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Abstract

Intuitionistic fuzzy graphs IFgs are a generalization of same community which
belongs to assets and liabilities fuzzy graphs which provide us with a broader context to
address the uncertainty, hesitation, and ambiguity which naturally exists within real-world
complex systems, such as social networks, communication systems and biological networks.
With the intuitionistic fuzzy model, we can describe partial truths more accurately than we
could with classical or fuzzy graphs. A more recent development within this real includes
the Lanzhou index, a topological index that characterizes the molecular structure in chemical
graph theory more closely than the current derivatives provide. In this paper, we explore the
Lanzhou index’s graph operations on IFgs. Similarly, these operations will reflect alterations
in a network construction, such as combining systems, generating new links and expanding
the network, and the Lanzhou index’s behavior will be illustrative of the relative effect.
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1. Introduction

The incorporation of classical fuzzy graph concepts, which inherently
involve ambiguity and uncertainty, with club-based attributes assigned to nodes
and their associated components has gained significant attention. Uncertainty or
indistinctness often arises in relationships between entities for example, in social
networks where user relationships may be vague or ambiguous. Similarly,
decision-making processes may involve uncertain or equivocal choices, and
membership in clubs or organizations may not always be clearly defined,
leading to hesitation in classification. The principles of classical graph theory
are extended to domains where uncertainty and hesitation are essential elements
through various operations. In chemical graph theory, the complement of a
graph may represent the absence of bonds (or weak interactions), which can be
useful in designing molecules with desired properties and in identifying
potential side effects in chemical reactions [13—15]. In social network analysis,
the relationships among users and user groups are often uncertain; operations
such as union and intersection can help identify communities or potential new
connections. Gani and Ahamed [4] introduced new perspectives in this area for
order and degree of an intuitionstic fuzzy graph. Mohamed and Ali [5]
calculated the complement of max product of intuitionstic fuzzy graphs. Early
researchers studied complements based on max—min concepts and examined key
variations in intuitionistic fuzzy sets [7, 9]. Sahoo and Pal [10] compared fuzzy
orderings with similarity relations. Rosenfeld [11] introduced fuzzy graphs and
studied their properties. Binu, Mathew, and Mordeson [12] further investigated
different product structures in intuitionistic fuzzy graphs. Okelo and Onyango [8]
proposed concepts related to topological fuzzy Hausdorff spaces. The
foundational idea of fuzzy set theory was introduced by Atanassov [6], who later
developed intuitionistic fuzzy sets. Gani and Begum [3] defined degree, size,
and order in intuitionistic fuzzy graphs. The Lanzhou index and its properties,
which are related to physicochemical characteristics, were studied in [1, 2]. The
development of fuzzy graphs, intuitionistic fuzzy graphs, and their applications
is discussed in [16—18]. Cryptographic approaches in fuzzy graphs were
extended in [21], while strong and regular fuzzy graphs were analyzed in [22,
23]. Furthermore, connectivity-based indices were correlated with fuzzy
topological indices in [19, 20]. This study investigates various formulations of
the Lanzhou index under different graph operations and examines optimal
solutions based on membership criteria.

Throughout this paper, the basic notations related to [Fg, if there exists a
closed relation, it can be considered as a first neighborhood in the graph. The
absence of any connections between two nodes can be treated as a complement
relation. §(e) = (Su(e), 6y(e)) as ¢ = (,Q). no connections between any
two nodes as a complement [Fgs, & = (0, Q, &, 1), where 0 = 7,

(e &) = ay(e)noy (&) — i (e &),
E(fi» Sj) = a,(&) V 05(&) — Ilz(fz, Sj)V EnEEP
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The degree-based index in IFg, My (§) = Yyey(6) 85. The Lanzhou index
of graph IFgs is Lz(§) = Yuey(e) 646,

2. Combination of IFg

In this section, outline an intuitionistic fuzzy Lanzhou index. The Lanzhou
index is described because the fabricated from the diploma of the vertex and the
supplement diploma of the vertex. For the intuitionistic graph of the Lanzhou
index, we outline each the diploma of the vertex and the supplement diploma of
the vertex in phrases of reality club and fake club.

Definition 3.1: The Lanzhou index of [Fg is
12(9) = Zeep [T, (0 (2)) degf @), B, @)? (50 Tegf @)}

Definition 3.2: Let g, be a single valued [%g and ¢, be a single valued 17,
then ¢, ®g, be a single valued [Fgs.

0:6:3) (6,3)  0,(6.2) w; (.6,.4) 0,(6,3)
¢ (5.2) (6,3)
0,(4.1) 73(6,4) 03(:6,.3)

Figure 1
The IF ¢4 = (0,7) and g, = (w, 0)

Definition 3.3 Let ¢, be a single valued [7g and ¢, be a single valued [Fg, then
7, [ ¢, be a single valued [Fgs.
g1 = (0-1 T) and g2 = ((l), 9)

The IFg, g1 = (0,7) and g, = (w,0) in Figure 1, by the definition of
intuitionistic Lanzhou index in Figure 2, for tensor product of graph is,

Lz[(g1®g,)] = [(0.6)2(1.2)%(5.4) + (0.6)%(1.2)%(5.4) + (0.6)%(2.4)*(4.2)
+(0.6)%(1.6)%(3.8) + (0.6)%(1.6)%(5.0) + (0.6)*(3.4)*(2.6) + (0.6)%(1.0)*(5.6)
+(0.6)%(1.1)%(6.0) + (0.6)%(2.1)%(4.6) + (0.6)*(1.6)*(0.5) + (0.6)%(1.7)%(4.9)
+(0.6)2(3.2)%(3.9)],[(0.3)%(0.4)%(3.1) + (0.3)%(0.6)%(2.8) + (0.3)%(1.0)*(2.4)
+(0.2)2(0.6)%(2.1) + (0.2)%(0.7)2(2.3) + (0.2)?(1.3)*(1.4) + (0.4)%(0.6)%(4.0)
+(0.3)2(0.4)%(3.2) + (0.3)%(0.8)%(2.6) + (0.1)2(0.5)?(0.1) + (0.1)%(0.6)2(2.0)
+(0.1)2(1.3)2(1.7)]
Lz(g,®g,) = [45.261,0.848]
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0,0,(.6,.3) 0;,(.6,3)  0,0(.6,3;

