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SOLUTION AND STABILITY OF A CUBIC TYPE FUNCTIONAL
EQUATION: USING DIRECT AND FIXED POINT METHODS

V. GOVINDAN!, S. MURTHY?, AND M. SARAVANAN?

ABSTRACT. In this concept, we investigate the generalized Ulam-Hyers-Rassias
stability for the new type of cubic functional equation of the form
g (azy + bxy + 2cx3) + g (axy + bry — 2cx3) + 8 alg(x1) + 8 b g(x2)
=2g(ax1 + bxo) + 4 (g(axy + cx3) + glawy — cx3) + g(bxs + cx3) + g(bxe — cx3))

by using direct and fixed point alternative.

1. INTRODUCTION

Sometime in modeling applied problems there may be a degree of uncertainty in
the parameters used in the model or some measurements may be imprecise. Due to
such features, we are tempted to consider the study of the functional equation in the
alternative settings. One of the most interesting questions in the theory of functional
equations, concerning the famous Ulam [38] stability problem, is as follows: when is
it true that a mapping satisfying a functional equation approximately must be close
to exact solution of the given functional equation?

In 1940, S. M. Ulam [39] raised the following question. Under what conditions does
there exist an additive mapping near an approximately additive linear mappings? The
case of approximately additive function was solved by D. H. Hyers [15] under certain
assumptions. In 1978, a generalized version of the Theorem of Hyers for approximately
linear mappings was given by Th. M. Rassias [34]. A number of mathematicians were
attracted by the result of Th. M. Rassias. The stability concept that was introduced
and investigated by Rassias is called the Hyers-Ulam-Rassias stability. One of the
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most famous functional equation is the additive functional equation

flx+y) = fl@)+ f(y).

In 1821, it was first solved by A. L. Cauchy in the class of the continuous real valued
functions. It is often called an additive Cauchy functional equation in honor of A. L.
Cauchy [39]. The theory of additive functional equations in frequently applied to the
development of the theories of the other functional equations. Consider the functional
equation

flz+y)+ flz—y) =2f(x) + 2 (y).
The quadratic function f(z) = cz? is a solution of this functional equation, so one
can usually say that the above functional equation is quadratic [3-6,20,21,27,30].
Recently, Bae, Lee and Park [32] established some stability results for the functional
equation

k(k*—1)

kf(z+ky) + f(kr —y) = f(f(:ﬂry) + flx—y)+ (k£1)f(y),

where k£ > 2 is a fixed integer, in the setting of non-Archimedean L-fuzzy normed
spaces.

The Hyers-Ulam stability problem of the quadratic functional equation was first
proved by F. Skof [37] for functions between a normed space and a Banach space.
After wards, the result was extended by P. W. Cholewa [11] and S. Czerwisk [12].

The cubic function g(z) = ca® satisfies the functional equation

(1.1) 9(2r +y) +g(2r —y) = 29(x +y) + 29(z — y) + 129(z).

Hence, throughout this concept, we promise that equation (1.1) is called a cubic
functional equation and every solution of equation (1.1) is said to be a cubic function.
The stability result of equation (1.1) was obtained by K. W. Jun and H. M. Kim [17].

In this concept, we present the general solution and generalized Ulam-Hyers-Rassias
stability of the new type of cubic functional equation of the form

(1.2) g(axy + bxy + 2cw3) + g (axy + by — 2cx3) + 8a’g(xy) + 8b%g(xs)
=2g(az1 + bx2) + 4 (g(az1 + cxs) + glazy — cxs) + g(bra + cx3)+
g(bzy — cx3)).
The main goal of this concept is to obtain the generalized Hyers-Ulam-Rassias stability
result for the functional equation (1.2) by using the direct and fixed point alternative
[7,13,18,19,22-26,29,33,35,36] in [1,2,8-10,14, 16, 28, 31].
For completeness, we will first investigate solution of the functional equation (1.2).

Proposition 1.1. Let X and Y be real vector spaces. A function g : X — 'Y satisfies
the functional equation (1.1) if and only if g : X — Y also satisfies the functional
equation (1.2).
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Proof Substituting (x,y) by (0,0) in (1.1) yields g(0) = 0. Replacing (z,y) by (0, x)

n (1.1), gives g(—x) = —g(z) for all x € X, which implies that g is odd. Now,
replacing (x,y) by (x,0) in (1.1), we obtain g(2m) = 8¢(x), and replacing (z,y) by
(z,x) in (1.1), we get that g(3x) = 27g(x) for all x € X. Substituting (z,y) by
(ax,azx + by) in (1.1), we have

