. mathematics

Article

Application of Complex Neutrosophic Graphs in Hospital
Infrastructure Design

Mohammed Algahtani 't

check for
updates

Citation: Algahtani, M.; Kaviyarasu,
M.; Al-Masarwah, A.; Rajeshwari, M.
Application of Complex Neutrosophic
Graphs in Hospital Infrastructure
Design. Mathematics 2024, 12, 719.
https://doi.org/10.3390/
math12050719

Academic Editor: Michael
Voskoglou

Received: 8 February 2024
Revised: 21 February 2024
Accepted: 26 February 2024
Published: 28 February 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, M. Kaviyarasu >*%, Anas Al-Masarwah 3

and M. Rajeshwari

Department of Basic Sciences, College of Science and Theoretical Studies, Saudi Electronic University,

P.O. Box 93499, Riyadh 11673, Saudi Arabia; m.alqahtani@seu.edu.sa

Department of Mathematics, Vel Tech Rangarajan Dr. Sagunthala R & D Institute of Science and Technology,
Chennai 600002, India

Department of Mathematics, Faculty of Science, Ajloun National University, P.O. Box 43,

Ajloun 26810, Jordan; anas.almasarwah@anu.edu.jo

Department of Mathematics, Presidency University, Bangalore 560064, India; rajeshwari@presidencyuniversity.in
*  Correspondence: drkaviyarasum@veltech.edu.in

These authors contributed equally to this work.

Abstract: Complex neutrosophic graphs are created by combining complex neutrosophic sets with
graph theory ideas. This provides a flexible framework for tackling complex problem-solving
circumstances. Various processes, such as union, join, and composition, are thoroughly investigated
to improve the administration of complicated neutrosophic graphs. This research also looks into
the area of complicated neutrosophic graph homeomorphisms, investigating the transformations
and mappings that occur inside these structures. This investigation advances our knowledge of the
intrinsic features and linkages found in complicated neutrosophic graphs. Finally, our methodology’s
practical usefulness is demonstrated by its use in the design of hospital infrastructure. We illustrate
the effectiveness of complicated neutrosophic graphs in addressing difficult design concerns and
optimizing infrastructure solutions for practical deployment in this real-world scenario.
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1. Introduction

Many academics have disputed Zadeh's initial claim that fuzzy sets (FSs) are a special
technique to convey uncertainty that occurs in many different fields [1] and for many
authors [2-7]. An FS is defined by a truth membership function with a range of [0, 1].
To expand on the concept of FSs because it is not generally the case that an element in an FS
has the falsity degree 1 — y(x), Atanassov created intuitionistic fuzzy sets (IFSs) [8]. Truth
and falsity membership functions are used separately to describe an IFS such that the sum
of the truth and falsity degrees should not exceed more than one. Fuzzy sets simply offer the
degree of membership of an element in a certain set, as opposed to IFSs, which also provide
a degree of non-membership that is more or less independent from the other. Different kinds
of centroid modifications of IF values were introduced by Liu et al. in their publication [9].
Additionally, Feng et al. [10] developed many additional procedures for generalized IF
soft sets. To study the essence, source, and neutralities, as well as a neutrosophic set
(NS), Smarandache introduced the concept of neutrosophic as a kind of IFS. An NS is
defined by the membership functions for truth, indeterminacy, and falsity, respectively.
An NS is used as an effective tool for mathematics to assist with the inconsistent facts
that we face every day. Single-valued neutrosophic sets (SVNSs) were introduced by
Smarandache [11] and Wang et al. [12] for the use of NSs in science and engineering.
To manage uncertain information, an SVNS offers an alternative option. Ye [13] provided
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a method of decision making that uses the weighted correlation value of SVNSs to rank
the options. He also gave an example to illustrate how the suggested decision-making
method may be used. The SVN minimal spanning tree and associated clustering algorithm
were defined by the same author [5,14-20], who also put out a multi-criteria decision-
making approach for streamlined NSs that makes use of aggregation operators. These
theories are useful in a variety of scientific fields, but they have one significant flaw,
namely, the inability to represent two-dimensional events. Complex fuzzy sets (CFSs) were
proposed by Ramot et al. [21] to overcome this problem. A membership function y(x) that
encompasses the complex plane’s unit circle and has a range greater than [0, 1] r identifies
a CFE. Consequently, u(x) is a complex-valued function that gives any element x in the
discourse universe a membership grade of the kind v(x)e’®*,i = /—1. Thus, the amplitude
term v(x), which is in the unit interval [0, 1], and the phase term (periodic term), a(x) which
is in the interval [0, 27t], are the two components that make up the membership function of
the CFS. A CFS model differs from every other model that is accessible in the scientific field
due to this phase term. The range of membership degrees for the CFS includes the complex
plane with the unit circle as opposed to a fuzzy characteristic function. Ramot et al.’s [22]
discussion of the complement, intersection, and union of CFSs included examples for clarity.
Yazdanbakhsh and Dick [23] offered a thorough analysis of CFSs. Complex intuitionistic
fuzzy sets (CIFSs) were developed by Alkouri and Salleh [24] to build upon the concept
of CFSs by introducing a non-membership degree v(x) = s(x)e*) to CFSs that are
subject to the restriction 7 4+ s < 1. CIFSs are used to manage periodicity and uncertainty
knowledge concurrently. Complex-valued truth and falsity membership degrees may be
applied to express uncertainty in a variety of physical phenomena, including wave function,
impedance in electrical engineering and problem-solving situations. In contrast to the CIFS,
which contains two more phase words that are employed in concepts like projections,
cylindrical extensions, and distance measurement, the CFS has just one extra aspect term.
The concept of complex neutrosophic sets (CNSs), which may handle incorrect information
with a periodic nature, was put out by Ali and Smarandache [25]. We can observe that
ambiguity, consistency, and falsity in data are recurring phenomena, and the CNS plays a
key role in resolving these sorts of problems. A complex-valued truth ¢(x), complex-valued
indeterminate i(x), and complex-valued falsity f(x) membership function, each with a
range in the complex plane that extends from [0, 1] to the unit disc, are characteristics of a
CNS. They showed the use of CNSs in signal processing and offered set-theoretic operations,
including complement, union, intersection, complex neutrosophic product, Cartesian
product, distance measure, and equalities of CNSs. Fuzzy graphs (FGs), which were initially
established by Rosenfeld [26], were required due to the ambiguity in the representation of
distinct items and the unpredictable interactions between them. He investigated several
fundamental bridges and trees and determined some of their qualities. Bhattacharya [27]
made some comments about FGs and demonstrated that the conclusions drawn from (crisp)
graph theory are not necessarily applicable to FGs. By Thirunavukarasu et al. [28], FGs
were expanded to complex fuzzy graphs (CFGs) to manage hazy and uncertain interactions
with a periodic nature. They examined the lower and upper energy constraints of CFGs
and provided numerical examples to clarify these ideas. Pairwise relation FGs and CFGs
only reveal the truth degrees and uncertainty that occur frequently, respectively [29].
Intuitionistic fuzzy graphs (IFGs) were developed by Parvathi and Karunambigai [30] to
take both the truth and falsity degrees of pairwise interactions into account. Complex
intuitionistic fuzzy graphs (CIFGs) were developed by Yaqoob et al. [31] to manage the
periodic character of falsity degrees in IFGs. They investigated CIFG homomorphisms and
supplied a CIFG application to cellular network provider businesses for the testing of their
suggested strategy. Complex neutrosophic graphs (CNGs) were introduced by Yaqoob
and Akram to generalize the idea of neutrosophic graphs and CIFGs [32]. They talked
about certain fundamental CNG operations and described them with the aid of specific
illustrations. The existence of uncertain, recurring information in network models serves as
the motivating factor behind this research. When dealing with complex indeterminacy and
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periodicity-related behavior, a complex neutrosophic graph model is crucial. The suggested
model generalizes both the complex intuitionistic fuzzy model and the complex fuzzy
model. We take into account two voting processes to demonstrate the applicability of our
suggested model. Assume that in the first voting process, 0.8 voters choose “yes”, 0.4 choose
“no”, and 0.3 choose “undecided”, and that in the second voting process, 0.4 people choose
“yes”, 0.3 choose “no”, and 0.4 choose “undecided.” These two surgeries are thought to have
taken place on different days. A CFS cannot manage this circumstance since it only presents
the true voter participation rate of 0.8 while failing to account for false and uncertain degrees.
Similarly to this, a CIFS does not show the 0.4 undecided voters, but it does show the truth
0.6 and falsehood 0.3 degrees of voters. Using a complicated neutrosophic structure, we can
currently demonstrate this information if we set the amplitude terms as the membership
degrees of the first voting technique and the phase terms as the membership degrees
of the second voting procedure: 0.8¢/047,0.3¢/037,0.4¢047.  The goal of the proposed
study is to cope with the periodic nature of inconsistent information already present in
networks by applying an especially generalized idea of complex neutrosophic sets graphs.
The suggested study addresses the limitations of earlier research and generalizes the ideas
of CNGs, ICNGs, and CCNGs. The suggested model is a more open-ended framework
since it takes into account the uses of graphs as well as the hesitant nature of imperfect
information. Thus, combining the beneficial effects of CNSs with graph theory is the
fundamental goal of this research project (Table 1).

