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Graph labeling is one of the topics of graph theory that is growing
very rapidly both in terms of theory and application. A graph that
satisfies the labeling property of odd harmonics is called an odd
harmonic graph. The method used in this research is qualitative
research by developing a theory and a new class of graphs from odd
harmonic graphs. In this research, a new graph class construction
will be given in the form of an amalgamation of the generalized
double quadrilateral windmill graph. Furthermore, it will be proved
that the amalgamation of the generalized double quadrilateral
windmill graph is an odd harmonic graph. So that the results of the
research show that the amalgamation of the generalized double
quadrilateral windmill graph is a new graph class of odd harmonic
graphs.

INTRODUCTION

One of the research topics on graphs

harmonic graph if it satisfies th§labeling
function of the injective vertex f: V(G) =
{0,1,2,...,2g —1} so as to induce a

that is developing very rapidly both in
terms of theory and application is graph
labeling. Graph labeling is basically
labeling vertices, arcs, or a combination of
both §ith certain properties.

One of the graph labeling types is
odd harmonic graph labeling which was
discovered by Liang & Bai (2009). A graph
that satisfies the odd harmonic labeling
properties is called an odd harmonic
graph. Suppose graph G(V,E) with p =
|[V(G)| and g = |E(G)] is called an odd

Copyright

bijective arc labeling function of arc
fHE(G) = {1,35,..,2q — 1} with the
definition of f*(ab) = f(a) + f(b) (Liang
& Bai, 2009).

The following are some classes of
graphs that have been found to be a family
of odd harmonic graphs that are relevant
to this research. The new graph class from
the Cartesian product operation is an odd
harmonic graph (Firmansah & Yuwono,
2017a), In a different paper, we obtained
odd harmonic labeling on the pleated of
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the Dutch windmill@raphs (Firmansah &
Yuwono, 2017b), the odd harmonious
labeling on variation of the double
quadrilateral win@inill graphs
(Firmansah, 2017), odd harmonious
labeling of grid @#aphs (Jeyanthi, Philo, &
Youssef, 2019), odd harmonious labeling
of some classes of cycle related grefhs
(Renuka & Balaganesan, 2018), odd
harmonious labeling of super subdivision
graphs (Jeyanthi, Philo, & Siddiqui, 2019).

Firmansah & Syaifuddin (2018a)
have proven that the amalgamation of the
Dutch windmill graph C," * P, = C,” is an
odd harmonic graph, furthermore, in the
same paper they have also proven that the
k amalgamation of the Dutch windmill
graph C,"*P,*.x(C, is an odd
harmonic graph.

Firmansah & Syaifuddin (2018b)
have constructed a double quadrilateral
windmill graph amalgamation DQ" * P, *
DQ" obtained from the amalgamation
operation of two double quadrilateral
windmill graphs DQ" with a P, path graph.
In the same paper, they also prove that the
amalgamation of a double quadrilateral
windmill graph DQ™ * P, * DQ™ is an odd
harmonic graph.

The results of this research become
the basis for the authors to develop a new
graph class construction, namely the
amalgamation of the generalized double
quadrilateral windmill graph DQ™ % P,
ok Py x DO obtained from  the
amalgamation operation of m graphs of
double quadrilateral graphs DQ™ and the
m—1 of the P; path graph. To make it
easier to write an amalgamation of the
generalized double quadrilateral windmill
graph, it is denoted as mDQ"™ * (m — 1)P,
withm = 1,n = 1.

Furthermore, the authors also
proved that the amalgamation of the
generalized double quadrilateral windmill
graph mDQ™ x (m — 1)P, satisfies the odd
harmonic labeling properties so that the
amalgamation of the generalized double
quadrilateral windmill graph mDQ™ *

(m — 1)P, is an odd harmonic graph. In
such a way, it is obtained that the
amalgamation of the generalized double
quadrilateral windmill graph mDQ™
(m—1)P, is a new graph class of odd
harmonic graphs.

METHOD

This research is qualitative research
that aims to obtain new theories and
properties of odd harmonic graphs. The
stages of the research are:

1) Construction of a new graph class
definition along with its order and
size

2) Node labeling construction which is
injective and fulfills odd harmonic
labeling properties

3) The arc labeling construction which
is bijective and fulfills the odd
harmonic labeling properties

4) Theorem construction is
accompanied by mathematical proof.

