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CAE PLAN

CAE

Week & Lecture Topics 22|54 Lab Topics 2&=H|
1 Overview MATLAB introduction & fundamentals
2 Approximations and Errors MATLAB programming
Numerical Method
3 Chusuk MATLAB: CDE
for ODE/PDE
4 ODE: Runge-Kutta Methods, Boundary-Value and Eigenvalue Problems MATLAB: PDE
5 PDE/FDM: Elliptic/Parabolic Equations MATLAB/SImulink
6 Model Based Design: Eco-Vehicle AMESIm
System SImU |ation 7 Model Based Design: Powertrain Component MATLAB/Simulink, AMESIm
g Model Based Design: Full Vehicle Midterm Exam
9 Midterm Exam COMSOL: Direct Stifiness Method, beam
10 FEM: Cverview, Direct Stiffness Method COMSOL: plane stress/strain
11 FEM Modeling COMSOL: plate, shell, 3D
Finite Element Analysis | 12 Plane Stress Problem COMSOL- modal analysis, buckling
13 Multifreedom Constraints COMSOL: heat transfer, fluid
14 \ariational Formulation of Plane Bar, Plane Beam COMSOL: electromagnetics
15 2D Isoparametric elements Project Presentation
16 Convergence Final Exam
17 Final Exam
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~OVERVIEW s

« What is MATLAB?
v"  MATLAB = Matrix + Laboratory
 History
v'  Cleve Moler, the chairman of the computer science department
at the University of New Mexico, started developing MATLAB to

provide easy access to matrix software in the late 1970s. Set up

a Mathworks company in 1984
« Logo 4\ MathWorks:

v'  picture (generated by MATLAB) of a numerical approximation to
the fundamental mode of a vibrating L-shaped membrane, a

topic that Moler discussed in his Stanford Ph.D. thesis in 1965
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ENGINEERING MATH ON PC (1984)

Enginecrs—Mathematiclans —Scientists

PC-MATLAB
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Contiml ghed

AT

PC-MATLAB Features

Easy 1o learn, fun to use,

Siree i Todlows standard mathernatical no 1ation
far matiiz eperstions, thers i na gebiirary
cammand wynlas g be lamed, An ordice help
faciley proeicded all the Informalian necesairy
far many applliationd. A weei's guide provide
more detailed Isformanlen and exiensive
ecamples. You  fael o home i oy 11
[T

A data manipulation envircnment.
Bavke commands provide dats ineul, farmat
caniral, real and complex arithmetic,

il porametrlc fundtlons, statsilcal funciloas,
workimg, manipulation mr victars and mairices,
and fils ||iu|. Fow won'l hew o woiie
Fortran cody to manigul fe diira

Poweriul analvtical loals.
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!lﬂ.-nwrli.-is.hllr-k arithretls, maldx

InyErnmn, bear-eauatien selullon, ea-sgues;
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Jltunpuulullllull Reciiny emlarhales, rock:
findmg, Tasi=F oaricr wransfoemy, digital filkering,
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Extensible and programmable,
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pommad, Diher speiialized piobitma cen be
wolved by creallng new commandiin the
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ather ¢ omman lnguge SIaCnres.
POAMATLAR Jua vjsrhem fow wan 'k sddgrois

Complete engineering graphics.
Graphion commands baglude lingar, loglog,
e Py, poler, s 3-d mash surface plods, Lerkd
Iived, tlobed, and Tabeld may e added, Misnal o
awinrang ng ancs ale avallable, Herdcopy of the

TARRIET O Lhe Wreer may e ohcaiaed o0
s pompilible dol.matris peinsess, Gl
paper G plvmanigied foreeer,

Eigenvalues
AX = AX

Nurnerical Computing
with MATLAB

REFEINT

Cleve B. Moler

siam.

= Ordinary Differential Equations
ay(t) = f(ty(t)

dt

= State Space
dx/dt = Ax +
y=Cx+

Bu
Du

Discrete Fourier Transform

Digital Filter

X(k)

b(l)y+b(2)z"

N

i k=11
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1+a(2)z!
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RELEASE HISTORY

