Table of Contents

ADOUL the A UTNOT i XVII

About the TeChNICal REVIBWET ..o XIX

o = - Lo OSSPSR PSP XX
Who This BOOK IS FOI ..o XXl

Who This Book Is (Probably) NOtF O I ..ccceevviiiiiiiee XXII

How to Read ThiSB OOK ......ccccoviiiiiiiiieiic e XXII

What's Inand What N Ot......cccoocviieiiiiiniseeseee e XX

The HYPEISPEC .o XXIV

Which Implementation ... XXIV

SOUICE C OB .t e XXV

THE TN A X et XXV

Typographical CoONVENtioNS.......ccccevivriirnin i XXV

ACKNOWIEAdGEMENTS. ..o XXVI

1 Symbols and PacCKagesS.....cccvciieiiiii e 1

1-1.  Understanding the Role of Packages and the Symbol Nomenclature . 1

1-2. Making Unique SYmbOoIS ..o 5

1-3.  Making Symbols Inaccessible.........cccviiiiniiiii 9

How Can We FIX ThiS? ... 1

1-4.  Avoiding Name ConflictS ... 12

When Name Conflicts DO NOt O CCUT .....ccvevvririiiesieniccieeie s 15

1-5.  Using Symbols As Stand-Ins for Arbitrary FOrms.......ccccoeeeevvennnen. 15

1-6.  Searching for Symbols by N am e ..o 17

1-7.  Iterating Through All Symbols ofa Package.......ccocevviiiiniiiinnnnnne 19

What To Do If You Don't Like LOOP.........cccccceevveiiviie e 20

1-8.  Understanding Common Lisp's Case (In)Sensitivity........c.ccceceenen. 21

Style Hint: Don't Use CamelCase!......ccceviiiiiiiininneeen 25

1-9.  Using Symbols As String SUDSTItULES........cceevviiieceesee e 26

S0, What Should YOU USE?.....cooiieeeeeeeeeeeeeeeeeeeeeeeeeee e 27

1- 10."Overloading" of Standard COMMON LISP Operators..........cccccverneene. 28

2. CONSES, LiStS, ANU T IrEES ittt 3

2- 1. Understanding CONSES....ccceiieiieiie ettt 31

LIST A CCESS ittt 34

Testing Whether Something IsaConsora L iSt.....ccccoecvvviennenn. 35

2-2.  Crealing LiSTS .ot 37

Converting Vectors to0 L iSTS ...ccvviieiiieiiiiic e 38

2-3. TranspoSiNg & MAtFIX......ccuiieiiiiiiisieeie e 39



Table of Contents

Vi

2-4.  Using List INterpolation ... 40
2-5.  Adding Objectsto the End of a L iSt..cccocoiiiiieiiieeeceece e, 42
The Taill Wagging the L iSt....ccceiiiiiiiiicie e 44
2-6.  "SPlICING™ INT0 @ LISt uiiiieiicicci e 45
2-7.  Detecting Shared Structure in LiStS......c.ccooeiiiiiiiiiinie e 49
Isolating the Non-Shared Part.......c.cccovviiiiii i 51
2-8.  WOrKING With TreeS et 51
More Complicated TrEES...cciivieieeeeieecie e 54
Common Lisp's StandardTree Functions........cccccceeveeivvieeenee. 55
2-9.  WOrking With STaCKS......ccoiviiiiiie e 55
2-10. Implementing @ QUBUE  ....ooiiiiieiie e 56
2- 11.Destructuring and Pattern Matching.......cccocovoeiinniiiie e 58
Strings @aNA CharaCterS......cciiie e 61
3- 1. Getting the ASCII Code of a Character ........cccceeevevieeviieniee e, 61
The Other Way AToUN ...ccoooiiiicece e 63
The LIMIt e 63
3-2. NAMING CharaCterS.....cccccieiieiieciesee e 63
3-3.  Using Different Character ENCOdINGS...ccccevveevireiieeeie e 65
3-4.  Comparing Strings or CharaCters.......cccccveivevieeviee i 67
Internationalization ... 70
3-5.  Escaping Characters in String Literals and Variable Interpolation . . 71
ISTESHIl @ LIteral?. .o 72
3-6.  CONtrolliNg C @S ..o 72
What ADOUt UNICOAE?. ..o 74
3-7.  Accessing or Modifying a SUDSIIiNg ..o 75
3-8.  Finding a Character or a Substring Withina String .......c.ccccceevveene 77
3-9.  TrIMMING STINGS. it bbb 77
3-10. Processing a String One Characterata Tim € ...cccevvvieiieciieciiecieenn, 79
3-11. JOINING STIFIN TS ittt nree e 8l
3- 12.Reading CSV D @t ...ccccociiiiiiiieie et 83
Numbers and Math ... 87
4- 1. Using Arbitrarily Large INTegers. ..o, 87
4-2.  Understanding FIXNUMS......ccoiiiiiiiiiie e 89
4-3.  Performing Modular ArithmetiC......cccooeviiiiiiiiiiniece e, 92
Efficiency ConsiderationsS......ccccvevieieeveeiie e 93
4-4,  SWITCNING BaSES....ciiiiiiiiieiie ettt A
4-5.  Performing Exact Arithmetic with Rational Numbers...........c..c........ 9%
Various Ways of Converting Numbers to Integers......ccoceeueenee. 98
How Not to Use HLOORanNd FriendsS......cccoceviveviiinienieneesnennn, 99
Converting Floating-Point Numbers to Rationals and Vice Versa 99
Mixing Rationals and F1oats........cccocoviiiiniiniiic 101
4-6.  Controlling the Default Float Format .........cccocoeevieiieiee e 102
4-7.  Employing Arbitrary Precision FIoatS......ccccoovviviiiiiiiieiiiiiecie e 104
4-8.  Working with CompleX N UM B ErS. ..o 106



