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Kap. Il - Programmierung

http://www.pci.tu-bs.de/aggericke/Matlab/index.html



Eine Function ist eine Blackbox

L
Output Input

Eine Funktion ist eine Blackbox.

Sie verbirgt den Code und den Arbeitsbereich
and kommuniziert mit der Welt nur uber die
Ein- und Ausgabevariablen



Matlab

e Einfachste Ein-/Ausgabe

>> X = 1nput(“Zahl eingeben:®);

>> X
X =
5
>> sprintf("Zahl = %d\n" ,x)
Zahl = 5

>> disp(“Hello World®“);
Hello World

%
%
%
%

%

Einfache Eingabe
Einfache Ausgabe
FUr Eingabe x = 5

Formatierte Ausgabe

Einfache Text Ausgabe



Matlab

Programmierung
— Bedingungen

iIT BEDINGUNG
. . -Anweilsungen
end

1T BEDINGUNG

- - -Anweisungen werden ausgefihrt, falls Bedingung erfullt ist.
else

- - -Anweisungen werden ausgefihrt, falls Bedingung NICHT erfullt ist.
end



Matlab

Programmierung
— Bedingungen

it 1.BEDINGUNG

- - -Anweisungen werden ausgefihrt, falls 1.Bedingung erfullt ist.
elseif 2. Bedingung

- - -Anweisungen werden ausgefihrt, falls 2.Bedingung erfullt ist.
else

- - -Anweisungen werden ausgefihrt, falls KEINE Bedingung erfullt ist.
end



Matlab

Programmierung
— Bedingungen ,,switch®

Beispiel: s ist ein String und je nach Wert wird der entsprechende ,case”
angesprungen und die dortigen Anweisungen ausgefiihrt (hier s="Meier’)

switch s
case “Schulz*®
- - -Anweisungen werden ausgefuhrt, falls 1.Fall (also falls s=“Meiler® ware)
case “Meier*
- - -Anweisungen werden ausgefuhrt, falls 2_.Fall (was hier zutrifft)

otherwise

- - -Anweisungen werden ausgefuhrt, falls KEIN Fall gefunden wurde;
z_.B. Fur s = “Charly*

end



Matlab

Programmierung

— Schleifen
= for (variablenname) = Von:Schrittweite:Bis
o for 1=1:5
sprintf (“Round %d\n*,1)
end

o for 1=5:-1:1
sprintf (“Round %d\n“,1)
end

ofor 1=[1 4 2 1]}
sprintf (“Round %d\n*,1)
end



Matlab

Programmierung

— Schleifen
= while Bedingung,...Anweisungen,.....end

o11=1; % Startwert

while 11<6 % Bedingung

sprintf (“Round %d\n“,11) % Anweilsung
1I=11+2; % nachster Wert

end



A simple example:

a=1
while length(a) < 10

a 3 [0 a] + [a O] which prints out Pascal’s triangle:
en

1

11

121

1331

14641

15101051
1615201561
172135352171
182856 70562881
193684 126126843691

(with “a=" before each line).



Matlab

* Programmierung

— break: Abbruch von Schleifen (auch fur while-Schleife)
>> for 1=1:10

>> X=2*1
>> 1T (x>5)
>> break; % bricht Schleife komplett ab
>> end
>> end
«—

— continue: Uberspringen aller Anweisungen bis zum Schleifenende
>> for 1=1:10
>> i1t (1==5)

>> continu % Spring ans Schleifenende
>> end
>> x=2*i % Sprung ans Schleifenende;

>> end % keilne Berechnung fur 1=5(x=10



Matlab

* Programmierung

— try und catch

>>
>>
>>
>>
>>
>>
>>

X = “Ac:
try
1og(x)
catch
disp(“no logarithm of strings®)
end
lasterr

%
%

%

%

Versuch ok?
wohl kaum

Nimm dies

Fehlermeldung



Matlab

* Spezielle Datentypen

— Arrays
matrix = [“Peter”, “Hans“]
PeterHans
matrix = [“Peter”; “Hans“]
geht nicht! Losung
—Cells

cell = {“Peter*, “Hamns™}
m = char(cell)

