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NON-LINEAR TRIPLE PRODUCT A*B — B*A
DERIVATIONS ON x-ALGEBRAS

Mohammad Shavandi and Ali Taghavi

Abstract. Let A be a unital prime x-algebra that possesses a nontrivial projection, and let
® : A — A be a non-linear map which satisfies

P(AoBoC)=d(A)oBoC+AoP(B)oC+ AoBod(C)

for all A, B,C € A, where Ao B = A*B — B*A. Then, if ®(a}) is self-adjoint map for o € {1,1},

we show that ® is additive x-derivation.

1 Introduction

Let R be a x-algebra. For A, B € R, we indite Ae B = AB + BA* and [A, B]. =
AB — BA* for x-Jordan product and x-Lie product, respectively. These products
are playing significant roles in some research topics, so the study of their unique
features has recently attracted many author’s attention, in particular during the
recent decade. (for example, see [3, 8, 11, 16]).

Recall that a map ® : R — R is said to be an additive derivation if

B(A+ B) = B(A) + ®(B)

and
®(AB) = ®(A)B + AP(B)

for all A,B € R. A map & is additive *-derivation if it is an additive derivation
as well as ®(A*) = ®(A)*. The notion of (non-linear) derivations is very important
both in theory and applications, and is being studied continuously by enthusiasts
([2, 12, 13, 14]).

The A-Jordan *-product has been defined as A ey B = AB + ABA*. We say
that a map ® : A — A is a A-Jordan *-derivation provided that ®(A ey B) =
$(A)ey B+ Ae, ®(B) for all A, B € A. It is clear that for A\=—-1and A=1,a A\
Jordan *-derivation map is a *-Lie derivation and *-Jordan derivation, respectively
[1].
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A Von Neumann algebra A is a self-adjoint subalgebra of some B(H ), the algebra
of bounded linear operators acting on some complex Hilbert space, which satisfies the
double commutant property: A" = A where A" = {T' € B(H),TA = AT,VA € A}
and A" = {A'}. The center of a (von Neumann) algebra A is usually specified by
Z(A) = A'NA. A Von Neumann algebra A is called factor if it has trivial center,
i.e., Z(A) = CI. For A € A, the central carrier of A, denoted by A, is the smallest
central projection P such that PA = A. It is not difficult to see that A is the
projection onto the closed subspace spanned by {BAx : B € A,z € H}. If Ais
self-adjoint, then the core of A, denoted by A, is sup{S € Z(A): S =5*5 < A}. If
A = P is a projection, it is clear that P is the largest central projection () satisfying
@ < P. A projection P is said to be core-free if P = 0 (see [10]). It is easy to see
that P =0 if and only if I — P =1, [5, 6].

Recently, Yu and Zhang in [18] have shown that every non-linear x-Lie derivation
from a factor Von Neumann algebra into itself is an additive *-derivation. Also, Li,
Lu and Fang in [7] have investigated a non-linear A-Jordan x-derivation. They
showed that if A C B(#) is a Von Neumann algebra without central abelian
projections and A is a non-zero scalar, then ® : A — B(#) is a non-linear A-Jordan
x-derivation if and only if ® is an additive x-derivation.

On the other hand, many mathematicians devoted themselves to study the -
Jordan product Ae B = AB + BA*. In [19], Zhang proved that every non-linear x-
Jordan derivation map ® : A — A on a factor Von Neumann algebra is an additive *-
derivation. In [17], second auther and his colleagues showed that *-Jordan derivation
map on every factor von Neumann algebra A C B(#) is additive *-derivation.

Quite recently, the authors of [4] discussed some bijective maps preserving the
new product A*B + B*A between von Neumann algebras with no central abelian
projections. To more precisly, if the map ® preserves the condition

B(A*B + B*A) = ®(A)*®(B) + &(B)* ®(A)

for all A, B € A, then ¢ is the sum of a linear *-isomorphism and a conjugate linear
x-isomorphism. Recently, we have characterized that maps which preserve the new
n-tuple product A*B — B*A between factor von Neumann algebras are additive
s-derivation under some certain assumptions[15].

