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SA3BIK IporpaMmupoBaHyst Rust

BBefieHne K PyCcCKOsi3bIYHOMY nepeBoay

Ota KHWra mnpezcTasiseT coboi mepeBof «The Rust Programming Language». Opurunan

KHUI'U PACIIOJ/IOXKEH 3/1eCh.

[TepeBoz OKOHYEH U COOTBETCTBYeT Stable BepcMM KHUIM Ha MOMeHT BbixoAa Rust 1.2 stable.
MoryT BCTpeyaThCsi HECOOTBETCBUSI OPUTHUHATY KHUTH, HO HAallMCaHHOE 371eCh aKTYasIbHO [i7Isl JIF000To

Rust 1.x, mockonbKy Rust rapaHTHpyeT CTaOM/ILHOCTD SI3bIKA B TIpe/iesiax MaXKOPHOU BEPCHUH.

BHVUMAHME! Ecmu Bbl BUAWTE HECOOTBETCTBHE TMPHMEPOB WM TeKCTa peasbHOMY
TOBE/IeHUI0, TIOXKaJlyiCTa, co3/anTe 3azauy win cpasy fenaite Pull Request c ucnpaBnenussmMu. Mbl

He KycaeMmcsl ¥ pajibl ncnpasieHusm! :wink:

® Uyrarh KHUTY
e (Ckauatb B PDF

e (Ckauath B EPUB
® (Ckauats B MOBI

[Tone3Hble CCbI/IKN

Yatbl CcbpUIKH
ISt 00CY>K/I€HUSI S13bIKa, TTO/TyYeHHs TIOMOIIN

AJid O6Cy>K,E[EHI/IH camoii KHUTU U BOITIPOCOB I1epeBoJa

Mbi Ha Xabpe

CoaBTOpam

C yero HauaTb

EcTh HEKOTOpOe KOJMUeCTBO OYeHb MPOCTHIX MPOoOIeM. DTO Oreyarky, U, B3siB OJHY W3 TaKWX

3d/id4, Bbl CMOXXETeE JIETKO MM0y4aCTBOBATEL B I€PEBOAE U OYEHb HAM ITIOMOXKETe.

He 6otiTeck code review, y Hac He NMPUHATO Hae3KaTb Ha HOBUUKOB. :smile:

Coopka
Ec/u BbI 3aHSJTUCh UHPPACTPYKTYPOU, BaM TTOHAZI0OUTCS IIPOBEPSITH CBOIO PabOTY JIOKA/IbHO.

Celiuac cambIéi TIPOCTOM Croco® cobpaTh KHUTY JIOKAJbHO - 3TO TpOJe/aTh Te )Ke JeHCTBU,
uro genaer Travis. Cmorpute daiin .travis.yml, pasgenst install, before script,
script, after success. Ounu 0/KHBI OBITH JOCTATOUHO TIOHSATHBI CaMH 10 cebe.
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https://doc.rust-lang.org/book
https://github.com/ruRust/rust_book_ru/issues
http://ruRust.github.io/rust_book_ru/
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https://gitter.im/ruRust/general?utm_source=badge&utm_medium=badge&utm_campaign=pr-badge&utm_content=badge
https://gitter.im/ruRust/rust_book_ru?utm_source=badge&utm_medium=badge&utm_campaign=pr-badge&utm_content=badge
http://issuestats.com/github/ruRust/rust_book_ru
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http://habrahabr.ru/post/266813/
https://github.com/ruRust/rust_book_ru/labels/%D0%BE%D0%BF%D0%B5%D1%87%D0%B0%D1%82%D0%BA%D0%B0
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TecTnpoBaHune

Ecny Bbl uaMeHw M UHGPaACTPYKTypy, C/ieAyeT NpOBepUTh M3MeHeHus. [IpoBepka 3aBUCUT OT

KOMIIOHEeHTa, B KOTOprﬁ BbI BHeC/IM U3MEeHeHue.

Ecmv 310 CTU/IM U reHepaLyist KHUTH - HY)KHO CTeHepHUpOBaTb KHUT'Y JIOKAJIbHO U ITOCMOTPeTh,
yro BCé paboraeT kKak Hazmo. KonBeiiep mpeobOpa3oBanuss HTML-Bepcuu B JApyrue BapHaHThI

TIPOBEPSIETCS TaK Ke.

Ec/u BBl BHEC/IH M3MEHEHHs] B CKPHUIITHI, BhI3biBaeMble Travis, wiu B cam .travis.yaml,
NoykasyicTa, CieauTe 3a craTycoMm cOopku - oH orobOpaxkaercsi B PR. PR, kKoTOpbIii He mpoxoAuT

cOOpKy, MPUHSAT He OyZeT.

(e NoNyunTb NOMOLLIb

Y 3TO0ro PENo3uTOpUA €CTh UdT-KOMHATA Ha Gitter. Ecnu Yy BaC BO3HHK BOIIPDOC 110 3aJd4ye Win
10 TOMY, UTO BbI B34/IUCh [1€/1dTh, KdK IM€PeBEeCTH KaKOM-TO TEPMHWH W/IK KdK C06paTb KHUT'Y JIOKa/IbBHO

- BaM CIO/id.

AN ONbITHBIX

IIpaBusia nepeBoja.

bnarogapHocTu

BripakaeM 6/1arolapHOCTb BCeM, KTO MPUHKMA/ YUaCTHe B CO3[AaHNN 3TOW KHUTH.

Ot @kgv: «Xouy nobmarogaputh Moux poauteseii: Tanw v Bosoaro. be3 HuUX He ObIIO ObI

9TON KHUTW».

OwnoéKn

Ecnu BbI BCTpETU/IN OI_I_II/I6Ky WN/IM HETOYHOCTD, HO)](ElJ'IyﬁCTEl, HaNWIIINATE O Hew.

Pecypchl

e rustbook pacrionio)eH 371ech

® Derno3UTOPHI PACIIONOkKeH 3/1eCh

PeBu3ns NCXoQHOro Kofa AaHHO BEPCUM KHUTU
0e167f9

2. BBenenue

BBegieHure K pyCCKOSI3bIUHOMY TTEPEBOAY 3


https://gitter.im/ruRust/rust_book_ru
https://github.com/ruRust/rust_book_ru/wiki/%D0%9F%D1%80%D0%B0%D0%B2%D0%B8%D0%BB%D0%B0
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BeBeneHne

HNobpo mnoxkanoBate! OTa KHUra oOy4aeT OCHOBHBIM TIPUHIMIIAM pPa0OThI C  SI3BIKOM
nporpaMMupoBaHus Rust. Rust — 3T0 cUCTeMHBINM S13bIK TTPOTPAMMHPOBaHUsI, BHUMaHUe KOTOPOTO
COCpe/JOTOYEeHO Ha TPEX 3a/jauax: 0e30MacHOCTh, CKOPOCTh W mapa/uienu3M. OH pellaeT 3TH 3aaud
6e3 cbopimka mMycopa, UTO /ieflaeT ero IoJjie3HbIM B psifie C/TyuyaeB, KOTZa WCIIO/Ib30BaHUE JPYTHUX
SI3BIKOB OBI7I0 ObI HellesiecooOpa3Ho: NP BCTPAUBAHUM B [IPyTHE SI3bIKH, TTPU HAalIMCAaHWUH TPOTPaMM C
0COOBIMM TIPOCTPAaHCTBEHHBIMU U BPEMEHHBIMHM TPeOOBaHUSIMU, TIPH HANMCAHWU HHU3KOYPOBHEBOTO
KOZIa, TAaKOTO Kak /IpaiiBepbl YCTPOMCTB M OMepalMOHHbIe CHUCTeMbl. Bo BpeMmsi kommuisiuu Rust
JleJiaeT psii IPOBepOK 0e30macHOCTU. 3a CUET 3TOr0 He BO3HMKAeT HAaK/Ia[HBIX Pacxo/0B BO BpeMsi
BBITIOJIHEHUST TIPUJIOKEHUsI M YCTPAHSIOTCSl BCe TOHKU JIaHHBIX. JTO MaéT Rust MpenMyIiecTBO Haj
JIPYTUMH S13bIKaMU TPOrPaMMMPOBaHUs, MUMEIOIIMMU aHAJIOTMYHYI0 HarpaB/leHHOCTh. Rust Takxke
HarpaB/ieH Ha [JOCTI)KeHUe «abCTpakKiuM C HYyJeBOH CTOMMOCTBIO». XOTS HEKOTOpble W3 3THX
abcTpakuuii ¥ BegyT ceOsi Kak B sI3bIKaX BBICOKOTO YPOBHS, HO Jaxe Torga Rust mo-mpexxHemy

obecrieurBaeT TOUHBINA KOHTPOJIb, KaK AeJiaJl OBI SI3BIK HU3KOT'O YPOBHH.

Knura «f3plk mporpamMmupoBaHusi Rust» fAenuTcss Ha BOCeMb pasfiesioB. JTO BBeJjeHUe

ABJIAETCH IIePBBIM U3 HUX. 3areM HUAyT:

e ( uero HauaTb — HacTpoiika komrbroTepa AJisi pa3paboTky Ha Rust.

e llsyuenne Rust — OOyueHue TpOrpaMMHUpOBaHWIO Ha Rust Ha mpuMepe HeOOIBIIMX

IMTPOEKTOB.

® (CHMHTAKCHC U CeMaHTUKa — Kam,qoe noHsaTHe Rust paB6I/IBaETCH Ha HeOOoJIbIIIIe KyCOUKHU.

e DOdhdexruBHOe ncrons3oBanre Rust — IToHsTHS Goslee BBICOKOTO YPOBHS JJIsi HAlMCaHHUs

KaueCTBEHHOI'0 KO/ida Ha Rust.

e HecrabunabpHble BO3MOXHOCTH Rust — Hepe,ZLOBLIe BO3MOXXHOCTH, KOTODpbI€ TIIOKd He

nobaB/ieHbl B CTaOUTBHYIO COOPKY.
e [ioccapuii — CChIIKM Ha TEPMUHBI, UCIIO/Ib3yeMble B KHHUTE.

e bubmmorpadus — JIureparypa, KOTopasi OKa3ajia BiusHUe Ha Rust.

[Toce mpouTeHUs] 3TOro BBe/eHHS, B 3aBUCUMOCTM OT BalllMX IIPeJIIOYTeHWH, Bbl MOXKeTe
MIPOJIOJDKUTE JlafbHelilllee u3ydyeHre 00 B HarpaBieHnu «V3yuenue Rust», mibo B HaripaBieHUH
«CHHTaKCHC U ceMaHTUKa». Ecu BbI IipefriounTaeTe U3yYuTh S3bIK Ha IIPYUMepe peasibHOro IPOeKTa,
nyuiuM BbibopoM OyzeT paszmen «M3yuenue Rust». Pasgen «CHHTAKCHC M C€MAHTHKa» TOAOUIET
TeM, KTO IpejIiouMTaeT TLIATe/JbHO U3YyUWThb KaK[Oe IOHATHE s3blKa OT[e/IbHO, Iepef TeM Kak

ABUTATbCsA AaJiblIIe. Bonkblioe KoinuecTBo HeperéCTHbIX CCBUIIOK CcoeaurHsAeT 3TH YaCTH BOeIMHO.

Copencrtaune

VcxomuHbie (haliibl, U3 KOTOPbIX TeHEPUPYETCsSl OPUTMHA 3TOM KHUTH, MOTYT ObITb Hal/ieHbl Ha
GitHub.
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http://rust-lang.org
https://github.com/rust-lang/rust/tree/master/src/doc/book
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Vcxopnble ¢aitibl mepeBofa 5TOW KHWUIM HAa PYCCKUM $3bIK Takke Haxopaarcs Ha GitHub:
https://github.com/ruRust/rust book ru

1. Introduction3. C yero Hauatb
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SA3BIK IporpaMmupoBaHyst Rust

C yero HayaTb

[lepBblii pa3men KHATM paccKas3biBaeT O TOM, KakK Hauatb paboratb ¢ Rust u ero
nHCTpyMeHTamMu. (CHayana Mbl YCTaHOBUM Rust, 3aTeM HamuileM KJIaCCUYECKYH MPOrpaMMy
«[TpuBet, Mup!» U, HaKoHell, oroBopuM 0 Cargo, KOTOpbIi TpeficTaB/sgeT coboil cucteMy cOOpKU U
MeHe/Kep IakeToB B Rust.

YcTtaHOoBKa Rust

HepBbIM IIaroM K HCI0/Jb30BaHMI0 Rust sBasgeTcs ero YCTAaHOBKa. B or1oli r71aBe Ham
HOHa,I[O6I/ITC$I HWHTEPHET-COeJUHEHUWE [JIS BBINO/IHEHUA KOMdH/, C IMOMOILBIO KOTOPbIX MbI 3dI'Dy3UM

Rust u3 HTepHeTa.

MbI BOCIIO/IB3YEMCsT HECKOTbKUMH KOMaHZIaMH B TEPMHHAJIe, ¥ OHU BCe OyyT HAUMHATBCSI C $.
BaM He Hy)KHO BBOAUTH $: 9TOT CUMBOJI MCIIO/Ib3YETCsl TOBKO /ISt TOTO, YTOObI 0003HAUMThL HAYasio
KaKaol KoMmaHgbl. B VHTepHeTe MO)KHO YBHJEeTb MHOXECTBO PYKOBOZCTB M TIPUMEPOB, KOTODbIe
C/IefiyroT 3TOMy TipaBuiy: $ o603HauaeT KOMaH/[bl, KOTOPbIE BBIMOJIHSKOTCSA C MPaBaMH OOBIYHOTO

I10J/1b30BarTesId, 1 #— KOMdH/IbI, KOTOPLIE€ BBITIO/IHAKOTCA C [TpABAMHW aIMUHUCTPATOPA.

MNoaaepxnBaemMble NNaTOpPMbl

[TepeueHb miatdopM, Ha KOTOPBIX paboTaeT U [yl KOTOPBIX KOMIMIMPYeT KoMmuasTop Rust,
JIOBOJIbHO OOJIBbILION, OfHAKO He BCe TIaTGOPMBI IMOJ1epKUBAOTCS OJMHAKOBO. CyIlecTBYeT TpH

YPOBHSI MOJ1epKKU Rust, Ka>KAbIi M3 KOTOPBIX MPeoCTaB/isieT CBOM Habop rapaHTHiA.

[TnatdopMbl UAEHTUPULIMPYIOTCS TI0 WX «IIeJIeBOM TPOHKe», KOTOpasi SIB/IIETCS CTPOKOH,
coo011jaroli|eil KOMIUISATOPY, KaKie BBIXOHbIe JaHHbIe [JO/DKHBI ObITh TIpor3BesieHbl. CToOIbI HiKe

yKa3bIBalOT, paboTaeT /I COOTBETCTBYIOL[MI KOMIIOHEHT Ha yKa3aHHOM riatdopme.

[MepBblil YPOBEHL

[lepBbiii ypoBeHb IIaTGPOPM MOXKET BOCIPHHMMATHCS KaK «TapaHTHPOBAaHHO COOMpaeTcs W

paboTaet». B yacTHOCTH, KaXK/jasi U3 HUX y/IOBJIETBOPSieT C/IeAYIOIUM TpeOOBaHUAM:

® ABTOMaTHuecKHe TeCThbl 00eCreurBaroT TeCTUPOBaHKe 3TUX MIaTGOPM.
e li3MmeHeHus, TIpUHsTHIE B BeTKy master perosutopus rust-lang/rust, npouum

TeCTHUPOBaHHUe.

55t 5THX T1aTGOPM NPeIoCTaB/ISIOTCS OpULIMaIbHbIe MaKeThl.

e JlocTyrHa ZOKYMEHTAIMsl O TOM, KaK coOpaTh U UCIOIb30BaTh M1aTdopmy.

Target std rustc cargo notes
x86 64-pc-windows-msvc % v 64-bit MSVC (Windows 7+)
i686-pc-windows-gnu oo/ v 32-bit MinGW (Windows 7+)
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x86 64-pc-windows-gnu v
i686-apple-darwin v
x86 64-apple-darwin v

1686-unknown-linux-gnu v

x86 64-unknown-linux-gnu v

BTopoit ypoBeHb

v v 64-bit MinGW (Windows 7+)

v v 32-bit OSX (10.7+, Lion+)

v v/  64-bit OSX (10.7+, Lion+)

v v 32-bit Linux (2.6.18+)

v v 64-bit Linux (2.6.18+)

Btopoii ypoBeHb maTopM MOXKET BOCIPHUHHMMAThCS KaK «TapaHTHPOBAaHHO COOMpaeTcs».

ABTOMaTHUeCKHe TeCTbl He TOJ/IeP)KUBAIOTCSA, U B CBSI3U C 3TUM PAabOTOCIIOCOOHOCTH COOpPKU He

rapantupyercsi. Ho sty niardopmbl 0O0bIYHO paboTaroT AOBOJIBHO XOPOLIO, U TIPEJJIOXKeHHs o

yAydllieHrno BCerga HpI/IBETCTBy}OTCH! B YaCTHOCTH, 3TU I'I]'IaTCl)OpMBI YAOBJ/IETBOPAROT C/1eYyHOLUM

TpeboBaHUsSIM:

e HactpoeHa aBTroMaTtryeckasi COOpKa, HO TeCTUPOBAHUS He TTPOUCXO/IUT.

e lI3MeHeHus:, TIPUHSATHIE B BeTKy master perosutopusi rust-lang/rust, cobupatorcs

st 3TUX TwiatdopM. Mmelite B BUAY, UTO /i1 HEKOTOPBIX T1aT)OPM COOMPAETCs TOBKO

CTaHJapTHas1 OUOMOTEKA, HO [I/Is OCTa/IbHBIX HACTPOEHA TI0/THAask paCKpyTKa KOMIU/ISTOpPA

(bootstraping).

® 11 3TUX 11aTopM TIPeJoCTaB/ISIOTCS OPULIMATbHBIE TTaKeThl.

Target std rustc cargo notes

i686-pc-windows-msvc v v

TpeTunin ypoBEHb

v 32-bit MSVC (Windows 7+)

Tpetunii ypoBeHb TiaT¢popM — 3TO Te, KOTOpble Rust mopajep>KvBaeT, HO [AJs KOTOPBIX

MPUHATBIE U3MEHEHUA aBTOMAaTHYE€CKH He COGI/IPEII-OTCH U He TeCTHUPYIOTCH. ,HJ'IH AaHHBIX nnachopM

pa6OTOCHOC06HOCTL CGOPKI/I oripefesjiaTcd CTeIlleHbRO COAEﬁCTBHH COOGH.[GCTBEI. K TOMYy JKe

Od)I/I]_II/IaJ'[bHI:Ie MaKeTbl U YCTAHOBINWUKHK HE TMPeAoCTaB/IAOTCA, HO OHHU MOI'yT OBITE npeaocCTaB/IeHbI

COO0OIIIeCTBOM.

Target
x86 64-unknown-linux-musl
arm-linux-androideabi
1686-1linux-android
aarch64-linux-android
arm-unknown-linux-gnueabi
arm-unknown-linux-gnueabihf

aarch64-unknown-1linux-gnu

C yero HauaThb

std rustc cargo notes

v 64-bit Linux with MUSL
v ARM Android

v 32-bit x86 Android

v ARMG64 Android

o/ ARM Linux (2.6.18+)
o/ ARM Linux (2.6.18+)

v ARMG64 Linux (2.6.18+)
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mips-unknown-linux-gnu
mipsel-unknown-linux-gnu
powerpc-unknown-linux-gnu
i386-apple-ios

x86 64-apple-ios
armv7-apple-ios
armv7s-apple-ios
aarch64-apple-ios
1686-unknown-freebsd

x86 64-unknown-freebsd
x86 64-unknown-openbsd
x86 64-unknown-netbsd
x86 64-unknown-bitrig
x86 64-unknown-dragonfly
x86 64-rumprun-netbsd

1686-pc-windows-msvc (XP)

x86 64-pc-windows-msvc (XP)

v

v

MIPS Linux (2.6.18+)
MIPS (LE) Linux (2.6.18+)
PowerPC Linux (2.6.18+)
32-bit x86 i0S
64-bit x86 i0S

ARM iOS

ARM iOS

ARMS64 iOS

32-bit FreeBSD

64-bit FreeBSD

64-bit OpenBSD

64-bit NetBSD

64-bit Bitrig

64-bit DragonFlyBSD
64-bit NetBSD Rump Kernel
Windows XP support
Windows XP support

NwmetiTe B BUAY, UTO [AdHHaA Ta6JII/I]_la CO BpeMEHEeM MOXeT OBITE AOIIOJIHEHA: 3TO He

HcueprIbIBaloIMii Habop MaThopM TpeThero ypoBHs!

YcTtaHoBKa Ha Linux nnn Mac

Ecnu BbI HCII0J/Ib3yeTe Linux wmm Mac, To BCE, UTO BaM HY)XHO C[e/1daTb, — 3TO BBE€CTHU

CIeyHOIyrO KOMdHAY B KOHCOJIb:

$ curl -sSf https://static.rust-lang.org/rustup.sh | sh

OTa KOMaHjja 3arpy3uT CKPUNT U HauHET yCTAaHOBKY. Ec/ BCE MpOWAET YCIelIHO, TO BbI

YBUZUTE CIIeYIOLMN TeKCT:

Welcome to Rust.

This script will download the Rust compiler and its package manager, Cargo, and
install them to /usr/local. You may install elsewhere by running this script

with the --prefix=<path> option.

The installer will run under ‘sudo’ and may ask you for your password. If you do
not want the script to run ‘sudo’ then pass it the --disable-sudo flag.

You may uninstall later by running /usr/local/lib/rustlib/uninstall.sh,
or by running this script again with the --uninstall flag.

Continue? (y/N)

C yero HauaThb
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HaxxmuTe Y [7151 IOATBEPIKI€HWS U Cle/lyHTe AaJbHEeUIM T0/ICKa3KaM.

YctaHoBka Ha Windows

Ecnu BeI Mcnonibdyete Windows, TO ckauaiiTe MOAXOASILMN YCTaHOBILKK.

YnaneHue

Ypamute Rust Tak ke mpocCTo, Kak M ycraHOBUThH ero. Ha Linux nam Mac Hy)XHO NpocTo

3dIllyCTUTb CKPHUIIT YA a/IEHUS:

$ sudo /usr/local/lib/rustlib/uninstall.sh

Ec BBl HCIO/B30BAIM yCTAHOBUMK Windows, TO MPOCTO MOBTOPHO 3amyctuTte .MSIL,

KOTOprﬁ npeajioXKUT BaM BO3MOXHOCTDL Y d/IEHUS.

PelwueHne npobnem
Ecu y Bac ycraHoBiieH Rust, TO MOXXHO OTKPBITb TepMUHAJ U BBECTH:
$ rustc --version
BbI 10/DKHBI YBU/IETh BEPCHIO, Xelll KOMMUTA U 1aTy KOMMUTA.
Ecnm 370 Tak, TO Terneps y Bac ecTb ycTaHOBeHHbIN Rust! ITo3apaBnsem!

Ecmu HeT u BbI TIob30BaTelb Windows, To ybeaurech B TOM, uto Rust rpomucaH B Bariei
cuctemHol nepemeHHoM %PATH%. Eciii 3T0 He Tak, TO 3alyCTHTe yYCTAHOBIIWK CHOBA, BbIOEpUTE
"Change" Ha ctpanwuiie "Change, repair, or remove installation" u yoeaurecs, uto "Add to PATH"

YKa3bIBA€T Ha JIOKAJTbHbBIN »KECTKUN ANCK.

Cy11jeCcTBYeT HECKO/IbKO MeCT, I7ie Bbl MOyKeTe I0JIyYUThb NoMoLb. CaMblii IPOCTOM BapUaHT —
KaHas #rust Ha irc.mozilla.org, Kk KoTOpoMy BbI MO)KeTe TOAKIIOUMTHLCS yepe3 Mibbit. HaxkmuTe Ha

3Ty CCBUIKY, ¥ BbI OyeTe oOmaThCsi B yare C ApyrumMu Rustaceans (3To AypalllivBoe IPO3BHLIe,
KOTOPBIM MBI Ce0st Ha3biBaeM), ¥ MbI IIOMOKeM BaM. [[pyTHe rose3Hble pecypchl, IOCBSILEHHBIe Rust:

dopym nosnb3oBaresneli u Stack Overflow. Pycckosi3bIuHble peCypchl: callT coobiecTBa, hopym, Stack

Overflow.

YCTaHOBIIVK TaK)Ke yCTaHaBIMBaeT [JOKYMEHTAL[HI0, KOTopasi AOCTyrHa 0e3 TOAKIIOUeHUs K
cetr. Ha UNIX cucTemax oHa pacrosaraercst B aupekropuu /usr/local/share/doc/rust.
B Windows wucnonb3yercst aupektopuss Share/docC, orHocuressHO TOro, Kyja Bbl YCTAHOBMIIN
Rust.

[MpuBeT, Mup!

Tenepb, korza Bbl yCTaHOBWIM Rust, JlaBaliTe HamnuilleM T[epBYHO MporpaMMmy Ha Rust.
TpaAULIMOHHO MpY KM3y4YeHWH HOBOIO $i3blKa MPOrpaMMHMPOBaHUs IepBasi HalmMcaHHas Nporpamma

MPOCTO BBIBOJUT Ha 3KpaH «[IpuBet, Mup!», ¥ MbI cejyeM 3TON TpaJULIMU.
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Xopo110 HaYMHATh C TakKOM TMPOCTOM TMPOTpPaMMbl, TIOCKOTIBbKY MOXKHO YOeOWTBhCSl, UTO Balll
KOMITH/ISITOP He TOJIBKO YCTAaHOBJIEH, HO U paboTaeT rnpaBuibHO. BriBog nH(OpMaru Ha skpaH OyzeT

3aMeuaTe/IbHBIM CII0C0O0M TIPpOBEPUTH 3TO.

Ha camom pfiene 3TO TIpUBOAUT K eIlé ofHOW TipobieMe, O KOTOPOW Mbl [JJO/DKHBI
MIpeAyTIPeAUTh: JaHHOe PYKOBO/JCTBO TIPE/ITOo/iaraeT, YTo y BaC eCTb 0a30Bble HaBBIKU PabOTHI C
KOMaH/HOW CTpOKOW. Rust He BbIgBUTaeT creLuuuecKux TpeOOBaHWI K Balleil cpeze
pa3paboTKK UM TOMY, KaK Bbl XpaHWUTe CBOM KoJ. Ec/u BbI mpefnounTaeTe UCMonb3oBath IDE,
rnocmoTrpuTe Ha mpoekT SolidOak, win Ha TiaruHel K Bared mooumoii IDE. Ectb MHOXeCTBO
pacivpeHuld, pa3pabarbiBaeMbIX COOOIIIECTBOM, a TaKXKe IIArMHOB /i DA3HBIX DEJAKTODOB,

nojjep)xuBaeMbIx KomaHzod Rust. Hacrpoiika Bamero pesakropa unv IDE BeIxoguT 3a
TnpefieNibl J@HHOTO PyKOBOZCTBa. I[TocMOTpUTe PYKOBOACTBO MO HCMOJ/Ib30BaHUIO BBIOpPAHHOTO
BaMU IlJIarvHa.

Co3gaHue npoekTa

ITepBoe, ¢ yero mMbl JJO/DKHBI HaYaTh, — CO37aHue (paiina JJis Haero Koga. [Jns Rust He umeer
3HaueHWsl, I[le HaXOAWUTCS Ball KOZ, HO B paMKaX 3TOr0 PYKOBOJCTBAa Mbl PEKOMEH/yeM CO03/aTh
JIMPEKTOPUIO projects B Ballleil JoMalllHell 1MPeKTOPUU U XpPaHUTh TaM BCe BalllM NpoeKThbl. OTKpoiiTe

TepPMHUHAJT ¥ BBEIUTE CJIeyIOL[He KOMaH/Ibl, YTO0OBI CO3/JaTh AUPEKTOPHIO /ISl TOTO MPOEKTa:

$ mkdir ~/projects
$ cd ~/projects

$ mkdir hello world
$ cd hello world

Ecmm Bel ucnionb3yete Windows u He ucronb3yete PowerShell, ~ Moxket He paboTarts.
ObpatuTech K JOKYMeHTAaLMH Ballleii 000/I0UKH [ijisi yTOUHEeHHS JleTajei.

HanucaHne u 3anyck nporpamMmmbl Ha Rust

Ternepb co3aiiM HOBBIN (haiin /st Kofa rporpaMMbl. Ha3oBém Haiil ¢aiin main.rs. ®aitsisl €
HCXOZIHBIM KOZIOM Ha Rust Bcerjja uMeroT pacuivpenue .rs. Eciy Bbl XOTHUTe UCIOIb30BaTh B UMEHU
Barlero (haiisia 6osblile OZIHOTO CJIOBA, pa3jensiiTe UX MoJuépKuBaHueM; Harpumep hello_world.rs, a

He helloworld.rs.

Temnepb OTKPOKTE TOMBKO UTO CO3/IaHHBIN (aii main.rs v jobaBbTe B HETO C/IEYIOLIUMA KOJI:

fn main() { Run

println!("Mpuset, mup!");

Coxpanure ¢aiil U BepHUTeCH K BailleMy OKHY TepmuHana. Ha Linux wim OSX BBeaute

c/efyroLye KOMaH/bl:
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A3BIK IporpaMmupoBaHyst Rust

$ rustc main.rs
$ ./main
Mpuset, Mup!
Ha Windows mpocTo 3amenuTe Main nHa main.exe. Bue 3aBucumoctu oT Baieii OC Bbl
JO/DKHBI yBUIETh CTpoky [lpuBeT, Mup! B Tepmunane. ITo3gpasnsem! Bbl Hamumcanu mepByrO

nporpamMmy Ha Rust. Terneps Bbl Rust-pa3zpaboTturik! [Jobpo mokanoBars!

AHaTtomua nporpaMmm Ha Rust

Tenephb fjaBaiiTe JeTanbHO pa3bepéMcsi, UTO TIPOMCXOAUT B rporpamme «IIpuBeT, mMup!». Bot

TNIepBbIM KyCOueK I'0JI0BOJIOMKHU:

fn main() { Run

OTH CTPOKU OOBSBISIOT «(yHKIHIO» B Rust. @yHKIMs MA1ln ocobeHHa: 3TO Hayaa0 KaxKzou
nporpamMmbl Ha Rust. TlepBasi cTpoka roBopuT: «Mbl 00bsiBIsieM (YHKLIMIO, UMEHyeMyro Main,
KOTOpasi He IOJlyyaeT IapaMeTpOB M HHWYero He Bo3BpailjaeT». Eciu 6bl Mbl xOTenu mepefarb B
GYHKIMIO TapameTpbl, TO yKa3anu Obl ux B ckobkax (( # ) ). [ToCKONBKY HaM He HaJ0 HUUYEro
BO3BpalL[aTh K3 3TOM (YHKIMK, MBI MOKEM OIyCTUThH yKa3aHHe THIla BO3BpalljaeMOro 3HayeHus. Mbl

BepHEMCH K 3TOMY I1035Ke.

Bbl [O/DKHBI GBI 3aMeTUTh, uTO (yHKIMSA 06EpHyTa B (urypHsie ckobku ({ u }). Rust
TpebyeT obopaunBaTh MMM Teso Jit0O0W (yHKIMU. TakKe XOpPOIIMM CTH/IEM CUMTAETCsS CTaBUTh
OTKPBIBAIOIIYI0 (UI'YPHYHO CKOOKY Ha TOH ke CTpOKe, 4To U 00bsiBieHue (YHKIWH, pa3fesiss WX
OZ/HUM TIPOOEJIOM.

Tenepsb 3Ta CTpOKa:

println!("Mpuset, mup!"); Eiilll

OTa CTpOKa /iefiaeT BCko paboTy B Hallleli MasieHbKOM MporpaMMe: BBIBOAUT TEKCT Ha 3KpaH. TyT
€CTh HeCKOJIbKO HIOAHCOB, KOTOPbIE UMEIOT CYIL[eCTBEHHOE 3HaueHHe. Bo-TiepBbIX, OTCTYI B UeThIpe
npobera, a He TaOy/ISALHSL.

Temeps  paszbepémcs c println! (). 3Orto BBI30B 0HOrO W3 MAKPOCOB, KOTOPBIMHU
Npe/ICTaB/IeHo MeTanporpaMmupoBanie B Rust. Eciu 6b1 BMeCTo Makpoca 6buta (DYHKIMs, 5TO
BeII/IAZIENI0 ObI ciaemyrommm obpasom: println() (6e3 !). IMo3xke mbl 06CyaumM Makpochl Rust
nozpobHee, a Ha JAHHBIM MOMEHT BCE, UTO BaM HY)KHO 3HATb: €C/IM Bbl BUAWTE !, TO BHI3bIBAETCH

MaKpOC BMeCTO 0ObIUHOM (QYHKIUH.

Wném panpire. "lpuBeTt, Mup!" — 3to «crpoka». CTPOKM — 3TO YIUBUTEIBHO CJAOXKHAS

Tema /IJisi CUCTEMHOTO s13bIKa IPOrpaMMUPOBaHUsl. JTO CTaTHUUeCKY DACIoNKeHHas B IaMsATH CTPOKa.
MbI niepesiaém CTPOKY B KauecTBe aprymeHta B Println!, kotopeiit BLIBOAUT CTPOKM Ha 9KpaH.

Hocrtarouno npocto!
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A3bIK IporpaMmupoBaHyst Rust

CTpoka 3aKaH4MBaeTCsl TOUKOM C 3anaToi (; ). Rust — g3bIK ¢ opueHTalyeli Ha BbIDaKeHus, a
3TO O3HauaeT, YTO B HEM Oosbllas 4yacTh Bellled SIB/SIeTCS BbIpa)KeHHEM. ; WCIIO/Nb3YeTCs [iJIs
yKasaHMsi KOHLla BbIpaKEHMs W Hauaja C/leAyroulero. BonblIMHCTBO CTPoK kojga Ha Rust

3dKaHUMBAeTCsA CUMBOJIOM .

KoMmnnnauua n 3anyck 310 oTaesibHble waru

B pa3gene «Hamucanue W 3amyck mporpammbl Ha Rust» Mbl paccMOTpesnv, Kak 3aryCTUThb

TOJIBKO UTO CO3[0daHHYIO IIpOrpaMmy. Tenepb MBI pa36epéM Ka)K,E[in/JI LIar rmo oTAe/J1bHOCTH.

Hepe,q 3dlTyCKOM TIpOTpaMMbI eé HY>XHO CKOMIIM/IMPOBATb. Bbl MOXeTe BOCIO/IB30BaThCS

KoMnusaTopoM Rust ¢ momotipio KomaHzpb! 'UStC u nepesate Bar ¢aii, Kak MokKasaHo 37lech:

$ rustc main.rs

Ecnu pasblie Bbl iporpammupoBanu Ha C umu C++, TO 3aMeTuTe, YTO 3TO HarloMUHaeT gCC
wii clang. IToc/e ycremmHo#i KOMITUISLHKE Rust co31acT JBOMUHBIN KCTIO/HsIeMbIH ¢aiin. Ha Linux

i OSX BBl MOXKeTe yOeauThCsl B 9TOM C ITOMOIIBI0 KOMaH/gbl LS :

$ 1s
main main.rs

Ny B Windows:

$ dir
main.exe main.rs
Y Hac ectb fBa ¢aita: Qail C HallUM HUCXOJHBIM KOJOM, MMeEIOIIMI pacliupeHue . IS, u
HCITOHAeMBIN daiin (Mmain.exe B Windows, main B ocranbHbIX Ciydasix). Bee, uro ocTanock

czieath, — 9TO 3aMyCTUTL MA1ln wii main.exe:

$ ./main # wnm main.exe Ha Windows
Mpe1 BeiBesv Hati Teket "llpyBeT, Mup!" B okHe TepMuHaa.

Ecmu paHbllle Bbl KCIOMb30BaAM JAWHaAMHUUeCKHe $3bIKM IpPOrpaMMUpoBaHUs Bpoze Ruby,
Python wmm JavaScript, To, BO3MOXHO, pa3fe/ieHHMe KOMIW/ISLIMKA U 3alycka IOKaKeTCs BaM
CTpaHHbIM. Rust — 3TO s3bIK, Ha KOTOPOM IPOTrPaMMbl KOMNUAUPYIOMCS heped UCNOAHeHUeM. ITO
O3HauaeT, YTO Bbl MO)KeTe coOparb IporpamMmy, [JaTb e& KOMY-TO ellé, U eMy He HYKHO
ycTaHaB/iMBaTh Rust [yist 3arycKa 9TOi rporpammsl. Ec/ii Bel repeagure KoMy-HUOyas . b, . py
unu .jS ain, uM mnoHagoburcs uHTeprmperatop Ruby, Python wam JavaScript, uT06BI
CKOMIMW/IMPOBATh M 3alyCTUTh Ballly MporpaMmy (3TO Je/laeTCs OJHOW KOMaH[10i). B mMupe si3bIKOB

MPOrpaMMUPOBAHKST MHOTO KOMITIPOMUCCOB, 1 Rust czienan cBo# BIOOP.

Ucrionb3oBath FUStC ymobHO muIb [y HeOOBIIKMX TIPOrpaMM, HO TI0 Mepe poCTa MpoeKTa
rotpeOyeTcst MHCTPYMEHT, KOTODBI TIOMOXKET YIIPaBJ/IsATh HACTPOMKAMU TMPOEKTa, a TAK)Ke MO3BOJIUT
rpolle JeJUTbCsl KOAOM C JIPYTMMM JIFOAbMH M IpOoeKTaMy. [lajee Mbl MO3HAKOMUMCSI C HOBBIM

uHcTpymenToM Cargo, KOTopbIi UCTO/b3yeTCst /IS HallMCaHUs HACTOSIIIMX TIPOrpamMm Ha Rust.
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[MpuBeT, Cargo!

Cargo — 3T0 crcTeMa cO0pKU U MaKeTHbIN MeHekep A5 Rust, 1 Rustaceans Mcnonb3yoT ero
[JJ1s1 yripaB/ieHHsl CBOMMU TipoekTamu Ha Rust. Cargo 3a60TuTcs o Tpéx Beljax: cOopKa Kofa, 3arpyska
O6ubMOTEK, OT KOTOPBIX 3aBUCHUT Balll KOZ, U cOopka 3Tux 6ubmmorek. BubmmoTeku, KOTOpble HYXKHbI
BallleMy KoZly, Mbl Ha3biBaeM «3aBUCUMOCTSMU» ("dependencies"), MOCKO/BKY Balll KOJ, 3aBUCHUT OT

HHUX.

[ToHauasmy Balleid TporpaMMe He TIOHAJOOMTCS HUKAKWX 3aBUCHUMOCTEM, T03Tomy OyreM
WCTI0/Tb30BaTh TOJIBKO TEPBYIO UacTb ero Bo3MO)KHOCTel. CO BpeMeHeM HaM TMOHaZo0uTcst 100aBUTh

HECKOJIBKO BaBHCHMOCTEﬁ, W HAM He COCTaBUT TPyZda CAeJIdTb 3TO, UCIIOJ/Ib3Ys Cargo.

IMozasnsitolee KOMMYeCTBO MPOEKTOB Ha Rust ucnosnb3yror Cargo, Mo3TOMYy B paMKax 3TOW
KHUTM Mbl OyleM HWCXOAUTb M3 TOrO, YTO BBl TOXKe JenaeTe 3T0. EcaM BBl MCMONb30BaIM
o(uLManeHbIM ycTaHOBIMK, TO Cargo ycraHoBu/cs BMecTe ¢ Rust. Ecim ke Bbl ycraHoBumn Rust
KakMM-/100 Jpyrum obpasoM, TO Bbl MOKeTe IIPOBEpPUTh, eCThb /i y Bac Cargo, BBe/isl CIeAYIOLIYIO

KOMaH/Zly B TepMUHaI:
$ cargo --version

Ecrmu BBl yBHUE/MU HOMep BepCUM, TO Bce B mopsiike. Eciu ke Bbl yBuenu coobijeHre 00
ommbOke Harogo0ue "KOMaHOa He HaWfeHa'", To BaM HY)KHO 03HAaKOMHUTBLCS C JIOKYMEHTaleil

ISl CUCTeMbI, B KOTOPOU BbI yCTaHOBU/IK Rust.

[Mepexopn Ha Cargo

IagatiTe mepeBeéM Haill TIpoekT «[IpuBeT, Mup!» Ha ucnosb3oBaHue Cargo. s nmepexoja Ha
Cargo Hy)KHO cZiesiaTh TPY BeLH:

1. PacrionoxuThb aiisi C MICXOAHBIM KOJIOM B TIPAaBU/IBHOM JUPEKTOPUH.
2. VI36aBUTHCSI OT CTApOro MCIO/HsIeMOro (aiia (Main.exe wiu Main) u caenath HOBBIM.

3. Co3gaTb KOHPUrypalMoHHbIN (aiin asis Cargo.

[agatite ciienaem 310!

Co3fiaHMe HOBOro MCNosIHAEeMOro doaina u AUPeKTopun ¢
MCXOHbIM KOZI0M

[l71s Hauasla BEpHUTECH K BallleMy TepMUHasy, repeianTe B Bailly gupekroputo hello_world v

BBeJIUTE C/ieAyrolle KOMaH/bI:
$ mkdir src

$ mv main.rs src/main.rs
$ rm main # wnu 'del main.exe' pna Windows
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A3bIK IporpamMmupoBaHyst Rust

Cargo oxujaer, 4yTo Baly (aiibl C UCXOAHBIM KOJOM HaxXOJSATCS B JAUPEKTOPUH src. Takoi
MOJX0J, OCTaB/sIeT BEPXHUM YpOBeHb Balllero mpoekrta Ajs Beweil Bpoge README, daitioB c
TeKCTOM JIMLIEH3UHU U IPYTUX He OTHOCSILIMXCSA K Balemy kofy. Cargo momoraeT HaM COXPaHsITh Halllk

MPOEKThI KPACHMBBIMU U dKKYDATHBIMU. BCEMy eCTh CBOE MeCTO, U BCé HaXOoAWUTCA Ha CBOMX MeCTax.

Teneps cKonupyiTe main.rs B JUPEKTOPUIO SI'C Y yAA/IATE CKOMITWIMPOBAHHBIN (paiisi, KOTOPBIN

BbI CO3/1a/ € OMoIIbio0 Fustc.

OTMeTHM, UTO TIOCKOJIbKY MbI CO3/aéM HMCIIO/HSEMbIH (aii, To Mbl MCMOAB3yeM Main.rs.
Ecm O6b1 MBI XOTe/IM Co37aTh OUOMMOTEKY, TO MbI Hcronb3oBaiu Obl lib.rs. Cargo ucrmonb3yeT 310
cor/aiieHye [ yCIeliHOW KOMIWJISILIMY Balllero TPOeKTa, HO Bbl MO)KeTe 3TO W3MeHWTh, eC/d

3aX0TUTe.

Co3pnaHne KoHpurypaumoHHoro aina

Tenepp co3paiiTe HOBbIM (aiin  BHYTpU Jupektopud hello_world wn HasoBuTe ero
Cargo.toml.

Ybenurech B TOM, UTO UMs1 TIPaBU/IbHOE: BaM Hy>kHa 3ariaBHast C! B mpotuBHOM cityuae Cargo

He HaliIéT KOH(QUTypaLMOHHbIN (ati.

1o ¢aiin B popmate TOML. TOML — 370 aHasor INI, HO ¢ HEKOTOPBIMU AOTIOJTHEHUSIMU, U

OH MCII0/Ib3yeTCsl B KOH(UTrypaLMoHHbIX (aiinax jys Cargo.

[TomecTuTe B aHHBIN (aiin ciiefyromiye CTPOKH:

[packagel

name = "hello world"

version = "0.0.1"

authors = [ "Your name <you@example.com>" ]

[lepBasi crtpoka, [package], roeopur o TOM, uTO C/IeAyrOIMe TapaMeTpbl OTBEUAIOT 3a
HacTpoiiky mnakera. Korza Ham moHazgo6utcsi f06aBuUTh Gosbllie WHPOPMALMK B 3TOT aiia, Mbl

Co31aanM Apyrue paszaesbl, HO ceiiuac Ham HAOCTATOYHO HACTPOEK IdKeTa.

[lpyrvie TpU CTPOUKH YCTAaHAB/IMBAIOT TPHU 3HaueHUsi KOHPUIYpaL[u, KOTOpble HeoOXO[UMBbI

Cargo /151 KOMOWISILMY Ballleld IPOrpaMMBbl: MMs1, BEPCHsI U aBTOP.

[Tocse Toro Kak Bbl 106aBuIM 3Ty nHGopMaiuio B Cargo.toml, coxpanute usmeHenusi. Ha atom

co3paHre KoH(hUTypalMoHHOro daiiia 3aBepIieHo.

Co6opka n 3anyck Cargo npoekra

Teriepp, mocime co3manust ¢aitia Cargo.toml B KopHeBOW [JUPEKTOPHUHM, MbI TOTOBBI
MPUCTYNUTh K COOpKe W 3alycKy Hailero mnpoekra. UtoObl czenaTh 3TO, BBeJUTE CIeAYIOLIHe

KOMaH/Ibl:

$ cargo build
Compiling hello world v0.0.1 (file:///home/yourname/projects/hello world)
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$ ./target/debug/hello world
Mpuset, Mup!
Ta-ga! Mbl cobpanu Hail MpoekT, Bei3BaB Cargo build, u sanyctiiu ero ¢ momoripo
./target/debug/hello world. Mei mMoxeMm czenath 3TO B OJWH Iar, WCIOMBb3yst Cargo
run:

$ cargo run
Running "target/debug/hello world"
MpuseTt, Mup!
3ameTbTe, UTO ceiiyac Mbl He repecobpasy Hail nMpoekT. Cargo TOHSI, YTO Mbl He U3MEeHU/H
(aiiy1 C UCXOAHBIM KOZIOM, U Cpa3y 3aIlyCTH/I UCTIOMHSeMbI ¢aiin. Ecm 661 Mbl u3MeHUU (aiis, Mbl

Ob1 yBUZEMM 06a 1mara:

$ cargo run
Compiling hello world v0.0.1 (file:///home/yourname/projects/hello world)
Running "target/debug/hello world®
MpuseTt, Mup!

Ha HepBbIﬁ B3IVIA, 3TO KaXKeTCA C/I0KHEee, 0 CPABHEHHUIO C bostee MPOCTBIM HUCII0/Ib30BAHUEM
rustc, Ho gapaiitTe mogymaem o Oyaylem: eciv B HalleM TpoekTe OyzeT Oosibiie ogHOrO (aiina,
MBI JIO/DKHBI OyZeM BBI3bIBATh IUSIC /T KOXKAOTO W3 HUX W TMepeJaBaTh Kydy IapaMeTpOB, UTOOBI
cobpatb ux Bmecte. C Cargo, KorJa Halll MPOEKT BbIPAaCTeT, HaM TOHAZI0OUTCS BbI3BaTh TOJIBKO

koMaHzay cargo build, u ona Bcé caenaer 3a Hac.

Cb6opkKa penn3Hom Bepcun

Korzja Bbl 3aKOHUMTe pabOTaTh Haj TMPOEKTOM W OH OKOHYATe/bHO OyJeT rOTOB K pesu3y,
ucronb3yiiTe KomaHzy cargo build --release pgis KOMOWIALMM Balllero IPOEKTa C
ONTUMM3ALMeNH. DTH ONTUMHU3ALIMH [e/Iat0T Balll Kofl Ha Rust GeicTpee, HO TpebytoT GoJiblile BpeMeH!
Ha KOMIUALKMI0. VIMEHHO W3-3a TOr0 CYIIeCTBYeT [jBa PasHbIX cCriocoba: oauH s pa3paboTkw,

JpyToii asisi cOopku pUHAMBbHON BepCHH, KOTOPYIO BBl OT/a/IUTe TI0/Ib30BaTelIsIM.
Takske BbI ZI0/DKHBI ObUTH 3aMeTHTh, uTo Cargo co3zan HoBbii ¢aiin: Cargo. lock.

[root]
name = "hello world"
version = "0.0.1"
ITOT (aiin ucrosnb3yercss Cargo /sl OTCAe)XKUBAHWS 3aBUCMMOCTEN B BallleM TMPHIOKEeHHH.
[IpsiMo ceiiuac y Hac HeT HU OJHOMW, TO3TOMY 3TOT aiil HEMHOTO TycToBaT. BamM He HY)KHO

PeJaKTUPOBAaTh 3TOT (haii camocTosATe/IbHO, Cargo cam ¢ HUM pa3bepéTcs.
Bort u Bce! Mbi ycreriHo cobpanu hello world c momomnipio Cargo.

HecmoTpst Ha To, YTO Hallla ITporpaMma IMpoCTa, Mbl UCTOIb30Baiy 0O/bIIYIO0 YaCTh peanbHbIX
WHCTPYMEHTOB, KOTOpBbIe BbI OyzleTe UCIIO/b30BaTh B CBOEM JasbHelIeM MmyTH Rust-porpaMmucTa.
Borsee Toro, BbI MOXKeTe PaCCUMTBIBATh, UTO MPAKTHUECKU BCe MPOeKThI Ha Rust MokHO OyzieT cobparthb

C IIOMOLIBIO BaApUallK 3TUX KOMaH/:
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$ git clone someurl.com/foo
$ cd foo
$ cargo build

MpocToli cnoco6 co3aaTtk HOBbI Cargo NPoeKT

BaM He HY)>XHO MOBTOPSITh BbILLIENIPUBEEHHBIE 1LIATU KaXK/[bI pa3, Korja Bbl XOTUTEe CO37aTh
HOBBIM mpoekT! Cargo MOXeT C03/aTh AUPEKTOPUIO TPOeKTa, B KOTOPOW Bbl Cpa3y CMOXKeTe

TIPUCTYTIUTD K pa3paboTke.

YrtoO6bl CO3AaTh HOBBIM MPOEKT C MOMOIIbI0 Cargo, HY>KHO BBeCTH KOMaHAy Cargo new:

$ cargo new hello world --bin

MbI yKa3biBaeM apryMeHT - -D1n, Tak Kak XOTHM CO37aTh MCIIOMHSIEMYIO mporpammy. Ecim
MBI He YKa)kKeM 3TOT aprymeHT, To Cargo co3/acT MpoekT jjs 6ubnuoreku. VicnosHsembie (aiiibi
YyacTo Ha3bIBAKOT GuHApHUKamu (TIOCKOJbKY OOBIYHO OHM HaxoasaTcs B /USr/bin, ecimu Bei

rcnonb3yete Unix cucremy).

Cargo crenepupoBan gBa ¢aiina u ofHy aupektoputo: Cargo.toml wu aupekTopwmio src ¢

(atinom main.rs. OHM JO/DKHBI BBITVISIAETb Tak ke, Kak Te, UTO MbI CO3/la/Id paHee.

ODTOro 0CTaTOUHO [yisi TOro, utobel Hauath. OTKpeiB Cargo.toml, Bel JO/DKHBI YBHIETDH

ciegyromiee:
[packagel
name = "hello world"
version = "0.1.0"
authors = ["Your Name <you@example.com>"]

Cargo HamosHWI S3TOT (aill 3HAUeHWsMH [0 YMOJUaHUI0O HAa OCHOBAaHUM Tepe/jaHHBIX
aprymMeHToB ¥ r106anbHON KoHpurypaimu git. Takke OH WHHIMAJU3UPOBA/ JUPEKTOPHUIO

hello world kak git permo3utopuii.

BoT uTo [0/DKHO ObITE BHYTPH SrC/main.rs:

fn main() { Run
println!("Hello, world!");
}
Cargo co3gan «Hello World!» ayist Hac, 1 BbI yyke MOKeTe IMPUCTYITUTh K IPOrPaMMUPOBAHUIO!
Y Cargo ectb COOCTBEHHOe DYVKOBOJICTBO, B KOTOPOM IIPO Hero pacckas3aHo Ooree
JleTaJIbHO.
3aknoyeHne
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A3bIK IporpaMmupoBaHyst Rust

OTO OCHOBBI, KOTOpble BbI OyZieTe 4YacTO HCIOb30BaTh Ha IPOTSDKEHHWH BCEro Balllero
B3anmMozelicTBus ¢ Rust. Termepb jgaBaiiTe OT/I0KHMM WHCTPYMEHTapuid W y3HaeM OOJIbIlle O CAMOM

sA3bIKe.

Y Bac ecTb JjBa MyTH: MOTPY3UTHCS B U3yUeHUe peasibHOTO MPOEKTa, OTKPLIB paszen «/3yueHue
Rust», niy HauaTh C CaMOro HM3a U MOCTeNeHHO MPO/IBUraThCsl HaBepX, HauaB C pasfena « CUHTaKCuc
U_CceMaHTHKa». [IporpaMMHCTBI, UMeILUe OMbIT paboTbl C CUCTEMHBIMH SI3bIKAMH, BEPOSITHO,
npeanoutyt «/3ydyeHue Rust», B TO BpeMsi Kak TPOTPAMMHUCTHI, HWMEIOIMe OIBIT PaboThl C
JIMHAMUUeCKUMHU SI3bIKaMU, CKOpee BCero, 3aX0TST MOMTU 110 BTOPOMY IMyTH. Pa3Hble /itoAu ydaTcst mo-

pasHomy! Beibepute TO, UTO MOAXOAUT UMEHHO BaM.

2. Beenenue4. Msyuedue Rust
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SA3BIK IporpaMmupoBaHyst Rust

3yyeHne Rust

Hobpo moxanoBaTh! OTOT pa3zfen KHWATU COAEP>KUT HECKOJBKO IVIaB, KOTOpble HaydaT Bac
CO37aBaTh MPOeKThl Ha Rust. Bbl TakKe mosyunTe MOBEPXHOCTHOE TIPeJCTaB/eHre O SI3bIKe - Mbl He

OyzemM CUBbHO yInyO/iAThCS B eTasq.

Ecnmu Bel XoTuTe Oo0jiee OCHOBAaTeIbHO H3yUUTh A3bIK, ypUTalTe pa3aen «CHHTaKCUC H

CeMaHTHKda».

3._C yero Hauatp4.1. Yrajaiika
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SA3BIK IporpaMmupoBaHyst Rust

Yraganka

B kauecTBe Halero rnepBoro TIIpO€KTa Mbl pellrMM K/IdCCUYEeCKYH0 A/ HaYWHAlOLIHUX
MpOrpaMMHUCTOB 3ajjauy: MWrpa-yrazaiika. HemHoro o ToMm, Kak urpa Jo/bkHa paboraTh: Hala
rporpaMMa reHepupyeT cCjlydaliHoe 1jeioe uucio M3 npoMmexyTka oT 1 go 100. 3aTem oHa mpoCUT
BBECTH UMCJIO, KOTOPOe OHa «3arajana». [ KaX[oro BBeJEHHOIO HaMHU UHUC/a, OHa TOBOPMT,
6oJIblIIe TN OHO, UeM «3arafilaHHO€e», UJIK MEeHBIIIE. I/Irpa 3dKdHUMBAETCA KOIrld Mbl OTTr'aZIbIBa€M UKCJIO.

3BYUMT HeIJIOX0, He TaK Ju?

Co3faHne HOBOro npoekTa

[aaiiTe co3maquM HOBBIH MpoekT. [lepeiiuTe B Ballly JUPEKTOPHIO C TIPOEKTaMH. [IOMHUTe,
Kak Mbl co31aBamu CTpyKTypy aupekropuii u Cargo.toml pgas hello world? Cargo moxer

CZe/IaTb 3TO 34 Hac. ,Z[aBaﬁTe BOCIIO/IB3YEMCS STUM:

$ cd ~/projects
$ cargo new guessing game --bin
$ cd guessing game

Mbi ckazanu Cargo, uTO XOTHM CO3/laTh HOBBIN MPOEKT C uMeHeM quessing game. Tlpu

romouu ¢nara - - bin msl yKasaJii, YTO XOTUM CO3/jaTh UCITO/THSAeMbIH (atis, a He 6UOIMOTEKY.
[aBaliTe TOCMOTPUM CreHepUpOBaHHBIN Ca rgo. toml:
[packagel

name = "guessing_game"
version = "0.1.0"
authors = ["Your Name <you@example.com>"]

Cargo B3si1 3Ty MHGOpMaLMi0 U3 Bailero paboyero okpykeHusi. Ec/ii [jaHHbIe HeBepHBI,

HCIIPpABBTE HX.

Haxkownet, Cargo co3zaan niporpammy «IIpuBet, Mup!». 3amistnute B daiin Src/main. rs:

fn main() { Run

println!("Hello, world!");

[TaBatiTe rnornpodyeM CKOMIUIMPOBATh CO31aHHbIN Cargo MpoeKT:

$ cargo build
Compiling guessing game v0.1.0 (file:///home/you/projects/guessing game)

3ameuarenbHo! CHOBa OTKpoiiTe Src/main.rs. Mol OygeM mucaTh BeCh HAll KOJ B 3TOM

tatine.

[Ipexxge ueM Mbl HauHéM paboTy, faBaiiTe paccMOTpUM elié ogHy komaHay Cargo: run.
cargo run moxoxka Ha cargo build, Ho mocie 3aBepieHHst KOMITWISIMHA OHA 3aITyCKaeT

TIOJTyUHBIITUMCS UCTIO/THSIEMBIN (haii:
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A3bIK IporpaMmupoBaHyst Rust

$ cargo run
Compiling guessing game v0.1.0 (file:///home/you/projects/guessing game)
Running "target/debug/guessing game®
Mpuset, Mmup!

BemukonernHo! Komanza run romoraet, Korja Hajjo ObICTpO miepecobpath rpoekT. Haiiia urpa
KaK pa3 U eCTb TaKOU MPOEKT: HaM TpeOyeTcsi ObICTPO TeCTUPOBATh KaXk[j0e U3MeHeHue, TIpex/e uyeM

MBI TIDUCTYTIUM K CHEAy}OLHEﬁ YaCTH MpOrpamMmal.

O6paboTka npeanonoXXeHns

HaBaiite HauHéMm! IlepBasi Belllb, KOTOPYXO MbI /IOJDKHBI CZe/aTh AJIS1 Halllel WUIpbl, — 3TO

MO3BOJIUTb UT'DOKY BBOAUTL IMPEATIO/IOKEHMUS. ITomecTuTe C]'IE,E[y}OLLII/Iﬁ KOJ, B Balll S rC/main .Ir's:

use std::io; Run

fn main() {
println!("Yrapante uucno!");

println! ("MoxanyncTta, BBeauTe npepnosioxexHve.");
let mut guess = String::new();

io::stdin().read line(&mut guess)
.expect("He ypanocb mpouutaTtb CTPOKy");

println!("Bawa nombiTka: {}", gquess);

3neck MHoro yero! /laBaiiTe pa3bepém 3TOT Y4aCTOK I10 YaCTSIM.

use std::io; F{Ljr]

HaM Ha/j0 MOMyuuTh TO, UTO BBEJ T10/Ib30BaTelb, a 3aTeM BbIBECTH pPe3y/IbTaT Ha SKpaH. 3HAUUT
HaM roHagobuTcst 6ubmrorteka 10 W3 craHAapTHOM 6UOMMOTeKH. M3HauambHO Rust UMIOPTHpPYeT B
Hallly TPOTrpaMMYy JIMILb camble HeoOxoAuMble Belld — npenoduto (prelude). Ecnu uero-to Her B
TIPeJIIOIUH, MbI JO/DKHBI TTPY TIOMOILIM US€ SIBHO yKa3aTbh, UTO XOTUM 3TO MCIIOIb30BaTh. 37eCh TaKkkKe
MIPUCYTCTBYET BTOPasi TIPeJIIOfusi — 10 -1pesioyisi; Korja Bbl €€ MMIIOPTHUPYeTe, OHA TIOAK/II0UaeT

DPsii TI0JIe3HBIX Bellield, CBsI3aHHbIX € 10.

fn main() {

pe)
-]

u

Kak BBl yxe 3Haere, (yHKIMs MAain() — s5to Touka Bxoja B Haimy mporpammy. fn

00bsiB/ISIET HOBYHO (DYHKI[MIO. [IyCThie Kpyr/ibie CKOOKH () TIOKa3bIBAalOT, UTO OHA He TPUHMMAET
aprymenToB. OTKpbiBatoijast purypHasi ckobka { HauwHaeT Tesio Hamieii dyHKipU. M3-3a TOro, uTO

MbI He yKa3ald THUIT BO3BPAIl[aeMOro 3HAueHWs, TPEeAToJiaraeTcs, uto Oyzer Bo3Bpamjatbes () —

MyCTOW KOPTEX.

println!("YrapanTte uucno!"); Eiilll

println!("Moxanyncta, BBEOUTE MpennonoxeHue.");
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https://play.rust-lang.org/?code=use%20std%3A%3Aio%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20println!(%22%D0%A3%D0%B3%D0%B0%D0%B4%D0%B0%D0%B9%D1%82%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE!%22)%3B%0A%0A%20%20%20%20println!(%22%D0%9F%D0%BE%D0%B6%D0%B0%D0%BB%D1%83%D0%B9%D1%81%D1%82%D0%B0%2C%20%D0%B2%D0%B2%D0%B5%D0%B4%D0%B8%D1%82%D0%B5%20%D0%BF%D1%80%D0%B5%D0%B4%D0%BF%D0%BE%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5.%22)%3B%0A%0A%20%20%20%20let%20mut%20guess%20%3D%20String%3A%3Anew()%3B%0A%0A%20%20%20%20io%3A%3Astdin().read_line(%26mut%20guess)%0A%20%20%20%20%20%20%20%20.expect(%22%D0%9D%D0%B5%20%D1%83%D0%B4%D0%B0%D0%BB%D0%BE%D1%81%D1%8C%20%D0%BF%D1%80%D0%BE%D1%87%D0%B8%D1%82%D0%B0%D1%82%D1%8C%20%D1%81%D1%82%D1%80%D0%BE%D0%BA%D1%83%22)%3B%0A%0A%20%20%20%20println!(%22%D0%92%D0%B0%D1%88%D0%B0%20%D0%BF%D0%BE%D0%BF%D1%8B%D1%82%D0%BA%D0%B0%3A%20%7B%7D%22%2C%20guess)%3B%0A%7D%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Aio%3B%0A%7D
http://doc.rust-lang.org/std/prelude/index.html
http://doc.rust-lang.org/std/io/prelude/index.html
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aprintln!(%22%D0%A3%D0%B3%D0%B0%D0%B4%D0%B0%D0%B9%D1%82%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE!%22)%3B%0A%0A%20%20%20%20println!(%22%D0%9F%D0%BE%D0%B6%D0%B0%D0%BB%D1%83%D0%B9%D1%81%D1%82%D0%B0%2C%20%D0%B2%D0%B2%D0%B5%D0%B4%D0%B8%D1%82%D0%B5%20%D0%BF%D1%80%D0%B5%D0%B4%D0%BF%D0%BE%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5.%22)%3B%0A%7D

A3BIK IporpaMmupoBaHyst Rust

Mbi yke usyuniy, uto println! () — sto Makpoc, KOTOPEIM BHIBOAUT CTPOKYM Ha KPaH.
let mut guess = String::new(); F{Ljr]

Tenepb mHTepecHee! Kak ke MHOTO BCero IMpOMCXOAMT B 3TouM cTpoke! IlepBasi Beiib, Ha
KOTOPYIO CJieflyeT oOpaTWTh BHMMaHWe, — BbIpakeHue let, KOTOpOe WCIIO/Mb3YeTCsl [Jist CO30aHUS
ces3u. OHO BBIMVISSAUT TakK:

let foo = bar; Run

OTO CO37aéT HOBYIO CBfi3b C MMeHeM TOO wu mpuBs3biBaeT eii 3HaueHue bar. Bo mHormx
SI3bIKaX 3TO Ha3bIBAeTCSsl NepemMeHHasi, Ho B Rust cBsi3bIBaHMe MepeMeHHbIX UMeeT HeCKOJIbKO TPHOKOB B

pyKasBe.

Hanpumep, 1o ymonuaHuto, CBSi3U HeusMmeHseMbl. [10 3Tol nMpyUuyrHe Halll IPUMep KCII0/Ib3yeT
mut: stor MogubuKkaTtop paspernaer MeHATb CBs3b. C JIeBOM CTOPOHBI OT mpucBavBaHus y Let
MOYKeT OBbITb He IPOCTO UMsI CBSI3U, (aKTUUeCKH OH MpUHKUMaeT oOpaserl. Mbl OysieM UCII0/Tb30BaTh UX

AaJible. Nx AOCTATOYHO IMPOCTO UCII0/Ib30BATh:

let foo = 5; // HeusMeHsieMas CBA3b Run
let mut bar = 5; // u3MeHsieMas CBA3b

Ax pa, // HauMHaeT KOMMEHTAapHii, KOTODBIA 3aKaHUMBaeTCs B KOHIle CTPOKH. Rust

HWIrHOPpHUDYET BCé, UTO HaXOAHUTCA B KOMMEHTdDUAX.

Teriepb MbI 3HaeM, uto Let mut guess obbsiBiseT U3MeHseMyto CBsi3b C UMeHeM JUEesSS,

a 110 JIPYTYI0 CTOPOHY OT = HAXOAUTCs TO, uTo OyzeT npussizaHo: String: ::new().

String — 9TO CTPOKOBBIN THII, TIPEAOCTAB/ISIEMbI HaM CTaHAAPTHON OWUOIUOTEKOM.
String — sro Tekct B KogupoBke UTF-8 riepeMeHHO# [IMHBI.
CuHTakCHC ::New() wucromb3yeT ::, Tak Kak 3TO TPUBSI3aHHAsE K OMPEAeNEHHOMY THUITY

¢yukiws. To ecTh OHa MpuBsi3aHa K camoMy Tury String, a He K ornpe/eéHHOM TTepeMeHHOH THIa

St r‘ing . HeKOTOpLIe SA3bIKHW HA3bIBAKOT 3TO «CTAaTUYE€CKUM METO/I0M».

Uwms atoii dyHKUMM — NEeW( ), Tak Kak OHa CO34AéT HOBBIA, MYCTOM 9SK3eMIUISIP THIA
String. Bel Mo)keTe HalTH 3Ty (QYHKIMIO y MHOTHX THIIOB, MOTOMY UTO 3TO OOIllee WUMs jisi

CO3JjaHHs1 HOBOTO 3HaueHUs OTpe/|e/IEHHOr0 TUIIa.
[aBaliTe TOCMOTPUM [iajibIlle:

io::stdin().read line(&mut guess) RU N
.expect("He ypanocb mpouutaTb CTPOKy");

910 yxe mobosbie! [laBaliTe 3T0 BCé pa3bepéM. B mepBoi CTpoKe ecTb /iBe uYaCTU. OTO

TriepBast:

io::stdin() Run
[TomuwuTe, Kak Mbl ¥MnopTupoBanu (Use) std: :10 B camom Hauasme Hareil porpammabi?

Celiuac MbI BbI3Ba/Id aCCOIIMMPOBAHHYIO C HUM (yHKIH0. Ecim 6b1 MbI He caenanmd use std::io,

Ham Obl TIPUIIIOCK 37ech Harmcath Std::io::stdin().
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aio%3A%3Astdin()%0A%7D

A3bIK IporpaMmupoBaHust Rust

Orta QyHKIMsa BO3BpaijaeT 06pabOTUMK CTaHZAPTHOTO BBOJA HAIlero TepMHHama. Boree
1ozipo6HOo 06 3TOM MOXKHO TounTath B Std: :10::5tdin.

Cnepyroljasi 4acTb HCIO/B3yeT 3TOT 00paboTuMK Jjsi TO/NyueHHs BCEro, 4TO BBEJET

T10/Ib30BAaTeIb:
.read_line(&mut guess) RU n
3meck  Mbl  Bei3BaM  Meton read Lline() obpaborurka. MeToibl  MOXOXKKA — Ha

acCoLMMPOBaHHble (PYHKLIMH, HO JOCTYIIHBI TOMBKO y OMpe/ie/IEHHOr0 SK3eMIlisipa TUIa, a He CaMoro

Tuma. Mel ykasanu ogud apryment ¢pyukuun read line(): &mut guess.

[ToMHWTE, KaK MbI Bbillle TpHBsi3a/u gUESS? Mbl CKa3ald, UTO 3Ta CChUIKA H3MEHsieMa.
Opnako read line we monmyuaer B KauectBe aprymenrta String: ona momyuaer &mut
String. B Rust ectb Takasi 0COGEHHOCTh, Ha3bIBAEMAast «CChbUIKU», KOTOpPAst TIO3BOJISIET HAM UMETh
HECKOJIBKO CChUIOK Ha OJIHH U Te )K€ JJAHHBIE, UTO MO3BOJISET W30€KaTh U3/UIIHEr0 UX KOMMPOBAHMSI.
CCBUIKM — JI0OCTAaTOYHO CJIO)KHAsI 0COOEHHOCTh, U OJIHMM W3 OCHOBHBIX TIOZIKYTIAFOIIMX [0CTOUHCTB
Rust sIBIIETCS TO, KaK OH PeIaeT BOMPOC 0e30MacHOCTH U MPOCTOThI UX HCIO/b30BaHUs. [ToKa uto
[JIs 3aBepIIeHHst TIPOrpaMMbl HaM He TpebyeTcst pa3buparhcs B Takux MoApobHocTsax. Celiuac BCE,
UTO HaM HY)KHO, — 3TO 3HaTh, UTO CCHUIKH, KAK U CBsI3bIBAHKE MPH romoly Let, HersmeHsieMsl 1o

ymosuanuio. CriejoBaTe/IbHO, MbI ZIOJDKHBI Harkucath &MUt guess, a ve &guess.

[Touemy read line() monyuaer u3MeHsieMyt0 CChUIKY Ha CTPOKY? Ero pabora — 3T0 B3sITh
TO, UTO M0/Ib30BaTe/Ib HAIKMCal B CTAH[JAPTHBIA BBOJ, W TOJIOKUTb 3TO B CTPOKY. VITak, MeTO[
T0/Ty4yaeT CTPOKY B KauecTBe apryMeHTa, U [JIsl TOro, YTOObI TIOMECTUTh B Heé BBEAEHHOE 3HAUeHHe,

CCbIJIKA HAd AdHHYIO CTPOKY A0/DKHA OBITH U3MEHSAEMOM.

MbI, ofHaKo, ellé He BIIOJIHE pa300pajuch C 3TOW CTPOKOW Kofa. XOTs PacCMOTPEHHbIH
(parMeHT MporpaMMbl — TIPOCTO OJJHAa CTPOKA eé TeKCTa, OH SIB/ISeTCs JIMLIb TIePBOil YaCTbi0 OJHOMN

A02uuecKoll CTPOKH KOZa. HOCMOTpI/IM Aarnee:

.expect("He ypmanocb mpouutaTtb CTPOKYy"); Run

KOF,EI;(:I MbI BbI3bIBA€M METO/, UCII0/Ib3yAd CUHTAKCHUC . 1:00( ) ,» Mbl MOXEM I1€peHEeCTU BbI3OB B
HOBYIO CTPOKY U CAeJ/IaTb AJid HEro OTCTYII. OTO TIOMOTaeT pa36I/IBElTI: AJIMHHbIE CTPOKKW Hd HECKOJIBKO.

MBbI Mo2nu Obl CenaTh U TakK:

io::stdin().read line(&mut guess).expect("He ypanocb npountaTtb CTpoky"); Run

OfiHAaKO 3TO /IOCTAaTOYHO TPYAHO UKTaTh. I109TOMY MbI pasfie/IMid CTPOKY: IO CTPOKE Ha
KaXK/[blii BbI30B MeToa. Mbl yxke moroeopun o read line(), Ho emié Huuero He cKasaau Tpo
expect(). Msr y3Hamu, uto read line() mnomeiriaer BBefEHHbIE IM0/Ib30BATEIEM JIaHHBIE B
cceuiky &mut String, koropyro Mbl repefani MeToAy B KauecTBe aprymenTa. Ho JaHHbINA MeTO/
TaKKe BO3BpalljaeT 3HaUeHHe: B JJaHHOM CJydae 3T0 3K3eMrusip Turna 10 : :Result. B crangaprHoii
6ubmoreke Rust ectb HeckonbKo THIOB ¢ umeHeM Result: obmjas Bepcus Result u Heckonbko

OT/e/IbHBIX BepCUii B oa6ubmorekax, Harpumep 10: :Result.
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http://doc.rust-lang.org/std/io/type.Result.html
http://doc.rust-lang.org/std/result/enum.Result.html
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Hasnauenve tunos Result — mpeoGpasoseiBath uHbOpMaryio 06 OmrbKax, MoyyeHHbIX
oT oOpaborurka. Y 3uHauenuii thra Result, kak u mo6oro pyroro Tuma, eCTb onpeenéHHble 11
Hero metoabl. Tak, y 10::Result wumeerca meron expect (), kotopblii 6epér 3HaueHue, s

KOTOpPOro ObIT BbI3BAaH 3TOT METOf, W, €C/IM OHO HeyJauHoe, BhIMOMHseT Panic! co crpokoi,
repeZiaHHOW MeTOo/ly B KauecTBe aprymeHta. PanicC! ocTaHOBUT Hailly TpOrpaMmy U BbIBEJET
coo01eHue 06 omMoKe.

Ecnmu y6paTb BBI3OBbI 3THUX [IBYX ME€TOAOB, HAIlld IPOTrpaMMa CKOMITWIMPYETCA, HO KOMITUJIATOPD

BBIAACT Cj1e4yroliee rmpeayrpexxaeHue:

$ cargo build

Compiling guessing game v0.1.0 (file:///home/you/projects/guessing game)
src/main.rs:10:5: 10:39 warning: unused result which must be used,
#[warn(unused must use)] on by default
src/main.rs:10 io::stdin().read line(&mut guess);

A

Rust mpegymnpexziaeT, uTo Mbl He HCrojb3yeMm 3Hauenne Result. 3to mpenympexaenue
MPHUIIUIO W3 CIIeIUasbHOM aHHOTAlMH, KoTopast yKa3aHa B 10: :Result. Rust meiTaeTcss ckasarh
HaMm, 4TO Mbl He oOpabarbiBaeM OIIMOKH, KOTOpbIe MOTYT BO3HHMKHYTb. Haubosee TipaBUIbHBIM
pellieHWeM TIpeJoTBpallieHys1 ommrOKu Oyzner eé obpaborka. K cuacThio, ec/ii MbI TOJIBKO XOTHM
0OpyILIUTh TIPUTIO’KEHKE, KOT/la BO3HUKAeT MpobsiemMa, Mbl MOYKEM MCII0/Tb30BaTh 3TH /iBa HEOOBIINX
meTto/a. Ecii Mbl MO)KeM BOCCTAaHOBHUTD UTO-TMO0 U3 OIIMOKH, MBI IOJDKHBI CJIe/IaTh KOe-uTo /Ipyroe,

HO MBI OCTaBUM 3TO [ijis1 Oy/yIIiero rnpoekra.
Ocranochk pa3obpaTh BCero ofHy CTPOKY U3 IepPBOro MprMepa:

println!("Bawa nombiTka: {}", gquess); F{Ljr]
}
S,QECB BBIBOAWUTCA HA 3KPdH CTPOKd, KOTOpas 6]:1]]&1 IoJjiyueéHa C Halllero BBO/A. {} — 3TO
yKasaTe/ib MeCTa 3aroJiHeHus. B kauecTBe BTOporo aprymenta makpoca println! wmer ykasamm
3HaUeHue gueSS, KOTOpoe " GYAET 104 CTaB/I€eHO BMeCTO {} . ,HJ'IH BBEIBOJIa HECKOJIBKHUX 3HAUeHUN

MBI MOIVIM ObI HCITO/Ib30BATh HECKOILKO YKa3aTEHeﬁ, M0 OJHOMY Ha KaXXKIYIO IIPUBA3KY:

let x
let y

5; Run
10;

println!("x n y: {} n {}", x, y);

ITpocro.
MeI MOKeM 3aryCTUTh TO, YTO Y Hac eCTb, IIpU NMOMOLM Cargo run:

$ cargo run
Compiling guessing game v0.1.0 (file:///home/you/projects/guessing game)
Running "target/debug/guessing game’
YrapganTe uucno!
MoxanyicTa, BBeAWUTE MNpPennosioXeHue.
6
Bawa noneiTka: 6
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Bcé npaBunbHO! Hailla nepBasi uacThb 3aBepllieHa: Mbl MOXKEM T10/1ydaTh JaHHbIE C K/1aBUATypPbl

M TI0TOM IledaTaTb MX Hd 3KPdH.

[eHepaumnsa CeKpeTHoro yncna

Ilanee, HaM HaJ0 CreHEPUPOBAaThb CEKPeTHOe uHMc/Io. B cranmapTtHoit 6ubmvoTeke Rust HeT
HU4yero, 4To MOIJIoO OBl HaM mpeaoCTaBUTh Cl)y'HKLlI/IOHaJ'I [Jid reHepaluyun cnyqal‘/'lelx quceisi. O,Z[HaKO

paspaboTurku Rust [/1s1 3TOro MpefoCTaBuIM KoHmetiHep (crate) rand. « KoHTeiHep» — 3TO MakeT C

kozom Rust. Harir mpoekT — «OWHApHBIN KOHTeMHep», U3 KOTOPOTO B UTOTe TIOYYUTCS UCTIOTHSIeMBbIi
daiin. rand — «OubMMOTEUHBI KOHTEHHEp», KOTOPBIA COAEPXKUT KOJ, IpeJHa3HAYeHHbIN [jist

HCII0J/Ib30BAHUA C APDYTUMU IIPOTPAMMAaMM.

Vcnonb30BaHre BHELIHUX KOHTelHepoB — 3agaua j/1s Cargo. [Ipexxe ueM Mbl HauHEM IHCaTh
KO/l C WCro/ib30BanueM rand, Mel Jo/mkHbl Moauduiposats Har Cargo.toml. Otkpoem ero u

n00aBUM B KOHEI] C/IeJYIOIIe CTPOUKU:
[dependencies]

rand="0.3.0"

Pasnen [dependencies] B Cargo.toml mnoxox Ha pasgen [package]: x Hemy
OTHOCHUTCSI BCE TO, UTO TMOMEI[EHO TOC/e CTPOKH OOBSIB/IEHMS, BIUIOTH /0 CJIEAYIOIIEro pasZerna.
Cargo MCIIob3yeT pasziesi 3aBUCUMOCTeH, uToObI 3HaTh, KaKye CTOPOHHKE KOHTeHHephI OTPe6yTCs,
a TaK)Ke Kakue WX BepCUM HeoOXoquMbl. B paHHOM ciiyuae Mbl uMcronb3yeMm Bepcuio 0.3.0, mog
kotopoii Cargo mozpasymeBaeT JitoOyi0 BEPCHIO, COBMECTHMYIO C 3ajaHHOW. Cargo MOHMMaeT

CemaHTHYeCKOe BEPDCHMOHKWPOBAHKE, KOTOPOE ABJAETCA CTaHAAPTOM HyMepalir BepCHﬁ. HPOCTOE

yKa3aHhe HOMepa, Kak MMOKAa3aHo BblIille, sB/isieTcst cokpareryeM st ~0.3.0, u obo3Hauaer «Bce
Bepcuu, coBmecTumbie ¢ 0.3.0». Ec/i Mbl XOTHM KCII0/130Bath TO/bko 0. 3.0, ToO MOXKHO Harmvcarhb
rand="=0.3.0" (oOparuTe BHMMaHIe Ha [|Ba 3HAKA PABEHCTBA). A eC/Ii Mbl XOTUM HCIT0/Ib30BaTh
MOC/IEZIHIOI0 BEPCHI0 KOHTEeWHepa, Mbl MOXEM HCIo/b30BaTh *. Takke MbI MOXKEM yKa3aTh

HeoOX0IMMBIH ITPOMEXYTOK Bepcuil. B mokymenTanun Cargo Bbl HaiifjéTe 6osbliie HPOPMALIUH.

Temnepb, He COBepILMB HUKAKUX W3MeHEHWH B KOje Hallledl TporpaMMbl, JaBaiTe cobepém

TMIPOEKT:

$ cargo build

Updating registry “https://github.com/rust-lang/crates.io-index"
Downloading rand v0.3.8
Downloading libc v0.1.6

Compiling libc v0.1.6

Compiling rand v0.3.8

Compiling guessing game v0.1.0 (file:///home/you/projects/guessing game)

(KoHeuHo >ke, BbI MOXKeTe YBU/[IeTh ApyTrvie HoMepa BepCHid.)

Mmuoro HoBoro! Tereps, Korja y HaC eCTh BHELIHHWe 3aBUCUMOCTH, Cargo ckayasn TocjeJHue
BepCHHU KaXK/I0M M3 HUX U3 CBOETr0 peecTpa, SIB/StOIerocs konuvel peectpa c¢ Crates.io. Crates.io —

3TO MEeCTO, T/ie MPOrPaMMHUCTBI Ha Rust MOTYT IMyO/IMKOBaTh CBOM MPOEKTHI C OTKPBITBIM UCXOIHBIM
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KOZ0M, YTOOBI MX MCII0/IL30Ba/INA B APYTr'uX MpoeKTax.

[Tocne o6HOBEeHust peectpa Cargo mposepsiet pasgen [dependencies] u ckauuBaer BCE,
yTo HaM HeoOxoZuMMO. B Haliem cjiyyae Mbl yKa3aid, uToO MpOekT 3aBucutT oT rand. Camomy
KoHTeliHepy rand as pabotel HykeH koHTeliHep Libc. ITo sToii mpuunne Cargo ckavan u Libc.

3arpysuB 61bmoTeky, Cargo KOMITWIMPYeT KX, a 3aTeM cOOMpaeT U Halll [TPOeKT.
Korza Mel 3antyctum Cargo build caosa, Tekcr BeiBoga OyeT yxke JpyruMm:

$ cargo build

Bcé mpaBuibHO, HUYero He OyzeT BbiBeZeHo! Cargo 3HaeT, M Halll MPOEKT, U BCe ero
3aBUCHMOCTH y)kKe coOpaHbl, U TI03TOMY He3aueM JiesiaThb 3TO CcHoBa. Pa3 fenaTb HUYEro He Hafo,
Cargo mipocto 3aBepiii paboty. Eciu Mbl BHOBb OTKpoeM ¢aiin Src/main. rs, cienaeM Kakue-

HI/I6y,£[b HU3MEHEHUA U 3dTeM COXPAaHUM KX, Mbl YBUJWM TOJILKO OAHY CTDOKY:

$ cargo build

Compiling guessing game v0.1.0 (file:///home/you/projects/guessing game)

Urak, mMbl ckasamu Cargo, uto HaM Hy)KHa Oubruoreka rand c mob6oi Bepchel BETKH
0.3.X, ¥ OH B3I 1OC/IE[JHIOI0 BEPCHIO HA TOT MOMEHT, Korja ero 3amyctuid, — V0. 3.8. Ho uto
Jlefiath, KOrJa Ha ciefyroileidl Hezese Boiiger Bepcus VO . 3.9, comepkaliasi BaKHbIE U3MEHEHUs?
YT0, eC/Ii UCTpaB/IeHUs] HACTOMBLKO MaciuTabHbl, uto Bepcusi 0.3 .9 cTaHOBUTCS HECOBMECTHUMOM C

HallMM KOJoM?

PeinienreM 31oii ripobiemsl siByisietcst aitn Cargo. Lock, KoTopslit HAXOAUTCSE B TUPEKTOPUH
¢ HamuM mipoekToM. Korza Mbl B TiepBbIii pa3 cobupanu Hail mpoekT, Cargo rogobpan Bepcu,
MOXOSIIIIMe TI0/] Hallli YC/I0BuUs, U 3armcan ux B ¢aiin Cargo. lock. Korga mbl B Gyayiem Oyzem
cobupars Ham mipoekt, Cargo Oyzer mpoBepsTh, cymjectByer s Cargo.lock, u 3arem
HCII0/Tb30BaTh yKa3aHHble B HEM BepCHU KOHTelHepoB. biarogapsi 3ToMy Mbl aBTOMaTHUeCKH
rolyuaeM TIOBTOpsieMble COOpKU. [IpyrvMu cloBaMu, Mbl OyZeM HCTI0/Ib30BaTh KOHTEMHEp Bepcuu

0.3.8 g0 Tex mnop, rnoka s;BHO He 06HOBUM HMHpopMalHio o ero Bepcuu B Cargo. Lock.

A 4To, ec/iu MBI 3aXOTUM HCIO/b30BaTh Bepcuto VO .3.9? Y Cargo ectb jpyras KOMaH/a,
update, koropas ckaxer Cargo: «/rHopupyit Cargo.lock, Haiigu ¥ 3arpy3u moc/enHue BepCuu
OubmoTeKk M3 BeTOK, ykazaHHbix B Cargo.toml. Korma Bcé cpenaelib, 3amuiinyd WH(OPMAIUIO O
Bepcusix B Cargo.lock». TTo ymomuanuro Cargo MIIeT TO/bKO TaKyr BepCHIO, HOMep KOTOPO# 0OoJblile,
yem 0.3.0, u mensine, uem 0.4.0. Eciu Mbl xotiM riepeiiti Ha Bepcun 0.4 . X, Mbl JIO/DKHBI
ykasatb 310 B Cargo.toml. ITorom, kKorga Ml 3anmyctum Cargo build, Cargo o6HOBHUT HHIEKC

Y TIepeCcMOTPUT Haiu TpeboBanust K rand.

B pokymenranyy mo Cargo MOXKHO y3HaTb HAMHOTO OoOfbIlle KakK O HEM, TaK M O €ro
5KOCHCTeMe, HO CKa3aHHOIO Bbllle HaMm MoKa XxBaTWUT. Cargo JesiaeT MOBTOPHOE MCII0/b30BaHUe
OubMMoTeK HaMHOTO TIPOIIle, U MPOrPaMMHUCTBI Ha Rust, Kak MpaBU/IO, MULIYT HeOObIINe TIPOEKTHI,

KOTOpbIe BXOJSIT B COCTAB JJPyruX, 60siee KPYIHbIX, IPOEKTOB.
[aBaiiTe HaKOHeL| ucnoib3oeamb rand . Bor Halil c/iefyrommii mar:

extern crate rand;

Yrapgaiika 25


http://doc.crates.io
http://doc.crates.io/crates-io.html

A3bIK IporpaMmupoBaHyst Rust

Run

use std::io;
use rand::Rng;

fn main() {
println!("YrapanTte uucno!");

let secret number = rand::thread rng().gen range(l, 101);
println!("3arapaHHoe yucno: {}", secret number);

println! ("MoxanyncTta, BBEOMTEe npepnosioxeHve.");

let mut guess = String::new();

io::stdin().read line(&mut guess)
.expect("He ypanocb nmpouutaTtb CTpPOKy");

println!("Bawa nombiTka: {}", gquess);

[TepBoe, UTO MBI Ce/Ia/u, — M3MEHHW/IU TIepByr0 CTPOKY. Terepb oHa BeIISAMT Tak: extern
crate rand. Tak kak Mmbl ykasaau rand B pasgene [dependencies], mbl Moxem
ucrionb3oBate €Xtern crate gms Toro, utobel Rust 3Has, UTO Mbl COGHMpPAEMCst UCITO/Ib30BaTh 3Ty
3aBUCUMOCTh. extern crate rakxke BbINONHSET SKBMBa/eHT oreparopa Use rand;, te.

Terepb Mbl MOXXKEM MCITI0/Ib30BATh BCé, YTO eCTh B KOHTEﬁHepe rand , UCITI0JIb3YH HPE(l)I/IKC rand::.

Manee, Mbl [00aBWIM HOBYHO CTpoKy USe: use rand::Rng. Mel cobupaemcs
HCII0/Th30BaTh METO/I, @ eMy HY>KHO, uTobbl RNQ 6611 B 06/1acTy BugMMoCcT. OCHOBHAsI Hiest TaKOBa:
MeTO/Ibl, 0ObsIBJIEHHBIE T/Ie-TO B IPYTOM MeCTe, Ha3bIBAalOTCS «TUMaXKaMu» (traits), v [ijist TOro, 4To0bl
3TOT METOJ, MOXKHO OBIJIO MCIT0/Ib30BaTh, HEOOXOAMMO MUMETh THIMaX B 00/1aCTU BUAUMOCTH. UTOOBI

y3HaThb 00 3TOM 6OoJiee TIOAPOOHO, BBl MOXKETE TIPOUUTATh Pa3fie/l O THUIIaXKax.
MbI 106aBU/IM /IBe HOBbIE CTPOKHU B CEPeJUHY KO/a:
let secret number = rand::thread rng().gen range(l, 101); F{Ljr]

println!("3arapaHHoe uucno: {}", secret number);

Mei ucnonb3yem ¢yskiuio rand: :thread rng() ans monyuenuss Korwd reHeparopa
C/lydaliHbIX UMCes, KOTOopas Oy#eT JIOKa/bHOW [isi TEKYIIero 0TOKA BBITOJHEHHUs. BBIie MbI
nobaewm Use rand: :RNng u Terepb MOXKeM KCITIO/IB30BaTh MeTog, gen range (). 3tor meroq,
T0J/IyYaeT JiBa apryMeHTa W reHepUpyeT UKC/I0, KOTOPoe MOXKeT ObiTh 6osibiiie MO0 PaBHO TIEPBOMY
apryMeHTy U MeHbllle, YeM BTOPOM aprymeHT. TakumM o6pa3om, eciv Mbl yKakeM uncia 1 u 101, To ot

reHepaTopa MOKHO MOJy4YuTh uurc/a ot 1 70 100 BKIIOUUTENBHO.

Bropast cTpoka rneuaraet Hallle CeKpeTHOe Uuc/io. OTO NTOMOKeT HaM BO BpeMsl TeCTHPOBaHMUS,
MoKa MblI pa3pabaTbiBaeM Hally IpOrpamMmy, HO MblI 00si3aTelbHO YAAiMM [aHHYH CTPOUKY B

¢uHanbHOM BepcuU. ByzieT HeMHTepeCHO UrpaTh B UTPY, €C/IM OHAa Cpasy IeuaTaeT OTBeT!

[laBaiiTe 3aryCTUM M3MeHEHHYIO MPOrpaMMy:
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$ cargo run
Compiling guessing game v0.1.0 (file:///home/you/projects/guessing game)
Running "target/debug/guessing game®
YrapganTe u4ucno!
3aragaHHoe 4ucno: 7
MoxanyncTta, BBeOUTE MpennosiokeHue.
4
Bawa nonbiTka: 4
$ cargo run
Running "target/debug/guessing game"
YrapanTe u4ucno!
3aragaHHoe 4ucno: 83
MoxanyncTta, BBeOUTE MpPennosiokeHue.
5
Bawa nonbiTka: 5

3ameuatenbHo! Crefyromuil 1ar — cpaBHeHHe Halllero MpeJrioioXKeHUs C «3araZlaHHbIM»

UM CJIOM.

CpaBHeHue

TEHEPL, KOrga MbI 3HdeM, 4UTO BBEJI I10J/Ib30BarTe/ib, ,anaf/'ITe CPaBHUM «3araldHHOe» 4UCJIo C
rnpearosidaraeMbIM OTBETOM. BAECL HpI/IBe,Z[éH Halll CJ'Ie'E[y}OLL]I/Iﬁ miar, KOTOpLIfI, K COXXadJ/IeHHI0, He

OyzeT paboraTb:
extern crate rand; F{Ljr]
use std::io;
use std::cmp::0rdering;

use rand::Rng;

fn main() {
println!("Yrapante uucno!");

let secret number = rand::thread rng().gen range(l, 101);
println!("3arapaHHoe uyucno: {}", secret number);
println!("MNoxanyncTta, BBeguTe npepnonoxexHve.");

let mut guess = String::new();

io::stdin().read line(&mut guess)
.expect("He ypmanocb mpouutaTb CTPOKy");

println!("Bawa nombiTka: {}", gquess);

match guess.cmp(&secret number) {

Ordering::Less => println! ("CnvwkoM ManeHbkoe!"),
Ordering::Greater => println! ("Cnuukom 6onbuwoe!"),
Ordering: :Equal => println! ("Bbl BbMrpanu!"),
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https://play.rust-lang.org/?code=extern%20crate%20rand%3B%0A%0Ause%20std%3A%3Aio%3B%0Ause%20std%3A%3Acmp%3A%3AOrdering%3B%0Ause%20rand%3A%3ARng%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20println!(%22%D0%A3%D0%B3%D0%B0%D0%B4%D0%B0%D0%B9%D1%82%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE!%22)%3B%0A%0A%20%20%20%20let%20secret_number%20%3D%20rand%3A%3Athread_rng().gen_range(1%2C%20101)%3B%0A%0A%20%20%20%20println!(%22%D0%97%D0%B0%D0%B3%D0%B0%D0%B4%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE%3A%20%7B%7D%22%2C%20secret_number)%3B%0A%0A%20%20%20%20println!(%22%D0%9F%D0%BE%D0%B6%D0%B0%D0%BB%D1%83%D0%B9%D1%81%D1%82%D0%B0%2C%20%D0%B2%D0%B2%D0%B5%D0%B4%D0%B8%D1%82%D0%B5%20%D0%BF%D1%80%D0%B5%D0%B4%D0%BF%D0%BE%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5.%22)%3B%0A%0A%20%20%20%20let%20mut%20guess%20%3D%20String%3A%3Anew()%3B%0A%0A%20%20%20%20io%3A%3Astdin().read_line(%26mut%20guess)%0A%20%20%20%20%20%20%20%20.expect(%22%D0%9D%D0%B5%20%D1%83%D0%B4%D0%B0%D0%BB%D0%BE%D1%81%D1%8C%20%D0%BF%D1%80%D0%BE%D1%87%D0%B8%D1%82%D0%B0%D1%82%D1%8C%20%D1%81%D1%82%D1%80%D0%BE%D0%BA%D1%83%22)%3B%0A%0A%20%20%20%20println!(%22%D0%92%D0%B0%D1%88%D0%B0%20%D0%BF%D0%BE%D0%BF%D1%8B%D1%82%D0%BA%D0%B0%3A%20%7B%7D%22%2C%20guess)%3B%0A%0A%20%20%20%20match%20guess.cmp(%26secret_number)%20%7B%0A%20%20%20%20%20%20%20%20Ordering%3A%3ALess%20%20%20%20%3D%3E%20println!(%22%D0%A1%D0%BB%D0%B8%D1%88%D0%BA%D0%BE%D0%BC%20%D0%BC%D0%B0%D0%BB%D0%B5%D0%BD%D1%8C%D0%BA%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20%20%20%20%20Ordering%3A%3AGreater%20%3D%3E%20println!(%22%D0%A1%D0%BB%D0%B8%D1%88%D0%BA%D0%BE%D0%BC%20%D0%B1%D0%BE%D0%BB%D1%8C%D1%88%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20%20%20%20%20Ordering%3A%3AEqual%20%20%20%3D%3E%20println!(%22%D0%92%D1%8B%20%D0%B2%D1%8B%D0%B8%D0%B3%D1%80%D0%B0%D0%BB%D0%B8!%22)%2C%0A%20%20%20%20%7D%0A%7D%0A

SA3bIK IporpaMmupoBaHyst Rust

3mecb Mbl BUWAUM 4YTO-TO HOBOe. IlepBoe — 370 emjé oauH US€. Mbl BBemM B 007acTb

sugumoct Ttumn Std::cmp::0rdering. [lanee, emjé msaTh HOBBIX CTPOK B KOHI[E, KOTOpbIE
UCIIOJTb3YIOT €ro:

match guess.cmp(&secret number) {
Ordering::Less => println!("CnnukoM ManeHbkoe!"),
Ordering::Greater => println! ("CnvukoM 6onbwoe!"),
Ordering::Equal => println!("Bel BbMrpanu!"),

Run

METOA Cmp() MOXKET OBITH BBI3BaH y IfIEI"O-J'II/I6O, UTO MOXET CPABHHUBATLCS, U TIOJIyUd€T B
KaueCTBe apryMeHTa CCbUIKY Hd TO, C UEM MbI XOTHM €ro CPpdBHUTD. Pe3y']'IbTaTOM CPpaBHEHUA 6y,ELET
3HaueHue Tumna Orde ring, KOTOprﬁ Mbl HWMITIOPTHUPOBAJ/IA BBbILIE. Mkl HCIIOJ/Ib3yeM OI1epaTop

match IJIst onpezpenenuss Ordering —  pesymsrata  cpaBHenwsi. Ordering —

nepeyncneHve. Ouu o003HaUarOTCsT €NUM, CoKpaiiéHHo oT enumeration (mepeuncieHue).
[TepeuniciieHUsI BLITJIIAST CI€AYIOIIAM 00pa3oM:

enum Foo {
Bar,
Baz,

0
(-
-]

C TakuM orpe/ie/ieHreM BCE, uTo umeetr THIT FOO MoxeT uMeTh 3Hauenue /6o FOO: :Bar,
nubo Foo::Baz. Mbl ucnonb3yem : :

rnepeyurc/ieHusd.

Jisi 0003HAUeHUs] MPOCTPAHCTBA UMEH [Ijisi BapUaHTOB

Y nepeunciienuss Qrdering ects Tpu Bo3MOXKHBIX BapuaHTa: Less, Equal u Greater.
Boipakenre match momyuaer nepeMeHHy 0 Kakoro-inbo THIA U TpejjiaraetT BaM CO3/IaTh «BETBH»

IJIsT KOXKJOTO BO3MOXKHOTO 3HaueHusi. Tak Kak y Hac ecTh TP BO3MOXKHbIX 3Hauenusi Ordering, y
Hac OyzieT TpY BeTBU:

match guess.cmp(&secret number) {
Ordering::Less => println! ("CnvwkoM ManeHbkoe!"),
Ordering::Greater => println! ("Cnvukom 6onbwoe!"),
Ordering::Equal => println!("Bbl Bbwmrpammn!"),

Run

Eciu pe3synbraToM cpaBHeHHsi Oyzer 3HaueHue LeSS, mbl BbiBeeM Ha 3kpaH CITUWKOM
ManeHbkoe!; ecm Oyger Greater, 1o CnnwkoM 6Gonbwoe!; u ecm Equal,
BoiMrpann! . match ouens ynobeH, 1 OH YacToO UCIO/BL3yeTcs B Rust.

TO BbI

MBbI yrioMUHA/H, UYTO 3TO He COBCeM KOPPEKTHBIHM K07, HO BCE ke /laBaiiTe rorpobyem:

$ cargo build
Compiling guessing game v0.1.0 (file:///home/you/projects/guessing game)
src/main.rs:28:21: 28:35 error: mismatched types:
expected “&collections::string::String”,
found & °
(expected struct “collections::string::String",
found integral variable) [EQ308]
src/main.rs:28 match guess.cmp(&secret number) {
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Amatch%20guess.cmp(%26secret_number)%20%7B%0A%20%20%20%20Ordering%3A%3ALess%20%20%20%20%3D%3E%20println!(%22%D0%A1%D0%BB%D0%B8%D1%88%D0%BA%D0%BE%D0%BC%20%D0%BC%D0%B0%D0%BB%D0%B5%D0%BD%D1%8C%D0%BA%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20Ordering%3A%3AGreater%20%3D%3E%20println!(%22%D0%A1%D0%BB%D0%B8%D1%88%D0%BA%D0%BE%D0%BC%20%D0%B1%D0%BE%D0%BB%D1%8C%D1%88%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20Ordering%3A%3AEqual%20%20%20%3D%3E%20println!(%22%D0%92%D1%8B%20%D0%B2%D1%8B%D0%B8%D0%B3%D1%80%D0%B0%D0%BB%D0%B8!%22)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aenum%20Foo%20%7B%0A%20%20%20%20Bar%2C%0A%20%20%20%20Baz%2C%0A%7D%0A%7D
http://doc.rust-lang.org/std/cmp/enum.Ordering.html
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Amatch%20guess.cmp(%26secret_number)%20%7B%0A%20%20%20%20Ordering%3A%3ALess%20%20%20%20%3D%3E%20println!(%22%D0%A1%D0%BB%D0%B8%D1%88%D0%BA%D0%BE%D0%BC%20%D0%BC%D0%B0%D0%BB%D0%B5%D0%BD%D1%8C%D0%BA%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20Ordering%3A%3AGreater%20%3D%3E%20println!(%22%D0%A1%D0%BB%D0%B8%D1%88%D0%BA%D0%BE%D0%BC%20%D0%B1%D0%BE%D0%BB%D1%8C%D1%88%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20Ordering%3A%3AEqual%20%20%20%3D%3E%20println!(%22%D0%92%D1%8B%20%D0%B2%D1%8B%D0%B8%D0%B3%D1%80%D0%B0%D0%BB%D0%B8!%22)%2C%0A%7D%0A%7D

SA3BIK IporpaMmupoBaHust Rust

error: aborting due to previous error
Could not compile "guessing game" .

Y-y-y! 310 60nbias ommbka. CyTb 3TON OIMOKM B «HECOOTBETCTBUU TUMOB» (mismatched
types). B Rust cTporas cratiueckasi cucrema TurnoB. Ho B HEM Takxe eCTh BbIBOZ, TUIOB. Kora Mer
numem let guess = String::new(), Rust moHumaer, uto QUESS JO/DKHA ObITH THIA
String, Gnarojaps uemy Mbl MOXEM He yKasblBaTb TWUM sIBHO. SeCret number — uuco,
KOTOPOE MOXKET UMEThb 3HaUeHHe OT OJHOTO0 /10 cta. OHO MOXKeT uMeTh THM 132 — 32-6uTHoe 1jeoe,
wii U32 — 32-6utHoe 1jeioe 6e3 3HaKa, Wi 164 — 64-6uTHOe 1ie/10€e, WK KaKOW-HUOY/b APYTOH.
[To ymonuanuto, Rust czenaer ero 32-6utHbiM 1jefbiM, 132. OpHako 371eck Rust He 3HaeT, Kak
CpaBHUTL JUESS U Secret_number.(hﬂ{AOHMHLI6me0AHon)THna.BIHDFQIHD6LIM0MH0
ObUIO0 CpaBHUTH JUESS u secret number, mbr go/mKHBEI peobpa3oBaTh MepeMeHHyH0 JUESS,
KOTOPYIO MbI TMPOUYMTANU C BBOAA, M3 Tuma String B HacTOSI[WI UYKMCIOBOW THUIT. MbI MOXEM

c/ienarh 310, 100aBUB HECKOJIBKO CTPOYeK. BOT Kak OyzieT BBIT/IAeTh Hallla [porpamma:
extern crate rand; F{Ljr]
use std::io;
use std::cmp::0rdering;

use rand::Rng;

fn main() {
println!("Yrapante uucno!");

let secret number = rand::thread rng().gen_range(l, 101);
println!("3arapaHHoe uyucno: {}", secret number);
println!("MoxanyncTta, BBeauMTe npempnosioxeHve.");

let mut guess = String::new();

io::stdin().read line(&mut guess)
.expect("He ypmanocb mpouutaTtb CTPOKy");

let guess: u32 = guess.trim().parse()
.expect("MNoxanyncta, BBegute uucno!");

println!("Bawa nombiTka: {}", gquess);
match guess.cmp(&secret number) {
Ordering::Less => println! ("CnvwkoM ManeHbkoe!"),

Ordering::Greater => println! ("CnvukoM 6onbwoe!"),
Ordering::Equal => println!("Bbl Bbwmrpanmn!"),

BoT CTpPOKH, KOTOpBIE MBI 00aBUIIH:

0
=
>

let guess: u32 = guess.trim().parse()
.expect("lMNoxanyncta, Beegute uucno!");
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https://play.rust-lang.org/?code=extern%20crate%20rand%3B%0A%0Ause%20std%3A%3Aio%3B%0Ause%20std%3A%3Acmp%3A%3AOrdering%3B%0Ause%20rand%3A%3ARng%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20println!(%22%D0%A3%D0%B3%D0%B0%D0%B4%D0%B0%D0%B9%D1%82%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE!%22)%3B%0A%0A%20%20%20%20let%20secret_number%20%3D%20rand%3A%3Athread_rng().gen_range(1%2C%20101)%3B%0A%0A%20%20%20%20println!(%22%D0%97%D0%B0%D0%B3%D0%B0%D0%B4%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE%3A%20%7B%7D%22%2C%20secret_number)%3B%0A%0A%20%20%20%20println!(%22%D0%9F%D0%BE%D0%B6%D0%B0%D0%BB%D1%83%D0%B9%D1%81%D1%82%D0%B0%2C%20%D0%B2%D0%B2%D0%B5%D0%B4%D0%B8%D1%82%D0%B5%20%D0%BF%D1%80%D0%B5%D0%B4%D0%BF%D0%BE%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5.%22)%3B%0A%0A%20%20%20%20let%20mut%20guess%20%3D%20String%3A%3Anew()%3B%0A%0A%20%20%20%20io%3A%3Astdin().read_line(%26mut%20guess)%0A%20%20%20%20%20%20%20%20.expect(%22%D0%9D%D0%B5%20%D1%83%D0%B4%D0%B0%D0%BB%D0%BE%D1%81%D1%8C%20%D0%BF%D1%80%D0%BE%D1%87%D0%B8%D1%82%D0%B0%D1%82%D1%8C%20%D1%81%D1%82%D1%80%D0%BE%D0%BA%D1%83%22)%3B%0A%0A%20%20%20%20let%20guess%3A%20u32%20%3D%20guess.trim().parse()%0A%20%20%20%20%20%20%20%20.expect(%22%D0%9F%D0%BE%D0%B6%D0%B0%D0%BB%D1%83%D0%B9%D1%81%D1%82%D0%B0%2C%20%D0%B2%D0%B2%D0%B5%D0%B4%D0%B8%D1%82%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE!%22)%3B%0A%0A%20%20%20%20println!(%22%D0%92%D0%B0%D1%88%D0%B0%20%D0%BF%D0%BE%D0%BF%D1%8B%D1%82%D0%BA%D0%B0%3A%20%7B%7D%22%2C%20guess)%3B%0A%0A%20%20%20%20match%20guess.cmp(%26secret_number)%20%7B%0A%20%20%20%20%20%20%20%20Ordering%3A%3ALess%20%20%20%20%3D%3E%20println!(%22%D0%A1%D0%BB%D0%B8%D1%88%D0%BA%D0%BE%D0%BC%20%D0%BC%D0%B0%D0%BB%D0%B5%D0%BD%D1%8C%D0%BA%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20%20%20%20%20Ordering%3A%3AGreater%20%3D%3E%20println!(%22%D0%A1%D0%BB%D0%B8%D1%88%D0%BA%D0%BE%D0%BC%20%D0%B1%D0%BE%D0%BB%D1%8C%D1%88%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20%20%20%20%20Ordering%3A%3AEqual%20%20%20%3D%3E%20println!(%22%D0%92%D1%8B%20%D0%B2%D1%8B%D0%B8%D0%B3%D1%80%D0%B0%D0%BB%D0%B8!%22)%2C%0A%20%20%20%20%7D%0A%7D%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20guess%3A%20u32%20%3D%20guess.trim().parse()%0A%20%20%20%20%20%20%20%20.expect(%22%D0%9F%D0%BE%D0%B6%D0%B0%D0%BB%D1%83%D0%B9%D1%81%D1%82%D0%B0%2C%20%D0%B2%D0%B2%D0%B5%D0%B4%D0%B8%D1%82%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE!%22)%3B%0A%7D

A3bIK IporpaMmupoBaHyst Rust

[TogoxauTe MUHYTKY, Y Hac BeJlb y>Ke ecTb guesSS ? Rust m03BOIMI HaM «3aTeHUThb» (CKPBITh)
npeabiAyiiee JUESS HOBBIM. OTO YaCTO WCIIONB3yeTCsl B TOAOOHBIX Ciydasix, Korza guess
W3HauasbHO ObiBaeT Tuma String, Ho Ham Tpebyercst mpeobpasoBath €€ B U32. 3areHeHue
MO3BOJISIET HaM TIepPeMCIIoNb30BaTh MM JUESS BMeCTO TOro, uToObI CO3/laBaTh /11 3HAUEHUM

pa3HBIX THIOB YHUKa/lbHbIE NMeHa (Takve Kak guess str u guess).

Mg cBsi3a/u JUESS c BrIpaXKeHMEM, TTOXOKMM Ha HallMCaHHOE KOIa-TO paHee:

guess.trim().parse() Run

3pecb gUESS cchulaeTcsi Ha CTapblii JUESS, KOTOPBIN elllé sIBseTCs] CTPOKOM, MO/TyuYeHHOU
Hamu C BBoga. Metog trim() y tuma String yapansier Bce mpobesibl U3 Hauaaa v KOHIIA Hallei
CTPOKH. DTO Ba)KHO, Belb Jyisi HopMasbHOM paborel read line() nam HeoGxogumo HakaTh
Enter mo okonuanuu BBOZA. ITO 3HAUMT, UTO eC/M Mbl Habepém 5 u Haxkmém Enter, to guess
Oyzer BeIISIAETh cienyroupM obpasom: 5\N. TIlocnenoBarensHOCTE \N  0003HAYaeT «HOBYIO
CTpoKy» (newline) — 3Hauenwue knapuid Enter. trim() yamamur eé u ocraBur Toeko 5. Metoz
parse(), npuMeHsieMbIli K CTPOKe, Ipeobpa3syeT eé B uncio. OH MOXKeT aHa/TM3UPOBaTh Pa3/uyuHbIe
YKC/a, HO Mbl MOXKEM yKa3aTh Rust, Kakoi MMEHHO THUI HaM Hy)keH. [103Tomy MbI ykasami Let
guess: u32. /[Ioerouue :, uayllee rocjie JUESS, roBOpUT Rust, UTO MbI yKa3blBaeM THII

3HaueHusi. U32 — 32-6uTHoe Ge33HakKoBOe Ljesioe uncio. B Rust BCTPOEHO HECKOIBKO UMCIOBBIX

THUIIOB, HO MBI BLI6paJII/I MMeHHO U32. 3to AO0CTATOUHO XOpOH_II/Iﬁ THII, 4TOOBI XPaHUTDb HeboJbIIINe

I10J/10XKHTeJ/IbHbIe UKCia.

Kaku read line(), Be3oB parse() moxer BbI3BaTh 1pobsembl. UTo, eC/ii Hallla CTPOKa
Oymer comepxath A[J%? Mbl He cMoXeM mpeobpasoBarb €€ B urci0. Kak M B cilyyae C
read line(), mbl Gygem wucronb3oBath Metop expect() Ha ciyuail, eciu parse() wne

CMOJKeT TIpeobpa3oBaTh CTPOKY.
[aBaiire 3arycTiM Haliry rporpammy!

$ cargo run
Compiling guessing game v0.1.0 (file:///home/you/projects/guessing game)
Running "target/guessing game’
YrapganTe uucno!
3arapgaHHoe 4yucno: 58
MoxanywWcTta, BBeOUTe MPennosioKeHue.
76
Bawa nonbiTka: 76
Cnuukom 6onbuwoe!

3ameuarenibHO! Bbl MO)keTe BH/IETb, UTO Mbl JO00OABWIM TIpo0e/ repej HAIlUM YKUCIOM, HO
rporpamMma IIOHs/Ia, YTO Mbl XOTeJM CKa3aTb /6. 3amycTUM TporpamMmy einé HeCKOJbKO pa3 u

MIPOBEPUM, UTO 3arajibiBaHre urcia paboTaer.

Tenepp Oosiblllasi YacTh Hamled Wrpel paboTaeT, HO MbI MOXeM C/iefiaTb TOJBKO OJHO

nipezirosioykeHye. /lapaiite U3MEHUM 3TO, [00ABUB LIUKJ/IbI!

3auuknmBaHue
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aguess.trim().parse()%0A%7D
http://doc.rust-lang.org/std/primitive.str.html#method.parse

A3bIK IporpaMmupoBaHyst Rust

KiroueBoe cioBo LOOP co3aéT GeckoHeuHbli UK. [JaBaiiTe [00aBUM €ro:
extern crate rand;
use std::io;
use std::cmp::0rdering;

use rand: :Rng;

fn main() {
println!("YrapanTte uucno!");

let secret number = rand::thread rng().gen_range(l, 101);
println!("3arapaHHoe uyucno: {}", secret number);

loop {
println!("MoxanyncTta, BBeOuMTe npepnosioxexHve.");

let mut guess = String::new();

io::stdin().read line(&mut guess)
.expect("He ypanocb nmpouutaTtb CTpPOKy");

let guess: u32 = guess.trim().parse()
.expect ("Moxanyncrta, Beegute uucno!");

println!("Bawa nombiTka: {}", gquess);

match guess.cmp(&secret _number) {
Ordering::Less => println! ("CnvwkoM ManeHbkoe!"),
Ordering::Greater => println! ("CnvukoM 6onbwoe!"),
Ordering::Equal => println!("Bbl Bbmrpanun!"),

Py
-]

U1 nocmotpuM Ha pabory nipunoxkenusi. Ho nogoxxanTe, Mbl ke 106aBU/IN 6eCKOHEeUHBIH [UK/?

Bcé BepHo. TTomMHHUTE, uTO MbI TOBOPHIM O Parse()? Ecmi Mbl BBejEM He UKMC/IOBOM OTBET, TO

MPOCTO BbI30BeM PaNic! u Beiiigem u3 nporpammel. [TocmMoTpure:

$ cargo run
Compiling guessing game v0.1.0 (file:///home/you/projects/guessing game)

Running "target/guessing game’
YrapganTe uucno!
3arapgaHHoe 4yucno: 59
MoxanyncTta, BBEOUTE MpennosiokeHue.
45
Bawa nonbiTka: 45
CnuwkoM ManeHbkoe!
MoxanyncTta, BBeOUTE MpennosiokeHue.
60
Bawa nonbiTka: 60
CnuukoM 6onbuwoe!
MoxanyncTta, BBeOUTE MpPEennosioKeHue.
59

Yrapaiika
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https://play.rust-lang.org/?code=extern%20crate%20rand%3B%0A%0Ause%20std%3A%3Aio%3B%0Ause%20std%3A%3Acmp%3A%3AOrdering%3B%0Ause%20rand%3A%3ARng%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20println!(%22%D0%A3%D0%B3%D0%B0%D0%B4%D0%B0%D0%B9%D1%82%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE!%22)%3B%0A%0A%20%20%20%20let%20secret_number%20%3D%20rand%3A%3Athread_rng().gen_range(1%2C%20101)%3B%0A%0A%20%20%20%20println!(%22%D0%97%D0%B0%D0%B3%D0%B0%D0%B4%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE%3A%20%7B%7D%22%2C%20secret_number)%3B%0A%0A%20%20%20%20loop%20%7B%0A%20%20%20%20%20%20%20%20println!(%22%D0%9F%D0%BE%D0%B6%D0%B0%D0%BB%D1%83%D0%B9%D1%81%D1%82%D0%B0%2C%20%D0%B2%D0%B2%D0%B5%D0%B4%D0%B8%D1%82%D0%B5%20%D0%BF%D1%80%D0%B5%D0%B4%D0%BF%D0%BE%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5.%22)%3B%0A%0A%20%20%20%20%20%20%20%20let%20mut%20guess%20%3D%20String%3A%3Anew()%3B%0A%0A%20%20%20%20%20%20%20%20io%3A%3Astdin().read_line(%26mut%20guess)%0A%20%20%20%20%20%20%20%20%20%20%20%20.expect(%22%D0%9D%D0%B5%20%D1%83%D0%B4%D0%B0%D0%BB%D0%BE%D1%81%D1%8C%20%D0%BF%D1%80%D0%BE%D1%87%D0%B8%D1%82%D0%B0%D1%82%D1%8C%20%D1%81%D1%82%D1%80%D0%BE%D0%BA%D1%83%22)%3B%0A%0A%20%20%20%20%20%20%20%20let%20guess%3A%20u32%20%3D%20guess.trim().parse()%0A%20%20%20%20%20%20%20%20%20%20%20%20.expect(%22%D0%9F%D0%BE%D0%B6%D0%B0%D0%BB%D1%83%D0%B9%D1%81%D1%82%D0%B0%2C%20%D0%B2%D0%B2%D0%B5%D0%B4%D0%B8%D1%82%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE!%22)%3B%0A%0A%20%20%20%20%20%20%20%20println!(%22%D0%92%D0%B0%D1%88%D0%B0%20%D0%BF%D0%BE%D0%BF%D1%8B%D1%82%D0%BA%D0%B0%3A%20%7B%7D%22%2C%20guess)%3B%0A%0A%20%20%20%20%20%20%20%20match%20guess.cmp(%26secret_number)%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20Ordering%3A%3ALess%20%20%20%20%3D%3E%20println!(%22%D0%A1%D0%BB%D0%B8%D1%88%D0%BA%D0%BE%D0%BC%20%D0%BC%D0%B0%D0%BB%D0%B5%D0%BD%D1%8C%D0%BA%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20Ordering%3A%3AGreater%20%3D%3E%20println!(%22%D0%A1%D0%BB%D0%B8%D1%88%D0%BA%D0%BE%D0%BC%20%D0%B1%D0%BE%D0%BB%D1%8C%D1%88%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20Ordering%3A%3AEqual%20%20%20%3D%3E%20println!(%22%D0%92%D1%8B%20%D0%B2%D1%8B%D0%B8%D0%B3%D1%80%D0%B0%D0%BB%D0%B8!%22)%2C%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%7D%0A

A3bIK IporpaMmupoBaHyst Rust

Bawa nonbiTka: 59
Bbl BbiMrpanu!
MoxanyncTta, BBeOUTE MpPennosiokeHue.
quit
thread '<main>' panicked at 'lMoxanyncrta, BBeguTe 4ucno!'
Xa! Ecmi Mbl BBeiéM qUit, To meiicTBUTeNBHO BBIAZEM W3 IporpamMMbl. Kak u mpu BBOAE
nmro60oro Ipyroro He YMCIOBOTO 3HaUeHUs. UTo X, 3TO, MSATKO TOBOPSI, He OUeHb XOpoIo. [s Hayama

JlaBaiiTe cZieiaeM BBIXOZ, U3 MPOrPaMMbl, KOT/Ia Mbl BEIMTPa/I UTPY:
extern crate rand; F{Ljr]

use std::io;
use std::cmp::0rdering;
use rand::Rng;

fn main() {
println!("Yrapante uucno!");

let secret number = rand::thread rng().gen_range(l, 101);
println!("3arapaHHoe yucno: {}", secret number);

loop {
println!("MoxanyncTta, BBeauTe npepnosioxexHve.");

let mut guess = String::new();

io::stdin().read line(&mut guess)
.expect("He ypanocb nmpouutaTb CTPOKy");

let guess: u32 = guess.trim().parse()
.expect("Moxanyncrta, Beeaute uucno!");

println!("Bawa nombiTka: {}", gquess);

match guess.cmp(&secret number) {
Ordering::Less => println! ("CnvwkoM ManeHbkoe!"),
Ordering::Greater => println! ("CnuukoM 6onbuwoe!"),
Ordering::Equal => {
println! ("Bbl Bbmrpanu!");
break;

C pgoGaenenuweM crpoku break mocre BeiBoga Bbl  BbiMFpanu! Mel  moayuniu
BO3MOKHOCTb BBIXO/Ia U3 IIMKJIa, KOT/Ia Mbl yraJja/ii 3araflaHHoe unc/io. Beixos U3 HUK/IA 3/1eCh TakKe
03HayaeT W 3aBeplleHHre Halllel MMPorpaMMbl, TaK KaK I[UKJI — 3TO [OC/Ie/Hee, uTo ecTb B Main( ) .
Ham Hazio czenarh emié OfHO y/yullleHHe — TIpU JIF0OOM HEUMC/IOBOM BBOJE MbI HE [JOJDKHBI
BBIXOJJMTh M3 TPOTPAMMBbI, MbI ITPOCTO JIO/DKHBI ITPOMTHOPHPOBATh BBOA. MbI MOXKEM CjleJlaTh 3TO

CJieIytoImM 06pa3om:
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https://play.rust-lang.org/?code=extern%20crate%20rand%3B%0A%0Ause%20std%3A%3Aio%3B%0Ause%20std%3A%3Acmp%3A%3AOrdering%3B%0Ause%20rand%3A%3ARng%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20println!(%22%D0%A3%D0%B3%D0%B0%D0%B4%D0%B0%D0%B9%D1%82%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE!%22)%3B%0A%0A%20%20%20%20let%20secret_number%20%3D%20rand%3A%3Athread_rng().gen_range(1%2C%20101)%3B%0A%0A%20%20%20%20println!(%22%D0%97%D0%B0%D0%B3%D0%B0%D0%B4%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE%3A%20%7B%7D%22%2C%20secret_number)%3B%0A%0A%20%20%20%20loop%20%7B%0A%20%20%20%20%20%20%20%20println!(%22%D0%9F%D0%BE%D0%B6%D0%B0%D0%BB%D1%83%D0%B9%D1%81%D1%82%D0%B0%2C%20%D0%B2%D0%B2%D0%B5%D0%B4%D0%B8%D1%82%D0%B5%20%D0%BF%D1%80%D0%B5%D0%B4%D0%BF%D0%BE%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5.%22)%3B%0A%0A%20%20%20%20%20%20%20%20let%20mut%20guess%20%3D%20String%3A%3Anew()%3B%0A%0A%20%20%20%20%20%20%20%20io%3A%3Astdin().read_line(%26mut%20guess)%0A%20%20%20%20%20%20%20%20%20%20%20%20.expect(%22%D0%9D%D0%B5%20%D1%83%D0%B4%D0%B0%D0%BB%D0%BE%D1%81%D1%8C%20%D0%BF%D1%80%D0%BE%D1%87%D0%B8%D1%82%D0%B0%D1%82%D1%8C%20%D1%81%D1%82%D1%80%D0%BE%D0%BA%D1%83%22)%3B%0A%0A%20%20%20%20%20%20%20%20let%20guess%3A%20u32%20%3D%20guess.trim().parse()%0A%20%20%20%20%20%20%20%20%20%20%20%20.expect(%22%D0%9F%D0%BE%D0%B6%D0%B0%D0%BB%D1%83%D0%B9%D1%81%D1%82%D0%B0%2C%20%D0%B2%D0%B2%D0%B5%D0%B4%D0%B8%D1%82%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE!%22)%3B%0A%0A%20%20%20%20%20%20%20%20println!(%22%D0%92%D0%B0%D1%88%D0%B0%20%D0%BF%D0%BE%D0%BF%D1%8B%D1%82%D0%BA%D0%B0%3A%20%7B%7D%22%2C%20guess)%3B%0A%0A%20%20%20%20%20%20%20%20match%20guess.cmp(%26secret_number)%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20Ordering%3A%3ALess%20%20%20%20%3D%3E%20println!(%22%D0%A1%D0%BB%D0%B8%D1%88%D0%BA%D0%BE%D0%BC%20%D0%BC%D0%B0%D0%BB%D0%B5%D0%BD%D1%8C%D0%BA%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20Ordering%3A%3AGreater%20%3D%3E%20println!(%22%D0%A1%D0%BB%D0%B8%D1%88%D0%BA%D0%BE%D0%BC%20%D0%B1%D0%BE%D0%BB%D1%8C%D1%88%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20Ordering%3A%3AEqual%20%20%20%3D%3E%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20println!(%22%D0%92%D1%8B%20%D0%B2%D1%8B%D0%B8%D0%B3%D1%80%D0%B0%D0%BB%D0%B8!%22)%3B%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20break%3B%0A%20%20%20%20%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%7D%0A

A3BIK IporpaMmupoBaHyst Rust

0
-
-]

extern crate rand;

use std::io;
use std::cmp::0rdering;
use rand::Rng;

fn main() {
println!("YrapanTte uucno!");

let secret number = rand::thread rng().gen range(l, 101);
println!("3arapaHHoe yucno: {}", secret number);

loop {
println!("MoxanyncTta, BBeOuMTe npepnosioxexHve.");

let mut guess = String::new();

io::stdin().read line(&mut guess)
.expect("He ypanocb nmpouutaTtb CTpPOKy");

let guess: u32 = match guess.trim().parse() {
Ok(num) => num,
Err(_) => continue,

}i
println!("Bawa nombiTka: {}", gquess);

match guess.cmp(&secret _number) {
Ordering::Less => println! ("CnvwkoM ManeHbkoe!"),
Ordering::Greater => println! ("CnvwukoM 6onbwoe!"),
Ordering::Equal => {
println!("Bbl Bbmrpanu!");
break;

Bor CTPOKd, KOTOPYIO Mbl U3MEHUJIN:

let guess: u32 = match guess.trim().parse() { EiLl[l
Ok(num) => num,
Err(_) => continue,
b
37ech TOKa3aHO, KaK Mbl MOKEM TIEPEMTH OT «cOosi MpH OIIMOKe» K «00pabOTKe OIIMOKH»,
samenuB expect() wna wmHcrpykuuio match. Result, Bosspaménneii dyHkuoumeit parse(),
kak u Ordering, sieistercs: mepeuniciienvieM. OfHAKO B JIaHHOM CJIydae KaXK[blii U3 BapHaHTOB
MMeeT HEeKOTOpble acColMupoBaHHbie ¢ HUM faHHbie: OK — ycnex, Err — ommbky. ¥ Kaxmoro
eCTh HEKOTOpast OTIOJIHUTe/IbHast MH(OPMAILKs: Tpeobpa3oBaHHOe YKC/IO, MO0 TUT OIMOKU. 371ech
MbI TIPOBEPW/IM 3HaueHue pesysibrata paborel parse() mnpu momomm match. B ciyuae, ecnmu

pesyabrar pasen 0K, To match mpusspker BHyTpenHee 3Hauenue pesynbrata (0K (num) ) k umenu
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https://play.rust-lang.org/?code=extern%20crate%20rand%3B%0A%0Ause%20std%3A%3Aio%3B%0Ause%20std%3A%3Acmp%3A%3AOrdering%3B%0Ause%20rand%3A%3ARng%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20println!(%22%D0%A3%D0%B3%D0%B0%D0%B4%D0%B0%D0%B9%D1%82%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE!%22)%3B%0A%0A%20%20%20%20let%20secret_number%20%3D%20rand%3A%3Athread_rng().gen_range(1%2C%20101)%3B%0A%0A%20%20%20%20println!(%22%D0%97%D0%B0%D0%B3%D0%B0%D0%B4%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE%3A%20%7B%7D%22%2C%20secret_number)%3B%0A%0A%20%20%20%20loop%20%7B%0A%20%20%20%20%20%20%20%20println!(%22%D0%9F%D0%BE%D0%B6%D0%B0%D0%BB%D1%83%D0%B9%D1%81%D1%82%D0%B0%2C%20%D0%B2%D0%B2%D0%B5%D0%B4%D0%B8%D1%82%D0%B5%20%D0%BF%D1%80%D0%B5%D0%B4%D0%BF%D0%BE%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5.%22)%3B%0A%0A%20%20%20%20%20%20%20%20let%20mut%20guess%20%3D%20String%3A%3Anew()%3B%0A%0A%20%20%20%20%20%20%20%20io%3A%3Astdin().read_line(%26mut%20guess)%0A%20%20%20%20%20%20%20%20%20%20%20%20.expect(%22%D0%9D%D0%B5%20%D1%83%D0%B4%D0%B0%D0%BB%D0%BE%D1%81%D1%8C%20%D0%BF%D1%80%D0%BE%D1%87%D0%B8%D1%82%D0%B0%D1%82%D1%8C%20%D1%81%D1%82%D1%80%D0%BE%D0%BA%D1%83%22)%3B%0A%0A%20%20%20%20%20%20%20%20let%20guess%3A%20u32%20%3D%20match%20guess.trim().parse()%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20Ok(num)%20%3D%3E%20num%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20Err(_)%20%3D%3E%20continue%2C%0A%20%20%20%20%20%20%20%20%7D%3B%0A%0A%20%20%20%20%20%20%20%20println!(%22%D0%92%D0%B0%D1%88%D0%B0%20%D0%BF%D0%BE%D0%BF%D1%8B%D1%82%D0%BA%D0%B0%3A%20%7B%7D%22%2C%20guess)%3B%0A%0A%20%20%20%20%20%20%20%20match%20guess.cmp(%26secret_number)%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20Ordering%3A%3ALess%20%20%20%20%3D%3E%20println!(%22%D0%A1%D0%BB%D0%B8%D1%88%D0%BA%D0%BE%D0%BC%20%D0%BC%D0%B0%D0%BB%D0%B5%D0%BD%D1%8C%D0%BA%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20Ordering%3A%3AGreater%20%3D%3E%20println!(%22%D0%A1%D0%BB%D0%B8%D1%88%D0%BA%D0%BE%D0%BC%20%D0%B1%D0%BE%D0%BB%D1%8C%D1%88%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20Ordering%3A%3AEqual%20%20%20%3D%3E%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20println!(%22%D0%92%D1%8B%20%D0%B2%D1%8B%D0%B8%D0%B3%D1%80%D0%B0%D0%BB%D0%B8!%22)%3B%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20break%3B%0A%20%20%20%20%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%7D%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20guess%3A%20u32%20%3D%20match%20guess.trim().parse()%20%7B%0A%20%20%20%20Ok(num)%20%3D%3E%20num%2C%0A%20%20%20%20Err(_)%20%3D%3E%20continue%2C%0A%7D%3B%0A%7D

SA3bIK IporpaMmupoBaHyst Rust

NUM u BepHET B TipuBs3Ky guess. Korma mpoucxoput ounmbka (Err), Ham He BakHO, Kakas
HMMEHHO 3TO OIIMOKa, 03TOMY MbI UCTIO/Ib3yeM BMeCTO UMeHH . Tak Mbl IPOUTHOPUPYEM OILUOKY U

BbI30BeM CONtinue, uTo OTMPaBUT HAC Ha C/IEYIOI[YI0 UTEPALUIO IUKIIA.
Terneps BCé JO/DKHO ObITH HOPMasbHO! JlaBaiiTe TOCMOTPUM:

$ cargo run
Compiling guessing game v0.1.0 (file:///home/you/projects/guessing game)
Running “target/guessing game®
YrapanTte uucno!
3arapgaHHoe 4ucno: 61
MoxanyncTta, BBeOUTE MpennosiokeHue.
10
Bawa nonbiTka: 10
CnuwkoM ManeHbkoe!
MoxanyncTta, BBeOUTE MpennosiokeHue.
99
Bawa nonsbiTka: 99
CnuukoM 6onbuoe!
MoxanyncTta, BBeOUTE MpennosiokeHue.
foo
MoxanyncTta, BBEOUTE MpennosiokeHue.
61
Bawa nonbiTka: 61
Bbl Bbirpanu!

3ameuarenibHO! EC/M MbI eljé uyTh-uyTh TOAKPYTHM Hallly MporpamMmy, urpa Oyaer rorosa.
[IorazpiBaeTech, UTO HY>KHO ITOMeHATh? BCé NpaBU/IbHO, Mbl He [JOJDKHBI BbIBOJUTH Hallle CeKpeTHOe
YMCJI0. 3HAaHMe 3TOr0 Yuc/Ia XOpOLIO /Il TeCTUPOBaHUS, HO OHO IOPTUT BCIO Urpy. Tak BbIVIAAWAT

OKOHYaTe/IbHbIM BapUAHT Halllero Koja:
extern crate rand; Run
use std::io;
use std::cmp::0rdering;

use rand::Rng;

fn main() {
println!("Yrapante uucno!");

let secret number = rand::thread rng().gen range(l, 101);

loop {
println!("Moxanyncta, BBEgUTE MpennonoxeHue.");

let mut guess = String::new();

io::stdin().read line(&mut guess)
.expect("He ypmanocb nmpouutaTb CTPOKy");

let guess: u32 = match guess.trim().parse() {
Ok(num) => num,
Err(_) => continue,

}
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https://play.rust-lang.org/?code=extern%20crate%20rand%3B%0A%0Ause%20std%3A%3Aio%3B%0Ause%20std%3A%3Acmp%3A%3AOrdering%3B%0Ause%20rand%3A%3ARng%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20println!(%22%D0%A3%D0%B3%D0%B0%D0%B4%D0%B0%D0%B9%D1%82%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE!%22)%3B%0A%0A%20%20%20%20let%20secret_number%20%3D%20rand%3A%3Athread_rng().gen_range(1%2C%20101)%3B%0A%0A%20%20%20%20loop%20%7B%0A%20%20%20%20%20%20%20%20println!(%22%D0%9F%D0%BE%D0%B6%D0%B0%D0%BB%D1%83%D0%B9%D1%81%D1%82%D0%B0%2C%20%D0%B2%D0%B2%D0%B5%D0%B4%D0%B8%D1%82%D0%B5%20%D0%BF%D1%80%D0%B5%D0%B4%D0%BF%D0%BE%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5.%22)%3B%0A%0A%20%20%20%20%20%20%20%20let%20mut%20guess%20%3D%20String%3A%3Anew()%3B%0A%0A%20%20%20%20%20%20%20%20io%3A%3Astdin().read_line(%26mut%20guess)%0A%20%20%20%20%20%20%20%20%20%20%20%20.expect(%22%D0%9D%D0%B5%20%D1%83%D0%B4%D0%B0%D0%BB%D0%BE%D1%81%D1%8C%20%D0%BF%D1%80%D0%BE%D1%87%D0%B8%D1%82%D0%B0%D1%82%D1%8C%20%D1%81%D1%82%D1%80%D0%BE%D0%BA%D1%83%22)%3B%0A%0A%20%20%20%20%20%20%20%20let%20guess%3A%20u32%20%3D%20match%20guess.trim().parse()%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20Ok(num)%20%3D%3E%20num%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20Err(_)%20%3D%3E%20continue%2C%0A%20%20%20%20%20%20%20%20%7D%3B%0A%0A%20%20%20%20%20%20%20%20println!(%22%D0%92%D0%B0%D1%88%D0%B0%20%D0%BF%D0%BE%D0%BF%D1%8B%D1%82%D0%BA%D0%B0%3A%20%7B%7D%22%2C%20guess)%3B%0A%0A%20%20%20%20%20%20%20%20match%20guess.cmp(%26secret_number)%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20Ordering%3A%3ALess%20%20%20%20%3D%3E%20println!(%22%D0%A1%D0%BB%D0%B8%D1%88%D0%BA%D0%BE%D0%BC%20%D0%BC%D0%B0%D0%BB%D0%B5%D0%BD%D1%8C%D0%BA%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20Ordering%3A%3AGreater%20%3D%3E%20println!(%22%D0%A1%D0%BB%D0%B8%D1%88%D0%BA%D0%BE%D0%BC%20%D0%B1%D0%BE%D0%BB%D1%8C%D1%88%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20Ordering%3A%3AEqual%20%20%20%3D%3E%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20println!(%22%D0%92%D1%8B%20%D0%B2%D1%8B%D0%B8%D0%B3%D1%80%D0%B0%D0%BB%D0%B8!%22)%3B%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20break%3B%0A%20%20%20%20%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%7D%0A

A3bIK IporpaMmupoBaHyst Rust

println!("Bawa nonmbiTka: {}", quess);

match guess.cmp(&secret number) {
Ordering::Less => println!("CnvukoM ManeHbkoe!"),
Ordering::Greater => println! ("Cnuukom 6onbwoe!"),
Ordering::Equal => {
println! ("Bbl Bemrpanu!");
break;

[0oTOBO!

Bbi cienanu «Yragatiky»! ITo3npasinsiem!

OTOT TepBbIii TIPOEKT TMoKasanm Bam MHoroe: Let, match, merogel, accorprpoBaHHbIE
(yHKLMM, KCII0/Ib30BaHME BHEIIHUX KOHTeWHepPOB W MHoroe Apyroe. Hail crefyromumid MpoekT

TOKaXKeT eI1lé OosbliIe.

4. zyuenne Rust4.2. Ob6epatoripe humnocodur
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A3bIK nporpamMmupoBaHus Rust

Ob6epatowime domnnocodbl

,D;IIH Halller'0 BTOPOro IPOEKTd MbI BbI6paJII/I K/IaCCUYECKYHO 3a4a4y C Iapa/ijie/iu3MOM. Ona

Ha3biBaeTcs «O6eparore dunocoder». 3azaua Obuta chopmynupoBaHa B 1965 romy 3Spcrepom

ITerKCTpo#, HO MbI Oyz1eM HCIOb30BaTh BEPCHIO 3a/jauM, aJanTupoBaHHyi0 B 1985 romy Puuapmom

Xoapom.

B 71peBHue BpemeHa Oorarble (UIAHTPOIBI TPUITIACHIN TOTOCTUTH ISITEPBIX
BeIfjaoMxcsi ¢unocodoB. VM BeIAETMIM KaKAOMy IO KOMHare, B KOTOPOW OHU MOIJIU
3aHMMAThCs CBOel MpodeCcCHOHATLHOU [ieaTelbHOCThI0O — MbllileHneM. Takke Obina o61ast
CTOJIOBas, T7ie CTOsII OOMBIIION KPYIJIBIN CTO/, 8 BOKPYT Hero MsTh CTy/beB. Kaxablil cTym uMen
Tabnuuky c uMmeHeM ¢unocoda, KOTOpbIM Ao/mkeH Obln cuzeTh Ha HeM. CreBa OT KaXKZJoro
¢unocoda nexana 3070Tast BUJIKA, a B LIEHTpe CTosa cTosiia Oosblilasg MHCKa CO CIareTTH,
KOTOpasi MOCTOSIHHO Toro/HsAack. Kak mogobaer ¢unocodam, oHM 60/bIIyI0 YacTb CBOETO
BpeMeHH MPOBOAWIN B pa3ayMbsix. Ho ofHa)/bl OHM TIOUYBCTBOBa/IM TOJIOZ M OTIPaBUJIMCH B
crosioByto. KaykzibIii cesm Ha CBOM CTYy/I, B3s/1 TIO BUJIKe 1 BOTKHYJ eé B MUCKY cO criareTTd. Ho
CYILL[HOCTh 3allyTaHHbIX CTIareTTH TaKoBa, YTO HeoOXoAMMa BTOpasi BU/IKA, YTOOBI OTIPABISAThH
crarettd B pot. To ecth ¢unocody TpeboBanack ellé v BUMKa cripaBa OT Hero. dumnocodsl
TIOJIOKWIM CBOM BUJIKM U BCTa/IM U3-3a CTOJIA, MPOJO/DKasi JyMarh. Belb BUIKa MOXeT ObITh
HCII0/Tb30BaHa TO/IBKO ofHUM ¢unocodom opHoBpeMeHHO. Ecimu apyroii ¢unocod 3axouet eé
B3fITh, TO €My NIPU/ETCS XK/jaTh KOI7ja OHa 0CBOOOAUTCS.

OTa Kjaccuyeckas 3ajaya IOKas3blBaeT pas/iMuHble 37eMeHThbl napasenusma. CrIoKHOCTb
peanmu3alii 3aZiaud COCTOMT B TOM, YTO IIPOCTas peanv3aliis MOXKeT 3aliTh B Oe3BBIXOAHOe

cocTosiHye. JlaBaiiTe pacCCMOTPUM TIPOCTOM MPUMeP pellieHus 3TOM MpobieMbi:

1. ®unocod Gepet BUIKY B CBOIO JIEBYIO PYKY.
2. 3arem OepeT BUJIKY B CBOIO TIPABYIO PYKY.
3. Ect.

4. KnagéTt BWIKA Ha MeCTO.

Tenepb npeiCTaBUM 3TO Kak M0C/Ie[0BaTe/IbHOCTb [JeMCTBUI (Uiocogos:

dunoco¢ 1 HauMHAET BBITIOHATH aTOPUTM, OepeT BUJIKY B JIEBYIO PYKY.
dunocod 2 HauMHAET BBITIOHATH alTOPUTM, OepeT BUJIKY B JIEBYIO PYKY.

dunoco¢ 3 HauMHAET BBITIOHATE aTOPUTM, OepeT BUJIKY B JIEBYIO PYKY.

1
2
3
4. ®dunocod 4 HaUMHAET BBITIOMHATE AJITOPUTM, O€PET BU/IKY B JIEBYIO PYKY.
5. ®wunocod 5 HaUKMHAET BBITOIHATh aITOPUTM, OEpeT BUJIKY B JIEBYIO PYKY.
6

...? Bce BU/IKM 3aHSITBI 1 HUKTO He MOXKET HauaTb eCTb! be3BbIXO/IHOE COCTOsIHUE.

EcTb pasnuuHble MyTH pelleHUs 3TOM 3aZauyd. Mbl B 3TOM PYKOBOZCTBE ITOKakeM CBOE

pemienre. CHauasa /jaBaiite CO3/JaJiM TIPOEKT C TIOMOIL[bI0 Cargo:
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A3bIK IporpaMmupoBaHyst Rust

$ cd ~/projects
$ cargo new dining philosophers --bin
$ cd dining philosophers

Terneps MbI MOXKEM HayaTh MOJIe/IMpOBaHKe 3aiaun. Hauném ¢ ¢pumocodo B Src/main. rs:

struct Philosopher { Run
name: String,

impl Philosopher {
fn new(name: &str) -> Philosopher {
Philosopher {
name: name.to string(),

fn main() {

let pl = Philosopher::new("xyout batnep");
let p2 = Philosopher::new("Pas [yHaeBckaa");
let p3 = Philosopher::new("3apybuHa Hatanba");
let p4 = Philosopher::new("3mma [onbaMaH");
let p5 = Philosopher::new("AHHa lWmuaoT");

3neck Mbl co3faém Struct, npeacrapastomiyto ¢punocoda. Ha JjaHHBI MOMEHT HaM HY>KHO
BCEro Jiniiib uMst. Mbl Bbibpanu tun String, a ve &str gus xpanenus uvenu. OGBIYHO TIPOILIE

pa60TaTL C TUIIOM, BJ/IaJI€OIHUM [NaHHbIMHU, UEM C TUIIOM, MCITOJIb3YIOIIKUM CCBUIKH.

[Tpomomxum:

P
c
>

impl Philosopher {
fn new(name: &str) -> Philosopher {
Philosopher {
name: name.to string(),

Ortor 6ok impl no3Bossier 06bsBUTE uTO-MMG0 A1 cTpykTyphl Philosopher. B Haiem
clyyae Mbl OOBSIB/ISIEM «CTaTMUeCKyro (yHKLMIO» New. Ilepsas cTpoka 3TOM (DYHKLMM BBIVISAUT

TakK:

pe)
-]

fn new(name: &str) -> Philosopher {

u

OHa mpvHUMaeT OAWH aprymeHTt, hame, Ttuma &Str. OTo ccblika Ha Apyryro cTpoky. OHa

BO3BpalllaeT HOBLIM 3K3eMIIIsAp Haleii ctpykrypel Philosopher.

0
(=
>

Philosopher {
name: name.to string(),
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https://play.rust-lang.org/?code=struct%20Philosopher%20%7B%0A%20%20%20%20name%3A%20String%2C%0A%7D%0A%0Aimpl%20Philosopher%20%7B%0A%20%20%20%20fn%20new(name%3A%20%26str)%20-%3E%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20name%3A%20name.to_string()%2C%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20p1%20%3D%20Philosopher%3A%3Anew(%22%D0%94%D0%B6%D1%83%D0%B4%D0%B8%D1%82%20%D0%91%D0%B0%D1%82%D0%BB%D0%B5%D1%80%22)%3B%0A%20%20%20%20let%20p2%20%3D%20Philosopher%3A%3Anew(%22%D0%A0%D0%B0%D1%8F%20%D0%94%D1%83%D0%BD%D0%B0%D0%B5%D0%B2%D1%81%D0%BA%D0%B0%D1%8F%22)%3B%0A%20%20%20%20let%20p3%20%3D%20Philosopher%3A%3Anew(%22%D0%97%D0%B0%D1%80%D1%83%D0%B1%D0%B8%D0%BD%D0%B0%20%D0%9D%D0%B0%D1%82%D0%B0%D0%BB%D1%8C%D1%8F%22)%3B%0A%20%20%20%20let%20p4%20%3D%20Philosopher%3A%3Anew(%22%D0%AD%D0%BC%D0%BC%D0%B0%20%D0%93%D0%BE%D0%BB%D1%8C%D0%B4%D0%BC%D0%B0%D0%BD%22)%3B%0A%20%20%20%20let%20p5%20%3D%20Philosopher%3A%3Anew(%22%D0%90%D0%BD%D0%BD%D0%B0%20%D0%A8%D0%BC%D0%B8%D0%B4%D1%82%22)%3B%0A%7D%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Philosopher%20%7B%0A%20%20%20%20name%3A%20String%2C%0A%7D%0Aimpl%20Philosopher%20%7B%0A%20%20%20%20fn%20new(name%3A%20%26str)%20-%3E%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20name%3A%20name.to_string()%2C%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Philosopher%20%7B%0A%20%20%20%20name%3A%20String%2C%0A%7D%0Aimpl%20Philosopher%20%7B%0Afn%20new(name%3A%20%26str)%20-%3E%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20name%3A%20name.to_string()%2C%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Philosopher%20%7B%0A%20%20%20%20name%3A%20String%2C%0A%7D%0Aimpl%20Philosopher%20%7B%0A%20%20%20fn%20new(name%3A%20%26str)%20-%3E%20Philosopher%20%7B%0APhilosopher%20%7B%0A%20%20%20%20name%3A%20name.to_string()%2C%0A%7D%0A%20%20%20%20%7D%0A%7D%0A%7D

A3BIK IporpaMmupoBaHyst Rust

OtoT Koj co3maér Hoeblid sk3emruissp Philosopher wu npuceauBaer ero momo name
3HaueHHe MepeJjaHHOro aprymeHTa Name. Ho Kcrosb3yeTcst He caM apryMeHT, a pe3y/ibTar Bbi30Ba
ero Meroza .to string(). 3Tor BbI3OB CO3[AET KOMHIO CTPOKH, Ha KOTOPYIO YKa3bIBAeT Halll
&str, u BosBpamjaer HOBBIA 3K3eMmruisip String, koropelii ¥ OyerT MpUCBOEH MO0 Name
crpykrypel Philosopher.

[Touemy Obl Ccpa3y He mepejaBarh CTPOKY THra String Hampsimyio? Tak jierde eé BbI3bIBATS.
Ecsut 661 MbI ipriHUMa/M Ut STring, a ToT, KTO BbI3bIBAET (YHKIIMIO, UMeJT ObI CChITIKY Ha CTPOKY,
&str, to emy mpuiiock Obl MPUBOAUTH €€ K Ty STring mepes KaXAbiM BbI30BOM. JTO
YMEHBIIUT TMOKOCTb KOZia, ¥ Mbl OyzieM BBIHY)K[EHbI KaxcOblll pa3 co3[aBaTb KOMMIO CTPOKU. /s
5ToW HeOO/BILION MPOrpaMMbl 3TO He OueHb Ba)KHO, TaK KakK Mbl 3HaeM, 4TO OyzieM HMCII0/b30BaTh

TOJIBKO KOPOTKHE CTPOKHU.

1 mnocnesHee Ha 4TO CcreAyeT oOpaTUTb BHUMaHHe: Mbl TIPOCTO OOBSB/IsSEM CTPYKTYpY
Philosopher u kaxercs, uto HUuero Gosbiiie He JenaeM. Rust — 3TO A3bIK IPOrpaMMHUPOBaHUS,
«OpUEHTHPOBAHHBIM Ha BbIPAKEHUsI», UTO O3HauaeT, UTO Ka)K/0e BbIpa)keHHe BO3BpalllaeT 3HaueHUe.
OTO BepHO U /i1 (DYHKLMH, Y KOTOPbIX aBTOMaTUUYeCKu BO3BpalllaeTcs MocsiefiHee BblpakeHHe. Tak
Kak B HallleM TIpUMepe B Moc/ie[iHeM BhIpakeHnH (QyHKIH Mbl co3aaém crpykrypy Philosopher,

TO OHa ¥ OyzieT Bo3BpallieHa QyHKIMEeH.

Nwms dyHkiuun New () He pernmameHTupyeTcss Rust. 3To MpocTo coraiienre 06 UMeHOBaHUH
(yHKLMI, KOTOpble BO3BpAlljal0T HOBbIE 3K3eMIUISIPbI CTPYKTYp. [laBaiiTe CHOBa INOCMOTPUM Ha

¢yukmo main() :

fn main() { Run
let pl = Philosopher::new("Oxyout batnep");
let p2 = Philosopher::new("Pas [yHaeBckaa");
let p3 = Philosopher::new("3apybuHa HaTtanba");
let p4 = Philosopher::new("3mma [onbomMaH");
let p5 = Philosopher::new("AHHa lWmupoT");

3,EI;ECI> MbI CBSI3bIBaeM IISITb UMEH repeMeHHbIX C MMATbHO HOBBIMU Q)HHOCOQ)HMI/I. Ecmm 661 MBI He

00Bs16UU CBOIO pear3ariyio GyHKIpH NeW () , To Halll KoJ| BbII/Ise/ Obl TaK:

fn main() { Run
let pl = Philosopher { name: "[xyout batnep".to string() };
let p2 = Philosopher { name: "Pasa [lyHaesckasa".to _string() };
let p3 = Philosopher { name: "3apybuHa Hatanbs".to string() };
let p4 = Philosopher { name: "3mma [onbgMaH".to string() };
let p5 = Philosopher { name: "AwHa lWmupnT".to string() };

OTOT KOJ, BHIIVIIUT He C/IMIIKOM U3sil{HO. VIcronb3oBaHUe cTaTUueckoil GyHKLMM NEeW umeeT

U [IpyrHe TIPerMYIIeCcTBa, HO /laKe B TOM TIPOCTOM CJTyuae, e€ MCI0/Ib30BaHKe ObIIO OMPaB/aHO.

Terepb y Hac y)Ke eCTb KapKaC IpOrpamMMbl, MU MOXKHO 3aHSThCs peIIeHHeM 3a[aud C
obenarormymu puocodamu. HauHém ¢ KoHI[a: ciesiaeM Tak, uToObl priocod coobiran HaMm, Korja OH
3aKOHYHUT eCThb. [Ij1s1 3TOr0o moTpebyeTcst MeTo/|, COOOMLIAOIINI HaM 00 OKOHUaHWM TPUEMa MHILH, |

LIUKJI, 3aIyCKalOIIUM 3TOT MeTo/, /i KaxXj0ro ¢unocoda.
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https://play.rust-lang.org/?code=struct%20Philosopher%20%7B%0A%20%20%20%20name%3A%20String%2C%0A%7D%0A%0Aimpl%20Philosopher%20%7B%0A%20%20%20%20fn%20new(name%3A%20%26str)%20-%3E%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20name%3A%20name.to_string()%2C%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20p1%20%3D%20Philosopher%3A%3Anew(%22%D0%94%D0%B6%D1%83%D0%B4%D0%B8%D1%82%20%D0%91%D0%B0%D1%82%D0%BB%D0%B5%D1%80%22)%3B%0A%20%20%20%20let%20p2%20%3D%20Philosopher%3A%3Anew(%22%D0%A0%D0%B0%D1%8F%20%D0%94%D1%83%D0%BD%D0%B0%D0%B5%D0%B2%D1%81%D0%BA%D0%B0%D1%8F%22)%3B%0A%20%20%20%20let%20p3%20%3D%20Philosopher%3A%3Anew(%22%D0%97%D0%B0%D1%80%D1%83%D0%B1%D0%B8%D0%BD%D0%B0%20%D0%9D%D0%B0%D1%82%D0%B0%D0%BB%D1%8C%D1%8F%22)%3B%0A%20%20%20%20let%20p4%20%3D%20Philosopher%3A%3Anew(%22%D0%AD%D0%BC%D0%BC%D0%B0%20%D0%93%D0%BE%D0%BB%D1%8C%D0%B4%D0%BC%D0%B0%D0%BD%22)%3B%0A%20%20%20%20let%20p5%20%3D%20Philosopher%3A%3Anew(%22%D0%90%D0%BD%D0%BD%D0%B0%20%D0%A8%D0%BC%D0%B8%D0%B4%D1%82%22)%3B%0A%7D%0A
https://play.rust-lang.org/?code=struct%20Philosopher%20%7B%0A%20%20%20%20name%3A%20String%2C%0A%7D%0Afn%20main()%20%7B%0A%20%20%20%20let%20p1%20%3D%20Philosopher%20%7B%20name%3A%20%22%D0%94%D0%B6%D1%83%D0%B4%D0%B8%D1%82%20%D0%91%D0%B0%D1%82%D0%BB%D0%B5%D1%80%22.to_string()%20%7D%3B%0A%20%20%20%20let%20p2%20%3D%20Philosopher%20%7B%20name%3A%20%22%D0%A0%D0%B0%D1%8F%20%D0%94%D1%83%D0%BD%D0%B0%D0%B5%D0%B2%D1%81%D0%BA%D0%B0%D1%8F%22.to_string()%20%7D%3B%0A%20%20%20%20let%20p3%20%3D%20Philosopher%20%7B%20name%3A%20%22%D0%97%D0%B0%D1%80%D1%83%D0%B1%D0%B8%D0%BD%D0%B0%20%D0%9D%D0%B0%D1%82%D0%B0%D0%BB%D1%8C%D1%8F%22.to_string()%20%7D%3B%0A%20%20%20%20let%20p4%20%3D%20Philosopher%20%7B%20name%3A%20%22%D0%AD%D0%BC%D0%BC%D0%B0%20%D0%93%D0%BE%D0%BB%D1%8C%D0%B4%D0%BC%D0%B0%D0%BD%22.to_string()%20%7D%3B%0A%20%20%20%20let%20p5%20%3D%20Philosopher%20%7B%20name%3A%20%22%D0%90%D0%BD%D0%BD%D0%B0%20%D0%A8%D0%BC%D0%B8%D0%B4%D1%82%22.to_string()%20%7D%3B%0A%7D%0A

A3bIK IporpaMmupoBaHust Rust

struct Philosopher {
name: String,

0
-
-]

impl Philosopher {
fn new(name: &str) -> Philosopher {
Philosopher {
name: name.to string(),

fn eat(&self) {
println!("{} 3akoHuyuna ectb.", self.name);

fn main() {
let philosophers = vec![
Philosopher: :new("Oxyout batnep"),
Philosopher::new("Pas [yHaesBckaa"),
Philosopher::new("3apybuHa Hatanbsa"),
Philosopher::new("3mma [onbomMaH"),
Philosopher::new("AHHa lWmupgT"),

for p in &philosophers {
p.eat();

JaBaiiTe cHauasa paccMOTpUM (QyHKIMIO MAin (). Bmecto Toro utoObl CO37aBaTh ISTh
OTJe/IbHBIX CBSI3aHHBIX UMEH [isi HunocodoB, Mbl co3paém s Hux Vec<T>. Vec<T> Ha3sbiBatoT
«BEKTOp», OH SIB/ISIETCS paCILMpsieMOl Bepcuel maccuBa. 3areM B 1ukie fOI Mbl mepebupaem

BEKTOP, M0/Ty4Yasi CChIJIKY Ha ouepeHOTO (unocoda Ha KaK0H UTepaLivu.

B Tesie 1juiK/1a MbI BbI3biBaeM MeToz, P . eat (), KoTopelit 00bsB/IeH BhIIIIE:

fn eat(&self) { Run

println!("{} 3akoHuyuna ectb.", self.name);

B Rust metozs! siBHO mo/yyaror nmapamerp Self. Bor nouemy eat () ssnsercs merozmom, a
new — craruueckoii GyHkipei: New () ue momyuaer napamerp Self. [Ina Hamieli mepBoii Bepcuu
metoza €at () Mbl BEIBOAMM TO/MBKO MMst Gumocoda U COOOIIEHHe O TOM, UTO OH 3aKOHUM/I €CTh.

3arnyCTyB 3Ty IPOrpaMMy BbI [OTyUYUTeE:

Dxyout baTtnep 3akoH4una ecTb.
Pas [lyHaeBCKasd 3aKoHYMNa eCTb.
3apybvHa HaTanbsd 3akoHYMna ecTb.
dmMMa [onbOMaH 3aKoHYMa eCTb.
AHHa lWMMOT 3akKoH4YMNa ecTb.

9710 6610 He cokHO! OCTanoCh YyTh-4yTh U MPUCTYIIAM K CaMOU 3ajiaue.

[Manbllle HAM HY)KHO CZieJiaTh Tak, 4To0Obl (uiocodbl He TOMBKO 3aKaHUMBAJIM, HO M HauMHAIU
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https://play.rust-lang.org/?code=struct%20Philosopher%20%7B%0A%20%20%20%20name%3A%20String%2C%0A%7D%0A%0Aimpl%20Philosopher%20%7B%0A%20%20%20%20fn%20new(name%3A%20%26str)%20-%3E%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20name%3A%20name.to_string()%2C%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%0A%20%20%20%20fn%20eat(%26self)%20%7B%0A%20%20%20%20%20%20%20%20println!(%22%7B%7D%20%D0%B7%D0%B0%D0%BA%D0%BE%D0%BD%D1%87%D0%B8%D0%BB%D0%B0%20%D0%B5%D1%81%D1%82%D1%8C.%22%2C%20self.name)%3B%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20philosophers%20%3D%20vec!%5B%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%94%D0%B6%D1%83%D0%B4%D0%B8%D1%82%20%D0%91%D0%B0%D1%82%D0%BB%D0%B5%D1%80%22)%2C%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%A0%D0%B0%D1%8F%20%D0%94%D1%83%D0%BD%D0%B0%D0%B5%D0%B2%D1%81%D0%BA%D0%B0%D1%8F%22)%2C%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%97%D0%B0%D1%80%D1%83%D0%B1%D0%B8%D0%BD%D0%B0%20%D0%9D%D0%B0%D1%82%D0%B0%D0%BB%D1%8C%D1%8F%22)%2C%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%AD%D0%BC%D0%BC%D0%B0%20%D0%93%D0%BE%D0%BB%D1%8C%D0%B4%D0%BC%D0%B0%D0%BD%22)%2C%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%90%D0%BD%D0%BD%D0%B0%20%D0%A8%D0%BC%D0%B8%D0%B4%D1%82%22)%2C%0A%20%20%20%20%5D%3B%0A%0A%20%20%20%20for%20p%20in%20%26philosophers%20%7B%0A%20%20%20%20%20%20%20%20p.eat()%3B%0A%20%20%20%20%7D%0A%7D%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20eat(%26self)%20%7B%0A%20%20%20%20println!(%22%7B%7D%20%D0%B7%D0%B0%D0%BA%D0%BE%D0%BD%D1%87%D0%B8%D0%BB%D0%B0%20%D0%B5%D1%81%D1%82%D1%8C.%22%2C%20self.name)%3B%0A%7D%0A%7D

A3bIK IporpaMmupoBaHyst Rust

€CTb. JTO HOBasi BePCHsI TPOrPaMMbI:

Py
-
-]

use std::thread;
use std::time::Duration;

struct Philosopher {
name: String,

impl Philosopher {
fn new(name: &str) -> Philosopher {
Philosopher {
name: name.to string(),

fn eat(&self) {
println!("{} Havana ectb.", self.name);

thread: :sleep(Duration::from millis(1000));

println!("{} 3akoHuyuna ectb.", self.name);

fn main() {
let philosophers = vec![
Philosopher: :new("Oxyout batnep"),
Philosopher::new("Pas [yHaeBckaa"),
Philosopher: :new("3apybuHa Hatanba"),
Philosopher::new("3mma [onbomMaH"),
Philosopher::new("AHHa lWmugT"),

for p in &philosophers {

p.eat();
}
}
[MosiBUIMCH HEKOTOPBIE HeOObIIMe 3MeHeHus1. [laBaiiTe TOCMOTPUM, UTO K€ U3MEHUIOCh:
use std::thread; F{Ljr]

KoHCTpyKiust US€ TpefoCTaB/isieT JOCTynn K obmactu Buaumoctd mopyns thread ws
CTaH/IapTHOM O6ub/moTeku. Mbl cobupaeMcsi WCTI0/IB30BaTh 3TOT MOAY/b Jajiee B KOfie, U TIOITOMY

HaM HY>XHO 00BLABUTH 0 €0 UCIIO/IL30BaHNMN.

fn eat(&self) { Run

println!("{} Havana ecTtb.", self.name);
thread: :sleep(Duration::from millis(1000));

println!("{} 3akoHuyuna ectb.", self.name);
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https://play.rust-lang.org/?code=use%20std%3A%3Athread%3B%0Ause%20std%3A%3Atime%3A%3ADuration%3B%0A%0Astruct%20Philosopher%20%7B%0A%20%20%20%20name%3A%20String%2C%0A%7D%0A%0Aimpl%20Philosopher%20%7B%0A%20%20%20%20fn%20new(name%3A%20%26str)%20-%3E%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20name%3A%20name.to_string()%2C%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%0A%20%20%20%20fn%20eat(%26self)%20%7B%0A%20%20%20%20%20%20%20%20println!(%22%7B%7D%20%D0%BD%D0%B0%D1%87%D0%B0%D0%BB%D0%B0%20%D0%B5%D1%81%D1%82%D1%8C.%22%2C%20self.name)%3B%0A%0A%20%20%20%20%20%20%20%20thread%3A%3Asleep(Duration%3A%3Afrom_millis(1000))%3B%0A%0A%20%20%20%20%20%20%20%20println!(%22%7B%7D%20%D0%B7%D0%B0%D0%BA%D0%BE%D0%BD%D1%87%D0%B8%D0%BB%D0%B0%20%D0%B5%D1%81%D1%82%D1%8C.%22%2C%20self.name)%3B%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20philosophers%20%3D%20vec!%5B%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%94%D0%B6%D1%83%D0%B4%D0%B8%D1%82%20%D0%91%D0%B0%D1%82%D0%BB%D0%B5%D1%80%22)%2C%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%A0%D0%B0%D1%8F%20%D0%94%D1%83%D0%BD%D0%B0%D0%B5%D0%B2%D1%81%D0%BA%D0%B0%D1%8F%22)%2C%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%97%D0%B0%D1%80%D1%83%D0%B1%D0%B8%D0%BD%D0%B0%20%D0%9D%D0%B0%D1%82%D0%B0%D0%BB%D1%8C%D1%8F%22)%2C%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%AD%D0%BC%D0%BC%D0%B0%20%D0%93%D0%BE%D0%BB%D1%8C%D0%B4%D0%BC%D0%B0%D0%BD%22)%2C%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%90%D0%BD%D0%BD%D0%B0%20%D0%A8%D0%BC%D0%B8%D0%B4%D1%82%22)%2C%0A%20%20%20%20%5D%3B%0A%0A%20%20%20%20for%20p%20in%20%26philosophers%20%7B%0A%20%20%20%20%20%20%20%20p.eat()%3B%0A%20%20%20%20%7D%0A%7D%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Athread%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20eat(%26self)%20%7B%0A%20%20%20%20%20%20%20%20println!(%22%7B%7D%20%D0%BD%D0%B0%D1%87%D0%B0%D0%BB%D0%B0%20%D0%B5%D1%81%D1%82%D1%8C.%22%2C%20self.name)%3B%0A%0A%20%20%20%20%20%20%20%20thread%3A%3Asleep(Duration%3A%3Afrom_millis(1000))%3B%0A%0A%20%20%20%20%20%20%20%20println!(%22%7B%7D%20%D0%B7%D0%B0%D0%BA%D0%BE%D0%BD%D1%87%D0%B8%D0%BB%D0%B0%20%D0%B5%D1%81%D1%82%D1%8C.%22%2C%20self.name)%3B%0A%20%20%20%20%7D%0A%7D

A3BIK IporpaMmupoBaHyst Rust

31ech Mbl BRIBOAMM Ha 9KpaH /[[Ba COOOIeHHs U Bbi3biBaeM QYHKIMIO Sleep Mexay HUMH.

