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Aims and 
intended 
learning 
outcomes 

 
The course introduces contemporary L-function theory through the Selberg class and its 
generalizations, analytical properties of L-functions, the distribution of their zeros, and generalizations 
of the Riemann hypothesis. It focuses on functional equations, Euler products, zero-free regions, 
spectral and probabilistic methods, and numerical algorithms for computing L-functions and their 
zeros. Computational approaches using high-precision arithmetic, interval methods, and numerical 
software libraries are also examined. 
 
Upon completion, students will be able to analyze major classes of L-functions and their analytical 
properties, understand contemporary formulations and generalizations of the Riemann hypothesis, use 
asymptotic, spectral, and probabilistic methods, and implement numerical algorithms for evaluating L-
functions and locating their zeros in analytic number theory research. 
 

Course content/topics 

• Dirichlet series, Euler products, and analytic continuation of L-functions 

• Functional equations, gamma factors, and invariants of L-functions 

• The Selberg class and its axiomatic structure 

• Generalizations and modifications of the Selberg class 

• Analytical properties, zero distributions, and zero-free regions 

• Generalizations of the Riemann hypothesis in the Selberg class 

• Explicit formulas and asymptotic methods in L-function theory 

• Spectral, probabilistic, and random matrix methods for studying zeros 

• Numerical methods for computing L-functions and their zeros 

• High-precision algorithms, interval arithmetic, and the Arb library 

• Computational experiments and contemporary problems in L-function theory 
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Cambridge University Press, 2006. 

[3] Jerzy Kaczorowski and Alberto Perelli, On the 
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[4] Richard Crandall and Carl Pomerance, Prime 
Numbers: A Computational Perspective, 2nd ed., 
Springer, 2005. 

[5] Fredrik Johansson, documentation and numerical 
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 Criterion Points Cut-off 
points 

1. Homework   

2. Project 50  

3 Final exam 50  

Total 100 55 

 

 


