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Matlab – Basics
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Matlab is an interactive system

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

The computation result is computed after pressing enter.

Then the prompt >> re-appears , and Matlab is ready for another command.

Matlab as a pocket calculator

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 (of the system), User variable declarations in Matlab
In most programming languages, the user defines his variables 

to fit his needs. He sets the type, and the name of the variables, 

and he does that before using them. 

Matlab is a little different. 

When calculating an expression which is not explicitly assigned to a variable, Matlab will provide you with a default variable called ans 
to store the result.

ans is created, or overwritten if already exists.
It can be referenced later like any other user-defined-variable. 

Variables in Matlab are not declared apriori before their use as in other programming  languages :

- they are created when assigned to with expressions:

For example:
variable a is created just now:

>> a=sin(35)

   a=  

     -0.4282

Matlab assigned the  value of "sinus of 35 radians", to variable a.
The trigonometric functions always take arguments in radians.

Using Semicolon to suppress printing, 

Using Commas or semicolons  to separate statements on the same line 
The printing of the output can be suppressed by appending a semicolon to the command.

The following statement assigns a value to the variable b , but without printing/echoing the result:
>> b=3*a-1;

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

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

   c=

      3

   d=

     0.4794

   e=

     12.5150

>>x = 1; y=2; z=x+y

  z=

    3

Variables

When MATLAB encounters a new variable name, it 
· automatically creates the variable, and 
· allocates it the appropriate amount of storage. 
If the variable already exists, 
· MATLAB changes its contents, 
· and, if necessary, allocates new storage. 
For example:
>>num_courses = 12
· creates a 1-by-1 matrix named num_courses, and 
· stores the value 12 in its single element. 
To view the matrix assigned to any variable, simply enter the variable name.
Now we can assign something new to num_courses - an array ! :

>>num_courses = magic(3)
(magic(n) creates a n-by-n magic array ) 

So now, num_courses is the name of a variable that stores a 3x3 array.
Variable names consist of :

· a letter, 
· followed by any number of letters, digits, or underscores. 
MATLAB is case sensitive; 
- it distinguishes between uppercase and lowercase letters. 
- A and a are not the same variable.

Although variable names can be of any length, MATLAB uses only the first N characters of the name, and ignores the rest. 
(where N is the number returned by the Matlab function namelengthmax)
Hence, it is important to make each variable name unique in the first N characters to enable MATLAB to distinguish variables.

>>N = namelengthmax

    N =

        63
[Unlike most programming languages, MATLAB does not require any type declarations for its variables, or dimension statements for its arrays.] 
Script M-files

Files that contain code (statements) in the MATLAB language are called M-files.  M-files are texts therefore can be created by using any text editor. 

(Matlab's text editor is specially and warmly recommended)
There are two kinds of M-files:

       -  Scripts, which do not accept input arguments or return output   

     arguments. They operate on data in the workspace.

· Functions, which can accept input arguments and return output  

arguments. Internal variables are local to the function.

Using such an M-file is like using any other MATLAB function or command: just write its name as you write a command.
So, as an example let's perform a simple sequence of commands. We'll write these 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 … 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 (elements 1 to 6) 

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

To activate this little program just write the name of the file (even without the ending ".m") after the prompt >> :

>> grades

and the results will be displayed on the command window.
Calling grades is equivalent to typing each command found in it.

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

Quitting MATLAB
To end your MATLAB session, 
· select File > Exit MATLAB in the desktop, or 
· type quit in the Command Window, or 
-   type exit in the Command Window.

You can run a script file named finish.m each time MATLAB quits, 
that, for example, executes functions to save the workspace.

Confirm Quitting

MATLAB can display a confirmation dialog box before quitting. To set this option, select File > Preferences > General > Confirmation Dialogs, and select the check box for Confirm before exiting MATLAB.
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Creating 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 M to start a new row.

Simple vectors operations – multiplication
Lets multiply a 1x3 array by a 3x1 array:

(inner product or dot product)

[1 2 3] 1
           2

           3

1 * 1 + 2 * 2 + 3 * 3 = 14

>> a*b
ans =
    14
>> dot(a,b)
ans =
    14
The outer product:

>> b*a
ans =
     1     2     3
     2     4     6
     3     6     9

1 [1 2 3]

2

3

What about a*a or b*b:

(check matrix algebra: conditions on the matrices dimensions in order that the multiplication to be valid)
>> a*a
??? Error using ==> mtimes
Inner matrix dimensions must agree.
>> b*b
??? Error using ==> mtimes
Inner matrix dimensions must agree.

