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Abstract. In this paper, we solve the system of additive functional equations

3f(x+y+2) =g +9y)+9(2)
g (ZH) = @) + 1) + /(=)

and we prove the Hyers-Ulam stability of ternary f-hom-ders in ternary Banach algebras.
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1. INTRODUCTION

Let B be a complex Banach algebra and g : B — B be a C-linear mapping.
Mirzavaziri and Moslehian [22] introduced the concept of g-derivation f : B — B
as follows:

flzy) = f(x)g(y) + g(=) f(y) (1.1)

for all x,y € B. Park et al. [29] introduced the concept of hom-derivation on B, i.e.,
g : B — Bis a homomorphism and f satisfies (1.1) for all z,y € B. Dehghanian et al.
[6] introduced the concept of hom-der g : B — B as follows:

9(x)g(y) = zg(y) + g(x)y

for all z,y € B. Kheawborisuk et al. [18] defined and studied hom-ders in fuzzy
Banach algebras.

A ternary Banach algebra is a complex Banach space A, equipped with a ternary
product (x,y,2) — [x,9,2] of A% into A, which is C-linear in the outer vari-
ables, conjugate C-linear in the middle variable, and associative in the sense that
[xv Y, [Zv w, U]] = [$7 [w7 Z, y]a U] = H$7 Y, Z], w, U]a and satisfies H [‘rv Y, Z]” < ||$H ’ Hy” : ”Z”
and [z, z, ]| = [|=[|® (see [36]).
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Let A and B be ternary Banach algebras. A C-linear mapping H : A — B is called
a ternary homomorphism if

H([:L', Y, Z]) = [H(l’), H(y)7 H(Z)}
for all z,y,z € A. A C-linear mapping § : A — A is called a ternary derivation if

6(['1:’3/7'2}) = [5(33),2;,2’] + [x,(S(y),z} + [a:,y,é(z)]
for all z,y,z € A (see [1, 23]).

Definition 1.1 Let B be a ternary Banach algebra and f : B — B be a ternary
homomorphism. A C-linear mapping g : B — B is called a ternary f-hom-der if it
satisfies

[9(2),9(y), 9(2)] = [f(2),9(y), 9(2)] + [9(2), f(y), 9(2)] + [9(2), 9(y), f(2)]

for all z,y,z € B.

Example 1.2 Let M, be the collection of all n X n complex matrices with ternary
product [X,Y,Z] = XY*Z and g : M,, - M,, defined by ¢(X) =3X and f: M, —
M,, defined by f(X) = X. Then f is a ternary homomorphism and g is a ternary
f-hom-der.

The stability problem of functional equations originated from a question of Ulam
[33] concerning the stability of group homomorphisms. Hyers [17] gave a first affir-
mative partial answer to the question of Ulam for Banach spaces. Hyers’ Theorem
was generalized by Aoki [2] for additive mappings and by Rassias [31] for linear
mappings by considering an unbounded Cauchy difference. A generalization of the
Rassias theorem was obtained by Géavruta [15] by replacing the unbounded Cauchy
difference by a general control function in the spirit of Rassias’ approach. Park
[25, 26] defined additive p-functional inequalities and proved the Hyers-Ulam sta-
bility of the additive p-functional inequalities in Banach spaces and non-Archimedean
Banach spaces. The stability problems of various functional equations and func-
tional inequalities have been extensively investigated by a number of authors (see
3,4, 5,7, 9,10, 12, 13, 14, 19, 30, 35]).

The method provided by Hyers [17] which produces the additive function will
be called a direct method. This method is the most significant and strong tool to
concerning the stability of different functional equations. That is, the exact solution of
the functional equation is explicitly constructed as a limit of a sequence, starting from
the given approximate solution [7, 32]. The other significant method is fixed point
theorem, that is, the exact solution of the functional equation is explicitly created as
a fixed point of some certain map [11, 16, 20, 27, 28, 34].

We remember a fixed point alternative theorem.

