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ABSTRACT

In this paper, degree of an edge in cartesian product, composition and alpha product of two intuitionistic fuzzy graphs
are defined. Edge regular property of cartesian product, composition and alpha product of two intuitionistic fuzzy
graphs are discussed.

1. INTRODUCTION

Some operations on fuzzy graphs were introduced by John N. Modernson and Peng [4], R. Parvathi , M.G.
Karunambigai and K.T. Atanassov[10] introduced operations on intuitionistic fuzzy graphs. Operations on Regular
intuitionistic fuzzy graphs were studied by Ismail Mohaideen and et al., [3]. M.G. Karunambigai et.al.,[5] introduced
the concept of edge regular intuitionistic fuzzy graph. A. Nagoor Gani and B. Fathima Kani [6] introduced alpha
product in fuzzy graphs. S. Ravi Narayanan and S. Murugesan[12] discussed the properties of edge irregular
intuitionistic fuzzy graphs. S. Ravi Narayanan and S. Murugesan[13] introduced pseudo degree of a vertex, pseudo
total degree of a vertex in an intuuitionistic fuzzy graphs. These motivates us to discuss some properties of cartesian
product, composition and alpha product of edge regular intuitionistic fuzzy graphs.

Throughout this paper, the Graph G; takes the membership value ((u1, v1), (uo, v2)) and the Graph G, takes the
membership value (i, y1), (2, v2))

2. PRELIMINARIES
In this section we see the definitions related to fuzzy graphs and intuitionistic fuzzy graphs

Definition 2.1: [1] An intuitionistic fuzzy graph with an underlying set V is defined to be a pair G = (V, E) where
(1) V={vq, Vs, Va, ..., Vp}suchthat u;: V— [0, 1] and y,: V — [0, 1] denote the degree of membership and non
membership of the elementv; €V, (i=1,2,3,...,n), such that 0 <, (v;)+ y1(v;) <1
(if) E V=V where uo: VxV — [0, 1] and y,: V x V — [0, 1] are such that
pa(Vi, vy) < minfus(vi), a(vi)} and ya(vi, v) < max { y1(vi) , 1(vj) } and 0= uo(vi, vj)+ 72(vi, vj) < 1, for every (v;,
v)€eE (,j=1,2,...,n).

Definition 2.2: [4] Let G: (A,B) be an intuitionistic fuzzy graph on G'(V,E) .Then the degree of a vertex v;&G is
defined by d(vi) = (dus(vi), dy1(vi)),.where dus(vi) =Y ua(vi, Vi) and dyi(vi) =3 y2(Vi, V) , for (vi, vj) €E and p(vi, vj) = 0
and yg(Vi, Vj) =0 for (Vi ,Vj) &E.

Definition 2.3: [3] Let G : (A,B) be an intuitionistic fuzzy graph and let e;; € B be an edge of G. Then the degree of an
edge ej; is defined as d,(e;;) = d.(vi) + du(v;) — 2u2(ey) and d,(e) = d,(vi) + d,(v;) — 2y2(e;) and the edge degree of G is
d(e;;) = (d,(eqj), dy(ey))) -

Definition 2.4: [3] Let G : (A,B) be an intuitionistic fuzzy graph and let e;; € B be an edge of G. G is said to be edge
regular intuitionistic fuzzy graph if all the edges of G have the same degree.
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Definition 2.5: [5] Let Gy : (A1,By) and G, : (Az,B) Where A; = (uy, v1),B1 = (12, v2), Az = (ua, 1), Bo= (2, v2) be
two intuitionistic fuzzy graph on G : (V,E). Then the cartesian product of G; and G, is defined as G = G; x G, : (V,E)
where V = VxV, and E = {(ug, Up)(vy, Vo) : Uy =V & UV, EE, OF Uy =V, & Ugvy EEj} with

(g X ) (v X y1)) (g, uz) = {min(ug (uy), uy (uz)),max(yy (ug), v1(u2))}, for every (ug,u,) €€

(i X 1) (V2 X ¥2) ((ug, uz) (04, 1)) =
{min(uy (uy), uy (uz, v2)), max (v (W), vo(uz, 1))} uy = vy, u,v; € Ey

{min gy (up), pp (g, 1)), max (y; (Uz), v2 (g, 1))} Uz = v, U103 € E;
0 otherwise

Definition 2.5: [5] Let Gy : (A1,B,) and G, : (A2,B) where A; = (ug, v1),B1 = (12, v2), Az = (ua, 71), Bo= (n2', 72) be
two intuitionistic fuzzy graph on G : (V,E). Then the composition of two intuitionistic fuzzy graphs G; and G, is
defined as G = G10Gy: (V,E) where V = VixV, and E = {(Ul, Uz)(Vl, V2) U=V & UV, EEs;Or Uy =V, & gy EEl}
with

((u1 X ) (v1 X ¥1)) (ug, uz) = {min(uy (wy), i (u)),max(y; (uy), v1(u2))}, for every (uy,u;) €E

(2 X 1) (V2 X ¥2) (U, up) (1, 1)) = , '
{min(u; (W), 1z (uz, v2)), max (y4 (ug), v2 (U2, v2))} Uy = vy, U0 €,
{min(/,ti (uz), pz(uyg, v1)), max (V1 (u2), 72 (uq, v1))} Uy =V uiV; € Ey
{min(uy (uy), u1(v2), 1z (ug, v1)), max (v; (U5), ¥1(v2), v2(ug, v1))} Uz # V2, s vy € E;

Definition 2.5: [5] Let Gy : (04, 1) and G, : (a3, 4,) be two fuzzy graphs. Then the alpha product of two fuzzy graphs
G; and G, is denoted by G, X, G, and defined as

(01 Xg 02)(ug, up) = 01 (uy) A, (uy)

o1 (u) Az (uz, v2) Uy =V, U0, € E,

0 (uz)Apq (uq, v1) Uy = VUiV € Ey
1 (uq, v1)AG, (Up) Aoy (V) Uiy € Ep upv, € E;
thz (Uz, V) Aoy (uy)Aoy (v,)  UiVy € Ey,upv; € B

(U1 X ) (Uy, Uz) (V1,V2) =

2. EDGE REGULAR PROPERTY OF CARTESIAN PRODUCT OF INTUITIONISTIC FUZZY GRAPHS

In this section, degree of an edge in cartesian product of two intuitionistic fuzzy graphs is defined and we see about the
edge regular property of cartesian product of two intuitionistic fuzzy graph.

