Volume 8, No. 6, July 2017 (Special Issue III)

f\i International Journal of Advanced Research in Computer Science

ISSN No. 0976-5697

Available Online at www.ijarcs.info

DOMINATING ENERGY IN SOMEPRODUCTS OF INTUITIONISTIC FUZZY
GRAPHS

R.Vijayaragavan
Associate professor,
Department of mathematics,
Thiruvalluvar University, Serkadu,Vellore, N,India

A.Kalimulla
Research Scholar
,Thiruvalluvar University,
Serkadu,Vellore, TN, India.

S. Sharief Basha
Assistant Professor(Sr),
Department of mathematics, S A S,
VIT University, Vellore , TN, India.

ABSTRACT:The concept of energy of an Intuitionistic Fuzzy Graph is extended to dominating Energy in various products in Intuitionistic
Fuzzy Graph. In this paper, We have obtained the value of dominating Energy in different products such as aproduct ,# Product, and y Product
between two intuitionistic Fuzzy graphs. Also we study the relation between the dominating Energy in the various products in two Intuitionistic

Fuzzy Graphs.
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1. INTRODUCTION

It is quite well known that graphs are simply models of
relations. A graph is a convenient way of representing
information involving relationship between objects. The
objects are represented by vertices and relations by edges.
When there is vagueness in the description of the objects or
in its relationships or in both, it is natural that we need to
design a 'Fuzzy Graph Model'. Fuzzy graph is a symmetric
binary fuzzy relation on a fuzzy subset. The concept of
fuzzy sets and fuzzy relations was introduced by L.A.Zadeh
in 1965 [15] and further studied in [2]. It was Rosenfeld [11]
who considered fuzzy relations on fuzzy sets and developed
the theory of fuzzy graphs in 1975.

Atanassov [2]introduced the concept of intuitionistic fuzzy
relation and intuitionistic fuzzy graphs(IFG).Recent on the
theory of intuitionistic fuzzy sets (IFS) has been witnessing
an exponential growth of mathematics and its applications.
Graph spectrum seems in problems in Statistical physics and
in combinatorial optimization problems in mathematics.
Spectrum of a graph also shows an important role in pattern
recognition, modelling virus propagation in computer
networks and in securing personal data in databases. A
concept related to the spectrum of a graph is that of energy.
Let d; be the degree of i" vertex of G, i=1,2,...n
The spectrum of the graph G, consisting of the numbers

Ay Ay A,y i the spectrum of its adjacency matrix [5].

In 1960, the study of domination in graphs was begun. In
1862, C.F. De Jaenisch [4] attempted to determine the
minimum number of queens required to cover a N X Nchess
board. Cockayne [3] introduced the independent domination
number in graphs. Domination in graphs has applications to
several fields. A. Somasundaram and S. Somasundaram [12
] introduced domination in fuzzy graphs in terms of
effective edges. A. Nagoorgani and V.T. Chandrasekaran [6]
presented domination using strong arcs. R. Parvathi and G.

Thamizhendhi [8] was introduced dominating set,
domination number, independent set, total dominating and
total domination number in intuitionistic fuzzy graphs.
Study on domination concepts in intuitionistic fuzzy graphs
are more convenient that fuzzy graphs, which is useful in the
traffic density and telecommunication systems.In[14],
Vijayragavan et al developed the dominating energy in
products of Intuitionistic fuzzy graphs.

This paper is organized as follows. In section 2, we defined
the dominating energy of some special products of an
intuitionistic fuzzy graphs and in section 3, we give the
conclusion.

2. Dominating Energy in Some Special Products of
intuitionistic fuzzy Graphs

2.1. Dominating Energy in a-Product of an intuitionistic
fuzzy Graph
Definitions 2.1.1: - a-Product:-

The o —product of two Intuitionistic fuzzy graphs
G1=(V,E;) and G,=(V,,E;) denoted by G;[] G, is an

Intuitionistic fuzzy graphs G=(V,E, <,ur , Vr> : <,urs Vi >)

Where 1.v= viu, forall v; e V;and u, eV,,ViN
Vo=¢,i=12,....... m, p=12,......... .

