Part 1 Essentials

CHAPTER 1 Introduction.

1.1

1.2
1.3

sSummary ........

Using MATLAB ..o
1.1.1  Arithmetic.........ooooiiiii
Ldied  VATIABIEE cown crmrms w e o ommnes S s
1.3 Mathematical functions ........

1.1.4 Fnnctions and commands .....................
145 Neétors................
1.1.6 Linear equations.....
1.7 Demo. ..o
1.1:8 Help
1.1.8 Additional featiIes . .o w s weoen o o
The MATLAB DeSKtOD . ..ooviiiiiiiiiiiiiiiie .
Sample Program ...............ooievinenn.
1.8:1 Cutand DASLE e v s s s samms e s
1.3.2 Saving a program: script files ................
1.3.3 A program in action.

Chapter EXerCiSes .. ..o

CHAPTER 2 MATLAB Fundamentals ...cc.cceeveeeeeeieieeeereenenns

2.1

g2

Variables ..

Sieasieesaraaanan

2.1.1 Case sensitivity .
T e WOTKSOBEE s i s vs e sunios 6 Sevassng s

2.2.1 Adding commonly used constants to the
WOIKSPACE ..o,




2.3

2.4
2.5

2.6

2.7

2.8

Arrays: Vectors and Matrices ........cooovveiiiiiiennen... 26
2.3.1 Initializing vectors: Explicit lists .................. 26
2.3.2 Initializing vectors: The colon operator......... 27
233 The |1 hspace TUNCHOM  mewsemmsms v wswssmes o v 28
2.3.4 Transposing veCtOIS ........cocvviveiriririnininnnns 28
2.35 SUbSCIIPLS ... 28
236 WIBTYIEES s mupmms os cmvnmsan aummsins o a0o5auss i s 29
2.3.7 Capturingoutput ... 30
Vertical Motion Under Gravity ..........ccovvviiiinnnnns 30
Operators, Expressions, and Statements................. 32
2:5:0, NUMDELS s o5 swsmis mswmnns o s o sysmmesmmmg 33
205.2  Dath tYDES s s apsmesma s sssping i @i 5 o 34
2.5.3 Arithmetic operators .........covvviiiiiiiiininninnn. 34
2.5.4 Operator precedence.........coovviveiviienienninns. 34
2.5.5 The colon operator ............cccoeeieiviiiiiniinnn.. 35
2.5.6 The transpose operator.........coovvivvvvvniieinanns 36
2.5.7 Arithmetic operations on arrays................... 36
2.5.8 EXPIESSIONS....oteitii i 37
2:5,9  STALETNETILS s o somumns s somumusin o1 vuseeans v swisaass 38
2.5.10 Statements, commands, and functions.......... 39
2.5.11 Formula vectorization..........cocveevveinviinniannnns 39
QUL DU e 42
2651 The 87180 BERCIISTE i sweness is smsesiins & suimvernes o & 42
2.6.2 The format command...........c.....oevivinnnnn. 43
2.6.3 Scalefactors.....cccooiviiiiiiiii 45
Reépedting Mith TiOr, s somimus smiines @ somsmasagas s 45
2.7.1 Square roots with Newton's method............. 46
2072 Bactorialsl: w e sosmmg s s 5 s 47
2.7.3 Limitofasequence............coooiviiiiiiiiiinninn, 47
2.7.4 The basic for construct............coevvvveienenann. 48
275 forinasingleline............coooeiviiiiiiiennnn. 50
276 Moregeneral for...........coooiiiiiiiiii 50
2.7.7 Avoid for loops by vectorizing! ................... 50
DECISIONS ..eiviii e 53
2.8.1 Theone-line if statement .......................... 53
2.8.2 Theif-elseconstruct...........ccooooiieiieiinn.n. 55
2.8.3 The one-line if-else statement ................. 56
284 B BETT s i vwwvman i panens i speEeni i SEHERG 5 i 56
2.8.5 Logical Operators .........coevevviiiiriieiiiiiiniennen. 57



