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Introduction

INntroduction

« This course is an introduction on how to use MATLAB, with a specific focus on data analysis

» The course will consist of 4 sessions, 3 hours each
— Part 1: Getting Started — Fundamentals, Data Types and Matrices
— Part 2: Programming Basics — Operators and Control, Programming, Error Handling
— Part 3: Working with Graphics —Figures, Axes, Graphs, Objects and Images
— Part 4: Further Programming — File Handling and Performance

« Administration
— Notes are available in a PDF
— MATLAB software is available for all university departments and colleges:
http://www.eng.ox.ac.uk/~labejp/TAH/matlabTAH.html



Fundamentals

Fundamentals

» At the most basic level, computers are made up of 1s and Os,
but this is too tedious to write out as a programmer.

Programming language commands

* ‘Welcome!’ in binary would look like this: *"01010111
01100101 01101100 01100011 01101111 01101101
01100101 00100001°

Compilation and/or Interpretation

Machine Code

« S0 we invented programming languages that allow us to
write in English at a higher level, and then use compilers
or interpreters to translate what we say into something a Execcution
computer understands

» High level languages are easier to write but take longer to translate (e.g. MATLAB), while mid level
languages (e.g. C) take longer to write but can execute faster



Fundamentals

Fundamentals

MATLAB = MATTIX LABoratory The Language Desktop Tools and Development
Environment
High level programming language used for +Control flow statements
. . . erFunctions eCommand Window
numerical computations, data analysis, < Data strUctures «Editor/Workspace etc.

algorithm development, data visualisation

eInput/output functionality eDebugger

. ; Mathematical Function Librar Graphic Functionality
MATLAB consists of various parts: . :
The Lang uage eCollection of computational algorithms ( e.g. eVector and matrix display
sine, cosine, but also matrix inversion, FFT, ¢2D and 3D data visualization
Desktop tools and development etc) eImage processing
environment el
Function libraries External Interfaces

Graphics Libraries
. . *C/ Fortran interaction with Matlab
External Interfaces libraryti «Dynamic linking of routines with Matlab.




Fundamentals

The MATLAB Desktop

4 MATLAB R2014a - =
HOME HE LB LRSS D @ISear:h Docurmentstion PH
&) ,{l'j | (o rnirin & H & New Variable | Analyze Code .ﬂ‘ E {8} Preferences @ (% Community

-
[t Open variable > Run and Time: Set Path = Request Support
« Command Window (centre o I o 2 G G o o | o
Script v v Data Workspace |/ ClearWorkspace ~ (%, ClearCommands + Library v  |[[]] Paralel = ~ O AddOns v
FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES

<> EE » D: ¥ work » matlab * -

- - Current Folder Command Window S Workspace
° C u rre nt FO I d e r I nfo rm atl 0 n I eft Name (@) New to MATLAB? Watch this Video, see Examples, or read Getting Started. *|| Name Value
Abhilasha -~ r [0.8147,0.9134,

chrenux >> edit fliplr L !

CircStat2012a >> X=3 Ehd i
ComputerList Fo “
cvap3.7

@

daniel x =
destin
efficient_subpixel_registration
EMD 3
findspike_CoB

graphics
IWLSPC
juxtaltetrode
Katja_permtest
libsvm-3.11
licence file
logos

LSPC

Luers

manta

» Workspace (right)

* Note: Some installations of MATLAB may be
setup slightly differently on first opening
depending on the version installed.

e >> z=(x+y) A2
monero
mousetrack2
mSDA z
rychronux
Natalie
powerful_numbers
ppn_neun

P

resampling

49

>> r = rand(3)
RF_mapping
roof r=
Slow_wave
Details e 0.8147 0.9134 0.2785
0.9058 0.6324 0.5469

0.1270 0.0975 0.98575

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEELE

<

Select a file to view details
foos |




Fundamentals

The MATLAB Command Window

4 MATLAB R2014a - -
ERE e seorch Documentation pn
- D |y O] B Lpsmpncnon  (gp) | [T @eemsn (3) 33 ot
* Used to create variables, enter commands and B r Do T BT SIS
run programs interactively o
* If you type a command here and press v | :
ENTER, the command will execute :
Immediately (in most cases), and the output (if _—

there is one) will display in the same window T

>> z=(x+y) "2

« The command window is generally used for R :
quick calculations — anything more substantial Tl -
should go in a separate file 3.

