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Abstract

Let R be a semiprime ring with center Z(R). A mapping F : R — R
(not necessarily additive) is said to be a multiplicative (generalized)-
derivation if there exists a map f : R — R (not necessarily a derivation
nor an additive map) such that F(zy) = F(z)y + zf(y) holds for all
z,y € R. The objective of the present paper is to study the following
identities: (i) F(z)F(y) + [z,y] € Z(R), (ii) F(z)F(y) £z oy € Z(R),
(iii) F(le,y)) * [e,9] € Z(R), (iv) Flzoy) % (xoy) € Z(R), (v)
F(lz,y)) % [F(a),y] € Z(R), (Vi) F(zoy) £ (F(x) o y) € Z(R), (vii)
[F(x),y] + [G(y),a] € Z(R), (viii) F(lz,y]) + [F(z), Fy)] = 0, (ix)
Fzoy) £ (Fx) o F(y) = 0, (x) Flay) + [,y] € Z(R) and (xi)
F(xy)+zoy € Z(R) for all z,y in some appropriate subset of R, where
G : R — R is a multiplicative (generalized)-derivation associated with
the map g : R — R.
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1. Introduction

Throughout the paper R will denote an associative ring with center Z(R). Recall
that a ring R is prime if for any a,b € R, aRb = {0} implies that either a = 0 or
b = 0 and is called semiprime if for any a € R, aRa = {0} implies that a = 0. We
shall write for any pair of elements z,y € R the commutator [z,y] = zy — yz and
skew-commutator z o y = zy + yx. We will frequently use the basic commutator and
skew-commutator identities: (i) [zy, 2] = z[y, 2] + [z, 2]y, [z,y2z] = y[z, 2] + [z, y]z and (ii)
zoyz = (xoy)z—ylz, 2] = y(xoz)+[x,ylz, zyoz = x(yoz) — [z, z]ly = (xo2)y+x[y, 2] for
all z,y,z € R. Let S be a nonempty subset of R. A map F': R — R is called centralizing
on S if [F(z),z] € Z(R) for all x € S and is called commuting on S if [F(z),z] = 0 for
all z € S. The first well-known result on commuting maps is Posner’s second theorem
in [15]. This theorem states that the existence of a nonzero commuting derivation on
a prime ring R implies R to be commutative. By a derivation, we mean an additive
mapping d : R — R such that d(zy) = d(z)y + zd(y) for all ,y € R. The concept of
derivation was extended to generalized derivation in [6] by Bresar. An additive mapping
g: R — R is said to be a generalized derivation if there exists a derivation d : R — R
such that g(zy) = g(z)y + xzd(y) holds for all z,y € R. In [13], Hvala gave the algebraic
study of generalized derivation in prime rings. Obviously every derivation is a generalized
derivation of R.

Many papers in literature have investigated the commutativity of prime and semiprime
rings satisfying certain functional identities involving derivations or generalized deriva-
tions (see [1], [3], [4], [5], [9], [10], [11], [16], [17]).

In [5], Ashraf and Rehman proved that if R is a prime ring with a nonzero ideal [
of R and d is a derivation of R such that either d(zy) — zy € Z(R) for all z,y € I or
d(zy) + zy € Z(R) for all z,y € I, then R is commutative. Recently, Ashraf et al. [3]
have studied the situations replacing derivation d with a generalized derivation F'. More
precisely, they proved that the prime ring R must be commutative, if R satisfies any one
of the following conditions : (i) F(zy)—zy € Z(R) for all z,y € I, (i1) F(ay)+zy € Z(R)
for all z,y € I, (ii1) F(xy) —yz € Z(R) for all z,y € I, (iv) F(zy) +yx € Z(R) for all
z,y € I, (v) F(z)F(y) —zy € Z(R) for all z,y € I, (vi) F(x)F(y) + zy € Z(R) for all
x,y € I; where F is a generalized derivation of R associated with a nonzero derivation d
and [ is a nonzero two-sided ideal of R.

On the other hand, in [9], Daif and Bell proved that if R is a semiprime ring with a
nonzero ideal K and d is a derivation of R such that d([z,y]) = £[z,y] for all 2,y € K,
then K is a central ideal. In particular, if K = R, then R is commutative. Recently,
Quadri et al. [16] generalized this result replacing derivation d with a generalized deriva-
tion in a prime ring R. More precisely, they proved the following:

Let R be a prime ring and I a nonzero ideal of R. If R admits a generalized derivation
F associated with a nonzero derivation d such that any one of the following holds :
(2) F(z,y]) = [z,y] for all x,y € I; (17) F([z,y]) = —[z,y] for all xz,y € I; (i)
Fxoy) = (zoy) forall z,y € I; (iv) F(zxoy) = —(zoy) for all z,y € I; then R is
commutative.

Recently in [11], Dhara proved the following result: Let R be a semiprime ring, I be
a nonzero ideal of R and F be a generalized derivation of R with associated derivation
d satisfying F([z,y]) £ [z,y] = 0 or F(zoy) £ (zoy) = 0 for all z,y € I, then R
must contain a nonzero central ideal, provided d(I) # (0). In case R is prime satisfying
F([z,y]) £ [z,y] € Z(R) or F(zoy)+ (roy) € Z(R) for all z,y € I, then R must be
commutative, provided d(Z) # (0).

