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APPROXIMATE QUADRATIC MAPPINGS IN
QUASI-5-NORMED SPACES*

YouNcg SooN HoNGg* AND HARK-MAHN KiMm**

ABSTRACT. In this article, we consider a modified quadratic func-
tional equation and then investigate its generalized Hyers—Ulam
stability theorem in quasi-f#-normed spaces.

1. Introduction

In 1940, S.M. Ulam [17] raised the question concerning the stability
of group homomorphisms: Let G be a group and let G’ be a metric
group with the metric d(-, -). Given ¢ > 0, does there exist a § > 0 such
that if a mapping f : G — G’ satisfies the inequality

d(f(zy), f(z)f(y)) <é

for all z,y € G, then there exists a homomorphism F : G — G’ with
d(f(x),F(x)) < € for all x € G? The case of approximately additive
mappings was solved by D.H. Hyers [8] under the assumption that X and
Y are Banach spaces. A generalization of Hyers’ theorem was provided
by Th.M. Rassias [12] in 1978 and by P. Gavruta [6] in 1994.

We recall that the following functional equation

flx+y)+ flz—y) =2[f(x) + f(y)]

is called a quadratic functional equation which may be originated from
the important parallelogram equality ||z +yl|?+||z—yl[|? = 2[|z]|*+/y/|*]
in inner product spaces. In particular, every solution of the quadratic
functional equation is said to be a quadratic mapping. The Hyers—Ulam
stability problem for the quadratic functional equation was proved by
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F. Skof [16] for a mapping f : X — Y, where X is a normed space and
Y is a Banach space. S. Czerwik [5] proved the Hyers—Ulam stability of
the quadratic functional equation with the sum of powers of norms in
the sense of Th. M. Rassias approach using direct method as follows.

THEOREM 1.1. Let E; be a normed space and Fo a Banach space
and let € > 0 and r # 2 be given real numbers. Let f : E1 — Fy be a
mapping satisfying the condition

(2 +y) + floz —y) = 2f () = 2f ()] < e(llz]" + lylI")

for all x,y € Ey (z,y € E1\{0} if r < 0 ). Then there exists exactly one
quadratic mapping h : F4 — FEs such that

7(0) 2
I£) = 75> @) < g

for all x € Ey (v € E41\{0} ifr <0 ), where f(0) =0 in case r > 0. If in
addition, f is measurable or the mapping R > t — f(tz) is continuous
on R for each fixed x € E1, then the mapping h satisfies the condition

h(tz) = t>h(z)
for all x € E4 and all t € R.

)"

J.M. Rassias [13] proved the Hyers—Ulam stability of the quadratic
functional equation with the product of powers of norms using direct
method as the following theorem.

THEOREM 1.2. Let X be a normed linear space, Y a Banach space,
and let f : X — Y be a mapping. If there exist real numbers a,b with
0<a+b<2, and c > 0 such that

1f(@+y)+ f(z—y) = 2f(z) = 2f ()]l < cllz]|*[ly])”
for all x,y € X, then there exists a unique non-linear mapping N : X —
Y such that
1 (@) = N(@)|| < erje]*+
and
N(z+y)+ N(x—y)=2N(z) + 2N(y)
for all z,y € X, where ¢1 = —.75.

On the other hand, C. Borelli and G.L. Forti [2] have proved the
generalized Hyers—Ulam stability theorem of the quadratic functional
equation and thus we can obtain the following stability theorem as a
result.
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THEOREM 1.3. Let G be an abelian group and E a Banach space,
and let f: G — E be a mapping satisfying the inequality

If(@+y)+ flz—y) —2f(x) = 2f ()] < o(z,y)
for all xz,y € G. Assume that one of the series

B(ay) = { ko 2;35%1)90(2’“9:,2’“1/) < o0,
Zk:O2 90(21%%7 21@%) < o9, (a)
converges for all x,y € G. Then there exists a unique quadratic mapping
Q : G — FE such that

17~ T Q) < 2. 2)

for all x € G, where f(0) =0 in case (a).

The stability problems of several functional equations and several
functional inequalities have been extensively investigated by a number of
authors and there are many interesting result concerning the stability of
various functional equations and inequalities ([4],[7],[9],[10]). Recently,
A. Zivari-Kazempour and M. Eshaghi Gordji [18] have determined the
general solution of the quadratic functional equation

flz+2y)+ fly +22) + f(z + 22)
=2f(z+y+2)+3[f(x) + fy) + f(2)]
and then have investigated its generalized Hyers—Ulam stability. Moti-
vated from this quadratic functional equation, we consider a modified
functional equation
(L.1)  flx+2y)+ fly+22) + f(z+22) + f(y +22) + f(2+2y)
+f(x+22) =4f(x +y+2) +6[f(z) + f(y) + f(2)]
and then we establish its generalized Hyers—Ulam stability of the equa-

tion (1.1) in quasi-S-normed spaces. As results, we generalize stability
results of the equation (1.1) in normed spaces.

