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Abstract

In this paper, alpha, beta and gamma product of two fuzzy soft
graphs are defined. The degree of a vertex in these product fuzzy
soft graphs are determined and its regular properties are studied.
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1. Introduction

Graph theory is used to model various types of relations that exist in
different fields of physics, chemistry, medicine, electrical network, computer
science such as networking, image processing etc. Whenever the information
provided is imprecise, uncertainty exists. Molodtsov [1] initiated the concept
of soft sets to deal with uncertainty. A. Rosenfeld [2] developed the theory of
fuzzy graphs in 1975 based on fuzzy sets which were initiated by Zadeh [3] in
1965. Maji et al. [5,7] presented the definition of fuzzy soft sets and applied it
in decision making problems. Later many researchers progressively worked on
these concepts and developed it. Operations on fuzzy graphs were
demonstrated by J. N. Mordeson and C. S. Peng [6]. Akram and Saira Nawaz
[8,11] introduced fuzzy soft graphs, studied some of its properties and applied
these concepts in social network and road network. Shashikala S and Anil P N
[12,15] discussed connectivity in fuzzy soft graphs and studied hamiltonian
fuzzy soft cycles. A. Pouhassani and H. Doostie [13] studied degree, total
degree, regularity and total regularity of fuzzy soft graph and its properties.
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Regular fuzzy soft graphs and its related properties are studied by B
Akhilandeswari [16]. Shovan Dogra [10] studied some types of fuzzy graph
products such as modular product, homomorphic product and determined its
degree of vertices. Union and intersection of fuzzy soft graphs and some of its
properties are studied by Mohinta and Samanta [9]. Fuzzy soft theory provides
a clear picture of the problems that allows parameterization finds applications
in many areas. Recently, it is used to represent the oligopolistic competition
among the wireless internet connection providers in Malaysia by Akram and
Saba Nawaz [17].

In this paper, some products of fuzzy soft graphs namely alpha, beta and
gamma products are defined and degree of a vertex in these products are
determined and its regular properties are studied.

2. Preliminaries

Definition 2.1: [11] A fuzzy soft graph G over a graph G™: (v, E)is a triple
(F,K, A) where:

a) A is a nonempty set of parameters

b) (F, A) is a fuzzy soft set over V

c) (K, A) is a fuzzy soft set over E
d) (F(e;), K(e,)) is a fuzzy graph on G Ve, e A
i.e. K(e,)(xy) <min{F(e,)(x), F(e,)(y)} forall e, € Aand X,y V.

Definition 2.2: [14] The underlying crisp graph of a fuzzy soft graph Gis
denoted by G” :(F*, K*) where F" = {x eV :F(e)(x) >0 for somee e A} ,
K" = {(x, y) eV xV 1K (e)(x,y) >0 for somee, e A}.

Definition 2.3: [8] Let G be a fuzzy soft graph on G™. The degree of a vertex
xis defined as deg: (x) =D D K(e)(xy).

geA yeV,y=#x
Definition 2.4: [8] ] G is said to be a regular fuzzy soft graph if (If(ei), R(ei))
is regular fuzzy graph for all e, € A. If (If(ei), R(ei)) is a regular fuzzy graph
of degree k for all e, € A then G is a k-regular fuzzy soft graph.

Definition 2.5: [4] The degree d_.(x)of a vertex v in Gis the number of
edges incident with x.
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In this paper, we assume that G": (v, E) of any fuzzy soft graph G is finite and
simple.
Notation: Let G, : (F,,K,,A) and G, :(F,,K,, A,) be two fuzzy soft graphs.

The relation lzl(ei)z Rz(ej)for all e <A, e €A means that
F.(e)(X) 2K, (e;)(e) VxeV,,ecE,where F, is a fuzzy soft subset of V,
and K, is a fuzzy soft subset of E, .

3. Alpha product (o - producty, Beta product
(8- producty@nd Gamma product (y - producty0f Fuzzy
soft graph

Definition 3.1: Let G,:(F, K, A) and G,:(F, K, A,)be two fuzzy soft
graphs on G, and G, respectively. The a — product
G,xG, : (FxF, Ky xK;, A x Ay) is defined as follows:
(F,xF,): A x A, > FS(V, xV,) by
('51 x Ez)(eilej)(xkyl) = El (&) (X ) A IE'2 (e;)(y,) Ve, e A ey e Ay XY, €V, szand
(K, xK,): A x A, - FS(E, xE,) by

F(@) (%) A K, (&) (MY) i % =X, 1Y, € E,
N F, (ej)(yl)i\ Kl(ei)(xkxnl_) if y, =Y. XX, €E
F (&) (y) AR, (8)) (Vo) A K (&) (X Xy) if XX, € By,

-~ _ - ylyn & EZ
F (&) (%) A F(e)(x,) A K, (ej)(ylyn) if x.x, & E,

yl yn € EZ

(KyxKy) (8) (% ¥) (% Y,) =

Definition 3.2: Let G,:(F,.K,,A) and G,:(F, K,,A,)be two fuzzy soft
graphs on G, and G, respectively. The S — product
61;562 ;(Elﬁﬁz,@;;zz,Alez) is defined as follows:
(|51>;|52):A1><A2—>FS(\/1><V2)by

(ﬁléﬁz)(ei:ej)(ka): 'EJ_ (ei)(xk)/\ﬁz (ej)(yl)vei GA1!ej €Ay XY, Elevzand
(}’<‘1§[<”2):A1XA2 —> FS(E, xE,) by
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Fo(&) (x) AR (&) (%) AK, (8) (ViYa) if X =X,
_ N _ YiYn €E,
F, (ej)(yl)/\Fz (ej)(yn)/\Kl (&) (XXn) 1f Y =Y,
X X, € E
lzl (&) (XXn) A I22 (ej)(yl Y if xx, € E,, vy, €E,

(K K:) (e €) (43) (%nYn) =

Definition 3.3: Let G,:(F,.K,,A) and G,:(F, K,,A,)be two fuzzy soft
graphs on G, and G, respectively. The y — product
G, xG, : (F,xF,, K, xK,, A x A,) is defined as follows:
(F,xF,): A x A, - FS(V, xV,) by

(FxF,) (6,8) (4 ) = Fy (&) (X ) AF; () (v)) Ve, € A e, € Ay, X, Y, €V, xV,and
(K, xK,): A x A, > FS(E, xE,) by

F(@) (%) A Ky (€)(MY,) i % =%, 1Y, € E,

Ez (ej)(y|)A51(ei)(Xka)~if Yi = Yo XXy € B

F (&) (x) AR (&) (X,) A K, (ej)(ylyn) if X, # X,

- ~ - Yi¥n € B

F, (ej)(yl)/\ F, (ej)(yn) AK (&) (XXy,) 1Ty, # Y,

~ _ X X, € E,

K, (&) (X Xp) A K, (ej)(ylyn) if XX, € E,, VY, €E,

(KixK,) (&:8) (%) (%nYy) =

G,:(F,K, A) and
G, :(V,,E,)respectively such that
Vi ={X,, %}, E, ={xx,}, Vo ={Y1, Y2, ¥a}s E, ={y.¥., ¥2¥s }
A, ={e }where i=1,2 and A, ={e;}where j=3,4. Let
(., A).(E, A), (K, A)and (K,,A,)be represented by the following Table
1.