2. E= <Vlup,v u > such that either one of the

following is true:

 (v;,v;)eEand(u,,u,) ¢ E,

©ijarcs.info, 2015-19, all rights reser

12

CONFERENCE PAPER
National Conference dated 27-28 July 2017 on
Recent Advances in Graph Theory and its Applications (NCRAGTA2017)
Organized by Dept of Applied Mathematics
Sri Padmawati Mahila Vishvavidyalayam (Women'’s University) Tirupati, A.P.,



A.Kalimulla et al, International Journal of Advanced Research in Computer Science, 8 (6), July 2017 (Special Issue 111),12-20

e (u,,u,) € Ejand(v;,v;) £ E, w1 (0.4, 0.2) uy (0.5, 0.3)
(0.1.0.5)
3. <,ur,vr> denote the degrees of membership and (0.3.0.1 w2(0.1.0.7)
non-membership of vertices of G, and is given by (0.1, 0.6)
={min( u; . for allv, eV,
<:“r’Vr> <m|n(,u|,yp),max(v,,vp)> or aliVp eV, 1 wra (LG, 0.1) wg (0.3, 0.4)
=1,2,3,........,m,n. (€5 Ga
4. <,urs,vrs>denote the degrees of membership and non- Frourge 1.

membership of edges of G, and is given by

(minCe, vy, 1, ). qmax(vi,v;,v, )Yy i (v,v;) € Eand (u,u,) € E,
(g Vig) = (MiNCaty, a1y, 117), XV, Vg, V) i (v, v;) € Ejand (u,,u,) ¢ E,
(0,0) if (v;,v;) € E;and(u,,u,) € E,

(0.1.0.3) s (0.1, 0.T) pry g (0.3, (.4

wpaeg (04, 0.3) (0.1.0.6)

(0.3.0.3)
(0.3, 0.4)

0.1,0.5) = (0.1.0.6)
varz (0.1, 0.7)

J

oy (0.5, 0.3)

vares (0.3, 0.4)
FrcurgEZ2: (71 & (ra

2.1.2:-Now we find the Dominating Energy of Intuitionistic fuzzy GraphG;[] G, (V,E)

1, (vyup) = max[ g(v,u,, vyu, ), z(vyu,, v,us,), (v,ug, v,u,)] = max[0.1,0.3,0.3] = 0.3

1, (Vyu,) = max[ z(v,u,, vu,), z(v,u,, v,u, ), £(vu,, v,u; )] = max[0.1,0.3,0.1] = 0.3

44 (vu3) = max[ z(v,us, v,u,), z(vyU,, v,u, ), 2(V,U,, ViU, )] = max[0.3,0.3,0.1] = 0.3

1 (V,u,) = max[g(v,u,, U, ), 2(v,u,, viug), 2(v,u,, v,u,)] = max[0.3,0.3,0.1] = 0.3

1, (V,u,) = max[u(v,u,, v,u,), z(Vv,u,,v,u,), #(v,u,,v,u,)] = max[0.1,0.3,0.1] = 0.3

1 (V,Ug) = max[z(v,u,, vyu,), (v, Ug, ViU, ), z2(V,Ug,V,U, )] = max[0.3,0.3,0.1] = 0.3

7, (vu,) = min[y(vyu,, v,u, ), 7 (vyug, v,u,), 7 (vyu,, v,u, )] = minf[0.3,0.4,0.3] = 0.3

7, (V,u,) = min[y(v,u,, v,u,), 7 (v,u,, V,U,), 7 (V,u,,v;u,)] = min[0.6,0.1,0.3] = 0.1
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71(Vuz) = min[y (Vius, V,Us ), 7 (V,Us, V,Uy ), 7 (VyUs, ViU, )] = min[0.4,0.4,0.6] = 0.4

7, (v,u,) = min[y(v,u, vou,), 7 (v,u,, v,u,), 7 (V,u;, v,u,)] = min[0.3,0.4,0.5] = 0.3

71(V2u2) = min[?’("z“z’Vzul)v7(V2U2’V1u2):7(V2U2!V2u3)] =min[0.5,0.1,0.6] =0.1

7, (V,u3) = min[y (v,us, vyu,), 7 (V,U,, ViU, ), 7 (V,Us, V,U, )] = min[0.4,0.4,0.6] = 0.4

