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Abstract 

To avoid some limitations of fuzzy graphs, we introduced an advanced type of fuzzy graph named “𝜇𝑛 − fuzzy graphs 

(MFG)”. And we defined cut - node, Strength of connectedness, 𝜇𝑛 −fuzzy subgraph, partial 𝜇𝑛 −fuzzy subgraph, 

spanning 𝜇𝑛 −fuzzy subgraph, 𝜇𝑛 −fuzzy distance, 𝜇𝑛 −fuzzy eccentricity, in 𝜇𝑛 −fuzzy graphs and various properties 
and theorems of 𝜇𝑛 −fuzzy graphs are discussed.  

Index Terms: Fuzzy graph, 𝜇𝑛 − fuzzy graphs, 𝜇𝑛 − fuzzy distance.  

1 INTRODUCTION  

A network structure can be used to solve the combinatorial issues in a variety of fields including 
geometry, algebra, number theory, topology, optimization and computer science. When either the 
set of vertices or the set of edges, or both, is unclear, the model becomes a fuzzy graph. In this 

paper, the authors introduced an advanced type of fuzzy graph named 𝜇𝑛 − fuzzy graphs. Figure 

Figure 1 shows a real-life example of a fuzzy graph  

People are represented as vertices in the example, and particular values have been assigned to 
them based on their friendship. If there is no relationship, we presume the value is zero, and if the 
friendship is extremely tight, the value will be near to one. i.e., depending on the degree of the 
friendship, all values will be between 0 and 1. But one of the drawbacks we experience with this 
graph is that we are not able to identify the traits based on which the value is given. In short, we 
are not able to analyse the process of evaluation. ie, a single real number is not sufficient to define 
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a relation between two persons. This limitation can be overcome with the introduction of a new 

concept namely “𝜇𝑛 − fuzzy graphs”. In this model edge membership value is given as 𝑛 −  𝑡𝑢𝑝𝑙𝑒 
instead of a single real number. So that the above stated limitation of fuzzy graph is overcomes 
using this. Many authors, including Rosenfeld[3], Bhutani[1], Sunil Mathew[2], and Sunitha[4], 
established many connectivity notions in fuzzy graphs as a result of Zadeh[7][8], Yeh and 
Bang’s[6] work. More related work can be seen in[5],[9] 

A fuzzy graph (𝑓 − 𝑔𝑟𝑎𝑝ℎ) is a triplet 𝐺: (𝑉, 𝜎, µ) where 𝑉 vertex set, 𝜎 is a fuzzy subset of 𝑉 and µ 
is a fuzzy relation on 𝜎 such that µ(𝑢, 𝑣) ≤ 𝜎(𝑢) ∧ 𝜎(𝑣) for all𝑢, 𝑣 ∈ 𝑉, where ∧ represent the 

minimum. We assume that 𝑉 is finite and non - empty, µ is reflexive and symmetric. In all the 
examples 𝜎 is chosen suitably. Also, we denote the underlying crisp graph by 𝐺∗: (𝜎∗, µ∗) where 

𝜎∗ = {𝑢 ∈ 𝑆: 𝜎(𝑢) > 0} andµ∗ = {(𝑢, 𝑣) ∈ 𝑆 × 𝑆: µ(𝑢, 𝑣) > 0}. The fuzzy graph 𝜒 = (𝜏, 𝜈) is called a 
fuzzy subgraph of 𝜉 = (𝜎, µ) if 𝜏(𝑥) = 𝜎(𝑥) for all 𝑥 ∈ 𝜏∗ and 𝜈(𝑥, 𝑦)  =  µ(𝑥, 𝑦) for all edges(𝑥, 𝑦) ∈
𝜈∗ , 𝑥, 𝑦 ∈ 𝑉. A fuzzy graph 𝐻: (𝜏, 𝜈) is called a partial fuzzy subgraph of 𝐺: (𝜎, µ) if 𝜏 (𝑢) ≤ 𝜎(𝑢) ∀𝑢 ∈
 𝜏∗ and 𝜈(𝑢, 𝑣) ≤ µ(𝑢, 𝑣)∀(𝑢, 𝑣) ∈ 𝜈∗ and if in addition𝜏∗ = 𝜎∗, then 𝐻 is called a spanning fuzzy sub 