2.8.6 Multiple ifsversuselseif ....ooveviiiiieinn.... 58

287 Nested ifs. oo 59
2.8.8 Vectorizing i f8? .ooiiiiiiiiiiiiiieeee 60
289 Theswitchstatement ...................ooini. 60
2.9 Complex NUmMDbDEIS .. .c.coviiiiiii e, 61
2.10 More on Input and OQutput .............ccooeiiiiiiiiiiiinsn. 63
v LT B P TR ws & smcioms o et i JRaimams SUNEES SR 63
2.10.2 Output to a disk file with fprintf............... 64
2.10.3 General flle /O ...cooiiiii i 65
2.10.4 Saving and loadingdata..............ccooeeviiennnn. 65
2.1 ‘Odds and ENAS i oo o s o s o s & 65
2.11.1 Variables, functions, and scripts with the
SATNE TVATINE o saremanss o s i GEmaT 05 SEETENE £ SUERHEE 6 65
2.11.2 The input statement .................ooeviiiinnnnn, 66
2.11.3 Shelling out to the operating system ............ 67
2.11.4 More Help functions..........ccocovvviiiiiiiiiinnnns 67
v/ 72 2o To 0 >N a1 et oYy LTSN E——————————————— 67
L0 20101 < ./ 68
Chapter EReICISeS ..o, 71
CHAPTER 3 Program Design and Algorithm Development.......... Vi
3.1 The Program Design PIoCesS......cocvrviirimnininiienininn, 78
3.1.1 The projectile problem..............cceevveneennnnn.. 80
3.2 Structure Plan EXamples......cccvviviiiiiiiiiiiiie e 85
3.2.1 Quadratic equation ........ccovviiiiiiiiiiiiaenen. 36
3.3 Structured Programming with Functions................. 88
SUTNTNAT i mams & Grmis SEraing Hssnts sillesh i s SR 88
CHADIET EXCTIEISES simueam o smtonss st sl dotsinie suai 88

CHAPTER 4 MATLAB Functions and Data Import—Export

L1 91
4.l Cominot FUNCHIONS wmuss o s s e mmemn sonme i 91
4.2 TImporting and Exporting Data ...........cccoevveiiiian... 96
421 Theloadand save commandsS.................... 96
4.2.2 Exporting text (ASCII)data ..........cocvvveeenenen. 97
4.2.3 Importing text (ASCII)data ...............coevene, 97
4.2.4 Exporting and importing binary data............ 97
425 TheImport Wizard..................................... 98
4.2.6 *Low-level file I/O functions ........................ 98

