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Python (1991)
• an open source interpreted programming language for 

general-purpose programming
• a high-level, interpreted, interactive, and object-oriented 

scripting language 
• a large and comprehensive standard library

2Guido van Rossum

Read Write
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What languages should you learn?
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https://www.tiobe.com/tiobe-index/

• TIOBE index (Web Search): Java, C, C++, Python, C#
• PYPL index (Google Trends): Java, Python, PHP, C#, Javascript
• RedMonk rating (Github/Stack Overflow): Javascript, Java, Python, PHP, C#

There are over 500 current programming languages.



Python Philosophy
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There should be one—and preferably only one—
obvious way to do it.

https://en.wikiquote.org/wiki/Albert_Einstein

“Everything should be made as simple as 
possible, but no simpler.”

https://en.wikipedia.org/wiki/Python_(programming_language)

https://en.wikipedia.org/wiki/Stack_Overflow
https://en.wikipedia.org/wiki/GitHub



Python 3.x vs Python 2.x
• Python 3.0 (2008) backward incompatibles 
• Python 2.7 final 2.x version (2010)
• Current Linux distributions and Macs (2.x as default)
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We want to use these libraries, so we will have to learn a little about Python 2. 
Fortunately, there are only a few big differences that we have to worry about.

python --version



Python 3.x vs Python 2.x
• Python 3.0 (2008) backward incompatibles 
• Division, print, input, range, string formatting, module names, 

dictionary comprehensions
• Data structures and algorithms
• Strings and text
• Numbers, dates, and times
• Iterators and generators
• Files and I/O
• Data encoding and processing
• Functions
• Classes and Objects
• Modules and Packages
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Libraries
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•Graphical user interfaces
•Web frameworks
•Multimedia
•Databases
•Networking
•Test frameworks
•Automation
•Web scraping
•Documentation
•System administration
•Scientific computing
•Text processing
•Image processing



Reserved Words
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and, assert, break, class, continue, def, del, elif, else, except, exec, finally, for, 
from, global, if, import, in, is, lambda, not, or, pass, print, raise, return, try, 
whileStart comments with # – the rest of line is ignored.



Reserved Words
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Indentation
• http://www.python.org
• Indentation
• Python is designed to be highly readable. 
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4-blank
4-blank

Case matters.
Spaces matter.
Indentation matters.



print
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Python 3
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Python 3 evaluates 3 / 2 as 1.5 by default 

As a result, 3/2 will show 1. 

For example, if we want Python 3.x's integer division behavior in Python 
2, add the following import statement. 
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from __future__ import print_function



2to3.py
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https://docs.python.org/3/library/2to3.html

python C:\Python34\Tools\Scripts\2to3.py -w area.py 

area.py.bak



Python references

• Python 2.7
• Python Cookbook
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Python (Windows, Linux)
• Start menu, select All Programs → Python 2.7 → 

IDLE(Python GUI)
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IDLE is a simple integrated development environment.



Quicksort algorithm
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Rosetta Code
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http://rosettacode.org/wiki/Rosetta_Code

Rosetta Code is a programming chrestomathy site. The idea 
is to present solutions to the same task in as many different 
languages as possible, to demonstrate how languages are 
similar and different, and to aid a person with a grounding in 
one approach to a problem in learning another. 

Example-centric programming

https://en.wikipedia.org/wiki/Example-centric_programming



Basic data types
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Numbers, Booleans, Strings 



Basic data types
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Numbers, Booleans, Strings 

Multi‐Line Statements

Explicit line continuation

Implicit line continuation



Basic data types
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String objects have a bunch of useful methods.

Numbers, Booleans, Strings



Basic data types
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Numbers, Booleans, Strings



Containers
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Lists
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Slicing



List comprehensions
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List comprehensions
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List comprehensions
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List comprehensions
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List comprehensions
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List comprehensions
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This creates a list of zeroes with 100 rows and 50 columns.

Here we create a 5 x 5 x 5 list.



