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ABSTRACT

“We introduce the concept of plithogenic signed graphs and define several binary operations on them,
including union, join and Cartesian product to model the combination of heterogeneous networks. These
operations provide a flexible mathematical framework for integrating multi-attribute and polarity-based
relationships. The proposed model is applied to analyse interaction dynamics in complex systems. In
particular, it indicates that the absence of appropriate precautionary measures may lead to a higher risk of
severe outbreaks in the future.
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1.INTRODUCTION

Mathematical set’s theory involves of crisp set (CS) theory, Zadeh (1996) introduced fuzzy set (FS) theory.
Fuzzy systems have been used successfully for many years in problems involving uncer tainty, vagueness,
ambiguity, and imprecision of state. Further, Zadeh (1975) extended fuzzy sets (FS) to interval valued
fuzzy sets in which values of membership are intervals instead of real numbers between 0 and 1. Interval
valued fuzzy sets (IVFS) provide precise results of uncertainty than fuzzy sets (FS). Another researcher
Atanassov (Atanassove, 1986) , introduced membership and non membership and gave the idea of the
intuitionistic fuzzy set (IFS). It generalized the idea of Zadeh’s fuzzy sets. Jun et al. (2010) gave the idea
of cubic sets by combining interval-valued fuzzy sets and fuzzy sets. Cubic sets have many applications
in many directions (Jun et al. 2011, 2012). Smarandache extended the idea of Atanassov and gave the
concept of neutrosophic set (NS) (Smaran dache 1999, 2005). Further Wang et al. (2005) introduced
interval valued neutrosophic sets (INS). In 2017, Jun et al. (2017a, b)) presented the idea of neutrosophic
cubic sets (NCS) to handle imprecise information. More recently, Smarandache (2017) and Smarandache
and Broumi (2018) introduced for the first-time idea of Plithogeny in Philosophy and as its derivatives
give the concept of Plithogenic set/logic/probability/statistics in mathematics and engineering. Plithogeny
is the origination, formation, development, evolution of new entities and is a connection or combination
of theories and ideas in any field. Plithogeny is the dynamics of many opposites, their neutrals and non
opposites, and their organic fusion. The Plithogenic set’s theory generalizes previous theories of fuzzy
sets. Smarandache introduce the plithogenic set (as generalization of crisp, fuzzy, intuitionistic fuzzy, and
neutrosophic sets), which is a set whose elements are characterized by many attributes’ values. An attribute
value v has a corresponding (fuzzy, intuitionistic fuzzy, or neutrosophic) degree of appurtenance d(x,v)
of the element x, to the set P, with respect to some given criteria. Plithogenic set theory is being extensively
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used in various decision-making problems as well as in many other applied fields These different versions
of sets have been used in the theory of graphs.
Graph theory is the mathematical structure used to design pair-wise relations between objects. It is
constructive in solving problems of different fields as they give a clear picture of the problem at hand. The
concept of graph theory begins with the problem of Konigsberg bridge problem in 1736. In 1973,
Kauffman (1973) introduced the idea of the fuzzy graph. Rosenfeld (1975) developed the concept of fuzzy
graph obtaining analogs of several graph theoretical concepts. Atanassov (1995) extended his concept of
fuzzy sets to intuitionistic fuzzy graphs. Shannon and Atanassov (1994). Bhattacharya (1987), give some
remarks on fuzzy graphs. Akram and Dudek (2011) gave the concept of interval-valued fuzzy graph in
2011. For more details of fuzzy graphs, readers are referred to Akram (2012) and Akram et al. (2013) .
The idea of neutrosophic graphs was given by Kandasamy et al. (2015) in the book title as neutrosophic
graphs. Rashid et al. (2018) give the concept of neutrosophic cubic graphs with real-life applications in
industry. For more details see Gulistan et al. (2018, 2019) and Huang et al. (2019). In this study,
Smarandache’s plithogenic set is used to introduce the idea of plithogenic signed graphs and also
established certain binary operations like union, join and Cartesian product, of plithogenic signed graphs,
which are helpful when we discuss two different graphs combined. The primary purpose of this article is
to develop the new mathematical model of Plithegonic Signed graphs (Psg) and its examples.
1.1 PRELIMINARIES
(Smarandache 2017), Plithogeny is the genesis or origination, creation, formation, development, and
evolution of new entities from dynamics and organic fusions of con tradictory and/or neutrals and/or non-
contradictory multiple old entities. At the same time, plithogenic means what is about plithogeny. A
plithogenic set P is a set whose elements are characterized by one or more attributes, and each attribute
may have many values. Each attribute’s value v has a corresponding degree of appurtenance d(x,v) of
the element X, to the set P, with respect to some given criteria. In order to obtain a better accuracy for the
plithogenic aggregation operators, a contradiction (dissimilarity) degree is defined between each attribute
value and the dominant (most important) attribute value. However, there are cases when such dominant
attribute value may not be taken into consideration or may not exist; therefore, it is considered zero by
default, or there may be many dominant attribute values. In such cases, either the contradiction degree
function is suppressed, or another relationship function between attribute values should be established.
The plithogenic aggregation operators (intersection, union, complement, inclusion, equality) are based on
contradiction degrees between attributes’ values, and the first two are linear combinations of the fuzzy
operators’ t-norm and t-conorm. Plithogenic set is a generalization of the crisp set, fuzzy set, intuitionistic
fuzzy set, and neu trosophic set, since these four types of sets are characterized by a single attribute value
(appurtenance): which has one value (membership)—for the crisp set and fuzzy set, two values
(membership, and non-membership)—for intuitionistic fuzzy set, or three values (membership, non-
membership, and indeterminacy)—for the neutrosophic set. So we first provide the defintions of fuzzy
set, intuitionistic fuzzy set and neutrosophic set
Definition 1 (Zadeh 1996) Let S be a universe of discourse, then the set

Fs = {(x,Ar(x)):x € S} (1)
is called the fuzzy set, where Ap:S — [0,1]is the truth (membership value ) such that 0 < A¢(x) < 1.
Definition 2 (Atanassov, 1986) Let Sbe a universe of discourse, then the set

Is = {(x,Ar(x), Ap(x)): x € S} 2)
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is called the intuitionistic fuzzy set, where Ap, Ag: S — [0,1] are the truth and falsity membership degrees
respectively, and
0 < AT(X) + AF(X) < 1.

Definition 3 (Smarandache, 1999) Let S be a universe of discourse, then the set

Ns = {{x, Ar(x), 41 (x), Ap(x)): x € S}
is the neutrosophic set, where A, A, Ag: S — [0,1]are respectively the degrees of truth, indeterminacy, and
falsity, and 0 < Ar(x) + A;(x) + Ap(x) < 3. (Smarandache, 2017) Plithogenic set is a generalization of
the crisp set, fuzzy set, intuitionistic fuzzy set, and neutrosophic set, since these four types of sets are
characterized by a single attribute (appurtenance): which has one value (membership) for the crisp set and
for fuzzy set, two values (membership and non-membership) for intuitionistic fuzzy set, or three values
(membership, non-membership and indeterminacy) for neutrosophic set.
Definition 4 (Smarandache, 2017) Let S be a universal set and P € S. A plithogenic set denoted as Ps is
defined as

PS = {P, X P)(l Padf, pcf} (4)

where xis an appurtenance or attribute, P, is the range of attribute values,
Par: P X B, = [0,1]% is the degree of appurtenance function (DAF) and
pce: P X P, — [0,1]" is the degree of contradiction function (DCF) which satisfies the axioms:

Pcf(a,a) = 0 and per(a,b) = pee(b, ).
Here s,t € {1,2,3}. For s =t = 1, Ps is called plithogenic fuzzy set and is denoted by Pgg; also for s =
2,t =1, Ps is called plithogenic intuitionistic fuzzy set and is denoted by Pjgg; and for s = 3,t = 1, Psis
called plithogenic neutrosophic set and is denoted by Pys.
Definition 5 (Rosenfeld, 1975) A fuzzy graph with set of vertices V is defined to be a pair G = (6, 8),
where 0 is a fuzzy function on V and & is a fuzzy function on E € V X V, such that

8(xy) < min{0(x), 0(y)} for all xy € E. (5)

We call 0 the fuzzy vertex function of V, and & the fuzzy edge function of E, respectively. Note that § is a
symmetric fuzzy relation on V. Thus, G=(0,6)is a fuzzy graph of G* = (V,E)if &6(xy) <
min{0(x), 0(y)} for all xy € E.
Definition 6 (Atanassov, 1995) An intuitionistic fuzzy graph is of the form G = (6y,6g)
where 0y = (By, Oyp)is the degree of membership function O¢y: V — [0,1] for vertices and degree of
non-membership function Ogy:V — [0,1] for vertices. Spg:E — [0,1] for vertices, Also &g =
(61E, Opg)consists of degree of membership function 8pg:E — [0,1] for edges and degree of non-
membership function 8gg: E — [0,1]for edges such that

8re(xy) < min{6ry(x), 0rv(y)}, (0)

8 (xy) = max{Bpy(x), Opy(V)}, (7

0 < 8rg(xy) + Spp(xy) < 1, for all xy € E.
Definition 7 (Gulistan et al. 2018) Let G* = (V, E)be a crisp graph. By a neutrosophic graph of G*, we
mean a pair Gy = (P,Q), where P = (0, 8}, 0p)is neutrosophic set of vertex set Vand Q = (6, 8, 8)is
neutrosophic set of edge set E, such that
81 (xy) < min{01(x),01(y)}, 3
81(xy) < min{6;(x), 8;(y)}, ©)
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8r(xy) = max{0r(x), 0r(y)}, (10)

for all x,y € Vand xy € E.
Definition 8 (Harary 1953) A signed graph (G,o) is a graph G along with a function o : E(G) -
{+1,—1} called the signature of (G,0o), where o(e) is the sign of the edge e € E(G). The edges
in 6~ (+1) are the positive edges and the edges in 6~ 1(—1) are the negative edges of (G, o).
Definition 9 (F.Sultana 2022) Let G* = (V,E) be a crisp graph. A plithogenic graph denoted as Py is
defined as P = (Py, Py), where Py = (M, W, M, agf, acf)is plithogenic set for vertices; where M c V, pis
an  attribute, My is the corresponding range of  attribute  values such  that
agr: M X M, - [0,1]° is the degree of appurtenance function (DAF) for vertices defined as ag4¢(x,a) €
[0,1]°, and ace: M, X M, — [0,1]%is degree of contradiction function (DCF) for vertices. Also Py =
(N, v, Ny, Bas Bep)is plithogenic set for edges, where N € E, v is some attribute, N, is the corresponding
range of attribute values such that (Mu' Nv)is a graph with vertices Mjand edges N,. Also
Bars N X N, = [0,1]°%is  the  degree of  appurtenance  function  for  edges and
Ber: Ny X N, — [0,1]%s degree of contradiction function for edges. Then Pgis plithogenic graph if for all
(x’a) and (y,b) € M X M,

Bar((x ), (y,b)) < min{ay¢(x, ), agr(y, b)3}, (11)

Bcf((a, b), (c, d)) < min{a.(a,b), a.(c,d)}, (12)
for all ((a,b),(c,d)) € N, X N,, where B.s((a,b),(a b)) =0as ax((aa))=0 = a((bb)). Here
s,t € {1,2,3}.
Here we discuss a subclass of plithogenic graphs known as plithogenic signed graphs.

2. PLITHOGENIC SIGNED GRAPH (Pg):

In this section, we define a more general class of signed graphs known as plithogenic signed graphs.We
also discuss plithogenic signed graphs and their basic operations like union, join and cartesian product of
graphs.

Definition 10 (Plithogenic Signed Graph) Let G* = (V,E, o) be a crisp signed graph, where o: E —
{+1,—-1}. A plithogenic signed graph denoted as Psggis defined as Psg = (Py,Py,0),
where Py = (M, WMy, ocgf ,a;—'}) is a plithogenic signed set for vertices; where M C V, p is an attribute,
M, is the corresponding range of attribute values such that
a;—rf: M XM, — [-1,1] isthe degree of appurtenance function (SDAF) for vertices defined as oc:i—rf(x, a) €
[-1,1] ,and (x;—rf: M, XM, = [-1,1] is the degree of contradiction function (SDCF) for vertices. Also
Py = (N,v,N,, Ba—Lf, B;—rf) is a plithogenic signed set for edges, where N C E, v is some attribute, N,, is the
corresponding range of attribute values such that (Mu' N\,) is a signed graph with vertices M, and edges
N,. Also B:i—rf: N x N, = [—1,1] is the degree of appurtenance function for edges and B;—”f: N, XN, —

[—1,1] is the degree of contradiction function for edges. Then Py is called a plithogenic signed graph
if for all (x,a),(y,b) € M X M,

Ba—Lf((x, a), (y, b)) < min{adif(x, a), adif(y, b)} , (13)
and for all ((a, b), (c, d)) €N, X N,,
B;—Lf((a, b), (c, d)) < min{a;—}(a, b), a;—Lf(c, d)}, (14)
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where BZ((a,b), (a,b)) = 0,a((a,a)) = 0 = af((b,b)). Each edge e € N is assigned a sign o(e) €
{+1,-1}.
Example 1: Let G* = (V,E,0) be a crisp signed graph, where V is the set f major transport hubs in a

country, Eis the set of direct connections, and o:E - {+1,-1}
is the sign function on edges. Let M={xyz}cV
be three hubs under consideration and M, ={ab,c,d} =

{traffic volume,accident rate,weather impact,infrastructure quality} be the range of values for the attribute
u =“risk factors”.Let N = {xy,yz,zx} be the direct connections among the hubs and N, =
{ab, bc, cd, ad, ac} be the relations among risk factors. Define the signed degree of appurtenance for

vertices as a:—{f:M X M, — [-1,1] and the signed degree of contradiction function of vertices as
ocff: M, X M, - [-1,1] is SDAF AND SDCF for the vertices in Table 1a and 1b. Define the signed degree
of appurtenance for edge Bgf: N X N, = [—1,1] and the signed degree of contradiction of edges as
B;—rf: N, X N, = [—1,1] in table 2a and 2b.
Table 1(a): Signed Degree of Appurtenance for Vertices

a;iif: MxM, - [-1,1]

oﬁf X y z
a |+0.3[+0.5]+0.2
b |+04|+0.1|+0.3
¢ |+02[+0.2|+0.4
d |-0.1]-0.3]-0.1

Table 1(b): Signed Degree of Contradiction for Vertices
ag:M, x M, - [-1,1]

Zla b |c |d

0 +0.5 | +0.6 | —0.5

+0.5|0 +0.4 | 0.4

+0.6 | +0.4 | 0 -0.5

-05|-04|-051]0

alo o Q

Table 2(a): Signed Degree of Appurtenance for Edges
ﬁ;—rf ab |bc |cd |ad |ac

xy [+0.1]+0.2]-03{-03]02

yz |03 |01 |-0.1]-0.1]+04
zx |+0.2 [+0.2]-0.1|-0.1]+0.2

Table 2(b): Signed Degree of Contradiction for Edges
,3:—} ab |bc |cd |ad |ac

ab |0 +04|-04|—-04|+04
bc [+0.4 10 -0.5]-05|+0.5
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cd |[-04|-05|0 -0.3 | +0.5
ad |04 |-05|-03|0 —0.4

ac |+04 |+05|+0.5]-0410

Here second column of SDAF in Table 1a shows that 30% increase risk in traffic volume , 40% increase
risk in accident rate, 20% increase in weather impact and 10% decrease risk in infrastructure quality from
the transport hub x. Similarly, we have observations for transportation hubs y and z also their SDAF and
SDCEF for edges is also defined. Now, compute the net influence

