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Abstract: A fuzzy graph can be obtained from two given fuzzy graphs using alpha product, beta product and
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I.  Introduction
Fuzzy graph theory was introduced by Azriel Rosenfeld in 1975 [9]. Mordeson. J. N and Peng. C. S
introduced the concept of operations on fuzzy graphs [2]. The degree of a vertex in fuzzy graphs which are
obtained from two given fuzzy graphs using the operations of alpha product, beta product and gamma product
was discussed by Nagoor Gani. A and Fathima Kani. B [3]. Radha. K and Kumaravel. N introduced the concept
of degree of an edge and total degree of an edge in fuzzy graphs [8]. We study about the degree of an edge in
fuzzy graphs which are obtained from two given fuzzy graphs using the operations of alpha, beta and gamma

product. In general, the degree of an edge in alpha, beta and gamma product 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 alpha, beta

and gamma product 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 from [1] —[10].

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, ) where o is a fuzzy subset of a non-empty set ' and 4 is a symmetric fuzzy relation on o , (i.e.)

u(xy)<o(x)Ao(y)for allx,y €V . The underlying crisp graph of G:(o,u) is denoted by
G :(V,E)where E C V xV . Throughout this paper, G, :(0,1,) and G, : (0, 41,) denote two fuzzy
graphs with underlying crisp graphs G, : (V,, E,) and G, : (V,, E,) with|V}| = p,,i =1,2.. Also d .(u;)
denotes the degree of u; in Gl.* and d & (ul) denotes the degree of u;in C_;l.*, where C_;l* is the complement

of G, . Let G:(0, 1) be a fuzzy graph on G : (V, E) . The degree of a vertex u is d, (1) = Z,u(uv) . The

u#v

minimum  degree of Gis O(G)= /\{d W),V ve V} and the maximum degree of
GisA(G) = V{d W),Vve V}. The total degree of a vertex wu €l is defined by
td;(u)= Z H(uv)+o(u). The order and size of a fuzzy graph G are defined by O(G) = ZG(L{) and

u#v uelV
S(G) = Z,u(uv) .Let G":(V,E)bea graph and let € = uv be an edge in G . Then the degree of an edge
uvek

e=uvekEis defined byd .(uv)=d_ (u)+d_(v)-2. Let G:(o,u) be a fuzzy graph on
G :(V,E). The degree of an edge uv is d(uv)=d;(u)+d,(v)—2u(uv). This is equivalent to
dg(uv)= Z L(uw) + Z L(wv). The total degree of an edge wuveFEis defined by

uwekE wveE
td,(wv)=d;(u)+d;(v)— pu(uv). This is equivalent to td ;(uv)= z L(uw)+ Z L(wv) + p(uv) =
uwek wveE
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d;(uv)+pu(uv). The minimum edge degree and maximum edge degree of G are
0,(G)= /\{dG (uv),Y uve E} andA ,(G) = v{dG (uv),Y uv e E}

Definition 1.1 [3]: Let G =G1*><G; =(V,E)be the alpha product of two graphs Gl* andG;, where
o
V=V, xV, and

E={(u,u,)(v,,v,):u, =v,u,v, € E, (or) uv, € E,u,=v, (or)
uv, €Euv, ¢ E,

(or) uv, ¢ E,,u,v, € E,}. Then the alpha product of two fuzzy graphs G, and
G, is a  fuzzy  graph G=qG, sz =G, Zsz (o, X0y, fy X M) defined by

(o, ;(Gz)(ulauz) =0,(u) Ao, (u,),V(uy,u,) €V and

0'1(M1)/\ﬂ2(u2v2), if“l =V,U,V, EEZ

,U(MV)/\O'(u)’ lfMV EE,u =y
(<, (g, 1y ) (vy, v,)) = LN 232 ‘ 1Y Pl =Yy
a wuyv)no,(u,) Ao, (v,), if uv, € E,u,v, ¢ E,

o (u) Aoy (W) Ay (uyy,), if wy, € Eu,v, € E,

Definition 1.2 [4]: Let G =G1*>ﬂ<G; =(V,E)be the beta product of two graphs G, andG,, where

V=VxV, and E={(,u)v,v,):uyv, €E v, €E, (or) uw €E uv,¢E, (or)

uv, € E ,u,v, €E,}. Then the beta product of two fuzzy graphs G, and G, is a fuzzy graph

G:G1>ﬁ<G2:Gl>ﬂ<G2:(0'1>ﬂ<0'2,,ul>;y2) defined by

(o, >ﬂ<62)(u19u2) =0,(u ) Ao, (u,),V(u,uy) €V and

1y (v ) Ay (u,v,), if wv, € E\,Vu,v, € E,
(1 ?ﬂz)((ula“z)(vlavz)) = i uv) Ao, (uy) Aoy, (vy), if uyv, € Eju,v, ¢ E, .

o (u) Ao (V) A, (uyvy), if uy, ¢ E,u,v, €k,

Definition 1.3 [4]: Let G =G, xG, =(V,E)be the gamma product of two graphs G, andG,, where
y

V=V, xV, and E={(u,,u,)(v,v,):u, =v,,u,v, €k, (or) uyv, € Eu, =v, (or)

uyv, € E,uv, ¢ £, (or) uv, ¢E,,u,v, ek, (or) uyv, € E,,u,v, € E,}. Then the gamma product
of two fuzzy graphs G, and G, is a fuzzy graph G =G, xG, =G, xG, :(0,X0,, 14, X 1) defined by
y y 2 y

(o, >;G2)(u19u2) =0,(u) Ao, (u,),V(uy,u,) €V and

o, () Aty (1), if uy =vy,u,v, € E,
(v ) o, (uy), if uyv, € Ejuy =v,
(4 ?ﬂz)((“p“z)("lavz)) =1 ) noy(uy) Aoy (vy), if uy € Ejuyy, ¢ E,
o, (u) Ao (V) A, (uyv,), if uy, € Eu,v, € E,
() Ay (uyv,), if uyv, € E,u,v, € E,

Theorem 1.4 [5]: If G, :(o,,4) and G, : (0,, i, ) are two fuzzy graphs such that o; < g, , then

O, = 4, and vice versa.

Theorem 1.5: If G, : (0}, 4,) and G, :(0,, it,) are two fuzzy graphs.
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(). If o, < wu,, then g, < g1,

2).If o, <y, then 1, < .

Proof:

(1). By the definition of fuzzy graphs, u,(uv)=o,(u)Ao;(v)for uve E, i =1,2.
Therefore, 1, <maxo,,i =12.

Since 0, < f4,, Max o, <MiN 4, .

Hence 4, <max o, <min 4,.

Thus £, <min 4, .

Hence y, < ,.
(2). Proof'is similar to the proof of (1).

II.  Degree of an Edge in Alpha Product
By definition, for any ((u,,u,)(v,,v,)) € E,

dG1:G2 ((y,u,)(vy,v,)) = Z (4 Xt (uy,uy)) (W, w,)) + Z (4 Xt W, wy)(v),v,)

(uy uy (W, wy )EE (W, wy vy, )eE

-2(x z ) (U, uy) (v, v,))
- Zal(ul)Aﬂz(”2W2)+ Zﬂ1(”1w1)/\02(u2)

Uy Wy €E, iy =w, wyw eE| uy=w,

+ Zﬂl(ulwl)/\o-Z(u2)/\02(W2)+ zo-l(ul)/\al(wl)/\#Z(MZWZ)

uyw eE| u,m, ¢E, uyw gLy uyw, ek,

+ zal(V1)/\ﬂz(W2V2)+ Zﬂ1(wlvl)/\o-2(v2)+ Z,U](W]VI)/\O_Z(WZ)/\UZ(Vz)

Wyv, €E, Wy =1y WV EE| , Wy =V, wv eE , wov, €E,

+ Z:O'1 W) Ao, (V) Aty (Wyv,)-2(1, X Y@ Uy)) (Vi3 V5)) i 2.1

wv gE, ,wy», €E,

Theorem 2.1:
Let G, : (0}, 4,) and G, : (0,, 1,) be two fuzzy graphs.

Suppose that o, = f, and 0, = 4. Then for any (u;,u,)(v,,v,) € E,
(1). When u, =v,,u,v, € E,,
A, (W, 1,) 1y, v2)) =do, U,,) +d (u N, (1) + e (v,) +2)
() dg, (1) + i, (v,).