Ota QyHKIUSA ocTaHaBMMBaeT paboumii 1MoToK Ha 1000 MHITMCEKYH[, UTO CUMYJIHPYET TIPOI[ecC

npuéma nuu ¢unocoda.

Eciy Bbl 3amycTuTe mMporpaMmy Ternepb, TO YBUAWTE, UTO KaXKzAblkd (pumocod, no ouepequ,

HaUKWHaeT eCTh, €CT KaKOe-TO BpeMs U 3dKaHUYKMBAET €CTh:

Oxyout batnep Havana ecTb.
Oxyout baTtnep 3akoH4una ecTb.
Pas [yHaeBCKaf Havana ecCTb.

Pas [yHaeBCKasf 3aKoHYuMNa ecCTb.
3apybuHa HaTanbs Havana ecTb.
3apybuHa HaTanbsi 3akoH4una ecTb.
OmMMa [onbAMaH Havana ecCTb.

3MMa [onbaMaH 3akoHYMNa ecTb.
AHHa WMot Havana ecTb.

AHHa lWIMMOT 3akKoH4MnIa ecTb.

I[TpeBocxozHo! Temepb y Hac ocranach TOAbKO OfHA Mpobnema: Hamu ¢GumIocodbl efsT o

ouepenu, a He OAHOBPEMEHHO, TO €CTh MbI IMOKd HE PELIN/IU 3a/1d4y IdpaJlIe/in3Ma.

,Z[]'IH TOIO, yTOOBI HAIIU CbI/IJ'IOCOCbe Haud/In €CTb OJHOBPEMEHHO, HAM HY>XHO BHECTHU

HEKOTOPLbIE€ U3MEHEHHWS B KO

use std::thread;
use std::time::Duration;

struct Philosopher {
name: String,

impl Philosopher {
fn new(name: &str) -> Philosopher {
Philosopher {
name: name.to string(),

fn eat(&self) {
println!("{} Havana ecTtb.", self.name);

thread: :sleep(Duration::from millis(1000));

println!("{} 3akoHuyuna ectb.", self.name);

fn main() {
let philosophers = vec![
Philosopher: :new("[Oxyout batnep"),
Philosopher::new("Pas [yHaeBckaa"),
Philosopher::new("3apybuHa Hatanba"),
Philosopher::new("3mMa [onbomMaH"),
Philosopher::new("AHHa lmupgT"),

(
(II
(II
(I
1;
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https://play.rust-lang.org/?code=use%20std%3A%3Athread%3B%0Ause%20std%3A%3Atime%3A%3ADuration%3B%0A%0Astruct%20Philosopher%20%7B%0A%20%20%20%20name%3A%20String%2C%0A%7D%0A%0Aimpl%20Philosopher%20%7B%0A%20%20%20%20fn%20new(name%3A%20%26str)%20-%3E%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20name%3A%20name.to_string()%2C%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%0A%20%20%20%20fn%20eat(%26self)%20%7B%0A%20%20%20%20%20%20%20%20println!(%22%7B%7D%20%D0%BD%D0%B0%D1%87%D0%B0%D0%BB%D0%B0%20%D0%B5%D1%81%D1%82%D1%8C.%22%2C%20self.name)%3B%0A%0A%20%20%20%20%20%20%20%20thread%3A%3Asleep(Duration%3A%3Afrom_millis(1000))%3B%0A%0A%20%20%20%20%20%20%20%20println!(%22%7B%7D%20%D0%B7%D0%B0%D0%BA%D0%BE%D0%BD%D1%87%D0%B8%D0%BB%D0%B0%20%D0%B5%D1%81%D1%82%D1%8C.%22%2C%20self.name)%3B%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20philosophers%20%3D%20vec!%5B%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%94%D0%B6%D1%83%D0%B4%D0%B8%D1%82%20%D0%91%D0%B0%D1%82%D0%BB%D0%B5%D1%80%22)%2C%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%A0%D0%B0%D1%8F%20%D0%94%D1%83%D0%BD%D0%B0%D0%B5%D0%B2%D1%81%D0%BA%D0%B0%D1%8F%22)%2C%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%97%D0%B0%D1%80%D1%83%D0%B1%D0%B8%D0%BD%D0%B0%20%D0%9D%D0%B0%D1%82%D0%B0%D0%BB%D1%8C%D1%8F%22)%2C%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%AD%D0%BC%D0%BC%D0%B0%20%D0%93%D0%BE%D0%BB%D1%8C%D0%B4%D0%BC%D0%B0%D0%BD%22)%2C%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%90%D0%BD%D0%BD%D0%B0%20%D0%A8%D0%BC%D0%B8%D0%B4%D1%82%22)%2C%0A%20%20%20%20%5D%3B%0A%0A%20%20%20%20let%20handles%3A%20Vec%3C_%3E%20%3D%20philosophers.into_iter().map(%7Cp%7C%20%7B%0A%20%20%20%20%20%20%20%20thread%3A%3Aspawn(move%20%7C%7C%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20p.eat()%3B%0A%20%20%20%20%20%20%20%20%7D)%0A%20%20%20%20%7D).collect()%3B%0A%0A%20%20%20%20for%20h%20in%20handles%20%7B%0A%20%20%20%20%20%20%20%20h.join().unwrap()%3B%0A%20%20%20%20%7D%0A%7D%0A

A3bIK IporpaMmupoBaHyst Rust

let handles: Vec< > = philosophers.into iter().map(|p| {

thread: :spawn(move || {
p.eat();
}
}) .collect();

for h in handles {
h.join().unwrap();

}
}
Mel 106aBU/IM el OfWH LUK/ B (DyHKLINIO main(). Tereps OHa BBIIVIILUT TakK:
let handles: Vec< > = philosophers.into iter().map(|p| { F{Ljr]
thread: :spawn(move || {
p.eat();
1)
}).collect();
TyT no6aBUIMCH TPYAHBIE K TIOHUMaHMUIO TISITh CTPOK Kozia. [laBaiiTe pa3ouparbcst
let handles: Vec< > = F{Ljr]

O6bsiB/sieM HOBOe cBsi3aHHOoe umsi handles . Mel 3ajja/mi Takoe MMsi, TIOTOMY UTO COOMPaeMcst
CO31aTh HECKOJIbKO TMOTOKOB, B pe3y/ibTaTe Uero MOMyYdM /i HUX [IeCKPHUIITOPBI, C TMOMOIIIbIO
KOTOPBIX CMOYKEM KOHTDOJIMPOBATh MX BBIMOHEHME. 3/1eCh HaM HY)KHO SIBHO yKa3aTb THII, a 3aueM
9TO HeoOXOAWMO, MbI pacCKakeM uyTb I[0KE. - ITO 3arojHWTeb THMa. Mbl TOBOPUM
kommuisitopy «handles — sto BekTop, copepiKaluil 37eMeHTBI, THM KOTOPBIX Rust [Jo/mkKeH

BBIBECTH CaMOCTOATE/IBHO».

philosophers.into iter().map(|p| { F{Ljr]

M1 6epém Haill Criucok ¢punocodos u BeisbiBaeM MeTos, 1nto iter (). tor meton co3maér
UTepaTop, KOTOPBIA TIPH KaKAOW WTepaldu 3abupaeT MpaBO B/aJeHHMsT Ha COOTBETCTBYIOIIUMN
37IeMeHT. JTO HY)KHO JJisi Tiepefiaud 37eMeHTa BeKTopa B IOTOK. Mbl OepéM 3TOT uTepatop u
BbI3bIBa€M MeToJ Map, KOTOphIi MPUHUMAaeT 3aMblKaHHWe B KaueCTBe apryMeHTa M BbI3bIBAET 3TO

3dMbIKdHHWE [JId KAXKA0I'0 U3 3/IEMEHTOB UTE€PATOPA.

thread: :spawn(move || { Run
p.eat();

}

Bor 3mech mnpoucxogut cam mnapauienusm. ®ynkius thread::spawn mnpunumaer B
KayeCcTBe apryMeHTa 3aMblKaHWe W MCIIOMHsSeT 3TO 3aMblKaHWe B HOBOM IIOTOKe. DTO 3aMblKaHUe
JIOTIONTHUTENTbHO HY)KIAeTCsl B YKa3aHWW K/IIOUeBOro CjIoBa MOVE, KOTopoe COO0OIjaeT, UTo 3TO
3aMblKaHHWe [o/IyvaeT BJjafleHHWe [epeMeHHbIMH, KOTOpble OHO 3axBaTbiBaeT. B JaHHOM ciyvyae —

repeMeHHOM P GyHKUuK Map.

BHyTpH OTOKa MbI BCEro JIMIlb Bbi3biBaeM Metop €at () mepemennoii p. Takke obparure
BHMMaHue, uto Bei30B thread: : Spawn He oKaHUMBAeTCst TOUKOM C 3arlsITOM, UTO TIPEBPAIIAeT ero

B BbIpa)KeHHe. JTOT HIOAHC Ba)KeH, TaK KaK BO3BpalllaeTcsl MpaBU/bHOe 3HauyeHWe. [Ins monyuyeHUs
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20handles%3A%20Vec%3C_%3E%20%3D%20philosophers.into_iter().map(%7Cp%7C%20%7B%0A%20%20%20%20thread%3A%3Aspawn(move%20%7C%7C%20%7B%0A%20%20%20%20%20%20%20%20p.eat()%3B%0A%20%20%20%20%7D)%0A%7D).collect()%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20handles%3A%20Vec%3C_%3E%20%3D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aphilosophers.into_iter().map(%7Cp%7C%20%7B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Athread%3A%3Aspawn(move%20%7C%7C%20%7B%0A%20%20%20%20%20%20%20%20p.eat()%3B%0A%20%20%20%20%7D)%0A%7D

A3bIK IporpaMmupoBaHyst Rust

6osee moapoOHOM MH(OPMALIMH, MPOYNUTAKNTE T7IaBy BhIDa)kKeHHs 1 OT1eDaTOPkI.

1) .collect(); Run

ITo 3aBepilieHUK MbI MTOTyYaeM pe3y/bTaT BbI30Ba MAP ¥ COOMpaeM MO/yUYeHHbIH pe3y/bTaT B
KOJIIeKLMIO ¢ oMolnksio metoga collect (). Merog collect () co3maér KommeKkiuo Kakoro-to
THIIA, ¥ /IS TOTO, UTOOBI Rust MOHSII, KOJIJIEKI[MIO KAKOTO THIA MbI XOTHUM IOTyUUTh, MbI YKa3a/Iu [Iist
handle tun npunrmMaemoro 3Hauenust Ve C<T>. DiemeHTaMy KOJIIEKLMK Oy/yT BO3BpalljaeMble U3

MeTO/10B thread:: SPawn 3HaueHUs, KOTOPhIE SB/SIOTCA JEeCKPUIITOPAaMU 3TUX IIOTOKOB. Bort Tak!

for h in handles { Run
h.join().unwrap();

B koHie ¢yHkuur main() el B 1uKsie repebrupaeM KaXbld AeCKPUIITOP U BbI3bIBAEM /ISt
Hero metof jOin (), KoTopeiit G/IOKMPYeT [anbHelilliee UCIOMHEeHHe OCHOBHOTO TOTOKA, MOKa He
3aBEPILUTCS JOYEPHHH MOTOK. JTO M03BOJISIET HaM ObITh YBEPEHHBIMH, UTO TIOTOKH 3aBepiiar paboTy

A0 TOro KdkK HPOH3OI>'I,£[éT BBIXO/ U3 TIPOrPpAMMBEI.

Ecm BbI 3amycTuTe 5Ty IPOrpaMMy, TO Bbl YBUWTE, UTO (PUIOCOPBI €T He JOXKUIASICh CBOeH

ouepegu! Y HaC MHOTOIIOTOUYHOCTB!

Oxyout BaTtnep Hayana ecTb.

Pas [yHaeBCKasf Hayana ecCTb.
3apybuHa HaTanbs Hayana ecTb.
OMMa lonbgMaH Havana ecTb.

AHHa lIMMOT Havana ecTb.

Oxyout baTtnep 3akoH4una ecTb.
Pas [lyHaeBCKasf 3aKoHYuMNa eCTb.
3apybvHa HaTanbs 3akoHYMna ecTb.
IMMa lonbaMaH 3akKoH4YMIa ecCcThb.
AHHa WIMMOT 3aKoH4YMNa €ecCcThb.

Ho kax >ke ObITb ¢ BUJIKaMH? VX MbI TIOKa eI1jé He CMO/Ie/TMPOBAJIH.

[Hagatite ke HauHéM. CHauasa c/iejiaeM HOBYIO CTPYKTYpY:
use std::sync::Mutex; F{Ljr]
struct Table {

forks: Vec<Mutex<()>>,

Crpykrypa Table cogepxur Bekrop MproTekcoB (Mutex). MbroTekc — criocob yrpasieHns
JOCTYNOM K [AHHBIM /ISl Tlapasuie/ibHO BBITIOMHSIOMIUXCS TOTOKOB: TOJBKO OJIMH TOTOK MOXET
MOJIyYUTh JOCTYM K JAHHBIM B KOHKDETHbI MOMEHT BpeMeHH. DTO UMEHHO TO CBOMCTBO, KOTOPOE
HY)KHO [JIsl peaji3al[ii HallMX BWIOK. B Kome Mbl HCIO/b3yeM IyCTOH KopTex, (), BHYTpH
MbIOTEKCA, TaK KaK He COOMpaeMCst UCIT0/Ib30BaTh 3TO 3HAUEHHE, 8 MBIOTEKC MCIIO/Ib3YeTCsl TOTBKO ISt

OpraHu3aliiM JOoCTyIa.
JaBaiiTe W3MeHUM MPOrpaMMy, UCTIONL3yst CTpyKTypy Table:

use std::thread; F{llr]
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%7D).collect()%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afor%20h%20in%20handles%20%7B%0A%20%20%20%20h.join().unwrap()%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Async%3A%3AMutex%3B%0A%0Astruct%20Table%20%7B%0A%20%20%20%20forks%3A%20Vec%3CMutex%3C()%3E%3E%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=use%20std%3A%3Athread%3B%0Ause%20std%3A%3Atime%3A%3ADuration%3B%0Ause%20std%3A%3Async%3A%3A%7BMutex%2C%20Arc%7D%3B%0A%0Astruct%20Philosopher%20%7B%0A%20%20%20%20name%3A%20String%2C%0A%20%20%20%20left%3A%20usize%2C%0A%20%20%20%20right%3A%20usize%2C%0A%7D%0A%0Aimpl%20Philosopher%20%7B%0A%20%20%20%20fn%20new(name%3A%20%26str%2C%20left%3A%20usize%2C%20right%3A%20usize)%20-%3E%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20name%3A%20name.to_string()%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20left%3A%20left%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20right%3A%20right%2C%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%0A%20%20%20%20fn%20eat(%26self%2C%20table%3A%20%26Table)%20%7B%0A%20%20%20%20%20%20%20%20let%20_left%20%3D%20table.forks%5Bself.left%5D.lock().unwrap()%3B%0A%20%20%20%20%20%20%20%20thread%3A%3Asleep(Duration%3A%3Afrom_millis(150))%3B%0A%20%20%20%20%20%20%20%20let%20_right%20%3D%20table.forks%5Bself.right%5D.lock().unwrap()%3B%0A%0A%20%20%20%20%20%20%20%20println!(%22%7B%7D%20%D0%BD%D0%B0%D1%87%D0%B0%D0%BB%D0%B0%20%D0%B5%D1%81%D1%82%D1%8C.%22%2C%20self.name)%3B%0A%0A%20%20%20%20%20%20%20%20thread%3A%3Asleep(Duration%3A%3Afrom_millis(1000))%3B%0A%0A%20%20%20%20%20%20%20%20println!(%22%7B%7D%20%D0%B7%D0%B0%D0%BA%D0%BE%D0%BD%D1%87%D0%B8%D0%BB%D0%B0%20%D0%B5%D1%81%D1%82%D1%8C.%22%2C%20self.name)%3B%0A%20%20%20%20%7D%0A%7D%0A%0Astruct%20Table%20%7B%0A%20%20%20%20forks%3A%20Vec%3CMutex%3C()%3E%3E%2C%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20table%20%3D%20Arc%3A%3Anew(Table%20%7B%20forks%3A%20vec!%5B%0A%20%20%20%20%20%20%20%20Mutex%3A%3Anew(())%2C%0A%20%20%20%20%20%20%20%20Mutex%3A%3Anew(())%2C%0A%20%20%20%20%20%20%20%20Mutex%3A%3Anew(())%2C%0A%20%20%20%20%20%20%20%20Mutex%3A%3Anew(())%2C%0A%20%20%20%20%20%20%20%20Mutex%3A%3Anew(())%2C%0A%20%20%20%20%5D%7D)%3B%0A%0A%20%20%20%20let%20philosophers%20%3D%20vec!%5B%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%94%D0%B6%D1%83%D0%B4%D0%B8%D1%82%20%D0%91%D0%B0%D1%82%D0%BB%D0%B5%D1%80%22%2C%200%2C%201)%2C%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%A0%D0%B0%D1%8F%20%D0%94%D1%83%D0%BD%D0%B0%D0%B5%D0%B2%D1%81%D0%BA%D0%B0%D1%8F%22%2C%201%2C%202)%2C%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%97%D0%B0%D1%80%D1%83%D0%B1%D0%B8%D0%BD%D0%B0%20%D0%9D%D0%B0%D1%82%D0%B0%D0%BB%D1%8C%D1%8F%22%2C%202%2C%203)%2C%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%AD%D0%BC%D0%BC%D0%B0%20%D0%93%D0%BE%D0%BB%D1%8C%D0%B4%D0%BC%D0%B0%D0%BD%22%2C%203%2C%204)%2C%0A%20%20%20%20%20%20%20%20Philosopher%3A%3Anew(%22%D0%90%D0%BD%D0%BD%D0%B0%20%D0%A8%D0%BC%D0%B8%D0%B4%D1%82%22%2C%200%2C%204)%2C%0A%20%20%20%20%5D%3B%0A%0A%20%20%20%20let%20handles%3A%20Vec%3C_%3E%20%3D%20philosophers.into_iter().map(%7Cp%7C%20%7B%0A%20%20%20%20%20%20%20%20let%20table%20%3D%20table.clone()%3B%0A%0A%20%20%20%20%20%20%20%20thread%3A%3Aspawn(move%20%7C%7C%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20p.eat(%26table)%3B%0A%20%20%20%20%20%20%20%20%7D)%0A%20%20%20%20%7D).collect()%3B%0A%0A%20%20%20%20for%20h%20in%20handles%20%7B%0A%20%20%20%20%20%20%20%20h.join().unwrap()%3B%0A%20%20%20%20%7D%0A%7D%0A

A3bIK IporpamMmupoBaHyst Rust

use std::time::Duration;
use std::sync::{Mutex, Arc};

struct Philosopher {
name: String,
left: usize,
right: usize,

impl Philosopher {
fn new(name: &str, left: usize, right: usize) -> Philosopher {
Philosopher {
name: name.to string(),
left: left,
right: right,

fn eat(&self, table: &Table) {
let left = table.forks[self.left].lock().unwrap();
thread: :sleep(Duration::from millis(150));
let right = table.forks[self.right].lock().unwrap();

println!("{} Havana ecTtb.", self.name);
thread: :sleep(Duration::from millis(1000));

println!("{} 3akoHuyuna ectb.", self.name);

struct Table {
forks: Vec<Mutex<()>>,

fn main() {

let table = Arc::new(Table { forks: vec!]
Mutex::new(()),
Mutex::new(()),
Mutex::new(()),
Mutex::new(()),
Mutex::new(()),

1)

let philosophers = vec![
Philosopher: :new("Oxyout batnep", 0, 1),
Philosopher::new("Pas [yHaeBckasa", 1, 2),
Philosopher::new("3apybuHa Hatanba", 2, 3),
Philosopher::new("3mma lonbpgmaH", 3, 4),
Philosopher::new("AHHa Wmugt", 0, 4),

1;

let handles: Vec< > = philosophers.into iter().map(|p| {
let table = table.clone();

thread: :spawn(move || {
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SA3bIK IporpaMmupoBaHyst Rust

p.eat(&table);

1)
}).collect();

for h in handles {
h.join().unwrap();

MHoro u3meHeHuii! OfHaKO, C 3TUMU W3MEHEHUSIMU Mbl TIOTYYUIM KOPPEKTHO paboTaroliyto

niporpamMmy. [IpUcTynuM K pacCMOTPEHHIO:

pe

use std::sync::{Mutex, Arc};

un

Ham panee moHamobutcs crpyktypa Arc<T> wu3 Moayass cTaHAapTHOW OuOIMOTEKH

std: : sync. Msl TOrOBOpUM O He¥ UyTh ITO3XKe.

0
-
-]

struct Philosopher {
name: String,
left: usize,
right: usize,

Hawm moHagobunock f06aButh einé apa mosis B Hamy crpyktypy Philosopher. Kaxapiii
¢unocod A0/KeH UMETh /IBe BUJIKH: OfIHY — [JIsi JIEBOH DPYKH, [APYTYI0 — Jijisl TIPaBOi pyKu. MbI
UCIIO/Ib3yeM TUT US1Ze st UAeHTU(UKALMN KaKI0W BUIKH. Mbl UCIO/b3yeM ero Mpy CO3JaHUN
¢unococta, mepepaBasi UAEHTU(PUKATOPHI ABYX BWIOK. OTH /[[Ba 3HAu€HUs Oy[yT HCIIOIB30BATHCS

noem Torks crpykryper Table.

fn new(name: &str, left: usize, right: usize) -> Philosopher { F{Ljr]
Philosopher {
name: name.to string(),
left: left,
right: right,
}
}
MBI ucrions3yeM GyHKIp0o New () s 3aganvs sHauenuii Lleft u right.
fn eat(sself, table: &Table) { Run

let left = table.forks[self.left].lock().unwrap();
thread: :sleep(Duration::from millis(150));

let right = table.forks[self.right].lock().unwrap();
println!("{} Havana ectb.", self.name);

thread: :sleep(Duration::from millis(1000));
println!("{} 3akoHuyuna ectb.", self.name);
31ech TIOSIBUINCH TPU HOBbIE CTPOKU. MBI ,q06aBI/IJII/I O[JVH apryMeHT, table. Mui rosyyaeMm

JOCTYIl K CITUCKY BWJIOK uepe3 CTpyktypy Table. 3arem wucronb3yeM HaeHTU(HHKATOPbI BUIOK

self.left u self.right mns nonyuenust joctyma K BuKe 1O OMpeeéHHOMY WHIEKCY. B
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Async%3A%3A%7BMutex%2C%20Arc%7D%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Philosopher%20%7B%0A%20%20%20%20name%3A%20String%2C%0A%20%20%20%20left%3A%20usize%2C%0A%20%20%20%20right%3A%20usize%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20new(name%3A%20%26str%2C%20left%3A%20usize%2C%20right%3A%20usize)%20-%3E%20Philosopher%20%7B%0A%20%20%20%20Philosopher%20%7B%0A%20%20%20%20%20%20%20%20name%3A%20name.to_string()%2C%0A%20%20%20%20%20%20%20%20left%3A%20left%2C%0A%20%20%20%20%20%20%20%20right%3A%20right%2C%0A%20%20%20%20%7D%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20eat(%26self%2C%20table%3A%20%26Table)%20%7B%0A%20%20%20%20let%20_left%20%3D%20table.forks%5Bself.left%5D.lock().unwrap()%3B%0A%20%20%20%20thread%3A%3Asleep(Duration%3A%3Afrom_millis(150))%3B%0A%20%20%20%20let%20_right%20%3D%20table.forks%5Bself.right%5D.lock().unwrap()%3B%0A%0A%20%20%20%20println!(%22%7B%7D%20%D0%BD%D0%B0%D1%87%D0%B0%D0%BB%D0%B0%20%D0%B5%D1%81%D1%82%D1%8C.%22%2C%20self.name)%3B%0A%0A%20%20%20%20thread%3A%3Asleep(Duration%3A%3Afrom_millis(1000))%3B%0A%0A%20%20%20%20println!(%22%7B%7D%20%D0%B7%D0%B0%D0%BA%D0%BE%D0%BD%D1%87%D0%B8%D0%BB%D0%B0%20%D0%B5%D1%81%D1%82%D1%8C.%22%2C%20self.name)%3B%0A%7D%0A%7D

SA3BIK IporpaMmupoBaHust Rust

pesy/bTare yero Mel roiyuyaeM Mutex, KoTopelii perynmmupyeT JOCTYIT K BUIKe, ¥ BbI3BIBAEM JI/Ist HETO
metoxn Lock(), Gmokupys moctynm K Buiake. Eciv B HacTosiee BpeMs JOCTYI K BUIIKE YKe
Mpej0CTaB/IeH KOMY-TO eIrié, TO Mbl OyzeM OJIOKUpOBaHbI, TIOKA BHU/IKA HE CTAHET AOCTYITHOW. MbI
Takke BbisbiBaeM thread::sleep mexay B3sTvem NepBoil M BTOPOW BWJIKH, TIOCKOJIBKY 3TOT
TMPOL[ECC HE MOMEHTAJIEH.

Boi3oB metoza LOCK () MoxeT moTeprieTs Heygauy, U €C/Id 3TO C/IyYaeTcsi, TO Mbl aBaPUIAHO
3aBepiuaeM paboTy mporpammbl. MokeT BO3HMKHYTh CHTYyallysi, KOTZa TOTOK aBapuMHO 3aBepIlvT

CBOIO paboTy, a MBIOTEKC TNPU 3TOM OCTaHeTCs 3ab10KMpoBaHHBIM. Takol MBIOTEKC Ha3bIBaeTCs

«oTrpasneHHbIM (poisoned)». Ho B HallleM c/lyyae 3TO He MOXKeT IPOM30WTH, TOTOMY KaK MbI IIPOCTO

ucronb3yem metog, unwrap () .

Pe3y/ibTaThl  BBIMIOJIHEHWST 3THX /IBYyX CTPOK wuMmeror wumena Left u_ right
COOTBETCTBEHHO. 3aueM Mbl MCII0/Ib3yeM 3HAaKU NOAUEPKMBaHMWS B Havajae UMEH? OTO [ TOrO,
YyTOOBI CKa3aTh KOMITU/IITOPY, UTO Mbl XOTHUM TOJYYUTh 3HaueHHsl, KOTOpble Jajiee He NnjiaHupyem
ucnonb3oeampb. Takum obpasom Rust He OyzfeT BbIBOAWUTH TpeAyrpex/eHue O HeUCIO/b3yeMbIX

HMMeHax.

Korza ke MbIOTeKC OyzeT 0CBOOOXKAEH? OTO MpoM30MAET aBTOMaThuecku, kormqa Left u

_right BeiigyT U3 06/1aCTH BUAMMOCTH, TO €CTh TI0 OKOHUAHUH PaboThI (DYHKIHH.

let table = Arc::new(Table { forks: vec!] F{Ljr]
Mutex::new(()),
Mutex::new(()),
Mutex::new(()),
Mutex::new(()),
Mutex::new(()),
1)

Manee B main() bl co3maém HOBBIM 3K3eMIuisip CTPYKTypbl Table u obopauriBaem ero B
Arc<T>. 910 «aToMapHbIi CYUETUMK CCHITIOK» (atomic reference count). OH Hy)KeH /it 0GecrieueHus
JocTyna K Haieit crpykrype Table us Heckonbkux moToko. Korja oH repegaércst B HOBBIM MOTOK,

TO CUETUUK YBE/IMYUBAETCS, a KOrJd 3TOT IIOTOK 3dBepIIdeT pa60Ty, TO CUETUUK YMEHbIIAeTCH.

let philosophers = vec![ F{Ljr]
Philosopher: :new("Dxyout batnep", 0, 1),
Philosopher::new("Pas [yHaeBckasa", 1, 2),
Philosopher::new("3apybuHa Hatanea", 2, 3),
Philosopher::new("3vmma lonbpgMaH", 3, 4),
Philosopher::new("AHHa Wmugt", 0, 4),

Mbei gobaBumu Ham 3HaveHust Left u right mpwu cospanum crpykryper Philosopher.
30ech eCTb OueHb 8AJiCHAA JleTalb, Ha KOTOPYIO C/ieflyeT obpaTuTh BHHMMaHWe. IlocMoTpuTe Ha
nociegHol0  ctpoky cosmanus Philosopher. Koncrpyktop AnHbI IIIMHAT [0O/mDKeH ObLT Obl
NPUHUMATh B KaueCTBe apryMeHToB 3HaueHuss 4 u 0, Ho BMeCTO 3TOro OH MpUHUMAET 3HaueHus 0 u

4. 31O TIOMeIIIaeT Halllel MporpaMme I0MacTb B 6e3BLIXOJHOE COCTOSIHUE, eC/TH KaXKAbI BO3BMET 110
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https://doc.rust-lang.org/stable/std/sync/struct.Mutex.html#poisoning
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20table%20%3D%20Arc%3A%3Anew(Table%20%7B%20forks%3A%20vec!%5B%0A%20%20%20%20%20%20%20%20Mutex%3A%3Anew(())%2C%0A%20%20%20%20%20%20%20%20Mutex%3A%3Anew(())%2C%0A%20%20%20%20%20%20%20%20Mutex%3A%3Anew(())%2C%0A%20%20%20%20%20%20%20%20Mutex%3A%3Anew(())%2C%0A%20%20%20%20%20%20%20%20Mutex%3A%3Anew(())%2C%0A%20%20%20%20%5D%7D)%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20philosophers%20%3D%20vec!%5B%0A%20%20%20%20Philosopher%3A%3Anew(%22%D0%94%D0%B6%D1%83%D0%B4%D0%B8%D1%82%20%D0%91%D0%B0%D1%82%D0%BB%D0%B5%D1%80%22%2C%200%2C%201)%2C%0A%20%20%20%20Philosopher%3A%3Anew(%22%D0%A0%D0%B0%D1%8F%20%D0%94%D1%83%D0%BD%D0%B0%D0%B5%D0%B2%D1%81%D0%BA%D0%B0%D1%8F%22%2C%201%2C%202)%2C%0A%20%20%20%20Philosopher%3A%3Anew(%22%D0%97%D0%B0%D1%80%D1%83%D0%B1%D0%B8%D0%BD%D0%B0%20%D0%9D%D0%B0%D1%82%D0%B0%D0%BB%D1%8C%D1%8F%22%2C%202%2C%203)%2C%0A%20%20%20%20Philosopher%3A%3Anew(%22%D0%AD%D0%BC%D0%BC%D0%B0%20%D0%93%D0%BE%D0%BB%D1%8C%D0%B4%D0%BC%D0%B0%D0%BD%22%2C%203%2C%204)%2C%0A%20%20%20%20Philosopher%3A%3Anew(%22%D0%90%D0%BD%D0%BD%D0%B0%20%D0%A8%D0%BC%D0%B8%D0%B4%D1%82%22%2C%200%2C%204)%2C%0A%5D%3B%0A%7D

A3bIK IporpaMmupoBaHyst Rust

OJHOW BWJIKe OJHOBpeMeHHO. Tak uTo JiaBaiiTe mpeACTaBUM, UTO OAuH U3 (raocodoB y Hac yieBLia!
OTo ofMH U3 CrIOCOO0B peINTh JaHHYI0 MpobeMy, M, Ha MOM B3IJIsi[l, CaMbIi TTPOCTOM. Eciu BbI

TIOMeHsieTe TIOPSI/IOK IapaMeTpPOoB, TO TIPOrpaMMa MomNaieT B 6e3BBIXOJHOE COCTOSTHUE.

let handles: Vec< > = philosophers.into iter().map(|p]| { EiLl[l
let table = table.clone();

thread: :spawn(move || {
p.eat(&table);
})
}).collect();

Buytpu Hamero uuwkaa map()/collect() wmer BeiseiBaem metox table.clone().
Metog clone() crpykrypbl ArC<T> KJIOHUpYET 3HaueHWe U MHKPEMEHTHUPYET CYETUMK, KOTOPBIM
aBTOMAaTHYeCKM JIeKPEMEHTHUPYETCs], KOrjla KJIOHUPOBAHHOE 3HaueHWe TMOKUHeT 00/1aCTh BUAUMOCTH.
OT0 HeoOXOAUMO /IS TOro, YToOBl MBI 3Ha/IM, KaK MHOrO cchutok Ha table cymecrsyror B pamkax
HaIlIMX TOTOKOB HA JJAHHBIA MOMEHT BpeMeHHU. Ec/m Obl y Hac He ObIIO MOACYETA CCHIIOK, TO MbI Obl

He 3HdJIH, KaK 1 KOTjad OCB060,ZLI/ITB XpaHHUMOE€ 3HdYEeHHUE.

Bbel moxeTe 3dMeTUTb, 4YTO 34eCb Mbl BBIIIO/IHAE€M HOBO€ CBsA3bIBdHHE C HMMEHEM tab-l.e,

3aTeHsist crapoe cBsizanHoe umst table. 3To mo3BosseT HaM He BBOAWTH HOBOE YHUKAIBHOE UMSI.

Teneprs Hama nporpamma paboraer! Tosbko fABa ¢unocoda MoryT obefarb OfHOBPEMEHHO.

ITocne 3dITyCKa IMpOrpaMMbI BbI MOXKETE TTOTYUHTb TaKoOMu pe3yJ/ibTar.

Pas [lyHaeBCKasf Hayana ecCTb.

OMMa lonbgMaH Havana ecTb.

IMMa lonbOMaH 3aKoH4YMa €ecCcTb.
Pas [lyHaeBCKasf 3aKoHYuMNa eCTb.
Oxyout baTtnep Havana ecTb.
3apybuHa HaTanbs Hayana ecTb.
Oxyout baTtnep 3akoH4una ecTb.
AHHa lIMMOT Havana ecTb.

3apybvHa HaTanbsd 3akoHYMna ecTb.
AHHa lIMMOT 3aKoH4YuMNa €ecThb.

HOBAPEIB]'IHEM! Bri pean30Ba/Iv K/1dCCUUYECKYH0 3a4a4y ITapa/ijie/in3Md Ha A3bIKe Rust.

4.1. Yrapgaiika4.3. Bei3oB kKoja Ha Rust 13 APYTUX s3bIKOB
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SA3BIK IporpaMmupoBaHyst Rust

BbI30B Koga Ha Rust n3 gpyrnx si3abikos

[lnsi Hallero TpeThero TMpoeKkTa Mbl coOMpaemcsi BHIOpAaTh UTO-TO, UTO TIOAUYEPKHET OJHY W3

CaMbIX CUJIBHBIX CTOPOH B Rust: Cl)aKTI/I‘-IECKOe OTCYTCTBUE Cpeibl UCIIO/THEHUS.

[To Mepe pocTa opraHu3aLyy, MPOrPaMMHUCTBI BCe OOJIbIIIe MTO/IaraloTCs Ha MHOMKECTBO SI3bIKOB
MPOrpaMMHPOBaHUs. Y KaXKJOTr0 si3bIKa ITPOrPaMMHUPOBAaHUS €CTh CBOU CUJIbHBIE M C/1abble CTOPOHBI,
a 3HaHHe HEeCKOIbKHUX S3BIKOB TO3BOJISIET UCII0/Ib30BaTh OMNPEee/IEHHBIA S3bIK TaM, TZie MPOSIBJISETCS

€ro CuJibHbIE€ CTOPOHBI, U UCIIO/Ib30BATh ,Z[pyTOI\/JI A3bIK TaM, e HepBbIﬁ He OY€Hb XOPOLLI.

Cy1iecTByeT HECKOJIbKO 00siacTed, rjje MHOTHMe SI3bIKM NPOrpaMMHpPOBaHus €/1abbl B IUiaHe
MIPOU3BOJUTENLHOCTH BBITIO/IHEHHUsI TporpaMM. HacTo KOMITPOMHCC 3aK/I04aeTcss B TOM, UTOOBI
WCIO/b30BaTh  Oosilee  MeZiIeHHBIN  SI3bIK, KOTOpBI  B3aMeH CIOCOOCTByeT — TIOBBILIEHHIO
MIPOU3BOJUTENEHOCTH TIporpaMMucTa. YTobbl pemuTs 3Ty rpobnemy, 4acTb KoJja CUCTEMbI MOYKHO
Harmcath Ha C, a 3aTeM BbI3BaTh 3TOT KoJ, HamucaHHbIM Ha C, Kak eciu Obl OH ObLT HamMcaH Ha
S3bIKe BBICOKOTO YPOBHs. JTO HasbiBaeTcsl «HHTepdeiic BHemHuX ¢(yHKui» (foreign function

interface), yacro cokpaiaercs 10 FFI.

Rust Bxsrouaet noagep>kky FFI B 060ux HampaB/ieHUsIX: OH JIeTKO MOXKeT BbI3BaTh C KO/, U OH
Tak e Jierko, Kak ¥ C Kojl, MOKeT ObITh BbI3BaH U3gHe. Rust coueTaeT B cebe oTCyTCTBHe COOPIIMKa
Mycopa ¥ Hu3Kue TpeOOoBaHus K Cpefie UCIIOTHeHUs], UTo JesiaeT Rust OT/IMUHBIM KaHAWJATOM Ha POJib

BbBI3bIBAEMOI'0 M3 APYTI'MX A3BIKOB, KOIld HY>KHbI HEKOTOPBIE NOIMO/IHUTE/IbHBIE BO3MO>XXHOCTH.

B 3Toit KHUre ecTb 1jesast InaBa, rnocesiiédHas FFI u ero crneuuduke, a B 3TOW I7laBe Mbl

pacCMOTPYM MMEHHO KOHKDeTHbIM uacTHbI ciyuaii FFI, ¢ Tpems npumepamu, Ha Ruby, Python u

JavaScript.

[Mpobnema

EcTh MHOTO pa3nHYHBIX TIPOEKTOB, KOTOPbIe MbI MOIJIM ObI BBIOpAaTh, HO MBI XOTHUM TMOA0OPaTH
TaKOM IpUMep, KOTOPBIN MPOAEeMOHCTPUPYeT SIBHOe TPeMMYyILecTBO Rust Haj, MHOTUMH [PyTrUMHU

SA3bIKAMMU: CJIO>KHBI€ BbIUMC/IeHHA 1 MHOI'OIIOTOUYHOCThD.

Bo MHOTUX s13bIKax UMC/Ia pPa3MeIjaloTcs B Kyde, a He B cTeke. OTO obecrieurBaeT 11e/I0CTHOCTh
TOBe/IeHUsI s13bIKa MpY paboTe C yucIaMHu U C APYrUuMH obbekramu. OCOOeHHO B si3bIKaxX, KOTOpbIe
COCPe/IOTauMBAlOTCSI HAa OOBEKTHO-OPHEHTHPOBAaHHOM IPOTPAMMHPOBAaHUM U WCIIO/b30BaHUN
cbopiiyKa Mycopa, M0 YMOTYaHHIO TIAMSATh BBIEseTCs U3 Kyud. MHor/ja, MpU ONTUMU3ALUH, /IS
KOHKDETHBIX UHCeJl TaMsATh MOXKET BBIIENAThCS B CTEKe, HO BMECTO TOTO, UTOOBI TI0osiaraThbCsi Ha
paboTy ONTHMH3aIUK, MBI MOXKEM 3aXOTeTb YOeJUTbCS B TOM, UTO MbI HCIIOb3yeM NPUMHUTHBHbIE

TUIIBI UKCeJI, 8 He KaKOU-TM00 TUIT 00BbeKTa.

Bo-BTOpBIX, MHOTHE $SI3bIKM HMEHOT «II00aibHyH ONIOKMPOBKY wWHTepriperatopa» (global
interpreter lock), koTopasi orpaHUUMBaeT Mapasie/i3M BO MHOTMX CUTyalUsiX. JTO /leflaeTcsi BO UMsI

0e30MacHOCTH, UTO OKA3bIBaeT MOIOKUTEIbHBIN APQeKT, HO ITO TAaKXKe U OrpaHUUMBaeT 00beM pabor,
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KOTOprﬁ MOXXET OBITh BBITOJIHEH OAHOBPEMEHHO, 4YTO, B CBOI O4epelb, OKd3bIBAe€T 00JIBIIION

OTpULaTebHbIN SPPEKT.

Yrto6bl MOAUEPKHYTH 3TH /IBa aclieKTa, Mbl COOMpaeMcsi Co3/1aTb HeOO/TBIIION MTPOEKT, KOTOPbIH B
3HauUMTEeNbHOM CTEerNeHU WX MCHo/b3yeT. [I0CKo/bKy BHHMaHue B 3TOM IpuMepe C(OKYCHPOBaHO Ha
BCcTpauBaHue Rust B /ipyrue si3bIKH, a He caMoi mpoOsieme, Mbl OyzleM HCIO/Ib30BaTh WUTPYIIEUHbIHN

rpumMep:

3al'IyCTI/ITI: AeCATb IIOTOKOB. BHy'TpI/I KaXXI0ro Ir0TOKa CUHUTATb OT OAHOI0 [0 IIATU
MWUIMOHOB. [Iocsie TOro Kak Bce fecATh [IOTOKOB 3aBepllaTcs, HareyaTarh 'czeiaHo!".

Mgl BbI6paJ’[I/I AT MUJIJIMOHOB PDYKOBOACTBYACH T€M, CKOJIBKO BPEMEHU 3dHUMAET 3Td pa60Ta

Ha COBpeMeHHOM KoMIbioTepe. BoT nipumMep 3Toro koga Ha Ruby:
threads = []

10.times do
threads << Thread.new do
count = 0

5 000 000.times do
count +=1
end
end
end

threads.each { |t| t.join }
puts "“cpenaHo!"
Honp06y171Te 3alyCTUTL 3TOT ITIpUMeEp, U HO,ZL6epI/ITe 4yHrCao, KOTopoe obecreyur pa60Ty B
TeueHHe HeCKOJIbKUX CeKyH/. B 3aBUCHMOCTH OT arriapaTHoro obecrieyeHus KOMIIbIOTEpA, BO3MOXKHO,

l'IpI/I,Z[éTCH YBEJIMYUTDb WIX YMEHBIUINTL 3TO UMCIIO.

Ha BbIOpaHHOW Hamu cucTeme 3Ta mporpamMa paboraer 2.156 cekyna. U eciu Mbl
BOCIIO/Ib3yeMCsl KaKOW-HUOyIb YTHIUTOW [Jisi MOHWTOPWHTra TMporjeccoB (Harpumep, top), To

YBUJIUM, UTO OHA MCIIO/b3yeT TOJbKO 0fHO A4p0. OT0 GIL fnenaet cBoé geno.

XOoTd 3TO W WrpylleyHas IporpaMma, Ha eé mprMepe MOXKHO MPOJEeMOHCTPUPOBaTb MHOIO
npo6sieM, aHaJOTHYHBIX 3TOW, XapaKTePHBIX [is peasibHOro Mupa. s Hammx wened, [Oiro
KPYTAIIMeCs: 3aHsAThbie TIOTOKHU Tpe/CTaB/sIOT coboii mapasuiesibHble, TpeOyroriue OO/MBIINX 3aTpart,

BbIUMCJ/IEHHS.

Buonmorteka Ha Rust

[agailiTe mepenuiiieM 3Ty 3aZiauy Ha Rust. Bo-miepBbix, JaBaiiTe cjiejlaéM HOBbI TPOEKT C

oMot Cargo:

$ cargo new embed
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$ cd embed

OTy NporpaMMy Jierko rnepenuvcarb Ha Rust:
use std::thread; Run

fn process() {
let handles: Vec< > = (0..10).map(|_| {
thread: :spawn(|| {
let mut x = 0;
for _ in 0..5 000 000 {
X +=1

1)
}).collect();

for h in handles {
println!("MoTtok 3aBepuwnca co cuyétom={}",
h.join().map_err(|_| "He ypanocb coegMHuTbCca C notokom!").unwrap());

Mbl y)Xe 3HAaKOMbI C UaCTbHO 3TOrO KoJa M3 MpeAbIAYIIUX MpUMepoB. Mbl C03/[aéM [1eCsTh
MOTOKOB, cobupasi ux B Bekrop handles. BHyTpu KaX[oro roroka Mbl OCYIECTB/ISIEM IISTh
MWIJTMOHOB TIOBTOPEHWM B LMK/JIe, W TIpUOaBsieM K X €AWHUIYY KaKIblii pa3. HakoHel], MbI

BOCCOeqHHsIeM BCe ITOTOKHU.

Ceiiuac, ofiHako, 3To mpocto 6ubmuoTeka Rust, koTopasi He BK/ItOuaeT BCce HeoOXoAuMoOe [ijist
YCITIEIITHOTO BbI30Ba M3 JIPYroro si3blka. EC/IM MbI TIOMBITaeMCs TTOAK/IIOUUTD €€ K APYTOMY SI3bIKY B
TOM BHJe, B KOTODOM OHa ceifuac, To 3To He Oyzer paboratb. Ham Hy)KHO ciesiath [Ba HEOOBLIMX
M3MeHeHHs1, UTOObI UCTIPaBUTh 3T0. [TepBoe, UTO MbI JO/DKHBI C/le/1aTh, 3TO U3MEHUTb Hayasio Halllero
Kogia:

#[no_manglel] Run
pub extern fn process() {

Mbi no6aBuimu HOBBIM aTpubyTt, NO_mangle. B mporjecce co3manust 6ubmmorekn Rust, B
BBIXOJJHOM CKOMITWJIMPOBAaHHOM (haiisie MPOMCXOAUT M3MeHeHHe MMeHH (QYHKUWU. [IpUuuHBI 3TOTO
BBIXOJST 33 PAMKHU [JaHHOTO PYKOBOZCTBA, HO /Il TOTO, YTOOBI U [IpyTHe SI3bIKW 3HAJIH, KaK BbI3BaTh

(bYHKIMIO, MBI IOJDKHBI He fleflaTh 9TOr0. YKa3aHHbBIN aTpUOyT BLIK/IIOUaeT TaKoe TOBeJjeHHe.

Jpyrum n3MeHeHueM, KOTopoe Mbl qobasumy, sieisietcs pub extern. pub osnauaer, uto
oTa (YHKLUMS MOXKeT OBbITh BbI3BaHA 3a MpeJesiaMd 3TOro MoAy/s, a eXtern roeopur, uto eé

BO3MOKHO BbI3BaTh U3 C. Bot 1 Bce! He Tak 1 MHOTO U3MEHEeHUI.

BTOpOe, UTO MbI JO/DKHBI C/IeJ/IaTh, 9TO W3MeHUThL HacTpoiiku B Cargo.toml. To6assre 510 B

KOHel] (hatina:
[lib]

name = "embed"
crate-type = ["dylib"]
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A3bIK IporpaMmupoBaHust Rust

310 roBopuT Rust, UTO MbI XOTUM CKOMITUIMPOBaTh Hally OWOMMOTEeKy B BHe CTaHJapTHOW
quHaMudecko Oubmuoreku. Ilo ymomuanuio, Rust kommumupyer B rlib, Rust- cremmduunbii
dhopmar.

aBatiTe Teriepb COO€PEM TIPOEKT:

$ cargo build --release
Compiling embed v0.1.0 (file:///home/steve/src/embed)
Mel  BBeM  KomaHzay cargo build --release, koropas BeIMoHSET COOPKY C
BKJ/IFOUEHHOM OMNTHUMU3aIeli. Mbl XOTHM, UTOOBI Ko7l ObI/T KaK MOXXHO Oosiee ObIcTpbiM! BBl MoOXeTe

Haiiti cobpanHyto 6ubmoreky B target/release:

$ ls target/release/
build deps examples libembed.so native

®aiin Libembed.so — u ectv Hama guHamMuueckas 6Gubmmoreka (shared object). Mel
MOXXEM HCIIO/Mb30BaTh 3TOT (aill Takke Kak W J/00yl0 Jpyryl AWHAMAYeCKylo OHOIHOTeKy,

HarcaHHyto Ha C! TlomyTHO ciiefyeT OTMeTHTh, 3T0 MoxkeT Obith embed.dll (Microsoft

Windows) i Libembed.dylib (Mac OS X), B 3aBMCHMOCTH OT OMeparjiOHHON CHCTEMBI.

Teneps, Korza Mbl NOJyYU/IN Hauly cobpaHHyro 6ubnroreky Rust, naBaiite ucnosnb3yeM eé u3

Haiiero kogia Ha Ruby.

Ruby

OTkpoiiTe (bafm embed.rb BHYTPM Halllero MpoeKTa, U c/ie/ialTe ciieyrollee:
require 'ffi'

module Hello
extend FFI::Library
ffi lib 'target/release/libembed.so’
attach_function :process, [], :void
end

Hello.process

puts ‘cpenaHo!

[Tpesx/e ueM Mbl CMOXKEM 3aITyCTUTh 3TOT KOJI, HaM HY>KHO yCTaHOBUTH maker Tf1i:

$ gem install ffi # this may need sudo

Fetching: ffi-1.9.8.gem (100%)

Building native extensions. This could take a while...
Successfully installed ffi-1.9.8

Parsing documentation for ffi-1.9.8

Installing ri documentation for ffi-1.9.8

Done installing documentation for ffi after 0 seconds
1 gem installed

U, HaKoHeII, MbI MOYKeM ITOIPOOOBAaTh 3aMyCTUTh €T0:
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$ ruby embed.rb
MoTok 3aBepwwusicad co cY4EToM=5000000
MoTok 3aBepwwusicad co cY4EToM=5000000
MoTok 3aBepwwusicad co CcY4EToM=5000000
MoTok 3aBepwwusicad co cY4EToM=5000000
MoTok 3aBepwwusica co CcY4EToM=5000000
MoTok 3aBepwwusicad co cY4EToM=5000000
MoTok 3aBepwwusicad co cY4EToM=5000000
MoTok 3aBepwwusicad co cY4EToM=5000000
MoTok 3aBepwwusicad co CcY4EToM=5000000
MoTok 3aBepwwusicad co cY4ETomM=5000000
cpenaHo!
$

Huuero cebe, sto 6buto ObicTpo! Ha moeii cucteme 310 3ansiio 0.086 cekyHn, a He JBe

CEeKyH/IbI Kak 3T0 ObU10 Ha uncToM Ruby. [laBaiite pa36epém sToT Ruby kog:
require 'ffi'

I[TepBbiii fiesioM, HaM Hago o6bsBUTH makeT TTi. O mpemocraensier Ham uHTEpdelic As

WCTI0/Tb30BaHUs Hatlel 6ubmioreku Ha Rust, kKak 6ubmioreky Ha C.

module Hello

extend FFI::Library

ffi lib 'target/release/libembed.so’

Aprop makera Tfi pekomenayer wucnonb3oBaTe MOAY/Ib, UTOOBI OrPAHWUUYMTHL 00/IACTh
JeicTBus (QYyHKLMH, KOTOPYH) Mbl MMIIOPTMPOBAld M3 pasjeiseMol OuOnuoTeku. BHyTpu Mbl
ykaszanu extend, urobbl Bocmosnb3oBathcsi HeobxoaumbiM Moayiem FFI::Library, a sarem
Boi3Baniu Tfi 1ib, urtober moarpysuts Hainy 6Gubmvoreky. Mbl TPOCTO TMepefaéM MyTb K

6ubMoTeKe, KOTOPBIA MbI YKe BUe/H paHbiie, 310 target/release/libembed. so.

attach_function :process, [], :void

Meton attach function mnpegocrasnsiercs maketom FFI. 3pech coemumsirorTcst Haiiia
byukuus process(), namucanHas Ha Rust, U ogHouméHHast ¢yHKipss Ha Ruby. Tak kak
process() He TpUHMMaeT aprymMeHTOB, BTOPOW TlapaMeTp SIB/SITCS TMyCTbIM MacCHUBOM, H
MOCKO/TbKY (DYHKI[MsI HUUYEro He BO3BpaIllaeT, Mbl TepegaéMm :VO01id B KauecTBe 3aBepILAMOIIETO

apryMeHra.

Hello.process

3/1ech MbI COBepIllaeM BbI30B Haiei Rust ¢yrkiun. Coueranre Hamero module u Bei3oBa K
attach function sasepimaer moarotoeky. OTo BHINIAAUT Kak GyHKIwMs Ruby, HO Ha camoMm [iefe
310 Rust!

puts 'cpenaHo!’

HakoHell, B COOTBETCTBHE C HAIIMMHU TpeOOBaHWSMH K IPOEKTy, MbI nuiieM CAesiaHo! mo

OKOHYAaHHIO PabOThI ITPOrpaMMBI.

Bot u Bce! Kak mbl yBH/ie/IM, COBMECTUTb [Ba A3blKda OY€Hb IIPOCTO, U B3daME€H MbI IOJTyUH/IU

OOIBIITYIO TIPOU3BOAUTETHBHOCTb.
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Temneps maBaiiTe morpodyem Ha Python!

Python
Cos3patite daiin embed . py B 3TO¥ AUPEKTOPUH U IOMECTHUTE B HETO CJIEAYIOIIEe:
from ctypes import cdll
lib = cdll.LoadlLibrary("target/release/libembed.so")
lib.process()

print("coenaHo!")

HosoneHo mipocto! Mbl  ummnoptupyem Cdll  wu3 moapyna ctypes. 3arem Bbi3biBaem
LoadLibrary. U rereps Mbl MOXKeM BbI3BaTh Process().

Ha moeii cucteme 310 3ansio 0.017 cekyna. Beictpo!

Node.js

Node — 310 He A3bIK, HO, B HaCTOALLlee BpeMd, 3TO JOMHWHHPYIOLadad peajin3alysad NCIIO/THeHUA

JavaScript Ha cepsepe.
Inst Toro, uto6wl cenath FFI B Node, Ham cHauasa Ha/lo yCTaHOBUTb OUO/TMOTEKY:
$ npm install ffi
[Tocne ycTaHOBKM, Mbl MOYKEM €l BOCIT0/Ib30BaThCS:
var ffi = require('ffi');
var lib = ffi.Library('target/release/libembed', {
'process': ['void', []]
3
lib.process();
console.log("cpenaHo!");

[Iprimep Gosbiiie MOX0XK Ha Ruby, uem Ha Python. Ml mcnonb3yem mopyns Tfi, uro6er
nonyunte goctyn kK Tfi.Library(), xoropwii sarpyxaer Hamry 6ubavoreky. Ham Hy»KHO
yKa3aTh THIT BO3BPAIL[deMOr0 3HAaueHWs U TUIbI apryMeHTOB (GyHKimu: VOid /s Bo3Bparjaemoro
3HaueHWst U TyCTOM MACCHB [Jiss yKa3aHWS OTCYTCTBUS apryMeHToB. Ilocjie 3TOro Mbl IMPOCTO

BbI3bIBaeM (DyHKILIMIO U 11eyaTaeM pe3ysibTar.

Ha moeii cucteme 310 3auso 0. 092 cekyHzpl.

3ak/iroueHune
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Kak BBl MOXeTe BUeTb, OCHOBBI, PaCCMOTPEHHbIe 3eCh, SB/AIOTCS OYEHb TPOCTBIMHU.
KoneuHo, Mbl Mor/ii ObI ¢ZiesiaTh Kyzia Oosblile TOTO, UTO MbI 37jeCh TIokaszanu. [Tocmotpute riaBy FEI

[1st 6osiee Mo poOHOM MHGBOPMALUH.

4.2. O6eparomye dunocodnr5. CHHTAKCUC U CEMAHTHKA
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A3bIk mporpamMmMmupoBaHus Rust

CUHTaKCUC N cemMmaHTuka

Ota uvacTh pa3buTa Ha HeOOJbIIHE IVIaBbl, KaXkAas W3 KOTOPBIX OITHUCHIBAeT OIpe/eeHHOe

noustue Rust.

Ecnu Bl X0TUTe M3yunTh Rust «OT U [0», MPOAO/IKaNTe yTeHUe JaHHOW YacTy MO TOPSAKY -

Bbl HA BEPHOM My TH!

OTHU I71aBbl TaKXKe SIB/ISIIOTCS CIIPaBOYHHUKOM HOHHTHﬁ, TdK 4YTO €C/Id IIpU 4YTE€HWU [PpYyroro

MaTepHrajia BaM 6y,£[€T UTO-TO HEIIOHATHO, BbI BCergd CMOXeTe HaWTH 00BSCHEHUe 34eChb.

4.3. Bri3oB kosa Ha Rust u3 Apyrux s3bikoBb.1. CBA3bIBAHWE UMEH
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SA3BIK IporpaMmupoBaHyst Rust

CBs3blBaHVEe NMEH

JIrobasi peanbHasi mporpaMMa Ha Rust nmocioxkHee, uem «Hello World», ucrione3syeT cesizbigarue
uméH. OHU CBSI3BIBAIOT 3HAdyeHHe C nMeHeM, Ajd TOro 4TOOBI BOCITO/IL30BaThLCSI MM II03JKeE. ,[[]IH

CBSI3bIBAHUSI UCTIOJIB3YETCst KoMaHzaa Let:

fn main() { Run

let x = 5;

Bce omepaijiu, NMpPOM3BOAMMBIE HIKe, OyAyT MPOMCXOAWTh B (GyHKIMU MAin(), Tak kak
KaXK/[plii pa3 BCcTaB/sATh B npumepsl TN main() { HemHoro yromnser. Y6eauTech, UTO MpUMEpHI,
NpUBeIEHHBIE B 3TOM paszesie, Bbl BBOAUTE B GyHKIMIO MA1Nn (), WHaue MOXKeTe MOMyUUTh OIIHOKY

MMPpU KOMITHUJIALIAN.

LLIaG10HbI

Bo MHorux sisblkax MpOrpaMMUPOBAHUs CBs3biBaHHWE WMEH Ha3biBaeTcsi nepemeHHol. Ho y
CBs3bIBaHMS MMeH B Rust ecTh Mapa TPIOKOB B pykaBe. B /eBoil uactu Bbipakenus Let
pacriosiaraeTcst He TIPOCTO UM TlepeMeHHOM, a "11a0sioH". 3TO 3HAYUT, UTO Mbl MOXKEM ZieJiaTh BelH

BpO/ie 3TOM:

let (x, y) = (1, 2); Run

[Tocne 3aBepiiieHuUs1 STOTO BhIpaKeHUs1 X Oyzer equHuIieid, a Y — /ABoiiKo#. 111a6/oHbI oueHb
MOIIHBI, U O HHUX HalWcaHa OTAejbHas r1aBa. HOo Ha [aHHBIA MOMEHT HaM He HY)KHBI 3TH

BO3MOXXHOCTH, TdK UTO MbI TIPOCTO 6y,£[€M ITIOMHHUTB O HUX U HOﬁﬂéM AaJiblie.

YKazaHue Tunos

Rust — cTarvyecky TUIM3UPOBAHHBIN $3bIK IIPOIPaMMUPOBaHUS, W 3HAUUT Mbl [JO/DKHBI
yKa3bIBaTh THIbI, © OHU OyAyT MPOBEPSITbCS BO BpeMsi KOMIWISLIMU. Tak ToueMy >kKe Halll TIepBbIi
rpuMep CKOMITUIMpoBasicsa? B Rust ectb HeuTo, Ha3biBaemoe 8bi600oM munog. Eciu  Rust

CaMOCTOSITe/TbHO MOXKET MOHSITh, KAKOW THI y IepeMeHHOM, TO OH He TpeOyeT yKa3bIBaThb €ro.
Tem He MeHee, Mbl MOYKeM yKa3aTh ykKesiaeMbid TUT. OH ciiefyeT rocse ABoetouns ( : ):

let x: i32 = 5; Run

Ecm Ob1 MBI IMOIIPpOCUJ/IK BAC TPOYNTATb 3TO BC/IYX, BbI OBl CKa3amn « X — 3TO CBSA3LIBAHHE

tuna int co 3HaueHuvem MATH ».

B 3ToM c/iyuae MbI yKa3aiu, 4To X y Hac Oyger 32-OUTHBIM 1[eJIbIM UKC/IOM CO 3HakoM. B Rust
eCTh U JIpyrHe 1[[eJIOUNC/IeHHbIe THITBI. IX MMeHa HAUMHAIOTCS C 1 /ISt [IeJIbIX UKCesT CO 3HaKOM U C U

JUTSI 11eJTbIX urces1 6e3 3Haka. [{esble urcia MOTYT UMeThb pasmep 8, 16, 32 u 64 OuTa.
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A3bIK IporpaMmupoBaHyst Rust

B manmpHeMIMx mpumepax Mbl OyfeM yKa3bIBaTh TUIT B KOMMeHTapusix. JOTO OyZieT BBIIVISIIETh

BOT TakK:

fn main() { Run
let x =5; // x: 132

O6paTI/ITe BHHMMadHHE Ha CXOACTBO MeXAy 3THUM KOMMeHTapueM W CUHTAKCHCOM, KOTOprﬁ BEI
HCIIOJ/Ib3yeTe C -Let . BK/lroueHue Takoro turia KOMMEHTdPHUEB HE SABJ/IAETCA NAVMOMAaTUUYHBIM [1J14 RUSt,
HO HHOr/la MbI 6y,ELEM BKJ/IIOUYATb HMX [Jid TOTO, yTOOBI TIOMOYL BaM IIOHATHb, KdKHWe THIIbI 6y,ZLYT

BbIBe/leHbl Rust.

N3MeHaeMOoCTb

ITo YMO/TYaHUIO, CBA3bIBAHUE HEU3MEHAEeMO. ITOT KO HE CKOMITUJ/IMPDYEeTCA:

let x = 5; Run
X = 10;

U BbI omyuuTe OMKOKY:

error: re-assignment of immutable variable x
X = 10;
Ecmu BBl XOTWTe, UTOOBI CBS3bIBAHME OBLIO W3MEHAEMbIM, BBl MOXKETe HCII0/IL30BaTh

Moaudukatop mut:

let mut x = 5; // mut x: 132 Run
X = 10;

MoxxeT IMOKa3daTbCsA, UYTO He3aueM [e/1aTb CBA3bIBAHME HEW3MEHAEMBbIM I10 YMOJ/IYdHHUIO. Ho
BCIIOMHHTE, Ha UéM B TIepBYI0 ouepeaib Gokycupyercs Rust: Ha Ge3omacHocT. Eciii BbI ciiydaiiHO
3a0b11H YKa3dTrb mut u usmenunu CBsA3bIBdHHE, KOMITU/IATOD 3dMETHUT 3TO, U COO6IJ_[I/IT BdM, UTO BbI
IIOIIbITA/INCh KW3MEHHWTh He TO, UYTO CO6I/IpEl]'II/ICI>. Ecmu 6Bl mO YMO/TYaHUIO CBA3bIBaHHUE OBITO
H3MeHsieMbIM, TO B HpHBe,ZLéHHOﬁ BbIllIe€ CHUTydlIJMXd KOMIIM/IATOPD HE CMOXXET BaM INOMOYb. Ecnu BBI

HaMepeHbl U3SMEHHTL 3HAUEeHHEe HEPEMGHHOﬁ, TO IIPOCTO ,E[O6EIBLT€ mut.

EcTb W Apyrve BecoMble apryMeHThl B 03y TOTO, UTOOBI 1O BO3MOXXHOCTH H30erarb
M3MEHSIEMOTO COCTOSIHUSI, HO 3TO BBIXOZIWT 3a PaMKH JIaHHOW KHUTH. B 00111eM, 3auacTyro Bbl MOXKETe
n30ekaThb IBHBIX U3MEHEHUH, U 3TO MperouTuTe/ibHee B Rust. TeM He MeHee, UHOTZA Oe3 U3MeHEeHHUs

3Ha4YeHUsI MPOCTO He 00OWTHCH, TaK UTO 3TO He 3arlpereHo.

NHnumanusaums cBA3biBaHUS

CesispiBaHMe WMeH B Rust uMeeT emlé OfHO OTIMUMe OT JPYIMX SI3bIKOB: OHO TpeOyeT

HWHHWLIWA/IN3alllX 11epe UCI10/1b30BdHHUEM.

MaBaiiTe mNpUCTYyMMM K PacCMOTPeHWIO BbIllecka3aHHOro. VI3meHuTte Bam  Qaiin

src/main. rs Tak, uro 6bl OH BBIIVISZIEN CIEAYHOLIM 00pPa30M:
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A3BIK IporpaMmupoBaHyst Rust

0
-
-]

fn main() {
let x: 132;

println! ("Hello world!");

Ucnonb3yiite komaHay cargo build s komangHol cTpoke, uToObI cOOpaTh MPOEKT. Bl
JIOJDKHBI TIO/TYUUTh TIPeAYNPeXXAeHre, HO rporpammMa Oyzer paborate u OymeT BBIBOAWUTH CTPOKY

«IIpuset, Mup!»:

Compiling hello world v0.0.1 (file:///home/you/projects/hello world)

src/main.rs:2:9: 2:10 warning: unused variable: “x°, #[warn(unused variable)]
on by default

src/main.rs:2 let x: 132;
Rust npeaynpesyuT Hac O TOM, UTO Mbl He HCII0/Ib3yeéM CBsI3aHHYIO II€EpEMEHHYI0, HO OT TOrO,
YTO MbI €€ He HWCTOoNb3yeM, He OyZeT HMKAKOTO BpeJa, MO3TOMY 3TO He oimbka. OfHako, BCE
WU3MEHUTCs, eC/IM MBI 1‘101‘[p06yeM HCII0/JIb30BaTh X. C,qenaEM 5T0. I3MeHuUTe Ballly NporpaMMmy Tak,

yTo ObI OHA BBITVIsiZIeNa CIeyIoIM obpa3oM:

fn main() { Run
let x: 132;

println!("x uMeeT 3Hauyenue {}", Xx);

U nonpoOyiiTe cobpaTh MPOEKT. BhI 1osryunTe OIMoKy:

$ cargo build

Compiling hello world v0.0.1 (file:///home/you/projects/hello world)
src/main.rs:4:39: 4:40 error: use of possibly uninitialized variable: "x°
src/main.rs:4 println!("x mmeet 3Havenue {}", X);

N

note: in expansion of format args!
<std macros>:2:23: 2:77 note: expansion site
<std macros>:1:1: 3:2 note: in expansion of println!
src/main.rs:4:5: 4:42 note: expansion site
error: aborting due to previous error
Could not compile “hello world".
Rust He MO3BOMUT KWCMO/B30BaTh HEMHULIMATIM3UPOBAHHYIO TepeMeHHY0. [lanee, MOroBOprUM 0

{}, xoropsie mbI Jo6aBum B println!.

Ecmi Bel fobaBute fBe ¢urypHbie ckoOku ({}, vHOrma HasbiBaeMble «yCaMi»...) B Ballly
reyataeMyto CTPOKY, Rust MCTONIKYyeT 3TO Kak MpoCh0y BCTaBKM HEKOTOPOro 3HaueHusi. Cmpokoeas
UHmMepnoasAyusi — 3TO TePMUH B WHOpPMATHKe, KOTOPbIM 0003HaUaeT «BCTaBUThb MOCPEIU CTPOKH».
Mb1 f00aBW/IN 3aMATyIO, U 3aTeM X, UTOOBI yKa3aTh, UTO MbI XOTHM BCTaBUTh X B CTPOKY. 3amsrTas
WCIIO/b3YeTCsl [/l pa3fiesieHusl 1apaMeTpoB, eC/id B (YHKIWIO WM Makpoc repefaércs Oorblire

OZIHOTO TTapameTpa.
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A3bIK IporpaMmupoBaHust Rust

[lpy BcTaBKe TepeMeHHON B CTPOKY, Rust MpoBepuT eé THUM W TIOMbITAeTCS OTOOpa3sUThb
OCMBbIC/IEHHOe 3HaueHuWe. Ecium Bbl XoTHTe yKasaTb ¢opmar Oosee [eTalbHO, TO MOXKETe

03HAKOMHTBCS C JOCTYITHBIMU Criocobavu hopMaTpoBaHus CTPOK (aHrl.). Ha JaHHBI MOMEHT MbI

MpPOCTO UCTIOJ/Ib3yeM crioco6 1o YMOJ/TUaHHUIO: T1eUaTaTh LjeJiblie UKMC/ia He OUeHb C/IOKHO.

O6nacTb BUOUMOCTU N 3aTEHEHME

BepHéMcst K CBsi3biBaHU0. CBsi3aHHbIE HMEHA UMEOT 00/1aCTh BUAUMOCTH — OHHU OTPaHUUEHbI
6JIOKOM, B KOTOPOM OHH ObLTH 00BsIB/IEHBL. BIIOK — 3TO COBOKYITHOCTB OIEPaTopoB, 3aK/IFOUEHHAsK B
¢uryphbix ckobkax ({ u }). OyHKIUM TOXKe OOBSB/SIOTCS C TIOMOIbi0 O0koB! Ceifuac Mbl
00BsIBUM /[1Ba CBSI3aHHBIX UMEHH, X W Y, KOTOpbIe CYLIECTBYIOT B Pa3/InuHbIX 6/0Kax. K X MOXHO
MOJIyUuTh [OCTYn BHyTpu Onoka fn main() {}, B To e Bpems Y [OCTyneH TO/IbKO BO

BHYTpeHHeM 0s10Ke:

fn main() { Run
let x: 132 = 17;
{
let y: 132 = 3;
println!("3HayeHue x paBHO {} u 3Hauyenue y paBHo {}", X, Y¥);
}
// Ownbka KoMMunALUu
println!("3HayeHne x paBHO {} u 3Hauyenue y paBHO {}", X, Y¥);

[Tepseiii println! soiBeser "3HaueHue X paBHO 17 ¥ 3HaueHHe y paBHO 3", HO 3TOT MPUMED
He CKOMITU/IMPYETCs], TIOTOMy uTo BTopoit println! He MoxeT momyuuTsh AOCTYIT K 3HAUYEHHUIO Y,
OHO BHe 00/1aCTH BUAMMOCTH. BMeCTo 3TOro Mbl yBUMM OIIHOKY:

$ cargo build

Compiling hello v0.1.0 (file:///home/you/projects/hello world)
main.rs:8:62: 8:63 error: unresolved name "y . Did you mean “x ? [EQ425]
main.rs:8 println! ("3HayeHne x paBHO {} » 3HayeHue y paBHO {}", X, Y);

<std macros>:2:25: 2:56 note: in this expansion of format args!

<std macros>:3:1: 3:54 note: in this expansion of print! (defined in <std macros>)
main.rs:8:5: 8:65 note: in this expansion of println! (defined in <std macros>)
main.rs:8:62: 8:63 help: run "rustc --explain E0425° to see a detailed explanation
error: aborting due to previous error

Could not compile “hello'.

To learn more, run the command again with --verbose.

[ToMUMO Tpovero, CBsi3aHHbIE UMEHa MOTYT ObITh 3aTeHeHbl. DTO 3HAUMT, UTO, €C/IH 00BbSBUThH

CBSI3bIBaHHME C UMEHeM, KOTOPOe YyKe CYLL[eCTBYeT, TO OHO Ilepeonpe/e/iuT npefblayliee.

let x: i32 = 8; Run
{
printin!("{}", x); // BuiBOgMT "8"
let x = 12;
printin!("{}", x); // BwBOgMT "12"
}
println!("{}", x); // BuBOgMT "8"
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%20%20%20%20let%20x%3A%20i32%20%3D%2017%3B%0A%20%20%20%20%7B%0A%20%20%20%20%20%20%20%20let%20y%3A%20i32%20%3D%203%3B%0A%20%20%20%20%20%20%20%20println!(%22%D0%97%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20x%20%D1%80%D0%B0%D0%B2%D0%BD%D0%BE%20%7B%7D%20%D0%B8%20%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20y%20%D1%80%D0%B0%D0%B2%D0%BD%D0%BE%20%7B%7D%22%2C%20x%2C%20y)%3B%0A%20%20%20%20%7D%0A%20%20%20%20%2F%2F%20%D0%9E%D1%88%D0%B8%D0%B1%D0%BA%D0%B0%20%D0%BA%D0%BE%D0%BC%D0%BF%D0%B8%D0%BB%D1%8F%D1%86%D0%B8%D0%B8%0A%20%20%20%20println!(%22%D0%97%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20x%20%D1%80%D0%B0%D0%B2%D0%BD%D0%BE%20%7B%7D%20%D0%B8%20%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20y%20%D1%80%D0%B0%D0%B2%D0%BD%D0%BE%20%7B%7D%22%2C%20x%2C%20y)%3B%0A%7D%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%3A%20i32%20%3D%208%3B%0A%7B%0A%20%20%20%20println!(%22%7B%7D%22%2C%20x)%3B%20%2F%2F%20%D0%92%D1%8B%D0%B2%D0%BE%D0%B4%D0%B8%D1%82%20%228%22%0A%20%20%20%20let%20x%20%3D%2012%3B%0A%20%20%20%20println!(%22%7B%7D%22%2C%20x)%3B%20%2F%2F%20%D0%92%D1%8B%D0%B2%D0%BE%D0%B4%D0%B8%D1%82%20%2212%22%0A%7D%0Aprintln!(%22%7B%7D%22%2C%20x)%3B%20%2F%2F%20%D0%92%D1%8B%D0%B2%D0%BE%D0%B4%D0%B8%D1%82%20%228%22%0Alet%20x%20%3D%20%2042%3B%0Aprintln!(%22%7B%7D%22%2C%20x)%3B%20%2F%2F%20%D0%92%D1%8B%D0%B2%D0%BE%D0%B4%D0%B8%D1%82%20%2242%22%0A%7D

A3bIK IporpaMmupoBaHyst Rust

let x = 42;
println! ("{}", x); // BuBogut "42"
3areHeHre U U3MeHseMoe CBSI3bIBAHUE MOT'YT Ka3aTbCsl ABYMSI CTOPOHAMM OIHOM MOHETHI, HO
OHU SB/SIOTCSI ABYMSI OTJEIbHBIMHA KOHLIENLUSIMHM, KOTOpble He BCerja B3aMMO3aMeEHSIEMBI.
Haripyumep, 3aTeHeHue 1103BOJIsIeT CBA3aTh UM C JPYTUM THUIIOM W/ U3MEHUTb CBA3b C HU3MeHsIeMOHt

Ha Heu3MeHseMyIo.

let mut x: i32 = 1; Run
X =17;

let x = x; // Tenepb X HEU3MEHAEMOE U CBA3aHHO C 7

let y = 4;

let y = "fl Tak Xe Mory ObiTb CBfi3aH C TekcToMm!"; // Tenepb Y ppyroro Tuna

5. CHHTaKCHC ¥ CeMaHTHUKaS.2. PYHKIIMN
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SA3BIK IporpaMmupoBaHyst Rust

PyHKLUUN
Kakzast mporpamma Ha Rust umeeT 1o KpaiiHeii Mepe ofHy GyHKI[HI0 — Main:

fn main() { RU n
}

910 mpocTeiiiiee 00bsBNneHre (yHKUMU. Kak Mbl yIIOMHHAIM paHee, K/IHOYeBOEe CIOBO fn
00bsiBnsieT PyHKIMIO. 3a HUM CTIeAyeT eé UMsi, TyCThle KPyI/ible CKOOKU (TIOCKOBKY 3Ta (yHKIUS He
TIPUHUMAET apTyMEHTOB), a 3aTeM Telo (PYyHKIWH, 3aK/I0UéHHOe B (UrypHble CKOOKH. BOT dyHKIust
foo:

fn foo() {
}

0
-]

u

Wtak, 4To HaCYET apryMeHTOB, TPUHUMAaeMbIX QyHKIMeH? BoT QyHKIWs, eyaTaroasi Yucsio:
fn print_number(x: i32) { F{Ljr]

println!("x paseH: {}", X);

Bort mo/iHast porpaMma, UCIosib3ytoiiast pyHkiuo print number:

fn main() {
print_number(5);

J
(-
-]

fn print_number(x: i32) {
println!("x paseH: {}", X);

Kak BHIWTe, apryMeHTbl (yHKIMi MOX0XKH Ha orepatopbl Let: Bbl MoxeTe OOBSIBUTH THIT
apryMeHTa TocJie [BOeTOUUs.

Bot nonHas MMporpamMmma, KOTopas CKJ/iaJbIBaeT ABd UMCJ/ia U IedYaTdeT Uux:

fn main() {
print_sum(5, 6);

P
c
-]

fn print_sum(x: 132, y: i32) {
println!("cymma uucen: {}", x + y);

}
AprymMmeHThI pa3/iesisitoTcs 3amsiTOl — W TIPU BbI30Be (byHKL[I/II/I, U pu eé 00bBsAB/ICHUU.
B ormmuue ot let , BBl 00/1CHbl OOBSIBIATL THUIILI ApTyMEHTOB (byHKL[I/II/I. OTOT KOZ, He
CKOMITU/INPYeTCS:
fn print_sum(x, y) { F{[jr]
println!("cymma uucen: {}", x + y);
}

DOyHKIUU 61


https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%7D%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20foo()%20%7B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20print_number(x%3A%20i32)%20%7B%0A%20%20%20%20println!(%22x%20%D1%80%D0%B0%D0%B2%D0%B5%D0%BD%3A%20%7B%7D%22%2C%20x)%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%20%20%20%20print_number(5)%3B%0A%7D%0A%0Afn%20print_number(x%3A%20i32)%20%7B%0A%20%20%20%20println!(%22x%20%D1%80%D0%B0%D0%B2%D0%B5%D0%BD%3A%20%7B%7D%22%2C%20x)%3B%0A%7D%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%20%20%20%20print_sum(5%2C%206)%3B%0A%7D%0A%0Afn%20print_sum(x%3A%20i32%2C%20y%3A%20i32)%20%7B%0A%20%20%20%20println!(%22%D1%81%D1%83%D0%BC%D0%BC%D0%B0%20%D1%87%D0%B8%D1%81%D0%B5%D0%BB%3A%20%7B%7D%22%2C%20x%20%2B%20y)%3B%0A%7D%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20print_sum(x%2C%20y)%20%7B%0A%20%20%20%20println!(%22%D1%81%D1%83%D0%BC%D0%BC%D0%B0%20%D1%87%D0%B8%D1%81%D0%B5%D0%BB%3A%20%7B%7D%22%2C%20x%20%2B%20y)%3B%0A%7D%0A%7D

A3bIK IporpaMmupoBaHyst Rust

BbI yBUIUTE TaKytO OLIMOKY:

R AN

expected one of “!*, “:7, or '@, found *)°
fn print_number(x, y) {

OTO 0CO3HaAHHOe pellleHre TIPU MPOEKTHPOBAHUM $Si3bIKa. beccropHO, BBIBOJ, TMIIOB BO BCeM
rporpamMmMe Bo3MokeH. OzHako faxke B Haskell currtaeTcsi XopoimM CTU/IEM SIBHO JOKYMEHTHPOBATh
TUMBl (DYHKI[MM, XOTS B 3TOM S3blKe W BO3MOKEH TOJHBbIM BBIBOZ THUIOB. MBI CuMTaeM, 4TO
MIPUHYANUTE/IbHOE OOBsiB/IeHWe TUTIOB (DYHKIMM TIPU COXPaHEHWH JIOKaJbHOTO BLIBOZIA THUTIOB — 3TO

XOPOIIUIA KOMITPOMHUCC.
Kak HacuéT Bo3BpalaemMoro 3HaueHusi? BoTt QyHKIMs, KOTopasi mpubaB/isieT OAWH K 11eJIOMY:

fn add one(x: i32) -> i32 { Run
X + 1

@OyHkiMM B Rust BO3BpallalOT POBHO OJHO 3HaueHWe, TUM KOTOPOTO OOBSIB/ISETCS TMOC/e
«cTpenku». «CTpenka» mpe/cTaBiisieT coboit geduc ( - ), 3a KOTOPBIM C/ieflyeT 3HaK «Oombiie» (>).

3ameThbTe, UTO B QYHKLIMH BbIlle HET TOUKH C 3arisiToil. Ecimm 661 Mbl 106aBUIM €€:

fn add one(x: i32) -> 132 { Run

X + 1;

MbI OBbI TIOTyUH/TH OLLIHOKY:

error: not all control paths return a value
fn add one(x: i32) -> i32 {
X + 1;

help: consider removing this semicolon:
X + 1;

SAECB MOKa3aHbl [B€ HHTEpeCHbIE ocobennoctd  Rust. BO-HepBLIX, O5TO  A3BIK,
OpI/IEHTI/IpOBaHHHﬁ Ha BbIpA’K€HHSA, U BO-BTOPbLIX, CMBIC/I TOUKH C 3aIATOM OT/IMYAeTCs OT CMbBIC/A
dHAJIOTMYHOI'0 CMMBOJIA B APYIrHUX fA3bIKAX C CMHTAKCHMCOM Hd OCHOBE ¢HTyprD(CK060K N TOUYKHU C

3ansITON. JTH J[Be 0COOEHHOCTH CBSI3aHbl.

BbipaxkeHnsa 1 onepaTopsl

Rust — B mepByro ouepe/p s3bIK, OPUEHTHPOBaHHBIM Ha BblpakeHUs. ECTb To/bKO /Ba THIa

OI1epaTopOB, a BCE OCTA/IbHOE SBJISIeTCS] BbIpaKeHHUEeM.

A B uém e pa3Hulja? BreipakeHue BO3BpalljaeT 3HaUeHKe, B TO BpeMs Kak Oreparop - HeT. BoT
rnoueMy Mol TiofaydaeM 3gech «not all control paths return a value»: omepatop X + 1; He
BO3BpalljaeT 3HaueHre. ECTb /1Ba THIa oriepatopoB B Rust: «orepaTtopbl 00bsIB/IEHUs» U «OTepaTopbl
BbIDaKeHUsi». Bce ocraspHOe — BbIpaKeHWs. [laBaiiTe cHauasa TOTOBOpUM 00 oOrmeparopax

00BAB/ICHYS.
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20add_one(x%3A%20i32)%20-%3E%20i32%20%7B%0A%20%20%20%20x%20%2B%201%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20add_one(x%3A%20i32)%20-%3E%20i32%20%7B%0A%20%20%20%20x%20%2B%201%3B%0A%7D%0A%7D

A3BIK IporpaMmupoBaHyst Rust

Onepamop o6®ssi8/1eHUs — 3TO CBs3biBaHWEe. B HEKOTOPBIX SI3bIKAaX CBsi3bIBaHHE TepeMeHHBIX

MOJKeT OBITBH 3aICaHO KaK BhIpa)KeHHUE, a He TO/IbKO Kak oreparop. Harpumep, B Ruby:
X =y =5

OpHako, B Rust ucrnonib3oBanue Let fyis cesi3biBaHust He sgisiemcs BoipakeHreM. Criey oyl

KO/l BBI3OBET OU_II/I6Ky KOMITW/IALIUKA:

let x = (let y = 5); // expected identifier, found keyword "let" F{Ljr]

31ech KOMITWIATOP COOOIIMI HaMm, uTO OXKWZal YBUAETh BbipakeHue, Ho Let sBisercs

OTepaTopoM, a He BbIpayKeHHEM.

O6patute BHMMaHHWe, UTO TIPUCBOEHHE Y)Ke CBSI3aHHOW repeMeHHOW (Hampumep: Yy = 5)
SIB/ISIETCS BBIPA)KEHUEM, HO ero 3HaueHHe He 0COOeHHO Mose3Ho. B oTnnuue oT Apyrux sI3bIKOB, I7ie
pe3y/ibTaTOM TIPUCBaMBaHUs SIB/ISIETCS TIPHCBaMBaeMOe 3HaueHWe (Hampumep, 5 W3 mpeabiayiero

nprMepa), B Rust 3HaueHHeM MTPUCBAUBAHMS SIBISIETCS TyCTOM KopTex () .

0
(-
-]

let mut y = 5;

let x = (y = 6); // x byneT npucBOeHO 3HayeHue (), a He "6

BTOprM TUIIOM OI1€epaTopoOB B Rust sBnsietcs onepamop eblpaxiceHus. Ero Lejb - IMpeBPATUTH
moboe BbIpA>K€HHME B OIIepaTop. B IMPAKTUYECKOM TIlJIaHE, TPpaMMdTHKa Rust 0XHWJaeT, 4TO 3d
oreparopamMu 6y,E[YT HUATU ADyTHeE OIiepaTopbl. ITO 03Ha4dadeT, YTO BbI UCIIOJ/Ib3YETE€ TOUKY C 3ansaTON
AJId OTAe/IeHrud BLIpa)KeHI/Iﬁ Apyr OT Apyra. Rust BBIIVIAAUT KdK MHOTHE [OPpYyrue A3bIKHW, KOTOPbIE
Tp86YI-OT HCII0J/Ib30BATh TOUKY C 3arsaTol B KOHIIe Ka)K,Z[Oﬁ CTPOKH. Bhi yBUAUTE eé B KOHILIe TTOYTH

Ka)XX/IOM CTPOKH Kojia Ha Rust.
13-3a uero Mbl TOBOPUM «ITOUTH»? BbI 3TO yKe BUZIEJTU B 3TOM IIPUMeEpe:

fn add one(x: 132) -> i32 {
X+ 1

P
c
>

Hariia dyHKiust 00bsiBlieHa Kak Bo3Bpamjaroias 132 . Ho ec/i B KOHIIE eCTh TOUKA C 3allsTOH,
TO BMeCTO 3TOro (yHKIws BepHET () . Kommmsitop Rust o6pabarbiBaeT 3Ty CUTYALMIO U Mpe/jjiaraeT

YAAQJIATE TOUKY C 3arsTOM.

J[l0CpOYHbIii BO3BPAT M3 OYHKLIMY

A 4YTO HacuéT JOCPOUHOro BO3BpaTa U3 (GYHKUMHU? Y HAC eCTb [Jisi 3TOro K/IOUueBOoe CJI0BO
return:

fn foo(x: i32) -> i32 { Run
return X,

// DanbHewun Kop He OypeT MCnosiHeH!
X + 1
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%20(let%20y%20%3D%205)%3B%20%2F%2F%20expected%20identifier%2C%20found%20keyword%20%60let%60%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20mut%20y%20%3D%205%3B%0A%0Alet%20x%20%3D%20(y%20%3D%206)%3B%20%20%2F%2F%20x%20%D0%B1%D1%83%D0%B4%D0%B5%D1%82%20%D0%BF%D1%80%D0%B8%D1%81%D0%B2%D0%BE%D0%B5%D0%BD%D0%BE%20%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%60()%60%2C%20%D0%B0%20%D0%BD%D0%B5%20%606%60%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20add_one(x%3A%20i32)%20-%3E%20i32%20%7B%0A%20%20%20%20x%20%2B%201%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20foo(x%3A%20i32)%20-%3E%20i32%20%7B%0A%20%20%20%20return%20x%3B%0A%0A%20%20%20%20%2F%2F%20%D0%B4%D0%B0%D0%BB%D1%8C%D0%BD%D0%B5%D0%B9%D1%88%D0%B8%D0%B9%20%D0%BA%D0%BE%D0%B4%20%D0%BD%D0%B5%20%D0%B1%D1%83%D0%B4%D0%B5%D1%82%20%D0%B8%D1%81%D0%BF%D0%BE%D0%BB%D0%BD%D0%B5%D0%BD!%0A%20%20%20%20x%20%2B%201%0A%7D%0A%7D

A3bIK IporpaMmupoBaHust Rust

return MoxxHo HamucaTh B HOCJ'IE,Z[H@I‘/JI CTPOKe TeJjia d)yHKL[I/II/I, HO 5TO CUHTAETCA IIJIOXUM

CTU/IeM:

fn foo(x: i32) -> i32 { Run
return x + 1;

Eciu BeI HUKOT[]a He paboTaiu C s3bIKOM, B KOTOPOM OIT€PATOPhI SIBJISIIOTCS BhIPAaXKEHUSIMH,
npeapiAyIee orpefesnieHre 6e3 return moxeT roka3atbCsi BaM CTpaHHBIM. HO CO BpeMeHeM BbI

IIPOCTO IepecCTaHeTe 3aMeddThb 3TO.

Pacxoasaiimnecs yHKLMK

Hns  dyHKIM, KOTOpble He BO3BpALLAlOT YIipaB/ieHue («pacxofsammxcsi»), B Rust ecTb

CHeuHaﬂbeIﬁ CHUHTAKCHUC:

fn diverges() -> ! { F(LJF]

panic!("3Ta ¢yHKuMA He BO3BpawaeT ynpasneHue!");

panic! — 3710 makpoc, kak u println! (), xoropslii Mbl BcTpeuanu paHee. B orivune ot
println! (), panic!() Bei3bIBaeT OCTAHOBKY TEKYIEro IOTOKA WCIIOJHEHMSI C 3a[aHHbIM
coobirienreM. TTOCKO/IbKY 3Ta (YHKIUsI BbI3bIBAET OCTAHOBKY WMCIIO/HEHMsI, OHa HUKOIZAa HE BEPHET
yripaBieHue. [103TOMy THIT €€ BO3BpAIlaeMOro 3HaueHusi 0003HavyaeTCst 3HaKOM ! W uMTaeTcs Kak

«PaCXoauTCa».

Ecmu go6aBute ¢GyHkouio diverges() wu 3anycturs e€, TO Bbl IONYUYWTe C/IeAYIOIee

coobirieHue:

thread ‘<main>’ panicked at ‘3ta ¢yHKums He Bo3BpawaeT ynpasBnenue!’, hello.rs:2

[ns monyuenve 6osiee moApOOHON WH(OpPMALUM BBl MOXKETe TOCMOTPETb TPAaCCUPOBKY

ycranoBuB nepemennyto cpeabl RUST BACKTRACE:

$ RUST BACKTRACE=1 ./diverges

thread '<main>' panicked at 'STta ¢yHkums He Bo3BpawaeT ynpasneHue!', hello.rs:2
stack backtrace:

1: 0x7f402773a829 - sys::backtrace::write::h0942de78b6c02817K8r

2: 0x7f402773d7fc - panicking::on _panic::h3f23f9d0b5f4c91budw

3: 0x7f402773960e - rt::unwind::begin unwind inner::h2844b8c5e81e79558Bw

4: 0x7f4027738893 - rt::unwind::begin unwind: :h4375279447423903650

5: 0x7f4027738809 - diverges::h2266b4c4b850236beaa

6: 0x7T40277389e5 - main::h19bb1149c2f00ecfBaa

7: 0x7f402773f514 - rt::unwind::try::try fn::h13186883479104382231

8: 0x7f402773d1d8 -  rust try

9: 0x7f402773f201 - rt::lang_start::hal72a3ce74bb453aK5w

10: 0x7f4027738al19 - main

11: 0x7f402694ab44 -  libc start main

12: 0x7f40277386¢c8 - <unknown>

13: 0x0 - <unknown>

RUST BACKTRACE rtaxke pabotaet npu BbIMOJTHEHUH KOMaH/bI FUN :
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20foo(x%3A%20i32)%20-%3E%20i32%20%7B%0A%20%20%20%20return%20x%20%2B%201%3B%0A%7D%0A%7D
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A3bIK IporpaMmupoBaHyst Rust

$ RUST BACKTRACE=1 cargo run

Running "target/debug/diverges’
thread '<main>' panicked at 'dTta ¢yHkumua He Bo3BpawaeT ynpasneHue!', hello.rs:2
stack backtrace:

1:

O© 00 N O U & W N

el
w N R o

0x7f402773a829
0x7f402773d7fc
0x7f402773960e
0x7f4027738893
0x7f4027738809
0x7f40277389e5
0x7f402773f514
0x7f402773d1d8
0x7f402773f201
0x7f4027738al9
0x7f402694ab44
0x7f40277386¢c8

0x0

sys::backtrace: :write: :h0942de78b6c02817K8r
panicking::on_panic::h3f23f9d0b5f4c91budw
rt::unwind: :begin_unwind_inner::h2844b8c5e81e79558Bw
rt::unwind: :begin_unwind::h4375279447423903650
diverges: :h2266b4c4b850236beaa
main::h19bb1149c2f00ecfBaa
rt::unwind::try::try fn::h13186883479104382231
__rust_try

rt::lang start::hal72a3ce74bb453aK5w

main

__libc_start main

<unknown>

<unknown>

3HaueHHe pacxoZsieiics GyHKLMU MOXKeT ObITh MCII0/Ib30BaHO KaK 3HaueHue M000ro TUMa:

let x: 132 = diverges();

let x: String = diverges();

Run

Ykazarenn Ha oyHKUMK

MO>KHO 00BSIBUTE MMsI, CBSI3aHHOE C (DYHKI[HEM:

let f: fn(i32) -> i32;

Po)
(e
-]

f — 910 Hnms, CBA3aHHOE€ C YyKd3dTe/ieM Hd ('I)YHKL]I/II-O, KOTOpad TIpUHKUMAET B KdueCTBe

aprymenTa 132 u Bo3pairjaer 132 . Hampumep:

fn plus _one(i: i32) -> i32 {

i+

1

// 6e3 BbiBOOA TuUNa
let f: fn(i32) -> i32 = plus_one;

// C BbIBOOOM Tuna
let f = plus_one;

P
c
>

Teriepb MbI MOXKEM UCII0/Ib30BaTh T, uTOGBI BbI3BaTh QYHKIHIO:

let six

f(5);

pe)
c
-]

5.1. CeassiBanue uM€H5.3. IIpoCTbie TUIILI
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20f%3A%20fn(i32)%20-%3E%20i32%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20plus_one(i%3A%20i32)%20-%3E%20i32%20%7B%0A%20%20%20%20i%20%2B%201%0A%7D%0A%0A%2F%2F%20%D0%B1%D0%B5%D0%B7%20%D0%B2%D1%8B%D0%B2%D0%BE%D0%B4%D0%B0%20%D1%82%D0%B8%D0%BF%D0%B0%0Alet%20f%3A%20fn(i32)%20-%3E%20i32%20%3D%20plus_one%3B%0A%0A%2F%2F%20%D1%81%20%D0%B2%D1%8B%D0%B2%D0%BE%D0%B4%D0%BE%D0%BC%20%D1%82%D0%B8%D0%BF%D0%B0%0Alet%20f%20%3D%20plus_one%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20plus_one(i%3A%20i32)%20-%3E%20i32%20%7B%20i%20%2B%201%20%7D%0Alet%20f%20%3D%20plus_one%3B%0Alet%20six%20%3D%20f(5)%3B%0A%7D

SA3BIK IporpaMmupoBaHyst Rust

[1poCTble TUMbI

A3bIK Rust WMeeT HEeCKOJIbKO THIOB, KOTOPbI€ CUMTAIOTCS «IPOCTHIMU» («IIPUMUTHUBHBIMUY ).
OTO 03HauaeT, UYTO OHU BCTPOEHBI B SI3bIK. RuSt CTPYKTypHUpOBAaH TaKuM 00pa3oM, UTO CTaHJapTHast
OubMMoTeKa Tak)Ke TIPeAOCTAB/SIET Psifi TIOMe3HbIX TUIIOB, MOCTPOEHHBIX Ha 0asze 3THUX TPOCTHIX

TUIIOB, HO 3TO CaMble IIPOCThIE.

Jlornyeckmit Tmn

Rust MMeeT BCTPOEHHbLIA JIOTMUeCcKUil TwIl, HasbiBaeMbli b0Ol. OH MoXeT mpuHMMAaTL [Ba
3Hauenus, true u false:

let x = true; Run

let y: bool = false;

Jlornueckue THIILI UaCTO HCIIOJIb3YIOTCA B KOHCTDYKIIWH l_f .

Bbl MOkeTe HaiTh Gosibliie MHOpPMaL|K 0 joruueckux tumax (bool) B mokymenraimn k

CTaHJapPTHOW OubaroTeKke (aHri.).

CnmBO/bI

Tun char mnpeacrasnser coboii oguHOUHOe cKajsspHOe 3HaueHwe Unicode. Bbel MokeTe

cosgate Char c momorpio OfMHAPHBIX KaBbiuek: (')

let x = 'x'; Run

let two _hearts = '[]';

OTO O3HauaeT, UTO B OT/IAUME OT HEKOTOPLIX APYIUX SA3BIKOB, char B Rust npeacraBjieH He

OJHHUM 6aﬁTOM, d YEeTbIPpbMH.

BbI MOXKeTe HaiiTH 60s1bIlie HHpOpPMaLK 0 ciMBosiax (Char) B JOKyMeHTALMH K CTaHAapTHOH

oubaroTeke (aHr.).

UncnoBble TUNbI

Rust MeeT 1e/IbIid psifi UUCIOBBIX TUTIOB, Pa3[e/IEHHBIX Ha HeCKOJIBKO KaTerOpHii: 3HaKOBbIe U
Oe33HaKoBbIe, (PMKCHPOBAHHOTO W TIEPEMEHHOr0 pa3Mepa, YuC/a C TJIaBalolleill TOUKOW U LieJibie

yuciia.

OTU THIBI COCTOSIT M3 JBYX 4YacTei: Kareropust u pa3mep. Hampumep, Ulb mpencrapssiet
coboti T 6e3 3HaKa C pa3MepoM B IeCTHA/aTh OUT. YeM OO/BIIMM KOJTUUEeCTBOM OWUT TIpe/ICTaB/IeH

THII, TeéM OOJIBIIIEE UKCIO MBI MOYKEM 3a/14aThb.

Ecnu [J1 YMCJIOBOI'O JIMTE€PaJ/ld He YKa3dH THII, TO OH 6y,qu BbIB€/ZI€H 110 YMOJ/IYdaHUIO:
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A3bIK IporpaMmupoBaHyst Rust

let x = 42; // x umeeT Tun i32 Run

let y 1.0; // y wMmeeT Tun f64

Hwxe rnpeacTaB/ieH CIKUCOK Pa3/IMUHbIX UMC/I0BBIX TUIIOB, CO CChIJIKAMU Ha UX AJOKYMEHTAlWIO

B CTaHJ]apTHOM OUbIMoTEKe:
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[aBaiiTe NIpONEMCS 110 UX KaTerOpUsiM.

3HaKoBble N be33HaKoBble

Llesibie THIBI OBIBAIOT IBYX BH/IOB: 3HAKOBBIE U Oe33HaKoBbIe. UTOOBI MOHAThL pPa3HUILY, JaBaiiTe
pPacCMOTPUM YKC/JIO C Pa3MepoOM B ueTbipe OWTa. 3HAKOBble UeTHLIPEXOWTHBIE UYHMCIIA, TI03BOJISIOT
XpaHUTh 3HaueHusi OT -8 /0 +7. 3HaKOBBIE UMCJ/IA WCIIOJIB3YIOT TPeCTaBlIeHUe «IOTOTHEHHEe /10
IBYX» (JOTIOHUTE/BHBIA KOZ). Be33HakoBble UeTHIPEXOWTHBIE UMC/IA, BBUAY TOrO UTO HE HY)KHO

XPaHHUTBb OTpULIATE/IbHbIE 3HaY€HUA, TTI03BOJIAOT XPAHWUTL 3HAUYEHHWSA OT 0 pilo) +15.

Be33HaKOBbIe THITbI UCTIONB3YIOT U [IJIst CBOeil KaTeropiiu, a 3HaKOBbIe THIThl UCTIO/B3YIOT 1. 1
o3HauaeT «integer». Tak, U8 mpezcraBisieT coboii uncio 6e3 3Haka C pa3mMepoM BoceMb OuT, a 18

npeacTaB/IdeT c000#i UKCII0 CO 3HAKOM C pa3MmepoMm BOCEMb ouT.

Tunbl pUKCMpoBaHHOIO pasmepa

Turiel ¢ HDUKCMPOBAaHHBIM Pa3MeEPOM COOTBETCTBEHHO UMEIOT (PMKCHPOBAHHOE KOTHUECTBO GUT
B CBOEM IIpe/icTaB/eHun. [lonycTuMbIMU pasmepamu sirsitotest 8, 16, 32, 64. Takum obpasom,
u32 npejcraenser coboi 1ies0e uncio 6e3 3Haka ¢ pasmepom 32 6ura, a 164 — 1je0e YKCIo CO

3HAKOM C pa3MepoMm 64 oura.

Tunbl NepemMeHHoro pasmepa

Rust Takxe rpefjocTaB/isieT TUIIbI, pa3Mep KOTOPbIX 3aBUCUT OT pa3mepa yKasaTesisl Ha Lie/ieBor
MaliHe. OTH TUITbl UMEIOT «Size» B Ha3BaHWM B KauyeCTBe IpU3HAKa pa3Mepa, U MOTYT OBITh

3HAaKOBbIMH WK Ge33HakoBbIMU. TakvM 06pa3omM, CyIiecTByeT JBa THra: 1Size u usize.
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http://doc.rust-lang.org/std/primitive.i16.html
http://doc.rust-lang.org/std/primitive.i32.html
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http://doc.rust-lang.org/std/primitive.u16.html
http://doc.rust-lang.org/std/primitive.u32.html
http://doc.rust-lang.org/std/primitive.u64.html
http://doc.rust-lang.org/std/primitive.isize.html
http://doc.rust-lang.org/std/primitive.usize.html
http://doc.rust-lang.org/std/primitive.f32.html
http://doc.rust-lang.org/std/primitive.f64.html

A3BIK IporpaMmupoBaHyst Rust

C nnasatoLein TOHKON

B Rust Takxe ecTb [Ba Tura c riaBatorieit Toukoii: T32 u T64. Onu coorBerctByioT IEEE-

754 ynciaM C 1y1aBarolleid TOYKoi OAMHAPHOW Y IBOMHOW TOYHOCTH COOTBETCTBEHHO.

MaccuBbl

B Rust, kak M BO MHOIMX [IpyIMX s3blKax IIPOrpaMMHUDOBaHUsl, €CTb THIIbI-
Mo c/ieloBaTeIbHOCTH, [/l TIpe/ICTaB/IeHUs TI0Ce/loBaTe/IbHOCTe HeKUX Belried. Camblid TIPOCTOM U3
HUX — 3TO MACCu8, TO eCTh T0C/Ie[0BaTe/IbHOCTh 37IEMEHTOB OAHOTO M TOTO ’Ke TWMa, MMeloliast

Cl)I/IKCI/IPOBElHHbIﬁ pa3smep. MaccuBbl HeU3MeHsIeMBI 110 YMOJ/ITYaHHUIO.

let a = [1, 2, 3]1; // a: [i32; 3] Run
let mut m = [1, 2, 31; // m: [i32; 3]

Maccuebl umetor Tun [T; NJ]. O 3Hauenur T MblI MOrOBOPUM TO3Ke, Koraa Oyzem

paccMmaTpuBaTh 00001IEHHOe nporpavMupoBadre. N — 3TO KOHCTaHTa BpeMeHM KOMITHJISLIVH,

Tnipe/icTaBsIoLast CO60M AJTMHY MacCHBa.

,Z[]'IH WHUIHA/IM3al1 BCEX 3JIEMEHTOB MdCCHBd OAHHWM U Te€M >Ke 3HaUeHHEM eCTb CHEL[I/IEIJIBHBII‘/JI

CUMHTaKcucC. B sTom npumMmepe Ka)KAbIﬁ 3/IeMeHT a 6y,£[ET WHHUILUA/IN3UPOBAH 3HAYEHHUEM 0:

let a = [0; 20]; // a: [i32; 20] Run

BbI MOYKeTe MOJIyUUTh YKC/IO 9JIEMEHTOB MacCHBa @ C IOMOII[bI0 MeToza a. Len () :

let a = [1, 2, 31; Run
println!("4Yucno snemeHTtoB B a: {}", a.len());

Brl MmoxxeTe MOJIyuUnuThb OHpe,ZLEHéHHbIﬁ 3/IEMEHT MaCCHBa C IMTOMOIIbIO UHOeKcda:
let names = ["Graydon", "Brian", "Niko"]; // names: [&str; 3] F{Ljr]

println!("BTtopoe wuma: {}", names[1]);

UHIeKCbl HYyMEpYIOTCsS C HyJISl, KaK U B GOJIBIIMHCTBE S3BIKOB MPOrPaMMUPOBAHMUS, MTOITOMY
MBI T10/Iy4aeM IepBoe uMs C romoriso Names|[0], a Bropoe — ¢ momornsio names [1] . Tpumep
BhILIe MeyataeT BTOpoe uMdA: Brian. Eciu Bel mombiTaeTech UCHO/b30BATh UH/EKC, KOTOPBIN He
BXO/IUT B MACCHUB, Bbl TIOJIyYUTe OLIMOKY: MPH A0CTYIIe K MACCUBAaM TIPOUCXOUT MTPOBEPKA IPaHMIL] BO
BpeMs UCTIO/IHeHUs NporpaMMbl. Takas omnMbouHast MOMbITKa JOCTYIa — MCTOYHHUK MHOTHX TIPO6/ieM

B [IPYTUX SI3bIKaX CUCTEMHOIO IMPOrpaMMHPOBaHUSI.

Bbl MokeTe HaWTH Oosbille wHMOpMalMM O MaccuBax (array) B IOKYMeHTaluu K

CTaHIapTHOU OubroTeke (aHru.).

Cpesbl
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20a%20%3D%20%5B1%2C%202%2C%203%5D%3B%20%2F%2F%20a%3A%20%5Bi32%3B%203%5D%0Alet%20mut%20m%20%3D%20%5B1%2C%202%2C%203%5D%3B%20%2F%2F%20m%3A%20%5Bi32%3B%203%5D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20a%20%3D%20%5B0%3B%2020%5D%3B%20%2F%2F%20a%3A%20%5Bi32%3B%2020%5D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20a%20%3D%20%5B1%2C%202%2C%203%5D%3B%0A%0Aprintln!(%22%D0%A7%D0%B8%D1%81%D0%BB%D0%BE%20%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2%20%D0%B2%20a%3A%20%7B%7D%22%2C%20a.len())%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20names%20%3D%20%5B%22Graydon%22%2C%20%22Brian%22%2C%20%22Niko%22%5D%3B%20%2F%2F%20names%3A%20%5B%26str%3B%203%5D%0A%0Aprintln!(%22%D0%92%D1%82%D0%BE%D1%80%D0%BE%D0%B5%20%D0%B8%D0%BC%D1%8F%3A%20%7B%7D%22%2C%20names%5B1%5D)%3B%0A%7D
http://doc.rust-lang.org/std/primitive.array.html

A3bIK IporpaMmupoBaHust Rust

Cpe3 — 93T0 cChl/IKa Ha (MU «TIPOEKLIUsI» B) APYTYIO CTPYKTYPY AaHHBIX. OHU MOJe3Hbl, Koraa
HY>KHO obecrieunth 6e3omacHbId, 3GhGEKTUBHBIM AOCTYNT K YaCTH MacCHBa 0e3 KOIHUpPOBaHUS.
Hanprmep, BO3MOXXHO BaM HY)KHO COC/IaThCSl Ha €AUHCTBEHHYHO CTPOKY (haiija, CUMTAaHHOTO B
namsiTh. M3-3a CBOel CChLIOYHOM MPUPO/bI, CPe3bl CO3[Al0TCsl He HampsMYlO, a M3 CYLeCTBYHOLIMX

CBSI3aHHBIX UMEH. Y Cpe30B eCThb [JIMHa, OHU MOT'YT OBITH U3MEHSAeMbI U/ HeU3MeHsIeMEI.

CUHHTakKkcuc cpesos

Jlist co30aHust CPE30B M3 Pa3/IMUHbIX CYI[HOCTEH MOXKHO MCII0/b30BaTh KombuHarmu & u [].
CumBon & yKasbIBaeT Ha TO, UTO CPe3bl CXOXKHU CO CChUIKAMMU, a B KBaZIpaTHBIX CKOOKAX YKa3bIBAaeTCsl

[iMara3oH, 3a/laollyil JyIMHY cpe3a:

let a = 1[0, 1, 2, 3, 4]; Run
let complete = &al[..]; // Cpe3, comepxawuih BCe 3MEMEHTHl MaccuBa a’
let middle = &all..4]; // Cpe3 "a : TONbKO 3neMeHTsl 1, 2, u 3

Cpe3sbl UMEIOT TU &[T]. O 3sHauennu T Mmbl TIOTOBOPHUM TI03)XKe, Korjja OyzieM pacCMaTpHBATh

00001118HHOE TTPOrPAMMUPOBAHMUE.

Bl MoxkeTe HaiiTu Gosibliie HHbOpMarLpy 0 cpe3ax (S11Ce) B JoKyMeHTalyy K CTaHAapTHOU

oubauoTeKe (aHrL.).

str

Tun str B Rust siBisieTcss Hanbosiee MPOCTBIM TUTIOM CTPOK. ITO Oe3pa3MepHEIi THUIT, TI0ITOMY
caMm 1o cebe OH He OueHb I10jie3eH, HO OH CTAHOBUTCS TI0JIe3HBIM TIPU WCITIO/IB30BaHUM CCHUIKH,
&str. IToka MpOCTO OCTAHOBUMCS Ha ITOM.

Brl Mo)keTe HaiiTi Gomblie nH(GoOpMaLuKM o cTpokax (Str) B mokymeHTannmn K craHIapTHOM

oubaroTeke (aHr.).

KopTexu

KopTtex — 3To roc/iefjoBaTe/ibHOCTh (PMKCHPOBAaHHOTO pa3Mepa. Bpoge Takoii:

let x = (1, "npuBeTt"); F{L]r]

OTOT KOpPTeX U3 /IBYyX 3JIeMEHTOB CO3/IaH C TIOMOIIbI0 CKOOOK M 3arsiToi MeX[y 37ieMeHTaMH.

Bort ToT xe KO, HO C aHHOTallUsAMU TUIIOB!:

let x: (i32, &str) = (1, "npuset"); F{Ljr]

Kak BbI MOXKeTe BH/IETb, THIT KOPTEXa BBIVISIIUT KaK CaM KOPTeX, HO MeCTa 3/IeMeHTOB
3aHUMAIOT THUIIbI. BHMMaTe/bHbIE UWTATe/IM TaKXKe OTMETST, UTO KOPTEKU TeTePOreHHBI: B ITOM
KOPTeXXe OJIHOBPEMEHHO XpaHsATcsa 3HaueHuss TumoB 132 wu &Str. B g3blKax CHCTEMHOIO
MPOrpaMMUPOBaHKs CTPOKM HEMHOTO 60Jiee CI0XKHBI, UeM B JPYTHX si3biKax. [T0Ka BBl MOXKETe UMTaTh

&str kak cpes cmpoku. Mbl BCKope y3HaeM 06 3ToM GoJibliie.
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%20(1%2C%20%22%D0%BF%D1%80%D0%B8%D0%B2%D0%B5%D1%82%22)%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%3A%20(i32%2C%20%26str)%20%3D%20(1%2C%20%22%D0%BF%D1%80%D0%B8%D0%B2%D0%B5%D1%82%22)%3B%0A%7D

A3bIK IporpaMmupoBaHyst Rust

MoyxHO IMPpUCBavBaTb O4WH KOPTEX APYroMy, eC/IkM OHU COAep>KaT 3HaueHHs OJWMHAKOBBIX THUIIOB

" UMEIOT OMHAKOBYIO dDHOCTL. ApHOCTb KOpTe)KEﬁ OJWHAKOBa, KOrja ux AJIMHa COBIIaJaeT.

let mut x = (1, 2); // x: (i32, i32) Run
lety = (2, 3); // y: (132, 132)

X =Y;

CToUT OTMETHUTH U eLé OFJMH MOMEHT, KaCaroL[UICs AJTMHbI KOPTEXKel: KOPTeXX HY/1eBOM /JTUHbI
((); mycToit KOpTeXk) 4acTO Ha3bIBAIOT «eAWHWYHBIM 3HaueHHeM». COOTBETCTBEHHO, THI TaKOro

3HAUeHUA — «EAI/IHI/IIIHLII‘/JI THUII».

JocTyn K TOJSIM KOpTeXXa MOXKHO TIOJMyYWTb C HOMOLBIO OeKoHcmpyupyloujezo let. Bot

rnpuMep:
let (x, y, 2) = (1, 2, 3); Run
println!("x ato {}", X);

[ToMHHTe, MbI TOBODWU/IM, UYTO JieBass uyacTb oreparopa Let wmoxker 6osblle, ueM TPOCTO
NpyUcBauBaTh UMeHa? Mbl UMeu BBUAY TO, UTO INpUBEZEHO Bbille. Mbl MO)KeM HamucaTb CjieBa OT
let uabson, 1, ecu OH COBMAJAeT CO 3HAYEHHEM CIIpaBa, TIPOU30M/AET MPUCBAUBAHKUE UMEH Cpa3y
HECKOJIbKUM 3HaueHusiM. B gaHHOM ciydae, let «aekoHCTpyupyeT» WM «pa30buUBaeT» KOPTEX, U

NpHUCBauBaeT ero 4acTU TPEM UMeHaM.
OTo oueHb yA06HBIH 111a6/I0H IPOrpaMMHPOBaHHUSI, U MBI elljé He pa3 yBUJUM ero.

Bbl MoxxeTte YCTPAHUTb HEOAHO3HAYHOCTb TPAKTOBKH [Jid KOPTEXd, COCTOALLEro M3 OAHOTO
SJIeMeHTa, U 3HAUYeHUs B ckobKkax ¢ MOMOIL b0 3aIIATOM:

(0,); // OBHO3MEMEHTHbIN KOpTex F(LJF]
(0); // HOnb B Kpyrmbix CKobkax

NHaekcauus KopTexeii

BrbI Takke MoXkeTe MOJIYUYUTb AOCTYII K ITOJIAM KOPTEXKd C IMTOMOIBIO MHAEKCALINN:

let tuple = (1, 2, 3); Run
let x = tuple.O;
let y = tuple.l;
let z = tuple.2;

println!("x is {}", x);

Kak u B Clydde MHAeKCalgii MaCCUBOB, MHAEKChl HAUMHAIOTCA C HYJIdA, HO 3[€Cb, B OT/IMUHE OT

MaCCHBOB, UCIIO/Ib3yeTcs ., aHe [].

Bel Moxkere HaiTh Oosbiie uHpopMmanuu o kKoprexax (tuple) B pokymenranmu k

CTaHIapPTHON Oub/roTeke (aHru.).
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20tuple%20%3D%20(1%2C%202%2C%203)%3B%0A%0Alet%20x%20%3D%20tuple.0%3B%0Alet%20y%20%3D%20tuple.1%3B%0Alet%20z%20%3D%20tuple.2%3B%0A%0Aprintln!(%22x%20is%20%7B%7D%22%2C%20x)%3B%0A%7D
http://doc.rust-lang.org/std/primitive.tuple.html

A3BIK IporpaMmupoBaHyst Rust

PyHKLUN
OyHKIUM TOXKe UMeIOT TUTl! DTO BHIIVIIANUT CJIeIYIOIIUM 0Opa3oM:
fn foo(x: i32) -> 132 { x } Run

let x: fn(i32) -> i32 = foo;

B JAaHHOM IIpuMepe X — 3TO «yKa3aTejlb Ha CIJYHKLII/II-O», KOTOpasd TIIpUHHUMAeT B KadyeCTBe

aprymenTta 132 u Bo3Bpairjaer 132.

5.2. dynkumnSs.4. KommeHTapun
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SA3BIK IporpaMmupoBaHyst Rust

KoMmmeHTapum

Terepb, Korza y Hac eCTh HeCKOJbKO (YHKIMM, Heraoxo Obl y3HaTb O KOMMEHTapUsiX.
KommeHTapuy — 3TO 3aMeTKH, KOTOpbIe BbI OCTaBJIsIeTe /IS IPYTUX MPOrPaMMUCTOB, UTOOBI TTIOMOYb
OOBbSICHUTb HEKOTOphbIe Beld B BaileM Koze. KOMMWisTOp B OCHOBHOM WrHOpPHpPYeT HUX («B

OCHOBHOM», TIOTOMY UTO €CTh J0OKyMeHTHPYIOL1e KOMMEeHTapuu U TIpPUMephbl B IOKYMEeHTALUN).
B Rust ectb ABd BHJld KOMMEHTAPHUEB: CNMPOUYHble KOMMeHmapuu 1 dOC-KOMMeHmaleu.
// CTpOYHble KOMMEHTapuuM — 3TO BCE 4YTO yrogHo nocne '//' v OO KOHU@ CTPOKMWU. F{Ljr]
let x = 5; // 3T0 TOXe CTPOYHbIA KOMMEHTapWW.

// Ecnu y Bac pnuHHoe obbsicHeHue gna 4vero-nubo, Bbl MOXeTe PacrnofioXMTb CTPOYHbIE
// KOMMEHTapuu oguH 3a apyrum. lMomectute npoben mexgy '//' M BalMM KOMMEHTapUEM,
// Tak Kak 3To bonee uymTtaemo.

,Z[pyroe NMpUMEHEHWEe KOMMEHTapus — 3TO dOC-KOMMEHTapHﬁ. DOC-KOMMEHTapI/If/Il HCIIO0J/Ib3YyeT

/// Bmecto //, v nopaep>xuBaeT Markdown-pa3smMeTKy BHYTpH:

/// TpnbaBngeMm eguHuULy K 3afaHHOMy 4ucny. F{Ljr]

///

/// # Examples

///

/177

/// let five = 5;

///

/// assert eq!(6, add one(5));

VT8

fn add one(x: i32) -> i32 {
X+ 1

[lpu Hammcanun doc-KOMMeHTapusi O4eHb TI0JIe3HO [00aB/sATh pasfenbl /sl apryMeHTOB,
BO3BpalljaeMbIX 3HaYeHHI U NPUBECTH HEKOTOPble IPUMephbl UCII0/Ib30BaHKUs. 3aMeThbTe, UTO 3/1eCh MbI
HCII0/Tb30Ba/Id HOBBIM Makpoc: assert eq!. Ou cpaBHHBaeT /iBa 3HaueHUst U Bbi3biBaeT panic!,
eC/Id OHU He paBHbI. Il IOKyMeHTalluK Takye INprUMepbl OUYeHb I0jie3Hbl. Tak ke eCcTb U Jpyroi

Makpoc, assert!, koropsiii BoisbiBaeT panic! korga sHauenue pasHo false.

Bbl MokeTe ucrosib3oBath Fustdoc ama reneparpu HTML- gokymeHTaiuu u3 3THx doc-

KOMMeHTapHeB, a Tak ke 3aIlycKa Kojja U3 IpYMepoB KakK TeCTOB.

5.3. ITpocTeie THNbIS.5. KoHCTpyKIiwms “if”
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%2F%2F%20%D0%A1%D1%82%D1%80%D0%BE%D1%87%D0%BD%D1%8B%D0%B5%20%D0%BA%D0%BE%D0%BC%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%B8%D0%B8%E2%80%AF%E2%80%94%20%D1%8D%D1%82%D0%BE%20%D0%B2%D1%81%D1%91%20%D1%87%D1%82%D0%BE%20%D1%83%D0%B3%D0%BE%D0%B4%D0%BD%D0%BE%20%D0%BF%D0%BE%D1%81%D0%BB%D0%B5%20'%2F%2F'%20%D0%B8%20%D0%B4%D0%BE%20%D0%BA%D0%BE%D0%BD%D1%86%D0%B0%20%D1%81%D1%82%D1%80%D0%BE%D0%BA%D0%B8.%0A%0Alet%20x%20%3D%205%3B%20%2F%2F%20%D1%8D%D1%82%D0%BE%20%D1%82%D0%BE%D0%B6%D0%B5%20%D1%81%D1%82%D1%80%D0%BE%D1%87%D0%BD%D1%8B%D0%B9%20%D0%BA%D0%BE%D0%BC%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%B8%D0%B9.%0A%0A%2F%2F%20%D0%95%D1%81%D0%BB%D0%B8%20%D1%83%20%D0%B2%D0%B0%D1%81%20%D0%B4%D0%BB%D0%B8%D0%BD%D0%BD%D0%BE%D0%B5%20%D0%BE%D0%B1%D1%8A%D1%8F%D1%81%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%B4%D0%BB%D1%8F%20%D1%87%D0%B5%D0%B3%D0%BE-%D0%BB%D0%B8%D0%B1%D0%BE%2C%20%D0%B2%D1%8B%20%D0%BC%D0%BE%D0%B6%D0%B5%D1%82%D0%B5%20%D1%80%D0%B0%D1%81%D0%BF%D0%BE%D0%BB%D0%BE%D0%B6%D0%B8%D1%82%D1%8C%20%D1%81%D1%82%D1%80%D0%BE%D1%87%D0%BD%D1%8B%D0%B5%0A%2F%2F%20%D0%BA%D0%BE%D0%BC%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%B8%D0%B8%20%D0%BE%D0%B4%D0%B8%D0%BD%20%D0%B7%D0%B0%20%D0%B4%D1%80%D1%83%D0%B3%D0%B8%D0%BC.%20%D0%9F%D0%BE%D0%BC%D0%B5%D1%81%D1%82%D0%B8%D1%82%D0%B5%20%D0%BF%D1%80%D0%BE%D0%B1%D0%B5%D0%BB%20%D0%BC%D0%B5%D0%B6%D0%B4%D1%83%20'%2F%2F'%20%D0%B8%20%D0%B2%D0%B0%D1%88%D0%B8%D0%BC%20%D0%BA%D0%BE%D0%BC%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%B8%D0%B5%D0%BC%2C%0A%2F%2F%20%D1%82%D0%B0%D0%BA%20%D0%BA%D0%B0%D0%BA%20%D1%8D%D1%82%D0%BE%20%D0%B1%D0%BE%D0%BB%D0%B5%D0%B5%20%D1%87%D0%B8%D1%82%D0%B0%D0%B5%D0%BC%D0%BE.%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%2F%2F%2F%20%D0%9F%D1%80%D0%B8%D0%B1%D0%B0%D0%B2%D0%BB%D1%8F%D0%B5%D0%BC%20%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D1%83%20%D0%BA%20%D0%B7%D0%B0%D0%B4%D0%B0%D0%BD%D0%BD%D0%BE%D0%BC%D1%83%20%D1%87%D0%B8%D1%81%D0%BB%D1%83.%0A%2F%2F%2F%0A%2F%2F%2F%20%23%20Examples%0A%2F%2F%2F%0A%2F%2F%2F%20%60%60%60%0A%2F%2F%2F%20let%20five%20%3D%205%3B%0A%2F%2F%2F%0A%2F%2F%2F%20assert_eq!(6%2C%20add_one(5))%3B%0A%2F%2F%2F%20%60%60%60%0Afn%20add_one(x%3A%20i32)%20-%3E%20i32%20%7B%0A%20%20%20%20x%20%2B%201%0A%7D%0A%7D

SA3BIK IporpaMmupoBaHyst Rust

KoHcTpykuma “if

if B Rust He CuUIBHO C/IOXKeH U Gosblie MOXoK Ha 1T B AMHAMUUECKH THUMHA3HPOBAHHBIX
sI3bIKaX, 4eM Ha 0osiee TPaUIIMOHHBIN U3 CUCTEMHBIX. [laBaiiTe TIOTOBOPUM O HEM, UTOOBI BbI TTOHSIH

HEKOTOpkbIe ero HrOaHChI.

if saBnsercs ommolt u3 dopm Gosee 0O6IIEro IMOHATHS, WMEHYEMOTO éemeneHueM. IOTO
Ha3BaHWe TPOM30ILI0 OT BeTBeM [epeBbeB: KOHEUHBIM pe3y/bTaT 3aBUCAT OT TOrO, Kakou U3

HECKOJ/IbBKUX BAPUAHTOB 6y,£[eT BbIGpaH.

if COAEep>XUT OAHO yC/ioOBUE, B 3dBUCHUMOCTH OT KOTOPOI'o 6y,£[€T BBITIOJ/IHATBECA O4HA U3 ABYX

BeTBeu:
let x = 5; Run
if x ==5{

println!("x paBHsetca natu!");

HpI/I M3MEHEeHUH 3HaueHMs X Ha Kakoe-aubo Apyroe, >Ta CTPOUYKd He GYAET BbIBE/IeHa Ha
JKpaH. Ecnu Ho,qp06Hee, TO KOrJa yC/JIOBUE 6y,ELET MMeThb 3HaueHue t rue, cne/:[y}omuﬁ 1ocjie Hero

0J10K KOJa BBITTO/THUTCA. B MPOTUBHOM C/Iydde — HeT.

briBaeT HY’>XHO UYTO-TO BBIINOJ/IHHUTBL, €C/IK YC/IOBHWE HE BbIITOJTHUTCSA (BLIpa)KEHI/Ie 6YAET HUMeThb

3Ha4YeHue false). B Takom CIydde MOXXHO HCIT0/Ib30BATh else:

let x = 5; Run

if x == 5 {

println!("x paBHsetca natu!");
} else {

println!("x 3710 He naATb :(");

Kora Heo6xoamMo 6osibiiie 0ffHOro BbIOOpa, MOXKHO MCIonb30Bath €lse if:

let x = 5; Run

if x =5 {
println!("x paBHseTca natu!");
} else if x == 6 {
println!("x 370 wectb!");
} else {
println!("x 3TO HM NATb, HU wecTb :(");

}

Bcé 310 0BOMBHO Mpo3anyHOo. OHAKO, BbI TAK)Ke MOXKETe CZe1aTh TAKYH0 LITYKY:
let x = 5; EiLl[l
let y = if x == 5 {

10
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%205%3B%0A%0Aif%20x%20%3D%3D%205%20%7B%0A%20%20%20%20println!(%22x%20%D1%80%D0%B0%D0%B2%D0%BD%D1%8F%D0%B5%D1%82%D1%81%D1%8F%20%D0%BF%D1%8F%D1%82%D0%B8!%22)%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%205%3B%0A%0Aif%20x%20%3D%3D%205%20%7B%0A%20%20%20%20println!(%22x%20%D1%80%D0%B0%D0%B2%D0%BD%D1%8F%D0%B5%D1%82%D1%81%D1%8F%20%D0%BF%D1%8F%D1%82%D0%B8!%22)%3B%0A%7D%20else%20%7B%0A%20%20%20%20println!(%22x%20%D1%8D%D1%82%D0%BE%20%D0%BD%D0%B5%20%D0%BF%D1%8F%D1%82%D1%8C%20%3A(%22)%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%205%3B%0A%0Aif%20x%20%3D%3D%205%20%7B%0A%20%20%20%20println!(%22x%20%D1%80%D0%B0%D0%B2%D0%BD%D1%8F%D0%B5%D1%82%D1%81%D1%8F%20%D0%BF%D1%8F%D1%82%D0%B8!%22)%3B%0A%7D%20else%20if%20x%20%3D%3D%206%20%7B%0A%20%20%20%20println!(%22x%20%D1%8D%D1%82%D0%BE%20%D1%88%D0%B5%D1%81%D1%82%D1%8C!%22)%3B%0A%7D%20else%20%7B%0A%20%20%20%20println!(%22x%20%D1%8D%D1%82%D0%BE%20%D0%BD%D0%B8%20%D0%BF%D1%8F%D1%82%D1%8C%2C%20%D0%BD%D0%B8%20%D1%88%D0%B5%D1%81%D1%82%D1%8C%20%3A(%22)%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%205%3B%0A%0Alet%20y%20%3D%20if%20x%20%3D%3D%205%20%7B%0A%20%20%20%2010%0A%7D%20else%20%7B%0A%20%20%20%2015%0A%7D%3B%20%2F%2F%20y%3A%20i32%0A%7D
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} else {
15
Y // y: 132

KoTopyto MbI MOXKeM (M [JO/KHBI) 3aMycaTh IPUMEPHO CIeAYIOMIMM 00pa3oM:

let x

5; F{Lln
let y =if x =5 {10 } else { 15 }; // y: 132

O1o paboraer, motomy uto 1T sBisieTcst BhIpakeHHeM. Ero 3HaueHWeM SIBJISIETCS 3HAUEHHE
MOC/IeZIHEr0 BhIpKeHUs U3 BeiOpaHHoi BetBu. 1T Ge3 else Bcerga Bo3spamjaer () B KayecTse

3HAUYeHUs.

5.4. KomMeHTaprun5.6. LIMKIbI
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%205%3B%0A%0Alet%20y%20%3D%20if%20x%20%3D%3D%205%20%7B%2010%20%7D%20else%20%7B%2015%20%7D%3B%20%2F%2F%20y%3A%20i32%0A%7D

SA3BIK IporpaMmupoBaHyst Rust

LinKnbl

Ha manHbIM MOMeHT B Rust ecTb TpH criocoba opraHM30BaTh LIUK/IAYECKOE WCTIOJTHEHWe Ko/ja.

O1o loop, while u for. ¥ kaxgoro nogxoga CBOE nmpuMeHeHHe.

Linknbl Loop

Beckoneunslii 1k (lOOP) — mpocreiimas ¢opma 1pkaa B Rust. C MOMOIIBHO 3TOr0
KJ/IFOUEBOT'O C/I0Ba MOYKHO OPraHM30BaTh LUK/, KOTOPbIM TIPO0/DKAETCs, TIOKA He BBITTOJTHUTCS KaKOu-

mbo oreparop, TipepbIBaroIui ero. beckoHeUHbI LUK B Rust BBIT/IAIUT Tak:

loop { Run

println! ("3auuknunuce!");

Lmknbl while

Lukn while — 1o emé ofuH B1/ KOHCTPYKLIMK [MK/Ia B Rust. BBIIISIAUT OH Tak:

let mut x = 5; // mut x: 132 F{Ljr]
let mut done = false; // mut done: bool

while !done {
X += X - 3;

printin!("{}", x);

if x %5 =0 {
done = true;

On MpUMEHAETCdA, €C/IM HEHU3BeCTHO, CKOJIbKO pd3 HYXHO BBLIIIOJIHUTL TeJIO LHK/IA, YTOOLI
MOJIYy4YUTb pe3yJ/ibTar. HpI/I KaH(,E[Oﬁ HUTepalir LUK/Ia IpoBepAeTcd yCc/ioBue, U eC/ii OHO UCTUHHO, TO

3arycKaeTcst cieytoiast urepaisi. Muaue ipika While saeeprmaercs.

Ecnu Bam HY>XeH 6eCKOHEeUHBIH LUKJI, TO MOXXeTe CAe/1dTh YC/I0OBHE BCerid MCTUHHBIM:

pe)
c
-]

while true {

O/iHaKo, /i/Isk TAKOTO C/iyyas B Rust MMeeTcst K/roueBoe C/ioBo LOOP :

0
-

loop { u

B Rust aHanu3aTop IOTOKA yIpaB/ieHuss o6pabarbiBaeT KOHCTPYKLMI0O LOOP HHaye, ueM
while true, xora gna Hac 310 ogHO M Toe. Ha JaHHOM 3Tare m3ydyeHust Rust HaM He BaKHO
3HaTb B 4YeM KMMEHHO pa3/IMuue MeXAy STUMU KOHCTPYKLMSMM, HO €C/IM Bbl XOTHTE CJleJlaTh
GeCKOHEUHBIN LMK/, TO HCIO/Ib3yHTe KOHCTPYKLMIO LOOP. KOMIMIATOp CMOXET TpaHC/AMPOBaTh

Balll KoJ B Oosiee 3¢peKTUBHBIN 1 Oe30TIaCHBIN MAIlIMHHBIN KOZ,.

Huksl


https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aloop%20%7B%0A%20%20%20%20println!(%22%D0%97%D0%B0%D1%86%D0%B8%D0%BA%D0%BB%D0%B8%D0%BB%D0%B8%D1%81%D1%8C!%22)%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20mut%20x%20%3D%205%3B%20%2F%2F%20mut%20x%3A%20i32%0Alet%20mut%20done%20%3D%20false%3B%20%2F%2F%20mut%20done%3A%20bool%0A%0Awhile%20!done%20%7B%0A%20%20%20%20x%20%2B%3D%20x%20-%203%3B%0A%0A%20%20%20%20println!(%22%7B%7D%22%2C%20x)%3B%0A%0A%20%20%20%20if%20x%20%25%205%20%3D%3D%200%20%7B%0A%20%20%20%20%20%20%20%20done%20%3D%20true%3B%0A%20%20%20%20%7D%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Awhile%20true%20%7B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aloop%20%7B%0A%7D
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Linknel for

Lukn Tor HyxeH ast moBTOpeHust 610Ka Ko/ia orpeje/ieHHoe KomnuuecTso pas. Lukiel TOr B
Rust paboTaroT HeMHOro WHaye, YyeM B JPYIMX si3bIKaX MporpamMMmupoBaHus. Hampumep B Cu-

10I06HOM sI3bIKe LMK/ TO I BBIISAAUT Tak:

for (x = 0; x < 10; x++) {
printf( "%d\n", x );

OpHako, 3ToT Kof, B Rust OyzieT BBIT/IAeTh CIeAyIOMM 00pa3oM:

for x in 0..10 { Run
printin! ("{}", x); // x: i32

}
MO’KHO TIpe/ICTaBUTh LUK/ Oosiee abCTpaKTHO:

for nepemeHHas in BbipaxeHue { F{Ljr]
TeNno_uukna

}
BelpakeHre — 3T0 urepatop. VIX ™Mbl OyZeM paccMaTpvBaTh MO3Ke B 3TOM PYKOBOJCTBE.

WTeparop BO3BpAIllaeT CEPUI0 3/IEMEHTOB, IJe KaXKIbli 3/1IeMeHT Oy/eT SIBASAThCS OJHON uTepalyei
[MK/Ia. 3HAUeHKe 3TOTO 3JIeMEeHTa 3aTeM MpPHUCBauBaeTCst MePEeMeHHOWN, Kotopasi Oy/eT JOCTyIHaA B
Tesie 1ukia. [locne okoHuUaHWsl Tena LWMKA, Oepércsi credyrolljee 3HaueHHWe WTepaTopa U CHOBA

BBITIO/THAETCA TeJIO LIUK/IA. KOF,Z[EI B UTepATOPE 3dKOHYATCA 3HAYE€HUWsA, TUKII for 3dBepIIdAeTCH.

B Hamem mpumepe, 0..10 — 3T0 BhIpakeHHe, KOTOpOe 3a/jaéT HayalbHOE U KOHEUHOEe
3HayeHHe, U BO3BpaljaeT uteparop. ObparuTe BHUMaHHe, UTO KOHEUHOE 3HaueHHe He BK/II0YaeTCs B

Hero. B Hauiem npumepe OyayT Haredatadbl urcia ot O 1o 9, Ho He Oyget Hameuarano 10.

B Rust HAME€PEHHO HeT LrKJ/Ia for B crune C. prElBJIHTB Ka>XIbIM 3/IEMEHTOM IHKJ/Id

BPYUYHYHO CJIO)KHO, X 5TO MOXXeT IMPUBOJUTL K omrbkam AdXKe Yy OIIbITHBIX IMPOIrPAMMKMCTOB Ha C.

[MepeuncneHue

Eciv BBl XOTUTE OTC/IEXKHUBATH UWCIO TPOLIEAIINX UWTepalyii, HUCTOoNb3ylTe QYHKLHIO
.enumerate().

C MHTepBanamu

pe)
c
-]

for (i,j) in (5..10).enumerate() {
println!("i = {} n j = {}", i, j);

}

BriBoguT:
i=0wuij=>5
i=1unj=6
i=2wunj=17
i=3uj=28

Huksl 76


https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afor%20x%20in%200..10%20%7B%0A%20%20%20%20println!(%22%7B%7D%22%2C%20x)%3B%20%2F%2F%20x%3A%20i32%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afor%20%D0%BF%D0%B5%D1%80%D0%B5%D0%BC%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F%20in%20%D0%B2%D1%8B%D1%80%D0%B0%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5%20%7B%0A%20%20%20%20%D1%82%D0%B5%D0%BB%D0%BE_%D1%86%D0%B8%D0%BA%D0%BB%D0%B0%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afor%20(i%2Cj)%20in%20(5..10).enumerate()%20%7B%0A%20%20%20%20println!(%22i%20%3D%20%7B%7D%20%D0%B8%20j%20%3D%20%7B%7D%22%2C%20i%2C%20j)%3B%0A%7D%0A%7D
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i=4unj=09

He 3a0yzapTe HarmicaTh CKOOKH BOKPYT MHTEpBasa.

C nteparopamu

let lines = "npuset\nmup\nhello\nworld".lines(); F{Ljr]
for (linenumber, line) in lines.enumerate() {
printtn! ("{}: {}", linenumber, line);
}
Outputs:
0: npusert
1: mup
2: hello
3: world
PaHHee npepbiBaHNe LnKa
[agaiite erié pa3 mocMoTpum Ha ki while:
let mut x = 5; Run

let mut done = false;

while !done {
X += X - 3;

printin!("{}", x);

if x %5 =0 {
done = true;

B 3TOM MnpuMepe B YCJIOBMU [/l BBIXOJA W3 LIMK/JIA MCIO/b3yeTcs u3MeHsemoe ums done
noruyeckoro tuma. B Rust MMeIOTCA /[Ba KI/KOUYEBBIX CJI0Ba, KOTOpbIe IOMOraiT paboTarb C
ureparuamuy npkaa: break u continue.

MbI MOKeM IeperucaTh LUK ¢ momomnipio break , uroobr nusbasuthes oT epemenHoit done:

let mut x = 5; Run

loop {
X += X - 3;

printin!("{}", x);

if x %5 =0 { break; }

Termepb MbI HCIIO/Nb3yeM OeCKOHeuHbld [uKa LOOP u break pana Boixoga u3 mukia.

Vcnonb3oBaHue sBHOro Feturn Takke OCTAHOBUT BBLIMIOIHEHUE QUK/JId.
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20lines%20%3D%20%22%D0%BF%D1%80%D0%B8%D0%B2%D0%B5%D1%82%5Cn%D0%BC%D0%B8%D1%80%5Cnhello%5Cnworld%22.lines()%3B%0Afor%20(linenumber%2C%20line)%20in%20lines.enumerate()%20%7B%0A%20%20%20%20println!(%22%7B%7D%3A%20%7B%7D%22%2C%20linenumber%2C%20line)%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20mut%20x%20%3D%205%3B%0Alet%20mut%20done%20%3D%20false%3B%0A%0Awhile%20!done%20%7B%0A%20%20%20%20x%20%2B%3D%20x%20-%203%3B%0A%0A%20%20%20%20println!(%22%7B%7D%22%2C%20x)%3B%0A%0A%20%20%20%20if%20x%20%25%205%20%3D%3D%200%20%7B%0A%20%20%20%20%20%20%20%20done%20%3D%20true%3B%0A%20%20%20%20%7D%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20mut%20x%20%3D%205%3B%0A%0Aloop%20%7B%0A%20%20%20%20x%20%2B%3D%20x%20-%203%3B%0A%0A%20%20%20%20println!(%22%7B%7D%22%2C%20x)%3B%0A%0A%20%20%20%20if%20x%20%25%205%20%3D%3D%200%20%7B%20break%3B%20%7D%0A%7D%0A%7D

A3bIK IporpaMmupoBaHust Rust

continue moxox Ha break, Ho BMecTo BbIXOJa M3 LMK/IA IEPEXOJUT K CIeAyHOLeH
uteparun. CreyoLyii IpUMep 0TOOPA3UT TOJIHLKO HEUETHBIE UMC/IA:

for x in 0..10 { Run

if x % 2 == 0 { continue; }

println! ("{}", x);

MeTK1 LUMKNoB

KOF,I[& Yy BdC MHOI'O BJIOKEHHBIX LIMKJIOB, Bbl MOXETE€ 3aXOT€Tb YKd3dTb, K KdKOMY HWMEHHO
LHUKITY OTHOCHUTCH break wm continue. Kak u Bo MHOrux APYTUX SA3bIKAX, MO0 YMOJ/TYAHUIO 3THU
OrepaTopkbl 6y,ILYT OTHOCUTBCA K CaAMOMY BHYTDEHHEMY LIUKIIY. Ecim BBl xX0TUTE rnpepBdaTb BHeILIHUH

LUKJI, BBl MOXKETE UCI0/Ib30BATH METKY. TaK, 3TOT KO/J, 6y,qu rmeyaraTb Ha 3KpaHe TOJIbKO Korjga u X, U

Y HEUETHBIL:
‘outer: for x in 0..10 { F{Ljr]
"inner: for y in 0..10 {
if x % 2 == 0 { continue 'outer; } // npoponxaeT UMK MO X
if y % 2 == 0 { continue 'inner; } // npoponxaeT UMK MO Y

println! ("x: {}, y: {}", X, y);

5.5. Koncrpykims “if"5.7. BnageHuve
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afor%20x%20in%200..10%20%7B%0A%20%20%20%20if%20x%20%25%202%20%3D%3D%200%20%7B%20continue%3B%20%7D%0A%0A%20%20%20%20println!(%22%7B%7D%22%2C%20x)%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A'outer%3A%20for%20x%20in%200..10%20%7B%0A%20%20%20%20'inner%3A%20for%20y%20in%200..10%20%7B%0A%20%20%20%20%20%20%20%20if%20x%20%25%202%20%3D%3D%200%20%7B%20continue%20'outer%3B%20%7D%20%2F%2F%20%D0%BF%D1%80%D0%BE%D0%B4%D0%BE%D0%BB%D0%B6%D0%B0%D0%B5%D1%82%20%D1%86%D0%B8%D0%BA%D0%BB%20%D0%BF%D0%BE%20x%0A%20%20%20%20%20%20%20%20if%20y%20%25%202%20%3D%3D%200%20%7B%20continue%20'inner%3B%20%7D%20%2F%2F%20%D0%BF%D1%80%D0%BE%D0%B4%D0%BE%D0%BB%D0%B6%D0%B0%D0%B5%D1%82%20%D1%86%D0%B8%D0%BA%D0%BB%20%D0%BF%D0%BE%20y%0A%20%20%20%20%20%20%20%20println!(%22x%3A%20%7B%7D%2C%20y%3A%20%7B%7D%22%2C%20x%2C%20y)%3B%0A%20%20%20%20%7D%0A%7D%0A%7D

SA3BIK IporpaMmupoBaHyst Rust

BnageHne

OTa rnaBa SIBISETCS OHOW M3 TPEX, OMMCHIBAIOIIUX CUCTEMY BilajieHUsl pecypcamu Rust. JTta
cucTeMa TIpe/iCTaB/isieT co0Ood Hambosiee YHUKalbHYH) W TIpMB/IEKaTe/lbHYI0 0CO0eHHOCTb Rust, o
KOTOpOM pa3paboTuvKy [JO/DKHBI MMeTh TIOJIHOe TIpe/icTaB/ieHWe. BrmageHne — 3To To, Kak Rust
JIOCTUTAeT CBOeH T/IaBHOW Liei — Oe3omacHOCTU mamsTh. CucTema BafileHHs] BK/IIOYaeT B cebs
HECKO/IbKO Pa3/IMUHBIX KOHLIEMLWH, KaXKJash W3 KOTOPhIX pacCMaTpPUBAeTCsl B CBOed COOCTBeHHOU

Ir/iaBe:

® BjajieHue, eé Bbl UATaeTe ceiiuac
® 3aKMCTBOBaHWE, ¥ CBSI3aHHAsi C HUM BO3MO)KHOCTB «CCBITKH»

® BpeMd JKM3HU, paCllMpeHue IOHATHA 3aMMCTBOBaHUS

OTU TPU [VIaBbl B3dUMOCBA3dHbl, U UX TOPSAAOK BdXXE€H. BhbI AOJDKHBI 6y,que OCBOUTH BCe TpHU

T'J1aBbl, YTOOBI ITOTHOCTBLIO TTOHATD CHUCTEMY BJIa[I€HUA.

MeTa

HPE)K,E[E yeMm HGPEﬁTH K HOAPO6HOCTHM, OTMETHM /[IBd Ba>)KHbBIX MOMEHTA B CUCTEME BJ/IdJE€HHA.

Rust cdokycrpoBaH Ha 6€30MaCHOCTH M CKOPOCTH. DTO JOCTUTAETCS 3a CUET «abCTpakIyii C
HY/IeBOW CTOMMOCTBIO» (zero-cost abstractions). 3To 3HauuT, uto B Rust croumocThs abcTpakiuii
Jo/KHA OBITH HACTOMBKO Masiol, HACKOBKO 3TO BO3MOXKHO 6e3 yinep6a fas paboTocriocobHOCTH.
Cucrema BrafieHUsi peCypcaMu — 3TO SIDKUM MpuMep abCTpakLWu C HyJIeBOM CTOMMOCThIO. Bech
aHasm3, 0 KOTOPOM MbI Oy/ieM TOBOPUTH B 3TOM PYKOBOZICTBE, BBITIO/THSIETCS 80 8peMsi Komnuaayuu. Bo

BpeMsA MCIIO/JIHEHHWA BbI HE TIJIaTHUTE 3a KaKy'IO-JII/I60 13 BO3MOXXHOCTE HUUEro.

Tem He MeHee, 3Ta CHCTeMa BCE Ke MMeeT OMpee/iéHHYI0 CTOMMOCTh: KpHBasi 00yueHHsl.
MHorue HOBbIe T0Jb30BaTed Rust «HOpIOTCS C MPOBEpPKOM 3aMMCTBOBAHHSI» — KOMIWJISATOP Rust
OTKa3bIBaeTCsl KOMITMJIMPOBATh MPOrpaMMy, KOTOpasi MO0 MHEHHIO aBTopa siB/sieTcss abComoTHO
MPaBWIBHOU. DTO 4aCcTO MPOMCXOAUT ITIOTOMY, YTO MBIC/IEHHOE Tpe/iCTaB/IeHre IIPorpaMMKUCTa O TOM,
Kak J0/DKHO paboTarh BriajieHWe, He COBIA/aeT C peasbHbIMM IPABUIaMH, KOTOPHIMHU OIEepUpYeT
Rust. Bbl, HaBepHOe, TOHauany Takke Oyzere UCIBITBIBAaTE MOJOOHBIE TPyAHOCTH. OfHAKO
CYILIECTBYeT ¥ XOpOIllasi HOBOCTh: OoJiee OIbITHBIE Pa3paboTurKK Ha Rust roBopsT, uTo uem Gosibiie

OHH p860TaI-0T C IIpaBW/laMU CHUCTEeMBbI B/1d/iIeHKUA, TeEM MeHbIIe OHU 60p}OTCH C KOMITHUJIATOPOM.

Nwmes 3T0 B BUAY, ZlaBaliTe nepei1éM K U3yUeHHI0 CUCTeMbl Ba/leHUsl.

BnageHne

Cpsi3aHHbIe UMEeHA UMEIOT OIHYy ocobenHocTs B Rust: oHu «BJ1aJerT» TeM, C UeM OHHM CBsA3dHEI.

OTo 03HayaeT, UTO, KOTZA MMs BBIXOAWT 3a Tpejesibl 00/1aCTH BUJUMOCTH, PECYPC, C KOTOPBIM OHO

CBsI3aHO, OyzieT ocBoOOKIEH. Harpumep:
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fn foo() { Eilill
let v = vec![1, 2, 3];

Korza V BXOguT B 00/1aCTh BUAUMOCTH, CO3AAETCs HOBbIM VeC<T>. B faHHOM C/lyuae BEKTOD
TakXke BBIJe/IsIeT W3 KVUM TPOCTPAHCTBO [Jsi TPEX 37eMeHTOB. Korzma V. BbIXOAWUT U3 001acTu
BUAUMOCTH B KoHIle TOO(), Rust ouuiriaer Bce, CBsI3aHHOE C BEKTOPOM, [a)Ke AMHAMHUECKU

BbIJI€JIEHHYIO IMdMSTh. ITO TMNPpOUCXOAUT AeTEPMHWHKUPOBAHO, B KOHLIE obsactu BUAWMOCTH.

CemaHTuKa nepemMeLleHns

XOoTs TYyT eCcTb HEKOTOpble TOHKOCTH: Rust rapaHTHpyeT, UTO CYIIeCTBYeT pOBHO OOHO
CBsI3bIBaHUE KaKoOro-mubo pecypca. Hampumep, ecii y Hac eCTb BEKTOP, TO MBI MOXXKEM TIPUCBOUTH

5TOT BEKTOP JpyroMy UMeHH:

let v = vec![1, 2, 3]; Eiiill
let v2 = v;

Ho, ec/iv 1ocJyie 3T0ro Ml MOIMbLITAeMCs UCII0/Ib30BaTh V, TO MOTYUMM OIIMOKY:
let v = vec![1, 2, 31; Run

let v2 = v;
println!("v[0] = {}", v[0]);

OmmbKa BHIIVISIAUT C/IeAYHOIUM 00pa3oM:
error: use of moved value: “v°

println!("v[0] = {}", v[0]);

To xe camoe HpOH3OI>i,ZLéT, €C/Id MbI orpejejInm q)YHKI_II/II-O, KOTOpad MpUHHUMAET BJ/la/ileHrne, U
HOHpO6y€M HCII0/Ib30BdTh 3Ha4Ye€HHe TI10C/Ie TOro, KakK MbI Iepefasii 3TO 3HAUYe€HHEe B KaueCTBe

apryMeHTa B 3Ty (yHKLHIO:

fn take(v: Vec<i32>) { Run
// 4To bypeT 3O0eCb He 04YeHb BaXHO

let v = vec![1, 2, 31;

take(v);

println!("v[0] = {}", v[0]);

Ta ke camasi ommbka: «use of moved value» («ucronb3yeTcsi mepeMeIéHHOe 3HAaueHHWe»).
Korza mMbl iepefjaéM TipaBo BIaZieHUsl KyJa-To eljé, Mbl KaK Obl TOBOPUM, UTO MBI «TIepeMelljaem» To,
Ha 4TO CchliaeMcs. IIpu 3TOM He HY)KHO yKa3biBaTh KaKyl0-1M0O0 Crel[Ma/jbHY0 aHHOTaruo, Rust

JiejiaeT 3TO I10 YMOJ/ITUaHHIO.
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20foo()%20%7B%0A%20%20%20%20let%20v%20%3D%20vec!%5B1%2C%202%2C%203%5D%3B%0A%7D%0A%7D
http://doc.rust-lang.org/std/vec/struct.Vec.html
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20v%20%3D%20vec!%5B1%2C%202%2C%203%5D%3B%0A%0Alet%20v2%20%3D%20v%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20v%20%3D%20vec!%5B1%2C%202%2C%203%5D%3B%0A%0Alet%20v2%20%3D%20v%3B%0A%0Aprintln!(%22v%5B0%5D%20%3D%20%7B%7D%22%2C%20v%5B0%5D)%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20take(v%3A%20Vec%3Ci32%3E)%20%7B%0A%20%20%20%20%2F%2F%20%D1%87%D1%82%D0%BE%20%D0%B1%D1%83%D0%B4%D0%B5%D1%82%20%D0%B7%D0%B4%D0%B5%D1%81%D1%8C%20%D0%BD%D0%B5%20%D0%BE%D1%87%D0%B5%D0%BD%D1%8C%20%D0%B2%D0%B0%D0%B6%D0%BD%D0%BE%0A%7D%0A%0Alet%20v%20%3D%20vec!%5B1%2C%202%2C%203%5D%3B%0A%0Atake(v)%3B%0A%0Aprintln!(%22v%5B0%5D%20%3D%20%7B%7D%22%2C%20v%5B0%5D)%3B%0A%7D

A3BIK IporpaMmupoBaHyst Rust

Mogpo6HoCTH

HpI/I‘-II/IHa, 1o KOTOpOﬁ Mbl He MOXXeM MHCII0/Ib30BdTh 3HAUeHMe I10C/ie TOro, Kak MbI ero

riepeMeCTW/IU, HeOueBH/IHa, HO OUeHb BaykHa. Korzga Mbl nuiieM Koz, Bpoze 3TOro:
let v = vec![1, 2, 31; F{Ljr]
let v2 = v;

[TepBast cTpoKa co37aéT HEKOTOPbIe JaHHbIe [ji BeKTopa B CTeke, V. [laHHbIe caMOro BEKTOpa,
O[JHAKO, COXPAHSIOTCS B Kyue, U TI09TOMY CTEKOBbIe JaHHbIE COZiepyKaT yKa3aresb Ha JaHHble B Kyue.
Korma Mmbl mepemerijaeM V. B V2, TO CO3[@ETCsl KOMUs CTEKOBBIX [aHHBIX s V2. Uto Oyzer
03HayaThb, YTO /jBa yKa3aTeslsl CChbIIAIOTCS Ha PaCIONIOKeHHBIN B Kyue BeKTOp. Takoe roBe/jeH1e MOIJIO
Ob1 OBITH TIPOGJIEMOM: OHO HapyIano Okl rapaHTUX Ge30macHOCTH Rust, MPUBHOCS TOHKU TI0 ZIAHHBIM.

HOBTOMY Rust 3aripelaeT UCI10/1b30BaHue V I10CJie TOro, KakK MbI BBIIIOJTHU/IA €T0 IepeMelleHue.

BaxxHo takxe OTMETHUTBL, YTO ONTUMUH3ALUA MOXKET YAd/JINTh CAMY KOITUIO 0afiToB Ha CTeKe, B
3aBUCUMOCTHU OT 00CTOATENLCTB. TaK 4TO 3TO MOXKET OBITh He TakK YK HEB(i)CIJEKTI/IBHO, KdK BBITVIAOUT

Ha TepBbIi B3IV,

Tunel, peanuayroine Tunax Copy

Mg1 YCTAaHOBWJ/IM, UTO KdK TOJIBKO BJldJeHHE nepe,qaéTCH ADYyromMy HMEHH, BbI 6o/IbIIIe HE
MOXeTe HCII0/Ib30BaTb HMCXOAHOeE. Tem He MeHee, CYLIeCTBYET TUIldXK, KOTOpLIfI H3MEHseT TdKoe
roBeJeHre, U OH Ha3bIBaeTCA COpy . MBI E‘].L[e He o6cy>1<,qam/1 TUIIAXKH, HO T1I0Ka Bbl MOXKeTe AyMdTb O
HUX Kak 00 dHHOTallUAX K KOHKDETHOMY THITYy, KOTOPbI€ IIpHUAAIOT [AOIIOJIHUTE/IbHOE TI0BE€AEHHUE.

Haripumep:
let v = 1; M
let v2 = v;
println!("v = {}", v);

B 3TOM mipuiMepe V cBsizaH ¢ oM 132. Otot Tun peamusyer tunaxx COpy. OTo o3Hauaer,
YTO KOTZIa Mbl IpHUCBavMBaeM 3HaueHue V uUMeHU V2, OyleT co3[aHa KOMWs JIaHHBIX, KaK U TIpU
nepemellienuy. Ho, B oT/iMumMe OT repeMeltieHusi, Mbl MOXXKeM HCII0/Ib30BaTh V B JajbHeiiieM. JTO
MPOMCXOUT TIOTOMY, uTOo B 132 Her ykasaresieli Ha JiaHHbIe B KakOM-ubo jipyrom Mmecte. IIpu

TAKOM KOIMKMPOBAHWHU CO3,£[aéTCFI I10/IHaA KOIIH#.

Me1 GyzeM ob6CyXaTh, Kak CenaTb CBOU COOCTBEHHbIE THIThI, peanu3ytoiue Tunax COpy B

pasgesie Turaxu.

bonblle, yem BrageHue

KoHeuHo, ecii Obl HAM HY)KHO ObUIO BEpHYThb BiajieHHe 00paTHO W3 (YHKI[UHM, TO MbI ObI

HalticCasiun:

Bnagenue 81


https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20v%20%3D%20vec!%5B1%2C%202%2C%203%5D%3B%0A%0Alet%20v2%20%3D%20v%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20v%20%3D%201%3B%0A%0Alet%20v2%20%3D%20v%3B%0A%0Aprintln!(%22v%20%3D%20%7B%7D%22%2C%20v)%3B%0A%7D

A3bIK IporpaMmupoBaHust Rust

0
-
-]

fn foo(v: Vec<i32>) -> Vec<i32> {
// DenaeMm 4Tto-nmbo c v

// BO3BpallaeM BliafieHne
Y,

OTO CUIBHO yYTOMJIAET. (DYHKLII/IF[ CTaHOBUTCHA TeM XYyXKe, uem 0osbIIIe IpaB B/1a/IeHKWA OHa XO4UeT

3abparthb cebe:

fn foo(vl: Vec<i32>, v2: Vec<i32>) -> (Vec<i32>, Vec<i32>, i32) { F{Ljr]
// BenaeMm 4to-Hubyab C vl u v2

// BO3BpallaeM BnageHue U pe3ynbTaT Hawewh QyHKUuu

(vl, v2, 42)
}
let vl = vec![1, 2, 31;
let v2 = vec![1, 2, 31;

let (v1, v2, answer) = foo(vl, v2);

Bpp! Bo3BpaiijaeMsbliii TUI, CTpOKa BO3BpaTa, W BbI30B (YHKLMHU I10y4aeTcss HaMHOTo Hosee

CJIOKHBIM.