Degree of an edge

By definition for any((uy, u,), (v1,u,)) €E, we have

dg, xq, ((ul' uy), (vy, Vz)) = Ywywy) % (vy,v) (2 X 12) (V2 X ¥2) ((wq, uz) (W, w5))
+ X wywa) =g up) 2 X H2) (V2 X ¥2) (W1, o) (v1, v3))

If u; = vy, (uy,v,) €E,

dg,xc, ((ul' uy), (U, Uz)) = X wyw)=(wyuy) (2 X 12) (V2 X ¥2) (g, uz) (W, wy))
+ X wyw) = (ug ) (2 X 12) (V2 X ¥2) (W1, w2) (v1,u2))
= Yoy =wywy 2, (2 X 12) (V2 X ¥2) (g, uz) (ug, w5))
+ Yowy 2oy up=w, (2 X 12) (V2 X ¥2) (g, uz) (Wi, u5))
+ Y =ug wyru, (M2 X 12) (2 X ¥2) ((ug, w2) (U, v2))
+ Yowy #ugwy =, (M2 X 12) (V2 X ¥2) (W1, v2) (ug, 1))
= By 2wy wy o, (M (g (W), (uz, w3)), max (v (), v, (U2, w2 )}
+ ZW1$V1,u2=W2{min (uz (ug, wy), #i (uz)), max (y, (uq, wy), Vi (u2))}
+ Zw1=u1,w2 :cuz{min(lh (u), #é Wz, 1)), max (y1 (u), Vé (w2, v2))}
+ By g wy =, (MIN (1, (W, 1), 15 (1)), max (v, (wy, up), v1 (v2))}
= Zw2¢v2{min(ﬂ1 (wy), llrz (uz, w,)), max (y1 (uy), Vﬁ (uz, 7))}
+ Zwlevl{min (12 (ug, wy), iy (uz)), max (v (ug, wy), v (U2))}
+ Yy, tmin(uy (uy), 1y (W, 1)), max (y; (uy), ¥2(Wa, v2))}
+ Zwlevl{min (U2 (W, uq), lli (v2)), max (y,(wy, uq), Vi (v2))}
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Ifu, = v,, (uy,vy) €E;
dg, xq, ((ul' uy), (vy, uz)) = Y wywy)Ewyuy) (M2 X 12) (V2 X ¥2) ((wq, uz) (Wi, w3))
+ X wy wa)#(ugup) (M2 X 12) (V2 X ¥2) (W1, w2) (1, U2))
= Yy =w, (U2 X 12) (V2 X ¥2) (U1, uz) (ug, W)
+ Y, vy up=w, (2 X 12) (V2 X ¥2) (U1, uz) (We, uz))
+ Y, =v, (U2 X 12) (V2 X ¥2) (W1, u) (v1, u3))
+ Yy g wo=u, (M2 X 12) (V2 X ¥2) (W1, u) (v1, u3))
= Zulzwl{min(ﬂl (up), lié (uz, w5)), max (y1 (uy), Vﬁ (uz, 7))}
+ 2w1¢v1,u2:w2{min (1 (uy, wy), 1y (u2)), max (v, (ug, wy), v; (u2))}
+ Yy =w, tmin(uy (vy), ty (W2, uz)), max (v, (v1), ¥2 (W2, u5))}
+ 2w1¢u1,u2=w2{min (U2 (wy, vy), lii (u2)), max (v, (wy, vy), Vi (u2))}
= szevz{min(#l (u), #é (uz, wy)), max (y;(w), Vé (uz, w2))}
+ Zwlwl{min (uz (ug, wy), /«‘i (u2)), max (v, (uy, wy), Vi (u2))}
+ szevz{min(#l (v, #é (W, u3)), max (v, (vy), Vé (Wa,u2))}
+ By ey (N (1 (W, v1), 13 (1)), max (v, (wy, v1), v1 (u2))}

Theorem 2.1 Let G, and G, be two intuitionistic fuzzy graph such that p; > w5 , Y1< V4, 4y >ty , V1<V>
1. |If ((ul,uz), (uq, vz)) €E, then
dg,x6, ((ug,up), (ug,v,)) =2dg, (uy) +dg, (up, v3)
2. If ((ul,uz), (vl,uz)) €E, then
de,x 6, ((ug,up), (v1,up)) = dg, (uy, v1)+2dg, (uy)

Proof:
1. For any ((uy, uy), (uy,v,)) €E, we have
de,xc, ((ul' uz), (uy, Uz)) = Yw, v tmin(uy (uy), 1 (uz, w2)), max (y1 (uy), v, (uz, w2))}

+ Dwyer tmin (uz (uy, wy), 1y (1)), max (v (ug, wy), v1 (u2))}
+ w2, (M (g (Uy), (W, v3)), max (v, (wy), v, (W, v2))}
+ Twer {min (U (W, ug), (1)), max (y2 (wy, wy), v1 (v2))}
= Dy v, (2 (Uzy W2)), V2 (g, W2) )+ B vy (12 (g, wi) , ¥ (g, w1))
+ Ty ruy (2 (W2, 12)), 2 (W2, V2))+ 2w, evy (Mo (W1, 1), ¥2 (W, 1))

dg,xc, ((ul: uy), (uy, Uz)) =2dg, (uy) +dg, (uz, v3)