4.2.7 *Other import/export functions.................... 103



Contents

SUINITIATY .ottt et ettt et et et e e e et et 103

Chaptet EXOTCISEE s vowu i aummumiss s s it s i o shsbmes 104

CHAFIER S Logieal VOGO wummmesmmmswemimmomssnssssmm s 107

S P s 0] ][ T T ——— 108

5.1.1 Discontinuous Graphis ... oo swess swssss e s 108

5.1.2 Avoiding division by zero............................ 109

5.1.3 Avoiding INANIEY .. v smamm s s momsmsg 110

5.1.4 Counting random numbers.......................... 111

9:1.5 ROINGQICE covwnmian sswmmummm smsmmins sowsismies s 112

5.2 Logical Operators .......c.ovevieiieieiiiiee i 113

5.2.1 Operator precedence .....oovveveeeeeeeiieieeeeeannn.. 114

b:2:2 INCOTTeCt CONVETSION : wauss mmwmims swssmyas spmvmmne i 115

5.2.3 Logical operators and vectors...........c.ceeu.... 115

5.3 Subscripting with Logical Vectors.......................... 116

5.4 Logical FUnctions..........cocoviiiiiiiiiiiiiceeieieee, 147

5:4.1 Usitigt any ana 871 1 e svams sesesns oo 118

5.5 Logical Vectors Instead of el seif Ladders............. 119

SUIMINIATY oottt e 122

Chapter EXEICISES ..ot 122

CHAPTER 6 Matrices of Numbers and Arrays of Strings ............. 125

(S0 AN,V 211 (Y R ————————— 126

6.1.1 Aconcrete example............cooiiiiiiiiiiiiiini.. 126

6.1.2 Creating matriCes ........coovvviiuiiiiieaeaeanen. 127

6.1.3 SUDSCIIPLS ..ot 127

6.1.4 The transpose OPerator.........ovveereerieeanannn. 128

6.1.5 The colon operator...........coovviiiiiiiiiiiannn.. 128

6.1.6 Duplicating rows and columns: Tiling .......... 132

6.1.7 Deleting rows and coOluUmMnNS ...........ccoeeveennne. 132

6.1.8 Elementary matriCes ..........coovveiviinieeeannnn. 133

6.1.9 Specialized MatriCeS.......ovvviiiriieiieieianns 134

6.1.10 Using MATLAB functions with matrices ....... 135

6.1.11 Manipulating matrices..............ccooovveevinenn... 136
6.1.12 Array (element-by-element) operations

O TNETTICOS s vvmsm o s 5. 500s rommsms s ssesns 136

6:1.1.3 Matrices and TOr o s s s i 137

6.1.14 Visualization of matrices...........oovviveivin... 137



6.1.15 Vectorizing nested fors: Loan repayment

tables .o 137

6.1.16 Multidimensional arrays ...........cooeveereeeeen.n. 140

6.2 Matrix OPerationS . ....ocieive et e 140

6.2.1 Multiplication ........coooiiiiiiii e 140

6.2.2 Exponentiation ..........ccooeieoiiiiiiiiiiiieeiinn, 142

6.3 Other Matrix Functions................cccoooiiiiiiiiiiiiiiin.. 143

0.4 PELHNGS monon: s i ahem: i s i R S o 143

AL DR ———— 143

6.4.2 StIINGS 8S AITAVS ...vivieieinieinieeieeieeeeaeanananns 144

6.4.3 Sring cONCAtETAtION wovswus e st v swviawn i sevinss 144

6.4.4 ASCIIcodes: doubleand char.................... 144

6.4.5 String display with fprintf ....................... 146

6.4.6 Comparing Strings ..........ccocoeveiiiiiiiiiin... 146

6.4, Other strngTUunetIoNS e w s o sovsis wsairiass 146

6.5 *Two-Dimensional Strings..........ccocovveieviiiiiininnnnnn. 147

6.6 *eval and Text MacCroS........c.ccvvveriieieiiiiieiiienn, 148

6.6.1 Error trapping with eval and lasterr......... 148

6.6.2 evalwithtry...catch..ooooiviiiiiiiiii, 149

SR a8 R — 150

Chapter EXeICISeS ..ot 150

CHAPTER 7 Introduction to Graphics .....cccccceveiriierniiemiieenieennenens 153

7.1 Basic Two-Dimensional Graphs ..........cccoovevvevinennn. 153

7.1.1 Labels oo 155

7.1.2 Multiple plots on the same axes................... 155

7.1.3 Line styles, markers, and color..................... 156

TLA BRIE NI 0 o o oot b Grmio o susmses o sommss 5 156

7.1.6 Multiple plots in a figure: subplot .............. 157

