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~OVERVIEW A

The Language of Technical Computing

To analyze and design the systems and products transforming
real world

Machine learning, signal processing, image processing,
computer vision, communications, computational finance,

control design, robotics, and much more

Features

Matrix-based language

Vast library of prebuilt toolboxes
Integrated with other languages
Video :
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https://kr.mathworks.com/videos/matlab-overview-61923.html

HOMEPAGE

http://www.mathworks.com

‘\MﬂthWOI'kS' Products Solutions Academia Support Community Events

Model-Based Design
with MATLAB and Simulink

Learn more

Products Events Training

Explore products for MATLAB, the language of technical computing, and Simulink, for simulation and Model-
Based Design

Featured Product i
S e Latest Release Trial Software

Statistics and Machine Learning Toolbox

Computer Vision System Toolbox R20]60 g Zr:d,\gﬁ\ltl;?s;osc;[)n;!nkl

» Get trial software

Robotics System Toolbox
Two new products and

updates to MATLAB,
Simulink, and 81 other
products

Simscape

HDL Coder
Simulink Test
»
Simulink Real-Time Learn more

Polyspace Bug Finder and Code Prover
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S A

 The MATLAB Environment

v Interface

v' Command Window / Workspace
v’ Scalars

v Arrays, Vectors and Matrices

v The Colon Operator

v' Character Strings
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4\ MATLAB 7.9.0 (R2009b)

- e - - mm——

IR L Rk =250

Shortcuts (2] How to Add 2] What's New

Fle Edit Debug Parallel Desktop Window Help

ClsersiwseanwDocumentswMATLAB

P

Workspace w O 2 x| [= Editor - C:#UsersiseantDesktopwsamplewsamplewsamplel.m H[Oa x
E_Iﬁ@ﬁ% stack: | B select d.. ~ A=l I T R - A o Bl - 2R B E BB stack Base Jx EH[DEE’@?'X
Name = Walue BB | - |10 + | +]11 X | o o 0,
—
i % Topn |ngy Ot nizat ion (2
2 function [1,v]=samnplel R
3 |f
4 % Problem Settinas
B= top.nx = 120; % The number of elements in the horizontal axis
B[= top.ny = 80; ¥ The number of elements in the vertical axis
7= top.vol = .3; % Yolume constraint
Bl= top.pnl = 3; % Penalization parameter
gl= top.riil = 1.6; & Filtering distance
10 % Parameters for optimization
1 - opt . ewi=0; ¥ OC
12 %opt.swl=l; ¥ SLP
8= opt.convprm!=0.01:
14 - opt . convprng=20;
15
16 % Initialization
17 - rho=top.vol+ones(top.ny,top.nxl;
18 - itr = 0;
19 - ninl=1,e30;
LI P — v f 20— | convflag=0;
Command History w2 x 2l
P 22 % Digplay initial configuration
~hald on , . L ITEEEe
—posterossplot(struct_fem, 1, [92, mainm  * | sampleLm ¥
“lindata’, 'Br-,
O
~'eont ', "internal ',
< linxdata’, 4" (atan(y/u) +180/p 14 MATLAB desktop kevboard shortcuts, such as Ctrl+5, are now customizable.
“titlel, Br [T L In addition, many kewboard shortcuts have changed for improved consistency
~"lincalor’,[1.0,0.0,0.00, ... across the desktop.
~'refine’, 'auto’, ...
“solnun, 1) To customize kevboard shortcuts, use Preferences. From there. vou can also
~grid off restore previous default settings by selecting "R200%9a Windows Default Set”
13 Z 2:21 --% from the "Active settings” drop-down list. For more information, see Help.
- 13, 2, 14 2% (54 ¥
g 13,2, 21 9= GG % Click here if vou do not want to see this message again.
H- 13, 2. B0 2F @95 % <
FolE e | 2
4\ Start| Ready OVR

Cobnvriaht © 2019 Combputational Desian L ab. All riahts reserved

Workspace:
BolF=

Command Window: O E &
20| 2 9
o = H

—

Al H 0| g

Editor: m-file =212

Command History: X|= &
F0f 0|

2H

St X




COMMAND/WORKSPACE

- = y = = 0 -
4\ Command Window = | B || HEH HHAE QUHG=

File Edit Debug Desktop Window Help o Command llne

MATLAE desktop kevboard shortcuts, such as Ctrl+5, are now customizable, >>

In addition, many kevboard shortcuts have chansed for improved consistency
across the desktop,

To customize keyboard shortcuts, use Preferences. From there, wou can also
restore previous default settings by selecting "RB200%9 YWindows Default Set”

from the "Active settings” drop-down list. For more information, see Help,

Click here if wou do not want to see this message again,

fxv >>|

OVR
File Edit Wiew Graphics Debug Desktop Window Help &
=] = & B | stack| Base [£P select data to plot -
Mame - Value Min Max
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COMMAND/WORKSPACE

4\ Command Window

File Edit Debug Deskiop Window Help

In addition, many kevboard shortcuts
across the desktop.

To customize keyboard shortcuts, use
restore previous default settings by

from the "Active settings” drop—down

Click here if wou do not want to see

=> BB-CB

ans =

29

f{ ==

Preferences. From there,

MATLAB desktop kevboard shortcuts, such as Ctrl+5, are now customizable.

have changed for improved consistency

vou can also
selecting "R2009 Windows Default Set”
list. For more information, see Help.

this message again.

m

1

rJl Workspace = | -
File Edit Wiew Graphics Debug Desktop Window Help &
G B & B | stack| Base £ select data to plot -
Mame Value Min Max
ans 29 29 29
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ans = answer 2| 2FX}

workspace Of ans 2f= H
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SCALARS

" - ™) = olgdgd
4\ Command Window = a=4Enter& & qul-E
File Edit Debug Desktop Window Help k.
*a =4 |

workspace®l| &= a 7t

] k3=
| 4

f;g >}|

4\ Workspace — - ESEEN

File Edit Wiew Graphics Debug Desktop Window Help u
cl = % | | stack| Base [ select data to plot -

Mame = Value Min Max
Eﬂa 4 4 A

| )
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SCALARS

-
4\ Command Window

File Edit Debug Desktop Window Help

¥oa =4

>» & = B

f.>>|

X

4\ Workspace

File Edit Wiew Graphics Debug Desktop Window Help
cl = % | | stack| Base [ select data to plot -
|| Mame = Walue Min E
HH A 6 6 6
ﬁ a Fil i | a

