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Abstract. An intuitionistic fuzzy graph can be obtained frdmo given intuitionistic
fuzzy graphs using Cartesian product and compaositiothis paper, we discuss the total
degree of a vertex in intuitionistic fuzzy graplosniied by these operations in terms of
the degree of vertices in the given intuitioniftizzy graphs in some particular cases.
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1. Introduction

Intuitionistic Fuzzy Graph theory was introduced Byanassov in [1]. In [5],
Karunambigai and Parvathi introduced intuitionislizzy graph as a special case of
Atanassov's IFG. In [2], NagoorGani and Begum idtrced degree, order and size in
intuitionistic fuzzy graph. In [6] Radha and Vijayaroduced the total degree of a vertex
in some fuzzy graphs. In[3] NagoorGani and Rahnmroduced the total and middle
intuitionistic fuzzy graph and they also introducBatal degree of a vertex in union and
join of some intuitionistic fuzzy graphs in [4]. this paper we discuss about Cartesian
product and Composition operations of intuitiomidtizzy graph and some properties of
intuitionistic fuzzy graph are introduced.

2. Preliminaries

Definition 2.1. An intuitionistic fuzzy graph (IFG) is of the forth= (V, E) where

(i) V = {v1,vy, ..., v} such thap, : V - [0,1] andv, : V - [0,1] denotes the degree of
membership and non-membership of the elemgatV respectively an@ < u,(v;) +
vi(vy) <1, for everyv; € V.

(I)E €V xV whereu, : VxV - [0,1] andv, : V XV — [0,1] such that

2 (v, v7) < min (), s (1))

Vy (vi,vj) < max (v1 (vy), vl(vj))
and 0 < p, (v, vj) + vo(v;,v;) < 1, for everyv;,v;) € E.
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Here the triplgv;, uq;,v1;) denotes the degree of membership and non-mempeo§hi
the vertexv;. The triple(eij,uzij,VZij) denotes the degree of membership and non-

membership of the edge relatipp= (v;, v;) onV x V.

Definition 2.2. LetG = (V,E) be an IFG .Then the degree of a vertex v is défime
d(V):(du(V): dv(v)) Wheredu(v)zz:u#:v Uz (V,U) anddv(v)zz:u#:v V2 (V,U).

Definition 2.3. Let G = (V, E) be an IFG. If{,(v), d, (V) = (k, ko) for all vV that is if

each vertex has same membership degrem# same nonmembership degrethén G
is said to be a regular intuitionistic fuzzy graph.

Definition 2.4. Let G = (V,E) be an IFG. Then the total degree of a vertekvus
defined by
td(u) = (tdy(w), tdy (W) = (Luzv Hz (U, V) + Uy (W), Xyzv V2 (U, V) +v1 (W)

=(d, ) + p (W), dy (W) +v1 (W)
If each vertex of G has same membership total @ggrgndsame nonmembership total
degree, , then said to be a total regular IFG.

3. Total degree of avertex in Cartesian product
Definition 3.1.The Cartesian product of two intuitionistic fuzayphsG,andé, is
defined as an intuitionistic fuzzy graph= G, x G,: (u x u,v x v) onG* = (V,E)
whereV =V; x V, and
E={((u1,uz2)(v1,v2)) /us =v1,u;v; € E; 01Uy = vp,u4v; € Ey }
(M1 X 1) (up,uz) = g (W) Ay '(up), forall (ug ,u;) €V XV, and
(vi Xv1) (ug,uz) = vy (ug) Vg ’(ué),])forall gul 'u)z) EVy X1,
p (ug) Apg '(upvy), ifus = vy, upvy € E;
X U, Uy )(vq,v = , .
iz ,uz')(( 1 2) (v, vz )) {Ih (uz) Atz (uyvy), ifu, Uy, UiVg € Ey
v, 92 (@, 1) (0r,v2)) =

vy (Ug) V vy "(upvy), ifuy = vy, uyv, €E,
vi'(up) Vv, (ugvy), ifuy, = vy, uyvy € Ey

Definition 3.2. By definitionForany(u, ,u,) € V; XV,
tdy(c, x6,) (U1, Uz)
= D (e Xk ) 1)
(uguz ) (v1,v2)EE
+ (ug X pg Y (ug, uz)
= Z pa (ug) A pp "(ugv,)
Up =V1,UV€EE,

+ Z ty (u2) A g (ugvg) + (g X g N(ug,up) — —
Uy =V, UV1EE;

