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We establish the general solution of the functional inequality || f (x—y)+ f (y—2)+ f (x—2)-3 f(x)-3 f (y)-3 f (2)|l < | f(x+y+z)[ and
then investigate the generalized Hyers-Ulam stability of this inequality in Banach spaces and in non-Archimedean Banach spaces.

1. Introduction

The stability problem of functional equations originated from
a question of Ulam [1] in 1940, concerning the stability of
group homomorphisms.

We are given a group G and a metric group G’ with metric
p(-,-). Given € > 0, does there exist a number § > 0 such
thatif f : G — G’ satisfies p(f(xy), f(x)f(y)) < 6 for all
x,y € G, then a homomorphism & : G — G’ exists with
p(f(x),h(x)) < eforall x € G?

Hyers [2] gave a first affirmative partial answer to the
question of Ulam for Banach spaces by using, so called, direct
method. Hyers theorem was generalized by Aoki [3] for
additive mappings and by Rassias [4] for linear mappings
by considering an unbounded Cauchy difference. A general-
ization of the Rassias’ theorem was obtained by Gévruta [5]
by replacing the unbounded Cauchy difference by a general
control function in the spirit of the Rassias’ approach.

Let E, and E, be vector spaces. A mapping f: E, — E,
is called quadratic if and only if it is a solution of the quadratic
functional equation:

fle+y)+fx-y)=2f(x)+2f(y) 6))

forallx, y € X.Itis well known thata function f between real
vector spaces is quadratic if and only if there exists a unique
symmetric biadditive function B such that f(x) = B(x, x) for
all x, where the mapping B is given by B(x, y) = (1/4)[ f(x +
y) — f(x — »)] ([6, 7]). The Hyers-Ulam stability of the

quadratic functional equation (1) was first proved by Skof [8]
for functions f: E; — E,, where E, is a normed space and
E, isa Banach space. Cholewa [9] noticed that Skof’s theorem
is also valid if E, is replaced by an abelian group. In 1992,
Czerwik [10] proved the generalized Hyers-Ulam stability
of quadratic functional equation (1) in the spirit of Rassias
approach by using direct method [11].

The generalized Hyers-Ulam stability of the above quad-
ratic functional equation and of two functional equations of
quadratic type was obtained by Cadariu and Radu [12, 13] by
using fixed point method (see also [14, 15]).

Gildnyi [16] and Rétz [17] proved that for a function f :
G — E mapping from an abelian group G divisible by 2 into
an inner product space E, the functional inequality

l2f ) +2f ) - F ()| <If Gl (ry€G)
(2)

implies the Jordan-von Neumann functional equation

2f ) +2f(y) = fl)+ f(xy™") (xy€q).

Fechner [18] and Gilanyi [19] have proved the generalized
Hyers-Ulam stability of the functional inequality (2). Park
et al. [20] have investigated the generalized Hyers-Ulam
stability of functional inequalities associated with Jordan-
von Neumann type additive functional equations, and Kim
etal. [21] have proved the generalized Hyers-Ulam stability of
Jensen functional inequality in p-Banach spaces. The stability
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problems of several functional equations and inequalities
have been extensively investigated by a number of authors
and there are many interesting results concerning the stability
of various functional equations and inequalities [6, 22].

In 2001, Bae and Kim [23] investigated the Hyers-Ulam
stability of the quadratic functional equation

flx+y+2)+flx-p)+f(y-2)
+f(x-2)=3f(x)+3f(y)+3f(2)

which is equivalent to the original quadratic functional equa-
tion (1). Now, let us turn our attention to investigate the gener-
alized stability problem of the following quadratic functional
inequality:

If(x=y)+ f(y—2)+ f(x—2) =3f (x) - 3f(y) - 3f(2)|
<|f(x+y+2)|.