Table of Contents

4-9.  Parsing NUMDETIS ..o e 109
4-10. Testing Whether Two Numbers Are Equal....cccccoevviieeiiciiccncc 1
Don't Ever Use EQwith Numbers! ..., 112
4-11.  Computing Angles COrreCtly ... 113
4- 12. Calculating Exact Square ROOTS......cccceeviieeiiie e 115
F N VT L[ VAT (0 ] £ TSRS 117
5- 1  Working with Multiple DImMenSioNS.....cccccvveiieie i, 117
52. Understanding Vectors and Simple ArraysS....cccoevivienienienensieennns 119
5-3.  Obtaining the Size of AN A TTaY ..oooveieeiieie e 120
54.  Providing Initial ContentS. ... 121
A Warning About Identical Objects .......cccccoevieviiviiiiicciec 122
55,  Treating ArrayS AS V BCTOTS .ooiiiiiiiiiesie et 123
5-6.  Making the Length of Vectors Flexible.........ccoovniiiiiiiiiic, 125
57 AdJUSTING A TTAY S it iiee e et e et e e et e sneeenneeenree s 127
5-8.  Using an Array As a "Window" into Another Array........cccceecvevvennnn 129
5-9.  Restricting the Element Type of an A rray ...cccoccvevveveeveevie e, 131
Upgrading EIemMent TYPeS...ooiiiieiiieseciecse e 133
5- 10. COPYING AN A FTAY coiieieecie ettt e e e s eenae e ee e 134
A Warning About Object Identity.......ccccooiiiiiiiiiiie 135
Hash Tables, Maps, and SEtS .....ccccoveiiieie e 137
6- 1 Understanding the Basics of Hash TablesS.....c.ccocovieiiciiiiiic e, 137
Why Does GETHASHReturn Two Values?.......ccccocvveeiveccveceeen 139
How Many Entries Does the Hash Table Have? ...................... 140
6-2.  Providing Default Values For Hash Table LOOKUPS ......ccccoveviviienen, 140
6-3. Removing Hash Table ENtries. ... 142
6-4.  lterating Through a Hash Table.......cccccoooiiiiiiici e 143
Don'tRelyon Any Order! .. 146
Don't Modify While You're Iterating! ........ccccooevieviiiieiee e, 147
Can't This Be More ConcisSe, PlASE7...uuuueeeeeeeeeeeeiiiins 147
6-5.  Understanding Hash Table Tests and Defining Your Own ................ 148
What IS SXHASHF O T2 oo 152
6-6.  Controlling Hash Table Growth ... 152
6-7.  Getting Rid of Hash Table Entries Automatically...........c.ccccocoveenennnn. 155
6-8. Representing Maps As AssoCiation LiStS  .......ccocvveivienieniinie e 158
Combining Lookup and Manipulation..........ccccoeevvveiiicineieennnne, 161
Why Would Anybody Prefer Alists over Hash Tables? ........... 162
6-9.  Representing Maps As Property L iStS....ccccvviiiiiiienieeieeneesee e 163
When to Prefer Plists over A 1IStS .o 165
The Plist of a Symbol......cooooii e, 166
6- 10. WOIKING WIth S TS ..eiiiiiiiiiiiiieeeee e 166
Representing Sets As Hash Tables. ... 169
Representing Sets As Bit Patterns......ccccce e 169
Sequences and TTeratioN ..o 171
7- 1 FIltering @ SEQUENCE cooiiecieeee ettt e re e 171



