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Abstract. The distance degree sequence and distance neighborhood degree sequence are
two sequences in fuzzy graphs. In graph theory, the distance degree sequence of a vertex
involves the concept of the number of vertices at various distances from the given vertex
of a graph. The concept of distance degree sequence of a vertex in fuzzy graph is developed
by taking into account the membership values of the edges which are incident on the
vertices at various distances from the given vertex of fuzzy graphs, and the distance
neighborhood degree sequence considers the membership values of the vertices at various
distances. The drastic sum of fuzzy graphs is an operation in fuzzy graph theory, which is
the extension of the standard operations on graphs using the drastic sum of fuzzy sets. The
drastic sum provides a way to combine two fuzzy graphs into a new fuzzy graph by using
a specific rule for combining the membership values of edges and vertices between two
fuzzy graphs. In this paper, the distance degree sequence and distance neighborhood degree
sequence of the vertices in the drastic sum of two fuzzy graphs on star graphs are obtained
in terms of the parameters of the given graphs by considering all possible cases of drastic
sum in detail.
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1. Introduction

The concept of fuzzy graphs originates from the broader field of fuzzy set theory, which
was introduced byRosenfiled in 1975 [11]. In graph theory, the degree sequence of a graph
is a fundamental concept that refers to the sequence of vertex degrees (i.e., the number of
edges incident to each vertex) in a non-decreasing order. The distance degree sequence
(DDS) is an extension of this idea, introduced by Huilgol in the year 2019 [12]. The drastic
sum and drastic product of fuzzy sets were introduced by Dubois in the year 1980 [14].
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Masaharu Mizumoto, in the year 1981 [13], studied the algebraic properties of these two
operations. The distance degree sequence (DDS), distance neighborhood degree sequence
(DnDS) and the drastic operations are introduced in fuzzy graphs by Radha and Gayathri
[10].

2. Methodology
In this section, the basic definitions used in this paper are given.

Definition 2.1. Consider a fuzzy graph G:( o, ) where G*(V, E) is the underlying crisp
graph and V = {vy,v,,--,v,}. The DDS of a vertex v; in G is given by the sequence
(dy,, di,, d, ....,di], ""die(v-)) where d; is given by o(v;), d; is given by
Duen, (v LUy, di,- is given by ZuENj(vi),u(wu) where wu is the edge adjacent to u in
the v; — u path of length j in G* for every j# 0, j# 1. Here e(v;) is the eccentricity of the
vertex v;in G*.

The DDS(G) with n vertices is given by the n-tuple of DDS of the n vertices of G
and is denoted by DDSg(v4, V5, V3, , Un)-[2]

Definition 2.2. Let G:(o,u) denote a fuzzy graph with the underlying crisp graph G*
having vertex set V = {v;, v, -:-, v, }. The DnDS of vertex v;in G, denoted by DnDS(v;),
is given by the sequence (nd; ,nd; ,nd;, e ndy """die(v.))' where nd;_ is given by
o(v;), ndi]. is given by ZuENj(,,i)o(u), wherei=1,2,3,:,n,j=2,3, - e),e()is
the eccentricity of v; and N;(v;) is the j* neighborhood of v; in G*.

The DnDS(G) with n vertices is given by n-tuple of DnDS of the n vertices of G
and is denoted by DnDS(v4, v,, v3, -*+, vy).[2]

Definition 2.3. Let G;: (04, #1) and G,: (o5, u,) be two fuzzy graphs with underlying crisp
graphs G1: (V4, E;) and G;: (V4, E;) respectively. The drastic sum of Gyand G, is given by
(G1 U Gz):(01 U 0z, uy U ),
o1(w), ifuely—V,
(61U o)) =402(w), ifueV— ¥
1, ifue v,nv,
ui(uv), if uvek; — E,
(11 O ) (wv) = o (wv), if uvek, — Ey"[9]
1, ifuve E;NE,
(Gl 0 G2)2(61 0 02, ‘Lll 0 ‘le) |S a|SO denoted as (Gl O GZ):(GGloGZY ,LlGlOGZ).

