I ntroduction to Matlab (Code)

in'[r o.m Created by Stefan Roth, TU Darmstadt

% (1) Basics

% The synmbol "% is used to indicate a conment (for the remai nder of
% the |ine).

% When writing a |l ong Matlab statenent that becones to long for a
%single line use "..." at the end of the line to continue on the next
%line. E. g.

A=11 2, ...
3, 4],
% A sem col on at the end of a statenent neans that Matlab will not
% di splay the result of the evaluated statenment. If the ";" is omtted

% then Matlab will display the result. This is also useful for
% printing the value of variables, e.g.

A

% Matl ab's command line is a little Iike a standard shell:

% - Use the up arrow to recall comrands wi thout retyping them (and

% down arrow to go forward in the command history).

% - C-a noves to beginning of line (Ce for end), Cf noves forward a
% character and CG-b noves back (equivalent to the Ieft and right

% arrow keys), Cd deletes a character, Ck deletes the rest of the
% line to the right of the cursor, C p goes back through the

% command history and C-n goes forward (equival ent to up and down
% arrows), Tab tries to conplete a comrand.

% Si npl e debuggi ng:
% 1 f the command "dbstop if error" is issued before running a script

% or a function that causes a run-tine error, the execution will stop
% at the point where the error occurred. Very useful for tracking down
% errors.

CLLLLL LD UL L LT L LT L L LT L L

% (A) The basic types in Matlab are scalars (usually doubl e-preci sion

% fl oating point), vectors, and matrices:

A=1[12; 34],; % Creates a 2x2 matrix

B=112; 34]; % The sinplest way to create a matrix is
%to list its entries in square brackets.
% The ";" synbol separates rows;
%the (optional) "," separates col unms.

N=25 % A scal ar

v =[1 0 0] % A row vect or

v =[1; 2; 3] % A col um vect or

v = V' % Transpose a vector (row to col um or
% colum to row

v = 1:.5:3 % A vector filled in a specified range:

vV = pi*[-4:4]/4 % [start:stepsize:end]




% (brackets are optional)
v =[] % Enpty vect or

m = zeros(2, 3) % Creates a 2x3 matri x of zeros
v = ones(1, 3) % Creates a 1x3 matrix (row vector) of ones
m = eye(3) % ldentity matrix (3x3)
v = rand(3, 1) % Randomy filled 3x1 matrix (col um
% vector); see also randn
% But wat ch out:
m = zer 0s(3) % Creates a 3x3 matrix (!) of zeros

v(3) % Access a vector el ement

m=[1234 57 88; 910 11 12; 13 14 15 16]
nl, 3) % Access a matrix el ement
% mat ri x( ROV #, COLUWN #)
m2, :) % Access a whole matrix row (2nd row)
m:, 1) % Access a whole matrix columm (1st col um)
m(
m(
m(

1, 1:3) % Access elenments 1 through 3 of the 1st row
2:3, 2) % Access el enments 2 through 3 of the
% 2nd col umm
2:end, 3) % Keyword "end" accesses the renmi nder of a
% colum or row

% Nunmber of rows

1
m % Returns the size of a matrix
m 1)

m 2) % Nunmber of col umms
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% Create a new matrix with the size of m

who % Li st variabl es i n workspace
whos % Li st variables w info about size, type, etc.

% These operations are done "el enent by elenent”. |f two
% vectors/matrices are to be added, subtracted, or el ement-w se
% rmultiplied or divided, they nust have the same si ze.

a=[12314]"; % A col um vect or

2 * a % Scal ar nultiplication

al 4 % Scal ar di vi sion

b=[5678]"; % Anot her col utm vect or

a+b % Vect or addition

a-»b % Vect or subtraction

a.”n 2 % El ement - wi se squaring (note the ".")

a.* b % El ement -wi se nultiplication (note the ".")




a./ b % El ement - wi se division (note the ".")
1

log([1 2 3 4]) % El enment -wi se | ogarithm
round([1.5 2; 2.2 3.1]) % El enent -wi se roundi ng to nearest integer

% Ot her el enent-wi se arithnetic operations include e.g.
% floor, ceil,

a=[14¢6 3] % A row vect or

sum a) % Sum of vector el enents

mean( a) % Mean of vector elenents

var (a) % Vari ance of elenents

std(a) % St andard devi ati on

max(a) % Maxi mum

m n(a) % M ni mum

%I1f a matrix is given, then these functions will operate on each col umm
% of the matrix and return a row vector as result

a=[123; 45 6] % A matrix

mean( a) % Mean of each col umm

max( a) % Max of each col umm

max( max(a)) % Cbtaining the max of a matrix

nean(a, 2) % Mean of each row (second argunent specifies

% di mension al ong which operation is taken)

[1 23 *[456]" % 1x3 row vector tinmes a 3x1 col um vect or
% results in a scalar. Known as dot product
% or inner product. Note the absence of "."

