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1 Introduction
Let A be a Banach x-algebra. A map § : A — A is called a derivation on A if it satisfies the

following property:
8(Aa + b) = M8(a) + 8(b), 1.1)
8(ab) = 8(a)b + ad(b) (1.2)

for all a,b € A and A € C. Equation (1.2) is called the derivation property. If § satisfies
the additional condition §(a*) = §(a)* for all a € A, then § is called a *-derivation on A.
Sakai showed that if A is a C*-algebra, then the *-derivation § is bounded. And also he
showed that §(x) = adj,(x) = i(hx — xh) for some self-adjoint element / in the enveloping
von Neumann algebra A” of the C*-algebra A. If the self-adjoint element / is in the mul-
tiplier algebra M(A) of A, § is called an inner *-derivation on A. Furthermore, if we put
U; = exp™ for hin M(A) and ¢ € R, then U; can be a unitary operator and generate a one-
parameter group of x-automorphisms on .A. So bounded derivations of C*-algebras have
deep relations with generators of C*-dynamical systems. Besides these, since derivations
play an important role in the classifications of operator algebras, the theory of bounded
x-derivations of C*-algebras is very important in the theory of quantum mechanics and
operator algebras [1-3].

We can say that a mathematical property is stable if any mathematical object satisfying
a certain mathematical property approximately is near to the object exactly satisfying the
mathematical property. On the stability of the functional equation, Ulam was the first
beginner. He suggested the question ‘Under what condition is there an additive mapping
near an approximately additive mapping?” in 1940. Hyers [4] gave an affirmative answer
for the problem of Ulam on the case of Banach spaces after one year. Since then, there
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have been a lot of results obtained related to the stability problems of various functional
equations (for instances, [5—13]). In particular, some of the important functional equations
are the following functional equations:

See+y)=f) +f0) (1.3)
SE+y) +fx—y) =2f(x) +2f () (1.4)

which are called Cauchy additive functional equation and Cauchy quadratic functional
equation, respectively.

It is said that a mathematical property is superstable if every mathematical object sat-
isfying approximately the property is an exact object satisfying it. The superstability
phenomenon was first investigated by Baker, Lawrence and Zorzitto, etc. [14—17]. They
showed the superstability of the exponential functional equation from the vector space
to the set of real numbers. In the proof of the superstability of the exponential functional
equation, the multiplicative property of the norm was the necessary condition. We say that
when E is a normed algebra and |lxy|| = ||x] |||l for all x,y € E, the norm is multiplicative.

In this paper we define functional equations of a *-derivation and a quadratic
x-derivation. And we show that the stability of x-derivations and *x-quadratic derivations
on Banach x-algebras without the multiplicative property of the norm are superstable by
using the fixed point theorem.

In order to use the fixed point theory, we should introduce a fundamental result in the
fixed point theory. Let S be a set. A function d : S x S — [0,00] is called a generalized
metric on S if d satisfies

(1) d(x,y) =0ifand only if x = y;

(2) d(x,y) =d(y,x) forallx,y € S;

(3) d(x,2) <d(x,y) +d(y,z) for all x,y,z € S.

Theorem 1.1 ([18, 19]) Let (S, d) be a complete generalized metric space, and let ] : S — S
be a strictly contractive mapping with Lipschitz constant L < 1. Then, for each given element
x €S, either

d(]"x,]"x) = 00

for all non-negative integers n or there exists a positive integer ny such that
(1) d("x,]"x) < 00, ¥n > np;
(2) the sequence {J"x} converges to a point y* in S;
() J0") =5
(4) y* is the unique fixed point of ] in theset T = {y € S | d(J"x,y) < 00};
() diy,y*) < 27 d(.]y) forally e T.

2 Superstability of derivations on Banach x-algebras
Let A denote a *x-Banach algebra with the unit e in Section 1 and Section 2.

Theorem 2.1 Let ¥ : A x A — [0,00) and v, : A — [0,00) be functions. Suppose that
f: A— Aisa mapping such that

[ (e +3) = () - £6)| < ¥, (21)
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fGey) = 2f ) = f ®)y| < ¥(x,9), (2.2)
I () =f()* ]| < ¥alx) (2.3)

for all A € T and x,y € A. If there exist a natural number s € N and 0 < L <1 such

that |s|™'Y(sx,sy) < Lyn(x,), IsI7'Ya(sx,y) < Lyn(x), IsIya(x,sy) < Lyn(x,y), and
Is| 1y (sx) < Lo (x) for all x,y € A, then f is a x-derivation on A.