The authors of [9] introduced the concept of x-Lie triple derivations. They have
considered a nonlinear *-Lie triple derivation as map ® : A — A such that

O([[A; B+, Clx) = [[2(A), Bls, Cls + [[4, 2(B)]., Cls + [[A, B, ®(C)]«

hold for all A, B,C € A, where [A,B], = AB — BA*. They also showed that if
® preserves the above characterizations on factor von Neumann algebras then & is
additive x-derivation.

Motivated by the above results, we are following the problems related to derivations
on general algebraic structures, algebras with less properties, which lead to the
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generalization of previous results. In the first step, we need to show the existence
of such non-linear derivations. For this purpose, we introduce the triple product
AoBoC := (Ao B)oC, where Ao B = A*"B — B*A. Thus, in this note, we shall
prove the following sentence:

Let A be a prime x-algebra, and let & : A — A be a map which fulfill the
following condition

P(AoBoC)=P(A)oBoC+Aod(B)oC+AoBod(C)

for all A, B,C € A. Provided that @(aé) is self-adjoint map for o € {1,4},then ¢ is
a additive *-derivation.

We note that A is prime, that is, if AAB = {0}, for all A,B € A, then A =0 or
B =0.

2 Main Results

Our main theorem is as follows:

Theorem 1. Let A be a prime x-algebra, and let & : A — A be a map which satisfies
m

P(AoBoC)=®(A)oBoC+Ac®(B)oC+AoBod(C) (2.1)

for all A,B,C € A. If @(a%) is self-adjoint map for o € {1,1}, then ® is additive
x-derivation.

Proof. Let P; be a nontrivial projection in A. So, it is easy to check that
P, = 14— P is also a nontrivial projection in A. Denote A;; = P; AP;, for distinct
values of 4,7 = 1,2; then it is straightforward to verify that A = Zm:l A;j. For
every A € A, we are able to write A = A1 + A1a + Aoy + Ago. In all that follows,
when we write A;;, it indicates that A;; € A;;. In order to show additivity of ® on
A, we apply above decomposition of A to demonstrate some claims that prove & is
additive on each component A;; for 4,5 = 1,2.

We prove the above theorem through several claims as following;:
Claim 2. An initial calculus shows ®(0) = 0 which is left to readers.

Claim 3. We show that ®(£) =0, ®(—%) = 0 and ®(i%) = 0.
Indeed, by 2.1, it is clear that
I I 1 I, 1 1 I . 1 1 1 I
<I>(2'§<>'§<>§):<IJ(i—)<>§<>.§+i§<>(I>(§)<>§+§<>i§<><IJ(§).
A straightforward computation shows
I 1.1 1_,.1 1 .1 1, I 1 I [ N |
D(i=)=-P(i=)—-P>i=)" —-P(i=)" +-¢(i=) + -P(=)" "+ -P(=) + -D(=
| Pliy) = )~ GG R )+ ) GG e
i i i
(=) 4+ —P(=) + =P(=)*
1)+ 50(5) +20()
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which implies that

e

5 %5 )+z<I>(I)+i<I>(§)* =0. (2.2)

By taking adjoint from both sides of equ.2.2, we possess that

1 il 1 i, I I
o, 1 il
Hence, the summation of the equations (2.2)and (2.3) give us 5@(5)—1—5(1)(5)* =0.

il il
Since @(5) is self-adjoint, (I)(E) = 0. By applying the equ.2.2. and insert the zero
7 1 I
value of @(%) in it, we deduce @(5) + @(5)* = 0. But initial assumption declared
I 1
@(5)* is self-adjoint, so @(5)* =0.

I
Similarly, we can show that @(—5)* = 0. [t is enough to set zero values in

I 1 1
extention of @(15 o 3 5) and use the self-adjoint assumption.

Claim 4. For each A € A, we have
O(—1A) = —iP(A).
2. ®(iA) = i®(A).

It is easy to check that
—iAo { 1 =¢ (Ao z£ o= L .
2 2 2 2

. I I i
<I>(—’LA)<>§<>§ = (I)(A)<>15<> —.

