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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
structural core graph for the given TLFG of order n=6, 7, 8 using a new algorithm and also the structural core graph for the
union of two TLFG is also constructed using the same algorithm. Some of its diagrammatic properties are studied.
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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 : (o,u ) where o is a fuzzy subset of a non empty set S and p is a symmetric
fuzzy relation on o The underlying crisp graph of G :(o,u) is denotedby G : (o, )

Definition: 2.2:
Let G :(o,u ) be a fuzzy graph, The order of G is defined as O(G) =Y.0(u)
ue v
Definition: 2.3:
Let G :( o, n) be a fuzzy graph, the size of G is defined as S (G) =Y u(u, v)
ue v
Definition: 2.4:

Let G :(o,u ) be a fuzzy graph the degree of a vertex u in G is defined as  d(u)=>_u(u,v) and is denoted as d g(u).

Definition: 2.5.
Let G be a fuzzy graph, The p - complement of G is denoted as G" : (", u*) where

o(wo(v) — u(u,v) ifu(u,v) >0

o*U W and p (u, V):{O if p(u,v) =0
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Definition: 2.6.

Let Gy: (o1,M1) and Gz: (o2,l2) be two fuzzy graphs with crisp graph G;*: (V1,E;) and
Go*: (V2, E2), with the union of G;* and G,*. Then the union of two fuzzy graphs G; and G, is a fuzzy graphs G =
G1UG;: (61U, H1UW,) defined by

Gl(U) ifue V-V,

(o1Uo2)(u) = < oy(u) ifue Vi—V,,
And Mi(uv) ifuv € E; - E;

(lUH2)(UV) = J p(uv) if uv € E; — By
Definition: 2.7:

. LetG:(o, ) be a fuzzy graph with the underlying crisp graph .
G : (o, ). The pair DL: (opL, MpL) is defined as follows. The node set of DL (G) be 6 U . The fuzzy subset op iS
defined as

o = c(Uifueo
°LT U (uv)ifuvep”

The fuzzy graph relation up_ on o U W is defined as

n(uv)ifu veo

H(ei) A H(e)) if the edge e and e; have a node in common between them

o (M) A H(ei) if Wi € o and ej € " and each e; is incident with single p; either
clockwise or anticlockwise

0 otherwise

OpL—

By definition op.(U,v) < HpL(u) <ppL(V) forall u,v ino U u". Here pp, is a fuzzy relation on the fuzzy subset opy.
Hence the pair DL (G): (opL, MpL) is defined as Double Layered Fuzzy Graph (DLFG).

3. Definition of Triple Layered Fuzzy Graph:
Let G :(o, 1) be a fuzzy graph with the underlying crisp graph G* : (o*,u*) the pair TL(G): (o 1o J1L) is defined as
follows. The node set of TL (G) be c*Up*up*. The fuzzy subset ¢ 1 is defined as
o(u)ifu € o *
OTL= {Zu(uv) ifuv € p *

The fuzzy relation pr_ on o*U p* is defined as

H(u,v) if uyveo*
Mr= H(ei) A pu(e) if the edge e and ej have a node in common between them.
o(u;) A u(ei) if uieo™ and eiep* and each e; is incident with u; in clockwise direction
o(u;) A u(ey) if uieo™ and eiep* and each e; is incident with u; in anticlockwise direction
0 otherwise

By definition, pr_ (u, v) <o 1L (U)A 6 1(v) for all u,v in c*Up*. Here U is a fuzzy relation on the fuzzy subset ¢ 1.
Hence the pair TL (G): (o v Ur) is defined as Triple Layered Fuzzy Graph (TLFG).
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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 H (a, b) is the weight of the edge (a ,b) and a(a) & a(b) are membership value of vertices

aand 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.
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.
If two (or) more vertices are there with same value then choose the edge with least intersecting face value.
Repeat this procedure till we cover all the vertices of TLFG.
8. Stop, when T becomes Spanning tree of TLFG.

o

~No

Example: 3.3

Consider a fuzzy graph G: (o, 1) with n=6 vertices whose crisp graph is a cycle C6.

a (0.2) 0.1

0 (0.5)

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

Face Value calculation:

F.(abcdef) - min{0.5,0.33, 0.0.,0.05, 1, 0.15} =0.03
Fo(gh1jkI)— min{1,0.05 0.15 05,1, 0.16} = 0. 05
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Fs(mnopqgr)—min{0.2, 0.6, 1, 0.75, 0.05,} = 0.05
Fs(@bhg) > min{05,0.75, 1,1} =05
Fs(@hnm) - min{0.5,0.75,1,1}=0.5

