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This theory considers every notion or idea <A> together with its opposite or negation
<antiA> and with their spectrum of neutralities <neutA> in between them (i.e. notions
or ideas supporting neither <A> nor <antiA>). The <neutA> and <antiA> ideas
together are referred to as <nonA>.

Neutrosophy is a generalization of Hegel's dialectics (the last one is based on <A> and
<antiA> only).

According to this theory every idea <A> tends to be neutralized and balanced by <antiA>
and <nonA> ideas - as a state of equilibrium.

In a classical way <A>, <neutA>, <antiA> are disjoint two by two. But, since in many
cases the borders between notions are vague, imprecise, Sorites, it is possible that <A>,
<neutA>, <antiA> (and <nonA> of course) have common parts two by two, or even all
three of them as well.

Neutrosophic Set and Neutrosophic 1ogic are generalizations of the fuzzy set and respectively
fuzzy logic (especially of intuitionistic fuzzy set and respectively intuitionistic fuzzy logic).
In neutrosophic logic a proposition has a degree of truth

(1), a degree of indeterminacy (I), and a degree of falsity (I), where T, I, I are standard
or non-standard subsets of /-0, 7+/.

Neutrosophic Probability is a generalization of the classical probability and imprecise
probability.

Neutrosophic Statistics is a generalization of the classical statistics.

What distinguishes the neutrosophics from other fields is the <neutA>, which means
neither <A> nor <antiA>.

<neutA>, which of course depends on <A>, can be indeterminacy, neutrality, tie game,
unknown, contradiction, ignorance, imprecision, etc.

All submissions should be designed in MS Word format using our template file:

http:// fs.unm.edu/NK/Nk-papet-template.doc.

A variety of scientific books in many languages can be downloaded freely from the Digital
Library of Science:

http:// fs.unm.edu/ScienceLibraryhtm.

To submit a paper, mail the file to the Editor-in-Chief. To order printed issues, contact the
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Article
A Study of the Neutrosophic Bimatrix

Malath F. Alaswad **
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Abstract: In this paper, the definition of neutrosophic bimatrix. The main objective is to define a
neutrosophic bipolynomial. And to find neutrosophic biinverse for neutrosophic bimatrix. And
finding the biinverse of the square neutrossophic bimatrix using the Kayley-Hamilton theorem, Also
defining the eigenvalues of the neutrosophic bimatrix and diagonalizing the neutrosophic bimatrix.

Keywords: Neutrosophic Bimatrices, Neutrosophic Bivectores, Bimatrices integers.

1. Introduction

Neutrosophic logic. Neutrosophy, Neutrosophic set, Neutrosophic probability and a like, are
recently creations of Smarandache F., being characterized by having the indeterminacy as component
of their framework,and a notable feature of neutrosophic logic is that can be considered a
generaliazation of fuzzy logics, encompassing the classical logic as well [1]. Also. F. Smarandache,
has defined the bimatrix integers in year 2005 in [1], and laplace equation for bimatrix [1]. Moreover,
he has defined the special types of bimatrix in [3]. Finally he introduced introduction to neutrosophic
bimatrix in [2].

Among the recent applications there are: neutrosophic crisp set theory in image processing
[6][7], neutrosophic sets medical field [8][9][10][11][12], in information geographic systems [13] and
possible applications to database [14]. Also, neutrosophic triplet group application to physics [15].
Morever Several researches have made multiple contributions to neutrosophic topological
[16][17][18][19][20][21][22], Finally More researches have made multiple contributions to
neutrosophic analysis [23].

2. Preliminaries

In this paper Ap = A; U 4, is called a bimatrix integers or a Neutrosophic bimatrix . Now, we
recall some definitions which are useful in this paper.

Definition 2.1. [1][2]

A bimatrix Agis defined as the union of two rectangular away of numbers A; and A, arranged into rows and
columns. It is written as follows Ag = A; U A,where A; # A,with:

1 1
a1 v Qi
: . : ) AZ =

1 1
Am1 " Amn

2 2
ap a1nl

2 2
Am1 " Omn
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'U' is just the notational convenience (symbol) only.

The above array is called a m by n bimatrix.

Definition 2.2. [1]

Let Ay = A, U A, be a bimatrix, If both A; and A, are m X n rectangular matrices then the bimatrix Ag
is called the rectangular m x n bimatrix.

Definition 2.3. [1]

Let Ay = A, UA, be a bimatrix, If both A; and A, are square matrices then Ag is called the square
bimatrix.

Definition 2.4. [2]

Let Az = A; U A, be a bimatrix, If one of matrices in the bimatrix Az = A; U A, is square and other is
rectangular or if both A; and A, are rectangular matrices say m, X n, and m, X n, with m; # m, or
n, # n, then we say Az is a mixed bimatrix.

Example 2.5. [2] Let:

Ap = A1UA; = 1 2 1] [ _]

Is a ectangular 2 x 3 bimatrix.

Example 2.6. [2] Let:

3
Ap = A,UA, = —1 1] [
_1 0 1 1 0
Is a mixed bimatrix.
Example 2.7. [2] Let:
3 01 4 1 1
-1 1 0 0 0 1

Isasquare 3 x 3 bimatrix.

Definition 2.8. [3]
Let Ap = A1UA; and Cp = C;UC;, beanytwo m x n bimatrix. The sum Dp of the bimatrices Ap and
Cp is defined as:
Dp = Ap + C5 = (AUAy) + (C,UC) = (4; + CHU(A, + C7)

Definition 2.9. [4]
Let Ap = A1UA; and Cg = C;UC;, be any two m x n bimatrix. Subtraction Dp of the bimatrices Ap
and Cp is defined as:

Dg = Ag — Cg = Ap + (=Cp) = (A4,U4,) + (-GU — C) = (41 — (U4, — ()
Definition 2.10. [5]
Let A =A1UA, and Cp =C{UC, be two m xn a square bimatrix. A product Dy = Ag.Cy =
(A,.C)U(A,.Cy) is bimatrix.
Example 2.11. [5] Let:

Ap = 102][ :]B _213—11]U[(3);_11]

Malath F. Alaswad, A Study of the Neutrosophic Bimatrix
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Then:

Rl | IR R | (P B e | Rt R [ O N

Example 2.12. Let:
3 1 5 -2 8 -1 9 2
-1 Zlu[l 1],CB=[4 ZlU[Z 9]
0 3 3 =2 -1 3 -1 1

HE el ke

Previous definitions can be reformulated by adding an indeterminacy.

AB=

Then:

3 11 [5 -2
AB—BB:AB+(—BB):”—1 2]u[1 1

0 3 3 -2

3. A Neutrosophic Bimatrix

Example 3.1. Let:

[3+I 2-1 —1]

Ap = A,UA; = 21 1] [1+1 1 0

Is a neutrosophic rectangular 2 x 3 bimatrix.

Example 3.2. Let:

2 I-1
-1 0

AB = A1UA2 =

31 1 ilu[_ﬂ

Is a neutrosophic mixed bimatrix.

