Contents

1 Introduction 33
1.1 Why Did We Write This BOOK? .........cccoouummmnrennrrnsreesssssssssssesnnnnn 33
1.2 What Does This Book Provide? 34
1.3 Structure of the Book ... 34
1.4 How Should You Read This Book? 35
1.5 Sample Programs 36
1.6 Preface To the First English Edition (2022) ... 36
1.7 Acknowledgments 37
2 The Python Programming Language 39
2.1 History, Concepts, and Areas of Application ..., 39
211  History and Origin 39
212 BasiC CONCEPES wvviverrrscvssmiscsssmsisssissassssssssans 40
213 Possible Areas of Use and Strengths 41
214 EXAMPIES OF USE ..ooooeeercrrrcrrnmssiscssnessssssasssssesecsesssssssssmssassssssssssssssssssssss 42
2.2 Installing Python 42
22.1  Installing Anaconda on Windows 43
2.2.2  Installing Anaconda on Linux 43
223  |Installing Anaconda on macOS ........ 44
2.3 Installing Third-Party Modules 45
2.4 USING PYERON ...t 45
Part| Getting Started with Python
3  Getting Started with the Interactive Mode 49
3.1 Integers 49
3.2 FIO@LS ... eee b1 AR R 51
3.3  Character Strings 51

Bibliografische Informationen
https://d-nb.info/1260567850

digitalisiert durch


https://d-nb.info/1260567850

B8 LISES oot RR RS R0 52
3.5 DHCHIONAMIES .....ooorivtttctirises st sessssssesssesesssssessssisessssesessssssessasssesasessssresss 53
38 VALHADIES .....ooovocreerenrnsncesssessesssssssssssssss sttt st ssssssaressnsssenenes 54
3.6.1  The Special Meaning of the UNderscore ... memsmssesscseeens 54
3.6.2 Identifiers ..... 55
3.7 LOBICAl EXPreSSIONS ...............cocimmimmmmmmmmmmmesesiissssssessnsssessssensssesssessesssssssssssmsssssssssesssessssssssss 55
3.8 Functions and Methads ... 57
3.81  Functions ... 57
3.8.2  MELNOAS oottt sieiinssesssinsssse s sssssss s seses s sessenesssssssassesssssaes 58
3.9 Screen Outputs 59
3.10 Modules 60
4 The Path to the First Program 63
4.1 Typing, Compiling, and Testing 63
411  Windows ... 63
412  Linuxand macOS 64
4.1.3  ShEDANEG .ttt st 65
414  INtErNAl PrOCESSES ....oucciveeemmenseisscimmsssisssesesassssissssssansssissssssssssssssssssssssesssssssss 65
4.2 Basic Structure of a Python Program ... 66
421  Wrapping Long Lines 68
422  Joining Multiple Lines 69
4.3 The First Program 70
431 Initialization 71
432  Lloop Header .. 71
433  Loop Body . 71
434  Screen QULPUL ... snees 72
B4 COMMENLS ...t s R s R e b 00 72
8.5 [N CASC OF EITON ...ooororeasiiennsesssnecesessscesssssssssssssssssssssssssssessssssssssss s msssssssassssssses 72
5 Control Structures 75
5.1 Conditionals ... 75
51.1 Theif Statement ... 75
5.1.2  Conditional Expressions 78




B2 LOOPS oottt sisss s sssssssss st s s st ss R R R R AR50 79
521  The Whil@ LOOD ..ovreureenreccriinsrerisssnnsisnneensssssesessssssssssssssssnss 79
5.2.2  Termination of @ LOOP ....ccuerremecerinsceessnsessmsssersens 80
5.2.3  Detecting a LoOp Break ........ccminncriissecssisssssssinisssisssssnsssssssens 81
5.2.4  Aborting the Current Heration ..., 82
5.2.5  THe fOr LOOP cocvcvuemreimnreimiceiiesesnicsesssessnmssssssssssssnsnessesassens 84
5.2.6  The for Loop as a Counting Loop .......... 85
5.3 Thepass Statement ... iresenissssesssssssssssesssssssssssssssssssissesssis 87
5.4 Assignment Expressions 87
5.4.1  The Guessing Numbers Game with Assignment Expressions ............... 89
6 Files 91
6.1  Data Streams ... s aes 91
6.2 Reading Datafrom aFile ... 92
6.21  Opening and Closing a File 92
6.2.2  The with Statement .... 93
6.2.3  Readingthe File CONteNt ...t sssssssens 94
6.3  Writing Data to a File 96
6.4  Generating the File Object ...............cennscscrcsnesssismsisssssssssssssns 97
6.41  The Built-In open Function ........ 97
6.4.2  Attributes and Methods of a File Object ........cvicicneccrvsnccrriissnnens 99
6.4.3  Changing the Write/Read Position 100
7 The Data Model 103
7.1  The Structure of Instances .................. 105
7.11 DataType 106
702 VAIUE i sssssssessssssssmssssssssssssssssiass s sssmssssssssassanssssss 107
7.1.3  lIdentity ... 108
7.2  Deleting References 109
7.3  Mutable versus Inmutable Data Types ... 111




8 Functions, Methods, and Attributes 115

8.1 Parameters of Functions and Methods ........................ 115
81.1  Positional Parameters . . 116
812  Keyword Arguments 116
8.1.3  Optional Parameters ....... - 117
814  Keyword-Only Parameters 117
8.2 Attributes ... 118
9 Sources of Information on Python 119
9.1 The Built-In Help Function ... . 119
9.2 The Online Documentation 120
9.3 PEPs 120

Part Il Data Types

10 Basic Data Types: An Overview 125
10.1 Nothingness: NoneType ... 126
10.2 Operators 127

10.2.1 Operator Precedence 127

10.2.2 Evaluation Order . 129

10.2.3 Concatenating Comparisons 129
11 Numeric Data Types 131
11.1 Arithmetic Operators 131
11.2 Comparison Operators 133
11.3 Conversion between Numeric Data Types 134
11.4 Integers:int 135

