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Today’s Plan

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, 1% Project Deadline
15t Project Presentation 2 Project Assignment

14.05. Holiday (Himmelfahrt)

21.05. Functions, integration, image, and sound

28.05. Holiday (Pfingstferien)

04.06. Data Analysis, statistics, 2"d Project Deadline
2"d Project Presentation
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MATLAB Environment

HOME PLO APPS S J By o B (3] search Documentation

Ii:l u B Find Fis % E E New Varit-anle @ Analyze Code @ % Preferences @ (% Community
Set Path _— ﬂ Request
+ S

<g e 53 v C:o» Users » Pouyan » Desktop » Action Selection Training » - 2
Command Window ® | | Command History @
D MName = >» clear all m by ~
mi ”~ >> load('actionSelectionBesults.mat') mi (%, 7)
MIToolbox Je o> plot(x)
test data new plot{y)
training backup plot (X)
training data v3 plot(¥)
fa actionClassifier.m = MultipleSubject_Mutual Information

W = tmpDis
actionSelectionSequenceResults.mat e

ﬂ ationLabels_test.m = MultipleSubject Mutual Information

frameNo 72

gamma 10x11 doubl

ges 2 v
> load('actionSelectionResult=s.mat") L

%-- 4/13/2015 11:04 PM —-%

clear all

Ba AvePosFrame.mat "] ®=[1101];

action5electionResults.mat (MAT-file} £ y=[1 1100
= mi(x,v)

Workspace ® addpath ('C:\Users\Pouyan\Desktop\Rc. ..
Name = Value = mi(x,¥)
E actionProbs 2x16 double A addpath (genpath ("'C:\Users\PouyvaniDe...
E actienProbsDADP 2x16 double = mi (%, ¥)
£ ans 0 addpath ('C:\Users\Pouyan\Desktop\Ac. ..
FH best € 8192 .
} best_gamma 0.5000 m (=e7)
FH block 8 -om
} C 1077 doubl addpath ('C:\Users\PouyvaniDesktop MI...
EE currentTrial B4
E ov_acc 1101 doubl = MultipleSubject_Mutual Information
% folds 10 2¢ mi (sensoryReward, tmpDis)
<
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Basic Operators

e MATLAB as a scientific calculator

To TYPE after prompt >>

followed by Enter MATLAB answer | Meaning of the operation
35%12 ans =420 Multiplication

2/45 ans=0.0444 Division

4-1 ans=3 Subtraction

273 ans =38 Exponentiation

To TYPE after prompt >>
followed by Enter

MATLAB answer

Meaning of the answer

12/0 ans=1Inf You should not divide by zero, but if
you do, the result is Infinity
0/0 ans =NaN Unable to find the answer, so the

result is NaN=Not a Number
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Basic Operators

e MATLAB as a scientific calculator

>> 6.023*10723 <ENTER> >> 6.023e23 <ENTER>
ans = ans =
6.0230e+023 6.0230e+023

To TYPE after prompt >>

followed by Enter MATLAB answer | Meaning of the operation

cos (12) ans=0.8439 Cosine of the element in parentheses

sin(12) ans=-0.5366 Sine of the element in parentheses

tan (4) ans=1.1578 Tangent of the element in parentheses

exp (3) ans=20.0855 Exponential of the element in parentheses

log (10) ans=2.3026 Natural logarithm of the element in parentheses
logl0 (12) ans=1.0792 Base-10 logarithm of the element in parentheses
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Basic Operators

e 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.

>>24+34+4—7*5+8/9+1—5%6/3
ans =
—34.1111
>>5+3*8
ans=1
29
>>(5+3)*8
ans=1
64
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Operators Precedence

* Parentheses ()

* Power (M)

* Unary plus (+), unary minus (-)
* Multiplication (*), division (/)
* Addition (+), subtraction (-)

* Example:

>> (2+(5*3/(7-5)"2)/3) <ENTER>
ans =
3.2500
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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.

>> log(2.7183)
ans =

1.0000
>> format long
>> log(2.7183)
ans =

1.000006684913988
>> format short
>> log(2.7183)
ans =

1.0000
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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.