Table of Contents

7-2.  Searching @ SEQUENCE  .....oooiiieieiieie e s 172

7-3.  Sorting and Merging SEQUENCES ....ccveiieerieeiee e seeeseeeseeeseeesee e 175

7-4.  Mixing Different SEQUENCE TYPES..cuiiiieiiieiiecie e 177

7-5.  Re-Using a Part of @ SEQUENCE  ....eooviecieiiie e, 177

7-6.  Repeating Some Values Cyclically ..o 179

ATTEINATIVES .o 181

7-7.  CouNtING DOWN oo 182

7-8.  lterating over "Chunks" of @ LiSt.....cccccveiiiiiieiiiiiecie e 184

7-9.  Closing over Iteration Variables .........ccccovviiiiiiiii e 186

7-10. "Extending" Short Sequences in IterationsS......ccccvveviieiieiiesiiesiiesnens 187

7-11.  Breaking out 0f LOOP........ccccii i 188

7-12.  Making Sense of the MAP. .. Z 00 ..cccoiieiiiiiiece e 191

The Sequence VariantS. ... iin e 194

7-13.  Defining Your OWN SEqUENCE TY PES ..uiiiiiieiieiieieesieesieesieesieesieesseeses 194

7-14.  Iterating With ITERATE........coii e 196

7- 15, Iterating With SERIES..........coooiiiie e 200

What the EXample D 0€S...cuveiieeiiecee e 201

8. The LISP REAUET ...ttt e 203

8- 1 Employing the Lisp Reader for Your OwWn C ode....cccccceevvevverivesrnennnn, 203

Why READ Is Potentially D angerous......ccccvvevenninniesiesie s 205

What READDOESN't D 0 .ot 205

The Optional Arguments t0 READ...........cccooviviiniiniieneeeeeeiee s 206

GO W T e 206

8-2.  Troubleshooting Literal Object Notation.........cccccoevvevieeiiiesiie e 206

This Also Applies to STrings! ..., 208

8-3.  Evaluating Forms at Read TIMe .....ccooiie e 208

What t0 LOOK QUL F O oo 210

ATTEINATIVES ..o 210

8-4.  Embedding Literal Arrays into YOUrC 0 d € ...cccocvvvvviieiieniiniieeieenn 211

The Usual WarniNg.....ccccocoeieeiie e 212

8-5.  Understanding the Different Ways to Refer to a Function.................. 213

8-6.  Repeating Something You Already Typed......cccooveveieiieeiieie e 214
They Don't Only Look Identical, They Are Identical!................. 216

8-7.  Safely Experimenting with Readtables...........ccccoovvveiieiiiiiiic e, 216

Temporarily Switching to Standard IO SyntaX........ccceeevivvennnnne, 218

8-8.  Changing the Syntax Type of a Character........ccccvvevieiiniiniie e, 219

The SIX SYNAX T Y PeS .ot rteereeseesee e seee e s e sees e n 220

How to Actually Change the Syntax TYPe....ccocevvveninicienenen, 222

Some Things Never Change....ccoccveeiiee i 222

8-9.  Creating Your Own Reader M aCrosS....ccocurvenenieninieie e, 223

What Reader Macro FUNCtionS D 0 .....cccovcvvviiiiiiiiiiccc e, 224

8-10. Working with Dispatching Macro Characters.......cccevvevveiiveiieeiieennnns 226

8-11.  Preserving WhItESPACE. .....c.ccveiiecee et 228

VI



9.

10.

11.