[123]" *[45 6] % 3x1 colum vector times a 1x3 row vector
% results in a 3x3 matrix. Known as outer
% product. Note the absence of

a = rand(3, 2) % A 3x2 matri x
b = rand(2, 4) % A 2x4 matrix
c=a*hb % Matrix product results in a 3x4 matrix
a=[12 34, 56]; % A 3X2 nmatrix
b=1[567]; % A 1x3 row vector
b * a % Vector-matrix product results in
% a 1x2 row vector
c =1[8; 9]; % A 2x1 col unm vect or
a* c % Matri x-vector product results in
% a 3x1 colum vector
a=[132 654; 78 09]; % A 3x3 matri x
i nv(a) % Matri x inverse of a
eig(a) % Vect or of eigenval ues of a
[V, D = eig(a) % D matrix with ei genval ues on di agonal ;

% V matrix of eigenvectors

% Exanple for nmultiple return val ues!
[U S V] = svd(a) % Si ngul ar val ue deconposition of a.

% a=U%* S* V, singular values are

% stored in S

% Ot her matri x operations: det, norm rank,




% (D) Reshapi ng and assenbling matri ces:

a=[12 34; 56]; % A 3x2 matri X
b = a(:) % Make 6x1 col umm vector by stacking
% up columms of a
sum(a(:)) % Useful: sumof all elenents
a = reshape(b, 2, 3) % Make 2x3 matrix out of vector
% elenments (colum-w se)
a=1[12]; b=1[34]; % Two row vectors
c = [a b] % Hori zont al concatenation (see horzcat)
a=1[1 2; 3]; % Col utm vect or
c = [a; 4] % Vertical concatenation (see vertcat)
a = [eye(3) rand(3)] % Concat enation for matrices
b = [eye(3); ones(1, 3)]
b = repmat (5, 3, 2) % Create a 3x2 matrix of fives
b =repmt([1 2; 3 4], 1, 2) % Replicate the 2x2 matrix twice in
% columm direction; makes 2x4 matri X
b =diag([1 2 3]) % Create 3x3 diagonal matrix with given

% di agonal el enents

% Synt ax of control flow statenents:

%

% f or VARI ABLE = EXPR

% STATEMENT

% .

% STATEMENT

% end

%

% EXPRis a vector here, e.g. 1:10 or -1:0.5:1 or [1 4 7]

%

%

% whi | e EXPRESSI ON

% STATEMENTS

% end

%

% i f EXPRESS| ON

% STATEMENTS

% el sei f EXPRESSI ON

% STATEMENTS

% el se

% STATEMENTS

% end

%

% (elseif and el se clauses are optional, the "end" is required)
%

% EXPRESSI ONs are usually nmade of relational clauses, e.g. a < b
% The operators are <, > <=, >= == ~= (alnost like in C(++))

% W\ar ni ng:

% Loops run very slowy in Matlab, because of interpretation overhead.
% This has gotten sonmewhat better in version 6.5, but you should

% nevertheless try to avoid them by "vectorizing" the computation,

% i.e. by rewiting the code in formof matrix operations. This is
% illustrated in sone exanpl es bel ow.
% Exanpl es:
for i=1:2:7 % Loop from1 to 7 in steps of 2
i % Print i

end




for i=[5 13 -1]
if (1 > 10)
di sp(' Larger than 10')

% Loop over given vector
% Sanpl e i f statenent
% Print given string

elseif i <0
di sp(' Negati ve val ue')
el se
di sp(' Sonet hi ng el se')
end
end

% Par ent heses are opti onal

% Here i s another exanple: given an nxn matrix A and a 1xn
% vector v, we want to subtract v from every row of A

m= 50; n = 10; A =ones(m n); v =2 * rand(1, n);
%
% | npl enent ati on usi ng | oops:
for i=1:m
ACi,:) = A(i,:) - v;
end

% We can conpute the sane thing using only matrix operations
A = ones(m n) - repmat(v, m 1); % Thi s version of the code runs
% nuch faster!!!

% We can vectorize the conmputati on even when | oops contain

% conditional statenents.

%

% Exanpl e: given an nxn matrix A, create a matrix B of the sane size
% containing all zeros, and then copy into B the el ements of A that
% are greater than zero.