(2). When u, =v,,u,v, € E|,
oy (a0 )0 1)) =g, (43) + g 1 Ml 1) + e () + 2) e () (1) + iy (7)),
). dgq, (1), v,)) =dg, W) +dg, ()1 + die )]+ dg, )+ dg. (v)]

+d52* (uy)dg (u)) + d@* (v,)dg (), when uv, € E\,u,v, ¢ E, and

s (s 0)(0 ) =i, (1) + g )+ g ()] )1+ e (0,)]
+d51* (u,)dg, (u,) +d51* (M)dg, (v,), when uyv, & E\,u,v, € E, .

Proof:
1. Wehave 0, 2 41, and 0, = 4, .

(1). From (2.1), for any (u,,u, )(u,,v,) € E,
dGlsz ((uy,uy)(u;,v,)) = Zo-l (u) A py (uyw,) + Z/ﬁ (W) Aoy (uy)

U, Wy €E, juy=w; uyw €E| uy=w,
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T Zﬂl(ulwl)/\GZ(MZ)/\Gz(wz)+ Zo-l(ul)/\o-l(wl)/\luZ(MZWZ)

uyw €E| uyw, 2E, uyw 2E, uyw,€E,
+ Zgl(%)/\ﬂz(wzvz)"‘ ZM(Wlul)/\az(Vz)"‘ Zﬂl(wlul)/\az(wz)/\gz(vz)
Wy, €Ey Wi =1y wi €E| ,wy=v, wi €Ey ,wyv, 2E,

+ ZO-I W) Ao () A, (W,v,)-2(44 ) Wy, u,)(uy,v,))

wiy E) ,wov, €E,

= Zﬂz(”z“ﬁ)"‘ Zﬂl(ulwl)+ Zﬂ](”lwl)+ Zﬂz(”zwz)+ Z;Uz(wzvz)

u,wreE, uw eE; uyw eE u,w, ¢E, uyw eE u,w, €k, Wy, eE,

+ Zﬂ1(w1u1)+ zlul (W) + z/uz (Wyv,) =2(0, (u)) A 1y (u,5))
wiu, €E| wiu €E|,wyv, ¢, wi gE,wyv,€E,

= Z;uz (”2W2)+ Z H (ulwl ) +d§2* (”2) Zﬂl (ulwl ) + d@}* (ul) Zﬂz (uzwz) + Z;Uz (Wzvz)
u,w,ekE, uw eE, uw eE uyw,€E, Wy, eE,

+ Z L (wuy) + d@; (v,) Zﬂl (W) + dgl* (u,) Z iy (Wyvy) =24, (1,v5)
wiu, €E; wiu €E; Wy, €E,

= Z (U w,) + Z;Uz (Wyvy) =244, (uyv,) + dq (u)+ dcl (u, )dgz* (uy)+ d(;l* (u, )dc2 (u,)
u,w,eE, Wy, eE,

+dg () +dg (u)dg. (v,) +dg. (u)dg, (v,)
g, (U, u))wy,vy))=d g (u,v,) +dg (u )(d(;; (uy)+ dgz* (v,)+2)
()l 1)+ g ().

(2). Proof'is similar to the proof of (1).
(3). From (2.1), for any (u,,u, )(v,;,v,) € E,

dG,:GZ((”w”z)(Vl,Vz)): z:o-l(”l)/\/uz(uzwz)+ Z/ul(ulwl)/\02(u2)

uswy €E5 iy =w; uw €E| uy=w,

+ Zﬂl(ulwl)/\o-2(u2)/\02(w2)+ 201(”1)/\01(“’1)/\/‘2(”2”’2)

uyw eE| uyw, &E, uyw eE, u,m, ek,
+ ZGI(VI)/\IUZ(WZVZ)+ Zﬂ1(wlvl)/\o-z(vz)+ Z/UI(WIVI)AO-Z(WZ)/\G2(V2)
Wy, €Ey Wi =1y wv eE| W=V, wwv eE| ,wyv, €E,

+ Z o (W) Ao (M) A, (W,v,) =2(14 z 1)y, u,) (v, )

wwv gE, ,wo», €E,

= Zﬂz(”zwz)"' Zﬂ](”lwl)+ Zﬂl(ulwl)+ Zﬂz(uzwz)+ ZﬂZ(WZVZ)

u,w, ek, uyw, €E, uyw L) uyw, ¢E, uyw eEy u,w, ek, Wy, eE,

+ ZIUI (wv) + Z;U] (W) + z/uz (Wyv,) =2(14 zﬂz W, u,)(v),v,))

wv,eE; wv eE ,wyv, £E) ww gL ,wyv,€E)

:dGz (uz)"'dq (u,) + Zﬂl (u,w)) + Zﬂz(uzwz)+dcz (V2)+dGl (v)+ ZIUI(WIVI)

uyw eE| u,w, ¢E, uw £E, uyw,€E, wv eE| ,wy», 2E,

b 2 (wvy) =20 % )y 14,) (5 2)

ww gE, ,wy,eE)

:d62 (u,) +dG2 (Vz)"'dG1 (u;) +dGl (Vl)"‘d@; (u,) Zﬂl (”1W1)+dg~]* (u,) Zﬂz(“zwz)

uw ek u,w,€E,

+d§2* (v,) Zﬂ](wlvl)+d§1*(vl) ZIUZ(WZV2)_2(IUI zﬂz)((ulauz)("wvz))

wv,eE; Wy, €E,

dG, G, ((y,uy) (v, v,)) = dGl (1) + dGl (v)+ dGz (uy) + d(;2 (v,) +d52* (u, )dcl (u,)
+ dgl* (ul)dGz (uy) + dgz* (v, )dc1 )+ dgl* m )d02 (v,) -2, zﬂz Wy, uy)(vy,1,))

Now, for any (#,,u, )(v,,V,) € E, we have to consider two cases:
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uv, eE,uv, g E, (or) uv, ¢ E,,u,v, e E,.
Case 1: uyv, € E,,u,v, ¢ E,.
5 g, (1), v,)) =d () +d g, (V) +dg, (1) + dg, (v,) +dg- (1 )d g, (uy)
+d6,1* (u)dg, (uy) + d@* (v,)dg (v) + dé{‘ )dg, (V) =2(t (uv) Aoy (U,) Aoy (v,))
=dg, (u) +dg (v)+dg, (uy) +dg, (v,) +d. (uy)d g ()
+dc71* (u)dg, (u,) +d52* (v)d (v1)+d51* v g, (vy) =24 (1 vy)
5, ()05 v,)) =d () +dg, ()1 + d )]+ d, (v + d . (v)]
(0, () +dg (v, ().

Case2: uv, ¢ E,,u,v, € E,.
Proof is similar to the proof of case 1.

Theorem 2.2:
Let G, :(o,,4) and G, : (0,, 1, ) be two fuzzy graphs.

1. If o,<u, and o0, is a constant function with o,(u)=c, for all uel,, then for
any (u,,u,)(v,,v,) € E,
(a). When u, =v,,u,v, € E,,
oy (U100, 72)) =6, (g 1)+ (7))l (1) +1) = 26
+dg (”1)(d5; (uy)+ d@* (v,)+2),
(b). When u, =v,,u,v, € E|,
aVGl;G2 ((uy,u,)(v,uy)) =d g (uv) + c,dG; (u,)(2+ d?f{’ (u) + dc?{‘ )
+dg (uy)dg, (u) +dg (v))),
(). dg <G, ((uy,uy)(vy5v,))=dg (uv)+ cldG; (u,))(1+ da* (u,))+ C1dG; (v, + d?;{‘ )
+dg (ul)d@* (uy)+dg (v, )d@* (v,). when u,v, € E\,u,v, ¢ E, .
(@) g, (@0,10)04v2) = )+, () 6 () + L (0) + il (7)1 + g ()
+dg (u, )d@* (uy)+dg (v, )d@* (v,)-2¢,, when u,v, & E,,u,v, € E,.
2. If o,<p and o, is a constant function with o,(u)=c, for all uel,, then for
any (u,,u, )(v;,v,) € E,
(a). When u, =v,,u,v, € E,,
aVGl:G2 ((uy, 0wy, v,)) =dg (uyv,) + chGT ()2 + d@* (u,) + d@* )
b () dg, () +d, (),
(b). When u, =v,,u,v, € E|,
oy, (U101, 02)) = (A 4) + e (7))l 1) +1) = 26,
+dg, (”2)(015; (u,)+ d@f’ v)+2),
(©) dgy. g ()01, v2)) =i, (1) + g () + €3 g ()1 i )+l (7)1 + i (7))
+d6,]* (u)dg, (u,) +d§f’ m)dg,(v,)-2¢,, when u,v, € E\,u,v, ¢ E,.
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@). dg ., ((uy,uy) )V, v,))=d g (U,v,) + Cszl* (u))(1+ dgz* (uy))+ Csz]* v+ dgz* ()
+d6,]* (u)dg, (u,) +d€7{‘ (m)dg, (v,), when u,v, & E|,u,v, € E, .

