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Aim and Scope

International Journal of Neutrosophic Science (IJNS) is a peer-review journal publishing high quality
experimental and theoretical research in all areas of Neutrosophic and its Applications. IJNS is
published quarterly. IJNS is devoted to the publication of peer-reviewed original research papers lying in
the domain of neutrosophic sets and systems. Papers submitted for possible publication may concern with
foundations, neutrosophic logic and mathematical structures in the neutrosophic setting. Besides providing
emphasis on topics like artificial intelligence, pattern recognition, image processing, robotics, decision
making, data analysis, data mining, applications of neutrosophic mathematical theories contributing to
economics, finance, management, industries, electronics, and communications are promoted. Variants of
neutrosophic sets including refined neutrosophic set (RNS). Articles evolving algorithms making

computational work handy are welcome.

Topics of Interest

IINS promotes research and reflects the most recent advances of neutrosophic Sciences in diverse

disciplines, with emphasis on the following aspects, but certainly not limited to:

[ Neutrosophic sets [J Neutrosophic algebra
[ Neutrosophic topolog [ Neutrosophic graphs
[ Neutrosophic probabilities [J Neutrosophic tools for decision making
[ Neutrosophic theory for machine learning [ Neutrosophic statistics
[ Neutrosophic numerical measures (] Classical neutrosophic numbers
[ A neutrosophic hypothesis [ The neutrosophic level of significance
(1 The neutrosophic confidence interval [l The neutrosophic central limit theorem
| Neutrosophic theory in bioinformatics
CJand medical analytics 1 Neutrosophic tools for big data analytics
Tl Neutrosophic tools for deep learning 71 Neutrosophic tools for data visualization

[ Quadripartitioned single-valued
Cneutrosophic sets [ Refined single-valued neutrosophic sets
1 Applications of neutrosophic logic in image processing

1 Neutrosophic logic for feature learning, classification, regression, and clustering
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[ Neutrosophic knowledge retrieval of medical images

[ Neutrosophic set theory for large-scale image and multimedia processing
[ Neutrosophic set theory for brain-machine interfaces and medical signal analysis
[ Applications of neutrosophic theory in large-scale healthcare data

[J Neutrosophic set-based multimodal sensor data

[ Neutrosophic set-based array processing and analysis

[ Wireless sensor networks Neutrosophic set-based Crowd-sourcing

[J Neutrosophic set-based heterogeneous data mining

[7 Neutrosophic in Virtual Reality

[7 Neutrosophic and Plithogenic theories in Humanities and Social Sciences
[0 Neutrosophic and Plithogenic theories in decision making

[ Neutrosophic in Astronomy and Space Sciences
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Abstract

In this paper we give a comprehensive presentation of the notions of filter base, filter and ultrafilter on single
valued neutrosophic set and we investigate some of their properties and relationships. More precisely, we
discuss properties related to filter completion, the image of neutrosophic filter base by a neutrosophic induced
mapping and the infimum and supremum of two neutrosophic filter bases.

Keywords: neutrosophic set, single valued neutrosphic set, neutrosophic induced mapping, single valued
neutrosophic filter, neutrosophic completion, single valued neutrosophic ultrafilter.

1 Introduction

The notion of neutrosophic set was introduced in 1999 by Smarandache [20] as a generalization of both the
notions of fuzzy set introduced by Zadeh in 1965 [22] and intuitionistic fuzzy set introduced by Atanassov in
1983 [2].

In 2012, Salama and Alblowi [[17] introduced the notion of neutrosophic topological space which gen-
eralizes both fuzzy topological spaces given by Chang [_8] and that of intuitionistic fuzzy topological spaces
given by Coker [9]]. Further contributions to Neutrosophic Sets Theory, which also involve many fields of
theoretical and applied mathematics were recently given by numerous authors (see, for example, [|6], [3[], [4],
[15], [1], ['13], [14] and [[16]). In particular, in [[18]] Salama and Alagamy introduced and studied the notion of
neutrosophic filter and they gave some applications to neutrosophic topological space.

In General Topology, filter bases, filters and ultrafilters are widely known notions and very popular tools

for proving many properties and characterizations (see, for example [5.[7,/10]).
Rather surprisingly, despite the fact that the class of single valued neutrosophic sets, is more versatile and
has a particular aptitude for application purposes and resolution of practical real-world problems than that of
neutrosophic sets, the authors of this article were not able to find any generalizations of such notions respect
on single valued neutrosophic sets, in known scientific literature.

In this paper, we introduce the notions of filter base, filter and ultrafilter on single valued neutrosophic sets,
and we prove some of their fundamental properties and relationships which may be useful for further studies
and applications in the class of single valued neutrosophic topological spaces.

2 Preliminaries

In this section we present some basic definitions and results on neutrosophic sets and suitably exemplify them.
Terms and undefined concepts are used as in [[10] and [[11]].

The original definition of neutrosophic set, given in 1999 by Smarandache [20]], refers to the interval
J0~, 1] of the nonstandard real numbers and although it is consistent from a philosophical point of view,
unfortunately, it is not suitable to be used for approaching real-world problems. For such a reason, in 2010,
the same author, jointly with Wang, Zhang and Sunderraman [21]], also introduced the notion of single valued

Doi :10.5281/zenodo.3830930 8
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neutrosophic set which, referring instead to the [0, 1] unit range of the usual R set of real numbers, can be
usefully used in scientific and engineering applications.

Notation 2.1. Let U be a set, I = [0, 1] be the unit interval of the real numbers, for every r € I, with r we
denote the constant mapping v : U — I that, for every u € U is defined by r(u) = r.
For every family { f;},.; of mappings f; : U — I, we denote by:

o Nic; fi the infimum mapping \;c; fi : U — I that, for every u € U is defined by (\,c; fi) (u) =
Nier fi(u) = inf { f;(u) : i € I}, and by

® Viey fi the supremum mapping \/;c; fi - U — I that, for every u € U is defined by (V¢ fi) (u) =
Vier filu) = sup{fi(u) : i € I}.

In particular, if f and g are two mappings from U to I, we denote their infimum (which is the minimum) by
f A g and their supremum (which is the maximum) by f V g.

Definition 2.2. [21] Let U be an initial universe set and A C U, a single valued neutrosophic set over U
(SVN-set for short), denoted by A = (U, pia,04,wa), is a set of the form

A= {(u,pa(u),04(u),wa(u): uel}

where pg : U = 1,04 : U — Iand wy : U — I are the membership function, the indeterminacy function
and the nonmembership function of A, respectively. For every u € U, 14 (u), 04 (u) and w4 (u) are said the
degree of membership, the degree of indeterminacy and the degree of nonmembership of u, respectively.

Since I = [0, 1], it clearly results 0 < p4 (u) + 04 (u) + wa (u) < 3, for every u € U.
Notation 2.3. The set of all the single valued neutrosophic sets over a universe U will be denoted by SYN (U).

Definition 2.4. [20,[21] Let A = (U, pa,04,wa) and B = (U, MB7UBaWB> be two SVN-sets over the
universe set U, we say that Aisa neutrosophic subset (or simply a subset) of B and we write A € B if,  for
every u € U, it results g4 (u) < pg (u), 04 (u) < op (u) and wa (1) > wp (u). We also say that A is
contained in B or that B contains A.

It is worth noting that the relation € satisfies the reflexive, antisymmetrical and transitive properties and
so that (SVN(U), €) forms a partial ordered set (poset) but not a totally ordered set (loset) as shown in the
following example.

Example 2.5. Let U = {a, b, ¢} be a finite universe set and A= (U, ppa,0a,wa) B = (U,up,0p,wp) be
two SVN-sets on SVAN (U) respectively defined by the following tabular representations:

Al pa | oa | wa B|uB|oB|ws

U U
a 05103102 a 0210202
0602103 b 04 (01|06
c 04102107 c 0.8 | 03| 0.1

Then A & B because 14 (a) = 0.5 > 0.2 = pup (a) and B € A because wp (¢) = 0.1 < 0.7 = wy (c) and
so the SVN-sets A and B are not comparable.

Definition 2.6. [20,[21] Let A= (U, ppa,04,wa) and B = (U, up,0p,wp) be two SVN-sets over the

universe set U, we say that Aisa neutrosophically equal (or simply equal) to B and we write A = B if
A€ Band B € A.

Definition 2.7. [21] The SVN-set (U, 0,0, 1) is said to be the neutrosophic empty set over U and it is denoted
by 0, or more precisely by (y in case it is necessary to specify the corresponding universe set.

Definition 2.8. [21] The SVN-set (U, 1,1,0) is said to be the neutrosophic absolute set over U and it is
denoted by U.

Evidently, for every A € SVN/(U), it results ) € A € U.

Doi :10.5281/zenodo.3830930 9
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Definition 2.9. [20,/21]] Let A= (U, ua,04,w4) be a SVN-set over the universe set U, the neutrosophic
complement (or, simply, the complement) of A, denoted by AE, is the SVN-set AL = (U,wa,1l —04,pa) that
is A= {(u,wa (u),1 —04(u),pa(u)):ue U}

- L
It is a simple matter to verify that for every A = (U, pua,04,wa) € SYN(U), it results (AE> = A and,
in particular, that U = 6 and @E =U

Remark 2.10. It is important to point out that, unlike in the crisp sets theory, the neutrosophic intersection of
a SVN-set with its complement is not always the neutrosophic empty set, and the neutrosophic intersection of
a SVN-set with its complement is not always the neutrosophic absolute set. In fact, if we consider the universe
set U = {a, b} and the SVN-set on SVA/(U) defined by the following tabular representations:

A| HAa | 04 | wa
U

a 02106038
b 1 {05] 0

we can easily verify that the neutrosophic intersection, Am ACand the neutrosophic union, Au AL are,
respectively, given by the following tabular representations:

AmAY| pzaze | Oaaat | Winat
U
a 02 04 08
b 0 05 1
and
Au Al | pzyze | oFuat | Wivat
U
a 08 06 02
b 1 05 0

and so that A @ gmi@and Au /Nlm;é U.

Proposition 2.11. [21] For every pair A = (U, ppa,04,wa) and B = (U, up,0pB,wp) of SVN-sets in

SVN(U), we have that A € B iff Bt e AL

Definition 2.12. [18] Let {fL} be a family of SVN-sets A, = (U, p14,,04,,wa,) Over a common
iel

universe set U, its neutrosophic union (or simply union), denoted by Uiel A;, is the neutrosophic set

= (U, pua,04,wa) where pa = \;cpppa,, 04 = \V,croa,andwa = A\, o wa,.
In particular, the neutrosophic union of two single SVN-sets A= (U, pta,04,wa) and B= (U,up,oB,wn),
denoted by A U B, is the neutrosophic set defined by (U, s V up,04 Vop,wa Awp).

Definition 2.13. [18] Let {XL} , be a family of SVN-sets A; = (U, p1a,;,04,,wa,) OVer acommon universe
i€

set U, its neutrosophic intersection (or simply intersection), denoted by ﬂ,ej A;, is the neutrosophic set
?

A= (U, pta,04,wa) wWhere g = /\zeI/‘An oa = Nicyoa,, and wa =V, ;wa,. In particular, the
neutrosophlc intersection of two SVN-sets A = (U, ppa,04,wa) and B = (U, up,0p,wp), denoted by
A M B, is the neutrosophic set defined by (U, pia A pp, 04 Ao, wa V wp).

Definition 2.14. [21] Let A = (U, ua,04,w4) and B = ([U LB,0p,wp) be two SVN-sets over U, we say

that A and B are neutrosophically disjoint if AmB = 0. On the contrary, if A m B # 0 we say that A
neutrosophically meets B (or that A and B neutrosophically meet each other).

Doi :10.5281/zenodo.3830930 10
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Definition 2.15. [[18] Let A, B C SVAN(U) be two nonempty families of SVN-sets over U, we say that A
neutrosophically meets BB (or that A and B neutrosophically meet each other) if every member of~.A neutro-

sophically meets any member of B, that is if for every Ae Aand every B € Bitresults An B Z 0.
In particular, if C = (U, ue, 0¢,we) is a SVN-set over U which neutrosophically meets each member of the

family A, we say that C' neutrosophically meets .A.

The neutrosophic operators of union, intersection and complement satisfy many relations similar to those
of crisp set theory, which are summarized in the following propositions.

Proposition 2.16. [21]] For every SVN-set A= (U, ppa,04,wa) € SVN(U), we have:
(1) AUA=A

Q) Aup=A
3) AuU=U
@) AmA=A
) And =0
6 AnU=4A

Proposition 2.17. [21] For every pair A = (U, pa,0a,wa) and B = (U, up,0pB,wp) of SVN-sets in
SVN (U), we have:

(1) AUB=BUA
2) AnB=BmA

Proposition 2.18. [21] For every tripletg = (U, pa,04,wa), B= (U,up,05,wps) and C = (U, pe,oc,we)
of SVN-sets in SVN (U), we have:

a)ﬁ@(émé)z(ﬁmé)@é
Q)ﬁw(éwé)z(ﬁ@é)@é

Proposition 2.19. [21] Let A = (U, pia,04,wa), B = (U, up,05,ws) € SVN(U) be two SVN-sets over
a universe U, then:

(1) A€SBiff AmB=A

(2) A€ Bif AUB=B
Proposition 2.20. [21] For every pair A= (U, pa,04,wa) and B = (U, up,0B,wp) of SVN-sets in
SVYN(U), we have:

(1) Z@(Z@E)

A
A

2) A (Zuu E)
Proposition 2.21. [21] Let A = (U, pa,04,wa), B = (U, up,08,ws), C = (U, pe, o0, we) and D =
(U, up,op,wp) be SVN-sets in SYN (U) such that A € B and C € D, then:

(1) AuCE€BuUD

2) AnCE€BAD
Proposition 2.22. [21] Let {ZZ} , be a family of SVN-sets sz = (U, pa,,04,,wa,) over a common

i€

universe set U, then, for every i € I, we have that ﬂ_g ﬁz S ﬁl S U - ﬁl
K 1

iel
SVYN (U) be a family of SVN-sets B; = (U, up,,0p,,ws,) over a common universe set U, then we have:

M A (U.., B) = U, (A0 B)
@ Av(0,B)=N,, (AvE)

Doi :10.5281/zenodo.3830930 11
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Proposition 2.24. [21]] Let {ﬁl}

common universe set U, it results:

(1 (Uiel /L) E ﬂie[ ZP
@ (ﬂiel Zi) m U.e: A}

Definition 2.25. [12|19]] Let f : U — V be a mapping between two universe sets U and V, and A=

(U, 14,04,w4) be a SVN-set over U. The neutrosophic image of A by f, denoted by f (ﬁ), is the SVN-set
over V defined by:

, C SVYN(U) be a family of SVN-sets A; = (U, 1a,,04,,wa,) over a
ic

F(A) = (V£ (1a) . £ (04) ] (@)
where the mappings f (14) :V = I, f(04) : V — Tand f (wa) : V — I are defined respectively by:

inf  pa(u) if [~ ({v}) #0

F () (v) = uef~t({v}) ’
0 otherwise
PRTRNE e L S
opA)\V) = )

0 otherwise

sup wa(u) AEFT (o)) £0
fwa) (v) = uef~1({v})
1 otherwise

for every v € V.

Definition 2.26. [12,/19] Let f : U — V be a mapping between two universe sets U and V, and B =
(V,up,0p,wp) be a SVN-set over V. The neutrosophic inverse image of B by f, denoted by ]?_1 (E), is
the SVN-set over U defined by:

FH(B) = (U, (up) F o) S (wn))

where the mappings f~!(ug) : U — I, f~Y(o0p) : U — I and f~*(wp) : U — I are defined respectively
by:

[ (uB) (u) = pp (f(w) ,

[~ oB) (w) = o5 (f(u)) ,

fHws) (v) = wp (f(u))
for every u € U.

Remark 2.27. Let us note that the notation used to denote neutrosophic images and neutrosophic inverse
images implicitly underlines the fact that they are not real images or counterimages since the mapping f is
defined between the universe sets U and V while the definition refers to the sets SVA/(U) and SVN (V)
of all the SVN-sets of that respective universe sets. More properly, this means that we consider a mapping
f:SVN (U) — SYN (V) induced by f : U — V over the corresponding sets of all SVN-sets.

Example 2.28. Let U = {a,b,c} and V = {«, 3,7, 0} be two finite universe sets, f : U — V be a mapping
defined by f(a) = f(c) = Band f(b) = a. Letus considera SVN-set A = (U, a,04,wa) on SVN(U) and

aSVN-set B = (U, up,0p,wgr) on SVN (V) respectively defined by the following tabular representations:

Al pa| oa | wa B| kB | oB|ws

U Vv
a 051]103 |02 « 0.1 | 07|09
0.6 02103 I} 05103 0.1
041021 0.7 ¥ 0.8 04|02
1) 04 | 06| 0.8
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Then the neutrosophic image f(/Nl) =V, f(ua),f(0a), [ (wa)) of Aby f and the neutrosophic inverse
image [~ (B) = (U, f " (ug) [ ~(08) , f " (wn)) of B by f are given by:

F(A) | Fma) | F(oa) | f(wa)

\Y
@ 0.6 0.2 0.3
Ié] 0.4 0.2 0.7
~y 0 0 1
) 0 0 1
and:
FH(B) | £ ) | £7MeB) | S ()
U
a 0.5 0.3 0.1
0.1 0.7 0.9
0.5 0.3 0.1
respectively.

Proposition 2.29. [[19] Let f : U — V be a mapping between two universe sets U and V, A= (U, ppa,0a,wa)
be a SVN-set over U and B = (V, up,op,wp) be a SVN-set over V, then the following hold:

U
@ Aef! (f (21)) and the identity holds if f is injective
) F(F(B)
0 7 (3t) - ()
Proposition 2.30. [19] Ler f : U — V bf a mapping between two universe sets U and V, ;11 = (U, pna,,04,,wa,)

(with i = 1,2) be SVN-sets over U and B; = (V, up,,0p,,wp,) (with i = 1,2) be SVN-sets over V, then the
following hold:

(1) if A, € Ay then f(L) € }’(AQ)

) € B and the identity holds if fis surjective

(2) if By € By then f~ (El) € f! (Ez)

Proposition 2.31. [19] Let f : U — V be a mapping between two universe sets U and V, {/L} .
1€

of SVN-sets A; = (U, pa,,04,,wa,) over U and {El} be a family of SVN-sets B; = (V,up,,08,,ws,)
il
over V , then the following hold:

0 F (U, ) )

@ f(ﬂiel gﬁ) = ﬂielf )

3) f! (Uiel Ai) = Uie[ I (Zl)
) (

; be a family

[

(-

5
~

@ 7N, A

1
D)
2
~
jﬁe
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3 Single Valued Neutrosophic Filters

In [18], A.A. Salama and H. Alagamy introduced the notion of filter on neutrosophic set. That study, unfortu-
nately, is rather incomplete and certainly not exhaustive because it does not cover the neutrosophic equivalent
of many fundamental notions and properties such as those concerning the lower or upper bound of two filter
bases, the proof of the ultrafilter’s existence, etc. For this reason, together with the fact that — as already men-
tioned — the class of the single valued neutrosophic sets lends itself with greater ductility to resolution of real
life problems and applications, we give here a comprehensive presentation about theory of filters on SVN-sets
which includes new notions and properties that are not present in that article.

Definition 3.1. Let A C SVA/(U) be a nonempty family of SVN-sets over the universe set U, we say
that F is a single valued neutrosophic filter subbase (SVN-filter subbase for short, or simply a filter sub-
base) on SVAN/(U) if it has the finite intersection property, i.e. if for every A1,... A, € A (with 4; =

(U,pa,,04,,wa,) foreveryi = 1,...n,and n € N*), it results ﬂé_l ﬁi * 6

Definition 3.2. A nonempty family 7 C SVN(U) of SVN-sets over the universe set U is single valued
neutrosophic filter base (SVN-filter base for short, or simply a filter base) on SVA/(U) if the following two
conditions hold:

() 0 ¢ F
@i1) for every F , G € T there exists some H € F such that H € F A G.

Definition 3.3. A nonempty family 7 C SVAN(U) of SVN-sets over the universe set U is single valued
neutrosophic filter (SVN-filter for short or simply a filter) on SVN (U) if:

(i) F is a SVN-filter base, and
(ii) for every F = (U, up,op,wrp) € F and every A= (U, ppa,04,wa) € SVN(U) such that FeAit
follows that A € F.
An equivalent definition of SVN-filter is given by the following proposition.

Proposition 3.4. A nonempty family F C SVN (U) of SVN-sets over the universe set U is a SVN-filter on
SVN (U) if and only if the following three conditions hold:

W 0¢F
(ii) for every ﬁ, GeF it follows that FaGeF

(iii) for every F' € F and every A € SVN (U) such that F € A we have that A € F.
Proof. Let F be a SVN-filter over U. Evidently, conditions (i) and (iii) are satisfied. Let . F , Gj € F. By
condition (ii) of the definition of SVN-filter base, there exists some H € Fsuchthat H € F M G and so, by
the peculiar condition of SVN-filter, it also follows that ' m G € F.
Conversely, if F is a nonempty family of SVN-sets over the universe set U satisfying conditions (i), (ii)

and (iii), it is enough to note that (ii) implies condition (ii) of Definition [3.2]and so that F is SVN-filter over
U. O

It is a simple routine to show that the condition (ii) of the Proposition [3.4] can be generalized to any finite
neutrosophic intersection as it is pointed out in the following corollary.

Corollary 3.5. A nonempty family F C SVN(U) of SVN-sets over the universe set U is a SVN-filter on
SVN (U) if and only if the following three conditions hold:

M 0¢F
(ii) forevery Fy,...F, € F, it follows that ﬂz’el F,eF
(iii) for every F € F and every A € SVN(U) such that F' € A we have that A € F.
Remark 3.6. Evidently every SVN-filter is a SVN-filter base and every SVN-filter base is a SVN-filter sub-
base. It is also trivial to note that every SVN-filter on SVA(U) contains U.
Example 3.7. Let U = {a,b, c} be a finite universe set and let F = {f, G, H, [U} C SVYN(U) be a set

of the SVN-sets ﬁ = <[U7 HF, UF7wF> 76 = <[U>/1'Ga O'G,UJG> 7ﬁ = <U7MH3 O—H>WH> and [D = <Ualyl79>
respectively defined by the following tabular representations:
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f HF | OF | WF é HG | O | WG
U U
a 0410302 a 0701103
08 02| 0.1 b 09102102
06| 05|04 c 02|06 | 05
H | pe | on | we [D Hu | Ou | Wu
U U
a 0 04 | 0.8 a 1 1 0
b 05 1] 03] 0.6 b 1 1 0
0.1 | 0.8 | 0.5 c 1 1 0

It is easy to check that F is a SVN-filter base on SVA/(U). However, by using Proposition we have that

F is not a SVN-filter since, for example, the neutrosophic intersection W = F'm G of F ,G € F computated
as shown in the following tabular representation:

W | bw | Ow | Ww

U
a 04 | 03|03
08 | 02| 02
02| 06 | 05

is a SVN-set over U which does not belong to the family F.

Notation 3.8. The set of all the single valued neutrosophic filters over the universe set U will be denoted by

3(U).
Definition 3.9. Let F and G be two SVN-filter bases on SVA (U), we say that G is finer than F if F C G.
We also say that F is coarser than G.

Let us note that the set F(U) equipped with the finess relation C forms a poset although it is not a loset.
Proposition 3.10. Ler S be a SVN-filter subbase on SVN (U) and let

S* = {ﬂl Xi: <[U7,UA,“UA“LUAZ.> ES,nEN*}

i=1
be the set of all finite neutrosophic intersections of S. Then 8* is a SVN-filter base on SVN (U) containing S,
ie. S CS*

Proof. Let S be a SVN-filter subbase over U. Since, by Definition [3-1] S has the finite intersection property,
it is evident that S* satisfies the condition (i) of Deﬁnition Furthermore, for every A, B € §*, there exist

some m,n € N*, :47 = (U, ua,,04,,wa,) € S (withi = 1,...m) and B; = <U.J,u3j,o'Bj,ij> eS
. . - m - jg n = .- . * . .

(ﬁmthz = 1,...n) such that A = ﬂi:l A;and B = ﬂj:1 B; and so, by definition of §*, it is clear that

AmMB € §* Thus, S* also satisfies condition (ii) of Definition and it is a SVN-filter base. Finally,

for every A € S, since by Proposition (4) it results A @M A = A, we have that A € S* and hence that
S C S O

Definition 3.11. Let S be a SVN-filter subbase on SVA (U) , the SVN-filter base S* defined in the proposition
above is called the neutrosophic filter base generated by its neutrosophic filter subbase S.

Proposition 3.12. Let F be a SVN-filter base on SVN (U) and let

(F) = {A = (U, jia, 04, wa) € SYN(U) : 3F = (U, pup,0p,wr) € F, F € Zx}

be the set of all neutrosophic supersets of members of F, then (F) is a SVN-filter on SYN (U) containing F,
ie. F C(F).
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Proof Let F be a SVN-filter base over U. EV1dent1y, every | member of (F) is nonempty and for every
ABe (F). there exist some F,G € Fsuchthat F € Aand G € B. So, by Proposmon(2) it follows
that F M G € Am B and, by condition (ii) of Deﬁmtlon , we have that there exists some H € F such that
H € FmG which implies that H € Am B and hence that ANB e (F). Furthermore, for every Ae (F)and
B e SYN(U (U) such that A € B, we have that there exists some F' € F such that F' € A and, consequently,
F € B which means that B € (F). Thus, (F) satisfies all the conditions of Proposmon and so it is a
SVN-filter on SYN (U ( ). Furthemore, we have that 7 C (F) since it is clear that for every A € F, it results
A € Aand hence A € (F). O

Definition 3.13. Let 7 be a SVN-filter base on SVA (U), the SVN-filter (F) defined in the proposition above
is called the neutrosophic filter completion of F. Additionally, we say that F is a neutrosophic filter base for
the SVN-filter (F).

Proposition 3.14. If F and G are two SVN-filter bases on SVN (U) such that F C G then (F) C (G).

Proof. In fact, for r every Ac (F) we have that there exists some F € F such that F € A and since F C G it
also follows that ' € G and hence that A € (G). O

Definition 3.15. Let F and G be two SVN-filter bases on SVAN (U). We say that F and G are equivalent if
they are both neutrosophic filter base for the same SVN-filter, that is if (F) = (G).

Remark 3.16. It is a simple matter to verify that:
(1) if S is a SVN-filter base on SVN'(U) then S* = S,
(2) if F is a SVN-filter on SVN (U) then 7* = F and (F) = F.

Proposition 3.17. If S is a SVN-filter subbase on SVN (U) then (S*) is the coarsest SVN-filter on SYN (U)

containing S, i.e. such that:
(i) S C(S*), and
(ii) for every SVN-filter H on SVN (U) such that S C H it follows that (S*) C H.

Proof. Let S be a SVN-filter subbase over U. Condition (i) is trivially verified since by Propositions [3.10|and
3.12] we immediately have that S C §* C (S*). Now, suppose that H is a SVN-filter on SVN (U ( ) such that

S CHandlet A € (S*). Then, for some n € N*, there exist By, ... B, € S such that ﬂ B; € A. Since
S C H, it follows that every R € H (fori = 1,...n) and, by Corollary , we obtain that ﬂ_il B, eH

and therefore that A € 7 which proves condition (ii) and concludes our proof. O

Definition 3.18. Let S be a SVN-filter subbase on SVAN (U), the SVN-filter (S*) defined in the proposition
above is called the neutrosophic filter generated by its neutrosophic filter subbase S.

In particular, if A = (U, 14,04,w4) is a nonempty SVN-set over the universe set U, the SVN-filter

(S8*) generated by the singleton S = { } being the coarser (smallest) SVN-set containing S, coincides

with the family of all single valued neutrosophic superset of A, is denoted simply with <A> and is called the
SVN-principal filter generated by A.

Proposition 3.19. If F is a finite SVN-filter base on SYN (U), then the neutrosophic filter completion (F) is
a SVN-principal filter over U.