g9(2azx + ax + by) + g(2ax — (ax + by)) =2g(ax + ax + by)
+ 2¢g(ax — (ax + by)) + 12¢g(azx),
g(3ax + by) + g(ax — by) =2g(2az + by) + 2g(—by) + 12¢g(ax),
(1.3) g(3ax + by) + glax — by) =2g(2ax + by) — 2g(by) + 12g(azx),
for all z,y € X. Replacing (z,y) by (az,ax — by) in (1.1), we get
9(2azx + ax — by) + g(2ax — (ax — by)) =2¢g(ax + ax — by)
+ 2¢g(ax — (ax — by)) + 12¢g(azx),
(1.4) 9(3azx — by) + g(ax + by) =2¢g(2ax — by) + 2g9(by) + 12g(ax),
for all z,y € X. Adding (1.3) and (1.4) and then using (1.1), we see that
9(3azx + by) + g(ax — by) + g(3azx — by) + g(azx + by)
=2g(2ax + by) — 29(by) + 12g(ax) + 2g(2azx — by) + 2g(by) + 12¢g(azx),
9(3azx + by) + g(3ax — by) + g(azx + by) + g(ax — by)
=2¢(2ax + by) + 2¢g(2ax — by) + 24¢9(ax),
9(3azx + by) + g(3ax — by) + g(azx + by) + g(ax — by)
=2 (2g(ax + by) + 2g(ax — by) + 12¢g(ax)) + 24g(azx),
9(3azx + by) + g(3ax — by) + g(azx + by) + g(ax — by)
=4g(azx + by) + 4g(ax — by) + 24g(az) + 24¢(ax),
g(3azx + by) + g(3ax — by) + g(azx + by) + g(ax — by)
=4g(ax + by) + 4g(ax — by) + 48¢(ax),
(1.5) g(3ax + by) + g(3ax — by) = 3g(ax + by) + 3g(ax — by) + 48¢(ax),
for all x,y € X. Now, replacing (az, by) by (az + by, azx — by) in (1.5), respectively,
we have
g(3(ax + by) + (ax — by)) + g(3(ax + by) — (ax — by))
=3g((ax 4+ by) + (ax — by)) + 3g((ax + by) — (ax — by)) + 48¢g(ax + by),
g(3ax + 3by + ax — by) + g(3ax + 3by — ax + by)
=3¢(2azx) + 39(2by) + 48g(ax + by),
g(dax + 2by) + g(2ax + 4by) = 3¢g(2ax) + 3g(2by) + 48¢g(ax + by),
for all ,y € X, which, in view of the identity g(2x) = 8¢(z), reduces to

g(dazx + 2by) + g(2ax + 4by)
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=3 (8g(ax)) + 3 (8g(by)) + 48g(ax + by),
8¢g(2ax + by) + 8¢g(ax + 2by) = 24g(ax) + 24g(by) + 48¢g(ax + by),
and dividing by 8, we get
(1.6) 9(2azx + by) + g(ax + 2by) = 3g(ax) + 3g(by) + 6g(azx + by),
for all x,y € X. Now, replacing (ax, by) by (azx + 3by, ax — 3by) in (1.6), we arrive to
9(2(az + 3by) + (ax — 3by)) + g (ax + 3by + 2(azx — 3by))
=3g(ax + 3by) + 3g(ax — 3by) + 6g(ax + 3by + ax — 3by),
9(2az + 6by + ax — 3by) + g (ax + 3by + 2ax — 6by)
=3g(ax + 3by) + 3g(ax — 3by) + 6g(2azx),
g (3azx + 3by) + g (3ax — 3by) = 3g(azx + 3by) + 3g(ax — 3by) + (6 x 8)g(ax),
27g (ax + by) + 27g (ax — by) = 3g(ax + 3by) + 3g(ax — 3by) + 48¢(ax),
(1.7) 9g (ax + by) + 9¢ (ax — by) = g(ax + 3by) + g(ax — 3by) + 16g(ax),
for all x,y € X. Let us interchange ax in by and by in ax in (1.7) to get the identities
9g (ax + by) + 99 (by — ax) = g(3ax + by) + g(by — 3ax) + 16g(by),

(1.8) 9¢ (ax + by) — 9¢g (ax — by) = g(3ax + by) — g(3ax — by) + 16g(by),
for all ,y € X. Then, by adding (1.7) and (1.8), we get
(1.9) 99 (azx + by) + 9g (ax — by) + 9g (ax + by) — 9g (ax — by) v

=g(ax + 3by)zx + g(ax — 3by) + 16g(ax)
+ g(3azx + by) — g(3ax — by) + 16g(by),
18¢g(ax + by) =g(azx + 3by) + g(ax — 3by) + g(3ax + by)
(1.10) — g(3az — by) + 16g(ax) + 16g(by),
for all z,y € X. Now, we interchange ax with by and by with azx in (1.5), respectively
we get
g (3by + ax) + g (3by — ax) = 3g(by + ax) + 3g(by — ax) + 48¢(by),
(1.11) g (azx + 3by) — g (ax — 3by) = 3g(ax + by) — 3g(ax — by) + 48¢(by),
for all z,y € X. Hence, according to (1.5) and (1.11), we obtain
g (3azx + by) + g (3ax — by) = 3g(ax + by) + 3g(ax — by) + 48g(ax),
g (azx + 3by) — g (ax — 3by) = 3g(ax + by) — 3g(azx — by) + 48¢g(by).
Adding the above equations we get