Table of Contents

PN EIN G et 231
9-1.  Using the Printing PrimitiVeS.....ccccoviiiiii e 231
Printing Objects So That They Can Be Read Back in Again . . . 235
SOITCULS ottt 236
9-2. Printing to and INt0 STriNg S ..o 237
9-3. Printing NIL AS @ L 1St 239
9-4. Extending FCRVAT Control Strings Over More Than One Line .... 240
9-5. Using Functions As FORMAT CONtrolS......cccevveveeie v 241
9-6. Creating Your Own FCRVAT DireCtiVeS....ccciveiveiieiec e 243
9-7. Recursive Processing of FCRMATC ONtrols.....ccoovvieiieiiniin e, 245
9-8. Controlling How Your Own Objects Are Printed........cccceevvveeiieennen, 247
9-9. Controlling the Pretty Printer......ociiiii i 249
0-10.  Printing LONQ LiSTS..ciiiiiiiiiiieii ettt 253
9-11.  Pretty-Printing Compound ODJECtS ....ccccvviiviiiiiieeeeeeeee e 257
Using the Pretty Printer from FCRVAT ..o 260
9- 12. Modifying the Pretty P rinter e, 262
Evaluation, Compilation, Control FIOW ..., 265
10- 1 Comparing Arbitrary LiSp ODJeCtS...cccciieiieiiciecce e 265
ComMPAring STt .o 266
C 0N S ANTS i 269
10-2.  Using Constant Variables as Keys in CASEM aCroS.....cccccovvuvnveiveninenn. 269
10-3.  Using Arbitrary Variable Names for Keyword Parameters............... 271
Keyword Names Don't Have to BeKeywords.......cccccovvvvenniennee. 272
Keyword Dames Don't Have to BeConstant.........cccccevvevveinnnee. 273
10-4.  Creating "Static Local Variables,” Like in C .....c..ccccvvivevveiiiiieevieieee, 273
10-5. "Preponing" the Computation of Values ........cccccevvvviviieiieniieniieene, 275
10-6. Modifying the Behavior of Functions You Don't Have the Source Of 278
10-7.  Swapping the Values of Variables (or Places).....cccccevvviviieiieiiennnn, 280
10-8. Creating Your Own Update Forms for "Places” .......cccccoovvvivviiininnnnnn 283
USING DEFSETE oot 285
Using DEFINE-SETF-EXPANDER...........ccccoiiriininieneneee e 286
S0, WhiCh ONE DO T USE? oottt e e 291
Using DEFINE-MODIFY-MACRO.........cccoviiiainieniene e seee e 291
Multiple-Valued PIaces ........cceieeiieiece e 293
10-9.  Working With ENVIFONMENTS.....cciviiiiiie e 294
10- 10.Commenting Out Parts of Your C 0d e .....ccoeeeevviceeciee e 299
Some Notes About ; and H# 1 oo 302
How ;, #1,and Others Are Implemented.......c.ccceceevvvieeinenen, 302
CONCUITEINCY .ttt bbbt b e e nb e e e e nneenneens 303
11- 1 Managing LiSP PrOCESSES . .iuiiiiiiieiieiee ettt sre e 304
EScape HatCNesS .o 307
Threads Are EXPENSIVE  ..oceciieiieiie e 308
11-2.  Accessing Shared Resources Concurrently......cccccveevieieeieeseesieene, 308
L O CK S et 312



Table of Contents

12.

13.