Proof. Let F = {ﬁl, ...F, } (with ﬁ = (U, pup,,0p,,wr,), i = 1,...n) be a finite SVN-filter base and let
G= ﬂ F;. We will show that G = i ; is an equivalent SVN-filter base for the SVN-filter (F). In fact,

since F is a SVN-filter base, by Remark|3.16|(1), we have that G € F* = F. Thus G C F and by Proposition
it follows that (G) C (F). On the other hand, for every A € (F), we have that there exists some

7 =1,...nsuch that ﬁj € A and since by Proposition [2.22{we know that G = ﬂn ) E S ﬁj, it follows that
1=

G € A and so that A € (G). This proves that (F) C (G) and consequently that (F) = (G) = <é>, i.e. that

(F) is a SVN-principal filter generated by G. O
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Proposition 3.20. Let F and G be two SVN-filter bases on SVN (U) and let
FAG= {ﬁ@é: F= (U, up,0p,wr) € F, G= (U, ug, 06, wa) € g}

be the set of all neutrosophic unions of the members of F and G, then F A\ G is a SVN-filter base on SYN (U).
Additionally, if F and G are SVN-filter over U then F A G is a SVN-filter on SVN (U) which is coarser than
both F and G, i.e. FANG C Fand FANG C G.

Proof. If F and G are two SVN-filter bases on SVN (U), for every FecFandG ¢ g, it is evident that
Fud =3 E) and so that F A G verifies the condition (i) of Deﬁnition Moreover, for every ﬁl, /ng EFA g,
we have that there exist some F1, F2 € F and Gh Gg € Gsuchthat A; = F1 v G1 and Ay = LU G2 Since
F and G are SVN-filter bases, there exist Fg € F and Gg € @G such that Fg S F1 M F2 and G3 S G1 m G2
So, Fg ] Gg € F A G and, by using Proposition [2.23] it results F3 w G3 S (F1 m Fg) <G1 m G2> =
(ﬁl Y (él m 62)) m (ﬁz Y (él m 62 S (ﬁl y él) m (ﬁg u ég) = Avl ﬁ'ﬂgg and this means that F A G
also verifies condition (ii) of Definition [3.2]and hence that it is a SVN-filter base on SN (U).

Now, suppose that F and G are are SVN-filters and let Fe F, Ge G and Ac SVN (U) such that FUuG € A.
Since F is a SVN-filter and FEFUGE A we have that A € F. Analogously, by the fact that G is a SVN-
filterand G € FUG € A, wehave that A € G. Thus A = AU A € F A G and this proves that F A G is a
SVN-filter over U.

In such a situation, for every FUGe FAG withF € FandG € G, being F € F UG, we have that
Fudg € F and so that F A G C F. In a similar way, one can also proves that F A G C G. O

Proposition 3.21. Let F and G be two SVN-filter bases on SVN (U) such that F nuetrosophically meets G
and let L _
FVG= {F@G: F=(U,pr,or,wr) € F, G=(U,ug, 06,wa) € g}

be the set of all neutrosophic intersections of the members of F and G, then F NV G is a SVN-filter base on
SVN(U).

Additionally, if F and G are SVN-filters over U then F V G is a SVN-filter on SVN (U) which is finer than
both F and G, i.e. F CFNVGandG C FVG.

Proof. Since F neutrosophically meets G, g is clear that 0 ¢ FVG,ie. that FV G Veriﬁgs the condition
(i) of Deﬁnition Moreover, for every Ay, Ay € F V G, we have that there exist some F, F; € F and
G1,G2 € G such that Ay = F1 @ Gy and A2 = G2 Since F and G are SVN-filter bases, there exist
F3 € F and G3 € G such that F3 S Fl m FQ and G3 S G1 ) G2 So, F3 G3 € F V G and it results

ﬁg m ég S (ﬁl m ﬁg) m <C~¥1 m ég) iFl m Gl> m (ﬁg m ég) = A1 m A2 and this means that 7V G also
verifies the condition (ii) of Definition [3.2]is verified and hence that it is a SVN-filter base on SVA/ (U )

Now, suppose that F and G are SVN-filters and let Fe F, G e G and Ac SVN (U) such that FaG € A.
Since F = F U ( m G) S FuAand Fisa SVN-filter, we have that FUA ¢ F. Inasimilar way, since

G S G U Aand G is a SVN-filter, it follows that GUA ¢ G and hence that (ﬁ @J ﬁ) m (é ] Z) e FVG.
By Proposition|2.23|(2) and Proposition|2.19|(2) we have that (ﬁ U] 21) m (é w ﬁ) = (ﬁ m é) WA= Aand

so that A € F V G which proves that 7V G is a SVN-filter over U.
In such a situation, for every I € F and for any fixed GeG, wehavethat FmG € Fwith FmG e FVG
and so that also F' € F V G which proves that F C F V G. In a similar way, one can also proves that

GCFVG. O
Proposition 3.22. Let F be a SVN-filter base on SVN (U) and A= (U, ppa,04,wa) be a SVN-set over U
which neutrosophically meets F, then the set F \V A= {ﬁ MA: FeF } of all neutrosophic intersections

ofg with the members of F is a SVN-filter base over U. Additionally, if F is a SVN-filter then F Aisa
SVN-filter on SVN (U) which is finer than F, i.e. F C F V A.

Proof. Since by hypothesis J neutrosophically meets A= (U ,pa,o 4,wa) it is evident that 0 ¢ FvA.
Moreover, for every Gl, G2 EFVA there exist Fl, F2 € F such that G1 F1 m A and G2 F2 m A. Since
F is a SVN-filter base, there exists some F3 € F such that such that F3 € F1 m F2 So, let G3 = F3 m A we
note that G5 € FV A and it results G5 € G il G4 which proves that F V A is a SVN-filter base on SVN( ).
Now, suppose that F is a SVN-filter over U and let ' € F and B € SVN(U (U) such that FmA € B, with
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B S A. Since F = Fu (ﬁ m A) S FuBand Fisa SVN-filter, we have that F U B € F and hence that

(ﬁ w E) MAeFVA. Moreover, by Proposition[2.23|(2) and Proposition [2.19|(2), BeAand FRAAEB
imply that (ﬁ@é) mA= (ﬁrmﬁ) U (Ermﬁ) = ﬁrmﬁ) U B = B and hence that B € F \VV A which

proves that F V Aisa SVN-filter over U. o _ L _
In such a situation, for every F' € F, we have that Fm A € 7V Aandsince FMAE Fand FV Aisa
SVN-filter, it follows that also ' € F V A and hence that ¥ C F V A. O

Proposition 3.23. Let f : U — V be a mapping between two universe sets U and V and let F be a SVN-filter
base on SYN (U). Then, the family f(]—") = {f(ﬁ) . Fe f} of all neutrosophic images on SVN (U) by
the mapping f is a neutrosophic filter base on SVN (V).

Proof. Let us consider a mapping f : U — V and a SVN-filter base F over U. Evidently, for every Ac F,
being A # (y, by Proposition [2.29|(1), we also have that f(ﬁ) # ()y and this means that f(}" ) satisfies

the condition (i) of Definition [3.2] Moreover, for every (~¥1, éz € f(]—' ), there are some F 1 ﬁg € F such
that C:‘l = f(ﬁl) and ég = f(ﬁg) Since F is a SVN-filter base, there exists some ﬁg € F such that

Fy € F) @ Fy. Hence, said G5 = f (ﬁg) we have that G5 € f(}") while by Proposition [2.30](1) and

Proposition [2.31{(2), we obtain that éd =f (155> € f(ﬁl m ﬁg) S f(ﬁl) m f(ﬁg) = 51 M ég. This
shows that f (F) satisfies also the condition (ii) of Deﬁnitionand concludes our proof. O

4 Single Valued Neutrosophic Ultrafilters

In this section we consider the class of SVN-ultrafilters, first proving that it is not empty and then establishing
some characterizations and properties that we think may be useful for further investigations.

Definition 4.1. Let U/ be a SVN-filter base on SVA (U), we say that it is a SVN-ultrafilter if it is maximal in
the partial ordered set (F(U), C) of all SVN-filters over U, that is if there is no SVN-filter on SVA (U) strictly
finer than U/, or, equivalently, if any other SVN-filter containing ¢/ coincides with /.

Proposition 4.2. Every SVN-filter base on SVN (U) is contained in some SVN-ultrafilter over U.

Proof. Let F be a SVN-filter base over U and let us consider the set & = {G € F(U) : F C G} of all SVN-
filters on SVN (U) containing F. Obviously & is a nonempty subset of the poset (F(U), C) because (F) € .
Now, let ¢ be a nonempty chain of S and define M = Ug ce G as the union of all SVN-filters of €. Now, we
have that M is a SVN-filter over U because it satisfies all the conditions of Definitions[3.3|and 3.2} that is:
(1) For every G € M, we have that there exists some G € € such that G € G and since G is a SVN-filter,
we immediately have that G # (.

(ii) For every 6’1, ég € M, there are some G1,Go € € such that él € Gy and C~¥2 € G». Since € is a chain,
i.e. a totally ordered subset of (&, C), G; and G» must be comparable and, without loss of generality, we
can suppose that~g1 QNQQ. Thus, G 1, (~¥2 € Gy and since G is a SVN-filter, there exists some 53 € Ga
such that G3 € G1 M G with G3 € Gy C Ug€¢ g=M.

(iii) For every G € M, and A € SVN (U) such that G € %, there exists some G € € such that G e Gand
since G is a SVN-filter, we immediately have that also A € G and hence that A € G C Ugec g =M.
Moreover, being F C G, for every G € €, we have that F C Ugee G = M and so that M € & is an upper

bound for €. Hence, by the Zorn’s Lemma (see [[11])), it follows that (&, C) has a maximal element, that is a
SVN-ultrafilter U containing F. O

Proposition 4.3. Let U be a SVN-filter base on SYN (U). Then U is a SVN-ultrafilter over U if and only if
Jorevery A = (U, pa,04,wa) € SVN(U) which neutrosophically meets U we have that A € U.

Proof. Suppose that I is a SVN-ultrafilter and consider a SVN-set A = (U, 14,04, w) € SVN(U) which
neutrosophically meets U/, By Proposition we have that U/ Vv Aisa SVN-filter such that i C U V A but,
being U a SVN-ultrafilter, it must necessarily follow that if V A = U and so that A € U.

Conversely, suppose that every SVN-set which neutrosophically meets the SVN-filter base I/ belongs to I/. In
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order to prove first that ¢/ is a SVN-filter over U, let Uecland A e SYN(U (U) such that U € A. We claim
that A meets U. In fact, for each V €U, sinceld is a SVN filter base, we have that there exist some Weu
suchthat W € UmV € U € A and, by Proposmon 21|(2), we have that W@V € AnV. On the other
hand, bemg alsoW EUAV € VProposmon (1) we have WAV = W and hence that W € Am v,

with W € U. Thus, by Definition |3.2} it follows that AnV ES 0 and, by hypothesis, we obtain that Aecl,
which proves that { is a SVN-filter on SVN (U).
Moreover, in order to prove that I/ is SVN-ultrafilter over U, suppose, | by contradiction, that there is some

SVN-filter M over U such that i/ C M and so that there exists some M € M such that M ¢ U. Hence, by
hypothesis, we have that M does not meet I, i.e. that there exists some U € U such that U m M = ] but,
being MeMandU el C M, this contradicts the fact that M is a SVN-filter and concludes our proof. [

Corollary 4.4. If U is a SVN-ultraffilter on SVYN (U), then for every A = (U, pia,04,wa) € SYN(U) it

results A € U or A'BG U.

Proof. Let A = (U, pa,0a,wa) € SVN(U ) an suppose, by contradiction, that A ¢ U and At ¢ U. By
Proposmon | we should have that neither A does not neutrosophlcally meet U nor AL does not neutrosoph-

ically meet U/, i.e. that there are some U1, Ug € U such that U1 m A= (D and U2 M Am = (Z) Since U is a
SVN-filter base, it follows that there exists some U € U such that U3 S U 1M U2 Hence, by Proposition 2. 221
we have that U3 c U1 and U3 S U2 and, by Proposmon |2 21](2), it also follows that Us m A € U; M A and

UsmAL € Uym AL Hence, UsmA = () and Us m AL = 0. Thus, by Pr0p0s1t10ns|2 16| @), |220|and|2 23|(1) we
have that Us = Us @ Us = (U3 u (U3 @A)) M (U3 u (U3 mAE)) =Usn ((U3 M A) (U3 M A“T)) =

m (@ W @) = @ which is a contradiction to the fact that 173 € U and U is a SVN-filter.

O

Remark 4.5. In the classical filter’s theory on crisp sets, the condition of Corollary [#.4]is a ultrafilters charac-
terization, but in the case of filters on single valued neutrosophic sets the converse does not hold. This is due
to the fact that, as pointed out in Remark [2.10] in general, the neutrosophic intersection of a SVN-set with its
neutrosophic complement is not the neutrosophic empty set, and it can be confirmed by the following example.

Example 4.6. Let U = {a,b,c} be a finite universe set and consider the SVN-principal filter F = </~1> =
{Z,E,é’, @} generated by A, where the SVN-sets A = (U, ppa,04,wa) B = (U,up,0B,wn) .C =

(U, pe,0c,we) and U= (U, 1,1, 0) are respectively defined by the following tabular representations:

Al pa| oa | wa B | kB | oB | ws
U
a 0.8 | 04 0 a 09 | 0.5 0
b 0 0.1 | 09 b 0.8 06| 0.1
b 0 0 1 0 02103
C | ke | oc | we U | | ou | wu
U
a 1 0.5 0 a 1 1 0
b 0 02| 0.8 b 1 1 0
c 07106 | 0.5 1 1 0

After observing that A€ Band A € C, one can easily check that </T> is a SVN-ultrafilter on SVAN (U).

However, if we consider the SVN-set 7 =

it is a trivial matter to verify that neither Z nor its complement A belong to <X>

Doi :10.5281/zenodo.3830930

Z |z | oz | wz
U
a 0 0 1
b 07103105
0.8 04| 0.6

(U, uz,0z,wz) defined by the following tabular representation:
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S Conclusions and Perspectives

In this paper we have introduced the notions of SVN-filter base, SVN-filter and SVN-ultrafilter on the set
SVN (U) of all the single valued neutrosophic sets and we have investigated some of their fundamental prop-
erties and relationships concerning, in particular, the SVN-filter and SVN-filter base generated by some neu-
trosophic filter subbase, the neutrosophic filter completion, the principal SVN-filters, the infimum and the
supremum of two SVN-filter bases, the image of a SVN-filter base by a neutrosophic induced mapping be-
tween two universe sets, the existence of SVN-ultrafilters and some their characterizations.

We expect to continue the research on these topics by investigating supplementary features and properties
related to SVN-filters and we hope that this comprehensive study will stimulate further developments in the
theory of Neutrosophic Sets and will provide useful tools to demonstrate in an elegant and concise way new
properties for the class of single valued neutrosophic topological spaces.
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Abstract

It is customary in mathematics that almost all new developments maintain compatibility with what is already
proved and accepted. Following this way, neutrosophic logic has the classical logic as subset. However, in
mathematics, all the affirmations must be proved first to be accepted, so the claim that the neutrosophic logic
encompass classical logic must be also proved. Thus, this paper show that the main properties of the classical
logic hold when translated to neutrosophic form at propositional level.

Keywords: Neutrosophic Logic; Classical Logic.

1 Introduction

Neutrosophic Logic (NL) is a recent logic born in the middle of the nineties by Florentin Smarandache ! it is
characterized by having another component added to the common (standard) components of any logic, namely,
truth and falsity. This added component is called indeterminacy.

Formally, a propositional neutrosophic logic variable z is represented by the triple

x = (t,i, f)

where ¢ is the degree of truth, 7 is the degree of indeterminacy and f is the degree of falsity.

In this way, neutrosophic logic clearly embodies indeterminacy as component that must be treated in its
framework, while other logics this element is not explicit (though sometimes taken in account).

In a general way, the definition of the components representing the truth, indeterminacy and falsity are
sets. Thus, the neutrosophic logic can be considered as (and indeed it is) a multivalued logic. Now it is time to
present the formal definition.

Definition 1.1. Let T', I, F be sets (real standard or non-standard) in the non-standard unity interval | ~0, 1+ [,
with

supT = t_sup,infT =tinf
supl = i_sup,infl =i.inf
supF = f_sup,infF = f_inf

and
n_sup = t_sup +i_sup + f_sup
nanf =tanf +isinf + fanf
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then the triplet X = (T, 1, F') represents the values of the truth (T'), indeterminacy (I) and falsity (F) with
respect of the variable X. The sets 7', I and F' are called neutrosophic components.

Additionally, the following restrictions must hold:

n_sup = t_sup + i_sup + f_sup < 3T
nanf =tanf +isinf + fanf >0

The use of real non-standard mathematics is just one of many topics that makes neutrosophic logic dif-
ferent from others types of logics. Here, should also be noted that the use of non-standard values allows the
neutrosophic logic to distinguish between absolute truth (truth in all possible worlds, represented by 17) and
relative truth (truth in one or just a few worlds, represented by 1). The same applies for absolute falsity (rep-
resented by ~0) and relative falsity (represented by 0).

The definition[T-T]is so general that the set (or subsets) does not necessarily have to be intervals, they can be
any type of sets (discrete, continuous, open or closed or half-open/half-closed intervals, intersections or unions
of the previous sets, etc.) in accordance with the given proposition. Also, a subset may have one element only
in special cases of this logic.

The degree of generality is such that every time that someone wish to apply the neutrosophic logic to any
specific matter, the operators and their meanings must be first defined. Besides, the most common case of
neutrosophic logic use is real intervals or points in the real unitary interval.

Not being viable to list all possible nuances, it is time show how the neutrosophic logic encompass the
classical logic.

2 Neutrosophic Logic and Classical Logic

Classical logic (or crisp logic) is nowadays a branch of mathematical logic which roots dated before Christ
birth, being definitely developed from centuries XIX and XX from the works of Boole, Frege, Russell and
Whitehead, just to name a few.

What constitutes a main characteristic of the classical logic is its bivalence, just two absolute values are
considered, V' (verum) for truth and F' (falsum) for falsity, that can be conveniently substituted by 1 and O (or
any two different signs). Thus, in the framework of the classical logic, indeterminacy cannot be considered
(here is not being considered variants of the classical logic developed from the beginning of the XX century,
such as modal logic, temporal logic and alike).

Now, let V' = (1,0, 0) represent the truth value in classical logic, now represented in neutrosophic form.
Also, let F' = (0,0, 1) represent the falsity value. With these two values, it is easy to see how one can be the
negation of the other, being enough to define the negation operator as:

_|I:_|(t707f):(f705t)
thus, = (1,0,0) = (0,0,1) and = (0,0, 1) = (1,0,0).
—_——  ~— ~—— ==

v F F 1%
Likewise, if the operators V (disjunction) and A (conjunction) are defined as:

(tl, 0, fl) \ (t2, O, fg) = {max{tl, tg}, 0, min{fl, fg})
(tl, 0, fl) AN (tg, 0, fg) = {min{tl, tg}, 0, max{fl, fg})

then, those operators have the same behavior of their classical counterparts, being given by the following table:

Table 1: Disjunction and conjunction operators in NL with behavior of the classical ones.
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In classical logic, the set operators C'S = {—,V, A} is said to be complete, that is, all the other operators
in classical logic can be defined based in these operators. However, someone must be careful if he/she wishes
that the operators and properties in classical logic holds in NL. The properties that remain true with the already
given definitions of negation, conjunction and disjunction are next given.

Theorem 2.1 (Double Negation). Let = = (t,0, f) be a neutrosophic logical variable representing a classical
logic variable. The double negation propriety remains true, that is

—r =z
Proof.
L = —\(—\.13) = _‘(_‘(tv 0, f)) = _‘(fvovt) = (tv 0, f)
O

Theorem 2.2 (Commutativity). Let x = (t1,0, f1) and y = (t2, 0, f2) be neutrosophic logic variables repre-
senting classical logic variables. The operators N and )\ are commutative.

Proof.

rVy=(t1,0, f1) V (t2,0, f2) = (max{ti, t2},0, min{ f1, fo}) =
(max{t27t1}a07min{f27fl}) = (t2507f2) \ (tlvoafl) =yVze

xr N Yy = (tl, 0, fl) A (tQ, O7 fg) = (min{tl, tg}, 0, max{fl, fg}) =
(min{tg, tl}, 0, HlaX{fQ, fl}) = (tg, 0, f2) A (tl, 0, fl) =yANx
O

Theorem 2.3 (Associativity). Ler z = (t1,0, f1), y = (t2,0, f2) and z = (t3,0, f3) be neutrosophic logic
variables representing classical logic variables. The operators NV and )\ are associative.

Proof.

zV(yVz)=(t1,0, 1)V ((t2, 0, f2) V (3,0, f3)) = (t1,0, f1) V (max{ts, 13}, 0, min{f2, f3)}) =
(max{t1, max{ta, t3}}, 0, min{ f1, min{ f2, f3}}) = ({max{t1, t2,t3}, 0, min{ f1, f2, f3}) =
(max{max{t1,ta},t3}, 0, min{min{ f1, fo}, f3}) = (max{t1,t2}, 0, min{f1, fo}) Vv (¢3,0, f3) =
(21,0, f1) V (t2,0, f3)) V (t5,0, f3) = (2 Vy) V 2

xA(yAz)=(t1,0, f1) A ((t2,0, f2) A (t3,0, f3)) = (t1,0, f1) A (min{ts, t3}, 0, max{fo, f3)}) =
(min{ty, min{ts, t3}}, 0, max{ f1, max{ fa, f3}}) = ({min{ty, t2,t3}, 0, max{ f1, f2, f3}) =
(min{min{ty, %2}, t3}, 0, max{max{ f1, f2}, f3}) = (min{ty, t2},0, max{f1, fo}) A (¢3,0, f3) =
((t1,0, f1) A (t2,0, f3)) A (83,0, f3) = (x Ay) A z
O
Theorem 2.4 (Distributivity). Let x = (t1,0, f1), y = (t2,0, f2) and z = (t3,0, f3) be neutrosophic logic
variables representing classical logic variables. The operators NV and N\ are distributive.

Proof. At first, this property does not seem to be valid owing to the fact that when it is translated into the
definitions of the operators in NL, the left and right side yields different formulas.

ForzV(yAz)=(xVy A(xV2):
zV(yAv) =z V((t2,0, f2) A (23,0, f3)) = 2 V (min{ta, t3}, 0, max{fa, f3}) =
(tl,O, fl) vV (min{tg,tg}, 0, max{fz, fg}) =
(max{t1, min{ts,t3}},0, min{ f1, max{ fo, f3}})
and
(xVy)A(zVz)=((t1,0, f1) V (t2,0, f2)) A ((t1,0, f1) V (t3,0, f3)) =
(max{t1,t2},0,min{ f1, fo}) A (max{t1,t3},0, min{f1, f3}) =
(min{max{tla tQ}v max{tla tS}}v 07 max{min{fla f2}» min{flv f3}})
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Forz A(yVz)=(zAy)V(xAz):

x A (y V Z) =z A ((tg,o, fg) \ (tg, 0, fg)) =z AN (max{tg,tg}, O, Hlin{fg, fg}) =
(tl, 0, fl) N (max{tg, fg}, 0, min{fg, fg}) =
(min{t1, max{ta, t3}}, 0, max{ fi, min{ f2, f3}})

and
(xAy)V (A z)=((t1,0, f1) A (t2,0, f2)) V ((t1,0, f1) A (23,0, f3)) =

(min{tq,t2}, 0, max{f1, fo}) V (min{t1, t3}, 0, max{ f1, f3}) =
(max{min{¢1, 2}, min{t1,t3}}, 0, min{max{ f1, fo}, max{ f1, f3}})

But now, checking the truth tables for z VV (y A z) (Table2) and (z V y) A (z V z) (Table[3), can be seen that

both of the sides yields the same result.

Table 2: Truth table for = V (y A z).

x Yy z max{t;, min{ts, t3}} | min{f1, max{fs, f3}} | Result
(1,0,0) | (1,0,0) | (1,0,0) 1 0 (1,0,0)
(1,0,0) | (1,0,0) | (0,0, 1) 1 0 (1,0,0)
(1,0,0) | (0,0,1) | (1,0,0) 1 0 (1,0,0)
(1,0,0) | (0,0,1) | (0,0, 1) 1 0 (1,0,0)
0,0,1) | (1,0,0) | (1,0,0) 1 0 (1,0,0)
©0,0,1) | (1,0,0) | (0,0, 1) 0 1 0,0, 1)
0,0,1) | (0,0,1) | (1,0,0) 0 1 0,0, 1)
0,0,1) | (0,0,1) | (0,0, 1) 0 1 0,0, 1)

Table 3: Truth table for (z V y) A (zV 2).

x Y z min{max{t, ta}, max{t1,¢3}} | max{min{f1, f2}, min{f1, fs}} | Result
(1,0,0) | (1,0,0) | (1,0,0) 1 0 (1,0,0)
(1,0,0) | (1,0,0) | (0,0,1) 1 0 (1,0,0)
(1,0,0) | (0,0,1) | (1,0,0) 1 0 (1,0,0)
(1,0,0) | (0,0,1) | (0,0,1) 1 0 (1,0,0)
0,0,1) | (1,0,0) | (1,0,0) 1 0 (1,0,0)
0,0,1) | (1,0,0) | (0,0, 1) 0 1 0,0, 1)
0,0,1) | (0,0,1) | (1,0,0) 0 1 0,0,1)
0,0,1) | (0,0,1) | (0,0,1) 0 1 0,0,1)

Similarly, the same occurs for z A (y V z) (Table[d) and (z A y) V (z A z) (Table[5).

Table 4: Truth table for z A (y V z).

x Yy z min{t,, max{ts, t3}} | max{f;, min{fo, f3}} | Result
(1,0,0) | (1,0,0) | (1,0,0) 1 0 (1,0, 0)
(1,0,0) | (1,0,0) | (0,0, 1) 1 0 (1,0, 0)
(1,0,0) | (0,0,1) | (1,0,0) 1 0 (1,0, 0)
(1,0,0) | (0,0,1) | (0,0,1) 0 1 0,0, 1)
©,0,1) | (1,0,0) | (1,0,0) 0 1 0,0,1)
©,0,1) | (1,0,0) | (0,0,1) 0 1 0,0,1)
0,0,1) | (0,0,1) | (1,0,0) 0 1 0,0,1)
0,0,1) | (0,0,1) | (0,0,1) 0 1 0,0,1)
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Table 5: Truth table for (z Ay) V (z A 2).

x Y z min{max{¢1,to}, max{t1,t3}} | max{min{ fi1, fo}, min{f1, f3}} | Result
(1,0,0) | (1,0,0) | (1,0,0) 1 0 (1,0,0)
(1,0,0) | (1,0,0) | (0,0,1) 1 0 (1,0,0)
(1,0,0) | (0,0,1) | (1,0,0) 1 0 (1,0,0)
(1,0,0) | (0,0,1) | (0,0,1) 0 1 0,0,1)
0,0,1) | (1,0,0) | (1,0,0) 0 1 0,0, 1)
0,0,1) | (1,0,0) | (0,0,1) 0 1 0,0, 1)
0,0,1) | (0,0,1) | (1,0,0) 0 1 0,0, 1)
0,0,1) | (0,0,1) | (0,0,1) 0 1 0,0,1)

O

Theorem 2.5 (De Morgan’s Laws). Let x = (t1,0, f1) and y = (t2,0, f2) be neutrosophic logic variables
representing classical logic variables. Then, it is true that —=(x V y) = —x A~y and —~(x Ay) = —x V —y, that
is, the De Morgan’s Laws remain valid.

Proof.

—(zVy) =~((t1,0, f1) V (£2,0, f2)) = ~(max{t1, 2}, 0, min{f1, f2})
(min{fl, f2},07max{t1,t2}) = (fl, O,tl) A\ (f270,t2)

= _‘(tlaovfl) A _‘(t270,f2) =z Ay

—(z Ay) = ((t1,0, f1) A (82,0, f2)) = ~(min{t1, t2}, 0, max{f1, fo})
- (max{fla fZ}voamin{tlat2}) = (flao,tl) V (fz,(),tg)
= _‘(tlvovfl) \4 _‘(t2707f2) =z V -y
O

Definition 2.6 (Tautology). A tautology in NL representing a classical logic variable is an expression that is
always equal to (1,0, 0), independent of the values of its components. A tautology may be represented by 7.