g (3azx + by) + g (3ax — by) + g (ax + 3by) — g (ax — 3by)
=6g(ax + by) + 48¢g(ax) + 48¢(by),
6g(ax + by) =g(3az + by) + g(3azx — by) + g(azx + 3by) — g(ax — 3by)
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(1.12) — 48¢(ax) — 48¢(by),
for all z,y € X. Again by adding (1.10) and (1.12), we get
18¢(ax + by) =g(ax + 3by) + g(ax — 3by) + g(3ax + by)
— 9(3az — by) — 16g(azx) — 16g(by),
6g(ax + by) =g(3ax + by) + g(3ax — by) + g(ax + 3by)
— g(az — 3by) — 48g(ax) — 48g(by),
24g(ax + by) =2¢g(ax + 3by) + 29(3ax + by)
— 32g(az) — 329(by),
12g(ax + by) =g(ax + 3by) + g(3ax + by) — 16g(azx) — 16g(by),
(1.13) g(ax + 3by) + g(3ax + by) =12g(az + by) + 16g(ax) + 16g(by),
for all x,y € X. Taking (1.5), we have
g(Bax + by) + g(3ax — by) = 3g(ax + by) + 3g(ax — by) + 48¢(ax),
g(3ax + cz) + g(3ax — cz) = 3g(ax + cz) + 3g(ax — cz) + 48¢(ax),
g(3by + cz) + g(3by — cz) = 3g(by + cz) + 3g(by — cz) + 48¢(by),
9(3azx + cz) + g(3ax — cz) + g(3by + cz) + g(3by — c2)
=3g(ax + cz) + 3g(ax — cz) + 48g(ax)
+ 3g(by + ¢z) + 3g9(by — cz) + 48g(by),
16g(3ax + cz) + 16g(3ax — cz) + 16g(3by + cz) + 16g(3by — cz)
(1.14) =48¢g(ax + cz) + 48g(ax — cz) + 48¢g(by + cz)
+ 48¢(by — cz) + 768¢g(ax) + 768¢(by),
for all z,y € X. Also, replacing (ax,by) by (3ax + cz,3by + cz) in (1.13), respectively
we get
glax + 3by) + g(3ax + by) = 12g(ax + by) + 16g(ax) + 16g(by),
9(3azx + cz + 3(3by + cz)) + g(3(3ax + cz) + 3by + c2)
=12¢(3ax + cz + 3by + cz) + 16g(3ax + cz) + g(3by + cz),
9(3azx + cz + by + 3cz) + g(9ax + 3cz + 3by + c2)
=12¢(3ax + cz + 3by + cz) + 16g(3az + cz) + 16g(3by + cz),
g(3ax + 4cz + 9by) + g(9ax + 4cz + 3by)
(1.15) =12¢(3ax 4 2cz + 3by) + 16g(3ax + cz) + 16¢(3by + cz),
for all z,y € X. Replacing (ax,by) by (3ax — cz,3by — cz) in (1.13) we obtain
glax + 3by) + g(3az + by) = 12g(ax + by) + 16g(ax) + 16g(by),
g(3ax — cz + 3(3by — c2)) + 9(3(3ax — cz) + 3by — c2)
=12¢(3ax — cz + 3by — cz) + 16g(3ax — cz) + g(3by — cz2),
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9(3ax — cz + 9by — 3cz) + g(9ax — 3cz + 3by — c2)
=12¢(3ax — cz + 3by — cz) + 16g(3ax — cz) + 169(3by — cz),
9(3ax — 4cz + 9by) + g(9ax — 4cz + 3by)
(1.16) =12¢(3ax — 2cz + 3by) + 169(3ax — cz) + 169(3by — cz),
for all z,y € X. Using (1.15) and (1.16), we get the following identities
g(3az + 4cz + 9by) + g(9ax + 4cz + 3by) + g(3ax — 4ez + 9by)
+ g(9ax — 4cz + 3by)
=12¢(3ax + 2cz + 3by) + 16g(3ax + cz) + 16¢(3by + cz)
+ 12¢g(3ax — 2¢z + 3by) + 16g(3ax — cz) 4+ 16¢(3by — cz),
g(3ax + 4cz + 9by) + g(9ax + 4ez + 3by) + g(3ax — 4ez + 9by)
+ g(9ax — 4cz + 3by) — 12¢g(3ax + 2¢z + 3by) — 12¢g(3ax — 2¢z + 3by)
(1.17)  =16g(3ax + cz) + 169(3by + cz) + 16g(3ax — cz) + 169(3by — cz),