)

@,
'
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g5 Y=Y I 7o MO
=&() 2 =0T 21440
ol =X %3S

SHX|2F workspace Off A4
A 7F K &=
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SCALARS

r-‘k Command Window‘- — Ll_lﬂ‘:' Gl ) -Jé! E(:) % Ol %6"04 O:I E.‘I 7|‘X|
File Edit Debug Desktop Window Help k! Aol'—f—% _6|__|'77'| H._'lO‘" (I):} E_Fll'éél- —Jlk—
> Qg
|
a- |
_— yworkspaceoﬂ A E 7 2ol
A= B :
»»a =4 4 =86 »=1; |
| |
|
a = @ :
| |
| 4 :
i |
| fx > | |
| |
|
I |
|
|
OWR I
~ :
|
4\ Workspace — - ESEEN |
|
File Edit Wiew Graphics Debug Desktop Window Help & I
|
El | W B | stack| Base [£ select data to plot - :
|
|| Mame = Value Min Mlax :
HH A 6 6 6 |
Mo 4 4 4 |
H « 1 1 1 |
|
J |
L :
|
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SCALARS

4\ Command Window E=R IR X‘I gEl O-I (RAE Jck)l-_j\_9| ZJ\'%
] ] ] S - o @)
File Edit Debug Desktop Window Help k. %!‘Ol_l Ol-__||_ ):&IE %'1—
> a - | command line Of &= 0|
| 22 (=) L
N 22 KW B0l It

|
|
| ) |
|
> 4 :
|
I b = = |
|
| B |
| |
B |
I |
I |
1 0 |
f - |
OVR I
: |
|
4\ Workspace — . = | B |- |
|
File Edit Wiew Graphics Debug Desktop Window Help & I
|
El | W B | stack| Base [£ select data to plot - :
|
Mame = Value Min Max :
HH A 6 6 6 |
H s 4 4 4 :
H « 1 1 1 |
|
| |
L :
|
|

12
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COMPLEX VALUE

-

4\ Command Window " l':' = &1 | 9_|'J E DH%%’I |A‘| 7| I_&ll
File Edit Debug Desktop Window Help & QE Xl—g—_(l)_ E 6"—?—% 9.|D|
= + % I & .‘/
Br o= 2o+ jxd I %L(_l)
|
x =
| . .
| workspace Of i 2 j 7t &=
. + 4, i o o
2.0000 + 4.0000i | 2 MA0o| E|X| S 42
>>y=2+j*4 : O-ITEOI_I_l
|
|
¥ = |
|
2.0000 + 4,0000i :
|
|
f;{ 5 | |
|
|
|
|
|
|
|
|
OVR |
|
|
4\ Workspace . =RNC X |
|
File Edit Wiew Graphics Debug Desktop Window Help & I
|
El | W B | stack| Base [£ select data to plot - :
|
Mame = Value Min Max :
EH X 2.0000 + 40000 2000. 2.000. :
Hy 2.0000 + 4.0000i 2.000... 2.000.. |
|
|
| |
L :
|
13
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COMPLEX VALUE

F =y .
<\ Command Windov." — Ll—lﬂ: & | 7|' A|_-I OI_'|O| EEI %'%D_ 61¢§
File Edit Debug Desktop Window Help L] Ol_lk_! O|-X| 861-%
= 0o=1;

ez 2+ x4

fx > |

4\ Workspace — . = [ =] $|

File Edit Wiew Graphics Debug Desktop Window Help o
| = o § Ctack:| Base @ Select data to plot -
Marmne - Value Min Max
HHi 1 1 1
HH x 6 6 6
'J

14
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FORMAT

[ 4\ Command Window SEEER) format %:' Ec:)I O-I % Ol'g'-6|'0:|
File Edit Debug Desktop Window Help L] % E—:ll El E X ?J—’,‘—Qf _“g:)l A—l %
»>> format long 74 Iﬂ'cg- _J'E 9}\%

> pi
ans = @

3. 141592653589793

Jx > |
I
short Scaled fixed-point format with 5 digit 3.1416

Scaled fixed-point with 15 digits for double and 7 digits

long . 3.14159265358979
for single

short e Floating-point format with 5 digits 3.1416e+000

long e F_Io_atmg-pgmt format with 15 digits for double and 7 3.1415926535897936+000
digits for single

short g Best of fixed- or floating-point format with 5 digits 3.1416

long g Best of fixed- or f_Ioatlng-_pomt format with 15 digits for 3.14159265358979
double and 7 digits for single

short eng Engl_neerlng format with at least 5 digits and a power 3.1416e+000
that is a multiple of 3

long eng Enginerring fgrmat WI'Fh exactly 16 significant digits and 3.14159265358979e+000
a power that is a multiple of 3

bank Fixed dollars and cents 3.14

15
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ROW VECTOR

File Edit Debug Desktop Window Help

=g =[1234EF]

a =

fi >

|
@ X El H0|E|S Brolst
ArSote Ch2 o

a0 o i

File Edit Wiew Graphics Debug Desktop Window Help

il RERCR | Stack:| Base

| [P select data to plot =

| Mame =

Walue

[1.2345]

Mlin TIERS @

HOIEE Mot UA7|

=

20| mim, max ZfS 7|



A commars e s 7|5 (] of Mol BE()
File Edit Debug Desktop Window Help I % Ol'cgf-cl)-l'o:l % H_'l!E-I% X—lIoF
I *>a=[1 23485 g#%l%
a =
l 1 2 3 4 5
=» b = [2:;4:6:8;10]
b =
4
B
| 3
10
-

OVR

a0 o i

File Edit Wiew Graphics Debug Desktop Window Help
T . = o § | Ctack:| Base | @ Select data to plot -

| Mame - Value Min Max

a [1,2,3,45] 1 5
[2:48810]




COLUMN VECTOR
e ) ff 52 % wEE o 6 s
File Edit Debug Desktop Window Help I &P% III'%.‘H‘. ! (transpose)%

- Ease 025101 & HE 2 ol
| e

|

OVR

a0 o i

File Edit Wiew Graphics Debug Desktop Window Help

T . = o § | Ctack:| Base | @ Select data to plot -
| Mame - Value Min Mlax

a [1.2345] 1 5
[2:48810]




o mu it B

0 ol . B
= S o g
o <38 Ko 2
FI3r ~Jo < U o2
=3, b ok =
710 70 =] 1 i 0 S <
oo oTE — ™ 0H oy
T m__l ol E ol =
== ol gl N fr = ol
olol My 101 ST Ny
oy I 0f HMup S o
mm  F S ol 20gr
OFE  FOmMI foir 31 H =0

