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LECTURE PLAN
▸ Resources and requirements 
▸ Example 
▸ Hello World 
▸ Operators 
▸ Commands: 
▸ Conditionals 
▸ Loops 
▸ Built in commands 

▸ Functions 
▸ Classes 
▸ matplotlib 
▸ NumPy 
▸ Summary 
▸ Suggested Reading
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QMUL Summer School:                                      https://www.qmul.ac.uk/summer-school/  
Practical Machine Learning QMplus Page:     https://qmplus.qmul.ac.uk/course/view.php?id=10006

These slides focus on the use of 
Python in order to ensure that 
there is a common background 
to build on for the remaining 
weeks. 

Once we have covered Python 
basics we will move on to 
TensorFlow basics, and then on 
to machine learning with 
TensorFlow. 

People who can already code 
Python will find this a relaxing 
start.

https://www.qmul.ac.uk/summer-school/
https://qmplus.qmul.ac.uk/course/view.php?id=10006
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RESOURCES AND REQUIREMENTS
▸ The following resources will be of use to you 

▸ We will use standard python libraries along with numpy, TensorFlow and 
SciKitLearn for numerical work.   

▸ Matplotlib will be used for plotting outputs; PIL is an alternative you may 
encounter.
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EXAMPLE
▸ The Example.py file is a simple skeleton example python 

script. 
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The text contained in the pair of triple quotes (“””) is a comment.  If you import Example and 
then execute the command help(Example) you will see a print out generated from this.
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EXAMPLE
�5

If you import Example and then execute the command help(Example) you will 
see this print out:

Replace the 
description with 
something useful.

Complete the 
author, Student ID 
and Data fields for 
your work.
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EXAMPLE
▸ The Example.py file is a simple skeleton example python 

script. 
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Import Python libraries at the start of the script.  These 
are four useful libraries we will be using a lot.
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EXAMPLE
▸ The Example.py file is a simple skeleton example python 

script. 
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Ensure that this environment variable is set to avoid 
problems when running on Spyder or PyCharm.
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EXAMPLE
▸ The Example.py file is a simple skeleton example python 

script. 

�8

Print out some messages to the user when running the script.
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EXAMPLE
▸ The Example.py file is a simple skeleton example python 

script. 
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Do something (more on this shortly)
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EXAMPLE
▸ We can run the Example.py script in Spyder to obtain the following 

output:  

▸ This can be used as a skeleton to build on when working through the 
problems we will encounter in the course. 

▸ It is important to [i.e. you are expected to]: 
▸ Provide documentation (the comment field at the top of Example.py 

is part of this). 
▸ Provide authorship information (to make sure you get assigned marks 

for your work you should make sure your files contain your name and 
your student number.  A data stamp can help identify your work.

�10
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HELLO WORLD
▸ This is the canonical example to learn how to code when starting to pick up a 

new language. 

▸ Provides the basics of how to use the language in terms of getting a simple 
programme running that prints out a message.

�11

▸ HelloWorld.py
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HELLO WORLD
▸ This is the canonical example to learn how to code when starting to pick up a 

new language. 

▸ Provides the basics of how to use the language in terms of getting a simple 
programme running that prints out a message.
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When run this script will simply display 
the message ‘Hello World’. 

This is not a particularly exciting 
example, but you should all be able to 
run this script to get this output. 

It confirms that your setup is working.

▸ HelloWorld.py
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OPERATORS
▸ Mathematical operations are required for this course; these are  

▸ addition: 

▸ subtraction: 

▸ multiplication: 

▸ division: 

▸ Assignment:               =  

▸ The operations will be performed on scalar quantities as well as higher 
order representations such as vectors, matrices and tensors quantities. 

▸ Here we focus on operations on scalar quantities.

�13

A+B

A�B

A⇥B

A/B
<latexit sha1_base64="7aigzfWsaRsFDiU+bOY+Qy4pf4g=">AAACCXicbVDLSgMxFM3UVx1foy7dBIsgiHVGBF22deOygn1AZyiZNNOGZjJDckcopVs3/oobF4q49Q/c+Tem7Sy0eiDk5Jx7ubknTAXX4LpfVmFpeWV1rbhub2xube84u3tNnWSKsgZNRKLaIdFMcMkawEGwdqoYiUPBWuHweuq37pnSPJF3MEpZEJO+5BGnBIzUdXAVn+Ca79tVfJrfPvCY6fnjrNZ1Sm7ZnQH/JV5OSihHvet8+r2EZjGTQAXRuuO5KQRjooBTwSa2n2mWEjokfdYxVBIzLBjPNpngI6P0cJQocyTgmfqzY0xirUdxaCpjAgO96E3F/7xOBtFVMOYyzYBJOh8UZQJDgqex4B5XjIIYGUKo4uavmA6IIhRMeLYJwVtc+S9pnpc9t+zdXpQqtTyOIjpAh+gYeegSVdANqqMGougBPaEX9Go9Ws/Wm/U+Ly1Yec8++gXr4xveXJYC</latexit><latexit sha1_base64="7aigzfWsaRsFDiU+bOY+Qy4pf4g=">AAACCXicbVDLSgMxFM3UVx1foy7dBIsgiHVGBF22deOygn1AZyiZNNOGZjJDckcopVs3/oobF4q49Q/c+Tem7Sy0eiDk5Jx7ubknTAXX4LpfVmFpeWV1rbhub2xube84u3tNnWSKsgZNRKLaIdFMcMkawEGwdqoYiUPBWuHweuq37pnSPJF3MEpZEJO+5BGnBIzUdXAVn+Ca79tVfJrfPvCY6fnjrNZ1Sm7ZnQH/JV5OSihHvet8+r2EZjGTQAXRuuO5KQRjooBTwSa2n2mWEjokfdYxVBIzLBjPNpngI6P0cJQocyTgmfqzY0xirUdxaCpjAgO96E3F/7xOBtFVMOYyzYBJOh8UZQJDgqex4B5XjIIYGUKo4uavmA6IIhRMeLYJwVtc+S9pnpc9t+zdXpQqtTyOIjpAh+gYeegSVdANqqMGougBPaEX9Go9Ws/Wm/U+Ly1Yec8++gXr4xveXJYC</latexit><latexit sha1_base64="7aigzfWsaRsFDiU+bOY+Qy4pf4g=">AAACCXicbVDLSgMxFM3UVx1foy7dBIsgiHVGBF22deOygn1AZyiZNNOGZjJDckcopVs3/oobF4q49Q/c+Tem7Sy0eiDk5Jx7ubknTAXX4LpfVmFpeWV1rbhub2xube84u3tNnWSKsgZNRKLaIdFMcMkawEGwdqoYiUPBWuHweuq37pnSPJF3MEpZEJO+5BGnBIzUdXAVn+Ca79tVfJrfPvCY6fnjrNZ1Sm7ZnQH/JV5OSihHvet8+r2EZjGTQAXRuuO5KQRjooBTwSa2n2mWEjokfdYxVBIzLBjPNpngI6P0cJQocyTgmfqzY0xirUdxaCpjAgO96E3F/7xOBtFVMOYyzYBJOh8UZQJDgqex4B5XjIIYGUKo4uavmA6IIhRMeLYJwVtc+S9pnpc9t+zdXpQqtTyOIjpAh+gYeegSVdANqqMGougBPaEX9Go9Ws/Wm/U+Ly1Yec8++gXr4xveXJYC</latexit>

▸ Operators.py
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OPERATORS
▸ We can assign values to variables called a 

and b. These are scalar numbers. 

▸ Having initialised these variables we can 
use them to compute new quantities 
which can be assigned to new variables.

�14

▸ Operators.py
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OPERATORS
▸ This example uses print 

statement where python 
decides the formatting of 
the output, and where the 
user specifies the format. 

▸ Use the format syntax to 
set the precision of the 
output [1].

�15

▸ Operators.py

[1] https://www.python.org/dev/peps/pep-3101/ 

https://www.python.org/dev/peps/pep-3101/
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COMMANDS: CONDITIONALS
▸ Conditionals are required to enable decision making.   

▸ Based on the value of some quantity (e.g. a boolean flag 
that has possible values of True and False) we can make 
a decision to do something or not. 

▸ With a scalar value that is discrete or continuous we can 
use the value of a variable to do different things based on 
the values of that variable.

�16

▸ Conditionals.py
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COMMANDS: CONDITIONALS
�17

▸ Conditionals.py
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COMMANDS: LOOPS
▸ Having the ability to repeat commands is useful, and we 

will see this in the context of optimising parameters over 
some number of epochs for our neural networks.   

▸ This iteration is controlled using looping constructs within 
the Python language1. 

