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1. Introduction

Fuzzy sets were introduced by Lotfi. A. Zadeh[11] in 1965 as
a generalization of classical (crisp) sets. Further the fuzzy sets
are generalized by Krassimir.T.Atanassov [1] in which he has
taken non-membership values also into consideration and
introduced Intuitionistic fuzzy sets [IFS] and their extensions
like Intuitionisticfuzzy sets of second type [IFSST],
Intuitionistic L-fuzzy sets [ILFS] and Temporallntuitionistic
fuzzy sets [TIFS]. A. Shannon and K. T. Atanassov [7]
discussedthe theory of Intuitionistic fuzzy graphs. R. Parvathi
and M. G. Karunambigai[3,5,6] introduced Intuitionistic
Fuzzy Graphs [IFG] elaborately and analyzed itscomponents
also introduced and studied the concept of union, join and
constant onlFG. Further S. Ismail Mohideen, A. NagoorGani,
B. Fathima Kani and C.Yasmin [2] discussed the properties of
operations on intuitionistic fuzzygraphs. The present authors
[8,9,10] introduced the extension of IFG namelyIntuitionistic
Fuzzy Graphs of Second Type [IFGST] and defined some
basic concepts.

In section 2, we give some basicdefinitions and in section 3,
we define some new operations namely union and join
onlFGST. Also establish some of their properties.The paper is
concluded in section 4.

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

Definition 2.1 [5] An Intuitionistic Fuzzy Graph [IFG]is of the
form G = [V, E]where

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

0 < u,(vy) +v,(v;) < 1for every

v,eV, (i=12..n)

(ii) E € V x Vwhereu,:V XV - [0,1] and v,:V XV - [0,1]
are such that

12 (vi, v;) < minfuy (), uy (vp)),

v, (vi,vj) < max[v1 ), v, (v]-)]

and0 < uz(vi,vj) + vz(vi,vj) <1 for
E, (i,j=12,..n)

cvery (vl’, 17]) €

Definition 2.2 [6] Let G; = [V;, E{] and G, = [V,, E,] be two
IFGs with Vy NV, # ¢ and G = G, U G, = [V, UV, E; UE,]
be the union of G and G,. Then the union of IFGs G,and G, is
an IFG defined by,

e (), if uev, -V,
(11 U p) () = {1 (w), if uev, ="
max(u; (W), pr (W), if ueVinv,
v, (u), ifuev, -V,
(vi UvD () =4vi(w), ifueV, ="
min(v;(w),vi(w)), if uev,ni,

(uz U Mé)(uiuj)
Ha (uiuj);
=4 w5 (uy),
max(/,tz(uiuj),u’z(uiuj)), if wu; € E;NE,
(v U vé)(uiuj)
v, (uiu]-), if uu; € E; —E,
=<V (uiuj), if wu; €E,—E;

min(v2 (uiuj),vé(uiuj)), if wu; €E NE,

where (44,v;) and (ui,vi) are the vertex degree of
membership and non membership of the elements of V;in
G,and V,in G, respectively. Also (¢, Vv,) and (u3,v3) are the
edge degree of membership and non-membership of the
elements of E;in G;and E,in G, respectively.

Definition 2.3 [6] The join of two intuitionistic fuzzy graphs
G, = [V, E;] and G, =[V,, E,] is an IFG, G =G, + G, =
[V1 uvV,, E,UE, U E’] where E'is the set of all edges joining
the vertices of V; with the vertices of V,is defined by

(ug + ) @) = (ug U ) ()

if ueVuv,

vi +v)@) = (v; Vv (W)
ifueV;uv,
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(uz + Mé)(uiuj)

_ {(Hz U ) (uy), if wu €EVE,
+ Umin (), 1 (), if wu; € E’
(vy + vé)(uiu]-)

3 {(v2 uvp(wy), if wu €E UE,
~ |max (vl(ui), v{(u]-)), if wu; €E'

Definition 2.4 [3]

Let G = [(I’lli' Vli)' (:u'Zl'j' inj)] be an IFG. If d[l.(vi) = kl
and dv(vj) = k; for all v;, v; € V then G is called as (ki, k}-)—
Constant IFG (or) Constant IFG of degree (kl-, k]-).

Definition 2.5 [8] An Intuitionistic Fuzzy Graphs of Second
Type [IFGST]is of the form G = [V, E]where

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

0< )2+ vi(w)?<1foreveryv; €V, (i=12,..n)
(ii) E € V x Vwhereu,:V XV - [0,1] and v,:V XV - [0,1]
are such that

12 (v, v;) < min [#1(171')2,/11(17]')2],

v, (vl., vj) < max [‘Vl(vi)z'vl(v]')z]

and0 < ,uz(vi,vj)z + vz(vi,vj)z <1 for every (vi,vj) €
E, (i,j=12,..n)

Definition 2.6 [10] Let G = [V, E] is an IFGST. Suppose
d,(v;) = k;and dv(vj) = k; for all v;, v; € V then the graph
G is called as constant IFGST of degree (ki, kj) or (ki, k}-) -
constant IFGST.

