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Abstract

The complement of the highest result of multiplication of two neutrosophic graphs is determined in this study.
In the complement of the maximum product of a neutrosophic graph, the degree of a vertex is investigated. The
complement of the maximum product of two normal neutrosophic graphs has several results that are presented
and proven. Finally, we have offered a neutrosophic graph application for locating an online streaming service
using normalized Hamming distance.
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1 Introduction

Graphs are commonly understood to be essentially representations of relations. A good tool for express-
ing information about item connections is a graph. Edges describe relationships, whereas vertices represent
things. The objects and the relationships between them are represented, re- sportively, by the vertices and
edges of the graph. The information that describes the conditions might become ambiguous when it comes to
global challenges. In a variety of disciplines, including topology, optimization, network, and environmental
science, neutrosophic models are useful mathematical instruments for solving combinatorial issues. Neutro-
sophic models are more sophisticated than straightforward graphical models due to the inherent vagueness and
ambiguity they include. When neutrosophic set theory was originally applied, it was utilized to solve several
intricate problems for which there was insufficient information.When it comes to applying graph theory to
dealing with real-life circumstances, it is seen to be crucial. The use of fuzzy set theory has no bounds; hence
the fuzzy graph theory has unique relevance. Rosenfeld'* presented the notion of fuzzy graphs in 1975, while
independently Yeh and Bang also introduced the concept of fuzzy graphs?? Fuzzy graphs are quite different
from traditional graphs and are excellent for representing interactions that deal with ambiguity. Numerous
issues in the fields of computer science, electrical engineering, system modeling, transportation, finance, etc.
can be treated by using them.The concept of intuitionistic fuzzy sets (IFS), introduced by Atanassov.! and
represents an extension of fuzzy sets that effectively handle ambiguous conditions. Unlike traditional fuzzy
sets, IFS structures are not confined solely to membership grades, allowing for improved handling of uncer-
tainty. The concept of IFS has witnessed significant utilization across various domains. In 1994, Shannon
and Atanassov!” made a notable contribution by introducing the concept of intuitionistic fuzzy graphs (IFG),
further enhancing the applicability and importance of this mathematical framework. The concept of IFG that
was initially introduced by Atanassov and Shannon was further elucidated by Parvathi and Karunambigai.l

https://doi.org/10.54216/IJNS.230123 257
Received: May 18, 2023 Revised: August 18, 2023 Accepted: November 30, 2023



International Journal of Neutrosophic Science (IJNS) Vol. 23, No. 01, PP. 257-272, 2024

Madhumangal Pal and Sankar Sahoo'” classified IFG products into three categories: Strong, semi-strong, and
direct. Additionally, Yaqoob et al., 2! extensively investigated the four fundamental operations of complex IFG,
including the cartesian product, join, union, and composition. Yahya Mohamed and Mohamed Ali developed
the terms modular, complement, and maximum product on IFG [Z27], The neutrosophic sets were suggested
by Smarandache!® Using imprecise, ambiguous, and inconsistent data in practical applications calls for a
sophisticated mathematical approach. IFS and interval-valued IFS are both included in this category of fuzzy
set theory” and [#12[13110] " The truth, indeterminacy, and falsity membership values (T, I, and F), which are
independent and fall inside the real standard or non-standard unit interval [0, 1], are used to describe Neutro-
sophic sets. The subclass of neutrosophic sets called single-valued neutrosophic sets (SVNS) was introduced
by Haibin Wang with the purpose of facilitating practical implementation in real-world applications. In order
to create SVNS, IFS with independent membership values between [0, 1] were generalised. SVNS are a subset
of Neutrosophic sets, which simplifies the utilization of Neutrosophic sets in practical situations. One may find
similar research on the growth of the single-valued Neutrosophic network in [»#2©23] Yahya et al., created
the maximum product of two 2 Kaviyarasu M® explained the concept of regularity in neutrosophic graph the-
ory. According to the aforementioned literature, the product’s classical, fuzzy, and intuitionistic fuzzy forms
are employed in a number of industries and provide practical answers to the problems. The max product and
their complement in neutrosophic graphs have also not been employed in the present study. The proposed
method can also be used to discover the online streaming service.

1.1 Motivation

Numerous uses of neutrosophic graphs and their expansions have been found recently in study [In the studies
cited in the literature]. In the field of applied mathematics, research on the combination of neutrosophic graphs
and their products is expanding. In this study, the maximum product of the complement of the neutrosophic
graph is used as the context. The following is a description of the study’s rationale:

1. The max product and complement notions are foundational ideas in graph theory with numerous appli-
cations in diverse disciplines.

2. These ideas expand the options for conveying uncertainty when used in the context of neurotsophic
graphs

3. These ideas expand the options for conveying uncertainty when used in the context of neurotsophic
graphs

4. More ambiguous information cannot be captured using this method.
5. When used in the neurotsophic graph setting, it could produce a useful result.
6. Additionally, there are issues with finding an online streaming provider.
It should be emphasized that earlier researches have not addressed these challenges, which fact inspired us to

offer a workable alternative. As a result, this article discusses these problems and suggests creative solutions.
The goal of the current study is to contribute significantly to society by accomplishing this.

1.2 Novelties

The notions of the maximum product of neutrosophic groups are defined in this work. A fresh definition of the
neutrosophic graph complement is also offered.

