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ON GENEARLIZED DERIVATIONS AND COMMUTATIVITY
OF PRIME I'-RINGS

SHULIANG HUANG! AND M. NAGY DAIF?*

ABSTRACT. Let M be a prime I'—ring with center Z(M), I a nonzero ideal of
M and F be a generalized derivation with associated nonzero derivation d. In
the present paper, our purpose is to produce commutativity results for prime
I'—rings M admitting a generalized derivation F' satisfying any one of the prop-
erties: (1) F'(zay)taxay € Z(M), (it) F(roy)tyor € Z(M), (i) F(z)aF (y)+
zay € Z(M), (iv) F(z)aF(y) + yax € Z(M), (v) F(lz,yla) = [F(2),yla,
(vi) [F(@), yla + [0 F@)a = 0, (vii) F((,yla) + [d(), d(y)la = 0, for al
xz,y € I and o € T'. Also, some examples are given to show that the primeness
of the various results is not superfluous.

1. INTRODUCTION

In 1964, Nobusawa [18] introduced the notion of a I'-ring, an object more general
than a ring. Barnes [7] slightly weakened the conditions in the definition of a
['-ring in the sense of Nobusawa. Since then, many researchers have done a lot
of work on I'-rings and have obtained some generalizations of the corresponding
results in ring theory (see [15], [20] and [24] for partial references). If M and T’
are additive abelian groups and there exists a mapping (.,.,.,) : M xI'x M — M
which satisfies the following conditions:

(i) (a,3,b) € M

(i1)(a + b)ac = acc + bac, a(a+ B)b = aab + afb, aa(b+ ¢) = aab + aac;

(13i) (aad)pe = aa(bpc), for a,b,c € M and «, f € T

then M is called a I'-ring.

Following [9], every associative ring R is a I'-ring with I' = U or Z, where Z is
the ring of integers and U is an ideal of R. But the converse is in general not true.

For example [8], Let V' be a linear space with a basis ey, es, . .., €, over a field F' of
characteristic different from two. Define a multiplication - : V- x V' — V by the
rule vw =0 for all v,w € V with v # e; , v # —e; and e;w = w, (—ey)w = —w.

One can easily check that V' is only a near-ring, not a ring. However, in [18],
we know that V is a I'—ring with I' = V. Recall that a I'-ring M is prime if
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al’MTb = 0 implies that a = 0 or b = 0; and is semiprime if al’'MT'a = 0 implies
that a = 0. A I'-ring M is said to be a commutative if ray = yax for all x,y € M
and o € I'. A T'-ring M is said to be 2-torsion free if 2z = 0 implies z = 0 for
all z € M. Moreover, the set Z(M) = {z € M|rzay = yax ¥V o € Iy € M}
is called the center of the I'-ring M. We shall write [z,y|, = zay — yax for all
z,y € M;a € T'. An additive subgroup U of a I'-ring M is called a left (resp.
right) ideal of M if MTU C U (resp. UI'M C U). If U is both a left ideal and a
right ideal, then we say that U is an ideal of M. An additive mappingd : M — M
is called a derivation on M if d(zay) = d(x)ay + zad(y) for all z,y € M and
a € I'. An additive mapping F' : M — M is called a generalized derivation if
there exists a derivation d : M — M such that F(zay) = F(z)ay+xad(y) holds
for all x,y € M;a € T', and d is called the associated derivation of F. Hence,
the concept of generalized derivations covers both the concepts of a derivation
and of a left multiplier (i.e. an additive mapping satisfying F'(zay) = F(z)ay
for all x,y € M; € T'). Since the sum of two generalized derivations is a gen-
eralized derivation, every map of the form F'(z) = cax + d(x), where ¢ is a fixed
element of M and d is a derivation of M, is a generalized derivation. Basic ex-
amples are derivations and generalized inner derivations, namely, mappings of
type © — aax + zab for some a,b € M;a € I'. We refer to call such mappings
generalized inner derivations for the reason they present a generalization of the
concept of inner derivations. Generalized derivations have been primarily stud-
ied on operator algebras. Therefore, any investigation from the algebraic point
of view might be interesting.