Example 3.3. Let:

Ag = A,UA, =

3 0 1 41
2 1 1ol

-1 1+1 0 0

O R R
-
~ O |
P
—

Is asquare 3 x 3 neutrosophic bimatrix.

Note34. I?=1, 1.1=1.1=1, 0. =1.0 = 0, where | is indeterminacy.
Example 3.5. Let:

AB:E{ (I) 1_1] [Hl 1i1 —1+2] Cp = 01 0 —1] [1_3 301 —1_i1
Then:
R I SV P B (V) PR L) A S

=[_1_1 ; _1] [211+_12 311—+11 —21+1]

Example 3.6. Let:
21 I1-1 4] =21
Ap = 3-3 =2I|U|l0 3I

I1+2 0 -1 0

I 1—-1] [-5 I-2
21 -1 |ul 1 —1].c=

3 0 -1 I1-2

Malath F. Alaswad, A Study of the Neutrosophic Bimatrix
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I 1-1 21 I1-1 —51 [-2] [4 =2I

AB—BB={[21 —1] 31 -3 —21” {[1 —1]—[0 31”
30 I+2 -1 1-21 -1 o0

9] 31-2

—1 —21—1][ —51]

—-1+1 I-2
Definition 3.7. Let Ap = A;UA; aneutrosophic bimatrix. The neutrosophic transpose of a bimatrix Ap

Then:

is defined as:
= (A,U4,)T = ATUAT
Example 3.8. Let:

341 I 1
AB‘[ 1 o]U[1+1 0 )
Then:
-34+1 1 1 141
A= o —Ifull o0
1 0 1 -2

Note 3.9. (4p + C)T = AL + CF.

Example 3.10. Let:

31 1 1][4-1—1]

=121 0 241 1 2

=[—21 0 1—1]U[3I 0

2 I—-1 2 I—-1
Then:
31 1 1-N ¢4 1 I 31
At C=121 2+1] [ 2 1—1] [ ]+[ 1—1]
21 2— 4+31 1 1-1
AB+CB_[ 2 1+21 [ 3 I+1
21 1 4431 I
A +C)T=| 1 2 V] 1 3
2—1 1+21 1—-1 I+1
31 -1 4 1
T = (4,UA4,)T = ATUAY = 0
2+1 -
31
ck = (c,Uc)" = cfuct = 0
1—1 1—1 1—1
31 -1 1 0 21 1 4431 I
AL+ ¢t = 0 l [ 2]=[1 2 Jul 1 3
1 241 1—1 I—1 I—1 2—1 1421 1-1 I+1

Then: (4g + Cp)T = AL + CE.

Definition 3.11. Let A = A;{UA; be a neutrosophic square bimatrix. The bideterminant of a square
bimatrix Ag is an ordered pair (d,,d,) where d, = |A4,] and d, = |4,|. 43| = (d;,d,) where d; and d,
are reals integers or reals neutrosophic may be positive or negative or even zero.

Example 3.12. Let:
31 0
AB = A1UA2 =

l [t s

Malath F. Alaswad, A Study of the Neutrosophic Bimatrix
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Then:
dy = |4,] = 31 |i _11| —(0) |(2) _11| +(0) |(2) §| = 31(—1 —1) = =312 — 3] = =31 — 3] = —6l.

4+1 5

d; = 14;| = 21 0

| = (4 + 1)(0) — 5(=2I) = 101.

|AB| = (dl' dz) = (—61, 101)
Note 3.13. |Ag + Cg| # |Ag| + |C5l.
Example 3.14. Let:

AB=A1UA2=[_II zgl]u[l71 (I]]

(g = UG, = [1 ir11 —11] U [2131 5 _I]

0
Then:

AB+CB:[—II ZO—I]+ 1:1 —11]U[171 (I)]+[213£5 —0112[21_;11 2—121]U[411—_51 8
a, =t 1 | =@ +1)@-20-1@) =41 - 41> +2 -2 —21 31

=21 2-21I
=4l —41+2—-21 - 21 —31 = —1 + 2.

_|141—-1 0] _ _ _ _ _
d2—|1_5 O|_(41 1)(0) = (0)(I = 5) = 0.

|AB + CBl = (dpdz) = (_I + 2:0)
Now we have:

0

I
|A1|=|_I 2_I|=1(2—1)—(0)(—1)=21—12=21—1=1.

=" | =a-D@ -1 =0-r=-1

|AB| = (15_1)
cl=["*1 =0+ DEn-@En =P -1+ i= -2 =1
_ 3 -1 _ ~ — B
Gl=1]," ¢ =310 -1@1-5) =0-217+51 =21 +5 = 31.
Then:

|Agl + lcg|l = (I, —=1) + (—1,3I) = (0,2])
We note: (-1 + 2,0) # (0,2]).
Then:
|Ag + Cpl # |Ag| + |C5]
Definition 3.15. Let Ap = A;UA; a neutrosophic square bimatrix. The biinverse of Ap is written as:
Ap' = (A,UA) 71 = AT1UAG?

Note 3.16. A3'.Ap = Ap.A3' = Ip, And Az = é or Agt = A—IB.
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Note 3.17. (431~ = Ap.
Example 3.18. Let:

A =404, = [0 U3 2]

Then:
I —1
_ I I —1 — —
At = |A—1|[—2 —31] - —51[ Sl 5 O
—5] —5I
51 -1
45 1 r51 -1 [51 —1}_[151—7 151 —7
|A2| =7 31 151 - 31 -7 31
151 -7 151-7
Then:
I —1 51 -1
AEl — (A1UA2)—1 — AI1UA£1 — —_52[ :g; U 151; 7 15131—

—51 -5 l151—7 151-
4. Neutrosophic bipolynomial characteristic of neutrosophic bimatrix.

In this section is given the definition of the neutrosophic bipolynomial characteristic of neutrosophic bimatrix,
as well the operation of integration over it.
Defintion 4.1. Let Ap = A1UA; a square mixed bimatrix neutrosophic. Then we define the neutrosophic
bipolynomial characteristic of neutrosophic bimatrix A such as:

o(x) = (‘pl(x)u§02(x)) = (IxE; — A¢|U|xE; — A5])
Where E;, E, are a neutrosophic Unitary matrixes

Example 4.2. Let

AB - A]_UAZ

3|l 2

o(x) = (@1(x)U(P2(x)) = (|xE; — A;|U[xE; — Az])

1 1—1 x—1 =2 —-I+1
xE; —A; =x|0 =| -1 x -1
4

0 —4 4 x-—5I

—4
Then:

Now we have:

x—1 -2 —-I+1 £ -1 4 1 1
P10 = ek = A = :41; Z xilsl :(x_1)|4 x—51|+2|—4 x—51|+(_1+1)|—4

0 (x)=(x—Dx2=5Ix+4) +2(—x+ 5] —4) + (-1 + 1)(—4 + 4x)

@,(x) = x3 —5Ix? + 4x — Ix? + 51?x — 4] — 2x + 10] — 8 + 41 — 4Ix — 4 + 4x
@ (x) =x3—6Ix*+ (I +6)x + 101 — 12

