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»1. Matlab

» 2. Mathematica
»3. Maple

>4. MathCAD




Matlab Programming Tips

!'_ and Tricks

Samuel Cheng
University of Oklahoma-Tulsa
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> Matlab 1s slow
€ Think again!

& Matlab is extremely fast for matrix
computation

®Matlab is an encapsulation of
highly optimized Lapack and Blas
numerical library
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Experiment 1

» Matrix multiplication for
matrices of size 500 x 500

>»C: 4.08 sec

size=500;

for (i=0;i<size;i++)
for (j=0;j<size;j++)
for (k=0;k<size;k++)

clilfil=alil[kI*bIK][];
> Matlab: 0.53 sec

Don’t expect your tiny C code will beat Matlab for matrix
operations! Matlab is slow only when you make it so!
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Flow Control

» Matlab iIs a fully power
programming language with flow
control capability of other high
level languages
& If-then-else
¢ for-end
®while-end
®try-catch-end

In most cases, you don’t need them at
all if you do things right!
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Matlab

> Matlab 1s not “Math” lab
> 1t 1Is Matrix lab

» Think everything in matrix
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Vectors and Matrices

»Row vectors|ss x=[1,3,57,9]:

»Column vectors and transpose

1

>> X=[1;3;5;7;9]; ) 3

>> X=[1,3,5,7,9]"; X =|5

,

> Matrices 9]

>> X=zeros(2); X=[0,0;0,0];
>> X=ones(2); X=[1,1;1,1]; y {1 0}
>> X=eye(2); X=[1,0;0,1]; -
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Colon

>> X=1:5; % X=[1 2 3 4 5]

\Comment sign

>> X=0:0.3:1; % X=[0 0.3 0.6 0.9]

>> X=0nes(2)
>> X(:)
ans =

e
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Dot Products

» Every operation in Matlab i1s matrix
operation by default

» Non-matrix operation iIs generalized
to matrix operation as element-wise
operation (sin, cos, etc.)

» To convert matrix operation to

element-wise operation, add dot In
front (.*,.")

>> A=0ones(2); A"2 >> A=0nes(2); A2
ans = ans =

2 2 1 1

2 2 1 1
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Most Important Tip
»Avoid loops by all means
»E.g. y=sin(x), x=0.1,0.2,...,2*pI
» Stupid code:

for i=1:2*pi*10 x=0.1%,
y(i)=sin(x); end

» Better:
Xx=0.1:0.1:2*pi; y=sin(X);
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ndgrid

>> xid=1;yid=1,
»Bad >> for x=-10:0.1:10

for y=-10:0.1:10
z(xid,yid)=x"3+y"2;
yid=yid+1;

end

xid=xid+1,;

end

> Much better

>> [X,y]=ndgrid(-10:0.1:10,...
-10:0.1:10);
Z=X"3+y."2;
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Batch File

»Batch file in Matlab is simple.
Simply put your code In a file
with extension .m

»Every symbols will be visible In
the current workspace

»Good for initial development
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function

» Functions are exactly the same as
batch files except they hide all
variables except those you return

 Don’t assume dimensions of your inputs (don’t
assume your input to be a column or row vector)

e Break your function into meaningful functions (a
well-design program needs very few comments)

e Use functions whenever possible (instead of
batch)




HENE A hitp://www.TrueMark.cn

TrueMark.cn

function

» EXxercise: can you write the function in 1 line?

>> type isprimel.m

function bool=isprimel(n)

bool=1;

for I=2:floor(sqgrt(n))
If mod(n,)==0

bool=0; break;

end

end

>> pool=isprimel(n);

>> |

?7?? Undefined function or variable ‘I'.
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ANswer

>> type isprime2.m

function bool=isprime2(n)
bool=all(mod(n*ones(floor(sqgrt(n))-1,1)',...
2:floor(sqrt(n))));
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function pointer

>> add=@(x,y) x+y
add =
@(X,y)x+y

>> add(1,2)
ans =
3

>> addone=@(x) add(1,x);
>> addone(3)
ans =

4
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size / length

>> X=o0nes(4,5);
>> size(X)
ans =

4 5
>> size(X,2)
ans =

5
>> size(X(2))
ans =

20 1
>> length(X(:))
ans =

20
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size / length

>> type horrible.m >> type better.m
X=imread(‘mypic.png’); X=imread(‘mypic.png’);
nX=320; nX=size(X,1);

nY=200; nY=size(X,2);
process(X,nX,nY); process(X,nX,nY);