Proof:

1. We have 0, < g,. Then by theorem 1.4, o, = 4, .

(a). From (2.1), for any (u,,u, )(u,,v,) € E,

dGlsz ((uy,uy)(u;,v,)) = Zo-l (u) Ay (uw,) + Z/ﬁ (W) Ao, (uy)

Uy Wy €E, juy=w; uyw €E| uy=w,

+ Zﬂ](ulwl)/\d2(u2)/\a2(w2)+ ZGI(MI)AGI(W])A/’IZ(M2W2)

uyw €E| uyw, ¢E, uyw eEy u,w,eE,

+ ZGI(”1)Aﬂ2(W2v2)+ ZM(Wl”l)/\Gz(Vz)"‘ Zﬂ](wlul)/\az(wz)/\az(vz)

Wy, €Ey Wi =1y wiu €E| ,wy=v, wiy €Ey ,wyv, E,

+ ZO-I W) Ao () A, (W,v,)-2(44 Zf;uz Wy, uy)(uy,v,))

wiy gE ,wyv, €E,

= Zo-l(%)"' Z/U1(”1W1)+ Zﬂl(ulwl)+ Zo-l(ul)/\o-l(wl)+ Zo-l(ul)

uyw, ek, ww eE, uyw eE) uyw, ¢E, uyw gLy uyw, ek, Wy, eE,

+ Z::Lﬁ(wﬂfﬁ)Jr Zﬂl(W1”1)+ Zo-l(wl)/\o-l (u)-2(o, (u)) A 1, (u,,))

wiu, €E| wi €E; ,wov, ¢E, wi eE; ,wov, €E,

= cldG; (u,)+ dGl () + dgz* (u,) Zﬂl (uyw)+ d(;l* (u, )dG; (uy)e,+ CldG; (v)+ dGl (u,)

uw eE;

+ d@; (v2) zlul (wiuy) + dgl* (”1)dG; (vy)e, =20, (u,)

wiu €E;

= )+ dy () +d () )+ ) (e +ed  (v2) g (1) +d . (v)d. g ()
+ d?i* (u, )dG; (vy)e,—2c¢,
= ¢ (dG; (u,)+ dG; (v,)=2) +2d; (u) +d; (u, )(d@* (u,)+ d@* (v,))
+ Cld?;l* (u, )(dG; (u,)+ dG; (v,))
= ¢ (dG; (u,)+ dG; (v, + d@f‘ (w)) —2¢,+ d; (u, )(da; (u,)+ d@; (v,)+2)
aVGl:G2 ((uy,uy)uy,v,))=c¢ (dG; (u,)+ dG; (v, ))(déﬁ (u,)+1)—2c,
+d, (”1)(d5; (u,)+ d@* (v,)+2).

(b). From (2.1), for any (u,,u, )(v,,u,) € E,

A, (1)W1, 1)) = Do) A wy) + 3w w) Ao,y (1)

uswy €E5 iy =w; W €E| uy=w,

+ Zﬂl(ulwl)/\GZ(MZ)/\Gz(wz)+ Zo-l(ul)/\o-l(wl)/\luZ(MZWZ)

uyw €E| uyw, 2E, uyw eEy u,w,€E,

+ Zal(v1)/\ﬂ2(wzuz)+ Zﬂl(wlvl)/\az(uz)"‘ Z/UI(WIVI)AGZ(WZ)/\GZ(MZ)

Wty €E W =uy wiv €E| Wy =u, wv eE ,wyu, 2E,

+ 20-1 W) Ao (V) Ay (W) =2(44 z 1)y 1,) (V5 15 )

wv g ,wyu,eE,

= Zal(u1)+ Zﬂl(ulwl)+ Zﬂl(ulwl)+ zo-](ul)/\o-l(wl)+ 251("1)

Uy wr€Ey, uyw ek, uyw L) uyw, ¢E, uyw gL, uyw, ek, Wy, €E,
+ Zﬂl (wv)+ Z;U] (wv) + zal (W) Aoy () =2(p (un) A o, (1))
wv,€E; wv eE| Wy, 2, W gE) Wi, eE,
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= Cld(;;(uz) + Zﬂl(“lwl) + Zlul(wlvl) + d(;z* (u,) Zﬂl(ulwl)+ ch

uyw eE, wv,eE} uw ek, uyw gE) uyw, ek,

+ Cld(;; (uy)+ d@; (u,) Zﬂl(wlvl)+ ch =244 (u,v,))

wveE| W gE| ,wyuy eE,

- 2CldG; (uy) +dg (uv) + dgz* (uy)dg, (u,) + cldal* (”1)dG; (u,)
+d52* (uy)dg (V) + Cld(;l* v )dG; (u,)
g, (U, u,) (v, uy)) =d g (uv) + cldG; (u,)2+ da* () + da* )

b ) 1)+, ().
From (2.1), for any (u,,u, )(v,,v,) € E,
dG]:GZ((up”z)(V],Vz)): 20-1(u1)Aﬂ2(”2W2)+ Zﬂl(ulwl)/\az(uz)

Uy Wy €E, iy =w, wyw eE| uy=w,

+ Zﬂl(ulwl)/\o-2(u2)/\02(w2)+ Zo-l(ul)/\al(wl)/\/uZ(MZWZ)

uyw eE| u,w, gE. uyw 2E, ,u,w, eE.
IM €L U Wy €L IMEL U W) ELY

+ Zal(vl)Aﬂz(W2V2)+ Z:M(lel)/\O'z(vz)Jr ZIUI(WIVI)AO-Z(WZ)/\GZ(VZ)

Wyv, €E, W=y WV EE| , Wy =V, wv eE| ,wy», 2E,

+ Z o (W) Ao (M) A, (W,v,) =24 Zj 1)y, u,) (v, )

wwv eE, ,wy», €E,

= Zo-l(ul)+ Zﬂl(”1wl)+ Zﬂl(ulw1)+ Z‘,O-l(l/ﬁ)/\0-1(""1)+ 20-1("1)

u,wreE, uyw eE, uyw eE| u,w, ¢E, uw eE, u,w,eE, Wyv, €E,
+ Z/‘h(wl‘ﬁ)‘L Zlul(wlvl)+ zo-l(wl)/\al(vl)*z(ﬂlXﬂz)((“n”z)(vnvz))
wv, €E| wv eE ,wyv, £E, wv gE ,wyv, €E, “
:CldG; (u,) + dg (u,) +d52* (u,) z,ul (uyw) + Z ¢ +CldG; (vy)+dg (v))
uw ek, uyw gLy ,u,w, €E,
+d§2* (v2) Zﬂl (wiv) + zcl =20 > 1, )((uy, u, )V, v,)
wwv ek, wv gE ,wyv,eE, “

=cl(dG; (u,) +dG; ) +dg (u)+d (v1)+d52* (uy)d;, (”1)+Cld6;‘ (1, )dG; (u,)

b () (3)+ il () ()~ 2000, % 1) 0)(0,,v,)

a?Gl:G2 ((uy,u,) (v, vy)) =d g (u)+d g (v)) +CldG; (u,)(1+ d@]* (u,)) +CldG; (vy)(1+ da* )
+dg, (). (uy) +dg (v)d g (v) =20 % 1)y, 15) (V5 12)) -

Now, for any (u,,u,)(v,,Vv,) € E, we have to consider two cases:

uv, e E,u,v, ¢ E, (or) uyv, ¢ E,,u,v, e E,.

(c). Case I: uv, e E,u,v, ¢ E,.

a?Gl:G2 ((uy,u,) (v, vy))=d g (u)+d g (v)) +CldG; (u,)(1+ d@]* (u,)) +CldG; (vy)(1+ da* )
+dg (u, )d@* (uy)+ds (v, )d@* (v,)=2(, (uyv)) Aoy (uy) Aoy (vy)).

