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   COURSE SYLLABUS


	General information

	Course title
	Number theory

	Study programme
	Graduate course Discrete Mathematics and Its Applications

	Year of study
	2nd

	Course status
	Compulsory

	Course homepage
	Merlin

	Language of instruction
	English

	Credit values and modes of instruction
	ECTS credits / student workload
	6

	
	Hours (L+E+S) 
	30 + 30 + 0

	Lecturer
	Name and surname
	Ana Jurasić

	
	Office
	O-304

	
	Office hours
	Upon request

	
	Phone number
	584-662

	
	E-mail
	ajurasic@math.uniri.hr

	Teaching assistant 
	Name and surname
	Nina Mostarac

	
	Office
	

	
	Office hours
	

	
	Phone number
	

	
	E-mail
	




	1. COURSE DESCRIPTION 

	1.1. Course objectives

	Number theory is a branch of mathematics which has always been considered as a motivation and foundation of all mathematics because of its simply formulated, but very difficult problems (some of which have been attempted to get solved for centuries). In solving these problems, the newest results in the fields of algebra, analysis and geometry are being applied. The main course objective is to get students familiar with the way of thinking and proving statements in the number theory, and especially with the algebraic and analytical methods in the number theory. For that purpose, it is necessary within the course to:
· analyse basic properties of integers: divisibility, prime numbers, prime factorization, Euclidean algorithm, congruencies,
· describe the solutions of quadratic congruency by using the Legendre symbol and compare those congruencies by using the quadratic law of reciprocity,
· analyse quadratic forms and display of integers by using quadratic forms, and specifically compare display of integers as sums of a fixed number of perfect squares,
· define arithmetic functions and compare basic examples,
· differentiate basic types of Diophantine equations and describe the methods of solving them,
· define elliptic curves, analyse their properties and applications in the number theory,
· apply the number theory in the public-key cryptography,
· describe algebraic methods in the number theory and their application,
· describe analytical methods in the number theory and their application.

	1.2. Course prerequisites  

	None.

	1.3. Learning outcomes 

	After completing this course, the students are expected to:
· analyse basic properties of integers and apply those properties to simple problems in the number theory related to divisibility and divisibility algorithms (A6, B7, D6, E6, F6),
· calculate using modular arithmetics, solve congruency equations and systems of congruencies (A6, B7, D6, E6, F6),
· apply and understand the quadratic law of reciprocity and formulas for calculating the Legendre symbol, to solve quadratic congruencies (A6, B7, D6, E6, F6),
· describe the display of integers by using quadratic forms in simple cases, compare and classify different quadratic forms (A6, B7, D6, E6, F6),
· show and analyse basic multiplicative functions and their properties, check and show connections between them (A6, B6, D6, E6, F6),
· define basic types of Diophantine equations and describe the methods of solving them (A6, B7, D6, E6, F6),
· define elliptic curves, analyse their basic properties and describe important open problems (A6, B6, D6, E6, F6),
· apply and understand the methods in the number theory in analysis of the public-key cryptosystem (A6, B7, D6, E6, F6),
· describe and analyse algebraic and analytical methods in the number theory and apply them to important problems in the number theory (A6, B6, D6, E6, F6).

	1.4. Course content

	Divisibility. Greatest common factor. Euclidean algorithm. Prime numbers. Congruencies. Euler theorem. Chinese remainder theorem. Primitive roots and indices. Quadratic remainders. Legendre symbol. Quadratic law of reciprocity. Divisibility properties of Fibonacci numbers. Quadratic forms. Reduction of binary quadratic forms. Distribution of prime numbers. Diophantine equations. Linear Diophantine equations. Pythagorean triples. Pell equation. Elliptic curves. Application of the number theory in the public-key cryptography.

	1.5. Modes of instruction
	[bookmark: Check7]|X| lectures
|_| seminars and workshops
|X| exercises
|X| e-learning
|_| field work
	|X| independent work
|X| multimedia and the internet
|_| laboratory
|_| tutorials
|_| mentoring work
|X| consultative teaching
|_| other 


	1.6. Comments
	-

	1.7. Student requirements

	Students are required to attend classes and actively participate in them. They are required to achieve a certain number of points during the semester and to pass the final exam. 



	2. GRADING POLICY

	2.1. Grading of students' work during the semester and on the final exam

	Students' work will be evaluated and assessed during the semester and on the final exam. The total number of points a student can achieve during the semester is 70. To gain access to the final exam, students are required to earn at least 50% of the total points during the semester, that is, 35 out of 70 points. Moreover, in order to gain access to the final exam, students have to fulfill the minimal requirements described in the table below. The maximal number of points that can be achieved on the final exam is 30, with the passing score being 50%, that is, 15 out of 30 points. The final exam is an oral or a written exam.
Students who achieve between 0% and 49.9%, through all of the activities evaluated, will receive the grade F (Insufficient), they cannot get the ECTS credits and will have to enroll in the course again. The same is true for students who do not pass the final exam within the three attempts offered during the examination period.

