-( Digital Technology Group

William R Carson

AN
/

1720

FEE UNIVERSITY OF
<¥» CAMBRIDGE

Computer Laboratory



-( Digital Technology Group

The product:

The company:

AN
/

2/20

FEE UNIVERSITY OF
<¥» CAMBRIDGE

Computer Laboratory



Year
1978
1984
1885
1987
1992
1997
2000
2002
2004
2007
2007

Version
Classic MATLAB
MATLAB 1
MATLAB 2
MATLAB 3
MATLAB 4
MATLAB 5
MATLAB 6 (R12)
MATLAB 6.5 (R13)
MATLAB 7.0 (R14)
MATLAB 7.4 (R2007a)
MATLAB 7.4 (R2007b)

-( Digital Technology Group

Notable Features
Original Fortran version

Rewritten in C

30% more commands and functions
Colour and high resolution graphics printing

Sparse matrixes, animations, debugger, windows support
Profiler, object-oriented, multi-D arrays,

Desktop, PDE’s, Java support

Performance acceleration, core algebra for Pent4
M-file to HTML, LaTex and others

Performance acceleration, more toolboxes

C code generation from Embedded MATLAB
functions directly at the MATLAB command line
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Distinctive features

File  Edit Debug Deskiop Window  Help
s | h e |ﬁ: i | (7) ||jautn;hnme5jwrt24 |v| D =)
Shortcuts (A How to Add  [#] What's Mew
Workspace = O 2 X P Command Window -0 2 X
- BER ) | B - » (@) Mew to MATLAE? YWatch this Wideo, see Demas, or rez X
Mamae < |‘u“alue == i 3=0
! [0, 0, 0, 0,0, 0]
W=
0] 0] 0]
= ®(B)=0
o=
0] 0] 0] 0] 0] 0]
i
1 s »
4\ Stan
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Distinctive features

2- Variable Arguments Lists

Eile Edit Debug Deskiop Window Help

Al | ! e |3§1:| i =) | (7 ||jautn;humezjwrc24 |v| D &
Shortcuts [2] How to Add  [2] withat's Mew
Workspace = [ & X b | Command Window [0 a X
= o E | B - » (@ rew to MATLAE? Watch this Video, see Demaos, or re X
Mame £ |‘-.-“a|ue = ow=[3 4];
ans 7 == norm{x)
H « [3,4]
ans =
&

== norm(s, 17
ans =
7

=
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Distinctive features

2- Variable Arguments Lists
. File Edit Debug Desktop Window Help
) e | _ e |ﬁ: N | @ ||jaut|:u,"h|:umes,fwrl:24 -~ D fi3)
Shortcuts [Fl How to Add  [#] What's New
Workspace '+ 0O & X P Command Window [ X
= & Y | B - » (@) Mew to MATLAE? Watch this Yideo, see Demos, or re X
Mame & |‘u*a|ue = M= a0 s
k <z —
Hm 4 fil- =
H « [3,4]
4
== [m k] = maxx)
m =
4
k =
2
. T R -
4\ Stant
EE UNIVERSITY OF
. <P CAMBRIDGE
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Distinctive features

2- Variable Arguments Lists

Eile Edit Debug Deskiop Window  Help

Al | . Fe |351: i =) | (7) ||jautnfhnmes;wrc24 |v| D =

Shortcuts [F] How to Add [Z] What's New

Workspace '+ O a X b | Command Window [0 A x

EIN ] =Y | B - » (@ Mew to MATLAE? Watch this ¥ideo, see Demaos, or re X

Marme & |‘u“alue »> g=51Ze(x) | 4
T 1

Hn z s =

s [1,2]

M x [3,4] 1 2

== [0 nl=sizelx]}

m =
1
n =
2
4 i ] [== E
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Distinctive features

3- Complex Arrays and Arithmetic

The fundamental data type: a
multidimensional array of complex
numbers.

