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title-page.md
BHEFEIR{EE 7 Steve Klabnik #1 Carol Nichols, 3 H Rust ftX# 7 E, AEEF
th3 R4l Rust X1t XEDiX,

PBRIGIRERMZE Rust 1.90.0 (2025-09-18 k%) HESMRA, HEFFEHEHN
Cargo.tom| XHHIEE edition = "2024" FHECE SR Rust 2024 Edition A%, 5L
EE—EN "RE BH TRINALREMAL Rust, HFEEBMR E 7RREEXHES.

APHESERR HTML 3BT LUTE https://doc.rust-lang.org/stable/book/ E£%i53i%; £
rustup REM Rust BB E—IPRXBEAR, iB1T rustup docs --book BIAET$TH,

EPEE—EHX BiRARA, (FEE: BEPIRAEALUE https:/kaisery.github.io/trpl-
zh-cn/ 1E4%i5)35%, PDF hRZi5 T & Rust Z2FIGITHES E{APAR.pdf)

ZAFBHHE No Starch Press HARBIZE B ARA BE FhRo

0 HAEAFEIEAFESIEHIEIE? Xk Rust Book BB —1 iRds, HeaiEnis,
=5. L EEThEE | https://rust-book.cs.brown.edu
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foreword.md

Rust ZFISITES AV FRED TIRKMER, MB—/NEFEAEDSMENEFELXE
BHEL, BRAttREERREE. FREXBENRFIZESZ— BEIZX, Rust BEKRS
BLESINER, A ERSRIETERHR, XLFERAEEN, HIFEFAEAN, W2
BETHRMXZ FHNEICCERNMBS SRS, FHELT I RBIARIER A,

LEETIEZ], REHIEH Rust FR TR R —RIILB451E, KEREEXTESKAE LW
i, WESTNEBAERE, HH 546, HE RiF%gwFE, FH HeNTARE, UkHE
RS MFHFIENR? RSREEIR Rust, KRKREZMAZFRARIRE—NTRHEI.
SERBIHXAAMRNLRE SRA—F. X NESRE BRI, HEBOITE, AF
RERBTMERZRERE. REATENABNIR

i, 1 Rust EESRFENRERBEFRER——EMERF —EZXIRHNER. X2
— I IHEMRRIINES, MEREX—RURFTHE. #PHESXITESHNHRZD. BA
P_E—HRUFK, Rust #H—FAXBA—ITEESKCBEESEHNIES, Rust B (Rust
Project) #14$18%I7T Rust #£% (Rust Foundation) BIRBE X3, ZESSBEXEE
W SN, LUBR Rust 2. BEB AL,

X—hREY (Rust BEFIRITIES) BR—REEEH, REMTXINESLZERNEHHIERTE
NMENFES. BERMUNR—RXTFEEINENIESE—FB2—MEiE, YWRMA— &
MRE. MRS RBREIGITNHMX, TISRRARFENFRERE—RIRE Rust, 12
ZRHY Rustacean B — ST BRIV RE, X—hREBEENE N AREERBERNAZR.

Rust IR —E&IME. FIS5ERNRE. B hEESREANRKEEZERMTHEER
#EN. FESZTHNHX, KT LEAFEAENRR—MZROMESIITEIIEF RS 5E
——HEER T Rust X—IH4FHBREANT R, EEAP, MRAXEBEEI—IHNEIRES
——(RREMAN—IFILREET. BELe. HEES ARIRIIEED.

SRIBEE Rust #X!

« Bec Rumbul, Rust EE&HTEE
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=T

ch00-00-introduction.md

IR PBMEERRS No Starch Press Ak {The Rust Programming
Language) “KEhRHEBFhR—

WiBFEE (Rust FBFRIRITES), XE—74KT Rust BIN|IPEE, Rust RIZBS BEEREBNRYR
EER. BN, EREZESRITP, SEIREFZSKREEHFFERIHZ; M Rust
MBS X —F [E, 1B e KR ARENSMFTNHLREARI, Rust ARIZH T ITH)
BT (WIRNEFER) BNEDN, MAEASES ESIIHEESIEXrE &g,
Rust iESMpLE A

Rust AIZMRAEGITFZ AN LENBE/ LT REEREHE,
FREHPRA

Rust ERIEFAR—MESHERNBRSGRIZNIKFHABEA LA ENER TR, KE
RBFEZ L MEMFHDRIEIR, MAERSHEMESF, XEHRFEREEIAEN LUK
KBFENFREHTARNAEFEER L. £ Rust B, FEHERITTIIANAE, =
EEmFEEXREBBRNNE, HPUaEH AR, B35 FEME, BAARTLUSHE
EEFEREFEZEL, MARELEE bug.

Rust B ARGRIZH R HR T RAUHALTA:

+ Cargo EHNEMKIEIRSBNWETE, TEEMEM. HFMNEBKH, HEREE
Rust £ B RFAPRIT—Ho

* Rustfmt 180t TEBFRALZE BB —HATIEBRIE,

* Rust Language Server A& LIFE (IDE) MBS AEKEIRE 26

BIEA Rust ESRATEENTE, FREERE RARABINTIUENER.
o

Rust EBF4E, HESHEAXBFIREMSHA. 11ZABT Rust ZI TRIFERAFHA R
FEH, HXIFEWDFERR], WRTFEE. BIXEZBUREMEMABTHET], Rust
FAFELBULAGESHES ARG ES ZIEE, LTHERLREMF

27

HERAKIVNHEATEESIERFEH Rust TRZFMES, BFEGSITIAE. Web RS,
DevOps TA. fRARNIEE. FMOHESRIE. MBLEH. £EMEEF. ER|E. YBK
(IoT) M. ¥28%¥S), EELE Firefox NS EEAHMBIS

FEFAE

Rust @& ARLAEME Rust /mIZFES. X, ARTEMENALRE, HIIFERDIRA
Rust &= fEtH Sk,
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EMEENRESNTAE

Rust EEHRLEEERESREMMNA. XEFFRAERE, BEis Rust KIZIZ1THE SR, tHis
Rust ILRRSIEFHRER LR, Rust FiIFBVBHIITHOE, SEBERINFINEEN ENDRTRE
REM, XS/ XL ENIES PHESHE B RIEERERXLL, RAFAEFEFER
BEARERRED, BITIEBKRER AR (zero-cost abstractions) XFBER, tUElEiLE%k
B RIFRRBAREERAMFEERB—HF®R, Rust AOFiLLZ2HRBHEEEER,

XERIMIAZLMNRANRZHEE, Rust EEAERIFELZHMAR, S8R,
Rust RAREM B HIFEF R TER—EESNIRLENRS, 225570, FES55A8
MR LAFRTF. 11idE Rust, BREENEERDTEST.

THESWEA

FBRIKMIFELTIZ—MRIZIES IR, EFRRERFEW—it, (S iLPEESME
BERNATERERS, EPFAIERSRRITCEFKTEFEMHA, BAIFAHNM
BiEFgit R, MRFRERERELN, BAKE—EZINMERFRITPANIBRE

A&,
snfeTis iR

FBRIE ERIZIMIEMKEIENIRFRR. FENETRIANEETHSEM L, FIERY
ENARAZANNTABOEE, MEBRELEETERITIC,

FBONREET: BIETHHEET, EMIBETH, BHl1FES Rust WENFEH. £
BETH, ®ila—Ew@2/ N iEr, SENFIINIRRAER, 2. +“H-+—F2M
BET,; HRHBEMSET,

FE—SNBUMAEIZRE Rust, IMARE— “Hello, world!” 12F, UKRINAER Rust EEE
FZMWETHR Cargo, F_ENBIWE—NMEHFIL, FIRehFHRTE Rust 2F. XERHK
MNEERBBRRENE LS, MELETBREFZAT., MRIFEIZIshFLE, £
EMRRES RIS, E=ZNE Rust P S HEIRIESHAMNEYE, FHNERF

3 Rust FAEN RS, MRMFE—MIARNESE, ERERANT—HTHZEEIE—

MT, FARESEREE—E, BEEANEE=ZE,; ZESMEELT B zAZEINAT,

HEZSETE,

BREJHEEME (struct) MFHZE, BAENBKE (enum). match RIAT, UMK if let
F let...else ITHIRLEM, 7E Rust A, SIERBENXKEFTERINLEMAEFNKES,

FELENE Rust IIEIR (module) R4, UNKRATFARRBEREXLF API (RAERFEO)
HRAEMERN, F\ETCREEREN—LENESTIRENM, 5190 vector (hSEA).
FRBHM hash map (BFIR. WBHER). FNERE Rust WEBIRMIBIEZSRA,

FETERNNEZE (generic). Trait MEsEH (lifetime) , XETHEEIHREEISE XEM
FEMEENAE, B+—FLEAR TN, FHAME Rust BRERIE, WFEENLHE
EFZEER, BT _EFRIWERNTECH grep T TANINEFESI, AFEX
TR ERXA, AEZARZAETITEHRZME,

FE+=ZFBRZEZFE (closure) FIEKEE (iterator), BIIEFRBERHARIZTIE=HY Rust 45
4, BHOESTRAMIRIT Cargo, HNMABSMWARZENRELR, F+REETNCIRERE
RS REIEH UNREHEHLIZERADN trait,
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FHRERSISHRNTBARMNHALEEERL, FHIRIT Rust (NEFEBIRT RMHTIT S LIEYR
2o BT EEBEIHEM _E#H—PIRE Rust B9 async #1 await &%, WURES. future #
stream, FBENIFIZIFNEERHLKEE,

B+ )\EEET Rust AR S{RATRELL IR OOP (HEMRER) RN ZEMLbE. £+
AER— X TFERASEALENSE, ENIRTE Rust BFhRIEABENE LA, £+
BWCET—AJRATERMBINEA TR, BIEAREZ L Rust (unsafe Rust). &
(macro), UNEZXFAEGBAER. trait. £E., REMHAGCHAS.

FT—EBERIIBITH—THE, RA—INRESLIEN Web BRSS!

EEHNMREEST —EXTZESNEARAEE, ERAERESEREN. WR ARET Rust
HXHEF, MR BIEZET Rust NEBEFMNS, MR CHRETIVERERMHENAIKE trait,
RO REBT—EEANALRTIER, MR EBET Rust ivA, MR FH, (RAJLUEREIZARS
RIERERRA, TIEMR G, FE(TRITIE Rust RUIFEIFITERI AR HAZE nightly Ruste

FEABREMRNAN: NRIVEBIAENNS, REWD! NRIMBIEAR, h
BEEREAENE TS, ERI AR MDA TH,

F3) Rust W—PNEEED, BESNARRFFRETHRRER: ENSIE5IRE HEEE
TEIRES. AL, FATRREITFSTERFNTA, URRZRSEETEMER TIETRNHEIRE
Bo HAR, MRMFEEFRMANFHBITENTA, ErRRTERE! BSCHRREIEBERX
F, BWIMRRREBTHRAIRS KRNI IRE, Ferris BRTEIRX DILERRAZN T
IEH TERIAAS:

Ferris ax

XL HET fwiF!

?
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XEABEZ panic !

XEABENEITERA T,

TEREDER, BESMRET HEIRIFFAIDIERN ERRE,
ST
£ A BRURIGEILTE GitHub E#E),

FEE: A WE GitHub BF, YPIER Issue # PR :)
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UNBE-:

ch01-00-getting-started.md

IEFAIFE Rust ZHRIB! FEFZSIIMNARERSL, EESRRESHBTEL. EEXEFH, FHi
Bitie:

« 7 Linux. macOS # Windows &% Rust

s 45— ITE Hello, world! HFERE

* f£F3 Rust IBIEIRESHIR RS cargo
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https://github.com/rust-lang/book/blob/3a30e4c1fbe641afc066b3af9eb01dcdf5ed8b24/src/ch01-00-getting-started.md

Rust 2FIKIHES B{AR AR
R
ch01-01-installation.md

F—PELE Ruste HNN=BET rustup TF Rust, XZ—MEIE Rust IRAFEXTEAE
LMTITE, THNREBRKWN.

AR MRMETREEBMATAER rustup, 1HE Rust WEMZRETFANE &
BHEREE,

ETRNPBERESMISEMR Rust RiF¥s. Rust NIREMRIEER®RE, SPPAEREBYR
FERURAI, EEMY Rust RSB REEEEREIR. FRREZENEEATEREER,
79 Rust @EUHIBREEMNE S, MR, BRXESRLEMNEABEHTRIRER
Rust, #NiZEEIEEESABRABER.

I RE )
ZEME2PHHR, RSB —LEELXEPFERANG L. FIEFERMAIILKRIRITEBLL
$ Fko IFABERA $ FF; XBEETH $ ZREAOIITIRTN, NBTRRE
THTHES. R ¢ BEHNTEERTT— TR E. 5%, PowerShell &
RANTREIERA > AR $o

£ Linux 8 macOS &3 rustup

NRAREEA Linux B macOS, FTHLXRIRHMAMN Ta<:

$ curl --proto '=https' --tlsvl.2 https://sh.rustup.rs -sSf | sh

XERBLR TH—MAHEBE rustup TANRE, ERRERMNISEM Ruste di2HAJ&E
SRTMEMNEN. NRLEMD), BHROTRS:

Rust is installed now. Great!

B, REFE— §51%88 (linker) , ERE Rust ARHREIFR HERERBE N XENIER,
MRAIEEELLE T E. MRBRFHERFIR, MV ZRE— CHXE, HPBESESH
et CRIFSHRFFHRER, EA—LEEMA Rust B&H C X, FILFEE CHEixs.

£ macOS Lk, {RALUBIETU T aR<RE CiESHiFss:
$ xcode-select --install

Linux AP @EMRIEECA1TAR (distribution) BYSISZREE GCC 3% Clang. tb¥d, WNRfR
{£F Ubuntu, FJLAREE build-essential fl,
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https://github.com/rust-lang/book/blob/369386fefd1138cbdf50ae628bae1ffc4ffce669/src/ch01-01-installation.md
https://forge.rust-lang.org/infra/other-installation-methods.html
https://forge.rust-lang.org/infra/other-installation-methods.html

Rust BFIRIHES EFPXAR
{£ Windows %3 rustup

7£ Windows L, #ifE https://www.rust-lang.org/tools/install 7#1&fEi%BAZR 3 Rust, TR
ESIEFNE—D, (FEWIRTEE Visual Studio, EIRHE T FEZSRUNRFRFIEFFIENZ
ME, MNMRMAEX—PEEFLZEER), 1BAA https://rust-lang.github.io/rustup/
installation/windows-msvc.html,

EPNRTH P =EALEREITF cmd.exe #l PowerShell W<, MIREERFEER,
M= ERERE—,

HPEHiB% (Troubleshooting)
EH0E Rust BERIEIEM, $TF shell FHiaA:

$ rustc --version

RN IZEBEIE A MNRFIREMMNARZASS. commit hash # commit BEE, BXWT:

rustc x.y.z (abcabcabc yyyy-mm-dd)

MREITXEFER, Mk Rust EERERNINT! MRKEED, AR TENGERE
Rust & TEIREY %PATHE RFETEH,

7£ Windows CMD H#, &ER&HS:

> echo %PATH%

1£ PowerShell B, EERADS:

> echo $env:Path

7 Linux 1 macOS =, &EFERAGS:

$ echo $PATH

AR XLEEZRIR(E Rust HATEER, EERZMATLUKE, RAIUEHEAEEEN
fAIBX & Efh Rustaceans (Rust AP X B 2H—1MFR) o
ES5EE

BT rustup &3 Rust 2f5, BEMEIFAHMAREE, REERF shell PizfT FTEAVER
Btz :

$ rustup update

EEHE Rust ] rustup, IETE shell Riz{T FEAIENEHIZ

$ rustup self uninstall
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https://www.rust-lang.org/tools/install
https://rust-lang.github.io/rustup/installation/windows-msvc.html
https://rust-lang.github.io/rustup/installation/windows-msvc.html
https://www.rust-lang.org/community
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A3 3AS

LZH Rust B SHFHE—HOXENAEIZ, HIRELIES. B1T rustup doc BIEIFENEEEH
FIFF A A,

EREHER, SNRIVERERM T EDLBHRL, MIFFHREERMHANSZMNEER, BE
FNAEFED (application programming interface, API) X#4!

XARIERMERF LIFE (Integrated Development Environments, IDE)

EBNMRIZIMERTATERES Rust K83, JIFEMXAIRIESFEEME! I, FEX
KIRIESRMEMRFFLIFR (IDE) #WE T Rust B2H. REZRILATE Rust EMMBI AR
ERE—MEX BRI E W YmiE2:H0 IDE 53K,

B&ERTSH

E—ERGIHR, RINNSERREREZING Rust B, ERTXETRAG), MEERENBIEE,
SERAT TR AR, BT RN, AILUSITUTHL. (HRFRNIFMER
cargo Zft4, URXEmLIANEFTAER.)

$ cargo new get-dependencies
$ cd get-dependencies
$ cargo add rand@e.8.5 trpl@o.2.0

XAIXLE TRABEER, Bt SIRARERR TRENT. STEXEsSE, f
KRR get-dependencies XK, RBAPITERERS, EABFRFEN cargo B9
o, EREILUER --offline BYREAXLETERIMRA, TIALSIREN.
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https://www.rust-lang.org/tools
https://www.rust-lang.org/tools

Rust F2FIZIHES @R AR
Hello, World!

ch01-02-hello-world.md

BEARENF T Rust, BIHMERBFEE— Rust iBF T, HFESI—IFMESHIENE, FHZIE
S 1EFRE _LEFTEN Hello, world! @—IN{E4, B TEBRAX—E4!

AR ABRIRIMABEERNGLITIRIF. Rust W FIRAVRIEES. TR, LKA
FRARHLIERENER, MRMAEHETFERAEMALIFE (IDE), MAEHL
17, IBREERAIRERY IDE, BER% IDE #E—EZE LX#F Rust ; EF IDE
ML T #BE ST, Rust FIPA—EEFIF(EB) rust-analyzer $2{H3RKHY IDE 32
o 1EMMIR Do

tIETEBR

BARIZE— 1 EFR Rust UIBRIE R, Rust HAROABERERE, AN FABPRIELS]
MIE, HIVZRURE home BRFEIE—1 projects BR, FHRFABIEEBBREIE,

FTALIEHMAM T a2 U2 projects HR, H1E projects BRI “Hello, world!” TIB ¢l
_/|\E§o
3+F Linux. macOS F1 Windows PowerShell, i\ :

mkdir ~/projects
cd ~/projects
mkdir hello_world
cd hello_world

R 2

3+F Windows CMD, i\ :

mkdir "%USERPROFILE%\projects"
cd /d "%USERPROFILE%\projects"
mkdir hello_world

cd hello_world

V V V V

Rust F2FEH

BTIE, HE—NEXHS, 5884 main.rse Rust XIFRZ2LL .rs YV BBERE. NREXHEHZE
B% 18I, PBARRGRIN, MAFERTIERSIREIE, FIANNERA hello_world.rs,
A2 helloworld.rs.

WMEFTANIBIZER main.rs X5, BNTBE 1-1 AR,
X{EZ: main.rs

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

}
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https://github.com/rust-lang/book/blob/d46785983db2d2f94ca3d571db2cfbad0f5ad3e6/src/ch01-02-hello-world.md

Rust i2FIgITES ERFXhR

REXH, HEZFIMUFERN /projects/hello_world BFIREHE . 7E Linux 8 macOS £, %
NIOTFar<, wmEHBITXH:

$ rustc main.rs
$ ./main
Hello, world!

£ Windows Lk, BAfS .\main, MAE ./main :

> rustc main.rs
> . \main
Hello, world!

TEERAMRERS, KRNIZITENF T Hello, world!, NIRZAEEFRX LML, bF
LRI BEERR" NN ERE RN .

UNER Hello, world! FSCITENHRT , AREMR! REKERTH T —1 Rust I2F. MERE
ZE2—R RustiZFRT, JBMMA!

Rust fEFFRYZEH
WTE, iEENELNTE LFFABEEF X “Hello, world!” 125, XEE—IRBIE:

fn main() {

}

XJUTEX T — 1R main BYREL, main BREIRISHR: T8 TAHITH Rust I2FEH, BT
BRTIETHNAE, XEETERT RN nain NERE, ERESHBEEREE, N
RESY, eIZER/MES O Ho

REAFERE (0 Fo Rust ERFIERBAEEATESEREK, —MRKH, BERES
S5RBAERETR—ITHUTRIR, B RIFIREBXE.

E NRIRAHEE Rust T PERIF—FMREXAM, FILUERRA rustfmt BIEENE
N TEBABERAUANFEENXRE (EZATIFNMRE D B89 rustfmt), Rust
ABLZ7EMRER Rust RITHRFEE TXNTHR, K rustc —1F, FMUENIZES
RRTEIRRIEMF T !

£ main RERIAFEITHE:

println!("Hello, world!");

EITABERX MEREFHNFAELE: ERS LITHXE, XEE=1EENATEET

/%\ [e]

B, println! AT — Rust = (macro), MNRIABIIZEER, FRIZERL println (R
m !)o Rust AR—ThARES TAERARBIMEE, MY B Rust IBEMA; FHITEES
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—_TEFMIER. REMRIFENE, FF ! MERERABANREMASE B8R, HER
HASRERES RIAERERIAEN,

5, "Hello, world!" B@—1NFfFdH, HINEXNMNFAFBEN—IMSRITERL println!, F
FFEBRRITENEIRRE Lo

FB=, ZITURSEE (0), AR—NKRAEARXNLERMNT—NRARN AT LUFE, K252
Rust KRBT D S4EE,

WIF5IBIT
RNIRETT T — M eI VRS, BALBIMRERIREFNE— T E,

7£1517 Rust I2F 281, HIAFEH Rust FiFSIHIFE, BN rustc SiSHENEXHER
R, W

$ rustc main.rs

NRIFE CHCH+ BR, MIKRIMXS geec M clang ), FmIFAMINGE, Rust ZiaH—1 T
HH I RTRIT

7 Linux. macOS, LK Windows B PowerShell £, {REILLTE shell FEN 1s spSREF
XANARITXH,

$ 1s
main main.rs

7E Linux #1 macOS, &R, £ Windows PowerShell #1, {Re&RIEEA
CMD RN =1, 7 Windows B9 CMD L, MII@AIN TS :

> dir /B %= the /B option says to only show the file names =%
main.exe

main.pdb

main.rs

XBRRTHA .rs i BANEREXHE. ATHRITXH (Windows & main.exe, EfttE& £
MZ main) , LUKRTE Windows E—1NH%E .pdb T BE. E2EAEENXSH. ETER, K
B LAIE1T main ¢ main.exe, 31 RFAR:

$ ./main # Windows =& .\main.exe

MNBRXEH main.rs 2 _ESXFTRBY “Hello, world!” 2%, BBATERIE EFISITENEH
Hello, world!,

WRIREFE Ruby. Python 3 JavaScript XEFNEIES, ATREAKIRIBHEFNEITH

R MBI B, Rust B2—Fh F5kLRiF (ahead-of-time compiled) BEE, XEMKERAI LI
BREFRIFT, BIETRITXHRGHMA, BMEMITEE %S Rust, HAILIEEIE!T. M@

RIFAFNABNR— .rb. .py K js X, ITMEE D 5IRE Ruby. Python 3 JavaScript

X (BITHIFER), FEEXEIESYH, FIFNETEFBEEREE—EmS. B80T

R — & A S,
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RAXMER rustc FIFFPEFZRAEAN, FIEETBIEK, MAEFEEEFRNENTS

HEE, FIABZTFOR. ETEK, BINENE— UM Cargo WTE, ESHEMIRES
Bt R Rust 2o
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Rust #2FIRITHES BIARHR
Hello, Cargo!

ch01-03-hello-cargo.md

Cargo =& Rust W RAFEEIESZ. K% Rustaceans #3fEA Cargo REIEM{IAY Rust
B, AA Cargo SBRMEFZES, LbilMERE. THARBKBINEHFmIFXLRE,
(A NERESFrEERENS &K# (dependencies).)

(B 88 Rust 12F7, LEaNFAININIRS RIARS, KB EMAKT. REEM Cargo KigE
“Hello, world!" BH , BBAR=FE Cargo i STHERIIRIABER D IIEE. MEIRREEER
BY Rust 327, MSMANMKII; NRBB—FIas2ER Cargo SN, BARMKHIMZE
213%,

BTF4AZE Rust TIEERERA Cargo, ABETREMAWRIKIRZMER Cargo, WNRIRAE
BNRE "&" BANBNERLELI, BBA Cargo b Rust —i2R &, MNRITEITHMS
L% Rust, AILEREMAN TSN ERERE T Cargo :

$ cargo --version

WMRIREBERTRAES, WEH Cargo EALLEWF 7! MRBZIZFK(MU command not found HIEEIR,
RROZERMEN T A I, WENFEIMEERE Cargo.

M Cargo tIE1WHE

IAMER Cargo BIZ— IR, AREES LER “Hello, world!" BBEMHARE., [EE
projects BR (NEMREFERABENER). &5, AIEEMEERATEITUTHS:

$ cargo new hello_cargo
$ cd hello_cargo

F—ZWIIWE—NRBA hello_cargo WERMIB., HEITEMB&®RA hello_cargo,
Cargo U2 1E[EE BRHPEIZTE X4,

BN hello_cargo BRHFIHX . R=EE| Cargo AEMNER TR IXXHEN—TIER: —
Cargo.tom! Xf. — src BR, UKRNLTF src BRFPB main.rs X4,

EIELKTE hello_cargo ERPIANK— Git BF, HER—1 .gitignore X, MNBIE—
BLEFEN Git BFEHIET cargo new, XL Git BXXHMASBER,; RAILUBIIETT
cargo new --vcs=git RBEXMT N,

AR Git 2—MERBRRAIEHIRS (version control system, VCS), REILLE
o --ves SEIE cargo new EREMARAIZHI RS, HEFREER VCS, 1517
cargo new --help B]LAZEE 0] %N,

EBITIRRANAHRERITH Cargo.toml X, ERNIZEERSRE 1-2 PRIBEM:
X% : Cargo.toml
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Rust i2FIgITES ERFXhR

[package]

name = "hello_cargo"
version "0.1.0"
edition = "2024"

[dependencies]

XANEER TOML (Tom’s Obvious, Minimal Language) #&3%, X2 Cargo ECE X{4Fr{E
RS,

%5—1T [package] B— section #7#l, R TEMIEABRELE— package. FEEHKIE
XNMNXEFMANEZER, TEMEf section.

ETRN=1TIRE T Cargo mIFEFAMFENREREE: MBERBW. MBME, UNREFBHN
Rust edition, MR E =V 4R edition XM,

B/5—1T [dependencies] 2% BKFHA section B9FFA. 1E Rust 1, REZEERH
cratese XANMBAEFEHAM crate, FEEEZENFE—IMEFBRITMSFTERF, T
R EIXA section,

WIEFTH src/main.rs BE .

NER: src/main.rs

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

}

Cargo RARER T —1 “Hello, world!" #2F, EMFEZzaiErxRG 1-1! EIBRTALE, ]
MBS Cargo £RMIIME ZEINXFITET: Cargo BHRBEMIE src BRH, HEVEHRES
MET— Cargo.toml BBEX 14,

Cargo HRER{RBVEXX I F src BR. MBERB RN R ARBK README. license 52, At
BXH, UREMSKBEXRNRNS. FH Cargo BEBITILLIMBHFRIFEE: SEAXEHR)FH
filo

WMRIR—Fa% B A Cargo SIRME, tbilFK1 IR “Hello, world!” TE, fRtBA]
DIBEERE—1MEA Cargo BWINE, REBTHBEAREEE src BERH, HEIE—SEN

Cargo.tom! X#BEIR], —NMERBINNERIEIT cargo init, EXBEMAMREIEX XK

¥ HiB1T Cargo INH

MEILFEATREE, /A Cargo HEFETT “Hello, world!” #FEEHARR! £ hello_cargo
BRT, WATENGSREEDE !

$ cargo build
Compiling hello_cargo v@.1.0 (file:///projects/hello_cargo)
Finished dev [unoptimized + debuginfo] target(s) in 2.85 secs

XEESRTE target/debug/hello_cargo £RE—NEIHITXE (Windows E=2
targetdebughello_cargo.exe) , MARKIEHFMERT. EARINEL X Z R AE
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(debug build) , Cargo SIBRIHITXHRTEE I debug IE R, {RAIUATEMNGHLIET
EXAATHAITSCH

$ ./target/debug/hello_cargo # FETE Windows T .\target\debug\hello_cargo.exe
Hello, world!

NR—NEF), LKk ERIZRFTENH Hello, world!, $—IRIGfT cargo build B, Cargo if
SEMBRERCIB— XM Cargo.locke XNXHRIERI B KRMAVEHRA. BTFX
NRERBERE, FRUAXHERBLERD (RKEEAFEFHERNX XM, Cargo ZEIRE
EEHNRE.

FAIWINIFER cargo build B TINHE, HfER ./target/debug/hello_cargo 1T T i2fF; 18
BJLAER cargo run, TE—Fen<LHPTEAmIFHIZITERMRYRIHIT !

$ cargo run
Finished dev [unoptimized + debuginfo] target(s) in 0.0 secs
Running "target/debug/hello_cargo"

Hello, world!

EERRAAISFEIEIT cargo build BARTHITX AR ERZKNITIZER, A cargo run B
8, FRUKRZHMIFREZESE cargo Tun,

AR, X—RISBHMRKRPA Cargo [E7E4RIF hello_cargo BYHit, Cargo KMXHEH X
ST, FAUEREEMDE, MERRETT Z#HHIXG. WRMFERTIREXXH, Cargo
REBITZAENHWENE, AaHEGXEFNEE:

$ cargo run
Compiling hello_cargo v@.1.0 (file:///projects/hello_cargo)
Finished dev [unoptimized + debuginfo] target(s) in @.33 secs
Running "target/debug/hello_cargo"
Hello, world!

Cargo iRt T —IY cargo check HEr<, Zap<LRERERBMWEREALURE, BHAF
ERTHITCM

$ cargo check
Checking hello_cargo v@.1.0 (file:///projects/hello_cargo)
Finished dev [unoptimized + debuginfo] target(s) in ©.32 secs

A LARERFREARITXHIE? BH cargo check bt cargo build R1§%, EAEEKRTE
AT X —F, MRIFERSRBIFSEICE, cargo check B LAIHRERENE Y FIA
BRETEEERT! Eit, R% Rustaceans B2EREIZFIIELRIBIT cargo check K
R URF;, FESTERTHRITXHE, BIE{T cargo build,

EMEBTE8¥3M Cargo RA:

* FILAfER cargo new BIEZWIH,

* AILAfER cargo build #ELIH,

* AILAER cargo run —ZHWEHEITHE

* FAILAfER cargo check FEARAE A @ HISX HRIIER TR E KIQEHIR.
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c BRIl TFRUBERRESFEHERNBER, Cargo 2R HEME! target/debug BRo

i Cargo IB—MESRE, FIEIRERMTARIERS, XEMSHEERN. FRUUMILE
Fia, mBERESHBA Linux. macOS 1 Windows 12{H &M<,

%% (release) ¥jiE

UINEHRAREZTF AR, JLUER cargo build --release LIEBMAAREIFNEH, X
7£ target/release MA & target/debug THEMAIMIT M. XLMURIL Rust KIBIETTIRE
R, FEAFBMRUBREKREFE, XMBATASERHARREN profile : —FBAFHX%,
FEFEERRREMEMETIEE, S MHMETHERERWAAFNER, XHEFFS
MBEMEE, BEFECETERAUER, MRIREMAREITRENEENS, ESHE
47 cargo build --release, FfEF target/release TBIRI AT H#HITMI,

8 Cargo H{ESJIR

XFEPRME, Cargo tHLLEZER rustc HAITHRASEIMNME, EREEFEREE
%, ENNMERIZHEN. —BREFERKIIBSNXMHEN, NEFEHEMKR, ik Cargo
KNENRIIENEEHEZ.

RE hello_cargo IHREHE, BEEEBLZALTIFS{RERLE Rust FRARREEERARNES

TR, KL, HREERNERNEB LI, &eIUERANTH<, BT Git b, #
ANTEBRHAWEE:

$ git clone example.org/someproject
$ cd someproject
$ cargo build

XTFEZ Cargo NER, BTEN EXiH.

B

REZENHER Rust ZIRGFEST ! EXRER, RFSTM:

* {EH rustup RERFIZEAR Rust

« EIMEEHEBY Rust kA

o T AR SRS

« BB rustc {5 FHIiE1T Hello, world! 2R
£/ Cargo BIEHEITIHIMEB

MEERBIHE—NELENEERAE Rust KBRS, FAlt, TEEZEHPHEAN]
SR RBRFIENIEF. WRIRERRF S Rust PERIFERS, BRARE=ZE,
AEBERE S,
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Rust BRFIIHES B
W5 — IR T

ch02-00-guessing-game-tutorial.md

HENT—EoFRE— N B FIRREF Rust | ZREFNE—L Rust HE WS, Hidd
BEILMEFERBRINEEET . (FEEFE] let, match, 7% (methods). XEXEREX
(associated functions). 7MEF crate FHIA! EEETRRNRITXERSHNAT, EX—
B, BITEEELIRMAR.

BNSEM—NMEHOFFFRIZR . BEFHE XM NnT: BEEESE/M— 1%
100 ZiEIRVBENEEE, AR EXBA— 1M EIE. NG, BEFRERZBENRXKELEE
KE. MRBERT, BHIFTENRREEH B,

HEE—HInE
EOE—RIE, #ANFE—ZRCEN projects BR, M Cargo #iE—1IH, WF:

$ cargo new guessing_game
$ cd guessing_game

E—5H cargo new B R (quessing_game) fENE—NBH, BE-HHSMENG
BIZMIME B R,
EELEMB Cargo.toml X5 :
X% : Cargo.toml
[package]
name = "guessing_game"

version "9.1.0"
edition "2024"

[dependencies]

IFWNS$E—E8R#F, cargo new &£ T —1 “Hello, world!" 2%, &F src/main.rs X 1&:
M src/main.rs

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

}
IMTEMER cargo run 85, —H 5L “Hello, world!” F2FEI4RIFFIEIT:

$ cargo run
Compiling guessing_game v@.1.@0 (file:///projects/guessing_game)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.08s
Running "target/debug/guessing_game"
Hello, world!

HIRFBATE PIRFERET, run s LRAEIR LAY, EMINEXNRRIEHMY, £
T=RERZAMREN A E—RIEH,
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Rust 2 Fi&IHES BRF AR

ST sra/main.rs X1, BITEREXNXHEHES BRI,

AhIBR— R FE M

BHFERNE—BLIERNLERFEAN, FRERASTRSTHANER. 8, &=
RFTRMAN—EM, 1F src/main.rs BINTE 2-1 PRI,

X% src/main.rs

use std::io;

fn main() {
println! ("Guess the numbexr!");

println!("Please input your guess.");
let mut guess = String::new();
io::stdin()

.read_line(&mut guess)

.expect("Failed to read line");

println! ("You guessed: {guess}");
}

RERBOSRSES, BT TR HTRRARBNFRERITONSS, 2]
BEIBANBLE fo SINSEIERS, o FEREITERE, HERHN st :

use std::io;

AIAERT, Rust ZIBIREEFH—HRNBTBMHEANEMEFHERE, XERABHEMN
SN (prelude) o fREILTEIREENIEFESE prelude EEEWMLERR,

MBIFEERZEEIARIE prelude F1, FEABTEA use BAESAMIEHSINERIG, std::io &
IRETIHFZERNIEE, EPhaiREAR BN

NE—FFER, main RKEEIZFMIAOR:
fn main() {

fn \EABRT — MR, MES O RIFZESH, KES ( FARBUFBFS,
F—EHRRT println! F—NMERRE LITENFRENE:

println! ("Guess the number!");

println! ("Please input your guess.");

XEABNETENER, NMREFNNATARBERBFABEAN.
EREEMHFE
ETIR, SIE—T& (variable) REBEEFERFRIN, HRIXE:
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let mut guess = String::new();

RAEEFAREFERRT! X—MIHBERETREZE, HIER let BOKLIBTE, X
BEFIM1HF:

let apples = 5;

XITRIEIHET — U apples T EHIBTHEERIE 5 £, 72 Rust F, TEEIAZFH
TR, XEHRE—ERINATERE, XMEMFAIUBENT, RIIBSEE=ZEN ZE
5% M" BHFATIEXMES. TENFFERTNEEEERFEA nut KE—NEE

CIEN

let apples = 5; // A&
let mut bananas = 5; // BJZ

AR 1 BEFB IR, JHEE1TE. Rust ZRRABRHHFIERNS, £=51§
AN AN LTI T
z:ﬁg—EH) =] /35%%0

EIESEHRFEFR, MEFKNFET let mut guess KF|IN—PIUM quess WO BT =, FS
(=) &iF Rust BMNIMEEBEENMEHPEET = L, FSSHHIBLE guess FIHENE, =
String::new BYLER, XPREKIRE— String BIFFSEH, String B—MrERERMHAFE
TFERER, ©2 UTF-8 fRiZMATE KSR,

sinew FB—ITHY :: EAZRAA new Z String KAV — KBXEKER (associated function). %
BXR B WM E N RBLIMAR L, EXMIFHE String, XA new REBIE T —NHY
TFR B, FERMIFLEE LHE— new K, EANXENEMLEQZHEN T BRI
Ao

MEOE, let nut quess = String::new(); X—{TOIRT — M TBLE, LFNCHET—
A9 String T L, 1F!

EWAPREA

BZ—T, HANEREFIE—ITERR use std::io; MAREERSIANT RN AGHINEE. IER
A io FERRYRIER stdin, XAWINILERFRAN:

io::stdin()
.read_line(&mut guess)

NRIZFFREEER use std::io; I\ io FE, FHANMLHEILUETIEREBIERS R
std::io::stdin R{ERIZKEL, stdin RKEGRE]— std::io::Stdin B, XE—FARER
KintrERNIIRBIEE,

TR, HREHRY read_line(&mut guess) VR T iERINGAE_ LR read line /7%, L3R
EYF PN FITIER amut guess fERNSEZ L read_line KER, ILEEGHAFRBRNGEES
XNFREBAR, read_line WITIER, TILAFPEIMERMAREANTANS, BRHEEM (F
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SBEHFARR) B FEH, BEREFTRENSH. ITFHESBRNIZZER
TRy, LAE read_line AP RN EX.

& RINZNSHRZE—1 5|18 (reference) , EAFZANIEHRIE—AEIE, MEFERNEFH
Z¥EN, SIAR—IEFRNFEMN, Rust N—MEEMEMERREMERAIRMEIFH. el
HAREFHARE THRNLEZSAT., T, HMNIAFHNECHRTRE—H, MAEFTTEHN.
Ite, FESR &nut guess REHAE, MARZ &guess, (FUEZE2EMIHAAESIA.)

fEF Result ZEEIRAMIPHEIEAVIEIR

BNELBTRENMTEXITAE. BARNELHRETE=1TXE, BEIR. EMARTR
—FEEAE, FTROBIEX1TZE (method) :

.expect("Failed to read line");
MBI A ARBXFES:
io::stdin().read_line(&mut guess).expect("Failed to read line");

A, SRERBIITHLUER, FIUSFIFRARE, EERY, HEM method_name() EA
BRGZEN, EBHMARTHNZEARFSKABTERIEEN. WEREEXTRBRERET
4.

ZEiIRE]T read_line AP WMANMRMEMERLAENFHFEFR, FEEHRIRE—PERK
Result fY{E, Result B—FKZELE, BEWEE enum, B©rILIESMEIEERTHE—,
HABEESM O gERVIRESIR A —F 5 (variant)

BARERNAKENEZMT, XEH Result KENGARBIEHEIZBIENER,

Result BYRY 52 Ok A Err, Ok RYRFRTIRIEAIN, AIBEESHMINNF=ERE, Err FRUE
BREIRERW, HA err PEESEXIRERMNERE S XE R

Result RBVWE, GEMEER—F, HEENXTHLM LB E. Result BILFIHEE expect
BiE. WIR io::Result SLHIRYER Exrr, expect REHIZRFAE, HiH B MESHETES
expect B2, FTILE read_line FiAiR[E] Exr, NMAEERRFETRBIRIERAABIZNE R,
YR Result SLHIRYER Ok, expect =IREX ok HHYEHEFREl, EAFIF, XMERRAF
BMNFIATERNPRIFE T,

RN expect, BRFBERE, FITHI—IES!

$ cargo build

Compiling guessing_game v@.1.@0 (file:///projects/guessing_game)
warning: unused “Result® that must be used

--> src/main.rs:10:5

[y
S

io::stdin().read_line(&mut guess);
ANAANAANNNNNNNNNANNNNNNNNNANANNNNNNNANN

note: this "Result’ may be an 'Exrr’ variant, which should be handled
note: “#[warn(unused_must_use)] on by default
: use ‘let _ = ...  to ignore the resulting value

>
D
l_l
— o I N — —
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10 | let _ = io::stdin().read_line(&mut guess);
| +4++++++

warning: “quessing_game” (bin "guessing_game") generated 1 warning
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.59s
Rust EHIATZBEEA read_line RYIR[EE Result, WAAF—AIEEREIRSELE,
HRESNERMERLMERS HIRVIERDE, FIETHRINMEREZFTHINIRMES L
BOERIS, PRUAEHEER expect, ENE RF JUWAMBRPIE.
A println! H{IFFTENME
BT UTFEENETREES, BRALMREX—THBERITE—T7:

println!("You guessed: {guess}");

XITRBMAEITEN T FEAFRANFR R, (0 XNAESE2—NERF: 18 O BREVNVE
H, AIURMESENE. SITHNREMNER, TEXAUETHAIESH, JITEIRAAIRIT
LR, WAFRFE (format string) FARESHEE, BRAUFHTEERESHRNFE
HTENMRIETYIR, HMFS8— 1T AES SUMFHIRFE—FH. £—1 println! JBAHT
ENZEMFTEANEEERGEX !

let x
let y

55
10;

println!("x = {x} and y + 2 = {}", y + 2);

EITHRESITENL x = 5 and y + 2 = 12,
Mt E—EBS3 X8
I FAIFNA TR F RN E—E D ER cargo run IF17:

$ cargo run
Compiling guessing_game v@.1.0 (file:///projects/guessing_game)

Finished “dev’ profile [unoptimized + debuginfo] target(s) in 6.44s
Running "target/debug/guessing_game"

Guess the number!

Please input your guess.

6

You guessed: 6

EtHLE, HRNE—HIBETR: RITMBRFKEANFHTENT K,
ER—THEHF

ETR, SEER—IMEBHTF, HitBEPXE. MEBERFRZESREARE, XFEEEMAF
SZ0K; SEEIMIZIE 1 2 100 Zj8], XEFEAFRSKEXE, Rust FrERER R RE SHEVIEAIHEE.
7R, Rust FPAERIRET — 18 & LiRINEER rand crate,

27/548


https://crates.io/crates/rand
https://crates.io/crates/rand

Rust i2FIgITES ERFXhR

{EH crate RIENMNEZIhEE

1BfE, crate 2—%H Rust IRABBX . HNEFEWRITER—" Z&#H crate, ES%EM—
PAMITX M rand crate MR — & crate, P crate AJ B SETREREMEFERANA
B3, {EREEMIIAIT.

Cargo 7EEIEIMES crate FEMEENERHEEAKERNIM S, EHKIVER rand /{5 NS
21, EEME Cargo.toml X1, 1B rand JIA—M&F. IMEITAXNIXHE, HETEX—
177 N0%! [dependencies] section FFRZ o TEHBIMRAT, BESHIXEMAHIERE rand,
BN AHIZEPRRECIE R gE T AETT.

X% Cargo.toml

[dependencies]
rand = "0.9.3"

£ Cargo.toml X, —MrBEUREENABEEFE—1 section, BEIHI T—MRE
STFFIAHTHY section, [dependencies] section FARE 1k Cargo @ XN B KEiHFLE IR
crate, UNMENIMRAER, EAHIFR, FIVEREBEXWARZE 0.8.5 RIEFE rand crate,
Cargo IBfi# IBX AR (Semantic Versioning) , EE#A SemVer, ©R—4HT s
ST, 0.8.5 LR LR r0.8.5 WEE, RNEMEIH 0.8.5 B/VF 0.9.0 HARZS,

Cargo INAXEERRZAS 0.8.5 BIATT API A, FIXFFAINRALIRAT IR TRISTIRE
WIFAENENERMT (patch) hiA. ERIAFHFTF 0.9.0 B, EBARBEFRIETAEA
5E£urfIEER APL

WE, MESUEMRNE, WEME, WRF) 2-2 Fir.

$ cargo build
Updating crates.io index
Locking 15 packages to latest Rust 1.85.0 compatible versions
Adding rand v0.8.5 (available: v@.9.0)
Compiling proc-macro2 v1.0.93
Compiling unicode-ident v1.0.17
Compiling libc v@0.2.170
Compiling cfg-if v1.0.0
Compiling byteorder v1.5.0
Compiling getrandom v@.2.15
Compiling rand_core v0.6.4
Compiling quote v1.0.38
Compiling syn v2.0.98
Compiling zerocopy-derive v@.7.35
Compiling zerocopy v@.7.35
Compiling ppv-1lite86 v0@.2.20
Compiling rand_chacha v@.3.1
Compiling rand v@.8.5
Compiling guessing_game v@.1.0 (file:///projects/guessing_game)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 2.48s

ARSERAFENRES (ZTTIEXKME, Efl5SHABEREN!), HEERNTHALE
SBAARE (BURTRERS) , THIRFHEAESRE,
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LFATIMN—DINEBRHET, Cargo M registry FKEUZIKBFABERNBNERRAEE; X
registry KB Crates.io #IEH—{3&IZ4S. Crates.io & Rust £EERFAPR AL TR Rust
mAE. HtAERNFES.

TEEHSE registry Zfa, Cargo X¥0& [dependencies] section, H TFEHEATIHERKTEH
B9 crate, AR, BAFENRAERAT rand X—MKHL, Cargo EEEIMAEY rand IEET
EERKERVEM crate, TEIFERG, Rust RIc4mIFXLEAAT, BEXLAE A BNER TR
EME XS,

WMRAERMERR, ILZIBRIEIT cargo build, PRT Finished BB—1T25h, RARFEIFE
faligitt. Cargo AIEBEEATHHEF T XLMAR, MA Cargo.tom! XHWEELZELZ K,
Cargo FAIERNRIBUEENE, FILEHEASEREERB. BTFSEEEAIHN, s
HiZRH,

WRITH src/main.rs X, H—LEEXEENEN, FEHBIEE, MERSE2®™ITH
e

$ cargo build
Compiling guessing_game v@.1.@0 (file:///projects/guessing_game)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in ©.13s

XZ&RBH Cargo REARIT sre/main.rs 7 HUIMESKMER T2, KHHEELWL, FilL
Cargo flEEER UE B2 HIB4E T HFRIFIFHIABLACES,

Cargo.lock X4 HfReI EIHIE

Cargo B—M&l, AILUBREIEERIREZREMATEFAHEERAEMAL, HFEEBH
Y Cargo A=FERAEEHE TRVKHMZA, FRIEMFBEHEREEH. flid, RIET
[A rand crate %77 0.8.6 hikA, HPEET—1EE bug, BEREINBSINT — IR
KRBMEYI TR, F7TEERXEEB, Cargo SEFRE—IXIZIT cargo build BIgE
Cargo.lock X1, FATIMIERBETE guessing_game BRHPEEIE,

HIRFE—RIEMEN, Cargo RITEHFAEREERNKBIEE, FHEENS AN Cargo.lock
X, ZEBXWEIMBA, Cargo %M Cargo.lock BA1ZEE, TREEEHHPIZRN
R4S, MAREMITE—B. XHiLREmHE THEMMEE (reproducible build), A&
W, MBs—HERE 0.8.5, HIREXHLRE, XEEVITHTF Cargo.lock X, BHF
Cargo.lock A EMMEEEEE, FILEEESMINEPHNERRB—RIERIIRATHIR
S,

B3 crate Bl— 1M kRS

H{R #SE FBEME crate BY, Cargo BT update 3%, EXRRB& Cargo.lock X, 3
BIITEFBERS Cargo.tom! FEEAERNRHARA. 74/, Cargo RIBXLERRASD]
Cargo.lock X4, AZ, BRIANBER T, Cargo REEHAKT 0.8.5 H/NF 0.9.0 BYRRZA, Ul
R rand crate K TR NHARZAS: 0.8.6 §1 0.999.0, BBAIGIT cargo update FHREFEU
Tt

$ cargo update
Updating crates.io index
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Locking 1 package to latest Rust 1.85.0 compatible version
Updating rand v@.8.5 -> v0.8.6 (available: v@.999.0)

Cargo R78H& 0.999.0 XMRA, XB, RBRERE Cargo.lock XERE TN (FIE
fEFRY rand crate IR T 0.8.6, YNRIRAEER rand Y ©.999.0 higds, K& 0.999.x &
FIFRBYIEfThR S, AR T EXEFER Cargo.toml X14:

[dependencies]
rand = "0.999.0"

—)RIiBE{T cargo build B, Cargo SEHAIF crate BY registry, FHIRIBIRISENFhRAE
(L rand BIRRASE K,

FTUESNE Cargo REASZSE WEZAR, FEERIFMEXLEMERE T, CargoitE
BEZFIEEES, ALt Rustaceans BESRE LB Z MNEAESMA. E/NIGENIE,

ER—HENER

WBATFFIREER rand REM—PMBRNNETF. T—F2EHH src/main.rs, 0RHI 2-3 Fi
o

Y& src/main.rs
use std::io;
use rand: :Rng;

fn main() {
println!("Guess the number!");

let secret_number = rand::thread_rng().gen_range(l..=100);
println!("The secret number is: {secret_number}");
println!("Please input your guess.");
let mut gquess = String::new();
io::stdin()

.read_line(&mut guess)

.expect("Failed to read line");

println!("You guessed: {guess}");

B, FA ST —1T use rand::Rng;, Rng B— trait, ©EX T RN EREENSSIBY
Fi%, RBEAXLEGERE, It trait WAEIEREF. FTEIFHANAE traito

ETR, BITXXEPREIMT MWITo EH—1TEHMA rand: :thread_rng K%, SFEIFITEEER
B MFERENEERZS: ESEHANITERIERTMEX, HHRBRERFAIREM T (seed). AT,
FAEX N PENIERE RS 28 LA gen_range J53%, XN 7AMREE use rand: :Rng B NME
FE3EBY Rng trait ®X. gen_range FiEEW—EEIFRIER (range expression) {EASE,
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HEZCERER—TBENER. XER(VEREERANFINZ start. .=end, EELTA
FEEBRHAKIE, FRUENEERS 1..=100, FKiFKRK—" 1 F 100 ZiEp%e

AR AR RTHIER % use BB trait, SUERIZM crate RiERML S A K
#, FEIEE crate BIFHEAERAWANIE, Cargo WE—MRENIIEER, BT
cargo doc --open BR L ETEAMIDEFRE KM HAISH, HENKEPITH. F
a0, RIZIRX rand crate FYEMMINEERESSER, RAJLUZETT cargo doc --open, AR
HAMA=FR] rand,

BB ZITRBBITENE THERT, XEALXEFNRER, RARLLINRE, F3ER
KhAPEMEE, MRER—FIEMITENHER MLt AR IR T !

=RBTEEFILUX:

$ cargo run
Compiling guessing_game v@.1.0 (file:///projects/guessing_game)

Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.02s
Running "target/debug/guessing_game"

Guess the number!

The secret number is: 7

Please input your guess.

4

You guessed: 4

$ cargo run
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.02s
Running "target/debug/guessing_game"

Guess the number!

The secret number is: 83

Please input your guess.

5

You guessed: 5

{RRZEEGEIRREMREAL, FRENIMZEREIE 1 70 100 ZiEW, FEHZEN!
EEBIR B F M E IR F

WERTAPRAN—IRENER, FATATULREN]. XNTRIRAE 2-4 iR, EEXEA
BEREEESRE, KiIHEIER.

NAR: src/main.rs

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

use rand: :Rng;

fn main() {
// --snip--

println!("You guessed: {guess}");
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T,
match guess.cmp(&secret_number) {

Ordering::Less => println!("Too small!"),
Ordering: :Greater => println!("Too big!"),
Ordering::Equal => println!("You win!"),

}

B, BANEMNTS—% use B0, 1EtRERERR std: :cmp: :0rdering A 5| NEAE,
Ordering H@— K2, BRI SDFIE Less. Greater ] Equal, XIERLLIFMERE]
eI =Fh4E R,

#E, BAVEREANT BTN, AET Ordering KA, cmp FZRATFLLRKME, HH
BRIUAEAATEBRNELAR. ERE—TXEXNRN5IA: XEMEE guess
secret_number fELbER. AfE, ERREI—THAININIED use SINFEAIHAY Ordering 4%
BX 5o Bl 1ER match FRIXT, RIEFS guess H secret_number AR cmp [FiR[EIRIZ M
Ordering BY53, HKRE F—F &Mt 4.

— match XA 43% (arms) 1. — P OZBE—NRR (pattern) MFERFFX
MBS 5 L ENABL R RZ A TEIIS, Rust SRENIRHELS match HEFIRMYES DX
BIRTV, match LEMFNRIZ Rust FIRAMITNEE, EARIM T REBAIEEBEZINSMIER, Hif
FNFMERRELLE, XEHERIIEEAENETNERANE.

WLFANVBEER match RIANBBIF. RIRAFPET 50, XESFENERNMERTZ 38,

RS ELER 50 #0 38 B, [AJ9 50 KXF 38, cmp F5iE£iR([0] Ordering: :Greater, match FRiX
REZFEX A Ordering: :Greater {H, ERFTHNEE NI ZAIER Ordering: :Less, &
MHRLE, FEZERXM D ZHFHRABHBEET—1D%Z. T— MO ZHEXE
Ordering::Greater, BHAELE! FRIZDZXEKNAIBWNIT, HERELITED

Too big!, HIF match RIEAXSTEF —RKNLEFLER, FIUEXMER T EFASBEER
E—1M7%.

SR, T 2-4 BOAED B AR AR, ATUER— T

$ cargo build
Compiling libc v@.2.86
Compiling getrandom v@.2.2
Compiling cfg-if v1.0.0@
Compiling ppv-1ite86 v0@.2.10
Compiling rand_core v@.6.2
Compiling rand_chacha v@.3.0
Compiling rand v@.8.5
Compiling guessing_game v@.1.0 (file:///projects/guessing_game)

erroxr[E@308]: mismatched types
--> src/main.rs:23:21

23 match guess.cmp(&secret_number) {

- == ANNAAANNANAAAN expected "&String , found “&{integer}’

|
|
|
| arguments to this method are incorrect
|

note: expected reference '&String’
found reference "&{integer}’
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note: method defined here
--> /rustc/1159e78c4747b02ef996e55082b704c09b970588/1ibrary/core/sxc/
cmp.rs:979:8

For more information about this error, try “rustc --explain E0308°.
error: could not compile “guessing_game® (bin "guessing_game") due to 1 previous
error

RN OREX B FEAER (mismatched types), Rust BE—NERSEER RS, B
BHbALREMERT, HIR(ITEH let guess = String::new() BY, Rust #EKTH guess NiZE
string 8, HAFERNEHAEE, 5—FMmH, secret_number, FFEE, JIMFE
BURE 1 20100 ZE)MME: 32 fi¥F i32 ; B2 (ULRSHF u32 ; 64 i¥F i6s FFH,
Rust ZAUIAER 132, FRLAER secret_number BYFERY, BRIFEMNEREE, HEfIEELL Rust
HETHEARRERENERS. XBHEIRNERETET Rust AR FRTBRFRMEFLEE,

PRIAFAT I SHE A FIREXEIRY String A —NMIFRE, FFSHEHFHITIER.
XA LB main BREARIEANG T ABIRILIL:

X% src/main.rs

// --snip--
let mut guess = String::new();

io::stdin()
.read_line(&mut guess)
.expect("Failed to read line");

let guess: u32 = guess.trim().parse().expect("Please type a number!");
println! ("You guessed: {guess}");

match guess.cmp(&secret_number) {
Ordering::Less => println!("Too small!"),
Ordering: :Greater => println!("Too big!"),
Ordering::Equal => println!("You win!"),

XITHREE:
let guess: u32 = guess.trim().parse().expect("Please type a number!");

XEQET 1R guess EE, FIFF, FRELE T guess NEETIH? HK
gAlt, 1B Rust RGO AVFRNB—NHER BHK (shadowing) ZEIRY guess, XIF—K,
AT AHRRE R quess T BER, MALHELIERNFERZE, Lbil guess_str Al
guess, E=BRFIFMHTAE shadowing ; MEMIFEMNE, XMFELERBFLE—
BN RN 5 —FEL

BANHEX N EEHEER] guess. trim() .parse() XPRIAN Lo FIATLER guess 15MAYE
RABMREBFMANFATERR quess T8, String LI LM trim AR RIEF AT BRF LA
HZEMNTAFN; TIEFAREHRA us2 21, FMIBIERXAM, EA 2 REeEaiE
Bz, AP XIULT enter A RELL read_line iR[EIFHRIMNIBFN, XSEFFHPHIN—
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MRITRE (newline), BIa0, SNRAFHN 5 HIZT enter, guess LR LEETH 5\n, (7
Windows £, & enter 2B EIEZEMEETT, HFE \r\n,) trim FESZERR \n T \1\n,
=EREBTF 5,

FRIBM parse 757K BFFREMAHMER, XERACREFFRERNEE RINFE
HIF Rust BIARERFEE, XE@ET let guess: u32 5, guess FEMIES (1) &HiF
Rust FfIHEE T EEMEE, Rust E—ERERHFRE; 2 2—ENFSHY 32 IRBE,
MFARNERELKN, ERFHNIMINLE, E=FRHIHthEFLE,

F9b, FZFRHE u32 JFARUKS secret_number BYLLER, EFKE Rust SHEMTH
secret_number 11,8 u32 K&, IMERILIFERERERLRHEMET !

parse 3 AR SEFMIEE LI A IRRAMFR AL, HLREZKW. Fm, mRF
TEREES AL%, BMRAFAIERECHRIRMET, EFNLL, parse FAZRE—
Result 388, WURAIETE "M Result SERIRMERIFAITEIR" FITIETRY read_line 7575 —
o XERNBREER expect 77EKMIEE, R parse TIEMNFRABRERELTF, HixE
Result BY Exr A53, expect FIZILIFRLAAST, HITENFIHRMBVIER. SR parse pINIEF
FTERIZIR NI, EMIIR[E] Result BY Ok Y5, M expect =48 ok BREFHEHFIREILF
B

WELBA B TIER!

$ cargo run
Compiling guessing_game v@.1.@0 (file:///projects/guessing_game)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.26s
Running “target/debug/guessing_game’
Guess the number!
The secret number is: 58
Please input your guess.
76
You guessed: 76
Too big!

Ryr! BEMEERNEIENT =%, FBFMAREHIEEPBINE 76, {RAILZIBITILRIER,
BAREZREMNBANRRIERRENITAN. BRIERBFE. BTN E, UAIE— I/
0=,

MR BEEXRE LEERT , FEERP REERB—K, EIN— MBI RN Z EE!
EREIFERAFZRIEN

loop XEFEIET — 1 TIREF. BNSIEIBERRLBPEZVBHF:

NER: src/main.rs

// --snip--
println! ("The secret number is: {secret_number}");

loop {
println!("Please input your guess.");

// --snip--
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match guess.cmp(&secret_number) {
Ordering::Less => println!("Too small!"),
Ordering: :Greater => println!("Too big!"),
Ordering::Equal => println!("You win!"),

SNPRFRIL, BAHEMBRTRA PN RSB RNEESE T B R, IFHRERETF P
RBBEFSMEE N, AEBRETER. EFIASAMERBARNRIELN, BEX
WIIANT =R, AR MFRERET!

FAF A BT USRI trl-C chIFIERE, g B— RS ABER X SIS RATIZ
wy, EMERAE BB MR RS —iie parse BHZRIBVEREL: MBEAFHA
WRERT, BREREHT. RITIUMER—SRILBPES, NFFR:

$ cargo run
Compiling guessing_game v@.1.0 (file:///projects/guessing_game)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.23s
Running "target/debug/guessing_game"
Guess the number!
The secret number is: 59
Please input your guess.

45

You guessed: 45

Too small!

Please input your guess.
60

You guessed: 60

Too big!

Please input your guess.
59

You guessed: 59

You win!

Please input your guess.
quit

thread 'main' panicked at src/main.rs:28:47:
Please type a number!: ParseIntError { kind: InvalidDigit }
note: run with "RUST_BACKTRACE=1" environment variable to display a backtrace

A quit FBSIBRHIEL, EMESERE, BAEEEMIEFATE—FIBE, XM
FIEDAILUR HAEE,; Bl IR R T ERSF I BEESFLE,

RNERBERLH
EFHANEN— break iB4F), ERFBIBTIBE L :
X% src/main.rs

// --snip--

match guess.cmp(&secret_number) {
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Ordering::Less => println!("Too small!"),
Ordering: :Greater => println!("Too big!"),
Ordering::Equal => {

println!("You win!");

break;

}

£ You win! Z /il E—4T break, EFMATEAF EMRBHMERFIIRHEL, BEEF
W B®RERLER, RAXNMEAE nain BIRE—E657.

PR ETPN

AT H—GEHNEE, BIAFEEEFTEAFRANIFRFRER, Bk, RINFECZ
XN, LAFHREIR, AT LUEIEF guess M string 34ty us2 BYARITABIRL
BX—m=, RpBl2-5 FR:

NHR: src/main.rs

// --snip--

io::stdin()
.read_line(&mut guess)
.expect("Failed to read line");

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

H
println!("You guessed: {guess}");

// --snip--

FA T expect JHRAMAL match 1BA), LIMIBEIFIRFARRALIRVIEIEIR, A parse iR[d]
BYE— Result A, M Result 2—NMAH Ok M Err BRATRES, XEEMAR match Tk
I, MFAZFIIE cmp 757%R[EIRY Ordering BYABYEE—M7 o

9NR parse BEEBRIIM FATRIZIMAN—T T, ERRE—TMESEREKFH Ok, X1 0k
B85 match F—PMDXARTAELES, Z2 XM NBIEIFER(E] ok EFRVERTF nun, &FWME
LRCGHTEIZRY guess T,

SNR parse FEEIBFRHRHBNYT, EMSRE-—MESESHIREEM Err, X Err §
FELEESE— match 733ZABY Ok (num) 1RT(, BRILEE MO ER Err(L) R T
% _ 2—MERE; EXMIFE, ERTENZLERE Err H, MAXOEFRKES
talER. AEit, EFSHRITE-NDZPHARED continue, HIFFEFFHN loop FTF—RIE
£, FBERFZ—NEN. T2, BEFMERMZEET parse AJREBEINFAEHIR!

RERFPR—EBN Z AT T T 1EFel 1iking:
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$ cargo run
Compiling guessing_game v@.1.0 (file:///projects/guessing_game)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.13s
Running "target/debug/guessing_game"
Guess the number!
The secret number is: 61
Please input your guess.

10

You guessed: 10

Too smalll!

Please input your guess.
99

You guessed: 99

Too big!

Please input your guess.
foo

Please input your guess.
61

You guessed: 61

You win!

KigT! BERE—MIAE, BERFIFERMTR T . 3T EFRENASITENHME LR
Fo MRETXBRAE, BEXNAHEISIITENAL, ERBBEHRF println! Hit=E,
il 2-6 BR T AN

NHR: src/main.rs

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

use rand: :Rng;

fn main() {
println! ("Guess the number!");

let secret_number = rand::thread_rng().gen_range(l..=100);

loop {
println! ("Please input your guess.");

let mut guess = String::new();
io::stdin()
.read_line(&mut guess)
.expect("Failed to read line");
let guess: u32 = match guess.trim().parse() {
Ok (num) => num,
Err(_) => continue,
}

println!("You guessed: {guess}");

match guess.cmp(&secret_number) {
Ordering::Less => println!("Too small!"),
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Ordering: :Greater => println!("Too big!"),
Ordering::Equal => {

println!("You win!");

break;

}

FXE, RELMIINEL TREF . HE!

B4

XABRBEIEHFREMNGIN, RIRNTATIFS Rust Fill&: let. match, ¥R, ERAIMND
crate, FF, EETRHN/LER, (FRERNMFIXERS. E=ZENEBASHREES
HENE, FINEE. HELBMERE, HETIWNAE Rust PEAEN]. FEERIREFR
B (ownership), X&E Rust X3l FEMEBESH—TFE. FAENCERESHIEEE,
EAREN AR Z R TIER.
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ch03-00-common-programming-concepts.md

RENB L FHIMEMEREIES PO, UKENE Rust FE2IMATIEN. FZ%H
BESHEEZOEALBERZHBEZ A, KENBIMIEE—1 2 Rust BN, I
11=7E Rust B I E(], HERESXLERZER BRG],

BRI, MEESITE. BEARER, R FFNEGFR, XEEMRNESsHIEEs—1
Rust 2R, REEEE(NSILFEETREE — 1 BSLaEM,

RiEF

Rust iIBES B —HREH XBF (keywords) , MIEABIES—HF, ENRERES
KBER. 1B, (RTEERAXEXRFIENTEHRBHZN, KEBAXEFEH
HHIRX, fRRTE Rust BEFHERENTREMMES; —EXRFEKEENA
IhaE, RARERATEERMAITHEEREERY, AJLATEMIR A FHEIXRBFRITIR.
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TEMAIEM

ch03-01-variables-and-mutability.md

FNE "SR ERATEMEE" —HRIIAE, TERUZFATZR (immutable), X2
Rust GIRMIR Z1REEZ —, {RfEIRLABEZE D FIA Rust PRIV R 2N S TH A TUHRYR
5R85. I, RMHATLIBZEEIRAEE, EHRNTRERIT Rust AR INAIE B R R E
BAAZE, URATABERREBBRER I X AM.

HTEARATE, —BEHPE—IINL, FMFERTXME. AT XI#HITIRE, FA
cargo new variables SR TE projects BRAERL— UM variables BIFHINE.

1L, THEM variables BRP, T sro/main.rs HEEFNARBE SR TEXENLE, ©
WMEERTFBESRIE:

NAR: src/main.rs

fn main() { ?@
let x = 5;

println!("The value of x is: {x}");
X = 6;
println!("The value of x is: {x}");

REFHER cargo run IBTIEF. NIZ2BI—RS5ATLTHEXRNEIRES, WTHEFR
o

$ cargo run
Compiling variables v@.1.@ (file:///projects/variables)
error[E@384]: cannot assign twice to immutable variable “x°
--> src/main.rs:4:5

2 let x = 5;

- first assignment to “x°
3 println!("The value of x is: {x}");
4 X = 6;

AAAAN cannot assign twice to immutable variable

2 let mut x = 5;

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

For more information about this error, try “rustc --explain E0384° .
error: could not compile ‘variables® (bin "variables") due to 1 previous error

XN F B T miFes A E B R A MR PHEEIR, mIFHIROESTAHEE, BEMHEER
BEREMMHNERFEEEURENFRATRMEEETHRNIE, XHRERERAE—NIFE
FFR! AWFEEM Rustaceans B—HFSIBEIRIFHEIR,

{RIKEIRYEEIR{E B cannot assign twice to immutable variable “x° , BREARIXEL AT

TLE x WHE_-ME
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HEMNZAER— I BIEENT T LHEN, EBR[EFINERERERN, RAXMER
AR S bug, MERBH—HARIREMEXZAZNE, MHE—HIABEIRE TN
8, BAR—EBABMAIEEL ARG FIET. FRBEBERXE bug NIRRZIFEEM,
LHREFE _BRABIRZHENA EXMEN R,

Rust RiFZRRIE, WMRERA—MEFZE, EMENAZE, FILUFTRLECREE. X&
REFRREES THS.

g, AREWLIFEER, BULRABREERESLE, REZEMAZFAIER, (RHIARI LI
E_EPHEF, EEERFNL nut FEZNAT, R0 nut WEERIRKFDIRABBHIAZE
—HEE XTTENERSRAGREME IR,

B0, iEBEAVE sra/main.rs BT
X% src/main.rs

fn main() {
let mut x = 5;
println!("The value of x is: {x}");
X = 6;
println!("The value of x is: {x}");

}
REBTENMEF, sLINTRA:!

$ cargo run
Compiling variables v@.1.0@ (file:///projects/variables)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in @.30s
Running target/debug/variables"
The value of x is: 5
The value of x is: 6

fEM mut f5, FATFATLUBHER x BIEM 5 Bk 6, 1ARERK, BEEAAITMERIRES
RTE, XEURATFEREDR MRS EFZILAEEMH,

Alh 3

mE

MARETEXM, FE (constants) HEHEFENBFEFRATRENE, FIEEMN
TEZETERE—EXH,

B, (RREENEERR nut, BEERRZRIANRTE, ENKTHEATERN, FREER
2R const X|F, MARE let, HE HMAIREERRE, EFT—TEEEE"F, FM=T
ARBITNRELTRE, FRUIIERARBIEOAT; (RREICE: FREENOIIEBINERE,

FEFUEEAERETER, SRR, XE—TMEFERRZSHINVABEAZINR
BR.

Ha—1TEX3RE, BEERERIKENEERAL, MAEEILEREEETHITEHRIE,
TER— T EREENGF:

const THREE_HOURS_IN_SECONDS: u32 = 60 * 60 * 3;

41/548



Rust i2FIgITES ERFXhR

XNBERRFE THREE_HOURS_IN_SECONDS , BEREIET 60 (—FhehpvfhEh) kbl 60 (—
INTFREY D ERER) B 3 (FEMNXNMEFRPEITER/NEE) B, Rust EENHRANTE
BEIARE, FAATHAXDIREIE, HmF[BAUERRFEN—EBERIIRIEH#HITRE, FitF
AT LLUEEAE S FIERMEIEN A REEHXME, MARKILEEIRENE 10,800, %

FERE SN LUERAWLIRENEZEE, 1581% Rust Reference FxFE=REMZE T

THEBRFRENERER, FEEEFETHEMIRETHEYN. X—HEEEEFEESE
ANAMRFRERE, tINEXFFRERREBRENESD, HEICEXFIE,
SR EN AEFTIERSERNAEE, BT iLUE4EPABENARBX MERNS M.
MRRKFEEFXMERIDE, HRIFBEL—HT,

ENFNEE_SRBRHFIPLREEN, RNTUEX —TS5ZAZEERRMTE.
Rustaceans {EXMERMAE— N LERE 1T E Bk (shadowed) 7., XEKE, H
MMEARXINEERMN, FESREFINEE-ITE, Lirt, FITTEIBEFF—EE,
ERESMENZZAMIERBIERNF - EE, BECEHCXKER, NECHIFRELE
Ro BMAILBIESEEAR—NEE/HBREE let XEFREKR—INEE, NTFR:

Y& src/main.rs

~

fn main()
let x

1l
ul

let x = x + 1;

{
let x = x * 2;
println!("The value of x in the inner scope is: {x}");

}

println!("The value of x is: {x}");

}

X EFERE x BEEE 5. #8, ©BREH let x =, SIBT—THNEE x, BUREE
BEHNLE 1, T2 x NEZERT 6, AlE, FRKESLIZNASEREF, E=1 let 15
AERERT x, HEIBRT—NHTE, BZAERM 2, Bt x HEZERT 12, X1
ERIEEREY, AEBRIERBREZLER, x XEE 6, BITXMEFN, IR Fat:

$ cargo run
Compiling variables v@.1.@ (file:///projects/variables)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.31s
Running “target/debug/variables"
The value of x in the inner scope is: 12
The value of x is: 6

ERAEZEIRICH mut FRER. WRIANOSHELKEER let XEFHER TEHR
HTEWE, MITIREFNHIR, MBIBRER let, HNTUMNXMEM—LTHR, [
B X Bt B EE T RTRERRFRIF A E,
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mut FLERZBNS—PMXE: HFNVBRER let B, SR ERELIE—HEE, Eit
BATAI LA EREE, FANASERBERNEF. fli, REFEXRBFANE TR,
URTMBEERRXAZBERREZLER, BEHRITRIEX MINRER—TEF:

let spaces ;
let spaces = spaces.len();

$B— spaces TERFATHRE, ME - spaces TERMFRE, ERILIENFALBHT
BRI, EbN spaces_str # spaces_num; #8f, FXAIRILAKEE FAEESEHY spaces, R
o, MRGETEXFZRHAER wt, RIEE—TRHIFNIEIR:

let mut spaces =" " ?G
spaces = spaces.len();

EXPHIRGA, AT FEEREERE

e

$ cargo run
Compiling variables v@.1.0 (file:///projects/variables)
error[E@308]: mismatched types
--> src/main.rs:3:14

2 | let mut spaces =" ",
[ expected due to this value
3| spaces = spaces.len();
|

AANAAAANAAAA expected “&str®, found ‘usize®

For more information about this error, try “rustc --explain E0308°.
error: could not compile ‘variables®™ (bin "variables") due to 1 previous error

RERNELK THTZEMATIE, tRNEEZETUIAENESHUIERE,
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SEE

ch03-02-data-types.md

£ Rust 7, S NMEHETEMMIER BEXEE (dota type) , XEHIF Rust HEHEENZT
AFEBEHE, MMALEIZINAAIEXLEHIE, RITEERREBIERENFE: T8

(scalar) #1&%& (compound).

12fE, Rust Z AR (statically typed) BE, RN, THAEREZNMIEFREE
ENARE, FIFFBETURBEURENERAREHERITEEFERNRE, BEEFEES
FATRERBMRR T, tINBA1ESE Z S L RBNN B FNER T — TP ER parse £
String $FARAEEIERY, AT EKEFRR, BRIXHEF:

let guess: u32 = "42".parse().expect("Not a number!");

NRNZFTEAAEIAREM L « u32 EBLFAR, Rust MZBRINTHIR. XiRPARIZETE
BIHRMESER, A aerER( A ERM—MER !

$ cargo build
Compiling no_type_annotations v@.1.0 (file:///projects/no_type_annotations)
error[E@284]: type annotations needed
--> src/main.rs:2:9

2 let guess = "42".parse().expect("Not a number!");

ANAAN - oo type must be known at this point

note: cannot satisfy “<_ as FromStr>::Exrxr == _

|
|
|
help: consider giving ‘gquess’ an explicit type
|
|
|

2 let guess: /* Type */ = "42" .parse().expect("Not a number!");

++++t+Htt+t

For more information about this error, try “rustc --explain E0284°.
error: could not compile “no_type_annotations® (bin "no_type_annotations") due to
1 previous errox

BB R EHIER RS MR TR,
S

& (scalar) EERR—NREMAVE, Rust BUFEARMIGEREY: BA FR8 MRE
BMFAEE, RagEEMmESFIIEN ] ERITRNTBENTE Rust P2 TIER,
-3

BE BRE/NEDHNETF, BIMEE_EELAT u32 XMEHER, X XREFHKRA,

EXBENENZE—1EA 32 ITRNEFSBH (BRFSBHEEL 1 L, MARZ u.
& 3-1 BR 7 Rust REMVBEEEE, B IAIUEREPES T REHENERRE,

A& 3-1: Rust RpyELAY

KE BHS | XNS
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8-bit i8 us
16-bit i16 ulé
32-bit i32 u32
64-bit i64 u64
128-bit 1128 u128
ZeMgFE X isize usize

B—MTALTURERSHLHASH, HFEEEGHERNK). BFS fl TS EHNEHF
BEAREAA, BER, XTMHFEEEFMNSN (BFS), BBEKZHNIE, HItE
ERT (BR8). XERGHRITERALEHFE. SFRSEEXN, BFrEa®w LIS IR
=, BUNRAULZEMBRECEIELN, BEEMASENS. BRSEHERZHEI*MT (two's
complement) &RTo

F—1MERSHNTEEIUEERESM -2 ) 20 -1 EFRNHE, XE n 2TMHRERMAL
o FRLL i8 BJLUETEM -(27) B 27 - 1 EARREF, UREM -128 & 127, BRFSEIZKT]
LIETEM 0 Bl 2n - 1 B93RF, FRrLA u8 mILUAETEM O Bl 28 - 1 93, HmiEM 0 E| 255,
FIb, isize ] usize FERMKXFIEITIEFENITENZEM: 64 UZEt LEA IR 64 (IHY, 321U
B EellE 32 Ui,

{RAJLAERRA 3-2 R RINEE—MEAREEBHRFEE, R, ABLERIREXN Z Mk
BEXRENNFFERET UG LRGSR, 5190 57u8, ARERIEERE, HFFEREHLATLL
R _ FEAMBEDRRAT, HERIE, 30 1_000, ©=F] 1000 FYEFEHEE.

R 3-2: Rust PRI FEE

#FFmE B+
Decimal (+3#1) 98_222
Hex (+7\i#l) oxff

Octal (/\#H) 0077
Binary (Zi#l) 0b1111_0000
Byte (FTIFMHEI{E, XfRus) | b'A’

BAZERAMMHEEE? IREREEE, Rust WARINLREBEEZ— M FENER: BEXR
IR 132, 1M isize §] usize TERAAEMNEMESHITRIIFIHRF.
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dichia e

BIRIRE—1 u8 LEMTE, EALURRE 0 El 255 Z[EME, WRIRHEIREXRMK
BHIZCERE, il 256, ikt BRHH (integer overflow) , FHrIRESE T
FTRZ— HRIE debug BN T4RIFAT, Rust SMMANEBERZHEMNE, HERE
XFE R IEFF1EIBTTEY panico Rust B panicking XM ARIBRIEFFE IR
H; EMETEFENE panic! SAAMEMEHIR"—TTRERAMITIE panic,

HIREER --release flag 7% release #RI\ FRIFRY, Rust FRIMAZFE panic BIE
BRHINE, R, MREAEHEH, Rust RFIT—HOUE two's complement
wrapping B{T 7, BMEZ, BIZEEEAENRSEIS FZELEMERTHE
IIMB, FTF u Rift, 256 LAY 0, 257 RLWAY 1, MKILHH, EFEFR panic, B
TEFINERAIEFZMRERHAENE, KRB EHNESTHEERIANE—
FEEIRo

AT EHAIREHAATREN, ATUERX LRI ERR MR FRE S E!

* FREIRI TERRI LAGER wrapping_* 753%3#1T wrapping, 3 wrapping_add
* YN checked_* FiE&4EE, MIR[E] None (&

* F overflowing_* FZREMEM—1MH/RE, RTEDHINHEDY

* F saturating_* FiATEEN&R/IMEFHRAELHITEFLGIE

FRE

Rust BERMNREN FH3 (floating-point numbers) 258!, Ei12H/NSAEF, Rust
HOZ M ERIR 32 F fe4, 93 32 Ifl 64 i, BRUIAKEIR fes, ENEMA CPU H,
5 f32 REJLF—H#, FEIREES. MENERBEBERERSH,

NER: src/main.rs

fn main() {
let x = 2.0; // f64

let y: f32 = 3.0; // f32
}

3 S HULER IEEE-754 FERT.
WMEZH

Rust FRUFAEMF LXBBIIFREARFETH . A, BiE. oA, BREMER, BEMRES
AEENIRBENER. TEANRERT T NEE let BAPERSIMBEERRE:

NHR: src/main.rs

fn main() {
// addition
let sum = 5 + 10;

// subtraction

46/548



Rust i2FIKITHES ERHXHR

let difference = 95.5 - 4.3;

// multiplication
let product = 4 * 30;

// division

let quotient = 56.7 / 32.2;
let truncated = -5 / 3; // EEH -1

// remainder
let remainder = 43 % 5;

}
XEEQHNESMRAAERT — M HEEENTAELR T —NME, ARPEL—TE. It
F B €18 Rust IRERIFMEEREFRTIR,
i

EMNEMAEIRIZES —F, Rust PRHRREEBEW N AJEERNIE: true H false, Rust H
BYFR/REELER bool FiRo HIYN:

X% src/main.rs

3t
3
1k

fn main() {
let t = true;

let f: bool = false; // with explicit type annotation

HRERTENFERAISESHRER, H0 if AR, EINSEEHR —TNE if KX
ZUTE Rust FR2a0{a] TERY,

FrER
Rust By char KB B EBEPREFEBNFHER, TEER LS char EMHF:
Y& src/main.rs

fn main() {
let c = 'z';
let z: char = 'Z'; // with explicit type annotation
let heart_eyed_cat = '=';

}

AR, BIVMERLS|SRERT char FEE, MFAERFEEFHNENG|S. Rust B char
KRR 4NFET, HRT— Unicode FrEZfE (Unicode Scalar Value) , XEMKEEFR
BERTHNBTIZALE ASCIL, FEEFSNFE, PX. BX. HXFFF, emoji, UNKER
&, #BE Rust HE7ERY char {B, Unicode #r2ERVSEE®E U+0000 F| U+D7FF, LI
U+EQ0Q F| U+10FFFF, i, “FRI"HARZE Unicode R— NI AIEES, FEILREDR LA
NBFRF"RAF Rust FEY char —xf1, FISES/\EFEF R BEE UTF-8 HIEaY
XA EFAMITE XA E i,
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E5%E

E58I8 (compound types) AILIBLZMELEEH — KR, Rust BRMEENE SRR
7R (tuple) ##eeR (array)o

par B
TAR—MRE S I FRRENERAESH—TEGXRENRBAA. THKEREE: —BFSH,
ERRNFLAREELE KEZE )N

BiNBIERESHE—ARESORIEREETHE, TATNEMIBEEHRE—TRE, ™
BXEREMNE FEREROER. FEXMIFHIMANT rlEREE T

X% src/main.rs

fn main() {
let tup: (132, f64, u8) = (500, 6.4, 1);
}

TE tup PEFEN AL, BEATASTSSBEINA— N BIMNEEE. AT MTAPEHLE
M, BT UERERXTE (pattern matching) f##) (destructure) T, BiX#E:

X% src/main.rs

fn main() {
let tup = (500, 6.4, 1);

let (x, y, z) = tup;

println! ("The value of y is: {y}");
}

BFERIET — M EHHED tup TE L, HEMAT let M—MELE twp ST =
NMEANEE, x. vy Mz, XU M (destructuring) , RAEHE—NTTHIRRT =1
o &fa, BFTENHT vy BE, B2 6.4,

BB MER =S () EEREMNZRSIREZIHRRENTATE, Hi0:
X% src/main.rs

fn main() {
let x: (i32, f64, u8) = (500, 6.4, 1);

let five_hundred = x.0;
let six_point_four = x.1;

let one = x.2;
}

XTEFLET 1 d, x, ARERAESENRIGRTATHIEIT TR, RASHRHE
BE—H, TANE-ITRSIER O
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AHEERENTAE—MIHET, WM BT (unit) o XEMNKENHBERESE O,
RATEHTHNREER, MR—PREVLEREEAMEME, EMIRNEESTE,
FhipaeRd

S—mEEZMENARE BE (array). FTARE, HAFHNE N TEZHELTNEFERE
B, Rust PRHAERETFTRLEEMESFRIKRA: Rust WEAHAKEREER.

BITEHANETHRESIESAH, BES2RYIR:
X% src/main.rs

fn main() {
let a = [1, 2, 3, 4, 5];
}

LIRFBBIBEBUEDEER (stack) LMARZHE (heap) £ (BFOEESTFMMITOKRS

i), SEYREHRAKAEEERENTEN, SUEMIEEER, T, AT vector
LAIRE, vector BIREFEREMN—FRMIMAMESRE, © RiF KERKIHSE/ . NR
RAHREZRHEIR R vector, BBATRTIREFRIIZA vector, B\ EXFIFAMIITIL vector,

A, SREBHIETE MEAIENN, WAREER. fld, MRMREEFFERANR
R, BRAIRABISEFIATMAR vector, EAMAIETIHRARE 12 Mok,

let months = ["January", "February", "March", "April", "May", "June", "July",
"August", "September", "October", "November", "December"];

A UG REHARNEE: EHESTEESEITHRNEE, BRSS, BEREATEN

HE,
let a: [i32; 5] = [1, 2, 3, 4, 5];

XEB, i32 BN TENRE, 9525, ¥F s REZEESRINTE,

{RE ] OB E A 1E S his EVIREMNS SBEMTE NS R EE— SN TR HERE
{ERIERAE

let a = [3; 5];

TERHN a WHARES 5 1Mk, XETENERVESERIKEN 3, X555

let a = [3, 3, 3, 3, 3]; WRMEE, EBEEL.