Table 1. Related works.

Year Method Application
[31] Complex intuitionistic fuzzy Cellular network
: graphs provider companies
[33] On t-intuitionistic fuzzy Poverty reduction
graphs
. Multicriteria decision-making
[34] Neutrosophic graph model
. The influence of the
[35] Complex picture fuzzy graphs countries relationship
[17] Complex fermatean Education system

neutrosophic graph

pentapartitioned neutrosophic
graphs

Determining safest paths and
towns in response to
COVID-19

1.1. Motivation

(1) Traditional techniques fail to cope with the complexity and ambiguity inherent in

real-world data.

(2) A complete mathematical foundation is required for successful management of com-

plicated data structures.

(3) There is practical relevance in addressing complicated neutrosophic graphs, as it is
critical for a variety of problem-solving scenarios across several areas.

1.2. Novelty

(1) A unique technique is introduced by combining complicated neutrosophic sets with

graph theory.

(2) The unified framework provides a new way to describe and analyze complicated

data structures.

(3) Investigating sophisticated neutrosophic graph homomorphisms elevates the field.
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1.3. Goal
(1) We aim to create an effective approach for dealing with complicated neutrosophic
graphs.
(2) We aim to provide practical solutions to key operations such as union, join, and com-
position.

(3) In the field of hospital infrastructure design, we demonstrate the approach’s success
through real-world application.

The following are the contents of this essay: Complex neutrosophic graphs, union
graphs, sums of graphs, complements of graphs, and compositions of graphs are defined in
Section 3. We define the isomorphism of weak and strong complex neutrosophic graphs in
Section 4 and go through some of their homomorphism-related characteristics. We provide
some specific instances to support the suggested notions. In Section 5, the complex neutro-
sophic graph complement is defined and discussed. We provide a brief implementation of
our suggested paradigm in Section 6. The conclusions and recommendations are covered
in Section 7.

2. Preliminaries

Definition 1 ([36]). A neutrosophic graph denoted as G = (Toq, Loy, Fos, Ty, Ipn, Fus) is
denoted by G* = (V,E), where V and E are the set of vertices and edges. The functions Toy, 1oy,
and Fos are mappings from V to the closed interval [0, 1], signifying the degrees of true, intermediate,
and false membership, respectively. It holds that 0 < Toq(x;) + Ioa(x;) + Fos(x;) < 3 for all
x; € V. Moreover, in the context of G*, the functions Ty, 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 (x;,xj) € E, w;,w; € V. x V

T,ul(wu w]) < T(Tl( t) A TO’l(ZD]'),
I}l1<w,, ) < Ial(wl) A I(Tl(ij),
F,ul(wuw]) > Fop I)AFO'l(wj)r

(@
0 < Toy(w;, w;j) + Ioa(w;, W;) + Foz(@;, wj) < 3.

Definition 2. Let | be a universal set. A complex neutrosophic set (CNS) N can be expressed

s N = (T sa(@)e TR, IPpup ()P, Fopp (@)™ 1o € T3, where i = /=T,
TRua(w), IPua(w), FSua(w) € [0,1] are considered amplitude terms; a(w), B(w), ()
[0, 7T] are known as phase terms; and for every w € J, TRz (@) + IPua(w) + Foua (@) < 3.

Definition 3. A complex neutrosophic graph with an underlying set V is defined to be a pair
G = (A, B), where A is a complex neutrosophic set on E C V x V such that
,uB( 1}[) ing (w,m) < /\{TRVA( ) TR‘uA(ﬁ)}ei/\{TRaA(w),TRaA(ﬁ)}
INug(, )@ < ANy (@), INpg (i) e M BA@) IV B (@)}
Fopp(@, )70 > V{FSua(@), P%w)}ew Tl
forallw, € V.
Example 1. Let the vertex set V = {a,b,c,d} and edge set E = {ab,ac,cd} on G* = (V,E). Let

A be a complex neutrosophic graph subset of V, and let B be a complex neutrosophic graph subset of
E CV xV,as given:

A ( (0 2ei0 3 0. 3€i0 5 0. SCiO 67‘[) (0'9ei0.6n,0'161‘0‘471,0‘361‘04271) (O Sfio 4 0. 4ei1 3 0. 5€i0 67'[) (0.96“‘17( 0.3ei0.67'[ 0.4810’47[) )
s ’ s

b d
B— ( (0 2810 3 0. 1610 4 0. 58’0 27r) (0.28i0.37r 0_3310.37r’0_53i0467r) (O 88’0 4m 0. 1610 37 0. 5610 67{) (O 8610 4 0. 3610 3 0. 5810 67r)

ab ’ ac ’ be cd )
1. It can be seen from simple calculations that the graph in Figure 1 is a complex neutro-
sophic graph.
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2. O(G) = (2.8¢/247,1.1¢287,1.7¢147)
3. Eachvertex in G has a degree of deg(a) = 0.4,deg(b) = 1.0,deg(c) = 1.8, and deg(c) = 0.8.

o
o° A

¢
i0.37 i0.57 () £i0.27 PN
a(0.2e ,0.1e 0 ) o

(0.2¢%0-37 0.1e%0-47

b(0.9¢70-67 (). 1¢i0-47 0.370-27)

Figure 1. CNG G.

Definition 4. Let G = (A, B) be a complex neutrosophic graph. The order of a complex neutro-
sophic graph is defined by

= () TRua(w JeZuey iTa(@) oY N ua( W)elwev IPPa@) Y FSup( )eLvev F74(@))
weV weV weV

and the degree of a vertex W in G is defined by

Z TR]/lB e):wEE iTR IXB(‘{UM Z IN]/{B w\)ezzbeE i[DﬂB(ZDﬁ)’ Z FS]JB(ZDT/\{)EZZDEE l’PSWB(wa))
weE weE weE

3. Operations of Complex Neutrosophic Graph
Definition 5. Let G; = (A1, B1) and Gy = (Ay, By) be two complex neutrosophic graphs;
the Cartesian product Gy x Gy of two complex neutrosophic graphs is defined as a pair G; x Gy =
(Al X Ay, Bl X Bz), such that
L TRpu g,y (@0, o)™ 42 (0102 = ALTRY (a7, RVAZ( bg) b MT e (1), T, (2))
Py (@1, 02) P42 0] = (P, (a00), Iy () oM ()P 2]

£ A xA, (w1/w2)ei7Ale2(wl/w2) _ \/{FSVA] (1), F VAz )}el\/{F VA, (@1),F57a, (@2)}

Forall wy,w, € V.

2. TRV31><BZ (wl wZ)eiaglez(wl,wz) _ /\{TRVEﬁ( \l) R‘MB2 (ZIJ )}ei/\{TRlxgl (zbl),TRaBZ(?IJz)}
1D 1B, x B, (W1, Wy)e iBBy xB, (W1,@2) _ /\{ID}iBl( 0,1 ,MBZ(ZD )le iNIPBp, (@1),1° B, (W2)}
ES 1B, B, (W1, w2)el'YBl><Bz(w1/w2) - V{FS#Bl( ) VBZ(T/D )}EZV{F 78, (1), F* 7, (@2)}

Forall wy € V; and wyilp € Ey.