▸ for

▸ while
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▸ Loops.py

1We could write a recursive function to address this issue, however this would be more complicated than the 
example given for computing a factorial.  Such an approach would add unnecessary complication, and the 
overhead of making a function call.  It is often more elegant and efficient to use loops.
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COMMANDS: LOOPS
▸ An example for loop:

�19

▸ Loops.py
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COMMANDS: LOOPS
▸ An example while loop:
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▸ Loops.py
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COMMANDS: BUILD IN COMMANDS
▸ Python modules contain commands that will be of use. 

▸ To access these libraries you will need to import them into 
your python script. 

▸ We saw import math in Example.py this is an 
interesting module that contains a number of useful 
functions. 

▸ In the Spyder console window type

�21

import math

help(math)



A. Bevan

PRACTICAL MACHINE LEARNING: INTRODUCTORY PYTHON

COMMANDS: BUILD IN COMMANDS
▸ You should see

�22

etc.
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COMMANDS: BUILD IN COMMANDS
▸ These commands operate on scalar quantities. That is you take some 

number as input and use that when using the built in command. 

▸ The built in commands in math are accessed by prefixing the 
command with math. 

▸ These are all examples of calling a function. 

▸ Also see BuiltInCommands.py.
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FUNCTIONS
▸ Functions are defined using the def keyword followed by the name of the 

function.   

▸ A list of arguments passed to the function are included in parentheses, followed 
by a colon. 

▸ The scope of the function is denoted by an indentation of commands. 

▸ These commands are only executed when the function is called.

�24

▸ Functions.py
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FUNCTIONS
▸ Functions are defined using the def keyword followed by the name of the 

function.   

▸ A list of arguments passed to the function are included in parentheses, followed 
by a colon. 

▸ The scope of the function is denoted by an indentation of commands. 

▸ These commands are only executed when the function is called.
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▸ Functions.py
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FUNCTIONS
▸ Functions are defined using the def keyword followed by the name of the 

function.   

▸ A list of arguments passed to the function are included in parentheses, followed 
by a colon. 

▸ The scope of the function is denoted by an indentation of commands. 

▸ These commands are only executed when the function is called.
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▸ Functions.py
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FUNCTIONS
▸ Functions are defined using the def keyword followed by the name of the 

function.   

▸ A list of arguments passed to the function are included in parentheses, followed 
by a colon. 

▸ The scope of the function is denoted by an indentation of commands. 

▸ These commands are only executed when the function is called.

�27

▸ Functions.py

This function returns a 
value that can be 
assigned to a variable.
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FUNCTIONS
▸ These commands are only executed when the function is called. 

▸ The function call provides the expected result. 

▸ The script includes a second function (someFunction) that 
calculates a few quantities and prints them out.

�28

▸ Functions.py

4! = 4⇥ 3⇥ 2⇥ 1 = 24
<latexit sha1_base64="3j9iaTw8jb8bCQX3+PA2S/IpI9Y=">AAACD3icbZDLSsNAFIYnXmu9RV26GS2Kq5LUgG6EohuXFewF2lIm00k7dDIJMydCCX0DN76KGxeKuHXrzrdx2qagrQcGPv7/HM6c348F1+A439bS8srq2npuI7+5tb2za+/t13SUKMqqNBKRavhEM8ElqwIHwRqxYiT0Bav7g5uxX39gSvNI3sMwZu2Q9CQPOCVgpI596h3hK+zhFvCQaXw+g9IMXGOXvI5dcIrOpPAiuBkUUFaVjv3V6kY0CZkEKojWTdeJoZ0SBZwKNsq3Es1iQgekx5oGJTG72unknhE+MUoXB5EyTwKeqL8nUhJqPQx90xkS6Ot5byz+5zUTCC7bKZdxAkzS6aIgERgiPA4Hd7liFMTQAKGKm79i2ieKUDAR5k0I7vzJi1ArFV2n6N55hfJ1FkcOHaJjdIZcdIHK6BZVUBVR9Iie0St6s56sF+vd+pi2LlnZzAH6U9bnDwuvmOA=</latexit><latexit sha1_base64="3j9iaTw8jb8bCQX3+PA2S/IpI9Y=">AAACD3icbZDLSsNAFIYnXmu9RV26GS2Kq5LUgG6EohuXFewF2lIm00k7dDIJMydCCX0DN76KGxeKuHXrzrdx2qagrQcGPv7/HM6c348F1+A439bS8srq2npuI7+5tb2za+/t13SUKMqqNBKRavhEM8ElqwIHwRqxYiT0Bav7g5uxX39gSvNI3sMwZu2Q9CQPOCVgpI596h3hK+zhFvCQaXw+g9IMXGOXvI5dcIrOpPAiuBkUUFaVjv3V6kY0CZkEKojWTdeJoZ0SBZwKNsq3Es1iQgekx5oGJTG72unknhE+MUoXB5EyTwKeqL8nUhJqPQx90xkS6Ot5byz+5zUTCC7bKZdxAkzS6aIgERgiPA4Hd7liFMTQAKGKm79i2ieKUDAR5k0I7vzJi1ArFV2n6N55hfJ1FkcOHaJjdIZcdIHK6BZVUBVR9Iie0St6s56sF+vd+pi2LlnZzAH6U9bnDwuvmOA=</latexit><latexit sha1_base64="3j9iaTw8jb8bCQX3+PA2S/IpI9Y=">AAACD3icbZDLSsNAFIYnXmu9RV26GS2Kq5LUgG6EohuXFewF2lIm00k7dDIJMydCCX0DN76KGxeKuHXrzrdx2qagrQcGPv7/HM6c348F1+A439bS8srq2npuI7+5tb2za+/t13SUKMqqNBKRavhEM8ElqwIHwRqxYiT0Bav7g5uxX39gSvNI3sMwZu2Q9CQPOCVgpI596h3hK+zhFvCQaXw+g9IMXGOXvI5dcIrOpPAiuBkUUFaVjv3V6kY0CZkEKojWTdeJoZ0SBZwKNsq3Es1iQgekx5oGJTG72unknhE+MUoXB5EyTwKeqL8nUhJqPQx90xkS6Ot5byz+5zUTCC7bKZdxAkzS6aIgERgiPA4Hd7liFMTQAKGKm79i2ieKUDAR5k0I7vzJi1ArFV2n6N55hfJ1FkcOHaJjdIZcdIHK6BZVUBVR9Iie0St6s56sF+vd+pi2LlnZzAH6U9bnDwuvmOA=</latexit>
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CLASSES
▸ Code quickly becomes disorganised and hard to maintain. 

One thing that helps keep code maintainable is a class.  

▸ This encapsulates code in an object of some defined type. 

▸ classes have: 

▸ member functions (functions that can be called only for 
instances of a class) 

▸ data members (variables of the instance of a class) 

▸ Typically related to some given context.

�29
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CLASSES
▸ Consider a complex number. 

▸ Represented by two pieces of 
information: a real number and 
an imaginary number1. 

▸ These number can be thought 
of in terms of the distance along 
the horizontal and vertical axes 
of a complex plane. 

▸ We can write a class to 
represent the complex number.

�30

1An imaginary number i = √-1, such that i2 = (-1)(-1) = 1

Re(z)

Im
(z
)

