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ERRATUM: “A FIXED POINT METHOD FOR PERTURBATION
OF BIMULTIPLIERS AND JORDAN BIMULTIPLIERS IN
C*-TERNARY ALGEBRAS” [J. MATH. PHYS. 51, 103508 (2010)]

SUNGSIK YUN?, MADJID ESHAGHI GORDJI? AND JEONG PIL SEO ©*

ABSTRACT. Ebadian et al.' proved the Hyers-Ulam stability of bimultipliers and
Jordan bimultipliers in C*-ternary algebras by using the fixed point method.

Under the conditions in the main theorems for bimultipliers, we can show that
the related mappings must be zero. Moreover, there are some mathematical errors in
the statements and the proofs of the results. In this paper, we correct the statements
and the proofs of the results, and prove the corrected theorems by using the direct
method.

1. INTRODUCTION AND PRELIMINARIES

A C*-ternary algebra is a complex Banach space A, equipped with a ternary
product (z,y, z) — [zyz] of A3 into A, which is C-linear in the outer variables, con-
jugate C-linear in the middle variable, and associative in the sense that [xy[zwv]] =

[z[wzylv] = [[wyzwo], and satisfies [[[zyz]|| < [|=]| - [ly] - |2]| and |[[zzz]]| = [|=]>.
Definition 1.1 ([1]). Let A be a C*-ternary algebra. A C-bilinear mapping T :
A x A — Ais called a C*-ternary bimultiplier if it satisfies

T([ryz],w) = [T(z,y)zwl,

T(z,[yzw]) = [zyT(z,w)]

for all z,y,z € A.

The third variable of the left side in the first equality is C-linear and the second
variable of the left side in the first equality is conjugate C-linear. But the third
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variable of the right side in the first equality is conjugate C-linear and the second
variable of the right side in the first equality is C-linear. The third variable of the
left side in the second equality is conjugate C-linear and the second variable of the
left side in the second equality is C-linear. But the third variable of the right side in
the second equality is C-linear and the second variable of the right side in the second
equality is conjugate C-linear. So T must be zero. Hence all the mappings T, related
to bimultiplers, must be zero. So the results on bimultipliers are meaningless.

Thus we correct the definition of C*-ternary bimultiplier as follows.

Definition 1.2. Let A be a C*-ternary algebra. A C-bilinear mapping T : Ax A —

A is called a C*-ternary bimultiplier if it satisfies
T(zy*zl,w) = [T(z,y)z"w],
T(x,[yz"w]) = [zy"T(z,w)]
for all x,y,z € A.

Definition 1.3 ([1]). Let A be a C*-ternary algebra. A C-bilinear mapping T :
A x A — Ais called a C*-ternary Jordan bimultiplier if it satisfies

T([zzz],z) = [T(z,x)zz],
T(x,[zxx]) = [zaT(x,x)]

for all z € A.

With respect to the definition of bimultipler, we can correct the definition of

C*-ternary Jordan bimultiplier as follows.

Definition 1.4. Let A be a C'*-ternary algebra. A C-bilinear mapping T : Ax A —

A is called a C*-ternary Jordan bimultiplier if it satisfies
T([zz*z],x) = [T(x,z)x*x],
T(z,[zx*z]) = [za"T(x,x)]
for all z € A.
The stability problem of functional equations originated from a question of Ulam?
concerning the stability of group homomorphisms. Hyers® gave a first affirmative
partial answer to the question of Ulam for Banach spaces. Hyers’ Theorem was gen-

eralized by Aoki* for additive mappings and by Th.M. Rassias® for linear mappings

by considering an unbounded Cauchy difference. The stability problems of various



BIMULTIPLIERS IN C*-TERNARY ALGEBRAS 239

functional equations have been extensively investigated by a number of authors (see
Refs. 6-11).

2. HYERS-ULAM STABILITY OF BIMULTIPLIERS
AND JORDAN BIMULTIPLIERS

Throughout this section, assume that A is a C*-ternary algebra.

For a given mapping f: A x A — A, we define
Expf(@y,z,w) = fQAx+ Ay, pz — pw) + f(Az — Ay, pz + pw)
=2 uf(z,z) + 22 f (y, w)
for all z,y,z,w € Aand all \,p € T' :={v € C: |v| =1}

From now on, assume that f(0,0) = 0.

We need the following lemma to obtain the main results.

