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What is Programming?

I This course contains many examples of MATLAB operations,
some requiring more than one command. That’s programming
of a sort, but there is more to it than that. . .

I I may want to re-use these operations as they stand, or to
create new, slightly different, operations.

I I may want to perform the operations repeatedly, and possibly
with slightly different parameters,

I And I may want to perform the operations only under certain
circumstances.

I Achieving this is the essence of programming in its broadest
sense.



MatLab Programming

I A MatLab program (or script) is just a text file containing a
series of MatLab commands.

I Script file names must end in “.m”
I Scripts must be stored where MATLAB can find them (i.e. in

a folder included in the PATH, or in the current directory).

.m


Program Flow

I The instructions making up a program are performed in a
strictly governed order.

I The order is normally top-down, but there are exceptions.
I We have seen a few scripts so far, all of which were just

simple sequences of commands.
I We will now look at rather more complicated ways of

commanding MatLab. . .



Programming Constructs

It’s been proven that any possible algorithm can be implemented
with only three types of statement-order.

1. Sequences
2. Branches
3. Loops
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Sequences

I Commands in a simple sequence are performed in strict
line-by-line order.

I So if we had the command x = sin(y), the command that
gave y a value must always come before this one.

y = pi;
x = sin(y);

I pi is a variable built-in to MATLAB, so we don’t need to give
it a value.



Sequences

The following simple sequence of
instructions draws a sine wave.

theta = [ 0 : 2*pi/10 : 2*pi ];
sine = sin( theta );
plot ( sine, theta );

Sequence
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Branches

Here, the flow of the program
branches down one or other route
depending on a simple binary
choice: For example, we need to
avoid divide-by-zero errors:

if adj > 0
tan = opp / adj;

else
error( 'Divide by Zero' );

Branch: If



Branches

Here, the decision branches into
more than two routes; it’s a
multiple choice decision:

switch ( x )
case 1

disp( 'x is one' )
case 2

disp( 'x is two' )
case 3

disp( 'x is three' )
otherwise

error( 'Unexpected x value' )
end

Branch: Switch
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Loops

for fst_samp = 1 : nsamps - win_len + 1
lst_samp = fst_samp + win_len - 1;
EEG_WIN = EEG( chan, fst_samp:lst_samp );
AnalyseEpoch( EEG_WIN );

end

I The loop moves a ‘sliding
window’ through an EEG
recording, by incrementing the
value of fst_samp by one each
time.

I The loop value starts at one, and
ends at the last sample that
allows a full window before the
end of the recording.

I fst_samp:lst_samp means the
range of values (in steps of one)
from fst_samp to lst_samp.

For loop



Vectorising Loops

I Note that in most programming languages, you would have to
loop through the elements of an array (vector, matrix, etc.) in
order to perform any operation on them.

I In conventional programming languages, you’d generate a sine
wave this way:
num_steps = 100
increment = 2 * pi / num_steps
angle = 0
for x = 1 to num_steps

Y[x] = sin(angle)
angle = angle + increment

next x

I Consider how this code differs from MATLAB code.



Vectorising Loops

I MatLab allows you to perform bulk operations on a matrix (or
parts thereof) in a simple form.

I The following does the same as the seven instructions on the
previous slide: Y = sin( 0 : 2*pi/100 : 2*pi );

I MathWorks refer to this shorthand as Loop Vectorisation.
I Vectorised loops should be used as much as possible since

they are faster than ordinary loops.



For Loop

for loops are still useful in MatLab. Here’s how they look in
MatLab syntax:

for x = 0 : 2*pi/100 : 2*pi
y=sin(x);

end

Note that there is no semicolon after the for expression.



For Columns in Matrix
The loop index can be the columns of a matrix. The following
script contains a terse use of the for loop:

x = round(2 + rand(2) * 8) % 2x2 matrix = 2 <= x <= 10

for n = x
% This will loop once for each column in x.
% n will contain each column vector, one column at a time.
n % print n's value

end

This is what happens when we run it:
>> testfor
x =

8 7
4 7

n =
8
4

n =
7
7



While Loop

I Sometimes, you don’t know exactly how many times you’ll
need to iterate through some loop.

I But you will (or should) know the conditions under which
you’ll need to end the loop.

I In these cases, use the while loop.



while Example

I The classic use of while is for reading a file of unknown length.
I In this case, as long as we haven’t reached the end of the file,

then we read a line from it.
fid = fopen('vsearch.txt','r');
while ~feof(fid)

line = fgetl(fid);
...

end
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Subroutines

I The subroutine (also known as a routine, method, or
procedure) is a fundamental component in programming.
They are meant to increase a program’s modularity.

I A subroutine is a series of related instructions kept together in
a block and called to perform a specific or repetitive set of
operations.



Subroutines

Subroutines can be considered as another form
of program flow: in this case, the program
‘jumps’ from its current position to the
function, and then returns to where it came
from.

For loop



MatLab Functions

I In MatLab terminology, subroutines are known as Functions.
I We’ve been using them all along (e.g. sin()), but just took

them for granted.



Advantages of Functions

I Functions are handy for encapsulating bits of code that
perform some specific task.

I Encapsulating the operations into a function makes it much
easier to use the operations elsewhere.



Don’t Repeat Yourself (DRY)

I For instance, you might write a script that reads data from a
file that is formatted in a very complicated way, and then
performs some analysis on it.

I Later on, you might need to conduct some other analysis on
the same data. Rather than modify the current script and lose
the old code, you would probably copy and paste the
file-reading code into a new script.

I The problem with copying is that you now have two sets of
the same instructions; if you need to update the file-reading
code, or to repair a bug in it, you would have to change all
the copies of it.

I Functions provide a way of using the same code over and over
again without duplication.



Generality = Flexibility

I Functions should be made as general (or ‘abstract’) as
possible. This will make them more flexible so that they can
be used in more situations.

I For instance, suppose you write a function to perform a
convolution on an image, and this function contains a set of
common convolution matrices from which the caller selects.

I The disadvantage of this approach is that it limits the caller
to only those convolutions that the function supports. It
would be more general if the caller could supply the
convolution matrix itself.

I On the other hand, having the convolution matrix tested and
hidden inside the function does simplify things somewhat; in
programming, there is usually more than one ‘right way’.
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Naming Conventions

I In sample code, I tend to use s for scalars, v for vectors, M for
matrices and C for cell arrays.

I Consider using a prefix convention like vc_ for column vectors
and vr_ for row vectors, if you find that it helps.



Recommended Reading

I MATLAB Help: Programming ⇒ M-File Programming ⇒
Program Development

I MATLAB Help: Programming ⇒ M-File Programming ⇒
Working with M-Files

I MATLAB Help: Desktop Tools and Development
Environment ⇒ Editing and Debugging M-Files ⇒
Appearance of an M-File

http://www.dartmouth.edu/~rc/classes/matlab_prog/

http://www.dartmouth.edu/~rc/classes/matlab_prog/
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