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Matlab – Basics
[image: image1.png]Fle Edt Debug Deskiop Window beh
D@ % B®o o | B | 2| curentorectory [cmatasrwork

Shortuts (2] How to Add (2] What's New.

Command Window.

o 85 R
AlFies ~ T Your MATLAB license will expire in 32
Sdmash aov AV File Pleass contact your system administrator
B 3dmash.m Mefle The MathWorks to renew this license.
Epoly2m Ml
Biwem Mfle

To get started, select MATLAE Help or Demos fxj





Matlab is an interactive system

Commands are typed at the prompt >> in the Command Window

The computation result is computed after pressing enter.
As a simple start, Matlab can be used as a pocket calculator:

>> 7*5

   ans = 


35
>> sqrt(100)

   ans =


10

>> 2^(-42)
   ans=

      2.2737e-013

The last result was displayed in exponential notation, which means:

2.2737x10-13
The variable ans is created (or overwitten if already exists) when an expression is not assigned to a variable.

It can be referenced later like any other variable.

Variables in Matlab are not declared apriori - before their use - as in other programming  languages :
- they are created when assigned:

Variable a is created just now ! :
>> a=sin(35)

   a=  
     -0.4282

we assigned to a the  sinus of 35 radians

The printing of the output can be suppressed by appending 
a semicolon ";" to the command :

>> a=sin(35);
>>
This statement assigns a value to variable b but without printing it:
>> b=3*a-1;

>>
Commas or semicolons are used to separate statements that appear on the same line:

>> c=3, d=sin(.5), e=2*c/d

   c=
      3

   d=

     0.4794

   e=

     12.5150

Here the 1st two statements’ output is suppressed, but not the 3rd : 
>>x = 1; y=2; z=x+y
  z=

    3
Matlab is case sensitive : a and A are considered two different variables names.
To perform a sequence of commands, these can be written into a script 
M-file,  which is a  regular text file with a “.m” extension after its name.

Example: processing a set of grades:

Write a text file grades.m as follows:

%Grades of the … this is a comment line

xgrades = [ 85 97 67 45 90 100];

xsort = sort(xgrades)

xmean = mean(xgrades)

xmed = median(xgrades)

xstd = std(xgrades)

xgrades is a vector of 6 elements (placed in positions 1 to 6 – there is no zero position in Matlab’s arrays !) 

The file can be saved in a directory which is mentioned in the Matlab path.

Later in order to activate this little program – named grades.m - just write:

>> grades

and the results of the program will be displayed on the command window

Calling grades is equivalent to typing each and every command found in it.

sort,mean,median,std  are built-in functions of Matlab

To quit Matlab type 

>> exit

or 

>> quit

Vectors
a is a row vector:

>> a=[1 2 3]
a =
     1     2     3
b is a column vector
>> b=[1;2;3]
b =
     1
     2
     3

a semicolon (;) in a vector tells Matlab to start a new row.

Let’s multiply a 1x3 array by a 3x1 array:

(inner product or dot product)

>> a*b
ans =
    14
>> dot(a,b)
ans =
    14
The outer product:
>> b*a
ans =
     1     2     3
     2     4     6
     3     6     9

What about a*a or b*b :

>> b*a
ans =
     1     2     3
     2     4     6
     3     6     9
>> a*a
??? Error using ==> mtimes
Inner matrix dimensions must agree.
>> b*b
??? Error using ==> mtimes
Inner matrix dimensions must agree.

More fundamentals

Matlab has many more functions in addition to the usual functions found in a pocket calculator.

Creating a random 3x3 matrix:

>> A=rand(3)

A =
    0.9501    0.4860    0.4565
    0.2311    0.8913    0.0185
    0.6068    0.7621    0.8214
each entry of A is chosen independently from the uniform distribution on the interval [0, 1].