Theorem 1.3 [8] Assume that (B,d) is a complete generalized metric space and
J: B — B is a strictly contractive mapping, that is,

d(Ju, Jv) < Ld(u,v)
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for all u,v € B and a Lipschitz constant L < 1. Then for each given element u € B,
either

d(3™u, 3" u) = oo, Vn >0,
or
d(3™u, 3" ) < 400, Vn > ng,

for some positive integer ng. Furthermore, if the second alternative holds, then
(i) the sequence (J™u) is convergent to a fized point v* of J;
(i) v* is the unique fived point of J in the set V := {v € B,d(3™u,v) < +00};
(i) d(v,v*) < 2-d(v,Tv) for all u,v € V.

In this paper, we consider the following system of additive functional equations

{Sf(w +y+z)=g(x)+9(y) +g(z)

g (BH52) = £(2) + f(y) + F(2) (12

for all z,y,z € B.

The aim of the present paper is to solve the system of additive functional equations
(1.2) and prove the Hyers-Ulam stability of ternary f-hom-ders in ternary Banach
algebras by using the fixed point method.

Throughout this paper, assume that B is a ternary Banach algebra.

2. STABILITY OF THE SYSTEM OF ADDITIVE FUNCTIONAL EQUATIONS (1.2)

We solve and investigate the system of additive functional equations (1.2) in ternary
Banach algebras.
Lemma 2.1 Let f,g: B — B be mappings satisfying (1.2) for all x,y € B. Then the
mappings f,g: B — B are additive.
Proof. Letting © =y =z =0 in (1.2), we get

f(0) =g(0) =0.
Putting y = z = = in (1.2), we have
3fBz) = 3g(x),
g(x) = 3f(z) (2.1)

and so f(3z) = 3f(z) and g (%) = g(z) for all x € B. Thus

oto-+) =39 (T4 ) = 31(0) 4 370+ 30) = g(0) + 900

for all z,y € B. Hence the mapping g : B — B is additive and thus by (2.1) the
mapping f : B — B is additive.

Using the fixed point technique, we prove the Hyers-Ulam stability of the system
of the additive functional equations (1.2) in complex Banach algebras.
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Theorem 2.2 Suppose that A : B3 — [0,00) is a function such that there exists an
L <1 with

T Y 2 L
A=, 2, 2)<=A 2.2
(5:55) < 50@w2) (2:2)
forall x,y,z € B. Let f,q: B — B be mappings satisfying
13f(z +y+2)—g(z) —9(y) — 9(z)|| < Alz,y,2)
lg (F5%2) = f(2) = f(y) = f(2)]| < Alz,y,2)
for all x,y,z € B. Then there exist unique additive mappings F,G : B — B such that
4L

(2.3)

L+3
[G(z) —g(2)|| < mA(x,x,x)

forallx € B.
Proof. Putting x =y = z =0 in (2.3), we get

13£(0) = 39(0)[| < A(0,0,0) =0
19(0) = 3g(0)[| < A(0,0,0) =0
and so f(0) = ¢g(0) = 0.
Letting y = z = z in (2.3), we obtain
13f(32) = 3g(z)|| < Az, z, z)
lg(x) = 3f ()| < Az, z, z)

Let T' = {y: B — B:v(0) = 0}. We define a generalized metric on I' as follows:
d:T xT — [0,00] by

d(d,7) = inf {p € Ry : [[6(x) —~(2)| < pA(z,z,2), Ve € B}

and we consider inf ) = +oo. Then d is a complete generalized metric on T (see [21]).
Now, we define the mapping J : (T',d) — (T, d) such that

Jé(x) := 368 (g)

(2.4)

for all x € B.
Let 6,y € (I',d) be given such that d(d,v) = p. Then

[6(z) = (@)l < pA(z,z,z)
for all z € B. Hence
o) o1 [ (5) 0 (3)] <30 (5.5, 2) < o
for all x € B. Tt follows that d(Jd(z), Tv(z)) < Lu. So
d(T6(x), T (x)) < Ld(5,7)

for all x € B and all §,7y € T
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Using (2.4), we obtain that