More fundamentals, rand(), inv()
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 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 and the  0.0000, 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.

Format

Lets try a more precise display format :
>> format short e
>> 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 actually very small numbers: - - - results of rounding errors.

The previous format can be restored by 

>> format

or 

>>format short

>> format compact … suppresses blanc lines

Help 

Check 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.

>> help elfun … calls up lists of elementary functions

>> help specfun … calls up lists of special functions

See also the 

>> lookfor command

When written in the Command window, 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.

Editing Commands, Commands history
If there is an error when typing at the prompt – correct it by using the arrows ,bckspce 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 prev typed commands in the current and past sessions in the command history window.

A Double click on the command in that window, executes it.

Clearing the Command window, aborting computation, continuation line

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

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.

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.

More commands: who, whos, clear, save, load, diary, disp

A list of variables 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 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 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.

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

>> q(3)=-7
q =
     0     0     -7
then we expand to lentgh 6:

>> q(6)=11
q =
     0     0     -7     0     0     11
Functions with variable arguments lists

Matlab has a large collection of functions.

These functions 
· take zero or more input  arguments ,and 
· return zero or more output arguments.

Input arguments appear 
- on the right of the function name within the parentheses (), 
Output arguments appear 
- on the left side of the sign "=" 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 with 1-output argument, returns a vector with the dimensions of an array:
>> A=rand(5,3);
>> s=size(A)
s =
     5     3
size with 2-output arguments returns the number of rows and of columns in 2 separate variables which we prepare on the left side of the "=":

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

Matrices can be generated in many ways.

Specific matrices, 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

Setting 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 (without parentheses) returns a random scalar:
>> rand
ans =
  1.3889e-001

rand(k) returns a random matrix k*k:

>> rand(3)
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

A matrix can be build explicitly, element by element, by 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

end of a line means: the end of a matrix row

A semicolon can also be used:

>>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 arguments:
>> 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 expression to be calculated ,and it displayed its result : -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

Block diagonal matrices can be defined using blkdiag() function,

Example:

>> A=blkdiag(2*eye(2),ones(2))
A =
     2     0     0     0
     0     2     0     0
     0     0     1     1
     0     0     1     1

To construct tiled block matrices use repmat
repmat(A,m,n), creates a block mxn matrix in which each block is a copy of A. If m is omitted, it defaults to n.

example:

>> A=repmat(eye(2),2)
A =
     1     0     1     0
     0     1     0     1
     1     0     1     0
     0     1     0     1
Using the Colon (:) in Subscripting a matrix
To enable access and assignment to submatrices Matlab has a powerful notation based on the colon character “ : “ .

For integers i, j, the expression i:j denotes the row vector of integers from i to j in steps of 1.

To change to other stride =s , use i:s:j

The notation is valid even to non integers i, j,s.

Examples :

>>1:5

ans = 

    1  2  3  4  5

>>4:-1:-2

ans=

4 3  2  1  0  –1  -2 

>>0:.75:3

ans=

0 0.7500  1.5000  2.2500  3.0000

Single elements of a matrix are accessed as A(i, j), where i>=1 and j>=1

Zero or negative subscripts are not supported by Matlab.

Submatrix comprising the intersection of rows p to q and columns r to s is denoted by A(p:r,r:s)

>> A=rand(8)
A =
    0.8180    0.8385    0.7948    0.8757    0.2844    0.4329    0.7833    0.4154
    0.6602    0.5681    0.9568    0.7373    0.4692    0.2259    0.6808    0.3050
    0.3420    0.3704    0.5226    0.1365    0.0648    0.5798    0.4611    0.8744
    0.2897    0.7027    0.8801    0.0118    0.9883    0.7604    0.5678    0.0150
    0.3412    0.5466    0.1730    0.8939    0.5828    0.5298    0.7942    0.7680
    0.5341    0.4449    0.9797    0.1991    0.4235    0.6405    0.0592    0.9708
    0.7271    0.6946    0.2714    0.2987    0.5155    0.2091    0.6029    0.9901
    0.3093    0.6213    0.2523    0.6614    0.3340    0.3798    0.0503    0.7889
>> A(3:5,6:8)
ans =
    0.5798    0.4611    0.8744
     0.7604    0.5678    0.0150
     0.5298    0.7942    0.7680

A single colon as the row or column specifier covers all entries in that row or column:

A(:,j) is the jth column of A.

A(i,:) is the ith row of A.

