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1. Introduction and Preliminaries

Throughout this paper, let N, R and C be the set of natural numbers, the set of real numbers,
the set of complex numbers, respectively.

The stability problem of functional equations was initiated by Ulam in 1940 [23] arising
from concerning the stability of group homomorphisms. These question form is the object of
the stability theory. If the answers is affirmative, we say that the functional equation for
homomorphism is stable. In 1941, Hyers [[11] provided a first affirmative partial answer to
Ulam’s problem for the case of approximately additive mapping in Banach spaces. In 1978,
Rassias [22] provided a generalization of Hyers’s theorem for linear mapping by considering an
unbounded Cauchy difference. In 1994, a generalization of Rassias’s results was developed by
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Gavruta [9] by replacing the unbounded Cauchy difference by a general control function. For
more information on that subject and further references we refer to a survey paper [4] and to a
recent monograph on Ulam stability [5].

A C*-ternary algebras is a complex Banach space A, equipped with a ternary product
(x,y,2) — [x,y,2] of A3 into A, which is C-linear in the outer variables and conjugate C-linear in
the middle variable:

1) Ax+y,v,w]l=Alx,v,wl+[y,v,wl,
(1) [v,w,Ax+yl=Alv,w,x]+[v,w,y],
(iii) [v,Ax+y,w]l= A, x,wl+[v,y,wl,
and associative in the sense that
[lv,w,x],y,z] =[v,ly,x,wl,z]l =[v,w,lx,y,z]]
and satiesfies
ILx, y, 210 < Iy llzl, e, 2,200 = =)

for all v,w,x,y,z € A.

If a C*-ternary algebra (A,[-,-,-]) has an identity, i.e. an element e € A such that
x=[x,e,e]l =[e,e,x] for all x € A, then it is routine to verify that A, endowed with xoy:=[x,e,y]
and x* :=[e,x,e], is unital C*-algebra. Conversely, if (A, ) is a unital C*-algebra, then [x,y,z] :=
xoy*oz makes A into C*-ternary algebra. A C*-ternary algebras have many applications in
fractional quatum Hall effect, the nonstandard statistics, hypothetical, supersymmetric theory,
and Yang-Baxter equation (see [1,/13}24])

In 2010, Bae and Park [2] proved the Hyers-Ulam stability of C*-ternary bi-homomorphisms
and C*-ternary bi-derivations in C*-ternary algebras.

Definition 1.1 ([2]]). Let A and B be C*-ternary algebras. A C-linear mapping H : A x A — B is
called a C*-ternary bi-homomorphisms if

H([x,y,z],w) = [H(x,w),H(y,w),H(z,w)],

H(x,[y,z,w]) =[H(x,y),H(x,z),H(x,w)] (1.1)
for all x,y,z,w € A. A C-bilinear mapping 6 : A x A — A is called a C*-ternary bi-derivations if

6(x,y,z],w) =[6(x,w),y,z]+[x,6(y,w),z]1+[x,y,6(z,w)l,

olx,ly,z,w]) =[0(x,y),z,w]l+[y,0(x,y),wl+1y,z,6(x,w)] (1.2)

for all x,y,z,w € A.

It is easy to show that the definitions of bi-homomorphisms and bi-derivations are
meaningless. Indeed, replacing w in 2w in (1.1)), we get that

2H([x,y,z],w) = H([x, y,z],2w)
=[H(x,2w),H(y,2w),H(z,2w)]
=[2H(x,w),2H(y,w),2H(z,w)]
=8[H(x,w),H(y,w),H(z,w)]
=8H([x,y,z],w)
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and so H([x,y,z],w) =0 for all x,y,w,z € A. Similary, H(x,[y,z,w]) =0 for all x,y,z,w € A. This
implies that (1.1) is meaningless. Replacing w by iw in (1.2), we have

10([x,y,z],w) = 6([x,y,z],iw)
=[6(x,iw),y,2]+[x,6(y,iw),z] +[x,y,0(z,iw)]
=[i6(x,w),y,2]+[x,i0(y,w),z] +[x,y,16(z,w)]
=1[0(x,w),y,2z]—ilx,6(y,w),z] +ilx,y,0(z,w)]
=i([0(x,w),y,2]—[x,0(y,w),z] +ilx,y,6(z,w)])
#16([x,y,z],w)

for all x,y,z,w € A. Similary, 6(x,[y,z,w]) =0 for all x,y,z,w € A. This implies that (1.2) is also
meaningless. Next, Park [16]] corrected the above definition as follows

Definition 1.2. Let A and B be C*-ternary algebras. A C-bilinear mapping H : A x A — B is
called a C*-ternary bi-homomorphisms if

H([x,y,z],lw,w,w]) = [H(x,w),H(y,w),H(z,w)],
H([x,x,x],[y,z,w]) = [H(x,y), H(x,2),H(x,w)] (1.3)
for all x,y,z,w € A. A C-linear mapping § : A x A — A is called a C*-ternary bi-derivation if
6([x,y,zl,w) = [6(x,w), y,z]+[x,6(y,w*),z] + [x,y,0(z,w)l,
S(w,ly,z,w]) =[6(x,y),z,wl+[y,6(x",y),wl+1[y,z,5(x,w)]2 (1.4)

for all x,y,z,w € A.

Moreover, Park[16] proved the Hyers-Ulam stability of C*-ternary bi-homomorphisms and
C*-ternary bi-derivations in C*-ternary algebras and investigated the stability results of C*-
ternary bi-homomorphisms and C*-ternary bi-derivations in C*-ternary algebras associated
with the following bi-additive s-functional inequalities

lfx+y,z—w)+ fx—y,z+w)—2f(x,2)+2f (y,w)|

< s (2r (J%z ~w)+2f (?Z +w)-2f (x,2)+ 21 (,w)) (1.5)
and
|2f (5522 -w) +2r (S5 2 2 w) -2 20+ 2f ()|
Sls(flx+y,z-w)+flx—y,z+w)—2f(x,2)+2f (y,w))l (1.6)

where s is a fixed nonzero complex number with |s| < 1 by direct method in the sense of Rassias.

The fixed point method was applied to study the stability of functional equations by Baker
in 1991 [3]] by using the Banach contraction principle. Next, Radu [20] proved a stability of
functional equation by the alternative of fixed point which was introduced by Diaz and Margolis
[8]. The fixed point method has provided a lot of influence in the development of stability. We
refer to many works of stability of functional equations using the fixed point method in books
on stability of functional equations (seel6,7,10,/12,21]).