3. Some Operations on Intuitionistic Fuzzy
Graphs of Second Type

In this section, we define the new union and join operations
over intuitionistic fuzzy graphs of second type. Also establish
some of their properties.

Definition 3.1 Let G, = [V, E;] and G, = [V,, E,] be two
IFGST with VNV, # ¢ and G = G; U G, where G, U G, =
[V1 uv,, E; UEZ] then the union of G; and G,is also an
IFGST defined by,

(W), if uev, =",
(1 V() =1 (w), if ueVv, -1
max(uy (W), uy (W), if u€V, NV,
v, (u), ifuev, -V,
(v Vv @) ={vi(w), ifueV, -1
min(v;(w),vi(w)), if uev,nv,

(uz U #é)(uiuj)
,uz(uiuj), if uu; € Ey — E,
= /i'z(uiuj), if uu; €E, —E;
max(uz(uiuj),ué(uiuj)), if uyiu €E;NE,

(v, U vé)(uiuj)

vz(uiuj), if wu; €E —E,

vé(uiuj), if wu; €E, —E;

min(vz(uiuj), v (uiuj)),if wu; €E; NE,
where (uy,v;) and (ui,v;) are the vertex degree of
membership and non membership of the elements of V;in
G,and V,in G, respectively. Also (u,,v,) and (uj,vy) are the

edge degree of membership and non-membership of the
elements of E;in G;and E,in G, respectively.

Example 3.1
0703} Vy(0.4, 06
[ ]
0.15,027)
(0.01,0.36) (020,007
[0.05,0.32) ® 1:{0.8,0.1)
Va(0.1,0.5) ¢——————#5(05,02) Ao.zo]
(0.0,0.20) J
V:{03,03)
Fig 1 G,andG,
vqw 0.3) V4(0.7,03)
OWO.ZT}
(0.05,0.32) (0.20, 0.07)
{0.05,0.32) ® Vi(0.8,0.1)
Vi(0.3,0.5) # ——————# V5{0.5,0.7) .Aﬂ.zﬂ)
V:(0.3,0.5)
Fig2 G, UG,

Definition 3.2 Let G, = [Vy, E;] and G, = [V,, E,] be two
IFGST and G =G, + G, where G, + G, =[V; UV, E; U
E,UE ’] here E'is the set of all edges joining the vertices of V;

with the vertices of V, then the union of G; and G,is also an
IFGST defined by,

(g + ) @) = (U U pp) (@)
ifueVul,
(vi +v) @) = (vy Uv) (W)
if uEV, UV,
(uz + Mé)(uiuj)
_ {(Hz u Mé)(uiuj).

min (u? (w), (1)* (W),
(v, + vé)(uiuj)

lf uiuj € El U EZ
lf uiuj EE'

{(1/2 uvp (), if uu; €E UE,
max (v (w), (v))*(w)), if wu; €E'
Example 3.2
V2(0.4, 0.5) V1(0.6, 0.3)
]
(0.02, 0.62)
V1(0.2,0.8) @ (0.14, 0.20) (0.22, 0.22)
{0.04, 0.64}
L ] [ ]
Vs{0.7, 0.1) Vs(0.5, 6.5)
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Fig 3 G,andG,

Figd G, + G,

Theorem 3.1: Let G; and G, be any two IFGST withV; NV, =
¢. Then G, U G, is (ky, k,) constant IFGST if and only if G,
and G, are (kl, kz)constant IFGST.

Proof: Given that G, U G, is (kl, kz)constant IFGST then we
have,

dg,ue, (V) = dg,(W)ifv € V;
veEV,
SinceV; NV, = ¢, therefore we have,

de,ue, @) = (ky, kz) & dg,(v) = (ky, kz)and

dg,uc, W) = (ky, k) & dg,(v) = (kq, k)
This completes the proof.
Theorem 3.2: Let G, be an IFGST and G; be a subgraph of G,
and G, U G, is a(kl, kz) constant IFGST then G, is a (kl, kz)
constant IFGST.

and  dg, y6,(v) =dg,(v) if

Proof: Let G, be a subgraph of an IFGST G, and G; UG, is a
(kl, kz) constant IFGST.

We have, p; (v;) < w3 (vy),vi (vy) = vi(vy)
andy, (vi. vj) < Uy (vi' Vj)'
Vs (Ui, Uj) =v; (vi' 17]')

where((ul,vl), (uz,vz)) be the degree of membership and
non-membership of the elements v; €V; in G; and
((uy,v), (uh,v5)) be the degree of membership and non-
membership of the elements v; € V, in G,.

