ISSN: 2477-3344

CAUCHY

Jurnal Matematika Murni dan Aplikasi
Volume 07 Nomor 03 November 2022

CAUCHY Malang ISSN:
November 2022 2477-3344



http://repository.unej.ac.id/
http://repository.unej.ac.id/

10/18/22, 8:44 PM Editorial Team

Jurnal'matematika'Murni/dan’Aplikasi

#2, ISSN: 2086-0382 (print)

2477-3344 (online;

Home | About | Login | Register | Categories | Search | Current @ Archives | Announcements | Editorial Team | Focus and Scope | Publication Ethics | Template
Home > About the Journal > Editorial Team
Journal History
EDITOR IN CHIEF Peer Reviewers
Indexing and Abstracting
Sri Harini, Universitas Islam Negeri Maulana Malik Ibrahim Malang, Indonesia
Author Guidelines
REGIONAL (HANDLING) EDITORS Open Access Policy
Juhari Juhari, Universitas Islam Negeri Maulana Malik Ibrahim Malang, Indonesia
Ari Kusumastuti, Universitas Islam Negeri Maulana Malik Ibrahim Malang, Indonesia
adgement
Mohammad Jamhuri, Universitas Islam Negeri Maulana Malik Ibrahim Malang, Indonesia
ss/Policy

INTERNATIONAL ADVISORY EDITORIAL BOARDS

Prof Hadi Susanto, Department of Mathematical Sciences, University of Essex and Department of Mathematics of Khalifa University,
United Kingdom

Dr Mario Rosario Guarracino, Computational and Data Science Laboratory High Performance Computing and Networking Institute
National Research Council of Italy, Italy

Kartick Chandra Mondal, Jadavpur University, Salt Lake Campus, India

Rowena Alma L. Betty, University of the Philippines Diliman, Philippines

Abdul Halim Abdullah, University of Technology Malaysia, Malaysia

Prof. Drs Dafik, M.Sc, Ph.D, Jember University, Indonesia

Dr. Ika Hesti Agustin, Universitas Jember, Indonesia

Dani Suandi, School of Computer Science, Binus University, Bandung, Indonesia

Alfi Yusrotis Zakiyyah, Universitas Bina Nusantara, Indonesia

Heni Widayani, (Scopus 1D:56646420900 ,0RCID ID: 0000-0002-6966-6754), UIN Maulana Malik Ibrahim Malang, Indonesia
Corina Karim, Brawijaya University, Indonesia

Usman Pagalay, Universitas Islam Negeri Maulana Malik Ibrahim Malang, Indonesia

ASSISTANT EDITOR

Nafie Jauhari, Universitas Islam Negeri Maulana Malik Ibrahim Malang, Indonesia

Hawzah Saadati, Universitas Islam Negeri Maulana Malik Ibrahim Malang, Indonesia

Editorial Office

Mathematics Department,

Universitas Islam Negeri Maulana Malik Ibrahim Malang
Jalan Gajayana 50 Malang, Jawa Timur, Indonesia 65144
Faximile (+62) 341 558933

e-mail: cauchy@uin-malang.ac.id

Cor

Templ

Article
Template

License.

ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeam

Cita

CAUCHY - Jurnal Matematika Murni dan Aplikasi

Universitas lstam Negeri Maulana Malk lbrabim Matang
WVerified email at uin.malang ac id «

Agetea Analysis Stalsics  Compuing and Apphed

Cited by VIEW ALL
All Since 2017
Citations 462 421
h-index 10 10
i10-index 12 1
120
90

Update: 11/10/2022
60

2015 2016 2017 2018 2019 2020 2021 2022

13


http://ejournal.uin-malang.ac.id/index.php/Math/about/history
http://ejournal.uin-malang.ac.id/index.php/Math/about/displayMembership/317
http://ejournal.uin-malang.ac.id/index.php/Math/pages/view/Indexing%20and%20Abstacting
http://ejournal.uin-malang.ac.id/index.php/Math/about/submissions#authorGuidelines
http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialPolicies#openAccessPolicy
http://ejournal.uin-malang.ac.id/index.php/Math/pages/view/Plagiarism%20Policy
http://ejournal.uin-malang.ac.id/index.php/Math/about/submissions#copyrightNotice
http://ejournal.uin-malang.ac.id/index.php/Math/about/displayMembership/81
http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialPolicies#peerReviewProcess
http://statcounter.com/p10713854/summary/?guest=1
http://ejournal.uin-malang.ac.id/index.php/Math/about/contact
http://ejournal.uin-malang.ac.id/index.php/Math/pages/view/Citedness%20in%20Scopus
https://drive.google.com/file/d/12vxDGYOuD2p61_rAJHA8tKGO0gLEEKjo/view
https://scholar.google.co.id/citations?hl=en&view_op=list_works&gmla=AJsN-F6OmoFBk7Q0o2Q-9-XUIMca1zI8OZ9Lp2EhCtubhL9dCisxNYH9sAiEAU0g0UDT8tyM6Jk3Z666Zu46VRsBYZ6Vjc2a_w&user=drK-5HkAAAAJ
http://ejournal.uin-malang.ac.id/index.php/Math/index
http://ejournal.uin-malang.ac.id/index.php/Math/about
http://ejournal.uin-malang.ac.id/index.php/Math/login
http://ejournal.uin-malang.ac.id/index.php/Math/user/register
http://ejournal.uin-malang.ac.id/index.php/index/search/categories
http://ejournal.uin-malang.ac.id/index.php/Math/search
http://ejournal.uin-malang.ac.id/index.php/Math/issue/current
http://ejournal.uin-malang.ac.id/index.php/Math/issue/archive
http://ejournal.uin-malang.ac.id/index.php/Math/announcement
http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeam
http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialPolicies#focusAndScope
http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialPolicies#custom-0
https://bit.ly/2GY4tjS
http://ejournal.uin-malang.ac.id/index.php/Math/index
http://ejournal.uin-malang.ac.id/index.php/Math/about
http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeam
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/5927')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/4726')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/5079')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/3495')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/272712')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/5962')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/5963')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/5478')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/5446')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/927006')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/52174')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/740541')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/740598')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/110610')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/6033')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/5056')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/3761')
javascript:openRTWindow('http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeamBio/63401')
mailto:%20cauchy@uin-malang.ac.id?subject=titel
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://repository.unej.ac.id/
http://repository.unej.ac.id/

10/18/22, 8:46 PM Vol 7, No 3 (2022)

Jurnal'matematika'Murni/dan'Aplikasi

2477-3344 (onli

Home | About | Login | Register | Categories | Search | Current @ Archives | Announcements | Editorial Team | Focus and Scope | Publication Ethics | Template

Home > Archives > Vol 7, No 3 (2022)

