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Abstract: In this paper, we determined that the alpha product, beta product and gamma product of two edge
regular fuzzy graphs need not be edge regular and that if these operations of two fuzzy graphs are edge regular,
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product of two fuzzy graphs to be edge regular fuzzy graph is determined.
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I.  Introduction
Fuzzy graph theory was introduced by Azriel Rosenfeld in 1975 [11]. 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 edge regular fuzzy graphs
which are obtained from two given fuzzy graphs using the operations of alpha, beta and gamma product. In

general, alpha, beta and gamma product of two edge regular fuzzy graphs G, and G, need not be edge regular.
In this paper, we find necessary and sufficient condition for alpha product, beta product and gamma product of
two fuzzy graphs to be edge regular fuzzy graph. First we go through some basic concepts which can be found
in [1] — [14].

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, i) where o is a fuzzy subset of a non-empty set V and M 1s a symmetric fuzzy relation on o, (i.e.)

u(xy)<o(x) Ao(y)for allX,y eV . The underlying crisp graph of G:(o,u) is denoted by
G :(V,E)where E =V xV . Throughout this paper, G, : (0, 44) and G, : (c,, i,) denote two fuzzy
graphs with underlying crisp graphs G; : (V,, E,) and G, : (V,, E,) with [V.| =p,i=12. Also dG'* (u)

denotes the degree of U; in Gi* and da* (u;) denotes the degree of U;in G*, where G* is the complement

of G, .

Let G: (o, ) be a fuzzy graph onG™ : (V,E). The degree of a vertex u is dg (U) = Zy(uv) :

u=v

The minimum degree of Gis oO(G) = /\{dG V),V v EV} and the maximum degree of G s
A(G) = \/{dG (v),VveV } The total degree of a vertex UeVis defined by
td; (u) = z,u(uv) + o (U) . If each vertex in G has same degree k, then G is said to be a regular fuzzy graph

u#v
or k — regular fuzzy graph. If each vertex in G has same total degree k, then G is said to be a totally regular
fuzzy graph or k — totally regular fuzzy graph.

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

ueVv uvekE
Let G :(V,E)be a graph and let € =UV be an edge inG". Then the degree of an edge e=uv e E is
defined byd . (uv) =d_.(u) +d_.(v) — 2. If each and every pair of distinct vertices is joined by an edge,

then G™: (V, E) is said to be complete graph.
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Edge regular property of alpha product, beta product and gamma product of two fuzzy graphs

Let G:(o,u) be a fuzzy graph on G :(V,E). The degree of an edge UV is
dg(uv) =dg (u) +dg (v) —2u(uv) . This is equivalent to dg (uv) = Z,u(uw) + Z,u(wv) . The total

uwekE wekE
WV WU

degree of an edge UV e Eis defined by tdg(uv)=dg(u)+dg(v)—(uv). This is equivalent to
td, (uv) = z,u(uw) + z,u(wv) + 1(uv)= dg (uv) + £(uv) . The minimum edge degree and maximum

uwekE weE
W=V WU

edge degree of G are o (G) = /\{dG (uv),Yuve E} and A (G) = v{dG (uv),Yuve E}. If each edge

in G has same degree K, then G is said to be an edge regular fuzzy graph or K — edge regular fuzzy graph. If

each edge in G has same total degree K, then G is said to be a totally edge regular fuzzy graph or K — totally
edge regular fuzzy graph.

A fuzzy Graph G is said to be strong, if z(Xy) =o(X) Ao (y) for all Xy € E . A fuzzy Graph G is
said to be complete, if u(xy) =o(X) Ao (y)forallx,y eV .

Definition [3]: Let G = Gl*xG; =(V,E)be the alpha product of two graphs Gl* and G;, where

V=V, xV, and E={(u,u,)(v;,v,):u, =v;,u,v, €E, (or) wv,eE,u,=v, (or)

uyv, e E;,uv, E, (or) uyv, ¢ E;,u,v, € E,}. Then the alpha product of two fuzzy graphs G, and

G, is a fuzzy graph G =G, xG, =G, xG, (0, x0,, 1, X 11,) defined by
(O-lzo-z)(ul’UZ) =0,(U) Ao, (Uy),V(U,U,) €V and

o1 (U) A gt (U,V,), ifu, =v,,u,v, €E,

4 (Uv) Ao, (Uy), ifuv, eE,u, =v,
i (UV) Aoy (Uy) Aoy(Vy), ifuy, eBLuyy, ¢E, |
o, (U) Aoy (V) A, (U,Y,), ifuy, 2 E LUy, e E,

(ﬂléﬂz)((uyuz)(vyvz)) =

Definition [4]: Let G~ = Gf;G; = (V, E) be the beta product of two graphs G, and G, , where V =V, xV,
and E={(u,,u,)(v;,v,):uv, eE,u,v, €E, (or) uv, € E,uv, ¢E, (or)
uyVv, ¢ E;,u,v, € E,}. Then the beta product of two fuzzy graphs G, and G, is a fuzzy graph
G :GB;Gz =Gl>ﬁ<G2 :((71>/§62,/J1>ﬂ<,u2) defined by
(6120-2)(ul’u2) =0,(U) Ao, (Uy),V(U,U,) €V and
IACAARVACAZYE if uv, e E;,Vu,v, €E,

(ﬂl?ﬂz)((ul’uz)(vl’vz))= p(UV;) Aoy (Up) Aoy (Vy), T Uy, € B Uy, ¢ B,
o1(U) Aoy (Vi) A, (U,V,), i U, € EpLU,y, €,

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

V=V,xV, and E={(u,u,)(v,v,):u, =v;,u,v, €E, (or) uv,eE,u,=v, (or)

uv, €E,uv, ¢ E, (or) wyv, ¢E,uv, eE, (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 11,) defined by
/4 /4 /4 /4

(01x0,)(Uy,U,) =0, (U;) Aoy (U,),V(Uy,U,) €V oand
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o (U) A 41, (U,V,), ifu, =v,,uv, €E,

#y U)oy (Uy), ifuyv, eE,u, =V,
(1u1>;1u2)((u1’u2)(vl’v2)): i (UV;) Ao, (Up) Aoy (V,), if Uy, € By, ¢,
oy (u) Aoy (Vi) A, (U,V,), ifuy, €Uy, €E,
5 (UV) A 12, (U,V5), ifuyv, eE,u,v, €E,

I1.  Edge Regular Properties of Alpha Product of Two Fuzzy Graphs
Remark 2.1:

If G, :(oy,44) and G, :(0,,1,) be two edge regular fuzzy graphs, then G, xG, is need not be
edge regular fuzzy graph.

