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SYMMETRIC BI-T-DERIVATION OF LATTICES

C. JANA', K. HAYAT2, M. PAL!, §

ABSTRACT. In this paper, the notion of a new kind of derivation is introduced for a lattice
(L, V, ), called symmetric bi-T-derivations on L as a generalization of derivation of lattices
and characterized some of its related properties. Some equivalent conditions provided for a
lattice L with greatest element 1 by the notion of isotone symmetric bi-7-derivation on L.
By using the concept of isotone derivation, we characterized the modular and distributive
lattices by the notion of isotone symmetric bi-T-derivation on L.

Keyword: Lattice, Derivation of lattice, Symmetric bi-T-derivation of lattice, Modular
lattice and Distributive lattice.
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1. INTRODUCTION

The notion of lattice theory introduced by [1]. After the initiation of lattices many re-
searchers studied lattice theory in different point of view such as, Balbes and Dwinger [2]
gave the concept on distributive lattices and Hoffmann gave the notion of partially ordered
set (Poset). The application of lattice theory plays an important role in different areas such
as information theory by [3], information retrieval by Carpineto and Romano [4], informa-
tion access controls by [5] and cryptanalysis by [6]. Recently, the properties of lattices were
studied by some authors [7] in analytic and algebraic point of view.

Derivations is a very interesting research area in the theory of algebraic structure in math-
ematics. Posner [8] provided the concept of derivation on rings. Based on this concept Bell
and Kappea [9] studied that rings in which derivations satisfy certain algebraic conditions.
The notion of generalized derivation in ring introduced by Braser [10] and Hvala [11]. This
concept of derivation further carried out by many authors Argac and Albas [12], Jana et
al. [20] studied derivation on KU S-algebras, Gélbasi and Kaya [13] in prime rings and lie
ideal in prime rings. Jana et al. [14-19] have been studied lot of works on BCK/BCI/G-
algebras. The study of derivation in lattice theory is an important topic in application of
different mode. Xin et al. [22] introduced the notion of derivation in lattices and discussed
its properties. Thereafter, many authors generalized this idea in lattices such as, symmetric
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bi-derivation studied by Maksa [23, 24] many researchers introduced this concept to study
symmetric bi-derivation on rings and near-rings by Ozturk and Sapancy [25, 26, 27, 28§]
and we focused to the study of symmetric bi-derivation on lattices and investigated some
properties on it by Cven [29].

In this article, we applied a new approach to the study of derivation in lattice theory
by the concept of t-derivation of complicated subtraction algebra is defined by Jana et al.
[21]. This work is enough to motivated us and best of our knowledge there is no work
available on symmetric bi-T-derivation of lattices. In this paper, the notion of symmetric
bi-T-derivation on lattices is introduced, which is a generalization of derivation in lattices is
introduced and studied some properties of it. We gave some equivalent condition for which a
derivation to be an isotone symmetric bi-7T-derivation for a lattices with greatest element. We
characterized modular lattices and distributive lattices by the concept of isotone symmetric
bi-T-derivation.

2. PRELIMINARIES

Definition 2.1. [1] Let L be a non-empty set endowed with operations A and V. Then set
(L, A, V) is called lattices if for all x,y,z € L satisfies the following conditions:

(L) x ANz =z, xzVx==x

(L2) x ANy=yAz,zVy=yVz

(L3) (zxAy)ANz=xzA(yAz), (@Vy)Vz=xV(yV=z)

(L4) (zAhNy)Vx =z, (zVy) Nx ==z.

Definition 2.2. [1] A Lattice (L,A,V) is called distributive lattice if for all x,y,z € L
satisfies the following conditions:
(L5) x AN(yVz)=(xAy)V(zA=2)
(L6) xV (yAz)=(xVy) A(zV=z).
It is notified that in a Lattice the conditions (L5) and (L6) are equivalent.

Definition 2.3. [1] Let (L, A, V) be a lattice. A binary relations (<) on L defined by = <y
is holds if and only if t ANy =x andxVy =y.

Definition 2.4. [2] A lattice (L, A, V) is called a modular lattice if for all x,y, z € L satisfies
the following conditions:
(L7) If x <y impliesxV (yNz)=(xVy)Az.

