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ABSTRACT

A fuzzy graph can be obtained from two given fuzzy graphs using Cartesian product and composition. In this
paper degree of an edge and total degree of an edge are introduced and we find the degree of an edge in fuzzy graphs

formed by these operations in terms of the degree of edges in the given fuzzy graphs in some particular cases.
KEYWORDS: Cartesian Product, Composition, Degree of a Vertex, Degree of an Edge
INTRODUCTION

Fuzzy graph theory was introduced by Azriel Rosenfeld in 1975. Though it is very young, it has been growing
fast and has numerous applications in various fields. During the same time Yeh and Bang have also introduced various
concepts in connectedness in fuzzy graphs. Mordeson. J. N and Peng. C. S introduced the concept of operations on fuzzy
graphs. Sunitha. M. S and Vijayakumar. A discussed about the complement of the operations of union, join, Cartesian
product and composition on two fuzzy graphs. The degree of a vertex in fuzzy graphs which are obtained from two given
fuzzy graphs using these operations was discussed by Nagoorgani. A and Radha. K. In this paper we introduce the concept
of a degree of an edge and total degree of an edge in fuzzy graphs. We study about the degree of an edge in fuzzy graphs
which are obtained from two given fuzzy graphs using the operations Cartesian product and composition. In general, the
degree of an edge in Cartesian product and composition of two fuzzy graphs G; and G, cannot be expressed in terms of
these in G; and G.. In this paper, we find the degree of an edge in Cartesian product and composition of two fuzzy graphs

G;and G, in terms of the degree of edges of G; and G, in some particular cases. First we go through some basic concepts.

A fuzzy subset of a set V is a mapping o from V to [0, 1]. A fuzzy graph G is a pair of functions G: (o, p) where
o is a fuzzy subset of a non-empty set V and p is a symmetric fuzzy relation on o, (i.e.) u(X, y) < o(X) A o(y) forall x, y
V. The underlying crisp graph of G: (o, p) is denoted by G*: (V, E) where E € VxV. The underlying crisp graph of G: (o,
1) is denoted by G™: (V, E) where E < V x V. Throughout this paper, G;: (o1, 1) and G,: (o, p12) denote two fuzzy graphs

with underlying crisp graphs G, ": (V1, E1) and G: (Va, Ez) with [V = p;, i =1, 2. Also d . (U;) denotes the degree of u;

*

inGi.

Let G: (o, p) be a fuzzy graph on G™: (V, E). The degree of a vertex u is dg(u) = Z (U, V). Since p(u, v) >0

VESY

for uv € E, p(u, v) = 0 for uv ¢ E. This is equivalent to dg(u) = Z,U(U,V). The minimum degree of G is 8(G) =

uveV

A{ds(Vv), ¥V v € V} and the maximum degree of G is A(G) = v{ds(Vv), V v € V}.
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Let G: (o, p) be a fuzzy graph on G™: (V, E). The total degree of a vertex ue V is defined by tdg(u) =

Z (U, V) + o(u). Since u(u, v) > 0 for uv € E, p(u, v) = 0 for uv ¢ E. This is equivalent to tdg(u) = dg(u) + o(u).

u=v

The order and size of a fuzzy graph G are defined by O(G) = ZO‘(U) and S(G) = Zy(uv) :

ueVv uvek

Let G™: (V, E) be a graph and let e = uv be an edge in G™. Then the degree of an edge e = uv e E is defined by
da+(uv) = de(u) + da«(V) — 2.

Definition [4]: Let G~ = Gl* xG; = (V, E) be the Cartesian product of two graphs Gl* and G;, where V =V, xV,
and E ={(u,u,)(u,v,) :u eV, u,v, € E,}u{(u,,w)(v;,w) :u,v, € E;,,weV,}. Then the Cartesian product of two
fuzzy graphs G, and G, isa fuzzy graph G =G, xG, : (0, X 0,, 14 X 1t,) defined by

(0, x0,)(Uy,Uy) = 07 (U) Ao, (Uy), V(U Uy) €V and

(14 < 14,)((u, u,)(U, v,) = oy (U) A 1, (U,V,), YU €V, Vu,v, € E,,

(g < 10,)((uy, WY(v,, W) = 0, (W) A 24 (UV,), VW EV,, YUy, € E,.