HinEATTR

HARTEMR (stack) EREN—EBR. KINEMBRENRE. REIUE TEXFERRSI
Fipa AR

X% src/main.rs

fn main() {
let a = [1, 2, 3, 4, 5];
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let first = a[Q];
let second = a[l];

EXANMGFh, Wl first WEEWER 1, BATEIEZES] 101 BB, TE second FH
ARG 111 BYE 2,

TR E B e R

UBENERENRERIFRHAREZENTESRET 4 RIZIMIBIT FEXERIE, B©FEM
F5E 2 EFWBHEFREN: MBPAIBEIREN—MIERS,

X% src/main.rs

use std::io; w

fn main() {
let a = [1, 2, 3, 4, 5];

println!("Please enter an array index.");
let mut index = String::new();

io::stdin()
.Tead_line(&mut index)
.expect("Failed to read line");

let index: usize = index
Ltrim()
.parse()
.expect("Index entered was not a number");

let element = a[index];

println! ("The value of the element at index {index} is: {element}");

XER USRI TR IR, SARIRA cargo run IZ1TE, HiA 0. 1. 2, 38 4, BFMZST
ENHEABFNNRSMUENE, Bx, WRIFMA—NBHBERENRT, b 10, R
SEHGTEXFNES:

thread 'main' panicked at src/main.rs:19:19:
index out of bounds: the len is 5 but the index is 1@
note: run with "RUST_BACKTRACE=1" environment variable to display a backtrace

RFERSHEERER T TRE, A~ET —1 BT Hix. BFHEHIRESERE, H
BB RITREMSF println! FA), SREHEIRSAATREY, Rust SEMEENR
SIRENTFHAKE, MIRFSIATHETHAKE, Rust iLE panico XMHEERFTIEIEIT
B5eR, THEEXMIRT, AARZRSFENERF ZEETRBNSBATAE,

XZ Rust AFR2RWELEFN—MIF. FIFZREESH, FETXMRE, Ft
NRIRIRM T $IRNVES|, FATREFREITMAE. Rust BIIZANRE, MARAIFXRA
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FinRBE A EFUERFETRT, REPIRERZXEFRNEM,. FAEIEFMITIE

Rust RYSIRLIENS], LUIRINAIRE AR R, tEFBEARS panic, BFRERRE
IEERFAIR,
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3k

ch03-03-how-functions-work.md

BREXTE Rust KBEHIEEEiE, (RELNITIESFREENRIZ—: nain K, E2RZIE
FRAOR. fRERE fn XBF, ©RAKEEIEE,

Rust (XS REZ T EREEER snake case Mg, 1E snake case 1, FiEFEELfE
BE, #ATHZSRER,. THeE—MESRIE X RFIER:

Y& src/main.rs

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

another_function();

}

fn another_function() {
println! ("Another function.");

}

FAIE Rust F@ SR fn GEBRERBZN—WEESKEX K. KIESEIFRIESEW
B R R FIEILEE

B LUER RS RIEREES FABRRITEXINERRE. BAEFRFEENX
another_function KZX, PRLATILATE main REPFIFBE. X, JREEE another_function {E
NXTE main KER Z2f5;, WAIMENXEZ BT, Rust AROEEEXFIENME, RERIHIAR
B IR IA A 2 5 BT BV E RIS A R T

FEANVFER—NUM functions N ZHFIINE, RHE—FTIRERI. IELEH
another_function RGIFEI src/main.rs PFHBE1T. (RMIZSBEIWTHL:

$ cargo run
Compiling functions v@.1.@ (file:///projects/functions)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.28s
Running target/debug/functions’
Hello, world!
Another function.

XLERBITRBE(IE nain REFHHIMIRFEHIT. BILITED “Hello, world!”, SARIER
another_function HIiTEIEHEE,

% 4

BITAILE X HE B8 (parameters) HRER, SHEFHETE, BRHELEN—HSD. H
REHEESHE, MR UAXESHRMAGRNE, NEREX L, XERAELHK
arguments, AEEHERRF, ATEEXRIE parameter F1 argument JEF, FRIGREE
XAHNTE, S(IERRREHENNEERE,

X hRZSHEY another_function A, F{NEIN T — 1S
NHRZ: src/main.rs
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fn main() {
another_function(5);

}

fn another_function(x: i32) {
println!("The value of x is: {x}");

}
=RETERF, BeREMTRA:!

$ cargo run
Compiling functions v@.1.@ (file:///projects/functions)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 1.21s
Running target/debug/functions’
The value of x is: 5

another_function WERRRE—ITEaR A x B, x RURBRIEEN 132, JFAKE 5 1%
5 another_function B}, println! ZRIE 5 WERAFHEFEE x NN EESHILE.

ERHERZR, BAERASISHRIELE, XZ Rust RITHESRBRAEN—NRE: EX
ERHENX BIRMLENER, BERERFR/NFABZERENRDRE S EIMRBAZER R
TKIEAEE, ME, WREF[IMERBHAEHAKE, ML EEEEPNHEIRER.

HEXZINBHE, FRESHMR, BXHF:
X% src/main.rs

fn main() {
print_labeled_measurement(5, 'h');

}

fn print_labeled_measurement(value: i32, unit_label: char) {
println! ("The measurement is: {value}{unit_label}");

}

XNMFIFRIR T — 18 print_labeled_measurement BJERKIE, EEW NS, F— 1S8R
7 value, EAIZ i32, FZNEE unit_label , FAIZ char, ARG, ZERIGTENES
value F] unit_label Y7,

2IREITRIG. FA_EEAGFEIRYET functions BIB R src/main.rs X, HF cargo run

——

B1TE:

$ cargo run
Compiling functions v@.1.0 (file:///projects/functions)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in ©.31s
Running "target/debug/functions"
The measurement is: 5h

EAFNVER 5 179 value B9{E, h 1) unit_label BYERIFARE, FRUEFEHEEX
1B,
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BOMRER

REAH—RIBUAR, HETLUAEU— M RERLER, FIEFIAL, FITHENREE
FHREEESERRAN, FIFELIIEMEBETPHNRIERXT . BTF Rust 2—JEFRE
Il (expression-based) HYIES, BEMX—RIFREE. HMiES@REEXMX S, P

IBMNERBOMREAXSFIRHA, URENNEZRSNEIRMELEIE,

« 84 (Statements) BHIT—EAREETRREERIES.
« &AW (Expressions) HEH=E—ME,

IEFAE L Fo

LhFL, BITEKERTEANRER. FH let XBEFRUETEHPE—MER—MEM,
T:EH_'\W 3-1 EFI, let y = 6; ZEE_/|\-I-3|:51'/|:U0

X% src/main.rs

fn main() {
let y = 6;
}
Tl 3-1: BE—MEER main EKIETE X

RBEXEFHBRER, FENEMIFEAFHEE—FiEM, (AT, ENHKIEERE
2R, ERRBHARZED.)

BAORNEREE, RFit, FEEE let FAMELSZ—TEE, WNTENFFEEN, S~E

H o .
_‘4\ EREN

NHRZ: src/main.rs

fn main() { ?@
let x = (let y = 6);

}
HEITXMEF, SRIMTHEIR:
$ cargo run
Compiling functions v@.1.0 (file:///projects/functions)
error: expected expression, found “let’ statement

--> src/main.rs:2:14

let x = (let y = 6);

|

| VAVAVAN

|

= note: only supported directly in conditions of "if’ and ‘while’ expressions

warning: unnecessary parentheses around assigned value
--> src/main.rs:2:13

let x = (let y = 6);
AN AN

note: “#[warn(unused_parens)]  on by default
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help: remove these parentheses

let x

|

- (let y = 6);
+ let x

|

let y = 6;

2
2

warning: “functions® (bin "functions") generated 1 warning
error: could not compile “functions™ (bin "functions") due to 1 previous error; 1
warning emitted

let y = 6 XRFAFCZRENE, FWKBEFAFAITUSEE x Lo XM—LEHMESA
[E, Ebgd C#1Ruby, AMEESE, MEEFEIZREEIRAE. R, EREESHIRALU
Ex=y=6, ik xHMy#SENE 6; B Rust REXH

TEAZHBELH—NME, HEMRBRERNAED Rust UBERHRTENAM, EE—THF
BE, il s + 6, XB—MRANHMELE 11, RAXATUREAN—ED: T4 3-1
B, B0 let y = 6; AW 6 E—PREN, ENFHNER 6. RHEAAR—T&REN. &
AR MREN. AAESEEN—MIRMEBEERE—&RAL, fl:

X% src/main.rs

fn main() {

let y = {
let x = 3;
X + 1

}

println!("The value of y is: {y}");
}

XPFRIEN:
{
let x = 3;
X + 1
}

BRI, EHER 4o XMEERN let FAW—BOWBER vy Lo FE x + 1 X—
THREEREDS, SIEAINABANEBTAE. REANEEKENS. MWRERAH
ZEMLDS, EMBMTIER, MEAFAZEROE, FETREZEGREENRHNRE
U EIEIEX —Ro

ABREHERIHER

REFTLUBERES AR ENNE, HilFabRMOERS, E4IEFK (->) FEERE
B9ZREY, 7E Rust 1, REPIREEFRTFREEPRE—NREANE, REAILUER
return XBFHIEE—NME, MEREPIRRME; FEAZSHRBA=RIVEEIRE—T&
RHE, THE—MHAEREERNRZRG:

Y& src/main.rs
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fn five() -> i32 {
5
}

fn main() {
let x = five();

println!("The value of x is: {x}");

£ five ¥ &EP, “ﬁu*&iﬂﬂi BRER, BEE let IBOEKE, RERE—THF 5, X
£ Rust A@— BIENRE, AR, RMBEE T REREERNEE, B > 132, HE
BITIXER AT Eﬁutl:'nl'" ZINRFAR:

$ cargo run
Compiling functions v@.1.0 (file:///projects/functions)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.3@s
Running "target/debug/functions"
The value of x is: 5

five REAVREER 5, FTLUREIEER 132, it EFAMEREXERNE. ERITEEDN
R B, let x = five(); X—1TRAFNABRIRIIREERDNBH—TEE, EA five
fiIEIE’JzE 5, FIRX—1T5 FTENABEBEN:

let x = 5;

EZT\, five RPUKBESE, BEXTREESXRE, MERBEERERR—NEESSH 5,
EAXZ—TREN, MEHTEREEHE,

HENEES—HF:
X% src/main.rs

fn main() {
let x = plus_one(5);

println!("The value of x is: {x}");

}

fn plus_one(x: 132) -> 132 {
X + 1

}

IZITAESITENL The value of x is: 6, BYIREEE x + 1 WITEMLE—TDS, BEM
TRIEAXBAIER, HNFEE—1HEIR.

X src/main.rs

fn main() {
let x = plus_one(5);
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println!("The value of x is: {x}"); ?“
}

fn plus_one(x: 132) -> i32 {
X + 1;

}
BITRB~E—1 R, WF:

$ cargo run
Compiling functions v@.1.@ (file:///projects/functions)
error[E@308]: mismatched types
--> src/main.xs:7:24

7 | fn plus_one(x: i32) -> i32 {

| - AN expected “i32°, found " ()°

| |

| implicitly returns " () as its body has no tail or ‘return  expression
8 | x + 1;

|

- help: remove this semicolon to return this value

For more information about this error, try “rustc --explain E0308°.
error: could not compile “functions®™ (bin "functions") due to 1 previous error

FERFHIR(SS mismatched types (EERIAMLED) &R T XERAERZ ORI, plus_one BX
HHEXRAEERE— 132, BEFEARSKENEME, BEANNHZETER (),
Ite, BRERSEFR ERBIRENE, XMSRBREXBFE, NMFET HiR. EXERMmEH, Rust
BT —%FIRERBI T E ZRENRT: EEMRBRXNSS, MXAMALEESHE
iRo
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=3

ch03-04-comments.md

FrERERF RS i B MR 5 TIEM#E, NIBENATEMINIERE, EXMERT, 12
FRZEREFET F8 (comments), fwFRBZBIEE(], ERIRREBHARTREZIEEX
L IRRE .

XE—Ma BRER:

// hello, world

£ Rust 7, RAKERNMERR MR E—FER, FDERFEREZTRE. XNTE
BEITHER, (RBREES—TREEMLE /7, HXHE:

// So we're doing something complicated here, long enough that we need
// multiple lines of comments to do it! Whew! Hopefully, this comment will
// explain what's going on.

AR LREEENEITHRE:

X src/main.rs

fn main() {
let lucky_number = 7; // I'm feeling lucky today

}

i, RERWNINEZBIEIRRECHERIALE E—1T, BXEF:
X% src/main.rs

fn main() {
// I'm feeling lucky today
let lucky_number = 7;

Rust BB F—MFRE, MEXHER, RITSEFHUERN"E crate £75 %) Crates.io"Z85

WiEE.
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2P

ch03-05-control-flow.md

BRIEZHRE N true MAERTHITRERD, UNRERMHEN true BEERITELAILH
BEH, BRAZSHERIBESHWE LY, Rust PRENANTHIRITRNEHE if TAXME
%,

if KA

if RIXXATFRBZHFHRIT ARG D . MIRE—IFHHRT "MREZFHHE, BITX
D, MREFHRHE, FEITXEERME, ”

£ projects BRHEIE—1R A branches BIFIHHE, FAL¥K if XX, 7E sro/main.rs X
FHANTAS:

X% src/main.rs

fn main() {
let number = 3;

if number < 5 {
println!("condition was true");
} else {
println!("condition was false");
}
}

PR if TANELL if XBFFK, GEER—IFMH. EXMIFH, ZEIHNETE
number BYERE /T 5o MRFHN true, RPITEREFRFEEANAFESHIRER, 5
if RAXPEZNFORERIDRE BRI arms, MERINTESE S LLEIENBERF
MWBHF"—TPINIEI B match FERNDZ—1F,

WA LB S —1ANERY else RATURIEM—TERMR false I HRITHINER, XEXK
MR AT . MRFRM else RANHBFRMN false B, BFZEHIEZEE if AERHA
BT TEHIAEE.

SIRIBTRES, MiXEEBREIN T

$ cargo run
Compiling branches v@.1.0 (file:///projects/branches)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.31s
Running "target/debug/branches’
condition was true

ZAHZE number BEESMHH false REESAEMA:

let number = 7;

BRiziTiEFHERRN:
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$ cargo run
Compiling branches v@.1.0 (file:///projects/branches)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.31s
Running “target/debug/branches’
condition was false

RESITENRZ, FHBIZE bool H, MNRFMHEARR bool, HiTHASEBR—1EIR. Fla0,
SIRIEI T FTEX RS
NHZ: src/main.rs

fn main() { ?&
let number = 3;

if number {
println! ("number was three");

}

X8 if FABER 3, Rust il T —1MiEIR:

$ cargo run
Compiling branches v@.1.0 (file:///projects/branches)
error[E@308]: mismatched types
--> src/main.rs:4:8

4 if number {

|
| ANAANA expected “bool™, found integer

For more information about this error, try “rustc --explain E0308°.
error: could not compile “branches® (bin "branches") due to 1 previous error

X EEIRFERE Rust BAEBSRIFRE— bool, HIKEIT —1E%. KRRETF Ruby 3 JavaScript
XHEMIES, Rust FRBEMEIHBIERREBFMMARER, RONBHMA if #BH—
WmREEAFRYE. F190, NRFENFHE if ABRIATEMFARAFT o BT, MALUE
if RIATUCAR T HEXFE:

NAER: src/main.rs

fn main() {
let number = 3;

if number != 0 {

println! ("number was something other than zero");

}

BT ESITENY number was something other than zero,
fEF else if RIS EFRM
BTLUG else if FARS if 71 else AARTMS WAL, FIt:
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NHR: src/main.rs

fn main() {
let number = 6;

if number % 4 == 0 {
println! ("number is divisible by 4");
} else if number % 3 == 0 {
println! ("number is divisible by 3");
} else if number % 2 == 0 {
println! ("number is divisible by 2");
} else {
println! ("number is not divisible by 4, 3, or 2");

}

XMEFBENATRERNHITRRIE. BITRNIZAEREIMN T

$ cargo run
Compiling branches v@0.1.0 (file:///projects/branches)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.31s
Running "target/debug/branches’
number is divisible by 3

HHMITXNMERE, ERIMFRES if REXHIITE—IEGN true IABER, IR
BDfE 6 ATLARR 2 BfR, thASME number is divisible by 2, BEARMKIL else HRAAY
number is not divisible by 4, 3, or 2, EHER Rust REHITE—NEHEN true BIEE
R, #E-—BEHRE -G, BEEBASKRER THFHT.

ERAEZM else if AR IERIZEFLE, FILUAIRIRBEARLE— else if, AJREMIZE
EBEMRIET., HXXMER, BRESNB—1EAKB Rust 244 (branching
construct) , OY{§ match,

£ let iFAIPMER if

A if 2—1MKREAX, HATTLUE let BANEMNERE, FIa0ERG 3-2 .
X% src/main.rs

fn main() {
let condition = true;
let number = if condition { 5 } else { 6 };

println!("The value of number is: {numbexr}");
T 3-2: B if RARMERERA— T8

TE number ZHEER| if TANGRFIFERNIBME. BITXBRABEEIRKENA!

$ cargo run
Compiling branches v@.1.0 (file:///projects/branches)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.3@s
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Running “target/debug/branches’
The value of number is: 5

iBfE, RERNERREPRE—IREXNE, MBEFEFHERREN. EXNMIFH, B
A if REAXWERRTFHBMUEBRERIT. XEKE if WSO Z A ENEREZ S

TEMEREER; FER03-2 7, if 9% else PEHLEREE 132 B, WRLHF—I,

MG TEX M F—HERE:

X% src/main.rs

fn main() { ?@
let condition = true;

let number = if condition { 5 } else { "six" };

println!("The value of number is: {number}");

}

HRFXERALE, SRE— 1R, if H else PXMERBZFHEERY, [FBS Rust i
Hasthts h ERR R PRI R BB AN E)

$ cargo run
Compiling branches v@.1.0 (file:///projects/branches)
error[E@308]: “if  and “else’ have incompatible types
--> src/main.xs:4:44

|
4 | let number = if condition { 5 } else { "six" };

| - ANAAA expected integer, found
“&str’

| expected because of this

For more information about this error, try “rustc --explain E0308 .
error: could not compile ‘branches®™ (bin "branches") due to 1 previous error

if ABBRFNTEAIREN—PELE, M else ABRPHREAXAIREN—NFHFH, X
BIIREN, BEAZTEXARE—1HEE, Rust FEERIFNFLAHEE nunber BYEL, X
BHEABEEREMRIVIES—3 number FfERREGIE, MR number BYZRE HEETEIRTTHY
A%, Rust MEEMEIX—R; MORFEBOANESIETERESHRISEE, cetiaT
RTEMEZR, HEMRBHIRIEZED,

ERBHFESHT

REWITR—ERIEE—HEENNE, ALt Rust IfET 2 @&IF (loops). BHRSHITRE
MEPRIRIBERIZE, ARIEIEEIFRBEHNIT. N T AHRRIMEIR, RITRIHE—PUY
loops HIIH,

Rust B =FHEIf: loop. while F for, F{JE—#EBilix,
R loop EEHITINE
loop KEFEHF Rust REMIT AR, BAXKZHITTE, BAHEIRRHEKREFL.
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ER—1M5IF, 3 loops BRI src/main.rs XHEER AW :
XHH&: src/main.rs

fn main() {
loop {
println!("again!");
}
}

BITXMEFR, FHAIZEE again! HAMEEITED, HEIFNFHFELERER. KAZHKim
EBSTHHERRIER ctrl-C KPET— M RALREFNER. HiAE:

$ cargo run
Compiling loops v@.1.@0 (file:///projects/loops)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.08s
Running "target/debug/loops’
again!
again!
again!
again!
ACagain!

IS5 ACRRREXEIKTT ctrl-Co £ AC [aE, FRIREREE, BAEASEE again!,
XEURA T RIE R E RIS S 8 ERITEIEIR MU E,

FIEWE, Rust MR TERBPBRLBEIFNTGE, RAILUTEREIFFKE break XBF, &
IFEFARMELERITIZER. EIZ—T, RIIBEE _EREF N ENERERH—T
RERATE, EFTERFEREFERL,
BANERBF NP EERD continue, EENE, continue XEFREIFEFBIARE
ERFIRINE, FEBHNT—RENR.

MiEFR[EE

loop F— R EIXIFLARIIE AT RERMANIRIE, LUK EENEKIERE =R T ES.
i, (RATRER BILX MEEMNEREBAEH MR, Alt, (RUERFELEREIFR break
KIEAXEEMEEERENE; XMERKFABRHIREEREILER, RAMRMAIUERE,
TR

fn main() {
let mut counter = 0;

let result = loop {
counter += 1;

if counter == 10 {
break counter * 2;
}
¥

println!("The result is {result}");
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ERETZE, HENMFRAT—1RA counter WTE, HREENBLR 0, AfF, XEBET—
BA result WTE, ARFERIMORLEINE, ERFNEXERT, FHNE=L counter 7JI]
1, AEKECREET 10, SXMHEN, FLA break XHFIR[E] counter * 2 ME, fEIF
ZRE, BITADSERIBERLS result WHKIEG, &aG, FTEIH result B9E, tHELE

20,

MRRERIFRNERER return, WAILIMAIR[E, FD, break RAZIRHHFIEIF, M
return ll_.\IEE EIl:l:lléﬁu 95(0

B ES M REFZERBRIEX

MNBEREHPYETIER, BBA break ] continue BMAREAF YT RARHNIBMNMEIR, 1RE]
PUESZRAE MBI L — BIFIRE (Joop label) , SAIFIEXMRFEEH break B continue —
A, XEXEXBTFRSMERTHEIFNCHERT, MARRHNEREN. TEE—EAHE
BRERIRHGF

fn main() {
let mut count = 0;
'counting_up: loop {
println!("count = {count} );
let mut remaining =

loop {
println!("remaining = {remaining}");
if remaining == 9 {
break;
}

if count == 2 {

break 'counting_up;
}
remaining -= 1;

}

count += 1;

}

println!("End count = {count}");

9#??@%’%"@1‘? 'counting_up, BEEM 0 HE 2, REMENARBEIFUM 10 FIZLE 9
—PNEBEEREN break AZIREAREEIF, EA break 'counting_up; MZIREIMNETE
ﬁo XD SFTED:

$ cargo run
Compiling loops v@.1.@0 (file:///projects/loops)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.58s
Running "“target/debug/loops"

count = 0
remaining = 10
remaining = 9
count =1
remaining = 10
remaining = 9
count = 2
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remaining
End count

while SX{H{EIF

BEFEAEREAERIFPIHEENRNG: REZHR true, BIFMRERLE;, YEXELRERN true
BY, MR break REILTEF. XMEMFLEROTLUBELLAE loop. if, else ] break
RLI;, MMRFEE, MERTUEEFERHE, A, XMEXLERERT, FrlL
Rust AERET —MES LM, UM while &R, 7ERf 3-3 1, FAIEEMA while 1LIZFTE
W=k, 8Rt8EE—; 2E, ERAEREHTHS—FEEHEH,

X% src/main.rs

fn main() {
let mut number = 3;

while number !'= 0 {
println! ("{number}!");

number -= 1;
}

println! ("LIFTOFF!!!I");
}
ffl 3-3: WKMH true B, {ER while FIFEITHED

XMEEHEER T A loop, if. else F] break RRAFEMAEHRE, FILABIESM,
REBFHKEN true, KBEMSBEHNTT; SNRMBRLER.

£ for IEAERS

RILAER while Ei3GBHESHBITTER, tLUlEkd, B, =l 3-4 REVEIF=FTENZRA a
PHE— TR,

Y& src/main.rs

fn main() {
let a = [10, 20, 30, 40, 50];
let mut index = 0;

while index < 5 {
println!("the value is: {}", a[index]);

index += 1;
}

T f5l 3-4: R while B BHESPHNE—THE

XE, RBNHAFHTRHATIIR EMNRSl 0 FHin, HRERTFEIBIHAEANRE—
ZR5| (XBY, index < 5 REH true), BITXRABSITENHHBATHNE—IE:
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$ cargo run
Compiling loops v@.1.@0 (file:///projects/loops)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.32s
Running "target/debug/loops"
the value is: 10
the value is: 20
the value is: 30
the value is: 40
the value is: 50

HAPHFIE AN THRBUMHAEMER FEF, RE index TR—NZIZEIAE 5, FIBEHFE
HEAMBAREEARNME (SHR) ZAIRIELET,

g, IMANVREZLE; WRFSIETNAFHEIE T, MaFBIERF panic. FI40, il
RIFBEAE a SR E 4 R, AT TIBFRAEMAL while index < 4, HEHIE panico
EtZILEFTIE, BARESIMNESTHAE, E8REREANEERSIZRSNHANLT
HADFRZ Ao

ENERNENENRLG SR, AIUER for BIFRN—TEANE T THERIT ENE, for B
BRI 3-5 Fi

NHR: src/main.rs

fn main() {
let a = [10, 20, 30, 40, 50];

for element in a {
println! ("the value is: {element}");
}
}

5 3-5: M for BIFBHESFRITE

BITXEARERN, FEBIMRG 3-4 BENEE. FEEENZ, RIS TRBNZ2%,
FHHRT MOl R NS HARE, HBEHABTEMREELTERSHN bug.

fBian, 1EmGl 3-4 BIESAR, WRIRIBEAE a R RE 4 Nk, A TIREHEHN
while index < 4, fXEBFLR panic. MfEMA for fEIFEY, RIALICETEBIEATE N
R E RS ERE M T o

for EIFMREMMEEY, FEMN Rust PRERANEIFEN, BMESEMRBIEREEAR
BEHITIRERBIERT, tbalRfl 3-3 BERMER while BUEHTEIFIF, KZE
Rustaceans W XiE4EFR for EIf. LIXMEZNANEMER Range, XEIRAERERMH
—FRB, BAREBMENMEFIE. BB — M FZaERNFAEHRFEF5,
TEE—MER for BIFRENTRIGIF, EXBRAT —MEITERHINNSZE rev, BFR
¥ range.

Y& src/main.rs

fn main() {
for number in (1..4).rev() {
println! (" {numbexr}!");
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}
println! ("LIFTOFF!!!I");

}

X B —L?

24

RYEIT! XRABTHAFEEN—EF: FEITTE. MEMEESEHIERE. R IR, if

RIAKNUNER! MRFREIAEITOHMS, TUSHMETEXLERER:

- HEEMBRSEKERE.

« RS n PDIEHABIREL

o FTENZRFEMIR “The Twelve Days of Christmas” BYFRiE, HFAIRRMPHES IS CBIHE
B1&iF),

HIREEFHEN, BTN —MEEMEEESPHAE LS. AN

(ownership),
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INRFRB

ch04-00-understanding-ownership.md

FRENE Rust &Y, LR ESHRIBOFMRRAVEFEZ— B Rust THHIK
[ElUk2s (garbage collector) WEERENERESMFIE, FILIEMPIBITE Rust HEIAITIE
HIEREE, TARZEH, BIPEFHCFREN, URJIMEXREFE: BB (borrowing). slice,
UK Rust SNEIFERFH R B EIE,
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Rust RFFIRIHES AR
T4 RFREN?

ch04-01-what-is-ownership.md

FRE# (ownership) = Rust AT IIREEREFN—AMN, FrIEREFHLNEEREGITIE
RIENRENA. —EESPAEALIREIWINE], EEFETHENEMINABERN
NF;, BR—EEETH, BFAoyBoRNERAT. Rust WERTE=fA: @
FRENAREERNT, FERETHEINIVE—RTIANHEITORE, NRER T ERMILEHR
N, IZFERAREERIR. EB1TH, FRENARNERINEESFZRIEIZFIEIT,
EAFRENREEFGARGAEE— S, FE—LHEREN, FHEEREIRY
Rust MIFAENAZRMNEREE R, (RIEEBAMES HLZE2MSREIRE. FZ2U

1&!

HIRERE TN, (RIEE— R SSERMRIZRRACLEE Rust MIFHINEE. EAEH, MK
BT —ERAIRFEIFREN, XERFET—1ERNIBEESER: FAH.

% (Stack) 53 (Heap)

ARZBESH, MAFFELEZREIRSHE, TIER Rust IFHNRSGRIZIES
B, ERUTERLTERE EEBEARERE LM T IES BT UK A M4 S X
Bz, BASESENHEEDERFIENSHAERXNAS, FIUXERZ—

HRAEERERAIEEETNAHEERNAE, ERENNEHWARE. ZUBNENIREF
EEEHUERIRFEEE, XUERE Bkt (st in, first out) s TBR—TF—
ERF: HENMEZETN, BEIIREEFHMNINE, YFTERTFN, UMINZE
Eo FEEMAEIEABEMRSMENHEERF! EINLBIEUM N (pushing onto
the stack) , T HEIEMM Hik (popping off the stack) . 1RAEIFRA EIEEBHLMN
SAEMBEEENA/N. EHRFNA/NRMBA/NATEET IR, B NFHTEE
£

HRRZALR: SERNBIERN, FEER—EX/NNZE,. RFSES
(memory allocator) 7EHERFEMRE—IREB AT, BEIRCABEM, HiR
El— M RTIZAIEMIE $85 (pointer) . XAEFEFRE 1R LS ECAITF
(allocating on the heap) , BEIEFRA “HEC” (allocating) o CREUERENZRPHA
WINAZHER) . EAEMBAEREIENIESTRENNFEXNEEER, RATUL
RZisHEEER L, POYFELRERE, KAULRE . BR—TEEEME
IZiRe ZFENBEY, fRGEBABRLDA, BIERISHKE—MEANT RFHIMRITI
o MIRBAFRRT, it e] LUET 8RR EIIRITLTEH,

NikLETEE EDERAERR, BN (ANKE) DESTRENEFERBERERRAES
8); BEUESRERIN. bz, EEEPERNFUERESHNIE, XBRRAS
FoER S ek Bl —IRE BEBEGENIAETE, HEEM—EERAN TR KM
o

inlelsE_ERYERIELL TR LRV BRI, Raidu@disttkininl. MANIERTEAE
PPk D RLEIR, MEERLE, RIGE—TIRSAERTELAEZS IR FHRE. &
— I RFBEFEXREBEME T —ITRFEREUXRN. MEFAR—IE, &8
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KFBIF—1E, ARBRF A, AEBRTF BXENRESEMEE. HETRER
&, WIEIELEMNBERRILBITAEE (EbiNER L) hRomaidi (EbinnTReETE
) Eeo

SIRBAIBIEA— R, TELRBE (BEFERE EEUENE) MK
HHEEEEBRENET, HRBERE, XEERS B

ERERMPER D RADIETE fE ARt ERIMPLEESE, RAMRERRE LNESHIENHE,

MUK LA BERNRERERAZERTE, XERFERFIENARELE

B, —BE@ETREN, MMARTELESERMET, A3 THRENNEER
MR EIRMEIE, REBSF RN ARMENEZUXM AR I F,

FREFI
B, ERNE—TFENENN, SBATEIZFRAE, HIE0X LN

1. Rust FE—NMEEE— FiIEHE (owner),
2. BEEEF—HNZEBERE—1FEE,
3. YFAEEEAERE, XMEBEER.

TEERAE

BARNEKZRE T EXNEL, BAIEZENAIFRES fn nain() { 53, FRLAMNRIRZE
—ERERI KRB, DAFEEZEHIFRIEIRAN— main RERP, XiF, HlFRHESENME
B, ERATRIAKELFA T AR,
TERENRBE—NMIFH, RINEE—LZTEN EAE (scope). 1EFREIZE—PI (item)
ARFPEREE. REAEXFE—TEE!

let s = "hello";

TE s PET NFHEFEHE, XTNFHRERERIAEFAEFH. XTTEEMNER
M RIFEEE HREAIRERFEHEE NN 7 4-1 FRUERITATEE s ERALEENR
B

{ /1 s EXBELH, ©HAEH
let s = "hello"; /1 MIEbEE, s BB
/1 EH s

} /1 WEREBESER, s FEAEN

T 41 N EEMEHEREERE
maiEN, XEERINEZNER:

« Y s HANEREN, ERMEEN.
- X—EHFSEICBFEREALE,
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BRiAL, TERSERSFRENXAREIMEZESSRMN. MERNELEM LA

String ZEHY,
String JEHY

AT ERFAAENSFN, HMNFE—IHLE=F BUELE" hifRINEES RAEIELRE,
RIENTARNRBEHZEMN AN, AIUFEERTS, FEISBEFERENERE LML, MR
R BN FEEARNEREFEABRENE, sTUREERMER i 1REIZE— MR
I EBle AEFNFEIH—TFEEHE LRSIERRR Rust BIMAIRIE Z AR FEEUE
Y, T string EEIFE—MRIFRIFIFo

BN TETF string SFAENAEXBERD . XEHEEEFER TR EFRHIEIRE 8!
BRHMERAEBUERE, TE/\ESERNMME String,

HNNELNIFFEFHE, AIRERDHEFENFNRE FHNRFEERRSEN, £
SEMNHFTESERAXANE—MR. RRZ—MRENERAAEN. 5—NRERHIEFR
BFTHRREERRETERS AEEMAE: FM, ERBRBAFRAAEFEZEADE? A
b, Rust BX—MFRFBLE, string, XNEBEEFDECEIE ERIBUE, FRUREBTFE
LRI RAMANBIX A, FILUER from RIMETFATRFEENREIZE String, 0T

let s = String::from("hello");

XFANES : BEER, AFEEER fron RKEETF string HAEIRaH (8]
(namespace) T, MAZEERAEM string_from XIFHNEF, EELEN "HiE" HAEE
MR R MEL, MEESEEEN "BERT S AERKMPHIN P HEIRRNGZ T
8o

let mut s = String::from("hello");
s.push_str(", world!"); // push_str() EFFHRGTEMNFEE

println! ("{s}"); // FTEN “hello, world!"

MAXBAEAAKHIE? FftAa string AJZEMFEENFITIR? XINETFRMEENAELN
Ab32 E,

RES 5

MFATRFERERDR, RNERZEANEERNS, FIUXERERERIDHRELRPTHRITX
. XESFNEFEREREZESN. FTEIXEFETRITn T FHRFEENFTEM,
AEZNRZ, RIIFENT B— M ERFENANRABSEME—RAFRANZH#EIS P, H
BeRX/INErR sEREREF BT R,

XF string #B, HTEF—ATE, EKNXALE, BEEEEHR—RERIIF
AANORERIF RN, KB

« WIEETERRRNEFESA2S (memory allocator) ERAE.
« FE—PYURBIES string BOEREREIS D EERH S Eo

F—EHRFATTM . HIAA String: : from B, BRI (implementation) iEREFTFEHA
F. XEREESPRIEEEAN,
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A, BEALMERMEZEXHT,, 78 WikBEIU (garbage collector, GC) BIBESH,
GC ERHERABFEANNE, MBENHARTEXDLE. EAEIEE GCHIEEH, R5!
HABERNAFHERABEXNERMERINNERET, BIEKRNEFNEHE—F, MAER
AE LR IERMERFRIKREEZE— 1 EENREERE,. IRSIEEWTRREARNE. RS
RhKT, R8T E, NREEEN, XBEN bug. HEINEEEHBIA—
allocate FEg¥t— free,

Rust REX T — 1M FRIBVREE: AFERAECHNRERFFREEMKEER. TEHERM
4-1 RIERESIFHI—MER String MARF AR FEEMNhRES:

{
let s = String::from("hello"); // MIt&iEE, s BEHW

/1 fER s
} /1 HWEREEER,
/1 s TBEX

XR—MF string FERNAFREIL D ECSEMREANMUE: 5 s BAERERNER HF
EBREFERE, Rust AFNTEAR—MIFRRIRER, XML drop, AXE string BIF
BN ERRAFIINIE, Rust EERER » RENEAR drop,

AR 7 C++ AR, X item EA SR EAHILE RN BERR RIERENRTRE FiRIXE
BNiNsatk (Resource Acquisition Is Initialization (RAID) . 3NRIREERIT RAII LAY
JENZ 3T Rust BY drop ERERFHAFEL

XMREAMRE Rust RBBNANEERZNR N, NECEERRES, FIEEERNG
= FTABNITARTEREARATNN, tilSES I TECMATEHE ENENAEN. ELLTA)
RE-LEXFENTR.

ERBHNEESHIERE
£ Rust 1, ZSPBEFAURNAENGASE—BEHITRE. iLRNEETRM 4-2 F—1
EREERIGIF,

let x

5;
let y :

Tl 4-2: BEE x HEHEMRLS v

BANARBAILIREIXAETHA: “F s HBER x; BEEM—NME x HENHHER v'. BE
BTWANEE, xMy, #BFT 5. XVERELELRETH, ANEHRZEEMEERNEY
BERE, FRLAXAT 5 WENT %H.

WMEBE X String higZs:
let s1 String::from("hello");

let s2 sl;

72/548


https://doc.rust-lang.org/std/ops/trait.Drop.html#tymethod.drop

Rust i2FIgITES ERFXhR

XEERS LEHAEBIERERM, FRUENTESRIKENNETANBERM: 2
W, SBITRAIRERERM— s1 BUBIIHBEER s2 £, BELHIFMILL.

BEE 41 LUT#E string KRB &R E 4. String =804, WMELMFR: —NME
EFERFHERABTAFET, — M KE, I—1F8. X—AMEFEER L. NN
EERABTHREFERD.

ST
name |valug indexvalue
otr » 0 h
en 5 1 e
capacity 5 2 I
3 I
4 o)

4-1: $5{E "hello” 4BTELL s1 HY String FERFHRIRIAN

KEXRR string AR SHRIERT ZVDFTHAE, BER string NDECERSHRN T S0
FUNAF. KESEFENKFEREERN, FEELUMLTXHHAEE, FIUIERUZ
BRAE.

HEARF s1 MBS s2, string FNEHEMERT, XERERNMRLEN T ERvET. K
ENAE, RIFBEGIEHsmAE LR, aiEii, REFEPEUENRINIE 4-2 FR
o
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ST
name |valusg
ptr |\
len 5
capacity 5 indexvalud
0 h
s2 1 e
name |valyé 2 | |
ptr / 3 |
len | 5 4 1 0
capacity 5

4-2: TE s2 WREFRI], €F—7 s1 55 KEMBZE0EN

XKML AEERHAFEE 4-3 FRYAEE, R Rust LIEN T EHEHEE, BAREFEER
KELEXIFR. R Rust XAM T, ABAIRIE s2 = s1 7E3E LR AR IHES X E1TH
MEREIE R IR RRIRZM,
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ST
name |valug indexvalud
ptr » 0 h
len 5 e
capacity 5 |

1
2
3 |
4

S2

name [valud indexvalud
ptr » O h
len 5 e

capacity 5

1
2
3 I
4

4-3: HF— s2 = s1 BAJRERIRTFRIL, R Rust FERSHEE D1 T 3 ERYERIERTIE

ZHRIMRE S HEEXAERESS, Rust BahiAA drop RBFHBFETENHERNTF. TIE
4-2 RR TN RIEREHER TR—UE, XA T —NEE: 3 s2 M s1 BAERE, Ef)
HBRBRPAERBNAF. X2— M ZRER (double free) BITHIR, HREZAIREIT

HWAFEZ 2N bug 2— FAKER (HE) REZSBARSE, EHEISEEENRS

Ao
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RNTHRAREFERSE, 1E let s2 = s1; Zf5, RustiAh s1 REBEXN, HLt Rust FEEE s
B EREEEBEAAA, BET 2 MeIBEZESIHAFER s1 sREM4; XEHRIEREE
iB17:

let s1 = String::from("hello"); ?0
let s2 = s1;

println!("{sl1}, world!");

REFEI—P RO TRIFEIR, EA Rust BIEIRERATAIZIA.

$ cargo run

Compiling ownership v@.1.@ (file:///projects/ownership)
exror[E@382]: borrow of moved value: “sl1°

--> src/main.xrs:5:16

|
2 | let s1 = String::from("hello");

| -- move occurs because sl has type "String’, which does not
implement the “Copy’ trait
3 | let s2 = s1;

-- value moved here

|
|
| println!("{s1}, woxrld!");

| AN value borrowed here after move
|

note: this error originates in the macro “$crate::format_args_nl" which comes
from the expansion of the macro “println’ (in Nightly builds, run with -Z macro-
backtrace for more info)
help: consider cloning the value if the performance cost is acceptable

3 let s2 = sl.clone();

|
| ++++++++

For more information about this error, try ‘rustc --explain E0382°.
error: could not compile ‘ownership”™ (bin "ownership") due to 1 previous error

MBMREEMIBES PIFRIIERIE %D (shallow copy) 1 iR®IEN (deep copy), FBAIEDIE
. KENAREMAE NIRRT GEITERGERED. FTidEH Rust BEEE—IMTEELHT,
XAMRVERIT A 880 (move), MARMMBURIEN ., LEMIGIFRILUEIRA s1 # Brh 2T
s2 , ARGRETHA, 0E 4-4 Fimo
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ST
name |valusg
otr |\
en 5
capacity 5 indexXvalue
0 h
s2 1 e
name |valyé 2 | |
otr |/ 3 | |
en | 5 4 | o
capacity 5

4-4 : s1 TR ZEHRERD
XHEFER T HAWE! AANRE 2 SENH, YEHERERE, cMBRECSHNNE,

=LtE
JT—+to

55, XEERRET—MLINER. Rust Kt A= BB HIER “REN", Eik, EA
BB EHIER ] LIARIN N B 3T TR RERZ MR/ MY,

IR SR{E

{ERIE. FRENFNEE drop REFERAEFEZEBINX R RS REEERIL. HIFE— 1T EBB
TEW—MNEHER, Rust FEIZENEAR drop HEBRIEBRENREF. Fl, ZEMTE
=N

let mut s = String::from("hello");
s = String::from("ahoy");
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println!("{s}, world!");

EARINERTZE s HYEN—1 "hello” {ERY String, EHEIEIEIET—MEN "ahoy”
By string HMH(EL s. EXE, TEKEEARNBTER T RIAHE ERIE,

name valuel: inde>|1value
ptr > 0 a
len 4

1
capacity 4 2
3

< |0 |

4-5: B ERBAEREHNAERIL
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L B R AT R TR FF T 1R, Rust R7EE 54T drop MR AEAD HEK,
W ITENHER, $2E "ahoy, world!",

EREENTESHERE

SNRBA] HASE FEREER] string i FRVERE, MAUNER LBVEEE, AJLUER—M
i clone WERAGZE. BRERINIEHEEE, FEEAGEERSZESHFE—NERINEE,
FRUAZBIfREIBEEE T 7o

XE— KRR clone 757EBIBIF:

let s1
let s2

String::from("hello");
sl.clone();

println!("sl = {s1}, s2 = {s2}");

XEEARIDREERIETT, FHERHRSEEE 4-3 hiTh, XEH ERNEUERERESIT .

HHIL clone JHMAY, (RADNE—EAFENRBRHITMAXLERD ARSI HERR. FRE
ZEII-ERFIENEREELE,

RfEtE LRVEE: #N0

XEFE—MNEERINAT., XERBEATEEHARENN, IR0 4-2 Apy—3IF
2

let x
let y

println!("x = {x}, y = {y}");

EXEEREMNFESEHIINNZERINABHEFE: REER clone, 7T x RABRELEWS
shE y #,

RERGBEEXFNERFNEMA/NFRBERENMFETRL, FIUENHELRRERRE
B, XERELKEERECEZE v 5fE x TH. OiENR, XERAERIENNK, Fr
X B clone HAZSBENEAHENBFHATRRE, HIAIURAEE.

Rust B—1IUf Copy trait BIAFHRERE, AILIRERMEBIRXFMNFEER LR E (B+
ERZFMHARE trait) o IIR—PEESLIT Copy trait, BA—NENZEEERHRELE
tEERTABER.

Rust AT E S SHEAERBRIRIN T Drop trait RIFKREER Copy traite IARFENTHESFH
EREEY R4 IRRVREER Copy MR, BRI —MRIFINHEIR, BF IJMANIREY
KEIZNIN Copy SERRIASKINIZ trait, EFIRMIR C Y “BLKEM trait”s

AR AMBLESRISTIN T Copy trait UB? FREIAEBLLEREMUEERRAIN, FIEN—ERAN
AN, fEfeI—AERIREERASERR LSEIT Copy,, ERIARENEEARFHEMEAZIRRY
FKEVERAT LASCIR Copy » WITFE—LE Copy HYZEEY:

© FREEEHEER, N us2,

o p/RIEERY, bool, ERYESE true F false,

* FREFSEEEE, il fe4,
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© FAERE, char,

« 7oiH, HENEEESREMERSCI copy AYBYR, tb4, (i32, i32) SCILT Copy, 1B

(132, String) FLZHE

FREMS &

REFRBARBSHTEMENRIZRMN. MRBEEEATESZHHEES, MEREED
—i¥o Tl 4-3 ERERRTEEMIHENNES AR

X% src/main.rs

fn main() {

let s = String::from("hello"); //
takes_ownership(s); //

//
let x = 5; //
makes_copy(X) ; //

s HAERE

s HEBHEHKE ...

... FILEIXERBEY

x FALERE

X MNIZTEEIHEE,

// 18 i32 2 Copy H9,

printIn!("{}", x);

/1 FRATEGE A HEEER x

Y /1 XE, x ZBHTERE, ARR s. BEA s HEERBE,

/1 BEFHRZL

fn takes_ownership(some_string: String) { // some_string #HA{ERIH

println!("{some_string}");

} /7 XEB, some_string BHIEREHIAR “drop’ Ao

/1 S FANAEHRRR

fn makes_copy(some_integer: i32) { // some_integer # A{ERIE

println! ("{some_integer}");

} // XB, some_integer BH{ERA, RERTGRA

T 4-3: HEMERNERBUERERREK

HEIATEVAR takes_ownership [ s BY, Rust &HlE—MRIFINEEIR, XLERBHSKER
AR TR, WIATE main BRERFRMNGER s A x REEKEEMERFEREN], UKFRE

BRI = TEMR R A LE T X Ao
RE{ESERE

REMEW A LIEBREN, Tfl 4-4 BR7T—MRE T REEERTRA, 576 4-3 —FHH%E

MBYERR
X src/main.rs

fn main() {
let s1 = gives_ownership();

let s2 String::from("hello");

let s3 =
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// gives_ownership FERBRENEESES sl
/1 s2 HALERE

/1 s2 #fEA takes_and_gives_back,
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/1 ERBREHEXZELS s3
} /7 kb, s3 BHEREHEEFR. s2 # move, FIUTERE
/1 sl BEEBEARESR

fn gives_ownership() -> String { // gives_ownership FH{EEREEEA
/1 FRERNER

let some_string = String::from("yours"); // some_string #A{ERE

some_string // 3EE] some_string HIFEBZEIFREEK
}

/1 ZEERE AT RHRENZE
fn takes_and_gives_back(a_string: String) -> String {
// a_string #HAfERLE

a_string // B[] a_string F#HAERAIEE

T 4-4: ¥ei%RE{ERIFRAE Y

TENFAENEREBERNER . BERAS M TENERBM, SFEHFHIEENT
ERFEREN, HERES drop #5EE, RIFIERBHNS—1EEFME.

BAXEZAUN, BEES—MRBPHRBFAENHIZEROFAIENELESIR, R
RERBER—MEERREFMERXEADIE? NRENERREERCHNE, SXRETH
EBRERMBERBAT, FRIEZIN, T rI sk [m R R s == £ — L3R

AT UMEARATTAEFIREZANME, R 4-5 Firo
X4 src/main.rs

fn main() {
let s1 = String::from("hello");

let (s2, len) = calculate_length(sl);

println! ("The length of '{s2}' is {len}.");
}

fn calculate_length(s: String) -> (String, usize) {
let length = s.len(); // len() EEIFFFENKE

(s, length)

Tl 4-5: REIZERBIFRFAR

BREXAZELEFAEN, MEAXMIRNIZREN. FTHE, Rust HItRHT —1MNFH
IREXPRE I ELE] LAEFR(ERITHAE, PU SIF (references).
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51A5fER

ch04-02-references-and-borrowing.md

5 4-5 PRFTTARBAEXE— R FNTBIUE string REILIFHRE, XEETIEA
calculate_length Z [F{32ABEERAE, FEN String BEAXMFIEZohiHT calculate_length, H—
FfiE B IRt string BRYSIA (reference), SIM (reference) BE=f&igd, AAER—
ik, FATRILUBEERRFERET R PREEE, MXEHIRAEMTEME. SEHT
E, sIREEEGARRNFRIEISEREMIELENERE,

TERIOMEXHER— (#ifY) calculate_length KXk, EU—THWRISIAENSEM
F=IREERFREN:

X{&®: src/main.rs

fn main() {
let s1 = String::from("hello");

let len = calculate_length(&s1);

println!("The length of '{s1}' is {len}.");
}

fn calculate_length(s: &String) -> usize {
s.len()
}

B, AREERBNRIZREEFTANBEERT . HR, ETEHIHE &s1 L4
calculate_length, T{EEREENX S, FAHEWRIRZ &String AR String, XL & F5&
T BIA; ENLRSIREMEMABISERFIEN. B 4-6 BR T X—H.

S ST
namevalue name |value indexvalue
ptr p ptr » 0 h
len 5 1 e
capacity 5 2 I
3 I
4 0]

4-6 . &String s ¥E[AE String s1 REE

EE: 5 & SIPERNIRIER BB (dereferencing) , TEFESIBIZER *
SH, BITESES/\EBT— LR | EER, HES+HRSIEMITICHS| A,
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Rust i2FIKITHES ERHXHR
FHAEEXMREEA:

let s1 = String::from("hello");

let len = calculate_length(&s1);

&s1 EEILFNEIB—MERE s1 518, EHFREE. BAXT5IBANRERE, i
U5 RFLLEERN, EfffsRBNERAIKER

[, RBREZER & KRESEY s HRBE—15I1A. ERNEM—LAERIERER:

fn calculate_length(s: &String) -> usize { // s & String HI5|H
s.len()
Y /1 XEB, s BRTERE. ERACHAEES|BENEEN,
Il AT AR RE

TE s WERERBSHMRBSHER, f3 s FILERN, EMfsmNERSRER,
EA s HRAEE. YRBIES|IAMAREMEFENSHE, mAFRBETROERZIERE
N, BARBMRABEIE.

BAVERIE— 5 EIIT AR fBA (borrowing) . IEWMIMSEASER, MR—MABEER
A, fRAILIMMAREER. SirERTRE, DIERIE. FAZRNHTRE CHFEN.

BINREF(TZEBAEANTZENR? Si5lRF 4-6 BpIREE, BIE: XITAE!
NHRZ: src/main.rs

fn main() { ?&
let s = String::from("hello");

change(&s);
}

fn change(some_string: &String) ({
some_string.push_str(", world");

}

Tl 4-6: ZiERIERRIE

XEZHIR:

$ cargo run
Compiling ownership v@.1.@ (file:///projects/ownership)
error[E@596]: cannot borrow "*some_string® as mutable, as it is behind a "&°
reference
--> src/main.rs:8:5
|
8 | some_string.push_str(", world");
| ANNANNNAAAA “some_string™ is a "& reference, so the data it refers to
cannot be borrowed as mutable

help: consider changing this to be a mutable reference

7 | fn change(some_string: &mut String) ({
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| +++

For more information about this error, try “rustc --explain E0596°.
error: could not compile ‘ownership”™ (bin "ownership") due to 1 previous error

FNTERNRFIEN, SIARAEERATTN, RIFAAEFELS | BENEERNE,
ST

Bil@EE— M NAEREEEERG 4-6 KBHPNEIR, AFRIMESR—NMEANE, XHE
BIZS|A (mutable reference) :

X{&: src/main.rs

fn main() {
let mut s = String::from("hello");

change (&mut s);
}

fn change(some_string: &mut String) {
some_string.push_str(", world");

}

B, FlI s oA nut, ZAIGTEIEA change BEREIBIBR—1NAJZR5|A &mut s, HEH
RERER, iILEER—1AJZ5|A some_string: &mut String, XIFFIREREUMZKFA, change
R =EREFrERRE.

TS| AE—MRERRE: WRIFE— I WZTENAESIA, MMFEBRIENZTEN
51, XEZHEIER s WAIE5| ANRBREK:

X% src/main.rs

let mut s = String::from("hello"); 7&

let rl = &mut s;
let r2 = &mut s;

println!("{rl}, {x2}");

Ei=I0T:

$ cargo run
Compiling ownership v@.1.0 (file:///projects/ownership)
error[EQ499]: cannot borrow “s° as mutable more than once at a time
--> src/main.rs:5:14

4 | let r1 = &mut s;

R first mutable borrow occurs here
5 | let r2 = &mut s;

| ANAANA second mutable borrow occurs here
6 |
7 | println! ("{xrl}, {x2}");
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| -- first borrow later used here

For more information about this error, try ‘rustc --explain E0499°.
error: could not compile ‘ownership”™ (bin "ownership") due to 1 previous error

XM HIBGRPAX BTN, FHABRMNAEER—EZRURAELIVER so F—TAEE
FBTE 11 B, AEMIHFREIETE println! FKFER; EEXMAE5|AREIBNRERZ
8], FHMNXZAE r2 PEES—IAES|A, EEANEMN 11 BENEHE.

X—REILL AT M A —Fh 2 B TR A I, MMBALEER—BY a3 E—EEEES D
BJ 5|, NIiEft Rust WAFFAKRENX—5=, RAKXKZSHIESTHAIFRHEEHRTE,

XA PREIAIEFAL 2 Rust B LATESRIFEIS LSRR S, $UBRS (data race) EMFESH

, ESEUT=ZMITRREN KERHIL:

s WMANRE ZIEH R E—EE.

s EDE—MEHEARE NEUE,

s SRERT RS IRBINLE

BIERSSSBEREXITH, BUEETNIEEE, HEMLUZHAEE; Rust BidEAREF
FEHIERE SRR a) !

—iNEEfE, RILUERAKXIES KEBE—NIERE, UATFREZNL5A, REFERN
A

let mut s = String::from("hello");

{
let r1 = &mut s;

} /7 1l EXEBATERE, UK E2RUeIE— 5 A

let r2 = &mut s;

Rust ZEERYEA A ZE SR 5| ARG RARMIAN, XERBZSH— TR

let mut s = String::from("hello"); ?@

let rl1 = &s; // XAl
let 12 = &s; // &A@
let r3 = &mut s; // Kja&

println!("{rl}, {r2}, and {r3}");
BIRWT:

$ cargo run
Compiling ownership v@.1.0 (file:///projects/ownership)
error[E@502]: cannot borrow ‘s’ as mutable because it is also borrowed as
immutable
--> src/main.rs:6:14

4 | let r1 = &s; // no problem
|

-- immutable borrow occurs here
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-- immutable borrow later used here

5 | let r2 = &s; // no problem
6 | let r3 = &mut s; // BIG PROBLEM
| ANAAAN mutable borrow occurs here
7 |
8 | println!("{r1}, {r2}, and {r3}");
|

For more information about this error, try “rustc --explain E0502°.
error: could not compile ‘ownership”™ (bin "ownership") due to 1 previous error

M B AREERERAT TS| BMERER TS| A,

AT HNEREAFZEEEANESRALENRT! A, ZANFATL5|IHEERI MU,
EAEEEA D EEIEEEIEN S| BE RS E 15| B & RE R 19 EiR.
AER—1 5| BRNERIEMERR S i —ERFSEIRE—RER L, fii, RA&zE—R
AR5 BIMETE println!, BRETEERARIES|IAZE], FAILIITREEA URF
7Y

let mut s = String::from("hello");

let rl = &s; // XA
let 12 = &s; // &A@

println!("{rl} and {r2}");
/] WIBzfE rl M r2 FEER

let xr3 = &mut s; // &6l
println! ("{xr3}");

ARIESIA 1 # 2 BERETE println! RE—XRERAZRLER, XAEFEAESIA 13 i
tlZZal. RNENNERESEES, FIURBEAUREN, mERTUEERELERZ
RIFIEF A B RIS Ao

REMFBRERENLSAARK, BIFI2E, X2 Rust wiFSHFEIRAIEL—1ETE bug, HEE
HEIFREBELERE, MAX—VLREERENNABEITH. XFEFMFAUBEEESE, 1
A BERPRSHIRIR BRI A —,

2E5| A

EHREEHEST, NIRRT —RAF, IMRBTEAENETT, RREZHRME)HSSH
—MNRER (dangling pointer) : X METHERNAFUEREELRIEIERE (AL, 18
tEZF, 7E Rust 1, RiFBRIUESIAXKEAILREES A WRIRFEREHIENSIA,
RIFSRHRXEBIERIE NG B2 BHERE,

HEMNESALE—NEES|IH, BF Rust BT —NRIFNEIZERLETE
NER: src/main.rs

fn main() {
let reference_to_nothing = dangle();

}

fn dangle() -> &String {
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let s = String::from("hello"); ?G

&s

-

$ cargo run
Compiling ownership v@.1.@ (file:///projects/ownership)
error[EQ106]: missing lifetime specifier
--> src/main.rs:5:16

|
5 | fn dangle() -> &String {
| A expected named lifetime parameter

|

= help: this function's return type contains a borrowed value, but there is no
value for it to be borrowed from
help: consider using the "'static® lifetime, but this is uncommon unless you're
returning a borrowed value from a “const’ or a ‘static’

|
5 | fn dangle() -> &'static String {
| ++++++4+

help: instead, you are more likely to want to return an owned value

|
5 - fn dangle() -> &String {
5 + fn dangle() -> String {
|

For more information about this error, try “rustc --explain E0Q106 .
error: could not compile ‘ownership®™ (bin "ownership") due to 1 previous error

EXFBRESRE T I RATELEHREINE . EwEH (ifetimes). H+EXFMAITIL
FenEE. A, ED@%TEAWE PAMMEXNESD, XFBHRESEHELEE TIHAX
BAREANAARENXBES:

this function's return type contains a borrowed value, but there is no value
for it to be borrowed from

UHEHIMFHABERNIR dangle KBNS MNEREIRLAE T 4!
X{&&: src/main.rs

fn dangle() -> &String { // dangle SRE—FERFEMS|HE -70

let s = String::from("hello"); // s B— N HFEMNH

&s // REIFFFE s B9518
Y /1 XEB s BFfEREHEER. EREERER.
/1 fEhs!

KA s B dangle KERABFEIERY, FLLY dangle BIRIBHITIREEG, s MSWER. B
HANNHNZHRENERSIH. XBHREXT5|IBREE— MM string, XEARIT!
Rust RRIFRHATX Ao
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XERERT EREERID String !

fn no_dangle() -> String {
let s = String::from("hello");

S

}

EXEMKBEMEIRT . PAEREIEMHE, FISBEERRER.
51 FEFEM
I FA R —F 2R3 5| BRYITIE:

- BESLENE, BARBE—ITAE5A, BAREEZSITAAE5A.
* SIS E M.

BEIER, HREES—MAEEEWEIA: slice
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Slice &Y

ch04-03-slices.md

th (slice) RIFRSIBEEHR—RESNTEFS], MAASIAEINES, slice 2—f#3|
A, FRLERBEME

XEF—MRERZNIE: FE—TEREL, ZR—TEHSEIRBEENFNE, FRECEELT
TR EIRE— T SBIE, MRRBELFTRFLARETRS, BABTFHEMRE— TR
18, FIENIZREIEANF AT &

AR ATNAFRE slice, 2NTIRIRRLIE ASCIL ; XF UTF-8 IEHIETEIY
e, BERE/\ENERAFFIHREE UTF-8 RmIZHIXA"—Ti,

IR, MRAH slice, ZEHEXMRBHELR, MMIERE slice BRT AR

fn first_word(s: &String) -> ?

first_word REA—1 &string KBRS, FHAFNFFZREN, FRUXEZER#E. £
WWZREtAR? FIMHLZENMNEREERTFAEN—82, ~F, FH(TTLLREIRIELE
BRI, mE=RENMIE, Hilnf) 4-7 eI,

NHR: src/main.rs

fn first_word(s: &String) -> usize {
let bytes = s.as_bytes();

for (i, &item) in bytes.iter().enumerate() {
if item == b' ' {

return i;

}
}

s.len()
}

Tl 4-7 ¢ first_word BEUR[E] String BB —NFTRSIE

ENBAVEEZMLE string PRITRRENTN, FILIER as_bytes 75 A1 string 3%ift
RRFTIER A,

let bytes = s.as_bytes();
BT, R iter HIEEFTHA LIE—MEARES:
for (i, &item) in bytes.iter().enumerate() {

BINSEE T =S FiFMAMITICENE. WERFTEMNE, iter FERREIEESFHENIT
£, 1M enumerate B iter AR, BENTEENTTAHAN—EF57R[E], enumerate 3R[T]
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Hrtdd, BE—PTEERS, BN TREBZITENSIH, XHENBSFhtBERSIES
@_%o

K79 enumerate 5iEIREIMNETTE, FRUBNTEIUBREIRENE; BRISEEAEH#H—PIT
RN Hitk, 1F for BIFH, FHEET —MER, HpAHAREW i %5, THEN
gitem BENFT, ERNFKNIM .iter().enumerate() ZRIMETTEMSIAH, FRLUWERXFET
&,

£ for B R, HMTBEIFNHNFEHEBEZRFHARTRNFT, NREET 1=, &
EEeNE. &N, A s len() REFFAFEIKE,

if item == b' ' {
return i;
}
}

s.len()

MER T —MEIFTEPRE—NRRALEERSINGZE, FIXBE—N&. BHLRET—
IR usize, RIFERTE &String W ETFTXHAR—IMEEXNETF, RAEH, AAER
—15 string BN BRE, TEFRIEERENABN. ZE—T1F 4-8 RER T RHEI 4-7
f first_word ERENHIFEFE.

X1 src/main.rs

fn main() {
let mut s = String::from("hello world");

let word = first word(&s); // word FYERN 5
s.clear(); // XBETFRMH, FEEF "

// word TELLALEYEARZ 5,
/1 BRREEZHNFRBILFHNTTUBER R ERE 5, word HNENETELH !
}
5l 4-8: 7FEfE first_word REAARIREEHIZEERZ string AR

X REFRHENASIREMEIR, MEBEERER s.clear() ZFHBMER word, HEHAZR
Rt E79 word A s FPRETTEKBKEX, Fill word HABE(E 5. FMTAIUSHARX D
85 MNEE s PREE—RIE, BXIH bug, ARERE s REH word Zf5, s WARE

ZTT,

BHATFRFIABIZIELC word FIZR5|5 s RRVHIERBRY, XBEEBXZHE! MRESX A
— second_word R¥HIE, ERRSIXHEREMBZ LR, cHERELEREXIF:

fn second_word(s: &String) -> (usize, usize) {

RERNBRE—TFRERESIM—TMERERS, ERETESMEIENEMIERSITHEmR
BE, ERT2RESXMRSHEXE, REE=TNBFENTEXEEFTERFED

FBHZE, Rust AXNEERME T —MERTTE: FFEH slice
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FHFE slice
F 78 slice (string slice) & String H—EBHENSIH, BEERMGXIF:

let s = String::from("hello world");

let hello
let world

&s[0..5];
&s[6..11];

REFEA string 5|, hello 2—EF4%3 String RIS, H—MEIMNY (0. .51 B51E
Eo AILUMER—MHEPIESHHY [starting_index. .ending_index] $5EHRY range JE—1
slice, HH starting_index & slice B9 — M &, ending_index NMZ slice &RG—MiIER
E—ME. EEWER, slice WEIBLEMEMET slice MARMBENMKE, KEWNT
ending_index )75 starting_index B9{E. FRLAXTTF let world = &s[6..11]; BY|EE, world
BR— 1 E51EM s &5l 6 BEHKERE 5 89 slice,

4-7 /T RRE,
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S
name |valug indexvalug
ptr » 0 | h
len | 11 1 e

capacity 11 2 |

3 |
world 4 | O

namevalug 5
ptr —» 6 W
len| 5 / | O

3 r
9 |
10| d

4-7. 5| T &S string BIFFRTER slice

XF Rust BY .. range i&%, MIRWEMES| 0 78, AUAER IS ZHNE, RAIE
W, WA MEEZER:

let s = String::from("hello");
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let slice
let slice

&s[0..2];
&s[..2];

RIEEHE, TR slice BE string WRE—1FT, WAUSFENNHT,. XEKEWTH
=HEERY:

let s = String::from("hello");

let len = s.len();

let slice
let slice

&s[3..1len];
&s[3..];

WA LRI S F X MEFRIRERE N F AT B slices FRLUAATIREEREN:

let s = String::from("hello");
let len = s.len();

let slice
let slice

&s[0..1len];
&s[..];

AR FRIE slice range RS FEM UTF-8 FRHIAFRAN, WRESHM—
MNEFRHFRUPEMBECIEFFE slice, NIEFKBEREEIRMED.

BYXEMIRZE, ENETS first_word, iFER[EI— slice, “FRTE slice” PIRBEE
&str .

X% src/main.rs

fn first_word(s: &String) -> &str {
let bytes = s.as_bytes();

for (i, &item) in bytes.iter().enumerate() {
if item == b' ' {
return &s[0..1i];

}

&s[..]
}

BAMERRTA 4-7 HENANRIRRALEENERS|, BIFHE—THITRE. HHE—
PR, FNDREI—1NFRTE slice, EEAFNRIABMNERHRSIEAFIBNERIER
5lo

WEEA first_word BY, ERR[E—PMSREHEHREE—LIE XNMEHE—TIER slice
FIEGI BRI | A slice PITRIVEELHMK.

second_word ERZERHB] LA IR [E]— slice .
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fn second_word(s: &String) -> &str {

MEBRNMNET—IEEW. HERBZHEMN API, RRNEFRESHERIER String KI5 HIA
KEW. FIEF R 4-8 BRI bug 15? HfVAZRTE—NRIBLEENERS|, RENE
TTFRB, FRESIKRNT ., BEABELZELREN, BHENINAERERE, FAXE
ZEMAEAM — P EFHETNFRBREFERINRS|INABE LR, slice 1LXFM bug FFE
AgeRd, HESBEREEIRBENMMUBHE TR, £ slice A first_word RIFE|—MRIFE
RN

X src/main.rs

fn main() { ?G
let mut s = String::from("hello world");

let word = first_word(&s);
s.clear(); // FiR!

println!("the first word is: {word}");

XERRIFEIR:

$ cargo run

Compiling ownership v@.1.@ (file:///projects/ownership)
exrror[E@502]: cannot borrow ‘s’ as mutable because it is also borrowed as
immutable

--> src/main.rs:18:5

16 | let word = first_woxd(&s);
| -- immutable borrow occurs here
17 |
18 | s.clear(); // error!
| ANNANAAAN mutable borrow occurs here
19 |
20 | println!("the first word is: {woxd}");
|

---- immutable borrow later used here

For more information about this error, try ‘rustc --explain E0502°.
error: could not compile ‘ownership® (bin "ownership") due to 1 previous error

Eliz— BN, SRERENTIESIMEN, #REBHRE— T3R8, A cder B
B string, TEMRN—NAE3IM, A clear 2/F8) printlnt (BT word HAY
317, LGN R ATISAOS| BAEUBY A AIAE R, Rust FAYF clear EETZES|FIN word
iy RT3 | FREE, EULEIEAN, Rust FIEGHIN APL EBSMA, HEREH
BB T —EKHOHIR

FHBRFHEHEMRE slice

EIEFRNIHEI S F TR FEEMREFEZHGISAFRE? WERE slice 7, FfIRAILUE
BT TR FEET !
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let s = "Hello, world!";

X8 s UREE &str: ER—MERZHFIRFHFEMER slicee XUMBATAFNHREF
HERAAZH; &str F—MFAIESIA.

FHE slice fEREH
EHE T RERSIRENFE{ER String B9 slice f5, Ffi1xT first_word T2, XEREMEZ:

fn first_word(s: &String) -> &str {

MEBLZWM Rustacean RS LG 4-9 FHNE R, ENEESHLUX &String {HA] &str
EEAERBIRE:

fn first_word(s: &str) -> &str {

5 4-9: BT s SEEVEBRNAFRIE slice R first_word KEK

WMRFENNE—NFFE slice, MAUBERKIEEEEE, MRFENE— string, WAILEN
A string By slice, REEZART String 5|, X#HRIEMUFIET deref coercions, L
ERNTEEREI S Deref s@&I3E " — TR EIRVER S, BRBESHENXNFR
&R slice, MARE String 5|A, SILENN API EER. B8R, MARSREIATHEE:

X% src/main.rs

fn main() {
let my_string = String::from("hello world");
/1 “first_word® &ATF ‘String’ (B slice), ERHHEEB
let word = first_word(&my_string[@..6]);
let word = first_word(&my_string[..]);
// “first_word® tW&EATF “String® BIEIH,
/] XENTFEND "String’ B slice
let word = first_word(&my_string);

let my_string_literal = "hello world";
/1 “first_word' ERFFNHRFHE, HIHEH

let word first_word(&my_string_literal[0..6]);
let word first_word(&my_string_literal[..]);

/] RAFFHEFEERSE **2** FHHB slice 7,
/1 XWERERN, £F slice EE!
let word = first_word(my_string_literal);

H{thERIRY slice

FIFER slice, [EUMIMEREVAREE, BHNFAEN, FSEERBAR slice X8, EE—T
XA
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let a = [1, 2, 3, 4, 5];
RN TEERNF RN B2 B, RITESBES|IRMAN—E 7. AT LU

let a = [1, 2, 3, 4, 5];
let slice = &a[l..3];

assert_eq!(slice, &[2, 3]1);

XA slice FEBYZ &[i32], BIRFFIE slice WIEAR—H, BEIFEE—IESTEN
SIBM—MESERKE. RAIUMEMIERGERXE slice, 55/\EHE| vector =14
WEXEES,

B4

PREM. &AM slice XL Z1L Rust BFERFNHERANELZ S, Rust iBESRETRAM
AomiziE S RN A IUKIESIRERNATE, EREHEFRAEERTEREEBBRE
BHEMIHEE BB RIS MR S M EIRAE X B EHI .

FRENARSRIMT Rust PIREEMEBOB TSN, FRUBRIMTESBETHEIXERS, Xk
REABNRTAR. LBENABRELE, REENARSHBIEASH— struct &,
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E LA MIF AR R EXRIZR R

ch05-00-structs.md

Kk (struct) , & structure, B—1EEXHIRERE, RIFREEMGRZ MEXIE,
MMER— TN EEXHNAS, NRFEHRE—TEENRIES, LI — struct FLETR
HEIER . TAEY, BIKSRTHEMEWENZEE, ERERFIRMEMN E#H—TR

1, HEREMAMER TEREAREASEIENET A

BN BB BRI E X FSLHb MR, FiHCEE XREBLRER, 55 @WAA ik BIEB
FhRBXRIEN, LISESEMMEREBAERNITRN. EHEFNKE (enum, STEENRENDR) 2
NIRNREF TSR AR NEMAMN, MNMAFOFIA Rust B4RIFFERINE,
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Rust RFFIRIHES AR
LEAMERYE XA HIE

ch05-01-defining-structs.md

LM T TR BB Ie S BT, el e E S MEXIE, MTd—1F,
ZEENE—EN T URARERE, ERETTE, SNFRFEEGRIZIOBURLUIEREZTEN
RPHENEN. ATFETRXERT, EMELLTHERE: FHEERMITFRIEEE%
BIsREYE,

EXENE, FRER struct XBFHABIMERARRE—N2F. ENENZFEERER
EFESHBIENE X &5, AAESH, EXE—HDHRENZFMRE, RITA F
B (field)o 180, R 5-1 BRT — M EERPIKSESREMIE:

X src/main.rs

struct User {
active: bool,
username: String,
email: String,
sign_in_count: u64,

}

5 5-1 : User LEFMEEN

—BEXTEWEE, ATHERE, BYASINFRIEEEMEREXNEMENITLE, 2l
B— I EMIEEULERENZTHL, BEERESPMER key: value ## - B iR
FE, Hrbkey BFHEMNETF, value EREEMEFERPIMIEE. IHPFENIRFRS
BN EEREPEENIRE—2. Ra1ER, SWENE XHE— N EERERER, ™
LHINSTEXMER PN ELIER IR N EEME, FIi0, AILUERA 5-2 XI¥RERE
—MFENRAF:

X% src/main.rs

fn main() {
let userl = User {
active: true,
username: String::from("someusernamel23"),
email: String::from("someone@example.com"),
sign_in_count: 1,

}

M5l 5-2: BIEE User LEF{RBISCHI

AT NEREPRIENMFENE, AIUERRS. 217, BERFVERFEtit, ILUA
userl.email, YIRLEMAMISLFIZAIZR, HNNTUERARSHANNNFERRE, =) 5-3
R T SNfAIERE — R ZERY User SR email FERRYE:

X% src/main.rs

fn main() {
let mut userl = User {
active: true,
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username: String::from("someusernamel23"),
email: String::from("someone@example.com"),
sign_in_count: 1,

Y,

userl.email = String::from("anotheremail@example.com");

T f5) 5-3: A% User SLfl email FERAV(E

ARBENEOIBAZAIEN; Rust HAAFRRENFRITIENT T, BIMFEEEIEEEM
EEFTEN—F, BATAIUERBENRE—NRANPWE— NSRS, Kt
AR [EX AN SR

Al 5-4 BRT — build_user K%, BEIREI—NMEELHRER email MR BRI User Z514(K
L, active FERHIEN true, HH sign_in_count BYEAN 1,

X1 src/main.rs

fn build_user(email: String, username: String) -> User ({
User {
active: true,
username: username,
email: email,
sign_in_count: 1,

{5 5-4 © build_user ERFFREY email F1H P & FHiR[E] User SE{F]

NEBSHERSEMRFERARNZFEREEN, EFFIFEET emnail H username X
LrRINTER, ZVEEBR, MREMFEESFER, EEETITMERAT. =5
e, B—MAENEEEE!

ERFERMIBKEEEE

R ARE 5-4 PRSREEFEIZET2EE, FTTLUER FERMMBLESIEE (field init
shorthand) R EFE build_user, X#FEITAEZRISEEERE, FILEEE username
email T) ﬂl:l/‘_l_'\ﬁu 5-5 Fﬁ/—J__\o

X% src/main.rs

fn build_user(email: String, username: String) -> User ({
User {
active: true,
username,
email,
sign_in_count: 1,

T f5) 5-5 : build_user REER T FERAQUEEIEIE, EJ username F] email BS54
AFERER
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XEBIFACIET — N User LEHALHI, BEE—IIM emnail BFE, HITEER email
FEERIEIZE S build_user FKEK email SHME, FEH email FES email SHEEERD
ZFR, MAERE email MAZE email: email,

EREMEENEECELH

ERIALFINARERMEERTHEMERCIBZ— MRS MALFEE S EEAN. XAILUE
I EMEEINEE (struct update syntax) SEI,

B, T 5-6 BRT AMERAEMEEN, (A7 user2 REIE—1H User Ll FfTA
email IRE T HHE, HMENFERT KA 5-2 REIER userl RANEIRIE:

Y& src/main.rs

fn main() {
/! --snip--

let user2 = User {
active: userl.active,
username: userl.username,
email: String::from("another@example.com"),
sign_in_count: userl.sign_in_count,

}

T f5 5-6: fER userl REY—MEEIE—THEY User LA

EREMAEMEL, FRIATLLUESEDNAERAZERNRR, WRf 57 iR, .. 18
EREE T HARRENIRBENFTRNE 54 TE KRFIX N FERAERE,

X% src/main.rs

fn main() {
// --snip--

let user2 = User {
email: String::from("another@example.com"),
..userl

}

Tl 5-7: EREMERERIEEN— User LHNRE— Y email ([, FIHERERE
userl TEASLHIRFE

5 5-7 RRAREEEIE user2 RBIET —MHSERI, BIZEFIF email FEMES userl R
[E], M username, active F[] sign_in_count FEEMIES userl #H[E, ..userl AN IERRE,
PUEEHERINFERNMM userl NAENFEEHFIRENEE, BRI LLERUEFRIIFE AESFE
BEE, MAREREMEREXHFENIRRE,

WAR, SMEMEEMGTE = WEE, AN THE, MeRINEERZNESE
S5HIEXH " HIN—E, EXNMIFH, DELRFNTECIZE vser2 FRIFEEREH
userl T, [A} userl By username FEGHIRY String #F5E user2 A, WIRFK(LE user2 By
email ] username ERMKFHHEY String B, MIMEEF userl Y active ] sign_in_count {#,
B4 userl TEGIEE user2 [G{HFAER, active F sign_in_count BYZERVESCIT Copy trait HY

100/548



Rust i2FIgITES ERFXhR

HE, FROBRATE RIEA LRSI O BT R EREE . EABIRR AT LI
SfER] userl.email, FEATHIEHFM userl hiSEhHE,

ERTAS R IR TSR

WA LAE X S cB R MBS, i BEIE (tuple structs) . TTHEMEBEEERS
MIEHIEX, BE2BRENFERE, REFTRIVRE, SFRLEINTER—IRF, HE
TTAM NS EMTARRRNEEN, TALEHERREAN, XREEREMEBEFEAEITF
B BMERERMERANLT .

BENXTTAEE, U struct XBFMNEWERFARHGERTAPRIEE, Fl0, TEER
N5 UMY Colox ] Point JLAALEMIARIE X ANAE:

X% src/main.rs

struct Color(i32, i32, i32);
struct Point(i32, i32, i32);

fn main() {
let black = Color(@, @, 0);
let origin = Point(@, @, 0);
}

ER black # origin {HREEARE, FANENRFERITAEHAERLES, REXBES—D
ZAEHECHEE, MEENAPNTFRAIGEEEMRERZER, Fli, —PIREX Color 3
BSMBIRIRTEERR Point (FASEL, BMEXRMEEEM = 132 [BHM. FRILZIH,
TCARLEMMASIBIRMUNT oA, (RAILUS e BIRRIERD, WARILER - JFIRERSIHKAR
BRNE. STAFRNE, BATASERRURNERERARRIEE, FiW, HMTUE
let Point(x, y, z) = origin;, ¥f origin RYEMEMEIZI x. v M z BIZER,

TE X KB TEME

R A LUE SR B ERFRIEME! ENRTA KBTEME (unit-like structs) , ENE
MBITREMT O, ERmERNE THERE" —TRIREIN unit KB, LHTEMEEIRE
BERNEE LRI trait, EXAFEEZREASPEETAHENIRER. RINSES
+EITIL traite FER—MAEBEMSEFIER N AlwaysEqual BY unit Z&H9{KRIFIF

NHR: src/main.rs

struct AlwaysEqual;

fn main() {
let subject = AlwaysEqual;

}

ATEX Alwayskqual, FAIEA struct XEF, BRERKNTEENRZF, AER—1T2 5,
FARERRESHEES! ARG, FATATLURMAIS T subject LEHEIE AlwaysEqual By
K. RFERRNEXHIZT, TEEARESHERES. ERNHEER X PMRELI
KiTh, EEE AlwaysEqual BYSLFIBGARSFTEAEERENLF, BIFRATRE—
ERRERUEHITUIR. BITFFEEMBIEREMIMITA! EFTER, (REBFNG
EX trait FEEMER FTIMEA], SFEXRTEME,
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HHIFRIBEIFREN

TR 5-1 FREY User SSMRRIEXH, FAIERT B AMBEFPTEMEY string A
FE &str FHIEH slice KB, XR—MEEMAZIERE, RARITEAEX LR
RECENEUE, NERERNMEWEAZERINEESIEREE RN,

B] A AR E M RIBE N EIERIS I A, FTIXAMBEEFEER L A
(lifetimes) , XB—NHETERITICH Rust Fitt. LanBHRFRREWERS | BREIER
MRS AR Z RIF—H. WRIRZAEEMAEFEE— 5| BMA LB
KRR, LEanXss:

NHR: src/main.rs

?
struct User { &
active: bool,

username: &str,
email: &str,
sign_in_count: u64,

}

fn main() {
let userl = User {
active: true,
username: "someusernamel23",
email: "someone@example.com",
sign_in_count: 1,

RiFBRIECCERE M ARIRAN:

$ cargo run
Compiling structs v@.1.0 (file:///projects/structs)
error[EQ106]: missing lifetime specifier
--> src/main.rs:3:15
I
3 | username: &str,
| A expected named lifetime parameter
I
help: consider introducing a named lifetime parameter
I
1 ~ struct User<'a> {
2 | active: bool,
3 ~ username: &'a str,
I
error[EQ106]: missing lifetime specifier
--> src/main.rs:4:12

4 | email: &str,
I

A expected named lifetime parameter
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help: consider introducing a named lifetime parameter
I

~ struct User<'a> {

| active: bool,

| username: &str,

~ email: &'a str,
I

A WN PP

For more information about this error, try ‘rustc --explain E0106° .
error: could not compile “structs’ (bin "structs") due to 2 previous
errors

BTEFVICUMABERXLEHEIR, MMILRAUEEEREES IR, AIWE, K
MN=A% string XiFRVABPIANBERRBEN R astr IFEWEIA, ULEBEXE

£H N

T8 1Xo
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ch05-02-example-structs.md

ANTERANSFZEEREME, LRNEE—MtERGEERNER. KM BEHE
B8, EEENEFEIERSHAERET L,

£ Cargo #TE—1 M rectangles M —#Hi2RF, CIREUAGRNBUNKSAZRITEEM
BE, FHREHKAENETR. 7l 5-8 2R 7TAFHER sro/main.rs FRVNERF, ENIRY
FFSRIMEINRE:

X% src/main.rs

fn main() {
let widthl = 30;
let heightl = 50;

println!(
"The area of the rectangle is {} square pixels.",
area(widthl, heightl)

}

fn area(width: u32, height: u32) -> u32 {
width * height

}
w5l 5-8: BESFIEEKAENENSNEERITEKATER
IMAEERA cargo run IZ1THER:

$ cargo run

Compiling rectangles v@.1.0 (file:///projects/rectangles)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.42s

Running "target/debug/rectangles’
The area of the rectangle is 1500 square pixels.

EXNRAICIETEIRRA area NGNS NER, SAFTUERTELKASTER, B3]
AR LUE X ER USSR EE R X ENNRRH, H BIEIAT %%,

XELERBHNRIAREE area HER £
fn area(width: u32, height: u32) -> u32 {

BR¥X area AV EZHE—PMRKATHER, FIRBHMNERNSR XMW NSLHEHEXRIKET,
FEREFAEFNLAERAEX—R, FRENEZEHSEEFEZEBHEZLE, F=81
“TTARRE R ELZITIeS T AT A T,

fERTTAEN

5l 5-9 BT FERTENS — MERIRES,
NHR: src/main.rs
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fn main() {
let rectl = (30, 50);

println!(
"The area of the rectangle is {} square pixels.",
area(rectl)

}

fn area(dimensions: (u32, u32)) -> u32 {
dimensions.® * dimensions.1

}

T 5-9: ERTARIEEKGTNES

EEMIEE LR, XMEFEHF—R 7T ABPRINEMT —LE0%E, HERERFE—
T, FIEF—FHE, XTRENE—RRBHT : TAHLELETRENRIR, PRt
TREFM T, ANFFFAMERRSIFREBTHNE—E57

FIHEERERNESFREATLTXEE, FTEIHERS ARG ERMEREA T ! FHi1amn
FFig width BYTTHRSIZ 0, height BITTARSIE 1. MREMAZERAXLENRLT, il
NEFBERX—R, AHEFRETO. REZTICHEREXEEMERHEIR, AARITLE
AP ERBIENEE,

R EWR

B VEREMAEANLBIBEGRRAEBTENX . BTSRRI EEFERNTAEITRRE— T
FER2ITMBES N2 ENN R FHEAE, WRF 5-10 Fimn:

X% src/main.rs

struct Rectangle {
width: u32,
height: u32,

}

fn main() {
let rectl = Rectangle {

width: 30,
height: 50,
b
println!(

"The area of the rectangle is {} square pixels.",
area(&rectl)

}

fn area(rectangle: &Rectangle) -> u32 {
rectangle.width * rectangle.height
}

=~f51 5-10; TX Rectangle ZE#{K
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XBRITEX T —MNEMEHIRE A Rectangle, EAIESHRENX T FEE width Fl height, 2
BIERRE u32, 1BETE main A, FAIBIET — 1AM Rectangle Lff, EMER 30, &<
50,

BRER area BITERE X IR —1 RN rectangle BBLY, HERIE—PLEHIIK Rectangle L
BINAAIEER. FEEHEE, HNFEEREMEMARZRINENFAEN, XiF nain K
BELRT LIRSS rectl BFMBEINHASERE, FMUXMEANFATERBERNARNMEZE
&o

area FK¥XifjiA) Rectangle SCAIAY width Al height FER (R, IHRINERENSIBANFERT
S FERIFIEN, XMEBATAMREERIIMNEIENSIH), area NRMZZINIEAHA
HER T FeAJRYEE . fEF Rectangle B9 width F height g, 115 Rectangle BEIFR, X
KAESERERAN, HAAXEERETHAENZMMASEATENRSIME 0 M 1,
XEARE ER— 1 EERRF

BITRAE trait HEINTHEE

TEEIAIZFATITENE Rectangle SERIREBEHFE FRINEIFEER. =l 5-11 GREHET
BEFZIAER println! R, BEXHFT.

X% src/main.rs

struct Rectangle { ?0
width: u32,

height: u32,
}

fn main() {
let rectl = Rectangle {
width: 30,
height: 50,
}

println!("rectl is {rectl}");
}

5 5-11: ZIAFTENH Rectangle LA
HHEAEITX AR, ZEREFEN T ROMEBRIHEIR!

error[E@277]: “Rectangle’ doesn't implement “std::fmt::Display’

println! ZREEAMBRZEFAIERI, T, (¢ BAIASEIF println! ERHKIRSA Display AU

il BEREGEERLXRRAFEENEL. BRI IEASEREIASEI Y display,

ENemEaAP BT 1 SEMEMESLENE—SN. FIXNTFLEME, println! Wix

AXREHIRINERHRN, BRAXEEZERHAENE: BEEFEES? FETHNEKRES
'5? FREFRENIZERS? ATFXMAHEME, Rust FZHBNRNNZE, FRUEH

A ERM—1 Display SSBIRMER println! 5 {} H{IfFo

BRINRIRNNBEFRER, FRAXTEEYHEER:
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help: the trait “std::fmt::Display’ is not implemented for “Rectangle’
= note: in format strings you may be able to use "{:?}  (or {:#?} for pretty-
print) instead

EAIRIRIX! IE println! RFBBERZM println! ("rectl is {rectl:?}");, ?_jd%
SN 2 I585RFF, 5iF println! F(1EER—F0YM Debug AYEIHAE TN, Debug E—
trait, ©ARAFHRNU—FNHLKEBBHNARITENSEHE, XHETEIRRXCIEBITE bE§|JbE’J
=18

X EBEBRIETERF. BRT! MAREE—IHIR:
error[E@277]: “Rectangle’ doesn't implement ‘Debug"
FERFB N —RGEH T — M EEPRESR:

help: the trait 'Debug’ is not implemented for ‘Rectangle’
note: add “#[derive(Debug)]® to "Rectangle’ or manually “impl Debug for
Rectangle”

Rust fiSC B8 THENHIARKE ERIhEE, REFHNIBTAEEE X FX 1 IhEE, Ak,
EEMEEX ZHiNLEIMERE M #1dexrive(Debug)], RfI 5-12 FriR:

Y& src/main.rs

#[derive(Debug)]
struct Rectangle {
width: u32,

height: u32,
}

fn main() {
let rectl = Rectangle {
width: 30,
height: 50,
b

println!("rectl is {rectl:?}");

5 5-12: EANEIERIKE Debug trait, FHEEFAEIRAMEIVITED Rectangle S2ffl
RMERNBEBEITXMEFN, MASIBEAHER, AU ah:

$ cargo run
Compiling rectangles v@.1.0 (file:///projects/rectangles)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in ©.48s
Running "target/debug/rectangles’
rectl is Rectangle { width: 3@, height: 50 }

FiRT! IATERE=NEE, FEEETXPTKRANREFER, EXRRXMNFIXEHE
B BBANVE—NEANERAEN, SEEEZR—KBVEHMT T, NIETLUER (#7) Bt
println! FRFBHRY (12} EXPMFIFHER (#2) B HEIT:
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$ cargo run
Compiling rectangles v@.1.0 (file:///projects/rectangles)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.48s
Running "target/debug/rectangles’
rectl is Rectangle {
width: 30,
height: 50,

55— Debug MIUTENIERI TS ARMER dbg! ZRo dbg! RIEW— P RAXBIFIER (5
println! RAER, EERWNZESIA), FTENHAEFIER dbg! ZRFIERNXAHNITS, U
RiZZRAHERE, HRENZERFIEN.