As is well known, a classical problem in ring theory is to study and gener-
alize conditions under which a ring is commutative. One of the most effective
tools found for this purpose is the derivations on rings and also on their modules.
During the past few decades, there has been an ongoing interest concerning the
relationship between the commutativity of a ring and the existence of certain spe-
cial types of derivations. The first result in this topic is due to Posner [23] who
proved that if a prime ring R admits a derivation d such that [d(z), z] € Z(R) for
all z € R, then R is commutative or d = 0. This classical result indicates that the
global structure of a ring R is often tightly connected to the behavior of additive
mappings defined on R, and it is subsequently refined and extended by a lot of
algebraists. Recently, some authors have obtained commutativity of prime and
semiprime rings with derivations, automorphisms, generalized derivations et al.
satisfying certain polynomial constraints (cf.; [2, 6, 12, 14, 16, 17] and references
therein). In [10], Daif and Bell showed that if in a semiprime ring R there exists
a nonzero ideal I of R and a derivation d such that d([z,y]) = [z,y] = 0 for all
x,y € I,then I C Z(R). In particular, in the prime case, R must be commutative.
Later, Hogan [13] generalized the above result to the central case. Ashraf and
Rehman [3] explored the commutativity in prime and semiprime rings with deriva-
tions satisfying d(zy) £ zy € Z(R); d(zy) £ yx € Z(R); d(x)d(y) £ 2y € Z(R)
for all 2,y € R. In [4], Ashraf et al. extended these results in the setting of
generalized derivations. On the other hand, in [21] Quadri et al. proved that if
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R is a prime ring, I a nonzero ideal of R and F' a generalized derivation asso-
ciated with a nonzero derivation d such that F([z,y]) = +[z,y] for all z,y € I,
then R is commutative. Ali, Kumar and Miyan [1] obtained the commutativ-
ity of prime rings by studying the central identities: F([z,y]) + [z,y] € Z(R);
F([z,y]) —[x,y] € Z(R), for all z,y in some nonzero right ideal. Recently, Ashraf
and Jamal [5] investigated the commutativity of prime I'—rings satisfying certain
differential identities. Motivated by the above observation, we will continue this
line of investigation and prove some commutativity results for prime I'—rings in-
volving a generalized derivation, which are of independent interest. In fact, our
results unify, extend and complement many related results previously obtained
in literature.

In order to prove our theorems, we recall some well known results which will
be helpful in the sequel.

Lemma 1.1. [22, Lemma 2] (i) Let M be a prime a I'—ring, U a nonzero right
(left) ideal of M and a € M. If UT'a = 0(al'U = 0), then a = 0. (ii) Let U be a
nonzero ideal of M and a,b € M. If al'UT'b = 0, then a =0 or b = 0.

Lemma 1.2. [19, Lemma 3] Let M be a 2-torsion free semi-prime I'—ring, [
a nonzero ideal of M and a,b € M. Then the following are equivalent:

(1) acxfb =0 for all z,y € [ and o, § € T
(17) baxfa =0 for all z,y € I and o, B € T
(7i1) aaxBb + baxfa =0 for all z,y € I and o, B € T,

Lemma 1.3. [11, Lemma 2.3] If a prime I'—ring M contains a nonzero com-
mutative right ideal, then M is commutative.

Lemma 1.4. [5, Theorem 2.3] Let M be a prime I'—ring and U a nonzero
ideal of M. If d is a nonzero derivation on M satisfying [d(z),z], = 0 for all
xr € U;v el then M is commutative.

Throughout the paper, we shall assume that zayBz = xfyaz for all x,y, z €
M;«, 5 € T and in this case we have some basic identities: [5y, 2|, = [z, z]a Sy +
2By, 2)a; [T, yB2]a = [x,y]abz + yBblz, 2] for all z,y,z2 € M and o, 5 € T.

2. RESsuLTS

Theorem 2.1. Let M be a prime I'—ring and I a nonzero ideal of M. If M
admits a generalized derivation F’ with associated nonzero derivation d such that
F(zay) —zay € Z(M) for all z,y € I and o € I, then M is commutative.
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Proof. If FF =0, then zay € Z(M) for all z,y € I and a € I'. Using the same
techniques in the beginning of proof of [5, Theorem 2.9], we get the required
result. Hence, in the sequel we assume that F' # 0. By the given hypothesis we
have F(ray) — zay € Z(M), which can be rewritten as

F(z)ay + zad(y) — zay € Z(M) for all x,y € I;a € T. (2.1)

