for A and the coefficients of F', one can in principle
effectively determine the solutions of (1.1) under a slightly stronger condition then (1.2),
namely in (1.2) we allow a € K instead of v € A*. In fact, we give a quantitative version

of this, with upper bounds for the sizes of z and y.

The precise statement of our result, together with the necessary definitions, is given in
Section 2. Below, we give a brief overview of further earlier work related to our result.

With the choice F(X,Y) = ax + by — ¢ our equation contains as a special case the unit

equation
ar+by=c inz,y e A" (1.3)

The investigation of unit equations is one of the classical topics in diophantine number
theory. For the unit equation (1.3) over the unit group of a domain A, the first general
finiteness result is due to Siegel [24], who proved finiteness of the number of solutions
over the unit group of the ring of integers of a number field. Building further on results
of Mahler [22] and Parry [23] in 1960 Lang [20] extended the finiteness result to the case
when A is a finitely generated domain over Z. However, all these results were ineffective.
The first general effective finiteness result for S-unit equations is due to Gyéry [13], [14].

His proof depends on Baker’s method, i.e. on estimates for linear forms in logarithms.



Later Gyéry [15], [16] introduced an effective specialization method and proved effective
finiteness theorems for unit equations over finitely generated domains from a restricted
class that have transcendental elements. Recently, Evertse and Gyéry [12] improved
the method of Gyéry and extended these finiteness results for the case when A is an
arbitrary domain which is finitely generated over Z. The main result of the present paper
is a common generalization of this result of Evertse and Gyéry [12], and the above
mentioned result of Bombieri and Gubler [5] (Theorem 5.4.5) and of Bérczes, Evertse,
Gyéry and Pontreau [4] (Theorem 2.1).

It is also worth recalling some historical facts on effective finiteness results for diophan-
tine equations over finitely generated domains. The first effective results for diophantine
equations over finitely generated domains date back to the 1980’s, when Gydry ([15],
[16]) developed an effective specialization method and proved effective results for norm
form, index form and discriminant form equations, unit equations, and for polynomials
and integral elements of given discriminant over a wide class of finitely generated integral
domains. Using the method of Gyory other types of equations have been studied in this
generality by Brindza, Pintér, Végss and others (see [6], [7], [9], [8]).

Recently, using results of Aschenbrenner [1], Evertse and Gyéry [12] extended the
specialization method of Gyéry, and proved effective finiteness results for unit equations
over arbitrary finitely generated domains. Later Bérczes, Evertse and Gy6ry [3] proved
effective results for Thue equations, hyper- and super-elliptic equations, and the Schinzel-

Tijdeman equation over arbitrary finitely generated domains.

The organization of the paper is as follows. In Section 2 we present our main result.
The other sections are devoted to the proof of our main theorem. In Section 3 we present
preparatory results for the proof: on the one hand we reformulate condition (1.2) in a form
which can be easily checked effectively, on the other hand we prove effective estimates
for the ged of polynomials. In Section 4 we construct a domain B O A that is easier
to handle and show that our result, proved for the domain B instead of A, implies our
result for A. Finally Sections 5 and 6 contain the proof of the above mentioned extended

result.

2. Results
2-1. Notation

Let r > 0 and let A := Z[z1,...,2,] be a domain of characteristic 0 which is finitely

generated over Z. Clearly, A can be expressed as a factor ring

A=7[Xy,...,X,]/T, (2.1)
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where 7 is the ideal of R := Z[X1, ..., X,] which consists of all polynomials f € R with
the property f(z1,...,2,) = 0. The ideal Z is finitely generated, so we may write

I:(fla--~7ft) with fl,...,ftEZ[Xl,...,Xr]. (22)

In fact in this way the polynomials f1, ..., f; fix a representation for the domain A. Recall
that A is a domain of characteristic 0 if and only if Z is a prime ideal, and ZNZ = ().
Given a set of generators fi,..., f; for I this property can be checked effectively (see [1]
and [18]).

Let K denote the quotient field of A. We say that the polynomial f € R represents
a € A if we have f(z1,...,2.) = a. Further we say that the pair (f,g) € R? represents
peKitggT(ie g(z1,...,2-) #0)and % = . We will also use the terminology
that f is a representative for «, or (f,g) is a pair of representatives for [3. Clearly,
any element o € A has infinitely many representatives, and any § € K has infinitely
many pairs of representatives. However, since one can effectively decide whether a given
polynomial of R belongs to a given ideal of R or not (see [1]), one can also effectively
decide if two polynomials represent the same element of A, or if two pairs of polynomials of
R represent the same element of K. Indeed, two polynomials f, f' € R represent the same
element o € A if and only if f — f’ € Z, and two pairs of polynomials (f, g), (f’, ') € R?
represent the same element 8 € K if and only if f¢' — f'g € T.

We shall measure elements of A by their representatives. For a non-zero polynomial
f € R let us denote by deg f the total degree of f and by h(f) the absolute logarithmic
height of f, i.e. the logarithm of the maximum of the absolute values of its coefficients.
Further we define the size of f by

s(f) := max(1, deg f, h(f)).
For the constant 0 polynomial we define s(0) := 1.

Throughout the paper we shall use the notation O(-) to denote a quantity which is
¢ times the expression between the parentheses, where c is an effectively computable
positive absolute constant which may be different at each occurrence of the O-symbol.
Further, throughout the paper we write log* a := max(1,loga) for a > 0, and log* 0 := 1.

2-2. Results

Let A be a finitely generated domain given in the form (2.1), where the ideal Z is
generated by the polynomials f1,..., fi € Z[X1,...,X,]. Let K denote the quotient field
of A and denote by K the algebraic closure of K.

Let F(X,Y) = > jer ai; X'Y7 € A[X,Y] be a polynomial of total degree N :=



deg F', and suppose that F fulfils the following condition:

F' is not divisible by any non-constant polynomial of the form

s (2.3)
X"Y" —a or X™—aY" where m,n € Z>pand a € K .
Further, suppose that we are given representatives a;; € Z[X1,...,X,] of a;; € A,
respectively. Put F(X,Y) := ", -, a5 X'V, We assume that
deg f1,...,deg fi,dega;; < d for every (i,j5) €l (2.4)

h(f1)7' . 7h‘(ft)’h(dl_j) S h for every (Z7J) € I7

where d, h are real numbers with d > 1 and kA > 1. In Section 3 we show that condition
(2.3) is effectively decidable in terms of f1,..., f; and the a;;.