Throughout this paper, assume that A is a unital C*-ternary algebra with norm |-|a
and unit e, and that B is a C*-ternary algebra with norm |- ||z and unit e¢’. The purpose of
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the present paper is to investigate the stability of C*-ternary bi-homomorphisms and C*-
ternary bi-derivations in C*-ternary algebras and prove the stability results of C*-ternary
bi-homomorphisms and C*-ternary bi-derivations in C*-ternary algebras associated with the
following bi-additive functional inequalities and by using the alternative fixed point
theorem in sense of Gavrut.

We recall a fundamental result in fixed point theory. The following is the definition of
generalized metric space which was introduced by Luxemburg in 1958 [14].

Definition 1.3 ([14]). Let X be a set. A function d : X x X — [0,00] is called a generalized metric
on X if d satisfies the following conditions:

(i) d(x,y)=0if and only if x =y,
(i1) d(x,y)=d(y,x), for all x,ye X,
(ii1) d(x,z)<d(x,y)+d(y,2), for all x,y,z€ X.

The following fixed point theorem will play important roles in proving our main results.

Theorem 1.4 ([8]). Let (X,d) be a complete generalized metric space and T : X — X be a strictly
contractive mapping, that is,

d(Tx,Ty)<kd(x,y)
for all x,y € X and for some Lipshitz k < 1. Then for each given element x € X, either
d(T"x, T"*1x) = 0
for all nonnegative integer n or there exists a positive ineteger ng such that
(i) d(T"x,T""x) < co for all n = ny,
(i1) the sequence {T™x} converges to a fixed point y* of T,
(iii) y* is the unique fixed point of T in the set Y ={y e X | d(T™'x,y) < oo},
(iv) d(y,y*) < 5d(y,Ty), forall yeY.

From now on, let Q be the set of all the mappings g:X x X — Y satisfying g(0,0) =0.
Lemma 1.5 ([17]]). Let v : X x X — [0,00) be a function. Consider the generalized metric d on ()
given by

d(g,h) =dy(g,h):=1infSy(g,h),
where Sy(g,h):={K €[0,00]| | g(x,y) — h(x, ) < Ky(x,y) for all x,y,€ X} for all g,h € Q. Then
(Q,d) is complete.

Lemma 1.6 ([2]). Let X and Y be C-linear spaces and let f : X xX — Y be a bi-additive

mapping such that f(Ax,uy) = Auf(x,y) for all 1,uS :={AeC||A| =1} and for all x,y € X, then

f is C-bilinear.

Lemma 1.7 ([2]). Let X and Y be C-linear spaces and let f : X x X —Y be a mapping such that
fQAx + Ay, uz — pw) + f(Ax — Ay, uz + pw) = 2Auf (x,z) — 2Auf (y,w)

forall \,ueS and all x,y,z,w € X. Then f is C-bilinear.
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2. Stability of C*-ternary Bi-homomorphisms in C*-ternary Algebras
Let f be a mapping of A x A into B. We define

E)uf(x,y,z,w):=f (A + ),z —w)) + f (Mo — ), iz + w)) = 2Auf (x,2) + 2Auf (y,w)
forall L,ueS, for all x,y,z,w € A.

We prove the Hyers-Ulam-Rassias stability of C*-ternary bi-homomorphisms for the
functional equation E, ,f(x,y,z,w) =0 in C*-ternary algebras.

Theorem 2.1. Let f : A x A — B be a mapping with £(0,0) = 0 such that ¢ : A* — [0,00) satisfying

|Erufx,y,2,w)| < olx,y,2,w) (2.1)
and
I (Lx, y,2],[w,w,w]) = [f (x,w), f(y,w), f Wl + I f ([, x,x], [y, z,w]) = [f (x, ), f (x,2), f (o, w)]l
<px,y,z,w) (2.2)
forall A\,ueS and all x,y,z,w € A. If there exists a Lipschitz constant L <1 such that

Xy z w)
2’2’2’2
for all x,y,z,w € A. Then there exists a unique C*-ternary bi-homomorphism F : A x A — B such
that

(p(x,y,z,w)S4L(p( (2.3)

If(x,y) = F(x, )l < 1 _Lw(x,y) (2.4)
where ¥ : A x A — B is a function given by

sl i3 Bl 3 las 3
+50(0.0.5-3)+50(00-5.3) 2.5)

forall x,y € A.

Proof. Consider the set
Q:={g|AxA—-B,g(0,0)=0}
Consider the generalized metric d on ) given by
d(g,h)=dy(g,h):=infSy(g,h)
for all g,k € Q. By Lemmal [1.5] the generalized metric space (Q2,d) is complete. Now, we define a
linear mapping 7' : Q — Q by
Tg(x,y):= ig(2x,2y)
for all g€ Q2 and all x,y € A. By the proof of Theorem 4 in [18], letting A = u =1, we have the

inequality

1
fle,y)— Zf(2x,2y)“

1 1
= Z(p(x’x7y7_y)+ g [(p(xax7y7y)+(p(x7x’_y7_y)+(p(0’07y’_y)+(p(0,0a_y’y)]
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for all x,y € A. By (2.3) and (2.5), we get
1
‘ flx,y)— Zf(Zx,Zy)“

1 1
= Zw(x,x,y,—y)+ g [(P(x,x,y,y)+<P(x,x,—y,—y)+<P(0,0,y,—y)+<l)(0,0,—y,y)]

1 xxy yy 1 xXxy y xx ¥y oy
<Z4Le(=,2,2, -2 )+ 2 |4Le(=, 2,2, -2 +4L¢ (2,2, -2, -2
4 (p(z’z’z’ 2) 8[ (p(z 2°2 2) ‘p(z 2" 2 2)
y vy yy
+4L(p(0,0,§,—§)+4L(p(0,0,—§,§)]
=Ly(x,y) (2.6)
for all x,y € A. It follows from (2.6) that we obtain
d(f,Tf)<L.

By the proof Theorem 2.3 in [17]], we obtain that
d(Tg,Th)<Ld(g,h)

for all g,h € Q, that is, T is a strictly contractive mapping of QQ with Lipschitz constant L. By
Theorem there exists a unique mapping F : A x A — B such that

. 1
F(x,y)= r}l_g)lo 4—nf(2nx,2ny)

for all x,y € A. Moreover, we obtain that d(f,F) < ﬁd( f,Tf), which implies that

1

d(f,F)<s —=d(f,Tf) < .

