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Prerequisites

The subject of the MATLAB Programming for the second stage.

Course description and objectives:

The course provides a gentle introduction to the MATLAB computing environment, and is
intended for beginning users and those looking for a review. It is designed to give students a basic
understanding of MATLAB. The course consists of interactive lectures and sample MATLAB
problems discussed in class. No prior programming experience or knowledge of MATLAB
is assumed. Concepts covered include basic use, graphical representations and tips for
designing and implementing MATLAB code.

Upon successful completion of this course, the student should be able to:

e Understand the main features of the MATLAB development environment

e Use the MATLAB GUI effectively

e Design simple algorithms to solve problems

e  Write simple programs in MATLAB to solve scientific and mathematical problems
e Model practical systems by using the Simulink

¢ Building basic GUI

e Know where to find help
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Semester 11

Week Date Topic
1 Feb. 19-25 | Getting Started, MATLAB Basics, Help/Docs, Scripts.
2 Feb. 26- | Making Variables (Scalars, Vectors & Matrices), save/clear/load, Built-in
Mar. 4 Functions, Manipulating Variables, Random Numbers.
3 Mar. 5-11 | Basic Plotting, Line Plots, Surface plots.
4 Mar. 12- | User defined Functions.
18
5 Mar. 19- | Flow Control, Relational Operators, if/else/elseif, for, while, find.
25
6 Mar. 26- | Vectorization, Avoiding Loops, Efficient Code. Performance Measures.
Apr. 1
7 Apr. 2-8 | Linear Algebra, Polynomials, Optimization, Symbolic Math.
8 Apr. 9-15 | Differentiation/Integration, Differential Equations.
9 Apr. 16- | Probability and Statistics, Data Structures, Cells organization,
22 Struct Arrays.
10 Apr.23-29 | Images, Figure Handles, Reading/Writing Images, display.
11 Apr. 30- | Debugging, File I/O, Reading and Writing Excel Files.
May 6
12 May 7-13 | Introduction to the Simulink
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27
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16 Jun. 4-10
nd Final Semester Examinations
Semester
Final Year
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MATLAB Programming

Section 1: Variables, Scripts,

operations, and Plots



Outline

(1) Getting Started



Matlab (=Matrix laboratory) is an interactive matrix-based software package intended
for complex scientific computations. It has several advantages over high-level
programming languages, such as C/C++, Fortran etc.

Advantages:

e A large set of toolboxes is available. A toolbox is a collection of matlab functions
specific for a subject.

At any time, variables (results of simulations) are stored in the workspace for
debugging and inspection.

Excellent visualisation (plots) capabilities,

Easy programming, e.qg. it is not required to define variable types (unless
needed). All variables are usually of type double (64 bit representation).

Quick code development.

Disadvantages:
e Very expensive for non students, although there are some free clones, such as

Octave or Sscilab that are matlab compatible (but not 100%).

e Code execution can be slow if programmed carelessly without vectorisation.

e Algorithms developed in Matlab will need to be translated in C or assembly if to
be used in some hardwares.



Some of MATLAB Applications

1- Math, Statistics and Optimization

2- Control System Design and Analysis

3- Signal Processing and Communications
4- Image Processing and Computer Vision
5- Test and Measurement

6- Computational Finance

/- Computational Biology

8- Simulation Graphics and Reporting

O- Robotics

10- System modelling and Analysis


Omar.Esmail
Typewritten text
Some of MATLAB Applications:
1- Math, Statistics and Optimization
2- Control System Design and Analysis
3- Signal Processing and Communications
4- Image Processing and Computer Vision
5- Test and Measurement
6- Computational Finance
7- Computational Biology
8- Simulation Graphics and Reporting
9- Robotics
10- System modelling and Analysis  


Getting Started

e Currently, Matlab is available in the PC cluster

e Open up MATLAB for Windows
> Through the START Menu or the desktop



Desktop Basics

When you start MATLAB, the desktop appears in its default layout.

{ HOME
= I 0 - ] ] 1, Hew Warable e » &natyze Code Tl : a1 (% Community
B = S L3 [Dienafies aey g = & D @reeses G W 9
{1+ Open Variable b7 Fum and Tme * Regquest Support
Hew Hew New Open || Compare IMpart Save Favorbes Layout ] St Path Add-Ons  Help —
Script LiveScript = = - Daota  Workspace | Clear Workspace - | 4 Clear Commands - - *  [2] Leamn MATLAB
FILE VARIABLE CODE ENVIROHMENT RESOURCES I
= 0 el A ¥ H: * Documnents ® MATLAB » * 0
Current Folder G Command Window LIl | \Workspace ¥
Marne Mew to MATLABT See resources for Getting Started, X1 Mame Value
-~
fx ==

Details -~ . .
Ready

The desktop includes these panels:

* Current Folder — Access your files.