THEOREM 2-1. If A is a finitely generated domain as above, and F fulfils the condition
(2.3) then for all elements (x,y) of the set

C:={(z,y) € (A")?|F (z,y) = 0} (2.5)

1

there exist representatives &, §, @ and i of =, y, £~ ! and y~!, respectively, such that

s(2),s(9),s(2'),s(y') < exp {(Qd)e"po(r)@N)(log* N)-exp O(r) . (p, 4 1)3} ) (2.6)

We mention that the above result is effective in the sense that it provides an algorithm
to determine, at least in principle, all elements of the set (2.5). Indeed, there are only
finitely many polynomials of Z[X1,...,X,] below the bound in (2.6) and these can be
effectively enumerated. Further, (z,y) € C is clearly fulfilled if and only if there are
polynomials z,9,%',3y' € Z[X1,...,X,] with their sizes below the bound (2.6), which
fulfil

i3 -1,5-9 -1, F(z,9) € . (2.7)

So we can enlist all 4-tuples (Z,7,2’,3") with s(Z), s(9), s(’), s(¢') being smaller than
our bound, then (using an ideal membership algorithm) check if (2.7) is fulfilled. Finally,
we have to group all the tuples in which (Z, §) represent the same pair (z,y) € (A*)2
and pick out one pair from each group. So we get a list consisting of one representative
for each element of the set (2.5).
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3. Preparations for the proof of Theorem 2-1
3-1. Analyzing the condition (2.3) posed on F

Let A, K, K be as in Section 2-2 and let F(X,Y) € A[X,Y] be a bivariate polynomial
given by
FX,)Y)= Y a; X'V,
(.)€l

where I C Z2%, is a finite set, and 0 # a;; € A are fixed for (i,5) € I. Denote by N the

total degree of F' and by n(F) the number of non-zero coefficients of F.

For any partition P = (I1,...,I) of I with |[;] > 2 for I = 1,...,k we define the

Z-module
A(F‘7 P) = <{(i1,j1) — (ig,jg) | (il,jl), (’L'Q,jg) e I for some [ = 1,..., k‘}>

i.e. the Z-module defined by all differences of pairs of exponents (i, ;) belonging to the
same set in the partition P. Let r(F,P) denote the rank of the Z-module A(F,P).

In the sequel, for any solution (z,y) of the equation
F(z,y)=0 in z,yecA” (3.1)
we say that a partition P of I corresponds to F' and (z,y) if P = (I1,...,Ix) such that
(i) huLU---Uly,=1,LnIj=0fori#j, I #0forl=1,....k

(ii) x,y is a solution of the following system
Z ai;r'y’ =0 for 1=1,...,k. (3.2)
(i’j)eIl

(iii) Z(i,j)elo a;;x'yd # 0 for any proper subset I of any of the sets I for [ = 1,... k.

In this case we shall also say that (z,y) is associated with the partition P. We mention
that a;; # 0, z,y € A* and (3.2) imply |[;| > 2 for I =1,... k.

Let us analyze now the case when for a given partition P the rank of A := A(F,P) is
1. This means that there exists a pair (m,n) € Z? with ged(m,n) = 1 such that for any
two elements (4,7), (¢',5") € I for I = 1,...,k we have (i,j) — (¢',j') = t- (m,n) with
t €Z, |t| < N. Fixing an element (4, 5;) € I; for I = 1,...,k we get that every (i,7) € I
can be written as (4, §) = (i, 5i) +t;j(m,n), for [ =1,..., k, with some t;; € Z, |t;;| < N.
Thus the system (3.2) is equivalent to the system

Xy N oa (XY™ =0 for 1=1,...,k.
(4,59)€l;
By multiplying these equations by suitable powers of X™Y™ we see that it is equivalent

to a system

g(X"Y™") =0 for 1=1,...,k, (3.3)



where g; € A[X], g1(0) #0for i =1,...,k and

g(X) = > ai; X", (3.4)
(4,9)€L
where 0 < s;; < 2N. We shall call (g1,...,g%) the polynomial system corresponding to
the partition P. Now the fact that (3.1) has a solution associated with P is equivalent to
the system (3.3) having a solution z,y € A* which can happen only if the polynomials
gx(X) have a common root a € A*, i.e. X — « divides g; for all [ = 1,...,k, which
contradicts the assumption (2.3). Now we are ready to state two Propositions:

PROPOSITION 3:1. Let F(X,Y) € A[X,Y] be a polynomial. Then F satisfies condition

(2.3) if and only if for any partition P = (I1,...,Ix) of I we have one of the following:
(i) r(P)=2, or

(ii) r(P) =1, and the polynomial system (g1,...,gx) € A[X]* corresponding to P has
the property

ged(g1, ... 96) =1 in K[X].

Proof. First suppose that (2.3) holds. Let P be any partition of rank 1 and assume
ged(gr, - .-, gx) # 1 over K. Thus there exists a € K with g;(a) =0 fori=1,...,k, thus
XY™ —aor X™ — o™ divides F for some m,n € Z>o, which contradicts (2.3).

Conversely, we show that if F' has a factor of the form X™Y"™ — « or X" — aY™ with
m,n € Zxo and o € K then there exists a partition P of I such that r(P,F) = 1 and
ged(gy, ..., gx) # 1 over K. To simplify the proof we consider F' as a Laurent polynomial.
Then an equivalent formulation of our assumption is that F' has a non-constant divisor
of the form X™Y™ — o with m,n € Z and a € K. Clearly, we may suppose (m,n) = 1,
thus there exist m/,n’ € Z with mn’ —nm/ = 1. Put U = X™Y" and V = X™' Y™, and
define the Laurent polynomial F’ by F'(U,V) = F(X,Y). Now F’ is divisible by U — a,
thus we have F'(«, V') = 0. If we write

k
F'(U.V) =) V'g(U)
i=0
then by F’(a, V') = 0 we must have g;(«) = O for alli = 1,..., k, and thus ged(g1, ..., 9%) #
1 in K[U]. Writing F in the form

k
i=0
induces a partition P = (Iy,...,Ix), with (P, F) = 1 and ged(g1,...,9x) # 1 over K.
This concludes the proof of the proposition. []

PROPOSITION 3-2. Let F(X,Y) be a polynomial satisfying (2.3) and fix a solution
(x,y) of (3.1). Let P = (I1,...,Ix) be a partition of I corresponding to F' and (x,y) and
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let A := A(F,P) be the Z-module corresponding to the solution (x,y) and the partition
P. Then we have

r(P)=2.

Proof. This is a direct consequence of Proposition 3-1, since for a solution (x,y) and a
partition P associated with it, with »(A(F,P)) = 1 the corresponding polynomial system
must consist of co-prime elements, which contradicts (ii) of Proposition 3-1, i.e. only
r(A(F,P)) =2 is possible. [

The above two propositions mean in fact, that for a polynomial fulfilling condition (2.3)
there might exist partitions of I of rank 1, but these are never partitions corresponding
to a solution.