TABLE OF CONTENTS

ARTICLES

A Monte Carlo Simulation Study to Assess Estimation Methods in CFA on Ordinal Data PDF
Nina Fitriyati, Madona Yunita Wijaya 332-344

DOI: 10.18860/ca.v7i3.14434 | Views: 11 | Downloads: 3

Comparisons between Resampling Techniques in Linear Regression: A Simulation Study PDF
Anwar Fitrianto, Punitha Linganathan 345-353

DOI: 10.18860/ca.v7i3.14550 | Views: 32 | Downloads: 6

n-Intuitionistic Fuzzy Soft Groups PDF
Mustika Ana Kurfia, Noor Hidayat, Corina Karim 354-361

DOI: 10.18860/ca.v7i3.14555 | Views: 6 | Downloads: 2

Actuarial Modeling of COVID-19 Insurance PDF

Mila Kurniawaty, Maulana Muhamad Arifin, Bagus Kurniawan, Sadam Laksamana Sukarno, Muhammad 362-369
Teguh Prayoga

DOI: 10.18860/ca.v7i3.14999 | Views: 7 | Downloads: 4

Mathematics Model of COVID-19 with Two-Stage Vaccination, Symptomatic, Asymptomatic, and PDF
Quarantine Individuals
370-383
Nur Inayah, Muhammad Managib, Muhammad Febry Fadillah
DOI: 10.18860/ca.v7i3.15188 | Views: 10 | Downloads: 3
Bayesian Hurdle Poisson Regression for Assumption Violation PDF
Nur Kamilah Sa'diyah, Ani Budi Astuti, Maria Bernadetha T. Mitakda 384-393
DOI: 10.18860/ca.v7i3.15549 | Views: 4 | Downloads: 3
Levi Decomposition of Frobenius Lie Algebra of Dimension 6 PDF
Henti Henti, Edi Kurniadi, Ema Carnia 394-400
DOI: 10.18860/ca.v7i3.15656 | Views: 8 | Downloads: 5
C-Type Ops Transformation PDF
Ahmad Lazwardi, lin Ariyanti, Soraya Djamilah 401-410
DOI: 10.18860/ca.v7i3.15749 | Views: 2 | Downloads: 1
Confidence Intervals for the Mean Function of a Compound Cyclic Poisson Process in the Presence of PDF
Power Function Trend
411-419
Faisal Muhammad, | Wayan Mangku, Bib Paruhum Silalahi
DOI: 10.18860/ca.v7i3.15989 | Views: 2 | Downloads: 4
Forecasting Population of Madiun Regency Using ARIMA Method PDF
Yuniar Farida, Mayandah Farmita, Nurissaidah Ulinnuha, Dian Yuliati 420-431

DOI: 10.18860/ca.v7i3.16156 | Views: 14 | Downloads: 5

ejournal.uin-malang.ac.id/index.php/Math/issue/view/977

Journal History

Peer Reviewers

Indexing and Abstracting
Author Guidelines

Open Access Policy

adgement

ss/Policy

Cor
in Scop
Templ
Article
FhTon Template
Cita

CAUCHY - Jurnal Matematika Murni dan Aplikasi

Universitas Iskam Neger Maulana Malk lbeahim Malang
WVerified email at uin.malang ac id «

Agetea Analysis Stalsics  Compuing and Apphed

Cited by VIEW ALL
All Since 2017
Citations 462 421
h-index 10 10
i10-index 12 1
120
90

Update: 11/10/2022
60

2015 2016 2017 2018 2019 2020 2021 2022

13


http://ejournal.uin-malang.ac.id/index.php/Math/about/history
http://ejournal.uin-malang.ac.id/index.php/Math/about/displayMembership/317
http://ejournal.uin-malang.ac.id/index.php/Math/pages/view/Indexing%20and%20Abstacting
http://ejournal.uin-malang.ac.id/index.php/Math/about/submissions#authorGuidelines
http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialPolicies#openAccessPolicy
http://ejournal.uin-malang.ac.id/index.php/Math/pages/view/Plagiarism%20Policy
http://ejournal.uin-malang.ac.id/index.php/Math/about/submissions#copyrightNotice
http://ejournal.uin-malang.ac.id/index.php/Math/about/displayMembership/81
http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialPolicies#peerReviewProcess
http://statcounter.com/p10713854/summary/?guest=1
http://ejournal.uin-malang.ac.id/index.php/Math/about/contact
http://ejournal.uin-malang.ac.id/index.php/Math/pages/view/Citedness%20in%20Scopus
https://drive.google.com/file/d/12vxDGYOuD2p61_rAJHA8tKGO0gLEEKjo/view
https://scholar.google.co.id/citations?hl=en&view_op=list_works&gmla=AJsN-F6OmoFBk7Q0o2Q-9-XUIMca1zI8OZ9Lp2EhCtubhL9dCisxNYH9sAiEAU0g0UDT8tyM6Jk3Z666Zu46VRsBYZ6Vjc2a_w&user=drK-5HkAAAAJ
http://ejournal.uin-malang.ac.id/index.php/Math/index
http://ejournal.uin-malang.ac.id/index.php/Math/about
http://ejournal.uin-malang.ac.id/index.php/Math/login
http://ejournal.uin-malang.ac.id/index.php/Math/user/register
http://ejournal.uin-malang.ac.id/index.php/index/search/categories
http://ejournal.uin-malang.ac.id/index.php/Math/search
http://ejournal.uin-malang.ac.id/index.php/Math/issue/current
http://ejournal.uin-malang.ac.id/index.php/Math/issue/archive
http://ejournal.uin-malang.ac.id/index.php/Math/announcement
http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialTeam
http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialPolicies#focusAndScope
http://ejournal.uin-malang.ac.id/index.php/Math/about/editorialPolicies#custom-0
https://bit.ly/2GY4tjS
http://ejournal.uin-malang.ac.id/index.php/Math/index
http://ejournal.uin-malang.ac.id/index.php/Math/issue/archive
http://ejournal.uin-malang.ac.id/index.php/Math/issue/view/977
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/14434
http://dx.doi.org/10.18860/ca.v7i3.14434
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/14434/pdf
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/14550
http://dx.doi.org/10.18860/ca.v7i3.14550
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/14550/pdf
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/14555
http://dx.doi.org/10.18860/ca.v7i3.14555
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/14555/pdf
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/14999
http://dx.doi.org/10.18860/ca.v7i3.14999
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/14999/pdf
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/15188
http://dx.doi.org/10.18860/ca.v7i3.15188
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/15188/pdf
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/15549
http://dx.doi.org/10.18860/ca.v7i3.15549
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/15549/pdf
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/15656
http://dx.doi.org/10.18860/ca.v7i3.15656
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/15656/pdf
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/15749
http://dx.doi.org/10.18860/ca.v7i3.15749
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/15749/pdf
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/15989
http://dx.doi.org/10.18860/ca.v7i3.15989
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/15989/pdf
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/16156
http://dx.doi.org/10.18860/ca.v7i3.16156
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/16156/pdf
http://repository.unej.ac.id/
http://repository.unej.ac.id/

