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Outline, Part I: MATLAB Overview

. System Summary, Getting started
IIl. Data Types

Ill. M-Files: scripts, functions

V. Programming

V. Visualization

VI. DSP Application Example

VIl. Debugging, Profiling
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System Summary

. MATLAB vs. C (or FORTRAN or other)
Help system

Built-in functions

Toolboxes

M-files: functions and scripts

Editor

G mmo o w >

. Debugger

H. Compiler, External Interfaces
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Getting Started

hel p Online help system, command window
hel pw n ‘“ “ , separate window
hel pdesk ‘“ “ , web browser

doc

| ookf or Help keyword search

Help System Functions

ver si on MATLAB version number
what snew Display MATLAB READMEs

About... Functions
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Getting Started

UPARROW Repeat last command(s) (stack)

Qui t Terminate MATLAB

', dos() Execute operating system command
cd Change working directory

dir Directory listing

what Dir: M-files, MAT-files, MEX-files
del et e Delete files and graphics objects
type List file

pat h Control directory search path
addpat h Add directories to search path
rnpat h Remove directories from search path
edit Edit an M-file

OS Functions
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Data Types

MATLAB data types:

e Scalars 0 X =7, z = 1+2];
e \/ectors (O] v = 1:0. 1: 2;
1234 J W — [ a b 2 2 ];
* Matrices : A=1] 1:3;, 8:10; 4 6 8 ];
: B=] A A ],;

Automatic allocation, no declarations.
NOTE: NAMES ARE CASE SENSITIVE!
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Data Types

e Muti-D
1 1 1
2 2 2
3 3 3
| | |
1234 . . . J 1234 . . . J 1234 . . .

M:,:,1) = A
M:,:,2) = -A
M:,:,3) = A+B;

3-D example; can be extended to M-D.
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Data Types

o Cell Arrays
‘string 1’ |
LLLOETLET T ETTELTLT ‘ . ,
r2ae 3 : string 2
i Illzjslll||||'|.||'|||||||J| i

c{1,1} = randn(5,5),;
c{1,2} = ‘string 1’;
c{3, 3} 97+3]

3 x 3 example; can be arbitrarily extended.
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Data Types

 Characters X = ‘a;
e Strings negl = ‘' CYSI P’
neg2 = " MATLAB Intro’;
who cl ear cl ear gl obal
whos | oad clear all
Si ze save
| engt h pack

Spring 2000

Data structure and workspace functions
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Function Calls

| resl, res2, ... | = funcnanme( argl, arg2, ...);

x =[] 1:5; 11:15 ];

y = sun(x)

12 14 16 18 20

Example Function Call: sum()
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M-files: Functions

function [ a, b, ¢ ] = fnane(argl, arg2, . . .)

% Help line 1

% Hel p text

% More hel p text
{function body}

— 0oL~
i im

or
{return}

Function Structure (in text file f nanme. m )

NOTES

1. fname should match actual filename (.m)
2. All help text is optional

3. “{* and “}” denote optional contents
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M-files: Functions

function [s,n] = fgen(f,fs,type, N

% Functi on generat or

%fgen(f,fs,type, N returns sin or square wave
% vector of length N, depeding on type.

%f specifies the desired frequency

% fs specifies the desired sanple rate

w=2*pi *f/fs;
n=0:(N-1),;
swtch type
case ‘c’, s=cos(w. *n);
case ‘'s’, s=square(w *n);
end

Example 1-1: Function Generator (fgen.m)
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M-files: Sub-functions

function [mu, stdev] = stat(x)
n = | engt h(x);

<

mu = avg(Xx, n);
stdev = sqgrt(sun((x-mu)."2/n));

function nean = avg(Xx, n)

mean = sum(x)/ n; «

Example 1-2: Vector Statistics (stat.m)
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M-files: Scripts

fs = 44100;
f = 1000;
stype = ‘¢’;
N = 20000;

w=2*pi *f/fs;
n=0:(N-1);
swtch stype
case ‘c’, s=cos(w. *n);
case ‘s’, s=square(w *n);
end

Example 1-3: Function Generator (fgens.m)
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Workspace and Scope

« Memory partitioned into “workspaces”

« Base workspace contains global memory
 Function scope = local workspace

e Sub-function scope = local workspace

e Script scope = current workspace

e Scope modifier: gl obal
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Data |/O

di sp | oad auwite
fprintf save aur ead

f scanf f open wavr ead
fgets fcl ose wavw i t e
fget| fread f eof

f seek fwite ftell
sprintf sscanf

Partial List -- Should Look Familiar to ‘C’
Programmers
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Special Values

ans
eps
fl1ops
]

| Nf

NaN

pI

r eal nax
real mn

Most recent result

Machine epsilon

Total floating point ops during session
sqrt(-1)

Infinity

Not-a-Number

3.14...