3-2. Effective estimates for the gcd of polynomials

For a polynomial P € C[X] let ||P||1 denote the sum of the absolute values of the
coeflicients of P.

PROPOSITION 3:3. Let A be a finitely generated domain as in Section 2-2 and K its
quotient field. Let k,p € N be with 281 < p < 2F and let

5
gi(X) ::inijeA[X] for i=1,...,p
3=0
be non-zero polynomials such that ged(g1,...,g,) in K[X] has degree dg. Let x := (245 :
t=1,...,p,7 =0,...,0) be the vector consisting of the coefficients of the polynomials

91,--~7gp-

Then there exist polynomials Py, . .., Ps, with integer coefficients, in p(d + 1) variables

0
with the following properties:
(i) degP; < (26)%, and ||Pj||y < (26)20+(20)++(20)" .

(ii) There are polynomials uy,...,u, € A[X] such that
do
urgr + -+ uUpgp = Z Pj(X)ij
§=0
where not all Pj(x) are 0.

For the proof of Proposition 3-3 we need the following:

LEMMA 3-4. Let A be a finitely generated domain as in Section 2-2 and K its quotient
field. Let g1, g2 € A[X] be non-zero polynomials with deg g1 = n1, deggs = na, and such
that ged (g1, g2) in K[X] has degree dg. Then there exist polynomials uq,us, g € A[X] with

w191 + u292 = g, (3.5)



with degu; < no—3G8p—1, degug < ny—3dp—1, degg = 6o, and such that the coefficients of
g are determinants of order nq+no — 269 of which no — dg columns consist of coefficients
of g1 and n1 — &y columns consist of coefficients of go. Further, in this case we have
automatically g = ged(g1, g2) in K[X].

Proof. By properties of the ged of polynomials over a field there exist g = ged(g1,92) €
K[X] and u1,uz € K[X] with (3.5), and reducing u; modulo g2/g, and ug modulo g1 /g
it is clear that we may choose uy,us such that degu; < no — dg — 1 and degus <
ny — & — 1. Further the triple (uj,us2,g) is unique up to a common constant factor
from K. Multiplying the identity by a common multiple of all the denominators of the
coefficients of g, u1,uz we can guarantee also g, uy,us € A[X]. Write

na—3dp—1 n1—dp—1

S
Uy = Z xiXi, Ug 1= Z ini g= ZoziXi.
i=0 =0 =0

Then by equating coefficients, the polynomial identity

u1g1 + uzge —g =20

is equivalent to a system of linear equations

z
—I Fu Fuo) < =
0 [y Fy

y

in the variables x;, y;, 2;, consisting of ny1 + ny — ¢ linearly independent equations. In

=

this system the block —1I is the negative of a unit matrix of order dg + 1, Fi1 and F5
are blocks (of ng — dg columns) consisting of coefficients of g; and Fio and Fay blocks (of
ny — dp columns) consisting of coefficients of gs.

The solution subspace of this system of equations is one-dimensional, and we have
one more unknown than the number of equations. Hence the equations in the system
are linearly independent. Further, this system of equations has the non-zero solution
(A1, —Ag, ..., +An 4ny—s0+1) T, where A; denotes the determinant of the matrix ob-
tained from the matrix of our system by removing the ¢th column. So we may take

9(X) = A — Ao X + Az X? 4o+ Agp 1 X

This concludes the proof of our lemma. []

Proof of Proposition 3-3 We may assume without loss of generality that p = 2, oth-
erwise we copy some of the polynomials g1, ..., g, to have 2% polynomials.

Now we use induction on k. For k = 1 the statement is true by Lemma 3-4. So we
assume that the statement of our proposition is true for £k — 1 and we prove it for k.
Suppose that

degged(g1, ..., gor-1) = di, degged(gor—141,-.,92¢) =do  in K[X].
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Then by the inductive assumption there are polynomials vy, ..., v—1 € A[X] with

o1 d
D vigi =Y Quj(x1) X,
i=1 =0

where not all Q)1; are zero and where x; is the vector consisting of all coefficients of the

polynomials g1, ..., gar—1, and there also exist polynomials vor—11,...,vox € A[X] with
2k do
> wigi =) Qaj(x2) X7,
i=2k—141 Jj=0

where not all ()2; are zero and where x» is the vector consisting of all coefficients of the

polynomials gor-111,...,gox. Further, by the induction hypothesis we may assume
degQij < (2071, [|Qujllx < (20)2+ T = ()
fori=1,2and j =0,...,d;. By Lemma 3-4 there are wy,ws € A[X] such that

dl d2 50
wy ZQlj(Xl)Xj + wa Zsz(X2)Xj = ZPJ(X)Xj’
=0

j=0 j=0
with Ps, # 0, and where P; is a determinant of order dy + d — 2dp of which dy — dg
columns consist of polynomials Q1; (j =1,...,d1) and d; — dy columns of polynomials
ng (] = 1, PN 7d2). This implies

deg Pj(x) < (dg — 80)(20)F 71 + (dy — 60)(20)F 7 < 5(28)* 71 + §(28)F 1 < (20)*,

and
1P;|ly < {(dy + dz — 280) - ¢(8)} 7% - {(dy + do — 280) - ¢(8)} 1~

< {(25)6 . (26)5-(26+--~+(26)k_1)}2 < (25)25+---+(25)k.
This concludes the proof of Proposition 3-3. [
COROLLARY 3-1. Let A be a finitely generated domain as in Section 2-2 and K its

quotient field. Let k,p € N be with 281 < p < 2F and define the polynomials

1

g:(X) ::Za:UXjEA[X] for i=1,...,p.
7=0

Further, suppose that the coefficients x;; € A have representatives T;; with
degZ;; < d, h(Z;j) < h,

where d > 1 and h > 1 are given real numbers. Suppose that
ged(g1,...,9,) =1 in K[X].

Then there exist polynomials u1, ..., u, € AX] such that

ulgl+"'+upgp:R7
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where R € A, R # 0, and R has a representative R with
deg R < d(20)*,  h(R) < (26)2(d + 1)rh.
Proof. Put x := (z;; : ¢ =1,...,p,5 = 0,...,0) be the vector consisting of the

coefficients of the polynomials g1,...,g,. By Proposition 3-3 there exist polynomials
u1,...,u, € A[X] such that

urgr + -+ upgp = Po(x),
where Py(X) is a polynomial in p(é + 1) variables with integer coefficients and with
deg Py < (26)*, |1Pollx < (25)26+(26)2+~~+(26)’“.
This together with deg Z;; < d proves
deg R < d(20)*.
Clearly by the assumptions of the corollary we have
|Zij]l1 < (d+1)"h,

thus
1RI = (| Polla((d+1)"h) " < (26(d + 1)7h) D"
and finally we get
h(R) <log||R||; < (28)F+%(d + 1)rh.

