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DERIVATION-HOMOMORPHISM FUNCTIONAL INEQUALITIES

CHOONKIL PARK

(Communicated by A. Gildnyi)

Abstract. In this paper, we introduce and solve the following additive-additive (s,7)-functional
inequality

llg (x+) —g(x) =gl + [|h(x+) +h(x —y) = 2h(x)] 1)

<l (7)) || (55 +20(552) 20|

where s and ¢ are fixed nonzero complex numbers with |s| < 1 and [f| < 1. Using the direct
method and the fixed point method, we prove the Hyers-Ulam stability of derivation-homomorphisms
in complex Banach algebras, associated to the additive-additive (s,7)-functional inequality (1)
and the following functional inequality

llg(xy) —g(x)y —xgW)[| + |h(xy) = h()R(Y)[| < @(x,). )

1. Introduction and preliminaries

Let A be acomplex Banach algebra. A C-linear mapping g: A — A is a derivation
if g: A — A satisfies
8(xy) = g(x)y +xg(y)

for all x,y € A, and a C-linear mapping &7 : A — A is a homomorphismif h1: A — A
satisfies
h(xy) = h(x)h(y)

forall x,y €A.

The stability problem of functional equations originated from a question of Ulam
[25] concerning the stability of group homomorphisms. Hyers [14] gave a first affir-
mative partial answer to the question of Ulam for Banach spaces. Hyers’ Theorem was
generalized by Aoki [1] for additive mappings and by Rassias [23] for linear mappings
by considering an unbounded Cauchy difference. A generalization of the Rassias theo-
rem was obtained by Gévruta [1 1] by replacing the unbounded Cauchy difference by a
general control function in the spirit of Rassias’ approach.

Gilanyi [12] showed that if f satisfies the functional inequality

12f(x) +2f () = fFr=DI < [f x+ )l 3)
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then f satisfies the Jordan-von Neumann functional equation

2f()+2f(y) = fx+y) + f(x—).

See also [24]. Fechner [10] and Gildnyi [13] proved the Hyers-Ulam stability of the
functional inequality (3). Park [19, 20] defined additive p -functional inequalities and
proved the Hyers-Ulam stability of the additive p-functional inequalities in Banach
spaces and non-Archimedean Banach spaces. The stability problems of various func-
tional equations and functional inequalities have been extensively investigated by a
number of authors (see [7, 8, 17]).

We recall a fundamental result in fixed point theory.

THEOREM 1.1. [3, 6] Let (X,d) be a complete generalized metric space and let
J : X — X be a strictly contractive mapping with Lipschitz constant o < 1. Then for
each given element x € X, either

d(J"x,J" " x) = oo

for all nonnegative integers n or there exists a positive integer ngy such that
(1) d(J"x,J"x) < oo, Vn > ng;
(2) the sequence {J"x} converges to a fixed point y* of J;
(3) y* is the unique fixed point of J in the set Y = {y € X | d(J"0x,y) < eo};
4) d(v,y") < (2gd(v,Jy) forall yeY.

In 1996, Isac and Rassias [ 15] were the first to provide applications of stability the-
ory of functional equations for the proof of new fixed point theorems with applications.
By using fixed point methods, the stability problems of several functional equations
have been extensively investigated by a number of authors (see [4, 5, 9, 21, 22]).

In this paper, we solve the additive-additive (s,7)-functional inequality (1). Fur-
thermore, we investigate derivations and homomorphisms in complex Banach algebras
associated to the additive-additive (s,#)-functional inequality (1) and the functional in-
equality (2) by using the direct method and by the fixed point method.

Throughout this paper, assume that A is a complex Banach algebra and that s and
t are fixed nonzero complex numbers with |s| < 1 and |¢| < 1.

2. Stability of additive-additive (s,?)-functional inequality (1): a direct method

In this section, we solve and investigate the additive-additive (s,7)-functional in-
equality (1) in complex Banach algebras.

LEMMA 2.1. If mappings g,h: A — A satisfy g(0) = h(0) =0 and
g (x+y) —g(x) =gl + |A(x+y) +h(x—y) = 2h(x)| 4)

<l (e (57) msmaw ) (o (537 r0 (557) 20|

forall x,y € A, then the mappings g.h: A — A are additive.
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Proof. Letting x =y in (4), we get
18(2x) = 2g(x)[| + [[2(2x) — 2h(x)[| < O

forall x € A. So g(2x) = 2g(x) and h(2x) = 2h(x) for all x € A. It follows from (4)
that

g (x+y) —g(x) — gl + 17 (x+ ) + h(x —y) = 2h(x)||
< s (g (x+y) —g(x) =g+ [l (h(x +y) = h(x) = h(y))||

forall x,y € A. Thus g(x+y)—g(x) —g(y) =0 and h(x+y)+h(x—y) —2h(x) =0
forall x € A, since |s| < 1 and [t| < 1. So the mappings g,n: A — A are additive. [

LEMMA 2.2. [18, Theorem 2.1] Let f: A — A be an additive mapping such that

f(Aa)=24f(a)

forall €T :={E€C:|&| =1} and all a € A. Then the mapping f:A — A is
C-linear.