Here v,u, is dominates v,u, because

£ (VU ViU, ) < g (ViU ) A g (ViUy) 7 (ViU ViU, ) < g (ViUy) A (ViU,)
0.1<0.3A0.3 0.3<0.3A0.1

Here v,u, is dominates Vv,u, because

£V, VoU, ) < s (VyUy) A g (V,U,)

0.3<0.3A0.3

0.1<0.1A0.1

7 (ViUy,V,U,) < 71 (iU, ) Ay (V,oU,)

Here

AT

dominates

L(V,Uq, VoUy) < 21 (VyU,) A (V) ¥ (Vils, VoUs) < 71 (ViU3) A 71 (V,U;)

0.3<0.3A0.3 04<04104

Here v,u, is dominates v,u, because

(VU ViU ) < g (Vo) A g (VL) 7 (Voug, ViU ) < g (Vouy) Ay (ViU )
0.3<0.3A0.3 0.3<0.3A0.3

Here v,u, is dominates V,u, because

2V, ViU, ) < e (Vou) A g (V) 7 (VaUg, Vi) < g (VaUg) A 7 (Vi)
0.3<£0.3A0.3 0.4<0.4A103

Here V={v,u,,v,u,,Vv,u,,v,u;,V,u,,V,u,} and D={v,u,,v,u,,Vv,u;,v,u;,Vv,u, }

. V-D={v,u,}

|D|=5=Sum of dominating elements.

A1) (0.1,03) (0,00 (0.3,03) (0,00 (0.3,0,4)]
(0.1,0.3) (L1 (0.1,0.6) (0,00 (0.3,0.1) (0,0)
D(G)=| (0.0) (0.1,06) (L1) (0.304) (0,0) (0.30.4)
(0.3,03) (0,00 (0.3,04) (L1 (0.1,05) (0,0)
(0,00 (0.3,01) (0,00 (0.1,05) (0,0) (0.10.6)
(0.3,04) (0,00 (0.3,04) (0,00 (0.1,06) (L1
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1 01 0 03 0 03] 1 03 0 03 0 04]
04 1 01 0 03 0 03 1 06 0 01 0
0 01 1 03 0 03 0 06 1 04 0 04
wO@=063 0 03 1 01 09703 0 04 1 05 o0
0 03 0 01 0 01 0 01 0 05 0 06
03 0 03 0 01 1 04 0 04 0 06 1

Eigen values of x4, (G) = {-0.1154, 0.4219, 1.0000, 1.0000, 1.0630, 1.6306}=5.2309

Eigen values of y, (G)={-0.5755,0.2968,0.9178,1.0173,1.2283,2.1153}=6.151

= {5.2309, 6.151}

2.2. Dominating Enerqy in g-Product of an intuitionistic fuzzy Graph

Definitions 2.2.1: -B-Product:-

The  —product of two Intuitionistic fuzzy graphs G;=(Vy,E;) and G,=(V,,E;) denoted by G; * G, is an Intuitionistic

fuzzy graphs G=(V,E, <,ur,vr> , <lurs’vrs>)
Where

1.vV=vu, forall v; eV, and u, eV ViNVy=9,i=1,2,.......m, p=1,2,........n.

2. E= <Viup,vjuq>,such that either one of the following is true:
® (v;,v;,) €E,,whenp#q,i#]

. (up,uq) € E,,wheni#jp#q

3. <,ur,vr> denote the degrees of membership and non-membership of vertices of G, and is given by

<,ur,vr> = <min(,ui,,up), max(v,,Vv )> forallv, eV, r=1,23,......,mn.