Version™ | Release name Number Bundled JVM Year| Release Date Notes
MATLAE 1.0 1984
MATLAE 2 1986
MATLAE 3 1987
MATLAB 3.5 1990 Ran on M5-DOS but required at least a 386 processor. Version 3.5m required math coprocessor
MATLAE 4 1992
MATLAB 4.2¢ 1994 Ran on Windows 3.1. Required a math coprocessor
MATLAB 5.0 Volume 8 1996 | December, 1996 Unified releases across all platforms.
MATLAB 51 Volume 9 May, 1997
MATLABE 5.1.1 |R9.1 1997
MATLAE 52 |R10 March, 1998
MATLAB 521 |R10.1 1998
MATLAE 53 |R11 i January, 1999
MATLAB 5.3.1 |R11.1 November, 1999
MATLABEOD |R12 1.1.8 2000 November, 2000 First release with bundled Java Virtual Machine (JVM).
MATLAE 61 |R12.1 2 130 2001 June, 2001
MATLABE 65 |R13 1.31 2002/ July, 2002
MATLAB 6.5.1 |[R135P1 13
2003
MATLAB 6.52 |[R135P2
MATLAB 7 R14 142 June, 2004
MATLAB 7.0.1 |R145P1 2004 October, 2004
MATLAB 7.0.4 |R145P2 1 150 e March 7, 2005
MATLAE 7.1 |R145P3 150 September 1, 2005
MATLAE 7.2 |R2006a 15 150 March 1, 2006
MATLAB 7.3 |R2006b 16 150 2006 September 1. 2006 |HDF5-based MAT-file support
MATLAE 7.4 |R2007a 17 15007 March 1, 2007
MATLAB 75 |R2007b 18 16.0 2007 September 1, 2007 |Last release for Windows 2000 and PowerPC Mac. License Server support for Windows Vistal®
MATLAE 7.6 |R2008a 19 1.6.0 March 1, 2008
MATLAE 7.7  |R2008b 20 1.6.0_04 2008 October 9, 2008
MATLAE 7.8 | R2009a 21 16.0_04 March 6, 2009 First release for 32-bit & 64-bit Microsoft Windows 7.
MATLAE 79 |R2009b . 16.0_12 2009 September 4, 2009 | First release for Intel 64-bit Mac, and last for Solaris SPARC.
MATLAE 7.9.1 |R2009b5P1 16.0_12 April 1, 2010
MATLAE 7.10 'R2010a 23 16.0_12 2010|March 5, 2010 Last release for Intel 32-bit Mac.
MATLAE 7.11  |R2010b 1.6.0_17 September 3, 2010
MATLAE 7.11.1 R2010b5P1 “ 1.6.0_17 March 17, 2011
MATLAE 7.12 |R2011a 25 1.6.0_17 2011 | April 8, 2011
MATLABE 7.13  |R2011b 26 1.6.0_17 September 1, 2011
MATLAE 7.14 |R2012a 27 1.6.0_17 E March 1, 2012
MATLAE 8 R2012b 28 September 11, 2012 First release with Ribbon interface.
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~OVERVIEW s

« The Language of Technical Computing

v

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

v

v
v
v

Matrix-based language

Vast library of prebuilt toolboxes
Integrated with other languages
Video : MATLAB Overview

13
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ES

 The MATLAB Environment

v" Interface

v' Command Window / Workspace
v'  Scalars

v' Arrays, Vectors and Matrices

v" The Colon Operator

v' Character Strings

17
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Workspace: X% & H|O|H

T WATLAR 201158 - i ademic e - 8 %
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A ALE W .il :f.- gpgy YEOWT gagy PARAREY L moos ‘t::::'r mEs iy = ALE !
238 BAwa3RE vk NN NG PREENNEN . o« EELEN - B e v Huansmi
E TGl ET g e P Do ¢ VATLAB ¢ LM e e —— "'-';' @ Editor: m—file EEJ EH Dol
- crukm % Crokm x| CRuAm % | ook TTmim | pdenan x| + - .

1 wlaar g lg i o - I
| |
: @ Current folder: MATLAB &
? ) 22 X738 20
- s |
0 |
3 ~ Details : 41 DOl A

g

MATLARE M BT LRENg RIoyuL

I{«..

(IS E=]

Command Window: Of & ZH

= O Ly |
HHOZ YEH5t= X
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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

19
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COMMAND/WORKSPACE

r-‘l Command Window . SHEEE) K5 - 26 %E‘I% ?:I E_:!_(‘D_l'g
File Edit Debug Deskiop Window Help ~ ans = 29 E_l-E 7E:|J__I_|'% §4‘?_|

i
MATLAB desktop kevboard shortcuts, such as Ctrl+5, are now customizable. : L ol Ot
In addition, many kevboard shortcuts have changed for improved consistency | ans — answer —| = x|-
across the desktop. :
|