AR AR dbg! RRITENEIRRESRIRERIGR (stderr), 5 println! RE, F&
SATENZItnEm BTSSR (stdout), FITEEE T T “BERES S NLEHEIR
MAZIR AR —TRESHINIE stderr F stdout,

TER—MIF, FMIX2ELE width FERBYEMUN rectl RENEHRIERE,

#[derive(Debug)]
struct Rectangle {
width: u32,

height: u32,
}

fn main() {
let scale = 2;
let rectl = Rectangle {
width: dbg! (30 * scale),
height: 50,
¥

dbg! (&rectl);

FATATLUE dbg! FAFERIATL 30 * scale FE, KA dbg! IREIFANKIERIFFAEN, FrLL
width FEOFIRIGHERIBE, MERINERERE dog! FA—F. HNFHE dbg! AH
rectl BUFREMN, FRLAFANET—RIEA dog! BHEE—15|A. TERXMIFHRHER:

$ cargo run
Compiling rectangles v@.1.0 (file:///projects/rectangles)

Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.61s

Running "target/debug/rectangles’
[src/main.rs:10:16] 30 * scale = 60
[src/main.rs:14:5] &rectl = Rectangle {

width: 60,

height: 50,
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BITAILIBRE—RBHEKE sro/main.rs % 10 17, FHATEREIRRAT 30 * scale, HE
RER 60 (WEBIKLIBY Debug BIVILRRITENEANINIE) o TE sr/main.rs 3 14 17 BY dbg!
VAR &rectl BY(H, BD Rectangle &5, X Math{ER T E9571RAY Debug FTLo HIRIA
EFBRIRAIARIEM T AR, dbg! ZREIREERVIRBZEE!

BRY Debug trait, Rust ®AFIHRETIRZoILLEE derive BMRMEAM trait, BTN
RN BEXERIEINSTANITA. R C H%H T iXEE trait 11T H, B+ESNBWNME
I BENITARLINXL trait, FEREBNMALERIRECH traite PBRT derive Z4b, FHETR
ZEM; BEZEB152 M Rust Reference MY Attributes 2857,

B area RFABEEET—: ENTERSEHER. WRXNMTHS Rectangle LK
BEGRERE—EMEY T, RANETEATHMER, MELRMNEFNASSREDXLE
G, FNF area EINFRE Rectangle FBIFE XY area F57% Ho
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FiE (method) SREEEM: EIER fn XBFMNBIRERE, TUBRESHARENE, [
NESEEMERZAENSHITHRIE. AEHZESRBEARDN, RACIIEEWERN L
TXHWEN (HEBKED trait WRH LT, BoEESENEL/\EHRE), AT
MNE—NBHERE self, BSRRIAB XS ENEMEILHE],

FiEEE

I EA BT ESCIMAYIREN— Rectangle SCHHWERNSEEY area KEK, AER—1TEXTF
Rectangle £5#{A LRy area 7574, UN/Rf 5-13 Fiims:

X1 src/main.rs

#[derive(Debug)]
struct Rectangle {
width: u32,

height: u32,
}

impl Rectangle {
fn area(&self) -> u32 {
self.width * self.height
}
}

fn main() {
let rectl = Rectangle {

width: 30,
height: 50,
b
println! (

"The area of the rectangle is {} square pixels.",
rectl.area()

}

5l 5-13: £ Rectangle ZEMJ{A_LTE X area 5%

AT EREE X TF Rectangle (Y ETFXXH, FEATHHET — impl 3R (impl 2
implementation BI48E) , X~ impl IRFPFIENAEBRFS Rectangle HRIEXEL, 1ZER
area KEIETHE impl KIFSH, HEZZHPNE— (EXBHEW——) SR EIE
FREL it 5 BRI N S ERER R, self, PAGTE main FREERARITAR area J57EH(EiE rectl 1
ABEEIT, NEEER FHiEi&iE (method syntax) 7E Rectangle SLff EiEFR area /574,
FEEERN—TMEGIHMLE—TRS, BRAZEE. BEiESURERSH.

£ area I ZH, {FH &self L rectangle: &Rectangle, &self SCfR bR self: &Self
MBS, T impl IRAP, Self KAIF impl MPYEEWFIE, FENE—NSELTE—
NRA self Byself KBIKSE, FrLl Rust iLIFEE—NSHRAEBELRA self XN EFXRE
o AR, BRIMDAFTER self GIEFER & KRRTXNAEMBAT Self Lfl, MEFHINE
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rectangle: &Rectangle FREYARIE, T AR LURIRIRTS self RUFREM, HEGRINIXE—HF
AEIEMER self, SERTMMER self, MRHMSH

XEFERR &self RIRHIRTER LR AR EER &Rectangle FAEFERY: Tl JHABIRENFRBEN,
QAFAERBRNENEPNESE, MAREN. MRBEEL EZFRTARSENES, FE
RE—1BERAN anut self, BINXGER self (FAE—NSHRRESERINKFIRIFIE
WERDIH; XMEANBEBELTTER self HRIRpHIRILAIRIEHE, XBSHABERLE
BRERERRZ EERRBRILA,

ERAAEERRE, RTAERLFEEZNATEES TRBERPTEE self BRI 2,
HEBMETARAMN, BIPEENLELOREMAFIESBEH—RBRA inpl RF, MAZE
I REV A P TEIRA IR EFREIL F4, Rectangle BYIHEE,

EER, RNATLERILS Z5EMERNENFEREBR. F90, FHA1AJLUTE Rectangle LFE
X—"MBRUfg width B35

X% src/main.rs

impl Rectangle {
fn width(&self) -> bool {
self.width > @
}
}

fn main() {
let rectl = Rectangle {
width: 30,
height: 50,
1Y

if rectl.width() {
println! ("The rectangle has a nonzero width; it is {}", rectl.width);
}
}

X8, FANEFLL width FF3E7ESEFIAY width FEERIE AT 0 BHR[O] true, FF 0 BINIR
[B] false: FHATAIUHFEMEHN, ERIBNAEZPERRRNFE, 1 main 1, HFH(IE
rectl.width [FEINM_EIESH, Rust HEFKNEHIR % width, HEAIREBRIESHY,
Rust Z1IE K 15892 FE& width,

BEBRT, BAHTERNL, SFRERBHNGEZSHEXNRREEZFERPHE, mAE
HMFER, X ERIRA getterso Rust FREHEM—EESHFENEWEFERBAEIEMN
getter, Getter (REMA, ENRAILUBFERIGAIE, MEHZERNRE, KM ZFRE
QFHRENZERRE API N—E80. BRITSESLEWIEHARLABNNE, UAIMNMEE
FEREGEEEAREHE,

-> BHERAFEIWMET?

£ C/C++ SR, MM AENEEMRARL A - BEERENRELBERGE, M
> E—PHREH LIRS E, XFEEEMSIA (dereference) 53, #EIE
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i, W object B—PFgEtT, BBA object->something() A&
(*object).something() ——$¥o

Rust H2E—15 -> FRRIEETF; MR, Rust B— 10 Bzh5| AR5 IA
(automatic referencing and dereferencing) BIThEE. 75 AEARE Rust H/DEU1LMA
BXMTABMT,

EEXFTIER: HfER object.something() WATFARY, Rust ZEE)A object iR
A0 &, &mut 3% * LAERE object 575 FERILA, iR, XERBEEEFNRY:

pl.distance(&p2);
(&pl) .distance(&p2);

BMEZBEREEFSZ. XMBMSIAZFAUKIL, BRNSGEE— 1 HMAE
WE, R self BSEE, LERWEMSIER, Rust MEERRHAHERTH XA R
% (&self). AJZEMEA (&mut self) EZIRENFFEMR (self), FX L, Rust WA
ARWENXMERINER, ERRERIEELRTESZBNERERRZ—

HFEESSHNGE

IEFA BT I Rectangle LK LS —HERGIFER S £, XE], FHITiL—
Rectangle FYSLHIFREXSS —™ Rectangle Lffl, YNSR self (55— Rectangle) BEELEEE
ZAKABRHNMRE] true; B[NR[E] false, —BIHAIEN T can_hold FiE, FAIURE R
5-14 FEYES,

X% src/main.rs

fn main() {
let rectl = Rectangle {

width: 30,
height: 50,

1Y

let rect2 = Rectangle {
width: 10,
height: 40,

¥

let rect3 = Rectangle {
width: 60,
height: 45,

¥

println!("Can rectl hold rect2? {}", rectl.can_hold(&rect2));
println!("Can rectl hold rect3? {}", rectl.can_hold(&rect3));
}

Tl 5-14: ERERSEILAY can_hold J37%
FEIEANIFERRM T oL, A rect2 B MNEEE/ T rectl, [ rect3 bk rectl 5!
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Can rectl hold rect2? true
Can rectl hold rect3? false

HABNNEEX —1F7E, FILLERIZALTF impl Rectangle IRAA, F7F7EEE can_hold, H#H
ERIRENFE — Rectangle AR EEREANSEH,. BIMRIAAFEZNRBAIUEESHE
A4 ZEBIRY: rectl.can_hold(&rect2) fENT &rect2, BRE— Rectangle HYSLf rect2 By
Aol BB, XEaI IR, HARNRFEIRE rect2 (MAREEN, XEKREKNEE
— MR EER), MERE main (REF rect2 WAABN, XER A UTIRABXNAEEHRE(E
FE. can_hold HiREER—ME/RE, EXMEDHIE self WEESEEHATE—1
Rectangle, TEFRAITETRB 5-13 BY impl RAEANXMHREY can_hold 757%, W/RfI 5-15 Fr
.

NER: src/main.rs

impl Rectangle {
fn area(&self) -> u32 {
self.width * self.height
}

fn can_hold(&self, other: &Rectangle) -> bool {
self.width > other.width && self.height > other.height

}
}

I f5) 5-15: 7£ Rectangle ESCH can_hold 757%, EIREXS—> Rectangle SEHIfEANZLL

NRESTH 5-14 BY main REHKIETT, MABEHENRL. EHEERH, AJLUTE self
[EIEMENEE, MAXESHMERBPHISH—F T

KEREKER

FRAETE impl BRANGE M BYRER#EFR 0 REXERER (associated functions) , RAE(N]S impl [FE
R RAIERIMERX, FITAIUENX R self AFE—SHHXEKEEH (FLFEHZE), BRE]
HARERTF—EMERRILEl, FINEEER T —MXERREK: 7 String 8 FFENH
String::from K%K,

R R FEN KR BE BERA R E— NS R R A RS RS, XEREHRITEE N
new , {B new HAR—PMXREFo. HIMIFATATLERH—TIUME square KEXEREL, EEZ—
HESHHARMNEARNE, XHFRIUERRIIEIZE—NIESH Rectangle MALIEE PR
EFRE:

NER: src/main.rs

impl Rectangle {
fn square(size: u32) -> Self {
Self {
width: size,
height: size,
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KT self FERIMBNRMEREMEIRIAF, EBEX impl XBFRFIRERNFIE, XER

Rectangle,

BIFAX N KERREL, FAVERLEMAERIN - EX; LEU let sq = Rectangle::square(3);,
XMRBUTFERENSRZER: o EERTRERBMERSIZHN S RZTE. BLtER
HEEIR,

Z1 impl IR

BMEREEAFHRE S inpl BRe B30, 1A 5-15 FRIRBEBFRTRA 5-16 RFARIN
B3, BRESTHEFEHEHBCH inpl

impl Rectangle {
fn area(&self) -> u32 {
self.width * self.height
}
}

impl Rectangle {
fn can_hold(&self, other: &Rectangle) -> bool {
self.width > other.width && self.height > other.height

}
}
T 5-16: EAZ impl REE R 5-15
XESBEARXESZDRES T inpl RP, AIXBEMBIEZE. FTEITEZEMN
trait IR EEISEABZE impl RBVAH,
B4
LRLRET LRI TR ARR ISR A B XRIBE X KR, @&, FHTAILUSEXEXS

SRR ERERERAGREN], XHFRIUESABEMEM. £ inpl 3R, RAIUEX SR
BUSRBIARREXRIREL, M7 AR—MIBXEXRIRER, LLIRiEESMARILFIFFRERTTN.

BEMEHAZOEEE N KM —%: L3R Rust BIRZETHEE, NN IARS
5%‘;\_4\1&0
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ch06-00-enums.md

EEFHNSNEWE (enumerations) , WIUIE enums, BESLIRE]LUBEFIEEANKEFRE
ARERY K (variants) REXXANHEE, B, HRMNSEXFHERA—MMEE, BREWEE
BXHIE—RRmEEER, 155, BIISRE— I8 BIKE option, EREMNE—

BEAREME, BEARAEBERR. RE, HIT=EF natch FRAXFIRICTEINREFA]
HIMENAREETTARNNE, &G, EIMNSNAE if let, XERERBHLIEKZN S

—MEE A ENRAS £,
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ch06-01-defining-an-enum.md

LR E TR FERANBIERSEERNTTIE, & Rectangle £5#){AH width F height F
FE. MBBLTIR—TMEREFRAENMER—TMESHN—5R. b, 181t Rectangle
B—EMIRNES, B& Circle fl Triangle , Jyltk, Rust RIFHATRXLERTREMRIZN—
PEEEE,

UHBENEE—NFEERETABNGS, REENAMNERANEENSEETH, RigH
ELME 1P ik, Bai# SZERMFNEE IP frfE: IPv4 (version four) # IPv6
(version six) o XE2HTNIZEFAIRESIEZRIRIFRE FIERY IP AE3SEY . PRLART LIMIEE L FRE
AJRERVME, XWIEEME—IEIRNE,

EA— IP IR AR IPv4A WEAR IPv6 BY, MEFREREEZ. IP IRIXMFEES
MESIEENEEEARX MR, HINBERTJERREP—1ERE, IPv4 1 IPve MIRZA £
HHLE IP ik, FRUAEARELNEER TEMARER IP #UtRIH RN IZBEN] SEEER
KA,

A LB E RS RENX — IpAddrKind MESKRIVX MRS H T ATAERY IP tiht38HY, va
M V6o XWARAMEHIEE (variants) :

enum IpAddrKind {
V4,
V6,

}

ILTE IpAddrKind g — MR AENEFEANBEEXHIELET,
ME
A LURX R IpAddrKind F PRI EFRYSES:

let four = IpAddrKind::V4;
let six = IpAddrKind::V6;

ARKRENTAUTFHEHIMRAFNGRTEY, HEARINESHH. XAKITHELRINE
IpAddrKind: :V4 F] IpAddrKind::Ve EEE IpAddrKind ZEEYEY, a0, FETILULEN —PEREE
FEURESR] IpAddrKind REIRYSEL:

fn route(ip_kind: IpAddrKind) {}

ITERT LAERE— AR R

route(IpAddrKind: :V4);
route(IpAddrKind: :V6);

ERANEEEREESMNE. #—TEE—TRIIP MR, BagE—NMFELMR IP
HAEIRRY S0 ; RMEERHTAREN, ZRIELEFAEFIIEMNET, FaEREK
TP 6-1 BRtE =X RS ASRAR FX N iR) R -
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enum IpAddrKind {
V4,
V6,

}

struct IpAddr {
kind: IpAddrKind,
address: String,
}

let home = IpAddr {

kind: IpAddrKind::V4,

address: String::from("127.0.0.1"),
b o

let loopback = IpAddr {
kind: IpAddrKind::V6,
address: String::from("::1"),
b

5l 6-1: 3% IP ol AURRHEAN IpAddrkind TARTFAETE— struct H

XBERENNEX T —PMERNFERIEMK IpAddr | IpAddrKind (ZRIEXRIMES) FKER
kind FEZFN String FEAY address FE, HNTEXMEMEANFHENLG], F—1, home, BN
kind B9{ESE IpAddrKind::V4 527X EEAHINIEEES 127.0.0.1, =S4, loopback,
kind B9{ERE IpAddrKind FYS—NEK, Ve, KEXRUMNUERE 1, FAVERT —NEMEER
kind #] address TEE—#2, MEMETEMRSEEXEKT,

NI UER—MEENENA N RREAMERNER, MXERREHEEERIHE— M
ELAEM A ENEEN—E 7. IpAddr EERIFTENZRAT v4 Ml ve T{RHBKEX
Y String {E:

enum IpAddr {
V4(String),
V6(String),
}

let home = IpAddr::V4(String::from("127.0.0.1"));

let loopback = IpAddr::V6(String::from("::1"));

HINEEFHERNENENE N TE L, XERAFE—NTINNERET ., XBEHRERS
BEEMETENS—ET: 8— 1 EITEXPIRETENZFHTR T — MIEM L
BRI E, tHRLEW, IpAddr::Va() B—PIREX String S¥FIR[D] IpAddr ZEHI SLHIRYER ELE

Fo TEAEXKENSER, XSRS BT o

AMEERERETE RS — M 81T ETLMERFERENEEREIE, [Pv4 lRAHY

IP it SRR EBIHMETE 0 M 255 Z BN FE 7. MNRFIVEER v4 tnt7EfE A4 us
B Ve AR A— String, XIMABEERLEAT ., REMNFLUESHNBEXNME
o
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enum IpAddr {
V4(u8, u8, u8, u8),
V6(String),

}

let home = IpAddr::Vv4(127, @, 0, 1);

let loopback = IpAddr::V6(String::from("::1"));
XA B T AR REEFITARRE IP 3R LA sERVIEIR, FAM, ZESCIERE/EMERM
YmbS IP HINSEE R AR N 7 UBUTAERME 7T — P HERANEX ! iItBITEEREEEN

RIENX IpAddr BY: EIEBERBAIEXMERN—HFIKRENTE, FIEHEARPRMt
HHRWRNE T WD ARERANESEF, ENXNFRVZREINE X ERFER:

struct Ipv4Addr {

// --snip--

}

struct IpveAddr {
// --snip--

}

enum IpAddr {
V4 (Ipv4Addr),
V6 (Ipv6Addr),

}

XERBRETT A LIS ERCERBVEIERNEEAR . fliNFrie. BFRERELDE,
BEEALUEES—IME! FIb, iEEFRREBEHALMBERNEE RS D,

ARBRMMTEEREE— Ipaddr NEX, HARUEIENERINIB SHNEXNAZEH
X, EAFNHLERITEEFNEXSINERE. FEESHEMASALE,

KEETA 6-2 PSS —MEENFIF: ENEARFRERT SMSERRE:

enum Message {
Quit,
Move { x: 132, y: 132 },
Write(String),
ChangeColor(i32, 132, i32),
}

Tl 6-2: —1 Message K2, HENTAEEME T ARBEMLENE
XTREEET S B FREENEE:

* Quit JZH XEXERIEIE,

* Move EKUEHFEEHEFE,
s Write B1& B h— String,

* ChangeColor H1& = i32,
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EX =M 6-2 RFRARERYE REXMERMEERN S NHE X SN AR LSRRI S T
RIBG, FBRTHMERER struct XBFUNERETAERASE—HALT Message AT,
INFXELMARIUEE 5 Z AR E AP EREE:

struct QuitMessage; // FEBEITEMIE
struct MoveMessage {
x: 132,
y: 132,
}
struct WriteMessage(String); // JoéAZEEMIE
struct ChangeColorMessage(i32, i32, i32); // ALK

A, MRBNERFENEWE, BTFENHERRNERE, FNBEREERERRD 6-2
TEXBY Message MEHREE, BHHENX —MEEBMEXERE LB WEMIABIREL, EAKRE
BRBR—RE,

EMENKERE S —MEMR . EAILUER inpl ALMEENTTERRE, BAITER
B FEXNTT R, RR—TEXTFA] Message 1% LRI call BYFFA:

impl Message {
fn call(&self) {
/1 EXEEXFEE
}
}

let m = Message: :Write(String::from("hello"));
m.call();

FEKERT self RIXBUARAENE. XMIFH, gIRT—NMER
Message: :Write(String::from("hello")) = m, MAXMEY m.call() =17 call /5

EHRY self B(E,

URNMNEEFEEFNS—NMERE I ESSHARKE: option,

Option (%

X8R — Option BIEHI, Option RATAEERE XIS — MK, Option KRNI~
ZEAAERLT M EFEBENTR, I—MEBEABEERAEE.

g0, IMRBEBR—DETFIRNE—T, SR[FE—ME, ORBER—NZHFIR, BtatbF
=758, MEERGNAERRAXMISMEREREFRFEZNERTNIE TN IZAE
BB, XtFRe] LU SRR HMRIZES PIFE E LAY bug.

RIZBESHNRITEEEEREaWLEIIRE, BEEHRMLEIIERERER, Rust HEBRS
HtESHENTEYRE. ZE (W) B—ME, eRAKRKEE. AEZENESTR, TE
BEEXAMRSZz—: TENIFZE,

Tony Hoare, null BU&BAE, 7Efh 2009 FERYE#H “Null References: The Billion Dollar
Mistake” FREB L E:
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I call it my billion-dollar mistake. At that time, I was designing the first
comprehensive type system for references in an object-oriented language. My
goal was to ensure that all use of references should be absolutely safe, with
checking performed automatically by the compiler. But I couldn’t resist the
temptation to put in a null reference, simply because it was so easy to
implement. This has led to innumerable errors, vulnerabilities, and system
crashes, which have probably caused a billion dollars of pain and damage in the
last forty years.

HFZAFZETHHEIR. S8, REA—TEHRNRIESTKITFE - EEENE
m5|ANEERS. HHNBERESEIRIFSENBMOERFRIERNE 5| ANERENZ
BENZEN, FIRARERMESIN—TZ3IBRER, MXBRANERXANE
ZRWo X5IRTXERHEIR. REMARGEER, EIEAE+FEERREER T METZ
SrTHYRE MK,

FENPEETSRIAG—TFEERFER—TZE, LIURMEANEIR. FAZEM
FEHEMELLAE, FEESZHIXEHEIR.

A, EESHBEESMAREEXN: EER—MREAEMRE B TR R KE,

[EREAETFHIMETREENEM. Ak, Rust HEETE, TEEHREHEE—1EILURD
FHEINFERSOREE, XPERE option<T>, MBECEXTIRAES, WT:

enum Option<T> {
None,
Some(T),

}

Option<T> MERIBERAUEFEEEREEET prelude 2H, TERHEENXSINER
Mo HI, EBRNEFEBENL: AJUREE option: : FILKEIE(ER Some F None, BMEUN
Itt option<T> W{HE2HEFMEIMZE, Some(T) FA None {52 Option<T> HYIL(AK,

<T> BER— I ENIERHZIR Rust THEE, ER—MZEERSY, B +EIFTIFMNIHR
28, Bal, FrEIrEEMENRLE <T> BIKE Option HMHH Some AR B EERILEE
KR, BRE—MET T UENEAEEERS option<T> BAEANRFERNER, XBEE—L&
BERFEEMFFTEE option ERIFIF:

let some_number = Some(5);
let some_char = Some('e');

let absent_number: Option<i32> = None;

some_number RYZEAYIZ Option<i32>, some_char FYZEAEIFZ Option<char>, BAREF
some_number FYZHEY, FEFFKAITE Some TAXHIETE T1E, Rust BJLUERTERR, F
absent_number, Rust EEFK(ETE Option (KRR, ENYiFEERIBET None BICIEHEMRT
i Some LRREFHEMRE, XEFHEHIF Rust 7 absent_number £ Option<i32> JEHY
89
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HE— some {EEY, FNMAEFE—ME, MXMERTFTE Some o ZHH None (Y,
AEMENX L, eRT=EABHERNENX: B TEMHNE. B4, Option<T> AR
tE= (B2 4TI ?

BMEZ, FA option<T> F T (XEMW T AJLIEERIER) BFRENEDR, FURmESRFR
YR Option<T> ME—MEEERNERER. B, XEABAEEE, ERHEHEE
Option<i8> #[ i8 #8MN:

let x: i8 = 5; 7@
let y: Option<i8> = Some(5);

let sum = x + vy;
WNRIBITXLERRD, FEIXMXENERER:

$ cargo run
Compiling enums v@.1.0 (file:///projects/enums)
error[E@277]: cannot add "Option<i8>" to "i8"
--> src/main.rs:5:17

5 let sum = x + vy;

A no implementation for "i8 + Option<i8>"

help: the trait "Add<Option<i8>>" is not implemented for "i8°
help: the following other types implement trait ‘Add<Rhs>":
"&1i8° implements “Add<i8>"
"&1i8° implements “Add’
"i8° implements “Add<&i8>"
"i8" implements "Add’

For more information about this error, try ‘rustc --explain E0277°.
error: could not compile “enums’ (bin "enums") due to 1 previous error

BeF! FLE, XFFREENWEEZ, Rust FAEZUNAHE option<is> ] i8 8N, HA

ENRARER, HFM)7E Rust FAE—NMER 18 XFNEN, FEFSIMRELSEEN

B BATAILURCERE, MEARAMEERE. RBEHFNER option<is> (EEAZ

Y option<T>) BY, AFBBEJREAEAFET, MAEFHFHERKINNEEAXNMEZRILIET
XE 5o

WaiE, TEX option<T> HITIEREZ BT HIZINN T, BEXEHEPRIIHERII=ER
BRAEEZ — RISEEFANTEKF EAZRES,

HERTHERMRIE— NI ENNE, SUHEXMAREEMEREC. ITHE—TERATH
8, RO NERAVREBANISN LR Option<T> F, 125, HEAXMEN, SRR
RBEAZRR. RE—MERE Option<T> KA, {RPAIMLT2MIAEENEFAT, X
R Rust N— MR BRUERILITAR, HKIRFIZENZRLIEN Rust RKEBHNR 2%,

BAZHBE— option<T> FYERY, GN{AIM Some T(ARERH T BIERFEAEIE? Option<T>
EIHEAREATIMBERNGE: REIUERTCHXE, BE option<T> B KX REY
Rust ZRIFEH B,

SWIRIE, AT ER option<T> B, BEHESUHESINTAEINE, (MEE—LARERIYER
Some(T) {ENIETT, AVPXLMRBEREFH 7, BHEE—EAIBIEEN None BHETT, X
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LERBEHLE—ITTAN T E, match REAMBX A—MMIEREEREFIREN . EXRIE
MENTHRIETAERNNAE, XA LA LA R ER IR,
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match $EHIREEHs

ch06-02-match.md

Rust B—1 U match BITRARRRIIZFIREES, EAWREINBE—MES—RVIBVEINE
tEiR, FRFERLEMNRIHITHENARE. RATRFEE. T2, BRTNITSHEMERASHE
Bl BTABRSREIFMEARMERRAURENNIER, match IHERFETRIHRIR
11, LARAmiFassEStIAFR B Al REIR /M B E &

AJLUE match FANERMEMEN 0K BTBANBEFRXNURRIE, 5— 1M
BEANTEEXNNIFLE. BEiFt, BRZET match IE—MRIN, HEEBEIE -1
“NE" PRI, EHENEXEBAEIRAERITHRRER.

EANRERE TR, LLENBENRIEA—NER match BIFIF! FATURS —PREK
RE— P RABEERET, FU—MEURDVBAN, BECEAMBERHEREERNESD
18, W5 6-3 MR,

enum Coin {
Penny,
Nickel,
Dime,
Quarter,

}

fn value_in_cents(coin: Coin) -> u8 {
match coin {
Coin: :Penny => 1,
Coin: :Nickel => 5,
Coin: :Dime => 10,
Coin: :Quarter => 25,

}

Tl 6-31 — MBI — P LIMBEZARIEARINRY match FET

IRFF value_in_cents (¥R match RE, B, HNFIE match XBFRE—PNRER,
EXNMIFHZE coin BB, XFERIERR if FAERNRGREN, FEIXBEE—1IEE
AKX XF if, RIEXKIURE—NA/RE, MXBEAIURERIEEN, FlFHrY
coin FYRBIZRHI 6-3 FAENXHY Coin #ZE,

ETRRZE natch DY, — M ERNED: —MER—LERB, F— I IZHEXEE
Coin::Penny MZGEH => BEMFEXNRESITHAB L. XENLERNEE 1.
F— DR 2ZEfERES 2R,

Y match RIXAXMITH, EFERERIIFSE— 17 ZRELR. NRERLE 77X
B, XMEXERBIIEIEENIT. NREXHALEEXNME, BREHRITT 9%, IF
BEM—IER LS, JLUREEREZNS X T 6-3 Y match BN,

BN AXAXBENABE—INREAN, MBAXNERERFENED match FEXAIR[EE,

MRAZABBIERNEBEEAERAAES, EURA 6-3 PRSI XHRBRE—ME, 1
RBERENZPIZITEZITAE, AIUERXES, MOXENESERNEN, Fli, TS
EBIRMER Coin: :Penny JFBESSITENL “Lucky penny!”, EIBHMBAAREIRIBREENE,
1:
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fn value_in_cents(coin: Coin) -> u8 {
match coin {
Coin::Penny => {
println! ("Lucky penny!");
1

}

Coin: :Nickel => 5,
Coin: :Dime => 10,
Coin: :Quarter => 25,

}

PEERIE

LR 25— 18 BRIEER FI U E LECHRIER D E, XM INAMREZRRIR
EXERY.

ER—MEIF, LR MECESB— DN ERREF IR, 1999 £ 5 2008 FiEl, EETE 25 %
S HIREMEI—MIZ 50 MNBYE—PERENR] T RREIBYIZIT, EitbRVEE M &R B XX D MNEYIR
It, FRURBXE 25 RNEMERFHRINE, FJLRXEEBIMAIKIRY enun, @EIERE
Quarter TIARBZ—1 State {H, 1l 6-4 AT T XEAE:

#[derive(Debug)] // XEERILIIZIERIMNEIAFR
enum UsState {

Alabama,

Alaska,

// --snip--
}

enum Coin {
Penny,
Nickel,
Dime,
Quarter(UsState),
}

5 6-4  Quarter TIRWAFIL T —1 UsState {HHY Coin A%

BER—THNW— P RARZIRUWEFE 50 MY 25 RHMEM. EREEHEE D LXTHMN
B8, WEILREGHED 25 EOEMAAMNAMNRTR, XEFMRFNHALLERIE, tha]
RSV IDNE -

PR IBM LA AT, FRTFEILAD Coin: :Quarter THARYS) STAURE LI AN T — L
state fU2 8, YULAIE) Coin::Quarter BY, 2 state JGRUIE 25 £HBH A FMBIE,
BETEIA S KRS state, WIF:

fn value_in_cents(coin: Coin) -> u8 {
match coin {
Coin::Penny => 1,
Coin: :Nickel => 5,
Coin: :Dime => 10,
Coin: :Quarter(state) => {
println!("State quarter from {state:?}!");
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25

}

BRI value_in_cents(Coin: :Quarter(UsState::Alaska)), coin JE=2
Coin::Quarter(UsState::Alaska) , HRFESE MO ALK, EESX=LEE, HEEE
Coin::Quarter(state), XBY, state #PEAVIESZE(E UsState: :Alaska, IEEFLDILITE
println! FRAKXPERXMIET , BXEEFEILUIREY Coin #ZH) Quarter LAHPIEBAIIN
B,

PTHg option<T>

BAEZRIBIERI FRER Option<T> BY, R T M Some FRERHLEAERRY T 1E; FKATERTLUE
RbIE Coin HHHBIFER match LI Option<T>! ARIX[ELLINABZEET, ME
Option<T> MZE(K, {B match RIAXNNITIEAXRIFAE,

ELINFRATEERE —NKER, BEIREN— Option<i32> , NRHPEEFE—ME, KHEM— M0
REPGEE, RN ZIRE None E, MASRAITERIRIE.
FaT match, FEXPMRHKIEEEE, BEREERGTH 6-5 FiXiE:
fn plus_one(x: Option<i32>) -> Option<i32> {
match x {

None => None,
Some(i) => Some(i + 1),

}
let five = Some(5);

let six = plus_one(five);
let none = plus_one(None);

T3l 6-5: —/NE Option<i32> F{FHH match FIATNAIRRER

IR EFARIEE plus_one BYSE—1TR(E. ZIHA plus_one(five) BY, plus_one EREL(A
R x JFZZ(E Some(5), HMERHESEBMIXEER.

None => None,

& Some(5) HARILAIMREIL None, FRUIAMREIHITT F— 190X,

Some(i) => Some(i + 1),

Some(5) 5 Some(i) ILEENG? HFAMLEZ! BIIEMEREINEE, i 4fE T Some FEEHE, Fi
li BNER 5. 1ZEELRRDZAMIEHITT, FrUAFIE 1 s9EM—HRE—MESEE 6 B9
7 Some,

EHEZET M 6-5 H plus_one IEZNER, XE x & None, FHTHN match H5F—1
oA 1= o A5
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None => None,

TLECATh! XERBERM—, FRUEBFERARE => GIFYE None, EAE 17D ZFIL
2T, HMRIDSZEABLR.

1 natch SHEBAATERSHRPBREMAN. AT Rust REBPBIIRS X
match — Mg, HERRHEN TR, BERERERTRE. XE—THAESE%,
FE—BIRT, FEFEFEESHREE! X—E2APNEE,

EREEF R

match REF—AHEFRITIC: XEDWNEBE TRIENAEEME. ZE—T plus_one KX
BIXDHRZS, EBE—1 bug HFEEMmIF:

fn plus_one(x: Option<i32>) -> Option<i32> { ?G
match x {

Some(i) => Some(i + 1),

}

FATKBLIE None BYIFIR, FRAXEMBEZER—1 bug, FIiEHE, XE—1 Rust Fi&
SNATAbIERY bug. WIRZWFFXERA, FEFXTHEIR:

$ cargo run
Compiling enums v@.1.0 (file:///projects/enums)
error[EQ004] : non-exhaustive patterns: “None® not covered
--> src/main.rs:3:15
|
3 | match x {
| A pattern “None® not covered
|
note: ‘"Option<i32>" defined here
--> /rustc/1159e78c4747b02ef996e55082b704c@9b970588/1ibrary/core/sxrc/
option.rs:593:1
::: /rustc/1159e78c4747b02ef996e55082b704c09b970588/1ibrary/core/sxc/
option.rs:597:5
|
= note: not covered
= note: the matched value is of type "Option<i32>"
help: ensure that all possible cases are being handled by adding a match arm with
a wildcard pattern or an explicit pattern as shown
|
4 ~ Some(i) => Some(i + 1),
5 ~ None => todo!(),

For more information about this error, try ‘rustc --explain E0Q004° .
error: could not compile ‘enums’ (bin "enums") due to 1 previous error

Rust MBS B BEFE A RENBEREENEMER R TIE T ! Rust PHLERE F5RBY
(exhaustive) : WHRFHHEEIREMIRTREMERERDER. HFAIRITERX D option<T> HFIFH,
Rust B LEFATSICRARRRIALIE None 91BN, XitFHARFRIGAE—TEREFELAZHE, K
MmEZ AR EIMMEIZ L RIEIR A I ae R £
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BECIRIUAN _ ST

fERMES, FTEAIUE N DB MIEERITRARIE, MMEMFIEERIEIARE. B
KIENEREITT— N, MRIFBLERFIERN 3, ABRAIBE, MEXRSE—THEHIE
Fo MRIHET 7, MROABRKAE—TIFHFNEF. XNTHMOKRE, FHNAEITEHRE
EBRRENEF. X2— 1LY LRIZIBRY match, BRFRVGRERmMIIMAZE— T HEH
8, HERZEESDER T RBERRENREKRETT, SMENBL T AFI8EE:

let dice_roll = 9;
match dice_roll {
3 => add_fancy_hat(),
7 => remove_fancy_hat(),
other => move_player(other),
}

fn add_fancy_hat() {}
fn remove_fancy_hat() {}
fn move_player(num_spaces: u8) {}

WFHANE, MREIEFEE 3 7 7, BE—DXURETHELMATENE, B
RHNVBEH other H— TR, other HXALIHBELHEIEERLE nove_player RHKIER
KT,

EMERATRABIM us A FTRERE, KERKIIARSEE, ENRE— M BILERNS
RREHFILEIE, SFERRRNBRT natch BIRFRIVER, HER, RIISITSBE
DEBIERE, ENERRRINFLEN. NRRIVOBED ZIEFNEMAZ, Rust B2
R, EHIERDEAEFRRITEE,

Rust BT — MR, ST FRERBEEIVRENBVER, BER -, XE—MIHH
R, AIULEEREMAHERZE XHIF Rust RINFAEERXME, Fild Rust tRs
EERNNEFERERANEE,

IR PN . BT, SRHHRERE 3 80 7 R, ROTBREEH. XMERT
BIAREEAXNME, FIUAFNEIABRER - RENALE other !

let dice_xroll = 9;
match dice_roll {

3 => add_fancy_hat(),

7 => remove_fancy_hat(),
=> reroll(),

}

fn add_fancy_hat() {}
fn remove_fancy_hat() {}
fn reroll() {}

XM FEBRFRMEER, AARMNERE—TOXHERMBETHEER, H(1&ETIC
QIR R,

&E, IBRITBRCCZ AN, NRIFHH 3 3 7 LSMNYE, MNEISRKEELRE. K10
DERSETE (EadRE —THREINTTA) B - 9IS
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let dice_xroll = 9;

match dice_roll {
3 => add_fancy_hat(),
7 => remove_fancy_hat(),
_=> ().

}

fn add_fancy_hat() {}

fn remove_fancy_hat() {}
EXE, BE(1BPEIF Rust BN ERSEEXNALENE, HEXMER TERITRE
BT,

BITREETAEPNEBELS X TFEANMTENAR. IWE, LRSI if let 3BE,
XTE match REANERFBEERKNIFEER,.
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if let Fl let else Fi5IEHE

ch06-03-if-let.md

if let FAURNU—MABATKNARNES if M let, RKOBRLE—MEARETZ
BREMRILRIIE R, BBl 6-6 FRIRERF, EILEC— config_max TEHHY Option<us> {&
HRABELEN Some TIRBIHITAM:

let config_max = Some(3u8);
match config_max {
Some(max) => println!("The maximum is configured to be {max}"),

- =0,
}

T f5l 6-6 1 match RROEHEH Some BHHAITHE

SNR{ER Some, FATVHZEFTENH Some TIAPHE, X MEBMMPEEIRIAFH max TEE, X
F None BN IFAHFEMEMIREIE AT HRE match XN (FR1E) HWEKX, BIELIET
XE—NTAREME - = (), XEBEEINERES EBRERA,

AIFATAILAER if let IMEZENANRS. M TFRESRE 6-6 R match 1TA—E

let config_max = Some(3u8);
if let Some(max) = config_max {
println! ("The maximum is configured to be {max}");

}

if let BEREBEES AR —MEXMN—PRIER. ENITEARXS natch 8E, XB
HZRIATNITSZ match MBI E— PN DT, EXNMIFH, EHXZE Some(max) , max HB5E
73 Some HHHYE, EERILATE if let FCRDIRAER max 7, FLERTEXRZAY match 33 FA—4%,
OBEYELARZERY, if let RANAREA ST,

fER if let SREE DR, EDORERH, BEDBERAE, A, XHEEREE
match FTSgHIRYZH RMNE, BMTERRINIEERFRRELER . match 1 if let Z[apyE
PRARRIUT RE BIF R AR IE INfE B B R A5 RO BRI ETEN S,

WANER, FJLAIAA if let 2 match —MEZENE, ©AELERE—RINFHITAEMZES
FRE Efh{E.

BILATE if let REIE— else, else HRAARIAREIS match RIATUAFRY _ 73 IRAAIHESHE
[, X#FH match RIATNFAFRTF if let H else, [EIIZ—TRfl 6-4 1 Coin MEMEX ,
H quarter ZEWEEZ—1 UsState (B, MNRBEHEFIERRE 25 ZHNETNRE RS
25 ZNERFEAIM, BJLAERAXF— match FER:

let mut count = 0;

match coin {
Coin: :Quarter(state) => println!("State quarter from {state:?}!"),
_ => count += 1,

}

EE ] LAERX AR if let A else FAT:
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let mut count = 0;
if let Coin::Quarter(state) = coin {

println! ("State quarter from {state:?}!");
} else {

count += 1;

}

M let...else RIRIFE “fMitREEZ" (“Happy Path”)

FELfRmIET, —TEINGRE: MREMEFE, AXNCH—LRE;, IRFEE, MR
[E—PERINE. ERHALIE Usstate WEBMIENAEIF. RIKENBERBEBNEZE, B
R TR MAURBIMNALIL T Z Ao FMIFLRILATE UsState EEEX—1757%, ARGEMNNE

"

impl UsState {
fn existed_in(&self, year: ul6) -> bool {
match self {
UsState::Alabama => year >= 1819,
UsState::Alaska => year >= 1959,
// -- snip --

EERANAIREMERA if let RILECEEMAVRE, FERANEFIIN—L state, RHI6-7 Fr

No

fn describe_state_quarter(coin: Coin) -> Option<String> {
if let Coin::Quarter(state) = coin {
if state.existed_in(1900) {

Some (format! ("{state:?} is pretty old, for America!"))
} else {

Some (format! ("{state:?} is relatively new."))
}
} else {
None

}

XIFEARTATERRESS, AEXFIIEERT if let IBAP, MRFBTANIFENER,
M =] REME LUBERTI/R 73 32 B INA REXEY. TN MEAILIRIAX MRIEDNEAM if let RER—
1 state EARANREIRINSE, WM 6-8 FiiR. (M match BRI LASKINEMILR,)

fn describe_state_quarter(coin: Coin) -> Option<String> {
let state = if let Coin::Quarter(state) = coin {
state
} else {
return None;

b

if state.existed_in(1900) {
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Some(format! ("{state:?} is pretty old, for America!"))
} else {
Some(format! ("{state:?} is relatively new."))

}
}

AEXFEHEEMEE LS ARSELEED! if let H—NRX=4E—NME, MB—1D
32 N B MR E R[],

ATEXMBERRAERZRE, RustiZgftT let.. .else, let...else IEALMZE—ME

L, BMR—NREN, FFEEMTF if let, RIEKE if HX, 2B else 5%, NRIE
L, ESREZINEHREZIINEERE. MREAFLER, EFRIIER else 93,

ERIMEREURE]

£ 6-9 B, AILUEEIHTETRG] 6-8 Ay if let BNy let. .. else BIERRKIM,

fn describe_state_quarter(coin: Coin) -> Option<String> {
let Coin::Quarter(state) = coin else {
return None;

Y,

if state.existed_in(1900) {

Some (format! ("{state:?} is pretty old, for America!"))
} else {

Some(format! ("{state:?} is relatively new."))

}
}

AR, XMEEILRBEMREGEMIREE" (“Happy Path”) 4EET, MAMER if let
AL N2 S A G B B RERESIR.

NRIRVIEFBEI—MER match RXERI FITKAVIELE, 12(F if let F let.. .else H7E
fRAY Rust TEFEH,

o g

(X3 =]

MERANTIRE T MAERKRERCIZEE —RVIAFIZENBE IR, BRITBRETRTINERE
B9 option<T> ERIZINAIFBIRAI AR A A B R LB, SMBERSHIER, (RAILUR
EFELNEZ MERRIERMER match 5 if let FIREVFHERAXLE(E,

REY Rust R ITERERS (EAEMAENNEE R CIERBRRIIERS T, EIREY API 1
AEEXRERILETREZE: RHERSHERMOVRBIAZSECHERNRENE,

AT ERBARRE—NEARGH APL, EERAERRENABRAAFZEMIHIFE
BERSD, BBAMMTEMILILAERA Rust BIRIRALFIE,
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f1. Crates 5i&ir

ch07-00-managing-growing-projects-with-packages-crates-and-modules.md

HIRREREIEFY, ARARBERLHNEER. BIWNEXINEHTHHNL D REHEERA
B3, RAILUERZRTEMBE R LU ESEI TS ETNRERIAED, AINTEME A AR T — N hRERY TIE
H o

BBaiALE, HEMEENEFEE—IXHN—MERA, FEEMEEK, (RRIZETR
KREBPBAZMERNZ NG RALNRB, — 8 (package) FIUEE S Zi# crate

Al —NElERYEE crate, HFREEBRIEK, (RAILUEEHRIERDASRENLER, MAIRIIA
crate, XL crate MEAIMREKHEIIN, AEFSREFMEXERS, FF—TEH—RIIHEE

KEXHIBAMRIEAREIE, Cargo 12t T TEZFiE (workspaces) X—IhgE, HIPREST
TOEEHY “Cargo Workspaces” 3 Itb# 1 TiH R,

FAME TS HERLIAT, XALULHREESERERNE: MM T —MigEE, Ht
AR BT 2B AKEORSTAR, MAFTENECEINARAN, (RERSNE
BRI LAE X PSR 0 R E AU AT LAERRI AHER D, LAKIBLERR D B IR N E AL TIAY
WEED. XRH—MBEMREMEPICENENBHENT E.

XEE-—NREWRBRIES 1FRE (scope) " ! KBEMENBRE L TXE—HEXT “in
scope” B TR, =R, MEMMENEN, BFENmEEFENSHEMENFERMN
EESIATEE. RN ElF. K2 BIR. EERERMEEXHI. (RAILIEIEER
B, UNAZERIMEERENERERESN R—MERSATERER MARZIRY
I, RILAER—L T ERBREIRARZ,

Rust BiFZIhRER LULIREIRADRVALR, EIEMLAT IR AT, WLBTIENLEE
5, UREFPENMEREPEMLER IR, XL, BIRANRA RIREK (the module
system) ", BiE:

« 8 (Packages) : Cargo B9—°IhEE, BAFREE. MikF52 = crate,
* Crates: —PMERN, AILFE—PNERATHRIT

« 18R (Modules) #use: RFRIZHIVERFMEZHFAE M,

« B&1E (path) . — D AGIMNEHE. RESFERESBZA .

FERZREMEXEMS, TICElNARE, HiRRNAERElIRERERE. &
&, IREMERAFERNNTE, FEEBGZ AT —FERERE!
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Rust R IKIHES BAFXhR
€10 Crate

ch07-01-packages-and-crates.md
BRAFZFE I, HIVENBEHM crate,

crate & Rust {miFR 8RN IEN R/ NMUBEGL, BMBERA rustc MAE cargo RRFIFENIR
RBXHE (EWNFHAEE—EM “Rust IZFEM” PMAVERHE) , HiFSSHESIBINXEGI—
A crate, crate AIUE SRR, MXLERERBAIEXIEHMXEF, H51Z crate —ii24R
#; BINSEETRNTHPEIX—.

crate BFFMAZIC: Zi#HF) crate FEE crate. Zi#Hl crate (Binary crates) RJLILRIFAT
WITIER, tbWsSTRFHERS K. ENIRAE— 1B nain KECRE X HEFHEHNIT
HEHRFT R ZMINER. BiE(PTEIZEN crate #BZEZ#HE crate,

EE crate (Library crates) 3246 main K, EIMEASEFARTRNITIER. HRENEX
TREZANE S AINEERR, thil 352 MY rand crate B T £ RFENERBIT0EE. K
ZERBTIE] Rustaceans 1Y “crate” IEMEREFE crate, X5HMEIZBESFH “library” #I&—
Ho

crate root B—NREX M4, Rust FmiFFUTHERIGSR, HMRIRHN crate BURIER (FRITE7E
“EXERRIFEERBSIAB Y —TORNEIR)

B (package) BiIRME—RFITHEEN—PHEZA crate WL, —MEEEE—
Cargo.toml X1, ERINAIEMEIXL crate, Cargo EfrEptR—1ME, EEETHTHE
RRBNEGSIT RN #EH crate, HMIIE W Cargo EREIS Cargo sa 172
— R,

B B EELZ—E crate(library crate), BFRAUEEEEZ D Zi#E crate(binary
crate), BERMHMNELEE— crate (BIL2EMRE ZHEI) o

IRMREECRENHESREMF 4. Bk, NGRS cargo new my-project :

$ cargo new my-project
Created binary (application) “my-project’ package
$ 1s my-project
Cargo.toml
sTC
$ 1s my-project/src
main.xrs

BITTREGSE, BIEH 1s (FEE: LSS Linux FERIES, Windows TaIH
dir) 3REE Cargo AENIBIET +4, Cargo LTI EBIE— Cargo.toml X, EE
Cargo.toml AR, S&kMHEEIRE sro/main.rs, A} Cargo BRER—MNIE: src/
main.rs fie— "5 8 RERZAM_i#E crate B9 crate 1R, BRI, Cargo HENREERFE
& src/lib.rs, MBHHESEHFBRME crate, B src/lib.rs 2 crate 1R, crate iRXHIEH
Cargo f&i#45 rustc RIPRIEFERE ZHHITE,

EIE, BMNBET—1NREE sra/mainrs N8, ERETCREE—1R A my-project By i#
crate, MIR—MNEBEREE sr/main.rs ¥ src/lib.rs, WEBMW crate : — N HIRIFI—
NER, BRFEHSEHEE, B XERIE sro/bin BRT, —MNEELUREZ N Zi#E
crate . 1 src/bin TR GER S ARIFR—MHRILAY Z# ] crate,
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Rust I2FIRIHES EIAARSHR
EXERREFERAESTARYE

ch07-02-defining-modules-to-control-scope-and-privacy.md

AT, BITPEHSERMEE —EXTFIRRAFKNES, MAFRGRZIME 881E (paths) ;
FBRIGERESINIEREM use XBF, UNRBIMT ARG pub XEF, FHITERKITE as X
B=x. SMEBE (external packages) # glob iIZ&E%F (glob operator),

B, HITEMN—RTIBMNFALE, FERRFALMIDIRHR, XN T EEERENS
Z, BETRBNEIFMANBERSSAN,

ERE (Cheat Sheet)

ERNTERNBRENAT 28], XERE—NMEGENSE, FREEIER. BE. useX
BIFH pub XIAINAIERIFRB P ITME, UNKEBDFALEINFERMITAIRE, FRITEER
EREFIRAEEMN, BXERIERTIERENLESE,

* M crate IR R FA: HEIF—1 crate, RiFFE I crate IBXHF (GBE, XF—1E
crate IS src/lib.rs, F—Di#E crate ME =& sr/main.rs) PRI HEBEREIFNK
E

« FEBBIER: 7E crate R, {REILAEBB—NHIIEIR; Eb4N, A mod garden; AART —
MU garden FIIREIR, mIFZBIRTE FIIRRERIHARRARS: - REXL, AAES B
mod garden [FERHS S

« TEXf¥ src/garden.rs

« 7EXM src/garden/mod.rs

- EERFHEIR: TR T crate AR ALSMOEET, MREILENFAER, tin, (RErE
src/garden.rs FIFSEA nod vegetables; , HIFRAIELIERGE M ERHFRFERA
B: - P9BE, EIETE mod vegetables [FHRE— I EME—TAIES

« TEXMH src/garden/vegetables.rs
« TE3Xf% src/garden/vegetables/mod.rs

« ERPPKEDERER: —B—MEIRZMR crate B9—3845, {REILAEFRRFARRN 22 FBIEIIR T,
ME— crate ARERMF , BIABERES|BIZERIRE, 26fME, — garden
vegetables R TH Asparagus FERIB]LL@IT crate: :garden: :vegetables: :Asparagus i
IS

« FAB vs 2 —MERBHIRBRIAGERBERIAG, ATHE—MERLB, NEHTEARR
8 pub mod X mod, AT HE—PNRERRAZBHIRRE AR, NHEAEBERIER pub,

« use XPEF: T—NMEAEN, useXBFOET —IIIRIESN, ARV KERENE
S, EEMABILIS|A crate: :garden: :vegetables: :Asparagus BYYEFRIE, {RA]LUET
use crate::garden::vegetables: :Asparagus; GIIE—MRIEA R, ABIRI S LUE/ERIEF
RE Asparagus R{ERIZEE,

X B TIE— R N backyard Y il crate ERBAXLEMN, % crate HERZRREIFEHZ N

backyard, ZBEEA T XETHHESR:

134/548


https://github.com/rust-lang/book/blob/8c0eacd5c4acbb650497454f3a58c9e8083202a4/src/ch07-02-defining-modules-to-control-scope-and-privacy.md

Rust i2FIgITES ERFXhR

backyard
— cargo.lock

— cargo.toml
L— src

— garden

| L— vegetables.rs
— garden.rs

main.zrs
XM FHB crate IRXHEZE src/main.rs, ZXEEE7T:
X% src/main.rs

use crate::garden: :vegetables: :Asparagus;
pub mod garden;

fn main() {
let plant = Asparagus {};
println!("I'm growing {plant:?}!");
}

pub mod garden; {TEFIFYRIFERIE src/garden.rs P EATIRIZE S #HK:
X% src/garden.rs

pub mod vegetables;

7ELEA, pub mod vegetables; EBKETE src/garden/vegetables.rs RIS M ZHWE S, X
LB

#[derive(Debug)]
pub struct Asparagus {}

BELLBATRN T XN AT H AL EFEREN]!
TERRP BRI ITSE

BRI BRITATLUE— crate FRIEHITHE, LURSAIZMSERY, RA—MERHPH
RBRINEAEN, FFLUERA UFBERIEHMAFABYE (privacy) . FABIEAR R AIMERfE
FMARTE AT, BB LSRR EERRNTRE A AT, X, MBI FAT LUE
BHEHTF N,

ERATRG, LENBRE —MEEETINEENE crate, HITEENX KRBTSR, EBEFHREHE
B M@ FENEPERBENALEN EMARE TR,

7EER, BIEhSE—EMBWIRZAEE (front of house) , EEBIM—LEM IR Z /9
& (back of house), FIGRIBHMRNMS, XEIFRFRNMERHEN. RSRES
REBEFER. FBERSERRME. EENEERMZTARERELE. AHIEES
B, UREFEBEMEBTHESHXIE,
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AT LUXM A RATEIKNTRY crate, BHATAILUREIHEEARFIHRERIRD, BIHIT
cargo new restaurant --lib EIE—NHHIZ N restaurant BFE, AEE G 7-1 RS
B SREVARIIAN src/lib.rs R, RE X —EERFRENZ 2 ; XEABEARI&E 5.

XEE: src/lib.rs

mod front_of_house {
mod hosting {
fn add_to_waitlist() {}

fn seat_at_table() {}
}

mod serving {
fn take_order() {}

fn serve_order() {}
fn take_payment() {}

}

T 710 — MRS THMAE T RIXBIERIREY front_of_house {RIR

FAVER mod XBFREXIEIR, FRIERE (KHIFIE front_of_house), FEHRAEHES
BERRVER. ERIRA, BATERTUEXEEREIR, SEZFIFRY hosting F serving
RIR, RREAUREFE-EEXHHED, LSk, K2 BE. trait. HEIRBG] 7-1
PRRAYERIEL

BT ERER, FATAILUERXIIEX DAEI—IE, HisHEelftalx. Brarbidd
ERXERANE, ENEZMEIMITEENEX, Rt UETF AR AEEITSM,
MARBFIRFIENEN . BFRRXERAEFRIN—NEITEEN, iTEIREEN X
MEEML, AJURFEFRARE,

ERIEBHANNRET, src/main.rs Fl src/lib.rs DU crate R, ZFFLAXEFMEN]ERRE X
M HFHRBE D FITE crate BIRGEMHIRLAR T — 1B crate BIIRIR, ZEMHFRIEIR
B (module tree) o

5 7-2 BR T R 7-1 AR BV ZE R

crate
L— front_of_house
— hosting
| | add_to_waitlist
| L— seat_at_table
L— serving
— take_order
— serve_order
L— take_payment

5l 7-2: 5 7-1 AR RIRE RN

MR T —EERZ INARERNEIS — MEIREY (FI40, hosting HRETE front_of_house
H)o XMHIERT T —ERIREE RS (siblings) B, XBFRECNE XTER—ERF;
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hosting A serving #—WCREXFE front_of_house Fi, MLLRAREXRAILLE, WNR—D
RIR A RESTEEIR B B, HAVFEIR ATRAEIR BBY F (child) 1RIR, 53R B MZHER A
B9 (parent) 1R, FE, BMIRIWEIERT R crate BIRIEIRT,

X MR AT RER LR B EXAHRSGNE RN, XE—MIEEEHMELL! mEXHR
SZWER, RAUERRRFARMRIREE. HEH, mEERPIXMG, HIFE—MHEEK
ERIR,
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51 RIRIR I PRI RYEE 1S

ch07-03-paths-for-referring-to-an-item-in-the-module-tree.md

AT [\ Rust ERTERRI A M ESRE NI, HVERRRR, MEEXHFRATERRET
—1¥. ATHA—TRE, HKNFENEECHRBZ.

BIZEMMI:

« #EIFERIE (absolute path) FLA crate 1R (root) FFHITEERRIR; FFHMEB crate BIHHD,
T crate FFFLHVEITERIR, T HEI crate BIES, MLFEE(E crate Fk,

« H33E&1E (relative path) MEHFIIRRFFIE, LA self, super 3 HFIitRRPEMIIRTT
3k,

X REFEFNRFREERE—HZIENES () DEIRITRRT,.

BIZIRG 7-1, RIGFKITFLIAA add_to_waitlist KE, XMHEHFIER: add_to_waitlist

REVER IR B A? TG 7-3 IR T RGl 7-1 B9—LEARSRF R 2R,

HANTE crate PRENX T —NHRKEN eat_at_restaurant, HTEHPEIEH add_to_waitlist

RERIRM 5, XERFMBIERN, FEENEFEES —NESBURITERIEFERIR,

HEBEN=MEAT 4.

eat_at_restaurant BREEHS] crate ERI— 1AL API, FRUAFRAIEERA pub XEFRITICE,

£ M pub XBFREBEEF" —T, FHITEHANEE pub,

XEE: src/lib.rs

mod front_of_house { ?G
mod hosting {

fn add_to_waitlist() {}

}
}

pub fn eat_at_restaurant() {
/] BIEEER

crate::front_of_house: :hosting::add_to_waitlist();

/1 HEXTEER
front_of_house: :hosting::add_to_waitlist();
}

5l 7-3: ERANERIZMAEXNERIZRIAA add_to_waitlist ER¥K

$F—I/NTE eat_at_restaurant HIJEH add_to_waitlist KZEXEY, [EHMNELTERRR.
add_to_waitlist [RZX5 eat_at_restaurant #ENTER— crate 1, XEKERK( I LUER
crate XFFARIGHEN KRR, BERIERREESRER, BRIFNTHE
add_to_waitlist, {REJLABRH—MERSEMHNXGRS: RITBIIEEREZ
/front_of_house/hosting/add_to_waitlist 3 {T add_to_waitlist F2F, FK{T{EFR crate M
crate RFFETAENTF7E shell RER / MXHRFIRFIE.

T INTE eat_at_restaurant HIJEHH add_to_waitlist BY, {EHEMNEENERR. XMREFUL
front_of_house JJfCIR, XMEIREIRIRINAS eat_at_restaurant EXER—FER. 52F
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MBI R AR T front_of_house/hosting/add_to_waitlist, UIERZFLBEKREIZE
REEXM R,

ERFEAANERERENBRENRATHNIE, WEURTFREEHRATFEINEX KBS
ERZIMIRIB D FFR%Dh, KR—E%Dh, Flt, tNRIKITER front_of_house RIRA]
eat_at_restaurant PRZEN—EIZEHEI— 179 customer_experience BYIRIRA, H(TEEEH
add_to_waitlist FY4EXTERTZ, BZEMEBEEZTAN. Hk, NRKENER
eat_at_restaurant RREHPINIEEI—E A dining RUREIRA, RZ A LUERRAEIT ERIFR
VAR add_to_waitlist, {BEMEMNEREFLNNEEMH. KINEMETERLENTEKEZE, ERHERE
EXHTERE B MItigm2E R V.

AN NAERE—TR0 7-3, AERHEHAAFERE! =6 7-4 BRT X1 HE1R.

$ cargo build
Compiling restaurant v@.1.0 (file:///projects/restaurant)
error[E@603]: module “hosting®™ is private
--> src/lib.rs:9:28

|
9

| crate::front_of_house: :hosting::add_to_waitlist();
| ANANANN - oo function “add_to_waitlist"
is not publicly re-exported
|
|
|
note: the module “hosting®™ is defined here
--> src/1lib.rs:2:5

private module

2 mod hosting {

|
| ANANANANANNAN

error[E@603]: module “hosting®™ is private
--> src/lib.rs:12:21

|
12 | front_of_house: :hosting::add_to_waitlist();

| ANAAANN - function “add_to_waitlist® is
not publicly re-exported

| private module

note: the module “hosting®™ is defined here
--> src/lib.rs:2:5

2 mod hosting {

|
| VAVYAVAVAVAVAVAVAVAVAVAN

For more information about this error, try “rustc --explain E0603" .
error: could not compile ‘restaurant® (lib) due to 2 previous errors

5l 7-4: ¥R 7-3 HIMAORIZEREEIR

EIR(E 21 hosting BIRZMER, MAIEN, FATHHE hosting RIRF add_to_waitlist EK
HAVEHRIRE, B Rust FLLBAMER, AANEFEIFEMBERR. 7 Rust F, FAEDT (K
H. A SR KB BRNER) RANKRIRRBENEN. MRFZEEIBE— MR
BEMAERIRAET, AILUSHEHBA—MRIR,
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RIEIRPHIGIAREE A FEIRPRIFAET, BRFRRPIIE LUERENRRRPIIT, X
RENFEREEHERR 7 e RIRIFE, BRFRERAUEIEXENNLTX %43
Mevtkm, LREEMNERNBIENEEDAE: FENESHETHERTZEATHNN,
BAREFEALUAEEZENETHEEPMERSE.

Rust @& LUX M7 TURSLIMRIR RS 06E, RLAGARRBASRLIMA T, XiF—K, (R
B A LAE LA ERAAS RIMBLEBR D M A SRR IMER NS Ao Rust HSCER M T @S 62/ pub
KEFREBAHKIN, EFRRHAEEDBEEL ERIRR,

£/ pub XEFRBIHRE

UHFENEILE—TRA 7-4 89581, ©EIFH] hosting EIREFAE. FA1EILIRRHPY
eat_at_restaurant BERIEUA] LU 0] FAEIRAAY add_to_waitlist %R, EULFATEER pub X5
FRARIE hosting IR, G0RHI 7-5 o

XL src/lib.rs

mod front_of_house { ?&
pub mod hosting {

fn add_to_waitlist() {}

}
}

// -- snip --

5 7-5: 1€ pub XEEZFFER hosting {RI{FHE OJ{T eat_at_restaurant {EFH
REWR, 76 7-5 WABEENAEHEIR, WRF 7-6 Firo

$ cargo build
Compiling restaurant v@.1.0 (file:///projects/restaurant)
error[E@603]: function “add_to_waitlist® is private
--> src/lib.rs:10:37
|
10 | crate: :front_of_house::hosting::add_to_waitlist();
| AVAVAVAVAVAVAVAVAVAVAVAVAVAVAN pIivate function
|
note: the function “add_to_waitlist® is defined here
--> src/lib.rs:3:9

3 fn add_to_waitlist() {}

| ANAANNANNANANNNANANNNNANAN

error[E@603]: function “add_to_waitlist® is private
--> src/lib.rs:13:30
|
13 | front_of_house: :hosting::add_to_waitlist();
| AANAANANNANNANAANANAN private function
|
note: the function “add_to_waitlist® is defined here
--> src/lib.rs:3:9

3 fn add_to_waitlist() {}

| ANAANNANNANANNNNANANNNNNAN
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For more information about this error, try “rustc --explain EQ603".
error: could not compile ‘restaurant® (lib) due to 2 previous errors

5l 7-6: ¥R 7-5 HIMBIRIFERERIR

EETHA? 72 mod hosting FIFRANT pub XBF, FHERAEN. FREEXMHENL, NFR
AN TeTLLIAIE] front_of_house, AREAIBBILAIA(E] hosting, {HE hosting AR

(contents) NARTER; XRAFERLAEHAFEERNBTHEAEM, B ER pub X
FRAFHEHRXERS | BE, MARIFHRARISBRE, RAAERE— 1 BEE, REFERTAA
BREMNELHALRS; ANZFEEFRAMERERZE—IHZIMTARE,

T 7-6 PEVEEIRIL, add_to_waitlist REXZEFAER. AEEMNAERAFIER, ENA
TEMIE. B REBATT %o

IR IHRERE pub KEFHETE add_to_waitlist ERBVEN ZHT, EHEMAE, WRHA
7-7 Fi7Ro

NXHERZ: src/lib.rs

mod front_of_house {
pub mod hosting {
pub fn add_to_waitlist() {}
}
}

// -- snip --

5Rf5l 7-7: 79 mod hosting 1 fn add_to_waitlist 5l pub XHEFFEAIRILUE
eat_at_restaurant PRZXA#ZIEH

MERBEURFELT! AT 7TREAMIE pub XBFHISH(TAILUTE eat_at_restaurant
FIAAXLERESHBEEMNE X, tENEELMNBREMEN KR,

LRI, FMIM crate HFLE crate iRFFI8, crate IRPENX T front_of_house 1R, =
PR front_of_house {RIRAEAEBH, FiZFE N eat_at_restaurant RS front_of_house &
Y FE—%ERHE (B), eat_at_restaurant F[] front_of_house B E), FHIITTLUM
eat_at_restaurant fA5|F front_of_house, 1 FRE{EFR pub FRI2HY hosting #&iR, FAi]a]
LAiRIE] hosting RYAAEIR, FRLARILAIAIE] hosting, fxfg, add_to_waitlist ERIER#ARICH
pub , FRATAILAIARIEARARIR, FRLUXNREARZEENH!

M RE, HIZESEWNEKREFER, BRTE L. FETM crate 1RFFIG, BEM
front_of_house FF§4, front_of_house RIRS eat_at_restaurant ENX FE—EKIER, FRLUM
eat_at_restaurant FRFFIGTE X HIZAZRABXT BRIZE B B, #E TRE I hosting
add_to_waitlist $EHRicA pub, BRIFHRMEDEEENH, FLLRHBIABEEERAE!

WNRRIT R HEZIREE crate UEETCIMBE AT UERMRBRIE, 28 API FEARE crate AP
MEISIRE R EMRY, X TEENE APl HERUERABRRZRBITNEEERZZE
B, XLEESBHTAPHSER,; WNRIRXXEIEFRE, FER The Rust API
Guidelines,
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ZHEIFIEE crate BRR(ELEE

BAHREISE (package) AILABEIBIEE— src/main.rs Zi#H| crate 1RF—1 src/
lib.rs [ crate 18, FEXME crate BMAUBERGE, BE, XMHES#HE
crate F[E crate FIIRNAVE, 7EZi#El crate FRREB B UER— NI HRITXERR
18, HATHITXHERE crate I8, XEANEE crate AfAHRE, XEFEEM
B MR AE D IR Z .

PRI RIZTE X TE src/lib.rs o XEEEE B RFLHEREFR, ABIHA LT #H
crate BfER, —i#HH| crate MERE— N T2IMBBY crate KFEFHE crate WREF—
#¥: B©REEER public APL, {RRUEEE, LEEF!
EE+_EBRNMNBEI—NERNE S Z#E] crate FlZE crate G ITIEF KB RX
tesR40 FRYSERR,

super FHIEHVAEITERTZ

FATRILOBS TERRIZRIFT L ER super , MARIRFIGHZIBIERR, MARMHRIRIREE
crate \RFFIE. XEMIA .. IBEFBE— I XERFKRIZ. €A super IFHAISIARRIRF
BRI, XESHRRSRERKEMREE, ERERRRAIEESoHEIRRINIE L
ENEMARERNEETER Zo

FE—Tm5 7-8 PRIARES, BRI TEMEET —MEIRITREHFEREHRHLTFANIE
. back_of_house HEIRFABTENHY fix_incorrect_order RELEITIETEH] super FCIEHY
deliver_order FRIZFIARAIRIRABY deliver_order BRIEK,

NXHE&Z: src/lib.rs

fn deliver_order() {}

mod back_of_house {
fn fix_incorrect_order() {
cook_oxrder();
super: :deliver_oxrder();
}

fn cook_order() {}

}

5 7-8: fERILA super FFSLAYAE X BR1RE FE ERIEK

fix_incorrect_order RRZRTE back_of_house fRIRA, FRIAFRATETLUER super H N
back_of_house R1RIR, WELEABIFHY crate 1R, 7EXE, F(TAILIFKE deliver_order,
FRIh! Ff1IAJ9 back_of_house 1RIRF deliver_order (K¥{Z (Bl R]RERIFEMXEXAH BN
REMNEBEWRALX crate BUIRRINE, FE—EBHEN]. FLt, FHIUER super, X#F
—X, MNRXLERBWBHE T HMEIR, RFEEEHRRDIKE,

elfe YN CiBEET ] S TIE D

BATERILAGER pub KIZIHABWEMANNE, TIXTEEMEMKEE LMER pub TF
—LEFIMIATRRER. MRENE—TEWEEXRIREERT pub, XNMEHEZT
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AR, BEXNMEWENFERNAZLEN. RITURBEEIRAEEITNFRESAE. &
T 7-9 /R, FNTEXT — M RBLEMIE back_of_house: :Breakfast, HRF—TAFFK
toast MIFABFER seasonal_fruit, XMHIFRINIBERE, E—REER, MFAILIEREE
EEEMNER, EERRTABREETHEFBIRRAEHEEERMNKE, BIETTAMKESTL
BRIRA, FTUMEREERKR, EELERIMTERBEFAKR.

NXHEZ: src/lib.rs

mod back_of_house {
pub struct Breakfast {
pub toast: String,
seasonal_fruit: String,

}

impl Breakfast {
pub fn summer(toast: &str) -> Breakfast {
Breakfast {
toast: String::from(toast),
seasonal_fruit: String::from("peaches"),

pub fn eat_at_restaurant() {
/] EEXRITW—ERZLRAEARE
let mut meal = back_of_house: :Breakfast::summer("Rye");
/] REFEEIREEmENIEE
meal.toast = String::from("Wheat");
println!("I'd like {} toast please", meal.toast);

/1 MREGE T—1TRERABREERIF 5
/1 ARFBEEHERFTEMENET AR

// meal.seasonal_fruit = String::from("blueberries");

Tl 7-9: HE ABMALE FERISGEEK

[El/9 back_of_house: :Breakfast £EFJ{KEY toast FERZEANEM, FRLUARNIAILITE
eat_at_restaurant FIEH S SFIETE toast FE&, FTE, F{IFBETE eat_at_restaurant A
{FH seasonal_fruit FE%, [Ef seasonal_fruit 2IAEH., SIXERRIP—ITIEH
seasonal_fruit FEXEMMNIBEERE, BEMFRSBFIMHAEIR!

B FE—R, EA back_of_house: :Breakfast EEFAEFE, FTUAXNMEWAZTERME—
RHEBRELRERAIE Breakfast BYSLAI (XEFHA TR S summer), YN Breakfast ;§HXHF
BIEKIER, FANVIGTCIATE eat_at_restaurant G Breakfast L, EAFKIREETE
eat_at_restaurant FIIEBEFAE FE& seasonal_fruit BY{E,

528Kk, MRFNIEREZALE, WeHBZAEETARE, HNMNIFEE enun X
BFEimEmmMm_LE pub, FERHGI 7-10 BREVARHE,

X% src/lib.rs
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mod back_of_house {
pub enum Appetizer {
Soup,
Salad,

}

pub fn eat_at_restaurant() {
let orderl = back_of_house: :Appetizer: :Soup;
let order2 back_of_house: :Appetizer: :Salad;

}

T~ 7-10: 1T ABKE, FEFAIERERE

EAFNTE Appetizer MEFBBNAE, FRLARILITE eat_at_restaurant FAf§EFE Soup #l
Salad K,

MRBMETERRAEN, BAREZERALRK, AMENFAETEAERNRM pub 2RSS
AR, FMETERINRRAEN. SHETE LSRR TAEFEAAAELEERE
F, FREMAFESERIAABRIBARN, FRIEER pub XEF,
EE—PEINTHEHEANBNS pub BHXIER, BMEERAKNRE— MY use XBF,
ROV FRRINAE use, ARRTNFLSHER pub A use,
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fER use XRFRFERIESINFRAE

ch07-04-bringing-paths-into-scope-with-the-use-keyword.md

AT RERERABRUESEMBES, 50 7-7 B, TILTATER add_to_waitlist
REHENRIZEZEN IR, BRKNTEEFIA add_to_waitlist BY, EBRLIHETE
front_of_house #] hosting, FEizBIE, H—MFARILEHX TR, FTAILUER use X
BFEE—MER, AEMAUEEREPNEMSERAXNERENRF.

EB 7-11 1, F(TIE crate: : front_of_house: :hosting {RIRF| NT eat_at_restaurant [
MEVERE, MENIREEISTE hosting: :add_to_waitlist EJBJ7E eat_at_restaurant HAjEH
add_to_waitlist BRIER,

XEE: src/lib.rs

mod front_of_house {
pub mod hosting {
pub fn add_to_waitlist() {}

}
}

use crate::front_of_house: :hosting;

pub fn eat_at_restaurant() {
hosting::add_to_waitlist();
}

A5 7-11: fER use FIRIRS|INFER

FEEREAIEN use MBFERIMTFEXGRAPFRIREIERE (FFSERE, symboliclink), &
I 7E crate IRIZNN use crate::front_of_house::hosting, IP{E hosting IE{ERIEHFIEE X
HZ#RT, AME hosting IRIFTE X F crate IR—1¥, BT use SINERFHNERFEHIIGETA
B, AHERE—F,

AR use REERIREE use FRTERVIIEEREINATHERR, Tl 7-12 3§ eat_at_restaurant EK¥#%
ShE T — DAY customer BYFIRIR, XNZ—MARETF use IBAIRVIERE, FRUAREIATEESRR
=

XH&: src/lib.rs

mod front_of_house { ?G
pub mod hosting {
pub fn add_to_waitlist() {}

}
}

use crate::front_of_house: :hosting;
mod customer {
pub fn eat_at_restaurant() {

hosting: :add_to_waitlist();
}
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w5l 7-12: use BRIRIERTFHERAENIER
PRiFSRBIRETERAHIERT customer {RIRA:

$ cargo build

Compiling restaurant v@0.1.0 (file:///projects/restaurant)
error[EQ433]: failed to resolve: use of unresolved module or unlinked crate
“hosting®

--> src/lib.rs:11:9

|
11 | hosting::add_to_waitlist();
| ANAAAAAN yse of unresolved module or unlinked crate “hosting®

|
= help: if you wanted to use a crate named “hosting’, use “cargo add hosting’
to add it to your “Cargo.toml®

help: consider importing this module through its public re-export

10 + use crate::hosting;

warning: unused import: “crate::front_of_house::hosting’
--> src/1lib.rs:7:5

7 | use crate::front_of_house::hosting;
| ANANAANANNNNNNNANANNNNNNNNNANANNNNNN

|
= note: “#[warn(unused_imports)]  on by default

For more information about this error, try “rustc --explain E@433".
warning: ‘restaurant® (1lib) generated 1 warning

error: could not compile “restaurant® (1lib) due to 1 previous error; 1 warning
emitted

ARXBERE—NESH use TEERBNABRER! ATEBEX N, I use 1%
ShE| customer HREIRA, HFEITFIEIR customer (RIEIT super: :hosting 5| FAACHEIRAFIFY X
Rz

SRR AR use B&IF

B 7-11 R, {RAJRERLLIREERR, AT ARKIIEIERE

use crate::front_of_house::hosting, FAJSTE eat_at_restaurant FjFFH
hosting::add_to_waitlist , I AEEEIEE—EE add_to_waitlist RIZREY use IRIZF1EE
MRENESR, WRF 7-13 Firo

NXHEZ: src/lib.rs

mod front_of_house {
pub mod hosting {
pub fn add_to_waitlist() {}
}
}

use crate::front_of_house: :hosting::add_to_waitlist;

pub fn eat_at_restaurant() {
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add_to_waitlist();
}

5l 7-13: {£H use ¥ add_to_waitlist REGINERE, XHLRFTEIIR

BRIARG 7-11 F1 7-13 #B5ER 7 HERIAVESS, B/ 7-11 1ER use FEREE|INERERS]
R ZE. BREMA use FRIPERSINIERE, HNSATEABRIIISEIER, XF
A LUBMItRIBR AR BESHENX R, FRFERERENESEER/IMb. =6 7-13 R
IBARERRE add_to_waitlist RTEMERTE X B

S—FHE, R use 3INGWE. WENEMIE, JRZREENNTERRI. =f7-14
&R TR HashMap 55| N2t crate fEREIBYSIBR A %o

Y& src/main.rs

use std::collections::HashMap;

fn main() {
let mut map = HashMap::new();
map.insert(1, 2);

}

I f5) 7-14: % Hashmap SINFERIEBISIRAA

XMIMAZEEEEETABMER: ERZ2—MRAE, AMBELKIERT LIS VIR SR
5 Rust X3,

XANIBRREE IS, BImERATEER use IFARFR B BHERRMRITH N ERE,

K Rust AT T 7-15 BoR 7 IR A EHEERRMERERIEIREY Result

RESINERE, URIESIAE],

XEE: src/lib.rs

use std::fmt;
use std::io;

fn functionl() -> fmt::Result {
// --snip--
}

fn function2() -> io::Result<()> {
// --snip--
}

) 7-15: ERRESRE R T BB R MREEE S NE—ERE

WMRFR, fERAIRIRAILIX 53X Result B, WIRIK(TEISTE use std::fmt::Result
# use std::io::Result, IAPEER—IERIIIEE 7 Result 8, HIR(ER Result
Bf, Rust MAREERKTEZEBBZH .
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£/ as RIBFIRIHLIBIZTR

fER use ¥ EREESINR—EREXNMBEE Z— MERDE: XM ERENREZER
H, FHAEA as IEE— NS RZTHENR. =6 7-16 BRTH—MRERH 7-15 &
REIRYT5%, B as BapREP— Result 3EL,

XL src/lib.rs

use std::fmt::Result;
use std::io::Result as IoResult;

fn functionl() -> Result {
// --snip--
}

fn function2() -> IoResult<()> {
// --snip--
}

T 7-16: R as KEFERFINTEREAIRE

FEEZ use B, 1% ToResult Efg std::io::Result BYFTZFR, BEEM std::fmt
SINTERERY Result HAFHR, Rl 7-15 FRFl 7-16 WZ2RAEE, WNHEZEEBURTIR!

fE£F pub use EFHLBHR

£ use XIEF, KENTBMIANGRIERERE, RRMMUERRZINERLEN. FEIL
TEREZ MRS REBRTE LR ERIR— R ERZRNE, FILUR pub 5 use AR, X
MEARBRMNES (re-exporting) , RAEIEETTBSAISRIERENEN, WEERE
L E Mt IERE,

w5 7-17 3R 7-11 RIEIRAAY use B pub use FYFED,
A src/lib.rs

mod front_of_house {
pub mod hosting {
pub fn add_to_waitlist() {}
}
}

pub use crate::front_of_house::hosting;

pub fn eat_at_restaurant() {
hosting::add_to_waitlist();
}

T 7-17: 58 pub use IV MIFEREIR RSN EETAR
EXMEMZE, SMBRBEEERSE

restaurant::front_of_house: :hosting::add_to_waitlist() 3 JFHH add_to_waitlist R,
HERXFER front_of_house {RIRTRFIZA pub, ILTEX pub use MIRIRIREF T hosting
RER, SPERMCRSINTE o] LUSEFHER{R restaurant: :hosting: :add_to_waitlist,
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HIRAEAREL S EBRABNIER RFMAKNERAEN, ERESRER. flM, &
XMRIENEL TR, SERIENAIBEFEMNEE" EMFELH—REIEN, FJER
ZUXEREREERIENETED. £ pub use, T(ALUER—FEMRE NN, K
FRNEMFABRBEL R XFEMERNNERAHER, BEAXXTENERZMERAXT
FENRERREHEMAE. T SHEANAE API'ERDILEITBEE S — pub use MBIFRT
FX U0faIRZMm crate BYSCAS,

fERIMRE

EEZEPENRE T — N ERE K. BIMBEFERT —MIMBE rand REMFENE. K~
THEBBERER rand, £ Cargo.tom! FHAINT WA FT:

X% : Cargo.toml

rand = "0.9.3"

£ Cargo.toml NN rand K&k T Cargo EM crates.io & rand FIEMRKH, HEED]
FEmE B ER,

BE, ATHE rand EXSINIBENERE, FINIMAN—T use EIKGAIER, BLL rand &
BAEHFIE T EESINERENT, BIZ—TFE ZE0"ER—REVIE SR, FINBE
Rng trait 5| NEFRIEFHIEAAT rand::thread_rng RIZK:

use rand: :Rng;

fn main() {
let secret_number = rand::thread_rng().gen_range(l..=100);

}

crates.io FBR% Rust XM RAHHNE, FHIINTECSHHEHRZFEEHEENTE:
£ Cargo.tom! FIHENFET use FHAPTEXHIBIE NI E BHIEREF,

AR std FREEXN TRV BRI B EIMNB crate, ENITERER Rust B2 —RN %, THI1E
X Cargo.toml 5|\ std, NIFEET use FARERERE XI5 NI E A9EREAFR
SIRAEN]. B30, 3TF HashMap, FAIZEAUTIED:

use std::collections: :HashMap;

XB—MNURERE crate 8 std FFkp94E 3T ER1R,
FERBREREESERERN use FIFT

HREIINRZEX THEEIERRRNIEY, Af—HRRIIE—1T2HRRBAENE
B=El, fIINEREETRA 2-4 FEMIT use IBMEM std SINIREIFERLEL:

X% src/main.rs

// --snip--
use std::cmp::0xrdering;
use std::io;
// --snip--
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Bk, BIAIUERRERZRAERNIE—ITHSINERE. XAMEREERZIERER
7, BEEMITES, BERKEASPHNZEFENRKEZID, WRF7-18 Firo

NERZ: src/main.rs

// --snip--
use std::{cmp::0rdering, io};
// --snip--

Tl 7-18: IEERENBRE—ITPR S HEBEEZNIE I A ERE

ERANIERT, ERREREMEESEIRRPSINRZI, AJURERLDFAFEAVIRIL use
BRRERE!

RITeI UERENEFRBERERRERR, XEHAESATMNHEZFREN use BANIEEER.
Hgn, il 7-19 FRRT A use iIBA): — & std::io SINERE, B—ME
std::io::Write 5| N{ERBIE:

XHE&: src/lib.rs
use std::io;
use std::io::Write;
Tl 7-19: I FIT use IBASIANFNEKER, HP—PES—MHFHE

MM ERZBEEE D2 std: 1io, XIERFE MR NTHE—IT use IBAPIINXH NI
12, AILEERERIZPMER self, Rl 7-20 Fimo

XEE: src/lib.rs

use std::io::{self, Write};

{5l 7-20: 7 f) 7-19 RERNEERRIFESHA—1 use B4

X—1T{ER std::io F std::io::write FBSS| NEMAE,

BT glob EHETFFSF AR

MRFER—TRIEITHRABEABWSINERE, FJLIEERRIZER * glob izZ8EfF:

use std::collections::*;

XA use FBAE std::collections HENXBFIBE ARSI ANZHRITERE. /A glob ZERFEY
BEZMIG! Glob &ERRITELESEREFAE T AZFMENRERLEX .
glob EEFFEERTMAEIR tests A, XNSBGFABEARSINERE; BITEESE+—

B YEIRE NI B0 %, glob BEFIARBAT prelude 1R ; EEERERRI T #
X MRIRIE ST,
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Rust i2FIKITHES ERHXHR
BiRRIF D R Z

ch07-05-separating-modules-into-different-files.md
FBaiALE, ZEMNFRERGIEE—INXHFPEXT ZNMMER, HIERTKES, RAJEEEETE
MNEX BRI BRI HPR, UBEILRBERZ NN,

Fan, FHAIMRE 7-17 R EEZSIETIERORE G, BNSEERIBINEZ B HE,
MA B EEIREE X B crate IRX 4, EXE, crate RXHRE sr/lib.rs, REXANE
BERT crate IR =Z sra/main.rs B9 Z##l crate,

Bt front_of_house {REIIZENEIE H SBINXHFH, fpF front_of_house {EIRTEIES HRIL
13, H{R5 mod front_of_house; FEBH, X#¥ src/lib.rs AR FITRE 7-21 FnpKE, F
B, EBEREI 7-22 89 src/front_of house.rs X{EZ 81, XERRBET 24iFo

NXHERZ: src/lib.rs

mod front_of_house; ?@

pub use crate::front_of_house::hosting;

pub fn eat_at_restaurant() {
hosting::add_to_waitlist();
}

5 7-21: FSER front_of_house #&IR, HRBRNITF src/front of house.rs

ETR, BN EES R RBRBEH— R A src/front of house.rs BIFIXX &, R 7-22
Fie #miFBZFTUAMBEEX N XHEEK, RENETE crate IRPER TR
front_of_house BYIEIREEH,

X% src/front_of_house.rs
pub mod hosting {
pub fn add_to_waitlist() {}
}
5l 7-22: 1F src/front_of house.rs FITEX. front_of_house 1&IR

AR, EESF, RRFEA mod FERAMHBRENXMH—R, —BEmFSEMNEX M XAZEHE
W—E2 7T, FERERA mod FBAIFFERUEMAEX BT ERNETAME, BATE
PREMXHNIZAEERUBENNARERS AXBAE, X—RaE 5| BIERNAT
BYERIZ"ER DR, HAIEYL, mod FEFRLHMERIZIES EAM “include” #21F,

TR, BB hosting BHIEEEIE B SNXHH, XTI EEERE, EA hosting F
front_of_house BJFHRIR, MARIRIEIR, FKNTRIE hosting IFRIAYSCHFHUEH — N A ELTERELR
WARRESERG BB R, XERZE src/front_of house,

BB EN hosting, il src/front of house.rs EARL R E1E hosting HRIRAYEERA:
X% src/front_of house.rs

pub mod hosting;
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Rust 2R IR1HES BAPX AR
ARG, BIE—1 src/front of house BRF— hosting.rs X%, FARINE hosting {EIRAEY
EN:

X #&: src/front_of_house/hosting.rs

pub fn add_to_waitlist() {}

WMREFNTR T hosting.rs IAE src BRP, HmiFBIIMIIAA hosting.rs BERIRIBET1E
crate 1RHABAM hosting 1EIR, MAZE front_of_house FYFIEIR, FmiIFIBFX T BEEMLEX
S EIRMPLEEIRAE BN, 158 RNXHEMEMTIRRNA S,

BAXFRE

FERIALE, FNNEBRRZ Rust FiFBRRMABIXMAHREIE, T Rust 32—
IBBYSC AR 12 XA

X F7E crate iRAFEPARY front_of_house 1HIR, WiFBRTEU T UEEHRIRAED:

« src/front_of house.rs (FIEINTBHIAT)
* src/front_of house/mod.rs ($X|BEIXAE, BIHAZZHF)

XF front_of_house BJFIRIR hosting, FWIFBRTEU MUIBEEIRRAED:

* src/front_of house/hosting.rs (BIEN4BBIA )
« src/front_of house/hosting/mod.rs ((XIBEIXAE, BIAZ )

NRIRN E—MMRREREAX RIS, FFFMRE. EE—THEENTRE
RRBERARMNBZAE, FEXAERIEN 5E5 8 AREIR X,

£/ mod.rs EMX 4R NEHNEERRE, VB EREAIESBRZEM mod.rs Y
XfF; BB ERNITAElN, MaER[REL.

