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ABSTRACT:This paper explores that,we illustrate the direct sumG; €& Gy, &5 Gy B G, & Gpof fiveintuitionistic fuzzy

graphs (IFGs) Gy, Gy, Gy, G, andGp is determined. The regular property,connectedness,effectiveness and balanced IFGs on
the direct sum of five intuitionistic fuzzy graphs are also examined.
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1.INTRODUCTION

A graph is a convinent way of representing information involving relationship between objects. The objects are portrayed by
vertices and relations by edges. At present a large number and variety of applications have been developed that use graphs for
knowledge representation. Generally, an undirected graph is a symmetric binary relation on a non-empty vertex set V. A fuzzy
graph (undirected) is also a symmetric binary fuzzy relation on a fuzzy subset.

In 1975, Rosenfeld [1] regarded the fuzzy relation of fuzzy set and developed the theory of fuzzy graphs. Although the first
definition of fuzzy graph was specified by Kaufman. R. T. Yeh and S. Y. Banh [6] have also introduced various connectedness
concept in fuzzy graphs. L. A. Zadeh [8] in 1965 as a generalisation of classical (crisp) sets.

Intuitionistic fuzzy graph were introduced by Krassimar T. Atanassov [11] and the operations on intuitionistic fuzzy graphs
were defined by, R. Parvathi and M. G. Karunambigai [10]. Dr. K. Radha and Mr. S. Arumugam [2] defined the direct sum of two
fuzzy graphs. Later on Dr. S. Karthikeyan and Mrs. K. Lakshmi [12] defined the direct sum of two (IFGs). A. Nagoorgani and S.
Shajitha Begum [9] gave the various type of degree in IFGs.

In this article, the degree of vertices in the direct sum of Five Intuitionistic Fuzzy Graphs (IFGs) is calculated with an example.
The direct sum of fiveregular, connected, effective and balanced (IFGs) are discussed with an some example and theorem.

2. BASIC DEFINITIONS
2.1 INTUITIONISTIC FUZZY GRAPH:
An intuitionistic fuzzy graph is the class of G=(V,E), where

()v={v,, vy, ..., v } such that &;:V—[0,1] andf3,:V—[0,1] denote the degree of membership and non-membership of the
element 17, €V respectively, and OSal(L‘i] + ﬁl[vf)sl, for every v, €V, (i=1,2,3,...,n).

(i) ECVXV where @,5: VXV —[0,1] andﬁ:: VXV —[0,1] are such that,
a,(v;, v;)<min ey (v ]ﬂl(b‘}-)l' B.(v,. v;)<Smin |ﬁl(vi],ﬁl(u}-)| and
0 < a,(v,v)+Ba(v,v) =1

Here the triple (e;,a;, 3,;) indicates the degree of membership and degree on non-membership of the vertex ;. The
triple (e;, &, , [55;) denotes the degree of membership and non-membership of the edge €;; =y, b‘}-) onV.
2.2 DEGREE OF VERTEX:
Let G=(V,E) be the intuitionistic fuzzy graph. Then the degree of vertex u is signified by,
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d ()= (d, (), dp ()

Where, d_(v) = Zuw a,(v,u) and

dg(v) = Zuw fy(v,u).

2.3 REGULAR INTUITIONISTIC FUZZY GRAPH:

Let G= (\/, E) be the intuitionistic fuzzy graph. If all over the vertices have the same degree. Then it is mentioned as regular
intuitionistic fuzzy graph.

2.3.1 EXAMPLE:

Ui (0.4,0.3)

Y

(0.2,0.3)

U,(0.5,0.4)
L
Fig: Regular IFG

2.4 CONNECTED INTUITIONISTIC FUZZY GRAPH:

In an intuitionistic fuzzy graph G = (V, E). If G has only one component. Then IFGs is claimed to be connected

intuitionistic fuzzy graph. By the another way ofexplanation, If there is a path between every pair of vertices, then G is uttered to
be a connected intuitionistic fuzzy graph.