Peter

Hans

>> cell(2,:)
Hans

>> cell{2}
Hans




Matlab

Noch mehr Datentypen

—Cells -> beliebiege Datentypen
>> cell = {[6,8,0],99,[1,2,3;4,5,6], "Charly","ist"}
>> cell(4:5)
"Charly®™ "ist”
>> cell2 = {12,cell,"Peter”,"Hans"}
>> c3 = cell2(3)
"Peter” % Ergebnis ist vom Typ ,,Cell“!



Matlab

* Noch mehr Datentypen
— Structures
Ahnliche Idee bei Struct wie bei cell

structl.a = cell?2;
structl.b = rand(10,10);

structl.a{2}{4} % Zugriff auf Charly
structl.a{2}{3}(2,:) % Zugriff 2. Matrixzeile 4 5 6
structl.b(4,3) % Zugriftft auf das Element

(4,3) der Zufallsmatrix



Matlab

e Noch mehr Datentypen

MATLAB Help:

handle = @functionname returns a handle to the specified MATLAB® function.

The handle class is the superclass for allclasses that follow handle semantics. A handle isa reference to an object. If you copy an
object's handle, MATLAB® copiesonly the handle and both the original and copy refer to the same objectdata. If a function
modifies a handle object passed as an input argument,the modification affects the original input object.

— Handles

A function handle is a callable association to a MATLAB function. It contains an association to that function
that enables you to invoke the function regardless of where you call it from. This means that, even if you are
outside the normal scope of a function, you can still call it if you use its handle.

With function handles, you can:

- Pass a function to another function

- Capture data values for later use by a function

- Call functions outside of their normal scope

- Save the handle in a MAT-file to be used in a later MATLAB session

>> a=0; b=5;
>> integral(@log, a, b)
3.0472

>> fct = @siIn;
>> integral(fct, a, b)
0.7163



Bulltin Functions

Exponential

— exp(x)

— expm(A) % Matrix exponential A =expm(logm(A))
— sqgrt(x)

— sgrtm(A)% Matrix square root X*X=A

Logarithmen

— log(x) % natlrlicher Logarithmus (In) zur Basis e.
— 1log10(x) % Logarithmus zur Basis 10.

— log2(x) % Logarithmus zur Basis 2.

— reallog % In flr positive Argumentwerte

— logm(A) % Matrix logarithm: logm(expm(A)) = A



Builtin continued

°* numeric
— round(x) % round to nearest integer
— ceil(x) % round to nearest integer towards +[

— fix(x) % round to nearest integer towards 0
— floor(x) % round to nearest integer towards -[I
— sign(x) % +1,0o0r -1

— rem(X,y) % finds remainder of x/y

e complex
— complex(a,b) % makes acomplex number: Z=a+ Dbl
— abs(z) % absolute value: sqgrt(az+b?)

— angle(z) % complex plane: R=abs(z), theta=angle(z)
— conj(z) % conjugate complex i->-i
— Imag(z)

— real(z)



Builtin continued

 Trigonometrische Functionen und deren Inverse

cos(xX)
sin(x)
tan(x)
cot(x)
csc(xX)
sec(X)

acos(x)
asin(x)
atan(x)
acot(x)
acsc(x)
asec(x)
atan2(x,y)

mit eitnem “d” am Ende
der Funktion erhalt man
die Grad-Werte;

z.B. cosd(90) =0

Vierquadranten inv. tan
im Interval [-pi1,pi],

Hyperbolische Funktionen und deren Inverse

cosh(x)
coth(x)
csch(x)
sech(x)
sinh(x)
tanh(x)

acosh(x)
acoth(x)
acsch(x)
asech(x)
asinh(x)
atanh(x)



Remarks

All trigonometric functions require the use of radians and not degrees; however
you can use these d-fcts, like tand, atand,...