The inv command inverts A:

>> inv(A)
ans =
    1.6740   -0.1196   -0.9276
   -0.4165    1.1738    0.2050
   -0.8504   -1.0006    1.7125

Multiply it by A: inv(A) * A 
>> ans*A
ans =
    1.0000    0.0000         0
    0.0000    1.0000         0
         0    -0.0000    1.0000
The product has 1’s on the diagonal.

The -0 are not exactly zeros.
Matlab stores numbers and computes to a relative precision of about 16 decimal digits.

By default it displays numbers in a 5 digits format.

Lets try a more precise display format :
>> format short e 

… changing the format
>> ans

   

… re-displaying ans 
ans =
  1.0000e+000  1.1102e-016       0
  2.7756e-017  1.0000e+000       0
            0 -2.2204e-016   1.0000e+000

We see that the supposed zeros are not zeros but very small numbers: - - - results of rounding errors.
The previous format can be restored by 

>> format

or 

>>format short

>> format compact … suppresses blanc lines

The help command
>> help

>> help format

>> help sqrt
 SQRT   Square root.
SQRT(X) is the square root of the elements of X. 
Complex results are produced if X is not positive.
See also sqrtm.

The names of all Matlab built-in functions are typed in lower case.
In the help text these names appear in capital letters to increase the readability.

See also the: 

>> lookfor “command”
If there is an error when typing at the prompt – correct it by using the arrows ,backspace and del keys.

Previous command lines can be recalled using the up arrow key.
The down arrow key goes down thru the commands list.

If you type a few chars before hitting the up arrow then the most recent command line beginning with these characters is recalled.

You can scroll thru the previously typed commands in the current and past sessions in the command history window.

A Double click on the command executes it.

Clc : clears the Command window.

A matlab computation can be aborted by pressing ctrl-c.
If Matlab is executing a built-in function it may take some time to respond to this keypress.
A line can be terminated with periods “. . .” which causes the next line to be a continuation line.

>> a=1+2+3+…

4+5

a=

   15

There are no separate computations done in integer type and in double type:

· all computations are done in floating point arithmetic(more precise)

Special values:
pi, i,
realmin – smallest positive real number in matlab syst

realmax – largest usable positive real number

inf – infinity

NaN – not a number

beep – makes computer sound a beep
bitmax – largest usable positive integer

>>inf

  ans=

    inf

>> a=1/0

   a=

     inf

>>a/13

  ans=

     inf

>> 5+NaN
   ans=

      NaN

>> a=0*inf

   ans=

      NaN

Complex numbers can be  entered as:

2+3i, 4+5*sqrt(-1), complex(3,-4)

the form 2+3i can be problematic if i is used as a variable in the context.

It is possible to override existing built-in function by creating new names with the same names. 
This practice should be avoided as it can lead to confusion.

Variable names are case sensitive and can be up to 31 chars long.
They start with a letter and continue with any combination of letters ,digits and underscores.

A list of variables currently present in the workspace can be obtained by typing :
>> who
>> whos …shows the size and class of each var as well.

An existing variable can be eliminated from the workspace by :
>> clear var

>> clear… clears all existing vars.
Workspace browser – to examine the worspace.
View workspace menu

>> workspace

A value of a variable (suppose x) can be edited interactively in a spreadsheet format, by double clicking the var name or:

>>openvar(‘x’)

To save all vars for a future session:

>>save filename

it saves them in a file called filename.mat
To save only the variables x,y :
>> save filename x y

to load them from the file saved previously:

>> load filename

to load individual vars from filename.mat :

>> load filename a b

Capturing matlab output:

>> diary filename

. . .

. . .

all subsequent matlab activity is recorded on filename

>> diary off… turns off diary facility.

To print the value of a var or an expression without the name of the var or the expression "ans = " , being displayed use the function disp() :
>> A=eye(2);disp(A)
     1     0
     0     1

To format a result:

>> disp('Result'),disp(1/11)
Result
  9.0909e-002
Commands are available to interact with the host OS:

Creating a directory:
>> !mkdir aa

Automatic Storage Allocation
Variables need not be declared before being assigned.

