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Abstract

In this paper, we define the path, bridge and cut-vertex on intuitionistic fuzzy
graphs of second type and establish some of their properties.
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1. INTRODUCTION :

Fuzzy sets were introduced by Lotfi. A. Zadeh [10] in 1965 as a generalisation of
classical (crisp) sets. Further the fuzzy sets are generalised by Krassimir.T. Atanassov
[1] in which he has taken non-membership values also into consideration and
introduced Intuitionistic Fuzzy Set [IFS] and its extension namely Intuitionistic Fuzzy
Sets of Second Type [IFSST]. Also he introduced the concept of Intuitionistic fuzzy
relations. R. Parvathi and M. G. Karunambigai [6] introduced Intuitionistic Fuzzy
Graphs [IFG] elaborately and also they introduced the path, bridge and cut-vertex on
IFG. The authors introduced [9] Intuitionistic Fuzzy Graphs of Second Type [IFGST]
and studied some of their properties. In section 2, we give some basic definitions and
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in section 3, further the authors propose the path, bridge and cut-vertex on
intuitionistic fuzzy graphs of second type and establish some more properties. The
paper is concluded in section 4 .

2. PRELIMINARIES:
In this section, we give some basic definitions.

Definition 2.1 : An Intuitionistic Fuzzy set [IFS] 4 in a universal set E is defined
as an object of the form

A = {(x,ua(x),va(x))/x € E},

Where uy:E - [0,1] and v4: E = [0,1] denote the degree of membership and the
degree of non-membership of the element x in E respectively, satisfying 0 < u,(x) +
va(x) < 1.

Definition 2.2 : An Intuitionistic Fuzzy sets of second type [IFSST] 4 in a
universal set E is defined as an object of the form

A = {(x,u4(x),va(x))/x € E},

Where u,:E — [0,1] and v,: E — [0,1] denote the degree of membership and the
degree of non-membership of the element x in E respectively, satisfying 0 <
Ha(0)? +va(x)* < 1.

Definition 2.3[¢ : An Intuitionistic Fuzzy Graph [IFG] is of the form G = [V, E]
where

(1) V = {vy,v,, ...v,} such that y,:V = [0,1] and v;: V — [0,1] denote the degree of
membership and non-membership of the element v; € V, respectively, and

0<u(v) +vi(v)) <1foreveryv;, €V, (i=12,..n)

(i) E <€V xV where u,:V xV —=[0,1] and v,:V X V — [0,1] are such that
Uy (Vi: Vj) < min[,ul(vi),ul(vj)],

v, (vl-, vj) < max[vl(vi),vl(vj)]

and 0 < uz(vi,vj) + vz(vi,vj) < 1 for every (v;, v;)€E, (i,j=12,..n)

Definition 2.4 : A path P of an IFG is a sequence of distinct vertices
V4, V4, V3 ... Uy, SUCH that either one of the following conditions are satisfied

(@) pzij > 0and vy >0

(b) Haij = 0 and Vaij >0
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(C) 1zij > 0and v,;; = 0 forsome iandj (i,j = 1,2,3..n)

Definition 2.5 : In an IFG, G =[V,E]the pu-strength of a path P =
V1V, ... Uy CONNECting any two vertices is defined as, max{u,;;} and is denoted by

(uzl-j)oo and the v-strength of a path P = v, v, ... v, connecting any two vertices is

defined as, min{v,;} and is denoted by (v,;;)" forall i,j = 1,23 ..n

Definition 2.6 [¢] : Let G = [V, E] be an IFG. Let v;,v; be any two distinct vertices
and

H = [V',E'] be an intuitionistic fuzzy subgraph of G obtained by deleting an edge
(vi, vy) that is H = [V',E’] where py;; = 0 and vy;; = 0 and up = p, and vy = v,
for all other edges.

Now (v;, v;) is said to be a bridge in G, if either
(,uéxy)oo < (:u2xy)oo and (Véxy)oo = (V2xy)oo (OI’)

(Hory)” < (Haxy)” and (Vhay)™ > (vary)~ for some vy, v, €V

In other words, deleting an edge (v;,v;) reduces the strength of connectedness
between some pair of vertices (or) (v;, v;) is a bridge if, there exists v,, v, such that,
(v;,v;)is an edge of every strongest path from v, to v,

Definition 2.7 1] : A vertex v; is said to be a cut-vertex in IFG, G if deleting a vertex
v; reduces the strength of connectedness between some pair of vertices (or) v; is a
cut-vertex if and only if there exists v,, v, such that v; is a vertex of every strongest
path from v, to v,, .

