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The goal of this course is to teach the basic theories and fundamentals of numerical methods and to give the student knowledge how to implement these methods for computer
solutions of mathematical problems. Most of the applications are based on the use of mathematical software package (Matlab, Octave or Scilab). The course also provides an
introduction to Matlab as well as practice in computer programming. Topics include analysis of errors, numerical linear algebra, solution of linear systems of equations and
nonlinear equations, interpolation and approximation by polynomials and numerical integration. Examples are taken from a wide variety of engineering situations.

Wymagania wstepne

Students attending classes are expected to pass the following courses:

1. Mathematical Analysis 1,2;
2. Linear Algebra 1,2;

Zakres tematyczny

Lecture
1. Computer Arithmetic

® Floating-point numbers and round-off errors (1 hour).
® Absolute and relative errors, loss of significance (2 hours).
® Stable and unstable computations (1 hour).

2. Solution of Nonlinear Equations

® Bisection method, Newton's method, secant method, Steffensen’s method (5 hours).

® Computing zeros of polynomials (1 hour).

3. Solving Systems of Linear Equations

® Matrix algebra, norms and the analysis of errors (2 hours).

® LU and Cholesky factorizations (2 hours).

® Gaussian elimination (2 hours).

® Solution of equations by iterative methods (2 hours).
® Steepest descent and conjugate gradient methods (2 hours).

4. Interpolation and Polynomial Approximation

® Taylor polynomials, Newton's Divided-Difference Interpolating Polynomials, Lagrange Interpolating Polynomial, Hermite interpolation, cubic spline interpolation,

Chebyshev polynomials (6 hours).

5. Numerical Integration
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® Simpson'’s rule, trapezoidal rule, Gaussian quadrature (4 hours).

Class
1. Computer Arithmetic

® Floating-point numbers and round-off errors, absolute and relative errors (1 hour).
¢ Stable and unstable algorithms (1 hour).

2. Solution of Nonlinear Equations
® Bisection method, Newton's method, secant method - application of appropriate formulas and convergence theorems (4 hours).
3. Solving Systems of Linear Equations

® Matrix norms, condition number (1 hour).

® Mid-term test (1 godz.).

® LU and Cholesky factorizations - application of appropriate formulas and convergence theorems (2 hours).

¢ Jacobi method, Gauss-Seidel method, relaxation methods - application of appropriate formulas and convergence theorems (2 hours).

4. Interpolation and Polynomial Approximation

® Interpolation methods - application of appropriate formulas and convergence theorems (2 hours).
® Mid-term test (1 hour).

Laboratory
1. Computer Arithmetic

® Introduction to mathematical software package (Matlab, Octave or Scilab) (2 hours).
® Construction and implementation of simple algorithms - numerical solutions and stability problem (2 hours).

2. Solution of Nonlinear Equations

® Bisection method, Newton's method, secant method - implementation of algorithms, numerical solution of the problems, interpretation of the results, the use of
mathematical software package (4 hours).

3. Solving Systems of Linear Equations

® LU and Cholesky factorizations, Jacobi method, Gauss-Seidel method, relaxation methods - implementation of algorithms, numerical solution of the problems,
interpretation of the results, the use of mathematical software package (5 hours).

4. Interpolation and Polynomial Approximation

® Interpolation methods - implementation of algorithms, numerical solution of the problems, interpretation of the results, the use of mathematical software package (2
hours).

Metody ksztatcenia

Solving appropriate selected problems in the class and laboratory students can familiarize themselves with numerical methods provided during the lectures.
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Warunki zaliczenia

Verifying the level of preparation of students and their activities during the classes and laboratories.

Tests with tasks of different difficulty which help to assess whether students have achieved effects of the course in a minimum degree.

The assessment of the course consists of the grades of the exercises and laboratories (40%) and the written exam (60%). Student takes an exam under the condition of a
positive evaluation of the exercise.

Student passes the course under the condition of a positive evaluation of the exercise, laboratory and written exam.
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