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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

e Video : MATLAB Overview
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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
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Statistics and Machine Learning Toolbox

MATLABRSSIMULING
Computer Vision System Toolbox RQO]éa

Robotics System Toolbox
Two new products and

Simscape updates to MATLAB,
b Simulink, and 81 other
DL Coder Aokt

Simulink Test

» Learn more
Simulink Real-Time

Polyspace Bug Finder and Code Prover

CAE

Trial Software

Try MATLAB, Simulink,
and Other Products

»  Get trial software
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HE ooy

e 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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r
4\ MATLAE 7.9.0 (R2009b)

- el ——

|

File Edit Debug Paralll Desktop Window Help

S| %l 92 ¢ | & D) | @ | cruserswseanwDocuments¥MATLAB

- L@

© shortcuts 2] How to Add (2] What's New

Workspace L m e IS, 8 T Editor - C:#UserswseanwDesktop#samplewsamplessamplel.m S e . 3
lﬁlﬂ@“’é% stack [[Pselectd.. ~| TN EH| ¥R ¢ |32 Aasp o kl-8% B 8EB B | stack| sase fx EE][IIES@?X
Name « Value —[10 [+ | +l11 [x[2%(0
1 % Topology Optimization ,D
2 function [I,v]=samplel i
3 |g]
4 % Problem Settings
Bi= top.nx = 120; % The number of elements in the horizontal axis
B - top.ny = 80; % The number of elements in the vertical axis
l Ti= top.vol = .3; % Yolume constraint
8- top.pnl =33 % Penalization parameter
9= top.rfil =1.5; % Filtering distance
10 % Parameters for optimization
) 1" - opt.swl=0; ¥ OC I
l 12 %opt.sw1=1; ¥ SLP
13 - opt.convprml=0.01;
14 - opt . convprn2=20;
15
i6 % initialization
17 = rho=top.vol+ones(top.ny,top.nx);
l 18 - itr = 0;
19 - minl=1.e30;
Ll T— D convflag=0;
Command History w[0Oa x 2l
P 22 % Display initial configuration
| hold on L 22 | [ 1 bl coiio i o 41y,
postcrossplot{struct_fen, 1, [92, ——— x'
“lindata’, 'Br', ...
O
‘cont’,internal’, ...
linxdata’,{"(atan(y/x)+180/pi+ MATLAB desktop keyboard shortcuts, such as Ctrl+S, are now customizable.
‘titlen'Br (117, In addition, many keyboard shortcuts have changed for improved consistency
‘lincelor”, [1.0,0.0,0.0, ... across the desktop.
‘refine’, "auto’, ...
‘solnum’,1); To customize keyboard shortcuts, use Preferences. From there, vou can also
grid off restore previous default settings by selecting "R2009a Windows Default Set”
%--13. 2. 13 2% 2:21 --% from the "Active settings” drop-down list. For more information, see Help.
%-13. 2. 14 2% 1:54 %
Y- 13. 2. 21 9= B:28 —% Click here if you do not want to see this message again.
Lg-13. 2. 24 2% 8:25 % |
_— . ¢:€ >>

4\ Start| Ready
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COMMAND/WORKSPACE

4\ Command Window

~

File Edit Debug Desktop Window Help

MATLAB desktop kevboard shortcuts, such as Ctrl+S, are now customizable.
In addition, many keyboard shortcuts have changed for improved consistency
across the desktop.

To customize keyboard shortcuts, use Preferences. From there, you can also
restore previous default settings by selecting "R2009a Windows Default Set”
from the “Active settings” drop-down list. For more information, see Help.

Click here if vou do not want to see this message again.

Jx > |

L

OVR .:

File Edit View Graphlcx Debug Desktop Window Help
@ i &) % W | stack| Base - || BB select data to plot -
Name - Value Min Max

HEY YolS
command line

>>

(@] 5L
|=|§||°|'t




COMMAND/WORKSPACE

.
4\ Command Window

55— 26 AUE|S @12 3}E
ans = 29 2t ADHE 2ol

Eile Edit Debug Desktop Window Help ™

MATLABE desktop kevboard shortcuts, such as Ctrl+S, are now customizable.
In addition, many kevboard shortcuts have changed for improved consistency
across the desktop.

ans = answer 9| 2FX}

To customize keyboard shortcuts, use Preferences. From there, you can also
restore previous default settingas by selecting "R2009a Windows Default Set”
from the "Active settings” drop-down list. For more information, see Help.

workspace 0 ans 2}= H
=7t & E

E
(o]

m

Click here if you do not want to see this message again.

