ISSN: 0974-5823 \Vol. 7 No. 4 April, 2022

International Journal of Mechanical Engineering

Some Results On Strongly Edge Multiplicative
Graphs

M. Simaringa ! and S. Thirunavukkarasu ?
L.2Thiru Kolanjiyappar Government Arts College, Virudhachalam-606001, ~ Tamilnadu, India.

Abstract. A graph G(p, q) with p vertices and q edges is said to be strongly edge multiplicative if the edges of G can be labeled
with distinct integers from {1, 2,3, ..., g } such that labels induced on the vertices obtained by the product of the labels of incident
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1. Introduction

Consider the graphs are all simple, finite and undirected. We refer [1] for standard notations and terminology. “A graph labeling is
an assignment of integers to the vertices or edges or both subject to the specific conditions. We refer [3] for the latest update of
graph labeling.A graph G(p,q) with p vertices is said to be multiplicative if the vertices of G can be labeled with p distinct
positive integers such that label induced on the edges by the product of labels of end vertices are all distinct. Multiplicative
labeling was introduced by Beineke and Hegde [2]. In this same paper, they proved that every graph admits a multiplicative
labeling. They [2] defined the concept of strongly multiplicative graphs as follows: A graph G(p, q) with p vertices is said to be
strongly multiplicative if the vertices of G can be labeled with p consecutive positive integers 1,2, 3, ..., p such label induced on
the edges by the product of labels of end vertices are all distinct. The concept of strongly edge multiplicative labeling was
introduced by Jeyabalan et.al., [4]. A graph G(p, q) with p vertices and g edges is said to be strongly edge multiplicative if the
edges of G can be labeled with distinct integers from {1,2,3, ..., g} such that labels induced on the vertices obtained by the
product of the labels of incident edges are distinct.”

The following definitions are taken from [5],[6],[7] “A fan graph £, is obtained from a path P, by adding a new vertex and
joining it to all the vertices of the path by an edge. A wheel graph W, is the graph formed by connecting single universal vertex to
all vertices of a cycle. A gear graph G,, is obtained from a wheel W}, by adding a vertex between every pair of adjacent vertices of
the n-cycle. The helm H,, is the graph obtained from a wheel W, by attaching a pendant edge at each vertex of the n-cycle. The
flower graph FL, is the graph obtained from a helm H,, by joining each pendant vertex to the apex of helm. The star graph is a
complete bipartite graph K, ,,, where n represents the number of vertices. The triangular book with n pages is defined as n copies
of cycles C5 sharing a common edge. The common edge is called the spine or base of the book. This graph is denoted by B(3,n).
The rectangular book with n pages is defined as n copies of cycles C, sharing a common edge. The common edge is called the
spine or base of the book. This graph is denoted by B(4,n). The pentagonal book with n pages is defined as n copies of cycles Cs
sharing a common edge. The common edge is called the spine or base of the book. This graph is denoted by B(5,n). A shell S, is
the graph obtained by taking (n — 3) concurrent chords in a cycle C,. The vertex at which all the chords are concurrent is called
the apex. The shell is also called fan f,,_;. The one vertex union of fan f,,, fan f;, and star K, , is called butterfly graph B(m,n, k).
A coconut tree CT(m,n), (m,n = 2) is the graph obtained from the path B,, by appending m new pendant edges at an end vertex
of B,. An umbrella graph U(m,n), (m,n = 2) obtained by joining a path B,, with central vertex of a fan f;,. The one vertex union
of 2 cycles C,, and the star K, ,, is called butterfly graph B,, ,. A Mongolian tent as a graph obtained from P,, X B, by adding one
extra vertex above the grid and joining every other vertex of the top row of B,, X B, to the new vertex. The triangular snake T, is
obtained from a path B, by replacing each edge of the path by a triangle C;. A double triangular snake D(T,) consists of two
triangular snakes that have a common path. The Brush graph B, , (z = 2) can be constructed by path graph P, , (z = 2) by joining
the star graph K;; at each vertex of the path. ie, B, = P, © zK;,. A Quadrilateral snake @, is obtained from a path
Uq, Uy, Uz, -, Uy DY joining u; and u;,, to the new vertices v; and w; respectively and then joining v; and w;. That is every edge
of a path is replaced by a cycle C,. The double Quadrilateral snake D(Q,,) consists of two Quadrilateral snakes that have a
common path. A ladder graph L,, is defined by B, X K, where B, is a path with n vertices and K, is a complete graph with two
vertices. An open ladder O(L,),n = 2 is obtained from two paths of length n — 1 with V(O(L,,)) = {r;,s; : 1 <i <n} and
EO(L) ={rrisn,SiSip1:1<i<n—-1}u{rs;:2<i<n-—1}. The Z — B, graph is obtained from the pair of paths P, and
P by joining i" vertex of path P, with (i + 1)** vertex of path P’ with new edges, for all 1 < i < (n — 1). The prism graph
D,,n = 3 is a cubic graph which can be represented as a Cartesian product P, x C,, of a path on two vertices with a cycle on n
vertices. The Jewel graph J,, is the graph with vertex set V(J,,) = {uw,v,x,y,r;: 1 <i<n}and E(J,) = {ur,vr;: 1 <i <n}u
{xu, xv, xy, yu, yv }. Bistar B,, ,, is the graph obtained by joining the center(apex) vertices of K ,,, and K; ,, by an edge. A class of
planar graphs as graphs obtained by removing certain edges from the corresponding complete graphs. The classes of planar graphs
S0 obtained are in Pl,, and contained the maximum number of edges possible in a planar graph on n vertices. The splitting graph
Spl(G) is obtained by adding a new vertex v' corresponding to each vertex v of G such that N(v) = N(v"). The total graph T(G)
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of the graph G has the vertex set V(G) U E(G) in which two vertices are adjacent whenever they are either adjacent or incident in
G. For a simple connected graph G the square of graph G is denoted by G2 and defined as the graph with the same vertex set as of
G and two vertices are adjacent in G? if they are at a distance 1 or 2 apart in G. The middle graph M (G) of a graph G is the graph
whose vertex set is V(G) U E(G) and in which two vertices are adjacent if and only if either they are adjacent edges of G or one is
a vertex of G and the other is an edge incident with it.”