Fe (ag | f) - min {0.1, 0.16, 0.03, 0.15} 0.03
F,(@mrl) - min{0.03,0.5,0.3,016} = 0.3

Fg (c I j d) = min {0.05, 0.15, 0.35, 0.03} = 0.03
Fo(iopj)— min{l,1,0.75, 1} =0.05

Fio (t 1 k €) » min {0.03, 1, 0.5, 1} = 0.03

Fi: (11 q k) = min {0.3, 0.05, 0.05, 1} = 0.05
Fi3 (d j k €) = min {0.35, 0.5, 0.5, 0.05,} — 0.05
F14 (j p g k) = min {0.75, 0.75, 0.5, 0.5} = 0.5
Fis(hnol)—{05,06,1}=0.5

Reached node Edge Membership Value Iteration
e Ed 0.01 1
ed dj 0.07 2
edj jk 0.1 3
edjk ke (form cycle) - No
edjk ki 0.3 4
edjkl Ir 0.06 5
edjkir rm 0.1 6
edjklrm mg 0.01 7
edjklrmg gl( from cycle) - No
edjklrmg ga 0.02 8
edjklrmga ab 0.1 9
edjklrmgab bh 0.1 10
edjklrmgabh hg (from cycle) - No
edjklrmgabh hn 0.2 11
edjklrmgabhn hm (from cycle) - No
edjklrmgabhn no 0.3 12
edjklrmgabhno 0i 0.2 13
edjklrmgabhnoi ih (from cycle) - No
edjklrmgabjnoi ij 0.03 14
edjklrmgabhnoij ip 0.15 15
edjklrmgabhnoijp po (from cycle) - No
edjklrmgabhnoijp pq 0.3 16
edjklrmgabhnoijapq gk (from cycle) - No
edjklrmgabhnoijpq qr 0.01 17
edjklrmgabhoijpgr rl 0.06 18
edjklrmgabhnoijpgrl If 0.01 19
edjklrmgabhnoijpqrlf fe (from cycle) - No
edjklrmgabhnoipqrlf fa (from cycle) - No
edjklrmgabhnoipqrlf fl 0.01 20
edjklrmgabhnoipqgrlifl Ir 0.06 21
edjklrmgabhnoipqrlflr rq 0.014 22
edjklrmgabhnoipqrlfirg ap 0.3 23
edjklrmgabhnoipqgrliflrgp pj 0..15 24
edjklrmgabhnoipqrliflrgpj ji (from cycle) - No
edjklrmgabhnoipqrliflrgpj jd 0.07 25
edjklrmgabhnoipqriflrgpjd | dc 0.01 26
edjklrmgabhnoipqrliflrgpjdc | ci (from cycle) - No
edjklrmgabhnoipgrliflrgpjdc | cd 0.1 27
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a(0.2) 0.1 b (0.4)

b(0.4) @

e(02) @ 2%
O.S\r

k (0.4)

0 (0.5)

Example: 3.4

f(0.4)

r (0.5)

5 (0.6) 0.2
Figure 3: TLFG of a simple fuzzy graph with=7 vertices whose crisp graph is c;

Face Value Calculation:

Fi(@abcdefg)—» min{0.3,0.33,0.25,0.15,0.1} =0.1
Fo(hl1jklmn) - min{0.33,0.03,1,1,1,0.25} =0.03
Fs(opqrstu)-min{0.2, 1,1, 0.66,1,0.33) =0.2

Fs (@hib) - min{0.03, 0.33,0.33, 0.3} =0.03
Fs(hopi)— min{0.75,0.2,0.13, 0.33} = 0.13
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Fs (bijc) » min {0.33, 1, 0.06, 0.33} = 0.06
F,(ipqj)— min{0.13, 1,0.12, 1} = 0.12

Fs (ahng) - min {0.03, 0.25, 0.25, 0.1} = 0.25

Fo (h 0 un) - min {0.75, 0.33, 0.13, 0.25} = 0.13

F1o (g nmt) - min {0.25, 1, 0.15, 0.5} = 0.13
Fi1 (nutm) - min {0.13, 1, 0.05, 1} = 0.05
Fio(fmlc)->min{0.15,1,1,1}=0.15
Fiz(mtsl)— min{0.05,1,0.25 1} =0.05
Fi5 (j g rk)— min{0.05,1,0.4,0.03} =0.03
Fis(edkl)—>min{0.12, 1, 0.4, 0.03} = 0.05
Fiz(krsr)—min {0.4,0.66,0.25,1}=0.25