All builtin functions can also be used with arrays of any dimension.
All builtin functions can also be used with complex numbers.
To understand the meaning with complex numbers go back to basic definitions:
— exp(i x) = cos(x) +i sin(x)
— sin(x) =(exp(i x) - exp(-i x) )/(2 i)
— sinh(x) = (exp(x) — exp(-x) )/2
Basic example
— exp(a+ib)=exp(a)exp(i b) =exp(a) (cos(x) +i sin(x))

Since a trigonometric function is periodic each value has many inverse values
Matlab will return only one value, the so called 'principle value’,

For engineering applications it is important to check that this is the correct
value.

Plotting a complex valued function z =f(x+iy) is not possible. It requires a four
dimensional space (x,y,u,v) since z = u+iv



Builtin Functions for vectors

max(x)

— returns largest value in vector x
[a,b] = max(x)

— returns largest value in a and index where found in b
max(x,y)

— x and y arrays of same size, returns vector of same length with larger
value from corresponding positionsin xand y

min(x,y)
— same type of functions are available for



Builtin functions for vectors

sort(X)
mean(X)
std(X)
var(X)
median(X)
sum(X)
prod(X)
cumsum(X)

— returns vector of same size with cumulative sum of x, i.e. x=[4,2,3]
returns [4,6,9]

cumprod(X)
— returns cumulative products in vector of same size, i.e. [4 8 24]



Builtin functions applied to matrices

Matrices (arrays) are stored in column major form

When builtin functions for vectors are applied to a matrix function
operates on columns and returns a row vector:
>>A=[123;456]

>>sum(A)
> 579
Some special functions for matrices (arrays) are
>> B =reshape(A,[1,3,2]) % reshape(A,[m n p ...]) returns old A but reshaped to have
% the new size m-by-n-by-p-by-....
>> A = squeeze(B) % all singleton dimensions are removed
>> permute(A,[2 1]) % permute(A,order) rearranges the dimensions of A so that

they are in the order specified by the vector order.
>> shiftdim(A,1) % shiftdim(A,n) shifts the dimensions of the array A by N



Matlab: use of M-File

-} MATLAB

File Edit Yiew ‘Web Window Help
h ~u

= s 7
Mew m-File

Click to create a
new M-File

‘H Editor - Untitled2

_ (o x|
» 3|2 x

DEE| sl o - & M -] @]
Z[*BiB 8| -fo + |+ x 0,
1

File Edit Text Go Cell Tools Debug Deskhop

ol ot

@

e Extension “m”

| =cript | Ln 1

e A text file containing script or function or program to run

Col 1 |oOWR




Matlab: use of M-File

Saved file as Denem430.m

‘B Editor - D:\, SmartWork',Denem430.m =10 x|
File Edit Text Go Cell Tools Debug Deskiop  Window Help 1-' | A
Dli".|-:lﬁnEﬂﬁ|§|ﬁ#*.ﬂaﬁl|@%@@@|ﬁack:lﬁasevl IEEl'I
G BB B -fo | =] x| e O

1 - k=linspace(0,4%pi,100); o

2

3 - w=sin(x):

4 — wyl=exp(-x/3):

5 - wi=y.¥%yl:

=]

7 — figureil)

8 - plot(vd) . "

g If you include “;” at the
10 = title('Thiz iz the sinus function')

| [ end of each statement,
12 = ylabel('sin(x)exp(-x/3) ") result will not be shown
13 . .

immediately

| urtitiesz [ enemszom

| zcript

ln 1 Co 1 [OWR g




Matlab: User Defined Functions

e Functions are m-files which can be executed by specifying
some inputs and supply some desired outputs.

 The code telling the Matlab that an m-file is actually a function

IS

function outl=functionname(inl)
function outl=functionname(inl,in2,in3)
function [outl,out2]=functionname(inl,in2)

e You should write this function declaration command at the
beginning of the m-file and you should save the m-file with a
file name same as the function name.