=dg (u)+dg (v))+ cldG; ()1 + da* (u,)) +cldG; ()1 + d@{‘ )

+dg (ul)d@* (uy)+d; (Vl)d@* (vy) =244 (u,vy).

a?Gl:G2 ((uy,u,)(vy,v,)) =d (uv,) + CldG; (u,)(1+ dé* (1)) +Cldc;; (v, 1+ da* )
+dg (u, )d@* (uy)+dg (v, )d@* (v,).

(d). Case 2: uv, & E,u,v, e E,.
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dG] %G, ((,uy) (v, v,)) = dGI () + dGI (v)+ CldG; (u,))(1+ dgl* (u))+ CldG; (v + d(;l* ™))
+ dGl (u, )dgz* (uy) + dGl m )d@* () -2(0,(u;) Aoy (V) A i, (u,0,)) -
dG, G, ((,uy) (v, v,)) = dGl () + dGI (v)+ CldG; (u,)(1+ d(;l* (u))+ CldG; (v))d+ d(;l* )

+ dGI (u, )d5; (u,) + dc1 7 )dgz* (v,)-2¢;.
2. Proof is similar to the proof of (1).

III.  Degree of an Edge in Beta Product
By definition, for any ((u,,u,)(v,,v,)) € E,

dq;a2 ((uy,u,)(vy,,)) = Z (# ;;uz )y, uy) (W, wy)) + Z (1 >ﬁ<,u2 (W, w,)(v,v,))

(17 X Wi, Wy )EE, (W, wy vy, v )EE,
(W, wy )#(vy,v,) (wywy )y )

-2 >ﬂ< 1)y, 1,) (v, v,)
= Zﬂl(ulwl)/\o-2(u2)/\a2(wz)+ zo-l(ul)/\al(wl)/\ﬂz(uzwz)
uyw eE| u,w, ¢E, uyw gLy uyw, ek,

+ Zﬂl(ulwl)/\ﬂz(uzwz)+ Z,u](W]VI)/\O'Z(Wz)/\Gz(Vz)

uyw €E| uyw,€E, wwv eE , wov, £E,
+ zo-l W) Ao (V) A (W) + Z/ul (Wv) A iy (wyv,) =2(24 ?ﬂz)((upuz Yv,v,)).

ww gE ,wyv, €Ey wv,eE ,wyv,€E,
3.1)

Theorem 3.1:
Let G, : (0}, 4,) and G, : (0,, 1,) be two fuzzy graphs.

1.If o, 2 u,,0, 2 pyand gy = p,, then for any (u;,u,))(v,,v,) € E,

(@) dg ., (1), v2)) = (1,)d () + 5 (v,)d, () +(py =D(d, () +d, (v,))
—24,(u,v,), when u,v, € E,,u,v, ¢ E, and

(). dq, (14, 15) (V5 v2)) = (o), () + gy (Vo) (V) +(py = 2)(dg, (1) + d, (v,))
+dg (u,v,), when uyv, € E,,u,v, € E, &uyv, € Ej,u,v, €E,.

2.1f oy 2 p,,0, = pyand p, 2y, then for any (u,,u,)(v,,v,) € E,

(@) dg ., (1), v2)) = d () dg, (1) +di (v)de, (v,) +(py =2)(dg () +d (%))
+dg (uv,), when uyv, € E\,u,v, € E;, & uv, € E},u,v, € E, and

(). g, (14, 5)(V,v2)) = (), (1) + . (v)dg, (v,) + (P, =INdg (1) + g, ()
—24,(u,v,), when uyv, ¢ E\,u,v, € E,.

Proof:
1. Wehave 0, =2 ,,0, = pand p 2 i,.

From (3.1), for any (u,,u, )(v,,v,) € E, dGI;G2 ((uy,u,)(v,,v,))

= Zﬂl(ulwl)/\o-2(u2)/\02(w2)+ Zo-l(ul)/\al(wl)/\/uZ(MZWZ)

uyw eE| u,w, gE. uyw 2E, ,u,w, eE.
IM €L U Wy €L IMEL U W) ELY

+ Zﬂl(”lwl)/\ﬂz(uzwz)"‘ Zﬂ](lel)/\o_z(Wz)/\Gz(Vz)

uyw eEy u,w, €l wv eE| ,wy», 2E,

+ Zo-l (W) Ao (V) A (W) + Zﬂl (Wv) A iy (wyv,) =2(24 ;ﬂz)((ulauz Yvi,v,))

ww gL ,wov, €E, wv,€E| ,wyv,€E,
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= Zﬂl (uyw)) + Zluz(”zwz)"' z;uz(”zwz)+ Zﬂl(wlv1)+ Zﬂz(wzvz)

uyw eE| u,w, ¢E, uyw eE u,w, ek, uyw ek uyw, ek, ww eE| wov, £E), ww gE, ,wy, By

£ 2 (wyy) =20 (1))

wv eE| ,wy»,€E,

:d@*(uz) Z/’ll(ulwl)+d§1*(ul) Zﬂz(“zwz)"‘dG;(“l) Zﬂz(“zwz)+d5;(vz) Zﬂl(wﬂﬁ)

uyw ek uyw,€E, u,w,€E, wv,eE;
wd (0) Y (wy) +d o (4) D (wyv) 2004 X 10 )((t 1) (,2,)
B
wy»,€E, Wy, €E,

—d - (0,)d g, () + d . () (1) +d g (1)), (1) + d . (v))d g ()

g (), () + e (), ()~ 20002400 0,)(9,,7))

~d . (y)d g () + o W) 1) +d - (10)) + e (v (8) + g, (V) (7)) + e (1)

20050514, 019,)

~d . (y)d g () + o )Py = 1)+l (v, (0) +d, (v,)(p, =)

2005014, 019,)

g (0 10,)(01, ) =g 1) (1) + g () () +(py =Dl 1)+ g (1))
-2 ) (,10,)(0,,)).

Now, for any (u,,u, )(v,,V,) € E, we have to consider three cases:
uv, e £ ,uv, ¢ E, (or) uyv, ¢ E,,u,v, € £, (or) u,v, € £, ,u,v, € E,.
(a). When u,v, € E,,u,v, ¢ E,,
(a4 >/§ 1) (w5, )V, v,)) = 4 () A Oy () A O, (V)
= (uv,).
dG, %Gy ((uy,u,) (v, v,)) = dgz* (u, )dcl (u)) + dgz* (v, )dcl ) +(p,— 1)(dG2 (uy)+ dGz ()
=24, ().
(b). When uv, & E,,u,v, € E,,
(44 ?ﬂz)((ul’uz)(vlavz)) =0, (u) Aoy (V) A i, (u,v,)
=, (uyv,).
When u,v, € E,,u,v, € E,,
(44 >ﬁ< )y, 1, )V, v,)) = 1 (v A iy (u,v,)
=1, (U,,) .
~dg %Gy ((uy,u,) (v, v,)) = d@* (u)dg (u,) + dgz* )dg (v) +(p, —D(dg, (u,) +dg (v,))
=244, (u,yv,).
~dg %Gy ((uy,u,) (v, v,)) = d@* (u)dg (u,) + dgz* )dg (v) +(p, —2)dg, (uy) +dg (v,))
+d G (u,v,).
2. Proof is similar to the proof of (1).

Theorem 3.2:
Let G, : (0}, 4,) and G, : (0,, 1,) be two fuzzy graphs.
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l. If o,<u, and o, is a constant function with o, (u)=c, for all ueV,, then for
any (u,,u,)(v,,v,) € E,
@ Ao, (010)01,92)) = (P =2y 1)+ gy (1) +€1(d (1) (1) + g (W) ()
+dg (uv,), when uyv, € E\,u,v, ¢ E;, & uyv, € E,u,v, € E, and
O dg i, (@121)04,20) = (P =Dl (1) + g () + €, (g () g (01)
+dc7‘{‘ (v, )a’G; (v,)—2,when uyv, ¢ E,,u,v, € E, .
2. If 0,<pu ad o, is a constant function with o,(u)=c, for all ue€l,, then for
any (u,,u, )(v;,v,) € E,
(@) dg ., (1), v2)) = (P = D(dg, () + g, (v,)) +¢5 (d g (), ()
+dc;1* v, )dé; (v,)—2, when uv, € E,,u,v, ¢ E, and
O o, (01,)01,92)) = (P) = D 1) + g, ()43 (0 11) + . (0 ()
+dg (u,v,), when uyv, € Ej,u,v, € E,& uyv, € Ej,u,v, € E,.

