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Abstract: Graph labeling is one of the best network models in the study of fluid dynamics in the flow of 

particles. But the said labeling is not provided the better results to represent in any of network model having 

neutral membership degree in case of ambiguity. To overcome the above mentioned problem ,Picture fuzzy 

graph labeling is playing a major role in  the framing of network model in fluid dynamics in case of neutrality 

degree which  have been represented by a picture fuzzy graph. 

  In this paper, the researcher have shown picture fuzzy graph labeling on star graph which is used to represent 

the flow of particles in fluid dynamics. Also they have extended the concepts towards the existence of picture 

fuzzy graceful labeling and picture fuzzy ant magic labeling in fuzzy star graph  𝐾1,𝑚: (𝑉, ℇ)  ∀ 𝑚 which will 

be helpful to analyze the properties of flow of particles in the fluid flow. 
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1. Introduction 

During and after the pandemic period, network models is  one of the most important usage in day 

today life which is used for transferring information  or datas. Hence network analysis will be more helpful to 

specify flow of particles in Complex fluid dynamics and coherent structures. Even if there will be an ambiguity 

of values  be observed in the flow of particles.  But in case of ambiguity of many observed data's ,more accurate 

results will not be got only using graph labeling. Because of the existence of neutrality membership value and 

negative membership value and positive membership value in the fluid flow of particles, picture fuzzy graph 

labeling will be leading to the better result . Many results have been provided by A.Nagoorgani and et al [2-5]  

on fuzzy graph labeling and its properties  which are more helpful to assign labels in all network models in 

medical diagnosis in case of ambiguity in data's. Jingyang Fang [1] have given some concepts of Unified Graph 

Theory-Based Modeling. Lalitha.P [6] have provided some results on Hypergraph Structure Depicting Smart 

Hospital Management Fortified by Block chain. N.Sujatha and et al [7-14] have discussed more results based 

on fuzzy magic and fuzzy graceful on acyclic fuzzy graphs. and results have been extended by assigning labels 

of vertices and edges in the fuzzy graph labeling  by using triangular fuzzy numbers . Kunihiko Taira a, Aditya 

G. Nair [15] have extended the idea of network analysis of fluid flows.Some concepts have been proved on 

fuzzy bi magic and fuzzy anti magic labeling by K.Thirusangu and et al[16] . iaolong Shi and et al[17]., have 

discussed some concepts of energies of picture  fuzzy graph . 

     Graph labeling is one of the best network models in the study of fluid dynamics in the  flow of 

particles . But the said  labeling is not provided the better results to represent in any of network model having 

neutral membership degree in case of ambiguity. To overcome the above mentioned problem ,Picture fuzzy 

graph labeling is playing a major role in  the framing of network model in fluid dynamics in case of neutrality 

degree which  have been represented by a picture fuzzy graph. 

  In this paper, the researcher have shown picture fuzzy graph labeling on star graph which is used to 

represent the flow of particles in fluid dynamics. Also they have extended the concepts towards the existence 

of picture fuzzy graceful labeling and picture fuzzy ant magic labeling in fuzzy star graph  𝐾1,𝑚: (𝑉, ℇ)  ∀ 𝑚 

which will be helpful to analyze the properties of flow of particles in the fluid flow. 
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2. Preliminaries 

 

Definition 2.1. [2] 

A fuzzy graph G = (, ) is a pair function  : V → [0, 1] and      : V  V → [0, 1] where for all u, v  V.  

We have     (u, v) (u) (v). 

 

Definition 2.2. [2] 

A fuzzy graph G = (, ) is said to be a fuzzy labeling graph, if  : V → [0, 1] and  : V  V → [0, 1] is 

injective such that the membership value of edges and vertices are distinct and  

(u, v) <(u) (v) for all u, v  V. 

 

Definition 2.3.[16] A PFS on A on X is specified as follows. 

𝐴 = {𝑥, 𝜇𝐴(𝑥),   𝜂𝐴(𝑥), 𝜐𝐴(𝑥)/  𝑥 ∈ 𝑋} so that  

{ 𝜇𝐴,   𝜂𝐴, 𝜐𝐴  ∶ 𝑋 → [0,1]  and   0 ≤ 𝜇𝐴(𝑥),   𝜂𝐴(𝑥), 𝜐𝐴(𝑥) ≤  1  where    𝜇𝐴(𝑥),   𝜂𝐴(𝑥) 𝑎𝑛𝑑 𝜐𝐴(𝑥)  are 

called  positive, neutral and negative membership of x in A. 

