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Abstract. Sequential join of fuzzy graphs which is analogtmshe concept sequential
join operation in crisp graph theory is definedeTdegree of an edge in sequential join of
fuzzy graphs is obtained. Also, the degree of agedd fuzzy graphs formed by this
operation in terms of the degree of edges in tirergfuzzy graphs in some particular
cases is found.
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1. Introduction

It was Rosenfeld who considered fuzzy relationguzzy sets and developed the theory
of fuzzy graphs in 1975 [9]. Later on, Bhattachaggare some remarks on fuzzy graphs
[1]. The operations of union, join, Cartesian pradand composition on two fuzzy
graphs were defined by Moderson and Peng [3]. Bugea# of a vertex in fuzzy graphs
which are obtained from two given fuzzy graphs gdinese operations were discussed
by Nagoor Gani and Radha [5]. Radha and Kumarasedduced the concept of degree
of an edge and total degree of an edge in fuzzgyhgr§/] and studied about the degree of
an edge in fuzzy graphs which are obtained from giv@n fuzzy graphs using the
operations of union and join [8].

In this paper, we have introduced the cohcdpsequential join of fuzzy graphs,
which are analogous to the concept sequentialifoarisp graph theory. We study about
the degree of an edge in fuzzy graphs which araimdd from three or more fuzzy
graphs using sequential join operation. The degfegn edge in the sequential join of
fuzzy graphs obtained in some particular case.

LetV be a nonempty set. A fuzzy graphs is a pair oftions. G : (o, ) Whereg is

a fuzzy subset ofv and 4 is a symmetric fuzzy relation ow:Vv - [0,1] and
w:VxV - [0,1] such thaty(u,v)<o(u)Og(v) for all u,vin V [4]. The underlying
crisp graph ofG:(o,u) is denoted byG :(v,E) where EOVxV . u(uv)>0 for
(u,v)OE, g(uv)=ofor (uvoE.

Throughout this paper we assume jaais reflexive and need not consider loops.
Note that G:(o,u) denote fuzzy graphs with underlying crisp graphs
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G :(V,E), 1<isnwith |V|=p, 1<i<n. Also, the underlying séf is assumed

to be finite ando can be chosen in any manner so as to satisfyefigtibn of a fuzzy

graph in all the examples and all these propediessatisfied for all fuzzy graphs except
null graphs. We shall denote the edge between esticesu andv by uv.

In [5], the degree of a vertex u in G édided by

de (u) =2 p(uy) =3 pu(w

(1.1)
uzv wWJE

By Nagoor Gani and Basheer Ahamed in {6§ order of a fuzzy graph G is
defined by

o(G)=>o(u)- 1.2)
uv
The union of two fuzzy grapl, : (o, 1,) and G, : (0,, i,) is defined as a

fuzzy graphG=G OG,: (0,00, 1,0 u,) on G :(V, E) where V =V, 0V, and

E=E O E, with
o, (u), udV, -\,
(0,00,)(u)=10,(u), udVv,-V,
o,(u)00,(u), udVnV,
and
4 (uv), wld E- E
(460 ) (uv) =1 11, (), wd E- E
t(uw)0u,(uy),  uwdEn B

Assume thatV, nV, =0 . The join of G and G, is defined as a fuzzy graph
G=G+G:(o,+o,u,+u,) on G :(V,E) where V=V,OV, and

E=EFUE DO E whereE" is the set of all edges joining vertices\gfwith vertices of
V,, with
(0,+0,)(u)=(0,00,)(u) forallubV, 0V,
and

(148 1) (uv), wi E0 E

(12 ) () _{Ul(u) O, (v), wilE

By Radha and Kumaravel [7], the degree of an adgés defined
do(w)=d(dr a(Y-2u(wy= Y u( W T u( W @)

W#V
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2. Degree of an edgein sequential join
In this section, we give the definition of sequahjbin operation and calculated degree
of an edge of fuzzy graphs that are obtained ksyaheration.

Sequential join is a graph operatioat tis introduced by Harary 1181. Graphs
obtained by using this operation, represent a conitation network construction [2].