wwwwwwww

Details e 0.8147 0.9134 0.2785
0.9058 0.6324 0.5469
0.1270 0.0975 0.9575

foos |




Fundamentals

The MATLAB Command Window

| Command Window |
« Example: >> 3+4
* You can use basic arithmetic operators (+, -, ans -
*, [ etc.) to do simple calculations. !

« The output is shown in a variable called >> 3ms
ans. This is a generic variable and will be ans =
overwritten every time you do a new =
calculation >> 3%4

« One way to stop it being overwritten is to ans =
use variables 12

>» 374
0.7500
Jx ==




Fundamentals

The MATLAB Command Window

Command Window |
« Example: | o> x = 324
* Here is the same example using variables o
« The variables are stored in the Workspace
(top right) and can be accessed at any time !
* You will need to give each variable a >> ¥ = 34
different name in order to avoid overwriting v -

data

 Note: To see what is stored in a variable, double

click on the variable in the workspace window, z =
or type the variable in the command window. To 0.5833
see all variable at the same time, type ‘WhOS ‘ in o

the command window.



Fundamentals

The MATLAB Command Window

Fx K7
>» disp(x)

T

» di=sp () !

-
i

fx s>

There are several ways to control the display of
variables’ values in the command window, as
shown on the left.

The format command can change the display
output of numerical values — note that this does
not affect the calculations. An example is shown
on the right.

Note that a useful command is clc, which clears
the command window.

3.141%

>» format long
=¥

p:

3.1415926535889753

»» format
> D

P=

3.141e




Fundamentals

Getting help In MATLAB

« There are two ways of getting help in
MATLAB:

« By using the Helpicoii  at the top right
part of the MATLAB Desktop. It provides
detailed documentation of MATLAB
functionality.

» By typing in the Command Window help or
doc followed by the command or operator
name.

»» help fliplr

FLIPLR Flip matrix in left/right direction.

Jro»

FLIPLE(X) returns X with row preserved and columns flipped
in the left/right direction.

=123 becomes 3 2 1
456 654

Class support for imput X:
flpat: double, single

See also flipud, rot80, flipdim.

Overloaded methods:

u3s/fliplr
umat/fliplr

ndlft/fliplr
categorical/fliplr

Reference page in Help browser
doc fliplr




Fundamentals

Understanding File Locations

s1ie10140]0 * Where MATLAB is installed J
« Where MATLAB looks for files N
» \We can view and change it in two ways:
Current folder  Using in the command window the cd or

pwd commands

* On the MATLAB Desktop using the tools
provided. J

userpath command shows the default startup
folder.

Current folder at startup J




Fundamentals

The MATLAB Path

 For performance reasons, MATLAB limits where it looks for
files.

 Files are only accessible if they are in either the current
folder, or the search path.

« The path is a list of folders where MATLAB will search for
program and data files.

« To see the path, type path in the command window.



Fundamentals

The MATLAB Editor

« The MATLAB editor is used to view and edit MATLAB program files. You can
open it by typing edit and pressing ENTER in the command window.

« MATLAB programs are text files with .m extensions and they are called M-
files.

« The MATLAB editor opens automatically when you open or create a new M-
file.

It provides code highlighting and debugging features, and allows you to save
blocks of code so that you do not need to type out every line each time you
write a program.



