Védecké programovani v Pythonu
(Scientific Programming in Python)

Anotace:

Cilem tohoto kurzu je osvojeni zakladd moderniho programovaciho jazyka Python se zamérenim
na védecké vypocty. Duraz je kladen na efektivni feSeni realnych problému. Vyuka probiha
interaktivné a formou praktickych cvi€eni, jejichz obsah mize byt pfizpusoben obsahu dalSich
predmétd nebo tématim studentskych praci. Studenti jsou rovnéz zapojovani do probihajiciho
vyzkumu. V uvodni ¢asti kurzu se studenti seznami se zakladnimi vliastnostmi jazyka Python —
od zakladnich typu az po objektové orientované nebo funkcionalni programovani. Vétsi ¢ast
kurzu je vénovana specifickym vlastnostem Pythonu pro védecké programovani. Prezentovany
jsou hlavni numerické knihovny NumPy, SciPy a graficka knihovna Matplotlib. UkaZzeme, jak tvofit
efektivni kod, jak Ize Python kombinovat s jinymi jazyky, jaké nastroje vyuZzivat.

Pozadavky:

Povinné: Neni pozadovano pfedchozi absolvovani zadného konkrétniho pfedmétu
Doporucené: Zakladni znalost néjakého programovaciho jazyka (C/C++, Fortran, Matlab, Java,
Pascal apod.), zaklady numerickych metod

Osnova cviceni:

Samostatné, pfipadné skupinové programovani konkrétnich uloh s pouzitim ziskanych znalosti.
Soucasti cviceni bude i pouziti vétSich simulagnich kodl a knihoven, pfipadné prace na aktivné
feSeném vyzkumném projektu. Studentim bude rovnéz dan prostor pro feseni uloh spojenych s
dalSi vyukou nebo jejich bakalafskou ¢i diplomovou praci.

Osnova (a sylabus):

Uvod do Pythonu — zakladni vlastnosti a nastroje, konvence, datové typy, podminky, funkce
Kontejnery a (im)mutable typy, iteratory, generatory

Funkcionalni a objektové orientované programovani, moduly

VyjimKy, unit testy, Python debugger, zakladni moduly

Kompletni projekt v Pythonu — konvence, dobré praktiky, dostupné nastroje, dokumentace
(Sphinx), distribuce balikl

Uvod do NumPy — t¥idy ndarray, zakladni operace, polynomy

7. Graficky vystup — Matplotlib, ¢teni a zapis z/do souboru
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8. Pokrocila prace s NumPy — specifika ndarray, dalSi tfidy (matrix, masked array), linearni
algebra

9. Uvod do SciPy a SymPy

10. Optimalizace numerickych vypoctlt — vektorizace, profilovani, Cython, f2py

11. Paralelni vypocty — vlakna, procesy, message passing

Studijni materialy:

Povinna literatura:

1. V. Haenel, E. Gouillart, G. Varoquaux: Python Scientific Lecture Notes,
http://scipy-lectures.github.com

2. H.P. Langtangen: A Primer on Scientific Programming with Python

Doporuéena literatura:

3. H.P. Langtangen: Python Scripting for Computational Science

4. M. Pilgrim: Dive Into Python 3, http://getpython3.com/diveintopython3

5. Z.A. Shaw: Learn Python The Hard Way, http://learnpythonthehardway.org

Web:

server.ipp.cas.cz/~urban/PythonlLectures

Klicova slova:

Programovani, Python, numerické vypocty, pocitaCova algebra.

Rozsah a obsahové zameéreni individualnich stud.
praci a zpusob kontroly:

Zapocet je podminén zpracovanim kompletniho projektu v Pythonu, ktery je tfeba obhajit pfed
vyucujicim a ostatnimi studenty. Projekt je zadan v pribéhu semestru, cile mohou byt
pfizpUsobeny studijnimu zaméfeni studenta.

Cile studia:

Znalosti: Zaklady jazyka Python, vlastnosti Pythonu pro feSeni védeckych uloh, pfehled o
dostupnych nastrojich.

Schopnosti: Efektivni navrh a implementace védecké ulohy v jazyce Python, schopnost vyhledat
a pouzit dostupné nastroje.
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Synopsis:

The aim of this course is to learn the fundamentals of the modern Python programming
language with a focus on scientific computing. Emphasis is placed on effective solutions to real
problems. The course is performed in an interactive form of practical exercises, whose topics
can be tailored to the content of other subjects or student theses. Students are also involved in
ongoing research. In the introductory part of the course, students learn the basic features of
Python—from basic types to object oriented or functional programming. The greater part of the
course focuses on specific features of Python for scientific programming. Presented are the
main numerical libraries NumPy, SciPy and the Matplotlib graphics library. We show how to
generate efficient code, how to combine Python with other languages, what tools are available.

Prerequisites:

Mandatory: No particular subject needed for qualification

Recommended: Practical knowledge of at least one suitable programming language (C/C++,
Fortran, Matlab, Java, Pascal, etc.), knowledge of basics of linear algebra and numerical
methods (1st term level)

Outline and Sylabus of Excercises:

Individual or group specific programming tasks using the acquired knowledge. Exercises will use
larger simulation codes and libraries, or work on ongoing research projects. Students will also be
given space to deal with problems associated with their further education or bachelor's or
master's theses.

Outline and Sylabus:

1. Introduction to Python - basic features and tools, conventions, data types, conditions,

functions

Containers and (i)mutable types, iterators, generators

Functional and object-oriented programming, modules

Exceptions, unit tests, Python debugger, core modules

Complete project in Python - conventions, good practices, documentation, available tools,

documentation (Sphinx), package distribution

Introduction to NumPYy - class ndarray, basic operations, polynomials

Graphical output - Matplotlib, reading and writing from / to files

8. Advanced work with NumPy — specifics of ndarray and other classes (matrix, masked
array), linear algebra
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9. Introduction to SciPy and SymPy
10. Optimization of numerical calculations - vectorization, profiling, Cython, f2py
11. Parallel Computing - threads, processes, message passing

Source Materials:

Key references:

1. V. Haenel, E. Gouillart, G. Varoquaux: Python Scientific Lecture Notes,
http://scipy-lectures.github.com

2. H.P. Langtangen: A Primer on Scientific Programming with Python

Recommended references:

3. H.P. Langtangen: Python Scripting for Computational Science

4. M. Pilgrim: Dive Into Python 3, http://getpython3.com/diveintopython3

5. Z.A. Shaw: Learn Python The Hard Way, http://learnpythonthehardway.org

Equipment:

Computer laboratory with UNIX/Linux OS and Python installed

Keywords:

Programming, Python, numerical computation, computer algebra.

Goals of Study:

Knowledge: Basics of Python, Python properties for solving scientific problems, an overview of

available tools.
Skills: Effective design and implementation of scientific tasks in Python, the ability to find and use

available tools.
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