@), +0.5 = a.) 02 (x,b), +0.4
(xy,ab), +0.1 /’ (v,b),+0.1

o ~ (z,b),+0.3
(xv, ad),
( d.)_03 (xy,dc), —0.3
o (x,0),+0.2
(x,d),~01 (z,¢),+0.4 (v,c),+0.2
Compute:

e Po(xy)=014+02-03-03+02=-01=0(xy)=-1
e Py;(yz)=03+01-01-014+04=+4+06=0(yz)=+1
o Py;(zx) =02+02-0.1-0.14+0.2=+4+0.4 = o(zx) = +1 Finally, we obtained the Plithogenic

Signed Graph is to be Pg; = ({x,y, z}, {xy, yz, zx}, o).

x,40.8

z,+0.7

Plithogenic Signed Graph
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Lemma 1
A plithogenic signed graph Ps; = (Py, Py, 0)is said to be a positive plithogenic signed graph if every even
length cycle in the induced signed graph (V’ E» o) contains an even number of negative edges

Uy

1@ ®

Vy U3

Proof:

Let C be any even length cpglgiie ﬁmgb@n;g Sighath @y Apheven number of negative edges, then the
product of the signs of the edges in Cis positive, since (—1)*'*" = +1. Hence, the sign of every even cycle

is positive. Therefore, the plithogenic signed graph Ps,; is positive.
Corollary 1
An odd length cycle in a plithogenic signed graph Ps; = (Py, Py, 0)having all edges negative is always a
negative plithogenic signed graph.
Definition 11 (Balanced Plithogenic Signed Graph) A plithogenic signed graph Ps; = (P, Py, 0)is said
to be balanced if every cycle in its induced signed graph (V> E» ¢) has an even number of negative edges,
or equivalently, if the sign of every cycle is positive.
Proposition 1
An odd length cycle in a plithogenic signed graph is balanced if and only if it contains at least one positive
edge or an odd number of positive edges.
Proof.
Let C be an odd cycle.

o If C contains at least one positive edge, then the number of negative edges is less than the length

of the cycle and can be even, making the product of signs positive.
o Conversely, if all edges are negative, then C has an odd number of negative edges and hence is
unbalanced.

Thus, an odd cycle is balanced if and only if it contains at least one positive edge or odd number of positive
edges.
Definition 12 (Plithogenic Signed Frustration Number) The plithogenic signed frustration number of a
plithogenic signed graph Ps; = (Py, Py, 0)is defined as the minimum number of edges that must be
removed from the induced signed graph (V> E» g)so that the resulting plithogenic signed graph becomes
balanced. In a plithogenic signed graph, the frustration number is computed by selecting and deleting a
set of negative edges such that all cycles in the induced signed graph become balanced.
Algorithm as follows:
*Collect all negative edges using the induced sign function 0.

* From these edges, select the edge having minimum signed degree of appurtenance ﬁ;—rfand maximum

IJFMR260167064 Volume 8, Issue 1, January-February 2026 7



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com
signed degree of contradiction ,8;—}.
*Remove the selected edge and update the graph.

* Repeat the process until all cycles in the graph are balanced.
Definition 13 (Complement of a Plithogenic Signed Graph)
Let Ps; = (Py, Py, 0) be a plithogenic signed graph, where
Py = (M, w My, a:i—rf, acif)is the plithogenic set of vertices and
Py = (N, Vv, Nv,ﬁgf,ﬁg—})is the plithogenic set of edges . The complement of Pg;, denoted by P§;, is
defined as P§; = (Py, Py, 0¢),where

1. PG = (M, 1, My, (a7,)",, (@) )with

(agf)c(x, a) = —a;—rf(x, a),V(x,a) € M X M,;

2. P§=(N%v,N,, Bz (B3)°), where N¢ = {uv € V X V:uv & N}, and
(,Bff)c(x, a) = min{agf(x, a), agf(y, b)} - ﬁ;—rf(x, a),V(x,a) € N X N;

3. The sign function is complemented by
c¢(e) = —a(e),Ve EE.

Thus, the complement of a plithogenic signed graph is obtained by reversing the polarity of all signed
appurtenance values and edge signs while preserving the underlying attribute and contradiction structures.

v1(+0.7,+0.3,-0.2) y(+0.4,40.2, -0.5)

(+0.4,+0.2,-0.2)

(+0.6,—0.3,—0.2) +0.3,—0.2, —0.5)

4(+0.6,—0.3,—-0.2) (+0.3,-0.2,-0.2) v3(+0.3,—-0.2,-0.5)

Example 2: The example of complement of a Plithogenic Signed Graph

v(=07,-03,+02) (0.4, -0.2, 0.5)

1,(—0.6,+0.3,40.2)

Complement of a Plithogenic Signed Graph

Theorem 1

The complement of a balanced plithogenic signed graph is always positive if it contains an odd length
cycle.

Proof.

Let Ps; = (Py, Py, 0)be a balanced plithogenic signed graph and let (V- E» o)be its induced signed graph.
Suppose that P is the complement of Psg;.

In the complement graph, every odd length cycle has an odd number of vertices and hence an even number
of incident edges per vertex. Therefore, the parity of negative edges in such a cycle is even. Since the sign
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of a cycle is the product of the signs of its edges, and since an even number of negative edges yields a
positive product, it follows that every odd length cycle in Pg;is positive.

Hence, the complement of a balanced plithogenic signed graph is always positive if it contains an odd
length cycle.

2.1 UNION OF PLITHOGENIC SIGNED GRAPHS

Definition 10 Let G; = (V1, E;)and G; = (V,, E;)be any two crisp graphs. Also suppose that Pgs and

Pg,be any two plithogenic signed graphs such that
PSGl = (PSM1’ PSN1’ 0-1)’ where P5M1 = (Ml' U1, Mﬂlf alidf' alicf) and PSN1 = (le V1, Nle ﬁlidf; ﬁlicf)
Also Psg, = (PSMzﬂpSNzlo-Z)a where

+ + + ot
PSMZ = (MZ’uZ’MMZ’az_df’ az_cf) and PSNZ = (NZ’VZ’NVZ’ﬁZ_df’ﬁZ_Cf)'
Then their union is defined as Psg, U Pg, = (PSM1 U Psp,, Psn, U Psy,, a),where

Psy, U Poy, = (M1 UMy, iy Uy, M, UM alidf U azidf, alicf U azicf) is the union of plithogenic