2. Forany ((uy,up), (vy,u,)) €EE, we have
dg,x6, ((ul' uy), (vy, uz)) = sz e, {min(p, (), 1 (U, W), max (v; (ug), v (U2, w2))}
+ Y, v, imin (pp (ug, wy), p1(U)), max (v (ug, we), 1 (u2))}
+ Yw,evimin(py (vy), 1y (Wa, u3)), max (y1(v1), ¥2(Wa, u))}
+ By ey (N (1 (W, v1), 13 (1)), max (v, (wy, v1), ¥4 (u2))}
= Ywev, (1 (uz, W), V2 (U, W)+ 2w, 2o, (U2 (Ug, W1) , ¥2 (ug, wy)
+ Ywev, (W2, u2)), V2 (Wa, U)X, 2wy (U2 (W1, V1), V2 (W, 11))

dg,xc, ((ul: uy), (vg, uz)) =dg, (U, v1)+2dg, (u,)

Theorem 2.2: Let G, and G, be two intuitionistic fuzzy graph such that u; > py , Y1< 5, 11 Stz V1<V2, 1 (W) = ¢5,
y.(u) = ¢, forallu eV. Then
1. For ((ul,uz), (uq, vz)) €E, then
d(;1><c2 ((ul' uy), (uy, Uz)) = 2d61 (uy) + (c1,¢2) (dé‘;z (uz)+ dZ‘Z (v2) -2)
2. For ((ul,uz), (vl,uz)) €E, then
dg,xc, ((ul' uy), (vy, uz)): dg, (uy, v1)+2(cq, ¢2) (dg, (u2))

Proof: 1. For any ((uy,u,), (uy,v,)) €E, we have

dg, %6, ((ul' uy), (uy, Uz)) = ZWZ;:vz{min(ul (), (U, w2)), max (v; (uy), ¥ (U2, w2))}
+ Y ev, imin (up (ug, wy), t1(u2)), max (v, (ug, i), v1 (u2))}
+ szxuz{min(ﬂl (u1), /i,z (w3, 1)), max (v, (wy), Vé (W, v2))}
+ Zwlevl{min (U2 (wy, uy), #i (v2)), max (yo(wy,uy), Vi (v2))}

=X Wo %y (g (up), 1 (u )+ Zw1¢v1 (uz (ug, wy),v2(ug, wy))
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+ Yy, (g (1), Y1 (W )) 2w, 2, (U2 (W1, uq), V2 (W, uq))

= X wyv, (€1 ) F Dy ev, (2 (g, wi), ¥2 (Ug, We))

+3 WaZuy (c1, Cz)"'z:wlev1 (U2 (W, uq), 2 (Wy,uy))

= (€1, ¢2) (dé‘;z (uz)-1)+ d(;1 (uq) + (c1, 62)( (dé‘;z (v2)-1)+ d61 (u)

d(;1><c2 ((ul' uy), (g, Uz)) = 2d61 (uy) + (c1,¢2) (dé‘;z (uz)+ d;;z (v2) -2)

2. For any ((uy,up), (v1,u,)) €E, we have

dg, %6, ((ul' uy), (vy, uz)) = szevz{min(lh (), (U, w5)), max (v; (ug), ¥ (U2, w2))}
+ Zwlwl{min (uz (ug, wy), lli (u2)), max (v, (uy, wy), Vi (u2))}
+ szevz{min(#l (v, #é (W, uz)), max (v, (vy), Vé (Wa,u2))}
+ By ey (N (1 (W, v1), 13 (1)), max (v, (wy, v1), ¥4 (u2))}
= X woevy (U (uy), 1 (U))+ X, 2w, (2 (g, wi), v2 (Ug, we))
+ Ywyer, (e (W), v W)+ 20 20, (2 (We, v1), Y2 (W1, 1)
=Y wen, (€1, )+ dg, (U, V) +X w,er, (€1, C2)
=dg, (uy, v1)+ 2 (1, ¢3) (dg, (u2))

dg, %6, ((ul' uy), (vy, uz)) = dg, (ug, v1)+2(cy, ¢3) (dg, (u2))

Remark 2.3: If G; and G, are two edge regular intuitionistic fuzzy graph, then G;xG, need not be edge regular
intuitionistic fuzzy graph.

Remark 2.4: If GxG, is an edge regular intuitionistic fuzzy graph, then G; and G, need not be edge regular
intuitionistic fuzzy graph

Theorem 2.5: Let G1:(A1,B;) and G, :(A,,B5) be two regular intuitionistic fuzzy graph of same degree on G;": (V,E)
and G,": (V,E)such that u; > u1 , y1< v,. Then G, and G, are edge regular intuitionistic fuzzy graph of same degree if
and only if GyxG, is an edge regular intuitionistic fuzzy graph.

Proof: Let G; and G, be two regular intuitionistic fuzzy graph of degree (c,, ¢,). Then
dg, (uy) = dg, (up) = (Cy, Cy), for all uy € Vi, u; € Vo

Assume that G; and G, are (ky, ky)-edge regular intuitionistic fuzzy graph. Then
dGl (ul, Ul) :dGZ (uz,vz) = (kl, kz), for all (Ul, Vl) € E;,, (Uz, V2) € E,.

By theorem 2.1 we have for any ((uy, u,), (v4,v,)) € E,

When U, = vq, (uz, Uz) EEZ
dg,x6, ((ul.uz), (u1,vz)) =2dg, (uy) + dg, (uy, v3) = 2(Cy, C2) + (Ky, k2)

When uz = vz, (ul, vl) EEl
dGlez ((ull uZ)l (vll uz)) = 2dG2 (uZ) + d61 (ull vl) = Z(Cl! CZ) + (kl! k2)

Hence G; x G, is an edge regular intuitionistic fuzzy graph.

Conversely suppose G; x G; is an edge regular intuitionistic fuzzy graph.

