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ABSTRACT

In this study, we take a look at a new variation on the Double Layered Fuzzy Graph
(DLFG). By adjusting parameters, we are able to transform a DLFG into a BDLFG, or a
balanced double-layered fuzzy graph. In this study, we derive and verify a few characteristics
of BDLFG. We define dense and sparse subgraphs and talk about the characteristics of
moderately balanced IFG and equally balanced intuitionistic fuzzy subgraphs. In this article,
we examine Intuitionistic Fuzzy Graphs (IFG) and their "sum" and "union" operations on
subgraphs. Curriculum and syllabus development in higher education are highlighted as an
example of the use of evenly balanced IF subgraphs.
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INTRODUCTION

Graph theory is a subfield of combinatorics that has many applications in other areas
of study, including as geometry, algebra, number theory, topology, IR, OP, and computer
science. The goal of fuzzy models is to bridge the gap between the symbolic models used in
expert systems and the more conventional numerical models used in the hard sciences and
engineering. Connections between things may be shown in a graph. In order to account for
uncertainty in such connections, fuzzy graphs were developed. There are now many different
kinds of programs that use graphs as a means of knowledge representation. More and more
often, fuzzy graph theory is used to simulate real-time systems where the information
intrinsic to the system changes in accuracy. The benefits of using intuitionistic fuzzy sets and
graphs include increased productivity, decreased implementation costs, and more precise
issue analysis.

Intuitionistic fuzzy graphs were introduced by Krassimir T. Atanassov and the
operations on intuitionistic fuzzy graphs were defined by Parvathi and Karunambigai.
Balanced intuitionistic fuzzy graphs based on density function were introduced by
Karunambigai et al. who analysed the results on direct product, semi strong product and
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strong product of two intuitionistic fuzzy graphs. Fuzzy graph structures were first developed
by Dinesh and Ramakrishnan. In this research, we have explored the enhanced effect of
intuitionistic fuzzy sets and the specific usage of graph structures by working on intuitionistic
fuzzy graph structures, including some of their core ideas and attributes. In this study, we
present the idea of a fuzzy graph structured according to intuitionistic fuzzy-graph theory
(IFGS). Sampathkumar's 2006 introduction of graph structures, also known as generalized
graph structures, is a useful generalization of graphs that facilitates the study of multiple
relations and their corresponding edges in a single graph.

The characteristics of mild balanced IFG and equally balanced IF subgraphs are
discussed in this work. The characteristics of intense subgraphs, weak subgraphs, and evenly
balanced IF subgraphs are explored. Properties of IFG are investigated under the stated "sum"
and "union" operations. It has also been shown that an IFG with a few strong edges can only
become a strong [FG by becoming unbalanced and very mild.

LITERATURE REVIEW

Selvanayaki. S (2017) This work deduces the size, order, and density of irregular
interval-valued fuzzy graphs, and explores the idea of a strong and balanced irregular
interval-valued fuzzy graph. In addition, certain elementary statements and theorems are
offered.

V. Nivethana (2017) We define dense and sparse subgraphs and talk about the
characteristics of moderately balanced IFG and equally balanced intuitionistic fuzzy
subgraphs. In this article, we examine Intuitionistic Fuzzy Graphs (IFG) and their "sum" and
"union" operations on subgraphs.

Kishore Kumar. P.K (2018) As the generalization of fuzzy graphs, ambiguous graphs
have been a popular area of study as of late. In this study, we present dense subgraphs and
explore weak balanced ambiguous graphs and equally balanced vague subgraphs based on
their densities. Analysis of the union and sum operations on subgraphs of ill-defined graphs.
Similar work was done on the isomorphic features of the -complement of ambiguous graph
structure (VGS). An engaging example application on gas pipeline vulnerability assessment is
shown at the end.

PROPERTIES OFINTUITIONISTIC FUZZY GRAPHS

Definition 1.1. An intuitionistic fuzzy set (IFS) on an universe X is an object of the form
A= {{z,pa(z),va(x)) |z € X}
Where pA(x)(€ [0, 1]) is called degree of membership of x € A, vVA(x)(€ [0, 1]) is
called degree of non-membership of x € A, and pA and vA satisfy the following condition:

for all x € X, pA(x) + VA(x) < 1.