To customize keyboard shortcuts, use Preferences. From there, vou can also

= =
restore previous default settings by selecting "R2009a Windows Default Set” %I-%J:?l T = _II__EE lel_-IO.”
“hot P _ ; ; i = = -J
from the "Active settings” drop—down |ist. For more infaormation, see Help. | %@!9_}- DO:I%O-IE EE-Ile
- | SF A Ol
Click here if vou do not want to see this message again. 1 | = T MB
|
|
=» B5-26 !
[
e - workspace Of ans 2t= H
AL
C 7t MEE
29 |
|
fx|>> 55-26 = |
OVR I
~ :
|
4\ Workspace = | (B |- |
|
File Edit Wiew Graphics Debug Desktop Window Help & I
|
] ﬂ {E a&l % Stack:| Base @Select data to plot A :
|
Mame Value Min Max :
ans 29 29 29 :
|
|
|
| |
L :
|
I
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SCALARS

' |
4\ Command Window E@lﬂ
- T |
File Edit Debug Desktop Window Help k.
a8 =4
a =
4
| @
f;g >3 |
|
|
|
|
|
|
|
OVR

4\ Workspace

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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XY E
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SCALARS

¥ |
4\ Command Window E@ﬁ

File Edit Debug Desktop Window Help k.

¥oa =4

== 4 ;@
f§>>|

A 7|. x-| II-EI

| )

I
|
|
|
[
| 4 @ SHX|2F workspace Off A4
=G i
|
| |
:
| |
I :
' :
| |
|
| |
|
|
|
OWR I
: |
|
4\ Workspace — . = | B |- |
|
File Edit Wiew Graphics Debug Desktop Window Help & I
|
El | W B | stack| Base [£ select data to plot = :
|
|| Mame = Valuge Min MWax :
HH A 6 6 6 |
ﬁg Fi ) i ) i) :
|
|
|
|
|
|
|
|
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SCALARS

r-‘k Command Wl‘ndov." — Ll—lﬂ—hjz =l ) _JE!E(,) % Ol'g'al'o:l O:I = 7|-X|
File Edit Debug Desktop Window Help & : él'—f—% _6|__|'77'| H._'lO‘" (I):} E_Fll'éél- —Jlk—
> oz - qlg

|
. = |

| @workspaceoﬂ A E 7 2ol
b= B2 i
»»ra=4 4 =6 =1 |
I |
|
a = @ :
| |
| 4 |
i |
| fe > | |
| |
|
| :
|
OWR I
~ :
|
4\ Workspace — - E@ﬂ :
|
File Edit Wiew Graphics Debug Desktop Window Help & I
|
El | W B | stack| Base [£ select data to plot - :
|
|| Mame = Value Min Mlax I :
HH A 6 6 6 |
H s 4 4 4 |
HH « 1 1 1 |
|
J |
L :
|
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SCALARS

4\ Command Window E=R IR @ X‘lgEl O-I (RAE Jck)l-_j\_9| ZJ\'%
] ] ] S - o @)
File Edit Debug Desktop Window Help k. : g|-0|_| Ol-__||_ ):&IE %'1—

> a - | command line Of &= 0|
| 22 (=) L
. - . 52 AW 20l 7ts
|
|
| ) |
|
> 4 :
|

I b = = |

|

| B |
| |
b |

I |
I |
1 0 |

f - |
OWR 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 :

|

|

24

Cobvriaht © 2021 Combutational Desian Lab. All riahts reserved.



COMPLEX VALUE

-
4\ Command Window =

- -

File Edit Debug

Desktop  Window  Help

e o= 2o+ jxd

2.0000 + 4, 0000i

I
ey = 2o+ jid
i, -
I 2.0000 + 4, 0000
|
x> |
|
|
|
OVR
4\ Workspace = | B -
File Edit Wiew Graphics Debug Desktop Window Help u
El | W B | stack| Base [£ select data to plot -
Marmne Value Min Max
EH X 20000 + 4.0000i 2000... 2.000..
EH b 20000 + 400000 2000... 2.000..
'J
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COMPLEX VALUE

r.‘l. Command Window_ — u—léj:' = ) i 7|' A|_-|o|_-|ol EEI %'%D_ 61¢§
File Edit Debug Desktop Window Help L] Ol_lk_l _(I)_l- | 861-%

>0 =1; :
Prow =2+ (x4 |
|
@ I
® = |
|
U . |
|
s |
Iﬁ! | |
|
|
| |
|
! |
' |
' |
' |
| |
|
OVR |
: |
|
4\ Workspace — . = | B - |
|
File Edit Wiew Graphics Debug Desktop Window Help » :
| = o § Ctack:| Base @ Select data to plot - :
|
Marmne - Value Min Max :
HHi 1 1 1 |
HH x 6 6 6 |
|
|
'J |
~ :
|
|
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FORMAT