« Command Window — Enter commands at the command line, indicated by the
prompt (>>).

- Workspace — Explore data that you create or import from files.



Command History

To dock or detach the Command History window, click , and then
select an option. To view the Command History if it is closed: on the
Home tab, in the Environment section, click Layout. Then, under
Show, click Command History and select either Docked or Popup.

Command History

T—— 1/10/2017 B8:32 PM —-3% 2

a=1

- 1/10/2017 B8:58 PM --%
help =in
doc =in
doc Simulink
a=1

2x save myenwv:
clear zall
load myemnv;
start = clock
startString=datestr (start)
help datestr
doc datestr
t—— 1/20/2017 B8:33 PHM —-%
d=[1 2 3:4 5 6:7 8 3]

d=[1 2 3
[455
7 8 9]

= a = d[1r:]
= a = d[1,:]
a = di(l,:)
a = di2,:)
= a = di{l;:)
a =di:,3)

=N I =
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Command History
To dock or detach the Command History window, click , and then 
select an option. To view the Command History if it is closed: on the 
Home tab, in the Environment section, click Layout. Then, under 
Show, click Command History and select either Docked or Popup.


Customization

4\ Preferences

4 MATLAB
Add-Ons
Code

4L

Analyzer

Pragramming Tools
Command History
Command Window
Comparison
Current Folder
Editor/Debugger
Figure Copy Template
Fonts
General
GUIDE
Help
Keyboard
Toolbars
Variables
Web
Waorkspace

Sirmulink

Computer Vision System Toolbox

Database Toolbox

Image Acquisiticn Toolbox

Image Processing Toclbox

Instrurment Control Toolbox

LTE Systemn Toolbox

MATLAE Report Generator

Parallel Computing Toolbox

Simscape

Preferences

MATLAB Colors Preferences

Desktop tool colors
Use systern colors

Text

MATLAE syntax highlighting colors

Keywords
Strings

System commands

MATLAE Command Window colors

Error text

Hyperlinks

Syntax highlighting sample
% create a file for

fid = fopen('testFile.txt',

for i=1:10

fprintf (fid, '35,

end

Tty

- Background

- Comments

- Unterminated strings

- Syntax errors

- Warning text

Command Window sample

>» samplefunction
Link to sample: link

=

Cancel

Restore Default Colors

Apply Help
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MATLAB Basics

e MATLAB can be thought of as a super-powerful graphing
calculator

» Remember the TI-Nspire CX CAS Graphing Calculator?
> With many more buttons (built-in functions)

e In addition it is a programming language
» MATLAB is an interpreted language, like Java
» Commands normally executed line by line
> Parallel Pool ( parallel language features such as "parfor")




Help/Docs

help

» The most important function for learning MATLAB on
your own
To get info on how to use a function:
» help sin

> Help lists related functions at the bottom and links to
the doc

To get a nicer version of help with examples and easy-to-
read descriptions:

» doc sin
To search for a function by specifying keywords:
» doc + Search tab
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(2) Scripts



Scripts: Overview

Scripts are
> collection of commands executed in sequence
» written in the MATLAB editor
» saved as MATLAB files (.m extension)

To create an MATLAB file from command-line
» edit helloWorld.m

or click
4 MATLB R201ER -
i @, a ,L {59 & @ Search Documentation
g r New Variable Analyze Code @Preferences E% : .,
& #]3 U L Find Fles &I i L\? IE'I E ) (1} Community
' (37 Open Varible ¥ i Run and Time 7 SetPath
New MNew Open Igj(;umpare Import  Save Simulink  Layout Add-Onz  Help ibamgsmuppm
Seripp ¢ 0w Data  Workspace L‘_*?Claarwmcspace v @Cb&rtﬂmnﬂﬁ v v “"Paraklv v v

FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES




Scripts: the Editor

* Means that it's not saved

Line numbers
MATLAB file Real-time

path error check
APPS PUBLISH @, 'ﬁﬁ. e | L 9 @ @ @ Search Documentation jo
- F - . - -
,{:] - [?Fmd Files g 5 Insert E fx P @ [ Run secion (ID) )
v o sae SO ﬂG; Taf L e meome e e Debugging tools
FILE NAVIGATE DIT BREAKPOINTS RUN
&% 9 0 E b C: » Program Files ¥ MATLAB » R2WGa ¥ bin » M

Ei Editor - C:\Users\omar.esmail\edit helloWorld.m*

[\edit helloWorld.m* | + |

¥ poinToss.m 47He|p file
:

a script that flips a falr coin and displays the output

= if rand<0.5 % if & random nukber is less than .5 say heads

disp('HELADS') ;
= else % if greaster than 0.5 sav tails

AE disp (' TAILS') :
= ercd

Comments

(o SRS o RS ) R R L
I

scripk Ln & Col 4

Possible breakpoints



Scripts: Some Notes

COMMENT!
» Anything following a % is seen as a comment
» The first contiguous comment becomes the script's help file
» Comment thoroughly to avoid wasting time later