Definition 2.5. [22] Let (L, A, V) be a lattice. Then the binary relation (<) which is defined
in Definition 2.3. Then (L, <) is a poset i.e. is a partially ordered set and for any x,y € L,
x Ay is the g.L.b of {x,y}, and x V y is the l.u.b of {x,y}.

Proposition 2.1. [22] Let L be a lattice and d be a derivation on L. Then for all x,y € L,
the following are holds:

(1) d(z) <z
(2) d(z) Nd(y) < d(z Ay) < d(z)Vd(y).
Definition 2.6. [22] Let L be a lattice and d be a derivation on L

(1) z <y implies d(z) < d(y), then d is called an isotone derivation
(2) If d is one-to-one, then d is called a monomorphic derivation
(3) If d is onto, then d is called an epimorphic derivation.

Definition 2.7. [29] Let (L,A,V) be a lattice. A function D(.,.) : L x L — L is called
symmetric if satisfies the condition D(x,y) = D(y,x) for all z,y € L.

Definition 2.8. [29] Let L be a lattice. A function d : L x L — L defined by d(z) = D(x, x)
is called trace of D(.,.), where D(.,.): L Xx L — L is a symmetric function.
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Definition 2.9. [29] Let L be a lattice and Let D : L X L — L be a symmetric function on
L. Then D is called symmetric bi-derivation on L if satisfies the following identity:
D(x Ay, z) = (D(z,2) Ay) V (A D(y, 2))
forall x,y,z € L. Also, A symmetric bi-derivation D satisfies the following relation
D(z,y Az) = (D(z,y) N2) V (y A D(x, z))
forall z,y,z € L.

3. SYMMETRIC BI-T-DERIVATIONS ON LATTICES

In this section, the following definition introduced symmetric bi-T-derivation on a lattice.

Definition 3.1. Let L be a lattice. Then for anyT € L, we define a self-map Dy : LXL — L
by Dp(z,y) = (x Ay) AT for all z,y € L.

Definition 3.2. Let L be a lattice. Then for any T € L, a self-map Dy : L x L — L is
defined as for any T € L, Dp(z,y) = (xAy)AT for allx € L. Then function Dy : LXL — L
is called symmetric bi-T-derivation of L if satisfies the following condition:
DT(JT Ny, Z) - (DT(%, Z) N y) \ (.Z' A DT(Z/: Z))
for all x,y,z € L. Also, A symmetric bi-T-derivation Dy satisfies the following relation
Dr(z,y A z) = (Dr(z,y) Az) V (y A Dr(z, 2))
for all x,y,z € L.

Example 3.1. Let L = {0,a,b, 1} be a lattice shown by the Hasse diagram of Figure 1 Define
the mapping Dt as follows:

forT =0, Dr(x,y) =0 for all (x,y) € L x L

for T =a, Dr(x,y) =0 for all (z,y) € {(0,0),(0,a), (a,0),(b,0),(0,b),(1,0),(0,1)}

Dr(z,y) = a for all (z,y) € {(a,a), (a,b), (b,a),(a,1),(1,a),(b,d),(b,1),(1,b),(1,1)}

forT =b, Dr(x,y) =0 for all (a: y) € {(0,0), (a,0),(0,a), (0,b),(b,0),(1,0),(0,1)}, Dr(z,y) =
a for all (x,y) € {(a,a), (a,b),(b,a),(a,1),(1,a)} and Dp(z,y) = b for all (z,y) € {(b,b), (

For T = 1, Dp(z,y) = 0 for all (z,y) € {(0,0),(0,a),(a,0),(b,0),(0,b),(1,0),(0,1)},
Dr(z,y) = a for all (z,y) € {(a,a),(a,b),(b,a ,a), DT(:U y) = b for all (z,y) €

)
{(b.5), (b,1), (1,5)} and Dr(e.y) = 1 for (x.y) = (L,
T € L, Dy is a symmetric bi-T-derivation on L.

FiGUrRE 1. The lattice in example 3.3
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Proposition 3.1. Let L be a lattice with least element 0. Then For T =0 € L, we have
Do(z,y) =0 for all z,y € L.