.
4\ Command Window

= format long
> pi

ans =

3. 141592653589793

fx > |

B e

File Edit Debug Desktop Window Help

|

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 3.14153265358979

short eng Engllneerlng format with at least 5 digits and a power 3.14166+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

Cobvriaht © 2021 Combutational Desian Lab. All riahts reserved.
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S35l K20t HA
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ROW VECTOR

S S == 2 7|3 (] £ 0|20
File Edit Debug Desktop Window Help . "g H—.IlE'I% -le-_% ZF 9}'\%

' =3 =[12345] I
| |
@ gﬂé‘!% CEEE
I 12 3 a4 s 2A=Qt= CHEA o 2{7| 9
N- HolEi 2 Hasta 7| o

=

20| mim, max ZfS 7|

a0 o i

File Edit Wiew Graphics Debug Desktop Window Help
& W B | Stack:| Base | [P select data to plot =
| Mame - Value Min Mlax
a [1,2,34,5] 1 5 9
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COLUMN VECTOR

e = 2o 7|5 (]9 MOl 22
Eile Edit Debug Deskiop Window Help % Ol'cgf-cl)-l'o:l % H_'l!E-I% X—lIoF
I *»a=[1234E¢ g#%l%
a =
l 1 2 3 4 5
> b = [2:4:6:8:10]
b =
4
E
| a
10
-

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

a <o vniey L = so o HEZ g B 5
File Edit Debug Desktop Window Help ﬂl : 75,"% [[f%:l?l: ! (transpose)%
| freeET 0|5t0] & HEIZ
7t
h =
I :
4
E
8
1a
-

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 i

0 ol o B

Wz S o E g

e <38 Ko 2
FI3r ~J0 < Ul o2
710 70 1 i o O {F

ol —ROgh
] W ot == Joll
T m__l ol E ol =
== olBl N fr ~ ol
olol My 101 ST Ny
oy I 0f M S o
mm  F S ol 2P 3r
FOF  FOMIN fofr 3 1H 70

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 |
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,..L....i.b_Ll—lQ

File Edit Debug Desktop Window Help
4 5B
' 78 9]
4=
|
1 2 3
4 5 G
7 g 9
' >»h=[[1 47 [258]" [3649]']
L=
1 2 3
4 5 51
“ i 5 3
fx >
4\ Workspace
File Edit Wiew Graphics Debug Desktop Window Help

& W B | Stack:| Base

| [P select data to plot

| Mame - Value Min Max
A [1,2,34,5,6,7,89)] 1 g
g [1.2,3,4,5] 1 5
[2476/8,10] 2
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L

Transpose 7|Z()
Ch=1t 20|

=

=
A
T

0|83t

ole
PN =]

2+Zt
i B
=

ot
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MATRIX: WHO(S)

Sorvivec R = who
File Edit Debug Desktop Window Help . _CI>|__=IXH X-Iél- ElO‘I%{E E_)IK_%
e E —
{ o ¢ of 7t2fst 0|23t HA|
4 5 B
7 8 9
i == who

whos
AN M EOU=
O| O| &1} AAlet &

HAE=

Your variables are: =T =
=

H= L

f

4 a b L
@ Ef
' »» 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

& LR | Stack:| Base | LA select data to plot -
| Mame - Value Min Max
[1,2,34,567,89] 1 g
3 [1.23.4.5] 1 5
[2:4,6,8/10] 2

33
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MATRIX: ELEMENT

& ot vrier S @ 4| b of 4% 10 X
File Edit Debug Desktop Window Help "I E|0'| %I\E ﬂ% gl'on_l_éél' %‘CID—
' == b(4) :'él-§ ( % Ol_g_
AEAZ Z2 Pz F
TZE[O /U= 2t =0l

| :
> 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

& commnd vinios S e i) zeros(m,n)
Fle Edit Debug Desktop Window Help - m by n 2| 022 X% Oj
' >» E = zeros(2,3) Eélﬁ = I—|I|'
E =
ones(m,n)

m by n 2] 12 {7l OHE
EIAE x—|II-

a0 o i

File Edit Wiew Graphics Debug Desktop Window Help

T . = o § | Ctack:| Base | @ Select data to plot -
[ame = Valye in Max
E [0,0,0;0,0,0] 0 0

u [111] 1 1




COLON OPERATOR

File Edit Debug Desktop Window Help

>t =1:5

a0 o i

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

t [1,2,3,45] 1 5

<> HU R
20 oy MU

mo N

~—~
~—

= 0| 8otH 1&2
ot= HigS NME




COLON OPERATOR

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

a0 o i

File Edit Wiew Graphics Debug Desktop Window Help

il RERCR | Stack:| Base

| [P select data to plot

[ame = Valye

[Wlin A

t [10,9,8,7.6,5]