1) =
I New Graph Definition construction |
I Node labeling construction is injective |

I Arc labeling construction is bijective

theorem constructi nd mathematical
proof

Figure 1. Research Method
Flowchart
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RESULTS AND DISCUSSION

Following are the results of the

research in the form of the construction of
an amalgamation definition of a double
quadrilateral windmill graph which is
generalized to Definition 1.
Definition 1. The generalized double
quadrilateral windmill graph
amalgamation mDQ" * (m— 1)P, with
m=>=1,n=>1 is the graph obtained by
amalgamating ~m graphs of double
quadrilateral graphs DQ™ and the m — 1
of the P, path graph with the vertices set

V(imDQ" « (m — 1)P,) =
Bli<ismiu
@lizismi<j<inju

{w£f|1 <i<ml1<j< 2n} and set of
arcs

E(mDQ" = (m — 1)Py) =

{wv/|1 <ign1<j<3n}u
(oot L <= m 1<) <n)u
vt w|l<gem 1<) <n}u
{wizj_lvizﬂl‘l <isml<j< n] u
wHvdlicismil<gj<nlu
fwupll<ism-1}

Figure 2. Graph mDQ"™ + (m — 1)P,

Furthermore, the amalgamation of
the generalized double quadrilateral
windmill graph is an odd harmonic graph
as proven in Theorem 2.

Theorem 2. The amalgamation of the
generalized double quadrilateral windmill
graph mDQ" * (m — 1)P, withm=1,n=
1is an odd harmofic graph.
(Bn+1)i—((Bn+1),
flu) = {(311 +1)i—1,
f(v-f) _ {(En + )i +2j — (3n+ 2),
t (Bn+1)i+2j—(6n+2),
f(W:J) =
(n+2)k +(5n—1i—-7j+ (3n—2),
6n+2)k+(Gn—-1Di—-7j+ (Bn+7),
(6n+2)k+ (5n—1)i —7j + (6n—2),
(en+2)k+ (5n—1)i—7j + (6n+7),

1<i<m,i=odd
1<i<mf=even

~Soa

IA 1A

Prove.

Based on Definition 1 it is obtained
that p = [V(mDQ"™ * (m — 1)P,)| = 5rk +
k and gq=|EmDQ"*(m—1P,)| =
Trk+k—1.

Defined the labeling function of
vertex f:V(mDQ" x (m—1)P,) -
{0,1,2,3 ...,14mn + 2n — 3}

@

(1)

l1<i<mi=o0dd1<j<3n 2

1<i<m,i=-even,1<j<3n (2)
<i<m,i=o0dd,1<j<2n,j=o0dd

< m,i =odd,1 £j <2n,j = even 3)

[
ism,i=evenl<j<2nj=odd
i<m,i=-evenl<j<2n,j=even
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Based on (1), (2),
f(V(mDQ" + (m—1)P;))
{0,1,2,3 ...,14rk + 2k — 3} is obtained
and assign a different label to each node so

and (3),

that the node labeling function satisfies
the injective property.

Next, define the arc labeling
function fE(mDQ" = (m —1)P,) =

{1,3,5,7,...,14rk + 2k — 3} as follows.
frluv/)=(6r+2)i+2j—(6r+3),1<i<kl1<j<2r (4)
frw 2w ) =(6r+2Dk+8ri—-8jglLl1<i<kl<j<r (5)
ff(v¥w)=(6r+2)k+8ri—8j+51<pP=kl<j<r (6)
frwH ) =(6r+2k+8ri—-8j+@l<siskls<j<r (7)
frwHv3 1) =(6r+2)k+8ri—-8j+3,1<i<k1<j<r (8)
frlup) =6r+2)i-1,1<i<k-1 9)

Based on (4), (5), (6), (7), (8), dan
(9), f*(E(mDQ"™ x (m — 1)P;)) =
{1,3,5,7,...,14rk + 2k — 3} is obtained
and assign a different label to each arc so
that the arc labeling function satisfies the
bijective property. As a result, the
amalgamation of the generalized double
quadrilateral windmill graph mD@Q™
(m—1)P;, withm>1,n=>1 is an odd
harmonic graph. m

To make it easier to understand,
here is an example of an odd harmonic
graph 6DQ* *+ 5P,.

Based on Definition 1 and Theorem
2, obtained an amalgamation of the
generalized double quadrilateral windmill
graph mDQ" » (m — 1)P, with m >
1,n =1 is an odd harmonic graph, with
these results showing that there is a
development of graph theory. odd
harmonics, especially the amalgamation of

the double quadrilateral windmill graph
which is generalized to the amalgamation
of the m graph, the double quadrilateral
graph DQ™ and the m — 1 of the P; path
graph.

CONCLUSIONS AND SUGGESTIONS

Based on the results and discussion,
it is obtained that the construction of an
amalgamated definition of the generalized
double quadrilateral windmill graph
mDQ"+ (m —1)P, with m>1n>1.
Furthermore, it is found that the
amalgamation of the generalized double
quadrilateral windmill graph mD@Q™ =
(m—-1)P, withm=>=1,n=>1 is an odd
harmonic graph.