1141 Numeral Systems 135




11.4.2  Bit OPErations ....nciicesecsscsssimessisssssessssssossssssssssssnes 137
1143 Methods ..., 141
11,5 FIOALS: FIOAE ... ssesssssessssssssssssssssmesssssssssssssssesssssses 141
11.5.1 Exponential Notation 142
11.5.2  Precision ... 142
11.5.3 Infinite and Not a Number 143
11.6 Boolean Values: bool 144
11.6.1 Logical Operators .........cisivsionns 144
11.6.2 Truth Values of Non-Boolean Data Types 146
11.6.3 Evaluating Logical Operators ............ 148
11.7 Complex Numbers: complex 149
12 Sequential Data Types 153
12.1 The Difference between Text and Binary Data 153
12.2 Operations on Instances of Sequential Data Types .............cneccee. 154
122.1 Checking for Elements 155
12.2.2 Concatenation 157
12.2.3 Repetition 158
12.2.4 Indexing 159
12.2.5 Slicing 160
12.2.6 Length of a Sequence 164
12.2.7 The Smallest and the Largest Element 164
12.2.8 Searchingforan Element . 165
1229 Counting Elements 166
12.3 The list Data Type ... 166
1231 Changing a Value within the List: Assignment via [] ......oonincnn. 167
12.3.2 Replacing Sublists and Inserting New Elements: Assignment via [] ..... 167
1233 Deleting Elements and Sublists: del in Combination with [] ......cc....... 168
1234 Methods of list Instances 169
12.3.5 Sorting Lists: s.sort([key, reverse]) 171
12.3.6  Side EffECtS ...oovvcveeccrirrrieccisisceicssisiss s csssssssssssssssssasssssissssssssssssssssnss 174
12.3.7 List Comprehensions ... 177
12.4 Immutable Lists: tuple ... 179
1241  Packing and UNPacKiNg ....ccvwvmmneesssssssssmnssssssssssssssssssssssssssssssssssns 179
1242 Immutable Doesn’t Necessarily Mean Unchangeable! ..., 181



12.5 Strings: str, bytes, DYtEArray ... ssesmsssisisssssss 182
1251 CONLIOl CRATACLELS ....veeriieeiieiniestsesccesiasssscssasssssscssas s sssssssessssssssensss 185
12,52 SEHNG MELROMS .....oovvvvumicicscccssscsssissssssmssesessssassismsssssssssossesssssesssse 187
1253 Formatting Strings ........ 196
12.5.4 Character Sets and Special Characters ..........orsccrremmsesmnssseenss 207
13 Mappings and Sets 215
13.1 Dictionary: dict ...........coomccnmnrrniiissnssssssesessssssssssssissssanens 215
1311 Creating a Dictionary ... ssssssnnssssssassnees 215
13.1.2  Keys and Values ......ccririrunns 216
1313 HEration . sisinesiesissssissssissiiaee 218
13.1.4  Operators ...neinnernesesesisssissenens 219
1315 MELROAS oot sesisssessesssssss i sss s sessas st sasesssssssssss s 221
13.1.6  Dict COMPIENENSIONS ... sssasssssssssssssssssssess 227
13.2 Sets: set and frozenset ... 227
1321 Creating @ Set s 228
1322 HETatioN ieccerctiinescsnsiscinsssenissesesssssssssssssessssessssssssssseses 229
13.2.3 Operators ....cenennns 230
1324 MELNOAS .ottt sesess s sssssssssss s sssssssssassssssssessssssssesassnss 235
13.2.5  Mutable Sets: Set ... icciistisisssisiecssissssniassssssriassssssiasies 236
13.2.6 Immutable Sets: frozenset 237
14 Collections 239
14.1 Chained Dictionaries ....................... 239
14.2  Counting FrEQUENCIES ... sscssssssssssssssssssssssasssssassssssnss 240
14.3 Dictionaries with Default Values 242
14.4 Doubly Linked Lists 243
14.5 Named Tuples ... 245




15 Date and Time 247

15.1 Elementary Time Functions—time ...... 247
15.1.1 The struct_time Data Type .......conmmmnecceseenns 248
15.1.2  CoNStants ... 249
1513 FUNCLIONS .oontictissnssssvassissnissssissssessssssmassssssmssssssssassessmsssssssssssmisassesnne 250
15.2 Object-Oriented Date Management: datetime ..., 254
15.2.1 datetime.date ......ocnecceniensneeerssecserinns 255
15.2.2  datetimetime ...t sessisssessesisssssssn .. 256
15.2.3 datetime.datetime .....coccvccnnecccrirnnnnne 257
15.2.4 datetimetimedelta ... sesssesi s sesnsans 259
15.2.5 Operations for datetime.datetime and datetime.date ..........cccccccesrvene. 262
15.3 Time Zones: Zoneinfo ..........cceveevccessrsrsccccrnnn 263
15.3.1 The IANA Time Zone Database ... . 263
15.3.2  Specifying the Time in Local Time ZONnes .......msismnssinins 265
15.3.3 Calculating with Time Indications in Local Time Zones ........cccoouucevuunenne 265
16 Enumerations and Flags 269
16.1 Enumeration Types: enum 269
16.2 Enumeration Types for Bit Patterns: flag ... 271
16.3 Integer Enumeration Types: IntEnum ... 272

Part lll Advanced Programming Techniques

17 Functions 277
17.1 Defining a Function 278
17.2 Return Values . 280
17.3 Function Objects 282
17.4 Optional Parameters ... 282
17.5 Keyword Arguments 283

17.6 Arbitrarily Many Parameters ...........eerrccrccesmmmmmmsesssessssssssssssessssnsssssess 284



17.7 Keyword-Only Parameters

17.8 Positional-Only Parameters ...........coriveerurnnn.

17.9 Unpacking When Calling a Function ...........

17.10 Sid@EFfCtS ..........ooooeveertee s eeeseeesesssens

17.11 Namespaces

17.11.1 Accessing Global Variables: global

17.11.2 Accessing the Global Namespace
17.11.3 Local Functions ...

17114 Accessing Parent Namespaces: nonlocal

17.11.5 Unbound Local Variables: A Stumbling Block

17.12 Anonymous Functions ..

17.13 Recursion ........eecenseresesssnne.

17.14 Built-In Functions ...........................

17.141  abs(X) e

17.14.2  all(iterable) ... cerercrssenssirieeesssiriessennsinns

17.14.3 any(iterable) .........