Proof If we put x =y and A =1 in (2.1), then we have
If (2x) = 2f ()| < Y1 (%, %) (2.4)

for all x € A. We can see that

n-1
[f (nx) = nf @) | < v, ) (2.5)

Jj=1

for all v,y € A and n > 2 by using the induction.

We put
s—1
W)= D valinx)
j=1

for x € A. Then we have

£ (sx) = sf(x) || < W (x). (2.6)

Let S be the set of all functions r: A — A. We define a function d: S x § — [0, 0] as
follows:

d(u,v) = inf{ot >0: ||u(x) —v(x) || <aW¥(x),Vx EA}

for u,v € S. We can easily show that (S, d) is a generalized complete metric space. Define
a function H : S — S by H(u)(x) = s u(sx). If we put

d(u,v) =a(u,ves),
then we can have

||H(u)(x) - H®)(x) || =s|™ Hu(sx) —v(sx) || < a|s| W (sx) < LaW(x).
It follows that for u,v € S

d(H(u), H(v)) < Ld(u,v). (2.7)
Therefore H is a strictly contractive mapping on S with Lipschitz constant L. By (2.6),

| ) = f @) = 57 (sx) = f @) = IsI7 | (%) = sf ()| < IsI7™ ¥ ().
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This means that d(H(f),f) < 1/|s|. By Theorem 1.1, H has a unique fixed point #: A — A

in the set
U={ueS:d(uH(f))<oo}.
We see that for each x € A
hx) = lim H"(f(x)) = lim s™"f(s"x). (2.8)
From (2.6) we can have
|(ax + y) = Ah(x) — h(y) ||
= Jim ("G 0) = 4 (5") £ (59|
< Jim |s|™"y1 (s"%,5"y)
< lim "Y1 (x,9) = 0

forallx,y € Aand A € T. Next, let A = A; + ik, € C, where Aj, Ay € R. Let uy = 41 — [A1] and
W2 = Ay — [A2], where [A] denotes the integer part of A. One can represent p; as p; = %

such that 1;; € T (1 < i,j < 2). Since we show that #(Ax + y) = Ah(x) + h(y) for A € T, we

can infer that
h(dx) = h(Ax) + ih(Aox)
= ([M]h(x) + h(puax)) +1([2)h(x) + h(uax))

= ([Al]h(x) + %h(kmx + )\sz)> + i([)q]h(x) + %h()\z,lx + Az,zx))

_ ([M]h(x) - L)+ %xl,zh(x)) . i([kz]h(x) ¢ Shaah) 4 %mh(x))
= Ah(x) + iroh(x)

= Mh(x)
forallx € Aand A € C. So & is a C-linear map on A. For the involution of /, we can have
[72(x*) = he)*| = lim Js|7"[[f (s"%) —f (s") "
< lim |57y (s"x)
< nli)rgloL"%(x) =0.

Next, we are going to prove the derivation property of /1. Replacing x by s”x and y by s"y
in (2.2) and dividing by s**, we get

/i n 7 n 1
”f(ssf: Y —xf(zny) —f(;x)y” =< |s|71//2 (s"x,8"y) < L¥ 5 (x, ).
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By taking n — 00, we have

h(xy) = xh(y) + h(x)y (29)

for all x,y € A. It follows that 4 is a *-derivation on 4. Next, if we replace x by s"x in (2.2)
and divide by 5", we get

”f (s"xy)
SVI

3 () - f(S x) H

—1/f2 s"%,y) < L"Y(x,y)

~ s
for all v,y € A and all n € N. By taking n — 0o, we have
h(xy) = xf (y) + h(x)y (2.10)

for all x,y € A. Fix m € N. And considering the following equations

af (s™y) = h(s"xy) — h(x)s™y
= s"xf (y) (2.11)

forallx,y € A, we can get xf (y) = xﬂz::y) forallx,y € A and each m € N. By taking m — oo,
we have xf(y) = xh(y). If we put x = e, then h(y) = f(y) for all y € A. So f is an exactly *-
derivation on A. O

3 Superstability of quadratic %-derivations on Banach %-algebras
Definition 3.1 A mapping é : A — A is a x-quadratic derivation of A if a map § satisfies
the following properties: for all a,b € A and 1 € C,

(1) 8(a+b)+68(a-b)-25(a)-25(b) =0;

(2) 8 is quadratic homogeneous, that is, §(Aa) = A28(a);

(3) 8(ab) = 8(a)b? + a*5(b);

(4) 8(a*) =d(a)".

