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MAXIMAL PRODUCT OF AN INTUITIONISTIC FUZZY IDEAL GRAPH OF
MT GROUP IN NEARRINGS

S. K. MALA! AND M. M. SHANMUGAPRIYA

ABSTRACT. The objective of this paper is to describe the product of two intu-
itionistic fuzzy (IF) graphs as maximal products in MT group of near rings.
Further we discuss the degree and total degree of a vertex in the maximal prod-
uct of IF graph structure with their properties and few theorems.

1. INTRODUCTION

Piltz [8] introduced the abstract structure near rings as an extension of rings
and studied various properties with theorems. In 1996, Zadeh [9] extended
crisp set into a fuzzy set by defining a membership function which has many
applications including medicine. In continuation Kim et al. [3] introduced fuzzy
ideals of near rings and explained their characteristics with examples. Further
Satyanarayana et al. [10] described these fuzzy ideals in near rings and its appli-
cation as graph. In 1986 Atanassov [1] introduced Intuitionistic Fuzzy(IF) sets
as an expansion of fuzzy sets with one more non-membership function.After the
introduction of IF sets, Jianminget al. [2] introduced IF ideal in near rings and
derived the conditions for the IF set to be IF ideals using level subsets. Karunam-
bigaiet al. [4, 5] introduced IF graph and discussed elaborately its various char-
acteristics and types with many examples. Mala et al. [6] explained IF ideals in
MT group in near rings and discussed their properties with various theorems.
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Further as an application, Mala et al. [7] developed IF ideals in MT" group in
near rings as a graph and discussed their properties in detail. Muzzmal Sitara
et al. [8] introduced maximal products of fuzzy graph structure and presented
degree and total degree of a vertex in it.

2. MAXIMAL PRODUCT OF GRAPH OF INTUITIONISTIC Fuzzy GRAPH

Definition 2.1. Let G(Vy1, Ep1, prn, vi1) and G(Via, Ers, 1112, Y1) be 2 graphs of the
ideals I and I. Then Gy x Gy = (Vi, Ey, pur,vr) is called maximal intuitionistic
fuzzy graph with structure V; = Vi x Vg and E; = {((u1, v1)(ug, v2))/u; = ug and
vy, vy € By (0r) v1 = vy and uy, us € Eqy}, with pp(u,v) = pn(u) V pra(v) for all
(u,v) € Vi = Vi1 % Vio, and 71 (u,v) = yr1(w) Ayrz(v) for all (u,v) € V. Also,

,U,[((ul,’Ul)<U2, Ug)) = {,U,H<U1> V /L[g(’l]lvg) where UL = Uy and V1Vy € E]Q,

MIQ(UQ) V u;l(u1u2) where V1 = Vg and uius € Erq,

and

~yr((ug,v1)(uz,v9)) = {vr(ur) Ayra(viv2) where wuy = us and vivy € Eys,

’7]2(?}2) VAN 7]1(U1U2) where V1 = Uy and UrUy € E]l.

Example 1. Consider intuitionistic fuzzy graph of the ideal I; = {0} and
I, = {0,1,2} of Z3 as G and G, then we get Gy * G2 as a maximal intu-
itionistic graph as to follows: G, * G5 has vertex set

Vi=Vn x Vi ={0,1,2} x {0,1,2}
= {<O’O)7<0>1)7(072)7(170)7(171)7<1a2)>(2>0)7(2a1)a(272)}

and edges set E; has edges with either first co-ordinate same or second co-ordinate
same in V;. Thus G, * G5 is represented as follows:

0(0.5,0.4)

(0.5,0.3) (0.3,0.2)

1(0.5,0.3) 2(0.4,0.2)

Figure 1 : Graph G,
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0(0.5,0.4)

1(0.5,0.3) 2(0.4,0.2)

Figure 2 : Graph G,
(0.5,0.3) (6.5,0.2)

0503 ©9 ©s02 20

(0.5,0.3)

(0.430.1)

(0.6, 0.2)

(0.6,0.2)

0.5.0.2

(0.5,0.1) (0.5.0.1)

(1,2) (0,2) (2,2)
(0.5,0.1) (0.5,0.1) (0.5,0.1)

Figure 3 : Graph G x Gpo

Remark 2.1. Maximal product G = G * G, may be of a strong intuitionistic fuzzy
graph when G, and G are not strong intuitionistic fuzzy graph.

