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1. INTRODUCTION

The study of stability problems for functional equations originated from a
question of S. M. Ulam concerning the stability of group homomorphisms:

Let G be a metric group with a metric d. Given € > 0, does there exist a
k > 0 such that if a function f: G — G satisfies the inequality

d(f(x ' y),f(x) ' f(y)) < E,Vl),y € G7

then there exists an automorphism a of G with
d(f(x),a(z)) < ke,Vxe G 7

D. H. Hyers gave an affirmative answer to the question of Ulam, for Banach
spaces (see e.g. [6,11]). Th. M. Rassias in [10] and Gajda in [3] considered
the stability problem with unbounded Cauchy differences. The unified form
of these results is the following

Theorem (Hyers-Rassias-Gajda). Suppose that E is a real normed space,
F is a real Banach space and f : E — F is a given function, such that the

following condition holds

(1p)  f@+y) = f (@) = fWlp <0(l2lp + lylE), Y,y € E,
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for some p € [0,00)\{1}. Then there exists a unique additive function a :
E — F such that

20
(2p)  f(x) —a(@)|p < 22| 2], V2 € E

This stability phenomenon is called generalized Hyers-Ulam stability and
has been extensively investigated for different functional equations. It is to be
noted that almost all proofs used the idea imaginated by D. H. Hyers. Namely,
the additive function a : E — F is explicitly constructed, starting from the
given function f, by the formulae

1
(2p<1) a(x) = lim 2—nf(2":p), ifp<l1;
(2ps1) alz) = lim 2'f(55), ifp> 1.

This method is called a direct method. It is often used to construct a solution
of a given functional equation and is seen to be a powerful tool for studying
the stability of many functional equations ( see e.g. [6]).

The aim of this note is to show that the existence of the limit a(x) and the
estimation (2p) can be simply obtained from the alternative of fized point.

2. THE CONTRACTION PRINCIPLE AND THE ALTERNATIVE OF FIXED POINT

For the reader’s convenience and explicite later use, I will recall two funda-
mental results in fixed point theory.

2.1 Theorem (Banach’s contraction principle). Let (X,d) be a complete
metric space, and consider a mapping A : X — X, which is strictly contractive,
that s

(3) d(Az,Ay) < Ld(z,y),Vx,y € X,
for some (Lipschitz constant ) L < 1. Then
i) The mapping A has one, and only one, fixed point x* = A (z*);
ii) The fized point x* is globally attractive, that is

(4) lim A"z =z¥,

for any starting point x € X;

ii1) One has the following estimation inequalities:

(5) d(A"z,2") < L"d(z,z%),Vn >0,Vz € X,
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1
(6) d(A"z,z") < ﬁd(A"x,A”Hx),Vn >0,Vzr € X;

1
(7) d(x,a:*)gﬁd(x,Ax),VxeX.

2.2 Theorem (The alternative of fixed point [9], see also[12, ch. 5]). Sup-
pose we are given a complete generalized metric space (X, d) -i.e. one for which
d may assume infinite values- and a strictly contractive mapping A : X — X,
with the Lipschitz constant L. Then, for each given element x € X, either
(A1) d(A"x, A"Tlz) =400 , Vn >0, or
(Ag) There exists a natural number ng such that

(Ag) d(Amz, A" lz) < +o0, Vn > ng ;

(A21) The sequence (A"x) is convergent to a fized point y* of A ;

(Ag2) y* is the unique fized point of Ain Y ={y € X, d(A™x,y) < +o0};

(A3)  d(y,y") < (27d(y, Ay) , Yy € Y.

2.3 Remark. (a) The fixed point y*, if it exists, is not necessarily unique
in the whole space X;

(b) Actually, if (A3) holds, then (Y,d) is a complete metric space and
A(Y) C Y. Therefore the properties (A21) — (Aa3) are easily seen to follow
from Theorem 2.1.