ATOMIC O PEIatiONS...oiciiii e 313
MOre Problem S .. 314
11-3.  Using Special Variables in Concurrent Programs.........ccccocevevveieennenn 317
Per-Thread Initial BindingsS.....cccoovviiiiiiieie e 319
Variables That Are Always Global......c.ccoooiiiii, 319
11-4.,  Communicating with Other Threads.......ccccccvvviieiiiice e 320
AEINATIVES .t 322
11-5. Parallelizing Algorithms Without Threads and LOoCKS..........ccoeeuee..e. 322
What the EXample D 0 €S ...cciiiviiii e 325
FINE-TUNING iiiieece e e 326
P B S et 326
ABINATIVES .t 330
11- 6. Determining the Number of Cores. ... 330
Error Handling and AVOTAANCEe ..o 333
12- 1. Checking Types at RUN T iM € ...cccooiieiiiiieiie e 333
AEINATIVES . 335
12-2. Adding Assertions t0 YOUr C O e ....cooueviiieiiiierie e 336
Disabling Assertions in "Production Code™".........cccceevvveiveicinenne 338
12-3.  Defining Your OWn CoNAitIONS.....coivuiiiiiiiiiieiieee e 338
How Conditions Are Printed ... 340
12-4. Signaling @ CoNAItION oo A1
Condition DesSigNatOrS....cccccie e 343
12-5. Handling ConditioNS.......ccveiieiiecic s 344
[GNOFING ETTO S it 349
12-6.  Providing and UsSiNg ReStartS......ccccccceeviveviieiie s 350
ViSIDIE R @STATTS ciiiiieicciccee e 34
Predefined RESTAITS......cccociiiiiiiccee e 355
12-7.  Getting Rid of Warning M €SSageS....ccccuviiririiinie e 356
12- 8. Protecting Code from Non-Local EXitS.......ccccoveviieviieiieiieie e 357
PWITH-" IMLACTOS it 360
ODJECtS, ClaSSS, T Y P S ciiiiieiieiie ettt ettt ettt nree e 361
S B 1= o [ o T IV = USRS 361
Compound Type SPECITIEIS. ..o 363
DEIIVEA TYPBS i iiiiii ittt ae s 365
13-2. USING ClasSeS AS T ¥ P S ittt 366
13-3.  Writing Methods for Built-In Classes ......ccccccevveveevieviesiccee e 367
13-4, Providing Constructors for Your C laSSesS.....ccccevveeiieeiieenneesie e, 369
13-5.  Marking SIots AS "Private ... 372
13-6. Changing the Argument Precedence O rder......cccccovevveiiviieeviecsvnenne. 374
13-7.  Automatically Initializing Slots on First U Sage.....ccccecvvniinninsinnnn 376
13-8. Changing and Redefining Classes onthe Fly .......cccoovivveiiecieiiennee, 377
Objects Changing Their ClassS.......ccoviiiiiniiiieeee e, 330
RedefiniNg C lasSSeS. i 381
13-9. Making Your Objects Externalizable..........cccoooiniiiinniiiiien 33



14.

Table of Contents

13-10. Using and Defining Non-Standard Method Combinations................ 385
ROIING YOUr OWN e 388
Arbitrarily Complex Method Combinations .........cccccoeceviviinenne. 389
13- 11. Extending and Modifying CLOS ... 391
What the eXample d 0 €S ..oovviiiiiicc e 393
[/O: Streams and FileS ..o 397
14- 1. RedireCtiNg STrEamM S e 397
Other Ways to DO It .....ooveiicece e 398
SYNONYM STrEAMIS...iiiiiiii it 399
14-2.  Flushing an OULPUL STream ...ccooieiiiiieieriece s 400
14-3. Determining the Size of @ File.....cccooviiiiiiii e 401
14-4. Reading aWhole File at ONCe.....ccoeiviiiiieceee s 402
AEINATIVES .o 404
14-5. Sending Data to Two Streams in Parallel ... 404
SYNONYM STrEAMIS....iiiiiiiiiiieie e 406
14-6. Sending Data to "/dev/null™ ... 407
14-7. Pretending a String 1S @ STream ... 408
MOFE DTATIS....eoiiiiieieece s 410
14-8.  Concatenating SIrEAMS  .....ccooieiiiieieieeie e e 411
14-9. Processing Text Files LINE DY L IN € ..ooovviieiiiiie e 412
What Happens at the End of a Line?.....cccoocveiievieiieiicciece 413
What Happens at the End of the File? ..., 414
14-10. Working with Binary D ata.......cccccceiiieiiii e 415
Reading or Writing Several Bytes at ONCe.......cccceevvvvvvevieeiieennnnn, 416
You Might Get Bigger Chunks Than You Asked For................ 417
14-11. Reading "Foreign” Binary D ata......ccccceviiiiniiiiicieseeneeee e 418
Floating-Point Values ......c.ccvoiiiii e 421
14-12. Using Random ACCESS | / O v 422
Different Characters May Have Different Lengths........cccccee... 424
14-13. Serializing LiSp O D JeCTS i 425
Shared STrUCTUTE oo 427
ISItReadabIe?. .o 428
Can This Be Done Faster, Pl8ASE? ... 429
What About JSON or Other FOrmats?......ccccovcvevenvvinnenenne v 430
14- 14. Customizing Stream B ehavior.....cciiiiieee 430
Pathnames, FIlES, D IrEC O TIES it iee et e e e e e e e e e e e e e eeas 435
15- 1 Getting and Setting the Current DIrectory......cccccoevvevvciecceciiecieennenn, 435
Shortcuts and D eViatioNS....cccvvviiiiiiciee e 437
15-2. Testing Whether a File E XIStS ..o 437
What ADOUL DIreCtOries?.....cciiiieee e e 439
15-3. Creating @ DITECTOTY .iiiiiiic et 439
Implementation-Specific AlternativesS.....ccoieiieiicniie e, 441
What Might GO W FONQ...ccoieiicciecee e 441
15-4. Finding Files Matching a Pattern ... 442