K CYHACThIO, Rust rnpegjaraeT Takyto BO3MOXXHOCTb, KdK 3dUMCTBOBdHHE, KOTOPAdA MMOMOrae€T HaM

pewuTs 3Ty rpobsieMy. OTo TeMa cieytoliero paszesnal

5.6. ITnkb15.8. CChIIKY U 3aMMCTBOBaHUE
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20foo(v%3A%20Vec%3Ci32%3E)%20-%3E%20Vec%3Ci32%3E%20%7B%0A%20%20%20%20%2F%2F%20%D0%B4%D0%B5%D0%BB%D0%B0%D0%B5%D0%BC%20%D1%87%D1%82%D0%BE-%D0%BB%D0%B8%D0%B1%D0%BE%20%D1%81%20v%0A%0A%20%20%20%20%2F%2F%20%D0%B2%D0%BE%D0%B7%D0%B2%D1%80%D0%B0%D1%89%D0%B0%D0%B5%D0%BC%20%D0%B2%D0%BB%D0%B0%D0%B4%D0%B5%D0%BD%D0%B8%D0%B5%0A%20%20%20%20v%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20foo(v1%3A%20Vec%3Ci32%3E%2C%20v2%3A%20Vec%3Ci32%3E)%20-%3E%20(Vec%3Ci32%3E%2C%20Vec%3Ci32%3E%2C%20i32)%20%7B%0A%20%20%20%20%2F%2F%20%D0%B4%D0%B5%D0%BB%D0%B0%D0%B5%D0%BC%20%D1%87%D1%82%D0%BE-%D0%BD%D0%B8%D0%B1%D1%83%D0%B4%D1%8C%20%D1%81%20v1%20%D0%B8%20v2%0A%0A%20%20%20%20%2F%2F%20%D0%B2%D0%BE%D0%B7%D0%B2%D1%80%D0%B0%D1%89%D0%B0%D0%B5%D0%BC%20%D0%B2%D0%BB%D0%B0%D0%B4%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%B8%20%D1%80%D0%B5%D0%B7%D1%83%D0%BB%D1%8C%D1%82%D0%B0%D1%82%20%D0%BD%D0%B0%D1%88%D0%B5%D0%B9%20%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%B8%0A%20%20%20%20(v1%2C%20v2%2C%2042)%0A%7D%0A%0Alet%20v1%20%3D%20vec!%5B1%2C%202%2C%203%5D%3B%0Alet%20v2%20%3D%20vec!%5B1%2C%202%2C%203%5D%3B%0A%0Alet%20(v1%2C%20v2%2C%20answer)%20%3D%20foo(v1%2C%20v2)%3B%0A%7D

SA3BIK IporpaMmupoBaHyst Rust

CcCbI/IKM 1 3aUMCTBOBaHuMe

OTa rnaBa SIBISETCS OHOW M3 TPEX, OMMCHIBAIOIIUX CUCTEMY BilajieHUsl pecypcamu Rust. JTta
cucTeMa TIpe/iCTaB/isieT co0Ood Hambosiee YHUKalbHYH) W TIpMB/IEKaTe/lbHYI0 0CO0eHHOCTb Rust, o
KOTOpOM pa3paboTuvKy [JO/DKHBI MMeTh TIOJIHOe TIpe/icTaB/ieHWe. BrmageHne — 3To To, Kak Rust
JIOCTUTAeT CBOeH T/IaBHOW Liei — Oe3omacHOCTU mamsTh. CucTema BafileHHs] BK/IIOYaeT B cebs
HECKO/IbKO Pa3/IMUHBIX KOHLIEMLWH, KaXKJash W3 KOTOPhIX pacCMaTpPUBAeTCsl B CBOed COOCTBeHHOU

Ir/iaBe:

® pjajieHve, K/ItoueBasi KOHLIeMNIHs
® 331MCTBOBaHUe, € BLI UUTaeTe celiuac

® BpeMd JKM3HU, paCllMpeHue IOHATHA 3aMMCTBOBaHUS

OTU TPU [VIaBbl B3dUMOCBA3dHbl, U UX TOPSAAOK BdXXE€H. BhbI AOJDKHBI 6y,que OCBOUTH BCe TpHU

T'J1aBbl, YTOOBI ITOTHOCTBLIO TTOHATD CHUCTEMY BJIa[I€HUA.

MeTa

HPE)K,E[E yeMm HGPEﬁTH K HOAPO6HOCTHM, OTMETHM /[IBd Ba>)KHbBIX MOMEHTA B CUCTEME BJ/IdJE€HHA.

Rust cdokycrpoBaH Ha 6€30MaCHOCTH M CKOPOCTH. DTO JOCTUTAETCS 3a CUET «abCTpakIyii C
HY/IeBOW CTOMMOCTBIO» (zero-cost abstractions). 3To 3HauuT, uto B Rust croumocThs abcTpakiuii
Jo/KHA OBITH HACTOMBKO Masiol, HACKOBKO 3TO BO3MOXKHO 6e3 yinep6a fas paboTocriocobHOCTH.
Cucrema BrafieHUsi peCypcaMu — 3TO SIDKUM MpuMep abCTpakLWu C HyJIeBOM CTOMMOCThIO. Bech
aHasm3, 0 KOTOPOM MbI Oy/ieM TOBOPUTH B 3TOM PYKOBOZICTBE, BBITIO/THSIETCS 80 8peMsi Komnuaayuu. Bo

BpeMsA MCIIO/JIHEHHWA BbI HE TIJIaTHUTE 3a KaKy'IO-JII/I60 13 BO3MOXXHOCTE HUUEro.

Tem He MeHee, 3Ta CHCTeMa BCE Ke MMeeT OMpee/iéHHYI0 CTOMMOCTh: KpHBasi 00yueHHsl.
MHorue HOBbIe T0Jb30BaTed Rust «HOpIOTCS C MPOBEpPKOM 3aMMCTBOBAHHSI» — KOMIWJISATOP Rust
OTKa3bIBaeTCsl KOMITMJIMPOBATh MPOrpaMMy, KOTOpasi MO0 MHEHHIO aBTopa siB/sieTcss abComoTHO
MPaBWIBHOU. DTO 4aCcTO MPOMCXOAUT ITIOTOMY, YTO MBIC/IEHHOE Tpe/iCTaB/IeHre IIPorpaMMKUCTa O TOM,
Kak J0/DKHO paboTarh BriajieHWe, He COBIA/aeT C peasbHbIMM IPABUIaMH, KOTOPHIMHU OIEepUpYeT
Rust. Bbl, HaBepHOe, TOHauany Takke Oyzere UCIBITBIBAaTE MOJOOHBIE TPyAHOCTH. OfHAKO
CYILIECTBYeT ¥ XOpOIllasi HOBOCTh: OoJiee OIbITHBIE Pa3paboTurKK Ha Rust roBopsT, uTo uem Gosibiie

OHH p860TaI-0T C IIpaBW/laMU CHUCTEeMBbI B/1d/iIeHKUA, TeEM MeHbIIe OHU 60p}OTCH C KOMITHUJIATOPOM.

Nwmes 3T0 B BUAY, ZlaBaliTe nepei1éM K U3yUeHHI0 CUCTeMbl Ba/leHUsl.

3anMCcTBOBaHMe

B KoHLe rnaBbl Biajenve y Hac 6buia yoorast GyHKIWsI, KOTOpast BBITJIsZe/a Tak:

fn foo(vl: Vec<i32>, v2: Vec<i32>) -> (Vec<i32>, Vec<i32>, i32) { Run
// DenaeM 4Tto-HUbygb C vl un v2
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A3bIK IporpaMmupoBaHyst Rust

// BO3BpallaeM BnageHue U pe3ynbTaT Haweh QyHKUuu
(vl, v2, 42)

let vl = vec![1, 2, 3];
let v2 vec![1, 2, 3];

let (v1, v2, answer) = foo(vl, v2);

O,Z[HaKO, 3TOT KO He MABIdAeTCAd HWAWNOMATHUYHBIM C TOYKH 3DEHUSA RUSt, TdK KdK OH He

WCII0/Tb3yeT 3aMMCTBOBaHMe. BOT nepBbIii 1iar:

fn foo(vl: &Vec<i32>, v2: &ec<i32>) -> i32 { F{Ljr]
// BenaeMm 4yto-Hubyab C vl u v2

// BO3BpalWaeMm oTBeT

42

let vl = vec![1, 2, 31;
let v2 = vec![1, 2, 31;

let answer = foo(&vl, &v2);

// Mbl MOXEM W panblie Ucnonb3oBaTb vl u v2!

Bmecto Toro, utobbl nipuHuMath VeC<132> B KauecTBe apryMeHTOB, Mbl Oy/ieM MTPUHUMATh
ceoiku: &Vec<i32>. U Bmecto nepegaun V1 u V2 Hampsimyro, Mbl Gymem repenaBath &1 u
&Vv2. Mer HaseBaeM tHn &T «cChbUIKa», U BMECTO TOTO, UTOOBI 3a0MpaTh BiafieHHe pecypcoM, OHa
ero 3aMMCTByeT. VIMeHa, KOTOpbIe 3aMMCTBYIOT UTO- TO, He 0CBOOOXK/IAIOT PeCypcC, KOria OHU BBIXOAST
U3 00/1aCTH BUAMMOCTH. DTO 03HAYaeT, uTo, rMocje BbidoBa T0O (), Mbl CHOBa MOXXeM KCIIO/IB30BaTh

Halllkd UCXOAHbIe MMEeHa.

CChUIKM SIBMISIFOTCSL HEeM3MeHsIeMbIMH, KaK M HMeHa. OTO O03HauaeT, 4TO BHYTPHU fOO()

BEKTOPBI HE MOT'YT ObITh U3MEHEHBI:
fn foo(v: &Vec<i32>) { Run
v.push(5);
let v = vec![];
foo(&v);
BBIZIAET OLITUOKY:
error: cannot borrow immutable borrowed content “*v' as mutable

v.push(5);

,HOGEIBJ'IEHI/IG 3HaY€HUA HU3MEHAET BEKTOD, W I[M03TOMY KOMIITW/IATOD HE II03BOJ/IM/I HaM 3TO

C/leNarth.
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A3BIK IporpaMmupoBaHyst Rust

Ccblnkn &mut

Bort Bropoii Buj, cceiiok: &mut T. DTo «u3MeHsieMast CChUTKa», KOTOpast I03BO/ISIET U3MEHSITh

pecypc, KOTOpbIi Bbl 3auMcTByeTe. Hanprmep:

let mut x = 5; Run
{

let y = &mut x;

*y += 1;
}

printin!("{}", x);

OTOT KOl HarieyaTtaeT 6. Mkl co3fanv Y, HM3MeHseMyl0 CCbUIKY Ha X, a 3aTeM AO6aBI/ITII/I
€JUHHUILY K 3HaUYeHWIO, Ha KOTOPOe YyKas3bIBaeT Y. CJIE/:[YET OTMETUTb, UTO X TaK)Ke IOJ/DKHO OBITH
rnomeueHo Kak Mut. Eciu 661 3TOrO He 6BIJ'IO, TO MBI HE MOIJIA OBl MOJIYyYUTb U3MEHAEMYIO CCBIJIKY

HensMeHs1eMOI'o 3Hd4eHud.

BbI Tak)Ke 3aMeTHJ/IM UTO MbI 100aBU/IM 3Be30uKy (*) mepen Y. OTo ¢/ienaHo u3-3a TOTO, UTO
Yy - 9TO CChIIKA M CaMa [JAaHHBIX HE COJEP)KUT. BaM Hy)KHO MCIo/b30BaTh (*), A7 TOro uTOOBI

TOJIyUUTh OCTYII HEMIOCPEICTBEHHO K CO/IEP’)KUMOMY Ha KOTOpOe YKa3bIBaeT CChIIKA.

Bo BceM ocTanbHOM H3MeHsiemble cCbUTKH (&MUT) Takue >ke, Kak U HeusmeHsiemble (&).
OpHako, cymiecTByeT Oosblllasi pa3HULIA MEXAY 3TUMH [JBYMS KOHLETIUSMH, U TeM, KaK OHHU
B3aMMOJZIENICTBYIOT. BbI Mo)keTe cKa3aTb, UTO B TIPMBEJAEHHOM BbIllle TpUMepe eCTb UTO-TO
TOZI03pUTeIbHOe, TTOTOMY UYTO HaM 3aueM-TO TOHa/00umach JOMOoMHMTebHAsE 00/1acTh BUAUMOCTH,

co3nanHas ¢ momoineio { u }. Ecim Mbl ybepem 5TH CKOOKH, TO TIOJTYUUM OLIHUOKY:

error: cannot borrow "x  as immutable because it is also borrowed as mutable
printin!("{}", x);

A~

note: previous borrow of "X occurs here; the mutable borrow prevents

subsequent moves, borrows, or modification of "x  until the borrow ends
let y = &mut x;

A~

note: previous borrow ends here
fn main() {

OKEIBI:IBHGTCH, eCTb OHpE,E[E]'IéHHbIe IMpaBuJ/ia CO30dHHA CCbIJIOK.

[MpaBuna

Bort npaBuna 3anmcTBOBaHUs B Rust.

Bo-mnepBbiX, 06/1aCTb BUJUMOCTH JIFOOOH CCBIIKM [JOJDKHA HAXOAWTBHCS B TIpefiesax obsactu
BUZIMMOCTH BJIaZie/iblla. BO-BTOpPBIX, OJJHOBPEMEHHO y BaC MOXET ObIThb TOMBKO OAMH W3 JBYX

Mepeurc/ieHHbIX HIKe BU/IOB 3aMMCTBOBaHUsI, HO He 00a cpasy:
® onHa wiu 6osee Her3MeHsieMbix CchlIoK (&T ) Ha pecypc;
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A3bIK IporpaMmupoBaHust Rust

® pOBHO 0JHa u3MeHsieMasi ccbiika (&mut T) Ha pecypc.

Bbl MO)XeTe 3aMeTHTb, UTO 3TO TIOXO)Ke, XOTS U He COOTBETCTBYET TOYHO, OIpeaejeHrr0

COCTOSAHUSA TOHKHM NAaHHBIX:

CocTosiHMe «rOHKM [JlaHHbIX» BO3HMKaeT, Korja /JBa wiu Oomee ykasaresneit
OCYIIeCTB/ISIIOT JOCTYM K OFHOM M TOM ke 00/1aCTH MaMsTH OZHOBPEMEHHO, TI0 KpaiiHeil Mepe
OZIVH 13 HUX [TPOM3BOAUT 3alMCh, 1 ONepaliii He CUHXPOHH3UPOBaHBbI.

UYTto KacaeTcsi HeU3MeHsieMbIX CChIJIOK, TO Bbl MOXKeTe UMeTb MX CTOJIbKO, CKOJTbKO XOTHUTe, TaK
KaK HY O/IHa M3 HUX He MPOU3BOAUT 3anuch. Ecu ke Bbl MPOU3BOAUTE 3alMCh, M BaM HY)KHO /iBa WK
Oosibllle yKasaTesiell Ha OfHY U Ty Ke 00/1acTh MaMSITH, TO Bbl MOXKETe UMeTh TO/IbKO ogHy &mut
ogHoBpeMeHHO. Tak Rust mpefoTBpailjaeT BO3HMKHOBEHHE COCTOSIHMSI TOHKM JIaHHBIX BO BpeMsi

KOMITWJIALUA: MbI ITOJIyYUM O]_LII/I6Ky KOMIMWJIALWHA, €C/IW HAPDYILIWM 3TH IIPpaBUJId.

Vmesi 5T0 B BUly, [laBaiiTe paCCMOTPUM Halll IPUMep elile pas.

OcwmbicnnBaem o6nact suaumocTu (Thinking in scopes)

Bort koz:

let mut x = 5; Run

let y = &mut x;
*y += 1;
printin!("{}", x);
OTOT KOJ, BbIId€T HaM TaKyrO OI]_II/I6Ky2

error: cannot borrow "x° as immutable because it is also borrowed as mutable
println! ("{}", x);

OTo TOTOMy, UTO Mbl HApYLIWIM TIpaBW/Ia: y HAac ecThb W3MeHsieMas ccbiika &mut T,
yKasbiBawollasi Ha X, W T03TOMYy Mbl HE MOXEM Co037aTh Kakyr-mbo &T. OgHo w3 JByX.

[TpumeuaHue MO/ CKa3bIBAeT KaK CJIelyeT pacCMaTpUBAaTh 3Ty Mpobiemy:

note: previous borrow ends here
fn main() {

[pyrvumuy cioBamu, U3MeHsieMasi CChbUIKA COXPaHsieTCsl [0 KOHLA Haulero rnpumepa. A Mbl
XOTUM, 4YTOObI M3MeHsieMOe 3alMCTBOBAHHE 3aKaHUMBA/IOCh 00 TOrO, KaK MbI TIHITA€MCS BBI3BaTh
println! u cosgarh HeusMeHsieMoe 3aUMCTBOBaHKe. B Rust 3aMMCTBOBaHKe MPUBSI3aHO K 00/1aCTH
BU/INMOCTH, B KOTODOM OHO SIB/ISI€TCS [JeWCTBUTENBHBIM. VI 3T 00/1aCTH BUJUMOCTU BBITTISIST

C/IeIyIOIIM 00pa3oM:
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A3bIK IporpaMmupoBaHyst Rust

let mut x = 5; Run
let y = &mut x; // -+ 3auMCTBOBaHue X 4yepe3 &mut HaymHaeTcsa 3[Oecb

/7|
y += 1 /7|

/7|

println!("{}", x); // -+ - nblTaeMcs MNo3amMCTBOBaTb X 3[ecCb
// -+ 3auMcTBOBaHuMe X 4epe3 &mut 3akaH4uMBaeTCs 34ecCb

KoHdmmKT obsacTeil BUAMMOCTH: MBI He MOXKeM €03aTh &X /10 TeX IMop, MOoKa Y HaXOAUTCS B

00s1aCcT! BUAUMOCTH.

[TosTomy, Korjja Ml iobaBinsieM UrypHbIe CKOOKU:

let mut x = 5; Run
{
let y = &mut x; // -+ 3awMmcTBOBaHMe 4yepe3 &mut HauuHaeTCcsa 3pecb
*y +=1; /7|
} // -+ ... W 3aKaHuyuMBaeTCH 3[ecCb
printin!("{}", x); // <- nbiTaeMCcd MN03auMMCTBOBaTb X 3AeCb

Huxkakux HpO6HEM HeT. Hailla u3MeHsieMasi CChIJIKa BBIXOOUT HU3 obsactu BUAWUMOCTH [0
CO34aHuA HeusmeHsemoi. Ho ob6nactob BUAUMOCTU {ABJIAETCA K/IFOUOM K OIIpeAe/IeHHWI0 TOro, Kadk

A0JIr0 AJINTCA 3aMMCTBOBaHHE.

|_|p06fleMbI, KOTOpbIE npegoreBpallaeT 3anmcrtBoBaHneE

[Touemy HY)XHBI 3TH OrpaHHuMBaroIiMe rpaBuna? Hy, Kak Mbl y)Ke OTMeTH/H, 3TH TpaBUIa
Mpe/IOTBPAIIAlOT TOHKW [aHHBIX. Kakue Bubl MpobsieM MOTYT TIPUBECTH K COCTOSIHUIO TOHKU

JlaHHBIX? BOT HEKOTOPbIe U3 HUX.

HepneiicTBUTENbHbIN UTepaTop

OgHUM U3 TIDUMEDOB SIBMISIETCS «HeJelCTBUTE/bHBIM UTepaTop». Takoe MOXeT TMPOU30MTH,
KOT7ZIa BbI TbITaeTeCh W3MEHUTb KOJUIEKIMIO, KOTOPYIO B [JaHHBIH MOMeHT obxopute. IIpoBepka

3aMMCTBOBaHUs Rust npefoTBpalaeT 3To:
let mut v = vec![1, 2, 3]; F{Ljr]
for i in &v {

printin!("{}", 1i);

OTOT Ko/ TleyataeT uync/ia OT OHOro 10 TpéX. Korza Mbl 00X0UM BEKTOP, MbI TIOJTyYaeM JTUIIIb
CCBhUIKM Ha 37ieMeHThl. VI caM V 3aMMCTBOBAaH KakK HeM3MeHsieMblli, UTO 03HauaeT, UTO Mbl HE MOXKEM

WM3MEHHTB ero B Tpoliecce 006xoza:
let mut v = vec![1, 2, 3]; F{[jr]

for i in &v {
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20mut%20x%20%3D%205%3B%0A%0A%7B%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%0A%20%20%20%20let%20y%20%3D%20%26mut%20x%3B%20%2F%2F%20-%2B%20%D0%B7%D0%B0%D0%B8%D0%BC%D1%81%D1%82%D0%B2%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5%20%D1%87%D0%B5%D1%80%D0%B5%D0%B7%20%26mut%20%D0%BD%D0%B0%D1%87%D0%B8%D0%BD%D0%B0%D0%B5%D1%82%D1%81%D1%8F%20%D0%B7%D0%B4%D0%B5%D1%81%D1%8C%0A%20%20%20%20*y%20%2B%3D%201%3B%20%20%20%20%20%20%20%20%2F%2F%20%20%7C%0A%7D%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20-%2B%20...%20%D0%B8%20%D0%B7%D0%B0%D0%BA%D0%B0%D0%BD%D1%87%D0%B8%D0%B2%D0%B0%D0%B5%D1%82%D1%81%D1%8F%20%D0%B7%D0%B4%D0%B5%D1%81%D1%8C%0A%0Aprintln!(%22%7B%7D%22%2C%20x)%3B%20%20%2F%2F%20%3C-%20%D0%BF%D1%8B%D1%82%D0%B0%D0%B5%D0%BC%D1%81%D1%8F%20%D0%BF%D0%BE%D0%B7%D0%B0%D0%B8%D0%BC%D1%81%D1%82%D0%B2%D0%BE%D0%B2%D0%B0%D1%82%D1%8C%20x%20%D0%B7%D0%B4%D0%B5%D1%81%D1%8C%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20mut%20v%20%3D%20vec!%5B1%2C%202%2C%203%5D%3B%0A%0Afor%20i%20in%20%26v%20%7B%0A%20%20%20%20println!(%22%7B%7D%22%2C%20i)%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20mut%20v%20%3D%20vec!%5B1%2C%202%2C%203%5D%3B%0A%0Afor%20i%20in%20%26v%20%7B%0A%20%20%20%20println!(%22%7B%7D%22%2C%20i)%3B%0A%20%20%20%20v.push(34)%3B%0A%7D%0A%7D

A3BIK IporpaMmupoBaHyst Rust

printin!("{}", 1i);
v.push(34);

Bor ormboxka:

error: cannot borrow ‘v' as mutable because it is also borrowed as immutable
v.push(34);

~

note: previous borrow of “v' occurs here; the immutable borrow prevents
subsequent moves or mutable borrows of “v' until the borrow ends
for i in &v {

~

note: previous borrow ends here
for i in &v {
println! (“{}"”, i);
v.push(34);

MEI He MOXKeM U3MEHUTh V , IOTOMY UTO OH y>K€ 3dMMCTBOBdH B LIUKJIE.

icnonb3oBaHne nocne ocBoboXaeHus (use after free)

CChIIKY He J10/DKHBI JKWTh Jl0JIbllIe, YeM pecypc, Ha KOTOPbIM OHM ccbuiatoTcs. Rust mpoBepsieT

obsactu BHUIMMOCTH BalllMX CCBIJIOK, 4TOOBI YAOCTOBEPUTHCA, YTO 3TO IpaB/ad.

Ecm Rust He OyzieT TIpoBepsiTh 3TO CBOKCTBO, TO MbI MOYKEM CJ/TyUaliHO UCIIO/Ib30BaTh CCHIIKY,

KoTopasi OyzeT HeflelicTBUTebHA. Harpumep:

let y: &i32; Run
{

let x = 5;

y = &;
}

println!("{}", y);

MBI MOTyYUM CIIeIYIOLIYIO OMIMOKY:

error: “x° does not live long enough
y = &%;
note: reference must be valid for the block suffix following statement 0 at
2:16...
let y: &i32;
{
let x = 5;
y = &;

note: ...but borrowed value is only valid for the block suffix following
statement 0 at 4:18

let x = 5;

y = &;
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20y%3A%20%26i32%3B%0A%7B%0A%20%20%20%20let%20x%20%3D%205%3B%0A%20%20%20%20y%20%3D%20%26x%3B%0A%7D%0A%0Aprintln!(%22%7B%7D%22%2C%20y)%3B%0A%7D

A3bIK IporpaMmupoBaHyst Rust

JlpyrvmMu cjioBamMy, Y [ieMCTBUTeNeH TOJIbKO /i ToM 06/1acTH BUAMMOCTH, Te CylecTByeT X.
Kak To/MbKO X BBIXOAUT M3 00/1aCTU BUMMOCTH, CChbUIKA Ha HEro CTAaHOBUTCS HeJelCTBUTE/TbHOM.
Takum o6pa3om, ommbKa coob1jaeT, UTO 3aMMCTBOBaHHE «He >KUBET [JOCTaTOUHO Aoro» («does not
live long enough»), moTOMy UTO OHO He SIB/ISE€TCS [EMCTBUTE/bHBIM CTOJBKO BPEMEHH, CKOJIBKO

TpebyeTcsl.

Takas xe npo6neMa BO3HHUKAET, KOIld CCbIJIKA 00BsIB/IEHA nepea 3HAY€HHWEM, Hda KOTOpPO€ OHd
ccblaeTcsa. JTO MpOUCXOAUT TIOTOMY 4YTO pecypCbl B OAHOM 0/10Ke OCBO60)K,I[EII-0TCH B TIopsaake,

IMMPOTUBOIIOJIOKHOM MOPAAKY UX 00LABIEHNUS:

let y: &i32; Run
let x = 5;
y = &x;

printin!("{}", vy);

MBI MOJTyYnM TaKyO OIIHUOKY:

error: “x does not live long enough

y = &;

note: reference must be valid for the block suffix following statement 0 at
2:16...

let y: &i32;
let x = 5;
y = &;

println!("{}", y);

note: ...but borrowed value is only valid for the block suffix following
statement 1 at 3:14

let x = 5;

y = &;

printin! ("{}", y);

B npumMepe Boillie Y 00bsiBIeHa Tiepe[ X, T.e. )KUBET Jo/blile X, a 3TO 3arperieHo.

5.7. Bnagenune5.9. Bpemd >KU3HU
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20y%3A%20%26i32%3B%0Alet%20x%20%3D%205%3B%0Ay%20%3D%20%26x%3B%0A%0Aprintln!(%22%7B%7D%22%2C%20y)%3B%0A%7D

SA3BIK IporpaMmupoBaHyst Rust

Bpemsa XusHu

OTa rnaBa SIBISETCS OHOW M3 TPEX, OMMCHIBAIOIIUX CUCTEMY BilajieHUsl pecypcamu Rust. JTta
cucTeMa TIpe/iCTaB/isieT co0Ood Hambosiee YHUKalbHYH) W TIpMB/IEKaTe/lbHYI0 0CO0eHHOCTb Rust, o
KOTOpOM pa3paboTuvKy [JO/DKHBI MMeTh TIOJIHOe TIpe/icTaB/ieHWe. BrmageHne — 3To To, Kak Rust
JIOCTUTAeT CBOeH T/IaBHOW Liei — Oe3omacHOCTU mamsTh. CucTema BafileHHs] BK/IIOYaeT B cebs
HECKO/IbKO Pa3/IMUHBIX KOHLIEMLWH, KaXKJash W3 KOTOPhIX pacCMaTpPUBAeTCsl B CBOed COOCTBeHHOU

Ir/iaBe:

® pjajieHye, K/aruyeBast KOHLIeTLsA
® 33aMMCTBOBAHUE, U CBSI3aHHAA C HUM BO3MOXXHOCTBH «CCBIJIKW»

® BpeMms )KU3HH, e€ Bbl UMTaeTe ceiiuac

OTU TPU [VIaBbl B3dUMOCBA3dHbl, U UX TOPSAAOK BdXXE€H. BhbI AOJDKHBI 6y,que OCBOUTH BCe TpHU

T'J1aBbl, YTOOBI ITOTHOCTBLIO TTOHATD CHUCTEMY BJIa[I€HUA.

MeTa

HPE)K,E[E yeMm HGPEﬁTH K HOAPO6HOCTHM, OTMETHM /[IBd Ba>)KHbBIX MOMEHTA B CUCTEME BJ/IdJE€HHA.

Rust cdokycrpoBaH Ha 6€30MaCHOCTH M CKOPOCTH. DTO JOCTUTAETCS 3a CUET «abCTpakIyii C
HY/IeBOW CTOMMOCTBIO» (zero-cost abstractions). 3To 3HauuT, uto B Rust croumocThs abcTpakiuii
Jo/KHA OBITH HACTOMBKO Masiol, HACKOBKO 3TO BO3MOXKHO 6e3 yinep6a fas paboTocriocobHOCTH.
Cucrema BrafieHUsi peCypcaMu — 3TO SIDKUM MpuMep abCTpakLWu C HyJIeBOM CTOMMOCThIO. Bech
aHasm3, 0 KOTOPOM MbI Oy/ieM TOBOPUTH B 3TOM PYKOBOZICTBE, BBITIO/THSIETCS 80 8peMsi Komnuaayuu. Bo

BpeMsA MCIIO/JIHEHHWA BbI HE TIJIaTHUTE 3a KaKy'IO-JII/I60 13 BO3MOXXHOCTE HUUEro.

Tem He MeHee, 3Ta CHCTeMa BCE Ke MMeeT OMpee/iéHHYI0 CTOMMOCTh: KpHBasi 00yueHHsl.
MHorue monb3oBaTen Rust 3aHHMMalOTCS TeM, 4YTO Mbl 30BEéM «DOOppOO € TIpOBepKOM
3aMMCTBOBaHUS» — KOMMWUIATOP Rust oTKasbiBaeTcsi KOMMWIMPOBaTh IpOrpammy, KOTopasi IIo
MHEHHIO aBTOpa SIBJIsSIeTCsI aOCOJTFOTHO MPAaBUILHON. DTO UacTO MPOUCXOAUT TIOTOMY, UTO MBICJIEHHOE
Tpe/iCTaB/ieHHe TIPOrPaMMKCTa O TOM, KakK JO/DKHO paboTaTh BiafieHHWe, He COBIA/IaeT C PeasbHbIMU
npaBW/aMy, KOTOPbIMH oriepupyeT Rust. Bbl, HaBepHOe, TMoHauany Takke OyzeTe HCIBITHIBATH
rofiobHbIe TpyAHOCTH. OHAKO CYIIeCTBYeT U XOpolllasi HOBOCTh: Oojiee OMBITHBIE pa3pabOTUMKK Ha
Rust roBopsT, uTo uem Oosibilie OHM PaOOTAOT C MpaBWJIAMKU CUCTEMbI BIa[ieHHs, TeM MeHbIIle OHU

OOpIOTCS C KOMITH/IITOPOM.

Nwmes 3T0 B BUAY, ZlaBaliTe niepei1éM K U3yUeHHI0 CUCTeMbl BafleHUs.

Bpemsa XunsHu

O,E[a]I)KI/IBaHI/Ie CCBIJIKK Ha peCypcC, KOTOPbIM KTO-TO BJ/Id/ieeT, MOXXeT OBITE A0BOJIBHO CJ/IO’KHBIM.

Harpumep, ripesicTaBbTe cebe CieIyOLIYIO MTOC/Ie[0BAaTeIbHOCTh OTIePALUii:
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e MblI rosryyaeM aOCTPaKTHYIO CCHUIKY Ha KaKOM-TO pecypc.

® MbI 0[JA/DKUBAEM BaM CCBIJIKY Ha 3TOT Pecypc.

e Mpi periaeM, uyTo pecypc Ham Oosibilie He TpeOyeTcsi, U 0CBOOOKJaeM ero, B TO BpeMsi KakK y
BacC BCe ellle eCTh Ha Hero CChUIKA.

® Bl peliaeTe UCMO/Ib30BaTh 3TOT PeCypC.

Oii-oii! Bama ccelika yka3biBaeT Ha HeJOIMYCTUMbIA pecypc. OJTO Ha3bIBaeTCs «BUCSUMN

YKa3aTe/ib» W «UCI0J/Ib30BaHKE TTOC/Ie OCBO60)K,I[€HI/I$[», KOTrZla peCypCOM {BJIA€TCH I1aMATh.

YT00BI HUCTIPpaBUTb 3TO, MbI [JOJIDKHBI yﬁeAHTBCH, qTo I-IeTBEprII‘/JI Iar HUKOrJa He HpOHBOﬁAET
rnocjie TpeTbero. Cucrema B/Ia/lIeHUS B Rust AeJjIaeT 3TO Yepe3 IIOHATHE BPEMEHU XU3HH, KOTOPOe

OITMChLIBaeT 00/1aCcTh BUAUMOCTH, HA MPOTSKEHUN KOTOpOﬁ CCBhbIJIKA 6y,£[€T I,I:[EI\/JICTBI/ITEJ'IBHEI.

KOI‘,I[& Yy HaC eCTb Cl)YHKL[I/IH, KOTOpasd MpUHUMAET CCbIJIKY B Kd4€CTBE apryMe€HTd, Mbl MOXXEM

ABHO WK HEABHO YKd3dTb BPEMSA KU3HU CCBUIKU:

// HESBHO Run
fn foo(x: &i32) {

}

// SBHO
fn bar<'a>(x: &'a i32) {

Yurtaerca 'a Kak «BpeMS KU3HU a». TEXHI/ILIECKI/I, BCe€ CCbUIKM MMEKT HEKOTOPO€ BpeMs
JKHU3HH, CBA3dHHOE€ C HUMH, HO KOMITHUJ/IATOP IMO3BOJIAE€T OITYCKdTh €ro B O6I.L[I/IX C/1ydasx. HPE)K,E[E yeMm

MBI I1epeiiieM K 3TOMY, /laBaiiTe pa3bepeM IpuUMep HIKe, C IBHBIM yKa3aHHEeM BPeMeHH >KU3HU:

fn bar<'a>(...) Run

Ora uacTb OOBsAB/ISET MapaMerpbl BpeMeHHW ku3HW. OHa TOBOPHT, uTO bar umeer opuH
rapaMeTp BpeMeHH Xu3HH, 'a. Ecsi Obl B KauecTBe rapamMeTpoB (YHKIMU Y HAC ObIIO /[Be CCBUTKH,

TO 3TO BBIIJIAAE/I0 ObI Tak:

fn bar<'a, 'b>(...) Run

3aTeM B CITUCKe mapaMeTpoB CbYHKI_[I/II/I MBI UCIT0/Ib3YEM 3d/JldHHbIE TTapaMeTPbl BpPEMEHUW >KHU3HU:

J(x: &'a i32) Run

Ecu 661 Mbl X0Temt &MUt ccblKy, TO cesianu Obl Tak:

L(x: &'a mut i32) Run

Ecmu Bel cpaBauTe &mut 132 ¢ &'a mut 132, To yBHaMTe, UTO OHM OTIMUAIOTCS TOJIBLKO
orpe/ie/ieHHeM BpPeMeHH JKM3HM '@, HamucaHHbIM Mexay & u mut 132. &mut 132 uwraercs
KaK «M3MeHsieMasl cCcbUlKa Ha i32», a &'a mut 132 — kak «u3MeHsilemasl CCbLIKa Ha i32 €O

BPEMEHEM JKU3HU 'a».

BHyTpn struct'os
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20bar%3C'a%3E(...)%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20bar%3C'a%2C%20'b%3E(...)%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A...(x%3A%20%26'a%20i32)%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A...(x%3A%20%26'a%20mut%20i32)%0A%7D

A3BIK IporpaMmupoBaHyst Rust

BbI Tak)Ke IO/KHBI OyzieTe sIBHO yKa3aTb BpeMsi >KU3HHM TTpH pabote co Struct 'mm:

struct Foo<'a> { F{Llr]
x: &'a i32,

fn main() {
let y = &5; // 170 %e camoe, yto u let y =5; lety =&y;"
let f = Foo { x: vy };

println! ("{}", f.x);

Kak BbI Mo)keTe 3dMETUTBb, CTPYKTYPbI TdKXe€ MOT'yT UMETb BpEMS >XU3HU. Tak xe Kak M

Qymkapn,

0
-
-]

struct Foo<'a> {

00BsBIAET BpeMd XXU3HU U

0
-]

x: &'a i32, u

WCIosib3yeT ero. IloueMy ke Mbl JIOJDKHBI OTpeZesisiTh BpeMsi >KU3HU 371eCb? MbI JO/KHBI

ybeauTbCs, UTO CChIIKa Ha FOO He MOXKeT >KUTh [oJibliie, YeM CChUIKa Ha 132, cofepiKaiiascs B

HeM.

Bnokn imp L

MasatiTe peam3syem metop ans FOO:

po)
(-
-]

struct Foo<'a> {
x: &'a i32,

impl<'a> Foo<'a> {
fn x(&self) -> &'a 132 { self.x }

fn main() {
let y
let f

&5; // 10 Xe camoe, yto u “let y =5; lety =&y;"
Foo { x: y };

println!("x is: {}", f.x());

Kak BBl MOXKeTe BH/E€Tb, HAaM HY)KHO OOBSBUTH BpeMsi Ku3HH [yisi FOO B ctpoke ¢ impl. Mai
MoBTOpsieM '@ [BaXkibl, Kak B (pyHkimsax: impl<'a> omnpegenser Bpems xusau 'a, u Foo<'a>

HCIIOJIb3YET €ro.

Heckosnibko BpeMéEéH xun3Hu (Multiple lifetimes)

Ecnu Bbl MeeTe HeCKOJIbKO CCBI/IOK, BbI MO)KeTe MCIIO/JIb30BdTb OJHO W TO >Xe€ BpeMA XU3HH

HECKOJIBKO pa3:
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Foo%3C'a%3E%20%7B%0Ax%3A%20%26'a%20i32%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Foo%3C'a%3E%20%7B%0Ax%3A%20%26'a%20i32%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=struct%20Foo%3C'a%3E%20%7B%0A%20%20%20%20x%3A%20%26'a%20i32%2C%0A%7D%0A%0Aimpl%3C'a%3E%20Foo%3C'a%3E%20%7B%0A%20%20%20%20fn%20x(%26self)%20-%3E%20%26'a%20i32%20%7B%20self.x%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20y%20%3D%20%265%3B%20%2F%2F%20%D1%82%D0%BE%20%D0%B6%D0%B5%20%D1%81%D0%B0%D0%BC%D0%BE%D0%B5%2C%20%D1%87%D1%82%D0%BE%20%D0%B8%20%60let%20_y%20%3D%205%3B%20let%20y%20%3D%20%26_y%3B%60%0A%20%20%20%20let%20f%20%3D%20Foo%20%7B%20x%3A%20y%20%7D%3B%0A%0A%20%20%20%20println!(%22x%20is%3A%20%7B%7D%22%2C%20f.x())%3B%0A%7D%0A

A3bIK IporpaMmupoBaHust Rust

fn x or y<'a>(x: &'a str, y: &'a str) -> &'a str { F{L]r]

OTOT KOZ, TOBOPUT, UTO X U Y HaXOASTCsS B OJHOW 007aCTH BUAMMOCTHU JIPYT C APYTOM, U UTO
BO3BpalllaeMoe 3HaueHHe >KMBO Ha MPOTSHKEHUH TOM ke 00/1acTh BUIUMOCTH. Ec/ii BbI XOTHTE, UTOOBI
X W'Y WMe/lu pa3Hble BpeMeHa >KU3HH, BbI JIOJ/DKHBI UCIOMB30BaTh MapaMeTpPbl HECKOJIBLKUX BpeMEH

JKHU3HU.

pe
-]

u

fn x_or_y<'a, 'b>(x: &'a str, y: &'b str) -> &'a str {

B aTOM mipyiMepe X ¥ Y MMeIOT pa3/idyHble 00/1aCTH BUAUMOCTH, HO BO3BpAIllaeMoe 3HaueHHe

HMeeT TO >Ke BpeMsl J)KU3HHU, UTO U X.

OcwmbicnnBaem o6nactn suaumocTu (Thinking in scopes)

O,Z[I/IH U3 criocoboB TMOHATL, UTO >K€ TdkKOe BpeMsA XHU3HU — 5TO BU3Yd/IM3UPOBATH 06HaCTb, B

KOTOPOM CChIIKA SIB/ISIeTCS lelcTBUTe/IbHOU. Hanprmep:

fn main() { Run
let y = &5; // -+ y BXOOMT B 061acTb BULMMOCTH -
/7|
// 4TO-TO /!
/7|
} // -+ y BHIXOAUT M3 061aCTW BUOMMOCTH
Ho6aBum Hatry cTpykTypy FOO:
struct Foo<'a> { Run
x: &'a 132, T
}
fn main() {
let y = &5; // -+ y BX0oguT B 06MacTb BUOMMOCTM
let f = Foo { x: y }; // -+ f BxoguT B 06MacTb BUAMMOCTY
// 4T0-TO /7|
/7|
} // -+ f vy BbIXOBAT M3 06nacTu BMAUMOCTM

Hamra T xuBer B 06/1aCTH BUAUMOCTH Y, 103TOMY BCe paboTaer. UTo »Ke MpOU30H/ET, eciiu

3TO0 OyzeT He Tak? ITOT KoJ, He OyzeT paboTaTh:

struct Foo<'a> { Run
x: &'a i32,
}
fn main() {
let x; // -+ X Bx0gMT B 006M1aCTb BUAMMOCTMU
// |
{ /7|
let y = &5; // ---+y BXOAMT B 006MacCTb BMOUMOCTHM
let f = Foo { x: y }; // ---+ f Bxogut B 06NacTb BUOMMOCTHU
x = &f.x; // | | 3mecb ownbka
} // ---+ f ny BbixogaT u3 0b6MacTu BUAMMOCTM
/7|
printin!("{}", x); // |
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https://play.rust-lang.org/?code=struct%20Foo%3C'a%3E%20%7B%0A%20%20%20%20x%3A%20%26'a%20i32%2C%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20y%20%3D%20%265%3B%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20-%2B%20y%20%D0%B2%D1%85%D0%BE%D0%B4%D0%B8%D1%82%20%D0%B2%20%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D1%8C%20%D0%B2%D0%B8%D0%B4%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D0%B8%0A%20%20%20%20let%20f%20%3D%20Foo%20%7B%20x%3A%20y%20%7D%3B%20%2F%2F%20-%2B%20f%20%D0%B2%D1%85%D0%BE%D0%B4%D0%B8%D1%82%20%D0%B2%20%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D1%8C%20%D0%B2%D0%B8%D0%B4%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D0%B8%0A%20%20%20%20%2F%2F%20%D1%87%D1%82%D0%BE-%D1%82%D0%BE%20%20%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20%20%7C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20%20%7C%0A%7D%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20-%2B%20f%20%D0%B8%20y%20%D0%B2%D1%8B%D1%85%D0%BE%D0%B4%D1%8F%D1%82%20%D0%B8%D0%B7%20%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B8%20%D0%B2%D0%B8%D0%B4%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D0%B8%0A
https://play.rust-lang.org/?code=struct%20Foo%3C'a%3E%20%7B%0A%20%20%20%20x%3A%20%26'a%20i32%2C%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20x%3B%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20-%2B%20x%20%D0%B2%D1%85%D0%BE%D0%B4%D0%B8%D1%82%20%D0%B2%20%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D1%8C%20%D0%B2%D0%B8%D0%B4%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D0%B8%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20%20%7C%0A%20%20%20%20%7B%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20%20%7C%0A%20%20%20%20%20%20%20%20let%20y%20%3D%20%265%3B%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20---%2B%20y%20%D0%B2%D1%85%D0%BE%D0%B4%D0%B8%D1%82%20%D0%B2%20%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D1%8C%20%D0%B2%D0%B8%D0%B4%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D0%B8%0A%20%20%20%20%20%20%20%20let%20f%20%3D%20Foo%20%7B%20x%3A%20y%20%7D%3B%20%2F%2F%20---%2B%20f%20%D0%B2%D1%85%D0%BE%D0%B4%D0%B8%D1%82%20%D0%B2%20%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D1%8C%20%D0%B2%D0%B8%D0%B4%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D0%B8%0A%20%20%20%20%20%20%20%20x%20%3D%20%26f.x%3B%20%20%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20%20%7C%20%7C%20%D0%B7%D0%B4%D0%B5%D1%81%D1%8C%20%D0%BE%D1%88%D0%B8%D0%B1%D0%BA%D0%B0%0A%20%20%20%20%7D%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20---%2B%20f%20%D0%B8%20y%20%D0%B2%D1%8B%D1%85%D0%BE%D0%B4%D1%8F%D1%82%20%D0%B8%D0%B7%20%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B8%20%D0%B2%D0%B8%D0%B4%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D0%B8%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20%20%7C%0A%20%20%20%20println!(%22%7B%7D%22%2C%20x)%3B%20%20%20%20%20%20%20%20%2F%2F%20%20%7C%0A%7D%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20-%2B%20x%20%D0%B2%D1%8B%D1%85%D0%BE%D0%B4%D0%B8%D1%82%20%D0%B8%D0%B7%20%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B8%20%D0%B2%D0%B8%D0%B4%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D0%B8%0A

A3bIK IporpaMmupoBaHyst Rust

} // -+ X BbIXOGUT M3 06MacTu BUOMMOCTHU

Yd! Kak Bel MOXeTe BH/ETb 37eCh, 00aacTH BHAMMOCTH T U Yy MeHble, yeM 00/1acTb
BuzMocT X. Ho korza Mol BeimosHsieM X = &T . X, Mbl mprcBarBaeM X CCHUIKY Ha UTO-TO, UTO

BOT-BOT BblﬁﬂET u3 obactu BHUIHWMOCTH.

[TprcBOeHrEe UMEHW BpeMeHH >KU3HU — 3TO Crocob 3ajath UMsi 0671acT BUAUMOCTH. UTOOBI

AyMdaThb O 4EM-TO, HY>XHO MeTh Ha3BaHHue [Jid 3TOTO.

'static

Bpemsi >ku3HU C UMeHeM «static» — ocobeHHoe. OHO 0003HayaeT, YTO UTO-TO UMEET BPeMsi
JKW3HU, paBHOE BpeMEeHM JKM3HHU BCell MporpaMMbl. BobLIMHCTBO MporpaMMHUCTOB Ha Rust BriepBbie

crankuBarorca ¢ ' static , KOT/Zla UMEIOT [1e/10 CO CTPOKaMM:

let x: &'static str = "Mpuset, Mup."; Run

CrpokoBble jmmtepansl  umeror Tun &'static str, moromy wuto cceiika Bcerga
JlefICTBHTe/IbHA: CTPOKM PacrioyiaraloTcsl B CerMeHTe [JaHHBIX KOHEUHOTo JBOMYHOro (aina. Jpyroi

npumMep — ry100a1bHbIe rnepeMeHHbIE:

static FOO: i32 = 5; Run
let x: &'static i32 = &FOO;
B stom npumepe 132 m06aB/sieTcss B CEIMEHT [JaHHbIX JBOMYHOrO (haiiia, a X CChUIAaeTcs Ha

Hero.

OﬂyCKaHI/Ie BPEMEHN XNU3HU

B Rust ecTb MOIIHBINA JIOKaNbHBIN BBIBOZ, TUIMOB. OHAKO, CUTHATYPbI OOBSIB/IEHHI BEPXHEro
YPOBHSI He BBIBOASATCS, UYTOOBI MOXKHO OBUIO pacCy’>K[aTh O TWIAX HAa OCHOBAaHWM OJHHUX JIWIIb
curHatyp. V3 coobpakeHuii yno6cTBa, BBeIEH OrpaHUYeHHbI MeXaHU3M BBIBOJA TUIIOB CUTHATYP
(yHKIMIA, Ha3bIBaeMblli «OMyCKaHWe BpemeHU »u3Hu» («lifetime elision»). OH BBIBOAUT THUIBI Ha
OCHOBAHHH TOJIBKO 3/IeMEHTOB CUIHATypbl — Teylo (PyHKLMW TIPY 3TOM He yuuTbiBaeTcsl. [Ipu sToM
€ro HasHaueHUWe — 3TO BBbIBeCTU JIMIIb [apaMeTpbl BPeMeHU >KW3HU apryMeHTOB. /Il 3TOro OH
peanmu3yeT TPH TMPOCTHIX TipaBWa. TakuM o00pa3oM, OMMycKaHWe BpeMeHW JKU3HH YIIpOLaeT

HarnucaHue CUIHaTyp, OZIHOBPEMEHHO He CKpbIBasi peasibHble THUIIbl apT'yMEeHTOB.

Korya peub ufieT 0 HessBHOM BpeMeHH JKU3HHU, MbI UCTI0/Ib3YeM TePMUHBI 8XOOHOE 8peMsl HCU3HU
(input lifetime) w ebixoOHOe epems dcu3Hu (output lifetime). BxoOHoe epemsi JCu3HU CBSI3aHO C
repe/jaBaeMbIMA B (DYHKI[UIO TTapaMeTpaMH, a 8bIXOOHOe 8peMsl JHCU3HU CBsI3aHO C BO3BpalljaeMbIM

dbyHKIMel 3HaueHreM. Haripumep, 3Ta GyHKIMsSI UIMeeT BXOJHOe BpeMsl XKU3HU:
fn foo<'a>(bar: &'a str) F{Ljr]
A 5Ta umeeT BBIXOJHOE BpeMs KU3HU:

fn foo<'a>() -> &'a str Run

OTa )Xe UMeeT KaK BXOHO€, TdK WU BBIXOAHO€ BpeMA >XHU3HU:
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A3BIK IporpaMmupoBaHyst Rust

fn foo<'a>(bar: &'a str) -> &'a str F{Ljr]

Hwxe nipeficTaBieHsbl TpY TIpaBuUa:

4 Kax(,qoe HesdBHOE BpeMsd >XWU3HU B dpPTyMeHTaX Cl)YHKL[I/II/I CTAHOBUTCA OTAe/IbHbBIM

BpeMEeHEeM >XM3HU.

4 Ecnu ectb POBHO OAHO BXOAHOE€ BpeMd >XM3HH, ABHOE€ W/IM HesdABHOe, TO 3TO BpeMsd

JKU3HU HA3HAYAeTCA BCEM HEABHBIM BbBIXOAHBIM BpEMEHAM >KHU3HHU.

L4 Ecimm ecTh HeCKOJIBKO BXOJHBIX BPEMéH KWU3HHU, HO O4HO M3 HHX 3TO &Se.l.f nJ/In

&mut Self , TO BCEM HEABHBIM BbIXOAHBIM BPEMEHAM XWU3HU HA3HAYAETCA BPEMSA XXU3HU

self.

B MPOTUBHOM CJ/Iy4dde, HeABHOE 3a/ldHHE€ BbIXOHOT'O BDEMEHU XKU3HU ABJIAETCA OILIMOKOM.

[Mpumepsbl

Bor HEKOTOPLIE TIPpUMeEPbI Cl)yHKL[PIﬁ, npeacraBjeHHble B [ABYX BHAAX: C ABHO W HEABHO

3d/1dHHbIM BDEMEHEM KU3HU:

fn print(s: &str); // HesBHO F{Ljr]
fn print<'a>(s: &'a str); // sBHO

fn debug(lvl: u32, s: &str); // HesaABHO
fn debug<'a>(lvl: u32, s: &'a str); // aBHO

// B npepbipywem npumepe pns " lvl’ He TpebyeTcs yka3sbiBaTb BPEMSl XM3HM, MOTOMY 4YTO
// 370 He ccbinka (°& ). TonbKo 3MeMeHTbl, CBfi3aHHble C CCbikamMu (Hanpumep, Takue

// KakK CTPyKTypa, copepxawas CCbUuiKy) TpebywT yKa3aHus BpPEMEHU XU3HW.

fn substr(s: &str, until: u32) -> &str; // HessHO
fn substr<'a>(s: &'a str, until: u32) -> &'a str; // sBHO

fn get str() -> &str; // HEKOPPEKTHO, HeT BXOQHbIX napaMeTpoB

fn frob(s: &str, t: &str) -> &str; // HEKOPPEKTHO, pBa BXopgHbiX napametpa
fn frob<'a, 'b>(s: &'a str, t: &'b str) -> &str; // Pa3BépHyTO: BbiXOOHOE BPEMS XM3HU HEACHO

fn get _mut(&mut self) -> &mut T; // HesBHO
fn get mut<'a>(&'a mut self) -> &'a mut T; // aBHO

fn args<T:ToCStr>(&mut self, args: &[T]) -> &mut Command // HesBHO
fn args<'a, 'b, T:ToCStr>(&'a mut self, args: &'b [T]) -> &'a mut Command // fBHO

fn new(buf: &mut [u8]) -> BufWriter; // HedaBHO
fn new<'a>(buf: &'a mut [u8]) -> BufWriter<'a> // gBHO

5.8. Ccbuiku ¥ 3auMcTBOBaHMeS.10. MI3MeHIeMOoCTh
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20print(s%3A%20%26str)%3B%20%2F%2F%20%D0%BD%D0%B5%D1%8F%D0%B2%D0%BD%D0%BE%0Afn%20print%3C'a%3E(s%3A%20%26'a%20str)%3B%20%2F%2F%20%D1%8F%D0%B2%D0%BD%D0%BE%0A%0Afn%20debug(lvl%3A%20u32%2C%20s%3A%20%26str)%3B%20%2F%2F%20%D0%BD%D0%B5%D1%8F%D0%B2%D0%BD%D0%BE%0Afn%20debug%3C'a%3E(lvl%3A%20u32%2C%20s%3A%20%26'a%20str)%3B%20%2F%2F%20%D1%8F%D0%B2%D0%BD%D0%BE%0A%0A%2F%2F%20%D0%92%20%D0%BF%D1%80%D0%B5%D0%B4%D1%8B%D0%B4%D1%83%D1%89%D0%B5%D0%BC%20%D0%BF%D1%80%D0%B8%D0%BC%D0%B5%D1%80%D0%B5%20%D0%B4%D0%BB%D1%8F%20%60lvl%60%20%D0%BD%D0%B5%20%D1%82%D1%80%D0%B5%D0%B1%D1%83%D0%B5%D1%82%D1%81%D1%8F%20%D1%83%D0%BA%D0%B0%D0%B7%D1%8B%D0%B2%D0%B0%D1%82%D1%8C%20%D0%B2%D1%80%D0%B5%D0%BC%D1%8F%20%D0%B6%D0%B8%D0%B7%D0%BD%D0%B8%2C%20%D0%BF%D0%BE%D1%82%D0%BE%D0%BC%D1%83%20%D1%87%D1%82%D0%BE%0A%2F%2F%20%D1%8D%D1%82%D0%BE%20%D0%BD%D0%B5%20%D1%81%D1%81%D1%8B%D0%BB%D0%BA%D0%B0%20(%60%26%60).%20%D0%A2%D0%BE%D0%BB%D1%8C%D0%BA%D0%BE%20%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D1%8B%2C%20%D1%81%D0%B2%D1%8F%D0%B7%D0%B0%D0%BD%D0%BD%D1%8B%D0%B5%20%D1%81%20%D1%81%D1%81%D1%8B%D0%BB%D0%BA%D0%B0%D0%BC%D0%B8%20(%D0%BD%D0%B0%D0%BF%D1%80%D0%B8%D0%BC%D0%B5%D1%80%2C%20%D1%82%D0%B0%D0%BA%D0%B8%D0%B5%0A%2F%2F%20%D0%BA%D0%B0%D0%BA%20%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%82%D1%83%D1%80%D0%B0%2C%20%D1%81%D0%BE%D0%B4%D0%B5%D1%80%D0%B6%D0%B0%D1%89%D0%B0%D1%8F%20%D1%81%D1%81%D1%8B%D0%BB%D0%BA%D1%83)%20%D1%82%D1%80%D0%B5%D0%B1%D1%83%D1%8E%D1%82%20%D1%83%D0%BA%D0%B0%D0%B7%D0%B0%D0%BD%D0%B8%D1%8F%20%D0%B2%D1%80%D0%B5%D0%BC%D0%B5%D0%BD%D0%B8%20%D0%B6%D0%B8%D0%B7%D0%BD%D0%B8.%0A%0Afn%20substr(s%3A%20%26str%2C%20until%3A%20u32)%20-%3E%20%26str%3B%20%2F%2F%20%D0%BD%D0%B5%D1%8F%D0%B2%D0%BD%D0%BE%0Afn%20substr%3C'a%3E(s%3A%20%26'a%20str%2C%20until%3A%20u32)%20-%3E%20%26'a%20str%3B%20%2F%2F%20%D1%8F%D0%B2%D0%BD%D0%BE%0A%0Afn%20get_str()%20-%3E%20%26str%3B%20%2F%2F%20%D0%9D%D0%95%D0%9A%D0%9E%D0%A0%D0%A0%D0%95%D0%9A%D0%A2%D0%9D%D0%9E%2C%20%D0%BD%D0%B5%D1%82%20%D0%B2%D1%85%D0%BE%D0%B4%D0%BD%D1%8B%D1%85%20%D0%BF%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%D0%BE%D0%B2%0A%0Afn%20frob(s%3A%20%26str%2C%20t%3A%20%26str)%20-%3E%20%26str%3B%20%2F%2F%20%D0%9D%D0%95%D0%9A%D0%9E%D0%A0%D0%A0%D0%95%D0%9A%D0%A2%D0%9D%D0%9E%2C%20%D0%B4%D0%B2%D0%B0%20%D0%B2%D1%85%D0%BE%D0%B4%D0%BD%D1%8B%D1%85%20%D0%BF%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%D0%B0%0Afn%20frob%3C'a%2C%20'b%3E(s%3A%20%26'a%20str%2C%20t%3A%20%26'b%20str)%20-%3E%20%26str%3B%20%2F%2F%20%D0%A0%D0%B0%D0%B7%D0%B2%D1%91%D1%80%D0%BD%D1%83%D1%82%D0%BE%3A%20%D0%92%D1%8B%D1%85%D0%BE%D0%B4%D0%BD%D0%BE%D0%B5%20%D0%B2%D1%80%D0%B5%D0%BC%D1%8F%20%D0%B6%D0%B8%D0%B7%D0%BD%D0%B8%20%D0%BD%D0%B5%D1%8F%D1%81%D0%BD%D0%BE%0A%0Afn%20get_mut(%26mut%20self)%20-%3E%20%26mut%20T%3B%20%2F%2F%20%D0%BD%D0%B5%D1%8F%D0%B2%D0%BD%D0%BE%0Afn%20get_mut%3C'a%3E(%26'a%20mut%20self)%20-%3E%20%26'a%20mut%20T%3B%20%2F%2F%20%D1%8F%D0%B2%D0%BD%D0%BE%0A%0Afn%20args%3CT%3AToCStr%3E(%26mut%20self%2C%20args%3A%20%26%5BT%5D)%20-%3E%20%26mut%20Command%20%2F%2F%20%D0%BD%D0%B5%D1%8F%D0%B2%D0%BD%D0%BE%0Afn%20args%3C'a%2C%20'b%2C%20T%3AToCStr%3E(%26'a%20mut%20self%2C%20args%3A%20%26'b%20%5BT%5D)%20-%3E%20%26'a%20mut%20Command%20%2F%2F%20%D1%8F%D0%B2%D0%BD%D0%BE%0A%0Afn%20new(buf%3A%20%26mut%20%5Bu8%5D)%20-%3E%20BufWriter%3B%20%2F%2F%20%D0%BD%D0%B5%D1%8F%D0%B2%D0%BD%D0%BE%0Afn%20new%3C'a%3E(buf%3A%20%26'a%20mut%20%5Bu8%5D)%20-%3E%20BufWriter%3C'a%3E%20%2F%2F%20%D1%8F%D0%B2%D0%BD%D0%BE%0A%7D

SA3BIK IporpaMmupoBaHyst Rust

N3meHAaemocTb (mutability)

M3meHs1eMOCTb, TO €CTb BO3MOXXHOCTb M3MEHHWTh YTO-TO, pa60TaeT B Rust HeCKOMBKO WHaue,

UeM B JPYI'uX A3bIKax. BO-HEPBBIX, 0 YMOJ/TYaHHWIO CBfAA3aHHbIE UM€E€Ha He N3MEeHAEeMbI:

let x = 5; Run

X = 6; // ounbka!

/13MeHs1eMOCTb MOXKHO [100aBUTh C TIOMOLLbIO K/TFOUeBOro cjioBa Mut:

let mut x = 5; Run
X = 6; // HeT npobnem!

OTO H3MeHsIeMOoe CBSI3aHHOE HMS. Kor,qa CBsA3dHHOe HMMA HM3MEeHAeMO, 5TO O3HdudeT, UTO MbI
MOXKeM TOMEHSITh CBSI3aHHOEe C HUM 3HaueHue. B npuMepe BhILIE HE TO, yTOOBI CaMO 3HAueHHe X

MEHJ/I0Ch, TPOCTO UMsI X CBsI3bIBA€TCs C JPYIrMM 3HaUeHHeM TUIld 132.

Ecnu >Xe Bbl XOTHUTe H3MEHHUTh CaMO CBsSI3aHHOE 3HAUeHue, BaM HOHEI,E[O6I/ITCH Hu3MeHgemMad

CCBLJIKA:

let mut x = 5; Run

let y = &mut x;

Yy — 3TO HeW3MeHsIeMOoe UMs JI/Il U3MEeHSIeMOM CChIIKHM. JTO 3HAUWT, UTO Y Hejb3s1 CBSA3aTh
emé c uem-to (Y = &mut Z), HO MO)KHO M3MEHUTh TO, HAa UTO yKa3bIBaeT CBsi3aHHasi CChUIKa (*y

= 5). ToHkas pa3Huija.

KoneuHo, BbI MOXKeTe 00BABUTH U U3MEHSIEMOE UM AJIA U3MEHsIeEMOM CChIJIKU:

let mut x 5; Run

let mut y = &mut x;
Tenepb Y MOXXHO CBf3aTh C IpyI'MM 3Hau€HHEeM, U CaMO 3TO 3HaueHHe TOXKe MO>KHO MEHSITb.
Crout OTMEeTUTB, UTO mut — 370 yacTe I_LIa6HOHa, MMO3TOMY MOXXHO [€/1aTb TaKKe BelIu:

let (mut x, y) = (5, 6); Run

fn foo(mut x: i32) {

BHyTpeHHAA  (interior) ©  BHewHAA  (exterior)
N3MEHAEMOCTb

OpHako, Korjja Mbl TOBOPHM, UTO UTO-TM0O0 «HEeW3MeHsseMO» B Rust, 3TO He 03HauaeT, UTO OHO
COBCEM He MOXeT W3MeHUTbCsA. MbI TOBODHUM O «BHeITHeW u3MeHsieMoCTW». /[l rpumepa

paccmotpuM Arc<T>:

use std::sync::Arc; F{llr]
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%205%3B%0Ax%20%3D%206%3B%20%2F%2F%20%D0%BE%D1%88%D0%B8%D0%B1%D0%BA%D0%B0!%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20mut%20x%20%3D%205%3B%0A%0Ax%20%3D%206%3B%20%2F%2F%20%D0%BD%D0%B5%D1%82%20%D0%BF%D1%80%D0%BE%D0%B1%D0%BB%D0%B5%D0%BC!%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20mut%20x%20%3D%205%3B%0Alet%20y%20%3D%20%26mut%20x%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20mut%20x%20%3D%205%3B%0Alet%20mut%20y%20%3D%20%26mut%20x%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20(mut%20x%2C%20y)%20%3D%20(5%2C%206)%3B%0A%0Afn%20foo(mut%20x%3A%20i32)%20%7B%0A%7D%0A%7D
http://doc.rust-lang.org/std/sync/struct.Arc.html
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Async%3A%3AArc%3B%0A%0Alet%20x%20%3D%20Arc%3A%3Anew(5)%3B%0Alet%20y%20%3D%20x.clone()%3B%0A%7D
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let x
let y

Arc::new(5);
x.clone();

Korza mbl BeisbiBaeM metog clone( ), Arc<T> pomkHa 0OHOBUTEL CUETUMK CCHLUIOK. MBI He
WCTob30Baid MoAudukatop MUt, a 3HauuMT X — HeusMeHsieMoe UMs. MbI He MOXXeM TOJTyUUThb

ceeiiky (&mut 5) wmu caenats uto-To ogo6HOe. U uTo xe?

[nst Toro yToObI MOHATH 3TO, MBI JAOJDKHBI BEPHYTHCSI Ha3af, K ocHoBaM ¢unocoduu Rust, K
COXPaHHOCTU TaMSITU U MeXaHU3My, FapaHTUPYIOIleMy 3TO, K CUCTeMe Bla/leHNs, U, B YaCTHOCTH, K

3dMMCTBOBAHUIO:

OZHOBpEMEHHO y BaC MOXKET OBbITb TOMBKO OWH W3 ABYX TEePeurC/IeHHBIX HIKe BUJIOB
3aMMCTBOBaHMsI, HO He 00a cpasy:

® onHa um Oosee Hen3MeHsieMbIx ccblioK (&T ) Ha pecypec,

® DOBHO 0JHa U3MeHsieMas ccbiika (&mut T) Ha pecypc.

Ntak, uto ke 31ech Ha CaMOM Jejie SIB/IIeTCS «Heu3MeHsieMbIM»? be3omnacHoO /i MMeTh [Ba
yKazaresst Ha ofuH 00bekT? B ciiyuae ¢ Arc<T>, na: u3MeHsieMbili 0OBEKT TMOJHOCTBbIO HAXOJUTCS
BHYTPH CaMO¥ CTPYKTYpbL. I1o 310k npuurHe, Metoz Clone () Bo3BpaiijaeT HEU3MEHSIEMYHO CChUTKY
(&T). Ecru 6wl oH BO3Bpalian usMensiemyto cceliky (&mut T), To y Hac Gbimu ObI TIpOG/IEMBI.
Takum o6pasom, let mut z = Arc::new(5); oObsiBAseT aToMapHbIii CYETUHK CCBITIOK C

BHeIIIHelN NU3MeHsIeMOCThIO.

Jlpyrve TuWIbl, HarpE©Mep Te, uTo orpezesneHbl B moxyne std::cell, HampoTus, umerot
«BHYTDPEHHIOIO U3MeHsieMOCTh». Hanpumep:

use std::cell::RefCell; Run

let x

RefCell::new(42);

let y = x.borrow mut();

RefCell Bo3Bpaijaer usmensiemyto ccbiiky &mut mpu momoru metoga borrow mut (). A

He ornacHoO Jiv 3To? UTo, e/ Mbl C/le/laeM TaK:

use std::cell::RefCell; Run

let x RefCell::new(42);

let y = x.borrow mut();
let z = x.borrow mut();

OT0 mnpuBeAET K IIaHMKe BO Bpems wucnonHeHus. Bor uro genmaer RefCell: om
NPUHY/IUTE/ILHO BBITIO/HAET MPOBEPKY MPaBM/I 3aMMCTBOBAHMS BO BPEMsl WCIIOJHEHHS W BbI3bIBAeT

panic!, eciu oHu GbUIM HAPYILEHBL.
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http://doc.rust-lang.org/std/cell/index.html
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Acell%3A%3ARefCell%3B%0A%0Alet%20x%20%3D%20RefCell%3A%3Anew(42)%3B%0A%0Alet%20y%20%3D%20x.borrow_mut()%3B%0A%7D
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CToUT OTMETUTb, UTO TUIl MU3MEHSIEMOCTU — BHYTPEHHSII WA BHELIHSS — OIpeJenseTcs
camuM TUTIOM. HeT criocoba BomieOHO TPeBpPAaTHTb 3HaueHWe C BHYTPEeHHEW W3MeHsSeMOCTbIO B

3HaueHHe CO BHEIIHel, 1 Ha000pOT.

Bcé 3To mMogBOAMUT HAC K PYTUM acrieKTaM IMpaBu/ u3MeHsieMoCcTH Rust. [laBaiiTe moroBopum o

HHUX.

13MEeHAEMOCTb Ha YPOBHE Noei

3MeHseMOCTb — 9TO CBOMCTBO /00 ccbiiky (&mut), mi6o umenu (let mut). 3To 3Hauwr,
YTO, HAlpyUMep, Yy Bac He MOKeT OBbITb CTDVKTVDBI, YaCTh IO KOTOPOW WM3MEHSIeTCs, a Apyras

4aCTh — HeT:
struct Point { F{Ljr]

Xx: 132,
mut y: i32, // Henb3s

N3meHsseMOCTb CTDYKTYPHI OIpeAessdeTCd rpyu eé CBSI3bIBaHUU:

J
-
-]

struct Point {
X: 132,
y: 132,

let mut a = Point { x: 5, y: 6 };
a.x = 10;
let b = Point { x: 5, y: 6};

b.x = 10; // error: cannot assign to immutable field “b.x"

Opnaxko, ucrnons3ys Ce L L<T> Bbl MOXKeTe SMy/IMpPOBATh U3MEHSeMOCThb Ha YPOBHE TI0JIeH:
use std::cell::Cell; EiLlIl
struct Point {

X: 132,

y: Cell<i32>,
let point = Point { x: 5, y: Cell::new(6) };
point.y.set(7);
println!("y: {:?}", point.y);

Oro BeiBeger Ha 9kpad Y: Cell { value: 7 }.Mbsl ycremso usMeHiIM 3HaueHue Y .

5.9. Bpemd knsaub.11. CTpYKTYDEI
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Point%20%7B%0A%20%20%20%20x%3A%20i32%2C%0A%20%20%20%20mut%20y%3A%20i32%2C%20%2F%2F%20%D0%BD%D0%B5%D0%BB%D1%8C%D0%B7%D1%8F%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Point%20%7B%0A%20%20%20%20x%3A%20i32%2C%0A%20%20%20%20y%3A%20i32%2C%0A%7D%0A%0Alet%20mut%20a%20%3D%20Point%20%7B%20x%3A%205%2C%20y%3A%206%20%7D%3B%0A%0Aa.x%20%3D%2010%3B%0A%0Alet%20b%20%3D%20Point%20%7B%20x%3A%205%2C%20y%3A%206%7D%3B%0A%0Ab.x%20%3D%2010%3B%20%2F%2F%20error%3A%20cannot%20assign%20to%20immutable%20field%20%60b.x%60%0A%7D
http://doc.rust-lang.org/std/cell/struct.Cell.html
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Acell%3A%3ACell%3B%0A%0Astruct%20Point%20%7B%0A%20%20%20%20x%3A%20i32%2C%0A%20%20%20%20y%3A%20Cell%3Ci32%3E%2C%0A%7D%0A%0Alet%20point%20%3D%20Point%20%7B%20x%3A%205%2C%20y%3A%20Cell%3A%3Anew(6)%20%7D%3B%0A%0Apoint.y.set(7)%3B%0A%0Aprintln!(%22y%3A%20%7B%3A%3F%7D%22%2C%20point.y)%3B%0A%7D

SA3BIK IporpaMmupoBaHyst Rust

CTpyKTYypbl

Crpyktypsl (Struct) — 310 oguH 13 criocoboB co3gaHust Oojiee CIOKHBIX THUITOB JaHHBIX.
Haripyimep, ec/ivi Mbl paCCUMTHIBAEM UTO-TO C MCTIO/b30BaHUEM KOOpAMHAT 2D MpoCTpaHCTBa, TO HaM
MoHaz00sATCst 00a 3HaueHuss — X U Y:

let origin x
let origin y

0; F{llr]
0;

CTpyKTypa 103Bo/isieT HaM O0BeJUHUTL 3T ABa 3HAYEHHUS B OAUWH THI C X U Y B KauecTBe

UMEH T10JIeH:

struct Point { Run
X: 132,
y: 132,

}

fn main() {
let origin = Point { x: 0, y: 0 }; // origin: Point

println!("Havano koopguHat Haxogutcsa B ({}, {})", origin.x, origin.y);

OTOT Ko7 fleflaéT MHOTO pa3HbIX Bellleid, M03TOMY JaBaiiTe pa3bepém ero 1o mopsaky. Mbl
00BABIIEM CTPYKTYypy C T[IOMOIIbIO KJ/IFOUEBOI'O0 CJIOBA st ruct, 3da KOTOpbIM cCjieayeTr HUMA
00bsiBNIsIEMOU CTPYKTYpbl. OOBIUHO, WMEHa THUIOB-CTPYKTYpD HAUMHAIOTCS C 3arylaBHOW OYKBBI W
HCITOMB3YIOT uepeayroluiicss perctp Oyks: HasBanue PointInSpace BeiisguT mpuBBIUHO, a
Point In Space — uer.

Kak Bcerzja, Mbl MOXKEM CO3/laTh 3K3eMIUIAP Hallleli CTPYKTYPbI C TOMOIIB0 oreparopa Let.
OjHako B JIaHHOM CJiyyae Mbl MCIIOb3yeM CHHTAKCHC Buja KJIOY: 3HAYEHWe fias yCTaHOBKU
3HaueHUs] Kakzgoro mosisi. ITopsiioK MHUIManM3aly rosell He o0si3aTesibHO O/DKEH COBIMAaZaTh C
TIOPSIJKOM UX OOBSIB/IEHHSI.

HaKOHEI_I, IMMOCKOJIBKY Y 10JIel ecThb HMME€Hd, Mbl MO)X€M II0/IyUUTb K HUM AOCTYIT C IMOMOIIbIO
ormepaiu TOYKa: origin.x.

3HaueHus, XpaHUMble B CTPYKTypax, HeHM3MeHsieMbl [10 yMO/IYaHuIO. B 3TOM IjiaHe oHM He
OT/IMUAKOTCSl OT JPYIMX WMEHOBaHHBIX CyIIHOCTe. UToObI OHU CTaaM M3MEeHsieMbl, WCIIOJb3yiHTe

KJIF0UeBoe cjioBo mut:

struct Point { F{Ljr]
x: 132,
y: 132,

}

fn main() {
let mut point = Point { x: 0, y: 0 };

point.x = 5;
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20origin_x%20%3D%200%3B%0Alet%20origin_y%20%3D%200%3B%0A%7D
https://play.rust-lang.org/?code=struct%20Point%20%7B%0A%20%20%20%20x%3A%20i32%2C%0A%20%20%20%20y%3A%20i32%2C%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20origin%20%3D%20Point%20%7B%20x%3A%200%2C%20y%3A%200%20%7D%3B%20%2F%2F%20origin%3A%20Point%0A%0A%20%20%20%20println!(%22%D0%9D%D0%B0%D1%87%D0%B0%D0%BB%D0%BE%20%D0%BA%D0%BE%D0%BE%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D1%82%20%D0%BD%D0%B0%D1%85%D0%BE%D0%B4%D0%B8%D1%82%D1%81%D1%8F%20%D0%B2%20(%7B%7D%2C%20%7B%7D)%22%2C%20origin.x%2C%20origin.y)%3B%0A%7D%0A
https://play.rust-lang.org/?code=struct%20Point%20%7B%0A%20%20%20%20x%3A%20i32%2C%0A%20%20%20%20y%3A%20i32%2C%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20mut%20point%20%3D%20Point%20%7B%20x%3A%200%2C%20y%3A%200%20%7D%3B%0A%0A%20%20%20%20point.x%20%3D%205%3B%0A%0A%20%20%20%20println!(%22%D0%A2%D0%BE%D1%87%D0%BA%D0%B0%20%D0%BD%D0%B0%D1%85%D0%BE%D0%B4%D0%B8%D1%82%D1%81%D1%8F%20%D0%B2%20(%7B%7D%2C%20%7B%7D)%22%2C%20point.x%2C%20point.y)%3B%0A%7D%0A
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println!("Touka Haxogutca B ({}, {})", point.x, point.y);

OTOT Koj Hareyaraer T04YKa Haxogutca B (5, 0).

Rust He noaaep>XvuBaeT M3MeHAEMOCTb OTAe/IbHBIX HOHEﬁ, MO3TOMY BbI HE MOXKeTe HallrcCaTrb

UTO-TO BpPO/ie TAaKOIro:

struct Point { Run
mut x: 132,
y: 132,

}
Vi3MeHsieMOCTb — 3TO CBOWCTBO MMEHM, a He CaMOW CTPYKTypbl. EC/Iu Bbl MPUBBIKIM K

YIpaB/IEHUIO U3MEHAEMOCTBIO HAa YPOBHE nonef/i, CHa4dJ/ila 3TO MOXET I0Ka3aTbCd HEIMPUBBIYHBIM, HO
Ha CaMOM [Jiejie TakKoe pelleHre CHU/IbHO YIIPOILdEeT BELIU. Ono AadXe TMO03BOJIAeT BaM /ie/1aTb UMEeHa

HN3MEeHAEMbIMHU TOJIBKO Hda KOPDOTKO€E BpeMS:

struct Point { F{Ljr]
Xx: 132,
y: 132,

}

fn main() {
let mut point = Point { x: 0, y: 0 };

point.x = 5;
let point = point; // 310 HOBOE uMS Hen3MeHseMO
point.y = 6; // 3T0 Bbi3biBaeT owMbKy

CTpyKTypbl TaK >Xe MOryT cogep)kaTb &MUt cchbiiku, 3TO MO3BOJISIET BaM TPOU3BOAWTD

noZio0HbIe peobpa3oBaHus:

struct Point { F{Ljr]
X: 132,
y: 132,

}

struct PointRef<'a> {
x: &'a mut 132,
y: &'a mut 132,

fn main() {
let mut point = Point { x: 0, y: 0 };

{
let r = PointRef { x: &mut point.x, y: &mut point.y };
*r.x = 5;
fr.y =6;
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https://play.rust-lang.org/?code=struct%20Point%20%7B%0A%20%20%20%20x%3A%20i32%2C%0A%20%20%20%20y%3A%20i32%2C%0A%7D%0A%0Astruct%20PointRef%3C'a%3E%20%7B%0A%20%20%20%20x%3A%20%26'a%20mut%20i32%2C%0A%20%20%20%20y%3A%20%26'a%20mut%20i32%2C%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20mut%20point%20%3D%20Point%20%7B%20x%3A%200%2C%20y%3A%200%20%7D%3B%0A%0A%20%20%20%20%7B%0A%20%20%20%20%20%20%20%20let%20r%20%3D%20PointRef%20%7B%20x%3A%20%26mut%20point.x%2C%20y%3A%20%26mut%20point.y%20%7D%3B%0A%0A%20%20%20%20%20%20%20%20*r.x%20%3D%205%3B%0A%20%20%20%20%20%20%20%20*r.y%20%3D%206%3B%0A%20%20%20%20%7D%0A%0A%20%20%20%20assert_eq!(5%2C%20point.x)%3B%0A%20%20%20%20assert_eq!(6%2C%20point.y)%3B%0A%7D%0A

A3BIK IporpaMmupoBaHyst Rust

assert eq!(5, point.x);
assert eq! (6, point.y);

CuHTakcuc obHoBieHUs (update syntax)

Bbl MO)KeTe BK/IIOUUTH B OMNUCaAHUE CTPYKTYPHI . . yTOOBI [10KAa3dTb, 4YTO Bbl XOTHUTE

WCIT0/Tb30BaTh 3HaUeHHsI T10J1ei KaKOW-TO Ipyroi CTpykTypbl. Harpumep:

struct Point3d { F{Ljr]
X: 132,
y: 132,
z: 132,

}

let mut point = Point3d { x: 0, y: 0, z: 0 };
point = Point3d { y: 1, .. point };
OTOT KOZ, TIpUCBAUBAET point HOBOe Y, HO OCTaBJ/IIeT CTapble X U Z. OT10 He 00s13are/LHO
JIO/DKHA OBITH Ta ’Ke caMasi CTPYKTypa — BbI MOXKETE MCIIO/Ib30BaTh 3TOT CUHTAKCHUC KOTZa CO37aéTe

HOBbI€ CTPYKTYDBbI, 4TOOBI CKOITMPOBATH 3HAYE€HWA HEYKA3dHHBIX T10J1eH:

0
(-
-]

let origin = Point3d { x: 0, y: 0, z: 0 };
let point = Point3d { z: 1, x: 2, .. origin };

KopTexHble CTPYKTYpb!

B Rust ecTb eljé oguH TUI [JaHHBIX, KOTOPBIM TMpeACTaB/isieT COO0 HEUTO CpefHee MEXIY
KOpTekeM M CTPYKTypoil. OH Ha3bIBaeTCst KopmedcHol cmpyknypoll. KopTexHble CTPYKTYpPbI

HMEHYIOTCH, a4 BOT Y UX rojiel UMEH HeT:

P
c
>

struct Color(i32, i32, i32);
struct Point(i32, i32, i32);

let black = Color(0, 0, 0);
let origin = Point(0, 0, 0);

OTHU ABd obnekTa Pa3/IM4Hbl, HECMOTPA Ha TO, UTO Y HUX OJMHAKOBbIE€ 3HAUEHMHS.

[TouTtH BCerzia, BMECTO KOPTEKHOM CTPYKTYPBI JIyUllle WCTI0/Ib30BaTh OOBIYHYI0 CTPYKTYPY. MBI

6b1 ckopee o6bsBrM THMLI COLOr u Point Bor Tak:

struct Color { Run
red: i32,
blue: i32,
green: 132,

}

struct Point {
x: 132,
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Point3d%20%7B%0A%20%20%20%20x%3A%20i32%2C%0A%20%20%20%20y%3A%20i32%2C%0A%20%20%20%20z%3A%20i32%2C%0A%7D%0A%0Alet%20mut%20point%20%3D%20Point3d%20%7B%20x%3A%200%2C%20y%3A%200%2C%20z%3A%200%20%7D%3B%0Apoint%20%3D%20Point3d%20%7B%20y%3A%201%2C%20..%20point%20%7D%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Point3d%20%7B%0A%20%20%20%20x%3A%20i32%2C%0A%20%20%20%20y%3A%20i32%2C%0A%20%20%20%20z%3A%20i32%2C%0A%7D%0Alet%20origin%20%3D%20Point3d%20%7B%20x%3A%200%2C%20y%3A%200%2C%20z%3A%200%20%7D%3B%0Alet%20point%20%3D%20Point3d%20%7B%20z%3A%201%2C%20x%3A%202%2C%20..%20origin%20%7D%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Color(i32%2C%20i32%2C%20i32)%3B%0Astruct%20Point(i32%2C%20i32%2C%20i32)%3B%0A%0Alet%20black%20%3D%20Color(0%2C%200%2C%200)%3B%0Alet%20origin%20%3D%20Point(0%2C%200%2C%200)%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Color%20%7B%0A%20%20%20%20red%3A%20i32%2C%0A%20%20%20%20blue%3A%20i32%2C%0A%20%20%20%20green%3A%20i32%2C%0A%7D%0A%0Astruct%20Point%20%7B%0A%20%20%20%20x%3A%20i32%2C%0A%20%20%20%20y%3A%20i32%2C%0A%20%20%20%20z%3A%20i32%2C%0A%7D%0A%7D

A3bIK IporpaMmupoBaHust Rust

y: 132,
z: 132,

Xopoume HNMeHa Ba)XHbI, U XOTd 3HAUeHUd B KOpTe)KHOI‘/JI CTPYKTypeé MOTYT OLITH Tak e

TI0JTy4Y€eHbI C ITOMOIIBIO ornepald TOYKa, CTPYKTYPHI AalOT HaM HACTOSIIee UMs, a He TIO3ULUI0.

OpHako, ecmb OJWH C/yyail, KOrjja KOPTeXKHble CTPYKTYPbl OYeHb IMOJIe3HbI. JDTO KOPTEXHast
CTPYKTypa C BCEro OHUM 3/1eMeHTOM. Takoe MCI10/1b30BaHKe Ha3bIBAeTCsl HOBbLM MUNOM, IOTOMY UTO
OHO TIO3BOJISIET CO3/laTh HOBBIM THM, OTJMYHBIM OT TUIA 3HAUYeHHUs, COZEP)Kalllerocsi B KOPTEXKHOM

cTpykrype. [Ipu 3TOM HOBBIM THUT 0603HaYAeT UTO-TO JIPYTOe:
struct Inches(i32); F(LJF]
let length = Inches(10);

let Inches(integer length) = length;
println!("OnuHa B poumax: {}", integer length);

Kak BBl MOXeTe BHJeTb B JAaHHOM IIpUMepe, W3BJeub BOXKEHHBIM LIe/IbI TUIT MOXXHO C
MOMOIIBI0 ZieKOHCTpyupytoiero Let. Mel 06CysKaanu 3T BhIllie, B pasfiesie «KOpTexku». B qaHHOM
ciiyyae, oneparop let Inches(integer length) npucBavBaetr 10  umeHu
integer length.

Unit-nofo6HbIe CTPYKTYPbI

BbI MoXkeTe 00BSIBUTH CTPYKTYPY Oe3 mosieit BooOiiie:
struct Electron; Run

let x = Electron;

Takuvie CTPYKTYpbI Ha3bIBAlOT «UNit-moobHble» («unit-like»), MoTroMy uTO OHM TOXOXKH Ha
nycroii Koprex (), WHOrZa HasbiBaeMblii «unit». Kak W KOPTEXHbIE CTPYKTYPhI, MX Ha3bIBAIOT

HOBBIM THIIOM.

Camu 110 cebe OHUM peZIKO OBIBAIOT MOJIe3HBI (XOTS MHOT/A WX UCTIOJb3YIOT B KaUeCTBe METOK),
HO B COYETAHWU C JPYTMMU BO3MOXKHOCTSIMH HMX HCIIO/Ib30BaHHWe MMeeT CMbICiA. Harmpumep, s
WCTO/b30BaHuss OUOMOTEKH MOKeT OBbITb HeoOXOAMMO CO03[aTh CTPYKTYPY, KOTOpasi peau3yeT
OTpe/ie/IeHHbIN TUIIaXX [Jisi 00paboTKM coObiTHi. Ec/M y Bac HeT J[aHHBIX, KOTOPbIE HY>KHO

MIOMECTHUTb B CTPYKTYPY, TO MO>KHO TIPOCTO CO3/1aTh UNit-To00HYI0 CTPYKTYPY.

5.10. smeHgeMocTh5.12. [TepeuricieHus
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Inches(i32)%3B%0A%0Alet%20length%20%3D%20Inches(10)%3B%0A%0Alet%20Inches(integer_length)%20%3D%20length%3B%0Aprintln!(%22%D0%94%D0%BB%D0%B8%D0%BD%D0%B0%20%D0%B2%20%D0%B4%D1%8E%D0%B9%D0%BC%D0%B0%D1%85%3A%20%7B%7D%22%2C%20integer_length)%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Electron%3B%0A%0Alet%20x%20%3D%20Electron%3B%0A%7D

SA3BIK IporpaMmupoBaHyst Rust

[lepeuncneHund

B Rust nepeuucneHue (€NUM) — 3TO THM JAaHHBIX, KOTOPBLIM Tpe/CTaBisieT coO0M OJUH M3
HECKOJIBKMX BO3MOX>XHbBIX BAPWAHTOB. Ka)K,I[beI BapHaHT B IIepeurC/IeHUH MOXXeT 6])ITB TaK)Ke CBA3adH C

JIPYTUMU JJaHHBIMU:

enum Message { Run
Quit,
ChangeColor(i32, i32, i32),
Move { x: 132, y: i32 },
Write(String),

CuHTaKCUC 151 0ObsIB/IEHHsT BADUAHTOB CXOK C CUHTAKCHUCOM /IJisi OObsIBJIEHHsT CTPYKTYP: Y Bac
MOryT ObITh BapvaHThI Oe3 JaHHBIX (KaK Unit-rmojjo0HbIe CTPYKTYphI), BADUAHThl C MUMEHOBAaHHBIMHU
JAHHBIMA W BapuUaHThl C 0e3bIMSHHBIMU JaHHBIMH (TI000HO KOPTEXXHBIM CTPYKTypam). BapuaHThI
Tepeurc/ieHus UMeIOT OJJUH U TOT Ke TWI, U B OTJIMUMU OT CTPYKTYpP He SIB/ISIIOTCS OrpejiesieHreM
OT/ZIeNIbHBIX THIOB. 3HaueHHe TIepeurc/ieHrss MOXKeT COOTBETCTBOBAaTh JIFOOOMY M3 BapuaHTOB. M3-3a
3TOTO Tepeurc/ieHrst WHOT/Ia HasbIBalOT mun-cymma (Sum-type): MHOXKeCTBO BO3MOKHBIX 3HaueHW

rnepeyrc/ieHusa — 3TO CyMMd MHOKE€CTB BO3MOKHbBIX 3HAUEHUHN Ka>X0ro BapraHTa.

Mgl HCI1I0/Ib3yeM CUHTAKCUC . . YTOOBI UCII0/IE30BaTh UM KaX10ro M3 BapraHTOB. VX obnacThb
BUAUMOCTHU OrpaHUYE€HA UMEHEM CAMOI'O IMepevyrC/IeHH . ITO 1M03BOJIsIeT UCI0/IL30BaTh 00a BAdpUdHTA

U3 TIpUMepa HWKe COBMECTHO
let x: Message = Message::Move { x: 3, y: 4 }; F{Ljr]

enum BoardGameTurn {
Move { squares: 132 },
Pass,

let y: BoardGameTurn = BoardGameTurn::Move { squares: 1 };

O6a BadpUdHTd UMEIOT OAVMHAKOBOE UM Move , HO TIOCKOJIbKY obacTe BHUIMMOCTHU KaXX0ro 13
HUX OrpaHHMY€Ha MMEHEM COOTBETCTBYIOLLEro Ilepeurc/ieHudA, OHU MOryT OBITH KCITO/IBL30BaHbI Oe3

KOH(JTUKTOB.

3HaueHWe TepeurcieHus, B [OTOJIHeHHe K JIOObIM [JaHHBIM, KOTODble CBSi3aHbI C HHM,
COZlep>KUT MH(GOpPMaLMI0 O TOM, KakOM MMEHHO 5TO BapuaHT. DTO WHOI/A Ha3bIBalOT pasmeyeHHoe

obwveduHeHue (tagged union), TIOCKOJIbKY JIaHHBIE BKJ/IIOUAIOT B Ce0s1 MeTKY, 0003HAuaroIIyI0 UTO 3TO

3a TUIL.
fn process color change(msg: Message) { F{ljr]
let Message::ChangeColor(r, g, b) = msg; // owubka BpeMeHn KOMOWUMALUN
}
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aenum%20Message%20%7B%0A%20%20%20%20Quit%2C%0A%20%20%20%20ChangeColor(i32%2C%20i32%2C%20i32)%2C%0A%20%20%20%20Move%20%7B%20x%3A%20i32%2C%20y%3A%20i32%20%7D%2C%0A%20%20%20%20Write(String)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aenum%20Message%20%7B%0A%20%20%20%20Move%20%7B%20x%3A%20i32%2C%20y%3A%20i32%20%7D%2C%0A%7D%0Alet%20x%3A%20Message%20%3D%20Message%3A%3AMove%20%7B%20x%3A%203%2C%20y%3A%204%20%7D%3B%0A%0Aenum%20BoardGameTurn%20%7B%0A%20%20%20%20Move%20%7B%20squares%3A%20i32%20%7D%2C%0A%20%20%20%20Pass%2C%0A%7D%0A%0Alet%20y%3A%20BoardGameTurn%20%3D%20BoardGameTurn%3A%3AMove%20%7B%20squares%3A%201%20%7D%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20process_color_change(msg%3A%20Message)%20%7B%0A%20%20%20%20let%20Message%3A%3AChangeColor(r%2C%20g%2C%20b)%20%3D%20msg%3B%20%2F%2F%20%D0%BE%D1%88%D0%B8%D0%B1%D0%BA%D0%B0%20%D0%B2%D1%80%D0%B5%D0%BC%D0%B5%D0%BD%D0%B8%20%D0%BA%D0%BE%D0%BC%D0%BF%D0%B8%D0%BB%D1%8F%D1%86%D0%B8%D0%B8%0A%7D%0A%7D
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TO, UTO II0J/Ib30BATe€/IbCKHME THIIbI II0 YMOJ/JIUaHHWIO He I[O0AAepP>XKUBAKOT OIlepaljid, MOXXeT
IMMOKa3aTbCsA A0BOJIBHO OI'DAHMYE€HHBIM. Ho sT0 OrpaHryeHHre, KOTOpOoe MbI BCer/ia MOXXeM IMpeo/10/IeTh.
Ectb ABd CHOCO6aZ pea/n30BaTh OIepanu CaMOCTOATe/IbHO, WM BOCII0/Ib30BATHCs COIMOCTaB/I€HHEM
¢ obpasijom ¢ momoiipio Match, o koropom BeI y3Haere B cieayomieM paszesne. [Toka Mbl eiie
Hea0CTAaTOYHO 3HaeM RUSt, ‘{TO6bI pea/M30BbIBATh OIlepaljiyi, HO Mbl HAYUMMCH [1e€/1aTh 3TO B pa3jesie
traits.

KOHCTPYKTOPbI Kak doyHKLUK

KOHCTPYKTOP rnepeyurcjieHruss MOXKET OBITh TakXXe MCII0/L30BaH KakK OOBLIYHAas d)YHKL[I/IH.

Haripumep:
let m = Message: :Write("Hello, world".to string()); EiLl[l
TOX>Xe caMoe, UTO 1
fn foo(x: String) -> Message { Run

Message: :Write(x)

let x = foo("Hello, world".to string());

Ha ,E[aHHblf/'I MOMEHT 3TO H€ TaK y>K U I10JI€3HO [Jid HaC, HO KOTZld MbI nepel‘/'l,qu K 3dMbIKdHHWAM,
MbI TIOTOBOPUM O Tepefiade (YHKLMH B pOoM apryMeHTa Apyroi ¢yHKuuu. Harnpumep, ¢ momoibo
HUTEepaTopoB MbI MOXeM Hpeo6paBOBbIBaTb BEKTOD CTPOK B BEKTOD COCTOH]_L[I/II‘/JI ns3
Message::Write:

po)
(e
-]

let v = vec!["Hello".to_string(), "World".to string()];

let vl: Vec<Message> = v.into iter().map(Message: :Write).collect();

5.11. Ctpykrypbi5.13. KoHcTpyKiug match®
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aenum%20Message%20%7B%0AWrite(String)%2C%0A%7D%0Alet%20m%20%3D%20Message%3A%3AWrite(%22Hello%2C%20world%22.to_string())%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aenum%20Message%20%7B%0AWrite(String)%2C%0A%7D%0Afn%20foo(x%3A%20String)%20-%3E%20Message%20%7B%0A%20%20%20%20Message%3A%3AWrite(x)%0A%7D%0A%0Alet%20x%20%3D%20foo(%22Hello%2C%20world%22.to_string())%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aenum%20Message%20%7B%0AWrite(String)%2C%0A%7D%0A%0Alet%20v%20%3D%20vec!%5B%22Hello%22.to_string()%2C%20%22World%22.to_string()%5D%3B%0A%0Alet%20v1%3A%20Vec%3CMessage%3E%20%3D%20v.into_iter().map(Message%3A%3AWrite).collect()%3B%0A%7D
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KoHCcTpyKuma "match’

I[Ipocroro if/else uacrto HeLOCTATOUHO, TIOTOMY UTO HY)KHO MPOBEPUTH GOJIbIIE, UeM [Ba
BO3MOXXHBIX BapHUdHTA. ,[[a 1 K TOMY >Ke yCJ/IOBHUA B else 4aCTO CTAHOBSTCS OUeHb C/IOKHBIMM. Kak

)Ke PeLuThb 3Ty MpobsiemMy?

B Rust ecthb kmoueBoe ca0Bo Match, mosBossifoliee 3aMeHHUTb TPYIIIBI  OMEPAaTOPOB

if/else uem-to Gonee ypo6HBIM. CMOTpHTE:
let x = 5; Run

match x {
1 => println!("ogun"),
=> println!("gpBa"),
=> println!("Tpu"),
println!("uyeTtbipe"),
=> println!("natb"),
=> println!("yTo-TO ewé"),

u b WN
Il
\%

match mnpunuMaer BbipakeHHe U BbIOMpaeT OJHY W3 BEeTBEH MWCIIOJHEHHsI COIJIACHO €ero
3HaueHMt0. Kaxzjas eemeb uMmeer ¢(opmy 3HaYe€HUE => BblpaXeHWe. BoipakeHre BeTBU
BBIUMC/ISIETCS, KOTJiA 3HaueHWe [aHHOW BeTBU COBIMajaeT CO 3HauyeHWeM, IPHUHSATBIM OIepaTopoM
match (B manHoM ciyuae, X). DTa KOHCTpYKIMsi HasbiBaeTcst Match (comocrasnenue), nmotomy
YTO OHA BBITIOJIHSIET COTOCTaB/IeHHe 3HaueHUsi HeKUM «Ii1abmoHam». ['aBa «L11abioHEl» OmMChIBaeT

BCe LLIa6JIOHI>I, KOTOPpbI€ MOXXHO HUCII0/Ib30BAaTh B match.

Tak B 4uéM >Ke TIpEMMYIIeCTBa AAHHOW KOHCTPYKLMHM? VX HeCcKo/ibKO. Bo-TepBbIX, BeTBU
match npoeepsitomcs Ha nonHomy. Bupute MoOC/Ie[HIOI BETBb, CO 3HAKOM TOAuépkuBanus ()?

Ecm mbl yaanim eé, Rust BeIZACT OLIMOKY:

error: non-exhaustive patterns: ° ° not covered

JIpyrvumu  c/ioBaMM, KOMITAIATOD COOOLaeT HaM, YTO Mbl 3a0bUTM COTIOCTaBUTH KaKHe-TO
3HaueHusl. [loCKOMBKY X — 5TO LieJioe YMC/I0, OHO MOXKeT MpPHWHMMAaThb pasHble 3HaueHusl —
Haripumep, 6. OJHaKo, ec/id Mbl yOMpaeM BeTBb _, HU OffHA BETBb HE COBMA/IET, TIO3TOMY TaKOH KO/
He CKOMITUJIUPYeTCSl.  — 3TO «COBMajieHue C JiroObIM 3HaueHrem». Eciii HU offHa /ipyrasi BeTBb He
coBMasa, COBINaZET BeTBb C . [TOCKOMBbKY B MpuMepe BbIllle eCTb BeTBb C _, MbI IIOKpbIBaeM BCé

MHO)KeCTBO 3HaueHHH X, M Hallla porpaMma CKOMITUIUPYeTCSl.

match rtakke sBisercs BbIpa’>KE€HHUEM. ITO 3HA4YUT, UYTO MbI MOX>XeM HCIIO/Ib30BaTb €ro B

npaBoii yactu oreparopa et wam HemocpeCTBEHHO KaK BhIpaykeHHe:
let x = 5; Ru Nn
let numer = match x {
1 => "one",

2 => "two",
3 => "three",
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%205%3B%0A%0Amatch%20x%20%7B%0A%20%20%20%201%20%3D%3E%20println!(%22%D0%BE%D0%B4%D0%B8%D0%BD%22)%2C%0A%20%20%20%202%20%3D%3E%20println!(%22%D0%B4%D0%B2%D0%B0%22)%2C%0A%20%20%20%203%20%3D%3E%20println!(%22%D1%82%D1%80%D0%B8%22)%2C%0A%20%20%20%204%20%3D%3E%20println!(%22%D1%87%D0%B5%D1%82%D1%8B%D1%80%D0%B5%22)%2C%0A%20%20%20%205%20%3D%3E%20println!(%22%D0%BF%D1%8F%D1%82%D1%8C%22)%2C%0A%20%20%20%20_%20%3D%3E%20println!(%22%D1%87%D1%82%D0%BE-%D1%82%D0%BE%20%D0%B5%D1%89%D1%91%22)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%205%3B%0A%0Alet%20numer%20%3D%20match%20x%20%7B%0A%20%20%20%201%20%3D%3E%20%22one%22%2C%0A%20%20%20%202%20%3D%3E%20%22two%22%2C%0A%20%20%20%203%20%3D%3E%20%22three%22%2C%0A%20%20%20%204%20%3D%3E%20%22four%22%2C%0A%20%20%20%205%20%3D%3E%20%22five%22%2C%0A%20%20%20%20_%20%3D%3E%20%22something%20else%22%2C%0A%7D%3B%0A%7D
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4 => "four",
5 => "five",
=> "something else",

UHorza c momortrpio Match moxHo yao6HO npeobpa3oBaTh 3HAUEHMST OJHOTO THIIA B JAPYTOM.

ConocTas/ieHne ¢ 06pasLoM A1 NepeyncieHnit

[pyroii mosesHslii crocob wucrons3oBaHust Match — o6paboTka BO3MOXKHBIX BapUaHTOB

rnepeuyurc/ieHusd:

enum Message {
Quit,

Run

ChangeColor(i32, i32, i32),
Move { x: 132, y: i32 },
Write(String),

}

fnoquit() { /* ... */ }

fn change color(r: i32, g: 132, b: i32) { /* ... */ }
fn move cursor(x: i32, y: i32) { /* ... */ }

fn process message(msg: Message) {

match msg {

Message:
Message:
Message:
Message:

};

:Quit => quit(),

:ChangeColor(r, g, b) => change _color(r, g, b),
:Move { x: x, y: y } => move _cursor(x, y),
:Write(s) => println!("{}", s),

Kak 06b1yHO, KOMIuisTop Rust mpoBepsieT MojiHOTY, mo3toMy B match gomkHa GbITh BETBb

A4 KaKAO0T0 BdpHUAHTA II€pedyrC/IeHusd. Ecmu kakoi-To BdPUAHT OTCYTCTBYET, IIpOIrpdMMa He

CKOMITW/IMDYETCA U BaM HpI/I,Z[éTCH HCTI0/Ib30BaTh .

3mech Mbl He MOXKEM HCIo/b30BaTh 06biuHbil 1T  BMecro match, B ommmume or koaa,

KOTOpBIi MbI Bufe/qM paHbire. Ho ™Mbl Mormu Obl ucrions3oBath 1T let — ero moxkuO

BOCIIPUHUMATh KaK COKparéHHyro hopmy 3arcu match.
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aenum%20Message%20%7B%0A%20%20%20%20Quit%2C%0A%20%20%20%20ChangeColor(i32%2C%20i32%2C%20i32)%2C%0A%20%20%20%20Move%20%7B%20x%3A%20i32%2C%20y%3A%20i32%20%7D%2C%0A%20%20%20%20Write(String)%2C%0A%7D%0A%0Afn%20quit()%20%7B%20%2F*%20...%20*%2F%20%7D%0Afn%20change_color(r%3A%20i32%2C%20g%3A%20i32%2C%20b%3A%20i32)%20%7B%20%2F*%20...%20*%2F%20%7D%0Afn%20move_cursor(x%3A%20i32%2C%20y%3A%20i32)%20%7B%20%2F*%20...%20*%2F%20%7D%0A%0Afn%20process_message(msg%3A%20Message)%20%7B%0A%20%20%20%20match%20msg%20%7B%0A%20%20%20%20%20%20%20%20Message%3A%3AQuit%20%3D%3E%20quit()%2C%0A%20%20%20%20%20%20%20%20Message%3A%3AChangeColor(r%2C%20g%2C%20b)%20%3D%3E%20change_color(r%2C%20g%2C%20b)%2C%0A%20%20%20%20%20%20%20%20Message%3A%3AMove%20%7B%20x%3A%20x%2C%20y%3A%20y%20%7D%20%3D%3E%20move_cursor(x%2C%20y)%2C%0A%20%20%20%20%20%20%20%20Message%3A%3AWrite(s)%20%3D%3E%20println!(%22%7B%7D%22%2C%20s)%2C%0A%20%20%20%20%7D%3B%0A%7D%0A%7D

SA3BIK IporpaMmupoBaHyst Rust

LLIa6noHbI conocTaeneHmna match”

[1Ta610HbI AO0CTaTOYHO 4YaCTO HCIIOJIb3YIOTCSA B Rust. MsbI YKe HCIOJJb30Ba/IM UX B pasjesie

Cesi3bIBaHVe TIEDEMEHHbIX, B pa3fese Koncrpykimsg match, a Takke B HEKOTOPBIX [PYTHX MeCTax.

aBaiiTe KOPOTKO TIPOOEXKUMCS 0 BCEM BO3MO)KHOCTSIM, KOTOPbIe MOXKHO peaii30BaTh C MOMOII[LI0

11a6/10HOB!

BbICTpO OCBEXUM B ITaMATH: COIMOCTAB/IATHL C I1a0/I0HOM JIMTEPa/Ibl MOXXHO b0 HAripsMy1o,

b0 C UCTI0/Tb30BaHUEM CUMBOJ/IA , KOTOPBIM 03HAYaeT /10001l CTyvaii:
let x = 1; RU n

match x {
1 => println!("oguu"),
2 => println!("pBa"),
3 => println!("Tpn"),
=> println!("4yT0 yrogHo"),

OTOT KOJ, HarleuaraeT OOUH.

ConocTtaB/ieHne ¢ HecCKo/IbKMMU wabnoHamu

BBl MoKeTe CcOMOCTaBAsATh C HeCKOTbKUMU U_Ia6HOHaMI/I, HCII0J/Ib3ys | .

po)
(-
-]

let x = 1;

match x {
1| 2 => println!("oguH wnn psa"),
3 => println!("Tpu"),
=> println!("4yT10 yropguo"),

OTOT Koj HareyataeT OOAMH WNWU [OBa.

[ecTpyKTypmsauyms

Ecm Bbl paboTaeTe C COCTaBHBIM THIIOM JJaHHBIX, Bpofie Struct, Bel Mmoxkere pa3obpath ero

Ha 4YacTH («ZeCTPyKTypUpOBaTh») BHYTPH IabioHa:

struct Point { F{Ljr]
X: 132,
y: 132,

}

let origin = Point { x: 0, y: 0 };

match origin {
Point { x, y } => println!("({},{})", x, y),
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%201%3B%0A%0Amatch%20x%20%7B%0A%20%20%20%201%20%3D%3E%20println!(%22%D0%BE%D0%B4%D0%B8%D0%BD%22)%2C%0A%20%20%20%202%20%3D%3E%20println!(%22%D0%B4%D0%B2%D0%B0%22)%2C%0A%20%20%20%203%20%3D%3E%20println!(%22%D1%82%D1%80%D0%B8%22)%2C%0A%20%20%20%20_%20%3D%3E%20println!(%22%D1%87%D1%82%D0%BE%20%D1%83%D0%B3%D0%BE%D0%B4%D0%BD%D0%BE%22)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%201%3B%0A%0Amatch%20x%20%7B%0A%20%20%20%201%20%7C%202%20%3D%3E%20println!(%22%D0%BE%D0%B4%D0%B8%D0%BD%20%D0%B8%D0%BB%D0%B8%20%D0%B4%D0%B2%D0%B0%22)%2C%0A%20%20%20%203%20%3D%3E%20println!(%22%D1%82%D1%80%D0%B8%22)%2C%0A%20%20%20%20_%20%3D%3E%20println!(%22%D1%87%D1%82%D0%BE%20%D1%83%D0%B3%D0%BE%D0%B4%D0%BD%D0%BE%22)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Point%20%7B%0A%20%20%20%20x%3A%20i32%2C%0A%20%20%20%20y%3A%20i32%2C%0A%7D%0A%0Alet%20origin%20%3D%20Point%20%7B%20x%3A%200%2C%20y%3A%200%20%7D%3B%0A%0Amatch%20origin%20%7B%0A%20%20%20%20Point%20%7B%20x%2C%20y%20%7D%20%3D%3E%20println!(%22(%7B%7D%2C%7B%7D)%22%2C%20x%2C%20y)%2C%0A%7D%0A%7D

A3bIK IporpaMmupoBaHyst Rust

MEI MOYKeM MCIOMb30BaTh . , YTOOBI IIpHUBA34aTh 3HAUE€HHE K HOBOMY MMEHMU.

Py
-
-]

struct Point {
x: 132,
y: 132,

let origin = Point { x: 0, y: 0 };

match origin {
Point { x: x1, y: y1 } => println!("({},{})", x1, yl),

}
Ecmu Hac MHTepecyrOT TOMBKO HEKOTOpble 3HaueHus, Mbl MOXKeM He [aBaTb MMeHa BCeM
COCTaBJIAOIM:
struct Point { F{Ljr]
X: 132,
y: 132,

let origin = Point { x: 0, y: 0 };
match origin {

Point { x, .. } => println!("x paBen {}", X),

OTOT KoJ HarleuataeT X PaBeH 0.

Bbl MOKeTe HCITO/Ib30BaTh 3TO B JIFOOOM COIIOCTABAEHUM: He 00s13aTebHO HWI'HOPHUPOBATH

HMMEHHO HepBbeI SJIEMEeHT:

struct Point { F{Ljr]
X: 132,
y: 132,

}

let origin = Point { x: 0, y: 0 };
match origin {

Point { y, .. } => println!("y pasen {}", y),

OTO0T KoJ HarleuataeT Y paBeH 0.

MoyXHO TIPOM3BECTH [eCTPYKTYypH3alii0 JIF000r0 COCTAaBHOTO TWIA JJAHHBIX — HarpuMmep,

KODTEyKer U [epeurcaeHuH.

NrHopupoBaHue CBsI3biBaHUS

Bbl MO)KeTe WUCIIONBb30BaTh B MIa0/ioHe , UYTOOBI TPOMTHOPHMPOBATH COOTBETCTBYIOILEE

3Hauenue. Harpumep, Bot comniocrasienne Result<T, E>:

match some value { F{llr]
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Point%20%7B%0A%20%20%20%20x%3A%20i32%2C%0A%20%20%20%20y%3A%20i32%2C%0A%7D%0A%0Alet%20origin%20%3D%20Point%20%7B%20x%3A%200%2C%20y%3A%200%20%7D%3B%0A%0Amatch%20origin%20%7B%0A%20%20%20%20Point%20%7B%20x%3A%20x1%2C%20y%3A%20y1%20%7D%20%3D%3E%20println!(%22(%7B%7D%2C%7B%7D)%22%2C%20x1%2C%20y1)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Point%20%7B%0A%20%20%20%20x%3A%20i32%2C%0A%20%20%20%20y%3A%20i32%2C%0A%7D%0A%0Alet%20origin%20%3D%20Point%20%7B%20x%3A%200%2C%20y%3A%200%20%7D%3B%0A%0Amatch%20origin%20%7B%0A%20%20%20%20Point%20%7B%20x%2C%20..%20%7D%20%3D%3E%20println!(%22x%20%D1%80%D0%B0%D0%B2%D0%B5%D0%BD%20%7B%7D%22%2C%20x)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Point%20%7B%0A%20%20%20%20x%3A%20i32%2C%0A%20%20%20%20y%3A%20i32%2C%0A%7D%0A%0Alet%20origin%20%3D%20Point%20%7B%20x%3A%200%2C%20y%3A%200%20%7D%3B%0A%0Amatch%20origin%20%7B%0A%20%20%20%20Point%20%7B%20y%2C%20..%20%7D%20%3D%3E%20println!(%22y%20%D1%80%D0%B0%D0%B2%D0%B5%D0%BD%20%7B%7D%22%2C%20y)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20some_value%3A%20Result%3Ci32%2C%20%26'static%20str%3E%20%3D%20Err(%22%D0%97%D0%B4%D0%B5%D1%81%D1%8C%20%D0%B1%D1%8B%D0%BB%D0%B0%20%D0%BA%D0%B0%D0%BA%D0%B0%D1%8F-%D1%82%D0%BE%20%D0%BE%D1%88%D0%B8%D0%B1%D0%BA%D0%B0%22)%3B%0Amatch%20some_value%20%7B%0A%20%20%20%20Ok(value)%20%3D%3E%20println!(%22%D0%BF%D0%BE%D0%BB%D1%83%D1%87%D0%B8%D0%BB%D0%B8%20%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%3A%20%7B%7D%22%2C%20value)%2C%0A%20%20%20%20Err(_)%20%3D%3E%20println!(%22%D0%BF%D1%80%D0%BE%D0%B8%D0%B7%D0%BE%D1%88%D0%BB%D0%B0%20%D0%BE%D1%88%D0%B8%D0%B1%D0%BA%D0%B0%22)%2C%0A%7D%0A%7D

A3BIK IporpaMmupoBaHyst Rust

Ok(value) => println!("nony4ymnu 3Havenue: {}", value),
Err(_) => println!("npousowna ownbka"),

B nepBoii BeTBM Mbl MNpuBs3biBaeM 3HaueHue BapuanTa OK kK wmenu value. A B BerBu
0bpaboTku BapuaHTa Err mbl ucnone3yem , 4ToObl TIPOMTHOPUPOBATH KOHKPETHYHO OLIMOKY, M

MPOCTO TeyaraeM obIree cooOIeHue.

__ jonyctuMm B mobom H.IE[6J'IOH€, KOTOprﬁ CBSI3bIBAET MMeHa. JTO MOXKHO HCITI0J/Ib30BATh,

YTOOBI TPOMTHOPUPOBATE UaCTH OOJIBIIION CTPYKTYPHI:

fn coordinate() -> (i32, i32, i32) { F{Ljr]
// co30aéM M BO3BpAllaeM KakoM-TO KOPTEX M3 TPEX 3NEeMeHTOoB

}

let (x, _, z) = coordinate();

3,I[ECL MBI CBsA3bIBdEM HepBbIﬁ n HOCHE/:[HI/II;‘I 3JIeMeHT KOpTeXa C HMeHaMH X uz

COOTBETCTBEHHO, a BTOPOM 3/1IeMeHT UTHOPUPYEM.

[Toxoxum 006pa3oMm, B 11ab/I0He MOXKHO MCIT0/Ib30BaTh . . , YTOOBI IPOUTHOPUPOBATh HECKO/IBKO
3HAUeHHUH.
enum OptionalTuple { F{Ljr]
Value(i32, 132, i32),
Missing,

let x = OptionalTuple::Value(5, -2, 3);

match x {
OptionalTuple::Value(..) => println! ("Monyunnn koptex!"),
OptionalTuple::Missing => println!("BoT Heypaya."),

9ToT Kof revaraet [lony4ynnu koptex!.

ref n ref mut

Ecnu BBl X0TUTE IMOJIyUuTb CCLUIKY, TO HCHO]’II:ByfITG KJroueBoe cy10Bo ref:

pe)
c
-]

let x = 5;

match x {
ref r => println!("Monyunnu cceinky Ha {}", r),
OT0T Koz Hareyaraet [MONYYUNN CCbITKY Ha 5.

3pecsy ' Buytpu match wmeer tum &132. [Ipyrumu cioBamu, KiaroueBoe ciioBo ref
co30aem CChUIKY, /11 MCIO/Ib30BaHus B 1nabioHe. EcM BaM Hy)KHa M3MeHsieMasi CChuUika, To ref

mut GyzeT paboTaTh aHA/IOTMYHBIM 00pa3oM:

let mut x = 5; Run
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aenum%20OptionalTuple%20%7B%0A%20%20%20%20Value(i32%2C%20i32%2C%20i32)%2C%0A%20%20%20%20Missing%2C%0A%7D%0A%0Alet%20x%20%3D%20OptionalTuple%3A%3AValue(5%2C%20-2%2C%203)%3B%0A%0Amatch%20x%20%7B%0A%20%20%20%20OptionalTuple%3A%3AValue(..)%20%3D%3E%20println!(%22%D0%9F%D0%BE%D0%BB%D1%83%D1%87%D0%B8%D0%BB%D0%B8%20%D0%BA%D0%BE%D1%80%D1%82%D0%B5%D0%B6!%22)%2C%0A%20%20%20%20OptionalTuple%3A%3AMissing%20%3D%3E%20println!(%22%D0%92%D0%BE%D1%82%20%D0%BD%D0%B5%D1%83%D0%B4%D0%B0%D1%87%D0%B0.%22)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%205%3B%0A%0Amatch%20x%20%7B%0A%20%20%20%20ref%20r%20%3D%3E%20println!(%22%D0%9F%D0%BE%D0%BB%D1%83%D1%87%D0%B8%D0%BB%D0%B8%20%D1%81%D1%81%D1%8B%D0%BB%D0%BA%D1%83%20%D0%BD%D0%B0%20%7B%7D%22%2C%20r)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20mut%20x%20%3D%205%3B%0A%0Amatch%20x%20%7B%0A%20%20%20%20ref%20mut%20mr%20%3D%3E%20println!(%22%D0%9F%D0%BE%D0%BB%D1%83%D1%87%D0%B8%D0%BB%D0%B8%20%D0%B8%D0%B7%D0%BC%D0%B5%D0%BD%D1%8F%D0%B5%D0%BC%D1%83%D1%8E%20%D1%81%D1%81%D1%8B%D0%BB%D0%BA%D1%83%20%D0%BD%D0%B0%20%7B%7D%22%2C%20mr)%2C%0A%7D%0A%7D

A3bIK IporpaMmupoBaHust Rust

match x {
ref mut mr => println! ("Monyuynnu usmMeHsemyw ccoiiky Ha {}", mr),

ConocTaB/ieHne ¢ ananasoHoM

BbI MOXXeTe COroCTaB/sATh C AHalla30HOM 3Haq6HHﬁ, HCIIO/IB3YA .« .« »

let x = 1; RU n
match x {
1 ... 5= println!("oT ogHoro po natu"),
_ => println!("4T0 yrogxo"),
}
OTOT KO/] HarleyaTaeT OT OOHOr0O OO NATWU.
[viana3oHbl B OCHOBHOM MCITOJIb3YIOTCS C UMC/IaMU WX OAUHOYHBIMUA CUMBOJIAaMHU ( char).
let x = '[0'; Run
match x {
'a' ... 'm' => println!("paHHsas bykBa"),
'k' ... 'a' = println!("no3pHsas 6ykea"),
_ => println!("4T0-TO ewé"),

}

OTOT Ko HarleuaTaeT YTO-TO Ellé.

CBs3blBaHUe

BrbI MoXxeTe CBsI3aTh 3HaueHHe C UMeHeM C MOMOIIbIO CUMBOJIA @3

let x = 1;

P
c
-]

match x {
e@1l ... 5=>println!("nonyunnn snemeHT auanasoHa {}", e),
_ => println!("4yT0 yropgHo"),

OTOT Koj, HareuataeT MOJIYYUSIN 3SfIeMeHT [fuana3oHa 1. 3Tto mone3Ho, Korja B

XO0TUTE CAe/1aThb C/IOKHOEe COIOoCTaB/IeHUe AJid UaCTU CTPYKTYPhI JdHHBIX!

#[derive(Debug)] F{L]r]
struct Person {
name: Option<String>,

}

let name = "Steve".to string();

let mut x: Option<Person> = Some(Person { name: Some(name) });

match x {
Some(Person { name: ref a @ Some( ), .. }) => println!("{:?}", a),
= {
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%201%3B%0A%0Amatch%20x%20%7B%0A%20%20%20%201%20...%205%20%3D%3E%20println!(%22%D0%BE%D1%82%20%D0%BE%D0%B4%D0%BD%D0%BE%D0%B3%D0%BE%20%D0%B4%D0%BE%20%D0%BF%D1%8F%D1%82%D0%B8%22)%2C%0A%20%20%20%20_%20%3D%3E%20println!(%22%D1%87%D1%82%D0%BE%20%D1%83%D0%B3%D0%BE%D0%B4%D0%BD%D0%BE%22)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%20'%F0%9F%92%85'%3B%0A%0Amatch%20x%20%7B%0A%20%20%20%20'%D0%B0'%20...%20'%D0%B8'%20%3D%3E%20println!(%22%D1%80%D0%B0%D0%BD%D0%BD%D1%8F%D1%8F%20%D0%B1%D1%83%D0%BA%D0%B2%D0%B0%22)%2C%0A%20%20%20%20'%D0%BA'%20...%20'%D1%8F'%20%3D%3E%20println!(%22%D0%BF%D0%BE%D0%B7%D0%B4%D0%BD%D1%8F%D1%8F%20%D0%B1%D1%83%D0%BA%D0%B2%D0%B0%22)%2C%0A%20%20%20%20_%20%3D%3E%20println!(%22%D1%87%D1%82%D0%BE-%D1%82%D0%BE%20%D0%B5%D1%89%D1%91%22)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%201%3B%0A%0Amatch%20x%20%7B%0A%20%20%20%20e%20%40%201%20...%205%20%3D%3E%20println!(%22%D0%BF%D0%BE%D0%BB%D1%83%D1%87%D0%B8%D0%BB%D0%B8%20%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%20%D0%B4%D0%B8%D0%B0%D0%BF%D0%B0%D0%B7%D0%BE%D0%BD%D0%B0%20%7B%7D%22%2C%20e)%2C%0A%20%20%20%20_%20%3D%3E%20println!(%22%D1%87%D1%82%D0%BE%20%D1%83%D0%B3%D0%BE%D0%B4%D0%BD%D0%BE%22)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%23%5Bderive(Debug)%5D%0Astruct%20Person%20%7B%0A%20%20%20%20name%3A%20Option%3CString%3E%2C%0A%7D%0A%0Alet%20name%20%3D%20%22Steve%22.to_string()%3B%0Alet%20mut%20x%3A%20Option%3CPerson%3E%20%3D%20Some(Person%20%7B%20name%3A%20Some(name)%20%7D)%3B%0Amatch%20x%20%7B%0A%20%20%20%20Some(Person%20%7B%20name%3A%20ref%20a%20%40%20Some(_)%2C%20..%20%7D)%20%3D%3E%20println!(%22%7B%3A%3F%7D%22%2C%20a)%2C%0A%20%20%20%20_%20%3D%3E%20%7B%7D%0A%7D%0A%7D

A3bIK IporpaMmupoBaHyst Rust

OToT Kog Harleyataer Some ("Steve") : MblI cBsA3amM BHYTpeHHIOI0 NAame ¢ a.

Ec/v Bbl UCTONb3yeTe @ COBMECTHO C |, TO BbI JOJ/DKHBI yOEAUTHCS, UTO UMS CBSI3HIBAETCS B

KaKZI0lM U3 yacTel mab/oHa:

let x = 5; Run
match x {

e@l...5] e@8 ... 10 = println!("nonyuunn snemeHT guanasoHa {}", e),

_ => println!("4T0 yrogHo"),
}

OrpaHununtenu wabsioHoB

BhI MOXKeTe BBeCTH oepaHuuumenu wabnoHo (match guards) c momoipro 1if:

0
-
-]

enum OptionalInt {
Value(i32),
Missing,

let x = Optionallnt::Value(5);

match x {
OptionalInt::Value(i) if i > 5 => println!("Mony4yunnu uenoe Gonbwe natu!"),
Optionallnt::Value(..) => println!("Monyuwnnn uenoe!"),
Optionallnt::Missing => println!("Heypaua."),
9Tot Kop Hareuataet [onyymnu uenoe!.

Ecnu BbI HCIIOJ/Ib3yeTe if c HeckonbKkUMU ]_HEI6JIOHEIMI/I, OH IMPUMEHAETCA K obenM yacTam:

let x
let y

4; Run

false;

match x {
4 |5 if y => println!("ga"),
=> println!("HeT"),

OTOT KO, TiedaraeT HeT, motomy uto 1f mpumensiercst ko Bcemy 4 | 5, a He Tonmbko K 5.

Ipyriumu cioBamu, ripuoputeT 1T BeIigauT Tak:

Il
\%

(4 15)ify

d He TakK:

Il
\%

4 | (51ify)

3ak/iroueHne
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%205%3B%0A%0Amatch%20x%20%7B%0A%20%20%20%20e%20%40%201%20...%205%20%7C%20e%20%40%208%20...%2010%20%3D%3E%20println!(%22%D0%BF%D0%BE%D0%BB%D1%83%D1%87%D0%B8%D0%BB%D0%B8%20%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%20%D0%B4%D0%B8%D0%B0%D0%BF%D0%B0%D0%B7%D0%BE%D0%BD%D0%B0%20%7B%7D%22%2C%20e)%2C%0A%20%20%20%20_%20%3D%3E%20println!(%22%D1%87%D1%82%D0%BE%20%D1%83%D0%B3%D0%BE%D0%B4%D0%BD%D0%BE%22)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aenum%20OptionalInt%20%7B%0A%20%20%20%20Value(i32)%2C%0A%20%20%20%20Missing%2C%0A%7D%0A%0Alet%20x%20%3D%20OptionalInt%3A%3AValue(5)%3B%0A%0Amatch%20x%20%7B%0A%20%20%20%20OptionalInt%3A%3AValue(i)%20if%20i%20%3E%205%20%3D%3E%20println!(%22%D0%9F%D0%BE%D0%BB%D1%83%D1%87%D0%B8%D0%BB%D0%B8%20%D1%86%D0%B5%D0%BB%D0%BE%D0%B5%20%D0%B1%D0%BE%D0%BB%D1%8C%D1%88%D0%B5%20%D0%BF%D1%8F%D1%82%D0%B8!%22)%2C%0A%20%20%20%20OptionalInt%3A%3AValue(..)%20%3D%3E%20println!(%22%D0%9F%D0%BE%D0%BB%D1%83%D1%87%D0%B8%D0%BB%D0%B8%20%D1%86%D0%B5%D0%BB%D0%BE%D0%B5!%22)%2C%0A%20%20%20%20OptionalInt%3A%3AMissing%20%3D%3E%20println!(%22%D0%9D%D0%B5%D1%83%D0%B4%D0%B0%D1%87%D0%B0.%22)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%204%3B%0Alet%20y%20%3D%20false%3B%0A%0Amatch%20x%20%7B%0A%20%20%20%204%20%7C%205%20if%20y%20%3D%3E%20println!(%22%D0%B4%D0%B0%22)%2C%0A%20%20%20%20_%20%3D%3E%20println!(%22%D0%BD%D0%B5%D1%82%22)%2C%0A%7D%0A%7D

A3BIK IporpaMmupoBaHyst Rust

Bot Tak! Cy1riecTByeT MHOTO pa3HbIX CIIOCOOOB MCIO/Ib30BaHUS KOHCTPYKI[UH COTIOCTaBJIEHUS
¢ mabJIOHOM, ¥ BCe OHU MOTYT OBbITh CMeIIaHbl U COCTHLIKOBAHbI, B 3aBUCUMOCTH OT TOTO, UTO BbI

XOTUTe CaeyaTb:

match x { Run

Foo { x: Some(ref name), y: None } => ...

[11a6s10HBI — 3TO OUEHb MOIIHBINA UHCTPYMeHT. Vcronb3yiiTe Ux.

5.13. KoHcrpykuys “match 5.15. CUHTaKCHC MeTOI0B
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Amatch%20x%20%7B%0A%20%20%20%20Foo%20%7B%20x%3A%20Some(ref%20name)%2C%20y%3A%20None%20%7D%20%3D%3E%20...%0A%7D%0A%7D

SA3BIK IporpaMmupoBaHyst Rust

CuHTaKcuc MeTo0B

cDyHKI_[I/II/I — 3TO XOpOolIo, HO e€C/Id Bbl XOTUTE BbI3BATb HECKOJIBKO CBA3HBIX CI)YHKHHﬁ AJIsL

KaKux-TM00 JJAHHBIX, TO 3TO MOXKET ObITh Hey/00HO. PacCMOTpPUM 3TOT KOZ:

baz(bar(foo)); Run

YuTaTh [AHHYIO CTPOKY KOZla C/leflyeT cCjeBa HampaBo, M03TOMY Mbl Hab/rofaeM Takoi
nopsifiok: «baz bar foo». Ho oH mpoTrBOMONOXKeH MOPSIKY, B KOTOPOM (DYHKI[UM OyAyT BBI3bIBATHCS:
«foo bar baz». bb10 ObI K/IaCCHO 3amMCaTh BBHI30OBHI B TOM TOPSi/IKe, B KOTOPOM OHH TPOUCXOJSAT, HE

TaK ju?

X0
-]

foo.bar().baz(); u

K cuactero, 310 BO3MOXHO! Rust npeaocTaB/ideT BO3MOXXHOCTb MCIIOJ/Ib30BATh TaKoOU

CUHMAKCUC 8b1308a Memood C TIOMOIIBIO K/TFOUYEBOI'O C/I0BA 1mpl .

BbI30B MeTOA0B

Bor kak 370 paboTaer:

struct Circle { F{Ljr]
x: 64,
y: f64,
radius: f64,

impl Circle {
fn area(&self) -> f64 {
std::f64::consts::PI * (self.radius * self.radius)

fn main() {
let ¢ = Circle { x: 0.0, y: 0.0, radius: 2.0 };
println!("{}", c.area());

10T KoZi, Hareyaraer 12.566371.

MBI co37a/i CTPYKTYPY, KOTopast IpejcTaB/isieT coboii Kpyr. 3areM Mbl Haricand 6ok impl

Y OTpe/ie/IW/IM MeTOZ, aea BHYTPU Hero.

MeToabl TIPUHUMAIOT —CrielMaibHbI repBblii mapamerp, &self. Ectb Tpy BO3MOXHBIX
papuanTa: self, &self u &mut self. Bel Moxere gymarb 00 3TOM CrieldaJbHOM [apameTpe
kak o0 X B X.T00(). Tpu BapuaHTa COOTBETCTBYIOT TpeM BO3MOXKHBIM BHJAM 3/IeMEHTa X :

self — ecm 310 npocTo 3Hauenue B creke, &Self — ecm 310 ccbuika u &mut self — ecim
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Abaz(bar(foo))%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afoo.bar().baz()%3B%0A%7D
https://play.rust-lang.org/?code=struct%20Circle%20%7B%0A%20%20%20%20x%3A%20f64%2C%0A%20%20%20%20y%3A%20f64%2C%0A%20%20%20%20radius%3A%20f64%2C%0A%7D%0A%0Aimpl%20Circle%20%7B%0A%20%20%20%20fn%20area(%26self)%20-%3E%20f64%20%7B%0A%20%20%20%20%20%20%20%20std%3A%3Af64%3A%3Aconsts%3A%3API%20*%20(self.radius%20*%20self.radius)%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20c%20%3D%20Circle%20%7B%20x%3A%200.0%2C%20y%3A%200.0%2C%20radius%3A%202.0%20%7D%3B%0A%20%20%20%20println!(%22%7B%7D%22%2C%20c.area())%3B%0A%7D%0A

A3bIK IporpaMmupoBaHyst Rust

5TO M3MeHsieMass Ccblika. Mbl nepegaem napamerp &self B Mmerton area, mosroMy Mbl MOXKeM
MCII0/Ib30BaTh €ro TaK JKe, KaK ¥ j1r000i Apyroi napametp. Tak Kak Mbl 3HaeM, uto 310 Circle, mu

MOXKeM TIOJTyUUTh JOCTYI K 1o/to radius Tak e, Kak ec/u Obl 3T0 Obiia 06ast Apyrast CTPyKTypa.

[To ymomuaHuio cseayer wucronb3oBath &self, Ttakke Kak ciegyeT mpeAnounTarh
3aMMCTBOBaHUE BJ/IafIEHUIO, a HeU3MeHHble CChUTKHM M3MeHsieMbiM. BOT rpumep, BK/IHOUAIOIIUIN BCe

TPU BapuaHTa:

struct Circle { F{Ljr]
x: f64,
y: f64,
radius: f64,

}

impl Circle {
fn reference(&self) {
println!("npuHumaem self no ccbike!");

fn mutable reference(&mut self) {
println! ("npuvHumMaeM self no u3MeHsiemoi ccbinke!");

fn takes ownership(self) {
println! ("npuHumMaem BnapgeHue self!");

Llenoyka BbI30OBOB METOA0B

Wrtak, Terepsb Mbl 3HaeM, Kak BbI3BaTh MeTozl, HaripuMep T00.bar () . Ho uro Hacuer Haiero
nepBoHauasbHOro mpumepa, Too.bar().baz()? Dro Ha3biBaeTcs «IjerOYKa BBI30BOB», U MBI
MOXKeM c/ZiefiaThb 310, BepHyB self.

struct Circle { F{Ljr]
x: f64,
y: f64,
radius: f64,

}

impl Circle {
fn area(&self) -> f64 {
std::f64::consts::PI * (self.radius * self.radius)

fn grow(&self, increment: f64) -> Circle {
Circle { x: self.x, y: self.y, radius: self.radius + increment }

fn main() {
let ¢ = Circle { x: 0.0, y: 0.0, radius: 2.0 };
println!("{}", c.area());
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Circle%20%7B%0A%20%20%20%20x%3A%20f64%2C%0A%20%20%20%20y%3A%20f64%2C%0A%20%20%20%20radius%3A%20f64%2C%0A%7D%0A%0Aimpl%20Circle%20%7B%0A%20%20%20%20fn%20reference(%26self)%20%7B%0A%20%20%20%20%20%20%20println!(%22%D0%BF%D1%80%D0%B8%D0%BD%D0%B8%D0%BC%D0%B0%D0%B5%D0%BC%20self%20%D0%BF%D0%BE%20%D1%81%D1%81%D1%8B%D0%BB%D0%BA%D0%B5!%22)%3B%0A%20%20%20%20%7D%0A%0A%20%20%20%20fn%20mutable_reference(%26mut%20self)%20%7B%0A%20%20%20%20%20%20%20println!(%22%D0%BF%D1%80%D0%B8%D0%BD%D0%B8%D0%BC%D0%B0%D0%B5%D0%BC%20self%20%D0%BF%D0%BE%20%D0%B8%D0%B7%D0%BC%D0%B5%D0%BD%D1%8F%D0%B5%D0%BC%D0%BE%D0%B9%20%D1%81%D1%81%D1%8B%D0%BB%D0%BA%D0%B5!%22)%3B%0A%20%20%20%20%7D%0A%0A%20%20%20%20fn%20takes_ownership(self)%20%7B%0A%20%20%20%20%20%20%20println!(%22%D0%BF%D1%80%D0%B8%D0%BD%D0%B8%D0%BC%D0%B0%D0%B5%D0%BC%20%D0%B2%D0%BB%D0%B0%D0%B4%D0%B5%D0%BD%D0%B8%D0%B5%20self!%22)%3B%0A%20%20%20%20%7D%0A%7D%0A%7D
https://play.rust-lang.org/?code=struct%20Circle%20%7B%0A%20%20%20%20x%3A%20f64%2C%0A%20%20%20%20y%3A%20f64%2C%0A%20%20%20%20radius%3A%20f64%2C%0A%7D%0A%0Aimpl%20Circle%20%7B%0A%20%20%20%20fn%20area(%26self)%20-%3E%20f64%20%7B%0A%20%20%20%20%20%20%20%20std%3A%3Af64%3A%3Aconsts%3A%3API%20*%20(self.radius%20*%20self.radius)%0A%20%20%20%20%7D%0A%0A%20%20%20%20fn%20grow(%26self%2C%20increment%3A%20f64)%20-%3E%20Circle%20%7B%0A%20%20%20%20%20%20%20%20Circle%20%7B%20x%3A%20self.x%2C%20y%3A%20self.y%2C%20radius%3A%20self.radius%20%2B%20increment%20%7D%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20c%20%3D%20Circle%20%7B%20x%3A%200.0%2C%20y%3A%200.0%2C%20radius%3A%202.0%20%7D%3B%0A%20%20%20%20println!(%22%7B%7D%22%2C%20c.area())%3B%0A%0A%20%20%20%20let%20d%20%3D%20c.grow(2.0).area()%3B%0A%20%20%20%20println!(%22%7B%7D%22%2C%20d)%3B%0A%7D%0A

A3BIK IporpaMmupoBaHyst Rust

let d = c.grow(2.0).area();
printin!("{}", d);
[TpoBepbTe THIT BO3BpalljaeMOro 3HaueHUs:

fn grow(&self) -> Circle { F{Ljr]

MbI TIpocTO yKasbiBaeM, uto Bo3Bpaiaercs Circle. C momoiipio 3TOro MeTosa Mbl MOXKEM

C037aTh HOBBIN KPYT, TUIoL[aib KOToporo Oyzetr B 100 pa3 Gosibliie, uemM y CTaporo.

CTtatunyeckme metoabl

Bbel Takke MoxeTe orpejejanTb MeTObl, KOTOpbI€ HE TIPUHUMAKOT T1apaMeTp self. Bor

111a6710H MpOrpaMMHpPOBaHKs], KOTOPBIN OueHb pacrpoCcTpaHeH B Kofe Ha Rust:

struct Circle { F{Ljr]
x: f64,
y: f64,
radius: f64,

}

impl Circle {
fn new(x: f64, y: f64, radius: f64) -> Circle {
Circle {
X: X,
Yoy,
radius: radius,

fn main() {
let ¢ = Circle::new(0.0, 0.0, 2.0);

OTOT cmamuueckull Memod, KOTopblii co3zaer Hoseii Circle. OGparure BHHMaHKe, UYTO
CTaTUYeCKWe METO/IbI BBI3BIBAIOTCA C TMOMOLIpI0 cuHTakcuca: Struct: :method(), a wme
ref.method().

LLIabnoH «cTpoutenb» (Builder Pattern)

JlaBaiiTe TIpe/INONIOKMUM, UTO HAM HY)KHO, UTOOBI HAIIIK M0/Tb30BaTeI MOT/IA CO3/IaBaTh KPYTH U
uTo6BI y HUX ObLIa BO3MOXKHOCTh 3a/]aBaTh TOJLKO T€ CBOMCTBA, KOTOPbIE UM HY)KHBI. B TIPOTHBHOM
ciydae, arpulyTtel X u'y Oyayt 0.0, a radius 6Gyzer 1.0. Rust He moaep>KUBaeT MeperpysKy
METO/IOB, NIMEHOBaHHbIE apryMeHTbI WK TIePeMEHHOe KOJMYeCTBO apryMeHTOB. BMeCTO 3TOro Mbl

HCII0/Tb3yeM IIaboH «cTpouTesiby. OH BBIMVISIAUT CIeAYIOLM 00pa3om:

struct Circle { F{[jr]
x: f64,
y: f64,
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Circle%3B%0Aimpl%20Circle%20%7B%0Afn%20grow(%26self)%20-%3E%20Circle%20%7B%0ACircle%20%7D%20%7D%0A%7D
https://play.rust-lang.org/?code=struct%20Circle%20%7B%0A%20%20%20%20x%3A%20f64%2C%0A%20%20%20%20y%3A%20f64%2C%0A%20%20%20%20radius%3A%20f64%2C%0A%7D%0A%0Aimpl%20Circle%20%7B%0A%20%20%20%20fn%20new(x%3A%20f64%2C%20y%3A%20f64%2C%20radius%3A%20f64)%20-%3E%20Circle%20%7B%0A%20%20%20%20%20%20%20%20Circle%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20x%3A%20x%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20y%3A%20y%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20radius%3A%20radius%2C%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20c%20%3D%20Circle%3A%3Anew(0.0%2C%200.0%2C%202.0)%3B%0A%7D%0A
https://play.rust-lang.org/?code=struct%20Circle%20%7B%0A%20%20%20%20x%3A%20f64%2C%0A%20%20%20%20y%3A%20f64%2C%0A%20%20%20%20radius%3A%20f64%2C%0A%7D%0A%0Aimpl%20Circle%20%7B%0A%20%20%20%20fn%20area(%26self)%20-%3E%20f64%20%7B%0A%20%20%20%20%20%20%20%20std%3A%3Af64%3A%3Aconsts%3A%3API%20*%20(self.radius%20*%20self.radius)%0A%20%20%20%20%7D%0A%7D%0A%0Astruct%20CircleBuilder%20%7B%0A%20%20%20%20x%3A%20f64%2C%0A%20%20%20%20y%3A%20f64%2C%0A%20%20%20%20radius%3A%20f64%2C%0A%7D%0A%0Aimpl%20CircleBuilder%20%7B%0A%20%20%20%20fn%20new()%20-%3E%20CircleBuilder%20%7B%0A%20%20%20%20%20%20%20%20CircleBuilder%20%7B%20x%3A%200.0%2C%20y%3A%200.0%2C%20radius%3A%201.0%2C%20%7D%0A%20%20%20%20%7D%0A%0A%20%20%20%20fn%20x(%26mut%20self%2C%20coordinate%3A%20f64)%20-%3E%20%26mut%20CircleBuilder%20%7B%0A%20%20%20%20%20%20%20%20self.x%20%3D%20coordinate%3B%0A%20%20%20%20%20%20%20%20self%0A%20%20%20%20%7D%0A%0A%20%20%20%20fn%20y(%26mut%20self%2C%20coordinate%3A%20f64)%20-%3E%20%26mut%20CircleBuilder%20%7B%0A%20%20%20%20%20%20%20%20self.y%20%3D%20coordinate%3B%0A%20%20%20%20%20%20%20%20self%0A%20%20%20%20%7D%0A%0A%20%20%20%20fn%20radius(%26mut%20self%2C%20radius%3A%20f64)%20-%3E%20%26mut%20CircleBuilder%20%7B%0A%20%20%20%20%20%20%20%20self.radius%20%3D%20radius%3B%0A%20%20%20%20%20%20%20%20self%0A%20%20%20%20%7D%0A%0A%20%20%20%20fn%20finalize(%26self)%20-%3E%20Circle%20%7B%0A%20%20%20%20%20%20%20%20Circle%20%7B%20x%3A%20self.x%2C%20y%3A%20self.y%2C%20radius%3A%20self.radius%20%7D%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20c%20%3D%20CircleBuilder%3A%3Anew()%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20.x(1.0)%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20.y(2.0)%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20.radius(2.0)%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20.finalize()%3B%0A%0A%20%20%20%20println!(%22%D0%BF%D0%BB%D0%BE%D1%89%D0%B0%D0%B4%D1%8C%3A%20%7B%7D%22%2C%20c.area())%3B%0A%20%20%20%20println!(%22x%3A%20%7B%7D%22%2C%20c.x)%3B%0A%20%20%20%20println!(%22y%3A%20%7B%7D%22%2C%20c.y)%3B%0A%7D%0A
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radius: f64,

impl Circle {
fn area(&self) -> f64 {
std::f64::consts::PI * (self.radius * self.radius)

}
}
struct CircleBuilder {
x: 64,
y: f64,
radius: f64,

impl CircleBuilder {
fn new() -> CircleBuilder {
CircleBuilder { x: 0.0, y: 0.0, radius: 1.0, }

fn x(&mut self, coordinate: f64) -> &mut CircleBuilder {
self.x = coordinate;
self

fn y(&mut self, coordinate: f64) -> &mut CircleBuilder {
self.y = coordinate;
self

fn radius(&mut self, radius: f64) -> &mut CircleBuilder {
self.radius = radius;
self

fn finalize(&self) -> Circle {
Circle { x: self.x, y: self.y, radius: self.radius }

fn main() {
let ¢ = CircleBuilder::new()
.x(1.0)
.y(2.0)
.radius(2.0)
.finalize();

println!("mnowaos: {}", c.area());
println!("x: {}", c.x);
println!("y: {}", c.y);

Bcé, uTo MBI CZIe/1anu 3/1eCh, — 3TO COo3/ianu emé ofny crpykrypy, CircleBuilder. B ueii

MBI OTIPe/Ie/IUIN MeTo/bI cTporTes. Takke Mbl orpegesninv Metog area() B Circle. Mol Takke

coenam emje oguH meron B CircleBuilder: finalize(). Oror merton cosmaér Haiu
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okonuarenbHbi Circle wus crpourtens. Takum 06pasoM, Mbl MOXKEM MCIIO/b30BaTh METO/bI
CircleBuilder, uroGe! yrounuts cosganre Circle.

5.14. [1Ta6sioHsI conocTaBaeHus match'5.16. Bektopa
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BekTopa

«BekTop» — 3T0 AMHAMUUeCKU WIH, MO-APYroMy, «pacTyLludi» MacCUB, peaTu30BaHHBIA B

BUJIe CTaHAapTHOro OubmuoreuHoro Tuma Vec<T> (rme <T> saBasgercs 0000IEHHLIM THUIIOM).

BekTopa Bcerzia pa3MeliaoT JaHHbIe B Kyue. Bel MOXKeTe co3/1aBaTh UX C MOMOIIBIO Makpoca Vec! :
let v = vec![1, 2, 3, 4, 51; // v: Vec<i32> F{Ljr]

(3ametsTe, uTo, B OTVIMUMe OT Makpoca println!, koropeiit Mbl wcronB30BamK paHee, C
vec! wucnone3yroTcs KBazpaTHbie CKOOKU [ ]. Rust paspeiiiaer HCro/b30BaHHE W KPYIVIBIX, U

KBaJJpaTHBbIX CKOOOK B 00eMX CUTyaLMsiX — 3TO MPOCTO CTUJIUCTUYECKOe COTVIallleHHe. )
[lnisi co3aHust BEKTOPA U3 MOBTOPSIIOIIMXCS 3HaUeHUH ecTh apyras popma vec! :

let v = vec![0; 10]; // nmecatb Hynen

P
-
-]

[ocTyn K anemeHTam

YT00BI MOJIy4YUTb 3HAYE€HHUE T10 Oorpe/ie/IeHHOMY MHAEKCY B BEKTOPE, MbI UCII0J/Ib3yeM [ ] .

let v = vec![1, 2, 3, 4, 5I; Run
println! ("TpeTuit anemeHT BekTopa Vv paseH {}", v[2]);
I/IH,Z[E‘KCI)I OTCUMTBIBAOTCS OT O , TAK UTO TPETbKUM 3JIEMEHTOM ABJIAETCA \' [ 2] .
Ob6xoa
Bbl MokeTe 060TH 371eMeHTbI BeKTopa C rioMolrbio TOr. EcTe Tpu BapuaHTa:
let mut v = vec![1, 2, 3, 4, 5]; Run

for i in &v {
println!("Ccoinka {}", 1i);

for i in &mut v {
println! ("W3meHsieMas ccoinka {}", 1);

for i in v {
println!("BnapeHve BeKTOpoM M ero snemeHtamu {}", 1i);

Yy BEKTOpOB eCTb MHOI'O ,/:[pymx ImoJjie3HbIX MeTOO0B, O KOTOprX BEI MOXXeTe HquI/ITaTI: B
nokyMeHTtanuu API.

5.15. CunaTakcuc Metonos5.17. CTpoku
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http://doc.rust-lang.org/std/vec/index.html
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20v%20%3D%20vec!%5B1%2C%202%2C%203%2C%204%2C%205%5D%3B%20%2F%2F%20v%3A%20Vec%3Ci32%3E%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20v%20%3D%20vec!%5B0%3B%2010%5D%3B%20%2F%2F%20%D0%B4%D0%B5%D1%81%D1%8F%D1%82%D1%8C%20%D0%BD%D1%83%D0%BB%D0%B5%D0%B9%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20v%20%3D%20vec!%5B1%2C%202%2C%203%2C%204%2C%205%5D%3B%0A%0Aprintln!(%22%D0%A2%D1%80%D0%B5%D1%82%D0%B8%D0%B9%20%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%20%D0%B2%D0%B5%D0%BA%D1%82%D0%BE%D1%80%D0%B0%20v%20%D1%80%D0%B0%D0%B2%D0%B5%D0%BD%20%7B%7D%22%2C%20v%5B2%5D)%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20mut%20v%20%3D%20vec!%5B1%2C%202%2C%203%2C%204%2C%205%5D%3B%0A%0Afor%20i%20in%20%26v%20%7B%0A%20%20%20%20println!(%22%D0%A1%D1%81%D1%8B%D0%BB%D0%BA%D0%B0%20%7B%7D%22%2C%20i)%3B%0A%7D%0A%0Afor%20i%20in%20%26mut%20v%20%7B%0A%20%20%20%20println!(%22%D0%98%D0%B7%D0%BC%D0%B5%D0%BD%D1%8F%D0%B5%D0%BC%D0%B0%D1%8F%20%D1%81%D1%81%D1%8B%D0%BB%D0%BA%D0%B0%20%7B%7D%22%2C%20i)%3B%0A%7D%0A%0Afor%20i%20in%20v%20%7B%0A%20%20%20%20println!(%22%D0%92%D0%BB%D0%B0%D0%B4%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%B2%D0%B5%D0%BA%D1%82%D0%BE%D1%80%D0%BE%D0%BC%20%D0%B8%20%D0%B5%D0%B3%D0%BE%20%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D0%BC%D0%B8%20%7B%7D%22%2C%20i)%3B%0A%7D%0A%7D
http://doc.rust-lang.org/std/vec/index.html
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CTpokun

CTpOoKHM — Ba)KHOe TIOHsATHe [y Moboro mporpammucta. Cructema o6paboTKu CTpoK B Rust
HEMHOT'O OT/IMYUaeTCd OT APYTHUX A3BIKOB, IIOTOMY UTO 3TO A3bIK CHCTEMHOI'O IPOrpaMMKPOBaHUA.
PaboTtark CO CTPyKTypaMH /IaHHBIX C TIepeMeHHBIM Pa3MepOM JJOBOJILHO CJIOKHO, U CTPOKU — Kak pa3
Takasi CTPyKTypa JaHHbIX. Kpome Toro, pabora co cTpokamy B Rust Takke OTIMYaeTCs U OT

HEKOTOPBIX CUCTEMHBLIX A3bIKOB, TAKHMX KdK C.

[aBaiiTe pa3buparbcs B JeTassixX. String — 3TO TOC/e[0BaTe/IbHOCTh CKa/sSPHBIX 3HaueHWH
FOHUMKO/I, 3aKOAUPOBaHHBIX B BUJe noToka 6aiit UTF-8. Bce cTpoky [O/KHBI ObITH rapaHTUPOBaHHO
BamaHbIMU UTF-8 nocnesoBaresibHOCTAIMU. KpoMe TOro, CTPOKM He OKaHUMBAOTCS HY/IEM U MOTYT

COZiep>KaTh Hy/IeBble OANTHI.

B Rust ecTsb /Ba 0CHOBHBIX ThMa cTpok: &Str u String. Cnepra moroBopum o &Str —
3TO «CTPOKOBBIM cpe3». CTPOKOBBIE Cpe3bl MMEKT (PUKCUPOBAaHHBIA pa3Mep W He MOTYT ObITh

n3MeHeHbl. OHU TIpeJICTaBIsIOT OO0 CCBINIKY Ha rocsiefjoBaTenbHOCTh OaiT UTF-8:

let greeting = "Bcem npuset."; // greeting: &'static str Run

"BceM npuBeT." — 370 cTpOKOBBIiA JuTepan, ero thin — &'static str. CrpokoBbie
JIATepasbl SIBSIOTCS CTaTUUeCKW pa3MelleHHbIMH CTPOKOBBIMH Cpe3aMH. JTO 03HAuaeT, uTO OHU
COXPaHSIIOTCS BHYTPU HaIlllell CKOMITWJIMPOBAHHOW TPOrpaMMbl U CYILECTBYKOT B TeUeHHe BCEro
neproZa ee BeionHeHusi. Mms greeting mpepcraBnsier coboi CCBUIKY Ha 3Ty CTaTUYeCKH
pasMelljeHHy0 CTPOKY. JIto6asi (yHKIMs, OKUZJAroljasi CTPOKOBBIM Cpe3, MOXKET TakKe NPUHSATH B

KauyeCTBe aprymeHTa CTpOKOBbIﬁ JINTEPaJl.

CTpoKOBbIe /HTepasbl MOTYT COCTOSITb W3 HECKOJbKMX CTPOK. Takue muTepasibl MOXKHO
3amMChiBaTh B /IBYX pa3HbIx ¢opmax. [lepBas Oyzer BK/IOo4aTh B cebsi epeBoj; Ha HOBYIO CTPOKY U
Be/lylIyie Tpo0erbr:

let s = "foo Run

bar";

assert_eq! ("foo\n bar", s);

Bropast dopma, BK/rouaroriasi B cedst \ , BeIpe3aeT 1pobesibl U TiepeBoj Ha HOBYIO CTPOKY:

let s = "foo\ Run

bar";

assert _eq!("foobar", s);

Ho B Rust ectb He Tonbko &Str. Tun String mpeacrasisier coboii CTPOKY, pasMeIeHHYIO B
Kyue. DTa CTPOKa paclIvpsieMa, U OHa TakKe TapaHTUPOBAHHO SIBJIETCS TTocaefoBaTesibHOCThI0 UTF-
8. String o6biuHO co3maércsi myTem Ipeobpa3oBaHMsI W3 CTPOKOBOTO Cpe3a C KCIOJIb30BaHHEM
merona to string.

let mut s = "Mpuset".to string(); // mut s: String Run
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20greeting%20%3D%20%22%D0%92%D1%81%D0%B5%D0%BC%20%D0%BF%D1%80%D0%B8%D0%B2%D0%B5%D1%82.%22%3B%20%2F%2F%20greeting%3A%20%26'static%20str%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20s%20%3D%20%22foo%0A%20%20%20%20bar%22%3B%0A%0Aassert_eq!(%22foo%5Cn%20%20%20%20%20%20%20%20bar%22%2C%20s)%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20s%20%3D%20%22foo%5C%0A%20%20%20%20bar%22%3B%20%0A%0Aassert_eq!(%22foobar%22%2C%20s)%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20mut%20s%20%3D%20%22%D0%9F%D1%80%D0%B8%D0%B2%D0%B5%D1%82%22.to_string()%3B%20%2F%2F%20mut%20s%3A%20String%0Aprintln!(%22%7B%7D%22%2C%20s)%3B%0A%0As.push_str(%22%2C%20%D0%BC%D0%B8%D1%80.%22)%3B%0Aprintln!(%22%7B%7D%22%2C%20s)%3B%0A%7D
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printtn! ("{}", s);

s.push_str(", mup.");
printtn! ("{}", s);

String npeobpasytorcs B &Str c momompio &:

0
-
-]

fn takes slice(slice: &str) {
println! ("Nonyunnun: {}", slice);

fn main() {
let s = "Mpuset".to_string();
takes slice(&s);

OT0 mpeobpa3oBaHMe He TMPOUCXOAWUT B ciaydae (DyHKI[MM, KOTOpble MPUHUMAIOT KaKOW-TO

tunax &str, a ve cam &str. Hampumep, y metoma TcpStream: :connect ects mapametp

turna ToSocketAddrs. Croga moxso nepesars &Str, Ho String HyxHo sBHO mpeo6pa3oBaTh

c nomoinpso &*.

use std::net::TcpStream; EiLlIl
TcpStream: :connect("192.168.0.1:3000"); // napametp &str
let addr_string = "192.168.0.1:3000".to_string();
TcpStream: :connect(&*addr_string); // npeobpasyem addr string B &str
[Tpencrapnenue String kak &Str — gemésas omepaiust, Ho mpeobpasoBanue &Str B

String npegnonaraer BeizeneHue naMaTi. He ctout fenarsb 310 6e3 Heo6XoquMoCTH!

NHpaekcauns

ITockoneKy cTpoku sBagOTCH BanmuaHbiMu UTF-8 mnocsiefoBaTesibHOCTAMHA, TO OHU He

TIO/II€P)KUBAIOT UH/IEKCALIUIO:

P
c
-]

let s = "npuBet";

println!("Mepsas 6yka s — {}", s[0]); // OWNBKA!!!

Kak rpaBuio, OCTYI K BEKTOPY C ToMmoiipio [ ] siBasiercst ouenb GbicTpoii omeparueii. Ho
TOCKOJIbKY Ka)KIblH CHUMBOM B CTpPOKe, 3akogupoBaHHOuW UTF-8, MoxeT ObITh TIIpe/CTaBIeH
HEeCKOJbKUMH OaiiTamu, TO MpY TIOMCKe BbI JO/DKHBI 11epebpaTh N-0e KOINYeCTBO JIUTeP B CTPOKe. ITO
3HauMTe/NbHO Oosiee Joporasi oreparyis, a Mbl He XOTMM BBOJUTb B 3a0mykaeHue. Kpome Toro,
«JIUTEpa» — 3TO He COBCEM TO, UTo ornpe/eneHo B Unicode. Mbl MOXkeM BbIOpaTh Kak pacCMaTpUBATh

CTPOKY: KakK OT/le/TbHble OalThI WM KaK KOJ[OBbIe eMHUIBI (codepoints):

let hachiko = "[0"; F(LJF]

for b in hachiko.as bytes() {
print!("{}, ", b);
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https://play.rust-lang.org/?code=fn%20takes_slice(slice%3A%20%26str)%20%7B%0A%20%20%20%20println!(%22%D0%9F%D0%BE%D0%BB%D1%83%D1%87%D0%B8%D0%BB%D0%B8%3A%20%7B%7D%22%2C%20slice)%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20s%20%3D%20%22%D0%9F%D1%80%D0%B8%D0%B2%D0%B5%D1%82%22.to_string()%3B%0A%20%20%20%20takes_slice(%26s)%3B%0A%7D%0A
https://doc.rust-lang.org/stable/std/net/struct.TcpStream.html#method.connect
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Anet%3A%3ATcpStream%3B%0A%0ATcpStream%3A%3Aconnect(%22192.168.0.1%3A3000%22)%3B%20%2F%2F%20%D0%BF%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%20%26str%0A%0Alet%20addr_string%20%3D%20%22192.168.0.1%3A3000%22.to_string()%3B%0ATcpStream%3A%3Aconnect(%26*addr_string)%3B%20%2F%2F%20%D0%BF%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D1%83%D0%B5%D0%BC%20addr_string%20%D0%B2%20%26str%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20s%20%3D%20%22%D0%BF%D1%80%D0%B8%D0%B2%D0%B5%D1%82%22%3B%0A%0Aprintln!(%22%D0%9F%D0%B5%D1%80%D0%B2%D0%B0%D1%8F%20%D0%B1%D1%83%D0%BA%D0%B2%D0%B0%20s%E2%80%AF%E2%80%94%20%7B%7D%22%2C%20s%5B0%5D)%3B%20%2F%2F%20%D0%9E%D0%A8%D0%98%D0%91%D0%9A%D0%90!!!%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20hachiko%20%3D%20%22%E5%BF%A0%E7%8A%AC%E3%83%8F%E3%83%81%E5%85%AC%22%3B%0A%0Afor%20b%20in%20hachiko.as_bytes()%20%7B%0A%20%20%20%20print!(%22%7B%7D%2C%20%22%2C%20b)%3B%0A%7D%0A%0Aprintln!(%22%22)%3B%0A%0Afor%20c%20in%20hachiko.chars()%20%7B%0A%20%20%20%20print!(%22%7B%7D%2C%20%22%2C%20c)%3B%0A%7D%0A%0Aprintln!(%22%22)%3B%0A%7D
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println!("");

for ¢ in hachiko.chars() {
print!("{}, ", ©);

println!("");

JTOT KOJ| Hareyaraert:

229, 191, 160, 231, 138, 172, 227, 131, 143, 227, 131, 129, 229, 133, 172,
o, o, o, 0, 0

Kak BbI MOXKeTe BH/IeTh, KOJIMUECTBO OaiT GoJIbliie, ueM KomuecTBo cumBosios (Char).

BbI MoxeTe MOJIy4YUTb UTO-TO Hano,q061/1e HMH/EKCA, KdK ITOKAd3dHO HWXe:

let dog = hachiko.chars().nth(1); // uto-T0o Bpoge hachiko[1] F{Ljr]
OTO TIOJUEPKUBAET, UTO MbI [JOJDKHBI ITPOUTH TI0 CIIMCKY Chars or ero Hauasna.
Cpesbl
Bb1 MOKeTe 1oTyurTh Cpe3 CTPOKHU C IMOMOLLbI0 CUHTaKCHCa Cpe3o0B:
let dog = "hachiko"; Run

let hachi = &dog[0..5];

Ho 3ameTsbTe, uTO 3TO HNH/EKChI 6(11:1”’106, d He Cumeo/108. HOBTOMy 3TOT KO/, 3dITaHUKYET:

po)
(-
-]

let dog = "(JO0CO";
let hachi = &dog[0..2];

C TaKOU OIIMOKOM:

thread '<main>' panicked at 'index 0 and/or 2 in ‘[J0000° do not lie on
character boundary'

KoHkaTeHauud

Ecmi y Bac ecth String, To BEI MOXKeTe TIPUCOEAUHUTD K HeMY B Koner] &St r:

pe)
c
-]

let hello
let world

"Hello ".to string();
"world!";

let hello world = hello + world;

Ho ecn y Bac ecth e String, to HeoOGXxoauMO HCIOIb30BaTh &:

let hello
let world

"Hello ".to string(); F(LJF]
"world!".to string();

let hello world = hello + &world;

Oto mortomy, uro &String wmoxer O6biTh aBTOMaTMuecku TpuBeseH K &Str. Ora

BO3MOYXKHOCThH Ha3biBaeTcs «lIpurBesieHne TIPU Pa3sbIMeHOBAHUN».
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20hachiko%20%3D%20%22%E5%BF%A0%E7%8A%AC%E3%83%8F%E3%83%81%E5%85%AC%22%3B%0Alet%20dog%20%3D%20hachiko.chars().nth(1)%3B%20%2F%2F%20%D1%87%D1%82%D0%BE-%D1%82%D0%BE%20%D0%B2%D1%80%D0%BE%D0%B4%D0%B5%20hachiko%5B1%5D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20dog%20%3D%20%22hachiko%22%3B%0Alet%20hachi%20%3D%20%26dog%5B0..5%5D%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20dog%20%3D%20%22%E5%BF%A0%E7%8A%AC%E3%83%8F%E3%83%81%E5%85%AC%22%3B%0Alet%20hachi%20%3D%20%26dog%5B0..2%5D%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20hello%20%3D%20%22Hello%20%22.to_string()%3B%0Alet%20world%20%3D%20%22world!%22%3B%0A%0Alet%20hello_world%20%3D%20hello%20%2B%20world%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20hello%20%3D%20%22Hello%20%22.to_string()%3B%0Alet%20world%20%3D%20%22world!%22.to_string()%3B%0A%0Alet%20hello_world%20%3D%20hello%20%2B%20%26world%3B%0A%7D
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SA3BIK IporpaMmupoBaHyst Rust

OO6O006LLEHHOE NnporpamMmmmpoBaHme

WHorpa, mpyu HanmucaHuM (GyHKOMMA WA TUMA [JaHHBIX, Mbl MOXXEM 3aXOTeTb, UTOObI OHU
paboTanu /7151 HeCKOJIbKUX THIMOB apryMeHTOB. K cuacTbio, y Rust ecTb BO3MOXXHOCTB, KOTOpasi [JaéT
Ham Jlyummid  criocob peanr3oBath 3TO: 0000méHHOe mporpaMMupoBaHue. O06001EHHOe
MpPOrpaMMHPOBaHKe Ha3bIBAeTCsl «TlapaMeTPUUeCKUM TMOAMMOP(U3MOM» B TEOPHUM TUIIOB. ITO
O3HauaeT, YTO TUMbl WK (QYHKIIMM UMeI0T HeCcKoJbKo (opm (poly — KpaTtHo, morph — ¢opma) 1o

JlAHHOMY rapaMeTpy («I1apaMeTpyuyeCcKuii»).