graph of𝐺. The maximum of the strengths of all pathways between two nodes 𝑥 and 𝑦 is defined 
as the strength of connectedness between them and is denoted by𝐶𝑂𝑁𝑁𝐺(𝑥, 𝑦). Through out, we 

assume that 𝐺 is connected. A 𝑥 − 𝑦 path 𝑃 is called a strongest 𝑥 − 𝑦 path if its strength 
equals𝐶𝑂𝑁𝑁𝐺(𝑥, 𝑦). The eccentricity of a node 𝑢 is defined and denoted by𝑒(𝑢) =
max {𝑑(𝑢, 𝑣)/𝑣 ∈ 𝑉}. The minimum and maximum eccentricities of all the nodes in a graph are 
known as the radius and diameter of the graph, respectively. 

2   𝝁𝒏 − FUZZY GRAPHS 

We introduce a new model of fuzzy graph in this section. 

Definition 2.1. A 𝜇𝑛 − fuzzy graph 𝐾 = (𝑀, 𝜎, µ) is an algebraic structure of non-empty set 𝑀 
together with a pair of functions 𝜎: 𝑀 → [0,1] and µ: 𝑀 × 𝑀 → [0, 1]𝑛 such that for all 𝑥, 𝑦 ∈
𝑀, µ𝑖(𝑥, 𝑦) ≤ 𝜎(𝑥) ∧ 𝜎(𝑦) for  𝑖 = 1, 2, . . . , 𝑛 , where µ𝑖 is the 𝑖 th co - ordinate value or projection 
value of µ , ie, if µ(𝑥, 𝑦)  =  (𝑢1, 𝑢2, . . . , 𝑢𝑛),  0 ≤ 𝑢𝑖 ≤ 1 for all 𝑖 =  1, 2, . . . , 𝑛 , then   µ𝑖(𝑥, 𝑦) = 𝑢𝑖 for  

Figure 2 

𝑖 = 1, 2, . . . , 𝑛 and µ is a symmetric fuzzy relation on 𝜎 and ∧ represent the minimum. Here 𝜎(𝑥) 
and µ(𝑥, 𝑦) represent the membership values of the vertex 𝑥 and of the edge (in 𝑛 tuple) (𝑥, 𝑦) in 

𝐾 respectively. 



Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/  
Journal of Tianjin University Science and Technology 
ISSN (Online): 0493-2137 
E-Publication: Online Open Access  
Vol:55 Issue:07:2022 
DOI10.17605/OSF.IO/8QYVH 

 

July 2022 | 11  

 

For 𝑛 =  1, it is simply a fuzzy graph, for 𝑛 = 2, 𝜎 ∶ 𝑉 → [0, 1] and  µ: 𝑉 × 𝑉 → [0,1] × [0,1] such that 
for all 𝑥, 𝑦 ∈ 𝑉 , µ1(𝑥, 𝑦) ≤ 𝜎(𝑥) ∧ 𝜎(𝑦) and µ2(𝑥, 𝑦) ≤ 𝜎(𝑥) ∧ 𝜎(𝑦). For example, consider the graph 
𝐺 = (𝑉, 𝜎, µ),  𝑉 = {𝑣1, 𝑣2, 𝑣3, 𝑣4, 𝑣5}, the membership values of the vertices are 𝜎(𝑣1)  =  1, 𝜎(𝑣2)  =
 0.9, 𝜎(𝑣3)  =  1, 𝜎(𝑣4)  =  0.8, 𝜎(𝑣5)  =  0.6 and the edge membership values are µ(𝑣1, 𝑣2)  =
 (0.2, 0.6) ,  µ(𝑣2, 𝑣3)  =  (0.0, 0.9) ,  µ(𝑣3, 𝑣4)  = (0.0, 0.7) ,  µ(𝑣4, 𝑣5)  =  (0.4, 0.2) ,  µ(𝑣5, 𝑣1)  =
 (0.2, 0.5) ,  µ(𝑣1, 𝑣3)  = (0.0, 1.0) , µ(𝑣4, 𝑣2) =  (0.6, 0.1). 

