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A FIXED POINT APPROACH TO THE STABILITY OF
THE QUADRATIC AND QUARTIC TYPE
FUNCTIONAL EQUATIONS

SUN-SOOK JIN AND YANG-HI LEE*

ABSTRACT. In this paper, we investigate the generalized Hyers-
Ulam stability of the quadratic and quartic type functional equa-
tions
flkx+y)+ f(kr —y) = K*f(z +y) — K f(z — y) — 2f (kx)
+2k°f(z) +2(k* = 1) f(y) = 0,
f(z+5y) =5f(z +4y) + 10f(x + 3y) — 10f(z + 2y) + 5/ (z + y)
fkx +y) + f(kz —y) — k> f(z +y) — K f(z — y)

- B =D (20 () + 262~ 1)7) = 0

by using the fixed point theory in the sense of L. Cadariu and V.
Radu.

1. Introduction

Throughout this paper, let V and W be real vector spaces, Y a real
Banach space, and k a fixed nonzero real number such that |k| # 1. For
a given mapping f : V — W we use the following abbreviations
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oy = DL ID)

Dy f(z,y) =f(kz +y) + f(kz —y) — K f(x +y) — K> f(z —y) — 2f (k)
+2k% f(x) + 2(k* = 1) f(y),

Do f(z,y) = f(z +5y) — 5f(x +4y) + 10f(z + 3y) — 10f(z + 2y)
+5f(r +y) — f(—x),

Dsf(z,y) =f(kz +y) + f(kz —y) — k> f(z +y) — K f(z — )

2(1.2
_ k(k61)[f(2x) —Af(z)] +2(k* = 1) f(y),

for all z,y € V. In 1940, the problem for the stability of group ho-
momorphism was first raised by S. M. Ulam [14]. In the next year, D.
H. Hyers [10] gave a partial solution to Ulam’s question for the case of
additive mappings. Hyers’ result has greatly influenced the study of the
stability problem of the functional equation. His result was generalized
by Th. M. Rassias [13] and P. Gavruta [6].

In 2003, L. Cadariu and V. Radu [3] proved the stability of the qua-
dratic functional equation:

(1.1) flx+y)+ flz—y) —2f(z) - 2f(y) =0

by using the fixed point method [4]. We call a solution of (1.1) a qua-
dratic mapping. Notice that a mapping f : V — W is called a quartic
mapping if f is a solution of the quartic functional equation
(1.2)
fle+2y) —4f(z+y)+6f(x) —4f(x—y) + flz —2y) —24f(y) = 0.
A mapping f is a quadratic and quartic mapping if f is represented by
sum of a quadratic mapping and a quartic mapping. A functional equa-
tion is called a quadratic and quartic type functional equation provided
that each solution of that equation is a quadratic and quartic mapping.
Many mathematicians investigated the stability of the quadratic and
quartic type functional equations [1, 7, 9, 8, 11, 15, 16].

In this paper, we will show that the functional equations D f(x,y) =
0, Daf(z,y) = 0, Dsf(x,y) = 0 are quadratic and quartic type func-
tional equations. Many mathematicians proved the stability of the qua-
dratic and quartic functional equations by handling the quadratic part
and the quartic part of the given mapping f, respectively. In this pa-
per, instead of splitting the given mapping f : V — Y into two parts,
we will prove the stability of the functional equations D; f(z,y) = 0,
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Dy f(x,y) =0, Dsf(x,y) = 0 at once by using the fixed point theory.

2. Main theorems

We recall the following Margolis and Diaz’s fixed point theorem to
prove the main theorem.

THEOREM 2.1. ([5]) Suppose that a complete generalized metric space
(X,d), which means that the metric d may assume infinite values, and
a strictly contractive mapping J : X — X with the Lipschitz constant
0 < L <1 are given. Then, for each given element x € X, either

d(J"z, J" ) = 400, Vn € NU {0},
or there exists a nonnegative integer k such that:
(1) d(J"z, J" ) < +oo for all n > k;
(2) the sequence {J"x} is convergent to a fixed point y* of J;
(3) y* is the unique fixed point of J in Y := {y € X,d(J*x,y) < +oco};
(4) d(y, 57) < (1/(1 - L))d(y, Jy) for all y € Y.