I, RNELEBESMERIAEEBE THRIIXHER, MERIMRIFRE,
eat_at_restaurant FARYREIAA B2 AFREN, BMEXLEEXMENUTARBIXGHE
—IFRET(Fo X MIGILIRA LIERRIREHE AR, BBENIBRHXMHE,

SEE, src/lib.rs BB pub use crate::front_of_house::hosting BT EEEE, MA
use WARZENM crate SRIFMLE M, mod XKBFHREBPIRR, M Rust SESIERER
ISR EI R B IZ R R B,

o g

(X3 =]

Rust AFRIE— P EIFDZ 1 crate, BIE—1 crate IFHREZMEIR, XIF(RELEETE—T
RIRF5|IBAF—MEREE X, REEFIUUERLMRE, BrIUERENRE. ErILUA
use IHAERZSINERE, XFER—I1EREBNZRERZIMES BB, BIRN
PEARIAER, FAIIRAINL pub XBF, IBEXLFHZE,

T—&, HNEEENEEPN—EESHIESN, REIUEARRIFNABREREN .
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BRES

ch08-00-common-collections.md

Rust iIEEFE S —LIFEHERANMIELEN, EIEMN &S (collections) s KRZEEMEL
ERERTHE—MHRENE, MESAUUEEZME. SHENIANTARERE, X
E5EMRIEEFETE L, XEREREEFFTEERENEN, HHEAILUEEREFEITM
BRE%E D B—MESHAERENENMIHE, MREISMIREFSENES, B—IUR
SIS AR ERENREE. AERIVIE Rust BFPIEEERN=MHES:

- FE (vector) RVFRBHERTHE—ME—TMIERER.

« FHE&B (string) BFTNES. WAIHKINBEIREIT String KB, FIEBLERAMIT
e,

- BFHRGY (hash map) AVFRIEENMESIHENRXEGER, EREERIKRIES map
B—M AR,

BT ERRHIEMESEKE, BSHEXE,

FAPRITCMALIZMEH vector. FRFBMIGHIREY, ULENSENEINZL.
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Rust F2F1&1HE S B XXhk
{&H/ Vector 1E5IR

ch08-01-vectors.md

BINEVIEHE—MEGELERE Vec<T>, WA vector, vector AVFRERENERIEL T
FHREZNME, HEXEEERFRRIBBHHT R, vector REEFMEERIEEMNE. SR
BB ENEN, EMRER, AINXHRIXAET, HEMYEPBHRINE.

¥hE vector
EO|—ETEIZ vector, BJLLEH Vec: :new KEK, R 8-1 Fimo

let v: Vec<i32> = Vec::new();

5l 8-1: FHE—NTHY vector KfETF 132 KERE

AR, XERMMT —MEEEE, FATEKEEXD vector BHENEIE, Rust HAHE
BIWTEEFET AKEN TR, X—REEE, vector EEMAZELINN; FHEIHEILMA
EIRECHRE EERAZE, MEMRIRFRNE, RERFRER vec<T> RARTLIBMHETE
B, HENCIB— D RAREHISELIM vector BY, AIUTERESHIEEX LR, TR
8-1 8, Fxf1&EIF Rust, v By Vec<T> RFHK 132 HRERTTER,

FEINIBERE, BRITSBVIRERIE Vec<T>, i Rust ST HIRATZAEMEAIAE, FriL
ROFEEXMERIEM, Rust BRIGOHIRMET vec! R, ERCIE—1HHBY vector, HiE
RZHIVERE L. T 8-2 IZT —18E 1. 2 0 3 B Vec<is2>, XEREHARAY
FRIARZ 132, RRANERMIABEALE, FNRIESE =S8 EIERA B D ITIE T BUAR

let v = vec![1, 2, 3];

) 8-2: FHE—IEEYIER vector

EAFNGET 132 KERHIAE, Rust FTLMERTH v BURER Vec<iz2>, RIWXEFRFE
REVEME, ETHREBWEEN vector,

B3 vector
EBREIE— vector BRERRMNTTE, ATLUER push 755%, W3Rl 8-3 Fimk:

let mut v = Vec::new();

.push(5);
.push(6);
.push(7);
.push(8);

< < < <

{5l 8-3: {#H push F57A&M vector IEHN{E

MEATE—H, NMRBEHENE, MONERE=ZSHINBE, FH ut XEFILETR
AR, BOHENHRFER 132 2, Rust MBI HMEX—=, FAItBARTEES
Vec<i32> JFfi&,

154/548


https://github.com/rust-lang/book/blob/2581c23b669eff30c26e036a13475ec5cf70c1b8/src/ch08-01-vectors.md

Rust i2FIKITHES ERHXHR

1%HY vector BT E

AWM IVAILAS A vector RTFERE: BEER5], WEER get 57k, EE TRBTRAIF,
NTEBFRMGRPAX—R, BIEXEREBOREENRE T RE,

5 8-4 BRT iA1R) vector BHENMERNFFN S FIEEM get Fiko

let v = vec![1, 2, 3, 4, 5];

let third: &i32 = &v[2];
println!("The third element is {third}");

let third: Option<&i32> = v.get(2);

match third {
Some(third) => println!("The third element is {third}"),
None => println!("There is no third element."),

}

Tf 8-4: ERZRSIEA get 777ARIIA vector FRAYIN

XEF/LMETHEEEE, HINARSE 2 REE=1EH, FAN vector WESIEM 0 FFiA
B. M & fl [1 KIFERSUERTENSI A, HENMBRSIEASEES get FEN, &
BEI—EI LS match —CfEFARY Option<aT>,

Rust fRIEXMSIBITRNA N, BATILRALUERE: SRHERBHEATH CENER
SHERY, BRFIZIAR. 2MIF, RRE(NNE—TES 5 M TER vector, ARZ1HS
A AXMRARIEZES] 100 ITE, BEIREMFA, WRF8-5Fik:

let v = vec![1, 2, 3, 4, 5]; w

&v[100];
v.get(100);

let does_not_exist
let does_not_exist

Tl 8-5: ZMIFE—PEE 5 IR vector ES] 100 HITTE

IEITIXEEACREREY, SE—F 11 FERILRER panic, AANESIRT — M REFENTER. HR%E
BiEFEB AZRIAIE vector REZIMITRINERZFESR, XMAAMREE.

LLLh get FHIEANRSEBH T vector BSEERY, BFR S panic, M&IR[E] None, YIREIESR
BRT, HiRBH vector SEEMNTTRBREBARELEN, BAMRMIER XML, IR
BRI A UG FEAREITIC T BIAREE, LR Some(&element) A None FFHENL, 80, Z5|ATAE
REBFPRANST. IRAPRNDEANT — NI RIEEF, EEMREE None, XBIR
ol AR P 0 vector BB Z/VIN, HAMIT—REFRBAERENNS. XFELERR—
MEANSEIRMILIEF BRI E R T

LUIERERT—MENG ARG, ERNESNAMENFEAMN (EHmEHid), KR
XAIT vector RERS | B R EMEAS | BEFRIFER. BIZ—THBEMN: FER—(ERF
F, FeEEAEZSIBAMNATES A, XEMUFERF G 8-6: FKiNFET vector 5
— N TENAT LS| A, ARXEIRTE vector REFM—NTER. MNRIFBERISELE:
FRBINTE, XNMEFMTEABEIRE:
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let mut v = vec![1, 2, 3, 4, 5]; ‘7&

let first = &v[0];
vV.push(6);

println!("The first element is: {first}");

T 8-6: FIATEHAE vector RINRYS| BRIENREEIN—TTER

RIFAHX IR

$ cargo run
Compiling collections v@.1.0 (file:///projects/collections)
error[E@502]: cannot borrow ‘v ' as mutable because it is also borrowed as
immutable
--> src/main.rs:6:5

----- immutable borrow later used here

4 | let first = &v[0];
| - immutable borrow occurs here
5 |
6 | v.push(6);
| ANAANAAAN mutable borrow occurs here
7 |
8 | println!("The first element is: {first}");
|

For more information about this error, try “rustc --explain E0502 .
error: could not compile “collections®™ (bin "collections") due to 1 previous error

TP 8-6 PRI EERMFAIZETIE: NTFANE—NTERNSIA, IEF vector XE
REMNTWIR? XZH vector WITEAIURERN. EN vector ZEERUILIBLFMEFRIERNT
B, FRLUNRREEM—NHTR, MUMERUENSEEBTBAEWETE, EFMA
REFRENE—RIAE, HEATREFZFZEEE. EXMERT, EREDF—ITTE
S| AMEERERKNAE. GRMNERNTBERRFRNXME!

AR R TR Vec<T> FAVELZALIATS, 1E5EH “The Rustonomicon”s

&@[h vector HRYITE

WNRBEORIFIR) vector FRIEBNTE, BISEHFAETERE, MAR—ARBERS|15R]—
Do il 8-7 B T WMRIER for &I, FREXN—1EEF i32 {ERY vector FE N TENATE
5|8, FEE(HTENHE:

let v = vec![100, 32, 57];

for i in &v {
println!("{i}");

}

5 8-7: @i for fEIFIEA vector BITTEFHITEN
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Rust i2FIgITES ERFXhR

BAMBEILUEA A E vector AR N THENARSIA, MMERFIETE. ) 8-8 FBY for
BHR=GS M TREMLE s :

let mut v = vec![100, 32, 57];
for i in &mut v {
*i += 50;

}

5l 8-8: i@ vector FITERMPIES|A

BEAAIES | APEMAYE, EER += BRAR, BICERPSIBEEA * IE 1 MY
B, B+HEMIEERS|IBNE"SS ZEFAITICHES | BEEN.

HFERRESRNAN, FER TR THIEMA vector, FRREM, WMRBHNZIRE
5l 8-7 Ff5l 8-8 BY for MEIFAFENTMIPRIN, ST —DHIRG 8-6 HIUBIRIFEE
R, for EMIFERIABNAT vector 5| H, =PELEIFEA vector BIEIBHEK,

ERMEREFS AT

vector AEETFEMRRIRENE, XARSHRAME; HLEEHRFTEFRN—AFRERED
B, FEZHIR, WENZITREESEXTER—MIEEREZT, MUSRNFER—EREK
RAAETEBTERY, T LUEXF LRS!

Ha0, BIgENTEMBFREW—ITHIREE, MX—THELIESEY, BLEsFa

B, FELREFFE, BRITAIUEX—ME, LENZ I EESIIFEXLERRLERNE,
M XLERETARBIWM AR —FRE, UMBZNEEEHRE, RE, BT LLE
B— M ERX R vector, MMRELTEEPRERRXEENE, 76 8-9 BR T XK

P

enum SpreadsheetCell {
Int(i32),
Float(f64),
Text(String),

}

let row = vec![
SpreadsheetCell: :Int(3),
SpreadsheetCell: :Text(String::from("blue")),
SpreadsheetCell: :Float(10.12),

1

il 8-90 EX—TME, LUERETE vector RERAREREMEIE

Rust ATERIZATHIE vector FRBEMLERR, XA REERINETEH L EEE N TES
EBZ/DRNTE. BTN MAAFTEHIX vector AIFHRLESERY, W18 Rust A1F vector FHE
BRE, ABATERX vector TTERITIRIEN, MBEAURERAE —MHZMHERMEREIR. F
MBS natch FRIXI, EBKE Rust G FEANEFMAARE, ERFNHBES—FAIEE
HIERERSE T AN IE,

MRERSEFN, MHAFNEETHARSSEMLELBFREH vector, BARXMESIS
MAEAT. HR, REJLUER trait R, 5 18 ERHIIE,
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RERMNEKITICT —LERFE IR vector AL, IBEEBBITEEN Vec<T> EXMIFZ Hith
SCR75 AR APL XK, IS0, BRT push Z4b, EH—1 pop FiERBERHRIE vector &
fE—1 .

EF vector HBEEFHFIETE
FEMEM struct —FF, vector STEBFERIHAI IR, W 8-10 FrirmAIARE:

{
let v = vec![1, 2, 3, 4];

/1 fER v
Y /1 <- EXE v BAEREAFEEREK
5l 8-10: Bix vector METEZF VK ER

3 vector HEFHY, EEENMEATHEIZK —HER, IERECHENBERIWEE
2, EARNERIMWER, ¥ vector ARREMSIAER ZTE vector B BXBIRIER,

WFABRET—IESGRE: string !
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Rust I2FFI81HES BIHAT SR
EHAFHFEAHEE UTF-8 RN A

ch08-02-strings.md

BOEEEHIT—EFRHRNNE, FERELRNERNMTRE. FRHEENS
Rustacean JBESWEFENGE, XEHTF=FEEHNSES: Rust fimTFREZSELE
BERVEEIR, FRREILREZREFAFMBRNEFT HNEZREIREEN, UKk UTF-8, FIEXLEE
RESEFRNTFREEMESS=SNEFARTEESRRMT

AESETHVRFRENRRAR, FHEMEBEAFTHESIMI—LESELIRN, HxXLE
FRHRBERNXARE, XEGERET KA, E4/NTH, KZHE string FARLE
EAEEXRBEEIRME, LheIR, EHMMRE. BRIVE string SHMESF A
73, BIe0ZR5| string BREZM, BHFAMUENIERR string HIEHLHIRE.

EXFHTH
EMEEX—TFERFBRBX—RIBHEAFEN, Rust IIZONBEESPRE—MFEFELRR, =5
& slice str, BBELREENFEAHIN, &str, FEEHETFFTEH slices: BiIR—L

MHEFFERIAEY UTF-8 A3 F TR EERYS | A, 2K, ATFAHEFHERBEEERH
i, AElTBRFRE slices.

FRIE (string) FEBYE Rust tnEERME, MARHEANZIES, EE—Moig«k,. %,
BIHA. UTF-8 RIBMFFTEAEAY, L Rustaceans #2/ Rust R “FRIE “BF, #h{10TREE
HYRE String B string slice &str K&, MANEHAP—MER, BALXHEEITIC
String, {BIXFFHERTE Rust WIREEREEREMER, MA String M FH75 slices B2
UTF-8 4RAZRY,

MEF TS

RZ% vec<T> LRJRAVIRIETE String REIFAIA, FXL String WEMA—PHE—LEEH
fRIE. PREIFITNEERYFTI vector BYFYR, HA—TREIFEAT Vec<T> M String BRERAIHIF
ERAFFE—KRAEIRY new BRER, WRAI 8-11 FimRo

let mut s = String::new();

5 8-11: FrE—1EHRY String

T — MU s WENFRSH, BEFRNTUBEPNHEE BEFTESENGH
iE, AARNEE—FEMEXNFNH, Atk, AILER to_string 757%, EREATEMAE
Y pisplay trait BYEE, LENFFRFHEFEE. =6 8-12 BR T IMIFo

let data = "initial contents";
let s = data.to_string();

/] ZAEEAEERATFREFHEE !
let s = "initial contents".to_string();

T f5) 8-12: fER to_string FiAMFIFRFEELIRZ String
XERBEIREE initial contents FYFRFHR,
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WA LAGER String:: from KM FRFRFEEEIZ String, 1l 8-13 AR FRTE

FH to_string,
let s = String::from("initial contents");

Tl 8-13: fE£A String: : from MMM FFTERFEELIRZ String

ENFRENAZ, XERRSTRANATFITEAER API AR, Hh—LLralgEic
KER, FTIMEHARZM! EXMIFH, String::from F .to_string HRAM T T2
ERIIIE, FrAsfaiEEmE AN SRR T,

IBEFFFERE UTF-8 4ih3RY, FRIARIUIE &S EWRIDRIEIE, MR 8-14 Fimxo

let hello = String::from("esle ~MuI");
let hello = String::from("Dobry den");
let hello = String::from("Hello");

let hello = String::from("DI7w");

let hello = String::from("s#&");

let hello = String::from("ZCAICHBIE");
let hello = String::from("QHIstNIR");
let hello = String::from("{REF");

let hello = String::from("01a");

let hello = String::from("3apaBcTBYNTE");
let hello = String::from("Hola");

T 8-14: EFFHRPEEARESHIEE
PREXLEEERMEY string {H
EMFF B

String BYA/NAILUENN, ERBHAILRE, MERTUBRANESHIERNZE vec HRB—1%,
55b, AILIAERER + IBBFEL format! ZRKHHE String (B

{6 push_str Fl push iIBNFF B
B L@ push_str FiARMIINFRIE slice, MMIME String T, WRfF 8-15 Fimmo

let mut s = String::from("foo");
s.push_str("bar");

{5 8-15: fEFH push_str J57AM String HINFRT &R slice

PITERITRIBZ/E, s HRBE foobar, push_str FFiARAFRE slice, AARNHTE
BIRINSHHFIEN. B, =H8-16 RIXAFEER s2 WABHME s1 Z/adaefER

Eo

let mut sl = String::from("foo");
let s2 = "bar";

sl.push_str(s2);

println!("s2 is {s2}");

mf5l 8-16: RFFFE slice WABKMINNE string fFERTE
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9NR push_str F57R3REX Y s2 BUFRBN, MAREERE—ITITEIHEET . FEAEINTE(EA
AR IIE!

push J37AMRE X IR — M RIRNFFHENSER, FHMME string B, KB 8-17 BT
FA push 753&3F & 1 A String BIFLED,

let mut s = String::from("lo");
s.push('1l');

5 8-17: fEF push F—PNFRIMAN String EH
PITXEREZE, s BaEs 1o,
fEMA + BEFFD format! BEHHEFFTH

BEMIHFEFR T EMNFTEEGHE—R. —MDEREXFER + BEA, =6
8-18 Ffiio

let s1 = String::from("Hello, ");
let s2 = String::from("woxrld!");
let s3 = s1 + &s2; // FE sl #BoIT, TEE4rE(ER

T f5 8-18: A + TR string EEHEI—HHEY String {EF

RITRXERBZE, FAE 3 BRES Hello, world!, s1 EMEMEFABERHIERER,
£/ s2 S ANERER, SR + SEMARNRBEREXR. + BEAERT add KK,
XN R R B RREGXIF:

fn add(self, s: &str) -> String {

EIVERERIME AT, add FNEXER TZRMXECER, EXERNBMNTAGKELE, X
WIEEHER string BRAXMNAESAEN, FTERNIEZE, XNERRMETIER +
BRI E D HIAR,

B, s2 EA7T & ERERINERE-NFHENSIASE - NFIFHMM. X2EA add
BREREY s BER: REEHRF &str M string AN, FEERKEM S string EMEM. FAEF—T —
&s2 BYRBYZE &string, MARE add B NSWFHEER &stro BBAN ARG 8-18 iEAELR
Ee?

ZFRABERBTE add JAASPER &s2, REAHIFFAILIE &string SEERHIFRIRM &str, H
VAR add J57ABY, Rust 2fER—0U deref 3BFIFEIR (deref coercion) BINIE], XEXIE
&s2 BEHRAR &s2[..]1o BTHEBLETRAMITIC deref 3853, FH add FRIKEN s B
FREM, FRUEXMRIEZE, s2 MAR—TMEX string,

HR, AIAIIERH add FREX T self BIFREMN, A self gHMERA & XBMERD
8-18 Ry s1 WIFRERVIGKIZEHE] add HAT, ZEMABEY. FIUEA

let s3 = s1 + &s2; HERMBEIEFR NI FZFEHIBZ—MHHNFNH, MEFLEXME
=IREN s1 BIFRERL, MINEM s2 REENNRE, HROLERBFAEN. RaER, EE
ERFGEERTRESZEN, FILFEHLE: XPMERGENEESH.

MRBBLBEZSNFAEH, + BRETHITAMESRET !
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let s1 = String::from("tic");
let s2 = String::from("tac");
let s3 = String::from("toe");
let s = s1 + "-" + &s2 + "-" + &S3;

XBY s IABRRRE tic-tac-toe, HAXAS + Ml " FHMBAT, REEBAGLKETH
Lo WNTENERNFITRIEE, AJLUER format! 7!

let s1 = String::from("tic");
let s2 = String::from("tac");
let s3 String::from("toe");

let s = format! ("{s1}-{s2}-{s3}");

XERBHEIE s KB tic-tac-toe, format! 5 println! T ERIEMER, FEREF
FmETnERE L, BRE—NEESERNER String, XPMRAMIFIERNZ, &
format! 4 ERAYAESER S| BRI A SREUERISEFTER,

EL R
FERZESH, BIRSIRKIIBFNERNRIRFHFEENEEIAVEIE, JAMTE Rust /A,

MRMRERERRSIEXAR String W—885, SHI—PHEIR. FE—TURA 8-19 HFfR
NPT R

let s1 = String::from("hi"); ?@
let h = s1[0@];

Tl 8-19: EHMNFIFHRERRS
XEABESBIN T HEIR:

&

$ cargo run
Compiling collections v@.1.0 (file:///projects/collections)
error[E@277]: the type “str’ cannot be indexed by "{integer}"
--> src/main.rs:3:16

3 let h = s1[0];

|
| A string indices are ranges of ‘usize’
|
= help: the trait "Slicelndex<str>" is not implemented for "{integer}’
note: you can use " .chars().nth()  or ".bytes().nth()’
for more information, see chapter 8 in The Book: <https://doc.rust-lang.

org/book/ch@8-02-strings.html#indexing-into-strings>
= help: the following other types implement trait "SliceIndex<T>:

‘usize® implements “SliceIndex<ByteStr>"

‘usize® implements “SliceIndex<[T]>"
= note: required for "String to implement "Index<{integer}>"

For more information about this error, try ‘rustc --explain E0277°.
error: could not compile ‘collections’ (bin "collections") due to 1 previous error
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RN TR T 280 Rust WFFFREAFFRS. A, AtAIXERE? ATEZF
XANEIER, FHA TS — Rust RUIRIFERFHEEFEF R BN,

AERRI

String B—" Vec<us> WEIEE, ILIHNIBEETA 8-14 h—EEMEENFIRIOF. B

X1
let hello = String::from("Hola");

EXE, len BUER 4, XEREMIFFAE "Hola" By vector WKERNNFT: XES—
PNFEEY UTF-8 RSB —1F 1. FTEX—TARIILRERIZIN CERZXNFAEFH
BFSRARRFEM Ze MAZHF 30) :

let hello = String::from("3apaBcTBYyNnTe");

MBEEANRKZFEFENKE, (RAESEIE 12, A, Rust WEIZE 24: XZ2fEA UTF-8
4mhS “3ppaBcTByiTe” FIREENF T, XREANEXNMNFERBEFE Unicode iIEEFER
NFEHEHE. BA— N FREFHENRS|IH ARSI —NE KB Unicode i7£18. EA
BN, BRI IR Rust (L5

let hello = "3ppaBcTByNnTe"; ?&
let answer = &hello[Q];
KIMBLEME answer REE—NFR 3. HERA UTF-8 miZHEY, 3 NE—1NFTE 208, F
—=E 151, FRLA answer SEfR ENWiZZE 208, A 208 BHHAR—MEMHFE, X[
208 AIRE—MEKRFREE—NFENARBERIN, FEER Rust EFTERS| 0 iIE
FreEiREmME—EIE, AFRBEASBE—INFNEMRERE, BEXNMNFHFREREBHTFE,
R & hit[0] BREIFHEMNEHRIE, EHRRIRE 104 IFE ho
AT BEREIEIMNIEFHERFEEILZI LA bug, Rust IREAFRSEFXERD, HEFL
HREPREHETIRENES,
F1. REENFE

XE[ET XF UTF-8 IS Ih—1ml@: M Rust WAEXRH, EXLELE=MEXSXAIUEER
FRE FO. REENFER (RIBEARS F8 (etters) BIBER).

EEINX AR X BERENEIERIE o, RATHETFE vector HY us EHEREFRAXIF:

[224, 164, 168, 224, 164, 174, 224, 164, 184, 224, 165, 141, 224, 164, 164,
224, 165, 135]

XEH 18 MFT, UMEBIENRASMEFIHIE, WMRM Unicode ir2ENAEIERE
{11, B Rust BY char SERIFRE, XEFTEERGXF:

[v:rll l-q-vl |g|’ '.;:;," |a-|’ l;}l]

=S
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BB char, FIFEIMHEANMBAZFE, ENBAENSEEHRBEAR N,
&E, MRUFEENAEER, MRTIANPMRNARX N RIENESFE:

("9, """, "§", "?f"]
Rust f2ft 7 ZMARBAURERHT BN EFHNREFTHEE, IHEEFMAUNERTEE
BHIRIAI, MEFMBRAMARIES,

&E—1 Rust RAFERRSIIREN string FRNRERERZ, RIIRETHEEFTER
(O(1))o BREXTF String REJRERIEXFAIMERE, EJ9 Rust MK EIRS M &L K
BB ZVDBERBF.

FHEB slice

R FHHEBEBER— M RF, AANFHFERSINZEEIEEZRERN: FHE. FA/.
FRBENEFNE slice, AL, MRIRENFLEERARSICIZFFTE slice Y, Rust ZEXR(R
FHR—E, AT ERRRSIHRBIFEE—1FAE slice, HHLLER 11 MBEMENERS],
B LAER [1 A1— range REIEBREFTHRIFTE slice :

let hello = "3pgpaBcTBYynte";

let s = &hello[0. .4];

XE, s IR &str, EESFHRAKENFTT, RLENER, HIHRETXEFEHE
MMFTKE, FIUXERE s B2 380

WMRZIXAIEM &hello[o. . 1] AR FRIHIZ D FTHHEIT slice, Rust RIEEBTTHY panic,
FRERIA18] vector PRYTERRZRS | If—H¥::

$ cargo run
Compiling collections v@.1.0 (file:///projects/collections)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.43s
Running "target/debug/collections®

thread 'main' panicked at src/main.rs:4:19:

byte index 1 is not a char boundary; it is inside '3' (bytes 0..2) of
‘3gpaBcTByNTE”

note: run with "RUST_BACKTRACE=1" environment variable to display a backtrace

EfEA range KEVEFRTE slice HEIMND, ENXAMAIREREIRBVIZFRE .
EHFTHR

BEFT RS- DIRIFNGZRPHRTIREEFTERF T, T HRIRAY Unicode 1RE
{BfEA chars 757k, 3 “3n" JHA chars FASKHDFHIREIR char RERE, BHEWM
A LUBAEER KRS — TR T !

for c in "3a".chars() {
println!("{c}");
¥
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XERBRITENHIN TAR:

3
il

55 bytes FiARBIE—MRIEFT, XARIEGMRIERTR:

for b in "3a".bytes() {
println!("{b}");
}

XERBESITENHARF TR NF T

208
151
208
180

R ESHIZEEMH Unicode ir2ERIBESBERLE—PNFET AR,
MFRFBPREUNRRIFSOGXFNFR ERIRE M, FRLREEHEERMX N INEE,
crates.io FHELEARMHLXIFINEER crate,

MEFFFERNESR

BMEZ, FREREZXEN., FRNERESEFRARENSR, BXMHERUEINAER
Bilo Rust EIFEIEMANIE string 2UIBENFTE Rust IBFEMEINITH, XEKRERERGYNN
E—FIEFAE Z B E AR IE UTF-8 iR, XML M RIEIE S FEIEMRE T F/RH
NEZMY, BEBRIREF A BENEIEELEIRL S K3E ASCII FRTEIHEIR.
WHER, tVEFERESE string F &str M TIRZINEE, KEBIINEHLIEXLEE RIFR,
BEWEBRREXIXY, TR —LEEHENAZE, HIW0A contains ERFRTEH, A replace i
FRBHN—RERES —EBFR B,

MELEBNE A —MHEBEIBAERNES . KHMET!
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Rust ZFIZIHES EAPXhR
£/ Hash Map fiE7E2E

ch08-03-hash-maps.md

RENBNERAEEXEZERE map (hash map). HashMap<k, V> REEZ T —MESEA K
MW —MERE v BIRES, ©EI—MRFHEE (hashing function) RSSBBRET, JREIN{A
RRMEBANAEF, REF2ES ITXMRELS, FTIBEETRANEF: KA.
map. MR, WER. FHIEXRKEEA, LG

167 map AIUATFREEEMAREEARRFREIENIER, MAR% vector BRHEET RS,
g, FE—NEXRE, RSN EANSEICREIAS map B, EHREAENRZFTM
EERESMAMEN D, HAH—1BAE, HREERRIIZANES.

KRERNTSNBEE map BEZR API, FIEBE LS| ANIHEERRRE TR ERETE
HashMap<K, V> EENMIREF, —NEEEIEERINEREXERTRESES,

E—MIE%H map

AILAERS new G —NZRY HashMap, HfER insert 1EANTER. 7ERHI 8-20 FE(NERMX
PAEBYDER, 25 2HPAFIEBA. BEPAFFIAHE 10 DTEFAFIEE 50 53

use std::collections::HashMap;
let mut scores = HashMap: :new();

scores.insert(String::from("Blue"), 10);
scores.insert(String::from("Yellow"), 50);

fil 8-20: FHE—1H map HEAN—LEREX

ARWMNE ST use FEREREGERDBY HashMap, EX=TERESH, HashMap BERAER
B9, FrLAFH&EH prelude BEh5IA. AERERRS Hashmap BUSIIFHARRARL, a0, Hi&B
NENEER.

& vector —#%, I% map KRENNHIEMEEFEHE L, X1 HashMap BIFEEELZE String M{E
REIZ 132, T vector, 5% map 2RIFRBY: FRENELNEEERE, EHAHER
MRESEEL,

BRIt % map HhEE
BAILGET get FiEF RN AR MIEE map HIREVE, WA 8-21 Fik:

use std::collections::HashMap;
let mut scores = HashMap: :new();

scores.insert(String::from("Blue"), 10);
scores.insert(String::from("Yellow"), 50);

let team_name = String::from("Blue");
let score = scores.get(&team_name).copied().unwrap_or(0);

f5l 8-21: IBIRIMGE map PHEFHIIERA 2K
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Rust i2FIKITHES ERHXHR

X8, score B5HEPADEAERIIE, N 10, get F57AIR[D] Option<av>, WNRENBER
& map FREXNMNHE, get KiR[E] None, FZFHIBEL AR copied F5ARIREN—1
Option<i32> A Option<&i32>, }EEIFF unwrap_or £ scores HGHE ZEERR Y BYIAT
BHIZERNZ,

BILUER S vector KMIB FKEFHGH map FRE—MEEX, BHE for fEIF:

use std::collections::HashMap;
let mut scores = HashMap: :new();

scores.insert(String::from("Blue"), 10);
scores.insert(String::from("Yellow"), 50);

for (key, value) in &scores {

println! ("{key}: {value}");
}

X UERINFTEN S — M REX

Yellow: 50
Blue: 10

£14% map hEREREN

MFBR 132 XFWLILT Copy trait YR, HERLUIEIHIEE map. XFR String XH¥
WERENIE, EERBWEEIMAE map SRAXLEENFREE, WRF 8-22 Fiix:

use std::collections::HashMap;

let field_name = String::from("Favorite color");
let field_value = String::from("Blue");

let mut map = HashMap::new();
map.insert(field_name, field_value);
// XEB field_name #1 field_value BB,
/1 ZRFERAENEESENALEFEIR !
5l 8-22: Br—BREMNWIENGMARE map FiEE
Y insert JFA¥ field_name ] field_value B EhEIIGH map PiE, FAREEERAXHNE,

NRBANEIHERIS | BIENIGH map, XEERFHAZWISEHHIGH map. 5|APRIERAY
BEXRELDERE map BRNARNEE—BEAN. H+EN" Lo EHRMRERS BN RS
SEFAITICX N A,

Effla%H map

REBENNHEZALUERY, SME—RRRERNXEK—NME (RZFA—EMIL: Lt
EFAFIEFAR) scores IG5 map FEBRIREEIER 10 XME) o
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HEATEENTIGH map PHEIER, HIUREMALE—MEEZBETHIER. A%
EReTAIREHBREREBE. TUERREIBEMNZRNTE, HREReBEXNRENE
F{E. HEAUESHIAME, ILFHNNBEXD 7ML !

Bum—1MME

MRBAWENT —PREXN, HERERNBEN—TTENE, SXMEEXEKIIBERR
B, BMETRA 8-23 RRIAEIIEA T MR insert, 5% map ERZBS—NREXN, EX
PRER BT B AR NRYE

use std::collections::HashMap;
let mut scores = HashMap: :new();

scores.insert(String::from("Blue"), 10);
scores.insert(String::from("Blue"), 25);

println!("{scores:?}");

RE 8-23: B LS ERMEENE
XSFTENH {"Blue": 25}, JRIAHYME 10 NIHEET

QERHFEFEIENRE

FNEEARNEENMIEHERTELERSE map PEXNNAE, ABRITIOTEE: R
XMEEEERE, MLERNEREFARE, IRXMEREFEE, MEANENEXNNNE,
Hash map JX#i7 224 T —MIFH AP, I entry, TEWRIFEBRENEERSEK.
entry FARREER—NE A Entry B, BRI EIEEE. BAEREENE. &
RENMNERTRAXMERTELE XBIE, WREE, MENE 50; EALERERL
A, A entry API BIEZ 1R 8-24 Fiimo

use std::collections: :HashMap;

let mut scores = HashMap::new();
scores.insert(String::from("Blue"), 10);

scores.entry(String::from("Yellow")).oxr_insert(50);
scores.entry(String: :from("Blue")).or_insert(50);

println! ("{scores:?}");

5 8-24: fEMA entry HARERLKENN—MEREAN

Entry ERY or_insert J57AMENX . MR Entry NRELETE, MREIZENAZSI
A; SRAEE, BSREAXITRIFERN, FREXMHENATES A, X8
CFEZEEEMESE, MANERLESRNESHET.

BT 8-24 ISR FTENL {"Yellow": 50, "Blue": 10}, HF— entry JARSIHENEERA
BYBEFN{E 50, RAEAHKE—NME. FTA entry AREFASHEIRE map ANEAESR
T1E 10,
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WRIEIREEFH—ME

F—TERNES map N ATREHRE — MM NAEHREBNEERE, fii, =6l
8-25 RIS —EX AP E—THEESFHIR T SR FNERKE map LLEEER
BHEIEHERIERFNERT VRN RIE. MRBEREBEFENRIE, mMAiHNE 0.

use std::collections::HashMap;
let text = "hello world wonderful world";
let mut map = HashMap::new();

for word in text.split_whitespace() {
let count = map.entry(woxrd).or_insert(Q);
*count += 1;

}

println! ("{map:?}");

T f5) 8-25: @IIEF map EFRIEMITERRSTHH IR EX

XAFTEDE {"world": 2, "hello": 1, "wonderful": 1}, {RAJIRERBFIEREMIRERXUFRE
BIIRFFHTEN: EliZ—T"ihRMa% map REYE"ERS PIREEFREHE map SUERIRFH#HTT.

split_whitespace 75KIREI—THTHRIIE text EF slice AUIXHES, or_insert 757KiR[EIX
PTRNEN—TAESIA (dmut V), XERINTRXNAIZES|IBHEFRE count TER, FRUA
THREXNERERES (*) #3518 count, XNEIL5|ATE for BFNEERHFERE,
XiFFrA XL TR L 2MNH TG AR,

UEE T

HashMap ZRIAEA—FhOUMY SipHash BIMGFHERER, TR LURMH I MG HRAVIELARSS
(Denial of Service, DoS) WHHIKIEEN. FEIXA BRI TBENRRGHRLE, BATE
RS MMIEST — LT, BESHNE, NRMEITIBEAIMIAIEE REFTRN
BRFEHKIE, MAILU@ETIEERE hasher YR EIE MKk, hasher 2—MEIM T
BuildHasher trait B9E!, E+EZRITIL trait URMFEZIE (], (FR—EEMNSHBED
S hasher ; crates.io FEEAM Rust AP HEZME, SIHRE T FZ2ELREHEE LN
hasher S=¥1,

https://en.wikipedia.org/wiki/SipHash

25

vector. FRIEMIGH map ITEMFNIZEFREMET. IHRIMIEEIEREER, X
R 1% REDS ARIRATER S) (Rl -

1. tAE—HEE, F vector FREIXNFIRIAPUER HFEBESMTHERE AR
(IR RZHME, EXERE map SBEER).

2. BFFBREEA pig latine BWIEE—MRIANE—MEIS T EEE R RIS EFHIE
0 ay, FRLL first 2B/ irst-fay. staFBFLBERNELEREEMN hay (apple 28
apple-hay) . EEER UTF-8 4miZHILHTS!

169/548


https://crates.io/
https://en.wikipedia.org/wiki/SipHash

Rust i2FIgITES ERFXhR

3. ERAGE map # vector, BIE—MXAZORAIFAFAASNEIIHEMRETHEF,
530, “Add Sally to Engineering” 5% “Add Amir to Sales”, $&&1tFFFREX—1 2617 ]89FR
BRINYIR, HEATDSNEINAE R TRBFHEHTINGIR,

FRERE APL SO RIIA R LSS R M 75 AR B B IR T X 4R S |

HNEEFREMAESAERMIRENEREF T, XUBKRERTRE— T RERLEN
LBEERHL! B TFRINEITIEX—E 5!
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HHIRALIE

ch09-00-error-handling.md

BIRERHPES, FEIt Rust 7t T IF 2R ERLRBFHENIE . ERZHET,
Rust RERIRAFINEIRRENAREN, HERBREBZEIRZZ IR —LEI1TE), XINE
REUEFERLE, ENCHFRITSEIERBREINE~HEZRMAINEIR, HEZELEE
(e

Rust SR O AAZ: BIRERM (recoverable) FIARBIEER) (unrecoverable) 55iR. It
FaMEEIR, N XHRFI XENEIR, BMNZSFRIBIEREIRELHAF, ARERX
IRVE, ARIMEHIZNS2ZE bug FIMEJK, tbINiAENAREAREZINIMNE, RtFK1H
B ZIE IR,

AZHEBEHAXOXHLIEIR, MeFERABINRE (exception) ZFEMINHILHERA L
BEN], Rust RBRE, ik, ©fFH Result<T, B> FRFLWBAIMEEIR, A panic!

RERRFBIARAME BHIREIENTT, ZERFLNBWNMIAA panic! , REHHINMEIRIGE]
Result<T, E> {H, ItIh, FITERRIT: ERERESHMEIRPINE, EREIZELEHNITH,
EEEEMLERE,
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F3 panic! REBRARENEIR

ch09-01-unrecoverable-errors-with-panic.md

B, MRBESLE—LEENEE, MEMRTIEEENT. EXMIERT, Rust 2
7 panic! 72, PRHERMARESEH panic | —MENITT 1L panic BUR{E, b
WRBHHALENNE; Z—MEEXEA panic! R, XRMWEREAS1LIZRF panico #R
INBERT, X panic RITENRKUER. BFR. FIERIUE, AERY. RErILUBIIFR
TE, ik Rust 7F panic K& ERERA% (call stack), LUMEEBRZHIBEER panic BIRIR,

MRz panic BRI R BH LR LE

L panic BY, BFEASTIE BFF (unwinding) , XEIKE Rust BRI E
Er@aINg— 1 RENEHE, FEXITEMHEENSEERZIE. 5—MHikE
EHZ£IE (abort), XRRNEEHIETBRLER
BAREFFIERNAEEERIRERAREE, NRFRFEED BHNRE ZHEI 4
INEEEF, panic BY @I TE Cargo.toml Y [profile] EF531EMN panic = 'abort', AJLY
HEFIR AL, a0, WMNRIFEEE release HEXXH panic BIEIZLLE, AR
mn:

[profile.release]
panic = 'abort'

HENE—ERZERPIER panic! :
X% src/main.rs

fn main() { w

panic! ("crash and burn");

EITREF S H AP

$ cargo run
Compiling panic v@.1.@0 (file:///projects/panic)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.25s
Running "target/debug/panic’

thread 'main' panicked at src/main.rs:2:5:
crash and burn
note: run with "RUST_BACKTRACE=1" environment variable to display a backtrace

REMITES panic! AMIEMNEIRER. F—1TETT panic IRIEEEHIERT IRIEH
panic HIMMAIE . src/main.rs:2:5 REFXE src/main.rs XHRE ZTERENF R

EXMIFH, WHEERNI—TERNBA—ER, MRBKZEZT, MEAM panic! &
BIEA. EHERRT, panic! AJRESHIIAERNHAEMMARNARES ., #HiXERREH
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XHEMITS A aeismal ABBHRY panic! RiAA, MABEINMUBHRLIE panic! AR
_'If?o
{€EF panic! A9 backtrace

AT AR A& panic! RYRKEL backtrace, IHMAIBEREREW—oE T @, ATIE
FRYNMEIER panic! BY backtrace, iEFENBE—MIF: XX panic! HEFAEREHENERE
BBRZR, MERABHNMCEEN bug itk 7 EFH panic!, i 9-1 BT —E&=i1AE)
vector BRZERS SEEZMTENRE:

X% src/main.rs

fn main() { w

let v = vec![1, 2, 31;

v[99];
}

ol 9-1: Zid GRS vector ZEEMTTER, XRIERK panic!

XERIR AR vector BI% 100 P& (XEMZRSIZ 99 BARSIM 0 FE), FIERE=
PR, XMIERT Rust = panico [1 ZHRE—NTER, FIWREERET —NERERSI,
wgA Al Rust IREIRYIEFTTER,

CEER, SHENMEENREZENABRRETRENXITH (undefined behavior), RE]
RERREIBUREMP XN MIBNRNEFENTEE, BMERBRAFREFBETXNRIES
o XWIFAEMXIiRE (buffer overread) , FHEJReSBREFMA; HIa0, REEWLITEE
WRPZRS], RENARZBIRI. ElaFFE T xRS m 2 EREdE.

AT FRIFEFARILERENFE, MRZHNRN—TRF|IFFERNTER, Rust 2FLERIT
FELMRLE, ERAIFKIA—L, BEER:

$ cargo run
Compiling panic v@.1.0 (file:///projects/panic)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in @.27s
Running "target/debug/panic’

thread 'main' panicked at src/main.rs:4:6:
index out of bounds: the len is 3 but the index is 99
note: run with ‘RUST_BACKTRACE=1" environment variable to display a backtrace

XMEIRIEMA T main.rs (9% 417, BREIHNNAERREE v PERS] 99 BT,

note: X—ITHIFFA], BILLIZE RUST_BACKTRACE IfIR LT E RIS E| backtrace, backtrace &

— 3R A HFRITRZ B EHRIARREATIR, Rust FHY backtrace fIEMIBS BRI

FR—HE: FIE backtrace WX, EMR LEAFBEFTE, BEIEITECENIXH. Bi—
LRI RIS, ©LEmABLETT, RIRNMAEIARENME; TEABLT, NEE
BT RMLEBHNARE, XLEFFIERENTT, TeeEHE Rust ZOREE. tnEFERE, IRIEER

FBHY crate, INTEIE RUST_BACKTRACE IfME T E1gMibk 0 ZIMNIERIE, KEFE backtrace. =~
5 9-2 BT FEMUTEXFIHE:
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$ RUST_BACKTRACE=1 cargo run
thread 'main' panicked at src/main.rs:4:6:
index out of bounds: the len is 3 but the index is 99
stack backtrace:
@: rust_begin_unwind
at /rustc/4d91de4e48198da2e33413efdcd9cd2cc0c46688/1ibrary/std/sxrc/
panicking.rs:692:5
1: core::panicking::panic_fmt
at /rustc/4d91dede48198da2e33413efdcd9cd2cc@c46688/1ibrary/core/src/
panicking.rs:75:14
2: core::panicking: :panic_bounds_check
at /rustc/4d91dede48198da2e33413efdcd9cd2cc@c46688/1ibrary/core/sxc/
panicking.rs:273:5
3: <usize as core::slice::index::SliceIndex<[T]>>::index
at file:///home/.xustup/toolchains/1.85/1ib/xustlib/src/rust/library/
core/src/slice/index.rs:274:10
4: core::slice::index::<impl core::ops::index::Index<I> for [T]>::index
at file:///home/.xustup/toolchains/1.85/1ib/xrustlib/src/rust/library/
core/src/slice/index.rs:16:9
5: <alloc::vec::Vec<T,A> as core::ops::index::Index<I>>::index
at file:///home/.xustup/toolchains/1.85/1ib/xrustlib/src/rust/library/
alloc/src/vec/mod.xrs:3361:9
6: panic::main
at ./src/main.rs:4:6
7: core::ops::function::FnOnce::call_once
at file:///home/.rustup/toolchains/1.85/1ib/rustlib/src/xust/library/
core/src/ops/function.rs:250:5
note: Some details are omitted, run with ‘RUST_BACKTRACE=full® for a verbose
backtrace.

Tl 9-2: XI&E RUST_BACKTRACE IFIE T = MY panic! JARFRAE LAY backtrace 58

XEREHRS! (REFEEINANA A EZEARIERSM Rust IREREMBEFXRl. B3R
SHEXEEER backtrace, WASAEIXTS (debug symbols), HEXEXF, i
--release BENEIT cargo build 8 cargo run BY, JEIHFFSEIATZR A

5l 9-2 BYsIH R, backtrace BY5F 6 1T8M T FHA T B FEKIRIBAEIIT: sro/main.rs BI%E 4
7. WMRIRAFERER panic, INEMBE—MRIENTE SRS XN —ITHIRIAZ,
-1 9-1 h, HITMERE 7T 2FH panic RS, BEX panic NAZEMERARESIHATE
— P REE=MIIH vector FIEKRZESIZE 100 BtR. HEFRIMHARBEIT panic, {RE
ERBREXFENIR TREPRRITT HARENMTAESET panic, LUK HinatiE
ZRERE 2 1% R R

AEFEHVNT “BEARE panic!” 2EREIE panic! HiHERAINZ. RIBTARIZER panic!
RAMIBEIRIE . TR, HIMREBWNMEFER Result KMEIRPIRE.
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A3 Result LIRS AYTEIR

ch09-02-recoverable-errors-with-result.md

AR EIEH KA EIFTEREFTEEIERIT. BRRBEMNERRES Z BRI
B, Fla, NERRATA—IHAREENXXHMmEN, RBFENTTERERIEX IS, mA
IEég.u:ﬁ*EEo

BlZ—TFE % “fEA Result FRIFIMFBEIIEIR" ZDPRIFE Result 1EE, BEXE
WK, ok F Err :

enum Result<T, E> {
Ok(T),
Exrr(E),

}

T E BZERBSY; F+EIWANAZE, NEMFFTEMEIME T KRNI RE]
By ok "’rfltﬂPE’J*ﬂl?EE’J RE, M E RARKKETREIRY Err TRFRIEIRBIEER, E7 Result
BAXEZRIR » FATRILAR Result RBIMIREEFRNEEXHNRBATRZAERG
=, ?Ctb'PE/RqﬂﬁaEﬁIEIE’JEEIJJ{Eﬂ%J&TETﬁE%%T i

R TER—MRE Result BIKEL, EAERIBEZKK: WRH 9-3 FRREETH— XX+

Y& src/main.rs

use std::fs::File;

fn main() {
let greeting_file_result = File::open("hello.txt");
}

5l 9-3: FTANXH

File::open HYIR[BI{EE Result<T, E>, ;ZRIBE T K File: :open HLIHRANRINREERY
FKA std::fs::File, XR—IXHFTW. FHIZRECMEERD E BIEEE std: 1i0: :Error, X
LEIR[OIKBIRBRE File: :open FARABERINFHRE— PRI LUEE I ER. XM EREER
WagERkM: Flil, WiFXHEREFEE, HEAS }Qﬁﬂ‘wﬂiﬁl‘ﬂﬁﬁ\iﬁo File::open PR}
EE—NHEAESIFRINEIS TR REXHAMHEEIREE. XEERIEFE
Result M&EFTERMN,

=i File::open fYIfJAY, greeting_file result TERZE—NESHFAMAY ok SLfl, =k
MBS, greeting_file result ZEFZR—IMEETESXTRET AMEIRNIEERY Err L
51,

BANFEERA 9-3 BUUEEHIBINIRIE File: :open IREIEHTTAEGENIZIE, TF) 9-4 B
7 —MERERTALIE Result FIF, FEREFSIRY match X

NAR: src/main.rs

use std::fs::File;

fn main() {
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let greeting_file_result = File::open("hello.txt");

let greeting_file = match greeting_file_result {
Ok(file) => file,
Err(error) => panic!("Problem opening the file: {error:?}"),

Y,

T f5 9-4: fER match FATVAMIERTREZIR([OIAY Result A

ARS option MEE—1F, Result MEHHTAFWHEIANIET prelude R, FILUMAEER
match 3Ry ok 0 Exrr ZHHETE Result::,

XEIHATEF Rust HERZE ok B, R[] ok TIARR file H, AKX TXHOWRIEEL
T greeting_file, match Z/5, FATAIUFAX M XAAMRHITIRS,

match IS — N ZAIEM File::open 15| Err HHER. EXMIERT, HINEFRAB
panic! 7=, IR YAIBFEE— UM hello.txt I, Hin(TXERBNSEIIMNTHRE
panic! ZZHYEH ;

$ cargo run
Compiling error-handling v@0.1.0 (file:///projects/error-handling)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.73s
Running "target/debug/error-handling’

thread 'main' panicked at src/main.rs:8:23:

Problem opening the file: Os { code: 2, kind: NotFound, message: "No such file or
directory" }

note: run with "RUST_BACKTRACE=1" environment variable to display a backtrace

—YNEETE, ibiad ARt EIR T FAZIEL T A
LEEFFRIEEIR

T f5 9-4 PRI ARE File::open BENHAREKRMERS panic!, FATHIERERIENA
ERERRERIAFERIIT: AR File::open FAXHAEFEMKRM, FH(IFELIEX D
XAFHIREFH AR, R File: :open FNERIEMERIKRK - HIU1EBFTFF AR
PR - BAMNIAFBEBRG 9-4 BREF panic!, Jultt, FATERBGI 9-5 R T — P AEB match
FEN, WTFFR:

NER: src/main.rs

use std::fs::File;
use std::io::ErrorKind;

fn main() {
let greeting_file_result = File::open("hello.txt");

let greeting_file = match greeting_file_result {
Ok(file) => file,
Err(error) => match error.kind() {
ErrorKind: :NotFound => match File::create("hello.txt") {
Ok(fc) => fc,
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Err(e) => panic!("Problem creating the file: {e:?}"),
}I
_=>{

panic! ("Problem opening the file: {error:?}");

}

}

5 9-5: ERARRERS L ERESREATHEIR

File::open iR[ERY Exrr LAPHERE io: :Error, BER—MIEREPIRENEE, XL
¥a{&B— RG] io::ErrorKind {ERY kind 73 AR[HiEM, io::Errorkind @—MREREEM
RS, ERNTEITN io BIETRESBNARAEIRER, HITRBNTHAHE

ErrorKind: :NotFound, BERXRZFMITANXGHAEE. X, match FLILACSE
greeting_file_result 7, AIXF error.kind() EXHF —PHE match,

KNIHBEERE match FREHSMER error.kind() FIRE{EEE N Errorkindfy NotFound
TR, INRE, MBI File::create RIHBIRIZXH. AMEN File: :create HWAJRER

W, BREBEERE match RIAXHFIEMT E NN X, ANXHTEWREIE, STENH—NFE
HEIRIER. IMNE match NERFE—MAZHFEIAE, XENEMRT XGEFREFENEIRRERE
FF panic.

{858 match RbIE Result<T, E> EREE

XEHWZS match | match HLR\A, FIWIFENFRR,. FTH=FBHNSINTAH
B (closure), ERMENXIE Result<T, E> RNRZFGZEERER. ERENREFH
Result<T, E> {ERY, EAXLHAFELLERETS match Ef&iE,

fFlan, XEF—NMRE S 9-5 ZEMEFMERFEAFEHM unwrap_or_else 5 7ARIfH!
iR

use std::fs::File;
use std::io::ErrorKind;

fn main() {
let greeting_file = File::open("hello.txt").unwrap_oxr_else(|error| {
if error.kind() == ErrorKind::NotFound {
File::create("hello.txt").unwrap_or_else(|error| {
panic! ("Problem creating the file: {error:?}");

})
} else {

panic! ("Problem opening the file: {error:?}");
}
3

BAXBRABEEEWNRA 9-5 —HF81TH, BHLEESEM natch REAXNBEERS
fi%. ERRTEE +=EEBREXNMIF, FEBREREN unwrap_or_else 75
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RE T AR, EREEIREY, BRERSXEFARILUEBRAEIRER natch &
Ao

RIKET panic BIREES

match BEBSHEEMNIIE, FIEARERERTKHABFEEERIFHNRAETE,

Result<T, E> RAF N TRZMENGARLEZMENENES, uwrap 5EAZ—MRE
B, HASBSEIMSIKAE Listing 9-4 AT RY match FXTVAERE, IR Result ERZEE
Ok, unwrap ZiR[A] Ok FRYE, Y0 Result BTAA Exr, unwrap ZATATEA panict, X
ER— L unwrap BIfIF:

X% src/main.rs

use std::fs::File;

fn main() {
let greeting_file = File::open("hello.txt").unwrap();
}

INRBARAXERABERFTE hello.txt X, FPFZEE— unwrap JFA panic! BHZ{HAY

HREE:

thread 'main' panicked at 'called "Result::unwrap()® on an “Err’ value: Os {
code: 2, kind: NotFound, message: "No such file or directory" }',
src/main.rs:4:49

EI#E, expect HiAWAFRIIEENX panic! MEIREE, M expect AR unwrap FHigfit
—MFHIEIRME B A LIRBAIRME B FH E S TIBER panic BUIRIR, expect FUIEAERRRKMEIX
/=3

X% src/main.rs

use std::fs::File;

fn main() {
let greeting_file = File::open("hello.txt")
.expect("hello.txt should be included in this project");

expect 5 unwrap BYEAA N —1F: REIXHFARIER panic! 73, expect TEIEA panic!
FHMEARVIEIRE BIFR I ZT RS expect BISEL, AR unwrap FRAFFEAZRIABY panic! {5
Bo EEERGXF:

thread 'main' panicked at src/main.rs:5:10:
hello.txt should be included in this project: Os { code: 2, kind: NotFound,
message: "No such file or directory" }
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FEEFRABINIEH, K& Rustaceans &4 expect MAZ unwrap FHigHE S X TR
R R —EATIN E X, SNtINRZRISENBIERZER, MEEESHEERATHE
1o

RBEIR

HERBBSEMPIFR T AT RMAVRIERS, BR7T XM RBPLEEIRIS, ERILOERELLE
BEMEX MR RAE ZNAMIE, XWIRNERE (propagating) $8HiR, XFFREEIFRIE
HAFDEA, ENEMRABEFHAENETX, ARERAEESE S SZERAENIZN
GIRISEETEN

a0, wfl 9-6 BR T —TMXAEIRERA A RBVRE. WMRXAERNFEHFEEIRE, XK
BB EERR OGS ERAENRE:

Y& src/main.rs

use std::fs::File;
use std::io::{self, Read};

fn read_username_from_file() -> Result<String, io::Error> {
let username_file_result = File::open("hello.txt");

let mut username_file = match username_file_result {
Ok(file) => file,
Err(e) => return Exr(e),

b
let mut username = String::new();

match username_file.read_to_string(&mut username) {
Ok(_) => Ok(username),
Exr(e) => Err(e),

}

T 9-6: — M EREER match KRR EILLRIIFERE

XA R LIRS B EMERNE, FIRNUREFHMEFRUERRERGIE; &
FEMNERRERENTEN. LRNNBBRKRAREE: Result<sString, io::Error>, XFIk
BRPORE— Result<T, B> KEIN(E, HAUZESE T AHAKEEZE string, M E AR

FAIZ do::Error,

WMERXMRECEZE HEAEIREINRE, KFNEARERWEI—NEE String B 0k H ——
BREM SRR EINRA R B, MMRREBUEEMEAEIR, RN ERERWE—1 Err B, &
BET—1NEEESXNRFEXEREN io: (Error M, XEBIEE io: :Error fENRENRIIR
E{ERE N EIEFBER APl e RMHVIRENEEIRIR[EE: File: :open BKELA
read_to_string 5%,

BREAR LA File: :open REFFIR, 1ZEEF match LMFIR[OIE Result, FYURHGI 9-4,
R File::open p{IN 7T, RHTE file PRI DM ER T BJ L L E username_file HIRY
B, EERBLENIT, 7 Err NIBERT, BITLKEIAA panic!, MEMEA return XEFIE
AIZEREENREL, HERE File: :open MEHIRE (MEEERLE e ) FARMVBEIRE
ZEILGIARZE.
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FRLA, WNISR7E username_file AH—IXHMHH, ZRMEERELE username HBIE—
FEY string HIAAX MR username_file ERY read_to_string 757%, UEXHHIARTIEN
username, read_to_string J53EHIR[E]— Result, RN ETIBESKIK, BFIRAE File::open
BEMINT. Alt, EMNEFES— match REXA Result: YR read_to_string HITHY
I, BBARXRDREBIMEINT, HITEMXEFRIREWAF ZIRE, LERBFP ATk
Ok By username A1, YR read_to_string HITRM, MEZHFIAIE File: open BYIR[EERY
match ARFFIREIFEIRE. 7AM, HMEFEREE return, FAXEBRHBHRE—1FRER.

HRAXPTRENBRAZRFI—1MEEAF R/ ok H, HE—TES io::Error Ay Err
B. HMNTMFEREZMABEXE(E, Fla, WRMIEET—1 e {5, Bi1AIgS
PEFE panic! HERRFAAR. EA—TRANAR ZEEMNXGZIMIM A IHAR B, i)
=B RBREEMRFAEBARSNASIE, PRURENMRIHERKIE B M LERE, iLbth]
ERRERIET .

XML BEIRAVRINE Rust PRERT, Ft Rust R TRISEETT ? REUX—I1E,
? BHTREAN

5 9-7 BRY —1 read_username_from_file RYSCIY, BRI T 5RHGI 9-6 HEVIEAERERY
Ihee, AEXPEIERT 2 iZRERF:

X% src/main.rs

use std::fs::File;
use std::io::{self, Read};

fn read_username_from_file() -> Result<String, io::Error> {
let mut username_file = File::open("hello.txt")?;
let mut username = String::new();
username_file.read_to_string(&mut username)?;
Ok (username)

}

Tl 9-7: —MER » BENRIFAEREIHEIRHIEREL

JRAE Result {E/REIDY 7, HEXBITEANSRHETRA 9-6 PREBILIE Result ERY
match FRIATN/LF5T2BE. YR Result BERE 0k, XPFENMZIRM ok FEYE, ZF
BEMIT, MRER Err, Err MIBEAT retumn XBF—1F, (FABTRBBNREIER
ARE], XEFEIREMRIEES TIERE,

3 9-6 R match RiIARM ?» BEFFEE—=AE: # ? (EANEIRERET from K,
XN REE X TEFRAERER From trait 7, AFIE—MRENEERRNS —MRE, 5 2 TEBF
VAR from REREY, EHREIREIREE SWIFIRA S FIRHUREIRE BFE XAIEIRER, H—
MRBAR—BIRRERRTENEARENANA N, XSIFEEEA, BMERKAITHNRE
o A= FAN RS ARNREMER K,

Ban, FATRILUERB 9-7 AT read_username_from_file BR¥XIEEN /iR [El— B E XHY
OurError FiREAE, MNRFK(TBENX T impl From<io::Error> for OurError 3EM io::Error
¥91E— ourError SCf5l|, ABA read_username_from_file RFEEDH ? BT ABR<SIER
from HEEHREE IR 35 L R E G NNERIERIMY LS
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1ERM 9-7 B9 ET>Xeh, File::open JAMLRN 2 2% ok HHEROATE
username_file, JIRZLETHIR, ? BEMSEENRIURFHREIH G Err EREILSA
AR, FEIEWIERT read_to_string HRALREH 2,

? BERDHRR T AEHRARBHEFSRNEMER L, RMNEEZUE » 2EEEEAER
HRARFRE—FSERA, WR5 9-8 Pk
XH&Z: src/main.rs

use std::fs::File;
use std::io::{self, Read};

fn read_username_from_file() -> Result<String, io::Error> {
let mut username = String::new();

File::open("hello.txt")?.read_to_string(&mut username)?;

Ok (username)

}

Tl 9-8: RSEEAZENENS AR

7E username FRGIEFIRY String #WKEIT REF K, X—EEETH. B
File::open("hello.txt")? HEREIZHEINIART read_to_string, MABEIET=
username_file, {JPAEE read_to_string JAHELLER 2, MEY File::open
read_to_string FIRINEBERMENREIEZAF®E username By ok (&, MABREIEIR, H
ThEEE—R 5B 9-6 Ml 9-7 REF—H, FTEXB—ME5RTAAEERNEIREF
(ergonomic) ME%,

=5 9-9 BR T —AMER fs: :read_to_string WE NSNS %
NXHZ: src/main.rs

use std::fs;
use std::io;

fn read_username_from_file() -> Result<String, io::Error> {
fs::read_to_string("hello.txt")
}

Tl 9-9: R fs::read_to_string MARFIFFFIRE

R IREE— N F AT R RAR S WAVR(E, FRUMARAERRM TR fs:read_to_string By
RE, ERFTAXM. FE— string, BEIXHFHIAR, HIFEARABMA string, EER[D
Bo A, XEFMIMKBERTAAEXEFROENNET, FURINSRIMER T RE/IE
o

WERTLIGERA » BEA

? ZENRERATREES » FRNERRBNERE. BN 2 BEFREXAMRE SR

BiRE—ME, X5 9-6 FRY match KAXBETEMENITIES. T 9-6 & match
ERT—1 Result g, RFRMOMDSHRE T —1 Err(e) {Ho HRIANREIENIZ Result

ZABESXA return RS
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35 9-10 B, IEFE(IEBEREEARATRADN nain REHPER » EEFSEBIMTAHEIR:
X% src/main.rs

use std::fs::File; 7&

fn main() {
let greeting_file = File::open("hello.txt")?;
}

f 9-10: ZIATERE] (O BY main KPR ? BT EERIF

XA THA XM, XABERKM. ? BEAIEAT File::open IR[EIAY Result {H, R
main EREAIREIERZ () MARZ Result, HFFXLEAN, SN TFHEIRER:

$ cargo run

Compiling error-handling v@.1.0 (file:///projects/exrror-handling)
error[E@277]: the “?° operator can only be used in a function that retuzrns
"Result’ or "Option” (or another type that implements “FromResidual’)

--> src/main.rs:4:48

|
3 | fn main() {

| --------- this function should return “Result® or 'Option’ to accept “?°
4 | let greeting_file = File::open("hello.txt")?;

| A cannot use the "?° operator
in a function that returns " ()°

help: consider adding return type

3 ~ fn main() -> Result<(), Box<dyn std::error::Error>> {
4 | let greeting_file = File::open("hello.txt")?;
5+ Ok(())

|

For more information about this error, try “rustc --explain E0277 .
error: could not compile ‘error-handling® (bin "error-handling") due to 1 previous
error

XN EBIRIEH RAETTIR([E] Result, Option HEHBE LI T FromResidual HYERIRVRELHIER
? IBER.

ATREREXTHEIR, AR MER. — &, IREERFIFNIEFRAIIREERANSIRE ? &
BRFIERANERSIIXE, Z—1E(EMA natch (FE Result<T, E> XRINFZE, LUEHH
AR Result<T, E>,

BIREEWIRE 2 WA AT option<T> (B, WIFERX Result FMA ? —1¥, RBETEIR[E] Option
BYER R 3T Option {FFH ?, fE Option<T> LM ? IBEMFHIITAS Result<T, E> M. MR
B2 None, LILET None == MERELIRATIR[E], UNSR{ERE Some, Some HHYE{ENFRIAILAVIR[E]
ERBTRERALEE, RF 9-11 FE—PMMAEXEFIREIE—TRE—NFRTBIREAIF) F:

fn last_char_of_first_line(text: &str) -> Option<char> {
text.lines().next()?.chars().last()
}
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Tl 9-11: 7 option<T> {H LA ? BET

XN R FOR([E] Option<char> RAEAREREXMIBXE—1MFFF, HAESEFR. X
ESIREY text FHFER slice (FASYMHBERE lines 7%, XRRE—MFHEPFE—ITH
EH2R. AARBFEEREE—1T, FTLUARTIERES next SFIREVERBHFE—ME, WR
text EEFFEH, next AARIR[E None, LEESERATAILUER ? RIEEFHM
last_char_of_first_line iR[0] None, UIR text FERTZFRTH, next 2IR[E]—PEZE text

FE—ITHZERTE slice BY Some (&,

? SRNXNF R slice, AFAILUEFATE slice B chars SERENFAFRNERZR. Al
BHBHNEE—ITHRE—NFN, FRAUAILOERA last KiREIEASFEHNRE . X2—
Option, FABAREE—ITE—TZ=FMTH; M text U—PZTHKMEENITEXE,
BRRE "\nhi"s A, MRF-TERE—TFN, ERREFZE— Some TR, ? BEAFIE
BTFERL TN —MENERNRAXMEEN SN, WRBATAREEE option LfEMA 2 B8
F, WASAEAESHGEARRAEE natch RIATURLIXEZIE,

AEIREILTEIR[E] Result BYBRERRXY Result R ? BEAT, AILATER(E] Option BYRKERART
option £/ ? iIZHF, BRAFAILUESHEE. ? BENAZ BN Result 55{L)y Option,
fR2Z7RFA; TERXLEBIRT, BILAERZEIN Result BY ok 757AE(#E Option AY ok_or 757AKER
BB,

BriALE, FHAIFAERBIFRE nain RERERIRE () main REKRZHHHNENERAINITERF
WAORMBHR, ATEIEFEESIE, HelLuRREIREEZHREIR.

FIEE main REWATLURE] Result<(), E>, Rf5] 9-12 hRYIEEBRG 9-10 Fidf&ek
7 main BYIR[EEN Result<(), Box<dyn Error>> HTELLREIEIN T —1 ok(()) 1ERRENE,
XERAAS AR LURIRT o

use std::error::Error;
use std::fs::File;

fn main() -> Result<(), Box<dyn Error>> {
let greeting_file = File::open("hello.txt")?;

Ok(())
}

Tl 9-12: /22X main IR[E] Result<(), E> RIFXF Result {E{ER ? BERT

Box<dyn Error> ZEIZ— trait 3§ (trait object) , F+/\EH{EH trait object KihHRH
HETABRENBE. MEATLUIE Box<dyn Error> IEfRAERLIMEIR". EREIHEIR

ZE Box<dyn Error> Y main BKEH, X Result FF ? BWAFH, RACRFEM Err B
1RHNRE]l, BME main REAIMAERKIRE] std: :io: :Error FHiRFEE, @WidIEE

Box<dyn Error>, XNER{IARERD; BMELIGTE main REAFIMNIREIEMEEIRAEE

BIED, XREE R RIARIFIER.

H main BKFOR[E] Result<(), E>, HNR main 1R[E] ok(()) AIITIERF=LL 0 EIRY, MINR
main iR[0] Err HNSUIEZERLY; HINEHMNERSREIE 0, EITHIRNEZEF IR
3F 0 BYEE#L, Rust B M ZHFIFERFHIRESXMEFIEFREHEL,
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main PRIZNHE A LLUREME(A]SSIN T std: :process: :Termination trait BIZERY, EEET—1R
[B] ExitCode By report ¥, BEEFITEEXETRELHNBENXLERILI Ternination trait
SNE R

MERAITICI T panic! BR[| Result BT, EFHRAEEIEREZR FNERE LA
PR A 75 TURYIE) o
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Rust #Z2FigiHiE ST BRPXXhR
EARE panic!

ch09-03-to-panic-or-not-to-panic.md

B4, ZWMELREMIRLZ panic! LUK fRIBTN Zi&[E] Result BE? YIR{LES panic, FUKBMR
ERYFRE, RAJLOEENEARIRREIFA panic!, FERTHARME, FIXEFMZ
RABRRERE T XEARAIMER, HEEFRE] Result ERIE, MITERENZLTIHRE,
mARABMIMELERAE. ARENRIEFUNSEHMNIENAAZHIRE, NEWATEE
MertiAAy Err RARIMER, FRUMITERIEERIEMA panic! FHIFEIRERIEIREA T A AR
SRR, FIERE Result BTE X FIRER R IMBYRERBI— P IFRIRIALERR

FE—LLRMURAI. REMED (prototype code) FMIEAH, panic ELiR[E] Result EARIE,
TYHRITEEENRER, EREHEHI—TMIHKER, BELHRREFBTIEINEXNS
SABERETREERN, BRALTTLFITHRE, XMpSWAILA panicl. BIMNETRE
RRGE—LEEERBPNEREREE panic F@ERESEN,

. EBREEMR

HIRRE — NIRRT — LS, ERERTAERCEAENRRbBEERGF A4
BAfR. g0, ERA—TRA unwrap XIFEIHE panic! BY75 AR LIKIRME A —MRSEFRAERER
RBEERF RS, EREERRBIETARTEISTEE.

K, ERMVESFREMATBIEEIRZAT, unwrapFexpect 75 AEREIZITIIIEE &,
HHEANVESFILREFEMNRLN, eflSEREFRE T EMRIRC

MRFFFEREMNAREY T, HMNEFEXNRAEKRY, BMEXNGZEATEFEMNHAILI
B A panic! IFMIRARIC KM, LEESIEA unwrap B expect ZIGHBY,

H{REbYmiF 2R 5NE E S0

HIRERLEHMPIERIAR Result —ERE 0k H, MAWFH[XTEEMXEIZIEN, HAA
expect HEHEN, RMKAZEMZ—TUIIER Result H: —RRRIN, (RIARRIX TR
ENABRMEATEE, REFEIMUIXTARKTRE, B LERATRIN. WRIREIATR
EAE, EBHREREFCIEI err TR, BAVEA expect TEFAILUER, FIITRIFIE expect
R RXAERIRR MRAT ANAREXEASZHI Err, FTEE—MIF:

use std::net::IpAddr;

let home: IpAddr = "127.0.0.1"
.parse()
.expect("Hardcoded IP address should be valid");

FiTEI T —MRRIIRYF AT SRR eI Ipaddr SEffl, Ff1BERRHEK, 127.0.0.1 B—1TFE
XREY IP sk, FRLUXEER expect BAILUER M, A, BMEX T FAREEmIIERN
B9, BARRAE parse FFARNREEEE: EHAARME— Result B, FwiFFHINHAERIEA]
SIS RTBELHIN Err TIR—FERDIERX A Result, FNRIFSRILZEIPAZIER HXNFHAT
BEE— AR IP ik, R IP UFIFRKEAFLRN, MARERIEREFE, BAE
PBLEFERMBAIEN, XRFNEESHFERAERILAISVLIE Result, £ expect FIF
BAX A IP it BRIV —RIL, WRREET]: MBFRFEMEMRIRIREX IP ik,
FLIZAE expect BARLE BERIIRIRAIEARET,

185/548


https://github.com/rust-lang/book/blob/13e27c4a35705c4bd473bd90a3d3a8f87ef9ae58/src/ch09-03-to-panic-or-not-to-panic.md
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SR EBIESEL

THEFAREZSBESNRE (badstate) MIBERTERINER panic! — EXE, BERE
(bad state) BEHU—ERIR. RIE. WINHAATEMRITRAVRES, FIMNEHNE. BEF
BENEXERLE T AEFENE — M TIMER:

- BEERSRIFNGTA, SERIRENTHEN, LLMAFBANT HIREIREIE,

- FltZ GRBHNETERBITAATIMEERS, MAREE—THRERSHRE.

« BTN FRRBEERSE R REHFEANERANER. RNFEST/\ERRK
ST R4S N R B 738 — M F K B EA IR =

NRANABERIRHAEBHEET —NKERXNE, REXUERE—EIR, MILERRA
A LUREERXMIE R T 22, AMERSERITAREAREHEENBERT, REFN
EEAIRER A panic! HESENAFMIAEFE bug, XFtITMSEFRIEITE
£, XMURY, WRRETARAZIMERIBSNEAE, FRERET —MREEEERNTEIR
&, A panic! FERGER,

AMAHIRTEAZHIE, &[] Result HELLIEA panic! BERNEE. XEFHFIFEIEMHTSE
EUWEIRIVIRIRAEE, & HTTP IEKRE T —NRBMA TIRBIRS. XL FH,
R izi@idR (e Result RFRPAKINTIHEAZ FIRERY, MIAMAEMOIURTE ZINAIEX 0],

BRI ERIT—MERTREHTTIHAN AR BT XA RRIER, ABNMZE%
WIHERBMEY, HEHTUET panic!, XEBEHTFLREMNER: SRRELTHHESS
BAERE, XMEtNEETRRERIAREANS panic! NEZEREA: RRBERETH
AIESIEEMNATEE— N ERNRERE. RIEBEEERRY (contracts) : ENIRIITAR
BEMANRERERMGNAREEIRIE HERELIN panic 2EEEN, RAXBENRE
78 bug, MAXWAZIMIRELEFMARNAELINENER, FX EFMRRRNANEE
REGENAIKRME, MEFTERARLNAREBEHRE, RYNRLY, THRYERE
RIEAK panic BYRLY, RIZTEEREREY APT A HEHITIR A,

BATERERYEPEABITFZHERNERTRKMMARN, FIiEZHNE, AJUFA Rust BIRER
gt (UNRmFSHRENE) MRHITRZNE, NRRKEE—MHEXRENSE, TUEA
BX4miFas ELWMRERE — M ERERNRIR THITIRFIEELE, FlW, WRIRERT—1#
A2 option B3EE!, NEFHECERHENAEFTEREE, MIVABEILFELE Some ] None
XRMER, ERSE—MEARRENZE —ME. FHARKEETENABEERESR
BEmIE, FRLURRIREIREEITRBYVEHT, AI—1FFRERRKR u32 XFENTHSE
B, BBREXKZANA.

ARG LI B E X EE

1EFAVERA Rust RERFHBRRFA—THFEENERE, FEEHEBE—BENERLUH#
THIE. EIZ—THEZENRBRERN, EINWCBERBFRBEN— 13 100 ZEHNHF,
EBESHERFMERZ I HNMREIERFPIENRAU XA NMFZEN, Bi1RKIE
ERENIE. EXMERT, EEWMHFARRIR™E: “Too high” 3 “Too low” B {NHIARIE
R, BERXE—MRIFHEISHEFPEBHERIENNGEEY, FliNZAFBEI— N NEEH RN
FHERMAFZIREARRNIT .

—MSEEL A VRIS IRMARMA AL 132 MAMNIXE u32, REFRMALY, BENERFESETE
B, FixXiF:

NAER: src/main.rs
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loop {
// --snip--

let guess: i32 = match guess.trim().parse() {
Ok(num) => num,
Err(_) => continue,

Y,

if guess < 1 || guess > 100 {
println! ("The secret number will be between 1 and 100.");
continue;

}

match guess.cmp(&secret_number) {
// --snip--

if REIANETEEGBHERE, SIFAFET AR, HEA continue AT —X1E
I, BRE—MEW. if RERNZ/GE, FARILERDE guess 7£ 1 F 100 ZEINER FS5WE
BRI T

AT, XHAAR—MERBIARGR MNRIULEFNLGIE 1 2 100 ZENER—MENE
BERENER, MERFPHRZRBIABEZIFNER, EETREAPHEIFLEFIIE
BITREY GFRIBEBTERZMEEE)

AR BATEIUTE—D T BRERPEIE— M RSO IIERA Q2 HSL BRI RS, MARE
IREEXENE, XFMAIUZEMAERKRER PERMEEABE I HIZREINE, =F)
9-13 RBR T —1TREX Guess RERTTE, RBTE new MEIZULEI 1 E 100 ZERIENA =
Bl Guess HYSEHI:

X src/guessing_game.rs

pub struct Guess {
value: 132,

}

impl Guess {
pub fn new(value: i32) -> Guess {
if value < 1 || value > 100 {
panic! ("Guess value must be between 1 and 100, got {value}.");

}

Guess { value }

}

pub fn value(&self) -> 132 {
self.value

}
}

T 9-131 — Guess KA, BEREENT 10 100 ZBEIES A 444:
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AR, XBLTF src/guessing_game.rs BRI TF1E src/lib.rs H7x1A mod guessing_game;
RIRFEE, AIXBEGHIBPEIBREEK, EXMRRAXHEE, HIMEXT—MEA
Guess IIZEIIKR, BEBE—1RA value NFE, FRMFRTTF 132 XEWHF,

1BE, HIE Guess ELINT — 1R A new BUXRBXEREL, FAREIE Guess BIEFH, new FEUT—
DNEA value, FEA) 132 B, FHIR[E—1 Guess, new KEEPHRIERIGE value B
BF 1 5100 Zigl, 1R value gHE@EILX MM, HNIEA panic!, REARAXER
BWEFA: MINREEE—1EEEEN bug, EALIE— value BHXNTEH
Guess, =iHER Guess::new FRFRAVIEELY, Guess::new FEHASKMHTHIEE panic, NMiZEHE
EASMEBEY API XA, FH+TUERHEIINMEITE API XA EREA panic! AYATEEM., WR
value @I 7, FHITREIE— Y Guess, IBERY value FENZE IS value H(E,
SAIEIR[ELX A Guess,

BE, RMEMT—1NRA value B9757%: BB self, RHHMSE, FHiRE—1 i32,
XM ERNEITA getter, AATHENMEMNFERPEE —EHIEHFREE, XTMAEHA
ERMEM, AN Guess EMIAR value FERRFAB M, it value RIFFABIFEEE, EH
XHEFERA Guess LEMEIIRIDTEARRERIZIRE value | guessing_game &R SMIED B
i Guess::new B Guess I, MTIMRIE Guess REJREE —1 KL Guess: :new ZHIE
By value,

F=2, —MEWEORE 1 E) 100 ZEHFRIREBFEL R IAER AW (B30RE]) Guess BYSLA,
MARZ 132, EHERHERETEHTEMTINILE,

BL
Rust BYTHIRAMEINRER G IH N ENIRR S BAMEILAIAED. panic! RAR—IMEFTELE

RS, HELERITMARERTNNA ERIEHSSLIE, Rust RELRFH Result 1HN
RRFARESE—MAI LUMERNBE R TRK. BILUER Result REIFAEEREMTELE

BERMINEKR N, EESRIHRER panic! M Result FREIRBVAIIEEN AP RBYE
ENEACENIEIERN

MERNBELWIRG THRAERE option F Result ZRIMAHEEN T, £ F—FILIATHENZ
BRI ITIER, LUIAEIREIEERERENT.
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2R, Trait MNEFREHA

ch10-00-generics.md

BMEZIESEHE—LETH, AXRERNEMT LNES, £ Rustd, XENTRAZ—ME
2B (generics) . ERAKIEFHMBIATMR ST, (AT LUERZRIITH, HEE
MNEEMZEZENXER, MARERERFNSITAEEMIRIMAE B AW AT,

BRIELAT LAG IR R H(EARHE, IR EMZRERNSE, MARH 132 T String XM AR
KA, NMitE—ERABAUERTEMARKE, FXL L, RINELEFEERT
Option<T>, EEE/\EMZ Vec<T> ] HashMap<K, V>, FENEZMID Result<T, E>, ZANEIFLF
SHRFTWAERZEREX KN E SRR, KM FE!

B, HEMEMNEESIRINRKIHREIDBEESE, ARG, BIISERRENRIG, Bl
RESEEER ERRNRATH — 2R, FISERNAESEFRKEE X ER
R,

AlE, MEFIWAER trait LUZENARENXITH. fREILUIE trait FZERRIA SR,
HEENMZELRF A RBRZAEBRETANEE, MARERFEE,

&fa, B9 EHmAR (ifetimes) : ER—XMAmFSFIRM S| B ZEWAHEEXEK"FER
2B, GarARRLERITEBRREZFRIEEEBNES, FEEESTE THERIASIBEE
V(S

RIVRECRRLVES

REATRNER— NI UARSMERY SUMMRERISERE, DUtREDMERR. &
RNTRZRIEERZA, RIERRELEERZENBDTTRINGZE, BIHRE—E®
Ho ERXDEREF, FRMNB—TAURKRSHEN SUFFREREGIE, EERIERER
BRI — 2 RERE! BEIF IR RN U B EH— M RBHES AR, (RS
SFRIRAIH A LUERZ RN EE .