Example 3.4: Consider two fuzzy soft graphs
G,:(F,,K,,A)on G, :(v,,E,)and

F, X, X, F, Yy Ys Ys
e, 0.4 0.6 e, 0.3 05 0.8
¢, 0.7 05 e, 05 0.6 0.7
K, XX, K, AR Y,V
e, 0.1 e, 03 0.4
e, 0.3 e, 0.4 05

Table 1 : Tabular representation of two fuzzy soft graphs
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0.3 . 0.5
x1(04) o - e x2(0.6) x1(0.7) & * x2(0.5)
el a2
Fig.1.G,
y1(0.3) v1(0.5)
03 04
y2(03) 04 ¥3(0.8) ¥2(0.6) 05 ¥3(0.7)
e3 e4
Fig.2.G,
x1y1(0.3 03 x1y2(04) 04 x1y3(0.4)
0.3
03 0.3
0.3
0.3
x2y1(0.3) 0.3 x2y2(0.5) 0.4 x2y3(0.6)
el,e3
Fig.3.G, xG,
o
x1y1(0.3) x1y2(0.4) x1y3(0.4)

x2y1(0.3) x2y2(0.5) x2y3(0.6)

el,e3

Fig.4. 61§62
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x1y1(0.3) 03 x1y2(0.4) 0.4 x1y3(0.4)
03
03
0.3 03 0.3
03 03 0.3 03
x2y1(0.3) x2y2(0.5) x2y3(0.6)
el,e3

Fig.5.G, xG,
Ve

4. Degree of a vertex in Alpha product («- product)
of two fuzzy soft graphs and its regular
properties

Theorem 4.1: Let G, : (F,,K,,A) and G, : (F,,K,, A,) be two fuzzy soft graphs on
G, :(V,,E))and G, :(V,,E,) respectively. If F,(e,)>K,(e,)andF,(e,)> K, (e;)

then deg ¢, (4, 1) =[L+d_. (x)]leildg, (yo) +[1+d . (v,)]e;|dg ()

Proof: degs & (%, ¥.)= . > (le:Rz)(ei,e,-)(lel)(Xzyz)

(e.6))eA (Xy1)(Xpy2)eE

= Z Zﬁ(ei)(xl)AKZ(ej)(y1y2)+ Z lez(e,-)(yl)A Rl(ei)(x1x2)+

GEA X=X &EA  Yi1=Y,
ejehy 1Y€k, ejeh, X Xef)

> S Re)() AR (E)(,) AK (€)% %,) +

g EeA  XXeEy
ejehy Y1Y2Ep

> S Re)0) ARE) ) AK, €)(V1Y5)

g A XXo2E;
ejehy V1Yr€E,

=3 DKy + Y. YK EIx)+ Y DK (e)(xX,) +

&EA X=X & A V1=, & €A XX€eE
ejeA, Y1Yq€E; ejehy XXefy ejehy V1Y, 2E;
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> YK E)MY,)

e A XX2E
ejeAy 1Y€k,

&[dg, (1) +[ej|dg (x) +[e;[d_ . (v1)dg (x)+feifd . (x)dg, (1)
=[1+d . ()] [dg, () ++d . (v2)]le;ldg (x,)
This is true for any vertex (X;,y,)in élxéz with IE1 > }Zz and IE2 > Kl.

Theorem 4.2 : Let G, and G, be two fuzzy soft graphs on G,” : (v,,E,) and
G, 1 (V,,E,) respectively. If F,(e;) <K, (e;)and F,(e,) is a constant function

with lzl(ei)(xk):c VX, €V, then
deds g, (% y) =clei[le;[d - (VI+d . (x)]+fes dg (6)IL+d . (v,)]

Proof: Given F,(e,) <K,(e;) then F,(e;)>K,(e;). Fi(e)(x,)=c Vx €V,
forany (x,,y,) eV, xV,
degs . (¥ = >, > (KpxKy)(ee)(xY,) (x,Y,)

(ei.6j)eA (xqy1)(Xpy2)eE

- Z lel(ei)(xl)/\ RZ(ej)(ylyZ)—i— Z lez(ej)(yl)/\Rl(ei)(xlx2)+

&EA  X=X; &eA V1=V,
ejeh, Y1Y€E; ejehy X Xp€fy

> S R(e)() AR (€)(,) A K (€)% X,) +
SR es,

> TRE))ARE)G) AK,E)(Y.Y,)
g €A XX2E;
ejeh, YiYq€E;

:Z ZI‘El(ei)(Xl)-i-z Z}Zl(ei)(xlxz)"'z Zkyl(ei)(xlxz)-i_

& EA X=X, &eA V=Y, & €A XXp€E
ejehy Y1Yr€E; ejehy X XpeE; eiehy YiYr2E,

> Y F(e)x)

g €A XX 2E;
ejehy 1Yr€E,

=[eld ) 2 Fe)06) + ey [0, 00 + s A, - ()0 () +

yfd, (%) X Re)(x)d - (1)

g eA
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=le;|dg - (v2) clei]+[e;|dg (x) +[e j\dG;C (¥1)dg (%) +[e j\dqc (x)cleldg - (v)
= cleifle;|dg (y)R+d_. ()] +]es[dg ()I+d . (v,)]

Theorem 4.3 : Let G, and G, be two fuzzy soft graphs on G,” : (v,,E,) and
G, :(V,,E,) respectively. If F, (e;) <K,(g)and F,(e;) is a constant function
with lzz(ei)(yl):m vy, €V, then

degs ¢, (% Y1) = mlei|fe;|d- (x)IL+ d_ . (vl +eildg, (y)[L+d . (x)]
Proof: Given IE2 (e;) < Rl(ei)then Ifl(ei) > Izz(ej)

dege . (0w y)= D X (KixKy)(ee)04y:) (xys)

(e.6))eA (xy1)(Xpy2)eE

= z leil.(ei)(xl)/\lzz(ej)(ylyZ)_i_ Z Zﬁz(ej)(yl)/\}Zl(ei)(xlxz)+
GeA X=X &EA  Vi=Y,
ejeAy Yiy2€E, ejehy XX€ky