Structure of a Function M-file

Keyword: function Function Name (same as file name .m)

\OutputArgument(S) Input Argument(s)

functlon y = mea (x)

(1% MEAN Average or mean value.

_ % For vectors, MEAN(X) returns the mean value.
Onhnefkﬂp< % For matrices, MEAN(X) 1s a row vector
_|% containing the mean value of each column.
(| [m,n] = size(X);

ifm==
MATLAB o
Code < m=n,
end

Y = sum(x)/m;

»output value = mean(input_value) €= Command Line Syntax



Multiple Input & Output Arguments

function r = ourrank(X, to Ie—————f——— M Uultiple Input

% OURRANK Rank of a matrix Arguments ()

s = svd(X);

if nargin==1 Multiple Output
tol = max(size(X))*s(1)*eps;

end Arguments [, |

r = sum(s>tol);

function [mean,stdev] = ourstat(x)
% OURSTAT Mean & std. deviation
[m,n] = size(X);
it m==
m = n;
end
mean = sum(x)/m;
stdev = sqrt(sum(x.”2)/m — mean."2);

» RANK = ourrank(rand(5),0.1);
» [MEAN,STDEV] = ourstat(1:99);



nargin, nargout, nargchk

nargin — number of input arguments

- Many of Matlab functions can be run with different
number of input variables. it nargin--o

disp('vou have to zfend input arcguments!'):
encd

nargout — number of output arguments
- efficiency

nargchk — check if number of input arguments is between
some ‘low’ and ‘high’ values

I=ok=nargchk{l,5,nargini



Matlab: User Defined Functions

e Examples
— Write a function : out=squarer (A, ind)

* Which takes the square of the input matrix
if the input indicator is equal to 1

* And takes the element by element square of the input matrix
if the input indicator is equal to 2

‘B Editor - D:\SmartWork' squarer.m O] x|
Fil= Edit Text Go Cell Tools Cebug Deskbop ‘Window Help ~ |2 X

D@ M|t 2@do - |&éelc | »@-] |Same Name
@|+E[{Ei§|-|1.n +|+|1.1 x|%9,‘§%9§|ﬂ_

1 function out=zgquarer (L, ind) =
2 <

3 — 1f (ind==1)

1 - out=4a"2;

5 = elzeif [(ind==2)

6 - outb=4L."2;

7 — end

(=]

Sojuarer Ln & Cal A |0VH v




Adding a path to a library

- ) MATLAB Command Window = =10] x|

|Fi Edit “iew ‘Window Help

7] EEhimmn 3 [Of x|
Run Script... File Edit View | Path Tools Help
Load Workspace. ..
= ———— - PRemove from Path

Sawe ‘Workspace &s... _ 4 -

|‘| ks Current Direchor Refresh Filez in nkrinzsic
Snow WWorkspace IE:‘-,I-IATLABRL Restore Defaults., . = B merinsic.n

. . o Ej Intrinsicl m

Show Graphics Property Editor Path - [ Intrinsics.m
Showe GUT Layout Tool C:hdviry Thdy Tirgoli 1 al Ceo | Intrinsicd.m

Cohdwir  Phd Tirgolim' Conputetional Geo:
Cohdwiry Phd W Tirgolim' Conputetional Geo:
Cohdvir \Mscoh Tirgolim'\MicroMeabed Sprin
Preferences... Cohvdwir\Mseh TirgoliniMicroMeabed \ Winte
Cohdwiry, PhdwDevirciMatlah ' Hormal=sS5phrea
PHntSetup.” CohdviriMse\TirgolimWHicroMeabed\Winte
) Codwiri\Mzeh Tirgolin\MicroMeabed  Winte
Print. .. C:hdririMse) TirgolinyMicrcMeakhed\ Winte
Primt Seleckian, .. CohdviriyMscoh Tirgolin\MicroMeabed Winte
CohdwiriyM=ch\ Tirgolin\MicroMeabed\ Winte

Exit: MATLAE Chrl+0 i f‘f‘i’ff‘ff‘f?"}.Tirg?llimf‘“i°¥°?{?ahe°“”.i““_el;l
z=sin{(x-*y) ./ (2*pi)}; J :

add a directary ko the path 12:52 AM 2
a | —

Show Path Browser .