Case (i): u; = us and vivs € Epy. Then
pr((ur, v1)(uz, v2)) = pn(wa) A prz(vive) = ppn(ua) A fprz(v1) Vopre(ve)]
= [pri(un) A prp(on)] V [ (u2) A pra(v2)] = pr(uivn) Vs (ugvs).
Case (ii): v; = vy and uyuy € Epq. Then
pr((u, v1)(u2, v2)) = pura(v2) A prl(uiug) = pra(va2) A [prn(un) Vg (uz)]
= [pr2(v2) A pr(un)] V [pra(v2) A e (u2)] = pr(uavn) Vop (ugvs).
For all the edges of the maximal product.

Remark 2.2. Converse of theorem 2.1 is not true. Maximal product G = G * G,
may be a strong intuitionistic fuzzy structure where G; and G, are not strong

intuitionistic fuzzy structure.
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Example 2. Maximal product of two strong intuitionistic fuzzy graph is also a
strong fuzzy graph.

Definition 2.2. An intuitionistic fuzzy graph G(Vi, Ey, jur,71) is py — 1 strong if

pr(vive) = min{p (v1), pr2(ve) vy € Vip and vy € Viy  and
vi(v1v2) = man{yn (v1), yr2(v2) }v1 € Vip and vy € Vi

and it is same for all vi,vs € Ey in the uy — 7y strong intuitionistic fuzzy graph is
called strong intuitionistic fuzzy graph.

Theorem 2.1. Maximal product of two strong intuitionistic fuzzy graph is also a
strong intuitionistic fuzzy graph.

Proof. Let G1 = (Vpi, En, pn,yn) and Go = (Viz, Epa, fir2, 712) be two strong
intuitionistic fuzzy graph structure. Then

/L]((Ul, Ul)(UQ,?)Q)) = {un(ul) V M[Q(Uﬂ)g) where Up = U and V1Vy € E[2

ILLIQ(UQ) V ,ufl(ulu2) where V1 = Vg and U1Ug € Ejl,
and

1 ((ug, v1)(ug,v9)) = {vr1(ur) Avp(vivy) where wu; = up and vivy € Epg

’7]2(1)2) N Y11 (UﬂLQ) where V1 = Uy and UrUy € E[l.

Let G1(Vi1, En, i, v ) and Go(Via, Eps, 112, 712) be two graphs of the ideals I;
and I, then Gy x Gy = (V7, By, i1, 7yr) is called maximal product of intuitionistic
fuzzy graph with the structure V; = Vi * Vi and E; = {(ug, v1)(ug,v)/u; =
U, VU9 € Epg O v1 = v, ujus € Epy}.

With g7 (u,v) = pp(u) V pra(v) for all w,v € Vi = Vi % Vi, v1(u,v) = 1 (u) A
wre(v) for all u,v € Vi = Vi x Vi Also,

,U[((ul, Ul)(UQUQ)) = {un(ul) V M]Q(Ul’l)z where Up = U and V1Vg € E[Q

)
IU/[Q(UQ) V J2551 (u1u2) where V1 = Vs and ULy € E[1 and
i ((ug, v1)(ug, v9)) = {vr(ur) Ayr(vivy) where wu; = uy and vivy € Epg
)

’7]2(1}2) VAN *yfl(uluQ where V1 = Vg and Uy € Kp.
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Example 3. {0,1,2} * {0,1,2}, (0,0)(0,1)(0,2)(1.0)(1,1)(1,2)(2,0)(2,1)(2, 2)

1((0,0)(0,1)) = max{0.6,0.6} = 0.6 = puI
7((0,0)(0,1)) = min{0.2,0.1} = 0.1 =~/
1((0,0)(0,2)) = max{0.6,0.6} = 0.6
+((0,0)(0,2)) = min{0.2,0.2} = 0.2

The degree of a vertex in maximal product G x G5 of two intuitionistic fuzzy graph
structure G1(Vin, Epi, pn, vin) and Go(Viz, Era, pur2, vi2) Us given by

deaco (g, v5) = > pun (wgug) V pra () + > pura(v00) V g (ud)

