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Abstract. In this paper, we apply a fixed point theorem to the proof of Hyers-Ulam-Rassias
stability property for the quadratic functional equation

1

kEK

and for the Jensen functional equation
1
T St k)= @), wye b
kEK

from a normed space E; into a quasi Banach space Es, where K is a finite cyclic transfor-
mation group of Ej.

1. INTRODUCTION

The stability problem of functional equations originated from a question of
Ulam [40] concerning the stability of group homomorphisms: Given a group
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F, a metric group H with a metric d(.,.) and an € > 0, find 6 > 0 such that, if
[+ F — H satisfies d(f(zy), f(x)f(y)) <6 for all z,y € F, then there exists
a homomorphisms g : F' — H such that d(f(z),g(z)) <eforall z € F.
If the answer is affirmative, we would say that the equation of homomorphism
f(zy) = f(x)f(y) is stable. The concept of stability for a functional equation
arises when we replace the functional equation by an inequality which arts
as a perturbation of the equation. Thus, the stability question of functional
equations is that "how do the solutions of the inequality differ from those of
the given functional equation”?
Hyers [11] gave a first partial affirmative answer to the question of Ulam for
Banach spaces.

Let F and H be Banach spaces. Assume that f: F' — H satisfies

[ flz+y) = f@)—fly)l<e
for all x,y € F and some € > 0. Then, there exists a unique additive mapping
T : F — H such that
[ f(z) =T(x) [[<e
for all x € F.
Th. M. Rassias [27] provided a generalization of Hyers theorem which allows
the Cauchy difference to be unbounded.

Theorem 1.1. (Th. M. Rassias) Let f : F — H be a mapping from a normed
vector space F into a Banach space H subject to the inequality

I f(@+y) = f@) = fly) < el 7))+ Uy [I7)
for all x,y € F, where € and p are constants such that € > 0 and p < 1. Then,
the limit on
L(z) = lim 1(2"z)
n—+oo 2N

exists for all x € F and L : FF — H 1is the unique additive mapping which
satisfies

| £() ~ L@) 1< 5o

for all x € F. Also, if for each x € F the function f(tx) is continuous in
t € R, then L is R-linear.

(KA

This result provided a remarkable generalization of Theorem proved by Hy-
ers. What is more important here is that Rassias Theorem simulated several
mathematicians working in functional equations to investigate this kind of
stability for many important functional equations. Taking this fact in consid-
eration, the terminology Hyers-Ulam-Rassias stability originates from these
historical backgrounds. Beginning around the year 1980, several results for
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the Hyers-Ulam-Rassias stability of very many functional equations have been
proved by several researchers. For more detailed, we can refer to [5],...[39]

Let Ey be a real vector space and E5 be a real Banach space. Let K be
a finite cyclic subgroup of Aut(E;) (the group of automorphisms of G), |K|
denotes the order of K. Writing the action of k € K on z € G as k - x, we
will say that a function f : Fy — FEs is a solution of the quadratic functional
equation, if

1
keK
and that f is a solution of the Jensen functional equation, if
1
D @) = f@), nyek (1.2)
keK

The above functional equations appeared in several works by H. Stetkeer
(see, [37]-[39)).

Recently, Belaid et al have proved the Hyers-Ulam-Rassias stability of the
quadratic functional (1.1) and and the Jensen functional equation (1.2) (see
1], [3] and [4]).

In [2] L. Cadariu and V. Radu applied the fixed point method to the inves-
tigation of the Cauchy additive functional equation.

In this paper, we will apply the fixed point method as in [2] to prove the
Hyers-Ulam-Rassias stability of the functional equations (1.1) and (1.2). In
this case the range of relevant functions is extended to any complete S-normed
space.

In 1996, G. Isac and Th. M. Rassias [16] were the first to provide applica-
tions of stability theory of functional equation for the proof of new fixed point
theorems with applications.

First we shall recall two fundamental results in fixed point theory. The
reader is referred to the book of D. H. Hyers, G. Isac and Th. M. Rassias [13]
for an extensive account of fixed point theory with several applications.

