Learn

JERE KAPYAHO



Learn Rust Programming Today






Learn Rust Programming Today

From Building Blocks to a Working Application
Jere Kapyaho



Tyon automaattinen analysointi tietojen saamiseksi erityisesti kuvioista, suuntauksista ja
korrelaatioista ("tekstin ja tietojen hakeminen") on kielletty.

Copyright © 2026 Jere Kapyaho

Editing and cover design: Conifer Productions Oy, Tampere, Finland
Kustantaja: BoD - Books on Demand GmbH, Helsinki, Suomi

Valmistaja: BoD - Books on Demand GmbH, Uberseering 33, 22297 Hamburg, Saksa

ISBN: 978-952-89-5090-5


https://www.bod.fi
https://www.bod.fi

Table of Contents

INtrOdUCHION  .evveiiiiiiiiiiiiiiiirrrr ettt xvii
Rust in a nutshell .......ccccciiiiiiiiiiiiiiiiiiii e xviii
Notational differences ......cccccecevvvviiiiiiiiiiiiiiiiiiiiiiniiiiiiiinnnnnn, xviii
Conceptual differences ......ccccccccviiivimmmmemiiiiiiiiiiiiiiiiinne, xix
Learning Rust by doing .....ccceceeeiiiiiiimiiiiiiiiiiiiiciniectiecee e, Xix
Who this book is for ......ccccciiiiiiiiiiiiimiiii XX
Source code repPOSItOries ......cccevvvviiviiiiiiiiiiiiiiiiiiiiiiiii s xxi
ACRNOWIEAZIMENTS  ..uuiiiiiiiiiieiiietiiiiiee ettt eetteeiee s s eeereaniesseaens xxi
I Getting Started with RUSt ...ccooviiiiiiiiiiiiiiiiiiiiiiiiiiiiii 1
1 Using the Rust Playground .......ccccccceviirrmmmmmmmmmmiiiiiiiininininneneeeeeeeeene 5
2 Getting the RUSt t00IS ......ccevvviiiiiiiiiiiiiiiiiii e 11
3 Using the Rust compiler .......cccccveeemmmiiiiiiiiiiiiininnneneecneecnieienns 15
4 Editors for Rust SOUTICe COUEe .....euumuiiiiiiiiiiiiiiiiiiiiiiiiieiiiiiiiineneneeens 17
Editing Rust SOUrce COde ......cceeviriiiemuiiiiieiieniienneeetirneeeeeeeenns 17
Visual Studio COde ....eueuiiiiviiiiiiiiiiiiiiiiiinincrcciiinniienres 17
Vim, Neovim, and EMACS  ..cccceeevereieeiirnieiirneeierieenneeneerneeneeennes 18

ZEA i e e e e e e s e e s e taaes 19
RUSTROVET  ceiiiiiiiiiiiiiicii e e naees 19

5 Getting to KNOW Cargo ......ccovvvvviiiiiiiiiiiiiiiiieieiineneneeeeeeee 21
Hello, Carg0 .cooovviiiiiiiiiiiiiiiiiiiiiiiiiiee e eeeeeeeeeenenes 21

The Cargo configuration file ........cccccvviiiiiiiiiiiininiiiin, 23

IT Building Blocks of RUSt PrOgrams ......cceeceerieeievmneerieeerieniecnneeernennceneens 25
6 Strings and NUMDETS  ......eeeiiiiiiiiiiiiiiiiirreecnirere s 31
Storing text and NUMDbETIS . ...cccciiiiiiiiiiiiiiiii 31
STFINES  trrrrrieiii e 31
String SliCES .iiiiiiiiiiiiiiiiiiii s 33
NUMDETS  ciiiiiiiiiiiiiiiiiiiii et 34

7 Tuples and ArTAYS  ..ccceeueerreeriemmierieeetireneeeeeetteenieeseeeteennsessesseennns 39
Storing data in tuples and arrays .......cccccccceveeemeniiinininennnnnn, 39
TUPLES ettt ettt e et 39
ATTAYS  cerniiiiiiiiiiiiiiiiii e e e eaaes 40
Sorting the array .....cocvvvvviiiiiiiiiiiiiiieie e 44

8 Iteration and loOPINg .....cccciiiiirrememimmiiiiiiiiii e 47
Looping through the elements ......ccccccouvueeermmiiiiiiiiiiiininnnnnnnn, 47

9 Making deCiSIONS .icceeueeriiiiiieiiiiiieitieieen ettt ereere s e e reenaaees 51

iii



Learn Rust Programming Today

Truth values ..ccoviiiiieiiiiiiiiiiiiiiiecrt e 51
Deciding which statements to execute .......ccceeveevueerrieneereennnnns 51
10 FUNCHIOMNS  whuiiiiiiiiiiiiiniiitiiiiineectiieiis e eeteeiis e eetannas s eeerannaaesseees 57
Defining and using fUnctions ........ccceeeeeveeeereeeereenneenereereennnnnss 57
I & (N 63
Grouping values into StrucCts .....cccceceeeerieniereeeninrereneneereneneeennns 63
INitializing StIUCES  .eevvueiriiieeeieiieeeeiee e e eereereeraesereaeeeennenes 65
Struct implementations .....ccccceceeeereeeuereeeniereeenierereneeeeeeneeerenens 66
MethodS  ceeeueiiiiiiiiiiiiiniiirii e 69
12 Enums and pattern matching .....c.cceceeeeeriieierriieierieieereeeeereeenenns 73
Using enums for alternative values .........ccccccevveeerreeeennnneeneenens 73
Enums with associated values .........ccccccvvvveiiiiiiieniiiiiiiiiennnnnns. 78
Pattern matChing ...coeeeeeeriieeiriieiineeiie e eeeaeeeeenens 78
13 Optional VAlUeS ...ciceeeeiiiieiiiiiiieieere e eeee e eree e eren e eeenens 83
Option instead of NUIlAble ....cocviviiiiiiiiiiiiccc s 83
Handling optional values ........ccceeveeeneiieieenreeenenreeeenreenneneennnes 87
14 Ownership, references and Dorrowing .....cccccceeeeeeerveveceereereennnnns 89
MemOry SAfELY  .oeveeeeeeeiiiiiiiiiieteeeieeee e ee e e s e e e e e e eeeeeeeerereeeees 89
OWNETSHIP  ceereeiiiiieireie e e e ere e s e e s e eranens 89
SCOPE ittt e ea e 91
Examples of ownership and SCOPE ..ceuvuveerrrrerrnnieereeeerrnneeneenens 91
REEIEINCES oottt e 96
BOYTOWIIE  teuererrneereiineerernnerereneaeeenneseernneserennesannnnssernnsssensnsssenns 97
BTV =T od o ) N 99
Storing elements in a dynamic vector ...........cceeeemmiiiiieiinnnnnnn. 99
SOTtING @ VECLOT  civueiriiiiireiiieeeeeieeeeeneeereneeereneeerenensereneseeennns 101
16 Command-line arguments .........ccceeereeeerreenerreenerreensereeeneeeeenes 103
Getting at the arguments .......ccceeveeeeereeeiirereenreeeenrereneneeennes 103
Converting a string to a MonthDay ......cceeeeeueereenneereennireeenenennnes 103
Handling the month-day argument .....cccccceeeveevvveniiniieenennnne. 105
B 0% 5 o) S 109
No panic, but a result  ....coecevriiiiiriiiierreee e 109
Using the unwrap and expect methods ......cccceevevevenerreeennnenne. 110
Propagating @ITOrS ..cceceeueerereueerernnereernererenererenererenesernnseeens 111
18 TTAILS  tevrrenniiiiiiiiiieniieieetiiei ettt e reteae s e e eeranae s s e e eaannaaas s 115
Traits specify behavior ......cecocovoiiiiiiieieieeieieeeee e 115
Implementing the Display trait .....cccceeeeeeereeecrreeeerreeeneneennnn. 116
The Default trait ..ccccceceereieieiriieierrereerrereer e e e eeaeeeeraeeeeenens 118

iv



Learn Rust Programming Today

The FromStr trait .ecceeeeeeereeeierrieeierreerer e reeeeeeeeeaeeeeeneeeeenes 120
Defining traitS ...ccceeeeeeereerreruiieereereerniesreeeeemnsseeseeeeesssessesseennes 123