10/18/22, 8:46 PM

on Graceful Chromatic Number of Vertex amalgamation of Tree Graph Family
Arika Indah Kristiana, Ahmad Aji, Edy Wihardjo, Deddy Setiawan

DOI: 10.18860/ca.v7i3.16334 | Views: 4 | Downloads: 1

Mathematical Model of Iteroparous and Semelparous Species Interaction
Arjun Hasibuan, Asep Kuswandi Supriatna, Ema Carnia

DOI: 10.18860/ca.v7i3.16447 | Views: 12 | Downloads: 10

Optimalization Route to Tourism Places in West Java Using A-STAR Algorithm
Muhammad Helambang Prakasa Yudha, Sudrajat Supian, Herlina Napitupulu

DOI: 10.18860/ca.v7i3.17032 | Views: 7 | Downloads: 2

A Mixed Integer Linear Programming Model of Order Allocation Involving Mass Customization Logistic
Service (MCLS)

Cucuk Nur Rosyidi, Nina Salsabila Sulistiani, Pringgo Widyo Laksono

DOI: 10.18860/ca.v7i3.15398 | Views: 5 | Downloads: 5

On the Application of Noiseless Steganography and Elliptic Curves Cryptography Digital Signature
Algorithm Methods in Securing Text Messages

Juhari Juhari, Mohamad Febry Andrean

DOI: 10.18860/ca.v7i3.17358 | Views: 5 | Downloads: 2

Editorial Office

Mathematics Department,

Universitas Islam Negeri Maulana Malik Ibrahim Malang
Jalan Gajayana 50 Malang, Jawa Timur, Indonesia 65144
Faximile (+62) 341 558933

e-mail: cauchy@uin-malang.ac.id

Vol 7, No 3 (2022)

PDF

432-444

PDF

445-463

PDF

464-473

PDF

474-482

PDF

483-492

E

CAUCHY: Jurnal Matematika Murni dan Aplikasi is licensed under a Creative Commons Attribution-ShareAlike 4.0 International

License.

ejournal.uin-malang.ac.id/index.php/Math/issue/view/977

Username

—
—

(J Remember me

Password

' View
Subscribe
dration

DM

Perguruan Tinggi Keagamaan Islam

Asosiasi Dosen Matematika
Perguruan Tinggi Keagamaan Islam
Indonesia

turnitin &)
@ grammarly

T

MEMNDELEY
(.

r -
Search

Search Scope
I All v

Browse
By Issue
By Author
By Title
Other Journals
Categories

For Readers
For Authors
For Librarians

2/3


http://turnitin.com/
https://www.grammarly.com/
https://www.mendeley.com/?interaction_required=true
https://drive.google.com/open?id=1DJeDkNoE_L52eIYnWwfqxIoAJL-vqfuh
https://sinta.kemdikbud.go.id/journals/profile/2286
http://ejournal.uin-malang.ac.id/index.php/Math/notification
http://ejournal.uin-malang.ac.id/index.php/Math/notification/subscribeMailList
http://ad-apsmapeta.or.id/
http://ejournal.uin-malang.ac.id/index.php/Math/issue/archive
http://ejournal.uin-malang.ac.id/index.php/Math/search/authors
http://ejournal.uin-malang.ac.id/index.php/Math/search/titles
http://ejournal.uin-malang.ac.id/index.php/index
http://ejournal.uin-malang.ac.id/index.php/index/search/categories
http://ejournal.uin-malang.ac.id/index.php/Math/information/readers
http://ejournal.uin-malang.ac.id/index.php/Math/information/authors
http://ejournal.uin-malang.ac.id/index.php/Math/information/librarians
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/16334
http://dx.doi.org/10.18860/ca.v7i3.16334
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/16334/pdf
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/16447
http://dx.doi.org/10.18860/ca.v7i3.16447
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/16447/pdf
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/17032
http://dx.doi.org/10.18860/ca.v7i3.17032
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/17032/pdf
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/15398
http://dx.doi.org/10.18860/ca.v7i3.15398
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/15398/pdf
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/17358
http://dx.doi.org/10.18860/ca.v7i3.17358
http://ejournal.uin-malang.ac.id/index.php/Math/article/view/17358/pdf
mailto:%20cauchy@uin-malang.ac.id?subject=titel
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://repository.unej.ac.id/
http://repository.unej.ac.id/

Volume 7(3) (2022), Pages 432-444

CAUCHY -Jurnal Matematika Murni dan Aplikasi
p-ISSN: 2086-0382; e-ISSN: 2477-3344

on Graceful Chromatic Number of Vertex amalgamation of Tree
Graph Family

Arika Indah Kristiana®, Ahmad Aji , Edy Wihardjo, Deddy Setyawan

Mathematics Education Department, Jember University of Jember, Indonesia

Email: arika.fkip@unej.ac.id

ABSTRACT
Definition graceful k-coloring of graph G = (V,E) is proper vertex coloring c:V(G) —
{1,2,...,k); k = 2, which induces a proper edge coloring ¢’ :E(G) — {1,2, ...,k — 1} defined

¢ (uv) = |c(u) — c(v)|. The minimum vertex coloring from graph G can be colored with graceful
coloring called a graceful chromatic number with notation y, (G). The method used in this
research is the axiomatic deductive method and pattern recognition. The detection method finds
coloring patterns and graceful chromatic numbers based on the amalgamation operation of point
family tree graphs. In this paper, we have investigated the graceful chromatic number of vertex
amalgamation of tree graph family: path graph, centipede graph, broom, and E graph. The results
of this study are expected to be used as a basis for studies in developing science and applications
related to graceful chromatic numbers on the results of point amalgamation operations in tree
family graphs.

Keywords: graceful coloring; tree graph family; graceful chromatic number; vertex
amalgamation.

INTRODUCTION

Graceful coloring is the topic of vertex coloring used in this research. Vertex coloring
is the assignment of color to a vertex where each neighboring vertex is assigned a different
color [1][2][3]. Graceful coloring is the coloring of each point that induces the coloring of
each sedge by calculating the difference between two neighboring points [4]. The
minimum number of colors used in the vertex coloring of graph G is referred to as the
chromatic numbers in the graceful coloring of G, which is denoted by x,(G).