2.4.1 EXAMPLE:
V4(0.2,0.7) v,(0.7,0.1)
&

5

V5(0.6,0.3)

(0.4,0.3)

e

V4(0.5,0.4)
Fig: Connected IFG

2.5 EFFECTIVE INTUITIONISTIC FUZZY GRAPH:
In an intuitionistic fuzzy graph G = (V, E) . The effective intuitionistic fuzzy graph is considered as,

e, (uv)=a, (W) Aay(v)and B, (uwr)=F,(u) A By (1)forallu,veE.
2.5.1 EXAMPLE:
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V4(0.2,0.7) v,(0.7,0.1)
A

.
m.m

V4(0.6,0.3)

(0.4,0.3)

bt

V4(0.5,0.4)
Fig: Effective IFG

2.6 DIRECT SUM OF INTUITIONISTIC FUZZY GRAPH:

Let Gy = (v @yip.Brin), (850 51, 315;1-)) and Gyy = (Vi) @aipgs Baing), (e a:z’_:l}'d’ﬁfz'_;l}'d' )) signifies the two
IFGs with the crucial crisp graphs G | = (V,, E;)andG v (V,, E, ) respectively, Let vel; UV, and let E={uv|u,veV,
uveE; oruveE, butnotboth}. Define, G=G, & G, by

(ﬂ'lL-ﬁlL] if ueVy
(ay, B1))= (Hlm-ﬁlm] if uel;,
(ayp V@), (B V Bin) if ueV; N,

and

(a5, 55 ) )<{ (@, () Ny, (V), (B ) V By, (V)  if uveE,
2P @y () A @3(0), (B V Bu(v))  if uveE,

Then G is the direct sum of two IFGs G, and G,
3. DIRECT SUM OF FIVE INTUITIONISTIC FUZZY GRAPHS:
3.1 DEFINITION:

Let G, = ((vy, @yip. Brin), G “1:‘;1-!181:';1-))' Gy = (Vi @aipgs Baing)s (&5 “::‘;‘Mrﬁ::‘j,w )
Gy = (Vo @z Baan)s (€450 Baipys Bagin)) Go = (Vi @aiorBazo)r (€45 @ay50. Bagjo)) and
Gp = (Vi @gips Baip) (8550 @5 5p0 Bsi o)) signifies the five intuitionistic fuzzy graphs escorted by the crucial crisp
graphs,G ; =(V,Ey) . G  =(V5,E,).G | = (V3,E3), G | = (V,, Ey) and G | = (V;, E;) sequentially.
Let vel, UV, UV, UV, UV, and let E={uv|u,veV, uveE, or uveE,or uveE;or uveE, or uveE }
llustrate, G=G, B G,, & Gy & G, & Gp by

( (1. Byp) if ueV;
(@130: Bing) if uel,
(@15 Bin) if uely
(eq, By )(u)=9 (@10.810) if ue,
(@15, B1p) if uelg
(@yp V ey Ve VagVap) (B AByy ABiy A B A Byp)
\ if uely NV, NV NV NV;

and
(ay; (w) Aay (v), (B (w) v B (v) if uveE;
(‘xw(u} N ety (), (B (1) Vﬁm(lf‘)) if uvek,
(@2, B2) )=y (ayy(w) Aayy (v), (B (1) V Byy (V) if uvek,
(ayo (1) Aayg (), (Bio (1) V Bio(v)) if uveE,
[alP(u') Aayp(v),(Bp(u) v JBJ_P(U)) if uveEy
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Therefore, G is called the direct sum of Five Intuitionistic Fuzzy Graphs G, , Gy, Gy, G, andGg.

EXAMPLE:
u, (0.4, 0.3) us (0.3,0.4) u, (0.2,0.3)

(0.1,0.2)
us (0.3, 0.4)
Us(0.7,0.3)
} (0.5,0.2)
{0.3,0.2) § U=(0.3,0.5)
U1(0.1,0.2)
Go Gp
Uz(0.7,0.3)
0.6,0.1)

Us{0.4,0.5) (0.3,0.1)

Us(0.3,0.5)

Us(0.3,0.4)

Ua(0.6,0.2)
Uz(0.5,0.4)

G @ Gy D Gy D Gy D Gp

Fig: On Direct Sum of IFG

3.1 DEGREE OF VERTICES IN G; €D Gy D Gy D G, D Gp:

In the present section, we identify the degree of vertices in the direct sum G, & G, & G, & G, & G of five IFGs
G, Gy, Gy, G, andGy in view of the degree of vertices in the IFGs G , Gy, Gy, G, andGy.