19 CrateS .iiuiiieiiiiiiiiiiiiiicii e e e e eaas 125
Beyond the standard library ....cccccceevveiiiimmiiiiiiiiinnienniecennnna, 125
Making random dates with some crates .......cccceeeeeeeeeeennnnnnes 126
Making random desSCriptions .......ccceeeveveneereeencereeeneereeeneneenenes 130
Making random eVENtS .....c.cceeererenerreienerrernnerrernereeenerernnnenes 132

20 TESHINE  wueerereueerernnererinerereneererenarernnareennseerenssserensssanensssennnsssennnes 135
Testing With Cargo ..ceeeveeeeeerrieerreeieerereee e eereneeeeeaneeenanes 135

A better Date StIUCE  ...cccvvveeniiiiiiiiiniiiniicciii e, 135
Creating a test module ......cceceererieiriiiierriiierereee e e 137
Random dates aBain .......ccceevreeeerreenerreenereeeniereeenereeennneeenes 139
Writing tests for the Category StrUCt .....ccceceeevneceereereernnieeneennns 140

21 Comments and documentation ...........ceeeevmeerieereemninnieeieennnnen. 143
Documentation is your friend ..........cccccceeeeiiiiiiinininieieeeeeeenees 143

(0] 1.5 518 <1 o 1 - U 143
Documentation COMMENTS ....ceeveriiiirremniiiiieiieeninnieeiieenneee 145
Generating documentation .........cceeevveeeereeenereernereeeneerenennnns 145

22 The Birthday pProgram .......coceceeeeeieniieeiiemminnieeiienneeerienme 147
Starting the Birthday program ......ccccceeeeeviiieiiemniiiiicriennnnnnens 147
Getting the BIRTHDATE environment variable ............ccccceece... 148
Parsing BIRTHDATE @S @ date .....cceveeeuereeennieeennrenenenreeennnenenens 149
Constructing the age message .......cceeeeeeeneeeerenierereneneeeenneennns 152
Adding UNIt tESTS  evvueireiiuereiiieerereeerereeeereneeerraeeereaeeereneees 153

ITT Programming TOAAY ...cceveeevrummiirieiiiimmiinieeitiiiineeeetiennieeereennsaeees 157
23 Creating the Today Program ...cccccceeeeeeerveemmienieeiiiennenneeeeeeennnee. 163
Starting the Today program with Cargo ........cccceeeveerieevennnnnen. 163

The revised Event STIUCE .iceeeeveiiiiiiiemiiiiiiiiiiiiencccrtie e, 164

The revised Category and MonthDay StrUCtS ......ceeeevveeeennennnennns 165
Testing the Today program ....ccceeeeeeeeerveemiiirieieeenienreeeeeennnee. 167

24 MOAULES  .iiiiieiiiiiiiiiiiiiiie ettt ettt et e eeaaas 169
Packages and Crates ......ccccceceeeeerereerreinnerrernereeenereeenerennnnenes 169
MOAUILES  .eiiiiiiiiiiiiiiettii e e 169

The birthday MOAUIE ...cevneeniiiiieieie e ee e eeaees 171

The events MOAULE  ..ocovuiriiiiiieiieeeeee e eeeee e eeeaees 172

25 EVENt PIOVIAEYS  tevvueereirunererrnererenereennseeenneseernnererrnsesersnnesernnnnses 179
Introducing event providers .....ccccceeceeeeeeeemeerereneerereneereennneees 179
Creating a new module for the providers .........cccceevvvuvieeeenens 179



Learn Rust Programming Today

vi

A simple event provider for teSting ........cccceeveeereeeerrenneeneeeennns 180
Creating submodules for providers .....ccccccceeeeeeeveeceereeeeennnnnn. 183
26 Text file event ProVIAer .....cccceeeeeeeeeeuieereeererneieereereemmneeseeeeeennnnns 187
Putting events in a texXt file  ....ccevvierieiiiierrieireiiiierneeeeeneeeneeeens 187
Developing a text file event provider .......cccceeeeeereeeeevencereenns 188
Integrating the text file provider ......cccccceeeeerreervencerreeeeennnnen. 193
27 CSV file eVent ProVIder .........ccccceeeeeeeeeeerenneeeeeeermenneseeseereennssssens 195
The CSV file format ...cccooeevieiieiiiiiiiiiiiii e 195
UsSIing the CSV Crate  .iiecvrieeeriiieiiiriiiereeee et e eeeneeeeeneeeeenens 196
Integrating the CSV file provider ........cccccceveeeereervernnieereeeeennns 199
28 Configuration direCtOTIES ..ceeeeeeerrrerrerneieereereerneieereereernssenseeeeennns 201
Everything in its right place ....ccccoeeviiiiiimiiiiiiiiienniiniiciiennnnes. 201
Getting the configuration directory name ..........cccceeeeeeeeeeeee 202
Building the configuration path ...c..cccceeeeviiiiieerrererienieenenennn. 203
Placing the data fileS .....cceeerrerreiniererreeiiiiieneeeeereeieneeeeeeennnennss 205
29 Configuration file ....ccccieereereeirrreerieiiereereereennereereereennseeeeereennnnnns 207
Using a TOML file to store the configuration .............c..cceee.e. 207
Parsing the TOML file  ...cccevvuierrriiinnniienneeererniieneeeeeennneeseeeeennns 208
Instantiating the event providers ....c..cccceeeeveeneererencererennnnes 211
Preventing duplicate event providers ....cc..ccccceeerereueerernnennnnns 215
30 Reading events from a SQLite database .....c..cceeeeervevncerreeeennnnnes 217
Adding a database to the program .......cccceeeveveriieniiriennennennne. 217
Getting SQLItE  ceucereieerriiierreiieretieerereaerereneeennneeeernneeerennnsenes 218
The event database schema in SQLite .....cccceeveuererenererennnnenes 218
Using the rusqlite Crate .....cccceeceeeereeemeerereneerereneerereneeeeennenenes 221
Testing database operations .........cccceeeeeeeereeneereeneeerenenenenes 224
Getting events from the database ........ccccceeeeerreervernierreenennnns 226
Integrating the SQLite event provider .....c..ccccceeevereneerernnnnnnes 228
31 Reading events from a Web SErviCe ......ccccceeeerrrrerrernccnereereennnnnns 231
Reading data from the Webh .....cccceeriiiiriiiieirieiriiiiieneeeeeneeieennn 231
The web service and REST API .....ccccuuvveiiiiiiiemninniecrinnnnnnnnes 231
Testing the API With cUrl .ooccoriiiiiriiiierieieer e eeenes 231
Making the web event provider ........ccceevrvvueeriiincireveneereeenens 233
Making an HTTP request with the reqwest crate ................... 234
Preparing for the web event provider .....ccccccceeeeeevvenecereenennnns 237
32 Filtering events at the SOUICE ....ccceuverrrineririniereiiiiererieeeereneeeens 239
Getting just the events we want ........cccceeeveiriiirienniinieeiennnnnes. 239
Introducing event filters .......ccccceeveererrerrenniereereereennseeeeeereennnens 239