——(3.2.1)
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tdy(c, x6y) (U1, Uz)

=D (G X ), ), v)
(uq,uz ) (v1,V2)EE

+ (vi X v1)(ug, uyp)

= 2 v1 (ug) V vy "(uzv,)

Uy = V1, U VEE,

+ Z vi(uz) Vvy (ugvy) + (V1 X V1)(u1,u2) - =
Uy =Vy, UV1EE;

- —(32.2)

Hence, the Total degree of a vertexginx G, is defined as
td(G,x6,) (U1, U2) = (tdyue,x6,) (W, U2), tdy(G, xc,) (U1, U2))

Theorem 3.3. Let Gy : (u,v) andG, : (u',v') be two intuitionistic fuzzy graphs.
() If gy = pp anduy >y, thentd, g, xg, (Ug, up) = tdye, (Wg) + tdyg, (uy)

B —pt1 (uq) V " (uz)
(”) If Vl < V’z and}’l < V2 thentdlesz(ul,uz) = thGl (ul) + thGZ (uZ)

o1 oof vy (ug) Avy'(u2)
roor:
() From(3.2.1),

td#(Glez)(ulruz) = Z i (ug) A pp "(upv;)
Uy = Vq,UVEE,
+ z pa "(up) A pp (ugvg) +pg (ug) A g '(up)

Uy =Vy U V1EE

= Z Uz '(upv;) + 2 o (Uqvy) + pg (ug) + pg" () —pq (ug) V g " (uz)

UV EE, UV, €E,

= Z tp ' (upvy) + py(uy)

UV EE,
+ z o (ugvy) + pg (ug) =g (ug) Vv pq'(up)
uq v, €E,
tdue,x6,) (U, uz) = tdyg, (ug) + tdyg, (uz) — pg (ug) V g (uy).
(i) From(3.2.2),

tdy(c,x6,) (U Uz) = Z vy () Vv, "(upv,)
U1 =V, U VEE,
+ 2 v1 '(uz) V vy (U 1) + vy (ug) V vy '(uz)

Uy =Vy U V1EEq
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= D0 ud D Vs (v +vaQun) + vy W) v ) AV ()

U VEE, u1v1€E;
= 2 vy '(upvp) + vy’ (up) + Z Vo (Uyv1) + vy (ug) —vq (uq)
Uy V2 EE, Uy V1€E;
A vy (uyp)

tdv(G,xG,) (U1, Uz) = tdyg, (ug) + tdyg, (Uz) — vi(ug) Avy'(uy).

Example 3.4. Consider the intuitionistic fuzzy graphs: (4 ,v )and G, : (' ,v")in

Fig.3.1.
G, G, Gy X G,
u,(0.3,0.4) 4(0.4,0.4) (4, W) (ug,v2)

(0.80.4) (0.3,0.4) (0.30.4)

(0.4,0.4) (0.3,0.4)(0.2,0.4) (0.2,0.4

(V. 1) (V1,V2)
v,(®.6,0.3) ‘¢(0.7,0.3, (0.4,0.4) (0.3,0.4)(0.6)0.3

Figure3.l:

(i) If uy = p," andyy” = p, then
tdug, xa, U1, Uz) = tdyg (W) + tdye, (Up) — wy(u) V iy ' (uy)
=0.5+0.7-0.4=0.8
(i) If v; <v,"andv;’ < v,
thentd,g, xg, (U1, uz) = tdyg, (W) + tdyg, (Uz) — vi(ug) Avy'(uy)
=0.8+0.8-0142
Theorem 3.5. Let G; : (1,v) andG, : (1',v") be two intuitionistic fuzzy graphs.
() If iy <wy’andv; =>v,'
tdu(G, xc,) (U1, Uz) = tdyg, (Ug) + uy (uy)dg; (ua) g '(uz) — g (uy) V g (1)
(i) If uy' <pyandvy >v,
tdyc, x6,) (U1, Uz) = tdyg, (W) + vi(udgs (uz)+v1'(uz) — vi(ug) Avy'(u2)
Pr oof:
(i) We havey; < u,'. Henceu,' > u,
From(3.2.1)td g, xc,) (U1, u2)

= Z pa (ug) A pg "(upv;)

U= Vq,UxVEE,

D ) Ay () + ) Ay )

Uy = VU V1 EE;
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= D m@) Y ) )+ () — () V i )
UV, €E, u,v,€E,