a

b z=a+ib

z = a+ ib

= rei✓

= r(cos✓ + i sin ✓)
<latexit sha1_base64="pdH7cTTEcgZSkMheWCwxRLb1U9M=">AAACKXicbZDLSgMxFIYz3h1vVZdugkVRhDIjgm6EohuXCvYCnbFk0lMbzGSG5IxQh76OG1/FjYKibn0R0wui1h8CX/5zDsn5o1QKg5737kxMTk3PzM7NuwuLS8srhdW1qkkyzaHCE5noesQMSKGgggIl1FMNLI4k1KKb0369dgvaiERdYjeFMGbXSrQFZ2itZqF8t02P2Z6IaBC41DLVFK5yEWAHkPW+zR2emKFH96gIjFDD226zUPRK3kB0HPwRFMlI583Cc9BKeBaDQi6ZMQ3fSzHMmUbBJfTcIDOQMn7DrqFhUbEYTJgPNu3RLeu0aDvR9iikA/fnRM5iY7pxZDtjhh3zt9Y3/6s1MmwfhblQaYag+PChdiYpJrQfG20JDRxl1wLjWti/Ut5hmnG04bo2BP/vyuNQ3S/5Xsm/OCiWT0ZxzJENskl2iE8OSZmckXNSIZzck0fyQl6dB+fJeXM+hq0TzmhmnfyS8/kFhN6jNw==</latexit><latexit sha1_base64="pdH7cTTEcgZSkMheWCwxRLb1U9M=">AAACKXicbZDLSgMxFIYz3h1vVZdugkVRhDIjgm6EohuXCvYCnbFk0lMbzGSG5IxQh76OG1/FjYKibn0R0wui1h8CX/5zDsn5o1QKg5737kxMTk3PzM7NuwuLS8srhdW1qkkyzaHCE5noesQMSKGgggIl1FMNLI4k1KKb0369dgvaiERdYjeFMGbXSrQFZ2itZqF8t02P2Z6IaBC41DLVFK5yEWAHkPW+zR2emKFH96gIjFDD226zUPRK3kB0HPwRFMlI583Cc9BKeBaDQi6ZMQ3fSzHMmUbBJfTcIDOQMn7DrqFhUbEYTJgPNu3RLeu0aDvR9iikA/fnRM5iY7pxZDtjhh3zt9Y3/6s1MmwfhblQaYag+PChdiYpJrQfG20JDRxl1wLjWti/Ut5hmnG04bo2BP/vyuNQ3S/5Xsm/OCiWT0ZxzJENskl2iE8OSZmckXNSIZzck0fyQl6dB+fJeXM+hq0TzmhmnfyS8/kFhN6jNw==</latexit><latexit sha1_base64="pdH7cTTEcgZSkMheWCwxRLb1U9M=">AAACKXicbZDLSgMxFIYz3h1vVZdugkVRhDIjgm6EohuXCvYCnbFk0lMbzGSG5IxQh76OG1/FjYKibn0R0wui1h8CX/5zDsn5o1QKg5737kxMTk3PzM7NuwuLS8srhdW1qkkyzaHCE5noesQMSKGgggIl1FMNLI4k1KKb0369dgvaiERdYjeFMGbXSrQFZ2itZqF8t02P2Z6IaBC41DLVFK5yEWAHkPW+zR2emKFH96gIjFDD226zUPRK3kB0HPwRFMlI583Cc9BKeBaDQi6ZMQ3fSzHMmUbBJfTcIDOQMn7DrqFhUbEYTJgPNu3RLeu0aDvR9iikA/fnRM5iY7pxZDtjhh3zt9Y3/6s1MmwfhblQaYag+PChdiYpJrQfG20JDRxl1wLjWti/Ut5hmnG04bo2BP/vyuNQ3S/5Xsm/OCiWT0ZxzJENskl2iE8OSZmckXNSIZzck0fyQl6dB+fJeXM+hq0TzmhmnfyS8/kFhN6jNw==</latexit>

r =
p
a2 + b2

✓ = atan(b/a)
<latexit sha1_base64="bIW/UxH7rlkictGVO9uilO+xWpg=">AAACHXicbVBNS8NAEN3Ur1q/qh69LBalItSkFPQiFL14rGBVaNoy2W7bpZtN3J0IJfSPePGvePGgiAcv4r8xqT1o64OBx3szzMzzQikM2vaXlZmbX1hcyi7nVlbX1jfym1vXJog043UWyEDfemC4FIrXUaDkt6Hm4HuS33iD89S/uefaiEBd4TDkTR96SnQFA0ykdr6i6f4pdc2dxhha5UOvVR5R18252OcIY88H7Gs/BgQ1KnpHcJBr5wt2yR6DzhJnQgpkglo7/+F2Ahb5XCGTYEzDsUNsxqBRMMlHOTcyPAQ2gB5vJFSBz00zHn83onuJ0qHdQCelkI7V3xMx+MYMfS/pTE81014q/uc1IuyeNGOhwgi5Yj+LupGkGNA0KtoRmjOUw4QA0yK5lbI+aGCYBJqG4Ey/PEuuyyXHLjmXlUL1bBJHluyQXVIkDjkmVXJBaqROGHkgT+SFvFqP1rP1Zr3/tGasycw2+QPr8xuOlp+5</latexit><latexit sha1_base64="bIW/UxH7rlkictGVO9uilO+xWpg=">AAACHXicbVBNS8NAEN3Ur1q/qh69LBalItSkFPQiFL14rGBVaNoy2W7bpZtN3J0IJfSPePGvePGgiAcv4r8xqT1o64OBx3szzMzzQikM2vaXlZmbX1hcyi7nVlbX1jfym1vXJog043UWyEDfemC4FIrXUaDkt6Hm4HuS33iD89S/uefaiEBd4TDkTR96SnQFA0ykdr6i6f4pdc2dxhha5UOvVR5R18252OcIY88H7Gs/BgQ1KnpHcJBr5wt2yR6DzhJnQgpkglo7/+F2Ahb5XCGTYEzDsUNsxqBRMMlHOTcyPAQ2gB5vJFSBz00zHn83onuJ0qHdQCelkI7V3xMx+MYMfS/pTE81014q/uc1IuyeNGOhwgi5Yj+LupGkGNA0KtoRmjOUw4QA0yK5lbI+aGCYBJqG4Ey/PEuuyyXHLjmXlUL1bBJHluyQXVIkDjkmVXJBaqROGHkgT+SFvFqP1rP1Zr3/tGasycw2+QPr8xuOlp+5</latexit><latexit sha1_base64="bIW/UxH7rlkictGVO9uilO+xWpg=">AAACHXicbVBNS8NAEN3Ur1q/qh69LBalItSkFPQiFL14rGBVaNoy2W7bpZtN3J0IJfSPePGvePGgiAcv4r8xqT1o64OBx3szzMzzQikM2vaXlZmbX1hcyi7nVlbX1jfym1vXJog043UWyEDfemC4FIrXUaDkt6Hm4HuS33iD89S/uefaiEBd4TDkTR96SnQFA0ykdr6i6f4pdc2dxhha5UOvVR5R18252OcIY88H7Gs/BgQ1KnpHcJBr5wt2yR6DzhJnQgpkglo7/+F2Ahb5XCGTYEzDsUNsxqBRMMlHOTcyPAQ2gB5vJFSBz00zHn83onuJ0qHdQCelkI7V3xMx+MYMfS/pTE81014q/uc1IuyeNGOhwgi5Yj+LupGkGNA0KtoRmjOUw4QA0yK5lbI+aGCYBJqG4Ey/PEuuyyXHLjmXlUL1bBJHluyQXVIkDjkmVXJBaqROGHkgT+SFvFqP1rP1Zr3/tGasycw2+QPr8xuOlp+5</latexit>
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CLASSES
▸ To represent a complex number we need a 

class (the class name is complexNumber) 

▸ This requires two data members; we can 
choose to use cartesian (a, b) or polar (r, θ) 
coordinates. 

▸ The class will allow us to obtain the values of 
a, b, r and θ.1

�31

▸ Classes.py

1If this was a Physics course we might want to include additional functions related to complex number 
arithmetic. However, before getting to excited about that we should also note that Python already has a 
complex number class.  See https://docs.python.org/3.0/library/cmath.html.

complexNumber 

+a: Real part 
+b: Imaginary part 

+real() 
+imaginary() 
+magnitude() 
+phase()

https://docs.python.org/3.0/library/cmath.html
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CLASSES
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▸ Classes.py

complexNumber 

+a: Real part 
+b: Imaginary part 

+real() 
+imaginary() 
+magnitude() 
+phase()
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▸ Classes.py

complexNumber 

+a: Real part 
+b: Imaginary part 

+real() 
+imaginary() 
+magnitude() 
+phase()

The data members a and b corresponding to the real and 
imaginary parts of the complex number.
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▸ Classes.py

complexNumber 

+a: Real part 
+b: Imaginary part 

+real() 
+imaginary() 
+magnitude() 
+phase()

Member functions that calculate and 
return (or just return) the requested 
quantities
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▸ Classes.py

complexNumber 

+a: Real part 
+b: Imaginary part 

+real() 
+imaginary() 
+magnitude() 
+phase()

The constructor for the class. This 
allows us to set a value for a and b 
when we create an instance of the 
complex number.
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▸ Classes.py

complexNumber 

+a: Real part 
+b: Imaginary part 

+real() 
+imaginary() 
+magnitude() 
+phase()

There are comments throughout the 
code that explain briefly what the 
member functions are supposed to 
do.  These are helpful you and other 
users of the code.  You are expected 
to provide comments for your code.
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▸ Classes.py

complexNumber 

+a: Real part 
+b: Imaginary part 

+real() 
+imaginary() 
+magnitude() 
+phase()

▸ z is instantiated as an object of type MyComplexNumber, with a=1 
and b=1.  

▸ The values evaluated for the different member functions are 
printed out.

The print statement is formatted in 
such a way that the code is 
straightforward to read… and the 
output is easy to interpret.
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CLASSES: EXERCISE
▸ Make a copy of the Examples.py script and call this 
YOURNAME_Complex.py. 

▸ Incorporate the code from the Classes.py script and adapt this to do the 
following: 

▸ Allow a user to change the real and imaginary parts by calling functions to: 

▸  (i) set new values for either a or b; 

▸ (ii) set new values for r and θ. 

▸ Add printouts of function calls to demonstrate that the modifications work. 

▸ Make sure the code is documented (comments, self-evident printouts, etc.)

�38

Hint - to do this you need to add three 
functions to the class: one to change a, one 
to change b and one to use a value of r and 
θ to update a and b.1

See Week 1 Assignments
1If you are an experienced coder you may wish to re-write the class to use values of r and θ as the data members. 
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MATPLOTLIB: PLOTTING
▸ matplotlib is one of the plotting modules available for 

Python. This allows the user to make histograms, scatter 
plots and output more complicated graphics. 

