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List Comprehension

■ General Syntax 
 
 
[<output value> <iterator> <conditional statement>]
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Squaring numbers
Create a list of squares of numbers from 1 to 5
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Squaring numbers
Create a list of squares of numbers from 1 to 5
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Squaring numbers

Even numbers

Odd numbers
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Using if-else conditionals

Make the values between 5 and 10 negative (both included)
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Create 2D list
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Create 2D list
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Create 2D list

Flatten data1
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Dictionary Comprehension

Convert the values to floating point values 
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Dictionary Comprehension - alphabet

Create a list of the alphabet

Create a dictionary with keys as the letters and the values as its position in the 
alphabet 



Numpy
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Numpy array
■ Main container is an n-dimensional array (ndarray) 

■ Attributes: 
❑ dim - number of dimensions of the array 
❑ shape - dimensions of the array, rows and columns 
❑ size - total number of elements, rows x columns 
❑ dtype - data type of the numpy array 
❑ itemsize - size of an array element in bytes 
❑ data - actual elements of the array 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Numpy array - attributes
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Numpy array - attributes
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Numpy array - shapes
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Numpy arrays
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Numpy arrays
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Numpy arrays
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Numpy arrays - Slicing 
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Numpy arrays - Slicing 
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Numpy arrays - Slicing 
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Numpy arrays - Indexing 
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Numpy arrays - Operations 
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Numpy arrays - Boolean Operations 
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Numpy Broadcasting 
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Numpy Broadcasting 
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Numpy Reversing  

Reverse rows

Reverse columns



30

Numpy Missing Values and infinity  
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Numpy Missing Values and infinity  
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Numpy - Making copies  
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Numpy - Making copies  
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Numpy - Random Numbers  
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Numpy - Random Numbers  
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Numpy - Random Numbers  



37

Numpy Math 
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Numpy Math 
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Numpy Math 
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Numpy Math 
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Numpy Math 
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Numpy Math 
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Numpy Math 
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Numpy Math 
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Numpy Math - broadcasting 
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Numpy Math
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Numpy Math
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Numpy Math



MATRICES AND EIGEN 
VECTORS

• Scale  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[2 3
2 1] × [1

3] = [11
5 ]

[2 3
2 1] × [3

2] = [12
8 ] = 4 × [3

2]

2 × [3
2] = [6

4]

[2 3
2 1] × [6

4] = [24
16] = 4 × [6

4]



EIGEN VECTOR - 
PROPERTIES

• Eigen vectors can only be found for square matrices 

• Not every square matrix has eigen vectors. 

• Given an n x n matrix that does have eigenvectors, there are n of them  
 
for example, given a 3 x 3 matrix, there are 3 eigenvectors. 

• Even if we scale the vector by some amount, we still get the same 
multiple 
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EIGEN VECTOR - 
PROPERTIES

• Even if we scale the vector by some amount, we still get the same multiple 

• Because all you’re doing is making it longer, not changing its direction. 

• All the eigenvectors of a matrix are perpendicular or orthogonal. 

• This means you can express the data in terms of these perpendicular 
eigenvectors. 

• Also, when we find eigenvectors we usually normalize them to length one. 
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EIGEN VALUES - 
PROPERTIES

• Eigenvalues are closely related to eigenvectors. 

• These scale the eigenvectors 

• eigenvalues and eigenvectors always come in pairs. 
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[2 3
2 1] × [6

4] = [24
16] = 4 × [6

4]



SPECTRAL THEOREM
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Theorem: If X ∈ ℝm×n is symmetric matrix (meaning XT = X ),

 then, there exist real numbers λ1, …, λn (the eigenvalues)

 and orthogonal, non-zero real vectors ϕ1, ϕ2, …, ϕn

(the eigenvectors) such that for each i = 1,2,…, n :

Xϕi = λiϕi



EXAMPLE 
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From spectral theorem:

Aϕ = λϕ ⟹ Aϕ − λIϕ = 0

[30 − λ 28
28 30 − λ] = 0 ⟹ λ = 58 and λ = 2

(A − λI)ϕ = 0

A = [30 28
28 30]
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Numpy Math



EIGEN VALUES AND VECTORS
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[2 3
2 1] × [6

4] = [24
16] = 4 × [6

4]



EIGEN VALUES AND VECTORS
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[2 3
2 1] × [6

4] = [24
16] = 4 × [6

4]



NORMS AND DISTANCE
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Euclidean distance

Magnitude



ANGLE BETWEEN VECTORS
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a ⋅ b = |a | × |b | × cos θ



SINGULAR VALUE DECOMPOSITION
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Theorem : Anm = UnnΣnmVT
mm

A - Rectangular matrix, n × m

 Columns of U are orthonormal eigenvectors of AAT

 Columns of V are orthonormal eigenvectors of AT A

Σ is a diagonal matrix containing the square roots of

eigenvalues from U or V in descending order



SVD - EXAMPLE
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A = [
1 1
0 1
1 0]

A3×2 = U3×3Σ3×2VT
2×2

 Columns of U are orthonormal eigenvectors of AAT

U =

6
3 0 − 1

3

6
6 −

2
2

1

3

6
6

2
2

1

3



SVD - EXAMPLE
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A = [
1 1
0 1
1 0]

A3×2 = U3×3Σ3×2VT
2×2

VT =
2

2
2

2

2
2 −

2
2

 Columns of V are orthonormal eigenvectors of AT A



SVD - EXAMPLE
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A = [
1 1
0 1
1 0]

A3×2 = U3×3Σ3×2VT
2×2

Σ =
3 0

0 1
0 0

Σ is a diagonal matrix containing the square roots of
eigenvalues from U or V in descending order



SVD - EXAMPLE
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A = [
1 1
0 1
1 0]

A3×2 = U3×3Σ3×2VT
2×2

A =

6
3 0 − 1

3

6
6 −

2
2

1

3

6
6

2
2

1

3

3 0
0 1
0 0

2
2

2
2

2
2 −

2
2

= [
1 1
0 1
1 0]



SVD USING NUMPY
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SVD USING NUMPY
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SVD USING NUMPY
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SVD USING NUMPY
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SVD USING NUMPY
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SVD USING NUMPY
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SVD USING NUMPY
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