Definition [4]: Let G~ :Gl* oG; =(V,E) be the Composition of two graphs Gl* and G;, where V =V, xV, and

E ={(u,u,)(u,v,):ueV,,u,v, € E,3u{(u,w)(v,,w):uyv, € E;,weV,}u{(u,u,)(v;,Vv,) :uV, € E,u, #v,}.
Then the Composition of two fuzzy graphs G, and G, is a fuzzy graph G =G,[G,] =G, oG, : (0, ° 0,, 14, © 1t,)

defined by (o, °0,)(u;,U,) =0,(U,) Ao, (U,),V(u,u,) €V and

(24 0 14,)((u,u,)(u,v,) = o, (U) A 1, (U,V,), YU eV, VUV, € E,,
(24 © 14,)((uy, WY(v,, W) = o, (W) A 24 (W), YW eV, Vuy, € E,
(24 © 16,)((Uy, U,)(V, V,) = 0,(Uy) Aoy (Vy) A gy (W), VU, £V, VUV, € E,.
Theorem* [2]: If G, : (o, ) and G, : (0,, 1,) are two fuzzy graphs such that o, < u,, then o, > £ and vice

Versa.

EDGE DEGREE AND TOTAL EDGE DEGREE OF A FUZZY GRAPH
Edge Degree of a Fuzzy Graph
Let G: (o, ) be a fuzzy graph on G™: (V, E).

The degree of an edge uv is dg(u, v) = dg(u) + dg(v) — 2u(u, v). Since p(u, v) > 0 for uve E, p(u, v) = 0 for uveg

This is equivalent to dg(uv) = Z,u(uw) + Z/,z(wv) :

uweE wveE
W=V W#U

The minimum degree and maximum degree of G are 8g(G) = A{dg(uv), Vuve E} and Ag(G) = v{dg(uv), Yuve

E}.



The Degree of an Edge in Cartesian Product and Composition of Two Fuzzy Graphs 67

Total Edge Degree of a Fuzzy Graph
Let G: (o, ) be a fuzzy graph on G™: (V, E). The total degree of a vertex ue V is defined by tdg(uv) = dg(u) +

dg(v) — p(uv). Since p(uv) > 0 for uve E, p(uv) =0 for uvg E.

This is equivalent to tdg(uv) = E u(uw) + E L(WV) + p(uv) = dg(uv) + p(uv).
uweE wveE
W=V W#U

Example

0.2 0.4)

0.3

w7 0.4 #0.8)
Figure 1: Fuzzy Graph G: (o, p)
dg(u) = 0.4, tdg(u) = 0.6, 8(G) = 0.4 = dg(u) and A(G) = 1.1 = dg(W).

dg(uv) = 0.5, tdg(uv) = 0.7, 8g(G) = 0.5 = dg(uv) = dg(wx) and Ag(G) = 1.1 = dg(uw).
DEGREE OF AN EDGE IN CARTESIAN PRODUCT
By definition, for any (u,u,) eV, xV, and ((ug,uy)(v,,v,)) € Ewith

u, =v;,u, #v,oru; =V, U, =V,.

g, (U, U) (V1. V,)) = Z(ﬂl X ) (U, U, ) (W, W, ) + Z(/Jl Xy ) (W, W, ) (V,V5)) -

(ug,up ) (wy Wy )eE, (wy,W,)(vy,v,)eE,
(wy, W, )#(vy,V,) (wy,w, )#(uy,uy)
J Ifu, =v,,U, #V,, then

delxez((upuz)(uyvz)): Z(ﬂlXﬂz)((u17u2)(W1’W2))+ Z(/ulXﬂz)((wl’wz)(ul’vz))-

(uy,up ) (wy Wy )eE, (wy w5 ) (uy v, )eE,
(W, W, )#(uy,v5) (wy,w;, )#(uy Uy )
= Z(,Ul x ) ((Uy, U, ) (uy, W, ) + Z(ﬂlxﬂz)((uvuz)(wl’uz))
(ug,U ) (ug, Wp )E Uy =wy, (g, up )(Wy,Up )EE Uy =w,
W, £V,
+ Z(,UlX/v‘z)((uywz)(upvz))"' Z(;UlX/lz)((wpvz)(upvz))-
\(/\lljl%vl\?)(w Va)eE wi=uy, (W, V2 ) (Uy Vo )eE Wy =V,
L#U;

= Zo-l(ul)/\ﬂz(uzwz) + Z/ul(ulwl)/\o-Z (uy)+ Zo-l(ul)/\/uZ (Wyvy) +
U,W, eEy U =Wy, Uy Wy €Eq Uy =W, WV, B, Wy =Uy,
W, %V, W, U,

z:ul(wlul) ANy (V,).