Adding a path to a library

IT Path Browser

Fil= Edit

Views Path  Taools

=10l x|

Help

Current Direchary

Filez in Intringic

Il:: \MATLAERLl\work

Path

C:hdwir'y Phd)

Add to Path

@ Intrinsic.m
@ Intrinsicl.

EI .

Browse. ..

CohvdvirIhd  [jectony bo add: ﬂ
C:hdwiry Phd - -
C"-.diii‘-.ﬂsc smputetional GeometryMatlabb nbinzic | |
CohydwiryM=c ﬂl
C:ydviry Phd F Add ta front r Add ta back
CohydwiryM=c
CohydwiryM=ch Tir: 7
T X
PPNl G 0w se for Folder 7] x|
CohydwirywM=ch Tie
CohdwiryM=ch Tir: eistd ol el
C:‘-.dv1r‘-.Hsc‘-.T1r-
ol i T =l
=-_1 Phd
Ready -] Devsic (2:52 aM

-] MyDocumenks

El{:l Tirgalim J
El {:l Compuketional Geometry
< 6 ) - 7] Homework,
EI {7 Matlab

-] Hometwork

=1

----- (| TWDCDHIEEEEtIDI‘l‘

----- ﬁ MaHabhHe=IR _I—I
3

Cancel |




Adding a path to a library

=10l x|

Help
CIREn CEElH-
A
/ \ »
Exit Path Browser 10 I ritrifizic

IL.\HALLAHRLLxﬂDrH Br Intrinsic.m

i Intrinsicl. m

Ej Intrinsic3 . m

- eticonal Geoird RS Eﬂ Intrinsicd. m

Cohdwiry PhdhTirgolimh Computetional Geo:
Condrirh PhdyTirgolim) Conputetional Geo
CohdviriMsch Tirgolini\MicroMeahed Sprin
CondririMseh\Tirgolin\MicroMeabed  WMinte
Cohndwivh PhdvwDeviBrchMat lab \ Normal s8prea
CohdwririMsehTirgolin'WMicroMeabed)\ Wint e
CondvirnMso\ Tirgolin\Microleabhed  Winte
CohdwririyM=chTirgolin'WMicroMeabed)\ Wint e
CohdvriryMso\ Tirgolin\MicroMeabed Minte
CohdwririyM=chTirgolin'WMicroMeabed)\ Wint e
C:\dvir\Hsc\Tirgnlim\HichHeahediWinfjr:J
b

o ] .

Save the current path ko pathdef.m For fukure sessions 12:59 &M 2




Exercise

Write a function file to compute the factorial
of a number.

Input: N
Output: NF

Function name: factorial

Al-Amer 2006

33



Script file to compute factorial

% program to calculate the factorial of a number
% input N :an integer

% if N is not an integer the program obtains the
% factorial of the integer part of N

% output FC : the factorial of N

%
FC=1; % initial value of FC
for i=1:N
FC=FC*j; % n! =(n-1)!*n
end

Comments are used to explain MATLAB
statements

Al-Amer 2006 34



A solution for a function

output Function name input
First T \ 7 /
statement > function [FC] = factorial(N)
must start
with FC=1;
‘function’ for i=1:N
FC = FC*i;

end




A Better one

function [FC]=Ffactorial(N)

These
comments
will be
displayed
when

‘help factorial’

is typed

% [FC]
% prog

=factorial (N)
ram to calculate the factorial of a number

% tnput N : an integer

% 1F N
% fact
% outp

IS not an iInteger the program obtains the
orial of the iInteger part of N
ut FC : the factorial of N

% initial value of FC

i; % nt =(n-1)!*n

Comments are used to explain MATLAB
statements

Al-Amer 2006 36



even better ...