Example 2.2:

Consider the two fuzzy graphs G, : (o, 24) and G, : (o,, 4,) .
v (0.7 u:(0.4)

(wy. up)(0.4)
04
r2(0.5)

Fig.2.1 G,xG,
Here both G, and G,are edge regular fuzzy graphs of edge degree 0.4 and 0.3. In G, xG,,
de «q, (U, Uy)(Uy,V,)) =24 and dg o ((Uy,U,)(V;,U,))= 25. Hence G, xG,is not an edge regular

fuzzy graph.

Remark 2.3:
If G, xG,is an edge regular fuzzy graph, then G, : (o, 24) (or) G, :(o,, ,) need not be edge
regular fuzzy graph.

Example 2.4:
Consider the two fuzzy graphs G, : (o, £4) and G, : (o,, 4,) .
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u,(0.5) 1u,(0.8) (u;. uX0.3) (wy. upX0.3)

Here G, xG, is 3 — edge regular fuzzy graph. But G, is not an edge regular fuzzy graph.

Theorem 2.5 [10]:
Let G: (o, 1) be a fuzzy graph on G™: (V, E) with G” is k — regular. Then u is constant if and only if G is
both regular and edge regular.

Theorem 2.6[9]:
Let G, : (oy,44) and G, : (o,, 1t,) be two fuzzy graphs.

Suppose that o; > x4, and o, > g4, Then for any (u,,u,)(v,Vv,) € E,

(1). When u, =v,,U,V, € E,,

Go,x, (s Up) (U, V,)) = dg, (U,V,) +dg, (Uy)(dg; (U;) +g; (V) +2) +di (u)(dg, (U;) + g, (v,)),

(2). When u, =v,,u,v, € E,,

Aoy, (s Uz) (1, U)) = dg (Uvy) + g, (U ) (A () +dg. (V) +2) + - (U) (g, (Uy) +dg, (),

(3). When u,v, e Ej,u,v, ¢ E,,

Gopn, (s Uz) (1, V2)) = dg, (UpV) +d, (Uy) L+ (Uy)]+ dg, (v,) [L+ . (V)] + d (U;)dg, (W)
+ dé; (V,)dg (v;) and

(4).When uv, £ E;,U,v, € E,,

Go, (U3, U2) (V1 V2)) =g, (UpV,) +dg (U) R+ ()] +dg, (W)L +dg; (v,)]+ d- (uy)dg, ()
+ dgl* (v1)dg, (v2)-

Theorem 2.7[9]:
Let G, : (o, 4) and G, : (o, 1t,) be two fuzzy graphs.

If o, < 1, and o is a constant function with o, (u) = ¢, forall u €V, then for any (u,,u,)(v,,v,) € E,
(3). When U, =V;,uU,v, € E,,
delzez ((uy,uy)(Uy,vy)) = C1(dG; (uy) + dG; (Vz))(dgf (u)+1 -2c,
+ del (u1)(d§2* (u,)+ d5§ (V,)+2),
(b). When u, =Vv,,u,v, € E/,
dGlZG2 ((uy,uy)(vy,u,)) = del (Uv,) + CldG; (u)(2+ d@; (u)+ dgl* (1))

+d5 (Uy)(dg, (Uy) +dg (V).
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(c). When u,v, e E;,u,v, ¢ E,,
o, (U3 1) V) =0, (UV,) 6 (U,) (L A (U) + 6. (v,) L+ A ()

+dc;1 (ul)dgz* (u,) +del (Vl)dgz* (v,) and
(d). When wv, ¢ E;,u,v, € E,,
Oox, (U1, U) (v, V2)) =g, (Uy) +dg, (Vi) +Cd g (U)@+di (W) +€d g (v, ) L+ - (1))

+ dc;1 (ul)dgz* (uz) + dG1 (Vl)dgz* (Vz) N 2C1 '

Theorem 2.8:

Let G, : (o, 14) and G, : (0,, i4,) be two fuzzy graphs and let G, : (V,,E,) and G, : (V,,E,)
be complete graphs.
Suppose that o, > 44, and o, > ;. Then for any (u,, u,)(v,,V,) € E,

(1)- When Uy =V;,U,V, € E,, dGlez ((uy,uy)(uy,v,))=dg, (U,v,) +2dg (u;) and
(2)- When U, =V,,uv, € B, dGleZ (U, u,) (v, u,))=2dg, (u,) +dg (Uyv,).
Proof:
By definition, for any ((u,,u,)(v,,Vv,)) €E,
g, (U, U,) (vy,V,)) = Z (> ) (g, U ) (W, W, ) ) + Z (e 11, ) (W, W, ) (v, V)
“ (U,Up ) (W, W, )eE “ (W, Wy ) (v v, )eE “
_Z(Miﬂz)((ul’uz)(vllvz))
= Z oy (U) A 1, (U, W,) + z,%(ulwl)/\az (u,)

U,W, €E; Uy =W U W €Ey Uy =w,

+ Zlu’l(ulwl) Ay (Uy) Aoy (W,) + Zal (Uy) Aoy (W) A g, (U, W)

W By, u,w, 2B, W 2E; uw, B,

+ Zal (V1) A 2ty (W,V, ) + Zﬂl (Wv,) Aoy (V,) + Z/’ll (W) Ao, (W,) Aoy (V)

WoV, By Wy =Uy WAE =RV wvi B, wov, 2E,

) o (W) Aoy (V) A (Wov,) - 2(uy X ) (U U)W, V)) @.1)

Wy, 2E; WV, eE,
Given G, and G, are complete underlying crisp graphs.
Then edge set of underlying crisp graph of Glsz is E={(u,u,)(v;,v,):u, =v,;,u,v, €E, (Or)
uyv, € E,u, =v,}.
From (2.1), when U, =V,,u,V, € E,,

dGlZG2 ((uy,u,) (U, vy)) = zo-l(ul) A iy (U, W, ) + z:u"l(ulwl) Ao, (U,)

u,W, B, Uy =w Uy W eEy Uy =W,

+ Zgl(ul)/\ﬂz (W,v, ) + ZM(Wlul)/\Gz(vz)_Z(Mzﬂz)((ul’uz)(vl’vz))-

W,V, €E, Wy =Uy WU By, Wy =V,

= Zﬂz(uzwz)+ Z/’Ll(ulwl)-l- Zﬂz(wzvz)*' ZM(Wlul)—zlJz(uzvz)-

uw, ek, uw, eEy W,V,eE, Wiy eEy

= Z,Uz (u,w, ) + Zﬂz (W,V,) =24, (U,V,) +dg (uy) +dg (u,).