In section 2, we prove that some graphs are strongly edge multiplicative.
2. Strongly Edge Multiplicative Labeling of Some Graphs
Theorem 2.1. The Fan f, is strongly edge multiplicative graph.

Proof. Let f, be the fan graph. Then V(f,) ={rnp:1<a<uland E(fy) =1 <a<ulU{rry.:1<a<u-1}%L
Clearly [V(f)l =u+1and |[V(f,)| = 2u — 1. Define a labeling g: E(f,) = {1,2,3,...,2u—1} by girrp) =afor 1 <a < u,

gares) =u+aforl < a <u-—1. ltis easily to verify that vertex labels are obtained by g(r,) = H g (ra rﬁ) for all
rpeN(r,)

1, € V(f,,) are distinct. Hence the fan f,, is strongly edge multiplicative graph.

Theorem 2.2. The shell graph S,,,u > 5 is strongly edge multiplicative graph.

Proof. Let S, u = 5 be the shell graph. V(S,) ={r,: 1 <a<u}and E(S,) ={ryrgp1: 1 <a<u—-1}u{nr,:3<a<u-—

1} U {ry1,}. Clearly, |V(S,)| = u and |E(S,)| = 2u — 3. Define a labeling g: E(S,) = {1,2,3, ..., 2u — 3} by g(1,7441) = a for

1<a<su-1,gnn)=u gnr) =ut+a—2for3<a<u-—1. Itis easily to verify that vertex labels are obtained by

g(r) = H g (ra I‘ﬁ) for all r, € V(S,) are distinct. Hence S,, is strongly edge multiplicative graph.
rgeN(r,)

Theorem 2.3. The gear G,, is strongly edge multiplicative graph.
Proof. Suppose G, is a gear graph. Then V(G, ) = {r, 1,15, 73, ..., 1o} and E(G,) = {rryg_1 i1 <a<u}U{rgrg:1<a<
2u — 1} U {ryry,}. Here, [V (G| = 2u + 1 and |[E(G,)| = 3u.

Define a labeling g: E(G,) — {1,2,3,...,3u} by grrye_) =afor 1 <a<u, glryreg) =3u+l—aforl <a<22u-1,
griry) =u+1.

It is easily to verify that vertex labels are obtained by g(r,) = H g (ra I’ﬁ) for all r, € V(G,) are distinct. Hence G, is
rgeN(r,)

strongly edge multiplicative graph.

Theorem 2.4. The Flower graph Fl,, is strongly edge multiplicative graph.

Proof. Let Fl, be the Flower graph. Then V(Fl,) ={r,1r,7:1<a<u} and E(FL,) ={rr,rrg,r,ra:1<a<u}u
{rares1 : 1< a <u-—1}u{nn}. Clearly Fl, has 2u + 1 vertices and 4u edges. Define a labeling g: E(FL,) - {1,2,3, ..., 4u}
by, for 1<a<u, giry) =a, giyry) =2u+a, gr) =4u—(a—1). glyrgy) =2u+1—a for 1<a<u-1,

g(rmr,) =u+ 1. Observe that g(r,) = H g (ra rﬂ) for all r, € V(FL,) are distinct. It is straight forward to verify that the
rﬁeN(ra)

resulting labels on the vertices are distinct Hence the Flower FL,, is strongly edge multiplicative graph.