1. The notions of the maximum product of neurotsophic groups are defined in this work.
2. To offer a fresh definition of the neurotsophic graph complement.
3. This study also teaches the notions of the neurotsophic graph’s maximum product of complement.

4. To increase the amount of uncertainty that decision-making issues may represent, a Max product of
complement of neurotsophic graph is used.
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1.3 Structure of the paper

Graphs produced by neutrosophic are characterized by the degree of their vertex and the complement of the
maximum product of two neutrosophic graphs is applied in this study to handle decision-making concerns and
identify the internet streaming service. In the “preliminaries” section, we have discussed a few basic neutro-
sophic graph concepts. The term “complement of max product of neutrosophic graphs” has been defined along
with its degree in “Neutrosophic Graph Complement of Max Product.” Neutrosophic graphs are employed in
the “Application” to locate the supplier of online streaming by using normalized Hamming distance. We have
considered the signals of other users and selected the fundamental signal that most accurately reflects their
choice of streaming service. This approach has allowed us to determine the type of service each user chooses
based on how closely their symptoms resemble those of the offered solutions.

2 Preliminary

Definition 2.1. &

1. A neutrosophic graph denoted as G = ((T'o1,Io2, Fos), (Tu1,Iuse, Fus)) is represented by G* =
(V, E), where V is the set of vertices, and F is the set of edges. The functions T'o1, o3, and Fog
are mappings from V to the closed interval [0, 1], signifying the degrees of true , intermediate and false
membership, respectively, for each element z; € V. It holds that 0 < T'oy(x;)+Toa(x;)+ Fos(x;) <3
forallz; € V.

2. Moreover, in the context of G*, the functions 7},,, I,,,, and F},, are mappings from V' x V' to the closed
interval [0, 1], representing the degrees of true , intermediate, and false membership, respectively, for
each edge (z;,z;) € E.

TlLtl(Ii,Ij) S TO'l(ZL'i) /\TO'l(l’j),
I/,Ll(xi,xj) S IJl(.’Ei) A IUl(iﬂj),
Fui(x;,xj) > Foi(x;) A Foi(xj),

0 S TUl(JZi, ZZ?j) —+ IO’Q(lEi, l'j) + FUg(Ii, Ij) S 3.
Definition 2.2. ® A neurotsophic graph G = ((T'oy,I0oa, Fos), (Tu1, Ius, Fiusz)) is called strong neurot-
sophic graph if
1. Tul(xi,xj) S TO'l(ZL'i) A TUl(.’Ej),
2. Iy (5, 25) < Ioy(x;) Aoy (zy),

3. Fm(xi,xj) Z FUl(JJi) /\FUl(l‘j),

forall z;,x; € E; # j.

Definition 2.3. ® A neurotsophic graph G' = ((T'o1, Ioo, Fo3), (T 1, Iz, Fus3)) is considered complete if

1. T/Ll(l'i,l'j) S TO'l(ZL'i) A TUl(LEj),
2. Iy (4, 25) < Ioy(x;) Aoy (zy),

3. F,u1($i,$j) Z FUl(l‘i) /\FU1(Z‘]‘),

forall z;,z; € V; # j.

Definition 2.4. “! A neurotsophic graph G' = ((T'o1, [02, Fo3), (T 1, Lo, Fus)). The order of G denoted as
O(G) is defined as follows O(G) = (Ore, (G), O14,(G), Oy, (GQ)), where Oy, (G) = ZpevTo1(x), O14,(G) =
Erevfdg(l‘) and OFJ3 (G) = Ezngdg(z).
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Definition 2.5. “! A neurotsophic graph G = ((T'oy, Ioo, Fos), (Tu1, Ly, Fusz)). The size of G The size
of G, denoted as S(G), is defined as follows S(G) = (St (G), S1u, (G), Sku, (G)), where St,,, (G) =
YoyerTm (2y), S1p, (G) = Eayeplpo(zy) and SFM?,(G) = YuyepFus(zy).

Definition 2.6. ® A neurotsophic graph G = ((T,,, I, Foy), (Tyy, Ly, Fluy))- The degree of a vertex z in G
is denoted by dg () = (T'd§ (x), IdS (x), FdS (x)) and can be calculated as follows

Tdf (w) =Y TuS(xy) = Y Tuf (zy) 1)
T#£yY zyelE

Id§ (z) = Y Iu§ (xy) = > Iu§ (zy) )
Ty zyek

Fd§(x) = Fus§(xy) = Y Fus(ay) 3)
TF#Y zyck

Where T'd§ () represents the total of type membership scores of the edges connected to vertex x, IdS () rep-
resents the total of intermediate membership scores of the edges connected to vertex = and Fd§ (z) represents
the sum of false membership scores of the edges connected to vertex x.

