Table of Contents

Preface ..o XV
1: Introduction to Regular EXPressions ... |
folving Real Problems ... s 2
fegular EXpressions as @ LANQUAGE ... 4
The Filename ANalogy ... 4
The Language ANalogy ... 5

"h e Regular-Expression Frame of Mind ..., 6
Searching Text Files: EQrep ... 7
TEgrep MetacharaCters ... 8
Start and End of the LiNe ... 8
CharaCter CIASSES ......cceieieiereieieieieieierereiererereiereresebeserereresesesereseneberesesesenesenas 9
Matching Any Character-DOt ... 11
AREINALION ..ottt 12
Word BOUNAIIeS ..ot 14

IN @ NUESHEIl e 15
OPLIONAL ITEBIMS ...viviiiiiiiiiiieteee e 16
Other Quantifiers: Repetition ... 17
Ignoring Differences in Capitalization ... 18
Parentheses and Backreferences ... 19
The Great ESCAPE ..o 20
|Expanding the FOUNAtioN ... 21
Linguistic DIVErSIfication ... 21
The Goal of a Regular EXPression ... 21

A Few More EXamPIES ... s 22

v



Vi Table Of Contents

Regular Expression NOMENCIAtUre ............ccccocoveeieeereeereeceeeseeeeeennn, 24
Improving on the Status QUO ............c.cc.ooceieieeeeeee e 26
SUMMAIY ittt 28
Personal GIIMPSES ......c.ccieiiiiciee ettt bbb s 30
2: Extended Introductory EXamples ..., 31
About the EXAMPIES ...........ccoooiiiiiiieiieiecess s 32
A Short Introduction to Perl ... 33
Matching Text with Regular EXPressions ... 34
Toward a More Real-World Example ..o 36
Side Effects of a Successful MatCh ... 36
Intertwined Regular EXPresSions ...........cocoviiiessssssss s 39
INTEIMISSION ...ttt 43
Modifying Text with Regular EXPresSions .......c..cccoooicienrneeneneseeneneneenens 45
Automated EditiNg .......ooeeeiiiiiie s 47

A Small Mail ULITITY .ooooveeeiiieceeeeeeeeesee e esssesesenas 48
That Doubled-Word ThiNg ..ottt 54

31 Overvieu| of Regular Expression Features and Flavors . 59

A Casual Stroll Across the Regex LandSCape ............cooooeeeereerereereeesreseernnens 60
The World According to GIep .......cccoovvviisrssssssssesssese s 60
The Times They Are a Changin' ..ot et e 61

AL A GIANCE ... et 63
POSIXD ©.vvvetitetetetetetetetete ettt sttt bbbttt s bbbt es sttt et e sttt e s s s 64

Care and Handling of Regular EXPreSSioNnS ...........cccoooeeevseeeeesseeseesseenenn, 66
1dentifying @ REGEX ..o 66
Doing Something with the Matched Text ..., 67
Other EXAMPIES ......cooiiieiiicecceeee ettt b s 67
Care and Handling: SUMMArY ..o, 70

Engines and Chrome Finish ... 70
Chrome and APPEAIANCES ......ccoerirererieiirirerieieereseiese e seseeeens 71
ENgines and DIIVEIS ........cccccoviiieiiiicessessietes et 71

Common MetaCharaCters ............ooeoiiiieeieeeeeeeeeeee e 71
Character Shorthands ..o 72
Strings as Regular EXPreSSioNS ........c.ccccovrrrnnnssssisssssssssesssssssssssnns 75
Class Shorthands, Dot, and Character Classes .......cccoceoeonrneienrneenene 77
ANCNOTING ettt et 81
Grouping and RetrieViNg ..........cccccccvviieiicee e 83
QUANLITIEIS ot s st 83



Table Of Contents

vit

ARENAtION v

Guide to the Advanced Chapters ................
Tool-Specific Information .....................

4: The Mechanics of Expression Processing

Start Your Engines! .......cccoevvvevieineneeenn,
Two Kinds of ENgines .......c.cccceevveiviienas
New Standards .......cceeeennreienrnneene
Regex Engine TYPES ....ccccvevvviriereene,
From the Department of Redundancy

Match BasSiCS ....ccoveeririririniineee e
About the Examples ......cccoevvcvnnennne,
Rule 1: The Earliest Match Wins

Regex-Directed vs. Text-Directed ...............
NFA Engine: Regex-Directed .................
DFA Engine: Text-Directed ........cccce.e.e.