Fimctior TRCT=actoriaTeD [factorial.m_

% [FC]=factorial(N)

% program to calculate the factorial of a number
% tnput N : an integer

% 1f N Is not an integer the program obtains the
% factorial of the iInteger part of N

% output FC : the factorial of N

iIfT nargin<l % Check for correct input
error(’No input argument assigned?”)
elseit N<O

error(’ Input must be non-negative?”)
elseit abs(N-round(N))>eps
error(’ Input must be an iInteger?)

end
FC = 1; % tnitial value of FC
for 1=1:N

FC = FC*1; % n! =(n-1)"*n




Or quite different...

Fimctior TFOTSTactoriatlD [factorial.m_

% [FC]=factorial(N)

% program to calculate the factorial of a number
% tnput N : an integer

% output FC : the factorial of N

iIT nargin<l % Input ok?
error(’No input argument assigned?’)
elseit N<O

error(’ Input must be non-negative?”)
elseit abs(N-round(N))>eps
error(’ Input must be an i1nteger?)

end
if N==0, FC = 1; % 01=1
else FC = N*factorial(N-1); % nl=n*(n-1)!

end




High

low

MATLAB Calling Priority

variable

built-in function
subfunction
private function
- MEX-file

{ P-file

. M-file

» c0s="This string.";

» cos(8)
ans =

r

» clear cos

» cos(8)

ans =
-0.1455




Matlab Notes:

e “%"” is the neglect sign for Matlab (equaivalent of “//” in C).
Anything after it on the same line is neglected by Matlab
compiler. Used for comments.

 Sometimes slowing down the execution is done deliberately
for observation purposes. You can use the command “pause”
or “pause(seconds)” for this purpose.

>> pause %0 wait until any key is pressed
>=> pause(3.4) %o wait 3.4 seconds




Flow control — conditional repetition

Solutions to nonlinear equations

flz) =0
can be found using Newton’s method
f(zn)

Tl f,(xn)

Task: write a function that finds a solution to

f(x) = e * —sin(x)

Given x(, iterate maxit times or until |xn, — x,_1| < toOl



Flow control — conditional repetition

function [x,n] = newton(x0,tol,maxit)
% NEWTON — Newton’s method for solving equations
% [x,n] = NEWTON(x0,tol,maxit)
X =x0; n =0; done=0;
while ~done,
n=n+1;
X_new =X - (exp(-x)-sin(x))/(-exp(-x)-cos(x));
done = (n>=makxit) | (abs(x_new-x)<tol );
X=X_new,
end

e >>[Xx,n] =newton(0,1e-3,10)



Function functions

e Do we need to re-write newton.m for every new function?

o NO! General purpose functions take other m-files as input.



Function handle

Useful as parameter to other functions

Can be considered as an alternate name for a function — but with
more capabilities

Example:

>> sin_handle = @sin % “@” converts function to
handle

>> sin_handle(X) % same values as sin(X)
for all X

>> 1ntegral(sin_handle,O,pi1); % or integral(@sin,O,pi);

>> ¥ = 1nput("Functionsname: ","s")

>> fc = [“@° T] % add “@” to function name

>> fct = eval(fc) % evaluate the string
>> fct = str2func(f) % replaces the 2 former
commands

>> integral(fct,0,pl) % 1ntegrate the function



Using anonymous functions

Another use is anonymous functions
Assume the user needs to work temporarily with the function
x3+3*x -1
Instead of writing the function
— function y = mypoly(x) ;
— y =Xx."3+3*x-1
and storing it as mypoly.m in subdirectory work we can use an
anonymous function with the function handle mypoly

— mypoly = @(x) x.*3+3*x-1



Using anonymous functions

 With a function handle an anonymous function can
be used like any other

— integral( mypoly, 0, pi)

 Without the function handle the anonymous
function can be inserted directly as the parameter
— integral( @(x) x.A3+3*x-1, 0, pi )



Function functions

Back to our question: do we need to re-write newton.m for
every new function?