Research on the chromatic number on graceful coloring has been done before. In
2016, Zhang [4] investigated the graceful coloring of path, wheel, complete bipartite, and
circle graphs.In 2017, English et. al [5] studied graceful chromatic numbers in tree graphs.
Furthermore, in 2019, Mincu et al [6] investigated the graceful coloring of 13 graphs
goldner-harary, fritsch, friendship, fan, wagner, Petersen, house prism, octahedron,
jellyfish, umbrella, spindle, and diamond graphs. In the same year, Alfarisi et al [7] studied
graceful coloring on pan, tadpole, and sun graphs. In 2020, Sania et al [8] studied graceful
staining on a family of uncyclic graphs consisting of bull, cricket, caveman, peach, and
flowerpot graphs. Furthermore, in 2021, Khoirunnisa et al [9] continued their research
with the same topic, but the graph used was the graph of the results of the comb operation.

Submitted: June 07, 2022 Reviewed: July 24, 2022 Accepted: August 13, 2022
DOI: http://dx.doi.org/10.18860/ca.v7i3.16334
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on Graceful Chromatic Number of Vertex amalgamation of Tree Graph Family

The graph that results from the comb operation is a ladder graph with a first-degree path
and a ladder graph with a circle. Based on this description, research was conducted to find
a particular graph's graceful chromatic number. The graph that will be studied is the
result of vertex amalgamation operations in the tree graph family. The family of tree
graphs used is path graphs, centipedes, brooms, and E.

This research will use a point amalgamation operation. The vertex amalgamation
operation is the acquisition of a new graph from several graphs shown by attaching it to
the point that has been selected, which is called a terminal point [10][11][12][13]. The
reason for choosing the vertex amalgamation operation is that the basic graph
arrangement of the vertex amalgamation cannot change when it is operated compared to
the edge amalgamation operation, so the colouring pattern used is no different from the
base graph [14].

This article aims to obtain the of a vertex amalgamation of a tree graph family. A tree
graph family is a graph that has the same properties as a tree graph. For example, a
connected graph with no circuits is called a tree graph [15]. If graph G has the same
starting and ending points, then the graph is a circuit graph. Path graph, sweep graph,
centipede graph, and graph E are some examples of tree graphs [16][17][18].

In order to achieve the objectives of the research in this article, here are some
definitions, lemmas, and propositions related to graceful coloring.

Definition 1. [4] Graceful k-coloring of graph G is proper vertex coloring c:V(G) —
{1,2, ..., k}, where k > 2 induces proper edge coloring c¢": E(G) — {1,2, ...,k — 1 defined
¢'(uv) = |c(u) — c(v)|. Proper vertex coloring c of graph G is graceful coloring if c is
graceful k-coloring for k € N.

Definition 2. [4] The graceful chromatic number of a graph G, denoted x,(G), is the
minimum m where G has graceful m-coloring.

Definition 3. [10] The amalgamation operation amal(G;, vy;, t) is a graph operation used
to obtain a new graph by gluing all graphs G; as much as t at the terminal point (vy;).
Lemma 1. [4] If H is a subgraph of a graph G, then x,(G) = x,(H).

Lemma 2. [4] it follows that if G is a nontrivial connected graph, then y,(G) = A(G) + 1,
where A(G) is maximum degree in G.

Proposition 1. [4] For each integer n = 5, x,(P,) = 4

METHODS

The method used in this research is the axiomatic deductive method and pattern
recognition. The detection method is used to find coloring patterns and graceful
chromatic numbers on the result of the amalgamation operation of point family tree
graphs.

RESULTS AND DISCUSSION

In this article, we determine the graceful chromatic numbers in graphs resulting
from the amalgamation vertex of family tree graphs. The following are the results of the
research presented in four theorems.

Theorem 1. Based on Definition 3, given a graph of amal(P,, v,m) for n > 3, then the
graceful coloring chromatic number is
4, form= 2

Xgamal(Fy, v,m) = {m +1,form >3
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Proof. The graph amal(P,, v, m) has avertex setV (amal(p,, v,m)) = {xji | 1<i<ml1<
j<n—1}U{v} and an edge set E(amal(p,,v,m)) = {vxi',xjxjﬂ [1<i<m1<j<
n — 2}. Proving graceful chromatic numbers on a graph amal(P,, v, m) will be divided into
two cases as follows.
Casel.m =2

We know that graph P, is a subgraph of graph amal(P,, v, m), such that based on
Lemma 1 and Proposition 1 we get y ;amal(P,, v,m) = x,(P,) = 4or ygsamal(B,,v,m) =
4. Furthermore, we prove that y,amal(P,, v,m) < 4, define a proper vertex coloring c :
V(amal(P,,v,m)) - {1,2, ...,4} as follows

(1, forve {V},{x%i=0(mod4);1<i<n-1;1<2z<2}

2, forve{x},i=1(mod4);1<i<n-1}{x}i=3(mod4);1<i<n-1}
3, for ve{x},i=3(mod4);1<i<n-1}{x},i=1(mod4);1<i<n-1}
k4 forve{xf,i=2(mod4);1<i<n-11<z<2}

fw) =

The proper vertex coloring will induce the proper edge of ¢” : E(amal(B,, v,m)) -
{1,2,3}coloring as follows.

{(x?x%,,i=1(mod 2);1<i<n-2}
2, for e € {vx?},{x}x},,i=1(mod 2);1<i<n-2}
L {(x?x%,,i=0(mod2);1<i<n-—2}

Jl' for e € (Vxi}, {xjx},,, i =0(mod2);1<i<n-2}
fle) =

f is a graceful 4-coloring of amal(P,, v,m). Therefore, it obtained that
)(gamal(Pn, v,m) < 4, hence )(gamal(Pn, v,m) = 4.
Case2.m >3
We know that A(amal(P,,v,m)) = m, such that based on Lemma 2 we get
xgamal(Py,,v,m) = A (amal(B,,v,m))+1=m+1 or yzsamal(P,,v,m)=m+ 1L
Furthermore, we prove that y,amal(P,, v,m) < m + 1, define a proper vertex coloring
¢ : V(amal(P,,v,m)) = {1,2, ..., m + 1} as follows.
for ve{V}{xf,i=0(0mod4);1<i<n—-1,1<z<2}
{xf/,i=3(mod4);1<i<n-13<z<m} ’
2 for ve{x},i=1(mod4);1<i<n—-1},{x?i=3(mod4);1<i<n-1}
{x/,i=2(@mod4);1<i<n-13<z<m}
fwy=4 3 forve {x},i=3(@mod4);1<i<n—-1}{x}i=1(mod4);1<i<n-1}
{x/,i=0(mod4);1<i<n-1;3<z<mj

(1,

4, forve{xf,i=2(mod4);1<i<n-11<z<2}
{(xf,i=1(mod4);1<i<n-13<z<mj
\z+1 for ve {x/,1<z<m}

The proper vertex coloring will induce the proper edge of ¢” : E(amal(B,, v,m)) -
{1,2, ..., m} coloring as follows.
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(1, fore € {xjx},;,i=0(mod2);1<i<n-2}
{(x?x%,i=1(mod2);1<i<n-2}
{x?xf,i=0(mod2);1<i<n—-2;3<z<mj
2, fore € {x}x},;,i=1(mod2);1<i<n-2}

fle)=1 {x?x%,,i=0(mod2);1<i<n-2}
{xixf,i=1(mod2);1<i<n—-2;3<z<mj}
Z, fore € {Vxf,1 <z < m}
\z — 1, fore € {xfx5,3 <z <m}

f is a graceful m+ 1-coloring of amal(P,,v,m). Therefore, it obtained that
)(gamal(Pn, v,m) <m+ 1, hence )(gamal(Pn, v,m)=m+ 1.