WU By, Wy =V,
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dGlez ((ul’ UZ)(Ul,VZ)) = ZO’l(Ul) Ny (uzwz) + Z/ul (U1W1) NGO, (uz) + ZO‘l (Ul) N H, (W2V2) +

Wy Vo, Wy £V, w; eV W, Vo, Wy #U,

Zﬂl (Wyu;) Aoy (V) (5.1)

Wy eVy

o Ifu, #v,,U, =V,, then

delxez((upuz)(vl’uz)): Z(ﬂlXﬂz)((u17u2)(W1’W2))+ Z(/ulXﬂz)((wl’wz)(vlluz))-

= Z(ﬂlxﬂz)((ul’uz)(uvwz))"‘ Z(:ulxluZ)((ul’UZ)(Wl’UZ))

(U1,Up ) (ug,Wp )€E Uy =wy (Uy,Uz ) (Wy,Up )€E, Uy =Wy,
Wy V)

+ Z(/ulquz)((vl’WZ)(Vl'UZ))—'_ Z(/JlXﬂz)((wpuz)(vvuz))-

(v, W, ) (v, Uz )eE Wy =vy (Wy,Up ) (vy,Up )eE, Wy=U,,
w7y

= 201(u1)/\/12(U2W2) + Z/’ll(ulwl)/\GZ (uy) + 261(V1)/\/J2(W2u2)

UpW, eE, Uy =Wy uwy By Uy =Wy, W,U, By, Wy =Uy

Wy #Vy

+ Z/‘l(W1V1)/\(72(U2)-
WiV By Wo=Uy,
w, U,

deleZ ((ug, u)(vy,u,)) = Zo-l(ul) Aty (U, W, ) + Zﬂl(ulwl) no,(Uy) + Zo-l(vl) Ay (W,U,)

W, eV, Wy €V, Wy #Vy W, eV,

+ Z:ul(wlvl) no,(U,) (5.2)

Wy €V, Wy #Uy
In the following theorems, we find the degree of ((u,,u,)(u,,Vv,)) and ((u;,u,)(v;,u,)) in G, xG, in terms

of those in G, and G, in some particular cases.

Theorem

Let G, : (o, 1) and G, : (0,, 1,) be two fuzzy graphs. If o, > p,and o, > 44, then
. de e, (U, U, )(U;,V,)) =2dg (u;) +dg (U,V,) ,if(uy,u,)(uUy,v,) € E,
. de e, (U, U, )(Vy,U,)) =dg (Uv,) +2dg (U,) ,if (uy,u,)(v,,U,) € E.
Proof
We have, o, = t,and o, = L.

From (5.1), for any (u,,u, )(u,,v,) € E,

dGleZ ((uy,uy)(uy,v,)) = ZGl(Ul) Aty (U, ) + Z/ﬁ (uw;) Ao, (uy)

W, €V, W, £V, wy eV
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+ 261 (Up) A gy (Wovy) + z/ul (W) A oy (V).

W, €Vy W, #Uy W, €Vy

zluz(uzwz) + Zﬂl(ulwl)"' Z/Jz(wzvz) + Z,ul(wlu1)

W, €V, W,y £V, w; eVy W, €V, W, #U, w; eVy

2dg, (uy) +dg, (U,V5) .

From (5.2), for any (u,, u,)(v,,u,) € E,

deleZ ((ug,uy)(vy,uy)) = ZO‘l(Ul)/\ﬂZ(UZWZ) + Z/Jl(ulwl)/\az(uz)

W, eV, Wy €Vy Wy #Vy

* zal(vl) Ay (Wol,) + z:ul(wlvl) Ao, (Uy)

W, eV, Wy €Vy Wy #Uy

= Zﬂz(uzwz) + Zﬂl(ulwl)"' Z/v‘z(wzuz) + Zlul(wlvl)

W, eV, Wy €Vy, Wy #Vy W, eV, Wy €V, Wy #Uy
= dG1 (U1V1) + 2d(32 (uz) .
Theorem
Let G, : (o, 1) and G, : (o,, 1,) be two fuzzy graphs.

. If o, < u, and o is a constant function with o (U) = ¢, forallu €V, , then

o Forany(u;,u,)(u,,v,) € E,dg ¢ ((u,u,)(u;,Vv,)) =2dGl(u1)+cl(dG;(u2)+dG; (v,)-2).

o Forany (U;,U,)(Vy,U,) € E, dg g ((Ug, U, )(v,,U,)) =dg (UVv;) +201dG; (u,).