Definition 1.2. An intuitionistic fuzzy relation R = (uR(X, y), VR(X, y)) in an universe X X Y
(R(X — Y)) is an intuitionistic fuzzy set of the form
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R = {{(z,y), ur(z,y),vr(z,y)) | (z,y) € X x Y}

Where pR: X XY — [0, 1] and VR : X X Y — [0, 1]. The intuitionistic fuzzy relation
R satisfies pR(x, y) + VR(x, y) <1 for all x, y € X.

Definition 1.3. Let Gx = (U, E1, E2, . . ., Ek) be a graph structure and v, pl, p2, ..., pk be
the fuzzy subsets of U, E1, E2, . . ., Ek, respectively such that

0 <pi(xy) <v(x) Av(y), forallx,y€Uandi=1,2,...,k
Then G = (v, pl, p2, . . ., pk) is a fuzzy graph structure of G* .

Definition 1.4. Let G* be a graph structure and G be a fuzzy graph structure of G . If xy €
supp(pi), then xy is said to be a pi-edge of G.

Definition 1.5. The strength of a pi-path x0x1 . . . xn of a fuzzy graph structure G is Vn j=1
pi(xj—1xj) fori=1,2,...,k

Example 1.1. Let G+ = (U, E1, E2) be a graph structure such that U = {ai, a2, a3, as}, E1 =
{aiaz, acas} and Ex = {asas, aias}. Let A, Bl andB2 be intuitionistic fuzzy subsets of U, El
and E2, respectively, such that

A={(a1, 0.5,0.2),(az, 0.7, 0.3),(a3, 0.4, 0.3),(a4, 0.7, 0.3)},
B1 = {(aiaz, 0.5, 0.3),(azas, 0.4, 0.3)},
and B2 = {(azas4, 0.4, 0.3),(a1as, 0.1, 0.2)}.

Then G™ s = (A, By, B2) is an IFGS of G* as shown in Fig. 1.

B,(0.5,0.3) .
iy (0.5,0.2) @ e (0.7, 0.3)

B85(0.1,0.2) £21(0.4,0.3)

ag(0.7,0.3) ® a3(0.4,0.3)

B,(0.4,0.3)

Figure 1. IFGS G™(A, B1,B2)

837



"y &,

IJTE

TECHNO-ENGINEERING

Example 1.2. Consider the IFGS G™ s = (A, B1, B2), as shown in Fig. 1. Then
(1) a1az, axaz are Bl-edges and azas, ajas4 are B2-edges;

(i1) aiaxas and asasa; are B1- and B2-paths, respectively;

(ii1) a; and a3 are B1-connected vertices of U;

(iv) G™ s is Bl-strong, since supp(B1) = {aia,, ara3}

uB1 (aja2) = 0.5 = (nA(ai) A pA(a2)),

vB1 (aiaz) = 0.3 = (vA(ai1) V vA(a)),

uB1 (a2as) = 0.4 = (uA(a2) A pA(asz))

and vB1 (aza3) = 0.3 = (VA(a2) V VA(a3)).

MILD BALANCED INTUITIONISTIC FUZZY GRAPHS

Definition: 2.1 An intuitionistic fuzzy graph (IFG) of the form G: (V, E) said to be a Min-max
IFGif

E < VxV is finite set of edges such that uB: VxV—[0,1] and vB: VxV—[0,1] are such that
pB(xy) < min{ pA(x), pA(y)} and vB(xy) < max{vA(x), VA(y)} denotes the degree of
membership and non-membership of the edges (x,y)€E and 0 < uB(xy)+vB(xy) < 1 for every
(x, y)€E.

Definition: 2.2 In order for H1 = (V1, E1) to be a connected IF subgraph, every pair of
vertices in V1 must be reachable by a route.