In this line of investigation, recently, Asma et al. [1] have studied the following
situations: (i) F(zy) € Z(R), (it) F([z,y]) = 0, (iii) (F(zy) £ yz) € Z(R) and (iv)
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(F(zy) £ [z,y]) € Z(R); for all z,y in some nonzero left ideal of semiprime ring R, where
F is a generalized derivation of R.

Recently, Dhara and Ali [10] studied the above mentioned results of Ashraf et al. [3]
in semiprime rings replacing two-sided ideal I with left sided ideal A and generalized
derivation with multiplicative (generalized)-derivation.

Let us introduce the background of investigation about multiplicative (generalized)-
derivation. A mapping D : R — R which satisfies D(zy) = D(z)y+xzD(y) for all z,y € R
is called a multiplicative derivation of R. Of course these mappings are not additive. To
the best of my knowledge, the concept of multiplicative derivations appeared for the first
time in the work of Daif [7]. Then the complete description of those maps was given by
Goldmann and Semrl in [12].

Further, Daif and Tammam-El-Sayiad [8] extended the notion of multiplicative deriva-
tion to multiplicative generalized derivation as follows: a mapping F' : R — R is called
a multiplicative generalized derivation if there exists a derivation d such that F(xy) =
F(x)y+zd(y) for all z,y € R. In [10], Dhara and Ali make a slight generalization of Daif
and Tammam-El-Sayiad’s definition of multiplicative generalized derivation by consider-
ing d as any map. In [10], the authors defined that a mapping F' : R — R (not necessarily
additive) is said to be multiplicative (generalized)-derivation if F(zy) = F(z)y + zf(y)
holds for all z,y € R, where f is any mapping (not necessarily a derivation nor an additive
map). For examples of such maps we refer to [10]. Moreover, multiplicative (generalized)-
derivation with f = 0 covers the notion of multiplicative centralizers (not necessarily addi-
tive). Obviously, every generalized derivation is a multiplicative (generalized)-derivation
on R.

In this line of investigation, it is more interesting to study the identities replacing
generalized derivation with multiplicative (generalized)-derivation. In the present paper,
our main object is to investigate the cases when a multiplicative (generalized)-derivations
F and G satisfies the identities: (i) F(x)F(y)tx[z,y] € Z(R), (ii) F(z)F (y)£xoy € Z(R),
(it)) F([z, y]) %[e,y] € Z(R), (iv) F(zoy)+(woy) € Z(R), (v) F(z, y)) £[F(2),9] € Z(R),
(vi) Flz o y) + (F(z) o) € Z(R), (vii) [F(z),9] + [G(y), 2] € Z(R), (viii) F([z,y]) =
[F(a), F(y)] = 0, (ix) F(z0y) + (F(z) o F(y)) = 0, (x) Flay) % [z,y] € Z(R) and (xi)
F(zy) £ xoy € Z(R) for all z,y in some appropriate subset of R.

2. Main Results

2.1. Theorem. Let R be a semiprime ring, A a nonzero left ideal of R and F : R —
R a multiplicative (generalized)-derivation associated with the map f : R — R. If
F(z)F(y) + [z,y] € Z(R) for all z,y € A, then A[X\,A\] = (0) and A[f(z),z] = (0) for all
T €N

Proof. First we consider the case

(2.1) F(x)F(y)+[z,y] € Z(R) for all z,y € A

Substituting yz for y in (2.1), we have

F(z)F(yz) + [z, yz] = F(2)F(y)z + F(2)yf(2) + ylz, 2] + [z, 9]z

= (F(z)F(y)z + [z,y])z + y[z, 2] + F(z)yf(z) € Z(R) for all z,y,z € A
Commuting both sides with z in (2.2) and using (2.1), we obtain

(2.3)  [F(x)yf(2),z] + [y[z,z],2] =0 for all z,y,z € A

(2.2)

Putting = xz in the above relation, we get

(2.4) [F(z)zyf(2), 2] + [zf(2)yf(2), 2] + [y[z,2],2]z =0 for all z,y,z € A\
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Replacing y by zy in (2.3), we obtain

(2.5)  [F(z)zyf(2),z] + z[y|z,2],2] =0 for all z,y,z € A
Subtracting (2.5) from (2.4), we get

(2.6) [zf(2)yf(2),2] + [[ylz, 2],2],2] =0 for all z,y,z € A
Putting x = xz, the above relation yields that

(2.7)  [zzf(2)yf(2),2] + [[y[z, 2], 2], 2]z =0 for all z,y,z € .
Right multiplying (2.6) by z and then subtracting it from (2.7), we get
(2.8)  [z[f(2)yf(z),z],2z] =0 for all z,y,z€ A

Now we substitute f(z)yf(z)z for z in (2.8), to get

0= [f(2)yf(2)z[f(2)yf(2), 2], 2]
29 =Ry (R ()yf(2), 2, 2] + [f(2)yf (2), 22 f (2)y f (2), 2]

for all z,y,z € \.
Using (2.8), it reduces to

(2.10) [f(2)yf(2),z]z[f(2)yf(2),z] =0 for all z,y,z € A.