B sto60M ciyuae, XBaTUT O TEOPUM THIIOB; JaBaiiTe paCCMOTPUM KaKOW-HUOYAb 000OIIEHHBIN
kog. CranzaptHas Oubmmoreka Rust mpegoctasmser Tun Option<T>, koTopelit siBsleTcst

0000ITIEHHBIM THITOM:

enum Option<T> { F{Ljr]
Some(T),
None,

}

Yactb <T>, KOTOpYIO BBl paHblle Yy)e BHJEIM HEeCKOJbKO pa3, yKa3blBaeT, UTO 3TO
000OIIEHHBIN THIT [JaHHBIX. BHYTpU TepeunciieHus], Be3le, r[e Mbl BUAUM |, MbI TOJCTaBIIsieM
BMeCTO 3TOro abCTpakTHOTO TWIIAa TOT, KOTOpBIN HCMoNMb3yeTcss B 0000meHnd. Bor mpumep

HCITI0/Ib30BAHMA Opt ion<T> c HEKOTOPLIMU [OTIO/THUTE/IbHBIMHU dHHOTALIUAMMW TUIIOB!:

po)
-]

let x: Option<i32> = Some(5);

u

B orpefenennu THma Mbl ucronbdyem Option<i32>. O6parute BHUMAaHKe, UTO 3TO OUEHb

noxoke Ha Option<T>. C roii /mmiib pasHuieid, uto, B AaHHOM KoHkpetHoMm Option, T umeer
3HaueHve 132 . B mpasoii cTopoHe BeIpakeHus Mbl ucronb3yem Some (T), rme T pasHo 5. Tak Kak
5 sBnsieTcs mpefcraBuTeseM THra 132, TO Tumbl 1O 00€ CTOPOHBI COBIIAZIAIOT, TIOITOMY

KOMITUJIATOD CUHACT/IMB. Ecnu >xe oHu He COBITIaZldkOT, TO MBI ITOJIyUYHUM O]_I_II/I6Ky2

P
c
-]

let x: Option<f64> = Some(5);
// error: mismatched types: expected “core::option::Option<f64>",
// found “core::option::0Option< > (expected f64 but found integral variable)

Ho 3T0 He 3HauwT, uto MBI He Moxem cgenare Option<T>, koropeiit cogepxkut T64 !

[TpoCTO THUIIBI 1O/IKHBI COBMA/IaTh:

pe)
c
-]

let x: Option<i32> = Some(5);
let y: Option<f64> = Some(5.0f64);

3T0 npocTo nipekpacHo. OIHO orpe/ienieHrie — MHOTOCTOPOHHee MCI0b30BaHue.

O60611aTh MOXKHO 0OOJIee, UeM 0 OJHOMY MapameTpy. PaccMOTpuM Apyrodi 00600IIEHHBINA THTT

13 cTaHzapTHoi 6ubnuoreku Rust— Result<T, E>:

0
=
-]

enum Result<T, E> {
0k(T),
Err(E),
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aenum%20Option%3CT%3E%20%7B%0A%20%20%20%20Some(T)%2C%0A%20%20%20%20None%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%3A%20Option%3Ci32%3E%20%3D%20Some(5)%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%3A%20Option%3Cf64%3E%20%3D%20Some(5)%3B%0A%2F%2F%20error%3A%20mismatched%20types%3A%20expected%20%60core%3A%3Aoption%3A%3AOption%3Cf64%3E%60%2C%0A%2F%2F%20found%20%60core%3A%3Aoption%3A%3AOption%3C_%3E%60%20(expected%20f64%20but%20found%20integral%20variable)%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%3A%20Option%3Ci32%3E%20%3D%20Some(5)%3B%0Alet%20y%3A%20Option%3Cf64%3E%20%3D%20Some(5.0f64)%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aenum%20Result%3CT%2C%20E%3E%20%7B%0A%20%20%20%20Ok(T)%2C%0A%20%20%20%20Err(E)%2C%0A%7D%0A%7D

A3bIK IporpaMmupoBaHyst Rust

OTOT TN sB/sIeTCsl 0000IIEHHBIM cpa3y st 0gyx TuroB: 1 u E. Kcrary, 3ariaBHble OyKBbI
MOTYT ObITh T00BIMU. Mbl MOrIH ObI onipegenuts Result<T, E> kak:

enum Result<A, Z> { F{Llr]
Ok(A),
Err(Z),

}

ecmd Obl 3axoTenu. CorarieHue IJIaCUT, UTO TiepBbld 00OOIIEHHBIN MapameTp [jis 'TUra'

JoJDKeH ObITh T, 1 uTo Ay1s 'otOKu' ncnonb3yetcst E. Ho Rust He mpoBepsieT 3TorO.

Tunt Result<T, E> mpegnasuauen zyisi Toro, utoGbl BO3BPAILATH PE3Y/IBTAT BBIUMC/IEHHS, U

MMeeT BO3MOKHOCTb BEPHYTh OLLIMOKY, eC/Ii IPOU30MET Kakoi-1ubo cHoil.

O6006LLEHHbIE PYHKLNM

Mgbl MoXKeM 3a4/1daBdThb Cl)YHKL[I/II/I, KOTOpbI€ TIpUHUMAIOT 0606H_1éHHLIe TUIIBI, C TIOMOIIBIO
dHa/JIOTMYHOI'O CMHTAKCHCa:

fn takes_anything<T>(x: T) {
// OenaeM 4yTo-TO C X

0
c
-]

CHHTaKCUC COCTOUT W3 ABYX vacreit: <T> FOBOPUT O TOM, UYTO «3Td beHKL[I/IH ABIAeTCd

0000I1EHHOM 110 OJHOMY THIY, | »,a X: T TOBOPHUT O TOM, UTO «X UMEET THIT | ».

Hecko/bKO apryMeHTOB MOT'YT UMETb OfIMH U TOT ke 0000IEHHBIN THIT:

fn takes two of the same things<T>(x: T, y: T) { Run
YV

}
MBI MOXKeM Hamucarb BepCUI0, KOTOpasi IPUHUMaeT HeCKOJIBKO THIIOB:

fn takes two things<T, U>(x: T, y: U) { Run

/...

O60061éHHbIe (QYHKIMM Haubosee TOMe3HBI B CBs3Ke C «OTPAHUUEHUSIMH TI0 THUIAXKam», O

KOTOPBIX MbI PACCKa>XeM B I'/laBe Tunaxku.

O6O00LLEHHbIE CTPYKTYpSI
BbI Takke Mo)keTe 3a/1aTb 00001éHHBIN TH A1t STruct:
struct Point<T> {

x: T,
y: T,

0
c
-]

let int origin = Point { x: 0, y: 0 };
let float origin = Point { x: 0.0, y: 0.0 };
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aenum%20Result%3CA%2C%20Z%3E%20%7B%0A%20%20%20%20Ok(A)%2C%0A%20%20%20%20Err(Z)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20takes_anything%3CT%3E(x%3A%20T)%20%7B%0A%20%20%20%20%2F%2F%20%D0%B4%D0%B5%D0%BB%D0%B0%D0%B5%D0%BC%20%D1%87%D1%82%D0%BE-%D1%82%D0%BE%20%D1%81%20x%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20takes_two_of_the_same_things%3CT%3E(x%3A%20T%2C%20y%3A%20T)%20%7B%0A%20%20%20%20%2F%2F%20...%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20takes_two_things%3CT%2C%20U%3E(x%3A%20T%2C%20y%3A%20U)%20%7B%0A%20%20%20%20%2F%2F%20...%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Point%3CT%3E%20%7B%0A%20%20%20%20x%3A%20T%2C%0A%20%20%20%20y%3A%20T%2C%0A%7D%0A%0Alet%20int_origin%20%3D%20Point%20%7B%20x%3A%200%2C%20y%3A%200%20%7D%3B%0Alet%20float_origin%20%3D%20Point%20%7B%20x%3A%200.0%2C%20y%3A%200.0%20%7D%3B%0A%7D

A3BIK IporpaMmupoBaHyst Rust

AnanoruuHo (YHKIHSIM, Mbl TakKe 0O0BsIBIsseM 00OOIEHHBIE TMapamMeTpel B <[>, a 3aTeM

HCII0/Ib3yeM UX B 00BsAB/IeHNY THITA X 1.

5.17. Ctpoku5.19. Tunaxu
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Tunaxxu

Tumaxx --- 3TO BO3MOXKHOCTL OOBLICHUTE KOMITUJIATOPY, UTO AaHHBIfI TUIT  OOJ/DKeH

TIPe/IOCTaBIsATh ONpee/éHHYI0 (QYHKLMOHANTBHOCTb.

Bbl romHuTe KatoueBoe cioBo impl, wcrmosnb3yeMoe /s BbI30Ba (YHKIMK Yepe3 CUHTAKCHC

meToza?

struct Circle { F{Ljr]
x: f64,
y: f64,
radius: f64,

impl Circle {
fn area(&self) -> 64 {
std::f64::consts::PI * (self.radius * self.radius)

Tunaxy CXoXu, 3a MCK/IOUEHUEeM TOrOo, UTO Mbl OIpeZesisieM THIaX, COZep’Kallidil JIWIb
CUTHAaTypy MeTOZa, a 3aTeM peaju3yeM 3TOT THMN&X [Jil HY)KHOW CTPYyKTypbl. Hampumep, kak

TI0KAd3dHO HIKe:

struct Circle { Run
x: f64,
y: f64,
radius: f64,

}

trait HasArea {
fn area(&self) -> f64;

impl HasArea for Circle {
fn area(&self) -> f64 {
std::f64::consts::PI * (self.radius * self.radius)

Kak BbI MOXeTe BUjieTh, 610k trait ouens moxox Ha 6ok impl. Pasiuune cOCTOMT JIMIIbL
B TOM, UTO TE€JIO MeTO/la He OINpeJe/sieTcs, a OMpeJe/seTcs TOMbKO ero curHarypa. Korga Ml

peay3yeM TuMax, Mel icrioibayem impl Trait for Item, awne mpocro impl Item.

MBI MOXXeM WCIIO/Ib30BaTh TUIAXKU [IJIi OTPaHHYeHMsi 00OOIIEHHBIX TUIIOB. PaccMoTpum

MOXOXKYH0 (DYHKI[MIO, KOTOpasi TAK)Ke He KOMITHJTUPYETCsl, ¥ BBIBOAUT OILIHOKY:

fn print area<T>(shape: T) { F{ljr]
println!("This shape has an area of {}", shape.area());

Rust BeIBOAUT:
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https://play.rust-lang.org/?code=%23!%5Bfeature(core)%5D%0Afn%20main()%20%7B%0Astruct%20Circle%20%7B%0A%20%20%20%20x%3A%20f64%2C%0A%20%20%20%20y%3A%20f64%2C%0A%20%20%20%20radius%3A%20f64%2C%0A%7D%0A%0Aimpl%20Circle%20%7B%0A%20%20%20%20fn%20area(%26self)%20-%3E%20f64%20%7B%0A%20%20%20%20%20%20%20%20std%3A%3Af64%3A%3Aconsts%3A%3API%20*%20(self.radius%20*%20self.radius)%0A%20%20%20%20%7D%0A%7D%0A%7D&version=nightly
https://play.rust-lang.org/?code=%23!%5Bfeature(core)%5D%0Afn%20main()%20%7B%0Astruct%20Circle%20%7B%0A%20%20%20%20x%3A%20f64%2C%0A%20%20%20%20y%3A%20f64%2C%0A%20%20%20%20radius%3A%20f64%2C%0A%7D%0A%0Atrait%20HasArea%20%7B%0A%20%20%20%20fn%20area(%26self)%20-%3E%20f64%3B%0A%7D%0A%0Aimpl%20HasArea%20for%20Circle%20%7B%0A%20%20%20%20fn%20area(%26self)%20-%3E%20f64%20%7B%0A%20%20%20%20%20%20%20%20std%3A%3Af64%3A%3Aconsts%3A%3API%20*%20(self.radius%20*%20self.radius)%0A%20%20%20%20%7D%0A%7D%0A%7D&version=nightly
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20print_area%3CT%3E(shape%3A%20T)%20%7B%0A%20%20%20%20println!(%22This%20shape%20has%20an%20area%20of%20%7B%7D%22%2C%20shape.area())%3B%0A%7D%0A%7D

A3bIK IporpaMmupoBaHyst Rust

error: type ‘T  does not implement any method in scope named “area’

[Tockonbky T MoxeT ObITH /FOOOTO THMA, MBI He MOXXeM OBITH YBepeHbBI, UTO OH peayn3yeT
MeToz, area. Ho mbl MoxkeM [100aBUTh «OrpaHUUEHMe 110 THMaXy» K HalleMy 000OIEHHOMY TUITY

T, rapanTupys, uto OH OyZIeT COOTBETCTBOBATh TPEOOBAHUSIM:
fn print _area<T: HasArea>(shape: T) { F{Ljr]

println!("This shape has an area of {}", shape.area());

Cunrakcuc <T: HasArea> o3HauaeT «m0060ii Turm, peanusytonuii Tunax HasArea». Tak
KaK THUIa)KH OTPEeIeJIIOT CUTHATYPbI TUMOB (YHKIMH, Mbl MOXXeM ObITh YBEpPeHbI, UTo JIH000H THII,

KoTOpbIi peamzyer HasArea, byzer umets metog .area() .

Bor paciimpeHHbIi IprMep TOro, Kak 3To paboraer:

0
-
-]

trait HasArea {
fn area(&self) -> f64;

}

struct Circle {
x: 64,
y: f64,
radius: f64,

impl HasArea for Circle {
fn area(&self) -> f64 {
std::f64::consts::PI * (self.radius * self.radius)

}

}

struct Square {
x: 64,
y: f64,
side: 64,

impl HasArea for Square {
fn area(&self) -> f64 {
self.side * self.side

fn print_area<T: HasArea>(shape: T) {
println! ("Mnowage 3Ton ¢urypsel paBHa {}", shape.area());

fn main() {
let ¢ = Circle {
x: 0.0f64,
y: 0.0f64,
radius: 1.0f64,
+
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atrait%20HasArea%20%7B%0A%20%20%20%20fn%20area(%26self)%20-%3E%20f64%3B%0A%7D%0Afn%20print_area%3CT%3A%20HasArea%3E(shape%3A%20T)%20%7B%0A%20%20%20%20println!(%22This%20shape%20has%20an%20area%20of%20%7B%7D%22%2C%20shape.area())%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=%23!%5Bfeature(core)%5D%0Atrait%20HasArea%20%7B%0A%20%20%20%20fn%20area(%26self)%20-%3E%20f64%3B%0A%7D%0A%0Astruct%20Circle%20%7B%0A%20%20%20%20x%3A%20f64%2C%0A%20%20%20%20y%3A%20f64%2C%0A%20%20%20%20radius%3A%20f64%2C%0A%7D%0A%0Aimpl%20HasArea%20for%20Circle%20%7B%0A%20%20%20%20fn%20area(%26self)%20-%3E%20f64%20%7B%0A%20%20%20%20%20%20%20%20std%3A%3Af64%3A%3Aconsts%3A%3API%20*%20(self.radius%20*%20self.radius)%0A%20%20%20%20%7D%0A%7D%0A%0Astruct%20Square%20%7B%0A%20%20%20%20x%3A%20f64%2C%0A%20%20%20%20y%3A%20f64%2C%0A%20%20%20%20side%3A%20f64%2C%0A%7D%0A%0Aimpl%20HasArea%20for%20Square%20%7B%0A%20%20%20%20fn%20area(%26self)%20-%3E%20f64%20%7B%0A%20%20%20%20%20%20%20%20self.side%20*%20self.side%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20print_area%3CT%3A%20HasArea%3E(shape%3A%20T)%20%7B%0A%20%20%20%20println!(%22%D0%9F%D0%BB%D0%BE%D1%89%D0%B0%D0%B4%D1%8C%20%D1%8D%D1%82%D0%BE%D0%B9%20%D1%84%D0%B8%D0%B3%D1%83%D1%80%D1%8B%20%D1%80%D0%B0%D0%B2%D0%BD%D0%B0%20%7B%7D%22%2C%20shape.area())%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20c%20%3D%20Circle%20%7B%0A%20%20%20%20%20%20%20%20x%3A%200.0f64%2C%0A%20%20%20%20%20%20%20%20y%3A%200.0f64%2C%0A%20%20%20%20%20%20%20%20radius%3A%201.0f64%2C%0A%20%20%20%20%7D%3B%0A%0A%20%20%20%20let%20s%20%3D%20Square%20%7B%0A%20%20%20%20%20%20%20%20x%3A%200.0f64%2C%0A%20%20%20%20%20%20%20%20y%3A%200.0f64%2C%0A%20%20%20%20%20%20%20%20side%3A%201.0f64%2C%0A%20%20%20%20%7D%3B%0A%0A%20%20%20%20print_area(c)%3B%0A%20%20%20%20print_area(s)%3B%0A%7D%0A&version=nightly

A3BIK IporpaMmupoBaHyst Rust

let s = Square {
x: 0.0f64,
y: 0.0f64,
side: 1.0f64,
+

print_area(c);
print_area(s);

Hipke nokasan BBIBO/, ITPOTrpdAMMBI:

Mnowapb 3Toi ¢urypel paBHa 3.141593
Mnowapb 3To# ¢urypsl paBHa 1

Kak Bbl MOXeTe BH/EeTb, Teriepb Print area He TosbKo siBsseTcsi 00001MEHHON (YHKIHEH,

HO U I'dpdHTUPYET, UTO 6y,£[eT nojsiyyeH KOppeKTHbIﬁ THn. Eciy >ke MBI nepenagnum HEKOPPEKTHbIﬁ
THII.

print area(5); Run

Mgl nojiyyum O]_LII/I6Ky BpEMEHU KOMITUJIALINA:

error: the trait "HasArea® is not implemented for the type ° ° [E0277]

,Z[O CHUX TIOp MbI AO68BTIHTII/I pean3aliu TUNaKeH JTUIIIb AJId CTPYKTYP, HO P€a/In30BATh TUIIAX

MOJKHO /IJ1s1 /TF000r0 THra. TexHruueCcku, Mbl Mo21u 6bl peanusoBath HasArea guis 132:

trait HasArea {

Run
fn area(&self) -> f64;

impl HasArea for 132 {
fn area(&self) -> f64 {
println!("s10 Heneno");

*self as 64

5.area();

XOTS TeXHUYeCKU 3TO BO3MOXKHO, peajv3alysi MeTOLOB /Il IPUMUTUBHBIX THIIOB CUUTAETCS
IJIOXUM CTHJIEM ITPOrpaMMUPOBaHUs.

MoXXeT ToKa3arhCsl, UTO TAKOM MOAXO[ JIETKO TPUBOAWT K Gapziaky B KOfie, O[JHaKO eCTh JiBa
OrpaHUUEHHUs], CBsI3aHHBIE C pean3aliell TUMaXkel, KOTOPbIe MEIIAlT KOy BBIMTH U3-TI0f, KOHTPOJIS.
Bo-mepBbIX, €C/M TUMaX He OrpeAenéH B Halied 00/acTd BUAWMOCTH, OH HEe TIPUMEHSIETCS.
Hanpumep, cra"gaptHas Oubmmoreka mnpegocTasiser tumax Write, kortopeiii mobapiser Tuly

File dynkumoHansHOCTh BBOAA-BeIBOAA. [To ymonuanuio y File ne Gymer sTHX METO/IOB:

let mut f = std::fs::File::open("foo.txt").ok().expect("He Mory oTkpbiTb foo.txt"); F{l]r]
let buf = b"whatever"; // nutepan ctpoku 6ant. buf: &[u8; 8]
let result = f.write(buf);
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aprint_area(5)%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atrait%20HasArea%20%7B%0A%20%20%20%20fn%20area(%26self)%20-%3E%20f64%3B%0A%7D%0A%0Aimpl%20HasArea%20for%20i32%20%7B%0A%20%20%20%20fn%20area(%26self)%20-%3E%20f64%20%7B%0A%20%20%20%20%20%20%20%20println!(%22%D1%8D%D1%82%D0%BE%20%D0%BD%D0%B5%D0%BB%D0%B5%D0%BF%D0%BE%22)%3B%0A%0A%20%20%20%20%20%20%20%20*self%20as%20f64%0A%20%20%20%20%7D%0A%7D%0A%0A5.area()%3B%0A%7D
https://doc.rust-lang.org/stable/std/io/trait.Write.html
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20mut%20f%20%3D%20std%3A%3Afs%3A%3AFile%3A%3Aopen(%22foo.txt%22).ok().expect(%22%D0%9D%D0%B5%20%D0%BC%D0%BE%D0%B3%D1%83%20%D0%BE%D1%82%D0%BA%D1%80%D1%8B%D1%82%D1%8C%20foo.txt%22)%3B%0Alet%20buf%20%3D%20b%22whatever%22%3B%20%2F%2F%20%D0%BB%D0%B8%D1%82%D0%B5%D1%80%D0%B0%D0%BB%20%D1%81%D1%82%D1%80%D0%BE%D0%BA%D0%B8%20%D0%B1%D0%B0%D0%B9%D1%82.%20buf%3A%20%26%5Bu8%3B%208%5D%0Alet%20result%20%3D%20f.write(buf)%3B%0Aresult.unwrap()%3B%20%2F%2F%20%D0%B8%D0%B3%D0%BD%D0%BE%D1%80%D0%B8%D1%80%D1%83%D0%B5%D0%BC%20%D0%BE%D1%88%D0%B8%D0%B1%D0%BA%D1%83%0A%7D
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Bor ommb6ka:

error: type “std::fs::File' does not implement any method in scope named “write’
let result = f.write(buf);

CHayajia MBI JJO/DKHBI ciefiath USe st thnaxa Write:
use std::io::Write; F{L]n

let mut f = std::fs::File::open("foo.txt").ok().expect("He Mory oTtkpbiTb foo.txt");
let buf = b"whatever";
let result = f.write(buf);

OTO CKOMITUIUPYeTCst 6e3 OIUOKH.

Bnaro,qapﬂ TaKOM JIOTUKE pa6OTbI, AdXKe eC/IU KTO-TO CAe/IdeT YTO-TO CTPAlIHO€ — HAllpuMep,

,Z[O6aBI/IT MEeTO/blL 132 , 9TO He KOCHETCS Bac, II0Ka Bbl HE HUMITIOPTHUDYETE TUIIAXK.

BTOpoe orpaHrueHue peanu3aljiy TUIIaKeH --- 3TO TO, UTO WM THIIaXK, WK THII, [/isT KOTOPOTO
BbI peajiM3yeTe THIaX, J0/DKeH ObITh pear3oBaH BaMu. Mbl Moriu 6wl onpesenuts HasArea s
132, notomy uro HasArea — sto Hari koz. Ho ecii 6b1 MbI 1oripo6oBasy peann3osarh st 132
ToString — Ttumnax, npegocrasisieMblii Rust — MbI ObI HE CMOIVIM C/e/IaTh 3TO, TOTOMY UTO HH

TUIIAXK, HU TUIT HE Pea/IM30BaH HAMH.

[TocnenHee, UTO HY)KHO CKa3aTb O THMaxax: 00001LIéHHBIe (QYHKLMM C OrpaHHUYeHHeM I10
TUMaXaM  UCIOJb3YIT MOHOMOp@u3sayuo  (mono: ofuH, morph: ¢opmMa), IO3TOMy OHH

JUCTIeTyepusyroTcsi cratuuecku. Uto 3t1o 3Hauut? IlocmoTpute miaBy THnaKnM-00LeKTLI, YTOOBI

MOMyYUTh O0sTbILIe HHPOPMALIKH.

MHO)EeCTBEHHbIE OrpaHNyYeHnsa no Tunaxkam

Bbl yke BUZenM, KaK MOXKHO OTPAaHUUUTb OOOOIIEHHBIN TapaMeTp THIA OIpeZenéHHbIM

THTMaKOM:
fn foo<T: Clone>(x: T) { Run
x.clone();
}
Ec/i BaM HY>KHO 6GOJIbIlie OZfHOrO OrPaHHUYEeHHs, Bbl MOXKETEe MCII0/Ib30BaTh +:
use std::fmt::Debug; Run

fn foo<T: Clone + Debug>(x: T) {
x.clone();
println!("{:?}", x);

Terieps Tvnt T Jo/pkeH peanu3oBaBath Kak tunaxxk Clone, tak u tunaxx Debug.

YTBepxaeHue where
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Aio%3A%3AWrite%3B%0A%0Alet%20mut%20f%20%3D%20std%3A%3Afs%3A%3AFile%3A%3Aopen(%22foo.txt%22).ok().expect(%22%D0%9D%D0%B5%20%D0%BC%D0%BE%D0%B3%D1%83%20%D0%BE%D1%82%D0%BA%D1%80%D1%8B%D1%82%D1%8C%20foo.txt%22)%3B%0Alet%20buf%20%3D%20b%22whatever%22%3B%0Alet%20result%20%3D%20f.write(buf)%3B%0Aresult.unwrap()%3B%20%2F%2F%20%D0%B8%D0%B3%D0%BD%D0%BE%D1%80%D0%B8%D1%80%D1%83%D0%B5%D0%BC%20%D0%BE%D1%88%D0%B8%D0%B1%D0%BA%D1%83%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20foo%3CT%3A%20Clone%3E(x%3A%20T)%20%7B%0A%20%20%20%20x.clone()%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Afmt%3A%3ADebug%3B%0A%0Afn%20foo%3CT%3A%20Clone%20%2B%20Debug%3E(x%3A%20T)%20%7B%0A%20%20%20%20x.clone()%3B%0A%20%20%20%20println!(%22%7B%3A%3F%7D%22%2C%20x)%3B%0A%7D%0A%7D
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Harvcanvie ¢yHKIUM C HECKOTBKUMH OOOOIIEHHBIMUA THUTIAMU W HeOOJBIIMM KOJHUUeCTBOM
OTPAaHUYEHUM 0 TUMaXaM BBIVIIAUT He TakK YK IJIOXO, HO, C YBeJMUeHHWEeM KO/IMYeCTBa
3aBHUCHMOCTel, CHHTaKCHC T0/1y4yaeTcsi 6osiee HEYKIIOKKM:

use std::fmt::Debug; F{Ljr]
fn foo<T: Clone, K: Clone + Debug>(x: T, y: K) {

x.clone();

y.clone();

printtn!("{:?}", y);

Vms (yHKUMM HaxoOuTCs C/1eBa, a CIMCOK IapaMeTpoB — fazneko crpaBa. OrpaHunveHus
3arPOMOJKAIOT MeCTO.

EcTtb pelaeHuve U ajid STOM HpO6JIEMbI, W OHO HA3bIBAETCH «yTBEpKAEHHUE where»:

use std::fmt: :Debug; F{Ljr]
fn foo<T: Clone, K: Clone + Debug>(x: T, y: K) {
x.clone();
y.clone();
printtn!("{:?}", y);
}
fn bar<T, K>(x: T, y: K) where T: Clone, K: Clone + Debug {
x.clone();
y.clone();

printin!("{:?}", y);

fn main() {
foo("Mpuset", "mup");
bar("Mpuset", "mup");

foo() wucrmonb3yer cuHTakchc, MoKasaHHBIA paHee, a bar() wucronb3yeT yTBep)KaeHue
where. Bce, uTo HamM HYXKHO C/leJlaTh, 5TO yOpaTh OrpPaHUYEHHsI TPU OMpPEAEeJeHUH THUIIOB

MmapaMeTpoB, 4 3dTeM ,E[O68BI/ITL where mnocie crmcka mapaMeTpoB. B Gosee AJIMHHBIX CITHCKaX
MO>XHO HCIIO/Ib30BAThb HpO6€J’[bI:

use std::fmt::Debug; Run
fn bar<T, K>(x: T, y: K)
where T: Clone,
K: Clone + Debug {
x.clone();
y.clone();
printtn! ("{:?}", y);

Takast rTHOKOCTbL MOXKeT ,E[OGHBI/ITI: ACHOCTH B CJIOXKHBIX CUTYyaLIUAX.

Ha camom gieie where 3to Gosbliiie, ueM MpOCTO YIIpPOIljeH|e CHHTaKkcKuca. Harprumep:
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Afmt%3A%3ADebug%3B%0A%0Afn%20foo%3CT%3A%20Clone%2C%20K%3A%20Clone%20%2B%20Debug%3E(x%3A%20T%2C%20y%3A%20K)%20%7B%0A%20%20%20%20x.clone()%3B%0A%20%20%20%20y.clone()%3B%0A%20%20%20%20println!(%22%7B%3A%3F%7D%22%2C%20y)%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=use%20std%3A%3Afmt%3A%3ADebug%3B%0A%0Afn%20foo%3CT%3A%20Clone%2C%20K%3A%20Clone%20%2B%20Debug%3E(x%3A%20T%2C%20y%3A%20K)%20%7B%0A%20%20%20%20x.clone()%3B%0A%20%20%20%20y.clone()%3B%0A%20%20%20%20println!(%22%7B%3A%3F%7D%22%2C%20y)%3B%0A%7D%0A%0Afn%20bar%3CT%2C%20K%3E(x%3A%20T%2C%20y%3A%20K)%20where%20T%3A%20Clone%2C%20K%3A%20Clone%20%2B%20Debug%20%7B%0A%20%20%20%20x.clone()%3B%0A%20%20%20%20y.clone()%3B%0A%20%20%20%20println!(%22%7B%3A%3F%7D%22%2C%20y)%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20foo(%22%D0%9F%D1%80%D0%B8%D0%B2%D0%B5%D1%82%22%2C%20%22%D0%BC%D0%B8%D1%80%22)%3B%0A%20%20%20%20bar(%22%D0%9F%D1%80%D0%B8%D0%B2%D0%B5%D1%82%22%2C%20%22%D0%BC%D0%B8%D1%80%22)%3B%0A%7D%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Afmt%3A%3ADebug%3B%0A%0Afn%20bar%3CT%2C%20K%3E(x%3A%20T%2C%20y%3A%20K)%0A%20%20%20%20where%20T%3A%20Clone%2C%0A%20%20%20%20%20%20%20%20%20%20K%3A%20Clone%20%2B%20Debug%20%7B%0A%0A%20%20%20%20x.clone()%3B%0A%20%20%20%20y.clone()%3B%0A%20%20%20%20println!(%22%7B%3A%3F%7D%22%2C%20y)%3B%0A%7D%0A%7D
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trait ConvertTo<Output> {
fn convert(&self) -> Output;

0
-
-]

impl ConvertTo<i64> for 132 {
fn convert(&self) -> i64 { *self as i64 }

// MoXeT OblTb Bbi3BaH C T == 132
fn normal<T: ConvertTo<i64>>(x: &T) -> i64 {
Xx.convert()

// MOXeT ObiTb Bbi3BaH C T == 164
fn inverse<T>() -> T
// wcnonb3yet ConvertTo kKak ecnu 6bl 370 6biN0 «ConvertTo<i6b4>»
where i32: ConvertTo<T> {
1i32.convert()

OTOT KO A€MOHCTpPUPYeT AOIIO/IHUTE/IbHbIE TIPEMMYIIECTBA HWCIIO/Ib30BAHUA YTBEPXKAEHUA
where: oHo nossonseT 3d/laBdTb Or'PAHHUYE€HUE, T1e C JIeBOU CTOPOHLI pacriojiaraeTcs HpOH3BOHBHbIﬁ

THII (B JaHHOM Ciydyae 132), a He TOJILKO MPOCTOii rapameTp Tura (Bpoge T).

MeTobl N0 YMO/TYaHUIo

EcTb elrje ofHa 0COO@HHOCTh TUTIAXKEH, 0 KOTOPOM CTOMT MOTOBOPHTH: METO/bI TI0 YMOTUAHHIO.
[Tporrie Bcero rnokasarb 3T0 Ha IpuMepe:

trait Foo { Run
fn is valid(&self) -> bool;

fn is_invalid(&self) -> bool { !self.is valid() }

B Tumax, peanusylommx Tunax FOO, HykHO peammsoBath Mertorq 1S valid(), a

is invalid() 6yzmer peanusoBaH mo-ymoimyaHuio. Ero nosejeHe MOXKHO TI€PeOTIpeiesUTh:
struct UseDefault; F{Ljr]

impl Foo for UseDefault {
fn is valid(&self) -> bool {
println! ("Bwi3BaH UseDefault.is valid.");
true

struct OverrideDefault;

impl Foo for OverrideDefault {
fn is valid(&self) -> bool {
println! ("Bei3Ban OverrideDefault.is valid.");
true
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atrait%20ConvertTo%3COutput%3E%20%7B%0A%20%20%20%20fn%20convert(%26self)%20-%3E%20Output%3B%0A%7D%0A%0Aimpl%20ConvertTo%3Ci64%3E%20for%20i32%20%7B%0A%20%20%20%20fn%20convert(%26self)%20-%3E%20i64%20%7B%20*self%20as%20i64%20%7D%0A%7D%0A%0A%2F%2F%20%D0%BC%D0%BE%D0%B6%D0%B5%D1%82%20%D0%B1%D1%8B%D1%82%D1%8C%20%D0%B2%D1%8B%D0%B7%D0%B2%D0%B0%D0%BD%20%D1%81%20T%20%3D%3D%20i32%0Afn%20normal%3CT%3A%20ConvertTo%3Ci64%3E%3E(x%3A%20%26T)%20-%3E%20i64%20%7B%0A%20%20%20%20x.convert()%0A%7D%0A%0A%2F%2F%20%D0%BC%D0%BE%D0%B6%D0%B5%D1%82%20%D0%B1%D1%8B%D1%82%D1%8C%20%D0%B2%D1%8B%D0%B7%D0%B2%D0%B0%D0%BD%20%D1%81%20T%20%3D%3D%20i64%0Afn%20inverse%3CT%3E()%20-%3E%20T%0A%20%20%20%20%20%20%20%20%2F%2F%20%D0%B8%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D1%83%D0%B5%D1%82%20ConvertTo%20%D0%BA%D0%B0%D0%BA%20%D0%B5%D1%81%D0%BB%D0%B8%20%D0%B1%D1%8B%20%D1%8D%D1%82%D0%BE%20%D0%B1%D1%8B%D0%BB%D0%BE%20%C2%ABConvertTo%3Ci64%3E%C2%BB%0A%20%20%20%20%20%20%20%20where%20i32%3A%20ConvertTo%3CT%3E%20%7B%0A%20%20%20%201i32.convert()%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atrait%20Foo%20%7B%0A%20%20%20%20fn%20is_valid(%26self)%20-%3E%20bool%3B%0A%0A%20%20%20%20fn%20is_invalid(%26self)%20-%3E%20bool%20%7B%20!self.is_valid()%20%7D%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atrait%20Foo%20%7B%0A%20%20%20%20fn%20is_valid(%26self)%20-%3E%20bool%3B%0A%0A%20%20%20%20fn%20is_invalid(%26self)%20-%3E%20bool%20%7B%20!self.is_valid()%20%7D%0A%7D%0Astruct%20UseDefault%3B%0A%0Aimpl%20Foo%20for%20UseDefault%20%7B%0A%20%20%20%20fn%20is_valid(%26self)%20-%3E%20bool%20%7B%0A%20%20%20%20%20%20%20%20println!(%22%D0%92%D1%8B%D0%B7%D0%B2%D0%B0%D0%BD%20UseDefault.is_valid.%22)%3B%0A%20%20%20%20%20%20%20%20true%0A%20%20%20%20%7D%0A%7D%0A%0Astruct%20OverrideDefault%3B%0A%0Aimpl%20Foo%20for%20OverrideDefault%20%7B%0A%20%20%20%20fn%20is_valid(%26self)%20-%3E%20bool%20%7B%0A%20%20%20%20%20%20%20%20println!(%22%D0%92%D1%8B%D0%B7%D0%B2%D0%B0%D0%BD%20OverrideDefault.is_valid.%22)%3B%0A%20%20%20%20%20%20%20%20true%0A%20%20%20%20%7D%0A%0A%20%20%20%20fn%20is_invalid(%26self)%20-%3E%20bool%20%7B%0A%20%20%20%20%20%20%20%20println!(%22%D0%92%D1%8B%D0%B7%D0%B2%D0%B0%D0%BD%20OverrideDefault.is_invalid!%22)%3B%0A%20%20%20%20%20%20%20%20true%20%2F%2F%20%D1%8D%D1%82%D0%B0%20%D1%80%D0%B5%D0%B0%D0%BB%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F%20%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BE%D1%80%D0%B5%D1%87%D0%B8%D1%82%20%D1%81%D0%B0%D0%BC%D0%B0%20%D1%81%D0%B5%D0%B1%D0%B5!%0A%20%20%20%20%7D%0A%7D%0A%0Alet%20default%20%3D%20UseDefault%3B%0Aassert!(!default.is_invalid())%3B%20%2F%2F%20%D0%BF%D0%B5%D1%87%D0%B0%D1%82%D0%B0%D0%B5%D1%82%20%C2%AB%D0%92%D1%8B%D0%B7%D0%B2%D0%B0%D0%BD%20UseDefault.is_valid.%C2%BB%0A%0Alet%20over%20%3D%20OverrideDefault%3B%0Aassert!(over.is_invalid())%3B%20%2F%2F%20%D0%BF%D0%B5%D1%87%D0%B0%D1%82%D0%B0%D0%B5%D1%82%20%C2%AB%D0%92%D1%8B%D0%B7%D0%B2%D0%B0%D0%BD%20OverrideDefault.is_invalid!%C2%BB%0A%7D
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fn is _invalid(&self) -> bool {
println! ("Bei3Ban OverrideDefault.is invalid!");
true // 3Ta peanusauua npoTuMBopeyUT caMa cebe!

let default = UseDefault;
assert!(!default.is invalid()); // nevataet «Bui3saH UseDefault.is valid.»

let over = OverrideDefault;
assert!(over.is invalid()); // neuaTaeT «Bei3BaH OverrideDefault.is invalid!»

HacneposaHue
I/IHOF,Z[a YTOOBI pear30BATb OAWH THUIIAXK, HYXHO Ppe€daIn30BdTb THUIIAXKH, OT KOTOPBLIX OH
3dBUCUT:
trait Foo { Run

fn foo(&self);

trait FooBar : Foo {
fn foobar(&self);

Tunebl, peammsytoiye FooBar, nomkuel peanusoBsiBath FOO:

po)
c
-]

struct Baz;

impl Foo for Baz {
fn foo(&self) { println!("foo"); }

impl FooBar for Baz {
fn foobar(&self) { println!("foobar"); }

Ecnu Mb1 386y,q€M peain30BdTb Foo ,» KOMITUJIATOP CKAXKET HaM 00 sTOM:

error: the trait "main::Foo” is not implemented for the type "main::Baz"® [E0277]

5.18. O60061méHHOoe TTporpaMmupoBanres.20. Tumnax "Drop’
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atrait%20Foo%20%7B%0A%20%20%20%20fn%20foo(%26self)%3B%0A%7D%0A%0Atrait%20FooBar%20%3A%20Foo%20%7B%0A%20%20%20%20fn%20foobar(%26self)%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atrait%20Foo%20%7B%0A%20%20%20%20fn%20foo(%26self)%3B%0A%7D%0Atrait%20FooBar%20%3A%20Foo%20%7B%0A%20%20%20%20fn%20foobar(%26self)%3B%0A%7D%0Astruct%20Baz%3B%0A%0Aimpl%20Foo%20for%20Baz%20%7B%0A%20%20%20%20fn%20foo(%26self)%20%7B%20println!(%22foo%22)%3B%20%7D%0A%7D%0A%0Aimpl%20FooBar%20for%20Baz%20%7B%0A%20%20%20%20fn%20foobar(%26self)%20%7B%20println!(%22foobar%22)%3B%20%7D%0A%7D%0A%7D
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Tunax Drop” (c6bpoc)

Mb1 o6cyaumu Tunaxku. Tereps JaBaiiTe TOrOBOPUM O KOHKPETHOM THUTIaXKe, TIPeJ0CTaB/ISIEMOM
cTaHzapTHOM Oubmotrekolt Rust. 3toT THnaxk — Drop (cbpoc) — TMO3BOJISET BBITIOIHUTh

HEKOTOPBIN KO/, KOT/Ia 3HaUeHHe BBIXOAUT M3 00/1acTH BUAMMOCTH. Haripumep:
struct HasDrop; F{Ljr]

impl Drop for HasDrop {
fn drop(&mut self) {
println! ("C6bpacbiBaem!");

fn main() {
let x = HasDrop;

// COoenaeMm 4Tto-TO

} // TyT X BbIXOOAMT M3 06MacTV BUOAMMOCTM

Korja X BBIXOAWT M3 06/1aCTH BUAUMOCTH B KOHIIE MAL1N (), UCMOMHUTCS KOf, peair3aljiu
tunaxxka Drop. Y Hero omuH MeTof, KOTOpbIM Toxe HaseiBaercs drop(). OH mnpuHMMaeTr

H3MeHsieMyo cCbUTKY Ha cebs (self).

Bor u Bcé! Pabora Drop pocratouHo mpocra, HO eCTb HECKOJBKO TOHKOCTeid. Hampumep,

3HaueHUs cOpachIBalOTCs B MOPsiiKe, 00paTHOM MOPSAAKY UX 00bsiBNeHMs. BoT elé npumep:

struct Firework { F{Ljr]
strength: i32,

impl Drop for Firework {
fn drop(&mut self) {
println! ("BABAX cunon {}!!!", self.strength);

fn main() {
let firecracker = Firework { strength: 1 };
let tnt = Firework { strength: 100 };

OTOT KO/l BbIBEJIET CJiefytolliee:

BABAX cunon 100!!!
BABAX cunon 1!!!

CHauasia B3pbIBaeTCsl TPUHUTPOTO/TyosioBast 6ombOa (tnt), motomy uto oHa Obula OOBsIB/IEHA

nocsiegHeid. 3a Helt B3poiBaercs mytuxa (firecracker). IlepsbiM BOLIE, TOC/IEHUM BbILLIET.
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http://doc.rust-lang.org/std/ops/trait.Drop.html
https://play.rust-lang.org/?code=struct%20HasDrop%3B%0A%0Aimpl%20Drop%20for%20HasDrop%20%7B%0A%20%20%20%20fn%20drop(%26mut%20self)%20%7B%0A%20%20%20%20%20%20%20%20println!(%22%D0%A1%D0%B1%D1%80%D0%B0%D1%81%D1%8B%D0%B2%D0%B0%D0%B5%D0%BC!%22)%3B%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20x%20%3D%20HasDrop%3B%0A%0A%20%20%20%20%2F%2F%20%D1%81%D0%B4%D0%B5%D0%BB%D0%B0%D0%B5%D0%BC%20%D1%87%D1%82%D0%BE-%D1%82%D0%BE%0A%0A%7D%20%2F%2F%20%D1%82%D1%83%D1%82%20x%20%D0%B2%D1%8B%D1%85%D0%BE%D0%B4%D0%B8%D1%82%20%D0%B8%D0%B7%20%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B8%20%D0%B2%D0%B8%D0%B4%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D0%B8%0A
https://play.rust-lang.org/?code=struct%20Firework%20%7B%0A%20%20%20%20strength%3A%20i32%2C%0A%7D%0A%0Aimpl%20Drop%20for%20Firework%20%7B%0A%20%20%20%20fn%20drop(%26mut%20self)%20%7B%0A%20%20%20%20%20%20%20%20println!(%22%D0%91%D0%90%D0%91%D0%90%D0%A5%20%D1%81%D0%B8%D0%BB%D0%BE%D0%B9%20%7B%7D!!!%22%2C%20self.strength)%3B%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20firecracker%20%3D%20Firework%20%7B%20strength%3A%201%20%7D%3B%0A%20%20%20%20let%20tnt%20%3D%20Firework%20%7B%20strength%3A%20100%20%7D%3B%0A%7D%0A

A3bIK IporpaMmupoBaHyst Rust

Tak 3auem HyxeH Drop? Yacto Drop wucnonme3yior, uToObI 0CBOOOAUTE pPECYPCHI,
npe/icTaBeHHble CTPyKTypoi (Struct). Hampumep, cuéturk ccbuiok Arc<T> yMeHbILAeT YUCIO0

aKTHBHBIX CCHUTOK B A rop (), ¥ Korja OHO JoCTHraeT HyJist, 0CBOOOXKIAeT XpaHUMOe 3HaYeHHe.

5.19. Tunaxun5.21. KoHcrpykims “if let”
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http://doc.rust-lang.org/std/sync/struct.Arc.html

SA3BIK IporpaMmupoBaHyst Rust

KoHcTpykuusa 'if let
Hora XoueTcs czie/iaTh Orpe/ie/IéHHbIe Belld MeHee HeyKiiroxe. Harprmep, CKoMOMHMPOBATh
if u let urobwi Gonee yao6HO caenarh cornocTasnenue ¢ obpasmom. s storo ecth 1T let.

B kauectBe mpumepa paccmorpuM Option<T>. Ecimu 310 SOme<T>, Mbl XOTHM BbI3BaTh

GyHKIMIO Ha 9TOM 3HaUeHuH, a eci 370 NOone — He zenarb HUuero. Bpoge Takoro:

match option { Run
Some(x) => { foo(x) },
None => {},

}

3neck Heobsi3aTesibHO KCToab30Bath Match. 1 toxe moporéT:

if option.is some() { Run
let x = option.unwrap();
foo(x);

}

Ho o6a stux BdPUAHTA BBIIVIAAAT CTPAHHO. MBI MOXKeM HCIIPABUTDL 3TO C MMOMOILbIO if let:

if let Some(x) = option { Run
foo(x);

E c 1u conocrapnenrie ¢ obpasiiom ycIiiemHo, HWMe€Ha B 06pa3ue CBA3BIBAIOTCA C

COOTBETCTBYHOLIUMH YaCTAMU pa36HpaeMoro 3HAUYeHusd, U 6710k ucmosHsgeTca. Ecii 3HaueHWe He

COOTBETCTBYET 06p83L[y, HHUYETro He IIPONUCXOANT.

E.cnu BBl X0TUTE AejiaTb 4YTO-TO ELL[é IMpy HECOBIIaA€HWH C 06[)83]_IOM, HCHOHLByﬁTe else:

if let Some(x) = option { M
foo(x);

} else {
bar();

}

while let

[Toxoxum obpasom, Wwhile let mokHO ucnons3oBath s nepebopa 3HaUY€HHH, MTOKa OHH

CooTBeTCTBYIOT 00pa3iy. Koz Bpoze Takoro:

loop { Run

match option {
Some(x) => println!("{}", x),
_ => break,

[TpeBpaiijaeTcsi B TaKOM:
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20option%20%3D%20Some(5)%3B%0Afn%20foo(x%3A%20i32)%20%7B%20%7D%0Amatch%20option%20%7B%0A%20%20%20%20Some(x)%20%3D%3E%20%7B%20foo(x)%20%7D%2C%0A%20%20%20%20None%20%3D%3E%20%7B%7D%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20option%20%3D%20Some(5)%3B%0Afn%20foo(x%3A%20i32)%20%7B%20%7D%0Aif%20option.is_some()%20%7B%0A%20%20%20%20let%20x%20%3D%20option.unwrap()%3B%0A%20%20%20%20foo(x)%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20option%20%3D%20Some(5)%3B%0Afn%20foo(x%3A%20i32)%20%7B%20%7D%0Aif%20let%20Some(x)%20%3D%20option%20%7B%0A%20%20%20%20foo(x)%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20option%20%3D%20Some(5)%3B%0Afn%20foo(x%3A%20i32)%20%7B%20%7D%0Afn%20bar()%20%7B%20%7D%0Aif%20let%20Some(x)%20%3D%20option%20%7B%0A%20%20%20%20foo(x)%3B%0A%7D%20else%20%7B%0A%20%20%20%20bar()%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20option%3A%20Option%3Ci32%3E%20%3D%20None%3B%0Aloop%20%7B%0A%20%20%20%20match%20option%20%7B%0A%20%20%20%20%20%20%20%20Some(x)%20%3D%3E%20println!(%22%7B%7D%22%2C%20x)%2C%0A%20%20%20%20%20%20%20%20_%20%3D%3E%20break%2C%0A%20%20%20%20%7D%0A%7D%0A%7D

A3bIK IporpaMmupoBaHyst Rust

0
-
-]

while let Some(x) = option {
println! ("{}", x);

}

5.20. Tunax "Drop 5.22. Tunaku-00beKThI
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20option%3A%20Option%3Ci32%3E%20%3D%20None%3B%0Awhile%20let%20Some(x)%20%3D%20option%20%7B%0A%20%20%20%20println!(%22%7B%7D%22%2C%20x)%3B%0A%7D%0A%7D

SA3BIK IporpaMmupoBaHyst Rust

Trnakn-oobLeKThbI

Korza kop Bk/mtodaeT B cebsi moiumMop@usMm, TO AO/KeH ObITh MeXaHW3M, UTOObI OTpeZienTh,
Kakasi KOHKpeTHasi Bepcusi OyzieT pakThueCcKH Bbi3BaHa. JTO Ha3biBaeTcs 'aucrieTuepursanus.’ ECTb aBe
OCHOBHbIe (OpPMBbI AUCIeTYEpH3ALIMK: CTaThueckas W [AuHaMuueckas. Xors Rust v oTgaer
MpejrnouTeHre CTaTUUeCKOW JucreTuepu3aliid, OH TakKe TIOfJiep>KUBaeT AUHAMUYECKYHO

MUCTIETUEPU3AIIUI0 Uepe3 MeXaHW3M, Ha3bIBaeMbIH 'THTTa>KU-00BEKTHI.'

[MogrotoBka

Jlnst ocTanbHOM 4acTU 3TOM I/aBbl HaM MOTpeOyeTcs TUIaXX M HECKOJIBKO ero peanu3ariui.
Magaiite co3maguM mipoctoli Tunax FOO. OH cofepXUT OOWH METO[, KOTOpPbIM BO3BpalllaeT
String.

trait Foo { Run
fn method(&self) -> String;

}
Taxoke MbI peajusyem 3TOT THHax a1 U8 u String:

impl Foo for u8 { Run

fn method(&self) -> String { format!("u8: {}", *self) }

impl Foo for String {
fn method(&self) -> String { format!("string: {}", *self) }

CrtaTtunuyeckad ancnervyepnsayns

Mbl MOXKeM HCIO0Ib30BaTh 3TOT TUIaXK AJ1d BBITTIO/JIHEHUSA CcTaTuueCcKoM AUCTIeTUEPpU3aALMU C

MMOMOILbIO OrPAHUYEHUA TUITIAXKOM:

fn do_something<T: Foo>(x: T) { EiLl[l
x.method();

}

fn main() {
let x = 5u8;
let y = "Hello".to _string();

do_something(x);
do_something(y);

3meck Rust wucronb3yer 'MOHOMOpG®U3ALMIO' /i CTaTUUECKOW [JUCTIeTuepu3ai. OTO
o3HauaeT, uTo Rust cosgact crermanbuyto Bepcuto do something () asst kaxkmoro u3s Turos: U8
u String, a sarem 3aMeHWT BCe MeCTa BHI30BOB Ha BBI30BbI 3THX CIeL[Maln3UPOBAHHBIX (DYHKIIUIA.

[Opyrumu cnoBamu, Rust creHepupyeT HeuUTo Bpozie 3TOro:
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atrait%20Foo%20%7B%0A%20%20%20%20fn%20method(%26self)%20-%3E%20String%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atrait%20Foo%20%7B%20fn%20method(%26self)%20-%3E%20String%3B%20%7D%0Aimpl%20Foo%20for%20u8%20%7B%0A%20%20%20%20fn%20method(%26self)%20-%3E%20String%20%7B%20format!(%22u8%3A%20%7B%7D%22%2C%20*self)%20%7D%0A%7D%0A%0Aimpl%20Foo%20for%20String%20%7B%0A%20%20%20%20fn%20method(%26self)%20-%3E%20String%20%7B%20format!(%22string%3A%20%7B%7D%22%2C%20*self)%20%7D%0A%7D%0A%7D
https://play.rust-lang.org/?code=trait%20Foo%20%7B%20fn%20method(%26self)%20-%3E%20String%3B%20%7D%0Aimpl%20Foo%20for%20u8%20%7B%20fn%20method(%26self)%20-%3E%20String%20%7B%20format!(%22u8%3A%20%7B%7D%22%2C%20*self)%20%7D%20%7D%0Aimpl%20Foo%20for%20String%20%7B%20fn%20method(%26self)%20-%3E%20String%20%7B%20format!(%22string%3A%20%7B%7D%22%2C%20*self)%20%7D%20%7D%0Afn%20do_something%3CT%3A%20Foo%3E(x%3A%20T)%20%7B%0A%20%20%20%20x.method()%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20x%20%3D%205u8%3B%0A%20%20%20%20let%20y%20%3D%20%22Hello%22.to_string()%3B%0A%0A%20%20%20%20do_something(x)%3B%0A%20%20%20%20do_something(y)%3B%0A%7D%0A

A3bIK IporpaMmupoBaHyst Rust

fn do_something u8(x: u8) { Run
x.method();
}
fn do_something string(x: String) {
x.method();
}
fn main() {
let x = 5u8;
let y = "Hello".to_string();

do_something u8(x);
do_something string(y);

Crartvnyeckast [JucrieTyepusalidiss uUMeeT OOMBIIONM TIOTEHLMAA: OHAa TI03BOJISIET BBI3LIBATh
(byHKIUIO, KOTOpasi OyzieT BCTPOeHa, TIOTOMY UTO BbI3biBaeMasi BEpCHUSI 3TOM ()YHKL[UM M3BeCTHA Ha
jTare KOMMOWISLIMK, a BCTpaMBaHMe — 3TO K/IHOU K Xopolled ontumusanuu. CraTuueckas
JucreTyepu3anysi ObICTpa, HO 3TO JOCTUTAETCS TyTeM KOMITPOMHCCA: TPOMCXOAUT 'pa3ayBaHue Koza'
B CBSI3U C OOJIBIIIMM KOJTMUECTBOM KOMWM OZHOM W TOM ke (DYHKLMH, 0 OFHOM [ KaXKAOTO THIIa,

pacrnosiokeHHbIX B OMHapHOM (aiisne.

Kpome TOro, KOMITH/IATOPbI HE COBEpPIIEHHbI U MOTYT «ONTHMH3UPOBaTh» KOJ TakK, UTO OH
cTaHeT MejjieHHee. Harpumep, BCTpoeHHble (GYHKIMH OyayT C/IMIIKOM OXOTHO pa3gyBaTh KAIII
KoMaH1 (TipaBKJ/Ia K3IIMPOBAHKs BCe BOKPYT HAc). ITO OfHA U3 MpHuMH, 1o Kotopoit #[inline] u
#[inline(always)] cneayer wcronb30BaThb OCTOPOXKHO, M IIOUEMY  HCIIO/Ib30BaHHE

JMUHAMHYeCKOU AucreTuepr3aluu nHorga 6omee agdeKkTuBHO.

Tem He wmeHee, B o0mem ciaydyae 0onee 3ddeKTMBHO HCIO/MB30BaTh CTAaTHUECKYHO
JucrietTyepusanuio. Kpome Toro, Bcersa MOXKHO MMeTh TOHKYHO CTaTMUYeCKU- AMCIIETYEPU3yeMYIO
00epTKy /7151 QyHKLIMH, KOTOPasi BLITIO/HSET AMHAMUYeCKyt0 JIMCIIeTuepr3aliuio, Ho He Haobopot. To
eCTb CTaTHuecKHe BbI30BBI SBMSIOTCS Oomee ThOkuMu. I1o 3TOi mpuunHe cTaHAapTHas 6ub/MOTeKa

CTadpaeTcs OBITH CTaTUUECKU ,Z[I/ICHGT‘-IEPI/IBYEMOI‘/‘I Be3je, rge 3TO BO3MOXXHO.

[nHamnyeckasi ancnetyepusauns

Rust obecrieurBaeT JUHAMHUECKYIO [AWCIIETUYEPH3alMI0 uepe3 MeXaHH3M I10[, Ha3BaHHeM
'"TUNaKU-00beKThl. TUnaxku-o0bekTel, Takue Kak &F0O nwm Box<Foo>, »sto 00b1uHBIE
repeMeHHble, XpaHsiiie 3HaueHus 106020 THTA, Peasr3yIoIIero JaHHbIA THUTaK. KOHKPETHBIN THI

TUTaKa-00beKTa MOKET ObITh oripe/iejieH TOJ/IBKO Hd 3Talle BbIITIO/IHEHHUA.

Tumnax-o0beKT MOXKET OBbITh IMOJTyUeH W3 yKa3aTesss Ha KOHKPEeTHbBIN THII, KOTOPBIA peann3yeT
9TOT THIIAX, MyTeM ero IBHOr0 mnpuBefeHna (uamnpumep, &X as &F00) wim HEABHOM O
npuBeneHna (Hampumep, UCIoab3ys &X B KauecTBe aprymeHTa (DYyHKI[MM, KOTOpasi ITPUHUMAeT
&Fo0).
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https://play.rust-lang.org/?code=trait%20Foo%20%7B%20fn%20method(%26self)%20-%3E%20String%3B%20%7D%0Aimpl%20Foo%20for%20u8%20%7B%20fn%20method(%26self)%20-%3E%20String%20%7B%20format!(%22u8%3A%20%7B%7D%22%2C%20*self)%20%7D%20%7D%0Aimpl%20Foo%20for%20String%20%7B%20fn%20method(%26self)%20-%3E%20String%20%7B%20format!(%22string%3A%20%7B%7D%22%2C%20*self)%20%7D%20%7D%0Afn%20do_something_u8(x%3A%20u8)%20%7B%0A%20%20%20%20x.method()%3B%0A%7D%0A%0Afn%20do_something_string(x%3A%20String)%20%7B%0A%20%20%20%20x.method()%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20x%20%3D%205u8%3B%0A%20%20%20%20let%20y%20%3D%20%22Hello%22.to_string()%3B%0A%0A%20%20%20%20do_something_u8(x)%3B%0A%20%20%20%20do_something_string(y)%3B%0A%7D%0A

A3BIK IporpaMmupoBaHyst Rust

SIBHOe W HesIBHOe TIpUBeJieHHe THUIa)Ka-00beKTa TakKe paboTaeT /il TaKMX yKasaTesel, Kak
&mut T B &mut Foo um Box<T> B Box<F00>, HO 3TO Bce Ha AaHHBIM MOMEHT. SIBHOe U

HedaBHOe IIpHBeJeHne WAeHTHUYHEI.

JTa oriepanuysa MOXXeT paCCMaTPUBATBCA KdK «3aTHPAHHE» 3HaHHSA KOMIIUW/IATOPA O KOHKPETHOM

THUIIE€ yKa3aTe/sisd, TI0O3TOMY TUMNAXKU-00HEKTEI WHOI'Ja Ha3bIBAKOT «3dTUPAHHWEM TUIIOB».

BOBBPaLL[aHCb K TIpUMEpY BbIllle, Mbl MOXXE€M MHCII0/Ib30BdATh TOT >Ke CaMBbIl THITaXK A1

BBITIO/THEHHU A ,E[I/IHEIMI/ILIECKOIZ AUCIrieTyepur3alu C TUMNAKaMU-00bLeKTaMU nyTemM gABHOI'O IpUBeAEHUA

THIIA:
fn do_something(x: &Foo) { Run
x.method();
}

fn main() {
let x = 5u8;
do_something(&x as &Foo);

}
W/ HeSIBHOTO TIPUBEJIEHUS] TUMa:

fn do_something(x: &Foo) { F{Ljr]
x.method();

}

fn main() {
let x = "Hello".to string();
do_something(&x);

dyHKUWS, KOTopas IPUHUMaeT THUTaK-00beKT, He 00/1a/jaeT crieliaju3upOBaHHbIMU KOTIHSIMU
JUIST KQXK/IOTO W3 THMIIOB, KOTOPbIe peayn3ytoT Thnaxk FOO: reHepupyeTcs TOMBKO OfHA Komwsi. YacTo
(HO He Bcerga), B pe3y/bTaTe IMPOMCXOAWT yMeHbILleHWe pa3fyBaHUs Koja. TeM He MeHee, 3TO
MPOUCXOAUT 3a cueT Oosiee Me[JIeHHOTO BBI30Ba BUPTYa/lbHbIX (GYHKIMHA, W, TI0 CYIIECTBY,

6J'IOKI/IPOBEIHI/IH H000H BO3MOKHOCTH BCTpdKWBAHHA U CBA3dHHBIX C 3TUM OHTHMHSHHHﬁ.

[Mouemy ykasaTtenn?

B oTyimurie oT MHOTMX ynpaB/sieMbIX S13bIKOB, Rust M0 ymMo/uaHuiO He pasmelljaeT 3HaueHus 110
yKasaTe/t0o, TaK KaK TUIbl MOTYT UMeTb pa3/iMuyHble pa3Mepbl. 3HaThb pasMep 3HauyeHWs BO BpeMs
KOMITWJ/ISILIUM BayKHO TIPeXK/e BCEero /s BbINO/JHEHUS TaKUX 3a/jay, Kak Iepe/jaya 3HaueHUs B KauecTBe
aprymeHTa B (DyHKLIMIO, UTO BbI3bIBaeT TOMelljeHHe Tepe/JaHHOr0 3HaueHUsl B CTeK, U BbljlenieHue (1

ocBoOOXK/IeHHe) MecTa Ha Kyde /i/Isi COXpaHeHHsI 3HAUeHHsT TaM.

Ins FOO momyckaeTcs uMeTh 3HaUeHHe, KOTOpoe MoXeT 6biTh 6o String (24 6aiir), 6o
u8 (1 Gaiit), b0 M0OOOK APYrok THIM, i KOTOPOTO B COOTBETCTBYIOIIMX KPEHTaX MOXKET ObITh
peanu3oBad FOO (Bo3MokHO abco/OTHO JiF060e urcio 6aiT). Tak Kak 3TOT Pyroi THIT MOXKeT ObITh
CKOJIb YTOZHO OOJIBIIMMM, TO HET HHUKAKOTrO Crocoba, TapaHTUPYOLIEro, UTo MOC/eAHUN BapUaHT

Oyzet paboTaTb, eC/ii 3HaUeHUs] COXPAHSIIOTCS 6e3 yKasaTers.

Tumnaxmu-o0LeKTbI 139


https://play.rust-lang.org/?code=trait%20Foo%20%7B%20fn%20method(%26self)%20-%3E%20String%3B%20%7D%0Aimpl%20Foo%20for%20u8%20%7B%20fn%20method(%26self)%20-%3E%20String%20%7B%20format!(%22u8%3A%20%7B%7D%22%2C%20*self)%20%7D%20%7D%0Aimpl%20Foo%20for%20String%20%7B%20fn%20method(%26self)%20-%3E%20String%20%7B%20format!(%22string%3A%20%7B%7D%22%2C%20*self)%20%7D%20%7D%0A%0Afn%20do_something(x%3A%20%26Foo)%20%7B%0A%20%20%20%20x.method()%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20x%20%3D%205u8%3B%0A%20%20%20%20do_something(%26x%20as%20%26Foo)%3B%0A%7D%0A
https://play.rust-lang.org/?code=trait%20Foo%20%7B%20fn%20method(%26self)%20-%3E%20String%3B%20%7D%0Aimpl%20Foo%20for%20u8%20%7B%20fn%20method(%26self)%20-%3E%20String%20%7B%20format!(%22u8%3A%20%7B%7D%22%2C%20*self)%20%7D%20%7D%0Aimpl%20Foo%20for%20String%20%7B%20fn%20method(%26self)%20-%3E%20String%20%7B%20format!(%22string%3A%20%7B%7D%22%2C%20*self)%20%7D%20%7D%0A%0Afn%20do_something(x%3A%20%26Foo)%20%7B%0A%20%20%20%20x.method()%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20x%20%3D%20%22Hello%22.to_string()%3B%0A%20%20%20%20do_something(%26x)%3B%0A%7D%0A

A3bIK IporpaMmupoBaHust Rust

PEBMEI.L[EHI/IG 3HaYeHUA I10 YKd3dTe/Il0 O3HdddeT, UTO, KOI/la Mbl MMeeM [eJ/i0 C THUIIaXKOM-

O6’B€KTOM, pa3mep CaMOr'o 3Ha4eHus He Ba)KeH, d Ba>KeH JIMIIb pa3Mep yKa3aTeJid.

[MpepcTaBrieHne

MeTozbl THTIA)Ka MOXKHO BBI3BAaTh [I/Isi TUMa)Ka-O0ObeKTa C TOMOILBIO CIeLUaJbHON 3arcy
yKa3aresiell Ha QyHKIMU, TPAZWLIMOHHO Ha3biBaeMOW 'BUpTyasibHast Tabmuua' (‘'vtable') (co3maeTcs u

ynpaBJ/igeTCsa KOMITUIIATOP OM) .

TUMa)KU-00bEKTLI  AB/ISIOTCS OAHOBPEMEHHO W TIIPOCTBIMH W C/I0XKHBIMH: HWX OCHOBHOE€
npeacrabBjieHue ¢ YCTpOI‘/JICTBO [A0BOJIbHO HpHMOHHHEﬁHO, HO €eCTb HEKOTOpble TOHKOCTH

OTHOCUTE/ILHO 0OHapy»KeHHs1 cooOIIeHui 006 o1MbKax U CTPAHHOTO TIOBeZeHUSI.

,[[aBafITe HauHeM C 1IpocToro, cC paHTaﬁM rnpeacTaB/ieHns TUTaKa-00beKTa. MOAYJ'IL
std: :raw COAEP>XUT CTPYKTYPbI C MdKETdMH, KOTOPbIE€ ABJAOTCA TAKUMH XK€, KdK W CJIOKHbIE

BCTPO€HHBIE THUIIbI, B TOM YKCJIE€ TUHAXXU-00BEKThI:

pub struct TraitObject { Run
pub data: *mut (),
pub vtable: *mut (),

To ecTb THNaXX-00BEKT, TakoH Kak &FO0, cocTouT U3 ykasaress Ha «JjaHHbIe» U yKasartesisi Ha

«BUPTYa/IbHYIO TabMULy».

Ykaszarenb data agpecyer gaHHble (KakOro-To HEM3BECTHOTO THMA | ), KOTOpblE XPaHUT
TUMAX-00beKT, a ykazaresnb Vtable ykaspiBaeT Ha BUPTyaibHYHO Tabmuily («Tab/uiia BUPTyalbHbIX

METOZIOB» ), KOTOpasi COOTBeTCTByeT peanusarun FOO ays T.

[To cyuecTBy, BUpTyajbHas TabiMia — 3TO CTPYKTypa yKasarejaed Ha (QyHKLWH,
YKa3bIBAIOIIUX HA KOHKPETHBINA KYCOK MAllIMHHOTO KOZa /Il KaXKJO0r0 MeTo/ia B peasu3aiiuu. Bbi3oB
Mmetoza  Hamogobue trait object.method() Bosppamjaer mpaBu/IbHBIA yKasarenb U3

BHpTyaHLHOﬁ Ta6J'II/ILU:I, d 3aTeM JMHaMHW4Y€eCKH BbI3bIBAET METO/] 10 3TOMY YKd3dTeJ/Ik0. HaanMep:

struct FooVtable { Run
destructor: fn(*mut ()),
size: usize,
align: usize,

method: fn(*const ()) -> String,
}
// u8:
fn call method on u8(x: *const ()) -> String {
// KOMMUNATOP FapaHTUpyeT, 4TO 3Ta QYHKUMS Bbi3bIBAETCS TOJIbKO
// C "X, yKa3biBawwuMm Ha u8
let byte: &u8 = unsafe { &*(x as *const u8) };
byte.method()
}
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http://doc.rust-lang.org/std/raw/struct.TraitObject.html
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Amod%20foo%20%7B%0Apub%20struct%20TraitObject%20%7B%0A%20%20%20%20pub%20data%3A%20*mut%20()%2C%0A%20%20%20%20pub%20vtable%3A%20*mut%20()%2C%0A%7D%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20FooVtable%20%7B%0A%20%20%20%20destructor%3A%20fn(*mut%20())%2C%0A%20%20%20%20size%3A%20usize%2C%0A%20%20%20%20align%3A%20usize%2C%0A%20%20%20%20method%3A%20fn(*const%20())%20-%3E%20String%2C%0A%7D%0A%0A%2F%2F%20u8%3A%0A%0Afn%20call_method_on_u8(x%3A%20*const%20())%20-%3E%20String%20%7B%0A%20%20%20%20%2F%2F%20%D0%BA%D0%BE%D0%BC%D0%BF%D0%B8%D0%BB%D1%8F%D1%82%D0%BE%D1%80%20%D0%B3%D0%B0%D1%80%D0%B0%D0%BD%D1%82%D0%B8%D1%80%D1%83%D0%B5%D1%82%2C%20%D1%87%D1%82%D0%BE%20%D1%8D%D1%82%D0%B0%20%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8F%20%D0%B2%D1%8B%D0%B7%D1%8B%D0%B2%D0%B0%D0%B5%D1%82%D1%81%D1%8F%20%D1%82%D0%BE%D0%BB%D1%8C%D0%BA%D0%BE%0A%20%20%20%20%2F%2F%20%D1%81%20%60x%60%2C%20%D1%83%D0%BA%D0%B0%D0%B7%D1%8B%D0%B2%D0%B0%D1%8E%D1%89%D0%B8%D0%BC%20%D0%BD%D0%B0%20u8%0A%20%20%20%20let%20byte%3A%20%26u8%20%3D%20unsafe%20%7B%20%26*(x%20as%20*const%20u8)%20%7D%3B%0A%0A%20%20%20%20byte.method()%0A%7D%0A%0Astatic%20Foo_for_u8_vtable%3A%20FooVtable%20%3D%20FooVtable%20%7B%0A%20%20%20%20destructor%3A%20%2F*%20%D0%BC%D0%B0%D0%B3%D0%B8%D1%8F%20%D0%BA%D0%BE%D0%BC%D0%BF%D0%B8%D0%BB%D1%8F%D1%82%D0%BE%D1%80%D0%B0%20*%2F%2C%0A%20%20%20%20size%3A%201%2C%0A%20%20%20%20align%3A%201%2C%0A%0A%20%20%20%20%2F%2F%20%D0%BF%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5%20%D0%B2%20%D1%83%D0%BA%D0%B0%D0%B7%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%20%D0%BD%D0%B0%20%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8E%0A%20%20%20%20method%3A%20call_method_on_u8%20as%20fn(*const%20())%20-%3E%20String%2C%0A%7D%3B%0A%0A%0A%2F%2F%20String%3A%0A%0Afn%20call_method_on_String(x%3A%20*const%20())%20-%3E%20String%20%7B%0A%20%20%20%20%2F%2F%20%D0%BA%D0%BE%D0%BC%D0%BF%D0%B8%D0%BB%D1%8F%D1%82%D0%BE%D1%80%20%D0%B3%D0%B0%D1%80%D0%B0%D0%BD%D1%82%D0%B8%D1%80%D1%83%D0%B5%D1%82%2C%20%D1%87%D1%82%D0%BE%20%D1%8D%D1%82%D0%B0%20%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8F%20%D0%B2%D1%8B%D0%B7%D1%8B%D0%B2%D0%B0%D0%B5%D1%82%D1%81%D1%8F%20%D1%82%D0%BE%D0%BB%D1%8C%D0%BA%D0%BE%0A%20%20%20%20%2F%2F%20%D1%81%20%60x%60%2C%20%D1%83%D0%BA%D0%B0%D0%B7%D1%8B%D0%B2%D0%B0%D1%8E%D1%89%D0%B8%D0%BC%20%D0%BD%D0%B0%20String%0A%20%20%20%20let%20string%3A%20%26String%20%3D%20unsafe%20%7B%20%26*(x%20as%20*const%20String)%20%7D%3B%0A%0A%20%20%20%20string.method()%0A%7D%0A%0Astatic%20Foo_for_String_vtable%3A%20FooVtable%20%3D%20FooVtable%20%7B%0A%20%20%20%20destructor%3A%20%2F*%20%D0%BC%D0%B0%D0%B3%D0%B8%D1%8F%20%D0%BA%D0%BE%D0%BC%D0%BF%D0%B8%D0%BB%D1%8F%D1%82%D0%BE%D1%80%D0%B0%20*%2F%2C%0A%20%20%20%20%2F%2F%20%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D1%8F%20%D0%B4%D0%BB%D1%8F%2064-%D0%B1%D0%B8%D1%82%D0%BD%D0%BE%D0%B3%D0%BE%20%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%B0%2C%20%D0%B4%D0%BB%D1%8F%2032-%D0%B1%D0%B8%D1%82%D0%BD%D0%BE%D0%B3%D0%BE%20%D0%BE%D0%BD%D0%B8%20%D0%B2%202%20%D1%80%D0%B0%D0%B7%D0%B0%20%D0%BC%D0%B5%D0%BD%D1%8C%D1%88%D0%B5%0A%20%20%20%20size%3A%2024%2C%0A%20%20%20%20align%3A%208%2C%0A%0A%20%20%20%20method%3A%20call_method_on_String%20as%20fn(*const%20())%20-%3E%20String%2C%0A%7D%3B%0A%7D

A3bIK IporpaMmupoBaHyst Rust

static Foo for u8 vtable: FooVtable = FooVtable {
destructor: /* marua komnunatopa */,
size: 1,
align: 1,

// npeobpa3oBaHue B yKasaTeflb Ha QYHKLMUIO
method: call method on u8 as fn(*const ()) -> String,

// String:

fn call _method on String(x: *const ()) -> String {
// KOMMUNSTOP rapaHTUMpyeT, 4YTO 3Ta (PYHKUMUS BbI3bIBAETCS TOSNLKO
// C "X, yKa3sbiBawwuMm Ha String
let string: &String = unsafe { &*(x as *const String) };

string.method()

static Foo_for String vtable: FooVtable = FooVtable {
destructor: /* marus komnunsaTtopa */,
// 3HayeHus gna 64-6UTHOro KoMmnbioTepa, Ang 32-6MTHOrO OHM B 2 pa3a MeHble
size: 24,
align: 8,

method: call method on String as fn(*const ()) -> String,
}i

IToe destructor s kaxmoii BUPTYa/IbHOM Tab/vlle yKa3blBaeT Ha (QyHKI[MIO, KoTopast Oyzer
OUMIIATh JIOOble pecypchl TWTA 3TOW BUPTya/bHOW TabMMIpl, it U8 OHa TpUBHA/IbHA, HO [JIsi
St ring oHa OyzieT 0CBOOOXKIATh MaMsiTh. JTO HEOOXOAMMO /ISl BJlafie/blIeB TUTAXKeH-00BEeKTOB,
Takux Kak BOX<F00>, 115 koTopbIx HEOOXOUMO OUHIIATH BbIJEIEHHYIO MaMsATh Kak A1t BOX, Tak
Y /1711 BHYTPEHHEr 0 TUIIa, KOT/JJa OHK BBIXOAAT U3 00/1acTH BUAUMOCTH. [Tosst sizewu align XpaHAT
pa3Mep 3aTEPTOro THIIA, U ero TpeOOBaHMs K BhIPABHUBAHUIO; TI0 CYIIIECTBY, OHH He KCII0/Ih30BajICs B
MOMEHT, TaK Kak WH(OpMaIisi BCTPOEHHOTO B /IeCTPYKTOP, HO OyzeT MCIO/Ib30BaThCs B OyayIleMm,

TaK KaK 00beKThI OT/IMUNUTE/IEHBIM IMPU3HdAKaM IOCTEII€eHHO CTaHOBUTCA 6os1ee THOKUM.

[TpenmnonoxuM, y HaC eCTh HECKOBKO 3HaueHUH, KOTopble peamu3yloT FOO, Torga siBHbIA BUJ,
CO3[aHUSI U WCTIO/Ib30BaHWs — TUMakeh-o0bekToB FOO  MoXeT BbIVISiIeTh TIPUMEPHO  Kak

(UTHOPHUPYIOTCSI HECOOTBETCTBUS TUIIOB: B JIFOOOM C/Tydae, OHM BCEro JIUIIb yKa3aTesn):

let a: String = "foo".to string(); F{Ljr]
let x: u8 = 1;

// let b: &Foo = &a;
let b = TraitObject {

// store the data

data: &a,

// store the methods

vtable: &Foo for String vtable
+
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20a%3A%20String%20%3D%20%22foo%22.to_string()%3B%0Alet%20x%3A%20u8%20%3D%201%3B%0A%0A%2F%2F%20let%20b%3A%20%26Foo%20%3D%20%26a%3B%0Alet%20b%20%3D%20TraitObject%20%7B%0A%20%20%20%20%2F%2F%20store%20the%20data%0A%20%20%20%20data%3A%20%26a%2C%0A%20%20%20%20%2F%2F%20store%20the%20methods%0A%20%20%20%20vtable%3A%20%26Foo_for_String_vtable%0A%7D%3B%0A%0A%2F%2F%20let%20y%3A%20%26Foo%20%3D%20x%3B%0Alet%20y%20%3D%20TraitObject%20%7B%0A%20%20%20%20%2F%2F%20store%20the%20data%0A%20%20%20%20data%3A%20%26x%2C%0A%20%20%20%20%2F%2F%20store%20the%20methods%0A%20%20%20%20vtable%3A%20%26Foo_for_u8_vtable%0A%7D%3B%0A%0A%2F%2F%20b.method()%3B%0A(b.vtable.method)(b.data)%3B%0A%0A%2F%2F%20y.method()%3B%0A(y.vtable.method)(y.data)%3B%0A%7D

A3BIK IporpaMmupoBaHyst Rust

// let y: &Foo = Xx;
let y = TraitObject {
// store the data
data: &x,
// store the methods
vtable: &Foo for u8 vtable
b

// b.method();
(b.vtable.method) (b.data);

// y.method();
(y.vtable.method) (y.data);

5.21. Koncrpykius “if let"5.23. 3aMbIkaHUs
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SA3BIK IporpaMmupoBaHyst Rust

3aMblKaHUS

[ToMrMo uMeHOBaHHbIX (YHKLMH Rust mpefocTaBisieT elje W aHOHUMHbIE (YHKLIUU.
AHOHMMHBIE (PyHKLIMH, KOTOPble UMEIOT CBSI3aHHOEe OKPY’KeHHe, Ha3bIBatOTCs '3amMblkaHus'. OHM Tak
Ha3bIBAIOTCSl MOTOMY UTO OHM 3aMbIKAalOT CBOe OKpykeHWe. Kak mbl yBUOuUM Janee, Rust nmeer

peasibHO KPYTYIO peasn3aliiio 3aMblKaHUH.

CunHTakcuc

3aMbIKaHUsI BBITVIIAAT CIAYIOMIMM 00pa3oM:
let plus one = |x: i32| x + 1; Run
assert eq!(2, plus one(l));

Mbl  co3gaem cBsi3biBanue, PLUS ONE, U MpUCBaWBaeM €My 3aMblKaHue. ApPryMeHTbI
3aMbIKaHKsI PACIO/IAaraloTCsl MEXKAY ABYMsi CHMBOJIaMHU | , @ TeJIOM 3aMbIKaHUsI SIB/ISIETCST BHIDAKEHHE,
B gaHHoM ciydae: X + 1. ITomuure, uro { } Takke SIB/ISIETCS BbIPAKEHUEM, [MOITOMY TeJIO

3dMbIKdHWA MOXXET COAePKATb MHOI'O CTPOK:

let plus two = |x| { Run
let mut result: i32 = x;

result += 1;
result += 1;

result
};

assert eq! (4, plus_two(2));

O6paTI/ITe BHHMMaHKMe, UTO eCTb HEeCKOJIbKO HeOOJIBIINX pa3m/m1/1171 MeXYy 3aMbIKaHHUSAMH W
0OBLIYHBIMU CI)YHKI_[I/IHMI/I, oripeZie/;ieHHbIMH C TIOMOILIBIO fn. HepBoe OT/INYHe COCTOUT B TOM, UTO AJid
3dMbIKdHWA Mbl H€ OOJ/DKHbI YKa3bIBdATb HHW THIIbI dPI'YMEHTOB, KOTODbI€ OHO IIpDMHMMAET, HU THII

BO3Bpall[aeMOro UM 3HaueHus. Mbl MOXKeM:
let plus one = |x: i32] -> i32 { x + 1 }; Run
assert eq!(2, plus one(l));

Ho mbl He Jo/mpkHBL Ilouemy Tak? B OCHOBHOM, 3TO OBIIO C/le/laHO W3 3PrOHOMHUECKUX
coobpakeHuii (coobpakeHui ymo0cTBa). B TO BpeMsi Kak [jii WMEHOBAHHBLIX (DYHKIUN SIBHOE
yKa3aHHe THTIA SIBJISIETCS TIOIe3HBIM [/l TaKUX acleKTOB KakK JOKyMEeHTAL[Usl ¥ BBbIBOJ THIIA, THIIbI
3aMbIKaHUH DPEeJIKO [JOKyMEHTHDYIOT, TIOCKOJIbKY OHM aHOHUMHBL. K TOMYy ’ke, OHM He BBI3bIBAIOT
«OIIMOOK Ha pacCTosiHUM» (error-at-a-distance), KOTopble MOTYT BbI3bIBaTb UMEHOBaHHbIE (YHKIIUH.
Takve OIMOKM MOTYT BO3HHKATh, KOT/la JIOKaJbHOe W3MeHeHHe (HalpuMmep, B Tejle OJHOW U3

GyHKIMI) BbI3BIBAET K3MEHEHHWe BBbIBOAA THUIIOB. KOMITMISITOP TbITaeTcs ToAo0paTh TUITBI B
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20plus_one%20%3D%20%7Cx%3A%20i32%7C%20x%20%2B%201%3B%0A%0Aassert_eq!(2%2C%20plus_one(1))%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20plus_two%20%3D%20%7Cx%7C%20%7B%0A%20%20%20%20let%20mut%20result%3A%20i32%20%3D%20x%3B%0A%0A%20%20%20%20result%20%2B%3D%201%3B%0A%20%20%20%20result%20%2B%3D%201%3B%0A%0A%20%20%20%20result%0A%7D%3B%0A%0Aassert_eq!(4%2C%20plus_two(2))%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20plus_one%20%3D%20%7Cx%3A%20i32%7C%20-%3E%20i32%20%7B%20x%20%2B%201%20%7D%3B%0A%0Aassert_eq!(2%2C%20plus_one(1))%3B%0A%7D

A3bIK IporpaMmupoBaHyst Rust

Opr?K&I-OH.]Eﬁ rporpamMmme 1o, y>ke Apyrre TUIIbI B M3MeHEHHON Cl)YHKL[I/II/I, M 4aCTO OKAa3bIBAe€TCHd, UTO
HME€Hd HUMEKT [Apyrue TUIIbl, HEXXe/JIW Mbl OXUJadJ/In. B pe3yiibTaTre IMpOUuCXOoAUT olrbKa «Ha

PacCTOSTHUM» — BO3MOXKHO, B IPYrO¥ (DYHKLMH, UCIIO/Ib3YIOLel U3MeHEHHYO.

BTOPOE OT/IMUMEe — CUHTAKCHC OYeHb MOXOXK, HO BCEe ’Ke HEMHOI0 OT/IMYaeTcs. Mbl /:[OﬁaBI/I]II/I

npobesbl 371eCh, YTOOBI OBITIO HATVIsIAHEE:

fn plus one vl  (x: 132 ) -> 132 { x + 1 } F{Ljr]
let plus_one v2 = |x: 132 | -> 132 { x + 1 };
let plus_one v3 = |x: 132 | x+1 ;

Ectb HebobIme pa3jinyurd, HO IIPUHLXIT aHAJIOTHYEH.

3aMbIKaHUA U UX OKpYyXeHune

3aMbIKaHUSI Ha3bIBAIOTCS TakK MoTOMYy, UTO OHH '3aMBIKaIOT CBOE OKPY)KGHI/IE.' 91O BBITTIAAUT

CJIeyIOIIMM 00pa3oM:

Y
(-
-]

let num = 5;
let plus_num = |x: 132| x + num;

assert eq! (10, plus_num(5));

Oto 3ambikanue, PLUS NUM, cChiTaeTcst Ha CBSI3aHHYIO C TIOMOIbIO oreparopa Let
repeMeHHY0 NUM, pacrioyiokeHHY!0 B cBoel o6sactu BUauMocTH. Ecii roBoputh 60siee KOHKPETHO,
TO OHO 3aMMCTBYeT CBsi3biBaHUe. EC/I MBI CJje/laeM UYTO-TO, UTO NIPOTUBOPEUMIIO Obl CBSI3bIBAHUIO, TO
royuum obKy. Harmpumep 3ToT Kof;:

let mut num = 5; Run
let plus num = |x: 132| x + num;

let y = &mut num;

KoTopeiii BbIjacT ciieyrolye ommoKu:

error: cannot borrow ‘num® as mutable because it is also borrowed as immutable
let y = &mut num;

A

note: previous borrow of “num® occurs here due to use in closure; the immutable
borrow prevents subsequent moves or mutable borrows of “num’ until the borrow
ends
let plus num = |X| X + num;
note: previous borrow ends here
fn main() {
let mut num = 5;
let plus num = |Xx| X + num;

let y = &mut num;

3aMBIKaHUSA 144


https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20%20plus_one_v1%20%20%20(x%3A%20i32%20)%20-%3E%20i32%20%7B%20x%20%2B%201%20%7D%0Alet%20plus_one_v2%20%3D%20%7Cx%3A%20i32%20%7C%20-%3E%20i32%20%7B%20x%20%2B%201%20%7D%3B%0Alet%20plus_one_v3%20%3D%20%7Cx%3A%20i32%20%7C%20%20%20%20%20%20%20%20%20%20x%20%2B%201%20%20%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20num%20%3D%205%3B%0Alet%20plus_num%20%3D%20%7Cx%3A%20i32%7C%20x%20%2B%20num%3B%0A%0Aassert_eq!(10%2C%20plus_num(5))%3B%0A%7D
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[TogpoObHOe M K TOMY >Ke Tioje3HOoe coobmieHre o0 ommbke! Kak roBopuTCsS B 3TOM
COO6H.[€HI/II/I, MBI HE MOXXeM I10/IyUHTb HU3MeHsIeMbIHA 3aeM nepeMeHHoﬁ num IIOTOMY UTO 3aMbIKdHHE

YyKe 3auMCTBYeT ero. Ecnu ke Mbl 00ecrneunm BbIXO/[l 3aMbIKaHUA K3 obsactu BHUIHMMOCTH, TO MbI

CMOXXeM:
let mut num = 5; F{Ljr]
{
let plus_num = |x: 132| x + num;

} // plus num goes out of scope, borrow of num ends

let y = &mut num;

O,Z[HEIKO, Rust Takxxe moxeT 386I/IpaTb IMpaBO B/aJieHUA U MepeMellaTb CBOe€ OKPY)>KeHHe, eC/lIn

3TOro TpedyeT 3aMbIKaHHe:
let nums = vec![1, 2, 31; Eiiill
let takes nums = || nums;
println!("{:?}", nums);
OTOT KOJ, BbIIACT:

note: "nums’® moved into closure environment here because it has type
“[closure(()) -> collections::vec::Vec<i32>]", which is non-copyable
let takes nums = || nums;

Vec<T> O6HaAaET MMpaBOM BJ/IaZl€eHUA Hd CBO€ COAEP’>KHUMOE, U MMO3TOMY, KOTZd Mbl CCbJIaeMCA
Ha Hero B HallleM 3daMbIKdHWH, MbI J0/I>KHbI 3a6paTb IpaBo BjIaZleHusa Ha NUMS . OTO TOXKe camoe, Kak

ecsiu GBI MBI TiepesiaBai NUMS B GyHKLIMIO, KoTopasi 3abupasia Okl paBo B/a/ieHHs Ha HeTo.

[Mepemeluatolipye 3ambikaHusa (move closures)

Mgl MOXeM 3acTaBUTb Hallle 3aMbIKaHUE 3El6I/IpaTI> IMpaBO BJ/d/ieHUA Ha CBO€ OKpYXeHHe C
TTIOMOILIBIO K/IKOUEBOI'O C/1I0Ba MOVE:

let num = 5; Run

let owns num = move |x: 132| x + num;

Terepb, Korja yKa3aHO K/HOUeBOe CJIOBO MOVE, TMepeMeHHble CJIeAYIT HOPMabHON
CeMaHTHKe TriepeMeirieHusi. B ganHoM mipumepe 5  peamusyer COpy, mostomy OWNS Nnum

CTaHOBUTCSA BiafiesiblieM Koy NUM. Tak B yeM ke pasHuLia?

let mut num = 5; Run
{

let mut add num = |x: i32| num += X;

add _num(5);
}
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assert eq!(10, num);

WTtak, B 3TOM MpUMepe Hallle 3aMblKaHUe MPUHAMaeT MU3MeHseMYyH CChIIKY Ha NUM. 3arem,
KOTJa Mbl BbI3biBaeM 3ambikanude add num, To, Kak Mbl U OXKH/JAIM, OHO H3MEHsIET 3HAUYeHUe
BHyTpu. Ham Takke Heobxomumo 00bsiBuTh add NuUmM kak Mut, motomy uTO OHO W3MeEHsiET CBOE

OKpY>KeHue.

Ecnu >xe MBI 6y,£[€M HCI10/1b30BaTh MOVE 3aMbIKaHUE, TO noiydnM ciaeayromuye OTinuus:

let mut num = 5; Run

let mut add _num = move |x: 132| num += X;

add_num(5);

assert eq!(5, num);

M-eI1 Bcero nuilib rnojiydaemM 5. Bmecto TOTO, 4TOOBI oJjIyuarb U3MeHsIeMbIH 3aeM Ha num, Mel

roJiydyaem I1paBO BJiaJ€HHS Ha KOIIHHO.

Bor emje oguH criocob aymath 0 MOVE 3aMbIKAaHUSX: OHU TIPEAOCTABJISIOT 3aMbIKaHUE CO
CBOMM COOCTBeHHBIM ¢peiiMoM cTeka. be3 MOVE 3amblKaHHe MOXKeT OBbITh CBsi3aHO C (periMoM
CTeKa, KOTOPBIH ero co3zan, B To BpeMsi Kak MOVE 3aMbIKaHMe COZIeP)KUT CBOM COOCTBEHHBIN (peiim

CTeKa. JTO O3Hayaer, HaripyMep, 4TO BbI He MO)KeTe BepHYTh He MOVE 3aMblKaHUe 13 CDYHKL[I/II/I.

Ho npexzae 4emM roBopuThb O IOJIYyUEHHKU B Ka4eCTB€ apryMe€HTad W BO3BpAlll€HHWKW 3aMbIKaHUA,
Mbl [JO/DKHbBI TIOTOBOPDHUTL O TOM, KdK P€a/IM3yrOTCA 3adMbIKaHUA. Kak cucTemMHbIA SI3BIK
MMporpaMmMurpoOBdHNS, Rust AdeT BaM KyUy KOHTPOJIA Ha/[ T€M, UTO AejlaeT Bdlll KO, U 3dMbIKaHUA He

ABJ/IAKOTCA UCK/IFOUeHHeM.

Peanunsaumsa 3amMmblKaHWi

Peanmusanmsa 3amblkaHui B Rust HeMHOro omivdyaercs OT APYruX s13bIKOB. DakTHUecKd, OHa
Tripe/icTaB/sieT U3 cebsi MPOCTO CMHTAKCHUeCKUH caxap Jyisi Thraxeii. [lepes TeM Kak uMTaTh Jasbliie,

HACTOSITeJTbHO pPeKOMeHJyeM H3yUWTh IVIaBy TWraky, a TakKe I71aBy TuMaku-00beKThbl, B KOTOPOH

TOBOPHUTCS O TUTA’KaX-00beKTax.
N3yunnu? Xoporo.

Kntou K MOHUMAaHWIO TOTO, KaK 3aMbIKaHUWs paboTaloT W3HYTPU 3BYUYMT HEMHOTO CTPaHHO:
ucronb3oBanre () s Bei3oBa (GYHKUMM, Kak Hampumep TOO(), mnpezacrasnser coboit
reperpykaemyro omnepanuio. Vcxond u3 3Toro, Bce OCTajJbHOe BCTaeT Ha CBOM MecTa. B Rust Mbl
WCTO/Mb3yeM CUCTeMy THUIIaKell [/ Teperpys3ku orepaiuil. Bbi3oB ¢yHKuMM He sBisieTcs

rckitodeHreM. CylecTBYIOT TPY OT/e/IbHBIX TUIaKa J/Is1 UX Nleperpys3Ku:

pub trait Fn<Args> : FnMut<Args> { Run
extern "rust-call" fn call(&self, args: Args) -> Self::0Output;
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pub trait FnMut<Args> : FnOnce<Args> {
extern "rust-call" fn call mut(&mut self, args: Args) -> Self::Output;

pub trait FnOnce<Args> {
type Output;

extern "rust-call" fn call once(self, args: Args) -> Self::Output;

Bbl MOXKETe 3aMEeTHTh HEKOTOPbIE Pa3/IMuusi MEXKAY STUMH TUTIaKaMU, HO eCTh Of[HO IVIABHOE
pasmuune — self: Fn  mpunumaer &self, FnMut mnpunumaer &mut self, FnOnce
npunumaer Self. 3o mokpeiBaer Bce Tpu Buga Self ¢ momorpio 06BIYHOrO CHHTAKCHCA BbI30BA
MeTOZIOB. MbI pasjie/liii UX Ha TPU TUIAXKa, BMECTO TOTO, UTOOBI MMeTh OfMH. DTO [aeT Ham

Oo/bIliee KOIMUeCTBO KOHTPOJIA HA/[l T€EM, KAKOT'O BHU/ld 3dMbIKdHHS Mbl MOXKEM TPDUHSATD.

Ucnonb3oBanue | | {} mpu co3gmanHuu 3amblKaHuWil SBISETCS CHHTAKCHUECKHM CaxapoM AJist
9THX Tpex Tumaxel. Rust OyzeT reHeprpoBaTh CTPYKTYPY [Jisi OKpPY)KeHusi, peam3ytoiiyto (1impl)

COOTBeTCTBy}OLL[Hﬁ THUIIAXK, 4 3dTeéM HCII0/Ib30BaTh ero.

MNepenaya 3amblkaHuli B KA4ecTBe aprymMeHToB

Tenepb, KOTZld Mbl 3Ha€M, UTO 3dMBIKAHUA ABJJIAOTCA TUIIAKAMH, IIOJIYyUdeTCHd, UTO MbI YyxKe

3Ha€eM, KdK IIPUHHUMATb ¥ BO3BPAlllaThb 3dMbIKdAHUWA: KdK U 000 APYFOﬁ THIaX!

OTO TakXKe O3HadyaeT, UTO MbI MOKEM BI:I6I/IpaTb MeXnay CTaTUUeCKOM U I,Z[I/IHEIMI/I‘-I(ECKOI‘/’I
,Z[HCHEqupH3aI_[HeI>'I. BO-HepBbIX, I,Z[EIBEII‘/’IT(E HaruiiieM CI)YHKL[I/IIO, KOTOpad T[IpUHUMAET UYTO-TO

BbI3bIBA€MOE, BbI3bIBAET 3TO UTO-TO WM BO3BPALLA€T PE€3Yy/IbTAT:

fn call with one<F>(some closure: F) -> i32 F{Ljr]
where F : Fn(i32) -> 132 {

some_closure(1)

let answer = call with one(|x| x + 2);

assert eq!(3, answer);

Mbi miepezaeM Haie 3aMbikanue |X| X + 2, B dynkuuo call with one. Oua xe
JleJlaéT TO, O YUeM TOBODUT ee Ha3BaHWe: BbI3bIBAaeT 3aMblKaHue, repefaBas emMy 1 B KauecTse

aprymeHra.
Hagaiite paccmorpum curHatypy dyukimu call with one 6onee moapo6Ho:

fn call with one<F>(some closure: F) -> i32 F{ljr]

MbI NIpUHHUMaeM OfIMH MapaMeTp, KOTopbii uMeer Turl F. Mbl Takke Bo3Bparaem 132. Orta

YUdCTb He MHTepeCHaA. CJ'IE,Z[YI-OH_[I/IM Ba>KHBIM MOMEHTOM {ABJIA€TCA:
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where F : Fn(i32) -> i32 { Run

Tak kak FN siBasleTcss TMa)koM, Mbl MOXKEM CBsI3aTh C HUM Haill 06001[eHHbIH mapamerp. B
3TOM TIpEMepe, 3aMbIKaHWe MpuHUMaeT 132 B KauecTBe aprymeHTa M Bo3Bpaiaer 132, mostomy
CBsI3bIBaHKE, KOTOPOE MbI UCITIO/Ib3yeM, BhIIISIAUT Tak: Fn(132) -> 132.

31ech ecTh ellje OJJUH K/IFOUeBOM MOMEHT: TaK KakK Mbl OrpaHUUMBaeM 000O0IIEHHBIN TTapaMeTp C
MOMOII[BI0 THMaXka, TO OyfeT npuMeHeHa MOHOMOpdU3alys, W TO3TOMY B 3aMblKaHWU Oyaer
WCTIO/b30BaThCsl CTaTUUeCKash JUCreTuepu3alys. To J0BOJBHO JTAKOHUYHO (aKKypaTHO). Bo MHOTHX
sI3bIKAX [/ 3aMbIKaHUM T10 CYIL[eCTBY MCIIO/B3YeTCs Bble/IeHHe TIaMsATH B Kyde, U TIO3TOMY BCerja
OyzeT UCIob30BaThCs AMHAMUUECKasi AucreTyepusays. B Rust Mbl MO)KeM BBIZIESTUTH TaMSITh ISt
OKDY)KeHHsI 3aMbIKaHHSI B CTeKe W WCII0/Ib30BaTh CTAaTHUECKYH) AUCIIEeTUepH3al[ii0 BbI30Ba. JTO
CJlydaeTcss ZIOBOJIBHO 4YaCTO C WTepaTopaMM UM WX afianTepamMu, KOTOpble HepeAKO TPUHHUMAIOT

3dMbIKdHUWA B KAUECTBE dPr'YMEHTOB.

KOHeLIHO, €C/IM HaM HY>XKHd JUHAMUWYEeCKada AUCTIeTUEDU3dLINA, MBI TAKXKE MOXKEM HCIT0/Ib30BATh

u ee. OOBIYHO AJIA 3TOTr0 C/1ydad UCIOJIb3yeTC s TUTAK-00BEKT:

fn call with one(some closure: &Fn(i32) -> i32) -> i32 { Run
some_closure(1)

let answer = call with one(&|x| x + 2);

assert eq!(3, answer);

Tenepp Hama GyHKLMs B KaueTBe apryMeHTa MPUHUMAET TUIax-o0bekt &FN. Tlostomy mbr
JOJDKHBI CO3[aTh CCHIIKY Ha 3aMbIKaHue, a 3areM nepenars ee B ¢pynkiuio call with one, ans
3TOr0 MbI UCToNb3yeM &| | .

Bo3Bpar 3amMblkaHWUi

Urto oueHb XdpdKTE€PHO [Jid KOJ4d B ¢JYHKHHOH8HLHOM CTW/Ie — BO3BpaAlllaTb 3dMbIKAHUA B
Pa3/IMYHbIX CUTYyaALIUAX. Ecnu BBl mornbITaeTech BEPHYTL 3dMbIKaHHE, TO MOXeTe€ CTOJIKHYTbCA C
OLLIOKOM. CnepBa 3TO MOXET II0Kd3dTbCA CTPAHHBIM, HO MblI C 3TUM pa36epeMc;1. BoT Kak BB,

HaBepHOe, MOIbITaeTeCh BEPHYTh 3aMblKaHUe 13 (QYHKL[UU:

fn factory() -> (Fn(i32) -> i32) { Run
let num = 5;

[x] x + num

let f = factory();

let answer = f(1);
assert eq! (6, answer);

OTO0 BBIZIACT CIEYIOIHE [TUHHBIE, B3aMMOCBSI3aHHbIE OIIUOKH:

error: the trait “core::marker::Sized" is not implemented for the type
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‘core::ops::Fn(i32) -> i32" [E0277]
fn factory() -> (Fn(i32) -> i32) {

S

note: “core::ops::Fn(i32) -> i32° does not have a constant size known at compile-time
fn factory() -> (Fn(i32) -> i32) {

S

error: the trait “core::marker::Sized” is not implemented for the type “core::ops::Fn(i32)
-> i32° [E0277]
let f = factory();

~

note: “core::ops::Fn(i32) -> i32" does not have a constant size known at compile-time
let f = factory();

st TOro yTOOBI BEpHYTh UTO-TO M3 (YHKLMM, Rust 0/DKeH 3HATh, KAKOW pa3Mep UMeeT THII
BO3BpailjaeMoro 3HaueHus. Ho Tak kak FN siB/isieTcst TWa)kom, TO B KaueCTBe HEr0 MOTYT BBICTYIATh
COBEPILIEHHO pa3Hble 00BEKTHI, C pa3HBIMU Pa3MepaMU: MHOTO Pa3/TMUHBIX TUIIOB MOTYT pPeain30BaTh
Fn. Cawmsblii mpocToii criocob nepefiaTh YTO-TO HEOTPeAENIeHHOTO pa3Mepa — MepeaTh CChUIKY Ha

9TO 4YTO-TO, TaK KdK CCBUIKHM HMMEIOT W3BeCTHBIN pa3smep. Takum o6pa30M, cj1e40Baio ObI HaNKMCaTh

TakK:
fn factory() -> &(Fn(i32) -> i32) { Run
let num = 5;
| x| x + num
}

let f = factory();

let answer = f(1);
assert eq! (6, answer);

Ho Torga Mbl MO/TyYrM /IDYTYIO OLIMOKY:

error: missing lifetime specifier [E0106]
fn factory() -> &(Fn(i32) -> i32) {

A

BepHo. Tak Kak y Hac MCIO/b3yeTCsl CChUIKA, TO Mbl JOJDKHBI 33/laTh ee BpeMs XKU3HU. Tak
Hama ¢yskuust factory () He mpuHMMaeT HUKaKMX apryMeHTOB, TO JM3HUsl (COKPBITHE) 3[eCh He

ymecTHa. Kakoe BpeMsi )KHU3HH MbI [IOJDKHBI BbIOpaTh? 'static:

fn factory() -> &'static (Fn(i32) -> i32) { Run
let num = 5;

| x| x + num

let f = factory();

let answer = f(1);
assert eq! (6, answer);

Ho MBI romyuum errje ommoKy:
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error: mismatched types:
expected “&'static core::ops::Fn(i32) -> i32°,
found " [closure <anon>:7:9: 7:20]"
(expected &-ptr,
found closure) [E0308]
| x| x + num

Ota ommbOKa CooOIaeT HaM, YTO OXKHAaeTcs ucroib3oBanue &'static Fn(i32) ->
132, aucnonesyercs [closure <anon>:7:9: 7:20]. [ogoxaure, uto?

[Tocko/bKy KaXkJ0e 3aMbIKaHHe (B MHAWBH/yalbHOM IOPSsi/IKe) TeHepupyeT CBOI0 COOCTBEHHYIO
struct ans okpyxeHus u peanusyetr FN ¥ KOMMaHUIO, TO 3TH THUIIbI SB/SIOTCS AHOHUMHBIMUA. OHM
CYILIECTBYIOT MCK/TIOUMTENIBHO ISl 3TOTO 3aMbiKaHus. [103ToMy Rust mokasbiBaeT ux kak closure

<anon>, a He B BY/Jle KAKOI'0-TO aBTOMaTU4eCKU CréeHepUPOBAHHOI'O UMEHHU.

Ho mouemy ke Haille 3aMbikaHue He peammsyer &'static Fn? Kak mbl o6cyxaanu patee,
3aMbIKaHMe 3aUMCTBYET CBO€ OKpY)KeHHe. VI B 3TOM CJiyuae Haille OKpY>KeHUe Ipe/CTaB/sieT coboit
BbI/IEJIEHHYI0 B CT€Ke MMaMsTh, COZIEPIKAIyI0 3HAueHHe CBsI3aHHOM TepeMeHHOM num - 5. M3-3a
3TOrO 3aeM MMeEeT CPOK XKHM3HHU ¢peiima creka. Tak uTo, KOrZia Mbl BEDHEM 3TO 3aMbIKaHHE, TO BbI30B
byskiuu Oyzer 3aBepieH, a ¢peilM CTeka yiHAeT, W Hallle 3aMblKaHWEe 3aXBaTUT OKPY)KEHHe,

coziepkaiiiee B ramsTH Mycop!

Tak uTo ke [ies1aTh? ITOT Ko, noumu paboraet:

po)
(e
-]

fn factory() -> Box<Fn(i32) -> i32> {
let num = 5;

Box::new(|x| X + num)

}
let f = factory();

let answer = f(1);
assert eq! (6, answer);
MEI ucrons3yeM TUMAXK-00BEKT, MOJIyYeHHbI B pe3y/brare yMakoBKH (BOX) Tunaxka Fn. U

0CTaéTCs TOMBKO Of[HA, TIOC/IeHSS Mpodsiema:

error: closure may outlive the current function, but it borrows “num,
which is owned by the current function [E0373]
Box::new(|x| x + num)

MbI Bce ellle MoO-TIpe)KHEMY CCbUIaeMcsi Ha poAuTenbCcKuid ¢peiim creka. C 3TUM IOC/IeIHUM

HCIIpAB/IEHHEM MbI CMOXXeM HdKOHeEeL] BbIIIO/JIHUTDb HAIly 3a4a4y:

fn factory() -> Box<Fn(i32) -> i32> { F{ljr]
let num = 5;

Box::new(move |[x| x + num)

}
let f = factory();
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let answer = f(1);
assert eq! (6, answer);

Briaroziapsi M3MeHeHUI0 BHYTPEHHEro 3aMblKaHusi Ha MOVe Fn Oyzer co3gaBaTbCsi HOBBIN
bpeiiM cTeka /A7 Hallero 3amblKaHusi. A Omarogapst yrmakoBke (BOX) 3ambikanus, momydaercs
W3BECTHBIN pa3Mep BO3BpAIllaéMOro 3HaueHUsi, U MO3BOJIsieT eMy u30exarhb (ObITh He3aBUCUMBIM OT)

Haulero ¢peiimMa cTeka.

5.22, Tunaxn-00beKThI5.24. YHUBeDCATbHbBIN CHHTAKCHC BbI30Ba (DYHKIIAN
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YHUBEpCasbHbIN  CUMHTAKCUC  Bbi30Ba  (PYyHKUWUN
(universal function call syntax)

WHorga, PyHKLMY MOTYT UMETh O/IMHAKOBbIe UMeHa. PacCMOTPUM 3TOT KOZ;:

0
-
-]

trait Foo {
fn f(&self);

trait Bar {
fn f(&self);

struct Baz;

impl Foo for Baz {
fn f(&self) { println!("Baz’s impl of Foo"); }

impl Bar for Baz {
fn f(&self) { println!("Baz’s impl of Bar"); }

let b = Baz;
Ecu Mol rorsitaemcst BeisBath b . (), To momyunm ormbky:

error: multiple applicable methods in scope [E0034]
b.f();
note: candidate #1 is defined in an impl of the trait “main::Foo™ for the type
‘main::Baz’
fn f(&self) { println!("Baz’s impl of Foo"); }

A

note: candidate #2 is defined in an impl of the trait “main::Bar® for the type
‘main::Baz’
fn f(&self) { println!("Baz’s impl of Bar"); }

A

Ham HyxeH crocob yKa3aTh, Kakod KOHKDETHO MeTOZ, Hy)KeH, uTOObl YCTpPaHWTb
HeOJHO3HAYHOCTh. JTa BO3MOKHOCTh Ha3bIBAeTCsl «YHUBEPCATbHbIN CUHTAKCUC BbI30Ba (DYHKIIUI», U

BBITTIAAWUT 3TO TaK:

Foo: : f(&b) ; Run
Bar::f(&b);

IaBatiTe pa3bepeMcsi.
Foo:: Ru n
Bar::
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OTU YacTH BbI30Ba 33/]aF0T O/IH U3 /IBYX BHUJOB THNaxei: FOO u Bar. Orto To, uto Ha camom
Jlefie yCTpaHsieT HeOHO3HAUHOCTh MeXXAY AByMsi MeTolaMu: Rust BbI3bIBaeT METOZ, TOTO THTaXKa, UMSs
KOTOPOTO Bbl UCTIO/b3YeTe.

f(&b) Run

Korza Mbl BbI3bIBaEM METO/I, MCIIO/b3Ysi CHHTAKCKHC BbI30Ba MeTozia, Kak Harpumep b.f (),

Rust aBromatiuecku 3aumctByet b, ecim () npunumaer B kauectse aprymenra &self. B stom
Xe ciyuae, Rust He GyzeT MCIOIb30BaTh aBTOMAaTHUYECKOe 3aMMCTBOBAHKE, U TI03TOMY MbI J0/DKHBI

SIBHO riepeath &b .

dopma c yrioBbIMM CKOBKamMun

®opma UFCS, 0 KoTopo# Mbl TOJTBKO UTO TOBOPUJIU:

0
-
-]

Trait::method(args);

OTo cokpatleHHas ¢opma 3anvcy. Hibke npeficraBieHa paciivpeHHas opMa 3arucy, Kotopast

TpeOyeTcsi B HEKOTOPBIX CUTYaLUsIX:

0
-]

<Type as Trait>::method(args);

u

CHUHTaKcuC <>:: SB/ISETCS CpeACTBOM IpeAoCTaB/IeHNS MOACKA3KU THUIIA. Tun pacIiojiaraeTcs

BHYTpH <>. B 3TOM C/iyuae Twrom sisisiercss Type as Trailt, ykaseiBaroiiyid, yro Mbl XOTHM
3mech Bbi3BaTh 1rait Bepcuio metoma. Yacte @S Trait semsercs HeobGsi3aTenbHOM, eC/M BBI30B

He sIB/IsSIeTCSI HeoJHO3HaYHbIM. T0 ke camMoe UTo C YIVIOBBIMU CKOOKaMH, OTCIOZia M KOPOTKasi popMa.
Bor npumep UCIoMb30BaHus JIMHHONW (DOPMBI 3aTTHCH.

trait Foo {
fn clone(&self);

P
c
>

#[derive(Clone)]
struct Bar;

impl Foo for Bar {
fn clone(&self) {

println!("Making a clone of Bar");

<Bar as Clone>::clone(self);

OT0T Kog, BhI3biBaeT Mmetog Clone() tunaxa Clone, a He Thnaxa F0O.

5.23. 3ambikaHuna5.25. KouTeiiHepsl ¥ MOAV/IN
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KoHTeuHepbl (crates) n moaynu (modules)

Korga mpoekT HauMHaeT pa3pacTaThCsl, TO XOPOIlel IMPAKTHKOH pa3pabOTKW MpOrpaMMHOIO
obecrieueHusi cumTaeTcsi: pa30MTh ero Ha HeOOJIbIIMe KyCOUKH, a 3aTeM coOpaTh ux BMecTe. Takke
B&)KHO UMETb UeTKO OTpe/ie/ieHHbIN HTep(elic, Tak Kak 4acThb Balliel (PyHKI[MOHATbHOCTHU SIB/ISETCS
MIPUBATHOM, a YacTh — myOmmuHOM. [Iist oberueHust Takoro poja Betelt Rust o6ajaeT MoaybHOM

CUCTeMOMU.

OCHOBHbIE TEPMUHDbI. KOHTEI7IH€pr N MoAy/1nN

Rust umeeT /jBa pa3/MUHbIX TEPMUHA, KOTOPbIE OTHOCSTCS K MOZIY/IbHOW CUCTeMe: KOHmeliHep 1
MoOynb. KoHTeliHep — 5T0 CMHOHUM 6ub1uomeKu Uy nakema Ha [Ipyrux si3blkax. VIMeHHO 1o3ToMy
VMHCTPYMEHT yTIpaB/ieHus rnakeTamu B Rust HasbiBaeTcst Cargo: Bbl IepechbljiaeTe Ballld KOHTeHHepHI
JIpyruM c niomoinpio Cargo. KoHTeiiHepbl MOTYT NPOU3BOJUTE HCTIOMHSIeMbIHN Gaiin umm 6ubnnoreky,

B 3aBUCHMMOCTH OT IMPOEKTA.

Kaxaplli KOHTeMHep WMeeT HesIBHbIN KOpHegol MOOy/ab, COJEepKall[uil KOA [JIsi 3TOro
KOHTelHepa. B pamkax 3Toro 6a30BOro Mopy/isi MOXKHO OIpeZe/TUTh JepeBo cyb-moayseid. Moaynu

T03BOJISIFOT Pa3/e/IUTh Balll KOJ BHYTPH KOHTelHepa.

B KauecTBe mpuMepa, AiaBaiiTe c/ieslaeM KOHTeliHep phrases, KOTOpPbIM BbIJJaeT HaM Pa3/UUHbIe
¢pa3sbl Ha pasHbIX si3bIKaxX. UTOOBI He YC/IOKHATH TIPUMep, MbI OyZieM HCTo/Ib30BaTh /iBa BUja ¢pas:
«greetings» u «farewells», 1 fBa si3bIKa Jjist 93TUX (pa3: aHIVIMACKUAN U STIOHCKUH ( )- MbI Gyzem
WCII0/Tb30BaTh C/IeYIOIIMH [11a0/I0H MOZYJIS:

R +
+---| greetings |
I e +
R +
+---| english |---+
| A N B +
| +---| farewells |
R + R R +
| phrases |[---+
Fommmm - + | R R +
| +---| greetings |
| A B +
+---| japanese |--+
Fommm - + |
I e +
+---| farewells |
R T +

B sTom npumepe, phrases — 310 Ha3BaHUe Halllero KoHTelHepa. Bce ocTanbHOe - MOZY/IH.
Bbl MO)KeTe BHZIeTb, UTO OHM 00pa3ylOT [epeBo, B OCHOBAHWH KOTOPOTO PacIiojiaraeTcst KopeHb
KoHTelHepa — phrases.
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Terneps, Korga y Hac eCcTb CXeMa, JaBalTe OINpeZeauM MOAYIU B Kofe. [Ina Hauana cospauTe
HOBBIM KOHTelHep ¢ nomolipto Cargo:

$ cargo new phrases
$ cd phrases

Ec/ii BbI TOMHUTE, TO 3Ta KOMaH/ia CO3/1aeT MPOCTOM TIPOEKT:

$ tree .

— Cargo.toml
L— src

L— lib.rs

1 directory, 2 files

src/lib.rs — xopenb Hamiero koHTeliHepa, COOTBETCTByIOLMI Phrases B Haiei

AvarpaMMe BbILIE.

O6bsBNEHNE Moy el

Insi oOBbSB/IEHUST KaXKJOTO M3 HAIMX MOAY/IeH, Mbl KCIO/b3yeM KiroueBoe coBo Mod.

[Magaiite caenaem, utobel Hatn Src/Lib. rs eeimsgen cregyrommm obpasom:

mod english { Run
mod greetings {

}

mod farewells {

}

mod japanese {
mod greetings {

}

mod farewells {

}

[Tocne kmoueBoro cjoBa MOod, Bel 3azaeTre uMs MoAy/ns. VIMeHa Mogy/edl Ciefyror
CcorialleHusiM, Kak U apyrue naeHTudukaropel Rust: Llower snake case. CogepkaHue Kaxoro
Mozy/s obpamisieTcs B purypHbie ckobku ({}).

BuyTpu mod Bbl MoxeTe 00bsSBUTH Cy0-MOd. Mbl MoXkeM o6parjatbCs K Cy6-MOAy/IsM C
noMoIp0 HoTaruu ( : :). Tak BBIVIAAAT OOpallleHUs] K HAlIUM YeThIPEM BJIOKEHHBIM MOZY/ISIM:
english::greetings, english::farewells, japanese: :greetings u
japanese: :farewells. Tak kak Ccy0-MOAy/IM pacrioararoTCs B MPOCTPAHCTBE MMEH CBOMX
pOAMTENLCKUX MOAy/iel, To cyb-mopymu english: :greetings u japanese::greetings

He KOH(QJIMKTYIOT, HECMOTPsI Ha TO, UTO OHH UMEIOT OfIMHaKoBbIe nMeHa, greetings.
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Tak Kak B 9TOM KOHTeiiHepe HeT GyHKimu MAain(), u HasbBaercs on Lib.rs, Cargo
cobepeT 3TOT KOHTeHHep B BH/le OMO/IMOTEKH:

$ cargo build

Compiling phrases v0.0.1 (file:///home/you/projects/phrases)
$ 1s target/debug
build deps examples libphrases-a7448e02a0468eaa.rlib native

libphrase-hash.rlib — 310 cKOMMIMIMpOBaHHBIA KOHTelHep. IIpeXkge YeM Mol
pPacCMOTPUM, KakK €ro MOKHO MCIIO/Ib30BaTh W3 JIPYrOro KOHTeiWHepa, jaBaiiTe pa3obbeM ero Ha
HEeCKO/BKO (DaitsioB.

KoHTelHepbl C HeCKOoMbKNMK doaniamm

Ecsm Ob1 KaXK/IbI KOHTEHHEP MOT' COCTOSITh TOJTBKO U3 OfIHOTO (haiisia, Torja 3ToT daiii 0611 Okl
oueHb OonbLIMM. 3auacTyio Jierdue pasfle/lMTh KOHTeliHep Ha Heckoabko (ainoB, u Rust

TIOZIIep>KUBAeT 3TO [IBYMsI ClIoCcoOaMHu.

BwMmecTo 00BsiBIIeHUsT MOAY/IsI Harloobue:

mod english { RU n
// contents of our module go here

}
MebI MO’KeM OOBSIBUTD Halll MOALY/Tb B BU/IE:

mod english; Run

Ecim MbI 9T0 cziesiaeM, To Rust Gyzer oxuzarh, uto Hakger ambo daiin english. rs, mbo
daiin english/mod. rs c cogepXuMbIM HaIlIero MOZYJIs.

Ob6patuTe BHUMaHHe, UTO B 3TUX (Qaiinax BaM He TpeOyeTcs 3aHOBO OOBSIB/ISTH MOAY/Ib: 3TO
y’Ke C/IeJIaHO MTPU W3HauabHOM 00ObsiB/ieHnd Mod .

C TOMOIL[bI0 3THX /IBYX IPHEMOB Mbl MO)KeM pa30UTh Halll KOHTelHep Ha /iBe UPeKTOPUH U
ceMb (aiiyios:

$ tree .

— Cargo.lock
— cargo.toml
— src
| | english
| | | farewells.rs
| | | greetings.rs
| | L~ mod.rs
| | japanese
| | | farewells.rs
| | b greetings.rs
| | L~ mod.rs
| L lib.rs
L— target

L— debug
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— build

— deps

— examples

— libphrases-a7448e02a0468eaa.rlib

L— native

src/lib. rs — kopens Harero KOHTelHepa, ¥ BBIIVISIAUT OH C/IEAYHOIIIAM 00pPa3oM:

mod english; Eilill
mod japanese;

OTh ziBa 00bsiB/IeHuss MH(OPMHUPYIOT Rust, uTo ciepyer mckare: src/english. rs wm
src/english/mod.rs, src/japanese.rs wm Src/japanese/mod.rs, B
3aBMCMMOCTH OT Halllel CTPYKTYpbl. B slaHHOM mpumepe Mbl BbIOpasyd BTOPOM BapUaHT M3-3a TOTO,
uTo HallH MOZy/ U cozepxar cy0-mMoayu. 1 src/english/mod.rs u
src/japanese/mod. rs BeIISAAT CeAYIOMMM 06pa3oMm:

mod greetings; F{Ljr]
mod farewells;

B cBoio ouepeib, 3T 00bsiBIeHUss MHGOPMHUPYIOT Rust, uTO c/efyeT MCKarTh:

src/english/greetings.rs, src/japanese/greetings.rs,
src/english/farewells.rs, src/japanese/farewells.rs 1%
src/english/greetings/mod.rs, src/japanese/greetings/mod.rs,

src/english/farewells/mod.rs, src/japanese/farewells/mod. rs. Tak kak 3T
CcyO-MoAynmu  He  cofepXaT ~ CBOM  COOCTBeHHble  CyO-MOAy/IHM, TO  MbI  BbIOpanmu

src/english/greetings.rs u src/japanese/farewells.rs. Bor Tak!

Copmepxanue src/english/greetings.rs wu src/japanese/farewells.rs

SIBJISIFOTCS ITYCTHIMU Ha IaHHbIM MOMeHT. [laBaiite [06aBUM HeCKOIBKO QyHKLIHA.

[TomectuTe cneayrommii kog B sSrc/english/greetings.rs:

fn hello() -> String { Run
"Hello!".to string()

}
Crnenyrommii ko B src/english/farewells.rs:

fn goodbye() -> String { Run
"Goodbye.".to_string()

}
Crenyrommii Ko B Src/japanese/greetings.rs:

fn hello() -> String { Run

"J0000" . to_string()
KOHeqHO, BBEI MOXXeTe CKOl'II/IpOBaTb N BCTABUTHL STOT KO,Z[ C 3T0ﬁ CTpaHI/IL[bI, NJIn HpOCTO

Harieyararb IJTO-HI/I6}7IAI> erje. Bam COBEpIIEHHO He 00s13aTe/ILHO 3HATh, UTO Ha AIIOHCKOM SA3bIKe

HaricaHo «Konnichiway», 4To6bl TOHATE KaK paboTaeT MOAy/IbHAsI CUCTEMa.
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ITomectuTe cieayommii kog B Src/japanese/farewells.rs:

Py
-
-]

fn goodbye() -> String {
"00000" . to_string()

(9T0 «Sayonara», ecv BaM UHTEpPECHO. )

Ternepb y Hac ecTb HekoTOpasi (PYHKIIMOHAIBLHOCTE B HallleM KOHTeWHepe, /aBaiiTe monpobyem

HCII0J/Ib30BaTh €ro U3 Apyroro KOHTEIZHEPEI.

IMMOPT BHELLIHUX KOHTEAHEPOB

Y Hac ectb 6MO/IMOTeUHBIN KOHTelHep. [laBaiiTe cO3/a UM UCIIOIHSIEMbII KOHTelHep, KOTOPbI

HMITOPTUPYET U UCIIO/b3yeT Hally 61MOIHOTeKy.

Cospaiite ¢aitn Src/main. rs u nonoxure B Hero cieayoiee: (Mpy 3TOM OH He Oyzer

KOMITH/TUPOBATHCH)
extern crate phrases; Run

fn main() {
println!("Hello in English: {}", phrases::english::greetings::hello());
println!("Goodbye in English: {}", phrases::english::farewells: :goodbye());

println!("Hello in Japanese: {}", phrases::japanese::greetings::hello());
println!("Goodbye in Japanese: {}", phrases::japanese::farewells::goodbye());

O6bsiBnenue extern crate wundopmupyer Rust o TOM, UTO 471 KOMIWIALMU U
KOMIIOHOBKM KOfla HaM Hy)keH KoHTeliHep phrases. Ilocie 3Toro 00bsBIEHHE Mbl MOXKEM
UCII0/Ib30BaTh MOAY/IM KoHTeiliHepa phrases. Kak Mbl ye yroMHUHanid paHee, Bbl MOXETe
HCII0/Th30BATh /IBa MOJPS/ UAYLIMX CUMBOJIA JBOTOUMS il 0OpalljeHus K CyO-Moay/siM U QyHKIUSIM

BHYTDU HUX.

Kpome Toro, Cargo mpearosaraer, 4rto Src/main.rs — 3To KopeHb OMHAPHOTO, a He
6ub/MOTeUHOrO KOHTeliHepa. Tereph Halll TakKeT COAEP)KUT fiBa KoHTeiinepa: Src/lib.rs wu
src/main.rs. 3tor 1mab/MoOH SBASETCS [OBOJBHO pPAaclpOCTPAHEHHBIM JIJIsi HCIIOHSIEMBbIX
KOHTelHepoB: OCHOBHasi (DYHKI[MOHAJBHOCTb COCpefOTOYeHa B OMO/IMOTEUHOM KOHTelHepe, a
HCTIO/THSIEMBIN KOHTelHep UCTob3yeT 3Ty 6ubmoTeKy. Takum oOpa3om, Apyrye MporpaMmbl Takke
MOTYT MCIO/b30BaTh OMOMMOTEUHbIM KOHTeHep, K TOMY JKe TaKoi IMofXo[, o0ecrieurBaeT OT/esieHre

nHTepeca (pa3zgeneHue GyHKIIMOHATBLHOCTH).

Xotst 9TOT KOf Bce elje He paboTraeT. MbI mosyyaeM 4YeTbIpe OILIMOKH, KOTODbIE BBITVISIIST

TIPUMEPHO Tak:

$ cargo build
Compiling phrases v0.0.1 (file:///home/you/projects/phrases)
src/main.rs:4:38: 4:72 error: function “hello® is private
src/main.rs:4 println!("Hello in English: {}", phrases::english::greetings::hello());
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20goodbye()%20-%3E%20String%20%7B%0A%20%20%20%20%22%E3%81%95%E3%82%88%E3%81%86%E3%81%AA%E3%82%89%22.to_string()%0A%7D%0A%7D
https://play.rust-lang.org/?code=extern%20crate%20phrases%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20println!(%22Hello%20in%20English%3A%20%7B%7D%22%2C%20phrases%3A%3Aenglish%3A%3Agreetings%3A%3Ahello())%3B%0A%20%20%20%20println!(%22Goodbye%20in%20English%3A%20%7B%7D%22%2C%20phrases%3A%3Aenglish%3A%3Afarewells%3A%3Agoodbye())%3B%0A%0A%20%20%20%20println!(%22Hello%20in%20Japanese%3A%20%7B%7D%22%2C%20phrases%3A%3Ajapanese%3A%3Agreetings%3A%3Ahello())%3B%0A%20%20%20%20println!(%22Goodbye%20in%20Japanese%3A%20%7B%7D%22%2C%20phrases%3A%3Ajapanese%3A%3Afarewells%3A%3Agoodbye())%3B%0A%7D%0A

A3BIK IporpaMmupoBaHyst Rust

note: in expansion of format args!
<std macros>:2:25: 2:58 note: expansion site
<std macros>:1:1: 2:62 note: in expansion of print!
<std macros>:3:1: 3:54 note: expansion site
<std macros>:1:1: 3:58 note: in expansion of println!
phrases/src/main.rs:4:5: 4:76 note: expansion site
[To ymosuaHHIO BCe 3/1leMeHThI B Rust sIB/ISIFOTCS TIPUBaTHBIMU. [laBaiiTe MOroBopuM 00 3TOM

6ostee oAPOOHO.

DKCropT Nyo6/InNYHbIX HTEPJIENCOB

Rust 103BO/IIET TOYHO KOHTPOJMPOBATh, KakKhe 37eMeHThI Balllero uHTepdelica SBISIOTCS
MyO/JIMYHBIMY, W TI03TOMY TI0 YMOJIYaHHIO BCE 37IEMEHTHI SIBJITFOTCS TPUBATHBIMHU. UTOOBI C/ienaTh
5/IeMEeHThI MyO/IMUHBIMH, BbI HCIO/Ib3yeTe K/FoueBoe ¢yioBo Pub. [laBaiiTe cHauama coCpejOTOUUMCS

Ha moxyne english, asst uero cokparum daiin Src/main. rs go sroro:
extern crate phrases; F{Ljr]
fn main() {

println!("Hello in English: {}", phrases::english::greetings::hello());
println!("Goodbye in English: {}", phrases::english::farewells: :goodbye());

B daiine src/lib.rs B obwssrenun moxyns english pasatite mobaBum MoamdbUKaTOp
pub:

po)
-]

pub mod english; u

mod japanese;

B ¢aiine src/english/mod. rs gasaiite cienaem 0b6a Mozyst ¢ Mogudukaropom pub:

pub mod greetings; Run
pub mod farewells;

B oaiine src/english/greetings.rs pasaiite gob6aBuM Mogudukatop pub «

00bsiB/IeHUIO Hattiedd GyHkiuu TN :

pub fn hello() -> String { Run
"Hello!".to string()

}
A takxe B daiine src/english/farewells.rs:

pub fn goodbye() -> String { Run

"Goodbye.".to_string()

Terepp HallM KOHTeMHEpPbl KOMIIWIMPYIOTCS, XOTS WU C IpefyNpexJeHUsIMU O TOM, YTO

(byHKL[I/II/I B Mopy/ie ] apanese He UCIOJIb3YI0TCA:
$ cargo run

Compiling phrases v0.0.1 (file:///home/you/projects/phrases)
src/japanese/greetings.rs:1:1: 3:2 warning: function is never used: “hello’, #[warn(dead co
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https://play.rust-lang.org/?code=extern%20crate%20phrases%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20println!(%22Hello%20in%20English%3A%20%7B%7D%22%2C%20phrases%3A%3Aenglish%3A%3Agreetings%3A%3Ahello())%3B%0A%20%20%20%20println!(%22Goodbye%20in%20English%3A%20%7B%7D%22%2C%20phrases%3A%3Aenglish%3A%3Afarewells%3A%3Agoodbye())%3B%0A%7D%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Apub%20mod%20english%3B%0Amod%20japanese%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Apub%20mod%20greetings%3B%0Apub%20mod%20farewells%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Apub%20fn%20hello()%20-%3E%20String%20%7B%0A%20%20%20%20%22Hello!%22.to_string()%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Apub%20fn%20goodbye()%20-%3E%20String%20%7B%0A%20%20%20%20%22Goodbye.%22.to_string()%0A%7D%0A%7D
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de)] on by default
src/japanese/greetings.rs:1
src/japanese/greetings.rs:2
src/japanese/greetings.rs:3 }
src/japanese/farewells.rs:1:1: 3:2 warning: function is never used: “goodbye®, #[warn(dead
code)] on by default
src/japanese/farewells.rs:1 fn goodbye() -> String {
src/japanese/farewells.rs:2 "00000" . to_string()
src/japanese/farewells.rs:3 }

Running "target/debug/phrases’
Hello in English: Hello!
Goodbye in English: Goodbye.

fn hello() -> String {
"00000" . to_string()

=

Terneps, Korga GYHKLUH SBISOTCS MyOIMYHBIME, MBI MOXKEM UX MCIO/b30BaTh. OTyHo! Tem
He wMmenee, Harmcanve phrases::english::greetings::hello() sBasercs ouensb
JUIMHHBIM U HeyfoOHBIM. Rust mpejocTaBrisieT Apyroe KiroueBoe CJIOBO, JJIsi MMIIOPTa MUMEH B
TEKYIIyI0 00/1acTb, 4ToOBI /711 oOpallieHrs MOXKHO OBIJIO MCIO/b30BaTh KOPOTKHME MMeHa. /[laBaiiTe

TIOrOBOPHM 00 3TOM KJIFOUeBOM CJioBe, USe.

IMnopT moAynel ¢ NoMoLWbio USe

Rust mpefocraBisieT KirodyeBoe CI0BO USE, KOTOpoe IO3BOJIsseT MMIIOPTHPOBaTh MMeHa B
Hallly JIOKaJbHYI 06/1acTh BHAMMOCTH. [laBaiite usmeHum (aiin Src/main.rs, urobbl oH

BBIIVISE/ CJIeYIOIMM 06pasoM:
extern crate phrases; Run

use phrases::english::greetings;
use phrases::english::farewells;

fn main() {
println!("Hello in English: {}", greetings::hello());
println!("Goodbye in English: {}", farewells::goodbye());

[lBe CcTpOKM, HauMHaroLecss C USE€, UMIIOPTUPYIOT COOTBETCTBYIOLME MOZY/IU B JIOKA/IbHYIO
00s1aCTh BUAVMOCTH, TO3TOMY MBI MOXKeM 00paTuThcs K (QYHKLUSIM T0 Topa3fo Oosiee KOPOTKUM
nMeHaM. [lo cornaiieHuto, pyu UMMNopTe (YHKLWY, Jyylllel MPakKTUKOM CUMTaeTcsi UMIIOPTUPOBATh

MO/y/Ib, @ He (PYHKIMIO HEeroCpeACTBeHHO. [IpyriMy ClI0BaMH, Bbl MO2/1uU Obl CIe/IaTh CIeAyIOLIee:
extern crate phrases; Run

use phrases::english::greetings::hello;
use phrases::english::farewells::goodbye;

fn main() {

println!("Hello in English: {}", hello());
println!("Goodbye in English: {}", goodbye());
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https://play.rust-lang.org/?code=extern%20crate%20phrases%3B%0A%0Ause%20phrases%3A%3Aenglish%3A%3Agreetings%3B%0Ause%20phrases%3A%3Aenglish%3A%3Afarewells%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20println!(%22Hello%20in%20English%3A%20%7B%7D%22%2C%20greetings%3A%3Ahello())%3B%0A%20%20%20%20println!(%22Goodbye%20in%20English%3A%20%7B%7D%22%2C%20farewells%3A%3Agoodbye())%3B%0A%7D%0A
https://play.rust-lang.org/?code=extern%20crate%20phrases%3B%0A%0Ause%20phrases%3A%3Aenglish%3A%3Agreetings%3A%3Ahello%3B%0Ause%20phrases%3A%3Aenglish%3A%3Afarewells%3A%3Agoodbye%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20println!(%22Hello%20in%20English%3A%20%7B%7D%22%2C%20hello())%3B%0A%20%20%20%20println!(%22Goodbye%20in%20English%3A%20%7B%7D%22%2C%20goodbye())%3B%0A%7D%0A

A3bIK IporpaMmupoBaHyst Rust

Ho Takoli moxaxon He siBasgerca uadomMatidyeckuMm. OH 3HAUMTeNBHO Yalle TPUBOAUT K
KOH(IMKTY uMeH. [1/11 Hallleld KOPOTKOM MpOrpamMMbl 3TO He TaK BaXKHO, HO, KaK TOJIKO MporpaMma
pa3pacTaeTcsi, 3TO CTaHOBUTCS MpobieMoit. Eciu y Hac Bo3HMKaeT KOHMIUKT UMeH, TO Rust BbijjaeT
ommbKy KOMOWIsiiiuk. Haripumep, eciu Mbl cfesiaeM  (QyHKIMH japanese mnyO/iuuHbIMH, U

MbITaeMCsI CKOMITAJIUPOBATh 3TOT KOJ:
extern crate phrases; F{Ljr]

use phrases::english::greetings::hello;
use phrases::japanese::greetings::hello;

fn main() {
println!("Hello in English: {}", hello());
println!("Hello in Japanese: {}", hello());

Rust BbiiacT Ham coobirieHue 06 oibke BO BpeMsi KOMITUISILIAM:

Compiling phrases v0.0.1 (file:///home/you/projects/phrases)
src/main.rs:4:5: 4:40 error: a value named “hello” has already been imported in this module
[E0252]
src/main.rs:4 use phrases::japanese::greetings::hello;

A~

error: aborting due to previous error
Could not compile “phrases’.

Ecnu Mb1 HUMIIOPTUDYEM HECKOJ/IBKO MMEH W3 OAHOT'0 MOAYJ/id, TO HaM COBCEM He 00s13aTe/IEHO

MUCAaTb OJHO M TO K€ MHOT'O pds3. BwmecTo sTOro Kozda:

use phrases::english::greetings; F{Ljr]
use phrases::english::farewells;

Bb1 MOKeTe MCIIob30BaTh COKpalleHue:
use phrases::english::{greetings, farewells}; F{Ljr]

PeakcnopT ¢ nomouwbio pub use

Bbl MOXeTe HMCro/ib30BaTh USE€ He IMPOCTO /s COKpallleHusl WAeHTHU(UKaTopoB. Bel Takxke
MO)KeTe WCIOIb30BaTh €r0 BHYTPH Balllero KOHTelHepa, UTOObI Pe3KCIIOPTHPOBATh (YHKIMIO W3
JIpyroro MoAyssi. OTO TO3BOJISIET MPeJCTaBUTh BHEIIHWN HHTep(eiic, KOTOPbIi MOXKeT He HarpsiMylo

oToOparkaTh BHYTPEHHIOK OPTraHU3aLMIo0 KOJa.
[aBaiiTe OCMOTPUM Ha mipuMepe. M3menure daitn Src/main. rs ciemyrommm o6pasom:
extern crate phrases; F{Ljr]

use phrases::english::{greetings, farewells};
use phrases::japanese;

fn main() {

println!("Hello in English: {}", greetings::hello());
println!("Goodbye in English: {}", farewells::goodbye());
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https://play.rust-lang.org/?code=extern%20crate%20phrases%3B%0A%0Ause%20phrases%3A%3Aenglish%3A%3Agreetings%3A%3Ahello%3B%0Ause%20phrases%3A%3Ajapanese%3A%3Agreetings%3A%3Ahello%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20println!(%22Hello%20in%20English%3A%20%7B%7D%22%2C%20hello())%3B%0A%20%20%20%20println!(%22Hello%20in%20Japanese%3A%20%7B%7D%22%2C%20hello())%3B%0A%7D%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20phrases%3A%3Aenglish%3A%3Agreetings%3B%0Ause%20phrases%3A%3Aenglish%3A%3Afarewells%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20phrases%3A%3Aenglish%3A%3A%7Bgreetings%2C%20farewells%7D%3B%0A%7D
https://play.rust-lang.org/?code=extern%20crate%20phrases%3B%0A%0Ause%20phrases%3A%3Aenglish%3A%3A%7Bgreetings%2Cfarewells%7D%3B%0Ause%20phrases%3A%3Ajapanese%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20println!(%22Hello%20in%20English%3A%20%7B%7D%22%2C%20greetings%3A%3Ahello())%3B%0A%20%20%20%20println!(%22Goodbye%20in%20English%3A%20%7B%7D%22%2C%20farewells%3A%3Agoodbye())%3B%0A%0A%20%20%20%20println!(%22Hello%20in%20Japanese%3A%20%7B%7D%22%2C%20japanese%3A%3Ahello())%3B%0A%20%20%20%20println!(%22Goodbye%20in%20Japanese%3A%20%7B%7D%22%2C%20japanese%3A%3Agoodbye())%3B%0A%7D%0A

A3bIK IporpamMmupoBaHyst Rust

println!("Hello in Japanese: {}", japanese::hello());
println!("Goodbye in Japanese: {}", japanese::goodbye());

3arem usmenute daiin Src/Lib. rs, urobwr caenars Mogyne japanese c nyGauuHbIM:

pub mod english; Run
pub mod japanese;

Harnee, ybenuTecsh, uTo obe byHKUTN ny6/iuuHbIe, criepBa B
src/japanese/greetings.rs:

pub fn hello() -> String { F{Ljr]
"00000" . to_string()

}
AzaremB Src/japanese/farewells.rs:

pub fn goodbye() -> String { F{Ljr]
"00000" . to_string()

}
HakoHeti, usmenuTe ¢aiin Src/japanese/mod. rs Bor rak:

pub use self::greetings::hello; F{Ljr]

pub use self::farewells::goodbye;

mod greetings;

mod farewells;
O6bsiBieHre PUD USE€ MPUBHOCHUT yKa3aHHYI0 (YHKIMIO B 3Ty 4acTh 06/1acTH BUAUMOCTU
Haleil MoAy/IbHON uepapxud. Tak Kak Mbl HCIIO/b30Ba/d PUD USE BHyTpM HaIlero MOZAYyJist
japanese, To Terepr Mbl MOXKeM BbI3biBaTh (yHKIMI0 phrases::japanese::hello() u
byukiuio phrases::japanese::goodbye(), xors Koj /i9 HUX pacloNioKeH B
phrases::japanese::greetings::hello() u
phrases::japanese::farewells::goodbye() coorBerctBenHo. Haiia BHyTpeHHss

OpraHu3alyisi He OTIpeZie/isieT Halll BHEIIHUM nHTepdeiic.

B 3TOM IprMepe Mbl KCTob3yeM PUb uUse ormesbHO 1 KK 0 (DYHKIMH, KOTOPYHO XOTHM
NpUBHECTH B 00/1acTe japanese. B KauecTBe a/lbTePHATHBBLI, Mbl MOIJIM Obl HCIIO/Ib30BaTh
111a6/TOHHBIM CMHTAKCHC, YTOObI BK/TIOUaTh B Cebst BCe 3/ieMeHThI U3 Moyt greetings B Tekyiyro
obnacte: pub use self::greetings::*.

Yrto MoxHO cka3zath 0 Self? ITo ymonuaHuio o0ObsB/IeHHs USE HCIONL3YIOT abCoMOTHEIE
TyTH, HAUMHAIOI[KeCs C KOpHs KoHTeiiHepa. Se LT, HanportuB, GopMHUpyeT 3TH MyTH OTHOCHTETLHO
TeKyILlero MecTa B vepapxuu. ¥ US€ ecTh elile ofHa ocobasi opmMa: Bbl MOXKeTe UCTI0/Ib30BaTh USEe
super::, uroObl TOAHSITHCA 1O [JepeBy Ha OAWH YPOBeHb BBEPX OT Ballero TEeKYIIero
MecToronoxenust. Hekoropsie mpeznounTaroT gymath 0 Self kak o ., a 0 SUper kKak o .., 4To
JUIs. MHOTUX KOMaH/[HBIX 000/i04eK sIB/sieTCsl TpejCTaB/ieHUeM [i/isi TeKylleld JAWPeKTOpUM U [iIs

POAUTETBCKOM IUPEKTOPUU COOTBETCTBEHHO.
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Apub%20mod%20english%3B%0Apub%20mod%20japanese%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Apub%20fn%20hello()%20-%3E%20String%20%7B%0A%20%20%20%20%22%E3%81%93%E3%82%93%E3%81%AB%E3%81%A1%E3%81%AF%22.to_string()%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Apub%20fn%20goodbye()%20-%3E%20String%20%7B%0A%20%20%20%20%22%E3%81%95%E3%82%88%E3%81%86%E3%81%AA%E3%82%89%22.to_string()%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Apub%20use%20self%3A%3Agreetings%3A%3Ahello%3B%0Apub%20use%20self%3A%3Afarewells%3A%3Agoodbye%3B%0A%0Amod%20greetings%3B%0Amod%20farewells%3B%0A%7D

SA3bIK IporpaMmupoBaHyst Rust

Bue use, myru ortHocutensHbl: TOO::bar() ccobuiatbcss Ha dyHkuuio BHyTpu T0O
OTHOCHUTEJ/ILHO TOr'O0, I7ie Mbl Haxogumcst. Ecim ke ucrons3yercs rpeduke : :, to ::foo::bar()

OyzeT ccbutathCst Ha Apyroi T0O0, abCOMOTHBIN MyTh OTHOCUTEIBHO KOPHSI KOHTEHHEepa.

Kpome Toro, obparire BHUMAaHHe, YTO MBI MCIIO/Ib30BaIM PUD USe mpexie, yeM 00bABUIN

HaIli MOZy/H C TIoMoIibio MOd . Rust Tpebyet, uToObl 00bsB/IEHHST US€ /T B TIEPBYIO OU€Pe/ib.
Crnepyromuii Kog cobupaercst v paboTaet:

$ cargo run
Compiling phrases v0.0.1 (file:///home/you/projects/phrases)
Running "target/debug/phrases’
Hello in English: Hello!
Goodbye in English: Goodbye.
Hello in Japanese: 0000
Goodbye in Japanese: 0000

5.24. YHuBepcaJabHBIM CUHTAKCUC BbI30Ba VHKIINIS.26. “const” 1 static’
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const n static
B Rust MO)KHO ompefieIiTh MOCTOSTHHYO C TTIOMOLIbIO K/TF0UeBOro cjioBa CONSt:

const N: i32 = 5; Run
B ommune OT OOBIYHBIX KMMEH, OOBSBISEMBIX C TOMOLLIO Let, T moCTOsSHHON Hajo

YKa3bIBdATh BCET/a.

[TocTosIHHBIE )KUBYT B TeueHHe BCEro BpeMeHH paboThbl MporpaMmbl. A IMEHHO, Y HUX BOOOIIe
HeT OnpeZle/IEHHOrO aZpeca B MamMsaTH. JTO [TOTOMY, UTO OHM BcTpauBatoTcs (inline) B Kakzoe MecTo,
I7le eCTb X MUCIoMb30BaHue. 1o 3TOi MpuuMHe CChIIKYA Ha OAHY U Ty )Ke TIOCTOSIHHYIO He 00si3aHbI

YKa3bIBdATb Ha OIMH U TOT >Ke aJjpeC B I1IaMATH.

static

B Rust Takke MOXHO OOBSIBUTH YTO-TO BpOje «I7I00anbHOW IepeMeHHOI», HCIIOb3ys
cratnyeckue 3HadeHusi. OHM MOX0XKU Ha TIOCTOSIHHBIE, HO CTaTWYeCKre 3HaueHHs He BCTPaUBaloTCsl B
MeCTO WX WCTO/b30BaHUsA. JTO 3HAYWT, UTO KaKAoe 3HaueHWe CYIIeCTByeT B eJUHCTBEHHOM

9K3eMIIsIpe, U Y Hero eCThb orpe/ie/IEHHbIN afipec.
Bort npumep:
static N: i32 = 5; Run
Tax ke, KaK ¥ B C/Iyyae C [IOCTOSTHHBIMU, TUII CTATUYeCKOr'0 3HAUeHHUsI HaZl0 YKasblBaTh BCersa.

Craruueckure 3HaueHUsI JKUBYT B T€UE€HHE BCEIO BpEMEHU paGOTbI MporpamMmmsli, 1 nmobast coblIKa

Ha TIOCTOSIHHYO MMeeT cratrueckoe Bpems xusnn (Static lifetime):

static NAME: &'static str = "Steve"; M

N3MeHAeMOCTb
BbI MOXKeTe C,Z[EJIaTb CTaTU4yeCKoe 3HaueHue usmMmeHdeMbIM C HOMO]_I_U:-}O K/IFOUEeBOro Cja0Ba mut .
static mut N: i32 = 5; Run

[Tockonbky N M3MeHsieMO, OAMH TOTOK MOXKeT W3MEHHTb ero BO BpeMsl TOrO, KakK [Jpyroi
YyhTaeT ero 3HaueHWe. OTO CUTyal[Usl «TOHKW» TIO JaHHBIM, M OHA CYMTaeTcsi Hebe30macHBIM
roBefieHreM B Rust. IlosTomMy u uTeHHe, W H3MeHEHHWE CTaTHUECKOTO W3MEeHsIeMOro 3HaueHHs
(static mut) sensercs neGesonacueiv (unsafe), ¥ 06e 9T oreparyy JO/KHBI BBIIOIHATLCSA B

HeGe3omnacHeix 610kax (Unsafe block):

unsafe { Run
N += 1;

printtn! ("N: {}", N);
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aconst%20N%3A%20i32%20%3D%205%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astatic%20N%3A%20i32%20%3D%205%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astatic%20NAME%3A%20%26'static%20str%20%3D%20%22Steve%22%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astatic%20mut%20N%3A%20i32%20%3D%205%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astatic%20mut%20N%3A%20i32%20%3D%205%3B%0A%0Aunsafe%20%7B%0A%20%20%20%20N%20%2B%3D%201%3B%0A%0A%20%20%20%20println!(%22N%3A%20%7B%7D%22%2C%20N)%3B%0A%7D%0A%7D

A3bIk mporpamMmMmupoBaHus Rust

Bonee Toro, /mo60i THI, XpPaHUMBIM B CTaTUYECKOH TepeMeHHOMU, J0/DKeH ObITh OrpaHHuYeH

SYyNncC u He MOXXeT UMeTh peanusaruu D Irop.

Hnumanmnsaums

n IIOCTOsIHHbIE, U CTaTHUYeCKHe 3HdUeHHUd HMeEerT OHpE,Z[E]IéHHBIe Tpe60BaHI/IH K TOMY, 4TO
MO>XHO XPdHUTb B HHX. Onu MOT'yT OLITh NPpOMHULNA/IM3WPOBAHBI TOJIBKO BbIpA’KE€HHWEM, 3HAUEHHUE
KOTOPOI'0O MOCTOSAHHO. ,[[pyTI/IMI/I CJIOBAMH, BBI HE MOXKeTe MCII0/Ib30BdATH BbI3OB Cl)y'HKL[I/II/I WJIn 4TO-TO,

BbIUHC/IA€eMO€e BO BpeMs HMCITIO/THEHHS.

KaKym KOHCTPYKUUKO CTOUT Ncnosib3oBaTb?

IToutn BCeraa CTOUT IIpeArnovYrTaThb IMOCTOsSHHBIE. CI/ITyaL{I/IH, KOrda BadaM HYXHO pe€aJ/ibHOe
MeCTO B IIaMATHU U COOTBETCTBy}OLL[I/II‘/JI eMy dZipeC NOBOJIbBHO peJKa. A 1CTI0/1b30BaHMeE [OCTOSIHHBIX
IMO3BOJIAET KOMIIW/IATOPY IIPOBECTU OIITUMHU3ALIMKU BPOLE PACIIPOCTPAHEHUA TMOCTOAHHBIX (COl’lSt&ll’lt

propagation) He TOJIBKO B BallleM KOHTeﬁHepe, HO U B T€X, KOTOPbIE 3aBUCAT OT HETO.

5.25. KoHTeltHepbl ¥ MOAYIN5.27. ATDUOYTHI
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SA3BIK IporpaMmupoBaHyst Rust

ATpUbYThHI

B Rust 00bsiBieHHsI MOTYT OBITh aHHOTUPOBAHBI C MIOMOIIIBIO «aTpuOyTOB». OHU BBITTISIIAT TAK:

#[test] Run
NJ/IN TdK:

#1[test] Run
PaBHI/IL[a ME)KAy HHUMM COCTOUT B CHMBOJIe I s KOTOPI:Iﬁ HU3MEHsET ero IioBejeHue,

onpe/ie/isitolIlee K KaKOMy 3/1eMeHTY IpUMeHsieTcs aTpubyT:

Po)
-
-]

#[foo]
struct Foo;

mod bar {
#![bar]

ATpubyt #[f00] oTHocuTCS K cCreayroleMy 3a HHM 3/IEMEHTY, KOTODBIA SIB/ISIETCS
obbsiBnenrem Struct. Arpubyr #! [bar] orHocuTcs K ameMeHTy OXBaThIBAIOIEMY €0, KOTODBIH
sB/IsieTCss 00bsiBieHrneM MOd. B ocrasbHOM OHU OAMHAKOBbL. OOa KaKUM-TO 00pPa30M WU3MEHSIIOT

3Ha4yeHue 3JIEMEHTA, K KOTOPOMY OHU IIPUKPEI/IEHbI.

Hariprmep, pacCMOTPUM TaKyt0 (QYHKLHMIO:

P
(e
-]

#[test]
fn check() {
assert eq!(2, 1 + 1);

®yukupst omeueHa kak #[test]. Oro o3Hauaer, uTo oHa ocobeHHast: 3Ta (yHKIHs OyzgeT
BBITIOJTHATRCS TIPY 3amycke TecToB. [1py KOMIU/ISILIMY, KaK MpaBuio, oHa He OyzieT BkiitoueHa. Terepb

3Ta QyHKUUS sB/sieTcs QyHKIMel TeCTUPOBaHKSI.

ATpI/I6YTI>I TaK)XKe MOIr'yT UMETb [OIO/IHHUTE/IbHbIE JaHHbIE:

P
c
-]

#[inline(always) ]
fn super_fast fn() {

Nnu Ad>Xe K/JIHUW U 3HAUYeHHA:

pe)
-]

#[cfg(target os = "macos")] u

mod macos_only {

AtpubyTel B Rust UCMOMb3yrOTCS /A7 psifia Pa3/IMYHBIX Belljeld. BOT cChbilka Ha MOHBINA CIHCOK
arpubyToB. B HacTosliI[ee BpeMsi BbI He MOKeTe CO3/laBaTh CBOU COOCTBEHHbBIE aTpPHUOYThI, KOMITH/ISITOP

Rust onpepenset ux.

5.26. const” 1 “static’5.28. [TceBOOHUMBI THUIIOB
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%23%5Btest%5D%0Afn%20foo()%20%7B%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Amod%20foo%20%7B%0A%23!%5Btest%5D%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%23%5Bfoo%5D%0Astruct%20Foo%3B%0A%0Amod%20bar%20%7B%0A%20%20%20%20%23!%5Bbar%5D%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%23%5Btest%5D%0Afn%20check()%20%7B%0A%20%20%20%20assert_eq!(2%2C%201%20%2B%201)%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%23%5Binline(always)%5D%0Afn%20super_fast_fn()%20%7B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%23%5Bcfg(target_os%20%3D%20%22macos%22)%5D%0Amod%20macos_only%20%7B%0A%7D%0A%7D
https://doc.rust-lang.org/stable/reference.html#attributes

SA3BIK IporpaMmupoBaHyst Rust

[1lceBAOHVMbI TUMNOB

KntoueBoe ciioBo type mo3BossieT 00bSBUTE MCEBAOHUM APYTOTo TUIA:

type Name = String; F{Ljr]
3aTeM Bbl MOXKeTe MCI0/Ib30BaTh 3TOT MCEBJOHUM BMECTO peaslbHOTO THUIIA:;
type Name = String; F{L]n

let x: Name = "Hello".to string();

O,Z[HEIKO, O6paTI/ITe BHMMaHHe Ha TO UTO NCEBOOHUM He O0OBSB/IsSeT HOBBIM THIL. Rust CTporo

THHHBHPOBBHHbIﬁ A3bIK, HAlIpUMeEP Yy BAC HE IMOJIYUUTCHd CPDABHUTDL 3HAUEHUS ABYX PA3/IMYHbIX THUIIOB:

let x: i32 = 5; Run
let y: 164 = 5;
if x =y {
/] ...
}

Br1 mostyunte ommbKy rnpy KOMIWISLAK:

error: mismatched types:
expected “i32°,

found "i64°
(expected 132,

found i64) [E0308]

if x =y {

Ho eciu mMbl HCII0J/Ib3yeM IICEBAOHNM!

type Num = i32; Run
let x: 132 = 5;
let y: Num = 5;
if x ==y {
/] ...
}

To 3TOT MpuUMep CKoMmuaupyeTcst 6e3 ommbok. 3Hauenus: Turia NUM Bcerza OyayT Takue ke

Kak 1y Tima 132.

BbI Tak)ke MOYKeTe MCI0/Ihb30BaTh MCEBIOHUMBI TUIIOB C 0000IIIEHHBIM KO/IOM:

0
c
>

use std::result;

enum ConcreteError {
Foo,
Bar,
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atype%20Name%20%3D%20String%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atype%20Name%20%3D%20String%3B%0A%0Alet%20x%3A%20Name%20%3D%20%22Hello%22.to_string()%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%3A%20i32%20%3D%205%3B%0Alet%20y%3A%20i64%20%3D%205%3B%0A%0Aif%20x%20%3D%3D%20y%20%7B%0A%20%20%20%2F%2F%20...%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atype%20Num%20%3D%20i32%3B%0A%0Alet%20x%3A%20i32%20%3D%205%3B%0Alet%20y%3A%20Num%20%3D%205%3B%0A%0Aif%20x%20%3D%3D%20y%20%7B%0A%20%20%20%2F%2F%20...%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Aresult%3B%0A%0Aenum%20ConcreteError%20%7B%0A%20%20%20%20Foo%2C%0A%20%20%20%20Bar%2C%0A%7D%0A%0Atype%20Result%3CT%3E%20%3D%20result%3A%3AResult%3CT%2C%20ConcreteError%3E%3B%0A%7D

A3bIK IporpaMmupoBaHyst Rust

type Result<T> = result::Result<T, ConcreteError>;

B oTOM mpuMepe Mbl co3saeM cBow Bepcuio Tuma Result, koropeiii Bcerma Oyzer
ucrionb308atk rnepeuncienue ConcreteError s Result<T, E> Bmecro tuna E. ITceBgoHnmbl
THUITOB YaCTO UCIO/b3YHOTCSI B MOJY/ISIX CTaH/IapPTHOM OMOMOTEKH /ISl CO3/]aHUsI CBOMX TCEBJOHUMOB

st Result<T, E>. Hampuwmep, io::Result.

5.27. AtpubyTsi5.29. TIpuBeeHIe TUIIOB
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http://doc.rust-lang.org/std/io/type.Result.html

SA3BIK IporpaMmupoBaHyst Rust

[1pnBeaeHne TUnos

Rust, co cBoMM akileHTOM Ha 0e30MMacHOCThb, OOeCreurBaeT [JBa pa3/MUHBIX criocoba
nipeoOpa30BaHMsl pa3/IMUHBIX TUTIOB MeXAy coOoi. IlepBeiii — as, A Ge30macHOrO MpUBeeHusI.
Bropoii — transmute, B ominune OT MepBOro, Mo3BOJISIET MPOM3BOJILHOE TPUBEJEHHE THIIOB U

SIB/ISIETCS1 OJJHOM M3 CaMbIX OIMacHbIX BO3MOXKHOCTel Rust!

as

KntoueBoe c/10BO @S BBINOHSET 00BIYHOE TIPUBEJiEHHE THIIOB:

let x: i32 = 5; Run
let y = x as 164;

Ono AOITyCKaeT TOJIBKO oripeZie/IeHHbIe BU/JbI IIDUBEAEHNS TUIIOB:
let a = [6u8, Ou8, Ou8, Ousj; Run

let b = a as u32; // four eights makes 32

OTo npuUBe/eT K oIrbKe:

error: non-scalar cast: "[u8; 4] as "u32"
let b = a as u32; // four eights makes 32

OT0 «HeckajsipHoe TipeoOpa3oBaHue», TIOTOMY 4YTO Y HAac 3[ech 1peobpasyrorcs
MHOJKeCTBEHHbIe 3HaUeHUsI: UeThIpe 37ieMeHTa MaccrBa. Takue BU/IbI TpeoOpa3oBaHUii OueHb OTaCHBI,
MOTOMY UTO OHH /IeJIal0T TPEe/TOJIOKEeHHSI O TOM, KaK peanr30BaHbl MHOXKeCTBEHHbIE HIKesIeKallje

CTPYKTYpHL. [T03TOMY HaM HY’>KHO UTO-TO H0JIee ormacHoe.

transmute

dyukuusa transmute npegocraBnsieTcss BHYTDEHHUMU CPeICTBAMU KOMIIUIATODA, U TO, UTO
OHA [ieJlaeT, SIB/ISIETCS OUeHb NMPOCTHIM, HO B TO K€ BpeMsi oueHb oracHbiM. OHa coobijaer Rust,
yToOBl OH BOCIIPUHMMA/ 3HaueHWe OfHOrO TWIA, KaK OyATO 3TO 3HaueHWe JPYroro THMa. JTO

Ae1aeTCd He3daBUCHUMO OT CUCTEMBI TIPOBEPKU TUITOB, X TTI03TOMY IMO/THOCTBIO Ha Balll CTPaX U PUCK.

B mipeabiAyiiieM MpyUMepe, Mbl 3HaeM, UTO MacCHB W3 ueThbipex U8 oToOpakaeTcsi B MacCHB
U32 [o/mKHBIM 00pa3oM, M TI03TOMY MbI XOTHM BBINIOJIHWThH TpuBeeHWe. Eciu BMecTo as

ucronb3oBatk transmute, To Rust mo3BOMUT 3TO CenaTh:

use std::mem; Run

unsafe {
let a

[Ou8, Ou8, 0u8, 0u8];

let b = mem::transmute::<[u8; 4], u32>(a);
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%3A%20i32%20%3D%205%3B%0A%0Alet%20y%20%3D%20x%20as%20i64%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20a%20%3D%20%5B0u8%2C%200u8%2C%200u8%2C%200u8%5D%3B%0A%0Alet%20b%20%3D%20a%20as%20u32%3B%20%2F%2F%20four%20eights%20makes%2032%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Amem%3B%0A%0Aunsafe%20%7B%0A%20%20%20%20let%20a%20%3D%20%5B0u8%2C%200u8%2C%200u8%2C%200u8%5D%3B%0A%0A%20%20%20%20let%20b%20%3D%20mem%3A%3Atransmute%3A%3A%3C%5Bu8%3B%204%5D%2C%20u32%3E(a)%3B%0A%7D%0A%7D

A3bIK IporpaMmupoBaHyst Rust

[l Toro yTOObI KOMIWJIALMS TPOIIUIA YCIeIIHO, Mbl JO/DKHBI OOEpPHYTH 3Ty OIepalj{dio B
unsafe 06nok. Texuuuecku, TONLKO BEI30B Mem: :transmute gomkeH OLITH BLINONHEH B
Hebe3omacHOM 0/i0Ke, HO B JAaHHOM (Jiyuyae XOpOIIO Obui0 OBl TOMECTUTH B 3TOT OJIOK Bce
HeoOXouMOe, CBsi3aHOe C 3TUM BBI30BOM, 4TOOBI ObuIO ynoOHee ucKaTb. B maHHOM mpuMepe
CBSI3aHOW HEOOXOAMMOM TepeMeHHOU SIB/ISIeTCsl @, U TI03TOMY OHA HaxomuTcs B Oioke. Kog MoxeT
OBITH B JIFOOOM CTHJIE, MHOT/IA KOHTEKCT PACIIOJIOXKEH C/IMIIIKOM /Ia/ieKo, ¥ TOT/IA YIIaKOBKa BCEro KoJa

B Unsafe He GyzeT Takoii yXK X0opolen uieei.