(4)

©)

In this paper, we make an attempt to establish the
generalized Hyers-Ulam stability of a new quadratic func-
tional inequality (5) by using fixed point method and direct
method. In Section 2, we establish the general solution of the
functional inequality (5). And then we prove the generalized
Hyers-Ulam stability of the functional inequality (5) in
Banach spaces by using fixed point method. In Section 3, we
verify the generalized Hyers-Ulam stability of the functional
inequality (5) in Banach spaces by using direct method.
In Section 4, we investigate the generalized Hyers-Ulam
stability of the functional inequality (5) in non-Archimedean
Banach spaces by using fixed point method. In Section 5, we
prove the generalized Hyers-Ulam stability of the functional
inequality (5) in non-Archimedean Banach spaces by using
direct method.

2. Stability of (5) by Fixed Point Method

In [24], Rassias introduced the following equality:

Z “xi - xj||2 = anuxi"{ ;xi =0 (6)

i,j=1

for a fixed integer n > 3. Let V, W be real vector space. It has
been proved that if a mapping f: V' — W satisfies

Z f(xi - xj) = Z”Z,f (x:), (7)

ij=1

forall x,,...,x, € V with Y, x; = 0, then the mapping f
is realized as the sum of an additive mapping and a quadratic
mapping [25]. Park [25] and Jang et al. [26] have proved the
generalized Hyers-Ulam stability of the functional equation
(7). In particular, if n = 3 and even function f satisfies (7),
then it is easy to see that f satisfies the equation

flx=y)+fQx+y)+ f(x+2y)
=3f(x)+3f(y)+3f(x+y)

(8)
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forall x, y € X. Thus, we first consider the general solution of
functional equation (8) to verify the general solution of func-
tional inequality (5).

Lemma 1. Let both X and Y be vector spaces. A function f :
X — Y satisfies (8) if and only if f is quadratic.

Proof. If we put x = y = 0 in (8), then we have f(0) = 0.
Letting y = 0 in (8), we have f(2x) = 4f(x) for all x € X.
Similarly, we can easily show that f(3x) = 9f(x) and f(5x) =
25f(x)forall x € X.Replacing y by —x in (8), we get f(-x) =
f(x) for all x € X. Substituting x + y for y in (8), we obtain

f)+fBx+y)+f(3x+2y)

)
=3f(x)+3f(x+y)+3f(2x+y)
for all x, y € X. Switching x with y in (9) yields
F )+ f (x4 3y) + f (2 + 3y)
(10)

=3f(y)+3f(x+y)+3f(x+2y)
for all x, y € X. Adding (9) to (10) and using (8), we arrive at
fBx+2y)+ f(2x+3y)+ f(Bx+y)+ f(x+3y)

=11f (x) +11f (p) +15f (x + y) = 3f (x — ») o
11

for all x, y € X. Letting y := 2y in (8), we obtain
fle=2y)+4f (x+y)+ f(x+4y)
=3f () +12f () +3f (x +2y)

for all x,y € X. Switching x with y in (12) and using the
evenness of f, one gets

f@x-y)+af(x+y)+f(4x+y)
=12f () +3f (y) +3f (2x + )
for all x, y € X. Adding (12) to (13) and using (8), we have
flx+4y)+ f(4x+y)
(14)

=21f () +21f (y) +2f (x + y) = 6f (x — y)

for all x, y € X. Putting x := x — y and y := 2x + 3y in (8),
we get

(12)

(13)

flx+4y)+ f(dx+y)
=3f(x-y)+3f(2x+3y) (15)
+3f(Bx+2y)-25f(x+y)
for all x, y € X. From (14) and (15), it follows that
f(Bx+2y)+ f(2x+3y)

=9f (x+y)+7f () +7f (y) =3f (x—y)
(16)
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for all x, y € X. By (11) and (16), we obtain

f(3x+y)+f(x+3y)=6f(X+y)+4f(x)+4f(y()17)

forall x, y € X. Letting x := (x + y)/2and y := (x — y)/2 in
(17), we have

f(2x+y)+f(2x—y)=6f(X)+f(x+y)+f(x—{1)8)

for all x, y € X. Interchanging x for y in (18) and using the
evenness of f, one gets

fle+2y)+ f(x-2y)=6f(y)+ fx+y)+f(x-y)
(19)

for all x, y € X. Substituting 2y for y in (18), we get by virtue
of (19)