▸ We are going to use pyplot in this course.  See Ref [1] for 
more information about this module. 

▸ The example script shows you how to make a single plot 
and a group of plots, and how to save these to a file. 

▸ In addition to plotting graphs, there is an example of 
how to plot a histogram.

�39

[1] See https://matplotlib.org/users/pyplot_tutorial.html for more details.

▸ Plotting.py

https://matplotlib.org/users/pyplot_tutorial.html
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MATPLOTLIB: PLOTTING
▸ import matplotlib.pyplot as plt

▸ x and y are lists of data (pairs of x, y values) 

     plt.show()  

▸ results in the plot being displayed.
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[1] See https://matplotlib.org/users/pyplot_tutorial.html for more details.

▸ Plotting.py

b = blue 
.   = points plotted

https://matplotlib.org/users/pyplot_tutorial.html
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MATPLOTLIB: PLOTTING
▸ The second part of the 

script uses subplots to make 
a 2x2 array of plots to show 
four functions on different 
panels.
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[1] See https://matplotlib.org/users/pyplot_tutorial.html for more details.

▸ Plotting.py

y = x
<latexit sha1_base64="mYPZ6Pv6iEw5huczTgCSw05tA5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7sdXT71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXp355XadR5HEY7gGE7BgwuowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8ARSiNxg==</latexit><latexit sha1_base64="mYPZ6Pv6iEw5huczTgCSw05tA5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7sdXT71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXp355XadR5HEY7gGE7BgwuowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8ARSiNxg==</latexit><latexit sha1_base64="mYPZ6Pv6iEw5huczTgCSw05tA5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7sdXT71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXp355XadR5HEY7gGE7BgwuowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8ARSiNxg==</latexit>

y = x2
<latexit sha1_base64="pXURmcavJIsaidyUY+pnXuz512k=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVJIi6EUoevFYwbSFNpbNdtMu3WzC7kYMob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtXGcb7Syura+sVnaKm/v7O7tVw4OWzpOFWUejUWsOgHRTHDJPMONYJ1EMRIFgrWD8c3Ubz8ypXks702WMD8iQ8lDTomxkpddPT3U+5WqU3NmwMvELUgVCjT7la/eIKZpxKShgmjddZ3E+DlRhlPBJuVeqllC6JgMWddSSSKm/Xx27ASfWmWAw1jZkgbP1N8TOYm0zqLAdkbEjPSiNxX/87qpCS/9nMskNUzS+aIwFdjEePo5HnDFqBGZJYQqbm/FdEQUocbmU7YhuIsvL5NWveY6NffuvNq4LuIowTGcwBm4cAENuIUmeECBwzO8whuS6AW9o4956woqZo7gD9DnD2wDjmo=</latexit><latexit sha1_base64="pXURmcavJIsaidyUY+pnXuz512k=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVJIi6EUoevFYwbSFNpbNdtMu3WzC7kYMob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtXGcb7Syura+sVnaKm/v7O7tVw4OWzpOFWUejUWsOgHRTHDJPMONYJ1EMRIFgrWD8c3Ubz8ypXks702WMD8iQ8lDTomxkpddPT3U+5WqU3NmwMvELUgVCjT7la/eIKZpxKShgmjddZ3E+DlRhlPBJuVeqllC6JgMWddSSSKm/Xx27ASfWmWAw1jZkgbP1N8TOYm0zqLAdkbEjPSiNxX/87qpCS/9nMskNUzS+aIwFdjEePo5HnDFqBGZJYQqbm/FdEQUocbmU7YhuIsvL5NWveY6NffuvNq4LuIowTGcwBm4cAENuIUmeECBwzO8whuS6AW9o4956woqZo7gD9DnD2wDjmo=</latexit><latexit sha1_base64="pXURmcavJIsaidyUY+pnXuz512k=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVJIi6EUoevFYwbSFNpbNdtMu3WzC7kYMob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtXGcb7Syura+sVnaKm/v7O7tVw4OWzpOFWUejUWsOgHRTHDJPMONYJ1EMRIFgrWD8c3Ubz8ypXks702WMD8iQ8lDTomxkpddPT3U+5WqU3NmwMvELUgVCjT7la/eIKZpxKShgmjddZ3E+DlRhlPBJuVeqllC6JgMWddSSSKm/Xx27ASfWmWAw1jZkgbP1N8TOYm0zqLAdkbEjPSiNxX/87qpCS/9nMskNUzS+aIwFdjEePo5HnDFqBGZJYQqbm/FdEQUocbmU7YhuIsvL5NWveY6NffuvNq4LuIowTGcwBm4cAENuIUmeECBwzO8whuS6AW9o4956woqZo7gD9DnD2wDjmo=</latexit>

y = x3
<latexit sha1_base64="ayqTzcI0+pvvwq6mmgJhUN/Pk6I=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVBIV9CIUvXisYNpCG8tmu2mXbjZhdyOG0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmBYng2jjON1paXlldWy9tlDe3tnd2K3v7TR2nijKPxiJW7YBoJrhknuFGsHaiGIkCwVrB6Gbitx6Z0jyW9yZLmB+RgeQhp8RYycuunh7OepWqU3OmwIvELUgVCjR6la9uP6ZpxKShgmjdcZ3E+DlRhlPBxuVuqllC6IgMWMdSSSKm/Xx67BgfW6WPw1jZkgZP1d8TOYm0zqLAdkbEDPW8NxH/8zqpCS/9nMskNUzS2aIwFdjEePI57nPFqBGZJYQqbm/FdEgUocbmU7YhuPMvL5Lmac11au7debV+XcRRgkM4ghNw4QLqcAsN8IACh2d4hTck0Qt6Rx+z1iVUzBzAH6DPH22Hjms=</latexit><latexit sha1_base64="ayqTzcI0+pvvwq6mmgJhUN/Pk6I=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVBIV9CIUvXisYNpCG8tmu2mXbjZhdyOG0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmBYng2jjON1paXlldWy9tlDe3tnd2K3v7TR2nijKPxiJW7YBoJrhknuFGsHaiGIkCwVrB6Gbitx6Z0jyW9yZLmB+RgeQhp8RYycuunh7OepWqU3OmwIvELUgVCjR6la9uP6ZpxKShgmjdcZ3E+DlRhlPBxuVuqllC6IgMWMdSSSKm/Xx67BgfW6WPw1jZkgZP1d8TOYm0zqLAdkbEDPW8NxH/8zqpCS/9nMskNUzS2aIwFdjEePI57nPFqBGZJYQqbm/FdEgUocbmU7YhuPMvL5Lmac11au7debV+XcRRgkM4ghNw4QLqcAsN8IACh2d4hTck0Qt6Rx+z1iVUzBzAH6DPH22Hjms=</latexit><latexit sha1_base64="ayqTzcI0+pvvwq6mmgJhUN/Pk6I=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVBIV9CIUvXisYNpCG8tmu2mXbjZhdyOG0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmBYng2jjON1paXlldWy9tlDe3tnd2K3v7TR2nijKPxiJW7YBoJrhknuFGsHaiGIkCwVrB6Gbitx6Z0jyW9yZLmB+RgeQhp8RYycuunh7OepWqU3OmwIvELUgVCjR6la9uP6ZpxKShgmjdcZ3E+DlRhlPBxuVuqllC6IgMWMdSSSKm/Xx67BgfW6WPw1jZkgZP1d8TOYm0zqLAdkbEDPW8NxH/8zqpCS/9nMskNUzS2aIwFdjEePI57nPFqBGZJYQqbm/FdEgUocbmU7YhuPMvL5Lmac11au7debV+XcRRgkM4ghNw4QLqcAsN8IACh2d4hTck0Qt6Rx+z1iVUzBzAH6DPH22Hjms=</latexit>