Theorem 1.2. (Banach’s contraction principal) Let (X, d) be a complete met-
ric space, and consider a mapping J : X — X, which is strictly contractive,
that is

d(JJ,‘, Jy) < Ld(fﬂ,y)aVlﬁy € X,
for some (Lipshitz constant) L < 1. Then,
(1) the mapping J has one, and only one, fixed point x* = J(z*),
(2) the fixed point x* is globally attractive, that is,

lim J"z =2z*
n—-+4o0o
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for any starting point x € X.
(3) One has the following estimation inequalities:

d(J"z,x*) < L"d(x,x")

1
n AP n n+1
d(J"z,z*) < 11 _Ld(J x, J" )

1
k < -
d(z,z*) < . _Ld(ac,Jx)
for all nonnegative integers n and all x € X.

Let X be a set. A function d : X x X — [0,400] is called a generalized
metric on X if d satisfies the following;:
(1) d(z,y) =0 if and only if x = y;
(2) d(z,y) = d(y,z) for all x,y € X;
(2) d(z, z) < d(z,y) +d(y, z) for all z,y,z € X.

Theorem 1.3. (The alternative of fixed point) [7] Suppose we are given com-
plete generalized metric space (X,d) and a strictly contractive mapping J :
X — X, white the Lipshitz constant L < 1. Then, for each given element
x € X, either

d(J"z, J" ) = +oo
for all nonnegative integers n or there exists a positive integer ng such that
(1) d(J"x, J*"1x) < 400, Yn > ng;
(2) the sequence J"x converges to a fized point y* of J;
(3) y* is the unique fized point of J in the setY = {y € X : d(J™x,y) < +o0};
(4) d(y,y*) < 72pd(y, Jy) for ally €Y.

This paper is organized as followings. In section 2, using the fixed point
method, we prove the Hyers-Ulam-Rassias stability of the quadratic functional
equation (1.1). In section 3, using the fixed point method, we prove the Hyers-
Ulam-Rassias stability of the Jensen functional equation (1.2).

Throughout this paper, we fix a real number 8 with 0 < 6 < 1 and let K
denote either R or C. Suppose E is a vector space over K. A function ||.||s:
E — [0,00) is called a f-norm if and only if it satisfies
(1) ||lz||g = 0, if and only if x = 0;

(2) |IAz]|5 = [A®||z|| for all A € K and all x € F;
(3) lle +ylls < llells + s, for all 2,y € E.

2. HYERS-ULAM-RASSIAS STABILITY OF THE QUADRATIC FUNCTIONAL
EQUATION

In this section we prove the Hyers-Ulam-Rassias stability of the quadratic
functional equation (1.1)
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Theorem 2.1. Let E; be a vector space over K and let E5 be a complete
B-normed space over K, where 3 is a fized real number with 0 < 8 < 1. Let K
be a finite cyclic subgroup of the group of automorphisms of the abelian group
(E1,+). Let f: Ey — Ea be a mapping for which there exists a function
¢:Ey x By — R and a constant L, 0 < L < 1, such that

1 ,}(‘ S fatkey) — 1) — f@)lls < o(@y), (2.1)
keK
S @+ k-zy+k-y) < 2K Lo(z,y) (2.2)
keK

forallx,y € E1. Then, there exists a unique solution q: E1 — FEs of equation
(1.1) such that

17(@) ~ a(@)lls < g5l 2) (23)

for all x € Ey.
Proof. Consider the set
X:={g: E1 — Es}
and introduce the generalized metric on X as follows:
d(g,h) = inf{C € [0,00] : [lg(x) — h() s < Cipla, ), Ya € Ey}.

It easy to show that (X, d) is complete.
Now, we consider the linear mapping J : X — X such that

(JF)(x) = Jml;(f(wk-x)

for all z € E;.
From [1], we can verified that

(1)) = Gy Yooofle+ 3 (Kiy. i) - @

ki,...kn€K ij<ij+1,kij€{k1,...,kn}

for all integer n.