In other words,
(o] [ee]
(ﬂéxy) < .u2xy and (Véxy) < Vny (OI’)
(ugxy)‘” < Haxy and (véxy)oo < v,y for some v, v, €V

Definition 2.8 [° : An Intuitionistic Fuzzy Graphs of Second Type [IFGST] is of the
form G = [V, E] where

(1) V ={vq, vy, ...} such that pu;:V - [0,1] and v;:V — [0,1] denote the degree of
membership and non-membership of the element v; € V, respectively, and

0<pu()?+v,(v)? < 1foreveryv, €V, (i=1,2,..n)
(i) E SV xV where u,:V xV = [0,1]and v,: V X VV — [0,1] are such that

po(vi,v) < minfuy (0)% 1y (Vj)z]»
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v,(v;,v;) < max [Vl(vi)szl(vj)z]

and 0 < uz(vi,vj)z + vz(vi,vj)z < 1forevery (v, v;) €E, (i,j =12, ..n)

3. INTUITIONISTIC FUZZY GRAPHS OF SECOND TYPE

In this section, we define the path, bridge and cut-vertex on IFGST and prove some of
their properties.

Definition 3.1: A path P of an IFGST is a sequence of distinct vertices
V1, Uy, U3 ... Uy, SUCh that either one of the following conditions are satisfied

(@) paij > 0and vy >0

(b) uz;; = 0and vy >0

() pzij > 0and vy;; = 0 forsomeiandj (i,j = 1,2,3..n)

Definition 3.2: A path P = v, v, ... v,41 (n > 0) then the length of P isn

Definition 3.3: A path P = v,v, ...v,,  iscalled acycle if v; = v,,,; and n > 3

Example 3.1:
V1(0.7, 0.0) (0.07, 0.30) V4(0.3, 0.6)
® &
w.%)
(0.36, 0.09) (0.0, 0.36) ® V:(0.5, 0.5)
(0.0, 0.20)
() ®
V2(0.6, 0.3) (0.0, 0.15) Vv3(0.0, 0.4)
FIGURE 1.

In the above FIGURE 1. v,v,v5vs is a path and the length of this path is 3. Also
V1V, VsV3 U,V IS a cycle.

Definition 3.4: In an IFGST, G = [V, E] the u-strength of a path P = vyv, ...v,
connecting any two vertices is defined as, max{u,;;} and is denoted by (uzl-,-)oo and
the v-strength of a path P = v;v, ..., connecting any two vertices is defined as,
min{v,;;} and is denoted by (vzij)oo foralli,j =1,23..n
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Remark 1

If an edge possesses both p-strength and v-strength, then it is the strength of the path
P and is denoted by S thatis Sp = ((1zi;), (vai;) Yforall i,j = 1,2,3 ..n

Definition 3.5: Let G = [V, E] be an IFGST. Let v;, v;be any two distinct vertices and

H = [V',E'] be an intuitionistic fuzzy subgraph of G obtained by deleting an edge
(Ui, 17])

So, H=[V',E'] where p;;; = 0 and vy;; = 0 and 3y, = Upxy aNd V34, = Vo, for
all other edges (vy, vy)

We say that (v;, v;) is bridge in G, if either
(.uéxy) < Haij < .u;oij and (Véxy) = Vaij P ngj (OI’)
(Hhxy) < baij < pgyjand (Viey) > vy > vsy; for some vy, v, € V

In other words, (v;, v;) is a bridge in G whose removal reduces the strength of the
connectedness between some pair of vertices in G.

Example 3.2:
V1(0.6, 0.3) (0.15, 0.20) Va(0.4, 0.5)
® ®
(0.04, 0.50) (0.08, 0.25)
® ®
V2(0.2, 0.8) (0.03, 0.60) V3(0.3, 0.0)
FIGURE 2.

In the above FIGURE 2.

The strength of the path(P) v, v, is (0.15,0.20) and also the strength of the path(P)
V10,30, 1S (0.08,0.25)

Clearly, we can see that when we remove an edge v,v, then the strength of the
connectedness between v, and v, in the path P is reduced.