3 Neutrosophic Graphs’ Complement of the Maximum Product

Definition 3.1. The complement of a neutrosophic graph G = (V, E) is a neutrosophic graph

G = ((T01a1<727F03) (T/M?Iltva ))Where((T01’L72’F03)) = (T01>7(102)’(ths)and((THUIlth )) =
(Tl»bl)? (IH2)7 (FHS)’Where THI( ?y) - Tffl (.%‘y) _Tﬂl(y) /\Tffl (1‘y), IM2 (LL',y) = Idz (CCy) IO’ ( )/\'[0’2( y)
and Fﬂa(xvy) = FU3($y) - FUS(y) A Fﬂs(xy)'

Definition 3.2. Let G| = ((Tafl,I021 FJGI) (Tu§, TuS*, FuS'h)) and

Go = ((Tof?, 1652 Fo$?), (TS, IuS?, FuS?)) be two neutrosophic graphs the maxium product of G
and G is defined G x,, G = (V1 Xm Va, By X E), By X By = {(21,91), (22,92) /21 = T2,51, 92 € E»
or y1 = Yo, 71,72 € E}.

To%n a0y 1) = Tof () ATol () w
ToG1xmG2 (T1,92) = Ilel (71) /\I‘sz(yl) ©)
FoG1xmGe (z1,12) = Fafl(ﬂm) \ FU?Z (y1) ©)

Tof  (z1) ATu? (Y1, y2)i fa1 = o, y1,y2 € Es

TuGmG2 (gy. 1), (2o, _ { 1 1 1Y2)t Y1, (7

Ky ((@1,31), (22, 92)) TuS (x1,22) AToT? (y1)ifyr = yo, 21,22 € By

Io5 (1) ATpg? (y1, y2)ifo1 = 22,51, 2 € Eo
I G1Xm G2 T, T, _ { 2 1 2 ) } ) ) (8)
115 ((z1,91), (22, 92)) TuSH (21, 2) A 10§52 ()i fyr = ya, 21, 29 € By

Fpg > mS (21, 91), (22, 92))

{ FU3 (z1) \/FM?, (yl,y2)if331 =T2,Y1,Y2 € B> )
Fu§' (z1,22) V Fo$? (y1)ifyrn = yo, 21,22 € By

Example 3.3. Let G; = (V4, E1) and G5 = (Va, E3) be two crisp graphs, such that Vi = {uq, us2,us}
and Vo = évl,vg},E1 = {uyus,uguz} & Fy = {v1v2}. Take two neurotsophic graphs as consideration
Gi = (To{", 10§, Fol"), (Tug" Ips" Fug™) and Gy = (To(, I052, Fog'®), (Tuf™ Ius™, Fpg')

& G1 Xm G2

Vi X Vo ULV | UV1 | USV1 | U1V | U2V2 | U3V
ToS xTo% | 07 | 07 [ 08 | 07 | 07 | 07
Iod' x 165 | 07 | 06 | 07 | 06 | 06 | 06
FoS'xFo$? | 05 | 05 | 05 [ 05 | 05 [ 04

Table 1: Product of two vertex sets
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u3(0.7,0.6,0 4) V2(0.7, 06, 0.4)
(0.7,0.6,0.5)
u2 (0.8,0.7,0.5)
u1(0.7,0.8, 0.5)
v1(0.7, 0.6, 0.5)
G1 G2
Figure 1: Neutrosophic Graphs
ulvl  (0.6,0.6,0.7) ulv2 u2vl

u2v2

3vl (0.6.0.5.0.6
(0.7,0.6,0.5) usvl (0.6,0.5,0.6)

(0.7,0.6,0.5)

(0.7,0.6,0.4)

(0.4,0.6,0.7)
Max Product G1 XGo

Figure 2: Max Product of Neutrosophic Graph

By xXpm Bo U1V, U3V | UV, U3V | U3V1,U3V2 | UIV2,U3V2 | U2V2,U3V2 | U2V2, U2V1 | UIVL, UIV2
TuS* x TpS? 0.8 0.8 0.7 0.7 0.7 0.8 0.7
IuS* x IuS? 0.7 0.7 0.6 0.6 0.6 0.7 0.8
Fugl X Fu3G2 0.5 0.5 0.4 04 04 0.5 0.5

Table 2: Product of two Edge sets

Definition 3.4. The maximum of two neurotsophic graphs’ products in complement

G = ((TglclﬂjgglvFU:?l)’(TﬂflvlﬂglvFugl)) and G = ((T01G27]J2GQVFU§;2)7(TN?271/‘§27F/‘3GQ))

is a neurotsophic graphs G1 X, Go = ((To&" x,, Ta¥?), (105" X, [65?), (165" X, 105?)),

(TUT* X THT?), (THS™" X Tp§?), (Ip§" X Tug)) on G* = (V. B).

T1 =T2,y1 Y2 € B2 or y1 =y, 172 € E7 or

By X, By = (x1,y1)(x2,y2)|T122 € E1, 1192 & Eo or x129 € E1, 1192 € B2 or
2129 € E1,y1y2 € Eoy or x1x0 & E1,119y2 ¢ Eo
(Tt Xm Toy?)(@1,y2) = (Top* % ToT?) (w1, y1) = Toy™ (1) V ot (1) (10)
(L5 xm Tog?)(@1,92) = (05" X [05)(@1,91) = Log" (21) V [05 (11) (11)
(Fogt xm Fog?)(w1,92) = (Fo§" X Fog?)(z1,91) = Fo§ (21) A Fog?(y1) (12)
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Where x1 € V; and yy € Vs
(TuSY X Tu$2) (21, 91), (22, 92))
(To{" Xm Toy?)(@1,51) A(Toy " xm Toy?)(x2,y2) — (TUT Xm Tu{?) (@1, 1), (x2,52)) if 21 = 22,5152 € Fa
=3 (ToF" xm ToP?)(@1,y1) A(Toyt xm Tol2)(@a,y2) — (TS xom Tud?)(21,51), (22,52)) if y1 = yo, x122 € Er
(TUIG1 Xm TO'?2)(1‘1,y1) A (TO'IG1 Xom TUIG2)(x2,y2) otherwise