> S Re)() AR (E)(,) AK (€)% %,) +

& eA  XXeE;
ejehy N1Yo2E,

> SR () ARE) (%) A K, (€,)(Y,)
g eA XX 2E;
S ATE )

=3 SKe)ny)+ Y. DRE))+ Y DFR(e)(y)+

&eA X=X & A Vi=Y, & eA  XXeE
ejeAy Y1Yq€E; ejehy XXefy ejehy N1Y¢2E,

PN ACHIAD)

g eA XX eE
ejehy 1Yok,

elds, (v2) +[e[dg- 00) D@y, +[efd_(v2) Do () (y)d- () +
ejeh, 2 ejeh,

lefd . (x)dg, (1)

=mley[Je; dg- (x)IL+d_ . (vl +feifdg, (v)R+d . (x)]

Theorem 4.4 : Let G, and G, be two fuzzy soft graphs on complete graphs
G, :(V,E))and G, :(V,,E,)respectively. If Ifl(ei)z Izz(ej)and
Fo(e;) 2 Ky(e) then degs s (x,¥:) =le|ds (v1)+[e;[dg ()

Proof:deg: o (X, y)= . > (|ﬁ<~1>a< K,) (€,8)) 04 Y1) (X,Y,)

(&.ej)eA (XY1)(X2Y2)eE

= SRE))AKENWY) Y. DR E)(:) AK (8 )(xX,) +
geA X=X &A1=y
ejehy Y1Yr€E; ejehy X Xp€E)
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S SR ) AR (E)(,) A K (8)(X,X,) +

g eA X XeE
ejcA, 1Yok,
> SRE)0) AFE) (%) A K, (8))(Y.Y,)

&N  XXeE;
ejeAy N1Yo<E,

=Y KDY+ Y TKe)Xx)+ Y DK (e)(x%)+

&EA X=X &A1=V, G EA  XX€E
ejehy Y1Y€E, ejehy XX eE; ejehy V1Yr¢2E,

PN ACHIAD)

eeA  XX2E
ejeAy 1Y€k,

=[1+d . ()] [dg, () +1+d_ . (v2)]e;[dg (x)

=[e;|dg (v.) +‘ej‘dél (x,) (since G,"and G,"are complete graphs)

Theorem 4.5 : Let G, : (F,,K,,A) and G, : (F,,K,, A,) be two fuzzy soft graphs
on regular graphs G, :(V,E)and G, :(V,,E,)respectively. If
Izl(ei) > Rz(ej)and IE2 ()= Izl(ei) then C~;1 ffé? is a regular fuzzy soft graph
if and only if G, and G, are regular fuzzy soft graphs.

Proof: Let G, and G,be regular fuzzy soft graphs of degree k and
k,respectively. For any vertex (x,y,) €V, xV,,

degs g, (% y)) =[L+d_. (x)]leifdg (y) +[1+d_ . (y)lle;|ds (%) (From
Theor;m 4.1)

deg g, (% ¥) = 1+
This is true V(x,y,) €V, xV,

Hence, C~51 ;<(§2 is a regular fuzzy soft graph.

Tlek, +[1+|E,°

]

&k,

Conversely, Let G,xG, be a regular fuzzy soft graph. For any two vertices
(lel) and (X2 y2) in Vl ><V2 ,
dEQG‘lxéz (X]_; yl) = degélxéz (XZ’ yZ)

[1+d . 0)]leildg, (1) ++d_ . (y)]les[dg ()
=[1+d_. (x)]le|dg, (v2) +[L+d_..(y,)]e;|dg (x;) (From Theorem 4.1)

Fix xeV,, consider (x,y;)and (x,y,)in V,;xV,,
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[L+d_. 00l fdg, (v) +R2+d_ (v)]ey[dg, 00
=+ d . 0Tl [dg (v,) L+ (v2)][e;|ds ()
S[L+d (]efdg (v,) =1+ d_. (0)]eilds, ()
=dg (v,)=dg (¥2)

This is true for all vertices of V, . -. G, is a regular fuzzy soft graph.
Fix yeV,, consider (x,y,)and (X,y,)in V, xV,,

[+d . ()lleilds, () +IL+d_ . (9)]]e;|dg, (x)
=[1+d_. (x)]lelds, () +L+d_ . (1)][e|dg (x)
=[Lrd_ (]e;lds () =[L+d . (N]e;[dg (x,)
=dg (%) =dg (x;)

This is true for all vertices of V,. .G, is a regular fuzzy soft graph.

Theorem 4.6 : Let G, and G,be two fuzzy soft graphs on complete graphs
G, :(V,,E,)and G, :(V,,E,)respectively. If lfl(ei) > Izz(ej)and
F,(e;)>K,(e,) then G,xG, is regular if and only if G, and G,are regular

fuzzy soft graphs.
Proof: Let G, and G,be regular fuzzy soft graphs of degree k and

k,respectively. Let G,”and G, are complete graphs.

degs .5 (%, Y1) =lei[dg, (1) +‘ej‘d(51 (x,) (From Theorem 4.4)
This is true V(x,y,) €V, xV,

Hence, (31 ><(§2 is a regular fuzzy soft graph.

Conversely, Let élxéz be a regular fuzzy soft graph. For any two vertices
(lel) and (XZ y2) in Vl XVZ !

degélxcSZ (x,y) = degélxéz (X5, ,)

l&i|dg (v2)+fe;|ds (%) =ledg (v,) +[e;|ds (%)

Fix xeV,, consider (x,y,)and (x,y,)in V,xV,,

le:ldg, (v2) +[e;|ds (0 =[ei|dg (v,)+[e;|ds (%)

= dg (¥1) =dg (¥,)
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This is true for all vertices of V, .. G, is a regular fuzzy soft graph.
Fix yeV,, consider (x,y,)and (X,y,)in V, xV,,

leilds (V) +e;|dg (x) =le|dg (v)+[e;|ds (x,)

= dél (%)= dé‘l (X2)

This is true for all vertices of V,. .G, is a regular fuzzy soft graph.

Theorem 4.7 : Let G, and G,be two fuzzy soft graphs on complete graphs
G, and G, respectively then Glxéz becomes a Cartesian product of fuzzy

soft graphs.
Proof: By the definition of alpha product of fuzzy soft graphs, for any two
vertices (xy,)and (x,y,)in V, xV,,
Fi () () A Ky (6)) (11Y2) 1 % =%, 1y, € B,
_ F, (ej)(yl):\ K. (ei)(xlxz) if y1=Y,%X, €E
F, (e)) () AF, (8)) (Vo) AK (&) (X,%,) if XX, € Ey,
N N N V1Ye € B,
Fo(e) (X)) AF () (X)) A K, (ej)(ylyz) if x,x, ¢ E,,
V.Y, € E,

(K, xKy) (608)) (4Y,) (%, ;) =

Since G, ’and G, are complete graphs,
Fo(e) () A K, () (V1Y) if X =X, .Y, € E,
F, (€;) (y.) A K (&) (X %,) if Yy =Y,,XX, € E
= (KyxK,) (6,€;) (Y1) (%, ¥2) = (K, x K,) (81,€,) (%, Y) (X, Y.)

is a Cartesian product of G, and G, .

