


Ta ble of Contents

Preface .................................................................................................................. xvii

1: Introduction to Regular Expressions ...................................................... 1

Solving Real Problems ........................................................................................ 2

Regular Expressions as a Language ................................................................... 4

The Filename Analogy ................................................................................. 4

The Language Analogy ................................................................................ 5

The Regular-Expr ession Frame of Mind ............................................................ 6

If You Have Some Regular-Expr ession Experience ................................... 6

Searching Text Files: Egrep ......................................................................... 6

Egr ep Metacharacters .......................................................................................... 8

Start and End of the Line ............................................................................. 8

Character Classes .......................................................................................... 9

Matching Any Character with Dot ............................................................. 11

Alter nation .................................................................................................. 13

Ignoring Differ ences in Capitalization ...................................................... 14

Word Boundaries ........................................................................................ 15

In a Nutshell ............................................................................................... 16

Optional Items ............................................................................................ 17

Other Quantifiers: Repetition .................................................................... 18

Par entheses and Backrefer ences ............................................................... 20

The Great Escape ....................................................................................... 22

Expanding the Foundation ............................................................................... 23

Linguistic Diversification ............................................................................ 23

The Goal of a Regular Expression ............................................................ 23

vii

7 July 2006 21:51



viii Table of Contents

A Few More Examples ............................................................................... 23

Regular Expression Nomenclature ............................................................ 27

Impr oving on the Status Quo .................................................................... 30

Summary ..................................................................................................... 32

Personal Glimpses ............................................................................................ 33

2: Extended Introductor y Examples .......................................................... 35

About the Examples .......................................................................................... 36

A Short Introduction to Perl ...................................................................... 37

Matching Text with Regular Expressions ......................................................... 38

Toward a More Real-World Example ........................................................ 40

Side Effects of a Successful Match ............................................................ 40

Intertwined Regular Expressions ............................................................... 43

Inter mission ................................................................................................ 49

Modifying Text with Regular Expressions ....................................................... 50

Example: Form Letter ................................................................................. 50

Example: Prettifying a Stock Price ............................................................ 51

Automated Editing ...................................................................................... 53

A Small Mail Utility ..................................................................................... 53

Adding Commas to a Number with Lookaround ..................................... 59

Text-to-HTML Conversion ........................................................................... 67

That Doubled-Word Thing ......................................................................... 77

3: Over view of Regular Expression Features and Flavors ................ 83

A Casual Stroll Across the Regex Landscape ................................................... 85

The Origins of Regular Expressions .......................................................... 85

At a Glance ................................................................................................. 91

Car e and Handling of Regular Expressions ..................................................... 93

Integrated Handling ................................................................................... 94

Pr ocedural and Object-Oriented Handling ............................................... 95

A Search-and-Replace Example ................................................................. 98

Search and Replace in Other Languages ................................................ 100

Car e and Handling: Summary ................................................................. 101

Strings, Character Encodings, and Modes ...................................................... 101

Strings as Regular Expressions ................................................................ 101

Character-Encoding Issues ....................................................................... 105

Unicode ..................................................................................................... 106

Regex Modes and Match Modes .............................................................. 110

Common Metacharacters and Features .......................................................... 113

7 July 2006 21:51



Ta ble of Contents ix

Character Representations ....................................................................... 115

Character Classes and Class-Like Constructs .......................................... 118

Anchors and Other “Zero-Width Assertions” .......................................... 129

Comments and Mode Modifiers .............................................................. 135

Gr ouping, Capturing, Conditionals, and Control ................................... 137

Guide to the Advanced Chapters ................................................................... 142

4: The Mechanics of Expression Processing .......................................... 143

Start Your Engines! .......................................................................................... 143

Two Kinds of Engines .............................................................................. 144

New Standards .......................................................................................... 144

Regex Engine Types ................................................................................. 145

Fr om the Department of Redundancy Department ................................ 146

Testing the Engine Type .......................................................................... 146

Match Basics .................................................................................................... 147

About the Examples ................................................................................. 147