Fortran, two data types
(real/imaginary)

C, C++, and Java only
real

Pitfalls

Redefining imaginary
numbers

Max, min, sort for real and
complex data

AN
/

-( Digital Technology Group

9/20

FEE UNIVERSITY OF
<¥» CAMBRIDGE

Computer Laboratory



Matrices

. File Edit Debug Desktop Window Help
- Generatlon Al | _ Fe |j§1: il =) | (7 ||,faut|:u,fh|:umes,fwrl:24 |v| D )
. . Shortcuts @] How to Add  [#] What's Mew
-Man|pU|at|On Workspace "+ [0 2 X P! Command Window “ 02 x
| gl S | P - » (@ Mew to MATLAE? Watch this Yideo, see Demos, or re X
Marme & |‘u’alue ol
ans [1,0.5000,0.,... Specialized matrices.
HH x <1x201 do... conpan - Companion matrix.
.y <1x201 do... gallery - Higham test matrices.
hadamard - Hadamard matrix.
hankel - Hankel matrix.
hilk - Hilkert matrix.
invhilk - Irnwerse Hilbert matris.
macic - Magic sguare.
pascal - Pascal matrix.
rosser - Classic symnetric eiger
toeplitz - Toeplitz matrix.
vander - Wandermonde matrix.
wilkinson - Wilkinson's eigenvalue [
== hilk{2) H
q s [ o] 4] e ] |
4\ Stan

UNIVERSITY OF
» CAMBRIDGE

10/20 Computer Laboratory

-( Digital Technology Group )




Matrices

@ MATLAB 7.5.0 (R
Eile Edit Debug [Deskiop Window Help
_'] _,* | ) _‘1‘] |351: 59 ﬂ | {7} | Current Directorny |,faut0,fh0mes,fwrc24 |v||j )
Shortcuts [F] Howe to Add [#] What's Mew
Workspace w2 x
Bl | - |Stack: @ Mew to MATLAB? Watch this Yideo, see Demos, or read Getting Started. x
Mame 2 [value [min M ax >» A=A |4
A [2,2,5,7,11,.. 2 23
HE [2;7:17;3;11... 2 23 A =
Hans [23;13;5] 5 23
" <1w197 do... 01000 22575 2 3 5
EHZ <1x197 do... -0.21... 0.9983 7 11 1z
17 19 23
== ACZ2, 1D
ans =
7
== AC:, 1D
ans =
2
7
17
== Afend:-1:1,end)
ans =
23
13 ||
5
== B=A(:]) -
4] T [+ [«] T [+
dStart| R e
s EIE UNIVERSITY OF
\ &P CAMBRIDGE
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Graphics

VEES

=10 x]

ile  Edit “iew |nsert Tools Desktop WWindow  Help N

Deskor MN g PG K| RAMD (€0 = O
al= ik 1= Y- - Hl @
Shortcuts [2] How to Add  [#] wihat's 1 T T T T T

'1‘.4_1ii\!-'!”!l.'1=. 0 a x

ETETEILI N
[vale
<1=x11 ¢
<1x201
10
<1x201

File Edit Debug

a0 Getting Started. X

05

-05}

== for =0=0:10
»=0:pi/100:2%p7;
y=51n 0]
plot(x,y) Col 24
F(x0+1)=getfrane;

end

== moviel(F)

== mowvie(F)