>> type best.m
X=imread(‘mypic.png’);
process_new(X);

Don’t put fixed values all over your codes! “I'll never
change their values” is not an excuse
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»E.g. thresholding \ /

»Bad
function x=threshold(x,th) C[xif [x[xth
for xid=1:length(x) YZ10  otherwise
If abs(x(xid))<th
X(xid)=0;
end e 1-line
> Better

function x=threshold(x,th) x(abs(x)<th)=0

ind=find(abs(x)<th);
X(ind)=0;
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exist

>> type threshold.m
function x=threshold(x,th)
If ~exist(‘th’,’var’)

th=1:
end
X(abs(x)<th)=0;

Use exist to assign default variables for
your functions
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sprintf and eval

>> type bad.m General rule:
Process(bl), : :
Process(b2); YVrlte cosles with low
Process(b3); entropy

Process(b4); (deterministic)
Process(b5);

>> type good.m

for id=1:5
eval(sprintf(‘Process(b%d);’,id));
end
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cell

» Cell arrays/matrices can store mixed

content for each component

>>a={1,1:2,a’}
a=
[1] [1x2 double] ‘a’
>> a(2)
ans =
[1x2 double]
>> a{2)
ans =

1 2
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File 1/0
»fopen w
» fread | More or less
> Fwrite same as C
»fprintf
»save/load

>>savetmpabc
>> |oad tmp
>> save tmp2 a -ascili
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Debugging
» Use dbstop to initiate debugger

» Use dbclear all to erase all stop
points

» Shortcuts
€F10 — step over
®F11 —step in
& Shift-F11 — run to next stop point
®F12 — toggle stop point
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try/catch

>> x=rand(1,99);

>> for 1=1:100;

y(1)=x(1)"2;

end

?7?7? Index exceeds matrix dimensions.

>> for 1=1:100;
try
y()=x()"2;
catch
|
end
end

100
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Profiling
»Using tic/toc

>> A=rand(500);,
>> tic; A*A; toc;
Elapsed time is 0.329000 seconds.

»Matlab has its own profiling tools
®help profile
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Interface with C

> Matlab can be slow with non-
matrix operation

> Look for internal function In
those cases

»Speed up by interfacing with C
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Interface with C

> Write out file

»Call C using dos
»Read file

>> type interface.m

function Imout=interface(size,parameter)
Im=generate_img(size);

imwrite(Im,’tmp.png’);

dos(sprintf(‘process tmp.png %d’,parameter));
Imout=imread(‘tmp.png’);
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Using Mex

>> type mex_skeleton.c
#include "mex.h"

void mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhsf])
{
double *y,*x1,*x2;

int nrows,ncols;

nrows = mxGetM(prhs[0]);
ncols = mxGetN(prhs[0]);

plhs[0] = mxCreateDoubleMatrix(nrows,ncols,mxREAL);
x1 = mxGetPr(prhs[0]);

x2 = mxGetPr(prhs[1]);

y = mxGetPr(plhs[0]);

process(x1,x2,y);

}
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Using Mex

>> mex mex_skeleton.c

>> x1=rand(1,10);

>> x2=rand(1,10);

>>y = mex_skeleton(x1,x2);
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Visualization Functions

»ezplot

»plot

»plot3

»mesh

»surt

> ...

»See help document
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Most Common FAQs for Figures

» Don’t show axis
>=>axis off
» Change axis ranges
>> axis([xstart xend ystart yend]);

» Change axis font size
Click axis

>=> set(gca,’fontsize’,fontsize);
» Use Latex

>= titleC$S\frac{x}{y} , interpreter’,’latex’);
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»Help guide

& untitled.fig =100 x|

File Edit Wew Layout Tools Help

DEE $BRo - 2B6 6% »
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Conclusions

»Matlab can be fast in terms of
both development and actual
running, an extremely good tool
for prototyping

»Avolid loop In all means
» Getting help
®Use “help” often

®Google “matlab command”

®Email me or knock my door (try
afternoon and evening)
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FAQS
»RTBITHRE: #H%RE5HNFEH

N = 5e3;
X = zeros(N,1);
x(1) = 1000;
for n=2:N
X(k) = 1.05*x(k-1);

end
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FAQSs

> RTRETEE: UTHREFEMZER (testl.m) ?