Clearly, (uy U pp)(vi) = p3(vp),

(vi Uv)(vy) = vi(vy)
and(p, U 1) (v;) = pz(vy),

(vo Uvy)(vy) = v3(vy)
Therefore G, U G, = ((u1,v1), (45, v3))

GV G, =G,

SoG,isa (kl, kz) constant IFGST.
This completes the proof.

Theorem 3.3: Let G; and G, be two IFGST with V; NV, # ¢
and none of VjandV, is a subset of others. If G; UG, is a
(kl, kz)constant IFGST then G; and G,are not a constant
IFGST.

Proof: Let G, and G, be two IFGST and V; NV, # ¢ then
We may have either E; N E, = ¢ (or) E; N E, # ¢
We prove this theorem in two cases.

Case 1

If El n EZ = 4)
Given that G; U G, is a constant IFGST
We have dg, g, (v) = (ky, k3)

dGl(v)l lf v E V1 - V2
dg,ue, (W) = dg, (), ifvelV,-V
dg,(v) +dg,(v), if vev,nv,

Since none of V;and V, are subset of othersand V; NV, = ¢
So both V; — V, and V, — V; are non-empty.

Let v € V; — Vythen dg, (v) = (ky, k3) and if u € V, — V;then
dg, (W) = (ky, k3)

Now, letw € V; NV,

Then dg, W) + dg,(W) = (ky, k;)

=dg, (W) < (ky, k3)

and dg, (W) < (kq, k7)

Thereforedg, (v) # dg, (W)

and dg, (u) # dg,(w)

This gives the contradiction to the definition of constant
IFGST.

Hence G, and G, are not constant IFGST.
Case 2

IfE;NE, +¢
If some edge incident to v is lies in E; N E, then
dg,ug, = dg, (W) +dg,(v)

->  min (o), ()}
(k1, k2) = dg, (v) + dg, (v)
- min {1z (vw), 1y (vu)}

VUEE1NE;
Therefore we have (kq, k;) > dg, (v) and (ky, k;) > dg, (v)
Now,u € V; —V, and w € V, — V; then
de, W) = (kyq, kz)anddal w) = (kq, k3)
So, dg, () # dg,(w) ; dg,(v) # dg,(W)
Hence G, and G, are not constant IFGST.
This completes the proof.

Theorem 3.4:Let G; and G, be two IFGST with V; NV, # ¢.

If G, and G, areconstant IFGST then G, U G, is not constant
IFGST.

Proof: Given that G; and G, be two IFGST and V; NV, # ¢
also G; and G, areconstant IFGST thenwe have, dg, (v;) =
(kl' kz) fOI‘ all vl € Vl al’ld dGZ (vz) = (kg, k4) fOI‘ all vz € VZ

Now,

dg,ug, (W) = dg, (v) = (kq, kp)if for all

v eV, —V,and

dg,ue, (W) = dg,(v) = (k3, k,)if for all

velV,-V

Suppose there is a vertex w € V; NV, such that
dg,ue,(W) = dg, (W) + dg,(w)
de,u, W) = (kg kp) + (ks, ka)

dgyue, W) = ((ky + k3), (ky + k)

Therefore dg, 6, (V) # dg,us, (W)

Hence G; U G, is not constant IFGST.

This completes the proof.
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Theorem 3.5: Let G; and G, be two IFGST with V; NV, = ¢.

If G, +G, is (kl, kz) constant IFGST then G, and G, are

constant IFGST.

Proof: Let G, and G, be two IFGST such that V; NV, = ¢.

Also given that G; + G, is (kl, kz) constant [FGST.
For any v € V; then we have,

dc;1+c;2 w) = dc;1 )

. [mm(uf @), @)*W)) ]
., max(vZ(v), (vi)*(w))
(ky + k) = ‘ém.vl(v) )
min(uf @), (u)*W)),
* w;, [max(vl2 ), (V{)Z(W))]
kl = dlh (17) +
Z min(/«lf(v)' (ﬂi)z(w))

vweE'

Since G; + G, is a constant IFGST.
We have

> min(i @), @)*w) = k

Then

ki =d, ) +k=d, )=k, —k=ksforallv €V,
Similarly we have,

k,=d, (W) +1=>d, (v) =k, — = kyforallv € V;
Hence G, is (k3, k4) constant IFGST.

In a similar way we can prove G, is (ks, k¢ )constant IFGST.

This completes the proof.

Conclusion

In this paper, we have defined the union and join operations on
IFGST and established some of their properties. In future we
will study some more properties and applications of IFGST in

real life situations.
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