>> 55-26
ans =

28

fx >> =

File Edit View Graphics Debug Desktop Window Help ™

) i =] % ® | stack| Base B select data to plot v

Name Value Min Max ¥
ans 29 29 29

|
|
|
|
|
I
|
|
|
|
|
|
|
I
|
|
|
|
|
r —_— h
4\ Workspace — - E‘M l
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
I
|
|
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SCALARS

4\ Command Window- - ! @@lg Q a=4 0|l| E:I % OI:I E_=|| _(')_I-Dd
Eile Edit Debug Desktop Window Help ~ \r/
»>a=4 |

workspace O 2t a 7} X

_ s
l “@ °F

"f:s >>|

[ 4 Workspace e ——— o | B s
File Edit View Graphics Debug Desktop Window Help e
| Eﬂ @ w B Stack:| Base Select data to plot v
Name - Value Min Max

EBB - < £

r
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SCALARS

& Command indow_ | 2| @ ] A= olEat [ £ of A|O|
File Edit Debug Desktop Window Help ¥ \\r} :‘T'E—%(I) % %Ol E 7E=|I|_|-Z)t0|
> a=4 XI-()" C xl orto
o — Lc O

| % \y S X| 2 workspace Of &H4=

| s @ A7t HEE
5]

" 4\ Workspace I a— o | B 3
File Edit View Graphics Debug Desktop Window Help e
| Eﬂ @ w B Stack:| Base Select data to plot v
Name ~ Value Min Max
FH A g g 8

s z Z Z

10
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SCALARS

4\ Command Window
File Edit Debug Desktop Window Help
> a=4
a -
l 4
' >> A = B3
>»>a=4 4 =6, x=1;

Jx > |

r - SPR——

4\ Workspace

File Edit View Graphics Debug Desktop Window Help
) i % % W | stack| Base L& select data to plot

Name « Value
FH A 6
H 5 4
Ba X 1
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SCALARS

F - p == o
4 Command window___ (= Q XAE| O Qle Ab2o| ZHS
file Edit Debug Desktop Window Help » \\r} stolsln Alg Ao

>> a - | command line 0f &f== O]
= O S L
. | &= AW =el Jts
|
4 |
| |
' >> A :
|
|
|
|
B |
|
|
>> % |
|
|
= |
|
1 |
Jx - !
OWR |
S |
|
r — 1k
4\ Workspace —— - Lo & S l
|
File Edit View Graphics Debug Desktop Window Help e :
N R Stack:| Base Select data to plot v l
|
Name Value Min Max l
FH A g 8 8 |
H 4 4 4 |
HH x 1 1 1 |
_ ﬂ |
|
|
!
12
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COMPLEX VALUE

-
4\ Command Window

File Edit

Debug Desktop Window Help 7 ~ L ) oz X-"—g—'é' E 01_1\_% 9||:||
o

>>x =2+ (x4

J S
2 MOlo| 5X| %2 F2
5|42 ol

| 2.0000 + 4.0000i

! >y =2+ jxd @

2.0000 + 4,0000i

fx >>|

i
4\ Workspace

File Edit View Graphics Debug Desktop Window Help k)
| Eﬂ @ w B Stack:| Base Select data to plot v
Name - Value Min Max
HH x 2.0000 + 4.0000i 2.000... 2.000..
Hy 2.0000 + 4.0000i 2.000... 2.000..

)
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COMPLEX VALUE

"4 Command Window . E=SEEE™) Q | 7t Mo10| 2 AL 5=
Fle Edit Debug Desktop Window Help ~ © olAlsLR| rg
>> 0 =1;
3> % =2+ ixd
* = @
s
fe > |
|

(4 Workspace S S E=EI™™)
File Edit View Graphics Debug Desktop Window Help N
| @ o B Stack:| Base Select data to plot v
Name = Value Min Max

i 1 1 1
HH x 6 :
'J
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FORMAT

(& Command window___ = {? format 0|2 0]23}0]
File Edit Debug Desktop Window Help ™ %EjIElE Xl—g—J#—Ql- _OglA_l%
>> fl.erat long ?E:'Io-i% %\_ %l%
>> pi
ans = @
w
' 3.141592653589793
|
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!ogtmg-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
Best of fixed- or floating-point format with 15 digits for

long g double and 7 digits for single SRSl

short eng Engllneerlng format with at least 5 digits and a power 3 1416e+000
that is a multiple of 3

long eng Enginerring f<_3rmat W|Fh exactly 16 significant digits and 3.14159265358979e+000
a power that is a multiple of 3

bank Fixed dollars and cents 3.14

v
|
|
|
|
|
:
|

Jx > | I
i
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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ROW VECTOR

4 command wincow NN ot 23 7|z [] & 0|83t
File Edit Debug Desktop Window Help '%I;I H_'IlE_-l% x—l 78-'%- _/IK_ %I\%

|‘ >a=[123465]

' 1 2 3 4 5

Jx >

MEE HOHE =eI5HH
d2t= CLEA o g{7l 2
HIOIHE XM&Est 7| M
20| mim, max 4} H7|
ot QULCH

s, D e
File Edit View Graphics Debug Desktop Window Help o
'CE| . @] oW B Stacl_(:' Base ~ \ f@ Select data to plot v

Name ~ Value Min Max

a [1,23,45] 1 5




COLUMN VECTOR

4 conmarswincon i s 7S [] 9 Ho| 22()
File Edit Debug Desktop Window Help % Olg—’5|-0:| %‘ HilE:l% X17§;
Sl A Ol
=2 T MO

