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What is Numpy
● Numpy is a C extension module for array oriented 

computing
○ adds powerful data structures like 

multi-dimensional arrays
■ fixed size arrays holding data of the same 

underlying type for memory and speed 
optimization

○ precompiled mathematical and numerical 
functions for performance

○ performance similar to C with flexibility of python
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What is Numpy
● Numpy is a C extension module for array oriented 

computing
○ adds powerful data structures like 

multi-dimensional arrays
■ fixed size arrays holding data of the same 

underlying type for memory and speed 
optimization

○ precompiled mathematical and numerical 
functions for performance

○ performance similar to C with flexibility of python
● Numpy forms the basis of scientific computing in 

Python
○ Linear Algebra
○ Image and signal processing
○ Machine learning
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List vs Numpy Array
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https://jakevdp.github.io/PythonDataScienceHandbook/02.01-understanding-data-types.html

● dynamic
● flexible

https://jakevdp.github.io/PythonDataScienceHandbook/02.01-understanding-data-types.html


List vs Numpy Array
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https://jakevdp.github.io/PythonDataScienceHandbook/02.01-understanding-data-types.html

● dynamic
● flexible

● fixed size
● memory and CPU 

efficient

● The strides of an array tell us how many bytes we have to skip in memory to move to the next position along a certain axis.

https://jakevdp.github.io/PythonDataScienceHandbook/02.01-understanding-data-types.html


Numpy Features

https://starship-knowledge.com/awesome-python-data-science-libraries

● Smaller memory footprint
● CPU efficiency
● Natural look and feel (e.g 

algebraic operation)
○ vectorization
○ broadcasting
○ operator overloading

6



Vectorization

client code:
const int N = 16;
int A[N], B[N], C[N];
for (int i = 0; i < N; ++i)
  C[i] = A[i] + B[i];

will be unrolled as, assuming 4 independent SIMD instructions 
for (int i = 0; i < N; i += 4) {
  C[i]   = A[i]   + B[i];
  C[i+1] = A[i+1] + B[i+1];
  C[i+2] = A[i+2] + B[i+2];
  C[i+3] = A[i+3] + B[i+3];
}

● Modern CPUs have "vector" or Single Instruction Multiple Data (SIMD) capabilities which apply 
the same operation simultaneously to two, four, or more pieces of data

● An over-simplified view of Vectorization
○ process of rewriting a loop to process 4 elements of the array of size N simultaneously N/4 

times instead of doing one element at a time
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Arrays from Python lists
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numpy.array
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ndarray (alias array)

10

>>> import numpy as np
>>> a = np.array([[0,1,2,3,4],[5,6,7,8,9],[10,11,12,13,14]])

ndarray Attributes Description

ndarray.ndim number of axes (dimensions) of the array

ndarray.shape dimensions of the array 

ndarray.size total number of elements of the array

ndarray.dtype type of the elements in the array

ndarray.itemsize size in bytes of each element of the array

ndarray.data buffer containing the actual elements of the array

>>> a.dtype.name
'int64'
>>> a.itemsize
8
>>> a.size
15
>>> type(a)
<class 'numpy.ndarray'>

>>> a
array([[ 0,  1,  2,  3,  4],
       [ 5,  6,  7,  8,  9],
       [10, 11, 12, 13, 14]])
>>> a.ndim
2
>>> a.shape
(3, 5)



Array Access
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https://numpy.org/doc/stable/user/absolute_beginners.html

https://numpy.org/doc/stable/user/absolute_beginners.html


Array Elements w/ conditions
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also see: numpy.flatnonzero(array), numpy.where(condition, …), numpy.argwhere(array)



array axes
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https://www.w3resource.com/numpy/array-creation/index.php



Arrays from scratch
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numpy.arange
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numpy.arange([start, ]stop, [step, ]dtype=None, *, like=None)



Python List vs Numpy Array Memory Footprint
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+ numpy.array overhead



Python List vs Numpy Array CPU Performance
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reshape, resize
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zeros, ones, full, empty, identity
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Random numbers
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linspace, logspace, geomspace
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numpy.eye
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save/load data
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Arrays operations
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Vectorization and Broadcasting
● Vectorization

○ Array element-by-element computation, i.e explicit loops, indices pushed to 
“behind the scenes” in optimized, pre-compiled C code

○ Python code
■ clean, concise, easy to follow
■ resembles standard mathematical notation

● Broadcasting
○ describes implicit element-by-element behavior of operations on arrays of 

different shapes
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https://numpy.org/doc/stable/user/absolute_beginners.html

https://numpy.org/doc/stable/user/absolute_beginners.html


Array Operations
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sort, concatenate
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reverse
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Finding Unique Elements
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Comparing Arrays
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Statistics
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Histogramming
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histogram(a[, bins, range, normed, weights, ...]) Compute the histogram of a dataset.

histogram2d(x, y[, bins, range, normed, ...])
Compute the bi-dimensional histogram of two 
data samples.

histogramdd(sample[, bins, range, normed, ...])
Compute the multidimensional histogram of some 
data.

bincount(x, /[, weights, minlength])
Count number of occurrences of each value in 
array of non-negative ints.

histogram_bin_edges(a[, bins, range, weights])
Function to calculate only the edges of the bins 
used by the histogram function.

digitize(x, bins[, right])
Return the indices of the bins to which each value 
in input array belongs.

https://numpy.org/doc/stable/reference/routines.statistics.html

https://numpy.org/doc/stable/reference/generated/numpy.histogram.html#numpy.histogram
https://numpy.org/doc/stable/reference/generated/numpy.histogram2d.html#numpy.histogram2d
https://numpy.org/doc/stable/reference/generated/numpy.histogramdd.html#numpy.histogramdd
https://numpy.org/doc/stable/reference/generated/numpy.bincount.html#numpy.bincount
https://numpy.org/doc/stable/reference/generated/numpy.histogram_bin_edges.html#numpy.histogram_bin_edges
https://numpy.org/doc/stable/reference/generated/numpy.histogram.html#numpy.histogram
https://numpy.org/doc/stable/reference/generated/numpy.digitize.html#numpy.digitize
https://numpy.org/doc/stable/reference/routines.statistics.html


numpy.histogram

33

● numpy.histogram(array, options)  generates data and returns 
○ an array with histogram bin content and 
○ an array containing the bin edges



Numpy Universal Functions (ufuncs)
● Comparison: <, <=, ==, !=, >= > 
● Arithmetic: +, -, *, /, reciprocal, square
● Math

○ Exponential: exp, log, log10, power, sqrt
○ Trigonometric: sin, cos, tan, arcsin, arccos, arctan
○ Hyperbolic: sinh, cosh, tanh, arcsinh, arccosh, 

arctanh
● bitwise operations: &, |, ~, ^, left_shift, right_shift 
● logical operations: and, not, or, logical_xor
● predicates: isfinite, isinf, isnan, signbit
● others: abs,ceil, floor, mod, modf, round, sign
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numpy.newaxis
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numpy.expand_dims
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