7 G1 o 1 Gay
(Iul ! Xm[“‘12)((z17y1)7(x27y2))

(Iagl Xm 1022)(95173/1) A ([Ugl Xm 1‘722)(9”2792) - (Iﬂgl Xm IM?)((ﬂCl»yl)y (x2,y2)) ifz1 = 2, 9192 € E2
= (Io7™t xm Io7?)(x1,y1) A (To]r X Toy?)(x2,y2) — (Ipy™t X Ty ?) (21, y1), (22, 92)) if y1 = y2,z122 € E1
Mo?2)(azl,y1) /\(IO'1G1 XmIJIG2)(zg,y2) otherwise
(Fug™ xm Fuy®)(@1,91), (22,2))

(Fag1 Xm Fag2)(x1,y1) \Y (Fog1 Xm Fagcb)(xg,yg) - (Fugl Xm Fqu)((xl,yl),(x%yQ)) ifzy =z, y19y2 € Eo
= (Fol* Xm Fo?)(x1,y1) V (Fo{! Xm Fo?)(x2,y2) — (Fuyt Xm Fui?)((®1,y1), (x2,y2)) if y1 = y2,z122 € By

Fol1 Xom FoG2 z1,Yy1) V Folt ><mF¢7G2 T2,y2) otherwise

1 1 1 1

Example 3.5. Examine the two neutrosophic diagrams as depicted in Fig [T and their respective maximum
product Gy X, G illustrated in Fig[2] Subsequently, the complement of the maximum product of G; and G

is displayed in Fig[3]

(0.7,0.6,0.5)

(0.7,0.7,0.5) ulv2

ulvl

(070705

u2vl
6(0.8, 0.7,0.5)

G090k

u3v2

u2v2
(0.7,0.6,0.4)

(0.7,0.6,0.5)

(0'7’0-60 >
»U.5

udvl
(0.7,0.6,0.5)

Figure 3: Complement of Max Product G; X, G2

Theorem 3.6. Let Gy and G2 be a two regular neurotsophic graphs of underlying crip graph G5 and
G% are complete graphs and Tafl,lagcl,FUfl , TalGQ, IO'QGZ,FO'§2 are constants which satisfy T01Gl >
Tugafagl > IuS? Fo$' <Tu§? To% > TuS" 1652 > 1u$S*, Fo§? < Tu§*, To¥ > TuS" I6$ >
Tust, F(73G1 < Tugl , T01G2 > TM?Z , 1052 > I[LQGQ , FJ§2 < T,ugG2 of max product of two neurotsophic

graph G and G4 is regular neurotsophic graphs.

Proof. Let G and G2 be two regular neurotsophic graphs. The underlying crisp graphs and G and G are
complete graphs of degree d; and do for every vertices of V7 and V5. Given that Taf i 0'2G 17F0'§ ! and
To&2 I652, Fo§* are constants, say ToU' (x) = Cy, [05 (x) = Cy, Fo§* (x) = Cy Vo € Vi, Tol2(y) =
C4,Iogz(y) = C5,F03GQ(y) = Cs Yy € V5 and TO'?I > Tufz,IUQGl > I,ug;z,FUgl < T;L?)GZ,TCHG2 >
Tufl vl US 2>1 ,uzGl , FU? 2 < T/LBGI . By theorem man product of two neurotsophic graphs is regular neurot-
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sophic graphs. Consider (z1,y2) € (ToCt x,, ToG?).

d(Tﬂ'Gl X mToG2
1

)(l'layl)

S (T X To%2) (w1, 91) (22, 92))
(z1,y1)(x2,y2)EE

S (@ s Tof) @) A (Toft x Tof) (@2, p2)
T1=72,y1Y2€E1

(T,u ' X Tﬂ?z)((x17y1)7($2,y2))>

S (@ s To) @) A (Toft xn Tof) (@, 1)
Yy1=Y2,2122€F
(Tﬂfl Xm TM?Q)(($17y1)7($2,y2)))

>

T1T2€E1,y1y2¢ B2

((@of %o Tof=)(@1,91) A (T X To0?)(@2,12))
Z ((TJ?I X To0?)(x1,y1) A (ToT" X To¥?) (22,92 )

r122¢ E1,y1y2€E2

>

r122€E1,y1y2€E2

(To-lGl Xm T0-1G2)(‘r17 yl) A (1—’0-1G1 Xm, TUl $27 y?