METHODS OF EVALUATION AND ASSESMENT OF STUDENTS’ WORK DURING THE SEMESTER 

MIDTERM EXAMS (40 points total): 
During the semester, two 90-minutes long written exams will be conducted, one approximately in the middle of the semester, and one near the end of the semester (we shall refer to both of these exams as “midterms”). On each of these exams a student can achieve at most 20 points. If the necessity arises, there will be one make-up midterm, in the very end of the semester, on which a student can attempt to achieve a better score, replacing a bad score on only one of the above mentioned midterms. Note, however, that if a student decides to use the make-up midterm exam, the grade on the make-up exam will be considered as the final one for that exam, regardless whether it is better or worse than the grade the student was trying to repair.

HOMEWORKS (10 points total):
During the semester, each student will be periodicly given homeworks with exercises from Number Theory. Homeworks will be published on the course web site. Two times during the semester, the students will be tested on the exercises from the given homeworks. On every test student can achieve at most 5 points. 

PROGRAMING EXERCISES (10 points total)
Optional programing exercises are given to the students ones every semester. They will be published on the course web page. Students solve the given exercises in an appropriate programming language and, if they correctly solve the exercises in a predetermined time period, they can gain points.

TESTS (10 points total): 
Two times in a semester two written tests will be conducted, in order to check the knowledge adopted in lectures. The tests will consist of shorter theoretical questions and simpler application. On each test student can achieve at most 5 points. 


	2.2. Minimal requirements for access to the final exam / passing grade

	ACTIVITY  
	   
MINIMAL NUMBER OF POINTS REQUIRED
 

	Midterm exams
	at least 20 (out of 40 points)

	TOTAL:
	at least 35

	OTHER REQUIREMENTS:
	-

	2.3.  Final grade – grading scale

	According to the total number of points achieved during the semester and on the final exam, the final grade is determined using the following scale:

	GRADE
	POINTS

	Excellent (5) , A
	 90% - 100%

	Very good (4), B
	 75% - 89,9%

	Good (3), C
	60% - 74,9%

	Sufficient (2), D
	50% - 59,9%

	Insufficient (1), F
	0% - 49,9%



	3. LITERATURE


	3.1. Required literature

	1. Baker: A Concise Introduction to the Theory of Numbers, Cambridge University Press, Cambridge, 1994.
2. Dujella A., Maretić M.: Kriptografija, Element, Zagreb, 2007.
3. Niven, H. S. Zuckerman, H. L. Montgomery: An Introduction to the Theory Numbers, Wiley, New York, 1991.

	3.2. Recommended literature

	1. A. Dujella: Number Theory, Školska knjiga, Zagreb, 2019.
2. K. H. Rosen: Elementary Number Theory and Its Applications, Addison-Wesley, Reading, 1993.
3. K. Chandrasekharan: Introduction to Analytic Number Theory, Springer-Verlag, Berlin, 1968.
4. H. E. Rose: A Course in Number Theory, Oxford University Press, 1995.
5. W. M. Schmidt: Diophantine Approximation, Springer-Verlag, Berlin, 1996.



	4. ADDITIONAL INFORMATION 


	4.1. Class attendance

	Students are required to inform themselves about all classes that they missed. No disturbance of classes will be tolerated, and the usage of cell phones or electronic devices of any kind is absolutely forbidden during class.

	4.2.  Informing students 

	All relevant course information will be posted on the course homepage. It is the student's personal responsibility to be regularly informed, by checking the course web page and their official email.

	4.3. Other relevant information  

	Students are expected to have a high degree of independence and responsibility in their work. During the course, an active aproach to learning will be encouraged.

While performing the tasks specified within the course curriculum, students must represent their own work, and they are not allowed to use someone else's text as their own. Submitting work that incorporates someone else’s ideas without citation is considered as stealing intellectual property and can be punished according to the university regulations. Students should prepare their work according to the instructions given during classes.

	4.4. Assessment of quality and performance for the course

	Quality of the lectures is assessed in accordance with the regulations of the Department of Mathematics and the University of Rijeka. At the end of the semester, an anonymous survey will be conducted, in which students will evaluate the quality of the lectures. Additionally, the department will conduct the analysis of the examination results.