H2’
signed sets for vertices. Here (M; UM,) c (V;UV,), uy U yis an attribute, M, UM, is the
corresponding range of attribute values and
alidf U a%df: (M; UM,) x (M#1 ) — [—1,1]is the signed degree of appurtenance (SDAF) for

vertices such that
(afy; U azy)(x,a) = aiyr(x, a)if (x,a) € (My X M)\ (M X M, ),

2. (aiap U agg)(x, @) = agp (x, a)if (x, @) € (My X My,) \ (Mg X My,),

3. (a;—rdf U azidf)(x, a) = max{a;—rdf(x a), a;—rdf(x a)}if (x a) € (My XM, )N (M, X M, )
Also afcf U azicf: (M,, uM,,) x (M, UM,,) - [-11]is the signed degree of contradiction (SDCF
)for vertices such that (al_cf U az—cf)(a, a) = Oand
(aicr U azep)(@ b) = (aicp U aze) (b, a).
Similarly  Psy, U Psy, = (N3 U N, v; Uvy, Ny UN,,, BTy U Bar Bies U Baey)is  the  union  of
plithogenic signed sets for edges, where (ﬁfdf V) ,B’Zidf): (Ny U N;) X (N,, UN,,) = [—1,1]is the signed
degree of appurtenance for edges defined and (ﬁ;—rcf V) ﬁé—"cf): (NV1 V) sz) X (NV LU NVZ)[—l,l]is the
signed degree of contradiction for edges and is defined as,
4.(Bia U Paap) (a1, @), (43, 0)) = Biap((r1, @), (02, b)) i ((x1, @), (32, b)) € (Ny X Ny, ) \ (Nz X
Ny,),
5.(Biag U Brap) (x1,@), (2, b)) = Bigr((x1,0), (x2,b)) if  ((x1,Q), (%2, b)) € (N X Ny,) \ (Ny X
Ny,),
6-(,31idf U ﬁzidf)((xp a), (x,b) = max{ﬁi_’-df((xlf a), (x, b))' ﬁ%df((xp a), (xz, b))} if
(Cr1xy,)s (x2,%y,)) € (Ny X Ny, ) 0 (N X Ny, ) also we have SDCF for edges (B, U B3,s): (Ny, U
sz) X (Nv1 U NVZ)[—l,l] such that (ﬁ;—rcf U ﬁ;—rcf)((a, b),(a,b)) =0 and (,Blicf U
BEN((@b), (e, d)) = B, UBLN (e d), (@, b)) for all ((a,b),(c,d)) € (N, UN,,) X (Ny, U
NVZ).Then Psg usc, = (PSMluMzr Psn,un,» 0) is a plithogenic signed graph

IJFMR260167064 Volume 8, Issue 1, January-February 2026 9
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If (B Y By (% a), (v,b)) < min{

(alidf U azidf)(x' a),} (15)
(“I_rdf U “;_rdf)(% b)

for all ((x,a), (v, b)) € (Ny U N3) X (N, UN,);

(B v Bzp) (@ b, (c, )

for all ((a, b), (c,d)) € (N,, UN,,).
Example 3
Consider any two

P_S‘Gl == (PSV1’ PSEl,O-l)and PSGZ =

+ o+
PSV1 = (Plt .ulr Uy’ al_df’ al_cf)and PSE1 =

(16)

* U t ’b ,
< min {(“uf “2cf)(a )

(afy; U ag)(c,d)

plithogenic signed graphs
(PSVZ,PSEZ,O'Z)Of crisp graphsG; = (V4,E;)and G5 = (V,, E,), where
(Ql,vl, Qvl,ﬁlidf,ﬁlicf) such that P; € Vjis a graph with
vertices P; = {x,y, z}and edges
Q1 ={xy,yz,zx}, (u;,v1)is an attribute, (Pu 2 Qy 1)be a  graph  with
= {a, b, d}and edges Q,, = {ab, bd}. Also let ai—rdf: P, x P, — [-1,1]and
“1cf P,, X B, = [—1,1] be the signed degree of appurtenance and degree of contradiction for vertices
defined as Also Blidf: Q1 X @y, — [-1,1]and ,chf: Qy, X Qy, = [-1,1] be the signed degree of
appurtenance and degree of contradiction for edges defined. have a plithogenic signed graph Ps, ; with
Psy, = (PZ».UZ» L2 azidfr azicf)& Osg, = (QZ:VZ: sz'ﬁzidf'ﬁzicf)
such that (P,’ Q,)is a graph with vertices P, = {x, z, r}and edges Q, = {xz, zr, xr}, (u,’ v,)be an attribute,
( 'QVZ)is a graph with vertices B,, = {a,c,d}and edges Q,, = {ac,cd}. Also let oz;—’df:P2 X B, =

vertices

[—1,1]and az ¢+ B, X B, = [—1,1] be the signed degree of appurtenance and degree of contradiction for
[~1,1] and B.5: Qy, X Qy, =
appurtenance and degree of contradiction for edges defined. Then their union is defined as
Ps¢, U Psg, = (Psy, U Psy,, Qsg, U Qsg,,0) where  Psy, U Py, = (Py U Py g U iy, By U B, (aiyr U
Woap) (@es U @3p)) and Qsg, U Qsg, = (Q1 U Q2,v1 U vy, Qy, U Qy,, (Biys U Brap), By U
ﬁzicf)).Here we have P, UP, = {x,y,2z,1}, Q; U Q, = {xy,yz, zx, zr, xr} such that (P; U P,,Q; U Q,)is
a graph, (43 U Uy, v; U v,)is an attribute, B, U P,, = {a, b, ¢, d} is the range of attribute for vertices and
Qv, V @y, ={ab, bd, ac, cd} is range of attribute for edges so that (P/t LUPB,, 0, VU QVZ) is a graph.

vertices defined as Also ﬁ;—’d riQ2%XQy, > [—1,1] be the signed degree of

ai—rdf X y z afcf a b c
a +0.2 +0.3 +0.4 a 0 +0.4 +0.5
b -0.5 +0.6 +0.1 b +0.4 0 +0.3
d +0.1 —0.5 —0.2 d —0.5 +0.3 0

Table 3: SDAF and SDCF for vertices of Pgg,
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Table 4: SDAF and SDCF for Edges of Py,

Bias | xy | yz | xz |Biy;| ab | bd
ab | +02 |+03|+0.1| ab |0 +0.4
bd |-0.5]+0.1|-02 | bd |+04 1|0

Table 5: SDAF and SDCF for vertices of Pgg,

aZidf x z T azicf a c d
a |+02|+04|+03| a |0 +0.5 | +0.4
c |—06|+0.1|+03] ¢ |+0.5|0 +0.6
d |+04|-02|-0.1| d |—04]|+0.6|0

Table 6: SDAF and SDCF for Edges of Pgg,

ﬁzidf Xz | zr Xr ,82in ac | cd
ac |-0.1 |+0.3[+0.2| ac |0 +0.5
cd |—06[-01|-06| cd |+0510

Table 7: SDAF and SDCF for vertices of Pg¢, s¢,

afdf U azidf x Y ai—rcf V) a;—rcf a b c d
a +0.21+0.3 14041403 a 0 |+04|+05]|+04
b 0.5 1406 +0.1 ) b +04 0 [+03|+0.6
-0.6 | --- |[+0.1 |+0.3
c c +0.5 | +0.6 | 0 +0.6
d +0.11-0.51-0.2 1-0.1 | 4 0.4 | +0.3 | +0.6 | 0
Table 8: SDAF and SDCF for edges of Pgg. 56,
ﬁ;—rdf U ,BZidf Xy | yz | xz rz xr ﬁlicf U ﬁ;—rcf ab | bd ac cd

ab +0.2 | +0.3 | +0.1 | --- | --- ab 0 +0.4 | -0.1 [ +0.5
bd -0.5+0.1 [-0.2 |- |- bd +0.4 |0 +0.3 | +0.4
ac - - -0.1 | +0.3 | +0.2 ac +051-02 |0 +0.5
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cd - - —0.6 | 0.1 | —0.6 cd -0.1 [+0.4|-03 |0
(x,a), +02 (yv.a),+03 (z.a)+0.4 (z,a).+04 (r.a)+03 (xb).—05

(xy.ab).+0.2
(v.b), +0.6

(z.b), +0.1

(x.d), +0.1 (re)+03 (o so1 (y.)