O

4. Extending A to a larger ring
First we shall extend our domain A to a larger domain B and prove an effective result
for the set
¢ = {(z,y) € (B")?|F(z,y) = 0}

The main advantage of this will be, that we choose the larger domain B such that it will

be easier to do effective computations with elements of B then it is with elements of A.

Recall that A = Z[z1,...,2.] is a finitely generated domain, and let us denote by K
the quotient field of A. Let fi,..., f; be the generators of the ideal Z that defines our
domain A (see (2.1), (2.2)) and put

dp := max(1,deg f1,...,deg f;), ho :=max(1,h(f1),...,h(ft))- (4.1)

Let ¢ > 0 denote the transcendence degree of K and suppose without loss of generality
that z1,..., 2, is a transcendence basis of K/Q. Put

Ko :=Q(z1,...,2), Ag =2z, ..., 24, (4.2)
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with the convention that in the case ¢ = 0 we put Ky = Q and Ay = Z. For elements
0 # f € Ag we will use the notation deg f and h(f) for the total degree and logarithmic
height of f, respectively, viewed as a polynomial in the unknowns z,..., 2., with the
convention that in the case ¢ = 0 we put deg f := 0 and h(f) := log|f].

The field K is clearly a finite algebraic extension of Ky, so we have K = Ky(w) for
some w € K. We shall see that w may be chosen in such a way that it is integral over
Ap, the degree of its minimal polynomial, and the degree and height of the coefficients of
its minimal polynomial are bounded. Further, there exists an element f € Ag, such that
A C Ap[w, f~1] := B, some "important” elements are units in B, and the degree and
height of f is also bounded. This is described more precisely in the following proposition.
Recall that a;; denote the coefficients of F' and N is the total degree of F' in Theorem
2-1. Let us use the notation logs = := max(1, log, x).

PROPOSITION 4-1. (i) There exists an element w € A which is integral over Ay such
that K = Ko(w) and having minimal polynomial
F(X)=XP + A XP~ 4+ + Fp € Ag[X]
over Ko of degree D < dj™ 7, such that
deg Fi < (2do)™* ", h(Fi) < (2d0)™® O (ho +1) (4.3)

fork=1,...,D.
(i) Let R € A and suppose that R has a representative R with

deg R < d(4N)s2N p(R) < (4N)©82 N+2(d 4 1)rh. (4.4)
Then there exists a non-zero f € Ag such that
A C Aglw, f71,
aij € Aolw, f1]* for (i,5) eI (4.5)
R € Aglw, f71]*
and
deg f < (2d)"PO0) . (2N)lo8" NeexpO(r)

* 4.6
h(f) < (Qd)expO(r) . (2N)log N-exp O(r) . h ( )

Remark. The element R above for the moment may be any R € A with (4.4), and it
will be specified at the very end of our proof in equation (6.18).

Proof of Proposition 4-1 In the proof for convenience we shall use Proposition 3.1 of
[3]. However, this proposition is just a suitable reformulation and combination of Propo-
sition 3.4, Lemma 3.2, (i), and Lemma 3.6. of Evertse and Gy&ry [12]. In principle (i) of
the present proposition is exactly (i) of Proposition 3.1 of [12].
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To prove (ii) we will use (ii) of Proposition 3.1 of [3] with the choice
{on,...,ar} = {as;, for (i,j) € I} U{R}.

Thus we have k = n(F) + 1 < O(N?), where n(F) denotes the number of non-zero
coefficients of F'. Further, we may choose v; to be 1, and u; to be one of the polynomials

a; for I = 1,...,k — 1, and we also may choose v, = 1 and u, = R which gives the
estimates

d™* = d(4N)°e: N and B = (4N)°2 NF2(d 4 1)rh.

Now we use statement (ii) of Proposition 3.1 of [3] and we choose a larger constant in
the O(+) symbol to simplify the expressions in the bounds. This concludes the proof of
our Proposition 4-1. [

Next we introduce a new representation for the elements of the field K. As in Propo-
sition 4-1 we denote the degree of K over Ky by D. Since K = Ky(w) every element
«a € K can be written uniquely in the form Z]D:Bl R jw?, where R, ; € Ko. Since K is
the fraction field of Ay, and A is a unique factorization domain (indeed, z1,..., 2, are
algebraically independent), there exist Pa,...,Pa,p—1,Qa € Ao such that the above

representation can be rewritten in the form

D—-1
a=Q." Y Pojw with Qu#0, ged(Pao,. ., Pap-1,Qa) =1 (4.7)
=0

Further, the tuple (Pa,..., Pa,p-1,Qa) in the representation (4.7) of « is up to sign

uniquely determined.

Using this representation we introduce two new concepts which will turn out to be
useful to measure elements of K. Let us define

deg o := max(deg P,.0, . . .,deg Py, p—1,deg Qu) (4.8)
h(a) :=max(h(Pao),---,h(Pap-1), MQs)),
with the convention that for ¢ = 0 we define deg v = 0 and h(a) = logmax(|Paol, - -, |Pa.p-1/,|Qal)-

The following Lemma shows that dega and h(a) may be bounded by the height and
degree of representatives for «, the bound being dependent also on parameters of A, and
conversely, & € A has a representative whose height and degree are bounded by deg «

and h(a), the bound again being dependent also on parameters of A.

LEMMA 4-2. (i) Let « € K* and let (a,b) be a pair of representatives for o with
a,be Z(Xy,...,X,],b& 1. Put

d* = max(dy,dega,degb) and h* :=max(ho,h(a),h(D)).
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Then
dega < (Zd*)c"po(’")7 E(a) < (2d*)°"po(’")(h* +1). (4.9)

(i) Let « be a nonzero element of A, and put

d := max(dy, deg o), b= max(hg, h(x)).

Then « has a representative & € Z[ X7, ..., X,| such that

{ deg @ < (2d)POr1oe™ ) (h +1), (4.10)

h(a) < (QC/Z\)expO(Tlog* ) (ﬁ + 1)+,

Moreover, if a € A* then a~! has a representative &' € Z[X, ..., X, with

(4.11)

deg &' < (2;1\)cxp O(rlog™r) (Tl 4 1)’
h(0~/ < (2C/Z\)exp0(rlog* r)(ﬁ + 1)7'-‘,—1_

Proof. Statement (i) is Lemma 3.5 in Evertse and Gyéry [12], while (ii) is a special
case of Lemma 3.7 of Evertse and Gy6ry [12] with the choice A =1 and a = b = 1. See
also Lemma 3.4 and Lemma 3.5 of [3]. [

In the following proposition we shall state a generalization of our Theorem 2-1 and
then we show how our Theorem 2-1 follows from that. Then the rest of the paper will be
devoted to the proof of this more general proposition.

