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ABSTRACT
In this paper, we study the concept of edge geodetic parameters on switching of pendant vertex, central vertex of
path, switching of arbitrary vertex of a cycle, switching of arbitrary vertex of a wheel, switching of apex vertex
of helm graph.
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1. Introduction
All graphs considered here are non-trivial, simple
and undirected. The order and size of'a graph G are
denoted by n and m. A set S of vertices of a graph
G is an edge geodetic set if every edge of G lies on
an x —y geodesic for some elements x and y in S.
The minimum cardinality of an edge geodetic set
of G is the edge geodetic number of G denoted
by g1(G). The edge geodetic number (gi) was
introduced and studied in [4]. The concept of
connected edge geodetic number (gic) and
restrained edge geodetic number (eg,) was
introduced in [5, 6]. The concept of split edge
geodetic number (g15) and total edge geodetic
number (gi,) was introduced in [8, 9]. In our
present work, we have obtained the results on
different edge geodetic parameters for the graph
obtained by switching of pendant vertex and central
vertex of P,, switching of any vertex of C,,
switching of rim vertex of W, and switching of apex
vertex of H,. For any undefined terms or notations
in this paper can be found in Harary [3]. The
switching of a vertex v of G means removing all
the edges incident to v and adding edges joining v
to every vertex which is not adjacent to v in G.
The resultant graph is denoted by G. An edge
geodetic set S € V' is said to be a total edge
geodetic set if the subgraph induced by S has no
isolated vertex. The minimum cardinallity of a
total edge geodetic set of G is the total edge
geodetic number and is denoted by gi1(G). A total
edge geodetic set of cardinallity g1 G) is called
21(G)-set. An edge geodetic set S € V is said to
be a split edge geodetic set if the subgraph G[V —
S] induced by V — § is disconnected. The
minimum cardinality of a split edge geodetic set

of G is the split edge geodetic number and is
denoted by gi,(G). An edge geodetic set S S V
is said to be a restrained edge geodetic set if
the subgraph G [V —S] induced by ¥ — S has no
isolated vertices. The minimum cardinality of a
restrained edge geodetic set of G is restrained edge
geodetic number of G and is denoted by eg(G).
An edge geodetic set S S V is said to be a
connected edge geodetic set if the subgraph G [S]
induced by S connected. The minimum
cardinality of a connected edge geodetic set of G
is connected edge geodetic number of G and is
denoted by gi1.(G). The vertex covering number
ap is the minimum number of vertices covers all
the edges in a connected graph. The vertex
independence number of a graph Sy is the
maximum independent vertex set in a graph.

2. Switching of a pendant vertex of
P,
Consider a path P, : vy,v,,v3,...,7,. Now, we
obtain the results on switching of pendant vertex.
Example: In Figure 1, the graph obtained by
switching of a pendant vertex v; is shown in
which the set of solid vertices is its g, - set.
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Vi

L O
Vz V3
Figure 1: Switching of a pendant vertex v,

Theorem 2.1.
n—1,

Let P,,n>=3 be a path then
for n=3,4,5

9:(P) = {ao(Pn) + [nT_‘l], for n>6

Proof. Let B, be the graph obtained by switching of
pendant vertex of B,. Without loss of generality, let

the switched vertex be wv;. Let V( ﬁn) _
UM, v;where A(B) =n—2=
degP,(vy),degB,(v,) =1, degP, (v,) =

2, U?=_31 degP,(v;) =3. Let a, be the vertex
covering number of path P, and ay(B,) = EJ To

prove the result we consider the following cases:
Case i) For n=3, P, = P;. Therefore g,(P,) = 2.
Case ii) For n=4, let S = {vi, v2, v4} be the vertex
set with distance between any two vertices is
either one or two. Clearly, S is gi-set of Ps.
Therefore, g, (P,) = 3.