. If o, < 1, and o, is a constant function with o, (U) =, forallu €V, then

o Forany

(u,u,)(u,,v,)eE dg,.q, (U, U, )(Uy,V,)) _ ZCZde (U1)+d62 (U,v,) .

For any(ulvuz)(vl’uz) €k ’ dG1XGz ((ul’uz)(vl’UZ)) = Cz(de (u1)+de (Vl) _2) +2dGz (Uz)-

O
Proof
. We have 0, < 1, . By theorem*, 0, = 1.
o From (5.1), for any (u;,u,)(u,,v,) e E ’
dGlez ((ug,u,)(uy,v,)) = 20_1(U1)/\ﬂ2 (uw,) + Zﬂl(ulwl)/\O_Z (uy)+ 201(u1)/\,u2(W2V2)
W, €V, W, #V, wy eV, W, €V, , W, #U,

+ Zzul(wlul) N, (V).

W eV,

69
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Since o, (u) =c¢, forallu eV,.

-'-delxez((ulluz)(ulivz)): ch + Z/Jl(ulwl)"' ZC1 + Z/J1(W1U1)

W, €V, ,UW, €E,, w; eVy W, eV, Wov,eEyp, Wy eV
W, #Vy W, #Uy

= ch + Zzul(ulwl) + ch + Zﬂl(wlul)
W, eE, Wy 2V, w; €V WV, €E, Wy #U, Wy €V,
= Cl(dG; (uy)-D+dg (u)+ Cl(dG; (v,)-D+dg (u)
= 2d(31 (u)+ Cl(dG; (u)+ dG; (v,)-2).
. From (5.2), for any (u,,u, )(v,,u,) € E,

dGle2 ((ug,uy)(vy,U,)) = 20'1(u1)/\,u2(uzwz) + Z,Ul(u1w1)/\62(u2)+ 261(V1)/\ﬂ2(wzu2)

W, eV, Wy €V, W, #Vy W, eV,

+ ZM(W1V1) no,(U,)

Wy €Vy, Wy #Uy
= 20_1(u1) + Z/vﬁ(ulwl)"' 20_1(\/1) + Z/jl(lel)
W, eV, ,uW, €E, Wy €Vy, Wy #Vy W, eV, WU, eE, Wy €V, Wy #Uy
= ch +dg (Uvy) + ZCl
u,W,eE, W,u,eE,

= dGl (uvy)+ chdeg (uy).

. Proof is similar to the proof of (1).
Remark
Let G:(o,u)be a fuzzy graph of Cartesian product of two given fuzzy graphs G, :(o,,4)and
G, :(o,,4,).Then (1) o =c, if o} < u,with
. o =C,ifo, < i with o, =C,.
Proof
By definition, o0 = 0, A 0,.
Let oy < u,witho, =C;.

Theno, <min u, < o,, (by definition fuzzy graph, min z; < o, and g < Max o;).

=0, <0,
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=o0,N0,=0,=C,
=0 =C.
Similarly, if o, < gy witho, =C,,theno =C,.

DEGREE OF AN EDGE IN COMPOSITION

By definition, for any (u,,u,) eV, xV,and ((u,,u,)(v,,v,)) €E,

deloez ((uy,uy)(vy,v,)) = Z(ﬂl o 1) (U, U, ) (W, W,)) + Z(;Ul o 1) (W, W, ) (Vy,V,)) .-

(ug,up) (W, W)eE, (W5 ) (Vg5 )eE,
(W, Wy )#(Vy., V5 ) (W, Wy )(uy,u;)

By using Cartesian product,

o Ifu, =v,;,U, #V,, then

deloez ((ug,uy) (U, v,)) = Z(/JlOﬂz)((ul’UZ)(Wl’WZ))—'_ Z(:uio/uz)((wllwz)(ulnvz))

(ug,uy ) (wy, Wy )eE, (wy,W, ) (uy,v,)eE,
(W, Wy )=(uy v, ) (W, W, )(uy,u;)
deloez ((uy,u,)(uy,v,)) = 261(u1)/\ﬂ2(uzwz) + Zﬂ1(U1W1)/\O_2(U2)
UyW,eEp Uy =wy, uw; eEq Uy, =w,
W, %V,