Xots npu MCIOJIb30BAHUH transmute wu BoImonHsgeTCA OueHbL Maso MPOBEPOK, HO KdK
MWHHUMYM 6y,£[€T MPpOBEPATHCA, UTO THUIIBI HUMEIOT O,I[I/IHEIKOBBII‘/JI pa3smep. HI/I)KEHPI/IBQ,Z[EHHLIﬁ KO

3aBepILUTCs OLINOKOM:

use std::mem; Run

unsafe {
let a

[Ou8, Ou8, Ou8, 0u8l;

let b = mem::transmute::<[u8; 4], u6d>(a);

CO Cj1eyromuym OImrMCaHrueM:

error: transmute called on types with different sizes: [u8; 4] (32 bits) to u64
(64 bits)

Bce, kpome 3To# OfHO¥ ITPOBEPKH, Ha Balll CTPax U pUCK!

5.28. TlceBnoHrMbI TUNIOBS.30._ACCOITMMDOBAHHbIE TUIIbI
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Amem%3B%0A%0Aunsafe%20%7B%0A%20%20%20%20let%20a%20%3D%20%5B0u8%2C%200u8%2C%200u8%2C%200u8%5D%3B%0A%0A%20%20%20%20let%20b%20%3D%20mem%3A%3Atransmute%3A%3A%3C%5Bu8%3B%204%5D%2C%20u64%3E(a)%3B%0A%7D%0A%7D

SA3BIK IporpaMmupoBaHyst Rust

AccounnpoBaHHbIe TUMbI

AccouurpoBaHHble (CBfI3aHHbIE) THIIBI — 3TO MOILHAsl 4aCTb CUCTeMbl TUMOB B Rust. OHU
CBsI3aHBbI C ujeel 'ceMelicTBa TUMA', [PyTMMHU CJIOBAMU, FPYNINUPOBKY Pa3/IMUHBIX THUTIOB BMeCTe. JTO
orvcaHWe HEMHOTO abCTpaKTHO, Tak UTO JjaBaiiTe pa3bepeM Ha mpumepe. Eciu Bbl XOTUTe Harmmcarhb
tunaxk Graph, to Hy>xHbI B2 0600IIIEHHBIX MapamMeTpa THUIA: TUIM y3ea u T pebpo. Vcxops u3

3TOro, Bbl MOXKeTe Haricath Tuniax Graph<N, E>, koTopblii BRIISIAUT CeayoIim 06pa3om:

trait Graph<N, E> { F{Ljr]
fn has_edge(&self, &N, &N) -> bool;
fn edges(&self, &N) -> Vec<E>;
// etc

Takoe pelieHde Bpofie Obl JoCTWraeT CBOeid 1ield, HO, B KOHEUHOM CueTe, SIBJSETCS
HeynobHbIM. Haripumep, robasi ¢GyHKims, Kotopas npuHuMaeT Graph B KauecTBe mapameTpa,

makoice OMKHA ObITH 0060611EHHOI ¢ mapameTpamu N u E:

fn distance<N, E, G: Graph<N, E>>(graph: &G, start: &N, end: &N) -> u32 { F{Ljr]

Hatiia ¢yHKIMs pacueTa pacctosinist paboTaet HesaBucumo oT Tuna Edge, mostomy mapamerp

E B o100t CUT'HAType ABJIAeTCA JIMIIHKUM U TOJIBKO OTBJIEKAET.

YTO /eICTBUTE/IBHO HY)KHO 3asiBUTh, 3TO uTOOBI CopmupoBath Kakoro-mbo Buga Graph,
HY>KHbI cooTBeTcTBytoiMe Tunbl E u N, cobpanHbie BMecTe. Mbl MOXXeM CZie/1aTh 3TO C TIOMOLIIBIO

dCCOMMPOBAHHBIX THUIIOB:

P
c
>

trait Graph {
type N;
type E;

fn has_edge(&self, &Self::N, &Self::N) -> bool;
fn edges(&self, &Self::N) -> Vec<Self::E>;
// etc

Teriepb HaIllK KJIMEHTbI MOT'YT abCTparupoBathCsi oT onpegesiedHoro Graph:

pe)
c
-]

fn distance<G: Graph>(graph: &G, start: &G::N, end: &G::N) ->u32 { ... }

Bosbliie HeT He0OXOAMMOCTH UMEeTh Jieio ¢ TuroM E!

ITaBatiTe MOroBopuM 060 BCceM 3TOM Oosiee MopoOHO.

OnpepaeneHne acCcoUMnMpPOBaHHbIX TUMOB

MasaiiTe moctporM Ham tunaxx Graph. Bor ero onpegenenue:

0
c
-]

trait Graph {
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atrait%20Graph%3CN%2C%20E%3E%20%7B%0A%20%20%20%20fn%20has_edge(%26self%2C%20%26N%2C%20%26N)%20-%3E%20bool%3B%0A%20%20%20%20fn%20edges(%26self%2C%20%26N)%20-%3E%20Vec%3CE%3E%3B%0A%20%20%20%20%2F%2F%20etc%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20distance%3CN%2C%20E%2C%20G%3A%20Graph%3CN%2C%20E%3E%3E(graph%3A%20%26G%2C%20start%3A%20%26N%2C%20end%3A%20%26N)%20-%3E%20u32%20%7B%20%0A%20%20%20%20...%20%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atrait%20Graph%20%7B%0A%20%20%20%20type%20N%3B%0A%20%20%20%20type%20E%3B%0A%0A%20%20%20%20fn%20has_edge(%26self%2C%20%26Self%3A%3AN%2C%20%26Self%3A%3AN)%20-%3E%20bool%3B%0A%20%20%20%20fn%20edges(%26self%2C%20%26Self%3A%3AN)%20-%3E%20Vec%3CSelf%3A%3AE%3E%3B%0A%20%20%20%20%2F%2F%20etc%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20distance%3CG%3A%20Graph%3E(graph%3A%20%26G%2C%20start%3A%20%26G%3A%3AN%2C%20end%3A%20%26G%3A%3AN)%20-%3E%20u32%20%7B%20...%20%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atrait%20Graph%20%7B%0A%20%20%20%20type%20N%3B%0A%20%20%20%20type%20E%3B%0A%0A%20%20%20%20fn%20has_edge(%26self%2C%20%26Self%3A%3AN%2C%20%26Self%3A%3AN)%20-%3E%20bool%3B%0A%20%20%20%20fn%20edges(%26self%2C%20%26Self%3A%3AN)%20-%3E%20Vec%3CSelf%3A%3AE%3E%3B%0A%7D%0A%7D

A3bIK IporpaMmupoBaHyst Rust

type N;
type E;

fn has_edge(&self, &Self::N, &Self::N) -> bool;
fn edges(&self, &Self::N) -> Vec<Self::E>;

HocraTrouyHo TIPOCTO. ACCOLIMHMPOBAHHBIE THUITIBI HWCTIONB3YIOT KiIHOUeBoe ¢yioBo type, u

PAcCIIO/NIOKEHBI BHYTPH T€Jld TUIldXKa, HAPSAAY C Cl)YHKL[I/IHMI/I

Ot 00bsiBieHUss TYPEe MoryT vMeTh BCe TO Ke caMoe, Kak W MpH pabore ¢ QyHKIMSIMU.
Harnipumep, ecii 661 Mbl X0Tesu, utobel Tvt N peanusoseiean Display, uTo6bl Obiia BO3MOXKHOCTE

TreyaTaTh y3/Ibl, MbI MOTVIM OBl C/le/IaTh Ceayrolee:

use std::fmt; Run
trait Graph {

type N: fmt::Display;

type E;

fn has_edge(&self, &Self::N, &Self::N) -> bool;
fn edges(&self, &Self::N) -> Vec<Self::E>;

Peannsaumus aCCoUuMnpoBaHHbIX TUMOB

TI/I]'Ia}K, KOTOprﬁ BK/IFOUAET dCCOLIMMPOBAHHbLIE TUIIbI, KdK H Jr000M ,qpyroﬁ TUTIAXK, [OJ1d

peasM3aliiK UCTo/b3yeT KiitoueBoe ¢yioBo impl. Bor npocras peanusanus Graph:

struct Node; Run

struct Edge;
struct MyGraph;

impl Graph for MyGraph {
type N = Node;
type E = Edge;

fn has_edge(&self, nl: &Node, n2: &Node) -> bool {
true

fn edges(&self, n: &Node) -> Vec<Edge> {
Vec: :new()

OTo IIymasi peau3aljysi, KoTopasi Bcerga Bosspairaer true u nycroit Vec<Edge>, Ho oHa
JaeT BaM 00ljee TIpe/CTaB/ieHHWe O TOM, KaK peanr3yloTCs Takue Belld. [Iyisi Hauasa HY>KHbI TPH
struct, ogna s rpada, ogHa g y31a ¥ ofHa A1 pebpa. B 9ToM peanv3aiiiu UCIO/Ib3YIOTCS
struct ans Bcex Tpex cyujHOCTel, HO BIIOJTHE MOTJIU OBl UCITO/Ib30BAThCS U IPYTHe THIIbI, KOTOPbIe

paboTasmu ObI Tak ke XOpoIIo, ecyik Obl peanu3arnys Obiia 6oiee IPOABUHYTOM.
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Afmt%3B%0A%0Atrait%20Graph%20%7B%0A%20%20%20%20type%20N%3A%20fmt%3A%3ADisplay%3B%0A%20%20%20%20type%20E%3B%0A%0A%20%20%20%20fn%20has_edge(%26self%2C%20%26Self%3A%3AN%2C%20%26Self%3A%3AN)%20-%3E%20bool%3B%0A%20%20%20%20fn%20edges(%26self%2C%20%26Self%3A%3AN)%20-%3E%20Vec%3CSelf%3A%3AE%3E%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atrait%20Graph%20%7B%0A%20%20%20%20type%20N%3B%0A%20%20%20%20type%20E%3B%0A%20%20%20%20fn%20has_edge(%26self%2C%20%26Self%3A%3AN%2C%20%26Self%3A%3AN)%20-%3E%20bool%3B%0A%20%20%20%20fn%20edges(%26self%2C%20%26Self%3A%3AN)%20-%3E%20Vec%3CSelf%3A%3AE%3E%3B%0A%7D%0Astruct%20Node%3B%0A%0Astruct%20Edge%3B%0A%0Astruct%20MyGraph%3B%0A%0Aimpl%20Graph%20for%20MyGraph%20%7B%0A%20%20%20%20type%20N%20%3D%20Node%3B%0A%20%20%20%20type%20E%20%3D%20Edge%3B%0A%0A%20%20%20%20fn%20has_edge(%26self%2C%20n1%3A%20%26Node%2C%20n2%3A%20%26Node)%20-%3E%20bool%20%7B%0A%20%20%20%20%20%20%20%20true%0A%20%20%20%20%7D%0A%0A%20%20%20%20fn%20edges(%26self%2C%20n%3A%20%26Node)%20-%3E%20Vec%3CEdge%3E%20%7B%0A%20%20%20%20%20%20%20%20Vec%3A%3Anew()%0A%20%20%20%20%7D%0A%7D%0A%7D

A3BIK IporpaMmupoBaHyst Rust

3areM wger crtpoka ¢ impl, kKoTopass sIB/sIeTCS TakKOM ke, KaK W IPU peaym3ariiu Jrboro
JIPYTOTO TUTIAXa.

Ilanee MbI UCTIONB3yeM 3HAK =, YTOOBI OMpE/eUTh HAIllM aCCOI[MMPOBAHHBIE THMbI. MIMs
TUIa)Ka UET C/IeBa OT 3HAKAa =, a KOHKPETHBIM THII, /i1 KOTOPOro Mbl impl 3TOT Tumaxk, uzer

cripaBa. HakoHell, MBI KCIT0/Tb3yeM KOHKPeTHbIe THUTIbI TIPH 00bsIBIIeHUH (DYHKLIWH.

TUNaxn-o6bEKTbI 1 aCCOLMNPOBAHHbIE TUMbI

Bor ele HEMHOI'0 CUMHTAKCHUCd, O KOTOpOM C/ieAyeT YIIOMAHYTb: TUMAXKU-00BEKTBI. EC/u BBI

I10IIbITaeTeChb CO344aTh TUMAXK-00BEKT U3 dCCOMMPOBAHHOI'O THUIIA, KAK B 3TOM IIpHUMeEpe:

let graph = MyGraph; F{Ljr]
let obj = Box::new(graph) as Box<Graph>;

Brl nosyunre Be OLIMOKY:

error: the value of the associated type "E° (from the trait “main::Graph’) must
be specified [E0191]
let obj = Box::new(graph) as Box<Graph>;

A

24:44 error: the value of the associated type "N° (from the trait
"main::Graph™) must be specified [E0191]
let obj = Box::new(graph) as Box<Graph>;

A~

Mgbl He cMOXeM CO34dThb TI/II'Ia)K-O6’I>EKT, HOAO6HbIﬁ 3TOMY, IIOTOMY UTO Yy HEro HeT

I/IHCI)OpMaL[I/II/I 06 dCCOLMMPOBAHHBIX THUITAX. BmecTo 3TOr0, Mbl MOXKeM HaruMcaTh Tak:

let graph = MyGraph; F{Ljr]
let obj = Box::new(graph) as Box<Graph<N=Node, E=Edge>>;

Cunrakcuc N=Node mno3Bossier Ham TipefioCcTaB/ATh KOHKpeTHbIH Tum, Node, st mapamerpa
turna N. To ke camoe u ayst E=Edge. Ecim 6bl MbI He TIPeAOCTAB/IsAINA 3TO OrpaHUYEHHe, TO He

Moriv ObI 3HaTh HaBepHsiKa, Kakass 1MPl cooTBeTCTByeT 3TOMY THITaXKy-00BEKTY.

5.29. ITpuBenenue turnosb.31. be3pasMepHbIe TUTIBI
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atrait%20Graph%20%7B%0A%20%20%20%20type%20N%3B%0A%20%20%20%20type%20E%3B%0A%20%20%20%20fn%20has_edge(%26self%2C%20%26Self%3A%3AN%2C%20%26Self%3A%3AN)%20-%3E%20bool%3B%0A%20%20%20%20fn%20edges(%26self%2C%20%26Self%3A%3AN)%20-%3E%20Vec%3CSelf%3A%3AE%3E%3B%0A%7D%0Astruct%20Node%3B%0Astruct%20Edge%3B%0Astruct%20MyGraph%3B%0Aimpl%20Graph%20for%20MyGraph%20%7B%0A%20%20%20%20type%20N%20%3D%20Node%3B%0A%20%20%20%20type%20E%20%3D%20Edge%3B%0A%20%20%20%20fn%20has_edge(%26self%2C%20n1%3A%20%26Node%2C%20n2%3A%20%26Node)%20-%3E%20bool%20%7B%0A%20%20%20%20%20%20%20%20true%0A%20%20%20%20%7D%0A%20%20%20%20fn%20edges(%26self%2C%20n%3A%20%26Node)%20-%3E%20Vec%3CEdge%3E%20%7B%0A%20%20%20%20%20%20%20%20Vec%3A%3Anew()%0A%20%20%20%20%7D%0A%7D%0Alet%20graph%20%3D%20MyGraph%3B%0Alet%20obj%20%3D%20Box%3A%3Anew(graph)%20as%20Box%3CGraph%3E%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atrait%20Graph%20%7B%0A%20%20%20%20type%20N%3B%0A%20%20%20%20type%20E%3B%0A%20%20%20%20fn%20has_edge(%26self%2C%20%26Self%3A%3AN%2C%20%26Self%3A%3AN)%20-%3E%20bool%3B%0A%20%20%20%20fn%20edges(%26self%2C%20%26Self%3A%3AN)%20-%3E%20Vec%3CSelf%3A%3AE%3E%3B%0A%7D%0Astruct%20Node%3B%0Astruct%20Edge%3B%0Astruct%20MyGraph%3B%0Aimpl%20Graph%20for%20MyGraph%20%7B%0A%20%20%20%20type%20N%20%3D%20Node%3B%0A%20%20%20%20type%20E%20%3D%20Edge%3B%0A%20%20%20%20fn%20has_edge(%26self%2C%20n1%3A%20%26Node%2C%20n2%3A%20%26Node)%20-%3E%20bool%20%7B%0A%20%20%20%20%20%20%20%20true%0A%20%20%20%20%7D%0A%20%20%20%20fn%20edges(%26self%2C%20n%3A%20%26Node)%20-%3E%20Vec%3CEdge%3E%20%7B%0A%20%20%20%20%20%20%20%20Vec%3A%3Anew()%0A%20%20%20%20%7D%0A%7D%0Alet%20graph%20%3D%20MyGraph%3B%0Alet%20obj%20%3D%20Box%3A%3Anew(graph)%20as%20Box%3CGraph%3CN%3DNode%2C%20E%3DEdge%3E%3E%3B%0A%7D

SA3BIK IporpaMmupoBaHyst Rust

Be3pasmepHbie TUnbl

BO/BIIIMHCTBO TUTIOB UMEIOT OTpe/ie/IEHHbIN pa3Mep B GaiiTax. DTOT pa3Mep 0ObIUHO M3BECTEH
BO Bpemsi kKommusiimu. Hampumep, 132 — 310 32 6ura, wiu 4 Gaiita. OfHAaKoO, CyIECTBYIOT
HEKOTOpbIe T10/Ie3HBbIE THUIIBI, KOTOPhIE HE WMEIOT OIpeAe/eéHHOro pasmepa. OHH Ha3bIBAIOTCS
«be3pa3MepHBIMU» UIN «TUTIAMU JIUHAMUAUECKOTO pa3Mepar». OfWH U3 MPUMEPOB TaKUX THIIOB — 3TO
[T]. Otor Tun npeacTasnsier coboi MOC/IEAOBATETLHOCTb U3 OTPEENIEHHOrO YMC/IA 31EMEHTOB | .

Ho MBI He 3HaeM, KaKk MHOT'O 3TUX 3JIEMEHTOB, MO5TOMY pa3Mep HEU3BECTEH.

Rust roHMMaeT HeCKO/IbKO TaKHX TUIIOB, HO WX HCIIO/Ib30BdHWE HECKOJIbKO OI'DPAHHUYEHO. Ectb

TPU OI'PAHHUYEHUSA:

1. MbI MOXXeM paboTaTh C 9K3eMIIIIpOM Ge3pasMepHOro THIIa TOJILKO C TIOMOILbIO yKa3aTe/is.
&[T] 6yger paborars,a [T] — ner.

2. TlepeMeHHbIe U apryMeHTbI He MOTYT UMETb THIT JUHAMUUYECKOTO pasMepa.

3. Tonmbko TOC/eAHee To/le CTPYKTYPhl MOXKET ObITh 0Oe3pa3MepHOro THIIA; Apyrue — HeT.
BapuaHThbl epeuyrcIeHdii He MOTYT COZIeP)KaTh TUIIbI JMHAMMYECKOrO pa3sMepa B KaueCTBe

AaHHBIX.

A 3auem 310 BCE? ITOCKOIbKY MBI MOYXKEM HCIT0/Ib30BaTh [ 1] To/MbKo uepes ykasaresib, eC/iv Obl

A3bIK HE MoAAePKUBAJI 6e3pa3MepHLIe THUIIbI, MbI OBl He CMOIVIM HAIKCaTh TAKOU KO

impl Foo for str { Run
W
impl<T> Foo for [T] { Run

BmecTo 3TOro, Bam ObI MpPUIIJIOCH HAlTUCATh:

impl Foo for &str { Run

Takum obpa3oM, JaHHas peasm3aiusi paboTasa Obl TOBKO AJIS CCBIIOK, U He Moj/iepKuBaia Obl
JpyTHie TUTBI yKa3aTteneld. A peanm3aluio AJsi Ge3pa3MepHOro THIA CMOTYT KCIIO/Ib30BaTh JitOObIe
yKa3zaTenu, BK/IIOYasi OIpee/éHHbIe TI10/Ib30BaTeNieM YMHble yKa3areau (TMo3ke, Korga OyayT

WCIIPaB/IeHbl HEKOTOPbIe OIIUOKH).

?Sized

Ecm Bbl mnuiiere (QyHKIMIO, TPUHUMAIOLIYIO THUIl JMHAMHUECKOro pasMmepa, Bbl MoOKeTe

HCIT0/Tb30BaTh Criel[iajbHoe orpaHnyenve ?Sized:

struct Foo<T: ?Sized> { Run
f: T,
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aimpl%20Foo%20for%20str%20%7B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aimpl%3CT%3E%20Foo%20for%20%5BT%5D%20%7B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aimpl%20Foo%20for%20%26str%20%7B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Foo%3CT%3A%20%3FSized%3E%20%7B%0A%20%20%20%20f%3A%20T%2C%0A%7D%0A%7D

A3bIK IporpaMmupoBaHyst Rust

O1oT ? uuraercsi Kak «T MoxkeT ObiTh pasmepHbiM (Sized)». OH o3Hauaer, uTto 3TO
orpaHuYeHre 0COOeHHOe: OHO pa3pellaeT UCII0/Ib30BaHHEe HEKOTOPLIX TUIIOB, KOTOPbIe HE MOIVIH ObI
OBbITb KCIIO/Ib30BaHbl B €r0 OTCYTCTBHe. TakuM 00pa3oM, OHO pacuuupsiem MHOXXECTBO MOJXOSIHX
THUIOB, a HEe Cy)XaeT ero. OT0O MO)KHO TIPe/ICTaBUTh cebe Kak eciu Obl BCe TUMbI | HESBHO ObLIM

pasmepubivu (T: Sized),a ? oTMeHs1 3TO OrpaHUUEHHE TI0 YMOTUAHUIO.

5.30. AcconunpoBaHHble TUMbI5.32. Tleperpyska oneparuii
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SA3BIK IporpaMmupoBaHyst Rust

[Meperpy3ka onepaLnii

Rust no3BosisieT orpaHrueHHyr0 (GpopMmy neperpysku onepauuii. ECTb onpesiesieHHbIe orepaLyu,
KOTOpbIe MOTYT OBITb Tieperpy’keHbl. ECTb crielidaibHbIe TUTIaXKU, KOTOPbIe Bbl MOXKETe pean30BaTh
ISl TIOAJIeP’KKU KOHKDETHOM orepalyd MeXAy Tumnamu. B pesysbrare 4ero mneperpykaercs

orieparusi.

Hanpumep, oriepaiiisi + MOXKeT ObITh MeperpyykeHa ¢ rmomoipio Tunaxka Add:

0
-
-]

use std::ops::Add;

#[derive(Debug)]
struct Point {
X: 132,
y: 132,

impl Add for Point {
type Output = Point;

fn add(self, other: Point) -> Point {
Point { x: self.x + other.x, y: self.y + other.y }

fn main() {
let pl
let p2

Point { x: 1, y: 0 };
Point { x: 2, y: 3 };

let p3 = pl + p2;

printtn!("{:?}", p3);

B main MbI MO>XKE€M HCII0/Ib30BaTh OIlepaljrro + A1 ABYX Point , TdK KaK MbI pea/In30Ba/i1
minaxxk Add<Qutput=Point> gna Point.

Ecte menblii psif orieparuii, KOTOpble MOTYT ObITb Ieperpy>keHbl TakuM o0pa3oMm, U BCe
CBsi3aHHbIE C OSTUM TUI@KH pacroniokeHsl B wmoayrte Std::ops. TIposepsTe 3Ty 4acTh

AOKYMEHTallKr [Jisd I10/Iy4YeHUA MMOJ/IHOI'0 CITMCKd.

Peasu3aiiusi 3TUX THIaXKed csenyer martepHy. [aBaiite mocmorpum Ha tunaxk Add Gosee

JleTa/IbHO:

pub trait Add<RHS = Self> { F(LJT]
type Output;

fn add(self, rhs: RHS) -> Self::0utput;
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https://play.rust-lang.org/?code=use%20std%3A%3Aops%3A%3AAdd%3B%0A%0A%23%5Bderive(Debug)%5D%0Astruct%20Point%20%7B%0A%20%20%20%20x%3A%20i32%2C%0A%20%20%20%20y%3A%20i32%2C%0A%7D%0A%0Aimpl%20Add%20for%20Point%20%7B%0A%20%20%20%20type%20Output%20%3D%20Point%3B%0A%0A%20%20%20%20fn%20add(self%2C%20other%3A%20Point)%20-%3E%20Point%20%7B%0A%20%20%20%20%20%20%20%20Point%20%7B%20x%3A%20self.x%20%2B%20other.x%2C%20y%3A%20self.y%20%2B%20other.y%20%7D%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20p1%20%3D%20Point%20%7B%20x%3A%201%2C%20y%3A%200%20%7D%3B%0A%20%20%20%20let%20p2%20%3D%20Point%20%7B%20x%3A%202%2C%20y%3A%203%20%7D%3B%0A%0A%20%20%20%20let%20p3%20%3D%20p1%20%2B%20p2%3B%0A%0A%20%20%20%20println!(%22%7B%3A%3F%7D%22%2C%20p3)%3B%0A%7D%0A
http://doc.rust-lang.org/std/ops/index.html
http://doc.rust-lang.org/std/ops/trait.Add.html
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Amod%20foo%20%7B%0Apub%20trait%20Add%3CRHS%20%3D%20Self%3E%20%7B%0A%20%20%20%20type%20Output%3B%0A%0A%20%20%20%20fn%20add(self%2C%20rhs%3A%20RHS)%20-%3E%20Self%3A%3AOutput%3B%0A%7D%0A%7D%0A%7D

A3bIK IporpaMmupoBaHyst Rust

B oO0Iiei C/I0KHOCTH 37eCh TPUCYTCTBYOT Tpu Tura: tarn impl Add, kortopeii Mbl
peamsyem, Tt RHS, kotopeiit mo ymonuanuio pasen Self u tun Qutput. [ina Beipakenus Llet
Z =X + y:x—osrormun Self, y —sroturn RHS,a z - 3ro tTunm Self: :Output.

impl Add<i32> for Point { Run
type Output = f64;

fn add(self, rhs: i32) -> f64 {
// add an 132 to a Point and get an f64

MO3BOJIUT BaM CA€/1dThb C/IeAYROoLLee:

0
-
-]

let p: Point = // ...
let x: f64 = p + 2i32;

icnonb3oBaHne Tunaxen onepauunii B 0606LLEHHbIX
CTPYKTypax

TEHpr, KOrJd MbI 3HA€M, KdK ped/IM30BdHbl THUITa>XXKH onepaum‘/’l, MBI MOXXE€M p€a/IM30BaTh HAlll

tinaxx HasArea u crpykrypy SqQuare us riasel 0 Tunaxax bosnee obupmM obpasom:

use std::ops::Mul; Run

trait HasArea<T> {
fn area(&self) -> T;

}

struct Square<T> {
x: T,
y: T,
side: T,

impl<T> HasArea<T> for Square<T>
where T: Mul<Output=T> + Copy {
fn area(&self) -> T {
self.side * self.side

fn main() {
let s = Square {
x: 0.0f64,
y: 0.0f64,
side: 12.0f64,
+

println! ("Mnowaos s: {}", s.area());
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Point%3B%0Ause%20std%3A%3Aops%3A%3AAdd%3B%0Aimpl%20Add%3Ci32%3E%20for%20Point%20%7B%0A%20%20%20%20type%20Output%20%3D%20f64%3B%0A%0A%20%20%20%20fn%20add(self%2C%20rhs%3A%20i32)%20-%3E%20f64%20%7B%0A%20%20%20%20%20%20%20%20%2F%2F%20add%20an%20i32%20to%20a%20Point%20and%20get%20an%20f64%0A1.0%0A%20%20%20%20%7D%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20p%3A%20Point%20%3D%20%2F%2F%20...%0Alet%20x%3A%20f64%20%3D%20p%20%2B%202i32%3B%0A%7D
https://play.rust-lang.org/?code=use%20std%3A%3Aops%3A%3AMul%3B%0A%0Atrait%20HasArea%3CT%3E%20%7B%0A%20%20%20%20fn%20area(%26self)%20-%3E%20T%3B%0A%7D%0A%0Astruct%20Square%3CT%3E%20%7B%0A%20%20%20%20x%3A%20T%2C%0A%20%20%20%20y%3A%20T%2C%0A%20%20%20%20side%3A%20T%2C%0A%7D%0A%0Aimpl%3CT%3E%20HasArea%3CT%3E%20for%20Square%3CT%3E%0A%20%20%20%20%20%20%20%20where%20T%3A%20Mul%3COutput%3DT%3E%20%2B%20Copy%20%7B%0A%20%20%20%20fn%20area(%26self)%20-%3E%20T%20%7B%0A%20%20%20%20%20%20%20%20self.side%20*%20self.side%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20s%20%3D%20Square%20%7B%0A%20%20%20%20%20%20%20%20x%3A%200.0f64%2C%0A%20%20%20%20%20%20%20%20y%3A%200.0f64%2C%0A%20%20%20%20%20%20%20%20side%3A%2012.0f64%2C%0A%20%20%20%20%7D%3B%0A%0A%20%20%20%20println!(%22%D0%9F%D0%BB%D0%BE%D1%89%D0%B0%D0%B4%D1%8C%20s%3A%20%7B%7D%22%2C%20s.area())%3B%0A%7D%0A

A3BIK IporpaMmupoBaHyst Rust

MbI TIpoCTO 0OBSB/ISIEM THUI-TIapaMeTp 1 W Hcmons3yeM ero Bmecto T64 B ompepesnenuu

HasArea u Square. B peanu3aruy Hy)KHO C/ieiaTh 60j1ee XUTPhle H3MeHEeHMSsI:

impl<T> HasArea<T> for Square<T> M
where T: Mul<Output=T> + Copy { ... }
Yrto6bl peasnu3oBaTh al€a, Mbl JO/DKHBI MOYb YMHOXKHUTD OTEpaHAbI APYT Ha J[pyra, MO3TOMY
MbI 06bsiBIIsIeM T Kak peanusyromumii Std: :ops: :Mul. Kak u Add, Mul npunumaer mapamerp
Output: T.x. MBI 3HaeM, UTO UKC/Ia HE MEHSIFOT CBOETO THUIIa, Korja ux ymHoxkatwt, Qutput takke
o0bsiBieH Kak . T Takke JO/DKEeH TIOAJEP>KUBATh KOMMPOBaHMe, uToObI Rust He TMbITaics

nepemectuts Self.side B Bo3Bpaiaemoe sHauenue.

5.31. Be3pa3mepHsie Trmnbl5.33. [Ipeobpa3oBaHus Py pa3bIMEHOBAHUU
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aimpl%3CT%3E%20HasArea%3CT%3E%20for%20Square%3CT%3E%0A%20%20%20%20%20%20%20%20where%20T%3A%20Mul%3COutput%3DT%3E%20%2B%20Copy%20%7B%20...%20%7D%0A%7D

SA3BIK IporpaMmupoBaHyst Rust

[Mfpeobpas3oBaHnsa npu  pasbiMeHoBaHUM  (deref
coercions)

CrangaptHast 6ubmoreka Rust peanusyer ocobbii Tunaxx, Deref . O6bIUYHO ero UCIOb3YIOT,

uTOOBI TIEpPerpysuTh *, oreparuio pa3bIMeHOBAHUS:
use std::ops::Deref; F{Ljr]

struct DerefExample<T> {
value: T,

impl<T> Deref for DerefExample<T> {
type Target = T;

fn deref(&self) -> &T {
&self.value

fn main() {
let x = DerefExample { value: 'a' };
assert eq!('a', *x);

OTO T10/Ie3HO0 TIPU HAlMMCAHWM CBOMX yKasarelbHbIX TUMOB. OfHAKO, B $3bIKE €CTb
BO3MOXKHOCTb, CBsi3aHHast ¢ Deref : mpeobpa3oBanust pu pasbiMeHOBaHWH. BOT MPaBUIIO: €C/IH €CTh
it U, u on peanusyer Deref<Target=T>, snauenus &U OyayT aBTOMaTHuecku rpeobpa3oBaHbI

B &T, korza 310 Heobxoaumo. BoT npumep:

fn foo(s: &str) { Run

// N03auMCTBYEM CTPOKY Ha CeKyHOoy

// String peanusyet Deref<Target=str>
let owned = "Hello".to _string();

// MNo3ToMy, Takon kop paboTaet:
foo(&owned) ;

AmMriepcaHji Tiepe/| 3HaueHWeM O3HauaeT, uToO Mbl OepéM CChUIKY Ha Hero. [Tostomy owned -
sto String, a &owned — &String. IMockoneky y Hac ecth peanmsarus Tumaxa impl
Deref<Target=str> for String, &String paseivenyercas B &Str, uro ycrpauBaer
foo().

BoT u BCcé. DTO TpaBU/IO — OJHO M3 HEMHOTMX MecT B Rust, rje Tumbl mpeobpasyroTcs
aBToMaThuecku. OHO TI03BOJISIET THCaTh Topaszfo Oosee rubOkuii koz. Hampumep, tunm RC<T>

peazyer Deref<Target=T>, nosromy Takoii Koz paboraer:
use std::rc::Rc; F{[jr]
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http://doc.rust-lang.org/std/ops/trait.Deref.html
https://play.rust-lang.org/?code=use%20std%3A%3Aops%3A%3ADeref%3B%0A%0Astruct%20DerefExample%3CT%3E%20%7B%0A%20%20%20%20value%3A%20T%2C%0A%7D%0A%0Aimpl%3CT%3E%20Deref%20for%20DerefExample%3CT%3E%20%7B%0A%20%20%20%20type%20Target%20%3D%20T%3B%0A%0A%20%20%20%20fn%20deref(%26self)%20-%3E%20%26T%20%7B%0A%20%20%20%20%20%20%20%20%26self.value%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20x%20%3D%20DerefExample%20%7B%20value%3A%20'a'%20%7D%3B%0A%20%20%20%20assert_eq!('a'%2C%20*x)%3B%0A%7D%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20foo(s%3A%20%26str)%20%7B%0A%20%20%20%20%2F%2F%20%D0%BF%D0%BE%D0%B7%D0%B0%D0%B8%D0%BC%D1%81%D1%82%D0%B2%D1%83%D0%B5%D0%BC%20%D1%81%D1%82%D1%80%D0%BE%D0%BA%D1%83%20%D0%BD%D0%B0%20%D1%81%D0%B5%D0%BA%D1%83%D0%BD%D0%B4%D1%83%0A%7D%0A%0A%2F%2F%20String%20%D1%80%D0%B5%D0%B0%D0%BB%D0%B8%D0%B7%D1%83%D0%B5%D1%82%20Deref%3CTarget%3Dstr%3E%0Alet%20owned%20%3D%20%22Hello%22.to_string()%3B%0A%0A%2F%2F%20%D0%9F%D0%BE%D1%8D%D1%82%D0%BE%D0%BC%D1%83%2C%20%D1%82%D0%B0%D0%BA%D0%BE%D0%B9%20%D0%BA%D0%BE%D0%B4%20%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%B0%D0%B5%D1%82%3A%0Afoo(%26owned)%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Arc%3A%3ARc%3B%0A%0Afn%20foo(s%3A%20%26str)%20%7B%0A%20%20%20%20%2F%2F%20%D0%BF%D0%BE%D0%B7%D0%B0%D0%B8%D0%BC%D1%81%D1%82%D0%B2%D1%83%D0%B5%D0%BC%20%D1%81%D1%82%D1%80%D0%BE%D0%BA%D1%83%20%D0%BD%D0%B0%20%D1%81%D0%B5%D0%BA%D1%83%D0%BD%D0%B4%D1%83%0A%7D%0A%0A%2F%2F%20String%20%D1%80%D0%B5%D0%B0%D0%BB%D0%B8%D0%B7%D1%83%D0%B5%D1%82%20Deref%3CTarget%3Dstr%3E%0Alet%20owned%20%3D%20%22Hello%22.to_string()%3B%0Alet%20counted%20%3D%20Rc%3A%3Anew(owned)%3B%0A%0A%2F%2F%20%D0%9F%D0%BE%D1%8D%D1%82%D0%BE%D0%BC%D1%83%2C%20%D1%82%D0%B0%D0%BA%D0%BE%D0%B9%20%D0%BA%D0%BE%D0%B4%20%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%B0%D0%B5%D1%82%3A%0Afoo(%26counted)%3B%0A%7D

A3bIK IporpaMmupoBaHyst Rust

fn foo(s: &str) {
// NO3auMCTBYEM CTPOKY Ha CeKyHay

// String peanusyet Deref<Target=str>
let owned = "Hello".to string();
let counted = Rc::new(owned);

// MNoaToMy, Takol kop paboTaert:
foo(&counted);

Mbi Bcero smiib obepHynu Hair String B RC<T>. Ho Temepr Mbl MOXeM TMepeaaTh
Rc<String> Be3ne, kyga mbl mMoriu mnepeaate String. Curnarypa TOO He momeHsiach, u
paboTaeT KakK C OHUM, Tak ¥ C APyrUM THIIOM. DTOT MPUMep [ie/aeT JBa Npeobpa3oBaHus: CHavasa
Rc<String mpeobpasyercs B String, a motom String B &Str. Rust caenaer cTobko

nipeobpa30BaHMiA, CKOJILKO BO3MOKHO, TIOKa THITbI HE COBMA/YT.

[lpyrast W3BecTHasi peaju3aliysi, IpejoCTaBjsiemMasi CTaHJApTHOW OubnuoTekoi, sto impl
Deref<Target=[T]> for Vec<T>:

fn foo(s: &[i32]) { Run

// No3auMCTBYeM Cpe3 Ha CeKyHpy

// Vec<T> peanusyet Deref<Target=[T]>
let owned = vec![1, 2, 31;

foo(&owned) ;

BEKTOpa MOT'YT pd3bIMEHOBLIBATLCA B CPE3HbI.

Pa3biIMeHOBaHMe 1 BbI30OB METOA0B

Deref rtakxe Gyzer paboTarh rpu Bei30Be MeToa. [IpyrumMu CJI0BaMH, BO3MOKEH TaKOM KOJ:
struct Foo; Run

impl Foo {
fn foo(&self) { println!("Foo"); }

let f = Foo;

f.foo();

Hecmotpst Ha 1o, uto T — 9710 He ccbuika, a T00 mpunumaer &self, sto Gyger paborars.
Bosiee TOro, Bce MpUMephbl HUXKE Je/1al0T OHO M TO XKe:
f.foo(); Run
(&F) .foo();

(&&f) . foo();
(&ESEESEE&T) . foo () ;
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20foo(s%3A%20%26%5Bi32%5D)%20%7B%0A%20%20%20%20%2F%2F%20%D0%BF%D0%BE%D0%B7%D0%B0%D0%B8%D0%BC%D1%81%D1%82%D0%B2%D1%83%D0%B5%D0%BC%20%D1%81%D1%80%D0%B5%D0%B7%20%D0%BD%D0%B0%20%D1%81%D0%B5%D0%BA%D1%83%D0%BD%D0%B4%D1%83%0A%7D%0A%0A%2F%2F%20Vec%3CT%3E%20%D1%80%D0%B5%D0%B0%D0%BB%D0%B8%D0%B7%D1%83%D0%B5%D1%82%20Deref%3CTarget%3D%5BT%5D%3E%0Alet%20owned%20%3D%20vec!%5B1%2C%202%2C%203%5D%3B%0A%0Afoo(%26owned)%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20Foo%3B%0A%0Aimpl%20Foo%20%7B%0A%20%20%20%20fn%20foo(%26self)%20%7B%20println!(%22Foo%22)%3B%20%7D%0A%7D%0A%0Alet%20f%20%3D%20Foo%3B%0A%0Af.foo()%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Af.foo()%3B%0A(%26f).foo()%3B%0A(%26%26f).foo()%3B%0A(%26%26%26%26%26%26%26%26f).foo()%3B%0A%7D

A3BIK IporpaMmupoBaHyst Rust

Metozabl FOO mMoxkuo Be3biBaTh 1 Ha 3HaueHuH ThMa &EEEESEEEEEEEEESF00, ToTOMY
YTO KOMIIMAJIATOP CJeIaeT CTO/MLKO PashbIMEHOBaHMM, CKOJLKO HY)KHO /i COBMNAJeHUs THUIIOB. A

passiMeHOBaHue ucronb3yer Deref.

5.32. Ileperpy3ka omneparuii5.34. Makpochbl
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Makpochl

K 5ToMy MOMeHTy Bbl y3HaqiM O MHOTMX MHCTpyMeHTax Rust, KOTOpble HaljesieHbl Ha
abcTparpoBaHue W TIOBTOPHOE HCIIO/Mb30BaHWe KoJa. OTH eJUHMILIbI TIOBTOPHO HCIIO/Ib30BaHHOTO
KOZIa UMEIOT OOoraTyr0 CMBICTIOBYIO CTPYKTypy. Harpumep, GyHKUIMY UMEIOT CUTHATYPhl THIIA, TUTIBI
rapaMeTpoB MOTYT HMMEIOT OTpaHUUeHHsl M0 TUIMa)kaM, Teperpy’keHHble (DYHKI[UM TakKe MOTYT

MPpUHAAJIEXKATh K OTIpeAE/IEHHOMY THUIIAXY.

OTa CTpPyKTypa O3HauaeT, YTO K/roueBble aOCTpakuuu Rust WMeIT MOILHBIA MeXaHWU3M
MIPOBEPKU BpeMeHH KoMIuisiiuu. Ho 3To fJocTuraercst 3a CueT CHWKeHUsi TMOKocTH. Ecimu Bbl
BU3ya/IbHO OTpeZiesiuTe CTPYKTYPY MOBTOPHO MCIO/Ib3yeMOro KOZd, TO Bbl MOXKeTe HaWTH TPYAHBIM
W/ TPOMO3AKUM BBIDa)KEHUE 3TOM CcXeMbl B BU/le 00001EéHHON (DyHKIMM, THIMa)ka, UM Yero-TO elre

B cemaHTUKe Rust.

Makpocel TI03BOJISIIOT  abCTparMpoBaThCsi Ha CUHMAKCuYeckom ypoBHe. BbI3oB Makpoca
SIBNISIETCSL  COKpAIlleHHeM /Il «PaCIIMPeHHOW» CHUHTAaKCU4YeCKoW ¢GopMbl. ITO  pacluvpeHue
MPOMCXOJUT B Hauajie KOMMW/ISLMK, O Hauyaja CTaTHYecKod IMpoBepKu. B pesynbrare, MakpoOChl
MOT'YT OXBAaTUTh MHOTO Ia0JIOHOB TIOBTOPHOTO MCIIO/b30BaHUs KO/la, KOTOPble HEBO3MOKHBI TIPU

WCTIO/Tb30BaHUH JIUIIIb K/TFOUEBBIX abcTpakiuii Rust.

HenmocTaTkoM SIBSIETCSI TO, UTO KO, OCHOBAHHBIM Ha MaKpOCaX, MOXKET ObIThb TPYAHBIM [Jis
MOHMMaHUsI, TIOTOMY UYTO K HEMYy TPHUMEHSIeTCSI MeHbIlle BCTPOEHHBIX IpaBw/. [10J00HO 0OBIYHOM
(byHKIMH, KaueCTBeHHBIM MaKpOC MOXKeT ObITh MCII0/Ib30BaH 06e3 TOHUMaHusl ero peanu3sanyu. Tem He
MeHee, MOXKeT ObITb TPYZHO pa3paboTarh KauecTBeHHbIM Makpoc! Kpome Toro, omimbKy KOMITU/IsITOpa
B Makpo KoJie CJIO’KHee WHTepIIPeTHPOBaTh, IOTOMY UTO OHH OIUCHIBAIOT TIPOO/IEMbI B paclIMPeHHON

¢dopme kofia, a He B ICXOAHOM COKpaIlleHHOH (hopMe Kozja, KOTOPYIO MCITOIb3YIOT Pa3paboTumKH.

OTH HeJOCTATKU [JIeJIal0T MAKPOChl YEM-TO BPO/I€ «BO3MOXXHOCTH MOC/IeAHeH UHCTAHI[|UM». DTO
He 03HauaeT, YTO MaKpOChI 3TO TJIOXO; OHU SIB/ISIOTCS UacThi0 Rust, TOTOMy UTO MHOTA OHU BCE Ke
HY)KHBI [|7Il TI0-HACTOSIIL[eMy KpaTKOW 3aricy XOpoImio abcTparupoBaHHOM uacTté Kofa. IIpocrto

UMeNTe 3TOT KOMIIpOMHUCC B BHUAY.

OnpepneneHne makpocos (MakpoonpeaeneHns)

BbI, BO3MOXKHO, BUIe/Id MakpoC VeC !, KoTopbIii UCMOIb3yeTcs 111 UHUIMAIU3aluy BeKTOpa C

IMMPOKM3BOJIbHBIM KOJJIMYE€CTBOM 3/IEMEHTOB.

let x: Vec<u32> = vec![1, 2, 31; Run

Ero Hesmb3s peanu3oBath B BHUe OOBIUHOM GYHKIMM, Tak KakK OH MpUHUMaeTr Jiroboe
KOJIMYeCTBO aprymeHToB. HO MBI MOXXeM Ipe/iCTaBUTh €ro B BUJe CHHTaKCUUYeCKOr0 COKpallleHUs [i/1s

CJieIyIoIIero Kogja

let x: Vec<u32> = { Run
let mut temp vec = Vec::new();
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%3A%20Vec%3Cu32%3E%20%3D%20vec!%5B1%2C%202%2C%203%5D%3B%0Aassert_eq!(x%2C%20%5B1%2C%202%2C%203%5D)%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%3A%20Vec%3Cu32%3E%20%3D%20%7B%0A%20%20%20%20let%20mut%20temp_vec%20%3D%20Vec%3A%3Anew()%3B%0A%20%20%20%20temp_vec.push(1)%3B%0A%20%20%20%20temp_vec.push(2)%3B%0A%20%20%20%20temp_vec.push(3)%3B%0A%20%20%20%20temp_vec%0A%7D%3B%0Aassert_eq!(x%2C%20%5B1%2C%202%2C%203%5D)%3B%0A%7D
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temp vec.push(1);
temp _vec.push(2);
temp _vec.push(3);

temp_vec
Y
MBI MOXKeM peasin30BaTh 3TO COKpalljeHHe, UCI0/Ib3ysl MaKpoC: -
macro rules! vec { Run
( $( $xzexpr ),* ) => {
{
let mut temp vec = Vec::new();
$(
temp_vec.push($x);
) *
temp_vec
}
b
}
Oro, TyT MHOTO HOBOTO CHHTaKcuca! [laBaiite pa3bepem ero.
macro rules! vec { ... } Run

TyT MbI Orpe/ie/isieM Makpoc C iMeHeM VEeC, aHaJIoTHUHO TOMY, Kak TN veC orpezesisiio bl
¢byHKLMIO ¢ uMeHeM VeC. [Ipu BbI30Be Mbl He(pOpMasIbHO IHIIIEM UMsI MaKpoca C BOCK/INLATeTbHbIM
3HAaKOM, Haripumep, VecC ! . BockauijaTesbHbIN 3HAK SIB/ISETCS YaCThE CHHTAKCHCA BbI30BA U CITY)KUT

JJ1s1 TOTO, YTOOBI OT/IMYATh MAaKPOC OT OObIUHOM (QYHKI[UH.

ConocTasneHune (Matching) (CnHTakcuc Bbl30Ba
MaKpoKOMaHAbl)

Makpoc oripezie/nisieTcsi C TOMOILIBIO Psifia Npasus, KOTOpbie TPeCTaBIsST CO00 BapUaHTBHI

COITIOCTaBJ/ieHHUd C o6pa3u0M. Bhiie Y Hac ObI10

( $( $xzexpr ),* ) = { ... }; Run

OTO OueHb IMOXOXKEe Ha KOHCTPyKuuio Match, Ho cormocraBieHye MPOMCXOAWT Ha YPOBHE
CUHTaKCUUeCKUX epeBbeB Rust, Ha 3Tare KoMUY, ToUKa ¢ 3ansToi He sIB/sieTCst 00s13aTe/TbHON
s TiocsieiHero  (TOJIBKO 37ech) BapuaHTa. «QOOpasel» cjeBa OT => W3BeCTeH Kak wab/n1oH

cognadeHull (obpasey) (obHapyscumenb coenadenuli) (matcher). OH WMeeT CBOK COOCTBEHHYIO

PAMMATUKY B PAMKaX A3bIKd.

O6paser; $X:expr GymeT COOTBETCTBOBATh JIFOOOMY BbIpa)KEHHIO Rust, CBA3LIBas €ro JepeBo
CMHTaKcMca  C MemanepemenHoll $X.  Wpentudurarop €XPr  sABISETCHS Cneyugukamopom
¢paemerma; ToNHBIE BO3MOXKHOCTH TIepeuMC/ieHbl fanee B 3Tod miaBe. O6pasel], OKpY>KeHHBIN

$(...),*, Oymer cooTBETCTBOBAaThL HY/IIO WK 6OJiee BLIDKEHHUSIM, Pa3e/IeHHbIM 3alSIThIMU.

3a WCK/IIOUeHHeM CIIel[MabHOT0 CHHTAKCHCA COTOCTaB/IeHHWs € 00pasrioM, /o0ble Ipyrue

371eMeHThI Rust, KOTOphIe MOsIB/ISTIOTCS B 00pasiie, 10/DKHBI B TOUHOCTH COBIa/aTh. Hamprmep,

macro rules! foo { Run
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https://play.rust-lang.org/?code=macro_rules!%20vec%20%7B%0A%20%20%20%20(%20%24(%20%24x%3Aexpr%20)%2C*%20)%20%3D%3E%20%7B%0A%20%20%20%20%20%20%20%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20let%20mut%20temp_vec%20%3D%20Vec%3A%3Anew()%3B%0A%20%20%20%20%20%20%20%20%20%20%20%20%24(%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20temp_vec.push(%24x)%3B%0A%20%20%20%20%20%20%20%20%20%20%20%20)*%0A%20%20%20%20%20%20%20%20%20%20%20%20temp_vec%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%3B%0A%7D%0Afn%20main()%20%7B%0A%20%20%20%20assert_eq!(vec!%5B1%2C2%2C3%5D%2C%20%5B1%2C%202%2C%203%5D)%3B%0A%7D%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Amacro_rules!%20vec%20%7B%20...%20%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A(%20%24(%20%24x%3Aexpr%20)%2C*%20)%20%3D%3E%20%7B%20...%20%7D%3B%0A%7D
https://doc.rust-lang.org/stable/reference.html#macros
https://play.rust-lang.org/?code=macro_rules!%20foo%20%7B%0A%20%20%20%20(x%20%3D%3E%20%24e%3Aexpr)%20%3D%3E%20(println!(%22mode%20X%3A%20%7B%7D%22%2C%20%24e))%3B%0A%20%20%20%20(y%20%3D%3E%20%24e%3Aexpr)%20%3D%3E%20(println!(%22mode%20Y%3A%20%7B%7D%22%2C%20%24e))%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20foo!(y%20%3D%3E%203)%3B%0A%7D%0A

A3BIK IporpaMmupoBaHyst Rust

(x => $e:expr) => (println!("mode X: {}", $e));
(y = $e:expr) => (println!("mode Y: {}", $e));

fn main() {
fool(y => 3);
BbIBEET

mode Y: 3

Ac

0
-
-]

fool(z => 3);

MbI MOJIyYUM O]_LII/I6Ky KOMITUJIALIMA

error: no rules expected the token “z°

PasBepTtbiBaHMe (Expansion) (CuHTakcuc npeobpaszoBaHus
MaKpoKOMaHAbl)
C mpaBoli CTOPOHBI MakpO TMPaBWJI UCIO/B3YeTCs, TI0 OosbIlel uyacTy, OObIUHBIA CHUHTAKCHUC

Rust. Ho ™Mbl MOXeM COE€AVHUTL KYCOUYKHU pa3,/:[po6neHHoro CHUHTAKCHCa, 3dXBd4€HHbIE IIpU

COIMOCTaBJ/IEHHWX C COOTBETCTBYHOILIIMM 06pa3u0M. U3 npeAbiayuiero rmpumepa:

po)
c
-]

$(

temp_vec.push($x);
)*
Kak/j0e COOTBETCTBYIOIIee BhIpakeHHe $X Oyzer reHepupoBaTh OJMHOUYHBIN orieparop Push
B pa3BepHyToi (hopme Makpoca. [ToBTOpeHue B pa3BepHyTOM (hopMe TIPOMCXOAUT CHHXPOHHO C

noBTOpeHUeM B (popme obpa3sija (6osiee mogpoOHO 06 ITOM UyTh MOIKE).

[Tockonbky $X yrke 00bsiB/IeH B 00pasije Kak BbIpa)KeHHe, Mbl He TTOBTOpsieM : €XP I ¢ TpaBoii
cropoHbl. Kpome TOro, Mbl He BK/IFOUaeM pa3fesisiOIyI0 3alsTyl0 B KayecTBe YaCTU Oleparopa

IMOBTOPEHHS. BwmecTo sTOTO, Y Hac eCTb TOYKa C 3arsITou B npejeiaax roBToOpsAseMoro 6/10Ka.

Eie ogHa gerasnb: Makpoc VeC! wumeer dge mapel GurypHbix ckoOKax rpaBoid yactv. OHU

YaCTO COUETArTCA TaKUM 06pa30M:

macro rules! foo { Run
() = {{

1}

BHellHMe CKOOKM sIB/ISIIOTCA 4YacTbKO CHUHTaKcuca Macro rules!. Ha camom pgene, Bbl
MoKeTe Hcrob3oBath () wmm [] BMecto Hux. OHM MPOCTO pa3srpaHUYMBAIOT IPaBYH) 4YaCTb B

11eJ1I0M.
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A3bIK IporpaMmupoBaHust Rust

BHyTpeHHHE CKOOKM SIB/ISIFOTCSI YaCThIO PACIIMPEHHOr0 CHMHTAKcHca. [IoMHUTe, UYTO MakKpoc
vec! wucnonb3yeTcs B KOHTEKCTEe BbIpa)keHHs. Mbl HCIOIb3yeM OJIOK, A/ 3aIUCH BBIPKEHUS C
MHOXXECTBEHHBIMM OIIepaTopaMu, B TOM uucie BKrouaromiee Let mnpussasku. Eciu Bam makpoc

PaCKpBIBAaeTCs B OJHO eJMHCTBEHHOE BhIPa)KeHUe, TO JOTIOJTHUTEIbHOU CJIOM CKOOOK He Hy’KeH.

OOparuTe BHUMaHME, YTO Mbl HUKOTZA He 2080pu/iu, YTO MAaKpOC CO37aeT BbIpakeHWs. Ha
caMoM /iefie, 3TO He OMpe/iesisieTcs, I0Ka Mbl He MCI0/b3yeM MakpoC B KauecCTBe BblpakeHust. Eciu
co0sroIaTh  OCTOPOXKHOCTh, TO MO)KHO HamucaTh MakKpoC, pa3BepHyTas (opma KOToporo Oyzer
Ba/IM/IHA Cpa3y B HECKOJIBKUX KOHTeKcTax. Hampumep, cokpaiijeHHasi opMma /iJisi TUMa JaHHBIX MOXKeT

OBITD BaJ'II/I,Z[HOI‘/JI " KdK BbIDAXKEHHUE, U KdK 111a0/10H.

[MoBTOpeHune (Repetition) (MHOroBapnaHTHOCTb)

OHepa]_II/II/I MOBTOPa BCerAa COMyTCTBYHOT Ba OCHOBHLIX IpdBWJIA:

1. $(...)* mpoxogur uepe3 OIWH «CJIOW» TOBTOPEHWH, /s Bcex $name, Kortopbie OH
COZIEPIKUT, B HOTY, U

2. Kaxgoe $name [o/mKHO GbITh T0f, 110 KpaiiHel Mepe, CTObKUM KosruectBoM $ (. .. )%,
CKOJIbKO OBbLIO HCITO/Tb30BaHO TIPH COIOCTABI€HWH. EC/M OHO TO0A OGOJBIIMM YHCIOM

$(...)*, $name Gyzer ayb6aupoBarhCs, TIPU HEOOXOAUMOCTH.

OTOT NpUUYAMBbIA MaKpOC WIITFOCTPUPYeT Ay6/MpoBaHUs TiepeMeHHbIX U3 BHEIIHUX YPOBHel

[IOBTOpPEHUs.
macro rules! o 0 { Run
(
$(
$xiexpr; [ $( $y:expr ),* ]
) *
) => {
& $($( Sx + $y ), *),* ]
}
}
fn main() {
let a: &[i32]
=0 0!(10; [1, 2, 31;
20; [4, 5, 6]);

assert eq!(a, [11, 12, 13, 24, 25, 26]);

}
OT0 HaubosbIIasi CHHTAKCKCA COBMAaZieHHH. OTHU TPUMEpPbl HCIOIb3YIOT KOHCTPYKLIAIO
$(...)*, Koropasi o3HauaeT «HO/IbL WM Gosmee» coBmajeHui. Takke Bbl MOXKeTe HallMCaTh
$(...)+, uro Gymer o3HauaTh «OAHO WIM Oojiee» coemazeHuii. O6e (OPMBI 3aMKMCH BK/IIOYAFOT

HeoOsI3aTe/IbHbIN Pa3/e/IuTe b, PacroIarall|ics cpa3y 3a 3aKpbIBaroILel CKOOKOM, KOTOPBIM MOXET

ObITh JIFOOBIM CUMBOJIOM, 32 UCK/IFOUeHUeM + wind * .

JTa crcTeMa NOBTOpPeHUM ocHoBaHa Ha «Macro-by-Example» (PDF cchbinka).
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http://www.cs.indiana.edu/ftp/techreports/TR206.pdf
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[urneHa (Hygiene)

HekoTopbie $3bIKM peanv3yrOT MakKpoChl C TOMOLbI0 MPOCTOM TEKCTOBOM 3aMeHbl, 4TO
NPUBOJMT K pa3/nuHbIM rpobiemam. Harmpumep, HikernpusesenHas C riporpaMma Hareudaraet 13

BMECTO OXKuzaeMoro 25.
#define FIVE TIMES(x) 5 * x

int main() {
printf("sd\n", FIVE TIMES(2 + 3));
return 0;

[Toce pa3BepThiBaHUS MbI ToydaeM 5 * 2+ 3, HO yMHO)XXeHHe uMeeT OOJIbIINIA
MPUOPUTET ueM C/ioKeHHe. Ecu Bbl yacTo wcrnosb3oBasv C MakpoCkl, Bbl, HaBepHOe, 3HaeTe
CTaH/JjapTHBIE UJMOMBI /ISl YCTPaHEeHUsI 3TOM MpobsieMbl, a TakKe TMSATh WM ILeCTh APYTUX Tpobiem.

B Rust MbI MO>keM He 6eCITOKOHTBCSI 00 3TOM.
macro rules! five times { F{Ljr]

($x:expr) => (5 * $x);

fn main() {
assert _eq! (25, five times!(2 + 3));

MeTaHEPEMeHHaH $X 06pa6aTbIBaETCH KadK e,E[HHbIﬁ y3eJ1 BbIpaXKe€HHs, 1 COXpPAHAET CBOE MECTO

B JepeBe CUMHTAKCUCA AdXKe IMOC/Ie 3dMEHbI.

[pyro¥i pacripocTpaHeHHO# IpobiemMoii B cucTeMe MaKpOCOB SIBJISIETCS 3aX8am nepemeHHOU

(variable capture). Bor C Makpoc, ucronb3ytouuit GNU C paciimvpenyie, KOTOPbIA SMY/IUPYyeT O/I0KH

BbIpaKeHUMi B Rust.

#define LOG(msg) ({ \
int state = get log state(); \
if (state > 0) { \
printf("log(%d): %s\n", state, msg); \

A
)
Bot npocToii ciiyyail UCMOb30BaHusl, TIPUMeHeHe KOTOPOTO MOKET MJ1I0X0 KOHUMThCS:
const char *state = "reticulating splines";
LOG(state)
OH packpbiBaeTcs B
const char *state = "reticulating splines";

int state = get log state();
if (state > 0) {
printf("log(%d): %s\n", state, state);
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Bropasi mepemeHHass c umeHeM State 3areHsier mepByro. OTo mpobsema, MOTOMY UTO

KOMaH/ie revary TpedyeTcst oOpararbcsi K HUM 000MM.

OKBUBaNeHTHBIN Makpoc B Rust 061azjaeT TpeGyeMbIM TIOBeZIEHHEM.

P
-
-]

macro _rules! log {
($msg:expr) => {{
let state: 132 = get log state();
if state > 0 {
println!("log({}): {}", state, $msg);

}
I
}
fn main() {
let state: &str = "reticulating splines";
log! (state);

O1o paboraer, moToMy uTO Rust uMeeT cucTemy MakpOCOB C COO/IIO[eHNeM TUTHeHEI.

PackpeiTe Ka)kJOro Makpoca TIPOMCXOAUT B OTAeTbHOM KOHMeKCme CUHmakcuca, W Kaxzjas
repeMeHHasi 00sia/jlaeT METKOM KOHTEKCTa CHHTAKCHCa, T7e OHa Oblna BBefeHa. JTO KaK eCcid Obl
nepemenHass State BHyTpu main Gbuia ObI OKpailieHa B APYroil «IBeT» B OT/IMYAe OT ePeMeHHOM

state BHyTpu Makpoca, U3-3a uero oHM Obl He KOH(IMKTOBAJIH.

OTO TaKXe OrpaHUYKMBAET BO3MOXXHOCTU MdKPOCOB [Jid BHEAPEHUA HOBbLIX CBSI3BIBAHUH

rnepeMeHHbIX Ha MeCTe BbI30OBd. KO,Z[, HPHBEAEHHbIﬁ HIWXe, He 6y,£[€T paGOTaTBI

macro rules! foo { Run
() = (let x = 3);

fn main() {
foo!();
printin!("{}", x);

BmecTo 3TOro Bbl AO/DKHBI TepefaBaTb HWMsA HGPEMEHHOﬁ Mpy BbI3OBE, TOT/Zld OHA 6y,[[8T

O6J'Ia,anb MEeTKOM IMPAaBUJIbHOI'O KOHTEKCTa CHMHTAKCHCa.

pe)
c
-]

macro _rules! foo {
($v:ident) => (let $v = 3);

fn main() {
foo!(x);
printin!("{}", x);

Oto cripaBeyuBo s Let npussasok u meTok loop, HO He fjist anemenToB. Kofi, pUBeIeHHBII

HIDKe, KOMITUIUPYeTCS:

macro rules! foo { F{llr]
() == (fn x() { });
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https://doc.rust-lang.org/stable/reference.html#items
https://play.rust-lang.org/?code=macro_rules!%20foo%20%7B%0A%20%20%20%20()%20%3D%3E%20(fn%20x()%20%7B%20%7D)%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20foo!()%3B%0A%20%20%20%20x()%3B%0A%7D%0A
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}

fn main() {
foo!();
x();

PeKkypcus MmakpocoB

PaCKprTI/Ie MdKpOCa TdKXXe MOXXET BKJ/IFOUdThb B ce0s1 BBI3OBEI MaKpOCOB, B TOM 4KCJ/Ie€ BbI3OBbI
TOr'0 MdKpocCa, KOTOPBIP’I PaCKpbIBAETCH. OTU PEKYPCHUBHBIE MAKPOCHI MOT'YT OBITh KCIIO/IL30BAHEI AJIA

00paboTKM IpeBOBUIHOTO BBOZA, KaK MOKa3aHo Ha 3ToMm (yrpoiieHHoM) HTML cokpartieHue:

macro rules! write html { F(LJF]
($w:expr, ) => (());

($w:expr, S$e:tt) => (write!($w, "{}", $e));

($w:expr, $tag:ident [ $($inner:tt)* 1 $($rest:tt)*) => {{
write! ($w, "<{}>", stringify!($tag));
write html!($w, $($inner)*);
write! ($w, "</{}>", stringify!($tag));
write html!($w, $($rest)*);
I3 ¥

fn main() {
use std::fmt::Write;
let mut out = String::new();

write html!(&mut out,
html[
head[title["Macros guide"]]
body[hl["Macros are the best!"]]
1)

assert _eq! (out,
"<html><head><title>Macros guide</title></head>\
<body><hl>Macros are the best!</hl></body></html>");

OTnapgka makpocoB

YTtoObl yBHETh pe3y/lbTaThl paclIMpPeHHs] MaKpOCOB, BBITIOJIHUTE KOMaHAy rustc - -
pretty expanded. BeiBog npezcTasisier coboii Lje/iblii KOHTEMHEp, TaK Y4TO BbI MOXKeTe T0/aTh
ero obpartHo B rustcC, uro wHOrAA BbIAET Jydllve cOoOIeHHUs 00 olMOKax, uemM Tpu OOBIUHOM
komrmusitiui. Obparute BHUMaHWe, uTO BbIBOZ - -pretty expanded wmoxer umers pashoe
3HaueHHWe, eC/IM HeCKOJIbKO TepeMeHHbIX, UMEeIOIIUX OFHO W TO >Xe UMs (HO pa3Hble KOHTEKCThHI
CMHTAaKCHCa), HaxoAiaTcsi B ToW ke obmactu BugumocTh. B 3ToM ciyuae - -pretty

expanded, hygiene pacckaxer BaM 0 KOHTEKCTaX CHHTAKCHCA.

Makpocsl 188


https://play.rust-lang.org/?code=%23!%5Ballow(unused_must_use)%5D%0Amacro_rules!%20write_html%20%7B%0A%20%20%20%20(%24w%3Aexpr%2C%20)%20%3D%3E%20(())%3B%0A%0A%20%20%20%20(%24w%3Aexpr%2C%20%24e%3Att)%20%3D%3E%20(write!(%24w%2C%20%22%7B%7D%22%2C%20%24e))%3B%0A%0A%20%20%20%20(%24w%3Aexpr%2C%20%24tag%3Aident%20%5B%20%24(%24inner%3Att)*%20%5D%20%24(%24rest%3Att)*)%20%3D%3E%20%7B%7B%0A%20%20%20%20%20%20%20%20write!(%24w%2C%20%22%3C%7B%7D%3E%22%2C%20stringify!(%24tag))%3B%0A%20%20%20%20%20%20%20%20write_html!(%24w%2C%20%24(%24inner)*)%3B%0A%20%20%20%20%20%20%20%20write!(%24w%2C%20%22%3C%2F%7B%7D%3E%22%2C%20stringify!(%24tag))%3B%0A%20%20%20%20%20%20%20%20write_html!(%24w%2C%20%24(%24rest)*)%3B%0A%20%20%20%20%7D%7D%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%2F%2F%20FIXME(%2321826)%0A%20%20%20%20use%20std%3A%3Afmt%3A%3AWrite%3B%0A%20%20%20%20let%20mut%20out%20%3D%20String%3A%3Anew()%3B%0A%0A%20%20%20%20write_html!(%26mut%20out%2C%0A%20%20%20%20%20%20%20%20html%5B%0A%20%20%20%20%20%20%20%20%20%20%20%20head%5Btitle%5B%22Macros%20guide%22%5D%5D%0A%20%20%20%20%20%20%20%20%20%20%20%20body%5Bh1%5B%22Macros%20are%20the%20best!%22%5D%5D%0A%20%20%20%20%20%20%20%20%5D)%3B%0A%0A%20%20%20%20assert_eq!(out%2C%0A%20%20%20%20%20%20%20%20%22%3Chtml%3E%3Chead%3E%3Ctitle%3EMacros%20guide%3C%2Ftitle%3E%3C%2Fhead%3E%5C%0A%20%20%20%20%20%20%20%20%20%3Cbody%3E%3Ch1%3EMacros%20are%20the%20best!%3C%2Fh1%3E%3C%2Fbody%3E%3C%2Fhtml%3E%22)%3B%0A%7D%0A
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rUStC, noaaep>XvBaeT ABa CHMHTAKCHMUYECKUX pacCIIMpeHHdA, KOTOpbIe IIOMOraroT C OT]IEI,Z[KOI‘/JI

MakpocoB. B HacTosiiIee Bpemsi, OHM HeycTOWUMBEI U TpebytoT feature gates.

° log syntax!(...) Oymer meuararb CBOM aprymMeHTbI B CTAHAAPTHbIN BBIBOA BO

BpeMs KOMITW/IALIWMH, U «Pa3BepThIBATECA» B HUUTO.

o trace macros! (true) Gyzer BoizaBaTh COOOIIEHE KOMITUIATOPA KaXK/IbIN a3,
KOrJla MakpocC pasBepreiBaercs. Mcmone3yiite trace macros! (false) B koure

pa3BepPTbIBaHMA, YTOOBI BBIK/TFOUUTE €r0.

TpeboBaHUA cMHTaKcuca

Kox Ha Rust mMoxeT ObITh pa300paH B CUHTaKCMUYECKOE [1eDeBO, JaKe KOTZAAa OH COJEepPXKUT
Hepa3BEPHYThble MAaKPOChl. ITO CBOMCTBO OU€Hb MOJIE3HO [i/Isi PeAAKTOPOB U APYTHMX UHCTPYMEHTOB,

O6pa6aTI:IBaI-OLLII/IX I/ICXO,Z[HI:IFI KOZ. OHO Tak>Ke BIUSIET HA BU/[ CUCTEMbI MAKpPOCOB Rust.

Kak cnefcTBue, Koraa KOMITUIATOP pa30MpaeT BbI30B Makpoca, eMy HeoOX0JMMO 3HaTb, BO UTO

pa3BepHETCs AaHHbIM Makpoc. Makpoc MOKeT pa3BopaulBaThCsl B CeAyIoLee:

® HOJ/b UK O0JIbIlIe 371eMEeHTOB;
® HOJb UK O0sTbILIe METO/IOB;

® BhIpAKEHHUE;

® oreparop;

e ob6pa3er.

Bri3oB MaKpocCa B 6J10Ke MOXKeT npeAcTaB/IATb coboii 3J/IEMEHTBI, BbIpA>KE€HWE, WJIK OIllepaTop.
Rust HCIIOJ/JIb3YET IIPpOCTOE IIPpaBW/IO [JId pa3pelieHusa 3TOl HeOAHO3HAYHOCTH. Bri3oB MaKpoca,

IMMPOU3BOJAILIETO 3JIEMEHTBI, [0/DKEH 6o

® orpaHMuMBaThCs GUrypHbIMU CKoOKamu, T.e. Too! { ... };

® 3aBepIaThCst TOUKOM C 3amsToi, T.e. Too! (...);.

Opyroe creactBre pasbopa repes pacKphITHEM MAaKpPOCOB — 3TO TO, UTO BBI30B Makpoca
[IO/DKeH COCTOATb W3 [IONYCTMMbIX JjieKceM. bosee TOro, CKoOKM BCeX BHIOB [IO/DKHBI ObITh
cbanancrpoBaHbl B MecTe BbizoBa. Harpumep, T00! ([) He sBnsercs paspeménnbimM komom. Takoe

MoBeJieHre I103BOJIAET KOMITU/IATODY IMOHUMATh I[l€ 3dKAHUMBAETCA BbI3OB MdKPOCd.

loBopsi GOomnee (¢opmanbHO, TeJ0 BBI30BAa MaKpocCa JO/DKHO TIPeJCTaB/sATh COOOM
T0C/Ie[JOBaTeIbHOCTL Oepesbes JiekceM. [lepeBo JleKCceM OTpeZierisieTCsl peKyPCUBHO U TPeZCTaB/sieT

coboti 1bo:

® [0C/Ie/[0BATE/IbHOCTL JIePEBbEB  JIEKCEM, OKDPY)KEHHYIO COIVIACOBAHHBIMU  KPYIVILIMH,
KBa/[paTHBIMU WK (purypabiMu ckobkamu (), [1, {});

e Jr00yI0 APYTYIO OJUHOUYHYIO JIEKCEMY.
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BHyTpy  comocTaBreHusi Kakzgash ~— MeTariepeMeHHas — MIMeeT yka3ameab ¢ppazmeHma,

orpe/ie/ISIFOILINN CHHTaKCUYeCKyto (JopMy, C KOTOPOUl OHa COBMaZiaeT. BOT CrIMCOK 3THUX yKa3areseid:

e ident: upentudukarop. Harmpumep: X; f00.

e path: ksamduipposanHoe umsi. Hanpumep: T: :SpecialA.

e expr: seipakenue. Harpumep: 2 + 2; if true then { 1 } else { 2 };
f(42).

e ty: tun Hampumep: 132; Vec<(char, String)>; &T.

e pat:obpaseu. Hampumep: Some(t); (17, 'a');

e stmt: eguucreennsiii oneparop. Harpumep: let x = 3.

e block: mnocregoBaresbHOCTL OMEPaTOPOB, OrpaHHuYeHHas (GUIYPHbLIMA CKOOKaMHU.
Hampumep: { log(error, "hi"); return 12; }.

e item: anement. Hanpumep: fn foo() { }; struct Bar;.

e meta: «wmera-amemeHT», Kak B arpubyrax. Hampumep: cfg(target os =
"windows").

e tt:eguHCcTBeHHOE /1epeBO JIEKCEM.
EcTb fononHuTeNIbHBIE TTPaBUa OTHOCUTENBHO JIeKCeM, CIelyHOlUX 3a MeTariepeMeHHOM:

® 33 eXPr J0/DKHO OBITH UTO-TO M3 3TOrO: => , ;;
e 3a ty u path gomkwo 6eiTh uTO-TO U3 3TOTO: => , : = > AS5;
¢ 3a pat gomKHO OBITH UTO-TO U3 3TOTO ©: => , =;

® 33 IpYrUMU JIeKCeMaMU MOT'YT C/1e[l0BaTh JII00BIe CUMBOJIBI.

HpHBEAéHHI:IE paBuJia obecrieunBaoT Pa3BuUTHE CUHTaKCHCa Rust 6e3 HEO6XO,E[I/IMOCTI/I MEeHATHb

CYILIeCTBYIOLII€ MaKPOCHI.

U em@: crcTeMa MAakKpOCOB HMKak He 00pabarbiBeT HEOJHO3HAauHOCTL paszbopa. Hampumep,
rpammaruka $($t:ty)* $e:expr Bcerma Oymer BbigaBaTh OMIMOKY, [OTOMY UTO
CHHTAKCHUYECKOMY aHa/|3aTopy TPUIUIOCh Gbl BbIOMpaTh Mexay pasbopom $t u pasbopom $e.
MOXKHO M3MEHHTh CHHTAKCHC BBI30Ba Tak, 4ToObI rpaMMaTHWKa OT/IMYajiachk B Hauajse. B JaHHOM
cnyuae moykHo Harcats $ (T $t:ty)* E $e:exp.

O6nacT BUAMMOCTM, MMMNOPT M 3KCNOPT MaKpOCOB

Makpochl pa3BOpauMBarOTCSl Ha paHHeW CTaJuM KOMOWISLMM, Tepef; pas3pelleHreM HMEH.
OpvH 13 HeJ0CTAaTKOB TAaKOro MOAXOZa B TOM, YTO IpaBWIa BUAUMOCTH [JIi MAaKpOCOB OTJIMYHBI OT

MpaBWI JJIs1 PYTUX KOHCTPYKLIMM A3bIKA.

KommusisiTop orpefiesisieT ¥ pa3BopaurBaeT Makpochl rpu o6xofe rpada MCXOAHOrO Koza
KOHTeliHepa B miyOuHy. IIpu 3TOM ormpeje/ieHHsi MaKpOCOB BK/IIOUAIOTCsS B rpad B TOpSgKe HX
BCTpeurd KOMOU/ISITOpoM. [To3ToMy Makpoc, orpeZie/iéHHbII Ha YPOBHEe MOZAY/s, BHJEH BO BCEM

MO CJIeYIOIEM KOJe MO/Y/ISl, BK/IIOUast Tejia BCeX BJIOXKeHHbIX Moaysieit (mod).
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Makpoc, omnpefenéHHbIM B Tejie (DYHKLMM, WU TAe-TO ellé He Ha ypPOBHE MOAY/s, BUJEH

TOJILKO BHYTPH 3TOT0 37IeMeHTa (HaripyuMep, BHYTPU OJHOU (PYHKLUM).

Ecn  mopyne umeer arpubyT macro USE, TO ero MakpoChl Takke BHAHBI B €ro
POAUTEILCKOM MOZy/Ie mocie sinemeHta MOd gaHHOro moxyssi. Eciu poguresib Toxke UMeeT aTprdyT
Macro_use, MakpoChl Takxe OyIyT BUAHBI B MOJy/e-pOJUTeNIe POAUTEIs, Toc/e 3nementa mod

poauTesisi. OTO paclpoCTPAHSeTCs Ha Jito00oe UnC/Io YPOBHEH.

ATpubyT Macro_use Takxe MOXKHO TIOCTaBUTh Ha TMOAK/IIOUeHHe KOHTeiiHepa extern
crate. B aToM KOHTeKCTe OHO YIIpaB/sieT TeM, KakKhe MakKpOChl OyAyT 3arpykeHbl W3 BHEIIHETO

KOHTelHepa, T.e.

#[macro_use(foo, bar)] Run
extern crate baz;

Ecim aTpubyT 3amucaH mpocTo Kak #[Macro _use], GyayT 3arpyxeHsl Bce Makpochl. Eciu
arpubyTa HeT, HUKaKie MaKpoChl He OyAyT 3arpy>keHbl. 3arpykKeHbl MOT'YT OBbITb TOJIBKO MaKpOCHI,

o0ObsiB/IeHHbIE C aTprbyToM #[macro export].

Yrobbl 3arpy3uth MAakKpOChl W3 KOHTeliHepa 6e3 KOMIIOHOBKM KOHTeliHepa B BBIXOZHOU

apredakTt, MOKHO UCIo/b30BaTh arpubyt #[Nno link].

Haripumep:

J
(e
-]

macro _rules! ml { () => (()) }

// 30eCb BUAHbI: ml

mod foo {
// 30eCb BUOHbI: ml

#[macro_export]
macro rules! m2 { () => (()) }

// 30€eCb BUOHbI: ml, m2

// 30ecCb BUOHbI: ml
macro rules! m3 { () => (()) }
// 30€eCb BUOHbI: ml, m3
#[macro_use]
mod bar {

// 30€ecCb BUOHbI: ml, m3

macro rules! md { () => (()) }

// 30€eCb BUOHbI: ml, m3, m4

// 30ecb BuAHbl: ml, m3, m4
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SA3BIK IporpaMmupoBaHust Rust

Korga sTa 6ubnmoTeka 3arpyykaeTcs ¢ omoineio #[macro use] extern crate, Bugen

TOJIBKO Makpoc M2.

ATpuOyTbl, OTHOCSILMECS] K MAKPOCaM, [lepeurc/ieHbl B ClipaBouHuKe Rust.

MepemeHHasn $crate

Eciv Makpoc UCrosb3yeTcsi B HECKOJIbKHMX KOHTeWHepax, BCE CTAHOBUTCS elé CIOXKHee.
Honyctium, my Lib onpenenser

pub fn increment(x: u32) -> u32 { F{Ljr]
X+ 1

#[macro_export]
macro rules! inc_a {
($x:expr) => ( ::increment($x) )

#[macro_export]
macro_rules! inc_b {
($x:expr) => ( ::mylib::increment($x) )

inc_a pa6oraet Tonbko BHyTpu My lib,a inCc b — Tonbko cHapyxu. Bonee Toro, inC_b

CJIOMaeTCs1, eC/IH T0/Tb30BaTe b umroptupyer My L1b mog apyrum nmenem.

B Rust roka HeT rUrMeHUYHBIX CCHIJIOK Ha KOHTeHHepbl, HO eCThb MPOCTOM criocob 060MTH 3Ty
npobiemy. Ocobasi Makpo-riepemenHast $crate packpoercs B ::T0O0 BHyTpHM Makpoca,
HMMITOPTUPOBAHHOTO W3 KoHTeiiHepa T00. A korga Makpoc orpeziesiéH U WCIOb3YeTCss B OfHOM U

TOM Xe KOHTEﬁHepe, $C rate craner HYCTOﬁ. OTO 03HayaeT, YTO Mbl MOXKeM HamucaThb

#[macro_export] Run
macro_rules! inc {
($x:expr) => ( $crate::increment($x) )

uTO6bI OMPEIeIUTL OUH MakpOC, KOTOPbIi OyeT paboTaTs U BHYTPH, ¥ CHApPYKU OUOIMOTEKH.
Nwms dyHKImy packpoercst wk B & :increment, wme ::mylib::increment.

Yrobbl 3Ta cucreMa paboTasa TPOCTO W TpaBwibHO, #[mMacro use] extern crate
... MOXeT ObITb HAaNMCaHO TOJALKO B KOpHE Balllero KOHTeliHepa, HO He BHyTpu MOd. 3to

obecrieunBaet, uto $Crate packpoercs B eJMHCTBEHHBIN UIEHTH(PUKATOP.

Bo Tbme rny6uH

BBoziHas m1aBa yrnioMuHa/ia peKypCUBHbIE MakpOChl, HO OHa He pacCKasblBaja BCeW WUCTOPUM.
PekypcrBHBIE MaKpOChI MO/e3HbI elé M0 OFHOM NMpPUYMHE: KaXK/bIi PeKyPCHUBHBIN BbI30OB /aéT HaM

e1[é 0JHy BO3MOKHOCTh COTIOCTaBHUThL C 00pa3IjoM apryMeHThl Makpoca.
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A3bIK IporpaMmupoBaHyst Rust

[TpuBeném Takol paZMKa/JbHbIM MPUMep MCHOIb30BaHUS JaHHOW BO3MOXXHOCTU. C MOMOLI[bIO

PEKYPCUBHBIX MakKpOCOB MO)KHO peajiM30BaTh KOHeUHbIM aBToMmar Tura Bitwise Cyclic Tag. Crour

3aMeTUTb, YTO Mbl He PEKOMEHJyeM TakKOh TMOoAX0[, a MNPOCTO W/IIKCTPUPYEM BO3MOXKHOCTH

MakKpOCOB.
macro_rules! bct { F{Llr]
// cmd 0: d ... => ..

(0, $($ps:tt),* ; $ d:tt)
=> (bct!($($ps),*, 0 ; ));

(0, $($ps:tt),* ; $ d:tt, $($ds:tt),*)
=> (bct!($($ps),*, 0 ; $(sds),*));

// cmd 1p: 1 ... =1 ...p
(1, $p:tt, $($ps:tt),* ; 1)
=> (bct!($(%ps),*, 1, $p ; 1, $p));
(1, $p:tt, $($ps:tt),* ; 1, $($ds:tt),*)
=> (bct!($($ps),*, 1, $p ; 1, $(%ds),*, $p));

// cnd 1p: 0 ... =>0 ...
(1, $p:tt, $($ps:tt),* ; $($ds:tt),*)
=> (bct!($(%ps),*, 1, $p ; $(%ds),*));

// halt on empty data string
( $(Sps:tt),* ;)
= (());

B kauecTBe YIIpaXKHEHHUA TIpeAjiaraéM 4YUTaTe/Il0 OIpede/InThb E‘H.[é OIMH MdKpPOC, YTOOKI

YMEHBIINTL CTEIMeHb ,ELY6JII/IPOB8HI/IH KOZia B OIIpe[e/IeHNH BbILIE.

PacnpocTpaHeéHHbIe MaKpOChl

Bor HEKOTOpLbIE paCHPOCTpaHéHHBIe MaKpOChbI, KOTOPbI€ Bbl YBUWUTE B KOJE Ha Rust.

panic!

OTOT MaKpPOC BbBI3bIBA€T IIdHUKY TEKYLIEro II0TOKd. Bbel MoxxeTe YKa3aTb COO6H.I€HI/IE, C

KOTOPBIM IMOTOK 3aBePIINTCA:

panic! ("o HeT!"); F(LJF]

vec!

Makpoc vec! wucrnons3yercs Mo Bcell KHWTe, [T03TOMY Bbl HaBepHsKa ke Buzenu ero. OH

ymnpoiraet co3anve Vec<T>:

let v = vec![1, 2, 3, 4, 5]; F(l]f]

OH TakXe MO3BO/SIeT BaM CO3/aBaTh BEKTOPbI C MOBTOPSIOLIMMUCS 3HaueHUsMHU. Hanpuwmep,

BOT CTO HOJIEH:
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A3bIK IporpaMmupoBaHyst Rust

let v = vec![0; 100]; F{Llr]

assert! and assert_eq!

OTH /1Ba Makpoca HCIIO/NB3YIOTCs B TecTax. assert! mnpuHumaer soruueckoe 3HaueHUe.
assert eq! nmpunuMaer fBa 3HaueHHWs U MPOBepsieT, UTO OHU paBHBI. LIUE 3acuMTHIBaeTCsS Kak

ycrex, a fa-l. S€ BLI3bIBaeT TMaHUKY U IIPOBa/IMBAET TeCT. Bor Tak:

0
-
-]

// PaboTaeT!

assert!(true);
assert eq!(5, 3 + 2);

// a 370 HeT :(
assert!(5 < 3);
assert_eq!(5, 3);
try!

try! wucnonesyercss anas o6pabotku ommbok. OH TPUHHMAeT HEUTO BO3Bpallarolee
Result<T, E> wu Bosppamjaer T ecim 6buto Bo3gpaijeno OK<T>; viHaue OH JieslaeT BO3Bpar U3

dyskiuu co 3nauenriem Err(E) . Bpoge Takoro:

use std::fs::File; Run
fn foo() -> std::io::Result<()> {
let f = try!(File::create("foo.txt"));
0k(())
}
Takoli Ko/l uMTaeTcs jerue, ueM 3TOT:
use std::fs::File; F{Ljr]

fn foo() -> std::io::Result<()> {
let f = File::create("foo.txt");

let f = match f {
Ok(t) => t,
Err(e) => return Err(e),

+;

0k(())

unreachable!

OTOT MaKpOC IpUMEeHseTCd, KOI/lda Bbl XOTUTE IMOMETUTb KaKOM-TO KO/, KOTOprﬁ HHUKOI'la He

A0JDKeH UCIIO/THATBCA:
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Afs%3A%3AFile%3B%0A%0Afn%20foo()%20-%3E%20std%3A%3Aio%3A%3AResult%3C()%3E%20%7B%0A%20%20%20%20let%20f%20%3D%20try!(File%3A%3Acreate(%22foo.txt%22))%3B%0A%0A%20%20%20%20Ok(())%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Afs%3A%3AFile%3B%0A%0Afn%20foo()%20-%3E%20std%3A%3Aio%3A%3AResult%3C()%3E%20%7B%0A%20%20%20%20let%20f%20%3D%20File%3A%3Acreate(%22foo.txt%22)%3B%0A%0A%20%20%20%20let%20f%20%3D%20match%20f%20%7B%0A%20%20%20%20%20%20%20%20Ok(t)%20%3D%3E%20t%2C%0A%20%20%20%20%20%20%20%20Err(e)%20%3D%3E%20return%20Err(e)%2C%0A%20%20%20%20%7D%3B%0A%0A%20%20%20%20Ok(())%0A%7D%0A%7D

A3bIK IporpaMmupoBaHyst Rust

if false { Run

unreachable! ();

WHorga BaM NpUzETCsl OnpefiesisiTh BETBU YC/IOBHBIX KOHCTPYKLIMM, KOTOPble TOUHO HUKOTZA He

UCTIONHATCS. B TakoM ciyyae, MCIOMb3yHTe 3TOT MAakKpoC, uTOObI B C/iyyae OMIMOKM Mporpamma

3dl1aHUMKOBaA/I1a:
let x: Option<i32> = None; F{L]n
match x {
Some(_) => unreachable!(),

None => println! ("4 3Haw, 4TO X — 370 None!"),

unimplemented!

Makpoc unimplemented! wmoxHO wcronb30BaTh, KOrZ@a Bbl XOTWUTE, UTOOBI Ball KOJ
TMpOIIE/ TPOBEPKY TUIOB, HO TIOKA He XOTUTe peasn30BbiBaTh €ro HACTOSLYI0 JOTUKY. OAuH U3
MPUMEPOB — 3TO peajM3aliysl THMaXka C HEeCKOJbKUMH TpeOyeMbIMM MeTojaMH. BO3MOXKHO, BEI
XOTUTe pa3buparbCs C TUIMAKOM II0CTeTIeHHO — TI0 OFHOMY MeToAy 3a pa3. B Takom ciyuae,
orpeie/ITe OCTalbHbIe MeToAbl Kak Unimplemented!, moka He 3axoTHTe HaKOHeI] peayM30BaTh

nx.

MpoueaypHble Makpochl

Ecnu cucrema MaKpOCOB He€ MOXeT CAejlaTb TOro, 4TO BaM HY’>XKHO, Bbl MOXET€ HAIIMCaTb

naryH K _KoMmuasTopy. 1o cpaBHeHHIO C MakpocCaMH, 3TO ropasfo TpyAHee, Tam elié Oosee

HecTabubHbIe MHTepQeHchl, U ellé CIoKHee HalTH OMMOKW. 3aTo BbI IOydaeTe rMOKOCTb —
BHYTDH I/IaTMHA MOXKET MCIIOJTHATHCS TIPOM3BOJbHBINA KoZ Ha Rust. VHOrzAa miarvHel paciivpeHus

CHMHTAaKCHCa HA3bIBAIOTCA npoueaypruwu Makpocamu.

1. daktnueckoe orpefenenre VecC! B libcollections oTmyaeTcs ot ripeacTaBieHHOTO

37ech 1o coobpakeHUsIM 3(h(HeKTUBHOCTH U TIOBTOPHOTO UCIOIb30BaHUS. <

5.33. ITpeoOpa3oBaHus 1py pasbiMeHoBaHUM5.35. ChIpble yKa3aTeau
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aif%20false%20%7B%0A%20%20%20%20unreachable!()%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%3A%20Option%3Ci32%3E%20%3D%20None%3B%0A%0Amatch%20x%20%7B%0A%20%20%20%20Some(_)%20%3D%3E%20unreachable!()%2C%0A%20%20%20%20None%20%3D%3E%20println!(%22%D0%AF%20%D0%B7%D0%BD%D0%B0%D1%8E%2C%20%D1%87%D1%82%D0%BE%20x%E2%80%AF%E2%80%94%20%D1%8D%D1%82%D0%BE%20None!%22)%2C%0A%7D%0A%7D

SA3BIK IporpaMmupoBaHyst Rust

Chblpble ykasarenu

CrangaprtHas 6ubmoreka Rust cofepKuT psii pa3MyYHbIX TUTIOB YMHBIX yKa3aTesieid, HO Cpeau
HUX eCTh /IBa TWUIIA, KOTOPbIe JKCTpa-CrieriuanbHble. bosbias yacte 6e3omacHocTy B Rust siByisieTcst
C/ieCTBUEM MPOBEPOK BO BpeMsi KOMITUISILIUM, HO ChIpbe yKa3aTe/d He UMeIOT KOHKPeTHbIX TapaHTUM

U ABIAIOTCA HeOe301MacHBIMI AJIA UCITI0/Ib30BdHUA.

*const T u *mut T B Rust Ha3bIBAHOTCS «CHIPBIMU yKa3aressiMu» (raw pointers). MHorza,
NPU HalMCaHUM OTpeJie/IeHHbIX BHJOB OWOIMOTEK, BaM I0 KAKOH-TO TIPUUKMHE HY>KHO OOOWMTH
rapaHtun Oe3omacHoctr Rust. B 3ToM ciyuae, BbI MO)KeTe WCIIO/b30BaThb ChIpble YKa3aTead B
peanmu3any Bauled OuO/IMOTEeKH, BMecTe C TeM TMpeAocTaB/sis Oe3omacHblii uHTepdeiic s
nosib3oBaresied.  Hampumep, *  ykasatenu [JOMycKarT —T[CeBIOHWMBI, T03BOJISII MM OBITh
WCII0/Ib30BaHHBIMM [IJI51 3alTMCH TUIOB C pa3fe/sieMoil COOCTBEHHOCTH, U Jlake TIOTOUHO-0Oe30macHbIe

trnbl namatd (RC<T> u Arc<T> Tumnel 1 peasn30BaH MOTHOCTHIO B Rust).

Bor HEKOTOpkbIE CbaKTbI O CbIPBIX yKd3aTe/IdX, KOTOPbIe CIeAYEeT IIOMHUTL WU KOTOPbI€ OT/IMUAIOT

MX OT IPYTUX TUIOB yKa3aresnel. OHu:

® He TapaHTUPYKOT, UYTO OHHW YKa3bIBAaIOT Ha [IeWCTBUTENBHYI 00/1acTh TaMATH, W He
rapaHTHPYIOT, UTO OHM SIB/ISIETCSI HEHY/IeBBIMU yKa3aTe/siMu (B oTiure ot BOX u &);

® He UMEIOT HUKAKOW aBTOMATMUECKOW OUMCTKU, B OTIiMude OoT BOX, u mo3tomy TpebyroT
PYUHOT0 yTIpaB/IeHUs peCypcaMu;

® 5TO MpPOCThIe CTPYKTYpbl JaHHBIX (plain-old-data), To ecTb OHM He MepeMeIlalOT MPABO
COOCTBEHHOCTH, OMSATH XKe B 0Tinuue ot BOX, ciemoBarenbHO, KoMmusaTop Rust He MOXKeT
3aI[UTUTH OT OIIMOOK, TaKMX KaK MCII0/Ib30BaHUe 0CBOOOKIEHHOM ramsTy (use- after-free);

® JIMIIIeHBI CDOKOB >KU3HU B KakoH-1MO0 opme, B 0TMume OT &, U MO3TOMY KOMITUJISITOP He
MO>KET JleflaTh BBIBO/IbI O BUCSIUMX YKa3aTessix; U

® He MMEIOT HUKAaKWX TapaHTUH OTHOCHUTE/LHO TICEBAOHUMH3ALMU WM HM3MEHsSeMOCTH, 3a

HCKJ/IIOUeHHeM H3MEHEHHﬁ, HeAOITyCTUMbIX HEIMOCPEeACTBEHHO OJIA *const T.

OcCHOBBbI

Co3naHue ChIPOTO yKasaTers COBepIIeHHO 6e30TacHo:

let x = 5; Run

let raw = & as *const 132;

let mut y = 10;
let raw mut = &mut y as *mut 132;

A BOT ero pa3siMeHOBaHUe He siBysieTcs. Crieyroiuii Kof He Oyzer paborars:

let x = 5; Run

let raw = & as *const i32;

println!("raw points at {}", *raw);

ChIpble yKa3zaTenau 196


https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%205%3B%0Alet%20raw%20%3D%20%26x%20as%20*const%20i32%3B%0A%0Alet%20mut%20y%20%3D%2010%3B%0Alet%20raw_mut%20%3D%20%26mut%20y%20as%20*mut%20i32%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%205%3B%0Alet%20raw%20%3D%20%26x%20as%20*const%20i32%3B%0A%0Aprintln!(%22raw%20points%20at%20%7B%7D%22%2C%20*raw)%3B%0A%7D

A3bIK IporpaMmupoBaHyst Rust

OH BBIJ]aeT TaKyIO OIIHNOKY:

error: dereference of unsafe pointer requires unsafe function or block [E0133]
println!("raw points at{}", *raw);

~

Korza BbI pa3biMeHOBLIBaeTe ChIPOM yKa3aTesib, Bbl IPUHUMaeTe Ha Ce0si OTBETCTBEHHOCTh, UTO
OH He yKa3blBaeT Ha 4YTO-TO, YTO MOXKET ObITb HEKOPPeKTHbIM. Takum 00pa3om, BbI JOJDKHBI

ncnosib3oBaTh UNsafe:

let x = 5; Run

let raw = & as *const i32;
let points at = unsafe { *raw };

printin!("raw points at {}", points at);

Ins 6onee moapoOHOM MHGOpPMALMK MO OMeparvsM C ChIPbIMHU yKa3aTeasiMu, 00paTuTech K

API 1oKyMeHTalluUl O HUX.

FFI

Coipble ykazarenu mone3usl aas FFI: *const T wu *mut T B Rust npubmusurensHo
cootBetcTBYtOT CONst T* u T* B C. [Ins Gonee nogpobHOi nHdpopMaruu 06 3ToM 06paTuTech K

rnase FEI.

CCbI/IKN 1 Cblpble yKasaTtenu

Bo BpeMsdA BbLITNIO/IHEHUA U CLIpOﬁ YKa3aTe/ib, *, N CCbIIKa, YKAd3bIBarlollldd Ha TOT XK€ KYCOK
AdHHBIX, UMEIT OJWHAKOBOE€ IIpe[CTaB/IEHUE. ITo (baKTy, CCBbIJIKA &T 6y,ZLET HEABHO IIpMBE[E€HA K
ceipoMy ykaszaresiro *Const T B GesoracHoM Koje, aHaAOTMYHO W [yisi BapuaHToB MUt (oba
npuBeeHud MOTYT OBITH BBIMIO/IHEHbI sBHO, C ITIOMOIIIbKO, COOTBETCTBEHHO, value as *Const T
u value as *mut T).

ITepexon B obpaTHOM HampaeieHuH, oT *CONSt Kk cceuike &, He sBIseTCs ©e30MaCHBIM.
Ccbuika &T Bcerga BanuiHa, W TMO3TOMY, KaK MUHHUMYM, ChIpoM ykasatesib *Cconst T momken
yKa3bIBaThb Ha IPaBW/IbHBIA 3K3eMruisip Tuma |. Kpome Toro, B pe3ysnbTare yKasaresib [0/DKEH
YZOB/IETBOPSITH TIpaBU/IaM ICeBAOHUMHU3ALIMN M U3MEHsIeMOCTH CChIIOK. KoMmunsaTop rpejrosaraer,
YTO 3TH CBOWCTBA BePHBI /ISl MOOBIX CCHIIOK, HE3aBUCHMO OT TOTO, KaK OHU ObUIM CO37aHbBI, U
rmo3ToMy Jitob6oe mpeobpa3oBaHUe U3 CHIPBIX yKa3aTejell PaBHOCH/IBHO YTBEPXKEHUIO, UTO OHH

COOTBETCTBYIOT 3TUM TpaBuiaM. [IporpaMMUCT 00/1tceH TapaHTHUPOBATh 3TO.

PekoMeHTyeMbIM MeTOZOM TIpeoOpa30BaHus SIBJISIETCS

0
(=
-]

let i: u32 = 1;

// explicit cast
let p_imm: *const u32 = &i as *const u32;
let mut m: u32 = 2;
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%205%3B%0Alet%20raw%20%3D%20%26x%20as%20*const%20i32%3B%0A%0Alet%20points_at%20%3D%20unsafe%20%7B%20*raw%20%7D%3B%0A%0Aprintln!(%22raw%20points%20at%20%7B%7D%22%2C%20points_at)%3B%0A%7D
http://doc.rust-lang.org/std/primitive.pointer.html
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20i%3A%20u32%20%3D%201%3B%0A%0A%2F%2F%20explicit%20cast%0Alet%20p_imm%3A%20*const%20u32%20%3D%20%26i%20as%20*const%20u32%3B%0Alet%20mut%20m%3A%20u32%20%3D%202%3B%0A%0A%2F%2F%20implicit%20coercion%0Alet%20p_mut%3A%20*mut%20u32%20%3D%20%26mut%20m%3B%0A%0Aunsafe%20%7B%0A%20%20%20%20let%20ref_imm%3A%20%26u32%20%3D%20%26*p_imm%3B%0A%20%20%20%20let%20ref_mut%3A%20%26mut%20u32%20%3D%20%26mut%20*p_mut%3B%0A%7D%0A%7D

A3BIK IporpaMmupoBaHyst Rust

// implicit coercion
let p_mut: *mut u32 = &mut m;

unsafe {
let ref _imm: &u32 = &*p_imm;
let ref mut: &mut u32 = &mut *p _mut;

Pa3bIMeHOBaHKe C TIOMOIIBI0 KOHCTPYKIuu &* X siByisieTcst Gosiee MpeArouTUTe/IbHBIM, UeM C
ucrnonb3oBanuem transmute. IMocnenHee siBnsieTcst ropa3no Oosee MOIIHBIM UHCTPYMEHTOM, YeM
HeobOxoiMMo, a Oojlee orpaHMUYeHHOe TOBe/leHHe C/I0YKHee MCI0/b30BaTh HelpaBu/IbHO. Hampumep,

oHa TpebyeT, uTOOBI X TpezcTaBssieT coboii ykasarenb (B ominune oT transmute).

5.34. Makpochi5.36. Hebe3omacHbIi KoJ
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SA3BIK IporpaMmupoBaHyst Rust

Heb6e3onacHbIn Ko

I'maBHasg cuna Rust — B MOLIHBIX CTaTUYeCKUX TapaHTUSAX IIPaBUJILHOCTH I1OBeJeHUs
MIpOrpaMMbI BO BpeMsi MCTo/iHeHus1. Ho rpoBepku 6e30MmacHOCTH 0YeHb OCTOPOXKHBI: Ha CaMOM /[iefie,
CyIIeCcTBYIOT 0Oe30racHble MPOTrpaMMbl, MPaBHWILHOCTb KOTOPBIX KOMITW/ISITOP AOKa3aTb He B CHJIaX.
Yrto06bl MHCaTh TaKKe TPOrpaMMbl, HY>KeH CIioco0 HeMHOTO 0CabuTh orpaHuuenus. [1is atoro B Rust
ecTh KimoueBoe ¢ioBo Unsate. Koa, ucronb3yromuit unsate, orpanuuen MeHbliie, ueM 0ObIUHBIN

KO/,

,[[aBafITe pPacCMOTPUM CUHTAKCHC, a 3aTeM IMOIr0OBOPUM O CeéMaHTHKE. unsafe HCII0JIB3YEeTCA B

YyeThIPEX KOHTeKCTax. [1epBblii — 3T0 00bsiBNEeHUe TOTO, uTO (QYHKLMs Hebe3omacHa:

unsafe fn beregis avtomobilya() { Run
// CTpaliHble Beuu

Hampumep, Bce ¢yHKUMM, BbI3biBaemMble uepe3 FFI, 10/DKHBI OBITH TIOMeUeHBbI Kak

Hebe301acHbIe. ,Z[pyTOE ncnonb3oBadue Unsate — sto ormerka HebGe3onacHoro 6G10kKa:

unsafe { Run
// CTpalHble Belwm
}
TpeTbe — Hebe30rMacHbIe TUTTAXKH:
unsafe trait Scary { } RU n
U ueTBépTOE — peanmm3arys (1mp L) Takux THnaXkeii:
unsafe impl Scary for i32 {} Run

Ba)kHO SIBHO BBIZIE/IUTH KOJI, OIIMOKKM B KOTOPOM MOTYT BbI3BaTh Oosblive ripobnemsl. Ecimm
nporpamMMa Ha Rust magaer ¢ "segmentation fault", MmoxxeTe ObITh yBepeHbl — Tpo0sieMa B yuacTKe,

[IOMeUeHHOM KakK Hebe30I1acHbIH.

UTo 3HauuT "6e3onacHbin"?

B konTekcTe Rust "0Ge3omacHbli" 3HAUMT "He fe/laeT HUYero Hebe3zomacHoro". TakKe Ba)kKHO
3HaTh, UTO HEKOTOpOe TIOBeJleHWe CKOpee BCero HeXejaTeJbHO, HO $IBHO HE CUWTAeTCs

He0e30MacHbIM:

e Deadlock'n
® YTeuka NMamMsTH WIH IPYTUX PECYPCOB
e Brbixoz 6e3 BbI30Ba [IeCTPYKTOPOB

® [lesounciieHHOE MeperoIHeHre
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aunsafe%20fn%20beregis_avtomobilya()%20%7B%0A%20%20%20%20%2F%2F%20%D1%81%D1%82%D1%80%D0%B0%D1%88%D0%BD%D1%8B%D0%B5%20%D0%B2%D0%B5%D1%89%D0%B8%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aunsafe%20%7B%0A%20%20%20%20%2F%2F%20%D1%81%D1%82%D1%80%D0%B0%D1%88%D0%BD%D1%8B%D0%B5%20%D0%B2%D0%B5%D1%89%D0%B8%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aunsafe%20trait%20Scary%20%7B%20%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aunsafe%20trait%20Scary%20%7B%20%7D%0Aunsafe%20impl%20Scary%20for%20i32%20%7B%7D%0A%7D

A3bIK IporpaMmupoBaHyst Rust

Rust He MOXKeT TpeOTBPaTUTh BCe BHU/IbI IpoOsieM B mporpamMmax. Koj c ommmbkaMu MOXKeT 1
Oyzmet HarmMcaH Ha Rust. BeliieriepeuricyieHHbIe BeIld HETIPUATHBI, HO OHU He CUUTAIOTCS UMEHHO UTO

HeOe30rmacHbIMU.

B momnonHeHWe K 3TOMY, HIKe TIPeACTaBIeH CIMCOK HeorpenenéHHoro noBegeHus (undefined

behavior) B Rust. 130eraiite 3THX Bellel, Aake KOTza MuyiieTe Hebe30macHbIA KOZ:

® [OHKa ZJaHHBIX
® PaspIMeHOBaHUe HY/IeBOI'O WM BUCSAYEro yKasaTes

e UYreHue HEMHULIMAIU3UDOBAHHOUW MTaMSITU

4 HapyLueHI/Ie OpaBWJI O COBMNAJIeHUN VKa3aTeyieu C MOMOLLBIO CBIPbIX YKa3aTEHeﬁ

e &mut T u &T cnepyror mogemn LLVM noalias, kpome ciyuaeB, koraa &T comepskut
UnsafeCell<U>. HeGesomacHblii KOj HE /JO/DKEH HapyIIaTh 3TH FAPAHTUM COBIIA/IEHHUS
yKasaresei.

e ll3MeHeHHe HEeU3MEHSIEMOr0 3HAUeHUsT WK CChUTKU 6e3 ucrionb3oBanus UnsafeCell<U>

e TlosyueHHe HEOTpPeeEHHOTO TIOBEeH s C TIOMOIIBIO intrinsic-omneparuii KOMITUIATOpA:

o Wupekcaiusi BHe rpaHul] obwekra ¢ rmomomgeio Std::ptr::offset
(offset intrinsic), kpome paspeiiénHoro ciayuass "oAMH OalT 3a KOHIIOM
obbekTa".

o Wcrons3oBanue Std::ptr::copy nonoverlapping memory (intrinsic-
ornepariuu memcpy32/memcpy64) c nepecekarorumucs Oydepamu

e HemnpaBu/bHble 3HAYEHUS TPUMUTUBHBIX THIIOB, AK€ B CKPBITBIX TOJISAX:

o HyJieBble WK BUCSUHE CChUIKU WM yT1akoBKH (boxes)

o JTroboe 3HaueHue ioruyeckoro tura, kpome false (0) wm true (1)

© BapuaHT Mepeurc/ieHusi, He BK/IFOUEHHBIN B €ro Orpejie/ieHre

o CypporaTHoe 3HaueHne Char  wm  3HaueHuwe Char, mpessbiaroIiee
char: :MAX

o TlocnemoBaresnsHOCTH OaliT, He sBnstomuecs UTF-8, B str

® Pa3MoTKa cTeka B Ko, Ha Rust u3 uy»xoro kozia (uepe3 rpanuiisl FFI), unu pasmoTka U3 Kofia

Ha Rust B uy»ol ko[

CBepxcnocobHOCTN HebGe3onacHOro koga

B HeGe3omacHoM 6moke wa (yHKiyd, Rust paspelmiaeT TPY CUTyallUd, KOTOpble OOBIYHO

3anpeleHsl. Becero Tpu. Bot oHu:

1. [ocTyrm K Wiv U3MeHeHUe CTaThueCcKOW U3MeHsieMOu riepeMeHHOMU.

2. PasbIMeHOBaHMe ChIPOTO yKa3zaTessl.

3. BbI30B HebGe3omacHbIX GyHKIMHA. DTO camasi MOII[Hasi BO3MOXXHOCTb.

Oro BCcé. BaxkHo ormeruTth, uTo UNsafe, wHanpumep, He "BBIK/IHOYAET MPOBEPKY
3auMcTBOBaHUs". OObsIB/IeHHe KaKOro-TO Kozla Hebe30macHbIM He HW3MeHsIeT ero CeMaHTHKY;
Hebe30MacHOCTh He O3HauaeT TPHHSTHE KOMITWISTOPOM Jit00oro kozja. Ho oHa TO3BO/IsIleT MucaTth

BeLl1, KOTOpPbIe HAPYWalom HeKOTOpble U3 MPaBUII.
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BrI Takke BCTpeTuTe KiroueBoe cioBo Unsafe, korma Oygere peansoBbiBaTh uHTEpdEIC K
yy)koMy KOy He Ha Rust. MIMOMaTHUHBIM CUWTaeTCs HarvicaHue 6e30macHBIX OOEPTOK BOKPYT

Hebe30racHbIX OMOTUOTeK.

[laBaiiTe MOrOBOPUM O TPEX YIIOMSIHYTHIX BO3MOXKHOCTSIX, JOCTYTTHBIX B He0e30MacHOM KoZe.

Aoctyn nnm nameHeHne static mut

Rust 1103B0JIsIET TI0JIb30BAThCsI [100ATBHBIM H3MEHsSIeMbIM COCTOSIHHEM C Tomolpio Static
mut. 3To MoXXeT BbI3BaTh TOHKY IO JAHHBIM, U B CyLIHOCTH Hebe3omacHo. ITogpoGHee cmoTpure

paszer o static.

Pa3bIMeHOBaHMe CbIporo ykasarens

ChIpble yKasaTeM NOAep>KUBAOT NMPOM3BOJIbHYIO apu(MeTHKy yKas3aresel, 1 MOTYT BbI3BaTh
Lenbli psifi mpobnem 6Ge3omacHOCTU MamsTH M 0Ge30MacHOCTM B Iie/IoM. B KakoM-TO CMbICTIe,

BO3MOXXHOCTb PAa3bIME€HOBATb HpOHBBO]’IbHLIﬁ YKa3aTe/ib — OJHd U3 CaMbIX OITaCHbIX BEMEﬁ, KOTOpbIE

BbI MOXKeTe c/iesiaThb. [TogpobHee cMOTpHTe paszien 0 ChIDLIX VKa3aTessx.

Bbi30B He6e30nacHbIX pyHKLUNIA

OJTa BO3MOXXHOCTh 3dTpdruBdeT TO, OTKyJdda MOX>XHO [JejlaTb BbI30OB He6e30I1aCHOro Koza:

Hebe30macHbIe (I)YHKL[I/II/I MOT'YT BbI3bIBATHCA TOJIBKO M3 Hebe30IacHLIX OJI0KOB.

Motilb ¥ TION€3HOCTH 3TOM BO3MOXKHOCTH CJIOKHO TiepeolieHuTb. Rust TmpefocTaBriseT
HeKOTOpBIe intrinsic-orepanyy KOMITUAIATOPa B BUJe Hebe3omacHbIX (GYHKIMNA, a HeKOTOpble
Hebe3oracHble QyHKLUMM 00XOST TIPOBePKU 0e30rMacHOCTH [ijis OCTHKeHUs: Oosibliiell CKOPOCTH

HCITIO/IHEeHUS.

B 3akntoueHue, MOBTOPUMCH: XOTA BbI U MOJiceme [e/1aTb B Hebe30IacHbIX Y4aCTKadXx I10YTHU UTO
yrogHo, 3TO He 3Ha4uT, UTO CTOUT 3TO [eJ/idTh. KOM]'II/IJIHTO[J 6y,£[ET rnpeAriosiaraTb BBITTO/IHEHHWE

OrOBOPEHHbIX MHBAPUAHTOB, TdK UTO 6y,que OCTOPO}KHLI!

5.35. Cripble yka3arenn6. dddekTrUBHOe UCIoab30Banre Rust
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AdohpekTnBHOE Kcnonb3oBaHNe Rust

Wrak, BBl y3Ha/MH, Kak mucarb KoZ Ha Rust. Ho ecTh pasHMIja MeXX[y HanvdcaHueM Kako20-mo

KO/Zla Ha Rust 1 Harmcanvem Xopouwie2o Koga Ha Rust.

OTOT pasfies1 COCTOUT U3 OTHOCUTE/IBHO CaMOCTOSITE/TbHBIX YPOKOB, KOTOPbIE MOKa3bIBAIOT, Kak
TIOBBICUTH YPOBEHb Balllero Koja Ha Rust. B HeM mpe/cTapseHbl o0iue mabioHbl M CTaHJAPTHbIE
¢byHKUMM 61OMMoTeKu. [T1aBbI B 3TOM paszierne MOTYT ObITb TIPOUMTAHBI B TFOOOM TOPsiZIKE 110 BallleMy
BBIOODY.

5.36. HeGe3omnacuelii kKog6.1. CTek v Kyua
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SA3BIK IporpaMmupoBaHyst Rust

CTeK 1 Kyya

Kak m000#1 cHCTeMHBIN 3bIK TIPOrPaMMUPOBaHuUs1, Rust paboTaeT Ha HU3KOM ypoBHe. Eciu BB
MPUIIIA W3 SI3bIKa BBICOKOTO YPOBHS, TO BaM MOTYT ObITh HE3HAKOMBbI HEKOTODbIe aCIeKThI
CUCTEeMHOTO TporpaMMmupoBaHus. Hanbosnee BaKHbIMHM M3 HUX SIBISIFOTCS Te, KOTOpPble KacCaroTCs
paboThl C MamsATBIO B CTeKe U B Kyde. EC/M BbI y)Ke 3HAKOMBbI C TeM, Kak B C-TIOfIOOHBIX sI3bIKax
WCII0/Tb3yeTCs BblJje/IeHre MaMsITH B CTeKe, TO 3Ta IVlaBa OCBEXXUT Ballld 3HaHUs. Ec/u ke BHI ellje He

3HAKOMEI C 3TUM, TO B 06H_[I/IX UepTax y3HaeTe 00 3TOM IMOHATHUH, HO C aKLI€EHTOM Ha Rust.

YnpasneHue namaTbio

OTU ABa TEPMKWHA KACAKOTCA YTIPpAB/IEHUA ITaMATHLO. Crek u Kyda — 3TO a6CTpaKL[I/II/I, KOTOpbIE

TIOMOTar0T BaM OTIPeZIe/TUTh, KOT/ia TpeOyeTcs Bbiie/ieHre U 0CBOOOK/IeHIe TIaMsITH.
BoT BBICOKOypOBHEBOE CpaBHEHUe.

Crek paboTaeT oueHb OBICTPO; B Rust mamsTh BbIIe/ISIeTCSI B CTEKe TI0 yMOJTYaHUI0. BrizeneHne
MaMsITU B CTeKe SIBJISIETCS JIOKAJIbHBIM 110 OTHOLLIEHUIO K BbI30BY (DYHKLIMW, U UMeeT OrpaHWYeHHbIN
pasvep. Kyua, c Jpyroil cropoHbl, paboTaeT MejjieHHee, a Bblle/ieHHMe TMaMATH B Kyue
OCYIIeCTB/IsSIeTCSI B MporpaMme siBHO. HO Takas maMsTb MMeeT TeOpeTHYeCKHM HeorpaHW4YeHHbIN

pasMep, 1 I0CTyIHa I7106ansHo.

Crek

[aBaiiTe oroBopuM 0 Cjefyrolei nporpamme Ha Rust:

fn main() { Run
let x = 42;

OTa IIporpaMma HMMeeT OJHO CBsg3aHHOe HuMsd, X. ITamsTh AJId Hero H606XO,Z[I/IMO rae-To
BBIJ€/TUTD. Rust 1o YMO/TYaHUIO «BbLAE/IAET TIaMATb B CTE€Ke», UTO O3HAUdeT, UTO I[epeMeHHbIe

«TIOMeI[atoTCs B cTeKe». UTo 3T0 3HAUUT?

Korma ¢yHKIUS BBI3bIBA€TCs, TO BbIESETCS HEKOTOPbId 00BeM MamsTd [l BCeX eé
JIOKaJbHBIX TlepeMeHHbIX U HEeKOTOPOU JOTMOMHUTebHOW MH(pOPMaLMU. JTO Ha3bIBaeTCs «CTEKOBLIM
Kazp» (stack frame). B 3TomM pykoBOACTBe MbI OyZieM WrHOPHMPOBATh 3Ty [OTOTHUTETbHYIO
uHdopmaLuio, U OyleM pacCMaTpHBaTh JIMILL JIOKa/lbHbIE TlepeMeHHbIe, KOTOPble MBI OIpeZiessieM.
Takum 06pa3om, B 3TOM CJTyudae, KOr/a BhIMO/HsAeTCss Main () , Mbl BeigessieM ofHO 32-6UTHOE 1iesioe
YMCJ/IO B HallleM Kajpe cTeka. Kak Bbl MOXKeTe BHeTb, 3TO MPOUCXOAUT aBTOMaTHUYeCKU — MbI He

JIO/DKHBI TTMCATh KAKOW-TMO0 CrieldaibHbINA Kof Ha Rust zij1s1 aToro.

Korma ¢yHKIus 3aBepiiaeTcs, e& CTeKOBbIM KaJp OCBOOOXKZAeTcsi. ITO TMPOUCXOAUT

aBTOMAaTHWYeCKU — JIjisk 3TOT0 HaM He Ha/Jl0 MpeArpUHUMAaTh HUKAKWX /1eCTBUM.
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BoT u Bce, uTO KacaeTcst 3TOW MPOCTOM NporpamMmmel. [71aBHOe, UTO 3/1eCh HY>KHO TIOHATb — 3TO
YTO BBIJe/IeHWe B CTeKe OueHb, OueHb ObICTPO. [TOCKONBKY BCe JIOKa/bHBIE TIepeMeHHbIe W3BeCTHBI
HaM 3apaHee, Mbl MOXKEM BbIJJe/IUTb MaMATb [/isi HUX BCex cpa3dy. M Tak Kak OHH, KaK MpaBUJIO,
OHOBPEMEHHO BBLIXOAAT W3 00/aCTH BUAWMOCTH, MbI MOXXeM OuYeHb OBICTPO O0CBOOOAUTH

BBIJ€/IEHHYTO IMaMATh.

HEAOCTaTKOM SABJIAETCA TO, UTO MBI HE MO>XKeM XPaHHTb HEO6XO'Z[I/IMBIE 3HaueHud [0J/bIle, YeM B

paMKax 0JHOW (QYHKLIUHU.

A EI_L[E MbI HE TOBOPWJ/IM O TOM, UYTO >K€ O3HAUdeT Hd3BdHHE «CTEK». ,Z[]IH 3TOT'0 MbI OOJ/IXKHBI

MpUBECTU HEMHOTI'O 00J/1e€ CIIOXKHBIH npuMep:

fn foo() { Run
let y = 5;
let z = 100;
}
fn main() {
let x = 42;
foo();

Ora mporpamMma uMmeeT B 00Iel C/IOKHOCTH TpU TiepemeHHble: aBe B TOO() u ogny B
main(). Tak ke Kak U paHblile, KOrja Bbi3biBaeTcst MAin (), B eé CTEKOBOM Kajipe BbIJe/seTcs
ofiHO 1esioe urciao. Ho, Tpexkge ueM Mbl CMOXKEM TI0Ka3aTh, UTO TPOMCXOAWT, KOT/id BBI3bIBAETCS
foo (), MBI JO/DKHBI BU3yaIM3UpOBaTh TO, UTO IPOMCXOAWT C MaMsAThIO. Bailia omeparjiioHHast
CHCTeMa TIPe/ICTaB/IseT OTOOpakeHWe MaMsTH [yis Balledl MporpaMMbl. OTO OBOJBHO IPOCTO:
OrPOMHBIH CITUCOK ajjpecoB, oT 0 70 6OJIBILIOro YKC/Ia, TPeCTaBISIONIEr0 KOJIMUeCTBO OMepaTUBHOMN
MaMsITH y Balllero KomrbioTepa. Harpumep, ecii y Bac eCTh rurabaiT orepaTUBHOM MMaMsITH, TO BaIIX
230

azgpeca oyayror O o 1 073 741 823. Dro umncsio paBHo 2°°, KoaMuecTBy OaiTOB B rurabaiire.

OTa mamsiTh BpO/Jie TUI'AHTCKOI'0O MdCCHBA: d/ipeCa HAUMHAIOTCA C HYJ/JIAd W MPOAO/DKAIOTCA 10

KOHEUYHOro urcaa. Tak BOT cxeMa Halllero MepBOro KaZipa CTeKa:

Appec Nmsa 3HaueHue

0 X 42

Y Hac ecTb TiepeMeHHasi X, pacroo)eHHas 1o ajpecy 0, umeronasi 3HaueHve 42 .

Korza BeiseiBaetcs T0O (), BeizesieTcss HOBBIN CTEKOBBIN Kajip:

Appec Umsa 3HaueHue

2 z 100
1 y 5
0 X 42

[MTockonmeky O 6bUIO 3a/1€MiCTBOBAHO B MMEPBOM Kazpe, 1ist Kagpa T00 () wucnomesyrorcs 1 u

2. Tpu JanbHEMINX BbI30BaxX (QYHKIMH CTeK OyJeT pacTu BBEPX.
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31ech HEOOXOAMMO TIPUHSTH K CBEIEHHI0 HEKOTOphble BakHbIe 3aMedanus. Azpeca 0, 1 u 2
MpUBeeHbl UCK/IIOUWUTE/bHO B WUIIOCTPAaTUBHBIX 1[eS1X, U He WMEHT HUKAKOrO0 OTHOIIEHUS K
(hakTHUECKUM azipecaM, KOTOpble KOMIMbIOTep OyzeT uCIonb30BaTh. B yacTHOCTH, HaboOp afpecoB B
JIeiCTBUTE/IbHOCTH BKJ/IIOUaeT BbIPABHUBAOIIME pa3/euTeNd, COCTOSIHMe W3 HEKOTOPOro uucja
0aliToB, KOTOpBIE OTAE/NSIOT KaXKAbld W3 a/IpecoB. Pa3Mep 3TOro pasfenvrenss MOXeT Jaxe

TpEeBBILIATh Pa3Mep XpaHsIIerocs 3HaueHus.

ITocse Toro, kak T0OO () 3aBepuiaetcs, eé Kazp OyzeT 0CBOGOXKIeH:

Appec Umsa 3HaueHme

0 X 42

A notom, rocie main (), gaxe 9To moc/iegHee 3HaUEHHe YXOAUT. JIerko!

OTO Ha3bIBaeTCs «CTeK» (MO-PYCCKH, CTOIKA), TOTOMY UTO OH paboTaeT Kak CTOIKA TapesioK:
repBasi Tapesika, KOTOPYH Bbl TIONIOXKWIM, OyZeT rocjefHed Tapenkod, KOTOPYIO Bbl BO3bMeTe
obpatHo. Ilo 3TOl TpUYMHE CTeK WHOTAA HAa3bIBAIOT OUEPe[bI0 «IIOC/IeAHUM TIPUIIIesI, TIepBbIM
BhILIe/». [Toc/ieiHee 3HaUeHHe, KOTOPOe BbI TIOIOKU/IM B CTeK, Oy/ieT mepBbIM, KOTOPO€ BhI TIO/TyUHTe

H3 Hero.

[aBaiire rnornpobyem TpEXypOBHEBBIH NpHUMep:

fn bar() { Run
let i = 6;

}

fn foo() {
let a = 5;
let b = 100;
let ¢ = 1;
bar();

}

fn main() {
let x = 42;
foo();

CHauasa BbI3bIBaeTcs main () :

Appec Umsa 3HaueHue

0 X 42

3arem 13 main() BeebBaercs foo():

Appec Nmsa 3HaueHmue

3 C 1
2 b 100
1 a 5

CTex 1 Kyua 205


https://play.rust-lang.org/?code=fn%20bar()%20%7B%0A%20%20%20%20let%20i%20%3D%206%3B%0A%7D%0A%0Afn%20foo()%20%7B%0A%20%20%20%20let%20a%20%3D%205%3B%0A%20%20%20%20let%20b%20%3D%20100%3B%0A%20%20%20%20let%20c%20%3D%201%3B%0A%0A%20%20%20%20bar()%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20x%20%3D%2042%3B%0A%0A%20%20%20%20foo()%3B%0A%7D%0A

A3bIK IporpaMmupoBaHust Rust

0 X 42

N 3atrem u3 Too() BeBBIBaeTcs bar() :

Appec Umsa 3HaueHme

4 i 6

3 C 1

2 b 100
1 a 5)

0 X 42

Bot uTo MBI uMenu BBUY paHblLIe, TOBOPA, UTO HAL CTEK PACTET BBEPX.

I[Tocse Toro, kak bar () 3asepuiaercs, eé Kaap OyzgeT ocBobOXKIeH, ocTassis Tobko T00 ()
v main():

Appec Ima 3HaueHue

3 C 1

2 b 100
1 a 5

0 X 42

A 3arem 3aBepuiaercs T00 (), ocraesis Tobko main () :

Appec Nmsa 3HauyeHue
0 X 42

U BOT MBI 3aKOHUM/IH. YIOBUIM CyTh? JTO KaK CTOTKA TapesoK: BbI K/ajieTe HaBepX, U Oepére
CBepXy.

Kyua

Takoit crioco6 BbIfesieHusi amMsTd paboTaeT oueHb XOPOLIO, HO OH MOXKeT ObITh MCII0/b30BaH
He Bcerjja. MlHorga BaM HeoOX0OAMMO Tiepe/jaTh HeKOTOPYIO MaMsTh MEXK/Y pPa3/TuuHbIMUA (YHKLIHUSMU
WA COXPaHUTb eé BalWJHOCTb T0C/Ae OKOHYAHUsS BbINOMHEHUs (PyHKUMH. [I7s1 5TOr0 Mbl MOXKEM

WCII0/Ib30BaTh Ky4y.

B Rust, BBl MO)XeTe BbIZIE/IUTb MaMsATh B Kyue C TIOMOIIbIO YMaKOBKH, T.e. Turna Box<T>.
(TTpumeuaHue TiepeBOAUMKA: Mbl Ha3biBaeM BOX<T> ymakoBkoil, oToMy uTo | Kak Obl «yIrakoBaH»
B BOX: ymakoBka 3HaeT pa3mep TOTO, UTO JIE)KUT BHYTPHU. ITa UH(OPMALIMs 3aKOAUpOBaHa B TUre T,

[03TOMY BO BpeMs1 MCIIO/IHEeHHS, /111 pa3MepHbIX TUITOB, 3TO MPOCTO yKas3aresb.) Bot npumep:

fn main() { Run
let x = Box::new(5);
let y = 42;

}
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BOT UTO MPOMCXOAUT C TIAMATHIO, KOI/ja BhI3biBaeTcss Main( ) :

Appec Umsa 3HaueHme
1 y 42

0 X prlllol

MBI BbIZie/IsIEM MeCTO [Jist IByX TIEPEMEHHbBIX B CTeKe. Y Tpe/cTassierT coboit 42, TyT BCE Kak
06bryH0. Ho uto Hacuét X ? Hair X mpepcraeisieT cobori BOX<132>, a ymakoBka BbI/je/isleT aMsITh
B Kyye. PakTHueckoe 3HaueHUE YITAKOBKM — CTPYKTypa, KOTOpash XPaHWUT yKa3aTelb Ha «Kydy».
Kor/ia HauMHaeT BBITOTHATHCS (DYHKLMS, OCYILECTB/ISIeTCS BbI30B BOX: :new () , KoTopsiii BeigesisieT
HEKOTOpBI 00BeM MamsaTH B Kyue, W KiazeT Tyaa 5. Termepp NamsTh BBIVISAUT ClI€AYIOLIAM

obpazom:

Appec HWmsa 3HayeHue

(230 -1 5
1 y 42
0 X S (289 -1

B Hamiem rumnorteTHueckoMm KomrisioTepe ¢ 1I'6 omepaTvBHOW MamsiTH UMeeTCs 230 agpecos. A
TaK KaK Halll CTeK pacTeT OT HY/IA, TO IIPOIle BCEro BbIAENUTH MaMATb C APYroro KoHua. Takum
obpa3om, Haille IepBoe 3HaueHHe HAXOAUTCS Ha CaMOM BBICOKOM MecTe B MamsTH. [T0CKOIbKy

CTPYKTypa X XPaHUT CbIDOU VKazaTesb (raw pointer) Ha aZjpec, KOTOPbIA Mbl BbIAEIUINA B Kyue, TO

3HaueHHUe X paBHO (230) - 1— 9To TO camoe MeCTOI0J/I0)KeHHEe B MaMSsITH.

MbI He C/AMIIKOM MHOTO TOBOPWJIM O TOM, UYTO Ha CaMOM Jiejie O3HauaeT «BbIJENUTb» U
«0CBODOAUTE TaMSITb» B 9TOM KOHTeKcTe. Upe3MepHoe yriyOsieHWe B JleTajld 10 3TOMY BOIIPOCY
BBIXOJUT 3a PaMKH JJaHHOTO PYKOBOZCTBA, HO BaKHO OTMETHTb, UTO Kyda — 3TO He IPOCTO CTeK,
KOTOPBIM pacTeT C TMPOTHBOIIOIOKHOTO KOHLIA. Kak Mbl yBUIUM B Ja/lbHeHIINX TPUMepax B 3TOMN
KHUTe, TIaMsITh U3 Kyuld MOXKeT ObITh BbiflesieHa M 0CBODOOX/jeHa B TF000M TOpSJKe, UTO B KOHEUHOM
HTOTe MOXKET IPUBECTHU K «ZbIpKam». BOT cxeMa pa3MeliieHus TaMsiTh TIPOrpaMMBbl, popaboTasiiieii B

TeueHrne HEKOTOPOI'o BpeEMEHM:

Appec Wmsa 3HaveHue

239 -1 5

(29 -2

(2%)-3

(2% -4 42

3 y - (239-4
2 y 42
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1 y 42
0 X N (230) -1

B 3TOM mprMepe MbI BbII€IMTN UeThIpe 37ieMeHTa B Kyue, HO OCBOOOAW/IN JIUIIb [1Ba U3 HUX.
Orcropa paspeis Mexxay (2°%) - 1 u (230) - 4, koTopeli B HacTosIjee BpeMsi He MCIIOb3YeTCH.
KoHKpeTHbIe [ieTanu TOro, Kak M MoueMy 5TO MPOMCXOAUT, 3aBUCST OT TOrO, KaKyl CTPaTerui0 Bbl
WCIIO/Ib3yeTe [/Is1 yIpaBfieHUs Kydeld. Pa3nuvuHble MporpamMmbl MOTYT MCII0/Ib30BaTh pa3/MuHbIe
«pacrpejieuTeNy TamsTH», KOTOpble TMpeACTaB/siioT coboi OGMOMMOTeKH, KOTOpble YIIPaB/sioOT

namsITho 3a Bac. [Iporpammbl Ha Rust ncrnosne3yroT f1s1 aToro jemalloc.

JlajiHO, BepHEMCsI K HallleMy rpuMepy. Tak Kak 3Ta MamMsTh PaclioiokeHa B Kyde, TO OHA MOXKET
0CTaBaTbCsl BaMMHOW [O/bIile, ueM (YHKIMS, KOTOpasi BbIJE/seT YIakoBKy. B gaHHOM ciyuae,
ofHako, 3T0 He Tak.! Korza ¢yHKLMS 3aBepiuaeTcs, Mbl JO/DKHBI OCBOGOAWTH Kajip CTeKa s
main(). Xors y Box<T> pgms storo ectb cBoii Tprok: Drop. Peanmsanums Drop ams Box
0CBOOOXK/IAeT MaMsiTh, KOTOpasi Gbiia BbigeieHa rpu co3ganun. Otmruno! TToaToMy, KOora X yXOAuT,

CHayaJia OCBO6OM8€TCH MaMATh, BbIJAE/IEHHASA B KyUe:

Anpec Nmsa 3HayeHHe
1 y 42
0 X P7P7777

A notoM Kagp CTeKa yXOo4uT, OCBO60>K,£[EIH BCHO HAIIly MaAMSATb.

ApPrymMmeHTbl 1 3anMCcTBOBaHMe

Y Hac ecTb HEKOTOpbI€ TIPOCThI€ MPpUMEPbI CO CTEKOM H KYHEﬁ, HO YTO HACUéT dprymMmeHTOB

¢byHKIMY 1 3aMMCTBOBaHUs? BoT HeGosbImas nporpamMma Ha Rust:

fn foo(i: &i32) { Run
let z = 42;
}
fn main() {
let x = 5;
let y = &x;
foo(y);

Kor/a MbI BXoAiuM B MA1in (), maMsaTh BBIVISAUT CIEAYIOIMM 06pasoMm:

Appec Nmsa 3HaueHue
0 X 5

3HaueHWeM X siBsieTcss 5, a Yy mipezcTapisieT coboii cceiky Ha X. To ecTh, ee 3HaueHHEM

SIB/IIETCS A/IpeC MaMsITH, 10 KOTOPOMY PacriojiokeH X . B ganHoM ciyuae 3to 0.

A uro HacuéT Ciyuasi, Korjia Mbl Bbi3biBaem T0O (), mepenasast ¥ B KauecTBe aprymenTa?
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Appec Umsa 3HaueHme

3 z 42
2 i -0
1 y -0
0 X 5

Kagapsb! cTeka MCMoOb3yrHOTCS He TOMbKO /i JIOKaJbHbIX UMEH, HO TakKe U [jis apryMeHTOB.
Takum 00pa3oM, B 3TOM CjTyuae, Halll Kaip JO/DKEH COflep)KaTh KaK 1, HAlll apryMeHT, Tak U Z , Hallle
JIOKasibHOe uMsl. 1 — 910 Korust aprymenTa Y . COOTBETCTBEHHO, 3HaUEHHEM 1, Kak U 3HaUeHHEM Y,

spiisietcs 0.

OT0 ofHa W3 TIPUYMH, MOUYEMY 3aMMCTBOBaHHE TepeMeHHON He 0CBOOO0K/IaeT KaKyro-Tubo
MamsiTh: 3HaU€HHUEM CCBIJIKH SIB/IIETCS MPOCTO yKa3aresb Ha oOsacTb mamsaTtu. Ecim Mbl ocBo60oguM
HaXOASIIYIOCS TI0 3TOMY yKa3aTesl0 MamsiTh, TO 3TO MOXET MPHUBECTH K OMIMOKaM B Ja/ibHeMIen

pabore.

CNOXHbI NpumMep

Xoporilo, fiaBaiiTe pacCMOTPUM C/Ie/IyIOLIYI0, O0/ee C/I0KHYIO MPOrpaMMy ILar 3a L1aroMm:

fn foo(x: &i32) { Run
let y = 10;
let z = &y;
baz(z);
bar(x, z);

}

fn bar(a: &i32, b: &i32) {
let ¢ = 5;
let d = Box::new(5);
let e = &d;
baz(e);

}

fn baz(f: &i32) {
let g = 100;

}

fn main() {
let h = 3;
let 1 = Box::new(20);
let j = &h;
foo(j);

}

CHauana Mbl BbI3biBaeM main() :
Appec Wma 3HaveHue
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29 -1 20

2 j -0

1 i - (239-1
0 h 3

MbI BBIZIe/IIEM TaMsITh 4711 ], 1, 1 h. 1 BbigesieHa B Kyue ¥ I03TOMY COZEP)KUT yKa3aTeslb Ha

3Ha4yeHue B Kyue.

[anee, B KoHIIe BbI30Ba MAin (), BesbiBaercs T0OO () :

Appec Wmsa 3HayeHue

(29 -1 20

5 b4 - 4

4 y 10

3 X -0

2 j -0

1 i -~ (2%9-1
0 h 3

HpOCTpaHCTBO BbIIEJISIETCA OAJid X, Y U Z. ApFYMeHT X UMeeT Takoe >Ke 3HaueHHe, KakK U J ,

TaK KaK MbI TIepeJia/ii j B KauecTBe apryMeHTa. JTO yKa3aresb Ha azpec 0, Tak Kak j ykasbIBaeT Ha

h.

Manee, Too () BebBaer baz (), nepenasas Z:

Appec Wmsa 3HaveHue

(230 -1 20

7 g 100

6 f -4

5 y4 - 4

4 y 10

3 X -0

2 j =0

1 i - (289 -1
0 h 3
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Mbr1 Beigenn mamath s T u . baz () oueHs KopoTkasi, ¥ KOrjja OHa 3aBEpIIIAeTCs], MbI
n30aB/sieMCs OT eé€ Kafipa CTeKa:

Appec Wmsa 3HaveHue

29 -1 20

5 Z - 4

4 y 10

3 X -0

2 j -0

1 i - (29-1
0 h 3

Manee T00 () Bei3eiBaeT bar() caprymenramu X u Z:

Appec Hmsa 3HayeHHe

29 -1 20

(229 -2 5

10 e -9

9 d - (230 -2
8 C 5

7 b -4

6 a -0

5 y4 - 4

4 y 10

3 X -0

2 j -0

1 i - (289 -1
0 h 3

TyT MBI BblZie/IseM ZIpyroe 3HaueHMe B Kyde, U TI03TOMY Mbl BblunTaeM eauHuiy u3 (2°0) - 1.
OTo BbIpaXKeHWe HammcaTth Jerde, uem 1 073 741 822. B mobom ciyuae, repeMeHHbIe

C03/1ar0TCs1, KaK 00BIUHO.

B konie bar () seiseBaer baz():

Appec Wma 3HaveHue

(239 -1 20
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(230) -2 5

12 g 100

11 -9

10 e -9

9 d L2392
8 C 5

7 b - 4

6 a -0

5 b4 - 4

4 y 10

3 X -0

2 j -0

1 i L2391
0 h 3

Cetiuac Mbl Ha HanbosbIel ryouHe! TTo31paB/sieM C I0CTHKEHUEM [JaHHOW TOUKH.

[Tocse 3aBepuienust baz () , mbl u3basnsemcsi or T u g:

Appec Wmsa 3HaveHue

239 -1 20

239 -2 5

10 e =9

9 d - (239 -2
8 C 5

7 b -4

6 a -0

5 y4 - 4

4 y 10

3 X -0

2 j =0

1 i - (289 -1
0 h 3
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ITanee MbI BBITIO/IHSIEM Bo3Bpar u3 bar () . B stom ciayuae d mpexcrasisier coboii Box<T>,

TI03TOMY OH TaKsKe 0CBOBGOXK/aeT U To, Ha uTo OH yKasbiaet: (2°°) - 2.

Appec Wmsa 3HaveHue

29 -1 20

5 Z - 4

4 y 10

3 X -0

2 j -0

1 i - (2%%9-1
0 h 3

U miocsie 3TOr0 mpoucxoaut Bo3spar u3z T00 () :

Appec Hmsa 3HadeHHe

29 -1 20

2 j -0

1 i S (281
0 h 3

N Bot, HakoHeil, M@ain(), koropas ouuiaer Bce ocrambHoe. Korma ocBoboxzaercs i

(Drop), byger Takxe ouMIlieH U KOHeL] KyUH.

A 4yTO genatT apyrue s3blkn?

BonbIIMHCTBO SI3BIKOB CO C60pI_I_[I/IKOM MYyCOpa IO YMOJ/TUdHHIO BbIAE/IAET IMaMATb U3 KyUH. OTO
O3HaudeT, UTO KaKa0e 3HaueHure 6y,£[€T YI1aKOBAHO. Ectb pdaA IIpUYKH, I1o4eMy AejlaeTCd UMEHHO TdkK,
HO OHM BBIXOJAT 3a PAMKH [AdHHOI'O PYKOBO/CTBA. EcTb HeCckonbKO BO3MOXHBIX OHTHMH38HHﬁ,
KOTOphIE, I1paB/Jd, He JOCTHUIdIOT cBoei Lejan BO BCeX CIyvadsx. BwmecTo Toro utoOnI mojaratsCs Ha

crek 1 Drop B Bompocax OuMCTKH MamsTH, COOPIIIMK Mycopa paboTaeT ¢ Kyuek.

UTOo ncnonb3oBarb?

Ho, ecim cTek GbICTpee U TPOIIle B YIIpaB/eHWH, 3aUueM TOI/a Hy>KHa Kyua? Becomasi mpuumHa
3aK/It04yaeTcss B TOM, UTO MaMATb B CTeKe MOXKeT BbIJE/NATbCS TOJBKO IO TNPUHLMILY «IIepPBbIM
TMIPUILENT — TIOC/TIeIHUM BbIlIem». Takum o0pa3om, MeCcTo U3-TIof Kajjpa CTeKa MpeAbIAyIero Bbi30Ba
¢byHKIMK OyZeT MepeucrioNb30BaHO TOf, C/IeAYIOUIU BbI30B. BrieneHne B Kyue — Oosiee oOiast
tTexHrka. OHa T03BOJISieT Bbl/le/ieHWe U 0CBOOOXK/eHUWe TMaMsaTH B ao0om mopsake. OfHaKO, 3TO

AOCTHUI'aeTCs ].[EHOﬁ yBe/IMUeHHsA C/I0XKHOCTHU pea/ii3dlili MeXdHHW3Md BbIZle/IeHUS T1aMATHU.
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B obmiem ciyuae, ciefilyeT NpeAnovyrTaTh BblJesieHHe B CTeKe, U M03TOMy, Rust ucrosb3yer
BbiflesieHHe B cTeke 1o ymoauanuto. LIFO mogens creka («mocieHUM TIPULLET — TIePBbIM BbILIIE» )

(byHZaMeHTaNbHO TIpolLe. DTO 3HAUUT, YTO MPOrpaMmMa ObICTpee UCTIONHSETCS], Y MPOIIe TI0 CMBICITY.

A pekTNBHOCTL BO BPEMS BbIMNOSIHEHUSA

YrpaBsieHWe TIaMSTBIO JJIs1 CTeKa TPUBMA/IBHO: MalllHA MPOCTO YBeTMUWBAeT WM YMeHbIIIaeT
O/THO 3HaueHHe, TaK Ha3bIBaeMbIl «yKa3aTe/lb cTeKa» (stack pointer). YmpassieHue namMsITbiO [/ Ky4u
CJIO)KHee: TaMsiTh, BbIJe/IeHHas B Kyue, OCBOOOXKZAeTCsi B TPOW3BOJIbHbIE MOMEHTBHI, a KaKzast
00/1acTb BBIJIE/IEHHON B Kyue TMaMsiTU MOXeT ObITh MPOW3BOJILHOTO pasmepa. Pacmpezenurestto
MamsITH, Kak MPaBUIO, TpeOyeTcs MPUIOKUTL Topa3fo Oosbliie YCUIUK AJist onpezesieHust obiacTei,

KOTOPbI€ MOXXHO MUCIT0/Ib30BATh 3dHOBO.

Ecnu BBl XOTUTE HU3yUUTb 3Ty TeMYy bostee HO,Z[pO6HO, TO 2Td CTAThA 6y,qu OT/IMYHBIM

BBeJEeHHUEM.

[MpocToTa nporpaMmmsl

BLI,Z[EJIEHI/IE I1aMATHU B CTeKe BO3/:[EI7[CTBYET KdK Ha CaM A3BIK RUSt, TaK U Ha MOJeJ/Ib MBILJIEHUSA
pa3pa6OTqI/IKOB. CrekoBasi ceMaHTHKa — KJjtoueBoe MoHsTHe Rust. Mbl [oJjiyuaeM aBTOMdTHU4YeCKOe
yripaBJ/ieHHEe TMaMATbIO 6e3 YUI0KHEHHSA Cpelibl MCIIOJTHEHUA. VIMeHHO 3TOT MeXaHM3M I103BOJIsieT
OCBO60,£[I/IT]: MaMsATb B Ky4de, KaK TOJIBKO eé BJIafiesien] BbILIeNT 13 obnactu BUAVMOCTHU — I10 CYTH, KdK
TOJIBKO CXJIOIMHYJICA CTE€K KaJpd, Ha KOTOPOM OH >KHMJI. K COXKaAJIEHUIO, B HEKOTOPBIX CUTYdLIUAX CTEKa
HeaA0CTaTO4YHO. Ecnu HY>XHa 60/1bIIas THOKOCTL BO B/IaIeHWK T1dMATBbIO, MO>XHO BOCII0/Ib30BAThCA

cuéTunKaMmu ccbUiok RC<T> u Arc<T>.

Kenanue 6oree y,ZLO6HO IMOJ/Ib30BAThCA IMdAMATBIO B KyU€ MOXKET AOXOAWUTHL A0 KpaﬁHOCTH. C
OAHOﬁ CTOPOHbI, MOXXHO pedJ/IM30BaTb C60pI_I_[I/IK MyCOpa — HO 3TO CW/IbHO YBE€/IMUMBAET C/IOXKHOCTb
cpeabl HCIIO/IHEHUA. C Aperﬁ CTOPOHLBI, TIO/IHOCTBIO pYUHOE€ YyIIpaB/i€eHHWEe I1aMATBIO C SABHbBIM
BbI3OBOM TIpOLIeYDbI OCBO60)K,E[EHI/IH YaCToO TMpUBOAUT K OIJ_II/I6KEIM, npeaoTBpaTuTb KOTOPLIE

KOMITHUJIATOD Rust He B cuax.

1. MBI MOKeM TIPOAJIUTE BpeMsi KU3HU TIaMSTH ITyTeM I1epe/iaul paBa COOCTBEHHOCTH,
YTO MHOT/|a Ha3bIBAlOT «IlepeMellieHre U3 yrakoBKW» («moving out of the box»). Bosee

CJIOKHBIE TIPUMePHBI OYIyT paCCMOTPEHBI Mo3Ke. <

6. DddexTriBHOe rcnonb3oBadue Rust6.2. TecTipoBanue
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A3bIk mporpamMmMmupoBaHus Rust

TecTupoBaHune

Program testing can be a very effective way to show the presence of bugs, but it is
hopelessly inadequate for showing their absence.

Edsger W. Dijkstra, "The Humble Programmer" (1972)

TecTrpoBaHHe TPOrpaMMbl MOKeT ObITh OueHb 3(PQeKTUBHbIM CrIOCO60M MOKasaTh
Ha/muue oMO0K, HO OHO Ge3Ha/Ié)KHO HeToX0AsIIIe /7S J0Ka3aTe/bCTBa UX OTCYTCTBUSI.

Hetikctpa, Sacrep Bube, «The Humble Programmer» (1972)

,Z[aBafITe MOroBOpUM O TOM, KdK T€CTHDPOBAThH KO/ Hd Rust. MbI He 6y,qu PaCCKa3bIBaTh O TOM,
KaKoH noaxoAd K TeCTUpOBAHUIO Rust KOJa SBJISA€TCA BEPHBIM. Ecth MHOrO oAxo40B, Ka)K,I[LII;'I nus3
KOTOpPbIX HMMeeT CBOe€ IIpeACTaB/IeHWE O IIPpdABU/IBHOM HAIIMCaHWUW TECTOB. Ho Bce »tu moAXoAbl
HCIIOJ/Ib3YIOT OAHHW W Te K€ OCHOBHbIE HWHCTDYMEHTLI, W Mbl IIOKa)KEM BdM CHHTAKCUC HX

HCII0/Ib30BaHUA.

TecTbl ¢ aTpnéytom test

B camom nipocToMm ciiyyae, TecT B Rust — 310 dyHKUMS, aHHOTHpOBaHHas1 arpubytom test.

[aBaiite co3maaum HOBbI poekT Cargo, KOTopbii Oyzer HasbiBaThcsi adder:

$ cargo new adder
$ cd adder

[lpu co3gaHum HoBoro rpoekra, Cargo aBTOMAaTMUecKW CreHepupyeT IpocToil TecT. Hivke

npeJicTaB/ieHo cogepxkumoe Src/lib. rs:

#[test] Run
fn it works() {
}

O6parure BHuMaHue Ha #[test]. Dror arpubyr ykaswiBaer, uto 310 TectoBast GyHKIus. B
3TOM TIpMepe OHa He UMeeT Tesia. Ho Takoro Brzia GyHKIMK JOCTaTOUHO, UTOOBI yIauHO BBITIOTHUTD
TeCT. 3ayCK TeCTOB OCYIIeCTB/sIeTCs KoMaHjou cargo test.

$ cargo test
Compiling adder v0.0.1 (file:///home/you/projects/adder)
Running target/adder-91b3e234d4ed382a

running 1 test
test it works ... ok

test result: ok. 1 passed; 0 failed; 0 ignored; 0 measured

Doc-tests adder
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A3bIK IporpaMmupoBaHyst Rust

running 0 tests

test result: ok. O passed; 0 failed; 0 ignored; 0 measured

Cargo CKOMMOWIMPOBA/A M 3alyCTW HAIld TecTbl. B pesynbTare Mbl TMOMYyYWTA BBIXOAHBIE
JlaHHbIe, TIOJe/IeHHbIe Ha [[Ba pa3jesa: OAWH COAEPXXUT HMH(OPMAIMI0O O TecTe, KOTOPBIA MBI

Harucamu, a Apyroil — uHbopMalMo 0 Tectax M3 JokyMeHTaluyd. Ho o6 stom mosxe. A ceifuac

MOCMOTPUM Ha 3Ty CTPOKY

test it works ... ok

OG6paruTe BHUMaHue Ha 1t WOrKS. 3to Ha3BaHue Halel QyHKLUH:

0
-
-]

fn it works() {

MBbI TakyKe MOJTyUYr/IM UTOTOBYHO CTPOKY:

test result: ok. 1 passed; 0 failed; 0 ignored; 0 measured

Tak mouemy ke Halll HUYEro He JesalolUi TecT ObLI BBITIOHEH yaauHo? JIroboil Tecr,
KOTOpBIH He BbI3bIBAaeT PANicC!, BRIMOMHSAETCS yaauHo, a 000 TeCT, KOTOPbIH BhI3biBaeT panic!,

BBITIO/THAETCA HEYJa4YHO. ,Z[aBaI;’ITe czejiaeM TecCT, KOTOPLIP'I BBITTIOJIHUTCA HEYAAUHO!:

#[test] Run
fn it works() {
assert!(false);

assert! — sro Makpoc, onpefeneHHbld B Rust, ¥ NMpUHUMAIOLIWKA OJWH apryMeHT: eC/u
aprymMeHT uMeeT 3HaueHue true, To HUUero He MPOUCXOJUT; €C/Id apryMeHT SIBJISIeTCS false, to
BBbI3bIBACTCA panic I, [aBaliTe 3armyCTHUM Halllu TeCThbl CHOBA:
$ cargo test
Compiling adder v0.0.1 (file:///home/you/projects/adder)
Running target/adder-91b3e234d4ed382a

running 1 test
test it works ... FAILED

failures:
---- it works stdout ----

thread 'it works' panicked at 'assertion failed: false', /home/steve/tmp/adder/src/
lib.rs:3

failures:
it works

test result: FAILED. O passed; 1 failed; 0 ignored; @ measured

thread '<main>' panicked at 'Some tests failed', /home/steve/src/rust/src/libtest/lib.rs:24
7
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Rust coo0b11jaeT, 4yTo Halll TECT BBITIOJTHEH HEYIAuHO:
test it works ... FAILED
OTO >Ke OTpakaeTCsl B UTOTOBOM CTPOKE:
test result: FAILED. 0 passed; 1 failed; 0 ignored; 0 measured

MBI TakKe MO/TyuaeM HEeHyY/IeBOM KOf, COCTOsiHUsE. MOXHO ucronb3oBath $7 Ha OS X u Linux:

$ echo $?
101

Ha Windows, eciu Bl ucrons3yete Cmd :
echo %ERRORLEVELS%

U ecim BbI ucnonb3yete PowerShell:

echo $LASTEXITCODE # cam kop
echo $? # norunuyeckoe, yCnewHo WAW He YCMewHo

OTo ObIBaeT TIO/NE3HO, eCMd BbI XOTUTe WHTerpupoBaTb Cargo test B croponHuit

MHCTPYMEHT.

MOXHO  WHBEPTUPOBaTb  OXWUJAEMbIM  pe3yjabTaT Tecra C  TOMOLbIO  arpubyTa:
should panic:
#[test] Run
#[should panic]

fn it works() {
assert!(false);

Temnepb 3TOT TecT OyzeT BBITIOJIHEH Y/IauHO, €C/IA BbI3bIBAETCS panic! , 1 HeyJauHo, eC/d
panic | He BBLI3LIBAETCH. [Iapatite romnpoOyem:
$ cargo test
Compiling adder v0.0.1 (file:///home/you/projects/adder)
Running target/adder-91b3e234d4ed382a

running 1 test
test it works ... ok

test result: ok. 1 passed; 0 failed; 0 ignored; 0 measured
Doc-tests adder
running 0 tests

test result: ok. O passed; 0 failed; 0 ignored; 0 measured

Rust nipegocTapmsieT ¥ pyroil Makpoc, assert eq!, koropblii mpoBepsieT paBeHCTBO [BYX

apryMeHTOB:

#[test] Run
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#[should panic]
fn it works() {
assert eq!("Hello", "world");

A Temepb 3TOT TecT OygeT BBLINOJHEH YJAuHO WIM HeygauHo? WM3-3a  arpuOyTa
should panic owu 3aBepumrcst ygauHo:

$ cargo test
Compiling adder v0.0.1 (file:///home/you/projects/adder)
Running target/adder-91b3e234d4ed382a

running 1 test
test it works ... ok

test result: ok. 1 passed; 0 failed; 0 ignored; 0 measured
Doc-tests adder
running 0 tests

test result: ok. 0 passed; 0 failed; 0 ignored; 0 measured

Tectsr Should panic moryt GbITh XPYIKUMH, IOCKOJIBKY TPYAHO TapaHTHPOBATh, UTO TECT
He BBI3OBET MaHUKY [0 HEeOKHJAHHOM mpuuuHe. UYTOOBI MOMOYL B STOM acrekTe, K arpubyTy
should panic wmoxer ObiTh goGaBreH HeobGsi3aTenbHbINA mMapamerp expected. Torma Tect
Takke OyleT TMpoBepsATb, 4TO CoobLieHHe 06 OIMOKe CONEPKUT OXKUaeMbli TekcT. Hike

npeacraB/ieH 60/1ee He30racHbIH BAPUAHT IPUBEAEHHOI'O BbILIE TIpHUMeEDA:

#[test] Run
#[should panic(expected = "assertion failed")]
fn it works() {
assert_eq!("Hello", "world");
}

Bort u Bce, uto KacaeTcst ocHOB! /laBaiiTe HamnuilieM OJJUH «HACTOSILUI» TeCT:

P
c
-]

pub fn add two(a: i32) -> i32 {
a+ 2

#[test]
fn it works() {
assert eq! (4, add two(2));

OTo pacripocTpaHeHHOe WCIOIb30BaHHe Makpoca assert eq!: Bb3biBaTh HEKOTOPYIO

(YHKLMIO C M3BeCTHBIMU apryMeHTaMU U CPAaBHUTB Pe3y/ibTaT e€ BbI30Ba C 0’KU/IaeMbIM Pe3y/IbTaTOM.

TecTbl ¢ aTpubyToM 1ignore

HeKOTOpre TeCTbl MOI'Y 3dHMMATb MHOI'O BDEMEHH Ha BBLITIO/THEHHE. Takue TecTbl MOTyT OBITE

OTKJ/TFOUEHBI 110 YMOJTYaHHIO C TTOMOIIIbI0 aTpubyTa ignore:
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0
-
-]

fn it works() {
assert eq! (4, add two(2));

#[test]
#[ignore]
fn expensive test() {
// KOO, KOTOPbIM 3aHMMaeT 4YaC Ha BbINOJSIHEHME

Terepb 3aryCTUM HalllM TECThI U BUAUM, uto 1t wOrks 3amyckaetcs, a expensive test

HeT:

$ cargo test

Compiling adder v0.0.1 (file:///home/you/projects/adder)
Running target/adder-91b3e234d4ed382a

running 2 tests

test expensive test ... ignored

test it works ... ok

test result: ok. 1 passed; 0 failed; 1 ignored; 0 measured
Doc-tests adder

running 0 tests

test result: ok. O passed; 0 failed; 0 ignored; 0 measured

[loporocTosiiie TeCTbl MOTYT OBbITB 3aIyIlleHbl C TIOMOIBI0 KOMaHAbl Cargo test -- --

ignored:

$ cargo test -- --ignored
Running target/adder-91b3e234d4ed382a

running 1 test
test expensive test ... ok

test result: ok. 1 passed; 0 failed; 0 ignored; 0 measured
Doc-tests adder
running 0 tests

test result: ok. O passed; 0 failed; 0 ignored; 0 measured

AprymeHT --ignored — 3To aprymeHT /jisi TECTOBOTO WCIIOHSIEMOro (Qaiiia, a He st

Cargo, MMEeHHO [T09TOMY KOMaH/ia BEII/ISAUT Tak cargo test -- --ignored.

TecTbl B Mogyne test

Ectb O/IMH HKOAHC, M3-3d KOTOPOI'O HAlll IIpUMeEP HeJ/Ib34 Ha3BaTb WWOMATHYHBIM: OTCYTCTBYET

MOZY/Tb TeCTUPOBaHUs. VIJMOMaTUUHBIN BAPUAHT Halllero npuMepa OyZieT BBITVISIeTh TPUMEPHO Tak:
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pub fn add two(a: i32) -> i32 {
a+ 2

0
-
-]

#[cfg(test)]
mod test {
use super::add two;

#[test]
fn it works() {
assert eq! (4, add_two(2));

31ech ecTb HECKOJIbKO M3MeHeHui. [Tepoe — 3T0 BBegeHune Mod test c arpubyrom cfg.
Mogynb 1o3Bo/sieT CrPyNNMpOBaTh BCe HAlllM TeCTbl BMeCTe, a TakXe, eC/Id HY)KHO, OIpefeIuThb
BCTIOMOrarenbHble (YHKLWHU, KOTOpble OyAyT OT[e/eHbl OT OCTaAbHOW YacTU KOHTeliHepa. ATpUOyT
cfg ykasbiBaer Ha TO, uTO TeCT OyJeT CKOMITMIMPOBAH, TOJHKO KOT/iA MbI TMOMBITAEMCS 3ayCTHTh
TeCTbl. JTO MOXXET C3KOHOMUTb BpeMsi KOMIW/IALMK, a TakKKe rapaHTUpyeT, UTO HallM TeCTbl

TIOJTHOCTBIO UCKJTFOUeHBI U3 00ObIUHON COOPKHU.

Bropoe n3MeHeHue 3ak/iouaeTcst B 00bsiBieHUr USe. Tak Kak Mbl HAXOAUMCS BO BHyTPEHHEM
MOZyJie, TO Mbl I0JDKHBI OOBSIBUTH UCITO/Ib30BAHKE TeCTUPYeMOU (DYHKIIUH B €r0 00/1aCTH BUJUMOCTH.
OT0 MOXKeT pa3jpakaTb, eC/I1 y Bac OO/BILON MO/Y/Ib, ¥ TIO3TOMY OOBIUHO MCIOIb3YIOT BO3MOXKHOCTh

glob. Jagaiite usmenum Src/Lib. rs coorBercrByroium o6pasom:

pub fn add two(a: i32) -> i32 { Run
a+ 2

#[cfg(test)]
mod test {
use super::*;

#[test]

fn it works() {
assert eq! (4, add _two(2));

OO6paruTe BHUMaHKE Ha pa3/iMure B CTPoKe ¢ USe. Tereph 3aryCTUM HaIllX TECTHI:
$ cargo test
Updating registry “https://github.com/rust-lang/crates.io-index"
Compiling adder v0.0.1 (file:///home/you/projects/adder)
Running target/adder-91b3e234d4ed382a

running 1 test
test test::it works ... ok

test result: ok. 1 passed; 0 failed; 0 ignored; 0 measured

Doc-tests adder
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running 0 tests
test result: ok. O passed; 0 failed; 0 ignored; 0 measured
Pab6otaert!