>> age <ENTER>
age=
22
>> Nfriends = 132 <ENTER>
Nfriends =

132
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Variables
>> whos
Name Size
age 1x1

Nfriends 1x1

>> clear all
>> whos
> >

<ENTER>

Bytes
8
8

Class Attributes
double
double

<ENTER>
<ENTER>

10
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Variables and Operators

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

>> number=13; <ENTER>

>> a=14; <ENTER>
>> c=pi* ((number+a/2)/10); <ENTER>

e Showing the values of each variable:

>> number <ENTER>
number =

13
>> C <ENTER>

c:
6.2832

11
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Pre-defined Variables

To TYPE after prompt >>

followed by Enter MATLAB answer Value contained in the variable

Pi ans=3.1416 T

Esp ans=2.2204e-016 Floating-point relative accuracy, i.e., the
distance from 1.0 to the next largest
double-precision number

3 ans=0+1.00001 Imaginary unit, i.e., sqrt(—1), used to
enter complex numbers

I ans=0+1.00001 Imaginary unit, i.e., sqrt(—=1), used to
enter complex numbers

NaN ans =NaN Not a number

Inf ans=1inf Infinity

ans variable contains the result of the last calculation that has not been assigned to

another variable.

>> 2*%10"3

ans =
2000

>> ans + ans

ans =
4000

12
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Matrices and Vectors

Thinking in a matrix way

A 3x4 matrix A 4x1 (column) vector A 1X4 (row) vector
= '4'
row g >3 6 , ow  [5 12 -2 1]
12 -93 145
o 7 1 7
[0 21 12 1]

13
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Matrices and Vectors

* Initializing vectors and matrices in MATLAB

>> a=[3,5,7, 8] <ENTER>
4 =

5 12 =2 1
>> b=[4;2;7;1] <ENTER>
b =

4

2

7

1
>> c=[3, 53,6;12,-93,145;4,7,1;0,-21,12] <ENTER>
o =

3 53 6

12 -93 145

4 7 1

-21 12
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Matrices and Vectors

Size of matrices

>> size (c) >> length(c)

ans = ans=
4 3 4
Usage of spaces, commas, and semi-colons
>> x=[ 1 2 3; 2 5 7]

X:

Dimensions must be consistent.

>> x = [2 3; 2 5 7T];
??7? Error using ==> vertcat

CAT arguments dimensions are not

consistent.

15
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Matrices and Vectors

Mathematical MATLAB (type after the
representation prompt >> followed by Enter) Dimension
M=[3 12 x| M=[3,12,pil; I x3 Row vector

312 «w
N =
8§ 9 10

N=[3,12, pl: 8,9,10];

Or equivalently, if you have already inserted M:

N=[M; &,9,10];

2% 3 Matrix

i P=[4;2:-1] 3x1 Column
p—| 2 N vector
-1
4 —4 Q=[4, -4:2, -2:—1, 1]; 3 x 2 Matrix
o=|2 -2 Or equivalently, if you have already inserted P:
11 Q=[P:-P;

16
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Initializing Matrices

Initializing an empty matrix

>> y =117 <ENTER>

>> whos y <ENTER>
Name Size Bytes Class
V 0x0 0

Initializing an identity matrix with size n

Initializing a matrix whose all elements are 1

n= number of rows , m= humber of columns

Initializing a matrix whose all elements are O

n= number of rows , m= number of columns

Attributes

double

eye(n)

ones(n,m)

zeros(n,m)

17
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Indexing

Start:Step:Stop

Type the following commands:

To TYPE after prompt
>> followed by Enter | MATLAB answer Meaning of the operation
2:5:25 ans = Generate a vector going from 2 to 25

2 7 12 17 22

incremented by 5. Note that 22+ 5=27,
which is greater than 25. MATLAB will
generate numbers until it reaches or
exceeds the Stop value (i.e., 25)

i:j ans = Generate a vector going from 2 to 4. Here
2 3 4 the step value is not specified, and
MATLAB uses the default value 1
10:-3:-5 ans = Generate a vector going from 10 to -5,

10 7 4 1 -2 -5

increasing the first value by —5. This is
equivalent to generating a vector of
decreasing values

18
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Indexing
* Accessing single elements in matrices
>> Q(3,2) <ENTER>
alls =
1

Accessing multiple elements in matrices

R >> x=[123; 456; 78 9; 10 11 12;

>> i=2; J=4;

<ENTER>
>> x(1:3,2) <ENTER>
ans =
5
8

11

>> Q([1,3],2)

13 14 15]

<ENTER>

<ENTER>

19
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Indexing
* Accessing multiple elements in matrices
>> x(3,1:3) <ENTER>
arns =
7 8 9
>> x (3, 1) <ENTER>
ans =
7 8 9

* Deleting rows or columns of a matrix

>> X(:,2) = [ ] <ENTER>
¥ =

1 3

4 6

7 9

10 12

13 15
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Indexing
Deleting rows or columns of a matrix
>> x([3,41,:) =[ 1] <ENTER>
X =
1 3
4 6
13 15

Deleting one single entry in a matrix is not possible!

