Introduction

MATLAB




MATLAB = MATrix LABoratony
Interactive system.

Basic data element is an array that does not
require dimensioning.

“Efficient” computationof matrix and vector
formulations (in terms of writing code - it is interpreted so looses
efficiency there) RElative torscalar.non-interactive

language such as-C or Fortran.




The 5 parts

1 - Desktop Tools and Development
2 - Mathematical Functions
3 - The Language
4 - Graphics

5 - External Interfaces




Desktop Tools & Development
Graphical user interfaces:

- MATLAB desktop and Command Window
- Command history window

- Editor and‘debugger

- A code analyzer and other reports

- Browsers for-viewing help, the workspace,
files, and the search path.




MATLAB 7.4.0 (R2007a)

File Edit Debug Desktop Window Help
b & B o o W f B % CurentDirectory: /Applications/MATLAB74

Shortcuts [2] Howto Add [2] What's New
x @ Current Directory Workspace | x a Command Window

F & B - @ To get started, select MATLAB Help or Demos from the Help menu.
All Files & Type Date Modified - ) N
& bin Folder 4/2/08 11: Sgrnlng: Duplicate directory name: /Users/hdeshon/matlab.
[Jetc Folder 6/13/07 1:

[Jextern Folder 6/13/07 1:
(Jhelp Folder 6/13/07 1:
[Jjava Folder 6/13/07 1:
djhelp Folder 6/13/07 1:
[dsys Folder 6/13/07 1:
[Jtoolbox Folder 6/13/07 1:
(Jupdate Folder 6/13/07 1:
[Jwork Folder 6/13/07 1:
X111 Folder 6/13/07 1:
[7/.DS_Store DS_STOR... 13 KB 1/10/08 3:

[7/ .VERSION VERSION ... 1KB 1/11/07 4:
M install_matlab  File 18 KB 1/11/07 4: a m e a a
[T install_matlab... OUT File 10 KB 6/13/07 1:

[Tinstallerlog.pl... PLIST File 1KB 6/13/07 1:

= license.txt TXT File 74 KB 2/1/07 1:2 ®
4 MATLAB 7.4 4 File 6/13/07 1:L ' n O WS
~ patents.txt TXT File 1KB 2/3/07 11: 4

-

—r_LLad.em.aLk;.LxL_IXIFile 1KB 2/3/07 11:~
4| >

X 2 Command History

var(var(org-new))
new=load('1l 70/Vp model.dat’
var (var(org-new))
new=load('2_70/Vp_model.dat’
new=load('3_70/Vp_model.dat’
new=load('2 70/Vp_model.dat’
var(var(org-new))
new=load('5 70/Vp model.dat'
var(var(org-new))
new=load('10 70/Vp model.dat');
var (var(org-new))
new=load('20 70/Vp model.dat');
var (var(org-new))
v $-- 9/18/08 2:26 PM --%

cd /Users/hdeshon/Projects/Nicaragua:(
ed ../../GAP220
crosskEWw
crossNS
crossEW
crossNS
crossEW
crossNS

$-- 10/8/08 1:13 PM --%

%-- 10/15/08 9:24 AM --%

$-- 10/20/08 9:31 AM --%

\




Editor - /Users/hdeshon/Projects/Nicaragua:CostaRica/ALL/CAP220/crossEW.m
File Edit Text Go Cell Tools Debug Desktop Window Help
x a s D@ HE BB o S & esFf 88 8 B B B A sack Base HODH®O
Z *BiE2 8 - |10 + =+ 11| x % % O
-260.00000 -200.00 -160.0000 =-120.0000 -80.000 -40.000 0.00000 40.0000 80.00000 120.000:'D

-1000.000 -100.00000 -40.0 -20.000 O. 20.0 40.0000 60.0 80.00000 100.0 120.0000 140.0 160.0
-5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 50.0 80.0 125.0 300.0];

=
CWVWEENOL E WN

.
11 - ColorJet=colormap( ' jet');
ColorNJet=flipud(ColorJet); l O r - O e rs

% read velocity data
vel=load('S5D100_invct.Vp _model.dat');

e context sensitive

for k=l:nz

o edl.l'mg (COIOI"

