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Matrices



Vectors as special matrices?



Multiplying a matrix by a vector



Multiplying a matrix by a vector



Define span in matrix form



Column space



Column space



Linear Subspace

Let V be a vector space. A subset S ⊆ V is called a linear subspace of V if

● For all u ∈ S and all α ∈ R ⇒  α u ∈ S.
● For all u,v ∈ S ⇒ u + v ∈ S.

Alternatively, 

● For all u,v ∈ S and α, β ∈ R ⇒ α u + β v ∈ S.



Linear Subspace



Data as columns of the matrix 
row-major programming languages



Representing Data and Data Batches



row by row column by column
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Row Major Column Major
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Row Major
(C,C++,Pascal, Python-numpy)

Column Major
(Fortran, Matlab, R, …)
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Data as rows of the matrix 
row-major programming languages



ND Arrays: Row-major vs. Column-major

● What does row-major and column-major 
mean?

○ Matlab vs Numpy ND-arrays

● Row-major: last index moves fastest
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ND Arrays: Row-major vs. Column-major

● What does row-major and column-major 
mean?

○ Matlab vs Numpy ND-arrays

● Row-major: last index moves fastest



Linear combination of matrix rows



Span of the rows of the matrix



Row space of a matrix



Functions

● Also maps, Transformations,
● What is a function?



Functions



Functions



Functions in linear algebra

● Here, we are interested in functions from a vector space V to a vector 
space U  
                                                         (f: U → V)



Linear Transformations



Linear Transformations

f(u+v) = f(u) + f(v)

f(a u) = a f(u)

does not matter if linear combination applied before or after transformation. 