3. Results and discussions
In this section, the DDS and DnDS of Drastic sum of fuzzy graphs on stars in all possible
cases are discussed.

3.1. DDS of drastic sum of fuzzy graphs on star graphs

In this section, the DDS of the vertices in drastic sum of two fuzzy graphs on star graphs
are obtained in terms of the parameters of the given graphs by considering all possible
combinations of star graphs for the drastic sum.
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Theorem 3.1.1. Let Gy:( 0y, 14q) and G,: (a,, py) have vertex sets {g, &, €5, ..., &, } and
{&,91,02, ..., U} respectively, where ¢ is the apex vertex of both G; and G, and &; # ¥;
for any i and j. Then the DDS of vertices in the drastic sum are as follows:
DDS(e)= (1,dg, (&) + dg,(8)),
Fori=1,2,..,n,DDS(g;)= (01 (£), dg, (&), dg, (&) +dg,(e) — w1 (g€))),
Forj = 1,2,...,m, DDS(9;)= (02(9)), d¢, (9;), dg, (&) + dg, () — uz(€9))).
Proof: Since the apex vertex ¢ is the only common vertex of G, and G, the drastic sum of
G,and G, is also a star with apex vertex e and pendant vertices &, &, ..., €4, 91,92, .., U
Also, there is no edges in E; N E,. By the definition of the drastic sum,
(061062)(8) = 1, (O-G]_OGZ)(EI') = 0-1(81'), fOI’ a" i and (001062)(19j) = 0-2(19]), fOI’ a”].
(ﬂclocz)(ggi) = I’ll (ggi) fOI‘ a" l and (MGloGz)(Eﬂj) = ,uz (819]) fOI‘ a“]
Let the vertices of G; U G, be arranged as ¢, &5, ..., £y, 91,92, oo, Oy
Consider the vertex e. The eccentricity of € in (G, U G,)* is 1.

di, (&) = (06,06,)() = 1
d; () = steEluEZ(.uGlOGZ)(EW):Z?=1 p1(egp) + Xt o (Sﬂj) = dg, (&) + dg, (e).
Therefore, DDS(¢)= (1, dg, (€) + dg, (£)).
Foranyi = 1,2, ..., n, the eccentricity of ; is 2.
diir1y, (&) = (06,06,) (&) = 01(&1), dgsn), (&) = (Me,06,) (€€ = wa(eg) = dg, (&)
The paths of length 2 are g;eg, k = 1,2, ...,n, k# i and g;¢9;,j = 1,2, ..., m. Therefore
d(iv1), (&) = ZE:;(Holoaz))(ffk) + 371 (6, 06,)) (€9)=Yk=1 11 (€8x) + XTeq 2 (€9))

k+#i k#i
= Yk=1 M1 (e&) — uy(eg;) + XT2q 1o (e9)) =dg, () — uy () + dg, (€)
Therefore, DDS(g;)= (01(&;), dg, (&), dg, (&) + dg, (€) — py (g;))
Forany j = 1,2, ...,m, the eccentricity of ¥; is 2.
d(jen+1),(9)) = (96,06, (%)) = 02(9)),
d(j+n+1)1(l9j) = (MG1062)(€19]') = [12(819]-) = dGz (1‘9])
The paths of length 2 are 9;e¢;,i = 1,2, ...,n, and 9;ed, k = 1,2,...,m, k # j.
djen+n),(9)) = Xi1(ue,06,) (€8) + Z%n:;(MGlOGZ)(fﬁk):Z?ﬂ p(eg;) +
#j
k=1 Hz (e9)

k+j
=it iy (eg) + Xl ta(e9) — (fﬁj) =dg, () +dg, (&) — py (5191')
Therefore, DDS(9))= (02(9;), dg,(9;), dg, (&) + dg , (&) — 12 (€9))).