The results of this research can be
continued to find a new class of graph
which is a family of odd harmonic graphs.
Suppose one is looking for odd harmonic
labeling of mDQ" + (m — 1) P}, with m =
1,n=1andk = 1.
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Figure 3. 0dd Harmonic Graph 6DQ* * 5P,

REFERENCES
Firmansah, F. (2017). The odd

harmonious labeling on variation of
the double quadrilateral windmill
graphs. Jurnal IImu Dasar, 18(2), 109.
https://doi.org/10.19184 /jid.v18i2.
5648

Firmansah, F, & Syaifuddin, M. W.

(2018a). Pelabelan harmonis ganjil
pada amalgamasi graf kincir angin
belanda. Fibonacci Jurnal Matematika
Dan Pendidikan Matematika, 4(4),
37-46.

https://doi.org/https://doi.org/10.2

Copyright © 2021, Desimal, Print ISSN: 2613-9073, Online ISSN: 2613-9081




Desimal, 4 (3), 2021 - 378
Fery Firmansah, Wed Giyarti

4853/fbc.4.1.37-46

Firmansah, F, & Syaifuddin, M. W.
(2018b). Pelabelan harmonis ganjil
pada amalgamasi graf kincir angin
double quadrilateral. Seminar
Nasional  Pendidikan  Matematika
Ahmad Dahlan, 6.

Firmansah, F., & Yuwono, M. R. (2017a).
Pelabelan harmonis ganjil pada kelas
graf baru hasil operasi cartesian
product. jurnal Matematika Mantik,

03(02), 87-95.
https://doi.org/10.15642 /mantik.20
17.3.2.87-95

Firmansah, F., & Yuwono, M. R. (2017b).
0dd harmonious labeling on pleated
of the dutch windmill graphs.
CAUCHY, 4(4), 161.
https://doi.org/10.18860/ca.v4i4.40
43

Jeyanthi, P, Philo, S., & Siddiqui, M. K.
(2019). 0dd harmonious labeling of
super subdivision graphs.

Proyecciones, 38(1), 1-11.
https://doi.org/10.4067/50716-
09172019000100001

Jeyanthi, P, Philo, S, & Youssef, M. Z
(2019). Odd harmonious labeling of
grid graphs. Proyecciones, 38(3),412-
426.
https://doi.org/10.22199/issn.0717
-6279-2019-03-0027

Liang, Z.-H., & Bai, Z.-L. (2009). On the odd

harmonious graphs with
applications. Journal of Applied
Mathematics and Computing, 29(1-2),
105-116.

https://doi.org/10.1007 /s12190-
008-0101-0

Renuka, J., & Balaganesan, P. (2018). Odd
harmonious labeling of some classes
of cycle related graphs. Indian Journal
of Public Health Research and
Development, 9(9), 403-408.
https://doi.org/10.5958/0976-
5506.2018.01032.X

Copyright © 2021, Desimal, Print ISSN: 2613-9073, Online ISSN: 2613-9081




Odd harmonic labeling on a generalized double quadrilateral

windmill graph amalgamation

ORIGINALITY REPORT

10% % 10w% %

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

K Mumtaz, P John, D R Silaban. "The odd
harmonious labeling of matting graph",
Journal of Physics: Conference Series, 2021

Publication

3%

E A Pramesti, Purwanto. " Odd harmonious
labeling of S (m, r) graph ", Journal of Physics:
Conference Series, 2021

Publication

3%

Rizky P. Okfradifa, Siti Aminah, Kiki A. Sugeng.

"Properties of characteristic polynomial and
eigenvalues of antiadjacency matrix of
directed unicyclic helm graph", Journal of
Physics: Conference Series, 2021

Publication

T

Fery Firmansah. "Pelabelan Harmonis Ganijil
pada Graf Bunga Double Quadrilateral,
JURNAL ILMIAH SAINS, 2020

Publication

T

Zuherman Rustam, Aldi Purwanto, Sri Hartini,
Glori Stephani Saragih. "Lung cancer

T



classification using fuzzy c-means and fuzzy
kernel C-Means based on CT scan image",
|AES International Journal of Artificial
Intelligence (1J-Al), 2021

Publication

H T Dhivya, | Paulraj Jayasimman, J Joseline
Manora. "Inverse Majority Neighborhood
Number for Tensor Product of Graphs",
Journal of Physics: Conference Series, 2021

Publication

T

Exclude quotes On Exclude matches <1%

Exclude bibliography On



