International Journal of Computer Applications (0975 — 8887)
Volume 28— No.1, August 2011

Product Intuitionistic Fuzzy Graph

N. Vinoth Kumar
Assistant Professor
M.A.M. School of Engineering,
Trichy, Tamilnadu
India- 621 105

ABSTRACT

In this paper, we introduce product intuitionistic fuzzy graphs
and prove several results which are analogous to intuitionistic
fuzzy graphs. We conclude by giving properties for a product
partial intuitionistic fuzzy sub graph.
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1. INTRODUCTION

The first definition of fuzzy graphs was proposed by Kafmann,
from the fuzzy relations introduced by Zadeh. Although
Rosenfeld [1] introduced another elaborated definition,
including fuzzy vertex and fuzzy edges, and several fuzzy
analogs of graph theoretic concepts such as paths, cycles,
connectedness and etc. The first definition of intuitionistic fuzzy
graphs was proposed by Atanassov[2]. Dr. V. Ramaswamy and
Poornima .B introduce the concept of product fuzzy graph. In
this paper we develop the concept of Product Intuitionistic fuzzy
graphs of intuitionistic fuzzy graphs. Further investigate
properties Product Intuitionistic fuzzy graphs.

2. DEFINITION AND MAIN RESULTS
Definition 2.1 An intuitionistic fuzzy graph (IFG) is of the form
G = (V,E) , where V = {v{,v,...,v,} such that y,:V— [0,1],
v1: V= [0,1] denote the degree of membership and nonmember
ship of the element vieV respectively and 0 < py(v;) + y1(v)) < 1
for every v; eV,(i =12,..n) (i) E < VxV where
wV x V. - [01] and y,:VxV — [0,1] are such that
Ha(Vivp) < (Vi) A (V) va(viv) < vai(vi) A ma(vy) and
0 < pp(vi,vy) + va(viv)) <1.

Definition 2.2 Let G = (V, E) be an intuitionistic fuzzy graph. If
(%, ¥) < pa(X) x pa(y) and ya(x, y) < va(X) x va(y) the intuition
fuzzy graph is called product partial intuitionistic fuzzy sub
graph of G.

Remark: If G = (V,E) is a product intuitionistic fuzzy graph
then since py(x) and py(y), are less than or equal to 1, it follows
that po(Vi, V) < pa(vi) x pa(vj) < pa(vi) Apa(vy) and vo(vi, vy <
Y1(vi) x v1(vj) < va(vi) A ya(v) for all X, y € V. Thus every
product intuitionistic fuzzy graph is an intuitionistic fuzzy
graph.

Definition 2.3 A product Intuitionistic fuzzy graph G = (V,E) is
said to be complete if px(X, ¥) = w(X) x w(y) and
Y2(X, Y) = v1(X) x y1(y) forall X,y € V.
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Proposition 2.1 Let G = (V, E) be a complete product
intuitionistic fuzzy graph where p; and y; are normal. Then
w"(X, Y) = ta(X, ) and v,"(X, y) = y2(X, y) for all x, y eV and for
all positive integer n forn > 2

12"(X, ¥) = Vaey {1a™" (%, ) % 1a(X, )}

12", ¥) = Vaev {127 (X, Y) X 2%, V)}

Proof: We prove by method of induction .Let n =2 then for all
X,y €V, we have
sz(Xl Y) = Vaev {2 (X, 2) x Ua(z, ¥)}
122 (%, ¥) = Vaey {11 (%) x 12(@)] x [wg (2) x pa(y)1}
sz(xx Y) = Vaev {1 (X) x pa(y) x (2)2 }
Since wy (2)°< 1 forall z[ .y (2)< 1]
1" (%, Y) = Vaeu {is (X) x ma(y)}
12X Y) = (X, y) = (1)
and (X, Y) = Vaev {12 (X, 2) x 12(2, ¥)}
72206 ¥) = Vaev {lv1 () x 71(2)] x [v1(2) x 201}
720 Y) = Vaew frn () x 1a(y) x 11 (2)° 3
since y, (z)?< 1 forallz[ ..y (2)< 1]
722X Y) = Vaev {r1 (9) x 1Y)}
X Y) =16 Y) - ()
If 1y and y, normal, then p, (t) =1 and y; (t) =1 for some t. Then