Fundamentals

The MATLAB Editor

fliplr

P——
' Editor - C:\Program Files\MATLAB\R2014a\toolbox\matlab\elmat\fliplr.m - O
EDITOR PUBLISH VIEW ZEL D2 @m
EEJ '?j % EaFind i e E f«C T = [;) L@ @Run Section (5)
[iz| Compare ~ Comment 9% ‘s o GoTo ~ _
Mew Open Save — — Breakpoints Run  Runand @ Advance Run and
- - hd |E|Prht hd Indent wE| [Eq \{ Find = hd - Advance Time
FILE EDIT NAVIGATE EREAKPOINTS RUM
1 function x = fliplr(x)
B B . . . . . . daniel_theta_lfp_analysis3.m
2 $FLIPLR Flip matrix in left/right direction. Lo .
fit_fp_sin_multi.m
3 % Y = FLIPLR(X) returns X with the order of elements flipped left to righ | danieltheta_delta_analysis.m
4 % along the second dimension. For example, juxtaltetrode_theta_delta_plot.m
5 o juxtaltetrode_read_cell_features.m
6 o ¥ 12 3 b 5 Juxtaltetrode_read_WAW.m
= ecome 3 ) ) )
b - ecomes Juxtaltetrode_spike_burst_analysis.m
7 % 45686 6 Juxtaltetrode_group_spikes.m
a8 2 monero_calcs.m
9 & See also FLIPUD, ROT90, FLIP. e i e i
Juxtaltetrode.m
10 . .
) tutoriald_data_creation.m
11 % Copyright 1984-2013 The MathWorks, Inc. (orliaglE0). e s, i
12 malecule_sim.m
ilzl|= X = fllp (X 2) ; molecule_sim_setup.m
'
molecule_sim_specout.m
14 _sim_sj

fliplrm
+

Ln 13 Col 15




Fundamentals

MATLAB Scripts

They are the simplest kind of MATLAB programs, just containing a list of commands.

When a script runs, the result is the same as If the commands were entered one-by-one in
the command window.

To open a new blank script:
Use the key combination Ctrl+N, or gy LY (T
Click the New button in the editor, then choose the Script, or
Click the New Script option on the desktop Home tab. ;‘:,‘T'm Nf,w Of,e"

To open an existing file:
Use the key combination Ctrl+O, or

Click the Open button in the editor or desktop Home tab, or
Use the edit or open commands in the Command Window.



Fundamentals

MATLAB Scripts

There are two ways to run a script:

From the Command Window, by typing the script name and pressing
ENTER. N—

From the Editor, by pressing F5 or by clicking the Run button. L/

To run only a section of the script, we select this section and press F9.

By typing two % signs you can create a new section (the editor adds a thin
black line to separate sections), or use the insert section button: st =

To run a section make sure you are in the section (it will be highlighted
yellow) and press Ctrl+ENTER

21

2
23

25 -

31

33 -
34 -

35
36

arraytime =

toc

at = rand(10000);
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End of Part 1
Please start on Exercises 1
and 2
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Part 2
Data Types




Data Types

Data Types

* Just like humans remember Matrix or
numbers and words, computers || Array (full or
sparse)

can too, however we need to
specify what we want them to

|

Function

handle (@)
remember Logical Char Numeric Table Cell Struct )
1
« Each datatype below allows e B '
certain types of information to int8, int16, int32, single } double }
be stored, and certain int64, uints,
: uintl6, uint32,
operations e,
J




Data Types

Data Types — Numeric Classes

Default numerical data are double precision floating point (occupies 64-bits in memory)

Single precision floats are supported in more recent versions of MATLAB and they occupy 32-bits at the
cost of lower precision.

Signed and unsigned integer types are defined.

Not all functions work for all data types. For example, sin is a built in MATLAB trigonometric function
which is not defined for integer types.

Some commands (e.g. sequential indexing) require integer valued inputs but work with both integer and
floating point data types. For example, you can’t go to position 1.5 in an arrayj, it is only position 1 or
position 2.

The help documentation will help you identify which data type to use in each situation (help and doc).



Data Types

Data Types — Numeric Classes

 You can convert between
datatypes using the function
described in doc datatypes >> v - single(x

« Converting between data types
is called ‘casting’ >z e




Data Types

Data Types — Character Class

« Text data are represented using the character (char) data type.
« Astring is a vector (series stored in sequential order) of characters.

 String variables are surrounded by single quotes and highlighted in pink.