U,w,eE, W,Vv,eE,
dGlez ((u1' u2)(u1’ Vz)) = d62 (uyv,) + ZdG1 (u).
(2). Proof is similar to the proof of (1).
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Theorem: 2.9
Let G, : (o, 14) and G, :(o,,4,) be two regular fuzzy graphs of same degree with &, > 1,

ando, > 4. Let G, :(V,,E;) and G, : (V,,E,) be complete graphs. Then G,and G, are edge regular
fuzzy graphs of same degree if and only if G, xG, is an edge regular fuzzy graph.

Proof:
Let dg (u;) =dg, (U,)=m,Vu, eV, &U, €V,, where M is a constant.

Given Gl* and G; are complete underlying crisp graphs.

Then edge set of underlying crisp graph of G,xG, is E={(u,,u,)(v,;,v,):u, =v,,u,v, €E, (or)
uv, € E,u, =v,}.

Assume that G, and G, are K — edge regular fuzzy graphs, where K is a constant.

Then dg (U,v;) =dg (U,V,) =K, Vuy, € E &uU,v, €E,.

By theorem 2.8, when U, =V,,U,V, € E,,

dGl;Gz ((Uy, Uy ) (Uy,vy)) =dg, (UpV,) +2dg (Ug) oo (2.2)
g, (U Up) (Ug, Vo)) =K H2M (2.3)
By theaorem 2.8, when U, =V,,u,v, € E,,

dGl;Gz ((Uy, uy)(vy,uy)) = 2dg, (Up) +dg (UpVi) o (2.4)
dGlsz (UL UL (VUL )) = 2M A K e, (2.5)

From (2.3) and (2.5), G, xG, is an edge regular fuzzy graph of degree k +2m.
Conversely, assume that G1 ><G2 is an edge regular fuzzy graph.
To prove that G, and G, are edge regular fuzzy graphs of same degree.
Let U,V,, W, X, € E, be any two edges of G,.Fix U €V,.
Then (u,,u)(vy,u) & (w;,u)(x,,u) € E, dGle2 ((uy,u)(v;,u)) = dG1><G2 ((wy,u)(x,,u)).
2dg, (u)+dg (uvy)=2dg (u)+dg (WX,) (Using (2.4))
2m+dg (uvy) =2m+dg (W, X;)

dg (uvy)=dg (Wx;), V Uy, &wix, € E;.
. Gy is an edge regular fuzzy graph.
Similarly, G, is an edge regular fuzzy graph.

Now, to prove that G, and G, are edge regular fuzzy graphs of same degree.
Suppose that G, is K, —edge regular fuzzy graph and G, is K, —edge regular fuzzy graph with k; # K, .

B dGlez ((Ul, Uz)(u1vvz)): 2d(31 (u)+ d(32 (u,vy) (Using (2.2))

= 2M A K e (2.6)
dGle2 ((ul’ uz)(V11uz))= del (uvy) + Zde2 (uy) (Using (2.4))
=Ky A 2IM e, (2.7)

From (2.6) and (2.7), dg ., ((U;,U,)(Uy,V,)) # dg 6, (U, Uy)(V1,U,)), since Ky # K, .
This is a contradiction to our assumption that G, xG, is an edge regular fuzzy graph.

Hence G, and G, are edge regular fuzzy graphs of same degree.
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Theorem: 2.10
Let G, : (o, 14) and G, :(o,,4,) be two regular fuzzy graphs of same degree with &, > 1,

ando, > g4. Let G, :(V,,E;) and G, : (V,,E,) be regular graphs of same degree with [\/1| :[\/2|. Then
G, and G, are edge regular fuzzy graphs of same degree if and only if G, xG, is an edge regular fuzzy graph.
Proof: )
Let del(ul):dez (u)=m, dG; (ul):dG;(uz):n’ dgl* (ul):dgz* (uz): p-—n,
Vu, eV, &u, €V, where m,n&M| :[\/2| = P are constants.
Assume that G, and G, are K —edge regular fuzzy graphs.
Then dg (Uv;) =dg, (U,v,) =k, VU, € E; &uU,V, € E,, where K is a constant.
By theorem 2.6, When U, =V,,u,V, € E,,
Aoy, (s Uz) (U, V,)) = dg, (U,V,) +dg, (Uy)(dg; (U;) +d g (V) +2) +di (U)(dg, (U,) + g, (V,))-
=k+m(p—-n+p—-n+2)+(p—n)(Mm+m).
=k+2m(p—n+1)+(p—n)(2m).
SK A 2M(2( P =) L) oo, (2.8)
By theorem 2.6, When U, =V,,U,v, € E,,
ey, (U3, U) (45, Up)) = o, () + i, (U) (@ (1) + e () + )+ . (U,) (A () + O, ():
=k+m(p—-n+p—-n+2)+(p—n)(Mm+m).
=k+2m(p—n+1)+(p—n)(2m).
KA 2M(2(P = N) D) oo, (2.9)
By theorem 2.6, for any (u,,u, )(v,,V,) € E,
Gox, (U3, Up) (V1 V,)) =do, (UpVy) + dg, (Up) B+ (Uy)]+ d, (v )L+ - (V)] + i (U ), (U0)
+ d@* (V,)dg, (v,), when uv, € E;,u,v, ¢ E,.
=k+m@+p—-n)+m@+p—n)+(p—n)m+(p—n)m.
=k+2m(p—n+1)+(p—n)(2m).
KA 2M(2(P = N) D) o, (2.10)
By theorem 2.6, for any (u,, U, )(v,,V,) € E,
Gox, ((Uy, U2) (V3 V2)) = o, (UpV,) +dg, (U) 1+ g ()] + g, (W)L +di; (v,)]+ - (uy)dg, (U)
+ d@* (v;)dg, (v,)  when uv;  E;,U,v, € E,.
=k+m@+p—-n)+m@+p—n)+(p—n)m+(p—n)m.
=k+2m(p—n+1)+(p—n)(2m).
S 2M(2( P =) L) oo (2.11)
From (2.8), (2.9), (2.10) and (2.11), G, Zsz is an edge regular fuzzy graph.

Conversely, assume that G, x G, is an edge regular fuzzy graph.