>

T1x2E E1,y1y2¢ B2

(TS % To%) (w1, y1) A (ToC* X ToC?) (22, 2 )

Since G and G are complete graphs, then

dgGl XmGz)(

déGl Xm GZ) (

xlayl)

xlvyl)

> (@of s Tof) @) A (Tof" i Tof)(22,12)

T1=T2,y1Y2€E>
(@ om T (1, 0), (22, 2)) )
S (ol x T ) @) AT % Tof?) (@2, 1)
y1=y2,x1x2€E
(@ om T (1, 0), (22, 12)) )
Z ((Talc’v1 Xm ToS?) (@1, 1) A (TS X, Tol2) (o, o)

z122€E1,y1y2€ L2

(@ om T (1, 0), (22, 112) )

Z ((TU?l Xm To?) (@1, 91) A (TS x,, Talc"’)(ocQ,yg))

r122€F1,y1y2€ F2

> ((Iﬂf1 X 1072) (@1, 91) A (T X 172 (22, 92)

T1=T2,Y1y2E€E2

(Iﬂfl Xm Iﬂf2)(($1, Y1), (33273/2)))

S (0 x I (@, y0) A U007 i 1677 (@2, 12)
Yy1=y2,71T2€E
(INGI Xm INfQ)((zlayl)a(ﬂfzayz))>

S (Ul sk IoP) @i m) A (T s T05) (@2, 12)

T122€E1,y1y2€E2

(TS om Tu§2) (@1,91), (22.92)))

S (Ul xm IoP) @rm) A (T s T05) (22,1))

T122€E1,y1y2€E2
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Similarity

dCm) (g y)) = 3 ((Falcl m 1692) (@1, 91) A (FoC X FoC?)(x2, yo)
T1=x2,Y1Y2E€E2

—  (FUS" X FuS?) (21, 1), (22, yz)))

+ Z ((FU1G1 Xm Fot?) (w1, y1) A (Fof xm Fot™) (a2, y2)
Y1=y2,z122€E

—  (Fuf X Fus$?) (21, 91), (22, yz)))

b (0P o I m) A (Fof s T08) (2, 10)
T122€E1,y1y2€E2

— (P o Ff?) (1,91), (22, 12)) )

+ Y (Bl Fof) (@ m) A (Fof x Fof?) (s, p2) )
z122€E1,y1y2€ B2

Casel If To' (z) < To®2(y), [69 (x) < T0C2(y) and Fo&' (z) > Fo&2(y) forall z € Vi and y € Va.
Eq (5)

T (w1, 1) = > ((Tafl (1) AT (1)) A (Tof (w2) ATot?)(ys)
T1=72,y1Y2€E2

- (Tﬂfl Xm T/J’?Q)((xlvyl)a (w2, y2))>

+ > (@ @) ATe () A (Tof (@2) A To (1))
Yy1=y2,51T2€E1

- (Tﬂfl Xm T:u‘?z)((xlvyl)a (w2, y2))>

+ Y (@of @) ATof () A (Tof (@2) ATof? (1))
T122€E1,y1y2€E>

+ > (@ @) ATeF () A (Tof (@2) A To (1))

T1=22,y1Y2€E2

15" (xy,1) = > ((Iafl(xl)ATJfQ(yl))A(IUfl(M)/\I%GQ)(yz)
T1=22,Y1y2€E2

—  (Tu§" X TpS?) (1, 31), ($27y2))>

+ > (Ul @) Ao ) A o (w2) A T (1))
Yy1=Yy2,2122€E1

— (Tu§" X TS (21, 11), (5527312)))

+ S (e @) Ao ) A U0l (@) ALof? ()

T122€E1,y1y2€E2

Y (e @) Ao y)) A e () A Lo (1))

T1=22,y1Y2€ L2
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ngIXGz(xlvyl) =

S ((Fol () v Fof ) v (Fof (r2) v Fol)(n)

T1=22,Y1Y2E€F2

(Fuf X Fuf?)((21,91). (22.32)))

S ((Fol(an) v Fo ) A (Fof (22) v Fol (1))

Yy1=y2,2122€E,

(Fu o Fuf™)(@1,30), (@2, 32)))

> (Fof @) v o) v (Fof (o) V Fol? (1))

z12x2€E1,y1y2€E2

> (ol @) v Fof () v (Fof (z2) v Fof (1))

T1=T2,Y1Y2€E2

Since by the definition of project of two neutrosophic graphs,

T % (z1,y1) =

Td?IXG2($1ayl) =

Similarly we can find

> Tof? () — (Tuf™ xm Tug®) (1,31, (22, 12))

T1=x2,y1Y2€E>

Yy1=Y2,2122€E1

Yoo Tof(y) — (Tuf™ X TS (w1, 01), (2,92) + D

> Tol(y1) — Tol?(x1) AT (y1,y2)

T1=x2,Y1Y2€E2

z1,02€E1y1y2€ F2

Cs

> Tof*(y) — Tuf (w1,22) V Tof? (1) + > Cs
Yy1=Yy2,v122€E z1,22€E1y1y2€E2
G1 G2 * *
Z Cy—Toi  (z1) + Z C3 —Toy*(y1) + Csdg, (y1)de, (1)
T1=22,y1Y2€ L2 Y1=yY2,2122€E1

(C3 — C1)dg + Csdyds,

1d57 92 (1, y1) = (C3 — C1)da + Czdida,
Fd§>*mS (zq,y1) = (Cy— Ch)dz + Cydida,

Since GG; and G2 are two regular neurotsophic graphs, G; and G3 represent complete graphs, with

membership functions denoted by p

&1 and M?Q. These membership functions are constants, namely,

(C1, Cy) for &1 and (Cs, Cy) for p&2.

