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Abstract:  The Triple Layered Fuzzy Graph (TLFG) gives the 3–D structure to fuzzy graph. In this paper, we constructed the 
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1. INTRODUCTION: 

           Fuzzy graph theory was introduced by Rosenfeld in 1975 [5]. The degree of a vertex in some fuzzy graphs was 

discussed by Nagoorgani and Radha [7]. Nagoorgani and Malarvizhi have defined different types of fuzzy graphs and 

discussed its relationships with isomerism in fuzzy graphs [3]. The double layered fuzzy graph was introduced by 

Pathinathan and Jesintha Rosline, they have examined some of the properties of DLFG [4].  

In this paper, Mrs. L.Jethruth Emelda Mary and P. Amutha established the structural core graph of Triple 

Layered Fuzzy Graph of order n= 6, 7, 8 this is on extended work of our previous paper Using new algorithm. 

 

2. PRELIMINARIES 

 We start with some basic definitions. 

 

Definition 2.1: 

      A fuzzy graph G is a pair of functions G : (σ,µ ) where σ is a fuzzy  subset of a non empty set S and µ is a symmetric 

fuzzy relation  on  σ The underlying crisp graph of  G :(σ,µ) is denoted by  G
*
 : (σ

*
, µ

*
)  

 

 

Definition: 2.2: 

     Let G :(σ,µ )  be a fuzzy graph, The order of G is defined  as  O(G) =      
 

 

Definition: 2.3: 

       Let G :( σ, µ) be a fuzzy graph, the size of G is defined as S (G) =           
   

 

Definition: 2.4: 

       Let G :(σ,µ )  be a fuzzy graph the degree of a vertex u in G is defined as   d(u)=∑µ(u,v) and is denoted as d G(u). 

 

Definition: 2.5. 

Let G be a fuzzy graph, The µ - complement of G is denoted as G
µ
 : (σ

µ
, µ

µ
) where  

 

                               σ*∪ µ
*
 and µ

µ
 (u, v)={

                 f         

                                    f          
 

 

 

u∈ 𝑉 

u∈ 𝑉 

u.v∈ 𝑉 
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Definition: 2.6. 

         Let G1: (σ1,µ1) and G2: (σ2,µ2) be two fuzzy graphs with crisp graph G1*: (V1,E1) and  

G2*: (V2, E2), with the union of G1* and G2*.  Then the union of two fuzzy graphs G1 and G2 is a fuzzy graphs G = 

G1∪G2: (σ1∪σ2, µ1∪µ2) defined by  

 

 

 

 

And 

 

 

 

 

Definition: 2.7: 

       

         Let G: (σ, µ) be a fuzzy graph with the underlying crisp graph 

G
*
: (σ

*
, µ

*
). The pair DL: (σDL , µDL) is defined as follows. The node set of DL (G) be σ

*
 U µ

*
. The fuzzy subset σDL is 

defined as 

 

                                

                            σDL =  

 

 

The fuzzy graph relation µDL on σ
*
U µ

* 
is defined as 

  

             

        σDL =  

 

 

 

 

By definition  σDL(u ,v)  ≤ µDL(u ) ≤µDL(v)  for all u,v in σ
*
U µ

*
. Here µDL is a fuzzy relation on the fuzzy subset σDL. 

Hence the pair DL (G): (σDL , µDL) is defined as Double Layered Fuzzy Graph (DLFG).  

 

3. Definition of Triple Layered Fuzzy Graph: 

      Let G :(σ , µ) be a fuzzy graph with  the underlying crisp graph  G* : (σ*,µ*) the  pair TL(G): (σ TL,µTL) is defined as 

follows.  The node set of TL (G) be σ*∪µ*∪µ*.  The fuzzy subset σ TL is defined as 

                       σTL= {
     f  ∈   

        f   ∈   
 

 

The fuzzy relation µTL on σ*∪ µ* is defined as  
 

 

 

µTL=   

 

 

 

 

By definition, µTL (u, v) ≤ σ TL(u)∧ σ TL(v) for all u ,v in σ*∪µ*.   Here µTL is a fuzzy relation on the fuzzy subset σ TL.  

Hence the pair TL (G): (σ TL,µTL) is defined as Triple Layered Fuzzy Graph (TLFG).   

 

µ(u,v)            if  u,v ∈  * 
µ(ei) ∧ µ(ej)  if the edge ei and ej have a node in common between them. 