Theorem 3.1.2. Let G;:( a4, 41) and G,: ( 03, 1) have k common end vertices with vertex
sets {&, W1, Wy, ..., W, Ecqr 1y s Ent aNd {9, wy, Wy, ..., Wi, Oy 1, -, O }, Where € and 9 are
the apex vertices of G, and G, respectively. Then the DDS of drastic sum are as follows:

DDS(e)= (01 (&), dg, (€), Zf1de, (W), Ztrer1 de,(9)))

DDS(19)= (0-2 (19), dGZ (19), Z}ic=1 dGl(Wi) ) Z?=K+1 dGl (51))

Fori=1.2,..,k, DDS(w;)= (1» dg, (W) + dg,(W), X1 dg, () 'ZT:KH daz(ﬁj))
Fori=k+1,k+2,..,n,
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DDS(g;)= (51 (&), dal(gi): dal(g)—dal(fi): Z;'c:1 dGz(Wj) ) Z}":KH daz(ﬁj))
Forj=x+1,k+2,..,m,

DDS(ﬁj): (Uz (ﬁj): dcz(ﬁj)' dcz(ﬁ)—daz(ﬁj)rz dGl(Wl) Zl K+1 dcl(fi))-

Proof: Since wy,w,, ..., w, are the only k common vertices of G, and G,, and no two w;’s
are adjacent, there is no common edge between G; and G,.

Therefore, by the definition of the drastic sum,

(06,06, )W) =1,i=12,..,k
(06,06,)(€) = 01(€), (06,06,) (&) = 01(&)), i =K+ Lk +2,..,n,
(06,06,) @) = 02(9), (001062)(19j) = 02(19]-),] =k+LlLk+2,..,m
(16,06,)(e) = p1(e) for every edge e in G,
and (u¢,06,)(€) = pa(e) for every edge e in G,.
Let the vertices be arranged in the order €,9, Wy, ..., Wi, €41, «+» En Ot 1s ++0r I
Consider the vertex €. The eccentricity of £ in(G, U G,)* is 4.

diO(S) = (061062)(8) = 01(¢).
di1 (e) = steEluEz(MGlocz)(gx) =Z£xEE1 e (ex) = d61 ().
ew;? is the path of length 2 for j = 1,2, ..., . Therefore
d, (e) = Z?=1(H61062)(Wj19)
=2t (w)9)
=Yj=1de,(W))
ew; 9V is the path of length 3fori = 1,2, ...,kand j =k + 1,k + 2,...,m
Therefore,

i, (€) = Z (H6,06,)(99)) = Z k2 (95)) = Z 46, (9))

=K+1 J=K+1 j=K+1
Therefore, DDS(g)= (al(e) dg, (€), Z] 1dG2(W]) Z] tr+1 46,0 ))
Similarly, DDS(9)= (0, (9), dg,(®), X2y de, Wy) , X1k 1 di, (€1)).
Consider the vertex w;,i = 1,2, ...,kx. The eccentricity of w; in the underlying graph
(G, U G,)* of the drastic sum is 2.
Fori=1,2,.., K,

d(i+2)0(Wi) = (061062)(Wi) =1

diiv2), W) = ZwierluEz(#61002)(Wix)=#1(gwi) + u, (Owy) = dg, (W) + dg, (wy).
The paths of length 2 are w;eg;, l =k + 1,k + 2,...,nand widd,j=k+1Lk+2,..,m
Therefore, fori = 1,2, ..., k,
d(1+1)2 (w) =X x+1(#61u62))(881) + Z;n K+1(“61UGZ))(00 )
=Dler+1M1(e8) + 2, Ler1 M2 (99)) =X yei1dg, (&) + Xilieia dcl(ﬁ )
Therefore,i =1, 2,.
DDS(w;)= (1 dcl(Wz) + dg,(Wp), Xl=k+1 d61 (e) + Z] =K+1 dcl(ﬁj))
Consider the vertex g;, i =k + 1,k + 2, .
The eccentricity of ¢; in the drastic sum is 4.