for all z,y € X. Using (1.5) we obtain
g(3ax + by) + g(3azx — by) = 3¢g(ax + by) + 3g(ax — by) + 48¢(ax),
g(3(ax + 3by) + 4cz) + g(3(azx + 3by) — 4cz)
=3g(ax + 3by + 4cz) + 3g(ax + 3by — 4cz) + 48g(ax + 3by),
g(3azx + 9by + 4cz) + g(3ax + by — 4cz)
(1.18) =3¢(ax + 3by + 4cz) + 3¢g(ax + 3by — 4cz) + 48¢g(ax + 3by),
for all z,y € X. Again using (1.5) it follows that
g(3ax + by) + g(3ax — by),
=3¢g(az + by) + 3g(ax — by) + 48¢(ax),
9(3(3ax + by) + 4cz) + g(3(3az + by) — 4cz)
=3¢(3ax + by + 4cz) + 39(3ax + by — 4cz) + 48¢(3ax + by),
9(9az + 3by + 4cz) + g(9ax + 3by — 4cz)
(1.19) =3¢(3ax + by + 4cz) + 39(3az + by — 4cz) + 48¢(3ax + by),
for all z,y € X. Adding (1.18) and (1.19), we obtain
g(3ax + 9by + 4cz) + g(3ax + by — 4cz) + g(9ax + 3by + 4cz)
+ g(9ax + 3by — 4cz) = 3g(azx + 3by + 4cz) + 3g(ax + 3by — 4cz)
+ 48¢g(ax + 3by) + 3g9(3ax + by + 4cz)
(1.20) + 3g(3ax + by — 4cz) + 48¢(3ax + by),
for all x,y € X. Then applying (1.20) in (1.17), we get
169(3ax + cz) + 16¢(3by + cz) + 16g(3ax — cz) + 16g(3by — cz)
=3g(ax + 3by + 4cz) + 3g(ax + 3by — 4cz) + 48g(ax + 3by)
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+ 39(3azx + by + 4cz) + 3g(3ax + by — 4cz)
(1.21) — 12¢(3az + 3by + 2cz) — 12¢(3ax + 3by — 2¢z) + 48¢(3ax + by),
for all z,y € X. From (1.5), we obtain
g(3ax + by) + g(3ax — by) = 3g(ax + by) + 3g(ax — by) + 48¢(ax),
g(3(ax + by) + 2¢z2) + g(3(ax + by) — 2¢z) = 3g(azx + by + 2cz)
+ 3g(azx + by — 2cz) + 48¢g(ax + by),
g(3az + 3by + 2¢z) + g(3ax + 3by — 2¢z2)
(1.22) =3¢g(ax + by + 2cz) + 3g(ax + by — 2¢z) + 48¢g(ax + by),
for all z,y,z € X. Using (1.22) in (1.21), we get
169(3ax + cz) + 16¢(3by + cz) + 16g(3ax — cz) + 16g(3by + cz)
=3¢g(az + 3by + 4cz) + 3g(ax + 3by — 4cz) + 48¢g(ax + 3by)
+ 39(3ax + by + 4cz) + 3g9(3ax + by — 4cz) + 48g(3ax + by)
— 36g(az + by + 2cz) — 36g(ax + by — 2cz) — 576g(ax + by),
169(3azx + cz) + 169(3by + cz) + 16g(3ax — cz) + 169(3by + c2)
=3g(ax + 3by + 4cz) + 3g(azx + 3by — 4cz) + 48g(ax + 3by)
+ 3¢(3ax + by + 4cz) + 3g9(3ax + by — 4cz)
+ 48 g(3ax + by) — 36g(ax + by + 2cz) — 36¢g(ax + by — 2¢z) — 576g(ax + by),
for all z,y,z € X, which, by modifying of (1.14), yields to the relation
3g(ax + 3by + 4cz) + 3g(ax + 3by — 4cz) + 48¢g(ax + 3by)
+ 3g9(3ax + by + 4cz) 4+ 3g9(3ax + by — 4cz) + 48¢(3ax + by)
— 36g(ax + by + 2c¢z) — 36g(ax + by — 2cz) — 576g(ax + by)
=48¢(ax + cz) + 48¢(ax — cz) + 768g(ax) + 48¢(by + c2)
+ 48¢(by — cz) + 768¢(by).
Then we obtain
3g(ax + 3by + 4cz) + 3g(ax + 3by — 4cz) + 48¢g(ax + 3by)
+ 3g(3ax + by + 4cz) + 3g(3ax + by — 4cz) + 48g(3ax + by)
=36g(ax + by + 2¢z) + 36g(ax + by — 2¢z) + 576g(ax + by) + 48g(ax + cz)
(1.23) 4+ 48¢g(ax — cz) + 768g(ax) + 48¢(by + cz) + 48¢(by — cz) + T68g(by),