F >a=[123465]
a:

' 1 2 3 4 5

>> b = [2;4:6:8:10)

|

|

|

|

|

[

|

|

|

|

|

|

|

[

|

: |
6 |

4 8 :
10 [
|

‘f:s >> l
|

|

= = |

|

‘ |

4 il i
File Edit View Graphics Debug Desktop Window Help b :
N R Y Stacl_c:' Base ~ \ f@ Select data to plot % l
|

| Name ~ Value Min____Max l
3 [1,2,34,5] 1 5 :

b [2;4,6;8;10] 2 10 |

|

[

|

|

|

|

|



COLUMN VECTOR

4 conman vocon S| zo o WE2 9 ¢ 5
file Edit Debug Desktop Window Help L2 MZ H ' (transpose) S
F >> b = [2,4,6,8,10)° : ?_l-g-_(l)_l-oll OE:| H%'E‘IE (P:I E_:! 7|‘
| =
b = : ©
|
l 2 |
‘ |
6 |
8 |
10 |
|
.ﬁe > i
|
|
| |
|
‘ |
|
|
|
|
= = |
|
' |
worsroce (N .
File Edit View Graphics Debug Desktop Window Help b :
N R Y Stacl_c:' Base ~ \ f@ Select data to plot % l
|
| Name ~ Value Min____Max l
3 [1,2,3,45] 1 5 :
b [2;4;6;8;10] 2 10 |
|
|
|
|
|
|
|



- =%
o)

< Wo_.WTA_.

- IH < OH 2

0 [0 == 10

Ln_._. w5 A

10 ol 10 MmH_

e g o /Xy

L Nold g

U of Jjo jof mjp 29 <1

ol TSN Al W 14 10

_._.__H_|_._._o H_|=_.__m_..__.ﬂ o__qu_.__.__UMH
w0 B0 Mu oD joir & oo T ojn

Help

OWVR .:

Window

Debug Desktop

>> 4 =[123;456:783]

Value
[1,2,34)5]

| wm==
View Graphics Debug Desktop Window Help
Min
[1,2,3:4,5,6;7,8,9] 1
1
[2:4;6;8;10] 2

3
B
9
3
6
9
# Workspace

456
78 9]
Edit

) o % % W | stack| Base ~ || B select data to plot

File

>A=1[123

4\ Command Window

File Edit

f,x': >>




o command windou N e = Transpose 7|2 & A&, Cf
File Edit Debug Desktop Window Help %J_—”' 7I-O| 7—||-7—||-9| OE:I H_'IlE-l%
1ee O[5ty HEHAS 49
| 784] St A Ol
= T MO
A =
|
1 2 3
4 5 6
7 8 9

=

n
n
—3

1 3
4 5 5
' 7 8 g
Jx >
NN
File Edit View Graphics Debug Desktop Window Help b
gﬁ' . @ h ‘ Stacl_c:' Base ~ \ f@ Select data to plot v
Name ~ Value Min Max
A [1,2,3;4,5,6;7,8,9] 1 9
a [1,2,3,4,5] 1 5
b [2:4,6;8,10] 2 10




MATRIX: WHO(S)
4 cormana incon o @who

File Edit Debug Desktop Window Help

| Ll ST M Ol WS
P o8 s o Zkefgt 0|28t HA|

| >> who

whos

Your variables are:

Aab @
' >> whos

|
|
|
|
|
|
|
|
|
|
|
|
|
|
. Erd
Name Size Bvtes Class Attributeq :
|
1 A 3x3 72 double |
a 1%5 40 double }
' b 5x1 40 double :
|
_fx >> |
v |
- —— :
|
|
|
4 workspace | 000 R |
il e i
File Edit View Graphics Debug Desktop Window Help b :
- - : |
gﬁ' . @ o B | Stack:| Base ~ \@Select data to plot v I
|
Name ~ Value Min Max :
A [1,2,3;4,5,6;7,8,9] 1 9 :
3 [1,2,34,3] 1 5 |
b [24,6:8;10] 2 10 }
|
|
|
|
|




MATRIX: ELEMENT

+ command wincow | e HE b of 48 1E0| MT
g Dgug Deitop ndow tep clofRle S ol A2
' >> h(4) :'él-§ () % Ol-g—
ans =
| HEZA A E 22 walo
8 E MEEoJA= 2 <ol
>> A(2,3)
ans =

fx > |

w4, I =
File Edit View Graphics Debug Desktop Window Help b
"ﬂ . @] h ‘ Stacl_c:' Base ~ \ f@ Select data to plot v
| Name ~ Value Min Max
A [1,2,34,5,6;7,8,9] 1 9
3 [1,2,3,4,5] 1 5
b [2:4;6;8;10] 2 10