sz(xn Y) = Vaev {ua (X) x pa(y) x (Z)2 }
> p (X) x pa(y) x py (1)?
= g (X) x pa(y) [~m@®?=1]
122 (X, ¥) = g (X) x pa(y)
Ha(X, ¥) = pa(X, y) = (3) [since po(X, ) = py () x pa(y) Gis
complete]
from (1) and (3) we get uo(X, y) = pa(X, y) = (4)
If vy, normal, y; (t) =1 for some t. Then
Yzz(xn Y) = Vaev {11 (X) x ya(y) x 11 (Z)2 }
> 77 (%) x va(y) x 71 ()
=71(X) x 71(Y) [m®®=1]
122X, ) = v1 (%) x v1(y)
2% Y) 2 720X, Y) = (5) [since v2°(X, ¥) = v1 (X) x ya(y) G is
complete]
from (2) and (5) we get ya(X, ¥) = y2(X, y) — (6)

Now assuming that XX, y) = pa(X, y) and (%, y) = ya(X, ) we will

prove (X, y) = pa(x, y) and v,

(X, ¥) = va(X, y) we have
12X, Y) = ooy 12 (X, 2) x pa(z, )}
1%, ¥) = Vaey Iz (%, ) 12 Y)TI= 12 (x, )
H2"H(X, Y) = Ba(X, y) using (5)
Similarly we get 1,°"*(x, y) = ya(X, ¥)
Hence proved
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Definition 2.4 The complement of product intuitionistic fuzzy
graph G = (V,E) is G® = (V¢ E®) where V¢ = (u%y% ) and
E®= (u%7%2) here u =y, u =+ and

H (% Y) = (X)X pr (Y) - 2 (X, Y)

Y2 (6 Y) = 12(¥) x v1(¥) - Y2 (X, ).
Remark: The complement of a G®is G.

Definition2.5 Let G, = (V4, E;) and G, = (V,,E,) be a product
intuitionistic fuzzy graph. Here V; = (w1, v11), E1 = (M12712),
V5 = (M1, Y21) @and E; = (up, v22). Let X’ denotes the set of all
arcs joining the vertices V; and V,. We further assume that
Vi NV, = ¢. Then the join of G; and G, is defined as
(V1 + Vy, Ei + E;) where Vi + Vo = (g + M1, Ya1 + Y21 ) and
Vi+ Vo= (Mz + Moz, Y12 + Y22) here
(M1 + po1) = pyy (U) ifue Vy
= (W) ifue V,
(vi1 ¥ v21) =y () ifue V
=y (U)ifue V,
(Ha2+ M22) (U, V) = paa (U, V) if (U, v) € By
=p (U, V) if (U, V) € Ep
= pag (U) X ppy (V) i (U, V) € X°
(a2 + v22)(U, V) = v12 (U, V) if (U, V) € E;
=v2 (U, V) if(u,v) e B
=y11(U) x v21 (v) if (U, v)e X

Proposition 2.2 G; + G, is a product intuitionistic fuzzy sub
graph of G = (V, E) whereandE=E;UE, U X’