(F.P)= 77 TH= 51

Therefore, the inequality (2.4) holds. Then we obtain that
||F()Lx + Ay, uz —pw)+ F(Ax — Ay, pz + pw) — 2AuF (x,2) + 2AuF (y, w)||
1
= ’}im Yo |f (A2"x + 22"y, u2"z — p2"w) + f (A2"x — 12" y, u2"z + 2" w)
—27uf (2"x,2"2) + 2Auf (2"y, 2" w) ||

1
< lim —@(2"x,2"y,2"2,2"w)

n—oo 41

n—oo

4L
< lim 4—n(p(2n_lx,2n_1y,2n_lz, 2" 1)

L
— '}L% F(p(zn—lx,zn—ly,zn—lz’ 2n—1w)

< lim L"¢(x,y,z,w)=0
n—-oo

for all x,y,z,w € A. This implies that

F(Ax+ Ay, pz — pw) + F(Ax — Ay, uz + pw) = 2AuF (x,z) — 2AuF (y,w) (2.7)
for all x,y,z,w € A. By Lemma the mapping F : A x A — B is C-bilinear. It follows that from
(2.2) that

1F([x,y,2],[w,w,w]) - [F(x,w),F(y,w),F(z,w]l

+I1F([x,x,x], [y, z,w]) — [F(x, y), F(x,2), F(x,w)]l
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1

= lim o | f(2"x,2"y,2" 2], [2"w, 2" w, 2" w]) - [f(2"x,2"w), (2" y,2"w), f (2" 2, 2"w)] |
1

+ lim o |F(2"x,2"x,2"x],[2" y,2" 2, 2"w]) — [ f(2"x,2" y), f(2"x,2"2), f (2" x, 2" w)] |

1
< lim —@(2"x,2"y,2"z,2" " w)

n—oo 64"

L n
=< ,}ggo(l—s) @(x,y,z,w)=0
for all x,y,z,w € A. Therefore we get that
F(x,y,2],[w,w,w]) =[F(x,w),F(y,w),F(z,w)]
F([x,x,x],[y,z,w]) =[F(x,y),F(x,2),F(x,w)]

for all x,y,z,w € A. This completes of proof. O
Theorem 2.2. Let f : A x A — B be a mapping with f(0,0) =0 such that ¢ : A* —[0,00) satisfying
(2.1) and (2.2) for all A,u€'S and all x,y,z,w € A. If there exists a Lipschitz constant L < 1 such
that

L
p(x,y,2,w) < a(p(Zx,Zy,2z,2w) (2.8)

for all x,y,z,w € A. Then there exists a unique C*-ternary bi-homomorphism F : A x A — B such
that

1
If(x,y)=F(x,l < ﬁw(x,y) (2.9
where ¥ : A x A — B is a function given by

sl 53 ol T b4
jrlosg oot

for all x,y € A.

Proof. Now we define a linear mapping 7': Q — Q by

—aq(X Y
Te(x,y):=4g(5.5)
for all g€ Q and all x,y € A. By the proof of Theorem 4 in [18], we have the inequality

1
Hf(x,y) - Zf(Zx,2y)“

1 1
= Z(p(x?x7y7_y)+ g [‘P(xaxay,y)+(P(xax7_y,_y)+‘P(0>O,y>_y)+(P(0,0,_y,y)]

for all x,y € A. Replacing x and y by 5 and % in the above inequality, respectively, we have

F(5.2)-2rey
oD b LoD rlan 2 oot
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and so we have

o (5-3)-ree]

s BT E RIS RIS RO

2°2°2° 2
=y(x,y) (2.10)
for all x,y € A, that is, it follows from that we obtain
d(f,Tf)<1.

By the proof Theorem 2.4 in [17]], we obtain that

d(Tg,Th)<Ld(g,h)
for all g,h € Q, that is, T is a strictly contractive mapping of QQ with Lipschitz constant L. By
Theorem [1.4] there exists a unique mapping F : A x A — B such that

F(x,y)= hm 4"f( ad 23:1)

for all x,y € A. Moreover, we obtain that d(f,F) < ﬁd( f,Tf), which implies that

1
F)< Tf)= .
d(f,F) = 1—Ld(f’ = a-0
Therefore, the inequality holds. Then we obtain that
||F(Ax + Ay, uz —pw) + F(Ax — Ay, uz + pw) — 2AuF (x,z) + 2AuF (y, w)||

) Ax+ Ay pz—pw Ax—Ay pz+ pw y w
_ n Bt
_,}1_,1{.104 f( on ’ on )+f on ’ on -24 f( 2n)+2 'uf( zn)
. n (X y zw
L x y z w
< lim 4" _(p(zn—l’Qn—l’zn—l’zn—l)

n—oo 64

L n
< lim (E) p,y,z,w)=0

for all x,y,z,w € A. This implies that F satisfies (2.7). By Lemma[1.7 the mapping F : A x A — B
is C-bilinear. It follows that from (2.2) and (2.8) that

1F([x,y,2],[w,w,w]) = [F(x,w),F(y,w),F(z,w]l

+ 1 F([x,x,x], [y, z,w]) = [F(x,y),F(x,2),F(x,w)]l

o (53 5 [ 2] - ) ) 2
o4 | (5555 ) 55 357 ) - (o3 )/ G 39 (35|
< lim 64", 2, = )
n—oo on’9n’9on’on

< lim L"¢(x,y,z,w)=0
n—o0

for all x,y,z,w € A. Therefore we get that F' is a C*-ternary bi-homomorphisms. This completes
of proof. O

Commaunications in Mathematics and Applications, Vol. 10, No. 4, pp. , 2019



Hyers-Ulam-Rassias Stability of the C*-ternary Bi-homomorphisms. .. : P. Kaskasem and C. Klin-eam 829

Remark 2.3. Let r and 0 be positive real numbers.
o If we take
@Cx,y,z,w) =0 (llxlI” + Lyl + 121"+ lwl")
for all x,y,z,w € A, then we get that
(1) If r <2, then Theorem recover Theorem 1 in [16] with the Lipschitz L = 2" 2.
(i1) If r > 6, then Theorem recover Theorem 2 in [16] with the Lipschitz L = 2677,
o If we take
@Cx,y,z,w) =0 (llxlI" Lyl Iz lwl")
for all x,y,z,w € A, then we get that

0 Ifr< %, then Theorem recover Theorem 3 in [16] with the Lipschitz L = 24772,
(1) Ifr> g, then Theorem recover Theorem 4 in [16] with the Lipschitz L = 2674,

3. Stability of C*-ternary Bi-derivations in C*-ternary Algebras

We prove the Hyers-Ulam-Rassias stability of C*-ternary bi-derivations for the functional
equation E, ,f(x,y,z,w) =0 in C*-ternary algebras.