IaHHbI TIOAXOA TIpeACTaB/isseT Co0oi wucrosb3oBaHue Monyns test, copepskatero
MOJy/IbHBIE TeCTh (unit tests). JIr060 Koz, 3a/jaueii KOTOPOTO SIB/ISIETCS TOMBKO JIUIIb TeCTHPOBaHUe
HE6OJIBLHOFO KyCOYKd Cl)YHKL[I/IOHaJ'IbHOCTI/I, numeeT CMBIC/T TTIepeHeCTU B 3TOT MOAYJIb. Ho uTto ecnu Mol
XOTUM HarucaTh «WHTerpaljMoOHHbIe TeCThbl» (integration tests)? [Ijisi 3TOro cjiefyeT MCMOIb30BaTh

mupektoputo tests.

TecTbl B gnpekTopun tests

YrtoObl HarMCaTh UHTErPal[UOHHBIN TeCT, aBaiiTe co3maauM aupekToputo tests, u nonoxum

B Hee ¢aiin tests/Lib. rs co cregyrommm cogep>KUMbIM:
extern crate adder; F{Ljr]
#[test]

fn it works() {
assert eq! (4, adder::add two(2));

BBIMIsiAUT MPUMEPHO Tak >Ke, KaK W HalllK MpeJblyle TeCTbl, HO eCTb HeKOTOPble OTIAYMS.
Terieps cBepxy y Hac extern crate adder. Oto motomy, uro TecTsl B upektopun tests —
5TO OTJe/bHbIM KOHTelHep, U, C/iefloBaTe/lbHO, Mbl [JO/DKHBI KOMITIOHOBAaThCsl C Hallleil 61bIMoTeKoi.
OT0 Takxke 00bsICHSET, ToueMy gupekropust tests — Haubosee nogxozsiiee MeCTO /ISl HAMTMCAHUS
VHTErpalvioHHbIX TeCTOB: OHM MWCIO/b3YIOT OubMMOTeKy, Kak 3To fenan Obl mo6oi fpyroi

NoTpeduTeb.
[aBaliTe 3arycTum ux:
$ cargo test
Compiling adder v0.0.1 (file:///home/you/projects/adder)
Running target/adder-91b3e234d4ed382a

running 1 test
test test::it works ... ok

test result: ok. 1 passed; 0 failed; 0 ignored; 0 measured
Running target/lib-c18e7d3494509e74

running 1 test
test it works ... ok

test result: ok. 1 passed; 0 failed; 0 ignored; 0 measured
Doc-tests adder

running 0 tests
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test result: ok. O passed; 0 failed; 0 ignored; 0 measured

Teneps y Hac NMOSIBU/IOCH TPU paszena: 3amyCcKaeTcs CTapblii MOAY/IbHBIM TECT, a TaK)Ke HOBbIN

HHTGFP&HHOHHLIﬁ TeCT.

3910 BCe, uTo Kacaetcs gupekropuu tests. Mogyns test 3mech He HyxeH, Tak Kak 371ecCh
BCE OTHOCUTCA K TeCTaM.

,HaBaﬁTe, HaKOHell, HQPEﬁAEM K TpeTbeﬁ YdCTU: TeCThl B JOKYMEHTAL[HU.

TecTbl B JOKYMEHTaLMM

HeT Huyero syuilie, yeM AOKyMeHTalds C rpumepamMu. HeT HUuero xyke, 4yem TpUMepBhl,
KOTOpble Ha CaMOM Jlefie He paboTaroT, MOTOMY UTO KOJ, MU3MEHHWJICS C TeX Iop, Kak Obuia HamucaHa
JokymeHTalus. [Jlns  Toro, 4roObl TakOM CHUTyal[dd He BO3HHWKa/lo, Rust Tmofep)KuBaeT
aBTOMAaTUUYEeCKWH 3aryCcK NMPUMEPOB B JIOKyMeHTal[uu (MMelTe BBH/Y, UTO 3TO paboOTaeT TOJBKO C

6ubmoTekamu). Bot pononHenssiit Src/Lib. rs ¢ mpumepamu:

//' KoHTelHep “adder’ npepocTaBnseT QYHKUUW CIIOKEHUS 4UCEn. F{Ljr]
/7"

//' # Examples

/7"

7a

//! assert _eq!(4, adder::add two(2));

/7Y T

/// 3Ta dyHKuma npubaBnseT 2 K CBOEMy apryMeHTy.

///

/// # Examples

///

/177

/// use adder::add two;

///

/// assert _eq! (4, add two(2));

/77

pub fn add two(a: i32) -> i32 {
a+ 2

#[cfg(test)]
mod test {
use super::*;

#[test]
fn it works() {
assert eq! (4, add two(2));

OOparuTe BHMMaHWe Ha [OKYMEHTAl[MI0 YPOBHSI MOJYy/s, HauvHaroiiytocs ¢ //! u Ha
JIOKYMEHTAI[MI0 YPOBHS (YHKIMH, HauuHaroinytocst ¢ ///. JokymeHrtamust Rust Iojiep>KuBaet

Markdown B KOMMeHTapusix, MO3TOMYy OJIOKM KOJa IIOMEYaloT TPOWHBIMM CUMBOJaMud . B
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KOMMEHTap1y JOKyMeHTaliyi OObIUHO BKIIrOUaroT pasgen # Examples, cogepkaruuii npumepsi,
Takue Kak 37oT. ([IpuMeuanue rnepeBojurka: 3aroioBok # Examples umeer ocoboe 3HaueHue: ero
Heqb3sl HamucaTh MOo-ApPyroMy WM HamuWcaTh Ha PYyCCKOM si3blKe, MHaye Rust He HaWAET NpUMepoB

KOZla B IOKyMeHTaL1u.)
[laBaiiTe 3aryCTHUM TeCTbl CHOBA:

$ cargo test
Compiling adder v0.0.1 (file:///home/steve/tmp/adder)
Running target/adder-91b3e234d4ed382a

running 1 test
test test::it works ... ok

test result: ok. 1 passed; 0 failed; 0 ignored; 0 measured
Running target/lib-c18e7d3494509e74

running 1 test
test it works ... ok

test result: ok. 1 passed; 0 failed; 0 ignored; 0 measured
Doc-tests adder

running 2 tests
test add two 0 ... ok
test 0 ... ok

test result: ok. 2 passed; 0 failed; 0 ignored; 0 measured

Tenepb y Hac 3amycKaroTcsi Bce TpH Buja TectoB! OOpaTtuTe BHMMaHHe Ha MMeHa TeCTOB U3
nokymeHrtanuu: 0  reHepupyercs aas  MopyibHbix  TectoB, u add two 0 — s
¢byHKIMOHANMbHBIX TecToB. L{udpel Ha KoHLe OyAyT yBeIWYMBaThCS AaBTOMAaTUYeCKHU, €C/TH Bbl
JnobasuTte elje rpumepoB. Hampumep, ripu fo6aByieHru emié ofHOTO (YHKIIMOHAILHOTO TecTa, OH

nonyuut umst add _two 1.

Mkl He paccMOTpe/ik BCe AeTa/IM HAlIMCaHUA Te€CTOB B JOKYMEHTALIMH. Ho,qp06Hee CMOTpHUTE

IVIaBy AOKYMEHTAallu4d.

[TocneqHee 3ameuaHue: TECThl B JIOKyMEHTALUW He pabomarom [jisi UCTIONHSIEMBIX (aiiioB.

[ToxpobHee 06 opranu3auyu (aitioB MOKHO Y3HATh B I71aBe KOHTeHepbl M MOY/IN.

6.1. Ctek 1 Kyuab.3. Yc1oBHAsE KOMITUJISLIAS
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YcnoBHas komnunaunsa

B Rust ecth crermansHbiii atpubyT, #[ CTg], koTOphIi MO3BO/SIET KOMMUIMPOBATh KOJ, B

3aBUCHMOCTH OT (P1aroB, rnepejaHHbIX KoMOuasATopy. OH uMeeT /iBe (hOpMBI:

#[cfg(foo)] Run
#[cfg(bar = "baz")]

Hap arpubyTtamu KoHGUTYpaliuy orpe/ieieHbl JOTHYeCcKre OrepaLyu:
#[cfg(any(unix, windows))] Eiiill
#[cfg(all(unix, target pointer width = "32"))]
#[cfg(not(foo))l

OHM MOTYT OBbITb KaK YTOZIHO BIO’KEHBI:
#[cfg(any(not(unix), all(target os="macos", target arch = "powerpc")))] EiLlIl

YTo >Xe KacaeTcsl TOT 0, KdK BK/IFOUUTH W/IM OTKJ/IFOUUTE 3TU ('bﬂal"I/II €CJI1 BbI UCII0J/Ib3YyeTe Cargo,

TO OHM ycTaHaB/MBaroTcsi B pazzene [ features] samero Cargo.toml:

[features]
# no YMOJTYaHUIO, HUKAKKUX OOMOJTHUTENbHbIX BO3M0)KHOCTeI7I

default = []

# BO3MOXHOCTb «Secure-password» 3aBucUT OT nakeTa bcrypt
secure-password = ["bcrypt"]

Ecmu BBl onipesie/iuTe Takue BO3MOKHOCTH, Cargo repezact ¢uiar B rustc:

--cfg feature="${feature name}"

COBOKYMHOCTb 3TUX (iaroB KoHbwurypaiuu (CTg) Gymer orpenensts, Kakie U3 HUX OyayT

dKTHUBHBI, U, C/ieA0BaTe/IbHO, Kakoi KO 6y,qu CKOMITU/IMDOBAH. ,HaBaﬁTe pPaCcCMOTpUM TaKoM KO/

#[cfg(feature = "foo")] F{Ljr]
mod foo {
}

Ecii CKOMIWIMpOBaTh ero ¢ rmomoigeo cargo build --features "foo", 1o B

rustc Oyger mepeman ¢mar - -cfg feature="foo0", u pesynsrar Gyger comeparb MoOAy/b
mod foo. Ecm ckommuiupoBaTh €ro C IOMOIIBIO 0ObIYHOM KomaHzabl cargo build, To

HUKAaKWUX [IOTIOJIHUTE/IbHBIX (DIlaroB TiepejaHo He Oyzer, W mostoMmy, moayias mod Too 6Gyzer

OTCYTCTBOBATh.

cfg_attr
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BBl TakKe MOXKETe YCTaHOBUThL JPYroi aTrpubyT B 3aBUCUMOCTH OT mepemeHHOu CTQ ¢
nomotipto arpubyra cfg attr:

#[cfg attr(a, b)] Run

Otor Koz Oyzer paBHocuieH atpubyty #[b], eciu B arpubyre CfQ ycranosnen ¢uar a, wiu

«be3 aTpubyTa» B IPOTUBHOM CJIyyYae.

cfg!

Paciiypenye cuHTakKcuca Cfg ! 103BOJISIET MCIT0J/IL30BATh AdHHbIE BHUbI (1)J'IaFOB n B ApyromMm

MeCTe B KoJe:

if cfg!(target os = "macos") || cfg!(target os = "ios") { Run
println! ("Think Different!");

3Hauenue iara Oymer 3ameneHo Ha true wmm false Bo Bpems KOMIWISIUH, B

3aBUCUMOCTH OT HaCTPOMKHM KOH(UTypaLUH.

6.2. TectupoBanue6.4. /JokyMeHTalus
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[okymeHTauns

JloKyMeHTalLlMsl SIB/ISI€TCS Ba)XKHOW YacThi0 JIFOOOTO MPOrpaMMHOrO MpoekTa, U B Rust el
yZensieTcss He MeHbllle BHUMaHUs, yeM camoMy Kogy. [laBaiiTe moroBopum o6 MHCTpymMeHTax Rust,

npeaHasHaY€HHBIX OJid CO34aHUA JOKYMEHTAIUU K TIPOEKTY.

O rustdoc

OuctpubytB Rust Bkiouaer B cebs MHCTpyMeHT, rustdoC, KoTopblii reHepupyer

JokymeHTaro. rustdoc rakxke ucronb3yercs Cargo uepes cargo doc.

,[[OKYMQHTaLlI/IH MOXET OBITh CreHepyupoBaHa [AByMs MeTOAdMHU: M3 HMCXOAHOIO0 KOJ4, U U3

OT/leNbHbIX (ailioB B opmare Markdown.

Jl0KyMeHTMpOBaHMe UCXOAHOro Koaa

OcHoBHOM €nocob ZOKyMeHTHpPOBaHUS TIpOeKTa Ha Rust 3ak/iouaeTcss B KOMMEHTHPOBaHUU

HCXOAHOIo Ko/Za. ,Z[]'[H 3TOM LeJIh BBl MOXKETE MCII0/Ib30BATh JOKYMEHTHUPYHOLLHE€ KOMMEHTAPWK:

/// Co3naét HoBbi ~Re<T>". F{Ljr]

/77

/// # Examples

/77

/17

/// use std::rc::Rc;

/77

/// let five = Rc::new(5);

/17

pub fn new(value: T) -> Rc<T> {
// 30ecb peanusauus

OTOT KOJ, TeHepupyeT [OKYMEHTAL[UI0, KOTOpasi BBIIISIAUT Tak. B TIPUBEIEHHOM Kofie
peanu3aius Metofia Obljla 3aMeHeHa Ha 0ObIUHBIM KOMMeHTapuii. IlepBoe, Ha UTO CyieqyeT oOpaTuTh
BHUMaHWE B 3TOM TIpUMepe, 3TO Ha Mcrosb3oBanue /// Bmecto //. CumBosel /// yKasbIBaror,

YTO 3TO JJOKYMEHTUPYIOLIMI KOMMeHTapuH.
ToKyMeHTUpYIOI[ie KOMMeHTapuu Uiy Tcst Ha Markdown.
Rust oTciiexxviBaeT Takve KOMMeHTapuH, U UCIO/b3YyeT WX MPU CO3[jaHUH I0KYMeHTaL1H.

[Ipy [JOKYyMEHTHpPOBaHWM TaKWX Belllel, KaK IepeuyrC/IeHUs, HY)KHO YUYUThIBaTb HEKOTOpble

ocobennoctu padbotel rustdoc. Takoii kop paboraer:

/// Tun "Option’ . MoppobHee cMOTpUTE [[OKYMEHTALMIO YPOBHS Monynﬂ](http://doc.rust-lanLpr/
).
enum Option<T> {

/// HeT 3HauyeHus

None,

/// HekoTopoe 3HauyeHue “T°
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http://doc.rust-lang.org/std/rc/struct.Rc.html#method.new
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%2F%2F%2F%20%D0%A2%D0%B8%D0%BF%20%60Option%60.%20%D0%9F%D0%BE%D0%B4%D1%80%D0%BE%D0%B1%D0%BD%D0%B5%D0%B5%20%D1%81%D0%BC%D0%BE%D1%82%D1%80%D0%B8%D1%82%D0%B5%20%5B%D0%B4%D0%BE%D0%BA%D1%83%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%86%D0%B8%D1%8E%20%D1%83%D1%80%D0%BE%D0%B2%D0%BD%D1%8F%20%D0%BC%D0%BE%D0%B4%D1%83%D0%BB%D1%8F%5D(http%3A%2F%2Fdoc.rust-lang.org%2F).%0Aenum%20Option%3CT%3E%20%7B%0A%20%20%20%20%2F%2F%2F%20%D0%9D%D0%B5%D1%82%20%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D1%8F%0A%20%20%20%20None%2C%0A%20%20%20%20%2F%2F%2F%20%D0%9D%D0%B5%D0%BA%D0%BE%D1%82%D0%BE%D1%80%D0%BE%D0%B5%20%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%60T%60%0A%20%20%20%20Some(T)%2C%0A%7D%0A%7D

A3bIK IporpaMmupoBaHyst Rust

Some(T),

A Takoul — HeT:

/// Tun “Option”. MoppobHee cMoTpuUTe [QOKYMEHTaUMI YPOBHS Monynﬂ](http://doc.rust-lanLpr/
).
enum Option<T> {

None, /// HeT 3HaueHus

Some(T), /// HekoTopoe 3HaueHue T

Brl nosyunre ommoKy:

hello.rs:4:1: 4:2 error: expected ident, found "}°
hello.rs:4 }

A~

OTta  fgocafHas omMOKa 3aK/IHOYaeTCsl B CJIEAYIOIIeM: KOMMEHTapuu JOKyMeHTalluu
PACIIPOCTPAHSIFOTCS Ha 3/IEMEHThI, PacrioyioKeHHbIe 32 HUMH, a B JIaHHOM TIPUMepe HeT 3/IeMeHTa,

PacCIIo/IOKEHHOT'O I10oC/ie Moc/ieIHETO KOMMEHTapus.

HanucaHue KOMMeHTapmneB AOKYyMEHTaLUUn
[aBaiiTe pacCMOTPUM KaK/Iyt0 YaCTh IPUBEJEHHOTO KOMMEHTAapHsl B IETa/IsIX:

/// Co3maét HoBbin ~Re<T>". F{Ljr]

[lepBasi CTpoKa [JOKyMEHTHDYIOIIEro KOMMeHTapHs [0/DKHA TPeJCTaB/IsATh U3 CeOst KPaTKylo
uHpopmaLmio 0  QyHKUMOHambHOCTU. OpHO mpensoxkeHwe. Tonbko camMoe  OCHOBHOe.

BricokoypoBHeBOe.

P
c
>

/17

/// TopgpobHocTn co3panus ~Rc<T>", BO3MOXHO, OMMCbIBaKWWE CIIOXKHOCTU CEMAHTUKMU,
/// DOMOAHUTENbHbIE OMuUMK, U BCE OCTasbHoe.

///

Harmr uicxoHbIi riprMep BKJTFOYA/T TOJIBKO CTPOKY € KpaTKoi MH(opMaryei, Ho ecyii Obl y Hac
Ob1710 GosibIlie HHOPMALIMH, O KOTOPOU C/eAyeT CKa3aTh, Mbl MOITIA Obl J06aBUTH 3Ty WHPOPMALIHIO

B HOBOM T1aparpade.

CneunasnbHble pasaenbl

pe)
-]

/// # Examples u

Manee uayT crierianbHbie pa3fenibl. OHU 0003HAIOTCS 3ar0I0BKOM, KOTOPBIN HauMHaeTcsi C #.
Cy11ecTByIOT TPHY BH/]a 3ar0JIOBKOB, KOTOPbIe 00BIUHO UCIIO/B3YIOTCs. OHU He SIBMISIOTCS KaKUM-TTHO0

Crierqha/IbHbIM CMHTAaKCHCOM, Ha I,ZL:':\HHI::II\/’I MOMEHT 3TO IIPOCTO COIVIdllleHHe.

/// # Panics Run
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https://github.com/rust-lang/rust/issues/22547
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%2F%2F%2F%20%D0%A1%D0%BE%D0%B7%D0%B4%D0%B0%D1%91%D1%82%20%D0%BD%D0%BE%D0%B2%D1%8B%D0%B9%20%60Rc%3CT%3E%60.%0Afn%20foo()%20%7B%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%2F%2F%2F%0A%2F%2F%2F%20%D0%9F%D0%BE%D0%B4%D1%80%D0%BE%D0%B1%D0%BD%D0%BE%D1%81%D1%82%D0%B8%20%D1%81%D0%BE%D0%B7%D0%B4%D0%B0%D0%BD%D0%B8%D1%8F%20%60Rc%3CT%3E%60%2C%20%D0%B2%D0%BE%D0%B7%D0%BC%D0%BE%D0%B6%D0%BD%D0%BE%2C%20%D0%BE%D0%BF%D0%B8%D1%81%D1%8B%D0%B2%D0%B0%D1%8E%D1%89%D0%B8%D0%B5%20%D1%81%D0%BB%D0%BE%D0%B6%D0%BD%D0%BE%D1%81%D1%82%D0%B8%20%D1%81%D0%B5%D0%BC%D0%B0%D0%BD%D1%82%D0%B8%D0%BA%D0%B8%2C%0A%2F%2F%2F%20%D0%B4%D0%BE%D0%BF%D0%BE%D0%BB%D0%BD%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5%20%D0%BE%D0%BF%D1%86%D0%B8%D0%B8%2C%20%D0%B8%20%D0%B2%D1%81%D1%91%20%D0%BE%D1%81%D1%82%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5.%0A%2F%2F%2F%0Afn%20foo()%20%7B%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%2F%2F%2F%20%23%20Examples%0Afn%20foo()%20%7B%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%2F%2F%2F%20%23%20Panics%0Afn%20foo()%20%7B%7D%0A%7D

A3BIK IporpaMmupoBaHyst Rust

Pa3gen Panics. Heycrpanumble OIIMOKHA TP HEMPAaBHIBHOM BbI30Be (GYHKIMHM (Tak
HasblBaeMble OMIMOKM MporpaMMHpoBaHusl) B Rust, Kak IpaBW/IO, BbI3bIBAIOT MaHMKY, KOTOpasi, B
KpaliHeM ciyuae, yOuBaeT Bechb Tekyliuil 1otok (thread). Ecnu Bama ¢yHKuusi uMeeT nofo6HOe
HeTpUBUa/lbHOE TIOBeleHMe — T.e. OOHapy)KUBaeT/BbI3blBaeT TMAHWKy, TO OUeHb BaXXKHO

3a/J0OKyMeHTUPOBATh 3TO.

0
-]

/// # Failures u

Pasgen Failures. Eciu Bama ¢yHkims wid merton Bosspamjaer Result<T, E>, To

XOpOLIXM TOHOM {BJIAETCA OIMKMCaHHEe YCHOBHﬁ, P KOTOPBIX OHA BO3BpAllld€T Err ( E) . ITO UyTb
MeHee Ba)XKHO, UeM OIlMCaHue Panics , IOTOMY KdK Hey[d4dd KOAUPYETCAd B CUCTEME TUIIOB, HO 3TO HE

3HAUMUT, UTO CTOUT HPEHEGPEFBT]) AaHHOﬁ BO3MOXHOCTBIO.

Po)
-]

/1] # Safety u

Pasgen Safety. Ecm Bama dyskius siBasercs unsafte, Heobxoaumo MOSCHUTH, Kakue

HMHBAPHUAHTLI BbI30OBA JOJDKHbBI IMTOAAEPKUBATHCA.

0
(-
-]

/// # Examples

///

/17"

/// use std::rc::Rc;

///

/// let five = Rc::new(5);
/177

Pazzen Examples. BkitounTe B 3TOT pasziest O[WH WK HECKOJIBKO TIPUMEPOB MCII0/Ib30BaHHs]
GyHKIMM WM MeToZla, W Ballld To/nb30oBaTenn OyayT Bam OmarofapHbl. [IpuMepsl [ODKHBI
pa3MelatbCsi BHYTPH O/IOKOB KOJid, O KOTOPBIX MBI Ceiuac MoroBopuM. JTOT pasfesl MOXKeT UMeTb

Gosiee ofHOTO MOApa3ea:

/// # Examples Run
///

/// TlpocTble obpasupl Tuna " &str':

/17

/17 "7

/// let v: Vec<&str> = "I 6bina y HUX Kypouka Psba".split(' ').collect();

/// assert_eq!(v, vec!["N", "6bna", "y", "Hux", "kypouka", "Ps6a"l);

TR

///

/// Bbonee cnoxHole obpa3upl C 3aMbIKaHUAMM

///

/17 77

/// let v: Vec<&str> = "abslrpe2x3u".split(|c: char| c.is numeric()).collect();
/// assert _eq!(v, vec!["abs", "rpe", "x3u"]);

TR

IagatiTe noapobHO 06CyUM G/I0KH KOZia.

Bnok koga

YrtoObl HarMcaTh Koj Ha Rust B KOMMeHTapyH, UCTO/Ib3yHTe CUMBOJIBI
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%2F%2F%2F%20%23%20Examples%0A%2F%2F%2F%0A%2F%2F%2F%20%D0%9F%D1%80%D0%BE%D1%81%D1%82%D1%8B%D0%B5%20%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D1%86%D1%8B%20%D1%82%D0%B8%D0%BF%D0%B0%20%60%26str%60%3A%0A%2F%2F%2F%0A%2F%2F%2F%20%60%60%60%0A%2F%2F%2F%20let%20v%3A%20Vec%3C%26str%3E%20%3D%20%22%D0%98%20%D0%B1%D1%8B%D0%BB%D0%B0%20%D1%83%20%D0%BD%D0%B8%D1%85%20%D0%BA%D1%83%D1%80%D0%BE%D1%87%D0%BA%D0%B0%20%D0%A0%D1%8F%D0%B1%D0%B0%22.split('%20').collect()%3B%0A%2F%2F%2F%20assert_eq!(v%2C%20vec!%5B%22%D0%98%22%2C%20%22%D0%B1%D1%8B%D0%BB%D0%B0%22%2C%20%22%D1%83%22%2C%20%22%D0%BD%D0%B8%D1%85%22%2C%20%22%D0%BA%D1%83%D1%80%D0%BE%D1%87%D0%BA%D0%B0%22%2C%20%22%D0%A0%D1%8F%D0%B1%D0%B0%22%5D)%3B%0A%2F%2F%2F%20%60%60%60%0A%2F%2F%2F%0A%2F%2F%2F%20%D0%91%D0%BE%D0%BB%D0%B5%D0%B5%20%D1%81%D0%BB%D0%BE%D0%B6%D0%BD%D1%8B%D0%B5%20%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D1%86%D1%8B%20%D1%81%20%D0%B7%D0%B0%D0%BC%D1%8B%D0%BA%D0%B0%D0%BD%D0%B8%D1%8F%D0%BC%D0%B8%3A%0A%2F%2F%2F%0A%2F%2F%2F%20%60%60%60%0A%2F%2F%2F%20let%20v%3A%20Vec%3C%26str%3E%20%3D%20%22%D0%B0%D0%B1%D0%B21%D0%B3%D0%B4%D0%B52%D0%B6%D0%B7%D0%B8%22.split(%7Cc%3A%20char%7C%20c.is_numeric()).collect()%3B%0A%2F%2F%2F%20assert_eq!(v%2C%20vec!%5B%22%D0%B0%D0%B1%D0%B2%22%2C%20%22%D0%B3%D0%B4%D0%B5%22%2C%20%22%D0%B6%D0%B7%D0%B8%22%5D)%3B%0A%2F%2F%2F%20%60%60%60%0Afn%20foo()%20%7B%7D%0A%7D

A3bIK IporpaMmupoBaHust Rust

70 Run
/// println!("MNpuseT, Mup");

7
Ecim BBl XOTUTe HamucaTh KOJ, Ha JF0O0M Jpyrom si3bike (He Ha Rust), BbI MOkeTe J00OaBUTH

aHHOTAI[HIO:

/1] "¢ Run
/// printf("Hello, world\n");

7
OTO TMO3BOJUT HCHOJ/b30BaTh MOACBETKY CHUHTAKCHUCA, COOTBETCTBYIOILYHO TOMY S3BIKY,

KOTOprﬁ 6bI]‘I yKa3aH B aHHOTaLII/II/I. EC]‘II/I Ke 5TO HpOCTOﬁ TeKCT, TO B dHHOTaLlMK1 YKaBBIBaETCH
text.

BaxHO BbIOpaTh MpaBWIbHYIO aHHOTalWiO, TOTOMy uTo rustdoC wcronb3yer ee
MHTepecHbIM croco6om: Rust MOKeT BBLITMOMHATH MPOBEPKY paboTOCIIOCOOHOCTH TpHUMEpPOB Ha
MOMEHT CO3/laHUsl JIOKYMeHTaliK. DTO T03B0JIsieT U30e)kaTh ycTapeBaHUs ITpUMepoB. [1pearnonoxum,
y Bac ectb Koz Ha C. Eciv BBl ONyCTUTE aHHOTALWIO, yKasblBarolllyto, 4To 3TO Koz Ha C, To
rustdoc Gyger mAymarhb, uTo 3TO KOZ Ha Rust, TIO3TOMY OH TOXKa/yeTCsl TIPU TOTILITKE CO3/aHHsI

JIOKYMEeHTaL[1H.

TecTbl B JOKYMEHTaLUK

IaBatiTe 06CyMM Halll IPUMEP JOKYMEHTAIUH:

/77
/// println!("Mpuset, mup");
/17 "

po)
(-
-]

3ameTbTe, 4TO 37ech HeT HyxAbl B Th main() wm uém-uubyns momobHom. rustdoc

aBToMarnuecku [o06aBuT obopaurBaroiiuii Main () BOKpyr Baiiero KoJa B HY)KHOM MecTe.

Haripumep:
Y7 Run
/// use std::rc::Rc;
///
/// let five = Rc::new(5);
/17 "7
B KoHeuHOM uTore 3T0 OyJeT TecT:
fn main() { Run

use std::rc::Rc;
let five = Rc::new(5);

BOT MoJ/IHBI# a/ropuT™, KoTopbiii rustdocC ucnonb3yer st 06paboTKy IPUMEpOB:

1. Jlroowie Bepyiume (leading) arpubytel #! [ f00] ocrarorca Ge3 usmeHenwii B KauecTse
arpuOyTOB KOHTelHepa.

2. Byngyr  BCTaBleHbl ~ HekoTOpble  obmpie  arpubyter allow, B TOM  uwmcie:
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%2F%2F%2F%20%60%60%60%0A%2F%2F%2F%20use%20std%3A%3Arc%3A%3ARc%3B%0A%2F%2F%2F%0A%2F%2F%2F%20let%20five%20%3D%20Rc%3A%3Anew(5)%3B%0A%2F%2F%2F%20%60%60%60%0Afn%20foo()%20%7B%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%20%20%20%20use%20std%3A%3Arc%3A%3ARc%3B%0A%20%20%20%20let%20five%20%3D%20Rc%3A%3Anew(5)%3B%0A%7D%0A

A3bIK IporpaMmupoBaHyst Rust

unused variables, unused assignments, unused mut,
unused attributes, dead code. HeGosbive mpuMepsl YacTo MPUBOASAT K
cpabaTbIBaHUIO 3THX aHAIM30B.

3. Ecm npumep He cogepxut extern crate, to Oyger BcraBneHo extern crate
<mycrate>;.

4. HakoHel|, eciv TpuMep He cofeput TN mailn, To ocTaBiiasics 4yacTb TeKCTa Oyzer
obepuyraB fn main() { your code }

XOTs1 MHOT/Ia 3TOTO He J0CTaToyHO. Hampumep, uTo HaCcuéT BCex 3THX rpumepoB Kogac ///, 0

KOTOPBIX MbI ToBOpr/n? ITpocToii TekcT, 06paboTanHbiii rUStdOC, BBIMIAAUT Tak:

/// HekoTopas OOKyMeHTauus.
# fn foo() {}

A ucxogHbIl TeKCT Ha Rust mocsie 06paboTKU BBIIVISIIUT TaK:

/// HekoTopasi pOKyMeHTauus . F{Ljr]

Ila, IMeHHO TakK: Bbl MO)KeTe J00aB/SATH CTPOKH, KOTOpbIe HAauWHAKOTCSA C #, U OHU OyayT
CKDBITHI B BBIBOJIE, HO MPH 3TOM OyAyT WCII0/Ib30BAThCS BO BpPeMsi KOMITWISILIUK KoJa. Bel MoxkeTe
WCTO/Mb30BaTh 3TO B CBOMX WHTepecax. EC/M B [JOKYMEHTHDYIOIIEM KOMMEHTapuud HeoO0X0o[uMo
00paTUTLCST K KAaKOM-TO (YHKI[UH, TO HIKe HY)KHO OyzeT m100aBUTh orpeseneHue 3Tol QyHKIMU. B
TO JKe BpeMsl, 3TO /Ie/IaeTCsl TOJIBKO /I/Isl TOTO, UTOOBI YIOB/I€TBOPUTE KOMITU/ISITOP, TIO3TOMY COKPBITHE
HEHY)KHBIX CTPOK B BBIBOJIe JieJlaeT TipuMep Oosee sICHBIM. BbI MOXKeTe HCTO/Ib30BaTh 3Ty TEXHUKY,
YTOOBI IeTa/IbHO OOBSICHATH [JJIMHHBIE TIPUMEpBI, COXPAHSS TIPU 3TOM TeCTHPYeMOCTh JOKYMeHTAL[|H.

Haripumep, BOT KO

let x = 5; EiLl[l

let y = 6;

println! ("{}", x + y);
Huxke npuBeeHO OTPUCOBAHHOE 00BsICHeHHe 3TOr0o KO/ia.
Cl‘[epBa MbI YCTdHaB/IMBae€M X PaBHBIM IIATU:

let x = 5; EiLlIl
3areM MbI yCTaHaB/IMBaeM Y DPaBHbBIM LLECTH:

let y = 6; Run
B KoH1je MbI TeyaTaem cymMmMy X U Y:

println! ("{}", x + y); Run

A BOT TO >Xe caMoe O6T:HCHEHI/IE, HO B BH/ie MTPOCTOI'0 TEKCTA:

CriepBa Mbl yCTaHaB/IMBaeM X PaBHbIM IISITH:

let x = 5;
# let y = 6;
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# println! ("{}", x +vVy);
3areM MBI YCTaHAB/IWBAEM Y PaBHBIM LIECTH:

# let x = 5;
let y = 6;
# println! ("{}", x +vVy);

B koHLle MbI MeyataemM cymmy X U Y:

# let x = 5;
# let y = 6;
println! ("{}", x + vy);

HOBTOPHH BCe YaCTu MpUMepd, Bbl MOXeTe OBITh YBepEHLI, UTO Balll [IpUMEp KOMITU/IMPDYETCH, a
He TIpOCTO OTO6pEl)KElET KyCOYKHU KOJd, KOTOPbIE KAK-TO OTHOCATCHA K TOM WIM MHOH YaCTU Balllero

00bACHeHUS.

[JOKyMeHTUpoBaHNe MakpoCcoB

Bot npumep 10KyMeHTHPOBaHUS MakKpoca:

Po)
(-
-]

/// TaHWKoBaTb C OaHHbIM COOOWEHWEM, eCcnv TONIbKO BbipakeHue He SIBNSAeTCH MCTUHOW.
///
/// # Examples
///
/17
/// # #[macro_use] extern crate foo;
/// # fn main() {
/// panic_unless!(1 + 1 == 2, "MateMaTuka cnomManacb.");
//] #}
/77
///
/// " should panic
/// # #[macro_use] extern crate foo;
/// # fn main() {
/// panic_unless!(true == false, "4 cnomaH.");
/// # '}
s/
#[macro_export]
macro rules! panic_unless {
($condition:expr, $($rest:expr),+) => ({ if ! $condition { panic!($($rest),+); } });

B HeM BBl MOXKeTe 3aMeTHUTh TPH Bellli. Bo-TiepBbIX, MbI JO/DKHBI COOCTBEHHOPYYHO J00aBUTH
ctpoky c extern crate ans toro, urobel Mbl MOIIM yKasaTh arpubyt #[macro use]. Bo-
BTOPBIX, Mbl TakXe COOCTBEHHOPYYHO [OJDKHBI 00aBUTH MAin (). Y HakoHer, pasymHO Oyzer
HCII0/Th30BaTh #, UTOOBI 3aKOMMEHTHPOBATh BCe, UYTO MbI JOOABW/IN B TIEPBBIX [BYX MyHKTaX, UTO ObI

OHO He 0TOOpa’kasioch B TeHEPUPYEMOM BEHIBOJIE.

3anyck TeCTOB B JOKYMEHTaLMK
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11151 3aTTyCcKa TeCTOB MOYKHO MCITO/Tb30BaTh OFHY W3 [IByX KOMMaH/]

$ rustdoc --test path/to/my/crate/root.rs
# vnn
$ cargo test
Bce BepHO, Cargo test Takxke BBIMOMHSET TECThI, BCTPOEHHbIE B JIOKyMeHTaru0. Tem He
MeHee, Cargo test wue Oyzer TecTUpOBaTh UCIOHSEMble KOHTEWHEPHI, TOMLKO OHUOIMOTEUHBIe.
OTO CBsA3aHO C TeM, Kak paboraer rustdoC: oH kommoHyeTcsi ¢ GUOMHOTEKOH, KOTOPYIO Hao

MpoTeCTUpPOBAThL, HO B CJyIyude C UCIIOJIHAEMbIM d)aﬁHOM KOMIIOHOBAThHCA He C UeM.

EcTb elje HECKOJBKO TIO/IE3HbIX aHHOTAlWi, Kotopeie rmomorarT rustdoc paborars

MPpaBUJIbHO IIpHU TECTUPOBAHUU KOAd:

/// " ignore Run
/// fn foo() {
TR

Annotars 1gnore ykasesiBaeT Rust, uTo Koj [JO/DKeH ObITb TPOMIHOPUPOBAH. Ilout BO
BCeX C/lyyasiX 3TO He TO, YTO BaM HY)XHO, TaK KaK 3Ta JIMPeKTHBAa HOCHUT OueHb OOIIMi XapakTep.
BMmecTo Heé myuinie mMcrnonb3oBaTh aHHOTauuto text, ecim 310 He Koa, wiu #, UTOOBI MOMTYUUTH

pabounii mpuMep, 0TOOpa’karoIIyii TOJIBKO Ty UacCTb, KOTOpPasi BAM HY)KHa.

0
c
-]

/// " should panic
/// assert!(false);
TR

Annotaipss should panic ykaseiBaer rustdoc, uTo Kof AO/KEH KOMITMIMPOBATHCS, HO

BBITIO/THEHHE TE€CTa JO/DKHO 3aBepIINTLCA OLLIOKOM.

R Run
/// loop {

/// println! ("Mpuset, mup");

/17 }

7

AHHOTaLMg NO_run ykasblBaeT, UYTO KOJ, JOJDKEH KOMIIMJIMPOBAaThbCs, HO 3allyCKaTb ero Ha
BBINIOJTHEHWe He TpeOyeTcs. OTO BaXKHO [Jisi TAaKWX IPHUMEpOB, KOTOPble [OJDKHBI YyCIEeLTHO
KOMITU/TUPOBAThCsI, HO BBITIOTHEHWE KOTOPBLIX OKa3biBaeTcsi 6eckoHeuHbIM HuKaoMm! Hampumep: «Bot

KaK 3aryCTUTh CeTEeBOM CEePBUCH.

JloOKyMeHTMpOoBaHne moaynei

Rust mpemocTaBisieT emié OAWH BHJ JOKYMEHTUPYIOIIMX KoMmMMeHTapueB, //!. 3ror
KOMMEHTapHii OTHOCUTCS He K CJIeJYIOLEMY 3a HUM 3/IEMEHTY, a K 3/IeMeHTY, KOTOPbIH ero BK/TFOUaeT.

Hpyrumu cinoBamu:

mod foo { Run
//' 3To pokyMeHTauus gns momyns ~foo .
//!

//' # Examples
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/]

[TpuBeEHHBIN TIPUMEDP [€MOHCTPUpPYeT Haubosiee pacripoCTpaHEHHOe HCIosb3oBanue // ! :
JOKYMEHTHpOBaHue MoAy/isi. Eciii »ke MOAy/b pacrosioxkeH B daiisie T00. 'S, To Bbl, OTKphIBast €T0
KO[I, uacTo Oy/iete BUETD C/IeAYIOILee:

//' Mopynb mcnonb3oBaHus pasHeix oo . F{Ljr]

//!
//' Momynb “foo® copmepXuT MHOrO Mosie3HOM QYHKUMOHANLHOCTW na-na-na

CTuMb OOKYMEHTUPYIOLLMX KOMMEHTApPUEB

N3yuute REC 505 /151 mosiydyeHus MOJIHBIX CBEJEHUM O COIJIallleHUsiX M0 CTWI U dopMmarty

JIOKYMEeHTaL[1H.

[pyrasi AOKyMeHTauums

Bce st MpaBWia T10OBeAeHWA TAKXKe TIPUMEHHMbI U B OTHOLUIEHHWKW HWCXOAHBIX (i)aﬁHOB He Ha

Rust. Tak Kak KOMMeHTapuu ruiyTcst Ha Markdown, To yacTo 3TH ¢aiisibl HMeroT pacumpenye .md.

Korza BbI miuiiieTe JoKymeHTaluio B ¢aitiax Markdown, BaM He HY)KHO Z00aB/siTh MpepUKC

JOKYMeHTHUpYtoLero kommentapusi, /// . Hanpumep:

/// # Examples Run
/77

Y772

/// use std::rc::Rc;

/17

/// let five = Rc::new(5);

/17 "

nipeoOpasyercs B

# Examples

use std::rc::Rc;
let five = Rc::new(5);

Korjla OH Haxoautcs B aitie Markdown. OpHako ecTh oguH HefmocTaTok: (avinsl Markdown

JOJDKHBEI UMETh 3aro/ioBOK Hano,/:[061/1e 9TOI0:
% 3arosioBoOK

3T0 MpUMep AOKYMEHTauuu.

Crpoka, HauMHaoIIasics C %, AOo/DKHA ObITh CaMOii IepBOM CTPOKOM (haiisa.

ATpnbyTbl doC
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Ha 6osee rmyboKOM ypoBHe, KOMMEHTApUH JJOKYMEHTAI[UM — 3TO CUHTAKCUUYeCKHW caxap JIJIst

aTpruOyTOB JIOKYMEHTALUU:

/// this Run
#[doc="this"]

Te. npeacTaB/1eHHbIE BbIIIe KOMMEHTAPHU WAEeHTUYHEBI, TaKXXe KdK W HIHDKe:
//! this Run

#![doc="/// this"]

BEbI He yacTo 6y,que BHUETb 3TOT anI/I6YT, I/ICHOHBBYEMLIﬁ AJId HalTMCAHWA JOKYMEHTaluu, HO

OH MOXKeT OLITE I10/1e3eH AJI1 U3SMEHEHKA HEKOTOPBIX HACTPOEK, UK IPU HAITMCAHWKU MdKPOCd.

Pe-akcnopTt

rustdoc Oyger mokaseiBaTh JAOKyMeHTaruio [jis obmiesoctymHoro (public) pe-skcriopra B

ABYX MeCTaX:

Y
(-
-]

extern crate foo;

pub use foo::bar;

OTO CO37aCT JOKYMEHTAlWIo /i bar Kak B JOKyMeHTaluu [/t KoHTeiHepa T0OO, Tak u B
JOKyMeHTal[1 K BarieMy KoHTeiiHepy. To ecTh B 060ux MecTax OyZeT MCIMO/Nb30BaHAa OJjHA U Ta e

JIOKYMeHTal[usl.
Takoe roBeieHe MOXKeT ObITh MOJIAB/IEHO C TIoMoIIEI0 NO_inline:
extern crate foo; F{Ljr]

#[doc(no_inline)]
pub use foo::bar;

YnpasneHne HTML

Bbl MOXKeTe YIIpaB/sTh HEKOTOpbIMHM acriekramu HTML, kotopelii renepupyer rustdoc,

yepes arpubyt #! [doc] :

#![doc(html logo url = "http://www.rust—lang.org/logos/rust-1ogo-128x128-b1k-v2.png"E{Ljr]
html favicon url = "http://www.rust-lang.org/favicon.ico",
html root url = "http://doc.rust-lang.org/")1;

B sTom rnpuMepe YyCTaHAB/IMBAETCA HECKOJ/IbKO Ppda3/IMYHbIX OHHHﬁI JIOrOTUIl, WKOHKa U

kopHeBoii URL.

Onuwun reHepauumn

rustdoC Takke COJEP)KUT HECKOILKO O KOMaHJHOW CTPOKM [JiS JajbHeilei

HaCTPOMKU:
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e --html-in-header FILE: sxmounts comepxkumoe FILE B KoHer paszesa

<head>...</head>.
e --html-before-content FILE: skmounuts cogepxumoe FILE cpasy mnocie

<body>, nepes oTo6pa)kaeMbIM COZIEPKUMBIM (B TOM UHC/I€ CTPOKH TIOMCKA).
e --html-after-content FILE: sxmounts cogepxumoe FILE mocie Bcero

OTO6pa)KaEMOFO COoep>XUMOro.

3ameuaHue no 6e3onacHoOCT

KommeHTapuu B fokymeHTauuu B ¢(opmate Markdown mnomerrjaioTcsi B KOHEUHyH BeO-

ctpaHuLly 6e3 o6pabotku. Bygsre ocTropoxxHel ¢ HTML-nuTepanamu:

/// <script>alert(document.cookie)</script> Run

6.3. YcnoBHas KoMnuasaiua6.5. iteparopbl
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iTepatopsl

[laBaiiTe IOrOBOPUM O LIMK/IaX.

ITomuuTe 1k TOr B Rust? Bor nipumep:

for x in 0..10 { Run
println! ("{}", x);
}
Terneps, Korga Bbl 3HaeTe 0 Rust HeMHOTO G0JIbLIIe, MBI MOYKEM ZI€TaJIbHO 00CY/IUTB, KaK JKe 3TO
pabotaet. [uanasousl (0..10) sBasioTcs «uteparopamu». VTepatop — 3TO CYI[HOCTb, IS

KOTOpOﬁ Mbl MO>X€M HE€OAHOKDATHO BbI3BATb METO[ . next ( ) , B pe3y/ibTaTe 4ero Mbl IOJIyUUM

[0C/1el0BaTe/IbHOCTh 3/IeMEHTOB.
Kak npefcraB/ieHO HUKe:
let mut range = 0..10; F{Ljr]

loop {
match range.next() {
Some(x) => {
printin!("{}", x);
+
None => { break }

MbI CBA3bIBaEM C [Mara3oHOM HM3MEHsSeMOe WMs, KOTOpas U SB/ISeTCS HalllMM WTepPaTopOM.
3areM Mbl HCMOb3yeM LWKaA LOOP ¢ BHyTpeHHeidl koHcTpykiwmei match. 3pecs match
NpUMeHsieTcss K pesysisraty range.next(), KoTopelii BbiZ@eT HaM CCbUIKY Ha C/eyolee
3HaueHue ureparopa. B nqanHom ciyuyae next sossparjaer Option<i32>, koropelii mpejcTasiseT
coboii Some (132) korma y Hac ecth 3HaueHue u None xorza nepeGop 3/1eMeHTOB 3akoHueH. Ecm
MbI rosiydaem Some (132), to meuaraem ero, a eciu NON€, To mpekpaiiaeM BbITIOJIHEHKE [UK/Ia
orneparopom break.

OTOT mpUMep, 10 BOMBIIOMY CUeTy, [ielaeT TO )Ke camoe, uTo u ripumep ¢ tukiom Tor. Hukn

for — npocro ygo6HkI#i crioco6 3amucu koHCTpyKiuu Loop/match/break.

Opnako, 1wKn TOr He sBIsieTCs eJUHCTBEHHOW KOHCTPYKI[MEH, KOTOpasi WCIIO/b3yeT
uTeparopel. Harmcanue cBoero cOOCTBEHHOTO WTepaTopa 3aK/IFOYaeTCsl B peayM3alldd THTaKa
Iterator. Xorsa 3Ta Tema ¥ BBIXOAWT 3a paMKM JAHHOTO PYKOBOZCTBa, Rust mpegocTaBisieT psif
T0/Ie3HBIX UTepaToOpOB /ISl BHITIOJIHEHUST pa3/UyHbIX 3a7ad. [Ipexke yeM Mbl TIOTOBOPUM O HUX, MBI
JIO/DKHBI paccKasaTb O TUIOXOM IpakThKe B Rust, CBsi3aHHOM C MCII0/Ib30BaHKEM [Juaria30HoB. OHa

MPOJIEeMOHCTPUPOBAHA B TIPUMepe HIKe.

BoT, TO/MBKO YTO MBI FOBOPW/IM O TOM, Kakue Juara3oHbl KpyTble. Ho guamna3oHbl Takxke U
OYeHb MPUMUTHUBHBLL. Hampumep, ecv BaM HY>KHO repeOparh COZIePKMMOe BEKTOpa, Y BaC MOXKET

BO3HUKHYTbD Ke/IdHHWE€ HallUCATh TaK:
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A3bIK IporpaMmupoBaHyst Rust

let nums = vec![1, 2, 31; F{Llr]

for i in 0..nums.len() {
printtn! ("{}", nums[i]);

OTO HaMHOTO Xy)Ke, ueM eCu Obl Mbl UCIO/Ib30Ba/IM UTEPATOP HEMoCpeACTBeHHO. Bbl MoxeTe

TPOMTH TI0 3/IeMEeHTaM BEKTOPOB HarpsAMyHo, KakK IT0OKa3aHO HIDKe:
let nums = vec![1, 2, 31; F{Lln

for num in &nums {
printtn! ("{}", num);

EcTe Be mpuuMHBI Npe/novyecTb MpsIMOe WCIO/b30BaHWe UTepatopa. Bo-nepBbixX, 3TO sCHee
BbIpa)KaeT Hallle HamepeHHe. Mbl 00XOAMM 37eMeHThl BEKTOpa, a He MHJEKChl C TOC/eAyrolei
WH/leKcaliell Bektopa. Bo-BTophIX, 3Ta Bepcus siBsieTcs 6osee 3¢ddeKkTUBHOIM: nepBasi Bepcusi OyzeT
BBITIOJHSATE [JOTIOJTHUTEJTbHBIE TTPOBEPKU TPAHHULI, [IOTOMY UTO HCIIO/Ib3yeTCst MHAeKcalus, Nums [1] .
Bo BTOpPOM INpuMepe HeT HUKAKUX [POBEPOK IPaHUL], TOCKOJIbKY Mbl MIOy4aeM CChIIKM Ha KaXK[bli
5/IeMEeHT BEKTOpa, OHY 3a OZIHOM, 110 Mepe UTepUpOBaHUs. JTO OueHb PaCIpOCTPaHEeHHbIW MpUeM
paboThI C UTepaTopamMy: Mbl MOYKEM UIHOPUPOBaThb HeHY)KHble TIPOBEPKU T'PAHUIL], HO BCe ellje ObITh

YB€pPEHHbLIMH, UTO MBI B 0e30MacHOCTH.

OcTaeTcs HesCHOM ele ofHa jetanb padotel println!. Ha camom gese NUM umeer Tum
&132. To ectw, 310 cchiika Ha 132, a He cam 132. println! BeimonHseT pasbiMeHOBaHKe
repeMeHHO 3a Hac, MO0TOMY Mbl He BHIWM €ro B MCXOJHOM Kofe. DTOT KOJ TakkKe MPeKPacHO
paboraert:

let nums = vec![1, 2, 3]; Run

for num in &nums {
printtn!("{}", *num);

3,EI;ECB MbI SIBHO pa3bIMeHOBBLIBaeM NUM. HOI—IEMY &nums BbIJd€T HaM CChIIKM? BO-HepBLIX,
IMOTOMY UTO MBI SIBHO ITOIIPOCHJ/IA €I'0 06 3TOM C MOMOIIbIO &. BO-BTOPLIX, eC/iIn OH 6y,£[€T BbI/1aBATh
HaM CaMM [dHHbIe, TO MbI [OOJ/DKHBI OBITL KX B/lajesbleM, 4YTO I10Apa3yMeBdeT CO3[0aHHE KOIMMKH
AdHHBIX W BbIJd4y 3T0M Koy HaMm. CO CCBhIZTKAMH K€ MBI IMMPOCTO 3aMMCTBYeM CCbUIKY Hd [IdHHbIE, 1

no3Tomy OyzieT BblZlJaHa TIPOCTO CChIJIKa, Oe3 He0OX0AUMOCTH TIepeMellaTh JaHHbIe.

Tenepb, KOT/la Mbl YCTAdHOBWJIM, UTO 3a4dCTYHO AHAIIA30HbI — 3TO HE TO, YTO HY>KHO, ,anaPITe

IMOroBOpMUM O TOM, UYTO >XK€ MO>XHO MCII0/Ib30BdATb BMECTO /IMdlla30HOB.

EcTb TpPYM OCHOBHBIX KjlacCa OOBEKTOB, KOTOPble MMEIOT OTHOIIEHWe K JaHHOMY BOMPOCY:

umepamopbl, adanmepbl Umepamopos u nompebumenu. BoT HEKOTOpPbIe OTpe/ieIeHHs:

® umepamopbl BBIIAIOT TIOC/IeA0BATETBHOCTD 3HAUEHHIA;
® agdanmepbl UMepamopos TIPUMEHSIFOTCSI K UTePaTOpPy U BBIAIOT HOBBIN UTEPATOp C JPYTroi

BBIXO/IHOM TI0C/1e/I0BaTe/IbHOCTHIO;
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® nompebumenu TIPUMEHSIIOTCSI K WMTePATOPy, BBIJAIOIEMY HEKOTOPbI KOHEeuHbIli Habop

3HAUEeHUH.

[aBaiiTe CcHauajia TIOTOBOPUM O TIOTPeOUTessIX, TaK KaK UTePATOphbl Bbl Y)Ke BUAETN — 3TO

[TMara3oHsbl.

MoTpebutenn

ITompebumenb TIpUMeHsIeTCSI K WTepaTopy, BO3Bpalllas KaKoe-TO 3HaueHWe W 3HaueHwWs.
HaubGosee pacripoctpaHeHHbIM ToTpebuTesieM sisisietcst COllect () . Dror kKo He KoMMIUIUpyeTcs,

HO OH IIOKa3bIBA€T HU/iet0:

let one_to one hundred = (1..101).collect(); Run

Kak Bbl MOXeTe BH/eTb, Mbl BhisbiBaeM COllect () mas marmero ureparopa. collect ()
NPUHUMAET CTOJILKO 3HAYEHMH, CKOMBKO BBIZIACT UTEpPATop, M BO3BpAIL[aeT KOJJIEKLIUI0 Pe3y/ILTaToB.
Tak moueMy ke 3TOT KOZ He KOMITWIMPYeTCs? Rust He MOXKET OMpe/e/IMTh, B KAKyI KOJIEKLIMIO
(HarprMep, BEKTOp, CIMCOK, W T.J.) Bbl XOTHTE COOpaTh 3/€MEHTHI, ¥ TO3TOMY THI HeoOXOAUMO

YKa3aThb SBHO. Bor BepCHs, KOTOPpadA KOMITU/IMPYeTCs:

let one_to one hundred = (1..101).collect::<Vec<i32>>(); Run

Ecnu  momHwuTe, CHHTAKCHC : :<> TIO3BOJIIeT 3ajaTb II0ACKAa3Ky THIIA. HOSTOMY B
MpUBE€JEHHOM IIpUMEDPE MbI YKd3adJ/IM, UTO XOTHUM BEKTOD LieJIbIX YUHCEeJI. XoTd He BcCerga ObIBaeT HY>XHO
3adBdTb BeCb THUIT LIEJIHKOM. Wcnonb3oBaHWe CHMBOJIA _ IIO3BOJIUT BaM 3d/ldTb YdCTUUYHYIO
MOACKA3KY THIId:

let one_to one hundred = (1..101).collect::<Vec< >>(); Run

Ota 3amuch roBOpUT KommuiasTopy Rust: «Iloxkanyiicra, cobepu snemeHtel B Vec<T>, a
BBIBOZL TWMa | chenaidl caMocTosTesbHO». II0 3TOM mMpUYMHE CHMBOJ _ HMHOTAA HAa3bIBalOT

«3dIlIOJIHUTeJ/IeM TUIIa».

collect() smnsercs HaubGosee pacripoCTpaHeHHLIM M3 MOTpeOUTesIel, HO eCTh U JIpyrHe.
Hanpumep find() :

let greater than forty two = (0..100) Run
find (x| *x > 42);

match greater than forty two {
Some(_) => println!("Msl Hawnm uucno!"),
None => println!("Yucno He HampeHo : ("),

find npuHMMaer 3aMbiKaHue, KOTOpoe 0OpabarhbiBaeT CCHIIKY Ha KaXKAblid 3/1eMEeHT
ureparopa. 3amMblKaHKe Bo3Bpaiaer true, eciu seMeHT sIBIsSeTC NCKOMBIM 371eMeHToM, 1 false
B MPOTMBHOM C/yuyae. Tak Kak HaM He BCerja y/laeTcs HaiTh cooTBeTCTByroiuii snement, Tind

Bosspaiaer Option, a He cam a/emeHT.

Erie oy BaxkHbiii motpebutesis — Told. Bor kak oH BeIT/siuT:
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A3bIK IporpaMmupoBaHust Rust

let sum = (1..4).fold(0, |sum, x| sum + X); Run
fold() — 570 mnorpebGuTenb, KOTOPHIA CXeMaTMYHO MOXKHO TIPEJCTaBUTh B BHJE:
fold(base, |accumulator, element| ...).On npuHumaer gBa aprymeHTa: repBbiii -
5TO 3/IEMEHT, Ha3bIBaeMbIi 6a30l; BTOPOM — 3TO 3aMbIKaHWe, KOTOPOe, B CBOK O4epe[b, CaMo

MPUHMMaeT [iBa apryMeHTa: IMepBbld Ha3bIBAeTCSl AKKyMY/Asimop, a BTOPOM - anemeHm. Ha kaxzon
WTepalyy BbI3bIBAETCS 3aMblKaHWe, pe3y/bTaT BbINOJHEHUS KOTOPOTO CTAHOBUTCS 3Haue€HUEM

aKKyMy/IsiTopa Ha c/efytoleii ntepaluu. Ha nepBoii nTepaliuy 3HaueHre akKyMyJisiTopa paBHoO Oase.

OTO HEMHOTO 3alTyTaHHO. ,Z[aBaﬁTe PaCcCMOTPHUM 3HAUEHMs BCeX 3/IeMeHTOB UTepaTropa:

0a3a aKKyMy/JfATOp ?1eMeHT pe3y/IbTaT 3aMbIKaHUSA

0 0 1 1
0 1 2 3
0 3 3 6

Mer BeisBat Told () c stumu aprymenTamu:

.fold(0, [sum, x| sum + x); Run

Takum ob6pazom, 0 — 310 6asa, SUM — 3TO aKKyMy/sSTOp, @ X — 3TO 371eMeHT. Ha mepBoii
UTepalM¥ Mbl yCTaHaB/IMBaeM SUM paBHOW O, a X CTaHOBUTCS TEepBbIM 37eMeHTOM NUMS, 1.
3arem Mbl ripubasisieM X K Sum, uro gaetr Ham O + 1 = 1. Ha Bropoii uTepaijuu 3T0 3HaueHue
CTAHOBUTCS 3HaueHWEM aKKyMYy/siTopa, SUM, a 37IeMeHT CTAaHOBUTCS BTOPBIM 3/IEMEHTOM MacCCHBa,
2.1 + 2 = 3, pe3ynbTar 3TOr0 BbIPa’KEHUsI CTAHOBUTCS 3HaUEHHEM aKKyMYJIsiTopa Ha MOC/eAHel
uteparyu. Ha 3Toli utepanyu, X CTaHOBUTCS MOC/AEAHUM 3/IEMEHTOM, 3, a 3HaUeHHe BhIpaKeHUs 3
+ 3 = 0 sBIseTCsA KOHEUHbIM 3HaueHHWeM Haiuei cymmbl. 1 + 2 + 3 = 6 — 3T0 pe3ysbrar,

KOTOPBIN MBI MOy UHIIH.

Bor Tak. fold moxer mokasarbcsi HeMHOro CTPAHHBIM, €C/IM Bbl UCII0/Ib3yeTe €ro BIIepPBbIE,
HO KOrja Bkl OCBOMTE €ero, To 6y,que MCII0/1b30BaTh ero noscemectHo. fold noaxoAuT AJjisd C/IyydesB,

KOT/la y BaC €CTb CITMCOK 3/IEMEHTOB, d BaM HY>KHO IO/IyUWUTb O4WH EAHHCTBEHHbIﬁ pe3y/bTart.

[ToTpebuTeny UMeIOT oueHb OOMbIIOE 3HaUeHHe B CBSI3M C OFHUM CBOMCTBOM HTEPaTOpOB, O
KOTOPOM MBI ellle He TOBOPHJIM: JIEHWBOCTh. /]aBaiiTe ellé HEMHOrO MOrOBOPHM 00 UTepaTopax, W Bbl

rofimeTe, TIoUeMy MOTPeOUTe/N TaK BayKHBI.

TepaTtopbl

Kak MbI y)ke TOBOPW/IM paHee, WTepaTop SBJSIOTCS CYLIHOCTBIO, /Il KOTOPOM MbI MOXKeM
HEOZIHOKPAaTHO BbI3BaTh MeTof .Next (), B pesynbrate uero Mbl TOMYYUM TIOC/I€I0BATEbHOCTD
3/1eMeHTOB. [1Jis1 Toy4eHust KaKJ0ro CJle/lyIollero 37ieMeHTa Hy>KHO BbI3BaTb METO/I, a 3TO O3Hauaer,
YTO UTEPATOPHI /IeHUBbl — OHU He 00s13aHbI CO3/1aBaTh BCe 3HaUeHUs 3apaHee. Harpumep, 3TOT Koz Ha
camoMm [iesie He TeHepupyeT Homepa 1-99, a mpocto co3gaeT 3HaueHue, TPEACTABISIOIIEE 3Ty

rnocjieaoBare/IbHOCTb:

let nums = 1..100; Run
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B sToM mnpumepe Mbl HHKaK He WCIIO/Ib30BajM [Waria3oH, MMO3TOMY OH W He CO37aBas
ToC/IeI0BaTeIbHOCTE. [laBaiiTe q00aBUM TIoTpebuTesns:

let nums = (1..100).collect::<Vec<i32>>(); F{Llr]

Teneps collect() mnorpeGyer, uroObl AManasoH BbJABAJ €My Kakue-HUOy[b YMCIa,
TI0TOMY OH CreHepupyeT 10C/1e/[0BaTebHOCTb.

[Tyiara3oHbl — 9TO OfIUH M3 [IBYX OCHOBHBIX THIIOB UTE€PATOPOB. [Ipyroii 4acTo MCIIO/Ib3yeMblid
urepatop — iter(). iter() wmoxer mpeobpa3oBaTh BEKTOpP B IMPOCTOH WTEPATOp, KOTOPbIH

BBIZIAeT BaM KaXKZbIM IeMeHT T10 ouepenu:
let nums = vec![1, 2, 31; F(LJF]

for num in nums.iter() {
printtn! ("{}", num);

OTU ABa OCHOBHBIX UT€PATOPa XOPOILLIO ITOC/TY>KaT BdM. Ectb 1 bonee IMpOABUHYTbIE UT€PATOPHI,

B TOM 4UuCJie U Te, KOTOPpbI€ TEHEPUDYIOT 6ECKOHeqHy1-O noc/jie0BaTe/JIbHOCTD.

Bor 1 Bce, uTo KacaeTcsi uteparopoB. [loc/ieHee TOHSTHE B 3TOW TeMe, 0 KOTOPOM MbI XOTe/!

OBl pacckasaTb — ajjanTepsl UTepaTopoB. [laBaiiTe mepelizeM K Hemy!

Afantepbl UTepaTopos

Adanmepbl umepamopos TOIy4aloT UTepaTop U M3MEHSIOT ero KakuM-To o0pa3oM, BblaBast
HOBBIM uTepartop. IIpocTeiiilivii U3 HUX Ha3bIBaeTCss Map :

(1..100).map(|x| x + 1); Run

Mmap BBI3bIBAETCS [JIi UTepaTopa, W CO3/1ae€T HOBBIM WUTEpPATOp, KaXKbll 3/IEMEHT KOTOPOTO
TIO/TyYaeTCsl B pe3y/ibTaTe BbI30Ba 3aMbIKaHUS, B KaueCTBe apryMeHTa KOTOPOMY Tepe/laeTcsi CChLKa
Ha WCXOJHBbIM 37eMeHT. Tak UTO 3TOT KOf BbiZAcT HaMm uucia 2-100. Hy, mouru! Eciu Bb

CKOMITW/IMpYyeTe MMpruMep, STOT KO/ BbLAACT IIpeAYyIIpeXaeHue:

warning: unused result which must be used: iterator adaptors are lazy and
do nothing unless consumed, #[warn(unused must use)] on by default
(1..100) .map(|x]| x + 1);

[lpuumHa 3TOr0 — J1IeHUBOCTH UTepatopoB! To 3amblKaHHe HHUKOT[A He OyZeT BBIOTHEHO.

HpI/IMep HW)Ke He HarledyaTrdeT HWM OJHOI'0 3HaYeHMsI:

(1..100).map(|x| println! ("{}", x)); Run

Eci Bbl MbITaeTech BBIMOJHUTH 3aMblKaHHe paid MobouHbIX 3¢ ¢deKToB (Bpoje reuaTtu), TO

BMECTO 3TOTO [POCTO UCTob3yiiTe TOr.

Ectb Macca MHTepecHbIX  ajanTepoB  ureparopoB. take(n)  Bepuer wureparop,
TIPe/ICTABJISFOIINN C/IeIytoIie N 37IeMEeHTOB UCXOZHOTo ureparopa. ObparuTe BHUMaHKe, UTO 9TO He

OKa3bIBaeT HUKAKOT0 BJ/IMSTHUSI Ha OPUTMHA/IbHBIN UTeparop. [aBaiiTe mornpobyeM NpUMeHUTH ero Jjist
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0A(1..100).map(%7Cx%7C%20x%20%2B%201)%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A(1..100).map(%7Cx%7C%20println!(%22%7B%7D%22%2C%20x))%3B%0A%7D
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OeCKOHEUHBIX UTEPATOPOB, KOTOPbIE MbI YTIOMUHA/IA PaHbLIIe:

for i in (1..).step by(5).take(5) { Run
println! ("{}", 1);

OTOT KO/ HarleyaTraeT

11
16
21

filter() mnpeacraensier coboii ajarrep, KOTOPBIM MPUHUMAET 3aMBIKAHHE B KaueCTBe
aprymenTa. JTO 3ambikanue Bosppaijaer true wm false. Hoseii ureparop, mosmydyeHHbIH

npumMenenrem Tilter(), Gymer BbimaBaTb TOALKO Te 3/€MEHTHI, [JIi KOTOPHIX 3aMbIKAHWE

BO3Bpaljaer true:

for i in (1..100).filter(|&x| X % 2 == 0) { F{Ljr]
printin!("{}", 1i);

OTOT mpuMep OyZeT revarath BCe UETHbIE UMC/Ia OT ofHOro Ao cra. (ObpaTuTe BHUMaHKe, UTO
MBI HCrosib3yeM o6paser] &X, uToOBbl W3B/IEYb CaMO IIeI0e YKMC/IO. JTO HEeO0OXOAWMO, MOCKOIBKY
filter ue morpeGssier s/eMeHTHI, KOTOpbIE BBIZAIOTCS BO BPEMsS WTEpal|Md, a JIMIIb BBIJAET

CCBIJIKY.)

Bbl MoxxeTe COE€IVHUTL BCE TPU IIOHATHSA BMECTE€: HAUdTb C WTE€PATOpAd, daAdlITUPOBATH €ro

HEeCKOJIbKO pa3, a 3aTeM 1noTpeOuTh pe3ysbrat. Hariprumep:

(1..) Run
filter(|&x| x % 2 == 0)
filter(|&x| x % 3 == 0)
.take(5)
.collect::<Vec<i32>>();

OTOT KOJ, BbIIACT BEKTOp, cozepxkaimid 6, 12, 18, 24, 30.

3T0 mpocTo HeOOosbIION 0030p TOrO, KaK MUTEPATOPbI, ajlalTepbl UTEPATOPOB U MOTPeOUTeH
MOTYT [OMOUb BaM. Y)K€ HalTUCaHO MHOXKECTBO [IeHCTBUTE/ILHO T0JI€3HBIX UTEPATOPOB, U BbI TAKXKE
MOXKeTe HamnucaTh CBOM COOCTBeHHBIM wWTepaTop. MTepatopbl o0ecrieunBarOT 0e30TacHbId U
3¢ dexTrBHBIA crocob paboThl CO BceMHM BuJamu CIUCKOB. CriepBa paboTaTh C HUMM HEMHOTO
HENpUBBIYHO, HO ueM Oosbllle Bbl C HUMHM CTa/IKUBaeTeCh, TeM OOJibllle OHM Bac LETUISIOT. s
MOJIyYeHHs TIOJIHOTO CIKCKA pa3/MuHbIX WMTEpPATOpOB, AaJaNTepPOB U TOTpeOUTenell CMOTpUTe

IOKVMEHTAILUI0 MOIV/I iter.

6.4. JokymeHTanusa6.6. MHOro3agjauHoCTh

Nreparopsl 241


https://play.rust-lang.org/?code=%23!%5Bfeature(step_by)%5D%0Afn%20main()%20%7B%0Afor%20i%20in%20(1..).step_by(5).take(5)%20%7B%0A%20%20%20%20println!(%22%7B%7D%22%2C%20i)%3B%0A%7D%0A%7D&version=nightly
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afor%20i%20in%20(1..100).filter(%7C%26x%7C%20x%20%25%202%20%3D%3D%200)%20%7B%0A%20%20%20%20println!(%22%7B%7D%22%2C%20i)%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A(1..)%0A%20%20%20%20.filter(%7C%26x%7C%20x%20%25%202%20%3D%3D%200)%0A%20%20%20%20.filter(%7C%26x%7C%20x%20%25%203%20%3D%3D%200)%0A%20%20%20%20.take(5)%0A%20%20%20%20.collect%3A%3A%3CVec%3Ci32%3E%3E()%3B%0A%7D
http://doc.rust-lang.org/std/iter/index.html
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MHoOrosaga4yHocCTb

MHOro3alayHoCTh ¥ TIapajyiesii3M  SIBISIFOTCS  HEeBEPOSITHO Ba)KHBIMU — TipobieMamut B
vHpopmaTke. OTO aKTyasbHas TeMa [ijisi COBPEMEeHHOW MHIYCTPUH. Y KOMITbIOTEPOB BCe OosibIle U

OosbIie daaep, HO MHOIr've rporpaMMMCTEI He I'OTOBEI B TTOTHOM Mepe MCII0/J1b30BaTh MX.

CpenctBa Rust a1 6e30macHol paboThl C MaMsATBIO B TIOJTHOM Mepe PUMeHHMBI U TIpy paboTe
B MHOT03a/jauyHoi cpefie. [laxke MHOro3a/jauHble rporpaMmbl Ha Rust o/mkHbI 6e3omacHo paboTtaTs C
MaMsITbIO, U He CO3/laBaTh COCTOSTHUM TOHOK MO JaHHbIM. CHcTema THUIOB Rust A0OCTaTOUHO MOIIHA,

UYTOOBI CIMIPpaBUTbLCA C STUMHU 3dJjd4dMHU Hd 3TdAlle KOMITUJISALIAN.

HPE)K,I[E 4UeM MbI IMOTrOBOPUM 00 0COOEHHOCTSIX MHOro3aad4HOCTHU B RUSt, Ba)KHO IIOHATH BOT
uro: Rust — AO0CTATOUHO HHBKoypOBHeBLIﬁ A3BbIK, IMO3TOMY BCd TMOALAEP»KKa MHOT'03da1d4HOCTHU
pear30oBdHa B CTaHﬂapTHOﬁ 6I/I6JH/IOTGKE, a He B CaMOM SsI3bIKe. JTO O3HauaeT, UTO eC/id BaM He
HPABUTCA KAKOM-TO acCIIeKT peamr3aliii MHOT'03a/1d4YHOCTU B RUSt, BbI BCerga MoykeTe CO34daTb

a/IbTepHaTUBHYIO0 OMOIMOTEKY. Mio — peasbHO CYLLeCTBYIOLMI IPUMep TaKoro MojXoza.

CnpaBoyHast uHpopmaums: Send n Sync

Paccy»aTb 0 MHOT03a/lauHOCTH JIOBOJIBHO TPYAHO. Rust cTporo cratmyecku TUMMA3UPOBaH, U
3TO TIOMOTraeT HaM /JiesiaThb BBIBOJIbI O Kofe. B cBsiz3u ¢ 3TuM Rust mpejocTaBsiseT ABa TUIaxa,

TIOMOr'aronx HaM pa36[/lpaTI:CH B J1I000M Koze, KOTOpLIﬁ B006].Lle MOXKeT OBITh MHOro3aja4yHbIM.

Send

[TepBbIi THMAX, O KOTOPOM MbI OyzeM roBopuTh, HasbiBaeTcss Send. Korga tun T peanusyer
Send, 3T0 ykasbiBaeT KOMITH/ISTOPY, UTO BjiajieHHe MepeMEeHHbIMH TOr0 THIA MOXKHO 6e30racHo

rnepemMelartb MeXXy IIOTOKAMMU.

OTO BaXKHO AJIA CO6]1IO,E[EHI/IH HEKOTOPBIX OFpaHHHEHHﬁ. HaHpHMep, 9TO MMeeT 3HdUeHHe, Korja
Y HaC eCTb KdHaJl, COe,I[I/IHHPOU_II/II‘/’I ABa TIOTOKa, U MbI XOTHM OTIIPAB/IATb HEKOTOPLIE [AdHHBIE I10
KaHa/ly H3 OJHOro II0TOKa B ,qperﬁ C.T[e,ZLOBaTEJ'[BHO, Mbl OO/DKHBI T'dDdHTHPOBATL, UYTO [JIA

OTIIPaB/IsIeMOr0 THTIA JAHHBIX Peay30BaH TUnax Send.

1 HaobopoTt, ecsii Mbl obopauriBaeM OubGmoteky uyxoro koga (FFI), U oHa He siBsieTCs
MOTOKOGE30MacHOM, TO HaM He CJielyeT pearu30BbIBaTh THIAX SeNnd, U KOMIUIATOP TIOMOXKET Ham

y6eauThCsl B HEBO3MOKHOCTU TIOKUHYTh TEKYIL[HH TIOTOK.

Sync

BTopoii u3 3THxX Tumnaxkei HasbiBaeTcst SYNC. Korma tun T peanusyer SYNC, 3TO yKasbiBaeT
KOMITUJIATOPY, UTO MCII0/Ib30BaHKe MepPeMeHHbBIX 3TOTr0 THIla He TIPUBOJUT K Hebe3oracHoii pabore ¢

MaMSTBEI0 B MHOTOITOTOUHO cpene.
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https://github.com/carllerche/mio
http://doc.rust-lang.org/std/marker/trait.Send.html
http://doc.rust-lang.org/std/marker/trait.Sync.html
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Haan/IMep, COBMECTHO€ HCII0/Ib30BaHHE HeM3MEeHAEMBbIX [OdHHBIX C IMOMOIIBK0 aTOMapHOI'O
CYeTUMKa CCLUIOK SIB/ISIETCS IOTOKOOe3oIacHeIM. Rust obecreunBaer Takod tur, Arc<T>, u oH

peamusyer SYNC, Tak 4ToO MpU TIOMOIIM 3TOTO THUTIA MOXKHO 6e30TmacHO 0OMEHHMBAThCS JAaHHBIMU
MeXK/1y TOTOKaMHU.

OTH ABa TUIIa>Ka TIO3BOJIAKOT HMCIIO/JIB30BATH CHUCTEMY THIIOB, yTOOBI MOJIYyUYUTb HaJeXXHbIe
rapaHTHu O CBOMCTBAX Balllero KO/Zla B YC/JIOBHSAX MHOI03a/1auHOCTH. Hpeme yeM MBI ITOKa>KeM, KdK

3TOTO [JOCTUTHYTh, CHauaja Mbl IO/DKHBI y3HaTh, KaK BOOOIIle HAamMcaTh MHOT03alauHy0 TIPOrpaMMy
B Rust!

[MOTOKM

CranpaptHass 6ubnmmoreka Rust mpepocraBnisieT 61MOIMOTEKY MHOTOMOTOUYHOCTH, KOTOpast

T103BOJIdeT BaHYCKaTL KO Ha Rust napanneano. Bot HpOCTOfI HpI/IMep HCIT0J/Ib30BAHUA
std::thread:

use std::thread; Run

fn main() {
thread: :spawn(|| {
println!("Hello from a thread!");
1)

Meton thread: :spawn() B kauecTBe eJMHCTBEHHOTO aprymMeHTa MPUHUMAET 3aMbIKaHHe,
KOTOpOe BBINIOJIHAETCS B HOBOM I10TOKe. OH BO3BpalljaeT [eCKPUIITOP IT0TOKA, KOTOPbIN UCII0/Ib3yeTCs
JJ1s1 0KU/JaHWs 3aBeplleHKst 3TOr0 ITOTOKA U U3BJIeueHHts ero pesysibrara:

use std::thread; Run

fn main() {
let handle = thread::spawn(|| {
"Hello from a thread!"

1)

printin!("{}", handle.join().unwrap());

MHorue si3bIKM MMeIT BO3MOKHOCTb BbITIOHSTh IMMOTOKH, HO 3TO AMKO OITaCHO. Ectb LeJbIe
KHUTM O TOM, KdK n3bekaTh OH_II/I6OK, KOTOpbIE TIIpOUCXOAAT OT COBMECTHOI'O HCITI0/Ib30BAHUA
U3MeHsieMoro coctossHusi. B Rust cHoBa momoraeT cucTema TUIIOB, KOTOpad MpeAoTBpallldeT MOHKHU
AdHHBIX Ha 3Tdlle KOMITUJIALH. ,Z[aBaﬁTe IMOroBOpMUM O TOM, KdK K€ Hd CdMOM Jiejie obecrieunBaeTcs

COBMECTHOE HCIT0/Ib30BaHKe uero-1ibo B YCQI0BHAX HECKOJIBKHX IMTOTOKOB.

be3onacHoe COBMEeCTHOe WCNo/b30BaHNEe WN3MEHSEeMOro
COCTOAHNA
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https://play.rust-lang.org/?code=use%20std%3A%3Athread%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20thread%3A%3Aspawn(%7C%7C%20%7B%0A%20%20%20%20%20%20%20%20println!(%22Hello%20from%20a%20thread!%22)%3B%0A%20%20%20%20%7D)%3B%0A%7D%0A
https://play.rust-lang.org/?code=use%20std%3A%3Athread%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20handle%20%3D%20thread%3A%3Aspawn(%7C%7C%20%7B%0A%20%20%20%20%20%20%20%20%22Hello%20from%20a%20thread!%22%0A%20%20%20%20%7D)%3B%0A%0A%20%20%20%20println!(%22%7B%7D%22%2C%20handle.join().unwrap())%3B%0A%7D%0A
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BuuTtaliTech: «0e30MacHoe COBMeCTHOE HCII0/Ib30BaHKe M3MEHSIeMOr0 COCTOSIHMsI». IToxoxke Ha
JIOXXb, He TaK ? MHorue MMpOrpaMMHMCThI CUHMTAIOT, UYTO OPraHKM30BdTb MHOI'OIIOTOYHYIO pa60Ty C
U3MeHsIeEMbIM COCTOSIHHEM OU€Hb CJIOKHO M MOYTH HeBO3MOKHO. Ho 611ar0,qap51 cucreme TUTOB Rust,

3TO BCE ke mpaBza — 6e30macHoO paboTaThk C U3MEHsIeMbIMH JJaHHBIMHA MOYKHO.

Kto-TO OAHA>XAbI CKA3aJI 3TO:

COBMeCTHO HCIIO/Ib3yeMOe H3MeHsieMOe COCTOsHHe SIB/IsIeTCS KOpHeM BCeX 307
BOMBIIMHCTBO SI3BIKOB MBITAIOTCS DPELIUTh 3Ty MpobseMy uepe3 uacTh, OTBeYaroIlyl0 3a
«13MeHsieMoe», HO Rust pelliaeT ee uepe3 4acTb, OTBEYAIOL[YIO 38 «COBMECTHO MCII0/Ib3yeMOe».

Ta ke camas cucTema BJIaJIeHUS, KOTOpasd TI11O0MOraeT TIIpeAO0OTBPATUTL HEIIPAaBU/IbHOE

WCTIO0/Tb30BaHKe yKa3aresel, TakKe TIOMOTraeT UCK/TFOUMTh TOHKH TI0 JAHHBIM, OJWH U3 XY/IIUX BU/IOB
o1MOOK MHOT03aJauHOCTH.

B kauecTBe rpuMepa rnpuseeM 1porpaMmy Ha RUSt, KOTOpasd BXoAu/ia OBl B COCTOSIHME TOHKH

10 JJaHHbIM Ha MHOTUX f3bIKax. Ha Rust oHa He CKOMITUIMpYeTCs:
use std::thread; F{Ljr]

fn main() {
let mut data = vec![1u32, 2, 31;

for i in 0..3 {
thread: :spawn(move || {
data[i] += 1;
3

thread::sleep ms(50);

OHa BbIfIaeT OIINOKY:

8:17 error: capture of moved value: “data’
data[i] += 1;

A

B f1aHHOM cilyyae MbI 3HaeM, UTO Halll Koj dondceH ObITh Oe3omacHbIM, HO Rust B 3ToM He
yBepeH. U, Ha caMoM /iefie, OH He siB/isieTCsi Oe30macHbIM: Mbl pabotaem ¢ data B kaxmom motoke.
ITpu 5TOM, NTOTOK CTAHOBUTCH BJaZie/ibLieM TOrO, YTO OH MO/y4aeT KaK 4acTb OKPY’KeHHsl 3aMbIKaHUSI.
A 5TO 3HAUWT, YTO Y HAC €CThb TPHU Biaajesblal 3To MI0xo. MBI MOXXeM MCIIPaBUTh 3TO C MOMOLLBIO
tumna Arc<T>, KoTopblii sSIBIsIeTCS aTOMapHBIM YKa3aTeleM CO CYeTUMKOM CCHUIOK. «ATOMapHBIN»

03HayJaeT, uyTo UM 6e30macHO 0OMEHUBATHCS MEXK/Y TTIOTOKAMH.

YToObI rapaHTHPOBATh, UTO €ro MOXKHO 0e30IacHO WCIIO/Ib30BaTh M3 HECKOJBKUX IOTOKOB,
Arc<T> npexrnonaraer HaMuKe elle OFHOTO CBOMCTBA Y BO)KeHHOro Tura. OH Tpe/ronaraeT, uyro
T peanusyet Tunax SYNC. B Haiiem ciydae Mbl TaK)Ke XOTUM, UTOObI Obl/Ia BO3MOXXHOCTh U3MEHSITh

BJIOXKEHHOe 3HaueHWe. Ham HY)XeH THII, KOTOPbIﬁ MOXeT 00ecrneunuTb H3MeHeHHe CBOero
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https://play.rust-lang.org/?code=use%20std%3A%3Athread%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20mut%20data%20%3D%20vec!%5B1u32%2C%202%2C%203%5D%3B%0A%0A%20%20%20%20for%20i%20in%200..3%20%7B%0A%20%20%20%20%20%20%20%20thread%3A%3Aspawn(move%20%7C%7C%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20data%5Bi%5D%20%2B%3D%201%3B%0A%20%20%20%20%20%20%20%20%7D)%3B%0A%20%20%20%20%7D%0A%0A%20%20%20%20thread%3A%3Asleep_ms(50)%3B%0A%7D%0A
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COZIEP>)KUMOTO JIUIIIb OJHUM I10/1b30BaTe/IeEM OJHOBPEMEHHO. [1/1s1 3TOr0 Mbl MOYKEM HCII0/Ib30BaTh THIT
Mutex<T>. Bor Bropas Bepcus Haiiero koga. OHa Io-TIpe)kHeMy He paboTaeT, HO TIO Jpyrou

TpUUKHE:

use std::thread; F{Ljr]
use std::sync::Mutex;

fn main() {
let mut data = Mutex::new(vec![1lu32, 2, 3]);

for i in 0..3 {
let data = data.lock().unwrap();
thread: :spawn(move || {
data[i] += 1;
1)

thread: :sleep ms(50);

Bor ommboka:

<anon>:9:9: 9:22 error: the trait “core::marker::Send” is not implemented for the type "std
r:sync::mutex: :MutexGuard<' , collections::vec::Vec<u32>>" [E0277]
<anon>:11 thread: :spawn(move || {

<anon>:9:9: 9:22 note: “std::sync::mutex::MutexGuard<' , collections::vec::Vec<u32>>" canno
t be sent between threads safely
<anon>:11 thread: :spawn(move || {

Bbl Moxere BugeTb, uto Mutex copepxur meron LOCK, KOTOpbIii HMMeeT CiefyroL[yo
CUTHATYpy:

fn lock(&self) -> LockResult<MutexGuard<T>> F{Ljr]

Tak kak Tunax Send wHe Obin peamusoBan g MutexGuard<T>, mbl He MoXkeM
repeMellaTh OXpaHHOe 3HaUeHHe MbIOTEKCa uepe3 IPaHULIbl TIOTOKOB, UTO M CKa3aHO B COOOIIeHUH 006
ommboke.

MbI MOXKeM UCIob30BaTh ArrC<T>, yToObI UCTIPaBUTE 3TO. BOT pabouas Bepcust:

pe)
c
-]

use std::sync::{Arc, Mutex};
use std::thread;

fn main() {
let data = Arc::new(Mutex::new(vec![1u32, 2, 31));

for i in 0..3 {
let data = data.clone();

thread: :spawn(move || {
let mut data = data.lock().unwrap();
data[i] += 1;

s
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https://play.rust-lang.org/?code=use%20std%3A%3Athread%3B%0Ause%20std%3A%3Async%3A%3AMutex%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20mut%20data%20%3D%20Mutex%3A%3Anew(vec!%5B1u32%2C%202%2C%203%5D)%3B%0A%0A%20%20%20%20for%20i%20in%200..3%20%7B%0A%20%20%20%20%20%20%20%20let%20data%20%3D%20data.lock().unwrap()%3B%0A%20%20%20%20%20%20%20%20thread%3A%3Aspawn(move%20%7C%7C%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20data%5Bi%5D%20%2B%3D%201%3B%0A%20%20%20%20%20%20%20%20%7D)%3B%0A%20%20%20%20%7D%0A%0A%20%20%20%20thread%3A%3Asleep_ms(50)%3B%0A%7D%0A
http://doc.rust-lang.org/std/sync/struct.Mutex.html
http://doc.rust-lang.org/std/sync/struct.Mutex.html#method.lock
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20lock(%26self)%20-%3E%20LockResult%3CMutexGuard%3CT%3E%3E%0A%7D
https://play.rust-lang.org/?code=use%20std%3A%3Async%3A%3A%7BArc%2C%20Mutex%7D%3B%0Ause%20std%3A%3Athread%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20data%20%3D%20Arc%3A%3Anew(Mutex%3A%3Anew(vec!%5B1u32%2C%202%2C%203%5D))%3B%0A%0A%20%20%20%20for%20i%20in%200..3%20%7B%0A%20%20%20%20%20%20%20%20let%20data%20%3D%20data.clone()%3B%0A%20%20%20%20%20%20%20%20thread%3A%3Aspawn(move%20%7C%7C%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20let%20mut%20data%20%3D%20data.lock().unwrap()%3B%0A%20%20%20%20%20%20%20%20%20%20%20%20data%5Bi%5D%20%2B%3D%201%3B%0A%20%20%20%20%20%20%20%20%7D)%3B%0A%20%20%20%20%7D%0A%0A%20%20%20%20thread%3A%3Asleep_ms(50)%3B%0A%7D%0A
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thread: :sleep ms(50);

Terieps MbI Bbi3biBaeM Clone () ms Hamero ArcC, 4To yBe/IMUMBAET BHYTPEHHUM CUETUMK.
3aTeM TOyyeHHasi CChUIKA TepeMellaeTcsi B HOBbIN MOTOK. [aBaiiTe Gosiee ToApoOHO paccMOTpUM

TeJIO ITOTOKaA:

thread: :spawn(move || { F{L]n
let mut data = data.lock().unwrap();
data[i] += 1;
3
Bo-nepBbiX, Mbl Bbi3biBaeM MeTof LOCK (), KOTOphIi 3axBaTbiBaeT GIOKUPOBKY MBHOTEKCA.
Tak Kak BBI30B [JAHHOI'O METO/la MOXKeT IOoTepreTh Heyaady, oH Bosspaiaer Result<T, E>, Ho,
MOCKOJIBKY 3TO MPOCTO MPUMEP, MbI MCIO/b3yeM UNWrap (), uToObl MOYUYNUTh CCHUIKY Ha JaHHBIE.
PeasibHBIN KOZ, IO/DKEH UMeTh Oosiee HaZleXXHYH0 00paboTKy OIMOO0K B Takoi cutyauuu. [locie 3Toro

MbI CBOOOZIHO M3MeHsIeM JlaHHbIe, TaK KaK Y HaC eCTb OJI0KMPOBKa.

Moz KOHeI| MbI XIAEM Kakoe-TO BpeMsl, ToKa MOTOKK 0TpaboTaroT. OTO He HjeasbHbIA Crocob
JOXK/IaTbCsl OKOHYAHHUSI MX pabOThI: BO3MOXXHO, MbI BBIOpa/i pa3yMHOe BpeMsi O)KH/IaHUsI HO, CKOpee
BCEro, Mbl OyzeM >kaath 1100 OosbIlle ueM HY)XKHO, MO0 MeHbIlle ueM HY)XHO, B 3aBUCHMOCTH OT

TOr'0, CKOJIBKO Hd CAMOM [Jiejie BpeMEHH HOTpG6y€TCH IIOTOKaM, 4yTOOBI 3aKOHUUTH BLIUMCIEHUS.

Ecth 60j1ee TOUHBIE CIIOCOOLI CHUHXPOHHK3allMK TIOTOKOB, U HECKOJIbKO M3 HHX ped/IM30BdHO B

craHziapTHoit 6ubsmoTeke Rust. [laBaiiTe moroBopyM 06 0JHOM M3 HUX: KaHamax.

KaHasbl

Bor Bepcus Hamero kKozja, KOTopasi UCIOJb3yeT i CMHXPOHM3alMy KaHajibl, BMECTO TOrO,
yTOOBI )K/IaTh B TEUEHUE OTPeZieJIeHHOTO BPEeMEeHHU:
use std::sync::{Arc, Mutex}; F{Ljr]
use std::thread;

use std::sync::mpsc;

fn main() {
let data = Arc::new(Mutex::new(0Qu32));

let (tx, rx) = mpsc::channel();

for in 0..10 {

let (data, tx) = (data.clone(), tx.clone());
thread: :spawn(move || {
let mut data = data.lock().unwrap();
*data += 1;

tx.send(());
1)
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https://play.rust-lang.org/?code=use%20std%3A%3Async%3A%3A%7BArc%2C%20Mutex%7D%3B%0Ause%20std%3A%3Athread%3B%0Afn%20main()%20%7B%0A%20%20%20%20let%20data%20%3D%20Arc%3A%3Anew(Mutex%3A%3Anew(vec!%5B1u32%2C%202%2C%203%5D))%3B%0A%20%20%20%20for%20i%20in%200..3%20%7B%0A%20%20%20%20%20%20%20%20let%20data%20%3D%20data.clone()%3B%0Athread%3A%3Aspawn(move%20%7C%7C%20%7B%0A%20%20%20%20let%20mut%20data%20%3D%20data.lock().unwrap()%3B%0A%20%20%20%20data%5Bi%5D%20%2B%3D%201%3B%0A%7D)%3B%0A%20%20%20%20%7D%0A%20%20%20%20thread%3A%3Asleep_ms(50)%3B%0A%7D%0A
https://play.rust-lang.org/?code=use%20std%3A%3Async%3A%3A%7BArc%2C%20Mutex%7D%3B%0Ause%20std%3A%3Athread%3B%0Ause%20std%3A%3Async%3A%3Ampsc%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20data%20%3D%20Arc%3A%3Anew(Mutex%3A%3Anew(0u32))%3B%0A%0A%20%20%20%20let%20(tx%2C%20rx)%20%3D%20mpsc%3A%3Achannel()%3B%0A%0A%20%20%20%20for%20_%20in%200..10%20%7B%0A%20%20%20%20%20%20%20%20let%20(data%2C%20tx)%20%3D%20(data.clone()%2C%20tx.clone())%3B%0A%0A%20%20%20%20%20%20%20%20thread%3A%3Aspawn(move%20%7C%7C%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20let%20mut%20data%20%3D%20data.lock().unwrap()%3B%0A%20%20%20%20%20%20%20%20%20%20%20%20*data%20%2B%3D%201%3B%0A%0A%20%20%20%20%20%20%20%20%20%20%20%20tx.send(())%3B%0A%20%20%20%20%20%20%20%20%7D)%3B%0A%20%20%20%20%7D%0A%0A%20%20%20%20for%20_%20in%200..10%20%7B%0A%20%20%20%20%20%20%20%20rx.recv()%3B%0A%20%20%20%20%7D%0A%7D%0A
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for in 0..10 {
rx.recv();

MeI ucrions3yem metog Mpsc: : channel (), uto6el co3aars HOBBIA KaHal. B sToM npumepe
MBI B Ka)K/IOM U3 /IeCITH TIOTOKOB BbI3bIBaeM MeTof SE€Nd, KOTOphIA mepejaeT 1Mo KaHauy IyCToM

KOpTex ( ) , d 3dTeéM B ITIaBHOM II0TOKe >XeM, ITOKa He 6y,Z[YT IMPUHATEI BCe NeCATh 3HAUEHUH.

XoTs1 10 3TOMY KaHajly MOCBIIaeTCst MPOCTO CUTHA (IyCTOM KopTex () He HecéT HUKAKUX
[IAHHBIX), B 0OLI[EM C/lyyae Mbl MOXKEM OTIPABUTh I10 KaHajy /r000e 3HaueHHe, KOTOpPOe peajn3yer
tunax Send!

use std::thread; F{Ljr]
use std::sync::mpsc;

fn main() {
let (tx, rx) = mpsc::channel();

for _ in 0..10 {
let tx = tx.clone();

thread: :spawn(move || {
let answer = 42u32;

tx.send(answer);
1)

rx.recv().ok().expect("Could not receive answer");

u32 peamusyer Send, MOTOMy uUTO MbI MOXKEM CZe/iaTh KOMHIO. MITaK, CO34aéTCs TIOTOK, B
KOTOPOM BBIUMC/ISIETCSI OTBET, @ 3aTeM 3TOT OTBET C MoMoIIbio Metoza Send () mepegaércst ob6patHo

110 KaHaJ1y.

[MaHuKa

panic! aBapuiiHO 3aBepilaeT BBIOJHSAEMBIM B JaHHBIA MOMEHT IIOTOK. Bbl MoXeTe

WCII0/Ib30BaTh MOTOKK Rust Kak HpOCTOﬁ MeXaHW3M HU30JIALN:

use std::thread; F{Ljr]
let result = thread::spawn(move || {

panic! ("oops!");
}).join();

assert!(result.is err());

Wcnonb3yeMelii B Kofie Bbiie MeToz jOin() crpykrypel Thread Bosspammaer Result,

UTO I103BOJIAET HaM IIPOBEPUTD, ITAHWKOBAJI JIN MTOTOK, WJ/IM OH 3dBePIIN/ICA HOPMaJ/IbHO.

6.5. Vtepatopni6.7. O6paboTKa O1nboK
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https://play.rust-lang.org/?code=use%20std%3A%3Athread%3B%0Ause%20std%3A%3Async%3A%3Ampsc%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20(tx%2C%20rx)%20%3D%20mpsc%3A%3Achannel()%3B%0A%0A%20%20%20%20for%20_%20in%200..10%20%7B%0A%20%20%20%20%20%20%20%20let%20tx%20%3D%20tx.clone()%3B%0A%0A%20%20%20%20%20%20%20%20thread%3A%3Aspawn(move%20%7C%7C%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20let%20answer%20%3D%2042u32%3B%0A%0A%20%20%20%20%20%20%20%20%20%20%20%20tx.send(answer)%3B%0A%20%20%20%20%20%20%20%20%7D)%3B%0A%20%20%20%20%7D%0A%0A%20%20%20rx.recv().ok().expect(%22Could%20not%20receive%20answer%22)%3B%0A%7D%0A
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Athread%3B%0A%0Alet%20result%20%3D%20thread%3A%3Aspawn(move%20%7C%7C%20%7B%0A%20%20%20%20panic!(%22oops!%22)%3B%0A%7D).join()%3B%0A%0Aassert!(result.is_err())%3B%0A%7D
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O6paboTka oLnboK

Kak u MHOrme si3bIKM MpOrpaMMHpOBaHusi, Rust mpu3biBaeT pa3paboTuvka OrpezesieHHbIM
cnocobom obpabatbiBath ombku. Boobiie, cymecTByeT fBa o0mumx moaxoga 06paboTky oumbok: ¢
MOMOII[bI0 MCK/TIOUeHUHM M uepe3 BO3BpalljaeMble 3HaueHus. M Rust rpeamounTaeT BO3BpalljaeMbie

3HA4YEeHUs.

B 37011 T71aBe MBI HaMepeHbI TIOAPOOHO HU3MKUTE PaboTy ¢ omrbkamu B Rust. Bosee Toro, Mbi
norpobyeM pa3 3a pa3oM MOTPY>KaTbCsi B 00pabOTKY OLIMOOK C pa3/M4HbIX CTOPOH, TaK UYTO TIOf

KOHeLl y BaC 6y,£[€T YBE€PpEHHOE IMPAKTHUYECKOE MpeACTAB/IEHHE O TOM, KaK BCe 3TO CXOAUTCA BOE€JUHO.

B HauBHOUW peanu3aiuv 006paboTka ommboK B Rust MOXKET BBIIVISIIETH MHOTOCTIOBHOW U
pa3apakaroreii. Mbl pacCMOTPUM OCHOBHBIE KaMHU TIPETKHOBEHUS, a TAaKXKe MPOAEMOHCTPUPYEM,

Kak cziesiaTb 00paboTKy OIMOO0K TAKOHUYHOM U yI0OHOM, TO/b3ysICh CTaHJapTHON OMOIMOTEKOM.

CopaepxaHune

OTa m1aBa OuyeHb J/IMHHAs, B OCHOBHOM II0TOMYy, UYTO Mbl HayHeM C CaMOro Hayaga —
pacCMOTpeHHsT THUTIOB-CyMM (Sum type) ¥ KOMOMHATOpOB, W Jiajiee TIOMbITAeMCS I0C/e[j0BaTeIbHO
00BsicHUTH Mozaxof, Rust K 06paboTke ormmbok. Tak uTo pa3paboTUMKH, KOTOPbie NUMEIOT OITBbIT PA0OThI

C APYI'YMMHU BbIPDA3UTE/IbHBIMU CUCTEMdAMHU THUIIOB, MOTYT CBO60,Z[HO rnepeckakmBaTtb OT pa3fiejla K

pazzeny.

® (OCHOBBI
o Qb6wacHenue Unwrap
o Tun Option
®  Cosmernenre 3Hauennii 0ption<T>
o Tun Result

m [IpeoOpa3oBaHUe CTDOKU B UUCIIO

m CosaHue rceBgonuMa tuna Result

o KopoTkoe oTcTynjieHre: UNWIrap — He 00g3aTeLHO 3710

e Pabora C HeCKOJBLKUMU TUIIAMU OLIMO0K

o Cosmentenne Option u Result

o QrpaHuyeHusd KOM6I/IH8TODOB

o [lIpexaeBpeMeHHBIU return

o Makpoc try!
o OObgBIeHUe COOCTBEHHOI0 TUIIA OLIHOKU

e Tunaxy U3 CTaHJaPTHOU OUOIMOTEKU, UCIIOAL3VEeMbIe /11 00paboTKM OIIMO0K
o Tumax Error
o Tunax From

o Hacrosmmi makpoc try!

o CoBMellleHHe COOCTBEHHBIX TUIIOB OIIIMO0K
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o PekomeH/iaInu il aBTOPOB O6UO/IMOTEK
e [Ipaktuueckuii mpumep: [IporpaMma zijist yTeHus AeMorpaduuecKrX JaHHBIX

e 3aK/IIOUYeHre

OCHOBBbI

OO6paboTKy OmMOOK MOXKHO paccMaTpuBaTh Kak 8apuamueHblli aHaiu3 Toro, Obiio su
HEKOTOPOE BBIUMC/IEHHE BBIMOJHEHO YCIelnmHO Wi HeT. Kak OymeT mokasaHO jasee, KIHOUOM K
yAo06cTBy 00pabOTKM OIIMOOK sIBJSIETCS COKpaIlleHHe KOMWYecTBa SIBHOTO BapUaTMBHOTO aHasM3a,
KOTOPBIN JJO/DKEH BBIMOJHATL Pa3pabOTUMK, COXPaHssl TPU 3TOM KOJ JIEFKO COYeTaeMbIM C JAPYTMM

KogoM (composability).

(ITlpumeuaHue nepegoduuxka: BapuamugHbilli aHanu3 — 5mo o00uH Uu3 Haubonee
obwenpumeHUMbIX Memo008 aHaAUMUUYeCKo20 Mblu1eHUsl, KOMOPblU 3aKaouaemcs: 8 paccMompeHuu
npobaembl, gonpoca uau HeKomopot cumyayuu ¢ MoOYKU 3peHuUst Ka#C0020 803MOHCHO20 KOHKPEMHO20
cayuan. Ilpu smom paccmompeHue no oOmOeAbHOCMU KaXic0020 MAKo20 CAy4yas sensemcs

0oCMamouHbIM 0151 moeo, ymobhbl pewumb n€p60HC!Ll(1/lebllj eonpoc.

BaodicHbim achekmom mako2o nooxodda K pewleHuto npobnem s81s1emcs mo, umo makxoil aHanu3
OondiceH bbimb ucuepnbiearowum (exhaustive). [pyeumu caoeamu, npu UCNOAb308AHUU 8APUAMUBHO20

aHanu3a Oo/HcHbl ObIMb paccmompeHbl eCe 803MOJCHbIE C/ayyau.

B Rust eapuamuHblli aHaau3 peanuzyemcsi C NOMOWbIO CUHMAKCUYeCKOU KOHCMpYKyuu
match. IMpu s3mom Komnuasimop 2apaHmupyem, umo makoii aHanu3 6yoem ucuepnbIBaWuUM: ecau
paspabomuuxk He paccmompum 6ce 803MOXCHble 8apUAHMbl 3A0AHHO20 3HAUEHUsl, NPO2PAMMAa He

6ydem cKomMnuaupoeawd.)

COXPHHHTB COUYeTaeMOCTb KO/Zld BA)XHO, IIOTOMY 4TO 6e3 sTOrO TPE6OBEIHI/IH MBI MOIVIM ObI
MMPOCTO TI10J1yUaTb Qanic BCSIKUM pa3, KOrja Mbl CTA/IKUBAJIMChb OBl C ueM-TO HeOXHJaHHbIM.
(panic BbI3bIBAE€T TIIpE€pbIBaHME TEKYIlIero IIOTOKd W, B OO/IBLIIIMHCTBE Cl1y4ddeB, TMPUBOAUT K

3aBepIleHHI0 BCeli porpaMMel.) Bot mpumep:

// MNonpobynTe yragatb umcrio ot 1 go 10. F{Ljr]
// ECnn 3apaHHOe 4MCrio COOTBETCTBYeT TOMy, 4TO Mbl 3arapanu, BO3BpawaeTtcs true.
// B npoTtuBHOM cny4yae Bo3BpawaeTtca false.
fn guess(n: 132) -> bool {
ifn<1]| n>10{
panic! ("HesepHoe uucno: {}", n);

n ==

fn main() {
guess(11);

Ecm nmonpo6oBatk 3amyCTUTh 3TOT KO, TO TIPOrpaMMa aBapUHO 3aBepILUTCS C COOOI[eHHeM

BpO/ie 3TOro:
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http://doc.rust-lang.org/std/macro.panic!.html
https://play.rust-lang.org/?code=%2F%2F%20%D0%9F%D0%BE%D0%BF%D1%80%D0%BE%D0%B1%D1%83%D0%B9%D1%82%D0%B5%20%D1%83%D0%B3%D0%B0%D0%B4%D0%B0%D1%82%D1%8C%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE%20%D0%BE%D1%82%201%20%D0%B4%D0%BE%2010.%0A%2F%2F%20%D0%95%D1%81%D0%BB%D0%B8%20%D0%B7%D0%B0%D0%B4%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE%20%D1%81%D0%BE%D0%BE%D1%82%D0%B2%D0%B5%D1%82%D1%81%D1%82%D0%B2%D1%83%D0%B5%D1%82%20%D1%82%D0%BE%D0%BC%D1%83%2C%20%D1%87%D1%82%D0%BE%20%D0%BC%D1%8B%20%D0%B7%D0%B0%D0%B3%D0%B0%D0%B4%D0%B0%D0%BB%D0%B8%2C%20%D0%B2%D0%BE%D0%B7%D0%B2%D1%80%D0%B0%D1%89%D0%B0%D0%B5%D1%82%D1%81%D1%8F%20true.%0A%2F%2F%20%D0%92%20%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D0%BC%20%D1%81%D0%BB%D1%83%D1%87%D0%B0%D0%B5%20%D0%B2%D0%BE%D0%B7%D0%B2%D1%80%D0%B0%D1%89%D0%B0%D0%B5%D1%82%D1%81%D1%8F%20false.%0Afn%20guess(n%3A%20i32)%20-%3E%20bool%20%7B%0A%20%20%20%20if%20n%20%3C%201%20%7C%7C%20n%20%3E%2010%20%7B%0A%20%20%20%20%20%20%20%20panic!(%22%D0%9D%D0%B5%D0%B2%D0%B5%D1%80%D0%BD%D0%BE%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE%3A%20%7B%7D%22%2C%20n)%3B%0A%20%20%20%20%7D%0A%20%20%20%20n%20%3D%3D%205%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20guess(11)%3B%0A%7D%0A
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thread '<main>' panicked at 'HeBepHoe uucno: 11', src/bin/panic-simple.rs:6

Bot ppyroii, MeHee HayMaHHbIM npumep. [IporpamMmMa, KoTopasi MIpUHUMAaeT UMC/I0 B KauecTBe

dPryMeHTa, yIBAUBA€T €ro 3Ha4eHHe U I1e4yaTdeT Ha SKpaHe.

use std::env; Run

fn main() {
let mut argv = env::args();
let arg: String = argv.nth(1l).unwrap(); // ouwnbka 1
let n: 132 = arg.parse().unwrap(); // ownbka 2
println! ("{}", 2 * n);

Ecnu BbI 3amycTuTe 3Ty rporpammy 6e3 mapameTpoB (oubka 1) wiv eciv nepBblid apameTp
Oyzer He 1esibIM yncaoM (ommbka 2), MporpaMma 3aBepLIMTCSl NAHWKOM, TaK jkKe, KaK ¥ B MepBOM

rpuMepe.

O6paboTtka ommboK B TomoOHOM cTHe TofoOHa C/IoHy B mocyaHoW jaBke. CiioH Oyzer

HECTUCH B HAllIpdAB/IEHWH, B KOTOPOM €MY B3yMdeTCs, U KPDYLLIUTb BCe Ha CBOEM ITyTH.

Ob6bsAcHeHne unwrap

B mpezpigyiiemM mpuMepe Mbl YTBepyK/ald, UTO Tporpamma OyzieT MpoCTO MaHHUKOBATh, €C/U
OyzieT BBINOIHEHO OJHO U3 JBYX YC/IOBUM /i1 BOSHUKHOBEHHS OLIMOKH, XOTs, B OTVIMUKM OT [1€PBOTO
nprMepa, B KO/ie TIPOrpaMMbl HET sIBHOTO Bbi30Ba PAN1icC. Tem He MeHee, BbI30B PANiC BCTpoeH B
BBI30B UNWrap.

Be3biBaTh UNWrap B Rust moso6HO ToMy, UTO CKa3aTh: "BepHU MHe pe3y/bTaT BbIUMC/IEHUH,
a eC/Iv MpOU30II/Ia OIMOKa, MPOCTO MaHUKYH M OCTaHaB/IMBai rporpamMmy". Mbl Moriv 6kl IPOCTO
T10Ka3aTh UCXOAHBIN KoJ, PyHKIIMKM UNWIap, Beb 3TO 0BOIBLHO [IPOCTO, HO Tepej| 3STUM MbI [I0/DKHBI
pasobparecst ¢ Tunamu Option u Result. O6a 3TuX THIa UMEIOT OIpe/je/IeHHBIN /i1 HUX METO/
unwrap.

Tun Option

Tun Option oGbaBieH B crangapTHON OUGIKOTEKE:

enum Option<T> { F{L]r]
None,
Some(T),

}
Tun Option — 310 Croco® BBIPasUTh BOIMONCHOCMb OMCYMCMeUs 4ero Obl TO HU ObIIO,

WCTob3yst cucteMy THUMOB Rust. BripaskeHue 8o3amodcHOCmu omcymcmeusi uepe3 CUCTeMY THUIIOB
SIBJISIETCS. BXKHOW KOHIIEII[Mel, MOCKO/BKY TaKOW IMOAX0[ T03BOJISieT KOMIWIATOPY TpeboBaTh OT
pa3paborurika obpabarbiBaTh Takoe OTCyTCTBHe. /laBaiiTe B3IVITHEM Ha TIPUMep, KOTOPBINA TBITAeTCS

HalTh CUMBOJI B CTPOKE:

// TMowuck Unicode-cumBona "needle’ B “haystack’ . Korpa nepBbii CUMBOJS HaWfeH, F{[]r]
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https://play.rust-lang.org/?code=use%20std%3A%3Aenv%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20mut%20argv%20%3D%20env%3A%3Aargs()%3B%0A%20%20%20%20let%20arg%3A%20String%20%3D%20argv.nth(1).unwrap()%3B%20%2F%2F%20%D0%BE%D1%88%D0%B8%D0%B1%D0%BA%D0%B0%201%0A%20%20%20%20let%20n%3A%20i32%20%3D%20arg.parse().unwrap()%3B%20%20%20%20%20%20%2F%2F%20%D0%BE%D1%88%D0%B8%D0%B1%D0%BA%D0%B0%202%0A%20%20%20%20println!(%22%7B%7D%22%2C%202%20*%20n)%3B%0A%7D%0A
http://doc.rust-lang.org/std/option/enum.Option.html
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aenum%20Option%3CT%3E%20%7B%0A%20%20%20%20None%2C%0A%20%20%20%20Some(T)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%2F%2F%20%D0%9F%D0%BE%D0%B8%D1%81%D0%BA%20Unicode-%D1%81%D0%B8%D0%BC%D0%B2%D0%BE%D0%BB%D0%B0%20%60needle%60%20%D0%B2%20%60haystack%60.%20%D0%9A%D0%BE%D0%B3%D0%B4%D0%B0%20%D0%BF%D0%B5%D1%80%D0%B2%D1%8B%D0%B9%20%D1%81%D0%B8%D0%BC%D0%B2%D0%BE%D0%BB%20%D0%BD%D0%B0%D0%B9%D0%B4%D0%B5%D0%BD%2C%0A%2F%2F%20%D0%B2%D0%BE%D0%B7%D0%B2%D1%80%D0%B0%D1%89%D0%B0%D0%B5%D1%82%D1%81%D1%8F%20%D0%BF%D0%BE%D0%B1%D0%B0%D0%B9%D1%82%D0%BE%D0%B2%D0%BE%D0%B5%20%D1%81%D0%BC%D0%B5%D1%89%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%B4%D0%BB%D1%8F%20%D1%8D%D1%82%D0%BE%D0%B3%D0%BE%20%D1%81%D0%B8%D0%BC%D0%B2%D0%BE%D0%BB%D0%B0.%20%D0%98%D0%BD%D0%B0%D1%87%D0%B5%20%D0%B2%D0%BE%D0%B7%D0%B2%D1%80%D0%B0%D1%89%D0%B0%D0%B5%D1%82%D1%81%D1%8F%20%60None%60.%0Afn%20find(haystack%3A%20%26str%2C%20needle%3A%20char)%20-%3E%20Option%3Cusize%3E%20%7B%0A%20%20%20%20for%20(offset%2C%20c)%20in%20haystack.char_indices()%20%7B%0A%20%20%20%20%20%20%20%20if%20c%20%3D%3D%20needle%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20return%20Some(offset)%3B%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%20%20%20%20None%0A%7D%0A%7D
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// BO3BpauwaeTcs nobanWToBoe CMelleHMe Ofs 3Toro cumeona. MHaye Bo3Bpauwaetcs None' .
fn find(haystack: &str, needle: char) -> Option<usize> {
for (offset, c) in haystack.char indices() {
if ¢ == needle {
return Some(offset);

None

O6pariTe BHMMaHHe, UTO KOTZA@ 3Ta (YHKLWS HAXOAWT COOTBETCTBYIOIIMM CHMBOJ, OHa
Bo3Bpaiaet He mpocto 0T fset. Bmecro 3Toro oHa Boseparaer Some (offset). Some — sro
BAPUAHT WJIA KOHCMpYKmop 3HaueHust nyisi tura Option. Ero MOXHO WHTepPpeTHpoBaTh Kak
dyukipro tuma fn<T>(value: T) -> Option<T>. CoorsercrBenHo, NOone — 310 Takke
KOHCTPYKTOD 3HAueHWsi, TOJIbKO Yy HEro HeT napameTpoB. Ero MOXHO HWHTEpIIPeTHpPOBaTh Kak
¢ynkuuro Tuna fn<T>() -> Option<T>.

MoskeT T0Ka3aTbCsl, YTO MbI TIOAHS/IM MHOTO ILIyMa W3 HUYEro, HO 3TO TOJBKO ITOJIOBUHA
uctopud. Bropasi MO/JIOBMHA — 9TO uchonb3oeaHue ¢yHkipy Tind, koTopylo Mbl Hammcasu.

[aBaiite rornpobyeMm HCI0/Ib30BaTh ee, UTOObI HATH pacIIvpeHe B UMeHH daiina.

fn main() { Run
let file name = "foobar.rs";
match find(file name, '.') {

None => println!("PacuupeHue danna He HanpgeHo."),
Some(i) => println!("Pacuwupenue dauna: {}", &file name[i+1..]),

OTOT KOJ HCIO/Ib3yeT COMOCTaB/IeHre ¢ 00pa3ioM uYTOObI BBIMOJHUTH 8APUAMUEHbIU AHAAU3
Juist BosBparjaemoro ¢yskuueir Tind snauenus Option<usize>. Ha camom zene, BapHaTUBHbIM
aHa/IM3 SB/ISIETCS eJUHCTBEHHBIM CrOCO6OM /100paThCsl [0 3HAUEHMs, COXPAHEHHOrO BHYTPH
Option<T>. 3T0 o03Hauaer, uto BHI, Kak pa3paboTuMk, 06s3aHbBl 0OpaboTaTh Ciyuvai, Korga
sHauenre Option<T> pasHo None, aune Some(t).

Ho IIOJOXKAUTE, KaK HacueT unwrap, KOTOpI:Iﬁ Mbl 0O 3TOr O ucrosab3oBaau? Tam He OBIIO
HUKAKOI'0 BapHWATUBHOI'O aHamm3a! BmecTto 3TOro, BapHaTHBHLIﬁ aHaau3 ObII rnepemMelleH BHYTPb

MeToza unwrap. Brb1 moxkeTe caeaTb 3TO CaMOCTOATEe/IbHO, €CJ/IN 3aXOTUTe:

enum Option<T> { F{Ljr]
None,
Some(T),

}

impl<T> Option<T> {
fn unwrap(self) -> T {
match self {
Option::Some(val) => val,
Option::None =>
panic!("called "Option::unwrap()" on a “None" value"),
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aenum%20Option%3CT%3E%20%7B%0A%20%20%20%20None%2C%0A%20%20%20%20Some(T)%2C%0A%7D%0A%0Aimpl%3CT%3E%20Option%3CT%3E%20%7B%0A%20%20%20%20fn%20unwrap(self)%20-%3E%20T%20%7B%0A%20%20%20%20%20%20%20%20match%20self%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20Option%3A%3ASome(val)%20%3D%3E%20val%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20Option%3A%3ANone%20%3D%3E%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20panic!(%22called%20%60Option%3A%3Aunwrap()%60%20on%20a%20%60None%60%20value%22)%2C%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%7D%0A%7D
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MeTtog, Unwrap abcmpazupyem gapuamueHblli aHaau3. ITO UIMEHHO TO, UTO JiesiaeT Unwrap
ymoOHbIM B UcIonb30BaHuu. K coxanenuto, panic! osHauaer, uto UNWrap HeymoOHO couyeTarh C

JPYTMM KOJIOM: 3TO CJIOH B TIOCYJJHOI1 J1aBKe.

CoBmMelleHue 3HaveHuin Option<T=>

B OpeablayinemM IrpruMepe Mbl paCCMOTpPe/IM, KdK MOXXHO BOCII0/Ib30BaATbCA find AJId TOro,
UYTOOBI MOJIy4YuTb paClIMpeHre UMEHU d)ai/’ma. KOHE‘IHO, He BO BCeX MMeHax d)aﬁHOB MOJKHO HaWTH . ,
TdK 4YTO CYLIECTBYET BEDPOATHOCTb, UTO HMS HEKOTOPOI'O (baf/ina He HMeeT pacCllrupeHusd. OTa
B03MOJCHOCMb omcymcmeus HWHTEPIIPETUPYETCA HAd YPOBHE THIIOB Yepe3  HCIIO/Ib30BdHHE
Opt ion<T>. HPYFI/IMI/I CJIOBAMHU, KOMITUJIATOP 3dCTaBUT HAC pdCCMOTPETb BO3MOXXHOCTb TOT'O, UTO

pacivpeHue He CyLLeCTBYeT. B HallleM ciiydyae Mbl IPOCTO TieyaTaeM coobirieHue 06 3ToM.

HonyquI/Ie pacuiMpeHuss UMeHU d)al‘/’ma — [HOBOJIBHO PACIIpOCTPaHE€HHad OIiepanusd, TdK UTO

nMmeeT CMBIC/T BBIHECTH KO/ B OTZE€/IbHYIO (i)YHKL]I/II-O

// Bo3BpallaeT pacWMpeHue 3afaHHOro MMeHu ¢aina, a UMEHHO BCE CUMBOJSbI, F{Ljr]
// vpyuue 3a nNepBbM BXOXOAEHUEM . B uMmsa dawna.
// Ecnn B ~file name™ HeT HM OQHOrO BXOXOeHWs . , Bo3Bpawaetcs None’
fn extension explicit(file name: &str) -> Option<&str> {
match find(file name, '.') {

None => None,
Some(i) => Some(&file name[i+l..]),

(TTomckaska: He HCIOJb3yHTe 3TOT KoJ. BmecTo 3Toro ucrosb3yiire meron extension wus
CTaHJAPTHOM OUOIMOTEKH.)

Koj BBIIVISZAUT TIPOCTBIM, HO €r0 BaKHBIM aCreKkT 3ak/arodaercs B ToM, uto ¢yHkumsa find
3aCTaB/IseT HAaC PacCMOTPETh BEPOSTHOCTb OTCYTCTBMS 3HaueHHsl. JTO XOPOLIO, TOCKOIBKY 3TO
03HauaeT, uTO KOMIIM/IATOP He IO3BOJIMT HaM C/ydyaiiHO 3abbITb O TOM BapWaHTe, KOrja B MMeHH
¢aiina orcyrcrByer pacimpenue. C pyroii CTOPOHBI, KaXK/bIi pa3 BBINOIHATL ABHBIM BapUaTUBHBIA
aHa/mM3, MofloOHO TOMY, Kak MbI Zenanu 310 B extension explicit, moxker crath HEMHOro

YTOMUTEJ/IbHBIM.

Ha camom jene, BapuaTvBHbIM aHamm3 B extension explicit seasercs ouenn
pacnipoctpaHeHHsiM nartepHoM: eciu 0ption<T> Bnageer ompegeneHHbIM 3HaueHWeM T, TO

BBITIOJTHUTH €r0 TipeoOpa3oBaHye C TIOMOILbI0 (PYHKIUH, a eC/Id HeT — TO MpocTo BepHyTh NOne.

Rust mogep)kxriBaeT apaMeTprUuecKuii MoJMMOpPGH3M, TaK UYTO MOKHO OUeHb JIETKO OOBSIBUTH

KOMOMHATOp, KOTOPBIN abCTparpyeT 3TO MOBe/IeHHE:

fn map<F, T, A>(option: Option<T>, f: F) -> Option<A> where F: FnOnce(T) -> A { F{ljr]
match option {
None => None,
Some(value) => Some(f(value)),

O6paboTka ormbok 252


https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20find(_%3A%20%26str%2C%20_%3A%20char)%20-%3E%20Option%3Cusize%3E%20%7B%20None%20%7D%0A%2F%2F%20%D0%92%D0%BE%D0%B7%D0%B2%D1%80%D0%B0%D1%89%D0%B0%D0%B5%D1%82%20%D1%80%D0%B0%D1%81%D1%88%D0%B8%D1%80%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%B7%D0%B0%D0%B4%D0%B0%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE%20%D0%B8%D0%BC%D0%B5%D0%BD%D0%B8%20%D1%84%D0%B0%D0%B9%D0%BB%D0%B0%2C%20%D0%B0%20%D0%B8%D0%BC%D0%B5%D0%BD%D0%BD%D0%BE%20%D0%B2%D1%81%D0%B5%20%D1%81%D0%B8%D0%BC%D0%B2%D0%BE%D0%BB%D1%8B%2C%0A%2F%2F%20%D0%B8%D0%B4%D1%83%D1%89%D0%B8%D0%B5%20%D0%B7%D0%B0%20%D0%BF%D0%B5%D1%80%D0%B2%D1%8B%D0%BC%20%D0%B2%D1%85%D0%BE%D0%B6%D0%B4%D0%B5%D0%BD%D0%B8%D0%B5%D0%BC%20%60.%60%20%D0%B2%20%D0%B8%D0%BC%D1%8F%20%D1%84%D0%B0%D0%B9%D0%BB%D0%B0.%0A%2F%2F%20%D0%95%D1%81%D0%BB%D0%B8%20%D0%B2%20%60file_name%60%20%D0%BD%D0%B5%D1%82%20%D0%BD%D0%B8%20%D0%BE%D0%B4%D0%BD%D0%BE%D0%B3%D0%BE%20%D0%B2%D1%85%D0%BE%D0%B6%D0%B4%D0%B5%D0%BD%D0%B8%D1%8F%20%60.%60%2C%20%D0%B2%D0%BE%D0%B7%D0%B2%D1%80%D0%B0%D1%89%D0%B0%D0%B5%D1%82%D1%81%D1%8F%20%60None%60.%0Afn%20extension_explicit(file_name%3A%20%26str)%20-%3E%20Option%3C%26str%3E%20%7B%0A%20%20%20%20match%20find(file_name%2C%20'.')%20%7B%0A%20%20%20%20%20%20%20%20None%20%3D%3E%20None%2C%0A%20%20%20%20%20%20%20%20Some(i)%20%3D%3E%20Some(%26file_name%5Bi%2B1..%5D)%2C%0A%20%20%20%20%7D%0A%7D%0A%7D
http://doc.rust-lang.org/std/path/struct.Path.html#method.extension
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20map%3CF%2C%20T%2C%20A%3E(option%3A%20Option%3CT%3E%2C%20f%3A%20F)%20-%3E%20Option%3CA%3E%20where%20F%3A%20FnOnce(T)%20-%3E%20A%20%7B%0A%20%20%20%20match%20option%20%7B%0A%20%20%20%20%20%20%20%20None%20%3D%3E%20None%2C%0A%20%20%20%20%20%20%20%20Some(value)%20%3D%3E%20Some(f(value))%2C%0A%20%20%20%20%7D%0A%7D%0A%7D
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B fefictBuTensHOCTH, MAP OMpe/ereH B cTaHAapTHON OubaroTeke Kak metog Option<T>.

BOOPY)KI/IBLLII/ICI: HalllM HOBBLIM KOM6HHaTOpOM, Mbl MOXeM IIeperrcarb Halll MeTOo[,

extension explicit Tak, uro6bI 136aBUTHCS OT BADUATUBHOIO aHAMK3A:

// Bo3BpawaeT pacuMpeHue 3agaHHOro MMeHu ¢aina, a MMEHHO BCEe CUMBOJIbI, F{Ljr]
// voyuue 3a nepsBbiM BXOXOEHUMEM . B uMa danna.
// Ecnu B “file name’ HeT HM OOHOrO BXOXAEHUs . , Bo3BpawaeTtcsa None .
fn extension(file name: &str) -> Option<&str> {
find(file name, '.').map(|i| &file name[i+1..])
}

EcTb elle ofHO NoBeJieHNe, KOTOPOe MOXKHO YaCTO BCTPETUTb — 3TO MCII0/Ib30BaHKe 3HaueHMUsI
10 yMOJIYAHHIO B Cydae, korga 3Hauenue Option paeuo None. K mpumepy, Baiia rporpamma

MOXET CUHUTAaTh, UTO paCllIpeHue (:l)&ﬁ]l&l paBHO I'S B Cjiyyae, eC/IM Ha CaMOM Jiejie OHO OTCYTCTBYeT.

Jlerko npeacraBuTb, 4TO STOT Cﬂyqaﬁ BAPUATUBHOI'O dHAJ/IM3d HE CHEL[I/ICI)I/ILIQH TOJIBKO [Jid

paciimpenuii (aiisioB — TakKoii mofaxos MoXeT paborath ¢ mobeim 0ption<T>:

fn unwrap_or<T>(option: Option<T>, default: T) -> T { F{Ljr]
match option {
None => default,
Some(value) => value,

XI/ITPOCTL TOJIbKO B TOM, UTO 3HAU€HHE IO YMOJ/IUdHHIO AO/DKHO HMMETH TOT K€ TUIl, YTO U

3HaueHue, KOTOpoe€ MOXKeT HAdXOAWUTCA BHYTPHU 0ption<T>. Wcnonb3oBaHue 3TOro MeToda

3J/IEMEHTApHO:
fn main() { Run
assert eq! (extension("foobar.csv").unwrap or("rs"), "csv");
assert eq! (extension("foobar").unwrap or("rs"), "rs");
}

(Obparure BHMMaHHe, uTo UNWrap Or obbsened kak meron Option<T> B cranmapTHO#

Oub/IMOTEeKe, TaK UTO Mbl BOCIIO/Ib30Ba/IUCh UM BMECTO (DYHKIMH, KOTOPYHO Mbl 00bsiBU/IN paHee. He
3aby/ibTe TaKKe U3yuuTh Oosiee 00MMil MeTog UNwrap _or_else).

Cy1iecTByeT elrle OfiiH KOMOWHATODP, Ha KOTOPBIM, KaK MbI JlyMaeM, CTOMT 00paTUTh ocoboe
puumanue: and then. Ol T03BO/sIeT JIErKO COYETaTh pa3/MuUHbIe BBIYMC/IEHHs], KOTOPbIE
JIOTTYCKalOT 803MO}CHOCMb omcymcmeusi. [Ipumep — Gorbliiasi 4acTh KoJja B 9TOM pazfesie, KOTOPbIi
CBSI3aH C oripe/ie/ieHreM paclIMpeHus 3aZJaHHOTO UMeHH Qaiina. YToOwl fenaTh 3T, HaM [ijisl Hauasa
HeoOX0oMUMO y3HaTh MMs (haiisia, KOTOpoe Kak IPaBW/IO W3BJeKaeTcs W3 ¢ailioeozo nymu. Xots
OOJBIIMHCTBO (haiIOBLIX MyTeM coiep>kaT uMs (aiisia, moJobHoe Hesb3s1 CKa3aTh 000 8cex (harmoBbIX

nyTsix. [IpuMepomM MOTYT MOC/TY>KUATh MYTH ., . . WK /.

Takum 00pa3oM, MbI ONpeJenvwIv 3afauy HaXOXKAEHHs pPaCIIUpeHUs 3a/IaHHOTO (all108020

nymu. Haunewm c siBHOTO BAPHUATUBHOI'O dHaJ/IM3d:
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http://doc.rust-lang.org/std/option/enum.Option.html#method.map
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https://play.rust-lang.org/?code=fn%20find(haystack%3A%20%26str%2C%20needle%3A%20char)%20-%3E%20Option%3Cusize%3E%20%7B%0A%20%20%20%20for%20(offset%2C%20c)%20in%20haystack.char_indices()%20%7B%0A%20%20%20%20%20%20%20%20if%20c%20%3D%3D%20needle%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20return%20Some(offset)%3B%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%20%20%20%20None%0A%7D%0A%0Afn%20extension(file_name%3A%20%26str)%20-%3E%20Option%3C%26str%3E%20%7B%0A%20%20%20%20find(file_name%2C%20'.').map(%7Ci%7C%20%26file_name%5Bi%2B1..%5D)%0A%7D%0Afn%20main()%20%7B%0A%20%20%20%20assert_eq!(extension(%22foobar.csv%22).unwrap_or(%22rs%22)%2C%20%22csv%22)%3B%0A%20%20%20%20assert_eq!(extension(%22foobar%22).unwrap_or(%22rs%22)%2C%20%22rs%22)%3B%0A%7D%0A
http://doc.rust-lang.org/std/option/enum.Option.html#method.unwrap_or
http://doc.rust-lang.org/std/option/enum.Option.html#method.unwrap_or_else
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fn file path ext explicit(file path: &str) -> Option<&str> {
match file name(file path) {
None => None,
Some(name) => match extension(name) {
None => None,
Some(ext) => Some(ext),

fn file name(file path: &str) -> Option<&str> {
unimplemented!() // onycTum peanusauuio

MoykHO noaymarb, Mbl MOIJIA OBI MPOCTO UCII0/Ib30BATb KOM6I/IHaTOp map, UYTOOBI YMEHbLIUTDb
BapI/IaTI/IBHblf/’I dHaJ/IM3, HO €ro THUIT He COBCEM IIOAXOAUT. 'HGJ'IO B TOM, UTO Map MNPpUHUMAET CI)YHKL[I/II-O,
KOTOpad [Je/ideT 4YTO-TO TOJIBKO C BHYTPEHHHWM 3HA4Y€HUEM. PeBYJII:TaT TaKoU Cl)y'HKL[I/II/I ecez20a

obopauriBaetcs B SOME. BMecTo 3TOro, HaM HY)KeH MeTo[|, TIOXOXKHKA Map, HO KOTOPBIN MO3BOJISIET

BbI3bIBAIOIIIEMY Tiepearth eie oguH Opt ion. Ero obujas peanu3anys gaxke Ipoiie, uem map :

fn and_then<F, T, A>(option: Option<T>, f: F) -> Option<A> F{Ljr]
where F: FnOnce(T) -> Option<A> {
match option {
None => None,
Some(value) => f(value),

}
}
Terepb Mbl MO)KeM Tiepernucarh Hally (GyHKIUIO file_path_ext 0e3 SIBHOTO BapUaTUBHOTO
aHa/u3a:
fn file path _ext(file path: &str) -> Option<&str> { F{Ljr]
file name(file path).and then(extension)
}

Tun Option wmeer wMHOro /Apyrux KOMOWHATOPOB OIDEE/EHHBIX B _CTaHIaDTHOM

bubnroreke. OueHb T0/IE3HO TIPOCMOTPETh 3TOT CITUCOK M 03HAKOMHTHLCS C JAOCTYITHBIMH METOJaMH
— OHU He pa3 IIOMOT'YT BaM COKPaTUThb KOJMYeCTBO BapUAaTHWBHOIO aHanu3a. O3HakKoM/eHHe C 3STUMU
KOMOWHATOpaMM OKYIIUTCSI elle W I[I0TOMY, YTO MHOTMe W3 HHX OIpeZie/ieHbl C aHa/JIOrMYHOM

cemaHTHKOM U Ayist Tuma Result, o koTopom MbI oroBopum jariee.

KoMOUHATOpEI  YIIPOIAIT KCIo/b30BaHue Turos Bpoge Option, Beas oHu cokparjaror
ABHBIM BapUATHUBHBIM aHamM3. OHM TakKe COOTBETCTBYIOT TPeOOBAHWSAM COUETAEMOCTH, MOCKO/IBKY
OHH TO3BOJISIIOT BhI3bIBAIOLIEMY 00pabarhiBaTh BO3MOKHOCTh OTCYTCTBMS pe3y/ibTaTa COGCTBEHHBIM
crioco6om. Takue MeTo/pl, Kak UNWIrap , JUIIAKT 3TOM BO3MOXKHOCTH, Bejb OHU OyyT NaHUKOBaTh B
cnyuae, korga Option<T> pasen None.

Tun Result

Tun Result Takxke ompenened B cTaHIapTHOM OUOAMOTEKE:
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20extension(file_name%3A%20%26str)%20-%3E%20Option%3C%26str%3E%20%7B%20None%20%7D%0Afn%20file_path_ext_explicit(file_path%3A%20%26str)%20-%3E%20Option%3C%26str%3E%20%7B%0A%20%20%20%20match%20file_name(file_path)%20%7B%0A%20%20%20%20%20%20%20%20None%20%3D%3E%20None%2C%0A%20%20%20%20%20%20%20%20Some(name)%20%3D%3E%20match%20extension(name)%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20None%20%3D%3E%20None%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20Some(ext)%20%3D%3E%20Some(ext)%2C%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20file_name(file_path%3A%20%26str)%20-%3E%20Option%3C%26str%3E%20%7B%0A%20%20unimplemented!()%20%2F%2F%20%D0%BE%D0%BF%D1%83%D1%81%D1%82%D0%B8%D0%BC%20%D1%80%D0%B5%D0%B0%D0%BB%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8E%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20and_then%3CF%2C%20T%2C%20A%3E(option%3A%20Option%3CT%3E%2C%20f%3A%20F)%20-%3E%20Option%3CA%3E%0A%20%20%20%20%20%20%20%20where%20F%3A%20FnOnce(T)%20-%3E%20Option%3CA%3E%20%7B%0A%20%20%20%20match%20option%20%7B%0A%20%20%20%20%20%20%20%20None%20%3D%3E%20None%2C%0A%20%20%20%20%20%20%20%20Some(value)%20%3D%3E%20f(value)%2C%0A%20%20%20%20%7D%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20extension(file_name%3A%20%26str)%20-%3E%20Option%3C%26str%3E%20%7B%20None%20%7D%0Afn%20file_name(file_path%3A%20%26str)%20-%3E%20Option%3C%26str%3E%20%7B%20None%20%7D%0Afn%20file_path_ext(file_path%3A%20%26str)%20-%3E%20Option%3C%26str%3E%20%7B%0A%20%20%20%20file_name(file_path).and_then(extension)%0A%7D%0A%7D
http://doc.rust-lang.org/std/option/enum.Option.html
http://doc.rust-lang.org/std/result/
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enum Result<T, E> { F{Llr]
0k(T),
Err(E),

}
Tun Result — »sto mnpoasunyras Bepcust Option. Bmecto Toro, utoObI BhIpaXkarhb

BO3MOXKHOCTL omcymcmeus, Kak 31o genaer Option, Result seipakaer BO3MOXKHOCTB OWUOKU.
Kak mipaBWI0O, OwWuUbKU HEOOXOAUMBI [jii OOBSICHEHHsS] TOTO, MOUYEMY pe3y/bTaT OIpeZeseHHOTO
BbIUMC/IeHUsT He Obin momyueH. Ctporo roBops, 310 Oosee obmjas dhopma Option. Paccmorpum

CJ'Ie,Z[yIOLL[I/Iﬁ ICeBJOHKMM THIIa, KOTOprfI BO BCEX CMbIC/IaX CEMAHTHUYECKH SKBUBAJIEHTEH p€daJIbHOMY
Option<T>:

type Option<T> = Result<T, ()>;

0
-]

u

3nech Bropoii mapamerp Tuma Result ¢ukcupyercs u  ompepensiercs  uepes ()

(mpou3HOCUTCS Kak "unit" wium "mycToii koptex"). Tun () wmeeT poBHO ofHO 3Hauenue — () . ([a,

3TO TUIT U 3HAYE€HHUE ITOI0O THUIld, KOTOPbIE BBITVIAAAT O,Z[I/IHaKOBO!)

Tun Result — 310 crocob BeIpasuTh OKH U3 ABYX BO3MOXKHBIX MCXOJOB BbIuKMC/ieHUs. [10
COTVIAILIeHHIO, OJIMH MCXOJ 03HAUaeT o)kuzaeMbii pesyabrar win " OK", B To BpeMs Kak pyroi UCXo/
0O3HauaeT MCK/TIOUUTE/TbHYI0 cuTyanuro unn "Err".

[Tomo6Ho Option, tum Result wumeer mertox unwrap, onpe/eneHHblii B CTaHAADTHON
bubmoTeke. /laBaiiTe 0OBSIBUM €ro CAMOCTOSITE/TBHO:

impl<T, E: ::std::fmt::Debug> Result<T, E> { F{Ljr]
fn unwrap(self) -> T {
match self {
Result::0k(val) => val,
Result::Err(err) =>
panic!("called “Result::unwrap()® on an “Err’ value: {:?}", err),

OT0 (aKTHUeCKHd TO ke camoe, uTo u onpezesnenve Option: :unwrap, sa UCKIHOUEHHEM

TOTO, UTO MbI 06ABHIK 3HaueHue OMKOKK B coobiieHre panic! . Orto ympoiaer oT1aiKy, HO 3TO
TaK)Ke BbIHY)X/JAeT Hac TpeboBaTh OT THra-rapamerpa E (KOTOpbIii Mpe/CTaB/iseT HALll TUTT OIIMOKH)
peanusanuu Debug. Tlockonbky mogapsitoiiee GOMBIIMHCTBO TUTIOB /IO/DKHBI PeasM30BbIBATh
Debug, o6eruHo Ha MpakTHKe Takoe orpaHuueHue He meinaet. (Peanusanus Debug ans HekoToporo

THMA TPOCTO O3HAuaeT, UTO CYI[eCTBYeT pa3yMHbIH Crocob TeuaTd ymno00uHUTaeMOro OMMCAHUs
3HaueHMsI ITOTO TUIIA.)

Okeil, faBaliTe miepeiijieM K IpUMepy.

[Mpeobpa3oBaHne CTPOKM B YUNCIIO

CrangaptHast 6ubmMoreka Rust 1Mo3Bo/isieT 3/ieMeHTapHO MpeoOpa30BbIBaTh CTPOKU B IieJibie

uucsaa. Ha camom Ziejie 3TO HAaCTOJIBKO ITPOCTO, YTO BO3HHUKAET co6/1a3H HaIMCcarhb YTo-TO BpoO/ie:
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aenum%20Result%3CT%2C%20E%3E%20%7B%0A%20%20%20%20Ok(T)%2C%0A%20%20%20%20Err(E)%2C%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atype%20Option%3CT%3E%20%3D%20Result%3CT%2C%20()%3E%3B%0A%7D
http://doc.rust-lang.org/std/result/enum.Result.html#method.unwrap
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aenum%20Result%3CT%2C%20E%3E%20%7B%20Ok(T)%2C%20Err(E)%20%7D%0Aimpl%3CT%2C%20E%3A%20%3A%3Astd%3A%3Afmt%3A%3ADebug%3E%20Result%3CT%2C%20E%3E%20%7B%0A%20%20%20%20fn%20unwrap(self)%20-%3E%20T%20%7B%0A%20%20%20%20%20%20%20%20match%20self%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20Result%3A%3AOk(val)%20%3D%3E%20val%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20Result%3A%3AErr(err)%20%3D%3E%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20panic!(%22called%20%60Result%3A%3Aunwrap()%60%20on%20an%20%60Err%60%20value%3A%20%7B%3A%3F%7D%22%2C%20err)%2C%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%7D%0A%7D
http://doc.rust-lang.org/std/fmt/trait.Debug.html

A3bIK IporpamMmupoBaHyst Rust

fn double number(number str: &str) -> i32 { Run
2 * number str.parse::<i32>().unwrap()

fn main() {
let n: 132 = double number("10");
assert eq!(n, 20);

BAECB BbI JOJDKHBI OBITH CKeIITUUYECKU HACTPOEHbI I10-TIOBOAY BbLI3OBd unwrap. Ecnu CTPOKY

HeJib3s1 Tpeobpa30BaTh B UKCIIO, BhI MOJTYUUTe TIAHUKY:

thread '<main>' panicked at 'called “Result::unwrap()® on an “Err’ value: ParseIntError { k
ind: InvalidDigit }', /home/rustbuild/src/rust-buildbot/slave/beta-dist-rustc-linux/build/s
rc/libcore/result.rs:729
OTO /IOBOJIBHO HEMpPUATHO, W ecau Obl TMoZ0OHOe TPOU30ILI0 B HCIO/IB3yeMOW BaMH
OubmoTeke, BbI MO Obl HeOe30CHOBaTeNbHO pa3rHeBaThCs. Tak UTO HaM CTOUT IOMbBITAThCS
obpaboTarhk OmMOKY B Haillel (hyHKLUH, ¥ TTYCTh BbI3BIBAIOIIAN CaM PEIUT YTO C 3TUM JieiaTh. ITO
O3HauaeT HEOOXOAUMOCTh WM3MEHeHMsi TWIa, KOTopbii Bo3Bpamjaercss double number. Ho Ha

Kakor? UToObI TMOHATH 3TO, HEOOXOAWMO TIOCMOTpPeTb Ha CUTHATypy METOo[a parse wus

CTaHJAPTHOM OMOMMOTEKH:

impl str { Run

fn parse<F: FromStr>(&self) -> Result<F, F::Err>;

Xwmm. TTo KpaiiHeii Mepe Mbl 3HaeM, UTO JO/DKHbBI MCT0Ib30BaTh Result. BrionHe BO3MOXKHO,
uto Metoz Mor Bo3epaiate Option. B KoHile KOHIIOB, CTPOKA MO0 MAapCUTCs KaK UKCIio, b0 HeT,
He Tak JM1? DTO, KOHeYHO, pa3yMHbIM IIyTh, HO BHYTPEHHS peajv3aliyisi 3HaeT nouemy CTpPOKa He
MO)KeT ObITh TIpeoOpa3oBaHa B Lesioe UKc/io. (DTO MOKeT OBbITh MycTasi CTPOKA, WM HelpaBUIbHbIE
LUQPBI, CIMIIKOM OOJIbINIas UM CJIMLIKOM MasleHbKasl [JIiHa U T.7.) Takum o06pa3om, UCToib30BaHe
Result wumeer cmbici, BeAb Mbl XOTHM TIPEAOCTaBUTL 6oJibilie WH(OPMALMH, YeM TPOCTO
"orcyTcTBUe". MBI XOTUM CKa3aTh, noueMmy TipeoOpa3oBaHHMe He yAaaoCh. BaM CTOMT paccyXzaaTh
MOXO)KUM 00pa3oM, KOrJia BbI CTajKhMBaeTech ¢ BoibopoM mexxay Option u Result. Ecm BbI
MO)KeTe TpefoCTaBUTh TMoApoOHY0 HH(popMaluio 00 omubKe, TO BaM, BEpPOSTHO, CJIeyeT 3TO

cenarhb. (ITo3ke MbI TOroBOprM 00 3TOM TIOZIpOOHEE.)

Xopol111o, HO Kak MbI 3aluilleM Halll TUM BO3BpalllaeMoro 3HaueHus? Metos ParsSe sBaseTcs
0000111eHHBIM (generic) /s BCeX pa3/IMYHbIX THUTIOB UMCE U3 CTaHZAPTHOM OUOIMOTEKU. MBI MOI/IH
Obl (U, BEpOSITHO, /O/DKHBI) TakKe CJieslaTh Hailly (YHKIMIO 00O0OIIeHHOM, HO /laBaiiTe TIOKa
OCTaHOBMMCSI Ha KOHKDETHOW peanu3ariui. Hac uHTEpecyeT TOAbKO T 132, Tak UTO HaM CTOUT

HaiTy ero peanusaiyio FromStr (BeimonHuTe mouck B BaieMm Gpay3epe mo ctpoke "FromStr'") u

MOCMOTPETh Ha ero acColMUpPOBaHHLI Ul Err. Mel fenaeM 3T0, UTOOBI ONpeAeUTh KOHKPEeTHBIH

i ommnbku. B ganHoMm ciayuae, sto Std::num::ParseIntError. HakoHer, Mbl MOXeM

Triepernucarh Hamly (QyHKLHIO:

use std::num::ParseIntError; F{l]r]
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https://play.rust-lang.org/?code=fn%20double_number(number_str%3A%20%26str)%20-%3E%20i32%20%7B%0A%20%20%20%202%20*%20number_str.parse%3A%3A%3Ci32%3E().unwrap()%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20n%3A%20i32%20%3D%20double_number(%2210%22)%3B%0A%20%20%20%20assert_eq!(n%2C%2020)%3B%0A%7D%0A
http://doc.rust-lang.org/std/primitive.str.html#method.parse
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aimpl%20str%20%7B%0A%20%20%20%20fn%20parse%3CF%3A%20FromStr%3E(%26self)%20-%3E%20Result%3CF%2C%20F%3A%3AErr%3E%3B%0A%7D%0A%7D
http://doc.rust-lang.org/std/primitive.i32.html
http://doc.rust-lang.org/std/num/struct.ParseIntError.html
https://play.rust-lang.org/?code=use%20std%3A%3Anum%3A%3AParseIntError%3B%0A%0Afn%20double_number(number_str%3A%20%26str)%20-%3E%20Result%3Ci32%2C%20ParseIntError%3E%20%7B%0A%20%20%20%20match%20number_str.parse%3A%3A%3Ci32%3E()%20%7B%0A%20%20%20%20%20%20%20%20Ok(n)%20%3D%3E%20Ok(2%20*%20n)%2C%0A%20%20%20%20%20%20%20%20Err(err)%20%3D%3E%20Err(err)%2C%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20match%20double_number(%2210%22)%20%7B%0A%20%20%20%20%20%20%20%20Ok(n)%20%3D%3E%20assert_eq!(n%2C%2020)%2C%0A%20%20%20%20%20%20%20%20Err(err)%20%3D%3E%20println!(%22Error%3A%20%7B%3A%3F%7D%22%2C%20err)%2C%0A%20%20%20%20%7D%0A%7D%0A

SA3bIK IporpaMmupoBaHyst Rust

fn double number(number str: &str) -> Result<i32, ParseIntError> {
match number str.parse::<i32>() {
Ok(n) => 0k(2 * n),
Err(err) => Err(err),

fn main() {
match double number("10") {
Ok(n) => assert eq!(n, 20),
Err(err) => println!("Error: {:?}", err),

Heruioxo, HO Ham MpUIJIOCh HAIMKMCATb Iopa3zio 60J1bIIIe KO,I[EI! N Hac onatb pa3paxaet

BapUaTUBHBIN aHa/u3.

KombuHaropel  criemiar  Ha  momorns!  ITogo6uo Option, Result wumeer wmHoro
KOMOWHATOPOB, OTIpe/ie/IeHHBbIX B KauecTBe MeTooB. CyljecTByeT OOJBIION CITMCOK KOMOMHATOPOB,

obmmx mexay Result u Option. M map BXoguT B 3TOT CIIMCOK:
use std::num::ParseIntError; F{Ljr]
fn double number(number str: &str) -> Result<i32, ParseIntError> {

number str.parse::<i32>().map(|n| 2 * n)

fn main() {
match double number("10") {
Ok(n) => assert eq!(n, 20),
Err(err) => println!("Error: {:?}", err),

Bce oxujaembie MeTo bl peanm3oBanbl it Result, skmrouas unwrap_or w and_then.

Kpome ToOro, mockonbky Result wumeer Bropoit mapamerp Twura, CyLIeCTBYHOT KOMOWHATOPBI,
KOTOpbIe BJIMAIOT TOJBKO Ha 3HaueHWe OIMOKM, Takue Kak Map_err (aHasor map) u or_else
(anamor and_then).

Co3paHue ncesgoHnma tuna Result

B craHgaptHOi OMOIMOTEKe MOXKHO 4YacTo yBuzeTh Turbl Bpoge Result<i32>. Ho

rocroiire, Befp Mbl ornpenesnvii Result ¢ gyms nmapamerpamu turna. Kak Mbl MOkeM 000WTH 3TO,

yKa3sbiBasi TOJIbKO OfIMH M3 HKMX? OTBET 3aK/IF0UYaeTcst B ompezesieHun rcesgoHuma tuma Result,
KOTOPBIN (hukcupyem OWH 13 NapaMeTPOB KOHKPETHBIM TUIIOM. OOBIYHO (PUKCHPYETCST TUIT OLITOKH.

Haripumep, Halll peAbIAYIIUi PUMep C IpeoOdpa3oBaHUeM CTPOK B UKCJ/Ia MOXKHO TTePerucaTh Tak:

use std::num::ParseIntError; F{l]r]
use std::result;

type Result<T> = result::Result<T, ParselntError>;
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https://play.rust-lang.org/?code=use%20std%3A%3Anum%3A%3AParseIntError%3B%0A%0Afn%20double_number(number_str%3A%20%26str)%20-%3E%20Result%3Ci32%2C%20ParseIntError%3E%20%7B%0A%20%20%20%20number_str.parse%3A%3A%3Ci32%3E().map(%7Cn%7C%202%20*%20n)%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20match%20double_number(%2210%22)%20%7B%0A%20%20%20%20%20%20%20%20Ok(n)%20%3D%3E%20assert_eq!(n%2C%2020)%2C%0A%20%20%20%20%20%20%20%20Err(err)%20%3D%3E%20println!(%22Error%3A%20%7B%3A%3F%7D%22%2C%20err)%2C%0A%20%20%20%20%7D%0A%7D%0A
http://doc.rust-lang.org/std/result/enum.Result.html#method.unwrap_or
http://doc.rust-lang.org/std/result/enum.Result.html#method.and_then
http://doc.rust-lang.org/std/result/enum.Result.html#method.map_err
http://doc.rust-lang.org/std/result/enum.Result.html#method.or_else
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Anum%3A%3AParseIntError%3B%0Ause%20std%3A%3Aresult%3B%0A%0Atype%20Result%3CT%3E%20%3D%20result%3A%3AResult%3CT%2C%20ParseIntError%3E%3B%0A%0Afn%20double_number(number_str%3A%20%26str)%20-%3E%20Result%3Ci32%3E%20%7B%0A%20%20%20%20unimplemented!()%3B%0A%7D%0A%7D

SA3BIK IporpaMmupoBaHust Rust

fn double number(number str: &str) -> Result<i32> {
unimplemented! ();

3aueM MbI 3TO fenaeM? UTo K, €C/IM y HaC eCTb MHOTO (DYHKIM, KOTOpPble MOTYT BEPHYTh
ParseIntError, to ropasmo ymoOHee ompenenuTh TICEBAOHUM, KOTODPBIM BCEr/la MCIOIb3yeT
ParseIntError, tak uto Mbl He OyieM MOBTOPATHLCS BCE BPEMSI.

Camblii 3aMeTHBIN C/Tydadl MCTOMb30BaHUS TAKOTO TMOAX0[a B CTaHAapTHOW OubmoTreke —
ncepgonuM 10: :Result. Kak mpasuio, gocrarouno nucate 10: :Result<T>, uto6br GbLIO
TMOHSITHO, UTO BbI HCITO/Ib3yeTe TICeBJOHMM THIIA W3 MOAY/s 10, a He OObIUHOE OIpeje/ieHHe U3

std: :result. (3ror nmogxon takxke ucronb3yercs s fmt: :Result)

KopoTkoe oTCTyn/ieHne: unwrap — He 06513aTesIbHO 3/10

Ecmu Bbl ObLIH BHUMATEJ/IbHBI, TO BO3MOX>XHO 3dME€TU/IM, UYTO S 3dHsAJT AOBOJIbHO >XECTKYHO
IMO3MLIMIO IO OTHOIIEHHWIO K MeTO4aM Bpo/e unwrap, KOTOpbI€ MOTYT BbI3BATh panic " MpepBaTb

UCIIO/THeHYe Ballleli IporpaMMbl. B 0CHO8HOM, 3TO XOPOLIWii COBeT.

Tem He MeHee, UNWIap Bce-TaKl MOXXKHO MCII0/Ib30BaTh pa3yMHO. (I)aKTOpr, KOTOpbIE
OIpaBAbIBAOT HCIIO/Ib30BdHHE unwrap, aBjidrOTCSI HECKOJIbKO TYMdHHbIMH, W Ppd3yMHbI€ JIFOAU

MOT'yT CO MHOM He COIVIaCUThCS. 51 KPATKO HU3JI0)KYy CBO€ MHEHUe 110 3TOMY BOIIPOCY:

e Ilpumeps! U "rpsi3HbIN" Koj. Korza Bbl muiieTe mpocTo NpUMep WK OBICTPBIN CKPHIIT,
o6paboTKa ommb0K 1pocTo He TpedyeTtcs. [t MofoOHbBIX C/TydaeB TPYLHO HAMUTH UTO-TUO0
ynobOHee uem UNwWIrap, Tak 4To 37eCh ero UCroib30BaHue OueHb MPHBIIeKaTelbHO.

e Jlannka yka3piBaeT Ha ommMOKy B mporpamme. Ecii jiorvka Baiiero Kofa JO/DKHA
Tpe/iOTBpAIllaTh OIpeJe/ieHHOe TIoBe/leHHe (CKaKeM, IOoyuyeHHe 3jieMeHTa W3 IyCTOro
CTeka), TO WCIO/Ib30BaHWe PanicC Ttakxke gomycTuMo. [[eyio B TOM, UTO B 3TOM Ciiydae
rnaHuKa OyzeT coobujate o Oare B Balieil mporpamMMe. OTO MOXKET TPOUCXOJUTH SIBHO,
HarpuMep OT HeyJauHoro Bbi3oBa asSert!, wim npoucxoauTth MOTOMY, UTO WH/EKC TIO

MaCCHUBY HAXOAUTCA 34 MpejieiaMnu BLI,Z[EJ'[GHHOI‘/II IIaMATH.

BeposiTHO, 9TO He WCUepIbIBAOIUK CITUCOK. Kpome Toro, mpu wucrosb3oBanud Option
3a4acTyo JIydllle UCIO/Ib30BaTh MeTof eXPect. DToT MeTo /iesaeT POBHO TO XKe, uTo U UNwrap,
3a MCK/IIOUEHHEM TOTO, UTO B C/lyuae MaHUKM HareuyaraeT Baile CoobiieHre. DTO MO3BOJUT JIy4llle
MOHATh TIPUUMHY OLIMOKM, BeAb OyleT MOoKa3aHO KOHKpeTHoe cooOieHue, a He mpocto "called

unwrap on a None value".

Moii coBeT CBOAUTCSl K C/e[yIOIeMY: HWCI0/ib3ylTe 3/paBblii CMbIC/I. ECTb MpPUUYMHBI, 1O
KOTOPBIM CJIOBa Bpofie "HUKOrza He fAenaTh X" wWau "Y cuuTaeTcss BpeAHbIM' He TOSBITCS B 3TOU
cTatbe. Y /IOOBIX pellleHHH CYIeCTBYIOT KOMIPOMHCCHI, M 3TO Ballla 3ajaya, Kak pa3paboTuuKa,
orpe/ie/IuTh, UTO UMEHHO $IBJISIeTCS MpUeMJIeMbIM /1Jisl Balllero ciaydvasi. Mosi 1je/lb COCTOUT TOJIbKO B

TOM, yTOOBI [IOMOYBL BaM OLIEHHUTb KOMIIPOMHUCCBI KdK MO>XHO TOYHee.

Temnepb, Korza Mbl PacCMOTPeIM OCHOBbI 00paboTKu ommmbok B Rust M pa3obpammch C

unwrap, gaBaiiTe mogpobHee U3y4nUM CTaHJAPTHYIO OUOMOTEKY.
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PaboTa ¢ HeECKOJIbKMMM TUNnamun OLLINOOoK

To 9TOr0 MOMEHTa Mbl pacCMaTpvBaIX 06pabOTKy OIIMOOK TOMBLKO [Jisi C/IydyaeB, KOrjga BCe
ceoguaock ymbo toabko K Option<T>, mbo tomeko k Result<T, SomeError>. Ho uro
Jenath, Korga y Bac ectb 1 Option, u Result? Wmm ecm y Bac ectb Result<T, Errorl> u
Result<T, Error2>? Hawa cneayroras 3ajaya — o6paboTKa KOMNO3Uyuu pazau4Hbix munoe

owuboK, 1 3T0 OyeT TIaBHOW TeMOU Ha MPOTSHKEHUU BCeH 3TOH IV1aBbl.

CoBmeuleHne Option n Result

[Toka uTO MbI TOBOPWIM O KOMOMHATopax, ompezeneHHsix st Option, u kombuHaropax,
onpezeneHHbIx a1 Result. Oti koMOMHATOPbI MOXKHO MCIIO/IB30BaTh Il TOrO, UTOOLI COUETaTh

pe3y/bTaThl pa3/WYHbIX BEIYMCIEHUH, He fiefiasi ToZjpoOHOro BApUaTUBHOTO aHA/IN3a.

KoHeuHo, B peasbHOM KoJie BCe MPOUCXOAUT He Tak Iafko. MHOrza y Bac ecTb COUeTaHHUs
tunoB Option u Result. [lomkHbl i1 Mbl Tipuberath K sIBHOMY BapHaTHBHOMY aHaiu3y, WA

MOXXHO IMMPOAO/DKUTE UCTI0/Ib30BATh KOM6I/IHaTOpr?
,Z[aBaI;’ITe Ha BpeMsA BEpHEMCA K OJHOMY U3 IME€PBLIX IIPUMEPOB B STOM IVIaBe:

use std::env;

po)
c
-]

fn main() {
let mut argv = env::args();
let arg: String = argv.nth(1l).unwrap(); // ownbka 1
let n: 132 = arg.parse().unwrap(); // ouwubka 2
printin!("{}", 2 * n);

YuutbiBass Hamk 3HaHus o Tumax Option wu Result, a Takke WX pasIMUHBIX
KoMOMHATOpax, Mbl MO’KEM TIOTILITAThCs TIePeICcaTh 3TOT KOZ, Tak, UToObI ouMbOKu 06pabaThiBaIich

A0JDKHBIM o6pa30M, W MpOrpaMmad He ITaHWMKOBAJIa B C/Iydde OILIKOKMU.

HroaHc 3akmouaercs B ToMm, uto argv.nth(1l) Bosspamiaer Option, B To Bpems Kak
arg.parse() Bosspamaer Result. Ouu He MOryT ObITh CKOMIIOHOBAHBI HENOCPEJCTBEHHO.
Korza Bbl craskuBaetech ogHoBpemenHo ¢ Option uResult, obbiuHo Haunyuiee perenne —
npeo6pasosark Option B Result. B Hamiem ciyuae, OTCyTCTBHE MapamMeTpa KOMaHHON CTPOKH
(u3 env::args()) osHauaet, 4TO MOJIL30BATE/L HE MPABU/ILHO BBI3BaJI MPOrpamMmy. Mbl MOIJIH Obl

TIPOCTO KMCTOob30Bath String asst orvcanus omOku. laBaiite mornpobyem:

use std::env; F{Ljr]

fn double arg(mut argv: env::Args) -> Result<i32, String> {
argv.nth(1)
.0k _or("Please give at least one argument".to owned())
.and_then(|arg| arg.parse::<i32>().map _err(|err| err.to string()))

fn main() {
match double arg(env::args()) {
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Ok(n) => println!("{}", n),
Err(err) => println!("Error: {}", err),

PaCCMOTpI/IM rMapy HOBBIX MOMEHTOB Ha 3TOM TIIpUMepe. BO-HepBbIX, HCII0J/Ib30BaHue

kombunaropa Option: :0k or. 3rto ogun u3 crnocobos mnpeobpasosanus Option B Result.

Takoe mpeobpa3oBaHre TpeOyeT sSIBHOTO OmpejiesieHHsl OLIMOKH, KOTOPYI0 HeoOXOOUMO BEepHYTh B
ciyuae, korga sHauenue Option pasno None. Kak u i1 Bcex KOMOWHATOPOB, KOTOPbIE MbI

paccMaTpuBaJiv, €ro 00BsIB/IeHNE OUeHb MpoCTOoE:

fn ok or<T, E>(option: Option<T>, err: E) -> Result<T, E> { F{Ljr]
match option {
Some(val) => Ok(val),
None => Err(err),

BTOpOii HOBBII KOMOHMHATOD, KOTOPBIN MbI HCTOMB30BaM — Result: :map_err. 3to To xe
camoe, uto u Result: :map, 3a uckmoueHnem Toro, GYHKIMsI TPUMEHSIETCS K OWubKe BHYTDPH

Result. Ecmu 3nauenrie Result pasuo OK( . ..), To oHO BO3BpamjaeTcs 6e3 u3MeHeHHi.

Mbl  wucrons3yeM Map err, motoMy uTO Ham HeOoOXOAWMO TPHUBECTH BCe OLIMOKK K
OIMHAKOBOMY TuMy (u3-3a Hamiero wucrnosb3oBanuss and then). Tlockosmbky MbI  periuim
npeobOpasoseiBath Option<String> (u3 argv.nth(1l)) s Result<String, String>,
MBI Tak)Ke 00s13aHbI TipeobpasoBeiBath ParseIntError us arg.parse() B String.

OrpaHI/I‘—IeHI/IFI KOM6I/IHaTOpOB

Pabora c 10 u aHamu3 BXOAHBIX NAHHBIX — OU€Hb TUIIMYHbIE 3a/id4d, U 3TO TO, UeM JIMYHO s
MHOI'0 3aHMMaroch € Rust. Tak uTO MbI 6y,qu ucro/ib3oBath [0 u pa3/inuHbIe Tpoueaypbl aHa/IM3a

Kak rprMepbl 06paboTKH OIIMOOK.