3 TRy (01,2, g )i @D (TR (i), TRjg, (1) el 70 (010 T )
ID]/lBl xB, (W1, i\'), (911, f))eiﬁ31 xy (1), (0,1)) — /\{IDVBl ((wr111), IDHAZ (z))}ei/\{luﬁgl ((@1i11),IPBa, (1)}
FS,uBl By (a1, i_)/ (i1, f))ei’rm xB, (@11, (,}) \/{FSVBl ((Wyi), FSVBZ ((wlﬁl)}eiv{Fs'yBl (@), Fya, ()}

Forall t € Vs and wq1t; € Ey.
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Definition 6. Let G1 x Gy be two complex neutrosophic graphs. The degree of a vertex in G X Gy
can be defined as follows: for any (w1, w;) € V1 x V,

Dg, xG, (W1, w2) =
NN N iYoo) (e TRa Wy, Wy), (119,11
(Z(wllwz)(m,ﬂz)EE TR.uB1><Bz((wlrw2)/(”11”2))3 Ly avg) (i ig)eE T 0By By (@1,202), (i1 2)),

) (i, 1p) € E 17 BBy By (@1,02),(111,02))
)

Y (o0 (11,03 ) € E 12 1By By (W1, W2), (i1, 112) e

L
(o) () E F° 1By By (W1, 2), (it i12) ¢! o) g e F8ycay ((1,02) (1 MZ)))

7

Example 2. Consider the two complex neutrosophic graphs Gy and Gy, as shown in Figures 2 and 3,
and their Cartesian product, as shown in Figure 4.

a((]'2€j()_47r.’ ()bﬁei()_;—)ﬂ“’ ()'36,'[)_57\—) b(().3e‘()'37’¢ 0.5610'4‘”, 0.76’,10'6‘”)
[ 4 2 d
ab(0.2¢70-37,0.5¢70-47, (.7¢70-67)

Figure 2. CNG G;.

(L([).46fi()':;7'—, ().SEi()'Qﬂ. ().5€i()'5ﬂ)

. ) o (0A4Ei0.31r’0_3(,'i(].21r.’0.7€7'0.21r)
(0.421().371" 0‘3?10.211: 0.561().()71')

([).Gei()'5”, ().46“)'6”. 0:7#'1.271‘)

b(0.3€0-37 0.5¢70-47 ().7¢10-67) ¢(0.5€70-57 | 0.4¢10-67 | (.7¢20-27)

Figure 3. CNG G;.

(vlul)(O.Qel(].ii’r\"@ 0‘3€L0'2Wq 0.561(),57r) (UlUg)(O.Qt’w'SW. 0‘3610'5’". 0‘561‘(].5’")
A
A\

@/19 (0.38“)‘37{.0.38“)'27{. 0.781'1.2%)

o
(vzug)(O.Se‘“"’{”, 0.5¢10-4m 0.7¢10-6m) (va1)(0.3¢70-370.3¢10-27 (.7¢71-27)

Figure 4. CNG of Gy x G,.

Then, their corresponding Cartesian product G; x G; is shown in Figure 4.

Theorem 1. The Cartesian product of two complex neutrosophic graphs is a complex neutro-
sophic graph.

Proof. The conditions for A1 x Ajp are obvious; therefore, we verify only the conditions for
B1 X By. Letw € V; and wyiiy € E,. Then,
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TRVBl 5, (W, @), (, ﬁz))eilXBlsz((w/%)f(wfﬂz))

= A{TR i, (@), TRup, (@ptg)) o (T 0 (T (20}
< AT, (@), AT gy (@, i) P (70 (O T g () T i2)))

= MAMTRua, (@), TN iay (@)}, A{TR pa, (@), TR pa, (2) 1,
AMMTRay (@), TR ay (2)} M TR puay (), TR uay (12) }}

; R PN R INISN
/\{TRVAleZ((Zb,wz),TR]/lAlez((ZD,ilz)}em{T pagxa, (@@2), T Uy x4, (@i2)}

Pup, o, (W, @), (@, p))ePB xBy (@,2),(W,112))

= A{IPpa, (), 1P, (i) i {17Po ()17 (0212)
AIP g, (), NM{IP g, (@5, i) }}eiA{I Bay (@), AMIPBa, (@2), 1B, (i12)}}

= AA{IPpua, (@), IPua, (02) }, AMIP pa, (@), IPpa, (i12) }},
NI By ()18 1,y () AP By (0),10Biy i)}

= /\{IDVA1xAz((W,sz),1D#A1xAz((Zb,ﬁz)}eiA{IDBAlXAZ((w'WZ)'IDﬁA”Az((w’QZ)}

IN

FS#Bl B, (@, @), (@, L‘lz))eiwl x By (W,2),(W,i12))

V{F jua, (@), Fp, (@202)) o' (47700 (0P, (0202))
V{FSVAl (@), \/{FSP‘Bz (W2, i12) }}eiV{F57A1 (@), V{TRya, (@2), TRy A2 (02) }}

VAV A, (@), P, (@2)}, V{F pa, (), Fopa, (02)}3,
(AVAFS T4, (@)F5 74y 02}V (FS 4, (@) FS 70, (02)}}

\/{FS,)/A] ><A2 ((wl ,a)z)/ FS,)/Al ><A2 ((ZD, 1:{2) }ei\/{Fs'YAl xAp ((w'wz)/FS'YAl ><A2((wr7:‘2)}

IN

Similarly, we can prove it for tcVoandwiy € E;. O

Definition 7. Let G| = (Aj,By) and Gy = (A, By) be two complex neutrosophic graphs;
then, the composition G o Gy of two complex neutrosophic graphs is defined as a pair Gy o Gy =
(A1 o Ay, By o By), such that

L TR g o, (@01, w2) el 1o (02— A(TRp (0y), TRp g, (@p) eI 0 (00 g (2]}
ID.Z’lAloAz((wl/ w2))ei1D_A1oA2((zi;1,u‘72)) = /\{ID.uAl (wl)/ IDVA1 (dJZ)}eiA{IDﬁAl (wl),IDﬁAl (@)}

FSyAloAZ((wllwz))eiFSVAloAz((wlrwz)) = V{FSuu, (ZD1),FS]JA1(Wz)}€N{FS“1 (@1),Fo7a, (@2)}

Forall wy,wy € V.

2. TR,uBloBz ((Zblr wz)) iTR“BloBZ((wler)) _ /\{TRVBl (wl), TR,uBl (wz)}ei/\{TRlel (wl),TRaBZ (’(Z)z)}
IDVBloBz((wlrwz))elI BByoB, (W1,2)) _ /\{ID“ugl(TI)l),ID"I/lBI(Z?Jz)}ei/\{IDﬁBl(wl)’IDﬁgl (w2)}

FSVBloBZ((wlfwz))61F5731°32 (1,22)) _ \/{FSVBl (wl)rFSVBl (wz)}eiV{F5731 (w1),FSyp, (w2)}

For all wy € Vy, and wyily € E.
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)eiTRpcBloBz((wl,f)(lll,i)) _ /\{TRVBl (wlal)/ TR,”AZ (i.)}ei/\{TR(xBl (zii]itl),TRaAz(f)}
( ))ell’-BreBa((@ih) (i D) — A{IDVBI(wlﬁl),IDyAz(g)}eiA{IDﬁBl (@11),1° B, (D)}
FSu,om, (1, 2) (it 1))l 1212 (A OD) /(P (@riin), B, (1) e 17700 (018 s ()

Forall t € V,, and w11y € E.

4. TR i o, (@1, 2) (i, i) )T 01em (@12 @L02) A (TR (), TRy (i02), TR p, (101) )
ei/\{TRaAz(zbz),TRaAzitZ),TszBl(wlal)}

1P o, (@1, 2) (i, itg) )T Poaema (@12 (2] \ (1D 0 (), 1P, (i12), 1P pip, (1)}
oMIPBay (@2) 1P By 12),1° B, (W)}

FS u,0, (1, W2) (i, itp) )T 1t (@12 (02)) =\ (ES ) (3), FSpg, (), Epup, (1) }

oAV IS, (02) FS 7.0, 02) FSypy (i)}
For all Wy, 11y € V;, Wy # 1y, and Wity € Ej.