Definition 2.7 (Contradiction). A contradiction in NL representing a classical logic variable is an expres-
sion that is always equal to (0,0, 1), independent of the values of its components. A contradiction may be
represented by .

Theorem 2.8 (Law of Noncontradiction). Let x = (t1,0, f1) be a neutrosophic logic variable representing a
classical logic variable. The Law of Noncontradicition, that is, ~(x A —x), remains valid, being a tautology.

Proof.
—\(1‘ A —\37) = _‘((tl,o,fl) A _‘(tl’ohfl)) = _'((tlaov fl) A (flaoatl))
= ﬁ(nlin{th fl}ao>max{f1’t1}) = (max{flatl}7Ovmin{tlafl})

The result above is always equal to (1,0,0). To comprehend this, consider that = is (1,0,0) or (0,0, 1),
exclusively. So, ¢t = land f; = 0, ort; = 0 and f; = 1, such max{f;,¢} is always equal to 1 and
min{t1, f1} equal to 0. The following table indicates this as well.

Table 6: Table for the noncontradiction law.

x| o | max{fi,t1} | min{ts, f1} | Result
(1,0,0) | (0,0,1) 1 0 (1,0,0)
0,0,1) | (1,0,0) 1 0 (1,0,0)
Thus, —(z A —z) = 7. O

Remark 2.9. The Law of Noncontradiction can be summarized in a few words: it’s false that one proposition
can be true and false simultaneously.

Doi :10.5281/zenodo.3830094 26



International Journal of Neutrosophic Science (IJNS) Vol. 6, No. 1, PP. 22-31, 2020

Theorem 2.10 (Law of Excluded Middle). Ler x = (t1,0, f1) be a neutrosophic logic variable representing a
classical logic variable. The Law of Excluded Middle (tertium non datur), that is, x V —x, remains valid, being
a tautology.

Proof.
(SC Vv ﬁﬂ?) = (tl, 0, fl) Vv ﬁ(tl, 0, fl) = (tl, 0, fl) Vv (f1, 0, tl)
= (max{t1, f1},0,min{f1,%1})

The result above is always equal to (1,0,0). To comprehend this, consider that x is (1,0,0) or (0,0, 1),
exclusively. So, t; = land f; = 0, or t;4 = 0 and f; = 1, such max{¢, f1} is always equal to 1 and
min{ f1,t1} equal to 0. The following table reveals this as well.

Table 7: Table for the law excluded middle.

x| o | max{ti,f1} | min{f1,t1} | Result
(1,0,0) | (0,0, 1) 1 0 (1,0,0)
0,0,1) | (1,0,0) 1 0 (1,0,0)
Thereby, v A~z = 7. O

Remark 2.11. The Law of Excluded Middle can be summarized in a few words: one proposition can be true
or false, not being accepted another value.

Theorem 2.12 (Identity Laws). Let x = (t1,0, f1) be a neutrosophic logic variable representing a classical
logic variable. It is true that: (i) xV vy =, (i) x Ny=", (iii)xVT=Tand (iv)x AT = 2.

Proof.

@) xzVy=(t1,0,f1) Vv (0,0,1) = (max{t1,0},0,min{f1,1}). As¢; > 0, then max{t;,0} = ¢; and as
f1 <1, then min{ f1,1} = fi. So, (max{¢;,0},0, min{ f1,1}) = (¢1,0, f1) = .

(i) x Ay = (1,0, f1) A (0,0,1) = (min{¢;,0},0, max{f1,1}). As¢; > 0, then min{¢;,0} = 0 and as
f1 <1, then max{f;,1} = 1. So, (min{¢y,0}, 0, max{ f1,1}) = (0,0,1) = ~.

(i) z v 7T = (11,0, f1) V (1,0,0) = (max{t;,1},0, min{f1,0}). As ¢; < 1, then max{t;,1} = 1 and as
f1 >0, then min{ f1,0} = 0. So, (max{t;,1},0, min{f;,0}) = (1,0,0) = 7.

(iv) x AT = (11,0, f1) A (1,0,0) = (min{¢s, 1}, 0, max{f1,0}). As ¢; < 1, then min{t;,1} = ¢; and as
f1 >0, then max{ f1,0} = fi1. So, (min{t1, 1}, 0, max{f1,0}) = (¢1,0, f1) = z. O

Theorem 2.13 (Idempotent Laws). Let x = (t1,0, f1) be a neutrosophic logic variable representing a classi-
cal logic variable. It is true that: (i) x N x = x and (ii) x V x = z.

Proof.
(1) TANT = (tlvoafl) A (tlaomfl) = (min{tlatl}aovmax{fhfl}) = (tlvov.fl) = .
(ll).’t\/if = (tlaoafl) \ (t1707f1) = (max{tlvtl}vovmin{fhfl}) = (t1’07f1) = . O

Now, let’s turn the attention to the operator — (conditional) and <> (biconditional).

The conditional operator has, in the classical form (now represented in neutrosophic form), the following
table:

Table 8: Table for the conditional operator.
x \ Yy \ =y
(1,0,0) | (1,0,0) | (1,0,0)
(1,0,0) | (0,0,1) | (0,0, 1)
0,0,1) | (1,0,0) | (1,0,0)
0,0,1) | (0,0,1) | (1,0,0)

Theorem 2.14. The conditional operator — is equivalent to —(x A —y), that in turn is equivalent to —x V y.
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Proof. Let x = (1,0, f1) and y = (t2,0, f2) be neutrosophic logic variables representing classical logic
variables, then:

“(p A—q) = =((t1,0, f1) A (f2,0,t2)) = ~(min{t1, fo},0, max{fi,t2}) = (max{fi,t2},0, min{t1, fo})
—pVq=(f1,0,t1) V (t2,0, f2) = (max{f1,t2},0, min{ty, fo})

So, =(p A —¢) and —p V ¢ are equals. Now, let’s examine the truth table bellow:

Table 9: Table showing that z — y = =(p A —~q) = —p V q.

€ ‘ Yy ‘ (max{flvt2}707min{tlvf2})
(1,0,0) | (1,0,0) (1,0,0)
(1,0,0) | (0,0, 1) 0,0, 1)
0,0,1) | (1,0,0) (1,0,0)
0,0,1) | (0,0, 1) (1,0,0)
From the truth table, it turns out that ~(p A ~¢) = —p V ¢ and equivalent to z — y. O

The biconditional operator has, in the classical form (now represented in neutrosophic form), the following
table:

Table 10: Table for the biconditional operator.
x ‘ y ‘ Ty
(1,0,0) | (1,0,0) | (1,0,0)
(1,0,0) | (0,0,1) | (0,0, 1)
0,0,1) | (1,0,0) | (0,0, 1)
0,0,1) | (0,0,1) | (1,0,0)

From the table, it is notable that the result is true iff the two variables have the same value.
Theorem 2.15. The biconditional operator < is equivalent to (x — y) A (y — x).

Proof. Let x = (1,0, f1) and y = (t2,0, f2) be neutrosophic logic variables representing classical logic
variables, then:

r—=y=-xVy=(f1,0,t1) V (t2,0, fo) = (max{fi,t2},0,min{ty, fo})
y—z=-yVa=/(f2,0,t)V (1,0, f1) = (max{fz,t1},0, min{ts, f1})
(x = y) A (y — ) = (min{max{ f1, 2}, max{ fo, 1 }}, 0, max{min{ty, fo}, min{ta, f1}})

Let’s examine the truth table:

Table 11: Table showing that x <> y = (z — y) A y(— ).
T y T —y y%x‘(m%y)/\(y%m)
100100100100 100
100{001|1001 (100 001
001100, 100]001 001
001({001{100|100 101
From the truth table, it turns out that z < y is equivalent to (z — y) A y(— z). O

Furthermore, other operators could be defined, for example, the operators & (XOR), | (NOR) and 1
(NAND).

Definition 2.16 (Exclusive OR - XOR). The operator & (Exclusive OR - XOR) has its behavior given by the
following truth table:

Table 12: Table for the Exclusive OR operator.
Dy

SO O OR
—_——O O
(=N eleNel NS
= )
=l eleNe)

001
100
100
001

S = O =

1
1
0
0
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A rapid view on the table truth of the operator XOR is enough to perceive that XOR is the negation of
biconditional operator, so —(x <+ y) = x ® y. To observe this, consider the following.

Theorem 2.17. The negation of x — vy, that is, ~(x — y) is equivalent to x N\ —y.

Proof.

Now, given that z <+ = = (x — y) A (y — z), then =~(z < y) = ~(z = y) V-(y = z) =
(x A=y) V (y A —z). So, letting x = (£1,0, f1) and y = (t2,0, f2):

(‘r A _'y) \ (y A —‘[IJ) = ((t1,0, fl) A (f2707t2)) \ ((t2707f2)7/\(f1707t1)) =
= (min{tl, fg}, O, IIlELX{fl7 tg} V (min{tg, fl}, O7 max{fg, tl})
= (max{min{ty, fo}, min{ts, f1}}, 0, min{max{ f1, t2}, max{fo,t1}})

Now, examining the truth table, one can be sure that © & y is equal to —(z <> y).

Table 13: Table showing that x @ y has the same value as —(z <> y).

T |y Yy |z | zAw | yA-x | @A)V (yAw)
(1,0,0) | (0,0,1) | (1,0,0) | (0,0,1) | (0,0,1) | (0,0,1) ©0,0,1)
(1,0,0) | (1,0,0) | (0,0,1) | (0,0,1) | (1,0,0) | (0,0, 1) (1,0,0)
©0,0,1) | (0,0,1) | (1,0,0) | (1,0,0) | (0,0, 1) | (1,0,0) (1,0,0)
©0,0,1) | (1,0,0) | (0,0,1) | (1,0,0) | (0,0,1) | (0,0, 1) 0,0, D

Definition 2.18 (Operators NOR and NAND). The operators | (NOR) and 1 (NAND) has behavior given by
the following truth table:

Table 14: Table for the operators | (NOR) and T (NAND).

S O OOl
SO o

S
0
0
0
0

O O ==
S OO OR
—_—— O O
S = O =
O O O QO
_— o = O
- o O O
O = = =
—_ = = O

As the acronym suggests, NOR and NAND are the negations of OR and AND, that is, |= —V and T= —A,
being enough to look at the truth table of OR and AND and negate the entries of the respective columns.

So far was showed that the main connectives and properties of the classical logic remains true when trans-
lated to neutrosophic form. However, for any logic be useful, it must supply rules of inference, and this is the
scope of the following lines.

Theorem 2.19 (Modus Ponens). Let x = (t1,0, f1) and y = (t2,0, fo) be neutrosophic logic variables
representing classical logic variables. If x — vy is true and x is true, then could be inferred that y is true. This
is represented by

r—y,rhky

This rule is named as modus ponens (mode that assert).

Proof. 1ts enough to see the truth table of the conditional operator (Table[§). In the first line of the truth table,
x — y is true iff x and y are true, so, given that z — y and x are true, one must infer that y is also true. This
is the only possibility. O

Theorem 2.20 (Modus Tollens). Let x = (t1,0, f1) and y = (t2,0, f2) be neutrosophic logic variables
representing classical logic variables. If x — 1y is true and —y is true, then could be inferred that —x is true.
This is represented by

T —y,yk -z

This rule is named as modus tollens (mode that denies).
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Proof. Ttis know that z — y = - \ y (Theorem 2.T3)), so:

-z Vy = -z V (-—y) (double negation of y - Theorem [2.T))
= =(—y) V -z (commutativity of the operator V - Theorem [2.2))

= -y — —z (backing to conditional form)

Another way to discern this is looking at the truth table of the conditional operator (Table[8). In the fourth line
of the truth table, x — y is true iff x and y are false, so, given that x — y is true and —z is true, can be inferred
that —y is also true. This is the only possibility. O

Theorem 2.21 (And Elimination). Let x = (t1,0, f1) and y = (t2,0, f2) be neutrosophic variables repre-
senting classical logic variables. If x N\ y is true, then can be inferred that x (or y) is also true. This can be
represented by:

rAytkx or rANykFuy

Proof. 1t is enough to recall that the result given by the conjunction operator is true iff both of its operands are
true (first line/last column of the Table[T). O

Theorem 2.22 (And Introduction). Let x = (1,0, f1) and y = (t2,0, f2) be neutrosophic variables repre-
senting classical logic variables. If x and y are both true, then can be inferred that x N\ y is also true. This can
be represented by:

T,y x Ay

Proof. Its enough to recall that the result given by the conjunction operator is true iff both of its operands are
true (first line/last column of the Table[T). O

Theorem 2.23 (Or Introduction). Let x = (t1,0, f1) and y = (t2,0, f2) be neutrosophic variables represent-
ing classical logic variables. If  is true, then x V y is true, independent of the logical value of y. This can be
represented by:

zhkxVy

Proof. Tts enough to recall that the result given by the disjunction operator is false iff both of its operands are
false. However, as the first component is true, the result of the operation is true (first line/third column of the
Table[T). Note that the theorem remains true if the roles of z and y are swapped, thatis: y - z V y. O

Theorem 2.24 (Unit Resolution). Let z = (t1,0, f1) and y = (t2,0, f2) be neutrosophic variables represent-
ing classical logic variables. If x \/ vy is true and one of their elements is false, then the other element must be
true. This can be represented by:

zVy wykzx or zVy xky

Proof. Its enough to recall the result given by the disjunction operator in the second and third line/third column
of the Table[l O

Theorem 2.25 (Resolution). Let x = (t1,0, f1) and y = (t2,0, f2) and z = (t3,0, f3) be neutrosophic logic
variables representing classical logic variables. The conditional operator is transitive, that is

T—=yy—zkr—z

Proof. Firstly, take as hypothesis that x — y is true and x is true, so under the rule of modus ponens (Theorem
2.19), it is possible to infer that y is true, that is

r—=y,zhky 9]

Now, take as hypothesis that y — z is true. Noting that y is true by (T)), it is possible to conclude that z is true,
that is

y—z,ybkz 2)

Finally, given that  (by assumption) is true and z is true by (2)), can be concluded that x — z is true (recall
the first line from the Table[§). So,

T—yy—zkr—z 3)

O
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The rules of inference given are not the only ones, there are several other. However, it must be sufficient to
demonstrate that the main characters of the classical logical remain true when translated to neutrosophic form.

Is something missing? Yes. For example, the view of the classical logic as a formal system (propositional
calculi), not to mention first, second and higher-order logics, have not been addressed.

3 Conclusion

This short paper has shown that neutrosophic logic, a recent type of logic, encompass the classical logic, at
least at the propositional level. Then, it could be said that the classical logic is a type of neutrosophic logic, or
that CL is a subset of NL.

Given the limited scope, it is not reasonable to show all aspects of the classical logic translated in neutro-
sophic form. However, this could be done in another time if the necessity arises.

Now, which future directions of research can be pursued? Given that the neutrosophic branch is in a wide
scope, there are a bunch of paths, but of possible interest is to compare neutrosophic logic with other logics,
mainly the class of the paraconsistent annotated Logics.

The paraconsistent annotated logics are a family of non-classical logics initially employed in logical pro-
gramming by Subrahmanian? Due to the obtained applications, a study of the foundations of the underlying
logic of the investigated programming languages became convenient. It was verified that it was a paraconsis-
tent logic, in some cases, also contained characteristics of paracomplete and non-alethic logic. To be concise
and short, the class of paraconsistent annotated logics has been applied to several fields, from digital circuits®*
decision making,5 neural networks® just to name a few.

Finally, it is worth follow this way? The answer to this question cannot be given here, but consider that
comparing the strengths of neutrosophic logic and other logics, one or another can be enhanced, and as lateral
effect, the general knowledgment grows with this.

Acknowledgments: The first author is in profound debit with Wandercy Savedra Gomes, a very understanding
old friend, that kindly made the revision of the english language for this work.
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Abstract

The main goal of this paper is to propose a new type of separation axioms via neutrosophic crisp semi open sets
and neutrosophic crisp points in neutrosophic crisp topological spaces, namely neutrosophic crisp semi separation
axioms. Finally, we examine the relationship between them in details. And also includes the study of the
connections between these neutrosophic crisp semi separation axioms and the existing neutrosophic crisp
separation axioms. Moreover, many examples are presented, to illustrate the concepts introduced in this paper. and
investigate their fundamental properties, relationships and characterizations.

Keywords: Neutrosophic crisp semi separation axiom, neutrosophic crisp separation axiom, neutrosophic crisp
point.

1. Introduction

After F.Samarandache established the concept of neutrosophy in 1980 the neutrosophy in 1980 as a new logic which
generalizes the fuzzy logic, many of the pure mathematical concepts, especially in topology, were found according
to this new logic. One of the most important topological developments according to this logic is finding out and
defining the neutrosophic crisp topological space [1] in 2014 by A. Salama and et al. Since the elements of the
neutrosophic crisp sets[1] are neutrosophic crisp points, A. Salama defined the concept of neutrosophic crisp points
[1,2] in 2014. Recently, the neutrosophic crisp set theory may have applications in image processing [3],[4], the
field of geographic information systems[5] and possible applications to database[6]. Also, neutrosophic sets [7] have
applications in the medical field [8], [9], [10], [11]. We can't use neutrosophic crisp points were defined in [1,2] for
defining the neutrosophic crisp separation axioms and this encouraged A. Al-nafey, R. Al-Hamido and F.
Smarandache to think of presenting another new concept of the neutrosophic crisp points [12] in 2018, which
enabled them to define separation axioms in the neutrosophic crisp space for the first time in [12] . Moreover,
neutrosophic crisp semi open sets were first defined and investigated by A. Salama [5 ] in 2015. Since the separation
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axioms are considered one of the very important useful topics and one of the newly studied in topology, we thought
of developing and generalizing the neutrosophic crisp separation axioms to neutrosophic crisp semi separation
axioms. Finally, we study the relations between them on the one hand and between the separation neutrosophic
crisps in [12] on the other hand. Many researchers studied topology, and they had many contributions to
neutrosophic toplogy as [13], [14], [15], [16] and [17] and in neutrosophic bitopology in [18], [19], [20] and [21],
and in neutrosophic algebra in [22], [23], [24], [25] and [26].

In this paper, Section 2 focuses on the related definitions. Section 3 presents new separation axioms in the
neutrosophic crisp topological spaces, the relationship among these new separation axioms and the neutrosophic
crisp separation axioms is determined.

2. Preliminaries

Throughout the paper, (y,T) means neutrosophic crisp topological space (N.TS).
N.. OS (N.. CS) means a neutrosophic crisp open(closed) sets and N.S. OS means a neutrosophic crisp semi open set
in N.TS.

Now, we recall some definitions which are useful in this paper.

Definition 2.1. [1] Let X # @ be a fixed set. A neutrosophic crisp set (N..S) U is an object with the U=< U, U,
Us> shape ; Uy, U, and Ujare subsets of X.

Definition 2.2. [1]

@y can be defined in four ways, as below :

. O, =<9, &, J>.
2. O, =<0, X, D>,
3. O, =<9, X, X >.
4. B, =<0, O, D>.
Xy can be defined in four ways, as below :
L X, =X, O, O>.
2. X, =<X, X, O>.
3. O, =X, O, X >.

4. X, =<X, X, X >.
Definition 2.3. [1]

Let x # @ be a fixed set, and U =< U;, U,, U3 >,V =< V,,V,, V3 > are two neutrosophic crisp sets, then:

ULV can be defined as two ways, as below :

I UUV=<U UV, Uy UV, UsN Vs>,
2. UUV:<U1UV1,U20V2,U3OV3>.

U NV can be defined as two ways, as below :

. UNV=<U NV,UyNV,UsUVs >
2. UﬂV=<UlﬂV1,U2UV2,U3UV3>.

Definition 24. [1]
A neutrosophic crisp topology (NCT) on a non-empty sety is a family T of neutrosophic crisp subsets in y may be
satisying the following axioms:

1. Xn and O belong to T.
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2. T is closed under finite intersection.

3. T is closed under arbitrary union.
The pair (y,T)is neutrosophic crisp topological space (NCTS) in T. Moreover, the elements in T are said to be
neutrosophic crisp open sets (NCOS). A neutrosophic crisp set F is closed (NCCS) if and only if its complement

F° is neutrosophic crisp open set.

Definition 2.5. [12]

Let y be a non-empty set. And X,y,ze y, then:

a. Xy, = <{x},0,0 > is called a neutrosophic crisp point (NCPy,) in y .

b. yn,=<@.,{y},® > is called a neutrosophic crisp point (NCPy, ) in .
¢ zy,=<0,0,{z} > is called a neutrosophic crisp point (NCPy,) in y .
The set of all neutrosophic crisp points (NCPy, , NCPy,, NCPy,) is denoted by NCPy.

Definition 2.6. [12]
Let (%, T) be an NcTS. Then y is called:

N1 To-space if for every xy, # yy, € there exists Nc..OS M in i, containing one of them but not the other.

N2 To-space if V xy,# yn, €X there exists Ne.OS M in y containing one of them but not the other.

N3To-space if V xy,# yn, € there exists N..OS M in y containing one of them but not the other.

N1Ti-space if for every xy,# yy, €) there exists Ne.OS M1, My in y such that xy, € M1, yy, € M1 and xy, ¢
M, > YN, € M.

goeFp

e. N,Ti-space if V xy, # yn, € there exist N..OS M1, My in y such that xy, € Gi, yn, € Giandxy, € G2, yn, €
Gs.

f.  N;Ti-space if V xy, # y, € there exist No.OS M1, M in y such that xy, €M, yn, gMiand xy, € Mz, yy, €
Ma.

g. NjT2-space if for every xy,# yn, € there exist Ne.OS M1, My in y such that xy, € My, yn, € M1and xy, & M
> YN, € M,. with MinM,= @.

h.  N,T>-space if V xy, # yn, € there exist Nc.OS M, Mz in  such that xy, € Mi, yn, € M1 and xy, € M2, yy,
e M, with M|NM,= @.

i.  N;3To-space if V xy, # yn, € there exist Nc.OS My, My in y such that xy, € My, yn, € Miand Xy, € M2, yn, €
M, with M;n M, = @.

3. Separation axioms in a neutrosophic crisp topological space

Definition 3.1.

Let (y,T) be an NcTS. Then ¥ is called:

a. NjsemiTo-space if for every Xy, # Yy, € there exists NcS.OS M in  containing one of them but not the other.

b. NjsemiTo-space if V xy,# yn, € X there exists NcS.OS M in y containing one of them but not the other.

¢ NjsemiTo-space if V xy,# yn, € there exists NcS.OS M in y containing one of them but not the other.

Definition 3.2.

Let (y,T) be an N.TS. Then ¢y is called:

a. NjsemiTi-space if for every xy, # yy, € there exist N:S.OS M1, M, in  such that xy, € M1, yy, € M1 and xy,
¢ M, YN, € M.

b. NjsemiTi-space if V xy, # yn, € there exist NcS.OS M 1, M in y such that xy, € Gi, yn, € Giand xy, € G2,
YN, € G2

¢ NjsemiTi-space if V xy, # yn, € there exist NcS.OS M1, M> in y such that xy, €M1, yy, €M and Xy, € M2,
YN; € M2

Definition 3.3.

Let (%, T) be an N.TS. Then ¢y is called:

a. NjsemiTz-space if for every xy, # yy, €Y there exists NcS.OS M 1, M in y such that xy, € My, yy, € M1 and
XN, g My, VN, € M,. with M NM,= Q.
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b. NjsemiT,-space if V xy, # yy, € there exists NcS.OS M 1, M; in x such that xy, € My, yn, € M1 and xy, ¢ M>
> YN, € M, with MiNM,= @.

¢ NzsemiTz-space if V xy, # yn, €Y there exists N.S.OS My, M, in y such that xy, € My, yn, € M1 and xy, €
M, YN, € M, with MjNn M, = Q.

Theorem 3.4.

Let (y,T) be an N.TS, then :
1.  Every N;To-space is N;semiTo-space.
2. Every N, To-space is N,semiTo-space.
3. Every N3To-space is N3semiTp-space.

1. Suppose that (3, T) is an N; To-space , therefore for every two xy, # yy, , there exists an N..OS M in y
containing one of them to which the other does not belong. So there exists an N.S.OS M in y containing
one of them to which the other does not belong, therefore X is N;semiTo-space.

2. Similar to Proof 1.

3. Similar to Proof 1.

Remark 3.5.

The converse of theorem 3.4 is not true, as it is shown in the following examples.

Example 3.6.

Letx ={a,b,c},T={0y,Xy, A, A={<{a}, 0,0 >}

N.S.0S=TU{C={<{ab},0,0 >},B={<{ac} 00>}

Letxy, = {<{b},0,0 >}# yn, = {<{c},0,0 >}ey there is no a N..OS M in y containing one of them but not
the other. Therefore (y,T) is not N; To-space.

Then (y,T) NisemiTo-space, But (3%, T) is not N; To-space.

Example 3.7.

Letx ={a,b,c},T={0y, Xy, AL, A={<®,{a}, 0>}
N.S.0S=Tu{C={<®,{ab},d>},B={<®,{ac} 0>}

Let xy, = {< 0,{b}, 0 >}# yn, = {< @,{c}, ® >}y there is no a N..OS M in y containing one of them but not
the other. Therefore (y,T) is not N, To-space.

Then (y,T) N,semiTo-space, But (3, T) is not N,To-space.

Example 3.8.

Letx ={a,b,c},T={0y Xy, A}, A={<0,{a}, >}
N.S.0S=Tu{C={<0,0,{a,b}>},B={<0,0,{ac}>}

Let xy, = {< 0,0,{ b} >}# yn, = {< 0,9, {c} >}ey there is no a Nc.OS M in y containing one of them but not
the other. Therefore (y,T) is not N;To-space.

Then (y,T) N3semiTo-space, But (3, T) is not N;To-space.
Theorem 3.9.

Let (y,T) be an N.TS, then :
1. Every N;Ti-space is N;semiT-space.
2. Every N,Ti-space is N,semiTi-space.
3. Every N3Ti-space is N3semiTi-space.

Proof:
1. Suppose that (x,T) is an N; Ti-space , therefore for every two xy, # yy, , there exist an Ne.OS M1, Mz in
such that xy, € My, yy, € M1and xy, € Mz, yn, € Ma. So there exists an Nc.S.OS M 1, M; in y such that
XN, € Mi,yn, € Miandxy, € Mz, yn, € Mo,
Therefore X is N;semiT;-space.
2. Similar to Proof 1.
3. Similar to Proof 1.
Remark 3.10.
The converse of a theorem 3.9 is not true, as it is shown in the following example.
Example 3.11.
Letx ={a,b,c},T={0n,Xn,A B C}L,A={<{a},0,0 >},B={<{b},0,0 >},C ={<{a,b},0,0 >}
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N.S.0S=Tu{G ={<{ac},®,0>}H={<{bc}0,0 >}
Letxy, = {< {b},0,0 >}y, = {< {c},®,® >}ey there is no N..OS M, M, in y such that xy, € My, yy, € M
and xy, € Mz, yn, € My. Therefore (x,T) is not N; Ti-space.

Then (x,T) N;semiT;-space, But (3, T) is not N; Ti-space.
Also (x,T) NysemiT»-space, But (y,T) is not N; T>-space.

Example 3.12.

Letx ={a,b,c},T= {0y, Xy, A B CLA={<0,{a},0 >},B={<0,{b},0 >},C ={<0,{a b},0 >}
N.S.0S=Tu{G={<0,{a,c},® >} H={<0,{b,c},0 >}

Letxy, = {< @,{b},0 >}=yn, = {®, < { c},® >}ey there are no a Nc.OS M, M, in y such that xy, € M, yn, &
M and xy, € M2, yn, € Ma. Therefore (,T) is not N, Ti-space.

Then (y,T) N,semiTi-space, But (3, T) is not N, T;-space.
Also (x,T) NpsemiTz-space, But (3, T) is not N, T»-space.

Example 3.13.

Letx ={a,b,c},T={0n,Xy ,AB,CLA={<0,0,{a} >},B={<0,0,{b}>},C={<0,0,{a b} >}
NS.0S=TUu{G={<0,0,{ac}>}H={<0,0,{b,c}>}

Letxy, = {< 0,0,{ b} >}2yn, = {< 0,0,{c} >}ey there are no N..OS M, My in y such that xy € My, yy, &
M and Xy, € M2, yn, € Ma. Therefore (x,T) is not N3Ti-space.