Proof:
1. We have 0, < g,. Then by theorem 1.4 and theorem 1.5, 0, = g4, and i, < p,.

From (3.1), for any (u,,u, )(v,,v,) € E, ciGl;G2 ((uy,u,)(v,,v,))

= Zﬂl(ulw1)/\o-z(”2)/\02(wz)+ Zo-l(ul)/\o-l(wl)/\/uZ(MZWZ)

uyw eE| u,m, ¢E, uyw eE, u,w, ek,
+ Zﬂl(ulwl)Aﬂz(“2W2)+ Zﬂ](lel)/\O_z(Wz)/\Uz(Vz)
uyw €E uyw,€E, wwv eE ,wov, £E,
+ Zo-l W) Ao (W) Aty (Wyv,) + Zﬂl (W) Ay (Wyv) =208 % 1, )0y, 1, ) (V5 V)
ww gL ,wov, €E, wv,€E| ,wyv,€E, B
= z:ul(ulwl)+ Zo-l(ul)/\al(wl)+ Z:/Ul(ulwl)+ Zlul(wlvl)
uyw €E| uyw, 2E, uyw gL, uyw, ek, uyw eE| ,u,m, ek, wv eE ,wyv, £E,
+ ZGI (W) Ao (v)+ Zﬂ] (Wvp) = 2Q %10, (1)) (v, ,)
wv gE ,wyv,eE, wv eE| ,wy», €E, B
:dgz*(uz) Zﬂl(ulwl)"‘ 201 +dG;(“2) Zﬂl(ulwl)+d§;(v2) zlul(wlvl)+ ch
uw ek, uyw gLy ,u,w, €E, uyw ek wwv ek, wv gE, ,wyv, eE,
+ dG; (v2) Z Hy (wv) =21, >ﬂ</"2 Wy, u,)(vy,v,)
wv, eE|

=dg (w,)dg, () + e d (u)d . () +d . (), () +d e (v,)dg (v) +€d e (v)d i (v,)

* dg )dg (V) =205 11 ) (1, 14,)(v,5 ;)

~dg, (g (uy) +d . () + € () g (1) + g, (WA (v) + d s (v) + € (v)d . (v,)

AV (CREY CREY)

~d, )P, =D+ dg (3P, — ) ¢, (d ()d . (1) + d e (v)d . (1))

AV (CREY CREY)

g, (W, 16)(0,v,)) =(Py =Ddg () +d g, (W) e (dg: (u)d g () + d. () g, (v,))
=20 ) (513 ) (V1)) -

Now, for any (u,,u, )(v,,V,) € E, we have to consider three cases:
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uv, €Euv, g E, (or) uyv, € E,,u,v, e E, (or) u,v, € E\,u,v, € E,.
(a). When u,v, € E,,u,v, ¢ E,,
(44 >/§ o )y, 1y )V, v,)) = 14 U)) A 05 (Uy) A Oy (V)
= ().
When u,v, € E,,u,v, € E,,
(44 >ﬁ< 1) (U5 1,)) (v, v,)) = iy () A iy (1, v,)
=, ().
dG] %Gy (@, uy)) (v, v,)=(p, — 1)(dG] (u,)+ dG] M) +¢ (d(;l* (u, )dG; (u,) + dgl* m )dG; (v,))
2, (u»,)
dGl %Gy (@, uy)) (v, v,)=(p, — 2)(dGl (u,)+ dG] M) +¢ (dgl* (u, )dG; (u,) + dgl* m )dG; ()
+ dG] (u»).
(b). When uv, & E,u,v, € E,,
(44 ?ﬂz)((unuz)("nvz)) =0, () no (V) A s (u,v,)
=o,(u)ro ()
=c,.
dG] %Gy (@, uy)) (v, v,)=(p, — 1)(dG] (u,)+ dG] M) +¢ (d(;l* (u, )dG; (u,) + dgl* m )dG; (v,))
-2¢,.
dGIEGZ (@, uy) (v, v,)=(p, — 1)(dG] (u,)+ dG] M) +¢ (d(;l* (u, )dG; (u,) + d@]* m )dG; (v,)=2).
2. Proof is similar to the proof of (1).
IV.  Degree of an Edge in Gamma Product
By definition, for any ((u,,u,)(v,,v,)) € E,
dGlsz ((y,u,)(0,v,)) = Z (# >7<:u2 )y, uy) (W, w,)) + Z (4 >7<,u2 W, wy)(v),v,))

(uyuy YWy, wy )EE, (W, )(vy 4 EE,
(wy,w)#(v,v,) (Wi, wy )#(uy 1)

-2(44 >}f 16)((uy5u,) (v, v,)
- Zal(ul)/\/uz(uzwz)+ Zﬂ1(”1w1)/\02(u2)

Uy Wy €E, uy=w; wyw €Ey,uy=w,

+ zﬂl(ulwl)/\o-Z(u2)/\02(W2)+ Zo-l(ul)/\al(wl)/\ﬂZ(MZWZ)

uyw €E, uyw, 2E, uw €E ,uyw, €E,
+ Zﬂl (W) A iy (uyw,) + 201("1)/\/12(""2"2)+ Zﬂl(wlvl)/\o-z(vz)

uyw €E| uyw,€E, Wyv, €E, Wy =1y W €E| , Wy =V,
+ Zﬂl(wlvl)/\az(wz)/\az(vz)+ zo-l(wl)/\al(vl)/\ﬂz(wzvz)

wv EE| ,wyn, £E) wv €E,wyv, €E)
D W) A (W)= 2w x L)Wy 51y )V V3)) e @.1)

wveE| ,wyv,€E,

Theorem 4.1:
Let G, : (0, 4,) and G, : (0,, 1t,) be two fuzzy graphs.

1.If oy 2 u,,0, 2 pyand p = p,, then for any (u;,u,)(v,,v,) € E,

(i). When u, =v,,u,v, € E,,
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dG] G, ((uyu, )y, v,)) = dc2 (uyv,)+ dG, (u, )(d(;; (uy)+ dgz* () +2)+(p, — 1)(d02 (u,)

+dg, (v)),
(ii). When u, =v,,u,v, € E,,
Ay, (11, 1)(v115))=d () + 2P, (uy) + e (u ), () + g (),
(). d ., ((1,14,)(V5v,)) =, () +dg, (ur) +dg, (v)) g (u,)d g () + g (v,)d g, (V)
+(p, —1)(41762 (uz)+afG2 (v,)), when u,v, € E,,u,v, ¢ E, and
(V). dgpg, ((th:12)(:v,)) =d (1) +d, (V1) +dg, (o) +dg, ), (uy) +d: (v,)d g, (W)
+(p, —1)(aVG2 (uz)+afG2 (v,)), when u,v, ¢ E,,u,v, € E, & uv, € E,,u,v, € E, .
2.1f 0, 2 pu,,0, = pyand p, = g, then for any (u,,u,)(v,,v,) € E,
(i). When u, =v,,u,v, € E,,
Ay, (11, 10)th,,))=d, (U3v,) + 2y () + dig: (N, (1) +dg, (1,))

(ii). When u, =v,,u,v, € E,,
Ay, (11, 10)(v15))=d () + dg, () (uy) + d. (v) + 2) + (P, =D, () +dg, (W),
(iii). dg, ., ((Wy,u,) (V) v,)) =dg (wv,)+dg (u,) +dg, (v2)+d5]* (u))dg, (u,) + déf Mg, (v,)
V +(p, —D(dg (u))+d; (v)), when uyv, € E,u,v, € E, & uyv, € E,u,v, € E, and
(iv). a?GI;G2 ((uy,u)) (v, v,)) =dg () +dg (v)+d, (u2v2)+da* (u)d, (u,) +d?ﬁ* WM)dg, (v,)
+(p, —D(dg (u))+d; (v)), when wyv, ¢ E\,u,v, € E,.