Definition 8. Let G; = (A1, By) and G, = (Ajp, By) be two complex neutrosophic graphs; then,
the G1 o Gy be two complex neutrosophic graphs. The degree of a vertex in Gy o Gy can be defined
as follows: for any (W, wy) € Vi 0 Vs,

DG10G2 (Z’Dlr Z’DZ) =
(Z(wllwz)(flhﬂz)EE TRHBloBz((wlfw
Y (o, (11,03 ) e 12 B0, (@1, 2

)i (
Y (o, (11,00 ) € E 2 1By 0B, (@1, 7)), (111, 11

. R NN NN
2), (i, i) ) e Ly ) (g ip)€E T “BloBz((w1/w2)/(”lru2))/

e

) (i) (g, i) E 17 BBy o8y (W1,202),(11,02) )
) )ei (i) (g, ) E F2 VB 0By (@1,2),(111,02) ) ) )

7 4

Example 3. Consider the two complex neutrosophic graphs, as shown in Figure 5, and their
composition, as shown in Figure 6.

(0.4({1().(51r. 0.48“)'57{, 0.5(210'7”) (0‘5610'7’". 0.6(3’0'3‘". O.GCi(]'4ﬂ)
v (0.4()'7'(],(311'. 0.4(,'1'[)3#.0.66,'1'(],7#) vy
(0.4€70-2™ 10.3e10-57 ().5¢0-67) (0.6¢1057 0.5¢7047 ().7¢i0-57)

(0 461057 _().3¢10-47 () 7‘,1'0.(;77)
Uy Uz

Figure 5. CNG of Gy and Gy.

Then, their composition G o G; is shown in Figure 6.
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(Ulul)((].4€i()»27\" 0.36’"’()'57‘-, 0.561',()_71\') (Ul UQ)(0.4f:i()'57r, 0.48“)'4”, 0.76i().77‘r)

(0.461'[).27\' . 0.3(3i().47r. 0.761'[).771')

(22:0:2L70 20?570 ‘e027°0)

(2207970 g 0:2€°0 “ 15-022F0

(0_4€{i().277 R 0.361'().31#. 0.7Fi()'(;ﬂ)

vau1)(0.4e0-27 0.3¢10-37 0.6¢70-67) (va2) (0.5 047, 0.5¢1037 0.7¢70-57)

(0.4¢10-27 () 3¢i0.37 0.7¢10-77)

Figure 6. CNG of G; o Gs.

Definition 9. Let G; = (A1, By) and G, = (A, By) be two complex neutrosophic graphs; then,
the union Gy U Gy = (Aj U Ap, By U By) of two complex neutrosophic graphs is defined as follows:
R
1. TR VA1UA2( )ezT tXAlqu( ) _ TRyA ( ) iTR ucAl(w)
I VAlqu(ZU)ell ﬁAlqu )_ ID ( ) irP ‘BAl(w)
FSpp 0 (@)eT 14102 @) — FSp (@) @) for i € Vi and @ ¢ V.
2. TR .uAlqu( )EITRIXAWAZ ) = TR.qu(Zb) it IXAZ( @)
I HAlqu(w)elI Bajua, (@) _ 1Py, (@)e' i1P B a, (w
F VAlqu(w)elFsmlwz ?) = FSVAZ( ) Fo, (@ f01’ we Voandw & V.

3. TRVAluAZ( )ezTRtxAlqu W) __ \/{TRIIA (), TR‘MA () }el\/{T aAz(w)T ap, (@)}
ID,uAlLJAZ(w)eZ Pajuay (@ —\/{]DVAZ( ), P, (@ )}elv{f Bay (@), 1°Ba, (@)}
FS]/lAlqu(w)el ’YAlqu = /\{FDVAz( )/ Sl’l ( )}el/\{PS’YAZ )’FS'VAZ(w)},
forw e VNV,

4. TRVBIUBZ( y )eT g, UB, (Wit) _ TRHBl (wﬁ)eiTRagl (i)

ID.uBluBz (wu)ell Bryu, (Wit) _ IDVB (wil)e iID/Sgl ()
FS g, B, ( u)elFs“fBluBz (i) _ = FSvyp, (wit)e' Foypy (@) , for wit € Ey and il ¢ E,.
5. T ],lBluBz(w ZTR"‘BluBZ wu) wa) T IXBZ(wu)
P ﬂBluB2( o )e! iIP B, (wi)
S
FS.“BluBZ( u)elF VByUB, (W) _ FSyB (W ) Fop, (wit) , for w1t € Ep and wn ¢ Ey.

6. TRpup,up, (wn)e 1m0 = v {TRyg (1), TRVBz(ZDil)}EZV{TR“Bz(w“)T g, (i)}
I ‘uBlugz(wu)elI Bryup, (W11) _ \/{ID],[B (w ) ( )}el\/{IDﬁB2 wit), IDﬁBZ(wu)}
FSppyup, (@in)e!F 1810 @) — A {10y (i), F VBz( 1) Ll MES 8 (@) Py, (@)
for wi € E; N Ey.

2

S/

Je = TRus,
)ell By uB, (Wit) _ = P, (wil

—~

Example 4. Consider the two complex neutrosophic graphs, as shown in Figure 7, and their union,
as shown in Figure 8.
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(071057 0.5¢i0-47 (.8¢i0-57)

”(0_45,:(1 57 ().3ei0-47 0.66"“'7”)

290780 * 1302250 * vg-27°0)

IJ(O.Se’”’""". 0.6¢10-77_().9¢10 (;n) (.(()42910-4"_ 0.4€10-57 (). 7¢%0 8")

! (,((]'4(,11) 37. 0'5‘,1(1.87r. ()47‘,1(1.(%)
b(0.5€'047,0.6¢70-37, 0.7¢0-67)

Figure 7. CNG of G and Gj.

(l(U 7()10.5# 0 5(,1',().»1# 0 6()7',0.511')

b(0.5¢i0-97 0,607 0.7¢10-67) (0.4€™0-37 0.5¢70-57 0.7¢10-67)

Figure 8. CNG of G U G.

Definition 10. Let G = (A1, By) and Gy = (A, By) be two complex neutrosophic graphs;
then, the join Gy + Gy = (A1 + Az, By + By) of the two complex neutrosophic graphs, where
ViNV, = @, is defined as follows:

L TRVAl‘Az(w)eiTR(XAlJrAZ(w) = TRyt yun, ()e T 241082 @)
IPpay a, (@)el Parear(®) — P4 4,04, ()el” P (@)

ATy (@)

.S N N
v)e't V404, (@) ifw e ViUV,
iTRup, 4, (@)

Fopa, 1 a,(W
wil)e
ID”Bl|Bz(wa)ei1DﬁBl+Bz(w) = IDVAlqu (ﬁ)il)eiIDﬁAlUAz(w)
(wa)eiFS’)’Bl+B2(w) _ FsyAlqu (Zbﬁ)eips“w/*z(m,for @i € E{NEy.
3. TRup, g, (wir)e'™ B8 @) — ALTRy (@), TRy g, (i) po! T 0 ()T 04, (1))
(

i el By +By (@) _ /\{IDVAl(w),ID’uAl(a)}ei/\{ID[SAl(w),lDﬁAl(a)

1

) }
FS.”BlJrBz (wa)elFszlJrBZ (@) = \/{FS,MAl (ZD), PS.”Al (7/\1) }eiv{Fs’YAl (w>fFS'YA1 (”)}
Here, w1 € E, where E is the set of all edges joining the vertices of V1 and V5.

Example 5. Consider the two complex neutrosophic graphs, as shown in Figure 9, and their join,
as shown in Figure 10.
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(1(0 56,1'0.471' 0 4(,i(),71r 0 75,7'(].6#)

([)'561',().47." ().46i()'

[)(0.6(4i()'577. 0.5(),7:0'477‘ 0.7‘,’1'().877)

(,(0 ﬁf,i[].7‘rr 0 4(Ji[)A31r 0 5(,i(].(i1r)

(ug'()zal'o 'usy()zg.o ‘JL'()],;;.(])

([ ]
d(0‘4(il()'2ﬂ" 0.56“)'6‘", 0.761(1.8’")

Figure 9. CNG of Gy and Gj.