Af (x+y)+4f (x-y)
=6f () + f(x+2y)+ f(x-2y) (20)
=6f(x)+6f(y)+f(x+y)+f(x-y),
which yields
fle+y)+flx-y)=2f(x)+2f(y) (21)

for all x, y € X. Thus, the mapping f is quadratic.
The proof of the converse is trivial. O

Now, we present the general solution of the functional
inequality (5) by using Lemma 1.

Lemma 2. Let both X and Y be vector spaces. A mapping f :
X — Y satisfies the functional inequality (5) forall x, y,z € X
if and only if f is quadratic.

Proof. Let f satisfy the functional inequality (5). If we replace
x, ¥,and z in (5) by 0, then we have f(0) = 0. Replacing z by
—-x — yin (5), we obtain

flx=p)+f(x+2y)+ f(2x+y)

(22)
=3f(x)=3f(y)=3f(-x-y)=0
forall x, y € X. Letting y := —x and z := 0 in (5), we get
f@x)=2f(x)-2f(-x)=0 (23)
for all x € X. Putting y := 0 in (22) yields
f@x) = f(x)=3f(=x)=0 (24)

for all x € X. From (23) and (24), we have f(-x) = f(x) for
all x € X. Thus, it follows from (22) that

flx=y)+ f(x+2y)+f(2x+y)

(25)
=3f)+3f () +3f(x+y)
forall x, y € X. So f is quadratic by Lemma 1.
The proof of the converse is trivial. O

Let X be a set. A functiond : X x X — [0, 00] is called
a generalized metric on X if d satisfies the following:

(1) d(x, y) = 0ifand only if x = y;

(2) d(x,y) =d(y,x) forall x, y € X;

(3) d(x,2) <d(x,y) +d(y,z) forall x, y,z € X.

Before taking up the main subject, we recall the fixed
point theorem from [14].

Theorem 3 (see [14]). Let (X,d) be a complete generalized
metric space and let ] : X — X be a strictly contractive
mapping with Lipschitz constant L < 1. Then for each given
element x € X, either

d (]"x, ]"“x) =00 (26)

for all nonnegative integers n or there exists a positive integer
ny such that

1) d(J"x, ] x) < 0o, for all n > ny;
(2) the sequence {]"x} converges to a fixed point y* of J;

(3) y* is the unique fixed point of ] in thesetY = {y € X |
d(J™x, y) < ook

(4) d(y,y") < (/1 =L)d(y,]y) forall y € Y.

In this part, let X be a normed space and Y a Banach
space.

Theorem 4. Suppose that a mapping f: X — Y with f(0) =
0 satisfies the functional inequality

If (x=3)+ f(y—2) + fx—2) = 3f(x) - 3f(y) - 3f(2)|

<|f(x+y+2)|+9(xp.2)
(27)

forall x, y,z € X and that there exists a constant L with 0 <
L < 1 for which the perturbing function ¢ : X> — [0, 00)
satisfies

¢ (2x,2y,22) < 4Lo (x, y,2),

xJ E) L )
<q)<2,2,2 §4(p(x,y,z),resp.

(28)

for all x, y,z € X. Then, there exists a unique quadratic map-
ping Q : X — Y given by Q(x) = lim,,_, .,(1/4™) f(2"x)
(Q(x) =lim,,, _, . 4™ f(x/2™), resp.) such that

1

IF 0-Qel < 7

(If 0 -Q

{3¢ (x,-x,0) + 29 (x,0,-x)},

L
ST {3¢ (x,-x,0) + 29 (x,0,-x)} , resp.)
(29)

forall x € X.