[#e) =3 (5)]| < A (5.5.%) + A (5.5.5) < %A(wa,2)
o)~ 30 ()] < A (5.5 5) + Aw.x) < A 2.

for all « € B, which imply that d(f,Jf) < %&£ and d(g,Jg) < L2,

Using the fixed point alternative, we deduce the existence of a unique fixed point
of J and a unique fixed point of J, that is, the existence of mappings F,G : B — B,
respectively, such that

x x
F(z) = 3F (g) . Glz) =3G (5)
with the following property: there exist u,n € (0, 00) satisfying
1f(x) = F(2)|| < pA(z,z,2),  |lg(x) = G(2)]| < nA(z,z,z)

for all x € B.

Since lim, 00 d(J™f, F) = 0 and lim,, o d(J"g,G) = 0,
canp (T _ Can (T _
lim 3 f( n)—F(xL 11m3g(3n) G(z)

n—o00 3 n—o00

for all z € B.
Next, d(f, F) < $2¢d(f, Jf) and d(g, G) < 12£d(g, T g) which imply
47 L+3

Alz,z,2),  |lg(z) - Gla)l < 5

mA(z,x,x) (2.5)

for all z € B.
Using (2.2) and (2.3), we conclude that

IBE(z +y + 2) = G(x) = G(y) = G2

o (S3) 0 (3) -0 () -0 (3)

< lim 3"A(3 Y i) < lim L"A(z,y,2) =0

n—oo 3n ’ 3n ’ 3n n—oo

= lim 3"
n—oo

and

o (Z42) - Py - i - P

rT+y—+z T Y z
9(3n ) £ (5) -1 (5) f(gn)H
< — L 2 < =
< lim 3 A(3n’3n’3n) _nh—>H;oL Az,y,2) =0
for all x,y,z € B, since L < 1. Hence

3F(x+y+2z2)=G(z)+Gy) + G(2)
G (=) =F(a) + Fly) + F(2)

= lim 3"
n— oo

for all x,y, z € B. Therefore by Lemma 2.1, the mappings F,G : B — B are additive.
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Corollary 2.3 Let n,p be nonnegative real numbers with p > 1 and f,g : B — B be
mappings satisfying

{||3f(w +y+2) —9(@) = 9(y) — 9 < nll=lI” + [ly[I” + [|=[")
lg (F552) = (@) = f@) = FEI < nlllzll? + yll” + [12]17)

for all x,y,z € B. Then there exist unique additive mappings F,G : B — B such that

IF@) ~ F@ < s lell,
337+ 1)
I6() - 9@ < 25 e

forallx € B.
Proof. The proof follows from Theorem 2.2 by taking

Az,y,z) = nlzl” + lyll” + [121”)
for all z,y, 2 € B. Choosing L = 3'P, we obtain the desired result.

3. STABILITY OF TERNARY F-HOM-DERS IN TERNARY BANACH ALGEBRAS

In this section, by using the fixed point technique, we prove the Hyers-Ulam sta-
bility of ternary F-hom-ders in ternary Banach algebras.
Lemma 3.1 [24] Let B be a ternary Banach algebra and F : B — B be an additive
mapping such that F(az) = aF(z) for alla € T' :=={( € C:|¢| =1} and all x € B.
Then F is C-linear.

Lemma 3.2 Let f,g: B — B be mappings satisfying

3fAMz+y+2)) = Mg() + 9(y) + 9(2))
g (A = M(f(@) + f(y) + £(2)
for all z,y,z € B and all A\ € T'. Then the mappings f,g: B — B are C-linear.

Proof. If we put A =1 in (3.1), then f and g are additive by Lemma 2.1.
Letting y = z = z in (3.1), we have

{3 F(3X\z) = 3\g(x)

(3.1)

g(Ax) =3\ f(x)
for all z € B and all A € T!. Since the mappings f and g are additive,

{f(Ax) = \f(2)
g(Az) = Ag(x)

for all z € B and all A € T!. So by Lemma 3.1, the mappings f and g are C-linear.