y = x4
<latexit sha1_base64="bl24dFhzZlw3AJUbl0EjxO33/T4=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5KIoBeh6MVjBdMW2lg22027dLMJuxsxhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0gE18ZxvlFpZXVtfaO8Wdna3tndq+4ftHScKso8GotYdQKimeCSeYYbwTqJYiQKBGsH45up335kSvNY3pssYX5EhpKHnBJjJS+7eno471drTt2ZAS8TtyA1KNDsV796g5imEZOGCqJ113US4+dEGU4Fm1R6qWYJoWMyZF1LJYmY9vPZsRN8YpUBDmNlSxo8U39P5CTSOosC2xkRM9KL3lT8z+umJrz0cy6T1DBJ54vCVGAT4+nneMAVo0ZklhCquL0V0xFRhBqbT8WG4C6+vExaZ3XXqbt357XGdRFHGY7gGE7BhQtowC00wQMKHJ7hFd6QRC/oHX3MW0uomDmEP0CfP28Ljmw=</latexit><latexit sha1_base64="bl24dFhzZlw3AJUbl0EjxO33/T4=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5KIoBeh6MVjBdMW2lg22027dLMJuxsxhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0gE18ZxvlFpZXVtfaO8Wdna3tndq+4ftHScKso8GotYdQKimeCSeYYbwTqJYiQKBGsH45up335kSvNY3pssYX5EhpKHnBJjJS+7eno471drTt2ZAS8TtyA1KNDsV796g5imEZOGCqJ113US4+dEGU4Fm1R6qWYJoWMyZF1LJYmY9vPZsRN8YpUBDmNlSxo8U39P5CTSOosC2xkRM9KL3lT8z+umJrz0cy6T1DBJ54vCVGAT4+nneMAVo0ZklhCquL0V0xFRhBqbT8WG4C6+vExaZ3XXqbt357XGdRFHGY7gGE7BhQtowC00wQMKHJ7hFd6QRC/oHX3MW0uomDmEP0CfP28Ljmw=</latexit><latexit sha1_base64="bl24dFhzZlw3AJUbl0EjxO33/T4=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5KIoBeh6MVjBdMW2lg22027dLMJuxsxhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0gE18ZxvlFpZXVtfaO8Wdna3tndq+4ftHScKso8GotYdQKimeCSeYYbwTqJYiQKBGsH45up335kSvNY3pssYX5EhpKHnBJjJS+7eno471drTt2ZAS8TtyA1KNDsV796g5imEZOGCqJ113US4+dEGU4Fm1R6qWYJoWMyZF1LJYmY9vPZsRN8YpUBDmNlSxo8U39P5CTSOosC2xkRM9KL3lT8z+umJrz0cy6T1DBJ54vCVGAT4+nneMAVo0ZklhCquL0V0xFRhBqbT8WG4C6+vExaZ3XXqbt357XGdRFHGY7gGE7BhQtowC00wQMKHJ7hFd6QRC/oHX3MW0uomDmEP0CfP28Ljmw=</latexit>

https://matplotlib.org/users/pyplot_tutorial.html
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MATPLOTLIB: PLOTTING
▸ Sometimes it is better to 

overlay the plots. 

▸ These functions are better 
represented on a log scale 
vertically.
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[1] See https://matplotlib.org/users/pyplot_tutorial.html for more details.

▸ Plotting.py

y = x
<latexit sha1_base64="mYPZ6Pv6iEw5huczTgCSw05tA5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7sdXT71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXp355XadR5HEY7gGE7BgwuowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8ARSiNxg==</latexit><latexit sha1_base64="mYPZ6Pv6iEw5huczTgCSw05tA5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7sdXT71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXp355XadR5HEY7gGE7BgwuowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8ARSiNxg==</latexit><latexit sha1_base64="mYPZ6Pv6iEw5huczTgCSw05tA5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7sdXT71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXp355XadR5HEY7gGE7BgwuowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8ARSiNxg==</latexit>

y = x2
<latexit sha1_base64="pXURmcavJIsaidyUY+pnXuz512k=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVJIi6EUoevFYwbSFNpbNdtMu3WzC7kYMob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtXGcb7Syura+sVnaKm/v7O7tVw4OWzpOFWUejUWsOgHRTHDJPMONYJ1EMRIFgrWD8c3Ubz8ypXks702WMD8iQ8lDTomxkpddPT3U+5WqU3NmwMvELUgVCjT7la/eIKZpxKShgmjddZ3E+DlRhlPBJuVeqllC6JgMWddSSSKm/Xx27ASfWmWAw1jZkgbP1N8TOYm0zqLAdkbEjPSiNxX/87qpCS/9nMskNUzS+aIwFdjEePo5HnDFqBGZJYQqbm/FdEQUocbmU7YhuIsvL5NWveY6NffuvNq4LuIowTGcwBm4cAENuIUmeECBwzO8whuS6AW9o4956woqZo7gD9DnD2wDjmo=</latexit><latexit sha1_base64="pXURmcavJIsaidyUY+pnXuz512k=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVJIi6EUoevFYwbSFNpbNdtMu3WzC7kYMob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtXGcb7Syura+sVnaKm/v7O7tVw4OWzpOFWUejUWsOgHRTHDJPMONYJ1EMRIFgrWD8c3Ubz8ypXks702WMD8iQ8lDTomxkpddPT3U+5WqU3NmwMvELUgVCjT7la/eIKZpxKShgmjddZ3E+DlRhlPBJuVeqllC6JgMWddSSSKm/Xx27ASfWmWAw1jZkgbP1N8TOYm0zqLAdkbEjPSiNxX/87qpCS/9nMskNUzS+aIwFdjEePo5HnDFqBGZJYQqbm/FdEQUocbmU7YhuIsvL5NWveY6NffuvNq4LuIowTGcwBm4cAENuIUmeECBwzO8whuS6AW9o4956woqZo7gD9DnD2wDjmo=</latexit><latexit sha1_base64="pXURmcavJIsaidyUY+pnXuz512k=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVJIi6EUoevFYwbSFNpbNdtMu3WzC7kYMob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtXGcb7Syura+sVnaKm/v7O7tVw4OWzpOFWUejUWsOgHRTHDJPMONYJ1EMRIFgrWD8c3Ubz8ypXks702WMD8iQ8lDTomxkpddPT3U+5WqU3NmwMvELUgVCjT7la/eIKZpxKShgmjddZ3E+DlRhlPBJuVeqllC6JgMWddSSSKm/Xx27ASfWmWAw1jZkgbP1N8TOYm0zqLAdkbEjPSiNxX/87qpCS/9nMskNUzS+aIwFdjEePo5HnDFqBGZJYQqbm/FdEQUocbmU7YhuIsvL5NWveY6NffuvNq4LuIowTGcwBm4cAENuIUmeECBwzO8whuS6AW9o4956woqZo7gD9DnD2wDjmo=</latexit>

y = x3
<latexit sha1_base64="ayqTzcI0+pvvwq6mmgJhUN/Pk6I=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVBIV9CIUvXisYNpCG8tmu2mXbjZhdyOG0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmBYng2jjON1paXlldWy9tlDe3tnd2K3v7TR2nijKPxiJW7YBoJrhknuFGsHaiGIkCwVrB6Gbitx6Z0jyW9yZLmB+RgeQhp8RYycuunh7OepWqU3OmwIvELUgVCjR6la9uP6ZpxKShgmjdcZ3E+DlRhlPBxuVuqllC6IgMWMdSSSKm/Xx67BgfW6WPw1jZkgZP1d8TOYm0zqLAdkbEDPW8NxH/8zqpCS/9nMskNUzS2aIwFdjEePI57nPFqBGZJYQqbm/FdEgUocbmU7YhuPMvL5Lmac11au7debV+XcRRgkM4ghNw4QLqcAsN8IACh2d4hTck0Qt6Rx+z1iVUzBzAH6DPH22Hjms=</latexit><latexit sha1_base64="ayqTzcI0+pvvwq6mmgJhUN/Pk6I=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVBIV9CIUvXisYNpCG8tmu2mXbjZhdyOG0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmBYng2jjON1paXlldWy9tlDe3tnd2K3v7TR2nijKPxiJW7YBoJrhknuFGsHaiGIkCwVrB6Gbitx6Z0jyW9yZLmB+RgeQhp8RYycuunh7OepWqU3OmwIvELUgVCjR6la9uP6ZpxKShgmjdcZ3E+DlRhlPBxuVuqllC6IgMWMdSSSKm/Xx67BgfW6WPw1jZkgZP1d8TOYm0zqLAdkbEDPW8NxH/8zqpCS/9nMskNUzS2aIwFdjEePI57nPFqBGZJYQqbm/FdEgUocbmU7YhuPMvL5Lmac11au7debV+XcRRgkM4ghNw4QLqcAsN8IACh2d4hTck0Qt6Rx+z1iVUzBzAH6DPH22Hjms=</latexit><latexit sha1_base64="ayqTzcI0+pvvwq6mmgJhUN/Pk6I=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVBIV9CIUvXisYNpCG8tmu2mXbjZhdyOG0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmBYng2jjON1paXlldWy9tlDe3tnd2K3v7TR2nijKPxiJW7YBoJrhknuFGsHaiGIkCwVrB6Gbitx6Z0jyW9yZLmB+RgeQhp8RYycuunh7OepWqU3OmwIvELUgVCjR6la9uP6ZpxKShgmjdcZ3E+DlRhlPBxuVuqllC6IgMWMdSSSKm/Xx67BgfW6WPw1jZkgZP1d8TOYm0zqLAdkbEDPW8NxH/8zqpCS/9nMskNUzS2aIwFdjEePI57nPFqBGZJYQqbm/FdEgUocbmU7YhuPMvL5Lmac11au7debV+XcRRgkM4ghNw4QLqcAsN8IACh2d4hTck0Qt6Rx+z1iVUzBzAH6DPH22Hjms=</latexit>