String vs List
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String methods do not change the original string, but list methods do 
change the original list. To sort a list L, just use L.sort() and not 
L=L.sort(). In fact, the latter will not work at all.



Dictionaries
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Using dictionaries

32
The 9th KIAS CAC Summer School on  Scientific Computing and Machine Learning



Using dictionaries
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d={'A':1,'B':3}



Strings
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Strings
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s='Python'

s='abcdefghij'



Strings
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Strings
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parsing
delimiter

.strip

.split

.join



Strings
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.strip

.split

.join



Basic numeric operations
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factorial(531) Numeric Types -- int, float, long, complex

long integer

x ** y x to the power y



range
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File and execution
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chmod +x your-script-name
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Line in file
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.strip

.split

.join

https://stackoverflow.com/questions/41903689/splitting-the-sentences-in-python

x.split(“,”)[0]



Read a line, text file
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https://stackoverflow.com/questions/9282967/how-to-open-a-file-using-the-open-with-statement



Write a line, text file

44
The 9th KIAS CAC Summer School on  Scientific Computing and Machine Learning

outF.write(line) 



Current line and test
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http://cmdlinetips.com/2018/01/3-ways-to-read-a-file-and-skip-initial-comments-in-python/



Gzip files
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http://cmdlinetips.com/2018/02/how-to-read-a-gzip-file-in-python/

rb, wb  binary



functions
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Optional arguments
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Default values



Built-in functions
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dir(_builtins_)
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Math functions
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endpoints included
seed(10)



Math functions/Random numbers
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endpoints included
seed(10)



How to use lambda functions in Python?
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http://cmdlinetips.com/2018/01/getting-started-with-lambda-functions-in-python/

: 



assert
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AssertionError:



Classes
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� A software item that contains variables and methods
� Object Oriented Design focuses on
• Encapsulation:
—dividing the code into a public interface, and a private implementation
of that interface
• Polymorphism:
—the ability to overload standard operators so that they have appropriate
behavior based on their context
• Inheritance:
—the ability to create subclasses that contain specializations of their parents



Classes

55
The 9th KIAS CAC Summer School on  Scientific Computing and Machine Learning

Method: Either class or class instance can call.

__  private

Special method names



Classes
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constructor

methods



Classes
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Inheritance
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Classes
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__  private

 string



Classes
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 string

__  private



Classes
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� __init__, __repr__, and __addatom__ are taken
from the parent class (molecule)
� Added a new function addbasis() to add a basis set
� Another example of code reuse
• Basic functions don't have to be retyped, just inherited
• Less to rewrite when specifications change

Instance variables and class variables
https://www.youtube.com/watch?v=BJ-VvGyQxho



Modules
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A module is a file containing Python definitions and statements.
The file name is the module name with the suffix .py appended.
A module can be imported into other modules.



Modules

63
The 9th KIAS CAC Summer School on  Scientific Computing and Machine Learning

� Modules are functions and variables defined in
separate files
� Items are imported using from or import
from module import function
function()
import module
module.function()
� Modules are namespaces
• Can be used to organize variable names, i.e.
atom.position = atom.position - molecule.position

A module is a container for a unique set of names.



Python namespace
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Module.object
Class.object

• sys.stdout (module.object)
• numpy.array.mean (module.class.object)
• os.path.basename (module.module.object)
• ‘a b c’.split (object.object)



import
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1. The present directory
2. $PYTHONPATH
3. sys.path



input
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Control of flow
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if
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while
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for
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for
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Prime numbers
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turtle
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turtle
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System call
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https://docs.python.org/2/library/subprocess.html



Plotnine: A Python library to use ggplot2 in Python
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If you are coming from R background and know ggplot2, you might want to 
still use ggplot2 in Python for making great visualizations.

http://cmdlinetips.com/2018/05/plotnine-a-python-library-to-use-ggplot2-in-python/

Altair is kind of the new kid in the data visualization block.