7.1.6 figure,clf,and cla...cccvveuiiiiiiiiiiiainnn . 159

7.1.7 Graphical Input............ooviiiiiiiiii e, 159

7.1.8 Logarithmic plots.......coooviviiiiiiiieieeee, 159

7.1.9 Polar Plots ... 160
7.1.10 Plotting rapidly changing mathematical

FUNEHIEONE: T B 5 commmaos isonsaiom insmas s o 161

7.1.11 The Property Editor..................coociiviiiiinn. 162

7.2 Three-Dimensional PIotS ........cccovvviiiiiiiiiiiiiniinn. 162

7.2.1 Theplot3function............c.oooviiiiiiiniin., 162

7.2.2 Animated 3D plots with the
CIEMETS! PANCHION s s s o aivasin o St & w 163



7.2.3 Mesh surfaces ...covvvieiiieiiia i 163

7.2.4 Contour PlOtS. ..o 165

7.2.5 Cropping a surface with NaNs...................... 167

7.2.6 Visualizing vector fields..........coooevveiiiinnns 167

7.2.7 Matrix visualization............ccoovvviiiiiiiiinn. 168

7.2.8 BD:graph rOTAtION swevemn soavinmms sowmmumas ey s 169

7.2.9 Other graphics functions............ccccoovivennnn. 170
SUTITNELY: o s o s w says 5 S s Evawes Drsmass o 178
Cliapter BXSICISEE 1o mmmmsmn: o sassms o wvamms 2 sms 9 jspmamis S 179
CHABIER 8 LO0DS simenssummuinmvausnsmiososmssisess s i S ss e s a s 185
8.1 Determinate Repetition with for...........oooiiiiien. 185
8.1.1 Binomial coefficient............cooooviiiiiiii 185

8.1.2 'Update DIOCESSES. : crwaven svwummnss cramiunss o susmiss 186

8.1.3 Nested fOrS. i 188

8.2 Indeterminate Repetition with while..................... 188
8.2.1 AQUESSING JAIME .......ovviniiiiieiiieieieieneenns 188

8.2.2 Thewhilestatement ..............cocovvviiiiininnn. 189

8.2.3 Doubling time of an investment ................... 190

B:2:4 Prime NUMDBILS uums o smwuss s smmeses o5 5o 5 semes 191
B.2.56 Projectile/tajettony . s wuvsses sumsuies s sumsi 192

BI2IB DIPBE K mmerms = womes 5 soasis mhumts 6 o o b 194

BL2F  VIBTIUS omms i 5o0amdt ohomuiseas maaiis Svranuens sl s 195
SUMNTMAT & i ranim & GAS 5 DRenme & IR 5 ERasEs f G - 196
Chapter EXETOISEE ..uuw o vasvins s sawmnins v s isis st sasinsis s s s i 197
CHAPTER S Ertors 5iid. PItfalls veoemsemmmsmmemmnmpmssamnsssisssmsmsnnsomss 201
911 SYTLaR BITOTS w & vt Bsebs i sumins 5 Snme i e m 201
9.1.1 Incompatible vector sizeS........cccovvevririnennnnn. 202
9.1.2 Name hiding ........coooiviiiiiiii 202

9.2 LOGIC EITOTS ..ivtiiiieiiieiie e 202
9.3 Rounding EITor.......ccoemiiiiiiiiiiiiii e 203
SUTIIINATY ..o v svsmisiss s 03058 i S04 55 GREMARS 3 SERAS 45 SHORES £ SHERERG 204
Chapter EXEICISES .vvititiieit e v 204
CHAPTER 10 Functioh M-TTI88 .oswssumumimmsssosmsnsms ssssmmsss s samasss 207
10.1 Inline Objects: Harmonic Oscillators ............cceeune. 207
10.2 Function M-files: Newton's Method Revisited ......... 209
1.0.3! BESICRULEE s sommmasis s ramsiens o s s Sriesis & s 210

10.3.1. SUDIUTICEIONS « i cnmmumns s o ersianian s i o s 215



Contents ﬂ

10.3.2 Private functions...........cocoeiviiiiiiiiiiiieenn 215
10.8.3 P-eOde M€, uvmumn soonummsmmmmusns svmsmmsns sonmssms w5 gs 215
10.3.4 Improving M-file performance with the
T B i cmmn o waiecins voRsiiiin 1 RGBS 5 ASRAIILI e 215
104 Paifigtien Hamtles . s o i s o oo s ook o 216
10.5 Command/Function Duality..................c.oooooiiinin 217
10.6! Function Name REBOIUTION .v. v ssusss soamnms s 218
10,7 Debugaing M-AIES ..o smmmmmen srmsasnon ssuamis smms 219
10.7.1 Debugging a SCIript.......cooeviiiiiiiiiiiii i 219
10.7.2 Debugging a function ............cocoeeiiiiiiienennn. 221
1081 RECUTSION. cummiun: sommmn s i Sl SRt s 224
LG 0100EC1 i AR S 222
Chapter EXerCiSes .....oooiii e 224