RN TEXNIHIIRPEAENADEFEFFIE, 056 10-1 Fimx:
XAE&: src/main.rs

fn main() {
let number_list

vec![34, 50, 25, 100, 65];

let mut largest &number_list[0];

for number in &number_list {
if number > largest {
largest = number;

}
}

println! ("The largest number is {largest}");

}

T 10-1: E—PNEFVIRFIFHERAERIRLL

AP BHFIRFHLE number_list, BEFIRPE—NLFHISIABIER N largest
M8, ARBHYIRPOFAELRT: MRYFIHRFLL largest FEFEHNHFEKR, MEHMX
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PMEREPWSIA. k2, MRIFEFNTHFTERALRIINEKE, XTTBEMRSE
T, RBHRSEMETIRPHT—MF, HFIRPAEHFELLRE, largest iRiERR
KfE; EXMIFE, ER 100,

MAEBNZE—MES: BEER T AERNEFIIRPIRERAE, Ak, FITRTLUERER
51 10-1 FRHBEER—, FREFNRINFRUEERRFRZEYE, RG] 10-2 Fik:

Y& src/main.rs

fn main() {
let number_list

vec![34, 50, 25, 100, 65];

let mut largest &number_list[0];
for number in &number_list {
if number > largest {
largest = number;
}
}

println! ("The largest number is {largest}");

let number_list vec![102, 34, 6000, 89, 54, 2, 43, 8];

&number_list[0];

let mut largest

for number in &number_list {
if number > largest {
largest = number;
}
}

println!("The largest number is {largest}");
}

T 10-2: FHENMIERAERRED

BAXERMAEELIE, EEFRNEEREINES M, MAISRIBESEEN, TFIEEE
EWZ A,

NTHFEMEE, BITREBEIEX — T UERBRIIRNSHIREBKREBHR. XTHRE
IERBERHT, B NUEHRHNARRAHE— N FIRPEAEF X MES,

£ 10-3 1, BAHEFHERERIEIRIE T —1R A largest EREF, ARFFEAX
TERER, FiLHTAE 10-2 PRI FIRENRAE. FRORKNEEFR 132 BYIR, HFE
A LS XA R

X% src/main.rs

fn largest(list: &[132]) -> &i32 {
let mut largest = &list[0];

for item in list {

if item > largest {
largest = item;
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}

largest
}

fn main() {
let number_list = vec![34, 50, 25, 100, 65];

let result = largest(&number_list);
println!("The largest number is {result}");

let numbexr_list = vec![102, 34, 6000, 89, 54, 2, 43, 8];

let result = largest(&number_list);
println!("The largest number is {result}"),;
}

T 10-3: HREHNIHM T BRFFIREAERNE

largest BREBA—INRA list WEY, ERTEMEHZREY 132 BEY)H. Eit, Sk
BERAXPNERERE, ABEIETERIMMEANNEREL,

BRI, HANBAEMRG 10-2 225RF 10-3 B, ZFH 7T TEXLESRE:

1. HHEER,
2. BESABRNET — M REP, FERBERFEE 7T AEFRRANREE,
3. FEERBBIMTRESG, SOVEBREK.

ETHR, BMNSAEENSBRENZERREVES. MERKARTLLIERR 1list, AR
EREMNE—F, ZEBATAELEMRELR,

e, RgFHENEWNRER: — ARG 132 YIFFRIRAI, S5—TAXKL char 5
FRRAT. BANZIAERXMEER? HEFTE,
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it ¢S

ch10-01-syntax.md

BN MERZRRARBTZRZHNEEZ LHNTEIREN, XEFEENIM RS ZMHARNARE
PUERBGER, FREBNMERZREENX R, SR, MEMAZ. AEEITSZESN
A M AD 4 BE,

TERIE X RERZE

HERAZRE XKL, ARERMEZPIETSHMREENEENM S, SRAZERE
TNo RAXMEA, FEMAEENMER, MMARKAREREEZNIIEE, RIHEs
THENES,

)% largest BR#, 5l 10-4 BT R NMIBRIHT AP RARENRE, &5, H1=1B
el & FH—MERZ R BIR L,

X% src/main.rs

fn largest_i32(list: &[i32]) -> &i32 {
let mut largest = &list[0];

for item in list {
if item > largest {
largest = item;
}
}

largest
}

fn largest_char(list: &[char]) -> &char {
let mut largest = &list[0];

for item in list {
if item > largest {
largest = item;
}
}

largest
}

fn main() {
let number_list = vec![34, 50, 25, 100, 65];

let result = largest_i32(&number_list);
println! ("The largest number is {result}");

let char_list = vec!['y', 'm', 'a', 'q'l;

let result = largest_char(&char_list);
println! ("The largest char is {result}");

w5 10-4: FNERE, FRIRRERFFMEZIELR
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largest_i32 ERIEZMRHI 10-3 LSRR, ERARTFH slice PERAR) 132, largest_char
ERERF 4K slice FERARY char, EAMERBUANAIBR R, RITAIUEX &L, B
SIHZESHIEFREMEES,

AT ERXNHRRPRRBMSHL, BIFTELRBESHGHR, MBERBNESHHE—
o EMIRMRATTE AT UMEARE SRR, EXERNER T, RAKRKIES, Rust HRIEE
SHRERE, BERBE—1FHE, M Rust RERHIGRLIER UpperCamelCase, T 2
type VS, HEARZ N Rust 12/F SIRIERINERR

MRMBERBAHERENSLY, MATERBERZFERENRT, HHESNEX D
BFRTMT 4. FE, BRERBEIPEARBESHRN, BBIEERE. N TEXZE
hREY largest BREN, FINEREZFRARERBBMSBIIRZENXIES <> B, GXiF:

fn largest<T>(list: &[T]) -> &T {

BT LBEXANEIGRIE: “"BR%R largest JWENER T 27Z2E8H, "XPMRBEBE—1BH
list &%, B2l T XBREAMNTIF. largest FR#=IREI—MEREEFEIER T EHS]
Ao

5 10-5 Y largest IRARFETCHEZRZHRFEATZE, F—TH IO, ZnfEERTEH
{AA A largest BRI#Y, 8 i32 {EAY slice 2% char {ERY slice fF4A T, R XLEMIDEREESR
o

NHR: src/main.rs

fn largest<T>(list: &[T]) -> &T { ?G
let mut largest = &list[0];
for item in list {
if item > largest {
largest = item;

}
}

largest
}

fn main() {
let number_list = vec![34, 50, 25, 100, 65];

let result = largest(&number_list);
println! ("The largest number is {result}");

let char_list = vec!['y', 'm', 'a', 'q'l;

let result = largest(&char_list);
println!("The largest char is {result}");

}

T 10-5: —MERZESIRAY largest RIEN, HFREMRIF
NRMEMBIFXEANE, LM TEIR:
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$ cargo run
Compiling chapter1@ v@0.1.0 (file:///projects/chapter1®)
error[E@369]: binary operation > cannot be applied to type “&T°
--> src/main.xrs:5:17

5 if item > largest {

(N e o e &T

&T

1 fn largest<T: std::cmp::PartialOrd>(list: &[T]) -> &T {

|
|
|
|
|
help: consider restricting type parameter ‘T ' with trait “PartialOrd"
|
|
| +++++++++++++++++++H+H+H+

For more information about this error, try “rustc --explain E0369°.
error: could not compile ‘chapterl@” (bin "chapter1@") due to 1 previous error

HEEEEIRE]T std::cmp::Partialord, X@—* trait, FH{IZET—NHITIL trait, MWTE
FoRE, XPEIRVEEA largest FIREAHAREEER T T FREAIEERIEE, EAFITEER
BUAARLLER T HEME, FRUARBEFERBLEER UHIFNEE, AT ISR, FnEFERMET
std::cmp::PartialOrd trait, {RALIAXBIIME (FEZARMMR O, BEERHE 10-5,
AT LURBRESBY (S BAVEIN, 38 T PR&INRIFZTINI Y Partialord RYRRY, XEFARIBRLEE
HmiE, ENFEREBESL N 132 F char LI T Partialord,

ZMEEXPayZE
BITBRILUER < BEREXSEE, t—PMHS NI FRERZELESH, T 10-6 EX
T — Point<T> Z548(K, FARRFERERN x M y B45E:
X src/main.rs
struct Point<T> {
x: T,

y: T,
}

fn main() {
let integer = Point { x: 5, y: 10 };
let float = Point { x: 1.0, y: 4.0 };

T3 10-6 : Point EMIATZIL T IS T SEBIRE x M y

FEEMAREX PEAZENELREMTREEX PERAZE, 8%, YNEERERNEEmN
RIFSHERZESENRN, ZFEEEMEEXFRILEERGHRERENUERFRZRE
B,

AR Point<T> FEXPREAT —MZREE, XPEXKRBLEIE Point<T> X F—EeH
TEZER, MEFER x M vy 32 HREEN, TILERKZMAEXE, NRZHACIE—E

ARIZEEUER] Point<T> BYSLH, A 10-7 REVISFIABERIX:

X% src/main.rs
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struct Point<T> { ?G
x: T,

y: T,
}

fn main() {
let wont_work = Point { x: 5, y: 4.0 };
}

5 10-7: FE x My BURBRIHER, RAENEEHREFZEEE T

EXAMIFHR, HIBREE s HEL x B, MEFTHEFESEXD Point<T> LHIRRZE T2
R, BEEEy MFRE 40, ANy WEXANS x HEXE, FIUBERE—MEX
BERYEBI AR LAC IR

$ cargo run
Compiling chapterl® v@0.1.0 (file:///projects/chapterl®)
erroxr[E@308]: mismatched types
--> src/main.rs:7:38

|
7 | let wont_work = Point { x: 5, y: 4.0 };

| AAN expected integer, found floating-
point number

For more information about this error, try “rustc --explain E0308.
error: could not compile ‘chapterl®@” (bin "chapter1@") due to 1 previous error

MRBBEX— x M y AJUBEAFREE BARZERY Point (R, FHTAILUERZ T
ZBIRBBE, 750 10-8 1, FAUER Point NEXNMEMMNZEEE THM v, HFF
B x 2 7 XREp, MFRy 2 U LEMW:

NHR: src/main.rs

struct Point<T, U> {
x: T,
y: U,

}

fn main() {
let both_integer = Point { x: 5, y: 10 };
let both_float = Point { x: 1.0, y: 4.0 };
let integer_and_float = Point { x: 5, y: 4.0 };

fil 10-8: ERAMZERY Point, XiF x M vy AJgEEREEE

WE, THIENFIEXLE Point SLRIERGET ! RATLIEE X FEAERS S MZEEE S,
BIREI/LT, ABRITEELURR. MRFAIECERBERERSZEELE, B
RERIRE X BRI IZAR B A E/N\EIEE 7o
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MEEE X PEyiZE

MR, BEBEIUERRPEROZRSELRE, ER8H1)8 I inEERER
Option<T> M(Zs, XEB[OH—T:

enum Option<T> {
Some(T),
None,

}

MEXNEXNIZERZIEHET . AFRFRN option<T> B—NMARZE T WKE, EBR I
5. some, BT —1EE T HE, MAFEEMERNone, #EIT Option<T> MEAILIE
EE—AIBEER MRS, FERERN option<T> BN, TIEX M AIREMERHTARE
A AERAX TR,

KMEMAIURBE S MZERE, FAEEMATR Result MEETEXTE—MXEHIFIF:

enum Result<T, E> {
Ok(T),
Exrr(E),

}

Result MEAMMZRIER, TH E, Result B MNAG: Ok, BEFEHR—MEE THME, M
Err MFER— KR E BB, XNENXES Result MEEER A BENRAEMAATEERTD (R[]
T EBRE) thelgek GR[E] E KRAE) B9iR1E. Xhrt, XMEFHNTERSG 9-3 AFRIT
FAXHA: HETHFTHAXXHREE, T XA std::fs::File B, MEITHXMHHIN

) EeY, E BY{ENIE std::io::Exror ZEHY,

HIRRIREIRBPREX T S MEMEREREE, A —puths IR EPREREERRRE,
TR RREEE,

FEEXPRZE

BATRI NS E R EIENEANRELIMG X, HAEXEFEEXPRERZE, =109
R TR 10-6 FAEXBY Point<T> 5K, LIREH EKMB—1MRN x 897575,

X1 src/main.rs

struct Point<T> {
x: T,
y: T,

}

impl<T> Point<T> {
fn x(&self) -> &T {
&self.x
}
}

fn main() {
let p = Point { x: 5, y: 10 };
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println!("p.x = {}", p.x());
}

f5) 10-9: TE Point<T> L5f{A ESCIMTTIE x, ©iR[E T LEMFE x BI5|A
XEBTE Point<T> EEXT—POUM x WA ERTREIFE x hEkiER5IA.

EFWIE impl [FEISEE T, XEFFLRILUE Point<T> ESCIBYGARFER T 7, BIE
impl ZfEFERRZEY T, Rust #iANE Point RRIFSHRRBZZHMARAMER, F(1a
URZHESHREFE—SEMEEX FERIZESHARENZM, FIKRRIRGIER T8
ERIRIR. WRIREinpl RRE —NEBEZRIERNTT A, BARSGEREEMEREG L
EX, TeRLBTARGREREZEER, (FE&EE: LURG 10-9 A, impl FhEER
TRBEREBH T, x WS inpl FRTSE, x TIERREXTE Point<T> BYEMAILHIE,
TIERABHZRLBSH T IR ARRER),

EXFERWA U AZREERE] (constraint)o i, BILUEEJY Point<f32> SLBHISKIN S
%, MARNZE Point S2fl, R 10-10 BR T —NBTE inpl Zf5 (HNRES) FERR
BpvhlF, XBEFERAT—TARKEE, 32!

NAHR: src/main.rs

impl Point<f32> {
fn distance_from_origin(&self) -> 32 {
(self.x.powi(2) + self.y.powi(2)).sqrt()
}
}

T 10-10: WE—IREBATREZESH T WERRRIRAZEERY impl 3R

XEGLIZELRE Point<f32> FARISH —/NF57% distance_from origin, MEM T RF 32 &
BURY Point<T> SLEINEBENX IR, XN EITEREFIS 4R (0.0, 0.0) ZEHEE, H
FET REATERENMEEER,

SEMAEXPRZRERBESHAREEESEMES ZE2PEANZREER KR, T
10-11 59 Point LSRR T ZBIRE X1 # Y1, 9 mixup FSEERMEAT X2 M v2 KfE
SRBIEMBERE. XA self Ay Point ZKAIM x { (KA x1) MSEA] Point AR
y B (G v2) REUE—1H Point ZERIAYSLAI:

X% src/main.rs

struct Point<X1l, Y1> {
x: X1,
y: Y1,

}

impl<X1l, Y1> Point<X1l, Y1> {
fn mixup<X2, Y2>(self, other: Point<X2, Y2>) -> Point<X1l, Y2> {

Point {
x: self.x,
y: other.y,
}
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}

fn main() {

let pl = Point { x: 5, y: 10.4 };
let p2 = Point { x: "Hello", y: 'c' };
let p3 = pl.mixup(p2);

println!("p3.x = {}, p3.y = {}", p3.x, p3.y);
}

T 10-11: FAERT SEMGE X RARRRERZE

7 main P, EXT—1E 32 X8 x (HEHNS) Mfes Ny (HEN 10.4) B
Point, p2 MI@—NEEFRE slice AR x (EH{EN "Hello") F char KA y (HEHN
c) Y Point, 7£ pl ELA p2 fEASEAR mixup ZREI— p3, ESHE— 132 LEH x,
HA x KB p1, HEE— char £EW y, ER y KB p2, println! SITEIH

p3.x =5, p3.y = C,

XMFHENZRT—EZEEE inpl ERAMB —LREE HEAEXERNER. XBZE
S8 X1 Y1 BEIRTF impl 2[5, ERENSEWETEXEXR, mzEEs# x2 M v2 &
F fn mixup 25, EAENREERTFHERSH,

BB RYEEE

RAJRERYFE, FAZEXVNSHELSHTREITHAHE. WEER: FRZERRILERL
FERAGEUETEEIE,

Rust i@ 7EARiIZFAS X2 B ARS#1T A (monomorphization) FIRIX—8, BELTFHE
EZ AR EAIENERE, FEERRENIMFAIINAGERARFRZENE,

AEXTIREF, FwFSFAMANTEEFSTE 10-5 RRMISIBZERENTBER. HFHiFE
SHATEZEAREKIERNUEHERZEA X B ARER E A,

I FAVBBXTEITAZERY Option<T> 4% L 2N TFAY:

let integer = Some(5);
let float = Some(5.0);

% Rust fmiFXLERIBNEHE, ERHFITESK. MFSIEEUEFIEL option<T> FEH LI
BT Ooption<T>: — PR 132 F—MINL fe4, ALk, ESRZEE X Option<T> BF A
e 132 Fl fe4 BIEN, EMERZETEXBRAXANTEEE Mo
WIFBRERNESUMANKBEERGXE (FEEEFFARATFOTRENETF) :
X% src/main.rs
enum Option_i32 {
Some(i32),

None,

}

enum Option_f64 {
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Some(f64),
None,

}

fn main() {
let integer = Option_i32::Some(5);
let float = Option_f64::Some(5.0);
}

728 option<T> fR4RIFEMN T BAFIENX . EN Rust ZFEMIER FHZEAEEEN

BRRE, ERZELAETHAHE. SRAEETH, ERNHRTRERRITFEFEETREKTE
XHEENE—F, XTESUIEER Rust ZRAEGBITHIRAESHNERE.
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Trait : EXHEETH
ch10-02-traits.md

trait EX T R MFERERE RS HMRERZNINEE, FJLUET trait U—M#HKRIG I
EXHFETTH. AILAGER trait 295K (trait bounds) 18EZE B EMABREITHRIEE,

AR trait FUTFEMBSHHVERIT N O (interfaces) BITHEE, BAF—LER
[Elo

E X trait

— P RETARERIHIER G AR, MRALUNAESREERBRNG ERE, Xk
B UAHZERBITAT . trait EXB—MRFZERAGERNGZE, BHREX—1K
RELEBRFIBENITANES,

N, XEESNMFRT RAERBEMBIEXAREME: LK NewsArticle BFERAET
R ZMBIRIERSE, MEME SocialPost ;RZREEFM 280 MFHHRE, MUKIETIZM
FREMAZMH. BREHERNZ—FMEFHIEIZE TR,

HIEEQIE— 1B aggregator KL IRAR S ERERAIBEMETETE NewsArticle 5§
SocialPost SLIFRHVEAIBIEE, 7T LITNEE, SNEMEEHEREBRREUEE, XHFERIER
B LUAASEFIRY sunmarize FiARIERFEE, =l 10-12 PRR T —MRUXMESHRE
Summary trait FYE N

XHE&Z: src/lib.rs

pub trait Summary {
fn summarize(&self) -> String;

}

51 10-12 © Summary trait X, ©EEHMH summarize F57EIRHVITH

XEBEFA trait XBEFREP— trait, FER trait WEF, EXMIFHZE Summary, K
IBASER trait Jg pub LAEMRHIX 1 crate WEE crate WEJLUEARXA trait, EWMFHNIRE
HN—LRB—1, TARESPERRARSSIIX trait WRERBENITANGEESZ, X
MEFHRZE fn summarize(&self) -> String,

EREERRERENS, MARENESHPIRHES, EEF— WX trait FYEBIEE
ERMHMEHBEXITANA AR, HmFS[UIHFERISEI summary trait BIERERE 5X 4
FTRNEXTE—HH summarize F57&,

trait (KPR LAIEZ 1N A% —1T—NEEERBEBUSSERE,

FFERTI trait

MEBNENX T Summary trait N R, BEEMAIUEZSEABRSEPLMXNERT, =6
10-13 PR/ T NewsArticle £5#J{A L Summary trait B9—SEIN, B©EMAIRE. (EEMAIEN

ME{ES summarize BIR[EME, XJTF SocialPost ZEHF{AE, FR{EFFRIE summarize ENX HEF
BEEREFEXENREE, HBRIZEFRBELEEFIS 280 FRFIUN.
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XHERZ: src/lib.rs

pub struct NewsArticle {
pub headline: String,
pub location: String,
pub author: String,
pub content: String,

}

impl Summary for NewsArticle {
fn summarize(&self) -> String {
format! ("{}, by {} ({})", self.headline, self.author, self.location)

}
}

pub struct SocialPost {
pub username: String,
pub content: String,
pub reply: bool,
pub repost: bool,

}

impl Summary for SocialPost {
fn summarize(&self) -> String {
format! ("{}: {}", self.username, self.content)

}

5] 10-13: 7 NewsArticle ] SocialPost &Y FSCIY Summary trait

fERR FSRI trait KM TFSEMEM G E. XKRITET impl XBFZfE, HIRHFELN
trait BI2TR, HER for MFESLIH trait BUKBMRTR, £ inpl 3ReP, A trait EXHEY
HEER, FTEFBREDS, MEFEEAESHES RBIFRAFERE LI trait 574
FRBEBIIT A,

INTEETE NewsArticle F] SocialPost _ESCIR Y Summary trait, crate I FP B LUEIRAREMNA
JE—FEIEF NewsArticle Fl SocialPost SRRV trait F7E T, ME—RIXHIZE trait AAHAIZEEY
—EE5 I NERIB LUEERESMY trait FiE. XE—MZi#E crate dNfAIF] A aggregator
crate B9fIF:

use aggregator::{SocialPost, Summary};

fn main() {

let post = SocialPost {
username: String::from("horse_ebooks"),
content: String::from(

"of course, as you probably already know, people",

),
reply: false,
repost: false,

b

println! ("1 new post: {}", post.summarize());
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XEFTEIE 1 new post: horse_ebooks: of course, as you probably already know, people,

HA{kFi aggregator crate BY crate HAJLAYE Summary S| ANEREAENE B SHER LM%
traite FEEFEMRGHIRE, RHE trait WREEDEF—ETFT HHI crate BY, A BEITHE
BISHNIZ trait, 5190, BILLAY aggregator crate FYBE X A SocialPost SLIINAREEARY
Display trait, Xs2[E/9 SocialPost FKAIijF aggregator crate ZAHEYIERIE AR, FE{Mih,
8] LATE aggregator crate A9 Vec<T> SLI Summary, XEFE Y Summary trait (i F
aggregator crate ZAHERIFHA,

HREAREENIMEBLBYLIIMER trait, 5140, AEETE aggregator crate FRJg Vec<T> SCIY
Display trait, X;E&E 9 Display Fll Vec<T> HE N FARAEEF, S 1HAUTF aggregator
crate ZMEREH, XNRHIZHWTAMEFE (coherence) BIEFEMIN—E, HEFER
A9 LR (orphan rule) , ERFZFAEFEERER, XEFMUBHBERTHARSHR
IBARSWIFMREILIE, RZIFR. BEXFZMUENE, A crate B LA I3 HERISEESCINAR
[ERY trait, T Rust & T MISEIR %6 B H— L,

fEFRRIASEEL

B trait PRRLEHEE S ERERANITH, MARESTRENES M LIPEHEX B
CHITHRRERAN. XESRHEMIELELI trait B, ATLUARREXERE N HIEN
ARAIATT N

T f5) 10-14 A1 Summary trait BY summarize J53A38E —MERNNFRTHRE, MARET
511012 PPIFERBEX T EER:

XH&Z: src/lib.rs

pub trait Summary {
fn summarize(&self) -> String {
String::from(" (Read more...)")

}

{5 10-14 ¢ summary trait IEX, HH— summarize 75 ARIERIASEIR
INRABEFTS NewsArticle SEHIERAXMEAIASSI, BILUET

(== J N 7]

impl Summary for NewsArticle {} 3I§E—1FHY impl iR,

BARNAEBEIES NewsArticle X summarize 57£7, BEFEIMEMET —MEUALIHE
$57E NewsArticle SCIY Summary trait, FEt, FNMBIABILLIT NewsArticle SE{59E A
summarize 7575, S0 TFFAAR:

let article = NewsArticle {
headline: String::from("Penguins win the Stanley Cup Championship!"),
location: String::from("Pittsburgh, PA, USA"),
author: String::from("Iceburgh"),
content: String::from(
"The Pittsburgh Penguins once again are the best \
hockey team in the NHL.",

b

println! ("New article available! {}", article.summarize());
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XEEFLIZE3TEN New article available! (Read more...),

79 summarize GIEZRIATLIMHARAERIT R 10-13 # SocialPost _FHY Summary SCIRMH{E(I
T, HRREREH —MNRIALIMANEEZSKIEE RIAZLIW trait H7ERNIEE—1F,

FRIASSIR AV FAEE] trait RRVEMAE, WIEXEREAZBEMIAED. fLk, trait ATLUE
HIRZBERNEMAFTELIEE—/ NP AR, Ha, FHATEILIE X Summary trait, {EH
BE—1MEZEXLMA sunmarize_author J55%, FAIFENX— summarize 757%, L7 ERVERIA

SCIE B summarize_author /3%

pub trait Summary {
fn summarize_author(&self) -> String;

fn summarize(&self) -> String {
format! (" (Read more from {}...)", self.summarize_authoxr())

}

N T ERXNDIRAER Summary, REFFHEELI trait BIE X summarize_author BJA]:

impl Summary for SocialPost {
fn summarize_author(&self) -> String {
format! ("@{}", self.username)

}

—BENT summarize_author, FR{IFLBJLANT SocialPost ZE¥Z{ARISCHIEA summarize T,
i summarize RYRRIASEINSAAEITIEMHAY sunmarize_author X, EALIT
summarize_author, Summary trait PR summarize J57ARYINEE, BEZBRE EZHINE,

let post = SocialPost {
username: String::from("horse_ebooks"),
content: String::from(
"of course, as you probably already know, people"”,

) I
reply: false,
repost: false,

};

println! ("1 new post: {}", post.summarize());

XEFTENH 1 new post: (Read more from @horse_ebooks. ..),
WIR, TEMN—TFZENEELMPEARSERZNRIALIM,
fE/ trait (EAEBE

& 7 9NMEIE X trait FITEFEY ECHLXLE trait Z2f5, FATATLURE—TURMER trait K&
REMARLENSE, R 10-13 Y NewsArticle F] SocialPost FEISLITT Summary
trait, FAELRENX T — 1R notify RIFAHSER item LAY summarize 757%, ZBHERLI
7 summary trait BYEMERL, HULAILER impl Trait iE3K, X
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pub fn notify(item: &impl Summary) {
println! ("Breaking news! {}", item.summarize());

}

JF item BE, HAWEET impl XEEFH trait B, MAREBEHEE, ZBHIFEM
SKILTHETE trait BIKEL, £ notify ERER(KRR, RILUARMEREKE Summary trait Y55, b
0 summarize, F{1BILUZIE{E(R] NewsArticle B SocialPost BYSL{FISEIER notify, {E{a]FR
HEeW string 8% 132 RYREFAZR MBI R ERIE, RAENZBERIM summary,

Trait £95RiE;

impl Trait JEAEEM, BERMFERERKIAB trait 9K IEEREEE. EEEREG:

pub fn notify<T: Summary>(item: &T) {
println! ("Breaking news! {}", item.summarize());

}

XMBERARNEZS L—TRRAIEN, EEATK. trait ARSZHESHFRE—E, UT
RIESHHESEH.

impl Trait R7AfE, EBRAFNWIGIF. BKM trait ARNEMFEERNTR. FlW0, &
UREXRNSEIL Y summary BYZEK, A impl Trait BIEABREHKEGXF:

pub fn notify(iteml: &impl Summary, item2: &impl Summary) {

XERT iteml # item2 AILIRAEREMIER, REBCNIEKIT summary, I, R
MNHELEFEM T SHDFEEERLE, S IER trait IR, WTFFAR:

pub fn notify<T: Summary>(iteml: &T, item2: &T) {

2B T HRFERES iteml H] item2 FUSERIRMEY, SNMALEBLESEL itenl F item2 ERYE(ARLE
le\gﬁi_ﬁo

B + EEEES trait 4R
BATBAILUEE 21 trait £93R notify 7£ item LEEREEARINLETR, XAEFEMA summarize
F3i%: 7E notify FNEX R, 8% item HIN[ERYSLIY Display Al Summary PR traite XETLL
‘i + EERI:

pub fn notify(item: &(impl Summary + Display)) {
+ IBEWERTIZEM trait 495K

pub fn notify<T: Summary + Display>(item: &T) {

I FEEX A trait £95R, notify BIEREAAI LA summarize HER () RARTUIL item,
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38T where HE trait %k

SAT, EAEZM trait AR BHERR, BNZEBEBCH trait R, FIUBEZMNZESH
BRI B IFMSHINIRZESBREN trait 93K E8, XEGRHEZELRIR. ALk,
Rust B5E— M ERKRER Z /5] where NAIFIERE trait IRBIEZE. PR TXAE:

fn some_function<T: Display + Clone, U: Clone + Debug>(t: &T, u: &U) -> 132 {

ER] LABX A E A where MAD:

fn some_function<T, U>(t: &T, u: &U) -> i32
where

T: Display + Clone,

U: Clone + Debug,

P REELMEEABARE, KR, SHIRMREELRBETEFERE, HEKRRSR
BAZ trait IRBIRER B

IREIEIT trait AYSEE
WEILIFEREERGER inpl Trait &R, RREISKIL TR trait FISEE:

fn returns_summarizable() -> impl Summary {
SocialPost {
username: String::from("horse_ebooks"),
content: String::from(
"of course, as you probably already know, people",

)I
reply: false,
repost: false,

WIS ER impl Summary fEIREIESRE, FfHEET returns_summarizable FRFREIF ST
WY summary trait BEE, EBEFAHEHRAKREE, EXMIFH returns_summarizable
R[E] 7 — SocialPost, AIIEAAHABE,

RE—PMRZBIEET FESLIMW trait WRBMENTEABNERBEIR+ONER, F1+=
SRNMAEN]l. AEMERRIZRERIFZFMENELE, HERIFRIEERIEE,
impl Trait SAVFRERAIEERLURE— Iterator MAEFE HSEFRAYTTRKAIRE,

AEXREATFREE—EEWER. 590, XEAEAIREEREEE HIRE]
impl Summary, {HZER[E]T NewsArticle Bf SocialPost FL{TAIE:

fn returns_summarizable(switch: bool) -> impl Summary {
if switch {
NewsArticle {
headline: String::from(
"Penguins win the Stanley Cup Championship!",
).
location: String::from("Pittsburgh, PA, USA"),
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author: String::from("Iceburgh"), 7&
content: String::from(

"The Pittsburgh Penguins once again are the best \
hockey team in the NHL.",
),
}
} else {
SocialPost {
username: String::from("horse_ebooks"),
content: String::from(
"of course, as you probably already know, people",

)I
reply: false,
repost: false,

XEBRIRXIR[E] NewsArticle B SocialPost BAMAIFHY, REATETHIFR[H inpl Trait iEX
BISEIRPRE. B4/ \ER"EA trait object RIMREHZTH" B A SN BIUNAIRE XFE—1
BRI %46

£/ trait LSRBEFRMLIGE

WS ERAHE trait JRAVZESHBY impl IR, AIBFRAMINBLELIM THE trait BIZE
BISKI 7R, 90, = 10-15 PRYEE Pair<T> BEKIT new FFiAFHIR[EI—1 Pair<T>
BYSEfl (RIIZ—THERER “THAEE" #57, self 2—1 impl IREBIRIERIFIZ (type
alias) , TEXERE Pair<T>), RNIEF—1 impl Rep, RIBEFRLEN 7 RKELI T Partialord
trait (RAVFLLER) # display trait CREBFYIEN) RY Pair<T> ARSI cmp_display 574!

use std::fmt::Display;

struct Pair<T> {
x: T,
y: T,

}

impl<T> Pair<T> {
fn new(x: T, y: T) -> Self {
Self { x, y }
}
}

impl<T: Display + PartialOrd> Pair<T> {
fn cmp_display(&self) {
if self.x >= self.y {
println! ("The largest member is x = {}", self.x);
} else {
println!("The largest member is y

{}", self.y);
}

5 10-15: 1RYE trait ORTEZE EBFAHNLMAE
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WA AFHERISEIE TH5E trait BUREL B FH LI traite FHMEFITHEBIFE trait LIRALERIL
I trait ##5 59 blanket implementations, E4EI 28T Rust FEER, HIa0, tnERE
ARSI T Display trait BIZKEYSTIL Y ToString trait, XA impl IREFCRGIXIE:

impl<T: Display> ToString for T {
// --snip--
}

R AREER 7 XL blanket implementation, 1A LIHERIEILT Display trait BYZEEY
VAFE Tostring EXRY to_string F53%, BIgN, RILUREERMLIRAIINVAY String (H, FNE
BISCIPY Display .

let s = 3.to_string();

Blanket implementation =HI7E trait XAHEY “Implementers” #8437

Trait M trait £2RIL T REBERAZRRBESHNKBLVEE, MARBOREIFEFHIEEZE
KETEREWLET N, ARERFFRTLUFA trait AREE2HNEREPFAAINEGRLEZ
BIRM T IERIITH. EohSEREES R, MEKNTERT — I REXWFGE, SEBITEH
MEHIR. Rust FXLEFIREE THIFN, BEEEARBEBEITZAMBEHKINEE R,
S5, FMEETRREEETRHOETANNE, RAERINMEENEL T, XHRREAT
MEREX N RFZ BRI R E M
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ch10-03-lifetime-syntax.md

EaERS —RANEBLERAINZE, FETHREREEHENTH, EmARATRIE
SIRERNFENE RN ZE R,

HEFNEITIEC S BANER" BO, HRITBERT —1MEENAT . Rust FRIS—15IHH
BHEGRAL (ifetime) , BRESIARIFEROIERE, KEBHIHRESGEABRREH T
YERTRY, IESNARER DB ERSEEE PT LUERTE—1F, KT HRANE SHrIseR B RIRHR AN
ERASRE, WIS ARES AU —EREHGIVEXERRIIER, Frld Rust EEF(EEA
RBEEMBRSHFERENNX R, XEMERRISITISMRERNSIRLMNZERE.

EEIREERAR— I ABMES AT, FIUXAERTERGLERE. BALE

ARG REELMNANE, HMSHE—L@BEIRAIERBEINEmEIIEEUERAEX
M=o
2E5|H

AN EEBIRRERRES|IA (dangling references) , [GESSHIERF5|H 7T IEFHA
5| AEIE. ZE—Tmxf10-16 R, EE— 1 IMMERFFA—REBERF,

fn main() { ?@
let r;

{

println!("r: {r}");
}

5 10-16: SR ERBEAEREERNS|IB

AR R 10-16. 10-17 7 10-23 RERATKBAVRENEE, FIUXETEETE
FHNERERSEL, XFEZ THEM Rust RAFEFEZEERR. AMMRIIHES
E—MEZRIERAXITEE, SHR—IREENEIR, XMERAT Rust BEFRITF
=fEo

SMERERIEIASER T — MK BHIENZEE r, MASEREERT —MIEN 5 BEEx. RN
EBEREF, M=K @ EIREN— x BW51H. ZEEASERABERRE, ST
o B9E. XEBRARBAEEEEN r SIBNEESNERZAMBER 7 EA. NTEHEIR

=8

$ cargo run
Compiling chapterl® v@0.1.0 (file:///projects/chapterl®)
error[E@597]: “x  does not live long enough
--> src/main.rs:6:13
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|
5 | let x = 5;
| - binding "x° declared here
6 | r = &X;
| AN borrowed value does not live long enough
7 | }
| - 'Xx° dropped here while still borrowed
8 |
9 | println!("r: {r}");
|

- borrow later used here

For more information about this error, try “rustc --explain E@597°.
error: could not compile “chapterl®@” (bin "chapter1@") due to 1 previous error

TE x H&E "FENEBA . HRAR x EEIASE 7 1TAEIERRERIMEF 7 BRI,
A r FEINEREREIN BN, (ERBEARIIMILE “FENEA . R Rust AIFXE
RBEIE, r B35BT x BEFERERBERNAE, XA r MEMIRIERTEE

B I{E. 4 Rust BIMTREXERABEZFAMATNIE? XFmTERARNER,

fERtLER

Rust 4Ri¥23E— MERIRZERE (borrow checker) , BHLLRIERERBFRAAIENEREHEEN
8o 1 10-17 BR T 575 10-16 HRMNGHIFAIHEEEE e AHARER:

fn main() { ?G
let r; ()] s=ccossccias '3

N
// |
{ /1 |
let x = 5; /===
T = &x; /7|
} /] -+ |
// |
println!("r: {r}"); //
} /] === +

I 10-17 1 x 0 x BESEERERR, D7/ a A b

X r (ESBRICA 'a HF x BESEAERICA b WRFAIL, MERRY 'b IRELLSH
EBRVESAR a2 MIZ. TERIERT, Rust LEARXMNESBEARRIA/N, HEI r BEEHE
Hi'a, AEESIRT —MAREGEAR b NR. BEHEIELRE, FHNEGEL b bE
AR 'a B/ HEIRNRIEER5|IBEFEREER.,

ILFRANEETA 10-18 PP H KA ERESI B A LUIERRFNFF:

fn main() {
let x = 5; /] —---ee-- +-- 'b
/1 |
let r = &x; /] --+--'a |
"o |
println!("r: {r}"); // |
/] --+ |
} i} Ses e e :

209/548



Rust i2FIKITHES ERHXHR

T 10-18: —MERREISIA, RABIELLSIBAEEERIESEH

X8 x fBRLEmEH b, b 'a BA, XFEME r AILISIA x : Rust Fli&@ r FEY5|A7E x
BHBEHEE S 2E M.

MEBNEELE—TEENGFRRER T S| BNE SRR T AL, HiTieT Rust dNASH
S EAERFRIES I BEREENH, ETRIEFNUENTER I £ T XPESHFREERNZRYE
AR,

E8Es G al: PR ke X L

LA RREE —MREIFRDFRTE slice FRKERIRE. X MREEIRIENFAFE slice FiR
[E—FfFER sllceo —BRAISEIMT longest BREX, Rff 10-19 FRBYAREIN Z=FTENL

The longest string is abcd :

Y& src/main.rs

fn main() {
let stringl
let string2

String::from("abcd");
"Xyz";

let result = longest(stringl.as_str(), string2);
println!("The longest string is {result}");

A f5 10-19 ¢ main EREIFA longest ERERIFHMNFATEH slice FERKA—D

AR REEREEN 5| ANFAFE slice, MARFRH, EABINTAFEEL longest REIR
BSHNFREN. & ZaENEFNFRE slice FASHUEDPESZ X F R AT
10-19 BHUIENT AT THIZERTITIE,

R ZIR GG 10-20 HABFESSIL longest KER, B©HABERIF:
X% src/main.rs

fn longest(x: &str, y: &str) -> &str { ?0
if x.len() > y.len() { x } else { y }

}

il 10-20: — longest HRENAISCIN, EIREIFNFRIES slice PIKE, MELEFRERF
ANt HIIN T A XL dp AR EEIR

$ cargo run
Compiling chapter1@ v@0.1.0@ (file:///projects/chapter1®)
error[EQ106]: missing lifetime specifier
--> src/main.rs:9:33
|
9 | fn longest(x: &str, y: &str) -> &str {
| ---- ---- AN expected named lifetime parameter
|
= help: this function's return type contains a borrowed value, but the signature
does not say whether it is borrowed from “x° or 'y’
help: consider introducing a named lifetime parameter
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|
9 | fn longest<'a>(x: &'a str, y: &'a str) -> &'a str {
| ++++ ++ ++ ++

For more information about this error, try “rustc --explain E0Q106 .
error: could not compile ‘chapterl®@” (bin "chapter1@") due to 1 previous error

RIANAIB R TIREEZEE—ZREGELESE, FR Rust FARREREREMS|IAEE
[ x 3% yo BLEBRNTERFE, EAREEH if RIRE— x B95| B else HHRE—
y B95| !

UG AERMEHE, HTAEERARBWEKE, FUETMEIRER if T2
else RUMIT, HAMEFAEENGZIBIRAESER, FIALHTFEGTH 10-17 7
10-18 BHEBIMBFRERIBTERNS RTLREY. HRALERASAFEIT R
2, EAETAE x Al y WESEPRNASERENERRBIEXRN, HTEEX H
2, BTSSR ESBBSHRE N3 FENERIUEE AR ERATLHT R,
AR

SR T EE 3 AR, ERTIHEET 213 MERBIEEN
X%, MARHEERBS., 5URREEPIEET Z LR ERA LSRR —
. MIEETERESRBERA RS EMESREBNIA,

EHRAHREE— I TARRNES: EHRBSHEHAANNS (1) Fk, HEME
HRRNE, XNTFTRRENERE. ASHARLR @ (FAE— M ESRIPER. £HE
WBRCTROTSIRN & 25, HE— N SHRE BLLSERRIBIRS R,
XEE—EGITF: RINVE—REEHBBSH 132 1318, — MUK 2 NESEHS
#Eg 132 W31M, M—MESBPLR ‘2 1 132 WAL3|A:

&i32 // B
&'a i32 /1 HEEXNEGEEARE A
&'a mut 132 // HEERNEMEEENAIZS|A

BEMNNEREERATREZVEX, BNEGEEHESF Rust 2105 ARNZEESRE
HASEUNEEEEX R 1EFRA]TE longest BRI T CRIRERAE ap A HEARNAEEEK R
TR Z R PR

AT ERBERPERERARIE, FEETRRINSHTIRENRESHERZEESRE
HA (lifetime) 2%, mEUZRIER (type) SH—1%,

BMNBEXNERZRAMTAOR: REPVSIBRER I SHEBEN, mz—EAERN. XMES
Lo AHMLREEESARZERNX R, RITEX N EMERGRA 'a, ARGRA
10-21 BFFEMEIS5I1A L.

X% src/main.rs

fn longest<'a>(x: &'a str, y: &'a str) -> &'a str {
if x.len() > y.len() { x } else { y }
}
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I f5) 10-21 & longest RBENXIEE T ERPFIAER I RLIEHERNEREL 'a
XEAWERBREASTERNFESERIRAE] 10-19 Ry main REREILER,

MERBEZLRANTFREEGEAL 'a, RESKNRMSR, SlER5EGEAR a2 71
MED—FKBFFE sliceo RBZBREI—IMEFBESEGEAR '« ZFENED—HRKNFR
£ slice, ERISERRE XZE longest BELREINSIARVESARAS RIS KPS| BRIERIES
BN NE—E, XEXRMERNIFHE Rust DITREBPRERR.

BEBIERBERPIEEERARSHE, RiIFHLEREEAENETREENESE
Hi, MEREEARHEXMIRFHNETRRERLERIEL, FT longest RYHATE
BIE x My ARSEFEESZA, MRAFBNEEE ALK '« BERANERERIBEEX IS
o

HIERRPEREMBAREREN, XEFRENTEREETRZP, MAFETTREEPIERN
R, SmAHFRRAT RBAEN—E57, FERTIAPNEE, LRHKEREEEGA
HANERIRE Rust iIFBMNTELEEEET . NRRECTFEERXEBRBR L ERK, HiF
FRTR1R ] LU A MtIE B AR HINER 7. MR X AMAVIE, Rust wIFXWEHNIEAEN
S ARX A ME SRR, XFRIFII T REEIEHBE R nBt SR ZH 2 IMIRE,
HEMAES|BRIEELS longest BY, # 'a FAIBERANAGKEL AR x NIEAES v IERE
MEENHE—E7. B—MEMEZEERER « WEKEGARERT x M y NEdGAE
HAP BN —1 RAZRNMBERNEHEARSE & t0ETREIS|BE, FrLUREIRS]
FEREERIETE x M y APIEERIER N dp B HALE R Z FIfRIFE Mo
IEENEENAIEIEERE RR ARG AR5 | FARRH] longest REAIER, Tl
10-22 @—MEEMBIBIF

X% src/main.rs

fn main() {
let stringl = String::from("long string is long");

{
let string2 = String::from("xyz");
let result = longest(stringl.as_str(), string2.as_str());
println! ("The longest string is {result}");

}

}

5l 10-22: BIREARRNEAEE R EHARY String {EIEAF longest K%K

EXNMGIFR, stringl HEIMNIMERBLEREEE MR, string2 NEARASIEABFEER
B9, M result M5|HT —LEIIRNHERIRERLBRERNNE. BENESRIARXLERED;
CEEBRIFIIETT, HITENH The longest string is long string is long,

BT, iIEENMNE2ABI—MF, ZHIFERT result N5| BN REARRNINZR NS
PEFEHARN. LU result TEMNEABIHREERE, BE¥R result # string2
TENHEED—RBEASEREP, 15, AT EE result Y println! HIFHTHEIRA
ERVERIE Z 9, JEERE 10-23 FHRBEAREEBE RIF:

NHERZ: src/main.rs
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fn main() { ?&
let stringl = String::from("long string is long");

let result;
{
let string2 = String::from("xyz");
result = longest(stringl.as_str(), string2.as_str());
}
println!("The longest string is {result}");

T f5 10-23: =iATE string2 BHERBIZ/GfER result
NRZRRIFXER ARSI TR

$ cargo run
Compiling chapterl® v@0.1.0 (file:///projects/chapterl®)
error[E@597]: “string2’ does not live long enough
--> src/main.rs:6:44

5 let string2 = String::from('"xyz");
------- binding “string2® declared here
6 result = longest(stringl.as_str(), string2.as_stx());

ANNAAAN borrowed value does not

}

- “string2’ dropped here while still borrowed

println! ("The longest string is {result}");

------ borrow later used here

|
|
|
|
live long enough
7|
|
8 |
|

For more information about this error, try ‘rustc --explain E0597°.
error: could not compile ‘chapterl®@” (bin "chapter1@") due to 1 previous error

HIRRAAA TIRIE println! BRAY result HMAY, string2 FEEEHFIMNIIERBERE R
FMHY. Rust AHEXLZEF (longest) EREEISEHAREEEER THERERERSHK
a,

ERAAZE, BATAILEMMAI stringl b string2 BK, Et result B EFEM stringl
B5IA. A stringl WARBEFIERE, T println! Kif stringl BY5|BINHARE .
PR, ZRIFSHABEIRANHXME R, HATEIERBFRSIEIR Rust UZ: longest EREX
RER5 | BRESEN XS EASHREGFARRERMRE—. Alt, ERNESRT
FIFRAE 10-23 RS, RANERRESFELRRIGIA.
BERESRKANENENAEERERNSIAIEA longest I SHRMIREIERE,
FEFEmFRRRIMINENES B ERNERS, EEREF—TEEMNEREEER!

XH

EE L A ES A IER A TURMRESE MBI AATIBE, 190, WK longest ERERAYSSINME
BARREEE - NTSHMARRKNFRE slice, MARTERNSE y BE— M EHE,
I AEDIF RENS 1% -

X% src/main.rs
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fn longest<'a>(x: &'a str, y: &str) -> &'a str {
X

}

HMNAZE x MREEEE T EmAEE 'a, FILKBEASH Y 18E, AN vy BEREL
5548 x MiREERNESESBEERXR.

HMEREOREI—15 A, BREENEGARSHEES — M SHNEHARSHELRE, R
R[OS AgBiEREA—MSE, BA—NElgEmE EiER— M RAICIENE. FAM
ERER—TEESH, ANERSERRERNBAERE. 2lZ EXPMNHAERER
longest BRIZENSCIN:

NHR: src/main.rs

fn longest<'a>(x: &str, y: &str) -> &'a str { ?@
let result = String::from("really long string");

result.as_str()

}

BMEZN T REIEIEE T EMARSHR 'a, XPEIMANEREAN T, FAREERERER
52 ke XK, XEESHUNHERER:

$ cargo run
Compiling chapter1@ v@.1.0 (file:///projects/chapter1®)
error[E@515]: cannot return value referencing local variable ‘result®
--> src/main.rs:11:5

11 | result.as_str()
| ______ ANAAANNNAN

|
| returns a value referencing data owned by the current function
| ‘result® is borrowed here

For more information about this error, try ‘rustc --explain E@515°.
error: could not compile ‘chapterl®@” (bin "chapter1@") due to 1 previous error

HILAYRIEZ result T longest BRERRVAERIFEAEREABEE, MENZIHMEERE]
— 1 result B95| . TAIEEEERSHRNLERESIA, MA Rust BRARIFHRATCIE—
PTRES R, EXMER, RIFHBRAESRE—TEMENRBHEERENAZ—151A,
XiFREHIAREMFTEANTBEEXMET

S, £HAEEERRATRREN SN SHEHREENEGERAH#ITREN,. —BE(H
B T EMXEL, Rust BB T BBHERRAITAGFLENREHE LSS R ERHTTHE
ERAFEFLEIT .

ELEMEEN P

BaiAlk, EMTEXNEMELEESMEMENIRE, WrILEX a5 ANEEE, =
EXFBENEEEXFE—D5 | BRNIESEREE. =F)10-24 PFE—IEFHRT —1F
TR slice I45#9{K ImportantExcerpt,

X% src/main.rs
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struct ImportantExcerpt<'a> {
part: &'a str,
}

fn main() {
let novel = String::from("Call me Ishmael. Some years ago...");
let first_sentence = novel.split('.").next().unwrap();
let i = ImportantExcerpt {
part: first_sentence,
}
}

T 10-24: —NFHGIBRENRE, FRUEEXEEEG AR

ENEWERBE—NFE part, EFRT —1NF & slice, XB—15IH. XIUTZEREL
RE, RAEENEZIMEENXRESTERZEEGARSER, UEREWEEXFERE
ARSI, XAERREIKE InportantExcerpt FYSLFIARBELLE part FERAMISIREFENE
Ao

XER main BRKELEIFERT — ImportantExcerpt FYSLf, EEFER T L E novel FIIEER
string E—MIFHIS|FH. novel FYEIETE ImportantExcerpt KBS Z RIFATEE. HIb,
B 3% ImportantExcerpt BH{EREZ G novel EASEFHIERL,, FrLL ImportantExcerpt 52
Fipay5| BB MH.

S AHAAE (Lifetime Elision)

MEBNEENE TE— 15 |BEBE— " EmEH, MEBRNEBENILERER T 5| BRVKREREL
SMRIsEEmER, A, BHEERRG] 4-9 hE—NXE, BXRXBIRAMMRG] 10-25 Fr
™, ©REEGRAREEINEERIFMIN:

NXH&Z: src/lib.rs

fn first_word(s: &str) -> &str {
let bytes = s.as_bytes();

for (i, &item) in bytes.iter().enumerate() {
if item == b' ' {
return &s[0..i];

}

&s[..1]
}

A 10-25: R 4-9 EX T —MREEAERARERNRE, EMEESHNRLEEZS]
A

XNRPEEEGARRERAERFERT —EHEREEA: TERHMAS (pre-1.0) BY Rust
h, XHHBIEFEERIZEN. 5— 1 3| BHESNERHNEGER, FINNRHBZZIEETHX
/=3

fn first_word<'a>(s: &'a str) -> &'a str {
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RS TIRZ Rust fUiBfE, Rust FIPARIMERER LT Rust ZEF RIS REEMEES —1E
— L SEER, XEGREATNNFEERLEHNER. 855 Rust EIARIEX
LEARTmATH T Rust ZRi¥e3H, WILERANESRTXEE R TR £ ARAmAER
HIE R 53 2 NRTIE AR,

XEHANHRE—L Rust WASERENE ZHBHBENRK S HIRIMNEIRHFEP T2 A6
B RREIgERFEE DR EFEIER.

WembEaH Rust 5| O TEMRINEIT Y L RRIEEERIN (/ifetime elision rules) . EHAEEH
BIEFLETHMN,; XEMNZ—RIFENTR, WIRFRSEZR, NRABFEXLE
R, MEFPEETE LR,

RN H R HTTEIHRT, W3R Rust 7ERRFETXLERMNBIFHE FTEERE e EIHTIA
ERERAINIE, EASBNRRSIBNEREENZEM 4. RIFBIERLUBIIEMES
R ARRAR R IR DRI 5 28 H— DHRIRIETR, MASHITHERTEIEN,

BRI T ARSI A an B EAR AR MNESARE (input lifetimes) , THREMERE SR EIHAK
R WHESHERR (output lifetimes) .
IRIFBRRA=FANRAS | BRANARTERRIVER. E—FANERATFRNESRERS, 5
MEFAMVEAFREEHRER. NREFBOETX=FMANENAFETEEITEHEGER
51H, FIEFBRSFUEHEREIR, XEMWERTF fn EX, UK impl 3R,
FFMNZRFFINE—5IBERELE— LR ARSH. ROERME, REE—
SIBSHINME— N MBS fn foo<'a>(x: &'a i32), AES|IBESHNRBAER
MBI ESEIEISEL, fn foo<'a, 'b>(x: &'a 132, y: &'b i32), fKIbLAEH,
FFMNZMRIAG—NMaNEGR RS, BAREMTFLAFEREEamERSHR

fn foo<'a>(x: &'a i32) -> &'a i32,
FZFMNZBMRGZEZE SN RNERARSHHABEP— I SHE &self 5 anut self, i
BAXZENGE, BAFMBRMEMERSHRET self (VEmEAR. BE=FMNEFHEE
AHEE, BARFELHNTS,

BRigFNE CrEHRIFE. HNAXLENNHKITERG 10-25 A first_word RKEZFEHHIS]
AR AR, FIAIER PRSI BH B XEKERERELR:

fn first_word(s: &str) -> &str {

ERERZSNAFS—FIN, UREST5IASHHAEEECHEMEH RIMREE—HR
ZN 'a, FRUIEEREEREXE:

fn first_word<'a>(s: &'a str) -> &str {

MFEFMN, FAXBEFRE—MaNERERSHFIUZERN. $FMN xR
AU ESBRFRE TR SRS, FUREEREERGXF:

fn first_word<'a>(s: &'a str) -> &'a str {

MEXMRBERZPHAESIBEE 7 LB, NIRRT UREEHNDMEIIZRF 5
RPN 2 RV E S AR,
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HENMBEES—FIF, XRFENMRG 10-20 FEEEMERISEE longest RELFFIE:
fn longest(x: &str, y: &str) -> &str {

BRERIgENBCMEREFBHNAE—FAN: 1 5IASHREHMEHECHERAR, XX
BRINSH, FUBERD (RE) EaEHA:

fn longest<'a, 'b>(x: &'a str, y: &'b str) -> &str {

BRNAFZFAN, RARSEES MINESER, EHTERTIMER. BREF=
FHN, ERFHEARER, XRENEE self B, NAT=ZMMNZEmEF[LLEITE
HIREHERENERER, XMEEHRFRA 10-20 BN SHIEIRNRE: HiFFER
FREEXMBVEm ARSI, NAEHEHERPARE5|IBrEsRER.

EAE=FMNEIERBERNMIABLTEZER, WAEMILKNEERMERPNESEL,
HEEAARFHNERERKNEEFFTBE A EAEIPIREERE .

TR EEXH

HRNHEEREANERAESSIG AR, HiEERARMRAE 10-11 PERREGZERESHE
EE. BAEMEFHMEREGFRSE, BRTENRSEMEFRBXERSHESHK
MLREIEER

(SRHAFER) EMAEFRNEMREARUONESZE inl XBF ZERAHEEREZTZER
£/, RAREESEARESEMELEEN—E7,.

impl IREWM AL RS, 5|IAARSENFFERPRISIABEXE, BAlERIRIIN. S,
EeoARERAMNELE UL RNEFTEL ZEIPERENBRER. LRNEE—LEERT
151 10-24 FTEXBIEEFYIA ImportantExcerpt BIfF

B, XEBE—170E level, HIE—MBHE self B5|A, MERMOERZE— 132, #
A5 RERIE:

impl<'a> ImportantExcerpt<'a> {
fn level(&self) -> i32 {
3
}
}

impl Z [EMERZIRZENEGARSHEVEN, FEIRAE—FEMARMUENHR
ARTE self 5| AR dsEIHE,
XER—MERATE=LE M BAERABRMNAYE]F:
impl<'a> ImportantExcerpt<'a> {
fn announce_and_return_part(&self, announcement: &str) -> &str {

println! ("Attention please: {announcement}");
self.part
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XEEMMINESER, FILl Rust NASE—FEEAEBEMNHAL T &self Al
announcement Ef ]S BRESEH, &5, HAEF—INSHE &self, ROEMEREFMT T
&self BYERARE, XHEFIERNERARERITELRT,

B4 SEHA
XBEH—FSBIE S ERRESINE: 'static, B4 EREERIEETFENERSE, G
NEFERFBEFEEEIEE static £mEHEE, BN LLERG TEXECEHFE:

let s: &'static str = "I have a static lifetime.";

XN ERF RN AW EIEEEEEFN Z#HEIXERMmX MG S BN, EIFREHNER
RFEEEE 'static B

{RETRETEEEIRE ERVEE BN A h DI fEA 'static A SEARBNEIN, FIE5|IREEN
'static ZRj, BE—TXN 5| BRTENEENMNEFNEGEBELEN, URMEREHE
CEESX AR, KEDERTD, HEF static EHAHENEIREEHEEAE—EES|
BASRETENESARALENER, EXMER THERSREEEBEXLE NFAMAEIEE—
A 'static BNESEHR,

SRIRIBH. trait YERMEGEHA

IFANEENE —TER—REPIEEZR LR SR, trait AR EmFAHRIEE!

use std::fmt::Display;

fn longest_with_an_announcement<'a, T>(
X: &'a str,

y: &'a str,
ann: T,
) -> &'a str
where
T: Display,
{
println! ("Announcement! {ann}");
if x.len() > y.len() { x } else { y }
}

XANZRE 10-21 REPIREIFDFRIE slice FIRKER longest FE, FIHE—MES
B2 ann, ann RURAIZZH T, ERALMRMNEAKIT where MAIHIEER) Display
trait B9EE, XPMEIMIBERSER (0 T80, XWELEN A display trait LIRZX AT,
EhEeEEBRZE, FUERERSE o MZEBELRSH T HUTRERENE—RE
SHI&RF,

BL
X—BNMATRZNANE! WEFRIE TZRERESH. trait M trait IRUKZEE AR
KA, MEKERFRERAEENEERTZMIRIABD T, ZRRESHERERDA
PUERTARERIEERL, trait A trait 9RFIE T BIEREEZEHE, XEXBBTREFRIFE
BT, BEEIEEFTEERNS I AESREMZENXARIETXERESTHNABAS
MBES A, MATANX—IIREERFNFAUFRZRIMSITIIIE!
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{REJRER MBS, XMEEXREELZEZTEFINAE: F+H/\EKIHE trait WR, XEBF—
FfER trait WA . BBEEZEERNINEGERIFENTR, REEEESENBERLT
SFEFEL]; WFXERZR, 15i#iE Rust Reference, FAiTiETHR, 1LF(TH0EI0ATE

Rust FREE MK, RARMEBIFEIIGEEGRINFENIFELIE!
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Rust BRFIIHES B
‘w5 B bt

ch11-00-testing.md

Edsger W. Dijkstra 7EH 1972 FFHIXE (#ZENFEFZRY (“The Humble Programmer”)
Wi EENIRRIUERE bug FERNBX A, MEIEA bug RMFE, EMERTZAE, "
("Program testing can be a very effective way to show the presence of bugs, but it is
hopelessly inadequate for showing their absence.”) XH AR EKE (1N R AT RERM N
!

EFRERYE, ENEABREZSAEE LIS T RN, Rust Figit EEEENEF
EWE, FIERER—IERBFZIUERNET, Rust FRERFAER T XSG EEKR—ER
DI, BRERFAAGEMRFIBRZ, Alt, Rust R T RS BobR IR H.

BIGRAIRS 7 — MUK add_two WEN, ERIBEATHRTIL 20 K ORHNES T
—MEHEH, FHEE—MERER, URIIFHEBRNRHEY, Rust BHTEFIRE
ZRNENFERLNENERNE, URRAMRIIFRAX MRMEE— string HRFE
33|, 18 Rust BAREX M RKRTENFHEIT RIWEE, LBEESHm 2",
MR LA S 10" B 408 50" KERMARIRIERIIHT .

BAVETLURS RIS, LA, M5 3 4 add_two MHEY, EEMER 5. TR
BTN, B TR REARENERT RN,

MR —ERHEE: BATRAE— S BNREPNBOARSEFNNLNS MY, B
BAVERLITE Rust WRTIEENAL. BNSHEIRS IR LBRNHRNE, ETNiR
MBIAMTAALET, LRI AR TR
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WNEIRE izt
ch11-01-writing-tests.md
Rust ARV R 22 A SR IIEI RN IS R S RBIEN A BT, MiAREBEBEERIT

T SARRAE:
- REEAMRIIIBERRE

© BTREWIRERT

- WS HARRRIIFTEEN

ILEAVEE Rust IREEIETIARATMIRANEE: test BiE, —LRAN should_panic i
OB

ER&ERGF, Rust FRUIHMEZ—1NHE test BIEEMRIVRE, EIE (attribute) BX
F Rust RE3 A ERBITTERIE; FRBPLEMEFAEIR derive BEME—1MIFo NTH -
ERET RGN REL, FEE fn ITZANNL #test] . HEM cargo test apIBITIRAT,
Rust HZ—MNIRHITIEF BRIEBRGIERRE, AREE— T2 BIERRK,

BR(ERA Cargo MHE—NEHBN, ©xBARNER—NNEHRRI —NNHERE X
MEREH T — MRS MHRIER, AISRF I E AL EEN X R IR B REA]
BEART o SRR A LIESMENER S BN REUARMIA R IR !

LR E MRS ZAT, 1EFA15e@Ed ZRiRABLE B ehE R NEAR R R RN 2 T
B, 1&E, BMNSEF—EHENNR, FERRIESHNIEHETS EMNITHRERE.

IEFRAGNB—MRIEDIR adder, ESRRHMNEIFAEM:
$ cargo new adder --1ib

Created library “adder’ project
$ cd adder

adder FEHR src/lib.rs BIRBRNIZE RG] 11-1 Fims:
X% src/lib.rs

pub fn add(left: u64, right: u64) -> u64 {
left + right
}

#[cfg(test)]
mod tests {

use super::*;

#[test]

fn it_works() {
let result = add(2, 2);
assert_eq! (result, 4);

}

Tf5 11-1: B cargo new BRYAERLBYNIHARIRAI K ZR
XH A=A add BRERFFSK, XEFAITE REE A LU,
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BMELULBATRKZE it_works REAT, EFT fn ITZAIAY #[test] : XPBIERAXZE—NN
IHERE, XEMAHITEMAEFE MR, tests IR AT LG IEMIH IR LR E
ENEATBILBRARSOEITE IR0, S RXERRERMRLE R 22N ixto

THIRE A BIER assert_eq! ZZKETS result (HPEE 2102 WER) FT 4o XN
ERPIBRTR T BRI FIREITMA USRI ED,

cargo test BpLRBITH B FAAERMIRK, WRF 11-2 Fim:

$ cargo test
Compiling adder v@.1.@0 (file:///projects/adder)
Finished "test’ profile [unoptimized + debuginfo] target(s) in ©.57s
Running unittests src/lib.rs (target/debug/deps/adder-01ad14159ff659ab)

running 1 test
test tests::it_works ... ok

test result: ok. 1 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Doc-tests adder
running @ tests

test result: ok. @ passed; @ failed; @ ignored; © measured; @ filtered out;
finished in 0.00s

T 11-2: BITBERERIRAE S

Cargo RIFEHETT 7M. FIIAFE running 1 test :X—1T, F—1TRXR T ERKBIMIH K 2L
HIRHR, tests::it_works, IURMNXBVEITLER, ok, EERIUBIISAENINIZITERNE
E: test result: ok. BIREFMBNIXEREL T, 1 passed; 0 failed R EITFHKMAIM I
HE,

B LU —NRARE A B U B EREBR FEMARETT, AEZ G0 BRIEEINEE SN
ZEENIK SR =NRBT. BAZBERNHZEREANATMEAHZE, MUEERRER

@ ignored,

0 measured 4512 A MREMIXAY, MEEMIRX (benchmark tests) E4RE AHEY, MR EER
F Rust FF&hR (nightly Rust) . BEE MEEMIXAIY THREZ,

BT LG ST ELS cargo test 8p%, UBRIBTAMESFRFBLENMNIK, XEFTE
B9RIE (filtering) , FHA&E “BEBIHEITERMA” IHEX—R. XEH(TLELEFTEE
789K, FREESSE R0 filtered out,

Mt A BYLL Doc-tests adder FFLAYX—E853 @FFE XAMIXME R, HINMEH BT
A AL, i Rust K4RIFAERITE APT XARRIIE RG], XA ThEEEE BT 1ESHEFL
BEEFREY! FETNERN A FBREANR o2 HRAES KA. IMERKITE
70B& Doc-tests ZR53AV%EIH

HENAFBEEXMHARFHEENNER, BIkLh it_works REGENREINRZF, il
exploration, {&iXi¥:

XEE: src/lib.rs
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pub fn add(left: u64, right: u64) -> u64 {
left + right

}
#[cfg(test)]
mod tests {
use super::*;
#[test]
fn exploration() {
let result = add(2, 2);
assert_eq! (result, 4);
}
}

HBRIE{T cargo test, MEHEDHIZFHIN exploration [ it_works

$ cargo test
Compiling adder v@.1.@ (file:///projects/adder)
Finished “test’ profile [unoptimized + debuginfo] target(s) in ©.59s
Running unittests src/lib.rs (target/debug/deps/adder-92948b65e88960b4)

running 1 test
test tests::exploration ... ok

test result: ok. 1 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Doc-tests adder
running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

MELFMMENS —MUK, FEX—RE—PTEKETIL! MR EFP I panic B
HMEKT . F—NURNEE—MEEDIETT, HELERMNALRERET, MEE
RARIE LK, FAERE T RELHHER panic B5%: 8 panic! 77, BNFTNR
another f5, src/lib.rs IFEFFCRIRG 11-3 Fimx:

X% src/lib.rs

pub fn add(left: u64, right: u64) -> u64 {
left + right
}

#[cfg(test)]
mod tests {
use super::*;

#[test]

fn exploration() {
let result = add(2, 2);
assert_eq! (result, 4);
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) ey

#[test]
fn another() {
panic!("Make this test fail");

}

I 11-3:0 BB ZAEEAT panic! MRMATMIE

HR cargo test BITMIK, HMHEIZERFRGRG 11-4, EZREA exploration JiH@EE T
another 27T :

$ cargo test
Compiling adder v@.1.@0 (file:///projects/adder)
Finished “test’ profile [unoptimized + debuginfo] target(s) in 0.72s
Running unittests src/lib.rs (target/debug/deps/adder-92948b65e88960b4)

running 2 tests

test tests::another ... FAILED
test tests::exploration ... ok
failures:

---- tests::another stdout ----

thread 'tests::another' panicked at src/lib.rs:17:9:
Make this test fail
note: run with "RUST_BACKTRACE=1" environment variable to display a backtrace

failures:
tests::another

test result: FAILED. 1 passed; 1 failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

error: test failed, to rerun pass "--1lib°

T 11-40 —NNREI A — NN R AT AR

test tests::another X—47& FAILED IAE ok T, ERMMNIAERFMIBEZIBIZ T A
HE5: F— L ER T MRKKEIFHARERE, X MIFH, HNIBE another FATE
src/lib.rs 8958 17 47 panicked at 'Make this test fail' TIRMBEVFHAES. T—E25H
TEREXRMBINE, XEBRZMAFREZ LK FA5HE A REEER. HITAILLEEE
FRRBEMRBZIRRRBEITXNUK, UERR, T892 =8tz *HIIES
BT A o

REEHEET: BFLH, MALERZE FAILED, B— MBI — LK.

RAEFNAIFRZRPMNAERZAHAHEFHT, BHREERR panic! ZIMI—LEENIKF
BEBMRME,
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R assert! RRIGTLR

assert! REATMERERM, EHRERFRMAP—LELZHERN trve RHIFEBTH. FTEM assert!
RIRE— T RENGRENSE. NRER true, assert! FAHWARMY, BN @ES, W
R{EA false, assert! A panic! %, XRFHMAKK, assert! HEBFKIIOENIELZE
EUHEENH RIETT.

ElZ—THEHER, 7H5-15 FE— Rectangle L5{KF]— can_hold A%, TERHFI
11-5 FEXRERENT. BEeNmBoH src/lib.rs H{ER assert! RS —LENIH,

XHZ: src/lib.rs

#[derive(Debug)]
struct Rectangle {
width: u32,

height: u32,
}

impl Rectangle {
fn can_hold(&self, other: &Rectangle) -> bool {
self.width > other.width && self.height > other.height
}

5l 11-5; FHEEA Rectangle LEH{AFIE can_hold 57k

can_hold 7FRRME—PH/RE, XBKREETENG assert! ZHNERTIR. TR 11-6
B, EFRAEE—1 can_hold FARMNIARIENLS], XBEE—EN8BENTH
Rectangle Sffl, FHRISERTLIRIE TS —13N 5 &9 1 BY Rectangle SEf:

XL src/lib.rs

#[cfg(test)]
mod tests {
use super::*;

#[test]
fn larger_can_hold_smaller() {
let larger = Rectangle {

width: 8,
height: 7,
}
let smaller = Rectangle {
width: 5,
height: 1,
H

assert!(larger.can_hold(&smaller));

5 11-6: — can_hold By, HWE—MRABERHIEEIIS T— T8V \RIRER

ERTE tests BIRAPFENT —1T: use super::*;, tests 2—PNEENIEIR, CEEST
& "RIZAT5 | BERI PRI 80N ERY A IEMN, EA tests HIRZE—PABREIR,
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ENHIMNBRIRFBAE, FERFHSINFIRNSEREEREFR, XEEZEERA glob £/
N, LUBTE tests BIRFPERFIBEINIRIRE X IR

BAPEMIREs 2 /9 larger_can_hold_smaller, FHOIEFFEM Rectangle i, ZEEIEH
assert! ZRH{Ei% larger.can_hold(&smaller) JHRANERIENSH. XPMRAXTHIRIR[E
true, FRLUINAN Z@ T, LBl B LRS!

$ cargo test
Compiling rectangle v@.1.0@ (file:///projects/rectangle)
Finished “test’ profile [unoptimized + debuginfo] target(s) in ©.66s
Running unittests src/lib.rs (target/debug/deps/rectangle-6584c4561e48942¢)

running 1 test
test tests::larger_can_hold_smaller ... ok

test result: ok. 1 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Doc-tests rectangle
running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

ERKELT! BREMS—MUR, X—EE—1ENRER AR T — N ERBER:
X%&: src/lib.rs
#[cfg(test)]

mod tests {
use super::*

#[test]

fn larger_can_hold_smaller() {
// --snip--

}

#[test]

fn smaller_cannot_hold_larger() f{
let larger = Rectangle {

width: 8,
height: 7,
b
let smaller = Rectangle {
width: 5,
height: 1,
}

assert!(!smaller.can_hold(&larger));

EAXE can_hold KEHIIERLERE false , HIIFERXNERIURGEIEL assert! TR,
Kt can_hold iR[0] false BT @
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$ cargo test
Compiling rectangle v@.1.0 (file:///projects/rectangle)
Finished “test’ profile [unoptimized + debuginfo] target(s) in 0.66s
Running unittests src/lib.rs (target/debug/deps/rectangle-6584c4561e48942¢)

running 2 tests
test tests::larger_can_hold_smaller ... ok

test tests::smaller_cannot_hold_larger ... ok

test result: ok. 2 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Doc-tests rectangle
running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

MANRED T ! MELBRMNBEENRSIAN— bug IENRERZ L EMN A, F can_hold
AP REEN AN ERAT SHMG AN TS:

// --snip-- %
impl Rectangle {
fn can_hold(&self, other: &Rectangle) -> bool {

self.width < other.width && self.height > other.height
}

RESTNRAS~EUTER:

$ cargo test
Compiling rectangle v@0.1.0 (file:///projects/rectangle)
Finished “test’ profile [unoptimized + debuginfo] target(s) in 0.66s
Running unittests src/lib.rs (target/debug/deps/rectangle-6584c4561e48942¢)

running 2 tests

test tests::larger_can_hold_smaller ... FAILED
test tests::smaller_cannot_hold_larger ... ok
failures:

---- tests::larger_can_hold_smaller stdout ----
thread 'tests::larger_can_hold_smaller' panicked at src/lib.rs:28:9:

assertion failed: larger.can_hold(&smaller)
note: run with "RUST_BACKTRACE=1" environment variable to display a backtrace

failures:
tests::larger_can_hold_smaller

test result: FAILED. 1 passed; 1 failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s
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error: test failed, to rerun pass "--1lib°

FABMIHIEIRT bug ! [Af larger.width 2 8 ff] smaller.width 2 5, can_hold HRYTEE
ELERINFER /9 8 A/ NF 5 MiR[E] false : 8 HA/NF 5

{EH assert_eq! ] assert_ne! F=MiX+EEE

MWATHEEN— N E B A EZERFTENANBENESHEEMILER, HFUEEEHEE., AJLiad
[ assert! REFFB—MEMA = BREFHREARME, FIXMEMELETBAELT, UE
FARVERERM T — W ERREHERMIEXEIR(E —— assert_eq! I assert_ne!, X NED
AR ANMEREFERTEE, HMESAWNEITESITEHXAR-MEARETA, UETF
MBI At AKRY, T assert! IRITENHEM == RKEXAXHPFET false H, MAEITED
S false WERK(E,

i 11-7 B, EEIEE— M HESHINZHIREILERVKER add_two, IZE[H
assert_eq! Z= X MERIEL,

X src/lib.rs

pub fn add_two(a: u64) -> u64 {

a+ 2
}
#[cfg(test)]
mod tests {
use super::*;
#[test]
fn it_adds_two() {
let result = add_two(2);
assert_eq! (result, 4);
}
}

T 11-7: £/ assert_eq! ZRMIA add_two ERIZY
MEd 7!

$ cargo test
Compiling adder v@.1.0@ (file:///projects/adder)
Finished “test’ profile [unoptimized + debuginfo] target(s) in ©.58s
Running unittests src/lib.rs (target/debug/deps/adder-92948b65e88960b4)

running 1 test
test tests::it_adds_two ... ok

test result: ok. 1 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Doc-tests adder

running @ tests
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test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

BIRIB—1RN result NEE, ATRFIEAM add_two(2) BIER, ARG result
4 ERNESEEIRLS assert_eq!, MPIXPAYIX—FT test tests::it_adds_two ... ok A2 ok ZRHAH
Mz !

ERREHRSIN— bug REEEH assert_eq! FIMIKXKMETAERN, BEX add_two KIEHY
SRIRFEEN 3 ¢

pub fn add_two(a: u64) -> u64 { Q#
a+ 3

}
BRIEITR:

$ cargo test
Compiling adder v@.1.@0 (file:///projects/adder)
Finished "test’ profile [unoptimized + debuginfo] target(s) in 0.61s
Running unittests src/lib.rs (target/debug/deps/adder-92948b65e88960b4)

running 1 test
test tests::it_adds_two ... FAILED

failures:
---- tests::it_adds_two stdout ----

thread 'tests::it_adds_two' panicked at src/lib.rs:12:9:
assertion "left == right® failed
left: 5
right: 4
note: run with "RUST_BACKTRACE=1" environment variable to display a backtrace

failures:
tests::it_adds_two

test result: FAILED. @ passed; 1 failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

error: test failed, to rerun pass "--1lib°

MIXFEFKREIT bug ! it_adds_two JUIKXKK, FHIREEFHFRIMEEN T, EEIFEKA]
assertion ‘left == right" failed D N left ] right N{ERT 4. XPMEIZEEEMTFHR
IR U assert_eq! By left BE (HFLE add_two(2) HILER) Z 5, M right &
HE 4, AUEREERSMATEITIHNXEEREEANER,

REARNE, F—EESMNRERD, SR MEEZFNREBEISEIEITST expected I
actual, MBIEESHNINFIEEEE, JAMTE Rust B, EAINIMM 1eft 0 right, [FEEYHE
R EMEIXAB~ENENIRFHAEE, XNULPRESHERIUER
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assert_eq! (add_two(2), result), XBILKEENEIFESE

assertion failed: " (left == right) ',

assert_ne! RIEFBLEHNMNMETEFINEL, MEEFHEK. SN FHEERZEM
4, PIRREEENAEEMHANE, XPMERREAL, Fli, MR—PREFRIEZUE
MANREEBA, FIXMIEANEHETURANZEM/IRRERN, XN&RIFHIEHSH
EEMER BNV EEAFTHEN.

assert_eq! fl assert_ne! REREBDFERT == M 1=, BSEME, XERSFERFEIR
RIVITENHESH, XEKREWHLIENNII T Partialkq F] Debug trait, FrERIEZASE
BRI KB DA EFEE SR ER SO 7 X LE traite X FBEXEMEMME, FELI Partialkq
AREM S ENERTHEE. FTEXLIN dDebug A BETEMTS KMBIITENENINE. EAXHE
trait #RIKE trait, WFERERG 5-12 FAREIRY, BE 0 UUEEESEWEIREE LR
#[derive(PartialEq, Debug)] ;Efi#, MIFE C “BIJRAE trait” A EZ X T XLEMEMIKAE trait
IS B

BEXKHBIER

fRBETLAE assert!, assert_eq! F] assert_ne! ZEHE—PELENKKEESE, TJLUEN

REKBIEEENXEKKEE—RFTENH R, EATE assert! F—PURFEBEF assert_eq!

assert_ne! W NMUESHZ EIEENSHE LB fomat! & (EF/\EN FH + 58
58 format! FRIHIEFFER" FHITiEE), FRURTUER—MNEE  SUFHRIAFERTEMN
FEMANSMUMNE. BEXESEBTFIERMENENX,; HMILXKINMeEBIFIIEANS
H T Aim,

Fan, bR E—NMRIBARBITIMRAERLEL, MENIFBENIREERLRBIAR BERER
He:

X% src/lib.rs

pub fn greeting(name: &str) -> String {
format! ("Hello {name}!")

}
#[cfg(test)]
mod tests {
use super::*;
#[test]
fn greeting_contains_name() {
let result = greeting("Carol");
assert! (result.contains("Carol"));
}
}

XM EFRIBERELERBE, FILEERSCAF KR Hello XARATRER A, AMBAIHA
BEFKAERTEAEFMR, FILAELEE greeting REFLREIRHATME, FHITIEXET
SHHEBXEREESRASK,

IFA B RE greeting ERAFREE name FERIEHFIN— bug FMIHXKMASZERFRY
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pub fn greeting(name: &str) -> String { %
String::from("Hello!")

}
BT 2!

$ cargo test
Compiling greeter v@0.1.0 (file:///projects/greeter)
Finished “test’ profile [unoptimized + debuginfo] target(s) in ©.91s
Running unittests src/lib.rs (target/debug/deps/greeter-170b942eb5bf5e3a)

running 1 test
test tests::greeting_contains_name ... FAILED

failures:
---- tests::greeting_contains_name stdout ----

thread 'tests::greeting_contains_name' panicked at src/lib.rs:12:9:
assertion failed: result.contains("Carol")
note: run with "RUST_BACKTRACE=1" environment variable to display a backtrace

failures:
tests::greeting_contains_name

test result: FAILED. @ passed; 1 failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

error: test failed, to rerun pass "--1lib°

HERNEF T RIS RN T NERBBTS. — 1N EEARKKIE SN IZITEN greeting
BREREYE, IEFRMTMRRBIEM— P EEXKWEES S B UNBRAFH, UKk
greeting BRERAYE:

#[test]
fn greeting_contains_name() {
let result = greeting("Carol");
assert!(
result.contains("Carol"),
"Greeting did not contain name, value was " {result}'"

)

REMRBETUR, FBINEENENES:

$ cargo test
Compiling greeter v@.1.0 (file:///projects/greeter)
Finished “test® profile [unoptimized + debuginfo] target(s) in ©.93s
Running unittests src/lib.rs (target/debug/deps/greeter-170b942eb5bf5e3a)

running 1 test
test tests::greeting_contains_name ... FAILED
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failures:
---- tests::greeting_contains_name stdout ----

thread 'tests::greeting_contains_name' panicked at src/lib.rs:12:9:
Greeting did not contain name, value was “Hello!"
note: run with "RUST_BACKTRACE=1" environment variable to display a backtrace

failures:
tests::greeting_contains_name

test result: FAILED. @ passed; 1 failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

error: test failed, to rerun pass "--1lib°

A FENR s R B ZIFRES IV IBIRE, XSEMINTAREELXET 4, MARIER
Eft4o

fiEA should_panic % panic

fRTREROEZ, REAEBESSRRAZLEHROEREEN, HI, ZEENAERF
9-13 Ry Guess KA, HAMER Guess FRIIEREET Guess SLHINERETEEE 1 E
100 BYRTHR. PILAZRE — NNAREREIE—MBLSEERIER Guess SEIZ panico

B LUEE 3R EE NS —NE M should_panic RILILXLE, XA EMTEREFAIAED panic
@, mEEFIRBESE panic BFLK,

5 11-8 BT —NER, 10E Guess: :new (RS H T 2B MIANIFEIIRRE,

XH&: src/lib.rs

pub struct Guess {
value: 132,
}

impl Guess {
pub fn new(value: i32) -> Guess {
if value < 1 || value > 100 {
panic!("Guess value must be between 1 and 100, got {value}.");

}

Guess { value }

}

#lcfg(test)]
mod tests {
use super::*;

#[test]

#[should_panic]
fn greater_than_100() {
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Guess: :new(200);

T 11-8: MRS panic! BIFAF

#[should_panic] BMITF #[test] Zf5, FMAVIIAREZ 81, iLFHTEENXEINER
FaEF:

$ cargo test
Compiling guessing_game v@.1.0 (file:///projects/guessing_game)
Finished “test’ profile [unoptimized + debuginfo] target(s) in ©.58s
Running unittests src/lib.rs (target/debug/deps/
guessing_game-57d70c3acb738f4d)

running 1 test
test tests::greater_than_100 - should panic ... ok

test result: ok. 1 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Doc-tests guessing_game
running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

BiELkAwE! WAETERBEPSIN bug, BER new REXTEEAT 100 BI= panic BIFA:

// --snip-- &#
impl Guess {
pub fn new(value: i32) -> Guess {
if value < 1 {

panic! ("Guess value must be between 1 and 100, got {value}.");

}

Guess { value }

NRFITRAE 11-8 IR, ESKRK:

$ cargo test
Compiling guessing_game v@.1.0 (file:///projects/guessing_game)
Finished “test® profile [unoptimized + debuginfo] target(s) in ©.62s
Running unittests src/lib.rs (target/debug/deps/
guessing_game-57d70c3ach738f4d)

running 1 test
test tests::greater_than_100 - should panic ... FAILED

failures:

233/548



Rust i2FIKITHES ERHXHR

---- tests::greater_than_100 stdout ----
note: test did not panic as expected at src/lib.rs:21:8

failures:
tests::greater_than_100

test result: FAILED. @ passed; 1 failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

error: test failed, to rerun pass "--1lib°

XEHFHEERIEEETRANES, FI—BHNMURMARE, sKINEINET
#[should_panic], XMEIREKENIBFMIXEKEL Guess: :new(200) HEZE4 panic,

SR should_panic AR AIBERIFE EMARE, should_panic EETE—LEARERITHEN
[FAMSE panic HtE=@id, AT E should_panic XL REREM, FITATLILA
should_panic EMIENI—PEIIERY expected B, MIXTASHRBIREEFEEHIZH
XA, a0, EFERE11-9 PEEGER Guess, XB new REWRIBRERT KEHE L/
IRERER panic EE.:

XL src/lib.rs

// --snip--

impl Guess {
pub fn new(value: i32) -> Guess {
if value < 1 {
panic! (
"Guess value must be greater than or equal to 1, got {value}."
)
} else if value > 100 {
panic! (
"Guess value must be less than or equal to 100, got {value}."
)
}

Guess { value }

}

#[cfg(test)]
mod tests {
use super::*;

#[test]
#[should_panic(expected = "less than or equal to 100")]
fn greater_than_100() {
Guess: :new(200);
}

T 1190 —MEREEEEREFFTHEM panic! FHATMIE
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XNMAZEL, EA should_panic EIEH expected SEURMMIER Guess: inew KX
panic (EENTFH, EITATLUISEHENE panic 58, EXMIFHE

Guess value must be less than or equal to 100, got 200 , {5ERVIEFEURT panic 58
BRGNS, MREZNHAEZER, EXMIFHR, HRERNFFHREURBREE
1£ else if value > 100 BYIE 'R FiziTo

AT MEHHE expected {FEHY should_panic UAKRKBREREFA, EREIMBRSIN—D
bug, 1§ if value < 1 ] else if value > 100 RY{CHBIRITIRA:

if value < 1 { %
panic! (

"Guess value must be less than or equal to 100, got {value}."
)
} else if value > 100 {
panic! (
"Guess value must be greater than or equal to 1, got {value}."

)5

Ed

X—RIBIT should_panic Ui, ERKM:

$ cargo test
Compiling guessing_game v@.1.@0 (file:///projects/guessing_game)
Finished “test’ profile [unoptimized + debuginfo] target(s) in 0.66s
Running unittests src/lib.rs (target/debug/deps/
guessing_game-57d70c3ach738f4d)

running 1 test
test tests::greater_than_100 - should panic ... FAILED

failures:
---- tests::greater_than_100 stdout ----

thread 'tests::greater_than_100' panicked at src/lib.rs:12:13:
Guess value must be greater than or equal to 1, got 200.
note: run with “RUST_BACKTRACE=1" environment variable to display a backtrace
note: panic did not contain expected string

panic message: "Guess value must be greater than or equal to 1, got 200."
expected substring: "less than or equal to 100"

failures:
tests::greater_than_100

test result: FAILED. @ passed; 1 failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

error: test failed, to rerun pass "--1lib°

QEIJISUm/u%:ZEH/mJﬁtE%J—yDH\HtE panIC T Z—l_ panIC 1IZI1|_.\I:P#/§E@:/E\HHT:HE,J1DIU\

less than or equal to 100, MIKANIFEIEY panic EE=R

Guess value must be greater than or equal to 1, got 200., XHFLEILIFFIETF K bug 7
!
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BriALE, EMBEEMRTERMETES panico AT LAGER Result<T, E> RSN !
XR—NEMRBRAE 11-1 BUINE, A Result<T, B> BF, HEXRMERE Err fiE

panic :

#[cfg(test)]
mod tests {
use super::*;

#[test]
fn it_works() -> Result<(), String> {
let result = add(2, 2);

if result == 4 {
Ok(())
} else {

Exr(String::from("two plus two does not equal four"))

}

}

D7E it_works FR¥NAVIREMEIELS Result<(), String>, TER¥AF, RRETFIER
assert_eq! 7=, MefEMiRXiEEBTIRE] ok(()), EMIXKMEREIFH String B9 Err,
XEFREMIHARIRE] Result<T, E> FLB]LEREERFERRNSEER, MLtkal LA ENES
EfAI=IRE Err TEBRIERMNIH,

REEXXLEAER Result<T, E> BYNIRXER #[should_panic] JFfR, AT HE—MEIERE]
Err {53, AEXS Result<T, E> EEARISRIERN (7). MEEA

assert! (value.is_erxr()),

MAEMME T LIRS MR A ZE, ERMNEEETUHNSLRESFA, URAIUAT
cargo test BYAR[EIEIN,
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ch11-02-running-tests.md

FLf& cargo run RIRIFAIBHBITEMBI ZHFIXMF—1F, cargo test TENEHRINTHIENR
BHBITERBNIRA ZERIS o cargo test FERN—HHEXHREINTARH LEBITHE
BN, HBRNRETIER~ErEE, ELEEIMHRETRER, ERAIRNIHEREX
RBEBBERH. FIALUEESRLITSHHKAE cargo test BIERINIT A,

B LU —EB D an S1TE 8T BL, cargo test, TIFHIM—EB D ZIELE 4 BN Z#HIS2 4
AT DRXFFHSE, FERLYILEEL cargo test WBH, ZREEDRF --, BZER®
B Mt ZH BRI B, 1B1T cargo test --help KE/RAJHF cargo test RYIEIRN, M

iB{T cargo test -- --help KERAAT R ZEHNER, BXXLEITAIZEE, HA1LL

27 _(rustc FH) Y “Tests” —F5,

HITHIRFETTM

HEITEINMIAR, Rust BUAERLRERHAITIET. XRKREMNXASERMIZITTE, Frld
{RE] ARG EIADRES TIRRU R 5. RN EERETH, REIZBENHTEEE
¥, BERMERLZIORE, SEKMEZNFE, NHMTEERIERRTE,

EM01F, 8—NURESEIT LA, RISXEARBEERER EEIZ—1 test-output.txt X
FHEAN—EHE, FE5—NHEREXAFNBIEH TSI I XA ESKENE, mX
MERS NP EBEREN, RARENRABERIETH, — MRS ES— N
BEXHIRPEERT X, BAB-NURAMEKM, HAFEENNBAER, mEEAN

HHTETREETL. — MEALEEES—MNIIIRERENXYE; FS—MERLEE—
KT,
NRIRAF/EMIRFHITIZ!T, NEBEENMEHAVITHILZNEE, FJLUEE --test-threads
SENELERAEENEEL NN Z#FI S . Fan:

$ cargo test -- --test-threads=1
XERMALIZIREN 1, FIFEFAEERETEHITIE,. XUSHITIEITREEZRN
B, AEEEHZRESH, MEAMASBERNEETINT .