Since A is a left ideal of R, it follows that z[f(2)yf(2), z2]|Rz[f(2)yf(z),z] = (0) for all
x,y,z € A. Since R is semiprime, we have

(2.11)  z[f(2)yf(2),2] =0 for all z,y,z € A,

that is,

(2.12) z(f(2)yf(z)z —zf(2)yf(2)) =0 for all z,y,z € A.
Replacing y by yf(z)u in (2.12), we obtain

(213)  a(f(2)uf(2)uf(2)7 — 2f(@ufEuf(x) =0 for all uwz,y,z €\
Using (2.12), this can be written as

2.14)  2(f(2)yzf(2)uf(z) = f(2)yf(2)zuf(2)) = 0 for all u,z,y,z € A,
which gives
(2.15)  xf(2)y[f(2),z]uf(z) =0 for all u,z,y,z € A.
This implies that z[f(2), 2]y[f(2), 2Ju[f(2), 2] = 0 for all u, z,y, z € X and so (A[f(2), 2])* =
(0) for all z € A. Since a semiprime ring contains no nonzero nilpotent left ideals (see
[2]), it follows that A[f(z), 2] = (0) for all z € A.

Now replacing y by yz in (2.3), we get
(2.16) [F(2)yzf(2), 2] + [yz|z,2],2] =0 for all z,y,z € A
Right multiplying (2.3) by z and then subtracting from (2.16), we get
(217)  [F@ylf(),2], 4 + [yl 212, 2] = 0 for all z,y,2 € A,
By using A[f(2),z] = (0) for all z € X, (2.17) yields [y[z,z]2,2] = 0 for all z,y,z €
A. Substituting y by zy, we obtain 0 = [zy[z, z]2, 2] = z[y[z, 2]2, 2] + [z, 2]y[z, z]2 =
[z, z]y[z, z]2 and hence y[z, z]2Ry[z, z]2 = (0) for all z,y,z € A. Since R is semiprime
ring, A[z,z]2 = (0) for all z,z € A. Linearizing the last relation with respect to z,
we have (0) = A[[z,u],v] + Az, v],u] for all z,u,v € X\. Now we put u = uv and
get (0) = A([[z,u],v]v + [u[z,v],v]) + A([[z,v], u]v + u[[z,v],v]) = Au[z,v],v] for all
z,u,v € A\. Now we put u = zu in this last relation and then get (0) = Azu[z,v],v] =
Azfulz,v],v] + Az, v]ulz, v] = Az, v]u[z,v] for all z,u,v € A\. Thus Az, v]RA[z,v] = (0)
for all z,v € A. Since R is semiprime, it yields A[X, A] = (0), as desired.
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Similarly we can prove the result for the case F(z)F(y) — [z,y] € Z(R) for all z,y €
A (]

2.2. Theorem. Let R be a semiprime ring, A a nonzero left ideal of R and F : R —
R a multiplicative (generalized)-derivation associated with the map f : R — R. If
F(z)F(y) £ (xoy) € Z(R) for all z,y € A, then A\[A\, \] = (0) and A[f(z),z] = (0) for all
T €N

Proof. First we consider that

(2.18) F(z)F(y) — (zoy) € Z(R) for all z,y € A
Substituting yz for y in (2.18), we have

(219) F@Fz) —(@oyz) = Fl@)F(y)z + F(2)yf(z) ~ (woy)z +ylz, 2]
’ = (F(z)F(y) —zoy)z+ylz, 2] + F(x)yf(z) € Z(R) for all z,y,z € A\

Commuting both sides with z in (2.19) and using (2.18), we obtain
(2.20) [F(2)yf(2),2] + [y[z,2],2] =0 for all z,y,z € A

This is same as (2.3) in Theorem 2.1. Then by same argument of Theorem 2.1, we
conclude the result.

Similarly, we can prove the result for the case F(z)F(y) + (z oy) € Z(R) for all
T,y €A O

2.3. Corollary. Let R be a semiprime ring and F': R — R a multiplicative (generalized)-
derivation associated with the map f : R — R. If R satisfies any one of the following
conditions:

(1) F(z)F(y) £ [z,y] € Z(R) for all z,y € R;
(2) F()F(y) £ (zoy) € Z(R) for all z,y € R;

then R must be commutative.

Note that the map G(r) = F(r) £ r for all » € R is a multiplicative (generalized)-
derivation of R.

2.4. Theorem. Let R be a semiprime ring, A a nonzero left ideal of R and F : R —
R a multiplicative (generalized)-derivation associated with the map f : R — R. If
F([z,y]) £ [z,y] =0 for all z,y € A, then \[f(z),z] = (0) for all x € .

Proof. By hypothesis, we have

(2.21) G([z,y]) =0 for all z,y € A
Replacing y by yz in (2.21) and using (2.21), we obtain

(2.22)
0= G([z,yz]) = G([z,y]z) = G([z,y])x + [z,y]f(x) = [z,y]f(z) for all z,y€ A
This gives that
(2.23) [z, y|f(x) =0 for all z,y € A\
Substituting f(z)y for y in (2.23), we get
(2.24) [z, f(z)]yf(z) =0 for all z,y € .
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Replace y by yz in (2.24), to get

(2.25) [z, f(x)]yzf(z) =0 for all z,y € A.