Replacing y by yfz in (2.1), we get F(z)ayfz+zad(y)Bz +xayfd(z) —rayfz €
Z(M) for all z,y,z € I and o, € I'. Thus, [(F(z)ay + zad(y) — xay) Bz +
zayfd(z), z], = 0. This can reduces to [xayfBd(z), z], = 0 for all z,y,z € I and
a, 3,7 € I'. Expanding the last equation, we get

zayfld(z), 2], +raly, 2, +x, 2] ayfd(z) = 0for allz,y,z € I;a, B,y € T'. (2.2)
Replacing = by wdz in (2.2), we obtain

wozaypfld(z), 2], + wozaly, z],8d(z) + wilz, z],aypd(z) + [w, z],0xayBd(z) = 0.
(2.3)
Combining (2.2) and (2.3), we find that

[w, 2], 6xayBd(z) =0 for all z,y,z,w € I;a, 5,7 €I (2.4)

In view of Lemma 1.1, for each z € I, either [w,z],dx = 0 or d(z) = 0. Let
IL ={z€I | [wz]y0x =0}and I ={z €I | d(z) = 0}. Then, I; and
I5 are both additive subgroups of I such that I = [, U I5. Since a group can’t
be a union of its two proper subgroups, we have either I = [, or I = I,. If
I = I, then [I,I],I'] = 0. The primeness of [ forces that [I, ], = 0, that is,
I is commutative and so M by Lemma 1.3. If I = I, then d(/) = 0 and hence
0 =dIT'M) =d(I)I’'M + ITd(M) = IT'd(M). The primeness of I yields that

d = 0, a contradiction.

Theorem 2.2. Let M be a prime I'—ring and [ a nonzero ideal of M. If M
admits a generalized derivation [’ with associated nonzero derivation d such that
F(zay) +zay € Z(M) for all z,y € I and o € T, then M is commutative.

Proof. If F is a generalized derivation such that F(zay) + zay € Z(M) for
all x,y € I and o € T', then —F' is also a generalized derivation and satisfies
(—F)(zay) —zay € Z(M). It follows from Theorem 2.1 that M is commutative.

Theorem 2.3. Let M be a prime I'—ring and [ a nonzero ideal of M. If M
admits a generalized derivation F’ with associated nonzero derivation d such that
F(zay) —yax € Z(M) for all z,y € I and o € T', then M is commutative.

Proof. If F' =0, then yax € Z(M) for all ,y € [ and o € T'. So we are done in
this case. If F' # 0, we are given that

F(z)ay + zad(y) — yax € Z(M) for all z,y € [;a € T (2.5)
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Thus, [F(z)ay + zad(y) —yax, z]zg = 0 for all z,y € I and «, f € I'. Expand this
equation to get

[F(x), 2lpay + F(z)aly, 2] + [z, 2]pad(y) + zald(y), 2]s = [y, z]sax +yalz, 2]s.
(2.6)
Replacing y by ydz in (2.6) and using (2.6), we obtain
ly, z]palz, x]s + yalz, [z, 2|ls = [z, 2]paydd(z) + zaydld(z), 2|z + zaly, z]z0d(z).
(2.7)
Replace y by zvyy in (2.7) and use (2.7) to get
[z, 2] pyyalz, x]p = [z, 2| gaxyydd(z) for all z,y,z € I} o, B,7,0 € T (2.8)
Substituting z + « for z in (2.8) and using (2.8), we have
[z, z]paxyydd(x) =0 for all x,y, 2 € I; o, B,7,0 € I (2.9)
Now the primeness of I, for each = € I, gives either [z, z]gax = 0 or d(x) = 0.
Suppose that [z, z]gax = 0. Replacing z by zyw, we have 0 = [z, zyw|gax =
[z, 2] pywaz+zy[z, w|gax = [z, z]gywazr. By the primeness of I, either [z, 2]z = 0
or x = 0. But x = 0 also implies that [z, z]g = 0. Thus, it remains only to dispose

of the case when for each x € I, either [z, 2]z = 0 or d(z) = 0. Repeating the
same arguments as in equation (2.4), we complete the proof.

Similarly, we can prove the following:

Theorem 2.4. Let M be a prime I'—ring and I a nonzero ideal of M. If M
admits a generalized derivation [’ with associated nonzero derivation d such that
F(zay) + yax € Z(M) for all z,y € I and a € I, then M is commutative.

Theorem 2.5. Let M be a prime I'—ring and I a nonzero ideal of M. If M
admits a generalized derivation I’ with associated nonzero derivation d such that
F(x)aF(y) —zay € Z(M) for all z,y € I and a € T', then M is commutative.