Largest positive floating-point #
Smallest “  “ “

Spring 2000

Partial List
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Operators

1. Arithmetic (+, -, *,/, etc.)
2. Relational (==, >, <, etc.)

3. Logical (AND, OR, NOT, etc.)

Precedence
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Arithmetic Operators

1. Transpose (. '), power (. ), hermitian (* ), matrix power ()
2. Unary plus (+), Unary minus (-)

3. Mult (*), Div (. /), Matrix mult. (*), Matrix div (/)

4. Addition (+), Subtraction (-)

5. Colon (;)
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Relational Operators

1. < Less than

2. <= Less than or equal to

3. > Greater than

4. >= Greater than or equal to
5. == Equal to

6. ~= Not equal to
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Logical Operators and Functions

Spring 2000

Xor()

all()

any()

find()

AND

OR

NOT

Exclusive OR

u=1[123], all(u<3) =

u=1[12 3], any(u < 3)

u=1[321], find(u < 3)
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Indexing and Subscripting

Spring 2000

A = nmgic(4) = 16 2 3 13
5 11 10 8
9 7 6 12
4 14 15 1
sumA) = sun(A) = trace(A
= trace(flipud(A)) = 34
A(l1,]) I ndexes row i, colum |
A(l,3) =3
A(3,1) =9

A(:,3)" =3 10 6 15

MATLAB/DSP Introduction - Copyright © 1999 Andreas Spanias and Ted Painter
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Indexing and Subscripting

Spring 2000

A = nmgic(4) = 16 2 3 13
5 11 10 8
9 7 6 12
4 14 15 1
A(2,2:4) = 11 10 8

A(2:3,3:4) = 10 8

A(8) = 14

[1: 3] + [4:6] =57 9
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Spring 2000

Concatination

A=zeros(2, 2);
B=ones( 3, 2);

C[ [A-1;,B+1l], [B+3; A-4] ]

C =

I
NDINNDN - P
I
NDINNDND - B
I

S ST S S

b D
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Conditional Branching

| f,

Spring 2000

el se,

el sel f

1 f X

::y
disp(‘x equals y’)

elseif x >y

el se

end

di sp(‘x bigger than y’)

di sp(‘x smaller than y')

MATLAB/DSP Introduction - Copyright © 1999 Andreas Spanias and Ted Painter
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Conditional Branching

swW t ch,

Spring 2000

case, otherw se

swmtch var

case 1
disp(‘1)
case {2, 3, 4}
disp(‘2 or 3 or 4’)
case 5
disp(‘5’)
ot herw se

end

disp(‘Not Iin 1:5")

MATLAB/DSP Introduction - Copyright © 1999 Andreas Spanias and Ted Painter
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Looping

whi | e
n=1
while prod(1l:n) < 1el100
n=n+1,;
end
n =
70

Finds first integer n for which n! contains 100-digits.
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br eak

Looping

n=1
while 1
1 f prod(1l:n) >= 1el00
br eak;
el se
n=n+1
end
end
n =
70

Can be used to exit any loop.

Spring 2000
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for

Spring 2000

Looping

4;
3;
1 = 1: M
for | = 1:N
ACL,]) = 1+)-1;
end
1 2 3
2 3 4
3 4 5
4 5 6

MATLAB/DSP Introduction - Copyright © 1999 Andreas Spanias and Ted Painter
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Loop Vectorization

Vectorized M= 4

codeismore | N = 3 Row

efficient —— )=t N vector
for 1 = 1: M

Inner loop .—
eliminated =

B~ WD
O~ wWDN
O 01 bk~ W
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Loop Vectorization