Lemma 2.1 ([12]). Let f: Ax A — A be a mapping satisfying E . f(z,y,z,w) =0
forallxz,y,z,w € A and all \, i €T*. Then the mapping f : Ax A — A is C-bilinear.

Theorem 2.2. Let f : A x A — A be a uniformly continuous mapping for which
there exists a function ¢ : A* — [0,00) such that

(1) HENHf(x’vaaw)H < 90(55,?/; va)a
@IS ([zy* 2], w) = [f (@, )2 wlll + [|f (@, [yz"w]) = [y f(z, )] < o2y, 2,w),
(3) O(x,y, z,w) Z 4i T, 2"y, 2"z, 2"w) < o0

for all \,u € T' and all x,y,z,w € A. Then there exists a unique C*-ternary
bimultiplier T : A x A — A such that

3 1 1
(4) Hf(xvz) - T(.%’, Z)H < §<D(x7$aza _Z) + gq)(l‘, -, %, Z) + Zq)(oawaoaz)
forall x,z € A.
Proof. Letting A\=pu =1,y =—x and w = z in (1), we get

(5) ”f(2$, 22) - 2f(a:, z) + f(—ﬂ?, Z)H < (p(l’, —T,z, Z)

for all x,z € A. Letting A\=p=1and x =z =01in (1), we get

(6) ||f(yv _w) + f(_y7 w) + 2f(ya w)” < 90(07 Y, 07 w)
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for all y,w € A. Replacing y by x and w by z in (6), we get

(7) 1f (2, =2) + (=2, 2) + 2 (z, 2)|| < ¢(0,,0,2)

for all x,z € A. Letting A\=p =1,y =z and w = —z in (1), we get
(8) 1f(22,22) = 2f (2, 2) + f(z, —2)|| < p(z,3,2,—2)

for all z,z € A. By (5) and (8), we obtain

(9) ||2f($a *Z) - Qf(—m, Z)H < (p(l‘vl‘a = *Z) + 90(377 -, %, Z)
for all x,z € A. By (7) and (8), we obtain
(10) Hf(2$722)_4f(x¢z)+f($v _Z)_f(_xvz)n

S (10($’ z,z, _Z) + QO(O,CL‘, 07 Z)
for all x,z € A. By (9) and (10), we have

1
I|f(2x,22) —4Af(z,2)] < ;p(m,a:, z,—z)+ zp(z,—x,2,2) + ¢(0,2,0, 2) = M(z, 2)

2
and so
1 1
(1) |02 - {020 < g
for all z,z € A. Here M(z,z) := %ap(m,x,z, z) + %go(a:, —z,2,2) + ¢(0,2,0, 2) for

all x,z € A.
It follows from (11) that

m—1

1 , )
< Z WM (27,272)
j=l

(12) ’ %f(Ql:c, 2lz) — 4imf(2ma:, 27 2%)

for all ,z € A and all nonnegative integers m,l with m > [. This implies that
the sequence {4% f@2rz, 2”z)} is a Cauchy sequence for all x,z € A. Since A is
complete, the sequence {4% f@2mz, 2”2)} converges. Thus one can define the mapping
T:AxA— Aby

1
T(z,z) = lim — f(2"z,2"2)
n—oo 41
for all x,z € A. Moreover, letting [ = 0 and passing the limit m — oo in (12), we

get (4).
By the definition of the mapping 1T', we have

1
|ExuT(z,y, z,w)|| = lim —|Ey,f(2"z,2"y,2"2,2"w)|
’ n—oo 4n ’

- n—oo

. 1
< lim 4—”g0(2"x,2”y, 2"2,2"w) =0
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for all A\, x € T and all z,y, z,w € A. By Lemma 2.1, the mapping T: A x A — A
is C-bilinear.

Let T": A x A — A be another C-bilinear mapping satisfying (4). Then we have
1
|T(x,2) — T'(z,2)|| = 4—n||T(2"af,2”z) —T'(2"x,2™2)||

1 1 ,

2/(3 1 1
< 4n<8<1>(2”:n, 2", 2"z, —2”z)+§<1>(2"x, 2", 2"z, 2”z)—|—Z(I>(O, 2™z, 0, 2”2)) ,

which tends to zero as n — oo for all x, z € A. This proves the uniqueness of T'.