3.1.1 THEOREM:
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The degree of vertex in G, & Gy €8 Gy €8 G, &5 Gp which is corresponding to the degree of vertices in
G, Gy, Gy, G, andGgis given by,

r dg, (u) if uel)
dGM (1) if uel,
dgy (1) if uel}
de, acy @oy@cy@cy (W) = 4 dg, (1) if uel,
de, (1) if uel;
dc;;_ (u) + dqw (u) + d.g,; (u) + ng (u) + dsp (1)

Vif uelV, NV, NV, NV,NV; and E,NE,NE;NE,NE; # ¢
Proof: InG, & G, & Gy @ G, & Gy for any vertices we poses two cases to evaluate,

Case(i). Ifeither uel, or uel; or uel} or uel, oruel} exists. Then the edge prevalence at u lies in
E,NE,NEZ;NE,NE;. Ifuelthen,

dGLEEGM(u,] = (da,(u),df, (1))
=dg, (1)
Where, da; (1) = X -, a-(w,v)and dB,(u) = X, -, B> (. v)
If uel; then,
Ay ay (u) = (dea,,(w),dB,, (1))
=dg,, (u)
Where, day, (1) = X, -, @, (1w, v) and dff, (1) = 2,2, Ba(w,v)
Similarly, for uely, ueV, anduelf.

Case(ii): If the edge does not occurrence at u lies inE, ME, NE; M EMNE;. But ¥y MV5 MV NV, NV; . Then any edge
occurrence at u is either inE; orin E, or in E; orin E, or in E;. Also all these edges are involved in
G, & Gy & Gy & G, & Gy inclined by
de & dg, ® dg, @ dg, © dg, )=
(day (w), dB, (1)) + (dayy (), dByy () +
(day(w), dBy(w)) + (dag (u), dB, () +
(dap(w), dB, ()
=dg, (u) +dg, (w) +dg, (w) +dg, (u) + dg, (1)
Hence the theorem is proved.

3.1.2 EXAMPLE:
The subsequent show that the degree of verticesin G, B G,, & G & G, © Gy which the edge set are disjoint.
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Us(0.2,0.3) Us{0.3,0.8)  U4(0.1,0.1) Us(0.4,0.3)

{0.1,0.2) (0.4,0.1) vie1,0.2)
{0.2,0.1) {0.3,0.2) {0.5,0.1)
Us(0.6,0.5) Us(0.3,0.7)
c G Us(0.5,0.3)
M
L GN
@ U:(0.4,0.1)
Us(0.3,0.4)
(0.3,0.1)
& U-{0.4,0.8) 8 1:(0.4,0.2)
U1(0.1,0.2)
Go Gp
Us(0.4,0.2)
[ ]
Us(0.3,0.4) 02,01) Us(0.4,0.8)
{0.2,0.1)

{0.4,0.1)
Uz(0.3,0.4)

U2(0.4,0.3)

(0.5,0.1) T {0.3,0.3)
(0.4,0.1)

Us(0.3,0.7)
Us(0.6,0.5) .
Us(0.5,0.3)

GLD Gy DGy D Go B G

3.2 DIRECT SUM OF FIVE REGULAR IFGs:

IfG, = ((vi @00 Bai), (&5r Xyi5ps 1‘91:';1-))' Gy = (i @aipgs Baing)s (8;50 Tz JB::'_;!'M )
Gy = (v @iy Bagw), (845 aaf}]"-'-’ﬁaf_:l]"-'-))’ Gp = (Vi Q0. Bain) (815 ad-z'_;l'ﬂfﬁt}ijﬂ )) and
G = (v, ttgp. Beip) (ei}-, Qg;ips JBE:‘;‘P)) signifies the five IFGs . Then the direct sum is inessential to the regular
intuitionistic fuzzy graphs.