5 10




COLON OPERATOR

# s R - 8o 72 golste BB (
File Edit Debug Desktop Window Help % Olg—% [[H —2—%% Ol-g-cl)-l-nlj
' > h=1[123 456 789 MA 2y S =20l 7ts
Iﬁ' = | e
| OiAlOl= 28 HA &S =2l
1 2 3
4 5 B
T g 9
= 402,00
m ans = @
4 5 G
|fic >

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 v S == 27t oA 222 0|23
File Edit Debug Desktop Window Help —OL-I-CISl-E -?—le(_)_l akl'% é!'?_l
I > t(2:4) _Cg' _)r_ 9)\%
ans = @
| 9 5] 7
Jx > |

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 >

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
e legspacettan

File Edit Debug Desktop Window Help 7}'\- 10'1 —I?I—E'I 102 7)|'X| E:’.
2HALEE n SES 2
S ME
= o

' > |ogspacel-1,2,4)

ans = @

| 0. 1000 1.0000 10,0000 100.0000

Jx > |

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

e e 52 g E 5 S 0|8
File Edit Debug Desktop Window Help | : O:I %Xf%% X‘lxol'_%' ZF %l%
> f = "Hiles '; :
' ¥ g = Davis’; |
>> u = [f g] :
l |
il .- :
|
Miles Davis :
|
fxv e :
|
|
|
|
|
|
|
|
|
|
| |
|
|
|
OVR I
N . 1 :
|
-
4\ Workspace ] [l i |
e
|
File Edit Wiew Graphics Debug Desktop Window Help o :
R RERE | Stack:| Base | [ select data to plot - :
|
Marne = Value Min Max :
=] £ Miles * |
g 'Dravis’ I
[at] "Miles Davis' :
|
|
b y |
|
|
42
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CHARACTER STRING

r-‘k Command Window L E‘Eﬂw DFQE% O|-C9,-'c'5|-02| A‘” 7H%
Fle Edit Debug Desktop Window Help N QlHEsIH CIE=2 9 &4
»>a=[123458 ... : _)I\_(}?Jl%
E 7 El I
@ |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
File Edit Wiew Graphics Debug Desktop Window Help o :
| = o § Ctack:| Base @Select data to plot - :
|
Mame = Value Min Max :
a [1,2,34,567,8] 1 a8 :
| |
|
|
|
|
|
I
43
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CHARACTER

STRING

-
i =HEEN X
4\ Command Window !m_
File Edit Debug Desktop Window Help k]
»>a=[123458 ...
g 7 8]
I [
I 1 23 4 5 B 7 8
fJE o |
Sl S
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{ >>|

Cobvriaht © 2021 Combutational Desian Lab. All riahts reserved.

HmE
=4 5} o
ol
AA OO

O[835t0] M| 7S
CHEE2 90 &2
44



ES

« Mathematical operations

v Operators

v Mathematical operation

v" Vector product

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

v Mixed operation

45
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OPERATORS

=
fujm
1
re
r
N
ot

Exponentiation 472 = 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

46
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MATHEMATICAL OPERATION
[ command winson, I - @ LA M7t YA
Fle Edt Debug Desktop Window Help ~| = 20l

-
| -16 @

> ow o= (-4)°2
I

16

fx > |

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
ﬂ
b

47
Cobvriaht © 2021 Combutational Desian Lab. All riahts reserved.



VECTOR PRODUCT

5] @waoms B2 7} i
2o WY 72 HE AN
4 o2 Qipt 3go|
a=[1 2 3 4 5],b=|6
8
10
r-dl Command Window - | o A |
File Edit Debug Desktop Window Help k]
== gxh
ans =
110

= h+a @
ans =

4 G 5] 10

m

12 18 24 30
16 24 32 40
20 30 a0 50

Jx > | -

O oD Om o

48
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VECTOR-MATRIX MULTIPLICATION

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

SC N
co WD 1N
© 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

49
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VECTOR-MATRIX MULTIPLICATION