Case2 If To (z) > ToC2(y), 169" (z) > 1692 (y) and Fol' (x) < Fo¥2(y) forall z € V; and y € Va.

Tdflme2(fE1,y1)

o (1o @) — {0 @) v T (1.92)) )

T1=22,y1Y2€E2

+ Y (1o ) —{@ef ) v T @, 72}
Y1=y2,v172€E1

+ Z Tafl (1)
T1x2€E1,Yy1y2€ B2

: Yo G (Tefi @)+ Y. i (Tof ()
T1=T2,y1yY2E€F2 Yy1=Yy2,21T2E€E

+  Cidg, (y1)de, (21)

Td?IX""GQ (r1,91) = (C1—C3)dy + Csdydy,
Similarly we can find
Id§m G (21, y1) = (Cy — C3)da + Csdrda
Fd§7m% (z1,y1) = (Cy— Ca)dy + Cadrds
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Because of this, normal neurotsophic graphs have a regular complement of their maximum product. O

Theorem 3.7. Let Gy and G2 be a pair of regular neurotsophic graphs derived from the underlying crip graph
G7 and G% respectively. The vertex sets and edges sets of G1 and G are complete graphs, and the regular
netrosphic graphs are associated with them. IfT0'1G1 > Tuf2,IUQGl > Iug;Z,Fagl < Tu?z,Tag"’ >
Tugl,logz > Iugl,FaéGz < F;égl,TorlGl > T,ufl,lagl > IMQGl,Fcrgl < Fugl and To? <
Tpy?, Iog? < Ing?,Fo3? > Fus?, a complement graph is a regular neurotsophic graph when it’s the
maximum product of two regular netrosophic graphs.

Proof. The underlying crisp graphs G7 and G5 are regular graphs, with every vertex in V; and V5 having
degrees g; and go, respectively. Given that To®1, I6%1 | Fo@ Tp%2 11192 and Fpu©? and are constants say
Tol1(z) = C1, I05 (x) = Co, Fo§'(x) = CsV¥a € Vi, Tol?(z) = Cy, I05%(x) = Cs, Fo$?(z) =
Co¥y € Vo, Tp$ (w1, 1) = ex, Ipst (z1,y1) = €9, FuS™ (v1,51) = €3, Tps™ (z191) = ea, Tng> (x1, 1) =
es, Fu§?(x1,11) = eg and Tol' > TuS? Io$" > IuS? Fol' < Fu$?;Tot? > TuS" I657 >
ISt Fo$? < Fu$.

Consider (21, y2)e(To* x To?)

Case 1: If To" (2) < ToC2(y), [0 (2) < I692 (y) and Fo¥? (x) > Fo$?(y)Va € Vi and y € Va.

Td7 ™% (x1,1) = > ((TUfl (21) V To7 (1)) A (To7 (w2) V Ty (y2))

T1=72,y1y2€E2
= @ o T (1, 0), (o2, 12)) )

+ Y (@ @) VTP ) A (Tof (@) v To (1))

Y1=y2,z122€E

—  (TuS* xom Tps

~—

((x1,91), (w2, yz)))

(Toy (x1) V Tot (y1)) A (Tt (w2) V Tot?) (y2)

+
(]

z1,22€E1,y1Y2¢ E2

(Toy (x1) V Tot (y1)) A (Tt (22) V Tot?) (y2)

+
(]

z1,02¢ E1,y1y2€E>
(Tof* (x1) V Tot (y1)) A (Tof (22) V Tot) (y2)
z1,22¢ E1,y1y2¢ E2

(Toy (x1) V Tot? (y1)) A (Tt (w2) V Tot?) (y2)

+ o+
£
N N N

z1,22€E1,y1y2€E2
T (y1) — {To (z1) V T (y1,y2)}

(]

T1=22,y1Y2€ L2

+ > Tot*(y) —{Tof*(x2) v Toy? (w1, 22)}
Yy1=y2,v122€E1

+ > Cy + > Cy + > Cy + > Cy

T122€FE1,y1y2¢ E2 z122¢ F1,y1y2€E2 r1x2¢ E1,y1y2¢ Eo z122€F1,y1y2€ B2
= (Cs—Ch)g2+ (C1 — Ch)g1 + Cudg: (x1) + |Ea| + C3|Exlday (y1) + Cu|Er|| |
+  Cydgy(x2)dar (ya)-

Where |E; |and|Es| are the degree of vertex of complement graphs G and G'.

TdS ™ 2 (x1,y1) = (C4— C1)ga + Cugi|Ea| + Cuga|Er| + Cu|E1||Ea| + C1g19o.
1dSY92 (21,y1) = (Cy — C1)ga + Cug1|Ea| + Cuga|Er| + C4|EL||Ea| + C1g190.
Fd§ % (zy,y1) = (C5—C2)go + Cs5g1|Fa| + Csg2|Er| + Cs|E1|[Ea| + Cag1g2.

For all vertices, this is accurate V; X, V5.
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Case?2 If To2 (z) < ToT' (y), 692 (x) < 65 (y) and Fo2 (x) > Fo$* (y)Vae € Vi and y € Va.