17.14.4 ascii(object) ...

170145 BIN(X) cooecorccnerevnremminsccseessssssenmssessesssssssasmnssssssssssssens

17.14.6  bool([x]) ....

17.14.7 bytearray([source, encoding, errors])
17.14.8 bytes([source, encoding, errors))

17.149 chr(i) .

17.14.10 complex([real,imag]) .......

17.14.11 dict([source]) ...

17.14.12 divmod(a, b)

17.14.13 enumerate(iterable, [start]) ...

17.14.14 eval(expression, [globals, locals])
17.14.15 exec(object, [globals, locals])

17.14.16 filter(function, iterable) .......
17.14.17 float([x]) ......

17.14.18 format(value, [format_spec])

17.14.19 frozenset([iterable]).

17.14.20 globals()

17.14.21 hash(object) ....
17.14.22 help([object]) ......cwwwrreerrereveriresessmsmsesesnssnnne

17.14.23 hex(x) .
17.14.24 id(object) .....

17.14.25 input([prompt])

17.14.26 int([X, BASE]) coemrrrcrerrrrreeerrrennnrerrnssreennssssssaenes

286
287
288
290

293
293
294
295
296
297

299
300

300
304
304
305
305
305
306
306
307
307
307
308
309
309
309
310
310
311
311
311
312
312
313
313
313
314
314



17.14.27 len(s) 315
17.14.28 list([sequence]) 315
17.14.29 locals() e R bR bA AR bR 315
17.14.30 map(function, [*iterable]) ..o 316
17.14.31 max(iterable, {default, key}), max(argl, arg2, [*args], {key}) .....ccccccc.... 317
17.14.32 min(iterable, {default, key}), min(argl, arg2, [*args], {key}) .ccoceurrrruee. 318
17.14.33 oct(x) 318
17.14.34 ord(c) 318
17.14.35 pow(x,y, [z]) 318
17.14.36 print([*objects], {sep, end, file, flush}) 318
17.14.37 range([start], stop, [SEP]) cuuemmecrrcererresserssssisesnsnssssesssssssssmsmnisssssssssesses 319
17.14.38 repr(object) ... 320
17.14.39 1EVErSEA(SEQUENCE) w.ccrumuuemmsummermassmsssessassssssssesssassssssssssssssssssssssssssasssssssssssssssssss 320
17.14.40 round(x, [n]) 321
17.14.41 set([iterable]) 321
17.14.42 sorted(iterable, [key, reverse]) 321
17.14.43 str([object, encoding, errors]) 322
17.14.44 sum(iterable, [start]) 323
17.14.45 tuple([iterable]) ...... 323
17.14.46 type(object) 323
17.14.47 zip([*iterables], {strict}) 324
18 Modules and Packages 325
18.1 Importing Global Modules ... 326
18.2 Local Modules 328
18.2.1  Name Conflicts ....cccccvvrrenrrennne. 329
18.2.2  Module-Internal References 330
18.2.3  Executing Modules ... isnncnssinnsisisssssssssnsnnen 330
18.3 Packages 331
18.3.1  Importing All Modules of a Package ... 333
183.2  Namespace Packages 333
183.3  Relative Import Statements 334
18.4 The importlib Package 335
1841  Importing Modules and Packages 335
184.2  Changingthe Import Behavior 335
18.5 Planned Language Elements ... 338



19 Object-Oriented Programming 341
19.1 Example: A Non-Object-Oriented Account .............rmrermemessssssssiisninssssnenn 341
19.1.1  Creating a New ACCOUNT ....ociieiccicineesesisseseessessssssessssssssssssssensns 342
19.1.2  Transferring MONEY ......ccnceenserensesesssssessssssesssssssssssssssmssssssssssssssssssases 342
19.1.3 Depositing and Withdrawing Money 343
19.14 Viewingthe Account Balance 344
19.2  Classes ......mminninnen 346
19.21  Defining MEthOdS ........ccveccenccerenecnrmmereessssesssssssessssssssssssssssnnens 347
19.2.2  The CoNSIUCIOr ...omvvvveercscreriniiirsesssecsnsssissssssssssssssssssssssssne 348
19.2.3  Attributes ......ccooeerreereerrenne 349
19.24 Example: An Object-Oriented ACCOUNT ......oueeeveeveemmeeerssssssssssssssscsssssnsesseen 349
19.3 Inheritance ... 351
19.31 ASimple Example ...... 352
19.3.2  Overriding MEthods ... ssssssssessssssessssssssssssssssssssess 353
19.3.3 Example: Checking Account with Daily Turnover 355
19.3.4 Outlook 363
19.4 Multiple INhErItaNCe ... ssssssssssssssssssssssssasssnnnns 363
19.5 Property AEHDULES ... sssssssssssssasasssasssnns 365
19.5.1  Setters and GELLErs ... sisesissssssssssssss s sssssesssssessssssnns 365
19.5.2 Defining Property AIDULES ........cmmcicmmmmmiesnnssssissnsssssessssssssessssssssssenns 366
19.6 Static Methods ... 367
19.7 Class Methods 369
19.8 Class Attributes 370
19.9 Built-in Functions for Object-Oriented Programming ........ccooovvcccecrsesssicnn 370
19.9.1 Functions for Managing the Attributes of an Instance ... 371
19.9.2  Functions for Information about the Class Hierarchy .........ccoccooeessssssenee 372
19.10 Inheriting Built-In Data Types 373
19.11 Magic Methods and Magic Attributes 375
19.11.1 General Magic Methods ..........ccciscrinnsssnnenee 375
19.11.2 Overloading Operators ... 382
19.11.3 Emulating Data Types: Duck Typing ...... 388
19.12 Data Classes ..........ccmimmeercenrircrccensssnsssissesmessssssesssssesssssssssesssssesssmsssesseses 393
19.12.1 Tuples and Lists .............. 393
19.12.2 Dictionaries .. 394
19.12.3 Named Tuples 394
19.12.4 Mutable Data Classes 395