Theorem 2.5. The Helm H,, is strongly edge multiplicative graph.

Proof. Let H, be the Helm graph. Then V(H,) = {r,7,,7p:1<a<u}and E(H,) ={rr, 1y : 1 <a<ulU{rr,,:1<
a <u-—1}u {rn}. Here, V(H,) = 2u+ 1 and E(H,) = 3u. Define a labeling g: E(Fl,) - {1,2,3,...,3u} by, for 1 < a < u,
gry) =a, glpry) =2ut+a. glgrey) =2u+l—afori<a<u-—1, glnr)=u+ 1. Itis easily to verify that vertex

labels are obtained by g(r,) = H g(rarﬂ) for all 7, € V(H,) are distinct. Hence the Helm H, is strongly edge
rpeN(ry)

multiplicative graph.

Theorem 2.6. The Umbrella U(u, v) is strongly edge multiplicative graph.

Proof. Let U(u,v) be the Umbrella graph. Then V(U(u,v)) ={rp,sp:1<a<u,1<p<v}and EUWv)) ={s;7,: 1<

a SulU{rrg i1 <a<u-—1}U{sgspy, : 1< B <v—1} Notethat, [V(Uw,v))| =u+vand [E(Uwv))| =2u+v-

2. Define a labeling g: E(U(w,v)) = {1,2,3,...,2u+v -2} by g(s;r) =a for 1 < a < u, g(s[;sﬁﬂ) =ut+v-—fFfor 1<

B<v—1,9g1Te) =u+v+a—1for 1<a<u-1. Observe that g(r,) = H g (l’arﬁ) for all r, € V(U(u,v)) are
rgeN(r,)
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distinct. It is straight forward to verify that the resulting labels on the vertices are distinct. Hence the Umbrella U (u, v) is strongly
edge multiplicative graph.

Theorem 2.7. The flower pot fp(u, v),u = 3 is strongly edge multiplicative graph.

Proof. Let G = fp(u,v),u >3 be the flower pot graph. Then V(G) = {ra,sﬁ 1<a<ul1<f<v} and E(G)=
{risg: 1< B <v}U{rgrgss i 1 <a<u-—1}U{nn]}. Note that, G has u + v vertices and u + v edges. Define a labeling
g:E(G) - {1,2,3,...,u+v} by (rlsﬁ) =Bfor1<B<v glgrey) =v+afori<a<u-1, g(nn) =u+v. Observe

that g(r,) = H g (ra I‘ﬁ) for all r, € V(G) are distinct. It is straight forward to verify that the resulting labels on the
rgeN(r,)

vertices are distinct. Hence G is strongly edge multiplicative graph.

Theorem 2.8. The Coconut tree CT (u, v) is strongly edge multiplicative graph.

Proof. Let CT(u,v) be the Coconut tree graph with V(CT(w,v)) ={rp,sp:1<a<u,1<p<v} and E(CT(u,v)) =

{sirg 11 <a <ulu{spsges:1<B <v—1} Then [V(CT(u,v))| =u+vand |[E(CT(u,v))| = u + v — 1. Define a labeling

FGECTwv) > {1,2,3,..,u+v—1} by g(s;n,) =a for 1 <a <wu, g(sgsps1) =u+v—p for 1<p <v—1. Observe

that g(r,) = H g (l'a l’ﬁ) for all r, € V(CT (u, v)) are distinct. It is straight forward to verify that the resulting labels on the
rzeN(r,)

vertices are distinct. Hence the Coconut tree CT (u, v) is strongly edge multiplicative graph.

Theorem 2.9. The Butterfly B(u, v, w),u, v = 3 is strongly edge multiplicative graph.

Proof. Let G = B(u,v,w),u,v > 3 be the Butterfly graph. Then V(G) = {r,7,,sp.t, : 1<a<u,1<f<v,1<y <w}and
E@G) ={rrgprsgrtl<a<u,l<f<vl1<ys<wju {r,,[rolﬂ,s[;s[;+1 1<ae<u-1,1<g<v-1} Clearly,
V()| =u+v+w+1and [E(G)| = 2(u+ v — 1)+ w. Without loss of generality we assume that u < v. Define a labeling
g EG)-{1,2,3,...,2w+v—1D+w}by girrp) =afor 1 <a <u, g(rsﬁ) =u+pforl<p<w, g(rty) =ut+v+y
for 1<y<w, gyres) =2u+v)+w—(a+1) for 1<a<u-1, g(sﬁsﬁﬂ) =u+2v+w-—-g for1<pg<v-1.

Observe that g(r,) = H g (ra rﬁ) for all r, € V(G) are distinct. It is straight forward to verify that the resulting labels on
rpeN(r,)
the vertices are distinct. Hence G is strongly edge multiplicative graph.