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

i

|

|

|

|

|

|

|

|

|

|

|

|

|

|

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

|

ans = Al |

|

|

ao 36 42 |

|

|

== h+h |

|

|

ans = :

|

32 E :

T I

122 :

|

P h+a :
7?9 Error using ==> mtimes |
Inner matrix dimensions must agree. :

|

T |

f_:g i | e |
= |

| OVR |
|

|

|

I
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MATRIX-MATRIX MULTIPLICATION

a=[1 2 3],b=

4\ Command Window E] |-
File Edit Debug Desktop Window Help k]
= bl
ans =
a0 36 42
BE a1 96
2 1260 180
= A2 @
ans =
30 36 42
BE 81 95
102 126 1580
fx o
OVR
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e
oo >
o [oF
4o >
Ik o2
ujo
orQ
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ol =0
zux ﬂmﬂ i

— ﬂ_
L_Lmr_._ 1]

N <H 1o 10 ﬁ._H_ o__u
S [
ol H =W of

ST
od R H XA o

i A 11} | ¥
e
5]
[g]
(
| |
N O O
AN n 0
_l 4 7_
Il
Z <
] ——
— _4 Vo 6_
— Il
Q
—
N s
——— ol
(ol Q g
o -
—
<)
Il &
o S g - "8
E .mm: o o— w0 =t o=t
X WM_ Mmoo [l
— Mt ol [ TR ™ —_ o m
E|g < n e .un. 1 - =
M Sl. % & 2 5 A
+| = &
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ES

* Built-in functions
v Log
v Elfun
v Round
v Celil
v" Floor

v Others

53
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[ 4\ command Window o o | E gy X o N
OEE0 7 2He =z MY
File Edit Debug Desktop Window Hel ~ olL SiAE ole
File E oug  Desktop W — : Elo-IAA: %I-_l_Eol AT
*>= help log |
LOG  Matural logarithn. '
I == SIAE 2
LOG(¥) is the natural logarithm of the elements of ¥. | O:” = = O-I E:l- a1 = Ol (&)
. . Lo I &5 Al o =
Complex results are produced if ¥ is not positive. I o|-__||_ o= zg_l_, help %4 c:>|
I =2 0|23 =
— o —
See also loglp, logZ, logld, esp, logm, reallog. : ;-I-;_L |O |-O:|_._?)O&C |O—|g f
| = E|otH log 20 kot
Overloaded methods: = oA
- 2A7 HYE
af/log :
codistributed/log |
\ i — S
finte/los | E QR Foje 21 B0
M L HFHH 35
: | S H0F O| SO CHSH Lt
Reference page in Help browser
Q9|2
doc log | PYNI=]
|
|
fic > |
|
|
log |
Matural logarithm :
Syntax :
¥ o= loglX) :
Description :
The log function operates element-wise on arrays. ts domain includes complex and negative numbers, which may lead to unexpected results if I
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 = :
3.1418 :
|
See Also I
2xp, 10g10, log2, logm, reallog 54
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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 - Inverse sine, result in degrees.
asinh - Inverse hyperbolic sine.

cos - Cosine.

cosd - Cosine of argument in degrees.
cosh - Hyperbalic cosine.

ACOS - Inverse cosine.

acosd - Inverse cosine, result in degrees.
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 quadrant inverse tangent.
atanh - Inverse hyperbolic tangent.

sBC - 3ecant.

secd - Secant of argument in dearees.
sech - Hyperbaolic secant.

agec - Inverse secant.

asecd - Inverse secant, result in degrees,
asech - Inverse hyperbolic secant.

-1+ - Cosecant,

ceed - Cosecant of argument in degrees.
csch - Hyperbolic cosecant.

acsc - Inverse cosecant.

acscd - Inverse cosecant, result in degrees.
acsch - Inverse hyperbolic cosecant.

cot - Catangent.

cotd - Cotansent of argument in dearees.
coth - Hyperbolic cotangent.

acot - Inwerse cotangent.