Learn Rust Programming Today

Filter OPIONS  ceveuireiineiieiiereeiiereeteereeeaereeraereerneesernnessennnennns 239
Accepting the event ......ccoceeieereiiiiiriiiierreeeeeree e eeeees 240
Constructing filters with the Builder pattern ............cceeeuueee. 242
Testing the filters and the builder .......cccoeevevveiieerrriirieineenenns 244
Refactoring the event providers ........ccccceeeeerreeeeennnceneeeeeennnnes 246
Refactoring the run function .....cccccceeeevreiveiniieereeeeennceeneeeeennns 251
33 Handling command-line arguments ....c...ccccceeeeereneerereneereennnnees 255
Controlling the program from the command line ................. 255
Parsing command-line arguments with clap ...cc.cceeeueereeennnnns 257
Defining subcommands .......ceereeeeeeneieereeeerenniereeeeernnneneeeeenens 261
34 Adding new event Kinds .....cccceeueereieerreiiiereeinerereneererenerereneeens 265
More than just singular events .........ccccceevveirieiiveniiiniceeennnnn. 265
ANnual events ......occeeiiiiiiiiiiii e 265
Updating event providers to support annual events .............. 267
Rule-based eVents ..........ccceveeviiiiiiiiemmiiniieiieeninnieiieinneeeens 270
Resolving the 1ule  ...cceeeiieiiiiiiiiiireiee e 277
Updating the CSV file event provider to support rule-based
EVEINLS it 284
35 LOZEING  ceeeruereeineretinereriuereruneeeeeneeeereneserensserensssennnsssennnssseennns 287
Leaving a log of the eXecution ......cccccceeeererreereniccrnrrereennennenes 287
Adding the 10gging Crates ........cceeereremeerereeererieereenereeennenenens 287
Logging levels and MacCrOS ....ccceceeuerereuerernnerreennereernnereennnenes 288
Converting println! output to logging macros ........ccceeeeeeeee.. 290
36 AddINg NEW EVENLS  ..creveuirereuerreieierreieiereerenereernererrnererenesennnenns 293
New events from the command line ......cccccccevivvememenennnnnnnnnee. 293
Revising the EventProvider trait ......cccceceeeeieereeniererenceerenennenes 294
Implementing event addition for TextFileProvider ............... 294
Implementing event addition for CSVFileProvider ................ 296
Command-line arguments for adding events .......cccccceeeeeeenns 298
Adding events to the SQLite database .......cccccevrveueereeennrrennnn. 302
Trying to add an event from the command line .................... 304
Updating the providers subcommand ........cccceeveeunerreennnenenn. 305
Adding an event (finally) ....cccceeeeeeiiiiiiiiiiiieieiieeeieeeeeeeeeee 307
37 Grouping and sorting the events ........c.cceeevreveerrereeereeeniereeennens 309
All the events, grouped and sorted .........cceeeeveveerrerencrreennnens 309
Partitioning the events ........ccceevrereierriiieeriieiereeeee e reeeneens 312
38 TOAAY 1.0 eeueiiiiiiienniiieiiiiieinie ettt e eettanie s eeeranra s e e eraanaaaaes 315
First public version of TOday .....ccccccceeevemememmmmmmmncieeeeeeeeeeennn. 315

vii



Learn Rust Programming Today

Building a release VerSion ......c..cceeeeeeeeeereeennererennereeenerennnnnnes 315
Installing the Program .......ccceceeeeeerereneereieereeenererenerereneenenes 315
Configuring the Program ..........cccceveeeerreeeeeneieereeeeennnneeseeeeennns 316

IV Going Further than Today ....ccccceeeevviiiiimmiiiiiiiiemninniieiieineeeeeennaee. 319
39 Refactoring the EVent StruCt ........ccceeveeerreerrenneceereeeeennneeseeeeennns 323

A different kind of EVeNt .....cccoiiiiimimmmmicceeeeeeeeee e 323

Focusing on the date ......cccoeeeeeiriiieiriiiierriieeeeeereerereeeaeee 323
SIMPLIIEA  erriiiiiiiiee e rerreiree e eerernee s e e eereraaeeseeeeennnnnns 328

40 Making an XML event provider .......ccceeeveeeeerrerenerreeenerreenneeeeennss 329
Making an XML event provider ......ccccceeeeeeeererenererenererenennens 329

Defining an XML SChema .....ccccvuuveerrererrennernereereennceneeeeeennnnes 329

Making the XML pProvider ....ccccceeeeeeeeeeerereneerernneereennereeennenenens 333

Parsing XML  ...ciiieieiieieieereteeereteneereeeneeeeeanseeennessenanssaeennsseeenns 334

41 One final 1efactoring .......ccceeveerrreereeniieerreerrerniieeeeeeeennsseeeeeseennns 341
Configuration of event provider activity ........cccceeeeeeeeeererennnn. 341
Introducing the event manager ......cccccceceeveerereeeeeeneeerennnens 342

Checking for active Providers .......c...ceeeeeeereereeeeeneceeeeeeeennnnnns 344

Updating the provider information .........cccceeeveveereeeeeeennnnnnss 348

Final main function ... eeeeececeeeeeneeeee 351

42 Future development ideas ....c..cccceeererenierereniereeneereenieeeeeneeenenes 355
Localized category Names .......c.cceevvemmeirieeriemninneeerienninneeenees 355

Category eXClUSIONS  ..icivveeiiiiiiiiiiiiiiiiectiii e, 355

Year count fOr @VENTS .....cceeeeeiiiiiiiiiiemmmemmeeeeeee e e 355

Showing upcomMing eVents ......cccccceceeeeeeeeniererencereeeneereenneeeeennes 355

Color terminal display ..c.ceeeeevieirimmiiiiiiiiiiniinniceii e, 356

A About this DOOK .iceeeeiiiiiiiiiiiiiiiiiiiiiii s 357
B About the author .....cccoiviiiiiiiiiiiiiiiiiirr s 359
Further reading ...cceeeeeeereeeeeereieieereteeereteerrerenereeennererrnnesernnnesernnseserennnses 361
51 =) PO TRPPPRR 363

viii



List of Examples

1.1 The classic "Hello, world!" program in RUSt .....cccceeeeerireiiemnieniieieennnnen. 6
1.2 Printing a variable in RUSt ...cccuviiiiiiiiiiiiiiiinieetiecen et eecree e 7
1.3 Trying to assign to an immutable variable .........ccccooeeeiiiiiiiiniiiiiienennne. 8
1.4 Changing the variable to be mutable ......cccccoeviiiiiiiiiiiiiiiiiiiiiiiiin 9
3.1 The traditional "Hello, world!" program .......ccccceeeeerreeriennccerreereennnnnn. 15
5.1 The Cargo.toml configuration file .......ccccccceriiiiiiiiiiimmmiiiiiiiciiennn, 24
6.1 Using a string variable ..., 32
6.2 Using the println! MAaCIrO ....ceeeeeeeemiiiiiiiiiiiiiiinininieeeeeeeeceeeierereeereaeaaes 32
6.3 Using a String SlICE ....eueueuiiiiiiiiiiiiiiiiicricnitirrr 33
6.4 Using an integer variable ........ccccocoviiiiiiiiiiiiiiiiiiiiiiii, 34
6.5 Using floating-point variables ........cccoociiiiiiiiiiiiiiiiiiiiiiie, 36
7.1 Using a tuple variable ......cccccoviiiiiiiiiiiiiiiiiiiii, 39
7.2 Swapping the components of two tuples ......ccccccvvrrrrreemmmnniiiiiiininnnn, 40
7.3 Making an array with tuple values as elements ........cccccccevvririrnnnnnnne. 41
7.4 Sorting an array of tUPLES ......cccuvriruemmiiiiiiiiiiii e 44
8.1 Iterating the elements of an array with a while loop ........ccceveveeiiinns 47
8.2 Using an iterator and the for statement on the array ..........cccceeeeeeeens 49
9.1 Listing events that match a target date ..........cceeevveerieiiiiniieniicinnnnnne. 53
10.1 A function to extract year, month, and day .........cccccevieiiriiiiiniiiinnnes 57
10.2 Using the get_year_month_day function .........cccceeeeeerreciiiniierieccnnnnnn. 59
11.1 The Date StIUCT .eeeeeuiiiiiiiiiiiiiiiiniinnreeeeecetctttrrrrre s 64
11.2 The Event StIUCT  ceeveeeriiiiiiiiiiiiininineneneecnctttittrire s 64
11.3 Replacing tuples with Structs .......ccceevvvvviiiiiiiiiiiiiiiiiiiiiiiiineeena. 64
11.4 Utility functions to make dates and events ......ccccceceveviiiiiivciiieninnnn, 67
11.5 Using the field init shorthand .......cccceceviiiiiiiiiiiiiiiiiiin 67
11.6 An impl block for the Date StrUCE ...cveevveieiiiiieiiiiieeieeeeeeeeeereeeeenens 68
11.7 An impl block for the Event SIIUCt ..cceoveeieieieriiinieiirieeeerieeeerneeneennens 69
11.8 A helper struct and a related accessor function .....cccc..ceeeeeveeencennnens 69
11.9 The complete events PrOZrAM  ...cccveeuueerrieeieemuierieereemnneneeeereenneseaeens 70
12.1 An enum representing the months .........ccccevvviiiiiiiiiiiiiiiiiiieienennnnn. 74
12.2 Date struct using the Month enUM .....eeeeeeeiiiiiiiiiiiiiininieeenn 74
12.3 The events program updated to use the Month enum ........cccceeeeennee.. 76
12.4 Day count without leap year checking ........ccccovvvvviiiiiiiiiiiiiiiiininiinnn 79
12.5 Day count with less match arms ....ccccceevveeieemieeiieeiieeicenneeeiieieennes 79
12.6 Day count with leap year check ......ccccccoiiiiiiiiiiiiiiiiiiiiiieiiieiieieenes 80