>> A(:,3)
ans =
    0.7948
    0.9568
    0.5226
    0.8801
    0.1730
    0.9797
    0.2714
    0.2523
>> A(2,:)
ans =
    0.6602  0.5681  0.9568  0.7373  0.4692  0.2259  0.6808  0.3050

The keyword end used in this context denotes the last index in the specified dimension:

- A(end, :) picks up the last row of A.

A submatrix can also be specified by the specific rows and columns:

A([i j k],[p q]) produces the submatrix given by the intersection of rows i ,j, and k and the columns p and q.

>>A =
     2     3     5     7
    11    13    17    19
    23    29    31    37
    41    43    47    53
>> A(2,1)
ans =
    11
>> A(2:3,2:4)
ans =
    13    17    19
    29    31    37
>> A(:,1)
ans =
     2
    11
    23
    41
>> A([1 3 4],[2 4])
ans =
     3     7
    29    37
    43    53

A special case - A( : ) represent a vector comprising all the elements of A taken down the columns from the 1st to the last.

>> A=magic(3)
A =
     8     1     6
     3     5     7
     4     9     2
>> A(:)
ans =
     8
     3
     4
     1
     5
     9
     6
     7
     2

When placed on the left side of an assignment statment A(:) fills A preserving its shape.

>> A=zeros(3);A(:)=primes(23);A
A =
     2     7    17
     3    11    19
     5    13    23

A’ is the transpose of A.

The function primes() returns a vector of prime numbers less or equal to its argument.

>> A=zeros(3);A(:)=primes(23);A=A'
A =
     2     3     5
     7    11    13
    17    19    23

linspace(a,b,n) generates a vector of n points equally spaced, between a,b.

>> linspace(-1,1,9)
ans =
   -1.0000   -0.7500   -0.5000   -0.2500         0    0.2500    0.5000    0.7500    1.0000 

[] denotes an empty 0x0 matrix. Assigning [] to a row or column is one way to delete that row or column from a matrix.

A =
     2     3     5
     7    11    13
    17    19    23
>> A(2,:)=[]
A =
     2     3     5
    17    19    23

The same effect is achieved by :

A =
     2     3     5
     7    11    13
    17    19    23
>> A=A([1 3],:)
A =
     2     3     5
    17    19    23

Operations on Matrices and Arrays 

For scalars the operations +, - ,*, /, ^ , produce obvious results.

Matlab has 2 different division operators:

Right division : a/b 
a divided by b

Left division : a\b

b divided by a

For Matrices all these operations can be carried out in:

· a matrix sense  - rules of matrix algebra

· an array sense – elementwise

	Operation
	Matrix sense
	Array Sense

	Addition
	+
	+

	Subtraction
	-
	-

	Multiplication
	*
	.*

	Left Division
	\
	.\

	Right Division
	/
	./

	Exponentiation
	^
	.^


Addition and subtraction :

- are the identical operations in the matrices and arrays senses

- are defined for matrices of the same dimensions.

The product A*B is 

· the result of matrix multiplication 

· defined only when the number of columns of A and the number of rows of B are the same.

The back slash and the forward slash define solutions of linear systems:

A\B is the solution X of A*X=B

A/B is the solution X of X*B=A

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?

Arithmetic Operation conform the IEEE standard
M carries out all its arithmetic operations in double precision floating point arithmetic, conforming to IEEE standard.

The logical function isieee returns 1 if the arithmetic is conforming IEEE  and 0 if not:

>> isieee

ans=

1

The function computer returns the type of computer it works on:

>>computer

ans =

PCWIN

In Matlab’s double data type, each number occupies a 64-bit word.

Nonzero numbers range in between approx:

10-308 and 10+308
The function eps gives the distance from 1.00 to the next larger floating point number:

>>eps

ans=

2.2204e-016

If the result of a computation is higher than realmax, then overflow occurs and the result is Inf, (infinity).

Similarly, a result smaller than –realmax produces –inf.

>>realmax

ans=

1.7977e+308

>>-2*realmax

ans=

-inf

>>1.1*realmax

ans=

inf

NaN: Not a Number.

A nan is generated by expressions such as :

0/0 , inf/inf , 0*inf, nan-nan

Precedence

Matlab operators follow the same precedence rules as most calculators and Computer Languages.

1-(highest)
exponentiation (^)

2

unary plus, unary minus

3

multiplication,division

4-(lowest)    addition, subtraction

For operators of the same precedence evaluation is from left to right

Parantheses overule priority, recommended to use to avoid ambiguity
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