Theorem 3.2 Let v : A x A — [0,00) and v, : A — [0,00) be functions. Suppose that
f: A— Aisa mapping such that

[ Gx+3) + £ = ) = 2/ () = 20 0) | < V(). (3.)
If Gey) = *f ) = f @) | < Y5, ), (3.2)
f Ox) = 2f ()| < ¥a(), (3.3)
If (%) =f @) < W2 () (3.4)

for all A € C and x,y € A. If there exist a natural number s € N and 0 < L <1 such
that 2724 (25%,2%y) < Lyn(x,9), 27591 (25%, ) < Lyn(x,9), 272y (%, 2%y) < Lyn(x,y), and
2784y (25%) < Ly (%) for all x,y € A, then f is a *-quadratic derivation on A.

Proof If we putx =y and A =1in (3.1), then we have

If(2x) = 4f ()| < Y1 (x%), xe A



Jang Advances in Difference Equations (2017) 2017:193 Page 6 of 10

By induction on #, we can see that
n-1
lF(27x) =2 f @) || < D 22Dy (27, 2'x) (3.5)
i=0

for all v,y € A and n > 2. For simplicity, if we put

s—-1
W(x) = 2%y (20, 2%), (3.6)
i=0
then we have

[f (2%) - 2%f ()| < ¥ ().

Let S be the set of all functions u : A — A. We define a function d : S x § — [0,00] as
follows:

d(u,v) = inf{a >0: Hu(x) —v(x) H <a¥(x),Vx e A}.

We can easily show that (S, d) is a generalized complete metric space. Define a function
H:S— Sby H(u)(x) = 27 5u(2%x). If we put d(u — v) = o for u,v € S, then we can have

|H@)(x) - HO) @) || = 27 ||u(2°%) — v(2°x) | < 027 ¥(2°x) < La W (»).
It follows that for u,v € S
d(H(w),H(v)) < Ld(u,v). (3.7)

Hence H is a strictly contractive mapping on X with Lipschitz constant L. We have that
forxe A

[0 -£@] = |22 (25) -f )| =2 (2%) - 22 @] < 220

This means that d(H(f),f) < 1/2%. By Theorem 1.1, H has a unique fixed point#: A — A
in the set

U={uecX:d(uH(f))<oc}, (3.8)
and for each x € A
h(x)= lim H"(f(x)) = lim272"f (2""x). (3.9)
From (3.9), we can have
| + ) + hx - ) — 2h(x) — 2h0)

= lim 27" Hf(Zs”(x +y) +f(27(x - p)) = 2f (2"x) — 2f (2""y) ”

n—00
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< lim 2—2ns wl (2”596, 2nsy)

n—00

< lim L'y (x,5) = 0
n—00
for all x,y € A. So h is a quadratic map on 4. Since we can have that
|2 (hx) = A k() |
= lim 272 ||f (2" (Ax)) — 2% (2"%) |
< lim 272y, (2"x)
n—00
< lim L™y (x) =0

it follows that % is quadratic homogeneous.
Next, if we replace x by 2"« in (3.2) and divide by 272", then we get

02ns f(y) 22ns — 22ns 1’bl( %Y )

=< L"Yn(x,y) (3.10)

’f(znsxy f 2ns )

for all v,y € A and all n € N. By taking n — 0o, we have
h(xy) = £ () + h(x)y* (3.11)
for all %,y € A. Fix m € N. If we consider the following equations

x2f(2msy) — h(zmsxy) _ h(zmsx)yZ
_ 22msx2f(y) + h(zmsx)yZ _ h(zmsx)yZ

— 22msx2f(y)
for all x,y € A, then we have x*f(y) = x2f(222—yf,,iy) for all x,y € A and for each m € N. Taking
m — oo, we have x*f(y) = x2h(y). If we put x = e, then h(y) = f(y) for all y € A. So f is a

x-quadratic derivation on A. O

4 Derivations on C*-ternary algebras
A C*-ternary algebra is a complex Banach space A equipped with a ternary product
(x,9,2) = [x,7,2] of A3 into A satisfying the following properties:
(1) [Ax+u,y,2] =rlx,y,2] + [u,9,2] for all A € C;
(2) [% Ay +u,z) = A[x,9,2] + [x,u,2) forall A € C;
(3) [y, Az +ul = Alx,9,2] + [x,9,u] for all A € C;
(4) [xy, 2wl =[x [w2,y],v] = [[%,9,2], w, v];
) 1%y 2l < Il - Iyl - =15
(6) ll[x, 2, %11l = [lx[I* (see [20, 21])
for x,y,z,u,v,w € A. We say that a C*-ternary algebra A has the unit e if there exists a

unique element e € A such that x = [x, e, €] = [e, e,x] for all x € A. Also we can define an
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involution * on the C*-ternary algebra A with the unit e such as [e, x, e] = x* for each x € A.
A mapping é : A — A is called a C*-ternary derivation if it satisfies

8([x3,21) = [8(x),3,2] + [%,8(), 2] + [%,2,8(2)],
S(x+y) =A8(x) +8(y)
for all x,y,z € A and A € C. In addition, if § satisfies that 5([e, x, ]) = [e, §(x), e] on the C*-

ternary algebra .4 with the unit e, then it is said that § is an involutive C*-ternary derivation
onA.