Let (uy, V1), (Wi, X1) € E; be two edges of G and let u, € V. Then ((uy, u,), (v3,u3)), ((wy, up), (x1,u,)) € E

Also dg,xc, ((up u,), (vy, uz)) =dg 6, ((Wl' uy), (x4, uz))
dg, (uy, v1) +2dg,(uz) =dg,(wy,x;) +2dg, (uy)
dg, (ug,v1) +2(Cy, C2) = dg, (Wy, x1) + 2(Cy, ).
dg, (uy,v1) =dg, (wy,x;)

So, G; is an edge regular intuitionistic fuzzy graph.

Similarly G, is an edge regular intuitionistic fuzzy graph.

Now, suppose that G; is (s3, Sp)-edge regular intuitionistic fuzzy graph and G, is (Ss, S4)-edge regular intuitionistic fuzzy
graph with (S, S5) # (S3, Sa)
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Then dg, ¢, ((up Uy), (u1’172)) =2dg,(uy) +dg,(up,v;) = 2(C1, C3) + (S3, Sa).
Also dg, xg, ((ul, uy), (vg, uz)) =2dg,(up) +dg, (ug,v1) = 2(Cy, C2) + (51, 52)

So, dalxaz((ul'uz),(ul'vz)) ¢dalxaz((u1'uz). (vpuz))

which is a contradiction to G; x G, is an edge regular intuitionistic fuzzy graph. Hence G; and G, are edge regular
intuitionistic fuzzy graph of same degree.

Theorem 2.6: Let G1:(A,B,) and G, :(A,,B,) be two intuitionistic fuzzy graphs such that G, : (V,E) and G, : (V,E) are
regular graphs with u; > u, , y1<¥, and By is constant function. Then GyxG;, is an edge regular intuitionistic fuzzy
graph.

Proof: Let G, and G, be two regular intuitionistic fuzzy graph on regular graph and By(u, v) = (¢4, C;). Then G; is both
regular and edge regular intuitionistic fuzzy graph.

Let dg, (uy,v1) = (ki ko) and dg, (uq) = (M, my), dg, (u,) = n, for all uy, vy €Vy ,u; € Vs

Case-(i): When u; = vy, (u,, v,) €E,, by theorem 2.2,
dg, xq, ((ul' Uy), (ulrvz)) =2dg, (uy) + (Cy, Cz)(d;;z (up) +dg, (v2) — 2)
=2(mg,my) + (¢, C)(N+n—2)
=2((my,my) + (c1, ¢2)(n — 1))

Case-(ii): When u, = v,, (uy,v,) €E;
dg, %6, ((ul' uy), (vy, uz)) = dg, (ug,v1) + 2(cy, C2) dg, (u2)
= (ky, ko) +2(cy, c2)n
= 2(myg,m,) — 2(Cy, Cz) + 2(Cy, C2)N
= 2((mg,my) + (4, C2)(n — 1)).

Hence G; x G, is an edge regular intuitionistic fuzzy graph.

Corollary 2.7: Let G; and G, be two intuitionistic fuzzy graph with u, < pu,, ¥,> y, and A, is a constant function with
Aq(u) = (cq, C,) forall u € V. Let G, and G, be two regular graphs. If G, is strong, then G; x G, is an edge regular
intuitionistic fuzzy graph.

Proof: Let A;(u) = (cy, Cp) for all u € V;. Since G is strong, we have B;(uv) = (c,, ¢p) for all (u, v) € E;. Also given
w < Uy, ¥1> ¥, Hence by theorem 2.6, the result follows.

Theorem 2.8: Let G;: (A, B1) and G, :(A,,B,) be two intuitionistic fuzzy graphs such that G,: (V, E) and G, (V, E)
are regular graphs with u, > u,, y,<y, and B, is constant function. Then G;xG, is an edge regular intuitionistic fuzzy
graph.

Proof: Proof is similar to Theorem 2.6

Corollary 2.9: Let G; and G, be two intuitionistic fuzzy graph with u; > u,, ¥,< y, and A, is a constant function with
Ay(u) = (cq, C,) for all u € V,. Let G, and G, be two regular graphs. If G, is strong, then G; x G, is an edge regular
intuitionistic fuzzy graph.

Proof: Let Ay(u) = (¢4, ¢,) for all u € V,. Since G, is strong, we have B,(uv) = (c,, C,), for all (u, v) € E. Also given
Uy > 1y , 1< ¥, Hence by theorem 2.8, the result follows.

3. EDGE REGULAR PROPERTY OF COMPOSITION OF INTUITIONISTIC FUZZY GRAPHS

In this section, degree of an edge in composition product of two intuitionistic fuzzy graphs is defined and we see about
the edge regular property of composition product of two intuitionistic fuzzy graph.

Degree of an edge
By definition for any ((ug,uz)(v1V,)) €E, we have

dGloGZ ((ul' uy), (g, Uz)) = Z(Wl,wz)i(vl,vz)(ﬂz o pz)(yz © Vﬁ)((up uy), (wy, Wz))
+ Z(wl,wz)::(ul,uz)(,uz ° ﬂé)(}’z ° yé)((wl' WZ)' (Vll Uz))
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If u;=vy, Uy # v, then

dGloGZ ((ul' uy), (uy, Uz)) = Z(wl,w2)==(u1,v2)(/i2 o) (yz 0 Vﬁ)((up Uuy), (wy, Wz))

If uy # vy, Uy = v, then

+ X wywp)=(ugup) M2 © U2) (V2 © Vé)((Wl' w,), (vy, 172))

= Zw2¢v2,w2uzeEz{min(#1 (u1), pz (uy, Wz)) , max(]q (u1), v2(uy, Wz))}

+ Zw2=u2,u1W16E1{min(#2 (ug, wi), 1y (uz)) , max(y2 (ug, w1), 71 (uz))}

+ sz U U W eEl{min(ﬂz (ug, wy), uy (uz), uy (Wz)) , max(]/z (ug, w1), 71 (U2), v1 (Wz))}
+ szztuz,wzvzeEz{min(,ul (uy), up(wy, Vz)) ) maX(V1 (1), y2(ws, Vz))}