4, <:urs1vrs> denote the degrees of membership and non-membership of edges of G, and is given by

(Min(a, 417, p1), Max(v;, vy, v,))  ifi = J,(v,v)) € Ejand (u,, u,) € E,
i) = (MinQuey, g, 11), Max(vy, Vg, V) ifp =g, (u,,u,) € Eand (v,,v,) € E,
(min(uy, p1,), max(vy, V) ifi = j,p % q,(v,v;) € Eand(u,,u,) € E,
(0,0 otherwise
©ijarcs.info, 2015-19, all rights reserved 15
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vy (0.4,0.3) ryua(0.1,0.7)

g (0.3, 0.4)

vy (0.5, 0.3) vantz (0.1, 0.7) vatg (0.3, 0.4)

FiGURE 3: (71 = (72

2.2.2:-Now we find the Dominating Energy of Intuitionistic fuzzy Graph G;xG; (V,E)
4, (vyup) = max[ g(v,u,, v,u, ), z(vyu,, v,us)] = max[0.1,0.3] = 0.3

44 (vu,) = max[e(vyu,, v,u,), g(v,u,, v,u,)] = max[0.1,0.1] = 0.1

4 (vug) = max[ g(v,ug, v,u, ), z(v,us, v,u,)] = max[0.3,0.1] = 0.3

14, (V,u,) = max[z(v,ug, vyu, ), z(v,u,, v,u;)] = max[0.1,0.3] = 0.3

14, (V,U,) = max[u(v,u,, vy, ), #(v,u,,v,u;)] = max[0.1,0.1] = 0.1

14, (V,U,) = max[ z(v,u,, viu, ), (V,U,, ViU, )] = max[0.3,0.1] = 0.3

7, (vu,) = min[y(vyu,, v,u,), 7 (v,u;, v,u,)] = min[0.5,0.4] = 0.4

7, (Vu,) = min[y(v,u,,v,u,), 7(v,u,,V,u,)] = min[0.5,0.6] = 0.5

7, (vu3) = min[y(v,us,v,u,), 7 (V,us, v,u,)] = min[0.4,0.6] = 0.4

7, (V,up) = min[y(v,u,,v,u,), 7 (V,u,, v;u;)] = min[0.5,0.4] = 0.4

7, (V,u,) = min[y(v,u,,v,u,), 7 (v,u,,v,u;)] = min[0.5,0.6] = 0.5

7, (V,u3) = min[y(v,us,vyu, ), 7 (V,us,v,u,)] = min[0.4,0.6] = 0.4
Here v,u, is dominates V,u, because.

£(VUy, V,U, ) < g (VyUy) A g4 (V,U,) 7 (ViU V,U,) < 7 (Vi) Ay (VoU,)
0.1<0.3A0.1 0.5<0.4A05

Here v,u, is dominates v,u, because.
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p(ViUy, VoUy) < g (ViUy ) A g (VoUy) 7 (ViU VU ) < 7 (ViU ) A 7 (Voly)
0.1<0.1A0.3 0.5<0.5A04
Here v,u, is dominates v,u, because.

£ (VyUg, Vouy) < g (ViUg) A g (VoUy) 7 (ViUs, VU ) < 77 (Vi) A g (VU )
0.3<0.3A0.3 0.4<04A04

Here v,u, is dominates v,u, because.

£ (VoUg, ViU ) < (VoUg) A g (Vi) 7 (VoUg, Vil ) < 77 (VoUg) A g (ViU )
0.3<0.3A0.3 0.4<04A1A04

Here V={v,u;,v,u,,V,u,,V,u;,V,u,,V,u,} and D={v,u,,v,u,,V,u,,V,u,}
. V-D={v,u,v,u,}
|D| =4=Sum of dominating elements.

1,2 0,00 (0,00 (0,00 (0.1,05) (0.304)]
(0,0) 1,1 (0,00 (0.L,05) (0,00 (0.1,0.6)
0,00  (0,0) 11  (0.3,04) (0.,0.6) (0,0)
0,00 (0.1,05) (0.304) (0,00 (0,00  (0,0)
(0.1,05) (0,00 (0.1,06) (0,00 (0,00  (0,0)
(03,04) (0.1,06) (0,00 (000  (0,0) 1,2

D(G)=

1 0 0 0 01 03] 1 0 0 0 05 04]
0 1 0 01 0 01 0 1 0 05 0 06
0 0 1 03 01 0 0 1 04 06
0 0