Definition: 2.3 The term "Intense subgraph" is used to describe a connected subgraph H of an
intuitionistic fuzzy graph G: (V, E) if and only if (i). For (i), V(H) > V(G) and (iii) E(H) >
E(G). Both Dv(H) > Dv(G) and D(H) > D(G) are true

Definition: 2.4 A connected subgraph H of an intuitionistic fuzzy graph G: (V, E) is called

Feeble subgraph if (i) V(H) < V(G) and E(H) < E(G) and (ii) Du(H) > Du(G) and Dv(H) >
Dv(G).
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a (0.44,036)

(045,0.15) (048,04)
L (0502 ,
d(0.55,025) c(0.65,03)
Fig: 1 G:(V,E)

Subgraph Vertices Edges D(H) D, (H)
H, {a,b) fab} 2 2333
H, ibel fbec} 1.333 2308
H, Te.d) fed) 1.600 3154
H, {d.aj {da} 1.800 2333
H, Ta.b.c {ab, bc} 1.600 2320

H, Ib.c.d} 1be .cd} 1.455 2231
H. fc.d.a} fed , da} 1.689 2.240
H, fa,b,c,d} | {ab,bc,cd} 1.6 2.098
H, {b,c,d, a} { be, cd, da} 0.750 2

H, fc.d,a,b} | {cd da,ab} 1.785 2270
H. {d.a, b, c} { da, ab,bc) 3.086 2.324
i (A fab.cdal {ab, bc, 1.853 2.280

cdda}

Subgraphs of the ill-defined graph G (: V,E) are shown in the above table in terms of
their t -density and f -density. The densities of every conceivable linked subgraph of the
graph G are listed above. From the data shown above, we may deduce that the subgraphs
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labeled "H3," "H6," "H7," "H," "H9," "H10," and "H12" are "Intense," "H1," and "H11," are
"Feeble," and that "H2," "H4," and "H5" are "Partially Intense and Feeble."

Corollary 2.1. It is impossible for a graph with few strong edges to be somewhat balanced.

Proof: D (H) = 2 t and Df (H) = 2 if and only if the graph G contains some (but not all)
strong edges, and if the linked subgraph H has exclusively strong edges. Hence D(H) =
(2,2) > D(G). This means the graph cannot be a somewhat balanced ambiguous one.

Example: 2.1 Consider an IFG G:(V,E) with V = {a, b, ¢, d, e} and E = {ab, bc, cd, de, ea}.

Here are the graph's -density and v-density values:

2(0.4+0.48+0.5+0.45+0.45) 4.56

Du(G) =70 44+05+055+055+044 — 248 —1-34

2(0.3+0.4+0.2+0.15+0.3) 2.7
0.44+0.440.34+0254036 1.71

Du(G) = = 1.58.

Hence, D(G) (1.84,1.58).
BALANCED INTUITIONISTIC FUZZY GRAPHS

First, let's define the density function D(G): D(G)=(D(G), Dv(G)), where G is an
intuitionistic fuzzy network defined by (V,E).

Du(G) is defined by
D,(G) = 2 Zu,::él-"(,u?(ﬂ. v))
' E(um)e,‘: (pa(u) A pa(v)) '
and Dv(G) is defined by
DH(G) 2 Zu.-uev(UQ(U. ?.-'))

" Y e (@) Vi (v))’

Definition 3.1 When G = (V,E), a fuzzy graph is intuitively balanced. if D(H) < D(G), that is,
Du(H) < Dw(G), Dv(H) < Dv (G) for all subgraphs H of G.

Example 3.1 Consider a IFG, G = (V,E), such that V = {v1, v2, v3, v4}, E = {(vl, v2),(v2,
v3), (v3, v4),(v4, v1),(v2, v4)}.
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(0.24,0.45) 0.8,0.2 dsia
vy (0.3,0.6) ¥ (0.8,0.2) vy(0.8,0.2) 4 0.306), (0.24,0.45)  1(0.80.2)
W
fih.24,0.45) (L {0.16,0.6) {0.16,0.6) S
Yy(0.5, 0.4) 0.8 ¥3(0.2,0.8)
! asag  kasd : V0.5, 0.4)
G H; #

Theorem 3.1: Every complete product IFG is a regular product IFG.
Proof:

Assume G = (V, E) is a full product. [FG As a result, the degree of a vertex's closed neighbors
is defined as the sum of the vertex's and its own membership values, while the degree of a
vertex's closed g neighbors is defined as the sum of the vertex's and its own nonmembership
values. As a result, the degree of closedness between any two vertices will be one. This
proves that G is a normal product of the IFG.