((LS(?IUAW. 0.463“)'7”. .7‘{i(l.(i

0.461'().2#’ (].461"()’67r, 0.765().871')

(0.5231(].411'. 0.4({i[).1{1r.0.76,’1'(].6#) C

0.691.0'7”,0.461“)'37", SEii()'Gﬂ)

(0.2¢027,

1(,'i().21r 0 3(,1().27r 0 76,7'().(571')

ed(0.4¢10-47

2500.5m 0 6€i()’7")

ce(0.2¢1927 (.4¢"

(280:2L°0 ‘g ?F0 Lus:'()t"’VO)m

(0 6(,1().37r 0 5()'i(),47'r 0 7()i().87r)

b (0‘4610'2’".0.46'(]'37{.0‘76L0'87{)

(0.661.0'5”, 0‘46“)'3", ().763i()'8ﬁ)

(0.461‘().2#. ().SEi()'(i", (]‘76’"0'8”)

Figure 10. CNG of G; + Gy.

Proposition 1. The join of two complex neutrosophic graphs is a neutrosophic graph.

Theorem 2. Let G; = (Ay, By) and Gy = (Ay, By) be complex neutrosophic graphs of the graphs
Gi and G5 and let Vi NV, = @. Then, union G; U Gy = (A U Ay, By U By) is a complex
neutrosophic graph of G, if and only if G1 and Gy are complex neutrosophic graphs of the graphs

Gy and Gj, respectively.

Proof. Suppose that G; U G, is a complex neutrosophic graph. Let wit ¢ E; and w, 1 €

Vl — Vz. Thus,

— TRyglugz(wﬁ)eiTR“Bsz(w)
_ /\{TRVAmA (@), TR]/lAlmAz (ﬁ)}ei/\{TR’XA1ﬁA2 (@), TRap,na, (1)}

2
— /\{TRVAl (a)>/ TRVAl (12) }eiA{TRaAl (w)’TR“Al (1;‘)}

IDVBl UB, (wa)e”DﬁBluBz (@)

- /\{ID‘uAlmAz (Zb)’ IDVAIQAZ (ﬁ)}ei/\{lD‘BAlﬁAz (w)/IDUlAlﬂAz (i)}
— /\{IDI’lAl (ED), IDVAl (T;l) }ei/\{IDﬁAl (w)'ID:BAl (il)}

= Fs‘uB]UBZ (wﬁ)eiFS’YBlUBZ (ZIJ)

= \/{PSVA1OA2 (Zb), PSZ’{AIQAZ (ﬁ)}eiv{Fs’YAlmAz (w)rFS’YAlmAZ (a)}

- \/{FS'}’Al (Zb), FS’)/Al (1:[) }eiv{FS’YAl ('a)),FS’)’Al (1,1)}
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This shows that G; = (A1, B) is a complex neutrosophic graph. Similarly, we can
show that G, = (A», By) is a complex neutrosophic graph. The converse partis obvious. [

Theorem 3. Let G; = (A1, By) and Gy = (Ay, By) be complex neutrosophic graphs of the graphs
Gf and G5, and let Vi NV, = @. Then, join G; + Gy = (A + Ay, By + By) is a complex
neutrosophic graph of G, if and only if G1 and Gy are complex neutrosophic graphs of the graphs
Gj and Gj, respectively.

4. Isomorphism of Complex Neutrosophic Graphs

Definition 11. Let G = (Ay, By) and Gy = (Ajy, By) be two complex neutrosophic graphs.
A homomorphism g : G1 — Gy is a mapping g : V1 — Va such that:

VA (Zbl)elT ayy (@1) < TR‘LlA ((P(wl))elT ap, (@)
Q0 IPug, (@)™ Pa@) < 1Dy, (g(wr))e™” ﬂAz wm forallwy iy € Wy
FS,”Al(wl) iFSq 4, (1) > FS ( (w1))e iFSya, (9(@1))

T us, (wlf‘l)eﬁ o (@100) < TRy (g(ay) (i)l o2 (P29 (00)
2.4 IPup, (Wim)e 17 B, (i) < IPug, (¢(w1)g(ity))e’ i1P B, (¢(w1)g(ity)) forall wy iy € E;
FSVBI (wlﬁl) iIP 'YBl('LU1M1) > FSI"B ( (wl)(P(ul)) ZFS'YBZ wl)ﬁo(ul))

A bijective homomorphism with the property

TRVA1 (wl) zT Ly (1) _ TR‘UA2<(P(ZU1))€IT zxAz((p(wl))
30 Pna(@)e! Pat = 1Py, (plan))e” Pl forall o €Wy
FSVAl (wl)ezF 7A1(w1) — PS,”A2((P(101)) iFS VAZ(‘P(wl))

is called a week isomorphism. A bijective homomorphism with the property
TRﬂBl (Zblﬁl)eiTR“Bl (W) — TRVBZ((P( )(P(ﬁ ))EZT ”‘82(4’(%)90(511))

1
4 ) IOup, (@rn)e P ) = 1Py (g(@r)gan))e!! P00 for all oy iy € Ey
FSVBl(wlal)eilDWBl(wlal):Fssz( (1) @(i11))e iFS B, (@(w1) (1))

is called a strong co-isomorphism. A bijective mapping ¢ : G — G satisfying 3 and 4 is called an
isomorphism.

Theorem 4. An isomorphism between complex neutrosophic graphs is an equivalence relation.

Proof. The reflexivity and symmetry are obvious. To prove the transitivity, we let ¢ :
Vi = Vo and ¢ : V, — V3 be the isomorphism of G; onto G, and G onto Gs, respectively.
Then, p o : V1 — V3 is a bijective map from V; to V3, where (¢ o ¢)(w1) = ¢(¢(w1))
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for all w; € V;. Since a map ¢ : V; — V; defined by (1) = W, for wy € Vj is an
isomorphism, here,

TRVAl (wl)eiTRtxAl (1) — TRVAZ (lp(wl))eiTR“Az(w(wl))

= TRy, (zbz)eiTR“Az(wQ),for allw, € Vy 1)
i b w N i D W
1Py g, (1) B @) = [Py, (ip(ay) )il Paz(P(@1))
= IPpa, (wo)e P2 @) for all y € v, @
Ha, (1) iFSya (1) _ FSVA2(<P( D) PS4, (p(1))
= FSVAz(wZ)elF 14 @) for all g € V; 3)
T .uBl (W1M1> iTR L3 (W) _ TR 2(1P(w1)lp( )) ZTR“BZ(lP(Uﬁ)l/i(Ml))
= TR,”BQ (wzuz)ezTRlez Woily) fOT’ all Wiy € Eq 4)
IDVBl (w]ﬁ])eilDﬁBl(wlal) — VBZ((P(ZUl)lP( )) llDlng( (wl)lIJ(U1))
= 1Py, (i)™ PR @) for all oy iy € Ey )
FS,“Bl (W1iy)e iFoyp, (1) _ FS 5, (Y (1) (i) )e iFS g, (p(@1)9 (i)
= FS‘uBz(wzuz)est’YBz Wyily) , for all wy il € Ey. ©)

Since a map ¢ : V, — V3 defined by ¢(w,) = w; for w, € V; is an isomorphism,

HS N R N
TR]/lAZ(a)z)elT ucAZ(wz) — TRVA3(¢( N )) iT ”‘A3(l/1(wz))

= TRy 4, (w3)e iTRugq (@3) , for allw, € Vy @)
IDyAz(zbz)e”DﬁAz(wZ) = IDyAs(lp(wz))g” Bag ($(@2))
= 1Ppua, (w3)e™ P ™), for all wy € 1y ®)
i, (@) 12 @) = FSy 1 (o(y)) iFS7, (9(@2))
= FSup, (7113)61P 145@3) for all w, € V4 )
TR g, (ot )T 52 (0212) = TRy (4 (g )p (iny) )T @5 (9 (@20 (02))
= TRVB3(w3u3)eZTR“Bs wsil3) , for all wouiy € Eq (10)
1P, (iy)e Pra(@22) — [Py (o )p (iny) )T Pea (#(22)9(02))
= IPup, (Zbailg,)e” Prs(@sia) o all won, € Ey (11)
FS up, (i)' 182 0202) = FS 1 ((dpgp(iny) )P 783 (P2 0(02)
= FSpup, (wsiz)e™ @) for all ani, € . (12)