Vs Ve
5 n, forn = 3,4,5
91:(B,) = {ao + [’%2], for n > 6.
Proof. Let B, be the graph obtained by switching of
pendant vertex v; of B, and
V(B) ={vy,vy....,v,}. Then |[V(B)|=n and
|E(B,)| =2n—4. We discuss the following

cases:
Case i): For n =3,n =4 and n =5 the result is

obvious. Hence glt(ﬁ3) = 3,g1t(ﬁ4) =

4, glt(ﬁs) = 5.
Case ii): For n>5 , by Theorem 2.1, S; =

(v, v} ULUES v} and  g(B) = ao(P) +
[nT_‘l] .But S; has isolated vertices. Let S, =
S, U{v3}. Clearly, S, is the g;, —set of P,.
Therefore, g1,(B,) = IS,] = ap + [nz;z]
Corollary 2.4. For any path

P,n = 5'glc((ﬁn) =

O O O
A2 V2 V3 v4 V6 v

Case iii) For n=5, let S = {vi, v, va, vs}.
Clearly, S is gi-set. Therefore, g;(Ps) = 4.
Case iv) For n > 6, let us construct a set of
vertices S as follows: S, =
{v,, v, } UfUZL v} where v; are the internal
non-adjacent vertices of v,. Clearly, all the edges
of B, lies in geodesic joining any two vertices of S
and hence S; is g1 — set Therefore, g,(B,) =
(P + [

Theorem 2.2. Let P,,n >6 be a path. Then
egr(ﬁn) = gl(ﬁn)'

Proof. Let V(B,) = {vy,v,, v5..... v, }. Let S =
V(B,) — {vy, v} be g, —setof P,and (V(B,) —S)
has no isolated vertex. Then the set S itself forms
eg, —set. By Theorem 2.1 eg,(P,) = g1(B,).
Theorem 2.3. Let PB,n>3 be a path then

7 Vg Vo

glt((P n)-

3. Switching of internal vertex in a path
The graph obtained by switching the
supporting vertices of the pendant
vertices becomes  disconnected,
hence we consider the internal
vertices other than the supporting
vertices.

Example: We depicted the graph
obtained by switching of an
internal vertex vs as shown in the
Figure 2.

Figure 2: Switching of internal vertex v
The set S = {v,v,, Vy, Vg, Vg, Vo} IS g,—set
of P,
Theorem 3.1. For any path P,,n >

~ 2, forn=15
5 91(F) = {n —3, for n=6.
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Proof. Let P, be the graph obtained

by switching of pendant vertex of

Vi OF V2 of path P,. Let V(B,) =
2 2

{”1'V2'----'Vn}:degp:1(§) =n—
3= é(ﬁn)' degB, (v,) = ~
deg B, (v,) = 2,and degB, (v,) =

S U{vy} , where {v,} is a vertex with maximum
degree. Therefore, g,.(P,) = g1:(B,) + 1.

4. Switching of an arbitrary vertex of C,
In this section, we consider the cycle C,: vi, v,
V3, .ee, Vi, V1.

Observation 4.1. Switching of an arbitrary vertex
v of C, means complementing all the edges
incident to v while leaving all other edges

2,degP, (v3) =.....=
deg P, (vgf) = deg P, (v§+2) =
..=deghB, (v,_1) = 3.

Let S =
{v,,v4, 6}, for n=6
{vi1,v3,v5, 07}, for n=7

V(B ~{ry v

lV(P ) {U[n ,UIEJ”},for n is odd.
2

Thus, S is g; —set of B,. Therefore,
91(P) =1S| =n-3.
Theorem 3.2. For any path P,,n >
6, g15(P) = gl(Pn) +1
Proof. Let V(B,) = {vq, v,,...., v,}. Without loss of

generality, let the switching vertex be
U[ﬁl or vn , of path B,. By Theorem 3.1, S be
2 2

g1 —set of B, and (V(IS,;) - S) is connected. Now,
consider S’ = S U{v,}, where {v,}is a vertex with
maximum degree of P,. Clearly, (V(P;) —S’) is
disconnected.  Therefore, gis(B) =15 =
g1(P) + 1.

Theorem 3.3. Let B,n>5,bea

path, then g,,(B,) =n — 1.

Proof. Let V(B,) = {vy,v5,...., 1.}

and UE] or v; +10f path  B,be the

}, for n is even

switching vertex. By Theorem 3.1, S
be g, —set of P,. Clearly, (S) has no
isolated vertex.