Why Bother ? Consider equivalent code fragments:

tic

| = 0;

for t = 0:0.001: 10
| = +1;
y(1)=sin(t);

end

t oc

el apsed tinme =

3. 8590

tic
t = 0:0.001: 10;
y=sin(t);

toc

el apsed tinme =

0. 0310

VECTORIZED:
125x FASTER !
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Preallocation

Allocate data structures before manipulating.

y=zer 0s(11000, 1);
tic

| = 0;

for t = 0:0.001: 10
| = +1;
y(1)=sin(t);

end

t oc

el apsed tinme =

0. 2810

PREALLOCATED:

14x Speed

Improvement

Spring 2000 MATLAB/DSP Introduction - Copyright © 1999 Andreas Spanias and Ted Painter
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Visualization
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Basic Visualization

pl ot
subpl ot
sem | ogx
sem | ogy
| ogl og
bar

bar h

hi st
hol d

pi e
print

Plot vectors or matrices

Create tiled axes

Semi-log scale plot, x-axis logarithmic
N ¢ “, y-axis
Log-log scale plot

Vertical bar chart

Horizontal bar chart

Histograms

Hold current graph (on/off)

Pie chart

Print to clipboard, printer, or file

Spring 2000

Partial List -- Demos for Each

MATLAB/DSP Introduction - Copyright © 1999 Andreas Spanias and Ted Painter

37



Basic Visualization

Spring 2000

grid Grid lines on/off

gt ext Place text using mouse

t ext Place text automatically

pl otyy Y-tick labels on left and right
title Add title to plot

x| abel Add x-axis label

yl abel Add y-axis label

Partial List -- Demos for Each

MATLAB/DSP Introduction - Copyright © 1999 Andreas Spanias and Ted Painter
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figure
pl ot

x| abel
yl abel
title

Spring 2000

Basic Visualization

% Generate a signal, noise
n=(0: 4000)";

N=I engt h( n);

f =400;

f s=8000;

t=n/fs;

sig=sin(2*pi *f/fs.*n);

noi se=randn(N, 1) ;

noi se=noi se./ (2*max(abs(noi se)));
peak=max(si Q) ;

| =f i nd(si g==peak) ;
tp=n(i)/fs;

Example 1-4 (visl.m)

MATLAB/DSP Introduction - Copyright © 1999 Andreas Spanias and Ted Painter
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figure
pl ot

x| abel
yl abel
title

Amplitude

Spring 2000

-0.2

-0.4

-0.6

-0.8

-1

Basic Visualization

A 400 Hz Sinusoid

H‘

"

]

{ ’| N\ 1 i 1]

| |

}H\‘

’h“ ’Hl{

HH ’h

0 500 1000 1500 2000 2500 3000 3500 4000 4500

Sample #

Example 1-4 (visl.m)
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set ‘xlim
set ‘ylim
grid
subpl ot

Spring 2000

Basic Visualization

% Adjust limts
set (gca, 'xlim,[0 256]);
set(gca, 'ylim,[-1.5 1.5]);

% Pl ot agai nst tinme index
plot(t,sig);

% Two plots, special plot synbol and col or
plot(t,sig,tp,sig(i), ' rx");

% Add a grid
grid

% Create 2 subplots for signal, noise
subpl ot (211)
plot(t,sig,tp,sig(i), ' rx");
subpl ot (212)

plot(t,2*noise, ' g:');

Example 1-4 (visl.m)
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Basic Visualization

A 400 Hz Sinusoid

set ‘xlim | |
Set ‘ yI | ITi Adjust plot limits

Amplitude

_1 5 1 1 1 1 1
0 50 100 150 200 250
Sample #
Example 1-4 (visl.m)
MATLAB/DSP Introduction - Copyright © 1999 Andreas Spanias and Ted Painter 42
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Basic Visualization

pl Ot (X’ y) A 400 Hz Sinusoid

1.5 T

Plotagainsta time index

0.5

Amplitude

-0.5F

-1.5 L

0 0.005

0.01 0.015 0.02
Time (seconds)

Example 1-4 (visl.m)
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Basic Visualization

pl ot (X,Vy, V,Ww . A 400 Hz Sinusoid

Two plots, special plot symboland color

0.5 4

Amplitude

-0.5F

-1.5 - - -
0 0.005 0.01 0.015 0.02

Time (seconds)