It is easy to show that T'(x, z) = lim, . m%f(8”x, 2"z) = limy, o w%f@”x, 8"%)
for all z,z € A, since T is bi-additive and f is uniformly continuous.

It follows from (2) and (3) that

1T([zy" 2], w) — [T(z,y)"w]|| + | T(z, [yz"w]) — [zy*T(z,w)]|
= lim %(Ilf (8"[zy" 2], 2"w) — [f (2", 2"y)(2"2)" (2"w)] |
+11f(2"2, 8" [yz"w]) — [(2"2)(2"y)" f(2"2, 2" w)][|)
< lim — (2", 27y, 2", 2w < lim 4%@2%, 27y, 2"z, 2"w) = 0

for all x,y,z,w € A. So

T(lzy"z], w) = [T(z, y) 2 w]
and

T(z, [yz"w]) = [2y™T(z,w)]

for all z,y,z,w € A.
Therefore, the mapping 7" : A x A — A is a unique C*-ternary bimultiplier
satisfying (4). O

Corollary 2.3. Let 8 and p be positive real numbers withp < 2 and let f : AXA — A

be a uniformly continuous mapping such that

(13) xS (9, 2, w) || < Oz lP + yll” + 1217 + [[w]]),
(14) 1f ey 2], w) = [f (@ y) 2wl + [ f (2, [yz"w]) — [2y™ f (2, w)]]
<O ll” + [yl + 12017 + [lwl]”)



242 SUNGSIK YUN, MADJID ESHAGHI GORDJI & JEONG PIL SEO

for all \,u € T' and all x,y,z,w € A. Then there exists a unique C*-ternary
bimultiplier T : A x A — A such that

(15) 1f(z,2) = T(z,2)| <
for all x,z € A.

50
4—

o lal” + 11=117)

Proof. Letting o(z,y, z,w) := 0(||z||? + [|y[|P + || 2]|? + [[w||P) in Theorem 2.2, we get
the desired result. 0

Theorem 2.4. Let f : A x A — A be a uniformly continuous mapping for which
there exists a function ¢ : A* — [0, 00) satisfying (1), (2) and

(16) 216" (559557 57) <

for all \,u € T' and all x,y,2z,w € A. Then there exists a unique C*-ternary
bimultiplier T : A x A — A such that
1 1
(17) Hf(.’E,Z) - T(va)H < g@(m,x,z, _Z) + éq)(xv —.iL‘,Z,Z) + Z(I)(O,.f,O,Z)
for all x,z € A. Here

O(z,y,z,w) : 24” ( 22; ;)

for all x,y,z,w € A.
Proof. 1t follows from (11) that
xr oz T x oz oz
_ Z 2 < e ded
(18) |762.2) 4f(2’2)H—M<2’ )

for all x, z € A.
It follows from (18) that

o (Gg) s (g £ 2 e (55

for all z,z € A and all nonnegative integers m, [ w1th m > [. This implies that the
sequence {4” f (2n, Qn)} is a Cauchy sequence for all z,z € A. Since A is complete,
the sequence {4” f (2%, 2%)} converges. Thus one can define the mapping T : A x
A— Aby

T(x,z):= hm 4"f( QZn)
for all z,z € A. Moreover, letting [ = 0 and passing the limit m — oo in (19), we
get (17).
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By the definition of the mapping T', we have

L rT Yy z ow
|Bs T gz w)| = tim || By, f (o, 2 2 2|
<  lim 471(10 (i,i’i’ﬂ)
n—00 2n 7 2nt 2n 2n
) T Yy zZ ow
< " (— Pt —) =
< nlLIIgolfi Y \on'onr o0 o0 0

for all A\, x € T! and all z,y, z,w € A. By Lemma 2.1, the mapping T: A x A — A
is C-bilinear.
Let T": A x A — A be another C-bilinear mapping satisfying (4). Then we have

7 (5w 3m) =T (5030 |
2” 2n 2n° 2n
Tz T oz (T Z
T (3050) 7 G [+ 01 (o an) -7 (o) |
3 r x =z z 1 T r z =z 1 T z
<24n - (77757)_7) - (75_77 ) - (05770)7) )
- (8 AL AL A LRAL +8 on’  gn’on’on +4 2n 2n
which tends to zero as n — oo for all z,z € A. This proves the uniqueness of 7'
It is easy to show that T'(z, z) = lim, . 16" f (8"’ 2n) = lim;, o0 16™f (— Si)

for all =,z € A, since T is bi-additive and f is uniformly continuous.
It follows from (2) and (16) that