 (ui) ∧ µ ei) if ui∈ * and ei∈µ* and each ei is incident with ui in clockwise direction 

 (ui) ∧ µ ei) if ui∈ * and ei∈µ* and each ei is incident with ui in anticlockwise direction 

0                   otherwise 
 

  1∪ 2)(u)  = 
 1(u)  if u∈ V1 – V2 

 2(u)  if u∈ V1 – V2, 

 

(µ1∪µ2)(uv)  = 
µ1(uv) if uv ∈ E1 – E2 

µ2(uv) if uv ∈ E1 – E2 

 

σ (u) if u ∈ σ
*
 

µ (uv) if uv ∈ µ
*
 

 

 (uv) if u, v ∈ 
*

 

µ(ei)  µ(ej) if the edge ei and ej have a node in common between them 

 (µ i)  µ(ei) if µi ∈ 
* 
and ei ∈ µ

*
 and each ei is incident with single µ i  either 

clockwise or anticlockwise 

0 otherwise  
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Structural core graph: 3.1 

      In this section, we have introduced new algorithm to construct a   structural core graph of Triple Layered Fuzzy 

Graph. (i.e.) to obtain a spanning tree for the given Triple Layered Fuzzy Graph. 

 

Algorithm: 3.2  

1. Construct a TLFG with 6n vertices and 8n edges where n is the number of vertices in the base        graph whose 

crisp graph a cycle. 

2. Calculate face values using the formulae  

min  
      

    ∧    
   , where µ (a, b) is the weight of the edge (a ,b) and      &      are membership value of vertices 

a and b in TLFG. 

3. Select a face with least value.  If two (or) more faces are there with least value, choose a 

Face with least order value. 

4. Choose a vertex with least value in the selected face. 

5. Select the smallest fuzzy distance, fuzzy distance edge from the selected vertex and include that in T. If two (or) 

more edges are there with the same value choose an edge with least adjacent vertex value, where T is a tree of 

TLFG. 

6. If two (or) more vertices are there with same value then choose the edge with least intersecting face value.  

7. Repeat this procedure till we cover all the vertices of TLFG. 

8. Stop, when T becomes Spanning tree of TLFG. 

 

Example: 3.3 

         

        Consider a fuzzy graph G: (σ, µ) with n=6 vertices whose crisp graph is a cycle C6.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: TLFG of n=6 vertices whose crisp graph is a cycle of order n=6 

 

 

Face Value calculation: 

 

F1 (a b c d e f)   min {0.5, 0.33, 0.0., 0.05, 1, 0.15} =0.03 

F2 (g h I j k l)   min {1, 0.05, 0.15, 0.5, 1, 0.16} = 0. 05 
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F3 (m n o p q r)   min {0.2, 0.6, 1, 0.75, 0.05,} = 0.05 

F4 (a b h g)   min {0.5, 0.75, 1, 1} = 0.5 

F5 (g h n m)   min {0.5, 0.75, 1, 1} = 0.5 

F6 (a g l f)   min {0.1, 0.16, 0.03, 0.15} 0.03 

F7 (g m r l)    min {0.03, 0.5, 0.3, 016} = 0.3 

F8 (c I j d)   min {0.05, 0.15, 0.35, 0.03} = 0.03 

F9 (i o p j)    min {1, 1, 0.75, 1} = 0.05 

F10 (t l k e)   min {0.03, 1, 0.5, 1} = 0.03 

F11 (l r q k)   min {0.3, 0.05, 0.05, 1} = 0.05 

F13 (d j k e)   min {0.35, 0.5, 0.5, 0.05,} – 0.05 

F14 (j p q k)   min {0.75, 0.75, 0.5, 0.5} = 0.5 

F15 (h n o I)   {0.5, 0.6, 1} = 0.5 

 
Reached node Edge Membership Value Iteration 

e 

ed 

edj 

edjk 

edjk 

edjkl 

edjklr 

edjklrm 

edjklrmg 

edjklrmg 

edjklrmga 

edjklrmgab 

edjklrmgabh 

edjklrmgabh 

edjklrmgabhn 

edjklrmgabhn 

edjklrmgabhno 

edjklrmgabhnoi 

edjklrmgabjnoi 

edjklrmgabhnoij 

edjklrmgabhnoijp 

edjklrmgabhnoijp 

edjklrmgabhnoijapq 

edjklrmgabhnoijpq 

edjklrmgabhoijpqr 

edjklrmgabhnoijpqrl 

edjklrmgabhnoijpqrlf 

edjklrmgabhnoipqrlf 

edjklrmgabhnoipqrlf 

edjklrmgabhnoipqrlfl 

edjklrmgabhnoipqrlflr 

edjklrmgabhnoipqrlflrq 

edjklrmgabhnoipqrlflrqp 

edjklrmgabhnoipqrlflrqpj 

edjklrmgabhnoipqrlflrqpj 

edjklrmgabhnoipqrlflrqpjd 

edjklrmgabhnoipqrlflrqpjdc 

edjklrmgabhnoipqrlflrqpjdc 

Ed 

dj 

jk 

ke (form cycle) 

