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2. 1E s~ L
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T 41 A mtgty U (Z,). X B=g", A=g?, s=DB*= A’ 4=
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B =g"=50"= fT1(4f(50)) = f7'(4) =5
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ho
1. #4F a=2
2. 7 H
s=B*=5>= f12f(5) = f (24 mod 6) = f1(2) =59
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4. EFEmM =17,

5. it
X=m®s=7T059=f"'(f(77) + f(59)) = f~'(5+2mod 6) = f~'(1) = 50.
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Y
15

s=A" =59 = f71(4f(59)) = f1(4.2 mod 6) = f~(2) = 59
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5 MeRMEM RGN L2

AT, ATVRR TIROIWEB RS S 9] T BN RGN Z 2
ZIRIM LA SE . TR E A B A R BB T HE o, Hipyg
SEE R AR BT, FTATRAT A F R BB of IR IRmTRIEI AT . B A
1€ Wolfram Mathematica 12 AR TRATWEE . AV THAEASE
WY U2 (Zn) 1 U (L) (Y2250 2), FRAEREMLIERR TR LiafTiX
PIMRIT 45 50 I, S5 NE 1 R . S5R 8K, U?(Zy,) PARRREERIE
K2 U(Z,) B9 30 £, XRMKAT B FL R G HERE RS2, IFA
R R R G ARSI M, R, WX VIR U(Z,,) B9, i
Pl Ze Xt B 12 U?(Zn) BB TE] o

525 3CHk

[1] A.-N. El-Kassar, H. Y. Chehade. Generalized group of units. Math.
Balkanica. 2006;20(3):275-286.

11



K 1 U(Z,) B R a i U3(Z,,)

vz,

A.-N. El-Kassar, H. Y. Chehadi, D. Zentout. Quotient rings of poly-
nomials over finite fields with cyclic group of units. Proceedings of the
International Conference on Research Trends in Science and Technol-
ogy. 2002; 257-266.

A .-N. El-Kassar, R. A. Haraty. ElGamal public-key cryptosystem using
reducible polynomials over a finite field. TJASSE . 2004;189-194.

A.-N. El-Kassar, R. A. Haraty. ElGamal Public-key cryptosystem in
multiplicative groups of quotient rings of polynomials over finite fields.
Computer Science and Information Systems. 2005;2(1):63-77.

A .-N. El-Kassar, M. Rizk, N. M. Mirza, Y. A. Awad. ElGamal public
key cryptosystem in the domain of Gaussian integers. Int. J. Appl.
Math. 2001;7(4):405-412.

M. El Hindi, T. Kadri. On the generalized multiplicative euler phi
function. arXiv: 2111.13474. 2021.

T. ElGamal. A public key cryptosystem and a signature scheme based
on discrete logarithms. Advances in Cryptography. Springer, Berlin,
Heidelberg. 1985;10-18.

J. A. Gallian. Contemporary Abstract Algebra, 7th ed., Cengage:
Learning. 2012.

R. Haraty, A. -N. Kassar, S. Fanous. Hardening the ElGamal cryp-

tosystem in the setting of the second group of units, International

12



[10]

[11]

[12]

[13]

[14]

[15]

Arab Journal of Information Technology (IAJIT). 2014;11(5):514-520.

Irawadi, S. Nonsingular matrix as private key on ElGamal cryptosys-
tem. In Journal of Physics: Conference Series (Vol. 1821, No. 1, p.
012018). IOP Publishing. 2021.

Irawadi, S. Discrete Logarithmic Improvement for ElGamal Cryptosys-
tem Using Matrix Concepts. In 2020 8th International Conference on
Cyber and IT Service Management (CITSM) (pp. 1-5). IEEE. 2020.

T. Kadri, A.-N. El-Kassar. The third group of units of the ring Z,,. JP
Journal of Algebra, Number Theory and Applications. 2016;38(4):385-
413.

Mahalanobis, A. A simple generalization of the ElGamal cryptosys-
tem to non-abelian groups. Communications in Algebrad. 2008;36(10),
3878-3889.

Mahalanobis, A. A simple generalization of the ElGamal cryptosys-
tem to non-abelian groups IT. Communications in Algebra. 2012;40(9),
3583-3596.

R. Rivest, A. Shamir, L. Aldeman. A method for obtaining digital sig-
natures and public key cryptosystems. Communications of the ACM.
1978;21(2):120-126,

Ranasinghe, R., Athukorala, P. A generalization of the ElGamal
public-key cryptosystem. Journal of Discrete Mathematical Sciences
and Cryptography; 2022;25(8), 2395-2403.

13