Using the direct method, we prove the Hyers-Ulam stability of pairs of derivations
and homomorphisms in complex Banach algebras associated to the additive-additive
(s,1)-functional inequality (4).

THEOREM 2.3. Let ¢ : A> — [0,%) be a function such that
y
Su0(3.3) -
forall x,y € A. Let g,h: A — A be mappings satisfying g(0) =h(0) =0 and
18 (A(x+y)) = Ag(x) = Ag(y)[+ [[R(A(x+y)) +h(A(x —y)) — 2Ah(x)]|

(26 (4552) - 2st - 250))| ©
t<2h< ;“y>+2h< T) 2h(x >H+<pxy)

forall A € T' and all x,y € A. If the mappings g,h: A — A satisfy
18(xy) — g(x)y —xg(y)[| + 1A (xy) — h(x)(y) || < @(x,y) )

forall x,y € A, then there exist a unique derivation D : A — A and a unique homomor-
phism H : A — A such that

=3

. Xy
le(e) =Dl + ()~ H < 2 (57:57) ®)

forall x € A.
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Proof. Letting A =1 and y =x in (6), we get

18(2x) = 2g(x)[| + [|2(2x) = 2h(x) ]| < @(x,x) 9)

=26 (5) [+ [0 -0 (5) [ <2 (3:3)

forall x € A. Thus

e(3) - (2 n(3) ()
X o () s () [ (3) ()|

j=l+1

and so

for all nonnegative integers m and [ with m > [ and all x € A. It follows from (10)
that the sequences {2g (5¢)} and {Zkh( =)} are Cauchy for all x € A. Since Y is a
Banach space, the sequences {2Fg( )} and {2"/1( *)} converge. So one can define
the mappings D,H : A — A by

D(x) := lim 2¢g <%> ,

—s 00

H(x) = 11m2"h( )

k—so0

for all x € A. Moreover, letting [ = 0 and passing to the limit m — o in (10), we get
(8).
It folllows from (6) that

1D (A(x+y)) = AD(x) = AD()[| + [[H (A (x+y)) + H(A(x—y)) = 2AH (x|
= ( ) (3) -7 (5)]
) i)

<t (2e(135) ae ) 2237

+ 1im 2" | ( (2—y)+2h</12n+1> 20 (3 ))Hﬂiﬂz"(p(; =)

[(5) s )
B i) )
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forall A € T! and all x,y €A. So

ID(A(x+y)) = AD(x) = AD()|| + [[H (A (x+y)) + H(A(x = y)) = 2AH (x)[|(11)

s(ZD( ’%) —w(x)—w(y)>H
t(ZH( ;’y)+2H< T) 2AH (x )H
forall A € T! andall x,y €A.

Let A =1 in (11). By Lemma 2.1, the mappings D,H : A — A are additive.
It follows from (11) and the additivity of D and H that

1D (A(x+y)) = AD(x) = AD(y)|| + [|H (A (x+y)) = H(A(x—y)) = 2AH (y) |
<|ls(D(A(x+y)) =AD(x) =AD(y))l| + [|t(H (A (x+y)) = H(A(x = y)) = 2AH (y)) |
forall A € T! and all x,y € A. Since |s| < 1 and |¢| <1,
D(A(x+y)) = AD(x) —AD(y) = 0,
H(A(x+y))—H(A(x—y)) —24H(y) = 0

and so D(Ax) = AD(x) and H(Ax) = AH(x) forall A € T! and all x,y € A. Thus by
Lemma 2.2, the additive mappings D,H : A — A are C-linear.
It follows from (7) and the additivity of D,H that

[D(xy) = D(x)y —=xD(y)|| + || H (xy) — H(x)H (y)]
(D) (2 o)
<4'1"’(2" 2yn>

which tends to zero as n — oo, by (5). So

D(xy) — D(x)y —xD(y) = 0,
H(xy) —H(x)H(y) =0

for all x,y € A. Hence the mapping D : A — A is a derivation and the mapping H : A —
A is a homomorphism. [J