MATRIX: BUILT IN FUNCTION
" conmrs vrcon S @zeros«n,m

Eile Edit Debug Desktop Window Help
>> E = zeros(2,3)

m by n 2| 022 X} %l Of
Ers KT

m by n 2| EXHTJ"' O E
=

A — ———
deme L, D =S
File Edit View Graphics Debug Desktop Window Help N
| - @] CERE \ Stacl_c:' Base ~ \ 59 Select data to plot A
= Valye Min Max
E [0,0,0;0,0,0] 0 0
u (1,1,1] 1 1

ﬁ_



COLON OPERATOR

t [1,2,34,5] 1 5

& conmens v I o 22 () 2 0|83} 1Lk
Eile Edit Debug Desktop Window Help = %7'-'6}% HH%% X—lQCéI-
[~ R
|
t = |
:
| 1 2 3 4 5 @ :
[
j‘! >> I
|
|
|
|
' |
[
|
|
|
|
|
|
‘ |
[
|
|
= = }
|
|
‘ |
wospe | o, I =i |
4 P ‘A |
File Edit View Graphics Debug Desktop Window Help N :
. , . : |
2 RERR ) | Stack:| Base ~ \@Select data to plot ~ :
- Value Min Max :
|
|
|
|
|
|
|
[
|
|




COLON OPERATOR

o .
4\ Command Window & | - U2 0|88 ZEOE=
12, o —t O
File Edit Debug Desktop Window Help ~ HH (o K=2 X—lII-oI- _/IK_ %IkE

" >t = 10:-1:5

_ _ OWR .:
avosns . ==
(Hle Edit View Graphics Debug Desktop Window Hep 3
) g &) % W | stack Base - || B Select data to plot -

A Valye Min Max

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




COLON OPERATOR

Eile Edit Debug Desktop Window Help
" > 4=[123;456; 789
A=
' 1 2 3
4 5 6
7 a8 9
B> 402, 1)
' kns = @
4 5 B
fx 5>

avee L, I =il
File Edit View Graphics Debug Desktop Window Help ~
) g &) % W | stack Base - || B Select data to plot -
A Valye Min Max
A [1,2,3,4,5,6,7,8,9] 1 9
ans [4,5,6] 4 ()

HEEHA9| gfs &elot=

2 (S 0|82 M =2ES
O|8otH TH = =2l 7+
s

OlAlGE 28 HH 4S =
ol

—




COLON OPERATOR
4 conmrs vrcor s @Hﬂ%ﬂ 4N £SO

Eile Edit Debug Desktop Window Help O:I -?I;-I_(I)_I- -?—l X| 2| H)I\-% _||-O|_|
" B> t(2:4) 'C;F o= 9}1%
S
' 9 g 7
Jx > |

= =
dvoeme L ., D =
File Edit View Graphics Debug Desktop Window Help ~
= - {E] EE N Stacl_c:- Base ~ \ @ Select data to plot v
= Value Min Max
ans [9,8,7] 7 9
t [10,9,8,7,6,5] 5 10




LINSPACE FUNCTION
4 o o S ) @linspace(xl,xz,m

Eile Edit Debug Desktop Window Help
w > | inspace(0,1,6)

75 x1 2B x2 7K

X
s

pBns =

' 0 0.2000 0.4000 0.6000 0.8000 1.0000

f{ 5>

— —
v, D =i
File Edit View Graphics Debug Desktop Window Help ~
) g &) % W | stack Base - || B Select data to plot -
- Valye Min Max
ans [0,0.2000,0.4000,0.6000,0.8000,1] 0 1
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LOGSPACE FUNCTION

Eile Edit Debug Desktop Window Help
w > |ogspace(-1,2,4)

e

0.1000 1.0000 10,0000 100.0000

f{ >>|

oo, I e

File Edit View Graphics Debug Desktop Window Help ~
) g &) % W | stack Base - || B Select data to plot -
- Valye Min Max
ans [0.1000,1,10,100] 0.1000 100

@ logspace(x1,x2,n)
Z2H 104 2 102 77X 23

AAYR n ST A
S ME
= o
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CHARACTER STRING

s I s 5o gen S S olgd

File Edit Debug Desktop Window Help O:I %Xl-%'% X—lg'éé- 2= 9}1%
> f = "Miles ";

' >>» g = ‘Davis’;
> x = [f g]

-
Miles Davis

f:£ >>

4\ Workspace
File Edit View Graphics Debug Desktop Window Help ~
B . {E] o B Stacl_c' Base ~ ‘ @ Select data to plot v
Name « Value Min Max
[at] £ ‘Miles *
[at] g 'Davis'
m X 'Miles Davis'




CHARACTER STRING

4CommandWindowL . - =|E ORI B E O|25I0 M 7HE
File Edit Debug Desktop Window Help = (P:I %‘I_(')_I-Eﬂ El‘%%i IE'!O'I 7EF
>»>a=[(12345... ‘?‘9/'\%
6 7 8l @

File Edit View Graphics Debug Desktop Window Help
N RIRL Y Stacl_c:' Base ~ ‘ @ Select data to plot

Value
[1,2,3,4,5,6,7,8]