Proof: For T'=0 € L, we have Dy(z,y) = (Do(z Ax,y) = (Do(z,y) ANx)V (x A Do(z,y))
= (((zAy) NO) A z)V ((x A ((zAy) A0)))
—(0AZ)V (A0)=0V0=0. O

Theorem 3.1. Let L be a lattice and dr be a trace of symmetric bi-T-derivation Dp. Then
following conditions are hold for all x,y € L.

(1) Dp(z,y) <z and Dp(z,y) <y
2) Dr(z,y) A Dr(w,y) < Dr(z Aw,y) < Dr(z,y) V Dr(w,y)
) Dr(z Aw,y) <z Vy
)
)

Proof:

(1) Since DT(ZC,y) = DT('CU A xay) = (DT(x7y) A .%') v (:U N DT(ZC>y)) =xA DT(.ZU,y)
from which we get Dp(x,y) < x. In similar manner we shown Dp(z,y) < y for all
z,y € L.

(2) Since Dr(x,y) < x and Dp(w,y) < w. Then, we have Dr(z,y) A Dr(w,y) <
x A Dp(w,y), and from (1) Dp(x,y)
Hence, Dr(x,y) A Dp(w,y) < (x
Also, since z A Dp(w,y) < Dr(w,
(xAD1(w, y))V(wADr(z,y) < Dr
Dr(w,y).

(3) Since Dr(z,y) Nw < w and = A Dr(w,y) < z. Therefore, (Dr(z,y) A w) V (x A
Dr(w,y)) <z Vw. Hence, Dr(z Aw,y) <z V w.

(4) From (1) it is clear that Dp(x,y) <z Ay for all z,y € L.

(5) Since dr(z) = Dr(z A x,z) = (Dr(x,z) ANz)V (x A Dr(x,z)) = = A Dp(z,y) from
which we obtained dr(z) < x for all z € L.

(6) From (5) it is seen that d%(z) = dr(dr(z)) < dr(z) < x and also from (1) gives

A Dr(w,y) < w A Dp(x,y) for all z,y,w € L.
A Dp(w,y)) V (w A Dp(z,y)) = Dr(xz A w,y).
y) and w A Dp(z,y) < Dr(x,y), and obtained
z,y)VDp(w,y). Thus, Dr(zAw,y) < Dp(z,y)V

Dr(z,dr(z)) < dr(z). Then, we have dx(x) = dyp(dr(z)) = dr(z A dp(z))
= Dr(z,dr(z)) V (z A d%(z)) V (dr(z) A z)
= Dy(z,dr(z)) V d%(z) V dr(z) = Dp(z,dp(z)) V dr(z). O

Corollary 3.1. Let L be a lattice and Dp be a symmetric bi-T'-derivation on L with least
element 0 and greatest element 1. Then D7 (0,x2) =0 and Dr(1,z) <z for all z € L.

Proof: The proof of the corollary is trivial by Proposition 3.1(1). g

Theorem 3.2. Let L be a lattice and Dr be symmetric bi-T-derivation of L and dp be the
trace of symmetric bi-T'-derivation Dp. Then, dr(zAy) = Dr(x,y)V(xAdr(y))V (yAdr(x))
for allx,y € L.

Proof: Using the Proposition 3.1 (1) and (5), we have
dr(zx ANy) = Dr(xANy,xAy)
= (Dr(zAy,x) Ay)V (Dr(zAy,y) A )
= Dr(zAy,z)V Dr(z Ay, y)
= ((dr(x) Ay) vV (z A Dr(z,y))) vV (Dr(z,y) Ay) V (x Adr(y)))

y) Vv
= ((dr(z) Ay) VvV Dr(z,y)) V (Dr(z,y) V (z Adr(y)))
= Dr(z,y) V(zANdr(y)) VvV (y Adr(x)).
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Corollary 3.2. Let L be a lattice and Dt be symmetric bi-T-derivation of L and drp be the
trace of symmetric bi-T-derivation dr. Then followings are hold: for all x,y € L

(1) Dr(z,y) < dr(zAy)
(2) A dr(y) < dr(zAy)
(3) y ANdr(z) < dp(xz Avy)
(4) dr(z) Ndr(y) < dr(zAy).