So, we have

It follows that
—O(—iA)" + P(—iA) = —iP(A)" —iD(A). (2.4)

On the other hand, one can easily check that
I I I I
S| —iAcizo= ]| =P Aoc—=0o= ],
2 2 2 2

I I 1
(-ZA)OZ§<>§ @(A)O—§<>§

which implies that
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Consequentely, we obtain
—i®(—iA)" —iP(—iA) = —P(A) + P(A)™. (2.5)
Equivalently, we can establish
—D(—iA)* + B(—iA) = —iDB(A) + iD(A)*. (2.6)
By summing the equations (2.4) and (2.6), we achieve first desired result, i.e.,
O(—1A) = —iD(A).
Similarly, we can show that ®(:A) = i®(A).
Claim 5. For each Ai1 € A1, Ao € Ao we have
P(A11 + Ar2) = ©(Anr) + P(A2).
Let T = ®(A11 + A12) — P(A11) — P(A12). We have to show that T = 0.

D(A;1 + Ag) 0Oy 01 + (A1 + A12) 0o ®(Coy) o I

+(A11 + A1) 0 Cop 0 ®(1)

=®(An +Ap0Co01)

=P(A110C o)+ P(A120Co101) = P(A11)0Cor1 01
+A110P(Co1) oI+ A110Co 0 P(I) + P(As2) 0 Cor 01
+A120P(Co1) oI+ A1a0Co 0 P(I) = (P(A11) + P(A12)) 0 Co1 0 1
+(A11 + A1) 0 ®(Co1) o I + (A11 + A1z) 0 Co1 © ®(1).

Since T = Ty + T12 + To1 + T2, then
—T2*2021 — T2*1021 + C;1T22 + CéleQl = 0
Thus Thy = T51 = 0. In a similar vein, we have

O(A11 + A12) 0 Cra 0 Pr + (A11 + A12) 0 ®(Cr2) 0 P

+(A11 + A12) 0 Cra 0 ®(P1) = P((A11 + A12) 0 Cr20 Pp)
=P(A110C120P1) + P(A120Cr20 Py)

= (P(A11) + P(A12)) 0 Cr20 Pr + (A1 + A12) o P(Ch2) o Py
+(A11 + Ap2) 0 Cr2 0 ©(Py).

Thus T ¢ C12 ¢ P; = 0 which implies that —7T7,Ci2 + C{5T11 = 0. So, we get
T7,Ci12 = 0. Therefore, for all C' € A, we have T{;CP, = 0. As respects to the
prime assumption of A, we possess that T3; = 0. In a complete similar way, by
applying P» instead of P; in above, we can show that T12 = 0.
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Claim 6. For each Ay1 € Aq1, A1o € Ajo, A1 € Ao and Agg € Agg, the following
equalities hold:

1. ®(Aqn + A1z + A21) = ©(An) + ®(Ara) + ¢(A2).
2. (A2 + Ao + Ap) = P(A12) + (A1) + P(Ag2).
We show that
T=®(A11+ Aa+ As1) — (A1) — P(A12) — P(A21) =0.
From Claim 5, we obtain

O(A11 + A+ As1) 0 Cor o + (A + Aia + Az ) o ®(Con) o
+(App + A+ Ag) 0 Co1 0 (1) = ©(Apg + Aoy + A1p 0 Co1 0 1)
=P(A110C0n0I)+P(Ag1 00 01) + P(A120Ca101)
— (B(A1) + D(A1z) + B(Ag1)) 0 Cor o T
+(A11 + A2 + A21) 0 ®(C21) o I + (A1 + Arz + A21) 0 Cog 0 (1),
It follows that T'o Cy1 ¢ I = 0. Since T = Ty1 + T2 + Ty + The, we have
—T55091 — T51Co1 + C51 Tz + C51 121 = 0.
Therefor, Toe = To1 = 0.
Another application of previous claim, claimb, indicates
D(A1r + A1z + Ag1) o PLo Py + (A1 + Arg + A1) o O(P) o P
+(A11 + A2 + Az1) o PLo ®(Pr) = ®((A11 + A2 + Ag1) o PLo Pp)
=P(A110PLoP)+P(A1a0o ProP) + P(Aa1 o PLo Py)
= (P(A11) + P(A12) + P(A21)) o Pro Pr+ (A1 + Aia + Ag1) o ®(P1) o Py
+(A11 + A1z + Ag1) o Py o ®(P)).