(K xK;) (€,8)) (%, 5) (%,Y2) :{

Theorem 4.8 : Let G, and G,be two fuzzy soft graphs such that
Izl(ei)s Rz(e,.). Letlzl(ei) be a constant and G, is a complete graph then
(31;552 is regular fuzzy soft graph if and only if G,is a regular fuzzy soft
graph and G, is a regular graph.

Proof: Let Izl(ei)(xk):c VX, €V,

Given Ifl(ei) < Kz(ej)then IE2 ()= Kl(ei). Let G, be a complete graph.

From Theorem 4.2,

degs ¢, (% Y1) =Cli[le;[dg - (y)[+d . )]+ ey dg ()4 d . (v,)]

= cleile;|do. (v) +fe;[dg 06) +fesfd . (v)dg (%)
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Let G, be a regular fuzzy soft graph with degree m and G,"is a regular graph of
degree n.

degg g, (%, V1) = c|ei”ej‘n+‘ej‘m+‘ej‘dez*c (y,)m

]

Hence, élxéz Is regular fuzzy soft graph.

:|ei”ej‘cn+‘ej‘m [1+‘E2C

Conversely, assume that (31 §§2 is regular fuzzy soft graph.

d99@1:@2 (%, Y1) = deggl:‘gz (X5, Y,)

c|ei|\ej\dez*(y1)+\ej\dél (x1)+\ej\dG;c (¥1)dg (%) +\ej\dqe (x)cleld - (v,) =
cleillesldg- (v2) +les dg () +es[d . (v,)dg (%) +[ej|d . (x,)clei|d, - (y2)

Fix xeV,, consider (xy,)and (xy,)in V, xV,,

cleles[dg - (v2) +fes[dg GO+ (y)l=clei[le;[dg - (v,) +]es[dg O+ _ . (¥)]
This is true when degree of all vertices in G,” as well as in its complement are
equal. Hence, G,” is regular.

Fix yeV,,

c|ei|\ej\d62*(y)+\ej\dél(x1)[1+ d_.(y)]= c|ei|\ej\dGz*(y)+\ej\dél(x2)[1+ d_.(y)]
= dél(xl) = d(;‘l (X2)

Hence, G, is a regular fuzzy soft graph.

Theorem 4.9 : Let G, and G,be two fuzzy soft graphs such that
Izl(ei)é Rz(e,.). If élxéz, G, are regular fuzzy soft graphs, G,” and G, are
regular graphs then ZE(ei)(xk) is same for all k=1,2,3.....

geA
Proof: Let G, be a regular fuzzy soft graph of degree m, G,"andG," are regular
graphs of degree s and n respectively.
Given F,(e;) <K, (e;)then F,(e;) > K,(g;). Using the definition of G, xG,,

degs.c (y)= 2 X (KixKy)(ee)(xy:) (es)

(&.ej)eA (Xy1)(XY2)eE
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:z Z|El(ei)(xl)+z ZR1(ei)(X1X2)+Z Zﬁl(ei)(xlxz)_i_

&EA X=Xy €A V1=V, & €A XXeE
ejeAy Y1Y2€E; ejeAy XXef ejeh, Y1Yo2E;

> S RE) ) ARE)(X)

&N XXeE,
SR AZE

e;ld: (yl)egﬁ(ei)(xl>+\e,-\d@1(xl>+\e,-\d6f (y)dg (%) +lesld (%) dg - (v,)

=\e,-\de;<y1>e§ﬁ(ei)(x1)[1+dG;c (6)1+[eldg (<)I1+d . (v,)]
Since él zézl is a regular fuzzy soft graph,

dege, ., (4, 2) =deg g, (%, ¥2)
\e,—\de;(yl)eZAﬁ(ei)(xl)[ude (4)]+[ejldg ()I+d . (v)]=
\e,-\de;(yz)e§ﬁ(ei)(x2>[1+dqc ()1 +[esldg (x)I+d . (v,)]
‘ej‘ne%;llzl(ei)(xl)[l+ d_. (x)]+e;|mlL+ d_.(y)]=

DN ACHICS e d, (X,)1+ e[ mfL+ d_ . (y.)]

g eA
=L, nZIEl(ei)(xl)[1+dG*c(xl)]:‘ej‘nZﬁl(ei)(Xz)[l+d . (x,)1(Since G, is
geA ' Gch >
regular) _
= Y R(e)) =D F(e)X)
g &eA

Theorem 4.10 : Let G, and G,be two fuzzy soft graphs such that
Isz(ej)g Kl(ei). If élxéz, G, are regular fuzzy soft graphs, G, and G," are
regular graphs then Zﬁl(ej)(yl) is same forall 1=1,23...

BJEA21
Proof: Proof is similar to the proof of theorem 4.9.

Theorem 4.11 : Let G, and G,be two fuzzy soft graphs with
Izz(ej)s Rl(ei)and Izz(ej):cthen élzézis a regular FSG if and only if
G, and G,"is a regular graph and G, is a regular FSG.

Proof: Given IEZ(ej) =c, Since Izz(ej) < Rl(ei), IEl(ei) > Rz(ej).

Let G,be a regular FSG of degree m, G,” and G, are regular graphs of degree
n and p respectively.
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From Theorem 4.3,
degs ., (%, 1) =clei[es[dg. (x)IL+d_ . (y)I+elds ()L +d_.(x)]

ejfi+d, . (y)l+mlefi+d . ()]

= élxéz is a regular FSG.