              

Definition 2.2. The weight of an edge in a 𝜇𝑛 − fuzzy graph 𝐾 ∶  (𝑀, 𝜎, µ) is defined as the norm 

of the membership value of that edge. ie, weight of the edge (𝑢, 𝑣), 𝑤(𝑢, 𝑣) = ‖µ(𝑢, 𝑣)‖, where ‖. ‖ 

is a norm on ℝ𝑛, we can choose suitable norms according to our requirements.  

Definition 2.3. Given a 𝜇𝑛 − fuzzy graph  𝐾 ∶  (𝑀, 𝜎, µ), the underlying crisp graph is denoted as  
𝐾∗ ∶ (𝜎 ∗ , µ∗) where 𝜎∗ = {𝑢 ∈ 𝑉: 𝜎(𝑢) > 0} andµ∗ = {(𝑢, 𝑣) ∈ 𝑀 × 𝑀: 𝑤(𝑢, 𝑣) > 0}.  

Definition 2.4. A path in 𝐾 is a sequence of vertices𝑥0, 𝑥1, . . . , 𝑥𝑚, such that 𝑤 (𝑥𝑖−1, 𝑥𝑖) > 0 for𝑖 =
1, 2, . . . . , 𝑚, the path is said to have length𝑚. Two nodes that are joined by a path are said to be 
connected. A component of a 𝜇𝑛 − fuzzy graph is the 𝜇𝑛 − fuzzy sub graph such that any two 
vertices are connected by path. So, a 𝜇𝑛 − fuzzy graph is said to be connected if it has one 
component and disconnected otherwise. 

Definition 2.5. Let 𝐾 ∶  (𝑀, 𝜎, µ) be a 𝜇𝑛 − fuzzy graph, then the 𝜇𝑛 − strength of the path 𝑃: 𝑢1 −
𝑢2 − ⋯ − 𝑢𝑛 = 𝑒1 − 𝑒2 − ⋯ − 𝑒𝑛−1 is defined by 𝑆𝜇(𝑃) = ∑ ‖𝜇(𝑢𝑖, 𝑢𝑖+1 )‖𝑛−1

𝑖=1  OR 𝑆𝜇(𝑃) =

∑ ‖𝜇(𝑒𝑖 )‖𝑛−1
𝑖=1 , where 𝑢1, 𝑢2, … , 𝑢𝑛 are the vertices of the path 𝑃 and 𝑒1, 𝑒2, … , 𝑒𝑛−1 are the 

corresponding edges and ‖. ‖ is a norm on ℝ𝑛, we can choose suitable norms according to our 
requirements. 

3.  𝝁𝒏 − FUZZY DISTANCE 

Definition 3.1. Let 𝐾 ∶  (𝑀, 𝜎, µ) be a 𝜇𝑛 −  fuzzy graph, then the 𝜇𝑛 −  fuzzy distance between two 
nodes 𝑢 and 𝑣 in 𝐺 is defined to be 𝑑𝜇(𝑢, 𝑣) =∧𝑃 {𝑆𝜇(𝑃)/𝑃 is a 𝑢 −  𝑣 path}, where 𝑆𝜇(𝑃) is the 

𝜇𝑛 −  strength of the path 𝑃 and ∧ represents the minimum. 

Remark 3.1. For a path 𝑃: 𝑢1 − 𝑢2 − ⋯ − 𝑢𝑛 in a 𝜇𝑛 −  fuzzy graph : (𝑀, 𝜎, µ) , ‖𝜇(𝑢𝑖 , 𝑢𝑖+1 )‖ = 0 

for some 𝑖 iff𝑢1 = 𝑢𝑛.  