Td7 ™% (w1,1) = > ((TUf1 (21) V To7 (1)) A (To7™ (w2) V Ty (y2))

T1=x2,y1Y2€E2
= @ o T (1, 0), (2, 12)) )

+ > (@ @) VTP ) A (Tof (@) v To (1))

Yy1=y2,x122€E

= (@ o T (1, 10), (2, 12)) )

+ > (@of (@) v Tof ) A (Tof (22) v Tof? (1)
z122€E1,y1y2¢ B2
+ > (@ @) v Tof ) ATl (@2) V Tl (1)

z122¢ E1,y1y2¢ B2

— (T X TES?) (21, 11), (22, l/z)))

+ > (@ @) v Tof2 ) A (Tof (@2) v Tof? (1))
v122¢ E1,y192¢ B2

+ Y (@of ) v T () A (Tof (w2) v Tof (1))
T122€E1,y1y2€E>

TdF " (21,51) = > (Tof'(ws) = Tof (21)) + Y (Tof(w2) = Tot? (1))

T1=22,y1y2€E> Y1=Y2,T1T2E€F2

+ Z To% (x1) + Z To% (1)
z1702€E1,y1y2¢ B2 T1x2E F1,y1y2¢ B2

+ > To(? (1) + > Tot (1)
r122¢ E1,y1Y2¢ E> z122€E1,y1y2€E>

Where E; & E5 are the degrees of the vertices of complement graphs G & G, respectively.

TdS ™ % (z1,y1) = (C1 —C1)gi + (C1 — Ca)ga + Crg1|Ez| + Cirg2|Er| + C1|E1|[Ez| + C1g19o.
= (Cy = C3)g2 + Cig1|Ea| + Crg2|E1| + C1|Er||E2| + Cig192-

Similarly

1d5 9 (21, 1)

Fd§ ™% (21, y1)

(C1 — C3)g2 + C1g1|E2| + C1g2|E1| + C1|Er||E2| + Crg192-
(Cy — Cy)ga + C2g1|Ea| + Caga|E1| + C2| By || EBa| + C2g9192.

For all vertices, this is accurate V; x,,, V5. As a result, the complement of the modular product of two regular
neurotsophic graphs is also regular. O

4 Applications

We want to identify the internet streaming service that particular demographic favors based on their usage
trends. We will examine the streaming behaviors of our eight users,U = {u1, us, us, u4, us, ug, u7, ug }(Depicted
Fig E]) utilizing a series of symptoms or indicators, I = { Video and picture quality, Content variety, User inter-
face, Price, Device compatibility }. Every individual may have distinct encounters and inclinations, and our
goal is to ascertain the fundamental factor that sets apart their choice of streaming service from a selection
of well-known platforms, P = {Netflix, Amazon Prime Video, Hulu, Disney+, HBO Max }(Depicted Fig .
By utilizing the neutrosophic normalized Hamming distance, we can evaluate the resemblance between every
user’s inclinations and the accessible streaming platforms. The metric with the minimum distance for each
user can subsequently be regarded as the fundamental indication or preference that has the greatest impact
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on their selection of streaming service. For example, suppose user u; encounters the subsequent indications:
excellent video quality, extensive range of content, easy-to-use interface, cost-effective pricing, and support
for numerous devices. By contrasting their indications with the characteristics of various streaming services,
we can establish that the primary factor for u; is “Content variety” as it closely corresponds with the offerings
of platforms such as Netflix or Amazon Prime Video. Likewise, In (Table3] Tabldd] and Fig[6]) we can ex-
amine the signs of other users and identify the fundamental sign that most accurately reflects their streaming
service inclination. This method enables us to make inferences about the type of service each user favors by
considering their symptom resemblances to the accessible choices. For this purpose we need two kinds of
observations:

1. The multiple indicators found in each streaming
2. The type of indications found for each stream in a typical given circumcision. Both of these facts are

noted in a neutrosophic set, which includes descriptions of the membership, indeterminacy, and non-
membership functions y, o, and §, among other things.

To find the core attribute by utilizing neutrosophic normalized Hamming distance formula (Tabldg) for every
indicators of i*" stream from k*” platform is:

LNH(S(P),di) = 57—y max{|;(ps) — p(di)], |15 (pi) — g (di)]; g (pi) — 115 (di) [}