19.12.5 Immutable Data Classes 396
19.12.6 Default Values in Data Classes ................ 396
20 Exception Handling 399
20.1 Exceptions ................... 399
20.1.1 Built-In Exceptions 400
20.1.2 Raising an Exception ..... 401
20.1.3  Handling an EXCEPLION .....crcirnririisssnsscesinnsssssssassssssssassssssssssssssnsssssssens 401
20.1.4 Custom Exceptions 406
20.1.5 Re-Raising an Exception ..., 408
20.1.6 Exception Chaining 410
20.2 Assertions ..... 411
20,3 WAAMINES .......ccivvcrecvsmssssacssesssssssasses st sresssssssssssssssssesssssssssasssssssssssssssssssssssss 412
21 Generators and Iterators 415
211 GENEIATOKS .........ooortrinitti st sssisassssssss st sssss s sss s snsss s 415
2111 SUDGENEIATOrs .......vcvvivivvvrvissscsssssssssissssesssssssessssesssssssssassasamssssssssssssnsssssssssssssssses 418
21.1.2 Generator Expressions 421
21.2 lterators ... 422
2121 The lterator Protocol 422
21.2.2 Example: The Fibonacci Sequence 423
2123 Example: The GOlden RAtiO ....cocevvevuveeessncsssssessssssmssssssssesssssssssssssasmsnsssses 424
21.2.4 AGenerator for the Implementation of __iter__ 424
21.2.5 Using Iterators 425
21.2.6 Multiple Iterators for the Same Instance 428
21.2.7 Disadvantages of Iterators Compared to Direct Access via Indexes ..... 430
21.2.8 Alternative Definition for Iterable Objects 430
21.2.9 Function Iterators . 431
21.3 Special Generators: itertools ... 432
21.3.1 accumulate(iterable, [func]) . 433
213.2 chain([*iterables)) 433
21.3.3  combinations(iterable, 1) ....wesessssssssssesssssennns 434
21.3.4 combinations_with_replacement(iterable, r) .....cccccoommecrrrerrnnens 434
21.35  compress(data, SEIECLONS) ....cummerssercesssmmssssesssssssessssssmsmsnscsssssessssssssnssnns 435
21.3.6 count([start, step]) 435




21.3.7 cycle(iterable) 436
21.3.8 dropwhile(predicate, iterable) ....... . 436
21.3.9 filterfalse(predicate, iterable) ... 436
21.3.10 groupby(iterable, [key]) 437
21.3.11 islice(iterable, [start], stop, [step]) ... 437
21.3.12 permutations(iterable, [r]) 438
21.3.13 product([*iterables], [FEPEAL]) ooerrrerrrrersissrresssrssssssssssssssssssssssssssens 438
21.3.14 repeat(object, [times]) 439
21.3.15 starmap(function, iterable) 439
21.3.16 takewhile(predicate, iterable) . . 439
21.3.17 tee(iterable, [N]) . ssssessesssssssessessssmse s sssssssssssesseens 439
21.3.18 zip_longest([*iterables], {fillvalue}) 440
22 Context Manager 441
22.1 The with Statement et et 441
2211 __enter__(self) ..... 443
2212 __exit__(self, exc_type, exc_value, traceback) 444
22.2 Helper Functions for with Contexts: contextlib . 444
2221 Dynamically Assembled Context Combinations - ExitStack ........c.ce... 444
22.2.2 Suppressing Certain Exception Types 445
22.2.3 Redirecting the Standard Output Stream 445
2224 Optional CONLEXES ....o.ecceeeericiiises i eissssesessssesssssesessssssssssesasssssssssssseses 446
22.2.5 Simple Functions as Context Manager 447
23 Decorators 449
23.1 Function Decorators 449
2311 Decorating Functions and Methods ... 451
23.1.2 Name and Docstring after Applying a Decorator .......rvivrssssnnns 451
23.1.3 Nested Decorators ... 452
2314 Example: A Cache Decorator 452
23.2  Class Decorators ...........ennsensesissenee 454
23.3 The functools Module ... 455
23.3.1 Simplifying Function Interfaces ......occiirivinnns 455
2332 Simplifying Method Interfaces ..o 457




23.3.3  CAChES ittt s 457
23.3.4 Completing Orderings of Custom Classes 459
23.3.5 Overloading Functions ..... 459
24 Annotations for Static Type Checking 463
24,1 Annotations 464
24.1.1 Annotating Functions and Methods ... 465
24.1.2 Annotating Variables and Attributes 466
24.1.3 Accessing Annotations at Runtime 468
24.1.4 When are Annotations Evaluated? ..... 470
24.2 Type Hints: The typing Module ........ 471
24.2.1 Valid Type Hints 472
24.2.2 Container Types 472
24.2.3 Abstract Container Types 473
24.2.4 Type Aliases 474
2425 Type Unions and Optional Values ...... 474
2426 Type Variables ... 475
24.3 Static Type Checking in Python: mypy 476
2431 INSEAlALION oot 476
2432 Example 477
25 Structural Pattern Matching 479
25.1 The match Statement 479
25.2 Pattern Types in the case Statement 480
25.2.1 Literal and Value Patterns 481
25.2.2 ORPattern 481
25.2.3 Patterns with Type Checking ... 482
25.2.4 Specifying Conditions for Matches 483
25.2.5 Grouping Subpatterns 483
25.2.6 Capture and Wildcard Patterns 484
25.2.7 Sequence Patterns . 486
25.2.8 Mapping Patterns 488
25.2.9 Patterns for Objects and Their Attribute Values 490