2. Generalized Hyers—Ulam stability of Eq. (1.1).

First of all, we remark that the above functional equation (1.1) is
equivalent to the original quadratic functional equation [11].

Now, we recall some basic facts concerning the quasi-3-normed spaces
[14]. Let 8 be a fixed real number with 0 < <1 and let X be a linear
space over K, where K denote either R or C. A quasi-8-norm is a real-
valued function on X satisfying the following:
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(1) ||z|| > 0 for all x € X and ||z|| = 0 if and only if z = 0;

(2) Az = [AP||z|| for all A € K and all 2 € X;

(3) There is a constant M > 1 such that ||z + y|| < M(||z| + ||y||) for
all x,y € X.

In this case, the pair (X, || - ||) is called a quasi-S-normed space. A
quasi-3-Banach space is a complete quasi-S-normed space. Let p be a
real number with (0 < p < 1). Then, the quasi-B-norm || - || on X is
called a (f,p)-norm if, moreover, || - ||P satisfies the following triangle
inequality

[z +yll” < =" + [lyl|*

for all z,y € X. In this case, a quasi-fS-Banach space is called a (3, p)-
Banach space. We notice that quasi-1-normed spaces are equivalent to
quasi-normed spaces and that (1, p)-Banach spaces with (1, p)-norm are
equivalent to p-Banach spaces with p-norm. We can refer to [1, 15] for
the concept of quasi-normed spaces and p-Banach spaces. Given a p-
norm, the formula d(z,y) := [z — y||” gives us a translation invariant
metric on X. By the Aoki-Rolewicz theorem [15], each quasi-norm is
equivalent to some p-norm [1].

Before making up the main subject, we use the following abbreviation
for notational convenience :

Df(z,y,z)
= fr+2y) + fly+22) + f(z+22) + f(y + 22) + f(z +2y)
+f(x+22) —4f(x +y+2) —6[f(z) + f(y) + f(2)]
for all z,y,z € X.
THEOREM 2.1. Suppose X is a vector space and Y is a (3, p)-Banach
space. Let ¢ : X x X x X — [0,00) be a function such that

o0

1
(21) <I>1(x,y,z) = kzogkﬁp@(?)kl',3ky,3k2)p
is convergent for all z,y,z € X. If a mapping f : X — Y satisfies
(22) IDf(z,y,2)|| < o(x,y,2)

for all x,y,z € X, then there exists a unique quadratic mapping F' :
X — Y defined by F(x) := limy,_ f(gzm), x € X, which satisfies the
equation (1.1) and

(2.3) 1£() = F(@)]| < —5[®1(x, 2, 2)]

188
for all x € X.

RS
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Proof. Letting y = z := z in (2.2), we obtain

f(3x) 1
2.4 - < — X).
ey 15T i@l < e, @eX)
By induction on n, one can prove the following functional inequality
-1
f(3"x) 1 «— 1
2.5)  |If(z) — o P < 5 kzo W@(?)kﬂ?, 3k, 3kz)P

for all x € X. In fact, it is true for n = 1. Assume that the inequality
(2.5) holds true for n. If we replace = by 3"z in (2.4), then we get

fE) @), 1

(2.6) || ot 9 < 1epr. gnﬂpgo(?)"z:,?)”x,?)"x)p
for all € X. Thus, by triangle inequality on || - ||”, we deduce
13a)
(2.7) HW = f@)|P
f@3"™ ) f(3") f(@3"x)
R Ay
1 1
k. ok ok
S 1851);)9]651790(3 3:73 $,3 x)pu

which proves (2.5) for n+ 1. Now, replacing x by 3™x in (2.5), we have

+m—1
F@E M) f(3Mx) 1" 1
(28) H gn+m - gm Hp < 185p g ch(?)kx, 3k117, 3k1})p
k=m

which converges to zero as m — oo by the assumption (2.1). Thus the
above inequality implies that the sequence {f (S:x)} is Cauchy for all
x € X and so it is convergent in Y since the space Y is complete. Thus,

we may define F': X — Y as

~—

F(z):= lim f3"

nsoo on

(x € X).

Then by the definition of F', we can see by taking n — oo in (2.5) that
the approximation (2.3) holds. To show that F' satisfies the equation
(1.1), we set (x,y, z) := (3"x,3"y,3"z) in (2.2), and divide the resulting
inequality by 9. Then we get
” Df(3"z,3"y,3"z)
9’I'L

17 <

< guhp o(3"x,3"y,3"z)P
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for all x,y, z € X. Taking the limit as n — oo, one obtains DF(x,y, z) =
0 for all z,y,z € X. Hence F satisfies the equation (1.1) and so it is
quadratic.