Right multiplying (2.24) by x and then subtracting from (2.25), we obtain

(2.26) [z, f(2)]y[f(z),z] =0 for all z,y € A\

This implies that A[f(x), ] RA[f(z),z] = (0) for all 2 € A. Hence the semiprimeness of
R forces that A[f(x),z] = (0) for all z € . O

2.5. Theorem. Let R be a semiprime ring, A a nonzero left ideal of R and F' : R —
R a multiplicative (generalized)-derivation associated with the map f : R — R. If
F(zoy)*x(xoy)=0for all z,y € A, then A[f(z),z] = (0) for all z € A.

Proof. By hypothesis, we have

(2.27) G(xoy)=0 for all z,y € .
Replacing y by yz in (2.27) and using (2.27), we obtain

(2.28)
0=G(zoyr) =G((zoy)z) =Gzoy)z+ (zoy)f(z) = (xzoy)f(z) for all z,y € A\

This implies that
(2.29) (zoy)f(x)=0 for all z,y e\
Substituting f(z)y for y in (2.29) and using (2.29), we obtain
(230) 0= (o f(@))f(x) = f(x) (0o u)f(x) + [r, F(@)yf(x) for all z,y€ A
This implies that
(2.31) [z, f(z)]lyf(x) =0 for all z,y € .

Replace y by yz in (2.31), to get
(2.32) [z, f(x)]yzf(x) =0 for all z,y € A.
Right multiplying (2.31) by x and then subtracting from (2.32), we obtain
(2.33) [z, f(z)]ly[f(z),z] =0 for all z,y € A
Since A is a left ideal of R, it follows that A[f(z),z]RA[f(z),z] = (0) for all x € A.
Semiprimeness of R yields that A[f(z),z] = (0) for all x € A. O

2.6. Theorem. Let R be a semiprime ring, A a nonzero left ideal of R and F' : R —
R a multiplicative (generalized)-derivation associated with the map f : R — R. If
F([z,y]) £ [z,y] € Z(R) for all z,y € A, then one of the following holds:

(1) Alf(z),z] = (0) for all z € A;

(2) A F(2)] = (0).
Proof. By hypothesis, we have G([z,y]) € Z(R) for all z,y € \. If G([z,y]) = 0 for all
z,y € A, then by Theorem 2.4, \[f(x),z] = (0) for all z € A, as desired. Assume that
there exist some x,y € X such that 0 # G([z,y]) € Z(R). This gives Z(R) # (0). Let
z € Z(R). Replacing y by yz in our hypothesis, we have

(2.34)  G([z,y]2) = Gz, YD)z + [z, 4] f(2) = G([z,y])z + [z,4]f(2) € Z(R),
which implies [z,y]f(z) € Z(R) for all z,y € X\. Thus 0 = [[z,y]f(2),r] forall z,y € X and

7 € R. Replacing z with yz, we get 0 = [[yz,y]f(2),7] = [y[z, y]f(2),7] = [y, ][z, y] f(2),
Since [z,y]f(z) € Z(R) for all z,y € X\. Replacing r with sr, we get 0 = [y, sr][z, y] f(z) =
sly, rlz, Y1 f(2) + [y, s]r[z, y] f(z) = [y, s]r[z, y] f(2) for all z,y € A and r, s € R and hence
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(0) = [y, z]f(2)R[z,y]f(z) for all z,y € A. Since R is semiprime, above relation yields
0 = [z,y]f(z) for all z,y € X\. Replacing y with f(z)y, we obtain 0 = [z, f(2)y]f(z) =
S ) (2) + [, SIS (2) = [2, () (2)and hence (0) = ylz, f(2)] Rylw, £(2)] for
all z,y € A\. Semiprimeness of R yields A[\, f(Z)] = (0). O

2.7. Theorem. Let R be a semiprime ring, A a nonzero left ideal of R and F : R —
R a multiplicative (generalized)-derivation associated with the map f : R — R. If
F(xoy)+ (zoy) € Z(R) for all z,y € A, then one of the following holds:

(1) Alf(z),z] = (0) for all z € A;

(2) AIA f(2)] = (0).
Proof. By hypothesis, we have G(z oy) € Z(R) for all z,y € A\. If G(x oy) = 0 for all
x,y € A, then by Theorem 2.5, A[f(z),z] = (0) for all z € A, as desired. Assume that

there exist some x,y € X such that 0 # G(z oy) € Z(R). This gives Z(R) # (0). Let
z € Z(R). Substituting yz for y in our hypothesis, we have

(235) Glzoyz) = Glzoy)z + (voy)f() = (woy)f(2) € Z(R).
This implies that (zoy)f(z) € Z(R) for all z,y € A and hence
(2.36) [(zoy)f(z),r]=0 for all z,y €\, for all r € R.
Replacing = by yz in (2.36) and then using the fact that (z o y)f(z) € Z(R) for all
x,y € A\, we get
(237)  0=[y(zoy)f(z),r] =[y,rl(xoy)f(z) for all z,y €A,
that is
(2.38) [y,r](xoy)f(z) =0 for all z,y€ A, for all r € R.
Substituting sz for z in (2.38) and using (zoy)f(z) € Z(R) for all z,y € A\, we obtain

(2.39) 0=[y,r](szoy)f(2) = [y, r]s(zoy)f(2) — [y, 7][s, y|zf(2)
’ =[y,rl(xoy)f(z)s+ [r,yl[s,y]lxf(z) for all z,y € A, for all r,s € R.