OVR

Help
N, -
s o
Debug Desktop Window Help
Base | @ Select data to plot
[1,2,3:4567.89]

L= =

Ml 3
s

3

10

Min
1
1
2

w1
[ax]

[1,2345]
[2:4,6,5,10]

g bl @
= = ) =
1= [ o
2| = @ 2| 2
Ak Qv
=N Bl
£l -
R Mo M [ B T Ry ] W%
alf w >l |
-t
.m of = oo m o0 w oo 0o m
e | B oW W.Mnﬂﬂ_
=5 -1 . — =t o = 4
= [
S| =] — =t [~ 1] — =t - W Eﬁm
EN Bl = = b= |
£ N I N I N .A(F_m_ =
S o™ = - = )
“F_ ...TJ_
u J >

19
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o command wincon o Transpose 7|2 ()S AtE,
File Edit Debug Desktop Window Help "I I-QJ_—II' 7I-O| 7—||-7_II-(—)-| % H—.IlE-I
sHed S S
£ 0|85t W RN
78 4] A Ol©O
T AT
4=
|
1 2 3
4 5 B
7 8 =
“ 4= [[1 47 [258]" [3628]]
L=
1 2 3
4 5 E1
' 7 B =
fx >

a0 o i

File Edit Wiew Graphics Debug Desktop Window Help

T . = g B | Ctack:| Base | @ Select data to plot -
| Mame - Value Min Max
A [1,2,34,56,7,89] 1 ol
E [1,2,345] 1 5
[2;4;6;8,10] 2




MATRIX: WHO(S)

|
File Edit Debug Desktop Window Help NI
1 2 3 -
' 4 5 B
7 3 9
l »» who

Your variables are:

b oa b @
“ »» whos

Name Size Bvtes Class Attributes
i w3 T2 double
a 15 40 double

' b Bl 40 double

fx >

a0 o i

File Edit Wiew Graphics Debug Desktop Window Help
T . = o § | Ctack:| Base | @ Select data to plot -
| Mame - Value Min Max
A [1,2,34,5,6,7,89)] 1 ]
3 [1,2,3,45] 1 5
[246,8:10] 2

who

AN M EoU= HE=
o| 7hakst 0|20 HA|
whos

AN MY U= BHes
o| O|F 1} At SES L
Ef e

f



MATRIX: ELEMENT
B v R =5 @ 4Ef b 9| 4% 10 M

Eile Edit Debug Desktop Window Help ElO‘I%{E HA 2 = -2 O_CID_
I == b(4) :'él-§ ( % Ol_g_
ans =
S o
AT AL L2 HAOZ K
I— e~
& E[0f Qs 2t 2l

| :
> A(2,3) @

ans =

Jx > |

a0 o i

File Edit Wiew Graphics Debug Desktop Window Help

T . = g B | Ctack:| Base | @ Select data to plot -
| Mame - Value Min Max
A [1,2,34,56,7,89] 1 ol
E [1,2,345] 1 5
[2;4;6;8,10] 2




MATRIX: BUILT IN FUNCTION

File Edit Debug Desktop Window Help

»» E = zeros(2,3)

OVR

| zeros(m,n)
- m by n 2| 022 x| £l o

Eafas NH

ones(m,n)
m by n 2] 12 XTI OHE
2IAE KA

a0 o i

File Edit Wiew Graphics Debug Desktop Window Help

T . = o § | Ctack:| Base | @ Select data to plot -

[ame = Yalus Min Ilax
E [0,0,0:0,0,0] 0 0
u [1,11] 1 1




COLON OPERATOR

& s wosor 22 () 2 0/85HR 1E+9)
File Edit Debug Desktop Window Help I E %7"6"% HH%% X‘lxol'_éél'
>t =1:5 A Ol
) T MO

1 2 3 4 5 @

a0 o i

File Edit Wiew Graphics Debug Desktop Window Help

il RERCR | Stack:| Base | LA select data to plot -

[ame = Valye in Max
t [1.2,345] 1 5




COLON OPERATOR

o !
0 EN
jo 1o

o
> 00
or Ot
o
A
<
[
rr

File Edit Debug Desktop Window Help I
>t = 10:-1:5

a0 o i

File Edit Wiew Graphics Debug Desktop Window Help

il RERCR | Stack:| Base | LA select data to plot -

[ame = Valye in Max
t [10,9,8,7,6,5] 5 10




COLON OPERATOR

o s s 20| 242 Folste s |
File Edit Debug Desktop Window Help I % Olg—% [[H —2—%% Ol-g-cl)-l-nlj
>4 =123 456 789 MA 2y =20l 7t
Iﬁ' = | e
OiAlOl= 28 HA &S =2l
1 2 3
4 5 ]
T g8 9
= 402,00
“ ans = @
4 5 G
|fic >

OVR

a0 o i

File Edit Wiew Graphics Debug Desktop Window Help

il RERCR | Stack:| Base | LA select data to plot -

[ame = Yalus Min Ilax
A [1,2,34,5,6,7,89)] 1 ]

ans [4,5,6] 4 &




COLON OPERATOR

& s wosor 52t Al B2 0|80}
File Edit Debug Desktop Window Help I —OL-I-CISl-E -?—le(_)_l akl'% é!'?_l
> t(2:4) g = UAS
ans = @
9 5] 7
Jx > |

OVR

a0 o i

File Edit Wiew Graphics Debug Desktop Window Help

il RERCR | Stack:| Base | LA select data to plot -

Mlame - Value Ilin Il
ans [9.8,7] 7 9

t [10,9,8,7,6,5] ] 10




LINSPACE FUNCTION

File Edit Debug Desktop Window Help

> |ingpace(0,1,6)

ans = @
1] 0. 2000 0. 4000 0. 6000 0. 8000 1. 0004

fi >

OVR

a0 o i

File Edit Wiew Graphics Debug Desktop Window Help

il RERCR | Stack:| Base | LA select data to plot -

[ame = Valye in Max

ans [0,0.2000,0.4000,0.6000,0.8000,1] 0 1

linspace(x1,x2,n)
o x1 = E1 x2 MR X
2 n S8 ANZIS HE




LOGSPACE FUNCTION
4 I e logspace(x1,x2,n)