Rule 1: The Match That Begins Earliest Wins ......................................... 148

Engine Pieces and Parts ........................................................................... 149

Rule 2: The Standard Quantifiers Are Greedy ........................................ 151

Regex-Dir ected Versus Text-Dir ected ............................................................ 153

NFA Engine: Regex-Directed .................................................................... 153

DFA Engine: Text-Dir ected ....................................................................... 155

First Thoughts: NFA and DFA in Comparison .......................................... 156

Backtracking .................................................................................................... 157

A Really Crummy Analogy ....................................................................... 158

Two Important Points on Backtracking .................................................. 159

Saved States .............................................................................................. 159

Backtracking and Greediness .................................................................. 162

Mor e About Greediness and Backtracking .................................................... 163

Pr oblems of Greediness ........................................................................... 164

Multi-Character “Quotes” ......................................................................... 165

Using Lazy Quantifiers ............................................................................. 166

Gr eediness and Laziness Always Favor a Match .................................... 167

The Essence of Greediness, Laziness, and Backtracking ....................... 168

Possessive Quantifiers and Atomic Grouping ........................................ 169

Possessive Quantifiers, ?+, ++, ++, and {m,n}+ ......................................... 172

The Backtracking of Lookaround ............................................................ 173

Is Alternation Greedy? .............................................................................. 174

Taking Advantage of Ordered Alternation .............................................. 175

7 July 2006 21:51



x Table of Contents

NFA, DFA, and POSIX ....................................................................................... 177

“The Longest-Leftmost” ............................................................................ 177

POSIX and the Longest-Leftmost Rule ..................................................... 178

Speed and Efficiency ................................................................................ 179

Summary: NFA and DFA in Comparison .................................................. 180

Summary .......................................................................................................... 183

5: Practical Regex Techniques .................................................................... 185

Regex Balancing Act ....................................................................................... 186

A Few Short Examples .................................................................................... 186

Continuing with Continuation Lines ....................................................... 186

Matching an IP Addr ess ........................................................................... 187

Working with Filenames .......................................................................... 190

Matching Balanced Sets of Parentheses .................................................. 193

Watching Out for Unwanted Matches ..................................................... 194

Matching Delimited Text .......................................................................... 196

Knowing Your Data and Making Assumptions ...................................... 198

Stripping Leading and Trailing Whitespace ............................................ 199

HTML-Related Examples .................................................................................. 200

Matching an HTML Tag ............................................................................. 200

Matching an HTML Link ............................................................................ 201

Examining an HTTP URL ........................................................................... 203

Validating a Hostname ............................................................................. 203

Plucking Out a URL in the Real World .................................................... 206

Extended Examples ........................................................................................ 208

Keeping in Sync with Your Data ............................................................. 209

Parsing CSV Files ...................................................................................... 213

6: Crafting an Efficient Expression ........................................................... 221

A Sobering Example ....................................................................................... 222

A Simple Change—Placing Your Best Foot Forward ............................. 223

Ef ficiency Versus Correctness .................................................................. 223

Advancing Further—Localizing the Greediness ..................................... 225

Reality Check ............................................................................................ 226

A Global View of Backtracking ...................................................................... 228

Mor e Work for a POSIX NFA ..................................................................... 229

Work Required During a Non-Match ...................................................... 230

Being More Specific ................................................................................. 231

Alter nation Can Be Expensive ................................................................. 231

7 July 2006 21:51



Ta ble of Contents xi

Benchmarking ................................................................................................. 232

Know What You’r e Measuring ................................................................. 234

Benchmarking with PHP .......................................................................... 234

Benchmarking with Java .......................................................................... 235

Benchmarking with VB.NET ..................................................................... 237

Benchmarking with Ruby ........................................................................ 238

Benchmarking with Python ..................................................................... 238

Benchmarking with Tcl ............................................................................ 239

Common Optimizations .................................................................................. 240

No Free Lunch .......................................................................................... 240

Everyone’s Lunch is Differ ent .................................................................. 241