VEL(j-1,i-1,k)=vel(k*ny+j,1i);
end

coding - in red if

i=l:length(loc)
y(i)=loc(i,6)/1000;

R can't understand),

$Draw the cross-sections at Y

v=[-20 0 20 40 60 80 100]; C(LITOmGTiC

for j=2:ny-1
for i=2:nx-1
for k=1l:nz

B - crossh(k,i-1)=VEL(j-1,i-1,k); l nden'rl ng , eTC.

figure;
caxis([1.0, 8.0]);
caxis manual;
colormap(ColorNJet)
hold on
pcolor(X,Z,crossh);
shading interp;
[c,h]=contour(X,2,crossh,v, 'k');
clabel(c,h);
for 1=1:length(loc)
if y(L)>(Y(3)=((¥(JI)=¥Y(F=1))/2)) && y(Ll)<=(Y(F)+((¥(j+1)-¥(]))/2))
plot(x(l),z(l), 'c', markersize',30, color','k");

b)

script




Mathematical Functions

! Large collection of computational algorithms
including but not limited to:

Elementary functions, like sum sine, cosine

Complex arithmetic

Matrix math - inverse, eigenvalues/vectors,
etc.

Fast Fourier transforms

Bessel functions

etfc.




Interactive help and decumentation.

800

Help

File Edit View Go Favorites Desktop Window Help
X Help Navigator

Search for:

Example: "plot tools" OR plot* tools

[ Contents | Index  Search Results Demos |

Q@ Begin Here
» € Release Notes
» & Installation
v & MATLAB
» Q@ Getting Started
» 4 Examples
» B Desktop Tools and Development Environment
r B
» B Data Analysis
» B Programming
» B Graphics
» B 3-D Visualization
» B Creating Graphical User Interfaces
» [B Functions - By Category
& Functions - Alphabetical List
& Handle Graphics Property Browser
» B External Interfaces
» [B C and Fortran Functions - By Category
[® C and Fortran Functions - Alphabetical List
» [£] Release Notes
T Printable Documentation (PDF)
» €& MATLAB Compiler
» & Control System Toolbox
» €% Image Processing Toolbox
» € Mapping Toolbox
» & Partial Differential Equation Toolbox
» € Signal Processing Toolbox
» &2 System Identification Toolbox

@« 8 M

Title: | Mathematics (Mathematics)

Mathematics

Mathematics

MATLAB® provides many functions for performing mathematical operations and analyzing data. The
following list summarizes the contents of this collection:

Matrices and Linear Algebra

Polynomials and Interpolation

Fast Fourier Transform (FFT)

Function Functions

Differential Equations

Sparse Matrices

Describes matrix creation and matrix operations that are directly
supported by MATLAB. Topics covered include matrix arithmetic,
linear equations, eigenvalues, singular values, and matrix
factorizations.

Describes functions for standard polynomial operations such as
polynomial roots, evaluation, and differentiation. Additional
topics covered include curve fitting and partial fraction
expansion.

Describes what you can do with the fast Fourier transform (FFT)
in MATLAB.

Describes MATLAB functions that work with mathematical
functions instead of numeric arrays. These function functions
include plotting, optimization, zero finding, and numerical
integration (quadrature).

Describes the solution, in MATLAB, of initial value problems for
ordinary differential equations (ODEs) and differential-algebraic
equations (DAEs), initial value problems for delay differential
equations (DDEs), and boundary value problems (BVPs) for ODEs.
It also describes the solution of initial-boundary value problems
for systems of parabolic and elliptic partial differential equations
(PDEs). Topics covered include representing problems in
MATLAB, solver syntax, and using integration parameters.

Describes how to create sparse matrices in MATLAB, and how to
use them in both specialized and general mathematical
operations. )

Matrices and Linear Algebra[®] .

v




Biggest resource
GOOGLE/WEB

There are trillions of matlab tutorials,

program exchanges, discussions, "toolboxes”,
etfc., on the web.