File Edit Debug Desktop Window Help I Z}I\- 10_1 —I?I—E'I 102 7)|'X| E:’.
[ e A Yz n SEE At
@ 2 Mz
| 0. 1000 1.0000 10.0000 100, 0000
fx > |

OVR

a0 o i

File Edit Wiew Graphics Debug Desktop Window Help

il RERCR | Stack:| Base | LA select data to plot -

[ame = Valye in Max

ans [0.1000,1,10,100] 0.1000 100




CHARACTER STRING
Ao L s ste 02 E F S 0|8
File Edit Debug Desktop Window Help : O:I %Xf%% X—lxohg' _JI\_ %l%

I »» f = "Miles *
=g = Davis’;

»» r = [f g]
.-

Miles Davis
fxv»

OVR

-
4\ Workspace

I = -

Deskiop  Window Help o

File Edit Wiew Graphics Debug

| ﬁ = o § | Ctack:| Base

| [P select data to plot

MName = WValue
f "Miles '
g 'Davis'
.:-c "TWliles Davis'
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CHARACTER STRING

r - — h 7 = ~ =
4\ Command Window L uﬂlﬂ EIH%-'H'-E O|-C9,-o|-02| A-” 7H§
File Edit Debug Desktop Window Help b Cél E—':||-CI>-|'E EI‘%%E I_|::|| O-I ?EI-

»>a=[123458 ... : #9)1%
g 7 8] |
|
|
|
@ I
|
B 7 g |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
OVR I
m - :
|
Workspace C=nren X :
|
File Edit Wiew Graphics Debug Desktop Window Help o :
| = o § | Ctack:| Base | @ Select data to plot - :
|
Mame = Value Min Max :
A [1234567,38] 1 8 |
| |
|
|
|
e I
|
|
I
31
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CHARACTER

STRING

(4 ESEE™)
I —
Command Window ;{
File Edit Debug Desktop Window Help k]
»>a=[123458 ...
g 7 8]
a =
1 2 3 4 5 5] 7 8
fJE o |
== h
ommand Wind -
File Edit Debug Desktop Window Help E
> guote = ["Any fool can make a rule,
“and any fool will mind it']
quote =
dny fool can make a rule, and any fool will mind it
f{ > |
OVR
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S A

« Mathematical operations

v' Operators

v Mathematical operation

v' Vector product

v' Vector-matrix multiplication
v' Matrix-matrix multiplication

v' Mixed operation

33
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OPERATORS

=
fujm
1
re
r
N
ot

A Exponentiation 4"2 =8

Negation -8=-8
(unary operation)

* Multiplication and 2*pi = 6.2832
/ Division pi/4 = 0.7854
\ Left Division 6\2 = 0.3333
+ | Addition and 3+5=8
Subtraction 3-5=-2

34
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MATHEMATICAL OPERATION

" . o A O —
o v, o e 01010 D297t U
File Edit Debug Desktop Window Help m" % %I|'O|_|
oy = —47E
5.' =
-16
I
1 === (22
Il ]= =
16
Jx |
OVR

i — —— —— - B
4\ Workspace = 5
File Edit Wiew Graphics Debug Desktop Window Help ¥

L] = - B | Stack:| Base | LA select data to plot -
Mame = WValue Min Max
HH x 16 16 16
My -16 -16 -16
|
b

35
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VECTOR PRODUCT

a=[l 2 3 4 5]b=

4\ Command Window o e S
s
File Edit Debug Desktop Window Help k]
=> a*h
ans =
10
= h+a
ans =
2 4 B g 1
4 8 12 16 20 =
(5] 12 18 24 30
g 16 24 3z 40
1 20 30 a0 B0
Jx > | -
OVR
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VECTOR-MATRIX MULTIPLICATION

a=[1 2 3],b=[5|,A=

~N A
© Ul N
© o w

4\ Command Window o e S

File Edit Debug Desktop Window Help k]

== oah

30 35 42
> h+h @
ans =

32

)
122

f;gg e

OVR

37
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VECTOR-MATRIX MULTIPLICATION

A7t OHX| g AL 28
NEREL

|

1 2 3 i

|

a=[1 2 3],b=|5[,A=|4 5 6 |

|

6 789 |

|

- - - |

|

|

|

|

:

4\ Command Window o :
File Edit Debug Desktop Window Help N :
- I

|

ans = | |
:

ao 36 42 |

|

|

== h+h |
|

|

ans = :
|

32 E :

T I
122 :

|

Fr hra :
7?9 Error using ==> mtimes |
Inner matrix dimensions must agree. :
|

f_:g i | - |
= |

\ OVR :
|

|

I

38
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MATRIX-MATRIX MULTIPLICATION

|

1 2 3 |

|

a=[1 2 3],b=|5[,A=|4 5 6 |

|

6 /7 8 9 |

|

- - - |

|

|

|

|

|

r-‘l Command Window ool | :
File Edit Debug Desktop Window Help k] :
B B :
|

_ |

ans = I
|

30 36 42 :

BE B 9B :
102 126 18D I

|

B A |
|

|

ang = |
|

a0 36 42 |

85 8 @ |
102 126 180 :

|

fx o :
|

§ OVR :
|

|

|
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S A

* Built-in functions
v Log
v Elfun
v Round
v Cell
v Floor

v' Others
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4\ Command Window = | B DH%EI:I-IIO” 7|%EI| og X—I §>|'
i i i u Ol SIAE= ol
File Edit Debug Desktop Window Help Elo-l le: %I-_I_E Ol AAII:I

*>= help log
LOG Natural logarithm.
== StA =
LOG(%) is the natural logarithm of the elements of X, O:HEE O-I E:l-<l:%ll-_|_E Ol_g_
Complex results are produced if ¥ is not positive. '0L|-_|__| ﬁ% zg_cl)_, help %425'
See also loglp, logZ, logld, esp, logm, reallog. ;-I-;_L |O |-O:|_._?)O&C |O—| f
==l5tH log e =0f 2ot
Over |oaded methods: _E_A-Ijl- -Ié}'%E:!
af/log
codigtributed/log .
fints/1oa THOIEl o= 21 g0l
A H} EH ol
- . S H} o| =0 CHSH Lt
eference page in Help browser ol o
doc log 9|-N\E
fx o

log

Matural logarithm

Syntax
Y o= logl¥)

Description

The log function operates element-wise on arrays. ts domain includes complex and negative numbers, which may lead to unexpected results if
used unintentionally.