Now:

xEZ—A2=x[(1) ] [31 1_4.]_|x—_3[1 x—I+4—

x—1

-3/ x—I+4|=(x—1)(x—1+4)_2(_31)

P2(x) = |xE;, — Ay| =
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@, (x)=x?—Ix+4x—x+1—4—6l=x*+(-1+3)x—5]—4
@,(x) =x*+(-1+3)x—5]—4
@) = (1)U, (x)) = (x® — 6Ix% + (I + 6)x + 10l — 12 U x2 + (= + 3)x — 5] — 4)
Theorem 4.3. The neutrosophic bipolynomial characteristic of neutrosophic bimatrix A = A{UA; is equal
a neutrosophic bipolynomial characteristic of their transpose.
proof. Let @(x) = (¢1(x)Ugp,(x)) is a neutrosophic bipolynomial characteristic of bimatrix neutrosophic
Ap = A1UA;3, and let ¢(x) = (¢1(x)Ug,(x)) is a neutrosophic bipolynomial characteristic of transpose
AL = (4,U4,)T = ATUATL. Then:
o(x) = (‘P1(x)U(P2(x)) = (|xE; — A1 |U|xE, — A,]) = (IxE; — A, |U|xE, — A, )T
= (IxE] — ATIUIXES — A7) = (41()U¢, (X)) = ¢ (x).
Theorem 4.4. Let Agp = A{UA; is a neutrosophic square bimatrix over field k. Then neutrosophic
bipolynomial characteristic of neutrosophic bimatrix Ap is equal neutrosophic bipolynomial characteristic
for any neutrosophic bimatrix similar of bimatrix Ap.
proof. Let Cp = C1{UC; is a neutrosophic square bimatrix over field k similar to neutrosophic bimatrix
Ap = A1UA,. Then we have a neutrosophic square bimatrix Pz = P,UP, where:
Cp = GUG = [P1_1A1P1]U[P2_1A2P2]

Now let @(x) = (¢,(x)Up,(x)) is a neutrosophic bipolynomial characteristic of a neutrosophic square
bimatrix Ap = A1UA;, and let Y(x) = (Y, (x)U,(x)) is a neutrosophic bipolynomial
characteristic of a neutrosophic square bimatrix Cgz = C;UC,. Then:
Y(x) = (‘-IJ1(x)U‘-|J2(x)) = (|xE; — C1|U|xE, — G,|) = (|xP{ Py — C1|U|xP2_1P2 -G

= (|xP1_1P1 _P1_1A1P1|U|XP2_1P2 _P2_1A2P2|)

= (IPf 1 (xE; — A1)P1|U|P2_1(XE2 —A)P,)

= |PY|xE; — A||P1[UIP; Y |XE, — Ayl |P,| = (IxE; — Ai|UIXE, — A,])

= (‘P1(X)U‘P2(x)) = @(x)
Definition 4.5 . Let f(x) = f,(x) U f,(x) is a neutrosophic bipolynomial characteristic over biring K[x]
where

fix) = apx™ + ap_ x" 1+ -+ ax +aq
fo(x) = bpyx™ + by_x™ 1+ -+ bix + by
And let Ag = A1UA; is a neutrosophic square bimatrix over bifield k. Then:
f(Ap) = f1(AD V f(42)
= (anAy" + an 1A+ Ay + ag) U (A" + by 1 A"+ o+ by Ay + by)

We call f(Ag) is a value neutrosophic bipolynomial characteristic for x = Aj.
Theorem 4.6.(Kayley-Hamilton theorem). Any neutrosophic square bimatrix (or mixed square) is root of this

neutrosophic bipolynomial characteristic.

5. Biinverse neutrosophic of a bimatrix neutrosophic by using Kayley-Hamilton theorem.

Let Ap = A1UA; is a neutrosophic square bimatrix (or mixed square), and let @(x) = (@1 (x)Ugp,(x)) is
a neutrosophic bipolynomial characteristic of Ag.

Method of solution.

We have by theorem 4.6 :

@(4p) = ((P1(A1)U‘P2(A2)) = (0,U0;)

Malath F. Alaswad, A Study of the Neutrosophic Bimatrix
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(p(AB) = (Aln + an_lAln_l + + a1A1 + ao) U (Azn + bn_lAzn_l + + b1A2 + bo) = (01U02)

Then:
{Aln +ap 1A+t a A+ ay =0
A+ by 1A+ o+ Ay + by =0
{A1" +ay 1 A"+t a Ay = —agly
A+ by A+ 4+ by Ay = —byl,
[A" 4 an 1 AP+ e+ ag )AL = —aoly
{[Az"‘1 + by 1A, + o+ b4y = —bl,

-1
a_ [Aln_l + an_lAln_z + 4 al] = AIl
f—1 0

-1
b_ [Azn_l + bn_lAZn_z + -+ bl] = Agl
0

Then:
At = ATTUAZT
Example 5.1. Find neutrosophic biinverse of neutrosophic bimatrix Ag by using Kayley-Hamilton theorem

Lol

@(x) = ((P1(x)U<P2(x)) = (|xE; — A;|U|xE; — 4,])
x—1 -1 2 2
ox)=]-3 x-1 ‘-1
=21 -3 -1
@(x) = (x3 + (=1 — 2)x? + (=51 — 2)x +4I — 15U x% — 2Ix — 5I)

where:

AB = A1UA2 =

21
Solution.

U|_

Now we have depending on theorem (4.6):
@(4p) = (§01(A1)U§02(A2)) = (0,U0,)
Then:
(A13 + (—1 —2)A,% + (=51 = 2)A; + (41 = 15)1; U A,* — 21A, — 511,) = (0,U0,)
A+ (- I—Z)A1 + (=51 —2)A, = —(41 —15);
A2 - 21A2 - 5112

=

) [4:% + (-1 = 2)A, + (=51 = 2)I;] = AT?

- —(41— 15 )
57 [A, — 211,] = A3*
Now we have:
I?+34+4] [+1+6 2[+4+1+2
A2 =AA, = =|3/4+3+421> 3+1+3] 6+I1+1
21 21 212 4+94+2] 2I1+3+3 41+31+1

5+3 I+7 31+2
=|51+3 3I+4 2/+6
41+9 2I+6 71+1
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I 1 2 —12-21 -[-2 -2—4
(~1=2A, =(-1-2)|3 1 I|=| -31-6 —-I1—-2 -12-2I

21 3 1 212 —4] -31-6 —1-2
l -3  -I1-2 =2I- 4]
=|-31-6 -I1-2 -3I
-6l -31-6 —I1-2
1 00 —51-2 0 0
(=51 —2)I; = (=51 —2) [0 1 Ol = [ 0 —51—2 0 l
0 0 1 0 0 —51 -2
Then:
) -3I+1 5 1-2
A" =——F———=<| 2I-3 =3I —-I+6
_(41_15)—21+9 -1 I-3
Now we have:

a-an =l -2y Y=l -5 2= 2

Then:
11 2
-1 _
Az _51[31 —1]
Then:
-3[+1 5 -2
1 lr—1 2
AF' = AT'UAT = ———121-3 31 —I+6|U| |
—(41—15)_21+9 ] [_3]| SIt3r I
6. Conclusion