3. A PROOF OF HYERS-RASSIAS-GAJDA STABILITY THEOREM
Let us consider the set
X:={g:E—F p-g(0)=0}

One can introduce a generalized metric d = d, : X x X — [0,+o00] by the

formula

g (z) —h(2)|p
dp (g, h) = sup
P z#0 qu%

It is well-known and easy to prove that (X, d) is complete.

Now we will consider the (linear) mapping
1
A X — X, Ag(z) == —g(q)
q

where ¢ =2if p < 1, and ¢ = 271 if p > 1. We can write, for any g,h € X :
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[Ag (x) = Ah (@)l 1llg(gz) = h(g2)llp _
(& q (&%
z) — h(qx _
pleg (q ) p(q )HF qp ld(g,h)
lgz|[g

IN

q
Therefore
d(Ag,Ah) < ¢""'d(g,h) Vg, h € X,

that is A is a strictly contractive selfmapping of X, with the Lipschitz constant
L = ¢P~ 1. If we set y = z in the hypothesis (1,,), then we see that

12f (x) — f(22)|| < 20 ||z[|”, V= € E,
which says that

d(f, Af)

d(f, Af)

IN

0 < oo, for p <1, and

IN

opT < oo, forp>1

From the alternative of fixed point, we see the existence of a mapping a : X —
X such that:
19 a is a fixed point of A, that is

(8) a(2x)=2a(x),VrxeFE
The mapping a is the unique fixed point of A in the set
Y ={geX, d(f g) <+oo}.

This says that a is the unique mapping g : £ — F with both the properties
(8) — (9), where

(9) Fc € (0,00) such that ||g(z) — f (z)||p <cllz||%, Vz € E.
20 d(A™f,a) — 0, which implies that

(10) lim fla"z) =a(z), VrelX.

n—00 qn

Therefore at least one of the statements (2p<1) or (2p>1) is seen to be true.

3%d(f,a) < H%d (f,Af) < %, that is the inequality (2p) takes place.
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Now, as it is well-known, the additivity of a follows immediately from (1p)
and (10) : If in (1p) we replace = by ¢"x and y by ¢"y, then we obtain

Hf(q” (z+y) flg"z)  f(d"y)
q q"

n q?’L

< L™0(|lzll% + llyllE), Vo, y € E,
F

and, letting n — oo, we get
a(z+y)=a(x)+aly),Vo,y € k.
3.1 Note If we apply the HRG-theorem to the functions

fo: R— F, fy (t) := f (tx),

then we obtain the following

Corollary. If, in addition to the hypotheses of the Hyers-Rassias-Gajda
theorem, we assume that the mappings t — f (tx) are continuous, then a is
linear.

3.2 Remark (see[l]). The same lines of the above proof can lead to the
stability for more general equations, e.g. Jensen’s equation, and weaker con-
ditions on f, F/, or F.

Our method can be used to obtain the following generalization of HRG-
theorem:

3.3 Theorem ([7], or [6,Theorem 2.4]). Let E and F be a real normed
space and a real Banach space, respectively. Let a function v : [0;00) — [0;00)
satisfy the following three conditions

() limy—, o0 @ =0;

(B) p(ts) < ¥(t)y(s), for all t,s € [0;00);
(v) ¥(t) <t forallt>1.

If a function f: E — F satisfies the inequality

(1y) f(@+y) = @) = fFWlr < 0@zl ) +¢yle)

for some 6 > 0 and for oll x,y € E, then there exists a unique additive

function a : E — F, such that
20) 1f@) = a(a)l < gy bllellp). Yo € B.

The proof can be obtained as above: Consider the generalized metric

dy (g, h) := inf {c € [0, 00], such that ||g(z) —h(z)||p < c¥(||z]5), Ve € E}
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and observe that the mapping A, given by

Ag(w) = 39(20),

has the Lipschitz constant at most @, and that
f(2x
B2t < ovilallp).ve < B
F
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