¥ = log(X) returns the natural logarithm of the elements of X. For complex or negative 2, where £ = X+ V¥ the complex logarithm is returned

loglz) = loglabs(z)) + i*atan2(y, x)
Examples
The statement abs(log(=1)) is a clever way to generate .
ans =

3.1416

See Also
exp, logld, log2, logm, reallog
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4\ Command Window

File Edit Debug Deskiop Window Help

> help elfun
Elementary math functions.

Trigonometric,

sin - Sine.

sind - Sine of argument in dearees.
sinh - Hyperbalic sine.

asin - Inverse sine.

asind - lnverse sine, result

asinh - Inverse hyperbolic sine.
cos - Cosine.

cosd - Cosine of argument

cosh - Hyperbalic cosine.

ACOS - Inverse cosine.

acosd - Inverse cosine, result
acosh - Inverse hyperbolic cosine.
tan - Tangent .

tand - Tangent of argument

tanh - Hyperbolic tangent.

atan - Inverse tangent.

atand - Inverse tangent, result
atan2 - Four quadrant inverse tangent.
atanh - Inverse hyperbolic tangent.
sBC - 3ecant.

secd - 3ecant of argument

sech - Hyperbaolic secant.

agec - Inverse secant.

asecd - Inverse secant, result
asech - Inverse hyperbolic secant.
-1+ - Cosecant,

ceed - Cosecant of argument

csch - Hyperbolic cosecant.

acsc - Inverse cosecant.

acscd - Inverse cosecant,

acsch - Inverse hyperbolic cosecant.
cot - Catangent.

cotd - Cotangent of argument

coth - Hyperbolic cotangent.

acot - Inwerse cotangent.
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ROUND

round &= ZF |AEHZ
Ht= 25t H+2 TH=E0
=L A
T = o T

E=[-16 -15 -14 14 15 16]

4\ Command Window - ' = | B |l
File Edit Debug Desktop Window Help k.
»>E=[-16E-1.65-1.41.41.51.6]
E =
-1.6000 -1.8000 -1.4000 1.4000 1.5000 1. 6000

=> round(E)

Q
£
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E

[-16 -15 -14 14 15 1.6]

4\ Command Window » ' = | |
File Edit Debug Desktop Window Help k.
E =
-1.6000 -1.8000 -1.4000 1.4000 1.65000 1. 6000

»» round(E)

=
A
T
1|

Q
£
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FLOOR

floor &t+= LHEISIY H=
— X L- &SLA
E I=0 F& g

|
|
|
|
E=[-1.6 -15 -14 14 15 16] |
|
|
|
|
|
|
|
|
|
:
r-‘h Command Window . l == ﬁ1 :
File Edit Debug Deskiop Window Help k. :
L I
|
ans = |
|
-2 -2 -1 1 2 z :
|
|
> ceil(E) 3 I
|
|
ans = :
|
-1 -1 -1 2 2 Z :
|
»» floor(E) £ :
|
ans = :
|
2 -2 -2 1 1 1 :
|
fxv = e :
p I
L OVR |
|
I

46

Cobnvriaht © 2019 Combputational Desian L ab. All riahts reserved



ot I = R
<
oo Xz "o
& 2 g I g
o Ko__ Ko I & K
ml Ml 8
uy By SUmr L WU gy
=4
s T QUK Ly X - <
r ol o aorl il
ol ) O L ofu T ofln onl —
K H1RS 750 o Khu K
~ —_ =0 =< 10 O__._._ N _
N i 0001 HUNS e 53 . N T
. . . .. -t (1 d i ..
Err £ ¥™M gm B £n
& " £ ol gon € Ho a Rl » LT
| u 4 | i 3
il
[
|
5
=]
© E
~ :
o |E
__ M_ H
| 3|E ®
2|2 .
g
al | o =
= &g 2
m m_ m I o I - I 1 o] Il m I -
5 n 8 g g g g g
g = &

47

Cobnvriaht © 2019 Combputational Desian L ab. All riahts reserved




S A

 Graphics
v Example
v Plot
v Specifiers

v' Subplot & 3D plot
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~EXAMPLE A

« Falling parachutist

mg —cv
F=ma=Fp-FR = 5
mg —cv
~dv C : : . :
Case I: — =g ——Vv — nonhomogeneous linear differential equation
m
~dv C 2 : : : .
Case II: i g — —Vv“ — nonhomogeneous nonlinear differential equation
m
< Solution >
C
Case l: vy = cle;‘t > A=——
m
©lt
V=Ce m SN =g—>¢C _9n
1 27702 277,
_C t
m m m
v=cges M +g—<—(t=0,v=0):>c1=—g—
C C
C
ol Lo e -
v==—1-e\ ™/ |:analytical (or exact) solution
C

Case ll: v= ﬂtanh( ﬁt]
C m
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VARIABLES & CONSTANTS

Het S
(4 command wincon T BB e Toib 2= ChR|Q HHE XNE
File Edit Debug Desktop Window Help | :
¥» t = [0:2:20]° I

t = ||

X

|
|
|
|
|
|
|
10 '
z N RS
N
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

%
A 11702 ’la2 BE T}

—

N E

[ O A o

14
16
13
20

== length(t)
ans =

B

*» 9 =9 8;:m=68.1; cd =025
Jx 5]
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DEPENDENT VARIABLE

O MO A T+t exact

rd'k Command Window . ‘E@g SOIUtiOn O" EQI-}” case 1 %
— - = VI CR case2 =2 B &
>> w1 = genfed+(1-expi-cd/met ) e E% 7'-"A|_I-

vl =

a
19, 5481
39,9533
53,2165
77,3358
96,3212
15,1647
133.8704
152, 4393
170, 8723
189, 1704

m

>> w2 = sart{g+n/cd)+tanhisqrt (g+cd/m)+t)

WE =

18,7292
33.1118
42,0762
46,9575
49.4214
50,6175
51.18M
51,4580
51,5823 0
51.6418
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4\ Command Window

.—:.IEI&

File Edit Debug

== plot(t,vl)
== hold on
== oplot(t,v2)

Jx

Desktop  Window  Help o

L

200

B Figure 2 f [
B o™ .
File Edit Wiew Insert Tools Desktop Window Help E

DEde R |RANDEL- 2|0 D

180

vl
V2

I 160 r
140 -

120+
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hold on @A 0{= XY
plot O &[0 = figure &
hold A|Z2EZMN MEL
plot 2 &M O £/ R
CHAM 82 38 = AASH
= gayof

o o
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title: 2= 2| X=2 HE

4\ Command Window . E@lﬁ
. — >

File Edit Debug Desktop Window Help ™ XlabEI. :I'EHE 7|-E:"'_9| Ol

ol R N R N =2 H:I7:|

== titlel Plot of v versus t°) == =C

== ®label( Values of t7)