Let S, =

SU{vn LV +1} for n is even,

SU {v[g]_lvaJH},for n is odd.
Clearly, S1 has no isolated vertex and is gi-set
of B, Therefore, g,.(P,) = |S.| = n — 1.
Theorem 3.4. For any path P,,n >
5.91c(F) = 91:(B) + 1.
Proof. By Theorem 3.3 §; is g;; —set and
91:(B) = n — 1. But (S, )is disconnected. LetS, =

O O

Vs Ve v7

unchanged. Without loss of generality, let the
switched vertex be vi. Then the vertex set of C,
s dege,(vi) = A(Cy) = n—3,dege, (v;) =
degc,(vy,) = landdegc, (v;) =3 for all i€
{345,....,n—1}.

Example: We depicted the graph

obtained by switching of arbitrary

vertex v, as shown in the Figure 3.

Figure 3: Switching of arbitrary vertex v;
The set S = { v,, vy, Vs, v,}is g,—set of C,.
Theorem 4.2. If C,is the graph obtained by
switching of an arbitrary vertex of cycle C,,n > 7
then g, (C,,) = fgr(cn) = ao(Cy) + Bo(Cr) — 3.
Proof. LetV(P,) = {vq,v,,....,v,}. Here, without
loss of generality, we have switched the vertex vi.
Let ay(Cy) = Bo(C) = % for n is even and

@o(Cn) =5, Bo(Cy) ="=for n is odd. We
consider the following cases

Case i): For n=4 g,(C,) =3asC, = K, 5.

For n=35. We construct § = {vi, vz, vs} where
v2 and vs are the pendant vertices of C,. Then
|S| = 3. Therefore, g,(C,) = 3. For n = 6. Let
S = {vl, V2, Va4, V6} with |S| = 4. Clearly, S
is gi-set of C, as every vertex of S lies in geodesic
joining every pair of vertices of C,. Therefore,

gl(én) =4.
Case ii) Forn > 7.
Let

n->5 .
{vz,vn, VoiraV2jr3/1 <1 < [ ] 1<j< J} for n is even,

2

{Uz:vn: Voisz,V2j43 S TS [T] 1=j<s [ J}
Clearly, all the edges of €, lies in geodesic joining
any two vertices of S and hence S is g, —set of C,,.
Therefore, 91(C) = egr (Co) = ao(Cy) +
Bo(C) =3 ]
Corollary 4.4 For any cycle C,,n = 7,9:.(C,) =
ao(Cy) + Bo(Cr) — 1.

Theorem 4.5. For any cycle C,,n >

fornis odd.
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7agls(Cn) = gl(én) + 1.
Proof. By the Theorem 4.2, let
S =

{vz,vn,v2i+2_v2j+3/l <i< [nT_S] , 1<) < lnT_SJ},for n

{vz,vn,v2i+2,v2j+3/l <i< [nT_‘l],l <j< lnT%J},for n

But (V(C,) — S) is connected. Let S’ =S U{v;}
where {v,} is a vertex with maximum degree.
Clearly, (S’)is disconnected and hence S'is
gls(én) - gl(En) + 1.
5. Switching of a rim vertex of W,
Consider a wheel W, = vi, vy, v3,
weey V-1, X Where {vi, v2, v3, ..., Vp-1}
are called rim vertices of wheel W,,.
Observation 5.1. Let \7\/;1 is the
graph obtained by switching of
a rim vertex of wheel W,.
Without loss of generality, we
switch the rim vertex vi. The
graph possess the following types
of vertices: degW,=n—-2=
A(T), deg W, (v,) = n -
4, deg% (vp) = deg% (Vn-1) =
2,degW, 93) =degW, (v,) =
= deg W, (v5) =
4,degW, (x) =n—2.

Example: In Figure 4, the graph
obtained by switching of a rim
vertex (say vi) is shown in which
the set of solid vertices is its g;,—

set.
Vi
V2 Vg
V3 V7
V4
Ve
Vs

Figure 4: switching of a rim vertex v,

The g;—set.S= {vi, v2, v4, V6, V8, o} and the edge
geodetic number is 6.

Theorem 5.2. For any wheel

Wynz=7, g(Wy) =

n .
7 + 2,fornis even,

E] + 1,fornis odd.

Proof. Let W, =C,_,+ K; and
let W, be the graph obtained by
switching of rim vertex of W, . Let
V(W) = {x,v4,Vs,....,0y_1}. We
observe that |V(Wn)| =n+1and
|E@W)| =3n—>5.