=ncC

el

Conversely, Let él xéz be a regular FSG.
degélxéz (le yl) = degélxéz (X21 yz)
cleylesld; )L+ )]+ fds, (Y)IL+d_ (x)]=
clelesld; L+ ()1 +[elds, (V) I+ d_ ()]
Fix xeV,,
cleles[ds; Ol+d_ . (vl +[elds (y)IL+d . (x)]=
cleylesdg- O+ (v)]+feilds, (v)lL+d . (0]
=dg (y)=dg (v)and d_.(y)=d_.(y.)
— G, is aregular FSG and G, is regular.
Fix yeV,,
cleylesld CO+d_ ]+ ldg, (NIL+d_. (x)]=
cleile;ldg )1+ d_ . (DI +[eilds (NI+d_. (x,)]
= de; (x) = dG; (x,)and de;“ (x) = def (%,)
This is true when G, is regular.
Theorem 4.12 : Let G, and G,be two fuzzy soft graphs where G, is a
complete  graph. If Izl(ei) and Izl(ei) are constant and
F.(e;) < K, (e,) thenG, xG, is a regular FSG if and only if G,is regular and
G, is a regular graph.
Proof: Let Izl(ei): IZl(ei):cand Glxéz be regular.
Given F () <K, (e;), F.(e;) 2K (&)
deQ@lxéz (X11 yl) = degélxéz (Xz , yz)
Using the result of theorem 4.9,
l&y]dg (v2) DR (€))L . (x)T+[ej]dg (x)L+d . (¥)]=
e 1 2
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le,[dg - (v2) D R ) 0D+ (x,)1+]e [ds (%)L+d_.(y,)]
geA 1 2
le,]dg - (v0) 2o Fi@)(x) +[e [dg )IL+d_ . (y)]=
e e 2
\ej\dG;(yz)zﬁl(ei)(xzmej\dél (x)IL+d_..(y,)] (Since Gis a complete
gen 2
graph)
Given F,(e,)=cC
CleiIdG;(y1)+d@1(><1)[1+d6;c(yl)]=CleiIdG;(y2)+d@1(xz)[1+de;c(yz)]
Fix xeV,,
CleiIdG;(y1)+d@1(X)[1+dG;c(yl)]=Cleilde;(yz)+d51(><)[1+d6;c(yz)]
=g, () =dg-(y)and d_.(y)=d_.(y.)

This is true only when G, is a regular graph.
Similarly, fix yeV,,
= d(gl (Xl) = dé1 (Xz)
= G, is regular FSG.
Conversely, Let G,and G, be regular with degree m and n respectively.

degs s, (4, Y1) =[)]dg - (v) DR (€)()IL+d_. ()] +]e,|ds (x)L+d_c(v)]
“ e eA 1 2
= ‘ej ‘n|ei|c+‘ej‘m(1+ p)

Therefore, (31 xéz is a regular FSG.

5. Degree of a vertex in Beta product (- product) Of

two fuzzy soft graphs and its regular properties
Theorem 5.1: Let G, and G,be two FSGs on complete graphs G, and
G, respectively.

i) If Ki(e)<K,(e;) then degs s (,¥:) =[e;|d (x)d - (:)
B

i) If K,(e;) <Ki(e) then deg o (x,,y:)=leildg (v:)dg- (%)
Y]

Proof: deg; & (x,¥;)= > > (~1>5R2)(ei,e,-)(lel)(XZYz)
s

(&.e))eA (Xy1)(XY2)eE

=Y ZRE0W)ARE)0)AKE)0Y)+

g A X #X,
ejehy YiYr€E;
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> SR (e)(:) A FL(e)(Y2) A Ky () (X,X,) +

& EA  N17Y,
ejehy XX €E;

> 2 KE)06X) A K, (8) (1Y)
R et
I) For any vertex (xY,) €V, xV,

Since G, and G, are complete graphs, we have

deg 5 CRAEDD N ACH CEAIN HCHICAD)
feh e
Given Izl(ei)g Rz(ej)
degglxgz (X1, Y1) = z Zﬁl(ei)(xlxz)
s ec X X €
elje":iz Yiyzzelélz
=g dg (x)d - (v:)
ii) deg 5 (XL Y1) =D, ZK ()0 %,) A K, (8,)(Y1Y,)

g eA  XXeE
ejeA, Y1Yq€E,;

Since K 2 (8 )<IZ (&)
degs g, (% Y1) = Y YK ()Y,

g eA  XXeEy
ejehy N1Yo<E,

:|ei |d(§2 (Y1)dGl* (X1)

Theorem 5.2: Let G, :(F,.K,,A) and G, :(F,,K,, A,) be two fuzzy soft graphs
on G, :(V,,E,)and G, :(V,,E,) respectively. If
Izl(ei)z Izz(ej)and Izz(ej) > IZl(ei) then
i) If K (e,)<K,(e;) then
degs s, (4, Y1) =fej|dg (I . (v)) +dg - ()l +eild . (x)d (¥:)

B 2 1
i) If K, (e;) <K,(e;) then
degs ¢, (x4, Yi) =leifds, (v)Id . (%) +dg. (x)1+e;|d_. (v)dg (%)

B 1 2
Proof: degs o (%.¥)= D, > (KixK;)(e,)(4Y.) (%Y,)

B

(ee)eA () Ooy)eE P
= Z ZFl(ei)(Xl)/\ F(e)(X;) A Kz(ej)(y1Y2)+

gehA  XEXy
ejeA, Y1Yq€E;
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S S R(e) () AR (8))(Y) A K (6)(X X, ) +
e eA V17,
ejehy X Xpefy

3 DK (60 %) A K, (8))(Y,Ys)

& A  XXeE
ejehy Yiy,€E

i) Given Ifl(ei) > Rz(ej)and Ifz(ej) > Rl(ei). Also Kl(ei) < Izz(ej)
degglzgz (Xllyl) = Z ZKZ(ej)(ylyz)_i_ Z ZKl(ei)(Xlxz)

& €A X #Xp & eA  V1#Y,
ejehy Y1Yo€E, ejehy X Xpely

3 DK (E)(xx,)
g A XX eE
ejeh, Y1Yq€E;
=le[d_ . (x)dg, (v)+lgs[[d  (y1)dg () +]ej|dg (x)d - (v2)
=les[dg, (I (v2) +dg - (y)l+feild . (x)d (v,)
ii) Given Ifl(ei)z Rz(ej), Ifz(ej) > IZl(ei)& Izz(ej) < Kl(ei)
degglzgz (Xllyl) = Z ZKZ(ej)(ylyz)_i_ Z ZKl(ei)(Xlxz)

& €A X #Xp A 17y,
ejehy Y1Yo€E, ejehy X XpeEy

DN ACHIAD)

g N XXeE
ejehy Y1Yr€E,

=Jei[d . (x)dg, (1) +le; [« (v)dg () +leildg, (v,)d- (%)
=Je[ds, (V)Id . (%) +d - ()T +e |d . (v)dg ()

Theorem 5.3: Let G, :(F,,K,,A) and G, :(F,,K,,A,) be two fuzzy soft graphs
on G, :(V,,E))and G, :(v,,E,)respectively. If F,(e,) <K, (e,)andF,(e)is a
constant function with F(e)(x)=c vx, €V, then

degs, s, 04 Y1) =[ey[dg 0T - () +dg - (vT+clelfeld - (0)dg ()

Proof: degs s (%, V)= > > (~1§R2)(ei1ej)(xlyl)(x2y2)
B

(e.ej)eA (xi¥1)(X2Y2)<E
Using the given conditions,

=3 SRE)F Y DK+ SR E)(XX,)