Note that scripts are somewhat static, since there is no
input and no explicit output

All variables created and modified in a script exist in the
workspace even after it has stopped running



Exercise: Scripts

Make a helloWorld script
e When run, the script should display the following text:

Hello World!
| am going to learn MATLAB!

o Hint: use disp to display strings. Strings are written
between single quotes, like 'This is a string'



Exercise: Scripts

Make a helloWorld script
e When run, the script should display the following text:

Hello World!
| am going to learn MATLAB!

o Hint: use disp to display strings. Strings are written
between single quotes, like 'This is a string'

e Open the editor and save a script as helloWorld.m. This is
an easy script, containing two lines of code:

» % helloWorld.m
» $ my first hello world program in MATLAB

» disp('Hello World!');
» disp('I am going to learn MATLAB!');



Outline

(3) Making Variables



Variable Types

MATLAB is a weakly typed language
» No need to initialize variables!

MATLAB supports various types, the most often used are
» 3.84

» 64-bit double (default)
)) \al

> 16-bit char

Most variables you’ll deal with will be vectors or matrices of
doubles or chars

Other types are also supported: complex, symbolic, 16-bit
and 8 bit integers, etc.



Naming variables

e To create a variable, simply assign a value to a name:
» varl=3.14

» myString=‘hello world’

e Variable names
> first character must be a LETTER
» after that, any combination of letters, numbers and _
» CASE SENSITIVE! (varl is different from vVarl)

e Built-in variables. Don’t use these names!
» i and j can be used to indicate complex numbers
»pi has the value 3.1415926...
» ans stores the last unassigned value (like on a calculator)
» Inf and -Inf are positive and negative infinity
» NaN represents ‘Not a Number’



Scalars

e A variable can be given a value explicitly
» a = 10
» shows up in workspace!

e Or as a function of explicit values and existing variables
» C 1.3*%45-2%*a

e To suppress output, end the line with a semicolon
» cooldude = 13/3;



EXERCISES

Give values to variables a and b on the command line, e.g,, a = 3 and
b = 5. Write some statements to find the sum, difference, product and
quotient of a and b.

Assign a value to the variable x on the command line, e.g.,, x = 4 * pi~2.
What is the square root of x? What is the cosine of the square root of x?
Assign a value to the variable y on the command line as follows: y = -1.
What is the square root of y? Show that the answer is

ans =
0 + 1.00001

Yes, MATLAB deals with complex numbers (not just real numbers). Hence
the symbol i should not be used as an index or as a variable name. By
default, it is equal to the square root of —1. (Also, when necessary, j is
used in MATLAB as a symbol for /—1. Hence, it also should not be used
as an index or as a variable name.) Give an example of how you have used
complex numbers in your studies of mathematics and the sciences up to
this point in your education.
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Arrays

e Like other programming languages, arrays are an
important part of MATLAB

e Two types of arrays

(2) cell array of objects (more advanced data structure)

MATLAB makes vectors easy!
That’s its power!




Row Vectors

Row vector: comma or space separated values between
brackets
» row = [1 2 5.4 -6.6]

» row = [1, 2, 5.4, -6.6];

Command window: > row=[1 2 5.4 -5.6]

row =

1.0000 Z2.0000 5.4000 —&.6000

Workspace:

Mame = VYalue ~ Min fax
row [1.254000-6.6000] -6,6000 5.4000




Column Vectors

e Column vector: semicolon separated values between
brackets

» column = [4;2;7;4]

e Command window: > column=[4;2;7;4]

column =
4
=
g
4
o Workspace: lll."l'IEIFkE-FlECE [E:l
Mame Value Min.  Max

column [4:2:7:4] 2 i




size & length

e You can tell the difference between a row and a column
vector by:

» Looking in the workspace
» Displaying the variable in the command window
» Using the size function

>»> glze{row) >» gize {column)

arns = ans =
1 q 4 1
e To get a vector's length, use the length function
>> length (row) »*> lengthi{column)

ans = ans =



Matrices

e Make matrices like vectors

El by el F 2}
o ement by element a=

» a= [1 2;3 4] ;/ 3 4

e By concatenating vectors or matrices (dimension matters)
» a =

» b =

» C =

» d =
» e = [d cl;
» £ = [[e el;[a b al]l] ;=

» str = ['Hello, I am ' 'John'];

» Strings are character vectors

—>
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(4) Manipulating Variables



Basic Scalar Operations

Arithmetic operations (+,-,%*,/)
» 7/45

» (1+1i)*(2+1)