Proof: The proof of (1),(2) and (3) are trivial by Theorem 3.2. (4) can be proved by
using (2), (3) and Proposition 3.1(5). O

Corollary 3.3. Let L be a lattice with least element 0 and greatest element 1, and Dt be
symmetric bi-T-derivation of L and dp be the trace of symmetric bi-T-derivation dr, then
followings are hold:

(1) If x > dp(1), then dp(z) > dp(1)

(2) If x < dp(1), then dp(z) = x

(3) If x <y and dr(y) =y, then dr(x) = x.

Proof: Straight forward. O

Theorem 3.3. Let L be a lattice with greatest element 1 and let dr be a trace of a symmetric
bi-T'-derivation Dr. Then following conditions are equivalent:

(1) dr is an isotone mapping

(2) dp(z) =x Adp(1)

(3) dr(z Ay) = drp(x) Adr(y)
(4) dr(z) Ndr(y) < dr(zVy).

Proof: Proof of theorem is straight forward. Il

Theorem 3.4. Let L be a lattice with greatest element 1 and dr be a trace of symmetric
bi-T'-derivation Dr. Then followings are equivalent for all x,y,z € L

(1) dr is isotone

(2) dr(z )—x/\dT(l)

(3) dr(xNy) = (90)A ( )
(4) dr(z) Ndr(y) < dr(zVy).

Proof:

= (2). Since dr is isotone and = < 1, we have < dr(1) and by Theorem 3.1
dr(z) < x, and so obtained dr(x) < z A dp(1). Also, by Corollary 3.2, we get
) < dp(x). Therefore, dr(x) = 2 Adp(1) for all z € L.
) Let dT(SU) =xA dT(l).
(xAy) =(xAy) Adr(1)
— (wAy) AMdr(1) Adr(1) = (2 Adp(1) A(yAdr(1)) = dp(2) Adr(y) for all 2,y € L.
(1). Let dp(z Ay) = dp(z) ANdp(y) and = < y and so, dp(x) = dp(z A y) =
dp(z) A dp(y). Hence, dp(z) < dp(y).
(4). Let dp be isotone. Since & <zVyandy < zVy. Then dr(z) < dr(zVy)
and dy(y) < dp(zVy). Thus, dp(z) Adr(y) < dp(zxVy).
(5) (4) = (1). Let  <y. Then dT(x) =dr(zVy) <dr(y). Hence, dr(z) <dr(y). O

Proposition 3.2. Let L be a lattice with greatest element 1 and Dt be a symmetric bi-T'-
derivation. Then followings are holds.

(1) If x < Dp(l,y), then Dy(z,y) ==
(2) If x > Dp(1,y), then Dp(x,y) > Dp(1,y).

Proof:
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(1) Let ¢ < Dp(1,y), then Dp(z,y) = Dr(z Al,y) = (Dr(z,y) A1)V (z A Dr(l,y)) =
Dr(z,y) V x. Hence, x < Dp(z,y) and Dy (z,y) = = by

(2) Let x > Dp(1,y). Then, Dp(z,y) = Dr(zAl,y) = (Dr(z,y) A1)V (x ADp(1,y)) =
Dy (z,y)V Dr(1,y). Thus, Dp(1,y) < Dp(z,y) for all x,y € L. O

Proposition 3.3. Let L be a lattice and Dy be a symmetric bi-T-derivation on L. Then
following condition is hold:
(1) If D7 is an symmetric bi-T'-derivation on L, then Dr(z,y) = Dr(z,y)V(Dr(xVs,y)Azx)

Proof: Let Dy be an isotone symmetric bi-T-derivation. Then,

Dr(z,y) = Dr((zVs)Az,y)
= (Dr(zVvs,y)ANz)V ((zVs)ADp(x,y))
= (Dp(xVs,y) ANz)V Dp(z,y).