Theorem 3.1. Let f : AxA — A be a mapping with £(0,0) = 0 such that ¢ : A* — [0,00) satisfying
|Eruf(x,y,z,w)| < ¢lx,y,2,w) (3.1)
and
| £ %, 5,21, w) ~[f (x,w), y,2] - [x,f (y,w"),z] = [x,y, f(z,w)]
+||f e, Ly, z,wD) = [f (x, ), 2,w] = [y, F (&",2),w] = [y, 2, f(x,w)]||
< ¢(x,y,2,w) (3.2)

forall \,ueS and all x,y,z,w € A. If there exists a Lipschitz constant L <1 such that
xy z w)

2°2°2° 2

for all x,y,z,w € A. Then there exists a unique C*-ternary bi-homomorphism 6 : A x A — B such

that

o(x,y,2,w) < 4L(p( (3.3)

L
I (x,y)—6x, Yl < ﬁw(x,y) (3.4)
where v : A x A — B is a function given by

1 1
va=e(55.5 ;)+2"’(3’92_6’%’%)+§"’(9§C’g’_%’_%)
rgo(0053)+50000-33)

for all x,y € A.

Proof. Let (Q2,d) be the generalized metric space as in the proof of Theorem We consider
the linear mapping 7' : Q2 — Q such that

1
Tg(x,y):= Zg(2x,2y)

Commaunications in Mathematics and Applications, Vol. 10, No. 4, pp. , 2019
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for all x,y € A and for all g € Q. By the same reasoning as the proof of Theorem there exists
a unique C-bilinear mapping 6 : A x A — A is defined by

1
O(x,y) = 1im —f(2nx,2”y)
for all x,y € A and satlsﬁes ). It follows form (3.2) and (3.3) that
”5([-75,.)’,2],“1) - [5(x,w)’yaz] - [xa6(y,w ))Z] - [x)y75(z7w)]||
+ ||5(x,[y,z w]) - [6(x,y),z,wl- [y,6(x*,2),w] —[y,2,6(x, w)]||
= hm — ||f([2nx 2"y,2%1,2"w) - [f(2"x,2"w),2"y,2" 2|
- [2nx,f(2”y,2"w ),2”2] - [ x,2"y,f(2"z,2nw)] ||
1
+ lim — || £ (2"x,[2"y,2"2,2"w]) - [f(2"x,2" y),2"2,2" w |
n—oo 16"
- [2"’y,f(2nx*,2nz),2"w] — [2"y,2nz,f(2nx,2nw)] ||

n—oo

1
< lim l—(p(an 2"y, 2"z, 2" w)

L n
< lim (Z) px,y,z,w)=0
for all x,y,z,w € A. Therefore we obtain that

6([x,y,2],w) =[6(x,w), y,2]1+ [x,6(y,w™),z] + [x,7,6(z,w)]

6(x, [y, z,w]) =[6(x,y),z,wl+ [y,6(x",2),w] +[y,2z,6(x,w)]
for all x,y,z,w € A, that is, § is C*-ternary bi-derivations. O
Theorem 3.2. Let f : A x A — B be a mapping with f(0,0) =0 such that ¢ : A* — [0,00) satisfying
(3.1) and (3.2). If there exists a Lipschitz constant L <1 such that

L
‘P(x,y,Z,w)SE‘P@xaz%z%zw) (35)
for all x,y,z,w € A. Then there exists a unique C*-ternary bi-derivation 6 : A x A — B such that
1
£ x,y)—6(x, Yl < Ew(x,y) (3.6)
where ¥ : A x A — B is a function given by
xxy yy, 1l xxyyy 1 xx y y
= —-V—.—.— |+ = = — —_ - =
vy "’(2’2’2’ 2) z‘p(z 22 2) 2 (2 2 2)
1 y »n. 1 yy
0,0,= + 0,0,—=,=
2"’( X 2) 2"’( 2’2)

for all x,y € A.

Proof. Let (€2,d) be the generalized metric space as in the proof of Theorem We define a
linear mapping 7': Q — Q by

Tg(x,y): —4g(2 2)
for all g € Q and all x,y € A. By the same reasoning as in the proof of Theorem there exists
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a unique C-bilinear mapping 6 : A x A — A is defined by
S
0(x,y) = 7115204 ! (zn ’ zn)
for all x,y € A and satisfies the inequality (3.6). It follows from (3.2) and (3.5) that
”5([95,.)’,2],“/) - [5(95,1/0),3’72] - [x>5(y)w*)>z] - [x)y75(z)w)]||

+ ||5(x,[y,2,w])— [5(35,3’),2,1/0] - [y,5(x*72),w] _[y)2a6(x7w)]||

- i 16 ([ (15 505 ge) [ e 5 a5 (325 )

22
on’ 2”’
+ Jim 16" |7 (5 [ 5 5 5v )~ | (55 37) 373

Sl o RPN E |

= Jim 16%9 (57 57 5 37)

s. ’}illoloL”w(x,y,z,w) =0

for all x,y,z,w € A. Therefore we get that F is C*-ternary bi-derivations. O

Remark 3.3. Let r and 6 be positive real numbers.
o If we take

o, y,z,w) =0 (lxl™+ 1y 1"+ llzI" + llwl")
for all x,y,z,w € A, then we get that

(i) If r <2, then Theorem 3.1/ recover Theorem 5 in [16] with the Lipschitz L =22,
(ii) If 7 > 4, then Theorem [3.2recover Theorem 6 in [16] with the Lipschitz L = 247".

o If we take
p(x,y,z,w) =0 (I Iy1™ 121" lwll")
for all x,y,z,w € A, then we get that