Proof. Replacing z by —x — y in (27), we obtain

If (x=p)+ f(x+2y)+ f(2x+ )

3f(0)=3f(y)-3f(~x-y)| <o (xy,—x—y)
(30)

for all x, y € X. Letting y = —x and z = 0 in (27), we get

If 2x) = 2f (x) = 2f ()| < ¢ (x,—x,0) (31)
for all x € X. Putting y = 0 in (30) yields

If )= f () =3f (=) < p(x,0,-x)  (32)
for all x € X. From (31) and (32), it follows that

If 2x) = 4f (x)] < 3¢ (x,-x,0) + 29 (x,0,-x) := © (x)

(33)
and so
1 1
|- 5r@0) < o (34)
forall x € X.
Consider the set of mappings
Si={h: X —>Y|h(0)=0} (35)
and introduce the generalized metric on S:
d(g,h)
=inf {y € [0,00) : |g (x) = h (x)| < p®@ (x),Vx € X},
(36)

where, as usual, inf § = +o0o0. It is easy to show that (S,d) is a
complete generalized metric space (see the proof of Theorem
3.1of [27]).

Now we consider a linear mapping J : S — S such that

Jg (x) = }Lg (2x) (37)

forall x € X. Then it is well-known that ] is a strictly contrac-
tive mapping with Lipschitz constant L, and it follows from
(34) thatd(f, Jf) < 1/4.By Theorem 3, there exists a mapping
Q: X — Y satisfying the following.

(1) Q is a fixed point of J, that is, Q(2x) = 4Q(x) for all
x € X. The mapping Q is a unique fixed point of J in
the set M = {g € S: d(f, g) < co}. This implies that
Q is a unique fixed point of J such that there exists a
u € (0, 00) satistying

If (x) - Q)] < ud (x), (38)

forall x € X.

(2)d(J"f,Q) — 0asm — oo. This implies the equality
Q(x) =lim,, _, ,,(1/4™) f(2"x) for all x € X.
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(3)d(f,Q) < (1/(1 = L))d(f,Jf) < 1/(4 — 4L), which
implies that the inequality (29) holds.

Now, we show that the mapping Q is quadratic. It follows
from (27) and (28) that

Q(x - ¥)+Q(y - 2)+ Q(x - 2)-3Q (x) - 3Q () -3Q (2)|

. 1 m m m
—[QGe+y+2)| < lim T (2"x2"y,2"2)
< mlgnmLm¢ (x,y,2)=0
(39)

for all x, y,z € X. Thus, it follows from Lemma 2 that the
mapping Q : X — Y is quadratic, as desired. O

We obtain the following corollary concerning the stability
for approximate mappings controlled by a sum of powers of
norms.

Corollary 5. Let 6 > 0 be a real number and p a positive real
number with p 2. If a mapping f : X — Y with f(0) =0
satisfies the inequality

[f(x=y)+ fy—2)+ f(x—2)-3f(x) - 3f(y) - 3f(2)]

<|f x+y+2)|+0(Ix1? + | y]” +12117)
(40)

for all x,y,z € X, then we can find a unique quadratic
mapping Q : X — Y satisfying the inequality

100

P
X 41
|4_2P|” || (41)

If () - Q)| <

forall x € X.

3. Stability of (5) by Direct Method

We now investigate stability problem of the quadratic func-
tional inequality (5) with perturbed control function ¢. In
this section, let X be a normed space and Y a Banach space.

Theorem 6. Suppose that a mapping f: X — Y with f(0) =
0 satisfies the functional inequality (27) and that the perturbing
function ¢ : X> — [0, 00) satisfies

%q) (Zix, Ziy, 2iz) < 00,

i (X VY z
4'(p<—., =, —.) < 00, resp.
(i—l 2° 22

M8

Il
(=}

(42)
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forall x, y,z € X. Then, there exists a unique quadratic map-
pingQ : X — Y defined by Q(x) = lim,,_, .,(1/4™) f(2"x)
(Q(x) =lim,, _, . 4™ f(x/2™), resp.) such that

If () - Q)|

1ol P i i
< Z;Z {3(P (2 X, —2 X, O) + 290 (2 x,0,-2 x)} R
19 i X -x
(IIf(x) Q)| < Z;‘* {3(,)(5, 7,())
&;—f)}, resp.)