+ Zw2=vz,w1u1€E1{min (#2 (W, up), uq (Vz)) , max(y2 (w1, u1), 71 (Vz))}

+ sz #5uwy €E; UTIN (.“2 (ug, wy), 1y (W), g (Uz)) ) max(]/z (ug, w1), v1(W2), ¥4 (172))}

dGloGZ ((ul' uy), (vg, uz)) = Z(wl,w2)==(v1,u2)(/i2 o ux)(yz 0 Vﬁ)((up Uuy), (wy, Wz))

If Ul;t vy, U ;t \'/] then

+ X wywp)=(ugup) M2 © U2) (V2 © Vé)((Wl' w,), (vy, 172))

= Zu1=w1,w2uZEEz{min(#1 (uy), pz(uy, Wz)) , maX(V1 (u1), v2(uy, Wz))}

+ Zw2=u2,w1uleE1{min(ﬂ2 (ug, wi), g (uz)) , max(y2 (ug, w1), 71 (uz))}

+ sz Uy, Uy Wy eEl{min(ﬂz (uqg, wy), 3 (u), g (Wz)) ) max(]/z (ug, w1),v1 (W), v1 (Wz))}
+ Yo =wywauy EEZ{min(ﬂ1 (1), 1z (W, uz)) ) maX(V1 (v1), y2(wy, uz))}

+ szzuz,wlvleEl{min(#z (W, v1), g (uz)) ) max(yz W, v1), 71 (uz))}

+ sz ¢u2,w1v1€E1{min (.“2 (w1, v1), 11 (Wo), g (uz)) , max(]/z (w1, 1), v1(W2), v1 (uz))}

dGloGZ ((ul' uy), (vg, Vz)) = Z(wl,wz)x(vl,uz)(#z o ux)(y2 © Vé)((uy uy), (wy, Wz))

+ X wywp)=(ugup) M2 © U2) (V2 © Vé)((Wl' w,), (vy, 172))

= Zu1=w1,w2uZEEz{min(#1 (uy), pz(uy, Wz)) , maX(V1 (u1), v2(uy, Wz))}

+ szzuz,wluleEl{min(llz (uqg, we), 1y (uz)) ) maX(Vz (ug, W), 1 (uz))}

+ sz U U W eEl{min(ﬂz (ug, wy), uy (uz), uy (Wz)) , max(]/z (ug, w1), 71 (U2), v1 (Wz))}
+ Zu1=w1,w2v2e52{min(/i1 (v1), uz(ws, Uz)) ) maX(V1 (v1), y2(wy, Uz))}

+ szzvz,wlvleEl{min(ﬂz (W1, v1), g (172)) ) maX(Vz W1, v1), 71 (vz))}

+ szxuz,wlvleEl{min(/iz (w1, v1), 11 (W2), iy (Vz)) , max(yz w1, v1), v1(w2), v1 (Uz))}

Theorem 3.1: Let G, and G, be two intuitionistic fuzzy graph such that p; > iy, ¥1< ¥4, 4y >t , ¥1<Y>, then
a) dg,.q, ((ul' uy), (uy, vz)) = 2p,dg, (uy) + dg, (uz, v2)
b) dGloGZ ((ul' uy), (Ul'uz)) = d(;1 (uq,v1) + ch;z (uz) + (p2 — 1)(d61 (u) + d61 (v)
Q) dyec, (s Uz), (01, v2)) = dg, (1) + (0 = 1) (do, (uy) + dg, (1)) + d, () + d, (v,)

Proof:

a) dalcaz ((ul' uy), (U, Uz)) = Zw2¢v2,u2wzeE2{min(.u1 (uy), pz (uy, Wz)) , max(]q (u1), v2(uy, Wz))}

+ Zw2=u2,u1w16E1{min(#2 (ug, wi), 1y (uz)) , max(y2 (ug, w1), 71 (uz))}

+ sz Uy, Uy Wy eEl{min(ﬂz (uqg, wy), 1 (u), g (Wz)) ) max(]/z (ug, w1),v1 (W), v1 (Wz))}
+ Zw2¢u2,w2vzeEz{min(#1 (uy), up(wy, 172)) , max(]/1 (u1), y2 (W, Vz))}

+ Zw2=vz,w1u1€E1{min (#2 (W, ug), iy (Vz)) , max(y2 (w1, up), 71 (Vz))}

+ sz #05uwy €E; UTIN (.“2 (ug, wy), 3 (W), g (Uz)) ) max(]/z (ug, w1), v1(W2), ¥4 (172))}
= szacvz,uzwzeEz{lié (uz, w2), 2 (uz, Wz)}"'sz:uz,ulwleEl{llz (ug, w1, v2(ug, wi)}

+ szzcuz,ulwleE1 [V = {uz}{pz (ug, wy), v2 (ug, wyi)}

+ szstuz,wzvzeEz{:u,Z (W2, 1), 72 (W, vz)}+2w2=vz,w1u1€E1{ po (W, u), v, (W, ug)}

+ szscuz,ulwleE1 [V — {v2}[{uz (uy, wi), v2 (ug, wi)}

= szstvz,uzwzeEz{:u,Z (uz, W2), V2 (ug, wp)} + sz ¢u2,w2VZEE2{#é (W2, 12), 72 (Wa, )}

+ d(;1 (uy) + (pz — 1)d(;1 (u)+ d61 (up+ (p2 — 1)d61 (uq)

daloaz((upuz). (uyg, 172)) = 2p,dg, (uy) + dg, (U, v2)

b) d61062 ((ull uy), (vy, uz)) = Zu1=w1,w2u2652{min(#1 (u1), pa(uy, Wz)) , maX(V1 (u1), v2(uy, Wz))}