Proof. Assume that F' = 0, then zay € Z(M) and we are done. Hence, onward
we assume that F' # 0. By hypothesis, we have

F(z)aF(y) —zay € Z(M) for all z,y € I;a € T.. (2.10)
Replacing y by ys in (2.10), we get (F(z)aF (y)—xay)Bs+F(x)ayBd(s) € Z(M)
for all z,y € I, s € M and o, € I'. This implies that [F(x)ayfd(s), s], = 0,
which can be rewritten as
F(x)alypd(s), s|y + [F(x), s]lyayBd(s) =0 for all z,y € I;s € Mo, 8,7 €T

(2.11)

Replacing y by F'(z)dy in (2.11) and using (2.11), we arrive at
[F(z), s]yaF (x)dyBd(s) =0 for all x,y € I;s € M;a, 3,7,6 € I (2.12)
The primeness of I gives that for each s € M, either [F(x),s],aF(z) = 0 or
d(s) = 0. The set of s € M for which these two properties hold, are ad-

ditive subgroups of M whose union is M. Then, either [F(x),s],aF(z) = 0
or d(s) = 0 for all x € I;s € M. In the case of d(s) = 0 for all s € M,
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then d = 0, a contradiction. Suppose that [F(x),s],aF(z) = 0. Replace s by
sft to get [F(x),spt],aF (x) = 0. This implies that 0 = s8[F(z),t],aF (z) +
[F(x), s],ftaF (x) = [F(z), s],ftaF (x). The primeness of M implies that either
[F(x),s]y = 0or F(z) = 0. But F(z) = 0 also give that [F(z),s], = 0. Thus
in each case we have [F(z),s], = 0, which implies that F'(z) € Z(M). In this
case, the hypothesis yields that zay € Z (M) since F(z)aF(y) € Z(M) and we
are done.

Arguing as above we can prove the following:

Theorem 2.6. Let M be a prime I'—ring and I a nonzero ideal of M. If M
admits a generalized derivation F’ with associated nonzero derivation d such that
F(x)aF(y) + zay € Z(M) for all x,y € I and « € I, then M is commutative.
Using the same techniques with necessary variations we get the following:

Theorem 2.7. Let M be a prime I'—ring and I a nonzero ideal of M. If M
admits a generalized derivation F’ with associated nonzero derivation d such that
F(z)aF(y) £ yax € Z(M) for all z,y € I and a € T, then M is commutative.

Theorem 2.8. Let M be a prime I'—ring and [ a nonzero ideal of M. If M
admits a generalized derivation I’ with associated nonzero derivation d such that
F([z,yla) = [F(x),y]s for all z,y € I and a € ', then M is commutative.
Proof. We are given that

F(lz,y]a) = [F(x),yls for all x,y € I;a € T. (2.13)

Replacing z by zfx in (2.13), we get

2Bd([z, yloa)+F [z, yla) Bz = 2Bd(x), ylat[F(2), ylafa for allz,y,z € I;a, B € T.

(2.14)
Comparing (2.13) and (2.14), we can find that z5(d([z, y]o) — [d(z),y]a) = 0, that
is, IT(d([z,y]a) — [d(2),y]a) = 0. Making use of Lemma 1.1 gives

d([z,y]a) — [d(2),y]a =0 for all x,y € I; o, € T (2.15)

Replacing y by yfz in (2.15) and using (2.15), we obtain [d(z),y].0z = 0 for
all z,y,2 € I, € T. Again using Lemma 1.1, [d(x),y], = 0 in particular
[d(z),z]o =0 for all z, € I;a € T'. In light of Lemma 1.4, M is commutative.

Theorem 2.9. Let M be a prime I'—ring and [ a nonzero ideal of M. If M
admits a generalized derivation [’ with associated nonzero derivation d such that
[F(2),yla = [z, F(y)]o for all z,y € I and a € ', then M is commutative.
Proof. By assumption, we have

[F(2),yla = [z, F(y)]o for all z,y € [;a € T. (2.16)
Replacing y by ySz in the above expression and using (2.16) we obtain
YBIF(2), o]a = yBlw, d(2))a + 1, y]aBd(x) for all z,y € Lo, BT, (2.17)
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Substituting zdy for y in (2.17) and using (2.17), we find that [z, z],0yfd(x) = 0
for all x,y,2 € I and «, 5,0 € I'. Thus using similar approach as used for equa-
tion (2.4), we get the required result.