CHAPTER 11 Vectors as Arrays and *Advanced Data

T L B it s A R A S S R 227
112 UDAALE PIOCESSES e vieivive mmmmmmmminnis s 555 0 b simsioiss 8108 58 575.85 88 227
11.1.1 Unit time StePS .. ovviieiiee e 228
11.1.2 Non—unit time StEPS ...coviiiiiiiiiieeeaeas 230
11:1.3 Using & FONCHON e mwevs svvamses ssemenes e i 231
11.1.4 Exact sOlUtiON......c.oovviiiiiiiiiiiieeiieee e 233

11.2 Frequencies, Bar Charts, and Histograms ............... 233
102, A FANAOTHANEIR:: somms sussssmss sumnsss pussiss wmses 233
11.2.2 HISTOGTAING v v i savs i pusns o sssses 5 aoimamn 235

103 PEETETI « o smvenn o5 v o s o ssumes & SRS & A 5 W 235
1130 BUBDIE SOWY cnen s s sempn pramis s 236
1132 MATLAB'S 86 Pl s wmsmaan soneuns i ssimms s 237

1004 2 STUCLUTES sninminats somie i siEmn: S baes 238
115 2CEll ATTAVS v s s oo sosmnss msssisses Semmmss s 240
11.5.1 Assigning data to cell arrays ...............oeeeee. 240
11.5.2 Accessing data in cell arrays ....................... 242
11.5.3 Using cell arrays .....ccoovvvviieeniieiiniieiienennns 242
11.5.4 Displaying and visualizing cell arrays........... 243

11.6 *Classes and ObjectsS......cccoviiiiiiii i e 244
S h 0} 1 E= ) PP 244
CHAPTER 12 *MOre GraphiCS ..ciieeieieiiieieeeecieeeee e reet e eaeans 245
12.1 Handle GraphiCs .......cooiiiiiiiii e 245
121l Gettiner Nartlles e mmmsmes s s momms 246

12.1.2 Changing graphics object properties............ 247



CHAPTER 13

Part 2

Cedil &

CHAPTER 14

CHAPTER 15

12.1.3 Avectorofhandles ......ccoviviiiiiiiiiiiiiien, 248

12.1.4 Graphics object creation functions ............... 249
12.1.5 Parenting .......coooioiiiniiiie e 249
12.1.6 PosSitioning fIQUTES ... suwsisn v wnwuisas v os swmssins 250
122 BAiTiiG PIOUS wouee s o s s sopsamss o seepuis i wissem 251
12.2.1 Plot edit MOde ....coviiiiiiiini e 251
12:2.2 PIOPerly A0 oo mumsins mommanins o g o 252
12,3 ATITHACIOI. o o st sssmmans s o e o st 253
12.3.1 Animation with Handle Graphics................. 254
12.4 COlOTIMADS «.vevint et e e e e 256
12.:4.0 SUTIECE PIOT TOVOT . inesims & samwasens somssmmmas se s 258
12:8:22 TLOCCOLOT ; is o ca vissmns 5o wigesanios 56 Susmmanios s o5 259
12.5 Lighting and Camiera. . ..o o sesmass o s & sooieis 259
12.6 Saving, Printing, and Exporting Graphs.................. 260
12.6.1 Saving and opening figure files.................... 260
12.6.2 Printingagraph.............coooviiiiiiiiiie, 260
12:6.3 EXPOTting 8 GTADN v o svswmmms o swamspsns ssmassms 261
101101010 = 1 261
Chapter EXeICISES . it 262
*Graphical User Interfaces (GUIS) ....c.vervvernierennnnne. 263
13.1 Basic Structure of a GUIL............. 263
13.2 A First Example: Getting the Time......................... 264
13.3 Newton's Method Yet Again...........ccoooevviiiiiiiiin.. 268
3.4 A%ES 01 & GUL s 5 sninins 5 ronemas b spumipn s 8asmms i senn 271
13.56 Adding Colortoa Button .............c.cooiiiiii 272
DUTTIIVATT oot smismmmsonic sdrussans soiomieiog o5 s s o ABREAR 5 KRS 5 273
Applications 275
Diynemica]l SYBLOMIS: s summsusmsssmms s i 277
14.1 Cantilever Beam .......cocoovveiiiiieiie e 278
14.2 Electric CUITENT ..ot e 279
143 Free Fall ... e 281
14.4 Projectile With FYICEOMN. :u: crens o ommnsasus o svmmmavin s svamws 291
P10 h 010 0T 1y R 294
Chapter BEXerCISeS ..o.viie it 2956
Tl 1 O — 297
15.1 Random Number Generation .............cccoovevveineinennn. 297