(43)

X
+29(5

forall x € X.

Proof. It follows from (33) that

f(x)- lf (2x)|| < 1 {3¢ (x,-x,0) + 29 (x,0,-x)}
|Feo-gren] <
(44)

forall x € X. Therefore, we prove from inequality (44) that for
any integers m and [ withm > 1> 0

f(2x)  f@mx)
4l 4m
| 1 i+
E;Z" F(2'x) - 4f(2‘xﬂl (45)
m—1
4_11 % {39 (2'x,-2x,0) + 2 (2'x,0,-2'x)}

i=l

forall x € X. Since the right-hand side of (45) tends to zero as
I — 00, we obtain that the sequence { f(2"x)/4™} is Cauchy
for all x € X. Because of the fact that Y is complete, it follows
that the sequence { f (2" x)/4™} converges in Y. Therefore, we
can define a mappingQ : X — Yas

7 @)

4m

Q(x) = lim_ x e X. (46)

Moreover, letting I = 0 and taking m — o0 in (45), we
get the desired inequality (43).
It follows from (27) and (42) that

[Q(x-y) +Q(y-2) +Q(x -2)-3Q (x)-3Q(y)-3Q (2|

“lQ(x+y+z)| < mli_r)noo4imcp (2"x,2"y,2"z) =0
(47)

for all x, y,z € X. So the mapping Q is quadratic.

Next, let Q" : X — Y be another quadratic mapping
satisfying (43). Then, we have

let) -Q )|

1]

| —
o
—

bl
X

N—
|
| =
O\
—~
)

2
—

N
| —
-
@)
—~
NS}
o~
~—

-1 (%))
Q' (%)}
1S3 1 ; ;
sigzﬁ{xﬂzﬂx—zwa

+2¢ (2%, 0,-2"x)}

=%§%{M%fm—f&®+2¢@%ﬁ¢f@}
i=k (48)

for all k € N and all x € X. Taking the limitas k — oo, we
conclude that Q(x) = Q'(x) for all x € X. This completes the
proof. O

We obtain the following corollary concerning the stability
for approximate mappings controlled by a sum of powers of
norms.

Corollary 7. Let0; > 0 be a real number and p; a positive real

number with p; < 2 or p; > 2 for alli = 1,2, 3. If a mapping
f:X — Y with f(0) = 0 satisfies the inequality

If(x=p)+ f(y-2)+f(x-2)=3f(x)-3f(y) -
<|f (x+y+2)| +0,lxI” +6,]y]|™ + 6512117

3f(2)

(49)

for all x, y,z € X, then we can find a unique quadratic map-
pingQ : X — Y satisfying the inequality

(1P

If ) - <

|4 21’ ']
, 36
|4 - 2]

(50)

]l + (17>

|4 - 2P 5|

forall x € X.

4. Stability of (5) in Non-Archimedean Spaces
by Fixed Point Method

A non-Archimedean valuation in a field K is a function | - |:
K — [0, c0) with the following:

(@) Irl =

(ii) |rs| =

0 ifand only if r = 0;
|7||s| for all r, s € K;

(iii) |7 + s| < max{|r|, |s|} forall r,s € K.



Any field endowed with a non-Archimedean valuation is
said to be a non-Archimedean field; in any such field we have
[I]=|-1]=1and |n| < 1foralln e N.

Definition 8. Let X be a linear space over a field K with a non-
Archimedean nontrivial valuation | - |. A function || - [|: X —
[0, 00) is said to be a non-Archimedean norm if it satisfies the
following conditions:

(i) llxll = 0 if and only if x = 0;
(ii) lrx|l = |7|lx|, for all r € K and x € X;

(iii) llx + yll < max{l|lx[l, [ yll}, for all x, y € X.