The Mysteries of Life Revealed .............

Backtracking .....cccccoeeeieininnincc e
A Really Crummy Analogy .........cccee.e.
Two Important Points on Backtracking
Saved States ......cccoeererriinniereeas
Backtracking and Greediness ...............

More About Greedingss ......ccccoveeereieneens

Problems of Greediness .........cccecovuenne

Multi-Character “Quotes” ........cccoveen.
LAZINESS? eevieeiireeiiriee e

Department ...,

The “Transmission” and the Bump-Along ...,
Engine Pieces and Parts ........c.cccevueneee
Rule 2: Some Metacharacters Are Greedy

Greediness Always Favors a MatCh. ...

Is Alternation Greedy? ......ccccovvvvrnene
Uses for Non-Greedy Alternation ........
Greedy Alternation in Perspective ......
Character Classes vs. Alternation .........

NFA, DFA, and POSIX .o
“The Longest-Leftmost” ......cccovivvvnnnnn.

POSIX and the Longest-Leftmost Rule
Speed and Efficiency ...
pFA and nea in Comparison .

84
85
85

87
87
88
88
90
90
91
91
92
93
94
99
99
100
101
102
102
103
104
106
108
108
109
110
110
112
113
114
115
115
115
116
118



vl

Table of Contents

Practical Regex TeChniQUES ...............ccccooiiiiiiiiiiii e 121
Contributing Factors ..............cccccoiii e 121
Be Specific ..., 122
Difficulties and Impossibilities ... 125
Watching Out for Unwanted MatChes ,......rvevoroiiieyyyyeereannn 127
Matching Delimited TeXt ... 129
Knowing Your Data and Making Assumptions ....................cccccoco.. 132
Additional Greedy Examples .............cccceoiiiin, e , 132
SUMIMANY ..ot TP . 136
Match Mechanics SUMMAIY ..........ccoooiiiii 136
Some Practical Effects of Match Mechanics ................... ey ., 137
Crafting a Regular EXPression ...................... 139
A Sobering EXample ... 140
A Simple Change-Placing Your Best Foot Forward ..,,..................o.... 141
More Advanced-Localizing the Greediness .......... P TTPPT 141
Reality Check ... 144
A Global View of Backtracking ............................. Frrarreeerrrr g, 145
More Work for a POSIX NFA ... 147
Work Required During a Non-Match .................coccoiiiiii 147
Being More SPecific ...........coooiiii TP TR 147
Alternation Can Be EXPENSIVe ..., TP , 148
A SIrONG Lead ..o 149
The Impact of Parentheses .i.............ccccccc 150
Internal Optimizations .................. PP PP e 154
First-Character Discrimination ... 154
Fixed-String Check .............ccoccoii 155
Simple RePetitioN ..ot 155
Needless Small Quantifiers ..,............... PP PPT 156
Length COgNIZANCE .. .........oocvii e 157
Match COgnIZANCE ............ooiiiiiie 157
Need COgNIZANCE .......cooiiiiiiiiie 157
String/ZLine ANCROIS ..o 158
Compile Caching ............ccccoiiiiiii 158
Testing the ENGiNe TYPE ..ovvvvviiriieiieine s s ey e eeeeneenn 100
Basic NFA vs. DFA TESTING ....ocooiiiiiii i 160
Traditional NFA vs. POSIX NFA TeStING ...ooooiiiiiiiiii 161
UNrolling the LOOP ... 162
Method 1: Building a Regex From Past Experiences ............. e 162



Table of Contents tx

The Real “Unrolling the Loop” Pattern ... 164
Method 2: A TOP-DOWN VIEW ...ccoiviiiiiiiriee e 166
Method 3: A Quoted Internet HOSINAME ......oovereeiieiineineiee e 167
ODSEIVALIONS ..ottt 168
UNrolling C COMMEBNTS .....oouiiiiieiiiei e 168
Regex Headathes ... 169

A NAIVE VIBW i s 169
UNrolling the C LOOP ..o 171
The Freeflowing REGEX ..ottt 173
A Helping Hand to Guide the Match ..., 173

A Well-Guided Regex is @ Fast REEX ....cccvvieiniieiiiineiesseeieas 174
WIAPUD ottt bbb bbb b 176
THINK, ot 177
The Many Twists and Turns of Optimizations ..., 177