d(iri+2), (&) = (06,06,) (&) = 01(&).
d(i+x+2)1(€i) = ZeierluEz(.uGlOGz)(gix) = (#01002)(51'5): p(gg) = da1 (&)
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The paths of length 2 are gew;,j =1,2,..,k and geg;,j =k + 1Lk +2,..,n,j # L.
Therefore,

Aitsrerna (&) = z(ualuaz)@w,) ' Z (6,06, (e5)
j=Kk+1
—Z] 1#1(5W1) +Z] ;c+1.“1(551) dg, (&) — u(eg) = dg, (e) — dg, (&).
J#i

The paths of length 3 from ¢; in the drastic sum are g;ew;9,j = 1,2, ..., k. Therefore,
d(i+x+1)3 (&) = Zf=1(ualocz)(wjl9)=2}‘=1 12%) (Wjﬁ) = Zf:l dGz (Wj)-
The paths of length 4 from ¢; in the drastic sum are g;ew;99;,1 = 1,2, ..., k,
j=k+1,k+2,..,m Therefore,
d(i+rc+1)4 (&) = Z;'nzk+1(.u61062)(19j19)2271=x+1 125 (ﬁjﬁ) = Z;'nzrc+1 dGZ (ﬁj)-
Hence, fori=x+1,k+ 2, ...,n,
DDS(g;)=(01(&:), dg, (&), dg, (€) — dc1 (), X=1dg,(W;), XTrr d6, (9)))
Similarly, forj =k + 1,k + 2, ...
DDS(19j)=(02 (19]'), daz (19]'), daz (19) d62 (19) Z 1d61(W1) Zl ;c+ dG1 (&1)).

Theorem 3.1.3. Let G;:(oy,1q) and G,:(o,,u,) have n+1 and xk+ 1 vertices
respectively (n > k) such that G, is a fuzzy subgraph of G,.Then the DDS of drastic sum
are as follows:

If & is the apex vertex of G;, DDS(e)= (1, k, Lgev, v, dg, (9)).

For 9 € V; NV, DDS(®)= (1,1, k — 1 + Yyev, v, dg,(W)).

For 9 € V, — V,, DDS(9)= (al(ﬁ), dg,(9), Kk + 3 weo dGl(w)>.

wev; -V,
Proof: Let {¢, &1, &3, ..., €, } be the vertex set of G;. Since both G, and G, are fuzzy graphs
on star graphs and G, is a fuzzy subgraph of G,, € is also the apex vertex of G,.
Without loss of generality, let V, = {¢, &1, &3, ..., &} be the vertex set of G, and let V; =
{€,€1,€2, v, Exc» Excs1, --» En ) DE the vertex set of G;. (This can be done by relabeling the
vertices if necessary.)
Then, g, &1, &5, ...,& EViNV, and €41, Exqny -y Eq E VL — V5.
By the definition of the drastic sum,
(06,06,)() = 1,(06,0¢,) (&) =11 =12, ...k
(06,06,)(&) =01(g),i=k+1Lk+2,..,n
(UG 06,)(€e) =1,i=12,...,k

(uG,06,)(8) = m(eg),i=k+1Lk+2,..,n
Here, the drastic sum G, UG, is a fuzzy graph on a star graph with vertices
E,E1,E, ) Exr Erci1s -+ En DAVING € as the apex vertex.
Consider the vertex €. The eccentricity of € in the drastic sum is 1.
di,(e) = (06,06,)(e) = 1.
dll(s) Y= 1(:“61UGZ)(£51) = Yi= 1(.“61UGZ)(681) + 25 x+1(#61u62)(551)