Proof:
1. Wehave 0, =2 ,,0, = gyand 1, 2 i,
(i). From (4.1), when u, =v,,u,v, € E,,

dG1§G2 ((uy,u,)(uy,v,)) = ZGI (u)) A gy (uyw,) + Zﬂ1(”1w1)/\02(u2)

Uy Wy €E, juy=w, uyw €E| uy=w,

+ Zﬂ](ulwl)/\d2(u2)/\a2(w2)+ ZGI(MI)AGI(W])A/’IZ(M2W2)

uyw €E| uyw, ¢E, uyw eEy u,w, ek,

+ Zﬂ] (W) Ay (u,w,) + ZGI (u) A gy (wyvy) + Zﬂl(w1u1)/\o-2(vz)

uyw €E| uyw,€E, WV, €Ey W=y wiu €E ,wy=v,

+ Z,ul(wlul)/\az(wz)/\az(vz) + Zal(wl)/\al(ul)/\,uz(wzvz)

wytt, €Ey ,w,v, F. wu 2E, ,wyv, €E.
U EL WV EL7 U LY, WyV2 €L,

+ Zﬂl (W) Ay (Wyv,) =2(44 >y</uz Wy, uy )1y, v,)

wiu €E\ ,wyv,€E,

= Zﬂz(“z“@)"‘ Zﬂl(ulwl)+ Zﬂl(“lwl)+ Zﬂz(”zwz)+ Zﬂz(”zwz)

u,w,eE, uw eE; uyw eEy u,w, ¢E, uyw &E u,w,€E, uyw eEy u,w,€E,
+ E M (Wyv,)+ § Ay (W) + E Ay (W) + E My (W,v,) + E 1, (W,V,)
Wy, eE, wiu, €E, wu €E|,wyv, 2, wiy By ,wyv, €E, wiu €Ey ,wyv,€E,

=2(0, () A 1, (u,v,))
= Zﬂz(”zwz)"' Zﬂl(“lwl)+d§2”(u2) Zﬂl(ulwl)+d§]*(”1) Zﬂz(uzwz)

u,wreE, uw eE uw ek uyw,€E,
+dGl* (ul) Zﬂz(uzwz)+ Zﬂz(wzvz)+ Zﬂl (W1”1)+ d@; (Vz) Zﬂl (Wlul)
u,w,€E, Wy, eE, wiu, €E; wiu €E;
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+ dgl* (u,) Zﬂz(wzvz)+ dGl* (u,) Z/Uz(wzvz)_zﬂz(“zvz)

Wy, eE, Wy, €E,

= Z;Uz (uywy)+ Zﬂz (Wyv,) =24, (U, v,) + dq (uy) + dcl (ul)d@* (u,) +d§1* (“1)‘102 (u,)

+ de;(uzl )dg, (uy) + dG (zul) +dg ()dg- (v) +dg. (u)dg, (v,) +d . (u)dg, (v,)
~d, () + o, (1 (1) + d e (v,) +2) + d . (1), (1) + g (1))
v (1), (1) + g, ()
= dg (1v,) +dg () () + d g (v) +2) 4 (e () + - ()l (1) + g (1)
g, (1)) = o (yv) + g (M (1) + e (v,) +2)
+(py —=D(dg, () +dg, (v,)).

(ii). From (4.1), when u, =v,,u,v, € E,,

Ao, (Ut )V = D0, A (a0 D4t (0w A0 (1)

Uy Wy €E, Juy =w; uyw €E| uy=w,

+ Zﬂ](ulwl)/\d2(u2)/\a2(w2)+ ZGI(MI)AGI(W])A/’IZ(M2W2)

uyw €E| uyw, 2E, uyw eEy u,w, ek,

+ Zﬂ] (W) Ay (W) + Zo—l(‘ﬁ)/\/Jz(wzl/lz)+ Zlul (wyv)no,(u,)

uyw eEy u,w, ek, Wty €Ey Wy =uy wv eE ,wy=u,

+ Z,UI(W]VI)/\Gz(Wz)/\GZ(uz)Jr ZO-I(WI)/\UI(VI)/\IUZ(WZMZ)

wiv €E Wyl 2E, wv gE, ,wyu,eE,

+ Z WV A, (Wi, )= 2( 4 if/uz Wy, u,)(vy,u,))

wv eE| ,wyu,€E,

= Zﬂz(”zwz)+ Zﬂl(“lwl)+ z:ul(ulwl)+ Z‘,;uz(uzwz)+ Zﬂz(“zwz)

u,w,ek, uw eE, uyw eE) uyw, ¢, uyw gE u,w,eE, uyw eE| u,w, ek,
+ Zﬂz(wzu2)+ Zﬂl (W) + Zﬂ] (wv) + Z‘,;Uz(wzuz)+ Zluz(wzuz)
Wyt €E, wv,eE| wv eE| ,wyu, ¢E, wn gE ,wou, eE, wv €E| Wyl €E,
=2(p (uyvy) Aoy (1))
= Z,Uz (uyw,) + Z 4 () +d§2* (u,) z,ul (uyw)) + dg}* (u,) Z/'lz (u,w,)
u,w,€E, uw eE, ww eE; uyw,€E,
+ dGl* (ul ) z Hy (”zwz) + Z Hy (quz ) + z H (lel ) + d@* (uz) Z Hy (lel )
u,w,€E, Wyt €E, wv,eE; wv, eE}
+ dgl* ) Zﬂz (Wyu, )+ dG{‘ M) Z Ly (Worty) =244, (uyv,)
Wyt €E, Wyt €E,

= d (1) +dg )+ d . () () + e () () + d (), (1) + g, (1)

+d52* (uy)d (v1)+d51* ), (”2)+de Mg, (u,)

=dg (uw)+2d; (u,)+dg (uz)(da,]* (u,)+ dé{‘ (v)+ dG;‘ (u,)+ dG]* )

+dg (u))(dg, () +dg ()

=dg (uy)+dg (”2)(0151* (u,)+ d?if’ )+ dGl* (u,) + dG;‘ v)+2) +d5; (u )dg () +dg (v))
= dg () +dg, (u,)(p, =1+ py =1+ 2) +d. (uy)Ndg () + dg, (W)

5 i, (U, )V, 1, ) =d g (uv) +2pydg, (uy) +d (uy Xdg () +d g (V)

From (4.1), for any (u,,u, )(v;,v,) € E,
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A, (U, u,)(v,v,)) = Zo-l(”l)Aﬂz(uzwz)+ Zﬂl(”lwl)/\az(”z)

Uy Wy eE, iy =w, wyw eE| uy=w,

T Zﬂl(ulwl)/\o-2(u2)/\02(w2)+ Zo-l(ul)/\al(wl)/\/uZ(MZWZ)

uyw eE| u,w, 2E. uyw 2E, ,u,w, eE.
IM €L U Wy €L IMEL U W) ELY

+ Zﬂl(”lwl)/\ﬂz(uzwz)Jr ZGI(VI)AﬂZ(W2v2)+ ZM(lel)/\o'z(Vz)

uyw €E| ,u,w,eF. Wyv, €E, Wy =1t wyv,eE| ,wy=v.
IMI €LY UW €LY 2Vy €LY W= IVIEL,Wy=V)

+ Zﬂl(wlvl)/\o-z(wz)/\az(vz)"‘ ZO-I(WI)/\UI(VI)/\IUZ(WZVZ)

wyv, €E; ,wyv, 2E. ww 2E; Wy, €E.
IVIEL,WoVa EL, M EL W)V, €LY

+ z,ul (W) A, (Wyv,) = 2(44 ?f/uz Wy ,u,)(v,v,)

wv,€E| ,wyv,€E,

= Zﬂz(”z“ﬁ)"‘ Zﬂl(ulwl)+ Zﬂl(ulwl)+ z/uz(uzwz)+ Zﬂz(“zwz)

u,w,eE, uw eE; uyw €Ly uyw, 2, uyw eEy u,w, ek, uyw eE| u,m, ek,
+ E ,ﬂz(W2V2)+ Z/‘l(wlvl)"' 2 ,ﬂ](W1V1)+ E ,:uz(wzvz)+ E ,/uz(wzvz)
Wy, eE, wv,eE; ww eE| ,wov, £E, ww gE ,wy,€E) wv eE| ,wy»,€E,

—2(44 >; 1)((uy,u,) (v, v,))
:d62 (uz)erG1 (u,)+ Zﬂl () + Z;Uz (uyw,) + Z;Uz (”2W2)+d02 (V2)+dGl )

uyw eE, u,m, gE. uyw, 2E, ,u,w, eE. uyw eE, u,m,eE
1M €L, U Wy €L IM EL U W) ELY IM EL U Wy ELY