The Mechanics of Regex Application ...................................................... 241

Pr e-Application Optimizations ................................................................. 242

Optimizations with the Transmission ...................................................... 246

Optimizations of the Regex Itself ............................................................ 247

Techniques for Faster Expressions ................................................................. 252

Common Sense Techniques .................................................................... 254

Expose Literal Text ................................................................................... 255

Expose Anchors ........................................................................................ 256

Lazy Versus Greedy: Be Specific ............................................................. 256

Split Into Multiple Regular Expressions .................................................. 257

Mimic Initial-Character Discrimination .................................................... 258

Use Atomic Grouping and Possessive Quantifiers ................................. 259

Lead the Engine to a Match ..................................................................... 260

Unr olling the Loop .......................................................................................... 261

Method 1: Building a Regex From Past Experiences ............................. 262

The Real “Unrolling-the-Loop” Pattern ................................................... 264

Method 2: A Top-Down View ................................................................. 266

Method 3: An Internet Hostname ............................................................ 267

Observations ............................................................................................. 268

Using Atomic Grouping and Possessive Quantifiers .............................. 268

Short Unrolling Examples ........................................................................ 270

Unr olling C Comments ............................................................................ 272

The Freeflowing Regex ................................................................................... 277

A Helping Hand to Guide the Match ...................................................... 277

A Well-Guided Regex is a Fast Regex ..................................................... 279

Wrapup ..................................................................................................... 281

In Summary: Think! ........................................................................................ 281

7 July 2006 21:51



xii Table of Contents

7: Perl ................................................................................................................... 283

Regular Expressions as a Language Component ........................................... 285

Perl’s Greatest Strength ............................................................................ 286

Perl’s Greatest Weakness ......................................................................... 286

Perl’s Regex Flavor .......................................................................................... 286

Regex Operands and Regex Literals ....................................................... 288

How Regex Literals Are Parsed ............................................................... 292

Regex Modifiers ........................................................................................ 292

Regex-Related Perlisms ................................................................................... 293

Expr ession Context .................................................................................. 294

Dynamic Scope and Regex Match Effects ............................................... 295

Special Variables Modified by a Match ................................................... 299

The qr/˙˙˙/ Operator and Regex Objects ........................................................ 303

Building and Using Regex Objects .......................................................... 303

Viewing Regex Objects ............................................................................ 305

Using Regex Objects for Efficiency ......................................................... 306

The Match Operator ........................................................................................ 306

Match’s Regex Operand ........................................................................... 307

Specifying the Match Target Operand ..................................................... 308

Dif ferent Uses of the Match Operator ..................................................... 309

Iterative Matching: Scalar Context, with /g ............................................. 312

The Match Operator’s Environmental Relations ..................................... 316

The Substitution Operator .............................................................................. 318

The Replacement Operand ...................................................................... 319

The /e Modifier ........................................................................................ 319

Context and Return Value ........................................................................ 321

The Split Operator .......................................................................................... 321

Basic Split ................................................................................................. 322

Retur ning Empty Elements ...................................................................... 324

Split’s Special Regex Operands ............................................................... 325

Split’s Match Operand with Capturing Parentheses ............................... 326

Fun with Perl Enhancements ......................................................................... 326

Using a Dynamic Regex to Match Nested Pairs ..................................... 328

Using the Embedded-Code Construct ..................................................... 331

Using local in an Embedded-Code Construct ..................................... 335

A War ning About Embedded Code and my Variables ............................ 338

Matching Nested Constructs with Embedded Code ............................... 340

Overloading Regex Literals ...................................................................... 341

Pr oblems with Regex-Literal Overloading .............................................. 344

7 July 2006 21:51



Ta ble of Contents xiii

Mimicking Named Capture ...................................................................... 344

Perl Efficiency Issues ...................................................................................... 347

“Ther e’s Mor e Than One Way to Do It” ................................................. 348

Regex Compilation, the /o Modifier, qr/˙˙˙/, and Efficiency ................... 348

Understanding the “Pre-Match” Copy ..................................................... 355