& EA X #Xp &eA  V1#Yp &eA  XXeE
ejeAy 1Y€k, gjeA, X Xpek; ejeh, Y1Yq€E;
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degs.., (% ) =Jeifed . (x)dg - (vo)les[ +lesldg (4)d . (v2) +[ej|dg (x)d - (3:)

=le;ldg (x)Id_ . (v0)+dg - (v)l+cle e d_ (x)d - ()

Theorem 54: Let G, and G,be two FSGs on G, :(V,E,)and
G, :(V,,E,) respectively. If F,(e;) <K, (e;)and F,(e;) is a constant function
with IE2 (e))(y))=m vy, €V,then
deg; ¢, (% Y1) =leidg, (YOIA . (%) +d - ()1 + feifle;md . () (x)
B 1 2
Proof: degs s (%, V)= . D (KoxK,) (e e)) (%, Y:) (X,Y,)
B

(e.ej)eA (xy1)(XY2)eE
Using the given conditions,

=Z Zkz(ej)(Y1y2)+z Zﬁz(ej)(yl)"'z Zﬁz(ej)(y1y2)

& EA  X#Xp &N V12Y, & eA  XXeE
ejeAy Y1Yq€E; ejehAy XXek e, Y1Yq€E;

=le[ds, (v2)d . (%) +les|md . (y))d- (x)fei|+leildg, (v)d - (%)
=leildg, (Y (%) +d - (x)1+ e g md . (v,)d - (x,)
Theorem 5.5: Let G, and G, be two FSGs on complete graphs G, and

X
B

G, respectively. él>/§62 is a regular FSG if and only if G,and G, are regular.

Proof: Let G, and G,be regular FSGs with degrees m and n respectively. Let
G, and G,” be complete graphs with degrees p and q respectively.
deQélxéz (X, 1) = Z Z (KyxK;)(e,€;)(x Y;) (X, Y,)

B

(e.ej)eA (xi¥1)(X2Y2)<E A

=3 SR ) (%) A K, (8))(:Ys)

g eA  XXeE|
ejehy 1Yo<E,
Case (i): If K,(e,) <K, (e;) then
G,xG, (Xl’ yl) = Z Z R1 (ei)(xlx2)
Y

g A XXeEy
ejeA, 1Y€k,

ds (%)d,- ()

=lejlma

deg

élfgéz is a regular FSG.
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Case (i): If IZZ(ej)s Kl(ei) then
deg(gl;gz(xl’yl): Z ZKZ(ej)(ylyZ)

g eA  XXeEy
ejehy 1Yok,

=[eiJdg, (v)d - (%)
=feilnp
C~51>/§(§2 is a regular FSG.
Conversely, Let (31 >ﬂ<(§2 be a regular FSG.
d99§1:§2 (X, Yy) = degglégz (X3, Y2)
Case (i): If K, (e,) <K, (e;) then
ley]dg (x)dg - (v2) =e;|dg (x.)d, - (v)
Fix xeV,,
dg (), (¥2) =dg () - (¥,)
=d . (y)=d - (v,)
-G, is a regular graph.
Fix yeV,,
dg (x)dg - (y) =dg (x,)d - (¥)
= d(gl (%)= dé‘l (X;)

~.G, is regular.

Case (ii): Similarly for Kz(ej) < Kl(ei) ,we get G, and G, as regular.

Theorem 5.6: Let G, and G,be two FSGs and G,” is a complete graph and G,”
is a regular graph. If Izl(ei) > Rz(ej), IE2 ()= Kl(ei)and Kl(ei) = Rz(ej) then
éﬁ;@ is a regular FSG if and only if G, is a regular FSG.

Proof: Let G, be a regular graph of degree p and G, is a complete graph. Let

Ki(e)=K,(e)) =c, F(e) =K, (), F(e,) 2 Ky (e).
Let us assume that G, is a regular FSG of degree m.

Using the definition of degree of a vertex in beta product of FSGs and the

above conditions, we get
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degél;(gz (Xl’yl): Z Z IZz(ej)(y1Y2)"' Z Z|ﬂ<~1(ei)(xlxz)+ Z lel(ei)(xlxz)

&EA  X#Xp & A V17Y, &eA  XXpeE
ejeA, Yi1Yq€E; ejeAy XXpeEy ejeA, YiYq€E;

= lel(ei)(xlxz)+ > Zﬁl(ei)(xlxz) (Since G," is a complete graph)

&EA Ni#Yp &eA  XXeE
ejehA, XX€E ejchy YiYyo€Ey

ej\dezﬂ (v2)dg (%) +[e;|dg (x)d - (v,)
= lds, (g () +d_ . ()]

:‘ej‘m[p+s]

Gl>ﬂ<f§2 is a regular FSG.

Conversely, Let él>[§§2 be a regular FSG, G, is a regular graph of degree p
and G, is a complete graph.

degs g, (%, ¥:) =deg 5 (%;.¥:)

= Jejldg (x)[dg - (v1) +d_ . (v)]=g;[dg () - (v,) +d . (¥)]

= le;|dg () [p+t1=|e;|ds (%,)[p+t] where d_.(y)=t

= dg (%)=dg (x,)

~.G, is regular.

Theorem 5.7: Let G, and G,be two FSGs and G,”is a complete graph and G,”
is a regular graph. If Izl(ei) > Rz(ej), IE2 ()= Kl(ei)and Kl(ei) = Rz(ej) then
§l>;§2 is a regular FSG if and only if G, is a regular FSG.

Proof: Proof is similar to the proof of Theorem 5.6.

Theorem 58: If G, and G, are two regular FSGs with
F.(e)=K,(e,),F,(e;)>K,(e;), G and G, are regular but not complete
graphs, then beta product of two FSGs G, and G, is a regular FSG.

Proof: Let G, and G, be regular FSGs with degrees m and n respectively. Let
G, and G,” be regular graphs of degrees p and q respectively and suppose that

G,” and G, are not complete graphs. Let F,(e,) > K, (e;), F,(e;) > K, (e;).
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degs,q, Cuy)= 2 3 (KixKp)(ee) () (x:.)