AIMBERT, ZMEIR, Rust WIXESMBRITENZIAEREBRERAR. LnEliz

BIEAT println! MHEE T, BITEAFASELRIREE println! ML RSBEHEEN
HEIRIRTRIT. MRMAKRK T, NEBIFRARERHMEMERER.

g0, w1 11-10 B—1NERXRIRE, EITEHESHNEHESRMO 10, EEEE—

I BN — P SRR -

XH&: src/lib.rs

fn prints_and_returns_10(a: 132) -> 132 {
println! ("I got the value {a}");
10
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#[cfg(test)] l l

mod tests {
use super::*;

#[test]

fn this_test_will_pass() {
let value = prints_and_returns_10(4);
assert_eq!(value, 10);

}

#[test]

fn this_test_will_fail() {
let value = prints_and_returns_10(8);
assert_eq!(value, 5);

5 11-100 —MNMBERAT println! AYERERAEYNIR

BT cargo test JABEIKL AL

$ cargo test
Compiling silly-function v@0.1.0 (file:///projects/silly-function)
Finished "test’ profile [unoptimized + debuginfo] target(s) in ©.58s
Running unittests src/lib.rs (target/debug/deps/
silly_function-160869f38cff9166)

running 2 tests

test tests::this_test_will_fail ... FAILED
test tests::this_test_will_pass ... ok
failures:

---- tests::this_test_will_fail stdout ----
I got the value 8

thread 'tests::this_test_will fail' panicked at src/lib.rs:19:9:

assertion “left == right  failed
left: 10
right: 5

note: run with “RUST_BACKTRACE=1" environment variable to display a backtrace
failures:
tests::this_test_will_fail

test result: FAILED. 1 passed; 1 failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

error: test failed, to rerun pass "--1lib°

ARREPASHINHEIFFTENRNAZ, Bl I got the value 4, FAHMIN@EIRS, X
LEmEIWEIR. RO T got the value 8 , MIHIEAHAINIAHERS, B
WERT MHKBHIRE,
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NRMAHELHAEEREIRNXPITENRE, WA UELRMLE --show-output Hif Rust 2
AN B o

$ cargo test -- --show-output

fER --show-output BEERIZTTRA 11-10 PRV = B0 T :

$ cargo test -- --show-output
Compiling silly-function v@0.1.0 (file:///projects/silly-function)
Finished “test’ profile [unoptimized + debuginfo] target(s) in 0.6@s
Running unittests src/lib.rs (target/debug/deps/
silly function-160869f38cff9166)

running 2 tests

test tests::this_test_will_fail ... FAILED
test tests::this_test_will_pass ... ok
successes:

---- tests::this_test_will_pass stdout ----
I got the value 4

successes:
tests::this_test_will pass

failures:

---- tests::this_test_will_fail stdout ----
I got the value 8

thread 'tests::this_test_will fail' panicked at src/lib.rs:19:9:
assertion "left == right  failed
left: 10
right: 5
note: run with "RUST_BACKTRACE=1" environment variable to display a backtrace

failures:
tests::this_test_will_fail

test result: FAILED. 1 passed; 1 failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

error: test failed, to rerun pass "--1lib°

B HIRBITERS Wik

BENEBEITENIRESHERRKNE, NRFATFEUENNE, FAEEFERIEITESX
LEARIEMEXAIMIR. FRAILAMA cargo test ZiBFAAEIZITRINIRN B FFRISEHRIZFITITHL
Mizts

ﬁT)ﬁTﬁDﬁ‘_’ EB53 M, R 11-11 79 add_two BREREIEE T =Mk, FAIeILLEEFEAMK
BITH—1
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XHERZ: src/lib.rs

pub fn add_two(a: u64) -> u64 {

a + 2
}
#[cfg(test)]
mod tests {
use super::*
#[test]
fn add_two_and_two() {
let result = add_two(2);
assert_eq! (result, 4);
}
#[test]
fn add_three_and_two() {
let result = add_two(3);
assert_eq! (result, 5);
}
#[test]
fn one_hundred() {
let result = add_two(100);
assert_eq! (result, 102);
}
}

I 11-110 REBFRRI =R
MR B EREASHMBITN, WIRFAL, FAENRESHAHTIET

$ cargo test
Compiling adder v@.1.@0 (file:///projects/adder)
Finished "test’ profile [unoptimized + debuginfo] target(s) in 0.62s
Running unittests src/lib.rs (target/debug/deps/adder-92948b65e88960b4)
running 3 tests
test tests::add_three_and_two ... ok
test tests::add_two_and_two ... ok
test tests::one_hundred ... ok

test result: ok. 3 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Doc-tests adder
running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

BITREATI
AJLAA) cargo test fHEERMIXAIBRITRRIEITX NI -
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$ cargo test one_hundred
Compiling adder v@.1.0@ (file:///projects/adder)
Finished “test’ profile [unoptimized + debuginfo] target(s) in ©0.69s
Running unittests src/lib.rs (target/debug/deps/adder-92948b65e88960b4)

running 1 test
test tests::one_hundred ... ok

test result: ok. 1 passed; @ failed; @ ignored; @ measured; 2 filtered out;
finished in 0.00s

RAEEHFH one_hundred MIIRIIE(TT ; EAESH MR RLEZ B/, MRHHE
KEERT 2 filtered out, RIFEA 2 MURBHTIE, FEEITo

“W?ﬁLﬁ?EE%ﬂVJ”JJiﬁ%ﬂ, RBEFIBLS cargo test IE—MEA SHWEAR. FIEMNE
TN %.

SIRIBITS MR

AT LS MARI R, ERBIRCLRX N2 ®IETT. Fla0, EAkEm N
HRBIREE add, BJLUEIT cargo test add izfTiX NI :

$ cargo test add
Compiling adder v@.1.@0 (file:///projects/adder)
Finished "test’ profile [unoptimized + debuginfo] target(s) in 0.61s
Running unittests src/lib.rs (target/debug/deps/adder-92948b65e88960b4)

running 2 tests
test tests::add_three_and_two ... ok
test tests::add_two_and_two ... ok

test result: ok. 2 passed; @ failed; @ ignored; @ measured; 1 filtered out;
finished in 0.00s

XIBTT TFRERFHHE add BN, J@LEET%h one_hundred RYIIR, [REIAYEZMIFR
ERERZ MR B FREI—E053, PR LU B RIR 2 KB T — MER P E Mo

FRIEHF RIS E S N 2B i

E By —LER E RN P TIEE R ZIE BRI BN, PRUAEKRSZERETT cargo test BIRHERAE
BEHEREN . RATLUBISHIIEHFIEREIZITRINERSE], WAILIER ignore Bt
%*mlﬂ%%ﬂﬂ‘ﬂ’\J,J”\Jﬁt#HFﬁ%Eﬂ‘] » SRR

XH&Z: src/lib.rs

#[cfg(test)]
mod tests {
use super::*

#[test]

fn it_works() {
let result = add(2, 2);
assert_eq! (result, 4);
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}

#[test]
#[ignore]
fn expensive_test() {
// code that takes an hour to run

}

N FREHPRAIMIK, FAE #test] Z/FIEIMT #[ignore] 17, MEMRZITL, Mm%
N it_works IB{TY , [ expensive_test GHIGIT:

$ cargo test
Compiling adder v@.1.@ (file:///projects/adder)
Finished “test® profile [unoptimized + debuginfo] target(s) in ©.60s
Running unittests src/lib.rs (target/debug/deps/adder-92948b65e88960b4)

running 2 tests
test tests::expensive_test ... ignored

test tests::it_works ... ok

test result: ok. 1 passed; @ failed; 1 ignored; @ measured; @ filtered out;
finished in 0.00s

Doc-tests adder
running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

expensive_test %%y ignored, YIRFLNIABETITRZIEETIR, AILIER

cargo test -- --ignored :

$ cargo test -- --ignored
Compiling adder v@.1.0 (file:///projects/adder)
Finished “test’ profile [unoptimized + debuginfo] target(s) in 0.61s
Running unittests src/lib.rs (target/debug/deps/adder-92948b65e88960b4)

running 1 test
test tests::expensive_test ... ok

test result: ok. 1 passed; @ failed; @ ignored; @ measured; 1 filtered out;
finished in 0.00s

Doc-tests adder
running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s
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BSIEFIEITEENK, (RAJLURR cargo test WAARAEBIREIRE, HIRFRIEZTT

ignored BYIMIKEY, AJLAAIT cargo test -- --ignored, YIRIRHFENERTBRREIMEEIT
2EMIR, BILLETT cargo test -- --include-ignored,
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ch11-03-test-organization.md

TE—FEMED, MAR— 1 EXNEE, MERRNALZELEXARBNAIBEFALR,
Rust #tXAAE FIRIENMIRAIFR N E B S IEKEERE: Bt (unit tests) SERMIR
(integration tests) ., BmMiAmTFE/NMEER, EREBNIFER—TIIX—MER, HE
BILUMRFAE O, MEMMR FRIERIZ NS NN, iS5 EHAIrRE—iE,
BRI A NERIRRAE, [N AFZEOmMBSNIREE AJRESMNIEZ MER,

N T R RHEREISIRBIRITEAIZTT, MR ANAEREXMENRAEIFEEE
58

ik

Bl BENRESEMEoRENIFERIRE— 8RB, DETFHRMmERMNE
EENBETHRBERE /T 2olidSeNENRNRBEREREMLT src BR
THENXGF, IERESTIXETREEEMRRER tests IR, HEM cfo(test) 5
R,

TRARIRFD #[cfg(test)]

MIAARIREY #[cfg(test)] ERREIF Rust FTEHIT cargo test BIARIFFIEITMIAED, M
7£1817 cargo build BRI RX A, XERFEMEENERA AT ARFNE, HFERRE]
FHEEEEMR, FRUEER/RIZFFENXEINARN. SZRNNERNRERAMNTFE—1X
B3k, FAILENHAEE #[cfo(test)] JEiR, ARMBTTMRIFSREBAERBXEHS, Frld
REEMBH #[cfg(test)] RIBEENANIZEE S HEFLERF,

EIZAZEE—ZF D FIEM adder H, Cargo AFENTER T THRED:

4% src/lib.rs

pub fn add(left: u64, right: u64) -> u64 {
left + right
}

#[cfg(test)]
mod tests {
use super::*;

#[test]

fn it_works() {
let result = add(2, 2);
assert_eq! (result, 4);

}

ERRBEREEERBNIRNER, fg BMERREE (configuration), ©&IF Rust IEF TR
MR EEAEREREIEDN, 72WE8, EXMERT, BREEUE test, BJ Rust Fr
IRENAFHEEFENEITUANER IR, BEER fg B, Cargo REERNENFER
cargo test IE{TMNAR A RIFNIAID, XEIFNINEIRP T EEZTERVIEBNRER, DUIRIRE
79 #[test] BYRRIEL,

244/548


https://github.com/rust-lang/book/blob/99071589c5358114de6324d9aa2643caeee305bd/src/ch11-03-test-organization.md

Rust i2FIgITES ERFXhR

ER = 1EEs Sl

Mt XA —BEEXTFEEMNIZN AR RHMEZH TS, MEHEMESPAENL
FABERHBZ—HEMEN, EERARAIRENE, FELICIRBEFHMHIIXEIRFS, Rust B9FA
BN A FIRIRFAB R E, ZERA 11-12 PHEEFAB KL internal_adder FYAD,
XH&: src/lib.rs

pub fn add_two(a: u64) -> u64 {
internal_adder(a, 2)

}

fn internal_adder(left: u64, right: u64) -> u64 {
left + right

}
#[cfg(test)]
mod tests {
use super::*;
#[test]
fn internal() {
let result = internal_adder(2, 2);
assert_eq! (result, 4);
}
}

o 11-12: M FAR KR

AR internal_adder BRKEFHZBEIRIEH pub, MIABRZE Rust (XI5, M tests WRBARES
—NMEIR, EW"ERIZ AT 5| BIERIN PRI E PR, TR A] LUEREE SRR
BT, EXNMIRNA, FHATEIL use super::* I tests FRIRIIERAPBIFABEIE I NERE,
AREMAFLEI LA internal_adder, YIRFHRIANRIZNIAFABRKEL, Rust thRh=iEE
fRX A

SRR
£ Rust A1, SEpCEN FIREEMIXBER R TTEBINGER. REMERENRIE—EEEA
B, RN ENREERR—MIERNLAE APL £l ENZNRERNZ NS

REE—EERTF, —LERIREEEMIZITTRIRRTEME—EBRIRES LI, PSR
MANBERWEREERN, AT EERERN, MEBEELLE— tests BRo

tests HR

ATREERNN, EEFENMBEIRERCE— tests BF, 5 src[@%. Cargo XEIWMEIE
FHXNBRPERNEXHF, BEATUMEEXMNEFHRERERZNIAXH, Cargo
2RE—PIXHEHERMEM crate RKRmiF.

LA TRBNB—DNERNR, RERG 11-12 B src/lib.rs B9, BIFE— tests BR, 2
— N4 tests/integration_test.rs. B REEMINIZ ERCIGIXIE:

adder
— cargo.lock

245/548



Rust i2FIgITES ERFXhR

— cargo.toml
sTC
|  — lib.1s
L— tests
L— integration_test.rs

BB 11-13 HE9REBNE tests/integration_test.rs X4,
X tests/integration_test.rs

use adder::add_two;

#[test]

fn it_adds_two() {
let result = add_two(2);
assert_eq! (result, 4);

fil 11-13: — adder crate FRERERAYER AR

EREG—1 tests BRFPEVNMIAX G ERTEMIA crate, PAUFERESIATIS IR
crate BIEREA. ALSBTIHARRE, HITFBEETXHEINERZRM use adder: :add_two; , X
FETMAPETREN,
HAFENR tests/integration_test.rs RRERIIBITEN #lcfg(test)], tests XK
Cargo FRZ—MFFRRIX 4K, Cargo IRTEIBIT cargo test BFRIFXTBERPAINXM. I
TERLIBIT cargo test ixix:
$ cargo test
Compiling adder v@.1.@ (file:///projects/adder)
Finished “test’ profile [unoptimized + debuginfo] target(s) in 1.31s

Running unittests src/lib.rs (target/debug/deps/adder-1082c4b063a8fbe6)

running 1 test
test tests::internal ... ok

test result: ok. 1 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Running tests/integration_test.rs (target/debug/deps/
integration_test-1082c4b063a8fbeb)

running 1 test
test it_adds_two ... ok

test result: ok. 1 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Doc-tests adder
running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s
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MEB T =180 BroliR. SERGIEASAETR, FRMR—1 a0 ERIR
W, ZREBAEHAZET. FIANMR—PRTMREY, WASEEAENHF SN
i, RARENXRZERERTREES ST ZHIT.

FEoRTMASENZARIN—1F: SPRTMA—1T (R 11-12 FE D
internal RYIR) , EEE—TRTUIXAEET,

SERNIAER 3 LT Running tests/integration_test.rsFF3k, & FRE—ITE—TEMANIR
FREYNRERIEL, LARR—MILT Doc-tests adder #5732 AIRYERANIXAIHEETT.

B BN XAHEN RTINS RS, FILNRT tests BERFUIEMESZ X, WAL
RPEMZBEESEANAE R

BAWLART LOBSHEENIX R ERAIRIRIEN cargo test BIBERIBTTIHFESRAMMIR, BRI
iR cargo test By --test [GERXHFRIRMRIZI TR MFESEMMIR A HBIFFE NI

$ cargo test --test integration_test
Compiling adder v@.1.@0 (file:///projects/adder)
Finished “test’ profile [unoptimized + debuginfo] target(s) in 0.64s
Running tests/integration_test.rs (target/debug/deps/
integration_test-82e7799c1bc62298)

running 1 test
test it_adds_two ... ok

test result: ok. 1 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

XS HinT tests/integration_test.rs BN,
SR PR FIEIR

BEESERMIXAVIEIN, (ROIEERETE tests HRBIBESXHUEEFHALREN]; FIAIRIE
MEIRATHEESRIEMIR DB, WRIFMR, tests B RHME—NXEEBERIFH— 2R
crate, XEBTFEIEMIMNERE, UEFZETRABPERIRN crate WA, BXE
K&, tests BRPIXHFIITH, FHIRESE CERZEINERKLB L AERFXH4E, FE
89 src PRI HRITT AR —1%,

LIRE—EEZSPMERNEXH B ARINEERER, MIrERBEtE SEREmEE
X EB ST BRI HRERE—MERINERFE, tests BRPNXHFTANARRMSOLE
3R, Fln, SNRIFEAE tests/common.rs RBIE—NE A setup BIRE, HHFBEZMNIR
XEHMR R PIARE, FALUIE setup BRITEES AIMAH:

M tests/common.rs

pub fn setup() {
// setup code specific to your library's tests would go here

}

MRBIRETR, BSEMNRERPER— MBI common.rs XHRIMNIRLE R ZR 57,
EMEXNXHHEBEESEEMIARER, HEBEEABMAIART setup KK
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$ cargo test
Compiling adder v@.1.0@ (file:///projects/adder)
Finished “test’ profile [unoptimized + debuginfo] target(s) in ©.89s
Running unittests src/lib.rs (target/debug/deps/adder-92948b65e88960b4)

running 1 test
test tests::internal ... ok

test result: ok. 1 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Running tests/common.rs (target/debug/deps/common-92948b65e88960b4)
running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Running tests/integration_test.rs (target/debug/deps/
integration_test-92948b65e88960b4)

running 1 test
test it_adds_two ... ok

test result: ok. 1 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Doc-tests adder
running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

HATHAEE common HIMFEMIXERFPER running 0 tests, FHIRBESHMERMNIHX
HHE—EABEME. AT AL common HINFEM R, FHITIGEIE tests/common/
mod.rs, ML tests/common.rs . IFTINE H REHWEEFGXIF:

— cargo.lock
— cargo.toml

— sxc
| L— lib.rs
L— tests

F— common

|  L— mod.rs
L— integration_test.rs

XE2—MENGRINE, FNEEEBRAHEREZ TIREIM Rust HAEBRE( ], X
HIR Rust RER common BE—NERMMIAS . R setup RELIZFEEHE! tests/common/
mod.rs F#ilFR tests/common.rs X2z fa, MidHEEPEARASHIX—E53. tests HRPH
FERASWER R crate WIFHIEA—NNAER 2 HIEN R H o

—BeIZT tests/common/mod.rs, ARG EIEARRUEEEAERN A HFPER, X
BR— tests/integration_test.rs AR setup LAY it_adds_two JIXAIRA:
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XH: tests/integration_test.rs

use adder::add_two;
mod common;

#[test]
fn it_adds_two() {
common: :setup();

let result = add_two(2);
assert_eq! (result, 4);

}

AR mod common; FEHRSRA 7-21 RRREEIREIEER, BETENRREFHMLUAR

common: :setup() S o
il crate BYEERR

MRIMB 284 crate FE R B E src/main.rs &8 src/lib.rs, XIEFABIEETE tests BR
BB ERNIR A LT EET use IBANE src/main.rs FEXBIREEGINEAE,. 2EE crate
FEmEM crate ZE T AIEABMERANRE; Z#HE crate REEEINIETT,

Xt 2% Rust Zi#FEITBEA— NS0 sr/main.rs Y8R src/lib.rs PRZIEMREZ—,
EEE XFhegry, ERGIAFARTLUET use MIXE crate FRIEEINEE T, MINRXLEE
ERIHRERBIRIMIE, sro/main.rs RV ERBEMSERE TEERZFEMNR,

St
Rust BUNIAIhRERR M T — MBREMEIRCA R 7 BRERRISRIL AT, eSS NG T
BER. ST MIOIEERNARERD, WEEBNIHFAE RBMKRIMAT, ENHN0E
MR RERESERERMTIIE, HEEMINIREARENIRENAE APL, BME Rust
BURB RS FRA NN AT LABS Bt e LR AR bug, AR Fm DR R TS HE
1THRVIZEE bug HARREER.

N AENIESERFIAIRAGER, £ T —E—&ER5— 1 HA!
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ch12-00-an-io-project.md

FEERNERIFIFESKREN—ROR, tad—PRE—EANERFINRE, RITEHE—
SXHMeLTRNEERENSG TR, BIHES—ERMTEELERER Rust B,

Rust NiZ1TIRE. e, 2 5#GIXHaHMET e FEEM IR ITIZFRVIER
EE, FIUENMNIBRIE— I RITE SRAENZHBSITIERT A grep, grep &
“Globally search a Regular Expression and Print.” WEF R4S, grep ERENFERTR
REREXHPRRIEEFH. ALk, grep MN—IXHREN—INFHFRENSHY, &
AERXGHRIEPEEFRTHRSHIT, ARFTEHXLET,

EXMERER, RITESBTRIOAILSSTIACRTFSEMGSIT TERSARIRNAIRTS
. HNNFFEVMRTEN(E, LAFEBEETANTN; BRFHIRERITINIRERR
At (stderr) MARILERE (stdout), XAF—3K, FIWNIAF A LUERIIHHEERZIX
fr, ELAERR LBEHERER.

—{iI Rust £t XML G, Andrew Gallant, BA8IE T — N IhEETE HIEEREM grep k7S,
A ripgrep, HHLLZT, BAINMRAIEIEEBE, KEEHSIR—LHEENIRMRE ripgrep X
HESLTBENE SR,

B grep MERSE G ZRIFFFERN—LEHEE:

- KIB4EALR (BELHE)

* vector IFFFE (FB/N\E)

- HIRAME (BAE)

- SIEMEA trait MEGEAR (BE+E)

« FEUR (E+—%)

BINEBEMHEIFA . EREEM trait WR, ENPHNSESH=EMNE+/\EFFAN
47

=Ho
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BEGLITEH

ch12-01-accepting-command-line-arguments.md

—YNEE1EfER cargo new FTE—TITIE, BAIMZNA minigrep LIBESAIREBELREERA L
By grep THABRX 3,

$ cargo new minigrep
Created binary (application) "minigrep” project
$ cd minigrep

F—MESRIL minigrep EEBIZRM PN LITER. XHBRENEERRNF TR, Wi
AR LEEB A cargo run, MPNEFFRERAGANSHRERLELIZFMAZE cargo,
BRERNFARNEERIXAENBREREITER, GXEF:

$ cargo run -- searchstring example-filename.txt

UTE cargo new ERYHVRFIERBEAMERNNETLERIS L. crates.io FA—LEIALRIER] LA
EYMREHZ G TITEHRNER, FERAGIEEEEIXMR, RITMESRKREWE
TIEEo

IRENSERIE

A TR minigrep BEMBIREVZHBLENMIITEHNE, RNFE— Rust fVEERMEDN
std::env::args BR#¥, XMREFORE—MERLIEFNRITEHENENRSE (terator) . FAi)
KEBT=SLENBENRB. ERUNERTEMELBHOEIAT: ERSBER—RTIN
B, AITEIERE LA collect FARKEFIRA—IES, WNBEFRAEERBTETEN
vectoro

) 12-1 REYRES R minigrep FZFREVE AR ELA TR ST R EHKER—
vector H1,

NHR: src/main.rs

use std::env;

fn main() {
let args: Vec<String> = env::args().collect();
dbg! (args);

}

T 12-1: FanSITSEUREEERI— vector FRFHFTENLHK

B LR use IBAKIF std: tenv IRIRSINERBUAERI LIEAERY args ¥R, EE
std::env::args BERERERH T RERRF, ENELEHRIN, SFAFRERETST—E
RIREY, BERFRIBRSINEAEMAREES . XBTIATFIA std: renv RRYEHERER,
XECIEANY use std::env::args; [FIRINfER args ARRMBERH L, BH args BHW
BIAR— T E X T S RTRRATER £
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args FEFNTCHEY Unicode

AR std::env::args FEEMSEHEE TN Unicode FRIEFE panico SNRIRE
EZE AL Unicode FRNEEL, £ std::env::args_os N&, X EFURE
0sString {HMAE String B, XBEHTFEEEEE(FERT std::env::args, FNH
osstring (EE M TFE#EA—FEMEBL string BRMEELRERES.

£ main REREYSE—1T, BAIEAT env::args, HILAMER collect ROIRT — T EEEN
2RFTE1ERY vector, collect AILIRANREGIEBRZSERBMNES, FIAXEEIVER args BIE
BREERNFE—NFT&H vector, BATE Rust ARV SFEFALE, JAM
collect F—NEEFETAARIRIRKIL, FN Rust NEEHRTHREEMARBNES,

&, BIMERBRAZEITENL vector, EBAAERMEEEMESHNBE R TEITRNE, A
[EBEEANRINSHEIT—R:

$ cargo run
Compiling minigrep v@.1.0 (file:///projects/minigrep)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.61s
Running "target/debug/minigrep’
[src/main.rs:5:5] args = [
"target/debug/minigrep",
1

$ cargo run -- needle haystack
Compiling minigrep v@0.1.0 (file:///projects/minigrep)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 1.57s
Running "target/debug/minigrep needle haystack"’
[src/main.rs:5:5] args = [
"target/debug/minigrep",
"needle",
"haystack",

]

AR vector 95— MER "target/debug/minigrep", BRIHNIZHFINXHHEI, X5 CH
HSHFIRNITRELE, IRERERERTHEAREINENR, MRBEEHETITHEHE
RIEATFARREFNGSTIREREFNITH, BEUUAEMIHREFEIR, RIEEE
FEMNED, HIMTEZEREHREREFRENHENSEK

BEREREFHEE

BRIEF A LUBEREEN G LTS HNE. NEFERXRINSHRNERFHEEXFEFALL
FEREFNRTEDERAXEET . iLFURAE] 12-2 -

NAER: src/main.rs

use std::env;

fn main() {
let args: Vec<String> = env::args().collect();
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let query = &args[1];
let file_path = &args[2];

println!("Searching for {query}");
println!("In file {file_path}");
}

122 QIEEEREFRERSHMFEZSHK

IESNZ AIFTENH vector BYFREEIRY, FERFMIRIRGIET vector WE—ME args(el, PRLAZR
1NIMEREIA 1 WS, ninigrep IREXNE— M SHEZTEIRENFRH, FAUEE—

SIS | AEHREZE query ., EZNSHEEXHRRER, FIURBEZNSHNS I ABALZ
& file_path A,

AT IR HTEN X e T S AYE KIS N A TEREE AR T, [FHEESEK test A
sample.txt RIBITXMER:

$ cargo run -- test sample.txt
Compiling minigrep v@.1.0 (file:///projects/minigrep)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.0s
Running "target/debug/minigrep test sample.txt’
Searching for test
In file sample.txt

XEF7, BFERLIE! BRITBABHNSHRERTH T HNNEER, ZEREM—LEHRS
ERNIRMNAFZERHESHNER. FIMERNTREZBENHFFIRE IR 4 INEE,
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ch12-02-reading-a-file.md

MAERNTZIENIRENAR file_path SpLITSEIEENXHNIIEE, Bk, FE—TAFMXN
THIXH: BIsA—NMAE ST LVEXEKEE—LEERFNNXHE. TFl12-3 2—a3K
#F- k&R (Emily Dickinson) B9i%, EEEESXTIE! FHBERBREIE—IXXH
poem.txt, HHEINIFF “I'm nobody! Who are you?” :

X4&: poem.txt

I'm nobody! Who are you?

Are you nobody, too?

Then there's a pair of us - don't tell!
They'd banish us, you know.

How dreary to be somebody!

How public, like a frog

To tell your name the livelong day

To an admiring bog!
A 12-3: SKFTINEFRAYIF “I'm nobody! Who are you?”, — NFHIIK A5
BTXAHZG, %WiE src/main.rs FARNNRE GRS, WG] 12-4 FrR:
XH&: sro/main.rs

use std::env;
use std::fs;

fn main() {
// --snip--
println!("In file {file_path}");

let contents = fs::read_to_string(file_path)
.expect("Should have been able to read the file");

println! ("With text:\n{contents}");
}
T 12-4: FEEE NS ENXHAR
BT, EIBEMT— use IBAKS|INFVEEFNEXERSD: BIVFEE std:: fs RKAEXH,

£ main FREMIE T —1TiEA: fs::read_to_string % file path, yTAXY, EEREEE
HRZAH std::io::Result<String>,

EXEREZE, FNBREMT IGEIRY printlnt FTEDHIRENHFZ /G contents BYH, XiF
A LA E B i A LERTE R RES T 1.

SR TXERE, BERIEE— M FRBEAE— oIR8 (AAERLIERINEENED
53) TR poem.txt XIERIENE NS
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$ cargo run -- the poem.txt
Compiling minigrep v@.1.0 (file:///projects/minigrep)

Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.0s
Running "target/debug/minigrep the poem.txt"

Searching for the

In file poem.txt

With text:

I'm nobody! Who are you?

Are you nobody, too?

Then there's a pair of us - don't tell!

They'd banish us, you know.

How dreary to be somebody!

How public, like a frog

To tell your name the livelong day
To an admiring bog!

XiF 7! XERAEIREFHTEIE TXHERAT. FIXBRABEE/L MRS, BEl main BERA
BTZMR%E, M—ARE, IRESMRBIANET—IHR, RNBIESW, BERZ4ER,
F—EEE, BITNERNLEBEEERBTE, EAREFBIER/, XERFEFREKIR
2, BEEREFER, ETAMEECIIMaERM, THAAXREFN, REFRENRE—MER
e, ANEMRIDPHABERERS L, BETRENMXAM.
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ch12-03-improving-error-handling-and-modularity.md

ATRERNEFXEEETREFTEEE, MAEIEBSEFIARSAMNFAGEET
BIRB XK. $—, main PEHT TR MES: ST SEFHTH T, AATBEE main &
AUTHEERFEEIEIN, main REGIERIRIZESZHSEM, JRBABTESTHE, EMEXELL
S, EXELUNR, FEEREUERMITEMISIER TMILENR. RiFsenBEHIhEeUE
BPMRBEFAHR,

XERNtEXREEZNEIE: query F] file_path EREFFHNEBET =, & contents NI
RMITIEFZE, BEE mnain REHNEK, MEESIAEZHNTEEERIA, MAEEREE
EEZNTEN, BREXLEERSMNTENEN, RIFEFEETEANH—INEN, XEM
BEfEERBENERRT,

BN BB NRITHA KRBT A TER expect RITENHEFIRERS, FEIXMEIRERR
=15t Should have been able to read the file, JZEXNMHERMHIEREG ZH: HlIU0SxEr]gE
REE, FESEITHIXXGINR, Bal, TieWHHER, BxERERNERER, L&
NEFREEAERNER!

FEIY, FHNBER expect RABSHEEIR, MRAFEEIEERBHNESHNIEITER, ]
=M Rust /8% index out of bounds $5i%, MMXFHFEEERMMAERRRIE, WNRAABHIEIRL
BEAUT L, XEERNEFEETECEIRVIEZENMREEZ EX—AE, KFhr
BENEIRAIEESRE—A BB FHRARIFTENNEIRE EXNERIRA P R EE R XM,

IR B TR R RX R,
—HHEBENXER B

main R TR S MESBARRBE TS —#HEBEFRE . FrLl Rust X F R H—KE
main BREFIATIRRAIHIT HFIZFHX TN BNERE. XEIEEENTE:

« BREFEIRD L main.rs F lib.rs HISTEFEREIERN lib.rs B,

o Yan SITRRIMZIEELEV IR, ATLURETE main.rs F,

o UMmPITRNFRTEEZRN, WEEEEM main.rs 128X3 lib.rs |,

T XL E 7 [FREETE main RRIENHBISRERZARIRFI 9

- EASHERRGSITRIMZIE

 REEAEMEE

* R lib.rs A run RRIER

« AR run IREIFEIR, NIHFITEHRIRAIE

XMERN—IRB R T X EDE: main.rs IBRFITIT, M lib.rs MIEFAEMEIEMNES
BiE, FAAFEEIZNIR main KK, XNEMEITBEFIEERZEBZEIE lib.rs BIRERF
FEEFHNTATLLIREN]. RIURBIE main.rs RSS9/ LUEFIE R B LASEIE EL IE
Mo IEFATERXLE S BREWIERF,

HEENS SRR 2R

B, BITEETSIAITHAEIRINEI— main BXEBEMERES, AEGSITHRITIZERE)
Bl src/lib.rs PHUEE. R 12-5 RRR T # main REBIF L, ©IRARE T HERER
parse_config, BRITIIEENXIE sre/main.rs #:
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Rust 2FIKITHES B{ER AR
NHR: src/main.rs

fn main() {
let args: Vec<String> = env::args().collect();

let (query, file_path) = parse_config(&axgs);

// --snip--
}

fn parse_config(args: &[String]) -> (&str, &str) {
let query = &args[1];
let file_path = &args[2];

(query, file_path)

5l 12-5: M main FREEEXH parse_config K#X

ARG SITBEREHR— vector, TIARETFTE main FEFTEERS| 1 WESEERE
T2 query FIEERS| 2 WETREBELRTE file_path, F{ITEEA vector FiB44
parse_config (K, 3&EE parse_config KEVEEEREWMNBEZHMNB N T E20BLE,
BXLE(EIREIE] main, F(MHFATE main FBJEDT = query F] file_path, i main REH
FAESHSITEHRS TS MR,

XA BRI X/ NEFATREE mAM/NAE, FAEFNTERE/NN. HEMPBHRITEN, TEM
HXENRTZ G, BRETEFHRIISHMBTESNALEE. £ERIHINERE—INTS
1R, XEEEBE )BT BEEE BhRE ALin BAIRL A

PAELEE

AT AREN B — NS B R H—P IE parse_config HKEK, IMERSORE—TE, &
WA T IS, XE— RIS E # T ERMRINES,

S RPEFRHT B)HTRE parse_config ZFRAY config Zf45r, BEER T HITREIRFH
MERHEXNHBER— N EEEEN—BD. BRIRTBEXHNMEEGHTHZIMNEEERAEX
MUBREMNENX; HRENATUEIFMEBMN— N EREHABNFE—EEXHRA
Fo XRIURFKWAIFEETRZERARNENREEXBEURENHNEN,

il 12-6 B/RT parse_config BRIEXAIESH,

Y& src/main.rs

fn main() {
let args: Vec<String> = env::args().collect();

let config = parse_config(&arxgs);

println!("Searching for {}", config.query);
println!("In file {}", config.file_path);

let contents = fs::read_to_string(config.file_path)
.expect("Should have been able to read the file");
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// --snip--
}

struct Config {
query: String,
file_path: String,
}

fn parse_config(args: &[String]) -> Config {
let query = args[1l].clone();
let file_path = args[2].clone();

Config { query, file_path }
}

T 12-6: EH4 parse_config iR[@—> Config £5H{ASLH]

BATARINT —PRA Config RILEHIR, HAREE query M file_path FER, parse_config By
ERRACHUERE— Config {H, EZAIRY parse_config BRERIAR, Ff1kEIT 5
args 7 string {HRYF T slice, MAEFKMNTEX Config REEMBEFRENRY String (B
main FARY args BEESMENFABEEH R RIF parse_config MERMEAEN], XBHKREWNR
Config =IAIREX args FEBVFABENREER Rust BIERAIN,

EEWFEZARMA AT LUIE string BEHE, MxEREFEEARERN A NS RAXLEE
B9 clone 757k, XRLERY Config SKAIRILUABMEIENTREEN, AISLLEEFATHREE
5 AERESHNNEINAT. MIENSEESNEESENERRNLTEEES I BrES
FEER, FRIAERXMIE R TR — VE D M RERIREX S RN & —ESH.

iR clone FYANETENE

BT HIzTTIE, 1% Rustacean ZBJE—TEHEEHE T B RER clone KAZ
REFENREE, AXTERBHNE =8, BIRSFIMAEGRRILEXH
B, AINE, EF—EFRFERNGHRSLE TN, BARIHITIRXE
RUED], MEXHRENBERNFAFRELLBIE, 5 RESHAE—ITUI
HEE R RN EFELL NI E R AR ET L, EEIRX Rust B,
REERMNEFTENT A, FIIERA clone EREH LUIEZH,

FATERT main 3§ parse_config iR[AHY Config SEHIIANZEE config 1, FHIGZ RIS AR
query F] file_path LEAAIIEM NIMIERIER Config LEHPRRYFERAIAED,

IEARIIERRAIRI T HANEE, query A file_path EAAXEXBHBENNENZERE
EFINE TR, EERXEERABMAIETE config SLHIFN N ENMNFERZFIHEN.
Bl config RIMNERER

HriALE, BHAVGATFEASITSHANEEM nain $2EXEIT parse_config REH, XHE)
FIAIEEE query M file_path RIEEXREXFIHNIZFEAIPRIMEIMK R, ZERATEM
7 Config L5H{RRHEA query # file_path FIFEXIE, FHEETEM parse_config BRIEXHFRXLE
ERNZTEANEREFRBMEREL,
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FRUAIRTE parse_config ERIEAIBRIREIE—1 Config KA, Tl TAJLURE parse_config M—
PNEBERHEZN— DI new B SEMRRIXAIRE, BMEXPTREFFABEEFESIG: 7
UBARERERRY String A String: inew REIE—MZERIBYSLHIARSE, 1§ parse_config &
A—N5 Config KEXHY new BREL, M5l 12-7 BR 7 FEMEANER:

Y& src/main.rs

fn main() {
let args: Vec<String> = env::args().collect();

let config = Config::new(&args);

// --snip--
}

// --snip--

impl Config {
fn new(args: &[String]) -> Config {
let query = args[1l].clone();
let file_path = args[2].clone();

Config { query, file_path }

T 12-7: J& parse_config L JJ Config: :new

XEJ% main FiFFR parse_config By A B HIEAR Config: :new, F{1¥& parse_config By
BF R new FIGHEHIBTNE] impl IRA, XEIF new K#5 Config MXEL, BAR=RRHmIZH
iR E A LTI,

EEHIRNIE

RERNFREEFRAIE, BIZ—TFZrREIZMR args vector BEDTF 3 MAHZIRIS
8] vector FZR5| 1 H{FE5| 2 WERERER panic. BRI THERSHIETER, XREE
FBxXtF:

$ cargo run
Compiling minigrep v@.1.0 (file:///projects/minigrep)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.0s
Running "target/debug/minigrep’

thread 'main' panicked at src/main.rs:27:21:

index out of bounds: the len is 1 but the index is 1
note: run with "RUST_BACKTRACE=1" environment variable to display a backtrace

index out of bounds: the len is 1 but the index is 1 B— P HAEFLNEIREZE, A

MXF R EEMKRImAFPIERAE T HAMMIINZM 4. WEMILEINEEER,
HEHIRER

£l 12-8 B, 7E new RERAFIEI T —MEETEIFINES| 1 M 2 ZHIKEE slice BB EBK,
WR slice R, BFIITEN—PNEFITEIRERH panic :
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NHR: src/main.rs

// --snip--
fn new(args: &[String]) -> Config {
if args.len() < 3 {
panic!("not enough arguments");

}
// --snip--

Tl 12-8: IBIN— N SHRBENE

XL TF MBI 9-13 BRY Guess: :new FRIEL, ABEYINR value 2B T HEKEREEMIER
panic!, REIFHREEEE, XERE args WKEZEDE 3, MERERAYRIRERD N AT LTE
RIEX M FARIBEA BT, AR args DF 3 N, WXMFAERKRNE, HIEA panic!
M RMERIERER

BT new ARXJUTEINIARED, BRAHEASHIETEFAERENEHREERGHA:

$ cargo run
Compiling minigrep v@0.1.0 (file:///projects/minigrep)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.0s
Running "target/debug/minigrep’

thread 'main' panicked at src/main.rs:26:13:
not enough arguments
note: run with "RUST_BACKTRACE=1" environment variable to display a backtrace

XNMREHMEST T . MEET I SENEIRER, A, TEEHIMIMIEEERNFFE
IR AP. FIUATEXEFERTRG 9-13 A AT gERA B &ITFH; IEWNENEFMHEIN—F,
panic! MIAAEERTFEF LNREMASER LNEE,. HRENATUERAEAEZEZEIN
F—MEAR —— RE[—NATLARBAR IS IR Result,

JR[A] Result A EIEE panic!

AT LUEIFIRBI— Result B, EEMMNSEE— Config BISLHI, MERIRNSHER
A, FHATERFIBRELR M new 29 build, FAFZIEFRFHE new KEFUKIEAZK M, H
Config::build 5 main ZX7EY, BILUEA Result RERRAXBEFRD, HEEIX nain
¥ Err RRBRANEFRERIFNEIR, AR panic! FRAFERXTF thread 'main' F
RUST_BACKTRACE By 7S,

5l 12-9 B/R T 77T IR[E] Result 7 Config: :build AYIREMEM K EIAFEAZHNT, FTEX
BEAEEHRIE, HEIT—NROIEHT mnain 25,

X% src/main.rs

impl Config {
fn build(args: &[String]) -> Result<Config, &'static str> {
if args.len() < 3 {
return Err("not enough arguments");

}

let query = args[l].clone();
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let file_path = args[2].clone(); ?G

Ok(Config { query, file_path })

}

5 12-9: M Config::build HI3R[E] Result

IUTE build BRFUR[E]— Result, EMINBTHE— Config SLHIMELMBIRNEZE—MNE
& 'static £HAPNFRFEFEE,

build REAPRERMEN: H&E EBSHREAEIEA panic! , MERME Err H, B
{14 Config IR[EMEBEM Ok BHIH, XEAERERRBTEHEMPILEER,

@ittt Config::build 3R[E]— Err {H, XFLADIF main RIELALIE build RIFGR[OHY Result
EHETLHIEIRNER T BRI,

B Config: :build HbIBEFEIR

AT REERBERATEI— I WAPREFNESR, ENFZERM 12-10 BREFEHT main RER
RAIRITE Config: :build 3R[EIAY Result, FINEFEFHLIMRITH panic! AFTHNTIAF,
BT AFZEIRIER e LT TAN IR, FEBTHRERTE2—NMEROIES, BRSIFEARRER
R#EHTZ: ZEFUSEIRKSRET

X% src/main.rs

use std::process;

fn main() {
let args: Vec<String> = env::args().collect();

let config = Config::build(&args).unwrap_or_else(|err| {
println! ("Problem parsing arguments: {erxr}"),;
process::exit(1);

})s

// --snip--

TP 12-100 WNSRFE Config KIMNIERAFHIRFIIR

FELERGIR, ERT —NZEEEIFEMIREN A unwrap_or_else, BENX FINEERN
Result<T, E> b, f#f] unwrap_or_else BJLUH{T—LeEHE XHIIE panic! MEHIRLIE, X
Result 2 Ok BY, XNFAEMITAEMTF unwrap: EIRE] ok NEIFIEEMNE, A, HHER
Err B, ZAZERER—NEAE (cosure) , BIME—TEHNTEXHIERABEEZBRS
unwrap_or_else WEZ K, FE+=BXFIFMMNEBHACT. NEMRFEEZIERNE
unwrap_or_else &¥§ Err FWNERME, WELRRA 12-9 FRIGHNAY not enough arguments BHESTF
FENER, FRAAEPUTRERLRNSEH err, FABFHNRIBERGITHRAIUERX
A err {E,

ENFME T —1 use TRMITERERSFN process, EEIRNIERFASFRIZITHLIER
1T BIVFTENR T err (E, EEHFRAT std: :process::exit, process::exit =i7EMEIHFE
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FHFEBAEHNEFENREREE, XEMTFRAE 12-8 REMARET panic! AITHEIRL
B, RTABRIFMENTIMIL T, hRiTii:

$ cargo run
Compiling minigrep v@0.1.0 (file:///projects/minigrep)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.48s
Running "target/debug/minigrep’
Problem parsing arguments: not enough arguments

FEE! NEMENTRPRAMETZ T

M main $ZENIZE

IMERA TR T EEERAREN, LR EEFEE, EN R XED B
FREFRNTIE, FAPFRI—1E run BIRECKERB AT main RERPAB T IRERETL
EHIRMFTEZEE, —BemixXtE, main REUGERGE LUBIEKINIE, MG
AFREEMEZERES Mo

A 12-11 BRTIRENH A run KER, BEiF(1R#1T/)\WiE S AVIRER I B0H, K
MBI TE src/main.rs RESGXPNERIER

X% src/main.rs

fn main() {
// --snip--

println!("Searching for {}", config.query);
println!("In file {}", config.file_path);

run(config);

}

fn run(config: Config) {
let contents = fs::read_to_string(config.file_path)
.expect("Should have been able to read the file");

println!("With text:\n{contents}");
}

// --snip--

E 12-11: $2EX run RECREERISHIEFIZEE

BTE run REXEL ST main AMIRERSC BRI RIRBVFAEIZ B, Tun BERFREX—1 Config 5L
BItERZE.

M run EREGREIFEIR

ISR RAIBIED B run KK, FLATLUGRE] 12-9 By Config: :build ARFFCEHEEIR
RIB, FAEEE expect BIFFERF panic, run REIFREHEITIRE— Result<T, E>, X
IEFA T —2 U —F3d B P RS VS B EEIRANZES —F) main BB, R 12-12 BRT
run FZ TR EAPHINEE :

NAHER: src/main.rs
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use std::error::Error;
// --snip--

fn run(config: Config) -> Result<(), Box<dyn Exrror>> {
let contents = fs::read_to_string(config.file_path)?;

println! ("With text:\n{contents}");

Ok(())

5 12-12: 1BER run ERFR[E] Result

XERERNEE T =1BEENEBN. B5E, ¥ run KEHINREIRRETH
Result<(), Box<dyn Error>>, ZE'IIIJX/I\IZI%&@@ unit %ﬁ! (), I)”u?:EEU?!?’ST%?#T’EjU Ok Ejﬂ"]
R[E1E,

MFERIRER!, FH trait 35 Box<dyn Error> (TEFLFERAT use BAF

std: :error: :Error 5| N\{EMAE), B+/\BELH K trait WK, BEIRFHE Box<dyn Error>
BRERHREISZIM T Exrror trait BEE, R EFIRERAMERREIMERNZE, X2
HTEFRANBE RIS Ui E REEENEIRREENREE. XUFE dyn, ER'ME
B9” (“dynamic”) HI4ES.,

FEINREERIET expect ARAHBMANENEHRIIN » BEM. FETEIHEIRM
panic!, ? SMEHFPREIEIREHFILIARERLEE,
F=MEXEMEMINBT X MR I EIRE]—1 0k B, EN run KEE R PAEARIHEELRE]
B (), XEKREZER unit XREELEH ok ER, ok(()) —FREERERFIR, A
XE[R O BRANME, R\BIAR un KEIZATENEIER; REFHEERETALE
BXHE,

BT LIRS, CEBEDED, BRET—%

4

H .
= .

$ cargo run -- the poem.txt

Compiling minigrep v@.1.0 (file:///projects/minigrep)
warning: unused “Result® that must be used

--> src/main.rs:19:5

19 | run(config);
ANANAAANNNNANN

note: this “Result’™ may be an "Err’ variant, which should be handled
note: “#[warn(unused_must_use)]  on by default

help: use “let _ = ...  to ignore the resulting value
19 | let _ = run(config);
| +4++++++

warning: “minigrep’ (bin "minigrep") generated 1 warning
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.71s
Running “target/debug/minigrep the poem.txt"

Searching for the

In file poem.txt
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With text:

I'm nobody! Who are you?

Are you nobody, too?

Then there's a pair of us - don't tell!
They'd banish us, you know.

How dreary to be somebody!

How public, like a frog

To tell your name the livelong day
To an admiring bog!

Rust IR REA BRI RBEE T Result {6, ERIBERAREFE—THEIR. BERNNANLKBERLEX
BRTE IR, MKFHERER(NIXEN ZE—EHERGEAD! WEMILIIUEEXD

1=

1£ main QLI run IR[E|HYEEIR

BAITROESEIRFFERLIURA 12-10 A Config: :build MIEFRAIIARLEELN], FIE
— LAY AR[E]

Y& src/main.rs

fn main() {
// --snip--

println!("Searching for {}", config.query);
println!("In file {}", config.file_path);

if let Err(e) = run(config) {
println! ("Application error: {e}");
process::exit(1);

}

EIER if let RKIQE run BHRE— Err {H, RETF unwrap_or_else, HEHFEIIER
process::exit(1), run HFIR[E|{& Config::build iR[E]AY Config SLHIARHFEZE unwrap BY
Bo E7 run ERTHENRE (), MENTRKOEMEIR, FAUAHAEZE unwrap_or_else iR
BIRFENE, BAERZE O

RIZFNMG)Frh if let A unwrap_or_else FYRRIER{AER—1%: ITENHEEIRFHIEH,
B3R 2 RUE crate

WMEFKNIH minigrep MBELRIFZ T ! MEBKINVEEIRSD sro/main.rs FE—LEAEHHEN
src/lib.rs, XHEFREENMRENHBE—NSBEE/DINEER main KEK,

WLFAVE src/lib.rs TAE src/main.rs E X BERRRINEERIAEE, XERA] EERAEMEE
FAFA] minigrep FERYAN) FARTIATEELFRAT] minigrep i) crate BE S L TR FIEA
X MERE,

B, TR 12-13 PEATENXT search RERFER, HAEA unimplemented! ZRIENREE
Ko FA PRFTESEIEREAD 17 B B IF A AR R BRI EN 2o

XHE&Z: src/lib.rs
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pub fn search<'a>(query: &str, contents: &'a str) -> Vec<&'a str> { ?“

unimplemented! () ;

}

5 12-13: 7E src/lib.rs AEX search R

FAEREE X HER pub KBEFRIERE search REEABNIEN L API Z2—, IIEHKA]
AT LUK s & 72 ¥l crate FERXNE crate 7!

MEEETL sr/main.rs FIEENXIE src/lib.rs BIKEBS| N Zi# i crate BYERIEFHIAA, W
=51 12-14 B :

X% src/main.rs

// --snip--
use minigrep::seaxch;

fn main() {
// --snip--
}

// --snip--

fn run(config: Config) -> Result<(), Box<dyn Exrror>> {
let contents = fs::read_to_string(config.file_path)?;

for line in search(&config.query, &contents) {
println! ("{line}");
}

0k(())
}

=f5l 12-14: ¥ minigrep crate 5|\ sr¢/main.rs BIEBIE

A TAN—1T use minigrep: :search 3RIB search FKEXMEE crate 5| NE|Zi#El crate {ERIE
th, SARTE run REHR, FRAITER search REEITENXHEUIE, Hi§ config.query F]
contents {ENREBMANS I, ARG, run RKEER for BIFTENFRBILAD query B91T, Xtb
8B main BREKH println! BIR query F file_path BYUFEIH], XEFEFKIMIZEF R SITED
BRER (REEEIRNE),

AR, EERERTEITENENEFELE RUEER vector AR, XFPSLIIEIERAR XY BREE
ROERRIE, ERNERATSGRRTINAFITED; HIVSE 13 ETHSERAERBERRRX
Mel BB ETEE S o

M FAME T AENTIE, FEENAEROEINIT T 7 Ei,. MELIBEIRRERS, RN
KRB EMEIR. MIITEFEILFFRBER TIEEIETE src/lib.rs Hi##1T,

I FATR X R G R AVRR A B 1T —EE IR P LURARNIE, XETFEHA
BHEERS LN BMERS NL!
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K ARz & INThaEE

ch12-04-testing-the-librarys-functionality.md

MERNTEZIERENE T src/lib.rs F RGNS HENNERAIEEE T sro/main.rs B, 7
RBEBIZOIIEERE MG EMERZ. HITTUERERZWHSEARRHHQEREEMT
EMBLITEITZHEIXE T,

EX—E5, FNVEERENIRIEENFF % (Test Driven Development, TDD) BRI R Z L 1g
AN minigrep AU ERITIE, BERUTLE:

RE—PNRKANNR, FHiEiTE URRERMBEREZIRFTEAER,

‘RS BB BRI AES SR AEFT YN &,

EMRNINIEMIERBIRES, HERNEHRREED,

MNTB 1 FREES!

BRAXAERZREHRENT E2—, T TDD BBIFREBAIGIT. THRE feENIXE

B ZRE NGB TFERAIETFEEFEIHEER,

A LUMNR IR S SR S I L PRE X A B R T F R B HIREILAITHREIThEE. A1
E— Yl search BYRRERAIE DX LETNEE,

RS SR

=12 src/lib.rs ¥ src/main.rs FEATFHREIZFITHE println! B4, RAFRBEEZTEE]

To BERHISEGET—EMHFEM— test RRFT—NMIKREL, NMIXREIEE T search
RHHABHENITH. ESRXR—EETINFERRMNEREINNE, HRSIREEEIE
KREIX AT, Rffl 12-15 B 7 XN, EEFREERIE:

XL src/lib.rs

// --snip-- ?G

#[cfg(test)]
mod tests {
use super::*;

Eal o

#[test]
fn one_result() {
let query = "duct"”;
let contents = "\
Rust:
safe, fast, productive.
Pick three.";

assert_eq!(vec!["safe, fast, productive."], search(query, contents));

}

5 12-15: SUE—IATHAZERY search RERAIRIKINIR

XEEZEER "duct” FAXNNAPFEBRERNFA R, ARERONAE=1T, HFR
—{TEE "duct", CEEWEISZENRFIL, X&EIF Rust FEEFNEFEERBHIAX
MNBITH) TS search REANRENER B SHAERIAB—1To
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HINEREBEITXNNAHEBIERY, AAECEEZEEREEHRIF: search RKEIEFRTEIEIE!
1RYE TOD BRI, FATRHEMEBHIERFEHEBRRF: —NE2ERIRET vector BY
search KIEENX , FIRHI 12-16 Fiime FARXMNMIXNZEEBARIFHE = vector FHARILED
— NB1E&—1T "safe, fast, productive." By vector MM,

X% src/lib.rs

pub fn search<'a>(query: &str, contents: &'a str) -> Vec<&'a str> {
vec![]

}

T 12-16: WIgFREBENIHETHRIFR search BERE X

ARFBERE search WEBHPEX—TEREGEH 'a HFHBTF contents BEHREE, [E]12
— T E+ERHINE R FPRSEIEEN S HNE AR SREEN S R AHEXE, X1
FlFH, FIRBIREIE vector FRIZEE 5SS contents (MAESE query) slice B9
FRTER sliceo

WaEy, 1SR Rust K%K search IR[BINEIERIS search BRETHEISEL contents HY%K

BEEN—H#A. XRIFEFEEN! ATEXSIBEBERIBAH slice 5| BNHMIBLEERT
B, WREZFESANENIEELIE query AR contents FFFE slice, BARERER
BARIEMM,

NRBAVSIEANE AR ERM =R IR LR, MIFEMTHER:

$ cargo build
Compiling minigrep v@0.1.0 (file:///projects/minigrep)
error[EQ106]: missing lifetime specifier
--> src/lib.rs:1:51
|

1 | pub fn search(query: &str, contents: &str) -> Vec<&str> {
| ---- ---- AN expected named lifetime

parameter

= help: this function's return type contains a borrowed value, but the signature
does not say whether it is borrowed from “query’ or “contents’
help: consider introducing a named lifetime parameter

|
1 | pub fn search<'a>(query: &'a str, contents: &'a str) -> Vec<&'a str> {
| ++++ ++ ++ ++

For more information about this error, try “rustc --explain EQ106°.
error: could not compile “minigrep” (1lib) due to 1 previous error

Rust ARIEEREINNFENZEW— N2, FMUBFEEIMEHIFE, NS contents BF
TRRENXAMAE RN AHEREILERARER DA, FRATATRIE contents BWIZBERE
B AHIE AR SR OHEEXER S,

HES PHAFTEMEREREZFRSHSREEEXE PR AMEIRENARDE A LM
£, BERBNEEXEITTEREE S, MAEEERXNMIFSE+ER L%

R BEXER DXL,

BEETTR
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$ cargo test
Compiling minigrep v@.1.0 (file:///projects/minigrep)
Finished “test’ profile [unoptimized + debuginfo] target(s) in ©0.97s
Running unittests src/lib.rs (target/debug/deps/minigrep-9cd200e5fac@fc94)

running 1 test
test tests::one_result ... FAILED

failures:
---- tests::one_result stdout ----

thread 'tests::one_result' panicked at src/lib.rs:17:9:

assertion "left == right ™ failed
left: ["safe, fast, productive."]
right: []

note: run with "RUST_BACKTRACE=1" environment variable to display a backtrace

failures:
tests::one_result

test result: FAILED. @ passed; 1 failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

error: test failed, to rerun pass "--1lib°

Rar, MAKM T, XERFKNIFFHAER, EepRibNiEgre!
W5 ENLEE RS

Bailhid 2 ASKKMER AN ZEIREI—MNTH vector, ATEEFH LI search, ]
NiEFEEERINTTE:

EBHRABNE—1TXE.
EEX—TRSESERRNFNH.
MRE, BX—ITHATIRREES,
MREE, ot
R[EICECEIREE R YR

EN—F—FHK, NBHBITHE,

R lines FEZXITIER

Rust ﬁ—/\ﬁﬁﬂﬂz—ﬁ—"_fi_l_ FBENAZE, HFHECHBRA lines, BIURF 12-17
XHETE, FRXERBERIF:

X#H&: src/lib.rs

pub fn search<'a>(query: &str, contents: &'a str) -> Vec<&'a str> { ?0

for line in contents.lines() {
// do something with line

.U"PS“!\’.—‘

}
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il 12-17: BFA contents BE—1T

lines FiAIREl—PMEREE. BHZEBRRNTHRERES, FEIFENELERG 3-5 RIIEE
FEREBBNAET, EBEFET — for BFIRMERBE—NEENE—MLEITT —L&K
=N

BEAFHRERET—T

ETRESEMCE LTS E8TEUFRHENIE, a8, FREXEILE—
I contains BUSEAFGE! WN/Rf 12-18 FR/RTE search KERHAON contains 5iEIAR. *
BXATEERIF:

XL src/lib.rs

pub fn search<'a>(query: &str, contents: &'a str) -> Vec<&'a str> { ?G

for line in contents.lines() {
if line.contains(query) {
/] XA ITIHITIRE
}

T 12-18: BIMGEXARITREEES query RFAFHRBYINEE

Ba0, BATEERREINEE. N7 iLABREBRE, FEMRBFRE—HRITERBERPFR
AANE,

{FfiEICECRYTT

NT TR NERER, FBFE MG ERFEEREIVCET, ALLEIUTE for B ZAISIR

— NI TR vector FER push F57E7E vector REM— line, 7 for EIFZE, R[EXD
vector, W0/Rf5 12-19 PR

XL src/lib.rs

pub fn search<'a>(query: &str, contents: &'a str) -> Vec<&'a str> {
let mut results = Vec::new();

for line in contents.lines() {
if line.contains(query) {
results.push(line);

}
}

results
ol 12-19: fEFILERRYITIAE R LLR[EIEA]
ITE search REARNIZIREIREE query BUABLETT, MR ZE=@E, iEFHNEITMI:

$ cargo test
Compiling minigrep v@0.1.0 (file:///projects/minigrep)
Finished "test’ profile [unoptimized + debuginfo] target(s) in 1.22s
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Running unittests src/lib.rs (target/debug/deps/minigrep-9cd200e5fac@fc94)

running 1 test
test tests::one_result ... ok

test result: ok. 1 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Running unittests src/main.rs (target/debug/deps/minigrep-9cd200e5fac@fc94)
running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Doc-tests minigrep
running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Mi@Ed T, HMNMECHUALET!

MEERAUEEEMNEY, ERENRES, REFDEFTIEIR FTEN search ¥
search ERFRINBEHAR, FIH KB AERSFN—ELAIE. FH=FFEZX ?C/\
BIFHRNRRIENBH BB NASOEATE,

£ run ERENPAER search FHEX

IMFE search RIFERI AT EHMIREES 789, FHiH E;‘—f‘ﬂ" run RRFLFIAR search, F
¥ config.query {EH] run MXXHFFIRENEY contents {EiB48 search KEK, $#E run SITENEH
search R[E|E—1T:

NXHERZ: src/lib.rs

pub fn run(config: Config) -> Result<(), Box<dyn Error>> {
let contents = fs::read_to_string(config.file_path)?;

for line in search(&config.query, &contents) {
println! ("{line}");
}

0k(())

XBMIAERT for fBIFIRENT search IR[EIMNE—ITHITEIHF,
MEBNMEFMZAIUTET! I —i, BAFER—RSEIKF INEHIFTIR
[Bl—1TRYEIE “frog” :

$ cargo run -- frog poem.txt
Compiling minigrep v@0.1.0 (file:///projects/minigrep)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in ©.38s
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Running "target/debug/minigrep frog poem.txt"
How public, like a frog

AiE! WARRA— T RCEZ1TRIRIE, LI “body” :

$ cargo run -- body poem.txt
Compiling minigrep v@.1.0 (file:///projects/minigrep)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.0s
Running “target/debug/minigrep body poem.txt"
I'm nobody! Who are you?
Are you nobody, too?
How dreary to be somebody!

&, ERMNBREZ - ESPMEHLENRARAI[EEMRTT, il

monomorphization

$ cargo run -- monomorphization poem.txt
Compiling minigrep v@0.1.0 (file:///projects/minigrep)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.0s
Running "target/debug/minigrep monomorphization poem.txt"

FEHF! BB T—METFECHRFREHRTR, HAEITRSUWFAAREZFHFIR
MMEFSI 7 —EXHmNah. EanEH. MM SITRTRNARR,.

ATEXITTEEFH, BIBEENBTNAGERZTEMNITENZRERIR, XMETR
B R1TREFIERER,
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AT I — N ENIMNYTHBESR B minigrep: AR ALUBTIRENBETERLERREE =
KNEBURANEDL, XA, HIEILUEE I A— IS SITESRHERB RS REENERN
e, FEEXEHRITBEERNIETE, XAFAFRENETE—RZEEE N RiERIET
FrE S REIE R R/ NS RBURM,

WE— P AKNEREFE search AR KN

BN E B —NEREL search_case_insensitive, R ZENRLEEFERFRE,
XERAEEE TDD 312, HFE—FTEBREE—IMRWMH. FHITPEAFHHAR/NEFEU
RRRETIE — N REL, FOFERNIXERERM one_result PRy case_sensitive KEF
BHRAXFMNIAIXS], 051 12-20 Frk:

XHRZ: src/lib.rs

#[cfg(test)] ?G
mod tests {

use super::*;

#[test]
fn case_sensitive() {
let query = "duct";
let contents = "\
Rust:
safe, fast, productive.
Pick three.
Duct tape.";

assert_eq!(vec!["safe, fast, productive."], search(query, contents));

}

#[test]
fn case_insensitive() {
let query = "rUsT";

let contents = "\
Rust:
safe, fast, productive.
Pick three.
Trust me.";
assert_eq! (
vec!["Rust:", "Trust me."],
search_case_insensitive(query, contents)
)
}
}

T 12-200 FEERINBIAR/NG TR ERGHTIE SR MU

ARBNMBZ T ENIAF contents BYH, TG T —PNEHENA "Duct tape.” BT, EHR
—MREW D, XEXNNEHBIERIARRIZILED "duct” s FNVMEXZNNHALUBRAZE
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SMEIFELE XM A/ NEHRERIIEE; XMMNKIMEN ZEE@E HERIERNERGRIEER
B R iZeE— B @i,

KNEFRHBIERFTNRER "rUsT" EAEHTEFRE, TRITEEEMN
search_case_insensitive [R#EH, "rUsT" TNV ZEBEESHFE—TAE RHE] "Rust:" iXF
"Trust me." X7, BMEENSEHNKNEEHARE. XMULIMERERE, BAEEE
TE X search_case_insensitive (K#§, JFERIENM—NEZIREZT vector WEERKLI, EUR

51 12-16 A search ¥ T (ENIX B JwiE H R KBS Fr i a9 AR
SCIR search_case_insensitive KR

search_case_insensitive ¥, /Rf5 12-21 PR, 5 search REEARMEE, H—HIXF!
TBEsE query TEFE— line L NNE, XEFRERWASREAETER/NE, TREZ
TREESTHFERNBNESENE,

XEE: src/lib.rs

pub fn search_case_insensitive<'a>(
query: &str,
contents: &'a str,

) -> Vec<&'a str> {
let query = query.to_lowercase();
let mut results = Vec::new();

for line in contents.lines() {
if line.to_lowercase().contains(&query) {
results.push(line);

}

results

il 12-21: FEX search_case_insensitive K%L, BIELLREEME—ITZEIFE1]&EREIR
AN

BEBITE query FHBREIRN/NE, HEEBZIIFBNEEDR, BERERD query, XE
WFRBRFEA to_lowercase @MFEH, XIFAERAFPHETIAE "rust". "RUST", "Rust" F{FHF
"rUsT", FRATEBIGEHIE "rust” MIBH I K NEREK, B to_lowercase m] LAMEE AR
Unicode, EERE 100% &, MRHEEELNIEFIE, HIMNEFTZM—LETE, FIX
—HBHRBEXTFHETEMARE Unicode B9, FRLUXHETIZ T o

EE query MR — String MARFERE slice, FAIEMA to_lowercase 2TERIEMEUE,
MmAEs | BIBHIE, IREFBFFRE "tUsT", XPFRE slice HAERERITERN
INEW u g t, FRUSESE—1MEE "rust" B3 String, IMEHFANTE query ERA—1S
BB contains FIERS, BEIEM— & [EA contains HFERWE X IKE—NF T
slices

B TRBATNE— Line A to_lowercase FHIL NG, IERKN]E Line 0 query #RIZ
WA TN, ZERAIUAEEWHARNEHITRE T .

HMNEEX LMD ET L
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$ cargo test
Compiling minigrep v@.1.0 (file:///projects/minigrep)
Finished “test’ profile [unoptimized + debuginfo] target(s) in 1.33s
Running unittests src/lib.rs (target/debug/deps/minigrep-9cd200e5fac@fc94)

running 2 tests
test tests::case_insensitive ... ok

test tests::case_sensitive ... ok

test result: ok. 2 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Running unittests src/main.rs (target/debug/deps/minigrep-9cd200e5fac@fc94)
running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Doc-tests minigrep
running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

i(ﬁ??' MXEREE T MIE, IEFNE run RENHSCPRIAFTEY search_case_insensitive
o B, BINETE Config LEMARIENINI—MNECE DRI A/NG SR A/ NG REUEE
?o EMX N FERESSHFEFEIR, BABRINELEEEMATNBLE:

NHR: src/main.rs

pub struct Config { ?@
pub query: String,

pub file_path: String,
pub ignore_case: bool,

BIEINT ignore_case FEGREMR—MARE. HERIFE run KEIQE ignore_case F
EXE’J{E HAEXRAEESETIEH search K#{3 search_case_insensitive KEK, #RHFI 12-22
Fimo S ERXEFEERIFE:

X% src/main.rs

use minigrep::{search, search_case_insensitive};
// --snip--

fn run(config: Config) -> Result<(), Box<dyn Exrror>> {
let contents = fs::read_to_string(config.file_path)?;

let results = if config.ignore_case {

search_case_insensitive(&config.query, &contents)
} else {
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search(&config.query, &contents) 7&
b

for line in results {
println!("{line}");
}

Ok(())

5] 12-22: #B#E config.ignore_case BY{EIEH search Bf search_case_insensitive

EEEELIEENETE, LEFRETSENRIBUTIVEEN env &R, MXMERES
£ src/main.rs TREBHESINT YEFIT. EEFER env ERM var FiAREE—IfHY
IGNORE_CASE WYIFIRZT &, W/nfll 12-23 Fik:

NER: src/main.rs

impl Config {
fn build(args: &[String]) -> Result<Config, &'static str> {
if args.len() < 3 {
return Err("not enough arguments");

}

let query = args[1l].clone();
let file_path = args[2].clone();

let ignore_case = env::var("IGNORE_CASE").is_ok();

Ok(Config {
query,
file_path,
ignore_case,

})

5 12-23: ¥EPYf TGNORE_CASE HYIFIR T &

XEET —MNEE ignore_case, ATIREENIE, FEFR env: var K%L, FHIBIFE
L& IGNORE_CASE B FIRLHRE, env::var R[E— Result: WNRIMETEWIGEMTEIE,
MIREIEEIZENMI ok T, NIRRT ECEWIKE, MIR[E] Err T,

FAVER Result By is_ok FIEARNMEMIRTEREWIKE, XUMEKREERFNZHIT—
KNERGRAIER, G0R IGNORE_CASE MR T ERBHIKENERE, is_ok =iR[M] false
HRHITANERERIER, HTHAXOIFIRZEMSENE, RRXOERSHIKE T, FI
LIS is_ok MAE unwrap, expect EAIFAIEL IR Result B,

TG LT E ignore_case MIEEELS Config I, XiF run REAILIEENEHEH RAEES
A 12-22 LI search_case_insensitive S search,

HHENR—AE! BAERKEMETEHFEHAEN to BITER, XNZREEA2/NEH
17 "t0" 17T
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$ cargo run -- to poem.txt
Compiling minigrep v@.1.0 (file:///projects/minigrep)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.0s
Running “target/debug/minigrep to poem.txt"
Are you nobody, too?
How dreary to be somebody!

BERIBFNARBITIE! ITEIF IGNORE_CASE IKE N 1 FHLERERINEM to KiZ1TIERF!
$ IGNORE_CASE=1 cargo run -- to poem.txt

SNRIREER PowerShell, MFEBRAM T L ROFIREFETEEHIZITIER!
PS> $Env:IGNORE_CASE=1; cargo run -- to poem.txt

X1k IGNORE_CASE FYRXERTEH ] shell ZIERIFLEER, FTLUET Remove-Item cmdlet 3K
EUHIRE

PS> Remove-Item Env:IGNORE_CASE
XOINZEEBEEEEAEFEM to N1T:

Are you nobody, too?

How dreary to be somebody!

To tell your name the livelong day
To an admiring bog!

R T, BAMEREITEE to B91T! IFE minigrep 27 Al LUBIH IR T EITHIFITANER
BRERT, UARNE T NAEERMSITSHHFIREERERER 1!

—EREFAFNEEEERNERASHMFREE, EXMBERT, BFRAESHNFRE
ENMELR. (FA—TBAIRNIK, ZRBI - TEHE— I HFIREEREFIKNE
BRIER, HESTEFNBIFBEENREGSITSHNITETEMMER.

std::env RIRE RS T BEZMEMIREERSTAIG; BEREXEFR T EHEAIAINEE.
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BRIALE, FITEPIERELERED println! B2 TR, KERDKIRERRM 7 mitaEL |
stk (standard output, stdout) XN—ARIER, #REEEIR (standard error, stderr)
MATFHEIRMES. XMXHIRTFHFPEFEEEFEBRHERT— M EPHNEEIRIERIT
ENEIRFE L,

B printint EREBITEENTERE, BB ILAER RS AR EN SR A IE,
REEIES AR

%, JHRTNE—TFEA0 minigrep {TENMFTENB RIS MPERHE, SIEHLT
TS M EEIRNEISE S, AET R E R REE R — X RN B E—
SRS, RITREECHRERER, MUTARZIREESNNBE LM RR
ERE L,

ST RIS I E B AR ENRERIRR, R B R et R E R RS e
BB BEIIRIEE. BARITNEFHTTAIE; BREIEEICHERIESHHR
75| TS

i@ > MXHERIZ output.txt Kiz1TIER, FITHAEEERIMERERENZGH. EX
2, BITKBERREASY, FUIFE—THIR:

$ cargo run > output.txt

> EREIR shell BiRERHNRARE NG output.txt XEFRTAZRE L. KI1HESEESR
HIZMEIRERITHERE L, FIXEREEC—ERMSENT XHH, TR output.txt Rl
=10

Problem parsing arguments: not enough arguments
R, HIRESHITENR TIRERER, GXFNERESRITHNINERRTREERE
%, XREFRERNEITARFENREA BN RHETHEMRER.
BRIRITENEIRESEIR

IEFRATI0RG] 12-24 FrRBIRES e BEIRE S B IEIRITENN, SHETAZRLERRIEN,
FREFTENTEIRIE B RIRBIERALT main — DRI, TERFERMET eprintlnt ZRRITENZRFRE
HBIRA, FRLORMTNIEA println! $TENHIRIE BRIUEERA eprintlnt !

X% src/main.rs

fn main() {
let args: Vec<String> = env::args().collect();

let config = Config::build(&args).unwrap_or_else(|err| {
eprintln! ("Problem parsing arguments: {err}");
process::exit(1);

)
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if let Err(e) = run(config) {
eprintln! ("Application error: {e}");
process::exit(1);

}

Tl 12-24: £/ eprintln! R$HIRE BT NMREFIRMA BN ERH
REFNBRAZZBRAENANETER, AMERTASHHED > EERINERL:

$ cargo run > output.txt
Problem parsing arguments: not enough arguments

MERNMNEBITRELNEIRESR, BN outputtxt BHAWEE, XIERHSITIEFMEAE
BT,

NREAFIERBRNSHRBREITER, TENABNEREEERE—IXMH, ‘X
=N
$ cargo run -- to poem.txt > output.txt

RMHAARELRREIEHL, [ output. txt KB EHLER:
X output.txt

Are you nobody, too?
How dreary to be somebody!

X—EB B 7 MR FRA TI&E SRR 7 AT B = A ROAT A f A S8R B = AL RUATR A £ R
S

~

X—ERB 7eSAIERFRIN—EEEMRS, HNETWEE Rust FRITEILA 1/0 #1F
WBIEARLITEH. X, MREEMA TR eprintln! R, RIEELEERTR
B R1TiEF 7. SER/LENAIR, MNRBESERRIY, ERBIEERUEHEESEN
PRGN, RELERR, FEAZKIRFUR.

BIR, EBIRERE—LE Rust IR RHEIVREIZES RMAVINEE: AEMERES.
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ch13-00-functional-features.md

Rust BUIRIt NIFZIERIESMRAFRINRE, HP—MEEZ MR RE
(functional programming) . VAR RIS RIZEE IR S (EERER, el ER
SR, FHEMRHIREERE. HAeTEUEHERT, F%5

FERZEFLERBARRIREFAHAEFA, MEEIVIE Rust F—E5FZERITA
EREATUIE = BV IEARIABY TR,

BRI, BIRELSK:

« A8 (Closures) , —Ma] LIFHETEE EFRIEIAR IRV

- i&XE (terators), —HAE—RIITHENLGR

« WNEfERFAEMIEERAHE+"F/ /0 BB

- AEMEAENTE (BEES: SlNEREBFIFIER!)

BINEENAT Rust PRI LR RBIANBIIMAIIIEE, LIRALEMKE, FHAHEE
AEMEREBREHE. B/A Rust KEIMEBRAMERSD, FIURNSE IRBE—EXH
el
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Rust 2FIKIHES B{AR AR
=iy
ch13-01-closures.md

Rust B9 18 (closures) BRARFEZEFHENSHERLEEMRBHERRE. RATLL
F— G RIEAE, AREFRN L TXFRITHAREE, FETRLE, HASRITFHREMR
EXBFRE(EREFRIE. RiTFRRXER SN ASEFRBERNITAES,

HIRIFIR

BB T BOfES A EHREX ENIRERNEUEZEER. ZEMNTHR: &N T
MRENERZE BT IRP IR A MEE—HREMRAVIRR T MIENTEH. EBHFFIRABIR
RAEILUEER M EZREE RN AGEE R, NRFREFHIKRRIRE T EZNEE,
MRS EN T M. MRMLEREEZNHE, MNSRBELEINEFRSHEE
BYFRTCo

BEREZMAARLIX—=, i, FHE Red F1 Blue FMLAH ShirtColor 2 (HTF
BREEREENRMHENE) . FKIMEM Inventory FHAERRKRABNEE, EBE—1TERER
Vec<ShirtColor> MY shirts FEERREFFHFELHENE, Inventory FFENXH giveaway /5
FERNGEENEZBEMEENGE (N8), HEREHRENHEZHNERE, YIaEINRG
13-1 FAi7R:

Y& src/main.rs

#[derive(Debug, PartialEq, Copy, Clone)]
enum ShirtColor {

Red,

Blue,
}

struct Inventory {
shirts: Vec<ShirtColor>,
}

impl Inventory {
fn giveaway(&self, user_preference: Option<ShirtColor>) -> ShirtColor {
user_preference.unwrap_or_else(|| self.most_stocked())

}

fn most_stocked(&self) -> ShirtColor {
let mut num_red = 0;
let mut num_blue = 0;

for color in &self.shirts {
match color {
ShirtColor::Red => num_red += 1,
ShirtColor: :Blue => num_blue += 1,
}
}
if num_red > num_blue {
ShirtColor: :Red
} else {
ShirtColor: :Blue
}
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}

fn main() {
let store = Inventory {
shirts: vec![ShirtColor::Blue, ShirtColor::Red, ShirtColor::Blue]l,
}

let user_prefl = Some(ShirtColor: :Red);
let giveawayl = store.giveaway(user_prefl);
println! (
"The user with preference {:?} gets {:?}",
user_prefl, giveawayl
)

let user_pref2 = None;
let giveaway2 = store.giveaway(user_pref2);
println!(
"The user with preference {:?} gets {:?}",
user_pref2, giveaway2
)

T 13-1: WHERRMETR

main ERENARTE XHY store I TR ER#ZH—HLIFE, —JLM‘ BE%HME%’EE?JEP)”ELO
BB IIEA giveaway 757%, A—THIBAWERARM—RERNERIFHIA R HITEE

BR5ERE, XEABEEZMHIIAR. XBEATEITAER, BINHEFEHEBLFE SNSRI
D, BRT giveaway FIAKHRERAT A, £ giveaway FiEH, BITEEAPRIF(EN
Option<ShirtColor> ZEIFIBEFKEY, FHTE user_preference iEH unwrap_or_else Fi%,
Option<T> MY unwrap_or_else FiAMAITEEEN . BEZ—MNTESHACEANSE, ZAER
Bl—A T EEWE (5 option<T> BY Some LARTFERELRTER, XEBERE shirtColor),
FNER Option<T> 2 Some (&K, M unwrap_or_else iR[5] Some FF(E, ISR Option<T> Z None
K, N unwrap_or_else JFAF B HiR[EF B AYIRENE,

VB HABRIAT || self.most_stocked() EJ/J unwrap_or_else JB#, XB— Bk
BNEHNAE (WRAGESH, ellstiEmERilziE). AedsF@RT
self.most_stocked(), FHINTEXEENX TIHEL, M unwrap_or_else WSLMESEZEEEHLE
SRHEHERITHE.

BT SFTENH:

$ cargo run
Compiling shirt-company v@.1.@0 (file:///projects/shirt-company)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.27s
Running "target/debug/shirt-company’
The user with preference Some(Red) gets Red
The user with preference None gets Blue

XEF-TEBNMARE, HINEET—NME, ZASESEHEIB Inventory SKF EiFA
self.most_stocked() Hit, TEEAREETHEIBRIIENXH Inventory 8§ ShirtColor FEHY, I
FETERNEXMNIZPECRANZE, AR T self (Bl Inventory L) BIR
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AIT3IA, HISHSRIBEENRIB—EE24 unirap_or_else 7554, ML T, BMEA
LIRS AR

HERRFERZIFI IR

RBSHAVEEESZ X7, ARBERERE fn REAENSHAREESHITRENEMR K
BEERI IR ERANXERBERRAAFNETNRON—E D, MBEXXEZONTH
RETE AN REERREENREAR—BERIFEETE, SIALL, A FTRTXER
BESNEO: EMEETRERHRER, TRGRENNERLENAFIER.

HEERERE, HERSKHENLTXEX, MARERTERRBR. AXLEARIETX
B, RIFSRT USRI SHALREIERESE, XUTFERMIASHTEXENHH (REERLE
ERPERT, FIFBLFEZACRNEITH) .

RKUTTE, MRKNFEEIMNAIHBBHIENBME, AILURINREERE, EANERER
BERLTRBENERRK. ARG 13-1 FEXBIHASIRERREERRIRA 13-2 FREX
—1F. XMIFHR, HMNEXT —THAEHREREETEER, MARETRH 13-1 ARFER
SRS ENX Eo

NHR: src/main.rs

let expensive_closure = |num: u32| -> u32 {
println!("calculating slowly...");
thread: :sleep(Duration::from_secs(2));
num

};

) 13-2: AAERSHALREEE N IESEE T

BTREGER, AEEEEERMERRBINEELT .. ITE2— T WESHN—RIRHHE
XSHEREITHARIEENMNEIEL, XEBEIN T —L=EENTTHENERD . XBTRTRT
EREER (|, pipes) UR—EmNEIEZE, HEIEESRMEEE S AMEM:

fn add_one_v1 (x: u32) -> u32 { x + 1 }
let add_one_v2 = |x: u32| -> u32 { x + 1 };
let add_one_v3 = |x| {x +11};
let add_one_v4 = |x| X + 1

F—ITRR T —TMRBEX, FITRTT —PRERENFEEN. F=1THEENXHE
TERECHR, MEONTERETIENKES, RAASKIE—IRER, FIUKIES AL
. XLEMBERNAGCENX, HERBN~EERNITA. BABFER add_one_v3 fll
add_one_v4 BEBYRIFIINERY, ENREEMNERAPHETEFR, XRMUTF

let v = Vec::new();, Rust ZREXREIMEHEEMAERNERIENEI Vec F, ZHEHERTHESE
B,

MFABEX, HEBIAENSHMREERRE—NEEEDR, flwn, =F113-3BRT
—MEENFABEN, ZFABNUREWEASHZEKEINGE. BT EARFIREN, XNEHE
HABREH. FERXNEXCEEEMEMEE IR, FEAREREER, RINTUERER
REFFRXNAR, HBIEXBEE—RIARNMERT string K8, ERMNERINZEZA
EREICRIER exanple_closure, FIRFEI—PEHEIR.

NAHER: src/main.rs
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let example_closure = |x| X; ?&

let s = example_closure(String::from("hello"));
let n = example_closure(5);

T 13-3: ERFR— TR AR N R RERERFE
IRIXSRAO I T IR

$ cargo run
Compiling closure-example v@.1.0 (file:///projects/closure-example)
error[E@308]: mismatched types
--> src/main.rs:5:29

5 let n = example_closure(5);

|
I et A expected “String', found integer
| |
|

arguments to this function are incorrect

note: expected because the closure was earlier called with an argument of type
“String®
--> src/main.rs:4:29

4 | let s = example_closure(String::from("hello"));
| _______________ ANAANNANNAANANANANANNANANN expected because this
argument is of type 'String’

| in this closure call
note: closure parameter defined here
--> src/main.xrs:2:28

|
2 | let example_closure = |x]| x;
| A
help: try using a conversion method

5 let n = example_closure(5.to_string());

|
| +4+++++++ o+

For more information about this error, try “rustc --explain E0308°.
error: could not compile “closure-example® (bin "closure-example") due to 1
previous error

$B—XfERA string {EIEA example_closure BY, #miFaSHEdh x RYSEE LUK A BLATR B3 EY
79 string, EEXLERBIWIHEHFIE example_closure 1, WNRZHNBE—HABRERREZE
BNMERIEE IR,

H#3R5| e TIFRR Y
A LUEI =MAHERERRTNE, el ERNNERZRBSHN =15 FaIX%
B, AIRERMREFIEN, HEFRIEREIARNHRERRIERRE LRSI

B 13-4 REX T —MERE A Llist B9 vector AR LS| AEFE, RARFEATES]
FAWLEEFTENEL(E

NAR: src/main.rs

283/548



Rust i2FIKITHES ERHXHR

fn main() {
let 1ist = vec![1l, 2, 3];
println! ("Before defining closure: {list:?}");

let only_borrows = || println!("From closure: {list:?}");

println! ("Before calling closure: {list:?}");
only_borrows();
println! ("After calling closure: {list:?}");

T 13-4 EXFHIER—NMERTAIZ5 I ANHE

ENRHERTRTZEERUBE—THAEEX, HEKNAUGERREZ—1F, EALESR
MBS HKIFRZHAE.

EANENEIUEZA 1list WAAZ5|A, FMUEFAEEXZH, HEEXZERAZHA, H
AR ERBMAT LA list, ZRBATLURZR. BITHESH:

$ cargo run
Compiling closure-example v@.1.0 (file:///projects/closure-example)

Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.43s
Running "target/debug/closure-example’

Before defining closure: [1, 2, 3]

Before calling closure: [1, 2, 3]

From closure: [1, 2, 3]

After calling closure: [1, 2, 3]

FETRERG 13-5 A, BIMEHABMKILEM list vector IEMN—PmR. HABIMERRK—
TR

X{EE: src/main.rs
fn main() {

let mut list = vec![1, 2, 3];
println! ("Before defining closure: {list:?}");

let mut borrows_mutably = || list.push(7);

borrows_mutably();
println! ("After calling closure: {list:?}");

) 13-50 EXHIER—NMERATES I ARAE
BB AT LASRIE. IBTTHTEN:

$ cargo run
Compiling closure-example v@.1.0 (file:///projects/closure-example)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.43s
Running "target/debug/closure-example’
Before defining closure: [1, 2, 3]
After calling closure: [1, 2, 3, 7]
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7ETSTE borrows_mutably FEMENXMIEAZEABEA println!, XERNY
borrows_mutably #ZTE MBS, EIRT X list WAIE5| A, HALERAREMRTERER,
XA EERER, RASAEERFERNAARITEHENER, FIUEARENXNERZIE
FREEARIZS | ARHITITE, AIUZHEXERM println! BEEMRZFIAIKREES!

BMEABEARTHRBZAEN, MRFERGA SRR CENEPAIERNERFREN, T
TESHYIRAIER move XFEF,

SRHAEERE—MRAREN, XTMIEIER, BACERENEREMEIHRERE
B FNREBTAEITICHAIFAITICEREUR AT AMRAEFEER ] FIWE,
BB ERRE— T NRERAFE nove XBFHIAGRER—MHLE, T 13-6 BT
EERURA 13-4, UEE—THERERMAZETLAZHFFTED vector -

NHR: src/main.rs

use std::thread;

fn main() {
let 1list = vec![1, 2, 3];
println! ("Before defining closure: {list:?}");

thread: :spawn(move || println!("From thread: {list:?}"))
.join()
.unwrap();

}

T 13-6: {EF move KERHHIELNLLAZIREN 1ist BIFRAR

BITERT —THNEAE, HAXNEREE—MHAEFENSHRIETT, ARMITEHHYIR,
TR 13-4, AENEIAIRSIBMHIRT list, RARXZITENFIRFAFERNRIAIRN
Ro XNMFIFH, REASKKARFTERTESIA, HNNEREABREXFE £ move Xi#
F, LR list BsHEIAEH, LB AT LERRIBONITRAINITT, AR
FHEIRENITRZERITTR. MRELBLERT list BFMENENTEREREZHERABER
7 list, MELIZRNARATLSIABRY. FEit, RF[/EX list WENFITEHLIZFIET
WHEHR, X5 AMEEMET, HEBLR nove XiBF, HERABEXEETLIETER
list, BEMIFIMARFHERE!