Theorem 2. Based on Definition 3, given a graph of amal(Cp,, v, m) for n = 5, then the
graceful coloring chromatic number is

5E®Rrm <73

P =
)(gamal( N Y {m + 1,for m > 4.

Proof. The graph amal(Cp,,v,m) has a vertex set V(amal(Cp, v,m)) =
(xfl1<isnl1<zsm}U{f|1<i<n—-1;,1<z<m}U{v} and an edge set
E(amal(Cpp,v,m)) ={vxf|l <z <m}U{xfxf |1<z<m1<i<n-1}U
{xf /|11 <i<n-—1;1<z<m} Proving graceful chromatic numbers on a graph
amal(Cp,,, v, m) will be divided into two cases as follows.
Casel.m <3

We know that graph P, is a subgraph of graph amal(Cp,,, v, m), such that based on
Lemma 1 and Proposition 1 we get yjamal(Cpn,,v,m)=yx,(B)=4 or
Xxgamal(Cpy,v,m) = 4. The proper vertex coloring will induce supposed
xgamal(Cpy,v,m) =4, and it is known that the centipede is a subgraph of the
amal(Cp,, v,m). Then graceful coloring can be done on the centipede graph first. The
proper side coloring is as follows. Given a graph Cp,, according to the definition of
graceful coloring of edges ¢ (xpx3) # ¢ (x3%4) # ¢’ (x3y,). Based on the several
possibilities that have been obtained, we can see that the color of edge 3 that is formed
can only be formed using a combination colors of vertex 1 and 4. While coloring the color
of the next edge 3, we cannot do it. So it can be concluded if )(gamal(Cpn, v,m) = 5.
Furthermore, we prove that y,amal(Cp,, v,m) <5, define a proper vertex coloring c :
V(amal(Cp,,v,m)) - {1,2, ...,5} as follows

(1, forve{V}{xf,i=3(mod4);1<i<n;1<z<2}
{x},i=1(mod4);1<i<n} ’
2, forve{x?,i=1(mod4);1<is<n;1<z<2}

{x},i =3 (mod 4);1 <i<n}{y?}
3, forve{yl,1<is<n-1}{yi1<i<n-1}{yl,1<i<n-1}

fw) =3 4, forve{xf,i=2(mod4);1<i<n;1<z<2},
{x},i=0(mod4);1<i<n}
5, forve{x?,i=0(mod4);1<i<n1<z<2}
{x},i=2(@mod4);1<i<n}
\z+ 1, forve{x/,1<z<3}
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The proper vertex coloring will induce the proper edge of ¢” : E(amal(Cp,, v, m)) -
{1,2, ...,4} coloring as follows.
(1, foree{xfy/,i=1(mod4)1<is<n-11<z<2}
{xfyf,i=0(mod4);1<i<n-11<z<2}
{x} y2,i=2(mod4);1<i<n-1},

{3,193, i=3 (mod 4);1 < i <n— 1} {x2x3}, (x5}, (xdyh)
fore € {x/x%,,i=1(mod4);1<i<n-1;1<z<2}
{(x}x} ,,i=3@mod4);1<i<n-—1}
{xfyfi=2(mod4);1<i<n-11<z<2},

f(e) =X {xfvfi=30mod4);1<i<n—-11<z<2}
{x2.,y2,i=1(mod4);1<i<n-1},

{(x3,1¥2,i =0 (mod 4);1 < i <n— 1} {x2y?}, {xix}}
3, fore € {xfx/,,i=2(mod4);1<i<n—11<z<3}
{xfxf,i=0(mod4);1<i<n-1,1<z<2}

4, fore € {x/x%,,i=3(mod4);1<i<n-—-1;1<z<2}
xxl,,i=1(mod4);1<i<n-—1}

\ Z, fore'e {Vx%,1 <z < 3}

N~

There is graceful m+1-coloring of amal(Cp,,v,m). Therefore, it obtained that
)(gamal(Cpn, v,m) <m+ 1, hence )(gamal(Cpn,v, m) =m+ 1.
Case 2.Form = 4

We know that A(amal(Cp,,v,m)) = m, such that based on Lemma 2 we get
xgamal(Cpy,v,m) = A (amal(Cp,,v,m))+1=m+1 or ysamal(Cp,,v,m)=m+ 1.
Furthermore, we prove that y,amal(Cp,, v, m) < m + 1, define a proper vertex coloring
¢ : V(amal(P,,v,m)) = {1,2, ..., m + 1} as follows.

forve{V},{x/,i=3(mod4);1<i<n;1<z<2}

(
. {xf,iE 1(mod4);1<i<n}{xf,i=0(mod4);1<i<m4<z<m}
2, forve{xf,i=1(mod4);1<i<n;1<z<2},
{x},i =3 (mod 4);1<i<n}{y’}
& forve{yl,1<i<n-1},{y?1<i<n-1},
{y/,1<i<n-1;,3<z<mj
fw) =4 a4 forve{x?,i=2(mod4);1<i<n;1<z<2},

{x},i=0(mod4);1<i<n}
{x/,i=3(mod4);1<i<n4<z<mj}
5, forve{x?,i=0(mod4);1<i<n;1<2z<2},
{x},i=2(@mod4);1<i<n}
{x?,i=1(mod4);1<i<n4<z<mj}
\z+1, forv e {x7,1<z<m}