Hence v, v, is a bridge.
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Definition 3.6: Let G = [V, E] be an IFGST. Let v;, v;be any two distinct vertices and

H = [V',E'] be an intuitionistic fuzzy subgraph of G obtained by deleting an edge
i, vj).

So, H = [V',E'] where uy;; = 0 and vy;; = 0 and ppyy, = Uoxy aNd V34, = oy, for
all other edges (v, v))

A vertex v; is said to be a cut-vertex in G whose removal reduces the strength of
connectedness between some pair of vertices.

In other words,
(o] (o]
(,uéxy) < .uzij < ,ug;j and (Véxy) = VZij = V;"j (OI’)
[o0] [o.0]
(Hhxy) < baij < pgy;and (Vhey) > vy > vsy; for some vy, v, € V

Example 3.3:
V1(0.2, 0.8)

(0.0., 0.60) (0.01, 0.60)

(0.01, 0.40)
V2(0.5,0.5) @

® ®
(0.01,0.40) v;(0.1,0.7)  Va(0.3,0.6)

FIGURE 3.

In the above FIGURE 3.

The strength of the path(P) v,v,v; is (0.03,0.60) and also the strength of the
path(P) v,v5 is (0.01,0.60)

Clearly, we can see that when we remove a vertex v, then the strength of the
connectedness between v; and v in the path P is reduced.

Hence v, is a cut-vertex.

Theorem 3.1: In an IFGST, G = [V, E], after deleting an edge (v;, v;) we have an
IFGST, G¢' = [V', E'] of vertices v,, v, (x,y = 1,2, ...n) then the following
conditions are equivalent
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(W) (Hhxy)” < ttoijand (vaey)” > vay

(i) (v;, vj) is a bridge

(iii)  (v;,v;) is not an edge of any cycle.
Proof:

To prove (i) = (ii)

Assume that (ith,,) < tzi; and (Vaay) ™ > vy
Now we have to prove (v;, v;) is a bridge.
Suppose that (v;, v;) is not a bridge, then
(.U'z;cy)oo = Uz;j = Mpij and (Véxy)oo = Vaij < Vaij
This is contradiction to (i)

Hence (v;, v;) is a bridge.

To prove (ii) = (iii)

Assume that (v;, v;) is a bridge.

To prove (v;, v;) is not an edge of any cycle.

821

If (v;, v;) is an edge of a cycle, then any path involving an edge (v;, v;) by using the

rest of the cycle as a path from v; to v;

This is contradiction to our assumption.
Therefore (v;, v;) is not an edge of any cycle.
To prove (iii) = (i)

Assume that (v;, v;) is not an edge of any cycle.

To prove (ygxy)“’ < pg;; and (véxy)o0 > Vyy

Suppose that (i1h,, )" = tzij and (V)™ < vy then there is a path from v; to v;

not involving (v;, v;) that has strength greater than or equal to u,;; and less than or
equal to v,;; . Also this path together with (v;, v;) form a cycle. This is contradiction

to our assumption.

Hence (#gxy)“’ < Ug;; and (vgxy)“’ > Uy

Therefore (i),(ii) and (iii) are equivalent.
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Theorem 3.2: Let IFGST, G = [V, E] then

(i) If uz;; and vy, are constants for all v;, v; € V, then G has no bridge.

(ii) If ;5 and v,;; are not constants for all v;, v; € V, then G has at least one bridge.
Proof:

(i) Let py;; and v,;; are constants for all v, v; € V

Let uyi; = ¢q and vy;; = ¢, forall v, v; € V,where 0 < ¢; <land 0 < ¢, < 1.

In this case each edge in a graph has the same degree of membership and non-
membership values. Suppose we can delete any edge is does not reduce the strength
of connectedness between any pair of vertices.

Hence G has no bridge.

(ii) Assume that u,;; and v,;; are not constants for all v;, v; € V

Choose an edge (v,, v, ) € E such that p,,, = max{u,;;} and v,,, = min{vy;;} for
all

(vi, v]) €EFE
Now, there exists at least one edge (v, v;) distinct from (vx,vy) such that p,s <
Mny and Vast > Vny

If we delete an edge (vx, vy) then the strength of connectedness between v, and v,, in
G is decreased.

Therefore (v, v, ) is a bridge in G.

4. CONCLUSION:

In this paper, we defined the path, bridge and cut-vertex on IFGST and established
some of their properties. In future we will study some more properties and
applications of IFGST.
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