> ylabel{ VYalues of v']l| -

>> grid i ylabel: Jdef= Mz=2f 0f
N i = o
F Sg #Z

OVR

grid: ZAE 4d

B Figure 2 ‘. - (S
File Edit View Insert Tools Desktop Window Help k]
NEde | MARODEL- S 0E D
Plot of v versus t
vl ' i
180 - % .
[T | R S A S - i
) SO— SRS S —— .
Y1) SRR S .
5 5 | |
I 2 100f--------------- Rt e REEE LR EEE -
= . . .
m ' ] ]
= L i S -
5 10 15 20

Values of t

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
200 T T ' I
: - - |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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SPECIFIERS

Blue
Green
Red
Cyan
Magenta
Yellow
Black
White

b

Point : Solid -
Dotted
Dashdot  -.
Dashed --

Cicle
X-mark

+ X O

Plus
Star
Square

*

Diamond
Triangle(down)
Triangle(up)
Triangle(left)
Triangle(right)
Pentagram

> T V N > < a9 o

Hexagram
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SYMBOL

4. Command Window . Elﬂl-g_hj

File Edit Debug Desktop Window Help &

SSOLTLLrey TIUL ur Y Ve SUs L)

> wlabel{ Values of t°)

== ywlabel (" Values of »')

b )
SEPTRTE OlAl= CIO|EE o BA|Z
fx o 1 2Es sEHste ¢y

OVR
L -
B Figure 2 ‘ [E=EEE
5 AW -
Eile Edit \Wiew Insert Tools Desktop Window Help El

DL MR EL- 2| 0E) D

200
vl ' '
BO-| o [ a
[T S— I A S ]
) E— USSR W — 1
120 Feemeemeeeeaes A N ——— .
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COLLOR & DASHED LINE

. Command Window

. —mﬁlﬂ

FEile

Edit  Debug

Desktop  Window  Help

SO FRTAUE Y YA lTUES o L)

»» wlabel{ Yalues of v
>> grid

>» plotit, w2, ‘o)

= oplot(t,vl, 's—a')

=

m

1

B Figure 2

T el

File Edit View Insert Tools Desktop Window Help k]

A IR A EE

200
B I e U NS A A
o w2l : : jral
F:11] S —— fronoeenne e e -
: : A
40 f-om o N o -
TP EO— /Z/ -------------- .

Cobnvriaht © 2019 Combputational Desian L ab. All riahts reserved

rr
>

Pt 2 >

LI oF
IH ol

|0 <2

i i

Jhu => aN

1= 1 ot

(%]

Q

M rot
I

o
o
10

1
Ofo
Ot

56



SUBPLOT & 3D PLOT

@ subplot(m,n,p): m by n 7|

o 127tz 4N, p £ p
#Rjol 18 o]

FI|E' Edit Debug Desktop Window Help |
==t = 0:pi /B0 10+pi; it . [=1e)
P> subplot{1,2,1);plot{sin(t), cos(t])) E‘%ltl-%flx'yljzt);(i”pgaﬁnel:'”—(l)l
> anis sguare @ =[N ZET —
| b titieC ) i EHE 2|0
=> subplot(1,2,2):plot3lsin(t), cos(t), t];
f b ritieC (o)) Il

File Edit View Insert Tools Desktop Window Help l

Ddde | h|ARKODLEH-2/0E D
(b)

(a} 40

30

0.5
20
10

0.5
0

4 05 0 05 1 1

=y

=

E—
Sy
=
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S A

 (Case study

 Assignment

58
Cobnvriaht © 2019 Combputational Desian L ab. All riahts reserved



Background. Your textbooks are filled with formulas developed in the past by
renowned scientists and engineers. Although these are of great utility, engineers and scientists
often must supplement these relationships by collecting and analyzing their own data. Some-
times this leads to a new formula. However, prior to arriving at a final predictive equation, we
usually “play” with the data by performing calculations and developing plots. In most cases,
our intent is to gain insight into the patterns and mechanisms hidden in the data.

In this case study, we will illustrate how MATLAB facilitates such exploratory data
analysis. We will do this by estimating the drag coefficient of a free-falling human based on
Eq. (2.1) and the data from Table 2.1. However, beyond merely computing the drag
coefficient, we will use MATLAB’s graphical capabilities to discern patterns in the data.

Data Results figures

Plot of predicted versus measured velocities

60
1 | T I T T T T
TABLE 2.1 Data for the mass and associated terminal velocities of a number of jumpers. C = mean (C
255~ “d.ave d -
m, kg 83.6 60.2 72.1 Q1.1 9209 653 809 % (
v, m/s 53.4 48.5 50.9 557 54 477 511 $ . .|
, & 50
45 | | ! | t | ! I
47 48 49 50 51 52 53 54 55
Measured
Plot of drag coefficient versus mass
gm e T { | T T
vo= 3
C 2 = 03
d 28
Q
giE 0.25
g 8
Y | | 1 1 1 ‘

(=2}
o

65 70 75 80 85
Mass (kg)

90




2.21 Figure P2.21a shows a uniform beam subject to a lin-
early increasing distributed load. As depicted in Fig. P2.21b,
deflection y (m) can be computed with

wo
y = -
’ 120EIL

(P D[ 2t Ty

where E = the modulus of elasticity and / = the moment of

inertia (m*). Employ this equation and calculus to generate
MATLAB plots of the following quantities versus distance
along the beam:

(a) displacement (y),

(b) slope [6(x) = dy/dx].,

Wo
15
(@)
(x=L,y=0)
(x=0,y=0) /’_&_
X
()

FIGURE P2.21

(¢) moment [M(x) = Eld®y/dx?],

(d) shear [V (x) = Eld’;y/c/_.\'f’], and

(e) loading [w(x) = —/i'/c/"l_\'/’c/,\‘4].

Use the following parameters for your computation:
L =600 cm, E =50,000 kN/cm? [ =30,000 cm®
wo = 2.5 kN/cm, and Ax = 10 cm. Employ the subplot
function to display all the plots vertically on the same page
in the order (a) to (e). Include labels and use consistent MKS
units when developing the plots.