==

4] G el L] G

...... [ 1]
4\ Start

[4]
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Graphics

=101 x|
J[[) pp——— datatip | Flle ot View Insen Tools Desktop Window Help
)y Ena CedaE|keame|E 08 sO
Flour S : i R
Sho  SnapTj Eile Edit ¥iew Grag :
o] pelsme ]
Shortcuts [ How to Add
E Workspace w ﬁ Array Editor - z HOa x
o B E G [ B BmDB &0 - x
Mame £ 17 158 13
EH H %ans 0.0803 0.0353 00054 =
EE‘rX 0.2834 02468 0.1720
HE‘\F 05038 04565 0.3530 -
HH= BEFIbLE 0.6550 0.5376
08773 0.2154 0.e307
ELEES 0,9075 0.7660 —
OLEEE 0,9228 0, 7 7S
0.9228 0.8569 07202
0.7739 0,7202 0.5964
0.5844 05333 04280
______ : : : 0.3650, 03243 0.2400
22| 0.0345 0.1034| 0.1456] 0.1525 01228 00825 -5
1] | | o] |
Command Window - [Oa x
@ Mew to MATLAB? Watch this Yideo, see Demos, or read Getting Started. X
»» [%,y¥] = neshgrid(-8:0.51:8); =
> r=sqri(x. A2 + y.AZ2);
== z=51inirl.ir;
L] | s> surfix,y,z)
== surtix,y,z) B
4 ¢ > -
‘] B o] Lo [»]
4\ Start
ELE UNIVERSITY OF
\ ¥ CAMBRIDGE
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Writing m-files

File
Dt E

O|B@ 8| -fo I+ |1 ]x |0

Desktop

iWindow  Help

Edit Text Go Cell Tools Debug

B9 o o[Masi|B-E8ERE B sk

File Edit Debug Deskiop Window Help

_'] j | % ._ﬁ ) |& 59 ﬂ | (7] | Current Directory |,faut0,fhumes,fwrc24 |v||j =)

Shortcuts [A] How to Add [#] What's New

Workspace w[a x Command Window +[O02 X
2 BER " EEAL | - | Stack: @ Mew to MATLAB? Watch this Yideo, see Demos, or read Getting Started. *
R |\-’a|ue |Min o BEF 1 J=RWLHChanne ((1e3,1);

=] o3

Wiew  |nsert  Tools Deskiop  Window

DRSS h|aOE £ 08|

(e o T oy T Wy R O Y S

function plot_sinc3{suppart)

%[x,v] = neshgrid(-8:0.50:8);
- [#,%] = meshgrid{support];

- r=sqri(x.A2 + y.AZ);

- z=sinir)./r;
Fkeyboard

- surfix,y,z)

plot_sincz Ln 8

Col 10

S [»]
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Debugging m-files

File Edit Debug Desktop Window Help

il | % Fe s |& s (] | (7] | Current Directary |}aut0,‘h0mes,‘wrc24 |v||j =
Shortcuts [ How to Add  [#] What's New
Workspace w02 X Command Window +H0Oa x
Nz e | 228 | - |Stack: @ new to MATLAB? Watch this Yideo, see Demos, or read Getting Started. x
- Bnd -
Mame £+ |\n"alue |M|n |Max s plot(i,BERD —
iy <33x33 do... O 11.3137 | |20 plot(1:10,BER)
SURIPEITE <1x33 dou... -B B »>»= sanilogy(1:10,BER)
® <33x33 do.. -8B 3 ey TmE deilosio
i . 8 BER(1)=AWCNchannel (1e3,1);
o il <33x33do... MaM  Mal Sk
File  Edit Text Go Cell Taools Debug Desktop  Window  Help ‘H | E- 4
D NAH B9 c||Menn[B-BRDR A |~ [0
2| BB B -[1o |+ | +[L1 |x|HE|0O
1 function plot_sinc3(support) =
i
3 %[x,w] = meshgrid(-8:0.50:8];
4 - [x,¥] = meshgrid{support);
=
g - r=sgri(. A2 + y.h2);
7 - z=sin{rl)./r;
3 - keyhoard
9 - surfis,y,z)
plot_sincz Ln & caol 1
== plot_sinc3(-8:0.5:8) B
Kz B |
4] [o] L4l [¢]
iraiting for input
il a
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Saving graph

| Ble Edit View Insert Tools
Ded&|heaan® € 08E|o=
» s|lAaA|B 1|

Debug Desktop  Window  Help

INNKNNTOO| ™ &

O x|

w Mew Subplots
[ 12D Axes
1. 2D Axes

w Yariahles

w Annotations

™\, Line

Ny Arrow

\ Double Arrow
';'« Text Arrow
T Text Box

] rectangle

O Ellipse

[w] Axes (no title)