Figure 2
Tensor Product of IF a®p

Consider a IFg for g and g, in Figure 3,

Lz[L(a [d B)] = [(0.6)?(4.2)2(2.4) + (0.6)%(4.2)%(2.4)
+(0.6)%(4.8)?(1.8) + (0.6)%(5.5)2(1.1) + (0.6)(5.7)2(0.9)
+(0.6)%(6.4)2(0.2) + (0.6)2(3.5)%(3.1) + (0.6)%(3.9)%(2.7)
+(0.6)%(4.6)%(2.6) + (0.6)2(5.1)%(1.5) + (0.6)%(5.6)%(1.6)
+(0.6)%(6.3)%(0.3)] + [(0.3)2(1.8)2(1.7) + (0.3)3(1.3)%(2.1)
+(0.3)%(2.1)2(1.3) + (0.2)%(2.2)2(0.7) + (0.2)%(2.3)2(0.4)
+(0.2)%(2.4)?(0.4) + (0.4)?(1.6)(2.8) + (0.2)?(1.5)2(1.6)
+(0.3)%(1.7)%(1.5) + (0.1)?(2.3)2(0.4) + (0.1)?(2.2)2(0.5)
+(0.1)%(2.2)%(0.6)]

Lz(a O B) = (155.52288,3.59539).

Definition 3.4: Let g, be a single valued [%g and ¢, be a single valued 17,
then g, X g, be a single valued [Fgs.

Consider a [Fg for g, and g, as in Figure 1, and Figure 2, the [Fgs for
cartesian product are in Figure 4,

Lz(g, X ¢ ) = (0.6)2(1.9)2(4.8) + (0.3)2(0.8)2(2.3) + (0.6)2(1.8)2(4.8)
+(0.3)2(0.9)2(2.5) + (0.6)2(2.4)2(4.2) + (0.3)2(1.1)?(2.3)
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+(0.6)2(2.3)%(4.2) + (0.2)%(0.9)2(2.0) + (0.6)2(2.3)%(4.2)
+(0.2)2(0.9)2(2.0) + (0.6)%(3.0)2(3.6)

+(0.2)2(1.1)2(1.9), (0.6)(1.8)2(4.2) + (0.4)2(0.6)%(3.8) + (0.6)%(2.4)?(4.2)
+(0.3)2(0.9)%(2.9) + (0.6)%(2.4)2(4.2) + (0.3)2(0.9)%(2.5)
+(0.6)2(2.4)%(4.3) + (0.1)2(0.9)2(1.9) + (0.6)2(2.4)%(4.2)
+(0.1)2(0.8)%(1.9) + (0.6)%(2.4)2(3.7) + (0.1)2(0.9)%(1.8)

Definition 3.5: Let g, be a single valued [y and ¢, be a single valued [Fg,
then ¢, * ¢, be a single valued [7gs.

Let g4 * g, be two single valued [Fgs, the strong product of g, * g, is a
single valued [Fg.
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Figure 3
Lexicographic Product of IFg a [-] 8

Lz(g, X g,) = (42.42778,39.475)
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3. Structural representations

Numerical descriptors, which have shape and meaningful connectivity, are
useful in analyzing and defining their properties. The connecting and non-
connecting relations are included in the indices. For example, the intuitionistic
fuzzy Hosoya index incorporates the uncertainty associated with bond strength
or presence within molecular configurations. In a similar vein, the intuitionistic
fuzzy clustering coefficient facilitates the analysis of local cohesion in networks
that are based on imprecise interaction data, while the intuitionistic fuzzy
possible relationships quantifies the significance of connectivity, the absence of
interest, the relevance of connectivity, the drawbacks associated with non-
neighborhood activities, and their intended applications, which are contingent
upon specific criteria and requirements.

Figure 4
Cartesian Product of IFg a X 8

4. Conclusion

The fuzzy graphs are associating both failure and winners for relations
ships connected mathematically for each edge. It provides a good representation
of uncertainty and hesitation that we typically see in real-world systems. In
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particular, [Fgss is useful for topological indices because they extend classical
descriptors based on graphs to environments where the information is imprecise,
vague, or incomplete. The topological indices for [Fgs include aspects that are
structural, or uncertain - providing measures that are both more accurate and
meaningful. This is especially relevant in Chemistry. I[Fgs allow us to model
molecular features that may not be definitively known regarding the strength of
a bond or interaction of an atom. This is useful in drug design or molecular
property predictions. In biology, IFgsallow us to model biological networks,
such as looking at protein-protein interactions when the existence of a
connection or it's strength may be uncertain. The Social Networks allow us to
model a range of trust or levels of influence between individuals, in a much
clearer way than traditional methods which focus on the arithmetic connection
and not the complexity of human relationships. For transportation can allow us
to model systems for both reliability and uncertain travel times or connections.
This is useful as it represents the world we are living in and can still allow us to
optimize a route based on an ambiguous situation. In recent days the decision-
making allows us to model uncertain or vague preferences of a multi-criteria
decision analysis. This is especially beneficial when the stakeholders’
preferences are not crisply defined.
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