Theorem 3.1. 𝑑𝜇 is a metric on 𝜇𝑛 −  fuzzy graph 𝐾 ∶  (𝑀, 𝜎, µ). 

(i) 𝑑𝑒(𝑢, 𝑣) ≥ 0  

Clearly ‖𝜇(𝑢𝑖 , 𝑢𝑖+1 )‖ ≥ 0 as ‖∙‖ is a norm on ℝ𝑛 ⇒ ∑ ‖𝜇(𝑢𝑖, 𝑢𝑖+1 )‖𝑛−1
𝑖=1 ≥ 0    ⇒ 𝑆𝜇(𝑃) ≥ 0 for each 

𝑢 − 𝑣 path 𝑃 ⇒∧𝑃 {𝑆𝜇(𝑃)} ≥ 0 ⇒ 𝑑𝜇(𝑢, 𝑣) ≥ 0 

(ii) 𝑑𝜇(𝑢, 𝑣) =  0 ⇔ 𝑢 =  𝑣 

𝑑𝜇(𝑢, 𝑣) = 0 ⇔∧𝑃 {𝑆𝜇(𝑃): 𝑃 is a 𝑢 − 𝑣 path} = 0 ⇔ 𝑆𝜇(𝑃) = 0 for a 𝑢 − 𝑣 path 𝑃 ⇔

∑ ‖𝜇(𝑢𝑖, 𝑢𝑖+1 )‖𝑛−1
𝑖=1 = 0 ⇔ ‖𝜇(𝑢𝑖 , 𝑢𝑖+1 )‖ = 0 for 𝑖 = 1,2, … , 𝑛 − 1   ⇔ 𝜇(𝑢𝑖, 𝑢𝑖+1 ) = 0 for 𝑖 =
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1,2, … , 𝑛 − 1.  For a path 𝑃 connecting 𝑢 and 𝑣 , 𝜇(𝑢𝑖 , 𝑢𝑖+1 ) = 0 for 𝑖 = 1,2, … , 𝑛 − 1 ⇔ 𝑢 = 𝑢1 =
𝑢2 = ⋯ = 𝑢𝑛 = 𝑣 ⇔ 𝑢 = 𝑣. So, 𝑑𝜇(𝑢, 𝑣) = 0 ⇔ 𝑢 = 𝑣.   

(iii) 𝑑𝜇(𝑢, 𝑣) = 𝑑𝜇(𝑣, 𝑢) 

𝑑𝜇(𝑢, 𝑣) =∧𝑃 {𝑆𝜇(𝑃)/𝑃 is a 𝑢 − 𝑣 path, 𝑆(𝑃) is the strength of the 𝑃} =∧𝑃 {𝑆𝜇(𝑃)/𝑃 is a 𝑣 − 𝑢 path, 

𝑆𝜇(𝑃) is the strength of the 𝑃} = 𝑑𝜇(𝑣, 𝑢). ie, 𝑑𝜇(𝑢, 𝑣) = 𝑑𝜇(𝑣, 𝑢). 

 (iv) 𝑑𝜇(𝑢, 𝑤)  ≤  𝑑𝜇(𝑢, 𝑣)  + 𝑑𝜇(𝑣, 𝑤) 

Now for triangle inequality, let 𝑃1 be a 𝑢 −  𝑣  path such that 𝑑(𝑢, 𝑣)  =  𝐿(𝑃1) and 𝑃2 be a 𝑣 − 𝑤 

path such that𝑑(𝑣, 𝑤)  =  𝐿(𝑃2). The path 𝑃1 followed by 𝑃2 is a 𝑢 −  𝑤 walk and since a path can 
be extracted from every walk, there is a 𝑢 −  𝑤 path in 𝐺 whose length is at most 𝑑𝜇(𝑢, 𝑣)  +

𝑑𝜇(𝑣, 𝑤). Therefore 𝑑𝜇(𝑢, 𝑤)  ≤  𝑑𝜇(𝑢, 𝑣)  +  𝑑𝜇(𝑣, 𝑤). 