Let G = (V, E) be a product intuitionistic fuzzy graph p -density

0.13+0.13+0.104 +0.104 + 0.052
0.24+02+4+0.16+0.16+ 0.08 +0.08

D,(G) = z[

=1.3

+0.052 + 0.039 + 0.0975 + 0.078
+0.06+0.15+0.12

0.108 +0.108 +0.135+0.135+0.189
0.24+0.24+ 0.3+ 0.3+ 0.42+0.35

D,(G)=2[

=0.9

+0.1575+0.189 +0.108 + 0.162
+0.42+ 0.24 + 0.36

In Figure, For all subgraphs H of a PIFG G, D(H) < D(G). So G is balanced product IFG.

Example 3.2. Consider an IFG G = (V, E) such that V = {vi, v2, v3, va}, E = {(v1, v2), (v2, V3),
(V39 V4)a (V49 Vl), (Vl, V3), (VZ, V4)}.

Hence D(H) = D(G) for all non-empty subgraphs H of G. Hence G is strictly balanced IFG.

Example 3.3. Consider an IFG G = (V,E), such that V = {v1, v2, v3, v4}, E = {(v1, v2),(v2,
v3),(v3, v4), (v4, v1)}.
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V) (0.6, 0.4) 0.375,0.3) Y2(0.5, 0.4)
4 $

(0.3, 0.3)
(0.225, 0.45)

o o
v (04,03  (0.225,0.45)  y,(0.3, 0.6)
G

Hence D(H) < D(G) for all subgraphs H of G. So G is balanced IFG. From the above graph
easy to see that: p2(u, v) = pl(u)Apl(v) and v2(u, v) = vl(u)vvl(v)). Hence G is balanced but
not complete.

PROPERTIES OF BALANCED IFG

Definition 4.1 The density of a product intuitionistic fuzzy graph G =(V, E) is D (G) = Dp
(G), Dy (G), where Du ( G) m is defined by

2 Y (4,(u,v))

D (G) " u,veV |
g : E}: E(Jul(“)'#l(v)}
Dy (G) g 1s defined by
2 2 (7,(u,v))
D, (G)=—=
! : .Z}E(}"(“}'}"{FD

Definition 4.2 A product intuitionistic fuzzy graph G = (V, E) is balanced if D (H) <D (G)
that is IS DS A RIS 05 for all sub graphs H of G.

Example 4.1 Consider G = (V, E) be an intuitionistic fuzzy graph as in Figure 3.
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0.24+0.16+0.1+0.15+0.4]

-density D (G :2(
5 y ‘"( ) 0.244+0.16+0.140.15+0.4

0.12+0.16+0.32 +0.24+0.08)

-density D_(G)=2
¥ 7 Dy(G) (0.12+0.16+0.32+0.24+0.08

Theorem 4.1 A complement of a strong product intuitionistic fuzzy graph is balanced.

. (0.13,0.108)
v (0.4,0.6) > 3 v, (0.5,0.4)
‘&, 30
Zs £
= L, o s
2 'y o g
S| pe(0.2,0.7 v (0.3, 0.6)| I
3 50250 o ais 0159 % 09 -

£} 2 3
3 5 = S
S o L =
QS“"‘ ?,‘
o 4
v§(0.4,0.5) (0.104, 0.135) ¥;(0.4,0.6)

Proof: Let G = (V, E) be a strong product IFG and G = (V, E) be its complement.

Let G = (V, E) represent a finished good IFG As a result, the degree of a vertex's
closed neighbors is defined as the sum of the vertices and its own membership values, while
the degree of a vertex's closed g neighbors is defined as the sum of the vertices and its own
non-membership values. As a result, the degree of closedness between any two vertices will
be one. G follows from the fact that IFG is a regular product.

CONCLUSION

Since we have studied mild balanced IFG on the union and sum of two IFG sharing one or
more vertices, we can easily expand this research to other operations, such as product and
composition graphs, etc. In this article, we present the concept of the balanced double-layered
graph and specify the circumstances under which a fuzzy double-layered graph may be
considered "balanced." Provided some concrete examples to back up our findings and
definitions.
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