AS, DT(-’E,y) < DT(‘,E\/ 573/) < (‘T v 5)' O

Theorem 3.5. Let L be a lattice with greatest element 1 and D be a symmetric bi-T-
derivation on L. Then followings are equivalent:

(1) Dr is isotone symmetric bi-T-derivation
(2) DT(:L‘ay) \ DT(S7y) < DT(‘,E \% Svy)

(3) DT(xv y) =z A DT(17y)

(4) Dr(z A s,y) = Dr(x,y) A Dr(s,y)

Proof:

(1) (1) = (2). We assume that Dy is a symmetric bi-T-derivation on L. Since z < zV s
and s < x Vs, and so Dp(z,y) < Dp(z V s,y) and Dp(s,y) < Dp(xV s,y). Hence,
DT('Zvv y) \ DT(S7 y) < DT(:C Vs, y)

(2) (2) = (1). Suppose that Dr(z,y) V Dr(s,y) < Dr(z V s,y) and z < s. Then, we
get Dp(z,y) < Dr(z,y) V Dr(s,y) < Dr(xV s,y) = Dr(s,y). Therefore, Dr is an
isotone symmetric bi-T-derivation on L.

(3) (1) = (3). Suppose Dr is an isotone symmetric bi-T-derivation on L. Since,
Dr(z,y) < Dr(1,y), we have Dr(z,y) < = A Dr(1,y) by Theorem 3.1 (1). Us-
ing Proposition 3.3 and by s = 1, we get

Dr(z,y) = (Dr(l,y)Az)V Dr(z,y)
= DT(l,y)/\IL‘.

(4) (3) = (4). Assume that Dp(z,y) = 2 A Dp(1,y), then Dp(xz A s,y) = (z A s) A

Dr(1,y) =z AsADr(Ly) = (xADr(Ly)) V(s A Dr(l,y)) = Dr(z,y) A Dr(s,y)

(5) (4) = (1). Let Dy(z A s,y) = Dr(z,y) A Dr(s,y) and z < s. Then, Dr(x,y) =
DT(‘T A Say) = DT(‘Tvy) /\DT(S7y)' Hence, DT(‘T7y) < DT(Say)' O

L

Theorem 3.6. Let L be a modular lattice and Dt be a symmetric bi-T-derivation on L.
Then, followings are hold.

(1) If Dy is an isotone symmetric bi-T-derivation on L if and only if Dp(x A s,y) =

DT(xv y) A DT(S7 y)
(2) If Dt is an isotone symmetric bi-T-derivation and Dr(z,y) = x, then Dr(xVs,y) =

DT(wv y) \ DT(37 y)
Proof:
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(1) Let D7 be a symmetric bi-T-derivation on L. Since z A s < z and x A s < s, then
Dr(x A s,y) < Dp(z,y) A Dr(s,y). Therefore,

Dr(z,y) A Dr(s,y) = (Dr(z,y) ADr(s,y)) A(zAs)
= (Dr(x,y) As) A (Dr(s,y) As)
< (Dr(z,y) As)V (Dr(s,y) Ax)
= Dr(zAs,y).

Conversely, let Dy(z A s,y) = Dp(z,y) A Dr(s,y) and x < s. Thus, Dp(z,y) =
Dr(xAs,y) = Dr(x,y) ADr(s,y), and hence Dy (z,y) < Dr(s,y) for all z,y,s € L.

(2) Let Dr be a symmetric bi-T-derivation on L and Dp(z,y) = x. Then, by Proposition
3.3 and since L is a modular lattice, thus, Dr(s,y) = (Dr(s,y)V Dr(xVs,y)) As =
s AN Dr(xVs,y). Thus,
DT<$7y)VDT(S7y) - DT(.T,y)\/(S/\DT(JI\/S,y))
= (Dr(z,y) Vs) AN Dr(zVs,y)
= (xVs)ADp(zVs,y)
= Dr(zVs,y).

O

Theorem 3.7. Let L be a distributive lattice and Dt be a symmetric bi-T-derivation on L.
Then, following conditions are hold.