BHRNES LS

—BAEHRT EXENFRFIERMENS I BSFEN (BT tASKE#HAE, 1
B), ASEPNAEIRE TEHFEGRITHAEN, XLE5|ARERINFLE (BRI T+
AnWBHAR, W0H), ASFTUBRITUTEIRE: F— M HERNERHAE, BhHE
REVE, BRI RMERE, HE—FFEM MR R EAE,

A e IR A IBIME P REN A NS R MEA B SIMLE trait, M trait BRBAEHEFIEEE
TR LAE PR B A G AR RIBASAEIFIMEXEE, HESER. Andtstil—
/|\\ ﬁﬁ\ﬁéggzﬂ\ Fn traits

* Fnonce @RATFTREERIFB—RNHAE, FIEHEEDERSKSI T trait, ENFTEHEE
BEWIAA. — T FHRNENALEFBLHNFE R I Fronce trait, MAZKIAHE
fth Fn AEXEY trait, AAERERBR—R.
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+ Frut ERTAZFHRVEZ LR, ErEFEIHERENHAE, XL R LK
e 8

© Fn EATERAFHERNEBLHAESRE, U NEFHRENFE, AU EERMKIFIRHHE
REMENHAE, XEXABAURZSRXEAAMASHEERE, XESSRALKARAEHN
BHRERP+IEE.

I FATIRETRA 13-1 RERRITE Option<T> LAY unwrap_or_else J57ARIEX !

impl<T> Option<T> {
pub fn unwrap_or_else<F>(self, f: F) -> T
where
F: FnOnce() -> T

{
match self {
Some(x) => X,
None => f(),
}
}

}

[Bl1Z—T, T 2% Option F Some TAXRMYERIREIAYZEL, KA T W unwrap_or_else
READREMESRE . 25K, 7E Option<String> LIFAR unwrap_or_else ZfFEI—1
String,

#EEFEE] unwrap_or_else [RENEEMINYZEISE F, F S f WEE,  2EHE
unwrap_or_else B2 {EIFA S,

2B F Y trait £95R5E FnOnce() -> T, XBMkE F MIEEBHKIER R, KBESHHRO—
™ To 7% trait £95RAEMA FnOnce R unwrap_or_else RZEIAZTEMA f —K. #&
unwrap_or_else BYBRIERIAFRAIIAFE], IR Option Z Some, f RZiWIAM, IR Option B
None, fRZWIAR—R. BTFFAERHIEERKILT Fnonce, unwrap_or_else $EFHE =
RERHAE, RIEEEEIRE

AR IRBINEMNEBARAZFTEMNFERBRE, Wl UEZEEMZIT Fn
trait WARFERERRBMAEHAE. EMF, TJLITE Option<Vec<T>> MYE EIAMA
unwrap_or_else(Vec: :new) , BAETE{E/ None BFIREN—TEI=HY vector, 4wiX¥23
S BEIAREE X ZILNERB Fn traito

MEILFNVREENXTE slice LRFERET & sort_by_key, HEEES unwrap_or_else BJX 5,
MUKt A sort_by_key {#F8 FnMut [fJA~R& FnOnce {EN trait AR, XNHBIL— slice
LR EENTRENS I BEASE, HRE—TLUHIFR K KEME, SR8 slice A
B TENENEEHITHIRN, XPMRBIEEER. 561137, &IIE—
Rectangle SLBIRYFIZR, F{EFRT sort_by_key 3% Rectangle HY width B ENIMERISHE
F:

X1 src/main.rs
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#[derive(Debug)]
struct Rectangle ({
width: u32,

height: u32,
}

fn main() {
let mut 1list = [
Rectangle { width: 1@, height: 1 },
Rectangle { width: 3, height: 5 },
Rectangle { width: 7, height: 12 },
1

list.sort_by_key(|r| r.width);
println! ("{list:#?}");

T 13-7: R sort_by_key WRKAFAIREEHF
(R¥:EEI
$ cargo run
Compiling rectangles v@.1.0 (file:///projects/rectangles)

Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.41s
Running "target/debug/rectangles’

Rectangle {

width: 3,
height: 5,

bo

Rectangle {
width: 7,
height: 12,

b o

Rectangle {
width: 10,
height: 1,

b o

sort_by_key #E X AEL— Fovut FIEHNERRESZRARXNHAE: X slice PE
MEERFER—R, A8 || r.width REIR, BRFBEARABHENFIE, FFUTHRE
trait £295RERK,

M2, Tl 13-8 B R T —1TRLIT Fnonce trait WIAEHFIF, RAEMIFEFZH
T—MBE. RESBAAVFIAE sort_by_key REAXMNAE:

X% src/main.rs
#[derive(Debug)]
struct Rectangle {

width: u32,
height: u32,
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s
fn main() {

let mut 1list = [
Rectangle { width: 10, height: 1 },
Rectangle { width: 3, height: 5 },
Rectangle { width: 7, height: 12 },
1

let mut sort_operations = vec![];
let value = String::from("closure called");

list.sort_by_key(|r| {
sort_operations.push(value);
r.width

3
println! ("{list:#?}");

T 13-8: RIATE sort_by_key EfFER— Fnonce [H]E

XE— M ZIEWEN. EXFELTRNAR, HEFIHEI list #H{THEFBY sort_by_key jFH
A BHRE, ZABIXEE DG FEIRIEPR value (—4 String) #HN sort_operations
vector RCIiH4L. FEIRT value, AFIEILIE value BIFFEINGEFELA sort_operations
vector WARNEEBEFAE. XMAEREFKAR—X, SRXETXABRERTELE, EX
XBY value EEREHAGRIFER, TEWBEXIEN sort_operations ! H|f, XPMHAER
SSHLY Fnonce, HEAZIXRIFULAE, SHIBIRETR: value REEMHABHHELE, AN
B FaMut

$ cargo run
Compiling rectangles v@.1.0 (file:///projects/rectangles)
error[E@507]: cannot move out of ‘value', a captured variable in an ‘FnMut’
closure
--> src/main.rs:18:30
|
15 | let value = String::from("closure called");
I move occurs because “value’
has type "String', which does not implement the “Copy  trait

captured outer variable

16
17

--- captured by this “FnMut® closure
18 sort_operations.push(value);

|
|
|
| list.sort_by_key(|r| {
|
|
|

AANAN “yalue® is moved here

help: consider cloning the value if the performance cost is acceptable

|
18 | sort_operations.push(value.clone());
| +4+++++++

For more information about this error, try “rustc --explain E0507 .
error: could not compile “rectangles® (bin "rectangles") due to 1 previous error
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RsEfem T ABAEFIE value BHIMERAR—1T. BEEIRE, RIF2ERNARNE, FH
SR EBHIRR, ERRRER— N TR, FERAedhRERE, SitEASEKERRX
B— BBV E. T 13-9 REYHAERILITE sort_by_key fER, EANECRERT
num_sort_operations JH¥2ZRAIL5|A, EILAIUHZ RIEA:

X% src/main.rs

#[derive(Debug)]
struct Rectangle {
width: u32,

height: u32,
}

fn main() {

let mut 1list = [
Rectangle { width: 10, height: 1 },
Rectangle { width: 3, height: 5 },
Rectangle { width: 7, height: 12 },

1;

let mut num_sort_operations = 0;

list.sort_by_key(|r| {
num_sort_operations += 1;
r.width

3

println! ("{list:#?}, sorted in {num_sort_operations} operations");

T 13-9: SRIFTE sort_by_key EER— Fovut R

HEXSFERS A BEHNRHELE, Fntrait +THEE, T FMIHH, BITETIEER
28 WEZBIENE AT RWHAE SR, RERLSR], BiCEXEHRAT!
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ch13-02-iterators.md

BERBREAATFRECORN — D FFIFRITHRI TR LR E, &R (iterator) TTEAFTIF
HE—THRERFFIAMIEREE, ERXNSRH, (FEFE CERLAXEZIE,

£ Rust 7, IXHBEBEMN (ozy) , XEREEREREREABNAGEZZAASHRITEME
E. B30, Rl 13-10 REVRESETEAE X TF Vec<T> LB iter 757A7F—1 vector v1 Lt
BT —1MERSE. XBRABESHEHRITERNEREE.

let vl = vec![1, 2, 3];

let vl_iter = vl.iter();

fil 13-10: BIB—MIAEE

IEABAETFE viliter TER, —BEIEERBZE, AIUNEEASMHAEIFALE. £%=
BYRAI 3-5 5, HANER for BIFREBH—MAHES— I LERIT 7 —E£AB. TKE
ERIMEIEHEEEET — M ENS, FTIEINERNSB—EFI T EAEKZNAIE
B

T 13-11 BB FRERISHIBIERR for BIFRBVEASTF. X for EFFMEM vi_iter
HERERE, ERBPNE— M EBATFREIFN—RER, HITEHESME,

let vl = vec![1, 2, 3];

let vl_iter = vl.iter();

for val in vl_iter {

println!("Got: {val}");
}

w5l 13-11: FE—A™ for TEIFPERIELES

EVEEREEREERSBINES D, HITTESFER—IM 0 FIRRSINTE, FRAXANE
225 vector FME, HBEFEMEERINAT vector FMYTREE, MUSLIMEREAITNEE,

BB ARNCETFREXEZE, XpD TEERBAERTBENEL. HIb, EAEH
KRB R T W SMABRIFFIERERZENREE, MANXER vector XIFAZRS]
BEIRESE M, LA BB AN SE RS EIX LR,

Iterator trait fll next 3%

IAAERERSEIL T &9 Iterator RYE X FARERER traite X trait BIE X BIEEHRKBXIF:

pub trait Iterator {
type Item;

fn next(&mut self) -> Option<Self::Item>;

/1 LR ERR Y FIERERIASSEL
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ARXBR—TRATERHAZIBIIEL: type Item 7 Self::Item, B IEXT trait BIKEX
EKE (associated type) o BE_TEZRNHFEXREXLE, NIMERFHEXRAGRASE
I Iterator trait BREIFENX — Item KA, XA Item LRIFAIE next F57ARNRENEZE
B, HAaNEN, Item REREEAIREITHRAIEE,

Iterator trait (NERSEMEBEN —1T7A! next J37%, & EEREREERSZFR—I,
HAIE Some 7, HEZIXASTAAT, iR[E] None,

AT BRI next 755%; M 13-12 IR T XH vector BIEAS K2 S S5
next A ABHIREIME,

X% src/lib.rs

#[test]
fn iterator_demonstration() {
let vl = vec![1, 2, 3];

let mut vl_iter = vl.iter();

assert_eq!(vl_itexr.next(), Some(&1));
assert_eq!(vl_itexr.next(), Some(&2));
assert_eq!(vl_itexr.next(), Some(&3));
assert_eq!(vl_iter.next(), None);

}

) 13-12: EiEABLE (B B next 57

ARRMNFER vi_iter FEANFIER: EENRBE LIFA next FIEZNTERBARIVRE,
BZRESATREANBEFTIFRUE, aiER, KEHEE (consume) 7, HE AR
TiEE8. §—IR next HRIMEMNERSEFHE—1, £ for BIFFYEHEME vi_iter A]
TR for BT ZRIREY vi_iter FFFENHATER AR vi_iter AIZ,

TEEIFTENZ, M next JFARPIKENAER N vector FEMARAIZS|H, iter FiE%ER—
ML 5|BERES. MNRFNTEE—MIRE v1 FrENHREBEFRENIERZE, WA
LR into_iter ARG iter, M, MRB(IFEERATLSIH, JLUER iter_mut
A2 iter,

HEERBNEE

Iterator trait B—ARVIARRENAINEFEREIIAILIMB G E; fREJLITE Iterator trait YR
FE API XHEHPIREIFTBEXLE S E, —ERZERHEXHREBT next 7%, XUMENTATE
LI Iterator trait BYESKSCIN next 75 ARIERRE

XLEF R next ARG AW NHEHERCER (consuming adaptors) , ARERENSHE
ERES. —IHBEEERENGFE sun FiE, XNAERBUEEBHNFIENHRERE next
KiEmERES, MTEEIERES. ERAIREFR, BES I mMEMNE—NMETHNEMH, HE
EREABHREX N2, Rl 13-13 B— 1 RBxR sum F5AERRYMIL

XHE: src/lib.rs

#[test]
fn iterator_sum() {
let vl = vec![1, 2, 3];
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let vl_iter = vl.iter();
let total: i32 = vil_iter.sum();

assert_eq!(total, 6);

51 13-13: JEA sum FEREUE R AN S

TR sum ZEARBATEER vi_iter EAEA sun NESRBUERBHFMEN,

FERME ARG E

Iterator trait PENX TS —EFE, WHFIENIREEEE (iterator adaptors) , ENIFRE
FELAIIENEE, MERTNERIGIERSBHNEL S ERERTERERES,

T 13-14 BR T — M IERIENEIEEC2E 75 0E map BIBIF, A EAERA—TMHENES N TR
HTIRIE, map FRRE—MHEENRSS, ZEAABEREIERNITR. XENFHELIRT
— NETRYIEAEE, HAP vector RRVE N ITTREBHEM 1.

NHR: src/main.rs

let v1: Vec<i32> = vec![1, 2, 31; %

vl.iter().map(|x| x + 1);

w5l 13-14: FRERIFEACES map REIE—MFEN2S
AEXERLBES=E—PNES

$ cargo run
Compiling iterators v@.1.0 (file:///projects/iterators)
warning: unused ‘Map® that must be used
--> src/main.rs:4:5

4 | vl.iter().map(|x| x + 1);
| VAVYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
|
= note: iterators are lazy and do nothing unless consumed
= note: “#[warn(unused_must_use)]  on by default
help: use "let _ = ...  to ignore the resulting value
|
4 | let _ = vl.iter().map(|x| x + 1);
| +++++++

warning: ‘iterators® (bin "iterators") generated 1 warning
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.47s
Running "target/debug/iterators’

T 13-14 PRARESSEFR EH B MERE; FHEENHAEMRBIARE, EERE TR
EFffE: AN EEHEREIERY, FEIBAIFEELNHERAN .
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AT EBEXNEEHHETEERSE, HRIVEEBRE+_E5RM 12-1 &4 env::args FHEH
collect J53%, XN EHEBERSEHBFLERNER— N ESEUEREH,

£ 13-15 &1, BAVEEHH map EREMRAIERBERIKESR—1 vector 1, XA
vector BB R4 vector REMNTTEM 1 LR,

X% src/main.rs

let v1: Vec<i32> = vec![1, 2, 3];
let v2: Vec<_> = vl.iter().map(|x| x + 1).collect();

assert_eq!(v2, vec![2, 3, 4]);

5 13-15: JEA map AR —MMANEE, EEEA collect FIAHEIMENEHCIE—

“ vector

BT map #HR—PHE, RERMNTLUEEREES MR LRITHEMNREE XR—MRYET
BBF, BRTIEIHEREEXFEETN, BEINER Iterator trait RIERIERITH.

ATV A S MERSRER SR U —MZ RN A NHITERNIREE. AIRAFRERIEHEE
WEIBMED, (RETURB—HEREESRTE, FRRMXERNIREERIEARRENER,

ERMREIFIRNEE

REERB[EER[ERFARIEANSHE, MBANTBE IIBEHREFMENHASENENRER S
RESS @

ER—1IF, FAER filter FARRI—1MHE, ZABMERSEFRE—THIRE—
4~ bool, YNRFAELRE] true, HERSESTE filter RMHAFNENREF. WRFAEEE
false, HEASWE S,

5 13-16 FRfER filter M—NMEIRIFIEFR T E shoe_size MFIERIEH—1 Shoe LK
B, ERSIREIEEEREF,

NXHEZ: src/lib.rs

#[derive(PartialEq, Debug)]
struct Shoe {

size: u32,

style: String,
}

fn shoes_in_size(shoes: Vec<Shoe>, shoe_size: u32) -> Vec<Shoe> {
shoes.into_iter().filter(|s| s.size == shoe_size).collect()

}

#[cfg(test)]
mod tests {
use super::*;

#[test]
fn filters_by_size() {
let shoes = vec![
Shoe {
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size: 10,

style: String::from("sneaker"),
b
Shoe {

size: 13,

style: String::from("sandal"),
b
Shoe {

size: 10,

style: String::from("boot"),
b

1;
let in_my_size = shoes_in_size(shoes, 10);

assert_eq! (
in_my_size,

vec! [
Shoe {
size: 10,
style: String::from("sneaker")
o
Shoe {
size: 10,
style: String::from("boot")
o

i 13-16: FA filter FAF—1EIR shoe_size BIHE

shoes_in_size RIFIREN—NEEF vector IFREIFI—MNEERREA S, BIREI—1RE81E
TEEDAVEEFRY vector,

shoes_in_size BREIAFRIAAT into_iter KEIE—IREX vector FRENBNIENEE, EEIRA
filter FXMENSFEERH—TREEBLEHRIRE] true BITTRIFTIEAN R,

AEMIFIRHHIRT shoe_size ZEHEAEESES—RHEMNA/NMELLR, REREREEEND
Efo &2, A collect FixflaHEECanREIFEWREH— vector HiR[El

XM RTEIEA shoes_in_size BY, REINIZES I HEENEPERNEF
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B 170

ch13-03-improving-our-io-project.md

EET7TXEXTERSBOMEIRG, HNTUERERSIRBUHE+_"EFH /0 IMERYSLIIEK
FEERBEEERET. TR, iRIEEERRNTRHE Config: :build FIH search K
B9,

fE%{C287HPR clone

) 12-6 F, AN T —LEALRIIREN— String FEBIMY slice HEIE— Config L5414
AB93EH, EN1ZS] slice FRYEHREXLLEAFLUE Config LEMAT] LA XLL(E, 1ERFl
13-17 REM T B+ _EFLRETRH 12-23 A Config: :build ERERRISSIN

XEE: src/lib.rs

impl Config {
fn build(args: &[String]) -> Result<Config, &'static str> {
if args.len() < 3 {
return Err("not enough arguments");

}

let query = args[1l].clone();
let file_path = args[2].clone();

let ignore_case = env::var("IGNORE_CASE").is_ok();

Ok (Config {
query,
file_path,
ignore_case,

})

}

A 13-17: BRG] 12-23 B Config: :build BREK
HEEITRE R BE MR clone HA, RARINMUESRFEHEER. FIE, MEWE!

EIXEFE clone HREZESR args PHE— String JTEHMY slice, MM build REHFHA
B args, AN TEEEERIE Config SKAIRIFREM, FITRSATE Config FAFER query Fl
file_path BY{H, X#¥ Config LAIFLAEREXLE(E,

TEFITIENEZE, BATAILUE build RERCUIREN— N EFRENBIESEERASER, A
6 sliceo HATBEMANBBERBEZRILE slice KEMRIIBHEMUENNLE, XEFA
IASEBMitARIA Config: :build ERERAVIRIE, RNERBEATIHRIXE(E.

—B Config: :build SJREX T IEREEHIFRBINH A BERERANRSRIE, MAILUSENEFHY
String {E#%ENE Config A1, MARIHA clone DECHTRIZ(EL

BHiZERREIRE(C2E
17 /0 B/ src/main.rs X, ©ERRNIZEIXEE:
X% src/main.rs
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fn main() {
let args: Vec<String> = env::args().collect();

let config = Config::build(&args).unwrap_or_else(|err| {
eprintln! ("Problem parsing arguments: {erxr}");
process::exit(1);

1)

// --snip--

BARIMERE+—TLEETA 12-24 BBy main REBIFFKIRHG] 13-18 PRIKIE, EEH
Config::build Z X EALHIEARELR IR ©

X% src/main.rs

n main() { .
let config = Config::build(env::args()).unwrap_or_else(|err| {

eprintln! ("Problem parsing arguments: {err}");
process::exit(1);
})s

// --snip--

TG 13-18: ¥ env::args BNIR[EME (R LS Config: :build

env::args KFRE—MEREE! FARITFRIERBHEKREES— vector PiZEZE—
slice 45 Config::build, IMEFKNTERER env: args REIFNENZBHFAENIEZELS
Config: :build,

ETREEEH Config: :build ENX, 1F /0 MBI src/lib.rs 1, ¥ Config: :build & H
BRENRG 13-19 Fimo XA EESRIFE N EA TR F EHREA,

XEE: src/lib.rs

impl Config { ?G
fn build(

mut args: impl Iterator<Item = String>,
) -> Result<Config, &'static str> {
// --snip--

T 13-19: BUAREREANSERER Config: :build R R

env::args EMAVIERENEET, BREIINEREERAIER)Y std: tenv:iiArgs, FEXMER
SCILY Iterator trait FiR[E] String B,

KINELEH T Config: :build KEMNER, ELSE args HB—PHE trait IR

impl Iterator<Item = String> BY;ZBURAY, MARE &[Stringl, XERET E+E"trait fEN
SEERIHEERY impl Trait iB%, XEKE args o] LUEEAISKILT Iterator trait Huk[E]
String Il (item) BYEHEY

HFIENTRENT args BFAEIN, HERKBIIERIEEN args, ELFKATEILUTE args SEH
AERERARIN mut X|F, FHAE,
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5 Iterator trait 55%

TR, 88K config: :build BYRERIK, (Al args SSILT Iterator trait, TR0
BRI LS EIFR next /53&! Rl 13-20 EF1 7B 12-23 hRyES, LAER next Fi%:

NXHE&Z: src/lib.rs

impl Config {
fn build(
mut args: impl Iterator<Item = String>,
) -> Result<Config, &'static str> {
args.next();

let query = match args.next() {
Some(arg) => arg,
None => return Exrr("Didn't get a query string"),

}

let file_path = match args.next() {

Some(arg) => arg,

None => return Exrr("Didn't get a file path"),
}

let ignore_case = env::var("IGNORE_CASE").is_ok();

Ok(Config {
query,
file_path,
ignore_case,

})

T f5l 13-20: {EER Config: :build RYBRERIARERIENZETTIE

IBIEME env::args R[EMENFE—MEREFNZN. BIMIFEZREHRINT—ME, FAUE
SRR next BARNHIROHEMEMIEE, AR, FAIEXEA next KIREVEAN Config 45
R query FEREYE, UIZR next iR[D] Some, fEFY match RIFENH B, FNRER[E] None,
NERE B RHEHEBNSHHED Err (HRFIREl, FHAIH file_path KYEBHITRIIFATIE
Fo

EPESAw S e T T L AR T

1/0 B R EME LRI FIEEERIM T2 search BRER, R 13-21 RERTE+_FLRET
51 12-19 FRIEEREAIE X -

XHE&Z: src/lib.rs

pub fn search<'a>(query: &str, contents: &'a str) -> Vec<&'a str> {
let mut results = Vec::new();

for line in contents.lines() {
if line.contains(query) {
results.push(line);

}
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}

results
}

Tl 13-21: =5 12-19 A search BRERIE X

B LUEE E A 2SS /A RRE ERBAMRIE, XM AT LU T — eI B AY[E]
results vector. RENBIEENEIARTFRIMEAI T RSB ERGEREEBMW.. ERATTR
BOERFERRNHTERMNERBERS, BARNARBEER results vector BFH %A

B, 5l 13-22 BRTX—Z1k:

XH&Z: src/lib.rs

pub fn search<'a>(query: &str, contents: &'a str) -> Vec<&'a str> {
contents
.lines()
.filter(|1line| line.contains(query))
.collect()
}

5 13-22: 7E search RENSCIPER XN 23S

[B1Z—T, search REIBFIBBIZIREIFFE contents AEE query B91T7. FEMUF B 13-16 A
B9 filter il F, XEXALID{ER filter IEACEIRIREE line. contains(query) 3R[A] true BY1T,
EEMEA collect BFILETWERIS—1 vector H, XEMBZZT! EiAXt
search_case_insensitive MR¥XMIH EIFFBIERIEEE 7 ERVECLIE,

ERFMENE ZELEE

T RAVZE AR E R RN ZEFE XA, URER: 2ERRE 13-21 FRIRIESE
ME R ERTRA 13-22 ERENEAMRA? K& Rust i2F im FERERSENE. 7
B RELUEE, FI—BIRNAEEASNIELARAETRIEZE, SABRMERZIE
2, MBLLEFAREFHEIRH vector, (&) RBNEXIEANSERER. XiH
REPLEEEFRRE, IFERERZEBSAEMEEIRS, LIIEASEFENTHRERLMN
)] NpUR R

AEXHMHLMENTEEFND? ER EHRIGEERENBIFZER—LE, LTIt
PE,
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1E8E: fEIF VS &E=X2E

ch13-04-performance.md

NTREREERBIAIENEE, (REETHEMNLIER: EAEIN for fBIFR search KK
B, ERERENIRBIMRES,

BATRITT —EENR, BREZAEERY (BRERRES) £XIEE—1 string
B, HAEABHERRI the, LITRMER for BIFMRAHMERIZAEEMRAHEY search RELRY
BEHENHER:

test bench_search_for ... bench: 19,620,300 ns/iter (+/- 915,700)
test bench_search_iter ... bench: 19,234,900 ns/iter (+/- 657,200)

APSSIIEEREARE ! XERNTASAERMERENIRAE, RAERARBIERXM M RETE
F, MEBEABRRZ—TelEMELrt.

NFELENEENE, RNMIZSHIBAREAR/NIIXZAIESN contents, EBARRBIEFRN AR
KENRIFEAN query, BEGHMEMHEN—ENR. ERTET: ERABRARSRHR,
BHEZHNRNBEMTFERERENABER, ERBE Rust NERAHR (zero-cost
abstractions) Z—, HWIMEREAXMHKRASHERIMIMISITRFH, XM C++ NRIIK
i+#& 5323 Bjarne Stroustrup 7 2012 £ ETAPS £UEiH (Foundations of C++) M=
FHEERIE XA

In general, C++ implementations obey the zero-overhead principle: What you
don't use, you don't pay for. And further: What you do use, you couldn’'t hand
code any better.

BHIFRI, C++ BISKILETRR T 2AHEEREN: FMERNIEREFNEMERMN; MEL
fERRIINEE, AFREREFERBEMSELT.

AERZBERT, ERIENZEM Rust UBESIFERSIMFS HFKERINCHE. GEFRA. B
FREH I PO R EXFNR U ER, HLERXEMNABRREEN. REFELMEX
—R 7T, MALROERERSEMNAE: EMLABEERESE, EFEIHEREITIE
REFR,

1Cv=H

A EMIEHERE Rust REBIFZIESESBRMKRFE. ENEET Rust LUREERES
HitRASERS. AEMERBNEIAIFIMBITIERE, XIERE Rust MO TRIEZK
AR X—BIRH—& 7.

MAERNBZK#HT /O BBENFRIERS], ETHKREF cargo WEZINEE, ENSEBITAHER
BRZHL2MA,
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Rust BFIRIHES EFPXAR
#—iAi8 Cargo # Crates.io

ch14-00-more-about-cargo.md

FERALE, FNRBE Cargo &EMAITHEERTE. BITAMEHAE, BEXEBEES.
FEZNA Cargo Hftt—EESRMINEE, HERMMA:

- FAKRMECE (release profiles) REE X2
* BEATE crates.io

- FFATIE=IE (workspaces) REALTANIE
« M crates.io R #HFINX MK

- FRBEXMGmSLRY E Cargo

Cargo BEVEEALEAEZRENXLE; MREE THCHPIEIE, BEEEZ M,
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RAEZHEEREXME

ch14-01-release-profiles.md

£ Rust B, %7HCE (release profiles) RFIENX HRIEHRIMNEEXHE, ENEERERN
&, AFERREREMITHARMENSHAT, S—MEEHIRL FHMEE,

Cargo BN EEMEE: 1517 cargo build BYKARY dev BLEFIZTT
cargo build --release H release fE, dev FCBENHAEN T BHFHEIAEIE, release
FEEEN A EZFHWETE X T RIFHNEIARE,

XEAERZMAERIR, RAellHIERZaviEtS:

$ cargo build

Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.00s
$ cargo build --release

Finished “release’ profile [optimized] target(s) in @.32s

MR B dev #l release FRAAGRIFEIEFERAFRINEE,

HIMB /M Cargo.toml XHH&E BTUENESM [profile.*]1 FHIHIEIE, Cargo XE—1
FCERARINGE., BHENEAHEEFNWEEXRRY (profile.*1 E5y, FHfTrILUEEF
BEEERRINRENTE. U0, TR dev #l release ALERY opt-level IEEMIRRIAE:

X% : Cargo.toml

[profile.dev]
opt-level = 0@

[profile.release]
opt-level = 3

opt-level & EFH| Rust SXRBHITAMEZEENR L. X NMECEREM 0 B 3, #HERN
WS EEEZWEEAE, FTUNRMRERITHAHEERE, e fm BTt —LE
HeERER TR UERIFEIR—LE, Rtk dev B opt-level ERIA 0, HIREF A
B, EBEZNEEREFELNETY. REBETEAHRERAREZX, MEZHERNEFURIET
RBZR, FUAMIEAEKNRZNEHREEI TERIAE, XIERNHA release FLEMN
opt-level ERIANT 3,

BATETLOEIRERTE Cargo.tom/ ISR RIMERE SEREINGE, thin, MBERITEER
FABEEPRFERES 1 K, NWATLTE Cargo.tom! HIENNXMTT:

X% Cargo.toml

[profile.dev]
opt-level =1

XRBHRMIAIRE 0, BFEIETT cargo build B, Cargo K=fEM dev WENAECE N LEH!
B opt-level, [KlJy opt-level KB 1, Cargo RLEERNIAHITEZRINL, BEEELRHH
Bi4Z,

MNFENEERIREMHINNMERNTETIR, 155H Cargo BINH,
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Rust R IKIHES BAFXhR
1§ crate %3l Crates.io

ch14-02-publishing-to-crates-io.md

BIBEEDBHER crates.io FRIBEARKH, ARt el LU LB SRHERRAMA
PDEMNIL, crates.io 89 crate FMREDLZREHERE, HitEFEREFRALE,

Rust Al Cargo Rt T —£Ih8E, ILRRGHNEERZRUMAREIFMER, ETRENZNE
HAp—E1h8E, ARRBINAIRHE,

W5 A BRSOEER

BN E YA BT H AP BRI U RARER TN, FrlfE—EitaRE X1 2ES
Mo B=EFHNNTILT MNEERNFHT /7 ;8 Rust 13, Rust BERFENRTXHETE
B, BERTAXEER (documentation comments) , B TR HTML X%, XL
HTML BR2AE API XHEERMAZR, eNEELNERMEBINIER RIBfMRINAEER X
crate, MAREIAIHIEZINE,

NEGERER=FFAL ///, MARMEFRIL, HBAZFHER Markdown FRIEFRIB TV,
B ERRE CFMR BRI Z fi. 1Ml 14-1 B/RT &7 my_crate By crate i— add_one
BRIER B SR E RS

XHE&: src/lib.rs

/// Adds one to the number given.

i

/// # Examples

i

/1]

/// let arg = 5;

/// let answer = my_crate::add_one(azxg);

i

/// assert_eq! (6, answer);

TR

pub fn add_one(x: i32) -> i32 {
X + 1

}

I 1410 = PNEREEISUEER

XEB, HIHERT add_one KERAITHEE, AL Examples AFFAAFIR T — NIV, H4AHT
R NMeIfsE A add_one BK¥MAYAET, PILUETT cargo doc RIREXLEXAFELER HTML X
Mo XN RIEIT Rust BHH rustdoc TR, HRFAEMM HTML SXHEE! target/doc BR
oS

RNT HERLR, iBIT cargo doc --open &4 X H] crate FISALEE HTML (LI EFRAE K
BISCHY) , HTENSSIHRITHER, EIF add_one FREES, BN TRPHNXAEN
AHEZRR, WE 14-1 Fis:
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U4
| my_crate |
Functions .
Function my_crate::add_one [-][src]
add_one
pub fn add_one(x: i32) -> i32
Crates
Adds one to the number given.
my_crate
Examples
let arg = 5;

let answer = my_crate::add_one(arg);

assert_eq!(6, answer);

14-1 : add_one FREAISALER HTML
THED

T 14-1 ERAT # Examples Markdown #R@{E HTML FREIE T — LA “Examples” J9tR
BHER . HM—LE crate (FEEBEXEIERERANE LA

+ Panics: ESIEMABRTALES panict, FHERF panic BBMBRHRTRIDXL
BRTFBRRES,

* Errors: MREHGEE] Result, WIFALLTURMLSER, LIRHASRH L SEREIR LS
2, RENTAMERSHE, RRARIMBRRHLNEE,

+ Safety: MIRHBHEAR wnsafe 1) (HNSEETHEHRTFREMD), XEWBER
HATRFREH, HHBRAERBREEFIPLERER,

ASEEERTREAEHERLST, BRR—HRFNREES, ALUREITXERR
BT RIONE,

MXAEREAIR

EEERFARAEDIR, BETRRMEERIRNE, METE—MFIMsrat: ia17
cargo test BY, XHEFRIRAINBEHBSERNNIREIT! KEFALLHRFIBSHEEFT, B
WRBE T ALLRAIRREI AL ERERL T MRIKATXRG] 14-1 A add_one REBIXAHIZTT
cargo test, RTEMIRERFEEMNTAR:

Doc-tests my_crate

running 1 test
test src/lib.rs - add_one (line 5) ... ok

test result: ok. 1 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.27s
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WE, MRBNMERRBERHIPNEE—T7, ERHFIERT assert_eq! fii&% panic, AEH
RIBIT cargo test, MHEIEHMNIRIHRE T RSB ED HIR)=!

ARESTMNEN

/11 XA ERNAE N B & XL E R RN, MARR U TFXLEFREZEHIN R
X, BADEETE crate IBRXHE (FIBBIR src/lib.rs) SIRRASMERXTSCRERE,
D crate EMEIRE S 1HEA,

Fla0, AT HINERE S add_one KEXAEY my_crate crate BYFIERBIAE, TR LATE sr¢/
lib.rs SXEEFFSLIONLL 770 FRRBONCASERRE, Rfl 14-2 PR

XHEE: src/lib.rs

/1" # My Crate

/1!

//! “my_crate’ is a collection of utilities to make performing cexrtain
/1! calculations more convenient.

/// Adds one to the number given.
// --snip--

5] 14-2 . my_crate crate E{RBISCHRY

AR, RE—TU /" FERRCIREEEEEARE,. RARNERNZ //! A2 ///, Bk
UXEBIERHNE "B XL IBRNIVNXE, MAR ' SMXLIRZENIHXE, X8,
XANIFEE src/lib.rs X4, HFLE crate 1R, XLEFRIERBZE crate,

1817 cargo doc --open 5, XLEFBERERTE my_crate XAHEHTIW crate 25K L7,
WE 14-2 Fi:

4
‘ Crate my_crate ‘ b
[See all my_crate's items}
Crate my_crate [-][src]
Functions
My Crate
Crates . _ L _ , _
my_crate is a collection of utilities to make performing certain calculations
more convenient.
my_crate

Functions

add_one Adds one to the number given.

Bl 14-2: ®1& my_crate KRR ERPTEZRHISHE

INAER Y SO RS E S SRR crate MIiER, FARAEIIRERX N BSREBANERN, §
LAEEBNFA P I2#E crate BY4ALER
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SHILANAT API

2~ API NERIR A crate IEEFEEER, crate AR RBIRPBAREELEW, HE
NRIRRELI A TP BE S 3 LR BIFR TR RIER 720

FLENBTNEMER pub KEFFEMAF, MUKRIFEIFER use XEFRHIMSINERE. &
o, ERFA crate BIXHRRN SIERVEN, WMHAFPMSAIaEHAA®E, (RAIaeRiBEaiAA
LR— 1M EELENEREN, BRERMREXTRBRFHIENLENA, AJEEELINE
NEE. IR EARE

use my_crate: :some_module: :another_module::UsefulType;, MAEE @mEHN

use my_crate::UsefulType;,

YHER, MRXMEMMINBRPRRHRTE, (RERNBEFMLHNEHLR, (RAILUER
pub use RKERUHT, MMEBL—MSHEEMFENLEEN, EFH (re-export) =HBXE
MIBNABETES—MIEBRAF, MFEREREMEXEBE 1%,

Ban, BRIgHENCIET —NR 7 art BE, AREBEZAEZ. EXNER, ERMER:
kinds HEIREIE PR MEE PrimaryColor #[] SecondaryColor, utils {RIREIEZ—PEN mix By
KIER, W 14-3 FrR:

XHER: src/lib.rs

/1" # Art
/1!
//! A library for modeling artistic concepts.

pub mod kinds {
/// The primary colors according to the RYB color model.
pub enum PrimaryColor {
Red,
Yellow,
Blue,

/// The secondary colors according to the RYB color model.
pub enum SecondaryColor {

Orange,

Green,

Purple,

pub mod utils {
use crate::kinds::*;

/// Combines two primary colors in equal amounts to create

/// a secondary color.

pub fn mix(cl: PrimaryColor, c2: PrimaryColor) -> SecondaryColor {
// --snip--

}

il 14-3: — N E art HAALEE kinds F utils &R
14-3 B/~ T cargo doc 193X crate £ KBISCIEE T,
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4
‘ Crate art | hd
[ See all art's items ]
Crate art [-][src]
Modules
Art
Crates ) ] o
A library for modeling artistic concepts.
art
Modules
my_crate
kinds
utils

14-3: 81 kinds #l utils fRIRAVEE art BINAEHE T

7EE PrimaryColor ] SecondaryColor &I, LUKz mix REEGBEENRYIH. FHNHMR
i kinds 3% utils A EEFBEIEA .

REUXNENS— crate FE(ER use 1B4A), 18 art RIS |INERE, FNAIHEE HA]
TEX BINRIREEN, M5 14-4 BR T —MEA art crate B PrimaryColor F mix By crate :

X% src/main.rs

use art::kinds::PrimaryColor;
use art::utils::mix;

fn main() {
let red = PrimaryColor: :Red;
let yellow = PrimaryColox::Yellow;
mix(red, yellow);

il 14-4. — MBI FHRIBLENIER art crate RINAY crate

T 14-4 PXERAUIBRIFE, RASEFFBE PrimaryColor £ kinds fRIRFR, T mix £ utils
IRIRP, art crate AURRIREENY, XFH A art crate WARGLEIERENABTER N, XM
NEREMFH S B LATRIRRRINAIGER art crate WARMBENENER, RMESHEFREZ, EX
BRYRSERERZEWERFTENANE, EBTE use FAREHERE,

T MRE API REIEAEFARA T, FATRILUERURG] 14-3 BhRY art crate, AN pub use
A, ENERESHXED, RG] 14-5 Fik:

XHE&Z: src/lib.rs

/1! # Art
/1!
//! A library for modeling artistic concepts.
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pub use self::kinds::PrimaryColor;
pub use self::kinds::SecondaryColor;
pub use self::utils::mix;

pub mod kinds {
// --snip--
}

pub mod utils {
// --snip--

T 14-5: 1810 pub use FHAEFHIN

IMTE, cargo doc A9iXA crate AL APl X ETEEIYIHXLEESHINHEE, NE
14-4 FRR, 3X{E PrimaryColor, SecondaryColor ] mix BAZHIKE,

4
| Crate art ‘ *
[ See all art's items }
Crate art [-][src]
Re-exports
Modules -1 Art
A library for modeling artistic concepts.
Crates
Re-exports
art
my_crate pub use self::kinds::PrimaryColor;

pub use self::kinds::SecondaryColor;
pub use self::utils::mix;

Modules

kinds
utils

14-4: FIHEFHIRY art XEEHRT

art crate BYAFHARI LUGTRG] 14-4 BB EIFHERTE 14-3 RRREREHN, HWe]LUER
il 14-5 REHENLEN, 0R6I 14-6 Fik:

X% src/main.rs

use art::PrimaryColor;
use art::mix;

fn main() {

307/548



Rust i2FIgITES ERFXhR

// --snip--
}

B 14-6: —MEM art crate PESHIWIEE

EEERZHERRNBERT, FH pub use FEBEFIHINE, SEEBXEFEAXNT
crate B9ALE, pub use B—NEAZE, BIEHAE] crate WENMRBIFNENERSH,
1EBBAN crate BITE X R APRXAN crate 28 API F—EB453,

SIEREANAE APl EMEGRE—IIEAR, MARRE,; RuIFNER, RIREESHEFPH
API, %% pub use BELLRTE crate AEPEWHIALR H N EFRIFRE, HEESIREMAAP
REMfE R, RILIBERREIN—L crate BURIE, MBRENNRNIBLEHEETHNAE API R
[Elo

22 Crates.io kS

EA T crate ZHi, REETE crates.io FRIEM S HIREXN—1 API token, Alt, 1FIAHIE]
crates.io B0, FHiEid GitHub iKS&F. (BH#i GitHub IKS{MARARNEN, RIERFX

WibrleE X IFEMFM A R.) BRZE, #ifE https://crates.io/me/ BIM 1% B TIEIFREX
API key, #ARIBTT cargo login #3<, HTEFERETRENGIRAY API key, W TFFAR:

$ cargo login
abcdefghijklmnopqrstuvwxyz@12345

XN IBIREY API token &if Cargo, HEEREFEARMB /.cargo/credentials X4,
AR, XA token B—ME, FRZSEMARE, NRFEAEFRIREMETE, KL
El crates.io WEEHEFHER—1 token,

[ crate RNNTTEEE

LA IREEE — 1N HE LT crates R ZHT, RHEETE crate B9 Cargo.toml SXH4ERY
[package] B4 1EH1—LEZR crate AITTEEE (metadata)o

B, crate FE—ME—WNEN, BATARMAXL crate BY, {REJLIFERGE, B crates.io
EH crate BFREELEDASHEN, —BEA crate FMEEW LA, MEEEMAREH
XNBIMET crate, BERTEFEHENEN, MIAEREEHLHE. IREE, i
Cargo.toml /A [package] R name FEZIAARITIE L FHBIERAMNEBFR, W TFEAR:

X% Cargo.toml

[package]
name = "guessing_game"

BMEIRERT —ME—BRR, MRIZIHIZIT cargo publish &% crate BiE, R1FE!

—MNESEER—HIR:

$ cargo publish

Updating crates.io index
warning: manifest has no description, license, license-file, documentation,
homepage or repository.
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See https://doc.rust-lang.org/cargo/reference/manifest.html#package-metadata for
more info.

--snip--

error: failed to publish to registry at https://crates.io

Caused by:

the remote server responded with an error (status 400 Bad Request): missing or
empty metadata fields: description, license. Please see https://doc.rust-lang.oxrg/
cargo/reference/manifest.html for more information on configuring these fields

XNMEIRBRAEI TR D —LEXBER . XTiZ crate AEMER, UNRBFREUEFAETFT
ZFTERTE. 1E Cargo.tom! RRNM—MmAE EEAREIR, AAESEERERFPHIRE
crate —22Ro XF license FE;, RBEEEE —MFREMRATHE (license identifier
value), Linux E£ 2B Software Package Data Exchange (SPDX) %! 7 =] BRIARIRRT. 15l
W, WREIETE crate {F8 MIT License, AR MIT FRiRFEF:

X% Cargo.toml

[package]
name = "guessing_game"
license = "MIT"

SNRARABAER SPDX RAFERIFENE, MBELTAHIUEXEBRAN—IXAGF, BEeXHEs
FMBE, ARMER license-file IEFEXMHR, MARMER license FEL

XTI BN RAAMIFENERNZENEL T ABBSERE, R% Rust X G1ERES Rust 2518
ERVFRIIE, HBREXIFAIE MIT OR Apache-2.0, XMIIFWIHEAT, {REJLIA R DRSS
MFRHEFMRTT, KATBEEZ MFEHIE.

Ba, BTHE—MRIR. RAS. B cargo new FEIEMEMNEEREE. ERMFMERS
license, BEHEEWAMIBERN Cargo.tom! X4 eIaeBREKAXEF:

X% Cargo.toml
[package]
name = "guessing_game"
version = "0.1.0"
edition = "2024"

description = "A fun game where you guess what number the computer has chosen."
license = "MIT OR Apache-2.0"

[dependencies]

Cargo XY TR 7 EMAIEEN TR, SITRIEEBTE crate BEA S WA IAER!
%% 73 Crates.io

mM7E, RITEKCIETHS. R T APItoken. H crate EF TRF, HIENTENTE
B, MRELRILARRT ! &% crate 2¥1% crate FEMIFEIRA_E1Z 3! crates.io it AR,

K6 crate IS4Gy, BAARTEEBKAYN, MNRAT ERES, HARBMILESERER.
crates.io I—1NFEBR, BFEINIEIKAVIEARS2S, XEFRE KT crates.io £ crate
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M E#EE—HIER LF. MIIRAVFMERMRA, MEEZRMX—B1F. A, A&
SHEHKBRE,

B/RIBE{T cargo publish #p%, XREMNIZEMIN:

$ cargo publish
Updating crates.io index
Packaging guessing_game v@.1.0 (file:///projects/guessing_game)
Verifying guessing_game v@.1.0 (file:///projects/guessing_game)
Compiling guessing_game v0.1.0
(file:///projects/guessing_game/target/package/guessing_game-0.1.0)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in ©.19s
Uploading guessing_game v@.1.0 (file:///projects/guessing_game)

Elt, MEKIEHRIEDZEEL Rust #1XT, EAAERIUEMRIBIRE crate MIAE SHHE
RHL o

KRB crate BETARAS

LIMEERT crate HERKMEARZASEY, LR Cargo.toml # version BY{H, BEFEREIBN AR
ZIEHIFN, RIBERHEERE T —MRES, SARBRIEIT cargo publish R _E{EHTAR
K,

{EH cargo yank M Crates.io $#{[EIhRZs
BIAIRABEMIFR crate B SEARAS, ERILPELERRIVFHIMBIBEMAEKE . XEEMREAEH
AEMEERFIFNSBEER. Alt, Cargo ZHFMENMIRAHITHE (yank).

BEIE N hRASPE LRI B KX hRA, FEEBEEKRBEIm B h7AR AT EH 4k 4k
e, MASE LW, BWMEIEKE: FAEEA Cargo.lock I BERA=E ILIRIF, MIEAEER
B Cargo.lock TR =BER#IEIRIARZS,

EHE] crate BIENRA, BEZAIR L crate WERHIETT cargo yank, Hi5EZHEINY
RS, B30, SORFLNV&M T B/ guessing_game BY crate BY 1.0.1 kxS, HEHEIE, #ME
guessing_game Ifi H B RHIE1T:

$ cargo yank --vers 1.0.1
Updating crates.io index
Yank guessing_game@1.0.1

R BT LB ORIEE], 1L R S el LURHIZhRE, RFEHFLSHMLE --undo :

$ cargo yank --vers 1.0.1 --undo
Updating crates.io index
Unyank guessing_game@1.0.1

BEIFEMERERNE. Fli, MEIEEHFEMPRIFER/ IO LENBERES, MREAETX
MBS, BILZCIRXEMEER.
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Cargo T{E=Fial

ch14-03-cargo-workspaces.md

B+, BINMEET — 1 RERES Z#E crate F1ZE crate N8, BEETNBEARMAR, K
AIEER R IE crate BTFHRHEAR, HHEEH—PRXNEIRDNZE crate, Cargo iRl
T—I{EL{E=iE (workspace) BYIHEE, RILUEBIEES MELEX. HITHLKNE,

I T E=S(E]

TEZEZ—HELZR— Cargo.lock ML ERNE, tERMNBIETELIZ—THE, X
BxERREENE, UEREENEPEIFZENEHS L, ARTEZENANEREM,
EBAIRER—HEL A XTTEZESEE—1Z##E crate BN E. Z#H!
crate fRIHERINEE, FHERMXMNE —PNERM add_one KL, H— 1 EHRM add_two K
Ho X=1 crate EFE—TITEZiE, HEATEZECIE—THER:

$ mkdir add
$ cd add

ETE, £ add BRHEIE Cargo.toml X, BREEBNILETE. XTMTXEHEREE
[package]l #f43, MIERLA [workspacel EF3FFL, XEEI(TAAER TIE=EIRMAA SR A
B resolver BYEIZN "3", UEEITETEIHEA Cargo sRFTHIAKEIRITE A !

X% Cargo.toml

[workspace]
resolver = "3"

TR, 7 add BFRIEIT cargo new H#E adder —i#H| crate :

$ cargo new adder
Created binary (application) “adder’ package
Adding ‘adder’ as member of workspace at "file:///projects/add®

ETE=IBIHIZETT cargo new BY, FHEIZEMNEHEEBSHINNIIE=I8] Cargo.toml
[workspace] TEMXHY members ##, {&iX#¥:

[workspace]
resolver = "3"
members = ["adder"]

WM, FAATLUBTT cargo build KIETE=(El, fRAY add B RFPBISCHFRI0 FRrR:

— cargo.lock
— cargo.toml

— adder

— cargo.toml
L— src

|
|
| L— main.rs
L— target
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TEZEEINERE— target BR, AREBRRZFET=Y); adder BRZHEHCSH target B
Ko BMERKATE adder BRHIBIT cargo build, wFFMBINHENE add/target, TAZE
add/adder/target, Cargo ZPRLUXAFALRTIETIBIFH target BR, BREATIEZEIFHY
crate 23R BRERULAKFIN, NRE crate HEZBMW target BR, :7'3|3A"§/|\ crate #F
BAEMRELETEIREM crate, AEEIR=YIHOEBE 2 target BER. HE— target
BRULBEANENEEHE,

EIEZEPLESE-IE

ETR, HBMNEILETEFEIRS— I HRRE, HEHEHHFR A add_one, £—1RAH
add_one BYEE crate :

$ cargo new add_one --lib
Created library "add_one’ package
Adding “add_one" as member of workspace at "file:///projects/add’

MIETRER Cargo.tom! # members FIRIEEEE add_one iR :
X4 Cargo.toml

[workspace]
resolver = "3"
members = ["adder", "add_one"]

WL add BRNIZBWT B R

— cargo.lock
— cargo.toml

— add_one

— cargo.toml

— cargo.toml
L— src

L— main.rs
target

|
|
— adder
|
|
L
7 add_one/src/lib.rs X1, 1EA0—™ add_one BRI¥K:
X4 add_one/src/lib.rs
pub fn add_one(x: i32) -> i32 {

X + 1

}

MIE, FHOTPTLALLZ#EIE adder {RFIEIEEERY add_one €17, BT, TEIL adder/
Cargo.tom| A48 add_one JFRHNA— P ESIZ AR :

X% : adder/Cargo.toml
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[dependencies]
add_one = { path = "../add_one" }

Cargo HAZRE LIEZEIFHY crate ZRULEKH, FUFHAFEE NS HEXERBIX Ro

ET¥R, iLFA17T adder crate H{§A add_one crate BB add_one K ¥k, ¥TFF adder/src/
main.rs X, FHI& main REELIAR add_one, 7RG 14-7 Fizo

X144 : adder/src/main.rs

fn main() {
let num = 10;
println!("Hello, world! {num} plus one is {}!", add_one::add_one(num));

5l 14-7: 7£ adder crate H{EH add_one [E crate
ETNE add BRHIEIT cargo build RHPET(E=SIE]!

$ cargo build
Compiling add_one v@.1.0 (file:///projects/add/add_one)
Compiling adder v@.1.@ (file:///projects/add/adder)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.22s

EM add BRIEITXN ] crate, AJLATE cargo run BH@E -p SN LER, EEEE
TIE=lalF e

$ cargo run -p adder
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.00s
Running "target/debug/adder’

Hello, world! 1@ plus one is 11!

XKIE1T adder/src/main.rs FEICHS, EL{KE add_one crate,
ks ER &1

AR, TEZEIREINEE—1 Cargo.lock X, MARILEEN crate BREHZEE—
Cargo.lock, XEEHAIRFAE crate FEAMNEERE—MRAEMEKR. MRFKNHE rand SR
adder/Cargo.toml 1 add_one/Cargo.toml 1, Cargo =IBEA1EB#EH/AE—1 rand higZ,
HIBLERIDREIME—RY Cargo.lock o L TEZEIFRMIFRE crate EAERIKE, BIKEXLE
crate RIRA R RS IEFA A rand crate ME add_one/Cargo.toml B9
[dependencies] &B53, LAfERETE add_one crate AfERTE:

X% add_one/Cargo.toml

[dependencies]
rand = "0.9.3"

MERNIATLLIE add_one/src/lib.rs 0N use rand;, SAGTE add B RHE1T cargo build
KBEBNTEDE, XE5IANFHRIF rand crate, KITSBE—FLE, AABRINFLEEL
FREEASINEERIE AR rand :

313/548



Rust i2FIgITES ERFXhR

$ cargo build
Updating crates.io index
Downloaded rand v@.8.5
--snip--
Compiling rand v@.8.5
Compiling add_one v@.1.0 (file:///projects/add/add_one)
warning: unused import: “rand®
--> add_one/src/lib.rs:1:5

1 | use rand;
AANAN

note: “#[warn(unused_imports)]  on by default

warning: “add_one® (lib) generated 1 warning (run ‘cargo fix --lib -p add_one” to
apply 1 suggestion)
Compiling adder v@.1.@ (file:///projects/add/adder)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.95s

TRER Cargo.lock IIEBAEEET add_one Kifi rand 582, i, BIfE rand ELIEZIE]
HEMWER, BB REEZRTEIETEENEM crate PERE, FRIEHIE rand MEIE
11& B/ Cargo.toml . g0, WRIFKANIE adder EEY adder/src/main.rs FAIN

- ah AL/ EHNO .
use rand; , MEEFE—HEIR:

$ cargo build
--snip--
Compiling adder v@.1.0@ (file:///projects/add/adder)
error[E@432]: unresolved import “rand®
--> adder/src/main.rs:2:5

2 | use rand;
| ANAN no external crate “rand®

BEEXMEIR, FYRIE adder BHY Cargo.toml X{t, FEBH rand 2 ERIKRH. M adder
Y, =38 rand MNE] Cargo.lock # adder FIKHIFIRE, BRSIEINTH B rand,
Cargo MR TIEZEHREMEA rand B crate BFERAE—MhE, REE(IEBENERILL
FAMW rand fRA, XEETETE, BEHRERIETEFRR crate BILERS,

IR ITAE=(EARRY crate AR—MRBIETE 7RI FFRBRINRE, Cargo MAZDHIETE
1, ERELRABEEFIFRATEED,

A TS iEg hninis
ERS—eki#, 1LFNTH add_one crate HHY add_one: :add_one BR¥IEAN— NN :
X% add_one/src/lib.rs

pub fn add_one(x: 132) -> 132 {
x + 1

}

#[cfg(test)]
mod tests {
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use super::*;

#[test]
fn it_works() {

assert_eq! (3, add_one(2));
}

I, EINE add BRHIBIT cargo test, EXMEMHNTIETBIRIBTIT cargo test, SH
TIVEZIEIRFRAE crate AL :

$ cargo test
Compiling add_one v@0.1.0 (file:///projects/add/add_one)
Compiling adder v@.1.0 (file:///projects/add/adder)
Finished "test’ profile [unoptimized + debuginfo] target(s) in 0.20s
Running unittests src/lib.rs (target/debug/deps/add_one-93c49ee75dc46543)

running 1 test
test tests::it_works ... ok

test result: ok. 1 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Running unittests src/main.rs (target/debug/deps/adder-3a47283c568d2b6a)
running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Doc-tests add_one
running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

B S —EF 93 2REA add_one crate ARY it_works JIEi@d T, T—EB9KREBIE adder crate
FIEEHEINR, RE—28%RAA add_one crate 7% HE XM,
{RBATLUER R T TS BPEMEE crate BIK, REEERBRHER -p BHHHIETE
B NRAAY crate ZFF:

$ cargo test -p add_one
Finished “test’ profile [unoptimized + debuginfo] target(s) in 0.00s
Running unittests src/lib.rs (target/debug/deps/add_one-93c49ee75dc46543)

running 1 test
test tests::it_works ... ok

test result: ok. 1 passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

Doc-tests add_one
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running @ tests

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

KRB, cargo test RIB{TT add_one crate BYMIK, M&BIBTT adder crate HIMIH,
MNBRIRITEIR TETIEIPH crate £% 3 crates.io b, BBATLE=EFHED crate EEE

Bih& . # cargo test —#¥, REJLUET -p SHHIEEELEH crate &R, RKEAHEIE
TEIHBIEMFE crates

7, &R add_one crate 95T, 18 add_two crate WHIIANTIEZ|E], {ENENINGERSINE!

EDBEMEEK, ATUERERTIETE: SMUMIAGESRLE—RRNEER IR, W
RXLEAHZEFTEEEN, BARENFREER—IIEZER, ZEFZMBERILENE
=28
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fER cargo install R THFINXHF

ch14-04-installing-binaries.md

cargo install ERLARIFIRERMBENER ZHE cratec EHFTRANTERRREERESS,
MmEA Rust FFRERM—IHFERNSIN, ARLEMA crates.io EAEMTEH, R, R
BEHEZHFIBTNET ERTE, ZHFIBREES crate 88 sro/main.rs X, SFHE
X fHEEA —#HH BN ERNAB1TERr; X5EBIRAR, EFEEIRESFERIRIE
17, BEAHEMERSIN, BE, crate B README XHRWAEERE. H8 Z#HEI BT,
ERMEFRE,

FRB8id cargo install LM THFING, WSRELERERTH bin XHFH, R
A rustup.rs &% Rust, HEEGEMERBEEXEKE, BLAXTBERME $HOME/.cargo/
bin, EHFXNERELMANIRE $PATH, (R BEEIT@IY cargo install REMIERF.

BN, EE+_Z=hIHNNBREIE, BE— RN ripgrep B9 grep T A Rust LI, AJHEFHER
X, BRE ripgrep, AILUBITU T2

$ cargo install ripgrep
Updating crates.io index
Downloaded ripgrep v14.1.1
Downloaded 1 crate (213.6 KB) in 0.40s
Installing ripgrep vi14.1.1
--snip--
Compiling grep v@.3.2
Finished ‘release’ profile [optimized + debuginfo] target(s) in 6.73s
Installing ~/.cargo/bin/rg
Installed package “ripgrep v14.1.1° (executable ‘rg’)

WEREREZITRT T EXER ZHEIXARUEMZTR; T ripgrep Kix, XNAHITX
HRE 9o REREBRELGREIRAAFEMNT $PATH, {RELRILUZTT g --help, FFif
ERAXANER, HE Rust KAB"HXHERTAT!
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ERBEXGLH R Cargo

ch14-05-extending-cargo.md

Cargo Wit R IFRAMMNFmS KT BE, MAMED Cargo 85, WIRIRHY $PATH HHF
—/NB 79 cargo-something B9 ZIHHIX 4, BBALRRARILUEIETT Cargo FanS—4#%, B
cargo something RIZ{TE. XEBENXMIHWEREIRIEIT cargo --list BYR/RERK, Cargo
XM HR T — M EE S ERFR: FRATLUA cargo install REY R, ARMKFER Cargo
NEIAE—#HE1TE

B

iBid Cargo 0 crates.io P EMRFY, B Rust ESRAZFIUBEERTRZARESHNEER
KZ—, Rust BARERE/NTMIRE, 1B crate RESBWHE. FRAMZGHE, MEENMNEHTS
WA UARRFEEEE. FERTE, 1BRLRRERNRBSZE crates.io £; EIRAIEEH
SRATA!
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Rust g IHES BkRSHR
HHcEH

ch15-00-smart-pointers.md

58t (pointer) BR— 1 EERNEFEMUMHNTEMNERBRS. XMUEX5IH, &\ 45

m" (points at) —LHEHIE. Rust PE LIS ERENENLHNSIA (reference). 5l
FBfER & fFEk&xR, MEKEBEREIERNE. B RT3 BEIEZINSEEAEMFHRIN
BE, RBEIMNTHE.

S—75m, BEEfsst (smart pointers) B—REIRLEH, ©IIRITRHEMIBEE, EBXEER
SN TTEGRININAE, EAESH MBI FH AN Rust FriRE: BgRT C++, EHMESPHE
. Rust fREEHRENX T ZMHARNS eI, ©IHRME TEBY 5| BAEeiREIige. 1T
REX—BAMS, EMNE/NANFENS R TRFE, HPaiEs| At (reference
counting) EEEIRH LR, XMIEIHBIRIFFMEENHE, IIEEBIAEZ I MES; H
FIEBHMAEEN, EESBEMENIEIE,

£ Rust 7, MTFFAIENAMERNS, SIAMERET ZEEE— N7 SIRRAE
R#E, MEREHERSER TIMBEENFriEREIE,

BReEThBE EAEMELI. SRIEHAETEREMERMAETERIMT deref
Drop traito Deref trait AVFEREISHAMELAIRIMBES I B—1F, XHEMAILUESEERT
51 XATEREEHHIAES, Drop trait RIFHABEX HEIEHBHERENEITHNA
BB, AERTEXLE trait RN AN EEEHRER,

ZREIE RS RIUETE Rust PEEEAN—MERIRITRIN, AEFBEFMENENE
BEfEtt. RZEHBEBECHIERREH, MAMEESHAIURES B NS ETt. XESNMA
HEERRE R LR

* Box<T>, FAF1EH EHEZE

* Re<T>, — 5|, BB LB Z 1 FES

+ Ref<T> F] RefMut<T>, T 1EiEIT RefCell<T> JHA)HY, M RefCell<T> E—NE=1THIMIE
PRIFBTITIE MM BYEEY,

BB HEIREBRIEY (interior mutability) &I, XMIEXATF— N FAITHEERE
HEER BN EHANEER APL, EITEXITIC5|BIEIF (reference cycles) B EHSHNF LR
8, AKNEEERE T,

I FAIFFIAME!
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fEM Box<T> FE[AIE L HOSKHE

ch15-01-box.md

(e PEZREREIETTE box, HEEEF Box<T>, Box AWIRFHRIEEFMETE LMMAEHK
Lo BEXREHNZErESRIERNETT. WRFERFR— M AMEZENXE], sTUSEEN
=

bR T BEIEF AT LA EZ 5, box KBMEREFH. A2, BB XRZETIME

Ho MMEBEUTXEGRPHEREN]:

« HE-MERFNARANANRIRE, MXBEEFERTIA/NA L TXHERRXNEEERY
A fis

« SEAREWEAFEEHRIGETRIE NER N RBRENAR R

« SHREBFENMEARXOERNEEZERIU THE trait MAEHERER A E

BHINZE Box AIFRIRBIIXE " —THRTE—MIR, EE-MERT, BEAELIEN
PRENRFAIRERERRKEE, RANKESERLKESR. ATHEXMZR THMEE, (A
PHBREHIEROE box RFEEIM L, X, RAELVEEHEREIERLEKES], MEFiE

ERNBEN S —EREE LNR—IE, F=MERRIN trait & (trait object) , F+/\
SRR trait IREMFAZTA" L IHE T XN ER. FAUREXEFINAS, &=
FER—THERAE!

T3 L1 REEE
EITIE Box<T> BUETFERRBIZ AT, LT AE—TEEUNRIMFESEFMETE Box<T> FRRVEHRTT
RE,

5 15-1 B T WNEIER box fEHE_ EFE— 132 (B,
X% src/main.rs

fn main() {
let b = Box::new(5);
println!("b = {b}");
}

a5 15-1: A box 73 EiEFE— 132 &

HITRZE b EXN— Box, BiMAIE 5, MXMERDEEE L, XTMEFZITEI b = 5
; EXAMEIFE, Bellih0E) box REIERIA TN, MEBHRATHEIAINEM. MEFRRE
FREMNME—F, & box BHFEMAEA, & b 7 main LERETHRHEE, EIWER. FKRATEE
ZBE box &5 (FFiEER L), USBETEANSIE (FHEEHEL).

BEMEREBELHEERAREX, FIURRSEBEEGRE 15-1 BREFRMER box. MF&
B 132 XFMERNR, BelTRERINFELER L, ERZSEERATESGE, ETXK, &
MEEBE—IMINRKEE box MAETE XHIKE,

Box ftiTRIEE&EIIHE

BYAEE (recursive type) KIERILUAB S — I RAXENEFENHBEN D, BERXEF
F—Na, EA Rust FEARIFNMERE RS DTE, BIFRBENEREEC LU
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TRRIFHIT T2, FrLL Rust ARIEEALBFEZD=E, FN box B—TERNBIKRN, Fi
PUBE 7R AR B E BN box, FARJLAGIEE!ILE T,

ERIBALBIMBIF, 1LIRITREF cons liste XB—MERBAFIZESHE REIESL
B, BATRENXR cons list FRT2IFZIMBIRE R, REXMIFENRS, EREIEES
RAVERIIRBEGRHBRIRER.

I8f# cons list
cons list @—FRE Lisp HFIZBS MEFSWEIREN, BEREN pair A6k, B2 Lisp k4
R, ERNEBFRKIRT Lisp Y cons EK#L (B construct function NES) , XTMREAE

BN BSEIE— N pair, BEFN—PTEEMNMEMS— pair HEHY pair A cons, K
1FtBEMEH ERiBYT pair LAREY cons list,

FlINXEE—TMEATIR 1, 2, 3 B cons list WARERE, EEMHE—MESH:
(1, (2, (3, Nil)))

cons list FRIB—TEREIE M NITR: HEWRYE, UK T, 7IRFHRE—MRES—
MRA N BE, MEE T, cons list 2@TEIEMA cons REHDE LR, FARKRT
BIARFIRIERITE Nil, SER, XMEAEFINICIR “null” 5 “nil” BEZHAER, FE
RN TR KRB Eo

cons list HARE— Rust FEILHIEE!, KEBHTE Rust HEEFIRBIE, Vec<T> 2—1
BFRIER, HMENE 2R )ILUEREMIE Rust WRZIZEPREER, @I
cons list EAFE, FENAILURZRUNMEFER box 2R SJHIE X —MEFEIERLEY,

5l 15-2 55— cons list FIZETE Xo EEXEREERFANXNEESGHBERBAN,
ZEEI2ETR:
XEE: src/main.rs

enum List { ?@
Cons(i32, List),

Nil,
}

T 15-20 B—REHMEX—TF 132 BB cons list BIBLEAIMREE

AR HFRANFERINTEFESLI—REFMR 132 ER cons liste A AZE,
ENE+TEHFIR, REX—DEIUFBREEEER cons list RE,

fERXA cons list RKAEEYIFE 1, 2, 3 ¥HEEFRIRHE 15-3 Fims:
NHR: src/main.rs

// --snip--

use crate::List::{Cons, Nil};
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fn main() { ?&
let 1list = Cons(1, Cons(2, Cons(3, Nil)));

}

fi) 15-3: fEA List MEMfEEYIR 1, 2, 3

HE— Cons ifFT 1 MFE— List {Ho X List FF—EE 2 #Y Cons EMT— List
B, HEXBFZ—MHEFRT 3 /Y Cons EMRE—MEN Nil By List, REFTHERRTF
RNEE,

MRZHAIFRG 15-3 BIARES, ZEERGI15-4 FrRBViEiR:

$ cargo run
Compiling cons-list v@.1.0 (file:///projects/cons-1list)
error[E@@72]: recursive type ‘List’ has infinite size
--> src/main.rs:1:1

1 | enum List {

| ANAANNNAN
2 | Cons(i32, List),
| ---- recursive without indirection
|
help: insert some indirection (e.g., a 'Box’, 'Rc’, or "&") to break the cycle

2 | Cons(i32, Box<List>),
|

++++ +

error[E@391]: cycle detected when computing when “List’ needs drop
--> src/main.rs:1:1

|

1 | enum List {
| TAYAYAVAVAVAVAVAVAN

|

note: ...which immediately requires computing when "List® needs drop again
= note: cycle used when computing whether “List’ needs drop
= note: see https://rustc-dev-guide.rust-lang.org/overview.html#queries and
https://rustc-dev-guide.rust-lang.org/query.html for more information

Some errors have detailed explanations: E@072, E@391.

For more information about an error, try “rustc --explain E@Q72".
error: could not compile “cons-list”™ (bin "cons-1list") due to 2 previous errors

T 15-40 FHE X — RIS ERIEIR

XMERKREE, XPRBEEERAN REETF, HAHE List H—PTEE X 7 23R!
EEEFES—TERENE, Flt, Rust TEFIEEE— List BERIRFEZD=E, it
BIBFABENHASHIX N HEIR. B, THREE Rust BRUNIAREFMEIREILENE

FEZD=ER,
PR ESEEESid: p )
[EMZ—THEAREINICHETE X BRI 6-2 FTEXHY Message 12
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enum Message {
Quit,
Move { x: 132, y: 132 },
Write(String),
ChangeColor(i32, i32, i32),
}

2 Rust FERIEE /) Message HREZ /D =EEY, BERIMES— M EAEHF LI
Message::Quit HARFEEE(AZE], Message::Move FEEBMIFEM 132 BEHNT(E], HKILHE
#. FHenum LR EREFEREFH—PTIK, FTLL Message EFfENTRIZF THEERSR
REAEBZTEIK

5Z#WHE, % Rust iIREMREGERTA 15-2 1 List MESXFRRITLAEE L DT,
REEN A WIFWAEF Cons BIX, BRE— 132 FEWEN— List XEWE,
Itt, Cons FRRMITEIFTF— 132 BIA/NEBILE— List K. ATEW List XRFE
ZONE, FERBXERSEEECTHTE, HERM Cons FFif, Cons XIFHF— i32 fl—H
List, XPMIEMSTRIFETE, WE 15-1 Fimk:

cons

cons

cons

i32 Cons

132
3 i32i32 Cons
132[c0

15-1: —PMEEFTRND Cons LRBRIELMR List
FR—EHADEILEEIIRE

E7 Rust TAMBHEANEX NRIFNRBEDE S D=E, FImESLE T —1MeETHE
FRZINAYHIR:
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help: insert some indirection (e.g., a 'Box’, 'Rc’, or "&") to break the cycle

2 Cons(i32, Box<List>),

|
| ++++ +

EXE, indirection IERRE: FEERFME—ME, MBBEIFME—NMEMIZERISH, |
EHEEE.

EA Box<T> —MEH, Rust B2H0E Box<T> BEEZ/DFE: IBHIANFARESREEIER
HEIEEMT K. XEKERITRILUE Cons TRARK— Box<T>, MAREERR—
List {H, X Box<T> £35E F—MiIFH LK List E, MARIEX List EEIERE
Cons TIRNER, MBEE LW, BIMNAE—NHRFIREARNGIR", EREXMLNEEZIIT
XL HARE, MAR—EBEMREES,

AT LUEBURMA 15-2 A List MESHIE XFNRAG 15-3 Xt List FONZAE, 073 15-5 FR
T, X2 LURIEN:

XAE&: src/main.rs

enum List {
Cons(i32, Box<List>),
Nil,

}

use crate::List::{Cons, Nil};

fn main() {
let 1list = Cons(1, Box::new(Cons(2, Box::new(Cons(3, Box::new(Nil))))));

}

5 15-5: ATHEEMA/NMEER Box<T> Y List EX

Cons TERERFE— 132 WA/NINLAETF box 1EFHEIERI=IE, Nil TARMEEFE, PRL
ELt Cons THRFEREDNTE, MAERKNAETEM List ERZFE— 132 il L box 5
BRI AN BEfERA box, T T XTMREANED, XEFmIFHEMEB TR LEE
List (EFEEMNANT . E 15-2 BR 7T Cons BRFERGKHA:
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cons

Box
usud

132

15-2: A/ Cons FH— Box FTLA List RETLRER/NHNT

Box RiRtiENZFAEMIEDEC; ©RBRNTSEEMEREEH KA B EIRIABLEIMTHAE
1o EWKBEARLESTREEITHRAVIERTH, FILER cons list XEFINNIAFR EHRFMHE"X
— R RE, Box MEER. HRITESES+/\EEEIEZS Box KIAHM,

Box<T> KRBV FRLIZEREIETH, RENERILT Deref trait, Xit Box<T> HIERILUESIB—
BEARAMIE, = Box<T> RUEREFFIEMEIRY, BT Drop trait BYSKIL, box fEMEBIEHIEHLSE
A, X trait WAER MEITICHEME RS R MR ENIIESEMESR, &1
*, FNEFMAMERXM traito
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ch15-02-deref.md

LI peref trait AVMREENXMESIBIEREF (dereference operator) * 89174 (REIEEHM
FFCERNBEEFTEERRE) . @id UAREMSALI veref, FEEEISHEEBGEMS|IH
— R ITRE, RRLRIURER1ES | RIS, HEFIEE B TEaEE .

FREERS ASERERNAERTENS AN, AR, BENSZHEX—MTREM
Box<T> NEENXEE, HEBNT ARSI REERERITNEXIEE ERee&5|BAMFET
E. 125, BRITSIRITEI Deref trait ANEIIL LS BEISFHREBS RS | H—HTIE. &E, Hil=
&% Rust B9 Deref 58§35 (deref coercions) %1%, UKREMELLIEIIBEELIES A, 1
RERLIEES BEFEET.

BERS|AME

EMSIAR—NMETRE, —MIBEEHNANEREERIEREEERMREMENT L, &
Tl 15-6 B, SIRT—1 132 {HRIS| A, ZEERRS|IBIERMRRERFTS|BE:

NHERZ: src/main.rs

fn main() {
let x = 5;
let y = &x;

assert_eq! (5, x);
assert_eq! (5, *y);

}

5l 15-6: {ERMESIBERERRIRE 132 EMSI B

TE xFRT—T 13218 5, v FF x —15|H. ALUEE x FF 5, A, MRFEX
y BEMEBEES, @IER *y KBRS AFMERNE (BMEMIA), XiFmFEmA UL
WRSEFREYET . —BEESIAT v, BA AR y FriismBREH TS 5 M.

HRINREIXRE assert_eq! (5, y);, MESFEWMTFRFEIR:

$ cargo run
Compiling deref-example v@.1.0 (file:///projects/deref-example)
error[E@277]: can't compare "{integer}’ with “&{integer}"’
--> src/main.rs:6:5

6 assert_eq! (5, y);

ANNANNNANNANANAN no implementation for ~{integer} == &{integer}"

help: the trait “PartialEg<&{integer}>" is not implemented for "{integer}"
note: this error originates in the macro “assert_eq’ (in Nightly builds, zrun
with -Z macro-backtrace for more info)

For more information about this error, try “rustc --explain E0277 .
error: could not compile ‘deref-example® (bin "deref-example") due to 1 previous
error
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FRFLEBREBFHEIBESHT, RACTRFREE, UAfERESIBiEEMEERs|BrrE
CIESEES

85| F—H{EM Box<T>

BJLAER Box<T> S| ARES R 15-6 REIARES, Rfl 15-7 & Box<T> LfERRYEES|A
BRFS5TG15-6 F5|IA LERNFES I BIEETEE—HFINEE:

X% src/main.rs
fn main() {

let x
let y

BF
Box::new(x);

assert_eq! (5, x);
assert_eq! (5, *y);

}

M5 15-7: 7E Box<i32> L{ERRfE5|I AR

5 15-7 MEERGI 15-6 EBARARBMAMER v IREN—1MER x [EFBY Box<T> 3,
MmAZiEm x B3R, ERENEEHR, AILERRESIBIEENL vy A5 BREENG
IBER Box<T> BYfEE. #Z TRILILA BT LI B CRIRERIRE Box<T> BEXAME AHHRZ
&b,

EXFHANE CrEResH

HTHRBINER e 53 RITE, LRI — M UTARE R Box<T> %
MM AEISE. R SIS AR S| PR ThEE.

AR FABDEHERY MyBox<T> KBS HIFR Box<T> H—MRAKIXS!I: FBYAR
A ICHIEFEEE L. RARXPNROIKENZE Deref, PRUSIESEFRFAETEE
HAGX M LS RITT A BRFEE,

WIRZS L, Box<T> XN BE— N TENTALIE, FURH 15-8 LBRNAREX
T MyBox<T> 28, BATEEXT new BEKHEIEXF Box<T> B new HHK:

X src/main.rs
struct MyBox<T>(T),;
impl<T> MyBox<T> {
fn new(x: T) -> MyBox<T> {
MyBox (x)

}
}

M5 15-8: EEX MyBox<T> KA
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XEENXT —MEE MyBox HERT —MZEBHR T, AARNFEHA UERIEMREEN
Bo MyBox B— 1 EE T XRETHERITHLEMIK, MyBox: new REFRER—> T SEBIHISEH
R [E]—PNMERRIE NERY MyBox SKfl,

SRRRA 15-7 FEIREBANTRG] 15-8 FRFHIEDR main ERAFATE XY MyBox<T> KEINE
Box<T>, il 15-9 FREVCAIANEESRIE, K79 Rust FAARLEUNEIAES| A MyBox :

X% src/main.rs

fn main() { ?&
let x = 5;
let y = MyBox::new(x);

assert_eq! (5, x);
assert_eq! (5, *y);

w5l 15-9: X LAERSIBH Box<T> HHEIAIS U(FEH MyBox<T>
TEEANARREIR:

$ cargo run

Compiling deref-example v@.1.0 (file:///projects/deref-example)
error[E@614]: type “MyBox<{integer}>" cannot be dereferenced

--> src/main.rs:14:19

|
14 | assert_eq! (5, *y);
| AN can't be dereferenced

For more information about this error, try “rustc --explain E0614° .
error: could not compile ‘deref-example® (bin "deref-example") due to 1 previous
error

MyBox<T> BV REEMRS| A, EAFRKNTEKREIZEE FLIMXNIEE. ATEA * TEFTINMR
S|FAIhEE, TEII Deref trait,
SCIR Deref trait

MNEFEREBLI Trait"FIITIEH, A7 KM trait, HITFEAN trait FIER S ERMET
WMo ARERELRIERY Deref trait BRIXAISEI—PRN deref BY757E, ZTFTAMER self FHik(D]
— MERAEBEIENS IR, 7 15-10 BR T EAIMNE] MyBox<T> FEX _EHY Deref STIR:

NAR: src/main.rs

use std::ops::Deref;

impl<T> Deref for MyBox<T> {
type Target = T,

fn deref(&self) -> &Self::Target {
&self.0
}
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T3l 15-10 © MyBox<T> _F @Y Deref SZIf

type Target = T; FEAEX T AT trait BUXEEE, KEEER—MEBEFRNE X ZE
ZHNHN, UAEELTHEIZSHEBLE; BTEIFANE.

deref J5;AFERENT &self.0, XiF deref jR[o] T HAEES * BEAHRINERSIA, [
I—THREE “EATAEMECIZERERER" &85 .0 ARIARTAEMENE—TER,
I f5) 15-9 Y main ERIELRRY MyBox<T> {ERY * JARIIERI URIFH BT = 7!

A Deref trait BIE, MiFSRRZMSIA & 5IAKEL, deref FFiAMYmIFRRRM 7 IREVEW
SRILT Deref trait RYZRERIE, HEBEAXMERR deref AN — M EMBEI(AIFES]
FARY & 5| FARYRE T,

HENTERAE) 15-9 AN *y B, Rust EL EFEREIZIT T FRBE:

*(y.deref())

Rust ¥ * IEENBIR NI deref HABHITE S| ARVIRIE, WMILBAMERAELOR
BIEFFEEA deref 75757 Rust AU MFERILULRATE HITA—EHINEE, TiCEX
BB EMSIBIERSRI T Deref YA,

deref 7F7ZIREIEMSIA, LUK *(y.deref()) $ESINORVE@IES | BN ANIRERTE TR
B, IR deref FAEEROEMAZENSIA, EEFKZEH self, EXEURKERD
ERMES | Bz FRAH AT LEIREX MyBox<T> REMERIFIBEN.

AR, SRYURNEREBPER * Y, * SEREEERE T AR deref FIEBIZEFEH
* fRS|AMIRE, BRESEZ4E R, F2X * BERLRE)I8R, oIBH Em i32 L8
MEMELT, XMESRE) 15-9 A assert_eq! BY 5 FEITED,

TEER RN TS EH{ER Deref 3RFI55 R

Deref s@HI4%R (deref coercions) YESEILY Deref trait BYZEEAYS | HER N B —FhLBA5|
F. 5140, Deref s@lli&A] LI &String $5i%79 &str, A9 String LI Deref trait FEitt
BJLUR[E] &str, Deref 3@ HE Rust TERE T /574 ES LR —FEFIZIE, HEREEER
FLINT Deref trait IR, HXMIFEXREN S| BIEANLSEBRANA B XA RRRIRE
B A B T, XRNSE—RYIM deref HAMIAR, ERITRMUARIZMMN T B
FREERIREL,

Deref 32H3ZIRATINGESS Rust 127 RS R T X HARTHIENIZ B ER &« 70
B5|AMAES I, XM IhEERERIAIRI LIRS EZ I /ER T 5| B E setasrIHE,

ENETR Deref SREISLHRBYSES, IEIRAVERTA 15-8 HIEXBY MyBox<T>, LAKRfl 15-10
HRIEANEY Deref SE, Rff 15-11 BR T —MNEEFNH slice SEBIREE N

NER: src/main.rs

fn hello(name: &str) {
println!("Hello, {name}!");
}

A f5 15-11 ¢ hello (RERBE &str KEIFISER name
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B LIERFRTE slice TEABSEUER hello KX, tb3M hello("Rust");, Deref sZFlI%H(HS
F8 MyBox<String> KEMEAYS|AIAMA hello REAAIRE, WRF 15-12 FAk:

X% src/main.rs

fn main() {
let m = MyBox::new(String::from("Rust"));
hello(&m);

}

T 15-12: A Deref 58535, £ MyBox<String> BY5|iEA hello ERITTHY

XA &am AR hello (K%L, HJJ MyBox<String> {EMYS|FH. EARH 15-10 B{E MyBox<T>
ESCITY Deref trait, Rust AJLUE D deref JEFEIS &MyBox<String> THy &String, FR/AEEH
RftT string ERY Deref LI, H&RE|IFRFE slice, XAJLATE Deref By API XAHHEE,
Rust BRIER deref J§ &String TH &str, XFARTE hello FREIEN T o

UNR Rust ZELI Deref smillFEiR, J97FH &MyBox<String> FERIFYEIER hello, NAFRTRF
REERHE 15-13 AR E RG] 15-12 ¢

NXEHZ: src/main.rs

fn main() {
let m = MyBox: :new(String::from("Rust"));
hello(&(*m)[..1);

}

5 15-13; 405 Rust ;&5 Deref sREIHEHR N A TRE BI(LHD

(*m) ¥& MyBox<String> fi#5|F/9 String, #&&E & A [..]1 FJREXT B String BIFFFE slice
RITAD hello YR, %A Deref sl iR A XL SIBE—CIEEXM LIRS IR,
Deref 5@%3%#(F158 Rust BoIAYEE A 1M IR X 3%,

LR RENBIEBIFE X T Deref trait, Rust SOMTXLERBEHFHEEZ /X Deref: :deref iff
UK ERESHAER, XN L ETERTE, FRLF)A Deref 38558 E 15T
FFEH!

L IBR] T 5| AR Deref a5

HANTF-EN{AI{ERD Deref trait EEH AT S| AR * iZETF, Rust I2{tT DerefMut trait HFE
HAZ5IAW * BERM.

Rust 7ER AN trait SEIHE =MIBE BT SHTT Deref 525414 .

1. ¥ T: Deref<Target=U> BJM &T F) &U,

2. & T: DerefMut<Target=U> BYM &mut T Zl| &mut U,

3. Y T: Deref<Target=U> BYM &mut T Z &U,

KR MERER T B MR T AR ZINEAERIRY: S —MEIRNRABMRE—1 4T, M T L
B 7R[E v KERY Deref, MATLUBRAMIGE) &V, E-MMERKREAXN TR BEEER
BT 7,

F=NMERELERMY: Rust BRI TSI ABRENFALESI A, BERZEFRATEE N FAIZE
SIRKItARERER ARSI R, FAREGERAN, MRE—AESA, HYMEXLELN
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EHME—SIA (BNEFRFLTERE) . F—MUE5 BARRARATES| RAKEEASFTHREG
AR, FAREZ5| BRI E 5| AN EEIENA L5 | AR HEE—ARIZES A, m
ERAMNTEZRIEX—R. Ak, Rust TARISGAAIR5| BN ES|I AEEERN,

331/548



Rust i2FIKITHES ERHXHR

{5 prop Trait IEZ{T;SIE{XHD

ch15-03-drop.md

MEREEHER N, EZNEEM trait 2 Drop, EAFREENX —MEENEEFEREN
BERENFEE. Rl AAERIZEEMNRM drop trait BISKIN, MEAHAIT R AR RERIEINX
HERIERE Z K FE R,

BAVES eI L XX HNEE drop, BRENKINE ST /IF S ZAE! Drop trait, f
g, H— Box<T> HEFH, ERRMK box FrigmBYE=aEl,

AREESE, WTREXRE, BERRSREERTXERENLAE, HoIERABRER
BAFSEME R, 5RFFEEXHEM. BEEFNH. MREFRTTXAM, REMA
BERI AN IB EMARS. 7 Rust 1, {RA]LUFEERRMRBEEBSTFREEEIT, Mmixes
BN, XFE—K, RRAgIOEEMERRF SO EFEAERLERED
KB LFILRFEANNER, ANEASERRR!