» 1/ 0

» 0/ 0

Exponentiation ()
» 472
» (3+4%5) "2

Complicated expressions, use parentheses
» ((2+3)*3)70.1

Multiplication is NOT implicit given parentheses
» 3(1+0.7) gives an error

To clear command window
» clc



Table : Arithmetic operations

Operation Operator | Example
Addition == 2 + 2
Subtraction - 4 -2
Multiplication * 2%2
Division / 4/2
Square root sqrt sqrt (4)
Power - 2°3

To perform arithmetical operations in MATLAB we use the symbols listed
in Table . When the same number must be used several times, it is rec-
ommended to store it as a constant. Thus, we spare work and avoid input
errors. We can retrieve the names of the stored constants by typing who, and
obtain more details with whos. All this information can be also found in the
Workspace window



Table Arithmetic Operations Between Two Scalars

Addition a—+b a+b
Subtraction ' a—>b a-b
Multiplication axb a*b
Right division a/b a/b
Left division bja a\b
Power ' al a~b
Table Precedence of Arithmetic Operations

Parentheses (round brackets)

Power, left to right

Multiplication and division, left to right
Addition and subtraction, left to right

BoWN =




Built-in Functions

e MATLAB has an enormous library of built-in functions

e Call using parentheses - passing parameter to function
» sqrt(2)
» log(2), logl0(0.23)
» cos(l.2), atan(-.8)
» exp(2+4*1i)
» round(1.4), floor(3.3), ceil(4.23)

» angle(i); abs(l+i);



Table

: Trigonometric and inverse trigonometric functions

Function Trigonometric Inverse

Argument Degrees | Radians | Degrees | Radians
sine (sin) sind sin asind asin

cosine (cos) cosd cos acosd acos
tangent (tan) tand tan atand atan
atan2

cotangent (cot) | cotd cot acotd acot

secant (sec) secd sec asecd asec

cosecant (csc) cscd cSC acscd acsc

The set of trigonometric and inverse trigonometric functions provided by
MATLAB is listed in table For each function there is a variant that
accepts arguments in radians, and one that accepts arguments in degrees.



Exponential and logarithmic functions can be calculated with the functions
listed in Table

Table : Exponentials and logarithms
Operation Command | Example | Meaning
Exponential function exp exp(7) ef
Natural logarithm log log(2) log, 7
Common logarithm logl0 log10(10) | log,, 10
Base 2 logarithm log2 log2(8) log2(8)




As an example,

consider the parallelepiped shown in

the Figure.

Its breadth is 40 mm, depth, 30 mm,

and height, 60 mm.

We use the initials of these dimensions as
names of constants and allocate them the
above-mentioned values.

Next, we calculate the area of the base,
the volume of the parallelepiped

and the area of the developed surface

as follows:

60

N
N

FIGURE: A parallelepiped
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As an example,
consider the parallelepiped shown in 
the Figure.
Its breadth is 40 mm, depth, 30 mm, 
and height, 60 mm. 
We use the initials of these dimensions as 
names of constants and allocate them the 
above-mentioned values. 
Next, we calculate the area of the base, 
the volume of the parallelepiped 
and the area of the developed surface 
as follows:


Solution:

= B = 40;
> D = 30;
= H = 60;
= BaseArea = BxD
BaselArea =

1200
= Volume = BaseArea*H
Volume =

72000
> Developed = 2+BaseArea + 2%B*H + 2#D*H
Developed =

10800
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Solution:


Transpose

The transpose operators turns a column vector into a row
vector and vice versa

» a = [1 2 3 4+1i]
» transpose (a)
» a'

» a.'

The ' gives the Hermitian-transpose, i.e. transposes and
conjugates all complex numbers

For vectors of real numbers .' and ' give same result



Addition and Subtraction

Addition and subtraction are element-wise; sizes must
match (unless one is a scalar):

[12 3 32 -11 12113 9

2 11 =30 32] O T I

- —-10 13 23
=[14 14 2 21
] 0 33 -33

The following would give an error

» ¢ = row + column

Use the transpose to make sizes compatible
» ¢ = row’ + column

» ¢ = row + column’

Can sum up or multiply elements of vector
» s=sum(row) ;
» p=prod(row) ;



Element-Wise Functions

All the functions that work on scalars also work on vectors
» t = [1 2 3];
» £ = exp(t);
> is the same as
» £ = [exp(l) exp(2) exp(3)];

If in doubt, check a function’s help file to see if it handles
vectors elementwise

Operators (* / ~) have two modes of operation
> element-wise
» standard



Operators: element-wise

e To do element-wise operations, use the dot: . (.*, ./, .7).
BOTH dimensions must match (unless one is scalar)!

