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The aim is to describe methodol ogies using scientific programming software (Python) to solve typical
numerical computation problems encountered in the field of engineering and science. While exercises often
revolve around problems in chemical engineering, the final part involves participants bringing numerical
computation tasks related to their research projects. Each individual uses Python to find solutions to their
respective problems and engages in group discussions to explore the significance of these solutions. Through
these exercises, participants acquire skillsin programming techniques and their application in research.
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The goal isto comprehend Python programming code, attain a basic proficiency in programming using
Python, learn various numerical computation methods, and acquire the ability to program, compute, and
analyze solutions for self-defined problemsin thisfield.
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(2) Introduction to Python
Learn how to get started with Python: simple arithmetic operations, creating loop statements, making vectors
with numpy, and visualization with matplotlib.

(2) Solving Algebraic Equations
Learn Bisection, Newton, and Secant methods as numerical computational methods for solving linear and
nonlinear algebraic equations.

(3) Numerical Integration
Learn how to numerically integrate arbitrary nonlinear functions. As numerical calculation methods, we will
discuss trapezoidal and Simpson's rule and Gauss quadrature.

(4) Solving Ordinary Differential Equations
Learn how to numerically solve linear and nonlinear ordinary differential equations. As numerical
calculation methods, Euler, implicit first order, and RKG methods will be discussed.

(5) Solving Partial Differential Equations
Learn how to numerically solve partial differential equations. We will discuss the difference between FDM
and FEM and apply them to a simple one-dimensional example.

(6) Introduction to Eigenvalue Problems
Learn about eigenvalues and their mathematical properties. Furthermore, create a program using matplotlib to
visualize eigenvectors, deepening the understanding of the significance of eigenvalues.

(7) Compuitation of Eigenvalues
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Learn fundamental methods to find a single eigenvalue of a matrix. Discuss Gershgorin's theorem, power
iteration method, inverse power iteration method, and deflation method.

(8) Computation of Eigenvalues
Study the QR method, which can simultaneously determine all eigenvalues of a matrix.

(9) Solution Methods for Algebraic Equations
Understand the rel ationship between algebraic equations and eigenvalue problems. Learn methods to find all
solutions of algebraic equations using the properties of eigenvalues.

(20) Principal Component Analysis
Learn principal component analysis as an application of eigenvalues. PCA is a prominent data compression
technique widely used in engineering and scientific fields.

(11) Presentation
Each participant selects atopic of interest, performs calculations related to it using Python, and presents the
results.
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Attendance, assignment and presentation will count.
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Handouts will be given in each lecture.
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Assignments will be given as necessary.
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This course is offered every other year.