Reached node Edge Membership Iteration
Value

m Mt 0.01 1
mt tu 0.3 2
mtu un 0.04 3
mtun nm (form Cycle) - No
mtun ng 0.05 4
mtung ga 0.02 5
mtunga ah 0.01 6
mtungah hn (form Cycle) - No
mtungah hi 0.1 7
mtungahi ib 0.1 8
mtungahib ba (form Cycle) - No
mtungahib bc 0.1 9
mtungahibc Cj 0.02 10
mtungahibcj ji (form Cycle) - No
mtungahibcj jk 0.01 11
mtungahibcjk kd 0.01 12
mtungahibcjkd dc (form Cycle) - No
mtungahibcjkd de 0.03 13
mtungahibcjkde ef 0.4 14
mtungahibcjkdef fm 0.03 15
mtungahibcjkdefm ml 0.2 16
mtungahibcjkdefml le (form Cycle) - No
mlungahibcjkdefml Ik 0.2 17
mtungahibcjkdefmlk kr 0.2 18
mtungahibcjkdefmlkr rs 0.2 19
mtungahibcjkdefmlkrs sl (form Cycle) - No
mtungahibcjkdefmlkrs st (form Cycle) - No
mtungahibcjkdefmlkrs sr 0.2 20
mtungahibcjkdefmlkrsr rq 0.3 21
mtungahibcjkdefmlkrsrq aj 0.06 22
mtungahibcjkdefmlkrsrgj jk (form Cycle) - No
mtungahibcjkdefmlkrsrgj iq 0.06 23
mtungahibcjkdefmlkrsrgjq ap 0.5 24
mtungahibcjkdefmlkrsrgjgp po 0.1 25
mtungahibcjkdefmlkrsrgjqpo ou 0.1 26
mtungahibcjkdefmlkrsrgjqpou un ( form Cycle) - No
mtungahibcjkdefmlkrsrgjqpou oh 0.3 27
mtungahibcjkdefmlkrsrgjgpouh ha ( form Cycle) - No
mtungahibcjkdefmlkrsrgjgpouh hi 0.1 28
mtungahibcjkdefmlkrsrgjqpouhi ip (form Cycle) - No
mtungahibcjkdefmlkrsrgjqpouhi pq ( form Cycle) - No
mtungahibcjkdefmlkrsrgjqpouhi ib 0.1 29
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£(0.4)

g (0.7)

0.3

5 (0.6) 0.2

Figure 4: Structural core graph of TLFG of n=7 vertices whose crisp graph is c;
Example: 3.5

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

05
nogy 03 209

g (0.5)

0.01

f(0.4)

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

Fi(abcdefght)—- min{0.03, 0.25, 0.25, 0.33, 0.66, 0.25, 0.15, 1} = 0.15
Fo(Gklnmopq)— min{0.25, 1, 0.1, 0.05, 0.15, 1, 0.233, 1} = 0.06
Fs(rstuvwxy) - min{l, 0.33,0.16, 0.66, 1, 1, 0.133, 0.5} = 0.033
Fs(@jgh) - min{0.03,1,0.33, 1} =0.33

Fs (jgqpg)— min{0.33,0.23, 1, 0.15} = 0.23

Fe(gp!f) - min{l,1, 0.375, 0.025} = 0.0.25

F; (fone)—» min {0. 3.5, 0.15, 1, 0.66} = 0.15

Fs(jrya) —» min {0.46, 0.5, 0.66, 1} = 0.46

Fo (g y X p) = min {0.66, 0.13, 0.2, 0.233} = 0.13

F10 (p X w 0) - min {0.2, 1, 0.033, 1} 0.033

F11 (0 w v n) - min {0.33, 1, 0.33, 1} = 0.03

Fi2 (j rs k) -» min {0.46, 1, 1, 0.25} = 0.25
Fis(bklc)—-min{1,1,1,0.75, 0.25} = 0.25

Fis(cImd) - min{0.75,0.06, 0.2, 0.33} = 0.33
Fis(dmne)—-min{0.2,0.1,1,0.33} =0.2
Fis(sklt)—>min{1,1,0.13, 0.033} =0.033