Then (y,T) N3semiTi-space, But (3, T) is not N3T;-space.
Also (y,T) N3semiTz-space, But (3, T) is not N;T2-space.

Theorem 3.14.

Let (%, T) be an N.TS, then :
1. Every N;T»-space is N;semiT»-space.
2. Every N,T»-space is N,semiT»-space.
3. Every N3T»-space is N3semiT»-space.

Proof:

1. Suppose that (x,T) is an N; T>-space , therefore for every two Xy, # Yy, , there exists an Ne.OS My, M in g
such that xy, € M1, yy, € Miandxy, € Mz, yn, € Ma. with MiNM,= @. So there exists NcS.OS M, M,
in y such that xy, € M1, yy, € Miand xy, € Mz, yn, € M. with MinM,= @.

Therefore X is N;semiT»-space.

2. Similar to Proof 1.

3. Similar to Proof 1.
Remark 3.15.
The converse of the Theorem 3.14 is not true,, as it is shown in the following example.
Example 3.16.
Letx ={a,b,c},T={0y ,Xy 4B, CLA={<{a},0,0 >},B={<{b},0,0 >},C ={<{a,b},0,0 >}.
N,S.0S=TU{G ={<{a,c},0,0>}LH={<{bhc}0,0 >}
Letxy, = {<{b},0,0 >}z yn, = {<{c},0,0 >}ey there are no a N..OS M, Mz in y such that xy, € M, yy, €
M, and xy, € M2, yn, € Mo. Therefore (x,T) is not N, Ti-space.

Then (x,T) N;semiTi-space, but (y,T) is not N; Ti-space.
Also (x,T) N;semiT»-space, but (3, T) is not N, T»-space.

Example 3.17.
LetX = {a,b,c},T = {®N 'XN 'A'B'C}'A = {< wl{a}'w >}'B = {< w,{b},@ >}'C = {< (D,{a,b},(b >}-
N.S.0S=Tu{G={<0,{a,c},® >} H={<0,{b,c},d >}
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Letxy, = {< @,{b},0 >}2yn, = {0, < {c},® >}y there are no N..OS M, M> in y such that Xy, € My, yy, &
1 1 2 2

M and xy, € M2, yn, € Ma. Therefore (x,T) is not N, Ti-space.

Then (y,T) N,semiTi-space, but (y,T) is not N,Ti-space.
Also (3, T) N,semiTs-space, but (3, T) is not N, T»-space.

Example 3.18.

Letx ={a,b,c},T={0y,Xy,A B C}LA={<0,0,{a} >},B={<0,0,{b}>},C ={<®,0,{a,b} >}

N.S.0S=TU{G={<0,0,{a,c}>}H={<00{bc}>}

Letxy, = {< 0,0,{ b} >}2yn. = {< 0,0,{ c} >}ey there are no N..OS M, M, in y such that xy, € My, yy. &
3 3 3 3

M and xy, € M2, yn, € M. Therefore (x,T) is not N;Ti-space.

Then (y,T) NysemiTi-space, But (3, T) is not N3Ti-space.
Also (y,T) N3semiTz-space, But (3, T) is not N3 T2-space.

Theorem 3.19.
Let (y,T) be an N.TS, then :

1. NjysemiT,-space = N;semiTi-space = N;semiTo-space.
2. N,semiT2-space = N,semiTi-space = N,semiTo-space.
3. NzsemiTz-space = NjsemiTi-space = NzsemiTo-space.

The converse of the Theorem 3.19 is not true.

Example 3.20.

LetX = {a,b,c},SN¢ = {0y , Xy , AL, A={<{a},0,0 >}.

N.S.0S={A={<{a},0,0>},C={<{a,b},0,0>},B={<{ac}0 0>}
Then (3 T) NisemiTo-space, but (y,T) isnotN,semiTi-space.

is not N, semiT,-space.
Remark. 3.21.

So (xT) NysemiTo-space,

But

Relations among the different types of neutrosophic crisp separation axioms which were studied in this

appear in the following diagram.

Ni-T,-space = Ni-T)-space = Ni-T,-space.

= =

Ni-ST,-space = Ni-ST;-space

i U4 U4 U o

Definition 3.22.
An N.TS (y,7T) is called:

a. NsemiTo-space if (X, T") is NysemiTo-space and N,semiTo-space and NzsemiTo-space.
b. NsemiT-space if (X,T") is N;semiTi-space and N,semiTi-space and N3;semiT;-space.
c¢. NsemiTz-space if (X,T") is N;semiT»-space and N,semiT»-space and N3;semiT»-space.

Remark 3.23.
For an N.TS (%, T)
1. Every NsemiTo-space if (X, T) is N;semiTo-space.
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2. Every NsemiTo-space if (X,T") is N,semiTo-space.
3. Every NsemiTo-space if (X,T") is N3semiTo-space.
The converse is not true as it is shown in the below example.
Example 3.24.
Assume that T = {X' Y} > Tl = {XN! (DN! A} sTZ = {xN! (DN! B }! TS = {XN! Q)N! G }
A =<{x},0,0>
B =<0,{y}.0>
G =<0,0,{x}>
Then: (x,T) is Ny semiTo-space but not NsemiTo-space.
(x,T) is NysemiTo-space but not NsemiTo-space.
(x,T) is N3semiTo-space but not NsemiTo-space.
Remark 3.25.
For an N(TS (x,T)
1. Every NsemiTi-space if (X, T) is N;semiT-space.
2. Every NsemiTi-space if (X, T") is N,semiTi-space.
3. Every NsemiTi-space if (X, T) is N3semiTi-space.
The converse is not true as it is shown in the following example.
Example 3.26.
Assume that = {x,y} ,7; = {Xx,9x,A B}, = {Xy, On, G,F 1.
A =<{x},{y},0>
B =<{y}.{x},0>
G =<0,0,{x}>
F=<0.0,{y}>
Then: (x,T1)is N;semiTi-space but not NsemiT;.
(X, T1)is NysemiTi-space but not NsemiT;.
(X, T2)is N3semiTi-space but not NsemiT;.
Remark 3.27.
For an N(TS (x,T)
1. Every NsemiT»-space if (X, T) is N;semiT>-space.
2. Every NsemiTs-space if (X, T") is N,semiT,-space.
3. Every NsemiT:-space if (X, T) is N3semiT,-space.
The converse is not true as it is shown in the example.
Remark 3.28.
For an neutrosophic. crisp topological space (X, T)
1. Every NsemiT;-space but not NsemiTo-space.
2. Every NsemiT,-space but not NsemiT;-space.
The converse is not true as it is shown in the following example :
Example 3.29.
Assume that = {x,y},T = {Xy,0n,A B,G}.

A =<{x},0,0>
B =<@,{y},0>
G =<0,0,{x}>
Then: (X,T) is NsemiTo-space but not NsemiTi-space.

Conclusion

In this paper, we have defined a new type of neutrosophic crisp separation axioms by using neutrosophic crisp semi
open sets and certain point in the neutrosophic crisp topological spaces. Moreover,we study the connections
between neutrosophic crisp semi separation axioms and the existing neutrosophic crisp separation axioms. And
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many examples are presented, to illustrate the concepts introduced in this paper. Also, investigate their fundamental
properties and characterizations.
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Abstract

The objective of this paper is to formally present the concept of NeutroGroups by considering three NeutroAx-
ioms (NeutroAssociativity, existence of NeutroNeutral element and existence of Neutrolnverse element). Sev-
eral interesting results and examples of NeutroGroups, NeutroSubgroups, NeutroCyclicGroups, NeutroQuo-
tientGroups and NeutroGroupHomomorphisms are presented. It is shown that generally, Lagrange’s theorem
and 1st isomorphism theorem of the classical groups do not hold in the class of NeutroGroups.

Keywords: Neutrosophy, NeutroGroup, NeutroSubgroup, NeutroCyclicGroup, NeutroQuotientGroup and
NeutroGroupHomomorphism.

1 Introduction

In 2019, Florentin Smarandache? introduced new fields of research in neutrosophy which he called Neu-
troStructures and AntiStructures respectively. The concepts of NeutroAlgebras and AntiAlgebras were re-
cently introduced by Smarandache in* Smarandache in® revisited the notions of NeutroAlgebras and AntiAl-
gebras where he studied Partial Algebras, Universal Algebras, Effect Algebras and Boole’s Partial Algebras
and showed that NeutroAlgebras are generalization of Partial Algebras. In' Agboola et al examined Neu-
troAlgebras and AntiAlgebras viz-a-viz the classical number systems N, Z, Q, R and C. The mention of Neu-
troGroup by Smarandache in? motivated us to write the present paper. The concept of NeutroGroup is formally
presented in this paper by considering three NeutroAxioms (NeutroAssociativity, existence of NeutroNeutral
element and existence of Neutrolnverse element). We study NeutroSubgroups, NeutroCyclicGroups, Neutro-
QuotientGroups and NeutroGroupHomomorphisms. We present several interesting results and examples. It is
shown that generally, Lagrange’s theorem and 1st isomorphism theorem of the classical groups do not hold in
the class of NeutroGroups.

For more details about NeutroAlgebras, AntiAlgebras, NeutroAlgebraic Structures and AntiAlgebraic
Structures, the readers should see 1™

2 Formal Presentation of NeutroGroup and Properties

In this section, we formally present the concept of a NeutroGroup by considering three NeutroAxioms (Neu-
troAssociativity, existence of NeutroNeutral element and existence of Neutrolnverse element) and we present
its basic properties.

Definition 2.1. Let G be a nonempty set and let * : G x G — G be a binary operation on GG. The couple
(G, %) is called a NeutroGroup if the following conditions are satisfied:

(i) = is NeutroAssociative that is there exits at least one triplet (a, b, ¢) € G such that

ax(bxc)=(axb)xc (D
and there exists at least one triplet (x,y, z) € G such that
xx(yx*z) £ (xxy)* 2. 2)
I Correspondence:aaaola2003 @yahoo.com
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(ii) There exists a NeutroNeutral element in G that is there exists at least an element @ € G that has a single
neutral element that is we have e € G such that

axe=exa=a 3)

and for b € G there does not exist e € GG such that

bxe=exb="»> 4

or there exist e1, es € G such that
bxeg = e xb=0b or (&)
bxes = eaxb=0>b with e; # eq (6)

(iii) There exists a Neutrolnverse element that is there exists an element ¢ € G that has an inverse b € G
with respect to a unit element e € G that is

axb=bxa=ce @)

or there exists at least one element b € G that has two or more inverses ¢, d € G with respect to some
unit element u € G that is

bxec = cxb=u )
bxd = d*xb=u. )

In addition, if * is NeutroCommutative that is there exists at least a duplet (a,b) € G such that

axb=bxa (10)
and there exists at least a duplet (¢, d) € G such that

cxd#dx*c, (11)

then (G, %) is called a NeutroCommutativeGroup or a NeutroAbelianGroup.
If only condition (i) is satisfied, then (G, ) is called a NeutroSemiGroup and if only conditions (i) and (ii)
are satisfied, then (G, x) is called a NeutroMonoid.

Definition 2.2. Let (G, x) be a NeutroGroup. G is said to be finite of order n if the cardinality of G is n that
is o(G) = n. Otherwise, G is called an infinite NeutroGroup and we write o(G) = cc.

Example 2.3. Let U = {a,b,c,d, e, f} be a universe of discourse and let G = {a, b, ¢, d} be a subset of U.
Let * be a binary operation defined on G as shown in the Cayley table below:

*lalblc|d
alblc|d]|a
bleld|lalc
cldlalbl|d
dla|b|lcla
It is clear from the table that:
ax(bxc) = (axb)xc=d,
bx(dxc) = a, but (bxd)*xc=0b.

This shows that  is NeutroAssociative and hence (G, *) is a NeutroSemiGroup.
Next, let IV, and I, represent the neutral element and the inverse element respectively with respect to any
element z € G. Then

N, = d,

I, = ¢
Ny, N¢, Ny do not exist,
Iy, 1., 14 do not exist.

This in addition to (G, *) being a NeutroSemiGroup implies that (G, ) is a NeutroGroup.
It is also clear from the table that x is NeutroCommutative. Hence, (G, %) is a NeutroAbelianGroup.
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Example 2.4. Let G = Zj and let * be a binary operation on GG defined by z xy = x + 2y forall z,y € G
where + is addition modulo 10. Then (G, ) is a NeutroAbeliaGroup. To see this, for z, y, z € G, we have

x(yxz) = xz+2y+4z, (12)
(xxy)*xz = x+42y+ 2z (13)

Equating (16) and (17) we obtain z = 0,5. Hence only the triplets (x,y,0), (x,y,5) can verify associativ-
ity of x and not any other triplet (z,y,2) € G. Hence, * is NeutroAssociative and therefore, (G, %) is a
NeutroSemigroup.

Next, lete € Gsuchthatx xe =z +2e = z and e * £ = e + 2. Then, z + 2¢ = e + 22 from which we
obtain ¢ = x. But then, only 5 x 5 = 5 in . This shows that G has a NeutroNeutral element. It can also be
shown that GG has a NeutroInverse element. Hence,(G, *) is a NeutroGroup.

Lastly,

Txy = x+2y, (14)

y*xr = y+2z. (15)
Equating (18) and (19), we obtain = = y. Hence only the duplet (x,x) € G can verify commutativity of % and
not any other duplet (x,y) € G. Hence, * is NeutroCommutative and thus (G, *) is a NeutroAbelianGroup.

Remark 2.5. General NeutroGroup is a particular case of general NeutroAlgebra which is an algebra which
has at least one NeutroOperation or one NeutroAxiom (axiom that is true for some elements, indeterminate
for other elements, and false for the other elements). Therefore, a NeutroGroup is a group that has either one
NeutroOperation (partially well-defined, partially indeterminate, and partially outer-defined), or atleast one
NeutroAxiom (NeutroAssociativity, NeutroElement, or Neutrolnverse).

It is possible to define NeutroGroup in another way by considering only one NeutroAxiom or by consider-
ing two NeutroAxioms.

Theorem 2.6. Let (G;,%),i=1,2,---  n be afamily of NeutroGroups. Then
(i) G =i, Gi is a NeutroGroup.
(ii) G =11}, Gi is a NeutroGroup.
Proof. Obvious. O

Definition 2.7. Let (G, ) be a NeutroGroup. A nonempty subset H of G is called a NeutroSubgroup of G if
(H, ) is also a NeutroGroup.

The only trivial NeutroSubgroup of G is G.

Example 2.8. Let (G, ) be the NeutroGroup of Example 2.3 and let H = {a, ¢, d}. The compositions of
elements of H are given in the Cayley table below.

x|al|lcl|d
albl|ld|a
cld|bl|d
dla|c|a

It is clear from the table that:

x(cxd) = (axc)xd=a,
x(cxa) = a, but (d+*c)xa=d# a.
N, = d
I, = ¢
N, Ny do not exist,
1., 1, do not exist.
axd = dxa=a, but cxd=d,d*xc=c#d.

All these show that (H, ) is a NeutroAbelianGroup. Since H C G, it follows that H is a NeutroSubgroup of
G.

It should be observed that the order of H is not a divisor of the order of G. Hence, Lagrange’s theorem
does not hold.
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Theorem 2.9. Let (G, *) be a NeutroGroup and let (H;,*),i = 1,2,--- ,n be a family of NeutroSubgroups
of G. Then

(i) H= ﬂ?:l H; is a NeutroSubgroup of G.

(ii) H =T[}_, H; is a NeutroSubgroup of G.
Proof. Obvious. O
Definition 2.10. Let H be a NeutroSubgroup of the NeutroGroup (G, ) and let z € G.

(1) x=H the left coset of H in G is defined by

xH ={xh:he H}. (16)

(1) Hz the right coset of H in G is defined by

Hx={hz:he H}. (17)

Example 2.11. Let (G, %) be the NeutroGroup of Exampleand let H be the NeutroSubgroup of Example
H, the set of distinct left cosets of H in G is given by

H) = {{av b7 d}v {a7 C}’ {b’ d}}

and H., the set of distinct right cosets of H in G is given by

H, ={{a,b,d},{a,b,c}, {b,c,d},{a,d}}.

It should be observed that H; and H, do not partition G. This is different from what is obtainable in the
classical groups. However, the order of H; is 3 which is not a divisor of the order of G and therefore, [G : H]|
the index of H in G is 3, that is [G : H] = 3. Also, the order of H, is 4 which is a divisor of G. Hence,
[G: H] = 4.

Example 2.12. Let U = {a, b, ¢, d} be a universe of discourse and let G = {a, b, ¢} be a NeutroGroup given
in the Cayley table below:

x|la|b|ec
alalc|b
blclalc
cla|cl|d

Let H = {a, b} be a NeutroSubgroup of GG given in the Cayley table below:

x|lalb
alalcl|l
blc|a

Then, the sets of distinct left and right cosets of H in G are respectively obtained as:
H = {{av C}}>
H, = {{a>}7{c}7{bvc}}'

In this example, the order of H; the set of distinct left cosets of H in G is 1 which is not a divisor of the order
of G and therefore, [G : H| = 1. However, the order of H,. the set of distinct right cosets of H in G is 3 which
is a divisor of the order of G and therefore, [G : H| = 3. This is also different from what is obtainable in the
classical groups.

Consequent on Examples 2.8} 2.11] and 2.12] we state the following theorem:
Theorem 2.13. Let H be a NeutroSubgroup of the finite NeutroGroup (G, *). Then generally:
(i) o(H) is not a divisor of o(Q).
(ii) There is no 1-1 correspondence between any two left(right) cosets of H in G.
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(iii) There is no 1-1 correspondence between any left(right) coset of H in G and H.

(iv) If N, = ethatis xe = ex = x forany x € G, theneH # H, He # H and {e} is not a NeutroSubgroup
of G.

(v) o(G) # [G : H|o(H).
(vi) The set of distinct left(right) cosets of H in G is not a partition of G.

Definition 2.14. Let (G, x) be a NeuroGroup. Since * is associative for at least one triplet (z, 2, z) € G, the
powers of x are defined as follows:

Tr

= IIx

" = xxx---x nfactors Vn € N.

Theorem 2.15. Let (G, *) be a NeutroGroup and let x € G. Then for any m,n € N, we have:
(i) 2™z = ™",
(i) (x™)" = z™".

Definition 2.16. Let (G, *) be a NeutroGroup. G is said to be cyclic if G can be generated by an element
x € G thatis

G=<z>={z":neN}L (18)

Example 2.17. Let (G, ) be the NeutroGroup given in Example [2.3]and consider the following:

at = a,d®>=ba®=ca*=d.
o= b,b>=d, b =c bt =a.
d = e=b=ac"=d
d = dd*=ad=qad =a.
G = <a>=<b>=<c>G#<d>.

These show that G is cyclic with the generators a, b, c. The element d € G does not generate G.

Definition 2.18. Let H be a NeutroSubgroup of the NeutroGroup (G, *). The sets (G/H); and (G/H), are
defined by:

(G/H), = {zH:z€ G} (19)
(G/H), = {Hz:z¢€G}. (20)

Let xH,yH € (G/H), and let ®; be a binary operation defined on (G/H), by
cHoOyH =x*xyH Vz,yed. 2D
Also, letzH,yH € (G/H), and let ®, be a binary operation defined on (G/H), by
Hx®,Hy=Hxxy Vx,y €. (22)
It can be shown that the couples ((G/H);,®;) and ((G/H),, ®,) are NeutroGroups.
Example 2.19. Let G and H be as given in Example 2.12]and consider
(G/H); ={aH,bH,cH} = {aH} = {{a,c}}.

Then ((G/H);, ®;) is a NeutroGroup.
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Definition 2.20. Let (G,x*) and (H,o) be any two NeutroGroups. The mapping ¢ : G — H is called a
NeutroGroupHomomorphism if ¢ preserves the binary operations * and o that is if for all z,y € G, we have

Pz xy) = ¢(x) 0 P(y). (23)
The kernel of ¢ denoted by Ker¢ is defined as

Kerg ={x: ¢(x) =en} (24)

where ey € H is such that N, = ey for at least one h € H.
The image of ¢ denoted by Im¢ is defined as

Imp={yec H:y=¢(x) forsome h € H}. (25)

If in addition ¢ is a bijection, then ¢ is called a NeutroGroupIsomorphism and we write G = H. Neu-
troGroupEpimorphism, NeutroGroupMonomorphism, NeutroGroupEndomorphism, and NeutroGroupAuto-
morphism are similarly defined.

Example 2.21. Let (G, *) be a NeutroGroup of Example[2.12)and let ¢ : G x G — G be a projection given
by
U((z,y)) =z Y,y €G.

Then ¢ is a NeutroGroupHomomorphism. The Kery = {(a,a), (a,b), a,c)} which is a NeutroSubgroup of
G x G as shown in the Cayley table below.

* (a,a) | (a,b) | (a,c)
(a,a) | (a,a) | (a,c) | (a,b)
(a,b) | (a,¢) | (a,a) | (a,c)
(a,c) | (a,a) | (a,c) | (a,d)

and Imy = {a,b,c} = G.
Consequent on Example[2.21] we state the following theorem:

Theorem 2.22. Let (G, *) and (H, o) be NeutroGroups and let N, = eq such that eq x x = © x eq = « for
at least one x € G and let Ny = ey such that ey xy = y * ey = y for at least one y € H. Suppose that
¢ : G — H is a NeutroGroupHomomorphism. Then:

(i) ¢lec) = en.
(ii) Kerg is a NeutroSubgroup of G.
(iii) Imdo is a NeutroSubgroup of H.
(iv) ¢ is injective if and only if Ker$ = {eg}.

Example 2.23. Considering Example[2.19} let ¢ : G — G/H be a mapping defined by ¢(2) = zH forall z €
G. Then, ¢(a) = ¢(b) = ¢(c) = aH = {a, ¢} from which we have that ¢ is a NeutroGroupHomomorphism.

Kerg={z€G:¢(x) =equ} ={r € G:2H =eq g = e{{ac}}} # H.
Consequent on Example[2.23] we state the following theorem:

Theorem 2.24. Let H be a NeutroSubgroup of a NeutroGroup (G, ). The mapping ¢ : G — G/H defined
by
Y(x)=azH Ve eG

is a NeutroGroupHomomorphism and the Kery # H.

Theorem 2.25. Let ¢ : G — H be a NeutroGroupHomomorpism and let K = Ker¢. Then the mapping
v : G/K — Im¢ defined by
Y(aK)=¢(x) Ve eqG

is a NeutroGroupEpimorphism and not a NeutroGrouplsomorphism.
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Proof. That ¢ is a well defined surjective mapping is clear. Let K, y K € G/K be arbitrary. Then

Y(KyK) = (zyK)

(zy)

()¢(y)

V(@ K)Y(yK).

Kery = {a2K € G/K :¢(xK) = ey}
= {2K € G/K: ¢(x) = epm)}

# {ec/x}
This shows that 9 is a surjective NeutroGroupHomomorphism and therefore it is a NeutroGroupEpimorphism.

Since v is not injective, it follows that G/ K % I'm¢ which is different from what is obtainable in the classical
groups. O

I
S S &

Theorem 2.26. NeutroGrouplsomorphism of Neutrogroups is an equivalence relation.

Proof. The same as the classical groups. O

3 Conclusion

We have formally presented the concept of NeutroGroup in this paper by considering three NeutroAxioms
(NeutroAssociativity, existence of NeutroNeutral element and existence of Neutrolnverse element). We pre-
sented and studied several interesting results and examples on NeutroSubgroups, NeutroCyclicGroups, Neu-
troQuotientGroups and NeutroGroupHomomorphisms. We have shown that generally, Lagrange’s theorem
and 1st isomorphism theorem of the classical groups do not hold in the class of NeutroGroups. Further studies
of NeutroGroups will be presented in our future papers. Other NeutroAlgebraicStructures such as NeutroR-
ings, NeutroModules, NeutroVectorSpaces etc are opened to studies for Neutrosophic Researchers.
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Abstract

In this paper we have defined the concept of neutrosophic queueing systems and defined its neutrosophic
performance measures. An important application of neutrosophic logic in queueing systems we face in real life were
discussed, that is the neutrosophic events accuring times, because of its wide applications in networking and
simulating communication systems specialy when probability distribution is not known, and because it’s more
realistic to consider and to not ignore the imprecise events times. Event-based table of a neutrosophic queueing
system was presented and its neutrosophic performance measures were derived, i.e. neutrosophic mean waiting time
in queue, neutrosophic mean waiting time in system, neutrosophic expected number of customers in queue and
neutrosophic expected number of customers in system. Neutrosophic Little’s Formulas (NLF) were also defined
which is a main tool in queueing systems problems to make it easier finding performance measures from each other.

Keywords: Neutrosophic Logic; Queueing Theory; Performance Measures; Little’s Formula

1.Introduction

Neutrosophic Logic that was presented by F.Smarandache in 1995 as generalization of intuitionistic fuzzy logic
has lots of applications in many branches of science specially in probability, statistics and operation research
[1,2,3,4,5,6,7]. In these three mentioned branches of science we face lots of imprecise, ambiguity, fluctuation and
incomplete data [3,4,5,6,7]. Before the foundation of neutrosophic logic we couldn’t deal with these cases
[8,9,10,11,12]. Queueing theory or waiting lines theory is one of the most important applications of probability theory
and operations research presented by Erlang in 1909, which is a modelling of systems where customers have to wait
unitl they get required services [13]. Queueing theory has many applications in traffic flow, scheduling, designing
communication networks and facility design [13,14,15].

In queueing theory, efficiency of service providing systems can be determined depending on the time that
customer must wait unitl he takes his desired service and the cost that is resulting from system’s design [14,15].

Modeling a queuenig system depends on lots of characteristics including: interarrival times, departures times,
servicing times, number of servers, etc. but these are not always determined exactly and most times are inaccurate
[3,10,14].

In classical cirsp qeues researcher often use rates, midpoints or most probable values to represent in queue’s
parameters [16,17]. The extension of classical queueing theory to neutrosophic queueing theory means that the
elements of the queue are imprecise, i.e. times of arrivals, timer of taking services and departures are not known
exactly. In this paper, the definition of neutrosophic performance measures of a general queue depending on event-
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based table and NLF was introduced, then a solved example was presented to show the power of neutrosophic crisp
sets [3,5,18] in solving problems better and more accurate than in classical crisp logic.

2. Neutrosophic queues

2.1 Definitions and notions

Suppose that the queueing system consists of one waiting line. Arriving customer takes his service from only
one server. If the server is busy then arriving customer waits in the queue until the server is empty. The server can
serve one customer at time according to first comes first served policy. The customer departs after he takes his service.

Let by definition:

NA®™ denotes the neutrosophic time of customer (n) arrival.
NS™ denotes the neutrosophic service time of customer (n).
NT™ denotes the neutrosophic interarrival time of customer (n) and customer (n+l) so:
NT™ = NA®+D — N4
NU® denotes the neutrosophic time that customer (n) starts taking the service so:
NU@*D = max(ND™, NAT+D)
ND®™ denotes the neutrosophic time of customer (n) departure that is:
ND™ = NU™ 4 Ns®
N Wq(”) denotes waiting time in queue of customer (n) so:
NW™ = NU®™ — NA®
NW ™ denotes waiting time in system of customer (n) so:
NW® = NW™ + NS™
NW, denotes the neutrosophic mean waiting time in queue.
NW denotes the neutrosophic mean waiting time in system.
NL, denotes the neutrosophic expected number of customers in queue.
NL denotes the neutrosophic expected number of customers in system.

NLF will be then (based on classical little’s formula in [14,15]):

NL =% NW
NL, =1+ NW,

Where A is the arrival rate, that is total number of arrivals divided by the time between last departure and starting

time.

Among this paper, neutrosophic statistical numbers presented in [19] will be used, which is an effective method
to describe indeterminacy in data specially data that it is not useful to be presented in the form (T, I, F) like parameters
of distributions, statistical data, statistical data tables, frequency tables, time series, etc [4, 5, 10,19, 20].

2.2 Example

Suppose that we have the following event-based table of a queueing system representing arriving customers to an
ATM (all times are in minutes):
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3 6 2
4 8 1
5 12| [1,2]
6 [13,14] | 2

Table 1: Input data
Lets calculate the performance measures of this ATM system according to Neutrosophic queues then

according to cirsp queues:

Neutrosophic Solution:

For customer 1: we start when the system is empty so NA®) = 0 that is the arrival time of ther first customer.
Since the system is empty then the arrival customer will be served without any waiting so NU™ = 0.