N = 5e3;
x = randn(N,N); y = zeros(N,N);
tic;

for r = 1:N %06 for each fixed row
for c = 1:N 26 column-wise
y(r,c) = x(r,c);
end
end
toc

tic;
for c = 1:N %06 for each fixed column
for r = 1:N %06 row-wise
y(r,c) = x(r,c);
end
end
Toc
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¥ Matlab4: B B BWord C 4

Edit>copy options: Zk&EHMatafile; E1EH
Bitmap

] R B AN B2 R HIAAE ?

== |ptsetpref('ImshowBorder’, tight’);
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n \pi
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% text(20,30,\alpha_2"™\beta")
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> —. AXIS B3R
& XM HEREBEEN—MEE, E&TEHECEESHERNITE, LEE, RGBT

YoSCHIEF, REERLIRR
YTEMATH A Ctrl+C &X
t=0:0.1:100%*pi;
m=sin(t);
plot(t,m);
X=-2*pi;
axis([x,x+4*pi,-2,2]);
grid on
while 1
If x>max(t)
break;
end
X=x+0.1;
axis([x,x+4*pi,-2,2]); YoB3hLIr 5
pause(0.1);
end
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> —. Hold On &=

& WATEREIRG, ES TSR, RERLE LB, BEREEHKER, BINTWEE, iy AEES, PRERET, HEERE
FTEFHELEIILineXT REHE

26%0

% Hold On &

% WHMITERRER, BESBRRUE
hold off

t=0;

m=0;

t1=[0 0.1]; YEM 5l
ml=[sin(tl);cos(t1l)];

p = plot(t,m,"*",t1,m1(1,:),"-r', t1,m1(2,:),"-b","MarkerSize’,5);
X=-1.5*pi;

axis([x x+2*pi -1.5 1.5]);
grid on;

for i=1:100
hold on
t=0.1%i; % F—/ K
m=t-floor(t);
t1=t1+0.1; % F—E& (&)
ml=[sin(tl);cos(t1)];
p = plot(t,m,">",t1,m1(1,:),"-r',t1,m1(2,:),'-b","MarkerSize',5);
X=x+0.1;
axis([x x+2*pi -1.5 1.5]);
pause(0.01);

end
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> =. Plot TEERBRER

O XFEALLEE S

EZIE, MELBE, BIFAED

, EENERHE, BREFLineSHEIETE,
& RN FEZ I ERER PlotBEEREH A
Plot@%ﬁ AN X-Y (- X):léﬁv‘nfﬂ LR “BE
-“fEXT, AR (FFHLS XN
Lineg&i#) Handle, 1T —1 Z&FKHK

handles) |,

F—28 % #F XData, YData HE.

ﬁn%@’ru?zgﬁfﬁ WALRE 2X 1K RE.

B &

0

AEE

BEHHE Plot, RTE RiFEGE

7], fEHdrawnowEZ.
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> 1. H—AEREhHE:

20%0

YoX B RERITE, IBWRIA, FHHEITHZRMBIRR

% t,m ¥R—17 , FFEARRAZIT

t=0;

m=0;

p = plot(t,m,">",...
‘EraseMode’,'background’,"MarkerSize*,5);

X=-1.5*pi;

axis([x x+2*pi -1.5 1.5]);

grid on;

for i=1:1000
t=0.1%*i; Yo MNREIYAEM
m=sin(0.1%*1);
set(p,'XData’,t,"YData',m)
x=x+0.1;
drawnow
axis([x x+2*pi -1.5 1.5]);
pause(0.1);

end
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> 2. hAZ &M (EIEEEE)
>

YoRME RERIIITIE, NSKRIL, FHIITRRBIFRLITHL

t=[0]

m=[sin(t);cos(t)]

p = plot(t,m,...
‘EraseMode’,'background’,"MarkerSize*,5);

X=-1.5*pi;

axis([x x+2*pi -1.5 1.5]);

grid on;

for i=1:1000
t=[t 0.1*i]; %oMatrix 1*(i+1)
m=[m [sin(0.1%*i);cos(0.1*1)]]; YoMatrix 2*(i+1)
set(p(1),'XData’,t,"YData',m(1,:))
set(p(2),'XData’,t,"YData',m(2,:))
drawnow
x=x+0.1;
axis([x x+2*pi -1.5 1.5]);
pause(0.5);
end
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>>mbuild -setup

1
wy

]

o e

fEMATLABT. O*éﬁﬁﬂllﬁﬁ—ﬁﬁhﬁiﬁ

L L 5
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> mbuild -setup
Flease choose your compiler for building standalonme MATLAER applications:

Yould you like mbuild to locate installed compilers [y]1/n? ¥

Select a compiler:

[1] Lec C version 2.4.1 in C:\FROGEAN FILESAMATLABT1\=sysilce

[Z2] Microsoft Visual CfFCH wversiom B.0 inm C:‘\Program Files\Microsoft Visual Studio
[0] Fone

Compiler: 2

Please werify your choices:

Compiler: Microsoft Visual CfCH 6.0
Location: C:\Program FilesiMicrosoft Vizual Studie

Are these correct? ([¥1/fm): ¥

Try to update optioms file: C:'‘\Documents and Settings W {FMUserihpplication Data'MathYorks\NATLABARI4SF3\compopts.
From template: C:\PROGRAM FILESAMATLABT1ABIN\win32\mbuildoptsimsvcB0compp. bat

Done .

——» ""C:\Program Files\MATLABT1'bin‘win32\mwregsvr” “C:\Program Files\WATLABT1Vbiniwin32\mwcomutil. 41177

DM1BegisterServer im C:V\PFrogram FilesiMATLABT1Vbiniwin3d2imweomutil. d11 succeeded

= ""C:\Program Files\MATLABT1VbinwinI2imwregsvr™ “C:\Program FilesiMATLABTIVbin'win3Z2\mwecommgr. 41177

Dl1RegisterServer in C:\Program Files\MATLABT1Vbin\win3d2\mwcommgr. d11 succeeded

-
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> 2. EMATLABH, RBMIXHE R FRexe (AJHAT) 3R

=>>mcc -m guimcc

€ To get started, select MATLAB Help or Demos from the
Help menu.

€ Warning: No matching builtin function available for
D:\MATLAB7\toolbox\simulink\simulink\set_ param.bi

& FEESHBIRITE:
® % \MATLAB7\toolbox\compiler\deploy\matlabrc.m
aalih

® 8117 set_param(O,'PaperType’,defaultpaper);
® 8247 set_param(0O,'PaperUnits’,defaultunits);
o HRHEZE, XNEHFHRET —RK, REEERFEHRT
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> 3.5 9% 1%FA

= R SCRS R AR BB A MATLABHE

i B

&£ SMATLAB\toolbox\compiler\deploy\win32
TFIEMCRINstaller.exe (76 MEXH) Y

O RIGIEEREEMATLABHINL T L ZEMCRINstaller®)
D:\MATLAB Component Runtime(B&%, BiF

AEFZK, 1 D:\MCR BEEHT)
SIENRTE, ARAT “REBEN” -) BHE-Y &4-)
WETE-) Fg
o E4: Path
o E{H: D:\MCR\Vv70\runtime\win32
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¢ Ri5diTexe X, SRHBRHBIDOSHEE, JIHMEIRAT .
GUIRH—IREFBIT AR, HWEFERERRS.

& fRRIPE:

¢ {HAMATLABFREH BB EN 22 HH 7 (MATLABERVA A K2
INTELHI# A EBT), MFHERE — FTBLAS(Basic Linear
Algebra Subroutines, g2 "Eaig LA FRER"HEB)FER
B. HAERNEHMATLABRISCRS S A I T 30k
:atlas_Athlon.dII(AMDRFIFIEHIXA), atlas_P4.dII(P4H]
XA, atlas_PIlL.AIIP3KAXA), atlas_PI1.dII(P2HA
XAN), XN N AN E R R BRSO 3

& £33 SMATLAB7\bin\win32HF FHatlas_Athlon.dll (
AMDZRFICPUMER) fatlas P4.dll (GE4H) 3C8%, BMBIMCRE
xH (FEfE) , RERENRELE

o ZZE4. BLAS VERSION

® ZLE(H: D:\MCR\v70\atlas_Athlon.dll
& XHRELE, BiEiTexe X BEHOKT .
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> FEEEM:
& FFELES, BURSE W TIRE
=>> mcc -m interface

To get started, select MATLAB Help or Demos from
the Help menu.

??7? Unable to locate close;contentwindow as a
function on the MATLAB path

Warning: An object instance still exists.

Use the objectdirectory command to see a count of
existing instances.

??7? Depfun error: 'Unable to locate
close;contentwindow as a function on the MATLAB
path*

& B EE AR “close;contentwindow”iER) BiEIRMA 4B
YR “callback” 2 T {HERWAZBEMEAHIE, RATITH (K
. H&contentwindow) }. Mk, RER
“close;contentwindow” &4 SEM S F340H “callback”
B, BREFERASHET
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