+ Zﬂl (W) + Z/uz (w,v,) + Z/uz (Wyv,) =24, if/"z Wy, u,)(v,v,))

wveE| ,wyv, 2E, ww gL, ,wyv, By wv eE| ,wy»,€E,

:dGz (u,) +d62 (Vz)erG1 (u,) +dGl (V1)+d§2* (u,) Z/ul (”1W1)+d§1* (u,) Z;Uz (u,m,)

w el wyel,

+dGI* (ul) Zﬂz(uzwz) +d§2* (Vz) Z/ul (W1V1)+d§1* (Vl) Z;uz(wzvz)+dq* (Vl) Zﬂz (Wzvz)

wyel, w e wyel, wyel,

RV (CREY CREY)
~d () + g () +dg () +d (v,)+d . (1) () + e () (1) + . (1)l o)
g (), () + i (), () + d s (), () 2000 1) (10, )(0,7,)
~d () +d g, () +dg (1) +d g, (v,) +d . () () + i, (1)l () + - ()
g (v)dg, (W) + dg, () dge () +d g (v)) =20 11, (01,11, ) (115 2))
=dg, () +dg (W) +dg, (uy) +dg, (v,) +dg. (uy)dg (u,) +dg, (u,)(py = 1)
g (), () + o, (2)(py =1 2000400 1)(34,v,)
el 10,)04 ) =dg (1) + o (v) + () () + e (v,)d g ()
# P, (1) + g, (7))~ 20 40,)(@010,) (7).
(iii). When u,v, € E|,u,v, ¢ E,,
(< 412)( )02 ))= 1,09 A G (10,) A9 (1)

ADE
dGl %G, ((uy,uy)(v5v,)) = dGl (u,) + dGl (v)+ d@* (u, )dcl (u,) + dgz* (v, )dc1 )

D (dG2 (uy) + dGz (V) =244, (uyv,) -
5 g, (U, 1)) (v, ) =dg (uv) +dg. (uy)d g () +dg. (v, )d g (v) + py(de, (uy) +dg, (v,)).

(iv). When uv, ¢ E,,u,v, € E,,
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(44 >}flu2 Wy, uy)(vy,v,)) =0, () Aoy (V) A iy (u,,)
= 1, (u,yv,).
When u,v, € E,,u,v, € E,,
(44 >}f,u2 Wy, uy )(Vy,vy)) = a4 (U vy) A iy (U, v,)
= 1, (U,v,).
dG, e ((uy,uy)(vy5v,)) = dGl (u,) + dGl )+ dgz* (u, )dcl (u)) + dgz* (v, )dcl M)
P (d62 (u,) + dGz (V) =24, (u,v,).
dG, e ((uy,uy))(v5v,)) = dGl (u,)+ dGl (v)+ dG2 (uyv,y)+ dgz* (u, )dcl (u) + dgz* (v, )dc1 ™)
+(p, — 1)(dG2 (uy)+ dG2 (v,)).
2. Proof is similar to the proof of (1).

Theorem 4.2:
Let G, :(o,,4) and G, : (0,, 1, ) be two fuzzy graphs.

l. If o,<u, and o, is a constant function with o, (u)=c, for all ueV,, then for
any (u;,u,)(v,v,) € E,
(i). When u, =v,,u,v, € E,,
A, g, Uy, 1)y, v,))=2pyd g (uy) +¢ (dG; (u,) + dG; (v, ))(dgl* (u)+1)—2¢,,
(ii). When u, =v,,u,v, € £,
dGle2 ((uy,u,)(vy,u,))= dc1 (uw)+ C]dG; (uy)(2+ d(;l* (u,)+ d(;]* M))
+(p, =D (u))+dg (v)).
(. digy g, (1) 7)) = s 1)+ (P Dl () + s )+ 1)1+ L. (1)
+tod (v,) A +d_.(v))), when v, € E\,u,v, € E, & v, € E,u,v, € E, and
(iv). dG] <G, ((uy,u,)(V,v,)) = P, (dG] (u)+ dc;l M)+ CldG; (uy )1+ d(;l* (u,))
+od (v,) A +d_.(v))-2¢,, when uv, & E,u,v, € E,.
2. If o,<u ad o, is a constant function with o,(u)=c, for all uel,, then for
any (u;,u,)(v;,v,) € E,
(i). When u, =v,,u,v, € E,,
dg ., Uy, uy )y, v,))=dg (uyv,) + cszl* (u))(2+ dgz* (uy) + dgz* ()
+(p, —D(dg, (u,) +dg (v,)),
(ii). When u, =v,,u,v, € E,,
A, g, (U, )V, u,))=2pidg (uy) +c, (de (u)+ dG]* m ))(dgz* (uy) +1) —2c,,
(iii). dG1 <G, ((uy,u,)(v,v,)) = Py (dG2 (uy) + dG2 )+ Cszl* (u)(1+ dgz* (u,))
+c,d (W) +d.. (vy)) —2¢,, when u,v, € E},u,v, & E, and
(iv). dG, <G, ((uy,u,)(vy,v,)) = dc;2 (u,v,) +(p, — 1)(dG2 (uy) + dGZ (v,))+ Cszl* (u)(1+ dgz* (1,))

+CZdGT (v +d52* (v,)), when uv, & E\,u,v, € E, &uyv, € E,,u,v, € E, .
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Proof:
1. Wehave o < z4,. Then by theorem 1.4 and theorem 1.5, &, = g, and 14, < 1, .

(i). From (4.1), when u, =v,,u,v, € E,,

dG,sz ((uy,uy) Wy, v,)) = ZGI (u) Ay (uw,) + Ztul(ulwl)/\02(u2)

U, Wy €E, uy=w; uyw €E| uy=w,

+ Zﬂl(ulwl)/\GZ(MZ)/\Gz(wz)+ Zo-l(ul)/\o-l(wl)/\luZ(MZWZ)

uyw €E| uyw, 2E, uyw eEy u,w,€E,

+ Zﬂ] (W) Ay (u,w,) + ZGI () A gy (wyvy)+ Zﬂl(w1u1)/\02(vz)

uyw €E, ,u,w,eF. Wwyv, €E, W=t wiuy €Ey , Wy =V,
IM ELYLUYWH €L 2Vy €LY W=y W EL W, =V)

+ Zﬂ](wlul)/\az(wz)/\az(vz) + Zo-l(wl)/\al(ul)/\ﬂz(wzvz)

wi €Ey ,wyv, 2E, wiy E) ,wyv, €E,

+ Zﬂ] (W) A gy (Wyv,) =2(44 >y< 1)y 1, )1y, v,)

wi €Ey ,wyv,€E,

= Zo-l(ul)+ Z/J1(”1W1)+ Zﬂl(ulwl)+ Zo-l(ul)/\o-l(wl)+ Zﬂ](”lwl)

uyw,€E, u,w eE, uyw L) uyw, ¢E, uyw gLy uyw, €k, uyw €E uyw,€E,
+ Zo-l(ul)+ Z/ul(wlul)+ Zlul(wlul)+ ZO-](WI)AO-I(MI)+ zlul(wlul)
Wy, eE, wiu, €E| wu €E|,wyv, 2E, wu gE,wyv,€E, wi €E; ,wov, €E,
=2(0, (u) At (u,,))
= cldG* (uy)+ dGl (u) + dgz* (u,) Zﬂl (u,w) + d(;l* (u, )dG; (uy)e, + dG; (u,) zlul (W)
: uw ek, uyw ek
+d . (vy)+ dg (u;)+ d@; (v2) Zﬂl (W) + d. (ul)dG; (v,)e, + dG; (v2) Z/Ul (wiu,)
: wiu €E; : wiu, €E;
-20,(u)

—ed () +do () o () () +d ) e, ) () +ed o (v,)
+dg () + d@* (v,)dg (u)+ da* (ul)dG; (vy)e, + dG; (v,)d g, (u)-2¢,

= ¢ (dG; (u2)+dG; (v,)=2)+2d; (u) + d (“1)(dG; (u,) +dG; (v2)+d52* (u,) +d52* v,))
+c1d5]* (u, )(dG; (u2)+d6; (v,))

= Cl(d(;; (”2)+dG;(V2))(l+d(;l*(“1))_201 +dg (u)(p,—1+p, —1+2)

aVGl:G2 (), 0wy, v,))= 2pyd i (uy) +c, (dG; (u,)+ dG; (vz))(da]* (u)+1)—2¢,.