To prove that G, and G, are edge regular fuzzy graphs of same degree.
Let U,V,, W, X, € E, be any two edges of G,.Fix U €V,.
Then (u,,u)(vy,u) & (w;,u)(x,,u) € E, dGle2 ((uy,u)(v;,u)) = dG1><G2 ((wy,u)(x,,u)).

dg, (UVy) +dg, (U)(dg- (Uy) +d- (V) +2) +di- (U)(dg, (Uy) +dg (W)
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=dg (W) +dg, (U)(dg- (W) +dg- (%) +2) +di- (U)(dg, (W) +dg, (X))
dg (UV,)+m(p—n+p-n+2)+(p—n)(m+m)
=dg (W) +m(p—n+p—n+2)+(p-n)(m+m)
dg, (Uvy)=dg (WX,), V Uy, &Wwx €E;.
. Gy is an edge regular fuzzy graph.
Similarly, G, is an edge regular fuzzy graph.
Now, to prove that G, and G, are edge regular fuzzy graphs of same degree.
Suppose that G, is K, —edge regular fuzzy graph and G, is K, —edge regular fuzzy graph with k; # K, .

+ g, (U, U5) Uy, V,))=dg, (UyV,) +dg (U) (g (Uy) +dg: (V) +2)

+d§1* (Ul)(dez (U2)+dG2 (v,))
=k, +m(p—-n+p—n+2)+(p—n)(m+m)
=K, +2M2(P—N)+D) oo (2.12)
E dGlZG2 ((uy,uy)(vy,uy))= del (uv,) + dG2 (uz)(dgl* (uy) + déf (V) +2)

+d. (U,) (g, (U) + dg, (1))
=k, +m(p—-n+p—-n+2)+(p—n)(m+m)
=K, +2M2(P—N)4D) oo, (2.13)
From (2.12) and (2.13), dg .o, ((Uy,U,)(U;,V,)) # dg 6, ((Uy,Uy)(V1,U,)), since Ky # K, .

This is a contradiction to our assumption that G, xG, is an edge regular fuzzy graph.
oa

Hence G, and G, are edge regular fuzzy graphs of same degree.

Theorem: 2.11
Let G, : (o, 44) and G, : (o,, 1,) be two fuzzy graphs with o, < z, and let o, be a constant

function with o, (u) =c, for allueV,. Let G, : (V,,E;) and G, : (V,,E,) be regular underlying crisp
graphs of same degree with [\/1| = [\/2| .If G, isstrong, then G, xG, is an edge regular fuzzy graph.

Proof:
Given G, : (o, y) and G, : (0,, 1,) be two fuzzy graphs with o, < &, and o is a constant function

with o, (U) =c, forallu eV, & G, and G, are regular underlying crisp graphs of same degree.

Since G, isstrong, 4 isa constant function.

Then by theorem 2.5, G, : (o7, £4,) is both regular and edge regular.

Thus dG1 (uv,) = k’dG1 (u)=m, dG{ (ul):dG;(uz):n’ d@; (ul):dgz* (U2)= p—n,
vu, eV,,uyv, €E & u, eV, where k,m,n & [\/1| =[\/2| = pare constants.

By theorem 2.7, for any (u,, u, )(v;,V,) € E,

Case 1: When U, =Vv,,U,V, € E,,

ey, (U Up) (U, V2)) =Gy (A (U) + s (v2)) @ () +1) — 26,

+dg () (dg: (Uy) +dg- (v2) +2).
=¢,(2n)(p—n+1)—2c,+ m(2(p—n)+2).
Z2(MACN)(P=NFD) = 2C, i (2.14)
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Case 2: When U, =V, ,u,v, € E,,
o, (U U (5, U;)) = g, (1) + 6 (U) 2+ A () + I ()

+ds: (U,)(dg, () +dg (V).
=k+c,n(2+2(p—n)) +(p—n)(2m).
=2m-2c, +¢,n(2+2(p—n)) +(p—n)(2m). (By definition of edge degree k =2m —2c,)
Z2(MACN)(P =N FHD) = 2C, i (2.15)
Case 3: When u,v, € E;,u,v, ¢ E,,
o, (U U) 05, V2)) =, (U,) + 6 (U) A+ A (W) + 6 (V) L+ d - ()

+ dGl (ul)dgz* (u,) + dGl (Vl)dgz* (v,).
=k+c,nl+ p—n)+cn(@+p—n)+m(p—n)+m(p—n).
=2m-2c,+2¢,n(l+ p—n)+2m(p—n).
=2(MACN)(P—=NAHL) = 2C, i, (2.16)
Case 4: When u,v; ¢ E;,u,v, € E,,
o, (U U)W, V) =0, (U) + o, (V) + e, (U,) A+ A (U) + 6 (V) A d ()

+dg (U)dg (U,) + dg, (W)dg: (v,) 26,

=m+m+c,nd+ p—n)+cn@+p-—n)+m(p—n)+m(p—n)-2c,.

=2m+2c,n(l+ p—n)+2m(p—n)-2c, .

Z2(MACIN)(P =N D) = 2C, o (2.17)
From (2.14), (2.15), (2.16) and (2.17), G, >0[<G2 is an edge regular fuzzy graph.

I11.  Edge Regular Properties of Beta Product of Two Fuzzy Graphs
Remark 3.1:

If G, : (o, 1) and G, :(0,, ,) be two edge regular fuzzy graphs, then Glngis need not be
edge regular fuzzy graph.
Example 3.2:

Consider the two fuzzy graphs G, : (o, £4) and G, : (o,, 4,) .
u(0.7) u(0.4) (u1, u2X(0.4) v, u)(04)  (wy, u2X0.4)

Fig3.1 G.xG,

Here both G, and G,are edge regular fuzzy graphs of edge degree 0.4 and 0.3. In Gl>ﬂ<GZ,

dGlez ((ug,u,)(v,,v,)) = 1.6 and dGlez ((v;,u,)(w,,Vv,))= 2.0. Hence G1>ﬂ<Gzis not an edge regular
B Vi

fuzzy graph.
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Edge regular property of alpha product, beta product and gamma product of two fuzzy graphs

Remark 3.3:
If G, >[§Gzis an edge regular fuzzy graph, then G, : (o, 44) (or) G, :(o,, ,) need not be edge

regular fuzzy graph.

Example 3.4:
Consider the two fuzzy graphs G, : (o, 24) and G, : (o,, 4,) .

u1(0.3) u2(0.4) (B, w)03)  (¥,u)04) (W, wm)04)
0.3

) 03 wi(0.6) v(0.7)

Vi

G G,

Fig.3.2 GxG,
Here G, >ﬁ<G2 is 1.8 — edge regular fuzzy graph, but G, is not an edge regular fuzzy graph.