CHARACTER STRING

[ - | =) Ig o= -+ =
4\ Command Window l‘. [ = Q Dl'jél_-H-_E O|-g-o}0:| A‘" 7H§
File Edit Debug Desktop Window Help = \r/ O|=IE_=||_('5|-E El‘%%ﬁ |E'||O‘| 7EF

= A Ol
»a=[123465... : 2= Q8
6 78] I

|
|
|
|
5 7 8 :
|
|
|
|
|
|
- |
=) |
— L = |
file Edit Debug Desktop Window Help ¥ :
>> quote = ["Any fool can make a rule, ° :
" and any fool will mind it"] I
|
quote = :
|
Any fool can make a rule, and any fool will mind it :
|
fie > | |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
OVR |
= = |
|
|
32
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HE ey

« 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

A Exponentiation 472 =8
- Negation -8 =-8
(unary operation)

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

- Subtraction 3-5=-2

Conovriaht © 2016 Computational Desian Lab. All riahts reserved.
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MATHEMATICAL OPERATION

e v S c1atol M7t AR
Eile Edit Debug Desktop Window Help % §||'O|_|
>>y = =42
y =
|
. -16
f > x = (-4)"2
|
Il |« -
\
16
Jx > |

-
4\ Workspace
File Edit View Graphics Debug Desktop Window Help e
B E @] w B Stack:| Base - ‘ Select data to plot e |
Name =~ Value Min Max
HH x 16 16 16
H . -16 -16 -16

35
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VECTOR PRODUCT

_ AP L A
2 ¢ <X1€*EIO1%'\: =7} S H
\ S O o
$=onjsgag Fo e
4 | Qitoz i xgol &
|
a=[1 2 3 4 5],b=|6 |
|
|
8 |
|
|
10 |
[ = |
|
|
r - ~ I
4\ Command Window @E‘g :
Eile Edit Debug Desktop Window Help k] :
-~ I
>> a*b :
|
|
ans = |
|
110 :
|
>> b*g :
|
ans = :
|
2 4 6 8 10 :
4 8 12 18 20 . |
6§ 12 18 24 30 :
8 16 24 32 40 |
0 20 30 40 50 :
|
Jx > - |
OVR |
~ :
|
!
36
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VECTOR-MATRIX MULTIPLICATION

1
a=[l 2 3],b=|5[A=|4
7

co o1 N
»

T N
4\ Command Window @E‘g

-

Eile Edit Debug Desktop Window Help k]

>> a*h
ans =
30 36 42
>> Axb @
\
ans =
32

77
122

gz >>

37
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VECTOR-MATRIX MULTIPLICATION

{’fj K7L 0| 42 AL @R
. i L EUEE-L

1
a=[l 2 3],b=|5[A=|4
7

T N
4\ Command Window @E‘g

-

Eile Edit Debug Desktop Window Help k]

ans =
3B/ 3}/ 42
>> h+b
ans =
32

77
122

>> A*a
??? Error using ==> mtimes
Inner matrix dimensions must agree.

fx >>| v

m

(@]
=]

38
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MATRIX-MATRIX MULTIPLICATION

1
a=[l 2 3],b=|5[A=|4
7

-
|
|
|
|
|
|
|
|
|
|
|
|
|
|

T b I

4\ Command Window (o | B |t :
file Edit Debug Desktop Window Help «. :
3> A+ :

|

ans = :

|

30 3B 42 :

66 81 96 I

102 126 150 :

|

>> A2 :

|

ans = :

|

30 36 42 :

66 81 96 |

102 126 150 :

|

fx >> :
|

OVR I

A = = |
|

|

|

39
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* Built-in functions
v Log
v Elfun
v" Round
v Cell
v Floor

v" Others
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M Y
4\ Command Window l&[@]ﬁ

File Edit Debug Desktop Window Help k]

>> help log

LOG Matural logarithm.
LOG(X) is the natural logarithm of the elements of X¥.
Complex results are produced if X is not positive.

See also loglp, log2, loglO, exp, logm, reallog.

Overloaded methods:

af/log
codistributed/log
fints/log

Reference page in Help browser
doc_log

fx >
log

Natural logarithm

Syntax
¥ = log(X)

Description

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

Y = log(X) retums the natural logarithm of the elements of X. For complex or negative 2, where £ = X+ ¥* the complex logarithm is returned
log(z) = log(abs(z)) + i*atan2(y.x)

