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Abstract: Network science is a widely studied subject and graph theory has a major

role in it. Connectivity parameters hold a crucial role in the fault tolerance and reliability

of networks. This paper develops an algorithm that helps to enhance the connectivity status

of a fuzzy graph structure.

Keywords: Networks, Fuzzy graphs, Connectivity parameters

1. Introduction

Networks like the internet, power grids etc. are an integral part of our daily life. [1]

explicitely describes the fuzzification process of weighted neworks through fuzzifying func-

tions. The importance of connectivity indices in the connectivity analysis of networks can

be seen in [4,5]. Binu et.al. [2] discusses about the Connectivity Status (CS) of ver-

tices and that of a weighted graph structure. The same paper put forward two algorithms

related to connectivity status. This paper proposes an algorithm for the enhancement of

connectivity status of a fuzzified network.
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Based on Zadeh’s seminal paper “fuzzy sets”[7], Rosenfeld [6] introduced fuzzy graph

theory to the mathematical world in 1975. A fuzzy set of a set F is a function ν from F

into the closed interval [0, 1]. Symbolically, ν : F → [0, 1]. t-level set or t-cut of a fuzzy

set ν of a set F is defined by νt = {a ∈ F | ν(a) ≥ t}. For a set F and a fuzzy set ν of

F, support of ν is defined as ν∗ = {a ∈ F | ν(a) > 0}. A fuzzy relation η on a set F is a

fuzzy set of F × F. Symbolically, η : F × F → [0, 1]; 0 ≤ η(a, b) ≤ 1 for all (a, b) ∈ F × F.

η∗ = {(a, b) ∈ F × F | η(a, b) > 0; a, b ∈ ν∗} is the support of η. For convenience ab is

used to represent an element (a, b) of η∗. Note that symbols ∨ and ∧ stand for maximum

and minimum respectively.

Let ν be a fuzzy set of F and η, a fuzzy relation on F. Then η is called a fuzzy relation

on the fuzzy set ν if η(a, b) ≤ ν(a) ∧ ν(b) for every a, b ∈ ν∗. Let ν be a fuzzy set of F

and η be a fuzzy relation on ν. η is called a reflexive fuzzy relation if η(a, a) = ν(a), for

every a ∈ F. If η(a, b) = η(b, a) for every a, b ∈ F, then η is termed as a symmetric fuzzy

relation. A fuzzy graph is a triple G = (F, ν, η) consisting of a finite and nonempty set

F together with a pair of functions ν : F → [0, 1] and η : F × F → [0, 1], where η is

a reflexive and symmetric fuzzy relation on ν. Elements of ν∗ and η∗ are termed as the

vertices and edges of G.

G∗ = (ν∗, η∗) denotes the underlying graph of G = (ν, η). If G∗ is trivial, then G is

called a trivial fuzzy graph. The definitions of strength of connectedness between vertices,

connectedness, strongest paths, α strong, β strong edges, maximum spanning tree, fuzzy

tree, complete fuzzy graph etc. can be seen in [4,5].
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2. Algorithm

Algorithm 5.1 of [2] describes how to compute CS of vertices and a fuzzified graph. Given

a fuzzy graph G(ν, η) with | ν∗ |= n. Using algorithm 5.1 of [2], find r0 = CS(G). Let

r
′
= ∨{µ(uv)/uv ∈ η∗}. Let Gr(νr, ηr) denotes the level graph of G and C1, C2, C3, ..., Ck

are the connected components of Gr. Also ni is the number of vertices in Ci and N =∏k
i=1 ni. Let r0 < r < r

′
be a given real number to which the CS of the given fuzzy graph

to be enhanced.

1. Compute M = n
N (r − r0)

2. Find Maximum spanning tree T connecting components of Gr.

3. Construct a new fuzzy graph G′(ν, η
′
) spanned by the vertex set of G such that

η
′
(uv) = η(uv) for uv not in T and η

′
(uv) = η(uv) +M for uv in T.

4. Compute CS(G′).

5. If r > CS(G′) then go to step 1, by taking r0 = CS(G′) and improve the value of CS.

Repeat the process until r ≤ CS(G′).

3. Illustration of the algorithm

Consider the fuzzy graph G(ν, η) from the illustrative figure of Algorithm 8.3 of [3], where

ν∗ = {v1, v2, ..., v14}. Corresponding connectivity matrix is given below. The connectivity

status of each vertex is computed in Table 1.
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Table: CS of vertices

vertex CS(w) vertex CS(w)
(w) (w)
v1 0.2385 v8 0.2031
v2 0.2385 v9 0.3223
v3 0.2462 v10 0.3069
v4 0.2031 v11 0.3223
v5 0.2031 v12 0.2762
v6 0.2031 v13 0.0492
v7 0.2031 v14 0.0492

Here r0 = CS(G) = 0.2189 and r′ = 1. Let r = 0.3. In G0.3, there are four connected

components. The number of vertices in the components of G0.3 are 5, 4, 3, 2 respectively.

Thus N = 120 and M = 14
120 [0.3 − 0.21956] = 0.00946. The edges of the maximum
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spanning tree connecting components of G0.3 are v3v4, v8v13 and v1v10. Modify the given

fuzzy graph with an increment of 0.016 in the membership values of these edges. The

connectivity matrix of the modified fuzzy graph can be considered and the modified CS

is 0.2364 < 0.3. On completion of further six iterations, we get a fuzzy graph with the

desired CS.

4. Conclusion

Connectivity is one of the major parameters associated with a network. This paper intro-

duced an algorithm related to a connectivity parameter named connectivity status. The

developed algorithm helps the enhancement of connectivity status of any given connected

fuzzified network to a predetermined value.
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