Consider for three or more disjoint @aG,G,,...,G, whereG, =(Vi, E)and
where V,nV,=0 and EnE =0 , i#j , 1<i,jsn the sequential join
G=G+G+..+G=(V.§ where  V=Vv,0V,0..0V and where
E=E0EO0.0EOFE,is(G+G)0(G+G)0..(G.,+ G) [2]. Let 0, be a
fuzzy subset oV, and lety be a fuzzy subset dt,i=1,2,...n Using definition of

join and union, define the fuzz;(al+az)D(az+as)D_,,D(an_l+an) of V and
(1 +14,) O (ptp+ 1) O...0 (4, + 1,) of E as follows:

(0,+0,)0(0,+0,)0...0(0,_,+0,)(u)=(0,00,0..00,)(u) OudVv (2.1)

(10, 0..04,)(uv), wdE- E

(£ + 45) O (i 1) 0.0 (o + 1) (W) =4 0, (W) D0 (W + 0 (Y D0 (9, (2.2)
uvd E'andul
Theorem2.1. LetG=G + G, +...+ G,. For anyuvO E,
1) If woOE for 3<k<n then
ds (w) = o (w+ 2, o (Y00 ( W+ >, o 90
uwdE' uwd E
WEV WV . (2.3)
+ 2, Ga(W)Oo (V) + 2, 0 (V) Do (W
WVIE' Wyl E

2) If wOoE with yoy, voy, for 3sk<n then

do () =dy (U+ &, (Y+ 2 a( 900w ( W+ 2 o Y00 W

uwJE' ul] E

W#V WEV (24)
+ 2, 0 (V)00 (W) + Y 04, (W) D0y, (V)

Proof. By (1.3), we have

do)= 3 p(uw)+ Y ()

uwJE w{l E

= > p(uww)+ > op(w)+ D p(u+ Y p(wy  (25)
Fe o dEe D Wr o WE
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Assume thatuvd E with uD E,, vO E for 3<k<n. Hence,
wiV,, or wi\,, or wilV.Using (2.2)in (2.5) we get that

dg ()= > p(uw+ Z u(wy+ 3 o (Y00 ( W

UV\EEk U\M¢E
+ >, 0 (u)Oo, (w)+ Z o (W00 (V+ 2 ou(Wio(Y
gt e i

Using definltlon of (1.3), we obtain equation (2.3)

Now, let O E' with ugy, vov, for 3sksn. So wov,, orwd\,, if
udV, and uwd E. vi ¥ orw ), WwhenvOy,,, and vl E. Using (2.2) in equation (2.5)
we see that

dg (u) = >, p(uw+ Z#(W\)+Zﬂk(t)ﬂ%(V)'

* Z (oo W+ ¥ 00009+ 3 (W, (3

As a conclusion, by (1.1) we obtain equation (2I4us, we complete proof of
the theorem. o

In the following theorems, we find the degreeuofin G in terms of those in
G, for 3<k<n in some particular cases.

Nagoor Gani and Radha in [5] defined the relatgno, means that
g,(u)2o,(v), for everyuoy, and for everyvoy,, whereg is a fuzzy subset of

V,,i=12.. We also can define the relati@pggj means thabk(u)gaj(v) for every

udV, and for everyvOV, k# j andi<k,jsn, whereg is a fuzzy subset of
V,1<i<n.

Theorem 2.2. LetG=G+G,+..+G. Forg, ,>0,,0,20,,ando,,20,, the following

equalities holds:
1) If woEgfor 3<sk<nthen

do (W)= oy (W+2q Gu)+ Ru(on( Y+au( ).

2) If wOE withupy, voy, for 3sk<nthen

de (W)= ¢, (U+ 4, (Y+ & Ga)+ @ Go)*+ po W( p2)oa( )

Proof. We haveg, ,>0,,0,20,,ando,,20,,- Let anyuOE for 3<ksn. From
equation (2.3) we have

dg (W) = d; (w)+ Z%(VWZ (9 2, a9+ 2, oy

V\D\& 1 VO Vg WYy
W;tv WE U WU

Recall thaq\/i| = p,1< i< n. By equation (1.2), we have
do (W) = d (W+ q Gu)+ po( I+ © @)+ po( )
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Therefore we obtain Theorem 2.2 (1).
Using conditions of the Theorem 2.2 in equatiod)2ve get that

de (W)= b (U ., (9* 2 g9+ 2 ol 9+ 2 ga( 1+ 2, 0ual )

w:l\‘(—l +2
W¢V WE V WE U

Now, using equation (1.2) and| = p,1< i< n, we obtain that

do(w)=c, (4+ &, (Y+ @ @)-gua( ¥+ o J( plou( )+ O 6)

Theorem 2.3. LetG=G+G,+..+ G. Forg, >0, ,,0,20,,ando,,>0,, the following

equalities holds:
1) If woEgfor 3<sk<nthen

ds (w)=d, (W+2dq G,)+2Q Gy).