Theorem 3.5[9]:

Let G, : (oy, ) and G, : (o,, 1,) be two fuzzy graphs.
If o, < u, and o, is a constant function with o, (u) = ¢, for all u €V, , then for any (u,, u,)(v,,v,) € E,
(8). When u,v, e E;,u,v, ¢E, & uv, e E;,u,v, e E,,
o0, (U U 01, ¥2))= (P, = 2)(dg, () + g, (1)) +€, (A () (1) + g ()l (1)

+dg, (u,v;) and

(b). When u,v; ¢ E;,u,v, € E,,
del;(s2 ((u1' Uz)(Vl, Vz)) = ( P> _:l-)(d(;1 (ul) + d(;1 (Vl)) + Cl(dgl* (ul)dG; (Uz) + dgl* (Vl)dG; (Vz) - 2)-

Theorem: 3.6
Let G, : (oy, 1) and G, : (o,, 1,) be two fuzzy graphs with o, < 4, and let o, be a constant function

with o, (u) =c, forallueV,. Let G, : (V,,E,) and G, : (V,,E,) be regular underlying crisp graphs. If
G, isstrong, then G, >ﬂ<G2 is an edge regular fuzzy graph.

Proof:
Given G, : (o, 1) and G, :(o,,1,) be two fuzzy graphs with o, < g, and let o, be a constant

function with o,(u)=c, for allueV, & G, :(V,,E,) and G, :(V,,E,) be regular underlying crisp
graphs.
Since G, isstrong, 4 isa constant function.

Then by theorem 2.5, G, : (o7, £4,) is both regular and edge regular.

Thus del (Uyv,) = kidel (u)=m ’dG; u)= nl’dG; (u)=n,, dgl* (u)=p- nl’déz* (Uy)=q-n,,
Yu,Vv, €V, & U, eV,,where kK,m,n;,n, &[\/1| = p,[\/2| = (Jare constants.

From theorem (3.5), for any (U, u, )(v,,V,) € E,

Case 1: o, g, (U0, (2, %2))= (P, =20, () + G, () + 60 ()l (1) + 0 ()0 (1))
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Edge regular property of alpha product, beta product and gamma product of two fuzzy graphs

+dg (U;v;), when uv, e E;,U,v, 2 E, & Uy, € Ej,U,V, € E,.
=(p, —2)(2m) +¢,(2(p—ny)n, +2m—2c; .
=(P, =D(2M) +2C, (P =Ny =) o, (3.1)
Case 2: dGl;GZ (U, u,) (v, v,))=(p, —1)(dg (u;) +dg (vy))
+c:1(d§f (ul)dG; (u,)+ dﬁf (vl)dG; (v,)—2), when uv;, ¢ E;,u,v, € E,.
=(p, —1(2m) +c,(2(p—ny)n, -2).

=(P, =D(2M) +2C, (P =Ny =) o, (3.2)
From (3.1) & (3.2) G, >I§G2 is an edge regular fuzzy graph.

IV.  Edge Regular Properties of Gamma Product of Two Fuzzy Graphs
Remark 4.1:

If G, :(oy,44) and G, :(0,,,) be two edge regular fuzzy graphs, then G, xG, is need not be
/4
edge regular fuzzy graph.

Remark 4.2:
If G,xG, is an edge regular fuzzy graph, then G, : (o, 14) (or) G, : (o,, 1,) need not be edge
e

regular fuzzy graph.
Example 4.3:

Consider the two fuzzy graphs G, : (o, £4) and G, : (o,, 4,) .
(0.7 u2(0.4)

Fig4.1 G,xG,

Here both G, and G,are edge regular fuzzy graphs of edge degree 0.4 and 0.3. InG,; xG,,
Ve
de,.q, ((Uy,U;)(Vy,V,)) =37 and dg . ((v;,U,)(W;,V,))= 4.1. Hence G, xG,is not an edge regular
¥ y Y
fuzzy graph.

Example 4.4:
Consider the two fuzzy graphs G, : (o, 24) and G, : (o,, 4,) .
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Edge regular property of alpha product, beta product and gamma product of two fuzzy graphs

Here G, xG, is 1.8 — edge regular fuzzy graph, but G, is not an edge regular fuzzy graph.
Ve

Theorem 4.5[9]:
Let G, : (o,,4) and G, : (o, 1t,) be two fuzzy graphs.

If oy 2 1,0, 2 and gy > w1, then forany (u,,u,)(v,,v,) € E,

(i)- When u, =Vv,,u,v, € E,,

delfez (U, u) Uy, v,))=dg, (UyV,) +dg (Ul)(dgz* (u,) + d@; (V,) +2) +(p, —1)(dg, (u,) +dg, (v,)) ,

(ii). When u, =V, ,u,v, € E,,

Ao, o, (U, U) (v, U,)) = g, (U] + 2idlg, (Up) +dg (U, (dg, (W) +d, (1)),

(iii). When u,v; e E,u,v, ¢ E,,

G, o, ((U1,U)(V1,5)) =g, (U¥y) + g, (Up) + g, (V2) + d; (U;)dg (Uy) +d; (v)dg, ()
+ (P, ~(dg, (U) + g, (v,)) and

(iv). When uv, ¢ E;,u,v, € E, & uv, e E,u,v, € E,,

Oy, (U U) (1, ,)) =0, () +d, (V1) +d, (UnV,) +d; (Up)dg, (Uy) +d; (v2)d, (V1)
+(p, —D(dg, (u,) +dg, (v,)) .

Theorem 4.6[9]:
Let G, : (oy,44) and G, : (o,, i,) be two fuzzy graphs.

If o, < u, and o, is a constant function with o, (U) = ¢, forall u €V, then for any (u,, u,)(v,,v,) € E,
(i)- When u, =Vv,,u,v, € E,,

o, (U ) (U, V2))= 2P0, (4) #€, (U (U,) + Ay () € (4) +D) — 2,

(ii). When u, =Vv,,u,v; € E,

dGlsz (U, uy) (v, U,))=dg (Uvy) +d . (U) (2 + - (Ug) + d i (W)

+(p, _-‘]-)(dG1 (u,) + dG1 (v,)

DOI: 10.9790/5728-11437088 www.iosrjournals.org 81 | Page



Edge regular property of alpha product, beta product and gamma product of two fuzzy graphs

(iii). When u,v, € E;,u,v, ¢E, & UV, e E,u,v, € E,,
Ao, (U, U2) (V11 V) = dg, (Upvy) + (P, —D)(dg, (Uy) +d, (V) +C,d, () L+d g (U))

| +6d (V) L+ dg. (1)) and
(iv). When u,v, € E;,U,V, € E,,
o, (U )4, V,)) = P (0 () + A () + Gl ()L A () Gl ()L A ()

| -2¢,.
Theorem 4.7:

Let G, : (o, 14) and G, : (0,, 14,) be two fuzzy graphs and let G, : (V,,E,) and G, : (V,,E,)

be complete graphs.
Suppose that o, > t1,, 0, =t and g4y = pt,. Then forany (u;,u,)(v,,Vv,) € E,

(1). When u, =v,,U,V, € E,,

G g, ((Us U) Uy, V,)) =, (U;V;) + 20, (Uy) + i (Uy)dlg, (U,) +d i (Uy)d, (V).