The service time for this customer is NS® = [1,2] so the departure time will be ND® = NU® + NSO =0 +
[1,2] = [1,2] that is the time of start serving the customer plus the serving time.

The waiting time in queue is the difference between starting serving the customer NU®and arriving time of this
customer NA® so : NW," = NU® — NA®D =0 -0 =0.

Waiting time in system is sum of waiting time in queue and serving time that is : NW® = N W;;D +NSD =0+
[1,2] =[1,2].

Interarrival time between first and next customer is NT® = NA® — NAD = [3,4] — 0 = [3,4].

For customer 2: NA® = [3,4] that is the arrival time of the second customer.

The service starting time of this customer (customer 2) will be its arriving time if the server is empty or it will be
immediately after the departure time of the previous customer if the server is busy, so it’s NU® =

max(ND®W, NA®) = max([1,2], [3,4]) = [3,4].

The service time for this customer is NS@® = 4 so the departure time will be D® = NU® + NS® = [3,4] + 4 =
7,8] .

The waiting time in queue is the difference between starting serving the customer NU®and arriving time of this
customer NA® so : NWq(Z) =NU® —NA® =[3,4] - [3,4] = 0.

Waiting time in system is sum of waiting time in queue and serving time thatis : NW® = N Wf) +NS@ =0+
4 =4

Interarrival time between second and third customer is NT® = NA® — NA® = 6 —[3,4] = [2,3].
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For customer 3: NA®) = 6.
The service starting time of this customer will be NU®) = max(ND(z), NA(3)) = max([7,8],6) = [7,8].

The service time for this customer is NS® = 2 so the departure time will be D® = NU® + NS® = [7,8] + 2 =
[9,10] .

The waiting time in queue is: NWq(3) =NU® — NA® = [7,8] — 6 = [1,2].
Waiting time in system is : NW® = NWq(3) +NS® =[1,2]+2 = [34].
Interarrival time between third and forth customer is NT® = NA® — NA® =8 -6 = 2.

And so on.. We can form the following table:

Customer | NA®™ | NS™ | NT® | NU® | ND® | NW(P | NW®
1 0 | [121 | 341 | 0 [1,2] 0 [1,2]
2 341 | 4 | 23] | B34 | [7.8] 0 4
3 6 2 2 | 78] | [910] | [1,2] | [3.4]
4 8 1 4 | [9,10] | [10,11] | [1,2] | [23]
5 12| (121 | 21 | 12 | (13,141 o [1,2]
6 [13,14] | 2 - | 13,141 | (15,161 | 0 2

Table 2: Neutrosophic event-based queue table

Now we can calculate the performance measures as follows:

eV 040+ [12]+[12]+0+0  [24]
NW, = 6 - 6 ~ 76

= [0.33,0.67] minutes

Which means that customer will wait in the queue between 0.33 and 0.67 mins or between 20 and 40 secs before
starting being served.

XN (1214 4+ 341+ 23]+ [12] +2  [13,17]
h 6 a 6 T 6

NW = [2.17,2.833] minutes

Which means that customer will stay in the system between 2.17 and 2.833 that is between 2 mins and 10 secs and 2
mins and 50 secs from the time he arrives until he departs from the system.

We have also 4 = % = 0.375 that is the arrival rate because we totally have 6 customers arrived during 16 minutes.
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Now using Little’s formula we have:

NL =21 NW = 0.375 = [2.17,2.833] = [0.81375,1.062375] customers

That means expected number of customers in the system will be between 0.81375 and 1.062375 customers.
NL; = A= NW, = 0.375 * [0.33,0.67] = [0.12375,0.25125] customers

That means expected number of custoemrs in queue will range between 0.12375 and 0.25125 customers.
Crisp Solution:

To solve this kind of problems using crisp queues we may take midpoints of intervals, so:

Customer | A™ | s
1 0 1.5
2 35 4
3 6 2
4 8 1
5 12 1.5
6 135 2

Table 3: Input data converted into crisp data
For customer 1: Since the system is empty then the arrival customer will be served without any waiting so U™ = 0.
The service time for this customer is approximatley S = 1.5 so the departure time will be approximately D™ =
UMD +8M =0+ 1.5=1.5 that is the apprpximated time of start serving the customer plus the approximated

serving time.

The waiting time in queue is the difference between starting serving the customer UMand arriving time of this
customer AM so : Wq(l) =UW-AW =0-0=0.

Waiting time in system is sum of waiting time in queue and serving time that is : W™ = %(1) +SW=0+15=
1.5.

Interarrival time between first and next customer is approximately T = A® — AW =35-0=35

For customer 2: A® = 3.5 that is the approximated arrival time of the second customer.
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The service starting time of this customer will be its arriving time if the server is empty or it will be immediately
after the departure time of the previous customer if the server is busy, so it’s U® = max(D®,4?) =
max(1.5,3.5) = 3.5

The service time for this customer is S) = 4 so the departure time willbe D@ = U® + §@ =35+4 =75,

The waiting time in queue is the difference between starting serving the customer U@and arriving time of this
customer A® so: WP = U® — 4@ =35-35=0.

Waiting time in system is sum of waiting time in queue and serving time thatis : W® = Wq(z) +S®D=0+4=4
Interarrival time between second and third customer is T® = A® — A® =6 -35=25

And so on.. We can form the following table:

Customer | A® | s | T | g | pOv WEI") w®
1 0 1.5 | 3.5 0 1.5 0 1.5
2 3.5 4 25| 35 7.5 0 4
3 6 2 2 7.5 9.5 1.5 3.5
4 8 1 4 9.5 | 105 ] 1.5 2.5
5 12 1.5 1.5 12 | 13.5 0 1.5
6 13.5 2 - 13.5 | 15.5 0 2

Table 4: Crisp event-based queue table

Now performance measures can be calculated as follows:

ealW™], o+0+15+15+0+0 3 ,
W, = 3 = 3 == 0.5 minutes € [0.33,0.67] = NW,

q

Ted[W™], 15+4+35+425+15+2 15 ,
c = c =z = 2.5 minutes € [2.17,2.833] = NW

We had before 4 = 0.375, now using crisp Little’s formula:
L=2A1xW =0.375%2.5 = 0.9375 customers € [0.81375,1.062375] = NL

Ly = A+ W, = 0375+ 0.5 = 0.1875 customers € [0.12375,0.25125] = NL,
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We notice that neutrosophic solutions are more accurate and realistic than crisp solutions.

5. Conclusions

In this article, we discussed basics of neutrosophic queueing theory and have shown the power of neutrosophic
logic in modelling queues with imprecise and incomplete inputs in even-based tables of queues. We solved an example
which contains indetermined times of arrivals, departures, services and services starting times and calculated the
neutrosophic mean waiting time in queue, neutrosophic mean waiting time in system, neutrosophic expected number
of customers in queue and neutrosophic expected number of customers in system then compared it to crisp solutions.

We found that neutrosophic solutions can be considered as an extension to crisp solutions, also neutrosophic
solutions are more accurate than crisp solutions.

In future work author looking forward to study more complex applications of neutrosophic logic to more genereal
queueing problems like bulk queues, balk queues, networks of queues and impatient customers behaviour in queues
like jockeying and reneging.
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Abstract

In this paper, we initially introduce a novel type of matrix representation of Plithogenic
Crisp/Fuzzy/Intuitionistic/Neutrosophic Hypersoft Set named as Plithogenic
Crisp/Fuzzy/Intuitionistic/Neutrosophic Hypersoft Matrix, which is generated by multiple parallel sheets of
matrices. Furthermore, these parallel sheets are representing parallel universes or parallel realities (a combination of
attributes and sub-attributes w.r.t. subjects). We represent cross-sectional cuts of these hyper-soft matrices as parallel
sheets (images of the expanded universe). Later, we utilize these Hypersoft matrices to formulate Plithogenic
Subjective Crisp/Fuzzy/Intuitionistic/Neutrosophic Hyper-Super-Soft Matrix. These matrices are framed by the
generalization of Whole Hyper-Soft Set to Subjective Whole Hyper-Soft Set and then their representation in such
hyper-super-soft-matrix (parallel sheets of matrices) whose elements are matrices. The Hypersoft matrices and
hyper-super-soft matrices are tensors of rank three and four, respectively, having three and four indices of variations.
Later we provide an application of these Plithogenic Hyper super soft matrices in the form of Local, Global,
Universal Subjective Ranking Model. The specialty of this model is that it offers precise classification of the
universe from micro-universe to macro-universe levels by observing them through several angles of visions in many
environments having several ambiguities and hesitation levels. This model provides optimal and neutral values of
universes and can compact the expanded universe to a single point in such a way that the compacted universe reflects
the cumulative effect of the whole universe. It further offers a transparent ranking by giving a percentage authenticity
measure of the ranking. Finally, we provide an application of the model as a numerical example.

Keywords: Plithogenic Hyper-Super-Soft matrices, Sheets of matrices, Expanded Universe, Compacted Universe,
Subjective, Local, Global, Universal Ranking,

1.Introduction

DOI: 10.5281/zenodo.3841624
Received: February 25, 2020 Revised: March 28, 2020  Accepted: May 20, 2020

56


HP
Typewriter
Received: February 25, 2020     Revised: March 28, 2020     Accepted: May 20, 2020


International Journal of Neutrosophic Science (IINS) Vol. 6, No. 2, PP. 56-79, 2020

The theory of fuzziness in mathematics was initially introduced by Zadeh [7] in 1965 named as fuzzy set theory (FST).
As in crisp Set, a member either completely belongs to a set A or completely doesn't belong to the set A which means
we assignee membership to set 4 either 1 or 0 while in a fuzzy set, a doubt of belongingness is addressed as a natural
trait of the human mind in decision making. The complete membership reduced according to the doubt of
belongingness. We may say a fuzzy set is a set where each element of the universe of discourse X has some degree of
membership in the unit closed interval [0, 1] in given set A, where A is a subset of universal Set X with respect to an
attribute say M with an imposed condition that the sum of membership and non-membership is one unlike crisp Set
where the membership is not partial but completely one or completely zero. In fuzzy Set, elements are represented
with one variable quantity, i.e., degree of membership noted as p,(x) € [0,1]Vx € X and to express the degree of

non-membership a notation v4(x) € [0, 1]Vx € X was used. {x: p4(x)} is the general representation of a fuzzy Set.

Further generalization of fuzzy Set was made by Atanassov [2-3] in 1986, which is known as the Intuitionistic fuzzy
set theory (IFS). IFS addresses the doubt on assigning the membership to an element in the previously discussed fuzzy
Set. This expanded doubt is the natural trait of the human mind, known as the hesitation factor of IFS. By introducing
the hesitation factor in IFS, the sum of opposite membership values was modified. In IFS, the sum of membership,
non-membership, and hesitation is one. The degree of hesitation was generally expressed by the notation"t"now the
modified condition is p,(x) + v,4(x) + 14(x) = 1Vx € X. The elements of IFS expressed by using two variable
quantities." 4 (x)"and "v 4 (x)"{x: (u4(x),v4(x))}. Later Intuitionistic fuzzy set theory (IFS) was further modernized
by Smarandache [1, 15, 17] in 1995, where he assigned an independent degree to the doubt which was aroused in IFS.
He represented membership by T (x), the truth of an event and non-membership by F(x) falsity or opposite to truth
and the Indeterminacy I(x) is the neutrality between the truth and its opposite. These three factors are considered as
independent factors and represented in a unit cube in the non-standard unit interval |0~ 1*[. Smarandache represented

the elements of Standard Neutrosophic Set by using three independent quantities i.e.
{x: (T(x), I(x), F(x))} with condition 0 < (T(x) + I(x) + F(x) < 3

Soft Set was introduced by Molodtsov [5] in 1999, where he exhibited them as a parametrized family of a subset of
the universal set. Soft Set further expanded by Deli, Broumi, Cagman [23][24] in 2015.

Later, Smarandache [ 16] in 2018 generalized the Soft Set to Hypersoft Set and Plithogenic Hypersoft Set by expanding
the function of one attribute into a multi attributes/sub-attribute function. He assigned a combined

membership py, Azx___XAN(x),non-membership Vg, Azx...xAN(x) and indeteriminacy t,, Azx...xAN(x) Vx € X with

condition 4; N A; = ¢ and introduced hybrids of Crisp/ Fuzzy/ Intuitionistic Fuzzy and Neutrosophic hypersoft set

and addressed many open problems of development of new literature and MADM techniques.

We have answered some of the open concerns raised by Smarandache [16] in his article "Extension of Soft set to
Hypersoft Set and then to Plithogenic Hypersoft Set" published in 2018, in our previous article, titled "Plithogenic
Fuzzy Whole Hyper Soft Set, Construction of Local Operators and their Application in Frequency Matrix Multi-
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Attribute Decision Making Technique"[14]. With the help of this Matrix, some local operators for the Plithogenic
Fuzzy Hypersoft Set (PFHSS) originated, and their numerical examples constructed. Once these local operators
applied to (PFHSS) they gave birth to a new type of Soft Set termed as Plithogenic Fuzzy Whole Hypersoft set
(PFWHSS).

Now in this article on its first stage, we represent Plithogenic/Fuzzy/Intuitionistic/Neutrosophic Hyper Soft Set in
different and advanced forms of Matrix termed as Plithogenic Crisp/Fuzzy/Intuitionistic/Neutrosophic Hypersoft
Matrix (PC/F/I/NHS-Matrix). This special type of Matrix is generated by parallel sheets of matrices representing
parallel universes or parallel realities. Then by hybridization of this novel Hyper-soft Matrix and Plithogenic Fuzzy
Whole Hyper Soft Set, we generate a more generalized and expanded version of Soft Set and name these new Soft
Set, "Plithogenic Fuzzy/Intuitionistic/Neutrosophic Subjective Hyper- Soft Set." To represent these sets, we further
generate a more expanded form of Hyper-Soft-Matrix naming as Plithogenic Crisp/Fuzzy/Intuitionistic/Neutrosophic
Subjective Hyper-Super-Soft Matrix (PC/F/I/NHSSM) which is a more advance form of Matrix. These matrices are a
hybridization of Super-matrices Introduced by Smarandache [8][9] and Hyper matrices [11].

* Now the question arises why we are using hyper-soft and hyper-super-soft matrices for the expression of Plithogenic
Hyper-Soft Set and Plithogenic Subjective Hyper-Soft Set? The answer is very simply and truly convincing that is,
the Plithogenic universe is so vast and expanded interiorly (like having Fuzzy, Intuitionistic Fuzzy, Picture Fuzzy,
Neutrosophic, Pythogorian, Universes with memberships non-memberships and indeterminacies) and exteriorly
(dealing with many attributes, sub-attributes and might be sub-sub-attributes regarding many subjects. The expression
for such a vastly expanded universe is not possible by using ordinary algebra or matrices. For the repercussion of an
expanded universe with vast indeterminate data, we need some new theories like super or hyper-super algebra or

hyper-soft and hyper-super-soft matrices.

* This article is an initial draft or effort for initiating and opening a new dimension of expression by using hyper or
hyper-super matrices. It is an expanding field, so in this paper, we introduce names and general expressions of these
matrices in many environments. A detailed constructed example is presented in Crisp and Fuzzy environments to keep
the length of the article within the required limits of the journal. Later, the detailed constructed examples in other

suitable environments would be displayed in the form of upcoming articles. For further motivation see [20-26].

In this paper, we discuss some applications of these matrices in the Crisp and fuzzy environment. These Plithogenic
Hyper Soft Matrices and Plithogenic Subjective Hyper Super Soft Matrices are tensors of rank three and four,
respectively, having three and four indices of variations. The first index represents rows. The second index represents
columns. The third index represents parallel sheets of matrices. The fourth index represents several packets of parallel

sheets.

In the second stage, we will utilize these special advanced matrices in the development of a ranking model named

"Plithogenic Fuzzy/Intuitionistic/Neutrosophic Local, Global, Universal Subjective Ranking model. This subjective
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ranking model will provide several types of subjective ranking. Initially, it gives Local Subjective Ranking, then

expands it to Global Subjective Ranking than further extends it to Universal Subjective ranking.

This model offers decision making in different levels of fuzziness according to the state of mind of decision-makers.
We may vary the level of fuzziness by choosing a suitable environment like Fuzzy, Intuitionistic Neutrosophic, or all

environments combined in one environment, etc.

This model offers a transparent decision by analyzing the universe through several angles of visions. The choice of

aggregation operator provides a different angle of vision, either optimist pessimist or neutral.

In this model, Local Subjective Ranking is associated with a particular angle of vision. Global Subjective Ranking
combines several angles of vision to offer a transparent decision while the Universal, Subjective Ranking is through

compacting the expanded universe to have an outer look of the universe.
At the final stage, we provide an application of this subjective ranking model with the help of a numerical example.

We aim to establish such data handling structures that can reduce the complexity and long calculations in decision-
making techniques. Decisions will often be made understeer and clear uncertainties (i.e., with incomplete and
uncertain knowledge). With the help of our "Subjective ranking model," problems of incomplete and uncertain

knowledge of Artificial Intelligence can be solved to a greater extent.

We are giving such a Mathematical structure/pattern that would possibly deal with the expanded data and will shrink
its size in such a manner that, in a glimpse, the outcome of it will be obvious to the observer.
2. Preliminaries

In this section, we present some basic definitions of soft sets, fuzzy soft sets, hypersoft Set, crisp hypersoft Set, fuzzy
hypersoft Set, plithogenic hypersoft Set, plithogenic crisp hypersoft sets and plithogenic fuzzy hypersoft Set, hyper
Matrix and super-matrix.

Definition 2.1 [5] ( Soft Set)

"Let U be the initial universe of discourse, and E be a set of parameters or attributes with respect to U let P(U) denote
the power set of U, and A € E is a set of attributes. Then pair (F, A), where F: A — P(U) is called Soft Set over U.
For e € A, F(e) may be considered as Set of e elements or e approximate elements (F,A) = {(F(e) € P(U):e €
E,F(e)=¢ife ¢ A}"

Definition 2.2 [6] (Soft Subset)

"For two soft sets (F,A) and (G, B) over a universe U, we say that (F,A) is a soft subset of (G,B) if (i) AES B,
and (i) Ve €A, F(e) S G(e)."

Definition 2.3 [7] (Fuzzy Set)
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"Let U be the universe. A fuzzy set X over U is a set defined by a membership function uy representing a mapping
iy : U — [0,1]. The vale of py (x) for the fuzzy set X is called the membership value of the grade of membership
of x € U. The membership value represents the degree of belonging to fuzzy set X. "A fuzzy set X on U can be
presented as follows. X = {(ux(x)/x):x € U, ux(x) € [0,1]} "

Definition 2.4 [4] (Fuzzy Soft Set)

"Let U be the initial universe of discourse, F(U) be all fuzzy sets over U. E be the Set of all parameters or attributes
with respect to U and A € E is a set of attributes. A fuzzy soft set I'; on the universe U is defined by the Set of ordered
pairs as follows, Ty = {x,y4(x):x € E,y4(x) € F(U)}, where y4,:E — F(U) such that y,(x) =¢ if x € A4,
Ya® = {1y, @/ wue U, p,,q,(w € [0,1]}"

Definition 2.5 [16] (Hypersoft set)

"Let U be the initial universe of discourse P(U) the power set of U. Let a4, ay,...,a, for n > 1 be n distinct
attributes, whose corresponding attributes values are respectively the sets Ay, 4,..., 4, with A; N A; = @ for i # j

and i,j € {1,2,...,n}. Then the pair (F,A; X A X...X A,) where, F: A; X A X...X A,, » P(U), is called a Hypersoft
set over U"

Definition 2.6 [16] (Crisp Universe of Discourse)

"A Universe of Discourse U is called Crisp if Vx € U, x € 100% to U, or membership of x T (x) with respect to A
in M is 1 denoted as x(1)"

Definition 2.7 [16] (Fuzzy Universe of Discourse)

"A Universe of Discourse Uy is called Fuzzy if Vx € U, x partially belongs to U or membership of x T(x) S
[0, 1] where T (x) may be a subset, an interval, a hesitant set, a single value set, denoted as x(Tx)"

Definition 2.8 [16] (Crisp Hypersoft set)

"Let U, be the initial universe of discourse P(U.) the power set of U. let ay,a,,...,a, for n > 1 be n distinct
attributes, whose corresponding attributes values are respectively the sets Ay, 4,..., 4, with 4; N A; = @ for i # j

and i,j € {1,2,...,n} Then the pair (F,, A; X A X...X A,)) where, F.:A; X A X...x A, » P(U,), is called Crisp
Hypersoft set over U,."

Definition 2.9 [16] (Fuzzy Hypersoft set)

"Let U be the initial universe of discourse P(Uy) the power set of Up. Let a4, a,, ..., a, for n = 1 be n distinct
attributes, whose corresponding attributes values are respectively the sets Ay, 4, ..., 4, with A; N A; = @ for i # j

and i,j € {1,2,...,n}. Then the pair (Fg,Ay,4,,...,4,) where, Fp: A; X A X...X A,, » P(Up), is called Fuzzy
Hypersoft set over U, , Now instead of assigning combined membership py, ApxxAN (x) Vx € X for Hyper Soft sets
if each attribute A4; is assigned an individual membership By, (x), non-membership v 4 (x) and Indeteriminacy
Ly, (x)Vvxe X j=1,2,...,n in Crisp, Fuzzy, Intuitionistic and Neutrosophic Hypersoft set then these generalized
Crisp, Fuzzy, Intuitionistic and Neutrosophic Hypersoft sets are called Plithogenic Crisp, Fuzzy, Intuitionistic Fuzzy
and Neutrosophic Hypersoft sets"
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Definition 2.10 [8][9] (Super-matrix)

"A Square or rectangular arrangements of numbers in rows and columns are matrices we shall call them as simple
matrices while, super-matrix is one whose elements are themselves matrices with elements that can be either scalars

3 -1
. _[@11 Qg2 _[12 -4 _ [0 40 _ _
or other matrices. a = ay, azz]' where aqq = [0 1 ],alz =11 _12],a21 = [5 7 ], a,, =

-2 9
4 12
—17 6 |ais asuper-matrix".
3 7

Note: The elements of super-matrices are called sub-matrices i.e. a1, @12, @31, @z are sub-matrices of the super-
matrix a.

in this example, the order of super-matrix a is 2 X 2 and order of sub-matrices @41 1S 2 X 2, @45 iS2 X 2 @7 is3 X 2
and order of sub-matrix a,, is 3 X 2, we can see that the order of super-matrix doesn't tell us about the order of its
sub-matrices.

Definition 2.11 [11] (Hyper-matrix)

"For n4,...,ng € N, a function f: (ny) X...x (ng) — F is a hyper-matrix, also called an order-d hyper-matrix or d-
hyper-matrix. We often just write @y, i, to denote the value f(ky... kq) of f at (k... ky) and think of f (renamed as

A) as specified by a d-dimensional table of values, writing A = [akl___k d]:b"'l"nd, A 3-hypermatrix may be conveniently
1-ka

written down on a (2-dimensional) piece of paper as a list of usual matrices, called slices". For example

a111 Q121 Q131 - Qq12 Qg2 QAg32
A= [a,-j,] =|Qz211 Q221 Q231 - Q212 Q332 Q232
a311 A321 A331 - Q312 QAzz2 (A332

3. Plithogenic Hyper-Soft Matrices and Plithogenic Subjective Hyper-Super-Soft Matrices
In this section, we develop some literature about the Plithogenic Hypersoft Set in the following order.
1. Introduction to some basic new concepts and definitions relevant to the hypersoft Set.

2. Generalization of plithogenic whole hypersoft Set to plithogenic subjective hypersoft Set in Crisp, Fuzzy,
Intuitionistic, and Neutrosophic environments.

3. Generation of new types of Plithogenic Hypersoft matrix and plithogenic Subjective Hyper-Super-Soft
matrix in Crisp, Fuzzy, Intuitionistic, and Neutrosophic environments to represent these new type of sets.

4. Development of expanded and compacted versions of plithogenic Subjective Hyper-Super-Soft Matrix in
plithogenic environment.

5. Utilization of new types of matrices for the development of a Subjective ranking model. The specialty of this
model is that it offers the classification of non-physical phenomena and Plithogenic

Definition 3.1 (Plithogenic Crisp/ Fuzzy,/Intuitionistic/ Neutrosophic/ Whole Hypersoft set)
If Plithogenic Crisp/Fuzzy/Intuitionistic Fuzzy/Neutrosophic Hyper Soft set expressed by both individual

memberships g .« (x;) non-membership v,k (x;) and Indeterminacy ¢tk (x;) Vx; EX j=1,2,...,N, i=12,....M
J J J
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and k=1,2,..., L for each given attribute and Combined memberships Q,_(x;), non-membership ®,_(x;) and
indeteriminacy W, (x;) Vx; € X for the given @ Combination of attributes/sub-attributes and subjects (& universe),
then These Plithogenic Crisp/Fuzzy/Intuitionistic Fuzzy/Neutrosophic Hyper Soft set are called Plithogenic
Crisp/Fuzzy/ Intuitionistic Fuzzy/Neutrosophic Whole Hypersoft set.

Definition 3.2 (Plithogenic Crisp/Fuzzy,/Intuitionistic/Neutrosophic Subjective Hypersoft Set)

If Plithogenic Crisp/Fuzzy/Intuitionistic/ Neutrosophic Hypersoft Set is reflected through subjects in such a way that
it exhibits both an interior and exterior view of the universe, then, These Plithogenic
Crisp/Fuzzy/Intuitionistic/Neutrosophic Hyper-Soft-Set titled, Plithogenic Crisp/Fuzzy/ Intuitionistic/ Neutrosophic
Subjective Hypersoft set. The interior view of the universe is reflected through individual memberships p 4« (x;) non-
J
memberships UAI'((Xi) and Indeterminacies tAl_c(x,-) vx;eX j=1,2,....N,i=1,2,....Mand k=1,2,...,L of
J J
subjects and the exterior view is reflected through summative memberships ﬂﬁj (X), non-memberships <I>,’§]. (X) and

indeteriminacy ‘l’,’{l, (X) vx; € X united specifically for all attribute/sub-attributes and exhibited w.r.t subjects.

Note: In Plithogenic Crisp/Fuzzy/ Intuitionistic Fuzzy/ Neutrosophic Subjective Hypersoft set the united membership
Q,,(x;), non-membership ®,_(x;) and indeteriminacy W, (x;) Vx € X are dependent on individual membership
1,4k (x;), non-membership v« (x;) and Indeterminacy ¢ 4 (x;).

] J J

To achieve a universe, reflected through its subjects (matter for), some terminologies are introduced and described
here.

Definition 3.3 (Local Subjective Operators): The aggregation operators, used to cumulate the memberships p ,x (x;)
J
non-memberships v,k (x;) and Indeterminacies ¢ ;x (x;) Of subjects to achieve a universe reflected through its subjects
J J

are termed as local subjective operators.

Definition 3.4 (Local Subjective Ranking): Ranking of subjects under consideration by using a particular
aggregation operator is called Local Subjective Ranking. This is the case of the classification of the micro-universe.

Definition 3.5 (Global Subjective Ranking): Ranking of subjects under consideration by using multiple aggregation
operators and then obtaining a combined ordering in the form of final ranking is called Global Ranking. This is the
case of combining several angles of visions.

Definition 3.6 (Universal Ranking): Ranking of Universes by cumulating effects of attributes and subjects with the
help of some local operators is called "Universal Ranking." In Universal Ranking, We converge the whole universe
to a single numeric value. Where the combined effect of all attributes and subjects of the universe would be represented
by a single numeric value and then writing these converged numeric values in descending order for universal ranking

purpose.

Definition 3.7 (Hyper-Soft-Matrix): Let U be the initial universe of discourse P(U) be the powerset of U. Let
Ak Ak Aﬁ for n > 1 be n distinct attributes, k = 1,2, ... L representing attributes values, a function F: 4; X A X
...X A, = P(U) is a hypersoft matrix, also called an order-M X N X L hypersoft matrix or d-hypersoft Matrix (d =
3), i.e., a matrix representing a hypersoft set is a hyper-soft matrix (HS-Matrix). As we know, all simple M X N
Matrices on real vector space are tensors of rank 2, so the new Hyper-Soft Matrix having three indices of variations
are tensors of rank 3. The Hyper-Soft Matrix is obtained by the generalization of ordinary matrices, known as tensors
of rank two. B = [bi ,-,] is an example of Hyper-Soft Matrix where index i give variation on rows j gives a variation
on columns, and k gives variation on clusters of rows and columns.
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The example and detailed illustration of the Hyper-Soft Matrix is presented in the form of the Plithogenic Crisp/Fuzzy
Hypersoft Matrix.