» a=[1 2 3]1;b=[4;2;1];
» a.*b, a./b, a.”b 2 all errors
» a.*b', a./b’, a.”(b’) = all wvalid

(4] (11 1] [1 2 3] [1 2 3]
[1 2 3].*|2|=ERROR 2 2 2*1 2 3|=|2 4 6
1 13 3 3] [1 2 3] [3 6 9]
11 41 [4] 3x3.*3x3=3x%x3
21.%12 (=4
3 1 3
3_><i.*3_><_1:§><_1 F 2}.A2={12 22}
3 4 3?2 47

Can be any dimension




Operators: standard

e Multiplication can be done in a standard way or element-wise

e Standard multiplication (*) is either a dot-product or an outer-
product
» Remember from linear algebra: inner dimensions must MATCH!!
e Standard exponentiation (©) can only be done on square matrices
or scalars

o Left and right division (/ \) is same as multiplying by inverse

» Our recommendation: just multiply by inverse (more on this
later)

4 2], [1 2], 2 11 1]]1 2 3] [3 6 9]
[1 2 3]*|2|=11 3 4 13 4| |3 4 2 2 2%l 2 3|=/6 12 18
1 Must be square to do powers _3 3 3_ _1 2 3_ _9 18 27_

Ix3*3x1=1x1 3x3*3%x3=3%3




Table : Array operations

Operation Operator
Addition +
Subtraction -
Multiplication **
Division ./
Power )




Exercises

Use MATLAB array operations to do the following:

Add 1 to each element of the vector [2 3 -1].
Multiply each element of the vector [1 4 8] by 3.

Find the array product of the two vectors [1 2 3] and [0 -1 1]. (Answer:
[0 -2 3])

Square each element of the vector [2 3 1].



Automatic Initialization

e Initialize a vector of ones, zeros, or random numbers
» o=ones(1,10)
» row vector with 10 elements, all 1
» z=zeros (23,1)
» column vector with 23 elements, all O
» r=rand (1,45)
» row vector with 45 elements (uniform [0,1])
» n=nan(1l,69)

» row vector of NaNs (useful for representing uninitialized
variables)

The general function call is:
var=zeros (M, N) ;

N

Number of rows Number of columns




Automatic Initialization

e To initialize a linear vector of values use linspace
» a=linspace(0,10,5)
> starts at 0, ends at 10 (inclusive), 5 values

e Can also use colon operator (:)
» b=0:2:10
» starts at 0, increments by 2, and ends at or before 10
» increment can be decimal or negative
» ¢=1:5
> if increment isn’t specified, default is 1

e To initialize logarithmically spaced values use logspace
» similar to linspace, but see help



Vector Indexing

MATLAB indexing starts with 1, not O

a(n) returns the nt element

a=[13 5 9 10
NN

a(l) a(2) a(3) a(4)

The index argument can be a vector. In this case, each
element is looked up individually, and returned as a vector
of the same size as the index vector.

» x=[12 13 5 8];
» a=x(2:3) ; »a=[13 5];
» b=x(1l:end-1); » b=[12 13 5];




Matrix Indexing

e Matrices can be indexed in two ways
> using subscripts (row and column)
» using linear indices (Recommended if matrix is a vector)

e Matrix indexing: subscripts or linear indices

~ \

b(1,1)—[14 33]— b(1,2) b(1)—[14 33— p(3)
b(2,1)—| 9 8 |— b(2,2) b(2) — |9 8|« b(4)

e Picking submatrices
» A = rand(5)
» A(l:3,1:2)
» A([1 5 31, [1 4])



Advanced Indexing 1

e To select rows or columns of a matrix, use the :

125
C =
-2 13

» d=¢(1, ) ; - d=[12 5];
» e=c(:,2);———- o e=[5;13];

» ¢(2,:)=[3 6]; %replaces second row of c



Advanced Indexing 2

MATLAB contains functions to help you find desired values
within a vector or matrix

» vec = [6 3 1 9 7]

To get the minimum value and its index:
» [minVal,minInd] = min(vec);

»max works the same way

To find any the indices of specific values or ranges
» ind = find(vec == 9);
» ind = find(vec > 2 & vec < 6);
» find expressions can be very complex, more on this later

To convert between subscripts and indices, use ind2sub,
and sub2ind. Look up help to see how to use them.



EXAMPLE: Spring in series

1. the force acting on each spring is F;
2. the total compression, X, is the sum of the individual
compressions of the three springs:

F N F 4 F
€r = ' —
k ko ks
Assume the following data for the Figure:

F=05N, k;=005 Nmm™, k, =008 Nmm™", k;=0.04 Nmm™

n

-
%]

In MATLAB, calculate the equivalent spring constant and
the individual compressions of the three springs with the
commands

FIGURE: Three helicoidal
springs in series
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FIGURE: Three helicoidal springs in series
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1. the force acting on each spring is F;
2. the total compression, x, is the sum of the individual 
    compressions of the three springs:
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Assume the following data for the Figure: 

Omar.Esmail
Typewritten text
In MATLAB, calculate the equivalent spring constant and the individual compressions of the three springs with the commands


05;
0.05 0.08 0.04 1;
1/sum(1. /k)