Theorem 2.10. The Butterfly B, ,, is strongly edge multiplicative graph.

Proof. Let B,, be the Butterfly graph with V(B,,) ={r,n,: 1<a<2u—2}U{tg: 1 <p <v} and E(B,,) ={rn, i a =
Lu—1u2u—2}Uf{rtg: 1< <v}U{rrg:1<a<u-2u<a<2u—3}. Then [V(B,)|=2u+v—1 and
|E(By,)| = 2u + v. Without loss of generality we assume that u < v. Define a labeling g: E(B,,) - {1,2,3, ..., 2u + v} by
gtr) =1, glrry_1) =2, glrn,) =3, glrry,_,) =4, g(rtﬁ) =4+Bfor1<B<v, glrygreg) =v+4+afori<a<

u—2, grgy) =v+4+a—1 for u<a <2u-—3. Observe that g(r,) = H g (rarﬂ) for all v, e V(B,,) are
rgeN(r,)

distinct. It is straight forward to verify that the resulting labels on the vertices are distinct. Hence the Butterfly B, ,, is strongly

edge multiplicative graph.

Theorem 2.11. The Jelly fish J (u, v) is strongly edge multiplicative graph.

Proof. Let J(u,v) be the Jelly fish graph with V(J(u,v)) ={r,r,: 1< a <u}ufs, sp:l<p< v} U {x,y} and E(J(u,v)) =
{frrp:1<a<u}u {Ssﬁ :1< B <v}ufarxs,yr,ys,xy}. Clearly, [VJmv)l=u+v+4 and |[EJ@wv))l=u+v+S5.
Without loss of generality we assume that u < v. Define a labeling g: E(J(w,v)) = {1,2,3,...,u+v +5}by girr,) =aforl <
a<u, g(ssﬁ) =u+p for 1<B<v, glar)=u+v+1, glxs)=u+v+2, glys)=u+v+3, gyr)=u+v+4,

g(xy) = u+ v+ 5. Observe that g(r,) = H g (ra rﬁ) for all v, € V(J(u,v)) are distinct. It is straight forward to verify
rgeN(r,)

that the resulting labels on the vertices are distinct. Hence the jelly fish J(u, v) is strongly edge multiplicative graph.

Theorem 2.12. The Bistar B, is strongly edge multiplicative graph.

Proof. Let B,,, be the Bistar graph. Then V(B,,) = {r,7s, 5,55 : 1 <a<u,1<B <v}and E(B,,) = {rs,m,ssp: 1< a <
u,1 < B < v}. Note that, |V(B,,)| =u+v+2and |E(B,,)| =u+ v+ 1. Without loss of generality we assume that u < v.
Define a labeling g: E(B,,) - {1,2,3,...,u+v+ 1} by girrp) =a for 1 < a < u, g(ssﬁ) =u+pBfori1<pB<v, gs)=
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u+ v+ 1. Observe that g(r,) = H g (l’a rﬁ) for all 1, € V(B,,) are distinct. It is straight forward to verify that the
rzeN(r,)
resulting labels on the vertices are distinct. Hence B, ,, is strongly edge multiplicative graph.

Theorem 2.13. The Triangular book B(3,u) is strongly edge multiplicative graph.

Proof. Let B(3,u) be the triangular book graph. Then V(B(3,u)) = {r,s,t, : 1 < a < u} and E(B(3,w)) = {rs, 1ty sty : 1 <
a < u}. Note That, [V(B(3,uw))| =u+ 2 and |[E(B(3,u))| = 2u + 1. Define a labeling g: E(B(3,uw)) = {1,2,3,...,2u + 1} by

g(rs)=1 for each 1 <a<u, g(ty,) =2a+1, g(st,) =2a. Observe that g(r,) = H g (rarﬂ) for all r, €
rﬂEN(rrz)

V(B(3,u)) are distinct. It is straight forward to verify that the resulting labels on the vertices are distinct. Hence the Triangular

book B(3,u) is strongly edge multiplicative graph.

Theorem 2.14. The rectangular book B, ,, is strongly edge multiplicative graph.

Proof. Let B,, be the book graph. Then V(B,,) = {(r,74,5,5, : 1 < @ < u} and E(Byy) = {7'S, 774, SSa, 1aSe * 1 S @ S u}.

Here, B, has 2u + 2 vertices and 3u + 1 edges.

Define a labeling g: E(B,,,) - {1,2,3,...,3u+ 1} by g(rs) =1, for L < a < u, grry) =2a+1 g(ssy) = 2a, g(1ass) =

2u+ 1+ a. Observe that g(r,) = H g (ra rﬁ) for all r, € V(B,,,) are distinct. It is straight forward to verify that the
rpeN(r,)
resulting labels on the vertices are distinct. Hence the rectangular book B, ,, is strongly edge multiplicative graph.

