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Outline

• Matrix operations
• OLS example 

– Matrix algebra
– Maximum likelihood estimation

• Lagged variables
• Simulation example
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Matrix operations
• Matrix transpose
• Dimension of matrices
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Matrix operations
• In Matlab it looks like this:
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Matrix operations
• The identity matrix

• In Matlab
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Matrix operations
• Matrix product

• Generally:
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Matrix operations
• Element-by-element operations in Matlab uses 

the ”.*” operator
• Here, however, dimentions must match (see 

footnote 5 on page 10)

• Q(:,1) takes out the first column of the matrix Q
• Naturally, Q(:,k) takes out the k’th column
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Matrix operations
• Symmetric matrix:

• Rank of a matrix:
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Matrix operations
• Matrix inverse: 
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Matrix operations
• Matrix inverse in Matlab
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Matrix operations
• pinv can be helpful in empirical implementations
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OLS example
• Ordinary Least Squares: 

• For a proper derivation of the OLS estimates 
see the lecture notes page 18-19

• Where the squared residuals are calculated and 
minimised 



(c) K. Nyholm 13

OLS example
• A short-hand calculation shows the following: 

• Which are the parameter estimates of the OLS 
regression 
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OLS example
• When we have parameter estimates there are 

also uncertainty around the parameter estimates
• These are called the standard errors on the 

parameter estimates
• And, for the OLS estimates, they are calculated 

by:
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OLS example

• Exercise: Make a function that calculates the 
OLS estimates, standard errors and R-squared 
of a dataset provided by the user 
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OLS example

• OLS can also be illustrated by maximum 
likelihood estimation

• Can be useful if we want to impose restriction 
on the parameter estimates

• But here it is rather shown as an introduction to 
finding the arguments that minimise a given 
function 
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OLS example
• The maximum likelihood set-up 

• See, EX_likeli_1.m
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Lagged variables
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Simulation example
• Start with the desired model, for example the 

following 



(c) K. Nyholm 20

Simulation example
• Generating correlated random numbers (see 

pages 91-93 in the lecture notes): 
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Simulation example
• A Matlab implementation of this: 
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