From (1), (7), and ¢ (W) = Wy, w1 € V4, we have

TRVAl (wl)eiTszAl (1) — TR,MAZ 1/)( )) iTR txAz(z/J(u‘;l))
— TR A wZ) lT ap, wz)

=TRu,

2

(
(
(g(wy))e iTRaa, (9(2))
= TRua, (p(p(an)))e iTRapy (p((@2)))
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From (2), (8), and ¢(w1) = Wy, Wy € V;, we have
(wl)eiIDﬁAl (1) _ 1P lP(Zbﬂ)eilDﬁAz(‘/’(wl))

wz)eﬂDﬁAz (@)

P,

y))ell Pas(9(@2))
@ l/)(Zi)l)))gilDrBA3(fP(1/’(w2)))_
From (3), (9), and (1) = Wy, Wy € V;, we have
FSVAl (wl)eiFS'YAl (1) _ FS,”AZ 4}( )) iFS 'yAz(w(w]))
iFS YA, wz)

(
- FS:”AZ (wZ)

(@(2))e iF5y 5 (9(2))

(

- FS.MAz q)(
_FSVAZ o(p(w1)))e iFSy a4 (@((@2)))

From (4) and (10), we have

ZZ’2)(lf’(ilz))eiTR“Bs(fl’(wz)cp(az))

lP(ﬁl))eiIDﬁBZ(w(l%)w(al))

17 B, (W2112)

S
N
=
N
~— ~— ~—

o (i1) )e!1”Pos (2(2)9(012))

From (6) and (12), we have

FSVB1 (wlal)eiFS“rBl(wlﬁl) — F5y32(¢(w1) (i11))e iFSyp, (Y(@1)y(in))
_ Fssz (w2u2)eZF VB, (W2il2)
= Fup, (p(@2) p(g)) el 1 ¢(2)0(02)
_ FS#B3(§0<1P(W2 u2)))elF5733((P(lP(wz)W(lP(ﬁz)))'

P(@2))p((irn)))el! Pra (99 (@2) 9y (32)))

1/J(Zb2))(p(l[)(ﬁ2)))6iTRaB3 (p(p(@2))p(¢(i2)))

For all w11 € Eq. Here, ¢ o ¢ is an isomorphism between G; and G3. This completes

the proof. O

Proof. The reflexivity and transitivity are obvious. To prove the anti-symmetry,
{1 Vi — V, be a strong isomorphism of G; onto G;. Then, ¢ is a bijective map defined by
P(wq) = Wy for all wy € Vi, satisfying

Theorem 5. A weak isomorphism between complex neutrosophic graphs is a partial ordering relation.

we let



Mathematics 2024, 12,719 15 of 23

TRua, (wl)eiTR“Az(wl) = TRyAZ(tp(wl))eiTR”‘Az(w(wl)), forallwy € V,

IDyAZ(wl)eZTR’SAZ(wl) =1Puy, (gb(wl))e”DﬁAz(‘p(wl)), forallwy € V3,

Foua, (wl)eZFs”‘z(wl) = FSuy, (gb(wl))eiFS“Az(w(wl)) forall zbl eV
TRpp, (yi )™ 5 @) < TRy (@) (ig))el™ V@YD) for aliniy € Ey (13)
1P pug, (yiig )t P2 (1) < 1%2<¢<w1)w(a1>>eiIDﬁBz<‘”(wl>"’<“l for all wyin € Ey (14)
FSpp, (yity)e™ 10100 > [Py (a0 )p(iy))e! W@V for all iy € Ey. (15)

Let ¢ : Vo, = Vj be a strong isomorphism of G, and G;. Then, g is a bijective map
defined by ¢(w;) = w for all W, € V), satisfying

,qu (wz)elTR”‘Az ) = TRyAl(q)(wz))elTR"‘Al ), forallw, € Vs

z(wz)ell Bay(®2) — yAl(go(wz))elI Pa0(@2)) - gor all vy € Vy

Foua, (wz)elP 14y (@2) — PS5y, 1((p(w2))elPS7Al ), forall wy € Vy
TRup, (Waip)e' Fap, (@22) < TRug, (¢(w2) @ (i12))e ZTR“Bz("’(WZ)"’(”Z , forall wyilp € Eq (16)
I sz(wzuz)e” By (2t2) < 1P ug, (¢(2)@(it2))e oi17Pes (9(@2) (22 ), for all wyny € Ey (17)
Foup, (@ zug)eZPS”’Bz D2t2) > 1P up, (@(w2) @(ita) e 8, (9(2)p(02)) , forall woily € Ej. (18)

Inequalities (13)—(18) hold on the finite sets V; and V, only when G and G; have the
same number of edges and the corresponding edges have the same weight. Hence, G;
and G are identical. Therefore, ¢ o ¥ is a strong isomorphism between G; and Gs. This

completes the proof. O

5. Complement of Complex Neutrosophic Graphs

Definition 12. The complement of a week complex neutrosophic graph G = (A, B) of G* = (V,E)
is a weak complex neutrosophic graph G = (A, B) on G*, as defined by

1.V=V
TR]/l W ezT ag(®) TR}l w)elT as (@)
2 IDyZ(Zb)eﬂDﬁW(w) = [DFA(a;)eiIDﬁA(w) forallw € V

. e R, (s TR (i)
R, () siTRag(@i) _ ) O if T pp(wit)e # 0
T yB(wu)e ag(wi /\{TRHA( ) ,‘MA( )}ezA{T aa(w), TRax(2)} if TRyB(wﬂ)eiTR"‘B(wa) =0

; if 1P viy)eil” B (@)
D, (ao\oiTRpg(@n) — ) O if IPug(wi)e #0
3.8 IPug(wi)e Pelet /\{ID}lA(ZD), D A, oiNMIPBe(@),1°Br (1)} if IDyB(Zbﬁ)e”D/SB(a’ﬂ) -0
. . if FS vi )l s (i) #0

FSu—(wn)elF ras(@n) — 0 . . . if F VB(w”)e‘ o

e VAFS HA(@), Fjua(2)), e (F @B m) - if B g (@a)elfro@ = o

Example 6. Consider a complex neutrosophic graph G, as shown in Figure 11, and the complement
of a neutrosophic graph, as shown in Figure 12.
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Figure 11. CNG of G;.
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b(0.4e™67,0.5¢10.7r () Gei0-57) ¢(0.5e047 0.6670-37 (.9¢i0-87)

Figure 12. CNG of G;.

Definition 13. A complex neutrosophic graph G is called self-complement if G ~ G.

Proposition 2. Let G = (A, B) be a self-complementary complex neutrosophic graph. Then,

Ly TRVB(wﬁ)eiTR“B(wﬂ) =y /\{TR#A(LD),TR‘_MA(ﬁ)}ei/\{TRaA(w),TszA(ﬁ)}

W Wil

2. Y Pup(@in)e Pe@0) — Y ALIP (), IPpug () e MIPPA@)IPBAG)}
WA WA

3. Y FSup(win)e iFSyp(wi) _ y V{FSua(@), FSua(it) yelV I 1a@) Fora(@)}
WH#N WHN

Proposition 3. Let G = (A, B) be a complex neutrosophic graph. If

1. TRyup (win)e T @1 = ALTRy , (@), TRup (i) e MT 2 @), T 04 ()}
2. 10 g (win)e! T B @) — A LDy (@), 1P up (1) Ve MIPBA@)IPBa ()}
3. FSpp(win)e'® 1@ — v {FSpu, (w), PS‘uA( VYol VAP 1A @) FSa()

w,u €V, then G is self-complementary.