ix



Learn Rust Programming Today

12.7 Implementing a method for an enuUM ........cceeveveerrereereeiiernereerenneennns 81
13.1 Category struct with optional field ......cccoeiiiiiimmmiiiiiiecerceceeeee e, 84
13.2 The impl block for the Category StrUCt ...cccivveveriereeereieeeneereneereneennnns 84
13.3 Event struct with a category fleld ...c.eeeeeeiiiiieiciiiiiiiiiieeeeeeeeeececeeeee 85
13.4 Event declarations updated to include category ...........ccccccvvvieireeeens 85
13.5 Handling the optional second category component ............cccceuuuee. 87
14.1 Trying to use a variable that is out of SCOpe ......ccceeererirerevererennnnnnnne. 92
14.2 Using a variable in the current SCOPe ......ceceeerreuerreeneirerenenreeeneerennnn. 93
14.3 Trying to assign a type that does not implement the Copy trait ......... 93
14.4 Deriving the Copy trait ...cceeeeeerriieieriiinieriireerereeerereeerereeeeereneseennnenns 94
14.5 Deriving both Copy and Clone along with Debug .....cceevvveueeriivncrreennnnns 96
14.6 Multiple immutable references .......ccccceceeerrrrerrereerereereenneeeeeeereennennns 96
14.7 Mutable references to a variable .......cccccccciimimmiiiiiiieiccceceeee e, 97
15.1 Declaring a vector and adding elements ........ccceeeeeeeueerereniireennnnenne. 99
15.2 Using the vec! macro to initialize a veCtor .......cccceereveeerrieencrreennnnns 100
16.1 Making a MonthDay value from a String .....cccccceeeeeeeeveeneceeeeereennnnaenens 103
16.2 Making a MonthDay value from an integer ..........ccceeeevvvueereeeeeeeennenens 104
16.3 Handling the month-day argument ......ccccceeeeeriiiiiimmiiniiieiiennnnnnenen, 105
17.1 Trying to open a file ..oooiiiiiiiiiiiiiii e eeeeeeeeeeeeeee 110
17.2 Using the unwrap method to handle the error ........cccceevvvierrvennennnnn. 111
17.3 Using the expect method to handle the error ........cccceevvvverevennennnnn. 111
17.4 Propagating errors from a function .....cccccceeeeeeevvneeeneeeeeneneereeeennnns 112
18.1 Using the derive attribute .....ccccoeeiriiiiiiriiiiiiire e 115
18.2 Implementing the Display trait for Category ..c..cceeeeeeeereeceeeeereennenens 116
18.3 Printing out struct values normally .........ccccvvvviiiiiiiiinmiinniiinieennnne.. 117
18.4 Display trait fOT EVENT  ceuveeeriiriieieiiertieereneertneeetereneereneersnesssessneessnnns 117
18.5 Implementing the Default trait ....cccccececeererimeeririnierereeerereneerernnneees 118
18.6 Testing the Display and Default traitS .....ccccceeeeveereeeneereeenerreeenneeens 119
18.7 Implementing the FromStr trait ....ccccceceeeeerremieriiiiererieerereeererennees 121
18.8 Implementing FromStr for MONthDAy .......ceeeereereernecereeereennnneeeeeeeennnnes 122
18.9 Dealing with Result when parsing MonthDay ........ceceevreeenerreennneennnn. 123
19.1 Method for checking the validity of a date .......ccccccceereevvemenennnnnnnne. 126
19.2 Checking some good and bad dates .........ccceeerereueerernererenererennnnenes 127
19.3 Generating random dates .......cccceveeeeiirrieniireieiiirreee e eeanans 129
19.4 Testing random date generation ........cccceeeeeueerreneerereneererencererenennens 129
19.5 Generating random SENtENCES ......ccerereuerreruueerernuerereneererenererennesenes 131
19.6 Generating a random €VENt .....cccceeererrueererenererenerereneeeeenneeeeennenenes 132
19.7 The first ten of 10,000 random €VENtS .......ceeeeveeerreerrieernnerrneernneennns 133



Learn Rust Programming Today

19.8 A sampling of randomly generated events ........cccccccceeeeeeveeenennnnnne. 133
20.1 Improving the Date STIUCE ..iceeueireieneireiieeriieeerieeeereneeereneeereneeeenes 136
20.2 New random function for Date .......cccccceeeeerirrrereeeieeieieieeeeeeenenenennenene. 137
20.3 Unit tests for the Date STIUCt .eeceeeeeeeeemmmiiiiieececreeee e eeeeeeeeeeeeeeeeeeeeee 138
20.4 Making random dates again ....cc.ccceeeeerereneererenierereeereeniereeeneeeeenens 139
20.5 Unit tests for the Category StIUCT ..ivvvevieeeieerieeeneerieerteeereereneerennens 140
21.1 Example of a line COMMENT ...ccvvvrueerrerrrrnnieereereennnieereeeeennneeseeeeennns 144
21.2 Example of @ bloCK COMMENT  ..ceevverrerunieereerrrrniieneeeeeerenneneeeeeeennnennss 144
21.3 Example of a documentation COMMENT ........ceereeeerrennreereerrennenaeenns 145
22.1 Generating the Birthday program .........cccccciviriiiirienninniecreennnnen. 147
22.2 Getting the BIRTHDATE VAlU€ ....cvereuireriniiriineeeeeneeeeeneeereneeerenneennns 148
22.3 Handling the result of date parsing ......cccceeeeeereeeeernieereeeeennnieeeeennns 150
22.4 Stub implementation of the make_message function ..........ccceeeeeeerees 151
22.5 The complete make_message fUNCHON  .iveueeerrrerrreniieerieerennnieereeeeeennnees 152
22.6 Testing the birthday message generation ...........cccccvvveiriivevennnnnee. 153
23.1 Initial Cargo.toml file fOor TOAAY ....cccecerrrireimmmmmmmmmmneeereeeeee e 163
23.2 The EventKind enum and the revised Event Struct .......ccccceeveeerreenee 164
23.3 Singular event constructor and helpers .......cccceevveeverrienierieennnenene. 164
23.4 Improved FromStr implementation for Category ...ccccceeeeereerverneceenes 165
23.5 Improved FromStr implementation for MonthDay .......ccceeeeeeevvenneceenens 166
23.6 Testing the initial program version ........cccceeeeeeereveneereeenerreeenennennns 167
24.1 Initial contents Of 1ih.rS .ccciiiiiiiiiiiiiiiiiiiiiitiee e 170
24.2 The revised main fUNCHION ...ccoeeieiiiiiiiiiiiiiiiii e 170
24.3 The birthday MOAUIE ..ceeeverieeieiiiieie e eeeeeeeeereeeeneeneena e 171
24.4 Invoking the handle_birthday function .........ccccceeeeeereeeeennneereeeennns 171
24.5 The new birthday MOdULE ...cceiveniiiiieiiiiieeee e eeeeaeennas 172
24.6 Invoking handle_birthday from the birthday module ..................... 172
24.7 Accessor functions for EVENt  ......cccceeeeceiieiiiinieeeeeeeececeeececeeeeeeeeenenees 173
24.8 Complete listing of src/1lib.rs up to this point ......ccccccevervverennnnee. 174
24.9 Complete listing of src/events.rs up to this point ..........ccccceeeeeenn. 175
25.1 The EventProvider trait in src/providers/mod.rs ...cccceceeeeeeeeenneennnn. 180
25.2 A simple event Provider .....ccccecceeeeeenierereierereneerereeereeneeeeeneeeeenens 181
25.3 Using the event providers in 1ib.rs ..cceceeveererenerrereeereenieeeceneeeeenens 182
25.4 Example of a nested module in src/providers.rs ......cccccceveeeeereenens 183
25.5 An event provider in a separate module .........coceeeiriiiiiiiiiiiiiniinenns 184
26.1 Events in a plain teXt file  ....ceceeerrreiiiriiierreeieniiiieneeeeenniieneeeeenennnennns 187
26.2 Text file event Provider .......ccccceceereeeeenniieereereenneeseeereennsnsseeeennnsnnns 188
26.3 EventProvider trait implementation for text files ....cccccceeerrevrennnnnnn. 189

