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Introduction to scientific computing (4 lectures)

Spirit of the numeric world: “faster, higher, stronger”
Linux operating system, programing in C/C++

. Root finding of nonlinear scalar equation (4 lectures)

Bisection method, fixed point method, Newton method, secant method, Muller
method, Aitken’s acceleration technique and hybrid methods

Direct methods for linear equations (8 lectures)

Gauss elimination (including the one with pivoting), LU decomposition,
Cholesky decomposition and the Thomas algorithm

Gram-Schmidt orthogonalization process, Householder transform, QR
decomposition method, solution of the normal equation (least squares)
Computation of eigenvalues and eigenvectors (8 lectures)

The power methods, the Rayleigh acceleration, the QR algorithm

Other methods for symmetric matrices: Jacobi method, the bisection method
with Sturm sequence, Singular value decomposition

Stationary iterative methods for linear equations (4 lectures)

The Jacobi, Gauss-Seidel, successive over-relaxation (SOR) methods
Variational iterative methods for linear equations (6 lectures)

Optimization methods: the steepest descent method, the conjugate gradient
method and its preconditioning
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Projection methods: the Arnoldi method, the MINRES, GMRES methods
Iterative methods for system of nonlinear equations (6 lectures)

Nonlinear Jacobi, Gauss-Seidel methods

Nonlinear steepest descent and conjugate gradient methods

Newton method and quasi-Newton method

Nonlinear optimization, Levenberg-Marquardt method

The penalty method, the Lagrange multiplier method

Polynomial interpolation and function approximation (6 lectures)

Lagrange interpolation, Newton divided difference, Hermite interpolation,
spline interpolation

Orthogonal polynomials, the best uniform approximation, trigonometric
approximation

Numerical integration and numerical differentiation (6 lectures)
Newton-Cotes formula , composite rules, Gauss quadrature , Romberg
quadrature

Integration of singular or oscillatory functions, numerical differentiation
Numerical solution of initial value problems (8 lectures)

Euler methods, Runge-Kutta methods, multistep methods

Stable methods for stiff ODEs

Numerical solution of boundary value problems (4 lectures)

Finite difference method and finite element method
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Week Topics
1 Introduction to scientific computing
2 Root finding of nonlinear scalar equation
3-4 Direct methods for linear equations
5-6 Computation of eigenvalues and eigenvectors
7 Stationary iterative methods for linear equations
8-9 Variational iterative methods for linear equations (6 lectures)
9-10 Iterative methods for system of nonlinear equations (6 lectures)
11-12 Polynomial interpolation and function approximation (6 lectures)
12-13 Numerical integration and numerical differentiation (6 lectures)
14-15 Numerical solution of initial value problems
16 Numerical solution of boundary value problems