The Language
High-level matrix/array language

Includes control flow statements, functions,
data structures, input/output, and object-
oriented programming features

It allows both “programming in the small” to
rapidly create quick and dirty throw-away
programs;and “pregramming in the large" to
create large and complex application
programs.




Graphics:

Two-dimensional and three-dimensional data
visualization.

Image'processing.

Animation.

Presentation-graphics.




Graphics:

I't also includes low-level functions that allow
you to fully customize the appearance of

graphics as well as o build.complete.GUTIs
for your own applications.




External Interfaces

Library that allows you'to write C and
Fortran programs that interact with
MATLAB.

I't includes facilities for calling routines
from MATLAB (dynamic linking), for calling
MATLAB as a computational engine,:and for

reading and writing MAT=files.




Toolboxes
Add-on application-specific solutions

Comprehensive collections.of MATLAB
functions (M-files).to solve-particular
classes of problems.

Examples include:
- Signal processing
- Image processing
-'Partial-differential equations
=:Mapping
- Statistics




Help

000

File Edit View Go Favorites Desktop Window Help
X Help Navigator

Search for:

Example: "plot tools" OR plot* tools

[Contents Index  Search Results  Demos |

Q@ Begin Here
» &7 Release Notes
» & Installation
v & MATLAB
» @ Getting Started
» 4 Examples
» B Desktop Tools and Development Environment
LE|
» B Data Analysis
» B Programming
» B Graphics
» B 3-D Visualization
» B Creating Graphical User Interfaces
» [B Functions - By Category
@ Functions - Alphabetical List
& Handle Graphics Property Browser
» B External Interfaces
» B C and Fortran Functions - By Category
B C and Fortran Functions - Alphabetical List
T Printable Documentation (PDF)
» €2 MATLAB Compiler
» & Control System Toolbox
» & Image Processing Toolbox
» € Mapping Toolbox
» & Partial Differential Equation Toolbox
» €2 Signal Processing Toolbox
» €7 System ldentification Toolbox

D 8 #A

Title: | Mathematics (Mathematics)

Mathematics

Mathematics

]
®

MATLAB® provides many functions for performing mathematical operations and analyzing data. The
following list summarizes the contents of this collection:

Matrices and Linear Algebra

Polynomials and Interpolation

Fast Fourier Transform (FFT)

Function Functions

Differential Equations

Sparse Matrices

Describes matrix creation and matrix operations that are directly
supported by MATLAB. Topics covered include matrix arithmetic,
linear equations, eigenvalues, singular values, and matrix
factorizations.

Describes functions for standard polynomial operations such as
polynomial roots, evaluation, and differentiation. Additional
topics covered include curve fitting and partial fraction
expansion.

Describes what you can do with the fast Fourier transform (FFT)
in MATLAB.

Describes MATLAB functions that work with mathematical
functions instead of numeric arrays. These function functions
include plotting, optimization, zero finding, and numerical
integration (quadrature).

Describes the solution, in MATLAB, of initial value problems for
ordinary differential equations (ODEs) and differential-algebraic
equations (DAEs), initial value problems for delay differential
equations (DDEs), and boundary value problems (BVPs) for ODEs.
It also describes the solution of initial-boundary value problems
for systems of parabolic and elliptic partial differential equations
(PDEs). Topics covered include representing problems in
MATLAB, solver syntax, and using integration parameters.

Describes how to create sparse matrices in MATLAB, and how to
use them in both specialized and general mathematical
operations.

U

Matrices and Linear Algebra[®] .

v



Starting MATLAB

Runs’on SUNS MACS, PC's - same interface.

From' CERT unix machines, just type

smatlab

On a PC/Mac, double-click the Matlab icon.




Starting MATLAB

In an X11 window (assuming it is in your path),
Type

smatlab

Wseful trick from remote machines

smatlab —nojvm

or

smatlab -nodesktop -nosplash

turns off the graphical-interface - which is
SLOW and buggy-over nef.
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A matrix is a rectangular array

16 3 2 13
5 10 11

9 6 ' 12
4

15 14

Vectors are matrices with only-one’row-or
column

16 13

Scalars can be thought of as 1-by-1 matrices

16




Matlab basically thinks of everything as a
matrix.