Theorem 2.15. The Pentagonal Book Bs ,, is strongly edge multiplicative graph.

Proof. Let Bs, be the Pentagonal book graph. Then V(Bs,)=1{rs 7w Swte:1<a<u} and E(Bs,)=
{rs, 74, SSq, Tata, Sata * 1 < a < u}. Note that, |V(Bs’u)| =3u+2 and |E(Bs_u)| = 4u + 1. Define a labeling g:E(BS,u) -
{1,2,3,...,4u + 1} as follows:

Case (i). If u =2,then g(rs) =4u+1, giry) =afora=1,2, glty) =a+2fora=1,2, g(sat,) =a+4fora=
1,2, g(ss,) =a+6fora=1,2.

Case (ii). Ifu = 2 then, g(rs) = 1, for1 < a <wu, gOrr,) = 4a — 2, g(tyty,) = 4a — 1, g(saty) = 4a, g(ss,) = 4a + 1.

The labeling pattern defined above satisfies the vertex condition by g(r,) = H g (ra rﬂ) for all r, € V(Bs,,) are distinct.
rgeN(r,)
Hence the pentagonal book Bs ,, is strongly edge multiplicative graph.

Theorem 2.16. The Jewel J,, is strongly edge multiplicative graph.

Proof. Let J, be the Jewel graph. Then V(J,)={uv,xyn:1<a<p} and E(J,)={un,vr,:1<a<p}u

{xw, xv,xy,yu,yv }. Then |V (J,)| = p + 4 and |E(J,,)| = 2p + 5. Define a labeling g: E(J,) - {1,2,3, ..., 2p + 5} by, for 1 <

a<p, glury) =2a—-1, glvr,) =2a, glxuw) =2p+1, glxv) =2p+ 2, gyu) =2p+ 3, glyv) =2p + 4, glxy) =2p +

5. Observe that g(r,) = H g (l'a l’ﬁ) for all r, € V(J,) are distinct. It is straight forward to verify that the resulting labels
rzeN(r,)

on the vertices are distinct. Hence the Jewel J,, is strongly edge multiplicative graph.

Theorem 2.17. The planar graph Pl,, is strongly edge multiplicative graph.

Proof. Let Pl, be the planar graph. Then V(Pl,) ={r,: 1 <a <u}and E(Pl,) = {ryrgp1 1 S a<u—3}U{r,n, ,1mru_:
1<a<u-2}U{r,_n }. Clearly, |V(Pl,)| =u and |E(PL,)| = 3(u — 2). Define a labeling g: E(PL,) - {1,2,3,...,3(u —
D}by, fort<a<u-2, gr)=3a-2, gyryq1)=3a. grre) =3a—1foril<a<u-3, glryqm)=3u—7.

Observe that g(r,) = H g (l'a l’ﬁ) for all r, € V(PL,) are distinct. It is straight forward to verify that the resulting labels on
rzeN(r,)

the vertices are distinct. Hence the planar graph Pl,, is strongly edge multiplicative graph.

Theorem 2.18. The Triangular snake T, u > 2 is strongly edge multiplicative graph.

Proof. Let T,,u =2 be the Triangular snake graph. Then V(T,)) ={r,:1<a<u}uU{sy:1<a<u-—1} and E(T,) =

(TS »SaTas1 Talas1 * 1 <a<u—1}. Here |V(T)|=2u—-1 and |E(T,)|=3u—3. Define a labeling g:E(T,) -

{1,2,3,...,3u—3} by, foreach 1<a<u-—1, g(ys,) =3a—2, g(sare+1) =3a—1, g(ryres1) =3a. It is easily to
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observe that vertex labels are obtained by g(r,) = H g (ra rﬂ) for all r, € V(T,) are distinct. Hence Triangular snake
rgeN(r,)

T, ,u = 2 is strongly edge multiplicative graph.

Theorem 2.19. The double Triangular snake DT,,, u = 2 is strongly edge multiplicative graph.

Proof. Let DT,,u = 2 be the double Triangular snake graph. Then V(DT,) ={r,: 1 <a <u}U{s, ty:1<a<u-—1} and

E(DT,) = {13Sq, Tate SaVasts talas v Talas: : 1 S a <u—1}. Here, [V(DT)| =3u—2 and |E(DT,)| = 5u— 5. Define a

labeling g: E(DT,) » {1,2,3,...,5u—5} by, for 1 <a<u-—1, g(1,s,) = 5a — 4, g(tyty) =5a—1, g(sares1) =5a—3,

G@urasr) = 5a — 2, g(t,r,.1) = 5a. Itis easily to observe that vertex labels are obtained by g(r,) = H g (ra rﬂ) for all
rgeN(r,)

1, € V(DT,) are distinct. Hence the double Triangular snake DT,,u = 2 is strongly edge multiplicative graph.