= F =1
> k= [
> Keq =
Keq =
0.0174
= F/Keq
2.8750

> xi = F./k
X1l =
1.0000 G.EESQ 1.2500

|

T
> sum(xi) - x
ans =
0

. J/




What happens if the resistors are connected in parallel, as in Figure
In this case the voltage across any resistor is equal to E. while the current
intensities in the three resistors are equal to

E/R;. E/Ry.E/R;

According to Kirchoff’s current law, the total current. 7. through E equals
the sum of the three currents and we can write

i=FE/R,+E/R, + E/R3

If we note by R., the equivalent resistance that can replace the three given
resistors, we can write

— E/R, + E/R, + E/R3

i =

Req

The obvious conclusion is

It is easy to generalize the above result and state that the equivalent resis-
tance of a number of resistors connected in parallel 1s equal the the harmonic
mean of the individual resistances.

For a numerical example we use the same values as for the series connection
of resistors. Then, we calculate the equivalent resistance and the total current
with the MATLAB commands




Y

> R = [ 100 200 300 ];
> E = 12;

> Req = 1/sum(1./R)
Req =

54 .5455

3 it = E/Req

it =

0.2200

We can calculate the currents through the three resistors

> i = E./R

0.1200 0.0600 0.0400

and check that their sum equals the total current

TN

% gum(i)

dals =
0.2200
N J/




Random Numbers

e MATLAB contains the common distributions built in
» rand
» draws from the uniform distribution from 0 to 1
» randn
» draws from the standard normal distribution (Gaussian)
» random
» can give random numbers from many more distributions
> see doc random for help
> the docs also list other specific functions
e You can also seed the random number generators

» rand('state',0); rand(l); rand(1l):;
rand('state',0); rand(1l);



save/clear/load

Use save to save variables to a file
» save myFile a b
> saves variables a and b to the file myfile.mat
> myfile.mat file is saved in the current directory
> Default working directory is
» \MATLAB

> Make sure you're in the desired folder when saving files. Right
now, we should be in:

» MATLAB\

Use clear to remove variables from environment
» clear a b

> look at workspace, the variables a and b are gone

Use load to load variable bindings into the environment
» load myFile

> look at workspace, the variables a and b are back

Can do the same for entire environment
» save myenv; clear all; load myenv;



Outline

(5) Basic Plotting



Plotting

e Example
» x=linspace(0,4*pi,10);

» y=sin(x) ;

e Plot values against their index
» plot(y);

e Usually we want to plot y versus X
» plot(x,vy):;

MATLAB makes visualizing data
fun and easy!




What does plot do?

o plot generates dots at each (x,y) pair and then connects the dots
with a line

e To make plot of a function look smoother, evaluate at more points
» x=linspace(0,4*pi,1000) ;
» plot(x,sin(x));
e X and y vectors must be same size or else you'll get an error
» plot([1 2], [1 2 3])
> error!!

1000 x values:

0.6 B 0.6

10 x values:

0.4} 1 0.4}

0.2 q 0.2

0.2} B 0.2}
0.4} ] 0.4}

-0.6 B -0.6

-0.8 B -0.8




Let us plot the function ¥y = sinz in the interval 0 to 27
sequence of commands is

radians. The

4 N
> x = 0: pi/60: 2*pi;
> y = sin(x);
> plot(x, y), grid
> title(’Sine function’)
> xlabel(’x, radians’)
> ylabel(’sin(x)’)
. J
The command in the first line generates the sequence
0, /60, 27/60, ..., 27
Sine function
1 T T T T
/
0.6 / \\
/ \
oal / \ ]
If ‘1\
02 Iﬁ - 11 -
x’f Y
% ofF "II"I. Ty 7
\Kx fxf
-0.2 III\I"' Jlll!-'
-0.4f \\\\ f E
-06l \‘-. // -
0Bk / 4
1 1 ] ] - 1

x, radians

FIGURE : A plot of the sine function



Outline

(6) Line Plots



Can change the line color, marker style, and line style by
adding a string argument

» plot(x,y,’'k.-");

color marker line-style

Can plot without connecting the dots by omitting line style
argument

» plot(x,y,’.")

Look at for a full list of colors, markers, and
linestyles



Playing with the Plot

) Figure 2 D@‘E‘

to select lines |File Edit Wiew Insert T_Dols Desktt_jp _Window Help

and delete or @I_@la@@ ==

change < " — to see all plot

roperties ' ' | | ~. |

prop \ | ‘6 Slide the plfﬁ. tools at once
\‘ to zoom in/out  around i

d

- 2
7
Cut

Copy
Delete

Color...

Lime Width  »
Line Style 3 v solid
Marker ¥ dash
Marker Size  » dot

' Properties. .. dash-dot
Show M-code LS

Courtesy of The MathWorks, Inc. Used with permission.




