Contents

List of Figures

List of Tables

List of Program Files

Preface

1§

2

A Brief Tutorial

Basics

21 MATURB Deikion ~. .., " Db sRaaa S Bla Tl - 2k
2.2" ' Interdctionvand Seript Filog .. .- no oty JATTRES SR
2.3 Moo Bundammientals: .7 o0 0f a5t et L SEETS AN Sigie oo
oL SR T RS e IREIRING e o Sl L R B s R S
2.5 * Variables and the Workspace .« .57 < DUSii i3 i aamdit o

Distinctive Features of MATLAB
3.1 Automatic Storage Allocation . .. ...... ..o ..
3.2 Varisble Arguments.liigta . ... . . soiismcrdoed Lokl andisie, o5
3.3 Complex Arrays and Arithmetic . . . .. ................
Arithmetic
Aoloric IBEERMEEhIGIo o oo 0 o i B St i Y o Eade i s e
LM e e e S I S R O e
4.3 Niathematical FUDCHIONE . . . . . v o v vivts oo oot o vt s
ARG T 0T T e s S S S S
Matrices
61 Madelx Genebation .. . . . . . . . i it e
5.2 - Bubsctipting and the Colon Notation . . . . . © s o v i n s es
5.3 Matrix and Arsay Operations . ., , .., ... ., .0 . . 0.
Dot Implide R mRaIon . - L i e
e TptNIRGRINea. o e e e e e R
b9 ' Matrix Manipulgtlon oo D s i e -
20 R DEs PemlViiec s oot Ee e s SRR RS S Ul
Operators and Flow Control
6:1- - Relational and Logical Operatorsdicny, i Lhag e g
Beds - RlowiControl ..o i in i B e wisknass L

xiii
xvii
xix

xxi



viii

7 Program Files

1 Seriptsand PUnctions o . v« o v ivv vy v ace s e
7.2 Naming and Editing Program Files . . ..........

7.3  Working with Program Files and the MATLAB Path

T O e D R s g e e e e e b g e b
7.5 Command/Function Duality . . ... ...........

8 Graphics

8.1 Two-Dimensional Graphics . . . v « v v v v v ve v v s
T R 0 T R O R R e Sl T G
8.1.2 - Axer-and ARNOERLION & o 5ive v b os v 5 by 5 s
8.1.3 Multiple Plots ina Figure . . ... ... ... ..
8.2  Three-Dimensional Graphics . . . ¢« o v « v v v o vs o
8.3  Specialized Graphs for Displaying Data . . . . ... ...
8.4 Saving and Printing Figures . . . ... ..., ...
85  On Things Not Treated « « + v o/v v« v v v vis woloro

9 Linear Algebra

0.1 Matrbe Properties o .o v v wisie o v ol v oo w win m s e
9.2 Norms and Condition Numbers . ... ... .......
9.3 . Linear Bauabions o w v coe v o o ooe s 8 sionbinsit Sotigr g s
0.3.1 Sgusre Bystem . - . o v i 0 v s v v b ale
9.3.2 Overdetermined System . . ... .........
0.3.3 Underdetermined SyStem . ... o oiaid o i 000
9.4 Inverse, Pseudoinverse, and Determinant . . . ... ...
9.5 LU, LDL*, and Cholesky Factorizations . . . . . ... ..
9.6 . QR Factorization ... .:.ousvs, o0 SEREEEIA SRS Wk
9.7 Singular Value Decomposition . . . . ... ........
9.8 Eigenvalue Problems . ... ... oo vnvey
0i8.1 Eioenvaltues i ;.o o wle i el n ot e 6 sl s e s
9.8.2 More about Eigenvalue Computations. . . . . . .
9.8.3 Generalized Eigenvalues . .. ... ........
9.9 TIterative Linear Equation and Eigenproblem Solvers . . .
010 " ubctions of B VIBIIIR ¢ . 6 v o e aie woa b v b e o sl

10 More on Functions

10 “Bunction Handles “5 . o b srwie ey i ss aiagal i oy
10,2  Anonymous Functions. . . . .. o wivlviiion sie sin s g
103 Tiocal BUBtIONE i in & vin s b o wob soseoh tosmes e b g 5
10.4 Defanlt Input Arguments . . . ¢ v« « o« o v omiv v
10.5 Variable Numbers of Arguments . . . . . ... ......
10.6 Argument Checking and Parsing . . . . ... .......
0.7 Negted Fihetions | o v com o v 5obs 5w v o e akedss i de
108 - Private-PWictions: o . v o dia b e s@rete fd sl s
10.9 Recursive Functions . « « «-v o v oo ighriaiand Reeiin: sy
10.10 Global and Persistent Variables: « iviv -« v viv v aiain v
10.11 Exemplary Functions in MATLAB . ...........