for all z,y, z € X. With the concept of (1.13) and (1.5), the left side of (1.14) can be
written in the form

g(3ax + by) + g(3ax — by) = 3g(ax + by) + 3g(ax — by) + 48¢(ax),
9(3(3az + by) + 2¢z) + g(3(3az + by) — 2¢z)
=3¢(3ax + by + 2cz) + 3¢g(3azx + by — 2¢z) + 48¢(3ax + by),



14 V. GOVINDAN, S. MURTHY, AND M. SARAVANAN

g(9ax + 3by + 2¢z) + g(9ax + 3by — 2¢z) = 3g(3ax + by + 2¢z)
(1.24) + 3g(3ax + by — 2¢z) + 48¢(3ax + by),
g(3(azx + 3by) + 2¢z) + g(3(azx + 3by) — 2¢z)
=3g(ax + 3by + 2cz) + 3g(ax + 3by — 2¢z) + 48g(ax + 3by),
g(3ax + 9by + 2¢z) + g(3ax + by — 2cz) = 3g(ax + 3by + 2cz)
(1.25) + 3g(ax + 3by — 2¢z) + 48g(ax + 3by).
Adding (1.24) and (1.25), we get
g(3ax + 9by + 2¢z) + g(3ax + by — 2¢z) + g(9ax + 3by + 2¢z)
+ g(9az + 3by — 2cz) = 3g(ax + 3by + 2cz) + 3g(azx + 3by — 2cz)
+ 48¢(ax 4 3by) + 3g(3ax + by + 2cz)
+ 3g9(3ax + by — 2cz) + 48¢(3ax + by),
g(3ax + 9by + 2¢z) + g(3ax + by — 2¢z) + g(9ax + 3by + 2cz)
+ g(9az + 3by — 2cz) — 48¢(3ax + by) — 48¢g(ax + 3by)
=3¢9(3ax + by + 2cz) + 3g(ax + 3by — 2¢z) + 3g(ax + 3by + 2cz)
+ 3g(ax + 3by — 2cz),
9(3azx + 9by + 2cz) + g(3ax + by — 2cz) + g(9ax + 3by + 2¢z)
+ g(9ax + 3by — 2¢2) — 12¢g(3ax + 3by) — 12¢g(3ax + 3by)
=3g(ax + 3by + 2cz) + 3g(ax + 3by — 2¢z)
(1.26) + 3g(azx + 3by + 2¢z) + 3g(ax + 3by — 2c¢z),
for all z,y,2z € X. Using (1.26), we get the identity
169(3ax + cz) + 169(3by + cz) + 16g(3ax — cz) + 16g(3by — cz)
=3g(ax + 3by + 2cz) + 3g(az + 3by — 2¢z) + 48¢(ax + 3by)
(1.27) + 39(3ax + by + 2cz) — 648g(ax + by) + 48¢g(3ax + by),
for all x,y,z € X. Replacing z by 2z in (1.27) and then using (1.23), we get
16g(3ax + 2¢z) + 169(3by + 2¢z) + 16g(3ax — 2¢z) + 16g(3by — 2¢2)
=3¢(ax + 3by + 4cz) + 3g(az + 3by — 4cz) + 48¢(ax + 3by)
+ 39(3azx + by + 4cz) + 3g9(3ax + by — 4cz)
(1.28) — 648¢(ax + by) + 48¢(3ax + by),
for all z,y € X. Using (1.28) in (1.23), we obtain
16g(3ax + 2cz) + 16g(3by + 2¢z) + 16g(3ax — 2¢z) + 16g(3by — 2¢2)
=48¢(ax + cz) + 48¢(ax — cz) + 768¢g(ax) + 48g(by + c2)
+ 48¢g(by — cz) + 768¢(by) + 36g(ax + by + 2cz)
(1.29) + 36g(ax + by — 2¢z) + 576g(ax + by) — 648¢g(ax + by),
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for all z,y,z € X. Again making use of (1.13) and (1.5), we get
16g(3ax + 2¢z) + 169(3by + 2¢z) + 16g(3ax — 2¢z) + 169(3by — 2¢2)
=g(12az + 4cz) + g(12ax — 4cz) — 12g(6ax) + g(12by + 4cz)
+ g(12by — 4cz) — 129(6by)
=64g(3az + cz) + 64g(3ax — cz) — 2592¢g(ax) + 649(3by + cz)
+ 64¢g(3by — cz) — 2592g(by)
=64(g(3ax + cz) + g(3ax — cz) + g(3by + cz) + g(3by — c2))
— 2592¢(ax) — 2592¢(by)
=64(3g(ax + cz) + 3g(ax — cz) + 48g(ax) + 3g(by + cz) + 3g(by — cz)
(1.30) + 48¢(by)) — 2592g(ax) — 2592g(by),
for all z,y,2z € X. Using (1.30) we have the following reduction
169(3ax + 2cz) + 16¢(3by + 2¢z) + 169(3ax — 2cz) + 16g(3by — 2¢z)
=192g(ax + ¢2)192¢g(ax — cz) — 480g(ax)
(1.31) +192¢g(by + cz) + 192¢g(by — cz) — 480¢g(by),
for all z,y,z € X. Finally, if we compare (1.31) with (1.29), we can conclude that
48¢g(ax + cz) + 48g(by + cz) + 48g(ax — cz) + 48¢(by — cz) + 768g(ax) + 768g(by)
+ 36g(ax + by + 2¢z) + 36g(ax + by — 2¢z) + 5769 (ax + by) — 648¢g(ax + by)
=192¢g(az + cz) + 192g(ax — cz) — 480g(ax) + 192g(by + cz) + 192¢g(by — cz)
— 480g(by),
36g(ax + by + 2¢z) 4+ 36g(ax + by — 2¢z) = 192g(ax + cz) — 48¢g(ax + cz)
+192¢g(azx — cz) — 48¢(ax — cz) + 480¢g(ax) — 768¢g(ax) — 192¢(by + cz)
— 48¢(by + cz) + 1929(by — cz) — 48g(by — cz) + 480g(by) — 768¢(by)
+ 72¢g(az + by),
36g(ax + by + 2cz) + 36g(ax + by — 2cz) = 144g(ax + cz) + 144g(ax — cz)
+ 144¢9(by + cz) + 144¢9(by — cz) + 72g(ax + by) — 288¢g(ax) — 288¢(by),
glax + by + 2cz) + g(ax + by — 2¢z) = 2g(ax + by) + 4g(ax + cz)
+4g(ax — cz) + 4g(by + cz) + 4g(by — cz) — 8g(ax) — 8g(by),
for all z,y,z € X. By considering g(ax) = a®g(x), we get
glax + by + 2cz) + g(az + by — 2cz) = 2g(ax + by)
+4(g(ax + cz) + glax — c2) + g(by + c2) + g(by — cz)) — 8a’g(x) — 8b°g(y),