Lee [12] proved the following lemma from Baker’s theorem [2].

LEMMA 2.2. (Corollary 2.2 in [12]) Let V' and W are vector spaces
over Q, R or C, and r € Q — {0, £1}. Suppose that ny,...,n,, are nat-
ural numbers, and ¢, dy;, o, Bo, - - . ; Qtm, B are scalar such that o —
a;B; # 0 whenever 0 < j <1 < m. If a mapping f : V — W satisfies
the equality f(rx) = r¥f(x) for all z € V and the inequality

Flooz + Boy) + D> c fldy, (euz + Biy)) =

=1 i=1

for all x,y € V, then f is a monomial mapping of degree k.

The monomial mappings of degree 2 and 4 are also called a quadric
mapping and a quartic mapping, respectively.

LEMMA 2.3. Let m € {1,2,3} and f : V — W with f(0) = 0. Then
the equality

(2.1) f(4x) —20f(2x) 4+ 64f(x) = Ep f(x)
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holds for all x € V', where E,,f : V — W is given by

By f (@) =gy (=D fela, (5 + 2)2) = Dol (k — 2)2)
— 4D fe(x, (k+ 1)x) — 4D; fe(x, (k — 1)x) + 10D fe(z, kx)
+ Dy fo(22,2x) + 4D1 fo (22, 2) — k* Dy fo(z, 3z)
—2(k* + 1)Dy fo(z, 22) + (17k? — 8) Dy fo(x, 1))
LD £(0,4z) — 20D, £(0, 2z) + 64D, f(0, z)

2(k2 —1)
Esf(z) :==Daf(—x,z) + 5Dy f (—2x,z) + 25Dy f (2, 0)

BEsf(x) ::ﬁ(QDgf(x, kx) — D3f(2z,0) + 2k* D3 f(x, )
12D3f(33‘, 0) 12D3f(0, (1 — k)x)
o k2 + (k2 —1)2
forallz e V.

THEOREM 2.4. Let m be a fixed integer such that m € {1,2,3}. If a
mapping f : V. — W satisfies D, f(x,y) = 0 for all z,y € V, then f is
a quadratic-quartic mapping.

Proof. Note that f(0) = 0 is easily obtained from D,,f(z,y) = 0.
Define the mappings f; and f by

fiw) = TELITD g () o= IR LA

If a mapping f : V — W satisfies D,, f(z,y) = 0 for all z,y € V, then
f1 and fo satisfy the equalities

Dmfl(l‘,y) =0 and Dme(]T,y) =0
for all 7,y € V. We can obtain the equalities fi(2x) = 22fi(z) and
f2(2x) = 24 fo(z) from the equalities
f(dz) = 20£(20) + 64f(2) = B f ()

for all x € V, where FE,,f : V — W is given in Lemma 2.3. According

to Lemma 2.2, f; is a quadratic mapping and fo is a quartic mapping.

Since the equality f = f1 + f2 holds, f is a quadratic-quartic mapping.
O

—f(2x) +4f(x)

Now we can prove some stability results of the functional equation
Dy, f(z,y) =0 (m =1,2,3) by using the fixed point theory.
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THEOREM 2.5. Let m be a fixed integer such that m € {1,2,3}
and let f : 'V — Y be a mapping for which there exists a mapping
¢ : V% —[0,00) such that the inequality

(2.2) 1D f (2, y)l| < o(2,y)

holds for all x,y € V with f(0) = 0. If there exists a constant 0 < L < 1
such that ¢ has the property

(2.3) ©(2z,2y) < 2(V41 - 5)Lo(x,y)

for allz,y € V, then there exists a unique mapping F' : V — Y satisfying
the functional equation D,, F(z,y) = 0 and the inequality

P ()
24 - F —_—
(2.4 @) - Pl < g
for all z € V, where @, : V2 — [0,00) and ®,, are defined by
QO(LE, y) + QD(*I', *y)
2 )
1

’k kz‘( ( (k+2) )"_‘Pe(xv (]{7—2):6)+4(pe(x, (k+1)w)
+ k2pe(, 3) + 4pe(z, (k — 1)x) + 100 (2, kx) + e (22, 2)
+4p(2x,z) + 2(k2 + Dpe(x,2x) + |17k2 — 8|gpe(m,x))