Handles math operations on
Scalars
Vectors

2-D matricies

With ease

Gets ugly with higher dimension matrices -
as there are no mathematical rules to follow.




Entering Matrices
- Enter.an explicit list of elements.
-Load from external data files.

- Generate using built-in-functions

-Create with your own functions in M-files

(matlab’s name for a file containing a matlab
pr‘og QM. -Same as shell script, sac macra, batch file,commnad file, efc.
but for ma‘rlab.)




Entering a matrix from the command.line:

Separate the elements (columns) of a row
with-blanks or commas.

Use.a semicalon, ;" ,to indicate the end of
each row.

Surround the entire list of elements with
square brackets, [ 1.




fl6 3 2.13; 5.10 11, .8; 9 6 7 12;%4:15 14 1]

3 , 13
10 11 8

6 7 12
15 14 1
[16:.3,2%13]

3 2 13
[16;-5; 9; 4]

whos -'reports what

IS Ih memory

>> whos
Name Size Bytes. Class Attributes
Al4d 1x4 32 .. double
A4l 4x1 32 double
Ad4 4x4 128" double

>>

Matrices indexed the same as math ow, column)




Suppressing Output

Lf you simply type:d statement and press
Returh or Enter, MATLAB automatically
displays the results'on screen.

If you end the line with a semicolon;
MATLAB performs the computation but does
not.display any output. This is particularly
useful when you generate large matrices.




Matlab normally prints out results - to stop
printout, end line with semi-colon ;" (this'is
general rule).

>SA = [16 3 2 13; 5 10 11 8; 9 6 7 1214 15 14 1]
A =

3 , 13
10 11 8
6 7 12
15 14 1
>> A= T16 3 2 13;%510 11 8; 9 6 7 12;%4%15 14 1];
>>




The load function

reads binary files containing matrices (generated
by earlier, MATLAB sessions), O TexT files COnTGining
numeric data.

The text file should be organized as a
rectangular table of nhumbers, separated by

blanks; with one row per line, and an equal
number of elements.in each row.

$cat magik.dat

16.0 3.0 AR 13.0

5.0 10.0 11.0 8.0

9.0 6.0 746 12.0

4.0 15.0 14.0 1.0

>>A=]load(‘magik.dat’) #places matrix, in variable A
>> load magik.dat #places matrix in_ variable magik




Matlab’is particularly difficult with data
files that' do not fit this format.

Matlab:is also particularly difficult with
processing.character data.




Generate matrices using built-in functions.

Complicated way of saying ‘run commands”
and send output to-new maftrices.

Also does matrix operations (e.g. -

transpose).

>>magik’ #transpose matrix magik
ans =

16 5

310

2

13




M-Files

Text fileswith MATLAB code (instructions).
Use MATLAR Editor (onany text editor) To Create

files containing the same statemeénts you
would type at the MATLAB command line.

Save the file with. a hame that endssin .m

Svim magik.m

='[ 16.0 3.0 2.0 13.0
.0-10.0 11.0" 8.0
.006.0-7.0 1240

.0 15.0 14.0 1.0 ];
esc)wq

1
A
5
9
4
(

ih matlab

>>magik =~ #places matrix in A




Entering long statements

If a statement does not fit'on one line -use
an ellipsis (three: periods), "...", followed by
“Carriage Return”or “Enter® to indicate that

the statement continues on the next line.

>>g5 =41 ~1/2 ¥:.:1/3 =1/4 +-1/5 = 1/6 F:1/47 ...
-'1/8 + 1/9 -'1/10++ 1/11 - 1/12;




Subscripts

Matrices consists of rows and columns.
The element in row-i and column j of A'is
denOTed by A(l,J) (same as math).