Proposition 4. Let Gy and Gy be complex neutrosophic graphs. If there is a strong isomorphism
between Gy and Gy, then there is a strong isomorphism between Gy and Gj.
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Proof. Let ¢ be a strong isomorphism between G1 and G;. Then, ¢ : V; — V; is a bijective
map that satisfies ¢(w1) = W, for all wy € V; and 1y € V3,

TRy q, (wy)e™ 4 @) = TRy 4 (p(y))eT 2 W @) for all € V.
IDVAl(Zbl)eilDﬁAl @) = IDP{AZ(IP( \1))€i1DﬁA2(¢(Zb1)),for allw € V.
FSpa, (1) ™ @) = FSy, ((ay))e™ 120 @)) for all v € vy
TRyAl(zblul o ey (@) < TRyAz(lp(wl)lp(ﬁl))eiTR“Az(w(wl)w(ﬂl)), forall wyiiy € Ey.
(

)
FS,MAl(%Dlﬁl PP ray (@101) < FSP‘Az(lP( \1)lp(al))eiFSWAz(1#(@1)1#(1‘41)), forall aniy € Ey.

Since ¢ : V; — V5 is a bijective map, ¢! : V| — V, is a bijective map such that
¢~ (o = W) for all wy € V,. Thus,
TRyAl(lpfl(zbz))eiTR’XAl (p2(@2)) — TRyAZ(zbz)eiTR“Az(wZ),for all wy € Vs.
Pugy, (¢*1(w2))ei1DﬁA1 (y~2(@2)) _ IDyAz(wz)eﬂDﬁAz(wZ),for all Wy € V.

FSpua, (7 (@)™ a1 W2 @2)) = FSy 0 ()T 1022, for all w, € Vs
By the definition of the complement, we have

TRy @y e’ T = A TRy, (1), TR, () o (T @0 T 00y (1))
< ARy (9 (2)), TRy (i) i T V02D Ty (002
(a2),

— MTRpp, (2), TR, (itg) yo! T 00 (@2) TRy (2]}

R NEEN
— TRI"Bz (wzﬁz)elT zxgz(wzuz).

IDVE(Wlﬁl)eilDﬁﬁ(wm) = A{IPjup, (@1), TP, (i) pe M7 @00 1F g (1))
< A{IPpa, ((2)), TP pp, ((itp) b/ M Pz (W21 By (9(2))}

= NMIPua, (wz)/IDVAZ(az)}eiA{IDﬁAZ(w2>’IDﬁA2(122)}
- IDVBz (wzﬁz)eilDﬁBz(wzitz)_
Fsﬂﬂ(wml)eiﬁvﬁ(wlaz) = V{FSup, (wl)’FSVAZ(al)}eiV{FS(YAQ(wl),FS'yAZ(ﬁl)}

< V{FSVAZ(lp(wz))’FSVAZ(lp(ﬁz)}eiv{FS“z(lP(wz)),FS'yAz(lp(%))}

TS S\ TS N
— \/{FsﬂAz (sz),FSMAZ(flz)}elv{F Ya, (@2),F> v, (i12)}
= FSP‘BZ(wzﬁz)eiFSVBZ(wM)-
Thus, ! : V5 — V; is a bijective map that is a strong isomorphism between G; and
G,. Hence, this is the proof. [

6. Application

In the field of hospital infrastructure design, applying the ideas of complicated neu-
trosophic sets and graph theory might be quite beneficial. Assume a healthcare planning
team wants to strategically place medical facilities throughout many areas to guarantee
extensive access for the population. The team takes into account aspects such as population
density, current healthcare infrastructure, demographic trends, and geographic accessibility.
Vertex Set Definition: Let H = { Assam, Chhattisgarh, Haryana, Jammu and Kashmir, Manipur,
Meghalaya, Mizoram, Nagaland, Rajasthan,and Orissa} represent the set of regions to be
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considered. Each area represents a prospective site for a medical facility. Expert Opinions:
60% of healthcare planners say that there is no imminent need to establish healthcare
facilities, 40% are unsure about the necessity, and 70% percent say Assam already has
healthcare facilities. Further exploration reveals the phase terms 70% disagree, 50% have
a moderate attitude, and 60% believe Assam leads. The representation for Assam is
< A: 0.76067 (0.60077 (0401057~ Moreover, 60% of healthcare planners believe there is
no need to establish healthcare facilities, 30% are doubtful of the criterion, and 80% be-
lieve that Chhattisgarh already has healthcare facilities. Further exploration reveals the
phase terms 60% disagree, 20% have a moderate attitude, and 90% believe Chhattisgarh
leads. The representation for Chhattisgarh is <CG : 0.8¢%97,0.6¢%7,0.3¢2">. In a
similar way, they design every other location as <HA : 0.6¢/017,0.5¢1077,0.8¢1027 >, < JK :
0.8¢097,0.4¢7067,0.4¢1027 >, <MP : 0.5¢"047,0.76017,0.9¢017> < MH : 0.8¢/0%7,0.4¢0-27,
0.5¢067>, < MZ : 0.4¢"77,0.6077,0.7¢087 > <NL : 0.8¢"087,0.3¢"7™,0.4¢087>, <RA :
0.5¢1027,0.1£/67,0.6¢"™ > and <O1I : 0.9¢"37,0.5¢/077, 0.8¢/047 > We denote this model as

<A :0.7¢7067,0.66077,0.4¢7057 >
<CG : 0.8¢1097, 0661067, 0.3¢10-27 >
<HA : 0.6¢017,0.5¢077, 0.8¢/0-27 >
<JK : 0.8¢/097, 0.4¢/0-67, 0.4¢/0-27 >
<MP : 056047, 07017, 0.9¢0-170 >
<MH : 0.8¢"037,0.4¢'0-27, 0.5¢/067 >
<MZ : 0.4¢"077,0.6¢077,0.6e087 >
<NL : 0.8¢/087,0.3¢1077,0.4¢ 7087 >
<RA : 0.5¢027,0.1¢7067,0.7¢7057 >
<OI : 0.9¢037,0.5¢1077, 0.8 1047 >

the positive features of a particular parameter for a particular location are shown by the
complex true and indeterminacy membership of the vertices, while the negative character-
istics are indicated by the complex false membership of the vertices. Finding the absolute
values now requires that we

|A] = (0.7,0.6,0.4)
ICG| = (0.8,0.6,0.3)
|HA| = (0.6,05,0.8)
IJK| = (0.8,0.4,0.4)
IMP| = (0.5,0.7,0.9)
|MH| = (0.8,0.4,0.5)
|MZ| = (0.4,0.6,0.6)
INL| = (0.8,0.3,0.4)
IRA| = (0.5,0.1,0.7)
01| = (0.9,0.5,0.8)

The complex neutrosophic number score function is helpful in making decisions
to choose the best option. Q = (TRuQ, [PyiPQ, F5117Q) is defined as follows: S(Q) =
(TR — IPpPQ — PouQ) — 2 («Q — BQ = 7Q)
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5(Q) = (TRi*@ — 1P4PQ — FSyf1Q) — (4@ — Q — 70Q)

S(A) = (0.7 — 0.6 — 0.4) — %(o.e _07-05)=0.64
S(CG) = (0.8 — 0.6 — 0.3) — %(0.9 ~0.6-02) = —025
S(HA) = (0.6 — 0.5—0.8) — %(0.1 _07-02) =055

S(JK) = (0.8 — 0.4 — 0.4) — %(0.9 —0.6-02) = —0.15

1
S(MP) = (0507 —09) — 5—(04-0.1-0.1) = ~141
1
S(MH) = (0.8~ 04— 0.5) = 7 (0.3~ 02~ 0.6) = 0.69
1
S(MZ) = (04~ 0.6 —0.7) — (0.7 — 07 ~ 0.8) = 0.35

S(NL) = (0.8 —0.1—0.7) (0.8—0.7—0.8) = 1.09

_1
27T

S(RA) = (0.5—0.1—10.7) (02—0.6—05) =1.11

_ 1
27T

1
5(0I)=(09—-05-0.8) — E(O.?) —0.7—-04) =0.85.

Since the RA score has the highest value, it is better suited to start the hospital
infrastructure design. There is no edge between the vertices in this complex neutrosophic
application, as shown in Figure 13.

© e

Figure 13. CNG with no edge.