Data Types

Data Types — Characters and Strings

Working with
and displaying
text data /

Providing ~ - \
categorical | /Strlngs Displavin
sty areuseful | wamingand
MATLAB

€rror messages

functions (more
on this later

@

Naming |
variables and |
files



Data Types

Data Types — Characters and Strings

« Some useful functions:
e str2num: converts strings to numeric values
e numa2str: converts numbers to characters or string values
|t can be combined with matrix concatenation (more on this in the next section) to

reference a numbered file.

Command Window

>» filename = ['DataFile', numZ=str(400)]
filename =

DataFile400

fx >



Data Types

Data Types — The Logical Class

» The logical data type represents a logical
true or false state as 1 and O, respectively.

» Alogical expression is a piece of code
that returns a logical value.

 Logical values are used:
 For matrix indexing
 In conditional statements (more on
this later)

fed

»» if ischar(r)

circumference = Z2*pi*strZnum(r)
else

circumference = 2*pi*r

end

circumference =

12.5663T70814359172

o
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End of Part 2
Please start on Exercise 3
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Part 3
Matrices




Matrices

Matrices

« Almost everything in MATLAB is stored as a matrix, even all of the data types we discussed in the
previous section

| .
‘ |V|atrIX or Scalar
Array (full or

sparse)

' Function
handle (@)
Logical Char Numeric Table Cell Struct
: | ‘ | ‘
I‘ single II‘ double I

int8, int16, int32,
int64, uint8,
uintl6, uint32,
uint64




Matrices

Matrices

A 2D rectangular
structure capable of
storing multiple
elements of data in an
easily accessible
format.

The most basic MATLAB
data structure

Its elements must all be
of the same data type

2D matrices are also
used to store single
elements (1-by-1
matrix) and linear
series of elements (1-
by-N or N-by-1 matrix)




Matrices

Matrix Creation (1/2)

» Using the matrix constructor operator [ ]
« Within the matrix constructor:

Matrix elements are defined row-by-row with each
row terminated with a semi-colon (;)

Elements within a row are separated by commas or
spaces.

Spaces matter with signed data (commas are safer).
As matrices are rectangular, all rows must have the
same number of elements.

| Command Window
»» B =063 2 8 5 1 3]

??? Error using =>» wvertcat

CAT arguments dimensions are not consistent.

Jx w»

[ N I

[T I S

s =] Ld R

= Ry =] (M




Matrices

Matrix Creation (2/2)

Using built-in commands (functions)

* 0Nes:
e ZEeros:
* rand:
 randn:

The dimensions of the matrix are defined through the input arguments of the function.

Create a matrix of all ones
Create a matrix of all zeros

Create a matrix of uniformly distributed random numbers

Create a matrix of normally distributed

random numbers

| Command Window

>»> C = ones(2,4)

>»> D = randn(l, &)

—-0.4336 0.3426 3.5784 2.7694

Jx >

-1.349%9

3.0349




Matrices

Generating Numeric Sequences

* The colon operator is used to generate numeric sequences

 first:last generates a vector of sequential numbers from the
first value to the last. Default increment step is 1.

« Assequence can include also negative and fractional
numbers.

-1.5000 -0.5000 0.5000 1.5000

« If last< first, MATLAB returns an empty matrix.

>> D= T:4
D=

» For non-default stepping: first:step:last

Empty matrix: 1-by-0

>>» D ="T:-0.5:4
D:
7.0000 6.5000 6.0000 5.5000 5.0000 4,5000 4.0000

B o




Matrices

Generating Numeric Sequences

« Concatenation = create a new matrix by joining one or more matrices.
» Using the brackets operator [ ].

« C=[A B]orC=][A, B] for horizontal concatenation

« C =[A; B] for vertical concatenation
« Using built-in functions

 cat, horzcat, vertcat

* repmat: creates a matrix from tiled copies of a smaller matrix.

»»> F = [1,2,3:4,5,6]:
»» G = repmat(F,2,3)

T =

[T
T
[T
. T
T
. T

B s



Matrices

Matrix Indexing

 Command Window
« There are two ways to index a single element in a TATIEEEE AT A b T m e
matrix: 2T
* Row-column (subscript) indexing A(row, column) 6 3 2 s
o Linear indexing A(ind) where matrix elements S e
are counted downward through successive s 8t
columns. >> A(3,2)

ans =

« To convert between the two index styles: sub2ind and
Ind2sub.