(1) If Dt is an isotone symmetric bi-T-derivation on L, then Dr(z A s,y) = Dr(x,y) A

-DT(87 y)
(2) If Dp is an isotone symmetric bi-T-derivation on L if and only if Dp(x V s,y) =

DT('CU, y) \ DT(57 y)
Proof:
(1) Since, Dy is an isotone symmetric bi-T-derivation and Dp(x A s,y) = Dp(x,y) A
Dy(s,y). By Theorem 3.1 (1), we have
DT(ﬂf,y)/\DT(S,y) = ((DT(:E?y)/\x)/\((S/\DT(Say))
= (Dr(z,y) Vs) Az A Dr(s,y)
< (DT(LE7y)/\S)\/(SU/\DT(S,y)

= DT(x N Say)'

Therefore, Dp(x A s,y) = Dr(x,y) A Dr(s,y) for all z,y,s € L.
(2) Let D7 be an isotone symmetric bi-T-derivation. Then, using Theorem 3.1(A) and

Proposition 3.3, we have
DT(S,ZJ) = (DT(s,y)\/(s/\DT(ﬂv\/s,y))
= (Dr(s,y) As) A (Dr(s,y) vV Dr(zV s,y))
= sADp(zVs,y).
In similar way, Dr(z,y) = 2 A Dr(x V s,y). Thus,
Dr(z,y)V Dr(s,y) = (xADp(zVs,y))V(sADp(zVs,y))

= (zVs)ANDr(zVs,y)
= DT('%. \ 37y)'
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Conversely, let Dy (zVs,y) = Dr(z,y)VDr(s,y) and x < s, then obtained Dr(s,y) =
DT(IIZ'VS, y) = DT(-’L’, y)\/DT(S7 y)? which lmply DT('I7 y) < DT(87 y) for all T,Y,8 € L.
O

Acknowledgement The authors are thankful to the reviewers for their valuable sugges-

tions which improved the quality and representation of the paper.

10
[11
[12
[13
[14
15
16
[17
18
19
20
21

[22
23

[24
25
26

27

REFERENCES

| Birkhoof, G., (1940), Lattice Theory, Amer. Math. Soc., New York.

] Balbes, R. and Dwinger, P., (1974), Distributive Lattices, University of Missouri Press, Columbia, USA.

] Bell, A. J., (2003), The co-information lattice, in: 4th International Sympo- sium on Independent Com-
ponent Analysis and Blind Signal Separation (ICA2003), Nara, Japan, pp. 921-926.

] Carpineto, C. and Romano, G., (1996), Information retrieval through hybrid naviga- tion of lattice
representations, Int. J. Human Computers Studies, 45, pp. 553-578.

] Sandhu, R.S., (1996), Role hierarchies and constraints for lattice-based access con- trols, in: Proceedings
of the 4th European Symposium on Research in Computer Security, Rome, Italy, pp. 65-79.

| Durfee, G., (2002), Cryptanalysis of RSA using algebraic and lattice methods, A dissertation submitted
to the Department of Computer Science and the committee on graduate studies of Stanford University,
pp- 1-114.

] Honda, A. and Grabisch, M., (2006), Entropy of capacities on lattices and set systems, Inform. Sci., 176,

pp. 3472-3489.

Posner, E., (1957), Derivations in prime rings, Proc. Am. Math. Soc., 8, pp. 1093-1100.

Bell, H. E. and Kappe, L. C., (1989), Rings in which derivations satisfy certain algebraic conditions,

Acta Math. Hungar., 53 (3-4), pp. 339-346.

| Bresar, M., (1991), On the distance of the composition of the two derivations to the generalized deriva-
tions, Glasgow Math. J., 33 (1), pp. 89-93.

| Hvala, B., (1998), Generalized derivations in rings, Common. Alg., 26 (4), pp. 1147-1166.

] Argag, N. and Albas, E., (2004), Generalized derivations of prime rings, Algebra Coll., 11, pp. 399-410.

] Golbasi, 0. and Kaya, K., (2006), On Lie ideal with generalized derivations, Siberian. Math. J., 47 (5),
pp. 862-866.

] Jana, C., Senapati, T. and Pal, M., (2016), (€, € Vq)-intuitionistic fuzzy BCI-subalgebras of BCI-
algebra, Journal of Intelligent and Fuzzy systems, 31, pp. 613-621.

| Jana, C., Senapati, T., Bhowmik, M. and Pal, M., (2015), On intuitionistic fuzzy G-subalgebras of
G-algebras, Fuzzy Information and Engineering, 7, pp. 195-209.

| Jana, C. and Pal, M., (2016), Applications of new soft intersection set on groups, Annals of Fuzzy
Mathematics and Informatics, 11 (6), pp. 923-944.