>> x(1,2)=[ ]
7?7 Subscripted assignment dimension mismatch.

Deleting one single entry is possible in vector.

21
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Matrix Operations

Operation Definition Math example Matlab example
Addition The result of A+ B 1 5 »>»h=[1,5;2,3]:
(subtraction) or (A-B) is calculated A= [2 1:|+B - [ >»>B=[2,3;4,1]1;
entrywise, i.e., the >>A+B
element B.L_j is added A+B= |:3 3] ans =
to (subtracted from) 6 4 3 8
the element in Au 1 2 6 4
A—B= »>> A-B
|:_2 2:| ans =
-1 2
-2 2
Scalar The multiplication of 3 2 >»>C=[3,2;4,1]1;
multiplication | a scalar (= number) s C= L 1]=S =4 >>g=4d;
by a matrix C is >>8%C
obtained by 5.C= []2 3} ans =
multiplying every 16 4 12 8
entry of C by s 16 4
Transposition | The transpose of an 3 12 2 »» D=[2,12,2;8,9,10];
mxn matr?x[) is an :{8 9 ID] >> Df
nxX m matrix denoted ans =
by DT obtained by 3 8 3 8
turning rows into D' =112 9 12 9
columns and columns 210 2 10
into rows

22
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Matrix Operations

Element-wise addition with a single-element matrix

>>p=[1 2; 3 4]

p:
1 2

When dimensions don’t agree:

>>r=[2 1.1 1;1 1]
r=

—_ =
e

>>n=p+r
??? Error using = > plus
Matrix dimensions must agree.

23
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Matrix Operations

* Element-wise operations

Description MATLAB operator Example
Element-by-element Multiplication LE >> A.*B
dalls=
2 15
8
Element-by-element Right division v >> A./B
dlls =
0.5000 1.6667
0.5000 3.0000
Element-by-element Left division A\ >> A.\B
dlls =
2.0000 6
2.0000 .
Element-by-element Exponentiation " >> A, B
dlls =
1 125
16 3

24
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Matrix Multiplication

e Aisam X n matrix
e Bisan X p matrix

* (AB); j= Xr=14ir By ;

25
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Matrix Multiplication

>> D*C
7?7?77 Error using ==> mtimes
Inner matrix dimensicns must agree.

>> C*D

ans =
22 54 26
16 57 18

26
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Matrix Multiplication

Example 1: Application in linear algebra

x +y +2z=
2x + 4y — 3z
3x +6y—5z=

>>A=[1 12 9; 2 4

A=

11 29

2 4 -3 1

3 6 —5 0

>> rref(A)

4ans =

===
== o
= I =
W k=

0

-3

1;

3 6

-5 0]

27
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Matrix Multiplication

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?

>> Prices=[10 20 30 40 50];
>> Sales=[50; 30; 20: 10;: 1];
>> Revenue = Prices*Sales
Revenue =

2150

28
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Exercise: General Linear Model

General Linear Models (GLMs) are widely used to localize brain activity in

functional imaging. A standard GLM can be written as:

Where:

/

BOLD Data

Y=Xp +¢
L Xuno K] B
B Y L
_1 an an_ _ﬁn J
Design Matrix Regression

Coefficients

'\

Noise

29
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Exercise: General Linear Model

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 isa 10 X 8 matrix.
Regression coefficients matrix: fisa 8 X1 matrix (column vector).
Noise matrix: €isa 10 X1 matrix (column vector).

You can follow the steps to initialize given matrices:

* fisacolumn vector ranging from 0.1 to 0.8 with step sizes of 0.1.

e & can be created by concatenating this vector [-1 1], 5 times.

30
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Exercise: General Linear Model

You can follow the steps to initialize X matrix:

15t row: a row vector of ones

2" row: 1.2:0.6:5.4

34 row: element-wise addition of first and second rows

4t row: second row with its 6" and 8t elements assigned to 0.25
5% row: element-wise multiplication of second and fourth row
6t row: sine of the values in the 3" row

7% row: natural logarithm of elements of 5t row

8t row: exponentiation of the values of 7t row

9t row: cosine of [pi/8:pi/8:pi]

10t column: 9t column with elements in the second half of it changed to elements
in the first half of 6% column.

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

31
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