8

>» L(5)

ans =

3




Matrices

Matrix Indexing — Sequential Elements

>»> disp (RL)

B o m
[T I R R
L

« Instead of using a single integer for indexing
a single element, we can use an integer- -
valued numeric seguence to access multiple L
elements. s> AL13116

Fx RB(2,1:3)




Matrices

Matrix Indexing — Sequential Elements

»>» disp (&)

>> (2,2 :end)

« The keyword end designates the last element in a
particular dimension of a matrix.

> L)

« The colon operator by itself refers to all elements.




Matrices

Matrix Indexing — Non-Sequential Elements

> disp (&)

= = nom
nom =
L

> B([1,4,8])

& 4

x B([1,4,9;2,3,4])

ans

Left: Using an integer-valued matrix

Right: Logical true and false are
represented as 1 and 0. Logical values
can be used for arbitrary matrix
Indexing.

| Command Window
»» L = (BA<5)
]'_ =
4] 1 1 Q
4] 1 1 Q
1 1] 1] 1
1 1] 1 1
> A(L) = 0O
A =
] 1] 1] 8
5 1] 4] T
4] & 7 4]
[#] 5 Q Q
fr o=




Matrices

Matrix Information

« The following functions reveal information . s
regarding matrix size and shape: »> size(5)
* size: The length of each dimension ans =
* length: The length of the longest 2 s
dimension >> length (F)

« numel: The total number of elements

3
> numel (F)
ans =

&

fx




Matrices

Matrix Information

The following functions reveal information regarding
matrix type and structure returning a true value on
success or false otherwise.

Examples are:

Isfloat
Isinteger
Isnumeric
Islogical
Isvector
Isscalar
iIsempty

»> iavector (D)

ans =

1

»> 1isscalar (D)

anzs =

0

>> izempty (D)

ans =




Matrices

Matrix Information

Command Window
. . . . ==» F = [1,2,3:4,5,8]:
« Matrices in MATLAB can be dynamically resized. >> F(1,5) = 3
F =
« Matrix expansion through concatenation. L.,
4 L & 0 0
 If writing to a location outside the current bounds of v F(112.5:6) - &
the matrix, MATLAB automatically pads it with zeros
where a row or column is not completely specified. T
1 2 0 g g
- - . 4 L & 0 8 a
« By assigning the empty matrix [ ] rows and columns
can be deleted. > Fle =
F =
1 p 0 8
4 L & 0 8
fx >




Matrices

Matrix Reshaping and Shifting

« The following functions modify matrix shape or £
ordering: e
« flipud: Flip matrix in up/down direction >> transpose (F)

« fliplr: Flip matrix in left/right direction ans -

« flipdm: Flip matrix in the specified direction L

* rot90: Rotate matrix anti-clockwise by 90 degrees o

» transpose: Flip matrix about its main diagonal, >> 20890 ()
turning row vectors into column vectors and vice ans -
versa. 2

* reshape: Modify the shape of a matrix. Lo

 circshift: Circularly shift matrix contents. 7> reshepe(fS2)

l -




Matrices

Matrix Sorting

The sort function sorts matrix elements along a
specified dimension (1 for columns, 2 for rows)

By omitting the specified dimension causes the
function to operate column-wise.

[Fo e -

[ PR T ]

F»> SOTrt (&)

ans =

[ (O Y

&N Ll

>» Sort (i, 2)

ans =

S o=

[

Bom




Matrices

Matrix Sorting

| Command Window |
. . . >» sorti(h, 2, "descend")
« The sort function sorts by default in ascending order. )
« Using an additional argument can be used for 53
descending order. s s 2 2
> SOortrows (A)
» The sortrows function keeps elements of all rows in ans =
their original order and sorts the rows according to the Lo 12
order of the elements in a specified column. =1
> sortrows (A, 2)
e 32 2 8
fx o=
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End of Part 3
Please start on Exercises 4 and 5