http://cmdlinetips.com/2018/04/an-introduction-to-altair-a-python-visualization-library/

https://media.readthedocs.org/pdf/plotnine/latest/plotnine.pdf

https://github.com/altair-viz/altair


matplotlib
• High quality plotting library.
• Downloads: http://matplotlib.sourceforge.net/
• https://matplotlib.org/
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http://www.gnuplot.info



matplotlib
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matplotlib
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matplotlib
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matplotlib
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GUI Programming with Tkinter
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SciPy
• Scientific Computing Tools for Python

• https://www.scipy.org/
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Pandas
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providing high-performance, easy-to-use data structures and data analysis tools 
for the Python programming language

http://pandas.pydata.org/pandas-docs/stable/index.html

Comma-separated values



SciPy
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SciPy
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https://docs.scipy.org/doc/scipy/reference/tutorial/integrate.html



SciPy
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https://docs.scipy.org/doc/scipy/reference/tutorial/integrate.html

•Special functions (scipy.special)
•Integration (scipy.integrate)
•Optimization (scipy.optimize)
•Interpolation (scipy.interpolate)
•Fourier Transforms (scipy.fftpack)
•Signal Processing (scipy.signal)
•Linear Algebra (scipy.linalg)
•Sparse Eigenvalue Problems with ARPACK
•Compressed Sparse Graph Routines (scipy.sparse.csgraph)
•Spatial data structures and algorithms (scipy.spatial)
•Statistics (scipy.stats)
•Multidimensional image processing (scipy.ndimage)
•File IO (scipy.io)

https://docs.scipy.org/doc/scipy/reference/tutorial/index.html

https://docs.scipy.org/doc/scipy/reference/tutorial/special.html
https://docs.scipy.org/doc/scipy/reference/tutorial/integrate.html
https://docs.scipy.org/doc/scipy/reference/tutorial/optimize.html
https://docs.scipy.org/doc/scipy/reference/tutorial/interpolate.html
https://docs.scipy.org/doc/scipy/reference/tutorial/fftpack.html
https://docs.scipy.org/doc/scipy/reference/tutorial/signal.html
https://docs.scipy.org/doc/scipy/reference/tutorial/linalg.html
https://docs.scipy.org/doc/scipy/reference/tutorial/arpack.html
https://docs.scipy.org/doc/scipy/reference/tutorial/csgraph.html
https://docs.scipy.org/doc/scipy/reference/tutorial/spatial.html
https://docs.scipy.org/doc/scipy/reference/tutorial/stats.html
https://docs.scipy.org/doc/scipy/reference/tutorial/ndimage.html
https://docs.scipy.org/doc/scipy/reference/tutorial/io.html


PyFITS
• Downloads: 

http://www.stsci.edu/resources/software_hardware/pyfits
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https://pythonhosted.org/pyfits/

FITS (Flexible Image Transport System)



pymatgen
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http://pymatgen.org/

Pymatgen (Python Materials Genomics) 



NumPy
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NumPy
• Offers Matlab-ish capabilities within Python
• Fast array operations
• 2D arrays, multi-D arrays, linear algebra etc.
• Downloads: http://numpy.scipy.org/
• Tutorial: http://www.scipy.org/Tentative_NumPy_Tutorial
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https://docs.scipy.org/doc/numpy/user/quickstart.html



NumPy data types
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NumPy
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NumPy
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NumPy
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NumPy
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print type(a) 
type 'numpy.ndarray

print a.shape
print a[0], a[1], a[2]
a[0] = 5



NumPy
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NumPy
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a[0]
a[1]

cf. list vs numpy array
less memory



NumPy
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a[0]
a[1]

cf. list vs numpy array
fast



NumPy
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NumPy
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https://docs.scipy.org/doc/numpy-1.14.0/reference/arrays.nditer.html#arrays-nditer



NumPy
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NumPy
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https://docs.scipy.org/doc/numpy-1.14.0/reference/generated/numpy.array.html