The detailed descriptions and applications of the Plithogenic Intuitionistic and Neutrosophic Hyper-Soft Matrix would
be exhibited in upcoming versions of research articles.

Definition 3.8 (Plithogenic Crisp/Fuzzy/Intuitionistic/Neutrosophic Hypersoft Matrix): Plithogenic
Crisp/Fuzzy/Intuitionistic/Neutrosophic Hypersoft Set, when represented in the matrix form are called Plithogenic

Crisp/Fuzzy/Intuitionistic/Neutrosophic Hyper Soft Matrices, i.e., if B is a hypersoft matrix then B = [bl- j ,J, as b;j

are elements of Matrix and would be expressed in Crisp, Fuzzy, Intuitionistic, Neutrosophic environments with
memberships p,k(x;) non-memberships v, x(x;) and Indeterminacy tu(x;) Vx; €X j=1,2,....N, i=
J J J

1,2,...Mandk=1,2,...,L.
A general form of Plithogenic Hyper-Soft Matrix in fuzzy environment is expressed as
B = [M A}‘ (xi)]
A general form of Plithogenic Hyper-Soft Matrix in Intuitionistic environment is expressed as
B = [(iys (), 0, (1)
A general form of Plithogenic Hyper-Soft Matrix in Neutrosophic environment is expressed as
B = [(hye (), 1y (20, v (x0)|
These matrices described as,
Let U(X) be the universe of discourse in fuzzy or crisp environment and

G: Ak x Ak x.. . x Ak — P(U)

The Plithogenic Crisp/Fuzzy Hypersoft Set having individual memberships g« (x;) Vx; €X j=1,2,...,N vary
J

with respect to each attribute A; and sub-attribute A]'-‘ (k=1,2,3,...,L ) where k represent Numeric values of
attributes called sub-attributes and i = 1, 2,..., M are the number of subjects under consideration.

In fact in Plithogenic Crisp/Fuzzy Hyper Soft Matrix we have three types of variations introduced on memberships
1,k (x;) . First variation of i is with respect to subjects representing M rows of M X N Matrix. The second variation
J

on j is with respect to attributes representing N columns of M X N Matrix. A third Variation on k is for sub-attributes
and represented in the form of L layers or L level sheets of M X N Matrix. These level cuts of Hyper Matrix are
categorized in three types:

1 Vertical front to back and interior level cuts are M X N Matrix with L level sheets

2 Vertical left to right and interior level cuts are L X M Matrix with N level sheets

3 Horizontal upper lower and interior level cuts are L X N Matrix with M level sheets

Definition 3.9 (Plithogenic Crisp/Fuzzy/Intuitionistic/Neutrosophic Cubical Hypersoft Matrix):
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If In Plithogenic Hyper-Soft Matrix = M = N . That is, the number of horizontal rows , vertical columns and parallel
level cuts are equal, then it is termed a Cubicle Hypersoft Matrix.

Definition 3.10 (Plithogenic Crisp/Fuzzy/Intuitionistic/Neutrosophic Square Rectangular Hypersoft Matrix):

If In plithogenic hypersoft matrix L # M = N we shall have an equal number of horizontal rows vertical columns in
all sheets, and the number of sheets is different from the number of rows and columns then this hypersoft Matrix is
called Square Rectangular Hypersoft Matrices. For example is for the first numeric value of sub-attribute k = 1 we
get the first sheet in the form of Matrix [bl- ,1] and for second level of sub-attributes, we get the second sheet of Matrix
[b,- ]2]. This procedure will continue until the Lth sheet obtained by taking k = L. These all sheets will form a hyper
matrix [b,- j ,J

L —Hypermatrix for L numeric values of attributes forming L sheets of M X N Matrix, and if we take L = 3 we will
get 3 —Hypersoft Matrix in the form of three M X N parallel sheets.

If the environment of the plithogenic hypersoft Set is Crisp/Fuzzy/intuitionistic/neutrosophic, then the plithogenic
hypersoft Matrix is called "Plithogenic Crisp/fuzzy/Intuitionistic/Neutrosophic hypersoft matrix."

Plithogenic Crisp/Fuzzy Hypersoft Set when represented in a matrix form having memberships g,k (x;), We name it
J

as Plithogenic Crisp/Fuzzy Hyper-Soft Matrix is exibited as

Plithogenic Crisp/Fuzzy Hyper-Soft Matrix and level cuts,

B = [pl ak (xi)] by fixing k and giving variation to i, j the expanded form of B is obtained as an M X N matrix, having

L level cuts. These L Level cuts are termed as Type-1 Level Cuts.

[[ M1 (x1) M (x0) . . . ”A}V(xl) T
”A%(XZ) ”A%(xZ) R ”Allv(xZ)
s Con) mgCen) - . g G
-I‘A% (x1) ”A% (1) . . . ”Azzv (1) ]
Ileg(xz) ”A%(xz) R ”Alzv(xZ)
= | | m
_uA%(xM) ”'A%(xM) I MAIZV(xM)—
RGN ICH NN EN
”All-('xZ) ”’Alz-(xZ) R IlAk(xz)
s Com) maCew) - o sG]
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Similarly, on the other side, each column of the front sheet with its back columns will form N Level cuts of M X L

matrix termed as Type-2 Level Cuts.

These left to right slices are level cuts of type 2, can and be expressed on a two-dimensional page by giving step by

step variation to j and expressed as,

“”A% (xl)
IIA% (xZ)

_IIA% (xM)
-”A% (xl)
”A% (xz)

_IIA% (xM)

”A}v('xl)
Ilellv(xz)

| uAllv(xM)

”A% (xl)
l‘l'A% (xZ)

l‘l'A% (xM)
”A% (xl)
”A% (xz)

l‘l'A% (xM)

”Alzv(xl)
I‘AIZV(xz)

MAIZV(xM)

”Ali (xl) 11

”A’i (xZ)

”A’i (xM)_
”Alz-(xl) 1
ﬂAlz-(xz)

MAIi (xM)_

”Ak(xl)
ﬂAk(xz)

”A{‘V(xM) 1

@)

Similarly, Type-3 Level Cuts are upper lower and central interior sheets. These sheets form M cuts of N X L matrix.

These top to bottom slices are level sheets of type 3 and can be expressed on a two-dimensional page by giving step

by step variation to i in B = [u Ak (x,-)] and described as,
J
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"I‘A%(xﬂ ﬂA§(x1) - ﬂAIi(x1)" ]
ﬂA%(xﬂ #A%(xl) EEE ﬂAg(xﬂ
ERCA N FIcH R e S
-”A%(XZ) ”A%(XZ) o Ileli(xz)—
”A%(xZ) ”A%(xZ) e IJAIZ-(XZ)
sell o
_#A}v(xz) llAIZv(xz) R ﬂAk(xz)_
BaGon) meGw) - o G
”A%(XM) ”A%(xM) e I‘AIZ-(xM)
i o g - g Gon)]

In g,k (x;) i provides row-wise variations of subjects, j provides column-wise variations of attributes, and k provides
J

variations of sub-attributes in sheets of matrices. These are hyper matrices [ai il] In the journal of order M X N X L.

Definition 3.11 (Hyper-Super Matrix): Such a Hyper matrix whose elements are presented in matrix form is titled
as Hyper-Super Matrix. These matrices are expressed by using more than two variation indices. These Hyper Super

[@ijd[bijd
[eijdldijd

The elements of this Matrix ( [ail-,l, [bi]-,l, [cil-,] and [d,-]-,] ) are hyper-matrices.

matrices have multiple sheets of ordinary matrices, i.e., = [ , B is an example of a hyper-super matrix.

* Tthe literature regarding to Hyper super matrices like operators properties application would be explored in
upcoming articles)

A Hyper-Super Matrix, used to express a Plithogenic Subjective Hypersoft Set, is an example of Hyper-Super Matrix.
The elements of this Matrix are matrices. These hyper-super matrices have multiple packets of parallel sheets and

have more than three variations (d > 3) .

The examples of HSS-Matrix are Plithogenic Crisp/Fuzzy/Intuitionistic/Neutrosophic Hyper-Super-Soft
matrices

A detailed illustration of the Plithogenic Crisp/fuzzy Hyper-Super-Soft Matrix is presented here, and the rest of the
introduced matrices would be presented in upcoming articles.

3.12 (Plithogenic Crisp/Fuzzy/Intuitionistic/Neutrosophic Subjective-Hyper-Super-Soft Matrices):

If the matrix representation form of PC/FWHSS is in such a way that the last column matrix of each sheet of the hyper
Matrix represents the Combined effect of memberships for sub-attributes with respect to each subject under
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consideration, then these matrices are called Plithogenic Crisp/Fuzzy/Intuitionistic/Neutrosophic Subjective Hyper-
Super-Soft Matrices whose last column of cumulative memberships makes another matrix, we can see here the
elements of hyper matrices are some matrices, so these matrices are basically hyper super matrices because these are
such sheets of matrices whose elements are matrices. For example, if the combined memberships for Plithogenic
Crisp/ Fuzzy Subjective Hyper Soft Set are denoted by Qﬁ\k (x;) for x; subject, combined attributes for kth level of
sub-attributes denoted by A¥ and operator used to cumulate memberships for given attributes denoted by t, (t =
1,2,3, 4) one of the four local previously constructed operators (ref), then Bg, = [[b,- j,][bi kt]] Is Plithogenic Crisp/
Fuzzy Subjective Hyper super Soft Matrix, which will provide categorization of subjects from last c ol memberships
values. As b; i the elements of Matrix representing crisp/ fuzzy memberships and b; , representing cumulative
crisp/fuzzy memberships for some subject with respect to all given attributes can be expressed as sz (x).

More generalized form of Bg, is. Bs, = [[u Ak (x,-)] [sz(xi)]] and further expanded form with respect to i and j is,
J

() g o e () 1% CGe) ]
”A’{(xZ) ”’Alzf(xZ) L ”AII\CI(XZ) Q;k(xz)

Bs.=|. f L Z @
maCan) mgCon . e Gan |0t e

In Plithogenic Crisp/ Fuzzy Subjective Hyper super Soft Matrix, Bs, we give four type of variations

Example: Different cross-sectional cuts of Bg, a super hyper matrix will form packets of multiple parallel sheets, i.e.,
multiple combinations of sheets, which is a more expanded universe.

In Bg, = [[u Ak (xl-)] [ng(xi)]], Variations of i generates rows, variations of j generates columns, variations of k
J

generates combinations of rows and columns as parallel layers of M X N matrix and variation of t = 1,2,... P will
provide P set of multiple L parallel layers of matrices.

These sets of combinations of sheets may represent parallel universes, on a two-dimensional sheet of paper the
expanded form of general hyper super-matrix

B, = [[M A (x,-)] (@ (xi)]] can be represented as
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It is observed that the multiple sets of parallel sheets (universes) are achieved by giving step by step variation to the
fourth index &, which is used to represent several aggregation operators to homogenize attributes established as local
operators.

It is interesting to note That if we see the hyper-super-soft-matrix on a two-dimensional screen, then columns of sheets
of M X N X L Matrix will form a general M X L matrices.

Greater the numeric value of sz (x;) better is the x; subject under consideration. This shows that the whole effect of
the Matrix can be visualized by observing the last column.[[ﬂ Ak (x,-)] [ng(xi)]] is representing a Hyper Super Soft
J

Matrix and for subjective categorization with respect to different levels of sub-attributes is obtained by keeping in
view a single sheet at a time, to achieve the purpose we shall use one of the sheets of this hyper super-matrix

[[u ak (x,-)] [ﬂzk(x,-)]] by fixing k for a specific level of the attribute, and then we will vary " t " which is used to

represent a particular aggregation operator, and this operator could be used to cumulate attributes effect at a certain
level.

Bg, = [[u Al (xi)] [Qia (x,-)]] will represent a single sheet of hyper super-matrix for a universe at a fixed numeric

value of attribute of first level k = 1 and using particular operator t = 1.

By fixing a combination of attributes, sub-attributes and subjects means considering one of the parallel sheets (one
parallel universe) of the hyper-super-soft- Matrix by using Plithogenic Fuzzy Subjective Hyper Super Soft Matrices.

One may decide which subject is superior with respect to all attributes by analyzing the last column of the sheet (case
of local Ranking), the subject which corresponds to the greater numeric value in the last column will be considered
better, and then we will write them in descending order.

4. Application

Local, Global and Universal Subjective Ranking Model

In this section, we utilize the local operators constructed in an earlier published article ([26]) in formulation of
Subjective Ranking model in plithogenic Crisp/Fuzzy environment.

1. The specialty of this model is that it offers the classification of subjects by observing them through several
angles of vision.

2. Different angles of visions can be expressed by choosing a suitable local operator

3. This model offers classification in many environments where every environment has its ambiguity and
uncertainty level.

4. This Subjective ranking model provides the ranking from micro-universe to the macro universe level.

5. Initially, this model provides the internal Ranking named "Local Subjective ranking" (classification of
subjects of micro-universe). In Local Ranking, one perticular local operators is used for the classification

purpose.
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6. At the next stage, this model offers an external classification of subjects named "Global Subjective Ranking."
In Global Ranking, we combine several operators to formulate an expression that reflected through many
angles of visions.

7. This model offers the third type of subjective Ranking named "Universal Subjective Ranking (case of macro
universe Classification)

8. This model would provide extreme and neutral values of universes that would be helpful to find out the
optimal and neutral behaviors of all types of universe micro to macro levels.

9. At the last stage, it provides a measure of the authority of classification by using the frequency matrix.

Initially, we consider the case of plithogenic Crisp/fuzzy Subjective-Hyper-Super-Soft matrices for classification of
subjects. Later we may generalize these models in Plithogenic Intuitionistic and Plithogenic Neutrosophic
environments. Describe the subjective ranking model in the given steps.

Step 1. Construction of Universe: Consider universe of discourse U = {x;} i = 1,2,3,..., P . Consider some
attributes and subjects needed to be classified where attributes are A]'-‘ j=1,2,3,...,Nand k=1,2,..., L represents
numeric values (levels) of A;, and subjects are T = {x;} ¢ U where i can take some values from 1 to M such that
M < p and define mappings F and G such that,

F: A% x Ak x Ak x...x Ak - P(U)  For some fixed k (levell)
G:A¥ x Ak x Ak x...x AX - P(U)  For some different fixed k (level 2)

Step 2. Plithogenic Crisp/Fuzzy Hyper Soft Matrix: Write the data or information (Memberships) in the form of
Plithogenic Fuzzy Hyper Soft Matrix B = [u Ak (x,-)]
J

Step 3. Plithogenic Crisp/Fuzzy Subjective Hyper-super-Soft Matrix: By using previously constructed local
operators formulate Plithogenic Fuzzy Hyper super Soft Matrix

Bg, = [[#A}’!(xi)] [Qfg«(xi)]] .

In formulating [ng (x,-)] we might be handling some favorable, some neutral and some non-favorable attributes, the

non-favorable attributes can be handled by replacing their corresponding memberships with standard compliments i.e.
u;k (x;) =1 — pu(x;), While for neutral attributes, the regular memberships can be used.The cumulative
J J

memberships ng(x,-) are obtained by uniting regular memberships for favorable and neutral attributes and
compliments of memberships for non-favorable attributes by using local operators.

Step 4. Local Ranking: The Local Ranking would be obtained by observing cumulative memberships Qﬁ\a (x;) of
last column of

Bs, = [[I‘A;c (x)] [n;k(xa]],

Higher the membership value better is the subject corresponding to that membership.
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At this stage, the classification of all sheets or one selected sheet would be provided according to the requirement.
The process can be stopped here if transparent Ranking is achieved.

If there are some ties or ambiguities, would be removed in the next step, and more transparent Ranking can be
provided with authenticity measurement.

Step 5. Global Ranking: Final Global Subjective ordering can be provided by using the Frequency matrix.

X1 [fuu fiz - - - fim
X2(fz1 fzz - - - fam

R R ®
M .fMl .sz fMl/I

In F; jthe elements of the first column will represent the frequency of obtaining the first position of given subjects.
The elements of the second column will represent the frequency of obtaining the second position, and so on. To find
out which subject would attain the first position we observe the entries of the first column of F;; the subject
corresponding to the highest value of the first column attains the first position, and then we delete the first position
and the subject who have achieved that position. Afterward, for the selection of the second position, add the remaining
frequencies of first positions in the frequencies of the second column and then look for the highest frequency in that
column.

Once second position is decided to delete column and row of that position correspondingly and continue the procedure
until the latest position is assigned

Step 6. Authenticity Measure of Global Ranking: We may check the authenticity in the last step by taking ratios.

percentage authenticity of j ;, position for i ., subject

1x (fi
0="272 100 %

Tot alf requencyof jspposi tion %(fip
13

__ Hi ghestfrequencyof j;, posi tion

Step 7. Universal Ranking: If comparison of universes is required we may provide by combining cumulative
memberships of last column for fixed k and t for each universe. The universe having the largest cumulative
memberships is considered as a better universe and then writes these cumulative memberships in a descending order.

Dy = mox [@ i (x)] ®)

Q2 = max [0 (x;)] ©)
MED]

ng =+t— (10)

n

5 Local operators for Construction of Plithogenic crisp/fuzzy Subjective Hyper Super Soft matrices.

These local operators for the plithogenic Crisp/Fuzzy hypersoft Set can be utilized to formulate Plithogenic
Crisp/Fuzzy Subjective Hyper Super Soft Matrices.
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By using local disjunction, local conjunction and local averaging operators we developed a combined (whole)
memberships Q4«(x;) for Plithogenic Hyper-Soft-Set. By applying local aggregation operators on Crisp/fuzzy

Subjective hyper soft matrices B = [u A:_{(xi)] the last column of cumulative memberships Q4 (x;) is obtained. To
]

achieve the purpose we use three local operators, t = 1 is used for max , t = 2 is used for mi n, and t = 3 is used for
averaging operator described as,

U; <ﬂA}’F(xi)> = M}x (MA;c(xi)> = Qx(x;) (12)
N; <ﬂA}’!(xi)> = I‘an(#A}ly(xi)) = Qf(x;) (13)
Z<HAI_((xi))
I; (ﬂ#ﬂ(’ﬁ')) = l+ = Q3 (x;) (14)

6 Application of Subjective ranking model in Crisp environment
Numerical Example:

To achieve the purpose, we will develop plithogenic Fuzzy hyper-soft matrix B for two Plithogenic crisp Hyper Soft
Sets with & Combination and $ Combination of attributes, i.e., for & and B universes.

By choosing different numeric values of k consider & Combination of attributes for F and § Combination of attributes
for G.

Step 1. Construction of Universe: Consider U = is a set of five candidates in the Mathematics department. T =
{Pet er Ai naKi t tlyc U is the Set of three candidates, T = {Pet er Ai naKi t t Who have Applied for the selection

of the post of Assistant professor are our subjects required to be classified with respect to following A}‘ attributes and
sub-attributes.

A’l‘ = Subject skill area with numeric values, k = 1,2

A}l = Pure Mathematics, A3 = Applied Mathematics

A’Z‘ = Qualification with numeric values, k = 1,2

A} = Qualification like MS or Equivalent, A3 = Higher Qualification like Ph.D. or Equivalent
A¥ = Teaching experience with numeric values, k = 1, 2

Al = Five years or less, A2 = More than Five years

A% = Age , with numeric values k = 1,2

Al = Age is less than forty years A3 = Age is more than forty years

Consider mapping F and G such that,

F: A% x A% x A% x...x A}, - P(U) (choosing some numeric values of A} k € (1,L)
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G: A¥ x A% x A% x...x Ak - P(U) (choosing some different numeric values ofA;-‘ k € (1, L)Let the these
candidates are considered as subjects under consideration, and attributes are A}‘ j=12,3,4andk=1,2,3

we are looking for a single employ amongst the three candidates, T = {Pet erAi naKi t ty= {x;, x, x3}, where
X1, X2, X3 represent x; subjects under consideration, initially we consider the first level for k = 1 i.e.

1. Subject skill area: Pure Mathematics j =1, k =1

2. Qualification: Qualification like MS or Equivalent j = 2, k = 1
3. Teaching experience: Five yearsorless j =3, k=1

4. Age: Age required is less than forty years j =4, k=1

Let the Function is F is defined as,

F(Al,A%,Al, A}) = {Xx4, X, X3} let we name Al A%, Al Ai as a Combination representing the first level for k =
1

Let the Function is G is defined as,
G: Ak x Ak x Ak x Ak - P(U)

We are looking for another employ amongst these three candidates for the Category of applied mathematics with a
different combination of attributes say f Combination for next level ( k = 2).

1. Subject skill area: Applied Mathematics j = 1, k = 2

2. Qualification: Higher Qualification like Ph.D. or equivalent j = 2, k = 2

3. Teaching experience: More than five years j = 3,k = 2

4. Age: Age is more than forty years j = 3, k = 2

G(AZ,AZ,AZ,AE) = {x4, X, X3} let we name A%, A%, A2, A2 as B Combination.with respect to. T = {xq, X, x3}
Have memberships In PCHSS, PFHSS, which are assigned by decision-makers in crisp environment memberships,

are considered as 1, or 0.

While in a fuzzy environment, memberships are assigned by decision-makers between 0 and 1 by using five-point
scale linguistic chart.

Step 2. Plithogenic Crisp Hyper Soft Matrix:
With respect to T = {x4, X5, X3} memberships In PCHSS are,
F(Al; A%' A%! A}-) = F(a) = {xl(ll 1; 1; 1)! xz(l; 1; 1; 1)! X3 (1! 1; 1; 1)}

G(A3% A3, 43, 4%) = F(B) = {x1(0,0,0,0),x,(0,0,0,0),x3(0,0,0,)}
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The Plithogenic Crisp Hyper Soft matrix B = [uAl_c(xi)] 1fork=1,j=1,2,3,4andi =1,2,3ic. a
J
Combination (first level sheet)and k =2, =1,2,3,4 and i = 1,2, 3 i.e.f Combination (second level sheet) will

be represented as B = [[1 All_c(xi)]
1
1]
1
! (14)
0]
0

In Crisp Hyper Soft matrix B the first level sheet for & Combination of attribute values all memberships are one means
the members fulfill the first level requirements fully but for second-level sheet i.e.ff combination members may fulfill
the requirements partially, but the crisp universe don't deal with partial belongingness, so all memberships are zero.

1
1

1
0

0
0

B =

C OOk = =
C OO = m

Step 3. Plithogenic Crisp Subjective Hyper-Super-Soft Matrix:

The Plithogenic Crisp Hyper Soft matrix B, = I:I:”AI'( (x,-)] [sz(xi)]] byusingeq.5for=1,2,3,j=1,2,3,4 and
J

k=1, ie, .a Combination (first level sheet), k = 2, f Combination (second level sheet) t =1 (disjunction
operator) first set of two-level sheets, t = 2 (conjunction operator) second Set of two-level sheets will be represented
as,

(15)

o]
w
1]
COCR RROOCOR R R

COOR R ROOOR M
COOR R ROOOR R R
coQoR R ROoO QR R

cocrrroocRrrA

It is obvious from this HSS-Matrix that in Crisp environment Bg; representing trivial cases where the subjective
categorization is not visible because all values in the last column are the same, so we in future Classifications we will
use Plithogenic Fuzzy subjective Hyper-soft matrices for subjective categorization. Further, it is observed that the
crisp universe case is trivial, where the categorization is not possible. So next steps would not proceed.

Note: In the next levels, we will consider only a fuzzy environment to achieve transparent classification.

Application of Subjective ranking model in Fuzzy environment

Stepl. Construction of Universe: To formulate Plithogenic Fuzzy Hyper Soft Matrix Step 1 and Step 2 are the same
as already described in the crisp universe case.

Step 2. Plithogenic Fuzzy Hyper-Super-Soft Matrix:

Memberships of T = {x1, X3, x5} In PFHSS with respect to given attribute memberships are assigned by the decision-
makers by using linguistic five point scale method,[1], [18], [34] [35]
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F(A} A}, A%, A}) = F(a) = {x1(0.3,0.6,0.4,0.5),x,(0.4,0.5,0.3,0.1),x3(0.6,0.3,0.3,0.7)}
G(A3,A43 43, A4%) = G(B) = {x1(0.5,0.3,0.2,0.6),x,(0.6,0.7,0.8,0.4),x3(0.7,0.7,0.5,0.9)}
The Plithogenic Fuzzy Hyper Soft matrix B = [ﬂ gk (x,-)] by using eq.l fori=1,2,3,
]

j=1,2,3,4 and k = 1, i.e.a Combination (first level sheet) , k = 2, f# Combination (second level sheet) will be
represented as,

0.3 0.6 0.4 0.5

0.4 0.5 03 0.1

_|l0.6 0.3 0.3 0.7
B= 0.5 0.3 0.2 0.6 (16)

0.6 0.7 0.8 0.4

0.7 0.7 0.5 0.9

Step 3. Plithogenic Fuzzy Subjective Hyper Super Soft Matrix:

The Plithogenic Fuzzy Hyper Super Soft matrix Bg, = I:I:ﬂAl_c (x,-)] [sz (xl-)]]by using eq. 5, 11, 12, and 13 for i =
J

1,2,3,j=1,2,3,4 and k = 1, i.e., & combination (first level sheet), k = 2, B combination (second level sheet),
t = 1, (disjunction operator) first set of two-level sheets, t = 2, (conjunction operator) second set of two-level sheets,
t = 3 (averaging operator) a third set of two-level sheets will be represented as,

0.4 0.5
0.3 0.1
0.3 0.7110.7]
0.2 0.6][0.6]
0.8 0.4
0.5 0.9110.914

0.9
.5170.3
0.3 0.1/]0.1
0.3 0.7]10.3l
Bs, = 0.2 0.6][0.2] (7
0.4
0.5

0.8 0.4]]0.
0.5 0.9110.5H
0.4 0.5][0.45 ]

0.3 0.1]]|0.35
0.3 0.7110.475
0.2 0.6][0.4
0.8 0.4]]|0. 625]
0.5 0.9110.7

NOUVIOA S WSOV S WO W

EEEEEREEEEEEEREEEREREE
cCoococooooooco0o00ee e
NN WWwuiaIN I WwWwwouiada NI ww oo o

Step 4. Local Subjective Ranking:

Bg,
for k = 1) by using the first operator (£ = 1) given in eq. 11 as

., In eq. 17 provides the local ordering of subjects for @ Combination of attributes or & universe (first level sheet

X3>x1>x, (18)
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Bs,
for k = 1) by using second operator (t = 2) givenineq. 12 as

Lin eq. 17 provides the local ordering of subjects for & Combination of attributes or e universe (first level sheet

X3 =x1 >x2 (19)

which shows a tie between x4 and x3 which can be removed in the final Global Ranking of subjects by using
frequency matrix F;

BSg
operator (t = 3) given in eq. 13 as

. In €q. 17 provides the local ordering of subjects for & Combination of attributes (e universe) by using a third

X3 > X1 >Xxp (20)
Similarly
Bs,, in eq. 17 provides the local ordering of subjects for § Combination of attributes
(P universe) by using first operator (t = 1) given ineq. 11 as

X3 >2Xx, >x1 (21
Bs,, in eq.. 17provides the local ordering of subjects for # Combination of attributes
(P universe) by using the second operator (£ = 2) given in eq. 12as

X3 >X >%x1  (22)
Bs,, in eq.. 17 provides the local ordering of subjects for f# Combination of attributes
(P universe) by using the third operator (t = 3) given in eq. 13 as

X3 >x >x1 (23)
We can observe that the three local ordering of subjects under consideration in & Combination can be provided by

using three operators described in eq., 11, 13, 12, to find cumulative memberships for & Combination first, then for
P Combination and then writing in descending order.