So 𝑑𝜇(𝑢, 𝑤)  ≤  𝑑𝜇(𝑢, 𝑣)  +  𝑑𝜇(𝑣, 𝑤).   

Definition 3.2. The 𝜇𝑛 − fuzzy graph 𝜒 =  (𝜏, 𝜈) is called a 𝜇𝑛 − fuzzy subgraph of 𝜉 =  (𝜎, µ) if    
𝜏 (𝑥)  =  𝜎(𝑥) for all 𝑥 ∈  𝜏∗ and 𝜈𝑖(𝑥, 𝑦)  =  µ𝑖(𝑥, 𝑦), 𝑖 =  1, 2, . . . , 𝑛 for all edges (𝑥, 𝑦)  ∈  𝜈∗ , 𝑥, 𝑦 ∈

 𝑀 

Here, figure 3 is a 𝜇2 − fuzzy subgraph of figure 2.  

Definition 3.3. A 𝜇𝑛 − fuzzy graph 𝐻 ∶  (𝜏, 𝜈) is called a partial 𝜇𝑛 − fuzzy subgraph of 𝐺: (𝜎, µ) if 
𝜏(𝑢) ≤ 𝜎(𝑢)∀𝑢 ∈ 𝜏∗ and 𝜈𝑖(𝑢, 𝑣) ≤ µ𝑖(𝑢, 𝑣)∀(𝑢, 𝑣)  ∈ 𝜈∗ for 𝑖 = 1, 2, . . . , 𝑛  and if in addition 𝜏∗ =  𝜎∗ 

, then 𝐻 is called a spanning 𝜇𝑛 − fuzzy subgraph of 𝐺. 
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Here figure 4 is a partial 𝜇2 − fuzzy subgraph of figure 2 and figure 5 is a spanning 𝜇2 − fuzzy 
subgraph of figure 2.  

Definition 3.4. The strength of connectedness between two nodes 𝑥 and 𝑦 is defined as the 
maximum of the 𝜇𝑛 − strengths of all paths between 𝑥 and 𝑦 and is denoted by µ∞(𝑥, 𝑦) or 

𝐶𝑂𝑁𝑁𝐺(𝑥, 𝑦). Through out, we assume that 𝐺 is connected. An 𝑥 − 𝑦 path 𝑃 is called a strongest 
𝑥 −  𝑦 path if its strength equals 𝐶𝑂𝑁𝑁𝐺(𝑥, 𝑦). 

Definition 3.5. Let 𝐻 −  (𝑥, 𝑦) be the 𝜇𝑛 − fuzzy graph obtained from 𝐻 by replacing µ𝑖(𝑥, 𝑦) by 0 
for   𝑖 =  1, 2, . . . , 𝑛. We call the arc (𝑥, 𝑦) strong in 𝐻 if µ𝑖(𝑥, 𝑦) > 0  for some 𝑖 =  1, 2, . . . , 𝑛 
and‖µ(𝑥, 𝑦)‖ ≥ 𝐶𝑂𝑁𝑁𝐻−(𝑥,𝑦)(𝑥, 𝑦), otherwise the arc (𝑥, 𝑦) is called weak. 

Definition 3.6. Let 𝐾 ∶  (𝑀, 𝜎, µ) be a connected 𝜇𝑛 − fuzzy graph. Then the 𝜇𝑛 − fuzzy eccentricity 
of a node 𝑢 ∈ 𝑉(𝐾) is defined and denoted by𝑒𝜇(𝑢)  = ∨𝑣∈𝑀 {𝑑𝜇(𝑢, 𝑣)}, where ∨ represents the 
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maximum. The set of all 𝜇𝑛 − fuzzy eccentric nodes of a node 𝑢 is denoted by𝑢∗. 𝐾 is a unique 

eccentric node (u.e.n) 𝜇𝑛 − fuzzy graph if each node in 𝐾 has a unique eccentric node. 