NumPy
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NumPy
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https://docs.scipy.org/doc/numpy-1.14.0/reference/generated/numpy.resize.html



NumPy
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https://docs.scipy.org/doc/numpy-1.14.0/reference/generated/numpy.random.rand.html



NumPy
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https://docs.scipy.org/doc/numpy-1.14.0/reference/generated/numpy.fft.fft.html



Matrix diagonalization
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https://sites.google.com/a/aims-senegal.org/scipy/the-numpy-linear-algebra-module-linalg
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Matrix diagonalization
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http://incredible.egloos.com/7193290



Files and directories
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http://incredible.egloos.com/2950369



File existence
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with open(‘seven.txt’) as f:
for line in f:

print(line)

with open(‘seven.txt’) as f:
while True:

line = f.readline()
if not line:

break
print(line)

import os.path
os.path.exists(file_path)

os.path.isfile(file_name)



NumPy
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https://docs.scipy.org/doc/numpy/user/quickstart.html



NumPy
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https://docs.scipy.org/doc/numpy/user/quickstart.html



Pandas: The Swiss Army Knife for Your Data
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pip install pandas

https://code.tutsplus.com/tutorials/pandas-the-swiss-army-knife-for-your-data-part-1--cms-29523
https://pandas.pydata.org/

pandas is an open source, BSD-licensed library 
providing high-performance, easy-to-use data 
structures and data analysis tools for the Python
programming language.



Cython
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RPython(←Restricted Python)   PyPy

https://cardinalpeak.com/blog/faster-python-with-cython-and-pypy-part-2/
https://cardinalpeak.com/blog/faster-python-with-cython-and-pypy-part-1/

• CPython: The pure Python implementation running in the standard CPython interpreter
• CPython + Cython: The Cython implementation running in the standard CPython interpreter
• PyPy: The pure Python implementation running in the PyPy interpreter



Cython
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http://hplgit.github.io/teamods/MC_cython/main_MC_cython-solarized.html

https://medium.com/@shamir.stav_83310/making-your-c-library-callable-from-python-by-
wrapping-it-with-cython-b09db35012a3



Cython
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C is fast whereas Python is slow.
You take the best of two worlds and combine them to fit your needs.

Reduces program runtime by 50-100 times if done correctly, depending on the
complexity of the code.

Requires very little additional work: 90% of the job is writing the python 
code!
Compilation is automatic, all you need to specify is a name.

Cython is...
an Open Source project
a Python compiler (almost)
an extended Python language for
writing fast Python extension modules
interfacing Python with C (C++, etc.) libraries

F calls C.
C calls F.

pip install cython
pip3 install cython
python setup.py install
cython -V

One of main uses of Cython is to call external C libraries from Python.

Cython is a programming language.

static type declarations

Cython is an extension to the Python language that allows explicit type 
declarations and is compiled directly to C.



Cython
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Copy your Python code and rename it with .pyx
Copy-paste the import statements.
Assuming your Python code is bug-free, turn off array boundschecks.
Declare variables used in the slow regions of the code.
Remember: Profile your code. No need to cythonize everything.



Cython
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helloworld.pyx

setup.py

helloworld.so (Unix) helloworld.pyd (Windows)

test.py

Shared Objects

python setup.py build_ext -i --compiler=mingw32 -DMS_WIN64
python setup.py build_ext -i



Cython
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fib.pyx

setup.py

test.py



Cython
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Copy-paste the setup.py file:

Create the linked library by running the setup.py file. Then you may simply import it:



Cython
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cdef-ed mode?

cdef int x=0

.pyx .c .so   python

cython inputfile.pyx

python setup.py build_ext --inplace



Cython
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cdef int I,j,k
cdef float f, g[44], *h cdef struct grail:

int age
float volume



Cython
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Cython
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mathx.pyx

scix.pyx

setup.py



Cython
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scix_c.pyx scix.pyx



Speeding Up Python With Cython 1/5
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Speeding Up Python With Cython 2/5