CONTENTS



CONTENTS ix

11 Numerical Methods: Part I 175
11.1  Polynomials and Data Fitting . . «. .\ wviins vn v d s o ot 175
11.2 Nonlinear Equations. . . . . .. .. ... ..... 000 0unl.on 180
1L  Optmbsalon ... . . .. ioos oo o csiraiis lomrismibisisd | B2 184
11.4 "The Past Fourier Transform . . . . ... .. .0ub ivenwniss i 185

12 Numerical Methods: Part II 189
12.1 Numerical Inbegration . . . . . . . . oo vivviv viin s v ee s s 189
12.2  Ordinary Differential Equations . . . .. ................ 193

12.2.1 ‘Examples with'Odedd . . . o5 e modl boni ot ksl i 193

12.2.2 Case Study: Pursuit Problem with Event Location . . . . . . 201
12.2.3 Stiff Problems, Differential-Algebraic Equations, and the Choice

OEBUIREE o5 v v n e v SR I T &l SR D 205

12.3 Boundary-Value Problems . ... ................... . 213

12.4 Delay-Dillerential Equations . . . . .ovlioe | il olacipi o 221

12.5 Partial Differential Equations ' ... . i\ o/ ouiuns wivn s Lo 225

13 Input and Output 233
GO e R N e e TR 233
13.2 OutputtotheScreen . ... ... .................. . . 234
19.3 . Filo Inpat oiid QUIpat il wdssnwnidl i ln® o008 & @ . 236
13.4 Fine Tuning the Display of Arrays . . . . . ... ............ 238

14 Troubleshooting 241
4,1 Frrovs and ASsertions , . . . . . . e o0t vt e bt 241
Bl RN L i e e B s o bt by 243
180 DORIBNE .. o b on 5 a b e ke ek th ks n kP 245
T e el S TN L R T 246

15 Sparse Matrices 249
15.1 Sparse Matrix Generation . .. ................... . . 249
162 Linear Algebra. .. ... ... ..., ... ... .  6ied winld sy 252

16 More on Coding 257
16.1 Elementsof CodingStyle . . . . ... .................. 257
MO UM Ul 0 e i e b b b e e 258
16.3 Checking and Comparing Code Files . . . .. ... .. ... ... .. 259
o e kel N SE T R R R e ae 260
A I e s s e e e e B e o N 261
L R SRR P S ORI T I SN R G 264
PC BRI L v e L L e b B e e i 264
W08 Crenfligr s Todlblt i 5 vt st baibs | b 265
169 . Distributing Code Bllbs . . ./ vl sgvsssttifh sosldisinaitl 53 2 268
g e b R TR T N S i G S SN g 269

17 Advanced Graphics 273
17.1 Objects, Handles, and Properties . . ... ... ............ 273
17.2 Root and Default Properties . . . . . . . . ..ot v vns o0k 278
Cea® o TSR T s O S 279
e @ T R e o R S 281



b'e CONTENTS

18 Other Data Types and Multidimensional Arrays
1R Character Vectors and Arrays . . siiiis srahi s SCi0Nala ¢ ol
182 BRelbg AVIOYE i v ioninis ¢ v e v e SRR RN BRI o e
18.3 - Mialtidimengional ATERYE. - iinh v e sh i s s s e SRR s ey
184 . Clategarical AMIEYE - o« o v v o WERBEELD DR GG L R
185 - Datetinie and Daration ALTaVS . .+ o 5 v vis ae vie e s v w v s
186 dablesnnd Tiopetablen: o i e R
187 Structures and Cell-Arrays: . . 7 iy o GRATT L TT oV