3.2.1 THEOREM:If G, Gy, Gy, G, andG, are regular IFGs along with degree K, K,, K5, K,, K. sequentially and
ViV NV, NVNV, #+= @ then G B Gy, &6 Gy, &6 Gy & Gy isregularifand only if K, = K, = K; = K, = K.

PROOF: Let G; be the K regular IFG with crucial crisp graph &= ; = (¥, E;). In the same way, let G,, be the K,, G, be
the K;, G, be the K,and G, be the K; is the regular IFGs with the crucial crisp graph as G

¥
M
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=, E,), G |, = (Vs.E3), G [ = (Vy,E)) and G = (V%, E5)sequentially such that,

VIOV NV VNV, #+ @ . Assume that, G, €6 Gy &6 Gy & G, @ Gp isregular,
s dg, (1) if uel
dGM (1) if uel;
dg, (u) if uelf
de, © dg, @ dg, @ dg, © dg,(U)=1 dg, (1) if ueV,
dg, (1) if uel;
dg, (u) +dg, (u) +dg, (w) + dg, (u) + dg, (u)

Loif uelV, NV, NV, NV, NV, and E;NE,NE;NE,NE;
Since,Vy MV, NV NVLNV; # o

(dg, (W) =K, if uely
dg, (1) = K, if uel;
dg, (1) = Kj if uelj

de, @ dg, @ dg, @ dg, D dg, (W)= dg (u) = K, if uel
de, (u) = K if uel;

\

Since, G, &5 Gy, & Gy & G, €6 Gp isregular.

We obtain, K} = K, = K; = K, = K_conversely assume that, G; , Gy, Gy, G, andGp are K-regular fuzzy graphs such
that, 1, (11, MV; NV, NV, # @. Then the degree of any vertex in the direct sum is given by,

dg, © dg, @ dg, @ dg, © dg, (=K foreveryuel MV, NV NV, MNV;. Hence

G, & Gy & Gy & G, & Gp isregular IFGs.

3.3 DIRECT SUM OF FIVE CONNECTED IFGs:

IfG, = (Vi@ b)) (850 T yz500 131:';1-))' Gy = (Vi @aipgs Baing), (&g a::‘_;}'d'!ﬁﬂi_;l}'d ),

Gy = (v @3y Bagw), (845 aﬂz’_:l}"ifﬁﬂz'_:l}"i))' Go = (Vi Auip:Paio) (845 fx4z’}'ﬂfﬁ4z’j0 )) and

Gp = (Vi @gip0 Bsip) (8150 Asigps JBE:‘;‘P)) signifies the five disconnected IFGs. And then their the direct
sum G; €5 Gy, & Gy B G, & G is told to be a connected intuitionistic fuzzy graphs.

3.3.1 THEOREM: If G (Ve @y Brin), (Ez’}'ffxlz’ji-’ﬁli_;ll-))' Gar : (Vi @aipgs Baine), (EE_J'fafi_;l'Mfﬁfi_:l}'d )
Gy (Ve @3 Bain), (e:’_;l"aai_;l}'\”ﬁai_;l}'ﬁf))' Go : (Vi @40, Bai0), (ez'jr‘xa}z'jorﬁe;ijo )) and Gp : (v @550, Bsip),
(& erE}-P,,{?EE-}-P)) represented as five connected IFGs with the crucial crisp graphs G j_ =(V,,E;).G ;d,
=(V2,E5),G ;, = (V3,E3),G [ = (Vy,Ey) and G | = (W, E;) sequentially on this
wiselV) NV, NV, MV.NV, #= @ and E,NE,ME;NE,NE;. Then their direct sum G, €& G,, €& G, & G, B G is
connected intuitionistic fuzzy graphs.

PROOF:  Since, G; is connected IFGs((c 1, (u,v),B1:, (U V)= 0,%(u,v) € E;. G,y is connected IFGs ((ct5;5; (UV), 555
(uVv)= 0,v(u,v) € E;. G, is connected IFGs ((erg;;(uV).fay (UV))=0,%(w,v) € E;. G, is connected IFGs
(efouv).Bsy V)= 0,¥(u.v) EE,. Gp is connected IFGs ((@Zp(uVv).fip (uv)= 0,¥(u,v) € E;.Also
V, NV, NV, NV, NVL = ¢. Consequently, there exist atleast one vertex which is in ¥ (¥, NV, NV, MV;. Although there is
no edge in E,ME,NE;MNELMNE;. Hence there exist a path between any two vertices in
G, & Gy @ Gy DG, D Go(viar,ff) of G;, Gy, Gy, Gy andGg. This implies that, G, & G, & Gy & G, & Gpis
connected.