1T ([zy*2], w) — [T(:v,y)i*w]H + |7 (z, [yz*w]) — [xf*T(z,w)Hl
~ o (Je (202 (2. 2) 2]
() - = Gl])

< lim 16"¢(£ Yoz g>:0

n—o00 2n’ 2n’ 2n’ on

T (z, 2) = T'(x, 2)|| = 4"

<4

for all x,y,z,w € A. So

T(lzy"z], w) = [T(z, y) 2 w]
and

T(z, [yz"w]) = [2y™T(z, w)]

for all z,y,z,w € A.
Therefore, the mapping 7" : A x A — A is a unique C*-ternary bimultiplier

satisfying (17). O
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Corollary 2.5. Let 0 and p be positive real numbers withp > 4 and let f : AxA — A
be a uniformly continuous mapping satisfying (13) and (14). Then there exists a

unique C*-ternary bimultiplier T : A x A — A such that

560
(20) 1f(z, 2) = T2, 2)|| < o (" + [[=[1)
for all x,z € A.

Proof. Letting ¢(z,y, z,w) := 0(||z||P + [|y[|” + ||z]|? + [|w]|?) in Theorem 2.4, we get
the desired result. O

Now, we prove the Hyers-Ulam stability of Jordan bimultipliers in C*-ternary

algebras by using the direct method.
Theorem 2.6. Let f : A x A — A be a uniformly continuous mapping for which
there exists a function ¢ : A* — [0,00) satisfying (1), (3) and
(21) 1f([za” 2], 2) = [f (z, w)z"a]l| + (| f (2, [z272]) — [22" f (2, 2)]|
S (p(a’:7 :L" 'r? x)
for all x € A. Then there exists a unique C*-ternary Jordan bimultiplier T : Ax A —

A satisfying (4).

Proof. By the same reasoning as in the proof of Theorem 2.2, there exists a unique
C-bilinear mapping 7' : A x A — A satisfying (4). The mapping T : Ax A — A is
given by

for all x, z € A.
It follows from (2) and (21) that
HT([m*fELw) — [Tz, z)az]|| + [T (z, [rz"2]) = [22"T (z, 2)]|
= lim ﬁ(Hf(S"[m a],2"z) — [f(2"z,2"2)(2"2)"(2"2)]|
+ (12", 8" [wa"a]) — [(2"2)(2"2)" f(2"2, 2"2)][])
. 1 1
< nh_m 16”4,0(2":c,2”x, 2"z, 2"x) < nh_}rrgo 4—g0(2”x, 2", 2"x,2"x) =0
for all z € A. So
T([xx*x],x) = [T(x,z)x"z]

and

T(z,[xx*x]) = [z2*T(x, )]
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for all x € A.
Therefore, the mapping T : Ax A — A is a unique C*-ternary Jordan bimultiplier
satisfying (4). O

Corollary 2.7. Let 8 and p be positive real numbers withp < 2 andlet f : AxA — A

be a uniformly continuous mapping satisfying (13) and
(22) || f([wa”a], x) = [f (2, z)2" 2]l + || f (2, [z2” x]) — [z2” f (2, 2)][| < 40(]=[]”

for allxz € A. Then there exists a unique C*-ternary Jordan bimultiplier T : AX A —
A satisfying (15).

Proof. Letting ¢(z,y, z,w) := 0(||z||P + [|y[|” + ||z]|P + [|w]|?) in Theorem 2.6, we get
the desired result. O

Theorem 2.8. Let f : A x A — A be a uniformly continuous mapping for which
there exists a function ¢ : A* — [0,00) satisfying (1), (16) and (21). Then there
exists a unique C*-ternary Jordan bimultiplier T : A x A — A satisfying (17).

Proof. The proof is similar to the proofs of Theorems 2.4 and 2.6. O

Corollary 2.9. Let 0 and p be positive real numbers withp > 4 and let f : AxA — A
be a uniformly continuous mapping satisfying (13) and (22). Then there exists a

unique C*-ternary Jordan bimultiplier T : A x A — A satisfying (20).

Proof. Letting o(z,y, z,w) := 0(||z||? + [|y||? + || 2]|? + [|w|[P) in Theorem 2.8, we get
the desired result. O
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