Union of Plithogenic Signed Graph

2.2 JOIN OF PLITHOGENIC SIGNED GRAPHS

Definition 11 Consider any two plithogenic signed graphs

Psq, = (Psy,, Qsg,, 01)and Ps;, = (Psy,, Qsg,, 02)as given in Definition 10 of crisp signed graphs G; =

(Vl, El, 0'1)and G; = (Vz,Ez,Uz), We define their jOin as PSG1 + PSGZ = (PSV1 + PSVZ' QSE1 + QSEZ,O')

where Psy, + Psy, = (PLU Py, g Uiy, By UE,,, (“I_rdf U azidf)' (aI_ch U aZicf))

and Qsg, + Qsg, = (Q1V QU Qv Uvy, @y, UQy,, (,Blidf U .Bzidf): (.Blicf U .Bzicf))

and Q' = P; X P,. Here we have P, UP, S V; UV, (P UP,,Q; UQ, UQ')is a graph, (u; U u,,v; U

Vv,)is an attribute, and B, U B, is the range of attribute. The sign function oon the join is defined by
oi1(e), e€Q,

a(e) =q0z2(e), e€Q,
+1, e€qQ’

attributes for vertices and Q,, U Q,,is range of attributes for edges so that (Pu L VUB,, Q) U QVZ) is a
graph. Here the signed degree of appurtenance for vertices of Psg, 156,18 defined as
(@iay + @aap): (PrUP) X (B UR,) > [—11]
such that
() (afyy + aza0) (0, x,) = afy; (x, x,)if (x,x,) € (P X B\ (P X B,),
(i) (afyy + a3ap) (%, %) = a3y, (%, %, )if (x,%,) € (P, X Py,) \ (Py X By,),
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(iii) (afys + @5a0) (%, %) = max {a5 .7 (%, x,), a5 (X, )N (x,%,) € (Py X B,) N (P, X By,).

The degree of contradiction for vertices is

(aier +a3.): (B, UB,) X (B, UB,) = [-11] such that (af,; + aj,)(a,a) = Ofor all
(@ a)and(ai,; + az.7)(a,b) = (ai; + az,;)(b,a) forall (@ b).

Also the signed degree of appurtenance for edges of Psg, 456, i.e. for @1 U Q, U Q’, where Q'stands for
the set of all edges joining the nodes of P;and P,, is given by

(ﬂlidf + ﬁ;—rdf): (Q1UQUQ) %X (Qy,VUQy,) »[-11] and the degree of contradiction for edges is
(Bicr + Baep): (Qv, U Qy,) X (Qy, U Q) = [-1.1].

(i) (Biar + Brap) (@), (0, 0)) = (Biay U Bra) (@), (v,0))  if  ((x,@), (y,b)) € (Q1 U Q2) X
Qv1Uv2

(1i1) (:31df + ,Bzdf)((x a),(y,b)) = min {alcf(x a), asz(y, b)} and the degree of contradiction for

edges is (ﬁlcf + ﬁsz) Qvluvz X Qvluvz - [-1,1]
such that ((Bis + B (@, b), (a,b)) = Ofor all ((a,), (@, b)) € Quyuv, X Quyuv,-
Also we have ((Bies + Brep) (@, b), (6, d)) = ((Biey + Baep) (. d), (a, b))
Then P, +s6, = (Psv,+sv,, Qsk, +sE,» 0)1s a plithogenic signed graph iff
(Biar + Brap)((x, @), (v, b)) < min {(aigs + azqp)(x, @), (aigr + a347) (7, b)} (18)

for all ((x,@), (¥,b)) € (Q1 U Q2 U Q') X Qy,uy,salso

((Bicy + Baep)((a,b), (e, d)) < min{(aiy + aiep)(a,b), (aiyy + aizep)(c. )} (19)for all
((a, b), (c,d)).
Example 4: Consider any two plithogenic signed graphs
Psg, = (PSV11 QSEl,al)and Pgg, = (PSVZ, QSEZ,O'Z) of crisp signed graphs
Gi = (Vy,E;, 07)and G; = (Vo Ey, 05), where Psy, = (P1, 11, By, @iy aip)and Psp =

(Q1,v1,Qy,, ,Blid f, ,Blic ) such that (P’ Q) be a graph with vertices
P, = {x,y,z}and edges Q; = {xy,yz xz}, Let (I;ym;)be an attribute, and (Pl . Qm 1)be a graph with
verticesP;, = {a, b} and edges Qm, = {ab}. Also let afdf: Py x P, - [-1,1]
be the signed degree of appurtenance function (SDAF) for vertices, and ai—rcf: P, X P, = [—1,1]be the
signed degree of contradiction function (SDCF) for vertices.Also let ﬁ;—’df: Q1 X Qm, = [—1,1] be the
signed degree of appurtenance function for edges, and ﬁ;—rcf: Qm, X Qm, = [—1,1] be the signed degree
of contradiction function for edges. For the second graph Psg,,Let Psy, = (P, 15, Py, a;—rdf, a;—rcf)
and Qsg, = (Q2,my, sz,ﬁ;—rdf,ﬁg—rcf), such that (P, Q,)is a graph with vertices P, = {x,z,1}
and edges Q, = {xz, zr,xr}. Let (l,y m,)be an attribute, and (Plz' sz)be a graph with vertices P, =

{a,c} and edges Qm, = {ac}. Also let a;—rdf: P, x P, - [—1,1]
be the SDAF for vertices, and a;—’cf: P, X P, - [-1,1]
be the SDCF for vertices. Also let ,Bzidfl Q2 X Qm, — [-1,1]
be the SDAF for edges, and ,Bzicf: Qm, X Qm, = [0,1]

be the SDCF for edges. We define their join as Psg + Psg, = (Psy, +SV5, Qsg, + SE3, 0)
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where Pgy, + Psy, = (PLU Py, [y Uly, Py, (alidf + azidf)r (alicf + azicf)) and Qgg, + Qsg, = (Q1 U
Q2, my Umy, Qm, um,» (ﬁ;_rdf + ﬁ;_rdf)» (:31icf + ﬁzicf)) Also,  Qsg, USE; = (Q1 U Q2 U Qo, my U
My, Qmyumyr (Bias U Brap), (Bies U Bier))- Here we have Py U P, € V3 UV, Q1 U Q, € Ey U Ey, such
that (P; U P, Q U Qy)is a graph, (I; U [, my Umy)is an attribute, Py, is the range of attributes for
vertices and @y, um, 1s the range of attributes for edges so that (Pl Ul Om 1Umz) is a graph.
Here the signed degree of appurtenance function (SDAF) for vertices of Pgg, + Psg, is
(@iaf + a34p): (PL U Py) X Py, = [-11],

and the signed degree of contradiction function (SDCF) for vertices is
(afcf + a;—rcf): P 1, X Py, = [—1,1], defined as in the corresponding tables.
Also, the signed degree of appurtenance function for edges is
(Blidf + ,Bzidf): (Q1 VU Q2 U Q) X Qm,um, = [—1,1], and the signed degree of contradiction function for
edges 18 (ﬁlicf + ﬁzicf): Qm,um, X QOm,um, = [0,1],
defined as in the corresponding tables. Each edge e € Q; U Q, U Qyis assigned a sign o(e) € {+1,—1}.