 

Definition 2.4. [16] 

Picture fuzzy relation B is a PFS of  𝑋 × 𝑌 as shown by 

B = {xy , μA(xy),   ηA(xy), υA(xy)/  x, y ∈ X × Y} so that   { μA,   ηA, υA  ∶ X × Y → [0,1]   and 

 0 ≤ μA(xy),   ηA(xy), υA(xy) ≤  1 , xy ∈ 𝑋 × 𝑌  

 

Definition 2.5. [16] 

A pair G=(A,B) is called a Picture fuzzy graph on 𝐺∗ = (𝑉, ℇ)  where A is a Picture fuzzy set on V and B is 

a picture fuzzy relation on ℇ ⊆ 𝑉 × 𝑉   so that for each 𝑥𝑦 ⊆ ℇ    

   μB(xy)  ≤  μA(x)  ∧ μA(y) ,   

   ηB(xy)  ≤  ηA(x)  ∧ ηA(y) ,  

   υB(xy)  ≤  υA(x)  ∧ υA(y)  

 

Definition 2.6.  

A pair G=(A,B) is called a Picture fuzzy labeling graph on 𝐺∗ = (𝑉, ℇ)  where A is a Picture fuzzy set on V 

and B is a picture fuzzy relation on ℇ ⊆ 𝑉 × 𝑉   so that for each 𝑥𝑦 ⊆ ℇ    

   μB(xy) <  μA(x)  ∧ μA(y) ,   

   ηB(xy) <  ηA(x)  ∧ ηA(y) ,  

   υB(xy) <  υA(x)  ∧ υA(y)  

 

Definition 2.7.  

A Picture fuzzy labeling graph G=(A,B) is said to be a picture fuzzy graceful graph is called a Picture fuzzy 

labeling graph on 𝐺∗ = (𝑉, ℇ)  where A is a Picture fuzzy set on V and B is a picture fuzzy relation on ℇ ⊆

𝑉 × 𝑉   so that for each 𝑥𝑦 ⊆ ℇ    and for all  𝜎1,𝜎2,  𝑎𝑛𝑑 𝜎3 ∈ V 

   μB(xy) < |𝜎1(x) − 𝜎1(y)| ,     ηB(xy) < |𝜎2(x) − 𝜎2(y)| ,   υB(xy) < |𝜎3 (x) − 𝜎3 (y)| 

   

Definition 2.8.  

A fuzzy antimagic graph G is a bijection f:E(G)→{(1,2,3,.....│ E(G)│} such that for any two distinct 

vertices u and v, the sum of the labels on edges incident to u is different from the sum of the labels on edges 

incident to v. 

 

Definition 2.9.  

A  Picture fuzzy labeled graph  is said to be a picture fuzzy antimagic labeled graph if it satisfies the 

condition fuzzy antimagic labeling. 

 

3. Main Results 
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In this section Picture fuzzy star graph  𝐾1,𝑚: (𝑉, ℇ)  ∀ 𝑚   has been shown with the help of the  

following algorithm. Also the  researcher have been proved that   the above mentioned graph  admits the 

condition of  Picture fuzzy graceful labeling  and picture fuzzy anti magic labeling with the help of following 

theorem.  

 

Algorithm 3.1 

Input: Fuzzy star graph 

 

Procedure 

 

{      𝐹𝑢𝑧𝑧𝑦    𝑠𝑡𝑎𝑟 𝑔𝑟𝑎𝑝ℎ      𝐾1,𝑚: (𝑉, ℇ)  ∀ 𝑚      
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  iiB vv  −= 0,0

 

                 iiB vv  −= 0,0  

                
  iiB vvvv −= 0,0

 

             } 

          


 
   end procedure 

 

Theorem 3.1:  

       Every fuzzy star graph   𝐾1,m: (𝑉, ℇ)  ∀ m   with above membership values of vertices and edges  be the 

picture fuzzy star graph. 

 

Proof: 

     Given  𝐾1,m: (𝑉, ℇ)  ∀ m    be the  fuzzy star graph . 

      From  the above algorithm,  

 we have 

         miBiii Kofedgespendentvvvvvvvv ,1,0,0,0,0 ,, =  
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for each  (𝑣0, 𝑣𝑖)  ∈ 𝐵 ⊆ ℇ    𝑎𝑛𝑑  ∀  𝐴 ∈ 𝑉    the following conditions are  satisfied. 

 μB(𝑣0, 𝑣𝑖)  ≤  μA(𝑣0)  ∧ μA(𝑣𝑖) , 

ηB(𝑣0, 𝑣𝑖)  ≤  ηA(𝑣0)  ∧ ηA(𝑣𝑖) , 

υB(𝑣0, 𝑣𝑖)  ≤  υA(𝑣0)  ∧ υA(𝑣𝑖) 

      Hence    𝐾1,m: (𝑉, ℇ)  ∀ m   be the  Picture fuzzy star graph. 