This applied to arrays and to scalars.

"Nice!":

Matlab also automatically expands the dimension of arrays in order for assignments to make sense.

>> q(3)=0
q =
     0     0     0
then we expand to lentgh 6:
>> q(6)=0
q =
     0     0     0     0     0     0

Functions with variable arguments lists
Matlab has a large collection of functions.
These functions might take :

- zero or more input  arguments ,
and might return :

- zero or more output arguments.

Input arguments appear on the right of the function name within the pair of parantheses (), 

Output arguments appear on the left side within square brackets[].
Functions can support a variable number of I/O args, so that on a given call not all input args need to be supplied.

Functions can even vary their behaviour depending on the precise number and type of args supplied.

Examples:

>> x=[3 4]
x =
     3     4
The norm function computes the Euclidean norm of a vector 
(the sqrt of the sum of squares of the abs values of the elements)  
The 2-norm
>> norm(x)
ans =
     5
The 1-norm: sum of abs values of the elements:

>> norm(x,1)
ans =
     7
max() with 1 output arg returns the largest element of the input vector:
>> m=max(x)
m =
     4
max() with 2 output args returns the largest element of the input vector, and its index in the vector:

>> [m,k]=max(x)
m =
     4
k =
     2
size() returns the dimensions of an array:
>> A=rand(5,3);
>> s=size(A)
s =
     5     3
size() with 2 arguments returns the number of rows and of columns separately:

>> [m,n]=size(A)
m =
     5
n =
     3
Matrix Generation

Matrices can be generated in many ways.

Directly by Matlab functions:

>> zeros(2)
ans =
     0     0
     0     0
>> ones(2,3)
ans =
     1     1     1
     1     1     1
>> eye(3,2)
ans =
     1     0
     0     1
     0     0

sets up an identity matrix whose dimensions match up a given matrix A:

eye(size(A))

length(A) returns the larger of the 2 dimensions of A

rand(m,n) – returns a random matrix with m rows and n columns

>> rand … returns a random scalar [0,…1)
ans =
  1.3889e-001
>> rand(3) … returns a random matrix 3x3
ans =
  2.0277e-001  2.7219e-001  7.4679e-001
  1.9872e-001  1.9881e-001  4.4510e-001
  6.0379e-001  1.5274e-002  9.3181e-001

Matrices can be build explicitely using the square brackets notation.

>> A=[ 2  3  5
       7 11 13
      17 19 23 ]
A =
     2     3     5
     7    11    13
    17    19    23
The end of a line signals the end of a matrix row
The semicolon can also be used as an end-of-a-row sign:

>> A = [ 2 3 5; 7 11 13; 17 19 23 ]

Within a row, elements can be separated by blancs or commas
Attention with -/+ signs : they must be “glued” to their args

>> v=[ -1 2 -3 4 ]
v =
    -1     2    -3     4
>> w=[ -1, 2, -3, 4 ]
w =
    -1     2    -3     4
>> x=[ -1  2 - 3  4 ]
x =
    -1    -1     4

In the last case, Matlab understood 2 – 3 as an operation (which results in -1)

Matrices can be constructed in blocks forms:

>> B=[ 1 2; 3 4 ]
B =
     1     2
     3     4

>> C=[    B     zeros(2)
       ones(2)  eye(2)   ]
C =
     1     2     0     0
     3     4     0     0
     1     1     1     0
     1     1     0     1

Class Exercise: Enter the statements
A = [ 1  1 ; 1  0 ]

X = [ 1  0 ; 0  1 ]

Then enter the statement

X = A*X

Now repeatedly press the up arrow key, followed by the Enter key. 
What happens? Do you recognize the matrix elements being generated? How many times would you have to repeat this iteration before X overflows?