Using (2.38), the above relation yields that

(2.40) [r,y][s,y]lxf(z) =0 for all z,y € A, for all r,s€ R.
Replacing r with rt and using (2.40) we have

(2.41)  [r,ylt[s,ylzf(z) =0 for all z,y € A, for all r,s,t € R.

In the same manner, replacing s with sp, we obtain

(2.42)  [r,ylt[s,ylpxf(z) =0 for all z,y € A, for all rs,t,p€ R.

Now replacing = with zy and right multiplying (2.42) by y respectively, and then subtract
one from another to get

(2.43)  [r,ylt[s, ylpx[f(2),y] =0 for all z,y € A, for all r,s,t,p€ R.
In particular, we have
(2.44)  z[f(2), y|Ra[f (2), y| Rx[f(2),y] = (0) for all z,y€ A,

that is (z[f(2),y]R)® = (0) for all x,y € \. Since a semiprime ring contains no nonzero
nilpotent left ideals (see [2]), it follows that z[f(z),y]R = (0), that is z[f(z),y] = 0 for
all z,y € X and z € Z(R). Thus we have A[X, f(Z)] = (0). O

2.8. Corollary. Let R be a semiprime ring and F' : R — R be a multiplicative
(generalized)-derivation associated with the map f: R — R. If F([z,y]) £ [z,y] € Z(R)
forall z,y € Ror F(xoy) + (zoy) € Z(R) for all z,y € R, then either f is commuting
on Ror f:Z(R) — Z(R).
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2.9. Theorem. Let R be a semiprime ring, A a nonzero left ideal of R and F' : R —
R a multiplicative (generalized)-derivation associated with the map f : R — R. If
F([z,y]) £ [F(z),y] € Z(R) for all z,y € A, then one of the following holds:

(1) Alf(z),z] = (0) for all x € A;

(2) AlA f(2)] = (0).
Proof. By our hypothesis, we have
(2.45)  F([z,y]) £ [F(z),y] =0 for all z,y € A
Then replacing y by yz in (2.45), we get

0= F([z,yx]) £ [F(z),yz] = F([z,ylz)
(2.46) = F([z,y)z + [z, 9] f(z) £ ([F(z), ylz +
for all z,y € A.

Using (2.45) in the above relation, we obtain
(247)  [z,ylf(z) £ y[F(z),z] =0 for all z,y € A\
Substituting f(z)y for y in (2.47), we get

(248)  f(o)[z,ylf () + [z, f(2)]yf(x) & f(2)y[F(z),2] =0 for all z,y€ A
Left multiplying (2.47) by f(x) and then comparing with (2.48), we get
(2.49) [z, f(x)]yf(x) =0 for all z,y € A\

Then by similar argument as in the proof of Theorem 2.4, we have A[f(z),z] = (0) for
all z € A

Next, we assume that there exist some x,y € A such that 0 # F([z, y])£[F(x),y] € Z(R).
This implies that Z(R) # (0). Let z € Z(R). Substituting y by yz in our hypothesis, we
have

F([z,ylz) £ [F(2), ylz = F([z, y])z + [z, 4] f(2) £ [F(2), 9]z

= (F([z,9]) £ [F(2),0])z + [z, 4]/ (2) € Z(R),

which implies that [z,y]f(z) € Z(R) for all z,y € X\. Then by the same argument as in
the proof of Theorem 2.6, we conclude that A[X, f(Z)] = (0). O

(2.50)

2.10. Theorem. Let R be a semiprime ring, A be a nonzero left idealof Rand F' : R — R
be a multiplicative (generalized)-derivation associated with the map f : R — R. If
F(zoy) £ (F(z)oy) € Z(R) for all z,y € A, then one of the following holds:

(1) Alf(z),z] = (0) for all z € A;

(2) Al f(2)] = (0).
Proof. By hypothesis, we have
(2.51) F(zoy)* (F(zx)oy)=0 for all x,y € .
Then replacing y by yz in (2.51), we have

0= F(zoyz) £ (F(z) oyx) = F((z o y)z) + (F(z) o y)z — y[F(z),z])
=F(zoy)z+ (zoy)f(z) £ (F(x)oy)z —y[F(x),z]) for all z,y € A

Using (2.51) in the above relation, we get

(2.53) (zoy)f(z)Fy[F(z),z] =0 for all z,y € .

Substituting f(x)y for y in (2.53), we have

(254)  f@)(@oy) () + [ f@)yf (@) F f@)ylFE),a] =0 for all 2,y €
Left multiplying (2.53) by f(x) and then subtracting from (2.54), we obtain
(2.55) [z, f(z)]yf(x) =0 for all z,y € .

(2.52)



1301

Then by similar argument of Theorem 2.4, \[f(z),z] = (0) for all x € A.
Next, assume that there exist some x,y € A such that 0 # F(zoy) £ (F(z)oy) € Z(R).
This gives Z(R) # (0). Let z € Z(R). Substituting yz for y in our hypothesis, we have

F((@oy)2) £ (F(a) oy)z = Flwoy)z + (o y)f(2) £ (F(z) o y)2
— (F(woy) + F(z)oy)z + (voy)f() € Z(R).