2.22 The butterfly curve is given by the following paramet-
ric equations:

x = sin(¢) (c‘o" — 2cosdt — sin® 17>
_— . I
y = cos(t) <6’m” — 2 cos 4t — sin’ 1—2)

Generate values of x and y for values of ¢ from 0 to 100 with
At = 1/16. Construct plots of (a) x and y versus ¢ and (b) y
versus x. Use subplot to stack these plots vertically and
make the plot in (b) square. Include titles and axis labels on
both plots and a legend for (a). For (a), employ a dotted line
for y in order to distinguish it from x.

2.23 The butterfly curve from Prob. 2.22 can also be repre-
sented in polar coordinates as

ok < [ 20 — 7
r=e"? — 2cos(40) — sin’ ( T)
24

Generate values of r for values of @ from 0 to 87 with
A6 = m/32. Use the MATLAB function polar to generate
the polar plot of the butterfly curve with a dashed red line.

Employ the MATLAB Help to understand how to generate
the plot.
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ORIGINS OF MATLAB

Origins of MATLAB, by Cleve Moler
MATLAB is now a full-featured technical computing environment, but it started as a simple
“Matrix Laboratory.” Three men, J.H. Wilkinson, George Forsythe, and John Todd, played

important roles in the origins of MATLAB.
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CAE

ORIGINS OF MATLAB

Wilkinson was a British mathematician who spent his entire carrer at the National Physical
Laboratory (NPL) in Teddington, outside London. Working on a simplified version of a
sophisticated design by Alan Turning, Wilkinson and colleagues at NPL bulit the Pilot Automatic
Computing Engine (ACE), one of Britain's first sotred program digital computers. THe Pilot ACE
ran its first program in May 1950. Wikinson did matrix computations on the machine and went

on to become the world’s leading authority on numerical linear algebra.

J. H. Wilkinson and the Pilot ACE,
1951, National Physical Laboratory,
Teddington, England.
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ORIGINS OF MATLAB

At about the same time, mathematicians at the Institue for Numerical Analysis (INA), a branch
of the National Bureau of Standards, located at UCLA, were working with the Standards
Western Automatic Computer (SWAC), one of the USA's first computers. Researchers at INA
included George Forsythe, John Todd, and Olga Taussky-Todd. When the INA dissolved in

1957, Forsythe joined the faculty at Stanford and the Todds joined the faculty at Caltech

Institute for Numerical Analysis, early
1950s, UCLA. George Forsythe is in

the center, and John Todd is looking
over Forsythe s shoulder.
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ORIGINS OF MATLAB

| went to Caltech as a freshman in 1957 and two years later took John Todd’s Math 105,
Numerical Analysis. We did some of our homework with mechanical calculators, but we also

used the Burroughs 205 Datatron, one of only a few dozen computers in southern California at

the time.

The Burroughs 205 Datatron,
1959, a vacuum tube computer
with 4,000 words of magnetic
drum memory. Programs for the
Datatron were written in absolute
numeric machine language

and punched on paper tape.
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ORIGINS OF MATLAB

One of the projects that | did under Todd’s direction in 1960 involved Hilbert matrices. These
are famous, ill-conditioned test matrices with elements

h, = 1G+H-1),ij=1, ..,n

| wrote my programs in absolute numeric machine language and punched them on paper tape.

If I'd had MATLAB at the time, my project would have involved computing

H = single(hilb(6))

1.0000000 0.5000000 0.3333333 0.2500000 0.2000000 0.1666667
0.5000000 0.3333333 0.2500000 0.2000000 0.1666667 0.1428571
0.3333333 0.2500000 0.2000000 0.1666667 0.1428571 0.1250000
0.2500000 0.2000000 0.1666667 0.1428571 0.1250000 0.1111111
0.2000000 0.1666667 0.1428571 0.1250000 0.1111111 0.1000000
0.1666667 0.1428571 0.1250000 0.1111111 0.1000000 0.0808091
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ORIGINS OF MATLAB

| would then compute the inverse of H.

inv (H)

209065.
-217644.
g§2044,

.09

o
tn

14
56

oo

30

3322.
-87179.
557732.

-1393827.
1493161.
-574766.

oo

-7464.
209060,
-1393901.
3584568,
-3920799.
1533516.

70

50

7455.
-217634.
1493100.

-3520712.
4357413.
-1725855.

13
oo
o0

38

-2731.

82038.44

-574728.
1533534483,
-1725818.
690537.

The exact inverse of the Hilbert matrix has integer elements. A function in MATLAB computes it
with a recursive algorithm.

invhilb (6)
dans =

36.00 -630.00 3360.00 -7560.00 7560.00 -2772.00
-630.00 14700.00 -88200.00 211680.00 -220500.00 8§3160.00
3360.00 -88200.00 564450.00 -1411200.00  1512000.00 -582120.00
-7560.00 211680.00 -1411200.00 3628800.00 -3969000.00 1552320.00
7560.00 -220500.00 1512000.00 -3963000.00 4410000.00 -1746360.00
-2772.00 83160.00 -582120.00  1552320.00 -1746360.00 6958544.00
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ORIGINS OF MATLAB

| would compare these last two matrices and say the difference was the result of roundoff error
introduced by the inversion process. | was wrong. | would learn a few years later from Wilkinson
that the roundoff error introduced in computing H in the first place has more effect on the final

answer than the error introduced by the inversion process.

In 1961, it was time for graduate school. Todd recommended that | go to Stanford and work with
his friend George Forsythe. At the time, Forsythe was a professor in the math department, but
he was starting the process that would create Stanford’s computer science department, one of

the world’s first, in 1965.
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ORIGINS OF MATLAB

In 1962, after Forsythe’s numerical analysis course and a visit to Stanford by Wilkinson, | wrote
a Fortran program to solve systems of simultaneous linear equations. Decks of punched cards
for the program were distributed fairly widely at the time, including via SHARE, the IBM User’s

Group.

A few punched cards from a Fortran
program for solving simultaneous linear
equations, 15 years before the introduction
of the MATLAB backslash operator.
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ORIGINS OF MATLAB

Alston Householder from Oak Ridge National Laboratory and the University of Tennessee
began a series of research conferences on numerical algebra in the late 1950s. These are now
held every three or four years and are called the Householder Conferences. As a graduate
student, | went to the third conference in the series in 1964 and obtained a photo of the
organizing committee. Much later, that photo was used in the first documentation of the image

function in MATLAB.

