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To teach the students both classical and modern numerical methods for both time-independent and
evolutionary differential equations. To introduce both numerical algorithms and analysis of their properties
as well as the reasons behind success and failure of numerical methods and software. This will help the

students to apply the studied numerical techniques and to successfully design their own solution approach
for any nonstandard problems they may encounter in their research work.
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Teaching in both theory and programming, including applications to cutting edge problems
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Section 1 Part I. Numerical Methods for Time-Independent Differential Equations
Some Model Problems
Section 2 Finite-Difference Approximations
Section 3 Steady States and Boundary Value Problems
- simple finite-difference methods
- local truncation error, global error
- stability, consistence, convergence
- high-order methods
- compact finite-difference schemes
- fast Poisson solver
Section 4 Part Il. Numerical Methods for Evolutionary Differential Equations
Numerical Methods for ODEs
- initial value problems
- linear multistep methods
- Runge-Kutta methods
- stability and stiffness
- local truncation error, global error
- stability, consistence and convergence
- adaptive error control
Section 5

Finite-Difference Methods

- local truncation error and order of accuracy

- semi-discretization (method of lines): boundary conditions, stability and

convergence
- fully-discrete schemes: general linear stability and convergence
- Lax equivalence theorem
- CFL condition
- Lax-Friedrichs scheme
- Lax-Wendroff scheme
- modified equation

- explicit and implicit schemes

If the course is open to undergraduates, please indicate the




- operator splitting methods

Section 6 Stability for Constant Coefficient Problems

- Fourier analysis for scalar equations and for systems

- eigenvalue analysis

Eectontl Variable Coefficient and Nonlinear Problems

- freezing coefficients and dissipativity
- schemes for one-dimensional hyperbolic systems

- nonlinear stability and energy methods

Section 8 Dispersion and Dissipation

- dispersion relation, phase velocity, group velocity
- the wave equation
- the KdV equation

- Lagrangian methods

Section 9 . -
ection Numerical Methods for Initial-Boundary Value Problems

- parabolic problems
- hyperbolic problems

- infinite or large domains and artificial boundaries

Section 10 . . . s
ection Several Space Variables and Dimensional Splitting Methods

- Alternating Direction Implicit scheme

- Locally One-Dimensional (LOD) scheme

ion 11
Section Finite-Volume Methods

- finite-volume piecewise polynomial approximations
- one-dimensional scalar conservation laws

- first-order Godunov and Lax-Friedrichs schemes

- total variation and nonlinear stability

- higher-order schemes
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- systems of conservation laws
- multidimensional problems

- central and upwind methods

Section 12 Collocation and spectral methods

RFEZZ Course Assessment

fEMY (30%) +H (30%) +HIRFER (40%)

Assignment (30%) + Mid-term exam(30%) + final-term exam (40%)

FM KL ESEE K Textbook and Supplementary Readings

S H Textbook:

1. Finite Difference Methods for Ordinary and Partial Differential Equations: Steady-State and Time-
Dependent Problems, by Randall J. LeVeque, SIAM, 2007.

2. Numerical Methods for Evolutionary Differential Equations, by Uri M. Ascher, SIAM Computational
Science and Engineering, 2008

3. Numerical Solution of Partial Differential Equations: An Introduction, 2nd edition, by K. W. Morton,

D. F. Mayers, 2005.

4. Finite-Volume Methods for Hyperbolic Problems, by Randall J. LeVeque, Cambridge Texts in Applied
Mathematics, 2002.

HAth 2% ¥} Supplementary Readings:

1. Finite Difference and Spectral Methods for Ordinary and Partial Differential Equations, by L. N.
Trefethen, Cornell University, 1996.

2. Numerical Methods for Conservation Laws, by Randall J. LeVeque, Birkhauser-Verlag, 1990.