Example: (A(4,2)=15.0

S Rt ks oy
1-+16.0 3.0 2.0
2-55.0 10.0' 11.0 ' 8.
FS9.0 6.0 70

424 .0 15.10° 1450

4th row, 2™ column.




|"If you store a value in an element outside of
the current size of a matrix, the size
iIncreases to accommodate.the newcomer:

>>A' = [ 16.0 .30 2.0 13.0
5.0 :10.0 11.0;8.0

9.0 6.0 7.0 12.0

4.0 15.0 14.0 1.0 7J;

>>X =jA;

>>X(4,5). =17

XON—

1685 .2, 130 %
5% 10321« 8§70
O 4679 Ty 12

4 15974 1.8 17

>>




You can also access the element of a matrix
by referring to it as a single number.

This is because computer memory is
addressed linearly - a single line of bytes (or
words).

There are therefore (at least) two ways to
organize a.two dimensional.array in.memory. -
by row or by C0lumn (and both are/have been used of course);




MATLAB (and Fortran) store the elements
by celumns (called column'major order).

>>A = [ . 16.0 3.0 2.0 13.0
5.0 10.0 11.0:8.0

9.0, 6.0.7.0 12,0

4.0 15.0 14.0 1.0"7]

13

11

Lot 3 W02
1

The elements are stored in memory by
column.

bo) WY e s oW1 e T 13 ke TR
(3) (6)(7) (8)(9)(10)(11)(12)(13)(14)(15)(1l6)

So A(11)=7.




/(id')

| varies most rapidly
,j varies least rapidly
For 4x4 matrix

(11) (2.1), (3,3), (4.1). (1.2),(2.2).(3.4), (44)

(1) (@) B) ()" (5) (6), (15) “(16)

This may be important when reading and
writing very-large matrices'-one wants the
data file to have the same storage order as

memory to minimize time lost to page
faulting.




When you’go to. 3 dimensions, order of
subscript variation.is maintained (15" to last)

A(ij.K)
mmosf rapidly
J varies next most rapidly
k varjes least rapidly

I For 3x2x2 matrix

Y

(111),(2.1.1),(311),
(1,21)(22.1),(321),
(1,1.2),(21,2),(3,1,2),
(12,2);,(2,2,2,).4(3,2.2),




C Uses row 'major orrder (stores by row).

If mixing Matlab and Fortran there is no
problem as both use column.major order.

If mixing Matlab or Fortran and C - one has
to take the array storage order into account.

(one also has to deal with how information is
passed

- by reference [the address of ithe
information in memory - Fortran]

- or value [a copy of the information - C].)




The Colon Operator
The colon, ".", is one of the most important
MATLAB operators

It can be used to

-\Create a list of numbers

2 CO“GPSZ Trﬂiling dimensions (right- or left=hand side)
- Create a COIUmn VeCtTor (right-hand'side behaviorélated

to reshape)

- Retain an array shape during assignment
(left-hand side behavior)

- Work with all entries in specified
dimensions




Creating a List of Numbers

You can-use the-":""operator to credte a
vector of evenly-spaced numbers.

Here are the integers.from -3.to0’3.

>>]istl = =-3:3
118t =




Creating a List.of Numbers

Here are the first few odd positive integers.

>>1ist2 = 1:2:210
list2 =
1 3 5 7 9

Negative increment

>>100:-7:51
100,93, 86 .79 ki 65 58 51

syntax for this use of color operator -
start:[incrementilend
(default increment = 1)




Creating a List of Numbers

Here's how to divide the interval between O
and pi (Matlab knows about pi) into equally
spaced samples.

>>nsamp = 5;
>>sliceOfPi =i(0:1/(nsamp-1):1)*pi
sliceOfPi =
0 0.7854 1,5708 2.3562 3.1416

(Note - can also define single dimension row matrix with colon operator by ()'s
or.no delimiters.rather than [Js. Does not work when try to use ";" for another
row or'by specifying elements.)

a=(1:3)




Aside - for languages that (unlike Matlab)
don't have PI predefined, how can one get
the "best’ representation.of pi (most precise

on that computer)?




Collapsing Trailing Dimensions
Suppose have the following 4-dimensional
array.