= by, () ~ @) VI () + ) + () )1

ULV, EE,
= tdyg, (ug) + py (uy)dgs (uz) + py'(uz) — pq (ug) V g '"(uz)
s tdy e, xay) (e, Uz) = tdyg, (W) + pg (ug)dg; (ug) i "(u) — pg (ug) V g ()

(i) We havev, =v,’. Hencev;' <v,
From(3.2.2) tdy(g, xg,) (U1, uz)

= vy (ug) V vy '(upv;)

U= Vq1,UVEE,

+ Z V1 "(uz) V vy (ugvq) +v1(ug) V vy '(uy)

Uy =V, UV EE;

= D ) D v (m) +vi(u) v () — vy ) AV, ()

ULV EE, uv1€E,

tdyg, (2) = Vi) AVy () +v1 @) + Vi) Y 1

UV, €E,
tdyg, (ug) + vy (uydegs (uz) + vy '(uz) — vy (ug) Avy ()
~tdy g, xay) (W, Uz) = tdyg, (Ug) + vi(uy)deg; (uz)+vy (uz) — vi(ug) Avy'(uz)

Example 3.6. Consider the intuitionistic fuzzy graplig : (u ,v )andG, : (u' ,v' )

in Fig.3.2.
Gy G, G, X Gy
® % (0.3,0.6) (4, v1) mv2)
® 1 (0.3,0.6) (0.3,0.6) (0.3,0.6) 0.3(0.6)
(0.4,0.5)
4(2/3,0.6) (0.2,0.5)
(0.2,0.4) 1(0.3‘).6) (0.3,0.5)
(0.3,0.6)
(0.3,0.p) (0.2,0.4)(uvs)
® (0.3,0.4
(0.3,0.5)

4(0.3,0.5) ¥0.3,0.6) (0.3,0.5) fuv,) (0.3,0.5)(d Vi)
Figure3.2:

(|) If H1 < ‘lel andVl > V2’
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tdue, x6,) (U1, Uz2) = tdyug, (Ug) + py (Uy)de; (W) +py '(Uz) — (1) V g ' (vy)
=0.5+0.3(2)+0.6-0.6
=1.1.
(i) If uy' <wpyandvy’ =>v,
tdy, x6,) (U1, Uz2) = tdyg, (W) + vi(uy)dgs (uz)+vy " (uz) — vi(ug) Avy'(uz)
= 1+0.6(2)+(0.5)-0.5
=2.2.

4. Total degree of avertex in Composition

Definition 4.1. The Composition of two intuitionistic fuzzy grapfis andé, is defined
as a intuitionistic fuzzy grap = G, oG, : (uou' ,vev)on G*: (V,E) where
V=V xVyanE = { ((ug,uz)(v1,v2)) /Uy = v, uyvy € E; 01 Uy = Uy, U V4 €
E; oru, = v,,u v, € E; }

(o) (U uz) = g (W) Apy'(wp), forall (ug,uy) €Vy xV, and

(viovy) (uy,up) = vi (W) Vvy'(uwp), forall (uy,uy) €Vy XV,

ty (ug) Ay ' (upvy), ifuy = vy, upv; € Ey

(uz ﬂz)((ul Jup ) (v, vy )) =14 uy'(uz) App (ugvy), ifu, = vy,u vy € Ey
pa' (u2) Ay '(v2) Atp (Ugvy),ifuy # vp,ugvy € Ey

vi (W) Vv, (upv,), ifuy = v, upv; € Ep
(v,° Vz')((u1 yUp )1, v, )) =9 vi (up) Vv, (uyvy), ifu, = vy, uyv; € Ey

Vi (Uz) Vv '(V2) V vy (Ugvy), ifuy # vp,usv; € Eq
Definition 4.1. By definition for any (u, ,u, ) € V; XV,

e i) = > (o), 1) ,v)
(uq up ) (v1 V2)EE
g (ug) Ay (uz)

= Z g (ug) A pp' (upvy)

U= V1,UV2€EE,

w (uz) A pp (uqvg) + 2 iy (uz) A py' (02) A pp (uqvy)

+ Uy #FVp, U V1 EE,

Uy = VU V1€EE; +.u1 (ul) A ﬂll(uz)

th(G1 [Gz])(ulfuZ) = Z ((Vz o vy ) (g, uz)(vy 'Uz))
(ug uz ) (vy v2)EE
!
+v1(ug) Vv '(uz)

= ) ) Vv ew)

U= Vq1,UpV,EE,

ViV (v D ) Ve () Vv ()