kl 

lr 

rm 

mg 

gl( from cycle) 

ga 

ab 

bh 

hg (from cycle) 

hn 

hm (from cycle) 

no 

oi 

ih (from cycle) 

ij 

jp 

po (from cycle) 

pq 

qk (from cycle) 

qr 

rl 

lf 

fe (from cycle) 

fa (from cycle) 

fl 

lr 

rq 

qp 

pj 

ji (from cycle) 

jd 

dc 

ci (from cycle) 

cd 

0.01 

0.07 

0.1 

- 

0.3 

0.06 

0.1 

0.01 

- 

0.02 

0.1 

0.1 

- 

0.2 

- 

0.3 

0.2 

- 

0.03 

0.15 

- 

0.3 

- 

0.01 

0.06 

0.01 

- 

- 

0.01 

0.06 

0.014 

0.3 

0..15 

- 

0.07 

0.01 

- 

0.1 

1 

2 

3 

No 

4 

5 

6 

7 

No 

8 

9 

10 

No 

11 

No 

12 

13 

No 

14 

15 

No 

16 

No 

17 

18 

19 

No 

No 

20 

21 

22 

23 

24 

No 

25 

26 

No 

27 

 

 
 

 

 

 

 

 

http://www.jetir.org/


© 2018 JETIR August 2018, Volume 5, Issue 8                                                                  www.jetir.org  (ISSN-2349-5162)  

 

JETIR1808120 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 830 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                         

 

 

 

Figure 2: Structural core graph of TLFG of n=6 vertices 

 

Example: 3.4 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: TLFG of a simple fuzzy graph with=7 vertices whose crisp graph is c7 

 

Face Value Calculation: 

F1 (a b c d e f g)   min {0.3, 0.33, 0.25, 0.15, 0.1} = 0.1 

F2 (h I j k l m n)   min {0.33, 0.03, 1, 1, 1, 0.25} = 0.03 

F3 (o p q r s t u)   min {0.2, 1, 1, 0.66, 1, 0.33) = 0.2 

F4 (a h i b)   min {0.03, 0.33, 0.33, 0.3} = 0.03 

F5 (h o p i)   min {0.75, 0.2, 0.13, 0.33} = 0.13 
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F6 (b i j c)   min {0.33, 1, 0.06, 0.33} = 0.06 

F7 (i p q j)   min {0.13, 1, 0.12, 1} = 0.12 

F8 (a h n g)   min {0.03, 0.25, 0.25, 0.1} = 0.25 

F9 (h o u n)   min {0.75, 0.33, 0.13, 0.25} = 0.13 

F10 (g n m t)   min {0.25, 1, 0.15, 0.5} = 0.13 

F11 (n u t m)   min {0.13, 1, 0.05, 1} = 0.05 

F 12 (f m l c)   min {0.15, 1, 1, 1} = 0.15 

F13 (m t s l )    min { 0.05, 1, 0.25, 1 } = 0.05 

F15 (j q r k )   min { 0.05, 1, 0.4, 0.03} = 0.03 

F16 (e d k l )   min { 0.12, 1, 0.4, 0.03} = 0.05 

F17 (k r s r )   min {0.4, 0.66, 0.25, 1 } = 0.25 
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Figure 4: Structural core graph of TLFG of n=7 vertices whose crisp graph is c7 

 

Example: 3.5  

        

        Consider the TLEG of order n=8 this graph has 3(8) = 24 vertices 

 
 

 

 

 

 

 

 

 

 

 

 

 

                                                    Figure 5: TLFG of n=8 vertices 
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Face Value Calculation: 

F1 (a b c d e f g h t)   min {0.03, 0.25, 0.25, 0.33, 0.66, 0.25, 0.15, 1} = 0.15 