Tave [n; |ll‘| W2 4

3 .config 3 .matlab 3 caption

C3 .ddd £3 .mcop £3 My Dacuments
3 .emacs.d 3 .mozilla £3 My Simulations
3 .gconf a gt 3 ssh_llave

3 .gconfd 3 .sane

3 .gnome2 3 .skel

C3 .gnome? _privateC3 . ssh

C3 kde 3 e

3 .local 3 .vast2

File Mame: untitled.fig

Files of Type: (MATLAB Figure (".fig)

EFS file (*.eps)

JPEC image (".jpa)
Paintbrush 24-hit file (" pcx)

Figure Mame: |

Partable Bitmap file (*.pbm)

Fortable Document Format . pdf)

Colormmag: |-

B |-

- Partable Graymap file (" pgrm)

Figure Color:

Fartable Metwark Graphics file {*.png)
Paortable Pixmagp file (™. ppm)

'!I|?'X

BDe =0

: 0O0»n x

re Number| More Propetties. .. |

| Export Setup. . |
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Built-in functions

[ ] Help flles File Edit Debug Deskiop MWindow Help
e | ] B ! |HJ rf = | @ | Current Directony, |,faut0,fhnmes,fwrc24 |v||j =
D t Shortcuts [2] How to Add  [2] What's Mew
e a a Workspace 0 2 X Command Window H[Oa X
n | i EN RER TR | A '|Stack: @ rew 1o MATLAB? Wratch this videa, see Demos, or read Getting Started, X
; [ A L R B R T R S R SR U O e S B B S R S R R IR I O W SR S S
dana yS S Pl value Min hifes —(-1/B* (174+3%334(1/2))A(1/3)+1/3/ (174+3% 334 (1/2))A (1/3)-1/3-1
ElF <1x11 struc...
. %ans <lxl sym>
<Z2x ] syrms | o |
° E t % i N = solwel'xh2 + wh2=1',"w- y=1
qua |On H xo 10 10 5 B ( y y=1')
| . Y <zxl sym> S
g 1
u]
Y =
0
4.
= Ant{'x')
ans =
1/2%xh2
o [~
4] G [ ] [a] G [»]

UNIVERSITY OF
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Toolboxes

File Edit Debug Desktop Window Help
D) 8 | B | & fl ) | @ | currem Directony: [/autofhomes jwrc24 =[] @
Shortcuts [#] How to Add (8] What's MNew
Command Window 0 a x