which implies that T'¢ Py o P} = 0. So 2111 — 217, + T12 — T}, = 0. Thus, we have
Ty =0,Ty, — T}, = 0. (2.7)
In addition, from Claim 4 and Claim 5, we have

D(A11 + Ao+ Agg)oiProl 4+ (A1n + Aja+ Ag) o ®(iPy) o 1

+(A11 + A1+ Ag) 0iP Lo ®(I) = P(Ay1 + App 0iPr o)

+P(Ag1 0P o) =P(A1n0iProl)+ P(Ajp0iPr o)

+D(Ag10iP o) =P(Ag1) 0iPi ol + A1 0 P>iP) oI + Ay oiP o ®(1)
+D(A12)0iProl + Aja o ®(iP) oI + Ajg0iP o ®(I)

+D(Ag1)0iPyol 4+ Ay o P(iP1) o I + Agy 0Py o ®(1)

= (P(A11) + P(A12) + P(Ag1))oiPr1 o1

+(A11 + Ajg + A21) 0o P(iP) o I + (A11 + A1a + Ag1) 0 iPy o @(1)
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which shows that T' ¢ P, ¢ I = 0. Therefore,
—Tyy — T}, =0. (2.8)

The equations (2.7) and (2.8) reveal T7; = 0.
Similarly, we can show that

D(A12 + A2 + Azz) = ®(A12) + P(A21) + P(A22).
Claim 7. For each Ai1 € Aq1, A1z € Aqa, Ao1 € Ao1 and Agy € Aosg we have
O(A11 + Arg + Ao1 + Ax) = O(Ar1) + (A12) + P(A21) + P(A22).
We need to show that
T = ®(A11 + A1z + Ao1 + Agz) — ©(A11) — ®(A12) — (A1) — P(A2) = 0.
By previous claim, i.e. claim 6, it is obvious that

D(A1r + Arg + Aoy 4 Ag) 0 Cro o 1 4 (A1 + Arg + Aoy + Agz) 0 ®(Cra) o 1
+(A11 4+ A2 + Aoy + A22) 0 Cra 0 O(1) = ((Arr + A1z + Aoy + Aga) 0 Cra 0 1)
=®((A11 + Ao+ A21) 0 Crao ) + P(Aza 0 Cra0 1)
=P(A110C120])+P(A120C120]) + P(A210Cra20 ) + P(A 0 Cra o)

= (P(A11) + P(A12) + P(A21) + P(A22)) 0 Cra 0 1

+(A11 + Ao + Ao + A) 0o B(Cra) o I + (A11 + Aig + Ao + Agz) 0 Cra 0 O(1).

So, T'¢ C12 o I = 0 which follows that
CTQTll + CETH — Tl*lclg — TfQClz =0.

Thus T11 == T12 =0.
Similarly, by applying C5; instead of C1s in recent computation, we obtain

T51 = T5 = 0.
Claim 8. For each A;;, Bi; € A;; such that i # j, we have
O(Ajj + Bij) = ®(Aij) + ®(Byj).
It is easy to show that
1
(Pi + Aj;) o (Pj + Byj) © 5= —Aij — Bij + Aj; + B
T
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So, we can write
B(~Ayj ~ By) + B3 + B) = ®((Pi-+ Af) o (P + Byj) o 3)
_ @(P,-+A;;.)<>(Pj+Bij)<>§+<E+Azj)oq>(Pj+Bij)<>g
P A3) o (P + Buy) 0 8(5) = (B(P) + B(A5)) o (B + Byy) o
P AG) o (B(P) + B(By)) o § + (Pt A5) o (P + By) 0 8(3)
(P, o By og) +c1>(A;.*j<>pj<>g)
= ®(—By) + B(B;) + B(—Aij) + B(A])).
Therefore, we show that
®(—Ajj — Biy) + ©(A]; + Bj;) = ®(—Ay5) + ©(—Byj) + ©(47;) + ©(Bf;).  (2.9)
A initial and easy computation explains that
(Pi+ Aj;) o (iPj +iBjj) © é = iA;j +1iBij +iAj; +iBj;.
Hereupon, we can compute that