xi



Learn Rust Programming Today

xii

26.4 Possible states of reading the event text file ......cccccvveeerereerinnennnnes 190
26.5 The get_events method implementation for TextFileProvider ....... 190
26.6 Making use of the text file event provider .........cccccccvvveereeeevvenneennn 193
27.1 List of events as @ CSV file  ...euuemiiiiiiiciiiiiiieieeeeeeeececcececeeeeeeeeeee 195
27.2 CSV file PrOVIAET  ..covirerrerneererrerrenniieeeeereennssseesereensssssseeesesnssssesseennns 196
27.3 EventProvider trait implementation for the CSV file provider ......... 197
27.4 Using the CSV file Provider ........ccccceeeeerreeermeiieereeeernenneenereereennsnseens 199
28.1 Helper program to print out the configuration directory ............... 202
28.2 Helper function to get the configuration directory ......cccccccceeueeeee. 204
28.3 Constructing the configuration direCtory ....ccccceeeeeeevevevececeececeenennn. 204
28.4 Constructing paths to data fileS ......cceeerrrirriuierrreeeriuierreeeenneneenenene 205
29.1 The configuration file in TOML format ......cccccceeeeerreerennnceereeeeennnnens 207
29.2 Project file with toml and serde crates added ......cccccccvvememennnnnnnnnee. 208
29.3 Configuration data StrUCTUTES .....cceerreerrereeerreereenniierreereennseeeeeeeennes 209
29.4 Updated run function Signatlire ........ccccceeeeeerreeeernneereeeeennneeseeeeennns 209
29.5 Parsing the TOML configuration file in main.rs ....cccccceveeeereereennnnnn. 210
29.6 Instantiating the event providers in src/1ib.rs ..cccovveeevveniinieeenee. 213
29.7 Revised run function implementation ........ccccceeveeeerreereeneeeereeeeennnns 214
29.8 Checking for existing event providers by name .........cccccceeeeeeerenenn. 215
30.1 Database schema SQL statements ........ccceeeeeeuerreemnerreenncreeennereeennenes 219
30.2 Adding a category and some events to the database ...........cc........ 220
30.3 SQLite event provider implementation .........ccceeeeeveueererenererenennenns 221
30.4 Type aliases for category ID and hash map .......cccceeeeevevierevevenennnee. 222
30.5 Getting the categories from the database ......ccccceceerreereerneienreenennns 223
30.6 Testing the database Operations ..........cceceeveeeereereereernereeeneereennnnns 225
30.7 Implementing the EventProvider trait for SQLiteProvider ............... 226
30.8 Getting events from the SQLite database ......cccccceerrerrvrrnnicrreeennnnnne. 227
30.9 Testing the get_events method of SQLiteProvider ....ccccccceeeeervennnnn. 228
30.10 Adding an SQLite event provider to the configuration ................. 228
31.1 The Cargo. toml entries for web-related crates ........ccceeeveverennevennnnnn. 234
31.2 Web event provider implementation .......cccceeeeeeeereieerriiniererennnnenes 234
31.3 EventProvider implementation for WebProvider ....cc..cccceeeevveneeneenens 235
31.4 A helper for JSON PArSING ....ceeeeeeerrrnieereererrennoereeeermenneseseereennsssssens 236
31.5 The rest of the get_events method .....cceveviiiiiiiriieiiiiieiiierieevieeenees 236
32.1 The EventFilter struct with aCCeSSOTS ...cccvvvrriiiiiiiierniiiiiiiiinnnnnes 240
32.2 The accepts method of the event filter .......coeeeveeiiieiiririiirnienneennnn. 241
32.3 The filter DUILAer ..eeueeieiieieiieeeeeeeeeececeee e 243
32.4 Using the filter DUIlder .......ccoceeeeiiiiiiiiiierrreieriiiereeeerereeneeeeereennennss 244



Learn Rust Programming Today

32.5 Testing the event filter .......ccccceeerreiiiiiieereeeerreiiiereeeerreneeeeeeeeennennns 245
32.6 Testing the filter DUILAEr ......cceveveeerriiireiiiirerreieeiiierereeeeenneeeeeeneennns 245
32.7 The refactored EventFilter trait .....ccccccceceeeeereeieiiinineeeeeeeeeceeceeeeeees 247
32.8 Constructing the WHERE ClauSE ....cecevueereirnererinenieineenreennereernnereennnenes 248
32.9 Adding the WHERE clause to the helper function ..........ccceevvveucenenens 249
32.10 Testing the WHERE clause generation .........cceeeeeeeueereeenererencereeenenes 249
32.11 Web provider refactored for filtering .........ccccccvveeerreeeevrnncereenennnns 250
32.12 The new and improved run function .......ccccceeeeerereeerenncenereereennnnnss 252
33.1 Printing out the command-line arguments .......cccceeeeeeeereeenereeennnnne 255
33.2 Using clap to process command-line arguments ........ccceeeeeeunnnenene. 258
33.3 Making the date argument optional ........cccceeriiuiirririiirieiienieeneneeen. 259
33.4 Constructing an event filter from the command-line arguments ... 260
33.5 Defining subcommands with the clap crate ....ccccceeeereeeevvnniereenennnns 261
33.6 Using match to handle subcommands ......cccceeeereuerrienereienerenennnnnnes 262
33.7 Helper types for provider configuration ....ccccccceeeeeeevvveieieecececeennnnn. 263
34.1 Adding a new event kind variant .....c..c..cceeevreeniiirieiiireeeienreeeeeeennnn. 265
34.2 New constructor for creating annual events .....cc.cccceeeeeevveneereeeeennns 266
34.3 Display trait implementation for EVENt ........cceeeeveerreeeeevnnieneeeeennnnees 267
34.4 Event text file with yearless dates ....ccccceeeeeeeeeeieiiiiiiiiieieeeeceecieiennnes 267
34.5 Configuration entry for yearless event provider in today.toml ....... 268
34.6 Creating a singular or annual event in get_events .....cccceeveeenerreeene. 269
34.7 Adding a new event kind for rule-based events ...........cccccvvvueereenens 270
34.8 Constructing a rule-based event .....ccc.ccecceeeereeeierreeniereeeenreeeneneennnns 271
34.9 Defining a struct for the event rule .......ccceeevveeieererierreneereeeereennnnnn. 271
34.10 Enumerated type for the ordinals ......cccccccevemmmmmemiiiiieicececeeeeennn. 272
34.11 Enumerated type for the weekdays ....ccccceeeveveieeeiereeiiieieieieeeeeeeeees 272
34.12 The parse function in the Rule StrUCt .c..oveevieiiniiiiiiiiiiieieeeenennnes 273
34.13 Enriching the Ordinal and Weekday enums with the strum crate ..... 275
34.14 Parsing the event 1ule .....ccoviieierriiiiiiiiiee e 276
34.15 Parsing the rest of the rule .....cccoiivieiieiriiiiiiiiiienneeerreeneeeeereaanen 277
34.16 Handling all the EventKind enum variants ..........cceeeeeeveueereennennenns 278
34.17 The year and month_day methods Oof RULe .....ceevenevenerinierineeenenennens 278
34.18 Tests for the event rule .......ccccceceeeiiiiiiiiiiiiieiiiiiereeeeeeeeeeees 279
34.19 Stub method for resolving the rule ....cccccceevrriiriiiiierrereeeenienneeeennns 280
34.20 Resolving the rule to @ date .......cceceeriieneiriiierriieerreiereeeaereeeaeenes 281
34.21 Computing the n th weekday of the month .....ccccccevviivivnniiniinnnen. 281
34.22 Computing the last weekday of the month ........ccccevvvveiiiiiiinnnnnee. 282
34.23 Converting Weekday to chrono: :Weekday .....ccoeeeevevmieiiiiiiiennicnniennees 282