This implies that (z oy)f(z) € Z(R) for all z,y € A and hence
(2.57) [(xoy)f(z),r] =0 for all z,y €A, for all r € R.

(2.56)

Then by the same argument as in the proof of Theorem 2.7, we get A[\, f(Z)] = (0), as
desired. g

2.11. Corollary. Let R be a semiprime ring and F' : R — R be a multiplicative
(generalized)-derivation associated with the map f : R — R. If F([z,y]) £ [F(z),y] €
Z(R) for all z,y € Ror F(xoy) £ (F(zx)oy) € Z(R) for all z,y € R, then either f is
commuting on R or f: Z(R) — Z(R).

2.12. Theorem. Let R be a semiprime ring, A a nonzero left ideal of R and F,G : R — R
are multiplicative (generalized)-derivations associated with the maps f,g : R — R. If
[F(z),y] £ [G(y),z] € Z(R) for all z,y € A, then one of the following holds:

(1) Alg(x),z] = (0) for all x € X;
(2) AlX9(2)] = (0).
Proof. By hypothesis, we have [F(x),y] £ [G(y),z] € Z(R) for all z,y € A\. If
(2.58) [F(z),y] £[G(y),z] =0 for all z,y € A,
then replacing y by yz in (2.58), we get
0= [F(z),yz] £ [G(yx), 2] = [F(x),y]z + y[F(z)

(259) = ([F(z),y] £[G(y), 2Dz + y[F(z), z] + [yg(x),fv]
for all z,y € \.

z] £ ([G(y), =]z + [yg(z), «])

Using (2.58) in the above relation, we obtain

(2.60) y[F(z),z] +[yg(z),z] =0 for all z,y € .

Substituting g(z)y for y in (2.60), we get

(2.61)  g(z)y[F(z), 2] + g(x)[yg(z), 2] + [g(z), z]yg(z) =0 for all z,y € A.
Left multiplying (2.60) by g(x) and then comparing with (2.61), we get
(2.62) [g(z),z]lyg(z) =0 for all z,y € A.

This is the same as (2.24) in Theorem 2.4, we obtain Alg(x), z] = (0).

Next, we assume that there exist some x,y € A such that 0 # [F(z),y]£[G(y),z] € Z(R).
This implies that Z(R) # (0). Let z € Z(R). Substituting y by yz in our hypothesis, we
have

[F(x),yz] £ [G(yz), 2] = [F(2), y]z £ [G(y), =]

+lyg(2), 2] = ([F(2),y] £ [G(y), 2])z £ [yg(2), 2] € Z(R),

For any r € R, this implies that

(2.64) [[yg(2),z],7r] =0 for all z,y € .

(2.63)

Replacing y by wy in the above expression and using it, we get

(2.65)
[w,T][yg(2), ] = [w, z][yg(2), r]+[[w, z],r]yg(z) =0 for all z,y,w e A, for all r € R.
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Taking = w in (2.65), we obtain
(2.66) [w,7][yg(z),w] =0 for all y,we A, for all r € R.
Replacing r by yg(z)r in the above relation, we get
(2.67) [yg(z),w]rlyg(z),w] =0 for all y,we A, for all r € R.
Semiprimeness of R yields that
(2.68) [yg(z),w] =0 for all y,w € A.
Substituting g(z)y for y in (2.68), we obtain
(2.69) [9(2)yg(2),w] =0 for all y,w e A\
This implies that
(2.70)  g(2)yg(z)w — wg(2)yg(z) =0 for all y,w e .
Replacing y by yg(z)z in the above expression, we have
(2.71)  g(2)yg(2)zg(z)w — wg(z)yg(z)zg(z) =0 for all z,y,w € A.
Using (2.70), we get
(2.72)  g(2)y[g(2),z]wg(z) =0 for all z,y,w € A.
This implies that (A[A, g(2)])® = (0) for any z € Z(R). Since a semiprime ring contains
no nonzero nilpotent left ideals (see [2]), it follows that A[A, g(2)] = (0). O

Using the similar arguments and taking G = F or G = —F in Theorem 2.12, one can
prove the following theorem:

2.13. Theorem. Let R be a semiprime ring, A a nonzero left ideal of R and F': R — R
are multiplicative (generalized)-derivations associated with the maps f : R — R. If

[F(z),y] £ [F(y),z] € Z(R) for all z,y € A, then one of the following holds:
(1) Alf(z),z] = (0) for all z € A;
(2) Al f(2)] = (0).

2.14. Corollary. Let R be a semiprime ring and F' : R — R be a multiplicative
(generalized)-derivation associated with the map f : R — R. If [F(z),y] £ [F(y),z] €
Z(R) for all z,y € R, then either f is commuting on R or f: Z(R) — Z(R).

2.15. Theorem. Let R be a semiprime ring with Z(R) # (0), A a nonzero left ideal

of R and F' : R — R a multiplicative (generalized)-derivation associated with the map
f:R— R If F([z,y]) £ [F(z), F(y)] =0 for all z,y € A, then A[A, f(Z)] = (0).

