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Löfgren, S., 2022, The Eisenstein Integers and Cubic Reciprocity, U.U.D.M. Pro-

ject Report, Uppsala University, Uppsala.

Lyu, S., Wang, Z., Ling, C. and Chen, H., 2022, Better Lattice Quantizers Construc-

ted from Complex Integers, IEEE Trans. Commun., 70, 12, 7932-7940.

Martı́nez, C., Beivide, R. and Gabidulin, E., 2007, Perfect Codes for Metrics Indu-

ced by Circulant Graphs, IEEE Trans. Inf. Theory, 53, 9, 3042-3052.

Matsui, H., 2023, An Algorithm for Finding Self-Orthogonal and Self-Dual Codes

Over Gaussian and Eisenstein Integer Residue Rings Via Chinese Remainder

Theorem, IEEE Access, 11, 23260-23267.

Moody, D., Perlner, R., Regenscheid, A., Robinson, A. and Cooper, D., 2024, Tran-

sition to Post-Quantum Cryptography Standards, NIST Internal Report NIST IR

8547 ipd, National Institute of Standards and Technology U.S. Department of

Commerce, Gaithersburg.

Ozkan, E., Ozturk, R. and Aydogdu, A., 2013, On the Factor Rings of Eisenstein

Integers, Erzincan Univ. J. Sci. Technol., 6, 2, 165-174.

Rivest, R. L., Shamir, A. and Adleman, A., 1978, A Method for Obtaining Digital

Signatures and Public-Key Cryptosystems, Commun. ACM, 21, 120-126.

Rohweder, D.B., 2022, Signal Constellations with Algebraic Properties and Their

Application in Spatial Modulation Transmission Schemes, Dissertation, Institut

für Systemdynamik, Ulm University, Ulm.

Sajjad, M., Shah, T., Xin, Q. and Almutairi, B., 2023, Eisenstein Field BCH Codes

Construction and Decoding, AIMS Math., 8, 12, 29453-29473.

Selfridge, J.L., Lacampagne, C. and Eggleton, R., 1992, Euclidean Quadratic

Fields, Amer. Math. Monthly, 99, 9, 829-837.

Simha, G., Raghavendra, M.A.N.S., Shriharsha, K. and Acharya, U.S., 2017, Sig-

nal Constellations Employing Multiplicative Groups of Gaussian and Eisenstein

Integers for Enhanced Spatial Modulation, Phys. Commun., 25, 2, 546–554.

Ring of Eisenstein Integers: Structure and Applications
Abdul Hadi, Prof. Dr.rer.nat. Indah Emilia Wijayanti, S.Si., M.Si.; Martianus Frederic Ezerman, Ph.D.; Uha Isnaini, S.Si., M.Sc. Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



150

Singya, P.K., Shaik, P., Kumar, N., Bhatia, V. and Alouini, M.S., 2021, A Survey

on Higher-order QAM Constellations: Technical Challenges, Recent Advances,

and Future Trends, IEEE Open J. Commun. Soc., 2, 617-655.

Stern, S., Rohweder, D., Freudenberger, J. and Fischer, R.F., 2019, Binary Multi-

level Coding Over Eisenstein Integers for MIMO Broadcast Transmission, WSA

2019; 23rd International ITG Workshop on Smart Antennas Vienna, 24-26 April

2019, 1-8.

Stern, S., Rohweder, D., Freudenberger, J. and Fischer, R.F., 2019, Multilevel Co-

ding over Eisenstein Integers with Ternary Codes, SCC 2019; 12th International

ITG Conference on Systems, Communications and Coding Rostock, 11-14 Fe-

bruary 2019, 1–6.

Stern, S.P., 2019, Advanced Equalization and Coded-Modulation Strategies for

Multiple-Input/Multiple-Output Systems, Dissertation, Ulm University, Ulm.

Stinson, D.R and Paterson, M., 2018, Cryptography Theory and Practice, Fourth

edition, Taylor & Francis Group, Boca Raton.

Sun, Q.T., Yuan, J., Huang, T. and Shum, K.W., 2013, Lattice Network Codes Based

on Eisenstein Integers, IEEE Trans. Commun., 61, 7, 2713-2725.

Tanahashi, M. and Ochiai, H., 2009, A multilevel coded modulation approach for

hexagonal signal constellation, IEEE Trans. Wireless Commun., 8, 10, 4993-

4997.

Thiers, J.P. and Freudenberger, J., 2021, Codes over Eisenstein Integers for the Nie-

derreiter Cryptosystem, 2021 IEEE 11th International Conference on Consumer

Electronics (ICCE-Berlin), Berlin, 15-18 Nov. 2021, 1-6.

Thiers, J.P. and Freudenberger, J., 2021, Generalized concatenated codes over Ga-

ussian and Eisenstein integers for code-based cryptography, Cryptography., 5,

1-33.