 

Theorem 3.2:  

Every Picture fuzzy star graph  𝐾1,m: (𝑉, ℇ)  ∀ m  with above condition of membership values satisfies 

the condition of picture fuzzy labeling . 

Proof:    

Let   Km,n: (V, ℇ)  ∀ m, n   be the picture fuzzy star graph. 

Using the above  algorithm 3.1 
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From the above condition ,   Clearly   𝐾1,m: (𝑉, ℇ)  ∀ m  be the Picture fuzzy labeled graph. 

 

 

 

Theorem 3.3:  

2)*10( += mn
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Let  𝐾1,m: (𝑉, ℇ)  ∀ m  be the Picture fuzzy labeled star graph. Then the above mentioned graph be the   

picture fuzzy graceful star graph . 

Proof:  

From  Theorem (3.2) and Using Algorithm 3.1 

Membership values of all edges in  𝐾1,m: (𝑉, ℇ)  ∀ m  are defined as  follows. 
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          From the above equations ,membership values of  all edges  in picture fuzzy star graph are distinct and it 

satisfies the condition of graceful labeling which leads that   𝐾1,𝑚: (𝑉, ℇ)  ∀ 𝑚 be the Picture fuzzy graceful 

star graph. 

 

Example 3.1: 

Picture fuzzy graceful star graph  K1,4: (V, ℇ) have been shown in the following  

 

                                            

  

                        

 

 

 

  

  

 

 

 

Figure 1: Picture fuzzy Graceful star graph  𝐾1,4: (V, ℇ)
 

 

  

Theorem 3.4:  

If    𝐾1,m: (𝑉, ℇ)  ∀ m  be the Picture fuzzy star graph with above condition of membership values then 

the said graph be the antimagic labeled picture fuzzy star graph. 

Proof: 

Let  𝐾1,m: (𝑉, ℇ)  ∀ m   be the Picture fuzzy graceful star graph. 

Using Theorem 3.3 

and  from the equations (4),(5) and (6)   

Consider the apex vertex  and pendent vertices of  𝐾1,m: (𝑉, ℇ)  ∀ m 
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V(v0)(0.5, 0.5312, 0.5625) 

V(v1)(0.525,  0.625, 0.775) 

V(v2)(0.5, 0.625, 0.75) 

V(v3)(0.475,0.6,0.725) 

V(v4)(0.45,0.575,0.7) 

ℇ (v0,v1)(0.025, 0.118,0.2125) 

ℇ (v0,v2)(0, 0.09375,0.1875) 

 

          ℇ (v0,v4)(0.05, 0.04,0.135) 

 

        ℇ (v0,v3)(0.025, 0.6875,0.1625) 
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Also sum of the incidency edges  of  pendent vertices of  V(vi)   𝑓𝑜𝑟 𝑖 =   1   𝑡𝑜    𝑚   is given as 
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Using Algorithm 3.1 and from (7) and  (8)  ,  

       we have  bijection f : ℇ (G)→{(1,2,3,.....│ ℇ (G)│ such that for any two distinct vertices v0 and vi, the sum 

of the membership values Positive , Neutral and Negative on edges incident to v0 is different from the sum of 

the membership values Positive , Neutral and Negative on edges incident to vi. 

Hence  K1,m: (V, ℇ)  ∀ m   be the Picture fuzzy antimagic labeled star graph. 

 

Example  3.2 
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Fig 2: Picture fuzzy antimagic labeled star graph  𝐾1,1000: (V, ℇ)
 

 

4. Conclusion 

The researcher have shown picture fuzzy graph labeling on star graph which is used to represent the 

flow of particles in fluid dynamics  𝐾1,𝑚: (𝑉, ℇ)  ∀ 𝑚  Also they proved results that every fuzzy star graph can 

be expressed as picture fuzzy star graph. Also the result have been  extended to the concepts towards the 

existence o/f picture fuzzy graceful labeling picture fuzzy antimagic labeling in fuzzy star graph 

V(v0)(0.39992, 0.40002, 0.40012) 

V(v1)(0.5001,  0.5006, 0.5011) 

V(v2)(0.5, 0.5005, 0.5010) 

V(v3)(0.4999,0.5004,0.5009) 

V(v1000)(0.4002,04007,04012) 

ℇ (v0,v1)(0.10018,0.10058,0.10098) 

ℇ (v0,v2)(0.10008,0.10048,010088) 

 

          ℇ (v0,v1000)(0. ,0.00068,0.001080) 

      ℇ (v0,v3)(0.09998,0.10038,0.10078) 
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 𝐾1,𝑚: (𝑉, ℇ) ∀ 𝑚  which will be helpful to analyze the properties of flow of particles in the fluid flow in case 

of ambiguity. Further research work can also be extended for bistar and double graphs in the flow of particles 

in complex fluid dynamics. 
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