xiii



Learn Rust Programming Today

Xiv

34.24 More unit tests for rule resolution .........ccccceceeeeeiiriiiieieeeecieieeeenene 283
34.25 Checking for a rule-based eVent .........ccceceeeveeerrereerenniereeeeenennnennns 284
35.1 Preparing for logging in the main function .........cccceeevvvveeerreeeennnnnn. 288
35.2 Adding some debug output to the program .........ccceeerevuerrcennnnnnnne. 289
35.3 Finding out and printing the configuration directory .......ccccccee... 290
35.4 Properly logging the configuration file search .........cccceeeeeciiiieneee 291
36.1 The revised EventProvider trait ......ccccceeeeerreemerrereereeencereerneereennnens 294
36.2 Adding an event to @ teXt flle  ....ccevvvuierrerirriiiienreeeeriiiereeeeerraeneeeens 295
36.3 Adding an event to @ CSV file  ....ceviriiiviiierirerreiniieeereereineeeeeeeennnnens 296
36.4 Command-line arguments for adding an event ........ccccceeeeeeeeeennnnnn. 298
36.5 Handling the add subcommand ......cccceeeeeuerriiniereeenereeeneneeeenneennnes 299
36.6 The add_event function in 1ib.rs ...cc.ccceeeecierrreeeeeneieereeeeeenneeneeeeennns 299
36.7 Function to create the event providers ........cccceeeeeeeereenereeeneneeenen. 300
36.8 The add_event fUNCHION  ...icvvvereeierreerreniieereeeeeeiiiiereeeeenenneneeeeeeennnennss 301
36.9 The find_category_id fUNCION ....coveveeviviiiiiiiiriieeriie e e ereeeennns 302
36.10 The EventProvider implementation for SQLiteProvider ................. 303
36.11 The insert_event fUNCHION .iicceerrrerrruiiererreeriuiereeeeerenneneeeeerennsnnnns 304
36.12 Showing the listing of event providers .......ccccceeeeeereerveneecereeenennnns 306
36.13 Adding the kind for event providers ..........cccccevveeeereereennecereeeeeennns 306
37.1 The revised run fUNCHION  ...ccoeiiiiiiiiiiiiiiiieeeeeeee e eeeeeeeeeeee 309
37.2 Pluralizing the group headings ......ccceeevereeerereneerernierreeniereeeneeeeenens 310
37.3 Using the partition method of an iterator ........ccccceeeeerreeevvveneneennns 312
38.1 A minimal today.toml configuration file ........ccccccerveerrreerrennecrereennns 316
38.2 Rust tool releases in a CSV file called rustopedia.csv ...ccceeeeeuvevnnnns 317
39.1 Refactoring Event by the date ........ccoeeiiiiiiiiiiimmmmmceceeceeenen, 323
39.2 Constructing an Event with an EventDate .....cccceeeeeeereveneererenerennnenns 324
39.3 Refactoring the year and month_day methods ....c..ccceeeeevvvvnneereenennns 324
39.4 Adding the is_singular method .......ccocoieiriiiiiiriiiiiiriiicnreiereeeaes 325
39.5 Creating a new-style event in the text file provider ..............cccc...... 326
39.6 Adding a new-style event to a text file .......ccccceeiiiiiiiiiiiiiiiieee. 327
39.7 Implementing the Display trait for EventDate ..........ceeeeveeeereeeeennnnen. 328
39.8 Collecting events with partition and closure .....ccc.ccccceeevreennnreeenee. 328
40.1 The XML Schema for the event document .....ccccceceeuemumeuiecerceennnn. 330
40.2 An instance document with some XML-related events .................. 331
40.3 Placeholder implementation of XmlFileProvider ......ccccceeeeeeeeeeennnnn. 333
40.4 Parsing XML €VENTS  ce.cceeeeuereruuererenreernnererennererenererensssersnsssersneseees 335
40.5 Parsing the many forms of event dates in EventDate: :parse ........... 338
41.1 The is_active setting for an event provider .......cccccceeeeeereervenneeenens 341



Learn Rust Programming Today

41.2 The new configuration SEttiNg ......cccceeeereriererreereenieereereeenneeneeeeenens 342
41.3 EventManager partial implementation .........ccceeereeneeriiiniiriiiniereennnns 342
41.4 New is_active method for the EventProvider trait .....c....ccceeevvvnnnee. 345
41.5 New struct field to hold provider active status .......cccceeeeerreerennnennn. 345
41.6 Checking if the event provider is aCtiVe ......cccceeeveeveieerreeeerenneeneenens 346
41.7 Checking for active and add support in a provider ........ccccceeeeeeeeens 347
41.8 Support for getting provider information .......c.cceeeeeevveveeeerrereennnnnn. 348
41.9 Implementing the providers subcommand ......cccceeeeveueereennerreennennns 349
41.10 Implementing the add subcommand ........ccceerrivneiriiineireeeerreennenns 350

41.11 The revised run fUNCHON  .oiveviiiiiiiiiiieiiieieceeeteeeeereraereenerneennes 350
41.12 The revised main function

XV



XVi



Introduction

Ten years after the release of version 1.0, Rust has become a force to be reck-
oned with. When advocating Rust, the usual statistics and anecdotes are rolled
out:

+ Rust has nine consecutive years as the most loved / admired programming
language in the Stack Overflow annual survey.

+ As this book is being completed Rust has reached an all-time high position
in the TIOBE Index' (June 2026, 12th).

- Rust is now core part of the Linux kernel® (not without controversy, of
course).

« Microsoft is reducing the attack surface of shipping products using Rust or
lessons learned from it®.

« Amazon Web Services has developed the Bottlerocket container operating
system mostly in Rust®.

- AdaCore is diversifying from Ada and SPARK to include Rust’.

This kind of reporting really belongs in InfoWorld, Ars Technica or The Reg-
ister instead of a Rust programming book, but it cannot be denied that there
is momentum.

Before we head straight into practical Rust programming, let's have a quick
look at how Rust can be compared with other languages that might be more
familiar to the reader.

1https ://[www.tiobe.com/tiobe-index/

2https ://rust-for-linux.com

3https: //techcommunity.microsoft.com/blog/surfaceitpro/safer-drivers-stronger-devices/4431411
4https ://bottlerocket.dev

5https: //[www.adacore.com/languages/rust
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Introduction

Rust in a nutshell

If you already have some (or a lot of) programming experience, you have come
across many features that somehow define programming languages. It can be
useful to frame Rust in terms of those features.

Here are some of the most obvious differences between Rust and other current
programming languages. You can skip this section if you want to get straight
to the action.

Notational differences

xviii

While Rust looks at least a little familiar to those coming from "curly brackets"
languages, it's good to know about some notational differences that can make
your work a little easier.

Curly brackets: Like C, C++, Java, JavaScript, Swift, and many others, Rust uses
curly brackets to delimit blocks. However, unlike Python, whitespace is not
significant.

Less parentheses: Rust does not need parentheses around expressions in con-
ditional statements. They can be used to provide clarity or force an evalua-
tion order, but the traditional outer parentheses are not needed.