Proof. Suppose that
(2.73)  F([z,y]) £ [F(x),F(y)] =0 for all z,y €\

Since Z(R) # (0), replacing y by yz in (2.73), where z € Z(R), we get
0= F([z, y2]) + [F(2), F(y )] F([z,y]z) + ([F(2),ylz + y[F(x), f(2)])
274y HE@) W) = F(lz,y])z + 2, 4]/ (2) £ ([F(2), f))z + y[F (@), F(2)])
' (), 4l (2) = [2.91£(2) + y[F (@), F(2)] + [F(@), 41 F(2)

for all z,y € A.
Using (2.73) in the above relation, we obtain
(2.75)  [z,ylf(2) £y[F(2), f(2)] + [F(2),y]f(2) =0 for all z,ye A
Replacing ry for y in (2.75), we get

rg) T UG+ e G) E (@), ) + (P @), 61 G) + () luf ) =
’ for all z,y € A\, for all r € R.
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Left multiplying (2.75) by r and then subtracting from (2.76), we get
(2.77)  [z,r)yf(z) £ [F(z),r]yf(z) =0 for all z,y € A, for all r € R.
Replacing © by zz in (2.77), where z € Z(R), we have
(2.78)
z[z,rlyf(z)xz[F(z),rlyf(z)+[zf(2),r]yf(z) =0 for all z,y €\, for all r € R.
Using (2.77), we get
(2.79) [zf(2),r|lyf(z) =0 for all z,y € A\, for all r € R.
Replacing r by sr in the above relation and using it, we get
(2.80) [zf(2),s]ryf(z) =0 for all z,y € A, for all r € R.
Substituting y by ¢y in (2.80), we obtain
(2.81) [zf(2),s|rtyf(z) =0 for all z,y € A, for all r,t€R
Right multiplying (2.80) by ¢ and then subtracting from (2.81), we get
(2.82) [zf(2),s]r[yf(2),t] =0 for all z,y €\, for all r,s,t € R.

Semiprimeness of R yields that [zf(z),r] =0 for all z € XA and r € R. Replacing z by
f(2)x in the above relation, we get

(2.83) [f(z)zf(z),r] =0 for all z € X, for all r € R,

that is

(2.84) f(z)zf(z)r—rf(z)xf(z) =0 for all z €\, for all r € R.

Replacing = by zf(z)y in (2.84), we obtain

(2.85) f(x)af(x)yf(z)r —rf(z)xf(z)yf(z) =0 for all z,y €A, for all r € R.
Using (2.84) in the above relation, we get

(2.86)  f(2)zrf(2)yf(z) — f(z)xf(z)ryf(z) =0 for all z,y € A\, for all r € R.

We find that f(z)z[f(z),r]yf(z) = 0 for all z,y € A, r € R. Which implies that
(AN, f(2)])® = (0) for any z € Z(R). Since a semiprime ring contains no nonzero
nilpotent left ideals (see [2]), we obtain A[A, f(2)] = (0) for any z € Z(R). O

2.16. Theorem. Let R be a semiprime ring with Z(R) # (0), A a nonzero left ideal
of R and F : R — R a multiplicative (generalized)-derivation associated with the map
f:R— R If F(zoy)*x (F(x)o F(y)) =0 for all z,y € A, then A[X, f(Z)] = (0).
Proof. By hypothesis, we have
(2.87) F(zoy)x F(z)oF(y) =0 for all z,y €\
Since Z(R) # (0). Let z € Z(R). Replacing y by yz in (2.87), we have
(2.88)
0= F(zoyz) £ F(z)o F(yz) = F((zoy)z) £ (F(z) ocy)z + (F(z) 0y) f(2)
—y[F(z), f(2)] = (zoy)f(2) £ ((F(z) 0 y) f(2) —y[F(2), f(2)]) for all z,ye€ A
Using (2.87) in the above relation, we get
(2.89) (zoy)f(2) F [F(z),ylf(z) =0 for all z,y €A
Substituting ry for y in (2.89), we obtain

(2.90)  r(zoy)f(2) + [z,r]yf(2) F r[F(x),y]f(2) + [F(z),7]yf(2) =0 for all z,ye A
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Left multiplying (2.89) by r and then subtracting from (2.90), we get
(2.91) [z, 7)yf(z) F [F(z),rlyf(z) =0 for all z,y € A\

Arguing in the similar manner as in the proof of Theorem 2.15, we get the result.
O

2.17. Corollary. Let R be a semiprime ring with Z(R) # (0) and F : R — R
be a multiplicative (generalized)-derivation associated with the map f : R — R. If
F([z,y]) £ [F(z),F(y)] = 0 or F(zx oy) £ (F(x) o F(y)) = 0 for all z,y € R, then
f:Z(R) — Z(R).