Table 9: SDAF and SDCF for vertices of Pgg,

+ +
Qiar | X y zZ | | ab

a |+02 |+03|+04 | ab |0

b -0.5 | +0.6 | +0.1

Table 10: SDAF and SDCF for Edges of Pg,

ﬁlidf Xy | yz | Xz ﬁlicf ab
ab | +0.2 |+03 |+0.1| ab |0

Table 11: SDAF and SDCF for vertices of Py,

+ +
Upar | X z | @y | GC

a +0.2 | +0.4 | +0.3 ac |0

c |—0.6 |+0.1 |+0.3

Table 12: SDAF and SDCF for Edges of Pgg,

ﬁzidf Xz | zr Xxr .Bzicf ac
ac |+0.1 |+0.3|[+0.2| ac |0

Table 13: SDAF and SDCF for Edges ofPg;, + Pgg,

ﬁlidf + ﬁzidf Xz vz Xz rz | xr yr ,Blicf + ﬁzicf ab ac bc

ab +0.1 | +0.1 | +0.1 | +0.1 | +0.3 | +0.2 ab 0 +0.5 |-0.2
ac +0.1 | +0.1 | +0.1 | +0.1 | +0.3 | +0.2 ac +0.5 |0 +0.1
bc +0.1 | +0.1 | +0.1 | +0.1 | +0.3 | +0.2 bc -0.2 |+.0.1 |0
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Table 14: SDAF and SDCF for vertices of Pg;, + Pgg,

alidf + azidf x y z T alicf + azicf ab | ac | bc
a +0.2 +0.3 +0.4 +0.3 ab 0 +0.5 | +0.4
b -0.5 +0.6 +0.1 | - ac +0.5 10 -0.1
c -0.6 ---- +0.1 +0.3 bc +04-0.1 |0
(x.b),—0.5 (x,¢),—0.6

(z.b), +0.1

2.3 CARTESIAN PRODUCT OF PLITHOGENIC SIGNED GRAPHS
Definition 12  Consider any two plithogenic signed graphs Pgs; = (PMl,PNl, al)and Pgg, =
(PMz' Py,, 02) as defined on crisp signed graphs G; = (Vy, Eq,01)andG; = (V,, E5, 03).
We define their Cartesian product as Psg xsg, = (PM1>< M, Pnoxny’ ax)
where

Putysn, = (My X My, iy X prp, (M, X My,), “;_Fdf x a%-df' alicf X “zicf)
is the Cartesian product of plithogenic sets for vertices; where (M; X M,) € (V; X V,), uy X
U, 1s an attribute,and (Mu | X Mﬂz)is the corresponding range of attribute values.
Also, az—rdf X a;—”df: (My; X M, ) x (M x M,,,) — [—1,1]is the Signed Degree of Appurtenance Function
(SDAF) for vertices such that (alidf X azidf)((xl,xlu), (xz,xZH)) € [-1,1],
and is defined as (aflidf X azidf)((xl,xlu), (xz,xZH)) =min {alidf(xl,xlu), azidf(xz,xZH)}
for all  ((xq,%1,), (%2, %2,)) € (My X M, ) X (My X My,). LetPy xn, = (Ny X Ny, v1 X v,, (N, X
N,,), ﬁlidf X Bzidf, ,Blicf X Bzicf) be the Cartesian product of plithogenic sets for edges, where
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(N; X Ny) c (E; X E;),v; X V,is some attribute, and (Nv | X N,,Z)is the corresponding range of attribute
values. Also, Biar X Bags: (N X Ny, ) X (N X Ny,) = [=1,1]
is the Signed Degree of Appurtenance Function (SDAF) for edges defined as:

((x, %), (X2, %2,)),
(( %), (2, 23,))

for all ((Cx, %), (2, X2,)), (6, %,), (03, %3,))) € (Ny X Ny,) X (N X Ny,,).

((xl) xlu)J (X, xu))*)
(CEZMACEN)

for all (((xl,xlu) (x, xu)) ((x1,%1,), (%,%,))) € (Ny X Ny,)) X (Ny X Ny,).Also, i, X az: (M, X
Mﬂl) X (MH2 ) —1,1] is the Degree of Contradiction Function for vertices, such that

(‘Zlin X aZin) ((xiwxiu)' (xiwxiu)) = 0 for all ((xiwxiu)' (xiwxiu)) € (Mul x Mul) x (Muz x),and
symmetry holds:

(alcf X “ZCf) ((xiwxju)' (x{wx;”)) (alcf X “Zcf) ((xijlu) ( Xy m))-SimﬂaﬂYa :Blicf X
B;Cf: (Nv | X NVZ) - [—=1,1] is the Degree of Contradiction Function for edges, such hat (,31in X

(Bias % B3ay) ( ) = min {aiy (%, %), Byar (62, X2,), (x5, x5,))}

(Bias X Brap) ( = min {8 (Crr, X1, (01, X1,)), @ (%, %)}

Bier) <<((x1” .xw).(xw.xw)),>> = 0 for all elements in (N,, X N, ), and symmetry holds for distinct

((xlwxlu)'(xlwxlu))
pairs.Then Pgg, xs¢, = (PM1>< My PNy xNy» O'X) is a plithogenic signed graph if and only if
(s X @ap) ((x, @), (7, b)),
(Biag X Baap) (. @), (0, )), (2, ©), (r, d))) < min
e (g X 3ap)(2,0), (r, D))
for all (((x, @), (v, b)), ((z,€), (r,d))) € (Ny X Ny, ) X (N X N,,).
Each product edge (e1,e,) € Ny X N,is assigned a sign oy (eq,€,) = g1(e1) - g,(e3)
Example 5 Let G = (V, Ey, 01), G5 = (V,, E;, 0,)be two crisp signed graphs.
Suppose that Psg, = (Py,, Pn,, 01), Psg, = (PMz' Py,, az)are two plithogenic signed graphs such
that Py, = (M, 1, M,,,, iy, ai,)and = (Ny, vy, Ny, ﬁfdf, Bp)-
Let M; = {x,y} c V;3,M, = {a, b}be the vertex attribute range.Let N; = {xy} c E;, N, = {ab}be the
edge attribute range. Cartes1an Product Psg, X Psg, The vertex set is:
My X My, ={(x,a), (x,b), (y,a), (¥, b)}
M, X M,,, = {(x,a),(x,¢),(z,a),(zc)}
Hence the vertex pairs are all ordered pairs from these sets.SDAF for vertices
(@iay X yap) (01, x1), (2 22,)) = min {@igp (61, %1), Wy (62, X203
Then Psg, «s¢,18 a plithogenic signed graph iff:
(@ay X @ap) (%, @), (7, b)),

Bla * Brap (@ D 0.0 (@), o) sminy AT )
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for all ((Co @), (7,5)), ((2,€), (r,d))) € (Ny X Ny, ) X (N X Ny,).
Computations:
1.
(afyp X aZy)((x,a), (x,€)) = min {+0.3,+0.2} = +0.2
2.
(@izy X @340) (%, D), (x,€)) = min {+0.4,+0.2} = +0.2
3.
(@iar X @340)((x, D), (z,¢)) = min {+0.4,+0.2} = +0.2
4,
(aiyr X a34.)((x,b), (z,2)) = min {+0.4,+0.5} = +0.4
5.