(i) If r <1, then Theorem [3.1|recover Theorem 7 in [16] with the Lipschitz L = 24772
(ii) If 7 > 1, then Theorem [3.2recover Theorem 8 in [16]] with the Lipschitz L = 244"

4. C*-ternary Bi-homomorphisms on C*-ternary Algebras
Associated with the Bi-additive Functional

Inequalities (1.5) and (1.6)

We prove the Hyers-Ulam-Rassias stability of C*-ternary bi-homomorphisms on C*-ternary
algebras associated with the bi-additive functional inequalities (1.5) and (1.6).
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Theorem 4.1. Let f : A x A — B be a mapping with f(x,0)= f(0,2z) = 0 such that ¢ : A2 —[0,00)

satisfying
£ (A + ), iz —w)) + £ (M — 3), iz + w)) = 2Auf (x,2) + 2Auf (y,w)
<|s (2f(x+y )+2f(x L 2 w) - 2,2+ 2f (r,0)) | + 9, Yoz, 0) (4.1)
forall \,ue$S and for all x,y,z,w € A. If there exists a Lipschitz constant L <1 such that
X
<ﬂ(2 2) —<P(x y) (4.2)
for all x,y € A. Then there exists a unique C-bilinear mapping F : A x A — A such that
If(x,y)=F(x,y)ll < 81 _L)cp(x,x)cp(Z,O) (4.3)
In addition, if the mapping f : A2 — A satisfies
1 ([x,y,z],[w,w,w]) - [f (x,w), f(y,w), f(z,w)]ll < p(x, y)p(z,w) (4.4)
and
I £ ([x,x,x],[y,z,wD = [f (x, ), f (x,2), f (x,w)]ll < (x,y)p(z,w) (4.5)

forall x,y,z,w € A, then the mapping F is C*-ternary bi-homomorphisms.

Proof. Let A=pu=1,w =0 and y =x in (4.1), we obtain that
If(2x,2)+ f(0,2) = 2f (x,2) + 2f (3, 0)l
<s@2f(x,2)+2f(0,2)—2f(x,2)+ 2f (y,0) + @(x,x)p(z,0),
that is,
£ (2x,2) - 2f (x,2)] < p(x,x)¢p(z,0)
for all x,z € A. Substituting x by 5 in the above inequality, we get that

Hf(x,z) -2f (g,z) 0 <¢ (g, g) p(z,0) < %(p(x,x), p(z,0) (4.6)
for all x,z € A. Consider the set
={g:A%? > B|g(x,00=g(0,y)=0, V¥ x,y € A}
and introduce the generalized metric on S as follows:
d(g,h) =inf{M €[0,00) | llg(x,y) — h(x, )|l < Mp(x,x)p(y,0), V¥ x,y € A},

Then, (S,d) is a complete generalized metric space (see [15, Theorem 2]). Now we consider the
linear mapping 7': S — S such that

X
Tg(x,y):=2¢3,9)

for all x,y € A. By the proof Theorem 2 in [15], we have
d(Tg,Th)<Ld(g,h)

for all g,h € S. It follows from li that d(f,Tf) < %. By Theorem there exists a unique
mapping F': A x A — B such that the equality

Fix,y)=lim 2°f (2.)
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for all x,y € A. Moreover, we obtain that d(f,F) < 1= Ld( f,Tf), which implies that

d(f,F) < —d Tf)=< .
(F.F) = 1A TH = 571
Therefore, the inequality (4.3) holds. It follows from (4.1) and (4.2) that we get
||F(/Lx + Ay, puz —pw)+ F(Ax — Ay, pz + pw) — 2AuF (x,2) + 2AuF (y, w)||

:nlijgozn f(/lx;l/ly,uz .Uw)+f(/1x Ay , 1z + pw 2/1uf(— z)+2/1uf oW H
th_%Zn( (2f(x+yz w)+2f(2 z+w) Zf(;—n,z)+2f(2 )) +(p(2n )(p(z,w))

<
n—.oo n—oo

xty x-y
3(2 lim 2nf(— z— w)+2 lim 2”]”(2i +w

-2 lim 2" f(— z)+2hm 2"}‘(— w))

n—oo n—oo

. x oy
+ lim 2”(p(2—n,2—n)(p(z,w)

n—oo
Xy

2
2n

< , 2+ w

n—oo n—oo

x+y
3(2 lim 2”f(2— z— w)+2 lim 2”["(

-2 lim Z”f(zin,z) +2r}£1£102nf(23}—n,w) H +r}£1£1o(%)n¢(x,y)(p(z,w)

n—oo

for all x,y,z,w € A. Then, we have

|[FAx + Ay, pz — pw) + F(Ax — Ay, pz + pw) — 2AuF (x,2) + 2AuF (y, w)||

x+y -y
< Hs(zF( . ,z—w)+2F( 5 z+w) OF (x, z)+2F(y,w))“ 4.7
for all x,y,z,w € A. Letting w =0 and y = x in (4.7), we obtain that
F(A2x,uz) =2 AuF (x,2) (4.8)

for all x,z € A. Replacing x in (4.8) by 5, we get that
x
F(\x, uz) = 2AuF (§,z)

for all x,z € A. Let A = u =1 in the above equation, we have F(x,z) = 2F (},z) for all x,z € A,
Substituting A =y =1 in (4.7), we have

||F(x+y,z—w)+F(x—y,z+w)—2F(x,z)+2F(y,w)||
< [sfor (57 -w) +2r (55
2 2

<|sFx+y,z—w)+F(x—y,z4+w)—2F(x,2)+ 2F (y,w))|l

z+ w) 2F(x,z)+2F(y,w)) “

<IsIlF(x+y,z—w)+F(x—y,z+w)—2F (x,z) + 2F (y,w)||
for all x,y,z,w € A. Since |s| < 1, we have
Fix+y,z—w)+F(x—y,z+w)=2F(x,z)-2F(y,w) 4.9)

for all x,y,z,w € A. By Theorem 2.1 in [[19]], we have F is bi-additive. Next, we will show that
F(Ax,uy) = AuF(x,y) for all x,y € A. Letting w =0 and y = x in (4.1), we have

| F(A2x, pz) — 2Auf (x,2)| < @(x,x)p(y,0)
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for all x,y,z € A. Replacing x by 5 in the above equation, we obtain that

f()Lx,,uz)—leuf(g,z)H < (p(;—c, g)(p(y,O) (4.10)
for all x,y,z € A. Putting x by 55 in (4.10), we have

f(Agmonz) -200f (7.2) | 2 0 (G o) 0020 (4.11)
for all x,y,z € A. Letting A = p =1 in (4.11I), we have

f(zin,z) —2f(%,z) H < (p(%,%)(p(y,m (4.12)

for all x y,z € A. It follows from (4.11) and (4.12) that we have
|7 (gmonz) =t (5o2) | = (2