Table of Contents

16.

Xl

15-5.  Splitting a Filename into its Component P artsS......cccoceviveiiieniveiinnnnnns 445
15-6. ReNamiNg @ File ... 447
Implementation-Specific Alternatives........ccccvvevieiieiieceeecnnn, 449
Don't Expect "Move" Behavior! ... 449
15-7. DeletiNg @ File .. 450
What Does "Success” Mean ANYWaY?.....cccovverenieenenesieeniennenn, 451
15-8. Deleting @ DireCiOrY i 452
15-9. CopyiNg @ FIlE o 453
15-10. Processing the Contents of a Directory Recursively......ccccccooeivenenee. 454
The CL-FAD LiDrary ... 455
15-11. Getting the Pathname a Stream Is Associated With ............ccccccoene 456
15-12. Dealing with Symbolic LinKS.....cccooiiiiiiiii e 457
What If I Want the SymIinks?........ccoooviiiiinccien 459
15-13. Navigating a DIreCtOry T ...cciii it 459
15-14. Figuring Out (Source) File Locations Programmatically...................... 461
15- 15. Understanding Logical Pathnames.........ccccccveiievieiiciieie e 463
What Exactly Are Logical Pathnames?........cccoceviiiiiiiinnninnienne, 467
So, Maybe Logical Pathnames Aren't Totally Useless.................... 467
Developing and DebuGQiNg . ..coceiiiiieiiiieeeee s 469
16- 1 Embracing Lisp's Image-Based Development Sty le.......ccoevvnnnne. 469
The Role of the Source Code.......ccovvviiiiiniiiiee e, 471
16-2. Deciding WhiCh IDE t0 U S€.....ccceeiiiiieiie e 471
A Brief History of Emacs (As Seen from LisSp).....cccccevvvevveivnnnnnne. 474
AEINATIVES (7 ) oottt 475
16-3. Debugging with the Debugger.....ccoiic e, 475
Entering the Debugger Intentionally ..o, 478
WIthOUE SLIME ..o e 479
L0gging BaCKIraCes......cccccveiieeciicie et 480
16-4.  TraCing FUNCLIONS.....oiiiiiieiee e e 481
Graphical TraCiNg....coccceeiee e 483
16-5.  Stepping Through Your COde......cccevieiiiiie e 484
16-6. Acquiring Information About Functions, Macros, and Variables . . . 486
AcCCesSINg the HYPEISPEC ... 488
Cross-Reference INformation.......ccoccevevcveveii e, 489
16-7. Inspecting and Modifying (Compound) ODbjects.....c.cccocvvviniiiiicnnnne. 489
The SLIME INSPECION  ..ooiveiiiiiecie et 492
16-8. Browsing Your LiSp IM @ g € ..ccccviiieece e 492
ATTEINATIVES .. e 493
16-9.  "UNdoing"” DefinitioNS......ccieiiiiiiiii e 494
16-10. Distinguishing Your IDE'S Streams........ccccevvevieiiieciesie e 497
16-11. Utilizing the REPL'S M EMOTY ..ccuiciiiiiiciie e 499
IDE HiStOry FRATUIES ..oiiiiiieiieieecie e 500
16-12. Recording YoUr W O TK ....coiiece et 501



17 OPUIMIZATION ceiiiiiiiieeee ettt e b nre s 503
17-1.  Understanding the Importance of the Right Algorithms ................ 504
17-2.  Deciding Ifand Where to O ptimize ..o 505