Fi7 (It um) - min {0.13, 0.16, 0.06, 6, 0.1} = 0.066

F1s (m u v n) = min {0.066, 0.66, 0.33, 0.06} = 0.06

Fi9 (@j kb) - min {0.03, 0.25, 1, 0.33} =0.25

Reached node Edge Membership Value | Iteration
N Nv 0.01 1
nv vu 0.2 2
nvum um 0.02 3
nvum mn ( form Cycle) - No
nvum md 0.06 4
nvumd de 0.1 5
nvumde en ( form Cycle) - No
nvumde ef 0.2 6
nvundef fo 0.15 7
nvumdefo ow 0.01 8
nvumdefow wv ( form Cycle) - No
nvumdefow WX 0.3 9
nvumdefowx Xp 0.06 10
nvumdefowxp po ( form Cycle) - No
nvumdefowxp pq 0.07 11
nvumdefowxpq gh 0.01 12
nvumdefowxpgh hg 0.05 13
nvumdefowxpghg gp (form Cycle) - No
nvumdefowxpghg gf (form Cycle) - No
nvumdefowxpghg gh 0.05 14
nvumdefowxpghgh ha 0.3 15
nvumdefowxpghgha aj 0.01 16
nvumdefowxpghghaj iq 0.3 17
nvumdefowxpghghajq gh ( form Cycle) - No
nvumdefowxpghghajq ay 0.2 18
nvumdefowxpghghajq yr 0.15 19
nvumdefowxpghghajqyr rj (form Cycle) - No
nvumdefowxpghghajqyr rs 0.3 20
nvumdefowxpghghajqyrs sk 0.2 21
nvumdefowxpghghajqyrsk kl 0.2 22
nvumdefowxpghghajqyrskl Ic 0.2 23
nvumdefowxpghghajqyrskic cb 0.12 24
nvumdefowxpghghajqyrskicb bk ( form Cycle) - No
nvumdefowxpghghajqyrskicb bc 0.15 25
nvumdefowxpghghajgyrskicbc cl 0.02 26
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nvumdefowxpghghajqyrskicbcl Im ( form Cycle) - No
nvumdefowxpghghajqyrskicbcl It 0.04 27
nvumdefowxpghghajqyrskicbclt ts (form Cycle) - No
nvumdefowxpghghajqyrskicbclt It 0.04 28
nvumdefowxpghghajqyrskicbctl Ik 0.2 29
nvumdefowxpghghajqyrskicbclk kj( form Cycle) 0.3 30
nvumdefowxpghghajqyrskicbclk ks 0.2 31
a (0.5)
ho3 9°
0.05
g (0.5)
5 (0.5)
f(0.4) @015
0.2
t(0.3)
e (0.3)

v(3) 02 u(0.3)
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 examnle 3.3 with different labeling.

a(0.2) 0.1 x (0.4)

e (0.4)

1 (0.5)

0.3 m (0.4)

n (0.5)

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

£(0.4)

5 (0.6) 0.2

Figure 8: TL (G,)
The union of G, and G2 graph is shown in figure

a(0.2)

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

Then the core graph is given by obtained by using by

Face Value Calculation:
Fl(axbcdefg)—->min{0.1,0.75,1,0.15,0.2,1,0.75,1,} =0.1
F2(yhljklmn)- min{0.5,0.466, 0.23, 0.75, 0.5, 0.5, 0.25, 0.25} = 0.23
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F3(zopgrstu)-»min{1,0.8,0.6,1,0.2,0.4, 0.25,0.25} =0.2

F4 (axyn)—-min{0.1,0.25,0.25, 1} =0.1
F5(@m1f) - min {1, 0.25,0.25, 1,} =0.25

F6 (gm | f) - min {0.25, 0.5, 1, 0.75} = 0.25
F7 (flke) » min {1, 0.5,0.06, 1} =0.06

F8 (yzun) - 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 (nutm) — min {1, 0.25, 0.15, 0.25} = 0.15
F11 (mtsl) —» min {0.15, 0.4, 1, 0.5} = 0.15
F12 (Isrk) » min{1,0.4,1,0.5} =04

F13 (e dj k) » min {0.2, 1, 0.75, 0.06} = 0.06
F14 (yzoh) -» min {0.3, 1, 0.625, 0.5} = 0.3
F15 (b h1c) -» min {1, 0.466, 1, 1} = 0.466
F16 (c1jd) - min{1,0.23, 1,0.15} =0.15
F17 (hop 1) » min {0.25, 0.8, 0.5, 0.466} = 0.466
F18 (j q rk) —» min {0.14, 1, 1, 0.75} = 0.14
F19 (jp gqj) » min {0.5, 0.6, 0.14, 0.23} = 0.14