(S | S
: 1 9| 7|EEQl 48t Bt
z d &= help elfun 22 =
e

|

|

|

|

|

|

|

|

|

- |

- |

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

' |

|

|

|

|

|

|

. |

- |

OVR
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E=[-16 -15 -14 14 15 1.6]

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
£

56
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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)

Q
£

57
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E=[-16 -15 -14 14 15 1.6]

r-‘h Command Window . l = |
File Edit Debug Deskiop Window Help k.
ansg = ]
-2 -2 -1 1 2 2
»» cei | (E) )
ans =

-1 -1 -1 2 2 2

m

»» floor(E)

ans = @
-2 -2 -2 1 1 1

58
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ol = = — o/ o
<

T x X = um <
s Bz 00w

Ao 4 ki = Ay

—r il ofru u ul = oF ml —

oF! Mo Hou < ofl —
== ] e =

N B0 Ny gp N3

59

. ___J
sorti(F)

prod(F},

3 5 4 6 1]

Help

Window
mean(FJ,

p
max(F1,

Deskto

Debug
mintF,

19
1
B

4.8000

Edit
> sum(F),
360

ans
ans
ans
ans
ans
ans

4\ Command Window

File

1
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ES

« Graphics
v Example
v Plot
v Specifiers

v Subplot & 3D plot

60
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~ EXAMPLE A

« Falling parachutist

mg —cv

Fzma:FD—FU: )
mg —cv

v c : : . :

case I: % = g ——v — nonhomogeneous linear differential equation
t m

. v c 2 : : : :

“ase II: % = g —— Vv~ — nonhomogeneous nonlinear differential equation
t m

- Solution >

. ) __ ¢ ivial soluti _

‘ase livy, =cje™ > A=—— (trivial solutionv=v, +v )

m

— |t
_ Cle( j +ey o> —cy=g ey =S (setv, =c,,substitude v into differential equation)

3

t

:cle( m +@<—(t:0,v:0):>c1=—ﬂ
c c

c

—— It
v==—|1- e( n j : analytical (or exact) solution

Casell: v= &m tanh(, /gt)
c m

Cobvriaht © 2021 Combutational Desian Lab. All riahts reserved.
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VARIABLES & CONSTANTS

F IEI
(S Lk ‘ ] e
= -

File Edit Debug Desktop Window Help |

|
|
s>t = [0:2:20] '
= . @Iength 2= 9
¢ HIE 2| Z|Ci 27|
i (=]
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

zo
1 -
£ 9
: AN 11709 A2 HME Tt
p INPSE=
&
8
1a
& 5—'.;—5% Tot7| fleh 24 o=
! g MY
12
]

== length(t)
ans =

B

*» 9 =9 8;:m=68.1; cd =025
Jx 5]

62
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DEPENDENT VARIABLE

-
4\ Command Window

=x vl = gendods(1-eupl-cd/met])

vl =

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

WE =

18,7292
33.1118
42,0762
46,9575
49.4214
50,6175
51.18M
51,4580
51,5823
51.6418

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

m

Cobvriaht © 2021 Combutational Desian Lab. All riahts reserved.

O MO A T+t exact
solution Off A case 1 2
VI OCR case2 = V2 & &
L2 Atk
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@ plot(a,b) &= SEHH=

a2t g2t b E 0|83}0

rd! Command Window - =] JEHE% %Eﬂ#'é‘l.% -c.)I;II-%k_
File Edit Debug Desktop Window Help o

== plot(t,w1)
== hold on

== oplot(t,v2)

12 hold on BE0{= 24X}
plot O| E[0{ U= figure &

hold A|ZCEM MEL

L - plot & 12 1 9lof o
CHA 1212 721 A oOlAS
B Figure 2 m. . . 7 P iH I-:Il1E:|(§I-|E = T AA7-” |-
File Edit Wiew Insert Tools Desktop Window Help E L oo

DEde R |RANDEL- 2|0 D

200

vl
V2

180

I 160 r

140 -
120+

l 100 -

64
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4\ Command Window . E@lﬁ

File Edit Debug Desktop Window Help ™ Xlabel :I'EHE 7|-E§'_9| Ol
S TULL L, VES g =22 HA
== titlel Plot of v versus t') == =9
>» wlabeli Values of t')
»>>= ylabel{ Yalues of v']l| =
> arid i YIabEIZ :I-EHE A-”Eg:_ol Ol
fr> - 5= B8

B Figure 2 ‘. - (S
File Edit View Insert Tools Desktop Window Help k]
NEde | MARODEL- S 0E D
200
vl ' i
180 - T S R e 8
[T | R S A S - i
) SO— SRS S —— .
Y1) SRR S .
= 5 | |
I 2 100f--------------- Rt e REEE LR EEE -
= . . .
m ' ] ]
= L i S -
5 10 15 20

Values of t

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Plot of v versus t |
: : I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

65
Cobvriaht © 2021 Combutational Desian Lab. All riahts reserved.



SPECIFIERS

Symbols Line Types

Blue
Green
Red
Cyan
Magenta
Yellow
Black
White

b
g

s X< 3 o0

Point

Cicle

X-mark

Plus

Star

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

Cobvriaht © 2021 Combutational Desian Lab. All riahts reserved.
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SYMBOL