(aiyr X a340)((7,a), (2,@)) = min {+0.7,4+0.5} = +0.5
and so on. Signed DAF for edges

Case 1:
(Bius X Brap) ((x, @), (x,0)), ((x, @), (z,¢))) = min {aiy; (x, @), By (%, ), (2,0))}
= min {+0.3,4+0.2} = +0.2

Case 2:
(Biar X B ((x, @), (z,@)), ((x, @), (2, €))) = min {afy,(x,a), Bry; (2, @), (z,¢))}
= +40.2

Case 3:

(Biar X Baap) (((x, b), (x, @), (0, D), (x,@))) = min (B¢ ((x, b), (¥, b)), aaqp (x, @)}

= +0.4
For every product edge (ej,e;) € Ny XN,, ox(ei, e;)=o01(e) 0z(ey)=(+1)-(+1)=+1.
Table 15 : SDAF and SDCF for vertices of Pgg,

alidf Xy ﬁlidf xy
a +03 +0.7 ab 03
b +0.4 +0.6
Table 16: SDAF and SDCF for Edges of Pgg,
ai,; ab Pl ab
a 0 +03 ab O
b +03 0
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Table 17: SDAF and SDCF for vertices of Pgg,

+
Upqr XZ

+
.Bz_cf Xz

a +03 +0.5 ac 0.2

c +0.6 +0.2

Table 18: SDAF and SDCF for Edges of Pgg,

+ +
az_cf ac ﬁz_cf
a 0 +0.5
c +05 0

XZ

ac 0

Table 19: SDAF and SDCF for vertices of Pgg, X Pgg,

a;—rf a, a,
Ve 404 +0.11
Vy +034 +0.03

v+ 4l

+
as a, ay a

+0.35 +03 a, 0

a,

+036 +04 a; 0.1

+0.1
0

+1 +1  a 4035 +0.6

a; +0.2

Table 20: SDAF and SDCF for vertices of Pg;, X Pgg,

+0.4

+0.35
+0.6
0
+0.15

+0.2
+0.4
+0.15

a;l_rf a, a; as Ay a;_rf aq aq a; a
Vs | +0.4 | +0.11 | +0.35 | +0.3 | a; |0 +0.1 | +0.35 | +0.2
Vy | 1034 | +0.03 | +0.36 | +0.4 | a; | +0.1 |0 +0.6 | +0.4
v+ |41 |41 |41 | a; | 035|406 0 +0.15
a, |t0.2 | +0.4 |+0.15|0
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1.

{(x,a)(x,c)),+0.3

((x,a){x,a)).+0.3
((x.a)z,al03 403
((x. b)(z. c)
+0.2
+0.3

x.a)z.c)) +0.2

+0.2 03¢5 a)(x.q)). +03
x, b){x, a)), +0
((x.b)(z.a)), P8
((y.b)(x.a)). #0.3 (% b)(x. €)), +0.4
+0.4 N
((v.a)(z.4)). +0.5
((v.b)(z.c)), +0.2 04 +0.5
((v.a)(z.@)). +0.5
4 705 9
(v, B)(x,€)), +0.6 (- a)z ). +02  ((y,a)(x.c)).+0.6

Cartesian Product of Plithogenic Signed graphs

Conclusion

In this article, we have introduced and systematically developed the concept of Plithogenic Signed Graphs
(PSG) as an extension of plithogenic graphs by incorporating the notion of edge sign along with degrees
of appurtenance and contradiction. This framework provides a more expressive and realistic modeling tool
for systems where relationships are not only uncertain but also possess positive or negative influence.We

have defined and analyzed fundamental binary operations on plithogenic signed graphs and its operators.
Overall, this study enriches the theoretical foundation of plithogenic graph theory and opens new
directions for future research, including the study of other graph operations, balance theory in PSGs, and

real-world applications in complex systems with both uncertainty and polarity”.

REFERENCES

Abdel-Basset, M., El-hoseny, M., Gamal, A., & Smarandache, F. (2019). A novel model for evaluation
hospital medical care systems based on plithogenic sets. Artificial Intelligence in Medicine, 100, 1-8.
https://doi.org/10.1016/j.artmed.2019.101710
Abdel-Basset, M., & Mohamed, R. (2019). A novel plithogenic TOPSIS-CRITIC model for sustainable
supply chain risk management. Journal of Cleaner Production, 24, 7119587.
https://doi.org/10.1016/j.jclepro.2019.119586

. Abdel-Basset, M., Mohamed, R., Zaied, A.N.H., & Smarandache, F. (2019). A hybrid plithogenic

decision-making approach with quality function deployment for selecting supply chain sustainability
metrics. Symmetry, 11, 903. https://doi.org/10.3390/sym 11070903

IJFMR260167064 Volume 8, Issue 1, January-February 2026 19



http://www.ijfmr.com/
https://doi.org/10.3390/sym11070903

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com
4. Ahmad, T., Khan, M., Haroon Musa, T.H., Nasir, S., Hui, J., Bonilla-Aldana, D.K., & Rodriguez-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Morales, A.J. (2020). COVID-19: zoonotic aspects. Travel Medicine and Infectious Disease, 36,
101607. https://doi.org/10.1016/j.tmaid.2020.101607

Akram, M. (2012). Interval-valued fuzzy line graphs. Neural Computing and Applications, 21, 145—
150. https://doi.org/10.1007/s00521-011-0733-0

Akram, M., & Dudek, W.A. (2011). Interval-valued fuzzy graphs. Computers & Mathematics with
Applications, 61, 289-299. https://doi.org/10.5391/1JF1S.2020.20.4.316

Akram, M., Alshehri, N.O., & Dudek, W.A. (2013). Certain types of interval-valued fuzzy graphs.
Journal of Applied Mathematics, 2013, 857070. https://doi.org/10.1155/2013/857070

. Atanassov, K.T. (1986). Intuitionistic fuzzy sets. Fuzzy Sets and Systems, 20, 87-96.

https://doi.org/10.1016/S0165-0114(86)80034-3

. Atanassov, K.T. (1995). On intuitionistic fuzzy graphs and intuitionistic fuzzy relations. In Proceedings

of the VI IFSA World Congress, Sao Paulo, Brazil, Vol. 1, pp. 551-554.

Aydogdu, A. (2015). On similarity and entropy of single-valued neutrosophic sets. General
Mathematics Notes, 29(1), 67-74.

Bhattacharya, P. (1987). Some remarks on fuzzy graphs. Pattern Recognition Letters, 6, 297-302.
https://doi.org/10.1016/0167-8655(87)90012-2

Broumi, S., Talea, M., Bakali, A., & Smarandache, F. (2016). Single valued neutrosophic graphs.
Journal of New Theory, 10, 86—-101.

Cartwright, D., & Harary, F. (1956). Structural balance: A generalization of Heider’s theory.
Psychological Review, 63, 277-293.

Deli, M., Ali, M., & Smarandache, F. (2015). Bipolar neutrosophic sets and their application based on
multi-criteria decision making problems. In Proceedings of the International Conference on Advanced
Mechatronic Systems (ICAMechS), pp. 249-254. https://doi.org/10.1109/ICAMechS.2015.7287068
Fazeelat Sultana, Muhammad Gulistan (2023) A Study of Plithogenic Graphs: Applications in
spreading coronavirus disease (COVID )

Gani, N., & Ahamed, M.B. (2003). Order and size in fuzzy graphs. Bulletin of Pure and Applied
Sciences, 22E(1), 145-148.

Gani, N., & Begum, S.S. (2010). Degree, order and size in intuitionistic fuzzy graphs. International
Journal of Algorithms, Computing and Mathematics, 3(3).

Gayen, S., Smarandache, F., Jha, S., Singh, M.K., Broumi, S., & Kumar, R. (2019). Introduction to
plithogenic subgroup. In Neutrosophic Graph Theory and Algorithm (pp. 209-233). IGI Global,

Pennsylvania.

Gayen, S., Smarandache, F., Jha, S., Singh, M.K., Broumi, S., & Kumar, R. (2020). Introduction to
plithogenic hypersoft subgroup. Neutrosophic Sets and Systems, 33, 208-233.