Z -1 1+ Zz_x+1 p(eg) =k + Zz_;c+1 dGl(St)
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Therefore, DDS(e)= (1, k + Xity11 dg, (&)
Consider the vertex g;,i = 1,2, ..., k. The eccentricity of g; in the drastic sum is 2.
diiv1),(€07(06,06,)(&) = 1 d(sy, (€)=l 06,) (&) = 1.
g;e€;,j # 1, are paths of length 2. Therefore,
d(i+1)2 (&) = Z;‘l=1(#61062)(55j) = Zfﬂ(#GlOGZ)(fgj) + Z?=K+1(.u61062)(55j)
j#i j#i
=Y 1+ Y i (eg) = k= 1+ X741 de, (8).
j#i
Therefore for i = 1,2, ..., k, DDS(g;)= (1,1, — 1 + X}_,4; dg, (§))-
Consider the vertex ¢;,i = k + 1,k + 2, ..., n. The eccentricity of g; in the drastic sum is
2

d(i+1),(€0=(06,06,) (&) = 01(&)

d(i+1)1(Si)z(ﬂclocz)(ffi) = py(eg;) = dcl(fi)-

g;€€;,j # 1, are paths of length 2 from ;. Therefore,

d(i+1)2 (&) = Z?=1(M61062)(55j) = Zf=1(1161062)(55j) + Z?=K+1(M610G2)(55j)

Jj#i
=31+ Y i (eg) = Kk + X1 dg, ().
J#i Jj#i
Therefore for i = i + 1,k + 2, ...,n, DDS(g;)= (01(&), dg, (&), K + Xj=re+1dg, (&)

J#i
Theorem 3.1.4. Let G;:( o1, 41) and G,: ( 03, 4y) have same vertex sets (g, €1, &3, ..., €n)-
Then the DDS of the vertices in the drastic sum are
DDS(e) = (1,n) and DDS(¢;) = (1,1,n—1),i = 1,2,...,n
Proof: Since G, and G, are fuzzy graphs on same star graph, by the definition of the drastic
sum (ag,06,) () = 1 for all vertices ¥ and(u¢, g, ) (e€;) = 1 for all edges e¢;.
Consider the vertex €. The eccentricity of the vertex ¢ is 1.
d1,(&)=(0¢,06,)(€) = 1; d11(Ei):Z?zl(.uGlOGz)(ggi) =Xisil=n
Therefore, DDS(¢) = (1,n)
Consider the vertex ¢;,i = 1,2, ..., n. The eccentricity of ; in the drastic sumis 2.
diiv1),(€0=(06,06,)(&) = 1 d(is), (€)=t 06,)(e6:) = 1.
g;egj,j # i, are paths of length 2 from ¢; in the drastic sum. Therefore,

n n
At (@) = ) (g06,)(e) = Y 1=n—1
=1 =1

J#i J#i

Therefore, DDS(¢g;)= (1,1,n —1),i = 1,2, ...,n.

Remark 3.1.5. If G; and G,are two different fuzzy graphs with no vertex in common, then
the DDS of a vertex 9 in the drastic sum is,

DDS 5) DDS; (9),if9 € V;
6,06, (9) = DDS;, (9),if 9 € V;
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3.2. DnDS of drastic sum of fuzzy graphs on stars
In this section, the DnDS of the vertices in drastic sum of two fuzzy graphs on star graphs
are obtained in terms of the parameters of the given graphs.

Theorem 3.2.1. Let G, and G, have vertex sets {¢, &4, €5, ..., &, and {g,9;,9,, ..., 9}
respectively, where ¢ is the apex vertex of both G,and G, and ¢; # ; forany i and j. Then
the DnDS of drastic sum are as follows:

DnDS(e)= (1,nd¢, (¢) + ndg, (¢))

Fori=1,2,..,n, DnDS(g;)= (al(si), 1,ndg,(e) + ndg,(e) — al(ei))

For j = 1,2, ..., m, DNDS(8))= ((9)), 1, ndg, (&) + ndg,,(e) — 02 (8))
Proof: Since the apex vertex ¢ is the only common vertex of G, and G, the drastic sum of
G,and G, is also a star with apex vertex € and vertices &;, &, ..., €, 91,92, ..., O AlSO,
there is no edges in E; N E,. By the definition of the drastic sum,
(061062)(8) = 1, (O-G]_OGZ)(EI') = 0-1(81'), fOI’ a" i and (001062)(19j) = 0-2(19]), fOI’ a”].
Let the vertices of G; U G, be arranged as ¢, &5, ..., &y, 91,92, «oe) O
Consider the vertex e. The eccentricity of € in (G, U G,)* is 1.
nd;, (&) = (06,06,)(e) =1