Theorem 2.20. The Quadrilateral snake Q(w) is strongly edge multiplicative graph.

Proof. Let Q(u) be the Quadrilateral snake graph. Then V(Q(w)) ={ry: 1 <a<u+1}U{s, t,: 1 <a <u}and E(Q(u)) =

{TaSwr Sata talasv Talas: * 1 < a <u}. Here, [V(Qw)| =3u+1 and |E(Q(w))| = 4u. Define a labeling g: E(Q(w)) -
{1,2,3,..,4u} by, for each 1 < a <u, g(rys,) =4a—3, glsaty) =4a —2, gltyres) =4a—1, graree) =4a. It is

easily to observe that vertex labels are obtained by g(r,) = H g (ra rﬂ) for all v, € V(Q(w)) are distinct. Hence the
rpeN(r,)

Quadrilateral snake Q(w) is strongly edge multiplicative graph.

Theorem 2.21. The double Quadrilateral snake D (Q(p)) is strongly edge multiplicative graph.

Proof. Let G = D(Q(p)) be the double Quadrilateral snake graph. Then V(G) ={r,: 1 <a<u+ 1} U{sy, tg, Up, Ve : 1 <a <
p} and E(G) = {T4Sa, Sata taTas1 Tala+ 1 Talle UaVa » VaTas1: 1 < a < p}. Here |V(G)| =5p + 1 and |E(G)| = 7p. Define a
labeling g:E(G) » {1,2,3,..,7p} by, for each 1 <a<p, gUusy) =7a—6, gsaty) =7a—5, gtarer) =7a —4,
GUaTar) =7a =3, glrauy) =7a — 2, glugv,) = 7a — 1, g(vares1) = 7a. It is easily to observe that vertex labels are

obtained by g(r,) = H g (l’a rﬁ) for all r, € V(G) are distinct. Hence the double Quadrilateral snake G is strongly edge
ryeN(r,)

multiplicative graph.

Theorem 2.22. The Brush B, is strongly edge multiplicative graph.

Proof. Let B, be the Brush graph. Then V(B,) ={ry,sq: 1 <a<u}and E(By) ={rysp: 1 <a < uU{rrg:1<a<u-—
1}. Here, B,, has 2u vertices and 2u — 1 edges. Define a labeling g: E(B,) — {1,2,3,...,2u — 1} by g(r,s,) = a for1 < a < u,

gTates) =u+a for 1 < a <u—1. Observe that g(r,) = H g (rarﬂ) for all v, € V(B,) are distinct. It is straight
rgeN(r,)

forward to verify that the resulting labels on the vertices are distinct. Hence the Brush B, is strongly edge multiplicative graph.

Theorem 2.23. The Ladder L,, is strongly edge multiplicative graph.

Proof. Let L, be the Ladder graph. Then V(L,) = {r,,sq : 1 < a <u} and E(L,) = {7yVas1,SaSa+1: 1 S a < u—1} U {r,s, :
1 <a <u}. Clearly, |V(L)| =2u and |E(L,)| = 3u — 2. Define a labeling g: E(L,) » {1,2,3,...,3u—2} by, for 1 < a <

u—1, gyrar) = 2a—1, g(sgSas1) = 2a. g(r,s,) =3u—1—a for 1 < a < u. Observe that g(r,) = H g (rarﬁ)
rseN(r,)

for all v, € V(L,) are distinct. It is straight forward to verify that the resulting labels on the vertices are distinct. Hence the Ladder
L, is strongly edge multiplicative graph.

Theorem 2.24. The Open Ladder O(L,,) is strongly edge multiplicative graph.

Proof. Let O(L,,) be the Open Ladder graph. Then V(O(L,)) = {ro,se : 1 < a <u} and E(0(L,)) = {(TuTes1,SaSas1 1 1 < a <
u—1U{rs,:2<a<u-—1}. Here, [V(O(L,))|=2u and |E(O(L,))| =3u—4. Define a labeling g:E(0(L,)) -
{1,2,3,...,3u—4} by, for 1 <a<u-—1, glyres) = 2a—1, g(sgSas1) =2a. g(rys,) =3u—2—a for 2<a<u-—1.

Observe that g(r,) = H g (l’a rﬁ) for all v, € V(O(L,,)) are distinct. It is straight forward to verify that the resulting labels
rpeN(r,)

on the vertices are distinct. Hence the open ladder O(L,,) is strongly edge multiplicative graph.

Theorem 2.25. The graph Z — P, ,u = 3 is strongly edge multiplicative graph.