for all x,y, z € X, which implies that ¢ is cubic. Conversely, suppose that g: X — Y
satisfies the functional equation (1.1). Putting x =y = z = 0 in (1.2) we get ¢g(0) = 0.

—r T XC

Changing (z,y, z) by (7, 7 7) in the result we get g(—z) = —g(z), which implies
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that g is odd. Replacing y = 0 in (1.2) and employing the fact that g is odd, we
obtain that

glax + 2¢z) + g(ax — 2¢z) = 2g(ax) + 4g(ax + cz) + g(ax — cz)
+4g(cz) + 4g(—c2) — 8a’g(x),
glax + cz) + glax — 2¢2) = —6a’g(x) + 4g(azx + cz) + 4g(ax — cz),
(1.32) glax + 2¢2) + g(ax — 2cz) = —6a*g(x) + 4g(az + c2) + 4g(ar — cz),
for all z,y,z € X. Replacing (z,y, z) by (z,0,0) in (1.6), we get
glaz) = a’g(x),

g(az) + g(az) = (ax) +4g(ax) + 4g(ax) — 8a’g(2),
2g(ax) = 10g(azx) — 8a’g(x),
2g(ax) —10g(ax) = —8a’g(x),
—8g(ax) = —8a’g(x),
glaz) = a’g(x).

So we replace z by 2z in (1.32) and we get
g(2ax + 2cz) + g(2ax — 2cz) = —6a°g(2x) + 4g(2ax + cz) + 49(2ax — cz),
8g(ax + cz) + 8g(ar — cz) = —48a’g(x) + 4g9(2ax + cz) + 4g(2ax — cz),
2g(ax + cz) + 2g(ax — cz) = —12a°g(x) + g(2ax + cz) + g(2ax — cz),
g(2ax + cz) + g(2ax — cz) = 12a°g(x) + 2g(azx + cz) + 2g(ax — cz),

and
92z +y) + 92z —y) = 129(x) + 29(z + y) + 29(z — y),
for all x,y, z € X, which implies that ¢ is cubic. This completes the proof. 0

In this section, we present the generalized Hyers-Ulam-Rassias stability of the
function (1.6).

Theorem 1.1. Let j € {—1,1} and o : X3 — [0,00) be a function such that
© o (aij,akjy,aka)

3k

k=0
converges in R and
e (aij,akjy,aka>
(1.33) > T =0,
k=0 a
forallx,y € X. Let g: X — 'Y be an odd function satisfying the inequality

(1.34) 1Dy (2,y, 2)|| < alz,y, 2),
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for all x,y,z € X. Then there exists a unique cubic mapping C : X — Y which
satisfies the functional equation (1.6) and

« (aij,0,0>

9

(1.35) If@) -l < 5 3

_i=J
-2

for all x € X. The mapping C(z) is defined by

C(z) = lim M

n—oo  g3ki

forallx € X.

Proof. Assume that j = 1. Replacing (z,y, 2) by (z,0,0) in (1.34), we get
(1.36) H8g(ax) - 8a3g(x)H < a(z,0,0),

for all z € X. From (1.36) it follows that

g(ax) 1
a3 - g(ZE) S ﬁ@(l’, 07 0)7

(1.37) |

for all x € X. Replacing = by az in (1.37) and dividing by a®, we obtain

Hgméax))_g(ax) <1 o(az,0,0),

6 @ || = 8ab
g(a*z)  g(ax) 1
(1.38) H 5 o < 5 aﬁa(ax,0,0),

for all z € X. From the identity (1.37) and (1.38), it follows that

2 1 1
Hg(ZGm) — g(x)H < —a(x,0,0) + @a(ax, 0,0)