4. Command Window . E@lﬁ

File Edit Debug Desktop Window Help &

SSOLTLLrey TIUL ur Y Ve SUs L)

> wlabel{ Values of t°)

== ywlabel (" Values of »')
= grid
=x oplot(t,we, ‘o)
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COLLOR & DASHED LINE
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SUBPLOT & 3D PLOT

@ subplot(m,n,p): m by n 7|
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File Edit Debug Desktop Window Help [
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|
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>k subplot{1,2,1);plot{sin(t),cos(t)) : L
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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 MATLLAB’s graphical capabilities to discern patterns in the data.

Results figures

gm
Data vpred -
C Plot of predicted versus measured velocities
d.ave 60 I T T I I \ I |
) i i iti i ers. —
TABLE 2.1 Data for the mass and associated terminal velocities of a number of jump e Cd e = mean (Cd ) _
5} = s =
m, kg 83.6 60.2 72.1 Q1.1 9209 653 809 % g
v, m/s 534 48.5 509 557 54 47 7 511 &3 50 - 3
e L | ! | \ 1 |
47 48 49 50 51 52 53 54 55 v
Measured t
gm Plot of drag coefficient versus mass
m Y. { | \ a T
v = |25 (@1 Ca =7 g5
= . d 2 €35 : :
c v 2208ty J s -
d 26
Q
£ & 025G
w @
w o
(3]
0.2 | | I | I |
60 65 70 75 80 85 (
e 'm

Mass (kg)




SOLUTION OF CASE STUDY

| File Edit Text Go Cell Tools Debug Deskiop Window Help e | A X
NMEHE| ¥R 0 (o2 - Measf | R-E0BRE BB stkese - O
BB -0 [+ | |11 |x|H|O
= clear all; cle;: =
2|= m=[83.6 60.2 72.1 91.1 92.9 65.3 80.9];

&= vt = [53.4 48,5 B0.9 55,7 B4 47.7 B1.1];
|l a-  g=aa;
5 - cd = g+m. /vt "2;
B - cdavg = mean{cd); cdmin = min{cd); cdmax = max(cd);
7 - ypred = sgrt{a+m/cdaval;
g - subplot(2,1,13; plot{vt,vpred, ‘o, vt,vt) |
9 - xlabel( ‘neasured’)
10 - ylabel{ predicted’)
1 - titlel 'Plot of predicted versus measured wvelocities')
12 - subplot (2,1, 2);plot{m,cd, ‘o)
13 - #label{ mass (kal ')
14 - ylabel{ estimated drag coefficient (ka/m)")
15 - title{ 'Plot of drag coefficient versus mass')
| main.m ><| samplel.m ><|[ Untitled.m x]
L | script ln 6 Col 52 |OWR

72
Cobvriaht © 2021 Combutational Desian Lab. All riahts reserved.



SOLUTION OF CASE STUDY
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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. P2.21b,
deflection y (m) can be computed with

Wy
y = -
i 120E1IL

egdg 2l 2x ) )

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 [0(x) =dy/dx],

s

- L
(a)
(x=Ly=0)
(x =0,y =0) &
M P
(b)

FIGURE P2.21

(¢) moment [M(x) = Efa’z)’/dxzj,

(d) shear [V (x) = Eld®y/dx*], and

(e) loading [w(x) = —Eldd'yf/a’xd']‘

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:

. ; I
y = cos(t) (cﬂ.“’” — 2cos 4t — sin® E)

| e

X = sin(¢) (e“’“ — 2cos 4t — sin® I

(-]

Generate values of x and y for values of 7 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

B 20 — 5
r=e" — 2 cos(49) — sin® ( T)
24

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

hi; = 1/i+j-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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CAE

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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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.

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

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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CAE

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.
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1

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/.

enlarged view.
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ORIGINS OF MATLAB

CAE

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.
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Astomatic Computation
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Even today, more than 30 years after its
publication, this collection of algorithms for
matrix computation is an important reference.
Click on image to see enlarged view.

Wilkinson describing a matrix algorithm to an

audience at Argonne in the early 1970s.
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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

&ﬂmﬁmm manual was
ﬁ[}:ﬁaﬁw published in 1976
(N[PIACK and the LINPACK
@@Bm manual in 1979.
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CAE

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.*sin(3*x);

plot (x,y)
;'"'_ Many of the first plots were made
e . " by printing asterisks on the
..... 23 . , - 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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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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CAE

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/

CAE

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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