Proof: We have to prove that

(a2 + H22) (U, V) < (an + pa) (U) X (pas + Bar) (V) = (i)
forall (u,v) eV
and (va2 + v22) (0, v) < (var + v21) (U) X (i1 + v21) (V) = (i)
forall (u,v) e V
Case 1: If (u, v) € Xy, then u, v € V; so that
(a2 + p22) (U, V) = pgp (U, v) — (i)
ANd (pa1+po)(U) x (Haatzn) (V) =paa(U) x pa(v)—> (iv)
from (iii) and (iv) we get (i)
(v12+v22) (U V)=y12(U, V) > V)
and (ya+y2n) (U)x (va+yan) (V) =2 (U)xyaa (V) —> (vi)
from (v) and (vi) we get (ii)
Therefore we get G;+ G, is a product intuitionistic fuzzy sub
graph of G.
Similarly we can prove (u, v) € X;.
Case 2: If (u, v) € X’ then u € V; and ve V, Now
(M2 + M) (U, v) < (pu (U) x par (V) whereas
(a1 + p21) (U) x (nag +R21) (V) = paa(U) x paa(V) therefore we
get (haotigo) (UV) = (Hag + por) (U) x (a1 +ipn) (V) = (vii)
Similarly we get
(Y12 + v22) (UV)= (yartyar) (U) x (yaat v21) (V) > (viii)
From (vii) and (viii) G;+ G, is a product intuitionistic fuzzy sub
graph of G.Hence proved.
Proposition 2.3 G; + G, is complete if and only if G, and G, are
both complete.

Proof: First we are assuming that G, and G, are both complete.
We will prove that G;+ G, is complete.
Case 1: If (u, v) € X, therefore u, v e V; .we get

(a2 + H22) (U, V) = o (U, V) = g (U) x pyy (V) [since Gy
is complete]

(ba1 + p21) (U) X (ag + pa1) (V) = pag (U) x pyg (V)
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and  (yi2 +v22) (U, V) = y12 (U, V) = 721 (U) x y11 (V) [ since Gy is
complete]

(vaz + v21) (U) X (1 + v22) (V) = 721 (U) x 721 (V)
Therefore G, + G, is complete.
Similarly we argue (u, v) € X, therefore u, v € V,,
Case 2: Suppose (U, V) € X’. Thenu € Viand v € V,,
we get (gp + Kap) (U, V) = pag (U) x Wy (V) whereas

(b + Hor) (U) x (aa + Ho1) (V) = pag (U) X pog (V)
Therefore, (112 + 1) (U, V) = (bag + Har) (U) x (baz (U) X K1) (V)
ANd (v12 + v22) (U, V) = 711 (U) x v21 (v) whereas

(vaz + v21) (U) X (yaz + v21) (V) = v11 (U) X v21 (V)
Therefore, (v12 + v22) (U, V) = (ya1 + v21) (U) x (y11 + v21) (V)
Therefore G, + G, is complete.
Conversely assume that G; + G, is complete, we will prove G,
G, are complete. First we
G, complete, we have prove that for al (u, v) e Ei
iz (U, V) = pgg (U) x pgg (V) and - y1p (U, V) = yag (U) x v (V).
G, + G, is complete therefore
(a2 * p22) (U, V) = 1o (U, V) > (i) [since (u, v) € E4] and
(viz + v22) (U, V) = 712 (U, V) - (i) [since (u, v) € Ej]
whdereas (Haatma1) (U) X (Mart Ma1)(V) = pag (U) x pagg (V) > (i)
an
(vaz + v21) (U) x (a1 + v21) (V) =702 (U) X y21 (V) = (iV)
We know that (12 + Hz2) (U, V) = (b1 +h1) (U) X (11 +H21) (V)

(Y12 +v22) (U, V) = (yaz + va1) (U) X (yaz + va1) (V)
using (i), (i), (iii),(iv) we get pi, (U, V) = pys (U) x pyy (V) and
v12 (U, V) = y11 (U) X 11 (V). Therefore G, is complete. Similarly
we prove G, is complete.
Hence proved.