ndi1 (e) = ZweVlqu(GGIOGZ)(W)=Z?=1 o1(&) + Z}n:1 03 (ﬁj) = ”dal (e)+ ndaz (o).
Therefore, DnDS(¢)= (1,ndg, (¢) + ndg, (€)).
Foranyi = 1,2, ...,n, the eccentricity of ¢; is 2.
nd(i+1)0 (&) = (061062)(5i) = 01(&), nd(i+1)1(5i) = (061062)(5) =1L
The paths of length 2 are g;e5,, k = 1,2,...,n,k # i and g&9;,j = 1,2, ..., m.
nd (1), (&) = Z;Tcl=1(061062)(5x) + 2}7’=1(001062)(19j)=233=1_ 01(&0) + X1 02(9))

K#1 K*1
=ndg, (¢) — 0, (eg;) + ndg, (¢)
Therefore, DnDS(g;)= (al(si), 1,ndg,(e) + ndg,(e) — 07 (ei)).
Forany j = 1,2, ...,m, the eccentricity of ¥; is 2.
nd(jin+1),(95) = (06,06,) (%)) = 029 nd(juns1), ) = (06,06,)() = 1.
The paths of length 2 are 9;e¢;,i = 1,2,...,n, and ¥;ed,,k = 1,2, ..., m,k # j.

nd(jin+1), (19]') = Yit1(06,06,) (&) + Z;cn=1(0-61062)(79x):2?=1 01(&) + Xr=102(9))

K% j K#]
=ndg, (&) — 0, (19j) + ndg, (¢)
Therefore, DNDS(9))= (0, (9;), 1, ndg, () — 02(9;) + ndg, (€))

Theorem 3.2.2. Let G;:( 04, 11) and G,: ( 03, 1) have kK common end vertices with vertex
Sets (&, Wy, Wy, «.., Wy, Exq1s s En) AN (9, Wy, Wy, ..., Wi, Ot 1, - U ), Where € and 9 are
the apex vertices of G and G, respectively. Then the DnDS of drastic sum are as follows:
DnDS(e)= (01(e), k + Xizy101(&) , 02(9), Z}n:k+1 02(191'))

DnDS(9)= (0, (¥), k + Z;’ZK+1 ) (19j) ,01(8), Xitk+101(80)

Fori=1,2,..,K,

DDS(w;)= (1,04(&) + 02(9), Xz 41 01(&) + Z;-’;KH 0y (19]-) +k—1)
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Fori=k+1,xk+2,.
DnDS(g;)= (o1 (&), 01(5) K+ Yick+101(8),02(9), )y J2(19 ))

l#i

Forj=x+1,k+2,..,m

DnDS(ﬁj): (02 (ﬁj): 02 (19)’. K+ Zﬁl;cﬂ 02(91),01(8), Xiier1 01 (D).
*J

Proof: Since wy,w,, ..., w, are the only x common vertices of G, and G,. Therefore, by
the definition of the drastic sum,

(0-61062)(Wi) = 1'l = 1'2' s K (061062)(5) = 0-1(8)1

(06,06,)(E) =01(g),i=x+1LKk+2,..,n

(06,06,) @) = 02(9); (061062)(19]') = 02(191'),]' =k+1k+2,...m

Let the vertices be arranged in the order &,9, Wy, ..., Wy, Ecx1) -+ » En Ot 1s -0 I
Consider the vertex . The eccentricity of £ in (G; O G,)* is 3.

ndlo (e) = (Ucluaz)(g) = 01(&)

ndi, (&)= ) (06,0600 = Z(%UGZMWL) ' Z (96,06,)(e)
x€eN1(€) i=1 i=k+1
= K+ Nicier1 01(&)
ew;? is the path of length 2 for j = 1,2, ..., k. Therefore
nd;, (e) = 0,(9).
ew;99; is the path of length 3fori = 1,2,...,kandj =k + 1,k + 2,...,m
Therefore,

ndi, (&)= ) (06,06))= ) 005
j=K+1 j=K+1

Therefore, DNDS(e)= (01(€), k + Xty 1 01(&1) , 02 (9), Z;"ZKH 0, (ﬁj))

Similarly, DnDS(9)= (02 ),k + z}”:m 02(9;),01(8), Tirerr01(&))

Consider the vertex w;,i = 1,2, ...,k. The eccentricity of w; in the underlying graph
(G, U G,)* of the drastic sum is 2.

