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1. Summary

(1) First Lecture: Lattices, univariate polynomials, and binary quadratic forms
(a) Hermite and Smith normal forms in linear algebra
(b) LLL lattice reduction (by A. Lenstra, H. Lenstra, Lovász, 1982)
(c) Fincke Pohst algorithm for short vectors in lattices
(d) Resultant and discriminant of a polynomial
(e) Polynomial factorization, Hensel lift, Zassenhaus and Berlekamp algorithm

(f) Reduction and composition of positive definite quadratic forms
(g) Shanks baby-step giant-step strategy
(h) McCurley’s sub-exponential algorithm
(i) Fundamental unit and regulator via continued fractions
(j) Shanks’ infrastructure and distance function for computing regulators and composita

of indefinite quadratic forms
(k) Buchmann’s sub-exponential algorithm for regulators, composition of indefinite qua-

dratic forms, and class group structure

(2) Second Lecture: Local and global fields of algebraic numbers
(a) Pohst Zassenhaus round 2 and 4 algorithms for maximal orders
(b) Buchmann Lenstra algorithm for prime ideal decomposition
(c) Algorithms for determining Galois groups of normal closures
(d) Unit group and class group structure (by Buchmann, Diaz y Diaz, Cohen, Olivier)
(e) Principal ideal test, capitulation, and principal factorization

(3) Third Lecture: Elliptic curves and algebraic varieties
(a) Weierstrass elliptic functions ℘(z) and ℘′(z)
(b) Modular functions g2, g3 and ∆ of weight 4, 6 and 12
(c) Periods ω1 and ω2 of the lattice L
(d) Reduction to the standard fundamental domain F of the torus C/L
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(e) Shanks Mestre algorithm for elliptic curves over Fp

(f) Tate’s local reduction mod p, resp. 2 or 3, and global reduction
(g) Rational torsion points
(h) Finite and infinite contribution to the Néron Tate height
(i) L-function of a modular elliptic curve
(j) Elliptic curves with complex multiplication, Klein’s modular function j(τ)

of weight 0, Dedekind’s η-function, Hilbert and Weber class polynomials
(k) Hyperelliptic cryptosystems

(4) Fourth Lecture: Multiplicative structure of large integers
(a) Primality tests

(i) Jacobi sum test, APR test (Adleman, Pomerance, Rumely, 1980),
APRCL test (Cohen, Lenstra, 1981)

(ii) Elliptic curve test, Goldwasser Kilian test, Atkin Morain test,
Adleman Huang test

(b) Factoring methods
(i) Continued fraction method (by Legendre, Kraitchik, Lehmer, Powers;

resp. Brillhart, Morrison)
(ii) Class group method (by Schnorr, Lenstra;

resp. Shanks, Pollard, Atkin, Rickert)
(iii) ECM: Lenstra’s Elliptic Curve Method
(iv) Quadratic Sieve (QS by Pomerance, Kraitchik),

Multiple Polynomial Quadratic Sieve (MPQS by Montgomery)
(v) Number Field Sieve (NFS by Pollard)
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