Next, we are going to prove that J is a strictly contractive on X with the
Lipschitz constant L. Indeed, for given g and h in X and C > 0 an arbitrary
constant with d(g, h) < C, that is,

lg(x) = h(z)llp < Cop(, x) (2.4)
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for all x € Ey. Thus from (2. 1) (2.2) and ( 2.4) we get

[(Jg)(x) = (Jh)(x >||ﬂ—||2,m > 9w +kz) - Q‘K, > @+ ko)

keK keK
1
I glx+k-x)—h(z+k-x)
<21K\ﬂ ,;( ’
2’K| 5> llgz+k-2) = hx+k-2))s
keK
1
C olr+k-xz,o+k-x
< @ 2 )
< CLp(x,x)

for all € Fy, that is, d(Jg, Jh) < LC. This means that d(Jg, Jh) < Ld(g, h)
for any g,h € X.
Now, by letting y = = in (2.1), we get

I(T1)@) — £(@)ls = 2ﬁ|||K|me+m>—2f< 2)lls < 550(@,2)

for all z € F4 and it follows that

d(Jf, f) < 55 <00 (2.5)

From the fixed point alternative we deduce the existence of a fixed point
of J which is a function ¢ : E; — FE3 such that lim, . d(J"f,q) =
Since d(J"f,q) — 0 as n — oo, there exists a sequence {C,} such that
lim,— oo Cp, = 0 and d(J"f,q) < C, for every n € N. Hence, from the
definition of d, we get

1T () = q(@)|ls < Crip(w, z) (2.6)

for all x € F;. Consequently, we obtain
Tim [[(J" ) (@) — glx)[5 = 0. (2.7

for each = € Fj.
Now, we will prove that ¢ is a solution of the quadratic functional equation
(1.1). First, we use induction on n to prove the following inequality

ZJ” fle+k-y)=J"f(@) = T"f(y)lls < L"e(z,y)  (2.8)

kEK

For n = 1, by using the definition of J, the commutativity of K and inequalities
(2.1), (2.2) we get
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|||K‘Zk;eKJf(x+k y) Jf( ) ()Hﬁ
= I I > ker 7] omer f(@ Hk -y +kiz+kik-y)
K] Dkek f(@+ki-x)
— k] Somer FW k- y)lls
< WzkleKllﬁZkeKﬂHkl’w+k-(y+k1 "))
—f($+7€1 ) = fly+ki-yls
(2‘[{ BZkleK(P(x_‘_kl T,y +ki- y)
< (2\K| (2|K|) Lo(z,y) = Lop(z,y),
which proves that the assertion (2.8) is true for n = 1. Now, we assume that

(2.8) is true for some for n. By using the definition of J, the commutativity
of K, the inequalities (2.8), (2.2), we obtain

Iy Shere I f @t ko) = T f (@) = T ()]s

= It Zher aicy oower I @+ k -y + K x+ Kk -y)
_ﬁ Siex " flw+k )
— s Swer S WK - )lls

= Wzk’eK ||\qu D ohek Jfx+k x+k-(y+k -y
—J"f(m+k’ ) Jf(y + K - )Hﬁ

(2|K|fﬂ Swex Lo +k -z, y+k -y)

< L™o(a,y),

which implies the Vahdlty of the inequality (2.8) for n + 1.
By letting n — oo, in (2.8), we get the desired result that

!KIZ g(x +k-y) — q(z) —q(y) = 0, (2.9)

keK
for all z,y € E;. From Theorem 1.3 and inequality (2.5), we deduce that

1 1

d(f,q) < 1—d(Jf f) < YI_I) (2.10)

which proves the inequality (2.3). Now, assume that ¢; : E; — FEj is another
solution of (1.1) satisfying (2.3) so ¢; is a fixed point of J. From the definition
of d and the inequality (2.3), the assertion (2.10) is also true with ¢; in place
of q. By using Theorem 1.3 (3), we get the uniqueness of g. This ends the
proof of Theorem 2.1. O

The following corollaries follows from Theorem 2.1.
With the new weak condition (2.11), we obtain
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Corollary 2.2. [19] Let E; be a vector space over K and let Ey be a complete
B-normed space over K, where (8 is a fized real number with 0 < 6 < 1. Let
K = {I,0}, where o is an involution of the abelian group (Ey,+). Let f:
Ei — E5 be a mapping for which there exists a function ¢ : F1 x E; — R*
and a constant L, 0 < L < 1, such that

0 (22,2y) + p(z + o(x),y + o(y)) < 4°Ly(z,y), (2.11)
for all x,y € E1. Assume that f : E1 — Fs satisfies the inequality

150G +9) + F+ o]~ f@) — fW)ls < plwy)  (212)

forallx,y € Fy. Then, there exists a unique solution q: £ — FEo of equation

fle+y)+ flz+oy) =2f(z) +2f(y), z,yek (2.13)
such that
1£@) = 4@l < 55 =gyt o) (214)

for all x € Fy.