The proper vertex coloring will induce the proper edge of ¢” : E(amal(Cp,, v, m)) -
{1,2, ..., m} coloring as follows.
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fore € {x/ ;yf,i=1(mod4);1<i<n-—-11<z<2}
{xf1yf,i=0(mod4);1<i<n—-1,1<z<2},
2yl i=2(mod4)1<i<n-1}
{x}.y3,i=3(mod 4);1 <i<n—1} {(xPx2}, (x5}, {xiyl},
{xfyf,i=1(mod4);1<i<n-1;4<z<mj
{xfyfi=2(mod4);1<i<n-14<z<mj}
2, fore € {x/x?,,i=1(mod4);1<i<n-1;1<2z<2}
{x}x}.,,i=3@mod 4);1<i<n-1},
{xfxf,i=2(mod4);1<i<n—1;4<z<mj}
xiwylii=2(0mod4);1<i<n-11<z<2}
(xZ,y7i=3(mod4);1<i<n-—1;1<z<2)}
fle) = 1 vl i=1(mod4);1<i<n-1}
{21y}, 1= 0 (mod 4); 1 < i <n — 1}, {xZy?}, {xix}}
{xf 1yf,i=3(mod4);1<i<n—-—14<z<mj
{xf v/, i=0(mod4);1<i<n-14<z<m}
3, fore € {x?x%,i=2(mod4);1<i<n-11<z<3},
{xfxf,i=0(mod4);1<i<n—1;1<z<3},
{xfxf,i=3(mod4);1<i<n—1;4<z<mj}
{xfxf ,i=1(mod4);1<i<n—-1;1<z<2}

4, fore € {x?x%,,,i=3(mod4);1<i<n-1;1<z<2}
{x}x},,i=1(mod4);1<i<n-1}
1 {x?x%,,i=0(mod4);1<i<n—1;4<z<m)
’ fore € {x?x%,4 < z < m}
\ Z,

fore € {VxZ,1 < z <mj}

There is graceful m + 1-coloring of amal(Cp,, v, m). Therefore, it obtained that
)(gamal(Cpn, v,m) <m+ 1, hence )(gamal(Cpn,v, m)=m+ 1.
Theorem 3. Based on Definition 3, given a graph of amal(By ,,, v,m) forn > 4 and k —

n = 3, then the graceful coloring chromatic number is
k—n+2 form+n< k+1

Xgamal(Byn,v,m) = { m+1 form+n>k+1.

Proof. The graph amal(By, v,m) has a vertex set V(amal(Byy v,m)) =
{xiz,yjz|1SiSn—1,1 SjSk—n,lSsz} U {v} and an edge set
E (amal(Bk,n, v, m)) = {vx{, x{xf 1, XY 11Sisn—=-21<j<k-nl<z<m}
Proving graceful chromatic numbers on a graph amal(By, ,,, v, m) will be divided into two
cases as follows.
Casel.Form+n< k+1

We know that A(amal(By ,, v,m)) = k —n + 1, such that based on Lemma 2 we get
Xgamal(Byn,v,m) = A (amal(By,,v,m))+ 1=k —n+ 2 or ysamal(By,,v,m) = k —
n + 2. Furthermore, we prove that y,amal(By ,, v, m) < k — n + 2, define a proper vertex
coloring ¢ : V(amal(By,, v,m)) = {1,2, ...,k — n + 2} as follows.

Arika Indah Kristiana 437


http://repository.unej.ac.id/
http://repository.unej.ac.id/

on Graceful Chromatic Number of Vertex amalgamation of Tree Graph Family

Subcase 1.n = 1 (mod 3)
(1, forve{V},{xf,i=0(mod3);1<i<n—-1;1<z<m}
2, forve{x?,i=1(mod3);1<i<n-1,1<z<2}
{(xf,i=2(mod3);1<i<n-1,3<z<mj}
3, untukv € {yf,1 <z < 2}
fw) =4 4 forve{xf,i=2(mod3);1<i<n-11<z<2}
’ {x7,i=1(mod3);1<i<n-13<z<m}
7+ 1 untuk v € {x/,1 <z <m}
] ' forve{y]-Z,SSjSk—n;lSZSZ},
j+2
L {yf,lSjSk—n;BSsz}
The proper vertex coloring will induce the proper edge of ¢ : E(amal(By,,, v,m)) =
{1,2, ...,k — n + 1} coloring as follows.
(1, fore € {x/xf,;,i=0(mod3);1<i<n-—-2;1<z<2}
{xfxf ,i=2(mod3);1<i<n-2;3<z<mj
{xr-1yf, 1<z <2}
2 fore € {xfxf,i=1(mod3);1<i<n—-21<z<mj},
{xh_1y5,1 <z < 2}, {xix;}
fle)={ 3 fore € {x/x/,,i=2(mod3);1<i<n-21<2z<2}
{xfx?,i=0(mod3);1<i<n—2;3<z<m}
Z, fore € {Vx?,1 <z <mj}
7 —1 fore € {x7x%,2 <z <m}
j+1: fore € {x2_1yf.3 = j < ki1 <z < 2}
L {xZ_yf1<j<k-n3<z<m}

Subcase 2. For n = 2 (mod 3)

i L forv € (V},{x%i=0(mod3);1<i<n—2;1<z<m)
2 forve{xf,i=1(mod3);1<is<n—-21<z<mj}
3, for v € {3}, {x%,5 <z < m}
fy=d N Torv CTRE SR RN ;1 < 2 < gz = 4],
B {x/,i=2(mod3);2<i<n-2z=3dan5<z<mj,
z+1, forv € {xf,1 <z < m}
j+ Y forve{y/,1<j<k-nl<z<m]
(k—n+2, forve{x;_,,1<z<m}

The proper vertex coloring will induce the proper edge of ¢ : E(amal(By,, v,m)) =
{1,2, ...,k — n + 1} coloring as follows.
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( 1, fore € {x/x}/,,i=0(mod3);1<i<n-3;1<z<mj},
{xix5,2 <z <4}
2, fore € {x/x}/,,i=1(mod3);1<i<n-3;1<z<mj},
{x5x3,5 < z < m}, (x3 %3}, {x1x7}
3, fore € {x/x}/,,i=2(mod3);2<i<n-3;1<z<mj},
fle)=1 Gk, OB, fxdnd)
Z, fore € {Vxf,1 <z <mj}
z—2 fore € {xfx%,5 < z < mj}
k—n+1, fore € {xZ_,x?_1,1<z<m}
k—n—j+1, foreE{xﬁ_ly]-z,lgjﬁk—n;lgzgm}
Subcase 3. For n = 0 (mod 3)
(1 forve (V},{x%i=0(@mod3);1<i<n—2;1<z<m)}
{y{,1<z<m}
2, forve{xf,i=1(mod3);1<i<n—2;1<z<m}
3, for v € {x3}, {x%,5 <z < m}
f(v)zJ 4, forve{x?,i=2(mod3);1<i<n-2;1<z<2danz =4},
{x7,i=2(@mod3);2<i<n-—2z=3dan5 <z <mj
z+1, forve{x/,1<z<mj}
j+1, forvE{yf,ZSjSk—n;lSsz}
\k—n+2, forv € {x; ,,1<z<m}

The proper vertex coloring will induce the proper edge of ¢ : E(amal(By,, v, m)) =
{1,2, ...,k — n + 1} coloring as follows.