Part IV The Standard Library

26 Mathematics

497

26.1 Mathematical Functions: math, cmath 497
26.1.1 General Mathematical FUNCEIONS ..o 498

26.1.2 Exponential and Logarithm Functions 501

26.1.3 Trigonometric and Hyperbolic Functions 501

26.1.4 Distances and NOIMS ......ccoeemeecemmreneimssesssssesssannes 502

26.1.5  CONVErtiNG ANBIES ..ot sssssssssssssssssssssssssesssssesssssessosessse 502

26.1.6 Representations of Complex Numbers 502

26.2 Random Number Generator: random 503
26.2.1 Saving and Loading the Random State ... 504

26.2.2 Generating Random Integers 504

26.2.3 Generating Random Floats 505

26.2.4 Random Operations on Sequences 505

26.2.5 SystemRandom([seed]) ..... 507

26.3 Statistical Calculations: statistics .... 507
26.4 Intuitive Decimal Numbers: decimal ..... 509
26.4.1 Using the Data TYPe .....oinccsmncsisssssisissssssisnssssesansns 509

26.4.2  NONNUMETIC VAIUES ....covcrivrmriirissescnimccesssinssessssssssssmsssssessssssessessssnessess 512

26.4.3 The Context Object 513

26.5 Hash Functions: hashlib ............ccnessvssssssssssessssssssssssssssss 514
26.5.1 Usingthe Module ......... 516

26.5.2 Other Hash Algorithms 517

26.5.3 Comparing Large Files 517

26.5.4  PASSWOIS .....onerireeeneniessenssssesssessssssssssssssssssssens 518

27 Screen Outputs and Logging 521
27.1 Formatted Output of Complex Objects: pprint .. 521
27.2 Log Files: IOBGING .........cccccccvrmmmrrsnsssscscccnsccrinnirin 523
27.2.1 Customizing the Message Format ........ccccvneee. 525

27.2.2  LOGEING HANAIES ...t ssisssssssssissssssstssssssssissssssnens 527



28 Regular Expressions 529
28.1 Syntax of Regular Expressions ... 529
2811 AnyCharacter 530
28.1.2 Character Classes 530
28.1.3 Quantifiers 531
28.1.4 Predefined Character Classes ... 533
28.1.5 Other Special Characters ... ssssssssssnens 534
28.1.6  Nongreedy QUANTIFIErS .......cvecmmmmesssssseesessssssssssssssssssssssesssesssssins 535
2817 GIOUPS wcoeririoniisissssssisesissesissssssassesssessssessssssssansssssssssssassssmasssssssssssssssasssssssasns 536
28.1.8 Alternatives 536
28.19 Extensions 537
28.2 Using the re Module . 539
28.2.1 Searching 540
28.2.2 Matching ... 540
28.2.3 Splitting a String 541
28.2.4 Replacing Parts of a String 541
28.2.5 Replacing Problem Characters 542
28.2.6 Compiling a REGUIAr EXPreSSION .....ceceueecceimunmsenessssssnsssssessssssssssasassssssess 542
282.7 Flags 543
28.2.8 The Match Object 544
28.3 ASimple Sample Program: S€arching ...........ccmmmnenneneneescessssssssnns 546
28.4 A More Complex Sample Program: Matching 547
28.5 Comments in Regular Expressions ... 550
29 Interface to Operating System and
Runtime Environment 553
29.1 Operating System Functionality: 0s .......coccccccvcverrrnrcnn. 553
2911  BNVIION vt icsnssssssssssssssssssssisssesssssnsssss 554
29.1.2  getpid() ...... 554
29.1.3 cpu_count() .... 554
29.14 system(cmd) .....ccoomrcrerrenn. 554
29.1.5 popen(command, [mode, buffering]) 555
29.2 Accessing the Runtime Environment: sys ... 555
29.21 Command Line Parameters ............ 556
29.2.2  Default Paths .......crinnriisseessssisssssssssen 556
29.2.3 Standard Input/Output Streams 556



29.2.4 Exiting the Program 556
29.2.5 Details of the Python Version ..., 557
29.2.6 Operating System Details 557
29.2.7 Hooks 559
29.3 Command Line Parameters: argparse .........neccneeeenveeeeeeevessesssesssssssssssens 561
29.3.1 Calculator: A Simple Example ........ 562
29.3.2 A More Complex Example 566
30 File System 569
30.1 Accessing the File System: os ... 569
30.1.1 access(path, mode) 570
30.1.2 chmod(path, mode) ...... 571
30.1.3  1istdir([path]) c.ceeimmssssssiesssssssssssssssssessasssssseseess 571
30.1.4 mkdir(path, [mode]) and makedirs(path, [mode]) 572
30.1.5 remove(path) 572
30.1.6 removedirs(path) ... 572
30.1.7 rename(src, dst) and renames(old, new) 573
30.1.8  walk(top, [topdown, ONEITOI]) .....ccuuuverrrrerseesisissssessressssssssssssssssssssssssssssens 573
30.2 File Paths: os.path ... 575
30.2.1  abspath(path) .irevieereerevsresisimsesssssessssessssss s ssssssssssssessesssssssssss 576
30.2.2 basename(path) 577
30.2.3 commonprefix(list) 577
30.2.4 dirname(path) ... 577
30.2.5 join(path, *paths) 578
30.2.6  normcase(path) ... 578
30.2.7 split(path)........ 578
30.2.8 splitdrive(path) ...... 579
30.2.9  SPHEEXE(PAth) ccceccrrrcsvvsscsssisssssessssssssssasssaisssiasnsse s 579
30.3 Accessing the File System: shutil 579
30.3.1 Directory and File Operations 581
30.3.2 Archive Operations ...... 582
30.4 Temporary Files: tempfile OO OOROROOOON 585
30.41 TemporaryFile([mode, [bufsize, suffix, prefix, dir]) 585
30.4.2 tempfile.TemporaryDirectory([suffix, prefix, dir]) 586