ug

Ug

Figure 4: Neuturosophic Graph G

Netflix

Amazon Prime Video

HBO Max
Hulu

Disney+

Figure 5: Neuturosophic Graph G2
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Uy, HBO Max uy,Hulu u1, Disney+
uy , Netflix u1, Amazon Prime Video
O§v§ < \\\\\ 0’\%‘—\@3X ,
us, Netflix — \u i F i us,Amazon Prime Video
%O y&‘t‘ﬁ' \:2» s \yxg\%\\d
NigshEtt) e - —- u3,Amazon Prime Video
o5
o 3 &
. %QS\?‘ \\,;2» Ay : . »
uy,Netflix o w4, Amazon Prime Video
> 50
O¥\?‘$ ) Q»\\\ & '\6\\ ’.
us,Netflix ¢ = W h o us, Amazon Prime Video
0o x
&3
Q& N
) O&\?‘* \\\_‘9& RS ) ime Vide
ug, Netflix ! = ug,Amazon Prime Video
we > o
w | S b
w7, Netflix v 5”0 Wt v w7, Amazon Prime Video
ug, Netflix ug, Amazon Prime Video
ug,HBO Max ug,Hulu us,Disney+
Figure 6: Neuturosophic Graph G1 X, G2
Video quality | Content variety | User interface Price Device compatibility
up | (0.5,04,04) | (04,0.3,0.3) (0.4,0.5,0.3) | (0.5,0.5,0.5) (0.4,0.5,0.6)
us | (02,0.7,03) | (0.5,0.7,04) | (0.4,0.6,05) | (0.4,0.6,0.5) (0.4, 0.5, 0.6)
us | (0.5,04,0.2) | (0.7,0.3,0.5) (0.5,0.6,0.6) | (0.4,0.6,0.5) (0.3,0.5,0.4)
us | (06,05,03) | (0.5,05,05) | (0.3,05,06) | (0.6,023,0.5) (0.5, 0.6, 0.8)
us | (0.3,0.5,0.7) | (0.3,0.7,0.1) (0.8,0.5,0.2) | (0.3,0.5,0.8) (0.4,0.3,0.8)
us | (04,05,0.6) | (0.7,05,04) | (0.7,04,02) | (0.6,05,0.8) (0.7, 0.6,0.5)
uy | (0.3,0.6,0.3) | (0.5,0.6,0.5) (0.2,0.8,0.3) | (0.5,0.5,0.6) (0.7,0.6,0.4)
us | (02,05,0.6) | (03,0604 | (02,05,06) | (02,06,0.5) (0.6, 0.3, 0.4)
Table 3: User Encounters the Subsequent Indications
Netflix HBO Max Hulu Disney+ Amazon Prime Video
Video quality (0.7,04,04) | (0.3,0.6,0.4) | (0.3,0.7,0.5) | (0.2,0.6,0.7) (0.2,0.7,0.3)
Content Variety (0.5,0.6,04) | (0.3,0.7,0.5) | (0.3,0.6,0.5) | (0.3,0.5,0.7) 0.2,0.7,0.5)
User interface (0.2,0.7,04) | (0.1,0.7,0.5) | (0.4,0.6,0.7) | (0.8,0.4,0.4) (0.2,0.8,0.2)
Price (0.4,04,0.5) | (0.5,0.2,0.6) | (0.4,0.6,0.7) | (0.2,0.6,0.5) (0.5,0.6, 0.5)
Device compatibility | (0.2,0.6,0.5) | (0.2,0.7,0.4) | (0.0,0.7,0.5) | (0.2,0.6,0.5) (0.6,0.3,0.3)

Table 4: Contrasting Indications with the Characteristic of Various Streaming Service

5 Result Analysis

The neutrosophic extended Hausdorff normalized Hamming distance program has been run for each stream,
and the results show that streams w1, u3, and ug have the lowest values in the Netflix column. We draw
the conclusion that these streams are most likely connected to Netflix using the least distance approach. We
anticipate that streams us and ug will be on Hulu, stream us will be connected to Disney+, and streams w7 and
ug are likely to be connected to Amazon Prime Video based on this pattern (Fig[7). Additionally, we believe
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Netflix | HBO Max | Hulu | Disney+ | Amazon Prime Video
uy | 0.2000 0.2600 0.2800 | 0.3200 0.2800
us | 0.2600 0.2800 0.2200 | 0.3000 0.2400
uz | 0.1600 0.1800 0.2200 | 0.3400 0.3000
ug | 0.1800 0.2400 0.2400 | 0.3600 0.3200
us | 0.3800 0.4200 0.3200 | 0.3000 0.4400
ug | 0.2000 0.2800 0.2800 | 0.3400 0.2800
u7 | 0.2400 0.2600 0.2600 | 0.4000 0.1800
ug | 0.3000 0.3000 0.2200 | 0.2800 0.2200

Table 5: The Shortest Distance

0.5
0.45
0.4
0.35
i Netflix
0.3
EHBO Max
0.25
b Hulu
0.2
H Disney+

0.15
E Amazon Prime Video

01

0.05

ul uz u3 ud us (N3 u7 us

Figure 7: Neutrosophic Graphs

that our application will open the door for a lot of additional future researches that will be very beneficial to
the general population.

6 Conclusion

Graph theory has proved to be a valuable tool in addressing a wide range of networking problems across various
fields, including signal processing, transportation, and error codes. A prominent combinatorial optimization
problem in graph theory involves finding the shortest path. In handling ambiguous information that arises
in real-world scenarios, the neutrosophic graph model has gained popularity for providing true membership,
indeterminacy membership, and false membership. The concept of the maximum product of two neutrosophic
graphs’ complement has been introduced in this paper, offering a powerful means to combine different struc-
tural models effectively. The regularity in the complement of two neutrosophic graphs has attracted significant
attention due to its numerous applications in building reliable communications and network systems. More-
over, neutrosophic graphs play a vital role in decision-making processes, as they can be used to compare and
choose between various internet streaming services, enabling users to make informed and relevant choices.

6.1 Future Work

We are going to extend our work
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1. Different type product of complement Neutrosophic graph.
2. Product of Neutrosophic graph and its applications on medical flied
3. Product of Neutrosophic graph and its applications on textile industry

4. Neutrosophic coloring graph and their applications.
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