+ Uy #Vo, U V1 EE;

Uy = Vo, U V1EE, +V1 (ul) \% Vll(uZ)
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Theorem 4.2. Let G, : (u, ) andG, : (u', ') be two intuitionistic fuzzy graphs.
(i) If g = pp" and py' = py then

tducc, [6,) (U1, u2) = tdyg, (Up) + patdyg, (u)- (P2 — 1) ug(uy)
=y () V g (uz)
(i) If vi <v,"andv;’ < v, then

tdye, [6,) (U1, U2) = tdyg, (Uz) + patdyg, ()~ (P2 — 1) vi(uy)
—v1(ug) Avy'(up),
wherep, = |V,|, V, is the set of all nodes@n
Proof :

Dty @ ud = > ) Ay @vy)

U= Vq1,Up VEE,
+ z p1' (uz) A pg (uqvy)
Uy =V, u V1 €E;

+ z pa'(uz) A py'(v2) A pg (ugvy) + py (ug)

Uy #Vp,U V1 EEq

Aug'(up) = Z pr '(upvy) + Z o (uqvq)

UV EE, Uy =V, U V1 EE,

+ z pz (uqvq)

Uy #FV,U V1 EEq

g (ug) + pg " (ug) — pg (ug) Vg (uz)
= Z u' (upvp)  + oy (up) + Z o (Ugvy) + pg (ug) + Z o (uqvq)

UV EE, UV, €E, U v1€E,

— () V' (up)

tlye, () + IVl D 1ty Gy + () = iy () V iy ()

U1 €E;

tdye,(Uz) + p2 2 po (Ugv1) + py (uq) | — (P2 — Dptg (uq)

UV, €E;
=y () V g (uz)
=tdyc, [6,) (W, Uz) = tdyg, (Uz) + Patdyg, (u)- (P2 — 1) ue(uy)

=g (up) V g (uy)
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Dy, (@@ u) = D i) V(v
U= V1,UV2EE,
+ Z v (up) Vv, (ugvy)
Uy =V, UV EEq
+ 2 vi'(u2) V vy (02) Vv, (ugvp) + v (y)
Uy #FVp, U V1 EE,
Vvi'(up) = Z vy (upvp) + Z v, (ugvy)
UV, €E, Uy =V, U V1 €EE;
+ Z v, (ugvq)

Uy £V, Uq V1 EE;
+vy(ug) +vq'(uz) — vy (ug) Avy'(uy)

= Z Vo' (upvp)  +vyp'(up) + Z vy (ugvy) +vi(wy) + Z v, (ugvy)

UV EE, UV, €E, U v1€E
— V1 (ug) Ay (U2)

tdyg, (uz) + Vsl Z Vo (Ugv1) + vi(ug) — vi(ug) Avy'(U)

u v, €E,

tdyg,(uz) + p2 Z Vo (Ugv1) +vi(ug) [ — (P2 — Dvy(uy)

u,v1€E;

—vy(ug) Avy'(uz)
=tdy, 16,) (W, Uz) = tdyg, (uz) + patdyg, (u)- (P2 — 1) v1(uy)

—v1 (ug) Avy'(uz)

Example 4.3. Consider the fuzzy grapligandG, inFig.4.1.

G, G, G1[G]
1) (0P
1(Q2,0.5) £0.3,0.6) (0.2,0.6) (0.2,0.6) 20.5)
0.2,06)  (0.2,0.8) (0.2,0.6)
(03)
(0.20.6)
V1(03,06) 2(@3,05) V]_,(lg) (\i,Vg)

Figure4.l:
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(i) If g = pp" and g’ = p, then

tducc, [6,) (U1, u2) = tdyg, (Uz) + patdyg, (u)- (P2 — 1) ug(uy)
= (u) V iy (uz)
= 0.5+2(0.4)-(2-1) (0.2) - (0v20.3)
=0.8
(ii) If vi <v,"andv;’ < v, then

tdye, 16, (W1, Uz) = tdyg, (Uz) + patdyg, (W)= (P2 — 1) vi(uy)
—vy () Avy'(uz)
=1.2+2(1.1)-(2-1)0.5-0.5
=2.4.
5. Conclusion
In this paper, we have found the total degree dices in G; X G, andGy o G, in terms
of the total degree of vertices @andG, under some conditions and illustrated them
through examples. They will be useful in studyirgious properties of Cartesian product
and Composition of two intuitionistic fuzzy graphs.
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