F2 (j k l n m o p q)   min {0.25, 1, 0.1, 0.05, 0.15, 1, 0.233, 1} = 0.06 

 F3 (r s t u v w x y)   min {1, 0.33, 0.16, 0.66, 1, 1, 0.133, 0.5} = 0.033 

F4 (a j q h)   min {0.03, 1, 0.33, 1} = 0.33 

F5 (j q p g)   min {0.33, 0.23, 1, 0.15} = 0.23 

F6 (g p l f)   min {1, 1, 0.375, 0.025} = 0.0.25 

F7 (f o n e)   min {0. 3.5, 0.15, 1, 0.66} = 0.15 

F8 (j r y a)   min {0.46, 0.5, 0.66, 1} = 0.46 

F9 (q y x p)   min {0.66, 0.13, 0.2, 0.233} = 0.13 

F10 (p x w o)   min {0.2, 1, 0.033, 1} 0.033 

F11 (o w v n)   min {0.33, 1, 0.33, 1} = 0.03 

F12 (j r s k)   min {0.46, 1, 1, 0.25} = 0.25 

F13 (b k l c)   min {1, 1, 1, 0.75, 0.25} = 0.25 

F14 ( c l m d )   min { 0.75, 0.06, 0.2, 0.33} = 0.33 

F15 (d m n e)   min {0.2, 0.1, 1, 0.33} = 0.2 

F16 (s k l t)   min {1, 1, 0.13, 0.033} = 0.033 

F17 (l t u m)   min {0.13, 0.16, 0.06, 6, 0.1} = 0.066 

F18 (m u v n)   min {0.066, 0.66, 0.33, 0.06} = 0.06 

F19 (a j k b)    min {0.03, 0.25, 1, 0.33} = 0.25 

 
Reached node Edge Membership Value Iteration 
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                                    Figure 6: Structural core graph of TLFG of n=8 vertices 

For different values of n we will get different TLFG and when we apply the algorithm we will get different structures for 

each graph.  

4. Theoretical Concepts 
Consider the TLFG from example 3.3 with different labeling. 
 

 

 

 

 

 

 

 

 

                                           
                                                             Figure 7: TL (G1) 
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Consider the TLFG from example 3.4 with different tabeling 
 

 

 

 

 

 

 

 

 

 

 

                

 

 

 

 

 

 

 

 

 

 

 

  

 

                                                           Figure 8: TL (G2) 

The union of G, and G2 graph is shown in figure 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                  Figure 9: TL(G1) U TL(G2)  

 

                                              

 

Then the core graph is given by obtained by using by 

 

Face Value Calculation:  

F1 (a x b c d e f g)   min {0.1, 0.75, 1, 0.15, 0.2, 1, 0.75, 1,} = 0.1 

F2 (y h I j k l m n)   min {0.5, 0.466, 0.23, 0.75, 0.5, 0.5, 0.25, 0.25} = 0.23 
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F3 (z o p q r s t u)   min {1, 0.8, 0.6, 1, 0.2, 0.4, 0.25, 0.25} = 0.2 

F4 (a x y n)   min {0.1, 0.25, 0.25, 1} = 0.1 

F5 (g m l f)   min {1, 0.25, 0.25, 1,} = 0.25 

F6 (g m l f)   min {0.25, 0.5, 1, 0.75} = 0.25 

F7 (f l k e)   min {1, 0.5, 0.06, 1} = 0.06 

F8 (y z u n)   min {0.3, 0.25, 1, 0.25} = 0.25 

F9 (x y h b)   min {0.25, 0.5, 1, 0.75} = 0.25 

F10 (n u t m)   min {1, 0.25, 0.15, 0.25} = 0.15 

F11 (m t s l)    min {0.15, 0.4, 1, 0.5} = 0.15 

F12 (l s r k)   min {1, 0.4, 1, 0.5} = 0.4 

F13 (e d j k)   min {0.2, 1, 0.75, 0.06} = 0.06 

F14 (y z o h)   min {0.3, 1, 0.625, 0.5} = 0.3 

F15 (b h I c)   min {1, 0.466, 1, 1} = 0.466 

F16 (c I j d)    min {1, 0.23, 1, 0.15} = 0.15 

F17 (h o p I)   min {0.25, 0.8, 0.5, 0.466} = 0.466 

F18 (j q r k)   min {0.14, 1, 1, 0.75} = 0.14 

F19 (j p q j)   min {0.5, 0.6, 0.14, 0.23} = 0.14 
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                                          Figure 10: Structural core graph of TLFG1 U TLFG2. 

5. CONCLUSION: 
The structural core graph for both the TLFG and the union of two TLFG is constructed in this paper. This graph can 

be used in different networks to minimize the time for any particular problem whose graphical representation is a triple 

layered. Further work can be done to apply this concept of Structural core graph in real life situations. For every DLFG 

and TLFG of order  

n ≥3, we have obtained on optimal tree using structural core graph consent  
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