Theorem 4.1 Let A be a C*-ternary algebra with the unit e. Let v, : A> — [0,00) and
Yy : A3 — [0, 00) be functions. Suppose that f : A — A is a mapping such that

If e + ) = A ) = f O | < ¥r1x9), (4.1)
f (%, 3, 21) = [f ), 3, 2] = [%.f 0), 2] = [%. 9./ D] | < ¥2(x,,2), (4.2)
If (Te.y,€1) = [e.f ), €] | < vale,y€) (4.3)

for all & € T. Also suppose that there exist a natural number s € N and 0 < L <1 such that
ISP (s, 519) < L9 (9), 1517070 (s, 7y, 552) < LT (x,3,2) for all x,9,2 € A
and i,j,k = 0,1. Then f is an involutive C*-ternary derivation on A.

Proof 1f we put

s-1
W(x) =Y ¥l x)

j=1
for x € A, then we have
If (sx) = sf(W)|| < ¥(x) (4.4)

similar to Theorem 2.1. Let S be the set of all functions r: A — A. We define a function
d:S xS— [0,00] as follows:

d(u,v) = inf{(x >0: ||u(x) —v(x) || <aV¥(x),Vxe A}

for u,v € S. We can easily show that (S, d) is a generalized complete metric space. Define
a function H : S — S by H(u)(x) = s u(sx). When

d(u,v) =a(u,ves),
then we can have

||H(u)(x) —H®)(x) || =s|™ Hu(sx) —v(sx) || < a|s| W (sx) < LW (x).
It follows that for u,v € S

d(H(u), H(v)) < Ld(u,v). (4.5)
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Therefore, H is a strictly contractive mapping on S with Lipschitz constant L. By (4.4),
[H ) —f@&)|| = |57 (sx) = f @) | = IsI7H [ (sx) = sf @) | < IsI" W ().

This means that d(H(f),f) < 1/|s|. By Theorem 1.1, H has a unique fixed point #: A — A
in the set

u= {u €S:d(u,H(f)) < oo}.
We see that for each x € A

h(x) = lim H™(f(x)) = lim s7"f(s"x). (4.6)

m— 00 m—00

We can see that / is a C-linear map on A similar to the proof of Theorem 2.1. Now we are
going to prove the C*-ternary derivation property of /.

[ (1,3, 2]) = [10), 3. 2] = [, 1), 2] - [%,9, h(2)] |
= Tim [s|=" £ (™' [, 2]) = ™[ (s"%), 30 2] = s [ f (5"9), 2] = s [0,/ ("2) ]|
< lim |5y (s"x,5",5"2)
< lim L3y (%, y,2) = 0.

Hence we have

h([x,y,2]) = [h(x),y, z] + [x,h(y),z] + [x,y,h(z)] (4.7)

for all x,y,z € A. For the involution of /, we can have

[i(les5¢l) - [e o]
= lim |s|™" Hf(s?’” le,x, e]) —s" [e,f(s”x),e] ||

n—00

IA

lim [s|™"y1(s"e, ", s"€)
n— 00

IA

lim L¥1 (e, %, €) = 0.
n— 00

So 7 is an involutive C*-ternary derivation on A.
Replacing y by s"y and z by s"z in (4.2), dividing by s**, and letting 7 go to the infinity,
we get

Jim |57 (F (25", 5"2]) = [f(0),5"9,5"2] = " [2.f (s"9), 2] = " [0, (5"2) ] )|
= lim |5/ (|f (" [x.9,2]) = [f@).3,2] = 8" [5. (s"), 2] = " [2. 3 (5"2) ]|

< lim |s|™"y (x,5"y,5"z)
Hn— 00

=< nllngoLz”wl(x,y, z) =0.
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So we have

h([%3,2]) = [f(®),3,2] + [% h(y), 2] + [%,3, h(2)] (4.8)

for all x,7,z € A. In (4.7) and (4.8) we put f(x) — /() instead of y and z, then we can get
[l72(x) — f(x)|| = 0. So f is an exactly involutive C*-ternary derivation on A. O
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