Line and Marker Options

Everything on a line can be customized

» plot(x,y,'--s','LineWidth',2, ...
'Color', [1 0 O],
'MarkerEdgeColor', 'k', ...
'MarkerFaceColor', 'g',
'MarkerSize',10)

You can set colors by using

a vector of [R G B] values 08
or a predefined color 06/
character like 'g’, 'k', etc.

0.4+
0.2+

See doc line_props for a full list of
properties that can be specified |

045

0.6

-0.8

L L L L
4 -3 2 -1 0



Cartesian Plots

e We have already seen the plot function

» X=-pi:pi/100:pi;

» y=cos (4*x) .*sin (10*x) .*exp (-abs(x)) ;

» plot(x,y,'k-");

e The same syntax applies for semilog and loglog plots

» semilogx(x,y,'k');
» semilogy(y,'r.-"');

» loglog(x,Vv);

For example:
» x=0:100;

» semilogy (x, exp(x),"

k.-");

10%

1040 L

107}

107}

10"}

10°

1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100




3D Line Plots

e We can plot in 3 dimensions just as easily as in 2
» time=0:0.001:4*pi;
» X=sin(time) ;
» y=cos (time) ;
» z=time;
» plot3(x,y,z,'k', 'LineWidth', 2) ;

» zlabel ('Time!') ;

e Use tools on figure to rotate it s

e (Can set limits on all 3 axes
» x1lim, ylim, zlim

-0.5



Built-in axis modes

» axis square
» makes the current axis look like a box
» axis tight
> fits axes to data
» axis equal
» makes x and y scales the same
» axis xy
> puts the origin in the bottom left corner (default for plots)
» axis 1ij

» puts the origin in the top left corner (default for
matrices/images)



Multiple Plots in one Figure

e To have multiple axes in one figure
» subplot(2,3,1)

> makes a figure with 2 rows and three columns of axes, and
activates the first axis for plotting

» each axis can have labels, a legend, and a title
» subplot(2,3,4:6)
> activating a range of axes fuses them into one

e To close existing figures
» close([1 31)
> closes figures 1 and 3
» close all
> closes all figures (useful in scripts/functions)



Figures can be pasted into other apps (word, ppt, etc)
Edit-> copy options-> figure copy template

» Change font sizes, line properties; presets for word and ppt
Edit-> copy figure to copy figure

Paste into document of interest
=

}File Edit View Insert Tools Desktop Window Help 4 Preferélnces ‘E‘

DedE K |RROe | E 0B 80
E Figure Copy Template Preferences
ek Settings for: [PowerPoim] [Resiore Defauns] &
Text
D6
|:| Change font size
D4+
|:| Black and white
02+ [ Bold
oL Lines
B Figure Copy Template [ Custom wicith:
2 [] change style
04
Uicortralzs and axes
Show vicortrals
0.6 -
|:| Keep axes limits and tick spacing
0B I [ Anply to Figure “ Restore Figure | B
-4 3 2 -1 ] | 2 3
[ a8 ‘ [ Cancel I [ Apply ‘ [ Help ‘

Courtesy of The MathWorks, Inc. Used with permission.



Saving Figures

e Figures can be saved in many formats. The common ones |
are: | Figure 1 =]k

Save As

Savein: 1 I work

Shelper SPFLab
EHH_files S PFLab12
SIntroNumSim SPhys Found
S Models of the Neuron S QuantPhys1

o w |

.fig preserves all
information

.bmp uncompressed
image

N Y
—~ | =
Mgame:  untitled fig 1

™ | MATLAE Figure {*fig) Cancel (] .

M ATLAB Figure (" fig)

o Adobe llustrator file {~.ai)
'E'rtmap file " bmp)

| EPS file (~ eps) =

Enhanced metafile *.emf)

JPEG image (" jpg)

MATLAE Figure (" fig)

2 | |Pairtbrush 24-bit file (" pod

Portable Bitmap file " pbm)

Portable Document FDmEt {~ pdf) X

.eps high-quality
scaleable format

.pdf compressed
image

y

4 -3 -2 -1 0 1 2 3 4

Courtesy of The MathWorks, Inc. Used with permission.



Modify the plot command in your plotSin function to use
squares as markers and a dashed red line of thickness 2

as the line. Set the marker face color to be black
(properties are LineWidth, MarkerFaceColor)

If there are 2 inputs, open a new figure with 2 axes, one on
top of the other (not side by side), and activate the top one

(subplot)
plotSin (6)
TR A TR A A T A
NI I L L L
LA LA LEE

0.2

0.2

041

-0.6

0.8

-

oo
v
Vo

1 i 1 ] H
A T A A T S A A N
LS B I B N N

|

Vo v bl Vo Vo Vo
b

! .