(ej.ej)eA (xi¥1)(X2Y2)<E
Case (i) : Assume that G, and G, are isomorphic graphs. Let
K. (&)= Kz(ej) =C
degélxgz (X, Y1) = Z Z Fu(e)(x) A F(e)(X,) A Kz(ej)(ylyz) +
Y/

6N X #X
ejeAy Y1Yq€E;

> S (e (:) AR (8))(Y,) A Ky (6)(X X, ) +
& eA Yi#Y,
ejehy X Xo€f;

Z Z Rl (&) (X, %;) A IZ2 (ej )(Y1Y,)

g €A XXeE
ey YiYo€E,

= Z z K2 (ej)(ylyz) + Z Z lzl(ei)(xlxz) + Z Z R1(ei)(X1X2)
& EA  X#Xp & EA Y17y, & eA  XXef
ejehy V1Yr€E, ejeh, XX ef ejehy 1Y€k,
=[eifd_ - 0)dg, (y)+[e;|d . (v1)dg () +[ej[dg (x)dg - (v:)
:‘ej‘m (q+s)+|ei|sn (Since G,” and G, are regular graphs of degree p and g
and are isomorphic, de*° (x)= dG <(y)=5)

Gl>/§G2 is regular.

Case (ii) : Assume that G,” and G, are not isomorphic but are regular graphs
of degreespand g .

By the definition,

degél;éz (Xl!yl): Z ZKz(ej)(y1y2)+ Z ZKl(ei)(X1X2)+
& EA X #Xp &EA  N1*Y,
ejehy Y1Yo€E, ejehy X X€E;

Z ZRl(ei)(XlXZ)Alzz(ej)(ylyz)
chehe et
If Ky(e) <K, (),
degél;éz (X1’y1)= z zgz(ej)(y1y2)+ Z ZKl(ei)(X1X2)+

G EA X#X GEA Yi#Y,
ejchy YiYyr€E, ejehy X Xp€E;

Y KiE)(xx,)

g N XXeE,
ejehy Y1Yo€E

=[e;dg 0Idg () +d_ . (y)I+e[dg, (y)d . (x,)

=le;|mla+t]+[ens
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C~5'1>ﬁ<c'§2 is regular.
If K, (e)) <K (e),
deQé‘l;@z (Xl!yl) = Z lez (ej)(yly2)+ Z zlzl(ei)(xlxz)"'

& EA X #Xp &eA  V1#Y
ejeA2 Y1Yo€E, ejeA2 XX, €y

3 3K, (6)(Ys)

g eA  XXeEy
ejeAy 1Y€k,

=[eilds, (V)Idg: () +d_. )]+ fes[dg (x)d . (3:)
=[e;[n[p+s]+e;|mt

Gl>ﬁ<G2 is regular.

6. Degree of a vertex in Gamma product

(- producty OF two fuzzy soft graphs and its regular
properties

Theorem 6.1: Let G, and G,be two FSGs on complete graphs G, and

G, respectively and F,(e) > K, (e;),F,(e;) > K,(e,)

) If K, (g)<K,(e;) then

degs, s, (04 ¥s) =[es[dg, )+ (v)]+ e fde, (1)

i) If K, (e;) <K,(e;) then

degs g, (%1 Y1) =le|[dg, (y)IL+d, . (x)1+[e;|ds (%)

Proofl: Given Ifl(ei) > Kz(ej), IE2 (e;)= Rl(ei).For any vertex (xY,) eV, xV,,
degs,c Cuy)= 2 3 (KixKy)(e,e)(uy) (x:2)

(& .ej)eA (Xy1)(XY2)eE

- Z zlzl(ei)(xl)/\lzz(ej)(ylyz)"‘ Z lez(ej)(yl)/\ IZl(ei)(xlxz)Jr

GEA X=X &A1=y

ejeA2 YAZE=N ejeA2 XX, €Ey
z ZFl(ej)(Xl)/\ Fl(ei)(xz)/\Kz(ej)(ylyz)+
G EA X #Xy

ejehy Y1Y,€E,

S S R (e)) () AR (6))(Y,) A K ()(xX,)

& €A Y17y,
ejehy XXefy
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S ST (8) (%, %,) AK, (8,)(V1Y,)
SR ies,

i) Given K, () <K, (e,;),
deds g, (X, 1) = 2. DK, )M+ Y DK (6) (% X,) +

GEA X=X &eA V1=

ejehy 1Y€Ey ejehy XXeky
Z sz(ej)(y1Y2)+ Z ZK1(ei)(X1X2)+ Z ZK1(ei)(X1X2)
& EA X #Xp &eA  V1#Yp & €A XX€eE
ejeAy N1Yq€E, ejeh, X XpekE ejehA, Y1Yq€E;

Since G, and G, are complete graphs,

=Y KDWY+ Y DK E))+ Y DK (e)(x%,)

g e X=X, e Y=Y, g A XX eE,
ejehy YiYeE; ejehy X Xpef) ejehy Y1YeE;

degs, g, (%, Y2) =[e;[dg (%) +le[ds, () +fes dg (x)dg - (3:)
=le;|dg (x)RL+d - (v)I+[eldg ()

ii) Given K, (e;) <K, (e;)

degéﬁ@ (Xl’yl): Z z (KljRz)(ei'ej)(xﬁl)(xz)/z)

(&.e))eA (Xy1)(XY2)eE

= Z ZRl(ei)(X1X2)+ Z zlzz(ej)(ylyz)"‘ Z Z lzz(ej)(ylyz)

&eA  N1=Y; &EA X=X & €A XXeE
ejeh, X XeEy ejeh, Y1Yq<E; ejehy 1YzeE;

degéljéz (%, Y;) =[e;|d & (x)+leilds (v.) +[eJdg, (v.)d,- (%)
=[e[dg, (y)IL+d- (x)]+[e;|ds (%)
Theorem 6.2: Let G, and G, be two FSGs on crisp graphs G, and
G, respectively and F,(e) > K, (e;),F,(e;) > K,(e)
) If K,(g)<K,(e;) then
degs,., (% Y2) =6 Jdg (L0 (y) + - ()] fefdg, (y)+d ()]
i) If K,(e;) <K,(e;) then
degs,., (% Y1) = ldg, (y)+d () + e ()l +fes[dg O)l+d (3]
Proof: Given F,(g,) > K, (e,), F,(e;,) 2K, (&)
) If K, (e;) <K,(e;) then
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Using the definition of degree of G,xG,
V4

degs s ()= 2 X (KixKy)(e.e)(y:) (%Y,

(&.ej)eA (Xy1)(XY2)eE

=3 KDY+ Y DK E)xX)+ > DK, (e)(v.Y) +

&EA X=X &eA V=Y, & EA X #Xp
ejehy Y1Yr€E; ejehy X Xpef; ejehy Y1Y,€E,

3 SR E))+ Y K (E)0%,)

&GEA V1#Y, G EA X X€E
ejehy X XpeE) ejehy Y1Yo€E,

degs ., (. ¥) =les|dg (<)IL+d . (v)) +dg - (v)]+elds (v)IL+d . (x,)]
i) If K, (e;) <K,(e;) then
dege.q, (uy)= > X (KixK;)(eng)(6y) (x.Ys)