(2). When U, =V,,u,v, e E ,

dGleZ ((u,u,)(v,,u,))= 2dGZ (u,)+ dGl (uv,)+ dG; (ul)dGz (u,)+ de; (vl)dGZ (u,) and

(3). When u,v, € E; and u,v, € E,,

Ao <o, (U1 U;) (V1,V,)) =g, () + g, (Vi) +dg, (UpV,) +d e (U)d, (U;) +d; (vi)dg, (V)

Proof:
By definition, for any ((u,,u,)(v,,Vv,)) € E,

delfez ((ug,u,) (v, v,)) = Z (,ulifﬂz)((upuz)(wpwz))"' Z (ﬂl?ﬂz)((wpwz)(vl’vz))

(ug,uz ) (W, W, )eE (W, Wy ) (vy,up)eE

_2(#135#2)((u1’u2)(v1’v2))
= z oy (U) A (U, W,) + Zlul(ulwl) Ao, (U,)

UyW, By U= uywy ey up=w,

+ ZM(U1W1) Ao, (Uy) Aoy (W,) + 261(U1) Ao (W) A 1, (UpW,)

LW eE; u,w, 2E, W 2E; ,uw, B,
+ Z/Jl(ulwl)/\luz (uyw,) + Zal(vl) Ay (W,V, ) + ZM(lel) Ao, (V,)

W eE; uw, €E, W,V, By, Wy =Uy WiV eEq, W, =V,
+ Zﬂl(wlvl) AN, (Wy) ATy (Vy)+ zo-l(wl) Aoy (V) A 4, (W,V,)

WV, B, Wov, 2B, WV 2B W, €E,
+ Z,ul(wlvl)/\,uz(WZVZ)—Z(,ul>y<luz)((u1,u2)(vl,vz)) ................................................ 4.1

WV, B¢, WV, €E,
Given Gl* and G; are complete underlying crisp graphs.
Then edge set of underlying crisp graph of G,xG, is E={(u,,u,)(v,,v,):u, =v,,u,v, €E, (or)
v
uVv, € E;,u, =v, (or) uyv, e E;,u,v, €E,}.
From (4.1), when U, =V;,U,v, € E,,
dGleZ (U, uy)(Uy,v,)) = Zgl(ul)/\,uz (u,w,) + Z/ul(ulwl)/\o-z (up)

U,W, B, Uy =wy Uwy eEg Uy =w,
+ z/ui(ulwl) Aty (U, W) + zo-l(ul) Ay (W,V, ) + ZM(Wlul) A 0,(V,)
LW ek uw, eE, WV, €Ey Wy =Uy WU, eEq Wy =V,
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+ Z/’I’l(wlul) Aty (WoV,) =2(24 fﬂz)((uy u,) (v, V)

Wi, By, Wov, By

= Zﬂz(uzwz)+ zlul(ulw1)+ Zﬂz(uzwz)+ Zﬂz(W2V2)+ ZM(W1U1)

u,w,€E, W eEy uW By ,u,w,yeE, W,v, eE, Wi eEy

* Z/JZ (W,V,) =20 (Uy) A 1, (U,V,))

W, €E ,\Wov,€E,

= Zﬂz(uzwz)"' Z,Uz(wzvz)*zluz(uzvz)"' Z;lll(ulwl)+d(3;(ul) Zﬂz(uzwz)

U,w,eE, W,V, eE, W eEy uw, ek,
+ ZM(Wlul) + def (u) Z:uz (W,V,)
Wiy eEy WoV, By

= de, (0,,) +dg, (U) +d. (1) (U,) +dg () + . (U)ds, (%)
s, (U U) (U, ,0) =0, (U0,) + 201, (1) + i (U) 0, (Uy) + Ao (), (V).
From (4.1), when U, =V,,u,v; € £,

Ao, o, (U, U) (v, U,)) = DIACHENTACATS R WA CAARNCA R

UW, B, Uy =wy UW eEy Uy =W,

+ Z/Jl(ulwl)/\/uz (uyw,) + Zo-l(vl)/\luZ (W,u,)+ Zﬂl(wlvl)/\o'z(uz)

uwW eEq u,w, B, Woly By Wy =ty WV, B¢, W, =U,

+ Z:ul(wlvl) Aty (WoU,) = 2(24 >;;U2)((Ul! u,)(vy,Vy))

wv, By, wou, €E,

= Zﬂz(uzwz)+ Zﬂl(ulwl)"' Zﬂz(uzwz)+ Zﬂz(wzuz)+ Zlul(wlvl)

u,w, €k, VARS = u W eEq,uow, €E, WU, €E, wv, By

+ Zﬂz(wzuz)—z(ﬂl(ulvl)/\‘fz (uy))

wv, By, Wou,€E,

= Zﬂz(uzwz)"' Zﬂl(ulwl)"' ZM(WlVl)—Zﬂl(UlVl)"'dG;(ul) Zﬂz(uzwz)

uw, ek, uw eEy WV eEy U,w,eE,
+ Zﬂz (W,u,) + dG; (v,) Zluz (W,u,)
W,u,eE, W,U, €E,

=dg, (Uy) +dg (UV,) + dG; (u)dg, (uy) +dg, (u,)+ dG; (v,)dg, (u,)
dGlth ((Uy,u,)(vy,u,))=2dg (u,)+dg (Uvy) + de; (u)dg, (u,) + de; (v,)dg, (U,) -
From (4.1), for any (u,, U, )(v,,V,) € E,when u,v, € E; and u,v, € E,,
Ao, e, (U3, Up) (1, V,)) = D o) At Uwy)+ D (Uwy) Aa, (U,)

U,W, €E, Uy =Wy uw; €Eq U, =W,

+ Z/Jl(ulwl)/\luz (uyw,) + Zal(vl) Ay (W,V, ) + ZM(lel) Ao, (V,)