< ;—n,uz)+2/1uf(%, ) waf( S EL )_A“f(i Z)H
< f(A;—n,uz)+2/1Mf( +172)H H%:“f(znﬂ’ ) A“f(zn’ )H
(i o -1 )
P it T S

X X
S2(/)(2n+1’2n+1)('0(y’0)

for all x,y,z € A. Then, we have

2”f(12in,pz) —Aﬂan(;—n,z)“ < 2-2%(%,%)@%0)

n+1l
< (Z) @, x)p(y,0)

for all x,y,z € A. Taking limit n — oo in the above inequality, we have

P - e 1= 2 125 i 2.9

n+l
< lim ( ) @(x,x)p(y,0) =0,
n—oo\ 4

that is, F(Ax,uz) = AuF (x,z) for all x,z € A. By Lemma we obtain that the mapping F is
C-bilinear. It follows from (4.4) that

I1F([x,y,2],[w,w,w]) - [F(x,w),F(y,w),F(z,w)]l

=im 64" |f (|5 o5 lsm e )~ [ (5o5r)of (o 5n) f (a5

< tim 647 (2 2 ) (.2
n—00 on’ on on’ on

< r}ilgloL2”w(x,y)¢(z,w) =0
for all x,y,z,w € A. Thus
F(x,y,z],lw,w,w]) =[F(x,w),F(y,w),F(z,w)]
for all x,y,z,w € A. By using (4.5), we also have
F([x,x,x],[y,z,w]) =[F(x,y),F(x,2),F(x,w)]
for all x,y,z,weA. Therefore the mapping F:A x A — B is a C*-ternary bi-homomorphisms. [
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Theorem 4.2. Let f: A x A — B be a mapping with f(x,0)=f(0,z) =0 for all x,z € A such that
Q: A2 - [0,00) satisfying @.1). If there exists a Lipschitz constant L <1 such that

Xy
for all x,y € A. Then there exists a unique C-bilinear mapping F : A x A — A such that

IfCe,y)—FQx,y) < 21 _L)tp(x,x)go(Z,O) (4.14)

In addition, if the mapping f : A2 — A satisfies @.4) and @.5) for all x,y,z,w € A, then the
mapping F is C*-ternary bi-homomorphisms.

(4.13)

Proof. Let (S,d) be the generalized metric space defined in proof of Theorem [4.1].
Now, we consider the linear mapping 7' : S — S such that
1
Tgx,y)= 58(2x%.y)
forall x,ye A and g€ S. Let g,h €S be given such that d(g,h) =¢. Then
lg(x,y) — hlx, I < ep(x,x)p(y,0)

for all x,y € A. Hence we have

1Tg(x,y)—Th(x,y)ll =

1 1

Zo(2x.v)— =

58(2%.7) 2h(x’y)”
1

< §£<p(2x,2x)(,0(y,0)

1
< §£2L<p(x,x)<p(y,0)
= Le(x,x)p(y,0)
for all x,y € A. This implies that d(T'g,Th) < Le. This mean that
d(Tg,Th)<Ld(g,h)
for all g,h € S. By the same argument of Theorem we have
1

for all x,y € A. So d(f,Tf) < % By Theorem there exists a unique mapping F: A x A — B
such that the equality

.1 n
Flx,y) = lim ~=f (2"x,5)
for all x,y € A. Moreover, we obtain that d(f,F) < ﬁd(f ,Tf), which implies that
1
d(f,F)=s ——d(f,Tf) < .
(f,F) 1L (f, f)<2(1—L)

Therefore, the inequality (4.14) holds.
It follows from (4.1) and (4.13) that we get
||F(7Lx + Ay, uz —pw)+ F(Ax — Ay, pz + pw) — 2AuF (x,z) + 2AuF (y, w)||

1
< gw(x,x)tp(y,O)

= ,}l_g,login I (2" Ax+ Ay), uz — pw) + f (2" (Ax — Ay), pz + pw) — 2Auf (2"x,2) + 2Auf (2" y,w) |
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< Jim o (o or (2 (57) 2w+ 21 (2 (5%). 2 )

nj;j” (27x,2) +2f (2"y,w)) | + ¢ (2"x,2"y) @ (2,w))
= o[ im o (27 (552) 2 w) 2 Jim o 27 (52 2 )

“2lim oo f (2"x,2) +2 Jim 2%]”(2”y,w)) +lim o (27%,27) 0 2 0)
oot o (52 - (52 )

-2 lim lnf(2”x,z) +2,}LIIC>102lnf(2ny,w))

n—oo 2

+ lim L™ (x,y)p(z,w)
n—oo

for all x,y,z,w € A. Then we have

||F(/1x + Ay, puz —pw)+ F(Ax — Ay, uz + pw) — 2AuF (x,2) + 2AuF (y, w)”

< Hs(2F(x;y,z—w) +2F(x;y,z+w) —2F(x,z)+2F(y,w)) H

for all x,y,z,w € A. By the same argument of Theorem[4.1] we obtain that F is bi-additive. Next,
we will show that F(Ax, uz) = AuF(x,z) for all x,z € A. Letting w =0 and y = x in (4.1), we have

| £ (A2, pn2) - 2Apf (x, 2)|| < (x, 0)p(y,0)

for all x,z € A. Replacing x in 2" 1x in the above equation, we obtain that

|£(A2"x, uz) — 2Apf 2" x,2)|| < (271,27 Lx)p(y,0) (4.15)
for all x,z € A. Letting A = u =1 in (4.15), we have
|£(2"x,2) - 2f (2" x, z)|| < 2" 12" 1x)p(y,0) (4.16)

for all x,z € A. It follows from (4.15) and (4.16) that we have
|f (A2"x, uz) — Auf (Z”x,z)”
< || £ (A2"7x, uz) + 2Auf 2" x,2) - 2Auf 2" x,2) - Auf (2"x,2) |
<|f (A2%x,uz) + 2/1,uf(2"_1x,2)|| + ||2)ll~tf(2n_1x,z)— Auf (2"x,2) ||
= ||£ (12", uz) + 2Auf 2" x,2)|| + 1Al | 2F (2" Lx,2) - £ (27%,2) |
< | £ (A2"x,pz) + 2Auf @™ 'x,2)|| + | 2F 2" x,2) - £ (27x,2) |
<2¢2""1,2" T)p(y,0)