[aBaiite HauHeM c ripocToro. [TocTaBuM 3aiauy OTKpPBITH (haiisi, MpoUecTsb BCe ero CofiepKUMoe
U Tipeo0Opa3oBaTh 3TO COZIEPXKUMOE B UKC/IO0. T1oc/ie 3TOro Hy>KHO Oy/ieT yMHOXKUTh 3HaueHue Ha 2 |

pacriedaTtaTb pe3yJibTdrT.

XoTh 51 U MbITanCs yOeuTh BaCc He WCIO/b30BaTh UNWIAP, WHOrAA ObIBAaeT IOJIe3HBIM Jiis
Hauasia HarMcaThb Kofi ¢ UNWrap . OTo Mo3BOJISIeT COCPeIOTOUUTLCS Ha mpobsieme, a He Ha 0O0paboTKe
oIMOOK, U 3TO BBISB/ISET MECTa, I/ie Hajyiexalrass oopaboTka omMbok HeoOxoMMa. JJaBaiiTe HaUHEM
C TOTO, UTO HAIMIIIEM MPOCTO pabOoTaroIHi KOJ, a 3aTeM OTpedaKTOpUM €ro Ji/1s jiyuriield 06paboTKu

OLIMOOK.

use std::fs::File; F{Ljr]
use std::io::Read;
use std::path::Path;

fn file double<P: AsRef<Path>>(file path: P) -> i32 {

let mut file = File::open(file path).unwrap(); // ouubka 1
let mut contents = String::new();
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file.read to string(&mut contents).unwrap(); // ouwunbka 2
let n: i32 = contents.trim().parse().unwrap(); // ouwnbka 3
2 *n

fn main() {
let doubled = file double("foobar");
printtn!("{}", doubled);

(3ameuanue: Mbi ucronbdyem ASRef mo Tem ke mpuunHam, mouemy OH KCIIONB3YVETCs B

std::fs::File: :open. 3o mo3BossieT yA0OHO KCIO/Ib30BaTh OO0 TUIT CTPOKU B KauecCTBe

MyTH K (aidy.)

Y Hac ecTb TpU NIOTE€HLIUA/IbHbIE O]_LII/I6KI/I, KOTOPpbIE€ MOT'YT BO3HUKHYTb:

1. TIpobnema npu OTKpBITUHU daiina.
2. Tlpob6niema rpu YTeHWH [JAaHHBIX K3 daiina.

3. Ilpobnema ripy npeobpa3oBaHUM AAHHBIX B UKMCJIO.

[TepBbie aBe mpobiemsl orpenenstorcst Turom Std: :10: :Error. Mel 3HaeM 3T0 U3 TUMA

BO3BpalL[aeMOro 3HaYeHUs meromoB std::fs::File: :open u

std::io::Read::read to string. (O6parute BHHMaHWe, YTO OHH 00a WCIIOMB3YIOT

KOHLIeNMi ¢ rceBgonnvom tuna Result, onucanHyro panee. EciM Bbl KIMKHHWTE HA THII

Result, Bel yBuMTe 1ICEBIOHNM THIIA, M C/Ie0OBATe/ILHO, JIEXKAL[MA B OCHOBe Tl 10: :Error.)

Tpetbss mpobmema ompegensercs turmom Std::num::ParseIntError. Kcratu, Tumn
i0: :Error uacmo ucnonb3yercs 1o BCeit craHgapTHol 6ubmmoTeke. Bbl GymeTe BUAETh €r0 CHOBA

1 CHOBa.

Napaiite Haunem pedakropunr ¢yukimu Tile double. [ns Toro, utober 31y GhyHKIHIO
MOXKHO OBIIO COYeTaTb C OCTA/JbHBIM KOZIOM, OHA He OO/JMCHA TIAHWKOBAaTh, €C/IA KaKue-mu0o u3
MePEUNC/IeHHbIX BBIIIE OMUOOK [eHCTBUTE/ILHO MPOM30iAyT. DaKTUUeCKHM, 3TO O03HAYAeT, uTO
(GYHKLMSA  I0/DKHA 6036pawjamb owubKy, ecid jobas U3 BO3MOXKHBIX Ofepaljuil 3aBepiiniach
Heyzaueit. [IpoGieMa COCTOUT B TOM, UTO THIT BO3BPAIl[aeMOro 3HaueHus ceiiuac 132, KoTopblil He
[laeT HaM HUKaKOro pa3yMHOI0 Criocoba coobiuth 06 orrbke. Takum 06pa3soM, Mbl JO/DKHBI HAUaTh

C U3MeHeHHst THTIa BO3BPall[aeMoro 3HaueHust ¢ 132 Ha uto-To Apyroe.

[TepBoe, UTO MbI [IOJDKHBI PEIMTh: KAaKOW M3 THIIOB MCMoab30Bath: Option wm Result?
MbI, KOHEUHO, MOIJIM 6Bl C JIETKOCTBIO Mcro/b3oBath Option. Ecm kakas-mi6o 13 Tpex ommboK
MIPOMCXO/IUT, Mbl MOT/IH ObI TipocTo BepHyTh NONe. OTo Oyzet paborathb, U 3mo aAyyue, YemM Npocmo
NAaHUKOB8AaMb, HO Mbl MOXKEM CZIe/IaTh TOpasio Jyullie. BMecTo 3Toro, Mbl Oyziem coo0bijath HEKOTOPbIe
JieTali O BO3HHKIIeH mpobseMe. TTOCKOIBKY MblI XOTHM BBIPAa3UTh B03MOMNCHOCMb OWUOKU, MBI
JO/DKHBI ucronb3oBath Result<i32, E>. Ho kakum jgo/mkeH ObiTh THIl E? TTOCKOIBKY MOXET
BO3HUKHYTh [IBA pA3HbIX TUTIA OILIMOOK, MbI JO/DKHBI Mpeobpa3oBath UX K obiiemy Tumy. OfHUM U3

TAKWX THUIOB siBfisieTcst STring. /laBaiiTe MoOCMOTPUM, KakK 9TO OTPA3UTCS HA HallleM KOZie:

use std::fs::File; F{[jr]
use std::io::Read;
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use std::path::Path;

fn file double<P: AsRef<Path>>(file path: P) -> Result<i32, String> {
File::open(file path)
.map_err(|err| err.to _string())
.and_then(|mut file| {
let mut contents = String::new();
file.read to string(&mut contents)
.map_err(|err| err.to _string())
.map(|_| contents)

1)
.and_then(|contents| {
contents.trim().parse::<i32>()
.map_err(|err| err.to_string())

1)
.map(|n| 2 * n)

fn main() {
match file double("foobar") {
Ok(n) => println!("{}", n),
Err(err) => println!("Ouwubka: {}", err),

BBIJIIIUT HEMHOTO 3aryTaHHO. MoXKeT 1oTpeOoBaThCst JOBOJILHO MHOTO TIPAKTHKH, MPEXKIE
BbI CMOXKETe IMHMCaTh Takoe. HarmcaHwe Kofa B TakKOM CTHJIE Ha3bIBAETCs C1e008AHUEM 3a MUNOM.
Korma wmbl wu3MeHw i Tun Bo3Bpaijaemoro 3uaueHusi Tile double  wa Result<i32,
String>, Ham mpHIWIOCH HauaTh TOAGUPaTh MpaBU/IbHBIE KOMOMHATOPHL. B [JaHHOM Cilyuae MbI

HCII0JTh30BaJIH TOJIBKO TPU Pa3nuHbIX Kombunartopa: and then, map u map _err.

Komb6unatop and then wucnone3yercs [y 00beAuHEHHs] TI0 IIETIOUKe HECKOJIBKUX
BBIUMCJ/IEHHH, T/le KaX/0€e BbIUMC/IEHHe MOXKeT BEPHYTb OIIHOKY. ITocsie oTKphITHS (haiina ecTh elre
[IBa BBIUMC/IEHUS, KOTOpble MOTYT 3aBepIIMThCS HeyJauei: ureHWe w3 (aiila u rpeobpa3oBaHHe

COAep>XUMOro B UMCJIO. Co0TBeTCTBEHHO, UMEeeM ABa BbI30OBd and_then .

KombGuraTop Map ucrosb3yeTcsi, utobbl puMeHnuTh GyHKIMo K 3Havenuto OK( ... ) Tuma
Result. Hampumep, B camoMm rocjienHeM Bbi3oBe, Map ymHoxkaeT 3Hauenue OK(...) (tuma
132) na 2. Ecm ommbKa IpoKr30IiIa 0 3TOr0 MOMEHTa, 9Ta orepaiys 6buia Obl MporTyiineHa. JTo

c/efyeT U3 orpeziesieHUs map.

KombuHaTop Map_err — 3To y/noBKa, KOTopast MO3BOJISIIOT BCeMy 3TOMY 3apaborark. OTOT
KOMOMHATOP, Takoi e, Kak U Map, 3a UCK/IFOUEHHeM TOro, uTo npuMeHsieT (GyHkimo K Err(. . .)
sHauenrro Result. B gaHHOM ciiyuae Mbl XOTHM IIPUBECTH BCE HAIIM OIIMOKH K OJHOMY THITY —
String. IMockoneky Kak 10: :Error, rak u num: :ParseIntError peamusyror ToString,

MbI MOXKeM Bbi3BaTh MeTozi t0 String, urobel BeIIOMHUTE TpeobpasoBaHme.

He cMmoTpss Ha Bce cCKasaHHOe, KOJ MO-NIpeXXHEMY BBIIVISIAUT 3allyTaHHbIM. MacTepcTBo
WCIT0/Tb30BaHUsl KOMOWHATOPOB $IB/ISIETCS Ba)KHBIM, HO Y HHX eCTb CBOM HeJOCTaTKu. [laBaiite

rorpo0yeM Ipyroi MoXo/: TIpeXKAeBpeMeHHbI BO3BPaT.
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[MpexaeBpeMeHHbln return

[aBaiiTe BO3bMEM KOJ| M3 TPEbIAYIIEro pa3iena v MeperuiieM ero ¢ MpuMeHeHHeM paHHe20
gozgpama. Panuuii return mo3posser BeIMTH U3 (PYHKLIUK AOCPOUHO. MBI He MOXKEM BBITIOJTHUTH
return gns file double Buyrpu 3ambikanust, T03TOMY HaM HEOGXOAUMO BEPHYTHCS K IBHOMY

BapUaTUBHOMY aHaJIA3Y.

use std::fs::File; F{Ljr]
use std::io::Read;
use std::path::Path;

fn file double<P: AsRef<Path>>(file path: P) -> Result<i32, String> {
let mut file = match File::open(file path) {
Ok(file) => file,
Err(err) => return Err(err.to_string()),
b
let mut contents = String::new();
if let Err(err) = file.read to string(&mut contents) {
return Err(err.to _string());

}
let n: 132 = match contents.trim().parse() {
Ok(n) => n,
Err(err) => return Err(err.to_string()),
+
0k(2 * n)

fn main() {
match file double("foobar") {
Ok(n) => println!("{}", n),
Err(err) => println!("Ouubka: {}", err),

Kro-To MokeT 000CHOBaHO He COTJIACUTLCSI C TeM, UTO 3TOT KOJ Jydllle, ueM TOT, KOTODBIH
HCII0/Tb3yeT KOMOMHATOPBI, HO eC/IM Bbl He 3HAKOMBI C KOMOMHaTOpamy, Ha MOW B3IVISifl, 9TOT KOJ
OyzeT BoirisizeTs Tipoije. OH BBITIONHSET SIBHBIA BapUATUBHBINA aHamu3 C rnomoirbio match u if
let. Ecmu npoucxogut ormbKa, Mbl TIPOCTO TPEKpailjaeM BBITIOHEHWe (YHKIMU ¥ BO3BpaIllaeM

oMoOKy (Tiocsie mpeobpa3oBaHusi B CTPOKY).

Pa3Be 3T0 He miar Ha3az? PaHee Mbl TOBOPW/IM, UTO K/THOU K yI0OHOM 00paboTKe OMIMOOK —
COKpalljeHHe SIBHOTO BapUaTHMBHOTO aHajM3a, HO 3/1eChb Mbl BEPHY/IUCh K TOMY, C Uero HauMHAaJIM.
Oka3sbIBaeTcsl, CYIIEeCTBYeT HeCKONbKO CIOCOOOB ero yMmeHblleHusi. VI KOMOWHATOppl — He

e,qI/IHCTBEHHHﬁ nyThb.

Makpoc try!

KpaeyronbHelli KamMeHb 00paboTku ormmbok B Rust — 3710 makpoc try!. 3TtoT Makpoc
abcTparvpyeT aHajM3 BapUAHTOB TaK Jke, KaK M KOMOWHATOPbI, HO B OT/IMUME OT HUX, OH TaKXKe
abcTparupyer nomok 6binonHeHus. A VMEeHHO, OH yMeeT abCTparupoBaTb WJEI0 00CPOUHO20

8038pama, KOTOPYIO MbI TOJIBKO UTO peasi30Basiu.
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https://play.rust-lang.org/?code=use%20std%3A%3Afs%3A%3AFile%3B%0Ause%20std%3A%3Aio%3A%3ARead%3B%0Ause%20std%3A%3Apath%3A%3APath%3B%0A%0Afn%20file_double%3CP%3A%20AsRef%3CPath%3E%3E(file_path%3A%20P)%20-%3E%20Result%3Ci32%2C%20String%3E%20%7B%0A%20%20%20%20let%20mut%20file%20%3D%20match%20File%3A%3Aopen(file_path)%20%7B%0A%20%20%20%20%20%20%20%20Ok(file)%20%3D%3E%20file%2C%0A%20%20%20%20%20%20%20%20Err(err)%20%3D%3E%20return%20Err(err.to_string())%2C%0A%20%20%20%20%7D%3B%0A%20%20%20%20let%20mut%20contents%20%3D%20String%3A%3Anew()%3B%0A%20%20%20%20if%20let%20Err(err)%20%3D%20file.read_to_string(%26mut%20contents)%20%7B%0A%20%20%20%20%20%20%20%20return%20Err(err.to_string())%3B%0A%20%20%20%20%7D%0A%20%20%20%20let%20n%3A%20i32%20%3D%20match%20contents.trim().parse()%20%7B%0A%20%20%20%20%20%20%20%20Ok(n)%20%3D%3E%20n%2C%0A%20%20%20%20%20%20%20%20Err(err)%20%3D%3E%20return%20Err(err.to_string())%2C%0A%20%20%20%20%7D%3B%0A%20%20%20%20Ok(2%20*%20n)%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20match%20file_double(%22foobar%22)%20%7B%0A%20%20%20%20%20%20%20%20Ok(n)%20%3D%3E%20println!(%22%7B%7D%22%2C%20n)%2C%0A%20%20%20%20%20%20%20%20Err(err)%20%3D%3E%20println!(%22%D0%9E%D1%88%D0%B8%D0%B1%D0%BA%D0%B0%3A%20%7B%7D%22%2C%20err)%2C%0A%20%20%20%20%7D%0A%7D%0A
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Bor ynpoliieHHoe orpefiesieHre Makpoca “try!:

Py
-
-]

macro_rules! try {
($e:expr) => (match $e {
Ok(val) => val,
Err(err) => return Err(err),

)

(PeanbHoe ompesiesieHre BBITTISIIUT HEMHOTO CI0XKHee. Mbl 00CyuM 3TO fjanee).

HUcnonb3oBanue Makpoca try! MoxkeT oueHb JIeTKO YMPOCTHTH Hall TOCTEAHUN TPUMED.
[TocKoMbKy OH BBIMOJHSET aHaAu3 BapUaHTOB W JOCPOYHOM BO3BpaT M3 (DyHKLMM, MbI T0JyuyaeM

OoJ1ee TJIOTHBIN KOJ|, KOTOPBIi JIerye UHUTaTh:

use std::fs::File; F{L]r]
use std::io::Read;
use std::path::Path;

fn file double<P: AsRef<Path>>(file path: P) -> Result<i32, String> {
let mut file = try!(File::open(file path).map_err(|e| e.to string()));
let mut contents = String::new();
try!(file.read to string(&mut contents).map err(|e| e.to_string()));
let n = try!(contents.trim().parse::<i32>().map _err(|e| e.to_string()));
0k(2 * n)

fn main() {
match file double("foobar") {
Ok(n) => println!("{}", n),
Err(err) => println!("Ouubka: {}", err),

Bri3oB MAap_err mo-mpexHeMy HeoOXoguM, yuWThIBas Haile  onpegenenve try!,

MOCKO/IbKY OIIMOKK BCe ellfe [JO/DKHbI ObiTh mpeobpasoBanbl B String. Xopoiieil HOBOCTBIO
SIBJISIETCS TO, UTO B OJTiKaiilllee BpeMsi Mbl y3HaeM, Kak yOpaTh Bce 3TH BbI30BbI MApP _err! Inoxas
HOBOCTb COCTOUT B TOM, UTO /ISl TOTO HaM TPHUJETCS KOe-UTo Y3HAaTh O Tape Ba)KHBIX TUTa)Kel U3

CTaHJAPTHOM OMOIMOTEKH.

Oo6bSaABNEeHne COOCTBEHHOro Tuna oLwnoKn

[Tpe>kge yeM MbI TIOTPY3UMCS B aCIeKThl HEKOTOPBIX THTa)Kel M3 CTaHJAPTHOW OUOIMOTeKH,
CBfI3aHHBIX C OIIMOKAMH, st ObI XOTe/ 3aBepIIMTh STOT pa3/ie/l OTKa3oM OT MCIob30Banus String

Kak THWIIa OLIMOKY B HAIIIMX [TpUMepax.

Ucnonb3oBanre String B Tom cTuiie, B KOTOPOM MbI KCIIO/Ib30Ba/IM €0 B IMPEIbIAYIHX
npyMepax yAoOHO MOTOMY, UTO [JOCTAaTOYHO JIErKO KOHBEPTHPOBATh JTt00bIe OIIMOKK B CTPOKH, WU
JlakKe Co3/aBaTh CBOM COOCTBeHHbIe OIMOKK Ha Xoy. Tem He MeHee, UCIO/b30BaHKe Thra String

AJIsA omnboK nMeer HEKOTOPbIe HeJOCTATKU.
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Amacro_rules!%20try%20%7B%0A%20%20%20%20(%24e%3Aexpr)%20%3D%3E%20(match%20%24e%20%7B%0A%20%20%20%20%20%20%20%20Ok(val)%20%3D%3E%20val%2C%0A%20%20%20%20%20%20%20%20Err(err)%20%3D%3E%20return%20Err(err)%2C%0A%20%20%20%20%7D)%3B%0A%7D%0A%7D
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https://play.rust-lang.org/?code=use%20std%3A%3Afs%3A%3AFile%3B%0Ause%20std%3A%3Aio%3A%3ARead%3B%0Ause%20std%3A%3Apath%3A%3APath%3B%0A%0Afn%20file_double%3CP%3A%20AsRef%3CPath%3E%3E(file_path%3A%20P)%20-%3E%20Result%3Ci32%2C%20String%3E%20%7B%0A%20%20%20%20let%20mut%20file%20%3D%20try!(File%3A%3Aopen(file_path).map_err(%7Ce%7C%20e.to_string()))%3B%0A%20%20%20%20let%20mut%20contents%20%3D%20String%3A%3Anew()%3B%0A%20%20%20%20try!(file.read_to_string(%26mut%20contents).map_err(%7Ce%7C%20e.to_string()))%3B%0A%20%20%20%20let%20n%20%3D%20try!(contents.trim().parse%3A%3A%3Ci32%3E().map_err(%7Ce%7C%20e.to_string()))%3B%0A%20%20%20%20Ok(2%20*%20n)%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20match%20file_double(%22foobar%22)%20%7B%0A%20%20%20%20%20%20%20%20Ok(n)%20%3D%3E%20println!(%22%7B%7D%22%2C%20n)%2C%0A%20%20%20%20%20%20%20%20Err(err)%20%3D%3E%20println!(%22%D0%9E%D1%88%D0%B8%D0%B1%D0%BA%D0%B0%3A%20%7B%7D%22%2C%20err)%2C%0A%20%20%20%20%7D%0A%7D%0A
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[TepBbIii HEIOCTATOK B TOM, UTO COOOI[eHMs 00 OIIMOKax, Kak MPABU/IO, 3arPOMOXKIAIOT KOI.
MOo)KHO oripefienisiTb coo0IIeHrsT 00 oOIMbKax B APYroM MecTe, HO 3TO TIOMOXKET TOJIbKO €C/IH BbI
HEOObIKHOBEHHO [TUCLIUIJIMHUPOBAHHBI, MMOCKOJBbKY OUYeHb 3aMaHUYMBO BCTaB/IATH COOOIeHUs 00

ommbKax psAMO B KO/, Ha camom Aejie, Mbl MMEHHO 3THM W 3aHUMAJIMCh B [DEe/ILIAVIIIEM IIDHUMepe.

BTopoii u 6Gosiee BaKHBIA HEJOCTATOK 3aK/IHOUAETCSl B TOM, UTO KCIOJb30BaHWe String
ypeBaTo nomepeil uHgopmayuu. [pyrumMy C/IOBaMH, ecii BCe OmmbKd OyayT rpeobpa3oBaHbI B
CTPOKH, TO KOIr/la MbI 6y,Z[EM BO3BpAllldTb HUX BbIBbIBaI-O].L[Ei/JI CTOpOHE, OHU He 6yAYT HNMeThb HHUKAKOI'o
CMBIC/IA. E/:[I/IHCTBEHHOQ pa3ymMHO€, 4UTO BbI3bIBAIOLldA CTOPOHA MOXKET CAe/dTb C OLIMOKOM THIIa
String — 370 mMoKa3sarh ee MoJb30BaTes0. be3ycIoBHO, MOXKHO MTPOBEPUTH CTPOKY IO 3HAYEHHIO,
4TOOBI OrpeAe/MTb TUII OI_HI/I6KI/I, HO TakKoH moAxo[ He MOXKeT ITOXBACTATbCA Hale>KHOCTBIO. (HpaB/:[a,

B ropaszio OoJibIleli cTenieHn 3TO HeIOCTATOK [jisi OUOTMOTEK, UeM /1Jisi KOHEUHBIX TIPUTIOKEHUH).

Hanpumep, tan 10: :Error skmouaer B cebs Tun 10: :ErrorKind, koTopelit sBisercs

CMPYKMypUpOBAHHbIMU OAHHbIMU, TIPE/ICTAB/SIOIIUMU TO, YTO MO0 He TaK BO BPEMsl BbITIOJTHEHUS
oriepaliiii BBOJa-BbIBO/A. ITO BA)KHO, TTOCKOJIBKY MOXXET BO3HHUKHYTb HEO6XO,E[I/IMOCTL Mo-pa3HoMy
pearvpoBaTth Ha pas/iMuHble PUUKHbI ormbku. (Hampumep, ommbka BrokenPipe moxer ussiiHo
3aBepiuarh MporpamMmy, B To Bpems Kak omrbka NotFound 6yzer 3aBepuiars mporpammy ¢ Kogom
omMOKM W  TIOKa3bIBaTh  COOTBETCTBYyHOIlee  COOOIeHWe  To/b30BaTento.)  biarogaps
io::ErrorKind, BbI3biBaroIasi CTOPOHa MOXKET HCC/Ie0BaTh THIT OIIMOKKH C TOMOIbIO
BAPUATMBHOI'O0 dHA/IM3d, WU 3TO 3HAYUTE/IbHO JIy4ll€ TIOTIbITKHW BbIYJIECHUTb AeTa/Id 00 ormmbke U3
String.

Bmecto Toro, utobel wuCronb30Bath STring Kak Tum OmmMOKHA B HAIeM MPebIAyIieM
rpyMepe TIPO uTeHUe urc/ia U3 (aiina, MbI MOXKeM OTIpeZle/IUTh CBOW COOCTBEHHBIN THII, KOTODBIM
npe/icTaB/sieT OWIMOKY B BHZE CMPYKMypupo8aHHblx OaHHbIX. Mbl TIOCTapaeMcsi He TIOTepsiTh
HUKaKyl0 MH(GOpMAIMI0 OT M3HAualbHBIX OLIMOOK Ha TOT CJiyyaid, ec/M BbI3bIBalOLass CTOPOHA

3axo4yeT ucc/jaen0BaThb eTaliu.

W peansHbIM CIIOCOOOM TIpe/CTaBIeHUst 00HO20 8APUAHMA U3 MHOR2UX SIBJISIETCS OTIpe/ie/ieHue
Halllero COOCTBEHHOI0 THIMA-CyMMbI C TOMOIIBI0 €NUM. B Haiiem ciyudae, ormmbOKa MpefCcTaBseT
coboii 6o i0::Error, mm6o num::ParseIntError, us uero ecrectBeHHbIM 00pa3oM

BBITEKAET OIIpeae/ieHre:

use std::io; F{Ljr]

use std::num;
// Mbl peanusyem “Debug’ nockonbKy, Mo BCeW BMAMMOCTM, BCE TUMbl LOJXHb peanu3oBbiBaTb Debug”

// I3TO paeT HaM BO3MOXHOCTb MOJSIyYUTb aleKBAaTHOE U 4YMTaeMoe onucaHue 3HadveHus CLiError
#[derive(Debug)]
enum CliError {

Io(io::Error),

Parse(num: :ParseIntError),
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http://doc.rust-lang.org/std/io/enum.ErrorKind.html
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Ocranoch TONMbKO HEMHOTO NTOJ0THAaTh Halll Kof, U3 puMepa. Bmecto npeo6pasoBanus o160k
B CTPOKH, Mbl OyzeM mpocTo KouBepripoBate ux B Ham tin CLiError, wucnonbsys

COOTBETCTBYIOLUI KOHCTPYKTOP 3HAUeHUs:

use std::fs::File; F{Llr]
use std::io::Read;
use std::path::Path;

fn file double<P: AsRef<Path>>(file path: P) -> Result<i32, CliError> {
let mut file = try!(File::open(file path).map_err(CliError::I0));
let mut contents = String::new();
try!(file.read to string(&mut contents).map _err(CliError::Io));
let n: 132 = try!(contents.trim().parse().map _err(CliError::Parse));
0k(2 * n)

fn main() {
match file double("foobar") {
Ok(n) => println!("{}", n),
Err(err) => println!("Ouwnbka: {:?}", err),

E/ZMHCTBeHHOe W3MeHeHHe 37ecb — 3aMeHa Bbi3oBa Map err(|e| e.to string())
(koTopblii  TpeobpasoBeiBas  oummbku B crpoku) Ha map _err(ClLiError::Io) wm
map_err(ClLiError::Parse). Terneps 6bi3bl6arowjasi CMOPOHA  OTIPeZieNsieT  YPOBEHb
JeTanu3aluu  coobijeHust 06 omMbKe [isi KOHEUHOrO IOJb30BaTensi. B €MCTBUTENBHOCTH,
ucronp3oBanre String kak Tuma OMMOKHM JIMIIAeT BbI3BIBAIOLIETO BO3MOXKHOCTH BbIOOpa, B TO
BpeMsi UCIO/Ib30BaHMe coOCcTBeHHOro tuma enum, va mogobue CLiError, paer Bei3biBaroiiemy
TOT )K€ ypOBeHb y/00CTBa, KOTOpbIA ObLT paHee, U KPOME 3TOTO CMpPYKMypupoeaHHble OdHHbIe,

OIMHChIBArOIIe OI_I_II/I6Ky.

TTpakTHUeCcKoe TPaBU/IO 3aK/IFOYAeTCsl B TOM, UTO HEOOXOJMMO OTpPeZieNsATh CBOM COOCTBEHHBIN
TiT OIMOKY, a Tir String asst ommbOK KCMo/b30BaTh B KpaiiHeM Ciydae, B OCHOBHOM KOT/Id BbI
NUIIeTe KOHeUHoe TpuiokeHHe. Eciii BbI nuiiete 6UOIHMOTEKY, OMpeZienieHre CBOero CO6CTBEHHOTO
THIa OIMOKK Haubosiee MpeANouTUTebHO. TakuM 00pa3oM, Bbl He JIMIIWTE T0/b30BaTelsl Balllei
O6UOIMOTEKM BO3MOKHOCTH BBIOMpaTh Haubosiee MpeAriouTUTe/NbHOEe /il €r0 KOHKPETHOTO Cilyuast

rnoBejieHue.

Tunaxu n3 cTaHaapTHOW 6MBIMOTEKMN,
ncrnonb3yemble A5 06paboTKM OLWNBOK

CrangaptHast OUO/IMOTEKa OrMpejeNsieT Ba BCTPOEHHBIX THIaka, IMOJe3HBIX /s 00paboTKu
omnbok std::error::Error wmstd::convert::From. M ecm Error paspa6oran

CTeLMaIbHO /ISl CO37IaHMsI OOIIero ONMMCaHUs OMIMOKH, TO TUMaK From wrpaer mIMpOKy posib B

ripeoOpa30BaHUY 3HAUEHUN MeX/y Pa3/TMYHbIMU THUTIAMHU.

Tunax Error
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https://play.rust-lang.org/?code=%23%5Bderive(Debug)%5D%0Aenum%20CliError%20%7B%20Io(%3A%3Astd%3A%3Aio%3A%3AError)%2C%20Parse(%3A%3Astd%3A%3Anum%3A%3AParseIntError)%20%7D%0Ause%20std%3A%3Afs%3A%3AFile%3B%0Ause%20std%3A%3Aio%3A%3ARead%3B%0Ause%20std%3A%3Apath%3A%3APath%3B%0A%0Afn%20file_double%3CP%3A%20AsRef%3CPath%3E%3E(file_path%3A%20P)%20-%3E%20Result%3Ci32%2C%20CliError%3E%20%7B%0A%20%20%20%20let%20mut%20file%20%3D%20try!(File%3A%3Aopen(file_path).map_err(CliError%3A%3AIo))%3B%0A%20%20%20%20let%20mut%20contents%20%3D%20String%3A%3Anew()%3B%0A%20%20%20%20try!(file.read_to_string(%26mut%20contents).map_err(CliError%3A%3AIo))%3B%0A%20%20%20%20let%20n%3A%20i32%20%3D%20try!(contents.trim().parse().map_err(CliError%3A%3AParse))%3B%0A%20%20%20%20Ok(2%20*%20n)%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20match%20file_double(%22foobar%22)%20%7B%0A%20%20%20%20%20%20%20%20Ok(n)%20%3D%3E%20println!(%22%7B%7D%22%2C%20n)%2C%0A%20%20%20%20%20%20%20%20Err(err)%20%3D%3E%20println!(%22%D0%9E%D1%88%D0%B8%D0%B1%D0%BA%D0%B0%3A%20%7B%3A%3F%7D%22%2C%20err)%2C%0A%20%20%20%20%7D%0A%7D%0A
http://doc.rust-lang.org/std/error/trait.Error.html
http://doc.rust-lang.org/std/convert/trait.From.html

A3bIK IporpaMmupoBaHust Rust

Tunax Error o0bsiBaeH B ctaHgapTHOW OMOAMOTEKE:

use std::fmt::{Debug, Display}; F{Ljr]

trait Error: Debug + Display {
/// A short description of the error.
fn description(&self) -> &str;

/// The lower level cause of this error, if any.
fn cause(&self) -> Option<&Error> { None }

OTOT TUmMak OueHb OOOOILEHHBIM, TOCKOJIBKY TIpeArosaraeTcs, 4ro OH /O/DKeH ObITh
peasiM30BaH /IJisl 6Cex TUIOB, KOTOPbIe TIPeACTaB/ISIOT co0ol ommmbku. Kak Mbl yBUIUM [ablile, OH
HaM OueHb TIPUTOAUTCS [I/Isi HAlKMCaHUsl COUeTaeMoro Koa. DTOT TUMaK, KaK MUHUMYM, M03BOJIsSIeT

BBITIO/THATE CJIeAYHOIIe BEeIn:

e TlosyuaTh CTPOKOBOE IIpe/ICTaB/IeHre OIMOKu [ij1st paspaborurika (Debug).
e Tlosyuyarh ITOHATHOE /IS [T0/Tb30BaTesist rpecTasieHye ommbku (Display).
e TlonyuaTh KpaTKoe omucanue ommbky (Metog description).

® lI3yuaTh 10 LieTIoUKe [epBONPUYMHY OLIMOKH, eC/I OHa CylecTByeT (MeTof cause).

[TepBbie iBe BOSMOXKHOCTH BO3HUMKAIOT B Pe3yJbTare TOro, uto Tvnaxx Error tpebyer B cBoro
ouepenpr peanusaruu tunaxked Debug wu Display. ITocneanue aBa (akra HUCXOAAT W3 JBYX
MEeTO/[0B, OIpe/ie/ieHHbIX B camoM Error. Momp Error sakmouaercs B TOM, 4YTO BCe
CYIIeCTBYIOLIME THTIBI OLIMOOK ero peaymsyioT, UTo B CBOIO Ouepe/ib O3HauaeT uTo Jto0bie OLIMOKH

MOTYT OBbITb COXpaHEHbl KaK TMIaXK-00beKThl (trait object). OObIUHO 3TO BBIVIAAUT Kak

Box<Error>, nu6o &Error. Hanpumep, metos Cause Bosspaiaer &Error, KoTopsiii Kak pa3s

SIB/ISIETCS TUMAXKOM-00BeKTOM. IT0o3Ke MbI BE€pHEMCA K IMTPUMEHEHUTIO Error kak tunaka-o0nekra.

B HacTosiiiee BpeMsi [JOCTaTOYHO TOKa3aTh MpUMep, peanusyroiiuii tTunax Error. Tasaiite

BOCII0J/Ib3yeMCs /i 3TOI'0 TUIIOM OU_II/I6KI/I, KOTOp]:Iﬁ MBI orpeZie/In/id B INPEALIAYIIIEM DA3eJIe:

use std::io; Run

use std::num;
// Mbl peanusyem “Debug’ nockonbKy, Mo BCeW BMAMMOCTM, BCE TUMbl LOMXHb peanu3oBbiBaTb Debug”

// 3710 JaeT HaM BO3MOXHOCTb MOJIY4YUTb afeKBaTHOE U 4YUTaeMoe OnnCaHue 3Ha4deHUud CliError
#[derive(Debug)]
enum CliError {

Io(io::Error),

Parse(num: :ParseIntError),

JlaHHBINA TUT OLIMOKK OTPa)kaeT BO3MOXKHOCTb BO3HMKHOBEHHS [JBYX JIDYTHX THIIOB OLIMOOK:
oibka pabotsl ¢ 10 unm ommbka nmpeobpa3oBaHusi CTPOKK B uKc/io. OrnpeziesieHre OIMOKH MOXKET
OTpa)kaTh CTO/MBKO JIPYTMX BHU/OB OLIMOOK, CKOMBKO HEeoOXO[MMO, 3a CueT A00aB/ieHUs HOBBIX

BApHdHTOB B o0BsB/IEHHM enum.
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Aio%3B%0Ause%20std%3A%3Anum%3B%0A%0A%2F%2F%20%D0%9C%D1%8B%20%D1%80%D0%B5%D0%B0%D0%BB%D0%B8%D0%B7%D1%83%D0%B5%D0%BC%20%60Debug%60%20%D0%BF%D0%BE%D1%81%D0%BA%D0%BE%D0%BB%D1%8C%D0%BA%D1%83%2C%20%D0%BF%D0%BE%20%D0%B2%D1%81%D0%B5%D0%B9%20%D0%B2%D0%B8%D0%B4%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D0%B8%2C%20%D0%B2%D1%81%D0%B5%20%D1%82%D0%B8%D0%BF%D1%8B%20%D0%B4%D0%BE%D0%BB%D0%B6%D0%BD%D1%8B%20%D1%80%D0%B5%D0%B0%D0%BB%D0%B8%D0%B7%D0%BE%D0%B2%D1%8B%D0%B2%D0%B0%D1%82%D1%8C%20%60Debug%60.%0A%2F%2F%20%D0%AD%D1%82%D0%BE%20%D0%B4%D0%B0%D0%B5%D1%82%20%D0%BD%D0%B0%D0%BC%20%D0%B2%D0%BE%D0%B7%D0%BC%D0%BE%D0%B6%D0%BD%D0%BE%D1%81%D1%82%D1%8C%20%D0%BF%D0%BE%D0%BB%D1%83%D1%87%D0%B8%D1%82%D1%8C%20%D0%B0%D0%B4%D0%B5%D0%BA%D0%B2%D0%B0%D1%82%D0%BD%D0%BE%D0%B5%20%D0%B8%20%D1%87%D0%B8%D1%82%D0%B0%D0%B5%D0%BC%D0%BE%D0%B5%20%D0%BE%D0%BF%D0%B8%D1%81%D0%B0%D0%BD%D0%B8%D0%B5%20%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D1%8F%20CliError%0A%23%5Bderive(Debug)%5D%0Aenum%20CliError%20%7B%0A%20%20%20%20Io(io%3A%3AError)%2C%0A%20%20%20%20Parse(num%3A%3AParseIntError)%2C%0A%7D%0A%7D

A3bIK IporpaMmupoBaHyst Rust

Peanusanust Error moBoibHO MpsIMONMHEMHA W IVIaBHBIM 00pa3oM COCTOMT W3 SIBHOTO

dHa/IM3a BAPUAHTOB:

use std::error; F{Ljr]
use std::fmt;

impl fmt::Display for CliError {
fn fmt(&self, f: &mut fmt::Formatter) -> fmt::Result {
match *self {
// 06a u3HauvanbHbIX Tuna owubok yxe peanusyiT Display ,
// TaK 4TO Mbl MOXEM MCMNONb30BaTb WX peanusauuun
CliError::Io(ref err) => write!(f, "IO error: {}", err),
CliError::Parse(ref err) => write!(f, "Parse error: {}", err),

impl error::Error for CliError {
fn description(&self) -> &str {
// 06a u3HauvanbHbIX TunNa owwnbok yxe peanusywT Error,
// TaK 4YTO Mbl MOXEM WUCMONb30BaTb WX peanusauuen
match *self {
CliError::Io(ref err) => err.description(),
CliError::Parse(ref err) => err.description(),

fn cause(&self) -> Option<&error::Error> {
match *self {
// B oboux cnyyasx npoucxoaumT HesiBHoe npeobpa3oBaHue 3HauvyeHus “err’
// ¥3 KOHKpeTHoro Tuna ( &io::Error’ unu “&num::ParseIntError’)
// B Tunax-obbekT "&Error’ . 3710 paboTaeT noToMy 4Tto oba Tuna peanusywT " Error’.
CliError::Io(ref err) => Some(err),
CliError::Parse(ref err) => Some(err),

XoueTcsi OTMETHUTh, UTO 3TO OUeHb TUIIHUYHAas pean3anua Error: peanr3alysgd MeTOA0B

description u Cause B COOTBETCTBUH C KaXK/bIM BO3MOXKHBIM BU/IOM OIIHOKH.

Tunax From

Tunax std::convert: :From o6basnen B cranmaptHoii 6ubaMoTeKe:

trait From<T> { F{LJr]
fn from(T) -> Self;

Ouenb mipocTo, He TpaBAa Jyu? Tumaxk From upe3pbluaiiHO TO/€3€H, TIOCKOJBKY CO3JaeT
o6l moaxos, A1s MpeoOpa3oBaHus U3 OMpee/IeHHOT0 THIA | B KAaKOM-TO IPYTOM THM (B JaHHOM
citydae, "ZIDyTUM THIIOM" SIBJISIETCS THTI, PeayM3yroNuii JaHHbi Thnax, wm Self). Camoe BakHoe

B TUnaXke From — MHOXeCTBO ero peaau3alivii, IpeJoCTaBIgeMbIX CTaHIAPTHOU OUbOIMOTeKON.
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Aerror%3B%0Ause%20std%3A%3Afmt%3B%0A%0Aimpl%20fmt%3A%3ADisplay%20for%20CliError%20%7B%0A%20%20%20%20fn%20fmt(%26self%2C%20f%3A%20%26mut%20fmt%3A%3AFormatter)%20-%3E%20fmt%3A%3AResult%20%7B%0A%20%20%20%20%20%20%20%20match%20*self%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20%D0%9E%D0%B1%D0%B0%20%D0%B8%D0%B7%D0%BD%D0%B0%D1%87%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D1%85%20%D1%82%D0%B8%D0%BF%D0%B0%20%D0%BE%D1%88%D0%B8%D0%B1%D0%BE%D0%BA%20%D1%83%D0%B6%D0%B5%20%D1%80%D0%B5%D0%B0%D0%BB%D0%B8%D0%B7%D1%83%D1%8E%D1%82%20%60Display%60%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20%D1%82%D0%B0%D0%BA%20%D1%87%D1%82%D0%BE%20%D0%BC%D1%8B%20%D0%BC%D0%BE%D0%B6%D0%B5%D0%BC%20%D0%B8%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D1%82%D1%8C%20%D0%B8%D1%85%20%D1%80%D0%B5%D0%B0%D0%BB%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D0%B8%0A%20%20%20%20%20%20%20%20%20%20%20%20CliError%3A%3AIo(ref%20err)%20%3D%3E%20write!(f%2C%20%22IO%20error%3A%20%7B%7D%22%2C%20err)%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20CliError%3A%3AParse(ref%20err)%20%3D%3E%20write!(f%2C%20%22Parse%20error%3A%20%7B%7D%22%2C%20err)%2C%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%7D%0A%0Aimpl%20error%3A%3AError%20for%20CliError%20%7B%0A%20%20%20%20fn%20description(%26self)%20-%3E%20%26str%20%7B%0A%20%20%20%20%20%20%20%20%2F%2F%20%D0%9E%D0%B1%D0%B0%20%D0%B8%D0%B7%D0%BD%D0%B0%D1%87%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D1%85%20%D1%82%D0%B8%D0%BF%D0%B0%20%D0%BE%D1%88%D0%B8%D0%B1%D0%BE%D0%BA%20%D1%83%D0%B6%D0%B5%20%D1%80%D0%B5%D0%B0%D0%BB%D0%B8%D0%B7%D1%83%D1%8E%D1%82%20%60Error%60%2C%0A%20%20%20%20%20%20%20%20%2F%2F%20%D1%82%D0%B0%D0%BA%20%D1%87%D1%82%D0%BE%20%D0%BC%D1%8B%20%D0%BC%D0%BE%D0%B6%D0%B5%D0%BC%20%D0%B8%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D1%82%D1%8C%20%D0%B8%D1%85%20%D1%80%D0%B5%D0%B0%D0%BB%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D0%B5%D0%B9%0A%20%20%20%20%20%20%20%20match%20*self%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20CliError%3A%3AIo(ref%20err)%20%3D%3E%20err.description()%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20CliError%3A%3AParse(ref%20err)%20%3D%3E%20err.description()%2C%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%0A%20%20%20%20fn%20cause(%26self)%20-%3E%20Option%3C%26error%3A%3AError%3E%20%7B%0A%20%20%20%20%20%20%20%20match%20*self%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20%D0%92%20%D0%BE%D0%B1%D0%BE%D0%B8%D1%85%20%D1%81%D0%BB%D1%83%D1%87%D0%B0%D1%8F%D1%85%20%D0%BF%D1%80%D0%BE%D0%B8%D1%81%D1%85%D0%BE%D0%B4%D0%B8%D1%82%20%D0%BD%D0%B5%D1%8F%D0%B2%D0%BD%D0%BE%D0%B5%20%D0%BF%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5%20%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D1%8F%20%60err%60%0A%20%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20%D0%B8%D0%B7%20%D0%BA%D0%BE%D0%BD%D0%BA%D1%80%D0%B5%D1%82%D0%BD%D0%BE%D0%B3%D0%BE%20%D1%82%D0%B8%D0%BF%D0%B0%20(%60%26io%3A%3AError%60%20%D0%B8%D0%BB%D0%B8%20%60%26num%3A%3AParseIntError%60)%0A%20%20%20%20%20%20%20%20%20%20%20%20%2F%2F%20%D0%B2%20%D1%82%D0%B8%D0%BF%D0%B0%D0%B6-%D0%BE%D0%B1%D1%8C%D0%B5%D0%BA%D1%82%20%60%26Error%60.%20%D0%AD%D1%82%D0%BE%20%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%B0%D0%B5%D1%82%20%D0%BF%D0%BE%D1%82%D0%BE%D0%BC%D1%83%20%D1%87%D1%82%D0%BE%20%D0%BE%D0%B1%D0%B0%20%D1%82%D0%B8%D0%BF%D0%B0%20%D1%80%D0%B5%D0%B0%D0%BB%D0%B8%D0%B7%D1%83%D1%8E%D1%82%20%60Error%60.%0A%20%20%20%20%20%20%20%20%20%20%20%20CliError%3A%3AIo(ref%20err)%20%3D%3E%20Some(err)%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20CliError%3A%3AParse(ref%20err)%20%3D%3E%20Some(err)%2C%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%7D%0A%7D
http://doc.rust-lang.org/std/convert/trait.From.html
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Atrait%20From%3CT%3E%20%7B%0A%20%20%20%20fn%20from(T)%20-%3E%20Self%3B%0A%7D%0A%7D
http://doc.rust-lang.org/std/convert/trait.From.html

A3bIK IporpaMmupoBaHyst Rust

BOT HECKO/IBKO TIPOCTHIX TIPUMEPOB, IEMOHCTPUPYIOIIMX paboty From:

let string: String From::from("foo"); F{Ljr]
let bytes: Vec<u8> = From::from("foo");
let cow: ::std::borrow::Cow<str> = From::from("foo");

Utak, From moseseH /s BbINOHEHUs TpeoOpa30BaHUi Mexkay CTpokamu. Ho Kak HacueTt

oumb0ok? OKasbIBaeTcsl, CyIleCTByeT OfiHa Ba)KHasi pean3ariysi:

0
-]

impl<'a, E: Error + 'a> From<E> for Box<Error + 'a>

u

OTa peanusalyss TOBOPHUT, UTO /000U TWI, KOTOPbIM peamusyeT Error, moxuHo

KOHBEPTUPOBATL B TUNax-00bekT BOX<Error>. BbII‘JIH,I[I/IT He C/IMIIKOM BII€UaT/IAroLe, HO 3TO

OUeHb I10/Ie3HO B O6LL[€M KOHTEKCTe.

[ToMHuTe Te [Be OIMIMOKH, C KOTOPBIMU Mbl MMEJIH [IeJi0 paHee, a MeHHO, 10: :Error and
num: :ParseIntError? TlockoneKky obGe oHu peanusyioT Error, onu Ttakxke paboTawT C
From:

use std::error::Error; M
use std::fs;
use std::io;
use std::num;

// TonyyaeM 3HayeHus owunbok
let io_err: io::Error = io::Error::last os error();
let parse_err: num::ParseIntError = "not a number".parse::<i32>().unwrap_err();

// CobCTBEHHO, KOHBepTauwus

let errl: Box<Error> = From::from(io _err);

let err2: Box<Error> = From::from(parse err);

30ecb HYXXHO pa306paTL OueHb Ba)XHbIM TMarTepH. [lepemeHHbIe € rrl wuerr2 wumeror

O0OUHAKOBbIU MUN — TUMNAX-00BEKT. ITO 03HAYAET, YTO UX peasibHbIe TUIIbI CKPBITEI OT KOMITU/IATOPA,
TakK 4To II0 (baKTy OH paccMmarpuBaeT errl u err2 xak OJIMHAKOBBIE CYIIIHOCTU. Kpome TOro, Mbl
co3gany er rluerr2, UCIIO/IBb3YS OOWH U TOT >Ke BBI30B d)yHKuI/II/I — From: : from. Msr moxkem
TakK Jesarb, TTOCKOJIbKY cbyHKL[I/I;I From::from Ieperpy>keHa 1o ee apryMeHTy ¥ BO3BpalljaeMOMYy

THITY.

JTa BO3MOXXHOCTb OUeHb BakHa /J/Is1 Hac, MOCKOJbKY OHAa pellaeT Hally MpeAblayLIyo
nipobsiemy, 1103Boyisisi 3h(eKTUBHO KOHBEPTHPOBATh pa3Hble OLIMOKHU B OJJUH U TOT JKe THII, M0JIb3YsICh

TOJIBKO OJJHOM (DyHKITHeM.

Hacraso BpeMsi BepHYTBCS K HallleMy CTapoMy Jpyry — Makpocy try!.

HacTtoswmin makpoc try!

[lo 3TOTO MBI NPUBENHY Takoe onpefesiedve try! :

0
=
>

macro_rules! try {
($e:expr) => (match $e {
Ok(val) => val,
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aimpl%3C'a%2C%20E%3A%20Error%20%2B%20'a%3E%20From%3CE%3E%20for%20Box%3CError%20%2B%20'a%3E%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Aerror%3A%3AError%3B%0Ause%20std%3A%3Afs%3B%0Ause%20std%3A%3Aio%3B%0Ause%20std%3A%3Anum%3B%0A%0A%2F%2F%20%D0%9F%D0%BE%D0%BB%D1%83%D1%87%D0%B0%D0%B5%D0%BC%20%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D1%8F%20%D0%BE%D1%88%D0%B8%D0%B1%D0%BE%D0%BA%0Alet%20io_err%3A%20io%3A%3AError%20%3D%20io%3A%3AError%3A%3Alast_os_error()%3B%0Alet%20parse_err%3A%20num%3A%3AParseIntError%20%3D%20%22not%20a%20number%22.parse%3A%3A%3Ci32%3E().unwrap_err()%3B%0A%0A%2F%2F%20%D0%A1%D0%BE%D0%B1%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%BE%2C%20%D0%BA%D0%BE%D0%BD%D0%B2%D0%B5%D1%80%D1%82%D0%B0%D1%86%D0%B8%D1%8F%0Alet%20err1%3A%20Box%3CError%3E%20%3D%20From%3A%3Afrom(io_err)%3B%0Alet%20err2%3A%20Box%3CError%3E%20%3D%20From%3A%3Afrom(parse_err)%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Amacro_rules!%20try%20%7B%0A%20%20%20%20(%24e%3Aexpr)%20%3D%3E%20(match%20%24e%20%7B%0A%20%20%20%20%20%20%20%20Ok(val)%20%3D%3E%20val%2C%0A%20%20%20%20%20%20%20%20Err(err)%20%3D%3E%20return%20Err(err)%2C%0A%20%20%20%20%7D)%3B%0A%7D%0A%7D
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Err(err) => return Err(err),

1)
}
Ho 310 He HacTosiijee ompezeneHue. PeasbHOe ompefie/ieHMe MOXKHO HaWTU B CTAHIAPTHOU
oubaroTexe:
macro_rules! try { F{Ljr]
($e:expr) => (match $e {
Ok(val) => val,
Err(err) => return Err(::std::convert::From::from(err)),
1)
}

3,I[ECI-> €CTb OJHO MaJ/iIeHbKO€, HO OU€Hb Ba>)KHO€ M3MEHEeHHe: 3HAUEeHHUEe OLIOKU IMPOITyCKaeTCA
uepes BbI3OB From: :from. Oro AejiaeT MakpocC t ry | oueHn MOINHBIM MHCTPYMEHTOM, ITI0CKOJIBKY

OH /1a€T HaM BO3MOXXHOCTb 0eCI1/1IaTHO BBITIO/IHATE aBTOMAaTHYeCKOe npeo6pa30BaHHe THIIOB.

BoopyxuBiick 6osiee MOIIHBIM MakpocoMm try!, napaiiTe B3IisiHeM Ha KO, HarMCaHHBINA

HaMu paHee, KOTOPbIi UrTaeT (ailyl 1 KOHBEPTUPYET ero Cofep>KUMOoe B UUC/IO:

use std::fs::File; Run
use std::io::Read;
use std::path::Path;

fn file double<P: AsRef<Path>>(file path: P) -> Result<i32, String> {
let mut file = try!(File::open(file path).map_err(|e| e.to string()));
let mut contents = String::new();
try!(file.read to string(&mut contents).map err(|e| e.to_string()));
let n = try!(contents.trim().parse::<i32>().map_err(|e| e.to_string()));
0k(2 * n)

Panee Mnl rOBOPW/IK, UYTO MBI MOXEM I/136aBI/ITI>CH OT BBI3OBOB Ma p_e rr. Ha camom Jese, BCe
UTO MBI OOJ/IXXHBI [J1d 9TOIr0o CAe/1aTb — 3TO HaWTH TUII, KOTOpI:Iﬁ pa6OTaET C F rom. Kak mMsl yBuae/an
B TIpebiAyiieM paszesne, From umeer peanusaijuio, KOTopast MO3BOJIsIeT Tpeobpa3oBarh 1000 THIT
ommibku B BoX<Error>:

use std::error::Error; F{Ljr]
use std::fs::File;

use std::io::Read;

use std::path::Path;

fn file double<P: AsRef<Path>>(file path: P) -> Result<i32, Box<Error>> {
let mut file = try!(File::open(file path));
let mut contents = String::new();
try!(file.read to string(&mut contents));
let n = try!(contents.trim().parse::<i32>());
0k(2 * n)

Mbl ye oueHb OM3KM K H7eaqbHOH 00paboTke ommbok. Harn kKoj MMeeT OueHb Majo
HaK/IaJHBIX PACXOZIoB W3-3a 00paboTku ommmbok, Beab Makpoc try! wuHkancymupyer cpasy Tpu

BeLU:
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http://doc.rust-lang.org/std/macro.try!.html
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Amacro_rules!%20try%20%7B%0A%20%20%20%20(%24e%3Aexpr)%20%3D%3E%20(match%20%24e%20%7B%0A%20%20%20%20%20%20%20%20Ok(val)%20%3D%3E%20val%2C%0A%20%20%20%20%20%20%20%20Err(err)%20%3D%3E%20return%20Err(%3A%3Astd%3A%3Aconvert%3A%3AFrom%3A%3Afrom(err))%2C%0A%20%20%20%20%7D)%3B%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Afs%3A%3AFile%3B%0Ause%20std%3A%3Aio%3A%3ARead%3B%0Ause%20std%3A%3Apath%3A%3APath%3B%0A%0Afn%20file_double%3CP%3A%20AsRef%3CPath%3E%3E(file_path%3A%20P)%20-%3E%20Result%3Ci32%2C%20String%3E%20%7B%0A%20%20%20%20let%20mut%20file%20%3D%20try!(File%3A%3Aopen(file_path).map_err(%7Ce%7C%20e.to_string()))%3B%0A%20%20%20%20let%20mut%20contents%20%3D%20String%3A%3Anew()%3B%0A%20%20%20%20try!(file.read_to_string(%26mut%20contents).map_err(%7Ce%7C%20e.to_string()))%3B%0A%20%20%20%20let%20n%20%3D%20try!(contents.trim().parse%3A%3A%3Ci32%3E().map_err(%7Ce%7C%20e.to_string()))%3B%0A%20%20%20%20Ok(2%20*%20n)%0A%7D%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Aerror%3A%3AError%3B%0Ause%20std%3A%3Afs%3A%3AFile%3B%0Ause%20std%3A%3Aio%3A%3ARead%3B%0Ause%20std%3A%3Apath%3A%3APath%3B%0A%0Afn%20file_double%3CP%3A%20AsRef%3CPath%3E%3E(file_path%3A%20P)%20-%3E%20Result%3Ci32%2C%20Box%3CError%3E%3E%20%7B%0A%20%20%20%20let%20mut%20file%20%3D%20try!(File%3A%3Aopen(file_path))%3B%0A%20%20%20%20let%20mut%20contents%20%3D%20String%3A%3Anew()%3B%0A%20%20%20%20try!(file.read_to_string(%26mut%20contents))%3B%0A%20%20%20%20let%20n%20%3D%20try!(contents.trim().parse%3A%3A%3Ci32%3E())%3B%0A%20%20%20%20Ok(2%20*%20n)%0A%7D%0A%7D
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1. BapuarvBHbII aHaIMU3.
2. TloTOK BBITIOTHEHHUSI.

3. TIpeobpa3oBaHue TUIOB OIIMOOK.

Korza Bce 3TH Tpu Bellld 00beMHEHbI BMeCTe, MbI TIOTy4aeM KoJ, KOTOPbIii He oOpemMeHeH

KOM6I/IHaT0paMI/I, BbI30BaMU UNWIAP WM NOCTOSTHHBIM aHa/JIM30M BAapUAHTOB.

Ho ocranace omHa ManeHbKass jeTaib: T BOX<Error> ue Hecem Hukakoli uHgopmayuu.
Ecmu mbel Bo3BpaitiaeM BOX<Error> Bei3biBarolieii CTOpoHe, HET HUKAKOH BO3MOXKHOCTHU (JIETKO)
y3HaTh 6a30BbIi THI OIMOKK. CHUTYyal[ist, KOHEUHO, Jiyuilie, ueM co String, Mmocko/ibKy MosiBUIach

BO3MO)KHOCTb BbI3bIBaTh MeTO/bl, Bpoze description wam Cause, HO orpaHUuYeHHe OCTAeTCs:

BoX<Error> He mpemocraBnisieT HMKakoW MHQOpPMalMyd O CyTH OIIMOKU. (3ameuaHue: JTO He
COBCEM BepHO, MOCKO/bKY B Rust ecTb MHCTpyMeHTHI peduieKCHH BO BpeMsi BBITIOJHEHUs], KOTOpbIe

MMoJie3HbI ITPU HEKOTOPLIX CLEHAPUAX, HO UX PACCMOTPEHWE BLIXOAUWT 3d DAMKIN STOU FJ'[aBI)I).

Hacrasno Bpemst BepHYThCs K Haiiemy cobctBenHomy Tty CLLIError u cessats Bce B OfjHO

1jesioe.

CoBMelleHne COOCTBEHHbIX TUMOB OLMOOK

B nocsiegHeM pasjiesie Mbl PaCCMOTpPE/IA peaibHbIi Makpoc try! u To, Kak OH BBITIO/IHSET
aBTOMaTHyYeCcKoe rpeobpa3oBaHre 3HauUeHHH OIMOOK C TIOMOIIbI0 Bbi3oBa From: : from. B Hamem
C/lyuae Mbl KOHBePTHpOBau oiimbku B BOX<Error>, koropelii paboTaet, HO ero 3HaueH1e CKPhITO

AJid BI:I3I>IBaI-OI.LIEI‘/JI CTOPOHEI.

YToObI MCMPAaBUTH 3TO, Mbl MCIIOb3yeM CpeJCTBO, C KOTODBIM MbI Y)Ke 3HAaKOMBI: CO3/aHue
cobcTBeHHOro THIa OUIMOKHU. [laBaiiTe BCIIOMHUM KOJ, KOTOPBIN CUMTBHIBAaeT cofepkumoe daiina u

ripeoOpasyer ero B LieJioe YHCIIO:

use std::fs::File; F{Ljr]
use std::io::{self, Read};

use std::num;

use std::path::Path;

// Mbl peanusyem ‘Debug’ nockonbKy, Mo BCEW BMAMMOCTW, BCE TUMbl LOJMXHb peanu3oBbiBaTb Debug”

// 3710 0aeT HaM BO3MOXHOCTb MOJIY4YUTb afeKBaTHOE U 4YUTaeMOEe OnnCaHue 3Ha4deHUud CliError
#[derive(Debug)]
enum CliError {

Io(io::Error),

Parse(num: :ParseIntError),

fn file double verbose<P: AsRef<Path>>(file path: P) -> Result<i32, CliError> {
let mut file = try!(File::open(file path).map err(CliError::Io0));
let mut contents = String::new();
try!(file.read to string(&mut contents).map err(CliError::Io));
let n: 132 = try!(contents.trim().parse().map _err(CliError::Parse));
0k(2 * n)

O6paboTka orbok 271


http://doc.rust-lang.org/std/error/trait.Error.html#tymethod.description
http://doc.rust-lang.org/std/error/trait.Error.html#method.cause
https://crates.io/crates/error
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Afs%3A%3AFile%3B%0Ause%20std%3A%3Aio%3A%3A%7Bself%2C%20Read%7D%3B%0Ause%20std%3A%3Anum%3B%0Ause%20std%3A%3Apath%3A%3APath%3B%0A%0A%2F%2F%20%D0%9C%D1%8B%20%D1%80%D0%B5%D0%B0%D0%BB%D0%B8%D0%B7%D1%83%D0%B5%D0%BC%20%60Debug%60%20%D0%BF%D0%BE%D1%81%D0%BA%D0%BE%D0%BB%D1%8C%D0%BA%D1%83%2C%20%D0%BF%D0%BE%20%D0%B2%D1%81%D0%B5%D0%B9%20%D0%B2%D0%B8%D0%B4%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D0%B8%2C%20%D0%B2%D1%81%D0%B5%20%D1%82%D0%B8%D0%BF%D1%8B%20%D0%B4%D0%BE%D0%BB%D0%B6%D0%BD%D1%8B%20%D1%80%D0%B5%D0%B0%D0%BB%D0%B8%D0%B7%D0%BE%D0%B2%D1%8B%D0%B2%D0%B0%D1%82%D1%8C%20%60Debug%60.%0A%2F%2F%20%D0%AD%D1%82%D0%BE%20%D0%B4%D0%B0%D0%B5%D1%82%20%D0%BD%D0%B0%D0%BC%20%D0%B2%D0%BE%D0%B7%D0%BC%D0%BE%D0%B6%D0%BD%D0%BE%D1%81%D1%82%D1%8C%20%D0%BF%D0%BE%D0%BB%D1%83%D1%87%D0%B8%D1%82%D1%8C%20%D0%B0%D0%B4%D0%B5%D0%BA%D0%B2%D0%B0%D1%82%D0%BD%D0%BE%D0%B5%20%D0%B8%20%D1%87%D0%B8%D1%82%D0%B0%D0%B5%D0%BC%D0%BE%D0%B5%20%D0%BE%D0%BF%D0%B8%D1%81%D0%B0%D0%BD%D0%B8%D0%B5%20%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D1%8F%20CliError%0A%23%5Bderive(Debug)%5D%0Aenum%20CliError%20%7B%0A%20%20%20%20Io(io%3A%3AError)%2C%0A%20%20%20%20Parse(num%3A%3AParseIntError)%2C%0A%7D%0A%0Afn%20file_double_verbose%3CP%3A%20AsRef%3CPath%3E%3E(file_path%3A%20P)%20-%3E%20Result%3Ci32%2C%20CliError%3E%20%7B%0A%20%20%20%20let%20mut%20file%20%3D%20try!(File%3A%3Aopen(file_path).map_err(CliError%3A%3AIo))%3B%0A%20%20%20%20let%20mut%20contents%20%3D%20String%3A%3Anew()%3B%0A%20%20%20%20try!(file.read_to_string(%26mut%20contents).map_err(CliError%3A%3AIo))%3B%0A%20%20%20%20let%20n%3A%20i32%20%3D%20try!(contents.trim().parse().map_err(CliError%3A%3AParse))%3B%0A%20%20%20%20Ok(2%20*%20n)%0A%7D%0A%7D
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O6parure BHMMaHHe, UTO 3[4eCb y HAC eIje OCTaJKCh BBI30BBI MApP err. Ilouemy?
Bcniomuute onpezgenenus try! u From. IIpo6imema B ToM, UTO He CyL[ECTBYeT TaKOH pear3al[iu
From, KOTOpast 03BOJISIeT KOHBEPTHUPOBATh THIIbI ommbok 10::Error u
num: :ParseIntError B Ham cobctBennsii i CLiError. Ho Mbl MoxkeMm Jierko 3T1o
ucrnpaButh! TTockonbKy Mel onpegead T CLIError, Mbl Mo)keM Takke peann3oBaTh [Jisi HETO

tunax From:

use std::io; F{L]n

use std::num;

impl From<io::Error> for CliError {
fn from(err: io::Error) -> CliError {
CliError::Io(err)

impl From<num::ParseIntError> for CliError {
fn from(err: num::ParseIntError) -> CliError {
CliError::Parse(err)

Bce 3mu peanmsariyu 1o3Bosisitor From cosgasare 3Hauenus CLiError ws gpyrux tumos
oirboK. B Harllem c/iydae Takoe CO3[iaHKWe COCTOMUT M3 MPOCTOrO BbI30Ba KOHCTPYKTOpA 3HAUeHWsI.

Kak npaeusio, 3TO BCe YTO HY>XHO.

Hakownell, Mbl MoxkeM mieperiicate Tile double:

po)
(e
-]

use std::fs::File;
use std::io::Read;
use std::path::Path;

fn file double<P: AsRef<Path>>(file path: P) -> Result<i32, CliError> {
let mut file = try!(File::open(file_path));
let mut contents = String::new();
try!(file.read to string(&mut contents));
let n: 132 = try!(contents.trim().parse());
0k(2 * n)

E/JMHCTBEHHOE, UTO MbI C/leJla/Id — 3TO yAAJWIX BbI30BbI MAP err. OHu Ham Oosblie He
HY)KHBI, MMOCKO/IbKY Makpoc try! Bemonnser From: : from wnaj sHauenusmu ommbGok. U 310
paboTaeT, MOCKO/IBKY MbI TPeJOCTaBUIN peanu3aipu From s Bcex THIOB OLIMOOK, KOTOPbIe

MOTYT BO3HHKHYTb.

Ecmu 661 Mbl u3Menwan Haity Gyskiuio Tile double Takum obpasom, utobbl oHa Hauata
BBINOJIHATL KaKWe-TO Jpyrye Orepalyy, Harpumep, npeo0pasoBaTh CTPOKY B UMC/IO C IUIABAIOLIEH

TOYKOM, TO MbI JIO/DKHBI ObUTH ObI J0OABUTH HOBBIM BapUaHT K HAIlIeMY THITy OIIMOOK:

use std::io; Run

use std::num;

enum CliError {
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0A%23%5Bderive(Debug)%5D%0Aenum%20CliError%20%7B%20Io(io%3A%3AError)%2C%20Parse(num%3A%3AParseIntError)%20%7D%0Ause%20std%3A%3Aio%3B%0Ause%20std%3A%3Anum%3B%0A%0Aimpl%20From%3Cio%3A%3AError%3E%20for%20CliError%20%7B%0A%20%20%20%20fn%20from(err%3A%20io%3A%3AError)%20-%3E%20CliError%20%7B%0A%20%20%20%20%20%20%20%20CliError%3A%3AIo(err)%0A%20%20%20%20%7D%0A%7D%0A%0Aimpl%20From%3Cnum%3A%3AParseIntError%3E%20for%20CliError%20%7B%0A%20%20%20%20fn%20from(err%3A%20num%3A%3AParseIntError)%20-%3E%20CliError%20%7B%0A%20%20%20%20%20%20%20%20CliError%3A%3AParse(err)%0A%20%20%20%20%7D%0A%7D%0A%7D
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Io(io::Error),
ParseInt(num::ParseIntError),
ParseFloat (num: :ParseFloatError),

U no6aBUTH HOBYIO peau3alfio Jjist From:

use std::num; Run

impl From<num::ParseFloatError> for CliError {
fn from(err: num::ParseFloatError) -> CliError {
CliError::ParseFloat(err)

Bort u Bce!

PekomMmeHgauum onsa aBTopos 61MGIMOTEK

Ecmu B Bameii 6ubnroreke MOTyT BO3HMKaTh crielidduuecKkue OMIMOKHM, TO Bbl HaBepHsSKa
JIO/DKHBI OTIpeJie/TUTh J7Isi HUX CBOM coOCTBeHHBIN TvIl. Ha Ballle ycMOTpeHe BBl MOXKeTe CZieiaTh ero
BHyTpEHHee TpezicTaBienre mybmiunbiM (Kak ErrorkKind), wim ocTaBuTh ero CKpbIThIM (10406HO

ParseIntError). HesaBucumo oT TOro, 4ro Bbl TIpeJIpUMeTe, CUHMTAETCS XOPOLIMM TOHOM

obecrieunTh TO KpaiiHeill Mepe HeKoTopyko HHpopmaiuio 00 omrbke TOMUMO ee CTPOKOBOTO

npeacTraB/IeHUd. HO, KOHEYHO, BC€ 3dBUCUT OT KOHKPETHLIX C/TyUdeB HMCII0/Ib30BAHMUS.

Kak MHWHUMYM, Bbl CKOpee BCero [JAO/DKHBI Pped/IiM30BdTb THUIIAXK Error. 3rto AacT

I10/1b30BATe/IsIM Balllell O61OIMOTeKU HEKOTOPYHO MMHHWMAJ/IbBHYIO rUOKOCTh Mpy COBMENIEHNN OIIMOOK.

Peanmauwl tunaka Error rtaxxe 0O3Ha4ydeT, 4YTO I10/Ib30BaTe/IAM I'dDAHTHUPYETCA BO3MOXXHOCTb
MoJiyyeHrnsa CTPOKOBOI'O TIIpeAcCTaB/IEHHS OILIMOKH (9T0 aieayer us H606XO,ZLI/IMOCTI/I peann3ain
fmt::Debug u fmt::Display).

KpOMe TOro, Moxet OBITH I10J/I€3HBIM peain30BdTb From AJId BalllMX THUIIOB omubok. IDTO

TI03BOJ/IMT BdM (KEIK dBTODY 6I/I6J'II/IOTEKI/I) ¥ BaIllMM II0/Ib30BaTe/IsIM COBMEIAaTh 00Jiee [eTaabHbIe

OLITHOKY. Haripumep, Csv::Error peamm3yet From aast i0::Error  wm
byteorder: :Error.

HakoHel|, Ha CBOe yCMOTpeHHe, Bbl TaKKe MOXKeTe OIpee/uTh rcesnonnm Tuna Result,
0CO0eHHO, ec/id B Balled OUOIMOTEKe OIpefe/ieH TOJMBKO OAWH THM OMIMOKW. Tako IoJXop

HCITO/Ib3YeTCs B CTaHjapTHOM 6rbmmoreke qyist 10: :Result u fmt: :Result.

3akK/iroueHune

TToCKO/bKY 3TO [IOBOJIBHO JJIMHHAS 171aBa, He Oy/eT JIUIIHAM COCTABUTb KOPOTKHI KOHCIIEKT IO
obpaboTke ommboK B Rust. Hike OyayT mprBeieHbl HEKOTOPbIE MPaKTHUECKHEe PEeKOMEHZALIMH. JTO
COBCeM He 3amnoBeZii. HaBepHsiKa CyIleCTBYIOT BECKKE MPUYHHBI /IJIs TOT0, UTOObI HapyIIUTh Jit060e

W3 3TUX IIPpaBUJI.

e Ecu Bbl nUIlIeTe KOPOTKUM TIpUMeEp KO/ja, KOTOPBIM MOXXeT ObITh MeperpykeH 00paboTKOM
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omMbOoK, 9TO, BEpOSITHO, OTJIIMYHAsi BO3MO)KHOCTb MUCIOB30BaTh UNWrap (Oyab-To
Result: :unwrap, Option::unwrap wm Option::expect). Te, gnia Koro

Tpe/IHAa3HAUYEeH TIPUMeEP, O/DKHBI 0CO3HABaTh, UTO HEOOXOAMMO pear30BaTh Ha/IeXKallyo
06paboTky oumbok. (Eciu HeT, oTnipaBsiiTe ux crozal)

e Eciu BbI MulleTe OJHOPA30BYIO MPOrpamMMy, TakKe He 3a30pHO UCIMO0JIb30BaTb UNwWrap.
Ho OyibTe BHUMATe/bHBI: €C/IA Balll KOZ MOMAZIeT B UY)KHUE PYKH, HEe YIUBJSUTECH, eC/H
KTO-TO OyzleT pacCTpOeH M3-3a CKYZIHBIX CO001eHHid 00 ormmbKax!

e Ecmu Bbl TUIIETe OJHOPA30BbI KO/, HO BaM BCE-PaBHO CTHIAHO WM3-3a KCIIO/Ib30BaHUS
unwrap, Bocrosb3yirech 60 String B KauectBe Tma omubku, 1160 BOX<Error
+ Send + Sync> (u3-3a gocrymHbIxX peanusanyii From.)

e B OCTaJIbHBIX  C/Iy4dasX, OHPEAEHHI‘/JITQ CBOM COOCTBEeHHbIe THIIBI OMIMOOK C

COOTBETCTBYHOLMMH peanu3anusmu From u Error, nenas ucrnonb3oBanue try! Gosee

yZ0OHBIM.
e Ecmi Bbl nuiere OUOJHMOTEKY W Balll KOZL MOXKET BbIZaBaTh OILIHOKH, OIpe/e/UTe Ball

COOCTBEHHBIN THI OIMIMOKK M peanusyite tunax std::error::Error. Tam, rae 310

YMeCTHO, peanu3yiite From, uToObl BaM M BAlllMM I0JIb30BaTe/IIM ObUIO Jierue ¢ HUMH
pabotarb. (M3-3a mpaBu/ KOTePeHTHOCTH B Rust, rosib3oBaresid Bailieli OMOIMOTEKH He
CMOTYT peanu30BaTh From panas Bammx omMOOK, MO3TOMY 3TO JO/DKHA CZelaTh Ballla
6ubnuoTeka.)

® I3yunte koMOuHaTOpkI, onpezeneHHbie A1 0ption u Result. Mucats ko, mosb3ysich

TOJIbKO HUMH MOXXET ObITh HEMHOTO YTOMHUTE/IBbHO, HO 51 JIMYHO Hallen [ijisi ce0si XOPOILUii
GamaHc Mexay wucronb3oBanueM try! wu kombunaropamu (and _then, map wu
unwrap Or — Mou /it0bUMbIe).

6.6. MHoro3asauHoCTH6.8. BbIOOD rapaHTHii
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Bbi6op rapaHTum

O,I[Ha W3 BAXXHBIX UepPT A3bIKa Rust — 3T10 TO, UTO OH IIO3BOJIAET HaM YIIPABJIATH HaK/IdJHBIMH

pacxogaMu v rapaHTHUSAMU IIPOT'PaMMBI.

B crangapTHO# 6ubnoreke Rust ecTh pa3nuuHble «0OEPTOUHBIE THITBD», KOTOPbIE Peau3yoT
MHOKECTBO KOMITIPOMHCCOB MeXXAy HaK/IaJHbIMUA Pacxo/laMy, SPrOHOMHUKOM, U rapaHTUsiMU. MHorue
MO3BOJISIIOT BBIOMpAaTh MeXKAy TIPOBEpPKaMH BO BpeMsi KOMIWISLMA W TIPOBEpKaMU BO BpeMsi

WCTIOTHeHUs. JTa I/1aBa MoApoOHO 00BSICHUT HECKOIBLKO M30paHHBIX abCTPaKIIUH.

Hepe,q T€éM, KdK TIPpOAOJ/IXKUTD, Kpaf/iHe pekoMeHayeM TIIO3HAKOMUTbCA C B/AdJIeHUEM U

3auMcTBOBaHueM B Rust.

OCHOBHble TUMbI yKa3aTteneii

Box<T>

Box<T> — «Bnageroumii» ykasatenb, WM, TO-APYrOMY, «yIakKoBKa». XOTs OH U MOXET
BbI/]aBaTh CChIIKM Ha COZleprKalliiecsi B HEM JlaHHble, OH — e/IMHCTBEeHHbIM Brajiesiel] 3TUX JaHHbIX. B

HUdCTHOCTH, KOrla ITIPOUCXOAUWT UTO-TO BPO/E 3TOTO:

let x = Box::new(1l); Run
let y = x;
// X 6onble He OoCTyneH
3,£LECI> YI1aKOBKa ObLIa nepemeuwjeHa B y HOCKOJILKy X Oosblle He B/1ajieeT ero, C 3TOro
MOMEHTA KOMITU/IATOD HE€ II03BOJIMT HCII0/Ib30BATh X . YIIaKOBKa TakKXe MO)KeT ObIThb rnepeMeieHa u3

GbyHKIMK — 17151 3TOr0 (DYHKLMSI BO3BpAlljaeT eé Kak CBOW pe3ysibTar.

KOF,E[&I YI1aKOBKd, KOTOpasd He Obl1a rnepeMeileHa, BBIXOAUT U3 obmactu BHUIWMOCTH,

BBITIO/THAOTCA A€ CTPDYKTOPEI. OTHU AE€CTPYKTOPLBI OCBO60)K,ZLEII-OT cogepxkalurecd JaHHbIe.

Mpbl abcTparupyeMcsi OT [JWHAMUYECKOTO BBIZIEJIEHUs TIaMATH, W 3TO abcTpakius 6e3
HaK/IaJHBIX pacxXooB. DTO WeabHbIM CIIOCOO BbIE/IUTh MAMATh B Kyue W Ge30MacHO IepeJaBaTh
yKa3arejib Ha 3Ty MamsTb. 3aMeTbTe, UTO Bbl MOXKETE CO3/IaBaTh CChIJIKM Ha YIAKOBKY 1O OOBIYHBIM

IMMpaBuWiaM 3dMMCTBOBAHUS, KOTOPLIE ITPOBEPAKOTCA BO BpeMS KOMITUIALIHHA.

&T m&mut T

OTo Hen3MeHsieMble ¥ U3MeHsieMble CChUIKH, COOTBeTCTBeHHO. OHM peasm3yroT 11ab/oH «read-
write lock», T.e. BbI MOXKeTe CO37jaTh UM OJHY U3MEHsIeMYI0 CCbUIKY Ha JlaHHble, WK Jitoboe unciio
Hen3MeHsieMbIX, HO He 00a BW/la CCBUIOK OJHOBPEMEHHO. JTa TapaHTHs TPOBEPSeTCS BO BpeMs
KOMITW/ISILUHA, ¥ HUUEro He CTOWUT BO BpeMsl WICIIOJHEHWs. B GO/BIIMHCTBE CydaeB 3TH JBa THIIA

yKa3saTeJieli [IOKpPBIBAIOT BCe HY K/bI 10 Nlepefjaue JelIéBbIX CCbUIOK MeX/y YaCTIMU KOZa.
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[Tpy KOMMpOBaHWHM 3TH yKa3aTelu COXPAHSIOT CBA3aHHOE C HMMHU BpeMs )KM3HU — OHHU BCE

PaBHO He MOT'YT IIPOXUTH A0JbIlle, YeM NCXOAHOEe 3HaUeHHe, Ha KOTOPOe OHU CChLIaF0TCHA.

*const Twu*mut T

ITO chipble yKa3arenu B cTujie C, He UMelolie CBA3aHHOM MH(OPMal[Mi O BpeMeHU JKU3HHU U
Brajesiblle. OHM TIPOCTO yKa3blBAalOT Ha Kakoe-TO MeCTO B TMaMsTH, 0e3 /I0TO/IHUTeTbHBIX
orpaHuueHui. OHU TapaHTUPYIOT TOJBLKO TO, UTO OHU MOTYT OBITH pa3biMEHOBaHBI TOJBKO B KO/[E,

IIOMEUEHHOM KaK «HeOe30I1acHBIN».

OHU TI0/1€3HBI TIPU CO3/IaHUM 0e30MaCHBIX HU3KOYPOBHEBBIX abcTpakiuii Bpoge Vec<T>, Ho

ux cieayer u3beraTh B 6€30MacHOM Koze.

Rc<T>

OTo mepBas paccMatpuBaeMasi 006EpTKa, UCIOIb30BaHNe KOTOPOH BIeuéT 3a cob0i HakK/aJHbIe

pacxoAbl BO BpeMs UCITIO/THEHHS.

Rc<T> — 310 YKa3aTreJsib CO CUETUUKOM CCBIJIOK. ,Z[pyTI/IMI/I CJI0OBAMH, OH I103BOJIA€T CO34dBdTh
HECKOJIBKO «BJ1aJeroIHNX» YKaBBTEHEﬁ Ha OJHU U Te Xe OaHHble, U 3THU [1dHHbIE 6y'ELYT YHUUTOXEHDI,

KOT7Ia BCe yKa3aTe/y BBIHAYT U3 00/1aCTH BUJUMOCTH.

CobCTBeHHO, BHYTPHU y Hero CuéTuuk ccbuliok (reference count, umm cokpaménHo refcount),
KOTOPBIN YBEeJIMUMBAETCS KaXKAbIH pa3, KOrja MpOUCXOJUT KIOHUpoBaHWe RC, U yMeHblllaeTcs Korzia
RC Bbixogut u3 obnactu BuauMocTu. OCHOBHasi OTBeTCTBeHHOCTb RC<T> — ynocroBeputhcs B

TOM, UTO AJid pa3fesdeMbIX NaHHBIX BbISbIBAIOTCA AECTPYKTODLI.

XpaHI/IMLIe AdHHBIE TIpDU 3TOM HEWU3MEHAEMBI, U €CJIN COBAaéTCH LUKJT CCBbUIOK, AdHHbIE YTEKYT.
Ecnu Ham HY)XHO OTCYTCTBHE YyTe€U€K B IIpUCYTCTBHE LIMKJ/IOB, HY)XHO MHCIIO/Ib30BdATh C60pI_I_[I/IK

Mycopa.

[apaHTUn

3,[[6CI> [VlaBHAasdA rapaHTUA B TOM, UTO AdHHbIE He 6y,ELy'T YHHUUTOXXEHBI, ITOKa BC€ CCbIJIKM Hd HUX

He MCYe3HYT.

CuéTuMK CChUIOK HY>KHO MCII0/Ib30BaTh, KOI/la Mbl XOTUM JUHaMHUYeCKHU BbIJIe/TUTh KaKue-TO
JlaHHble W MPeJOCTaBUTh CChUIKM Ha 9TH JlaHHbIe TOJIbKO /IJIi UTeHWsl, U TPU 3TOM HesICHO, Kakasi
yacTh MPOTpaMMbl TMOC/e/IHel 3aKOHUUT MCIO/b30BaHKWE CChLTKA. DTO MOAXO/slasi ajbTepHaTHBa
&T, Korjja HeBO3MOXKHO CTaTHUeCKH [J0Ka3aTh MPaBWILHOCTb &T, WM KOTZa 3TO CO37aéT CIIMIIKOM

Oonbliie Hey00CTBA B HAITMCAHWH KOZIa, HAa KOTOPLIM Pa3pabOTUMK He XOueT TPaTUTh CBOE BpeMsl.

OTOT YKa3aTe/lb He ABJIAeTCA HOTOKO6€3OHEICH]:IM, U Rust He 103BOJISIET rnepegaBaTtb €ro HUiu
AeJIUTbCA UMM C [ADPYTMMHU [10TOKaMM. OTO T1I03BOJIIeT U30eXKaThb HaK/IaJHBIX pdCXO40B OT

HCII0/Ib30BAHKA aTOMAPHBIX onepauuﬁ Tam, I/ie OHHU He HY>XHBI.
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EcTh MOXouM yMHBIN yKasarenab, Weak<T>. Dro HeBnazeroimii, HO ¥ He 3aMMCTBYEMbIi,
yMHBIH yKa3zareb. OH Toxe moxox Ha &T, HO He orpaHuueH BpemeHeM >ku3Hu — Weak<T> moxHo
He oTnyckatb. OZIHAKO, BO3MOXKHA CUTYyal¥s, KOT/ja MOMbITKA J0CTYTa K XPaHUMbIM B HEM JIaHHBIM
npoBasnutcs U BepHéT None, nockonbky Weak<T> moxet nepexuts Biazetoifie RC. Ero ygo6Ho

HCII0/Ib30BaTh B C/IyUae [UK/INUYeCKHUX CTPYKTYP AaHHBIX U HEKOTOPBIX APYTIUX.

HaknagHble pacxoabl

Yrto kacaetcs mamstd, RC<T> — 310 opHO BbIJe/neHHe, OJJHAKO OHO OymeT BK/IHOUATh [Ba
JIMIIHKX C7ToBa (T.e. ZiBa 3HAUEHMs TUMA US1Ze) 1o cpaBHeHHIO C 00biuHbIM BOX<T>. D10 BepHO 1

AJId «CUJIBHBIX», WU OJId «C1abbIX» CUETUMKOB CCHIJIOK.

PaCXOAbI Ha Rc<T> s3akmouarorcs B yBe€/IMYEHUHU U YMEHbIIEHUN CYETUYMUKA CCBHIJIOK Ka)K'Z[bIﬁ
pa3s, Korga Rc<T> KJIOHUPYETCA WM BBIXOAUT U3 obactu BUIWUMOCTH, COOTBETCTBEHHO. OTMETI/IM,
UTO KJ/IOHMDOBAHHWE HE€ BBITIO/THAET I‘JIY6OKO€ KOIMMpOBdHWE, a4 TIPOCTO YBEJIMYHBAET CUETUUK U

BO3Bparaer koo RC<T>.

Tunsbl-auenku (cell types)

Tunel Cell mnpegocTaBisitoT «BHYTPEHHIO» W3MEHSIeMOCThb. JIPYyrMMH C/I0OBaMH, OHHU
coziep)kaT JlaHHble, KOTODble MOXXHO H3MEHSITb [ake eC/ld TUIl He MO)KeT ObIThb TMomyueH B

M3MeHsIeMOM BHjie (Haripumep, Korza oH 3a ykazarteneMm & wmm 3a RC<T>).

JoKymeHTalys MOay/s cell JIOBOJILHO XOPOIIIO 00BLACHIET 3TH BeIIy.

OTU  THUIIBI 0ObLIUHO HCIIOJ/JIB3YKOT B TIOMIAX CTPYKTYD, HO OHH H€ OI'PaHHUYEHbBI TdKHUM

HCII0/Ib30BaHKEM.

Cell<T>

Cell<T> — 370 Tum, KOTOPHKIA 0beCTeurBaeT BHYTPEHHIOK W3MEHsSeMOCTb 0e3 HaK/IaJHbIX
pacxo/loB, HO TOJILKO [I/Is1 THUIMOB, peanu3yroumx Thnaxx COpy. IToCKONbKY KOMITU/ISTOD 3HAEeT, UTO
BCe JaHHble, BiokeHHble B Ce Ll L<T>, HaxomsTcs Ha cTeke, UX MOXKHO TIPOCTO 3aMeHsITh 6e3 cTpaxa

yTeUKH pecypCoB.

HapymuTh WHBapuaHTBI C TIOMOIIbIO 3TOW OOEPTKM BCE paBHO MOXKHO, I03TOMY OyabTe
OCTOPOXKHBI TIpH €€ KCTo/b30BaHuu. Ecmu mose 06épuyto B Cell, aTo MHAMKATOp TOrO, UTO 3TH
JlaHHble M3MeHsieMbl U T10/1e MOXKeT He COXPaHUTh CBOE 3HaueHHe C MOMeHTa UYTeHMs [0 MOMeHTa ero

HWCIT0/Ib30BAHUS.
use std::cell::Cell; RU n

let x = Cell::new(l);
let y = &x;

let z = &x;

x.set(2);

y.set(3);

z.set(4);
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println! ("{}", x.get());

3ameTbTe, UTO 3/1eCb Mbl CMOIJIM W3MEHWTh 3HaueHHe uepe3 pa3/IMuHble CChUIKM 0e3 mpaBa

Hn3MeHeHus.

B miaHe 3aTpaT BO BpeMsi UCIIOJTHEHUS], TAaKOW KOJ| aHaJIOTUUeH HIDKe CIeyIoIeMy:

let mut x = 1; Run

let y = &mut x;
let z = &mut x;

X = 2;
*y=3;
¥z = 4;

printin!("{}", x);

HO UMeeT IMpernMyLiecTBso B TOM, UTO OH AEﬁCTBHTeﬂbHO KOMITW/IMPYEeTCH.

[apaHTUn

ITOT TUI 0Caab/sIeT IMMpaBHUJI0O OTCYTCTBUA COBIIAAAFOLIUX YKa3aTEHEﬁ C IIPpaBOM 3dITMCU TaM,
rAe OHO He€ HYXHO. OAHaKO, OH TakXe ocjaabsser rapaHTHX, KOTOpbIe TIIpeAOoCTaB/IdeT TdKOoe
OrpaHU4YeHue; TI03TOMY €C/IM BdlllM MHBAPHUAHTBI 3dBUCAT OT AdHHBIX, XpPAHUMBIX B Ce-l.-l., 6y/:[LTe

OCTODO’KHBI.

ITO MNPpUMEHAETCA IIPHU U3MEHEHUUN ITPDUMUTUBOB U [JPYTUX TUIIOB, PE€a/IM3YIOIINX Copy , KOT/ld

HeT JIEFKOTro criocoba c/iesiaTb 3TO B COOTBETCTBUM C CTaTUUYeCKUMU rpaBwiamu & u &mut.

Cell ne nossomnser Mo/iyuyaTb BHYTPEHHHE CCbIJIKM Hd [OdHHbIE, UTO I1O3BOJIAET 6e30macHo
MEHSATH ero CoAgep>XKumoe.

HaknagHble pacxoabl

HaKJIEl,Z[HI:Ie pacxoZibl TIpHU  HCIIO/Ib30BAHHH Cell<T> OTCYTCTBYHKOT, OJAHAKO €C/JIHh BbI
o6opa111/IBaeTe B Hero OoJIbIIIe CTPYKTYPbI, €CTb CMBIC/T BMECTO 3TOI'O 06epHYTb OTAe/IbHbIe I10J1d,

IMMOCKOJIbKY MHaue KaK/ad 3aIllhChb 6y,ZLET MPOU3BOAHTH ITOTHOE KOITMPDOBdAHKWE CTPDYKTYPbI.

RefCell<T>

RefCell<T> Take mpesocTaB/isieT BHYTPEHHIOK U3MEHSeMOCThb, HO He OrPaHUUYeH TOJIBLKO

TUIMamMH, peanusyrommvu CoOpy.

OjiHaKo, y 3TOro peileHuss ectb HakaagHele pacxoabl. RefCell<T> peammsyer ma6ion
«read-write lock» Bo Bpemst UcIio/THeHUsI, a He BO BpeMst KOMIusauu, Kak &T/ &mut T. Ou moxox
Ha OJHOIMOTOYHBIM MbIOTEKC. Y Hero ectb QyHkuuu borrow() wu borrow mut(), koropsie
W3MEHSIFOT BHYTPEHHHUI CUETUMK CChUIOK M BO3BPAIAIOT YMHbIM yKasaresb, KOTOPBI MOXET ObITh
pasbiMeHOBaH 0e3 TipaBa W3MeHeHWss WIM C HHM, COOTBETCTBeHHO. CUéTUMK CCBIIOK
BOCCTAHAB/IMBAETCS, KOT/[A YMHBIE YKa3aTe/IM BBIXOJST U3 06/1acTi BupuMocTi. C 3TOM CHCTEMOM MbI
MOXKEM JIMHaMHUYeCKH rapaHTHPOBaTh, UTO BO BPeMsl 3aMMCTBOBAHHsI C TIPABOM M3MEHEeHHUsI HUKAaKHUX
JIPYTHX CCHIJIOK Ha 3HaueHHe 6osibiiie HeT. EC/i MporpaMMUICT IMBITaeTCsl 03aMMCTBOBaTh 3HaUeHHe B

3TOT MOMEHT, IIOTOK 3dlldHHUKYEeT.
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use std::cell::RefCell; Run

let x = RefCell::new(vec![1,2,3,4]);

{
println!("{:?}", *x.borrow())

}

{
let mut my ref = x.borrow mut();
my ref.push(1l);

}

Kak un Cell, 3TO B OCHOBHOM IIpUMEHAETCA B CUTYydLIUAX, KOIld C/JI0XKHO W/IM HEBO3MOXXHO
YAOBJ/IETBOPUTL CTATUYECKYHO TIPOBEPKY 3dMMCTBOBAHMUS. B LeJIOM MbI 3Hd€M, UTO TaKhe M3MEHEHUS

He 6YAYT MPOUCXOAUTDb B/IOJKEHHBIM 06p830M, HO 3TO CTOUT AOIMOJIHUTE/IbHO TIPOBEPUTD.

[7isi GOMBIINX, CIOXKHBIX TPOrPaMM, €CTh CMBIC/ MONOKUTL HekoTopele e B RefCell,
yToOBl YyTNpOCTUTL paboTy ¢ HuMU. Hampumep, MHOrMe cioBapu B CTpykType CtXtcixt B
KommnuaTope Rust 066pHyTEI B 3TOT TuI. OHU U3MEHSIOTCS TOJIBKO OJJHaX/[bl — BO BPeMsl CO3/IaHHs,
HO He BO BpeMsl MHUL[MAIN3aLIMH, WK HeCKOIBKO pa3 B SIBHO OT/e/IbHbIX MecTaX. OJJHaKo, MTOCKOJIbKY
3Ta CTPYKTypa [OBCEMECTHO UCIIONb3yeTCsl Be3Zie, )KOHIVIMPOBaHKe U3MeHseMbIMU U HeM3MeHsieMbIMU
yKasarensiMy Oblsio Obl OUeHb CI0KHBIM (MM HEBO3MOXKHBIM), U HaBepHSIKAa CO37a/io Obl MelllaHUHY
ykasaresnei &, KkoTopylo CaokHO 6buUto 6bl  pacumpste. C  gpyroii  cropousl, RefCell
MIPeJI0CTaB/IsIeT JIeHIEBbIM (HO He OecriaTHBIN) Criocob obpalaTbCsl K TaKUM JaHHBIM. B Oyayiiem,
eC/TU KTO-TO [100aBUT KO/, KOTOPBIN TbITaeTCs M3MEHWUThH siueiiky, MoKa OHa 3alMCTBOBaHa, 3TO
BBI30BET TAHMKY, MCTOUHMK KOTOPOM MOXHO OTCAeAuThb. VM Takasi TMaHWKa OOBIYHO ITPOMCXOAUT

AE€TepPMHUHHUDOBAHHO.

[Toxoxum obpa3om, B DOM Servo MHOro W3MeHEHWs [aHHbIX, 0OJbIlIas 4acTh KOTOPOTO
MporCcXoauT BHYTpU Tuia DOM, HO 4acTh BBIXOJUT 3a €ro IpaHULibl U U3MeHsieT IPOW3BOJIbHbIE
e, Mcronb3oBanre RefCell wu Cell pana orpaxzeHuss 3THX W3MEHEHWI IO3BOJISIET HaM
n3bexarb HeoOXoqUMOCTH 6ecrioKOUThCs 00 M3MeHsieMOCTH Be3Zle, U OJHOBPeMeHHO 0003Havaer

MecCTa, rje u3MeHeHHe delicmeumenbHO MPpOUCXOAUT.

3aMeTbTe, 4YTO CTOUT n3beratb MCIT0/Ib30BAHUA RefCell, eC/In BO3MOXXHO [JOCTATOYHO

MPOCTOE pellieHre C OMOILbI0 yKasareseld &.

[apaHTun

RefCell ocmabnseT cmamuyueckue  OrpaHWYeHMsi, TPeJOTBpAIliaiolie  COBIa/JeHHe
W3MeHsIeMbIX yKa3aTesield, U 3aMeHsieT UX Ha OuHaMuyeckue orpaHuyeHus. CaMu rapaHTHH TIPU 9TOM

He M3MeHAKTCA.

HaknagHble pacxoabl

RefCell we BbigenseT maMsaThb, HO COJAEPIKUT JOIMOJHUTE/LHBLIA HMHIUKATOP «COCTOSHUS

3aUMCTBOBaHUs» (pa3MepoM B OZIHO C/I0BO) BMeCTe C JJaHHBIMU.
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Bo BpeMs MCIIOJIHEHHUA KaK/10e 3dMMCTBOBdHHE BLI3BIBA€T HM3MEHEHKe W IIPOBEPKY CYETUYUKA

CCBIJIOK.

Cu HXPOHU3NPOBaHHbIE TUIbI

MHorve U3 BBIIENePEeUMCIeHHBIX TUTIOB He MOT'YT ObITh WCIO/Ib30BaHbI MMOTOKOGE30MaCHbIM
obpasom. B uactroct, Rc<T> u RefCell<T>, o6a u3 KOTOPHIX WCIO/b3YIOT He-aTOMapHbIE
CUYETUHKH CCBUIOK, HE MOTYT OBITh MCIIO/Ib30BaHbI TaK. (AMOMAapHble CYETUNKH CChITIOK — 9TO TaKHe,
KOTOpbIe MOTYT OBITb yBeTUUEHbI U3 HECKOJbKHUX TOTOKOB, He BbI3bIBasi MPU 3TOM TOHKY JaHHBIX.)
Briarozapsi 5TOMy OHHM TMPHUBHOCSAT MEHbIIIe HaK/IaHBIX PAcXOfioB, HO HaM TaKXe MOTPebyroTCst U
MoTOKOOe30MacHple  BapuaHThl  3TUX  THIOB. OHM  CymjectByloT — 310 Arc<T> wu

Mutex<T>/RWLock<T>.

3aMETBTe, UYTO He-TI0TOKOOe30I1acHbIe TUITLI He moeym OBITH repegadbl MeXXy NMOTOKaMM, U 3TO

MMpoBePSAETCA BO BpEMS KOMITUJIALIUN.

B MoayJie sync MHOI'O I10JIe3HBIX OGépTOI-IHbIX THUIIOB AJIA MHOTI'OITIOTOYHOI'O

MpoOrpaMmMupoOBdHNsA, HO MbI 3dTPOHEM TOJIBKO I'J/IaBHbIE W3 HUX.

Arc<T>

Arc<T> — 5310 BapuaHT RC<T>, KOTOpBIi HCIONB3yeT aTOMapHBIA CUETYMK CCBIIOK

(moatomy «Arc»). Ero Mo>kHO CBOOO/IHO TepejaBaTh MeX/1y MOTOKAMHU.

shared ptr wus C++ moxox Ha Arc, Ho B ciyuae C++ BJIO)KeHHbIe JaHHbIe BCerza
N3MeHsdeMBbI. LITO6]:I MOJIyUuTb CEMAHTHKY, IIOXOXYIO Ha CEMdHTHUKY C++, HY>XHO HCII0/Ib30BaTb
Arc<Mutex<T>>, Arc<RwLock<T>>, wm Arc<UnsafeCell<T>>1.
(UnsafeCell<T> — ar0 THII-sueiika, KOTOPBIA MOXKET COfiep)KaThb Jt00bIe JaHHbIE U He MMEeT
HaKJ/IaJHBIX PACX040B, HO AOCTYII K €ro CoAep>KMMOMY TIMPOU3BOJUTCA TO/IbKO BHYTPHU HeGeBOHaCHI:»IX
6J'IOKOB.) HOCJ‘IG,L[HI/Iﬁ CTOMUT MCITI0/Ib30BaTbh TOJIBKO TOIld, KOIlda Mbl YBEPEHLI B TOM, UTO Hdallld pa60Ta
He BbI3OBET HAPYLIEHHS 6e3OHaCHOCTI/I ITaMATHU. qu/ITI:IBElﬁTE, UTO 3alliMCbhb B CTPYKTYPY He€ aTOMdpHa,
a MHorve (yHKIMH Bpoge VeC.push() Moryr BeienaTh MaMsTh 3aHOBO B Iporjecce paboThl, U

TeM CaMbIM BbI3LIBaTh Hebe3oracHoe rnosezeHue.

[apaHTUn

Kak u RC, 3TOT TUM rapaHTHpyeT, UTO /IeCTPYKTOP XPaHWMbBIX B HEM JIaHHBIX Oy/eT BbI3BaH,
Korza mociaeaHuit Arc BBIXOAWUT K3 00/1aCTH BUAUMOCTH (3a UCK/TFOUEHHEeM CJIydaeB C IUK/IamMu). B

ormmure ot RC, Arc mpejocraBnsieT 3Ty TapaHTUIO M B MHOTOTIOTOUHOM OKPY KEeHHH.

HaknagHble pacxoabl

HaksafHble pacxofibl yBeIMUMBAIOTCS IO CpaBHeHWIO C RC, T.K. Temephb [ W3MeHeHUs
CUBTYMKA CChUIOK MCIO/B3YIOTCA aToMapHble ornepanyy (KOTOpble MPOMCXOAAT KaKZAbIA pa3 Ipu
K/IOHMPOBaHWU WM BbIXOZle M3 00sacTH BUAUMOCTH). Korza BbI XOTHTe TOJENUTHCS [JaHHBIMU B

npejesax O4HOro roToka, rpeArnouTuTe/IbHee MCI10/Ib30BaTh IIPOCThIE CChIJIKKU &.
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Mutex<T> and RwLock<T>

Mutex<T> wu RwLock<T> mnpeocTapisior MexXaHH3M B3aMMOMCK/IIOUEHHsS C ITOMOILBIO

oxpaHHbIX 3HaueHW RAII. OxpaHHbBIe 3HAUEHUS — 3TO OOBEKTBI, UMEIOIIFe HEKOTOPOe COCTOSTHUE,
KaK 3aMOK, T10Ka He BBITIOJTHUTCS UX [IeCTPYKTOp. B 0060mx ciyyasx, MbIOTEKC Herpo3paueH, MoKa Ha
HéM He BbI30BYyT LOCK (), mocsie yero moTok 0CTaHOBUTCS 10 MOMEHTA, KOT/la MBEOTEKC MOXKET ObITh
3aKpBIT, TIOC/I@ Uero BO3BpalllaeTCs OXpaHHOe 3HaueHHe. OHO MOXKET OBITb HMCIIONB30BAHO [I7Ist
JIOCTyTa K BJIOKEHHBIM JAHHBIM C TPAaBOM H3MEHEeHUs, a MBIOTeKC OyZeT CHOBa OTKPHIT, KOT/a

OXPpdHHO€ 3Ha4YeHHne BI:IIZ,I[QT u3 obactu BUIVMOCTH.

{ Run

let guard = mutex.lock();

// OXpaHHOE 3HAa4YeHWe pPa3bIMEHOBLIBAETCA B W3MEHAEMOE 3HayeHue

// BIIOXEHHOro B MbTEKC Tuna

*guard += 1;

} // MblTEKC OTKpbIBAaeTCs Korpa BbIMOSIHAETCS OeCTPYKTop

RwLock wumeer MIperMMyIjecTBO — OH ad)cbeKTI/IBHo pa60TaeT B C/lyuaeé MHOXXeCTBEHHBIX
UTeHUM. Begb uutaTth U3 06]_L[I/IX JAHHBIX Bcerja 6e30HaCHO, II0Ka B 3TU JaHHble HUKTO He XOueT
nicaTb; U RwLock nosBosnsier YHMTAIOIIMM TO/IYyUUTh «IIPaBO UTEHUSI». HpaBo UTeHUs MOXKeT OBITh
[10JIy4eHO MHOTI'MMM I10TOKaMW OJHOBPEMEHHO, U 384 YMTAKLUMU CJIeAUT CUETUUK CCBHLIOK. Tot xe,
KTO XOuUeT 3arucaTrb JaHHble, [JO/DKEH IONYUWUThb «IIpaBO 3alllMCH», @ OHO MOXXEeT OBITE TI0JTy4€eHO

TOJIBKO KOI'ld BCe UMTAarol1e BBILIIN 13 obactu BUAWMOCTH.

[apaHTUn

O6a 3THX THMA MpeJoCTaB/sOT Ge30macHOe W3MeHeHHWe [JaHHBIX M3 Pa3HBIX TOTOKOB, HO He
3amuIaroT oT B3auMHOW OnokupoBku (deadlock). Hekoropasi pgoronHuTe/bHas 6Ge30MacHOCTh

IMMPOTOKOJIA pa6OTLI C OdHHBIMH MOXXeT OBITE MoJiy4yeHa C rOMOLIbH0 CUCTEMbBI THUIIOB.

HaknagHble pacxoabl

[ns nopjepskaHusl COCTOSIHUSL TIpaB UTeHMs] W 3allMCU 3TU TUIIBI UCIOAb3YHOT B CBOEU
peasM3aliid KOHCTPYKLMM, TIOXO)KMe Ha aToMapHble TUIIbl, U OHU JOBOJILHO A0poru. OHU MOryT
O/I0KMpOBaTh BCe MEXKIIPOLIeCCOPHbIe UTEHHs] U3 TaMSATH, TOKa He 3akoHuar paborty. OxujaHue
BO3MOKHOCTHU 3aKPBITHsI 3TUX NPUMUTHBOB CHHXPOHHU3ALMU TOXKE MOXKET OBbITh Me[JIeHHBIM, KOTZa

MPpOU3BOJWUTCA MHOI'O OJHOBPEMEHHBIX ITIOIMBITOK AOCTYIIA K JdHHbIM.

CoyeTaHue

PacripocTpanéHHas kanoba Ha Koj Ha Rust — 9TO C/IOKHOCTb UTEHHSI THUIIOB BPOJE
Rc<RefCell<Vec<T>>> (umu ewmié 6Gosee CIOKHBIX COUETaHWMI TMOXOKHMX TWIOB). He Bcerma
TMOHATHO, UTO [Je/laeT Takasd KOMOWHALMs, M1 T0YeMy aBTOpP PELIM/I UCTO/Ib30BaTh UMEHHO TaKOh
tun. He iCHO U TO, B KaKMX CJIydasix caM MPOTPAMMUCT JIOJ/DKEH WCTI0/Ib30BaTh MOXOKKME COYeTaHMsI

THIIOB.
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O6BII-IHO, BaM HOHa,Z[O6HTCH TaKWe TUIIbI, KOIld Bbl XOTHUTE COUETAaTb I'apaHTUH pPa3HbLIX THUIIOB,

HO He XOTHTe I1eperiayiBaTh 3d TO, UTO BaM He HY>XHO.

Harnpumep, ofiHo m3 Takux couetanuii — 310 RC<RefCell<T>>. Cam no ceGe RC<T> He
MOXET ObITh pa3sbIMEHOBAH C MPABOM U3MEHEHHMs; OCKOIbKy RC<T> mo3BossieT 1eNuThCs JaHHBIMU
Y O/IHOBPEMEeHHAs TOMbITKA U3MEHEHHs [JaHHBIX MOKeT MPUBECTH K He6e30IacHOMY T0BeJeHHIO, MbI
knagém BHyTph RefCell<T>, uTo0bl MOMyuwWThH MHAMUUYECKYIO IIPOBEPKY OHOBPEMEHHbIX
TIOMBITOK M3MeHeHus. Tereps y Hac eCTh paszie/iseMble W3MeHseMble JaHHble, HO OJIHOBPeMEeHHbIN

AOCTYIT K HUM IPpeA0CTaB/IAE€TCA TOJIbKO Ha YT€HHEe, da 3allMCh BCerga UCK/IFOUUTE/IbHA.

Hanee Mbl MOXeM pasBuTh 3Ty Mbicib u nonyunth RC<RefCell<Vec<T>>> wm
Rc<Vec<RefCell<T>>>. Oro — usMeHsieMble, pa3fe/sieMble MEX/Y TIOTOKaMH BEKTOpA, HO OHU

He OIMHAKOBEI.

B nepsom turie RefCell<T> o6opaurBaer Vec<T>, mostomy usmensem Bech Vec<T>
LIe/IMKOM. B TO ke BpeMsi, 3TO 3HAUWT, UTO B Ka)K/bIii MOMEHT BPEMEHH MOXXET OBITb TOJBKO OJHa
cceuika Ha Vec<T> c mpaBoM u3MmeHeHMs. [103TOMy KOj He MOXKET OJHOBPEMEHHO paboTaTh C
pasHBIMM 3/IeMeHTaMd BeKTopa, obpamasick K HUM uepe3 pasHble RC. OpHAaKo, MbI CMOXEM
[006aB/ISIT M ya/isiTh 37IEMEHTbI BEKTOPA B MPOU3BOJIbHBIE MOMEHTbI BpDEMeHH. DTOT THIT TIOX0XK Ha

&mut Vec<T>, c Tem pa3nuureM, uTo MpPOBEpPKA 3aMMCTBOBAHMS /I€/Ia€TCsI BO BPEMsI MCTIO/THEHUS.

Bo BTOPOM TuIlie 3dWUMCTBYHOTCA OTA€/IbHBIE 3/IEMEHTBI, 4 BEKTOP B LE€JIOM HEHW3MEHSAEM.
HOC—)TOMy MbI MOXE€M TIOJIYyUYUTh CCBUIKHM Hd OT[AEJ/IbHbI€ 3/JIEMEHTbI, HO HE€ MOXXeM 'E[O6aBJIHTL nin
yAAJIATE  3JIEMEHTHL. Oto mnoxoxke Ha &mut [T] 2, HO, OIIATb-TakKH, IIPOBE€PKd 3dMMCTBOBAHUA

IMPOU3BOJUTCA BO BpeMsA HUCIIOIHEHUS.

B MHOTOIOTOYHBIX TIPOrpaMMax BO3HHKaeT roxoxasi cutyarusi ¢ Arc<Mutex<T>>, kotopsiii

obecrieurBaeT pa3jeidemMoe B/1ageHre 1 OJHOBPEMEHHOE U3MEHEHUE.

KOF,E[EI Bbl UMTaeTe TaKOH Koz, paCCManHBaﬁTe rapaHTHKX W HaK/aJHbl€ DPACXOAbI Ka>XA0ro

BJIOJKEHHOI'O THUIIA IIdr' 34 IIaroM.

Korza BbI BeIOMpaeTe CJIOXKHBIA THII, TIOCTyMaiTe HA0OOPOT: peIuTe, KaKhe rapaHTHH BaM
HY)KHBI, ¥ B KAKOM «CJI0€» COYETaHUs OHM TOHaz00sTCs. Harprmep, ec/iv y Bac CTOMT BBIGOD MEXKY
Vec<RefCell<T>> u RefCell<Vec<T>>, Haiigure KOMIPOMHCC MyTEM PacCyKIEHHH, Kak

MBI [1€J/1a/Id BbILIE 10 TEKCTY, U BbIGEpI/ITe HY)KHbIﬁ BaM THII.

1. Ha camom pene, Arc<UnsafeCell<T>> He croMmuupyercs, MOCKOJIBKY
UnsafeCell<T> ue peammsyer Send v Sync, Ho MbI MOXXeM 0GEpPHYTh €ro B THIT U
peanu3soBark i Hero Send/Sync Bpyunyro, utoObl monyunth Arc<Wrapper<T>>,
rie Wrapper —sto struct Wrapper<T>(UnsafeCell<T>).«

2. &[T] wu &mut [T] — 5710 cpe3bl; OHU COCTOAT U3 yKa3aTess U [JIMHbLI, U MOIYT
CCBIIAThCA HA YacTh BeKTopa wiy MaccuBa. &mut [T] takke mo3sosseT M3MeHATH CBOU

5JIEMEHTHI, HO ero AJ/IMHy U3MeHUTh HeJlb3sd. <
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NHTepdhenc BHewHUX dyHkumn (foreign function
Interface)

BeeneHue

B faHHOM pPyKOBOZCTBe B KauecTBe IprMepa Mbl OyzieM UCIo/Ib30BaTh snappy, 6ubimuoTeky jis
CKaTusi/pacriakoBKU JJaHHBIX. Mbl peanusyeM Rust-uHTepdelic K 3Toii 6ubmoTeke yepe3 BbI30B
BHellHUMX (YHKLuMI. Rust B HacTrosijee BpeMsi He B COCTOSIHUM [ie/laThb BbI30OBbI HAlpsiMyl0 B

6ubmoreku C++, HO snappy BK/touaeT B cebst uuTepdeiic C (1okymMeHTHpOBaH B SNappy-c.h).

Hwke mnpuBefeH MUHMMa/bHBIM TIpUMep BBI30Ba BHeIIHel (GYHKIMM, KOTOpBIA Oyzer

CKOMITM/TMPOBaH TP YC/IOBUH, UTO 6UbMOTeKa snappy yCTaHOB/eHa:

extern crate libc; Run
use libc::size t;

#[link(name = "snappy")]
extern {
fn snappy_max_compressed length(source length: size t) -> size t;

fn main() {
let x = unsafe { snappy_max_compressed length(100) };
println!("MakcuManbHbIl pa3Mep cxaTtoro 6ydepa pnuHon 100 6ant: {}", X);

Biok extern coaepXutr CcnmMcok cUTHaTyp (yHKUuMM K3 BHellHed OWOMMOTEKH, B JaHHOM
cnyyae ansi C ABI (application binary interface; nBowuHblii HMHTepdelic MpPUIOKeHWHN) AAHHOMN
ratopmbl.  YToObI yKas3aTh, UTO MpPOrpamMMy HY)KHO KOMITOHOBaTb C OubmvoTekoil snappy,

ucrionb3yercs arpubyt #[ Link (... ) ]. Brarogaps 3ToMy, CHMBOJIBI OY/yT YCITEIIHO Pa3pelleHsl.

[penmnonaraeTcsi, UTo BHeIIHHEe (QYHKLHN MOTYT ObITh HeGe30MacHBIMH, TI03TOMY UX BBI3OBBI
JOJDKHBI ObITh 006pHYTHI B 6710k Unsafe {} kak obelrjaHue KOMIUISTOPY, UTO BCE BHYTPH 3TOTO
6roka B AelicTBuUTeIbHOCTH Ge3omacHo. bubmioreky C 4acTo rnpefoCcTaB/siioT UHTep(heichl, KOTopbie
He SIBJISIOTCS TIOTOKO-Oe3omacHbiMU. W mouty jrobasi (yHKIMs, KOTOpas NMpPUHUMaeT B KauecTBe
apryMeHTa ykasaTeslb, He MOXKeT IIPUHUMATh TI000e BXOZIHOe 3HaYeHHi, TIOCKOJIBKY yKa3aTelb MOXKeT

OBITE BUCAYKNM,; CbIDbI€ YKa3aTe/IM BbIXOAAT 3a Ipe/ie/ibl 6e30macHOM MOJe/d MaMATH B Rust.

[Ipu 0OBSIBIEHUW THIIOB apryMeHTOB [/ BHeIHel (YHKIMH, KOMIUISTOp Rust He MoeT
TIPOBEPUTD, SIBJISIETCS /I JJAHHOe 00bsiBleHHe KOPpeKTHbIM. [109ToMy Ba)KHO MPaBUIBHO yKa3aThb THII

TMIPUBSI3bIBaeMO (YHKIIMY — HMHaUe OMHMOKa 0OHAPYKUTCS TOJLKO BO BPeMsI MCTIO/THEHUSI.
Bnok extern moxeT ObITh pacrpocTpaHéH Ha Bech API snappy:

extern crate libc; F{[jr]
use libc::{c_int, size t};
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https://github.com/google/snappy
https://github.com/google/snappy/blob/master/snappy-c.h
https://play.rust-lang.org/?code=%23!%5Bfeature(libc)%5D%0Aextern%20crate%20libc%3B%0Ause%20libc%3A%3Asize_t%3B%0A%0A%23%5Blink(name%20%3D%20%22snappy%22)%5D%0Aextern%20%7B%0A%20%20%20%20fn%20snappy_max_compressed_length(source_length%3A%20size_t)%20-%3E%20size_t%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20x%20%3D%20unsafe%20%7B%20snappy_max_compressed_length(100)%20%7D%3B%0A%20%20%20%20println!(%22%D0%BC%D0%B0%D0%BA%D1%81%D0%B8%D0%BC%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9%20%D1%80%D0%B0%D0%B7%D0%BC%D0%B5%D1%80%20%D1%81%D0%B6%D0%B0%D1%82%D0%BE%D0%B3%D0%BE%20%D0%B1%D1%83%D1%84%D0%B5%D1%80%D0%B0%20%D0%B4%D0%BB%D0%B8%D0%BD%D0%BE%D0%B9%20100%20%D0%B1%D0%B0%D0%B9%D1%82%3A%20%7B%7D%22%2C%20x)%3B%0A%7D%0A&version=nightly
https://play.rust-lang.org/?code=%23!%5Bfeature(libc)%5D%0Aextern%20crate%20libc%3B%0Ause%20libc%3A%3A%7Bc_int%2C%20size_t%7D%3B%0A%0A%23%5Blink(name%20%3D%20%22snappy%22)%5D%0Aextern%20%7B%0A%20%20%20%20fn%20snappy_compress(input%3A%20*const%20u8%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20input_length%3A%20size_t%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20compressed%3A%20*mut%20u8%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20compressed_length%3A%20*mut%20size_t)%20-%3E%20c_int%3B%0A%20%20%20%20fn%20snappy_uncompress(compressed%3A%20*const%20u8%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20compressed_length%3A%20size_t%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20uncompressed%3A%20*mut%20u8%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20uncompressed_length%3A%20*mut%20size_t)%20-%3E%20c_int%3B%0A%20%20%20%20fn%20snappy_max_compressed_length(source_length%3A%20size_t)%20-%3E%20size_t%3B%0A%20%20%20%20fn%20snappy_uncompressed_length(compressed%3A%20*const%20u8%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20compressed_length%3A%20size_t%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20result%3A%20*mut%20size_t)%20-%3E%20c_int%3B%0A%20%20%20%20fn%20snappy_validate_compressed_buffer(compressed%3A%20*const%20u8%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20compressed_length%3A%20size_t)%20-%3E%20c_int%3B%0A%7D%0Afn%20main()%20%7B%7D%0A&version=nightly
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#[link(name = "snappy")]
extern {
fn snappy compress(input: *const u8,
input length: size t,
compressed: *mut u8,
compressed_length: *mut size t) -> c_int;
fn snappy uncompress(compressed: *const u8,
compressed length: size t,
uncompressed: *mut u8,
uncompressed_length: *mut size t) -> c_int;
fn snappy _max_compressed length(source length: size t) -> size t;
fn snappy_uncompressed length(compressed: *const u8,
compressed length: size t,
result: *mut size t) -> c_int;
fn snappy validate compressed buffer(compressed: *const u8,
compressed _length: size t) -> c_int;

Co3naHune 6e3onacHoro nHrepdenca

Ceipoii C API (application programming interface; wuHTepdeiic nporpaMMUpOBaHUs
TMIPU/IOXKeHUH) HeoO6XoArMO 06epHyTh, UTOObI 06ecreunTs 6e30macHOCTh MaMATH. Toraa Mbl CMOXKeM
WCII0/Ib30BaTh KOHIIEMIMM Oosee BBICOKOTO YPOBHS, TakdWe KakK BeKTOphl. bubmuoreka Moer
BbIOODOUHO OTKpbIBaThb TONBbKO 0e30macHbId, BBICOKOYPOBHEBBIM UHTepdeiic U  CKpbIBaTh

Hebe301acHeIe BHYTDPEHHHE NEeTaIn.

Ob6opauriBaHve (YHKIMH, KOTOpble TIPUHMMAIOT B KaueCTBe BXO/HBIX TapaMeTpoB Oydepsl,
BK/IIOUaeT B cebsi mcrosnb3oBaHue Mopyns SLiCe::raw s ynpasieHuss BeKTopamu Rust Kak
yKasaTejsiMd Ha ramsTth. Bektopsl Rust nipesicTaB/sitoT cob0ii rapaHTUPOBAHHO HeTIpephbIBHbIN O/I0K
namsTH. [IJiMHa — 3TO KOJIMYeCTBO 3/IEMEHTOB, KOTOPOEe B HACTOsIIIlee BPeMsi COZIePKUTCST B BEKTOPE,

a éMKOCTb — 061_1_[68 KOJ/IN4eCTBO BLI,QEHEHHOI;’I IIaMAaTHu B 3J/IEMEeHTdaxX. ,Z[JII/IHa MeHbIIe W/ paBHA

6MKOCTH.
pub fn validate compressed buffer(src: &[u8]) -> bool { F{Ljr]
unsafe {
snappy_validate compressed buffer(src.as ptr(), src.len() as size t) ==
}
}

O6éprka validate compressed buffer wcmombsyer 6mok unsafe, Ho 310
rapaHTHpPYeT, UTo e€ BbI30B OyzeT Ge3omaceH [/si BCeX BXOJHBIX JAHHBIX, TOCKOJIBKY MOAU(UKATOD
unsafe orcyrcryer B curnarype ¢dyskiun. T.e. He0€30MaCHOCTh CKPbITA BHYTPU (DYHKIMH U He

BH/IHA BbI3bIBAIOLLIEMY.

dyHkIMu SNAPpPy COMPress u snappy UNCOMPressS apasioTcs Goee CI0KHBIMH, Tak

Kak ZI0/DKeH ObITh BbiziesieH Oydep /i XpaHeHHUs BBIXOZHBIX JaHHbIX.

®dyukiusg snappy _max compressed length moxer 6biTh wucronb30BaHa ISt
BbI/|e/IeHHsI BEKTOPa MAaKCUMaJIbHOM 8MKOCTH, TpeBGyeMOoi /i1 XpaHEeHHs CKAThIX BBIXOJHBIX JaHHBIX.

3aTrem 3TOT BEKTOD MOXKeT ObITh Tepe/jad B QYHKI[MIO SNAPPy COMPresSS B KauecTBe BBIXOZHOTO
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https://play.rust-lang.org/?code=%23!%5Bfeature(libc)%5D%0Aextern%20crate%20libc%3B%0Ause%20libc%3A%3A%7Bc_int%2C%20size_t%7D%3B%0Aunsafe%20fn%20snappy_validate_compressed_buffer(_%3A%20*const%20u8%2C%20_%3A%20size_t)%20-%3E%20c_int%20%7B%200%20%7D%0Afn%20main()%20%7B%7D%0Apub%20fn%20validate_compressed_buffer(src%3A%20%26%5Bu8%5D)%20-%3E%20bool%20%7B%0A%20%20%20%20unsafe%20%7B%0A%20%20%20%20%20%20%20%20snappy_validate_compressed_buffer(src.as_ptr()%2C%20src.len()%20as%20size_t)%20%3D%3D%200%0A%20%20%20%20%7D%0A%7D%0A&version=nightly
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napametpa. Emé oguH napaMeTp mepefaeTcs, YToObI MOTyUYUTh HACTOSIIYIO AJTUHY TTOC/Ie CXKaThsl U

YCTAaHOBUThH COOTBETCTBYIOIIYIO JJTUHY BEKTOPA.

pub fn compress(src: &[u8]) -> Vec<u8> { F{Ljr]
unsafe {
let srclen = src.len() as size t;
let psrc = src.as ptr();

let mut dstlen = snappy max compressed length(srclen);
let mut dst = Vec::with capacity(dstlen as usize);
let pdst = dst.as mut ptr();

snappy_compress(psrc, srclen, pdst, &mut dstlen);
dst.set len(dstlen as usize);
dst

PacrakoBka aHajiOrMyHa, MOTOMY UTO SNappy XPaHUT pa3Mep HeCKaThIX JAaHHBIX KaK 4YacThb
dopmara oxkartus, u snappy _uncompressed length 6yzer Bo3Bpamjath TOUHBIA pasmep

Heobxogumoro Oydepa.

pub fn uncompress(src: &[u8]) -> Option<Vec<u8>> { F{Ljr]
unsafe {
let srclen = src.len() as size t;
let psrc = src.as _ptr();

let mut dstlen: size t = 0;
snappy_uncompressed_length(psrc, srclen, &mut dstlen);

let mut dst = Vec::with capacity(dstlen as usize);
let pdst = dst.as _mut ptr();

if snappy_uncompress(psrc, srclen, pdst, &mut dstlen) == 0 {
dst.set len(dstlen as usize);
Some (dst)
} else {
None // SNAPPY INVALID INPUT
}
}
}
Ilnis1 cripaBKY, TIPUMEPBI, UCTIO/Ib3yeMble 3/IeCh, TAK)Ke A0CTYIHbI B 6ubmmoreke Ha GitHub.
[eCcTpyKTopb

BHelHre 6MO/MOTEKN YacTo MepealoT BafieHre pecypcaMy B BhI3bIBaoLIMi Kof. Korga 3To
TIPOUCXO/IUT, MBI [O/DKHBI MCIIOIB30BaTh [eCTPYKTOpPhI Rust, uToObI 06ecreunTth G€30MacHOCTb U

rapaHTHPOBaTh 0CBOOOKIEHHEe ITUX PeCcypcoB (0COOEHHO B C/Tydae MaHUKH).

YT0ObI MOTyunTh G0JTee TI0APOOHYI0 MH(OPMALHIO O ZIeCTPYKTOpaX, CMOTPHUTe Tuiiaxk Drop
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https://play.rust-lang.org/?code=%23!%5Bfeature(libc)%5D%0Aextern%20crate%20libc%3B%0Ause%20libc%3A%3A%7Bsize_t%2C%20c_int%7D%3B%0Aunsafe%20fn%20snappy_compress(a%3A%20*const%20u8%2C%20b%3A%20size_t%2C%20c%3A%20*mut%20u8%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20d%3A%20*mut%20size_t)%20-%3E%20c_int%20%7B%200%20%7D%0Aunsafe%20fn%20snappy_max_compressed_length(a%3A%20size_t)%20-%3E%20size_t%20%7B%20a%20%7D%0Afn%20main()%20%7B%7D%0Apub%20fn%20compress(src%3A%20%26%5Bu8%5D)%20-%3E%20Vec%3Cu8%3E%20%7B%0A%20%20%20%20unsafe%20%7B%0A%20%20%20%20%20%20%20%20let%20srclen%20%3D%20src.len()%20as%20size_t%3B%0A%20%20%20%20%20%20%20%20let%20psrc%20%3D%20src.as_ptr()%3B%0A%0A%20%20%20%20%20%20%20%20let%20mut%20dstlen%20%3D%20snappy_max_compressed_length(srclen)%3B%0A%20%20%20%20%20%20%20%20let%20mut%20dst%20%3D%20Vec%3A%3Awith_capacity(dstlen%20as%20usize)%3B%0A%20%20%20%20%20%20%20%20let%20pdst%20%3D%20dst.as_mut_ptr()%3B%0A%0A%20%20%20%20%20%20%20%20snappy_compress(psrc%2C%20srclen%2C%20pdst%2C%20%26mut%20dstlen)%3B%0A%20%20%20%20%20%20%20%20dst.set_len(dstlen%20as%20usize)%3B%0A%20%20%20%20%20%20%20%20dst%0A%20%20%20%20%7D%0A%7D%0A&version=nightly
https://play.rust-lang.org/?code=%23!%5Bfeature(libc)%5D%0Aextern%20crate%20libc%3B%0Ause%20libc%3A%3A%7Bsize_t%2C%20c_int%7D%3B%0Aunsafe%20fn%20snappy_uncompress(compressed%3A%20*const%20u8%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20compressed_length%3A%20size_t%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20uncompressed%3A%20*mut%20u8%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20uncompressed_length%3A%20*mut%20size_t)%20-%3E%20c_int%20%7B%200%20%7D%0Aunsafe%20fn%20snappy_uncompressed_length(compressed%3A%20*const%20u8%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20compressed_length%3A%20size_t%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20result%3A%20*mut%20size_t)%20-%3E%20c_int%20%7B%200%20%7D%0Afn%20main()%20%7B%7D%0Apub%20fn%20uncompress(src%3A%20%26%5Bu8%5D)%20-%3E%20Option%3CVec%3Cu8%3E%3E%20%7B%0A%20%20%20%20unsafe%20%7B%0A%20%20%20%20%20%20%20%20let%20srclen%20%3D%20src.len()%20as%20size_t%3B%0A%20%20%20%20%20%20%20%20let%20psrc%20%3D%20src.as_ptr()%3B%0A%0A%20%20%20%20%20%20%20%20let%20mut%20dstlen%3A%20size_t%20%3D%200%3B%0A%20%20%20%20%20%20%20%20snappy_uncompressed_length(psrc%2C%20srclen%2C%20%26mut%20dstlen)%3B%0A%0A%20%20%20%20%20%20%20%20let%20mut%20dst%20%3D%20Vec%3A%3Awith_capacity(dstlen%20as%20usize)%3B%0A%20%20%20%20%20%20%20%20let%20pdst%20%3D%20dst.as_mut_ptr()%3B%0A%0A%20%20%20%20%20%20%20%20if%20snappy_uncompress(psrc%2C%20srclen%2C%20pdst%2C%20%26mut%20dstlen)%20%3D%3D%200%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20dst.set_len(dstlen%20as%20usize)%3B%0A%20%20%20%20%20%20%20%20%20%20%20%20Some(dst)%0A%20%20%20%20%20%20%20%20%7D%20else%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20None%20%2F%2F%20SNAPPY_INVALID_INPUT%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%7D%0A&version=nightly
https://github.com/thestinger/rust-snappy
http://doc.rust-lang.org/std/ops/trait.Drop.html
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O6patHble BbI30Bbl (yHKUMM Rust kogom Ha C
(Callbacks from C code to Rust

functions)

HekoTtophie BHelliHUe OMOMMOTeKH TPeOyIOT UCTOMb30BaHKe 00paTHBIX BBI30OBOB IS Tlepefadn
BbI3bIBAIOIIleld CTODOHE OTYeTa O CBOEM TeKYI[eM COCTOSIHUM WM TPOMEXYTOUHBIX JaHHbIX. Bo
BHEIIIHIOW OMO/MOTEKY MOXHO TiepefaBaTh (DyHKIMH, KOTOpbie ObLTH ompezeneHbl B Rust. Ilpu
co31aHny PyHKIMKU 0OpaTHOTO BbI30Ba, KOTOPYIO MOXKHO BbI3bIBaTh U3 C Kozia, HE0OXOAUMO yKa3aTh

[uis Hee crietiiukarop extern, 3a koTopeiM ciefyeT MofgxofsiIiee CorviallieHHe O BbI30Be.

3atreM (yHKUUSI 0OpaTHOTO BbI30Ba MOXeT ObITh TiepefaHa B Oubmuoreky C uepes

PErucTpaIOHHBIN BbI30B, U YK€ 3aTeéM MOXKeT ObITh BbI3BaHa OTTY/a.
[Tpocroii mpumep:

Kop Ha Rust:

0
(-
-]

extern fn callback(a: i32) {
println!("MeHsa Bbi3biBawT M3 C co 3HaveHunem {0}", a);

#[link(name = "extlib")]

extern {
fn register callback(cb: extern fn(i32)) -> i32;
fn trigger callback();

fn main() {
unsafe {
register callback(callback);
trigger callback(); // AkTuBauus ¢yHkuuu obpaTHOro BbI30Ba

Kopg na C:

typedef void (*rust callback) (int32 t);
rust_callback cb;

int32_t register callback(rust callback callback) {
cb = callback;
return 1;

void trigger callback() {
cb(7); // BbizoBeT callback(7) B Rust
}

B stom mpumepe dynkis main() B Rust BezoBer dyukipo trigger callback() B

C, KoTopasi, B CBOKO 0Y€pe/ib, BLIOJHUT 06paTHbIH Bei30B GyHKkipu callback() B Rust.
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https://play.rust-lang.org/?code=extern%20fn%20callback(a%3A%20i32)%20%7B%0A%20%20%20%20println!(%22%D0%9C%D0%B5%D0%BD%D1%8F%20%D0%B2%D1%8B%D0%B7%D1%8B%D0%B2%D0%B0%D1%8E%D1%82%20%D0%B8%D0%B7%20C%20%D1%81%D0%BE%20%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%D0%BC%20%7B0%7D%22%2C%20a)%3B%0A%7D%0A%0A%23%5Blink(name%20%3D%20%22extlib%22)%5D%0Aextern%20%7B%0A%20%20%20fn%20register_callback(cb%3A%20extern%20fn(i32))%20-%3E%20i32%3B%0A%20%20%20fn%20trigger_callback()%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20unsafe%20%7B%0A%20%20%20%20%20%20%20%20register_callback(callback)%3B%0A%20%20%20%20%20%20%20%20trigger_callback()%3B%20%2F%2F%20%D0%90%D0%BA%D1%82%D0%B8%D0%B2%D0%B0%D1%86%D0%B8%D1%8F%20%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%B8%20%D0%BE%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%BE%D0%B3%D0%BE%20%D0%B2%D1%8B%D0%B7%D0%BE%D0%B2%D0%B0%0A%20%20%20%20%7D%0A%7D%0A

A3bIK IporpaMmupoBaHyst Rust

O6paTtHble  BbI30Bbl, ajpecoBaHHble o00ObekTam  Rust
(Targeting callbacks to Rust

objects)

[Mpeabiayiuii IpUMep TOKa3as, Kak miobanbHasi GyHKUMs MoKeT ObIThb Bbi3BaHa u3 C Kopa.
OpiHaKo 3ayacTyro >KeaTeJbHO, YTOOBI OOpaTHBINM BBI30B ObLT ajpecoBaH KOHKPETHOMY OOBLEKTY B
Rust. D10 MoxeT ObITH 0OBEKT, KOTOPBIM TMpecTaBiseT coboil 06epTKy /s COOTBETCTBYIOLErO

obbekra C.

Takoe moBe/ieHHE MOXKET ObITb JOCTHIHYTO TyTeM Iepejaud HeOe30racHOro yKasaressi Ha
obbekT B 6ubmoreky C. IToce uero 6ubmioreka C cMoXKeT TiepefiaBaTh yKa3aTesb Ha 00beKT Rust
rpy 06paTHOM BbI30Be. DTO MO3BOJIUT MOJYUYUTh HeOe30MaCHbBIN 10CTYI K 00beKTy Rust, Ha KOTOPOW

cocanick B 06paTHOM BBI30OBe.
Koz Ha Rust:

#[lrepr(C)]

struct RustObject {
a: 132,
// ppyrue nons

X
-
-]

extern "C" fn callback(target: *mut RustObject, a: i32) {
println!("MeHsa Bbi3biBawT M3 C co 3HaveHuem {0}", a);

unsafe {
// MeHseM 3HauyeHue B RustObject Ha 3HauyeHue, nonydveHHoe 4epe3 dyHKUMO 0OPaATHOrO BbI3
oBa
(*target).a = a;
}
}

#[link(name = "extlib")]
extern {
fn register _callback(target: *mut RustObject,
cb: extern fn(*mut RustObject, i32)) -> i32;
fn trigger callback();

fn main() {
// Co3paéM o0b6beKkT, Ha KOoTopbiM Oymem ccoinaTbCs B QyHKUMM 0OpaTHOro BbI3OBA
let mut rust object = Box::new(RustObject { a: 5 });

unsafe {

register callback(&mut *rust object, callback);
trigger callback();

Kop Ha C:

typedef void (*rust callback) (void*, int32 t);
void* cb target;
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https://play.rust-lang.org/?code=%23%5Brepr(C)%5D%0Astruct%20RustObject%20%7B%0A%20%20%20%20a%3A%20i32%2C%0A%20%20%20%20%2F%2F%20%D0%B4%D1%80%D1%83%D0%B3%D0%B8%D0%B5%20%D0%BF%D0%BE%D0%BB%D1%8F%0A%7D%0A%0Aextern%20%22C%22%20fn%20callback(target%3A%20*mut%20RustObject%2C%20a%3A%20i32)%20%7B%0A%20%20%20%20println!(%22%D0%9C%D0%B5%D0%BD%D1%8F%20%D0%B2%D1%8B%D0%B7%D1%8B%D0%B2%D0%B0%D1%8E%D1%82%20%D0%B8%D0%B7%20C%20%D1%81%D0%BE%20%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%D0%BC%20%7B0%7D%22%2C%20a)%3B%0A%20%20%20%20unsafe%20%7B%0A%20%20%20%20%20%20%20%20%2F%2F%20%D0%9C%D0%B5%D0%BD%D1%8F%D0%B5%D0%BC%20%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%B2%20RustObject%20%D0%BD%D0%B0%20%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D0%B5%2C%20%D0%BF%D0%BE%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%BD%D0%BE%D0%B5%20%D1%87%D0%B5%D1%80%D0%B5%D0%B7%20%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8E%20%D0%BE%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%BE%D0%B3%D0%BE%20%D0%B2%D1%8B%D0%B7%D0%BE%D0%B2%D0%B0%0A%20%20%20%20%20%20%20%20(*target).a%20%3D%20a%3B%0A%20%20%20%20%7D%0A%7D%0A%0A%23%5Blink(name%20%3D%20%22extlib%22)%5D%0Aextern%20%7B%0A%20%20%20fn%20register_callback(target%3A%20*mut%20RustObject%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20cb%3A%20extern%20fn(*mut%20RustObject%2C%20i32))%20-%3E%20i32%3B%0A%20%20%20fn%20trigger_callback()%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20%2F%2F%20%D0%A1%D0%BE%D0%B7%D0%B4%D0%B0%D1%91%D0%BC%20%D0%BE%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%2C%20%D0%BD%D0%B0%20%D0%BA%D0%BE%D1%82%D0%BE%D1%80%D1%8B%D0%B9%20%D0%B1%D1%83%D0%B4%D0%B5%D0%BC%20%D1%81%D1%81%D1%8B%D0%BB%D0%B0%D1%82%D1%8C%D1%81%D1%8F%20%D0%B2%20%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%B8%20%D0%BE%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%BE%D0%B3%D0%BE%20%D0%B2%D1%8B%D0%B7%D0%BE%D0%B2%D0%B0%0A%20%20%20%20let%20mut%20rust_object%20%3D%20Box%3A%3Anew(RustObject%20%7B%20a%3A%205%20%7D)%3B%0A%0A%20%20%20%20unsafe%20%7B%0A%20%20%20%20%20%20%20%20register_callback(%26mut%20*rust_object%2C%20callback)%3B%0A%20%20%20%20%20%20%20%20trigger_callback()%3B%0A%20%20%20%20%7D%0A%7D%0A

A3BIK IporpaMmupoBaHyst Rust

rust callback cb;

int32 t register callback(void* callback target, rust callback callback) {
cb _target = callback target;
cb = callback;
return 1;

void trigger callback() {
cb(cb target, 7); // Bu3oset callback(&rustObject, 7) B Rust

ACVHXPOHHbIE O6paTH bl€ Bbl30BbI

B nipuBe/iéHHBIX MprMepax oOpaTHbIe BbI3OBBI BBITIO/IHSIIOTCS KaK HEMOCPeCTBEHHas peaKLys
Ha BbI30B (YHKIMM BHeliHed Oubmuorekn Ha C. [las BbImonHeHWss o6paTHOTO BbI30BA IOTOK
ucrosiHeHus nepekstouancs u3 Rust B C, a 3arem cHoBa B Rust, HO, B KOHLIe KOHL{OB, 0OpaTHbII BbI30B
BBITIOJTHSJICSL B TOM JKe TIOTOKe, U3 KOTOporo Obuia Bbi3BaHa (DYHKLMS, WHUL[MMPOBaBLIasi 0OpaTHbIHA

BBI3OB.

Bonee cioxkHasi cUTyaL{usi — 3TO KOTJja BHeILHsisi OMO/IHMOTeKa MopoX/jaeT CBOM COOCTBEHHbIe
MOTOKU M OCYIIEeCTBJ/IsIET 0OpaTHbIe BBI30BBI U3 HUX. B 3TUX C/ydasx JOCTYI K CTPYKTypaM JaHHbBIX
Rust 13 obpaTHBIX BbI30BOB 0COOEHHO OTAaceH, ¥ MO3TOMY HY)KHO HCII0/Ib30BaTh COOTBETCTBYIOLIE
MeXaHU3Mbl CHHXPOHHU3alMKU. [TOMHUMO KIaCCUUYeCKUX MEXaHHW3MOB CHHXPOHH3alMM, TaKUX Kak
MBIOTEKCBI, B Rust ecTb  ele  oOfHAa  BO3MOXKHOCTb:  WCIIOMb30BaTb  KaHaJbl
(std::sync::mpsc::channel), utobbl HarpaBUThL JaHHbIE U3 1MOTOKA C, KOTOPbIMA BBITOTHSL

o0paTHbIi BbI30B, B MOTOK Rust.

Ecmi acuHXpOHHBI 00paTHBI BBI3OB aJpecoBaH KOHKPDETHOMY OOBEKTy B aJpecHOM
npocTpaHcTBe Rust, To HeobxoauMo, uToObI 0OpaTHBIE BBI3OBHI He BBLINMOMHAINCH Oubmrorekoir C
1oce YHAYTOXKeHWsT 3Toro obwekra Rust. [l 3Toro crefyeTr, BO-TIEPBBIX, TPOEKTHPOBAaTh
6ubmoTeKky TakuM 06pa3oM, yToObI OTMEHa PerrMcTpalii 06paTHOTO BbI30Ba rapaHTHUPOBAsa, UTO OH
Oonblile He OyZeT BBIMOMHATHCS. BO-BTOPBIX, HY)KHO OTMEHHTb PErMCTPALMI0 00paTHOTO BBI30BA B

JecTtpykTope obbekTa Rust, KoTopoMy ajipecoBaH 0OpaTHBINA BBI30B.

KoMNoHOBKa

Atpubyt link pana GnokoB extern mpegocrasnsier ruStC OCHOBHBIE MHCTPYKI[UM
OTHOCHTEJILHO TOTO, KaK OH JIO/DKEH KOMITOHOBAaTh HaTUBHBIe OubmroTekr. Ha faHHbBIA MOMEHT eCTh

JiBe 00IIenpUHATHIX (hopMBI 3arkcy arpubyra Link:

IIfOOII )]
"foo", kind = "bar")]

e #[link(name
e #[link(name

B 06oux 3tux ciydasx TOO — 310 vMa HaTHBHOM GMOIMOTEKH, C KOTOPO MBI KOMIIOHYEMCSL.
Bo Bropom ciiyuae bar — 9To THM HaTUBHOK GHOIMOTEKH, C KOTOPOM MPOUCXOAUT KOMITOHOBKA. B

HacTosiijee BpeMsi 'USTC u3BeCTHBI TPU THITa HATUBHBIX OUOMOTEK:
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o [lunamuueckue — #[link(name = "readline")]

e Crarnueckne — #[link(name = "my build dependency", kind =
“static")]

e ®dpeiimopku  — #[link(name = “CoreFoundation”, kind =

"framework")]

OO6paruTe BHUMaHWe, YTO PPEHMBOPKH JOCTYITHBI TOMBKO it OSX.

Paznuunble  3HaueHus KINd HykHbI, uTOOBI OMpeeNnTh, KaK KOMIIOHOBaTh HATHBHYHO
Oubmuoreky. C TOUKM 3peHHsT KOMIIOHOBKH, KOMMW/IATOP Rust co3zaeT [Be pasHOBHAHOCTH
aptedakToB: TIpOMeXyTouHbl (rlib/craTnueckass OubMMOTEKa) W KOHEUHBIM (JMHAMUUYeCKast
bubnuoreka/vcrionHsieMeld  ¢aiin). ([Ipum. mnepeBopumka: rlib — 3710 ¢Qopmar cratryeckoit
Oubnvorekn C MeTajaHHbIMM B QopMmare Rust) 3aBUCHMOCTM OT HaTHMBHBIX [JUHAMHUeCKHUX
6ubnrorek 1 (GpeiiMBOPKOB PacrpoCTPaHsIOTCS Jjasiblile, TOKa He AOMYT 10 KOHEeYHOro apTedakTa, a

OT CTaTUYeCKUX OMOTUOTeK — HeT.

BoT HeckonbKo MpUMEPOB TOT'0, KdK 3Td MOZEJ/Ib MOXET OBITH HCITO/IL30BAHA:

° HartuBHas 3aBucuMOCTh Tipu cOopke. MHOTIa HanMcaHHbIA Ha Rust Kog Heo6xogumo
COCTBIKOBaTh C HEKOTOpbIM KojjoM Ha C/C++, Ho pacnipocTpanenue C/C++ Koza B popmare
OuO/TMOTEKHM BbI3BIBAET AOTOTHUTE/IbHBIE TPYHOCTH. B 3TOM ciyuae, kKo OyayT yrmakoBaH
B Libfo0o0.a, a 3arem kouTeiinep Rust go/mkeH GyaeT 06bABUTEL 3aBUCHMOCTD C TTOMOII[bIO
#[link(name = "foo", kind = "static")].

HezaBucrMo oT Tuma pesysbTaTa (MMPOMEXYTOUHBIM WM KOHEUHbIM) KOHTeWHepa,
HaTHBHAsl CcTaThueckas Oubmioreka OyZeT BK/IFOUEHAa B HEro Ha BbIXOe, TI03TOMY HeT

H(—Z‘06XO,ZLI/IMOCTI/I B PacCripoCTpaHeHUH 9TOM HATHUBHOM CTaTUUeCKOH OMOINOTeKH OTAe/IbHO.

o OO6bIyHasi AMHAMUYecKasi 3aBUCUMOCTh. OO1iue crcTeMHble OMOMMOTEKH (Takue, KakK
readline) moctynHbl Ha GOMBIIOM KOJMYECTBE CHUCTEM, W CTATHUECKYIO KOTMIO 3THX
6ubmMoTeK YacTo CI0KHO HaiiTu. Korjja Takasi 3aBUCMMOCTD BKJ/IFOUeHa B KOHTeiiHep Rust,
MPOMEXKyTOUHbIe apTedakThl (Haripumep, rlib'el) He GyayT KOMIIOHOBATLCS C OMOIHOTEKOH,
HO Korza rlib BksouaeTcst B coctaB KoHeyHOro apredakra (Hampumep, HCIIOTHSEMbIH

(aiin), HaTUBHas OubOMMOTEKa OyeT MPUKOMITOHOBAHA.

Ha OSX, ¢peiiMBOpKH BeiyT cebst Tak >kKe, Kak 1 IMHaMHUeCKre OUOTMOTEKH.

Hebe3onacHble 6/10Kn

HekoTopble orepaiyy, Takve Kak pa3bIMEHOBaHHe Hebe30MacHbIX yKa3aTelned WM BbI30B
GbyHKLMI, KOTOpble ObUTH OTMeueHbl Kak Hebe30racHble, pa3pelieHo UCIO0Ib30BaTh TOJMBKO BHYTPHU
Hebe3omnacHbIX 0/10kOB. HebGe3omacHbie OG0KHM WM30/MPYIOT OMAcCHbIe CHUTYallMd W Q0T TapaHTHH

KOMITUJIATOPY, YTO OMACHOCTH He BBITEKYT 3a IMpefiesbl O10Ka.

Hebe3omacHble (QyHKIMU >Ke, HA0OOPOT, TOKAa3bIBAIOT CBOIO OMAcCHOCTh BceM. HebGe3omacHas

(yHKLUS 3aMMChIBaeTCs B BU/IE:
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unsafe fn kaboom(ptr: *const i32) -> i32 { *ptr }

0
-
-]

Orta (yHKIMS MOXeT ObITh BbI3BaHa TO/MBKO W3 On0ka unsafe wm wu3 apyroit unsafe
GyHKLMH.

JlocTyn K BHELLIHMM [/106a/1bHbIM NEPEMEHHbIM

Baerraue API A0BOJIBHO 4dCTO 9KCHOpTI/Ipy}OT FJ'IO6aJ'IbeIe rnepeMeHHbIe, KOTOPbIe MOFYT 6I:ITI:
HCII0/Ib30BdHbI, HAlIpUMep, AJid OTC/IE€XXKUBAHUSA l"J'IO6aJ'IbHOFO COCTOSAHUA. ,[[]'IH TOTrO, LITO6I:'I l'IOJ'IyIlI/ITb
,Z[OCTyH K 5TUM HEPEMEHHLIM, HY)KHO 06’bf{BI/ITb X B 6]‘[0Ke exte rn, I/ICHOJ’IBBYH K/IFoUeBOe CJ/IOBO
static:

extern crate libc; Run
#[link(name = "readline")]
extern {

static rl_readline version: libc::c_int;

fn main() {
println!("You have readline version {} installed.",
rl_readline version as 132);

KPOME TOro, BO3SMO>XHO, BaM HOTpe6YETCH M3MEHUTh I7100abHoe COCTOAHME, TTPeA0CTaB/IEHHOE
BHEIIIHUM I/IHTep('l)ef/’ICOM. ,Z[]IH 3TOro IpHU 00BLABIEHUN CTAaTUYeCKUX MepeMeHHbIX MOXET OBITH

,Z[O6&BJI€H MO,E[I/Id)I/IKaTOP mut , I4IT06I:I 6]:IJIa BO3MO>XHOCTH U3MEHATH HUX.
extern crate libc; F(LJF]

use std::ffi::CString;
use std::ptr;

#[link(name = "readline")]
extern {
static mut rl prompt: *const libc::c_char;

fn main() {
let prompt = CString::new("[my-awesome-shell] $").unwrap();
unsafe {

rl_prompt = prompt.as ptr();

printin!("{:?}", rl _prompt);

rl_prompt ptr::null();

O6parure BHMMaHWe, 4yTo Jr000e B3aumogeiicteue ¢ Static mut wneGesomacHo — Kak
yTeHWe, TaK W 3arMuch. Pabora C u3MeHseMbIM [7100a/bHBIM COCTOSTHHEM TpeOyeT 3HAuUTelbHO

OostbIIel 0CTOPOKHOCTH.
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aunsafe%20fn%20kaboom(ptr%3A%20*const%20i32)%20-%3E%20i32%20%7B%20*ptr%20%7D%0A%7D
https://play.rust-lang.org/?code=%23!%5Bfeature(libc)%5D%0Aextern%20crate%20libc%3B%0A%0A%23%5Blink(name%20%3D%20%22readline%22)%5D%0Aextern%20%7B%0A%20%20%20%20static%20rl_readline_version%3A%20libc%3A%3Ac_int%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20println!(%22You%20have%20readline%20version%20%7B%7D%20installed.%22%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20rl_readline_version%20as%20i32)%3B%0A%7D%0A&version=nightly
https://play.rust-lang.org/?code=%23!%5Bfeature(libc)%5D%0Aextern%20crate%20libc%3B%0A%0Ause%20std%3A%3Affi%3A%3ACString%3B%0Ause%20std%3A%3Aptr%3B%0A%0A%23%5Blink(name%20%3D%20%22readline%22)%5D%0Aextern%20%7B%0A%20%20%20%20static%20mut%20rl_prompt%3A%20*const%20libc%3A%3Ac_char%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20prompt%20%3D%20CString%3A%3Anew(%22%5Bmy-awesome-shell%5D%20%24%22).unwrap()%3B%0A%20%20%20%20unsafe%20%7B%0A%20%20%20%20%20%20%20%20rl_prompt%20%3D%20prompt.as_ptr()%3B%0A%0A%20%20%20%20%20%20%20%20println!(%22%7B%3A%3F%7D%22%2C%20rl_prompt)%3B%0A%0A%20%20%20%20%20%20%20%20rl_prompt%20%3D%20ptr%3A%3Anull()%3B%0A%20%20%20%20%7D%0A%7D%0A&version=nightly

A3bIK IporpamMmupoBaHyst Rust

CornaiweHue o BbI30Be BHELLIHUX (PYHKLINIA

BonbumHcTBO BHelHero koga npegoctasiser C ABI. U Rust npu BbI30Be BHELIHUX (PyHKLIUN
M0 YMOJIYAaHUIO MCIIO/b3yeT cornaiieHre o BbizoBe C s gaHHOM Tiatdopmbel. Ho HeKoTOpbie
BHellIHWe (yHKLMH, B repByt0 odepesb Windows API, KcCronb3ytoT Apyroe coriailieHre O BbI30Be.

Rust obecrieurBaeT criocod YKa3aTb KOMITUJIATOPY, KaKO€ MMEHHO COIVIallleHHe UCII0/1b30BaTh:
extern crate libc; Ru n

#[cfg(all(target os = "win32", target arch = "x86"))]
#[link(name = "kernel32")]
#[allow(non_snake case)]
extern "stdcall" {
fn SetEnvironmentVariableA(n: *const u8, v: *const u8) -> libc::c_int;

OTo yKa3aHMe OTHOCUTCS KO BceMy Omoky extern. BoT cmmcok mojep>KuBaeMbIX

orpaHuueHui s ABI:

e stdcall

e aapcs

e cdecl

e fastcall

e Rust

e rust-intrinsic
e system

e C

e win64

BospimHcTBO ABI B 3TOM crivcke He TpeOyroT mosicHeHu#d, Ho ABI system wmoxer
TOKa3aThCsi HEMHOTO CTpaHHBIM. OH BbIOMpaeT Takoe ABI, KoTopoe mogXoAuT JJisi B3aUMO/eiCTBUS C
HaTUBHbIMU OubMMoTekaMu JjaHHOM TuiaTdopMel. Hampumep, Ha miatdopme win32 ¢ apXUTeKTypoi
x86, 3T0 o3Hauaer, uto Oymer wucronb3oBad ABI stdcall. Opmako, nHa windows x86_64
UCIIO/b3yeTcsl coriaiieHre o Bbi3oBe C, mo3Tomy B 3TOoM ciydae Oyzer ucronb3oBad C ABI. Oto
03HaYaeT, YTO B HaIllleM Tpe/bIAyIieM TpUMepe Mbl MO Obl Mcronb3oBatk extern "system"

{ ... },urobsl onpesenuTs 610K /1 Bcex windows cucteM, a He TOJIBKO [jist X86.

B3anmogeiicTBue ¢ BHELLHMM KOJOM

Rust rapaHTupyet, uTo pasmelieHue rnosieid Struct coemectumo c mpezcrasiennem B C
TO/ILKO B TOM CjIydae, ecid K Heil mpumensiercs arpubyr #[repr(C)]. Arpubyr #[repr(C,
packed)] moxeT ObITh HCITIONB30BaH /I pa3MEILEHUS IOJIeM CTPYKTYpbl 0e3 BbIpABHUBaHMSI.

Arpubyt #[ repr(C) ] takke MoXeT ObITb IPUMEHEH U K TIEPEUNCIICHHSIM.
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SA3bIK IporpaMmupoBaHyst Rust

Bnageromye ynakoBku B Rust (BOX<T>) mcrnonb3yioT ykasaTe/u, He Z0IyCKaroIe Hy/lIeBoe
3HaueHre (non-nullable), Kak zecKpUNTOpPBI CofepXKALUXCsl B HUX 00BeKTOB. TeM He MeHee, 3TH
JIeCKpUINITOPbl He [IO/DKHBI CO3,aBaThbCsl BPYUYHYH), TaK KaK OHM YIIPAaBJSIIOTCS BHYTPEHHUMU
cpeacTBaMM BblfjesieHUs] mamsTh. CChIIKM MOXKHO 0e3 puCKa CUMTaTh HeHY/eBBIMM yKa3aTesssMu
HeIoCpeCTBeHHO Ha TuM. OHAKO HapyllleHue MpaBu/I MPOBEPKY 3aMMCTBOBAHUS WU U3MEHSIEMOCTH
MOXXeT ObITb Hebe3omacHbIM. HO KOMITUIATOp He MOXKET cieflaTh TaK MHOTO TMPEATIONIOKEHHH O
CBIPBIX yKa3saTessix. Harpumep, OH He TojiaraeTcsi Ha HACTOSIIYI0 HEU3MEHSIeMOCTb JJaHHBIX TIO[
HEeM3MEeHsIeMbIM ChIPBIM yKa3aTtejieM. [103TOMy WCIO/b3ylTe Chipble ykKasatenu (*), eciu Bam
HeoOX0MMO HaMepeHHO HAapyIIWTh TpaBwia (HO Tak, UTO TIPHM 3TOM BCé paboTaer). DTO HYXKHO,
yTOOBI KOMITU/IATOD «CAy4aliHO» He TPeJIIONIOKUI OTHOCUTENbHO CChUIOK 4Yero-to, 4TO Mbl
cobupaemcst HapymaTh (BO3MOXKHO, HaM HY)KHBI HECKOJIBKO yKa3aTesield C paBOM M3MEHEeHHUs], UTO He

JIOTTyCKaeTCs1 OOBIYHBIMU CCHUTKAMHU).

BeKTopk! ¥ CTPOKM COBMECTHO MCITOMb3YIOT OZIHY U TY >Ke 0a30BYI0 CXeMy pa3MelljeHus TaMsITU
U YTWINATBI, JOCTyNHble B MoAynsix VeC u Str, ang paborel ¢ C APIL. OpHako, CTPOKM He
3aBepuIaloTCsl HyneBbiM OaiiTom, \O. Ec/ii BaM Hy)KHa CTPOKa, 3aBepIIArOLIasiCs Hy/eBbIM GaiiToMm,

IJ1st coBMecTMOCTH ¢ C, BbI JOJ/DKHBI UCTob3oBaTh T CString us moayns std:: ffi.

CrangapTHast OUO/MOTeKa BK/IIOUAeT B ce0si TICeBJOHUMBI TUTIOB U OTpeZeieHust QyHKIMN JJist

crangaptHoi 6ubmmoreku C B mogyae Libc, u Rust kommonyer Libc u Libm mo ymonuanuro.

OnTumMmM3aumst ykasaTenen, Aonyckawowmx HyneBoe
3Ha4yeHmne

(The nullable pointer optimization)

HekoTtopele THIbI 110 onpeeneHdio He MoryT Obith NULL. Oto ceeutku (&T, &mut T),
yrakoBku (Box<T>), ykasarenu na pyukiuu (extern "abi" fn()). IIpu B3anmopeiicTBuu xe
¢ C 4acTo WCIO/BL3YIOTCA yKasarend, Kotopble MoryT ObiThb NULL. Kak 0cobblii ciyuaii —
00001IeHHBI €NUM, KOTOPBIA COAEPXKUT POBHO /B BapUaHTa, OAMH W3 KOTOPHIX HE COIEPKUT
JJAHHBIX, @ JIPYrOi CONEpP)KUT OZHO roje. Takoe HCIIO/Nb30BaHKE IEPeUYMC/IeHHs MMeeT IpaBo Ha
«OTNTHMM3ALMIO YKa3aress, JOMyCKAarIIero Hy/leBoe 3HaueHue». Korma co3gaH 5K3eMIUISIP Takoro
TIepPeurC/IeH s C OLHUM U3 He-00HyJ/IIeMbIX TUIIOB, TO OH IPeJCTaB/IsgeT CoO0i HeHy/IeBOM yKa3areb
[JIsl BapUaHTa, COZIeP)Kalllero JaHHble, U HY/IeBOM — /jis BapvaHTa 0e3 JaHHbIX. Takum o6pasom,
Option<extern "C" fn(c int) -> ¢ int> — 310 mpeacraBneHue ykasareiss Ha

(byHKIMIO, TOMyCKaloIero HyeBoe 3HaueHue, U coBmectumoro ¢ C ABI.

Bbi3oB koga Ha Rust n3 koga Ha C

BbI MO)KeTe CKOMIMIMPOBATh Ko/ Ha Rust TakuM 06pa3om, 4ToObI OH MOT OBITh BBI3BaH M3 KOZA

Ha C. DTo JI0BOJILHO JIETKO, HO TpeOyeT HeCKO/IbKHX Belllei:

#[no _mangle] RU n

pub extern fn hello rust() -> *const u8 {
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"Hello, world!\0".as ptr()

extern ykaseiBaeT, uTO 3Ta (PYHKIMIO TPHAEP)KUBAETCS Cor/alleHus O BbidoBe C, Kak

OMHMCaHO BbIle B pasfene «CoramieHrie 0 BbI30Be BHEIIHWX (yHKImi». Atpubyr N0 _mangle

BBIK/IFOUAeT U3MeHeHUue UMEH, IIpUMeHseMoe B RHSt, yTOOBI OBLIO JIerye KOMIIOHOBAThCS C STUM

KOZIOM.

6.8. Buibop rapautuii6.10. Tunaku “Borrow ™ 1 ~AsRef”
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Tunaxun Borrow n AsRef’

Tunaxu Borrow wu AsRef ouenHr mMoOXoXkH, HO B TO e BpeMs OTIMYarOTCs. Hipke

MpUBOAUTCA HeboJIbIIIasA TaMATKA 00 STHX ABYX TUIIdXKdX.

Tunaxx Borrow

Tunax Borrow HCIIO0JIb3YeTCs, KOrla Bbl MULIETEe CTPYKTYPY AdHHBIX U XOTUTE KMCII0/Ib30BATb

B/Ia/ieHHE 1 3dMMCTBOBaHHE THUIld KadK CHUHOHHUMBI.