1 1
< o {oz(x, 0,0) + ga(a:r:, 0, 0)}
11 (a(d*z,0,0)
< ) )
<L)
g(a"x) 1 = (a(dbr,0,0)

akx
for all z € X. We prove the convergence of the sequence {g(agk >} for all z € X.
Replacing z by a™z and dividing by a™ in (1.39), we obtain

1 "2 (a(a™™mz,0,0)
< &“?’kz_:o{ a3(m+n) ’

glaz) gl ma)
a3m a3(m+n)
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for all x € X. Hence, the sequence {%} is a Cauchy sequence. Since Y is complete

normed space, there exists a mapping C': X — Y such that

C(z) = lim M

n—oo a3kj ’

for all x € X. Letting k — oo in (1.39), we see that (1.34) holds for x € X. To prove
that C satisfies (1.6), we replace (z,y, z) by (a"z,a™y,a"z) and divide (1.34) by a®",
which gives that

1 1
| Dy (a"z,a"y,a"z)|| < —— a(a"z,a"y,a"z),

a?m a3”

for all z,y,z € X. As n approaches to oo in the above inequality and using the
definition of C'(z), we have DC(x,y, z) = 0. Hence, C satisfies (1.6) for all z,y, z € X.

We will show that C' is unique. Let B(z) be another cubic mapping satisfying (1.6)
and (1.35), such that

1C(z) = B(z)|| = algn le(a"z) — B(a"z)]|

< 5 A1C("e) — g(a"n) ]| + lg(a"e) ~ Ba"0)]}
1 & a(a™™x,0,0,)

< 8 a3n l;) a3(m+n)

— 0 asn— oo,

for all x € X. Hence, C' is unique. Now, replacing z by ¥ in (1.34), we get

HSg(ax) — 8a?’g(a:)H <a (2, 0,0) ,

l9taz) = ag(x)]| < ;a (Z 0, 0) ,

for all x € X. The remaining part of the proof of this theorem for ;7 = 1 with replacing
x by % in (1.37) is similar. Also, we can prove the theorem for j = —1 in the same
manner. This completes the proof of the theorem. 0

Corollary 1.1. Let A\ and q be a non-negative real numbers. Let an odd function
g : X =Y satisfying the inequality

A,

1Dg(z,y, )l < A=l + [lyll* + [12[1}
3 3 3
M2 g1 1207 + el + ™ + 12177
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for all x,y,z € X. Then there exists a unique cubic mapping C : X — Y such that

1 1
8 ad—1’
o)~ c@) < 13-
g <08 TP
3
A [l
8 a3 — a4’
forallx € X.
Proof. Setting
A,

a(ryz) < AN L2l + gl + 112017
3 3 3
AN Iyl 120 + 12l + gl + [121°}
for all x € X and using a(z,y, z) in Theorem 1.1, we obtain desired result. O

In this section, we investigate the generalized Ulam-Hyers-Rassias stability of the
functional equation (1.6).

Theorem 1.2 (The Alternative of Fixed Point, [29]). Suppose that complete generali-
zed metric space (1,d) and a strictly contractive mapping T : 7 — T with Lipchitz
constant L are given. Then for each given x € T, either

d (T"x,T”+1:z:) = 00,
for all m > 0 or there exists a natural number ng such that
(a) d(Tmx, T x) < 0o for alln > 0;
(b) the sequence {T"x} is convergent to a fized point y* of T';
(c) y* is the unique fized point of T in the set
Y={yeY :dP" x,y) <oo};

(d) d(y*,y) < 127 d(y, Py) forally €Y.

Utilizing the above mentioned fixed point alternative, we now obtain our main
results, that is the generalized Hyers-Ulam-Rassias stability of the functional
equation (1.6).

From now on, let X be a real vector space and Y be a real Banach space. For given
mapping g : X — Y, we get

Dyg(z,y, z) =g(ax + by + 2cz) + g(ax + by — 2¢z) — 2g(ax + by) — 4g(ax + cz)
—4g(ax — cz) — 4g(by + c2) — 4g(by — cz) + 8a’g(x) + 8b%g(y),
forall z,y,z € X. Let ¥ : X x X x X — [0,00) be a function such that

O (pha, plby, pbz
(1.40) lim ( T ) =




20 V. GOVINDAN, S. MURTHY, AND M. SARAVANAN

for all z,y, 2z € X, where

Theorem 1.3. Suppose that function g : X — 'Y satisfies the functional inequality
(1.41) 1Dg(z,y, 2)|| < ¥(z,y,2),

for all x,y,z € X. If there exists L = L(i) such that function
1 T
v Bla) = 5 o (£,0,0)),
has the property
1
(1.42) Eﬁ(ﬂix) = LpB(x),

for all x € X, then there exists a unique cubic function ¢ : X — Y that satisfies the
functional equation (1.6) and

Llfi

lg(z) = (@)l < p(),

forallx € X.
Proof. Consider the set W = {p/P : X — (,p(0) = 0} and introduced generalized

metric on X
d(p,q) = inf {k € (0,00) : |[p(x) — q(z)| < kf(z),z € X}.