0 0
G)=
#o (©) 01 03 0 0 O 05 04 0 0 O
0 0
1 1

75 (G) =

01 0 01 0 O 05 0 06 0 O
104 06 0 0 O

0301 0 0 0 1|

Eigen values of 1, (G) = {-0.1003,-0.0106, 0.6901, 1.0034, 1.0969, 1.3205}=4.2218

Eigen values of y,(G) ={-0.5397,-0.2185, 0.3911, 1.1609, 1.3788, 1.8274}=5.5164

2.3. Dominating Energy in y-Product of an intuitionistic fuzzy Graph

Definitions 2.3.1: -y -Product:-

The y —product of two Intuitionistic fuzzy graphs G;=(V4,E;) and G,=(V,,E;,) denoted by G;[1G,is an Intuitionistic

fuzzy graphs G=(V,E, <,ur,vr> , <Iurs’vrs>)

Where
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1.vV=vu, forall v; eV, and U, Vo, VinVy= ¢,i=1,2,......,m, p=1,2,.....,n

2.E= <Viup,vjuq>,such that either (v;,v;) e Ejor(u,,u,) € E,

3. <,ur,vr> denote the degrees of membership and non-membership of vertices of G, and is given by

<,ur,vr> = <min(yi,yp), max(vi,vp)> forallv, eV, r=12,3,

4. <:urs1vrs> denote the degrees of membership and non-membership of edges of G, and is given by

(min(z, 15, 114), MIN(V;,V;,V,)) if (v, ;) & E;and (u,,u,) € E,

(minay, p1q, 21), Min(v,, vy, Vi) if (U,,u,) 2 E,and (v;,v;) € E

</ursivrs>: . .
<m|n(yij,ypq),max(vij,qu > if (v;,v;) e Eand(u,,u,) € E,
(0,0) otherwise
v1up(0.4,0.3) o 0-1:0.9) vus(0.1,0.7) (0.1,0.6) 444(0.3.0.4)
0.
0 f"f-fi.qj (0.3,0.6)
) S
(0.3.0.3) % &
Qf_;'n i (0.3.0.4)
o
(0.1,0.6) ,
(0T, 07) wai3(0.3, 0.4)

rriy (0.5, 0.3
122(0.5,08) =20
FIGURE 4: {7, [ (74
2.3.2:-Now_we find the Dominating Energy of Intuitionistic fuzzy Graph G,[-1G, (V,E)

24 (vu,) = max[ze(vyug, vau, ), (v,uy, v,us), o(vyu,, v,u, ), z(viug, v,u; )] = max[0.1,0.3,0.1,0.3] = 0.3

4 (VyU,) = max[ (VU , VyUs), (ViU VoUs), (Vyly, Vol ), (ViU , VU, ), (VU ViU, )]
=max[0.1,0.3,0.1,0.1,0.1]=0.3
4 (vug) = max[ g(v,us, v,u,), £(V,U,, V,U, ), £(V,U,, ViU, )] = max[0.3,0.1,0.1] = 0.3

£ (VU;) = max[ze(V,y, Vi), 2(V,U;, ViU, ), (V50 VoU,)] = max[0.3,0.1,0.1] = 0.3

M(Vzuz) = max[u(vzuz,vzul), ,u(Vzuzvvlul)’ /U(Vzuz’vluz)v ,U(Vzuvvlus)a y(VZUZ,V2U3)]
=max[0.1,0.1,0.1,0.1,0.1] =0.1

4 (VoU3) = mMax[(V,Us, VoU, ), 4(Vols, Vil ), 24(V,U;, ViU, ), £4(V,Us, ViU )] = Max[0.1,0.3,0.3,0.3] = 0.3

7, (vu,) = min[y(vyu,, viu, ), 7 (V,uy, v,u,), 7 (V,u,, v,u, ), 7 (v,uy, v,u, )] = min[0.5,0.4,0.5,0.3] = 0.3
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71(V1u2) = min[y(vluz,v1u3), 7(V1U2,V2U3), 7(V1u2’vzu2)i 7(V1u2'vzu1)! 7/(V1u2’vlul)]
=min[0.6,0.6,0.7,0.5,0.5] = 0.5