Examples

The statement abs(log(-1)) is a clever way to generate 7.
ans =

3.1416

See Also
exp, 10g10, log2, logm, reallog
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rJ\ Command Window - l @MW
File Edit Debug Desktop Window Help ]
>> help elfun =
Elementary math functions.
Trigonometric,
sin - Sine.
sind - Sine of argument in degrees.
sinh - Hyperbolic sine.
asin - Inverse sine,
asind - Inverse sine, result in degrees.
| asinh - Inverse hyperbolic sine. =
coS - Cosine.
cosd - Cosine of argument in degrees.
cosh - Hyperbolic cosine.
acos - Inverse cosine.
acosd - Inverse cosine, result in dearees.
acosh - Inverse hyperbolic cosine.
tan - Tangent .
tand - Tangent of argument in degrees.
tanh - Hyperbolic tangent.
atan - Inverse tangent.
atand - Inverse tangent, result in degrees.
atan2 - Four guadrant inverse tangent.
atanh - Inverse hyperbolic tangent.
sec - Secant.
secd - Secant of argument in degrees.
sech - Hyperbolic secant.
asec - Inverse secant,
asecd - Inverse secant, result in degrees.
asech - Inverse hyperbolic secant.
csc - Cosecant.
cscd - Cosecant of argument in degrees.
csch - Hyperbolic cosecant.
acsc - Inverse cosecant.
acscd - Inverse cosecant, result in degrees.
acsch - Inverse hyperbolic cosecant.
cot - Cotangent.
cotd - Cotangent of argument in degrees.
coth - Hyperbolic cotangent.
fx acot - Inverse cotangent.
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9’”2 round Bt 2t faE2
8 a0l Haz ool £
L SpA
— oI

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

r = ~
4\ Command Window I EM

Eile Edit Debug Desktop Window Help k]
>>E=[-1.6-1.5-1.41.41,51.6]

-1.6000 -1.5000 -I.4000 1.4000 1.5000 1.6000

>> round(E)

@]
S

44
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E=[-16 -15 -14 14 15 16]

VJ\ Command Window » I EMW
Eile Edit Debug Desktop Window Help k]
- -
-1.6000 -1.5000 -1.4000 1.4000 1.5000 1.6000
>>» round(E)
ans =
2 -2 = 1 2 2 =
>> cei l(E)
|ans =
-1 -1 -1 2 2 2
fx > | -
_ OVR
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FLOOR

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

h
|
|
|
|
|
|
|
|
|
|
|
|

- _ . |
4\ Command Window l [E=SNEE :
File Edit Debug Desktop Window Help N :
a |

ans = :

|

-2 -2 -1 1 2 2 l

|

>> ceil(E) :

|

ans = :

|

-1 -1 -1 2 2 2 :

|

>> floor(E) - :

|

ans = :

|

-2 -2 -2 1 1 1 :

|

fie : |
[\ _ OVR :
|

|

|
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 Graphics
v’ Example
v Plot
v' Specifiers

v' Subplot & 3D plot
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EEO

« Falling parachutist

mg —cv
F=ma=Fp-FK = 5
mg —cv
dv c : : : :
Case . — =g ——Vv — nonhomogeneous linear differential equation
F, dt m
2

dv c : . : :
Case Il P g ——V~ — nonhomogeneous nonlinear differential equation
m

< Solution >

9
—— It
v:cle( m +%<—(t=0,v=0):>c1=—%

9
— It
v="— 1—e( M/ |: analytical (or exact) solution

Case ll: v= @tanh£ Qtj
c m
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VARIABLES & CONSTANTS

e I s $ 2% Ceol HE = R
File Edit Debug Desktop Window Help T :
>> t = [0:2:20]"
. ylength Sat wiE = )
SEFEREES
: SR 11719 YA Z HIE T}
: Xzt
: !
8 \ )
=
16 % X-I OI-
18
20

50
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DEPENDENT VARIABLE

-
4\ Command Window

..;4‘-:'-C]_

>> vl = g+n/cd*(1-exp(-cd/m*t))

vl =

0
19.5481
38,9533
58.2165
77.3388
96.3212

115. 1647
133.8704
152. 4393
170.8723
189.1704

ve =

0
18.7292
33.1118
42,0762
46.9575
49.4214
50.6175
51.187
51,4560
51.5823
51.6416

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

L ]
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oo

.
4\ Command Window

File

>>
>>
>>

plot{t,vi)
hold on
plot(t,ve)

f'>

Edit Debug Desktop Window Help

L

. [
oo el
™

File Edit View Insert Tools Desktop Window Help

NEdS M ARODRL- Q|0 aD

200

vl

180 w2

160
140
120
100
80
60

40
20

0

15 20

e
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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.
4\ Command Window

File Edit Debug Desktop Wi

SO PIULLVL, VE)

> title('Plot of v versus
>> xlabel{ Yalues of t°)
>> ylabel{ Yalues of \.-')[
>> grid

ndow Help
t) Q
!

Jx >

m

B Figure 2

D& d

File Edit View Insert Tools Desktop Window Help

SRR UDRL- A 0@ D

Plot of v versus t

200 :
vif: :

180} R e T & d

| — S — R .

11| S S S 4

- ZESUSEIE TN, SIPDY . S —— =

s : :

- N —— N J—— i

= ' !