In this paper, a new type of neutrosophic bimatrix has been defined, Moreover, we studied a neutrosophic
square bimatrix and a neutrosophic rectangular bimatrix and find a addition, Subtraction, and product for tow
neutrosophic square bimatrix (mixed square), Kayley-Hamilton theorem by neutrosophic. Also defintion of
other types of neutrosophic bimatrix can be found such as a neutrosophic symmatric bimatrix, a neutrosophic
skew symmatric bimatrix, and a neutrosophic Hermitian bimatrix, and a neutrosophic diagonatizable bimatrix
transformation. We will work on this in the future.
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Abstract: : In recent decades, Information and Communication Technology (ICT) has been advanced
and widely spread around the globe in addition to ICT revolution and technological advances are
considered the major role in the evolution of modern age, which is called "Digital Transformation
Age". Therefore, Electronic Technology (E-Technology) has become one of the most prominent
approaches such as Electronic Learning (E-Learning), Electronic Training (E-Training), Mobile
Learning (M-Learning), Virtual Lab (V-Lab), Virtual University, etc. E-Technology includes some
features, for instance anyone, anywhere, anytime and reducing of geographical barriers. E-
Technology is a great trend and influences many fields and sectors such as Learning, Training,
Military, Navy, Aviation, Medicine, and Digital space. According to nature of usage, E-Technology
can be used in positive or negative trends. E-Technology is considered as a valuable tool in
providing several opportunities for learning and training processes for individuals and
organizations, especially in critical issues. Finally, we give a quick overview of neutrosophic data and
some recent applications.

Keywords: Information and Communication Technologies (ICT), Electronic Technology (E-
Technology), Electronic Learning (E- Learning), Mobile Learning (M-Learning), Virtual Lab (V-Lab),
Neutrosophic Data.

1. Introduction

Currently, it is remarkable that the advancement of computers systems, the web and Information
and Communications Technology (ICT) has become very large and rapidly increased. ICT is
considered the main factor in the evolution of modern age called "Digital Transformation Age".
Moreover, we live in the digital century and ICT services. ICT has been helpful in several sectors, for
instance training, education, health, military and commerce. ICT refers to various groups of
technological instruments and resources that provide the possibility to connect and communicate. It
also provides the possibility to disseminate, create, manage and combine information. The widely
spread of ICT, especially the Internet, is one of the most iconic phenomena related to the "Digital
Transformation Age". ICT provides a lot of online services in several sectors, e.g. culture, defence,
medicine, entertainment and training.
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ICTs include a multitude of software, media, hardware and networks in order to gather, process,
transfer, display and store information (images - text- voice) in addition to the related services. ICTs
can be broken down into two main parts, the first part is Information and Communication
Infrastructure which indicates tangible telecommunication systems and networks (cable, satellite,
cellular) in addition to the services that relate those items (voice ,Internet, mail, television, and radio).
The second part is Information Technology (IT) which indicates the software and hardware used for
information saving, processing and displaying.

ICT approach prepares and supports a wide umbrella on the kind and nature of technology and
the methodology to apply and use several technologies, as well as it impacts on individuals,
communities and organizations [1]. According to UNESCO, ICT is defined as "The collecting of
informatics technology and other relevant technologies, particularly communication technology" [2].
We can define ICT as follows:

The technologies, including communication, computers and information equipment, which are
used by persons or organizations for many functions or tasks.

Mobile technologies are related to ICT. Mobile technology is being used in imparting
information fast and effectively. Now, we would like to illustrate the wide spread of ICT in everyday
life through the next Fig.1lwhich presents the developments of different items of ICT from (2001 to
2019) regarding International Telecommunication Union (ITU) [3].

e==Mobile-cellular telephone subscriptions

s |ndividuals using the Internet
100 - Fixed-telephone subscriptions

e Active mobile-broadband subscriptions

s Fixed-broadband subscriptions 83.0

Per 100 inhabitants

20 - 14.9
/ e —
12.1

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019*

0

Note: * Estimate
Source: ITU World Telecommunication /ICT indicators database

Fig. (1): ICT developments (2001 to 2019)[3]

In view of this, digital transformation has become a buzzword which draws attention and
interest of many individuals, researchers, institutions, organizations and countries. According to the
importance of digital transformation, there are several studies and publications about this trend. Fig.
2 indicates a notable increase in publications about digital transformation, especially in the previous
few years [4].

70

30

20
W Articles ™ Proceedings
10 I
- = [
Ul--'--l.\'-l-'il slilaas

1968 1986 1990 1994 1995 1996 1999 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Fig. (2): Publications and studies distribution on digital transformation [4]
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The ICT can be used in education, learning, training and giving lessons through the following

trends [5].
* Teaching

* Psychological Testing

* Virtual Laboratory

= Evaluation

* Diagnostic Testing

= Remedial Teaching

* Online Tutoring

» Instructional Material Development

* Development of Reasoning & Thinking

1. Electronic Technology

Nowadays, Electronic Technology (or E- Technology) usage trends have become enormous all
over the world. Smart digital devices, Internet, computers, software and other ICTs are common in
training and education organizations.

E-Technology can be used in positive trends, e.g. in learning, training, entertainment, industrial
systems, medical, commercial and military environments or negative trends, e.g. in electronic war,
electronic crime and etc. It is useful to throw light on positive and negative forms of E- Technology.
In Fig.3, we classified and illustrated some examples of most common idioms of positive and negative
forms relevant to E-Technology.

With no doubt, the global spreading of the Internet is rapidly growing and it is considered as a
major spark of E-Technology. In this context, according to ITU statistics Fig.4, it indicates the
percentage of users who use the Internet during the last years from 2005 — 2019[6].

/_

~

E-Learning

E-university

E-Training

E-Commerce

E-Crime

E-Hacking

E-Terrorism

/

Fig. (3): P./ N. forms of E-Technology  Fig. (4): Internet usage by Individuals [6]

2. Electronic Learning

50

30
20

10

Individuals using the Internet, 2005-2019*

wn o "

~§ ~
suo||ig

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019*

Number of Internet users (left axis) =fi=Percentage of Intemet users (right asis)

Note: * ITU estimate

Source: ITU.
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Over recent years, Electronic-Learning (E-Learning) has been commonly increased as one of
the new digital technologies around the world. The interest and demand for E-Learning have been
growing around the world. In Egypt, E-Learning has been greatly supported in the last few years. In
this regard, the supportive trend of E-Learning technology has been performed in the last few years,
e.g. the Egyptian authorities have established the Egyptian University of E-Learning in addition to
E-Learning project which is related to the Supreme Council of Universities. The term 'E-Learning’ can
be confusing. Next lines will demystify the term and outline key terminology. There are several
definitions and concepts to describe and determine modern and various sides of E-Learning
technology.