% | npl enent ati on usi ng | oops:
B = zeros(mn);
for i=1:m
for j=1:n
if A(i,j)>0
B(i,j) = A(i,j);
end
end
end

% Al this can be conputed w o any | oop!
B = zeros(mn);
ind = find(A > 0);

B(ind) = A(ind);

% Fi nd indices of positive elenments of A
% (see "help find" for nore info)

% Copies into B only the el enents of A
% that are > 0

% Saves all workspace variables into
% file nyfile. mat
% Saves only variables a and b

save nyfile a b

clear a b % Renpves variables a and b fromthe
% wor kspace
cl ear % Cl ears the entire workspace

| oad nyfile

% Loads vari abl e(s) fromnyfil e. mat




% Mat |l ab scripts are files with ".nl' extension containing Mtlab

% commands. Variables in a script file are global and will change the
% val ue of variables of the same nane in the environnent of the current
% Mat |l ab session. A script with nane "scriptl. i can be invoked by

% typing "scriptl® in the command wi ndow.

% Functions are also mfiles. The first line in a function file nust be
% of this form

% function [outarg 1, ..., outarg_m = nyfunction(inarg_1, ..., inarg_n)
%

% The function nane should be the sane as that of the file

% (i.e. function "nyfunction" should be saved in file "nmyfunction. ).
% Have a | ook at nyfunction. mand nyot herfuncti on. mfor exanpl es.

%

% Functions are executed using | ocal workspaces: there is no risk of

% conflicts with the variables in the main workspace. At the end of a
% function execution only the output argunents will be visible in the
% mai n wor kspace.

a=1[1234]; % d obal variable a
b = nyfunction(2 * a) % Cal | nyfunction which has | ocal
% variable a
a % G obal variable a is unchanged
[c, d] = ...
nmyot herfunction(a, b) % Cal | nyot herfunction with two return
% val ues

x =[012 3 4]; % Basi c plotting

pl ot (x); % Pl ot x versus its index val ues
pause % Wait for key press

pl ot (x, 2*X); % Pl ot 2*Xx versus X

axis([0 8 0 8]); % Adj ust visible rectangl e
figure; % Open new figure

X = pi*[-24:24]/ 24;

pl ot (x, sin(x));

x| abel (' radi ans'); % Assi gn | abel for x-axis

yl abel (' sin val ue'); % Assi gn | abel for y-axis
title(' dunmy'); % Assign plot title

figure;

subplot (1, 2, 1); % Mul tiple functions in separate graphs
pl ot (x, sin(x)); % (see "help subplot")

axi s square; % Make vi si bl e area square

subplot (1, 2, 2);
pl ot (x, 2*cos(Xx));
axi s square;

figure;

pl ot (x, sin(x));

hol d on; % Mul tiple functions in single graph

pl ot (x, 2*cos(x), '--'); %' --' chooses different |ine pattern

| egend('sin', 'cos'); % Assi gns names to each pl ot

hol d of f; % Stop putting nultiple figures in current
% graph

figure; % Matrices vs. inmages

m = rand( 64, 64) ;

i magesc(m % Plot matrix as inage

col ormap gray; % Choose gray |evel col ormap

axi s i mage; % Show pi xel coordi nates as axes

axis off; % Renove axes




| = inread('cit.png'); % Read a PNG i mage

figure

i mgesc(|) % Display it as gray |evel image

col ormap gray;

col or bar % Turn on col or bar on the side

pi xval % Di spl ay pixel values interactively

truesi ze % Di spl ay at resol ution of one screen
% pixel per inage pixel

truesi ze(2*si ze(l)) % Di splay at resolution of two screen

% pixels per inmage pixel

2 = inresize(l, 0.5 'bil"'); % Resize to 50% using bilinear
% interpolation

I3 = inrotate(l2, 45, ... % Rotate 45 degrees and crop to

"bil', 'crop'); % original size

| 3 = doubl e(l 2); % Convert fromuint8 to double, to allow
% math operations

i magesc(13.72) % Di spl ay squared i mage (pixel -wi se)

i magesc(log(l3)) % Di splay | og of image (pixel-w se)

I3 = uint8(I3); % Convert back to uint8 for witing

imwite(l3, 'test.png') % Save i mage as PNG

myfunction.m

function y = myfunction(x)
% Function of one argunment with one return val ue

a
y

[-2 -1 0 1]; % Have a gl obal variable of the sane nane
a + x;

myotherfunction.m

function [y, z] = nyotherfunction(a, b)
% Function of two argunents with two return val ues

+ b;
- b’

y

a
V4 a
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Roth




	Local Disk
	Introduction to Matlab (Code)


	Text1: Created by Stefan Roth, TU Darmstadt 