To show the uniqueness of F', we assume that there exists a quadratic
mapping G : X — Y which satisfies the inequality

1
1| o3k, 3k, 3kz)p | P
[f(z) = G(z)| < 138 kzo oFBp

for all z € X, but suppose F(y) # G(y) for some y € X. Then there
exists a positive constant € > 0 such that 0 < ¢ < ||[F(y) — G(y)||P. For
such given € > 0, it follows from (2.1) that there is a positive integer

2 oo p(3%y,3ky3ky)P :
no € N such that ;55 > 02, = 5m—— < . Since I and G are

quadratic mappings, we see from the equality F'(3"0y) = 9" F(y) and
G(3"™y) = 9™ G(y) that

IF() = GW)IP = o FE™y) = GE™y) P
< o IF@™y) = FEIP + [£(30) — GE™y)|)

1 2 o) <p(3i+"0y, 3i+noy, 3i+noy)p
< 9noBp 186 Z; 9iBp
1=

2 p(3"y,3ky, 3ky)P
1868p kz 9kBp

<e,
=ng

which leads a contradiction. Hence the mapping F' is a unique quadratic
mapping satisfying (2.3). O

THEOREM 2.2. Let X be a vector space andY a (3, p)-Banach space.
If there exists a function ¢ : X x X x X — [0, 00) for which a mapping
f: X — Y satisfies
IDf(z,y,2)[l < (x,y,2), and
o
i Ty z
@2($,y,2) = 29 ﬁp(ﬂ(@v 377 37) < o0,
k=1

for all x,y,z € X, then there exists a unique quadratic mapping F' :
X =Y, defined as F(x) = limy, 00 9" f(57), = € X, which satisfies the
equation (1.1) and

If (@) = F@)]| < —5 [®a(x, 2, 2)]7
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for all z € X.
Proof. We see from (2.4) that

r 1 T T x
1) = 9f " < 550(5 323V

for all z € X. Then it follows by induction that

n

x 1 r T x
_gn P < kBp p
1) = "I < 7557 e 37 37)

w

for all z € X. Applying the same argument as in the proof of Theorem
2.1, we get the desired results. O

As applications, we obtain the following stability results of the equa-
tion (1.1), which generalize stability results in normed spaces.

COROLLARY 2.3. Suppose X is a vector space and Y is a (f3,p)-
Banach space. Let f: X — Y be a mapping satisfying

IDf(z,y,2)|| <e

for some ¢ > 0 and for all x,y,z € X. Then there exists a unique
quadratic mapping F' : X — Y which satisfies (1.1) and

(2.9) [f(x) = F(z)]| < (z € X).

g
264/98p — 1’

Proof. Let p(x,y,z) := ¢ for all x,y,z € X. Then by Theorem 2.1,
we have

1 [ e z 5
1f (@) = F@)ll < 1g5 L;) 9k5P] 2898 — 1)

for all x € X, as desired. ]

COROLLARY 2.4. Suppose X is a quasi-a-normed space and Y is
a (f,p)-Banach space. For given positive real numbers ¢ and r with
ar # 28, let f: X — Y be a mapping satisfying

IDf .y, 2) || < ell=]]” + lyll" +l[=1")

for all x,y,z € X. Then there exists a unique quadratic mapping F' :
X — Y such that

3e
I£() - F@)l <

{/|320p — 3rop|

)"

for all x € X.



318 Young Soon Hong and Hark-Mahn Kim

Proof. Considering a function ¢(z,y,2) = e(||lz||” + ||y||” + ||z||")
and applying Theorem 2.1 and Theorem 2.2 to each cases ra < 28 or
ra > 2f, respectively, we obtain the required approximation for each
cases ra < 23 or ra > 23, respectively. O

COROLLARY 2.5. Suppose X is a quasi-a-normed space and Y is a
(8, p)-Banach space. For a given positive real number 6 and three real
numbers r;, let f: X — Y be a mapping satisfying

(2.10) IDf (@, y, 2)Il < Ol [[y[|"|=[]"
for all x,y,z € X, where r := ry + 12 +1r3 > 0,70 # 23. Then there
exists a unique quadratic mapping F' : X — Y such that

0
- F <
@) = F@I < 5

l]"

for all x € X.

Proof. Considering a function ¢(z,y, 2) := 0||z||"||y||"?||z||"® and then
applying Theorem 2.1 and Theorem 2.2 to each cases ra < 23 or
ra > 2, respectively, we obtain the desired result for each cases ra < 23
or ra > 203, respectively. O

REMARK 2.6. In Corollary 2.5, let r3 be a positive real number
without loss of generality. If a mapping f : X — Y with regularity
condition f(0) = 0 satisfies the assumption (2.10), then we find that
Df(x,y,0) =0, which yields the equation

flx+2y) + f2x+y) =4f(x +y) + f(z) + f(y)

for all z,y € X. Thus, it follows from Theorem 2.1 in [3] that f is itself
a quadratic mapping in this case.
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