PROPOSITION 4-3. Let w and f be as in Proposition 4-1 and put
B = Ao[f ™", w].
Then for every element (x,y) of the set
¢ = {(z,y) € (B")?*|F(z,y) = 0}
we have

degz, degy < (2d)PO) . (2N)los” N-exp O(r) (4.12)

h(z), h(y) < exp {~(2d)EXPO(T)(2N)1°g* Ne® O . (h 4 1)3} : (4.13)

Now we give the proof of Theorem 2-1 using Proposition 4-3, which will be proved in

the next two sections.

Proof of Theorem 2-1 Let (z,y) € C. Since A C B we also have (z,y) € C’ where
B = Aplf !, w], with f,w satisfying the conditions specified in Proposition 4-1. Then
we use Proposition 4-3, to infer (4.12) and (4.13), and then we apply Lemma 4-2 (ii) to
x and y, to show that z, y, v~ ! and y~! have representatives &, 7, ', 9’ € Z[X1,..., X,]
with (2.6). O
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5. Bounding the degree in Proposition 4-3

In this section we shall consider K as a function field in one variable, and we shall

prove (4.12) using earlier results of Brownawell and Masser [10] for function fields.

We recall the definition of valuations and height on function fields in one variable.
Let k be an algebraically closed field of characteristic 0, z a transcendental element over
k and M a finite extension of k(z). Denote by gas/ the genus of M, and by My the
collection of valuations of M /k, which are the discrete valuations of M with value group
Z which are trivial on k. Recall that these valuations satisfy the sum formula

Z v(a) =0 for ae M™.
vEM s
For a finite subset S of My, an element o € M is called an S-integer if v(a) > 0 for

all v € My \ S. The S-integers form a ring in M, denoted by Og. The (homogeneous)
height of a = (av, ..., q;) € M! relative to M/k is defined by

H;\k(a) = H}\k/[(ala ceey al) = Z min(v(al)a cee 7U(al))'
vEM M
The height of o € M relative to M/k is defined by
Hy(a) = Hyp(1,a) = = Y min(0,v()).
vEM

We have Hjps(«) = 0 if and only if « € k.

First we recall a Lemma of [3] which will be useful for bounding the genus:

LEMMA 5-1. Let k be an algebraically closed field, z a transcendental element over k
and put M =k(z). Let
F=foX'+ X' 4+ fy € MIX]

be a polynomial with fo # 0 and with non-zero discriminant. Let L be the splitting field
of F' over M. Then we have

gr/x < [L: M]-Ilmax(deg fo, ..., deg fi).
Proof. This is a special case of Lemma 4.2 of [3]. [

PROPOSITION 5-2. Let k be an algebraically closed field of characteristic 0, z a tran-
scendental element over k and M a finite extension of k(z). Denote by gy the genus
of M and let S be a finite set of valuations of M. Denote by Og the ring of S-integers
of M, and by OF its unit group. Consider the equation

U+ -+ uy, =0 n UL, .-, Uy € OF. (5.1)
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For every non-degenerate solution uq, ..., u, of the above equation we have

Hy(ug, .. oun) < =(n—1)(n —2)(|S] + gar/x)-

DN =

Proof. This is in fact a variant of Corollary I of Brownawell and Masser [10], modified
according to the remark after Theorem B of [10]. [

PROPOSITION 5-3. Let k be an algebraically closed field of characteristic 0, z a tran-
scendental element over k, M a finite extension of k(z), and M the algebraic closure
of M. Denote by gnryx the genus of M and let S be a finite set of valuations of M.
Denote by Og the ring of S-integers of M, and by OF its unit group. Let F(X,Y) =
DoGig)er ai; X'Y7 € Og[X,Y] with a;; € O% for (i,j) € I, be a polynomial which fulfils
the condition that

F is not divisible by any non-constant polynomial of the form

_ 5.2
XYY" —a or X™—aY", where m,n € Z>y and o € M. (5:2)

Assume that Hyr(a;5) < Hy for all (i,j) € I. Then for every x,y € O% with
F(z,y)=0
we have
Har(x), Ha(y) < 2deg F (n(F)? - (IS + gmyx) +2Ho) .-

where n(F) denotes the number of non-zero terms of F.

Proof. Since the coefficients of the polynomial F' are S-units, we may consider the
equation
Z aijz'yl =0 in z,ye€0% (5.3)
(6.5)€l
as an equation of type (5.1). Let us fix a solution x,y of the equation. If there are

vanishing sub-sums in the left hand side of (5.3) then all these vanishing sub-sums form

individually an equation of type (5.1), and we get a system of the form

Yiern tir'y =0 in -,y €Oy
.................. (5.4)
> per, 4Ty’ =0 in z,y€ 0,

such that none of these equations has a proper vanishing subsum. Let P = (Iy,..., Ix).

As explained in Section 3 condition (5.2) implies that rank A(F, P) = 2. By dividing each
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equation of (5.4) by one of its terms we get

1+ > gty =it = () in z,ye O
(i))el\{G1,1)}r
.................. (5.5)

1+ 3 gty =0 = () in z,y € Of,
(@) el \{(in.g)}  *'F

where we have (i;,5;) € I for I = 1,...,k. Now we apply Proposition 5-2 to these
equations. The number of terms of each equation is bounded above by n(F), so we get

Hy <‘”jz“ly“l> s%((l,‘“’xi“w : (i,j>ezl\{<z'l,jl>}>)
g, 5, A4, 5,
< Hy((aigz'y’ « (i,5) € L)) < n(F)?- (IS] + gnsi)

for every I =1,...,k and every (4,7) € I; \ {(i1,71)}. Thus we have

Hyy (27 77t) < n(F)? - (|S] + gajx) + Hu ( o )

Qigjo
<n(F)? - (IS| + gayx) + 2Ho,

which means that we have
Hy (z%9°) < n(F)? - (|S] + gnyi) + 2Ho,

for every (a,b) = (u1 — ug,v1 — vg) with (uy,v1), (ug,v2) € I; for some I = 1,... k.
However A(F, Py, (F')) is the Z-module generated by these elements, and it has rank
2. Thus among these generators there exist (a1,b1), (az,be) with a1bs — asby # 0. By
putting z; := 2% y" and 2y := %2y we have

parbz—azby _ 211?222—171 ai1bz—azby _ 25121—027
and we get the estimate
HM(.T) < 1 HM(Zb2Z_b1) < |b2|HM(Zl)+ |b1‘HM(22)
= |a1ba — agb| ts la1ba — asbi|