(e8))eA (1) (XpYz)eE r

= Z ZKz(ej)(y1y2)+ Z ZK1(ei)(X1X2)+ Z ZKz(ej)(y1y2)+
BEA X=X & A V=Y, G EA  X#X
ejeA, Y1Yq€E; ejeAy XXpeEy ejeAy N1Y2€E,

PIEDIN OV RIS INPITACH (A%

degs,., (% 2) = ldg, (Y)L+d () + e (o)l +fes[dg O+ d (3]
Theorem 6.3: Let G, :(F,.K,,A) and G, :(F,,K,, A,) be two fuzzy soft graphs
on G, and G, respectively. If Izl(ei) < Izz(ej)and Izl(ei) is a constant function
with F(e)(x)=¢ VX, €V, then
degs (% Y1) =[e|dg CML+d . (y:) +dg - (vl +clefos[d - (v L+ d . ()]
Proof: Given Izl(ei)s Rz(ej) then ﬁz(ej)z IZl(ei), IZl(ei)s Kz(ej)and

F(e)(x)=c
By the definition,

degélxéz (X1’y1)= Z ZE(ei)(X1)+ Z Z}Z1(ei)(x1xz)+

& EA X=Xy & eA V1=V,

ejeh, Y1Y€E, ejehy X Xpefy
z ZFl(ej)(Xl)/\ F(e)(x,)+ Z zKl(ei)(X1X2)+ Z zKl(ei)(Xlxz)
GEA X #X GEA Y17, G EA  XX€E
ejehy Y1Yr€E, ejehy X X€E, ejehy V1Yr€E,
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degs .c, (%, Ya) =85 dg - (v) Do Fi(e)(x) +[e [ds 0) +eiled . 0u)d - (v)le [+
4 e 1
lejfdg, (x)d_ . (v2) +le|dg (x)d - (1)
=Jej|dg (R+d_ . (v)+dg - (v)]+cleeldg - (y)lL+d . (x)]

Theorem 6.4: Let G, :(F,,K,,A) and G, :(F,,K,,A,) be two fuzzy soft graphs
on G,"and G, respectively. If F,(e;) <K, (e,)andF, (e,) is a constant function
with IE2 (e;)(y,)=c vy, €V,, then
degs g, (%, Y1) =[ei[dg, (y)IL+d . (x)+d- (x)1+cle e dg. (x)IL+d ()]

Proof: Proof is analogues to the proof of Theorem 6.3.

Theorem 65 : Let G, and G,be two fuzzy soft graphs with
Isl(ei)sﬁz(ej)and F(e)(x)=c Vx, eV, then élxéz is a regular FSG if
Y

and only if G, is regular, G,"and G, are regular graphs.
Proof:  Given ﬁl(ei)(xk):c : Izl(ei)sﬁz(ej), Izz(ej)zﬁl(ei)then
K.(e;)<K,(e,). Let G, be a regular FSG of degree m, G,’and G, are

regular graphs of degree p and q respectively.
degélxéz (Xllyl): Z Z (K1>7<KZ)(ei'ej)(lel)(XZyZ)

(e.65)eA (xqy1)(Xpy2)eE

Using Theorem 6.3,
=Jejfdg (R+d_ . (y2)+dg - (v +cleeldg - (v)lL+d_(x)]

=‘ej ‘m [1+‘E2C ]

+|E2|]+c|ei|‘ej‘p[1+‘ElC

él>;§2 is a regular FSG.

Conversely, Let Gl >7<C'§2 be a regular FSG.

deggljgz (X, Y,) = degél;{;z (X5, Y,)

lesldg, (O (1) +dg - (vl +clees[dg - (v)L+d . (x)]=

=lej[dg (I (¥2) +dg- (v)l+clefe fdg - ()l (x,)]
Fix yeV,,
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lesldg, (O (1) +dg - (N]+cleres|dg - DI+ . (x)]=
=lej[dg, ()1+d . (v) +dg - (V)]+cleifes|dg - (NR+d . (x,)]
= dg (%) =dg (x;)and d_.(x)=d_.(x,)

i.e. G, and G,” are regular.
Fix xeV,,

[ O+d_ () + - ()] +clefeld - (L+d_ ()] =
=lej|dg COR+d_ . (v2)+dg- (vl +cleile;[dg - (v)L+d . (X)]
This holds good when dsz (y)= dG; (y,)and de;° (y)= de;° (y,)

= G, is regular.

Theorem 6.6: Let G, and G,be two FSGs on complete graphs G, and
G, respectively. If F,(e)>K,(e,) and F,(e;)>K,(e)then G,xG, is a
e

regular FSG if and only if G, and G, are regular FSGs.

Proof: Let G, and G, be regular FSGs of degree m and n respectively. Given
F.(e)>K,(e,) and F,(e;)>K,(e;), G and G,” are complete graphs of

degree p and g respectively.
From Theorem 6.1,

i) If K (e)<K,(e;) then
degs . (%, ¥:) =[e;|ds CIL+d, - (v)]+felds, (v)
=[e;|m[L+q]+[e[n
élxéz is a regular FSG.
/4
i) If K, (e,) <K,(e;) then
degs s, (%, Y1) =leildg, (y)[L+d - (x)]+e; dg ()
=[e;n[1+ p]+[e;|m
élxéz is a regular FSG.
/4

Conversely, Let G, xG, be a regular FSG.
V4
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degéljéz (X, ¥,)= degé};éQ (X,,Y,)
For K,(e)<K,(e,),

‘ej‘dél(xl)[1+ de - (y)1+lelds, (v) :‘ei‘dél(xz)[“ d,.- (v)]+[elds (v.)
Fix xeV,,

‘ei ‘dél ()L+ dG; (y)l+e, |d§2 (Y1) :‘ej ‘dél O+ dG; (y)]+e, |d(§2 (y,)
Since G, and G,  are complete graphs, we get déz (y,) = déz (y,)

~.G, is aregular FSG.

Fix yeV,,

le)]dg )L+ - (DI+[e|dg, (v) =le;|ds O)IL+d - (DI+[eilds, (v)
=dg (%) =dg (X;)

~.G, is aregular FSG.

i) For K, (e;) <K,(e;), similar process is followed and we get G,and G,
as regular FSGs.

Theorem 6.7 : Let G, and G,be two FSGs with F,(e;)<K,(e;)and
Izz(ej)(yl):c vy, €V, then élxéz is a regular FSG if and only if G, is
4

regular, G, and G, are regular graphs.
Proof: Proof is similar to the proof of Theorem 6.5.

7 Conclusions

In this paper, different products of fuzzy soft graphs are defined and
demonstrated with some examples. The degree of a vertex in these product
FSGs under some conditions and the regular properties associated with it are
analyzed. When fuzzy soft graphs are very large these formulas will play a
major role which helps in studying some of its properties.
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