31 Parallel Programming 587
31.1 Processes, Multitasking, and Threads 587
31.1.1 The Lightweights among the Processes: Threads ..., 588
31.1.2 Threads or Processes? 590
31.1.3 Cooperative Multitasking: A Third Way .........cccomrmmesresnsssecssnnns 590
31.2 Python's Interfaces for Parallelization 591
31.3 The Abstract Interface: concurrent.futures 592
31.3.1 AnExample with a futures.ThreadPoolExecutor ... 593
31.3.2 Executor Instances as Context Managers ... 595
31.3.3  Using futures.ProcessPOOIEXECULON ......ovcvccereerivmmmmsssessesssecsesissssssssnsssnsns 595
31.3.4 Managing the Tasks of an EXECULOT ...uucvvcnriisicsccccccnnsssansessnsee 596
31.4 The Flexible Interface: threading and multiprocessing 602
3141 Threads in Python: threading ......... 603
3142 Processes in Python: multiprocessing ..... 611
31.5 Cooperative Multitasking 613
31.5.1 Cooperative Functions: Coroutines . 613
31.5.2 Awaitable Objects ... 614
31.5.3 The Cooperation of Coroutines: Tasks 615
31.5.4 A Cooperative Web Crawler ... cceceinsssnsissssssssessssesssssnesses 618
31.5.5 Blocking Operations in Coroutines ....... 625
31.5.6 Other Asynchronous Language Features 627
31.6 Conclusion: Which Interface Is the Right One? ..., 629
31.6.1 Is Cooperative Multitasking an Option? ......... 629
31.6.2 Abstraction or Flexibility? 630
31.6.3 Threads or Processes? 630
32 Data Storage 631
321 XML oot esessesassssses s sssssssss s s s s AR RS 631
3211  ElementTree ...cermimsssssscssseneen 633
32.1.2 Simple API for XML 640
32.2 Databases 643
32.2.1 The Built-In Database in Python: sqlite3 ... 646
32.3 Compressed Files and Archives ... 661
323.1 gzip.open(filename, [mode, compresslevel]) 661
32.3.2 Other Modules for Accessing Compressed Data .........mmesssmssseesens 662



32.4 Serializing INStances: PICKIE ........cccccceunnrreresesssneenensesss s ssssessssssssnss 662
3241 Functional Interface ... 663
3242 Object-Oriented INtErface .......reevmnnnneccesessimsssmssennnn 665
32.5 The JSON Data Exchange Format: jSon .............creermssnsnnnn 665
32.6 The CSV Table FOrmat: €SV ...........mrrmcemieniennsessssesssssssss s sssssssssssssess 667
32.6.1 Reading Data from a CSV File with reader Objects ......ccorurrererrrrrrnrrnn. 668
32.6.2 Using Custom Dialects: Dialect Objects .. 670
33 Network Communication 673
331 SOCKEE AP ........cmimneisirinenssnese et sssssssssssss s s s sesssesssssssssens 674
33.1.1 Client-Server Systems 675
33.1.2 UDP ... 677
3313 TCP.. 678
33.1.4 Blocking and Nonblocking Sockets 680
33.1.5 Creatinga Socket ... 681
33.1.6  The Socket Class ... 682
33.1.7 Network Byte Order .............. 685
33.1.8 Multiplexing Servers: selectors ........ 686
33.1.9 Object-Oriented Server Development: socketserver ... 688
33.2 XML-RPC 690
33.2.1 The Server 691
3322 Thelient ... 694
3323 Multicall ... 696
33.24 Limitations 697
34 Accessing Resources on the Internet 701
34.1 Protocols ... 701
341.1 Hypertext Transfer Protocol ... 701
34.1.2 File Transfer Protocol ... 701
34.2 Solutions 702
3421 Outdated Solutions for Python 2 702
34.2.2 Solutions in the Standard Library 702
34.2.3 Third-Party Solutions 702



34.3 The Easy Way: requests ..........iccrnncnccermssisssssnnssssssssssssssnns 703
343.1 Simple Requests via GET and POST 703
34.3.2 WebAPIs ..., 704
34.4 URLs: urllib ... 705
3441 Accessing Remote Resources: urllib.request 706
34.4.2 Reading and Processing URLs: urllib.parse 710
34.5 FTP:ftplib ... 713
34.5.1 Connecting to an FTP Server ... 714
34.5.2  Executing FTP COMMANGS ......ccoummmimrccenrnsermisnessssssssssssssssssssnsssssssssssssssssseses 715
34.5.3 Working with Files and DireCtories .........ocermmmimnscssesssssssssmssssen 715
3454 Transferring Files .......comecennn. 716
35 Email 721
35.1 SMTP: smtplib 721
35.1.1 SMTP([host, port, local_hostname, timeout, source_address]) ............ 722
35.1.2 Establishing and Terminating a Connection ................ 722
35.1.3 Sending an Email 723
3514 Example 724
35,2 POP3B: POPHID ...t sesseses e essse s s sesssses s s esss e s esss e seesssssesssssesssssssssesens 724
35.2.1 POP3(host, [port, timeout]) 725
35.2.2 Establishing and Terminating a CoNNECtioN ........uuwmuvemcomnnecccseessrenennnns 725
35.2.3 Listing Existing Emails .. 726
35.2.4 Retrieving and Deleting Emails 727
3525 Example ... 727
35.3 IMAP4:imaplib ............. 728
35.3.1 IMAP4([host, port, timeout]) .. 729
35.3.2 Establishing and Terminating a Connection . 730
35.3.3 Finding and Selecting a Mailbox 730
35.3.4 Operations with Mailboxes 731
35.3.5 Searching Emails 731
35.3.6 Retrieving Emails 732
353.7 Example ... 733
35.4 Creating Complex Emails: email ..........cccoceeeeverrvrcccnnn 734
35.4.1 Creating a Simple EMAil ......crssimincsesesssssssmssnssssessssssssssssnes 734
35.4.2 Creating an Email with Attachments ... 735
354.3 Readingan Email ..... 737