#() ) )

COROLLARY 2.4. Let r >2 and 0 be nonnegative real numbers and g,h: A — A
be mappings satisfying g(0) = h(0) =0 and

lg (A(x+y)) = Ag(x) = A+ [|h (A (x+y)) + ~(A(x—y)) = 2Ah(x)]|

() ]
(on ;y)m( T) 2h(x >)H+e<x||’+||y’>

<
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forall A € T' and all x,y € A. If the mappings g,h: A — A satisfy

lg(xy) — g(x)y —xg ()| + [|1(xy) — h(x)h ()| < O([]x]|" +[[¥]") (13)

forall x,y € A, then there exist a unique derivation D : A — A and a unique homomor-
phism H : A — A such that

20

lgx) = D) + [la(x) = HO)Il < 57—

[x[l”
forall x € A.

Proof. The proof follows from Theorem 2.3 by ¢(x,y) = 6(||x||" + |ly||") for all
x,yeA. O

THEOREM 2.5. Let ¢ : A?> — [0,c0) be a function and g,h: A — A be mappings
satisfying g(0) = h(0) =0, (6), (7) and

il | .
O(x,y) i= 3, 570(2/x,2y) <o (14)
j=0

for all x,y € A. Then there exist a unique derivation D : A — A and a unique homo-
morphism H : A — A such that

1
lg(x) = D)l + [1A(x) = Hx)l| < 5@(x,x) (15)
forall x € A.
Proof. Tt follows from (9) that
1 1 1
8(x) = 38(20) |+ [1(x) — 3h(20)| < F0(x. 1) (16)
forall x € A. Thus
1 X 1 1 1
m—1 1 ) 1 - m—1 1 ) 1 "
S 2 |78 (%) = g7 () |+ 2 157k () gk (77

1 o
2N L (2ix0i
< 7 ; Zj(p(Zx,Z x)

for all nonnegative integers m and [ with m > [ and all x € A. It follows from (17)
that the sequences {2% 2(2%x)} and {%h(zkx)} are Cauchy for all x € A. Since Y is a
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Banach space, the sequences {zkg(Zk x)} and { L h(2%x)} converge. So one can define
the mappings D,H : A — A by

D(x) := lim Zlkg<2k )

k—soo
H() = lim 57 (24)

for all x € A. Moreover, letting [ = 0 and passing to the limit m — oo in (17), we get
(15).

By the same reasoning as in the proof of Theorem 2.3, one can show that the
mappings D,H : A — A are C-linear.

It follows from (7) and the additivity of D,H that

10) = Dlaly=sD0)| +(xy) = HWHO)
= 3 e (@) g (") (2'5) ~ @ g ()| + 7 (@) — h(2') (27)]
< o2 2"),

which tends to zero as n — oo, by (14). So

D(xy) — D(x)y —xD(y) = 0,
H(xy) —H(x)H(y) =0

forall x,y € A. Hence the mapping D : A — A is a derivation and the mapping H : A —
A is a homomorphism. [J

COROLLARY 2.6. Let r < 1 and 0 be nonnegative real numbers and g,h:A — A

be mappings satisfying g(0) = h(0) =0, (12) and (13). Then there exist a unique
derivation D : A — A and a unique homomorphism H : A — A such that

18(x) = D)+ [|A(x) — H(x)|| <

2 2I’H ||r

forall x € A.

Proof. The proof follows from Theorem 2.5 by ¢(x,y) = 6(||x||" + |ly||") for all
x,yeA. U

3. Stability of additive-additive (s,?)-functional inequality (1):
a fixed point method

Using the fixed point method, we prove the Hyers-Ulam stability of pairs of deriva-
tions and homomorphisms in complex Banach algebras associated to the additive-
additive (s,7)-functional inequality (1).
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THEOREM 3.1. Let ¢ : A? — [0,0) be a function such that there exists an L < 1
with

L

L
0(53) <Fon <Fowy) (1)

Sforall x,y € A. Let g,h: A — A be mappings satisfying g(0) = h(0) =0, (6) and (7).
Then there exist a unique derivation D : A — A and a unique homomorphism H : A — A
such that

18(x) = D)+ [1A(x) — H(x)[| < ﬁqo(%ﬂ (19)

forall x € A.