W eE; uw, €E, W,V, By, Wy =Uy WiV eEq, W, =V,

+ Zzul(wlvl) Ay (W,V,) - 2( 24 >7</Jz)((u1’ u,)(v1,V,))

WV, B¢, WV, €E,

= Zﬂz (U,w,) + ZM(U1W1) + zluz (uyw,) + z,uz (W,v,) + Z/Jl(W1V1)

W, eV, wy eV W ek uw, B, W, eV, w; eVy

+ Zﬂz (W,V,) -2, (U,V,)

WV By, Wovp €E,

:dsz(uz)+del(ul)+ Zﬂz(uzwz)*'dez (V2)+del(V1)+ Zﬂz(wzvz)_zﬂz(uzvz)

uw eE W, eV, WV, €E; ,\W,eV,

= dez (u,) + dG2 (V) + del(u1) + del (vy)+ dG{ (u,) Zﬂz (u,w,) + dG{ (v,) Z.uz (W,V,) -2, (U,V,)

W, eV, W,eV,
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dGle2 ((uy,u,)(vy,v,)) = dcl (uy) + del (vy) + d(32 (Uyv,) + dG; (ul)d62 (uy) + dG{ (Vl)dGz (v,).

Theorem 4.8:
Let G, : (oy,44) and G, : (0,, 1,) be two regular fuzzy graphs of same degree with o, > 14,

o, > gy and gy >, Let Gy (V) E,) and G, : (V,,E,) be complete graphs. Then G, and G, are edge

regular fuzzy graphs of same degree if and only if G, xG, is an edge regular fuzzy graph.
4

Proof:
Let dg (U;) =dg (U,) =m,Vu, eV, &U, €V, , where M is a constant.

Given Gl* and G; are complete underlying crisp graphs.

Then edge set of underlying crisp graph of G,xG, is E ={(u;,u,)(v,,v,):u, =v,,u,v, €E, (or)
v

uv, € E,u, =v, (or) uyv, e E,uyv, €E,}.

Assume that G, and G, are k — edge regular fuzzy graphs, where K is a constant.

Then dg (U,v;) =dg (U,V,) =K, Vuy, € E &uU,v, €E,.

By theorem 4.7, when U, =Vv,,U,v, € E,,

Aoy, ((Us, Up) Uy, V,))=dg, (UyV,) +2dg, (Up) +d - (U)dg, (U) +de (U)dg, (V,) oo (4.2)
=k+2m+nm+nm
= K 2M(N, HD) e 4.3)

By theorem 4.7, when u, =V,,u,v, € E ,

Ao, e, (U U2) (V1,U))=d, (U;) +dg, (Upv) +d; (Uy)dg, (U) +dg, (U,) + A (), (Uy) ... (44)
=m+k+nm+m+nm

= K 2M(N, L) e, 4.5)
By theorem 4.7, for any (u,, U, )(v;,V,) € E, when u,v, € E; and u,v, € E,,

deljez ((uy,u,)(vy,v,)) = dcl (uy) + d61 (vy) + d(32 (Uyv,) + dG; (ul)d62 (uy) + dG; (Vl)d62 (Vy) ... (4.6)
=m+m+k+nmnm

S K AH2M(N, FL) o 4.7)
From (4.3), (4.5) & (4.7), G, >y<G2 is an edge regular fuzzy graph.

Conversely, assume that G, x G, is an edge regular fuzzy graph.
e

To prove that G, and G, are edge regular fuzzy graphs of same degree.
Let u,V,, W, X; € E; be any two edges of G,.Fix U €V,.
Then (u,,u)(vy,u) & (w;,u)(x,,u) € E, dGlez ((uy,u)(v,,u))= dGle2 (v, u)(x,,u)).
dg, (U)+dg (UVv,) + dG; (u)dg, (U)+dg, (u)+ dG{ (v;)dg, (u)
=dg (U)+dg (W X))+ dG; (W;)dg, (U) +dg, (u) + dG; (X,)dg, (U) (Using (4.4))

dg, (Uvy)+2m(n, +1) =dg (W, X;) +2m(n, +1)

dg (uvy)=dg (WX,), ¥V Uy, &wix, € E;.
. Gy is an edge regular fuzzy graph.

Similarly, G, is an edge regular fuzzy graph.
Now, to prove that G, and G, are edge regular fuzzy graphs of same degree.

DOI: 10.9790/5728-11437088 www.iosrjournals.org 84 | Page



Edge regular property of alpha product, beta product and gamma product of two fuzzy graphs

Suppose that G, is K, —edge regular fuzzy graph and G, is K, —edge regular fuzzy graph with k; # K, .

" dGlsz ((uy,u,)(Uy,v,))=dg, (U,v,) +2dg (uy) + de; (u)dg, (u,) + de (u)dg, (v,)  (Using (4.2))
| Ky 2N, 1) o “8)

“ o g, (U3, U;) (V1 U;)) =g, (Uy) +dg, (Upv) +d g (Uy)dg, (U) +dlg, (U) + i (v)de, ()

(Using (4.4))
=K H2M(N, HD) oo (4.9)

From (4.8) and (4.9), dg ¢, ((U;,U,)(U;,V,)) # deGz ((ug,uy)(v;,u,)), since k; =Kk, .
This is a contradiction to our assumption that G, xG, is an edge regular fuzzy graph.
e

Hence G, and G, are edge regular fuzzy graphs of same degree.

Theorem: 4.8
Let G,:(o,,4) and G, :(0,,4,) be two regular fuzzy graphs of same degree with

O, >y, 0,2y and g4 > p,. Let Gy :(V,E,) and G, :(V,,E,) be regular graphs of same degree
with [\/1| = [\/2| Then G,and G, are edge regular fuzzy graphs of same degree if and only if Gl>y<Gzis an
edge regular fuzzy graph.
Proof:
Let dG1 (uy) :dez (uy)=m, de{ (ul):dG; (Uy)=n, dgl* (U1)=d€£ (U)=p-n,
vu, €V, &u, €V,, where m,n &[\/1| :[\/2| = P are constants.
Assume that G, and G, are edge regular fuzzy graphs of same degree.
Then dg (U,v;) =dg, (U,V,) =K,Vuy, € E, &u,v, € E,, where Kis a constant.
By theorem 4.5, when U, =Vv;,U,v, € E,,
A, (U1 U;) (U, V2))=dg, (UV,) +dg () (dy: (Uy) +di (Vo) +2) + (P —1)(dg, (U,) +dg, (V,))
= ky+m(p—n+ p—-n+2)+(p-)(M+m)
S KA 2M 2P N e (4.10)
By theorem 4.5, when U, =V,,u,v, € E ,
A c, ((Uy,U;)(V1,U,))=dg, (Uvy) +2pdg, (Uy) +d. (Uy)(dg (Uy) +dg (W)
= ky+2pm+(p—n)(m+m)
S K 2M 2P ) L (4.11)
By theorem 4.5, when u,v; € E;,u,v, ¢ E,,
Gy, (U1, U) (V1 5)) =g, (U¥y) + g, (Up) + g, (V2) + d (U;)dg (Uy) +d; (v )dg, (V)