128
The 9th KIAS CAC Summer School on  Scientific Computing and Machine Learning

pythagorean_triples.pyx compiles your Cython code on the fly



Speeding Up Python With Cython 3/5
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setup.py

 pythagorean_triples.c

$ python setup.py build_ext --inplace

to avoid dynamically compiling on every run

to build it before running 



Speeding Up Python With Cython 4/5
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setup.py



Speeding Up Python With Cython 5/5
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pythagorean_triples.pyx; modified version



to call C functions from Python
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http://book.pythontips.com/en/latest/python_c_extension.html

add.c

add.so (DLL in Windows)

Simplified Wrapper and Interface Generator(SWIG) 

This is a great method when you have a C/C++ code base, and you want to 
interface it to many different languages.



F2Py
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F2Py

134
The 9th KIAS CAC Summer School on  Scientific Computing and Machine Learning

build f2py modules.py 



to call F functions from Python
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http://www.legi.grenoble-inp.fr/people/Pierre.Augier/how-to-call-fortran-from-python.html

f2py -c -m my_lib my_lib.f90

my_lib.so

my_lib.f90

https://notmatthancock.github.io/2017/02/10/calling-fortran-from-python.html



RPython
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RPython(←Restricted Python)   PyPy

Explicit typing in RPython

https://ko.wikipedia.org/wiki/RPython

pypy <PyPysourcedirectory>/rpython/bin/rpython fib.py 

python <PyPysourcedirectory>/rpython/bin/rpython fib.py 

RPython is a translation and support framework for producing implementations 
of dynamic languages, emphasizing a clean separation between language 
specification and implementation aspects.

https://rpython.readthedocs.io/en/latest/



PyPy, RPython
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RPython(←Restricted Python)   PyPy

PyPy is running the exact same pure Python code as the CPython implementation.

https://cardinalpeak.com/blog/faster-python-with-cython-and-pypy-part-2/
https://cardinalpeak.com/blog/faster-python-with-cython-and-pypy-part-1/
https://en.wikipedia.org/wiki/PyPy

Most Python code runs well on PyPy, except for code that relies on Cpython
extensions.

PyPy is an alternative implementation of the Python programming language which often runs 
faster than the standard implementation of Python.
In computing, just-in-time (JIT) compilation, (also dynamic translation or run-time 
compilation), is a way of executing computer code that involves compilation during 
execution of a program – at run time – rather than prior to execution.

C Extension Modules are the single biggest barrier to use PyPy.



mpi4py
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mpi4py
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• petsc4py 
• mpi4py 
• NumPy



speedup

140
The 9th KIAS CAC Summer School on  Scientific Computing and Machine Learning

Y. Aoyama and J. Nakano, RS/6000 SP: Practical MPI Programming



Python with MPI

141
The 9th KIAS CAC Summer School on  Scientific Computing and Machine Learning



install
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from mpi4py import MPI 



Serial version
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Serial version
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Serial version
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mpiexec vs mpirun



Serial version
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Serial version
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Serial version
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Serial version
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Serial version
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Serial version
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Serial version
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Serial version
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Serial version
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Serial version
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Serial version
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MPI
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• Many examples  
• High-level usage of MPI 
• Practice



Serial version
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Parallel version
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Serial version
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Parallel version (1/3)
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Parallel version (2/3)
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Parallel version (3/3)
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Parallel
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Most MPI programs can be run with the command mpiexec. 



Parallel
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Master-slave mode
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http://incredible.egloos.com/3755171



Parallelizing Loops
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http://incredible.egloos.com/3755171
Y. Aoyama and J. Nakano, RS/6000 SP: Practical MPI Programming

Block Distribution

Cyclic Distribution

Block-Cyclic Distribution



Parameter range
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http://incredible.egloos.com/3755171
Y. Aoyama and J. Nakano, RS/6000 SP: Practical MPI Programming
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