	4.5. Examination period

	Final exam (1st examination period)
	Thursday, 3 February 2022

	Final exam (2nd examination period)
	Thursday, 17 February 2022

	Final exam (3rd examination period)
	Friday, 18 March 2022





	5. COURSE OUTLINE*  

	DATE
	TIME
	MODE OF INSTRUCTION
	TOPIC
	GROUP
	LECTURE HALL

	5.10.
	12:15-13:45
	L
	Divisibility. Greatest common divisor. Euclid's algorithm. Prime numbers. 
	
	O-335

	7.10.
	10:15-11:45
	E
	Divisibility. Greatest common divisor. Euclid's algorithm. Prime numbers.
	
	O-360

	12.10.
	12:15-13:45
	L
	Congruences. Chinese reminder theorem. Primitive roots and indices.
	
	O-335

	14.10.
	10:15-11:45
	E
	Congruences. Chinese reminder theorem. Primitive roots and indices.
	
	O-360

	19.10.
	12:15-13:45
	L
	Quadratic residues. Legendre symbol. Law of quadratic reciprocity.
	
	O-335

	21.10.
	10:15-11:45
	E
	Quadratic residues. Legendre symbol. Law of quadratic reciprocity.
	
	O-360

	26.10.
	12:15-13:45
	L
	Jacobi symbol. Divisibility of Fibonacci numbers. 
	
	O-335

	28.10.
	10:15-11:45
	E
	Jacobi symbol. Divisibility of Fibonacci numbers.
	
	O-360

	2.11.
	12:15-13:45
	L
	Quadratic forms. 
	
	O-335

	4.11.
	10:15-11:45
	E
	Quadratic forms.
	
	O-360

	9.11.
	12:15-13:45
	L
	Sums of two squares. Sums of four squares.
	
	O-335

	11.11.
	10:15-11:45
	E
	Sums of two squares. Sums of four squares.
	
	O-360

	16.11.
	12:15-13:45
	L
	Arithmetical functions.
	
	O-335

	23.11.
	12:15-13:45
	L
	Distribution of primes.
	
	O-335.

	25.11.
	10:15-11:45
	E
	First midterm exam
	
	O-360

	30.11.
	12:15-13:45
	L
	Linear Diophantine equations. Pithagorean triangles. 
	
	O-335

	2.12.
	10:15-11:45
	E
	Arithmetical functions.
	
	O-360

	7.12.
	12:15-13:45
	L
	Pell's and Pellian equations
	
	O-335

	9.12.
	10:15-11:45
	E
	Linear Diophantine equations. Pithagorean triangles.
	
	O-360

	14.12.
	12:15-13:45
	L
	Elliptic curves.
	
	O-335

	16.12.
	10:15-11:45
	E
	Pell's and Pellian equations
	
	O-360

	21.12.
	12:15-13:45
	L
	Primality tests and factorisation methods.
	
	O-335

	23.12.
	10:15-11:45
	E
	Elliptic curves. 
	
	O-360

	13.1.
	10:15-11:45
	E
	Primality tests and factorisation methods.
	
	O-360

	18.1.
	12:15-13:45
	L
	Public key cryptography. RSA criptosystem. 
	
	O-335

	20.1.
	10:15-11:45
	E
	Second midterm exam
	
	O-360

	25.1.
	12:15-13:45
	L
	Other public key criptosystems.
	
	O-335

	27.1.
	10:15-11:45
	E
	Public key cryptography. RSA criptosystem.
	
	O-360

	28.1.
	16:15-17:45
	E
	Corrective activities.
	
	O-335



*Minor changes are possible.

L – lectures
E – exercises
S – seminars
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1. COURSE DESCRIPTION   

1.1.   Course objectives  

Number theory is a branch of mathematics  which has always been considered as a motivation and foundation of all  mathematics because of its simply formulated, but very difficult problems (some of which have been attempted to get  solved for centuries). In solving these problems, the newest results  in the fields of algebra, analysis and geometry are  being applied. The main course objective is to get students familiar with the way of thinking and proving statements in the  number theory, and especially with the algebraic and analytical methods in the n umber theory. For that purpose, it is  necessary within the course to:   -   analyse basic properties of integers: divisibility, prime numbers, prime factorization, Euclidean algorithm,  congruencies,   -   describe the solutions of quadratic congruency by using the  Legendre symbol and compare those congruencies  by using the quadratic law of reciprocity,   -   analyse quadratic forms and display of integers by using quadratic forms, and specifically compare display of  integers as sums of a fixed number of perfect squares,   -   d efine arithmetic functions and compare basic examples,   -   differentiate basic types of Diophantine equations and describe the methods of solving them,   -   define elliptic curves, analyse their properties and applications in the number theory,   -   apply the number the ory in the public - key cryptography,   -   describe algebraic methods in the number theory and their application,   -   describe analytical methods in the number theory and their application.  
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