y = x4
<latexit sha1_base64="bl24dFhzZlw3AJUbl0EjxO33/T4=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5KIoBeh6MVjBdMW2lg22027dLMJuxsxhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0gE18ZxvlFpZXVtfaO8Wdna3tndq+4ftHScKso8GotYdQKimeCSeYYbwTqJYiQKBGsH45up335kSvNY3pssYX5EhpKHnBJjJS+7eno471drTt2ZAS8TtyA1KNDsV796g5imEZOGCqJ113US4+dEGU4Fm1R6qWYJoWMyZF1LJYmY9vPZsRN8YpUBDmNlSxo8U39P5CTSOosC2xkRM9KL3lT8z+umJrz0cy6T1DBJ54vCVGAT4+nneMAVo0ZklhCquL0V0xFRhBqbT8WG4C6+vExaZ3XXqbt357XGdRFHGY7gGE7BhQtowC00wQMKHJ7hFd6QRC/oHX3MW0uomDmEP0CfP28Ljmw=</latexit><latexit sha1_base64="bl24dFhzZlw3AJUbl0EjxO33/T4=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5KIoBeh6MVjBdMW2lg22027dLMJuxsxhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0gE18ZxvlFpZXVtfaO8Wdna3tndq+4ftHScKso8GotYdQKimeCSeYYbwTqJYiQKBGsH45up335kSvNY3pssYX5EhpKHnBJjJS+7eno471drTt2ZAS8TtyA1KNDsV796g5imEZOGCqJ113US4+dEGU4Fm1R6qWYJoWMyZF1LJYmY9vPZsRN8YpUBDmNlSxo8U39P5CTSOosC2xkRM9KL3lT8z+umJrz0cy6T1DBJ54vCVGAT4+nneMAVo0ZklhCquL0V0xFRhBqbT8WG4C6+vExaZ3XXqbt357XGdRFHGY7gGE7BhQtowC00wQMKHJ7hFd6QRC/oHX3MW0uomDmEP0CfP28Ljmw=</latexit><latexit sha1_base64="bl24dFhzZlw3AJUbl0EjxO33/T4=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5KIoBeh6MVjBdMW2lg22027dLMJuxsxhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0gE18ZxvlFpZXVtfaO8Wdna3tndq+4ftHScKso8GotYdQKimeCSeYYbwTqJYiQKBGsH45up335kSvNY3pssYX5EhpKHnBJjJS+7eno471drTt2ZAS8TtyA1KNDsV796g5imEZOGCqJ113US4+dEGU4Fm1R6qWYJoWMyZF1LJYmY9vPZsRN8YpUBDmNlSxo8U39P5CTSOosC2xkRM9KL3lT8z+umJrz0cy6T1DBJ54vCVGAT4+nneMAVo0ZklhCquL0V0xFRhBqbT8WG4C6+vExaZ3XXqbt357XGdRFHGY7gGE7BhQtowC00wQMKHJ7hFd6QRC/oHX3MW0uomDmEP0CfP28Ljmw=</latexit>

https://matplotlib.org/users/pyplot_tutorial.html
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▸ Sometimes it is better to 

overlay the plots. 

▸ These functions are better 
represented on a log scale 
vertically.
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[1] See https://matplotlib.org/users/pyplot_tutorial.html for more details.

▸ Plotting.py

y = x
<latexit sha1_base64="mYPZ6Pv6iEw5huczTgCSw05tA5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7sdXT71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXp355XadR5HEY7gGE7BgwuowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8ARSiNxg==</latexit><latexit sha1_base64="mYPZ6Pv6iEw5huczTgCSw05tA5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7sdXT71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXp355XadR5HEY7gGE7BgwuowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8ARSiNxg==</latexit><latexit sha1_base64="mYPZ6Pv6iEw5huczTgCSw05tA5g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxov2ANpTNdtIu3WzC7kYsoT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWP5YMYJ+hEdSB5yRo2V7sdXT71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXp355XadR5HEY7gGE7BgwuowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8ARSiNxg==</latexit>

y = x2
<latexit sha1_base64="pXURmcavJIsaidyUY+pnXuz512k=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVJIi6EUoevFYwbSFNpbNdtMu3WzC7kYMob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtXGcb7Syura+sVnaKm/v7O7tVw4OWzpOFWUejUWsOgHRTHDJPMONYJ1EMRIFgrWD8c3Ubz8ypXks702WMD8iQ8lDTomxkpddPT3U+5WqU3NmwMvELUgVCjT7la/eIKZpxKShgmjddZ3E+DlRhlPBJuVeqllC6JgMWddSSSKm/Xx27ASfWmWAw1jZkgbP1N8TOYm0zqLAdkbEjPSiNxX/87qpCS/9nMskNUzS+aIwFdjEePo5HnDFqBGZJYQqbm/FdEQUocbmU7YhuIsvL5NWveY6NffuvNq4LuIowTGcwBm4cAENuIUmeECBwzO8whuS6AW9o4956woqZo7gD9DnD2wDjmo=</latexit><latexit sha1_base64="pXURmcavJIsaidyUY+pnXuz512k=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVJIi6EUoevFYwbSFNpbNdtMu3WzC7kYMob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtXGcb7Syura+sVnaKm/v7O7tVw4OWzpOFWUejUWsOgHRTHDJPMONYJ1EMRIFgrWD8c3Ubz8ypXks702WMD8iQ8lDTomxkpddPT3U+5WqU3NmwMvELUgVCjT7la/eIKZpxKShgmjddZ3E+DlRhlPBJuVeqllC6JgMWddSSSKm/Xx27ASfWmWAw1jZkgbP1N8TOYm0zqLAdkbEjPSiNxX/87qpCS/9nMskNUzS+aIwFdjEePo5HnDFqBGZJYQqbm/FdEQUocbmU7YhuIsvL5NWveY6NffuvNq4LuIowTGcwBm4cAENuIUmeECBwzO8whuS6AW9o4956woqZo7gD9DnD2wDjmo=</latexit><latexit sha1_base64="pXURmcavJIsaidyUY+pnXuz512k=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVJIi6EUoevFYwbSFNpbNdtMu3WzC7kYMob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtXGcb7Syura+sVnaKm/v7O7tVw4OWzpOFWUejUWsOgHRTHDJPMONYJ1EMRIFgrWD8c3Ubz8ypXks702WMD8iQ8lDTomxkpddPT3U+5WqU3NmwMvELUgVCjT7la/eIKZpxKShgmjddZ3E+DlRhlPBJuVeqllC6JgMWddSSSKm/Xx27ASfWmWAw1jZkgbP1N8TOYm0zqLAdkbEjPSiNxX/87qpCS/9nMskNUzS+aIwFdjEePo5HnDFqBGZJYQqbm/FdEQUocbmU7YhuIsvL5NWveY6NffuvNq4LuIowTGcwBm4cAENuIUmeECBwzO8whuS6AW9o4956woqZo7gD9DnD2wDjmo=</latexit>

y = x3
<latexit sha1_base64="ayqTzcI0+pvvwq6mmgJhUN/Pk6I=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVBIV9CIUvXisYNpCG8tmu2mXbjZhdyOG0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmBYng2jjON1paXlldWy9tlDe3tnd2K3v7TR2nijKPxiJW7YBoJrhknuFGsHaiGIkCwVrB6Gbitx6Z0jyW9yZLmB+RgeQhp8RYycuunh7OepWqU3OmwIvELUgVCjR6la9uP6ZpxKShgmjdcZ3E+DlRhlPBxuVuqllC6IgMWMdSSSKm/Xx67BgfW6WPw1jZkgZP1d8TOYm0zqLAdkbEDPW8NxH/8zqpCS/9nMskNUzS2aIwFdjEePI57nPFqBGZJYQqbm/FdEgUocbmU7YhuPMvL5Lmac11au7debV+XcRRgkM4ghNw4QLqcAsN8IACh2d4hTck0Qt6Rx+z1iVUzBzAH6DPH22Hjms=</latexit><latexit sha1_base64="ayqTzcI0+pvvwq6mmgJhUN/Pk6I=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVBIV9CIUvXisYNpCG8tmu2mXbjZhdyOG0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmBYng2jjON1paXlldWy9tlDe3tnd2K3v7TR2nijKPxiJW7YBoJrhknuFGsHaiGIkCwVrB6Gbitx6Z0jyW9yZLmB+RgeQhp8RYycuunh7OepWqU3OmwIvELUgVCjR6la9uP6ZpxKShgmjdcZ3E+DlRhlPBxuVuqllC6IgMWMdSSSKm/Xx67BgfW6WPw1jZkgZP1d8TOYm0zqLAdkbEDPW8NxH/8zqpCS/9nMskNUzS2aIwFdjEePI57nPFqBGZJYQqbm/FdEgUocbmU7YhuPMvL5Lmac11au7debV+XcRRgkM4ghNw4QLqcAsN8IACh2d4hTck0Qt6Rx+z1iVUzBzAH6DPH22Hjms=</latexit><latexit sha1_base64="ayqTzcI0+pvvwq6mmgJhUN/Pk6I=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0XwVBIV9CIUvXisYNpCG8tmu2mXbjZhdyOG0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmBYng2jjON1paXlldWy9tlDe3tnd2K3v7TR2nijKPxiJW7YBoJrhknuFGsHaiGIkCwVrB6Gbitx6Z0jyW9yZLmB+RgeQhp8RYycuunh7OepWqU3OmwIvELUgVCjR6la9uP6ZpxKShgmjdcZ3E+DlRhlPBxuVuqllC6IgMWMdSSSKm/Xx67BgfW6WPw1jZkgZP1d8TOYm0zqLAdkbEDPW8NxH/8zqpCS/9nMskNUzS2aIwFdjEePI57nPFqBGZJYQqbm/FdEgUocbmU7YhuPMvL5Lmac11au7debV+XcRRgkM4ghNw4QLqcAsN8IACh2d4hTck0Qt6Rx+z1iVUzBzAH6DPH22Hjms=</latexit>