+ szzuz,wluleEl{min(llz (uq, we), 1y (uz)) , maX(Vz (ug, w1, v1 (uz))}
+ szsr:uz,ulw1 EEl{min(ﬂz (ug, wi), uy (up), g (Wz)) , maX(Vz (ug, w1), 71 (U2), 71 (Wz))}
+ Zu1=w1,w2u2 EEZ{min(ﬂ1 (1), 1z (W, uz)) , maX(V1 (v1), y2(wy, uz))}
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+ Zw2=u2,w1v1€E1{min(,u2 (w1, v1), 41 (uz)) , max(y2 (w1, v1), 71 (uz))}

+ sz ¢u2,w1v1eE1{min (#2 (w1, v1), 11 (W2), iy (uz)) , max(yz (w1, v1), v1(W2), 71 (uz))}
= Yyt (U, w2), ¥2 (Ug, Wo) 320 ev, (o (ug, Wi ), v2 (ug, wi )}

+{V = {u,} Zwlevl{/iz (ug, w1),v2(uqg, wi)}

+ Y, ev, iy (Wa, Up), V2 (Wa, ) 1+ X, =0y wywg e, L2 (W1, 1), V2 (W, v1)}

+{V = {u,} Zwlev1 {uz (Wi, v1), 72wy, v1)}

dg, o, ((ug,up), (v1,up)) = dg, (uy, v1) + 2dg, (uz) + (p2 — D (dg, (uy) + dg, (v1))

c) dGloGZ ((ul' uy), (vy, Vz)) = Zu1=w1,w2u2652{min(#1 (u1), pa(uy, Wz)) , maX(V1 (u1), v2(uy, Wz))}
+ szzuz,wluleEl{min(llz (uq, we), 1y (uz)) , maX(Vz (ug, W), 1 (uz))}
+ sz Uy, Uy Wy eEl{min(ﬂz (uqg, wy), 1 (u), g (Wz)) ) max(]/z (ug, w1),v1 (W), v1 (Wz))}
+ Zu1=w1,w2v2€E2{min(,u1 (v1), uz (W, Uz)) ) maX(V1 (v1), y2(wy, Uz))}
+ szzvz,wlvleEl{min(ﬂz (W1, v1), g (172)) , maX(Vz W1, v1), 71 (vz))}
+ sz :cvz,wlvleEl{min(#z (w1, v1), iy (W2), g (vz)) , max(yz (w1, v1), v1(W2), v1 (Uz))}
= Y ev, itz (U, W2), V2 (Uz, Wo) H X, ev, (o (ug, we), 2 (ug, wi)}
+ sz Uy U W eEl{min(ﬂz (ug, wi), ug (up), g (Wz)) , max(yz (ug, w1), 71 (U2), 71 (Wz))}
= (12 (ug, v1), 2 (ug, v1))
+ Y, ity (Wa, 12), V2 (Wo, V)34 2w, vy wyng ey L 2 (W1, U1), V2 (Wy, v1) )
+ sz #U,,W1v1€EEy {min(uz (wy, 1), s (W2), g (Uz)) , max(]/z (w1, 1), v1(W2), 71 (vz))}
—(u2(uy, v1), 72 (ug, v1))

dcioc;z((upuz)' (v1,v,)) = dg,(up,v) + (2 — 1) (d61 (u) + d61(171)) +dg, (uy) + dg,(v;)

Remark 3.2: If G; and G, are two edge regular intuitionistic fuzzy graph, then G;oG, need not be edge regular
intuitionistic fuzzy graph.

Remark 3.3: If G;oG, is an edge regular intuitionistic fuzzy graph, then G; and G, need not be edge regular
intuitionistic fuzzy graph

Theorem 3.4: Let G:(A;,B,) and G, :(Az,B,) be two regular intuitionistic fuzzy graph of same degree on G, : (V,E)
and G,": (V,E) such that u; >y , ¥1< ¥4, s >, V1<V, Then G, and G, are edge regular intuitionistic fuzzy graph of
same degree if and only if G;0G; is an edge regular intuitionistic fuzzy graph.

Proof: Let dg, () = dg, (uz) = (K, ko), for all u; € Vy, u; € V; and (ky, ko) is a constant.

Assume that G; and G, are (cy, C,)- edge regular intuitionistic fuzzy graph. Then,
dg, (ug, v1) = dg, (uz, v;) = (Cy, C2), for all (uy, vi) € Ey, (Up, V) € Es.

When u; = vy, (Uy, V2) € E; we have
dg,.c, ((ul' uy), (g, Uz)) =2p,dg, (ug)+ dg, (Uz, v3) = 2Pa(Ky, Ko)+(Cy, C2).

When u, = v,, (uy, V1) € E; we have,
dg,oc, ((ul' uy), (vy, uz)) =2dg,(up) + dg, (ug, v1) + (P2 = 1)(dg, (u)+ dg, (v1))
= (Cy, C2) + 2(Ky, ko) + (p2 = 1)((ky, ko) + (K, k2))
= (Cy, C2) + 2pa(ky, ko).

When (uy, v;) € Ey, (uy, V2) € E, we have
dg,oc, ((ul' uy), (vy, 172)) =dg, (uy,v1) +(p2—1)(dg, (W) + dg,(v1))+ dg, (uz) +dg,(v2)
= (Cy, C2) + 2pa(ky, ko).

Hence G; ° G, is an edge regular intuitionistic fuzzy graph.
Conversely assume that G; <G, is an edge regular intuitionistic fuzzy graph.

Let (ug, V1), (W, X;) € E; be two edges of G; and let u € V,. Then ((ug, u), (vy, u)), ((wy, u), (X1, u)) € E.
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So, dg,ec, ((ull w), (vy, u)) =dg,.c, ((Wp w), (x4, u))
= dg, (ug, 1)+ 2dg, (W) + (P2 — D)(dg, (wy) + dg, (V1)) = dg, Wy, x1)+2d g, (W) +(p2-1)(dg, (W1) + dg, (x1))
= dg, (uy, v1) + (P2 = 1)(2(ky, ko)) = dg, (W1, x1) + (P2 — 1)(2(Ky, k2))
= dg, (uy,v1) = dg, (W, 1)

Hence G; is an edge regular intuitionistic fuzzy graph.
Similarly G, is an edge regular intuitionistic fuzzy graph.