Semicolons for statements only: The semicolon is used to terminate a state-
ment, but not after an expression. This has an interesting application in
functions, where the last expression in the function body becomes the re-
turn value.

Commas allowed: Commas are allowed after the last item in arrays and other
list-like constructs. This is to avoid a compiler error when you add an item
to the end of the list, but forget to add the comma.

Terseness: Rust uses short keywords and symbols for common semantic ele-
ments, such as fn, struct, and impl instead of function, record, or implemen-
tation.

Pattern matching: Rust has no traditional switch statement. Instead the match
expression uses pattern matching to select between alternatives.
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No function overloading: Functions with the same name but different argu-
ment lists are not allowed in Rust.

No default arguments in functions, and no named arguments either.

Explicit block structure: curly brackets are always needed in if expressions
and loops.

Conceptual differences

Errors, not exceptions: Rust does not have exceptions like C++ or Java, so there
isno try...catch construct either. Errors are handled using a dedicated Re-
sult generic enumeration type with Ok and Err variants.

No null: Rust does not have the null value, so the same kind of null pointer
exceptions that are common in Java can't occur. Instead Rust has the Option
type which can be inspected.

Stack instead of heap: Memory for values in the program is usually allocated
on the stack, unless dynamic allocation on the heap is specifically asked for.

No garbage collection: The Rust compiler checks the program for memory us-
age. Allocated memory is freed when the variables go out of scope. The com-
piler detects cases where memory would be used after it has been freed.

Powerful macro system: Rust macros are different from traditional C-lan-
guage macros that do text substitution. They generate code when they are
expanded early in the compilation process.

Learning Rust by doing

There is no getting around the fact that Rust can be a difficult language to
learn. It has what is known as a "steep learning curve". Even though it is an
imperative language that at least superficially looks a bit like the "curly brack-
et languages"—C, C++, Java, C#, JavaScript—there are many concepts that are
very different from those more established languages.

It is also somewhat challenging to find a linear ordering for all the features
of Rust that matter in everyday software development. When learning Rust

xXix
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new things come up all the time, and you will either have to deal with them
on the spot, or defer them to some future time. Both of these approaches have
their problems.

In this book I've decided to approach Rust programming from the viewpoint
of learning by doing, instead of isolated examples that you "just have to re-
member" or "keep in mind". Apart from the very first small examples of Rust
programs, almost everything in this book is aimed towards a single end result:
a working application that does a well-defined thing.

The Today application islarge enough to provide an opportunity to meet most,
if not all, the important concepts of Rust in action, and to show a way to take
advantage of them in the context of real software development.

It is my hope that by the time you finish this book you have a much better idea
about what Rust is good for, and how to use that goodness to your advantage.
You will also have a useful, flexible application that can serve as the basis for
further development or as a source of building blocks for other applications.

Who this book is for

XX

This book is intended primarily for programmers who already have a good
command of one or more programming languages, and who are approaching
Rust as a possible "second language", maybe even with thoughts of making
it the first. This book will probably not work for you if you are a complete
beginner, but go ahead and pick it up anyway, out of curiosity. You can fill
in the gaps with other books in the Rust lexicon, like The Rust Programming
Language [Kla2026].

If you have ever felt frustrated with programming books that present seem-
ingly disconnected facts about language syntax but never a coherent picture
of what can be achieved with the concepts of the language, this could be the
book for you. Instead of isolated examples this book has along arc, where even
the first small ideas are somehow connected to the end result (read on and
you shall see).

This book is primarily about Rust the language, but it is also about Rust the
enabler. Rust is one of the few current languages where everything comes to-
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gether nicely, once you have given it a little bit of time and practice. The lan-
guage is coherent, the tools are excellent, and the results are great.

Source code repositories

All the programs developed in this book are available on GitHub under the
MIT License. The main repository® has all the source code for every chapter, in
aformatthat should get you up and running with just cargo run (see Chapter 5,
Getting to know Cargo for details).

The book repository has a chapter key that connects the chapter numbers to
the directories in the repository. See the README . md in the repository for details.

The Today program is developed separately, starting from where this book
ends, in its own repository7. It is anticipated that this repository will soon
leave the book repository behind in terms of features.
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Part I. Getting Started with Rust

In this part of the book we will look at installing the Rust tools, and then go for a
test drive at the Rust Playground. We'll also get to know how to invoke the Rust
compiler to turn source code into an executable file, and take a look at how to edit
Rust source code with a programmer's editor. Finally, we'll introduce Cargo, the
build system and package manager of Rust.
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Chapter 1. Using the Rust Playground

Learn about
« How to run your first Rust program in the Playground
+ How to use the println! macro
« How to print the value of a variable
+ The difference between immutable and mutable variables
In order to get your first taste of Rust programming you don't even need to
install anything. Instead, point your web browser at the Rust Playground®.

You will see a editor-like text area with some Rust source code, along with
some buttons to perform operations.

https://play.rust-lang.org
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Figure 1.1. The Rust Playground

ee® M- < ) € play.rust-lang org/?version=stable&mode=debuggedition=2024 J ©bd + @

® Rust Playground

m DEBUG STABLE SHARE ToOLS @ CONFIG ®

- fn main() {
let mut message = "Hello, world!";
println!("{}", message)
message = "How are you today?";
println!("{}", message);

}

Execution Close
Standard Error
Compiling playground v6.0.1 (/playground)
Finished “dev' profile [unoptimized + debuginfo] target(s) in 0.65s
Running "target/debug/playground’

Standard Output

Hello, world!
How are you today?

If the text area contains anything, select it all with the mouse or a keyboard
shortcut and delete it; we want to start with a clean slate.

Enter the following program into the text area:

Example 1.1. The classic "Hello, world!" program in Rust

fn main() {
println!("Hello, world!");

Then click the Run button above the editor text area and to the left. You should
see another area below the editor, containing messages from the Rust compil-
er, followed by the output of the program. Under the heading Standard Error
you will see something lke this:

Compiling playground v0.0.1 (/playground)



Finished ‘dev' profile [unoptimized + debuginfo] target(s) in 0.66s
Running ‘target/debug/playground’

Below that, under the heading Standard Output you should see the output:
Hello, world!

If this is not the case, then you will see some error messages from the Rust
compiler listed under Standard Error. Fix them as you best can, and try again.

The program above is the classic "Hello, world!" program, originally devised
by Brian Kernighan [Ker2019]. It has become the standard as the very first pro-
gram you write when you're learning a new programming language. It lets you
test that your setup works, so that you can move on to greater things. Let's an-
alyze the Rust version of this (very short) program line by line.

Every Rust program must have an entry point called main, defined as a Rust
function using the fn keyword. This function has no parameters, but the pa-
rameter list (in parentheses) must always be there, even if it is empty. The
function header is followed by the function body, in the curly brackets { and
}. The body can contain statements and expressions. In this program the on-
ly statement is an invocation of the println! macro—you can tell that it is a
macro from the exclamation mark after its name. Later we will meet many
more Rust macros.

When the program is compiled, the println! macro will be expanded into
more Rust source code. Here it prints the text Hello, world!, expressed here
as a static string enclosed in quotes, to the standard output, with an added
newline. The semicolon marks the end of the statement. There is also another
version of this macro without the trailing newline, called print!.

Let's try something else. Change the program in the playground to read:

Example 1.2, Printing a variable in Rust

fn main() {
let message = "Hello, world!";
println!("{}", message);
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The let expression declares a named variable, which here is called message.
Theprintln! macro can also print the value of a variable instead of just a literal
string, provided that there is a placeholder in the format string that can be
replaced by the value of the variable. When you run this program, it displays
the exact same text as the earlier one.

