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Inner product of vectors



Matrix-Vector Multiplication 

A: m × n matrix



Matrix-Vector Multiplication 

A: m × n matrix



Matrix-Vector Multiplication 

A: m × n matrix



Matrix-Matrix Multiplication



Matrix-Matrix Multiplication



Matrix-Matrix Multiplication

Inner product version of the code:



Matrix-Matrix Multiplication – general form



Matrix-Matrix product: column-oriented 
(SAXPY)



Inner product of vectors



Vector Norms 

• The size of a vector

• General p-norm 



Properties of vector norm

• Vector norm is a mapping from Rn 
 R 



Use norm for error approximation

• Absolute error

• Relative error



• In a finite dimensional vector space all vector norms are equivalent in 
the sense that for any two norms ∥ · ∥α and ∥ · ∥β there exist constants m 
and M such that: 

• Example (x ∈ Rn): 



Cosine similarity 

• Cosine of the angle between two vectors:

• What if vectors are orthogonal? 



Matrix Norms

• Let ||.|| be a vector norm, the corresponding matrix norm 
is defined as: 

• Matrix norm satisfies (for 𝛼 ∈ ℝ):





• Matrix 2-norm (matrix as an operator)
• (square root of largest eigenvalue of ATA)

• Matrix 1-norm

• Matrix inf-norm



• Frobenius matrix norm 
• matrix as a point of space of dimension mn

• Trace of matrix B = sum of diagonal elements 



Linear Independence: Bases 





Rank of Matrix 

• Maximum number of linearly independent column
vectors 



• Proposition 2.3. An outer product matrix xyT , 
where x and y are vectors in Rn, has rank 1. 



Nonsingular matrix

• A square matrix 𝐴𝜖ℝ𝑛×𝑛 with rank n

• Has an inverse  𝐴−1 satisfying

𝐴−1𝐴 = 𝐴𝐴−1 = Ι

If we multiply linearly independent vectors by a nonsingular 
matrix, then the vectors remain linearly independent. 





Weather prediction example

If today is cloudy, what is the probability that tomorrow is:
• Cloudy?
• Sunny?
• Rainy? 

today

sunny cloudy rainy

tomorrow sunny 0.4 0.3 0.1

cloudy 0.4 0.3 0.6

rainy 0.2 0.4 0.3



Weather prediction example

If today is cloudy, what is the probability that tomorrow is:
• Cloudy?  0.3
• Sunny?   0.3
• Rainy?    0.4

today

sunny cloudy rainy

tomorrow sunny 0.4 0.3 0.1

cloudy 0.4 0.3 0.6

rainy 0.2 0.4 0.3



Weather prediction example

If today is cloudy, what is the probability that the day after tomorrow is:
• Cloudy?  
• Sunny?   
• Rainy?    

today

sunny cloudy rainy

tomorrow sunny 0.4 0.3 0.1

cloudy 0.4 0.3 0.6

rainy 0.2 0.4 0.3



Any Question?