Then (X, || - ||) is called a non-Archimedean normed space.

Definition 9. Let {x,} be a sequence in a non-Archimedean
normed space X.

(1) A sequence {x,}°, in a non-Archimedean space is
a Cauchy sequence if the sequence {x,,, — x,},2,
converges to zero.

(2) The sequence {x,,} is said to be convergent if, for any
€ > 0, there are a positive integer N and x € X such
that

[x, - x| <& Vn>N. (51)

Then the point x € X is called the limit of the
sequence {x,,}, which is denoted by lim, _, . x,, = x.

(3) If every Cauchy sequence in X converges, then the
non-Archimedean normed space X is called a non-
Archimedean Banach space.

In 2007, Moslehian and Rassias [28] proved the gen-
eralized Hyers-Ulam stability of the Cauchy and quadratic
functional equations in non-Archimedean normed spaces.
Some papers [29, 30] on the stability of various functional
equations in non-Archimedean normed spaces have been
published after their stability results.

In this section, assume that X is a non-Archimedean
normed space and that Y is a non-Archimedean Banach
space. Now, we are going to investigate the stability of the
functional inequality (5) in non-Archimedean Banach space
by using fixed point method.

Theorem10. Suppose that a mapping f : X — Y with £(0) =
0 satisfies the functional inequality (27) and that there exists a
constant L with 0 < L < 1 for which the perturbing function
@:X> — [0,00) satisfies

¢ (2x,2y,22) < |4/ Lo (x, y, 2),

0(£.2.2) < Zo(x.0.2), resp.
(+(333) )

2°2°2) 7 |4

(52)
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for all x, y,z € X. Then, there exists a unique quadratic map-
ping Q : X — Y given by Q(x) = lim,,_, .,(1/4™) f(2"x)
(Q(x) =lim,, _, . ,4™ f(x/2™), resp.) such that

If () - Q)] < D (x),

_t
[41(1- L)
(53)

(”f (x)-Q (x)|| < D (x), resp.

_ L
41 (1 - 1)

for all x € X, where ®(x) = max{|3|p(x, -x,0), |2|p(x,
0,—x)} forall x € X.

Proof. From (31) and (32), we get by using the non-Archime-
dean norm

[ f 2x)—4f (x)| < max {]3] || f (2x) = 2 (x) - 2f (-x)|
211 f 2x) = f ()= 3f (=]}
< max {|3] ¢ (x,—x,0), 2| ¢ (x,0,-x)}

>

= O (x)
(54)

and so

< Low (55)

[re-ren)s o

for all x € X. Applying the similar argument to the corre-
sponding proof of Theorem 4 on the complete generalized
metric space (S, d), we get the desired result. O

We obtain the following corollary concerning the stability
for approximate mappings controlled by a sum of powers of
norms.

Corollary 11. Let 0 > 0 be a real number and p a positive real
number with p + 2. If a mapping f : X — Y with f(0) =0
satisfies the inequality

If(x=y)+ f(y—2)+ f(x—2) - 3f(x) = 3f(y) - 3f (2)]

<|If x+y+2)|+0(Ix17 + |y]” +121”)
(56)

forall x,y,z € X, then we can find a unique quadratic map-
pingQ : X — Y satisfying the inequality

max {|3[, |2[}

26)|x|? (57)
forall x € X.

5. Stability of (5) in Non-Archimedean
Spaces by Direct Method

Now, we are going to investigate the stability of the functional
inequality (5) in non-Archimedean Banach space by direct
method. In this section, assume that X is a non-Archimedean
normed space and that Y is a non-Archimedean Banach
space.
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Theorem 12. Suppose that a mapping f: X — Y with f(0) =
0 satisfies the functional inequality (27) and that ¢ : X° —
[0, 00) is a function such that

lim —<p(2 x,2"y,2"z) =0,

m—>00|4|

(mlgnoo|4I g0(2):" 2{*1 22"1):0’ resP')

forall x,y,z € X and

(58)

m— 00

¢ (x) = lim max{ﬁ@(ka) : 0Sk<m}

(gB(x) = rr}ignmmax{|4|k®<§> l<k<m+ 1}, resp.)
(59)
exists for all x € X, where
@ (x) := max {|3| ¢ (x,—x,0), 2| ¢ (x,0,—x)} (60)

for all x € X. Then there exists a quadratic mapping Q :
X — Y defined by Q(x) = lim,, _, ,(1/4™) f(2"x), (Q(x) =
lim,, _, o,4™ f(x/2"™), resp.) such that