+ z,ul(ulwl)/\az(uz)/\az(wzﬁ 201(u1)/\,u2(wzv2)+ ZM(W1U1)/\62(V2)
uwy By, U, 2W, WoV, By, Wy =Uy, Wil €Ep W, =V,
W, #U,

+ Z,ul(wlul) Ao, (W,) Ao, (V,) (6.1)

WU, B, W, 2V,

J Ifu, #v,,U, =V,, then

dg.q, (U, U,)(vy,U,)) = Z(/JlOﬂz)((ul’UZ)(Wl’WZ))—'_ Z(:uio/uz)((wllwz)(vl’uz))

(U Uy ) (wy,Wy)eE, (g, Wy )(vq,U,)eE,
(wy, W, )#(vy,Up ) (wy,w, )=(uy, Uy )

dG1oGz ((uy,u,)(v,,U,)) = 261(u1)/\/12(u2W2) + Z,U1(U1W1)/\02 (u,)
UpW,eEyp Uy =wy WWeEy Uy =w,,
Wy £V,

+ Zﬂl(u1w1)/\o'z (uy) Aoy (W,) + 201(V1)/\/12 (Wou,) + Zﬂ1(W1V1)/\Gz (u,)
Uy Wy €Ep Uy W, Wy, By, Wy =Uy Wy vy B Wo=U,,
Wyl

+ Z/ul(wlvl) o, (W,) Ao, (U,) (6.2)

WV €Eq W, #U,

J Ifu, #v,,U, #V,, then

dGloGz ((uy,uy)(vy,v,)) = Z(ﬂloﬂz)((ul’uz)(wliwz))"' Z(lulo/uZ)((Wl’Wz)(Vl’VZ))

(ug,up) (W, W, )eE, (wy,w;)(vy,U, )€E,
(W, Wy )#(vy,Uz ) (W, Wy )=(uy Uy)



72 K. Radha & N. Kumaravel

de,.e, ((Uy, U, )(V,, V) = ZO'l(ul)/\,Ltz (u,w,)+ ZM(ulwl)/\O-z (u,)

UpyW,p By Uy =wy UwW eEy U =w,

+ Z/ul(ulwl) Ao, (Uy) Aoy (W,)+ zo-l(vl) A 1y (WoV, ) + z:ul(wlvl)/\O-Z (V)
U Wy €Eq Uy =W, WV, B, Wy =Uy WV By, Wy =V,
W, #Vy (O )W, £V,

+ Zﬂl (Wv;) Aoy (W) Aoy (V) (6.3)

WAVES SRS
W, #Uy (O )W, #U,

Theorem
Let G,:(oy, 1) and G, :(0,,u,) be two fuzzy graphs. If o, > p,ando, > 4, then for any
(u,uy)(v,v,) €E,
o ge, (U up)(ug,v,)) =2p,dg (Uy) +dg, (U,V5),
o oo, (U up)(vy,up)) =dg (Uyvy) +2dg, (u,) + (P, —1)(dg, (uy) +dg, (V1)

o g, ((u,uy)(vy,v,)) =dg (uv,) + (P, —1)(dg (up) +dg (v;)) +dg, (u,) +dg, (V,).
Proof

We have o; = y,and o, = ;.

. From (6.1), for any (U, u,)(u,,v,) € E,

dGloGz ((ug,u,)(ug, v,)) = Zo'l(u1)/\/'l2 (u,w, )+ Zﬂl(u1W1)/\o_2(U2)
UpyWoeEyp Uy =wy, uw; eEq Uy, =w,
W, £V,

+ z,ul(ulwl)/\az(uz)/\az(wzﬁ 201(u1)/\,u2(wzv2)+ ZM(W1U1)/\62(V2)
uw; €Eg U, 2W, WoV, By, Wy =Uy, Wyl €Ep W, =V,
W, #U,

+ Zaul(wlul)/\az(WZ)/\o-Z(VZ)

WUy eEq W, 2V,

Zﬂz (Uw,) + Zﬂl(u1w1)+ ZM(U1W1) + z,uz (W,v,) + Z:u’.l.(wlul)+

UyWyeEp W, 2V, uw eEy UW ey ,Up #W, W,V, €Ep Wy U, wyy eEy

ZM (W1u1)

Wity €E; W, £V,

= z,uz (u,w,)+ zful(u1W1) +[V2 —{U2}| Z/L‘l(u1w1) + Zﬂz (Wyv,)+ zful(w1u1)