>>b=[1"2 3 45 6.7 8 910 11 12 13 14 15716]
b =
N RN BN TR o 5 Y L S R Mt o R 4 ke R ) e M | 2 i s W (e P - A 5
>>:bd4d=reshape(b,2,2,2,2)
bdd (s 41, 1)} = l-d VeCTor
3

; 2-d matrix
Bati 2D 3-d stack of 2-d matrices
: >3-d something hard to

bdd(:,: 41, 2)

1T visualize = but fine

I ey mathemaftically (4-d is'2-d

13 15

Wiy A matrix with each element
itself a matrix)




>> x=[1 2 3]
X =

1 2
>> sum(x)
ans \=

6
>> xt=[d;2;3]
X

1
2
3

>>, sum(x)
ans_=
6
>> y=[1 2; 4 4]
A

>> .gum(y)
ans

>>;sum(sum(y))f
ans = '
11

&

Matlab "sum” command.

Sums elements in vector (row
or column) - result’ is a.scalar.

For a matrix, sums elements by
COlumn (the order stored in memory) =
result is’a vector of the column
sums.

To'sum whole matrix; call twice
(once to sum.columns, then
second time to sum resulting
vector) - result. is a scalar.




>> b=[1,2 .3 4 5 6 £ 8 9 10 11 12 13 14 15.,16]

2 WA T B 6 W 8 4975 10811 1 A2 1AL S 116
>> bdd=reshape(b,2,2,2,2)

bdd(:s,:,1,1) =

Summing parts of the
4-d matrix.

K 2 Same as summing on

the 2-d matrices.

2, 252
15
16

>> sum(b4d(:,:,1,1))
ans =

3 7

=> . sum(bdd¢s, :,2,1)) i
ans . = /
11 15 |

>>

bll=




b =
lap a2 243 4G Bt T 8 a® R Y0 T @275 43 14 #1555 16
>> bdd= reshape(b 2,2,2,2)

bdd(s,:,1,1) =

: Colon gives us

bdd(:y, ¢

= Full range’of index

11 -~ At end of list it

12

242 “compresses” all the

£ remaining indices into.a
R single index (indexed as-in
memory - by single
subscript - linearly). This
is called “collapsing”
i g it trailing dimensions.

ansy( s ,:,2)

ans(s,s;3)




L, 1.2)

ans(t‘: $,.3) Sum 3 ClddS Them

ansi(g,3,4)

>> sum(b4d(l,1,:))
ans

>>




3w A% Sy U 8.9
>> bdd=reshape(b,2,2,2,2)
bddEespey1l,1) =
3
4

1

2
badi(:,:;2,1)

5

6

14

7

8
2,1,2)

hi g Works differently from

bdd (:

e front or.in middle.

bdd(:,:,2,2)
13 15
14 16

>>'bdd(:,1,1)

ans =

>> badd(1,:,1,1)
ans =

1 3
>>




>>pb4d(1l,1,1,:

ans(:,:,1,1)
1

ans{(:,:,1,2)
9

>> bdd(1l,1,:)

ans(:y:71l)y =

ans(s,:,2)

13) Works differently from
ans( ty:,4) fr'()n." or.in mlddle
13

>> bad(ly;:,1)
ans =
1 3

ans (‘s

1
’
5
’
9
r




>>! bdd=reshape(b,2,2,2;2)

bady :

bdd(:,:,2,1)
5 7
6 8
bdd(:,:,1,2)
9 11
10 12
bdd(i:,:,2,2)
13 15
14 16

>> bdd(1,1,:,

ans(:,:,1,1)
1

ans(y, :92,1)
5

ans(s,:,1,2)
9

ans (is,:,2,2)

13

>> bad(1,1,

Are equivalent

ans(:,¢,1) =
1
ans(:,:,2)
5
ans(:,:,3)
9
ans(:,:,4)
13
>>




>>! bdd=reshape(b,2,2,2;2) >> bdd(l,:,:,1)

gl , D)= 3 GeT4
3 1
4 ans(:,:,2) EﬂéiﬂﬂéﬂﬂTES
Sz 221 o)

7 : ; back on
: b each

Syl 2)

o i 7 <reference
f01,2,2) with two
15

Te Ssvbad(l, 1,9 colons. May

ans(:,:,1,1)5=

1 ! be 1'row-or
ans(:,2,1,2) = column

9 11
>>b4d (:,1,:,1) VZCTOF’, or

ans(:;,:,1) =

] Two row or

Sl column
vectors.