2.18. Theorem. Let R be a semiprime ring, A a nonzero left ideal of R and F': R —
R a multiplicative (generalized)-derivation associated with the map f : R — R. If
F(xy) £ [z,y] € Z(R) for all x,y € A, then A C Z(R) for all x € X and F(zy) € Z(R) for
all z,y € A

Proof. By hypothesis, we have

(292)  F(ay) + [2,] = Gley) F yz € Z(R)

for all z,y € A. By [10, Theorem 2.11], we obtain that z[z,\] C Z(R) for all z € A.
Replacing y with zy in (2.92) and then using the fact x[z, \] C Z(R) for all z € A, we
get F(z%y) € Z(R) for all z,y € . Now we put 2 = 2 in (2.92) and then obtain

(2.93)  F(a*y) £ zz,y] £ [z,y]z € Z(R) for all z,y € A

This implies [z, y]z € Z(R) for all z,y € X. Therefore we can write that z[y, z] — [y, z]z €
Z(R) for all x € A, that gives [y,z]s = [[[y, z],z],z] = 0 for all z,y € X\. Then by [14,
Theorem 2|, we get A C Z(R). Thus our hypothesis reduces to F(zy) € Z(R) for all
T,y €A O

2.19. Theorem. Let R be a semiprime ring, A a nonzero left ideal of R and F' : R —
R a multiplicative (generalized)-derivation associated with the map f : R — R. If
F(zy)£(zoy) € Z(R) for all z,y € A, then A C Z(R) and F(zy) € Z(R) for all z,y € .
Proof. By hypothesis, we have

(2.94) F(zy) £ (zoy) =G(zy) tyx € Z(R)

for all z,y € A. By [10, Theorem 2.11], we obtain that z[z, \] C Z(R) for all z € A. Now
replacing y with zy in (2.94) and then using the fact z[z, \] C Z(R) for all z € A, we get
F(z?y) &+ 2zyz € Z(R) for all z,y € A\. Now we put z = z? in (2.94) and then obtain

(2.95) F(z*y) + (z° oy) € Z(R)

that is

(2.96)  F(a*y) + (2zyz + x[z,y] + [y, z]z) € Z(R) for all z,y € \.

This implies [z,y]z € Z(R) for all z,y € A. Therefore we can write that z[y, z] — [y, z]z €

Z(R) for all x € A, which gives [y,z]|3s = [[[y,z],z],z] = 0 for all z,y € A. Then by
[14, Theorem 2|, we get A C Z(R). Thus our hypothesis gives F'(zy) € Z(R) for all
T,y €A O

2.20. Corollary. Let R be a semiprime ring and F' : R — R be a multiplicative
(generalized)-derivation associated with the map f: R — R. If

(1) F(zy) £ z,y] € Z(R) for all z,y € R,

(2) F(zy) £ (zoy) € Z(R) for all z,y € R;

then R is commutative.
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3. Examples

The following examples demonstrate that the restrictions in the hypothesis of the
results are not superfluous.

0 a b
3.1. Example. Consider R = 0 0 ¢ |la,bceZp, where Z is the set of all
0 0 0
0 1 1 0 1 1
integers. Since 0 0 0 |JR| O O O = (0), so R is not semiprime ring. We
0 0 O 0 0 O
0 a b 0 0 bc 0 a b
define maps F; f : R— R, by F| 0 0 ¢ = 00 0 J),fl 0 0 ¢ =
0 0 0 0 0 O 0 0 0
0 0 a
0 0 O . Then F is a multiplicative (generalized)-derivation associated with the
0 0 O
map f.

It is very easy to verify that R satisfies (i) F(z)F(y) £ [z,y] € Z(R); (ii) F(z)F(y) +
(xoy) € Z(R), (iil) F(zy) £ [z,y] € Z(R); (iv) F(zy) £ (x oy) € Z(R); Since R is not
commutative, the hypothesis of semiprimeness in Corollary 2.3 and Corollary 2.20 can
not be omitted.

0 a b
3.2. Example. Consider R = 0 0 ¢ | a,b,c € Zz p. Note that R is not a
0 0 O
0 a b 0 0 b
semiprime ring. Define maps F,f : R - Rby F[ 0 0 ¢ = 0 0 ¢
0 0 O 0 0 0
0 a b 0 v a
and f| 0 0 ¢ = 0 0 ¢ . Then it is verified that F' is a multiplicative
0 0 O 0 0 O

(generalized)-derivation associated with the map f. It is easy to see that F([z,y]) %[z, y] €
Z(R) and F(zoy)=£(zoy) € Z(R) for all z,y € R. But neither f is commuting on R nor
f:Z(R) — Z(R). Hence R to be semiprime in the hypothesis of Corollary 2.8 is essential.

0 a b
3.3. Example. Let R = 0 0 ¢ | a,b,c €S p, where S is any ring. Note that
0 0 O
0 a b
R is not a semiprime ring. Define maps F and f : R - Rby F| 0 0 ¢ =
0 0 O
0 0 be 0 a b 0 a® 0
0 0 O and f| 0O 0 ¢ = 0 0 O |. Then F is a multiplicative
0 0 O 0 0 O 0 0 O

generalized derivation associated with the map f. It is easy to see that (i) [F(z),y] +
[F(y),z] € Z(R) and (ii)F([z,y]) £ [F(x),y] = 0 or F(xoy) £ (F(z)oy) = 0 for all
z,y € R. But neither f is commuting nor f : Z(R) — Z(R). Hence R to be semiprime
in the hypothesis of Corollary 2.11 and Corollary 2.14 are essential.

Moreover, it satisfies F'([z, y]) £ [F(x), F(y)] = 0 or F(zoy)+ (F(z)oF(y)) = 0 for all
z,y € R. But f does not map Z(R) to Z(R). Hence R to be semiprime in the hypothesis
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of Corollary 2.17 is essential.
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