INSTrUMENTATION . ... 508
Statistical Profiling ..o 510
Some Things Cannot Be Profiled......cccccviiiiiniiiiiie e, 512
Where t0 GO From H 1€ ..o 512
A Warning About Empirical Data .........cccooeiiiiiiiieiene 513
What DOES TIMED 07 ...viiiieiiieiie et 513
CPUS Can DECRIVE YOU  .ooveiiiieiiiiiieie ettt 513
17-3.  Asking the Compiler to O Ptimize....cccoviiiie i 515
Implementation-Defined Optimize QualitieS......c.ccccvevieiinnnnnne 517
Can | Have This Global, PIease? ..o, 517
Compilers Aren't Wizards.......cccoevevvevii i 518
17-4.  Obtaining Optimization Hints from the Compiler.....ccccviivenienne. 518
17-5. Helping the Compiler by Providing Type Information ................... 522
GeNEriC OPEratiONS....cciic e 525
B O XIN G it 525
HOW t0 DeClare T Y P S .o 526
The Scope of Type Declarations.........cccecovevveieeveeveeseccee e 527
Declaring the Return Type of FOIrm S...cccoocvevieiiecieciecie e 528
Type INTEIENCE oo e 528
PHEFATIS oo 529
17-6.  ReduCing "CONSING oot 529
"Consing” and the Heap ..o 532
Reusing Data StrUCTUIES....cccviiiiiieciere e 533
DesStructive FUNCTIONS ..o s 534
"HIAAEN" CONSING .ot 535
"Tuning" the Garbage Collector ..., 536
17-7.  Using the Stack Instead of the Heap .....cccoovevveveeiicc e 536
MUIEIPIE ValUES...coiiiie 540
17-8.  Optimizing Recursive FUNCTIONS......ccoivviiiiie e 542
17-9. Helping the Compiler with Alternative Implementation Strategies . 544
17-10. Avoiding Repeated ComputatioNS.......cccovvveiieiiieciie e 547
17-11. Avoiding Function Calls.......ccoiiiiiii e 549
Alternatives That Aren't Really Alternatives.......cccccoevvvieiiieenenn, 553
The NOTINLINE Declaration and Compiler M acros........c.cceeeue.. 553
17-12. Utilizing the Disassembler ... 553
17-13. Switching to Maching COd e .....cccevieeiiee e 556
Inline Assembly C 0d e ..o 557
17-14. OptiMIZING ATTAY A CCESS iiiiiiiiiiiiieeiieie et eriee e e steesie e e e sreessee e e sreennes 558
17-15. Comparing Different ImplementationS.......cccccvvveniinieniiniessesnieee 560

Table of Contents

X1



Table of Contents

R I ] o] U L PSSO URRTR TR 563
18-1.  Organizing YoUr COU € . ccociieiie e 563
COMPONENTS. .t 564
D ePeNUENCIES. .. 565
How Does ASDF Find System Definitions?.......ccccccecvevivevneiinenne. 567
Additional INTormation ... 568
What About the Names?.....cocviiiiieeeeese e 568
Advanced Usage Of ASDF ... 568
18-2.  Employing Open Source LibrarieS.....coiiieieniesiiniie e sie e sie e 569
Installing QUICKLISP........ccoiiiiiiieeeecee e 570
Using Quicklisp for Your Own Code.....cccovvveececiiiie e, 571
18-3.  Creating a Project's Skeleton Automatically.......c..cccocvevieiiiiiiiiinnnnne, 571
18-4.  Avoiding Wheel-ReinVention.........ccccceivei e iiie e 572
18-5.  Using Libraries to Write Portable Code ..., 574
18-6.  Utilizing Regular EXPresSions ......cccccoiiieiininieninieseseenie e 576
REOEX SY NTAX ettt 577
S AN S ettt 578
CONVENIENCE FRATUTIES ..viiiiiieiiciee e 579
Modifying and DisSecting Strings .....cccccevvrrinienneeneeseesee e 581
More INTOrmation ... e 581
18-7. Obtaining Data VIa HT TP ..cccvoiiieeeccee e 581
Parsing H T M L .oooiiii e 583
18- 8. Creating Dynamic Web SiteS With L ISP c.ccvvvveiiie e, 584
Generating HTIM L ..o 588
WED FrameW OrKS. ..o 589
19. Interfacing With Other LanguUagesS. ... ieiiriieiie e 591
19- 1. Calling C FUNCtions from L ISP .oocvevveiieiieiee e 592
How the FFI Finds and Loads Shared Libraries........c.ccccceevuennnenn. 594
How the FFI Calls C FUNCLIONS....cooiiiiiiiiiieeee e, 596
How the FFI Converts Between C and LiSp TYPES..cccocvvvvvvivrnnne 598
The "stdcall Problem™ . ..., 599
19-2.  WOorking With C P OINTEIS . coiiiiiiieiece e 600
TYPEA P OINTETS i 602
19-3.  Accessing and Generating C ATTAY S..ccoviiciieiieeiiieiiesiie e snesrae e e 604
GivINng C ACCESS t0 LISP ATTAY S .iiiiiiieiieiieiie e see e siee e 606
19-4.  Handling C Structs and UNIONS  ....cccociieiieiiece e 607
Passing StructsS DY ValUe ......ooovieiiiiiee e 611
19-5.  Converting Between Lisp and C StringsS.....ccccvvviinienneeiinneeseesieenens 611
19-6.  Calling Lisp Functions from C ..o 614
19-7. Generating FFl Code Automatically.......cccoonininiiinii 615
19-8.  Embedding Cin Common LisSp i 617
19-9.  Calling CH+ From LiSP .cveiiiiiieieeesie e 618
AUtomMating the PrOCESS ..o 620
ECL @Nd Clasp ..ottt 622