©e(0,4z) + 209 (0, 2x) + 640, (0, z)
+ )

|k? =1

Dy () :=2¢c(—x,x) + 100 (—22, ) + 50p¢(z, 0),

12(pe(z, kx) + @e(22,0) + 2k2<,oe($, x))  24pc(x,0)
(133(1') = |k‘4 — k2’ + k:2

245.(0, (1 - k)a)
=1

In particular, F' is represented by

Pe(T,y) 1=

(I)l (1‘) =

(2.5) nh_)r{.loz C n Z 20) f(22n—im)

forallx € V.

Proof. Let S be the set of all functions g : V' — Y with g(0) = 0. We
introduce a generalized metric on S by

d(g,h) = inf {K € Ry||g(x) — h(z)|| < KPp(z) for all =€ V}.
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It is easy to show that (S,d) is a generalized complete metric space.
Now we consider the mapping J : S — S, which is defined by

for all x € V. Notice that the equality

Z C n Z 20) (22n7i$)

holds for all n € N and z € V. Let g,h € S and let K € [0, 00| be an
arbitrary constant with d(g, h) < K. From the definition of d, we have

1Tg(x) — Th(@)]| <K (—Bp(4z) + 2oy (22))

64 64

< k(=210 00) + o, 20)

< K((\/4>1165)2L2<I>m(x) - m(\/ﬁamm(ag))
V-5 7;610(\/4» =5) 1.9, ()

<LK®,,(z)

for all x € V, which implies that
d(Jg,Jh) < Ld(g,h)

for any g,h € S. That is, J is a strictly contractive self-mapping of S
with the Lipschitz constant L. Using (2.1) we obtain that

|| Bwf ()
N 64

D, ()

I£(a) - < ot

) = Hf(élx) —20f(2x) + 64f(x)
N 64

for all z € V. It means that d(f, Jf) < 6%1 < oo by the definition of d.
Therefore according to Theorem 2.1, the sequence {J" f} converges to
the unique fixed point F' : V' — Y of J in the set T' = {g € S|d(f,g) <
oo}, which is represented by (2.5) for all z € V. Notice that

1

d(f, F) < (f Jf)_W_)
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which implies (2.4). By the definition of F, together with (2.2) and
(2.3), we have

IDwF(y) = T D" f )]

n i 2 ) ]
= lim HZ A CU O) mf(22"*l:c,22”*2y)H

n—oo

n

= hm 064” (221, 221 y))
z:O
< lim Z C 2” HV41 = 5" LT (20, 27y)
n—o0o
2(v/41 — 5) + 20)"
o 642+ Ry
(VAL +5)"(V41 —5)"
< lim ( )16(” ) L'o(z,y)
< i n
< lim L¢(z,y)
= 0

forall z,y € V i.e., F'is a solution of the functional equation D,, F'(z,y) =
0. Notice that if F' is a solution of the functional equation D,,F(z,y) =
0, then the equality F(x) — JF(x) = EmTZ(@ implies that F is a fixed
point of J. ]

We continue our investigation with the next result.

THEOREM 2.6. Let m be a fixed integer such that m € {1,2,3}
and let f : 'V — Y be a mapping for which there exists a mapping
@ : V2 —[0,00) such that the inequality (2.2) holds for all z,y € V and
let f(0) = 0. If there exists a constant 0 < L < 1 such that ¢ has the
property

(2.6) Lo(27,2y) > o(x,y)

\F—s

for allx,y € V, then there exists a unique mapping F' : V — Y satisfying
the functional equation D, F(x,y) = 0 and the inequality

(66 — 10v/41)L?
1024(1 — L)

(2.7) If(2) = F()]| <
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for all x € V. In particular, F' is represented by

n—00 4 22n—i
1=0

28) P = Jim > w020 ot ()

forallz €V.

