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Outline

• Installing third-party packages
• NumPy
• Arrays (creation, initialization, slicing, and random numbers)
• Matrices (creation, initialization, slicing, and random numbers)
• Some Linear Algebra concepts
• Statistics
• Spaces and ranges
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Third party packages

• Python has many great built-in modules and packages
• Check https://docs.python.org/3/py-modindex.html

• Third party packages extend Python’s capabilities
• NumPy
• Matplotlib
• Pandas
• SciPy
• scikit-learn
• …

• When you start a project, better check what open source packages are 
available.
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https://docs.python.org/3/py-modindex.html


Anaconda Navigator

Open Anaconda 
Navigator and click 
Environments
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Anaconda Navigator
Make 
sure 
base is 
selected

Package name description version

Choose 
what to 
display

Search 
packages
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Anaconda Navigator

Select the  
packages you 
want to install

Click Apply

CDS 230 - Modeling and Simulation 1 — © Dr. Hamdi Kavak 6



How to know you are missing packages?

• You can list them using pip or conda.
• List them on Anaconda Navigator.
• Or just try to use them.
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NumPy

• Provides with an extensive set of mathematical computation capabilities
• Performs computations fast
• Let’s install it first: using command line or Anaconda Navigator
• Very likely that you have NumPy installed

• How to import?

This is optional. 
Think this like a 
nickname.
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Creating arrays

The zeros function creates a vector and each 
element is 0.  The input to the function is the 
number of elements in the vector.

The full function creates a vector of a given length,
and all of the elements are what you provide.
Note that in both cases, the elements are floating 
point numbers.
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NumPy arrays hold the same type of elements. 
E.g., you can’t even mix integers with floats.



Creating arrays with specific values

The array function receives 
a tuple or list, and it creates 
a vector from that input.

Be mindful about the types 
of your iterable items
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Creating arrays with random values

• The random module within numpy allows generating decimal numbers 
between 0 and 1

Number of 
elements to be 
generated
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Slicing NumPy arrays

• All slicing operations you have learned with lists are the same in NumPy
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Random integers
The np.random.randint() 
function creates random integers.  
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Lower bound (inclusive)

Upper bound (exclusive) Number of elements 
to be returned

These numbers will be either 1, 2, 3, 4, or 5.



Matrix

To create a matrix, we pass a tuple that has 
the size of the matrix.

The same size parameter applies 
to NumPy’s random function as 
well.
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Number of rows
Number of columns



Control printing

Note: This doesn’t change the actual 
numbers, just how they’re displayed.
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Slicing numpy matrices

Get the element by [row num, column num].  
This is the first element.

The first row.

The colon means to go from the beginning to the end in the vertical dimension.
The 0 indicates that the first column is being accessed.
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Slicing numpy matrices
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mat2[1:4]

mat2[2:,2:4]



Setting multiple values
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Bulk comparison

Compare it to a value.  The result is a 
Boolean vector.

The np.where() function will indicate 
where the True values lie.  In this case, they 
True values are in position 1 and position 3.
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Create a vector of random numbers.

Note that this is a tuple with two elements. The second element is 
filled when comparing matrices.



Elementwise operations

+ x

= =

Same applies to subtraction and division

Apply the plus operator to 
element pairs w/ same index

…
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Loop implementations

+

1) Using zip 2) Using range

Your code will run slower if you deal w/ large collections
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NumPy implementation

+

x

The same logic works for matrices as well
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How fast is NumPy?
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Some statistics and information (1) 
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Some statistics and information (2) 
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Passing 0 means sum by column 

Passing 1 means sum by row 



More operations
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Spaces/Ranges
First element (inclusive)

Last element (inclusive)
Number of values to evenly divide the space

First element (inclusive)
Last element (exclusive)

Range increment/decrement

np.arrange is very 
similar to range but 
can handle decimals 
and returns a NumPy 
array.
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