Let us discuss the following cases:
Case i) When n=5. We construct a
set of vertices S; = {x, v, V3, V,}
l\g(i%b%} = 4. Cleflily, Sy 1s g, - set
of W,,. Hence g, (W,) = 4.
Wheddn=6. We construct a set of
vertices S, = {x,v1,v5,v5,Vs}
with |S,] =5 and S, is g,- set of
W,,. Therefore, g, (W,) = 5.

Case ii) Let n = 7. We construct
the set S; = {x, vy, Vp_1} Uvyi/
1<i< lnT_ZJ Every edge of
W, lies in any geodesic joining two
vertices of S3. Therefore, Szis g;-
set of W,. Hence, g, (W,)) = |S;]| =

[F]+1.

2 —
Corollary 5.3. For any W,,n = 5,
then gicWp) = g1s(Wp) =

G1e (W) = g:(Wy).
6. Switching of apex vertex of H,

Definition 6.1. The Helm graph

H, is the graph obtained from a

wheel W, by attaching a pendant

edge to each of its rim vertices.

Observation 6.2. Let H,be the

graph obtained by switching of an

apex vertex of Helm graph H,,, the

vertex set of H, =
{v,v,v,,...,v,,uq,uy,...,u,}
where {vq,v,,...,v,} are rim
vertices, {uy, Uy, ..., u, } are pendant
vertices and x is an apex vertex of
i,

Example: In Figure 5, the graph
obtained by switching of an apex
vertex (say x) is shown in which the
set of solid vertices is its gi- set.

V5 u
5 4
Figure 5: Switching of an apex
vertex x
The g1—set of Hg is S = {v3, va, vs, Vs, V7, V7, 11,

uz, } so that g, (Hg) = 8.

Theorem 6.3. Let H,,n > 6, be the
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helm graph then g, (H,) = n.

Proof. Let H, be the graph
obtained by switching of an apex
vertex of Helm graph H, and
consider v an apex vertex of H,.
Let V(H,) =
{v,v1,V5,..., v, Uy, Us, ..., Uy} SO
that |V(H,)| =2n+ 1, |[E(H,)| =
3n and degH, (v) = n,
deg H, (v;) = 3, deg H,, (w)) = 2,
Let us discuss the following cases.
Case 1) For n=5. Consider the set

S = {u1, U5, V3, V4, Vs } which
forms g;- set of G. Therefore,
9:(Hy) = 5.

Case ii) For n = 6. Consider the
sets X = {v;/3 < i <n}and

Y = {uj} where {uj} are the
vertices adjacent to v;andv,. Let
S1 =X UY.Clearly, S; is g;-set of
H,. Therefore, g,(H,) =15, =
n.

Corollary 6.4. For the helm graph
H,n=6 then eg,(H, =

YIis (ﬁn) =n

Theorem 6.5. Let H,,n > 7 be the
graph obtained by switching of an
apex vertex in helm graph
then g1, (Hyn) = g1(Hn) + 1. _
Proof. Let V(H,) =
{v,v1,V,,..., v, Uq, Uy, ..., U, }.
Forn = 7, by the Theorem 6.3, S, =
XUYand S;is g; —set of H,. But
(S1) has isolated vertices. Let S, =
S; U {v} where {v}is an apex vertex
of H,. Clearly, (S,)has no isolated
vertices and hence S, is g;; — set of
H,. Therefore, g,.(H,) =1S,| =

gl(ﬁn) +1

Theorem 6.6. Let A,,n > 8 be the

graph obtained by switching of an

apex vertex in helm graph then

91c(Hy) = g1(Hy) + 2.

Proof. By the Theorem 6.3, §; =X UY and S; is
g1 —set of H,. Clearly, S; has two components. Let
S, =S, U {v,v;}where {v}is an apex vertex and
{v;}is a vertex adjacent to vertices of X. But (S,) is
connected. Hence, S, is g, — set of H,.Therefore

glc(ﬁn) = |SZ| = gl(ﬁn) + 2.

7 CONCLUSIONS

In this paper, we established the
results on edge geodetic number,
connected edge geodetic number,
restrained edge geodetic number,

split edge geodetic number on
switching of path P,, cycle C,,
wheel W, and helm graph H,.
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