< 2deg F (n(F)*- (S| + gyx) + 2Ho) ,
and similarly
Hu(y) < 2deg F (n(F)? - (IS + gayi) + 2Ho) -

This concludes the proof of the proposition. []

Recall that A = Z[z,...,2,], K denotes the quotient field of A, z,...,2, form a
transcendence basis for K, Ay := Z[z1,...,24], and Ko := Q(#1, ..., 2,). Further, let w
be a primitive element of the extension K/Kj, which is integral over Ag and has the
properties specified in (i) of Proposition 4-1, and let f € Ap be an element with the
properties specified in (ii) of Proposition 4-1. As above, put B := Ag[w, f~!].
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Now let us fix i € {1,...,q} and for each such fixed i put

ki = Q21,5 Zim1, Zig1s - - -5 Zq)-

Clearly, we shall have Ay C k;[z;], where k; denotes the algebraic closure of k;. Let
w® =w,...,wP) denote the conjugates of w over Ky, and put

M; :=k; (zi,w(l), . ,w(D)> ,
B; :=k; [zi,w(l), e 7U)(D),f_1} .
Then clearly M; is the splitting field of the polynomial
F(X)=XP + R XP7 4+ + Fp € Ag[X]
over k;[z;], where F(X) is the minimal polynomial of w over K. Further, we have
B C B;.

Let A; := [M; : k;(z;)] and denote by 9o, ks the genus of M, /k;, and by Hys, the height
taken with respect to M;/k;. In the following lemma we shall use the quantity

dy := max(dy,deg f,deg Fi,...,deg Fp), (5.6)
and later we will use that by Proposition 4-1 we have the estimate

dy < (2d)exp Oo(r) . (QN)log* N-exp O(r). (57)
To bound the deg of an element of K we shall use the following:

LEMMA 5-4. Let o € K* and let by oV, ..., aP) be the conjugates of a corresponding

to w, .. wP), respectively. Then we have:
q D
diega S qul + Z A;l Z HJWI.(CE(J)).
i=1 j=1

Proof. This is Lemma 4.4 in Evertse and Gyéry [12]. [J

Conversely, we have the following:

LEMMA 5-5. Let « € K* and oM, ..., aP) be as in Lemma 5-4. Then we have
max Hyy, (o)) < A, (2Dd7ega + (ZdO)GXPO(r)> . (5.8)
¥

Proof. This is Lemma 4.4 of [3]. [

Now we use Proposition 5-3 and Lemma 5-4 to prove statement (4.12) of Proposition
4-3:
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Proof of (4.12). We denote by w!) := w, ..., w(P) the conjugates of w over Ky, and for
a € K we denote by oM, ..., a(P) the conjugates of a corresponding to w®, ... w(P),
Fori=1,...,n let k;, k;, M;, A; have the same meaning as above. Let

S i={ve My, : v(z)<0orov(f)>0}.
Since w9 € M; and is integral over k;[z;], we have wl) e Og, for j =1,...,D. Since also

=1 € Og, thus we have V) € Og, for a € B = Ag[f ', w],j=1,...,D,i=1,...,q.
Let (z,y) € C'. Then ),y is a solution of the equation

for every j =1,...,D,i=1,...,q. Clearly the non-zero coefficients of F(/)(X,Y) are in
05, , so by Proposition 5-3 we obtain that

ma(Hyy, (o), Har, () < 2N (n(F)? (ISi+ 03 5,) +2H0) . (5.9)

where Hy = max HM(aq(fU)) By dega,, < d and Lemma 4-2 we have degauv <
(WRRY

(2d)**PO(") which together with Lemma 5-5 gives

Hy < Ay(2d)®P O, (5.10)

Now we have to estimate the genus of M;/k; and the cardinality of S;. First, using
Lemma 5-1 for k;[z;] and the polynomial F(X) = XP + F, XP~1 +... + Fp. in view of
the bounds in (i) of Proposition 4-1 we get

_ ) ) exp O(r) . exp O(r)
I, /&, < A;D 1g}€a<xD deg,. Fi < AyD(2do)™*P < A;(2d)P . (5.11)

To bound |S;| we mention that every valuation of k;(z;) can be extended to at most
[M; : k;(2;)] = A; valuations of M;. Thus the number of valuations v of M; with v(z;) < 0
is bounded by A; and similarly, the number of valuations v of M; with v(f) > 0 is
bounded above by A;deg,. f. Hence altogether we have

1Si| < Aj + Ajdeg,, f < Ai(1+deg f)

12
< Ai(Qd)EXp O(r) . (QN)log* N-exp O(r), (5 )

where in the estimates we have used (ii) of Proposition 4-1.

Now turning again our attention to the estimate (5.9), and using (5.11) and (5.12) we

get
max(Hyy, (29), Hyr, () < A;(2d)P O . (2N )log” Neexp Or) (5.13)

Now it is the time to use Lemma 5-4, which together with (5.13), D < d", ¢ < r and
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(5.7) proves that

q D
degz,degy < qDdy + > AN Hyy, (219)

i=1 j=1
< (2d)cxp O(r) . (QN)log* N-exp O(r).

This concludes the proof of (4.12) of Proposition 4-3. [

6. Bounding the height in Proposition 4-3
For a number field K the set of places of K is denoted by M. For every place v € Mg
we choose an absolute value | - |, in such a way that for = € Q we have
2|, = |o|ER/ICA G 4 §s infinite,  |z], = |x\1[9K“:QPV[K’Q] if v is finite,
where p is the prime below v.

For any finite set of places S of K, containing all infinite places, we define the ring of
S-integers and group of S-units by
Os={zx€K: |z|, <1lforve Mg\S},
Ot¢={zeK: |z|,=1forve Mg\ S},
respectively.
The (absolute logarithmic Weil) height of x € Q is defined by picking any number field
K such that z € K and putting

h(z) := Z max(0, log ||, );

vEMg

this does not depend on the choice of K. For a polynomial f we put K := Q(as,...,a4)

where aq,...,a, are the non-zero coefficients of f, and we define the height of f by
h(f):= Z log maxi<i<g |@io-
vEMg

6-1. The result for the number field case

In this section we present a version of Theorem 2.1 of [4]. Let T" be a finitely generated
subgroup of (@*)2 Let {wy,...,w,} be a basis of I' modulo T'yo5. Put

hw := max (17 h(wi),..., h(wr)).