No! General purpose functions take other m-files as input.
>> help feval

>> [f,T_prime]=feval (Cmyfun’,0);

function [f,T _prime] = myfun(Xx) _

% MYFUN— Evaluate f(X) = exp(X)-sin(X)
% and 1ts first derivative
% [F,f _prime] = myfun(X)

T=exp(-x)-sin(x);
T prime=-exp(-x)-cos(X);




Function functions

e Canupdate newton.m _

function [x,n] = newtonf(fname,x0,tol,maxit)
% NEWTON — Newton’s method for solving equations
% [x,n] = NEWTON(fname,x0,tol,maxit)
X =Xx0; n =0; done=0;
while ~done,

n=n+1,;

[f,f _prime] = feval(fname,x);

X_new =x —f/f_prime;

done = n>maxit | abs(x_new-x)<tol ;

X =X_Nnew;
end

¢ >> [x,n]=newtonf("myfun”,0,le-3,10)



Function functions in Matlab

 Heavily used: integration, differentiation, optimization, ...
>> help ode45

* Find the solution to the ordinary differential equation

T1 = T2

cotem e [oyodefunn |

function x_dot = myodefun(t,x)

% MYODEFUN — Define RHS of ODE
x_dot(1,1) = x(2);

x_dot(2,1) = -x(1)+0.1*(1-x (1) 2)*x(2);

T

>> oded5('myodefun’,[0 10],[1;-10]);



Some more special functions

feval(fhandle, x1,..., xn) evaluates the function handle, fhandle, using arguments
x1 through xn.

eval(expression) evaluates (transforms) the string expression in MATLAB
code

str2func('str’) returns a function handle for the function named in
string 'str'.

func2str(fhandle) constructs a string that holds the name of the function

to which the function handle fhandle belongs
(O-Ton MATLAB).
x=2; exist(‘x’, 'var’) Here: does the variable x exist? (1)
is* Help of Matlab lists all is* functions
Isa(Variable,Class) gehort die Varibale zur Klasse? isa(pi, integer’)



Programming tips and tricks

* Programming style has huge influence on program speed!

X=-250:0.1:250; x=-250:0.1:250;
for ii=1:length(x) s=sqrt(x);
It x(i1)>=0, s(x<0)=0;
s(i)=sqrt(x(ii)); toc;
else
s(i)=0;
end;
end;
toc

Loops are slow: Replace loops by vector operations!
Memory allocation takes a lot of time: Pre-allocate memory!
Use profile to find code bottlenecks!



	Matlab
	Eine Function ist eine Blackbox
	Matlab
	Matlab
	Matlab
	Matlab
	Matlab
	Matlab
	Foliennummer 9
	Matlab
	Matlab
	Matlab
	Matlab
	Matlab
	Matlab
	Builtin Functions
	Builtin continued
	Builtin continued
	Remarks
	Builtin Functions for vectors
	Builtin functions for vectors
	Builtin functions applied to matrices
	Matlab: use of M-File
	Matlab: use of M-File
	Matlab: User Defined Functions 
	Structure of a Function M-file
	Multiple Input & Output Arguments
	nargin, nargout, nargchk
	Matlab: User Defined Functions 
	Foliennummer 30
	Foliennummer 31
	Foliennummer 32
	Exercise
	Script file to compute factorial
	A solution for a function
	A Better one
	Foliennummer 37
	Foliennummer 38
	MATLAB Calling Priority
	Matlab Notes:
	Flow control – conditional repetition
	Flow control – conditional repetition
	Function functions
	Function handle
	Using anonymous functions
	Using anonymous functions
	Function functions
	Function functions
	Function functions in Matlab
	Some more special functions
	Programming tips and tricks