Proof. Let the set (S,d) be as in the proof of Theorem 2.5. Now we
consider the mapping J : S — S defined by

Jg(z) = 20g<‘;> - 64g<z>

for all x € V. Notice that the equality

n ' . T
Tg(x) = 3 nCi20'(~64)" 9(2)
=0

holds for all n € N and z € V. Let g,h € S and let K € [0,00] be an
arbitrary constant with d(g,h) < K. From the definition of d, we have

- ss(2) () (2) (2|

<6AK®,, <Z> +20K®,, <‘”)

2
VA4l —5)? V4l -5
<LE®,,(z)

for all x € V, which implies that
d(Jg,Jh) < Ld(g,h)

for any g,h € S. That is, J is a strictly contractive self-mapping of S
with the Lipschitz constant L. Moreover, by (2.1) and (2.2), we see that

()] o (5) T

1f () = Jf(@)] = 392

for all x € V. It means that d(f,Jf) < (66_11%# < oo by the
definition of d. Therefore according to Theorem 2.5, the sequence {J" f}
converges to the unique fixed point F': V — Y of J in the set T = {g €

S|d(f,g) < oo}, which is represented by (2.8) for all x € V. Notice that

(66 — 10y/41)L?
1024(1 - L) ’

1
d(f, F) < ﬁd(fJf) <
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which implies (2.7). By the definition of F, together with (2.2) and
(2.8), we have

IDwF ()| = lim D" ()]

. . i n—i €z Yy
- |55 oot )

n
‘ . B y
< nh—>Holo 0n0i20164n ZQD<22n_z"22n—i>
1=
n i 2
| o V=5 (o
< . V2 n— _—
1=
< . o . n—i - <
< nh_)rgo-z;nCﬂO (2(\/4> 5)) 90<2n’ Qn)
i=
< lim (204 2(v41 = 5)e( —, L
~ n—oo 2n’ 2n
< nh_)rgl(}?"(\/lﬁ—i-@nT@(xay)
< lim L"(z,y)
n—oo

=0

forall z,y € V i.e., F'is a solution of the functional equation D,, F(x,y) =
0. Notice that if F' is a solution of the functional equation D,,F(z,y) =
0, then the equality F(z) — JF(z) = Ep,F (%) implies that F is a fixed
point of J. O

Since f is a quadratic-quartic mapping if D,, f(z,y) = 0, and f—Jf =
0 if f is a quadratic-quartic mapping, we obtain the following corollaries
from Theorem 2.5 and Theorem 2.6.

COROLLARY 2.7. Let f : V — Y be a mapping for which there exists
a mapping ¢ : V2 — [0,00) such that the inequality (2.2) holds for all
x,y € V and let f(0) = 0. If there exists a constant 0 < L < 1 such
that ¢ has the property (2.2) for all x,y € V', then there exists a unique
quadratic-quartic mapping F : V' — Y satisfying the inequality (2.4) for
allz € V.

COROLLARY 2.8. Let f : V — Y be a mapping for which there exists
a mapping ¢ : V2 — [0,00) such that the inequality (2.2) holds for all
xz,y € V and let f(0) = 0. If there exists a constant 0 < L < 1 such
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that ¢ has the property (2.6) for all x,y € V, then there exists a unique
quadratic-quartic mapping F : V' — Y satisfying the inequality (2.7) for
allz e V.

COROLLARY 2.9. Let X be a normed space and p € (0,1+logy(v/41—
5)U(6—logy(v/41—5),00). Ifafunction f : X — Y satisfies the inequality

1D f (2, )| < O(1[[I + [ly”)

for all z,y € X and for some 0 > 0, then there exists a quadratic-quartic
mapping F' : X — Y such that

5(2P+9)0 P X
64(17(21’*102;2'('3‘41'7175)) if p < 14 logy (V41 — 5),

1f(z) = F(z)|| < (VA1-5)20(2r+0)22(7losa (VAT=5)70) |7

322(1—24—log2(V41-5)—p)
if p > 6 — logy(v/41 — 5)

for all x € X\{0}.

Proof. If we put

o(x,y) = 0([=|” + llylI*)

for all z,y € X\{0} and

op—1-log;(VAI=5)  when p < 1 4 logy (V41 — 5),
26-log>(VAI=5)=p  when p > 6 — logy (V41 — 5),

then our assertions follow from Theorems 2.5 and 2.6. O
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