2) If wOE withupy, vOoy, for 3sk<nthen

ds (W)= (U+ ¢, (Y+ @ Ga)* @ Qi)+ © @)*( p2)ou( )
Proof. We haveg, >0, ,,0,>0,,ando,,20,, Let anyuvO E for 3<k<n. In similar
a way, by equation (2.3) we have

do (W)= dy (W+ X (W D 0 (W D o W+ Z UH( W

WiV WM Vg
W#V WE V WE U

By equation (1.2), we get

de (V)= d (W+ q Gu)*+ @ @)+ @ @)+ © G-

Therefore we obtain Theorem 2.3 (1).
For anyuvO E' with unv,, vO\,, for 3<k<n. Using (2.4) and

ﬁé

0,20,,0.20,ando,,>0,, We getthat

()= e (d+ @, (V+ Z T ( W+ 2 T V)/+Z%( yr 2 g )

V\D\h \E\(z

By equation (1.2), we obtain that

de (W)= (U+ &, (Y*+ @ Gu)-0ua( Y+ @ @)+( P M 0 G)

O

Theorem 24. LetG=G+G,+..+ G. Forg,_, >0,,0,,,20,ando,, >0,, the following

equalities holds:
1) If wOEfor 3<k<n then

ds () = d (W) +( Rt Ra)(0u( I+ ).

2) If wOE withuOy, vOy, for 3sk<nthen

de(w)=ds (U+ &, (Y+ A @)+ @ G)+( pm+ p2)o( )
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Proof. We haveg, >0,,0,,20,ando,,20,,- Let anyuOE for 3<k<sn. From
equation (2.3 ) we obtain that

de (W)= dg (W+ 3 o (Y+ > o[ 9+ 2 ol ¥+ 2 o Y.

WM WMy W Vg WYy
WZV WE V WE U W u

By M: p.,1<i<n, we have

de (W)= d (W+ RO ( 9+ RO I+ RO W+ RO )
Therefore we obtain Theorem 2.4 (1).
For uvO E' with uOy,, vOV,, for 3<sk<n. From (2.4), we obtain that

k+1

de (W)= (U . (9* 2 a9+ 2 ol 9+ 2 ol P+ 2, ona( )

WM WM 2
WEV WV WE U

Using equation (1.2) and| = p,1<i<n, we get that

de(w)=a (U+ &, (Y+( Ra-Yo( 9+ RO I+ @ G-o( + O @)
Thus, the proof completed. O

Theorem 25. LetG=G+G,+..+G. Forg, 20, ,,0,.,20,ando,,,20,, the following

equalities holds:
1) If wOEfor 3<k<nthen

de(u)=d, (W+2d G.)+ Rufow( J+o,( ).
2) If wOE withuDy,, vOV, for 3sk<nthen
de(u) = (U+ &, (V+ A Q)+ @ @+ @ &)+ p-2)o( )
Proof. We haveg, >0, ,,0,,,20,ando,,20,,- Assume that anyvi E for 3<sk<n.
From equation (2.3 ) we see that

de (W)= (W 2, (g 2, gia(W* 2, ol ¥+ 2, aa(

WMy W Vg W Vg
W2V WE U WU

Using|v| = p,1< i< n. and equation (1.2), we get that

ds (w)=ds (W+ RO ( Y+ @ Gy)+ po( )+ © G)
Therefore we obtain Theorem 2.5 (1).
In a similar way, if anyuvO E' with u0yv,, vOV,, for 3<k<n then from (2.4), we get

that

da (W)= (U &, (9* 2 {9+ 2 (W 2 ol v 2 o W

‘M:’Vkﬂ Wj\‘«l W \4+2
WZV W e

=d W)+, (+( Ra Do §+ 4 G)* & G-, b+ ¢ &)

O

Theorem 26. LetG=G+G,+..+G. Forg_ >0,,0,20,,ando,.,20,, the following
equalities holds:
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1) If woEfor 3<sk<nthen

do (W)= &y (W+2d Gu)+ Ru(ou( o ).