W, €V, Wy £V, Wy eVy w eV, W, €V, , W, #Uy WEA

+ [V _{V2}| ZILL.I.(Wlul)

w, eV,

= Zﬂz(uzwz) + z,uz(wzvz) + del(ul)"'(pz _1)d01(u1)+del(u1)+(p2 _1)del(u1)

W, €V, , Wy £V, W, eV, , Wy #Uy
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del[ez] ((uy,u,)(uy,v,)) = dG2 (Uyv,) +2 psz1 (u,).
. From (6.2), for any (U, U, )(v;,u,) € E,

dGch2 ((uy, Uy )(vy,uy)) = ZO'l(Ul) Ay (U0, ) + Zﬂl(u1W1) Aoy (U,)
U, Wy By Uy =w; Uy €Bq Uy =W,
Wy £V

+ Zﬂl(u1w1)/\02(u2)/\az(wz)+ 201(V1)/\,U2(W2u2)+ Zﬂl(wlvl)/\o'z(uz)
W, eEq Uy 2w, Wol, eEy Wy =Uy WV By Wy =U,,
W, #Uy

+ Z/ul(wlvl) AT, (W) Ao, (U,y)

wyv; €Eq W, U,

= Z,Uz (uw,) + Z/ul(ulwl) +[V2 _{u2}| Zlul(ulwl) + Zﬂz (W,u,) + ZM(lel)

W, eV, Wy €V, Wy #Vy Wy €V W, €V, Wy €V, Wy #Uy

+ [Vz _{u2}| Zﬂl(wlvl)

Wy eVy

= dG2 (uy) + dGl(ulvl) +(p, _:I-)(de1 (uy)) + de2 (uy) +(p, _:I-)(de1 (V1))
dGl[Gz]((ul’ U, )(v,,Uy)) = del(ulvl) + 2d62 (uy) +(p, _:I-)(de1 (u) + dc;1 (V)
. From (6.3), for any (u,,u, )(v,,Vv,) € E,

de.g, (U, U, )(V, V) = zo'l(ul)/\ﬂz (u,w,)+ Z/ul(ulwl) Ao, (Uy)

UpW, €E, Uy =W Uy €E; Uy =w,

+ Zﬂl(ulwl)/\az(uz)/\az (w,)+ zo-l(vl)/\ﬂz (W,v,) + z:ul(wlvl)/\o-Z (V)
Uy Wy €Eq Uy W,y WV, €Ey Wy =Uy WV, €Eq, W, =V,
W, #Vy (O )W, £V,

+ z:ul(wlvl)/\GZ(WZ)/\Jz(VZ)
WV By W, 2V,
W, #Uy (O ) W, #U,

= z,uz (uwy,) + Zlul (uwy) + Z:ul (Uw,) Ao, (Uy) Aoy (Wy) — a4 (U Vy) + Z;uz (W,V,)

W, eV, Wy eV U W, By U, W, W, eV,

+ ZM(lel)*' z:ul(wlvl) ATy (Wy) Aoy (V,) — a4 (UyVy)

Wy eVy Wiy €Eq W £V,

= dG2 (uy) + del (u) +[V2 —{U2}| Z/ul(ulwl) — 1 (Uvy) + dG2 (V,)+ del (V) +

wy eV,

[Vz _{V2}| ZM(lel) S ACAS)

Wy eVy

= dG2 (uz) + dGl(ul) + d(;l (Vl) - Zlul(ulvl) + (pz _1)(del(u1)) + dG2 (Vz) + (pz _:I-)(del (Vl))

dGl[Gz]((ul' u,)(Vy,V,)) :dGl(ulvl) +(p, _1)(dsl(u1) + del (V) + dG2 (uy) + dG2 (V).
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Theorem
Let G, : (o, 4) and G, : (o,, 1,) be two fuzzy graphs.