Application of similar arguments yields the following:

Theorem 2.10. Let M be a prime I'—ring and I a nonzero ideal of M. If
M admits a generalized derivation F' with associated nonzero derivation d such
that [F(x), y|la+[z, F(y)]a = 0forall z,y € I and o € T', then M is commutative.

Theorem 2.11. Let M be a 2-torsion free prime I'—ring and I a nonzero ideal
of M. If M admits a generalized derivation F' with associated nonzero derivation
d such that F([z,y]s) = [d(x),d(y)]s for all z,y € I and a € T', then M is
commutative.

Proof. By assumption, we have

F([z,yla) = [d(x),d(y)]s for all z,y € I;a € T. (2.18)
Replacing y by ySz in (2.18) we obtain

F([z,yla)Bz + [z, ylaBd(z) = [d(z), d(y)]o Bz + d(y)Bld(z), 2] + [d(2), y]aﬁé(gj
Using (2.18) and (2.19), we find that |

[z, y]loafd(z) = d(y)B[d(z), x]s + [d(x), y]lafd(z) for all z,y € [;a, B € T'. (2.20)
Substituting zdy for y in (2.20) and using (2.20), we get
d(z)oyBld(x), x]a + [d(z), z]adyfd(x) = 0 for all x,y € I}, B, € . (2.21)

Applying Lemma 1.2, d(x)dyp[d(z),z]o = 0. Again primeness of I gives that
d(z) =0 or [d(z), 2], = 0. In the former case, we also have [d(z), z], = 0. Con-
sequently, we must have [d(z),z], = 0 for all z € I and o € T'. Hence application
of Lemma 1.4 completes the proof of the theorem.

Repeating the same arguments as above, we can prove the following:

Theorem 2.12. Let M be a 2-torsion free prime I'—ring and I a nonzero ideal
of M. If M admits a generalized derivation F' with associated nonzero derivation
d such that F([z,y]s) + [d(z),d(y)]o = 0 for all z,y € I and a € T, then M is
commutative.

We provide an example to demonstrate that the primeness in the hypothesis
of Theorem 2.1 and Theorem 2.5 is essential.

Example 2.13. Let Z, R and C be the set of all integers, real numbers and
complex numbers, respectively. Let H be the ring of real quaternions, that is,
H={h=a+bi+cj+dk | a,bc,d € R}. We define amap f: H — H by
f(h) = h + [i, h], for some fixed o € T, then f is a generalized derivation with
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associated nonzero derivation d of H, where d(h) = [i, h], for all h € H. Let
M = M o2(H), I = M5(C) and T' = {( g ) |n e Z}. Then it is easy to see

that M is a '—ring and [ is a nonzero ideal of M. It follows from 0 # (0,1)
and (0,1)’MT'(0,1) = (0,0) that M is not a prime I'—ring. Define the map
F: M — M by F(x,y) = (f(z), f(y)), then F is a generalized derivation of
M associated with a nonzero derivation D, where D(x,y) = (d(x),d(y)) for all
x,y € M. Moreover, it can be easily seen that both F(xay) — zay € Z(M), and
F(x)aF(y) —zxay € Z(M),for all z,y € [ and a € ', but M is not commutative.

Also, the following example illustrates that M to be prime is essential in
other theorems.

Example 2.14. Let D be a division ring and M = {( 8 8 ) | a,b e D}. Ac-

0 a
00

. : 0 01 0 1
is a nonzero ideal of M. Thefactthat(o 0)7&0 (0 0>FMF(O 0)-

cording to [18], M is a I'—ring (I = M). It is obvious that I = { ( | a€e D

8 8 ) implying M is not prime. We define amap F' : M — M by F g 8
a 2b

00 ) Then F'is a generalized derivation associated with nonzero deriva-

tion d defined by d ( 8 8 ) = ( 8 _Ob ) It is straightforward to check that

(1) F(zay) +xay € Z(M), (ii) F(zay) £yax € Z(M), (iti) F(x)aF (y) +xay €
Z(M), (iv) F(z)aF (y)tyor € Z(M), (v) F([z,yla) = [F(2), yla,(vi) [F(2), yla T
[z, F(y)]la = 0, (vii) F([z,y]ls) £ [d(x),d(y)]e = 0, for all z,y € [ and o € T.

However, M is not commutative.
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