= "E-Learning technology represents all forms of electronic supporting, learning and teaching
which are procedural in character and aim to affect the construction of knowledge with
reference to individual's experience, practice and knowledge. Information and
communication systems, whether networked or not, serve as specific media (specific in the
sense elaborated previously) to implement the learning process"[7].

* E-Learning technology is defined as "individualized instruction delivered over public
(internet) or private (intranet) computer networks. E-Learning is also referred to online
learning, Web-Based Learning (WBL) and virtual classroom. E-Learning was first called
Internet-Based Training (IBT) then Web-Based Training (WBT). Today you will still find
these terms being used, along with variations of E-Learning"[8].

= From our point of view, E -Learning Technology is the use of ICT in the process of education,
training or learning anytime and anywhere. E-Learning is a vital phenomenon in many areas.

= There exit two major kinds of E-Learning. On one hand, synchronous E-Learning. On the
other hand, asynchronous E-Learning [9].

=  Synchronous-Learning( simultaneous method) is considered as a participation between
instructors and learners in the same time at different places .Synchronous E-Learning
approach takes a set of ways, e.g. real-time conferencing and multicast.

* Asynchronous E-Learning (not simultaneous method) is free of simultaneous manner
participation between instructors and learners. It provides more opportunities for learning
or training at any time. Asynchronous E-Learning approach usually takes patterns, for
instance, collaborative systems for discussion-organization or corporation Intranets which
spread the training to its member’s electronic mail.

In Synchronous E-Learning type, persons feel more interactive with other members of learning

society. Asynchronous E-Learning type is a suitable type in some cases. Persons or organizations can
choose between Synchronous method or Asynchronous method according to their needs.

3. Mobile Learning

Mobile-Learning (M-Learning) trend merges E-Learning technology and mobility approach [10].
M-Learning is considered as a special form and subset of E-Learning in addition to the use of mobile
devices and modern mobile technologies. M-learning changes the manner of learning or training due
to its availability, flexibility and interactivity. Fig.5, determines M-Learning and E-Learning [11].

The first researches, articles and studies which are published about M-Learning had started
around 2000. M-Learning approach is freely afforded by Mobile devices that encourage the person to
learn or train without traditional learning methods constraint [12]. The term M-learning includes the
features of mobility and wireless network technologies in addition to be used in the learning, training
and education processes [13].
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Learning

E-learning

M-learning

Fig. (5): Relationship between E& M-Learning [11]

M-Learning is a creative and flexible way in learning, education, teaching and training. People
can easy access Internet, move and travel freely at any location such as club, institute, store,
organization, capital city and village. They can learn or train at any place and anytime, single or in
group. M- Learning can be defined as "a type of learning that takes place through portable devices
which provide its users to meet their needs within seconds in terms of accessing, changing data and
communicating with others without sticking to anything or anywhere".

According to Fatih Project in the field of Education (2006-2010) at Turkey which was supported
by Ministry of National Education. In this project, there exist objectives which mentioned in Table 1
and there are organizations, for instance institutes, universities, and companies have been using some
applications about mobile learning approach. The trend to M- Learning will increase [14].

Table (1): Goals of Fatih Project [14]
OBJECTIVES OF FATIH PROJECT IN EDUCATION

To develop life-long learning, make the individuals improve

themselves through e-learning, to improve the e-content theyv use

Every student graduating from a high school should have the ability

to use information technology and basic knowledge

By means of using internet effectively, one out of every three should

get the benefit of e-education services,

Offering every individual opportunity to use and learn information

and comnmnication technology

One out of two should be internet user

To make the internet a safe environment for all the community

In short look, Fig.6 can determine the concept of M-Learning as the using of mobility, mobile
devices and mobile technologies at anytime/anywhere for training or learning. M-Learning achieves
high level of user friendly and user interaction aspects. Flexibility from fixed places constraint is a
vital property of M-Learning.

M-Learning

! |
Mobility Mobile Mobile
’ devices technologies

Fig. (6): M-Learning concept
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M-Learning is extremely widespread multidisciplinary study trend around the world. It has
attracted a prominent interest from many researchers who have realized the importance to support
and apply mobile technologies to improve learning process. There are perspectives and theories of
mobile learning in addition to some M-Learning practices that are executed in many different trends,
for example university, corporate and military. Attention of persons about M- Learning is coming
due to the availability of mobile devices to many people, handheld, ubiquitous and flexibility of
access. Some scientists describe M- Learning as an expansion of E-Learning [15]. M-Learning can be
used in some cases such as disabled and injured students or teachers, suspension of the study process
and emergencies.

4. Electronic Training

The developments of ICT and computer systems are important factors of emergence of
Electronic-Training (E-Training) which is considered as a form of E-Learning and used in many fields
such as organizations and corporate E-Learning (or E-Training). Web-based training (WBT) and
Video conferences technologies are considered as major types for E-Training. According to previous
study, E-Training technology can be described as "any type of training provided in organizations via
electronic media which include self-paced learning from Intranet, learning from CD-ROM at work,
training provided by instructors live through Webcast and recorded sessions of past webcast
trainings available to employees and others"[16]. Fig.7 shows and indicates training term from E-
Learning Technology perspective [17].

Tralning Education Information Technology
Learning Knowledge
management
E-learning

Fig. (7): An overview of areas of Thought and Practice connected to E-Learning [17]

It is worthy to describe and discuss Training and E-Training terms as follows:
* Training term is an activity to enhance performance, achievement and behavior of
persons. The training process goal often supports the need to increase productivity, as
well as to motivate, encourage and inspire persons [18].
*  E-Training is a process of knowledge acquisition and increasing of performance through
using of technological means.
] E-Training has features such as anytime, anywhere, cost effective, low risk, user
interaction, convenience and facilities.
=  E-Training can be described as the use of technology to enable trainees to acquire certain
skills and knowledge from a trainer via electronic means [19].
E-Training is considered as a powerful tool in eliminating geographical obstacles aspect between
the trainee and trainer in addition to effort and time aspect. The user can train at anywhere and

anytime without obstacles. E-Training approach can contribute in the acquiring skills, employee
training and human resources areas. It is considered as a powerful source for developing and

A. Abd ELhamidl, A. A. Salama, Shimaa. I. Hassan, N. M. A. Ayad; Insights about Electronic Technology in Digital
Transformation Age & Neutrosophic Data Structure



Neutrosophic Knowledge, Vol. 2, 2021 17

drawing the future strategy. The styles of E-Training can be summarized in the following Fig.8 [20].
E-Training is a vital way in particular sectors such as engineering, medical, nursing and risk
experiments.