Fori=1,2,.., kK,

nd(i+2), (wy) = (061062)(Wi) =1 nd(i+2)1(W1) =o0.(e) + 02(19)

The paths of length 2 are wiee, l =k + 1,k + 2,...,nand wied;,j =k + L,k + 2,.
Therefore, fori = 1,2, ...,k

n

R, W) = ) al<el)+2<aclucz>(wl)+ Z 72(8))
l=k+1 j=Kk+1
]::1
n
- > al<el)+2<aclugz)(wl>+ Z o2()
I=k+1 Jj=Kk+1
]:tl
n K m
= Z O'l(é‘l)-l-Zl-l- Z 02(19]-)
l=k+1 j=1 j=Kk+1
JE!
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n

m
nd(i+1)2 (Wl) = z 0'1(81) +xk—1+ Z 0'2(19])
I=k+1 Jj=Kk+1
Therefore, i = 1,2, ..., k,
DnDS(w;)= (1,0:(e) + 0, (9), X]rs101(e) + Kk — 1+ Z;-":KH 0y (ﬁj))
Consider the vertex g;, i =k + 1,k + 2, ..., n.
The eccentricity of &; in the drastic sum is 4.
nd(i+x+2)0(€i) = (061062)(€i) =01(&);  nd(yrr2), (&) = 01(8)
The paths of length 2 are gew;,j =1,2,..,k and geg,j =k + 1Lk +2,..,n,j # L.

Therefore,
n

Nd(j1x+1), (&) = i(acﬁaz)(wi) + i o1(&) = i 1+ Z o1(&)
i=1 i=1

l=Kk+1 l=Kk+1
[E31 l#i

= K + Yiew+1 01 (8)).
L+
The paths of length 3 from ¢; in the drastic sum are g;ew;9,j = 1,2, ..., k. Therefore,
nd(i+x+1)3 (&) = 0, (¥)
The paths of length 4 from ¢; in the drastic sum are ;ew;99;,1 = 1,2, ..., k,
j=x+1,k+2,..,m Therefore,

m

ndiyicr1), (E) = Z o2 (%))
j=k+1
Hence, fori=x+ 1,k + 2,...,n,
DnDS(g;)=(04 (&), 01(€), k + Xiye+101(€1),02 (19).27;&1 ] (ﬁj))
1#i

Similarly, forj =k + 1,k + 2,...,m,
DnDS(ﬁj)=<02 (19]'), 0,(9), k + Xitki107 (19]') ,01(8), Z?=K+1 01 (&'))-
L#i

Theorem 3.2.3. Let Gq:(oq,11) and Gy:(o,,u,) have n+1 and k+ 1 vertices
respectively (n > k) such that G, is a fuzzy subgraph of G, then the DnDS of drastic sum
are as follows:
If & is the apex vertex of Gy, DnDS(e)= (1, k + Y-, 11 01(&))
Fore; € Vi NV, DNDS(g;)= (1,1, k — 14+ X%, 11 01(&))
For & € V3 — V,, DNDS(g;)= (01(€:),1, k + Xjeier1 01(€)))
i#j
Proof: Let {¢, &, &, ..., £, } be the vertex set of G,. Since both G; and G, are fuzzy graphs
on star graph and G, is a fuzzy subgraph of G, ¢ is also the apex vertex of G,.
Without loss of generality, let V, = {¢, &1, &3, ..., &} be the vertex set of G, and let V; =
{€,€1,€2 ) Excr Excp1s - » En ) DE the vertex set of G;.
Then, g, &1, &5, ...,& EViNV, and €41, Exqny -y Eq E VL — V5.
By the definition of the drastic sum,
(06,06,)() = 1,(06,0¢,) (&) =1,i =12, ...k
(06,06,)(&) =o01(g),i=k+1Lk+2,..,n