I
D(idyj +iBij) + B(iA]; +iBj;) = B((Pi + Ajj) o (iP; +iByy) o 5)

I o I
= O(P+ A}j) o (iP; +iBy) o 5 + (Pi+ Afj) 0 O(iP; +iByj) 0 5

1 1
(P + Ajj) o (1P + iBij) 0 ®(3) = (B(F) + ©(A5)) o (iP5 +1Bij) o 5
, 1
H(B+ A) 0 (B(F) + B(iBy)) 0 5
1
(P + Aj) o (iP5 +Bij) o 2(3)
, I . I , .
+q)(iAij) + (I)(ZA:})
Thus we conclude the following equality:
®(iAij +1iBiy) + P(iA]; +1iB;;) = ®(iAi;) + ®(iBij) + ®(i4;;) + @(iB;;).
On the other hand, claim 4 and the above equation implies that
—®(Aij + Bij) — ®(Aj; + Bj;) = —0(Bij) — ®(B};) — ®(A5) — (455).  (2.10)
By collecting equations (2.9) and (2.10), we obtain
(A + Bij) = ©(Ay) + ©(Bjj).
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Claim 9. For each A;;, By € Ai; such that 1 < i < 2, we have
O(Aj; + Byi) = ©(Ay) + (By;).
Similar to the previous claim, we have to show that
T = (I)(Aii + Bii) — (I)(Aii) — (I)(Bii) =0.
An easy computation disclose that
= (I)(Aii)<>Pj<>I+Aii<>q)(Pj)<>I+Aii<>Pj<>(I)(I) —i-(I)(BZ‘Z‘)OPjOI
+By; © @(P]) ol + By ¢ PJ <o @(I)
So, we have
T P] oI =0.
Therefore, we obtain T;; = Tj; = Tj; = 0.
On the other hand, for every C;; € A;j, we have
(I)(Au =+ B”) o Cij ol + (A” + Bn) o (I)(C”) ol
+(Ai + Bii) © Cij o d(1)
Recent equation shows that T'¢ C;; o I = 0 which implies Tj; ¢ Cj; o I = 0. Thus,
we have —T3Cj; + Cf;T;; = 0. By recent equality and the fact that A is prime, we

possess T;; = 0.
Therefore, the additivity of ® derives from the above claims.

In the rest of the paper, we show that ® is %-derivation.
Claim 10. ® preserves star.
Since ®(£) = 0 then we can write
I 1 I I
PlAc-o=- | =P(A)o-0o—.
2 2 2 2

Then
P(A—-A")=P(A) — P(A)".

So, we showed that ® preserves star.
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Claim 11. ® is derivation.

For every A, B € A, it is easy to check that
B(—AB + B*A*) = (A0 Bo g) — B(4%) o Bo g + A% o B(B) og
= B*'®(A)" —P(A)B — A®(B) + ®(B)*A*
So we have
O(B*A* — AB) = ®(B)"A* + B*®(A)" — ®(A)B — A®(B) (2.11)
An standard application of the Claims 4 and 10 shows that
i®(—B*A* — AB) = ®(—iA* o Bo g) =(—tA)*oBo g + (—iA*) o ®(B) ¢ g
=i(—P(B)*A* — B*®(A)" — ®(A)B — AP(B))
which implies
®(—B*A* — AB) = —®(B)*"A* — B*®(A)" — ®(A)B — AP(B). (2.12)
Thus, by (2.11) and (2.12), we conclude that
®(AB) = ®(A)B + AP(B).

This completes the proof.

Acknowledgement. I am grateful to referee for pointing out a deficiency in an
early draft of this Note.

References

[1] Z. Bai, S. Du, The structure of non-linear Lie derivations on factor von
Neumann algebras, Linear Algebra Appl. 436 (2012), 2701-2708. MR2890027.
Zbl 1272.47046.

[2] E. Christensen, Derivations of nest algebras, Ann. Math. 229 (1977), 155-161.
MRO0448110. Zbl 0356.46057.

3] J. Cui, C.K. Li, Maps preserving product XY — YX* on factor wvon
Neumann algebras, Linear Algebra Appl. 431, (2009), 833-842. MR2535555. Zbl
1183.47031.