Step 5. Global Subjective Ranking :
Final global ordering of subjects can be provided by using frequency matrix F; jdescribed in eq.. 6,18, 19, and 20

In the frequency matrix Fj; which is a square matrix of frequencies positions for first level sheet & Combination the
colF{;represents frequencies of

positions, i.e., the entries of the first column represents the frequencies of attaining first position by given subjects
while rowF; jrepresents subjects.
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1 2 0
Fii=10 1 2
3 00
Global Ranking of subjects from Fj;is X3 > X1 > X3
The frequency matrix for f8 universe is F f j
5 0 0 3
F;;=10 3 0]
3 00
Global Ranking of subjects from F' f ;18 X3 > Xp > Xq

24)

(25)

We can observe that in both universes x3 is the superior subject which means that in both Combination of attributes

and sub-attributes x5 is reflecting the best.

Step 6. Authenticity measure of final Ranking:
Percentage authenticity for first level a universe

By usingeq. 7 :

Percentage authenticity of first position for x3 = 75%
Percentage authenticity of first position for x, = 66.67%
Percentage authenticity of first position for x; = 100%
Percentage authenticity for first level B universe

By usingeq. 7 :

Percentage authenticity of first position for x3 = 100%
Percentage authenticity of first position for x, = 100%
Percentage authenticity of first position for x; = 100%
Step 7. Final Universal Ranking:

The final ordering of universes provided as.

Maximum Universal Memberships of a and B universes:

taking k = 1,2 for a and f8 universes and fixing ¢ = 1 as described in eq. 8, we can provide maximum universal

memberships of all given subjects with respect to attributes,

Qu(X)=0.7, 0),(X) =0.9

Where X representing merged subjects, we can see by using operator t = 1, 8 universe is better than a universe.
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Minimum Universal Memberships of & and f universes:

Taking k = 1,2 for a and f universes and fixing t = 2 as described in eq.. 9 we can provide minimum universal
memberships of all given subjects with respect to attributes,

Q4L(X)=0.1,05X) =02 (27)
We can see by using operator t = 2, B universe is better than a universe.
Average Universal Memberships of & and B universes:

similarly, taking k = 1, 2 for a and f universes and fixing t = 3 as described in eq.. 10, we can provide average
universal memberships of all given subjects with respect to attributes,

Q3:1(X) = 0.425, 03,(X) = 0.575 (28)
we can see by using operator t = 3, 8 universe is better than a universe

5. Conclusions

1. We can see from expressions 18, 19, 20 the final order in eq. 24 is the most frequently observed order in
all these ranking orders which is also observed same in local ordering of 8 universe (Eq. 21,22, 23) and is again same
in final global ordering of 8 universe 25, which shows the final global Ranking is transparent and authentic.

2. expressions 26, 27, 28 provides highest, lowest, and average cumulative memberships of universes.
3. In Universal ordering, it is observed that on the Global Universal level, § universe is better than & universe.

1. Local ordering: we can observe local ordering by using the novel plithogenic hyper-super-soft-matrix and local
operators. We can judge the performance of some fixed subjects in a particular universe, i.e., one combination or
level sheet. This is the case of the inner classification of the universe.

2. Global ordering: We can provide global ordering by considering the performance of some fixed subjects in multiple
universes, i.e., different combinations of sub-attribute or level sheets are combined by using the frequency matrix.
This is the case of combining several angles of visions in the final decision.

3. Universal ordering: We can compare these universes by combining the cumulative memberships of the last column
for each universe. The universe having the largest cumulative average membership is the better and then can write
them by descending order.

4. Extreme Universal Memberships: We can also find out extreme values of these universes and can judge these
subjects in a grand universe which is made by multiple smaller parallel universes so we can choose the best subject
from all universes that is the one who is best in most universes or we can select one reality out of multiple parallel
realities these facts are useful in the field of artificial intelligence.
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Abstract

In this paper, we introduce the concept of AH-subspace of a neutrosophic vector space and AHS-linear
transformations. We study elementary properties of these concepts such as Kernel, AH-Quotient, and dimension.

Keywords: Neutrosophic vector space , AH-supspace , AHS-subspace , AH-Quotient.

1. Introduction

Neutrosophy, as a new branch of philosophy and of logic, founded by Smarandache, got its way in algebraic structure
studies. Many neutrosophic algebraic structures were defined and studied such as neutrosophic groups, neutrosophic
rings, neutrosophic refined rings, and neutrosophic vector spaces. See [3,4,5,6,9]. In 2019 and 2020 Smarandache
[12,13,14] generalized the classical Algebraic Structures to NeutroAlgebraic Structures (or NeutroAlgebra) {whose
operations and axioms are partially true, partially indeterminate, and partially false} as an extension of Partial Algebra,
and to AntiAlgebraic Structures (or AntiAlgebra) {whose operations and axioms are totally false}.

AH-substructures were firstly defined in neutrosophic rings in [1], and then they have been studied in refined
neutrosophic rings in [2]. These structures have had many symmetric properties that illustrate a bridge between
classical algebra and neutrosophic algebra. In this paper, we try to define AH-subspace and AHS-subspace of a
neutrosophic vector space and introduce some of its elementary properties. Also, some interesting concepts were

defined and used in this study, such as neutrosophic AH-linear transformations, and AH-Quotient.

Motivation

This work is a continuation of works done in [1,2], that established the theory of neutrosophic AH-substructures in
neutrosophic algebraic structures.

2. Preliminaries

Definition 2.3:[5] Let ( 'V, +, - ) be a vector space over the field K then (V(I), +, -) is called a weak neutrosophic
vector space over the field K, and it is called a strong neutrosophic vector space if it is a vector space over the
neutrosophic field K(I).
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A neutrosophic field K(I) is a triple (K(I),+, ), where K is a classical field. A neutrosophic field is not a field by
classical meaning, but it is a ring.

Elements of V(I) have the form x + yI; x,y € V, i.e V(I) can be written as V(I) =V + VI.

Definition 2.4: [5] Let V(I) be a strong neutrosophic vector space over the neutrosophic field K(I) and W(I) be a
non empty set of V(I), then W(I) is called a strong neutrosophic subspace if W(I) itself is a strong neutrosophic
vector space.

Definition 2.5:[5] Let U(I) and W(I) be two strong neutrosophic subspaces of V(I) then we say that V(I) is a direct
sum of U(I) and W(I) if and only if for each element x € V(I) then x can be written uniquely asx =y +zsuchy €
Ul)andz€ W(I)

Definition 2.6:[5]

Let U(I) and W(I) be twostrong neutrosophic subspaces of V(I) and let f: V(1) — W (I), we say that f is a neutrosophic
vector space homomorphism if

(@ f() =1
(b) f is a vector space homomorphism.

We define the kernel of f by Ker f= { x€ V(I); f(x) =0 }.

Definition 2.7:[5]

Let vy, v,..v5 € V(1) and x € V(I) we say that x is a linear combination of { v;;i = 1,..,s} if
x=a,v; + -+ + azvs such that a; € K(I).
Theset { v;;i = 1,..,s} is called linearly independent if a;v; + -+ + a;v; = 0 implies a; = 0 for all 1.

Theorem 2.10: [5]

If { vi,..,vs} is a bases of V(I) and f:V(I) > W(I) is a neutrosophic vector space homomorphism then
{f(vy), ..., f(vs)} is a bases of W(I).

Definition 2.8: [1]
Let R(I) be a neutrosophic ring and P = Py + P;I = {a, + a,I; ay € Py,a, € P;}.
(a) We say that P is an AH-ideal if Py andP; are ideals in the ring R.

(b) We say that P is an AHS-ideal if P, = P;.

Definition 2.9: [2]

Let (R(I4,1,), +, X) be a refined neutrosophic ring, and Py, P;, P, be three ideals in the ring R then the set
P = (Py, P 1, P,1,) = {(a,bl;,cl,);a € Py,b € P;, c € P,} is called a refined neutrosophic AH-ideal.

If Py = P; = P, then P is called a refined neutrosophic AHS-ideal.
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3. Main concepts and discussion

Definition 3.1:

Let V(I) = V+VI be a strong/weak neutrosophic vector space, the set

S=P+QI={x+yl;x € P,y € Q},where Pand Q aresubspacesof V is called an AH-subspace of V(I).
If P = Q then S is called an AHS-subspace of V(I).

Example 3.2:

We have V = R? is a vector space, P = < (0,1) >, Q = < (1,0) >, are two subspaces of V. The set
S=P+QI={0,a)+ (b,0)];a,b € R} is an AH-subspace of V(I).

Theset L = P + PI = {(0,a) + (0,b)I}; a,b € R is an AHS-subspace of V(I).

Theorem 3.3:

Let V(I) = V + VI be a neutrosophic weak vector space, and let S = P + QI be an AH-subspace of V(I), i.e Q,P
are supspaces of V, then S is a subspace by the classical meaning.

Proof:
Suppose that x =a+ bl,y =c+dl € S;a,c € P, b,d € Q, we have

x+y=(a+c)+ (b+d)] €S.Foreachscalarm € K we obtain m.x = m.a + (m.b)I € S, since
P and Q aresubspacesthus S = P + QI is a subspace of V(I) over the field K.

Remark 3.4:

An AH-subspace S is not necessary a subspace of neutrosophic strong vector space V(I) over a neutrosophic field
K(I), see Example 3.5.

Example 3.5:

Let S be the AH-subspace defined in Example 3.2, and m = 1 + I € R(I) be a neutrosophic scalar, and x = (0,1) +
(2,0)I € S, we have:

m.x=(1+1)-x=(01)+[(2,0)+ (0,1) + (2,001 = (0,1) + (4,1)1, since (4,1) does not belong to Q, we find
that m * x is not in S, thus S is not a subspace of V(I).

The following theorem shows that any AHS-subspace is a subspace of a neutrosophic strong vector space.
Theorem 3.6:

Let V(I) be a neutrosophic strong vector space over a neutrosophic field K(I), let S = P + PI be an AHS-subspace. S
is a subspace of V(I).

Proof:

Suppose that x = a + bl,y =c+dl € S;a,c,b,and ¢ € P, we have
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x+y=(a+c)+(b+d)eS. Let m=x+yl € K(I) be aneutrosophic scalar, we find
mx=(xa)+ (y.a+y.b+x.b)l €S, sincey.a+y.b+x.b € P,thus we get the desired result.
Definition 3.7:

(a) Let V and W be two vector spaces, L,: V — W be a linear transformation. The AHS-linear transformation can be
defined as follows:

L:V() - W({);L(a+ bl) =L,(a) + L,(b)I.

(b) IfS = P + QI is an AH-subspace of V(I), L(S) = L, (P) + L, (Q)I.
(c)IfS = P + QI is an AH-subspace of W(I), L™1(S) = Ly} (P) + Ly (Q)1.
(d) AH — Ker L = KerLy, + KerL, I = {x +yl;x,y € KerLy}.

Theorem 3.8:

Let W(I) and V(I) be two neutrosophic strong/weak vector spaces, and L:V(I) > W(I) be an AHS-linear
transformation, we have:

(a) AH — Ker L is an AHS-subspace of V(I).

(b) If S = P + QI is an AH-subspace of V(I), L(S) is an AH-subspace of W(I).

() IfS = P + QI is an AH-subspace of W(I), L™1(S) is an AH-subspace of V(I).

Proof:

(a) Since KerlLy is a subspace of V, we find that AH — Ker L = KerLy, + KerLy I is an AHS-subspace of V(I).

(b) We have L(S) = L, (P) + Ly (Q)I; thus L(S) is an AH-subspace of W(I), since L, (P), L, (Q)are subspaces of W.

(c) By regarding L™1(S) = Ly* (P) + Lyt (Q)1, Lyt (P) and Lyt (Q) are subspaces of V, we obtain that L™1(S) is an
AH-subspace of V(I).

Theorem 3.9:

Let W(I) and V(I) be two neutrosophic strong vector spaces over a neutrosophic field K(I), and L:V(I) » W(I) be
an AHS-linear transformation, we have:

Lix+y)=L(x)+ L), L(m.x) =m.L(x), forallx,y € V(I),m € K(I).
Proof:
Suppose x =a+bl,y =c+dl;a,b,c,d €V,and m =s + tl € K(I), we have
Lix+y)=L(a+cl+[b+dlD)=Ly,(a+c)+L,(b+d)] =
[Ly(a) + Ly(D)I] + [Ly(c) + Ly (DI] = L(x) + L(y).
mx=(s.a)+(s.b+t.a+t.b)l,L(m.x) =Ly,(s.a) + L,(s.b+t.a+t.b)]
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=s.Ly(a) + [s.Ly(b) + t.Ly(a) + t. L, (b)]I = (s + tI). (L, (a) + L, (b)I) = m.L(x).

Theorem 3.10:

Let S = P + QI be an AH-subspace of a neutrosophic weak vector space V(I) over a field K, suppose that
X={x;1<i<n}isabasesof PandY = {y;; 1 < j < mj}is a bases of Q then X U Y[ is a bases of S.

Proof:

Let z = x + yI be an arbitrary element in S; x € P,y € Q. Since P and Q are subspaces of V we can write
X=X +ax, ++ayx,; a;€EKandx; €EX,y = by, + by, + -+ bpym; by EK,y; €Y.

Now we obtain z = (a,;x; + -+ + a,x,) + (byy, 1 + -+ + b,y 1); thus X U Y1 generates the subspace S.

X U Y1 is linearly independent set. Assume that (a;x; + - + a,x,) + (byy,I + - + b,y I) = 0, this implies

a;x; + azx, + -+ apx, =0and (byy; + by, + -+ by, ym)I = 0. Since X and Y are linearly independent sets
over K, we geta; = b; = 0 for all i, j and X U Y1 is linearly independent then it is a bases of S.

Result 3.11:

Let S = P + QI be an AH-subspace of a neutrosophic weak vector space V(I) with finite dimension over a field K,
from Theorem 3.10 and the fact that X N YI = @, we find dim(S) = dim(P) + dim(Q).

Example 3.12:

Let V =R3, P=<(0,0,1)>, Q=<(0,1,0)> be two subspaces of V,

(@) S =P+ QI ={(0,0,m)+ (0,n,0); mn € R }is an AH-subspace of V(I).

(b) The set {(0,0,1), (0,1,0)I} is a basis of S, dim(S) = dim(P) + dim(Q) =1+ 1 = 2.

() Ly:V - V; Ly(x,y,z) = (x+y,y,z)for all x,y,z € R is a linear transformation, the corresponding AHS-
linear transformation is L: V(I) - V(I); L[(x,y,z) + (a,b,c)I] = Ly (x,y,z) + L,(a,b,c)l =

(x+y,y,2)+(a+bb,o)l

(d) L(S) =Ly(P) + Ly(Q) = Ly{(0,0,m)} + L,{(0,n,0)} = {(0,0,m) + (n,n,0)I}; m,n € R, which is an AH-
subspace of V(I).

Example 3.13 :

Let V=R?, W=R3,L,:V - W; L,(x,y) = (x +y,x + y,x + ¥) is a linear transformation. The corresponding AHS-
linear transformation is

LV > WU, L[(,y)+ (@ab)l=&+y,x+y,x+y)+(a+b,a+b,a+b)l.
KerL, =< (1,—1) >, AH — KerL = KerL, + KerL, [ =< (1,-1) > +< (1,-1) > 1=
{(a,—a) + (b,—b)I;a,b € R} which is an AHS-subspace of V(I).

It is clear that dim(KerL) = 1 + 1 = 2 according to Theorem 3.10.
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Definition 3.14:

Let V(I) be a neutrosophic strong/weak vector space, S = P + QI be an AH-subspace of V(I), we define
AH-Quotient as:

vin/S=V/P+V/QI=(x+P)+(y+Q);x,y€eV.

Theorem 3.15:

Let V(I) be a neutrosophic weak vector space over a field K, and S = P + QI be an AH-subspace of V(I). The AH-
Quotient V(I)/S is a vector space over the field K with respect to the following operations:

Addition: [(x + P) + y + DI+ [(a+P)+ b+ QI =(x+a+P)+(y+b+Q);x,y,a,b€EV.
Multiplication by a scalar: (m).[(x + P) + (y + Q)I] = (m.x + P) + (m.y + Q)I,
x,y€€Vandm€K.

Proof:

It is easy to check the operations completely are well defined, and (V(I)/S, +) is abelian group.
Letz=[(x+P)+ (y+ Q) €eV()/S,wehave 1.z = z.

Assume that m,n € K, we have m. (n.z) = m.[(n.x + P) + (n.y + Q)I] = (m.n.x + P) + (m.n.y + Q)I =
(m.n).z.

m+n)z=[(m+n).x+Pl+[(m+n).y+Qll=m.z+n.z

Leth=[(a+P)+ b+ QI eV)/S,z+h=(x+a+P)+ (y+b+Q),
m(z+h)=mx+ma+P)+(my+mb+Q)m.z+m.h.

Example 3.16:

We have V = R? is a vector space over the field R, P =< (0,1) >,Q =< (1, 0) > are two subspaces of V,
S=P+QI={0,a) + (b,0)];a,b € R} is an AH-subspace of V(I).

The AH-Quotient is V(I)/S = {[(x,¥) + P] + [(a,b) + Q1; x,y,a,b € V}.

We clarify operations on V(I)/S as follows:

x=[(2,1) + P]+ [(1,3) + Q]L,y = [(2,5) + P] + [(1,1) + Q]I are two elements in V(I)/S,m =
3isascalarinR.

x+y=[46)+P]+[(24)+Q]l,3.x=[(63)+P]+[(39) + Q]I
Remark 3.17:

If S =P + Pl is an AHS-subspace of a neutrosophic weak vector space V(I) over the field K, then AH-Quotient
V(I)/S =V /P +V/PI is a weak neutrosophic vector space, since V /P is a vector space.
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5. Conclusion

In this article, we have defined the concepts of AH-subspace, AHS-subspace, and AHS-linear transformation in
neutrosophic vector spaces. Also, we have studied some basic properties of these concepts.
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Abstract

In a recent paper, we describe a model of quantum communication based on combining consciousness
experiment and entanglement, which can serve as impetus to stop 5G-network-caused diseases. Therefore,
in this paper we consider superluminal physics and superluminal communication as a bridge or intermediate
way between subluminal physics and action-at-a-distance (AAAD) physics, especially from neutrosophic
logic perspective. Although several ways have been proposed to bring such a superluminal communication
into reality, such as Telluric wave or Telepathy analog of Horejev and Baburin, here we also review two
possibilities: quaternion communication and also quantum communication based on quantum noise. Further
research is recommended in the direction outlined herein. Aim of this paper: We discuss possibilities to go
beyond 4G and 5G network, and avoid the unnecessary numerous health/diseases problems caused by
massive 5G network. Contribution: We consider quaternionic communication and quantum communication
based on quantum noise, which are largely unnoticed in literature. Limitation: We don’t provide scheme for
operationalization, except what we have provided in other paper.

Keywords: quantum entanglement, quantum communication, consciousness, superluminal communication, action at

a distance.
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Quote: “The Hertz wave theory of wireless transmission may be kept up for a while, but I do not hesitate to say thatin a
short time it will be recognized as one of the most remarkable and inexplicable aberrations of the scientific mind which
has ever been recorded in history.” —Nikola Tesla, The True Wireless, 1919.
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1. Introduction

In line with the rapid development of new branch of foundational mathematics, i.e. Neutrosophic Logic, here we
discuss potential application of NL theory in the field of telecommunication. See for recent papers on NL: [31-35]. It
is known that nowadays telecommunication systems are predominated by RF systems, including numerous wireless

systems, such as 4G Wi-Fi, 4G network etc. And the world is now in transition stage towards 5G network deployment.

A growing number of individuals are coming together in many countries - to attempt to block or stop the current
telecoms roll-out of 5G electromagnetic microwave radiation which has proved to be extremely harmful to all

sentient life forms, including plant life.!

It would prove invaluable if some methods could be found to render the 5G millimetre wave transmissions
ineffective. In other words, to block or dissolve their ability to irradiate surrounding matter/life. Our concern is not
to find a way to 'to protect the individual' but to prevent whole areas from being affected by microwaves via

the tens of thousands of transmission bases that 5G requires - and from satellite sources.

In literature, there are known proposals or experiments which were purported to suggest possible ways to develop
superluminal communication, to name a few: Telluric wave and also Telepathy analog way. For instance, in biofield

site, it is written, which can be paraphrased as follows:

“Torsion fields is one of the names given to the more unpretentious parts of the biofield. Torsion fields have additionally
been alluded to as orgone, od, tachyon, aether, Tesla waves, scalar waves, the zero point field and then some. There is no
settled upon logical agreement on these increasingly inconspicuous parts of the biofield. Torsion fields are guessed to the
moderating mode for separation recuperating, which happens immediately and which research has been demonstrated
that to be difficult to be transmitted through exemplary electromagnetic frequencies.”

See also Horejev and Baburin’s paper [27]. Besides, there are also other suggestions of telepathic analog

communications [28-30].

From Neutrosophic Logic perspective, we need to distinguish the subluminal communication from superluminal
communication. In fact, Smarandache’s Hypothesis states that there is no speed limit of anything, including light and

“particles [16]. One of us (FS) also wrote in this regards:

“In a similar way as passing from Euclidean Geometry to Non-Euclidean Geometry, we can pass from
Subluminal Physics to Superluminal Physics, and further to Instantaneous Physics (instantaneous traveling).
In the lights of two consecutive successful CERN experiments with superluminal particles in the Fall of 2011,
we believe these two new fields of research should begin developing. A physical law has a form in Newtonian
physics, another form in the Relativity Theory, and different form at Superluminal theory, or at Instantaneous
(infinite) speeds — according to the S-Denying Theory spectrum. First, we extend physical laws and formulas

1 A brief explanation here: https://www.5gspaceappeal.org/the-appeal
2 https://www.biofieldlab.com/whatisthebiofield
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to superluminal traveling and to instantaneous traveling. Afterwards, we should extend existing classical
physical theories from subluminal to superluminal and instantaneous traveling.”

While the idea behind Smarandache hypothesis is quite simple and based on known hypothesis of quantum mechanics,
called Einstein-Podolski-Rosen paradox, in reality such a superluminal physics seems still hard to accept by majority

of physicists.

The background idea and our motivation for suggesting to go beyond RF/subluminal communication towards
superluminal communication are two previous papers: (a) there will be more than 720! (factorial) types of new diseases
which may arise, if the 5G network is massively implemented — and the present covid-19 pandemic may be just the
beginning; (b) in a recent paper [14], we describe a model of quantum communication based on combining
consciousness experiment and entanglement, which can serve as impetus to stop 5G-network-caused diseases, and (c)
another recent paper that we presented in CTPNP 2019, where we discuss a realistic interpretation of wave mechanics,
based on a derivation of Maxwell equations from quaternionic Dirac equation [36]. From these previous papers, we
come to conclusion to superluminal communication is not only possible, but it is indeed embedded in quaternionic

Maxwell equations, which are close to their original idea by Prof. James Clerk Maxwell.

Therefore, in this paper we consider superluminal physics and superluminal communication as a bridge or intermediate
way between subluminal physics and action-at-a-distance (AAAD) physics, especially from Neutrosophic Logic
perspective. Although several ways have been proposed to bring such a superluminal communication into reality, such
as Telluric wave or Telepathy analog of Horejev and Baburin, here we also review two possibilities: quaternion

communication and also quantum communication based on quantum noise.

These two choices will be discussed in section 4. But first of all we will discuss what is the difference between

subluminal communication and superluminal communication.

2. What is the difference between subluminal communication and superluminal communication?
According to Belrose, which can be paraphrased as follows:

“The extremely plausibility of remote correspondences was established on the investigations of James Clerk
Maxwell, and his conditions structure the premise of computational electromagnetics. Their accuracy was
built up by Heinrich Hertz, when in 1887 he found EM radiation at UHF frequencies as anticipated by
Maxwell. Since the spearheading work of Maxwell starting in the center 1850s, and of his adherents, a little
gathering that got known as Maxwellians, which incorporated UK's Poynting and Heaviside, Maxwell's
conditions have been read for longer than a century, and have demonstrated to be one of the best speculations
in the historical backdrop of radioscience. For instance, when Einstein saw that Newtonian elements had as
changed to be good with his exceptional hypothesis of relativity, he found that Maxwell's conditions were at

3 See Florentin Smarandache. url: http://fs.unm.edu/SuperluminalPhysics.htm
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that point relativistically right. EM field impacts are created by the increasing speed of charges, thus Maxwell
had naturally incorporated relativity with his conditions.” [25]

History also told us that around a century ago, there was proponents of wireless telegraphy, including Marconi, and
opponents of it, including Tesla. And there were records of conflict between Tesla and Marconi. History also told us
that around the same months after wireless telegraphy networks were installed everywhere, there was a flu pandemic,
just like we observed now. It is also known, that wireless telegraphy was based on RF technology, which is actually a
subluminal physics, while Tesla preferred a superluminal technology beyond Radio Frequency (sometimes he referred

to as non-Hertzian waves). See also [18-26].
For instance, Paul Brenner wrote:

“Marconi's work is based on copies of patents of many other inventors without their permission. His so called
original "two-circuit" device, a spark-gap transmitter plus a coherer-receiver, was similar to those used by
Oliver Lodge in a series of worldwide reported tests in 1894. Tesla disputed that Marconi was able to signal
for greater distances than anyone else when using the spark-gap and coherer combination. In 1900 Alexander
Stepanovich Popov declared to the Congress of Russian Electrical Engineers: "[...] the emission and reception
of signals by Marconi by means of electric oscillations [was] nothing new. In America, the famous engineer
Nikola Tesla carried the same experiments in 1893." [20]

It is also known from history books, that in the last century, the understanding of the nature of electromagnetic
phenomena was proceeding with a constant rivalry between two concepts of interaction: namely, Newton
instantaneous action at a distance (IAAAD) and Faraday-Maxwell short-range interaction. Finally, the discovery of
Faraday’s law of induction (explicit time dependence of electromagnetic phenomena) and the experimental
observation of electromagnetic waves seemed to confirm the short-range interaction. Nevertheless, the idea of TAAAD
still has many supporters. Among the physicists who have developed some theories based, in any case, on this concept,
we can find names such as Tetrode and Fokker, Frenkel and Dirac, Wheeler and Feynman, and Hoyle and Narlikar.
This interest in the concept of IAAAD is explained by the fact that classical theory of electromagnetism is an
unsatisfactory theory all by itself, and so there have been many attempts to modify either the Maxwell equations or

the principal ideas of electromagnetism.
As Augusto Garrido wrote in his review to Chubykalo et al’s book:

“On the other hand, the famous article “Can Quantum-Mechanical Description of Physical Reality Be
Considered Complete?” by Einstein, Rosen and Podolsky published in Physical Review in 1935 revived this
discussion in a new panorama. In this article Einstein made public his position against the Copenhagen
interpretation of the quantum mechanics. The controversy unleashed since then made this article a very
popular one for its implications in our physical and philosophical understanding of the physical reality. The
main objective of this article was to demonstrate that the quantum mechanics, the same way the Newtonian
mechanics was for the relativistic mechanics, is an incomplete theory, and therefore, transitory of reality. For
that reason Einstein made evident what is now known as the EPR paradox. According to EPR quantum
mechanics is no local theory, that is to say, it permits action at a distance and, that is forbidden by the relativity
theory, instantaneous action at a distance.
Unfortunately for Einstein, and for common sense the experiment performed by Aspect seems to indicate
that the IAAAD following from quantum mechanics exists. As a consequence of this confusion, physicists
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are divided in two big groups according their position about IAAAD. These disputants are the quantum
physicists and the relativists, who, almost after a century, have not been able to answer the old question
whether the subject of their studies is a complete and integrated Universe — a physical Universe in its own
right — or simply a assemblage of locally interacting parts.”[15]

Therefore, to summarize the above paragraph, it seems we can distinguish among few technologies for

communication:

- Subluminal RF physics = subluminal wave = subluminal communication
- Close to light speed physics = relativistic wave
- Superluminal physics = superluminal wave = superluminal communication

- Action at a distance physics 2 AAAD/quantum communication

From Neutrosophic Logic perspective, we can see that superluminal physics and superluminal communication are an
intermediate way between the subluminal physics and AAAD physics, because in NL theory there is always a

possibility to find a third way or intermediate state.
Summarizing:
Standpoint A (subluminal) = Intermediate (superluminal) > Standpoint B (AAAD)

In the next sections, we will discuss shortly quantum entanglement and how it can be used in developing new

telecommunication technologies.