Denote by K the smallest number field such that T' C (K*)?2, and put d := [K : Q]. Let S
be the minimal finite set of places of K containing all the infinite places of K and having
the property that I' C (O%)? and denote by s the cardinality of S. Define

P(v) ;=2 if v is infinite,  P(v) := #Ok /p, if v is finite, (6.1)
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where p,, is the prime ideal of Ok corresponding to v, and put
P .= P(v). 2
max P(v) (6.2)
The discriminant of the field K is denoted by Dk

Let f(X,Y) € Q[X,Y] be a polynomial which is not divisible by any non-constant
polynomial of the shape aX™Y™ — b or aX™ — bY™ for some a,b € Q, m,n € Zx>o. We
mention that in this case f is also not divisible by any polynomial which depends on
exactly one of the variables X, Y, since then it would be divisible by a polynomial of the
shape aX — b or aY — b, respectively. Put IV := deg f for the total degree of f. Let L be
the field extension of K generated by the coefficients of f. Put

0 :=degy f+degy f, H :=max(1,h(f)),
262
log P

2
Cy = (5-d-s-logP - Dy (log® D)) . p20°,

Co = (613(57d37")r+33-

R, -log™ (max(6dsP, 6hy))..

Let C C (Q")2 be the curve defined by f(z,y) = 0.

PROPOSITION 6-1. Assume that f is absolutely irreducible. Then for every point x =
(x,y) e CNT we have

h(z) + h(y) < CoH.
Proof. This is just Theorem 2.1 of [4] [

PROPOSITION 6-2. Assume that I' = O%. Then for every point x = (x,y) € CNT we
have

h(z) + h(y) < C1(H + 2N).

Proof. This is a weaker version of Proposition 6-1. We shortly explain how this result
is deduced from Proposition 6-1. If f(x,y) = 0 then there exists an absolutely irreducible
factor g(X,Y) of f, which then fulfils the conditions of Proposition 6-1, thus we may
apply that for g. Further, since g divides f it is also well known that h(g) < h(f) + 2N
(see Proposition B.7.3 of [19]).

We also have to take care of the dependence on h,, and r, more precisely to estimate
hy and 7 in the case I' = OF. If we take I' := (O%)? then one can bound the number of
generators 7 of I' by 2s — 2 and we may choose a system of fundamental S-units to get
a set of generators for (O%)?, so that the height of these elements in this fundamental
system is bounded. More precisely by Lemma 2 of [17] we can choose the generators such
that

ho < c1Rs,
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where ¢ := 29ey/s — 2d°"1(log* d) - ((s — 1)!)?/(2572d*~!), and Rg is the S-regulator of
K. For the S-regulator by using Lemma 3 of [11] and Lemma 2.1 of [2] (for the original
result see Louboutin [21]) we can derive the bound

Rs < |Dg|? (log" |Dg )%t - (log P)*.

Combining these estimates the bound of our proposition follows by a simple computation.
We mention that a much sharper bound could have been deduced, but this estimate is

more than enough for our purpose. [

6-2. Specializations

In this section we shall use many specializations which map K to a number field, in
order to be able to profit from our results from Section 6-1. The main feature of these
specializations, called Gy6ry-Kronecker specializations is that using sufficiently many of
them, there will be at least one, which makes possible to extend effective results over
number fields to similar results over finitely generated domains. Such specializations were
first used by Gy6ry [15] and [16], however, here we introduce and use the refined version
of this specialization method due to Evertse and Gydry [12].

First for every u € Z? we may replace z; by w; for ¢ = 1,...,¢. This defines a homo-
morphism from a subring of Ky to Q. More precisely, for fixed u € Z? we consider the

homomorphism ¢, : Ky — Q defined by

for every a = Z—; € Koy with ¢g1,92 € Ap, and with the additional property go(u) # 0.
Now we wish to extend this to a ring homomorphism from B to Q. Thus we will impose
some restrictions on u. Recall that K = Ko(w), B = Ag[f !, w], and F is the minimal
polynomial of w, and f € Ap, both with properties specified in Proposition 4-1. Let Az
denote the discriminant of F with the convention Ax = 1 if F is a linear polynomial.
Put

H:=Ar-Fp-f,

observe that H € Ay and assume that u is chosen such that H(u) # 0. Put

dy = max(deg Fi,...,deg Fp) dy = max(d§, deg f)
h§ = max(h(F1),...,h(Fp)) hy = max(h{, h(f)).
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By Proposition 4-1 we infer that

ds < (Qdo)cxpO(r) < (2d)cxp0(r)
B < (2d0) PO (g +1) < (24)O0) (4 1) 63
dT < (2d)exp Oo(r) . (2N)10g* N-exp O(r)
hT < (2d)exp0(r) . (2N)log" N-expO(r) ., (h + 1)
Thus we clearly have
deg < (2D — 2) - dy + djy 4 di < (2d)=P O . (2N)los” N-expO(r) (6.4)

Now let u € Z? be fixed such that H(u) # 0. Thus the polynomial
Fa=XP+ F(w)XP . 4+ Fp(u)

has non-zero discriminant, and since Fp(u) # 0 it has D distinct non-zero roots. Let us
denote these numbers by w™ (u),...,w®)(u).

To extend our map ¢, to B we use the representation (4.7) of elements o € B. Namely,
for each j =1,..., D we may define the function ¢y ; such that for a € B written as

D—-1

a=) (P/Quw' (6.5)

i=1
where P, .. .,PD,1,Q € Ay, ng(P07. .. ,PD,1,Q) =1,

we define
D-1

pus(0) = 3 (P(w)/Qw) (wP(w)). (6.6)

i=1

This is well-defined, since for a € B the polynomial @ must divide a power of f, hence
Q(u) # 0. By this we described exactly D ways to extend ¢, from Kj to B. Clearly,
the map ¢y ; defined above is a ring homomorphism from B to Q, thus any unit of B is

mapped to a non-zero element of Q by any of the above defined specializations. Put
Ku; = Qw"Y (u) for  j=1,...,D, (6.7)
and denote by A, ; the discriminant of the algebraic number field Ky ;.

In the sequel we recall three lemmas of Evertse and Gyéry [12], which are necessary
for our proof.

LEMMA 6-3. Letu € Z? with H(u) # 0. Then forj =1,...,D we have [Ky ; : Q] < D
ds))zD—z.

Proof. This is Lemma 5.5 in Evertse and Gyéry [12]. [

and

Ay, | < D21 ((dg)e"s max(1, [u




24 A. BERCZES

The following lemma bounds the height of al¥)(u) := ¢, ;(a) for u € Z¢ in terms of

the size of a € B and some parameters of B.

LEMMA 6-4. Let u € Z9 with H(u) # 0, and let « € B. Then for j=1,...,D,

h(a(j)(U)) < D?+ q(Dlogdf + log deg a) +
+Dhj + h(e) + (Ddg + deg o) log max(1, [u]).