Proof. Let G = Z — P, ,u = 3 be the graph. Then V(G) ={r,, s : 1 < a <u} and E(G) = {1ySgs1 TaVar1» SaSa+1: 1 S a <

u — 1}. Clearly, |V(G)| = 2u and |E(G)| = 3u — 3. Define a labeling g: E(G) - {1,2,3,...,3u—3} by, for 1 <a<u-1,
ITeSas1) = @, g(SaSas1) =u— 1+ a, glryras1) = 2u— 2 + a. It is easily to verify that vertex labels are obtained by g(r,) =
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H g (ra I'ﬁ) for all r, € V(G) are distinct. It is straight forward to verify that the resulting labels on the vertices are distinct.
rgeN(r,)
Hence G is strongly edge multiplicative graph.
Theorem 2.26. The Prism D,, ,u = 3 is strongly edge multiplicative graph.
Proof. Let D,, ,u = 3 be the Prism graph. Then V(D,) = {1y, s, : 1 < a <u} and E(D,) = {ryTg+1,SaSas1 : 1 Sa<u—1}U
{rusqe : 1< a<u}u{nn,s;s,}. Notethat, |V(D,)| = 2u and |E(D,)| = 3u. Define a labeling g: E(D,,) - {1,2,3, ..., 3u} by,
forit<a<u-—1, glres) =2a—1, g(s4Sq41) =2a. g(r,sy) =3u—1—aforil <a <u,glrnn) =3u-1, g(s;s,) =

3u. Observe that g(r,,) = H g (l’a rﬁ) for all v, € V(D,) are distinct. It is straight forward to verify that the resulting labels
r/fEN(ra)

on the vertices are distinct. Hence the Prism D,, is strongly edge multiplicative graph.

Theorem 2.27. The Mongolian tent M (2, w),u > 1 is strongly edge multiplicative graph.

Proof. Let G = M(2,u),u > 1 be the Mongolian tent graph. Then V(G) = {r, 7,5, : 1 < a <u} and E(G) = {11, 7,5, : 1 <
@ S ulU{rreiy, SeSas1 1 <a<u-—1}. Here |[V(G)|=2u+1 and |E(G)| =4u—2. Define a labeling g:E(G) -
{1,2,3,...,4u—2} by glrysp) =a for 1 <a<u, glpgregs) =ut+a forl<a<u—1, g(s48¢41) =2u+a—1"for 1 <
a<u-—1, giry) =3u—2+a for 1<a<u. It is easily to verify that vertex labels are obtained by g(r,) =

H g (ra I‘ﬁ) for all r, € V(G) are distinct. Hence G is strongly edge multiplicative graph.
rgeN(r,)

Theorem 2.28. The splitting graph of star spl(K; ,,) is strongly edge multiplicative graph.

Proof. Let G = spl(k,,,) be the splitting graph of K;,. Then V(G) = {r,1,, 5,5, : 1 < @ <u} and E(G) = {11y, rs,, 51, : 1 <
a < u}. Here [V(G)| = 2u + 2 and |E(G)| = 3u. Define a labeling g: E(G) — {1,2,3,...,3u} by, for 1 < a <u, g(rs,) = «,

gbry) =u+a, g(sr,) = 2u+ a. It is easily to verify that vertex labels are obtained by g(r;,) = H g (ra rﬂ) forallr, €
rgeN(r,)

V(@) are distinct. Hence G is strongly edge multiplicative graph.

Theorem 2.29. The splitting graph of a path spl(P,) is strongly edge multiplicative graph.

Proof. Let G =spl(B,) be the splitting graph of a path B,. Then V(G)={r,s,:1<a<u} and E(G)=

{(raTastr Salas1r TaSasr s 1 <a<u—1}. Clearly |V(G)|=2u and |E(G)|=3u—3. Define a labeling g:E(G) -

{1,2,3,...,3u—3} by, for 1<a<u-—1, glr,sSes1) =2a—1, g(sarasr) = 2a, g(hyres1) = 2u—2 + a. Observe that

g(r,) = H g (ra rﬂ) for all v, € V(G) are distinct. It is straight forward to verify that the resulting labels on the vertices
rzeN(r,)

are distinct. Hence G is strongly edge multiplicative graph.
Theorem 2.30. The total graph of a path T(P,) is strongly edge multiplicative graph.
Proof. Let T(B,) be the total graph of a path P,. Then V(T(P)) ={r,: 1 <a<u}U{s,:1<a<u-1}and E(T(R)) =

raTast TeSar Ta1Sq 1 Si<n—1}U{s;Ses1: 1 <a<u-—2}. Clearly |V(T(R))|=2u—1 and |E(T(B))|=4u->5.
Define a labeling g:E(T(R)) - {1,2,3,...,4u—5} by, for 1<a<u-—-1, glyre) =4a—3, glrys,) =4a —2,

9(sqTasr) = 4a — 1. g(s4S441) = 4a for 1 < a < u — 2. Observe that g(r,) = H g (l'a l’ﬁ) for all r, € V(T(P,)) are
rzeN(r,)

distinct. It is straight forward to verify that the resulting labels on the vertices are distinct. Hence T(B,) is strongly edge

multiplicative graph.