Vo i P I Vo P
8 43 s RS ms N

Vi Vi L L Vi Vi

] t V! I

| [ ! [ [ I

L1 (1] i"l l-ﬁ -i. Ll

i i | f E

0 1 2 3 4 5

|
A
!
C T T T T I Y TN A B I B
(T A A A S A S A S A

0.8-

0.6+

0.4-

0.2

plotSin(1,2)

I
0.1

I I I I I I I I ]
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1



Modify the plot command in your plotSin function to use
squares as markers and a dashed red line of thickness 2

as the line. Set the marker face color to be black
(properties are LineWidth, MarkerFaceColor)

If there are 2 inputs, open a new figure with 2 axes, one on
top of the other (not side by side), and activate the top one
(subplot)

» if nargin ==
plot(x,sin(f1*x),'rs--"',...
'LineWidth', 2, '"MarkerFaceColor', 'k"'") ;
elseif nargin ==
subplot(2,1,1);
end



(7) Image/Surface Plots



Visualizing matrices

Any matrix can be visualized as an image
» mat=reshape(1:10000,100,100);

» imagesc (mat) ;
» colorbar

iImagesc automatically scales the values to span the entire
colormap

Can set limits for the color axis (analogous to x1im, ylim)
» caxis ([3000 7000])



Colormaps

e You can change the colormap:
» imagesc (mat)

» 10
—

20

» default map is jet
» colormap (gray)

» colormap (cool)
» colormap (hot (256))

e See help hot for a list

e Can define custom colormap
» map=zeros (256,3) ;

» map (:,2)=(0:255) /255;—
» colormap (map) ; .




Surface Plots

It is more common to visualize surfaces in 3D

Example: f(x,y)=sin(x)cos(y)
xel|-nx| ye|-nx]

surf puts vertices at specified points in space X,y,z, and
connects all the vertices to make a surface

The vertices can be denoted by matrices X,Y,Z

How can we make these matrices i \
> loop (DUMB) g i |

> built-in function: meshgrid



Make the x and y vectors
» x=-pi:0.1l:pi;

» y=-pi:0.1l:pi;

Use meshgrid to make matrices (this is the same as loop)
» [X,Y]=meshgrid(x,vy):;

To get function values,
evaluate the matrices

» Z =sin(X) .*cos (Y) ;

L ; e
: T
S iy

i i I
Plot the surface W o
» surf(X,Y,2)

ty iy
i bt
» surf(x,vy,2);

e,
W

R ' !
et ! 1‘11" b i

el
i
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vt I
A
ey




surf Options

e See help surf for more options

e There are three types of surface shading
» shading faceted

» shading flat
» shading interp

e You can change colormaps
» colormap (gray)

;
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contour

You can make surfaces two-dimensional by using contour

» contour(X,Y,Z, 'LineWidth', 2)

» takes same arguments as surf \3..

%]

» color indicates height

» can modify linestyle properties al
» can set colormap of

» hold on
» mesh(X,Y,Z)
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Modify plotsin to do the following:

If two inputs are given, evaluate the following function:

Z =sin( fix)+sin( f,»)
y should be just like x, but using f2. (use meshgrid to get
the X and Y matrices)

In the top axis of your subplot, display an image of the Z
matrix. Display the colorbar and use a hot colormap. Set
the axis to Xy (imagesc, colormap, colorbar, axis)

In the bottom axis of the subplot, plot the 3-D surface of Z
(surf)



Exercise: 3-D Plots

» function plotSin(£f1l,£2)

x=linspace(0,2*pi,round(16*£f1) +1) ;
figure

if nargin == 1
plot(x,sin(f1*x),'rs--"',...
'LineWidth', 2, '"MarkerFaceColor', 'k"'") ;
elseif nargin == 2

y=linspace(0,2*pi, round(16*£2) +1) ;
[X,Y] =meshgrid(x,Vy);
Z=sin (f1*X) +sin (£2*Y) ;
subplot(2,1,1); imagesc(x,y,Z); colorbar;
axis xy; colormap hot
subplot(2,1,2); surf(X,Y,2);
end



Exercise: 3-D Plots

plotSin (3, 4) generates this figure
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Specialized Plotting Functions

MATLAB has a lot of specialized plotting functions
polar-to make polar plots

» polar(0:0.01:2*pi,cos((0:0.01:2*pi) *2))
bar-to make bar graphs

» bar(1:10,rand(1,10));

quiver-to add velocity vectors to a plot

» [X,Y] =meshgrid(1:10,1:10) ;

» quiver (X,Y,rand(10) ,rand (10)) ;
stairs-plot piecewise constant functions

» stairs(1l:10,rand(1,10));

fill-draws and fills a polygon with specified vertices
» £111 ([0 1 0.5],[0 O 1],'x");

see help on these functions for syntax

doc specgraph - for a complete list



End of Section 1

(1) Getting Started

(2) Scripts
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(4) Manipulating Variables
(5) Basic Plotting
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(7) Image/Surface Plots
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