(ii). From (4.1), when u, =v,,u,v, € E,,

dG,sz((ulauz)(Vlauz)): 201(”1)/\#2(”2“’2) + Zﬂl(“lwl)/\dz(uz)

Uy Wy €E5 iy =w; W €E| uy=w,

+ Zﬂl(ulwl)/\GZ(MZ)/\Gz(wz)+ Zo-l(ul)/\o-l(wl)/\luZ(MZWZ)

uyw €E| uyw, 2E, uyw eEy u,w, €k,

+ Zﬂ](”lwl)/\ﬂz(uzwz)"' Zal(v1)/\ﬂ2(wzuz)+ Zlul(wlvl)/\dz(uz)

uyw €E| uyw,€E, Wty €E W =uy wiv €E| Wy =l
+ Z,UI(W]VI)/\Gz(WZ)/\GZ(uz)-F Zo-l(wl)/\al(vl)/\:uz(wzuz)
wv€E| ,wyu, ¢E, wv2E, ,wyu,€E,

+ Zﬂ] (Wv) Aty (Wyty) =244 >y< 1)y 1,) (v, 1)

wv€E| ,wyu,€E,

= Zal(u1)+ Zﬂl(“lwl)+ Zﬂl(ulwl)+ zo-](ul)/\o-l(wl)+ ZIU](MIWI)

uywreEy, uyw ek, uyw L) uyw, ¢E, uyw gLy uyw, €k, uyw €E, ,wyu,eE,
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+ ZGI(VI) T Z/Ul(wlvl) T Z/U](lel)"' Zal(wl)/\gl(vl)+ Zlul(wlvl)

Wyy €E, wv, eE} wv eE| ,wyu, ¢E, w gE) ,wouyeE, wveE| ,wyu,eE,
=2(p (uyvy) Aoy (1))
= cld(;;(uz) + Zlul(ulwl) + ZIU](WIVI) + dgz*(uz) Zﬂl(“lwl) + ch

uyw ek wv,eE| uw ek, uyw gL} uyw, €k,

+ dG;(uz) Zﬂl(“lwl) + CldG;(uz)J" d@;(uz) z:u](wlvl)+ zcl + dG;(uz) z;ul(wlvl)

upw ek, ww ek, ww 2E, Wty €E, ww ek,
=2u,(uv,)

=201dG; (uy) +dg (uw)+ d@* (uy)dg () + cldél* (u, )dG; (u,)+ dG; (uy)d g (uy)

+ dé; (uy)dg (v)+ cldél* v, )dG; (u,)+ dG; (uy)dg (v)

=dg (uy)+ c]dG; (u,)(2+ dé{‘ (u,)+ dé{‘ m))+dg (u, )(d@* (u,)+ dG; (u,))

tdg (v Ndg: (uy) +d . (u,))

dg <G, ((uy,u,))(vy,u,))=d g (uy) + cldG; (u,)(2+ d?%* (u) + dc?l* )

+(p, — 1)(dG1 (u,)+ dG] m)).
From (4.1), for any (u,,u, )(v,,v,) € E,

dGlez ((uy,uy)(vy,v,)) = Zo—l(“l)/\/'12(”2""'2)+ Zﬂl(”l“ﬁ)/\dz(uz)

Uy Wy eE, iy =w, wyw eE| uy=w,

+ Zﬂl(ulwl)/\o-Z(u2)/\02(W2)+ Zo-l(ul)/\al(wl)/\ﬂZ(MZWZ)

uyw eE| u,w, gE. uyw 2E| ,u,w, eE.
IM €L U Wy EL7 IMEL U W) ELY

+ Zﬂl(”lwl)Aﬂz(“2W2)+ Z:UL(V1)/\:Uz(""zvz)+ Z/ul(wlvl)/\o-Z(vz)

uyw €E| u,w,eF. WoVy €E, Wy =1 wiv, eE| ,wy=v,
IMI €LY UW €LY 2Vy €LY W = IVIEL,Wy=V)

+ leul(wlvl)/\O-z(wz)/\(72("2)Jr Zo-l(wl)/\01(vl)/\ﬂ2(w2vz)

wyv, €E; wyv, 2E. ww 2E; ,wyv, €E.
IVI€EL,WaV2 £L, IV EL,WpV2 €Ly

+ Zlul (W) A, (Wyv,) = 2(44 >7</uz Wy, u,)(v,v,))

wv,eE| ,wyv,€E,

= 201(”1)"‘ Zﬂl(”1wl)+ Zﬂl(ulw1)+ Zo-l(ul)/\o-l(wl)+ Zlul(ulwl)

uywr ek, uyw ek, uyw L) uyw,E, uyw gLy uyw, ek, uyw eE| ,u,m, ek,
+ ZO-I(VI)+ Zﬂ1(W1V1)+ Zﬂl(wlvl)+ ZGI(W])AGI(V1)+ Zﬂ](wlvl)
Wyv, €E, wv, €E| wwv eE| , wyv, £E, wv gE ,wyv, eE, wv, eE| ,wy», €E,

—2(u >}f/u2 Wy ,u,)(vy5v,))
:Cld(;;(uz)"'d(;l (”1)+d§;(“2) Zﬂl(ulwl)"‘ 201 +dG;(uz) Zﬂl(ulwl)+cldG;(v2)

uw ek, uyw gLy ,u,w, €E, uyw ek

+ dGI () +d§2*(vz) Zﬂl(wlvl)+ ch + dG;(Vz) Z/ul(wlvl)

wwv ek, wv gE, ,wyv, eE, wv eE;

~2( o Wy, u,)(v,v5))

=i (d g (1) +d o (v,) +d () + g, (v)) +d i (0, )l () + eyl () )+ (0, )l g ()
# d () () el () () d s (), () =200 40 (0 0,)(9,,7))

~dg (1) +d g (v) +€(d e (1) +d o (v,)) + dg ()i () + . () + eyl (1) ()
+dg (Vg (v,) +d . (v))+ dg. (v)d g (v,) = 2( Xty Wy, u,)(vy,v,)

=dg, (u)+dg (v))+dg (u)(p, =D+ed ()1 +dg. (u)) +dg (v)(p, = 1)
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tad g (vy) U+ dg. (V) = 208 1, )y, )(V1,v,))

5, (W, 1)1, v,)) = Py (d () +d g, (V) +ed e (uy )1+ i (1))
tad g (v)) U+ d. (v)) = 2080 1, )((y,1,)(V1,v,)) -

(iii). When u,v, € E|,u,v, ¢ E,,

(2 )(0,1)049)) = 24 1) A 53 (1) A 55 (V)
=1, (uy,).

When u,v, € E,,u,v, € E,,
Gty (a0 )V v2)) = 1 ) A 1 ()

= () .
dGle2 ((uy,u,)(V,v,)) = P, (dG] (u)+ dGl () + CldG; (uy)(A+ dgl* (u,))

e )0+ d - (4) 240w
dG, %G, ((y,uy))(v5v,)) = dG] (uyv)+(p,— 1)(dG] (u,)+ dG] (V) +¢ dG; (u,))(1+ d(;l* (u,))

+CldG; (v,)d+ d(;l* ().
(iv). When u,v, ¢ E,,u,v, € E,,
(14 5#2)((“15”2)("1,"2)):0_1 () Aoy (W) A p, (uyv,)

=o,(u)ro,(v,).
5, (W, 1)1, v,)) = Py (d () +d g, (V) +ed g (uy )1+ i (1))
| + CldG; (v 1+ dé* )-2(o,(u) ~ro,(v))
5 o, (U, 1) (v, v2)) = Py (g () +d g (V) +ed - (uy )1+ di. () +eid - (v, )A + d . (v)

-2¢,.
2. Proof is similar to the proof of (1).

Remark 4.3:
When both 6 =1 and p = 1, all the above formulae coincide with the corresponding formulae of crisp
graphs.

V.  Conclusion
In this paper, we have found the degree of edges in G, xG,, G, >/§G2 and G, xG, in terms of the
a 4

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 alpha product, beta product and gamma product of two fuzzy graphs.
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