] Jana, C., (2015), Generalized (I",Y)-derivation on subtraction algebras, Journal of Mathematics and
Informatics, 4, pp. 71-80.

| Jana, C. and Pal, M., (2017), Application of («, 8)-soft intersectional sets on BCK/BCI-algebras, Int.
J. Intelligent Systems Technologies and Applications, 16 (3), pp. 269-288.

| Jana, C., Pal, M. and Saied, A. B., (2017), (€, € Vq)-bipolar fuzzy BC K /BCI-algebras, Missouri Journal
of Mathematical Scienc, (accepted).

| Jana, C., Senapati, T. and Pal, M., (2015), Derivation, f-derivation and generalized derivation of KU S-
algebras, Cogent Mathematics, 2, pp. 1-12.

| Jana, C., Senapati, T. amd Pal, M. , (2017), On t-derivation of complicated subtraction algebras, Journal
of Discrete Mathematical Sciences and Cryptography, (accepted).

] Xin, X. L., Li, T. Y. and Lu, J. H., (2008), On Derivations of Lattices, Inform. Sci., 178, pp. 307-316.

| Maksa, G. Y., (1980), A remark on symmetric biadditive functions having nonnegative diagonalization,
Glasnik Math, 15 (35), pp. 279-282.

] Maksa, G. Y., (1989), On the trace of symmetric bi-derivations, C.R. Math. Rep. Acad. Sci. Canada, 9,
pp. 303-307.

] Ozturk, M.A. and Sapancy, M., (1999), On generalized symmetric bi-derivations in prime rings, East
Asian Mathematical Journal, 15 (2), pp. 165-176.

| Sapancy, M., Ozturk, M. A. and Jun, Y. B., (1999), Symmetric bi-derivations on prime rings, East Asian
Mathematical Journal, 15 (1), pp. 105-1009.

] Vukman, J., (1989), Symmetric bi-derivations on prime and semi-prime rings, Aequationes Mathemati-
cae, 38, pp. 245-254.



562

TWMS J. APP. ENG. MATH. V.9, N.3, 2019

[28] Vukman, J., (1990), Two results concerning symmetric bi-derivations on prime rings, Aequationes Math-

ematicae, 40, pp. 181-189.

[29] Cven, Y., (2009), Symmetric bi-derivations of lattices, Quaest. Math., 32, pp. 241-245.

Chiranjibe Jana received his Bachelor of Science degree with honours in Mathe-
matics in 2007 from Midnapore College, Pashim Medinipur, West Bengal, India and
Master of Science degree in Mathematics in 2009 from Vidyasagar University. He re-
ceived his Ph.D in Pure Mathematics with specialization of fuzzy BCK/BCl-algebra
and related Algebras in 2018, at the same university. His current research interest are
in the areas of multi-criteria decision-making, aggregation operator, similarity mea-
sure, neutrosophic set, fuzzy algebra and soft algebraic structures. He has published
12 papers in the reputed international SCI journals.

Khizar Hayat is a PHD mathematics student and research scholar in Department of
Mathematics and Information Sciences, Guangzhou University, China. He is working
under the supervision of Prof. Bing-Yuan Cao and Dr. Muhammad Irfan Ali. His
areas of interest are algebra, fuzzy sets, soft sets, graph theory and decision makings.
He has published more than 10 research articles in reputed international journals of
mathematical and engineering sciences.

Madhumangal Pal is a professor of Applied Mathematics, Vidyasagar University,
India. He received the Bharat Jyoti Award from International Friendship Society, New
Delhi, in 2012. Pal has published more than 200 articles in international and national
journals. His specializations include computational graph theory, genetic algorithms
and parallel algorithms, fuzzy correlation and regression, fuzzy game theory, fuzzy
matrices and fuzzy algebra. He is the editor-in-chief of Journal of Physical Sciences
and Annals of Pure and Applied Mathematics.