B 5 _&| % - @ rew 1o MATLAB? Wiatch this Videa, see Demos, or read Getting Started. X
&l Files « nnet/nnindt — (No table of contents file) -
I YEST o |nREt/nnlearn - {No takle of contents file)
[l caption | [nnet/nnnetinput - (Mo table of contents file)
I My Documents nnet/nnnetwork - {HNo table of contents file)
I My Simulations nnet/nnperformance - {HNo table of contents file)
[Jszh_llave nnet/nnplot - {No takle of contents file)
j.david.swp nnet/nnprocess - {No table of contents file)
) dmire nnet/nnsearch - {No table of contents file)
j.foo.cc.swp nnet/nntopology - (No table of contents filel
) forward nnet/nntrain - (No table of contents file)
] .gtk_gt_engine_rc nnet/nntransfer - (Mo tahle of contents file)
_hI.ICEauthorit\.f nnet/nnweight - {No table of contents file)
1 mail | |nnguis/nftood - (No table of contents filel
j.profile nnguis/nntoo] - (No table of contents filel
j.sh_history nnet/nnobsolete - Meural Metwork Toolhox
) viminfo nnet/nnutils - Neural Network Toolhbox
1 Xauthority optinfoptim - Optimization Toolbox
Y oxdvire optinfoptindenos - Demonstrations of large-scale methods.
_] xsession-errors shared/optinlib - Optimization Toolbox Library
L] y2log toolhox/pde - Partial Differential Eguation Toolbox
_lauthorized_keys signalfsignal Signal Processing Toolhox
) AwCNchannel signal/sigtools (Mo table of contents file)
) siGNchannel.m signal/sptoolgui {No table of contents f1l1e)
] AW¥CMchannel ~ signal/sigdenos {No table of contents f1l1e)
] diary toolhox/stats Statistics Toolhox
I figB.eps toolbox/synbolic Symbolic Math Toolbox
) Makefile wrler (Mo table of contents file)
ﬂplot_sincS.m vr/vrdenos Wirtual Reality Toolhox examples.
] recl? _encode.cpp wavelet/wavelet Wavelet Toolbox
jget_Z.cpp wavelet mwnultisigld (Mo table of contents filed

gat_Z.epp e~ wavelet/wavedeno (Mo table of contents file) | |
4| get_Z.mexglx bs:
_] .nfs01da69afo00n000l B B
4] (o] [ [4] []

4\ Start
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External C and Fortran

VEES . i =] ]
@] o] ]
o Elound():”s matlab File Edit Text Go Cell Tools Debug Deskiop Window Help ] | ax
: 0 Re|lohesi|l- - BRERE S| s BEOBE&s0
i T
o
s | | -Called from
Eile Edit ‘“iew Debug Desky 4 |:f01d SINCMEX [ double Gl int cals, double i
= 5 [int main{ int argc char *arguv[])
+* 7 ,
SENLLENITYH MATLAB
Shortcuts [F] How to Add [#] What'd 7 return O;
8 1 "
o s | using MEX
B & . | - 10 woid SINCMEX( double £ int cals, double oy
All Files £ 11
! (e 12 Gt .
) foo.cosw 13 -R
) Forward p 14 far {(i=0;7<cals;i++ e u I reS a
j.gtk_qt_engine_rc 15 z[il=sinCr[il2/r[i];
L] ACEauthority 16 ¥ t
. o - | gateway
B profile 18  woid mexFunction(int nlhs, mxArray *plhs[], int nrhs, const mxArray *prhs[]) .
) .sh_histor 190 1 t
j.viminfo v 20 double Yro, Y72, "output; rou Ine
K Xauthority 21 int mrows, ncols, 1;
ﬂ.xdvirc gg 't (nrhe 1=1)

X5855i0M—errors il b ! . .
ly2log 24 mexErrMsqTxt {"ERROR: One input reguired"); .Use aS If
L) authorized _kays 25 : : o
) AWGNehannel 26 /% Get the Dimensions of the matrix input */

1 avWCNehannel.m 27 nrows = mxGetM{prhs[0]7; ncols = mxGetN{prhs[0]7; reg u |ar
_) AWGNchannele 2B

_l diary 29 r = (double*) mxGetData(prhs[0]); .
jfigS.eps 20 plhe[0]=mxCreateNumericMatrixinrows, ncols, mxDOUBLE_CLASS, mxREAL); fu nCtIOn
Y Makefile =1 output = (double*) mxGetData(plhs[O]);

flplot_sinc&m R SIMCMEX(r, ncols, 7

rscl2 _encode.cpp 33 : : :

_l get_Z.cpp 34 for (1=0; d=<ncols; i++)

] get_Z.cppe 35 output[i] = Z[i];

+] gat_f.umexglx 3% 1

5 L

<] |
I | '

| C J CPP source or header file Ln 5 Col 1
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- Licenced product

-y = f(x) ambiguity

- Arrays initial index is 1

- No references
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