3. What is quantum entanglement?

In its simplest form the quantum theory’s features can be reduced to: (a) wave function description of microscopic
entities and (b) entanglement. Entanglement is a key property that makes quantum information theory dillerent from

its classical counterpart.[14]
According to Scolarici and Solombrino [5]:

The essential difference in the concept of state in classical and quantum mechanics is clearly pointed out by
the phenomenon of entanglement, which may occur whenever the product states of a compound quantum
system are superposed. Entangled states play a key role in all controversial features of QM; moreover, the
recent developments in quantum information theory have shown that entanglement can be considered a
concrete physical resource that it is important to identify, quantify and classify.

Nonetheless, they concluded: “our research has pointed out a puzzling situation, in which the same state of a physical

system is entangled in CQM, while it seems to be separable in QQM.”

While entanglement is usually considered as purely quantum effect, it by no means excludes possibility to describe it

in a classical way.
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In this regards, from history of QM we learn that there were many efforts to describe QM features in more or less
classical picture. For example: Einstein in 1927 presented his version of hidden variable theory of QM, starting from

Schrédinger’s picture, which seems to influence his later insistence that “God does not play dice” philosophy.[6][7]

Efforts have also been made to extend QM to QQM (quaternionic Quantum Mechanics), for instance by Stephen Adler
from TAS.[8]

But in recent decades, another route began to appear, what may be called as Maxwell-Dirac isomorphism route, where
it can be shown that there is close link between Maxwell equations of classical electromagnetism and Dirac equations
of electron. Intuitively, this may suggest that there is one-to-one correspondence between electromagnetic wave and

quantum wave function.
4. Two possible ways of superluminal communications
4.a. Maxwell-Dirac isomorphism through Quaternion algebra

Textbook quantum theory is based on complex numbers of the form ag+a,i, with i the imaginary unit ;> = —1. It has
long been known that an alternative quantum mechanics can be based on the quaternion or hyper-complex numbers

of the form ap +aji + ayj + ask, with i,j,k three non-commuting imaginary units.[8]

On the other hand, recognizing that the Maxwell’s equations were originally formulated in terms of quaternionic
language, some authors investigate formal correspondence between Maxwell and Dirac equations. To name a few
who worked on this problem: Kravchenko and Arbab. These authors have arrived to a similar conclusion, although

with a different procedures based on Gersten decomposition of Dirac equation.[4]

This MD isomorphism can also be extended further to classical description of boson mass which was usually called

Higgs boson[3], so it may be a simpler option compared to scale symmetry theory.

4.b. Quaternionic QM and Entanglement

Having convinced ourselves that Maxwell-Dirac isomorphism has sufficient reasoning to consider seriously in order

to come up with realistic interpretation of quantum wave function, now let us discuss QQM and entanglement.

Singh & Prabakaran are motivated to examine the geometry of a two qubit quantum state using the formalism of the
Hopf map. However, when addressing multiple qubit states, one needs to carefully consider the issue of quantum

entanglement. The “quaternions” again come in handy in studying the two qubit state. [10]
In his exposition of Quaternionic Quantum Mechanics, J.P. Singh concluded that [9]:

“Having established the compatibility of the Hopf fibration representation with the conventional theory for
unentangled states, let us, now, address the issue of measurability of entanglement in this formalism. In the
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context, “Wootters’ Concurrence” and the related “Entanglement of Formation” constitute well accepted
measures of entanglement, particularly so, for pure states. ...

It follows that any real linear combination of the “magic basis” would result in a fully entangled state with
unit concurrence. Conversely, any completely entangled state can be written as a linear combination in the
“magic basis” with real components, up to an overall phase factor. In fact, these properties are not unique to
a state description in the “magic basis” and hold in any other basis that is obtained from the “magic basis”
by an orthogonal transformation...”

Singh & Prabakaran also suggest that this quaternionic QM may be useful for exploring quaternionic computing.[10]

Therefore, it shall be clear that entanglement and quantum communication have a sound theoretical basis.

4.c. Basic principles of quantum communication based on quantum noise

Our proposed communication method can provide an infinite number of infinite bandwidth communications channels

for each user. See our recent paper describing one of plausible way to do quantum communication [14].

Communication using this method travels much faster than light. It does not use radio waves and does not need wires.
It cannot be monitored nor tracked nor interfered with. It cannot be regulated due to the infinities involved, and due
to the fact that it is unmonitorable. Each user benefits personally from the perfect information security provided by

quantum communications.

Quantum communication does not harm any form of life, nor the environment, in any way, as quantum events are,
and always have been, constantly a part of the Natural Environment. This method is not related to “Q-bits” nor
“quantum teleportation” nor “quantum amplification” approaches, in any way. It is based on the Schrodinger equations
of Quantum Mechanics. One of the features of the Schrodinger equations is a descriptive prediction of what is called
“quantum noise”. This is the constant “hiss” that one hears when using an FM radio, and setting the frequency selector

in between active broadcast channels. The sound is called “quantum noise”

Quantum noise is observable at every location in the infinite volume universe. Quantum noise is the result of non-
local Subquantum processes which cause apparently random quantum behaviors in physical systems, particularly

those which involve electric, magnetic, or electromagnetic fields.

The situation is described by the quantum observable A of the system. This boils down to the fact that there is an
expectation value in situations which involve quantum noise, which should normally appear as perfect randomity in
the quantum system we are observing. Perfect randomity is called 3rd Order randomity and is completely

unpredictable.
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3™ Order randomity then represents the normal behavior of our quantum system as it interacts with Subquantum
entities which are interacting with the system from up to infinity away and with up to an infinite velocity. 3rd Order

randomity is the quantum expectation value of all Natural systems, in all locations and at all times.

There are ways to detect and predict quantum noise and the physical changes produced by quantum noise in quantum
systems (These methods will not be discussed at this time). When we detect the quantum noise, for example, in the
form of “white noise” between radio stations, we expect the quantum spectrum centered on the channel of our receiver
to exhibit 3™ Order randomity in both electromagnetic frequency and magnitude domains, in our selected channel.
However, environmental factors such as the presence of physical or non-physical forms of Consciousness can act on
the 3™ Order randomity so as to bring predictability and order to the stream of random number which our E/M detector

array passes on to our discriminator system.

Related to this, it was proved by instrumented experiments in the USA and in France during the 1990s that the
Attention, Intentions, and Emotional State of operators of symplectic, complex, and standard electromagnetic

transmission facilities, resulted in instantaneous changes in the radiation patterns of the transmission antennas.

All of the above mentioned facts can be useful for developing a working quantum communication device, see for

further exposition of our method in [14].

5. Concluding remarks

Despite its enormous practical success, many physicists and philosophers alike agree that the quantum theory is so
full of contradictions and paradoxes which are difficult to solve consistently. Even after 90 years, the experts
themselves still do not all agree what to make of it. In this paper, we review the most puzzling feature of QM, i.e.

entanglement.

In the meantime, the problem of the dangers of 5G creates a potential to develop new solutions of telecommunications,
without having to use 5G/RF technologies. Therefore, in this paper we consider superluminal physics and
superluminal communication as a bridge or intermediate way between subluminal physics and action-at-a-distance
(AAAD) physics, especially from Neutrosophic Logic perspective. Although several ways have been proposed to
bring such a superluminal communication into reality, such as Telluric wave or Telepathy analog of Horejev and
Baburin, here we also review two possibilities: quaternion communication and also quantum communication based

on quantum noise.

From Neutrosophic Logic perspective, we discuss on superluminal physics and superluminal communication as an
intermediate way between the subluminal physics and AAAD physics, because in NL theory there is always a

possibility to find a third way or intermediate state.

Summarizing:
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Standpoint A (subluminal) - Intermediate (superluminal) = Standpoint B (444D)
This paper was inspired by an old question: Is there an alternate way to communication beyond RF method?

Further research is recommended for future implementation.
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Abstract

In this paper, the definition of neutrosophic thick function and its integral are introduced. The main objective is
defining a differential linear equation based on the thick function and finding solutions for this equation.

Keywords: Neutrosophic Thick Function, Neutrosophic Integration.

1.Introduction

Neutrosophic logic. Neutrosophy, Neutrosophic set, Neutrosophic probability and alike, are recent creations of
F. Smarandache, being characterized by having the indeterminacy, as component of their framework and a notable
feature of neutrosophic logic is that can be considered a generalization of fuzzy logic, encompassing the classical logic
as well[1]. Also, in 2015, F. Smarandache has defined the concept of continuity of a neutrosophic function in [1], and
neutrosophic mereo-limit [1], mereo-continuity. Moreover, in 2014, F. Smarandache has defined the concept of a
neutro-oscillator differential in [3], and mereo-derivative. Finally, in 2013 F. Smarandache introduced neutrosophic
integration in [2], and mereo-integral, besides the classical definitions of limit, continuity, derivative, and integral
respectively.

Among the recent applications there are: neutrosophic crisp set theory in image processing[4][5], neutrosophic
sets medical field [6][7][8][9][10], geographic information systems [11] and possible applications to database [12].
Also, neutrosophic triplet group application to physics[13]. Moreover, several types of research have made multiple
contributions to neutrosophic topology [14][15] [16] [17] [18] [19] [20] Also more researches have made multiple
contributions to the neutrosophic analysis[21]. Finally, the neutrosophic integration may be applied in calculating the

area between two neutrosophic functions.

2. Preliminaries
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In this paper m(x) = [m,(x), m,(x)] is called a neutrosophic thick function. Now, we recall some definitions which
are useful in this paper.

Definition 2.1. [1]

A neutrosophic crisp function:

f:A - B is called a crisp relation if there exists an element a € A with f(a) = b and f(a) = ¢ where b, c € B then
b = c. (this is the classical vertical line test).

Definition 2.2. [1]
Neutrosophic subset or crisp function:
A neutrosophic (subset or crisp) function in general is a function that has some indeterminacy.
Definition 2.3. [2]
The neutrosophic constant thick function:

I:R - P(R); for example: l(x) = [2,3]; forany x € R
Where P(R) is the set of all subsets of R.

For example, [(7), is the vertical segment of line [2,3] shown in figure 2.1.

Figure 2.1.
Definition 2.4. [2]

A neutrosophic non-constant thick function:
k:R - P(R)

For example, k(x) = [2x,2x + 1];
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Figure 2.2

Let k(x) = [2x,2x + 1] then k(2) = [2(2),2(2) + 1] = [4,5]. The respective graph is the Figure 2.2
Definition 2.5. [2]

The general neutrosophic thick function is defined as:

There is something confusing in the use of notations for intervals. For example, it is used (m1 (x), m, (x)) for open

interval and |m (x), m,(x)] and [m, (x), m,(x)[ for half closed (or semi closed) intervals.

m:R - P(R) ;m(x) = [my(x), my(x)]

Figure 2.3

3. A Neutrosophic Integration

As in Euclidean integration, integration is the opposite of differentiation.

In other words, the anti-thesis of the derivative of the neutrosophic function f (x) is also a neutrosophic function F (x).
That the definition of neutrosophic integral is:

Flx) = f £ D

Where I represents the indeterminacy and constant integration is a + bl.

Example 3.1.
f:R>RU{};f(x)=5x%+ (3x+ 1)I

Then:
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3 2
F(x)=f[5x2+(3x+1)1]dx =f5x2dx +f(3x+1)1dx =5%+<3%+x>1+a+b1.

Where a + H is the neutrosophic integration constant.

4. Neutrosophic integration thick function
In this section is given the definition of the neutrosophic thick function, as well the operation of integration over it.

Definition 4.1. Let m(x) = [m,(x), m,(x)] be a neutrosophic thick function. Then we define the integration of this
function as:

f m()de = f s (0, ma (N = | f my (o) de +cy, f my(e) de + c3| = [4,B]
Where ¢; = a; + byl ,c, = a, + b, 1.

Example 4.1. Let m(x) = [my(x), m,(x)] = [xex,xe"z] then:
fm(x)dx = f[xex,xe"z]dx = [f xe* dx + Cl,fxexzdx +c ] = [4, B]
Azfxexdx +c =xe*—e*+¢

2
¥ +c,

N =

B=fxex2dx +c, =

1
fm(x)dx = [x. e —e* + cl,z.e"2 + cz]

Where ¢; = a; + byl ,c, = a, + b, 1.

1 x?
1+x2’ 1+x2] then:

Example 4.2. let m(x) = [m;(x), m,(x)] = [

f()dx—f L _x dx—f L fxz & +¢, |=[4B
mx T )1+ x2 1+ x2 1) 14«2 ‘s 1+ x2 ¢z | = [A.B]

1
A=fmdx+Cl=arcltg(x)+c1

2
X
Bzfmdx +c,=x—arctg(x)+c,

fm(x)dx = [arctg(x) + c;,x —arc tg(x) + c,]

Where L = aq + b111 ,Cr = Ay + bzlz.
5. Neutrosophic linear differential equation

In this section we define a linear differential equation based on the thick function and find solutions of this equation.
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Neutrosophic identical linear differential equation
Definition. We define the Neutrosophic identical linear differential equation by a neutrosophic thick function form:
y+mx)y =0; m(x) = [m(x),my(x)] (1)
Method of solution.
y+m(x)y =0
Y+ [mi(x),my(x)]y = 0

3,’ = _[ml(x)!mZ(x)]y
§= —[ma (), my ()]

Iny
=

—f[ml(x),mz(x)] d = - [fml(x) e ,fmz(x) |
y = C[e—fml(X) ax o= Jmz(x) dX] (2)
Example 5.1. Find a solution to the equation:
1
y+ [;, Zx] y=0
Solution.

1 1
y = (a+ bl) e_ffdx,e‘fz"dx] = (a+bD[e""™*,e**] = (a + bI) [;,e"‘z]

5.4 Neutrosophic non-homogeneous linear differential equation

Definition 5.5. We define the Neutrosophic non- homogeneous linear differential equation by a neutrosophic thick
function which takes one of the following forms:

¥+ [my (), my()]y = q(x) ... .. 2
y+p@)y = [1(), ()] ... .. 3
¥+ [my (), my()]y = [ (), ()] .. .. (4)
Now we will derive the solution of equation (2) and solution of equations (3), (4) can be driven in the same way:
Method of solution.
1- We find the complement factor of the equation (2) as follows:
u(x) = el M@ M 2 [of m@dx ofmotax]
2- We multiply equation (2) by the complement factor:

1)y + pu(x)[my(x), my()]y = q(x)u(x)
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p()y + [my (x)e! M, m, (x)el mad]y = [q(x)el M@, g (x)el 2]

3- Note that the left side is only the function derivative: u(x)y and therefor the equation can be sequenced as:

(yH(X))’ _ [q (x)efm1(x)dx’ q(x)efmz(x)dx]

4- By integrating the latter, we obtain the general solution of equation(2):

y = !%(a + bl + U q(x)efml(x)dx,f q(x)efmz(")dx]) ...... (5)
Example 5.6. Find the general solution of the following neutrosophic non- homogeneous linear differential equation:
y+ [Zx, l] y=x
x
Solution. The equation is of the first form:
¥+ [my(x), my(x)]y = q(x)
First we find the complement factor:
p(x) = eUmasf m@ax] = [ofm@ar ofmax] = e[fodx,f%dx] _ [exz Jenx] = [exz ]

Now by multiplying both sides of the equation by the complement factor, we find that the general solution can be
written as:

y:!%(a+b1+fxu(x)dx)=ﬁ(a+bl+”xexzdx ,J’xzdx])

where:

Thus the general solution of the given equation is:

N ( +b1+[1 2 1 3])
y_[exz‘x] a ze ’3x

Example 5.7. Find the general solution for the following neutrosophic non- homogeneous linear differential equation:
v + cot(x) y = [sin(x), cos(x)]
Solution. The equation is of the form:
y+r()y = [1(x), f2(x)]
We find the complement factor as:
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'u(x) — efp(x)dx — efcot(x)dx = elnsin(x) — sin(x)

Now by multiplying both sides of the equation by the complement factor, we find that the general solution can be
written as:

y= ﬂi(a + bl + f,u(x) [sin(x), cos(x)]dx) = <a + bl + f sin(x) . [sin(x), cos(x)]cbc)

x)

sin(x)

sml(x) (a + bl + [f sin?(x) dx, f sin(x).cos(x) dx ])

where:

1 1
f sin?(x) dc = Sx= Zsm(Zx)

1 1
fsm(x) cos(x) dx = fsm(Zx)dx = ——cos(Zx)

Thus the general solution of the given equation is:

y = < + bl + [Zx - —sm(Zx) COS(ZX)])

sin(x)
Example 5.8. Find the general solution for the following neutrosophic non- homogeneous linear differential equation:
y+ [l,x]y = [x2,x]
x
Solution: the equation is of the third form:

¥+ [my(x), my()]y = [fi(x), f2(x)]

We find the complement:

'u(x) — e[fml(x)dx,fmz(x)dx] — [efml(x)dx 'efmz(x)dx — [ lnx ] [x Py ]

Now by multiplying both sides of the equation by the complement factor, we find that the general solution is written
as:

1
y=—=s(a+ b+ [ ueo) (1) fr0Nex )

1 Lo 2
=m<a+bl+f[x,e2 ] x ,x]dx)
=ﬁ(a+bl+[fxx dxfx ez* dx])
X, ez
:ﬁ(a+b1+”x3dx,fx.e%xzdx]>
X, ez
where:
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1.2

1.2
f x.e?* dc =e?*
Thus the general solution of the given equation is:

1 1.2
y =—1<a+b1 + [—x‘*,ezx ])
Bl

6. Conclusion

In this paper, a new type of neutrosophic integration has been defined by using the thick function, Moreover, we
studied a linear differential equation based on the thick function and found solutions to this equation. In addition,
solutions to other types of neutrosophic differential equations can be found depending on the thick function such as
Bernoulli's equation. We will work on this in the future.
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Abstract

In this paper, we generalize the classical Erlang service queueing model, which has determined and crisp parameters
to neutrosophic Erlang service queueing model which is more accurate because it opens the ability to deal with
imprecise and incomplete knowledge of parameters. We have used the neutrosophic statistical interval method
introduced by F. Smarandache to describe the parameters of the Erlang service queueing model and to find the
neutrosophic performance measures.
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1.Introduction

Queueing theory was developed by Erlang in 1909 to model waiting for lines and develop efficient systems that
reduce customers' waiting times which makes it possible to serve more customers and increase profits to the
organizations. The problem of classical queueing theory is the assumption of well and clear knowledge of the
parameters of the queueing system (e.g. arrival rate, departure rate) which is often impossible [1,2].

Neutrosophic logic introduced by F. Smarandache in 1995 is a generalization of fuzzy logic and intuitionistic
fuzzy logic [3,4,5,6,7,8]. This logic makes dealing with indeterminant data easier, clearer, and more realistic. So
modelling queues using neutrosophic parameters makes decisions more efficient [9,10,11,12,13,14,15].

Extension of classical queueing theory to neutrosophic queueing theory means that parameters of queues can
take indeterminant values that allow dealing with vagueness.

In this paper, we show the power of neutrosophic crisp sets theory [16,17] to deal with imprecise parameters of
the Erlang queueing model, and we derive neutrosophic performance measures of the mentioned queue, also solved
examples showing the power of this extension are presented.

2. Classical Erlang Service Model [1,2]

In this model, customers arrive at a service system with one server according to exponential interarrival times
with parameter A and served one by one according to Erlang service in k phases with parameter y, and the performance
measures are:

Expected number of customers in the system:

b= (50 (=) i

Expected number of customers in the queue:
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Expected waiting time in the system:
Ly

W=~
W _<k+1)< A )+1
s 2k J\u(u—=2/ " u
Expected waiting time in the queue:
L
_"q
K

Wa = (%) (ﬁ)

Where A is arrival rate, u is departure (servicing) rate.

3. Neutrosophic Erlang Service Model

In this model, customers arrive at one server facility according to the Poisson process with neutrosophic
(inaccurate, imprecise) parameter NA [17] where we are going to use neutrosophic statistical numbers presented in [9]
so N can be written as an interval as following NA = [, 2Y] where A%, AU are crisp real numbers. Customers are
also served one by one according to Erlang service in k phases with neutrosophic parameter Ny = [ut, u¥] where
ut, uY are also crisp real numbers. So the neutrosophic performance measures can be driven by replacing A by NA and
u by Nu as follows:

Neutrosophic expected number of customers in the system:

_ (k + 1) < [AE,2Y]? ) + [AE, AY]

° 2k J\[ph pV1(ut, w¥] = (25,29 ) (et ul]

vL - (k1 AL A Py .
= | | ) e @

Neutrosophic expected number of customers in the queue:

VL - k+1 L2 yl ,
q_( 2k ) QU — ALyU’ pL? — quyl @)

Neutrosophic expected waiting time in the system:

N NL,  NL VL 1 1]
= = ¥ |— —
STNA T [AL, V] s avar
L2 yl Y
k+1 yia v v
NWSZ( 2k ) u? L,u’ L2 UL Rl s 3)
pl = Attt = 2% peop

Neutrosophic expected waiting time in the queue:
_NL, NL, 11 ]

NW, =——= = —, =
q N [AL,AU] q * AU AL
A2 U2
k+1 v -
NWe = ( 2k ) U — ALyt yl? — QUL )

Notice that all the neutrosophic performance measures are presented as statistical numbers having lower bound and
upper bound, also we can notice four cases:
Case 1: When A* = AYand u’ # uY we have crisp arrival rate with neutrosophic departures.
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Case 2: When ut = uY and A* # AY we have crisp departures with neutrosophic arrivals.
Case 3: When A* = AY and u! = uV the neutrosophic corresponds to the classical Erlang service queue.
Case 4: When AL = AU and u* # uY we have neutrosophic arrivals and neutrosophic departures.

4. Numerical Examples

Example 1 (crisp arrival rate, neutrosophic departure rate)

Suppose that a system consists of a machine gives a service to a customer in two phases each phase time is
exponentially distributed and the machine serves in each phase between 3 and 5 customers per min. Customers arrive
at the machine according to the Poisson process with arrival rate equals to 15 customers/h, and suppose that we want
to calculate the following:

The average number of customers in the system.

The average number of customers in the queue.

Mean waiting time in the system.

Mean waiting time in the queue.

Solution:

From the given example we find that k=2, 4 = 15/h so A = 0.25/mi n, Ny = [3, 5]/min

Before the foundation of neutrosophic logic, one can solve this example by assuming that p takes the midpoint of the

range [1,2], that is g = 4 so:

Expected number of customers in the system:

L_(kH) ~ +A—<2+1) 0257 ), 025 165625cust
s\ 2k ulu—21) u \2%2/\4(4—-0.25) 2 custoners

Expected number of customers in the queue:

L_<k+1) : ‘(2+1) 0B5° ) = 0.003125 cust
N2k J\pu-n) \2x2/\4(4-025)) customers

Expected waiting time in the system:

W—<k+1)< A )+1_<2+1>< 0.25 )+1—02625'
s\ 2k Ju=—n) T T \2x2)\s@—o25)) Ty T e m

Expected waiting time in the queue:

"a = <k2+kl) (u(ﬂl— /1)) - (22:521) <4(40—'2§.25)) =0.0125m n

But after derving(?) the neutrosophic solutions and using equations 1 to 4 we get:

s AV AV? AL Y
S_< 2k ) pU? — ALyU L2 — gt * nU

(2 . 1) 025 0.25° +[%25 0231 _ 14 051974,0.089015]
= * _
2+2) " \[52-0.25+5'37-0.25+ 3 5 3 ' 0.

Which means that average number of customers in the system lies in the given range.
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Notice that Ly = 0.065625 € NLg; = [0.051974,0.089015]

L (k + 1) L2 V2 <2 + 1) 0.252 0.252
= = *
a 2k I\ Qv v vt 2%2 25 —0.25 5’9 — 0.25 3

= [0.001974,0.005682]

Which means that average number of customers in queue lies in the given range.
Also in thic case we notice that L, = 0.003125 € [0.001974,0.005682

pLs U2 yL L
k+1 yLa L 0 L 2+1 0.25 0.25 11
(52 o | [ | - ) (e )
2k pU% — ALy’ gl — QUL ul’u 2 %2 25 —-0.25%5'9—0.25 3 5'3

=[0.207895,0.356061]

Which means that average waiting time in the system lies between 0.207895 and 0.356061 mins that is between 12
and 21 secs approximately.

Also W, = 0.2625 € [0.207895,0.356061] = NW,
A av?
W = (k + 1) T T _ (2 + 1) ([ 0.25 0.25 ])
7\ 2k % — v’ gt —qupt | | \2%2/\[52 - 0.25 5732 - 0.25 * 3

=[0.0078950.022727]

Which means that average waiting time in the queue lies between 0.007895 and 0.022727 mins that is between 0.5
and 1.36 secs approximately.

Also W, = 0.0125 € [0.0078950.022727] = NW,

From all above, we can clearly see that the neutrosophic solutions are more accurate than classical solutions.

Example 2 (neutrosophic arrival rate, neutrosophic departure rate)

Suppose that a system consists of a machine gives a service to a customer in three phases each phase time is
exponentially distributed and the machine serves in each phase between 3 and 5 customers per min. Customers arrive
at the machine according to the Poisson process with arrival rate lies between 1 and 2 customers/min, and suppose
that we want to calculate the following:

The average number of customers in the system.
The average number of customers in the queue.
Mean waiting time in the system.

Mean waiting time in the queue.

Solution:

From the given example, we find that k=3, NA = [1,2]/mi n, Nu = [3, 5]/min
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Classical solutions can be derived by assuming 1 = 1.5, 4 = 4 by taking midpoints of each interval, that gives:

Expected number of customers in the system:

L _(k+1) A2 +/‘l_<3+1) 1.52 +1.5_0525 .
s\ 2k uu—=21) u \2%3/\4(4-15) 7 custoners

Expected number of customers in the queue:

L _<k+1) 22 _(3+1) 1.52 ot t
“ 2k ﬂ(#_l) N 2x*3 4(4_1'5) =015 custoners

Expected waiting time in the system:

Ws = (%) (#(”/1__/1)) +% - (23) (4(41—.51.5)) * % =0.35mn

Expected waiting time in the queue:
W—<k+1)( A )_(3+1)< 0.25 )_01 .
=\ 2k J\ue=n) T \2+3/\a@—ozmy) T
Neutrosophic solutions can be derived using equations 1 to 4 as follows:
k+1 AL? AV AL AVl 341 1 4 12
M= (G e ) i - 79) (m=msa=a) 53
2k pU% — ALpU pl? — AUyl pl 2x3 25—-1x59-2%3 53

=[0.233333,1.555556]
Which means that average number of customers in system lies in the given range.

Notice that Ly = 0.525 € NLg = [0.233333,1.555554

NL (k + 1) AL AU? (3 + 1) ([ 1 4 ])
= — *
a 2k pu? — ALpt’ pl? — Uyl 2%3 25—1%5'9—2%3

= [0.03333,0.888889

Which means that average number of customers in the queue lies in the given range.
Also in thic case we notice that L, = 0.15 € [0.03333,0.888889

a2 v A
:(k+1) yia 1 +EZ:(3+1)([ 1/2 4/1 )+[1/_22/_1
s 2k QU — Qv pl? — Uyl ul’ ok 2%3J\125-1%5'9—2x3 53
=[0.116667,1.555556
Which means that average waiting time in the system lies between 0.116667 and 1.555556 mins.
Also W, = 0.35 € [0.116667,1.555556 = NW,
A wv?
k+1 VLA 1 3+1 1/2 4/1

NW, = < ) ) = ( )([ , ) = [0.016667,0.88888

q 2k MUZ_ALMU MLZ—AU,uL 2%3 25—-1%x59—-2%3 [ K

Which means that average waiting time in the queue lies between 0.016667 and 0.8888889 mins.
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Also W, = 0.1 € [0.016667,0.888889 = NI,

So we also see that neutrosophic solutions are more accurate and can be considered as an extension to classical
solutions.

5. Conclusions

We conclude that neutrosophic logic can be applied to generalize the classical queueing theory and make it easy
and clear to handle imprecise and incomplete data. We have chosen Erlang service models as a useful and important
example of frequently used queueing systems.

The author is looking forward to studying the ability to extend other queueing models using neutrosophic logic
including batch arrivals and batch services, customers behavior in single and multi-queues.
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