Fig. (8): E-Training styles [20]
5. Virtual Lab

Virtual Lab (V-Lab) is an effective trend in many fields and scenarios. V-Lab is a cheaper method
than the founding of the traditional laboratory [21]. It is worthy to illustrate and describe the concept
of V-Lab. V-Lab can be defined as "an electronic workspace for distance collaboration and
experimentation in research or other creative activities, to generate and deliver results using
distributed ICTs. In the broadest sense, a V-Lab is "a collaboration focused on achieving particular
ingenuity and/or decision support objectives. Therefore, the V-Lab may encompass almost all spheres
of human intellectual endeavours"[22]. V-Lab is a possible extension to traditional lab while it creates
new chances not available through traditional lab at an inexpensive cost. For example of V-Lab, Fig.9
shows V-Lab in chemistry field with activity of water hardness determination and removal [23]. V-
Lab provides a flexible way and user-friendly manner to perform experiments. V-Lab is an effective
learning and training tool, especially suited for E-Learning and E-Training fields. A distinct example
of V-Lab also in chemistry field can be shown in Fig.10 [24]

Fig. (9): Water hardness determination and removal activity in V-Lab [23]
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Fig. (10): Screenshot of V-Lab in chemistry field [24]

In view of this, undoubtedly, simulation is a powerful technique in several fields due to
decreased cost, good quality and avoided risks. The using of simulation and packages in E-Learning
brings the learners or the trainees close to the real life experiments and tests. The new tendency of
requirement for the upcoming community of E-Learning Technology is "simulation-based E-
Learning". Simulation allows us to reduce risk by enabling us determine the right and correct

procedures instead of doing incorrect ones. Simulation technique can be described as follows:

"The process of designing a model of a real system and conducting experiments with this model
for the purpose of understanding the behaviour of the system and /or evaluating various strategies

for the operation of the system "[25].

Moreover, simulation technique is connected with E-Learning. Many studies and researchers
believe that simulation technique is one of the most kernels and strategies of E-Learning technology

as depicted in Fig.11 [26].

Sunulations

Learning

Fig. (11): The relationship between simulation and E-Learning [26]

6. Recommendation and Vision

Undoubtedly, there are some significant factors which can reflect negatively on the process of
education such as mentioned in Fig. 12. Currently, the hot example is spreading of the novel corona

virus COVID-19 around the world which is forcing for suspension of the educational process.
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Fig. (12): significant factors that reflect on the process of education [27, 28]

There is a digital vision for facing this issue that is digital potentials of E-Technology such as E-
Learning, M-Learning, E-Training, and V-Lab which can create extraordinary opportunities for the
student community. The major slogan of E-Technology in digital transformation age and current
century in the education field can be shown in the following Fig.13.

Any content
Y /

Fig. (13): A slogan of E-Technology

In particular, the progress and growth in technologies and techniques such as E-Learning, M-
Learning, E-Training, V-Lab and Simulation are becoming noteworthy. Therefore, an extremely use
of these technologies and techniques is recommended, especially in critical times. In this context, with
the outbreak of a novel coronavirus, the virtual scientific conferences and symposiums are becoming
more available.

7. Neutrosophic Data and Technology

Currently, Neutrosophic approach is one of the most approaches, which considered as a
precious modern approach. With the increasing popularity of Neutrosophic approach, the
development of this approach became a great trend of science, which has its own rules and principles.
The overwhelming spread of Neutrosophic approach in the late 20th century has provided a new
trend into the debate and research. As well as, it has offered a worthwhile forum and symposiums.
Florentin Smarandache 1995 in [29-32] provided the first touches of Neutrosophic approach and
Neutrosophy. Salama et al. in [33-38] introduce and study many applications in mathematics,
computer sciences and information systems Data-driven problems are relevant to a variety of
disciplines and can be constituted, examined, and solved in numerous possible ways. It is common
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for the information involved in such problems to not be perfect and to include uncertain, imprecise,
and vague data. For this reason — because they are likely to involve indeterminate data - data-related
problems cannot be satisfactorily solved by using fuzzy set, intuitionistic fuzzy, or their extensions.
Neutrosophic theory, on the other hand, is an efficient tool for solving data-driven problems
connected with indeterminacy. This based on the capacity of neutrosophic theory to deal with every
element of a problem in addition to their conflicts and their hybrid behavior with other types of sets
like rough sets, soft sets, and bipolar sets. Such a potential has resulted in the increasing use of
neutrosophic theory in the development of applications relevant to a variety of data-driven problems,
including data mining, e-learning, image processing, classification of pattern, clustering, medical
diagnosis and so forth.

Employing neutrosophic theory in the field of artificial intelligence is becoming more and more
popular as it is considered to offer optimum results. In this respect, neutosophic logic, sets,
probability, and statistics, have all been used in the development of artificial intelligence applications
and tools, including among others robot mapping, automatic decision making, satellite image
segmentation, medical diagnosis, neutrosophic cognitive maps, linear and non-linear programming.
This vast variety of uses of neutrosophic theory in artificial intelligence has given rise to unique
questions and has introduced novel ideas to solve critical problems.

Applications of neutrosophic theory have begun to develop Al applications in a variety of
scientific fields, including modeling and simulation, physics, computer science, engineering, biology
and chemistry, and industrial and computational engineering, which address issues related to
uncertainty, uncertainty, and imprecision. Ambiguity, inconsistency and incompleteness of
information
8. Conclusion

This study shows the importance of modern technologies and techniques which can be applied
to eliminate geographical locations between countries and use them during critical times. Certainly,
ICT is a vital field and can provide appropriate solutions in many sectors. E-Technology has positive
and negative forms. Hence, it is necessary to avoid the bad approach of E-Technology. The slogan of
E-Technology in digital transformation age is anyone- anywhere- anytime- any content. Remote
experimentation is a suitable, flexible and alternative solution for avoiding some problems for
instance unique or expensive equipment/materials. Therefore, V-Lab has none of the restrictions
faced traditional laboratories due to flexibility of accessing to lab resources and decreasing budget
constraints. Besides, V-Lab is a proper technique for provide safety approach instead of expensive
cost of material and it lowers the risk of some experiments and hazardous materials.

Ultimately, E-Technology is a magic tool and appropriate lifelong solution or remote learning,
especially to continue the education process at academic institutions during critical circumstances or
locations such as novel corona virus COVID-19, distant places, rural areas and issues in Palestinian
territories. Finally, the concluding remarks could be made as follows:

= Neutrosophic approach is a rapid growing trend and it is a robust and effective tool in varied
fields such as computer sciences, information systems Mathematics, Statistics medicine,
nursing, engineering, commerce, etc.

= Neutrosophic approach provides a worthwhile means of scientific research and opens new
prospects.

*  Neutrosophic approach has increased popularity around globe and drawn attention for the

research audience.
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Introduction

The neutrosophic set was introduced by Smarandache in [3,4,7] and Salama introduced the
neutrosophic crisp set neutrosophic topological spaces and many applications in computer
science and system [5,6,8], information systems. The fundamental concepts of neutrosophic set,
introduced by Smarandache in 2002 [3, 4] and Salama in [5-14], provides a natural foundation for
treating mathematically the neutrosophic phenomena which exist pervasively in our real world and
for building new branches of neutrosophic mathematics. neutrosophy has laid the foundation for a
whole family of new mathematical theories generalizing both their classical and fuzzy counterparts
[1, 2, 3,4,5,7], such as a neutrosophic set theory, in this paper is to introduce and study some new
neutrosophic fuzzy pairwise notion via neutrosophic fuzzy pairwise ideals. We, also generalize the
notion of crisp PL-open sets due to Abd El-Monsef, et. al [1,2]. In addition to generalize the concept
of crisp PL-closed sets, NPL-continuity and NPL-open functions. A neutrosophic fuzzy quasi-
pairwise L-openness and neutrosophic fuzzy quasi-pairwise L-continuity are considered as a
generalization of a fuzzy PL-openness and fuzzy PL-continuity which are known before.

