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Abstract—There are many graph labelling that have been
developed, one of which is a graceful labelling. A graceful
labelling of a graph G = (V,E) with Eedges is an
injectivef:V(G) - {0,1, ..., |E|} that the resulting edge labels
obtained by |f(u) — f(v)| on each edgesuv are pairwise distinct.
An aster flower graph (Ag,»)) is a graph which generated from a
cycle graph C,,,, m > 3 by connecting path graphs P,,{,n>1 at
two adjacent vertices. A corona product of aster flower graph
(Agmny O K,) is a graph which generated from an aster graph
(A@nn)),m = 3,n = 1 by adding r leaf vertices on each vertex. In
this paper, we present graceful labelling of corona product of
aster flower graph that is A 1) O K.
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I.  INTRODUCTION (HEADING 1)

Graph G is a set of sequential sets (V, E) where V is the set
of non-empty vertices and E is the set of (possibly empty)
edges. Elements V is called asvertices of graphG that can
written asV (G) and elementsEis called as edges of graph G that
can written ask (G)[2]. Graceful labelling is defined as labelling
the vertices of graph G that satisfies the injective function from
the set to the set of non-negative integers {0,1,2,...,q} such
that each of the xy edges in G gets label |f (x) — f(y)], then the
label of each vertices will be distinct[1].

We choose corona product of aster flower graph A, ) ©
K, based on graceful labelling of cycle graphC,by connecting
some of P, paths (chords) graphs at two adjacent vertices that
generated aster flower graphA,, ,yand operation that can be
done between the graphs that is corona product operation.
Corona product operation was introduced by Frucht and Harary
in 1970. Let graph G and graph H with numbersof vertices
aren;andn,. Corona product ofG O H is defined as a graph
generated from two graphs that are G and H by taking one copy
from G and n, copy from H, and connected it by an edge from
each vertices at copy i-th from H by i-th vertices from G [3].

Definition 1. An aster flower graph (Agy,,)) is a graph
generated from a cycle graph C,,,m = 3 by connecting path
graphs P,,,,n = 1 at two adjacent vertices.

Definition 2. A corona product of aster flower graph
(Agnn O K;) is a graph which generated from an aster graph
(Agnmy),m=3,n>1 by adding r leaf vertices on each
vertex.

In this paper, we present graceful labelling of a corona
product of aster flower graph that is A 1) © K.

Main Result

Theorem 1. A corona product of aster flower graph4; 1y © K,
has graceful labelling.

Proof. Let the notation of vertices of a corona product of aster
flower graphA; ) O K. is shown in Figure 1.

IR < T A
Figure 1: Vertices notation of corona product of aster flower
graph A3 1y O K-

In Figure 1 is shown that a set of vertices V(A1) O K,)=
{c,c1,¢5,C3,C4,C5, 0,0, V1, oo, Vo,

1 1 1 1 2 2 2 2 3 3 3 3 4 4 4
V5, U0, V1, ey Up_g, VS, U5, Vs, oo, Ui_g, V2, U3, V3, vy, Up_oU%, VG, VY, oo

anda set of
K,={ccy,ccy,C

2 2
C3,CCs, CV, CV, CVq, vy Vp_p, C1Cp, C1C3, C1Cq, CL V7, C1 V],

edgesE (A1) ©

, 1

2 2 4 4 4 4 1 1 1
C1VT, ooy C1Vj_p, C3C4 CaCs CaV™, CVG, Co VT, ouv, CaVp_p, C3V™, €3V, C3 V5,
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3 5 5 5 5
ey C4V5_5, CsV>, C5Vg, C5VY, -, C5US_5 )

The

numbers

of

elements Vand elements E are 6r + 6 and 6r + 9, can be

written as |V| = 6r + 6 and |E| = 6r + 9.

Define function f labelling at vertices A3 1y © K, as follows:

®)

(14)

(17)

(20)

f(c) =0.
1)

f(c)=6r+7+ifori=1and?2.

(2
f(c3) =6r+3.

3)
f(c,) =6r+5

4
f(cs) =6r+7

)
f(v) =é6r+é.

(6)
f(w) =f(w)—10 =61 —4.

(7
f) = f(vy) — 6i = 6r — 4 — 6i,fori =
1,2,..,r—2.

fwh) =1

©))

f(wg) =09.

(10)
fwh) = fwd) + 6i = 9+ 6ifori =
1,2,..,r — 2.

(11)
f(w?) = 4.

12)

fws) =7.

(13)
Fw?) = f(W2) + 6i = 7 + 6ifori =

1,2,..,r — 2.
f(w?) =5.
(15)
f(wg3) = 6.
(16)
f@W?) =fd) + 6i =6+ 6ifori =
1,2,..,r — 2.
fw*) =6r+2.
(18)
fw) =fwH)—-3=6r-1.

(19)
fwhH) =fw) —6i =6r —1—6ifori =
1,2,..,r—2.

f(®) = 2.
(21)

f(wd) = 10.
(22)
f(v?) = fWg) + 6i = 10 + 6i,fori =
1,2, ..,r — 2. (23)

Based on functionflabellings defined at (1 — 23), it can be seen
that each vertex has distinct label that forming a set
{0,1,2,...,|E[}, such functionflabelling defined at (1 — 23) is
injective function from V to set {0,1,2,...,|E|}.