>>a=[1 2 3 4]
a=
1 2

S¥ Sta:) Creating a column
it vector from another
vector or matrix.
(note first.example

>3 a22=[1 2; /3 ‘4]

S g would usually be

1 2

L done using
> flgeraagy transpose qpemTor
atza’)




Retaining Array Shape During

Assignment - color operator.is

on left side = "pours”value into
elements defined on ths.

>> bdd(:,:,2,2)=20
bdd(:,:,1,1) =

1 3
2 4
r 22, 1)
5 7
6
4

>> bdd(2,:,:,2)=21
bdd(:,:,1,1) =

1 3
4
2/2,1)

bdd(:
2
& 7
6
14

3 bdd(:
2,1,2)
9 11
10 12
bdd(:,:,2,2)
20 20

20 20

bdd(:
8

:,1,2)
9 11
21 21
bdd(:,:,2,2)
20 20

21 21

bad(:




Working with All'the Entries in Specified
Dimensions

To manipulate valtes in some specific
dimensions, use the ":" operator to specify
the dimensions.

A """ by'itself indicates all eleménts of that
index position (usually rows or columns)

>>a (1 ,1)

Means "all rows, in column 1"




Refers to range of values for indices
(portions) of a matrix

>>k=2;
>>a(l:k,1)

rows 1 through 2, and column 1

Same as

>>a(l:2,1)




Can be pretty tricky. For example, suppose I
want to perform a'left shift on the values:in
the.second dimension of my 3-D array. Let
me first create an array for illustration.

a3 = zeros(2,3,2);
a3(:) = l:numel(a3l3)
al3(s,2,1) =

ad3(=,:y,




a3 = zeros(2,3,2);
a3 (@) = 1:numel(a3l)
ad(:,:,1) =
1
2
ald(:,9,2) =
7 ) 11
8 10 12

Now shift columns all over to the left, and
have the left-most one "wrap” to become the

right most column. Columns are dimension 2.
Her'els A WQY (there are others) To dO 1T,

a3rl = a3(:,[2:size(a3,2) 11},
a3drl(:,s,1) =

3 5

4 6
a3rl(:,:,2) =

9 11

10 12




L For all rows, put columns 2 To end (get from
2"d element of size - the middle dimension),
then column 1, for all "planes” (2-d-mdtrices

in" 379 dimehsion).

a3rl s a3(:,[2:size(a3,2) 1]1,:)
a3rl(:,e,1) =

3 5 1

4 6 2
a3drd(:,:,2) =

9 11 7

10 12 8




Variables

MATLAB does not require any type
declarations

(actually all variables are double precision
floating point - you can declare them to be

other things if needed - however many/most

Matlab routines [such at FFT, filtering, €tc.]

will not work withianything other than double
precision floating point data)

or dimension statements:




Variables

When MATLARB encounters a new variable

name, it automatical

y creates the variable

and allocates the appropriate amount of
storage.

If the variable already exists, MATLAB
changes its contents and, if necessary,
allocates new storage.

MATLAR is case sensitive: (A" is not the same as 'a")




Concatenation

You cah concatenate using the.square
brackets, []. (same as making a matrix, but
using other matrices as the elements)

A+32;  A+48 A+16]

48 45
37 40

36 33
61 18
56 27
60 23
49 30




Deleting rows and columns

You can also use [] to remove rows; columns,
or-elements (again - variation on theme of
assigning elements in a matrix -“have a
syntax rule and read it like a lawyer for all
possible interpretations and implications:)

e.g. Remove the second column

>>X=Aj;
>>X(2,2) =

Create vector from X; removes every 2n¢
element from 2 to 10

>>X(2:2:10) =14
X =
16 Y SR R, 3 i




Stuff youwill need for homework:

FOR loop - matlab syntax

for cnt=1:2
Stuff
end

To plot - use'plot command.

To find out how to use the plot command, use
help

help plot