Here, for situation 2, we proceed as follows:

Take S = {Assam(A), Chhattisgarh(CG), Haryana(HA), Jammu and Kashmir(JK),
Manipur(MP), Meghalaya(MH), Mizoram(MZ), Nagaland(NL), Rajasthan(RA), and
Orissa(OI)} = {Ry, Ry, R3, R4, Rs5,Rg, Ry, Rg, Ry, R1p}. The group then examines circum-
stance two as follows: depending on the team’s state, we identify more edges
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<R1R»

<R1Rg

<R3Rg

<R3R1p

<R4Rg

<RgRg
<RgRyp
<Rg9Rqg

<RiRj3:
<R1Ry:
<RqRs5:
: 0.8¢/0-37,0.4¢1027, 066067 >
<R1R7:
<RiRg:
<RqRg:
<RiRqp:
<RyRj3:
<RyRy :
<RyR5 :
<RyRg:
<RyR7:
<RyRg:
<RyRg :
<RoRqp :
<R3Ry:
<R3R5:
£ 0.66017,0.4¢1027, 0.8¢0-67 >
<R3R7:
<R3Rg :
A= <R3Rg:

<R4Rs5:
<R4Rg :
<R4R7:
. 0.8€i0'8ﬂ, 0'361'067'[/ 0.4ei0.87r>
<R4Rg:
<R4Rqp:
<Rs5Rg :
<R5R7:
<Rs5Rg :
<Rs5Rg :
<Rs5Rqp :
<RgR7 :
<RgRg :
<RgRg :
<RgRyp :
<R7Rg:
<R7Rg :
<R7Rqp:
. 0.561'0.271’ 0'161‘0.67(, 0.7ei0.87r>

: 0.8¢0:97,0.6¢1067, 0.3¢0-27 >

0.7¢"087,0.5¢097, 0.9¢/0-57 >
0.6610'47T, 0.6610'5”, 0.7610'27T>
0.461'0.871” 0'761'067'[/ 0.8€i0.97r>

0.4¢7067,0.6¢077, 0.6¢/087 >
0.761'0.67'(, 0'3ei0.77r’ 0.8€i0‘57r>
O.SEiO'ZH, 0'1ei0.67r/ 0.7ei0.57r>
0.7ei0.67r’ 0.561‘0.77'[/ 0'8€i0.57'[>
0.6e/0-17,0.5¢1067, 0.8¢/027 >
0.8¢/097, 047067, 0.4¢7027 >
0.56i0.47r, 0.66i0'1n, 0.9ei0.27r>
O.SEiO'BH, 0'4ei0.27r/ 0.5€i0.67r>
0.461'0.771’ 0.6€i0‘6n, 0.6€i0'8n>
0.8¢/0811,0.301067, 047087
0.5¢1027,0.1¢/0-67, 0.8¢70-57 >
0.8€i0'37t, 0'561'0.67'[, 0.8€i0'4n >
0.66[0'17T, 0'461'0.6”/ 0.8€i0'27r>
0.561'0.171’ 0'561‘0.17(, 0.9ei0.27r>

0.4¢/017,0.5¢/077, 0.8¢70-87 >
O.6€i0'lﬂ, 0'361'0.77'[, 0.8€i0'87r>
0.5€i0.17r’ 0'361'077'[/ 0.8€i0.57r>
£ 0.6e/017, 0501077, 0.8¢1047 >
0.5¢/047, 0.4¢/017, 0.9¢/0-17 >
0.8¢/037, 047027, 0.8¢/0-67 >
0.481'0.77(, 0'461'0.67T/ 0.6€i0'87r>

0_581'0.27'(’ 0'161'0.67'[1 0'7ei0‘57r>
0.8¢7037,0.4¢7067, 0.8¢/027 >
0.5¢1037, 0.4¢/027, 0.9¢/0-67 >
0.461'0.47‘(, 0.66i0'7n, 0.9ei0.87'[>
0.56i0'4ﬂ, 0'361'017'[/ 0.9ei0.87r>
0.5¢1027,0.1¢/0-67, 0.9¢/0->7 >
0.5¢1037,0.5¢/0-17, 0.9¢/047 >
0.461'0.37'(, 0'461'0.271’ 0.6€i0‘8n>
0.86i0.37'f, 0.3€i0.27r/ 0.5€i0.87r>
0.561'0‘271’ 0'361'0‘171/ 0.7ei0.67r>
0.8¢/07,0.4¢/027, 0.8¢/0-67 >
0.4¢/077,0.5¢/077, 0.8¢/087 >
0.461'0.27[, 0'1ei0.67r’ 0‘7ei0‘87r>
0.4€i0'37r, 0’5€i0.77r/ 0‘8€i0.87r >

£ 0.8¢1037,0.3¢/077, 0.8¢/087 >
1 0.5¢1027,0.1¢7067, 0.8¢70-57 >

traditional neutrosophic membership values of edges are given
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RiR; = —-0.22, RjR3 = -05, RiR4=0.0, RiRs = -1, RiR¢ = 0.0,

RiRy; = -0.7 RiRg =1, RiRg = —15, RjRyp=—-05 RyR3 =-0.6,

RyR4 = 0.0, RoRs = —1 RyRe = 0.0, RyRy = —0.7, RpRg =1.1955,
RyR9g = —0.3, RyRy9=-04, R3R4=-05 R3R5=-09, R3Rs=-05,

R3R7 = —0.7, R3Rg = —03, R3Rg=—04, R3Rjp=-05 R4R5=—-08,

R4R¢ = —0.3, R4Ry=-05 R4Rg=1.145, R4R9=—0.2, R4Rjp=—-03

RsR¢ = —0.7, Rs5Ry =—-0.9, RsRg=—06, RsRg=—-04, RsRjp=-09,

R¢Ry; = —0.5 ReRg =0.1, RgRg=—-02, RgRjp=-03, RyRg=—-08,

R7Rg = —0.7, RyRy9 = —0.7 RgRg = —0.1, RgRjp=—0.1, R9Rjp=—-0.3

Ry Rg is the largest value and, therefore, more suitable for starting hospital infrastruc-

ture design. A complex neutrosophic graph with an edge is shown in Figure 14, and a
graphical representation of the score value with edges is shown in Figure 15.

Figure 14. CNG with edges.

Score Value

Figure 15. Graphical representation of Score Value with edges.
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Comparative Analysis

In hospital infrastructure design, complex neutrosophic graphs outperform neutro-
sophic graphs because complex neutrosophic graphs can manage multiple uncertainties
more effectively than neutrosophic graphs. Both methods expand classical graph theory to
incorporate uncertainty. Neutrosophic numbers are used by neutrosophic graphs to indicate
uncertainty; however, complex neutrosophic graphs represent complicated uncertainties in
a more nuanced manner by adding interval neutrosophic sets. When designing hospitals,
where there are many different and related variables, complex neutrosophic graphs are
excellent at capturing the complex dynamics of patient requirements, resource allocation,
and operational restrictions. Modeling the intricate relationships across healthcare systems
is made easier and more resilient with the help of complex neutrosophic graphs, which
offer a more thorough framework. Complex neutrosophic graphs also ensure the effective
analysis and optimization of hospital infrastructure since they have better computing
capabilities, even if they may add some computational overhead. As a result, complex
neutrosophic graphs are the method of choice for designing hospital infrastructure as they
can effectively represent and handle the complex uncertainties that are present in these
kinds of systems.

7. Conclusions

Complex neutrosophic models provide higher versatility and comparability than stan-
dard neutrosophic models. Within this domain, one noteworthy addition is the difficult
neutrosophic graph, which includes three complex membership grades for each vertex and
edge. By exploiting this complex architecture, we can improve approximation accuracy.
In recent research, several vertex degrees were investigated, with a focus on understanding
the entire contribution of amplitude within the neutrosophic network. The degrees of
vertices in a complex neutrosophic network not only give detailed information but also
show the contributions of both amplitude and phase components. This study concentrated
solely on complicated neutrosophic graphs and their accompanying network structures,
with a special emphasis on the linkages between many major colleges. Certain methods,
such as directed cognition, were shown to be only practicable inside a linked, complex
neutrosophic graphical system. However, exact data gathering proved difficult, forcing at-
tempts to identify the size and sequence of the intricate neutrosophic network. Furthermore,
the study revealed several operations applicable to complicated neutrosophic graphs, such
as union, intersection, and join. Finally, the possible use of complex neutrosophic graphs to
solve decision-making problems for hospital infrastructure design was considered.
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