
Introduction to Scientific 
Python
Dr. Xiaowei Huang

https://cgi.csc.liv.ac.uk/~xiaowei/ 



Topics

• Numpy
• Scipy
• Matplotlib



Numpy

• Fundamental package for scientific computing with Python 
• N-dimensional array object 
• Linear algebra, Fourier transform, random number capabilities 
• Building block for other packages (e.g. Scipy) 
• Open source



import numpy as np 

• Basics: 

• Slicing as usual



More basics 

numpy.linspace:
evenly spaced numbers over a 
specified interval.

numpy.arange:
evenly spaced values within a 
given interval.



More basics 

numpy.random.normal:
Draw random samples 
from a normal (Gaussian) 
distribution

loc: mean
scale: standard deviation



Arrays are mutable 



Array attributes

numpy.reshape:
Gives a new shape to an 
array without changing its 
data.



Basic operations 

• Arithmetic operators: elementwise application 

• Also, we can use += and *=. 



Array broadcasting 

• When operating on two arrays, numpy compares shapes. Two 
dimensions are compatible when
• They are of equal size
• One of them is 1



Array broadcasting 



Array broadcasting with scalars 

• This also allows us to add a constant to a matrix or multiply a matrix 
by a constant



Vector operations 

• inner product 
• outer product 
• dot product (matrix multiplication)



Matrix operations 

• First, define some matrices: 



Matrix operations 

np.dot(a,b)

If f both a and b are 1-D 
arrays, it is inner product 
of vectors

If both a and b are 2-D 
arrays, it is matrix 
multiplication



Operations along axes 



Slicing arrays 

• More advanced slicing 



Iterating over arrays 

• Iterating over multidimensional arrays is done with respect to the first 
axis: for row in A 
• Looping over all elements: for element in A.flat



Reshaping

• Reshape 
• using reshape. Total size must remain the same. 

• Resize 
• using resize, always works: chopping or appending zeros 
• First dimension has ‘priority’, so beware of unexpected results



Matrix operations 

• import numpy.linalg



Linear algebra 



Fourier transform 



Random sampling 



Distributions in random 



What is SciPy? 

• SciPy is a library of algorithms and mathematical tools built to work 
with NumPy arrays. 
• linear algebra - scipy.linalg
• statistics - scipy.stats
• optimization - scipy.optimize
• sparse matrices - scipy.sparse
• signal processing - scipy.signal
• etc. 



Scipy Linear Algebra 

• Slightly different from numpy.linalg. Always uses BLAS/LAPACK 
support, so could be faster. 

• Some more functions. 

• Functions can be slightly different. 



Scipy Optimization 

• General purpose minimization: CG, BFGS, least-squares 
• Constrainted minimization; non-negative least-squares 
• Minimize using simulated annealing
• Scalar function minimization 
• Root finding
• Check gradient function Line search 



Scipy Statistics 

• Mean, median, mode, variance, kurtosis 
• Pearson correlation coefficient 
• Hypothesis tests (ttest, Wilcoxon signed-rank test, Kolmogorov-

Smirnov) 
• Gaussian kernel density estimation 

See also SciKits (or scikit-learn). 



Scipy sparse 

• Sparse matrix classes: CSC, CSR, etc. 
• Functions to build sparse matrices 
• sparse.linalg module for sparse linear algebra 
• sparse.csgraph for sparse graph routines 



Scipy signal 

• Convolutions
• B-splines
• Filtering
• Continuous-time linear system 
• Wavelets 
• Peak finding 



Scipy IO 

• Methods for loading and saving data 
• Matlab files 
• Matrix Market files (sparse matrices) 
• Wav files 



What is Matplotlib? 

• Plotting library for Python 
• Works well with Numpy
• Syntax similar to Matlab



Scatter Plot 



Seaborn makes plot pretty 



Scatter Plot 

• Adding titles and labels 



Scatter Plot 



Scatter Plot

• Adding multiple lines 
and a legend 



Scatter Plot



Histogram 



Histogram 



Box Plot 



Box Plot



Image Plot 



Image Plot 



Wire Plot

• matplotlib toolkits extend funtionality for other kinds of visualization 



Wire Plot 