Now, suppose that G; is (s, S2)-edge regular intuitionistic fuzzy graph and G, is (S3, S4)-edge regular intuitionistic fuzzy
graph with (s, s) # (S3, Sa)
Then dg, ., ((ul' uy), (Uy, Uz)) =2p,dg, (uy) + dg, (uz, v3)

= 2p,(k1, K2) + (S3, Sa)-

Also, daloaz((upuz), (Vl'uz)) =dg, (wy, v1)+2d g, (uz) +(p2-1)(dg, (wy) + dg, (v1))
= (81, S2)+2(K1, K2)+(p2—1) (K1, k2)+ (K1, k2))
= (81, S2) + 2pa(Ky, k)

So, d61o62 ((ul' uy), (uy, Uz)) # dclocz ((up uy), (vy, uz))

which is a contradiction to G; ° G, is an edge regular intuitionistic fuzzy graph. Hence G; and G, are edge regular
intuitionistic fuzzy graph of same degree.

4. EDGE REGULAR PROPERTY OF ALPHA PRODUCT OF INTUITIONISTIC FUZZY GRAPHS
In this section, we see about the edge regular property of alpha product of two intuitionistic fuzzy graph.

Definition 4.1: Let G; : (A1,B;) and G, : (A;,B,) where A; = (uq,¥1), B1 = (Uz,¥2), A2 = (1, ¥1), B2 = (3, v,) be two
intuitionistic fuzzy graph on G*(V,E) Where V = V; x V, and E = {(uy, Up)(V1, V) : Uy =V, UV, € E, OF Uy = Wy, UgVy €
E; or uyvy € Eg, UV, € E, Or ugv; € Eg, UV, € Eo}. Then the alpha product of G, and G, is defined as

G1 %4 Go = {((11 *a 11)( V1 %a V1) (2 %o M2 )(¥2 Xa V2 )}
where

(11 %o Ill) (71 % V1:))(U1, Uz) = {min(uy (uy), 13 (u2)), max(yy (uy), ¥4 (u2))}
(2 %o t2) (V2 X ¥2 ) ((Ug, U2)(V1, V2))
( (min(u (W), pz(uz, v2)), max (v (uy), vz (uz, v2))} Uy = VU, € B,
— {(min (1 (up), gz (ug, v1)), max(y1(uz), 2 (uy, v1))} Uy =V, Uy € Ey
{min(,uz (uy, v1), g (uy), Mi(”z)) ymax (Y2 (ug, v1),v1(W2), v1(v2))}  uyvy € Eq,upv, € E,
k {min(uz(uz, v2), g (W), s (v1))max vz (uz, v2), v1(ur), v1(v1))}  wvy € Eq,u,v, €E,

Degree of an edge

A6, %06, (U1, U2), (V1,12)) = Xugug),(wiwa)yer (M2 Xo H2) (V2 Xo ¥2) (U, Uz), (Wi, W)
+ Z(wl,wz),(vl,vz))eE (#2 X ﬂé)(yz X yé)(wl' WZ)' (V1: Uz))
- 2(Uy Xoc H) (V2 X Yé)((ul' uy), (v, 172))
= Zu1=w1,u2w2 EEZ{min(lh (), 13 (up, W), max (y1(uy), v2 (uz, we))}
+ Zu2=w2,u1w16E1{min (1 (u), pz (ug, wy)), max (v (uz), v2 (ug, wi))}
+ ZulwleEl,uzwz ¢E; {min (uy (ug, wy), w3 (uz), 1y (W), max (v, (ug, wi), v1 (U2), 1 (w2))}
+ ZulwleEl,uzwzeEz{min {uz (uz, wo), iy (ug), iy (Wy))max (v; (uz, w), v1 (ug), v1(wi))}
+ Yoy =wy wpwa ek, iMIN (g (V1), Uz (2, W), max (v (v1), ¥2(v2, w2))}
+ Zv2=w2,v1w16E1{min (U1 (v2), o (v, wy)), max (y1(v2), v2(v1, wi))}
+ Zwlv1 €E1,Wovy EEZ{min (2 (W, v1), iy (Wo), p1 (2)), max (v, (wy, v1), 1 (W2), v1(v2))}
+ ZwlvleEl,wzvzeEz{min {1z Wz, v2), s (We), py (v))max (y2 (W, v2), 1 (W), v1(v1))}
- 2(pp Xo t) (V2 Xo Vﬁ)((ul'uz). (vy, vz))

Remark 4.2: If G; and G, are two edge regular intuitionistic fuzzy graphs, then G;x, G, need not be edge regular
intuitionistic fuzzy graph.

Remark 4.3: If Gyx, G, is an edge regular intuitionistic fuzzy graph, then G; and G, need not be edge regular
intuitionistic fuzzy graph
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Theorem 4.4: Let G;:(A1,B1) and G, :(A,,B,) be two intuitionistic fuzzy graphs such that G;": (V,E) and G,": (V,E) are
complete graphs. SUPPOSE 1y > [y, V1< Va2, H1 ZHa, Y1<V2, Then for any (uy, u,), (vy,v,) €E

1. Whenu; = vy, UV € By, dg, x 6, ((ug,up), (v, 1)) = dg, (uz, v2)+2 dg, (uq)

2. When u; =V,, Uv; € By, dg, x 6, ((ul' uy), (vy, 172)) =dg, (U, v1)*+2dg, (uz)

Proof: 1. By definition for any ((uy,u,), (v4,v,)) €E
A6, %06, (U1, U2), (V1,12)) = Xugug),(wiwa)yer (M2 Xo H2) (V2 Xo ¥2) (U, Uz), (Wi, W)

