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Today’s Plan 

2 

Date Topics Projects 

16.04. Intro, basic operations, matrices 

23.04. Data handling, random numbers, basic plotting 1st Project Assignment 

30.04. Advanced plotting, scripts, control flow 

07.05. Control flow statements, signal processing, 
1st Project Presentation 

1st Project Deadline 
2nd Project  Assignment 

14.05. Holiday (Himmelfahrt) 

21.05. Functions, integration, image, and sound 

28.05. Holiday (Pfingstferien) 

04.06. Data Analysis, statistics,  
2nd Project Presentation 

 

2nd Project Deadline 
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MATLAB Environment  

3 



Titel der Präsentation Folie Nr. 4 von XYZ 

Basic Operators 

• MATLAB as a scientific calculator 

4 
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Basic Operators 

• MATLAB as a scientific calculator 

5 



Titel der Präsentation Folie Nr. 6 von XYZ 

Basic Operators 

• Some few notes 
 
• Spaces don’t matter between different operators (not the characters of the 

same word) 
 

• Using parentheses will disambiguate the statements, but you need to keep 
track of the order of your parentheses. 
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Operators Precedence 

 
• Parentheses () 
• Power (^) 
• Unary plus (+), unary minus (-) 
• Multiplication (*), division (/) 
• Addition (+), subtraction (-) 

 
 
• Example: 
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Other Notes 

• You can select (and edit) previous commands you have entered using the up-arrow 
and down-arrow keys. Remember to press Enter to execute the command. 

 
• Internally, MATLAB works with 16 significant decimal digits but you can determine 

how many should be displayed.  
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Variables 

• MATLAB is much more than a scientific calculator! 
• You can define and use variables in MATLAB. 
• These variables can be used to perform more complex calculations that can help us 

to implement different algorithms. 
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Variables 

10 
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Variables and Operators 

11 

• All of the basic MATLAB operators that you learned can be applied on variable, too. 
 
 
 
 
 
 

• Showing the values of each variable: 
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Pre-defined Variables 

12 

• ans variable contains the result of the last calculation that has not been assigned to 
another variable. 
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Matrices and Vectors 

13 

• Thinking in a matrix way 
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Matrices and Vectors 
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• Initializing vectors and matrices in MATLAB 
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Matrices and Vectors 
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• Size of matrices 
 
 
 
 

• Usage of spaces, commas, and semi-colons 
 
 
 
 
 

• Dimensions must be consistent. 
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Matrices and Vectors 
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Initializing Matrices 

17 

• Initializing an empty matrix 
 
 
 
 
 
 

• Initializing an identity matrix with size n 
 

• Initializing a matrix whose all elements are 1 
• n= number of rows , m= number of columns 

 
•  Initializing a matrix whose all elements are 0 

• n= number of rows , m= number of columns 
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Indexing 
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• Accessing single elements in matrices 
 
 
 
 
 

• Accessing multiple elements in matrices 
 
 
 
 
 

Indexing 
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• Accessing multiple elements in matrices 
 
 
 
 
 
 
 

• Deleting rows or columns of a matrix 
 
 
 
 
 

Indexing 
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• Deleting rows or columns of a matrix 
 
 
 
 
 
 
 
 

• Deleting one single entry in a matrix is not possible! 
 
 
 
 

• Deleting one single entry is possible in vector. 
 
 
 
 
 
 

Indexing 
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Matrix Operations 

22 
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Matrix Operations 
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• Element-wise addition with a single-element matrix 

 
 
 
 
 
 
 

• When dimensions don’t agree: 
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Matrix Operations 
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• Element-wise operations 
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Matrix Multiplication 
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• 𝐴 is a 𝑚 × 𝑛 matrix 
• 𝐵 is a 𝑛 × 𝑝 matrix 

 

• (𝐴𝐵)𝑖,𝑗=  𝐴𝑖,𝑟 𝐵𝑟,𝑗
𝑛
𝑟=1  

 



Titel der Präsentation Folie Nr. 26 von XYZ 

 
 
 
 
 
 

Matrix Multiplication 
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Matrix Multiplication 
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 • Example 1: Application in linear algebra 
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Matrix Multiplication 
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 Example 2: Suppose you have five different products in your shop being sold 
with five different prices, and you sell them in five different quantities. How 
you can compute your revenue using matrix calculations? 
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Exercise: General Linear Model 
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General Linear Models (GLMs) are widely used to localize brain activity in 
functional imaging. A standard GLM can be written as: 
 

𝒀 = 𝑿𝜷 + 𝜺 
Where: 
 

𝑌1
𝑌2
⋮
𝑌𝑛

  = 

1 𝑋11
1 𝑋21

⋯
𝑋1𝑝
𝑋2𝑝

⋮ ⋱ ⋮
1 𝑋𝑛1 ⋯ 𝑋𝑛𝑝

×

𝛽1
𝛽2
⋮
𝛽𝑛

  +

𝜀1
𝜀2
⋮
𝜀𝑛

   

 
 
 
 

 

BOLD Data 
Design Matrix Regression 

Coefficients Noise 
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Exercise: General Linear Model 

30 

• In this exercise you are asked to reconstruct the brain activity from the parameters 
of the GLM that has been given to you: 
 

• Design matrix:  𝑿 is a 10 × 8 matrix. 
• Regression coefficients matrix:  𝜷 is a  8 ×1 matrix (column vector). 
• Noise matrix:  𝜺 is a  10 ×1 matrix (column vector). 

 
• You can follow the steps to initialize given matrices: 

 
• 𝜷 is a column vector ranging from 0.1 to 0.8 with step sizes of 0.1. 

 
 

• 𝜺 can be created by concatenating this vector [-1 1], 5 times.  
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Exercise: General Linear Model 
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• You can follow the steps to initialize 𝑿 matrix: 
 

• 1st row: a row vector of ones 
• 2nd row: 1.2:0.6:5.4 
• 3rd row: element-wise addition of first and second rows 
• 4th row: second row with its 6th and 8th elements assigned to 0.25 
• 5th row: element-wise multiplication of second and fourth row 
• 6th row: sine of the values in the 3rd row 
• 7th row: natural logarithm of elements of 5th row 
• 8th row: exponentiation of the values of 7th row 
• 9th row: cosine of [pi/8:pi/8:pi] 
• 10th column: 9th column with elements in the second half of it changed to elements 

in the first half of 6th column.   
 

• 𝜷 is a column vector ranging from 0.1 to 0.8 with step sizes of 0.1. 
• 𝜺 can be created by concatenating this vector [-1 1], 5 times.  
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