X1V



Table of Contents

19-10. Using Java fromM L ISP uvicviiiiieiieie e 622

ABINATIVES .t 625

19-11. Reading and Writing JSO N ....oooiiiiiiiciceeeeeeee e 628

19-12. Reading and Writing XML .....cooiiiiiiii e 631

19- 13, Using Prolog from Common Lisp .o 634

20. Graphical UsSer INTerTaCeS . coiiiiiii e 637

20- 1 Using a Web Browser as the GUI for Your Lisp Program ................... 638

What the EXample D 0€S...ccve e 641

20-2.  Building Applications with the "Lisp ToolKit"..........c.coooveiiiiiiiein 642

What the EXample D 0€S. ..o 645

20-3. Creating Common Lisp GUIsThrough Java.......ccccooviiiiiniiniinnnns 646

What the EXample D 0€S...ccccieiieiieiee e 648

A Better EXample ... 648

20-4. Using CAPI to Build Graphical User Interfaces.....c.ccoocvvvviniieennnnn, 652

What the EXample D 0€S...cccvviiieiie e 655

20- 5. Using Lisp on Mobile DEVICES  ...ccceevvveiiiiiciic e 657

A BTN ATIVES .ot 660

P = (S 1Y ] o o] TSRS RRTOP 661

21- 1 Serializing YOUr Data ......ccccoveiiieiie e 662

21-2.  Accessing Relational Databases........ccocvviieiiiiiiiiine e 664

21-3.  Keeping Your Database INR A M ... 668

21- 4. Using a Lisp Object Database.......ccccoveieiiiei i 672

22, The WOTId O UTSTA R ..iciieiieiiee ettt reene s 677

22- 1 Accessing EnvironmentVariablesS......ccoooiviiiiii e, 677

The Windows Registry and Application-Specific Settings . ... 679

22-2.  Accessing the Command-Line ArgumentS.....ccccevvevieenienieseesensieenns 679
22-3.  Querying Your Lisp for Information About Its Environment........... 680

22-4. Delivering Stand-Alone Executables........cccoooevieiiiiiecciccece e, 682

Delivering Programs with the Commercial LiSpsS.....ccccocviinennee. 685

22-5.  CUStOMIZING YOUI LISP  woiiiiiieciie et 685

SaAVING AN 1M @0 € oo 687

22-6.  Running EXternal ProgramsS......cccccoovieiiiciecie e 688

22-7. EMDEddiNg L ISP coueeieiiiieiiisie e 692

Creating Shared Libraries with LispWorks .....cccccecvevvecveinnenee. 694

Embedding ABCL inaJava Program........ccccceceviviieiieccecineenne. 695

22-8.  MEASUIING TIME ittt ne s 696

22-9.  Working with Dates and TIMES......ccuvvriiriiiiieiieeesee e 698

The Tocal-time LIDIary ..o 701

22-10. Working with the Garbage ColleCtor........ccooviiiiiiiniieeecie 703

FINAHIZEIS oo 705

00 =3 USSP PRSPPSO 709

XV