- R T A SR I— =
- R S N N |
s ot RN e emmmn oo -
) I SR SN S, I
0 i i H

0 5 10 15 20

Values of t

N
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SPECIFIERS

JHIof gt K o|Ef 7}
Zx)st0] of2f7Hx| Balo
2 nEojorst Z2 Mz,

Pentagram o)
Hexagram h

Blue b Point : Solid - i 7|= & ’SO%M!OH (et <t

Green g Cicle o Dotted i T RS

Red r X-mark x  Dashdot - i

Cyan C Plus + Dashed -- i

Magenta m Star * i

Yellow y Square s i

Black K Diamond d

White W Triangle(down) V i
Triangle(up) A i
Triangle(left) < i
Triangle(right) > i
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SYMBOL

(4\ Command Window

File Edit Debug Desktop Window Help

<< LTLUTEY TITUOL UT ¥V VETSUS U )
>> xlabel( Yalues of t')

>> ylabel( Yalues of v')

>> grid

> plot(t,v2, o)

; : ro
I cereee

File Edit View Insert Tools Desktop Window Help

DNEAS KRR RL- S| 0E) nO

200

80| o
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COLLOR & DASHED LINE

¥
Mo
=2
>
rir

(4 d Wing = = A2t s
Command Window (o] ® i) R
A CH4| —
File Edit Debug Desktop Window Help ~ < 52 AH
SSARldUely Y4alues oL ) A~ _I_ﬁ -1 g
>> ylabel( Yalues of v')
. E —e -t
arid 2240|2 ¢ Ho| M3l
plot(t.v2 o T= Xodis o
< T2 =245t A
> plot(t,vl, 's—g') -1 H—E =230 oT
fx>

File Edit View Insert Tools Desktop Window Help L]

DNEdL KRRV RL- S/ 0E) DO

200

) FRSUUIIUUN: NI SO e
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SUBPLOT & 3D PLOT

subplot(m,n,p): m by n 7}

_ | ; @Ol JE|9|-O AH p_p
ﬁ‘.@@"andwnd_\—‘—%l | O 1%!; 9||:||

File Edit Debug Desktop Window Help
> t = 0:pi/50:10+pi;

> subplot(1,2,1);plot{sin(t),cos(t))
i > axis square

| > title( (a)")
b subplot(l 2.2);plot3(sin(t),cos(t),t); |

fx >>t|tle( )’ 1l

plot3(x,y,z): 3d plot € 2|0O]
St z =2 M BiR| O o[ K
£ 2|0

B . oo
File Edit View Insert Tools Desktop Window Help "'l
DEgde | k| ARRO9LR L- 2| 0H| aO |

(b)
|
(a) 40. |
1
30
05
20
0
10
-0.5
0,
1 1
-1 -0.5 0 05 1
1
0
0
= 1

57
Copvriaht © 2016 Computational Desian Lab. All riahts reserved.



HE ey

« (Case study

 Assignment
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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
I T I

TABLE 2.1 Data for the mass and associated terminal velocities of a number of jumpers.
' 855
m, kg 83.6 60.2 72.] Q1.1 92.9 65.3 2
v, m/s 53.4 48.5 50.9 557 54 47.7 E 50
45 | | | | | | | |
47 48 49 50 51 52 53 54 55
Measured
Plot of drag coefficient versus mass
g m _ 035 1 \ T I T
v, = [— (2.1 g
C g = 03
d £5
E& 025
" ®
w o
Q

| ] |

it
N
|

[<2)
=4

65 70 75 80 85
Mass (kg)

90




SOLUTION OF CASE STUDY

-
g Editor - C:¥Users¥sean¥Deskt led.m =k

IEile Edit Text Go Cell Tools Debug Desktop Window Help ¥ 2 X
NEH | $RBY0C |1 - Aeasfo|k-ARBRRE BB |stck(sse ~|| 5 [0
BB -0 |+ | +[11 | x |0,
1 = clear all; clc; A
2 - m = [83.6 60.2 72.1 91.1 92.9 65.3 80.9];
3= vt = [63.4 48.5 50.9 55.7 54 47.7 51.1];
' 4= g9 = 9.81;
5 - cd = g+m./vt."2;
| 6- cdava = mean{cd); cdmin = min(cd); cdmax = max(cd);
' 7 - vpred = sqrt(g+m/cdavg);
8- subplot{2,1,1); plot{vt,vpred, ‘o', vt,vt) |
g - xlabel( neasured’)
10 - vlabel( predicted’)
1 - title( 'Plot of predicted versus measured velocities')
12 - subplot(2,1,2):plotim,cd, o)
13 - xlabel{ mass (ka)")
14 - vlabel( 'estimated drag coefficient (ka/m)")
' 15 - title('Plot of drag coefficient versus mass')

|
IE: main.m xl samplem  x [Untitedm x|

i script tln 6 Col 52 |[OWR .:




SOLUTION OF CASE STUDY

Figure 1 l. o el

File Edit View Insert Tools Desktop Window Help

DEdde | M RROL9LL- S |08 @

Plot of predicted versus measured velocities

60
o)
B 55f |
= o
3
s 50+ o) .
45 O 1 1 1
46 43 50 52 54 56

measured
Plot of drag coefficient versus mass

1 1 1

75 80 85 90 95
mass (kg)

estimated drag coefficient (kg/m)

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

wy

y= — (xS 4+2L%% — %)
’ 120EIL

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].