. If o, < u, and o, is a constant function with o, (u) = ¢, for allu €V, , then for any (u,, u, )(v,,v,) € E,
o dge,i((U,uy)(uy,vy,)) :2p2d61(u1)+cl(dG;(u2)+dG;(v2)—2),
0 g,6,1 ((Ur, U )(V1,Uy)) =dg (Uvy) + (P, ~1)(dg, (Uy) +dg (V1)) +2¢,d . (U;),
o g,e,1 ((Uy, U;)(vy, V5)) =dg (Uyvy) + (P, =D)(dg (uy) +dg (Vi) +C,(d: (Uy) +d . (V7))

. If o,<u and o,is a constant function with o,(u)=c, for allueV,, then for

any (U, u,)(vy,V,) € E,
i dGl[Gz]((uP u,)(u,V,)) =2¢, psz; (u) + d62 (U,v,),
. dg, 6,1 ((Ug, Uy )(Vy, Uy)) _ c,(p, (dgl* (u)+ dgl* (\,)-2)+ 2d(32 (u,)

. de,ie,7 (U, Uy ) (V4L V,) _ c,(p, (dG; (u)+ dG; (\)-2)+ dG2 (uy)+ dez (v,) |

Proof:

J We have o, < 1, . Then by theorem*, &, 2> 14, .

From (6.1), for any (U, u,)(uU;,Vv,) € E, dg.g, ((Uy,U,)(Uy,V,))

= Zo-l(ul)/\/uZ (uyw, ) + Zlul(ulwl)/\o-Z (u,)+ ZM(ulwl)/\Gz(uz)/\Gz(Wz)

UpW, eE, Uy =Wy, Uy Wy €Ey Uy =W, uw; €Eq U, =W,
W, £V,

+ Zo-l(ul) Ay (WoV, ) + ZIU’l(Wlul) AOy(V,) + Zlul(wlul) AT, (W) Ao, (Vs,)
WoV, €Ey Wy =Uy, Wyl €Eq W, =V, Wyl €E1, W, £V,
W, £U,y

= o)+ Domluw)+ D oam(uw)+ o Y o(u) v Dm(wu) s D (wuy)

UyW, By Wy £V, uw, eEy W, €Eq Uy W, WV, €Ey Wy #U, w U, eEy Wy €Eq, W, 2V,

= Cl(dG;(uz)_l)"' dg (u;) + [Vz _{U2}| ZM(U1W1)+ Ci(dG;(Vz)_l) +dg (U,)

w eV

+ [Vz _{V2}| ZM(W1U1)

= C1(dG;(u2)+dG;(V2)_2) + dGl(u1)+ (P, _l)dGl(ul)+dG1(u1)+ (P, _1)dc51 (up)

dGl[GZ] ((uy,u,)(uy,v,)) =2 pzde1 (u)+ Cl(dG; (u)+ dG; (V,)—2).
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From (6.2), for any (U, U,)(Vy,U,) € E, dg g, ((Uy,U,)(Vy,U,))

= Zo-l(ul) Aty (U; W, ) + Z/ul(ulwl) Ao, (Uy)+ Zlul(ulwl)/\az(UZ)/\O-Z (w,)
U,W, €E, Uy =w; Wy €Eq Uy =Wy, uw; By U, =W,
Wy #Vy

+ Zo-l(vl)/\zuz(WZUZ) + Zﬂl(wlvl)/\o'z(uz)+ Z/ul(wlvl)/\o-Z(WZ)/\GZ(UZ)

Wy, €E, Wy =Uy W,V By Wy =U,, WiV €Eq Wy U,
Wy #Uy
= zo-l(ul) + Z/l1(u1W1)+ Zﬂl(u1w1)+ Zal(vl) + z:ul (W) + Zﬂl (w,vy)
UW, eBpy uWy eEq Wy v u;wy eEq Uy W, WU, €E, wyvy eEq Wy Uy wyv; €Eq Wy U,

= CldG; (u,) + z:ul(ulwl) + ZM (Wyvy) + [Vz _{U2}| ZM(U1W1) + CldG; (u,) +

Wy €V, Wy £V, Wy €V, Wy #Uy w, eV,

[Vz _{U2}| ZM(lel)

w; eV

= chdG; (uy)+ de1 (uvy) +(p, _:I-)(de1 (u,)) +(p, _:l-)(de1 (V1))
<l e, (U, U )(Vy, U, ) = dol (uv,) +(p, _1)(del (u)+ del (V) + chdG; (u,).
From (6.3), for any (U, u,)(v;,V,) € E, dg g, ((U;, U,)(V4,V,))

= Zo-l(ul)/\ﬂz(uzwz)"' Zﬂl(ulwl)/\az(uz)"' Zlul(ulwl)/\O-Z(uz)/\o-Z(WZ)
W, €E, Uy =Wy uw; €Eq Uy, =w, U Wy €Eq Uy =W,
W, #Vy (OF )W, £V,