19 Object-Oriented Programming
19.1 Max-Plug KlgebiiClase . 500070 Suitis, SR RS Sev ol
1924 Civenlant Mattic Class . o0 ol e RIS 3000 sl o 0
193 - On'ThingaNot Tréated ... . . . v v v v v vee WA ¢ 400 0v s

20 The Symbolic Math Toolbox
20.1 Creating Symbolic Variables and Expressions . . . . . . ... ... ..
202 Datbloti Bolving =550 & s o o T s e e e e
OB CRIBHIIE o) e oo s v wiia e e e T A RS TER, RO, SR
AL HIRbgEBtION: & o s v o wini ke ok it IS ISR L
D030 DHFererbIntion . oot oy irms e e s RRGL, BEL O PR L T o
20.3.3 Solving Differentiation Equations . . . . ... ... . ... ..
90.:3:4 Taylor Expansions. ... 2550 15,00 0l 200 RGN L . 60
0.4 SLimear AMERBIO s G2l s oo s i e Seln v e b e R Ry e B 5 ey
20:5 “Palynonials and Bationals i « 0o o b v B a e e e
926:6 - Variable:Preecision Avithmetic . o oo o o S D08 AL S
OO Ok har Pasbines o v i o e hid srlitunss vt el T T SRR

21 Graphs
1.1 TIndirected Graphs . o & vs ¢ o o von el e o0 g s wel g8 F
202 Dhredtatd GIADHE . '3 .« s o o n s bk ed s e e e e i Uk

22 Large Data Sets
99 1 LD REREOREET Jt AU T ST R SR IR et e e e e
202 MapRodiicer=. 502 S TRaisf v i botivse w5 e 2™ e e s e 8
29 3 el Aprav e SO LaRrn W e e DL

23 Optimizing Codes
B0 TR IR - - v v v v e e e e e BRI B
. S T T 1 10 e W SR e IR S SRR
23.3 - Accessing Matrices by Column . . . .. vy o o JRRNL EER LA
93.4 . Prealloeating ABtaVE = - o i v v o o oo ar bt obit o SATGRR IR 1Y
93.5° Miscellaneous Optimizations . . ... oo o CGRVEICE BESEEET o 0N
23.6 - Hlustration: Bifurcation Diagram . . . S-S0 Loy, o
987 - BatorDAl OO « o i oink ot v iad a s st st g s PR G o AL U

24 Tricks and Tips
241 - Fmply Atays . . .o oy o e RS el B
242 ‘Bxploiting Infinities « . ol o RE RN GEERSE R IR  o
943 ‘Peorhutations - 2L M a L e e aie e anBalI SR
944 . Ranlel Matribes v v v vibin s cia et e g



CONTENTS

280 BotOPerlIBnn o7 . i n e b e v e e e
24.6 Subscripting Matricesas Vectors . . . . . . .. ... ... ...
24.7 AvoidingIfStatements . ... ... ........0 0.

25 The Parallel Computing Toolbox
2051 TR RaMIRPEO0D T o e e e e o e e e s
25.2 Asynchronous Computing with Parfeval . . . . . ... .........
263, Batchr@omputations i vl o s i e e e
25.4 Single Program, Multiple Data . . . . . ... ... ...........
25.5 Distributed and Codistributed Arrays . . . . . ... ... .......
N8 GRUTHPRNEE 7. S i b e v e
207 OWTHBEE N TIREE . U v i s e s bR e

26 Case Studies
e I &0 0T L T G R SR T (I A R S

26.3 Small-World Networks . .t i v s s e e v v e
264 PorformbBnge Profiles . 5ovh o v v o v v v v e e s e e e
26:5  Multidimensional €aleulils . & vy viv vt s S e i,
26.6 L-Systems and Turtle Graphics . .. ..................
26.7 Black-Scholes:Delta-Surface . . . v v oo viiae v o e v s e e
26.8 Clhntesand-Badders i sasis s « v vn o e s e s et e
20:9 PRI BT . 5 i e e e e e s e e
20:10 Peleel s BORation. | . . 5« o il Sa e v e v e e

A The Top 111 MATLAB Functions
Glossary
Bibliography

Index

%

383
384
385

387
388
392
393
395
397
398
401

403
403
403
404
409
416
420
422
425
430
432

439
445
447

459