36

Debugging and Quality Assurance 739
36.1 The DEDUBEET .........cooccorocrcerireceernirnnes s sssessssssssssssssssssss s sssssisses 739
36.2 Automated Testing ....... 741
36.2.1 Test Cases in Docstrings: doctest ....... 742
36.2.2 Unit Tests: unittest ..........ccee.e. 746
36.3 Analyzing the Runtime Performance .. 749
36.3.1 Runtime Measurement: timeit 749
36.3.2 Profiling: cProfile 752
36.3.3 Tracing: trace 756
37 Documentation 759
37.1 Docstrings 759
37.2 Automatically Generated Documentation: pydoc 761
Part V Advanced Topics
38 Distributing Python Projects 765
38.1 AHistory of Distributions in Python 765
38.1.1 The Classic Approach: distutils 766
38.1.2 The New Standard: setuptools .......ccrvirinsiccsnssccsnresersassinns 766
38.1.3 The Package Index: PyPI 766
38.2 Creating Distributions: setuptools ... 767
3821 Installation 767
38.2.2 Writing the Module ....... 767
38.2.3 The Installation Script 768
38.2.4 Creating a Source Distribution . 773
38.2.5 Creating a Binary Distribution ......... 773
38.2.6 Installing Distributions ............. 774
38.3 Creating EXE files: CX_FrEEZE ..........rerevrmvvvsissssmsissesmsssesssssssasssssmsssssssssassnssnssans 775
38.3.1 Installation 775
38.3.2 Usage 775




38.4 Package Manager 776
38.4.1 The Python Package Manager: Pip ... eeissnmnsssssssssesssssssseenssnesns 777
38.4.2 The conda Package ManAGEr .........eimmsrmsissmssssssmsssssssssssnsssnssssses 778
38.5 Localizing Programs: gettext ... 781
38.5.1 Example of Using gettext ... 781
38.5.2 Creating the Language Compilation 783
39 Virtual Environments 785
39.1 Using Virtual Environments: venv ..., 786
39.1.1 Activating a Virtual EnVironment ........cmccnmnneccncnssnmssssnssssssinens 786
39.1.2 Workingin a Virtual Environment ........... 786
39.1.3 Deactivating a Virtual Environment 787
39.2 Virtual Environments in ANaconda ..., 787
40 Alternative Interpreters and Compilers 789
40.1 Just-in-Time Compilation: PyPy ....... 789
40.1.1  Installation and USE ........vcciveimiensnseesimcsssmsimiesessssssmssessesssssmassssssssssnsnns 789
40.1.2 Example ... 790
40.2 Numba 790
40.2.1 Installation 791
40.2.2 Example ... 791
40.3 Connecting to C and C++: Cython 793
40.3.1  INSEAHALION oottt ssresse s sressses st sessesnes 793
40.3.2 The Functionality of Cython .......mnncncnscneen 794
40.3.3 Compiling a Cython Program 794
40.3.4 A Cython Program with Static TYPING ....ccovveeceereisnnerrrcrisserecsissssscessssssens 796
40.3.5  USING A CLIBIATY .ocvricrsssssissmscssssssssssssssssssssssssssssissssssasssssssssssssssssiss 797
40.4 The Interactive Python Shell: IPython 799
40.4.1 Installation.. 799
40.4.2 The Interactive Shell 799
40.4.3  The JUPYLEr NOLEDOOK ..ucucccvevveurrrrriirreiesiasssessessssssnessasssnessssssssssnessssssasenes 802