Example 1-4 (visl.m)
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grid

Spring 2000

Basic Visualization

A 400 Hz Sinusoid

1.5 ) T T ; T T T T ;
Two ;ﬁlots, sﬁecial pfot symbol and :color : : :
Add a grid : :
1t R P SRR SRR SRS SRR IR IR CIIEIRIEIEIE SIS .
0.5H -1 -- S0 R EERRE IRE ERREE LER REERS R REREE R SAREE B! AR .
(5}
o
= ; ;
= 0F SR SUR R A S N N HY U vER MRl R M M 1
£
<
O5F- -] e e
T P v T A R A 4 .
15 i i i i i i i i i
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

Time (seconds)

Example 1-4 (visl.m)
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-0.5F

1-5 T T T T T I /
1

0.5 : \ L —h '

0 . 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

Spring 2000
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Basic Visualization

A 400 Hz Sinusoid

subpl ot (211) 15

Create subplc')ts, one for each signa‘l

Amplitude
o
o o

.2
= o
T T

1

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

Time (seconds)
A 400 Hz Sinusoid

=
a1

=
a1

Show noise with different Iin'estyle '

subpl ot (212)

Amplitude
S o
_ o o G -

_1.5 1 1 1 1 1 1 1 1 1
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

Time (seconds)
Example 1-4 (visl.m)
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gt ext
sem | ogx
sem | ogy
| ogl og

Spring 2000

Basic Visualization

% Pl ace text using the nouse
gtext (' Like this');

% Sem | 0og-x, Sem | og-y, Log-Log
sem | ogx(t,sig,tp,sig(i), ' rx"),;

Example 1-4 (visl.m)
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Basic Visualization

sem | og
sem | og
| ogl og

Spring 2000

A 400 Hz Sinusoid

1.5
Semilog plots, X-axis

NOTE: Semilog-Y, Log-Log possible

Amplitude

-1.5 : e . .
10° 10
Time (seconds)

Example 1-4 (visl.m)
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Basic Visualization

hi st

Spring 2000

function vis2(n,m

on - nu i \Y;
% n nunber of samples in the random vectors

% m - nunber of histogram bins

Xn=randn(n, 1);

Xu=rand(n, 1);

subpl ot (211)

hi st (Xn, m;

title(' Gaussian Sinulation');
xl'i meget (gca, ' xlim);
subpl ot (212)

hi st (Xu, m;
set(gca, ' xlim,xlim;

title(' Uniform Sinulation');

Example 1-4 (vis2.m)

MATLAB/DSP Introduction - Copyright © 1999 Andreas Spanias and Ted Painter
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hi st

Spring 2000

Basic Visualization

8000

6000

4000

2000

2500

2000

1500

1000

500

0

Gaussian Simulation

-5 -4 -3 -2 -1 0 1 2 3
Uniform Simulation
5 -4 -3 -2 -1 0 1 2 3

Example 1-4 (vis2.m)
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Basic Visualization

bar
bar h

pi e

4% 2% 10
«—

1 2 3 4 5 6 7 8 9 10
9%

11%

13%

x=1:10; x=1:10:
subpl ot (211) pi e(x)
bar ( X)

subpl ot (212)

bar h( x)
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Basic Visualization

hol d
hold demo
4
N=1024; 3r
n=1:N;

o=ones(N, 1);

x=randn(N, 1) ;

si gma=st d( X) ;

pl ot (n, 2*si gma* o,
n, - 2*si gna*o,
‘r:');

hol d on

pl ot (n, X) 3¢

r- .,

800 1000 1200

Example 1-4 (vis3.m) °© = @
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Basic Visualization

specgr am

function sgdenol

[s,fs, bits]=wavread(' bonb');
specgran(s,[],fs);

pause

sound(s, fs);

pause

[s,fs,bits]=wavread('thx");
specgran(s(:,1),[],fs);
pause

sound(s, fs);

Example 1-5 (sgdemol.m)
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Basic Visualization

specgr am

i 1 T
5000 [t el 1+
b l||:-
lll'l b [ I:'L.- 1
4000 } TATE A
[ ! nl

3000

Frequency

A ' I ; B R .I..'.l.:'
itk o
= Se—— L s L - -.L
0.5 1 1.5
Time

Example 1-5 (sgdemol.m)
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Basic Visualization

specgr am

function sgdeno2(f,fs, N)