Definition 3.7. The minimum of the 𝜇𝑛 − fuzzy eccentricities of all nodes is called the 𝜇𝑛 − radius 
of the graph𝐺. It is denoted as𝑟𝜇(𝐺). Thus𝑟𝜇(𝐺)  = ∧𝑢∈𝑉 {𝑒𝜇(𝑢)}. 

Definition 3.8. The maximum of the 𝜇𝑛 − fuzzy eccentricities of all the nodes is called the 𝜇𝑛 − 
fuzzy diameter of the graph𝐺. It is denoted as𝑑𝜇(𝐺). That is, 𝑑𝜇(𝐺) =∨𝑢∈𝑉 {𝑒𝜇(𝑢)}. 

Definition 3.9. A node 𝑣 ∈  𝑉 (𝐾) is called a 𝜇𝑛 − fuzzy eccentric node of another node 𝑢 if𝑒𝜇(𝑢) =

𝑑𝜇(𝑢, 𝑣). 

Definition 3.10. A node 𝑢 is a central node or 𝜇𝑛 −fuzzy radial node if 𝑒𝜇(𝑢)  =  𝑟𝜇(𝐾)(nodes with 

minimum 𝜇𝑛 − fuzzy eccentricity), and 𝐶𝜇(𝐾) is the set of all central nodes. The 𝜇𝑛 − fuzzy 

subgraph induced by 𝐶𝜇(𝐾) denoted by 〈𝐶𝜇(𝐾)〉 = 𝐻: (𝑉, 𝜏 , 𝜐) is called the 𝜇𝑛 − center of 𝐾. A 

connected 𝜇𝑛 − fuzzy graph 𝐾 is self centered if each node is a 𝜇𝑛 − central node i.e. 𝐾 ≈  𝐻. A 
node 𝑢 is a peripheral node or 𝜇𝑛 − fuzzy diametral nodes if 𝑒𝜇(𝑢)  =  𝑑𝜇(𝐾)(nodes with maximum 

𝜇𝑛 − fuzzy eccentricity). ie, the subgraph induced by the set of all 𝜇𝑛 − fuzzy central nodes is 

called the 𝜇𝑛 − center of the 𝜇𝑛 − fuzzy graph 𝐾 and the subgraph induced by the set of all 𝜇𝑛 − 
fuzzy diametral nodes is called the 𝜇𝑛 − periphery of the 𝜇𝑛 − fuzzy graph 𝐺. 

Similar to the classical distance in graphs, we have the following result. 

Theorem 3.2. In any connected 𝜇𝑛 − fuzzy graph𝐾: (𝑀, 𝜎, µ),  𝑟𝜇(𝐾) ≤ 𝑑𝜇(𝐾) ≤ 2𝑟𝜇(𝐾). 

Proof. The first inequality follows from the definition itself. To prove the other, let 𝑢 and 𝑣 be any 
two nodes such that𝑑𝜇(𝑢, 𝑣)  = 𝑑𝜇(𝐾). Let 𝑤 be any 𝜇𝑛 − fuzzy central node of𝐾. Then by triangle 

inequality, 𝑑𝜇(𝑢, 𝑣) ≤ 𝑑𝜇(𝑢, 𝑤) + 𝑑𝜇(𝑤, 𝑣). But 𝑑𝜇(𝑢, 𝑤) ≤ 𝑣(𝐾), 𝑑𝜇(𝑤, 𝑣) ≤  𝑟𝜇(𝐾) and 𝑟𝜇(𝐾) ≤

𝑑𝜇(𝐾). Thus𝑑𝜇(𝑢, 𝑣) ≤  𝑟𝜇(𝐾) +  𝑟𝜇(𝐾) = 2 𝑟𝜇(𝐾) ⇒ 𝑑𝜇(𝐾) ≤ 2 𝑟𝜇(𝐾) ⇒  𝑟𝜇(𝐾) ≤ 𝑑𝜇(𝐾) ≤ 2 𝑟𝜇(𝐾). 