We will be seeing more than enough error messages by the compiler later on,
but just to get an idea of how they look, add a line to the program to change
the value of the message variable and print it again:

Example 1.3. Trying to assign to an immutable variable

fn main() {
let message = "Hello, world!";
println!("{}", message);
message = "How are you today?";

println!("{}", message);

If you now run the program, you will find that it does not even compile, let
alone run. Instead, you will get a lengthy error message:

Compiling playground v0.0.1 (/playground)
error[E@384]: cannot assign twice to immutable variable ‘message’
--> src/main.rs:4:5

2 let message = "Hello, world!";
------- first assignment to ‘message’
3 println!("{}", message);

message = "How are you today?";
ARARANNRANNANRANARARARARARARAAL cannot assign twice to immutable variable

2 let mut message = "Hello, world!";

I
I
I
I
I
I
help: consider making this binding mutable
I
I
| +++

The Rust compiler has found a problem, reported about it and even offered a
way to fix it. The problem is that the let keyword defines an immutable vari-
able. This is the default in Rust. Once an immutable variable is initialized,



it cannot be changed, or "mutated". To be able to change the value later, the
variable needs to be defined with an additional mut keyword, as suggested by
the compiler:

Example 1.4. Changing the variable to be mutable

fn main() {
let mut message = "Hello, world!";
println! ("{}", message);
message = "How are you today?";
println!("{}", message);

Now there are no compiler errors, and the output is as expected:

Hello, world!
How are you today?

Note that when the message variable was defined, there was no indication of its
data type. However, Rust is a statically typed language, and the type of every
variable must be known and fixed at the time the program is compiled, either
by specifying it or letting the compiler infer it from the context.

We were able to leave out the data type because Rust has type inference, mean-
ing that it can decide the data type of the variable based on the value used to
initialize it. In most cases the inferred data type is exactly what we intended,
but in some situations (which we will see later) Rust needs the data type to be
explicitly specified. In this case the text in quotes can only be a string.

The Playground is essentially the Rust compiler and the Cargo tool packaged
into a web application that can be driven with your web browser. We will
have a look at both the compiler and Cargo soon, but first let's make a couple
of small Rust programs just to get familiar with some of the basic building
blocks.

You can create much more elaborate programs with the Playground than just
the traditional "Hello, world!", because it also provides you with some of the
most common Rust libraries. It also has many of the utilities that are part of
the standard Rust tools, such as rustfmt for formatting your Rust source code
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according to the guidelines in the Rust style guide, and Clippy for checking
your code for common mistakes.

The Rust Playground is excellent for getting familiar with Rust, but it does
have its limitations. At some point you will want to start working on Rust pro-
grams with tools installed locally on your computer. In the next chapter we
will have a look at how to download, install and test drive the official Rust de-
velopment tools.
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Learn about
+ How to download and install the Rust development tools
« How to update the tools after installation

When you are ready to download the Rust development tools on your comput-
er and start to use them locally, go to the Rust home page' and click the Get
Started button. You will be directed to the official method of installing Rust,
which is done using a tool called rustup. This tool will need to be downloaded
first and executed, in a manner that is dependent on the operating system on
your computer.

Figure 2.1. Installing Rust

090 M-~ < @ rust-lang orgflearn/get-started] ¢ ©a + 0

® Getting started - Rust Programming Language

Installing Rust

You can try Rust online in the Rust Playground without installing anything on your computer.

TRY RUST WITHOUT INSTALLING

Rustup: the Rust installer and version management tool
The primary way that folks install Rust is through a tool called Rustup, which is a Rust installer and version management tool.

It looks like you're running macOS, Linux, or another Unix-like OS. To download Rustup and install Rust, run the following in your terminal,
then follow the on-screen instructions. See "Other Installation Methods" if you are on Windows.

curl --proto "=https’ --tlsvl.2 -sSf https://sh.rustup.rs | sh

Is Rust up to date?

Rust updates very frequently. If you have installed Rustup some time ago, chances are your Rust version is out of date. Get the latest
version of Rust by running [ rustup update }

https://rust-lang.org
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The Rust home page will most likely detect your operating system, and of-
fer you a suitable way of getting rustup. On Unix-like systems, like Linux and
macOS, you will use curl to download a shell script and execute it. You can
also download the shell script using the URL shown, and audit it before ex-
ecuting it. On Windows you will need to download the rustup-init.exe pro-
gram, which requires the Visual C++ Build Tools. There are also standalone
installers, so you will need to make a choice that best suits your environment.
The Rust documentation has plenty of up-to-date material about installation
on various platforms.

For the sake of discussion, let's assume that you are running Linux or macOS,
and you execute the rustup initialization script. This will result in the rustup
tool being installed, and then used to download and install the rest of the Rust
tools, including the Rust compiler. The rustup tool will also be your method
of keeping the Rust tools up to date, and it will be installed in a directory that
ends up in your search path.

After the installation is complete, you can use the command rustup show to
check that the Rust toolchain has been installed. On the author's machine (Ap-
ple MacBook Air M4), at the time of this writing, the result looks like this:

% rustup show
Default host: aarch64-apple-darwin
rustup home: /Users/me/.rustup

installed toolchains

stable-aarch64-apple-darwin (active, default)

active toolchain
name: stable-aarch64-apple-darwin
active because: it's the default toolchain
installed targets:
aarch64-apple-darwin
x86_64-unknown-1inux-gnu

There are several versions of the Rust toolchain, with the "stable" version be-
ing the latest official release version. Since Rust is developing all the time,
there are also "nightly" versions that you can use if you want to use features



that may not be ready for prime time yet. In this book we will only use the

stable toolchain.

Even the stable toolchain gets updates every six weeks. You can use rustup to
check for them and install them. At the time of writing this, a new version
of the stable toolchain had just been released, so the rustup update stable
command resulted in downloading and installing the new version 1.92.0:

% rustup update stable
info: syncing channel updates for 'stable-aarch64-apple-darwin'
latest update on 2025-12-11, rust version 1.92.0 (ded5c@6cf 2025-12-08)

info:
info:
28.0
info:
3.4
info:
8.2
info:
2.8
info:
20.5
info:
26.0
info:
60.9
info:
1.5
info:
info:
info:
info:
info:
info:
info:
info:
info:
28.0
info:
info:
info:
info:

for 'x86_64-unknown-linux-gnu'

downloading component 'rust-std' for 'x86_64-unknown-linux-gnu'
MiB / 28.0 MiB (100 %) 4.5 MiB/s in 6s
downloading component 'rust-src'
MiB / 3.4 MiB (100 %) 2.6 MiB/s in 1s
downloading component 'cargo'
MiB / 8.2 MiB (100 %) 2.8 MiB/s in 3s
downloading component 'clippy'
MiB / 2.8 MiB (100 %) 1.2 MiB/s in 2s
downloading component 'rust-docs'
MiB / 20.5 MiB (100 %) 3.6 MiB/s in 7s
downloading component 'rust-std'
MiB / 26.0 MiB (100 %) 2.7 MiB/s in O9s
downloading component 'rustc'
MiB / 60.9 MiB (100 %) 3.4 MiB/s in 19s
downloading component 'rustfmt'
MiB / 1.5 MiB (100 %) 1.3 MiB/s in 1s
removing previous version of component 'rust-std'
removing previous version of component 'rust-src'
removing previous version of component 'cargo'
removing previous version of component 'clippy'
removing previous version of component 'rust-docs'
removing previous version of component 'rust-std'
removing previous version of component 'rustc'
removing previous version of component 'rustfmt'
installing component 'rust-std' for 'x86_64-unknown-linux-gnu'
MiB / 28.0 MiB (100 %) 26.5 MiB/s in 1s
installing component 'rust-src'
installing component 'cargo'
installing component 'clippy'
installing component 'rust-docs'

20.5 MiB / 20.5 MiB (100 %) 5.0 MiB/s in 2s

13
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info: installing component 'rust-std'

info: installing component 'rustc'

60.9 MiB / 60.9 MiB (100 %) 27.8 MiB/s in 2s
info: installing component 'rustfmt'’

stable-aarch64-apple-darwin updated - rustc 1.92.0 (ded5c@6cf 2025-12-08) (from rustc
1.91.1 (ed6le7d7e 2025-11-07))

info: checking for self-update

The output shows that all the Rust tools were updated. As a last step, rustup
also tried to update itself, but there was no update available for it. You may
want to issue the rustup update stable command from time to time to get the
latest tools. Check the Rust language blog on the home page regularly for news
about new releases, features and bug fixes.
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