1. Terminologies

We recollect some relevant basic preliminaries, in the following references [5-14].

2. Neutrosophic Fuzzy pairwise L-continuous Functions.

By utilizing the notion of NFPL-open sets, we establish in this article a class of neutrosophic
fuzzy NFPL-continuous function which contained in the class of neutrosophic fuzzy pairwise pre-
continuous function.
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Each of neutrosophic fuzzy PL-continuous and neutrosophic fuzzy pairwise continuous
function are independent concepts. Many characterizations and properties of this concept are
investigated.

Definition 2.1: A Neutrosophic fuzzy pairwise function f : (X, t;) — (Y, T),i € {1,2} with
neutrosophic fuzzy ideal L on X is said to be neutrosophic fuzzy PL-continuous if for every
<&,p,0>inT, f71(<Ep,0>) in NPLO(X).

Remark 2.1: Every NFPL-continuity is neutrosophic fuzzy pairwise precontinuity but the converse
may be not true in general as seen by the following example.

Example 2.1: Let X=Y={x}, 1;,i € {1,2} may be neutrosophic fuzzy pairwise indiscrete bitopological
, 6 may be neutrosophic fuzzy pairwise discrete bitopological and L={Oy,,< wo,u>}Vv
{x€=<a_yﬁ>: £ < Xco20508>] < HO,u> (x) =<0.2,0.50.8 >. The neutrosophic fuzzy pairwise
identity function f : (X,t)) — (Y,T),i€ {1,2} may be neutrosophic fuzzy pairwise
precontinuous but not neutrosophic fuzzy NPL-continuous, since < p,0,u>inT while
f~Y(< w,0,u>) & NPLO(X).

Theorem 2.1: For a function f:(X,1;) — (Y,T),i € {1,2} with neutrosophic fuzzy ideal L on X the

following are equivalent
(i.) f may be neutrosophic fuzzy NFPL-continuous.

(ii.) For X¢—<qyp> in X and each <€, p,6 > inT containing f (Xs=<a,y,6>)v there exists < y,o,u >
in NPLO(X) containing X¢—«y,p> such that (< p,o,u>)<T.

(iii.) For each neutrosophic fuzzy pairwise point Xg—<qyp> in X and <&,p,0 > in T containing
f (x€:<a,y,3>), (f~*(@)* may be neutrosophic fuzzy pairwise npbd of x.

(iv.) The inverse image of each neutrosophic fuzzy pairwise closed set in Y may be
neutrosophic fuzzy NPL-closed.

Proof: (i.)—(ii.). Since < &,p,0 > in T containing f(xsz<a_y_ﬁ>), then by (i), f~*(< & p,0 >) in NPLO(X),

by putting < ,0,u >=f"1(<§,p,0 >) which containing X.-<qyp> , we have f(< y,0,u>) in

T (ii.) —(iii.). Let <&,p,0 >inT containing f (X€=<Q,Y,B>). Then by (ii) there exists < p,o,u >

in NFPLO(X) containing Xe—<qyg> such that ( <pou> )X 0, S0 Xe—cqyps N

< o,u>< Nint < p,0,u >*< Nint(f"1(<&p,0>)) "< (fU(<Ep,06>))" . Hence (f7I(<

€ p,0>))" may be neutrosophic fuzzy npbd of X.—.qy,g>-

(iii.)—(i.) Let <&, p,8 > in T, since (f (< & p,0 >)) may be neutrosophic fuzzy pairwise npbd of any
point f~1(< & p,0>), every point Xe—cqyp> in (f1(<Ep,6 >))* may be a neutrosophic
fuzzy pairwise interior point of f (<& p,0>)" .Then f~1(<§p,0>) < Nint(f *({ <
§p,0>))" and hence f may be neutrosophic fuzzy pairwise NPL-continuous.

(i.) =(@v.) Let <€,p,0 > inT be a neutrosophic fuzzy pairwise closed set. Then < §,p,8 >¢ may be
neutrosophic fuzzy pairwise open set, by fFU<Ep,0>%) =f1(<Ep,B>)C
in NPLO(X). Thus f~*(< & p, 0 >) may be neutrosophic fuzzy pairwise NFPL-closed set.

The following theorem establish the relationship between neutrosophic fuzzy pairwise NPL-
continuous and neutrosophic fuzzy pairwise continuous by using the previous neutrosophic fuzzy
pairwise notions.

Theorem 2.2: Givenf:(X,1;) — (Y, T),i € {1,2} may be a function with neutrosophic fuzzy ideal L on
X then we have. If f may be neutrosophic fuzzy pairwise NPL-continuous of each neutrosophic

fuzzy pairwise’-perfect set in X, then f may be neutrosophic fuzzy pairwise continuous.
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Proof: Obvious.
Corollary 2.1: Given a function f:(X 1) — (Y,T),i € {1,2} and each member of X may be
neutrosophic fuzzy pairwise-dense-in-itself.
Then we have
(i.) Every neutrosophic fuzzy pairwise continuous function may be neutrosophic fuzzy
pairwise NFPL-continuous.
(ii.) Each of neutrosophic fuzzy pairwise precontinuous function and neutrosophic fuzzy
pairwise NFPL-continuous are equivalent.
Proof: It's clear.
3. Neutrosopic Fuzzy quasi pairwise NFPL-open and Neutrosophic Fuzzy quasi pairwise NPL-
continuity.
Definition 3.1: In a nfbts (X,7;),1€{1,2} with neutrosophic fuzzy ideal L onX, i, o,uinI* is said to be
neutrosophic fuzzy quasi pairwise NPL-open if < p,0,u ><Ncl(Nint(< p, o,u >%)), < |, 0,u > may
be called neutrosophic fuzzy quasi pairwise NPL-closed set. The collection of all neutrosophic fuzzy
quasi pairwise NFPL-open sets of (X,7;),i€{1,2} will denoted by NFQPLO(X,1;),i€{1,2} .
The connection between neutrosophic fuzzy quasi pairwise NFPL-openness with some other
corresponding types have been given throughout the following implication
NPL-open = ——— ¥ quasi NPL-open
Proposition 3.1: Arbitrary union of neutrosophic fuzzy quasi pairwise NPL-open sets may be
neutrosophic fuzzy quasi pairwise NPL-open.
Proof: let (X,7;),ie{1,2} a nfbts with neutrosophic fuzzy ideal L on X and
< W,0,u >; in NQPLO(X) this means that for each for i€eN,
<pou>< Ncl(Nint(< u,0o,u >*)) and S0, ]el\-/lN< wo,u>; <

jenn Ncl (Nint (< I, o,u >*])> < Ndl (V (Nint(< I, o,u >*))) < Ncl(Nint(V< y, 0,u >)*).