Proof. Tt follows from (18) that
>4 To(55.5) < Z ’—rpxy Lol <
o1 2072i 1-L"7

for all x,y € A. By Theorem 2.3, there exist a unique derivation D : A — A and a unique
homomorphism H : A — A satisfying (8).
Letting A = 1 and y = x in (6), we get

18(2x) = 2g(x)| + [[2(2x) = 2h(x) ]| < @(x,x) (20)

forall x € A.
Consider the set

§:={(s,h):(A,A4) = (4,4), g(0) =h(0) =0}

and introduce the generalized metric on §':

d((g,h), (g1,h)) = inf{u € Ry : [[g(x) = g1(0)[| + [[2(x) = (x)[| < e (x,x), Vxe A},

where, as usual, inf¢ = +oo. It is easy to show that (S,d) is complete (see [16]).
Now we consider the linear mapping J : S — S such that

Hem ) = (26 (3).20(3))
forall x e A.

Let (g,h),(g1,h1) € S be given such that d((g,%),(g1,h1)) = €. Then
18(x) = g1 ()| + [[7(x) = i (x) ]| < &9 (x,x)

forall x € A. Since

<[pe(z) 200 (D)4 o () -2 ()]

L
<2e0 (%C, %) < 285(;) (x,x) = Le (x,x)
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forall xe A, d(J(g,h),J(g1,h1)) < Le. This means that

d(-](g,h),](gl,hl)) < Ld((g7h)7(glahl))

for all (g7h>7 (glahl) €Ss.
It follows from (20) that

et —2¢ (5)]| + [0 -26 ()] < 0 (5:3) < 5005

forall x € A. So d((g,h),(Jg,Jh)) < 5.
By Theorem 1.1, there exist mappings D,H : A — A satisfying the following:
(1) (D,H) is a fixed point of J, i.e.,

D(x):2D<§>, H(x)=2H (g) 1)

forall x € A. The mapping (D, H) is a unique fixed point of J. This implies that (D, H)
is a unique mapping satisfying (21) such that there exists a y € (0,o0) satisfying

18(x) = D)+ [|A(x) = Hx)|| < ko (x,x)

forall x € A;
(2) d(J'(g,h),(D,H)) — 0 as [ — 0. This implies the equality

. l i - . l i _
im2g (2l> =D),  lim2h (2l> H(x)
forall x € A;

(3) d((g,h),(D,H)) < 127d((g,h),J(g,h)), which implies

l8() = DO+ () — HE)| < 5 70 (x,%)

2(1-L
for all x € A. Thus we get the inequalitiy (19).
The rest of the proof is the same as in the proof of Theorem 2.3. [J

COROLLARY 3.2. Let r > 2 and 0 be nonnegative real numbers and g,h:A — A
be mappings satisfying g(0) = h(0) =0, (12) and (13). Then there exist a unique
derivation D : A — A and a unique homomorphism H : A — A such that

20
2r—-2

18 (x) = D(x)[| +[|A(x) — H (x) | < [x[l”
forall x € A.

Proof. The proof follows from Theorem 3.1 by taking L =2'~" and ¢(x,y) =
O(||x]|"+ [ly]|") forall x,ye A. O
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THEOREM 3.3. Let ¢ : A? — [0,0) be a function such that there exists an L < 1
with
Xy
o (ry) <4L9(3.3) 22)
Sorall x,y € A. Let g,h: A— A be mappings satisfying g(0) = h(0) =0, (6) and (7).
Then there exist a unique derivation D : A — A and a unique homomorphism H : A — A
such that

1
_ _ < -
I8x) = DI+ 14() ~ HWI < 57750 () 23)
forall x € A.
Proof. Tt follows from (22) that
i Lo (2/x,20y) < i L (4L) p(x,y) = ——g(x,y) < o>
=ty ’ Pt ’ 1-L"

forall x,y € A. By Theorem 2.5, there exist a unique derivation D : A — A and a unique
homomorphism H : A — A satisfying (15).
Let (S,d) be the generalized metric space defined in the proof of Theorem 3.1.
Now we consider the linear mapping J : S — § such that

)= (3e(29 3420

forall x € A.
It follows from (20) that

< 50(u)

4 Hh(x) - %h(Zx)

Jeto) - o2

for all x € A. Thus we get the inequalitiy (23).
The rest of the proof is similar to the proof of Theorem 3.1. [J

COROLLARY 3.4. Let r <1 and 0 be nonnegative real numbers and g,h:A — A

be mappings satisfying g(0) = h(0) = 0, (12) and (13). Then there exist a unique
derivation D : A — A and a unique homomorphism H : A — A such that

18(x) = D)+ [|A(x) — H(x)[| <

forall x € A.

Proof. The proof follows from Theorem 3.3 by taking L =2""! and ¢(x,y) =
O(||x||"+ |ly||") forall x,y € A. O
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