<2"L"p(x,x)p(y,0)

for all x,z € A. Then we have

1 1
2nf (A2"x, uz) - /1/.L2—nf (2"x,2)

for all x,z € A. Taking limit n — oo, we have

< L™ p(x,x)p(y,0)

1 1
|F(Ax, uz) — AuF(x,2)| = hm —f(Aan pz) — A”,}i_,m z—nf(an,z)

< lim L"¢(x, x)¢(y,0) =0,
that is, F(Ax,uz) = AuF (x,z) for all x,z € A. By Lemma we obtain that the mapping F is
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C-bilinear. It follows from (4.4) that
|F([x,y,2], [w w,w]) - [F(x,w),F(y,w),F(z,w)ll

< hm—”f([an 2"y,2"z], [2nw,2nw,2nw])—[f(an,an),f(2”y,2”w) ( z,2"w )]”

n—oo g4n

< lim 6%(;)(2% 2"y)p(2"2,2"w)

n—o0

L \"
< JL%(E) p(x, y)p(z,w) =0
for all x,y,z,w € A. Thus
F(x,y,z],[lw,w,w]) =[F(x,w),F(y,w),F(z,w)]
for all x,y,z,w € A. Similarly, we also have
F([x,x,x],[y,z,w]) =[F(x,y),F(x,2),F(x,w)]

for all x,y,z,weA. Therefore the mapping F : A x A — B is a C*-ternary bi-homomorphisms. [

Theorem 4.3. Let f : A x A — B be a mapping with f(x,0)=f(0,z)=0 for all x,z € A such that
¢ : A% = [0,00) satisfying 1D and

|27 (2 x+y,y(z w)) +2f (1 xzy,u(z+w))—zauf(x,z)+2auf(y,w)“
<ls(f(x+y,z-w)+fx—y,z+w)—2f(x,2)+2f (y,w)l + p(x, y)p(z,w) (4.17)

for all A,u €S and for all x,y,z,w € A. Then there exists a unique C-bilinear mapping
F:AxA — A such that

IfCe,y)—=F(x,y)ll < 21-L)

In addition, if the mapping f : A2 — A satisfies @.4) and @.5) for all x,y,z,w € A, then the
mapping F is C*-ternary bi-homomorphisms.

@(x,0)p(z,0) (4.18)

Proof. Letting A=pu=1and y=w =0 in (4.17), we get
|47 (5:2) - 21 @.2)| = 9,009z, 00, (4.19)
for all x,z € A. Consider the set
={g:A? = B| g(x,0)=g(0,5) =0, V x,y € A}
and introduce the generalized metric on S as follows:
d(g,h)=1inf{M €[0,00) | llg(x,y) — h(x, )| < Mp(x,0)¢p(y,0), ¥V x,y € A},

Then, (S,d) is a complete generalized metric space (see [15, Theorem 4]). Now we consider the
linear mapping 7': S — S such that

X
for all x,y € A. By the proof of Theorem 4 in [15], we get that
d(Tg,Th)<Ld(g,h)
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for all g,h € S. It follows from (4.19) that
x 1
H f(x,z)—2f(§,z)0 = 59(x,009(2,0),

for all x,z € A. So we obtain that d(f,Tf) < % By Theorem there exists a unique mapping
F :A x A — B such that the equality

F(x,y) = lim 2”f(in,y)

for all x,y € A. Moreover, we obtain that d(f,F) < 1= Ld( f,Tf), which implies that

F)s — Tf) = .
A(f P = T d (LT S 5
Therefore, the inequality (4.18) holds. It follows from (4.17) and (4.2) that we get

|27 (/l ~w)|+2F (A Y e+ w)) - 2ApF (x, z)+27L,uF(y,w)0
:r}i_’1202n 2f (A%;%,Mz—uw) +2f(/1ﬁ,uz+uw) —2/1uf( )+2/1,uf(2n, )
SY}LIEOZ"( s(f(21n+zln,z—w)+f(2xn 23; z+w) 2f(;—n,z)+2f(2y—n,w))u

+(p(2xn 2n) (z, w))

SH (hm2nf rry —w)

n—oo

()

n—oo n—oo n—o0

(S
&z
< Hs(lim 2nf(
&z

-2 lim 2" f|— z) +2 lim 2”f(2ln,w))0 + lim 2"(p(2x 2n)(p(z w)

lim ~w)+ lim 2f (T 2 4 w)

~2 lim 2"f

n—oo

)+2 lim 2”f(21nw))0 +nlg§o(§)n<p(x,y)<p(z,w)

n—oo

for all x,y,z,w € A. Then we have
x+y x—y
“2F( e - w)) +OF (AT, ez +w)) —2/1,uF(x,z)+2/1,uF(y,w)0 (4.20)
<lls(Flx+y,z—w)+F(x—y,z+w)—2F(x,z) + 2F (y,w))|

for all x,y,z,w € A. Letting y=w =0 and A = u =1 in (4.20), we obtain that

2F (gz) = F(x,2) (4.21)
for all x,z€ A. For A = =1 and using (4.21), we have

IFx+y,z—w)+F(x—y,z+w)—-2F(x,z)+ 2F (y,w)|l

x+y (x y

HZF( z—w)+2F z+w) 2F (x, z)+2F(y,w)”
<llsFlx+y,z—w)+Flx—y,z+w)—-2F(x,z)+ 2F (y,w))ll
<|s||F(x+y,z-w)+F(x—y,z+w)—2F(x,z) + 2F(y,w)|l.

for all x,y,z,w € A. Since |s| < 1, we have

Fx+y,z—w)+F(x—y,z+w)=2F(x,z)-2F(y,w)

for all x,y,z,w € A. By Theorem 2.1 in [19], we have F is bi-additive.
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Next, we will show that F(Ax,uz) = AuF(x,z) for all x,z € A. Replacing x by 2x in (4.21), we
have

2F (x,2) = F(2x,2)

for all x,z € A. Letting y =x and w = 0 in (4.20) and using the fact of the above equation, we
obtain that

||2F(/1x,uz) - ZAyF(x,z)” <|s(F(2x,z)—2F(x,2))| =0
for all x,z € A. Then we have F(Ax,uz) = AuF(x,z) for all x,z € A. By Lemma 1.7, we obtain that
the mapping F is C-bilinear. The rest of the proof is similar to the proof of the Theorem O

Theorem 4.4. Let f : A x A — B be a mapping with f(x,0) = f(0,z) =0 for all x,z € A such
that ¢ : A2 —[0,00) satisfying @2) and @17). Then there exists a unique C-bilinear mapping
F:AxA — A such that

In addition, if the mapping f : A2 — A satisfies @.4) and @B5) for all x,y,z,w € A, then the
mapping F is C*-ternary bi-homomorphisms.