( 1, fore € {x/x/,,i=0(mod3);1<i<n-3;1<z<mj},
{xfx%,2 <z <4}
2, fore € {xx/,,i=1(mod3);1<i<n-3;1<z<mj},
{x5x5,5 < z < m}, (x3%3}, {(x1 3}
3, fore € {xfx},,,i=2(mod3);2<i<n-3;1<z<mj},
f(e) =1 el edad), ()
Z, fore e {Vxi,1 <z <m}
7 —2 foipeeE {M%f,5 =z < m}
k—n for Y- W, 1 <z <.mj
k—mn+1, fore € {xZ_,yf,1 <z <mj}
\k—n—j+1, foree{xﬁ_lyjz,ZSjSk—n;lﬁzgm}

There is graceful k —n — 2-coloring of amal(By, ,,, v, m). Therefore, it obtained that
Xgamal(By n,v,m) < k —n + 2, hence y,amal(By,,v,m) = k —n+ 2.
Case2.Form+n=> k+1

We know that A(amal(By,, v,m)) =m, such that based on Lemma 2 we get
Xgamal(By n,v,m) = A (amal(By,,v,m))+1=m+1 or ysamal(Byy, v,m)=m+ 1.
Furthermore, we prove that y,amal(By,, v,m) < m + 1 as same Case 1.
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Theorem 4. Based on Definition 3, given a graph of amal(Es,,, v, m) for n = 2, then the
graceful coloring chromatic number is
4, for m=2
m+1, for m>3
Proof. The graph amal(E;,,v,m) has a vertex set V(amal(E3, v,m)) =
x1<i<2n+21<z<mju{y? /1<i<n1 <z<m}U{v} and an edge set
E(amal(Eg,,n,v,m)) ={vxfl1<z<m}u{x/x/|1<i<2n + 1,1<z<m}uU
Wiviil1<i<nl1<z<m}u{xi,,y{|]1 <z<m}. Proving graceful chromatic
numbers on a graph amal(E3,n, v, m) will be divided into two cases as follows.
Case 1.form =2

We know that graph P, is a subgraph of graph amal(E; ,,, v, m), such that based on
Lemma 1 and Proposition 1 we get yg amal(Esnv,m)=yx,(B)=4 or
Xgamal(E3,,v,m) = 4. Furthermore, we prove that yj,amal(By, v,m) <k—-n+2,
define a proper vertex coloring ¢ : V(amal(E3,, v,m)) — {1,2, ...,4} as follows.
Subcase 1. For n = 1 (mod 3)

(1, forve {(V},{x/,i=1(mod3);1<i<2n+2,1<z<2}
{y/,i=2(mod3);1<i<ml<z<2}
2, forve{xf,i=0(mod3);3<i<2n+2;1<z<2},

Xgamal(Es»,v,m) = {

fw) =4 (x2},{yf,i=0(mod3);1<i<n1<z<2}{xi}
3, forv € {x3},{y?, 1 <z < 2},{x%}
4 forve{xf,i=2(mod3);1<i<2n+2,1<z<2}
\ Zi=1(mod3);1<i<n 1<z<2}

The proper vertex coloring will induce the proper edge of ¢ : E(amal(E3,, v, m)) =
{1,2,3} coloring as follows.

(1 fore € {x/x},,i=0(mod3);3<i<2n+1;1<z<2}
{xfyf 1<z < 2}, {gx3}, (xfad ), {xd a3, (v},
yiyvi,i=2(mod3);1<i<n—-11<z<2}

2, fore € {x{x{,,i=2(mod3);2<i<2n+1;1<2z<2}

fyi 1< z < 2}, (233}, {xfag ), {3 xi ), (wd)
yiyf,i=0(mod3);1<i<n—-1,1<z<2}

3, fore € {xfx{ ,i=1(mod3);1<i<2n+1,1<z<2},

\ {7yl S @odBIl <Misen — 1;1 < z'g2}

Subcase 2. Forn = 2 (mod 3)

(1, forv e {V}{x{,i=0(mod3);1<i<2n+21<z<2}

{y/,i=0(mod3);1<i<n;1<z<2}
2, forve{xf,i=1(mod3);1<i<2n+2;1<z<2}

fe) =1

fw) =4 {xi}, fi=1(mod3)1<i<n1<z<2}
3, forv e {x?},{y?,1<z<2}
4 forve{x?,i=2(mod3);1<i<2n+2;1<z<2},
\ {y7,i=2(0mod3);1<i<n; 1<z<2}

The proper vertex coloring will induce the proper edge of ¢” : E(amal(Es,, v,m)) =
{1,2,3} coloring as follows.
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(1, fore € {x/x? ,i=0(mod3);1<i<2n+1;1<z<2},
iy3 1<z <2}, {x{x3} {vxi},
ivi,i=0(mod3);1<i<n1<z<2}
2, fore € {x{x{ ,i=1(mod3);1<i<2n+1;,1<z<2}
{xfyf 1<z < 2}, {xix;}, {vx{}
iyvii,i=1(mod3);1<i<n—-11<z<2}
3, fore € {x/x/ ,i=2(mod3);1<i<2n+1,1<z<2}
\ iyiii=20mod3);1<i<nl1<z<2)
Subcase 3.n = 0 (mod 3)
(1, forve {V},{xf,i=1(mod3);1<i<2n+2;1<z<2}
{y/,i=0(mod3);1<i<n1<z<2}
2, forv € {x?,i =0 (mod3);1 <i<2n+2}
fw) =4 i}, i (vFi=1(mod3);1<i<ml1<z<2}
5. for v € {x},i = 0 (mod 3);1 < i < 2n + 2}, {y?}, {x?}
4 forve{xf,i=2(mod3);1<i<2n+2;1<z<2},
\ {f,i=2(mod3);1<i<n; 1<z<2}
The proper vertex coloring will induce the proper edge of ¢ : E(amal(E3,, v, m)) -
{1,2,3} coloring as follows.
1 fore € {x;x},,,i =2 (mod3);1<i<2n+1}
(x5}, yiyt) (wad} {(xfxly, i =0 (mod 3);1 < i < 2n + 13,
iy, i=0(mod3);1<i<n1<z< 2}
2, fore € {x}x},,,i =0 (mod3);1<i<2n+1}
{xZxt ., i =2 (@mod3);1<i<?2n+ 1}, {x2. v} {vx?},
{yfyi,i=1(mod3);1<i<n-1;1<z<2}{y;ys}
3, foreef{xxf,;,i=1(mod3);1<i<2n+1;1<z<2}
\ {y?y#,,i=2(mod3);1<i<n—1;1<z<?2}
There is graceful 4-coloring of amal(E3,,v,m). Therefore, it obtained that
Xgamal(E3,, v, m) < 4, hence y amal(By,, v,m) = 4.
Case 2. Form = 3
We know that A(amal(Es,,v,m)) = m, such that based on Lemma 2 we get
Xgamal(E3 ,,v,m) = A (amal(Ezp,v,m))+1=m+1 or ysamal(Ez,,v,m)=m+ 1.
Furthermore, we prove that y,amal(E3,, v, m) < m + 1, define a proper vertex coloring
¢ : V(amal(E3,,v,m)) - {1,2, ..., m + 1} as follows.
Subcase 1. Forn = 1 (mod 3)