+ Z(wl,wz),(vl,vz))eE (#2 X ﬂé)(yz X yé)(wl' WZ)' (V1: Uz))
-2(y Xo f2) (V2 X« Yé)((ul' uy), (vy, 172))
= Zu1=w1,u2w2 EEZ{min(lh (), 13 (up, wy)), max (y1(uy), vz (uz, we))}
+ Zu2=w2,u1w16E1{min (1 (u), pz (ug, wy)), max (v (uz), v2 (ug, wi))}
+ ZulwleEl,uzwz ¢E; {min (uy (uy, wy), w3 (uz), i (W), max (v, (ug, wi), v1 (u2), 1 (wz))}
+ ZulwleEl,uzwzeEz{min {uz (uz, wo), iy (ug), iy (Wy))max (v; (uz, w), v1 (ug), v1(wi))}
+ Yoty 2wy wpwa ek, iMIN (g (v1), Uz (2, W), max (v (v1), Y2 (v2, w2))}
+ Zv2=w2,v1w16E1{min (U1 (v2), 2 (v, w1)), max (y1(v2), v2 (v, wi))}
+ Zwlvl €E1,Wa; eEz{min (2 (W1, v1), iy (W2), i (v2)), max (v, (wy, v1), 1 (W2), ¥1 (v2))}
+ Zwlvl @E1,Wov, EEz{min {uz Wy, v2), s (W), g (vy))max (v, (Wo, v2), v1 (We), v1 (v1))}
- 2(Uy Xo t) (V2 Xo Vﬁ)((ul'uz). (vy, vz))

Given G,” and G, are complete graphs. So the edge set is given by
E={ (wy, uz), (v1, v2)iuy = wy, upv; € E; Orup = wy, wy vy € E}

dclxacz ((ug, up), (ug, 1)) = Zu1=w1,u2w2 EEZ{min(lh (), 13 (uz, W), max (y1(uy), v2(uz, w2))}
+ Yy =wpugwyer, AMIN (U1 (U2), pp (uy, wy)), max (v (uz), v2 (ug, wi))}
+ Yoty =wy wpwa ek, iMIN (g (v1), Uz (W2, v2)), max (v, (v1), Y2 (W2, v2))}
+ Zv2=w2,v1w16E1{min (U1 (v2), 2 (v1, w1)), max (y1(v2), v2 (v, wi))}
- 2(uz Xo 1) (V2 %o ¥2) (g, Uz), (01, )
= ZuzwzeEZ{”lz (uz, w2), v2(uy, WZ)}+Zu1W1€E1{ o (ug, wy), v2(ug, wy)}
+ szvz eEz{lllz (W2, 12), ¥, (W, vz)}+2w1v1€E1{ to (W1, 1), Y2 (Wy, v1)}
== 2(z (Uz, v2), V2 (Uz, 12))
= ZuzwzeEz{ﬂé (uz, wy), v2(uz, wy)} + ZWZVZEEZ{#é (W2, 12),72(Wa, 1)}
- 21z (Up, v2), V2 (U, v2))+dg, (ug)+ dg, (U4)

A6y x 6, (U1, U2), (Ug, 12)) = dg, (Up, v2)+2 dg, (Uy).

Proof of (2) is similar to (1).

Theorem 4.5: Let G;:(A,By) and G, :(A,, B,) be two regular intuitionistic fuzzy graph of same degree on G, : (V, E)
and G,": (V, E) such that p; >y, y1< ¥4, s >l , ¥1<¥, Then G, and G, are edge regular intuitionistic fuzzy graph of
same degree if and only if G;x,G, is an edge regular intuitionistic fuzzy graph.

Proof: Let dg, (w;) = dg, (u,) = (Mg, my), for all u; € V4, u; € V, and (ky, ky) is a constant.

Assume that G; and G, are (ky, ky)- edge regular intuitionistic fuzzy graph. Then,
dg, (uy, v1) = dg, (uz, v7) = (Ky, ky), for all (ug, vi) € Ey, (Up, V2) € Ey.

When u; = vy, (Uy, V2) € E; we have
dalxaaz ((ul'uz), (u1,vz)) = daz (uz,v;) +2d(;1 (u1)= (Ka, ko)+ 2 (myg, my).

When u, = v,, (uy, V1) € E; we have,
dclxacz ((u1. Uy), (171,“2)) = ch;z (uz) + d61 (ug, v1)=(Ky, ko)+ 2 (Mg, my).

Hence G; X, G, is an edge regular intuitionistic fuzzy graph.
Conversely assume that G; x, G, is an edge regular intuitionistic fuzzy graph.

Let (ug, v1), (W1, X;) € E; be two edges of G; and let u € V,. Then ((ug, u), (vy, u)), ((wy, u), (X1, u)) € E.
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So,

dg, %46, ((up u), (vy, u)) =dg x40, ((Wl' w), (x4, u))

= dg, (uy, 1)+ 2dg, (W) =dg, (W, x1)+2dg, (u)
= dg, (ug, v1) +2(My, My) = dg, (wy, x1) +2(My, My)
= dg, (uy,v1) =dg, (W1, %)

Hence G; is an edge regular intuitionistic fuzzy graph.

Similarly G, is an edge regular intuitionistic fuzzy graph.

Now, suppose that G; is (k;, Ko)-edge regular intuitionistic fuzzy graph and G, is (ks, k4)-edge regular intuitionistic
fuzzy graph with (ky, ko) # (ks, kg)

Then dclxacz ((up uy), (uy, Uz)) =2p, d61 (uy) + dGZ (uz,v2)

= 2pa(Ky, ko) + (S, Sa).

Also, dclxac;z((upuz), (V1,uz)) =dg, (uy, v1)+2dg, (uz) = (Ky, K2)+2(my, my)
dalxaaz((upuz). (uyg, 172)) =dg, (uz, v2)*+2dg, (uy) = (ks, ke)+2(my, my)

So, dGlxaGZ((ulr uy), (uy, Uz)) # dalxaaz((upuz). (171'”2))

which is a contradiction to G; X, G, is an edge regular intuitionistic fuzzy graph. Hence G; and G, are edge regular
intuitionistic fuzzy graph of same degree.
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