and

dey sy (uv)) = Z Y (wiug) A yr2(vf) + Z Yra(vjvi) A v (ui)
dege, vy, Muavr) = ppn(wius) V pra(vr) + pn(uaus) V s (vr)
+ pr2(v1v2) Vo (ur)
= (0.4V0.3) + (0.4 V0.3) + (0.2 V 0.5)
=04+0440.5
=1.3
dege,, cp, H(u1v2) = pn(wiuz) V pre(ve) + pn(uius) V pre(ve)
+ pr2(v1v2) Vo (ur)
=(0.4Vv0.5)+ (0.4 V0.5) 4+ (0.2V0.5)
=054+0.54+0.5
=1.5
dege, vy, Mu2vr) = ppn(ugus) V ppa(v1) + pn(uown) V s (vr)
+ pr2(v1v2) V pr (ug)
= (0.3 0.3) + (0.4 V0.3) + (0.2 V 0.6)
=03+0440.6
=1.3
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dege,,vay, H(u2v2) = pri(uzus) V pre(v2) + i (uzur) V pre(v2)
+ pr2(v1v2) V pr (ug)
= (0.3V0.5) + (0.4 V 0.5) + (0.2 V 0.6)
=05+0.540.6
=1.6
dege, vy, M(usvr) = pni(uzun) V pra(vr) + pn(usuz) V pra(vr)
+ pr2(v1v2) Vo (us)
=(0.4Vv0.3)+(0.3Vv0.3) 4+ (0.2Vv 0.4)
=04+034+04
=1.1
dege,,vap, Muav2) = pni(usur) V pra(ve) + pn(usuz) V s (va)
+ pra(viva) V g (us)
=(04Vv0.5)+ (0.3Vv0.5) 4+ (0.2V0.4)
=05+05+4+04
=14
degq, v, H(u1v1) = pri(urug) V opra(v1) + prn(uius) V opre(vr)
+ pra(viv2) Vo (ur)
=(04Vv0.3)+ (0.4Vv0.3) 4+ (0.2V0.5)
=04+4+04+0.5
=1.3
dege, sy, Y(urv1) = yri(uruz) Ayre(vi) + v (uius) A yra(v1)
+ yr2(v2v1) Ay (uq)
=02A014+03A01+0.2A0.3
=01+0.140.2
=04
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dege,, sy, Y(U1v2) = yri(uruz) A yrz(v2) + i (uiug) A va(ve)
+ Yr2(v1va) Ay (ur)
=02A02403A02+01A0.3
=02+40.2+0.1
=0.5
dega,,«ay, Y(U2v1) = v (uaus) A yra(v1) 4+ vr1(ugur) A vra(vr)
+ yr2(v2v1) Ay (u2)
=01A014+02A01+0.1A0.1
=0.1+4+0.1+0.1
=0.3
degq,,.ap, V(u2v2) = Y11 (uauz) A vr2(v2) + vri(u2ua) A vra(va)
+ Yr2(v1v2) Ay (u2)
=01A02402A02+01A0.2
=0.140.2+0.1
=04
dega, 4610 Y(usv1) = v (usur) A yr2(v1) + v (usug) A yr2(vr)
+ Y12(vav1) A v (us)
=03A01401A01+01A0.2
=0.140.1+0.1
=0.3
dega, v, V(usva) = vr1(usur) A yr2(va) + v (usuz) A yra(v2)
+ Y12(v1va) A v (us)
=03A02401A02+01A0.1
=0240.140.2
=04
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The e; degree of a vertex of maximal product G, x G is given by

er — daycot(ugv) = Y pn(wane) V pra(vy) + Y pra(vy0i) Vo (ui) - and

ei = daruayy(wivy) = > yn(wiwe) Ayia(v;) + Y via(vjoi) A v (us)

e1 — degg,ug, m(urvr) = pn(uruz) V prz(v1) + pre(vive) V oprz(uy)
=(04Vv0.3)+(0.2Vv0.5)
=04+0.5
=09

e1 — degg, ., (u1v2) = pn(uruz) V pira(v2) + pira(v1v2) V pra(us)
=(0.4Vv0.5)+(0.2Vv0.5)
=0.5+0.5
=1.0

ey — degq, q, M(ugv1) = piry(ugus) V pira(v1) + prra(v1v2) V g (uz)
=(0.3Vv0.3)+ (0.2V 0.6)
=0.3+0.6
=09

€2 — degq, g, M(uzv2) = pn(ugug) V prz(v2) + prz(vov1) V opr (uz)
=(0.3Vv0.5)+ (0.2Vv0.6)
=0540.6
=1.1

ez — degg, .q, t(usv1) = pri(usur) V pra(v1) + prr2(v1v2) Vg (us)
— (0.4 0.2) + (0.2 v 0.4)
=05+0.3
=0.8

e3 — degg, ., t(uzvz) = ppi(usur) V iz (va) + pira(vv1) Vo (us)
=(0.4Vv0.5)+(0.2Vv0.3)
=0.5+0.3
=0.8
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3. CONCLUSION

The concept of maximal product of graph of an IF ideal of M T group in near
rings has been introduced and explained its characteristics with examples. As

graph has many applications in areas like networking, logistics, using IF graphs
and maximal product of IF graphs further applications can be explored in future.
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