Hence the proof.

3.4 DIRECT SUM OF FIVE EFFECTIVE IFGs:
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In an intuitionistic fuzzy graph G = (V, E) . The effective intuitionistic fuzzy graph is considered as,
a,(uv)=a,(u) Aa,(v) and Ba(uv)=8,(u) A B, (v) forall
u,veE.

3.4.1 EXAMPLE:

U1{0.4,0.3)

{0.2,0.2) (0.3,0.3)

8 U:(0.4,0.5)
U2{0.3,0.4)

Us{0.2,0.6) Ue(0.3,0.7)

-
Us(0.5,0.3)

G, D Gy D Gy D Go D Gp

Fig: Direct Sum of Five Effective IFG

3.4.2 THEOREM: If G, Gy, Gy, G, andGp are five IFGs such that there is no edge of
G, & Gy & Gy B G, & Gpearriesends in V MV, MV NV, ML and every edge uv of

G, B Gy B Gy & Gy B Gpincluding one end u € Vy NV, MV NV, (MV; and uv € E,or E;or EjorE or E; such
that,

ay,(u) = a (v),or B, (w) = B, (v) ,or ay,(uw) =a,(v)or

Bu(w) = By (v) o7 ayy () = ayy(v),or Biy(w) = Biy(v), or

ao(u) = a,,(v),or Bo(w) = B (v),or ap(u) = a(v),or

Bie(w) = Bp(v).

PROOF: Letu,vbeanedgeof G, & G,y €& Gy & Gy €& Gp we have consider two cases,

Case(i): uve V; NV; NV, NV, NV;. Subsequently, uw € V; or V,or VyorV,or V.. Finally,a, (u) = ay, (u),

a,(v) = a,;; (v)and a,(uv) = a,, (uv), a,(uv) = a,; (uv). Considering
that, G, is an ef fective IFG.a,(uv) = a; (uv)f,(uv) = B,; (uv)
=aty; (WA @y, (v) =B (W) V By (v)

=a,(u) Na(v)=5,(u) v B, (v)Similarly, for v V, ,uv € Vy,uv € V,,uv € I,

Case(ii): If uve VN NV, NV, NV € V) NV NV; NV, NV; (or vice-versa) indispensable loss of generality, assume that
v ey,

Subsequetly, a,(ur) = a,; (1) by the prediction ,a,; (1) = ay; (v),or By; (1) = By, (v). At the moment,
a,(u) =a,;; (W) va,(v)B ) =p,0)vE,w)
> ay () = By ()
= ay (v) = By (v)
=a,(v) =B,(v)
So, a,(v) = a, (w)Aa,(v)and B, (v) = B,(u) v B, (). Consequently,
a,(uv) = ay; (uv) B, (uv) = B, (uv)
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=y (WA ay (v) = Bar (W) V oy (v)

=a, (v) =B (v)

=a,(v) =Ba(v)

=ay (W ay(v) =B, () v By (v)
Thence, G, & Gy, & Gy & G, & G be an effective IFG.

CONCLUSION:

In this paper, the direct sum G, G G, & Gy & Gy &6 Gp of three fuzzy intuitionistic fuzzy graphs
Gy, Gy, Gy, G, andG, is  defined. A formula to find the degree of vertices in the direct sum

G, & Gy B Gy & Gy €& Gp  of three intuitionistic fuzzy graphG;, G,,, Gy, G, and Gy and is obtained. Some of the
property of the direct sum of regular, connected and effective intuitionistic fuzzy graphs has been illustrated. This operation on
intuitionistic fuzzy graph is great tool to consider large fuzzy graph device its properties from those of the small ones. A truly
tactical man oeuvre in that direction of the whole is specifically made through this paper.
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