61 Tool-Specific INfOrmation ... 181
Questions You Should Be ASKING .....coeiiririieiniirieireeeses e 181
Something as Simple as Grep| ..., 181

IN ThiS CRAPLEE ..ot 182
AWK ottt ettt ettt teras 183
Differences Among Awk Regex Flavors ..., 184
Awk Regex Functions and OPErators ..., 187
TCl s 188
Tcl RegeX OPEIraNdS .....ocooiicieiririeieirerisie ettt e 189
Using Tcl Regular EXPressions .......cccovceeniseenssseenssssssessssssesenns 190

Tcl Regex OPtiMIZationS ........oocenirreiireeeeee e 192
GNU EMACS it 192
Emacs Strings as Regular EXPreSSiONS .......ccccooeoireienennenseneiesieesieens 193
EMaAcs’s REGEX FIAVOr ......ccoccciiiiiicece e 193
EMAcs MatCh RESUILS ...ooveoiiviriiiiiciiieises et 196
Benchmarking in EMACS ..o 197
Emacs Regex OPLIMIZALIONS ...o.eerrerrerrrrerrereereeneeneseeeeseessssssesseesesssnssesens 197

71 Perl Regular EXPresSSions ..., 199
THE PEITWAY ..o 201
Regular Expressions as a Language Component ..........coevvviienennne, 202
Perl’s Greatest Strength ... 202
Perl’s GreateSt WEAKNESS .....cccovvcirieirieninienieie ettt 203

A Chapter, a Chicken, and The Perl Way ..o 204



Table Of Contents

An Introductory Example: Parsing CSV Text ..., 204
Regular Expressions and The Perl Way ... 207
Perl Unleashed ... 208
Regex-Related PerliSms ... 210
EXPression  CONEXE .ottt 210
Dynamic Scope and Regex Match Effects ..., 211
Special Variables Modified by a Match ..., 217
“Doublequotish| Processing” and Variable Interpolation ...........c.c.c...... 219
Perl’s RegeX FIAVOL ... s 225
Quantifiers-Greedy and Lazy ... 225
GrOUPING oo 227
SEHNG ANCNOIS e 232
MUIti-MACh ANCNOE .eiiiiiiee e 236
WOPrd ANCROIS .o 240
Convenient Shorthands and Other NOtations ..........cccoeivniciiiinnnns 241
Character ClaSSES ........cciiciiiiiciiiiens e s 243
Modification with \Q and Friends: True LieS ..o, 245
The MatCh OPEIratOr ....ccooeiiiiiireeiere e 246
Match-Operand Delimiters ... 247
MatCh MOGIfIEIS .eeeeiiiiitieei e 249
Specifying the Match Target Operand ..., 250
Other Side Effects of the Match Operator ... 251
Match Operator Return Value ... 252
Outside Influences on the Match Operator ..., 254
The Substitution OPEratOr .......ccooiirriiei et 255
The Replacement Operand ... 255
The /e MOAIFIBE oo 257
Context and Return ValUue ... 258
Using /g with a Regex That Can Match Nothingness ... 259
The Split OPErator ..o 259
BaSiC SPHL oo e e 259
AAVANCEA SPHT c.ovevciiiici 261
Advanced Split’s Match Operand ..o 262
Scalar-Context SPHL oo 264
Split's Match Operand with Capturing Parentheses ..., 264
Perl EffiCIENCY ISSUBS .ottt 265
“There’s More Than One Way to DO It” ..o, 266
Regex Compilation, the /o Modifier, and Efficiency ... 268

Unsociable $& and Friends ... . ettt eeneen 273



Tablel Of Contents

Xi

The Efficiency Penalty of the /i Modifier ..................cooc, 278
Substitution Efficiency Concerns .................cccccciiiiinn, e 281
Benchmarking ... 284
Regex Debugging Information ..., 285
The Study FUNCLION ... 287
Putting It All TOGEtNEr ...t 290
Stripping Leading and Trailing Whitespace .....................cccccceein v 290
Adding Commas to a NUMDEIr .., i, 291
Removing C COMMENTS ..o 292
Matching an Email Address ..............ccccccoviiiiii, e 294
Final Comments .......................... PP 304
Notes for Perld .................... O OO PO PP PSP PPPPRRPPPPY 305

Al ONlINE INfOrmation ..o 309