Hence&yn< 1, 0,u >;€ NQPLO(X).
Above two results are useful to obtained the following theorem.
Theorem 3.1: For a NFTS (X,7;),1€{1,2} withneutrosophic fuzzy ideal Ly, the class NFQPLO(X) forms

a neutrosophic fuzzy pairwise suprabitopological.

Proof: Follows by the fact 0'n=0x and both of the fact 1y-<n 56> = 1'N=<n 50> and proposition 3.1.
Remark 3.1: A finite neutrosophic fuzzy intersection pairwise of neutrosophic fuzzy quasi pairwise
NPL-open may be neutrosophic fuzzy quasi pairwise NPL-open.
Theorem 3.2: NFQPLO(X,7;),1€{1,2} from a neutrosophic fuzzy bitopological.
Proof: Follows directly from Theorem 3.1 and Remark 3.1.
Theorem 3.3: For a NFTS (X, 1;),i€{1,2} with neutrosophic fuzzy ideal LonX. The following
statements are verified.

(i) If L={On=<n,5,6>} then NFQPLO(X,7;) = NPBO(X, 1;),i€{1,2}.

(ii) If L={I*} then NQPLO(X, 7;) = NPLO(X, 1;), i€{1,2}.

(iif) If L neutrosophic fuzzy ideal on X, each neutrosophic fuzzy quasi pairwise NPL-

open(resp. neutrosophic fuzzy semi pairwise open) which it is neutrosophic fuzzy
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pairwise-closed (resp.PNF-dense — in itself) may be neutrosophic fuzzy semi pairwise
open (resp. neutrosophic fuzzy quasi pairwise NFPL-open).
Proof: Obvious.
Theorem 3.4: In a NFTS (X, 1;),i€{1,2} with neutrosophic fuzzy ideal L,onX, if <p,ou>
in NQPLO(X, 7;),i€{1,2} , then it may be neutrosophic fuzzy semi pairwise open.

Hence we can deduce that an neutrosophic fuzzy quasi pairwise NPL-open set which is
neutrosophic fuzzy pairwise™-closed for any (X,7;),i€{1,2} with neutrosophic fuzzy ideal L may be
equivalent with the neutrosophic fuzzy quasi pairwise NPL-openness in (X, 1;),i€{1,2} with
neutrosophic fuzzy ideal L, which may be useful to obtain the following.

Proposition 3.2: In a nfbts (X,1;),i€{1,2} with neutrosophic fuzzy ideal LonX, any neutrosophic
fuzzy pairwise preclosed set p,o,u in I¥""8 is neutrosophic fuzzy pairwise regular closed if one of
the following hold:

(i) < wo,u> maybe PNF-closed and neutrosophic fuzzy quasi pairwise NFPL-open.

(il) < u,0,u > in NQPLO(X, 7;), i€{1,2} with neutrosophic fuzzy ideal L.

Definition 3.2: A function f:(X,t;) — (Y, T),i € {1,2} with neutrosophic fuzzy ideal Lon X may be
called neutrosophic fuzzy quasi pairwise NPL-continuous if for every pouinT, f71(<
u,o,u >)in NFQPLO(X, 1;),i € {1,2}.

The relationships between this new class of functions and some types of known continuous ones

are obtained as follows.
NFPL-continuity = —— §NF quasi pairwise PL-continuity
Proposition 3.3: The following equivalents are verify
(i) f:Xt)— (Y, T),i€{1,2} with neutrosophic fuzzy deal L={Oy-<ys06>}, may be
neutrosophic fuzzy quasi pairwise NFPL-continuous iff it may be neutrosophic fuzzy
pairwise NFPB-continuous.
() f:(X, 1)) — (Y,T),i € {1,2} with neutrosophic fuzzy ideal L={I*}, may be neutrosophic
fuzzy quasi pairwise NFPL-continuous iff it may be NFPL-continuous.
Theorem 5.3: For a function f:(X,t;) — (Y,T),i € {1,2} with neutrosophic fuzzy ideal L on X, the
following are equivalent:

(i.) f may be neutrosophic fuzzy quasi pairwise NFPL-continuouis.

(ii.) The inverse image of each neutrosophic fuzzy pairwise closed set in (Y,T) may be
neutrosophic fuzzy quasi pairwise NFPL-closed.

(iii) For each x inX and each pouinT containing f(x). There exists
< A w,k > in NFQPLO(X, T;),1 € {1,2} containing X such tha
f(<Awx>) << yo,u>.

Proposition 3.4: For a function f:(X,t;) — (Y, T),i € {1,2} with neutrosophic fuzzy ideal L on X, the
following are true.
(i) A neutrosophic fuzzy quasi pairwise NFP L, - continuous function may be
neutrosophic fuzzy pairwise semi continuous.
(if) A neutrosophic fuzzy quasi pairwise NFPL-continuous (resp. Neutrosophic fuzzy

pairwise semi-continuous) and for each po,uinT, f'(<po,u>) may be
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PN'F-closed (resp.PN'dense-in-itself) then f may be neutrosophic fuzzy pairwise semi

continuous (resp. Neutrosophic fuzzy pairwise NFPL-continuous).

Relations: The following Graph represent the relation between the concepts

Fig.(3.1) Fig.(3.2) Fig.(3.3)
Crisp Ideal Crisp Open Crisp Countiuns. Function
!
Intistiontic.risp Ideal Intistiontic crisp L- Open Intistiontic Crisp Countiuns.
Function
Neutrosophic. Crisp Ideal Neutrosophic. Crisp L-Open

Neutrosophic Crisp
Neutrosophic. Fuzzy Ideal NF L-Open Countiuns Function

NF Count. Function

4. Conclusions

The notions of the sets and functions in neutrosophic fuzzy bitopological spaces are highly

developed and several characterizations have already been obtained. These are used extensively in

many practical and engineering problems, computational bitopology for geometric design,

computer-aided geometric design, engineering design research, Geographic Information System

(GIS) and mathematical sciences.in this paper may turn out to be useful in quantum physics. Several

characterizations of neutrosophic fuzzy sets and several generalizations of neutrosophic fuzzy

continuous functions may also lead to some interesting indepth analytical study and research from

the view point of neutrosophic mathematics.
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Abstract: The neutrosophic logic and theory has been established by the Italian Mathematician
Florentin Smarandache on 1995. The first publication on neutrosophic logic was released since 1995
by the article entitled (Neutrosophic Logic and Set), this paper discussed a new branch of
philosophy and mathematics which studies the origin, nature, and scope of neutralities, as well as
their interactions with different ideational spectra , therefore, the word (Neutrosophic) has been
coined for the first time at 1995 and it is constructed of two syllables ( the first syllable is Latin [ Neuro]
in French [ Neutre] which means Neutral, the second syllable is [Sophia] which is a Greek word means
skill or wisdom, so the word (Neutrosophic) means (the knowing of the neutrality thought). This
article will spot light to this mathematical concept, wherein a brief history about the studies that dealt
with this topic would presented, specifically by Arabian researchers, and the role of them in

developing the neutrosophic logic.
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