2) If wOE withuDy,, vOy, for 3sk<nthen

do(u)=dy (U+ &, (V+ A Gu)+ o W+( p+ p=2)a ()
Proof. We haveg, ,>0,,0,20,,ando,,,20,, Itisthe same proof of Theorem 2.6 (1)

with  Theorem 2.2 (1). Because, they have the sanmmditions. While
0., <0,.,0r 0,,,<0,, It doesn't alter this conclusion.

In similar a way, ifiv0 E' with unyv,, vO\,, for 3<k<n then from equation
(2.4), we get that

de ()= o (9 &, (9% 2 0ua( 9+ 2, 0 9+ 2, 0w ¥+ 2, Tl ¥

WV WMy W V,p
W2V WV WU

:dek(u)"'dem(v)-"qQ+1)_Uk+1(\)+ 9—1Jk( l)+( Q—l)dm( )/+ Qza-*l( )“

O

Theorem 2.7. LetG=G+G,+..+ G. Forg, >0, ,,0,,,20,ando,,,20,, the following

equalities holds:
1) If woEfor 3<k<nthen

(W)= &, (W2 G.)+ pu(oul Janl ).

2) If wOE withupy, vOoy, for 3sk<nthen

k+1

ds (W)= (U+ &, (¥ A Gu)* @ Q+( R=2)oi( )+ pow( )
Proof. We haveg, >0, ,,0,,,20,ando,,,20,, Proof of Theorem 2.7 (1) is similar to

Theorem 2.5 (1). Because, They have the same am&itWhileg, < g,., or 0,,,<0,.,,

it doesn’t change the results. So, let's us prokieofem 2.7 (2). Let anyvO E' with
udV,, vO\,, for 3<ks<n. By (2.4), we have

de (W)= (U . (9* 2 ol 9+ 2 gl 2 ol Y+ 2, ol y

WDVk+1 V\D\‘(—l v \44-2
W#V WE V W u

Using equation (1.2) and| = p,1< i< n, we obtain

de (W)= (U+ d, (Y+( Ru-Yo( Y+ @ )+ © G-o( Jr pow()

O

Theorem 28. LetG=G+G,+..+ G. Forg,_, >0,,0,,20,ando,,,>0,, the following
equalities holds:
1) If woEgfor 3<k<nthen

ds () = ds (W) +( Rt Ra)(0u( I+ })-

2) If wOE withuDy,, vOy,, for 3<k<n then

k+1

de (W)= (U+ &, (Y*+ A Q)+( Rt p-2)o( I ol )
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Proof. We haveg, ,>0,,0,,,20,ando,,,20,, It is the same proof of Theorem 2.8 (1)

with Theorem 2.4 (1). Thus, let's us prove Theo&g(2).
Let O E' with udy,, vOV,, for 3<k<n. In similar a way, we have that

ds (W) =d; (U+ d, (V+ 2 a9+ > a9+ Zak( W+ D oa(y

WE#VKH w;t\‘( ‘Avﬂvt\(»fz
=dg, (u)+ &, (V+(Ra-Yo(U+ po( 9+ Cé Q) {0 ol )
Thus, the proof completed. O

Theorem 29. LetG=G+G,+..+G. Forg, 20, ,,0,20,,ando,,,20,, the following

equalities holds:
1) If uwoEgfor 3<k<n then

ds (w)=d, (W+2q G,)+2Q Gy).

2) If wOE withupy, vOoy, for 3sk<nthen

de (W)= (U+ &, (Y*+ 4 Gu)+ @ @)+( pr R.72)oa( )

Proof. We haveg, >0, ,,0,20,,ando,,,20,, Itisthe same proof of Theorem 2.9 (1)
with Theorem 2.3 (1). Then, tvO E' with uov,, vO\,, for 3<sk<n then we obtain
that

do (W)= (U+ &, (Y+ 2 dua( W+ 2 dua( W+ 2, da( Y+ 2 0w}

=g (U)* &5, (V*+ A Ga) =0 ( Y+ A @)+ ( Yo ¥+ RO ¥
Proof of the theorem is completed. o
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