It is easy to see that (X, d) is complete. Define 7': X — X by

1

Tp(x) = —p(pi),

i

for all x € X. Now, for p,q € X, we have
dp,q) <k, €W,

[lp(z) = q(@)|| < kB(z), zeW,

1 1 1
‘ Ep(/vbix> - EQ<N2'$) < —kB(piz),

|Tp(x) — Tq()|| < L k B(x), z€W,
d(Tp,Tq) < Lk, xze€W.

This implies that d(T'p, T'q) < Ld(p, q) for all p,q € X.That is, T is strictly contractive
mapping on X with Lipschitz constant L. From (1.36) it follows that

(1.43) H8g(ax) — 8a?’g(x)H < a(z,0,0),
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for all z € X. From (1.43) it follows that

‘ M) o) | < ;aga(x,o,o%

a3
for all z € X. Using (1.42), for the case i = 0, this reduces to
glaz)| 1
o) - 290 < Zp(o),

for all z € X, that is
1
d(ga, Tga) < 1= L=L"<co.
Again replacing = by  in (1.43), we get

ot =0 (3)] = 52 (5.09).

for all z € X. Using (1.42) for the case ¢ = 1, this reduces to

o) - g (2)] < 350,

for all x € X, that is d(ga, T'9,) < 1. This implies that d(g,, Tg9,) < 1= L° < 0co. In
the above case, we write d(g,,Tg,) < L'~*. Therefore, the first two conditions (a)
and (b) of the Alternative fixed point theorem holds for 7', and it follows that there
exists a fixed point C' of T"in X such that

v
(1.44) C(z) = kh_)rgo i for all x € X.

In order to prove that C': X — Y is cubic we replace (x,v, 2) by (ufx, pky, pkz) and
divide (1.41) by p2*. From that, using (1.40) and (1.44), we see that C satisfies (1.6)
for all z,y,z € X. Hence, C satisfies the functional equation (1.6).
By fixed point condition (2), C' is the unique fixed point of 7" in the set
Y ={g9,.€ X :d(Tg,,C) < o0}.
Using the fixed point alternative result, C' is the unique function such that

ga(2) = C(@)[| <k 5(x),
for all z € X and k > 0. Finally, by (4), we obtain
1
< — Tgq,).
d(9a, C) < 7—7 (94, T'9a)

That is, we have
Ll—z‘
1—-L

d(g., C) <

Hence, we conclude that

lo(@) - Cla)]) < L

plx),
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for all x € X. This completes the proof of the theorem. O

Corollary 1.2. Let g: X — Y be a mapping and let t v and p be real numbers such
that
Vs

1Dg(z, y, 2)I| < <7 {ll=l” + lyll” + 112117},

3 3 3
v {2l P =17 + (1% + [yl + 1121%)
forall x,y,z € X. Then there exist a unique cubic mapping C' : X — Y such that

vy 1

8 a3—;’

7 =l

lole) =@ < 15 5 P

v )™

g'a3_a3q7 p%17
forallx € X.
Proof. Set

s

afz,y,2) = (v {ll=l” + lyll” + 1207} :

3 3 3
Il Iy l? 1217 + (Ll + g™ + 11207) )
for all z € X. Now,

o (pka, pty, plz)

pi*
e
uj-;’“’
el o+ )
s sl kol o=l + (™ + o™ + k=] )
0, k— oo,
—<¢0, k— o0,
0, k— oo.
That is, (1.40) holds. But we have §(z) = % a (%,0,0). Hence,
Y
1 T 8’
6(1:) -5 a( ’07(]) = 237ap ||x||p’
s el
23 a3p
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Also,
0
3 _
1 8,{# » My ’ ﬁ(l‘),
i) =g Il =™ Ba),
' s I ‘H3p N?p_3 B(z).
gy M
Hence, the inequality (1.42) holds.
Case (i). L=a"3,i =0,
L (@)™
_C < 7
lote) — Clwl < iy < L
-3
< . T 1
- L8788 &-1
Case (ii). L = (a—13>71, i=1,
PR it
lofa) - Ol < 2wy < 0
L v v 1
1—a® 8~ 8 1—a?
Case (iii). L=a""3 p<3,i=0,
(=)
lof@) - @)l < 0 e
o el
=1—a g I
="y 1
Jofa) ~ Oy < 7T L

-3
Case (iv). L:(%)” p>3,i=1,L=a""p>3i=1,

lg(x) = C(z)]| <

@y [
—-C < A, P < . .
lg(x) = C@l < -5 g 1l < =g ——3

Case (v). L=a**3 p<1,i=0,

1—3 ( 3p—3)1_0

——B(x) <

7 3p
. ],

1 — a3 23g3

lg(z) = Cz)]| <

23
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a®? oy o | R A
lg(z) — Ol < T o ™ < T =
Case (vi). L=a*>% p>1,i=1,
Lo @
lgx) — C)ll < =hlw) < ol
Loy e ey 1
lg(z) — C(z)]| < 1= o8 5 g5 ]| < S o o _ b
Hence, the proof is completed. 0
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