Proof. This is Lemma 5.6 in Evertse and Gy6ry [12]. [

The following lemma shows that if we take a large enough number of specializations,
then there is at least one specialization among them (say corresponding to u € Z9),
such that h(a) for € B can be bounded by the heights of the images of a by the
specializations ¢y ; for j =1,...,D.

LEMMA 6-5. Let o« € B, a # 0, and let Ny be an integer with
No > max(deg o, 2Ddg; + 2(q + 1)(df + 1)). (6.8)
Then the set
S:={ueZ? : |ul <Ny, H(u) # 0}
s non-empty, and
h(a) < 5Ng(hi +1)? +2D(h; + 1)H, (6.9)

where H := max{h(aW(u)) : ueS, j=1,...,D}.
Proof. This is Lemma 5.7 in Evertse and Gydry [12]. [

6-3. Conclusion of the proof of Proposition 4-3

In this subsection we combine the specialization method and the result for the number

field case presented in the first two subsections of this section, in order to prove (4.13).

Proof of (4.13) of Proposition 4-3 Since in the case ¢ = 0 we are in the number field
case our Theorem 2.1 of [4] will give a much better bound than stated in Proposition
4-3. So we may consider the case ¢ > 0. Let P be a fixed partition of I and (z,y) € C’ be
a fixed solution associated with P. Choose u € Z? with H(u) # 0 and k € {1,..., D},
and consider the corresponding specialization ¢y, ; defined in (6.6), where later we shall
specify some further requirements on u and k when we shall apply Lemma 6-5. Then we

have the notation
Pu,k (x) = x(k)(u)v Pu,k (y) = y(k)(u)’

(6.10)
puk (ag) =al (w)  for (i,j) €L
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Put Fyui(X,Y) = Y ey as (W) XY let Ky be the field defined in (6.7), Sux be
the set of places of K, ; containing all infinite places and those finite places which lie
above prime ideals dividing f(u). Since we clearly have

Yur(B) C Os, s
thus from (z,y) € C’ we get
Fus (x(k)(u),y(k) (u)) =0 in 2®(),yP () ey, . (6.11)
Now we shall apply Lemma 6-5. Since in the previous section we have proved (4.12),
ie.
deg z, dogy < (24)5PO() . (g )log” N-exp O(r)
now in view of (6.3) we may apply Lemma 6-5 with some
No < (2d)7PO0) . (\)lo&" N-exp O(r)
to infer that the set
S:={ueZ? : |ul <Ny, H(u)#0}
is non-empty. Taking also (6.3) in account we have
R(z) < (2d)™PO0) . (2N)log” Neexe O (1, 4 1)2f1, 6.12)
Rly) < (24)PO0) - (2N)o5 N2 00 1 1)21,,

where H, := max{h(z*)(u)) : ue S, k=1,...,D} and H, := max{h(y*(u)) : ue
S, k=1,...,D}.

To finish the proof, the last step is to estimate H, and H, using Proposition 6-2 for
equation (6.11). We fix any u € S and k = 1,...,D. By Lemma 6-3 and in view of (6.3)
we get that

X L \2D—2
Ay < D27 ((dg) " max(1, [u] %))
(6.13)
< exp {(Qd)expom -(h+1)- (log" N>2} ,

and [Kyux : Q] < D.
To estimate h(Fy i) we bound the height of its coefficients, i.e. h(az(-f) (u)) for (4,5) € I.
For this we use first Lemma 4-2, which in view of dega,; < d and h(a;;) < h gives

degas; < (2d)O0) Blaig) < (20 OO (h + 1).
This together with Lemma 6-4 gives for every (i, ) € I the estimate
h(aff(w) < (log” N)2 ()P O ( + 1),
which in turn proves

A(Fuk) < n(F) - maxh (afy) (w)) < N2(log” N)2(2d)» ) (h + 1), (6.14)

ij
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We also have to estimate the cardinality of Sk, ,. For this, we first bound the absolute
value of f(u) by the elementary computation

|[f ()] < (deg £)? - ") - (max(1, [u])) "8/ < (d})7 - " - (max(L, [u]))*
< exp {(2d)exp0(7‘) . (2N)log* N-expO(r) . (h + 1)}

Clearly we have s := |Sk, ;| < D(1 +w(f(u))), where w(f(u)) denotes the number of
distinct prime factors of f(u). Thus we get

s < O (d"log" | f(u)|/log™ log" | f(w)])

« 6.15
< (Qd)expO(r) . (2N)log N-expO(r) | (h + 1). ( )

Further, for the maximum of the norm of the prime ideals belonging to Sk, , we have
the estimate

P <|f(w)|” <exp {(2d>exp0(’"> S (2N)los NP Ol (4 1)}. (6.16)
Now we shall show that for the polynomial F}, ; we have

Fy,1 is not divisible by any non-constant polynomial of the form

_ (6.17)
XYY" —a or XM —aY" where m,n € Z>o and o € Ky .

The coeflicients a;; of F' are units in B, thus all these coefficients are mapped to
non-zero elements ax-)(u) by the specialization ¢y, so the partitions of the polyno-
mial F' are just the same as the partitions of the polynomial Fy ;. If rank A(F,P) = 2
then we also have rank A(Fy;, P) = 2. Further, if rank A(F,P) = 1 then we also have
rank A(Fy;,P) = 1 and by Proposition 3-1 the corresponding system of polynomials
g1s---, gk (see Section 3) has the property ged(g1,...,gx) = 1 in K[X]. Thus there exist

polynomials uq,...,u; € A[X] and a constant R € A with
uigr + - +upgr = R, (6.18)
and by Proposition 3-3 we see that R can be chosen such that it has a representative R
with
deg R < d(4N)°2N  Rh(R) < (4N)"°82N+2(d 4 1)rh.
This R fulfils all assumptions made for R in Proposition 4-1, so assume that f and B

have been chosen in Proposition 4-1 such that R € B*. Now we apply the specialization
¢u, to (6.18) to infer that

(u)ui(g1)ug + -+ (W) (gr)us = RY.

Since R € B* we have RE,Z) # 0 hence ged((91)uts - - -5 (gk)u,) = 1 in Ky . By Proposition
3-1 this proves (6.17). So the polynomial F\,; cannot have any non-constant factor of the
shape aX™Y™ —bor aX™ —bY™ for some a,b € Q, m,n € Z>o. Thus the solution set of
equation (6.11) fulfills the conditions of Proposition 6-2, so combining this by statements
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(6.14), (6.15), (6.16), (6.13) and [Ky : Q] < D we get the estimate
() (). Ay () < exp { (20) 00 2y X000 (g 1y3],

for every u € S and k =1, ..., D, which provides the same upper bound for H, and H,.
Now combining this latter estimate with (6.12) we get the desired bound (4.13). This
concludes the proof of Proposition 4-3. [
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