y = x4
<latexit sha1_base64="bl24dFhzZlw3AJUbl0EjxO33/T4=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5KIoBeh6MVjBdMW2lg22027dLMJuxsxhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0gE18ZxvlFpZXVtfaO8Wdna3tndq+4ftHScKso8GotYdQKimeCSeYYbwTqJYiQKBGsH45up335kSvNY3pssYX5EhpKHnBJjJS+7eno471drTt2ZAS8TtyA1KNDsV796g5imEZOGCqJ113US4+dEGU4Fm1R6qWYJoWMyZF1LJYmY9vPZsRN8YpUBDmNlSxo8U39P5CTSOosC2xkRM9KL3lT8z+umJrz0cy6T1DBJ54vCVGAT4+nneMAVo0ZklhCquL0V0xFRhBqbT8WG4C6+vExaZ3XXqbt357XGdRFHGY7gGE7BhQtowC00wQMKHJ7hFd6QRC/oHX3MW0uomDmEP0CfP28Ljmw=</latexit><latexit sha1_base64="bl24dFhzZlw3AJUbl0EjxO33/T4=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5KIoBeh6MVjBdMW2lg22027dLMJuxsxhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0gE18ZxvlFpZXVtfaO8Wdna3tndq+4ftHScKso8GotYdQKimeCSeYYbwTqJYiQKBGsH45up335kSvNY3pssYX5EhpKHnBJjJS+7eno471drTt2ZAS8TtyA1KNDsV796g5imEZOGCqJ113US4+dEGU4Fm1R6qWYJoWMyZF1LJYmY9vPZsRN8YpUBDmNlSxo8U39P5CTSOosC2xkRM9KL3lT8z+umJrz0cy6T1DBJ54vCVGAT4+nneMAVo0ZklhCquL0V0xFRhBqbT8WG4C6+vExaZ3XXqbt357XGdRFHGY7gGE7BhQtowC00wQMKHJ7hFd6QRC/oHX3MW0uomDmEP0CfP28Ljmw=</latexit><latexit sha1_base64="bl24dFhzZlw3AJUbl0EjxO33/T4=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5KIoBeh6MVjBdMW2lg22027dLMJuxsxhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0gE18ZxvlFpZXVtfaO8Wdna3tndq+4ftHScKso8GotYdQKimeCSeYYbwTqJYiQKBGsH45up335kSvNY3pssYX5EhpKHnBJjJS+7eno471drTt2ZAS8TtyA1KNDsV796g5imEZOGCqJ113US4+dEGU4Fm1R6qWYJoWMyZF1LJYmY9vPZsRN8YpUBDmNlSxo8U39P5CTSOosC2xkRM9KL3lT8z+umJrz0cy6T1DBJ54vCVGAT4+nneMAVo0ZklhCquL0V0xFRhBqbT8WG4C6+vExaZ3XXqbt357XGdRFHGY7gGE7BhQtowC00wQMKHJ7hFd6QRC/oHX3MW0uomDmEP0CfP28Ljmw=</latexit>

b = blue 
g = green 
r = red 
.   = points 
— (or blank) = line 
— — = dashed line

https://matplotlib.org/users/pyplot_tutorial.html
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[1] See https://matplotlib.org/users/pyplot_tutorial.html for more details.

▸ Plotting.py

▸ Histograms are also useful 
visual representations of 
data.

https://matplotlib.org/users/pyplot_tutorial.html
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NUMPY
▸ NumPy is a useful Python module for scientific computing. 

It allows us to interface with TensorFlow data types. 

▸ The main object type us the NumPy array, which we will 
see later allows us to work with tensor objects in 
TensorFlow. 

▸ To use this we need to import the corresponding module: 

import numpy as np

�45

▸ NumPy.py

https://docs.scipy.org/doc/numpy/user/basics.creation.html 
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html  

https://docs.scipy.org/doc/numpy/user/basics.creation.html
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html
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NUMPY
▸ Reminder: 

▸ Single numbers are scalar objects (e.g. x=3, here x is a scalar) 

▸ Arrays are collection of numbers, we have used Python lists for arrays  

▸ e.g. [1, 2, 3, 4, …, N] until now; where this example has N dimensions (i.e. 
N elements). 

▸ Mathematically we can think of arrays as having a correspondence to a vector where 
each entry of the array corresponds to the value of one of the dimensions that the 
vector is used to describe. 

▸ e.g. the co-ordinate pair x and y can be written as a vector (x, y) and represented 
as a python array [x, y]. 

▸ We can also write the elements of an N dimensional array as an array themselves (of 
dimension M). This allows us to represent an N x M dimensional object (matrix). 

▸ Higher dimensional objects are tensors (e.g. a rank 3 tensor is an N x M x P object).
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▸ NumPy.py

https://docs.scipy.org/doc/numpy/user/basics.creation.html 
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html  

https://docs.scipy.org/doc/numpy/user/basics.creation.html
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html
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NUMPY
▸ Example: 2x2 matrix represented in a python list: 
▸ [[A, B], [C, D]]

▸ Example: 2x2 matrix represented in a numpy array: 
▸ x = np.array([[A, B], [C, D]])

▸ Example: a set of n data, each example being represented 
by two coordinate values (or features): 
▸ [[x1, y1], [x2, y2], …, [xn, yn]]
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▸ NumPy.py

https://docs.scipy.org/doc/numpy/user/basics.creation.html 
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html  

row 1 row 2

} }

https://docs.scipy.org/doc/numpy/user/basics.creation.html
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html
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NUMPY
▸ Create a unit matrix: use the identity function. 
▸ e.g. a 5x5 unit matrix: 

▸ The eye function can also be 
     used: np.eye(5) is equivalent  
     to np.identity(5)
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▸ NumPy.py

https://docs.scipy.org/doc/numpy/user/basics.creation.html 
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html  

unit = np.identity(5)

print(unit)

[[ 1.  0.  0.  0.  0.]

 [ 0.  1.  0.  0.  0.]

 [ 0.  0.  1.  0.  0.]

 [ 0.  0.  0.  1.  0.]

 [ 0.  0.  0.  0.  1.]]

0

BBBB@

1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1

1

CCCCA

<latexit sha1_base64="fcMO/+gX30xWEpNdWfrfFwSzAmw="></latexit><latexit sha1_base64="fcMO/+gX30xWEpNdWfrfFwSzAmw="></latexit><latexit sha1_base64="fcMO/+gX30xWEpNdWfrfFwSzAmw="></latexit>

=

https://docs.scipy.org/doc/numpy/user/basics.creation.html
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html
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NUMPY
▸ Create a matrix with elements assigned to zero. 
▸ e.g. a 2x3 matrix of zeros: 
▸ i.e. 2 rows and 3 columns
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▸ NumPy.py

https://docs.scipy.org/doc/numpy/user/basics.creation.html 
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html  

Zeros = np.zeros((2,3))

print(Zeros)

[[ 0.  0.  0.]

 [ 0.  0.  0.]]