Each edge uv € E has label assigned by functionf’ induced
from vertices labelling from function flabelling byf'(uv) =
|f(w) — f(v)|]. Thus we have functionf’ labelling at
edgesA 3 1y O Kas follows:

f'lec)) =1f () — flcl
=1(0) —(6r+ 7 +1i)|
=6r+7+I1,
fori = 1 and 2.

(24)
f'(ees) =1f(e) = fle3)l =1(0) —
(6r+3)| =6r + 3.

(25)
f'(ees) =1f(e) = fles)| =1(0) —
(r+7)|=6r+7.

(26)

f'ev) =If(c)—fw)l=10) -
(6r + 6)| =61+ 6.
(27)
f'(eve) = |f () = f(wo)| = 1(0) —
(6r — 4)| = 61r — 4.
(28)
f'evy) =1f(c) — f(w)l
=[(0) — (6r — 4 — 6i)|
= 6r —4 — 6,
fori=1,2,..,r—2.

(29)
f'(eie3) =1f(c) = fles)l = |(6r +8) —
(6r + 3)| = 5. (30)
f'lcres) =1f(c) = fle)l = |(6r +8) —
(6r +5)| = 3. (31)
f'(civ®) =1f(c) = fw?)| = |(6r +8) —
@) = 67 + 4. (32)
f'(cvg) =I1f(c) = fWd)l = |(6r +8) —
(7| = 6r + 1. (33)

f'(crvf) =1f(c) = fFwd)l
= |(6r + 8) — (7 + 6i)]
=6r+1— 6i,
fori=1,2,..,r — 2.
(34)

f(eze1) =1f(c2) = fle)l = [(6r +9) —
(6r +8)| = 1. (35)
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f(caea) =1f(c2) = flca)l = |(6r +9) =

(6r+5)| = 2. (36)
f'(caes) =1f(cz) — fes)| = |(6r +9) —
6r+7)| = 4. (37)
f'(eav®) = 1f(c) = fWH] = |(6r +9) —
(r +2)| =7. (38)

f'(c2v) = 1f(c) = fF(wp)l = |(67 +9) —

(6r —1)| =9 - (-1) = 10. (39)
f'(e2v) = 1f(c2) = fw))]
= |(6r +9)
—(6r —1—6i)|
=10 + 6i,
fori=1,2,...,r — 2.

(40)
f'(esv") = 1f(c3) = fWH)] = |(6r +3) —
(D =6r+2. (41)
f'(c3v5) = If (c3) = fwp)| = [ (67 +3) —
(9)| = 6r — 6. (42)

f'esvi) = 1f(es) = fF(WD)
= |(6r +3) — (9 + 60)|

= 6r — 6 — 61,
fori=1,2,..,r—2.

(43)
f'(cav®) = |f(ca) = fF@W)] = |(6r +5) -
(5)| = ér. (44)
f'(cavd) = If(ca) = fFW3)] = (61 +5) —
(6)] = 6r —1. (45)

f'eav?) =|f(c) = F))|
= |(6r +5) — (6 + 6i)]
=6r—1-6i,
fori=1,2,...,r — 2.
(46)

f'(esv®) = If(cs) = fFI = |(6r +7) —

(2)| = 6r + 5. 47
f'lesve) = If(es) = fWa)l = [(6r +7) —
(10)| = 67 — 3. (48)

f'(esv?) = |f (es) = F(vP)]
= |(6r +7)— (10 + 6i)|
= 6r — 3 — 61,
fori=1,2,...,r — 2.
(49)

Based on functionf’edges labelling that defined at (24 — 49) , it
can be seen that each edge has distinct label that resulting a set
{1,2,...,|E|}. We can see that function f’labelling that induced
by function flabelling provide distinct values at each edge that
formaset {1,2,...,|E|}.

Hence the functionf and the induced function f’provide distinct
values for each edge and also the labelling for vertices set has
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distinct values in {0,1,2,...,|E[}. Thus a corona product of aster
flower graphA 3 ;) © K, is graceful. m

The following graph in Figure 2 is a corona product of aster
flower graph A3 ;) © K;.

12

2

Figure 2: Graceful labelling of a corona product of aster
flower graphA; ;) O K;

The following graph in Figure 3 is a corona product of aster
flower graphA; ;) O K.
18 8

10

6 5

Figure 3: Graceful labelling of a corona product of aster
flower graphA 3 ;) O K,

The following graph in Figure 4 is a corona product of aster
flower graph A3 ) © K.
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Figure 4:.Graceful labelling of a corona product of aster
flower graphA; ;) © K3
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Il. CONCLUSIONS

It is interesting to study graceful labelling of a corona product
of aster flower graph that isA; 1) © Kj. In the present work,
we investigate graceful labelling of corona product of aster
flower graph that is for A5 1) © Kzfor m = 4 and 5.
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