The Study Function .................................................................................. 359

Benchmarking .......................................................................................... 360

Regex Debugging Information ................................................................ 361

Final Comments .............................................................................................. 363

8: Java .................................................................................................................. 365

Java’s Regex Flavor ......................................................................................... 366

Java Support for \p{˙˙˙} and \P{˙˙˙} .................................................... 369

Unicode Line Ter minators ........................................................................ 370

Using java.util.regex ........................................................................................ 371

The Pattern.compile() Factory ............................................................. 372

Patter n’s matcher method ..................................................................... 373

The Matcher Object ........................................................................................ 373

Applying the Regex .................................................................................. 375

Querying Match Results ........................................................................... 376

Simple Search and Replace ...................................................................... 378

Advanced Search and Replace ................................................................ 380

In-Place Search and Replace ................................................................... 382

The Matcher’s Region ............................................................................... 384

Method Chaining ...................................................................................... 389

Methods for Building a Scanner .............................................................. 389

Other Matcher Methods ........................................................................... 392

Other Pattern Methods ................................................................................... 394

Patter n’s split Method, with One Argument ........................................... 395

Patter n’s split Method, with Two Arguments ......................................... 396

Additional Examples ....................................................................................... 397

Adding Width and Height Attributes to Image Tags .............................. 397

Validating HTML with Multiple Patterns Per Matcher ............................. 399

Parsing Comma-Separated Values (CSV) Text ......................................... 401

Java Version Differ ences ................................................................................. 401

Dif ferences Between 1.4.2 and 1.5.0 ....................................................... 402

Dif ferences Between 1.5.0 and 1.6 ......................................................... 403

7 July 2006 21:51



xiv Table of Contents

9: .NET .................................................................................................................. 405

.NET’s Regex Flavor ......................................................................................... 406

Additional Comments on the Flavor ....................................................... 409

Using .NET Regular Expressions ..................................................................... 413

Regex Quickstart ...................................................................................... 413

Package Overview .................................................................................... 415

Cor e Object Overview ............................................................................. 416

Cor e Object Details ......................................................................................... 418

Cr eating Regex Objects .......................................................................... 419

Using Regex Objects ............................................................................... 421

Using Match Objects ............................................................................... 427

Using Group Objects ............................................................................... 430

Static “Convenience” Functions ...................................................................... 431

Regex Caching .......................................................................................... 432

Support Functions ........................................................................................... 432

Advanced .NET ................................................................................................ 434

Regex Assemblies ..................................................................................... 434

Matching Nested Constructs .................................................................... 436

Capture Objects ..................................................................................... 437

10: PHP ................................................................................................................ 439

PHP’s Regex Flavor ......................................................................................... 441

The Preg Function Interface ........................................................................... 443

“Patter n” Arguments ................................................................................. 444

The Preg Functions ......................................................................................... 449

pregRmatch ........................................................................................... 449

pregRmatchRall .................................................................................. 453

pregRreplace ....................................................................................... 458

pregRreplaceRcallback .................................................................. 463

pregRsplit ........................................................................................... 465

pregRgrep .............................................................................................. 469

pregRquote ........................................................................................... 470

“Missing” Preg Functions ................................................................................ 471

pregRregexRtoRpattern .................................................................. 472

Syntax-Checking an Unknown Pattern Argument .................................. 474

Syntax-Checking an Unknown Regex ..................................................... 475

Recursive Expressions ..................................................................................... 475

Matching Text with Nested Parentheses ................................................. 475

No Backtracking Into Recursion .............................................................. 477

7 July 2006 21:51



Ta ble of Contents xv

Matching a Set of Nested Parentheses .................................................... 478

PHP Ef ficiency Issues ...................................................................................... 478

The S Pattern Modifier: “Study” ............................................................... 478

Extended Examples ........................................................................................ 480

CSV Parsing with PHP ............................................................................... 480

Checking Tagged Data for Proper Nesting ............................................. 481

Index ..................................................................................................................... 485

7 July 2006 21:51



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