The organizing committee for
the 1964
Gatlinburg/Householder
meeting on Numerical Algebra.
All six members of the
committee — J. H. Wilkinson,
Wallace Givens, George
Forsythe, Alston Householder,
Peter Henrici, and F. L. Bauer —
have influenced MATLAB.
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ORIGINS OF MATLAB

My 1965 Ph.D. thesis under Forsythe’s direction was entitled “Finite Difference Methods for the

Eigenvalues of Laplace’s Operator.” The primary example, on which both Forsythe and

Wilkinson had worked earlier, was the L-shaped membrane, now the MathWorks logo.

1
!

l
N
1

— -
Rl | OFOMGE MY T
e e GLEVE B OLEw

. -
" —
.
< am-
“an
o
. —
- —_

The first eigenvalue and This 1967 textbook contained
eigenfunction of the L-shaped working code in Algol, Fortran, and
membrane. Click on image to see PL/T.

enlarged view.
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ORIGINS OF MATLAB

Forsythe and | published a textbook about matrix computation in 1967 that was later listed by
the Association for Computing Machinery as an important early text in computer science
because it contained working software: programs in Algol, Fortran, and PL/I for solving systems
of simultaneous linear equations.

Over several years in the late 1960s, Wilkinson and a number of colleagues published papers
in Numerische Mathematik that included algorithms in Algol for various aspects of matrix
computation. These algorithms were eventually collected in a 1971 book edited by Wilkinson
and Reinsch.

Handbook for
Astomatic Computation

Bl by
P L B A2 Nmstidy W LB
N iwdesut K Sedem L e

S 1)

ST C Rl

Lincar Algebea

R
LU S

&
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Even today, more than 30 years after its Wilkinson describing a matrix algorithm to an
publication, this collection of algorithms for audience at Argonne in the early 1970s.
matrix computation is an important reference.

Click on image to see enlarged view.
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ORIGINS OF MATLAB

Every summer for 15 years, Wilkinson lectured in a short course at the University of Michigan
and then visited Argonne National Laboratory for a week or two. Researchers at Argonne
translated the Algol code for matrix eigenvalue computation from the Wilkinson and Reinsch
handbook into Fortran to produce EISPACK. This was followed by LINPACK, a package of
Fortran programs for solving linear equations.

The authors of LINPACK: Jack Dongarra, Cleve Moler, Pete Stewart, and
Jim Bunch in 1978.

- — The EISPACK
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ORIGINS OF MATLAB

When we were developing EISPACK and LINPACK, | was a math professor at the University of
New Mexico, teaching numerical analysis and matrix theory. | wanted my students to be able to

use our new packages without writing Fortran programs, so | studied a book by Niklaus Wirth to

learn about parsing computer languages.

A 1975 textbook by Nikiaus Wirth, who later
developed PASCAL.
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ORIGINS OF MATLAB

In the late 1970s, following Wirth’s methodology, | used Fortran and portions of LINPACK and

EISPACK to develop the first version of MATLAB. The only data type was “matrix.” The HELP

command listed all of the available functions, with their names abbreviated.

ABS
DET
EXP
INV
ORTH
REAL
SQRT

ANS

DIAG
EYE

EKRON
PINV
RETU
STOP

ATAN
DIAR
FILE
LINE
FPLOT
RREF
S UM

BASE
DISPE
FLOF
LOAD
POLY
ROOT
SWVD

CHAR
EDIT
FLFES
LOG

PRIN
ROUN
TRIL

CHOL
EIG

FOR

LONG
FROD
SAVE
TRIU

CHOP
ELSE
FUN
LU
QR
SCHU
USER

CLEA
END

HESS
MACR
EAND
SHOR
WHAT

COND
EFS

HILB
MAGIT
EANK
SEMIT
WHIL

CONJ
EXEC
1IF
NORM
ECON
SIN
WHO

COS
EXIT
IMAG
ONES
RAT
SI1ZE
WHY

There were only 80 functions. There were no M-files or toolboxes. If you wanted to add a

function, you had to modify the Fortran source code and recompile the entire program. Here is

a sample program. If you change long to format long, it works with today’s MATLAB.
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ORIGINS OF MATLAB

The first graphics were very primitive.

pli = 4*atan(l);
X = 0:pi/40:2%pi;
Yy = X.*¥3in(3*x);

plot (x,y)
;'"'_ Many of the first plots were made
e “ " by printing asterisks on the
..... J . v . teletypes and typewriters that
TR . h ‘ served as terminals.

This first Fortran MATLAB was portable and could be compiled to run on many of the
computers that were available in the late 1970s and early 1980s. We installed it on the

interactive time-sharing systems that were hosted by mainframe computers at universities and
national laboratories.

75
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ORIGINS OF MATLAB

The first “personal computer” that | used was the Tektronix 4081, which Argonne acquired in
1978. The machine was the size of a desk and consisted of a Tektronix graphics display
attached to an Interdata 7/32, the first 32-bit minicomputer. There was only 64K, that’'s 64

kilobytes of memory. But there was a Fortran compiler, and so, by using memory overlay, we

were able to run MATLAB.

The Tektronix 4081, 1978. A step on the
way from time-sharing to workstations
and PCs.
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ORIGINS OF MATLAB

| visited Stanford in 1979 and taught CS237, the graduate numerical analysis course. | had the
students use MATLAB for some of the homework. Half of the students in the class were from
math and computer science, and they were not impressed by my new program. It was based
on Fortran, it was not a particularly powerful programming language, and it did not represent
current research work in numerical analysis. The other half of the students were from
engineering, and they liked MATLAB. They were studying subjects that | didn’t know anything

about, such as control analysis and signal processing , and the emphasis on matrices in

MATLAB proved to be very useful to them.

A few of the Stanford engineering students from my class joined two consulting companies in
Palo Alto. These companies extended MATLAB to have more capability in control analysis and
signal processing and, in the early 1980s, offered the resulting software as commercial

products.
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http://www.mathworks.com/products/signal/
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ORIGINS OF MATLAB

Jack Little, a Stanford- and MIT-trained control engineer, was the principal developer of one of
the first commercial products based on Fortran MATLAB. When IBM announced their first PC in
August, 1981, Jack quickly anticipated the possibility of using MATLAB and the PC for technical
computing. He and colleague Steve Bangert reprogrammed MATLAB in C and added M-files,

toolboxes, and more powerful graphics.

Jack Little, founder and CEO of The
MathWorks.
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