If () -Q)| < |4|<P( x) (61)

for all x € X. Moreovet, if

l—oom—00

lim lim max{ﬁ@(ka) l<k< m+l} =
(llim mli_r)noomax{léllkd) (;—k) d+1<k<m+l+ 1}
=0, resp.)

(62)

for all x € X, then Q is a unique quadratic mapping satisfying
(61).

Proof. Replacing x by 2" 'x and dividing by [4|™" in (55),
we have

F(2"x)  fmx)

4m—1 4m

11 -
m|4|m_1<1>(2 'x)  (63)

for all x € X. It follows from (58) and (63) that the sequence
{f(2"x)/4™} is Cauchy for all x € X, and the sequence
{f(2™x)/4™} converges in the non-Archimedean Banach
space Y. Therefore, we can define a mappingQ : X — Y
as

7 @)

4m

Qx) = lim_ xeX. (64)

Applying the similar argument to the corresponding proof of
Theorem 6, we get the required result. O

Corollary 13. Let p : [0,00) — [0, 00) be a function satisfy-

ing (i) p(121t) < p(12])p(¢) for all t > 0 and (ii) p(|2]) < |2]*.
Suppose that f : X — Y with f(0) = 0 satisfies the
inequality

If(x=y)+ f(y—2)+ flx—2) = 3f(x) - 3f(y) - 3f (2)]

<|f ety +2)| +efpx +p(Iyl) +p Uz}
(65)

for all x,y,z € X and for some ¢ > 0. Then there exists a
unique quadratic mapping Q : X — Y such that

If (x) - Q<x>||<—max{|3|,|z|}2sp(||x||) (66)

forall x € X.

Proof. Letting ¢(x, y,z) = elp(lx[) + p(lyl) + p(lzlD)}, we
obtain

lim mgo(z x,2 y,2mz)£<w> ¢(x,,2)=0

m= oo [4| 14|
(67)
for all x, y, z € X. It follows from (60) that
@ (x) := max {|3| ¢ (x,—x,0), 2| ¢ (x,0, —x)}
ax {|3] 2ep (Ix11) , 12] 2ep (llx])} (68)

ax{[3], 2} 2ep (Ix[), x € X.

By direct calculation,

P (x) :Jgnoomax{ﬁ(b(zkx):ogk < m]» = O (x)

(69)
exists and
lhm mlg’n max {ﬁ@ (ka) l<k<m+ l}
4] (70)

—llingomd)(Zx) 0

holds for all x € X. Applying Theorem 12, we conclude that

If () - Q)| < @ (x)

<P(x)—||

. (71)
= mmax{l?ﬂ > 121} 2ep (I1x1)
forall x € X. O

Corollary 14. Let p : [0,00) — [0, 00) be a function satisfy-
ingz(i) p(t/12]) < p(1/12])p(t) for all t > 0 and (ii) p(1/]2]) <
2]~



Suppose that a mapping f : X — Y with f(0) = 0 satisfies
the inequality

If(x=»)+f(y-2)+f(x-2)
=3f(x)=3f(y)-3f (2]

<|fGx+y+2)|+elpx)+p(y]) +p Uz}
(72)

forall x,y,z € X and for some ¢ > 0. Then there exists a
unique quadratic mapping Q : X — Y such that

If (x) = Q)] < max{[3], |21} 2¢p (llx1) p (é)

(73)

1
< Z|max{|3| > 1213 2ep (1)

forall x € X.
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