9
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Here, the drastic sum G; UG, is a fuzzy graph on a star graph with vertices
£,€1,E2 ) Exr Exca1s -+ » Ep NAVING € S the apex vertex.
Consider the vertex €. The eccentricity of € in the drastic sum is 1.

nd; (5) (Ualuaz)(f)

nd;, () = Z(oalucz)(ew Z (06,06,)(0) = K+ Z o1 (&)
i=k+1 i=K+1

Therefore, DnDS(¢g)= (1 K+ Xii101(8)).

Consider the vertex ¢;,i = 1,2, ..., k. The eccentricity of ¢; in the drastic sum is 2.
ndi+1,(€)=(06,06,) (&) = 12 nd 41y, (€9=(06,06,)(€) = 1.

g;¢j,j # i, are paths of length 2. Therefore,

nd(z+1)2(€1) = Z] 1(061UGZ)(€]) Z 1(061u62)(31) (001062)(51')

j#i
=ndg,u6,(€) — 1

Therefore, for i = 1,2, ..., k, DnDS(g;)= (1,1, nd;, g6, (€) — 1).
Consider the vertex ¢;,i = k + 1,k + 2, ..., n. The eccentricity of &; in the drastic sum is
2.
ndi+1) (€)=(96,06,) (&) = 01(&:);  nd(iv1y, ()=(06,06,)(€) = 1
g;€€;,j # 1, are the paths of length 2 from ;. Therefore,
nd(i+1)2 (&) = Z?:l(aaﬁaz)(fj): Z?:l(o-GloGz)(ej) - (061062)(61')
Jj#i

=ndg,ue, (&) — o1(&1)
Thereforefori =k + 1,k + 2,...,n,
DnDS(&;)= (01(&:), 1, ndg, 06, (€) — 01(&)).

Theorem 3.2.4. Let G,:( a4, 1) and G,: ( g;, Uy) have same vertex set {¢, &, &, ..., €, }-
Then the DnDS of the vertices in the drastic sum are
DnDS(¢) = (1,n) and DDS(¢;) = (1,1,n—1),i =1,2,...,n
Proof: Since G, and G, are fuzzy graphs on same star graph, by the definition of the drastic
sum (0g,56,) () = 1 for all vertices 9.
Consider the vertex €. The eccentricity of the vertex ¢ is 1.
ndy ((6)=(0¢,06,)(€) =1;  ndy(€)=Xi=1(0¢,06,) (&) =Xz 1 =n
Therefore, DnDS(¢) = (1,n)
Consider the vertex ¢;,i = 1,2, ..., m. The eccentricity of ¢; in the drastic sum is 2.
ndgis1),(6)=(06,06,)(&) = 1, ndi4q), (€)=(06,06,)() = 1.
g;egj,j # i, are paths of length 2 from ¢; in the drastic sum. Therefore,
n

ndin, () = ) (96,06,)(5) = ) 1=n—1
=1

j=1
j#i j#i

Therefore, DnDS(g;))= (1,1,n —1),i = 1,2,...,n

Remark 3.2.5. If G, and G, are two different fuzzy graphs with no vertex in common, then
the DnDS of a vertex 9 in the drastic sum is,

10
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DnDS; (9),if 9 € Vy

DnDSg, 06, (9) = {DnDSGz ©9),if 9 €V,
4. Conclusion
The DDS, DnDS and the drastic sum of fuzzy graphs have various real-world applications,
especially DDS, which is used in molecular chemistry to differentiate and study the
properties of isomers. Therefore, DDS and DnDS of drastic sum of fuzzy graphs create
a better scope in the field of science. The DDS and DnDS of a drastic sum of fuzzy graphs
on stars have been explored in all possible cases in this paper.
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