Ring of Eisenstein Integers: Structure and Applications
Abdul Hadi, Prof. Dr.rer.nat. Indah Emilia Wijayanti, S.Si., M.Si.; Martianus Frederic Ezerman, Ph.D.; Uha Isnaini, S.Si., M.Sc. Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



151

Tunali, N.E., Huang, Y.C., Boutros, J.J. and Narayanan, K.R., 2015, Lattices over

Eisenstein Integers for Compute and Forward. IEEE Trans. Inf. Theory, 61, 10,

5306-5321.

Vardi, I., 1998, Prime Percolation. Experimental Mathematics, 7, 3, 275-289.

Vaskouski, M. and Kondratyonok, N., 2015, Analogue of the RSA-Cryptosystem in

Quadratic Unique Factorization Domains, Proc. Natl. Acad. Sci. Belarus Phys.

Math. Ser., 59, 5, 18-23.

Vaskouski, M., Kondratyonok, N. and Prochorov, N., 2016, Primes in Quadratic

Unique Factorization Domains, J. Number Theory, 168, 101-116.

Vázquez-Castro, M.A., 2014, Arithmetic geometry of compute and forward,

2014 IEEE Information Theory Workshop (ITW 2014), Hobart, 2-5 Nov. 2014,

122–126.

Vázquez-Castro, M.A. and Oggier, F., 2014, Lattice Network Coding over Eucli-

dean Domains, 2014 22nd European Signal Processing Conference (EUSIPCO),

Lisbon, 1-5 Sept. 2014, 1148–1152.

West, P.P. and Sittinger, B.D., 2017, A Further Stroll Into the Eisenstein Primes,

Amer. Math. Monthly, 124, 7, 609-620.

Yang, Z., Cai, L., Wang, X., Xiang, S., and Pan, J., 2014, Hierarchical hexagonal

modulation with ternary symbols for wireless video transmission, Proc. Conf.

Computer Commun. Workshops (INFOCOM 2014), Toronto, Apr. 27 to 2 May

2014, 245-250.

Zamir, R., 2014, Lattice Coding for Signals and Networks: A Structured Co-

ding Approach to Quantization, Modulation, and Multi-user Information Theory,

Cambridge University Press, Cambridge.

Ring of Eisenstein Integers: Structure and Applications
Abdul Hadi, Prof. Dr.rer.nat. Indah Emilia Wijayanti, S.Si., M.Si.; Martianus Frederic Ezerman, Ph.D.; Uha Isnaini, S.Si., M.Sc. Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/


	TITLE SHEET
	APPROVAL SHEET
	DECLARATION
	TRIBUTE PAGE
	MOTTO PAGE
	PREFACE
	CONTENTS
	LIST OF TABLES
	LIST OF PICTURES
	LIST OF SYMBOL
	ABSTRACT
	INTISARI
	INTRODUCTION
	Background
	Problems Formulation
	Research Purposes and Impacts
	Literature Review
	Algebraic properties
	Applications in cryptography
	Application in coding theory

	Research Methods
	Overview of the Chapters

	BASIC THEORY
	Ring of Eisenstein Integers
	Divisibility
	Euclidean and hexagonal distances
	Prime and primitive Eisenstein integers
	On the quotient ring of Eisenstein integers
	Unit group in the quotient ring of Eisenstein integers
	Even and odd Eisenstein integers

	Lattice and Lattice Codes
	Primitive lattice
	Division algorithm

	Lattice Constellations in Additive White Gaussian Noise Channel
	RSA Cryptography

	FURTHER ALGEBRAIC PROPERTIES OF EISENSTEIN INTEGERS
	Algebraic Properties of Even, Odd and Primitive Eisenstein Integers
	Distribution of Eisenstein Primes
	Primality Test for Eisenstein Integers
	Equivalence of Classes in Eisenstein Integers
	The Group of Units in Quotient Ring of Eisenstein Integers
	Euler's totient function
	A cyclic group

	Hexagonal Distance Properties

	APPLICATIONS OF EISENSTEIN INTEGERS ON SIGNAL CONSTELLATIONS AND RSA CRYPTOSYSTEM
	Signal Constellations over Quotient Ring of Eisenstein Integers
	Quotient rings as Eisenstein constellations and code alphabet sets
	Fields and field extensions of Eisenstein integers
	Eisenstein constellations
	Set partitioning
	Comparison
	Potential Applications

	RSA-like scheme over Eisenstein integers
	The algorithms
	Successful decryption guarantee
	Message and key spaces
	Comparison of parameter of RSA algorithms
	Security
	Overheads of the RSA-Like Scheme over Eisenstein Integers


	CONCLUSIONS AND OPEN PROBLEMS
	Conclusions
	Further Research

	REFERENCES