fe) =1

(e) =4

(1, forve{V},{x?i=1(mod3);1<i<2n+2;1<z<mj}
{yf,i=2(mod3);1<i<nm1<z<m}
2, forve{xf,i=0(mod3);3<i<2n+2;1<z<mj},
2}, {7, i=0(mod3);1<i<ml<z<m},{x%3<z<m}
fl) =1 3, forv e {x3},{x%3<z<m}{y5,1<z<m}
4, forve{x?,i=2(mod3);2<i<2n+2;1<z<m},
{yZ,i=1(mod3)1<i<n 1<z<m}{x3}x%}

z+1, forve{xf,1<z<m}
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The proper vertex coloring will induce the proper edge of ¢ : E(amal(E3,, v,m)) =
{1,2,3, ..., m} coloring as follows.

untuk e € {x/x/ ;,i =0(mod 3);3<i<2n+1;1<z<mj,
eyt 1 <z <mb {xgagd {x3xg}, (xd, 3 <z <mj,
ivii,i=20mod3);1<i<n—-11<z<m}
untuk e € {x/x/ ,i=2(mod3);2<i<2n+1;1<z<mj},
{yZy%,1 <z <m}, {x5x%},{xixf,z=1dan 3 < z < m},
iyt i=0(mod3);1<i<n—1;1<z<M},{xix3}
untuke € {x/x7 ,i=1(mod3);1<i<2n+1;1<z<mj},
yiyii,i=1(mod3);1<i<n—-11<z<m}
untuk e € {vx?,1 <z <m}
untuk e € {x¥x5,2 <z < m}

forve{V},{x/,i=0(mod3);1<i<2n+2;1<z<mj
{y/,i=0(@mod3);1<i<n;1<z<m}
for viEEE WS 1 GnodiB il IS < 2n jalfF < 7z <"
W =12 (modi8); 1 Wi Flamt- 2; 38 z < m} =’
yf,i=1(mod3);1<i<n1<z<m}
fonE {yZ, 1< gl
forve{x?,i=2(mod3);1<i<2n+2;1<z<2},
xf,i=1(mod3);1<i<2n+2;3<z<mj,
{yf,i=2(mod3);1<i<n; 1<z<m}

(1,
2,
f(e) =5
3,
Z,
\z — 1,
Subcase 2. Forn = 2 (mod 3)
(i,
2,
f) =1 B
4,
\Z + 1,

ORAE (&, T< z < aml

The proper vertex coloring will induce the proper edge of ¢ : E(amal(E3y,, v,m)) =
{1,2,3, ..., m} coloring as follows.

fe) =1

(1,

fore € {x/x? ,i=0(mod3);1<i<2n+1;1<z<2}
{xfxf,i=2(mod3);1<i<2n+1;,3<z<m} '’
iyi 1sz<mj}
iy, i=00mod3);1<i<n1<z<m}
fore € {x/x/ ,i=1(mod3);1<i<2n+1;1<z<mj,
{xieyfi1 < z<m} {x{x3},
{yiyf,i=1(mod3);1<i<n-—11<z<m}
fore € {x/x/,,i=2(mod3);1<i<2n+1;1<2z<2}
{xfxf,i=0(mod3);1<i<2n+1;3<z<mj},
Wivii=2mod3);1<i<n1<z<mj}
fore € {vxf,1 <z < mj}
fore € {x{x%,2 <z < mj}
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Subcase 3. For n = 0 (mod 3)

(1, forve{V},{xf,i=1(mod3);1<i<2n+2;1<z<mj,
{y/,i=0(mod3);1<i<n;1<z<m}
2, forv € {x?,i=0(mod3);1<i<2n+2}

{x3,3<z<m},{yf,i=1(mod3);1<i<n1<z<mj}
{yf,z=1dan3 <z <m}

f) = 3, forve{x?,i=0(mod3);1<i<2n+2;z=1and3 <z<m}
o2, ’
4, forve{x?,i=2(mod3);1<i<2n+2;1<z<m},
{yZ,i=2(@mod3);1<i<mn 1<z<m}{x3},{x5}
z+1, forve{xf,1<z<m}

The proper vertex coloring will induce the proper edge of ¢’
E(amal(E3,,v,m)) - {1,2,3, ..., m} coloring as follows.
(1, foge B {xfem, I R(MOW3); < | <21,z =1,
and 3 < z < m,{y?y?}, {x?x%,,i =0 (mod 3);1 <i < 2n+ 1},
iyt i=0(mod3);1<i<m1<z<mj}
v,z ¥ IR < z <SG
2 T G ' 7, ,, ifS]0 (mdy Wil <2h+1L7z=1
fle) =4 and3 <z <m},{x’x*,i=2(mod3);1<i<2n+1},
Ry Y. i =plled 3); 1 < i~ n2*F, 1 < z < m},
riy3 z=1and3 <z <m}, {xix3} {x71y7}
fore € {x/x}/,,i=1(mod3);1<i<2n+1;1<z<mj,
., = 20anddiS )il <l 1< z < m}
fore € {vxf,1 <z < m}
\z — 1, fore € {x?x%,2 < z < m}
There is graceful m + 1-coloring of amal(Es;,, v,m). Therefore, it obtained that
xgamal(Es,,v,m) < m+ 1, hence y,amal(By,, v,m) = m + 1.

)

3,

Z,

CONCLUSIONS

Based on the discussion described in chapter four, four new theorems of graceful coloring
are obtained from the amalgamation operation of vertex family tree graphs. The graceful
chromatic number obtained is as follows.

4, form= 2

m+1,form=>=3.
5 form< 3

m+ 1,form = 4.
k—n+2 form+n< k+1

m+1 form+n=>k+1.
4, for m=2

m+1, for m>3

Xgamal(P,,v,m) = {
Xgamal(P,,v,m) = {

xgamal(Byn,v,m) = {

Xgamal(Es»,v,m) = {
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