Proposition 2.4 Let G; and G, be product partial intuitionistic
fuzzy sub graph, then

(a1 + Ha1, Map + H22) © = (Ha1® U par, H1o® U )

(v + Yo Y2 + ¥22) © = (Y12° U vars Y22© U 122°)

Proof: If u € Vy then (uyg + ppr)® = (Hag + ppg) (U) = pyg (u) and
max (pg1® (U), pz1” (U) = max ( pgg(u), pz1(u)) = paa(u)

= (uun +* M) © W = (un® VU oua®) (u).
Similarly u € V,.
Suppose (u, v) € X, thenu, v € V; and
(12 + 122)° (U, V) = (Hag +ua1) (U) X (Hag +ip1 ) (V) — (Haz + Hoo)
(u,v)

= pag (U) x pag (V) - gz (U, V)
= up (U, V)
Max (12” (U, V), pa1® (U, V)) = pyo° (U, V)
= (a2 + H22) (U, V) = (12" U p°).
Similarly (u, v) € X,
Suppose (u, v) € X’. Thenu € V; and v € V, therefore
(12 +122)° (U, V) = (uag + p21) (U) x (uay + pa1) (V) — (a2 + o)
(u, v)
= pag (U) x pgg (V) = (Haa(U) x un(V)) =0 )

Max (u12° ) Mzo” ) = Max (ugo® (U, V), " (U, v)) = 0 [since
ue Vland Ve V2]
This implies (11 + a1, M1z + M22) © = (M1 U 2, 1ip” U 1°)
(v + Yo Y2 ¥22) © = (1S W vars Y225 U 122°)
Hence proved.

Proposition 2.5 Let G; and G, be product partial intuitionistic
fuzzy sub graph, then
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(119 H21)° | (M2 U 22) ©) = (uas® + pe®, i + o)
((r1 Y v20)° |, (Y129 122) ©) = (Y22 + 7215, 722° + ¥22°)

Proof:
Case 1: If u € Vy then (11 U par)° (U) = (11 U pz1) (U) =g (U)
(Ma1” +H21%)(u) = max (ugs(U), pzr (U))° = Max(ua“(U), Mz“(V)) =
paa(u)
This implies ((u1 U po1)° = (un® + p2i®) . similarly we can
prove u € V,,
Case 2: If (u, v) € X, thenu, v € Vq, therefore
(M2 Y p22) (U, V) = (Ha1 VU par)(U) x (Har U 2 (V) — (a2 W
H22)(U, V)
= paa(U) x paa (V) - paa(u, v)
= “12[: (U, V)'
Case 3: If (u, v) € X,, thenu, v e V,, therefore
(M2 VU 122)°(U, V) = (ka1 VU pop)(U) x (bag O poa)(V) — (a2 v
H22)(U, V)
= Hag(U) x par(V) - pao(U, V)
= HZZC (U, V)'
Case 4: If (u, v) € X, thenu € V and v € V, therefore
(M2 U p22) (U, V) = (Ha1 VU par)(U) x (Har U a0 (V) — (a2 W
HZZ)(UI V)
= paa(U) x paa(V)
[Since le(u- V) = HZZ(UV V) :0]
=H11°(U) X Har“(V)
=hgo° + pp”
Hence proved.

Proposition 2.6 Let G; and G, be product partial intuitionistic
fuzzy sub graph, then  G1 x G, be product partial intuitionistic
fuzzy sub graph

Proof: uy, v; € Viand uy, v, € V, we have
(12 x H22)((UL, Uz), (Va, V) = Hao(Ug, V1) X Lga(U, V2)
< [maa(U1) x paa(vy] x [uar(Uz) x Kar (Va)
= [haa(Ug) x par(Uz] x [pa1(vay x pag (V)]
= (a1 X M21) (Ug,Uz) X (Mag X po1 )(V1, Va)
Therefore (1 x pa2)((UL, Up), (V1, V) < (a1 X Ha1) (UgUz) X
(Ma1 % M1 )(V1, V2)
similarly we prove

(Y12 X Y22)((Ug,U2), (V1,V2) < (y11 % ¥21) (Ug,Uz) X Y11 % Y21 )(V1, V)
Hence proved.
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3. CONCLUSION

We are able to find the different types of intuitionistic fuzzy
graph and its properties. Further we are try to find the
engineering applications of the different types of intuitionist
fuzzy graph.
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