Reached node Edge Membership Value Iteration
m Mg 0.01 1
mg ga 0.2 2
mga an 0.2 3
mgan nm ( form Cycle) - No
mgan ny 0.1 4
mgany yX 0.3 5
mganyx xa ( form Cycle) - No
mganyx xb 0.3 6
mganyxb bh 0.4 7
mganyxbh hy ( form Cycle) - No
mganyxbh hi 0.14 8
mganyxbhi ic 0.03 9
mganyxbhic cb ( form Cycle) - No
mganyxbhic cd 0.15 10
mganyxbhicd dj 0.2 11
mganyxbhicdj ji (form Cycle) - No
mganyxbhicdj jk 0.15 12
mganyxbhicdjk ki 0.1 13
mganyxbjicdjkl Is 0.2 14
mganyxbhicdjkls sr 0.2 15
mganyxbhicdjklsr rk (form Cycle) - No
mganyxbhicdjklsr rq 0.5 16
mganyxbhicdjklsrq gj ( form Cycle) - No
mganyxbhicdjklsrq ap 0.3 17
mganyxbhicdjklsrgp po 0.4 18
mganyxbhicdjklsrgpo oh (form Cycle) - No
mganyxbhicdjklsrgpo 0z 0.5 19
mganyxbhicdjkisrqpoz zu 0.1 20
mganyxbhicdjkisrqpozu ut 0.1 21
mganyxbhicdjkisrqpozut tm 0.1 22
mganyxbhicdjklsrgpozutm mi 0.1 23
mganyxbhicdjkisrqpozutml If 0.2 24
mganyxbhicdjklsrqrgpozutmif fg (form Cycle) - No
mganyxbhicdjklsrqpozutmif fe 0.4 25
mganyxbhicdjklsrqpozutmife ek 0.3 26
mganyxbhicdjklsrgpozutmlfek kl (form Cycle) - No
mganyxbhicdjklsrgpozutmlfek ke 0.03 27
mganyxbhicdjklsrgpozutmlfeke ef 0.4 28
mganyxbhicdjkisrqpozutmifekef fl 0.2 29
mganyxbhicdjkisrgpozutmifekefl Is 0.2 30
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mganyxbhicdjklsrgpozutmlfekefls st (form Cycle) - No
mganyxbhicdjklsrgpozutmlfeketls sl 0.2 31
mganyxbhicdjklsrgpozutmlfekelsr rq 0.5 32
mganyxbhicdjklsrgpozutmlfekelsrq ap 0.3 33
mganyxbhicdjkisrqgpozutmifekelsrgp pi (from Cycle) - No
mganyxbhicdjklsrgpozutmifekelsrqp po 0.4 34
Note For each TLEG, Clearly mentioned the number of vertices, no of edges and no. of faces
x (0.4)
a(0.2)

0.3
n (0.5) ‘\:’(0'4)0 b
0.3 \.Z 0.7)
0.1
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Figure 10: Structural core graph of TLFG; U TLFG..
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

REFERENCES

[1] Jesintha Rosline and T. Pathinathan Triple Layered Fuzzy Graph Fuzzy Mathematical Arhivel,(2015) 36-42

[2] A.Nagoorgani and M.Basheed Ahamed, Order and size in fuzzy graphs, Bulletin of Pure and Applied Sciences,
22E(1) (2003) 145 — 148.

[3] A.Nagoorgani and K.Radha, The degree of a vertex in some fuzzy graphs, Intern. Journal of Algorithms,
Computing and Mathematics, 2(3) (2009) 107- 116.

[4] T.Pathinathan and J.Jesintha Rosline, “Double layered fuzzy graph”, Annals of Pure and Applied Mathematics,
8(1) (2014) 135-143.

[5] T.Pathinathan and J.Jesintha Rosline, Matrix representation of double layered fuzzy graph, Annals of Pure and
Applied Mathematics, 8(2) (2014) 51 — 58.

[6] A.Rosenfeld, Fuzzy graphs, in: L.A. Zadeh, K.S. Fu, K. Tanaka and M. , (editors), Fuzzy sets and its application
to cognitive and decision process, Academic press, New York (1975) 77 — 95.

[7] R.T.Yeh and S.Y.Bang, Fuzzy relations, fuzzy graphs and their applications to clustering analysis, in: L.A.
Zadeh, K.S. Fu, K. Tanaka and M. Shimura, (editors), Fuzzy sets and its application to cognitive and decision
process, Academic press, New York (1975)

125 —149.

JETIR1808120 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 837


http://www.jetir.org/