Definition 3.11 Let 𝑤 be any vertex and let 𝐾′ be the partial 𝜇𝑛 − fuzzy subgraph of 𝐾 obtained 

by deleting the vertex𝑤. That is 𝐾′ is the partial 𝜇𝑛 − fuzzy subgraph of 𝐾 such that 𝜎′(𝑤) = 0, 𝜎 =
𝜎′ for all other vertices, 𝜇′(𝑤𝑧) = (0,0, … ,0) for all vertices 𝑧 and  𝜇′ = 𝜇 for all other edges. We call 

𝑤 a 𝜇𝑛 − fuzzy cut vertex in 𝐾 if 𝜇′∞(𝑢, 𝑣) < 𝜇∞(𝑢, 𝑣) for some 𝑢, 𝑣 in 𝑉such that𝑢 ≠ 𝑤 ≠ 𝑣. In 

words, 𝑤 is a 𝜇𝑛 − fuzzy cutvertex If and only if there exist 𝑢, 𝑣 distinct from 𝑤 such that 𝑤 is on 
every strongest path from 𝑢 to𝑣.  

 CONCLUSION  

In this paper, the author introduced a new type of fuzzy graph namely 𝜇𝑛 − fuzzy graph. The 
concept of 𝜇𝑛 − fuzzy distance, eccentricity, strength of connectedness between two nodes, … 
are also introduced.  

 

ACKNOWLEDGMENT  

The author Salu S acknowledge the financial support from Council of Scientific & Industrial 
Research (CSIR), India. 



Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/  
Journal of Tianjin University Science and Technology 
ISSN (Online): 0493-2137 
E-Publication: Online Open Access  
Vol:55 Issue:07:2022 
DOI10.17605/OSF.IO/8QYVH 

 

July 2022 | 15  

 

REFERENCES  

[1] Kiran R Bhutani and Azriel Rosenfeld. Strong arcs in fuzzy graphs. Information sciences, 152:319–322, 2003  

[2] Jill K Mathew and Sunil Mathew. A characterization of fuzzy self centered graphs. Annals of Fuzzy Mathematics 
and Informatics, 10:249–260, 2015. 

[3] A Rosenfeld. Fuzzy graphs in; la zadeh, ks fu, m. shimura (eds)., fuzzy sets and their applications to cognitive and 
decision processes. Academic Press, New York, 1:787–791, 1975 

[4] Mini Tom and MS Sunitha. Boundary and interior nodes in a fuzzy graph using sum distance. Fuzzy Information 
and Engineering, 8(1):75–85, 2016 

[5] Mini Tom and Muraleedharan Shetty Sunitha. Strong sum distance in fuzzy graphs. SpringerPlus, 4(1):1–14, 2015. 

[6] Raymond T Yeh and SY Bang. Fuzzy relations, fuzzy graphs, and their applications to clustering analysis. In Fuzzy 
sets and their applications to Cognitive and Decision Processes, pages 125–149. Elsevier, 1975 

[7] Lotfi A Zadeh. Fuzzy sets. In Fuzzy sets, fuzzy logic, and fuzzy systems: selected papers by Lotfi A Zadeh, pages 
394–432. World Scientific, 1996. 

[8] Lotfi A Zadeh, King-Sun Fu, and Kokichi Tanaka. Fuzzy sets and their applications to cognitive and decision 
processes: Proceedings of the us–japan seminar on fuzzy sets and their applications, held at the university of 
california, berkeley, california, july 1-4, 1974. Academic press, 2014 

[9] MS Sunitha, A Vijayakumar. Blocks in fuzzy graphs. The Journal of Fuzzy Mathematics 13(1), 13-23, 2005 