=

✓
0 0 0
0 0 0

◆

<latexit sha1_base64="1pNTcBcjqQya/d9eexI00Ze1vw8=">AAACLnicbVDLSgMxFM34rPVVdekmWBTdlBkRdFkUwWUFW4XOUDKZO20wkxmSO0IZ+kVu/BVdCCri1s8wbWfh68CFk3PuTXJPmElh0HVfnJnZufmFxcpSdXlldW29trHZMWmuObR5KlN9EzIDUihoo0AJN5kGloQSrsPbs7F/fQfaiFRd4TCDIGF9JWLBGVqpVzv3JcS474fQF6pgWrPhqOCcj1y6R6fl+/THwQcVlZ3U16I/wINere423AnoX+KVpE5KtHq1Jz9KeZ6AQi6ZMV3PzTCwt6LgEkZVPzeQMX7L+tC1VLEETFBM1h3RXatENE61LYV0on6fKFhizDAJbWfCcGB+e2PxP6+bY3wSFEJlOYLi04fiXFJM6Tg7GgkNHOXQEsa1sH+lfMA042gTrtoQvN8r/yWdw4bnNrzLo3rztIyjQrbJDtknHjkmTXJBWqRNOLknj+SVvDkPzrPz7nxMW2eccmaL/IDz+QWrlqU6</latexit><latexit sha1_base64="1pNTcBcjqQya/d9eexI00Ze1vw8=">AAACLnicbVDLSgMxFM34rPVVdekmWBTdlBkRdFkUwWUFW4XOUDKZO20wkxmSO0IZ+kVu/BVdCCri1s8wbWfh68CFk3PuTXJPmElh0HVfnJnZufmFxcpSdXlldW29trHZMWmuObR5KlN9EzIDUihoo0AJN5kGloQSrsPbs7F/fQfaiFRd4TCDIGF9JWLBGVqpVzv3JcS474fQF6pgWrPhqOCcj1y6R6fl+/THwQcVlZ3U16I/wINere423AnoX+KVpE5KtHq1Jz9KeZ6AQi6ZMV3PzTCwt6LgEkZVPzeQMX7L+tC1VLEETFBM1h3RXatENE61LYV0on6fKFhizDAJbWfCcGB+e2PxP6+bY3wSFEJlOYLi04fiXFJM6Tg7GgkNHOXQEsa1sH+lfMA042gTrtoQvN8r/yWdw4bnNrzLo3rztIyjQrbJDtknHjkmTXJBWqRNOLknj+SVvDkPzrPz7nxMW2eccmaL/IDz+QWrlqU6</latexit><latexit sha1_base64="1pNTcBcjqQya/d9eexI00Ze1vw8=">AAACLnicbVDLSgMxFM34rPVVdekmWBTdlBkRdFkUwWUFW4XOUDKZO20wkxmSO0IZ+kVu/BVdCCri1s8wbWfh68CFk3PuTXJPmElh0HVfnJnZufmFxcpSdXlldW29trHZMWmuObR5KlN9EzIDUihoo0AJN5kGloQSrsPbs7F/fQfaiFRd4TCDIGF9JWLBGVqpVzv3JcS474fQF6pgWrPhqOCcj1y6R6fl+/THwQcVlZ3U16I/wINere423AnoX+KVpE5KtHq1Jz9KeZ6AQi6ZMV3PzTCwt6LgEkZVPzeQMX7L+tC1VLEETFBM1h3RXatENE61LYV0on6fKFhizDAJbWfCcGB+e2PxP6+bY3wSFEJlOYLi04fiXFJM6Tg7GgkNHOXQEsa1sH+lfMA042gTrtoQvN8r/yWdw4bnNrzLo3rztIyjQrbJDtknHjkmTXJBWqRNOLknj+SVvDkPzrPz7nxMW2eccmaL/IDz+QWrlqU6</latexit>

https://docs.scipy.org/doc/numpy/user/basics.creation.html
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html
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NUMPY
▸ Create a tensor with elements assigned to zero. 
▸ e.g. a 2x3x4 array of zeros:

�50

▸ NumPy.py

https://docs.scipy.org/doc/numpy/user/basics.creation.html 
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html  

ZerosTensor = np.zeros((2,3,4))

print(ZerosTensor)

[[[ 0.  0.  0.  0.]

  [ 0.  0.  0.  0.]

  [ 0.  0.  0.  0.]]

 [[ 0.  0.  0.  0.]

  [ 0.  0.  0.  0.]

  [ 0.  0.  0.  0.]]]

row 1

row 2

}

}

https://docs.scipy.org/doc/numpy/user/basics.creation.html
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html
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NUMPY
▸ Create a tensor with elements assigned to zero. 
▸ e.g. a 2x3x4 array of zeros:
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▸ NumPy.py

https://docs.scipy.org/doc/numpy/user/basics.creation.html 
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html  

ZerosTensor = np.zeros((2,3,4))

print(ZerosTensor)

[[[ 0.  0.  0.  0.]

  [ 0.  0.  0.  0.]

  [ 0.  0.  0.  0.]]

 [[ 0.  0.  0.  0.]

  [ 0.  0.  0.  0.]

  [ 0.  0.  0.  0.]]]

row 1

row 2

}

}
column 1
column 2

column 3

https://docs.scipy.org/doc/numpy/user/basics.creation.html
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html
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NUMPY
▸ Create a tensor with elements assigned to zero. 
▸ e.g. a 2x3x4 array of zeros:
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▸ NumPy.py

https://docs.scipy.org/doc/numpy/user/basics.creation.html 
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html  

ZerosTensor = np.zeros((2,3,4))

print(ZerosTensor)

[[[ 0.  0.  0.  0.]

  [ 0.  0.  0.  0.]

  [ 0.  0.  0.  0.]]

 [[ 0.  0.  0.  0.]

  [ 0.  0.  0.  0.]

  [ 0.  0.  0.  0.]]]

row 1

row 2

}

}
column 1
column 2

column 3

index 3 element 1
index 3 element 2

index 3 element 3
index 3 element 4

2D arrays usually are referred 
to has having rows (index 1) 
and columns (index 2). 

The rank of a Tensors indicates 
the number of indices. 

https://docs.scipy.org/doc/numpy/user/basics.creation.html
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html
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NUMPY
▸ Create a tensor with randomly initialised elements. 
▸ e.g. a 2x3x4 tensor:
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▸ NumPy.py

https://docs.scipy.org/doc/numpy/user/basics.creation.html 
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html  

Rand = np.random.random((2, 3, 4))

print(Rand)

[[[ 0.37979962  0.78551892  0.34330952  0.92365559]

  [ 0.00454494  0.72722471  0.38566498  0.98557806]

  [ 0.33205225  0.03776655  0.68628128  0.49059066]]

 [[ 0.97233543  0.88084555  0.95404336  0.7690701 ]

  [ 0.3738863   0.76247708  0.02096017  0.88523764]

  [ 0.12331041  0.41162241  0.53865653  0.05036706]]]

https://docs.scipy.org/doc/numpy/user/basics.creation.html
https://docs.scipy.org/doc/numpy/reference/routines.array-creation.html
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▸ Data types

�54

https://docs.scipy.org/doc/numpy/user/basics.types.html 

NumPy is part of SciPy and provides complex data type to facilitate scientific computing.

https://docs.scipy.org/doc/numpy/user/basics.types.html
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NUMPY
▸ Elementwise operations can be performed on NumPy 

arrays; this can simplify calculations, and we will see 
parallels with TensorFlow ops. 

▸ Operators +, -, / and * are element wise operators. 

▸ Similarly built in functions have been replicated in NumPy 
so that we can perform element-wise calculations.

�55

https://docs.scipy.org/doc/numpy/user/quickstart.html#basic-operations

x = np.array([[1, 2], [3, 4]])

y = np.array([[5, 6], [7, 8]])

z=x+y

print(z)

[[ 6  8]

 [10 12]]

https://docs.scipy.org/doc/numpy/user/quickstart.html#basic-operations
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NUMPY
▸ Elementwise operations can be performed on NumPy 

arrays; this can simplify calculations, and we will see 
parallels with TensorFlow ops. 

▸ Matrix multiplication can easily be performed using 
NumPy’s matmul function:

�56

https://docs.scipy.org/doc/numpy/user/quickstart.html#basic-operations

x = np.array([[1, 2], [3, 4]])

y = np.array([[0.5, 1], [0, 2]])

product = np.matmul(x,y)

print(product)

[[ 0.5  5. ]

 [ 1.5 11. ]]

https://docs.scipy.org/doc/numpy/user/quickstart.html#basic-operations
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SUMMARY
▸ We have worked through some elementary python to look 

at simple calculations, conditionals, loops, classes, and 
functions. 

▸ We have also used matplotlib to make (and save) plots. 

▸ We have use NumPy to help us perform calculations. 

▸ The skills you pick up while working with these language 
constructs will underpin work with TensorFlow in the 
coming weeks.
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SUGGESTED READING
▸ There are many good books on Python that you may wish to review.  A 

general remark - use library resources to try out books to find one that 
has a style that you can work with.  People are all different, and 
respond differently to different learning resources. 

▸ In addition to the resources listed on page 3, and references given in 
the slides, you may find the following useful further reading: 

▸ O’Reilly books on Python 

▸ web searches (in addition to the URLs provided, when you get an 
error message it can be useful to just to a quick web search of that 
error). 

▸ https://stackoverflow.com may also be a useful resource.
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https://stackoverflow.com