41 Graphical User Interfaces 805
AL TOOMKIES ....oooooeeereeerenereceereceeescsessessssssssseessessssssssesssssssssssss s ssssssssssssssssssssssssssesssssesssos 805
4111 TKINEEX (TK) voroeoresrrcseeesensssn 805
41.1.2  PYGODBJECE (GTK) woveeeerrrcereenreemssssessssssssssssssssssssssssssssssssssssssssnnssssssssssses 806
41.1.3 Qtfor Python (Qt) ...... 806
4114  wxPython (WXWIidEELS) ......ccuveevuvevmmermmsssssmsesssssnsssssnenssssssssrenns 807
41.2 Introduction to tKINter ... snens 807
4121 ASIMPIE EXAMPIE .......viereeecviviviesitniiossssssessssenessessesesssssssssessssssssesssssssssssssasnas 807
41.2.2  CONLrol Variables ... ssssssssssssssssssssssssssssssssssnsnnnns 810
41.2.3 The Packer 811
AL24  EVENES oottt sssiss st sssiss s sssas s s e st sss s b esas 815
BL2.5  WILGELS woocrcnsssssssssssssssssasssss s sssssssssssssssssssssssssssssens 821
41.2.6 Drawings: The Canvas Widget .......... 839
4127  Other MOGUIES ......oocrerereiercseceeeeeenesssesssssssssnsssssssssssssssssssssssssssssssasassssssssss 846
41.3  Introduction £0 PYSId@6 .............cccmmevrcroominnninecccssssiinseensesssssssssssssssssssssesssssssssssns 850
4131 INSEAHATION wcornceirrrrirecrcecciresresseeseessesesssssssssssssessssssessssssess s ssssssssssssssssssssses 850
41.3.2  Basic Concepts of Qb ....cccrmcrrriesiisinnecsssisssessssssssseessesons 850
41.3.3  DeVEloPMENt PrOCESS ..........ccuvummmmmmsmmesmssisissssssssssessescsssssssssssessssssssssssssessesessssansnns 852
41.4  SigNAlS ANA SIOLS ...........ooooeecereierrererecccssisessssessssesssssss s siessss s sessss s ssssssssses 859
41.5 Important Widgets ... ssssessssssssssssssssssssssssssssssss 861
4151 QCHECKBOX ..ocoumrrrernreriveesesennrenesmnsnsssssssesens 862
41.5.2 QComboBox 862
41.5.3 QDateEdit, QTimeEdit, and QDateTimeEdit ........c..cccc...... 863
4154 QDIalog ... 863
4155 QlineEdit ...... 864
41.5.6 QListWidget and QListView 864
41.5.7 QProgressBar 865
41.5.8 QPushButton 865
41.5.9 QRadioButton 865
41.5.10 QSlider and QDial 866
41.5.11 QTextEdit ................ 866
41.5.12 QWidget 867
41.6 Drawing Functionality 868
416.1 Tools ... 868
41.6.2  CoOrdiNate SYSLEM .....occveeerciscceriissnsssrssisssesseisesesssssssssssssssnssssssssssessesss 870
41.6.3  SIMPIE SNAPES ..coommrriercrrireerisseessssssessesisssssessaissesssssisnnnes 871
41.6.4 Images 873
416.5 Text 874
41.6.6 Eye Candy .....coeinsccsininessesisine 876




41.7 Model-View Architecture 879
417.1 Sample Project: An Address Book 880
41.7.2 Selecting Entries ............. s 888
41.7.3  EditiNG ENTHES .ottt vessssssssssssssssssssssssssssanes 890
42 Python as a Server-Side Programming Language
on the Web: An Introduction to Django 893
42.1 Concepts and Features of Django 894
42.2 Installing Django 895
42.3 Creating a New Django Project ....... 896
423.1 The Development Web Server .. 897
42.3.2 Configuring the Project 898
42.4 Creating an APPlCAtion ... 900
42.4.1 Importing the Application into the Project ..........oeeeiecinsmmmsssseenens 901
42.4.2 Defining a Model ... 901
42.4.3 Relationships between Models 902
42.4.4 Transferring the Model to the Database 903
4245  THE MOCEI AP ... sssessssssisssssssssssssssssssssssssssssssssssssssssssssssanssssssssssnns 904
42.4.6 The Project Gets a Face ... 909
4247 Django's Template SYStEM .......momccecmemmmesnensesssssssssinens 915
42.4.8 Processing Form Data ..., 926
4249 Django’s Admin Control Panel 930
43 Scientific Computing and Data Science 935
43.1 Installation 936
43.2 The Model Program 936
4321 Importing numpy, scipy, and matplotlib 937
43.2.2 Vectorization and the numpy.ndarray Data Type 938
43.2.3 Visualizing Data Using matplotlib.pyplot ...... 942
43.3 Overview of the numpy and scipy Modules ....... 944
43.3.1 Overview of the numpy.ndarray Data Type 944
43.3.2 Overview of scipy 952
43.4 AnIntroduction to Data Analysis with pandas ....... 953
43.4.1 The DataFrame Object 954




4342  Selective Data ACCESS ...........ereermmeesmmiesssmssssssssssssmsissssssssssssssssen 955
43.4.3 Deleting Rows and Columns .......cceeewvveurnees 961
4344 Inserting Rows and Columns ... 961
4345 logical Expressions on Data Records 962
43.4.6 Manipulating Data Records 963
4347 Inputand Output .....corrrccmnnrrennn, 965
43.4.8 Visualization 966
44 Inside Knowledge 969
44.1 Opening URLs in the Default Browser: webbrowser ................ 969
44.2 Interpreting Binary Data: struct ... 969
44.3 Hidden Password Entry .........ccccoccmemmmmemmsssssssssssssrsnn. 971
4431 getpass([prompt, stream]) .........curmeermeemesememseesemmmmmmsennens 971
4432 getpass.getuser() ... 972
44.4 Command Line Interpreter ..... 972
44.5 File Interface for Strings: io.StringlO ...... 975
44.6 Generators as Consumers ... 976
44.6.1 A Decorator for Consuming Generator FUNCHIONS ....occccvcveruveermsnnnecccnnnns 978
44.6.2 Triggering Exceptions in @ GENErator ........cecesssnsscesissssesessssnes 978
44.6.3 APipeline as a Chain of Consuming Generator Functions .........e...c... 979
44.7 Copying Instances: copy 981
44.8 Image Processing: PllOW ... miriveeneceneceececsessssssmisssesssessssssssssssss s ssens 984
4481  InStallation ... 984
4482 Loading and Saving IMAEE FIles ........cocwrreuummnsecesesmssssssmsssssssssssesssesssssanens 984
44.8.3 Accessing Individual Pixels ... 985
4484 Manipulating Images ......... 986
44.8.5  INtEroperability .......iiimsissssssssssssssiasnies 992
45 From Python 2 to Python 3 993
45.1 The Main Differences .... 996
451.1 Input/Output ........... 996
4512 Rerators .. 997
4513 Strings 998
45.1.4 Integers 999



45.1.5 Exception Handling ... 999

45.1.6 Standard Library .. . 1000
45.2 Automatic Conversion 1001
Appendices 1005
A Appendix ... 1005
B The Authors 1017
Index .. 1019




