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Programming for Data 
Science: Numpy and 
Scipy

Instructor: Jakramate Bootkrajang
Based on material from https://scipy-lectures.org/
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Outline

● Numpy
● Scipy
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NumPy

● extension package to Python for multi-
dimensional arrays

● closer to hardware (efficiency)
● designed for scientific computation 

(convenience)
● Also known as array oriented computing
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Importing Numpy 

● Using import keyword
● Package can be renamed using as keyword
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Array can contain

● values of an experiment/simulation at 
discrete time steps

● signal recorded by a measurement device, 
e.g. sound wave

● pixels of an image, grey-level or colour
● 3-D data measured at different X-Y-Z 

positions, e.g. MRI scan
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Creating arrays

● Using array() function which takes as input a 
list
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Creating array (cont.)
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Functions for creating 
arrays

● In practice, we rarely enter items one by 
one…

● We can use arange() to create evenly spaced 
array 
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Functions for creating 
arrays (cont.)

● Or create an array by number of points
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Array reversing

● The usual python idiom for reversing a 
sequence is supported:
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Common arrays
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Array with random entries

● Using rand() in random sub-package
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Array indexing

● The items of an array can be accessed and 
assigned to the same way as other Python 
sequences (e.g. lists):
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Multi-dimensional array 
indexing

● For multidimensional arrays, indexes are 
tuples of integers:
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Array slicing

● Arrays, like other Python sequences can also 
be sliced
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Visual summary
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Fancy indexing

● NumPy arrays can be indexed with slices, but 
also with boolean or integer arrays (masks). 
This method is called fancy indexing
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Assigning new values with 
a mask
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Fancy indexing with list of 
integers

● Indexing can be done with an array of 
integers, where the same index is repeated 
several time:
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Operations on array
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Note !

●  Array multiplication is not matrix 
multiplication
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Array comparison
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Logical operations
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Others functions
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Array reductions
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Other reduction
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Statistics
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Sorting data
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Scipy

● high-level scientific computing
● scipy package contains various toolboxes 

dedicated to common issues in scientific 
computing

● Its different submodules correspond to 
different applications, 

– interpolation, 
– integration, 
– optimization, 
– image processing, etc.
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Scipy contents
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Scipy and Numpy

● Scipy sub-modules are all depend on numpy
● Standard way of importing numpy and scipy 

is 
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Scipy.linalg

● Provides standard linear algebra operations
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Scipy.linalg (cont.)
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scipy.interpolate

● scipy.interpolate is useful for fitting a 
function from experimental data and thus 
evaluating points where no measure exists.
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scipy.stats

● The module scipy.stats contains statistical 
tools and probabilistic descriptions of random 
processes

● For example 

– Constructing histogram
– Calculating mean, median, percentile
– Performing statistical test
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Performing t-test

● decide whether the means of two sets of 
observations are significantly different

● ttest_ind() returns significant of difference 
and p-value
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Reading list

● https://scipy-lectures.org/intro/numpy/index.h
tml

● https://scipy-lectures.org/intro/scipy.html

https://scipy-lectures.org/intro/numpy/index.html
https://scipy-lectures.org/intro/numpy/index.html
https://scipy-lectures.org/intro/scipy.html
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