Gulistan, M., Yaqoob, N., Rashid, Z., Smarandache, F., & Wahab, H.A. (2018). A study on neutrosophic
cubic graphs with real life applications in industries. Symmetry, 10, 203.
https://doi.org/10.3390/sym10060203

Gulistan, M., Ali, M., Azhar, M., Rho, S., & Kadry, S. (2019). Novel neutrosophic cubic graphs
structures with application in decision making problems. IEEE Access, 7, 94757-94778.
https://doi.org/10.1109/ACCESS.2019.2925040

Harary, F. (1953). On the notion of balance of a signed graph. Michigan Mathematical Journal, 2(2),
143-146.

IJFMR260167064 Volume 8, Issue 1, January-February 2026 20



http://www.ijfmr.com/
https://doi.org/10.1007/s00521-011-0733-0
https://doi.org/10.1016/S0165-0114(86)80034-3
https://doi.org/10.1016/0167-8655(87)90012-2
https://doi.org/10.1109/ICAMechS.2015.7287068

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com
23. Huang, L., Hu, Y., & Kishore, P.K. (2019). A study of regular and irregular neutrosophic graphs with

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

real life applications. Mathematics, 7, 551. https://doi.org/10.3390/math7060551

Jun, Y.B., Kim, C.S., & Kang, M.S. (2010). Cubic sub-algebra and ideals of BCK/BClI-algebra. Far
East Journal of Mathematical Sciences, 44, 239-250.

Jun, Y.B., Lee, K.J., & Kang, M.S. (2011). Cubic structures applied to ideals of BCI-algebra. Computers
& Mathematics with Applications, 62, 3334-3342. https://doi.org/10.1016/j.camwa.2011.08.042

Jun, Y.B., Kim, C.S., & Yang, K.O. (2012). Cubic sets. Annals of Fuzzy Mathematics and Informatics,
4, 83-98.

Jun, Y.B., Smarandache, F., & Kim, C.S. (2017a). Neutrosophic cubic sets. New Mathematics and
Natural Computation, 13, 41-54. https://doi.org/10.1142/S179300571750004 1

Jun, Y.B., Smarandache, F., & Kim, C.S. (2017b). P-union and P-intersection of neutrosophic cubic
sets. Versita, 25, 99-115. https://doi.org/10.1515/auom-2017-0009

Kandasamy, W.B.V., [lanthenral, K., & Smarandache, F. (2015). Neutrosophic graphs: A new dimension
to graph theory. Bruxelles: Europa Nova ASBL.

Kauffman, A. (1973). Introduction a la théorie des sous-ensembles flous. Masson, Issy-les-Moulineaux.
Khan, F.M., Ahmad, T., Gulistan, M., Chammam, W., Khan, M., & Hui, J. (2021). Epidemiology of
coronaviruses, genetics, vaccines, and scenario of current pandemic of COVID-19: A fuzzy set
approach. Human Vaccines & Immunotherapeutics, 17, 1296-1303.
https://doi.org/10.1080/21645515.2020.1798697

Mishra, S.N., & Pal, A. (2016). Intuitionistic fuzzy signed graphs. International Journal of Pure and
Applied Mathematics, 106(6), 113—-122.

Nirmala, G., & Prabavathi, S. (2015). Mathematical models in terms of balanced signed fuzzy graphs
with generalized modus ponens. International Journal of Science and Research, 4(7), 2415-2419.
Rana, S., Qayyum, M., Saeed, M., & Smarandache, F. (2019). Plithogenic fuzzy whole hypersoft set:
Construction of operators and their application in frequency matrix multi-attribute decision making.
Neutrosophic Sets and Systems, 28, 34-50.

Rashid, S., Yaqoob, N., Akram, M., & Gulistan, M. (2018). Cubic graphs with application. International
Journal of Analysis and Applications, 16, 733—750. https://doi.org/10.28924/2291-8639
Rodriguez-Morales, A.J., Cardona-Ospina, J.A., Gutiérrez-Ocampo, E., et al. (2020). Clinical,
laboratory and imaging features of COVID-19: A systematic review and meta-analysis. Travel
Medicine and Infectious Disease, 34, 101623. https://doi.org/10.1016/1.tmai1d.2020.101623

Rosenfeld, A. (1975). Fuzzy graphs. In Fuzzy sets and their applications (pp. 77-95). Academic Press,
New York.

Shannon, A., & Atanassov, K.T. (1994). A first step to a theory of intuitionistic fuzzy graphs. In
Proceedings of the 1st Workshop on Fuzzy-Based Expert Systems, Sofia, Bulgaria, pp. 26-29, 59-61.
Smarandache, F. (1999). A unifying field in logics: Neutrosophic logic, neutrosophy, neutrosophic set,
neutrosophic probability. American Research Press, Rehoboth.

Smarandache, F. (2005). Neutrosophic set — A generalization of the intuitionistic fuzzy set. Journal of
Defense Resources Management, 1, 107-116.

Smarandache, F. (2017). Plithogeny, plithogenic set, logic, probability, and statistics. Brussels,
Belgium. arXiv:1808.03948

Smarandache, F. (2018a). Plithogenic set: An extension of crisp, fuzzy, intuitionistic fuzzy, and
neutrosophic sets revisited. Neutrosophic Sets and Systems, 21, 153—-166.

IJFMR260167064 Volume 8, Issue 1, January-February 2026 21



http://www.ijfmr.com/
https://doi.org/10.3390/math7060551
https://doi.org/10.1080/21645515.2020.1798697
https://doi.org/10.28924/2291-8639
https://doi.org/10.1016/j.tmaid.2020.101623

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com
43. Smarandache, F. (2018b). Extension of soft set to hypersoft set and then to plithogenic hypersoft set.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Octogon Mathematical Magazine, 27, 413—418.

Smarandache, F. (2018c). Physical plithogenic set. In APS Annual Gaseous Electronics Meeting
Abstracts, LW1-118.

Smarandache, F. (2018d). Aggregation plithogenic operators in physical fields. In 71st Annual Meeting
of the APS Division of Fluid Dynamics, Bulletin of the American Physical Society, Vol. 63.
Smarandache, F., & Broumi, S. (2018). Neutrosophic graph theory and algorithms, Vol. 8. IGI Global,
Pennsylvania.

Wang, H., Smarandache, F., Zhang, Y., & Sunderraman, R. (2005). Interval neutrosophic sets and logic:
Theory and applications in computing. Hexis, Phoenix, AZ. http://fs.unm.edu/INSL.pdf

Wang, H., Smarandache, F., Zhang, Y., & Sunderraman, R. (2010). Single valued neutrosophic sets.
Multispace and Multistructure, 4, 410—413.

World Health Organization (2020). Naming the coronavirus disease (COVID-19) and the virus that
causes it. https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-
guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it. Accessed 01
April 2020.

Yaqoob, N., Gulistan, M., Kadry, S., & Wahab, H.A. (2019). Complex intuitionistic fuzzy graphs with
application  in  cellular  network  provider = companies. Mathematics, 7, 35.
https://doi.org/10.3390/math7010035

Zadeh, L.A. (1975). The concept of a linguistic variable and its application to approximate reasoning-
I. Information Sciences, 8, 301-357. https://doi.org/10.1016/0020-0255(75)90046-8

Zadeh, L.A. (1996). Fuzzy sets, fuzzy logic, and fuzzy systems. In Advances in Fuzzy Systems —
Applications and Theory. World Scientific, Vol. 6.
https://www.worldscientific.com/worldscibooks/10.1142/2895

53. Zaslavsky, T. (1982). Signed graphs. Discrete Applied Mathematics, 4, 47-74.

IJFMR260167064 Volume 8, Issue 1, January-February 2026 22



http://www.ijfmr.com/
http://fs.unm.edu/INSL.pdf
https://doi.org/10.1016/0020-0255(75)90046-8
https://www.worldscientific.com/worldscibooks/10.1142/2895