Hanpumep, HashMap umeer metox get, kotopsiii ucronb3yer Borrow:

fn get<Q: ?Sized>(&self, k: &Q) -> Option<&V> F{Ljr]
where K: Borrow<Q>,
Q: Hash + Eq
JTta CHUI'HAaTypa 4ABJA€TCA [OOBOJIBHO CJIO’KHOM. HapaMeTp K — 3TO TO, 4UTO HaC 374eCb

HWHTEepecyeT. OH cchlnaeTcs Ha rapamMeTp CcamMoro HashMa p:

struct HashMap<K, V, S = RandomState> {

Po)
-]

u

[Tapametp K mipescrasnisier coboii v k/atoua, KOTopeiit ucronb3yer HashMap . B3risiHem Ha

curHatypy get() eme pa3. MWcrons3oBate get() Bo3MOXKHO, KOTfja KIIFOU peajm3yer
Borrow<Q>. Takum o6pa3om, Mbl MoxeMm czaenatb HashMap, kortopelii HCIONb3yeT Kimouu
String, Ho ucronb3oBate &St I, Korga Mbl BBITOTHSIEM TTOUCK:

use std::collections: :HashMap;

Po)
c
-]

let mut map = HashMap::new();
map.insert("Foo".to string(), 42);

assert eq!(map.get("Foo"), Some(&42));

OTO BO3MOXKHO, TakK Kak CTaHjapTHas Oubmuoreka cogepxut impl Borrow<str> for
String.

st OOMBIIMHCTBA THIOB, KOTZA Bbl XOTUTE TIOJNyYUTh TIPABO COOCTBEHHOCTH WU
M03aMMCTBOBaTh 3HAUEHWH, [OCTaTOYHO WCIO/b30BaTh mpocto &T. BOorrow ke craHoBuTCs
ToJie3eH, KOrzia ecth 6oJsiee OZIHOTO BU/la 3aHUMAeMOro 3HaueHusl. DTO 0COOEHHO BEPHO [IJisi CChIIOK U
cpe3oB: y Bac MoxeT ObITh Kak &T, Tak u &mut T. Eciu MbI XOTHM MpHHUMAaTh 00a 3THUX THIIA,

BOorrow kak pa3s /ijis1 3TOr0 MOJXO/MT:

use std::borrow::Borrow; F{Ljr]
use std::fmt::Display;

fn foo<T: Borrow<i32> + Display>(a: T) {
println!("a 3ammctBOBaHo: {}", a);

let mut i = 5;
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http://doc.rust-lang.org/std/borrow/trait.Borrow.html
http://doc.rust-lang.org/std/convert/trait.AsRef.html
http://doc.rust-lang.org/std/collections/struct.HashMap.html
http://doc.rust-lang.org/std/collections/struct.HashMap.html#method.get
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Afn%20get%3CQ%3A%20%3FSized%3E(%26self%2C%20k%3A%20%26Q)%20-%3E%20Option%3C%26V%3E%0A%20%20%20%20where%20K%3A%20Borrow%3CQ%3E%2C%0A%20%20%20%20%20%20%20%20%20%20Q%3A%20Hash%20%2B%20Eq%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Astruct%20HashMap%3CK%2C%20V%2C%20S%20%3D%20RandomState%3E%20%7B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Acollections%3A%3AHashMap%3B%0A%0Alet%20mut%20map%20%3D%20HashMap%3A%3Anew()%3B%0Amap.insert(%22Foo%22.to_string()%2C%2042)%3B%0A%0Aassert_eq!(map.get(%22Foo%22)%2C%20Some(%2642))%3B%0A%7D
https://play.rust-lang.org/?code=fn%20main()%20%7B%0Ause%20std%3A%3Aborrow%3A%3ABorrow%3B%0Ause%20std%3A%3Afmt%3A%3ADisplay%3B%0A%0Afn%20foo%3CT%3A%20Borrow%3Ci32%3E%20%2B%20Display%3E(a%3A%20T)%20%7B%0A%20%20%20%20println!(%22a%20%D0%B7%D0%B0%D0%B8%D0%BC%D1%81%D1%82%D0%B2%D0%BE%D0%B2%D0%B0%D0%BD%D0%BE%3A%20%7B%7D%22%2C%20a)%3B%0A%7D%0A%0Alet%20mut%20i%20%3D%205%3B%0A%0Afoo(%26i)%3B%0Afoo(%26mut%20i)%3B%0A%7D
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foo(&i);
foo(&mut 1i);

OT0 BhIBEZeT @ 3AMMCTBOBAHO: 5 gBaxkabl

Tunax AsRef

Tunaxx AsRef sasnsercs npeo6pasyroium tunaxom. OH KUCIO/B3yeTCss B 0600IEHHOM KO/ie

[JJ1s peobpa3oBaHusi HEKOTOPOT'O 3HaueHusi B CCbUIKY. Hampumep:

let s = "Hello".to string(); F{L]r]

fn foo<T: AsRef<str>>(s: T) {
let slice = s.as_ref();

UTO B KAKOM c/nyyae cnegyetT ncnonb3oBaTb?

Mg1 BUIVUM, UYTO OHU BpOJA€ OAWHAKOBLI: HMMEKOT [A€e/I0 C BldJ€eHHWeM W 3dWUMCTBOBAHHWEM

3Ha4ye€HWA HEKOTOPOI'O THUIIA. TeMm He MeHee, 5TU TUIla>)K1 HeEMHOI'O OT/IMYAROTCH.

MCHOHLByﬁTe Borrow , KOrla BBbI XOTUTE a6CTpaFI/IpOBaTbCH OT Ppa3/IMUHbIX BHUJO0B
BaI/IMCTBOBaHI/If/'I, WM KOTZla Bbl CTPOUTE CTPYKTYPY [AdHHBIX, KOTOpAd HCIIOJ/Ib3yeT BJ/ldaJeroliue u
3dMMCTBOBAdHHbBI€ 3HaUeHMsA KdK SKBHMBAJ/IEHTHbIE. HaHpHMep, 3TO MOXXET TIpUroguTbCad B

X3IIWPOBAHKUH U CPABHEHHWH.

Ucnione3yiite ASRef, korma Bbl mmiere 0GOOIIEHHBIM KO W XOTHUTE HEIOCPEACTBEHHO

rpeoOpa3oBaTh UTO-MO0 B CCHIIKY.

6.9. Murepdeiic BHeltHUX GyHKIMI6.11. KaHanbl cO0pok
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KaHanbl c60poK

[Tpoekt Rust Wcronb3yeT KOHLIMLMIO T0J, Ha3BaHHEM «KaHaibl COOPOK» [/ yIpaB/ieHUs
cObopkaMu. Ba)kKHO TIOHSITH 3TOT MpoLecc, uToObl BIOpaTh, KaKyr Bepcuio Rust ucronb3oBaTh B

BallleM IPOEKTe.

O630p

Ectb Tpu KaHana cbopok Rust:

e Hounoii (Nightly)
e Fera (Beta)

e CrabubHbii (Stable)

HoBble HOUHble COOPKH CO3[AIOTCSl pa3 B JieHb. Kaxkble LIeCTb HeZle/b TMOCeAHss HOUHast
cbopka TepeBOAUTCS B KaHan «OeTa». C 3TOro MOMeHTa OHa Oy/leT Mo/iyuarh TOMBKO MCTIPABIEHMUS
cepbé3Hbix ommbok. [llecth Hemenb crycTs Oeta cOOpKa TepeBOAWTCS B KaHa/l «CTaOWIBHBIN» U

CTaHOBMTCSI OUepeiHOM cTabuibHOM cbopkoi 1. X.

OTOT TpoIiecc MPOUCXOAUT TapasiieibHO. Tak, Kak/ble I1eCTh He/le/b, B OfIUH U TOT K€ /IeHb,
HOYHasi cOopka mpeBpaiiaetcs B 6eta cOopKy, a 6eta cOopka rpeBpaijaeTcst B CTaOWIbHY COOPKY.
OTO MPOU30MIET OHOBPEMEHHO: CTabu/IbHAs COOpKa MOMy4uT Bepcuto 1. X, 6eTa cObopka momyuur
Bepcuio 1. (X + 1)-beta, a Hounas c6opka craHet repBoii Bepcueit 1. (X + 2)-nightly.

Bbi6op Bepcum

Boobiie roBopsi, eciM y Bac HeT 0COOBIX TIPUUWH, BbI JO/DKHBI MCIIOb30BaTh KaHas
CTabUIBbHBIX COOPOK. DTH COOPKY MpeJHa3HaueHbI /IS ITMPOKOU ayUTOPUH.

OjHako, B 3aBUCMMOCTH OT BalllMX MHTEPECOB K Rust, BBl MO)KeTe BMECTO 3TOr0 BbIOpaTh
HOUHYI0 CO0pKY. OCHOBHOIM KOMIIPOMUCC 3aK/IFOUaeTCsl B C/IeAIyIOL[eM: TIPH BbIOOpe KaHaja HOUHBIX
cOOpOK, BbI MOXKETe HCII0/Ib30BaTh HEYCTOWUMBLIE, HOBbIE BO3MOXKHOCTH Rust. Tem He MeHee,
HeCTabu/IbHbIE BO3MOXKHOCTH MOTYT OBITh M3MEHEHBI, U TI03TOMY Jito0asi HOBast HOUHasi COOpKa MOXKET
csioMath Bail Kofl. Eciu ke Bbl BhIOepeTe CTaOW/IBHYHO COOPKY, TO He CMOXKETe HCII0/Ih30BaTh
9KCIIepUMEHTa/IbHbIe BO3MOXKHOCTH, HO C/IeAyIOIUi pesiu3 Rust He BBI30BET CYII[@CTBEHHbBIX

npo6neM C KpUTHY€CKMMHU U3MEHEHUSAMMU.

[loMOLLb 3KOCUCTEME C MOMOLLbI0 HEenpepbIBHON
VHTEerpaumm

A uTo HacuéTt GeTa KaHasa? MbI IIpU3bIBAaeM BCeX I0JIb30Baresiell Rust, KOTOpble UCMO/Ib3YIOT
KaHa/ CTaOW/IbHBIX COOPOK, TaK)Ke MpOTeCTHpPOBaTh PabOTy C MCIOb30BaHWEM OeTa KaHajla B WX

CUCTeMax HeIpepblBHOM HWHTerpayuu. OTO TIOMOXKET TIpeAylpejuTb KOMaHJy B Cllydyae
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BO3HUMKHOBEHHSA HEOXKUAAHHBIX perpeCCHﬁ.

Kpome Toro, TectupoBaHue pabOTBI C HCIOJb30BaHMEM HOYHOTO KaHaja MOXXET BBISIBUTH
perpeccum [jake paHbIlle, a TO3TOMY, €C/IM BaC He 3aTPYAHUT CO37aHue Tpex cOOpOK, MbI Oyaem

IMpHU3HATe/IbHbI TeCTUPOBAHWIO pa60TbI C UCII0/Ib30BaHKEM BCeX TpeX KaHaJ/IOB.

6.10. Tunaxxn "Borrow™ u "AsRef 6.12. Using Rust without the standard library
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Using Rust Without the Standard Library

Rust’s standard library provides a lot of useful functionality, but assumes support for various
features of its host system: threads, networking, heap allocation, and others. There are systems that do
not have these features, however, and Rust can work with those too! To do so, we tell Rust that we
don’t want to use the standard library via an attribute: #! [no_std].

Note: This feature is technically stable, but there are some caveats. For one, you can
build a #! [no_std] library on stable, but not a binary. For details on binaries without the
standard library, see the nightly chapter on #! [no_std]

Touse #! [no_std], add a it to your crate root:

#![no_std]

0
-
-]

fn plus_one(x: i32) -> i32 {
X + 1

}

Much of the functionality that’s exposed in the standard library is also available via the core
crate. When we’re using the standard library, Rust automatically brings std into scope, allowing you
to use its features without an explicit import. By the same token, when using !#[no std], Rust

will bring core into scope for you, as well as its prelude. This means that a lot of code will Just
Work:

#![no_std] Run

fn may fail(failure: bool) -> Result<(), &'static str> {
if failure {
Err("this didn’t work!")
} else {
0k(())
}

6.11. Kanasibl c6opok7. HectabuibHbIe BO3MOXHOCTH Rust
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HecTtabunbHblie BO3MOXXHOCTU Rust

Rust obecrieunBaeT Tpu KaHama pacnpocTtpaHeHusi s Rust: nightly, beta u stable.
HectabuibHble GyHKIMU AOCTYMHBI TOMBKO B nightly Rust. ns 6oee mogpobHoii nHdopmMarmu 06

3TOM TIporiecce cMOTpUTe « CTabUILHOCTL KaK De3V/IbTaT».

Yto6b1 ycTaHoBUTH nightly Rust, Bl MOXkeTe ucrosb3oBath Fustup.sh:

$ curl -s https://static.rust-lang.org/rustup.sh | sh -s -- --channel=nightly

Ecnu Bel GeCIIOKOMTECHh O [OTEHIMAAbHOU 0e30MacHOCTY MCIOIb30BaHMUs AaHHOﬁ KOMaH/bI

curl | sh, to npogo/mkaiite unrarh fanee. Bbl TaK)Ke MOXKETe KUCIIO/IH30BaTh [BYXCTYIIEHUATHIN

BAPUAHT YCTAHOBKU U U3YUUTH HAIIl YCTaHOBOQHbIﬁ CKPHIIT:

$ curl -f -L https://static.rust-lang.org/rustup.sh -0
$ sh rustup.sh --channel=nightly

Ecmm xe Bbl ucnonedyere Windows, TO, moKanayWcTa, CKadaliTe OfWH W3 YCTaHOBOYHBIX

MakeToB: 32-0UTHBIY WK 64-0UTHBIN U 3aITyCTUTE €T0.

YnaneHue

Ecnu BBI peninian, 4To Rust Bam Oosibiiie He HY>X€H, TO MbI 6y,qu UyTb-UyThb OrOpuU€Hbl, HO 3TO
HOPMaJIbHO. He KHMLIﬁ A3BIK IPOTPAMMMPOBAHHS OTJIMYHO TMOAXOAUT AJid BCEX. HpOCTO 3dIlyCTUTe

CKPHIIT JeWHCTAJIJIALHA:

$ sudo /usr/local/lib/rustlib/uninstall.sh

Eci BBl HCIO/IB30BAM yCTAHOBUMK Windows, TO TMpOCTO MOBTOPHO 3amycturte .MS1,
KOTOPBIN MPeJJIoKUT BaM BO3MO)KHOCTD y/aeHHs..

HekoTopble /it0AM, TIPUUEM He 0e30CHOBATeNbHO, HAaCTOPOXKW/IMCh, KOTAA Mbl CKa3ajau
ucrons3oBath CUrl | sh. Korga Bel fiesiaeTe Tak, Bbl JO/DKHBI JOBEPATH TEM XOPOIIUM JTHO[SIM,
KOTOpbIe TIOJ/Iep>XKUBalOT Rust, © He GOSTHCS, UTO OHH TOMBITAIOTCS B3/IOMAaTh Balll KOMIBIOTED U
cenath Kakue-nuMbo myioxue Beiy. O3ab0ueHHOCTh CBOeH 0e301acHOCTBIO - 3TO OUeHb XOPOIIIO.

Ec/iv BbI OIMH M3 TakKuX Jofiel, Mo)KaayiicTa TTIOCMOTPUTe B AOKyMeHTalMyd Kak cobpatb Rust u3

VICXO/IHBIX KOJIOB WJIM CKayalTe y)Ke CKOMITMIMPOBaHHbIN Rust. MbI obelriaem, UTo IaHHbBIN CI1OCco0 He

OyzleT MCoMb30BaThCs /ISt YCTaHOBKKM Rust Bcerza: CKpUNT ObLI CZieaH /111 ObICTPOTO 0OHOBIEHUS

roka Rust HaxoauTcs B ctaauu alpha.

MBbI TaK Ke JJO/DKHBI YIIOMSIHYTh O(HULMaIbHO To/Jep KrBaeMble 11aT(opMbl:

e Windows (7, 8, Server 2008 R2)
e Linux (2.6.18 u Gosiee HOBBIE, pa3Hble JUCTPUOYTHBBI), X86 1 x86-64
e 0OSX 10.7 (Lion) u 6o/ee HOBbIE, X86 1 x86-64
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http://blog.rust-lang.org/2014/10/30/Stability.html
http://curlpipesh.tumblr.com
https://static.rust-lang.org/dist/rust-1.0.0-beta-i686-pc-windows-gnu.msi
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Rust akTMBHO TecTUpyeTCsi Ha BCeX 3TUX IIaT(GOpMax, a TaKKe Ha HEKOTOPbIX APYTHX,
Harnpumep Ha Android. Ho MbI yka3anu Te, Ha KOTOpBIX Rust TOuHO /0/bKeH paboTtaTb, UOO [t 3TUX

11aT()opM OH TeCTUpYeTCs O0Jiblile BCETo.

Harnocnenok, 3ameuanve o Windows. Rust cumtaer, uto Windows — 3TO IMepBOK/acCHast
niatopma Jjisi pesiu3a, HO eCyid ObITh UeCTHBIMH, TO OTBIT pa3paboTku st Windows He Ha CTO/TBKO
xopott, Kak s Linux/OS X. Mer paboraem Hafg stum! Ecsin uto-To He pabortaeT, To 3TO ommmbKa.
[MToxkanyiicTa, jaiiTe HaM 3HaTh, €C/IA Takoe MPou30KAET. Kaxkbplii KOMMUT TecTupyeTcst Ha Windows,

BITPOUEM TaK ke, KaK ¥ Ha Jito00H Ipyroi riarpopme.
Ecsi BbI yoke yCTaHOBWIM Rust, TO OTKpOITe TepMHUHA/ U BBEIUTE 3TO:

$ rustc --version

BhI AO0J/DKHBI YBUIETh BEPCHUIO, X3 KOMMUTA, AdTy KOMMUWUTA U NaTy C60pKI/IZ

rustc 1.0.0-nightly (fllf3e7ba 2015-01-04) (built 2015-01-06)
WTak, Teriepb y Bac ecTb ycTaHoB/eHHbIM Rust! [To3apasnsiem!

YCTaHOBIIMK TaKXe YCTaHaB/IMBAeT JOKYMEHTALMI0, KOTOpas A0CTyrHa 6e3 MOAK/IIOUeHUs K
cern. Ha UNIX cuctemax oHa pacrniosaraercs B karaigore /usr/local/share/doc/rust. B

Windows — B gupekTopun Share/docC, oTHocuTeNBbHO TOTO Ky/ja Bbl yCTaHOBH/IN Rust.

TaxKe ecTb elé psii MeCT, IJje MO)KHO MOIy4YUThb Momolb. Kanan #rust Ha irc.mozilla.org, K
KOTOPOMY BbI MOKETe TIOAK/TIOUUThCS uepe3 Mibbit. HaxxmuTe Ha 3Ty CCbUIKY, U BbI OyzieTe 00IaThCs
B yaTte C ApyrumMu Rustaceans (3To AypallTMBOe TPO3BHILE, KOTOPHIM MbI Ce0si Ha3bIBaeM), U MbI

rnoMo>keM BaM. [Ipyrue riosie3Hble pecypchbl, MOCBAIMIEHHbIe Rust: hopyM rmosb3oBaresneid, /r/rust
subreddit, stack overflow. Pycckosi3biuHble pecypchl: KaHan #rust-ru Ha irc.mozilla.org, google
groups.

6.12. Using Rust without the standard library7.1. IT1aruybl K KOMIOWIATODY
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[1arvHbl K KOMNUAATOPY

BeseneHne

rustc, xkommuasitop Rust, Toagep>kviBaeT TularvHbl. [l7aruHel — 3TO pa3paboTaHHBIe
T0/Ih30BaTeIsIMU OMOMMOTEKH, KOTOphIe 00aB/SIFOT HOBblEe BO3MOKHOCTU B KOMITU/ISITOP: 3TO MOTYT

OBbITb paCIIMpeHHsi CHHTAKCHCa, IOTIOIHUTe/TbHbIe cTaThudeckue rpoBepku (lints), u apyroe.

[lnarvH — 9TO KOHTeiHep, CoOMpaeMblii B [JUHAMUUECKYHO OWOIMOTEKY, W WMEOIIHi
OTJE/NbHYI0 (YHKIMIO [/ PEerrcTpalidy paciivpeHuss B rustC. [Ipyrue KoHTeHHEphl MOTYT
3arpy’karb 3TH paciuvpeHus ¢ rnomoineto arpubyra #! [plugin(...)]. Takke cmorpure pasgen

rustc::plugin c noapo6HBIM OMKMCAHWEM MeXaHHW3Ma OTpe/ie/IeHHst ¥ 3arpy3KHu TyIarvHa.

ITepenasaembie B #! [plugin(foo(... args ...))] aprymentsr He o6pabarbiBaroTCst
camum rustc. Onu nepearoTCs TUIArMHY C TIOMOIIBIO MeTo1a args cTpykTypel Registry.

B rmnogasssitoieM OOJIBIIMHCTBE C/y4yaeB IUIATHMH JJOJ/DKEH HCIIO/Ib30BaThCsl MOAbKO uepe3
koHcTpykuuio #! [plugin], a wHe wuepe3s extern crate. KomroHOBKAa TMOTsHYyAa Obl
BHyTpeHHue Oubmuoreku libsyntax u librustc kak 3aBucuMocTH /s Balllero KOHTeiHepa.

OOKBIUHO 3TO He)Xe/iaTeJIbHO, 1 MOXXeT HOTpe6OBElTbCH TOJIBKO eCJ/IU BbI C06HpaeTe eH_Ié O/IvH, APYFOﬁ,

wiarud.  Cratuueckuit  awanu3 plugin_as library mpoeepser  BbimosHeHWe — 3TOM
peKOMeHJaluH.
OO6bluHasi TMpaKTHKa — [MOMeLIaTh IUIATUHBI B OT/E/IbHBIM KOHTelHep, He COfeprKaliui

onpeziesieHnii MakpocoB (Macro rules!) u obbiuHoro koja Ha Rust, MpeaHA3HAYEHHOTO [ist

HEerocpeaCcTBEHHO KOHEUHBIX ToJ/1b30Bare el 6ubIMOTeKU.

PacLunpeHunsa cMHTakcmuca

[InaruHbl MOTYT TIO-pa3HOMY paCIIMpATh CHUHTAKCUC Rust. OfWH W3 BHUJOB paclIMpeHHs

CHHTAKCHCa — 3TO MnpoueaypHble MdKpPOCHI. OHU BBI3BIBAIOTCS TaK JKe, KaK U 00OBIYHBIE MAKPOCKI, HO

VX pacKpbITHe NIPOM3BOAUTCS ITPOM3BO/BHBIM KOZIOM Ha Rust, KOTOpBIM OnepypyeT CUHTaKCUiyeCKUMU

JeDeBLAMN BO BpeMA KOMITU/IALIWMH.

JaBaiiTe HarmieM TUIardH roman_numerals.rS, KOTOpbIi peasu3yeT IIeJ0UHC/IeHHbIe

JUTepasbl C pPUMCKUMU L(paMu.

#![crate type="dylib"] F{Ljr]
#![feature(plugin_registrar, rustc private)]

extern crate syntax;
extern crate rustc;

use syntax::codemap::Span;

use syntax::parse::token;
use syntax::ast::{TokenTree, TtToken};
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https://play.rust-lang.org/?code=%23!%5Bcrate_type%3D%22dylib%22%5D%0A%23!%5Bfeature(plugin_registrar%2C%20rustc_private)%5D%0A%0Afn%20main()%20%7B%0Aextern%20crate%20syntax%3B%0Aextern%20crate%20rustc%3B%0A%0Ause%20syntax%3A%3Acodemap%3A%3ASpan%3B%0Ause%20syntax%3A%3Aparse%3A%3Atoken%3B%0Ause%20syntax%3A%3Aast%3A%3A%7BTokenTree%2C%20TtToken%7D%3B%0Ause%20syntax%3A%3Aext%3A%3Abase%3A%3A%7BExtCtxt%2C%20MacResult%2C%20DummyResult%2C%20MacEager%7D%3B%0Ause%20syntax%3A%3Aext%3A%3Abuild%3A%3AAstBuilder%3B%20%20%2F%2F%20%D1%82%D0%B8%D0%BF%D0%B0%D0%B6%20%D0%B4%D0%BB%D1%8F%20expr_usize%0Ause%20rustc%3A%3Aplugin%3A%3ARegistry%3B%0A%0Afn%20expand_rn(cx%3A%20%26mut%20ExtCtxt%2C%20sp%3A%20Span%2C%20args%3A%20%26%5BTokenTree%5D)%0A%20%20%20%20%20%20%20%20-%3E%20Box%3CMacResult%20%2B%20'static%3E%20%7B%0A%0A%20%20%20%20static%20NUMERALS%3A%20%26'static%20%5B(%26'static%20str%2C%20u32)%5D%20%3D%20%26%5B%0A%20%20%20%20%20%20%20%20(%22M%22%2C%201000)%2C%20(%22CM%22%2C%20900)%2C%20(%22D%22%2C%20500)%2C%20(%22CD%22%2C%20400)%2C%0A%20%20%20%20%20%20%20%20(%22C%22%2C%20%20100)%2C%20(%22XC%22%2C%20%2090)%2C%20(%22L%22%2C%20%2050)%2C%20(%22XL%22%2C%20%2040)%2C%0A%20%20%20%20%20%20%20%20(%22X%22%2C%20%20%2010)%2C%20(%22IX%22%2C%20%20%209)%2C%20(%22V%22%2C%20%20%205)%2C%20(%22IV%22%2C%20%20%204)%2C%0A%20%20%20%20%20%20%20%20(%22I%22%2C%20%20%20%201)%5D%3B%0A%0A%20%20%20%20let%20text%20%3D%20match%20args%20%7B%0A%20%20%20%20%20%20%20%20%5BTtToken(_%2C%20token%3A%3AIdent(s%2C%20_))%5D%20%3D%3E%20token%3A%3Aget_ident(s).to_string()%2C%0A%20%20%20%20%20%20%20%20_%20%3D%3E%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20cx.span_err(sp%2C%20%22%D0%B0%D1%80%D0%B3%D1%83%D0%BC%D0%B5%D0%BD%D1%82%20%D0%B4%D0%BE%D0%BB%D0%B6%D0%B5%D0%BD%20%D0%B1%D1%8B%D1%82%D1%8C%20%D0%B5%D0%B4%D0%B8%D0%BD%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%BC%20%D0%B8%D0%B4%D0%B5%D0%BD%D1%82%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%82%D0%BE%D1%80%D0%BE%D0%BC%22)%3B%0A%20%20%20%20%20%20%20%20%20%20%20%20return%20DummyResult%3A%3Aany(sp)%3B%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%3B%0A%0A%20%20%20%20let%20mut%20text%20%3D%20%26*text%3B%0A%20%20%20%20let%20mut%20total%20%3D%200%3B%0A%20%20%20%20while%20!text.is_empty()%20%7B%0A%20%20%20%20%20%20%20%20match%20NUMERALS.iter().find(%7C%26%26(rn%2C%20_)%7C%20text.starts_with(rn))%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20Some(%26(rn%2C%20val))%20%3D%3E%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20total%20%2B%3D%20val%3B%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20text%20%3D%20%26text%5Brn.len()..%5D%3B%0A%20%20%20%20%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%20%20%20%20%20%20%20%20None%20%3D%3E%20%7B%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20cx.span_err(sp%2C%20%22%D0%BD%D0%B5%D0%BF%D1%80%D0%B0%D0%B2%D0%B8%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5%20%D1%80%D0%B8%D0%BC%D1%81%D0%BA%D0%BE%D0%B5%20%D1%87%D0%B8%D1%81%D0%BB%D0%BE%22)%3B%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20return%20DummyResult%3A%3Aany(sp)%3B%0A%20%20%20%20%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%20%20%20%20%7D%0A%20%20%20%20%7D%0A%0A%20%20%20%20MacEager%3A%3Aexpr(cx.expr_u32(sp%2C%20total))%0A%7D%0A%0A%23%5Bplugin_registrar%5D%0Apub%20fn%20plugin_registrar(reg%3A%20%26mut%20Registry)%20%7B%0A%20%20%20%20reg.register_macro(%22rn%22%2C%20expand_rn)%3B%0A%7D%0A%7D&version=nightly
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use syntax::ext::base::{ExtCtxt, MacResult, DummyResult, MacEager};
use syntax::ext::build::AstBuilder; // Ttunax pons expr usize
use rustc::plugin::Registry;

fn expand _rn(cx: &mut ExtCtxt, sp: Span, args: &[TokenTree])

-> Box<MacResult + 'static> {

static NUMERALS: &'static [(&'static str, u32)] = &[
("M", 1leee), ("CM", 9e0), ("D", 500), ("CD", 400),
("c, 100), ("xXc*, 90), ("L", 50), ("XL", 40),
("X, 10), ("IX", 9), ("v", 5), ("Iv", 4),
("1, I

let text = match args {
[TtToken( , token::Ident(s, ))] => token::get ident(s).to string(),
=1
cx.span_err(sp, "aprymeHT ponxeH ObiTb €QUHCTBEHHbIM UOeHTudukatTopoM");
return DummyResult::any(sp);

};

let mut text = &*text;
let mut total = 0O;
while !text.is empty() {
match NUMERALS.iter().find(|&&(rn, )| text.starts with(rn)) {
Some(&(rn, val)) => {
total += val;
text = &text[rn.len()..]1;

}

None => {
cx.span_err(sp, "HenpaBwibHOe puMCKoe 4ucnio");
return DummyResult::any(sp);

}

MacEager: :expr(cx.expr_u32(sp, total))

#[plugin_ registrar]
pub fn plugin registrar(reg: &mut Registry) {

reg.register _macro("rn", expand_rn);

Terepb MbI MOXKeM MCIIO/b30BaTh MN! () Kak /ro6oii gpyroii Makpoc:

#![feature(plugin)]
#![plugin(roman_numerals) ]

fn main() {

u32:

assert eq!(rn!(MMXV), 2015);

pe)
c
-]

Y 9TOro mopxoga ecTh TMPEUMYIIeCTBA OTHOCHTENbHO rpoctoi ¢ynkuum Tn(&str) ->
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e [Ipeobpa3oBanue (B 00IieM ciiyuae, TIPOU3BOTLHOUM CJIOKHOCTH) BBITIOHSETCS BO BpeMsi
KOMITHUJIALIUH;

e [IpoBepka MpaBUIBLHOCTH 3alMCH JIMTepasia TakKe POU3BOAUTCS BO BpeMsl KOMITU/IALIUY;

® MokHO 100aBUTh BO3MOXKHOCTh WCIIO/Ib30BaHUs JUTepana B obpasiax (patterns), uTo 1o

CYTH TI03BOJISIET CO3/JjaBaTh JIUTEPasIbl /Jis JIF0OOT0 THTIa JJaHHBIX.

B fomosiHeHKe K MpoLieypPHBIM MaKpOCaM, Bbl MOYXKETE OTpe/ie/isiTh HOBbIe aTprbyThl derive

U Jpyrue Byl paciuupennii. Cmotpure pasien Registry: :register syntax extension

U JOoKyMeHTaiuro nepeuricienvs SyntaxExtension. B kauectBe 6osee TIPOABUHYTOTO MpUMepa

C MdKpPOCdMH, MOXXHO O3HAKOMUTLCS C MAKPOCAMU PEeryJIipHbIX Bpra)KeHI/If/'I regex _macros.

CoBeTbl U XUTPOCTH
HeKoTopble COBETHI 110 0T/Ia[Ke MAKDOCOB TIPUMEHUMBI U B C/Ty4ae TJIariHOB.

MoxHo wucnonb3oBath Syntax::parse, urtobsl mnpeobpa3oBaTb [epeBbs TOKEHOB B

BBICOKOYPOBHEBbLIE 3JIEMEHTBI CMUHTAKCHUCd, BPOZJe Bpra}KeHHﬁI

fn expand_foo(cx: &mut ExtCtxt, sp: Span, args: &[TokenTreel]) F{Ljr]
-> Box<MacResult+'static> {

let mut parser = cx.new parser from tts(args);

let expr: P<Expr> = parser.parse_expr();

MoskHo rpocmoTpeTh Kog napcepa Libsyntax, urober monyunts npescTasienre o pabore
uH(pacTpyKTyphl pa3bopa.

CoxpansifiTe Spansl Bcero, uto Bbl pa3dupaete, uyToObI Jiyuliie coobijath 00 omMbKax. Ber

MoykeTe 06epHyTb Balll CTPYKTYPhI JaHHBIX B Spanned.

Beizo ExtCtxt::span_fatal cpasy mnpepeér kommusiumio. Bmecto 3Toro, Jyudiie

Bei3BaTh EXtCtxt::span _err wu Bepuyrs DummyResult, wurobel kKoMmHIsATOp MOT

TMIPOJOJDKUTE paboTy 1 0OHAPYKUTH JlalbHeHIIe OmHOKH.

Bbl MoxkeTe ucronb3oBatk Span_note u syntax::print::pprust::* to string

4TOOBI HarleyaTaTh CHHTAaKCUUeCKU )parMeHT [JJisi OT/IaJKH.

[Tpumep BBILIIE co3ziaBas 1I€/I0UMC/IEHHBIN nuTepan c TIOMOIIBIO
AstBuilder: :expr_usize. B kauectBe assrepHaryBel Tunaxy AstBuilder, libsyntax

npeaocraB/stgeT Ha6op MaKPOCOB KBasUIUTHMPOBaHUs. OHM He AOKYMEHTHMPOBAHbBI KW COBCEM He

otrosivpoBanbl. OJHAaKo, 3Ta peanv3alys MOXeT CTaTb HEIUIOXOW OCHOBOW [J/1s1 y/IyYlleHHOU

OUOIMOTEKH KBa3ULIMTUPOBAHUS, KoTopasi paboTasa Obl Kak OOBIYHBIN TIaTvH.

[1arMHbl CTaTUYECKNX NPOBEPOK
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http://doc.rust-lang.org/reference.html#derive
http://doc.rust-lang.org/rustc/plugin/registry/struct.Registry.html#method.register_syntax_extension
http://doc.rust-lang.org/syntax/ext/base/enum.SyntaxExtension.html
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http://doc.rust-lang.org/syntax/codemap/struct.Spanned.html
http://doc.rust-lang.org/syntax/ext/base/struct.ExtCtxt.html#method.span_fatal
http://doc.rust-lang.org/syntax/ext/base/struct.ExtCtxt.html#method.span_err
http://doc.rust-lang.org/syntax/ext/base/struct.DummyResult.html
http://doc.rust-lang.org/syntax/ext/base/struct.ExtCtxt.html#method.span_note
http://doc.rust-lang.org/syntax/print/pprust/index.html#functions
http://doc.rust-lang.org/syntax/ext/build/trait.AstBuilder.html#tymethod.expr_usize
http://doc.rust-lang.org/syntax/ext/quote/index.html
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IInaruHbl MOTYT pacCIIMPATh MH(PACTDYKTYDY CTaTUYeCKMX NPOBeDOK Rust, MpefocTaBiss

HOBBIE TIPOBEPKM CTHJISi KOAWPOBAHWS, 0Ge30MacHOCTH, W T.J. [IONHBIA MPUMED MOXKHO HAlTH B
src/test/auxiliary/lint plugin test.rs. 3gech Mbl IPUBOAUM €TO CYTh:

declare lint!(TEST LINT, Warn, F{Ljr]
"Mpenynpexgate 06 anemMeHTax, Ha3BaHHbiX 'lintme'");

struct Pass;

impl LintPass for Pass {
fn get lints(&self) -> LintArray {
lint array! (TEST_LINT)

fn check item(&mut self, cx: &Context, it: &ast::Item) {
let name = token::get ident(it.ident);
if name.get() == "lintme" {
cx.span_lint(TEST LINT, it.span, "snemeHT Ha3biBaeTcsa 'lintme'");

#[plugin registrar]
pub fn plugin registrar(reg: &mut Registry) {
reg.register_lint pass(box Pass as LintPassObject);

}
Torpa kop Bpoge
#![plugin(lint plugin test)] Run
fn lintme() { }
BbIJACT MIpeyNpeKJeHre KOMITUJISATOpa:
foo.rs:4:1: 4:16 warning: item is named 'lintme', #[warn(test lint)] on by default
foo.rs:4 fn lintme() { }
[TnarvH cTaTMyeckoro aHaar3a COCTOUT U3 C/Ie[lyIOIIMX UacTel:
. omuH Wi Gosbitie Bei3oBoB declare lint!, kotopeie omnpeaensiorT craTuueckie
cTpyKTyphl Lint;
° CTPYKTypa, CofiepKalliasi COCTOsIHHe, HeoOXo[uMoe aHam3aTtopy (B JaHHOM Ciydae,
ero HeT);
° peanu3aius thnaxka LintPass, onpegensroiias, Kak MPOBEPATh KaXKAbIA 3/IeMEHT

cunrakcuca.  Opun LintPass wmoxer BobibBate Span lint ans  HeckombKux

pasnnunbix Lint, Ho oH mo/mkeH 3aperucTpupoBarh ux Bee uepes merogq get lints.

HpOXO,Z[bI CTATU4YE€CKOI'o0 dHa/IM3dTopa — 3TO O6XO,E[LI CHMHTAKCHUUYEeCKOro /JiepeBa, HO OHHU
BBITIO/THAKOTCA Ha TMO3JHKUX CTaJAUAX KOMITWIALMK, KOI[dd Y>Ke [J0CTyTIla I/IHCbOpMaL[I/IH O THIIaX.

Berpoensble B NUSTC ananissl B OCHOBHOM MCIIO/NB3YIOT TY K€ UH(GPACTPYKTYPY, UTO U TIarvHbI
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http://doc.rust-lang.org/reference.html#lint-check-attributes
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https://play.rust-lang.org/?code=%23!%5Bplugin(lint_plugin_test)%5D%0A%0Afn%20main()%20%7B%0Afn%20lintme()%20%7B%20%7D%0A%7D
http://doc.rust-lang.org/rustc/lint/struct.Lint.html
http://doc.rust-lang.org/rustc/lint/trait.LintPass.html
https://github.com/rust-lang/rust/blob/master/src/librustc/lint/builtin.rs
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CTaTU4YeCcKoro aHaim3a. CMOTpUTEe WX WCXOAHBIN KO/, UTOOBI MTOHATh, KaK IMO/Ty4aTh MHPOPMAIIUIO O

THUIIAX.

CraTiueckde TPOBEPKH, OMpeje/isieMble TUIarMHaMu, YIPaB/IsOTCS OObIUHBIMM aTpUOYTaMU 1
diaraMm___ KOMIIUISATODA, re. #[allow(test lint)] wm -A  test-lint. 3Omm

uaeHTU(HUKATOpbl  BBIBOAATCS W3 mepBoro  aprymenra declare lint!, ¢ yuérom
COOTBETCTBYIOIIMX Mpeobpa3oBaHMii perrucTpa OyKB U MyHKTYyaLH.

Bbl MoXeTe BBINOAHUTL KomaHgy rustc -W help fo0o0.rs, urobel yBugers Bech Crimcok

CTaTHUeCKHX TIPOBEPOK, U3BECTHRIX UStC, BKmouast Te, uto 3arpyxatorcs u3 T00.rs.

7. HecrabuabHble BO3MOKHOCTH Rust7.2. BCT[)OEHHbIﬁ aCCEM6HE|2HbIﬁ KON
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BCTpOEHHbIN accemMbnepHbI Koa

Ecm BaM HY)XHO paboTaTth Ha CaMOM HM3KOM yPOBHE WM TIOBBICUTH MPOWU3BOAUTENTHEHOCTh
MPOTPaMMBbI, TO Y BaC MO>KeT BO3HUKHYTh HEOOXOAUMOCTD YIPaB/IAThH MPOLIeCCOPOM Hampsimyro. Rust
TOZIlep>)KMBaeT MCII0/b30BaHKe BCTPOEHHOrO acceMbriepa W JiefiaeT 3TO C TMOMOIIBI0 C TIOMOIIBI0

Makpoca asm! . Cunrakcuc npumepHo cootBetcTByeT cuHTakcucy GCC u Clang:

asm! (assembly template Run
: output operands
: input operands
: clobbers
: options
);

Vcnonb3oBaHue aSM  sBASETCS  3aKPbITOM  BO3MOXXHOCTBRHO — (TpeOyercss  yka3ath #!

[feature(asm)] pans konreiliHepa, uTOOBI pa3pelldTb €€ WCIO0/IL30BAHHE) U, KOHEUHO IKe,
Tpebyer unsafe 6moka.

IIpumeuanue: 37ecb TIpUMepbl TIpuBeeHbl i x86/x86-64 accembriepa, HO
TO/I/1eP)KUBAIOTCS BCe M/1aT(OPMBI.

LLIa6noH MHCTPYKUMN accembnepa

[Iabmon wHCTpyKUMM accembnepa (assembly template) siBisieTcss — €IUHCTBEHHBIM
o0si3aTe/IbHBIM TTapaMeTPOM, U OH JI0JDKeH ObITb TIPeZCTaB/IeH CTPOKOWM CUMBOJIOB (T.e. " ")

#! [feature(asm)] Run

#[cfg(any(target _arch = "x86", target arch = "x86 64"))]
fn foo() {
unsafe {
asm! ("NOP");

// other platforms
#[cfg(not(any(target arch = "x86", target arch = "x86 64")))]
fn foo() { /* ... */ }

fn main() {
/] ...

foo();
// ...

(Manee arpubytel Teature(asm) u #[cfg] Gyayr onyiensr.)
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https://play.rust-lang.org/?code=fn%20main()%20%7B%0Aasm!(assembly%20template%0A%20%20%20%3A%20output%20operands%0A%20%20%20%3A%20input%20operands%0A%20%20%20%3A%20clobbers%0A%20%20%20%3A%20options%0A%20%20%20)%3B%0A%7D
https://play.rust-lang.org/?code=%23!%5Bfeature(asm)%5D%0A%0A%23%5Bcfg(any(target_arch%20%3D%20%22x86%22%2C%20target_arch%20%3D%20%22x86_64%22))%5D%0Afn%20foo()%20%7B%0A%20%20%20%20unsafe%20%7B%0A%20%20%20%20%20%20%20%20asm!(%22NOP%22)%3B%0A%20%20%20%20%7D%0A%7D%0A%0A%2F%2F%20other%20platforms%0A%23%5Bcfg(not(any(target_arch%20%3D%20%22x86%22%2C%20target_arch%20%3D%20%22x86_64%22)))%5D%0Afn%20foo()%20%7B%20%2F*%20...%20*%2F%20%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20%2F%2F%20...%0A%20%20%20%20foo()%3B%0A%20%20%20%20%2F%2F%20...%0A%7D%0A&version=nightly
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Brixoanble omepanzbl (output operands), BXoJHble orepadH/bl (input operands), 3aTupaemMoe
(clobbers) u ommum (options) He SABASIOTCS 00s3aTeNbHBIMH, HO BbI JO/DKHBI OyzeTe a00aBUTH

COOTBETCTBYHOIIlee KO/IMYEeCTBO . €C/IM XOTHTe IPOITyCTHUTh UX:

asm! ("xor %eax, %eax" EiLlIl

"{eax}"

);

HpO6€JIbI " OTCTYIIbI TAK)KEe HE UMEIOT 3HAUYEHUSA:

0
-
-]

asm! ("xor %eax, %eax" ::: "{eax}");

OnepaHAabl
BxofiHble W BBIXOZHBIE OIEpaHbl MMEIOT OJWUHAKOBbIA ¢opmar: : "orpaHuyeHunel"
(BblpaxeHuel), "orpaHuyeHune" (BbipaxeHue2), ...". BolpakeHus: [/ BBIXOJHBIX
OTEepaHJ0B JO/DKHbI ObITb /MO0 W3MEHseMbIMM, JIMOO HEU3MEHSeMbIMH, HO elje He

MHULINA/IN3VPOBAHHBIMU, L-3HaueHUsIMU:

fn add(a: i32, b: i32) -> i32 { Run
let c: 132;
unsafe {
asm! ("add $2, $0"
"=r"(c)
"0"(a), "r"(b)
)
}
C
}

fn main() {
assert _eq!(add(3, 14159), 14162)

OpiHako, ec/M Bbl 3aXOTUTE MCII0/Ib30BaTh peasbHble OrepaH/bl (DerucTpel) B 3TOW MO3ULUH, TO
BaM MoTpebyeTcst 3aK/TIOUMTh UCIIO/Ib3yeMblid PErUCTp B pUTypHBIe CKOOKU { }, ¥ BbI IO/DKHBI OyzeTe
yKa3aTb KOHKpeTHbId pa3mep orepaHZa. OJTO II0JIe3HO [iIS OueHb HU3KOyPOBHEBOI'O

MpOrpaMMKpPOBaHus, KOI/la Ba)KHbI PErMCTPbI, KOTOPbIE Bbl UCIIO/b3YeTe:

let result: u8; Run
asm! ("in %dx, %al" : "={al}"(result) : "{dx}"(port));
result

3atupaemoe (Clobbers)

HekoTopble MHCTPYKUMU MOTYT WU3MEHSTb 3HAu€HWs PerucTpoB, MO3TOMY Mbl MCIOIb3yeM
CcnucoK 3arupaemoro. OH yKa3blBaeT KOMITWJSTOPY, UTO TOT He [JO/DKeH J0MyCKaTh KakKoro-ambo

M3MeHeHMe 3HaUeHH 3TUX PerucTpoB, YTOOBI OHM OCTABa/IUCh KOPPEKTHBIMH.
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https://play.rust-lang.org/?code=%23!%5Bfeature(asm)%5D%0A%23%5Bcfg(any(target_arch%20%3D%20%22x86%22%2C%20target_arch%20%3D%20%22x86_64%22))%5D%0Afn%20main()%20%7B%20unsafe%20%7B%0Aasm!(%22xor%20%25eax%2C%20%25eax%22%0A%20%20%20%20%3A%0A%20%20%20%20%3A%0A%20%20%20%20%3A%20%22%7Beax%7D%22%0A%20%20%20)%3B%0A%7D%20%7D%0A&version=nightly
https://play.rust-lang.org/?code=%23!%5Bfeature(asm)%5D%0A%23%5Bcfg(any(target_arch%20%3D%20%22x86%22%2C%20target_arch%20%3D%20%22x86_64%22))%5D%0Afn%20main()%20%7B%20unsafe%20%7B%0Aasm!(%22xor%20%25eax%2C%20%25eax%22%20%3A%3A%3A%20%22%7Beax%7D%22)%3B%0A%7D%20%7D%0A&version=nightly
https://play.rust-lang.org/?code=%23!%5Bfeature(asm)%5D%0A%23%5Bcfg(any(target_arch%20%3D%20%22x86%22%2C%20target_arch%20%3D%20%22x86_64%22))%5D%0Afn%20add(a%3A%20i32%2C%20b%3A%20i32)%20-%3E%20i32%20%7B%0A%20%20%20%20let%20c%3A%20i32%3B%0A%20%20%20%20unsafe%20%7B%0A%20%20%20%20%20%20%20%20asm!(%22add%20%242%2C%20%240%22%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%3A%20%22%3Dr%22(c)%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%3A%20%220%22(a)%2C%20%22r%22(b)%0A%20%20%20%20%20%20%20%20%20%20%20%20%20)%3B%0A%20%20%20%20%7D%0A%20%20%20%20c%0A%7D%0A%23%5Bcfg(not(any(target_arch%20%3D%20%22x86%22%2C%20target_arch%20%3D%20%22x86_64%22)))%5D%0Afn%20add(a%3A%20i32%2C%20b%3A%20i32)%20-%3E%20i32%20%7B%20a%20%2B%20b%20%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20assert_eq!(add(3%2C%2014159)%2C%2014162)%0A%7D%0A&version=nightly
https://play.rust-lang.org/?code=%23!%5Bfeature(asm)%5D%0Afn%20main()%20%7B%0A%23%5Bcfg(any(target_arch%20%3D%20%22x86%22%2C%20target_arch%20%3D%20%22x86_64%22))%5D%0Aunsafe%20fn%20read_byte_in(port%3A%20u16)%20-%3E%20u8%20%7B%0Alet%20result%3A%20u8%3B%0Aasm!(%22in%20%25dx%2C%20%25al%22%20%3A%20%22%3D%7Bal%7D%22(result)%20%3A%20%22%7Bdx%7D%22(port))%3B%0Aresult%0A%7D%0A%7D&version=nightly
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// Put the value 0x200 in eax Run
asm! ("mov $$0x200, %eax" : /* no outputs */ : /* no inputs */ : "{eax}");
Ecmu BXoAHBIe M BBIXOAHBIE PErvMCTpbl y)Ke 3a/laHbl B OrPpaHWUYEHUSIX, TO UX He HYKHO
TePeuncsIsiTb 31eCb. B MpPOTUBHOM Cﬂyqae,JH06bm Apyrue perucTpbl, HCIOJb3yEMbIE SIBHO WU

HesqBHO, JO0/DKHBI OBITD rnepeyrc/ieHsbl.

Ecm acceMbriep M3MeHsieT perucTp KojJia yCaoBusi CC, TO OH /I0/DKeH ObITh YKa3aH B KaueCTBe
OZIHOTO W3 3aTHpaeMbIX. TOUHO TaK ke, ec/iu acceMbsiep MOAUMULIUPYeT MaMsTh, TO JO/DKHO OBITh

YKa3aHo Memory.

onunu

[Mocnemuuii  pasgen, options, crerumduuen pans Rust. Popmar mpefctaeiseT coboit
paszie/ieHHbIe 3araThIMH TeKCToBble cTpoku (T.e. : "foo", "bar", "baz"). Ou ucrnonbsyercs

U151 TOTO, YTOOBI 33/1aTh HEKOTOPBIE /I0TIOTHUTE/IbHbIE JJaHHbIe /11 BCTPOeHHOro acceMbiepa:

Ha Texy1uii MOMeHT pa3pellieHbl C/le/lytoliye ONLUH:

1. volatile — »ota omnuus aHanmormuHa asm  volatile  (...) B
gcc/clang;
2. alignstack — HeKOTOpble HWHCTPYKLMH OXHJAIOT, UTO CTeK ObLT BBIPOBHEH

orpesienieHHbIM 00pasoM (T.e. SSE), 1 3Ta omiys yKa3biBaeT KOMITH/ISITOPY BCTaBUTh CBOM

OOLIUHBIH KOJ BbIDABHMBAHUWA CTEKA,

3. intel — sTa OInKsA YKA3bIBA€T MCII0/Ib30BaATh CHUHTAKCHUC Intel BMecTO HCII0J/Ib3yeMOI'0o

10 ymMoJuaHuto cuHTakcrica AT&T.

let result: i32; F{Ljr]
unsafe {

asm! ("mov eax, 2" : "={eax}"(result) : : : "intel")
}

println!("eax is currently {}", result);

Bonbuwe nHgpopmaumn

Tekyiass peanusanus Makpoca asm! --- 3To mpsiMoe CBsi3bIBaHWE C BCTDOEHHBLIM

accembrnepom LLVM, mMo3TOMy W3yuMTe M UX JOKYMEHTALMIO, YTOOBI Jiyullle TOHATH CITUCOK

3aTMpaeMoro, OrpaHUuYeHus U Jip.

7.1. ITnaruue! K kommuiaaropy7.3. bes stdlib
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https://play.rust-lang.org/?code=%23!%5Bfeature(asm)%5D%0A%23%5Bcfg(any(target_arch%20%3D%20%22x86%22%2C%20target_arch%20%3D%20%22x86_64%22))%5D%0Afn%20main()%20%7B%20unsafe%20%7B%0A%2F%2F%20Put%20the%20value%200x200%20in%20eax%0Aasm!(%22mov%20%24%240x200%2C%20%25eax%22%20%3A%20%2F*%20no%20outputs%20*%2F%20%3A%20%2F*%20no%20inputs%20*%2F%20%3A%20%22%7Beax%7D%22)%3B%0A%7D%20%7D%0A&version=nightly
https://play.rust-lang.org/?code=%23!%5Bfeature(asm)%5D%0A%23%5Bcfg(any(target_arch%20%3D%20%22x86%22%2C%20target_arch%20%3D%20%22x86_64%22))%5D%0Afn%20main()%20%7B%0Alet%20result%3A%20i32%3B%0Aunsafe%20%7B%0A%20%20%20asm!(%22mov%20eax%2C%202%22%20%3A%20%22%3D%7Beax%7D%22(result)%20%3A%20%3A%20%3A%20%22intel%22)%0A%7D%0Aprintln!(%22eax%20is%20currently%20%7B%7D%22%2C%20result)%3B%0A%7D%0A&version=nightly
http://llvm.org/docs/LangRef.html#inline-assembler-expressions
http://llvm.org/docs/LangRef.html#inline-assembler-expressions
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Be3s stdlib

I[To ymonuanuio, Std KOMIOHYeTCst C KaKIbIM KOHTeiHepoM Rust. B HEKOTOPBIX C/Iydasx 3TO
He)KeJlaTelbHO, U 3TOr0 MOXXHO u30exaTb ¢ momoreio arpubyta #![no std], npumenenHoro

(pYBSI3aHHOT0) K KOHTEHHeDYy.

// a minimal library F{LJr]
#![crate_type="1ib"]

#![feature(no_std)]

#![no_std]

OueBHIHO, [O/DKHO ObITh Heuto Gosbilee, ueM mpocto Gubmioreku: #[No std] moxHo
UCIIO/Ib30BaTh C HCIO/IHAEMBbIMA KOHTeHHepaMH, a YIpaB/isTh TOYKOM BXOJa MOXKHO [JBYMsI

criocobamu: ¢ momoteio arpubyra #[start], wim c momouibio NepeoripesesieH|s MPOKIAAKH

(shim) gs C dyskimu mMain mo ymomuaHuio Ha Barly COGCTBEHHYIO.

B ¢ynkimio, momeuenHyro arpubyrtom #[start], mepemarorcs mapamerpbl KOMaHHOM

CTPOKH B TOM ke (popmare, uto U B C:

#![feature(lang _items, start, no std, libc)] F{Ljr]
#![no_std]

// Pull in the system libc library for what crt0.o likely requires
extern crate libc;

// Entry point for this program

#[start]

fn start(_argc: isize, _argv: *const *const u8) -> isize {
0

// These functions and traits are used by the compiler, but not
// for a bare-bones hello world. These are normally

// provided by libstd.

#[lang = "stack exhausted"] extern fn stack exhausted() {}
#[1lang "eh personality"] extern fn eh personality() {}
#[1lang "panic_fmt"] fn panic_fmt() -> ! { loop {} }

YToObl TIEPEOTIPe/Ie/INTh BCTABIEHHYHO KOMIIAISITOPOM MPOK/IAAKy Main, HyKHO cHauasa
OTK/IIOUUTH ee ¢ momoiipio #! [N0 main], a 3arem co3gath COOTBETCTBYIOLIMH CHMBOJ C
npaBwibHEIM ABI ¥ TIDaBWIbHBIM WMEHEM, UTO TakKe IMOTpPeOyeT repeorpefiesieHne MCKaKeHHs]
(koBepkanusi) umeH Kommsisitopom (#[no_mangle]):

#![feature(no std)] F{Ljr]
#![no_std]

#![no_main]

#![feature(lang items, start)]

extern crate libc;

#[no _mangle] // pns yBepeHHOCTU B TOM, 4YTO 3TOT CuMBOJSI OyfeT Ha3biBaTbCs ~mMain’ Ha Bbixoge
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https://play.rust-lang.org/?code=%2F%2F%20a%20minimal%20library%0A%23!%5Bcrate_type%3D%22lib%22%5D%0A%23!%5Bfeature(no_std)%5D%0A%23!%5Bno_std%5D%0A%2F%2F%20fn%20main()%20%7B%7D%20tricked%20you%2C%20rustdoc!%0A&version=nightly
https://play.rust-lang.org/?code=%23!%5Bfeature(lang_items%2C%20start%2C%20no_std%2C%20libc)%5D%0A%23!%5Bno_std%5D%0A%0A%2F%2F%20Pull%20in%20the%20system%20libc%20library%20for%20what%20crt0.o%20likely%20requires%0Aextern%20crate%20libc%3B%0A%0A%2F%2F%20Entry%20point%20for%20this%20program%0A%23%5Bstart%5D%0Afn%20start(_argc%3A%20isize%2C%20_argv%3A%20*const%20*const%20u8)%20-%3E%20isize%20%7B%0A%20%20%20%200%0A%7D%0A%0A%2F%2F%20These%20functions%20and%20traits%20are%20used%20by%20the%20compiler%2C%20but%20not%0A%2F%2F%20for%20a%20bare-bones%20hello%20world.%20These%20are%20normally%0A%2F%2F%20provided%20by%20libstd.%0A%23%5Blang%20%3D%20%22stack_exhausted%22%5D%20extern%20fn%20stack_exhausted()%20%7B%7D%0A%23%5Blang%20%3D%20%22eh_personality%22%5D%20extern%20fn%20eh_personality()%20%7B%7D%0A%23%5Blang%20%3D%20%22panic_fmt%22%5D%20fn%20panic_fmt()%20-%3E%20!%20%7B%20loop%20%7B%7D%20%7D%0A%2F%2F%20fn%20main()%20%7B%7D%20tricked%20you%2C%20rustdoc!%0A&version=nightly
https://play.rust-lang.org/?code=%23!%5Bfeature(no_std)%5D%0A%23!%5Bno_std%5D%0A%23!%5Bno_main%5D%0A%23!%5Bfeature(lang_items%2C%20start)%5D%0A%0Aextern%20crate%20libc%3B%0A%0A%23%5Bno_mangle%5D%20%2F%2F%20%D0%B4%D0%BB%D1%8F%20%D1%83%D0%B2%D0%B5%D1%80%D0%B5%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D0%B8%20%D0%B2%20%D1%82%D0%BE%D0%BC%2C%20%D1%87%D1%82%D0%BE%20%D1%8D%D1%82%D0%BE%D1%82%20%D1%81%D0%B8%D0%BC%D0%B2%D0%BE%D0%BB%20%D0%B1%D1%83%D0%B4%D0%B5%D1%82%20%D0%BD%D0%B0%D0%B7%D1%8B%D0%B2%D0%B0%D1%82%D1%8C%D1%81%D1%8F%20%60main%60%20%D0%BD%D0%B0%20%D0%B2%D1%8B%D1%85%D0%BE%D0%B4%D0%B5%0Apub%20extern%20fn%20main(argc%3A%20i32%2C%20argv%3A%20*const%20*const%20u8)%20-%3E%20i32%20%7B%0A%20%20%20%200%0A%7D%0A%0A%23%5Blang%20%3D%20%22stack_exhausted%22%5D%20extern%20fn%20stack_exhausted()%20%7B%7D%0A%23%5Blang%20%3D%20%22eh_personality%22%5D%20extern%20fn%20eh_personality()%20%7B%7D%0A%23%5Blang%20%3D%20%22panic_fmt%22%5D%20fn%20panic_fmt()%20-%3E%20!%20%7B%20loop%20%7B%7D%20%7D%0A%2F%2F%20fn%20main()%20%7B%7D%20tricked%20you%2C%20rustdoc!%0A&version=nightly
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pub extern fn main(argc: 132, argv: *const *const u8) -> i32 {

0
}
#[lang = "stack exhausted"] extern fn stack exhausted() {}
#[lang = "eh personality"] extern fn eh personality() {}
#[lang = "panic fmt"] fn panic_fmt() -> ! { loop {} }

B HacTosiiiee Bpemsi KOMIWJISITOP [leflaeT OIpe/ie/ieHHbIe TPEeANIONIOKEHUSI O CHUMBOJIAX,
KOTOpble [IOCTYTHBI [/IS BbI30Ba B UCIO/IHSIEMOM KOHTeliHepe. Kak mpaBwio, 3TU (GyHKLUUH
TIPeJOCTaB/ISIOTCS. CTaHJapTHOW OMOMMOTeKON, HO eC/iM OHAa He WCTO/Mb3yeTCs, TO Bbl JO/DKHBI

orpeaejnTb uX CaMOCTOATE/IbHO.

[lepBasi w3 »3Tux Tpex o¢yukiumi, stack exhausted, BeisbiBaeTcs Torga, korga
obHapykuBaeTcs (TIPOMCXOAUT) TMeperoiHeHre cTeKa. JTa (YHKIUS KMeeT psifi OTrpaHUUYeHHH,
KacarolMxcsl TOro, Kak OHa MOKeT ObITh BbI3BaHa U TOTO, UTO OHA [JOJDKHA [ieJlaTh, HO eC/IU PEerucTp
Tipe/iesnia CTeKa He TO//Iep)KUBaeTcsl, TO TIOTOK Bcerga uMeeT «OeCKOHEUHbIN cTeK» U 3Ta QyHKLUsS He

Jlo/KHA OBITH BbI3BaHa (TIOyUMTh yIIpaBieHue, CpabaThiBaTh).

Bropast u3 3Tux Tpex ¢yHkiumi, eh _personality, ucnonssyercs B MexaHusme 06pabOTKH
ombok kommuisitopa. OHa yacto oTobpakaeTcss Ha QyHKIMIO personality (cnemmamusauuu) GCC

(Anst ToNMyueHUWsT  IOTIOJTHUTENbHOW MHGOpMaluu  CcMOTpU peanusaimio libstd), HO MOXHO C

YBEPEHHOCThIO CKa3aThb, YTO /IJIsi KOHTEMHEPOB, KOTOPbIe He BbI3bIBAIOT MAaHUKY, 3Ta (PyHKLIMsI HUKOTJa
He OyzgerT Bbi3BaHa. Ilocmeguss QyHKOWs, panic fmt, takke wHCrons3yrOTCs B MexaHH3Me

00paboTKH OMIMO0K KOMIH/ISITOPA.

icnonb3oBaHne ocHoBHOK 6nbnnotekn (libcore)

IIpumeuaHue: CTPyKTypa OCHOBHOM OubmoTeku (core) siBIsieTCsl HeCTaOWIBHOM, U
MO3TOMY DEKOMeHZYeTCsl HCII0/b30BaTh CTaHJApTHYI0 Oubmuoreky (std) Tam, rmge 31O
BO3MOJKHO.

C yueToM yKa3aHHBIX Bblllle MeTO/OB, Y HaC eCTb YUCTO-MeTa/l/IMueCKUM UCTIOIHSeMbIN KOJ
pabotaet Rust. CrangaptHas 6ubnvoreka rpefocTasiseT HeMano (GyHKI[MOHATBHBIX BO3MOXHOCTEH,
ofHaKo, Ansi Rust Takke Ba)kHa MPOM3BOJUTENbHOCTh. Ecim crTaHzaptHas Oubnmvoreka He

COOTBETCTBYeT 3TUM TpeOOBaHUsIM, TO BMECTO Hee MOKeT ObITh MCIob30BaHa libcore.

OcHoBHasi 6MO/IMOTEKAa UMEeT OUeHb MaJji0 3aBUCHUMOCTEH W ropas3fo 0osee KOMITaKTHa, YeM
cTaHjapTHas 6ubmroreka. Kpome Toro, ocHoBHast 6MG/IMOTEKAa MMeeT OOJIBIITYI0 YacTh He0OX0AUMOM

(YHKLMOHATBHOCTH JIJIs1 HAalTMCAHWS MIMOMaTHyecKoro 1 3¢ ¢ eKTUBHOro Kofia Ha Rust.

B kauecTBe mprMepa npuBefieM MPOrpamMMy, KOTOpasi BbIUMC/SET CKa/sipHOe IpOW3Be/ieHue

[ABYX BEKTOPOB, IIPpeA0CTaB/IEHHBIX M3 KOAd C, W UCIIOJIb3YeT nANOMaTUYeCKKe TIPAKTHKKU Rust.

#![feature(lang items, start, no std, core, libc)] F{[jr]
#![no_std]
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http://doc.rust-lang.org/std/rt/unwind/index.html
http://doc.rust-lang.org/core/index.html
https://play.rust-lang.org/?code=%23!%5Bfeature(lang_items%2C%20start%2C%20no_std%2C%20core%2C%20libc)%5D%0A%23!%5Bno_std%5D%0A%0Aextern%20crate%20libc%3B%0Aextern%20crate%20core%3B%0A%0Ause%20core%3A%3Aprelude%3A%3A*%3B%0A%0Ause%20core%3A%3Amem%3B%0A%0A%23%5Bno_mangle%5D%0Apub%20extern%20fn%20dot_product(a%3A%20*const%20u32%2C%20a_len%3A%20u32%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20b%3A%20*const%20u32%2C%20b_len%3A%20u32)%20-%3E%20u32%20%7B%0A%20%20%20%20use%20core%3A%3Araw%3A%3ASlice%3B%0A%0A%20%20%20%20%2F%2F%20Convert%20the%20provided%20arrays%20into%20Rust%20slices.%0A%20%20%20%20%2F%2F%20The%20core%3A%3Araw%20module%20guarantees%20that%20the%20Slice%0A%20%20%20%20%2F%2F%20structure%20has%20the%20same%20memory%20layout%20as%20a%20%26%5BT%5D%0A%20%20%20%20%2F%2F%20slice.%0A%20%20%20%20%2F%2F%0A%20%20%20%20%2F%2F%20This%20is%20an%20unsafe%20operation%20because%20the%20compiler%0A%20%20%20%20%2F%2F%20cannot%20tell%20the%20pointers%20are%20valid.%0A%20%20%20%20let%20(a_slice%2C%20b_slice)%3A%20(%26%5Bu32%5D%2C%20%26%5Bu32%5D)%20%3D%20unsafe%20%7B%0A%20%20%20%20%20%20%20%20mem%3A%3Atransmute((%0A%20%20%20%20%20%20%20%20%20%20%20%20Slice%20%7B%20data%3A%20a%2C%20len%3A%20a_len%20as%20usize%20%7D%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20Slice%20%7B%20data%3A%20b%2C%20len%3A%20b_len%20as%20usize%20%7D%2C%0A%20%20%20%20%20%20%20%20))%0A%20%20%20%20%7D%3B%0A%0A%20%20%20%20%2F%2F%20Iterate%20over%20the%20slices%2C%20collecting%20the%20result%0A%20%20%20%20let%20mut%20ret%20%3D%200%3B%0A%20%20%20%20for%20(i%2C%20j)%20in%20a_slice.iter().zip(b_slice.iter())%20%7B%0A%20%20%20%20%20%20%20%20ret%20%2B%3D%20(*i)%20*%20(*j)%3B%0A%20%20%20%20%7D%0A%20%20%20%20return%20ret%3B%0A%7D%0A%0A%23%5Blang%20%3D%20%22panic_fmt%22%5D%0Aextern%20fn%20panic_fmt(args%3A%20%26core%3A%3Afmt%3A%3AArguments%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20file%3A%20%26str%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20line%3A%20u32)%20-%3E%20!%20%7B%0A%20%20%20%20loop%20%7B%7D%0A%7D%0A%0A%23%5Blang%20%3D%20%22stack_exhausted%22%5D%20extern%20fn%20stack_exhausted()%20%7B%7D%0A%23%5Blang%20%3D%20%22eh_personality%22%5D%20extern%20fn%20eh_personality()%20%7B%7D%0A%23%5Bstart%5D%20fn%20start(argc%3A%20isize%2C%20argv%3A%20*const%20*const%20u8)%20-%3E%20isize%20%7B%200%20%7D%0Afn%20main()%20%7B%7D%0A&version=nightly
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extern crate core;
use core::prelude::*;
use core::mem;

#[no_mangle]
pub extern fn dot product(a: *const u32, a len: u32,
b: *const u32, b len: u32) -> u32 {
use core::raw::Slice;

// Convert the provided arrays into Rust slices.
// The core::raw module guarantees that the Slice
// structure has the same memory layout as a &[T]
// slice.
//
// This is an unsafe operation because the compiler
// cannot tell the pointers are valid.
let (a_slice, b _slice): (&[u32], &[u32]) = unsafe {
mem: :transmute((
Slice { data: a, len: a _len as usize },
Slice { data: b, len: b _len as usize },
))
+

// Iterate over the slices, collecting the result

let mut ret = 0;

for (i, j) in a_slice.iter().zip(b slice.iter()) {
ret += (*1) * (*j);

}

return ret;

#[lang = "panic_fmt"]

extern fn panic_fmt(args: &core::fmt::Arguments,
file: &str,
line: u32) -> ! {

loop {}
}
#[lang = "stack exhausted"] extern fn stack exhausted() {}
#[lang = "eh personality"] extern fn eh personality() {}

O6paruTte BHMMaHHe, UTO 37leCh, B OT/IMYae OT IMPUMEPOB, PACCMOTPEHHbIX BBIIIe, eCTh OfWH
JIOTIONIHUTE/bHBIN lang snement panic fmt. Ou gomken 6wITh Ompesenén norpeburessmu libcore,
MOTOMY UTO OCHOBHasi OWO/IMOTeKAa OOBSIB/SET IMaHWKY, HO He orpefenseT eé€. lang sneMeHT
panic fmt ompezensier maHuKy [/ 9TOr0 KOHTelHepa, ¥ HEOOXOAMMO rapaHTHPOBaTh, YTO OH

HHUKOT/lda He BO3BpAIllde€T 3HAUEHHE.

Kak BHZIHO B 3TOM MpUMepe, OCHOBHasi OMO/IMOTeKa MpeiHa3HaueHa [ijisi TIPeJ0CTaB/IeHUs BCei
Mo Rust rmpu  moOBIX  0OCTOSITENIbCTBAX, HE3aBUCUMO OT TpeboBaHHWM  T/1aT(HOPMBI.

IononHuTenbHbIe 6UOMMOTEKH, Takue Kak liballoc, mo6aBnstoT dyHKIMOHaMLHOCTD A/ libcore, st
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paboTBl KOTOPOM HY)XHO CJie/laTh HEKOTOpble T11aT(OpMO-3aBUCUMBIE TIPE/IIONOKEHUsT; HO 3TH
O6ub/MMoTeKH BCE paBHO OOee TIePeHOCHUMbI, YeM CTaHAapTHast OMOIMOTEKA B I1€/TOM.

7.2. BcTpoeHHbI acceMOiepHbIv kon7.4. BHyTpeHHMe cpeicTBa
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BHyTpeHHMe cpencTaa (intrinsics)

IIpumeuanue: BHyTpeHHUE Cpe/CTBAa Bcerzaa OyayT MMeTh HeCTaOWIBHBIN WHTepdeiic,
PeKOMeH/IyeTCsI MCII0/Ib30BaTh CTabuIbHBIe UHTepdelick libcore, a He BHyTpeHHHe HaNpPsIMYIO.

Onu uMMopTUpYIOTCs Kak ecau Obl oHu Obuin FFI dyHkumsmu, co creruanbHeiM Fust -
intrinsic ABI. Hampumep, ecid, HaXo[sCh B OTA€/JbHOM (@aBTOHOMHOM) KOHTEKCTE, XOUeTCst
MMeTb  BO3MOXHOCTb transmute wexay TumamMu, a Takke MCIIOIb30BaTh 3()(EKTUBHYIO

apuQMeTHKy yKa3aresiei, ToO MO)KHO UMITIOPTUPOBATh 3T (YHKLMK uepe3 00bsiB/IeHHe, Takoe KaK

extern "rust-intrinsic" { F{L]r]
fn transmute<T, U>(x: T) -> U;

fn offset<T>(dst: *const T, offset: isize) -> *const T;

Kak u c mobeiMu apyrumvu FFI GyHKIMsIMU, UX BBI30B BCerga Hebe3oraceH W MoMeueH Kak
unsafe.

7.3. Bes stdlib7.5. DyieMeHThI g3bIKa
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AnemeHThbl a3blka (lang items)

3aMeuaHue: MHOTHMe 3/IeMeHThI SI3blKa MPeJjOCTaB/ISI0TCsl KOHTeliHepaMU B CTaH/lapTHOU
rnocraBke Rust, a y caMux 571eMeHTOB s3blka HeCTaOWIbHbIM HHTepdeiic. PekomeHgyeTcs
HCII0/1b30BaTh O(UIMAIbHO paclipoCTpaHsieMble KOHTeHepbl, BMECTO TOT0, UYTOObI OTpeZiensiTh
CBOM COOCTBEHHBIE 3/IeMeHTHI sI3bIKa.

Y kommuisTopa ruStC ecTtb HeKOTOpble IMOAK/IIOUaeMble OMepalyy, T.e. (QYHKLHOHAJ, He
BCTPOEHHBIN KECTKO B SI3bIK, a peajM30BaHHbIM B OMOMMOTEKAaX W CrelMaJbHO MOMEUeHHBIH Kak
57eMeHT si3bika. MeTka — 310 arpubyt #[ lang="..."]. EcTe pa3nuuHbie 3HaueHws . .., Te.

Pa3HbIe «3JIEMEHTBI A3bIKa».

Haripumep, a/is ykaszaresieii BOX Hy)KHBI ZiBa 3/1eMeHTa s13blKa — [i/Isl BbIJeJIeHUs] TIaMATH U
AJid 0CBO60>K,£[€HI/ISI. Bor nporpamMmmd, He KUCII0/Ib3yroliadad CTaHAAdPTHYIO 6I/I6J'II/IOTEKy, W peaj/in3yrollas
Box uepe3 malloc u free:

#![feature(lang _items, box _syntax, start, no_std, libc)] F{Ljr]
#![no_std]

extern crate libc;

extern {

fn abort() -> !;
}
#[lang = "owned box"]

pub struct Box<T>(*mut T);
#[lang="exchange _malloc"]
unsafe fn allocate(size: usize, _align: usize) -> *mut u8 {

let p = libc::malloc(size as libc::size t) as *mut u8;

// malloc 3aBepuwncs ownbkown

if p as usize == 0 {
abort();

}

p

}

#[lang="exchange free"]

unsafe fn deallocate(ptr: *mut u8, size: usize, align: usize) {
libc::free(ptr as *mut libc::c_void)

#[start]
fn main(argc: isize, argv: *const *const u8) -> isize {
let x = box 1;
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https://play.rust-lang.org/?code=%23!%5Bfeature(lang_items%2C%20box_syntax%2C%20start%2C%20no_std%2C%20libc)%5D%0A%23!%5Bno_std%5D%0A%0Aextern%20crate%20libc%3B%0A%0Aextern%20%7B%0A%20%20%20%20fn%20abort()%20-%3E%20!%3B%0A%7D%0A%0A%23%5Blang%20%3D%20%22owned_box%22%5D%0Apub%20struct%20Box%3CT%3E(*mut%20T)%3B%0A%0A%23%5Blang%3D%22exchange_malloc%22%5D%0Aunsafe%20fn%20allocate(size%3A%20usize%2C%20_align%3A%20usize)%20-%3E%20*mut%20u8%20%7B%0A%20%20%20%20let%20p%20%3D%20libc%3A%3Amalloc(size%20as%20libc%3A%3Asize_t)%20as%20*mut%20u8%3B%0A%0A%20%20%20%20%2F%2F%20malloc%20%D0%B7%D0%B0%D0%B2%D0%B5%D1%80%D1%88%D0%B8%D0%BB%D1%81%D1%8F%20%D0%BE%D1%88%D0%B8%D0%B1%D0%BA%D0%BE%D0%B9%0A%20%20%20%20if%20p%20as%20usize%20%3D%3D%200%20%7B%0A%20%20%20%20%20%20%20%20abort()%3B%0A%20%20%20%20%7D%0A%0A%20%20%20%20p%0A%7D%0A%23%5Blang%3D%22exchange_free%22%5D%0Aunsafe%20fn%20deallocate(ptr%3A%20*mut%20u8%2C%20_size%3A%20usize%2C%20_align%3A%20usize)%20%7B%0A%20%20%20%20libc%3A%3Afree(ptr%20as%20*mut%20libc%3A%3Ac_void)%0A%7D%0A%0A%23%5Bstart%5D%0Afn%20main(argc%3A%20isize%2C%20argv%3A%20*const%20*const%20u8)%20-%3E%20isize%20%7B%0A%20%20%20%20let%20x%20%3D%20box%201%3B%0A%0A%20%20%20%200%0A%7D%0A%0A%23%5Blang%20%3D%20%22stack_exhausted%22%5D%20extern%20fn%20stack_exhausted()%20%7B%7D%0A%23%5Blang%20%3D%20%22eh_personality%22%5D%20extern%20fn%20eh_personality()%20%7B%7D%0A%23%5Blang%20%3D%20%22panic_fmt%22%5D%20fn%20panic_fmt()%20-%3E%20!%20%7B%20loop%20%7B%7D%20%7D%0A&version=nightly
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#[1lang
#[1lang
#[1lang

= "stack exhausted"] extern fn stack exhausted() {}
"eh personality"] extern fn eh personality() {}
"panic_fmt"] fn panic fmt() -> ! { loop {} }

3ametsTe, uto €xchange malloC momkeH BO3BpalaTh [JOMYCTUMBINA yKa3aresb, OITOMY

OH TTPOM3BOAIUT TIPOBEPKY BHYTpH U fiesiaeT abort, ecim oHa He mporiuia.

Hipke rnepeyurc/ieHbl ApyTrrve BO3MOXHOCTH, MPpeAoCTaB/iseMble 2JIEMEHTAMU SA3bIKA:

reperpy)kaeMble  OTepaTtopbl Yepe3 THMaKW: THIaXKH, COOTBETCTBYKOIMe ==, <,
paseiMeHoBaHuiO (*), + M ApyrMM oreparopaM, [OMeYeHbl KaK 3/IeMEHThI s3bIKa;
KOHKDETHO 3TH THUTI&XKHU IoMeueHbl Kak €q, ord, deref u add;

packpyTka creka u oOmias ommwmbOka; sto 3nementsl €h personality, fail u
fail bounds check;

Tvnaxu B Mogyne Std::marker, ucnonab3yeMble 4ToObl OMeYaTh Pas/MuHbIE THITHI;
s/eMeHTsl Send, Sync u Copy;

TUNLI-METKA W WHAMKAToOphl  BapvanTHocti w3 std::marker; sro snemeHThI

covariant type, contravariant lifetime u gpyrue.

DJIeMeHTBI I3bIKa 3arPY’KAlTCsl KOMITU/ISITOPOM JIEHUBO, T.€. €C/Id MPOrpaMma He HCIOJIb3yeT
Box, Bam He HykHO ompezesisiTh meMenThl €XChange malloc u exchange free. rustc

BbIJACT O]_LII/I6Ky, eCJ/Id 3JIeMEeHT sA3bIKa HeO6XO,£[I/IM, HO He HaﬁAEH HU B TEKYLIEM KOHTEﬁHepe, HHU B

€r'o 3dBUCHMOCTAX.

7.4. Buytpennue cpezncrBa?7.6. IIpoaBHHYTOE DYKOBO/CTBO 110 KOMIIOHOBKE
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[MpoaBMHYTOE  PYKOBOACTBE NO  KOMMOHOBKE
(advanced linking)

PacripocTpaHéHHBIE CUTYal[UM, B KOTOPbIX TpeOoOBasach KOMIIOHOBKA C KojoM Ha Rust, yxe
ObUTM pacCMOTpeHbI B TPeJBIAYIIMX T[laBaXx KHUrHM. OfHAKO /sl TOAZEpP>KKH TPO3PayHOro
B3aMMO/IEMCTBUSI C HAaTUBHbIMU OubiuoTekamu TpeOyercss Oosee IIMpOKasi TOAJEpXKKa pa3HbIX

BdpUdAHTOB KOMITOHOBKH.

AprymeHTbl KOomMnoHoBKkM (link args)

ECTb TONBKO OfIMH CIOCOO TOHKOM HACTPOWKM KOMIMOHOBKM — atpubytr Link args. Otor
arpubyT npuMeHsieTcs K 6;iokam €Xtern, u ykasbiBaeT ChIpble apryMeHTbI, KOTOPbIe [JO/KHbI ObITh

repe/jaHbl KOMITOHOBIIMKY TIPU CO3ZlaHUU apTedakTa. Hanprmep:

#![feature(link args)] Run
#[link args = "-foo -bar -baz"]
extern {}

O6paruTe BHHUMaHHe, UTO 3Ta BO3MOKHOCTH CKphiTa 3a Teature(link args), tak kak
9TO HeIUTATHLIA Crmoco06 KOMITOHOBKMA. B faHHbBIA MOMeHT FUStC BbI3bIBaeT CHCTEMHbIN
KOMITOHOBII[MK (Ha GOJIBIIIMHCTBE CKCTeM 9T0 §CC, Ha Windows — Link.exe), mosromy nepezaua
apryMeHTOB KOMaH/IHOM CTPOKM MMeeT CMbIC/I. Ho peanu3aiust He Bcerga OyzeT Takoii — B Gyayiriem

rustC Moxer HarpsiMyro KCIo/b30BaTh LLVM [is1 CBA3bIBaHWSI C HaTUBHLIMH OHOIHOTEKaMH, U
torga Link args craner GeccmbiciieHHbIM. Toro ke 3hQekTa MOXKHO [AOCTHUIHYTh C TIOMOII[bIO
nepegaun rustc aprymenta -C link-args.

KpaiiHe peKoMeHyeTcs He MCIIO/b30BaTh 3TOT aTpUOyT, U MO/Ib30BaThCsl BMECTO HEro Gosee
TOUHO orpeziesiéHHBIM arpubytom #1ink (... ) aas G6iokoB extern.

CTtaTtnyeckoe cBda3biBaHme

CraTrueckoe CBSI3bIBAHME — 3TO TMPOLIECC CO3[aHMsl apTedakTa, KOTODbI COMEPXKUT BCe
HY)KHble OHUOMOTEKH, U TIOTOMY He MOTpeOyeT YCTaHOB/IEHHBIX OMOMMOTEK Ha IieJIeBOM CHCTEMe.
Bubsoreku Ha Rust 10 yMO/TUaHHIO CBSI3BIBAIOTCS CTaTUUECKU, IO3TOMY TIPUJIOXKEHUST U OUO/IHMOTeKH
Ha Rust MOXHO HCro/b30BaTh Oe3 ycTaHOBKM Rust moBctogy. HampoTuB, HaTHBHble OGHOIMOTEKU
(narmpumep, LibC wu libm) 06buHO CBA3BIBAIOTCS JUHAMUYECKH, HO 9TO MOXKHO H3MEHWUTh, U

cZeiarb yTOOBI OHU TaK)Ke CBA3BLIBA/IACH CTATUUECKHU.

KomrnoHoBKa — 3TO mipoliecc, KOTOPbIi peasn3yeTcs Mo-pa3HOMY Ha pas3HbIX miatdopmax. Ha
HEKOTOPBIX M3 HUX CTaTHUeCKoe CBs3bIBaHWe BOOOIe He BO3MOXKHO! DTOT pasien Tpejriosaraer

3HAKOMCTBO C TIPOL[eCCOM KOMITOHOBKH Ha Bailiei ruiatdopme.

[TpoaBUHYTOE PyKOBOZCTBe T10 KOMITIOHOBKe (advanced linking) 317


https://play.rust-lang.org/?code=%23!%5Bfeature(link_args)%5D%0A%0A%23%5Blink_args%20%3D%20%22-foo%20-bar%20-baz%22%5D%0Aextern%20%7B%7D%0Afn%20main()%20%7B%7D%0A&version=nightly
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Linux

[To ymosuaHuto, mporpaMMel Ha Rust st Linux KOMIOHYOTCS ¢ cucTemHOod LibC u eg
HEKOTOpbIMU OubMMoTekamu. [laBaiiTe MOCMOTPUM Ha TipuMep Ha 64-6utHoi MammHe ¢ Linux, GCC

u glibc (camoii monyasiproii LibC Ha Linux):

$ cat example.rs

fn main() {}

$ rustc example.rs

$ ldd example
linux-vdso.so0.1l => (0x00007ffd565fd000)
libdl.so0.2 => /1ib/x86 64-1linux-gnu/libdl.so0.2 (0x00007fa81889c000)
libpthread.so.0 => /1ib/x86 64-1inux-gnu/libpthread.so.0 (0x00007fa81867e000)
librt.so.1 => /1ib/x86 64-linux-gnu/librt.so.1l (0x00007fa818475000)
libgcc s.so.1 => /1ib/x86 64-linux-gnu/libgcc_s.so.1l (0x00007fa81825f000)
libc.so0.6 => /1ib/x86 64-1linux-gnu/libc.so0.6 (0x00007fa817e9a000)
/1ib64/1d-1inux-x86-64.s0.2 (0x00007fa818cf9000)
libm.so.6 => /1ib/x86 64-1linux-gnu/libm.so0.6 (0x00007fa817b93000)

I/IHOI"/:[EI AWHAMHW4YeCKOoe CBfA3bIBaHME Hd Linux He)Xe/aTe/bHO: Haripymep, eC/id Bbl XOTHUTE
HCII0/Ib30BaTh BO3MOYKHOCTU U3 HOBBIX OMO/IMOTEK Ha CTapbIX CUCTEMAaX WK Ha LEJIEBbIX CUCTEMaAX

HeT TaKuX OUOIMOTeK.

CraTvueckoe CBs3bIBAHHE BO3MOXHO C asbrepHatuBHOM Libc, musl. Boer moxere
CKOMITUA/IAPOBAaTh CBOKO Bepcuio Rust, koTopast GymeT ucrosb3oBaTh MUSL, W yCcTaHOBUTHL e€é B

OT/le/IbHYIO0 IUPEKTOPHIO, C TIOMOILLbI0 MHCTPYKLIMY, TTPUBEJEHHON HIKe:

$ mkdir musldist

$ PREFIX=$(pwd)/musldist

$

$ # Build musl

$ wget http://www.musl-libc.org/releases/musl-1.1.10.tar.gz

[...]

$ tar xf musl-1.1.10.tar.gz

$ cd musl-1.1.10/

musl-1.1.10 $ ./configure --disable-shared --prefix=$PREFIX

[...]

musl-1.1.10 $ make

[...]

musl-1.1.10 $ make install

[...]

musl-1.1.10 $ cd ..

$ du -h musldist/lib/libc.a

2.2M musldist/lib/1libc.a

$

$ # Build libunwind.a

$ wget http://1lvm.org/releases/3.6.1/1lvm-3.6.1.src.tar.xz

$ tar xf llvm-3.6.1.src.tar.xz

$ cd 1lvm-3.6.1.src/projects/

1lvm-3.6.1.src/projects $ svn co http://1lvm.org/svn/1lvm-project/libcxxabi/trunk/ libcxxab
i

1lvm-3.6.1.src/projects $ svn co http://1lvm.org/svn/1lvm-project/libunwind/trunk/ libunwin
d

1lvm-3.6.1.src/projects $ sed -i 's#"\(include directories\).*$#\0\n\1(../libcxxabi/include
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)#' libunwind/CMakelLists.txt

1lvm-3.6.1.src/projects $ mkdir libunwind/build

1lvm-3.6.1.src/projects $ cd libunwind/build
1lvm-3.6.1.src/projects/libunwind/build $ cmake -DLLVM PATH=../../.. -DLIBUNWIND ENABLE SHA
RED=0 ..

1lvm-3.6.1.src/projects/libunwind/build $ make
1lvm-3.6.1.src/projects/libunwind/build $ cp lib/libunwind.a $PREFIX/lib/
1lvm-3.6.1.src/projects/libunwind/build $ c¢d cd ../../../../

$ du -h musldist/lib/libunwind.a

164K musldist/lib/libunwind.a

$

$ # Build musl-enabled rust

$ git clone https://github.com/rust-lang/rust.git muslrust

$ cd muslrust

muslrust $ ./configure --target=x86 64-unknown-linux-musl --musl-root=$PREFIX --prefix=$PRE
FIX

muslrust $ make

muslrust $ make install

muslrust $ cd ..

$ du -h musldist/bin/rustc

12K musldist/bin/rustc

Teriepp y Bac ectb cbopka Rust ¢ musl! TIOCKOIBKY Mbl YCTAaHOBH/IA €€ B OT/AEIbHYHO

KOPDHEBYIO AUPEKTOPHIO, HaJAO0 YAOCTOBEPHUTLCA B TOM, UTO CHUCTEMd MOXET HaWTHU KCIO/HSEMbIe

(aitsibl ¥ OUOIMOTEKU:

$ export PATH=$PREFIX/bin:$PATH
$ export LD LIBRARY PATH=$PREFIX/1lib:$LD LIBRARY_ PATH

IagatiTe rornpobyem!

$ echo 'fn main() { println!("hi!"); panic!("failed"); }' > example.rs
$ rustc --target=x86 64-unknown-linux-musl example.rs
$ 1dd example
not a dynamic executable

$ ./example
hi!
thread '<main>' panicked at 'failed', example.rs:1

Ycrnex! OTa rporpaMma Mo)KeT ObITb CKOITUPOBAHA Ha IOUTH JIF00Y0 MalyHy ¢ Linux c Toi xe

apXUTEKTYPOH rporjeccopa u OyzeT paborath 6e3 rpobsem.

cargo build Takke npunumaer ommio - -target, tak uro Bl MoXeTe coOMpaTh
KOHTeHHepbl Kak 00biuHO. O/[HAaKO, BO3MOXKHO BaM TMPHAETCS repecobparh HaTMBHbIE OMOIMOTEKH C

mus L , YTOOBLI UIMETh BO3MOKHOCTE CKOMITOHOBAThCS C HUMH.

7.5. DneMeHThI 13bIKa7.7. TecThbl IIPOU3BOAUTEILHOCTHU
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TecTbl NPON3BOANTENNILHOCTH

Rust mnopzepkuBaeT TeCTbl  MPOU3BOAMUTENBHOCTH, KOTOpPble TOMOTalOT  U3MEpUTh
MPOM3BO/IMTE/ILHOCTL Balllero koga. [laeaiite w3menum Hamr Src/Lib.rs, uroGel oH BbiIsAAET

ciefyroImmM 00pa3oM (KOMMeHTapyH OMYIIeHbI):
#1 [feature(test)] Run
extern crate test;

pub fn add two(a: i32) -> i32 {
a+ 2

#[cfg(test)]
mod tests {
use super::*;
use test::Bencher;

#[test]
fn it works() {
assert eq! (4, add two(2));

#[bench]
fn bench _add two(b: &mut Bencher) {
b.iter(|| add_two(2));

Ob6paTuTe BHMMaHHe Ha BKJItOueHHe Bo3MO)KHOCTH (feature gate) test, uro Bksiouaer 3Ty

HECTEI6I/IJII>HYI-O BO3MO)XHOCTb.

Mbl  umniopThpoBasud  KoHTeliHep teSt, KoTopeili BK/IOYAaeT TOAJEPKKY U3MepeHus
MPOM3BOUTEILHOCTH. Y HAC eCTh HOBast (DYHKLIMS, aHHOTHPOBAHHasi C TIOMOIIbo arpubyta bench.
B ommune 0T O0OBIYHBIX TE€CTOB, KOTOpble H€ IIPUHUMAIOT HHKAKHX dpPrymMmeHTOB, TeCThbI
MPOU3BOJUTEILHOCTY B  KauecTBe aprymeHra mnpuHumaroT &mut Bencher. Bencher
IIpefoCTaB/IsAeT MeTO[ iter, KOTOPbI B KauecTBe aprymeHTa TIPUHUMaeT 3aMblKaHuhe. ITO
3aMbIKaHUE COJIEP)KUT KOJI, [IPOU3BOIUTE/TLHOCTh KOTOPOTO Mbl XOTe/H ObI TTPOTECTUPOBATD.

3aryck TeCTOB NPOU3BO/IUTETLHOCTH OCYIeCTB/IsIeTCs KOMaH10k Cargo bench:

$ cargo bench
Compiling adder v0.0.1 (file:///home/steve/tmp/adder)
Running target/release/adder-91b3e234d4ed382a
running 2 tests
test tests::it works ... ignored

test tests::bench add two ... bench: 1 ns/iter (+/- 0)

test result: ok. 0 passed; 0 failed; 1 ignored; 1 measured
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Bce TecTel, He OTHOCSINMECS K TeCTaM MPOU3BOAMUTENTLHOCTH, ObUTM MPOUTHOPUPOBAHBL. BEI,
HaBepHOe, 3aMEeTH/IM, UTO BhINMOMHeHHe Cargo bench sanumaer HemHOro Gosblile BpeMeHU 4eM
cargo test. Oto mpoucxogut rmotomy, uto Rust 3amyckaeT Haill TECT HECKOJIBKO pa3, a 3areM
BbIJAeT CpefHee 3HaueHue. Tak Kak Mbl BBIIOJIHSEM C/IMIIKOM Majio TI0/Ie3HOH paboTel B 3TOM
npumMepe, y Hac ronyuyaercss 1 ns/iter (+/- 0), Ho OGbuta Gbl BbIBe/IeHA [UCTIEPCHSI, €C/TH ObI
ObLT OfIvH.

CoBeThbl 110 HalMCaHUIO TeCTOB TMPpONU3BOAUTE/IbBHOCTHU:

e Buyrpu iter nukia muinmTe TOMBKO TOT KOJI, IPOM3BOAUTENILHOCTH KOTOPOTO BbI XOTHUTE
W3MEepPHUTh; MHUI[MA/IM3AL|MIO BBIMO/IHSNTe 3a npeaenamu 1ter ukia

e Buyrpu iter yukia nuinmre Koz, KOTOPBIA OyleT HaeMIIoTeHTHBIM (OYyeT [e1aTh «TO XKe
camoe» Ha KaK/JJ0M uTepaliu); He HaKarulMBalTe U He U3MEeHSIITe COCTOsIHHe

e Bue iter iukia nuimmTe KOJ KOTOPbIHA Takke OyJeT WIEeMIIOTeHTHBIM; CKOpee BCero, OH
OyzieT 3aryiieH MHOTO pa3 BO BpeMsi TeCTa

e Buyrpu iter uukina nuimmre Ko, KOTOPBIA OyfeT KOPOTKHM W OBICTPHIM, TaK UTOOBI
3aMyCK{ TeCTOB TIPOMCXOJW/IN ObICTPO M KaaubpaTop MOT HaCTPOWThH JIMHY Tpobera c
TOYHBIM pa3pellieHreM

e BuyTpu iter uukna mnummre Kof, [AeNAOIMA UYTO-TO TMPOCTOE, uYTOOBI TOMOYL B

BBIABJIEHUN Y/TyULLI€EHUA (I/IJH/I YMEHBLLIEHI/IH) MpOU3BOJUTE/IbHOCTHU

Ocob6eHHOCTM oNTUMKU3aLnK

A BOT pyro#i C/I0)KHbIi MOMEHT, OTHOCSILLIMIACS K HalKCAHHIO TeCTOB IPOM3BOAUTETbHOCTH:
TEeCThbl, CKOMITUIMPOBAHHbIE C ONTUMH3alel, MOTYT ObITh 3HAUUTE/TLHO M3MeHEeHbI ONITUMH3aTOPOM,
rocsie yero tect OyJeT MepuTb MPOM3BOAWTENBHOCTh He TakK, KaK MbI 3TOro oxkujaeM. Hampumep,
KOMITUJIATODP MOJKeT OTpeZe/iTh, UTO HeKOTOphbIe BhIPDA)KEHHUsS] He OKAa3bIBAaIOT KAKUX-THO0 BHEILIHHX
3(¢heKTOB 1 IPOCTO YJATUT UX MTOTHOCTHIO.

#! [feature(test)] Run

extern crate test;
use test::Bencher;

#[bench]
fn bench xor 1000 ints(b: &mut Bencher) {
b.iter(]] {
(0..1000).fold(0, |old, new| old ~ new);
1
}

BbIBe/leT CJIeAyIOL1e pe3y/IbTaThl

running 1 test
test bench xor 1000 ints ... bench: 0 ns/iter (+/- 0)

test result: ok. 0 passed; 0 failed; 0 ignored; 1 measured
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[BWKOK [Ji1 3amycka TeCTOB TPOU3BOAUTENLHOCTA OCTaB/seT JIBEé  BO3MOXKHOCTH,
T03BOJISAOIHe 3TOr0 u3bexarh. JIMOO MCMo/b30BaTh 3aMblKaHUe, MepegaBaeMoe B meton iter,
KOTOpOe BO3BpalllaeT Kakoe-TuOO 3HaueHWe; TOrJ@ 3TO 3aCTaBUT ONTHUMH3aToOp AyMarb, UTO
BO3BpalljaeMoe 3HaueHHue OyZeT UCI0/b30BaHO, U3-3a Uero yAaaUTh BEIUMC/IEeHUs TIOJTHOCThIO OyJeT He
BO3MOXKHO. [I/1st IprMepa BBIIIe 3TOT0 MOXKHO JOCTUIHYTh, H3MEHUB Bbi3oBa b.1iter

b.iter(|] { Run

// note lack of ;° (could also use an explicit "return’).
(0..1000).fold(0, |old, new| old " new)
1)

Jlubo wucnonb3oBare Bei30B (yHkimu test::black box, koropas mpexcrasnsier coboii
«UEpHBIN AMK», HEMpPO3PauyHblil /I ONTMMM3aTOpa, TeM CaMbIM 3aCTaB/ss ero pacCMaTpUBaTh

JII000H ApryMeHT Kak HCHOHBBYEMbIﬁ.
#![feature(test)] Run
extern crate test;

b.iter(|] {
let n = test::black box(1000);

(0..n).fold(0, |a, b| a ~ b)
1)

B sTom npuMepe He MporuCXoAuUT HU UTE€HUA, HU U3MEHEHUS 3HAYEHMA, YTO OUYE€Hb [EIIeBO /i
MaJsbIX 3HaueHWi. Bosblre 3HaueHUs MOryT OBITh rnepefaHbl KOCBEHHO [Jid YMEHbIIEHHWS U3AE€PIKEK
(marpumep, black box(&huge struct)).

BrinosniHeHue OAHOT'0 HM3 BbILIENepeyrnC/JI€eHHbIX U3MEeHEeHUM AdeT caeayrouie pe3ysibTaTbl
H3MepeHHs IIPOrU3BOAUTE/IbHOCTHU

running 1 test
test bench xor 1000 ints ... bench: 131 ns/iter (+/- 3)

test result: ok. O passed; 0 failed; 0 ignored; 1 measured

Tem He MeHee, OINNTUMH3aTOp BCe elje MOXET BHOCHUTL HeXe/laTe/IbHble HW3ME€HEHUA B

oripeZie/;IeHHbIX C/1y4daddaX, Oda>Ke TPy MCI10/Ib30BAHKWN JIF000T0 U3 BBIIIEONTHCAHHBIX MMpruemMoB.

7.6. ITpoiBMHYTOE PYKOBOJCTBO IO KOMIIOHOBKe7.8. CUHTAaKCUC VIIAKOBKU U 11a0/10H6I match’
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CuHTaKcuc ynakoBku 1 WwabnoHbl match

B HacTosiiiee BpeMsi eJUHCTBEHHbIN CTaOWIBbHBIN Cr1ocob co3manus BOX — 310 co3manue c
nomoIneo Metoga Box: :new. B crabuibHOM cOopke Rust Takke HEBO3MOXKHO [IeCTPYKTYPHUPOBATh
BOoX mnpu wmcrnonb3oBaHMM COMOCTaBaeHUs C 11aboHOM. B HecTabwibHON cOOpPKe MOXKeT ObITh
UCI0/Th30BaHO KJTFOUeBOe C/IoBO DOX, Kak [yist co3nanuisi, Tak U /s AecTpykrypusaimu Box. Hike

npeacTaB/ieH IpUMep HUCII0Ib30BaHMS:
#![feature(box_syntax, box_ patterns)] F{Ljr]

fn main() {
let b = Some(box 5);
match b {
Some(box n) if n < 0 => {
println!("Box contains negative number {}", n);
1
Some(box n) if n >= 0 => {
println!("Box contains non-negative number {}", n);

}l
None => {

println!("No box");
+

_=> unreachable! ()

Ob6paTtuTe BHUMaHWe, UYTO 3TH BO3MO)KHOCTH B HACTOsilljee BpeMs SIBJISIOTCS CKPBITBIMH:
box syntax (co3manue ynakoBku) u box patterns (mecrpykryprpoBaHue U COIOCTABIEHHE C

00pasIiom), MOTOMY UTO CHHTAKCHC BCe ellje MOKeT U3MeHUThCS B OyyIem.

Bo3Bpar ykasaresem

Bo MHoOrux si3seikax c YKa3aTe/IIMH, Bbl MO)KeTe BEPDHYTH yKd3dTe/lb U3 Q)YHKLII/II/I, YTOOBI TaKUM

o6pa3om 136erKaTh KOMTMPOBaHUs OOJIBILION CTPYKTYPHI AaHHBIX. Harpumep:

struct BigStruct { Run
one: 132,
two: 132,
// etc
one_hundred: i32,

fn foo(x: Box<BigStruct>) -> Box<BigStruct> {
Box: :new(*x)

fn main() {
let x = Box::new(BigStruct {
one: 1,
two: 2,
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one_hundred: 100,
3

let y = foo(x);

I/I,E[eﬂ COCTOUT B TOM, UTO, IpU T1iepefdye YIIaKOBKH, TIPOUCXOAWUT KOIMMKMPOBaHHE TOJIBKO

ykasaresisi, a He Bcex 1Nnt, u3 koropeix cocrour BigStruct.

ITO dHTHUIIAaTTEPH B Rust. BmecTo sTOrO CJIEAYET HAITIMCATh TdK:

#![feature(box_syntax)] Run
struct BigStruct {

one: 132,

two: 132,

// etc

one_hundred: i32,

fn foo(x: Box<BigStruct>) -> BigStruct {
*X

fn main() {
let x = Box::new(BigStruct {
one: 1,
two: 2,
one_hundred: 100,
1)

let y: Box<BigStruct> = box foo(x);

9T10 Aaet BaM rubkocTh 6e3 yiriepba /71t IPOHU3BOAUTETEHOCTH.

Bbl MoxxeTe MoayMarb, UTO TdKO€ HKCII0/Ib30BdHME [AaCT HaM Y>KdCHYHO IMPOU3BOJWTE/IbHOCTL!:
BO3Bpalllae€TCAd 3HAY€HHE, a 3aTeéM OHO Cpa3y YHEIKOBLIBEIGTCH?! Pa3Be 310 He MaTrTepH XyAliero w3
ABYyX MI/IpOB? Rust HamMHOrO YMHee. B stom KoZe He IMPOUCXOAUT KOIIMPOBaHHUE. main BbIe/IAeT
A0CTATOUHO MeCTa OJIsd bOX, nepenaeT ykasare/b Hd 3Ty IIaMATH B foo B BUAE X, a 3aTeM foo

3amMChIBaeT 3HaueHue npsimo B BOX<T>.

OTO [0CTaTOYHO Ba)KHO, IIO3TOMY CTOMT IIOBTOPUTH: YKasaTelu He [/ ONTUMHU3aLUU
BO3BpalljaeMbIX 3HaueHUI B Kozie. [103BO/bTe BBI3bIBAIOILE CTOPOHe CaMoii BhIOpaTh, KaK OHa XOueT

HCIIOJ/Ib30BATh BBIXO/.

7.7. TecTnl mpousBoauTeasHoctr7.9. Ilabnonsl “match” a1 cpesos
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https://play.rust-lang.org/?code=%23!%5Bfeature(box_syntax)%5D%0A%0Astruct%20BigStruct%20%7B%0A%20%20%20%20one%3A%20i32%2C%0A%20%20%20%20two%3A%20i32%2C%0A%20%20%20%20%2F%2F%20etc%0A%20%20%20%20one_hundred%3A%20i32%2C%0A%7D%0A%0Afn%20foo(x%3A%20Box%3CBigStruct%3E)%20-%3E%20BigStruct%20%7B%0A%20%20%20%20*x%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20x%20%3D%20Box%3A%3Anew(BigStruct%20%7B%0A%20%20%20%20%20%20%20%20one%3A%201%2C%0A%20%20%20%20%20%20%20%20two%3A%202%2C%0A%20%20%20%20%20%20%20%20one_hundred%3A%20100%2C%0A%20%20%20%20%7D)%3B%0A%0A%20%20%20%20let%20y%3A%20Box%3CBigStruct%3E%20%3D%20box%20foo(x)%3B%0A%7D%0A&version=nightly

SA3BIK IporpaMmupoBaHyst Rust

LLla6noHbl ‘match™ ans cpes3os

Ecnu BBl XOTHUTE B KauecTse I1ab0Ha AJis COIIOCTaBJ/IeHUs KMCII0/Ib30BaTh Cpe3 W/IM MAaCCHUB, TO

BbI MOKETE UCTIO/Ib30BaTh & M aKTUBUPOBATh BO3MOXKHOCTH S 11C e patterns:
#![feature(slice patterns)] F{Lj[]

fn main() {

let v = vec!["match_this", "1"];

match &v[..] {
["match this", second] => println!("The second element is {}", second),
_ = {},

}

Orkimouaemast BosMoxkHocth advanced slice patterns noseossier ucrons3oBath . .,
yTOOBl 0003HAuUWThL J/000€ UYKMCI0 3/IEMEHTOB B Iab/sioHe. DTOT CHMBOJ TIOJCTAHOBKH MOXXHO
HCI0/Th30BaTh B MaccuBe ofuH pa3. Eciu mepen .. eCTh WIeHTU(UKATOP, pe3y/ibTar cpe3a Oyzer

CBsA3dH C 3TUM HMMEHeM. HaanMep:

#![feature(advanced slice patterns, slice patterns)] F{Ljr]

fn is _symmetric(list: &[u32]) -> bool {
match list {
[T ] [_1=> true,
[x, inside.., y] if x ==y => is symmetric(inside),
_ => false

fn main() {
let sym = &[0, 1, 4, 2, 4, 1, 0];
assert!(is_symmetric(sym));

let not sym = &[0, 1, 7, 2, 4, 1, 0];
assert!(!is symmetric(not sym));

7.8. CHUHTAKCUC VIIAKOBKM U 111a6/10Hb! “match 7.10. AccolMypoBaHHble KOHCTAHThI
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https://play.rust-lang.org/?code=%23!%5Bfeature(slice_patterns)%5D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20v%20%3D%20vec!%5B%22match_this%22%2C%20%221%22%5D%3B%0A%0A%20%20%20%20match%20%26v%5B..%5D%20%7B%0A%20%20%20%20%20%20%20%20%5B%22match_this%22%2C%20second%5D%20%3D%3E%20println!(%22The%20second%20element%20is%20%7B%7D%22%2C%20second)%2C%0A%20%20%20%20%20%20%20%20_%20%3D%3E%20%7B%7D%2C%0A%20%20%20%20%7D%0A%7D%0A&version=nightly
https://play.rust-lang.org/?code=%23!%5Bfeature(advanced_slice_patterns%2C%20slice_patterns)%5D%0A%0Afn%20is_symmetric(list%3A%20%26%5Bu32%5D)%20-%3E%20bool%20%7B%0A%20%20%20%20match%20list%20%7B%0A%20%20%20%20%20%20%20%20%5B%5D%20%7C%20%5B_%5D%20%3D%3E%20true%2C%0A%20%20%20%20%20%20%20%20%5Bx%2C%20inside..%2C%20y%5D%20if%20x%20%3D%3D%20y%20%3D%3E%20is_symmetric(inside)%2C%0A%20%20%20%20%20%20%20%20_%20%3D%3E%20false%0A%20%20%20%20%7D%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20sym%20%3D%20%26%5B0%2C%201%2C%204%2C%202%2C%204%2C%201%2C%200%5D%3B%0A%20%20%20%20assert!(is_symmetric(sym))%3B%0A%0A%20%20%20%20let%20not_sym%20%3D%20%26%5B0%2C%201%2C%207%2C%202%2C%204%2C%201%2C%200%5D%3B%0A%20%20%20%20assert!(!is_symmetric(not_sym))%3B%0A%7D%0A&version=nightly

SA3BIK IporpaMmupoBaHyst Rust

AccounnpoBaHHbIE KOHCTaHThI

C BKJIFOUEHHOW BO3MOXXHOCTbIO aSsocClated consts Bel MoxeTe orpeeniTh KOHCTAHTHI
BpO/ie ITO:

#![feature(associated consts)] F{LJT]
trait Foo {

const ID: i32;

impl Foo for 132 {
const ID: i32 = 1;

fn main() {
assert eq! (1, 132::ID);

JTrob6as peanusanusi FOO pomkHa Oyzer onpenenuts ID. Bes storo onpesenenus:

#![feature(associated consts)] F{Ljr]
trait Foo {
const ID: i32;
}
impl Foo for 132 {
}
BBIZIaCT OIIUOKY
error: not all trait items implemented, missing: "ID° [E0Q046]
impl Foo for 132 {
}
Tak>ke MOXKeT ObITh peasii30BaHO 3HAUEHHE 10 YMOTYAHHIO:
#![feature(associated consts)] F{Ljr]

trait Foo {
const ID: i32 = 1;

impl Foo for 132 {
}
impl Foo for i64 {

const ID: i32 = 5;

fn main() {
assert eq! (1, 132::ID);
assert eq!(5, 164::1ID);
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https://play.rust-lang.org/?code=%23!%5Bfeature(associated_consts)%5D%0A%0Atrait%20Foo%20%7B%0A%20%20%20%20const%20ID%3A%20i32%3B%0A%7D%0A%0Aimpl%20Foo%20for%20i32%20%7B%0A%20%20%20%20const%20ID%3A%20i32%20%3D%201%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20assert_eq!(1%2C%20i32%3A%3AID)%3B%0A%7D%0A&version=nightly
https://play.rust-lang.org/?code=%23!%5Bfeature(associated_consts)%5D%0A%0Afn%20main()%20%7B%0Atrait%20Foo%20%7B%0A%20%20%20%20const%20ID%3A%20i32%3B%0A%7D%0A%0Aimpl%20Foo%20for%20i32%20%7B%0A%7D%0A%7D&version=nightly
https://play.rust-lang.org/?code=%23!%5Bfeature(associated_consts)%5D%0A%0Atrait%20Foo%20%7B%0A%20%20%20%20const%20ID%3A%20i32%20%3D%201%3B%0A%7D%0A%0Aimpl%20Foo%20for%20i32%20%7B%0A%7D%0A%0Aimpl%20Foo%20for%20i64%20%7B%0A%20%20%20%20const%20ID%3A%20i32%20%3D%205%3B%0A%7D%0A%0Afn%20main()%20%7B%0A%20%20%20%20assert_eq!(1%2C%20i32%3A%3AID)%3B%0A%20%20%20%20assert_eq!(5%2C%20i64%3A%3AID)%3B%0A%7D%0A&version=nightly

A3bIK IporpaMmupoBaHyst Rust

Kak BbI MOXKeTe BU/IETh, [IPY peaaursalud FOO, MOXXHO 0CTaBUThL KOHCTAHTY HeOIpe/e/IeHHOM,
Kak B ciaydae a1t 132 . Torga OymeT UCIO/MIB30BaHO 3HAUEHME 10 yMOTyaHuio. Ho Takke MOXKHO U

06aBUTL COOCTBEHHOE OTpe/ie/ieH e, KaK B ciydae st 164 .

ACCOL[I/II/IpOBaHHbIe KOHCTAHTBI MOT'YT OLITh dCCOLMKUPOBAaHbI HE TOJIBKO C THIId>KOM. OTO TaKxe

npekpacHo pabotaet u ¢ 6mokom impl ans struct:
#![feature(associated consts)] F{Ljr]
struct Foo;

impl Foo {
pub const FO0O: u32 = 3;

7.9. 111abnonbl “match” as cpe3os?7.11. TTosb30BaTebCKHe MeHEIKeDbl TAMSATH
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https://play.rust-lang.org/?code=%23!%5Bfeature(associated_consts)%5D%0A%0Afn%20main()%20%7B%0Astruct%20Foo%3B%0A%0Aimpl%20Foo%20%7B%0A%20%20%20%20pub%20const%20FOO%3A%20u32%20%3D%203%3B%0A%7D%0A%7D&version=nightly

SA3BIK IporpaMmupoBaHyst Rust

[Tonb3oBaTesibCkne MeHemKepbl NaMAaTH

BhiziesieHre maMsTH — 3TO He camasi TIpocTast 3aziada, U Rust 06b1uHO 3a00THTCS 06 3TOM CaM,
HO YaCTO HY)KHO TOHKO YTIPABJISITh BbIJie/IeHHeM MaMsATH. KoMmuasTop u craHzapTHas Oubmoreka B
HaCTosllljee BpeMs TI03BOJISIFOT T7100a/bHO TIEPeK/TIOUUTh HCTIONb3yeMbIii MeHe[pKep BO BpeMsi
koMrnuasiuu. Onurcanue ceiiyac HaxoauTesi B REC 1183, HO 31ech Mbl paCCMOTPUM Kak CJleniaTh Balll

COOCTBeHHBIN MeHeKep.

CTaHAapTHbIA MeHemKep NaMsaTy

B Hacrosiiijee BpeMsi KOMITH/IITOP COZIEPXKUT /iBa CTaHAApTHBIX MeHe/pkepa: alloc system
u alloc jemalloc (oagHako y HekoTOpwix myiatopm oTCyTcTByeT jemalloc). DT MeHemKepsbI
CTaHJAPTHBI /11 KOHTelHepoB Rust M cofep)kaT peanu3alidio IOANPOrpaMM JJisi BblJe/IeHUs U
ocBoOOxgeHusi mamatu. CraHpapTHas Oubnvoreka He KOMIIWJIMPYETCS — CIeldanbHO  [ijis
HCTI0/Tb30BaHUs TOJIBKO OJHOTO M3 HUX. Kommunsitop OyzieT pelaTh Kakoil MeHe/)Kep HCIIO/Ib30BaTh

BO BpeMA KOMITW/IALMW B 3aBUCUMOCTHU OT THUIIA ITPOU3BOAUMbBIX BBIXOAHBIX apTE(i)aKTOB.

[To yMOJ/TYaHHIO HCTIOHSAEMbIe (aii/ibl CreHepUPOBAHHBIE KOMITM/IATOPOM Oy/yT UCIIO/Ib30BaTh
alloc jemalloc (ram rae Bo3MOXKHO). B TakoM ciiydyae KOMITH/ISITOP "KOHTPOJUPYET BeCh MUP",

B TOM CMbICJIE UTO Y HErO €CThb BJ/IaCTh Ha/ OKOHUaTe/IbHOM KOMITOHOBKOH.

OfHako [JUHaAMHuecKre U CTaTuueckue OuOMMOTEKM MO yMomyaHuio OyAyT HCIIO/Ib30BaTh
alloc system. 3geck Rust 06bIUHO B POJIK TOCTS B IPYTOM TIPUIOXKEHHH WJTH BOOOILE B [PYTroM
MUpe, TJle OH He MO)KET aBTOPUTETHO pelllaTh Kakoi MeHe[)Kep HCI0/ib30BaThb. B pesynbrare OH
BO3BpaIljaeTcs Haszag K craHgaptHbiM API (takux kak malloc wu free), gns nonyuenus u

OCBO60)K,Z[€HI/IH IMaMATH.

[epek/itoyeHne MeHeaKepoB NamMsTy

HecMmoTpst Ha TO UTO B OOJBIIMHCTBE C/Ty4aeB HaM TOJOWAET TO, UTO KOMITH/ISITOP BBIOWPAET T10
YMO/TUaHHIO, YacTo ObiBaeT HEOOXOAWMO HACTPOMTH OIpeZesieHHble acreKThl. [Isi TOro, uToObI
repeorpe/ie/ITh pelleHre KOMIIWIATOpa O TOM, KAKOW MMeHHO MeHe/Kep UCII0/1b30BaTh, JOCTaTOYHO

IIPOCTO CKOMITOHOBATh C YKe/Ia€MbIM MEHEe)KepoM:
#![feature(alloc_system)] EiLl[l
extern crate alloc_system;
fn main() {

let a = Box::new(4); // BbioeneHve namsTW C MOMOlI0 CUCTEMHOrO MeHemxepa
println!("{}", a);
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https://github.com/rust-lang/rfcs/blob/master/text/1183-swap-out-jemalloc.md
https://play.rust-lang.org/?code=%23!%5Bfeature(alloc_system)%5D%0A%0Aextern%20crate%20alloc_system%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20a%20%3D%20Box%3A%3Anew(4)%3B%20%2F%2F%20%D0%B2%D1%8B%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BF%D0%B0%D0%BC%D1%8F%D1%82%D0%B8%20%D1%81%20%D0%BF%D0%BE%D0%BC%D0%BE%D1%89%D1%8C%D1%8E%20%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%BD%D0%BE%D0%B3%D0%BE%20%D0%BC%D0%B5%D0%BD%D0%B5%D0%B4%D0%B6%D0%B5%D1%80%D0%B0%0A%20%20%20%20println!(%22%7B%7D%22%2C%20a)%3B%0A%7D%0A&version=nightly

SA3bIK porpammMupoBanust Rust

B sTOM mpumepe creHepHpOBaHHBIN WCTIOMHSIEMBINA (aiin OyZeT CKOMIIOHOBaH C CHCTEMHBIM
MeHePKepOM, BMeCTO MeHe/pkepa 1o ymomdanuio — jemalloc. VI Hao6opoT, uTobObI creHepupoBaTh

JUHAMHYeCcKyto OUOMoTeKy, KoTopasi UCTosb3yeT jemalloc 1o ymosuaHuio HY>KHO HamMcaTh:

#![feature(alloc jemalloc)] EiLlIl
#![crate_type = "dylib"]

extern crate alloc_ jemalloc;

pub fn foo() {
let a = Box::new(4); // BbineneHue namaTv C nomolbi jemalloc
printin!("{}", a);

HanncaHue cBoero MeHebKepa NaMATn

UHorza paxke Boibopa Mexay jemalloc ¥ CUCTEMHBIM MeHeKePOM He[0CTaTOuHO U HeOOX0AUM
COBEpIIIEHHO HOBBIM MEHe/PKep MaMATH. B 3TOM c/iyuae Mbl HaMMILEeM Haill COOGCTBEHHbIN KOHTeHHep,
KOTOphIii Oynmer mpegoctaeisate APl meHemkepa mamsti (Takke kak u alloc system wm
alloc jemalloc). [ns mpumepa [aBaiiTe pacCMOTPUM YIIPOLIEHHYHO W aHHOTHPOBAHHYO
Bepcuto alloc system:

// KoMnunsaTopy HYXHO yKa3aTb, YTO 3TOT KOHTEMHep SBMASIETCS MeHeoXepoM namsaTu, Ons F{Ljr]
// TOro 4yto Obl MPU KOMMOHOBKE OH HE WCMONb30Basn LPYrod MeHepxep.

#![feature(allocator)]

#![allocator]

// MeHepxepaM naMsiTU He MO3BONSIOT 3aBUCETb OT CTaHmapTHouW GubnuoTeku, KoTopas B
// CBOW o4yepefb 3aBUCUT OT MeHegxepa, 4ToObl M3bexaTb LUMKIMYECKOW 3aBUCUMOCTMU.
// OpHaKo 3TOT KOHTeWHep MoXeT ucrnonb3oBaTb BCe M3 libcore.

#![no_std]

// DaBanTe paguM Kakoe-HUMOyOb YHUKANbHOE WMMS HalleMy MeHepxepy.
#![crate_name = "my allocator"]
#![crate_type = "rlib"]

// Haw cucTtemHbin MeHepxep OyneT MCNofb30BaTb MOCTAB/SEMbIN BMECTE C KOMMUASTOPOM
// KoHTeuHep libc pns cBA3m ¢ FFI. lMenTte BBMAY, YTO HA OAHHbIA MOMEHT BHEWHWM
// (crates.io) libc He MoxeT 6biTb MCMONb30BaH, MOCKOJIbKY OH KOMMOHYEeTCs CO

// cTaHpapTHon 6ubnuotekonm (" #![no std]  Bce ewe HecTabuneH).

#![feature(libc)]

extern crate libc;

// Hvxe nepeuncnenbl NATb QYHKUWUIA, HEOOXOOMMble MOSb30BATENIbCKOMY MEHEOXepy MaMaTu.
// WX curHaTtypbl U MMEeHa Ha OaHHbLI MOMEHT HEe MPOBEPANTCA KOMMWISTOPOM, HO 3TO

// BCkKope OyneT peanu30BaHO, TakK YTO OHWM OOJKHbl COOTBETCTBOBATb TOMYy, 4TO

// HaXoOMTCH HUXe.

//

// WMenTe BBMOY, 4TO cTaHgapTHele "malloc™ u “realloc’ He npemocTaBnsilT ONUWUWA [Ons
// BbIpAaBHMBAHMA, TaK UYTO 3Ta peanv3auns OONXHaA ObiTb ynydleHa M NoapepxuBaTbh

// BbIpaBHMBaHME.

#[no_mangle]

pub extern fn _ rust allocate(size: usize, align: usize) -> *mut u8 {
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https://play.rust-lang.org/?code=%23!%5Bfeature(alloc_jemalloc)%5D%0A%23!%5Bcrate_type%20%3D%20%22dylib%22%5D%0A%0Aextern%20crate%20alloc_jemalloc%3B%0A%0Apub%20fn%20foo()%20%7B%0A%20%20%20%20let%20a%20%3D%20Box%3A%3Anew(4)%3B%20%2F%2F%20%D0%B2%D1%8B%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BF%D0%B0%D0%BC%D1%8F%D1%82%D0%B8%20%D1%81%20%D0%BF%D0%BE%D0%BC%D0%BE%D1%89%D1%8C%D1%8E%20jemalloc%0A%20%20%20%20println!(%22%7B%7D%22%2C%20a)%3B%0A%7D%0Afn%20main()%20%7B%7D%0A&version=nightly
https://play.rust-lang.org/?code=%2F%2F%20only%20needed%20for%20rustdoc%20--test%20down%20below%0A%23!%5Bfeature(lang_items)%5D%0A%2F%2F%20%D0%9A%D0%BE%D0%BC%D0%BF%D0%B8%D0%BB%D1%8F%D1%82%D0%BE%D1%80%D1%83%20%D0%BD%D1%83%D0%B6%D0%BD%D0%BE%20%D1%83%D0%BA%D0%B0%D0%B7%D0%B0%D1%82%D1%8C%2C%20%D1%87%D1%82%D0%BE%20%D1%8D%D1%82%D0%BE%D1%82%20%D0%BA%D0%BE%D0%BD%D1%82%D0%B5%D0%B9%D0%BD%D0%B5%D1%80%20%D1%8F%D0%B2%D0%BB%D1%8F%D0%B5%D1%82%D1%81%D1%8F%20%D0%BC%D0%B5%D0%BD%D0%B5%D0%B4%D0%B6%D0%B5%D1%80%D0%BE%D0%BC%20%D0%BF%D0%B0%D0%BC%D1%8F%D1%82%D0%B8%2C%20%D0%B4%D0%BB%D1%8F%0A%2F%2F%20%D1%82%D0%BE%D0%B3%D0%BE%20%D1%87%D1%82%D0%BE%20%D0%B1%D1%8B%20%D0%BF%D1%80%D0%B8%20%D0%BA%D0%BE%D0%BC%D0%BF%D0%BE%D0%BD%D0%BE%D0%B2%D0%BA%D0%B5%20%D0%BE%D0%BD%20%D0%BD%D0%B5%20%D0%B8%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D0%BB%20%D0%B4%D1%80%D1%83%D0%B3%D0%BE%D0%B9%20%D0%BC%D0%B5%D0%BD%D0%B5%D0%B4%D0%B6%D0%B5%D1%80.%0A%23!%5Bfeature(allocator)%5D%0A%23!%5Ballocator%5D%0A%0A%2F%2F%20%D0%9C%D0%B5%D0%BD%D0%B5%D0%B4%D0%B6%D0%B5%D1%80%D0%B0%D0%BC%20%D0%BF%D0%B0%D0%BC%D1%8F%D1%82%D0%B8%20%D0%BD%D0%B5%20%D0%BF%D0%BE%D0%B7%D0%B2%D0%BE%D0%BB%D1%8F%D1%8E%D1%82%20%D0%B7%D0%B0%D0%B2%D0%B8%D1%81%D0%B5%D1%82%D1%8C%20%D0%BE%D1%82%20%D1%81%D1%82%D0%B0%D0%BD%D0%B4%D0%B0%D1%80%D1%82%D0%BD%D0%BE%D0%B9%20%D0%B1%D0%B8%D0%B1%D0%BB%D0%B8%D0%BE%D1%82%D0%B5%D0%BA%D0%B8%2C%20%D0%BA%D0%BE%D1%82%D0%BE%D1%80%D0%B0%D1%8F%20%D0%B2%0A%2F%2F%20%D1%81%D0%B2%D0%BE%D1%8E%20%D0%BE%D1%87%D0%B5%D1%80%D0%B5%D0%B4%D1%8C%20%D0%B7%D0%B0%D0%B2%D0%B8%D1%81%D0%B8%D1%82%20%D0%BE%D1%82%20%D0%BC%D0%B5%D0%BD%D0%B5%D0%B4%D0%B6%D0%B5%D1%80%D0%B0%2C%20%D1%87%D1%82%D0%BE%D0%B1%D1%8B%20%D0%B8%D0%B7%D0%B1%D0%B5%D0%B6%D0%B0%D1%82%D1%8C%20%D1%86%D0%B8%D0%BA%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B9%20%D0%B7%D0%B0%D0%B2%D0%B8%D1%81%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D0%B8.%0A%2F%2F%20%D0%9E%D0%B4%D0%BD%D0%B0%D0%BA%D0%BE%20%D1%8D%D1%82%D0%BE%D1%82%20%D0%BA%D0%BE%D0%BD%D1%82%D0%B5%D0%B9%D0%BD%D0%B5%D1%80%20%D0%BC%D0%BE%D0%B6%D0%B5%D1%82%20%D0%B8%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D1%82%D1%8C%20%D0%B2%D1%81%D0%B5%20%D0%B8%D0%B7%20libcore.%0A%23!%5Bno_std%5D%0A%0A%2F%2F%20%D0%94%D0%B0%D0%B2%D0%B0%D0%B9%D1%82%D0%B5%20%D0%B4%D0%B0%D0%B4%D0%B8%D0%BC%20%D0%BA%D0%B0%D0%BA%D0%BE%D0%B5-%D0%BD%D0%B8%D0%B1%D1%83%D0%B4%D1%8C%20%D1%83%D0%BD%D0%B8%D0%BA%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5%20%D0%B8%D0%BC%D1%8F%20%D0%BD%D0%B0%D1%88%D0%B5%D0%BC%D1%83%20%D0%BC%D0%B5%D0%BD%D0%B5%D0%B4%D0%B6%D0%B5%D1%80%D1%83.%0A%23!%5Bcrate_name%20%3D%20%22my_allocator%22%5D%0A%23!%5Bcrate_type%20%3D%20%22rlib%22%5D%0A%0A%2F%2F%20%D0%9D%D0%B0%D1%88%20%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%BD%D1%8B%D0%B9%20%D0%BC%D0%B5%D0%BD%D0%B5%D0%B4%D0%B6%D0%B5%D1%80%20%D0%B1%D1%83%D0%B4%D0%B5%D1%82%20%D0%B8%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D1%82%D1%8C%20%D0%BF%D0%BE%D1%81%D1%82%D0%B0%D0%B2%D0%BB%D1%8F%D0%B5%D0%BC%D1%8B%D0%B9%20%D0%B2%D0%BC%D0%B5%D1%81%D1%82%D0%B5%20%D1%81%20%D0%BA%D0%BE%D0%BC%D0%BF%D0%B8%D0%BB%D1%8F%D1%82%D0%BE%D1%80%D0%BE%D0%BC%0A%2F%2F%20%D0%BA%D0%BE%D0%BD%D1%82%D0%B5%D0%B9%D0%BD%D0%B5%D1%80%20libc%20%D0%B4%D0%BB%D1%8F%20%D1%81%D0%B2%D1%8F%D0%B7%D0%B8%20%D1%81%20FFI.%20%D0%98%D0%BC%D0%B5%D0%B9%D1%82%D0%B5%20%D0%B2%D0%B2%D0%B8%D0%B4%D1%83%2C%20%D1%87%D1%82%D0%BE%20%D0%BD%D0%B0%20%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D0%B9%20%D0%BC%D0%BE%D0%BC%D0%B5%D0%BD%D1%82%20%D0%B2%D0%BD%D0%B5%D1%88%D0%BD%D0%B8%D0%B9%0A%2F%2F%20(crates.io)%20libc%20%D0%BD%D0%B5%20%D0%BC%D0%BE%D0%B6%D0%B5%D1%82%20%D0%B1%D1%8B%D1%82%D1%8C%20%D0%B8%D1%81%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%2C%20%D0%BF%D0%BE%D1%81%D0%BA%D0%BE%D0%BB%D1%8C%D0%BA%D1%83%20%D0%BE%D0%BD%20%D0%BA%D0%BE%D0%BC%D0%BF%D0%BE%D0%BD%D1%83%D0%B5%D1%82%D1%81%D1%8F%20%D1%81%D0%BE%0A%2F%2F%20%D1%81%D1%82%D0%B0%D0%BD%D0%B4%D0%B0%D1%80%D1%82%D0%BD%D0%BE%D0%B9%20%D0%B1%D0%B8%D0%B1%D0%BB%D0%B8%D0%BE%D1%82%D0%B5%D0%BA%D0%BE%D0%B9%20(%60%23!%5Bno_std%5D%60%20%D0%B2%D1%81%D0%B5%20%D0%B5%D1%89%D0%B5%20%D0%BD%D0%B5%D1%81%D1%82%D0%B0%D0%B1%D0%B8%D0%BB%D0%B5%D0%BD).%0A%23!%5Bfeature(libc)%5D%0Aextern%20crate%20libc%3B%0A%0A%2F%2F%20%D0%9D%D0%B8%D0%B6%D0%B5%20%D0%BF%D0%B5%D1%80%D0%B5%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D1%8B%20%D0%BF%D1%8F%D1%82%D1%8C%20%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%B9%2C%20%D0%BD%D0%B5%D0%BE%D0%B1%D1%85%D0%BE%D0%B4%D0%B8%D0%BC%D1%8B%D0%B5%20%D0%BF%D0%BE%D0%BB%D1%8C%D0%B7%D0%BE%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D1%81%D0%BA%D0%BE%D0%BC%D1%83%20%D0%BC%D0%B5%D0%BD%D0%B5%D0%B4%D0%B6%D0%B5%D1%80%D1%83%20%D0%BF%D0%B0%D0%BC%D1%8F%D1%82%D0%B8.%0A%2F%2F%20%D0%98%D1%85%20%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D1%82%D1%83%D1%80%D1%8B%20%D0%B8%20%D0%B8%D0%BC%D0%B5%D0%BD%D0%B0%20%D0%BD%D0%B0%20%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D0%B9%20%D0%BC%D0%BE%D0%BC%D0%B5%D0%BD%D1%82%20%D0%BD%D0%B5%20%D0%BF%D1%80%D0%BE%D0%B2%D0%B5%D1%80%D1%8F%D1%8E%D1%82%D1%81%D1%8F%20%D0%BA%D0%BE%D0%BC%D0%BF%D0%B8%D0%BB%D1%8F%D1%82%D0%BE%D1%80%D0%BE%D0%BC%2C%20%D0%BD%D0%BE%20%D1%8D%D1%82%D0%BE%0A%2F%2F%20%D0%B2%D1%81%D0%BA%D0%BE%D1%80%D0%B5%20%D0%B1%D1%83%D0%B4%D0%B5%D1%82%20%D1%80%D0%B5%D0%B0%D0%BB%D0%B8%D0%B7%D0%BE%D0%B2%D0%B0%D0%BD%D0%BE%2C%20%D1%82%D0%B0%D0%BA%20%D1%87%D1%82%D0%BE%20%D0%BE%D0%BD%D0%B8%20%D0%B4%D0%BE%D0%BB%D0%B6%D0%BD%D1%8B%20%D1%81%D0%BE%D0%BE%D1%82%D0%B2%D0%B5%D1%82%D1%81%D1%82%D0%B2%D0%BE%D0%B2%D0%B0%D1%82%D1%8C%20%D1%82%D0%BE%D0%BC%D1%83%2C%20%D1%87%D1%82%D0%BE%0A%2F%2F%20%D0%BD%D0%B0%D1%85%D0%BE%D0%B4%D0%B8%D1%82%D1%81%D1%8F%20%D0%BD%D0%B8%D0%B6%D0%B5.%0A%2F%2F%0A%2F%2F%20%D0%98%D0%BC%D0%B5%D0%B9%D1%82%D0%B5%20%D0%B2%D0%B2%D0%B8%D0%B4%D1%83%2C%20%D1%87%D1%82%D0%BE%20%D1%81%D1%82%D0%B0%D0%BD%D0%B4%D0%B0%D1%80%D1%82%D0%BD%D1%8B%D0%B5%20%60malloc%60%20%D0%B8%20%60realloc%60%20%D0%BD%D0%B5%20%D0%BF%D1%80%D0%B5%D0%B4%D0%BE%D1%81%D1%82%D0%B0%D0%B2%D0%BB%D1%8F%D1%8E%D1%82%20%D0%BE%D0%BF%D1%86%D0%B8%D0%B9%20%D0%B4%D0%BB%D1%8F%0A%2F%2F%20%D0%B2%D1%8B%D1%80%D0%B0%D0%B2%D0%BD%D0%B8%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F%2C%20%D1%82%D0%B0%D0%BA%20%D1%87%D1%82%D0%BE%20%D1%8D%D1%82%D0%B0%20%D1%80%D0%B5%D0%B0%D0%BB%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F%20%D0%B4%D0%BE%D0%BB%D0%B6%D0%BD%D0%B0%20%D0%B1%D1%8B%D1%82%D1%8C%20%D1%83%D0%BB%D1%83%D1%87%D1%88%D0%B5%D0%BD%D0%B0%20%D0%B8%20%D0%BF%D0%BE%D0%B4%D0%B4%D0%B5%D1%80%D0%B6%D0%B8%D0%B2%D0%B0%D1%82%D1%8C%0A%2F%2F%20%D0%B2%D1%8B%D1%80%D0%B0%D0%B2%D0%BD%D0%B8%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5.%0A%23%5Bno_mangle%5D%0Apub%20extern%20fn%20__rust_allocate(size%3A%20usize%2C%20_align%3A%20usize)%20-%3E%20*mut%20u8%20%7B%0A%20%20%20%20unsafe%20%7B%20libc%3A%3Amalloc(size%20as%20libc%3A%3Asize_t)%20as%20*mut%20u8%20%7D%0A%7D%0A%0A%23%5Bno_mangle%5D%0Apub%20extern%20fn%20__rust_deallocate(ptr%3A%20*mut%20u8%2C%20_old_size%3A%20usize%2C%20_align%3A%20usize)%20%7B%0A%20%20%20%20unsafe%20%7B%20libc%3A%3Afree(ptr%20as%20*mut%20libc%3A%3Ac_void)%20%7D%0A%7D%0A%0A%23%5Bno_mangle%5D%0Apub%20extern%20fn%20__rust_reallocate(ptr%3A%20*mut%20u8%2C%20_old_size%3A%20usize%2C%20size%3A%20usize%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20_align%3A%20usize)%20-%3E%20*mut%20u8%20%7B%0A%20%20%20%20unsafe%20%7B%0A%20%20%20%20%20%20%20%20libc%3A%3Arealloc(ptr%20as%20*mut%20libc%3A%3Ac_void%2C%20size%20as%20libc%3A%3Asize_t)%20as%20*mut%20u8%0A%20%20%20%20%7D%0A%7D%0A%0A%23%5Bno_mangle%5D%0Apub%20extern%20fn%20__rust_reallocate_inplace(_ptr%3A%20*mut%20u8%2C%20old_size%3A%20usize%2C%0A%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20_size%3A%20usize%2C%20_align%3A%20usize)%20-%3E%20usize%20%7B%0A%20%20%20%20old_size%20%2F%2F%20libc%20%D0%BD%D0%B5%20%D0%BF%D0%BE%D0%B4%D0%B4%D0%B5%D1%80%D0%B6%D0%B8%D0%B2%D0%B0%D0%B5%D1%82%20%D1%8D%D1%82%D0%BE%D1%82%20API%0A%7D%0A%0A%23%5Bno_mangle%5D%0Apub%20extern%20fn%20__rust_usable_size(size%3A%20usize%2C%20_align%3A%20usize)%20-%3E%20usize%20%7B%0A%20%20%20%20size%0A%7D%0A%0A%2F%2F%20just%20needed%20to%20get%20rustdoc%20to%20test%20this%0Afn%20main()%20%7B%7D%0A%23%5Blang%20%3D%20%22panic_fmt%22%5D%20fn%20panic_fmt()%20%7B%7D%0A%23%5Blang%20%3D%20%22eh_personality%22%5D%20fn%20eh_personality()%20%7B%7D%0A%23%5Blang%20%3D%20%22eh_unwind_resume%22%5D%20extern%20fn%20eh_unwind_resume()%20%7B%7D%0A%23%5Bno_mangle%5D%20pub%20extern%20fn%20rust_eh_register_frames%20()%20%7B%7D%0A%23%5Bno_mangle%5D%20pub%20extern%20fn%20rust_eh_unregister_frames%20()%20%7B%7D%0A&version=nightly

A3BIK IporpaMmupoBaHyst Rust

unsafe { libc::malloc(size as libc::size t) as *mut u8 }

#[no_mangle]
pub extern fn _ rust deallocate(ptr: *mut u8, old size: usize, align: usize) {
unsafe { libc::free(ptr as *mut libc::c void) }

#[no_mangle]
pub extern fn _ rust reallocate(ptr: *mut u8, old size: usize, size: usize,
_align: usize) -> *mut u8 {
unsafe {
libc::realloc(ptr as *mut libc::c void, size as libc::size t) as *mut u8

#[no_mangle]
pub extern fn _ rust reallocate inplace( ptr: *mut u8, old size: usize,
_Ssize: usize, align: usize) -> usize {
old size // libc He noppepxvBaeT 3T0T API

#[no_mangle]
pub extern fn _ rust usable size(size: usize, align: usize) -> usize {
size

ITocne TOro kKak MbI CKOMITU/IMDOBa/IX 3TOT KOHTeﬁHep, MBI MOX>XEM HCII0/Ib30BaTh €ro

CJ1e/1yIOI|M 06pa3oM:
extern crate my allocator; Run

fn main() {
let a = Box::new(8); // BbipeneHve namMsATv C MOMOLWbK HAWEro KOHTEeMHepa
println!("{}", a);

OrpaHI/I‘-IEHI/IFI MOJ/1Ib30BaTe/1IbCKNX MeHEeN)XEPOB
NaMATU

Heckonbko orpaHuueHuid Tpyd paboTe C T0/b30BaTe/ILCKUM MeHePKepoM TaMsTH, KOTOpbIe

MOT'YT OBITh IPUYMHON OITMOOK KOMITHJISILIAY:

. JItoboii apreakT MOXKeT OBbITb CKOMIIOHOBAH TO/MBKO C OJHUM MEHEKEPOM.
WcnonHsiemble (aiiibl, AUHAMUUeCKHe OMOMOTEKU M CTaTUUecKue OMOIUOTEKH JIO/DKHBI
ObITb CKOMITOHOBAHbI C OJHHUM MEHEeKEepOM, W eC/lid He OAWH He ObUl yKas3aH, TO
KOMITU/IITOP caM BbiOepeT oauH. B To ke BpeMsi Rust 6ubmmoreku (rlibs) He HykzmaroTcs B

KOMIIOHOBKe C MeHe/[)KepoM (HO 3TO BO3MOXKHO).
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https://play.rust-lang.org/?code=extern%20crate%20my_allocator%3B%0A%0Afn%20main()%20%7B%0A%20%20%20%20let%20a%20%3D%20Box%3A%3Anew(8)%3B%20%2F%2F%20%D0%B2%D1%8B%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5%20%D0%BF%D0%B0%D0%BC%D1%8F%D1%82%D0%B8%20%D1%81%20%D0%BF%D0%BE%D0%BC%D0%BE%D1%89%D1%8C%D1%8E%20%D0%BD%D0%B0%D1%88%D0%B5%D0%B3%D0%BE%20%D0%BA%D0%BE%D0%BD%D1%82%D0%B5%D0%B9%D0%BD%D0%B5%D1%80%D0%B0%0A%20%20%20%20println!(%22%7B%7D%22%2C%20a)%3B%0A%7D%0A

A3bIK IporpaMmupoBaHust Rust

° [MoTpebuTens  Kakoro-nMbo  MeHe[Kepa  MamMsaTH ~ UMeeT  TIOMeTKY # !
[needs allocator] (8 pganHom cnyuae kourteiiHep LiballocC) wu kakoit-nmu6o
koureiinep #[allocator] He MoXkeT TpaH3UTHBHO 3aBUCETh OT KOHTEHHEpa, KOTOPOMY
Hy)KeH MeHe/pkep (T.e. LIMK/IXWuUecKasl 3aBUCHMOCTh He [IOMyCKaeTcst). OTO O3HAuyaeT, uTo

MeHe/PKephI MaMSTH B JAHHBI MOMEHT [JO/DKHBI OTPaHUUMTDL ceOst TosbKo libcore.

7.10._AcconuupoBaHHbIe KOHCTaHThI8. ['moccapuii
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[noccapui

He kakapiii Tionb3oBaTeb Rust uMeeT OMBIT pabOThI C CUCTeMaMM MPOTPaMMHPOBAHUS, WU
HeoOXo/uMble 3HaHUSI B 0O0/aCTH KOMITBIOTEDHOW HAayKd, MO3TOMY MbI J00aBUIM pa3bsCHEHUs

TE€PMHUHOB, KOTOPbIE MOT'YT OBITH HE3HAKOMEI.

AGCTpaKTHOE CUHTaKCMYeCKoe AEPEBO

Korga KoMNuasTop KOMOWIKMPYET NIPOrpaMmy, OH JiefiaeT Liefbli psifi pa3/iMuHbIX Bellel. OpHa
U3 Belllei, KOTOpble OH JesaeT, 3TO Tmpeobpa3yeT TeKCT Bailedl mporpaMMbel B 'AGCTpakTHOe
CUHTaKcuueckoe nepeBo,” wid 'AST. DTo fAepeBo sB/sieTCSl TIpeACTaB/leHUWEM CTPYKTYpbl Ballleid

nporpammbl. Hanpuivep, 2 + 3 MoeT ObITh TpeoOpa30BaHoO B JIepeBo:

+

/ \
2 3

A2 + (3 * 4) 6yger BuIVIAAeTh CIAYIOMM 006pa3oM:

/\

/\

ApPHOCTb

ApHOCTL 0O3Ha4yadeT YMC/I0 apryMeHTOB, KOTOPbIE ITPUHUMAET (by'HKL[I/IH WJIA oriepanus.

let x
let y
let z

(2, 3); Run
(4, 6);
(8, 2, 6);

B nipuBezieHHOM BBbIIIIe TIpUMepe X U Y MMEIOT apHOCTh 2. Z UMeeT apHOCTh 3.

BblpaxkeHue

B nporpaMMHpOBaHKH, BbIpayKEHHE — 3TO KOMOWHAL[Msl 3HAUeHUH, TIOCTOSTHHBIX, MePeMeHHbIX
U (pyHKIMI, KOTOpasi BBIYMC/ISETCS B OfiHO 3HaueHue. Hampumep, 2 + (3 * 4) — Beipaxkenue,
BbIUnC/Isitolieecss B 3HaueHue 14. CTOMT 3aMeTUTb, UTO y BBIPDAKEHUH MOTYT ObITb MOOOYHBbIE
3¢¢dexTel. Harpumep, GyHKIUs, yuacTBYIOIIasi B BRIDAKEHUH, MOXKET /Ie/laTh UTO-TO €IIé MOMUMO

HernocpeaCTBeHHO BO3BPaTa 3HAYEHMS.

A3bIK, OPUEHTUPOBAHHbI Ha BblpaXXeHMs!

I'nmoccaputii 332


https://play.rust-lang.org/?code=fn%20main()%20%7B%0Alet%20x%20%3D%20(2%2C%203)%3B%0Alet%20y%20%3D%20(4%2C%206)%3B%0Alet%20z%20%3D%20(8%2C%202%2C%206)%3B%0A%7D

A3bIK IporpaMmupoBaHyst Rust

B PaHHUX A3bIKaX IIPOrpaMMKMPOBAHUMA BbIDAKEHWA M OMepdaTOpbI ObLIH ABYMsA OT/Ae/1bHBIMH

BUJIJaMU CHHTAKCHCA: BbIDAKEHUS BHIUUC/ISIUCH B BbIDA’KEHHME, a OMepaTopbl MPOU3BOAUIN 1eHCTBUS
¢ mobouHbiMU 3 dekTamu. OfHAKO TO3JHUE SI3BIKUA YK€ He MMeM TaKoro YETKOTO pa3zesieHus 10
3TOMYy KpUTepuio. B s3bIke, ODHEHTMPOBAHHOM Ha BbIPa)KeHUsl, TIOUTH JIFOOOW orepaTop — 3TO
BbID@&)KEHUWe, a 3HAUMT, OHO BO3BpaljaeT 3HaueHue. CrejoBaTeNbHO, 3TU BBIPA)KEHUSI MOTYT CaMH

SIBJIITHCST YaCThIO ell[é OO/BIINX BhIPAyKeHUH.

Onepatop

B mporpaMMHUpOBaHKH, OTIEPaTOpP — 3TO HAWMEHbBIIHMH OT/E/bHBINA 3/IEMEHT SI3bIKa, KOTOPbIH
0003HauaeT BBLIMOJIHEHHE KOMITbIOTEPDOM 3aKOHUEHHOro [JelcTBus. Hampumep, B si3bike C
printf("42"); — sto oneparop.

7.11. TTosb30BaTenbCKYe MeHe/pkephl namsaTu9. Syntax Index
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Syntax Index

Keywords

® 3aS: primitive casting. See Casting Between Types (as).

e break: break out of loop. See Loops (Ending Iteration Early).

e const: constant items and constant raw pointers. See const _and static, Raw

Pointers.
e continue: continue to next loop iteration. See Loops (Ending Iteration Early).
e crate: external crate linkage. See Crates and Modules (Importing External Crates).
o else: fallback for if and if let constructs. See 1T, if let.

e enum: defining enumeration. See Enums.

e extern: external crate, function, and variable linkage.See Crates and Modules

(Importing External Crates), Foreign Function Interface.
e Talse: boolean false literal. See Primitive Types (Booleans).

e fn: function definition and function pointer types. See Functions.

e for: iterator loop, part of trait impl syntax, and higher-ranked lifetime syntax. See
Loops (for), Method Syntax.

e if: conditional branching. See if, if let.

e impl:inherent and trait implementation blocks. See Method Syntax.
e in:part of for loop syntax. See Loops (for).

e let: variable binding. See Variable Bindings.

e loop: unconditional, infinite loop. See Loops (Loop).

e match: pattern matching. See Match.

e mod: module declaration. See Crates and Modules (Defining Modules).

e move: part of closure syntax. See Closures (move closures).

e mut: denotes mutability in pointer types and pattern bindings. See Mutability.

e pub: denotes public visibility in struct fields, impl blocks, and modules. See Crates
and Modules (Exporting a Public Interface).

e ref: by-reference binding. See Patterns (ref and ref mut).

e return: return from function. See Functions (Early Returns).

e Self:implementor type alias. See Traits.

e self: method subject. See Method Syntax (Method Calls).

e static: global variable. See const and static (static).
e struct: structure definition. See Structs.

e trait: trait definition. See Traits.

e true: boolean true literal. See Primitive Types (Booleans).

e type: type alias, and associated type definition. See type Aliases, Associated Types.

e unsafe: denotes unsafe code, functions, traits, and implementations. See Unsafe.

e use: import symbols into scope. See Crates and Modules (Importing Modules with use).
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where: type constraint clauses. See Traits (where clause).
while: conditional loop. See Loops (while).

Operators and Symbols

I (ident!(..), ident!{..}, ident![..]): denotes macro expansion. See Macros.
I ('expr): bitwise or logical complement. Overloadable (Not).

% (expr % expr): arithmetic remainder. Overloadable (Rem).

%= (var %= expr): arithmetic remainder & assignment.

& (expr & expr): bitwise and. Overloadable (BitAnd).

& (&expr): borrow. See References and Borrowing.

& (&type, &mut type, &'a type, &'a mut type): borrowed pointer type. See

References and Borrowing.

&= (var &= expr): bitwise and & assignment.

&& (expr && expr):logical and.

* (expr * expr): arithmetic multiplication. Overloadable (Mul).

* (*expr): dereference.

* (*const type, *mut type): raw pointer. See Raw Pointers.

*= (var *= expr): arithmetic multiplication & assignment.

+ (expr + expr): arithmetic addition. Overloadable (Add).

+ (trait + trait, 'a + trait): compound type constraint. See Traits (Multiple
Trait Bounds).

+= (var += expr): arithmetic addition & assignment.

, . argument and element separator. See Attributes, Functions, Structs, Generics, Match,
Closures, Crates and Modules (Importing Modules with use).

- (expr - expr): arithmetic subtraction. Overloadable (Sub).

- (- expr): arithmetic negation. Overloadable (NeQ).

-= (var -= expr): arithmetic subtraction & assignment.

-> (fn(..) -> type, |..| -> type): function and closure return type. See
Functions, Closures.

-> 1 (fn(..) -> 1, |.| -> !): diverging function or closure. See Diverging
Functions.

. (expr.ident): member access. See Structs, Method Syntax.
. (.., expr.., ..expr, expr..expr): right-exclusive range literal.

. (. .expr): struct literal update syntax. See Structs (Update syntax).

(variant(x, ..), struct type { x, .. }): "and the rest" pattern
binding. See Patterns (Ignoring bindings).
... (expr ... expr):inclusive range pattern. See Patterns (Ranges).

/ (expr / expr): arithmetic division. Overloadable (Div).
/= (var /= expr): arithmetic division & assignment.
(pat: type, ident: type): constraints.See Variable Bindings, Functions,

Structs, Traits.
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: (1dent: expr): struct field initializer. See Structs.
: ('a: Lloop {..}):loop label. See Loops (Loops Labels).

; » statement and item terminator.

; ([..; len]): part of fixed-size array syntax. See Primitive Types (Arrays).

<< (expr << expr): left-shift. Overloadable (Shl).

<<= (var <<= expr): left-shift & assignment.

< (expr < expr): less-than comparison. Overloadable (Cmp, PartialCmp).

<= (var <= expr): less-than or equal-to comparison. Overloadable (Cmp,
PartialCmp).

= (var = expr, ident = type): assignment/equivalence. See Variable Bindings,

type Aliases, generic parameter defaults.

== (var == expr): comparison. Overloadable (Eq, PartialEq).

=> (pat => expr): part of match arm syntax. See Match.

> (expr > expr): greater-than comparison. Overloadable (Cmp, PartialCmp).
>= (var >= expr): greater-than or equal-to comparison. Overloadable (Cmp,
PartialCmp).

>> (expr >> expr): right-shift. Overloadable (Shr).

>>= (var >>= expr): right-shift & assignment.

@ (ident @ pat): pattern binding. See Patterns (Bindings).

~ (expr ~ expr): bitwise exclusive or. Overloadable (BitXor).

“= (var "= expr): bitwise exclusive or & assignment.

| (expr | expr): bitwise or. Overloadable (B1tOr).
| (pat | pat): pattern alternatives. See Patterns (Multiple patterns).

| (|..| expr): closures. See Closures.
|= (var |= expr): bitwise or & assignment.
| | (expr || expr):logical or.

__:"ignored" pattern binding. See Patterns (Ignoring bindings).

Other Syntax

"ident: named lifetime or loop label. See Lifetimes, L.oops (L.oops Labels).

U8, ..132, ..f64, ..usize, ...: numeric literal of specific type.
".." : string literal. See Strings.
rt, r#EYLYE, r#E#YL##, L raw string literal, escape characters are not processed.

See Reference (Raw String Literals).

b"..": byte string literal, constructs a [U8] instead of a string. See Reference (Byte
String Literals).
br"..", br#".."#, br##".."##, .... raw byte string literal, combination of raw and

byte string literal. See Reference (Raw Byte String Literals).

'.." : character literal. See Primitive Types (char).
b'..":ASCII byte literal.

|..| expr: closure. See Closures.
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ident::ident: path. See Crates and Modules (Defining Modules).
: :path: path relative to the crate root (i.e. an explicitly absolute path). See Crates and

Modules (Re-exporting with pub use).

self::path: path relative to the current module (i.e. an explicitly relative path). See
Crates and Modules (Re-exporting with pub use).

super: :path: path relative to the parent of the current module. See Crates and Modules
(Re-exporting with pub use).

type: :ident: associated constants, functions, and types. See Associated Types.

<type>: :..: associated item for a type which cannot be directly named (e.g. <&T>::...,
<[T]>::.., etc.). See Associated Types.

path<..> (e.g. Vec<u8>): specifies parameters to generic type in a type. See Generics.
path::<.>, method: :<.> (e.g. "42".parse: :<i32>()): specifies parameters
to generic type, function, or method in an expression.

fn ident<..> ..: define generic function. See Generics.

struct ident<..> ..:define generic structure. See Generics.

enum ident<..> ..:define generic enumeration. See Generics.

impl<..> ..:define generic implementation.

for<.> type: higher-ranked lifetime bounds.

type<ident=type> (e.g. Iterator<Item=T>): a generic type where one or more
associated types have specific assignments. See Associated Types.

T: U: generic parameter T constrained to types that implement U. See Traits.

T: 'a: generic type T must outlive lifetime 'a.

'b: 'a: generic lifetime 'b must outlive lifetime 'a.

T: ?Sized: allow generic type parameter to be a dynamically-sized type. See Unsized
Types (?Sized).

‘a + trait, trait + trait: compound type constraint. See Traits (Multiple Trait

Bounds).

#[meta] : outer attribute. See Attributes.

#! [meta] : inner attribute. See Attributes.
$ident: macro substitution. See Macros.
$ident:kind: macro capture. See Macros.

$ (...) ... macro repetition. See Macros.

// : line comment. See Comments.

// ! inner line doc comment. See Comments.

/// : outer line doc comment. See Comments.
/*..*/ : block comment. See Comments.

/*1..*%/ . inner block doc comment. See Comments.

/**..%/ . outer block doc comment. See Comments.
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e () :empty tuple (a.k.a. unit), both literal and type.
e (expr) : parenthesized expression.

e (expr, ) :single-element tuple expression. See Primitive Types (Tuples).
e (type,) : single-element tuple type. See Primitive Types (Tuples).

e (expr, ..):tupleexpression. See Primitive Types (Tuples).

e (type, ..):tupletype. See Primitive Types (Tuples).

e expr(expr, ..): function call expression. Also used to initialize tuple structs and
tuple enum variants. See Functions.

e jdent!(..), ident!{..}, ident![..]: macro invocation. See Macros.

e expr.0, expr.1,...: tuple indexing. See Primitive Types (Tuple Indexing).

e {..}:block expression.
e Type {..}: struct literal. See Structs.

e [..]:array literal. See Primitive Types (Arrays).

e [expr; len]: array literal containing Len copies of expr. See Primitive Types

(Arrays).

e [type; len]: array type containing len instances of type. See Primitive Types
(Arrays).

e expr[expr]: collection indexing. Overloadable (Index, IndexMut).

e expr[..], expr[a..], expr[..b], expr[a..b]: collection indexing
pretending to be collection slicing, using Range, RangeFrom, RangeTo,
RangeFull as the "index".

8. I'noccapwmiil0. bubnunorpadus
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Buénuorpadus

OT0 — CIUCOK MaTepuanaoB, HUMeLMX OTHomHWe K Rust. OH Bk/iouaeT B cebs
Tipe/iBapuTe/IbHbIe WCC/IeJ0BaHUs], KOTOpbIe B TOT WM MHOM MOMEHT OKasa/u BWSHUe Ha CTPYKTYpPYy

Rust'a, a Taxke rmybnukarmu o Rust.

Cucrtema T1Unos

e Region based memory management in Cyclone
e Safe manual memory management in Cyclone

e Typeclasses: making ad-hoc polymorphism less ad hoc
® Macros that work together

e Traits: composable units of behavior

e Alias burying - We tried something similar and abandoned it.

e External uniqueness is unique enough
e Uniqueness and Reference Immutability for Safe Parallelism
e Region Based Memory Management

MHorosagayHocCTb

e Singularity: rethinking the software stack

e Language support for fast and reliable message passing in singularity OS
e Scheduling multithreaded computations by work stealing

e Thread scheduling for multiprogramming multiprocessors

e The data locality of work stealing

e Dynamic circular work stealing deque - The Chase/Lev deque

e Work-first and help-first scheduling policies for async-finish task parallelism - More
general than fully-strict work stealing

e A Java fork/join calamity - critique of Java's fork/join library, particularly its application of

work stealing to non-strict computation

e Scheduling techniques for concurrent systems
e Contention aware scheduling
e Balanced work stealing for time-sharing multicores

e Three layer cake for shared-memory programming
e Non-blocking steal-half work queues

® Reagents: expressing and composing fine-grained concurrency

e Algorithms for scalable synchronization of shared-memory multiprocessors
® Epoch-based reclamation.

Opyroe
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http://209.68.42.137/ucsd-pages/Courses/cse227.w03/handouts/cyclone-regions.pdf
http://www.cs.umd.edu/projects/PL/cyclone/scp.pdf
http://www.ps.uni-sb.de/courses/typen-ws99/class.ps.gz
https://www.cs.utah.edu/plt/publications/jfp12-draft-fcdf.pdf
http://scg.unibe.ch/archive/papers/Scha03aTraits.pdf
http://www.cs.uwm.edu/faculty/boyland/papers/unique-preprint.ps
http://www.cs.uu.nl/research/techreps/UU-CS-2002-048.html
https://research.microsoft.com/pubs/170528/msr-tr-2012-79.pdf
http://www.cs.ucla.edu/%7Epalsberg/tba/papers/tofte-talpin-iandc97.pdf
https://research.microsoft.com/pubs/69431/osr2007_rethinkingsoftwarestack.pdf
https://research.microsoft.com/pubs/67482/singsharp.pdf
http://supertech.csail.mit.edu/papers/steal.pdf
http://www.eecis.udel.edu/%7Ecavazos/cisc879-spring2008/papers/arora98thread.pdf
http://www.aladdin.cs.cmu.edu/papers/pdfs/y2000/locality_spaa00.pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.170.1097&rep=rep1&type=pdf
http://www.cs.rice.edu/%7Eyguo/pubs/PID824943.pdf
http://www.coopsoft.com/ar/CalamityArticle.html
http://www.stanford.edu/%7Eouster/cgi-bin/papers/coscheduling.pdf
http://www.blagodurov.net/files/a8-blagodurov.pdf
http://www.cse.ohio-state.edu/hpcs/WWW/HTML/publications/papers/TR-12-1.pdf
http://dl.acm.org/citation.cfm?id=1953616&dl=ACM&coll=DL&CFID=524387192&CFTOKEN=44362705
http://www.cs.bgu.ac.il/%7Ehendlerd/papers/p280-hendler.pdf
http://www.mpi-sws.org/%7Eturon/reagents.pdf
https://www.cs.rochester.edu/u/scott/papers/1991_TOCS_synch.pdf
https://www.cl.cam.ac.uk/techreports/UCAM-CL-TR-579.pdf

SA3bIK porpammMupoBanust Rust

e (Crash-only software

e Composing High-Performance Memory Allocators
e Reconsidering Custom Memory Allocation

CtaTtbh 0 Rust

® GPU Programming in Rust: Implementing High Level Abstractions in a Systems Level
Language. Early GPU work by Eric Holk.

e Parallel closures: a new twist on an old idea

o not exactly about Rust, but by nmatsakis

e Patina: A Formalization of the Rust Programming Language. Early formalization of a
subset of the type system, by Eric Reed.

e Experience Report: Developing the Servo Web Browser Engine using Rust. By Lars
Bergstrom.

e [mplementing a Generic Radix Trie in Rust. Undergrad paper by Michael Sproul.

® Reenix: Implementing a Unix-Like Operating System in Rust. Undergrad paper by Alex
Light.

e Evaluation of performance and productivity metrics of potential programming languages in
the HPC environment. Bachelor's thesis by Florian Wilkens. Compares C, Go and Rust.

e Nom, a byte oriented, streaming, zero copy, parser combinators library in Rust. By
Geoffroy Couprie, research for VLC.

e Graph-Based Higher-Order Intermediate Representation. An experimental IR implemented
in Impala, a Rust-like language.

® Code Refinement of Stencil Codes. Another paper using Impala.

e Parallelization in Rust with fork-join and friends. Linus Farnstrand's master's thesis.

e Session Types for Rust. Philip Munksgaard's master's thesis. Research for Servo.
e Ownership is Theft: Experiences Building an Embedded OS in Rust - Amit Levy, et. al.

9. Syntax Index
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https://www.usenix.org/legacy/events/hotos03/tech/full_papers/candea/candea.pdf
http://people.cs.umass.edu/%7Eemery/pubs/berger-pldi2001.pdf
http://people.cs.umass.edu/%7Eemery/pubs/berger-oopsla2002.pdf
http://www.cs.indiana.edu/%7Eeholk/papers/hips2013.pdf
https://www.usenix.org/conference/hotpar12/parallel-closures-new-twist-old-idea
ftp://ftp.cs.washington.edu/tr/2015/03/UW-CSE-15-03-02.pdf
http://arxiv.org/abs/1505.07383
https://michaelsproul.github.io/rust_radix_paper/rust-radix-sproul.pdf
http://scialex.github.io/reenix.pdf
http://octarineparrot.com/assets/mrfloya-thesis-ba.pdf
http://spw15.langsec.org/papers/couprie-nom.pdf
http://compilers.cs.uni-saarland.de/papers/lkh15_cgo.pdf
http://compilers.cs.uni-saarland.de/papers/ppl14_web.pdf
http://publications.lib.chalmers.se/records/fulltext/219016/219016.pdf
http://munksgaard.me/papers/laumann-munksgaard-larsen.pdf
http://amitlevy.com/papers/tock-plos2015.pdf
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