[4] C. Li, F. Zhao, Q. Chen,Nonlinear maps preserving product X*Y + Y*X on
von Neumann algebras, Bulletin of the Iranian Mathematical Society, 44 (2018),
729-738. MR3829633. Zbl 07040690.

skesk sk ok sk ok sk s ok sk sk ok s ok sk sk ok s sk sk ook sk sk sk s ok sk sk ok sk sk sk s ok sk sk sk st ok sk sk ok sk sk sk sk ok sk sk sk s ok sk sk sk ok sk sk ok ok sk ok sk sk ok ok sk skok ok sk ok

Surveys in Mathematics and its Applications 19 (2024), 67 — 78
https://www.utgjiu.ro/math/sma


https://mathscinet.ams.org/mathscinet-getitem?mr=2890027
https://zbmath.org/?q=an:3A1272.47046
https://mathscinet.ams.org/mathscinet-getitem?mr=0448110
https://zbmath.org/?q=an:3A0356.46057
https://mathscinet.ams.org/mathscinet-getitem?mr=2535555
https://zbmath.org/?q=an:1183.47031
https://zbmath.org/?q=an:1183.47031
https://mathscinet.ams.org/mathscinet-getitem?mr=3829633
https://zbmath.org/?q=an:07040690
https://www.utgjiu.ro/math/sma/v19/v19.html
https://www.utgjiu.ro/math/sma

Non-linear triple product A*B — B* A derivations on x-algebras 77

[5] R. V. Kadison, J. R. Ringrose, Fundamentals of the theory of operator algebras
I, New York, Academic Press, 1983. MR0719020. Zbl 0888.46039.

[6] R. V. Kadison, J. R. Ringrose, Fundamentals of the theory of operator algebras
II, New York, Academic Press, 1986. MR0859186. Zbl 0991.46031.

[7] C. Li, F. Lu, X. Fang, Nonlinear {—Jordan x-derivations on von Neumann
algebras, Linear and Multilinear Algebra. 62 (2014), 466-473. MR3177041. Zbl
1293.47037

[8] C. Li, F. Lu, X. Fang, Nonlinear mappings preserving product XY + Y X* on
factor von Neumann algebras, Linear Algebra Appl. 438 (2013), 2339-2345.
MR3005295. Zbl 1276.47047.

[9] C. Li, F Zhao, Q. Chen, Nonlinear Skew Lie Triple Derivations between Factors,
Acta Mathematica Sinica, 32 (2016), 821-830. MR3508624. Zbl 1362.47025.

[10] C. R. Miers, Lie homomorphisms of operator algebras, Pacific J Math. 38
(1971), 717-735. MR0308804. Zbl 0204.14803.

[11] L. Molnér, A condition for a subspace of B(H) to be an ideal, Linear Algebra
Appl. 235 (1996), 229-234. MR1374262. Zbl 0852.46021.

[12] S. Sakai, Derivations of W*-algebras, Ann. Math. 83 (1966), 273-279.
MRO0193528. Zbl 0139.30601.

[13] P. Semrl, Additive derivations of some operator algebras, Illinois J. Math. 35
(1991), 234-240. MR1091440. Zbl 0705.46035

[14] P. Semrl, Ring derivations on standard operator algebras, J. Funct. Anal. 112
(1993), 318-324. MR1213141. Zbl 0801.47024.

[15] M. Shavandi, A. Taghavi, Maps preserving n-tuple A*B — B*A derivations on
factor von Neumann algebras, Publ. de I'Institut Mathematique, Vol. 113, Issue
127, (2023), 131-140. doi.org/10.2298 /PIM2327131S. MR4599721. Zbl 7738163.

[16] A. Taghavi, V. Darvish, H. Rohi, Additivity of maps preserving products AP +
PA* on C*-algebras, Mathematica Slovaca 67 (2017), 213-220. MR3630166. Zbl
1399.47106.

[17] A. Taghavi, H. Rohi, V. Darvish, Non-linear x-Jordan derivations on von
Neumann algebras, Linear Multilinear Algebra 64 (2016), 426-439. MR3439441.
Zbl 1353.46049.