15.1.1 Seeding rand ......ocoeiiiiiiiii e 298



CHAPTER 16

CHAPTER 17

15.2 FlIipping COinS ....ooviiiiie e e e 298

15.8 ROWING DI vovmin sniniinds miniis thisieis smiissimnns sammanmons ur neiss 299
15:4: BaGteTiui DiviSi O . s o s vomsss o sueiams i mimoss i 72 300
16.5 ARandom Walk.......c.ooiiiiiiiiiiii e 300
1,66 TR E L ON  wusias s ssisasss s umma s S o amsins i s & B 302
15.7 Normal (Gaussian) Random Numbers..................... 305
D UTANTALY wmsss i siunns @ Sairs s sntmms S Gt & s 305
Chapter BXETCISES ... e, 306
*MGTEIBTTICIES rwuinivisinscuvsniasimsamsnswisin aoiarmsinima oo i 309
16.1 Leslie Matrices: Population Growth ....................... 309
16.2 Markov PIOCESSES ...vvviiii e, 313
16.2.1 Arandomwalk ........coooeiiiiiiiiii e, 313
16.3 Linear EQUations ...........cocoiiiiiiiiiii e, 315
16.3.1 MATLAB's solution ..........c.cooooviiiiiiiiiiinnnnns 316
16:3:2 THE 1681AUaY wumwns vmes: 2 somenn o svwamems o smems 317
16.3.3 Overdetermined systems .............ocvevvevennnnn. 317
16.3.4 Underdetermined systems ...........cceevievennn.n. 318
16.3.5 Ill-conditioned systems ...........ccoevvvviieiennnnn. 318
16.3.6 Matrix diviSion .........coovvviiiiiiiiieeeeee, 319
10.4 Spatse MattiCes & u v o summss o s 15 s o Suassams & i 320
DUITLTHBIY & saumnrios s mmrnt i sk o T & 2rmmmee 6 Sosamis i 323
CHaPUeE EXCTCISEE s vumsn s o smiss s o imms 5 s s 323
*Introduction to Numerical Methods...........ccceuveeneen. 325
17.1 BQUAtIONS oo e 325
17.1.1 Newton'smethod...................oooiiiiiiinin.n. 325
17.1.2 The Bisection method..................ccoeiin. 328
17.1.3 The fzero and roots functions .................. 329
172 IATEOTAIOI s o s ssiivs st & damds YhEimas o T 330
17.2.1 The Trapezoidalrule ..........ccccooviiiiiiiiiinn.. 330
17.2.2 SIMPSON'S TUIE ..o 331
i ke et ) W 1= R BT T B 10 4014 o) FENMUmn——————————————— 332
17.3 Numerical Differentiation................ccoovviiiiiinnnns 332
17:3:1 "The @7 T DITICHON o+ curvns s muvmsmss ssemsnsn o posmans 333
17.4 First-Order Differential Equations .......................... 334
1744 Ealer's MetROd s o osvmen s somnvss o swmwss o shomssiis 334
17.4.2 Example: Bacteria colony growth................. 335
17.4.3 Alternative subscript notation ..................... 336