% Defaults
switch nargin
case O
f=1000;
f s=8000;
N=1024;
case 1
f s=8000;
N=1024;
case 2
N=1024
end
% Force columm vector of frequencies
F=f(:);
% Deno 1: Spectogram for sinusoidal
K=l engt h(f);
s=zeros(N, 1);
n=(0: (N-1))";
for k=1: K
s=s+sin(2*pi *f(k)/fs*n);
end
% Normal i ze
s=s./ max(abs(s));

clc
fprintf(' Spectogram contains ...
%l pure sinusoids.\n\n', K);
% Di spl ay spect ogram
specgran(s,[],fs);
pause
fprintf(' Now add white noise...\n");
% Add increnentally nore powerful noise
G=0. 0001;
cl ose
for k=1:20
sn=s+G*randn(N, 1) ;
Nnoi se=s-sn
SNR=10*1 0g10((s' *s)/ (noi se' *noi se));
fprintf('SNR = %2. 1f\n', SNR) ;
subpl ot (211)

ensenbl e  specgram(sn,[],fs);

subpl ot (212)
pl ot (sn(1: 256));
pause
G=G2;
end
cl ose

Example 1-5 (sgdemo2.m)

Spring 2000 MATLAB/DSP Introduction - Copyright © 1999 Andreas Spanias and Ted Painter

56



specgr am

Frequency

4000

3000

N
o
o
o

1000

-2

Basic Visualization

! ! ! —- ) ) T 1 1
*—
0 0.01 002 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Time
0 50 100 150 200 250 300

Example 1-5 (sgdemo2.m)

Spring 2000
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Basic Visualization

pri
pri
pri
pri
pri
pri

nt
nt
nt
nt
nt
nt

Left mouse button - zoom in
Right mouse button - zoom out
Click/drag - zoom in to box
Double click - return to original

Zzoom on
zoom of f
zoon( factor)

Generate hardcopy
- deps encapsulated ps
- dpsc color ps
-dljet4 laserjet 4
file -dps toafile, ps
- dmet a to windows clipboard

Spring 2000
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Spring 2000

Example DSP
Application
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Spring 2000

Debugging,
Profiling
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Debugging

Spring 2000

keyboar d Suspend m-file execution, K>>
return Return to m-file execution
dbst op Set breakpoint

dbcl ear Clear breakpoint

dbcont Resume execution

dbst at us List all breakpoints

dbst ep Execute 1 or more lines

dbt ype List m-file with line numbers
dbqui t Quit debug mode

Also with MATLAB 5.X, Integrated Debugger

MATLAB/DSP Introduction - Copyright © 1999 Andreas Spanias and Ted Painter
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Profiling

Allows detailed analysis of m-file CPU allocation.

or Cumul. Exec. Time 791%

35+ 480%

30+ 468%
_ 25| 157%  Op of
Time, 1 |l Total
sec/100 Exec
15F 434% )
Time

10 423%

111%

0%

Line
Example: erfcore.m, z=erfcore(0:0.01:100);, PII-300
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Profiling

The example profile for erfcore.m was generated
as follows:

>> profile erfcore

>> z = erf(0:0.01:100)
>> profile report

>>t = profile

>> pareto(t.count)

This technique can be applied to any m-file.
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On-Line
Resources
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MATLAB Resources Online

1. MATLAB Primer. (K. Sigmon, Univ. of FL)

http://www.yale.edu/secf/software/matlab.html
http://www.stanford.edu/class/ee392g/#ClassMaterial

2. MATLAB Tutorial Sites:
http://www.math.arizona.edu/~erker/matlab/matlab.html

http://anxiety-closet.mit.edu:8001/afs/athena.mit.edu/
software/matlab/www/home.html

http://www.mathworks.com/
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MATLAB Resources Online

3. MATLAB-to-C Translator: MATCOM
http://www.mathtools.com/

4. Toolbox Links Galore
http://www.mathtools.com/mtoolbox.html

Signal Processing - T/F Analysis, Speech and Audio, etc.
Communications

Controls

Numerical methods, Optimization

Neural Networks

Fuzzy Logic

Genetic and Evolutionary Algorithms

User interface and Graphics

MORE!
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