+(p _1)(d(32 (u,) + dc;2 (V)
=k+m+m+(p—-n)m+(p—n)m+(p-)(M+m)
S KA 2M 2P ) e, (4.12)
By theorem 4.5, when u,v; ¢ E;,u,v, € E, & uv, e Ej,u,v, € E,,
dGle2 (U, u,)(v,v,)) = dcl (u)+ del (V) + dg, (U,v,) + d@; (Uz)do1 () + dgz* (Vz)de1 (V1)

+(p _1)(d(32 (u,)+ dc;2 (V)
=m+m+k+(p—n)m+(p—n)m+(p-1)(m+m)
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= KA 2M(2 P o) o (4.13)
From (4.10), (4.11), (4.12) & (4.13), G, xG, is an edge regular fuzzy graph.
/4

Conversely, assume that G, x G, is an edge regular fuzzy graph.
7
To prove that G, and G, are edge regular fuzzy graphs of same degree.

Let U,V,, W, X; € E; be any two edges of G,.Fix U eV,.
Then (U, U)(v, U) & (i, u)(x;,u) € B, dg ., ((Uy,U)(Vy,U)) =dg 6, (W, u) (%, 1))
dg, (Uv;) +2pdg, (u) + d@; (u)(dG1 (u)+ dc;l (v,))
=dg, (Wyx,) +2pdg, (U) +dg: (U)(dg (W) +dg, (X))

dg, (Uvy)+2pm+(p—n)(m+m)=dg (W,X,) +2pm-+(p—n)(m+m)

dg, (Uv;)=dg (WX;), V UV, &wx € E;.
. Gy is an edge regular fuzzy graph.
Similarly, G, is an edge regular fuzzy graph.

Now, to prove that G, and G, are edge regular fuzzy graphs of same degree.
Suppose that G, is K, —edge regular fuzzy graph and G, is K, —edge regular fuzzy graph with k; # K, .

+ g, (U, U;)(Uy,V,)) =dg, (UpV,) +dg (Uy)(dg: (U,) +dg- (V) +2)
+(p-1)(dg, (u,) +dg (v,))

=Ky +2M(2P =) o (4.14)
w g, (U, U) (v, U,)) =dg, (UV,) +2pdg, (Uy) +de. (U,)(dg (Uy) +dg (V)
=K F2M(2P—N) e, (4.15)

From (4.14) and (4.15), dg .6, ((U;,U,) (U, V,)) # dg 6, ((U;,U,)(V;,U,)) , since K, =K, .
This is a contradiction to our assumption that G1 ><G2 is an edge regular fuzzy graph.
/4

Hence G, and G, are edge regular fuzzy graphs of same degree.

Theorem: 4.9
Let G, : (o, 44) and G, : (o,, 1,) be two fuzzy graphs with o, < x4, and let o, be a constant

function with o, (u) =c, for allueV,. Let G, : (V,,E;) and G, : (V,,E,) be regular underlying crisp
graphs of same degree with [\/1| = [\/2| .If G, isstrong, then G, xG, is an edge regular fuzzy graph.
4

Proof:
Given G, : (o, y) and G, : (0,, 1,) be two fuzzy graphs with o, < u, and o, is a constant function

with o, (U) =c, forallu eV, & G, and G, are regular underlying crisp graphs of same degree.

Since G, isstrong, 4 isa constant function.

Then by theorem 2.5, G, : (o7, £4,) is both regular and edge regular.

Thus dg (uvy) =k, dg (u) =m,d.(u) =dg. (u) =n, ds: (u) =dg. () =p—n,
Yu,Vv, €V, & U, eV,,where k,m,n &[\/1| :[\/2| = pare constants.

By theorem 4.6, for any (u,,u, )(v,,V,) € E,

Case 1: When U, =V, U,V, € E,,
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oo, (U U) (05, ,))= 2P0, (05) + €, (A (U,) + g, (V) (1) +1) — 20,
=2p,m+c,(n+n)(p—n+1)—2c,.

= 2[PoMANC (P =NHL) = C ] e (4.16)
Case 2: When U, =V, ,u,v, e E,,

deljez (U, uy)(vy,u,))= del (uyv,) + C1dG; (uy)@2+ dgl* (u)+ dg; (V1))

+(p2 _:I-)(dcs1 (ul) "'dGl (Vl)) :
=k+c,n2+p—-n+p-n)+(p, -H(M+m).
=2m-2c, +¢,n(2+ p—n+ p—n)+(p, —1)(m+m). (By definition of edge degree K =2m—2c,)
=2m-2c, +2c,n(l+ p—n)+2p,m—-2m.
= 2LP,MANC (P —NHL) = C ], (4.17)
Case 3: When u,v, e E;,u,v, ¢ E, & uv, e Ej,u,v, € E,,
G, (U1, U) (4,95 = i, (U3, + (P, ~D)(dg, () + g () + g (U) L+ - ()

+ CldG; (v,)@d+ dgl* ().
= k+(p, -D(m+m)+cn@+ p—-n)+c,nl+p—n).
= 2m—2c, +2p,m—2m+2c,n(1+ p—n). (By definition of edge degree k = 2m—2c;)
= 2[P,MANC (P =NHL) = C ] i (4.18)
Case 4: When u,v; ¢ E;,u,v, € E,,
Ao, (U, U2) (V1) V2)) = Po (do, (Uy) +d g, () +C,d g, (U;) L+ d . (U)

+C g (v,) A+ dg. (v))-2¢,.
= 2p,m+c,n(l+ p—n)+c,ndl+ p—-n)—2c,.
= 2LP,MANC (P —N+L) = C ] (4.19)

From (4.16), (4.17), (4.18) & (4.19), Gl sz is an edge regular fuzzy graph.
4

V.  Conclusion
In this paper, we have found a necessary and sufficient condition for alpha product and gamma product
of two fuzzy graphs to be edge regular fuzzy graph.
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