[18] W. Yu, J. Zhang, Nonlinear x-Lie derivations on factor von Neumann algebras,
Linear Algebra Appl. 437 (2012), 1979-1991. MR2950465. Zbl an:1263.46058.

S ok Kook ok ok >k kR Sk ok kok ok sk ok kook sk sk kok ok sk ok kok sk sk skokook skok kokook koo skokook sk ok okok sk ok kokook sk ok skok sk sk skokosk sk sk skokosk sk skokok skokokokok skokokok

Surveys in Mathematics and its Applications 19 (2024), 67 — 78
https://www.utgjiu.ro/math/sma


https://mathscinet.ams.org/mathscinet-getitem?mr=0719020
https://zbmath.org/?q=an:0888.46039
https://mathscinet.ams.org/mathscinet-getitem?mr=0859186
https://zbmath.org/?q=an:0991.46031
https://mathscinet.ams.org/mathscinet-getitem?mr=3177041
https://zbmath.org/?q=an:3A1293.47037
https://zbmath.org/?q=an:3A1293.47037
https://mathscinet.ams.org/mathscinet-getitem?mr=3005295
https://zbmath.org/?q=an:1276.47047
https://mathscinet.ams.org/mathscinet-getitem?mr=3508624
https://zbmath.org/?q=an:1362.47025
https://mathscinet.ams.org/mathscinet-getitem?mr=0308804
https://zbmath.org/?q=an:0204.14803
https://mathscinet.ams.org/mathscinet-getitem?mr=1374262
https://zbmath.org/?q=an:0852.46021
https://mathscinet.ams.org/mathscinet-getitem?mr=0193528
https://zbmath.org/?q=an:0139.30601
https://mathscinet.ams.org/mathscinet-getitem?mr=1091440
https://zbmath.org/?q=an:0705.46035
https://mathscinet.ams.org/mathscinet-getitem?mr=1213141
https://zbmath.org/?q=an:0801.47024
https://doi.org/10.2298/PIM2327131S
https://mathscinet.ams.org/mathscinet-getitem?mr=4599721
https://zbmath.org/?q=an:7738163
https://mathscinet.ams.org/mathscinet-getitem?mr=3630166
https://zbmath.org/?q=an:1399.47106
https://zbmath.org/?q=an:1399.47106
https://mathscinet.ams.org/mathscinet-getitem?mr=3439441
https://zbmath.org/?q=an:1353.46049
https://mathscinet.ams.org/mathscinet-getitem?mr=2950465
https://zbmath.org/?q=an:1263.46058
https://www.utgjiu.ro/math/sma/v19/v19.html
https://www.utgjiu.ro/math/sma

78 Shavandi and Taghavi

[19] F. Zhang, Nonlinear skew Jordan derivable maps on factor von Neumann
algebras, Linear Multilinear Algebra 64 (2016), 2090-2103. MR3521159. Zbl
1353.47073.

Mohammad Shavandi

University of Mazandaran,

Faculty of Mathematical Sciences, Department of Mathematics,
P. O. Box 47416-1468, Babolsar, Iran.

e-mail: mo.shavandi@gmail.com

Ali Taghavi
Faculty of Mathematical Sciences, Department of Mathematics,
P. O. Box 47416-1468, Babolsar, Iran.

e-mail: taghavi@Qumz.ac.ir

License

This work is licensed under a Creative Commons Attribution 4.0 International
License.

Received: September 8, 2020; Accepted: February 17, 2024;
Published: February 19, 2024.

Sk ok koo ok ok >k kR Sk ok kok ok ok ok kook sk ok kok ok sk ok skok sk sk skokook skook kokook sk ok skokook sk kokok sk ok kokook sk okokok sk sk skokosk sk sk skokosk sk skokok skok kokok skokokok

Surveys in Mathematics and its Applications 19 (2024), 67 — 78
https://www.utgjiu.ro/math/sma


https://mathscinet.ams.org/mathscinet-getitem?mr=3521159
https://zbmath.org/?q=an:1353.47073
https://zbmath.org/?q=an:1353.47073
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.utgjiu.ro/math/sma/v19/v19.html
https://www.utgjiu.ro/math/sma

	Introduction
	Main Results