@(x,0)p(z,0) (4.22)

Proof. Let (S,d) be the generalized metric space defined in proof of Theorem
Now we consider the linear mapping 7' : S — S such that
1
Tglx,y) = 58(2x,y)

for all x,y € A and g € S. By the same argument of Theorem we also have T is strictly
contractive mapping with Lipschitz constant L. It follows from (4.19) and (4.17) that we have

1 1 L
f(x,2)— Ef(Zx,z) < Z(p(2x,0)(p(z,0) < E(p(x,O)(p(z,O)

for all x,ze A. So d(f,Tf) < % By Theorem there exists a unique mapping F: A xA — B
such that the equality

1
F(x,y)= lim —f (2"x,y)

for all x,y € A. Moreover, we obtain that d(f,F) < ﬁd( f,Tf), which implies that

1
d(f,F)SEd(f,Tf)S 21-L)

Therefore, the inequality (4.22) holds. The rest of the proof is similar to the proofs of Theorem [4.2]
and O

5. C*-ternary Bi-derivations on C*-ternary Algebras Associated with
the Bi-additive Functional Inequalities (1.5) and (1.6)

Theorem 5.1. Let f : A x A — B be a mapping with f(x,0)=f(0,z)=0 for all x,z € A such that
Q: AZ - [0,00) satisfying @.1). If there exists a Lipschitz constant L <1 such that

w(;—c%) = %tp(x,y) (5.1)
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for all x,y € A. Then there exists a unique C-bilinear mapping F : A x A — A such that

I1fCx,y)=F(x,y)ll < aa _L)go(x,x)(p(z,O) (5.2)
In addition, if the mapping f : A2 — A satisfies and

| Fx, y,2],w) = [f (x,w),y,2] - [x, f (y,w), 2] =[x, 5, f (z,w)]]| < p(x,y)p(z,w) (5.3)
and

| £, Ly, z,wD = [f(x,3),2,w] =Ly, f(x*,2),w] = [y, 2, F x,w)]| < plx, y)p(z,w) (5.4)

for all x,y,z,w € A, then the mapping F is a C*-ternary bi-derivation.

Proof. By the same reasoning as in the proof of Theorem 4.1 we get that

Hf(x,Z) -2f (gz) 0 <¢ (g g) ¢(z,0) < %(p(x,x), ¢(z,0) (5.5)

for all x,z € A. Let (S,d) be the generalized metric space defined in proof of Theorem Now
we consider the linear mapping 7' : S — S such that

x
Tg(x,y):=2¢3.9)
for all x,y € A. By the same argument of Theorem we also have T is strictly contractive

mapping with Lipschitz constant L. It follows from (5.5) that we have d(f,Tf) < %. By
Theorem there exists a unique C-bilinear mapping F : A x A — B such that

F(x,y)= lim 2”f(in,y)
for all x,y € A. Moreover, we obtain that d(f,F) < 1= Ld( f,Tf), which implies that
F)< Tf)< .
d(f,F) < ——d(f, NS0T

Therefore, the inequality (5.2) holds. It follows from (5.3) that
||F([x,y,z],w) [F(x, w) y,2]— [x,F(y,w*),z] - [x,y,F(z,w)]”

< Jim 16" (| ([ o505 %)—[f(;‘—n 7)o
y w z X y z w

|z )gn 75/ )|

<im0 2ol )

< ’}L%Oan(x,y)¢(z,w) =0
for all x,y,z,w € A. Thus, we have
F([x,y,z]l,w) =[F(x,w),y,2]+ [x,F(y,w"),z]| +[x,y,F(z,w)]
for all x,y,z,w € A. Similarity, one can show that
F(x,[y,z,w]) =[F(x,y),z,wl+[y,F(x*,2),wl+[y,z,F(x,w)]

for all x,y,z,w € A. Hence the mapping F : A2 — B is a C*-ternary bi-derivation. O
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Theorem 5.2. Let f : A x A — A be a mapping with f(x,0) = f(0,z) =0 for all x,z € A such
that ¢ : A2 —[0,00) satisfying and (4.13). Then there exists a unique C-bilinear mapping
F:Ax A — A satisfying @.14). In addition, if the mapping [ : A2 — A satisfies and (5.3),
then the mapping F is a C*-ternary bi-derivation.

Proof. The proof is similar to the proof of Theorem [4.2]and Theorem O

Theorem 5.3. Let f : A x A — A be a mapping with f(x,0) = f(0,z) =0 for all x,z € A such
that ¢ : A% —[0,00) satisfying and (4.17). Then there exists a unique C-bilinear mapping
F:Ax A — A satisfying @18). In addition, if the mapping [ : A2 — A satisfies and (5.3),
then the mapping F is a C*-ternary bi-derivation.

Theorem 5.4. Let f : A xA — A be a mapping with f(x,0) = f(0,z) =0 for all x,z € A such
that ¢ : A% — [0,00) satisfying |D and 1' Then there exists a unique C-bilinear mapping
F:A xA — A such that

aa _L)w(x,O)q)(z,O)

In addition, if the mapping f : A? — A satisfies (5.2) and (5.3), then the mapping F is a C*-
ternary bi-derivation.

6. Conclusion

The main results of this paper are Hyers-Ulam-Rassias stability of C*-ternary bi-
homomorphisms and C*-ternary bi-derivations in C*-ternary algebras associated with the
bi-additive functional equation and the bi-additive functional inequalities by using alternative
fixed point theorem.
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