+ zo-l(vl)/\ﬂz(wzvz) + Zﬂl(wlvl)/\GZ (V) + ZILL_L(lel)/\O-Z (Wy) Aoy (V)
Wy, €E5 Wy =Uy WV By, Wy =V, WV By Wy 2V,
W, #Uy (O ) W, #Uy

= ZO‘l(Ul)+ Zyl(U1W1)+ z,u1(ulw1)_,u1(u1v1)+ ZO‘l(Vl)+ Z/%(lel)

U,w, €E, ww, eEy U Wy €Ep Uy #W, w,v, eE, w,v; eEy

+ z,% (Wyvy) = g (UyVy)

WV €Eq Wy 2V,

= G (Uy) + dg (U) + NV, —fu,Bd, ()~ 22 (Uv) + € (V) + dg (V1) + N, —{v, g, (v,)
= (A () + e (v,)) + dg, (U) + dg (V1) - 24,(Uv,) + (P, ~D)dg, (U) + (P, ~1)dg, (V)
= e, ((Uy Uy ) (1, V5)) =dg (Uvy) + (P, =1)(dg, (U) +dg (V) +€,(ds: () +d: (v2)).
e Wehaveo, < g . Then by theorem*, &, > sz, .

From (6.1), forany (u;,u,)(u;,Vv,) € E, delosz ((ug, u,)(uy, v,))

= Zﬂz (Uyw,) + zaz(u2)+ Zo'z(uz)/\o_z(wz)*' Zﬂz (W,v,)+ Zo_z(vz)

U,W, eE, Wy £V, uw eEy W By Uy 2 W, W,V,peEp W, #U, Wyl eEy
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+ Zo'z(Wz)/\O_z(Vz)

WU, B, w, 2V,

= Z,Uz (U, ) + Z,Uz (Wyv, ) + cqu(u1)+ [\/2 _{U2}| Zcz + Czdel*(ul)*' [Vz _{V2}| ZCZ

Uy W21, Wy, By W, 2, UeeE, Wik,
= g, (Uyv,) +20,d - (U) + (P, —=1)Cd - (W) + (P, —D)cyd s ()
< g,y (U, uy)(Uy, v,y)) = 2¢, psz; (u)+dg, (uyv,).
From (6.2), for any (Uy, U,)(Vy, U,) € E, dg 6, ((Ur, Uy )(Vi, U5))

= Zﬂz(u2W2)+ Zo-z(uz)+ Z(TZ(UZ)/\GZ(WZ)+ Zﬂz(wzu2)+ Zo-z(uz)

UyW,€E, UW, By, Wy vy UWy €Ey Uy #W, W,U,eE, WV By, Wy

+ Zo-z(wz)/\az(uz)

WiV, €Ey W, U,
= d62 (uz) +C, (dof (ul) _1) + ( P, _1)Csz1* (ul) + d(32 (uz) +C, (dG; (Vl) _1) + ( P, _1)Cszf (Vl)
= B o, (U U )(V3,U,) =€, (P, (A (U) + A ()= 2) + 20l (u5).
From (6.3), for any (U, U, )(V,,V,) € E, dg g, (U3, U,)(Vy,V,))

= Z:uz(uzwz)"' zo'z(uz)+ Zaz(uz)/\o_z(wz)"’ zfuz(wzvz)"' ZO'Z(VZ)+

U,W,eE, ww ek UW By Uy #W, , W,V,€E, wv, eEy
Wy V) (OF )W, 7V,

20'2 (W,) Aoy (V,)

WV, B Wy 2V, ,
W, Uy (Or) Wy #Uy

= dc;2 (uz) + Czdgl* (ul) +G, ((pz _1)de (ul) _1) + dc;2 (Vz) + Csz; (V1) +G (( P, _1)d61* (Vl) _1)

dG1[Gz]((U1’ UZ)(Vl, VZ)) = Cz( P, (dGI(ul) +dG1*(V1))_2) + dG2 (uz) + dG2 (Vz) .

Remark
When both ¢ =1 and p = 1, all the above formulae coincide with the corresponding formulae of crisp graphs.
CONCLUSIONS

In this paper, we have found the degree of edges in G; x G, and G;[G,] in terms of the degree of vertices and

edges in G; and G, and also in terms of the degree of vertices in G;* and G,* under some conditions.

They will we more helpful especially when the graphs are very large. Also they will be useful in studying various
conditions, properties of Cartesian product and composition of two fuzzy graphs and also used to further study for edge

regular on some fuzzy graphs.
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