W'()
M§
\
N
- L
(a)
(x=Ly=0)
(x=0,y=0) R
X
()

FIGURE P2.21

(¢) moment [M(x) = EId*y/dx?],

(d) shear [V (x) = EId’y/dx?], and

(e) loading [w(x) = —Eld*y/dx*].

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

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

. Cos I < § l
x=sin(t) | ¢ — 2cos 4t — sin 5

—

cos(t) (e"“” — 2cos4dt — sin® %)
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) v
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

i < [28 —7
r=e"m" — 2cos(46) — sin® ( )

24

Generate values of r for values of # from 0 to 87 with
AB = 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.

ﬁ



CAE

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.

14,'\'

A." g ; ..
sy -
‘4
4
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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.

64
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CAE

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.

65
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CAE

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.

66
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One of the projects that | did under Todd’s direction in 1960 involved Hilbert matrices. These

ORIGINS OF MATLAB

are famous, ill-conditioned test matrices with elements

h = U(i+-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))

L o ML e TR <. TR

. 0000000
.5000000

.2000000
.1666667

O O © O O

. 5000000
. 3333333
.2500000
.2000000
.1666667
.1428571

Copvriaht © 2016 Computational Desian Lab. All riahts reserved.

» 3333333

0.2500000
0.2000000
0.1666667

o

.1428571

1250000

.2500000

0.2000000
0.1666667

.1428571
0.
- 3111111

1250000

L v T . TR o TR e

o

.2000000
.1666667
.1428571
.1250000
«11133111
.1000000

s T e TR = TR == (R ==

.1666667
.1428571
.1250000
-1111111
.1000000
.0909091

CAE
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ORIGINS OF MATLAB

| would then compute the inverse of H.

inv (H)

ans =
39
-624.
3322.
-7464.
7455.
-2731.

80
41
81
46
48
10

-624.
14546.
-87180.
209065.
-217644.
82044.

43
09
05
14
66
30

3322.
-87179.
557732.

—-1393927.
1493161.
-574766.

96
65
38
13
50
00

—-74¢64.
209060.
=1393901,
3584568.
=3920799.
1533516-.

50

7455.
-217634.
1493100.

—-3920712-
4357413.
-1725855.

60
53
13
00
00
38

=2 131
82038.
-574728.
1533448.
-1725818.
690537.

b~
W @

00
44

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

invhilb (6)
ans =

36.00 -630.00 3360.00 -7560.00 7560.00 -2 1200
=630. 00 14700.00 -88200.00 211680.00 -220500.00 83160.00
3360.00 -88200.00 564480.00 -1411200.00 1512000.00 -582120.00
-7560.00 211680.00 -1411200.00 3628800.00 -3969000.00 1552320.00
7560.00 -220500.00 1512000.00 -3969000.00 4410000.00 -1746360.00
-2772.00 83160.00 -582120.00 1552320.00 -1746360.00 698544.00
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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.

69
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CAE

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.

fal LA WA A few punched cards from a Fortran

= ' program for solving simultaneous linear

: : : equations, 15 years before the introduction
N oy e of the MATLAB backslash operator.
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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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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.
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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/I.

enlarged view.
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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

bt by
FoL Bases © A B Momsbeidey - W L (8w
M Bt - K Samdion « E Sl

Now i 1)

) G T - € Rebnisls

Lincar Algebea
Spagus Virhg Dodis HubisBarg Nos Vea 1971
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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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.

! | S
The authors of LINPACK: Jack Dongarra, Cleve Moler, Pete Stewart, and

Jim Bunch in 1978.

The EISPACK

&um@mm manual was
ﬂff.ff‘@@w published in 1976
NPAL K and the LINPACK
W@Bm manual in 1979,
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P
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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 Niklaus Wirth, who later
developed PASCAL.
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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

KRON
PINV
RETU
STOP

ATAN
DIAR
FILE
LINE
PLOT
RREF
SUM

BASE
DISP
FLOP
LOAD
POLY
ROOT
SVD

CHAR
EDIT
FLPS
LOG

PRIN
ROUN
TRIL

CHOL
EIG

FOR

LONG
PROD
SAVE
TRIU

CHOP
ELSE
FUN
LU
QR
SCHU
USER

CLEA
END

HESS
MACR
RAND
SHOR
WHAT

COND
EPS

HILB
MAGI
RANK
SEMI
WHIL

CONJ
EXEC
IF
NORM
RCON
SIN
WHO

COS
EXIT
IMAG
ONES
RAT
SIZE
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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The first graphics were very primitive.

pi = 4*atan(1l):
X = 0:pi/40:2*pi;
Yy = X.*5in(3*x);

plot (x,Vy)
' Many of the first plots were made
“ . by printing asterisks on the
..... 2 ’ > teletypes and typewriters that

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.
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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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| 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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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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