17.4.4 A predictor-corrector method....................... 338




n Contents

17.5 Linear Ordinary Differential Equations ................... 339
17.6 Runge-Kutta Methods ..........cooviiiiiiiiiiiiiiie 339
17.6.1 A single differential equation ...................... 339
17.6.2 Systems of differential equations: Chaos ...... 340
17.6.3 Passing additional parameters to an ODE
SOIVET i sunanpis someidas: summiss squemmut P 343
17.7 A Partial Differential Equation............................... 344
17.7.1 Heat conduction ...............c.oooviiiiiniiinnnn, 344
17.8 Other Numerical Methods................ooooiiiiiiiil. 348
SOTBTN - icssvietsss corosssssiis s ousstose Sings GOvRnsn s ora s S 349
Chapter EXeICISES ...o.viiii i 349
CHAPTER 18 Toolboxes That Come with MATLAB
(online chapter: www.elsevierdirect.com/companions/978012374883-6)
APPENDIX A Syntax: Quick Reference ......coccovevevieieviceiiniiniennnn. 3563
Al EXDIESSIONS ..ottt 353
A.2 Function M-flles..........ooooiiiiiii 353
B3 CTADYICE vovninis st 1.6 faoisilammss saswssisisse smass oo ssiassi 363
s T - ¥ o TR I ) T s 354
AL forandwhile .o 35656
A6 INPUL/OULDUL. ...t 356
BT | DEATEE VB s o ssnios ot s o Soeosen o SmmerEs S 356
A.8 Vectors and MatriCes...........coovvvieieiiiiiiiiiieien, 357
APPENDIX B OPEIaAtOIS ..ccuiieieiiiiiiiieiieeiiceteeeeeesneeeneeessen s snnas 359
APPENDIX C Command and Function: Quick Reference .............. 361
C.1 General-Purpose Commands ..........c.oeeveeaveeenenn... 361
C.1.1 Managing variables and the workspace........ 361
C.1.2 Files and the operating system.................... 361
C.1.3 Controlling the Command Window .............. 362
C.1.4 Starting and quitting MATLAB ...........coo.o.... 362
C.2 Logical FUnctions..........coooooiiiiiiiii i 362
C.3 MATLAB Programming TOOIS ..........oovvivieiiniinnnn.. 362
C.3.1 InteractiveInput ...........coooiiviiniiiiiiiiin, 363
C.id MatriCeS .o 363
C.4.1 Special variables and constants ................... 363
€42, Time giitl date . susoesmnnsmssmnes s o s 363
C.4.3 Matrix manipulation............ccoovviviiininnnnn.. 363
C.4.4 Specialized matriCes.............cvvvveeevineniinnn.. 364



C.5 Mathematical FUnctions .......coooeviiiiiiiiiiiiiiiieeinnen 364

C.6 Matrix Functions ..........ocoiiiiiiiii e 365
C.7 Data ANalySiS.....ociiiiiiiii e e 365
.8 Polyhomial FUNGHIONS . commmamin s vavms avwesss o w 365
C.9 Function Functions ..........cooiiiiiiiiiiii, 366
C.10 Sparse Matrix FUNCLIONS .......oovvviiiiiiicie i, 366
C.11 Character String Functions.............ccocoeveviviiiiiiiennnns 366
€12 File /O FURCEIONSE: uniim swsnmanis shisins avivitgs et i dns 366
C.18 2D GTaDNICS sows o srmtmr o gumamss st S & T & jash 366
C. 14 3D GraDNICS! «u i svmiminsis oo somisinn se s sre st v s s i 367
CL15 1 GeNEFal s v s srmmm 5 m RS SO 367
APPENDIX D ASCII Character COAeS.....coviumiiriireireirnieerneeneenrernnns 369
APPENDIX E Solutions to Selected EXErcisSes ......cocvvvvviiniviirinnennns 371