Corollary 2.3. Let Ei be a vector space over K and let Eo be a complete
B-normed space over K, let K be a finite cyclic subgroup of the group of
automorphisms of the abelian group (E1,+) and choose a constant p with
p< B+ (- 1)1(;(%;'([2{)'). Let f: E1 — Es be a mapping such that

|||[1{| Y flatkey) = (@) = FWls <0l + lly]”), (2.15)

keK
and ||z + k- z||P < 2P||z||P for all k € K and x € Ey. Then, there exists a
unique solution q: E1 — FEy of equation (1.1) such that

20| K |8
— <

(i (2.16)

for all x € Fy.

3. HYERS-ULAM-RASSIAS STABILITY OF JENSEN FUNCTIONAL EQUATION

In this section, we prove the Hyers-Ulam-Rassias stability of the functional
equation (1.2).

Theorem 3.1. Let E; be a vector space over K and let E5 be a complete
B-normed space over K, where 3 is a fized real number with 0 < 8 < 1. Let K
be a finite cyclic subgroup of the group of automorphisms of the abelian group
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(E1,+). Let f: Ey — Ey be a mapping for which there exists a function
p:E x B — RT and a constant L, 0 < L < 1, such that

yK| Stk y) — f@)s < olay), (3.1)
keK
Y el =k wy—k-y) <K Lo(r,y) (3.2)
keK

forallx,y € E1. Then, there exists a unique solution j: E1 — FEs of equation
(1.2) such that

. 1
I17(@) = @5 < T le,2) (33)
for allx € Ey.
Proof. We consider the linear mapping J : X — X such that
(Jf)(z |K| Y flx—k-x) (3.4)

keK

for all z € Ey. Given g,h € X and C € [0, 00| such that d(g,h) < C, then we
get

(79)(x) = (T)(a Hﬁ—H‘K,Z gz —k-2) mzh kD)l

keK keK
kEK
< s X loto = k- 2) = o = k- )
keK
< CLy(z, )

for all x € Ep, which implies that J is a strictly contractive operator, that
is d(Jg, Jh) < Ld(g,h).
Letting y = —x in (3.1), we get

d(Jf, f) <1 (3.5)

By Theorem 1.3, there exits a mapping j : £1 — FEy such that the following
hold.
(a) j is a fixed point of J, that is

|Z jlx—k-x)=jx),

keK
for all x € G. The mapping j is a unique fixed point of J in the set

V={g€eX: d(f.g) <oc}
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(b) lim,,— oo d(J™f,j) = 0, that is

. . 1
j(x) = nlgglo K[ Z flz+ Z [(=kiy) -+ (k)] -2
k1ye..kn€K 1j<ijt1,kij€{k1,....kn}
(c) d(f,j) < 2£d(f,J[), so we have the inequality (3.3).
Now, by applying same computations used in the proof of Theorem 3.1, we
will show by induction that

I 3 T @+ k) = @)l < Fe(w.) (3.6)
keK
for all x,y € F;.
Finally, By letting n — oo in the formula (3.6), we get that j is a solution
of equation (1.2). The uniqueness of j can be derived by using same argument
as in the proof of Theorem 2.1. This completes the proof of our theorem. [

Corollary 3.2. Let E; be a vector space over K and let Eo be a complete
B-normed space over K, let K be a finite cyclic subgroup of the group of auto-

morphisms of the abelian group (E1,+) with |K|> 2 and choose a constant p
Blog(|K|)—log(|K|-1)

with p < Tog(2) . Let f: By — E3 be a mapping such that
1
Iy & Fe+k-9) = F@Ils < 0(lal? + i) 57)
kEK

and ||z + k- z||P < 2P||z||P for all k € K and x € Ey. Then, there exists a
unique solution j : By — FEy of equation (1.2) such that

, 201K |7 ||P
— <
1f(z) —i(@)lls < %+ |K|P —2°|K]|

(3.8)
for all x € Fy.
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