71(V1u3) = min[7(v1u3'V2U3)17/(V1u3'V2U2)a 7/(V1u3’V1U2)] =min[0.4,0.6,0.6] =0.4
7, (v,u,) = min[y (v,u, vou,), 7 (v,u, viu,), 7 (v,u;, v,u,)] = min[0.3,0.5,0.5] = 0.3

71 (Vauy) = min[y (Vou,, Vou, ), (VU Vi, ), 7 (VoUy, Vi, ), 7 (V,U,, Vil ), 7 (VU VU )]
=min[0.5,0.5,0.7,0.6,0.6] =0.5
71 (V,Ug) = min[y (V,Ug, V,U, ), 7 (V,oUg, ViU, ), 7 (V,Ug, ViU, ), 7 (V,Ug, VU5 )] = min[0.6,0.4,0.6,0.4] = 0.4 Here v,u,

dominates Vv,u, because.

£(VU, VU, ) < g (ViU ) A g (ViUy) 7 (iU, Viu,) < g (ViU) Ay (VU,)
0.1<0.3A0.3 0.5<0.3A05

Here v,u, is dominates Vv,u, because.

£V Uy, VoUp ) < g (ViUy) A g (VoUy) 7 (VaUy, Vouy) < g (ViU ) A (VU )
0.1<0.3A0.3 0.5<05A0.3

Here v,u, is dominates Vv,u, because.

,u(V1U3,V2U3) < M(Vlus) A M(Vzus) 7(V1U3’V2U3) < }/1(V1U3) A 71(V2U3)
0.3<0.3A0.3 04<041r04

Here v,u, is dominates v,u, because.

£(V,U VU ) < g (VU ) A g (ViUy) 7 (VU Vil ) < g (VoU) Ay (ViU )
0.3<0.3A0.3 0.3<0.3A0.3

Here v,u, is dominates v,u, because.

1(V,Uy, Vol ) < g (VoU, ) A g (VoUy) 7(VoUy, VoUy) < v (VoU,) Ay (V,U,)
0.1<0.1A0.3 0.5<05A0.3

Here v,u, is dominates v,u, because.

1(VoUg, ViU ) < gty (VUg) A g (ViUy) 7 (VoUs, ViU ) < 7 (VoUg) A 7 (VL)
0.3<0.3A0.3 0.4<0.4A0.3

Here V:{V]_U1,V1U2,V1U3,V2U1,V2U2'V2U3}and D={ V1U1,V]_Uz,V1U3,V2U1,V2U2'V2U3}

|D| =6=Sum of dominating elements.
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is



D(G) =

4y (G)=
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@D (0.1,0.5) (0,0) (0.3,0.3) (0.1,0.5) (0.3,0.4)]
(0.1,0.5) (1L,1) (0.1,0.6) (0.1,0.5) (0.1,0.7) (0.3,0.6)

(0,0)  (0.1,0.6) @1 (0,0) (0.1,0.6) (0.3,0.4)
(0.3,0.3) (0.1,0.5) (0,0) @1 (0.1,0.5)  (0,0)
(0.1,0.5) (0.1,0.7) (0.1,0.6) (0.1,0.5) @D (0.1,0.6)
1(0.3,0.4) (0.30.6) (0.3,04) (0,00 (0.1,06) (1,1
(1 01 0 0.3 0.1 0.3] 1 05 0 0.3 05 0.4]
01 1 041 01 01 03 05 1 06 05 0.7 0.6

0O 01 1 0 01 03(y),G)=| 0 06 1 0 06 04
03 01 0 1 01 O 03 05 0 1 05 O
01 01 01 01 1 0.1 05 07 06 05 1 06
|03 03 03 0 01 1 | |04 06 04 0 06 1 |

Eigen values of 1, (G) = {0.4791, 0.7911, 0.8709, 0.9498, 1.1970, 1.7121}=6

Eigen values of 7, (G) = {0.0382, 0.3000, 0.3909, 0.8736, 1.1975, 3.1998}=6

3.CONCLUSION

In this paper we have distinct the dominating
intuitionistic fuzzy graph G =(V,E, 11,7, 11,,7,)
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