Theorem 2.31. The total graph of cycle T(C,),u = 3 is strongly edge multiplicative graph.

Proof. Let T(C,),u = 3 be the total graph of cycle C,. Then V(T(C,)) = {rp,sq : 1 < a <u}and E(T(C,)) =

{(raTast, SaSas TaSar1 1 <a<u—-1JuU{rs,: 1 <a <u}uU {rnn,s;s,, sin }. Clearly |[V(T(C,))| = 2uand |E(T(C))| =

4u. Define a labeling g: E(T(C,)) —» {1,2,3, ...,4u} by g(r,s,) =4a—3forl <a<u. Forl<a<u-—1, g(s¢Sqs+1) =

4a — 2, g(1gSas1) = 4a — 1, g(1yTes1) = 4, g(s;8,) = 4u —2, g(syn) = 4u —1, g(ryr,) = 4u. Observe that g(r,) =

H g (ra I’ﬁ) for all v, € V(T(C,)) are distinct. It is straight forward to verify that the resulting labels on the vertices are
rgeN(r,)
distinct. Hence G is strongly edge multiplicative graph.
Theorem 2.32. The square graph of a path P2 is strongly edge multiplicative graph.

Proof. Let B2 be the square graph of a path B,. Then V(B?) ={r,: 1 <a <u} and E(P2) = {ryrgs1: 1 <a<u-—1}U
{roTasz t 1 < a<u—2}. Clearly |V(P?)| =u and |E(P2?)| = 2u — 3. Define a labeling g:E(P2?) - {1,2,3,...,2u— 3} by
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gargr) =a for 1<a<u—-1, glyrg) =2u—2—a for 1 <a<u-2. It is easily to verify that vertex labels are

obtained by g(r,) = H g (ra r/,’) for all r, € V(B2) are distinct. Hence P2 is strongly edge multiplicative graph.
rpeN(r,)
Theorem 2.33. The square graph of cycle C2 is strongly edge multiplicative graph.
Proof. Let C2 be the square graph of cycle C,. Then V(C2) ={r,:1<a<u} and E(C}) ={ryrgr1:1<a<u-—1}U

roTaiz 1< a<u-—2}u{nn,rr,ry_r}. Clearly |V(C3)|=u and |E(C2)|=2u. Define a labeling g:E(C?) -
{1,2,3,...,2ul by g(ryrge) =aforl<a<u-—1.g(nn) =u, gre) =utaforl <a<u-2,g(r,_n) =2u—1,

g(ryr,) = 2u. Observe that g(r,) = H g (l’a rﬂ) for all 7, € V(C2) are distinct. It is straight forward to verify that the
rseN(r,)

resulting labels on the vertices are distinct. Hence C2 is strongly edge multiplicative graph.

Theorem 2.34. The square graph of Bistar BZ,, is strongly edge multiplicative graph.

Proof. Let B2, be the square graph of Bistar. Then V(BZ,)={rn,ssp:1<a<u,1<p<v} and E(BZ,)=
{rs, 114,514, 5Sp,7sg : 1 <a <u,1 < B <v}. Then |[V(BZ,)|=u+v+2 and |E(B2,)| =2(u+v)+ 1. Without loss of
generality we assume that u < v. Define a labeling g: E(B2,) - {1,2,3,..,2(u+v) + 1} by, for1 < a <u, g(rr,) = 2a — 1,
g(sry) =2a. For 1 < B <v, g(ss,;) =2u—1+2p, g(rsﬁ) =2u+28, glrs) =2(u+v)+ 1. It is easily to verify that

vertex labels are obtained by g(r,) = H g (l’a rﬁ) for all r, € V(B2,) are distinct. Hence BZ, is strongly edge
@eN(@)

multiplicative graph.

Theorem 2.35. The middle graph of the path M (B,) is strongly edge multiplicative graph.

Proof. Let M(B,) be the middle graph of the path B,. Then VIM(P))={r,:1<a<ulU{sy:1<a<u-—1} and
EM(B)) ={raSaSalasr 1< a<u—1}U{saSg1 1 <a<u—2}. Clearly [VIM(B))I=2u—-1 and |[E(M(B))| =
3u — 4. Define a labeling g: E(M(R)) — {1,2,3,...,3u—4} by g(sgSg+1) =a for 1<a<u—-2. For 1<a<u-1,
gUese) =u+2a—3, g(sgrar) =u—2+2a. It is easily to verify that vertex labels are obtained by g(r,) =

H g (ra I’ﬁ) for all r, € V(M (P,)) are distinct. Hence M (P,) is strongly edge multiplicative graph.
rgeN(r,)
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