Theorem 3.3 Suppose that A : B3 — [0,00) is a function such that there exists an
L <1 with

L
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for all x,y,z € B. Let f,g: B — B be mappings satisfying

{||3f(A(w +y+2) = Ag(@) + 9(y) + 9(2)| < Alw,y,2)

lg ) D A(F@) + f) + FE) < Ay 0 O

If([x,y,2]) = [f(x), f(y), F()I < Az, y, 2), (3.4)
lg(z),9(y), 9(2)] = [f(2),9(y), 9(2)] = [g(z), f(y), 9(2)] = [9(z), 9(y), f ()]l

< A(z,y,2) (3.5)

for all x,y,z € B and all \ € T'. Then there exist unique mappings F,G : B — B
such that F is a ternary homomorphism and G is a ternary F-hom-der and

4L

I1P(@) = f@)] < g gy Alwa.z). (3.0
IG(@) = ()] < g5 A2, (37)

forall x € B.
Proof. Let A = 1 in (3.3). By Theorem 2.2, there are unique additive mappings

F,G : B — B satisfying (3.6) and (3.7) given by
n _ n r —
lim 3 f( ) = F(x), hm 3 (3n) = G(z)

n—r oo
for all x € B.
Using (3.2) and (3.3), we conclude that

IBE(A(z +y +2)) = MG(2) + G(y) + G(2))||

o (V) 2 (0(5) v 3) v 5)

n

< lim 3"A (3n 3yn’3in) < lim L—A(:E y,2) =0

n—00 n—oo 9N

= lim 3"
n— 00

and

I (A““) CAF(2) + Fy) + F(2))]

3
o (M) () < () 4 ()]
< Jim VA (T g ) < Jim T =0
for all z,y, z € B, since L < 1. Hence
{3F<A<x +y+2) = MG(@) + Gy) + G(2))
G (ALY = \(F(z) + F(y) + F(2))

for all 2,7,z € Band all A € T'. Therefore by Lemma 3.2, the mappings F,G : B — B
are C-linear.

= lim 3"
n— o0
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It follows from (3.4) that

< lim L"A(z,y,2z) =0

n—oo

for all z,y,z € B. So

F(lz,y,2]) = [F(x), F(y), F(2)]

for all x,y, z € B. Thus the C-linear mapping F' is a ternary homomorphism.
It follows from (3.5) that

< lim 27"A (ﬁ,i,i
n—oo 371 37l 3”/
< lim L"A(z,y,z) =0

for all x,y,z € B. So
[G(x), G(y), G(2)] = [F(2),G(y), G(2)] + [G(x), F(y), G(2)] + [G(z), G(y), F(2)]
for all z,y, z € B. Thus the C-linear mapping G is a ternary F-hom-der.

Remark 3.4 In Theorem 3.3, G(z) = 3F(z). So F is a ternary homomorphism if
and only if G is a ternary F-hom-der.

Corollary 3.5 Let p,q,r and n be nonnegative real numbers with p +q+ r > 3 and
f,9: B — B be mappings satisfying

{IIf(A(x + )+ 9y — ) = 27 f (@) < nlll|P][y]|*]|=["
lg(AMz + ) = F(A(y — ) = 229 ()| < nllz|P[[y]|]|=[1"

and

£ ([, y, 2]) = [f (), f(), F < Nz lPllyll?ll=]",
lg(z),9(y), 9(2)] = [f(2),9(y), 9(2)] = [g(z), f(y), 9(2)] = [9(z), 9(y), f ()]l

< ll=l”llgll*ll=1"
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for all x,y,z € B and all A € T*. Then there exist unique mappings F,G : B — B
such that F is a ternary homomorphism and G is a teranry F-hom-der and

17@) = @) < 3t

3ptatr 4 q 7
[G) gty < ST D,

[E

)

|p+q+r

for all xz € B.
Proof. The proof follows from Theorem 3.3 by taking A(z,y, z) = n||z||?||ly||?||z||" for
all 2,9,z € B. Choosing L = 337P~97" we obtain the desired result.
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