BEEEBFERER R ZAITHAIEH A NZESKIR Drop trait, Drop trait K ILIR— 10U
drop BY77%, BIREXN—1 self WAL 5|, AT HEEBEB L Rust AIEHER drop, JLIRATEE
R println! IEASLIY drop,

T 15-14 BT HW—EFITIREmE S HLFISHAEREET, $TENH

Dropping CustomSmartPointer! PY£L#5{A CustomSmartPointer, X< 7&Es Rust {@BHE{T drop
BiE:

XE&: src/main.rs

struct CustomSmartPointer {
data: String,
}

impl Drop for CustomSmartPointer {
fn drop(&mut self) {
println! ("Dropping CustomSmartPointer with data “{}'!", self.data);
}
}

fn main() {
let ¢ = CustomSmartPointer {
data: String::from("my stuff"),
}
let d = CustomSmartPointer {
data: String::from("other stuff"),
}
println! ("CustomSmartPointers created");

}

T 15-14: £5#9{K CustomSmartPointer, HESCILTREBIEUEERY Drop trait

Drop trait E1&7E prelude 1, FEUMTFRESINIEAE, (7L CustomSmartPointer LI
7 Drop trait, FHERMT—MEMA println! By drop 757ARI, drop REAR R EEMZEE
SR BEFEREAEREIZITRIZ B G, XEREITENI—LEXA L AT (/&R Rust {@BS

WA drop,
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7£ main B, FRATFHETF CustomSmartPointer SEFIFHITENH T

CustomSmartPointer created., 7f main FYZLE, CustomSmartPointer HYSLSBEF{ERAE,
i Rust KTFABE T drop FEPHIARE, FTENHKRENER. FEEEEXEA drop 5
b

HEBITXMERF, SHMIA TR

$ cargo run
Compiling drop-example v@.1.0 (file:///projects/drop-example)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.6@s
Running "target/debug/drop-example’
CustomSmartPointers created
Dropping CustomSmartPointer with data “other stuff’!
Dropping CustomSmartPointer with data “my stuff'!

HRBIBEAEREEY, Rust xEEHEIATERM drop, HEITHAHEENNE, TEXKKRE
BIRFNERFRHKEF, L d 25T c ®EF. XMIFNER, ZiLREWMEER] drop 75
ARINATIERY; MBEREESEABE, (FREHRXREMENFEZE, MAR—FITENH
Bo

FE=E, BRABLE) drop EEHFR—HEZNE. BEUAFERHA drop ; B4 Drop
trait FENEXTETHEEMEN, A, BIrARFEEREBFEEME. —MIFEH
fERE RIS EEDY; RAJREHRERFISIT drop 5 ARBRN B AEERE R EAESR
URERE. Rust HARARFFEANTETNER drop trait B drop 757%; HENIFHEEIERFLERZ
RIRLRGIRRNRERIE, RN IZERNEHEINERERHEY std: inem: :drop L,

NRBNVEZRBI 15-14 FHF=IHXIEA drop trait B drop 5%, MERFEMRTEI 15-15 ABEE
FREEAESTE I

NHR: src/main.rs

fn main() { ?@
let ¢ = CustomSmartPointer {

data: String::from("some data"),
H
println! ("CustomSmartPointer created");
c.drop();
println! ("CustomSmartPointer dropped before the end of main");

T 15-15: ZiXFHIEF dDrop trait B9 drop LR R HIE
MNRZRFERESEBENTEIR:

$ cargo run

Compiling drop-example v@.1.0 (file:///projects/drop-example)
error[EQ040] : explicit use of destructor method

--> src/main.rs:16:7

|
16 | c.drop();

| AAAN explicit destructor calls not allowed

help: consider using “drop’ function
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|
16 - c.drop();

16 + drop(c);
|

For more information about this error, try “rustc --explain EQ040° .
error: could not compile ‘drop-example’ (bin "drop-example") due to 1 previous
error

BIREERA, BRITFRAWERNEA drop, FIREEPER T RIERIGEREL (destructor)
X BEE AN LOIRR L BERIRY, AR SHEEEL (constructor) 183
Rz, RERTEIESLEA, Rust FRY drop RIEFLE — 45 EBIMTHEDERI 2L

Rust AT ZNIEA drop, EJY Rust HARTE main LRI EENFIZEA drop, X
SFHTREER (double free) $Hix, EN Rust ZEIHBER—MEMRo

EANTFeRALEREAERE BEENR drop, HEAREEINER drop 757k, MRZEAFE
BRHIRFBIEE, PILER std::mem: :drop BKEK,

std: :mem: :drop K#X5 Drop trait FHY drop FERE, BT IBEERFIRFIEZFTHEF
ANBEALATHKER. XNEREAIT prelude 1, FEFATTLUESRAE] 15-15 BAY main,
E9AH drop KER, Rl 15-16 Fiins:

X% src/main.rs

fn main() {
let ¢ = CustomSmartPointer {
data: String::from("some data"),
b o
println! ("CustomSmartPointer created");
drop(c);
println! ("CustomSmartPointer dropped before the end of main");

T 15-16: EERFEREIZATEA std: :mem: :drop BT;FE
BITXERARFTENHINTAE:

$ cargo run
Compiling drop-example v0.1.0 (file:///projects/drop-example)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.73s
Running "target/debug/drop-example’
CustomSmartPointer created
Dropping CustomSmartPointer with data “some data’!
CustomSmartPointer dropped before the end of main

Y 7K Dropping CustomSmartPointer with data “some data'! SHINTE
CustomSmartPointer created. #{] CustomSmartPointer dropped before the end of main. Z

8], XZEA drop FARABEBMILKIAR, UEFR co

{REJLALAZ M5 VRIS Drop trait SEIREISERIAES, LA EXZE, B, RAILIA
EXREEBCHAEDECRS! BT Drop trait M Rust WFIENARSE, (REAFNLISERAIINETT
B, EA Rust =B EIBIRTTAXLE T F.
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REAGIEOETFANBEEMEERNEMSHNER: FMENASHRKRSIREEEXHY,
WEHER drop A ETBHRERNBIAR—Ro.
MERNBLXTHET Box<T> LINE RIS —EE, BT REBITEEREXBIE M/

BRefaH
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ch15-04-rc.md

REBD 1R FRAENEIFERRR . AILUERIES N EERERME. A, BEERE
MERIEESEZ AR, fld, FEHRIEEHNTS, 2 NUAgERBEENTR, MXTTR
MEEZ EHAFREIERERNZAFAE. TRITESKETMLEREMNMLEERMEE 2R, 8
AN VAET AL

AT BRZAAENEERZN MR Rust £ Re<T>, HAS| AR (reference counting) Y
HBE. 5IRAITHEKRECR—MENS | BHERNRX MERTINERER. MREMEES
M5, mAKRESERAENE I RHAUREE,

AILREBRAZETHNBER. S—DARKEBMN, MITHER EALATLUERER
Wo BRE—TABHABERN, MXEELRACTERERT, MREATEMBAEEEN
BHERLRIE 7 BB, [EEEEANASESIIER!

Re<T> RFEHBRANRELE LN —LERAFHIEFNZ N E0IRE, METAERFNHER
FHH—E D SREEREAERNIME, WMRAEIERRI ERE—NMERERRE, A
ULEMNEIENFIESE, [EBBFIERINR R AR £

AR, Re<T> HEEATREARETR. FEHNEBTAENCHEAN, SNBNATESEIRERE
#1751tk

HEHIE

L FRATEI R 15-5 HER Box<T> FEX cons list BfIF. X—R, BIEECIRHIMHE
B=NIIRFIENHTIR, HEESRSERKIE 15-3 Fimk:
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15-3: TR, b M ¢, HEE=15I&K a BFIEN

IRk aBE s ZER 10, ZERESWMYIR: b M3 FaM c M4 Fig, b c I EE
2 5 M 10 BWFIR a, #AER, XM MIIRSIZTHAEZEE—5IRAEER 5 M 10,

S ER Box<T> XM List SLIIHAREGETIE, 90Rf 15-17 Fiin:
X src/main.rs

enum List { ?&
Cons (132, Box<List>),

Nil,
}

use crate::List::{Cons, Nil};

fn main() {
let a = Cons(5, Box::new(Cons(1@, Box::new(Nil))));
let b = Cons(3, Box::new(a));
let c Cons (4, Box::new(a));

5 15-17: BIRAEERF Box<T> MFI|REIAHZFE=PFIRIIFFEN
BIFFHINTHEIR:

$ cargo run
Compiling cons-list v@.1.@ (file:///projects/cons-list)
error[E@382]: use of moved value: “a°
--> src/main.rs:11:30
|
9 | let a = Cons(5, Box::new(Cons(1@, Box::new(Nil))));
| - move occurs because “a’ has type ‘List’, which does not implement
the “Copy  trait
10 | let b = Cons(3, Box::new(a));
| - value moved here
11 | let c Cons (4, Box::new(a));
| A value used here after move
|
note: if “List® implemented “Clone’, you could clone the value
--> src/main.rs:1:1
|
1 | enum List {
| AAAAAAANA consider implementing “Clone” for this type

10 | let b = Cons(3, Box::new(a));
| - you could clone this value

For more information about this error, try “rustc --explain E0382°.
error: could not compile “cons-list’ (bin "cons-1list") due to 1 previous error

Cons TIAMBCFAFEREIE, ELLHTAILIE b FIRE, a IWBEhHE b, TZ b MR
T a, &E, SRMNBXZHELIRE c BER 2, XMFRAIFT, BN 2 KFFENELWE
o
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BJLABREE Cons ENXREMR—15IA, FIEELITIEEEGARSH, BdisEEanEH
28, RAFIRPIE—NTRBEDSIIREFEFEN—HFRA. XERH 15-17 FER57!
KBS, BHRZEFRERERERMLL,

Bk, BIRIE List BIEXRAEER Re<T> KAE Box<T>, YIRA 15-18 Fiimo MEST
Cons WIRERFHE—NME, UKR—T1EM List By Re<T>, HIXAILIRE b BY, FHIREX a BIFRE
N, M5 a FAR Re<list>, MTHESIAITHEM 1 1805 2, Hitk a # b HEXHD
Re<List> FREIERIFAEN. €U c B, MBI E a, E5IATHEM 2 182 3, 8XF
Fd Re:iclone, Re<List> EREAIERYS|IRITEEIRIEM, RBELSIBHRAETHN, KiEFHE
2,

X% src/main.rs

enum List {
Cons(i32, Rc<List>),
Nil,

}

use crate::List::{Cons, Nil};
use std::rc::Rc;

fn main() {
let a = Rc::new(Cons(5, Rc::new(Cons(1@, Rc::new(Nil)))));
let b = Cons(3, Rc::clone(&a));
let ¢ = Cons(4, Rc::clone(&a));

}

{5 15-18: fEFE Re<T> FEXHY List

HEEM use IBAR Re<T> SINEAE, EANERTE prelude Fo £ main FEIERTHFHR 5
10 BVFIRFREFINIE a BYFTRY Re<list> AR, BB b # c B, I8 Re::clone IR
HiLE a A Re<List> BI5|BIERNSE

FA 2R BT LA a.clone(), AR Rc::clone(da), {B Rust BRFIREXMIE R TEH
Rc::clone, Rc::clone FYSEIIARAZENERIEY clone SLINARE, SXFTBEEIEHITRIEN,
JAA Rc::clone AIENNSI AL, XHAFEN; MEGEAGREZENATRESEER D E, @
A Rc::clone RFRG|FITHEURIE, FNMATUEMR EX R E NI clone"f1"R1E N3]
Fit#8) clone”s XEFEEIKMEERAN, ENIRAFEXTRENHBZE clone, eI LIZES
Rc::clone JAH,.

RRERIRMSI At
IR NEDURAY 15-18 IR LUERRIBINEF a B Re<List> B3| A5 AT ERBIZ L,

£ 15-19 FR, fB2RTY main LUEFTIR ¢ EFREIERET, XEMATLUMED c BFE
RS 5| At En & k.

XEE: src/main.rs

// --snip--

fn main() {
let a = Rc::new(Cons(5, Rc::new(Cons(1@, Rc::new(Nil)))));
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println!("count after creating a
let b = Cons(3, Rc::clone(&a));
println! ("count after creating b

{

{}", Rc::strong_count(&a));

{}", Rc::strong_count(&a));

let ¢ = Cons(4, Rc::clone(&a));
println!("count after creating c = {}", Rc::strong_count(&a));
}
println!("count after c goes out of scope = {}", Rc::strong_count(&a));

}

5 15-19: FTENHSI AR

EREFPENSIBITHAE TR, RIEBIFTENHFINSI AT, XMESELIAR
Rc::strong_count REEFEIE, XPEEZFRLLA strong_count [[JAE count, ZEFNH
Re<T> iXHHE weak_count; FMTSTEE Weak<T> RS |HEHR " —T P EE| weak_count By
&,

XA RFTEN

$ cargo run
Compiling cons-list v@.1.@ (file:///projects/cons-list)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.45s
Running "target/debug/cons-1list’

count after creating a =1
count after creating b = 2
count after creating c = 3
count after c goes out of scope = 2

FAIRETBEE a H Re<List> BUFNIASIATTEN 1, EESRIEA clone, HESEM 1, H c
BEFERERY, THEUR 1o FMRIFA Re::clone 1EAN5 | AITERAREE A — N ERESR B T
#&; Drop trait BYSRILY Re<T> (EEFEREBS B IR 5 AT,

MEANBIFBATPAREEBRIRIZ, 1E main BVEES b AR a BAEREE, MTHER
0, [FIBY Re<List> ¥R FE, £/ Re<T> AW —NMEBESTFAEE, SIAITHRUBERIEE
R ERAFEEHERRSE Y.

BEARAIESIA, Re<T> RWERFNZ MO ZERIEMHAZHIE, R Re<T> BAWZD
BJE5| A, NaERkENSENIENERMNZ—: HEUENS NI EERAEERMIERS
MA—, FIATLUESREBIERIEEERAN! T T2, TN T IEREIN
RefCell<T> KA, BRILIS Re<T> EEEEARMIERATZEERIRE.
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RefCell<T> FIRZFA] TR

ch15-05-interior-mutability.md

RERRIZEE (Interior mutability) = Rust FR—MEITHRE, EAVIREMEEEARIZES|H
BB R ACRE R, X@EEZERMUARRITN. N7 REHIE, ZRA SRS ER
unsafe FADRIEMA Rust BERIFIZIEMMERMN, FRERBRARNEFLEX LN
MABILRERBERINE, FZTESBIFMMNBRLLRE,

HE]HRABEETHSETERMN, BERFSEFEFRIENTER, FJLOERERBLIE
RAERRI MR RIEE, PP RAY unsafe AADRREIRHAR LR APL 1, MIMEBSEEULA
BAAIER,

I FTET EEAERRI EMRTURY RefCell<T> SERIFIRFX ML,
TEIE1TRSSRFIfE AN

RETF Re<T>, RefCell<T> RERHEBUERM—RIFTEN. BARHAILL RefCell<T> REFH
Box<T> XAFRYKAE? [B1Z— T EUEFMFRIEAFMN

- FERSLENZ, REHE - AIESIARERHENFIESIAZ— (MAEME).
* SIABIIREBE K.

TS| A Box<T>, ERMNMAAZM (invariants) ERIFNMESWREIHIT. T
RefCell<T>, XUERATMIERFIBEITI. XF3IH, MNRFRXLEMN, SF— 1 RmFHE
1R MXF RefCell<T>, NRFRXLEMMIZF S panic FHiBE,

ERMFNOEERMNNAEEXEHRFEA LIENEHRRHER, RNWETH A e
w, RAFERNDHERRTR 7. Alt, ERFNNEERINRAIO B RAIREE
%, XERHNMRE Rust BIRIATT N,

BRAEETHOEERAMINGFLNZATHIEEAEL2NTR, MEMERFHICES
AR, F#S2M, IEW Rust Rixds, BRERTH. ERABHN—LEBEEARAEREIS
MRBLEN: HPREZWHMIEAUEE (Halting Problem) , XiEBH T ABASEHE, I
MRMARHEIIEXZ— MESHARINEBEEE,

EA—EDHEARFIEERY, SR Rust FwiFSAEBEBIFIENMNEE, SARSIEL—IIE
WER; MXMAEZREZRTHN. R Rust ERRERNIER, BBARAFEMASHE
1S Rust FAIfBVIRIE T . 7AM, 1R Rust ELIEHNIER, BASKIEFIHRAE, BFRS
HRK M, RefCell<T> IERATHIMBERIIETERMN, MimiFETaeIRMNHE

f&o

LATF Re<T>, RefCell<T> HEEATREARRET R, IRZHEZEIE L TXPEA
RefCell<T>, RIGEI—PMRIFHIR, BT EESNBUAESLIZEF LI RefCell<T> By
Lhiko

INTFFI55EHE Box<T>, Rc<T> B RefCell<T> RYIEER:

* Re<T> RIFHEREEMIEE S IFEE,; Box<T> fll RefCell<T> NIRBFE—FRHE,

¢ Box<T> RIFERIFNHITAATTH A TERINE; Re<T> NAFERIFRHITAITERR
ZE; RefCell<T> RFEBITRHITAATTHATEAKE,

« A} RefCell<T> RWEBITRATHEMEEIRE, FrUFATATLUIEEME RefCell<T> BB E
R TRIER FMERERIRHE,
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AR BN TEMREREBRIEE (interior mutability) &3 ILEITEERBNEATE
MHRERN, FINeXZWNE A IEIEER.

EAMERRT X
ERAMNN—MEEREE - AEREN, TS MERTE, fld, WTFRBFERE:

fn main() { ?#
let x = 5;

let y = &mut Xx;
}

MRZHAwFE, TN TFHEIR:

$ cargo run
Compiling borrowing v@.1.0@ (file:///projects/borrowing)
error[E@596]: cannot borrow “x° as mutable, as it is not declared as mutable
--> src/main.rs:3:13

|
3 | let y = &mut Xx;
| ANAAAN cannot borrow as mutable

help: consider changing this to be mutable

2 let mut x = 5;

|
| +++

For more information about this error, try “rustc --explain E0596°.
error: could not compile “borrowing® (bin "borrowing") due to 1 previous error

M, WEBRT, S—METEEGZERNSEBENRES, MEREMKERNAANRTE, B
REABN. ESEIMNIIAEMAEEREET, RefCell<T> B—MNARAE A ZIERNT %o
RefCell<T> FRBTELAMEAMN, HIFF[PNERALERIATREAIEMHBN TS
TR EERNN, NRERT XL, ZHI panic MABHIFHEIR

I FATET — KRB FRRFR M AT LAGEA RefCell<T> RERARAREHEENAXA
MEB R XA,

{5 mock 35z

BERENRFREFRZAENREERS —PRE, UENRERIFENTHHENS EEMIERSEK
MAYe XA MBS MIAE T (test double) o MEBTGIEHFHNESER (stunt
double) —#¥, BRERTHEEENTR. WAEFEETIXREAENEE, mock 3t
& EREXRENNAES, SNcRURIRRERLRET T AU ER S 12(ER ERAY.
Rust H NMREMIESFEIVEETRENZINRIRE, Rust &EEREMIESIFER
HEERNRE mock WRINEE, NIFANHESEAIULIE—15 mock WREEBRETNEERILEN
1o

MTFE—TRNMNBBNVHNZR . BITERE—TRBRENMESEAENEENE, HRIES
AESHRAENEERLEER. N, XTEJURATIERAFPFAATN APLARKER
o
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BERRMIERERAENER, URAMBRLIETAHESNIEE. ERALENZFIEEE
RUSPRAZZHBIME: BFILUERIER—FHER. KX emaill REEEFS. ELS
THRAEXEMTT; IFLIELRMHE Messenger trait BIA], I 15-20 BR T EHED:

XL src/lib.rs

pub trait Messenger {
fn send(&self, msg: &str);
}

pub struct LimitTracker<'a, T: Messenger> {
messenger: &'a T,
value: usize,
max: usize,

}

impl<'a, T> LimitTracker<'a, T>
where
T: Messenger,

{
pub fn new(messenger: &'a T, max: usize) -> LimitTracker<'a, T> {
LimitTracker {
messenger,
value: 0,
max,
}
}
pub fn set_value(&mut self, value: usize) {
self.value = value;
let percentage_of_max = self.value as f64 / self.max as f64;
if percentage_of_max >= 1.0 {
self.messenger.send("Exrror: You are over your quota!");
} else if percentage_of_max >= 0.9 {
self.messenger
.send("Urgent warning: You've used up over 90% of your quota!");
} else if percentage_of_max >= 0.75 {
self.messenger
.send("Warning: You've used up over 75% of your quota!");
}
}
}

) 15-200 —MEREMESHEAEEENE, HRIBEENEERIZEES

XERBR—NEER S BIBE—157E send By Messenger trait, HIREX— self BARALEL
SIRAMXAEEFER. X4 trait & mock MRATFEELIMAVROE, X mock #EEGR—TEILE
MM RBIEERT . B—TEENBRERNEEMA LinitTracker BY set_value F57EHI1T
Ao BILIBIZT(EBAY value BEAIE, T set_value FHEHREMEFEIHEMSAE, RKRIFE
LaeiBin, MRFANGIZB—SEIT Messenger trait FIEBIEFE max {EHY LimitTracker BY,
HEEARE value ERY, JHEAXEEBENHEMAEGENE
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BAIPAFER mock WRZ, WA send FAKIRKIX email BPHR, MERIBRESHKBNE
RIET o TLUHFE—D mock WRLH|, BESIE LimitTracker, JEA LimitTracker By
set_value J57%, %F*ﬁ’g mock MRELEHNTHAERVER. Tl 15-21 BR T — 1 Ltt=
AT mock WRIEM, FIBRRERHARIF:

X% src/lib.rs

#[cfg(test)] ?#
mod tests {

use super::*;

struct MockMessenger {
sent_messages: Vec<String>,

}

impl MockMessenger {
fn new() -> MockMessenger {
MockMessenger {
sent_messages: vec![],

}
}

impl Messenger for MockMessenger {
fn send(&self, message: &str) {
self.sent_messages.push(String: :from(message));
}
}

#[test]
fn it_sends_an_over_75_percent_warning_message() {
let mock_messenger = MockMessenger::new();
let mut limit_tracker = LimitTracker::new(&mock_messenger, 100);

limit_tracker.set_value(80);

assert_eq! (mock_messenger.sent_messages.len(), 1);

5 15-21: ZIXSLIN MockMessenger , BRI EZI N AIFXAM

MIRFCISE N T — MockMessenger £E5#3{AK, H sent_messages FEEH— String {HHY Vec
FARIERWENRIEZIER. HITEEX T —PKEKEREL new LIEFHENTIHE YRR
MockMessenger {H, }EZ&/J MockMessenger SLI Messenger trait IXFFLB] LA LimitTracker
RM— MockMessenger, 7E send J57ARIENXH, KRIENBERFASHHERER

MockMessenger By sent_messages %I|FRAA,

A, FATWIRA T H LimitTracker #EHFRE value 1§ BB max H 75% NEME. B
FHTIE— MockMessenger, EEMZTHE TR, EEME— LimitTracker H(ZHHE
MockMessenger HY5|FHF0 max {B 100, F{1{FFR{E 80 A LimitTracker AY set_value 757%,
X T 100 BY 75%, #EEUTS MockMessenger RIZRAVHEFIRNZBE—FHS.

PAM, XA, TR
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$ cargo test

Compiling limit-tracker v@.1.@ (file:///projects/limit-tracker)
error[E@596]: cannot borrow “self.sent_messages’ as mutable, as it is behind a "&°
reference

--> src/lib.rs:58:13

|
58 | self.sent_messages.push(String: :from(message));

| ANANNANANNNNAANANA “self™ is a &  reference, so the data it

refers to cannot be borrowed as mutable

help: consider changing this to be a mutable reference in the “impl® method and
the “trait® definition

2 ~ fn send(&mut self, msg: &str);

31}

56 | impl Messenger for MockMessenger {

57 ~ fn send(&mut self, message: &str) ({

For more information about this error, try “rustc --explain E0596°.
error: could not compile “limit-tracker® (lib test) due to 1 previous error

RBEIECA MockMessenger SRIEREE, EA send FERKHIERT self BIARRIT5| B, il

TRERNEEIRIB TN &self 249 amut self BRI, ENFBHEHEEETE impl FiEHEHRE
#, WWETE Messenger trait EXPEHER. BIHAFENN T MIATMELLE Messenger
traite MKk, BIMNFEEDELNXRBERE RS, ERLIE

XIERRNEBRIEM A LUK ERZRIM T ! FRATRIE sent_messages TFAETE— RefCell<T> &,
PAIG send FERLAEIEDY sent_messages RIRFIHANTAEIBVER. T 15-22 BRTENTA:

XH&: src/lib.rs

#[cfg(test)]
mod tests {
use super::*
use std::cell::RefCell;

struct MockMessenger ({
sent_messages: RefCell<Vec<String>>,

}

impl MockMessenger {
fn new() -> MockMessenger {
MockMessenger {
sent_messages: RefCell::new(vec![]),

}

}

impl Messenger for MockMessenger {
fn send(&self, message: &str) {
self.sent_messages.borrow_mut().push(String::from(message));

}
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#[test]
fn it_sends_an_over_75_percent_warning_message() {
// --snip--

assert_eq! (mock_messenger.sent_messages.borrow().len(), 1);

T f5) 15-22: fER RefCell<T> BENSTEIMMERINA B A A BB R MEKREE

I7E sent_messages FEFHYEAIZ RefCell<Vec<String>> A& Vec<String>, {E new KFEKH
1£5 vector SMNEBIERT — RefCell<Vec<String>> SZfl,

XF send FIENKIM, B—PNEHA self WARTEMEH, XEFS trait EXH. FKi1E
FH self.sent_messages A RefCell<Vec<String>> MY borrow_mut J53%3EFKEX
RefCell<Vec<String>> FR{EMAIZ5|H, X2—1 vector, EER LY vector BRI 5| FHiE
F push LUEIERMIAIIZPEEIRIER.

REVHIHBMERAITRISH: AT EHIHERAL vector FEZ/ DI, FEIRAA
RefCell<Vec<String>> By borrow LIFKEX vector BIAREI 5| A,

IMAEBANIR T NAFER RefCell<T>, iEFHAITAR—TEEHETIERY!
EE{TiiCRIGH

HRIEATEM T E5 | A, F1DRNER & A amut EiE, 3T RefCell<T> Kif, NIZE
borrow F] borrow_mut /%, XEF RefCell<T> 24 API B9—ZB43, borrow F57%iR[O] Ref<T>
KA EBEIEET, borrow mut 75 KIR([E] RefMut<T> AW EREIEFT. X PMLEEEBSLIN T
Deref, FRLARILAH(EERS| AR,

RefCell<T> iR YBIA Z/ D NNESIHY Ref<T> ] RefMut<T> £BEISFT, & /XA borrow,
RefCell<T> RESIHNARI TER TN —. X Ref<T> EEAERAEEN, RolTERITEUR
— PAGHRIFEMERMN —F, RefCell<T> FEAMBHERAWFEZ N FAALRERE— T
B,

NRFBANZHE[OX RN, AEEL S| AIBIRIFRIIEIR, RefCell<T> NSEIMBIEZITHSHIR
panice Rl 15-23 BR T xR 15-22 F send SLIBUEDR, XEH(HERHEERER
MR EERMUERT RefCell<T> RAWRATEEITIRIX AM.

XEE: src/lib.rs

impl Messenger for MockMessenger { w

fn send(&self, message: &str) {
let mut one_borrow self.sent_messages.borrow_mut();
let mut two_borrow self.sent_messages.borrow_mut();

one_borrow.push(String: : from(message));
two_borrow.push(String: : from(message));

Tl 15-23: ER—(EREFEIEM NI TS| BHMER RefCell<T> F X panic
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XE ) borrow_mut iR[OHY RefMut FEEISFHEIR T one_borrow TE, HEMBRANLAEE
£ two_borrow BT F—MAIRER. XSEHERIEREPLIZRTAIZSIA, XRFAIF
B SHIETTERIR, R 15-23 FENASHEMAER, FIMAIKK:

$ cargo test
Compiling limit-tracker v@.1.@ (file:///projects/limit-tracker)
Finished “test’ profile [unoptimized + debuginfo] target(s) in ©.91s
Running unittests src/lib.rs (target/debug/deps/limit_tracker-
e599811fa246dbde)

running 1 test
test tests::it_sends_an_over_75_percent_warning_message ... FAILED

failures:
---- tests::it_sends_an_over_75_percent_warning_message stdout ----

thread 'tests::it_sends_an_over_75_percent_warning_message' panicked at src/
1lib.rs:60:53:

RefCell already borrowed

note: run with ‘RUST_BACKTRACE=1" environment variable to display a backtrace

failures:
tests::it_sends_an_over_75_percent_warning_message

test result: FAILED. @ passed; 1 failed; © ignored; @ measured; @ filtered out;
finished in 0.00s

error: test failed, to rerun pass "--1lib°

AEAES panic #1{5 8 already borrowed: BorrowMutError, XML RefCell<T> Y{AITEIE
TR E S AR AN AR o

BXEXFRFREGTHMARRENERERHER, BSREMAIERSIEFARKIZNEFRA
AUEIR, BEEEINBEMBINESHRERTRBELR. SRR, (REBEZEAEETT
BIMAEHIF R ERMALE —RIZTI R H. T, A RefCell<T> BELLFAIER
ARFARAIEENLETXH, SHE—AILERESKIERERBH mock WK, REFEXLENR
181, RefCell<T> {EERRMLLEMSIAEZBIEES,

RS AL E
RefCell<T> M—NEIAPARS Re<T> G4, EIZ—T Re<T> AWERKIEE S FIEE,

I R EEN AR AR, SNRE—MEEF T RefCell<T> By Re<T> HYIE, RMAJLASE
BZ I EEH B LUERRET !

40, [EI1ZRA 15-18 FBY cons list I+, FHAMER Re<T> LB MIIRKZFZ—1FHIRAFR
Bt BT Re<T> RFEARAEE, FIU—BRIEXEIIRZE, MEAEBEREPNE. I
FELLFATAON Refcell<T>, fEBNERMELTIRFPIE, TF 15-24 BR7T . @BIE Cons EX
FRfER RefCell<T>, A IFLBEMECAFRBEYIRHPEFMEIVE:

X% src/main.rs
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#[derive(Debug)]

enum List {
Cons(Rc<RefCell<i32>>, Rc<List>),
Nil,

}

use crate::List::{Cons, Nil};
use std::cell::RefCell;
use std::rc::Rc;

fn main() {
let value = Rc::new(RefCell: :new(5));

let a = Rc::new(Cons(Rc::clone(&value), Rc::new(Nil)));

let b = Cons(Rc::new(RefCell::new(3)), Rc::clone(&a));
let ¢ = Cons(Rc::new(RefCell::new(4)), Rc::clone(&a));

*value.borrow_mut() += 10;

println!("a after = {a:?}");
println!("b after = {b:?}");
println!("c after = {c:?}");

Rf8] 15-24: {EF Rc<RefCell<i32>> BIEEATLUEHMY List

XEBIET —1 Rc<RefCell<id2>> SLHIHEFELE value RLUMEZ FEIEAIN, 1EETE a
FEEE value By Cons TRBIRERT — List, FETIE value LUE a F] value FEEHBEH
RERE 5 BFFEN, MASIEFFENM value #BohEl a &L a B value,

AV a FHEHT Re<T> XFLHEIETIR b M ¢ BF, ©AEBAILIA a, EWRHG
15-18 —#%,

—BgIETHIR a. b #M c, FPKF value BIEM 10, AULFT value JHAT borrow_mut, X
BEERTEIENICHN BRI AEE (> ZEHEMAT? " #59) REESIA Re<T> LR

EXELAEBRY RefCell<T> {H, borrow_mut 73 %iR[E] RefMut<T> FREFSTT, RILANHERMESIA
BRAHESRERNZE,

HIEAHTENL ac b 7 c B, AIUEEIENEHARENRERE 15 AR 5 ¢

$ cargo run
Compiling cons-list v@.1.@ (file:///projects/cons-list)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.63s
Running target/debug/cons-1list’

a after = Cons(RefCell { value: 15 }, Nil)
b after = Cons(RefCell { value: 3 }, Cons(RefCell { value: 15 }, Nil))
c after = Cons(RefCell { value: 4 }, Cons(RefCell { value: 15 }, Nil))

XAMRIGEHIW! @S HER RefCell<T>, FHTAILIBE — " XMIMERRF LM List {8,
BEFEMNAGEEMER RefCell<T> RN AI T M ARG HEIE. BRMMNEEITH
HITRE, XTHLFRPFTRMNEZHIEZRSNEM,; %, A TREEIELSEN LXMR
EM, TH—RMEERNZESN, EE, RefCell<T> RNEATFZEEMIT! Mutex<T>
RefCell<T> MLAIRLEIRA, HITRTEET/SEITIL Mutex<T>,
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Rust RFFIRIHES AR
S5IREIFSAERR

ch15-06-reference-cycles.md

Rust WAFLZ £ RIEEEM U EIMEISEKEE A2 EIENAE I REFERR,
memory leak) , BHIERAEE, Rust HFARRIETREMIERFRR, XEKEARFHMIFTE Rust
FIIANBAFEEN, X—RBJLUEE Re<T> ] RefCell<T> HiH Rust A FHIMAFERE:
SIS | BEIA AR EEN,. XSERRFER, EAS—IH5| RISkt RT
0, FFEMEIEHRKITASEIER,

HhE5 | BRI

UHENNEESI BRI UERINELLER, UNRIMNMEEEE, STMRfl 15-25 /B List MZEF
tail FHERNENXFA:
X% src/main.rs

use crate::List::{Cons, Nil};
use std::cell::RefCell;
use std::rc::Rc;

#[derive(Debug)]
enum List {
Cons (132, RefCell<Rc<List>>),

Nil,
}
impl List {
fn tail(&self) -> Option<&RefCell<Rc<List>>> {
match self {
Cons(_, item) => Some(item),
Nil => None,
}
}
}

=5l 15-25: —PEFH RefCell<T> By cons list EX, XHEBKATFBEIEER Cons TAFRS| AR
AE

XEBERBTRA 15-5 1 List EXHB—MTE, BE Cons TEMNEZNTER
RefCell<Rc<List>>, XEMKERE TG 15-24 ARHERENSIEEN 132 MIE, FIIFBLEREEE
24 Cons TIRFRISMAY List, XEFRIEIT — tail FHERSERNIER Cons TIRRIAHIES
B EE I,

£ 15-26 #1, FAVARIMT — main KER, ©FEHET R 15-25 FRENX ., XERBSE
T a FRIBE—FIR, BRIB—NMEM a FFIRM b 5K, AR, ©REKR a FFIR, F
Higm b, MMAIE—NSIBER, BEMAR println! EASRRX— IR ARELIEN
)z 8

X4 src/main.rs

fn main() {
let a = Rc::new(Cons(5, RefCell::new(Rc::new(Nil))));
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println!("a initial rc count = {}", Rc::strong_count(&a));
println!("a next item = {:?}", a.tail());

let b = Rc::new(Cons (10, RefCell::new(Rc::clone(&a))));

println!("a rc count after b creation = {}", Rc::strong_count(&a));
println!("b initial rc count = {}", Rc::strong_count(&b));
println!("b next item = {:?}", b.tail());

if let Some(link) = a.tail() {
*link.borrow_mut() = Rc::clone(&b);
}

println!("b rc count after changing a = {}", Rc::strong_count(&b));
println!("a rc count after changing a {}", Rc::strong_count(&a));

// Uncomment the next line to see that we have a cycle;
// it will overflow the stack.
// println!("a next item = {:?}", a.tail());

5 15-26: SIEMMRILEARIEMAY List {5, MMAZRSIRREF

HAEZE a PEIET — Re<list> L, SFE—MEN 5. Nil B List, 1&E, XEZX
£ b PRI T H—1 Re<list> XM, B©FE—MEN 10, HiEM a PFHIRAY List,

ke, Bl a, itEIEE b MARE N1, XEFEMEIET —MER, Aitt, HIMER tail
73753REX a H RefCell<Re<List>> M5, HBEKREIZE link 1, 5, FARXT
RefCell<Rc<List>> EHY borrow_mut 757%, IBERZBHIEMEFE Nil B9 Re<List> PRAY b Y

Rc<List>,

NRFRIFREH println! ITERHEITAE, SFIWM T EL:

$ cargo run
Compiling cons-list v@.1.@ (file:///projects/cons-list)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.53s
Running "target/debug/cons-list’
initial rc count = 1
next item = Some(RefCell { value: Nil })
rc count after b creation = 2
initial rc count = 1
next item = Some(RefCell { value: Cons(5, RefCell { value: Nil }) })
rc count after changing a
rc count after changing a

Q T OO0 O v o

=2
=2

IATATLLEE], I8 a PRyFIRSCNIER b Zf5, a M b 1 Re<List> SEHIRYSIAITHERERE AL
T 2, £ main ££RAY, Rust ZHREFRE b, XZfE b FAR Re<List> KAIBYSIAIHEAM

2 HE 1, BAFSIAHEARZ 0, FILDEREE ENREFERASWER. A, Rust BEF
a, X=fE a PHA Re<List> LFIRISIBIHBEM 2 B2 1. XMKRBAINAERIFTERE

B, RRANS— Re<List> LFUNASIBEE, DELAXLETIRNAFRKIZEEBEMA

SO, AT EEMMETX I BER, Bi1eZTE 15-4 FrrfnsE:
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15-4: 5|X a # b ML EFEIEM, MMAZES|IBER

NREVHERST println! BLFREHIEITIER, Rust =IHXFTENE a #8M b 5@ o XENEIF
BRIt

ML ESHFRER, XMIFREESIBRIFNERFRER: ST sIBEfzEREFIL
ZIMERT . MREENEFNEFPHERFEDE T REAFHSERKNE, XM EF
ZEAZTEMRRENAE, HEAREERFAHENLERNFAIHER,

IS I RBETRARES, BEARERFIEE. WRIFEEE Re<T> By RefCell<T> {HIEIAIHER
EEG 7T AR RS BIHRERE, B INOBRINSETR—1 5| B1EF; (RIAiE
£ Rust BIFMEREN]. CIZ5|IBRIAR—MEF LAELE bug, RRIZERBLNH. 1
B3I ER AN E A A R AESEESR e H &/ VKo

S MERDRRENARBRIELN, 7805 |BREFENMS—E0%E. RaiE
W, B —ERERENNXAN—EXARANRNXRAR, REFRBNKAT ERME
BEALUEEFR. ER615-25 5, HMNEZZRE Cons TIXMAEHRTIR, FRUAERHRLE
LB AREN, URMNEE—THXTSNFHRMRNERNGF, MEANEERLTARE
YR ARk R 5| BRI S &ERI o

f£F weak<T> B5IES| FATEIF

BBaiALE, HBNMNELRERTRTIAR Rc::clone IEAN Re<T> SLHIRY strong_count, MIR7EH
strong_count 7 0 BY Re<T> LA 23R IR, (RBAILUES IEA Re: :downgrade F{%i% Rc<T>
SIS | BRI E(ERISESIA (weak reference) . 3831 FBARIARE Re<T> SLEIMFRE
1 555|AARIEFIENKR, H Re<T> LHIMBENEITHEZEFM. EIIFAEMS|B1E
¥, AAEESRE5|IBNBEIFSEEMEXERNRS|BITE09 0 BT,

VAF Rc::downgrade BY=AFE! Weak<T> AW EBEIE . RAETFRE Re<T> SLHIHY
strong_count fI1 1, &M Rc::downgrade &% weak_count fIll 1, Rc<T> FEHEI(EF weak_count
FIBREGFEZ DA weak<T> 5|, ZHfUTF strong_count, HXZITETF weak_count TEFRITEX
9 0 BREE(E Re<T> SCEIMSSIE,
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A7 weak<T> 5|HHVERIREEEWERT 1, N7 EMH Weak<T> FRigmBNE, HiIXAHREEE
MAE. AULLATLIAR Weak<T> SXFIRY upgrade J55%, X=iR[A] Option<Re<T>>, YR
Re<T> EIRARWEF, MLERE Some; YN Re<T> BWEF, MLERE None, 7 upgrade
IR[E— Option<Rc<T>>, Rust RFRILIE Some F] None BYIEN, FRUAEAR=IREITLHISH

ERATA, BIIABEARMET—TTRNYIR, MEE—THRANEFHIRXAMEXT R
ESESEST A

SIS RSN

B, HMBEE—RY, HPTREBNERCHNFTR. HMISEIE—1EA Node BILE
ik, EFRECH 132 {8, UKIF Node ERYSIFA:

X src/main.rs

use std::cell::RefCell;
use std::rc::Rc;

#[derive(Debug)]
struct Node {

value: i32,

children: RefCell<Vec<Rc<Node>>>,
}

HKNIFE Node BEIHIBENF IR, FANAERETEHZXMAEN, UEEBEIZIA
WHEIE Node, ALk, FRATRF vec<T> FRFTERAIFEEITE X /Y Re<Node>, FRATEREREMBIEDX
ENMNTENFTa, FitbiE children Py Vec<Rc<Node>> EI3E#H T RefCell<T>,

BIR, ERIEMEESCREIZE—IIE leaf NHHE 3 BB FTI R Node 2, Al
S—PHAEE S5 HU leaf FAFTIRRBISER] branch, I07RHGI 15-27 FA7R:

X% src/main.rs

fn main() {
let leaf = Rc::new(Node {
value: 3,
children: RefCell::new(vec![]),
3

let branch = Rc::new(Node {
value: 5,
children: RefCell::new(vec![Rc::clone(&leaf)]),
1)
}

) 15-27: SIEREBEFTRBY leaf TTRmAMLL leaf {FAFTIRBY branch T

XETEET leaf HHY Rc<Node> HAEFFTE branch A1, XEWRE leaf HRY Node ILEH M
BFE: leaf F branch, BJLUEIT branch.children M branch B83k18 leaf, FILTCIEM leaf
133 branch, leaf jgHFE| branch M5/ EHAFEE(HEXEK, KITFE leaf &
branch BHX TR, #E FRENESXAM.
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YEIMMFEIREYSI A

ATHEFTEMEERXT R, FEE Node EMKE X HIEAN— parent FE;, |2
parent RN ZZE A, HNMHEEREEE SR Re<T>, HAXHF leaf.parent FIEM
branch [fij branch.children £81%& leaf g5, XS S|IBEIR, & E strong_count
KIZWAREA 0o

B—MAARBEXMXR: KNTRNZABTENFIR. IRXTRFEERT, ENFTR
BN IZEEF. A, FRREANZBEEENX TR, IRENEF—NFHS, XKPRNA
NiZfFE. XIEZ555|AERNgR!

FrLA parent {FFH Weak<T> FERIMAZE Re<T>, BE{AFiHE RefCell<Weak<Node>>, IJ{E Node
LEMRTE MBI RGUX

X% src/main.rs

use std::cell::RefCell;
use std::rc::{Rc, Weak};

#[derive(Debug)]

struct Node {
value: i32,
parent: RefCell<Weak<Node>>,
children: RefCell<Vec<Rc<Node>>>,

XiF, — I THRMEBSIBEXTR, BEFRBEERTR. ERf) 15-28 A1, FKf1EH main
REEAFEXUE leaf TTRALLED branch 3|BHEKXTIR:

X% src/main.rs

fn main() {
let leaf = Rc::new(Node {
value: 3,
parent: RefCell::new(Weak::new()),
children: RefCell::new(vec![]),

})
println!("leaf parent = {:?}", leaf.parent.borrow().upgrade());
let branch = Rc::new(Node {

value: 5,

parent: RefCell::new(Weak::new()),
children: RefCell::new(vec![Rc::clone(&leaf)]),

1)
*leaf.parent.borrow_mut() = Rc::downgrade(&branch);

println!("leaf parent = {:?}", leaf.parent.borrow().upgrade());

Tf5) 15-28: — leaf T, HIABIERAHEKXTIA branch BI555| A

B leaf TTRAEMTFRA 15-27, FRT parent FERBFAAFE: leaf FIRENKBER TS, Fi
AR T — =B Weak<Node> 5| 5L,
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LY, HEIXER upgrade 57AIREY leaf IR TR S|, R1EEI—1 None B, SAHE—
println! ¥tHERTS:

leaf parent = None

Z Bl branch TTHE, HUSHHE— Weak<Node> 5|, K7 branch H&HE XTI, leaf
I7AYE/ branch l—PNF TR, —B7E branch BH T Node L, FARTLUEEY leaf {FEIA
BIEMX T =AY Weak<Node> 5|, XEfEAT leaf HA parent FEEMW
RefCell<Weak<Node>> HY borrow_mut /53%, 3EE{ERA T Rc::downgrade FRZEISEM branch HIRY
Rc<Node> {EEIE T —-ME[A branch BY Weak<Node> 5|H,

HERITENE leaf IRXT AT, X—RFXFENERT branch By Some {H: INTE leaf BILL
HREKXTRT! SITENWH leaf BY, FATHEERE T IRA 15-26 PRASSERGELAIE
IX: Weak<Node> 5|H#HITENSY (Weak) :

leaf parent = Some(Node { value: 5, parent: RefCell { value: (Weak) },
children: RefCell { value: [Node { value: 3, parent: RefCell { value: (Weak) },
children: RefCell { value: [] } }1 } })

BB TR RAXEAEHEEENS I BER. X—R e LIMIER Re: :strong_count
#0 Rc: :weak_count JAFANERE L,

Atk strong_count F] weak_count BYTELY,

B eI T — MBI AEBEREFHIE branch BIBIEMNEF, RINER Re<Node> S{FIRY
strong_count F] weak_count HEINT ¥, XZBRY branch SIBMNEFERBRERNS.
. XEEHRARE 15-29 Fimk:

NHER: src/main.rs

fn main() {
let leaf = Rc::new(Node {
value: 3,
parent: RefCell::new(Weak::new()),
children: RefCell::new(vec![]),

1)

println! (
"leaf strong = {}, weak = {}",
Rc::strong_count(&leaf),
Rc: :weak_count (&leaf),

);

{

let branch = Rc::new(Node {
value: 5,
parent: RefCell::new(Weak::new()),
children: RefCell::new(vec![Rc::clone(&leaf)]),

)

*leaf.parent.borrow_mut() = Rc::downgrade(&branch);
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println!(
"branch strong = {}, weak = {}",
Rc: :strong_count(&branch),
Rc: :weak_count (&branch),

)

println! (
"leaf strong = {}, weak = {}",
Rc::strong_count(&leaf),
Rc: :weak_count (&leaf),

}

println!("leaf parent = {:?}", leaf.parent.borrow().upgrade());
println! (

"leaf strong = {}, weak = {}",

Rc::strong_count(&leaf),

Rc: :weak_count (&leaf),

}

T 15-29: TEREREAEEIR branch HIGEHIRFF5|AITEK

—B@IjE7T leaf, H Rc<Node> BYSRS|AHITEN 1, §55|HITEN 0. ERSMERFIFEIET
branch 35 leaf #8XEX, ILEY branch A Rc<Node> RYSRS|FAITELA 1, §55IAITEN 1 (E
59 leaf.parent j@id Weak<Node> }S[@ branch), X leaf BYSRS|HitTEN 2, ENIMTE
branch B branch.children 7T leaf Y Rc<Node> FYIED], Fid555|FITHE{IAA 0o

L AEBERISLERAY, branch EH{EREIE, Rc<Node> FY5E5|AITHEUR/L /I 0, FRLLE Node %
EF. KB leaf.parent FYF55|HiItTEN 1 5 Node BREWEFRTLX, FILUHEBE=EEMAE
Pyl

NRERIBIERFLEREZIRIGIR leaf IR TR, SBRIGE None, EREFHILERE, leaf
i1 Rc<Node> BYSES| AT 1, §55IA1HER 0, EAMTE leaf X2 Re<Node> ME—RY5|FH
To

FrE XLEIRITHAERIZIEENET Re<T> F Weak<T> IR EAIH Drop trait SRIH, &id
7 Node EXHFIEEMF T REIR T RAIKRN— Weak<T> 5|AH, MEEBIAERTAMFT
mZ BN EE | AmASERNsS | BEFNRFET R,

Be
X—ERE T ARSI KRR T Rust BH5| BAUAPRRRHBRIESENE.
Box<T> B— T EMBIA/NFHER DB LHEEE, Re<T> IER T EHUERSIBITHEMMAR

WENEE, RefCell<T> RRNLHREAIEMEAFBANTERFRERTLHAIR FERH
WEME; EWREEiTHMIERFRITERMRILE,

FATEINILT trait Deref ] Drop, EAIKI T EREIEHBIITSIEE. FENRET IEMRF
MIRBYSIBREIF, LRI weak<T> HBERE(],

NREAERAS T IRREBHFE B EMRILIIRE SIS REIHANE, 1BIRE “The
Rustonomicon” KIKENE ZHBNES.

BE, iEFANR% Rust IH R, BIEZEEIFIE—LEHINH A BFREBRE RIS,
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Rust BRFIIHES B
ERHK

ch16-00-concurrency.md

Ze HERMEH LR RHIE, & Rust WB—1MEEBR. HEHIZ (concurrent

programming) 38REFHNFREZHFIUAIRIIMNTIT, THITHRIE (parallel programming) N
SRR 2 R HIT. MEEREZIITENAGHAZLESENNE, XHMERIE
DISHRBEE, HEL, EXEHSHEE—BHHNEREERZHTE. Rust HERTX—
&

o

#2471, Rust FBMARNBRREFEZEMPFLLEHZNBERRNDNEERE A AR HIH .
ENENER, HARIMENNEERAR—RIIBIAAFELLMHAHLRENRE IHT
B! @dFAEFRENMAERNE, £ Rust PREHLEBIRMESHFNEIR, MIBEITIEIR.
Fitt, HELEEBEAEREZIXEWETHRH % bug HIMFEERER, FERNKBSEER
FRMHHR BRIV EIRES. BEit, RAUEFLNEERE, MAREBBINEFSF
IREEBENE., FiE Rust WX—EET —MESTERHA (fearless concurrency) . TR
HESIRNRIERTFHINERRN bug HAIUBEMNENBERIBOLSSIAFE bug.

AR MTFEENER, RV RZBAAEIXNHE, MAEEERNX D H L/
HiT. WTAE, SRMXEIHELE, BETRABRRA HEN/HHT, ETFT—F
FEXD—EFANEEN, H(ZERAEERIIRR,

REESHENFHRMHIIH RIREEERT FEB LR ER" Fla0, Erlang HERKIVES LR
HA&IEE, ERERERHERSTERE—EFRAEMBAN. NTFELESHKYR, [IxHFH
ARERRARFHN—TFE, BEENRE, RASRES BEBIBF S EHIR %A H

R, AREHRILHERNEZ. A, KEESEERHEZEENAED R TEERHIEERRE
MERRGZR, FEMNESRINEMER. B, RustiRETSMIA, ILFEBEBRES
B B R MB RIS THKERA .

MTFRAERESIREINAS:

 NEIBIRLIZRFIIETZ AR,

- JHEEE (message-passing) FH%&, HHFE (channel) ELREZEIRIEHES,

« HEWKE (shared-state) H&, HAZANEIZRLIARE—DEIE,

« Sync # Send trait, ©f14§ Rust WHLFRIET BRIAF EX LR LU NRITEFRHNEE,
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Rust BFFIKITHES EEH AR
ERLKIERITETHE
ch16-01-threads.md

TERSHEUFBRERGFFR, —DBITHRIEFABSTE—T#IE (process) HHIT, MR
FRAZFNEERS MER. £—MEFREE, WAILUEFERIRIZ. RIETHZERD,
ST ER D BIIHEREMRFT NRIR (threads). FIE0, —1 web BRZS28RILUAER Z1N4AE,
BRI ZMEK,

BREFHET RIFDHS T EIZAI LI E R, EAREFAURN#HITZMES, FIXBR
e, RALERRENETHN, AU ERSARIEREZZTHRBIRTIE. X
SEUEMIIL SRR

- TAZM (Race conditions) , ZNEIEUR—HIIRF IR EIED AR

« 5£8i (Deadlocks), M NMNEFIEMHEFFNA, XSEIEREHRLEIEIT

s AR EERTERBEUREENMEER bug

Rust B ERASIENAEEN, MIESEE LT XHREREEZDMELRIMNG, BRERE

RORBEEE AR FEITTFRERENIER.

RIZESEMEENARZIRHEE, FRIREARITIRE T IHREIZES AR, FARCIERZ
F289 API, Rust thEEFERANESEESI 1:1 158, MHERRERFHNE—MESKEZE X
N—MRIERFLIZ. HWE—LE crate SCIM 7T HMMEIERE, BN TF 1.1 BREEREDN
&, (BITEET—E=FIB Rust async &4, MR TS—FHELAAR.)

M spawn BIEFRLIZE

AT RIE— I HLERE, FTEFEA thread: :spawn KFHEE—MAE (BF+=EFITHD),
HIEHPEERZEEMEZIZTITIRE, =~ 16-1 R FEFLIEITEN T — X ARME —

LT N R LR FZFTEN

Y& src/main.rs

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

fn main() {
thread: :spawn( || {
for i in 1..10 {
println!("hi number {i} from the spawned thread!");
thread: :sleep(Duration::from_millis(1));
}
1)

for i in 1..5 {

println!("hi number {i} from the main thread!");
thread: :sleep(Duration::from_millis(1));

}

T 16-1: QIE—MTENRLERN BRI LIZRN T LR TENHEARAR

ZR Y Rust BFRELIRERE, FMEMARRHESER, MAEHRSRITRE. XMERF
BRI RE SR EBRE B NE, FIEXE EERERGXF:
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hi number 1 from the main thread!
hi number 1 from the spawned thread!
hi number 2 from the main thread!
hi number 2 from the spawned thread!

hi number 3 from the spawned thread!
hi number 4 from the main thread!
hi number 4 from the spawned thread!

1
1
2
2
hi number 3 from the main thread!
3
4
4
hi number 5 from the spawned thread!

thread: :sleep JHRAEHILIZFILHIT—/NERRTIE], XZATFEMAENEIZEIT, XE&IE
ARERMEIT, PEHNRIENL : XKRHRERAFNMAELR, EXE, TEEEKIT
EN, BMEMRIZLARENITENEAMTREFIFL, EERMERINSIFMENAIEITNES i F
F 9, EEELRERZABRITENZT 5

MRETHEREI T ELENEE, IKELIESITHNAR, FRIEAXE (BE 1 /Y
SEE) SRIENHRERFUREIZHIN =,

FRFBL&RER

BRTFELIRER, T 16-1 PRABEABIIHERAZIREERNELE, RATERIES
BEITHIRE, HEEFELRRIERTZLAEZESWHNIT!

BILUEE R thread: :spawn FUIREIEEFEETEPREBEMBEZEDRIEERITHETEEE
HITHYO@, thread::spawn HOIR[EEZEEIZ JoinHandle<T>, JoinHandle<T> B@—MABERE
MHE, HWEBA join FiER, ESFFHLERELER. Tf 16-2 BR 7 WRERRA
16-1 FPEIFERILLIER JoinHandle<T> HiFAA join RIAMRIMTELZIZTE main REFILERIZIT,

X% src/main.rs

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

fn main() {
let handle = thread::spawn(|| {
for i in 1..10 {
println! ("hi number {i} from the spawned thread!");
thread: :sleep(Duration::from_millis(1));
}
3

for i in 1..5 {
println! ("hi number {i} from the main thread!");
thread: :sleep(Duration::from_millis(1));

}

handle. join().unwrap();

}

) 16-2: M thread: : spawn {R7F— JoinHandle<T> NIRRT BIETELR

MEARIEA join REEYFIETIZITIRE, BRIZUWPMARNLAEZESR, BE
(blocking) — 1412, BEREXMAESWELLEMRETFSRE, EARKINNHE join JHABIE
FHEEN for BIRZE, BITRA 16-2 N ZSFEIEMBINTAYREIL
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hi number 1 from the main thread!
hi number 2 from the main thread!
hi number 1 from the spawned thread!
hi number 3 from the main thread!
hi number 2 from the spawned thread!
hi number 4 from the main thread!
hi number 3 from the spawned thread!
hi number 4 from the spawned thread!
hi number 5 from the spawned thread!
hi number 6 from the spawned thread!
hi number 7 from the spawned thread!
hi number 8 from the spawned thread!
hi number 9 from the spawned thread!
XRNMERNASRERT, FEEEESHT handle. join() JARAMASEREZIFELE
MIT5EE

AL FHA VBB handle. join() #ZEPE main BB for BERZEISREHA, WTF:
NHR: src/main.rs

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

fn main() {
let handle =

for i in 1..10 {
println! ("hi number {i} from the spawned thread!");
thread: :sleep(Duration::from_millis(1));

FERSFTHIFMELER

Fr

hi
hi
hi
hi
hi
hi
hi
hi
hi
hi
hi

)

thread: :spawn( || {

handle.join().unwrap();

for i in 1..5 {
println!("hi number {i} from the main thread!");
thread: :sleep(Duration::from_millis(1));

-

numbexr
numbexr
numbexr
numbexr
numbexr
numbexr
numbexr
numbexr
numbexr
numbexr
numbexr
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NP, OUOONOUL P, WNR

from
from
from
from
from
from
from
from
from
from
from

the
the
the
the
the
the
the
the
the
the
the

spawned
spawned
spawned
spawned
spawned
spawned
spawned
spawned
spawned

T2 BEA FFahIT for B, FILALRBAITELI, W

thread!
thread!
thread!
thread!
thread!
thread!
thread!
thread!
thread!

main thread!
main thread!
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hi number 3 from the main thread!
hi number 4 from the main thread!

EIR join IME T AIAXFRNAT, SEMEIEREFEIEIT.
& move RS ZIZ—FEER

move XEFLEFEATILEEL thread: :spawn AR, EAHEZIREMIMERESHIERIFR
BN, RSB XEENAENRMN—MREEERS— g, E5 = HRITR "I

KTHELETXHH move, IMEFKNISELEET move F thread: :spawn Z[B]JHZZH,

AR 16-1 IZiELE thread: :spawn NIFBH QB EASEH: HLBEERELREAEPE
REREEENHE. ATEMBERERERARETELARENNE, FENRLAIENHEIRE
ERENE, 7l 16-3 BT — M EHETLEFEIE— vector HATFHBLAZMHIF,
FEXAEERETIIE, WMTFR:

NAR: src/main.rs

use std::thread; ?@

fn main() {
let v = vec![1, 2, 3];

let handle = thread::spawn(|| {
println!("Here's a vector: {v:?}");

)

handle.join().unwrap();

T 16-3: RIAEF —TEIZERA T LAZCIZERT vector

AEERT v, FIUHESER v HEERNHEFIRN—E7. EJA thread: :spawn £—7
MEREPEITX NI, R UEREIERIAE vo AMARBXMIFE, SERNTHE

i=:

$ cargo run
Compiling threads v@.1.0 (file:///projects/threads)
error[E@373]: closure may outlive the current function, but it borrows “v', which
is owned by the current function
--> src/main.rs:6:32

|
6 | let handle = thread::spawn(|| {
| AN may outlive borrowed value “v°
7 | println! ("Here's a vector: {v:?}");
| - v’ 1is borrowed here
|
note: function requires argument type to outlive 'static®
--> src/main.rs:6:18
|

6 let handle = thread: :spawn(|| {

|
| A
|

| println!("Here's a vector: {v:?}");

7
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8 | | });

|| "

help: to force the closure to take ownership of “v° (and any other referenced
variables), use the “move’ keyword

6 let handle = thread::spawn(move || {

|
| ++++

For more information about this error, try “rustc --explain E@373°.
error: could not compile “threads™ (bin "threads") due to 1 previous error

Rust ZHERFIIMEIIEIR v, EA println! IFE v 95|A, HALSEHER vo AMXBE—N0
. Rust FAEXMHBLARESHITZA, FIUTENEX v W5IARE—EEN.

i 16-4 BT —1 v (US| B REUEABEERNIZR:
NHERZ: src/main.rs

use std::thread; ?&

fn main() {

let v = vec![1, 2, 3];

let handle = thread::spawn(|| {
println! ("Here's a vector: {v:?}");

)

drop(v); // oh no!

handle. join().unwrap();

Tl 16-4: — N EEFAENERE, ZRAER—TEXTERETHREWNEIA v

9NR Rust AVFXERAIEIETT, NFHBLERRIUIREBIEaHTE2RBEINRIET. M
BAERNBE— v V5IA, FEIELETIMERFETEEINIEH drop EFT vo EEY
WMREAEFIGHRT, v ERBEXN, FIUESIRELMAEY, B, XXET!

ATIEERG 16-3 BIRIFEIR, FATRILAREEIRE S BV

help: to force the closure to take ownership of "v' (and any other referenced
variables), use the "move’ keyword

6 let handle = thread::spawn(move || {

|
| ++++

WS TEH B ZAIENN move XBF, FrfT3EEHEIRENEERRERNFEN, MAZER Rust
HEETENIZERE, T 16-5 FRRAIXN RG] 16-3 RIEAMEDR, MR IFHEIT:

NHR: src/main.rs

use std::thread;
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fn main() {
let v = vec![1, 2, 3];

let handle = thread::spawn(move || {
println!("Here's a vector: {v:?}");

)

handle.join().unwrap();

5 16-5: A move XIEFIEHIIRENE ERRIERIFTAEN

BT ERIREERN A EREERA 16-4 RIS, HELIZFER nove HEREAT
drop, FAMXMEEITAE, ENTA 16-4 FIERARIEREF— P RERREM AT
R AAEUEN move, KB v BrhHAGNIFIRT, NILFEFEETEETNHIEA drop
To BANZBEIMNTARRIRIEHEIR:

$ cargo run
Compiling threads v0.1.0 (file:///projects/threads)
error[E@382]: use of moved value: ‘v
--> src/main.rs:10:10
|
4 | let v = vec![1, 2, 31;
| - move occurs because ‘v’ has type "Vec<i32>", which does not
implement the “Copy  trait

5 |
6 | let handle = thread::spawn(move || {
R T R value moved into closure here
7 | println!("Here's a vector: {v:?}");
| - variable moved due to use in closure
10 drop(v); // oh no!

A value used here after move

help: consider cloning the value before moving it into the closure

6 ~ let value = v.clone();
7 ~ let handle = thread::spawn(move || {
8 ~ println!("Here's a vector: {value:?}");

For more information about this error, try ‘“rustc --explain E0382°.
error: could not compile “threads® (bin "threads") due to 1 previous error

Rust BIFRERGFRNI X —REEBN T AT T 16-3 FRVEHREE N Rust RRTFTHH RS
ZER v, XERETLEEIC FAIEERRAIERSI AT, @BIHF Rust K v BIFRFE
B EIFRAAE, Flm Rust RIEXLAEFZHBMER vo JRIRA 16-4 A MNILED,
BABEELEREPER v IMSERFABENHN, move XEFEZET Rust BIARTHIER,
BERRITFRNTERFIERN,

MERNEE TR T LENERURERE APLIRMNGE, TEHILRINMNBEEETABERTHU
fER%IE.
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ERHR R LIZEIT X EUE

ch16-02-message-passing.md

— PHEATHRREEHANSRXEHEHEEE (message passing) , XBLEFEE, actor @i
KX EHEREERBERE, XPNEBERKFET Go FREEEXHE PHOS: “FEEIH
FAERET; MEBELBETREZEARNE. " (“Do not communicate by sharing memory;
instead, share memory by communicating.”)

NTRIHBEBEHE, Rust iVEFERMT —MSE& (channel) K. EER—MERRE
B, REBIEN—IMEERERS IR,

{RE] LIRS RIZHRIEERR N —TKARRIRE, LIaRe VR, MRIRFENRRIEZ LM
RABANES, EfIRIURMm TEZE TR,

SHEERNMNEAMRIS : — N &IZEE (transmitter) F1—PMEWEE (receiver) ., RIEHAIF L
LB, EXErLUSBEIMNAS, BWENMTT TN, BENRASEREL, X35
B—E D ER AR IR G EUARBELENEIE, B—BoNEERBIRKEIRNERS. HA=E
IREERIRE— W ERN AT LUARGEERRE (closed) To

XEB, HTEAFA—1MER, ETE— TMEXELENEREERX, MER— 1 EIESEREH
FTENH R, XBER BT EEELIERAXERERERINIIEE, —BRAETXMEEAR, R
A LB ESERTEAEEEENEMLE, flil—P IXAS, SFBRZEZEHTOHN
HEHBEBOITELER L XL —NMERERHITRS,

B4, TRl 16-6 B, SIBT —MEBELXEMIEAE, FEXEREERIFE, ER Rust RN
EBHRNMNBETEEERLETARE:

X% src/main.rs

use std::sync::mpsc; 7&

fn main() {
let (tx, rx) = mpsc::channel();

}

Tl 16-6: QIE—MEE, FHIFHMIRMELS tx M x

XEER mpsc::channel R BIBE—NHHIEE; mpsc B ZSEFE, FIHTEE (multiple
producer, single consumer) B4EE ., @S2, Rust iINEELIEENASXEFRE—NMEE
AILE SN E=4HERN &i%in (sending) , BREEFE—MEEXLEERIEWSE (receiving) . 18
K—TEFRIVANERZLCRRAT: MABEXE/ AR HNARAREHSRE THFNA
Ao BEIRMMUENEF~EFFS, BERATHIRUIEERIEMENE~E,

mpsc: :channel RFLREI—NTH, HPFE— N TRELAXR, F N mRSERRK. tx f
rx XA PMEE EFZ WA BER LD FIFRR RiZiE (transmitter) 1 $&UER (receiver) ,
LENMNMAENRAX iR R, XBEHNER T HRAH let BARMBXNTTH; F+Hh
BERITIRTE let BAPERARINUNE, MERERE, XEFEFER let 2—FM

mpsc: : channel JR[BIAY TLA AR 75 E#MERH BN EB S 8975 4B 0],

RN R XIRSEHE — M BAREPHAE— N FHH, SRR UM EEEEN
7, SR 16-7 Fiime XEMFEAN LN T —RBRBEM—TEIERS — M EIERIX
MXRES:
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Rust 2FIKIHES B{AR AR
NHR: src/main.rs

use std::sync::mpsc;
use std::thread;

fn main() {
let (tx, rx) = mpsc::channel();

thread: :spawn(move || {
let val = String::from("hi");
tx.send(val).unwrap();
1)
}

T 16-7: K tx BEhEl—MIEIEREFHRIX "hi”

XERRFER thread: :spawn REIB—MLEIZHER nove & tx BahEIF B PXIEMELE
FIEE tx T, MELEEEREEENARRUFRACEERIEES. FENRRRE—
send FAFARIRENEERNEENE, send FiEIR[E—1 Result<T, E> KA, FRLIGNRIEUL
WMEBEWER T, BEERXENER, MULRERESREIER, EXNMIFH, HE
{ZIAFA unwrap =4 panicc AEE—MELNAF, FTEQEMQREE: BEIEAEESIIE
H b IR IRV R ER

7RG 16-8 1, Bl ITEELZFMNEERIEWIRRIME, XEMUTEAR FIHFERR IS
EWHIRES:

X% src/main.rs

use std::sync::mpsc;
use std::thread;

fn main() {
let (tx, rx) = mpsc::channel();

thread: :spawn(move || {
let val = String::from("hi");
tx.send(val).unwrap();

)

let received = rx.recv().unwrap();
println! ("Got: {received}");

}

Tl 16-8: TEELAZHEWHITENIRE "hi”

SEMNEBIRE R ERBINAE: recv M try_recv, XB, FIMERT recv, BR receive

NS, XMBEFZEHITEIIMNGEPEZKR—ME. —BRET—ME, recv 2E—

Result<T, E> FIR[EIE, HFEAXHXA, recv RREI—NMEIRRPAABEMNERIR
7o

try_recv A=FAZE, HHREILZIRE— Result<T, E> : ok HEEZAHANEE, M Err ER
RILFTEEEAES. NREEETEFHEEIEPEEEMITENERA try_recv RERA: A

RS —MERRME R try_recv, TEAAESR#HITAIE, HRMENME—SHM

TEERIBRNE,
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HFERENER, XMMIFEAT recv; FEREFRTEFFERZINSEEMEMIIE, Fr
LFEZEXSAIZE 5IEM.

iB1T 1 16-8 FEVHESEY, EITESBEIFLZTENHXME:
Got: hi

SEE!
B S EEIBFREIN

FRrENINTEH R ERINETEEZAT, HAPTHINERSZTEMH LKL HLEHRHE
PHFEIRETE Rust BFREEBAIENN—KMNE. WAELRINE— M ERREEEESFA
PR —REIELGE = B HATREHERELREPREEPRIET val HZEBER
Eo ZAMFTHG 16-9 FHNBEHERNAXZ NI

X% src/main.rs

use std::sync::mpsc; ?0
use std::thread;
fn main() {

let (tx, rx) = mpsc::channel();

thread: :spawn(move || {
let val = String::from("hi");
tx.send(val).unwrap();
println!("val is {val}");

3

let received = rx.recv().unwrap();
println! ("Got: {received}");

}

Tl 16-9: ERAELLXEEE R/, RAER val 5|8

XEZIRTEET tx.send KiX val BSEFZEREITEIHR, ATRABZR—IHTER: —
BRERZXIF—EER, BIMEENRIERNBRAEREZAMBERENRHEEF. H
e AZIHE R RERVEN S T A —HE A FERNHIEMSREIRNTINIER, A, SR
BRI 16-9 BIAEEY, Rust 2LAH—MEIR:

$ cargo run
Compiling message-passing v@.1.0 (file:///projects/message-passing)
exror[E@382]: borrow of moved value: ‘val®
--> src/main.rs:10:27
|
8 | let val = String::from("hi");
| --- move occurs because ‘val® has type “String’, which does not
implement the “Copy’ trait

9 | tx.send(val) .unwrap();
| --- value moved here
10 | println!("val is {val}");

| AAN yvalue borrowed here after move
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|

= note: this error originates in the macro “$crate::format_args_nl" which comes
from the expansion of the macro “println® (in Nightly builds, run with -Z macro-
backtrace for more info)

For more information about this error, try “rustc --explain E0382°.
error: could not compile “message-passing’ (bin "message-passing") due to 1
previous error

BATNH R BIZRER — MRIFIEEIR, send REGREVESHMFIERGHBIXME I
IR, XAIUMIEEREERIMBRERXNME; MENRSRE—TIRS ST,

£ixZ1ME

T 16-8 R A URIFMIZTT, AIEHLERBNSIFRITAMRIINEIZEIEE
HEBE. T 16-10 WA —LUHZIERIRA 16-8 PRI EH AHITH: FEBLZIE
SREZNHEHEENHERZEEE T,

NAR: src/main.rs

use std::sync::mpsc;
use std::thread;
use std::time: :Duration;

fn main() {
let (tx, rx) = mpsc::channel();

thread: :spawn(move || {
let vals = vec![
String::from("hi"),
String::from("from"),
String::from("the"),
String::from("thread"),

for val in vals {
tx.send(val).unwrap();
thread: :sleep(Duration::from_secs(1));
}
})

for received in rx {
println!("Got: {received}");
}

T 16-10: KEZMNHEE, AESRARIEEEE—KRYE

X—R, EMREEFE—NFRE vector HERZXEFLEIE. BITEREN], BHLES
—MNFRIBEFHIBEIL— duration (I thread::sleep WRFREE—FD,

FELIET, FBENFA recv R MER x BF—MENR. ¥FE—NMRREIBIE,
BAVFEITENLR, HEEWKHN, EABEFLER.

BT 16-10 REYAREEE, BEIWN T aL, 8—1THSEEFE—!
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Got: hi

Got: from

Got: the

Got: thread

EAELEFH for BHEHLEEMEEREFFHINE, FIUATURELEREFETMNRE

Az PEIE,

S N ETE

ZHIERATHRENE, mpsc 2 multiple producer, single consumer BI4EE . INTEFERSLPRA X
ML, 1B7R6116-10 FRNBT BA: SRS MR, HEIBEREAR—MEWR. i
0] OB Fe g A X im R EIX — =, 3R 16-11 FriR:

NHR: src/main.rs

// --snip--

let (tx, rx) = mpsc::channel();

let tx1
thread: :
let
1:
for
}
3
thread: :
let
1;
for
}
3

= tx.clone();
spawn(move || {

vals = vec!][
String::from("hi"),
String::from("from"),
String::from("the"),
String::from("thread"),

val in vals {
tx1l.send(val).unwrap();
thread: :sleep(Duration::from_secs(1));

spawn(move || {

vals = vec!][
String::from("more"),
String::from("messages"),
String::from("foxr"),
String::from("you"),

val in vals {
tx.send(val).unwrap();
thread: :sleep(Duration::from_secs(1));

for received in rx {
println!("Got: {received}");

}

// --snip--
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T 16-11: NBPNEFEREZSTNHR

X—R, ERIEMEIEZR, BN RXRFAT clone 757E, XRLTAT— A LUZIELE
— P RARENAZ DR, FMSIBRIBHNEERERETBLE_NHELRE, IEMIE
Wiz, BTEREREEENRENRELEFRHES.

BITAEEEY, tath N IZEEREMINT:

Got: hi

Got: more
Got: from
Got: messages
Got: for

Got: the

Got: thread
Got: you

BIARAIER B EIXEEURNENIREF LI, XK TIRE RS XBMEH XREEX EE
BRE. AREE thread: :sleep fLHN, EREHLIEFRHAFNE, ML EN]RIE
TEMRHE, BEREERFEGELH.

RERMNIVAL T EEWNAIE, BEES —MARBFAFLSGIE,
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ch16-03-shared-state.md

HEBEBER—TMRENLEHLNA, BEHFAEHE— Z3—MAAZILZTEIZHIEE
FNHZHIE, BEE—T Go BEXEPHNXAAOS: "“FEREIHEREFRER, (“do
not communicate by sharing memory.”)

BIHZERFHITEE, SRAAENREE? I, IHASRHEEENAZESHIZERRE
BRELE?

EEMIZEE L, EAREZIESPREEHLMUTRMEN, BA—BR—MEFRZEIEER,
REZEZBERAXME. HEREFXRMUTZFRAEN. STERERTUENBRERNAFLE,
15 8, HMNAATEREHIUSMEAEN, AMXSIEMIAIINERYE, AAFTEE
BZMEE. Rust RBRFNFAEIGINTE ERERX LR Rt TIRAREEE): %
MIF, ILBINTREBERZE (mutexes), BRABINEZRNEHLFREZ—

fERE a3 Hli5ia]

BER# (mutex) REMEHERF (mutual exclusion) N%EE, RAER—NZ, ERATF—
SAhiaEdE. AT R ERBFEFSE LIEEATEEIRNEFBB (lock) KA
HABWHE, SiR— 1 3EEW, (FAERSBN—7, SicRERHIENTREIHRN.
EittF1#, BERFZEBIURARIP (quarding) HEIE.

BRsUELUERER (FF: BEXUEERBEEMEERESPHLUER), BAMRAINSE
FEANFR 2

1. EERTIEZAT, PHERENH,
2. EATHERFBARIPIHIEZ G, COEDEIE, XEEMLIET sEsBIRE

ER— PR EFENFF, BR—TEETIWO—RNEBREH, RE—1TERN.
MR—URREAES, tMBIERIRTHEEERZRN, FEITERNGE, trILFFRER
=, HEEBRERNRAL T—UHEHENMG. MR—URRERASETIEHERNR
&, EARETERS. IRMNEZZRXNERERI T RE, ERSBTEEEHT!

EHNEREREFREER, XURFZSAZMUARTEENRER, &AM, 7 Rust A, 7
mTFRBERGMFAAN, (R EIRE7E SR AR Lk i,

Mutex<T> Y API

BNEMNERLERERERERFREIHR, (FARTERBZEN—MIF, W0Rfl 16-12 Fimns:
X% src/main.rs

use std::sync::Mutex;

fn main() {
let m = Mutex::new(5);

{

let mut num = m.lock().unwrap();
*num = 6;
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println!("m = {m:?}");

}

il 16-12: HFEREZEE, T TREIELTXHIRER Mutex<T> HY API

BIRZEB 1%, FNERAXREKERER new REIE—1 Mutex<T>, R lock F37ARIRENH, M
MR LG EFESRRaEiE. XMEARSHEELRILE, BRRIMAENAL,

MRF—NEERED, HEINEIZ panic 7, W lock WHASKRK. EXMERT, 2A
RESSFEIRENEL, PRIABATIAA unwrap, fEZFIZAR panic.

—B3REXT 8, eAILEHREE (fR A num) MIA— I HASLBIENT LSBT, XRRER
MR T ENEFER n FEEZFIFREB, n BIFERZE Mutex<i32> AR 132, FRLAAIIAR
lock A BEERXA 132 B, HNFRERIEX A, RAMNREERED, REREMAAEF
HIRINERRY 132 {Eo

IEWNIRFAIBAERY, Mutex<T> B2— P EREE . EEMIN, lock HAZRERE—IUMY
MutexGuard BYERBEFEFT. MutexGuard ZHREFSFHSEIN Y Deref RISREAZLLIE; SHEM T
Drop, X MutexGuard BSFF{EFIIEEY, BmIBME (REERG] 16-12 REMEREIERE) .
EXFE—RK, MARBETICRRUMMSHEFBEETAREMAIRZERANBEXRR, EAHH
HRERE BRI AR LR,

BiizE, FOTLETENHEFIAEN 132 H, HRXRBENNNELGEENRN 6.

£ mutex<T> HEifin)

MELL AT EER Mutex<T> EZSPEIRREHZER —ME, FITFEE 10 MEIE, HERD
AP E—MHLEEM 1, XM 0 RIE 10, 76 16-13 FEIGIFS R
FHEIR, MBATFEIXERIRRF SJNAFER Mutex<T>, LUK Rust EUAIFE BT IEH
EREN.

X% src/main.rs

use std::sync::Mutex;
use std::thread;

fn main() {
let counter = Mutex::new(Q);
let mut handles = vec![];

for _ in 0..10 {
let handle = thread::spawn(move || {
let mut num = counter.lock().unwrap();

*num += 1;
});
handles.push(handle);

}

for handle in handles {
handle. join().unwrap();
}
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println! ("Result: {}", *counter.lock().unwrap()); ?G
}

T 16-13: I2FBET 10 MEAE, B TEIREET Mutex<T> SRIBNITHAZRHVE

XERET — counter TERFHAR 132 B Mutex<T>, FEBUIRFI 16-12 FEE, T TFREK
1B — 2% range REIET 10 NEFE, B ERT thread: :spawn, FAFRELEEERN
THRNFE: i S— MR Boh#HETE, M lock FiARIREY Mutex<T> LAY,
BFERERFRB[BPNEN— H—PNEBLERHUT, nun SEFASERRHBERB, XES—
MR AT LUIRENE T,

FEELEED, HNERAG 16-2 BRFUE T FRrER JoinHandle, HERTH join HERSE
FAAEEEER, ARG, TLRESTRENE, HITENHERFIER,

ZaiRmd, XNMEIFREERIF. MELRNEBENTA!

$ cargo run
Compiling shared-state v0.1.0 (file:///projects/shared-state)
exror[E@382]: borrow of moved value: “counter"
--> src/main.rs:21:29
|
5 | let counter = Mutex::new(Q);
| e move occurs because ‘counter’ has type
“std::sync::Mutex<i32>", which does not implement the “Copy  trait

| for _ in 0..10 {

| e inside of this loop
9 | let handle = thread::spawn(move || {

[ s value moved into closure here, in
previous iteration of loop

21 | println!("Result: {}", *counter.lock().unwrap());
| ANAANAN yalue borrowed here after move

help: consider moving the expression out of the loop so it is only moved once

8 ~ let mut value = counter.lock();
9 for _ in 0..10 {
10 let handle = thread::spawn(move || {

11 let mut num = value.unwrap();

For more information about this error, try ‘rustc --explain E0382°.
error: could not compile ‘shared-state’ (bin "shared-state") due to 1 previous
error

BIX(5/S5RPA counter [ETE E—RIBIFPKIBEN 7o PRLL Rust HiIFFA], REERF counter i
HFIENSEHEIZ N EIER, ERITEBIT—1 % 15 EVIEENSMENFR, REBEX

FHiRo
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SHIEMSFRIAEN

£5 15 EHh, FH(TESEEEIET Re<T> REES|IBITEL, FE—TEETZIEE, L]
HMEENE, BEESKEMT 4. BRH 16-14 BH Mutex<T> FH3E3# Re<T> H1, HTEFFRIBAN
BNEIZEZRITEE (clone) Rc<T>,

X% src/main.rs

use std::xc::Rc; 7&
use std::sync::Mutex;

use std::thread;

fn main() {
let counter = Rc::new(Mutex::new(Q));
let mut handles = vec![];

for _ in 0..10 {
let counter = Rc::clone(&counter);
let handle = thread::spawn(move || {
let mut num = counter.lock().unwrap();

*num += 1;
3
handles.push(handle);
}

for handle in handles {
handle. join().unwrap();
}

println! ("Result: {}", *counter.lock().unwrap());

T 16-14: ZIHEA Re<T> RAF S NEAZIHE Mutex<T>
B—RgFEH. LM T ARNEIR! KiFRBEREZ THIES!

$ cargo run
Compiling shared-state v0.1.0 (file:///projects/shared-state)
error[E@277]: “Rc<std::sync::Mutex<i32>>' cannot be sent between threads safely
--> src/main.rs:11:36
|
11 | let handle = thread::spawn(move || {

| _____________ Noooooo

| | within this “{closure@src/main.rs:11:36:

A “Re<std::sync::Mutex<i32>>" cannot be sent between threads safely

11:43}°
|| |
| | required by a bound introduced by this call
12 | | let mut num = counter.lock().unwrap();
13 | |
14 | | *num += 1;
15 | | 3
||
|

help: within “{closure@src/main.rs:11:36: 11:43}°, the trait "Send’ is not

371/548



Rust i2FIgITES ERFXhR

implemented for "Rc<std::sync::Mutex<i32>>"
note: required because it's used within this closure
--> src/main.rs:11:36

|
11 | let handle = thread::spawn(move || {

| ANAANAN

note: required by a bound in “spawn’
--> /xustc/1159e78c4747b02ef996e55082b704c09b970588/1ibrary/std/sxc/thread/
mod.rs:723:1

For more information about this error, try “rustc --explain E0277 .
error: could not compile “shared-state’ (bin "shared-state") due to 1 previous
error

FH, BIREEAKAE! TAREREXINRNEA:!
Rc<Mutex<i32>>" cannot be sent between threads safely, #giF¥sstiisH T RE:
the trait “Send" is not implemented for ‘Rc<Mutex<i32>>, FT—T KA I=iHE Send: X

T HRFMERNEEF LA THRIFRR trait,

AERRE, Re<T> HRREREMTLIZRHE, I Re<T> EE5|AITHE, E4TEzES—T
clone JFHFBNIENNITEL, HES— N REMREFNBLDITH, R<T> HBERERMHAR
&, TRBERAZITSRERSWE LIz TR, XATREEIH IS, HSERSEM bug,
tEaNRTRERERAEFR, ECRAERZAMEFT—NME. HMNFAFEENZE—1T5 Re<T> 5T
£—H, XULRLR2RNHGIRES|BIHAIRE,

[RF5|Ait#x Arc<T>

FR=E Arc<T> IERXA—MHEIN Re<T> HAI UL SMATHAIMENEE, F& o AR EFHE
(atomic) , FRAXZ— N EF5IAitER (atomically reference counted) ZE!, [RFHH
(Atomics) BB —RXBRRSREINFHLIRE: FEBIVEER std: :sync: :atomic FYXHY
FRIRMEZHET, BRIRNRAZTENE: RFRERGERLE—, afULLMELRET
o

RAIRERIFET, AT ATREBPIEMNERLETZREFHER? ATAEEFTRIRESHE 2
IMER Arc<T> LI? RRE T, &iELesEmtEREK, BRINAERTELENA AILEE,
NRRABERLEIEPIEHITIRIE, THRHIRFEFMRHEIRIER] UEREETEER,

EE)Z 81895 F: Arc<T> F] Re<T> HEMEM API, FRUFEITREERIZEFTAY use 1T, new
JAFA clone A, R 16-15 PR ERAR LURIZEFIEIT.

X% src/main.rs

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

fn main() {
let counter = Arc::new(Mutex::new(Q));
let mut handles = vec![];

for _ in 0..10 {
let counter = Arc::clone(&counter);
let handle = thread::spawn(move || {
let mut num = counter.lock().unwrap();

372/548


https://doc.rust-lang.org/std/sync/atomic/index.html

Rust i2FIgITES ERFXhR

*num += 1;

});
handles.push(handle);

}

for handle in handles {
handle.join().unwrap();
}

println! ("Result: {}", *counter.lock().unwrap());
}

5 16-15: fER Arc<T> B1E— Mutex<T> BERSLIEZLAZZ BIHZFIAN
XA SFTENHIO T :

Result: 10

BRINT! FHITM 0 8EIT 10, XIFGREEARTH, AE—RERIMALFEITREZXTF
Mutex<T> FIZREREMFIR! XM F P9 ERLEERT LU F LGN E0E B E ZaV1R1E,
ERAXAERE, BSITBEESSRMINES, FoREIZ EER, BE5FEH
Mutex<T> fER BB ERREMREZNER,

AR, WTFERENHREIZE, tnEES std::sync: :atomic EIR IEH T EL Mutex<T> BEHERY
FE, FIMERER, XLELURHRTRE, HE. BEFRE ELENGFH, ATEF
FHBER Mutex<T> BIFE, FITAIERTEEARLR EFRA wtex<T>, (3FF: XF L@HIF
RHINEY 132 MNVERRIE, BIFRIMBUERER AtomicI32 FEARTER, BASEXN,)

Eb %% RefCell<T>/Rc<T> Fll Mutex<T>/Arc<T>

{RelBEAREIT, RE counter BRAITHY, FHAMIATLURENERSENAITS|H; XEK
& Mutex<T> IRMETRIFAITME, FLE cell RYIZREPRHE, A RefCell<T> BILIIKZ Re<T>
FRAE (TF 15 EFHELD) , B, R Mutex<T> F{THEILIEAEE Arc<T> FARYAR,

S—MEREERATRE, Rust NEETTEBREER Mutex<T> PHRAVIZEEIR, BIZ—T,
£ 15 FhhT, A Re<T> BEEMS I BREIFHIXEL: B Re<T> (EMEESIA, ERREFR]
o [, Mutex<T> WHEMIEH (deadlock) FHINPL: HEMEEFEMERNEIR, M
MM EREDIFER N R FENEP NN, ENSKEEEFT. WRIRAXMETEH
B, RREE—NHELHU Rust 27, BREMAREEES PEREFBFNFTEHNERES,
HEIRAE Rust FSEIMEA T ARAERER Mutex<T> F MutexGuard AY API XHEZIRMA ARG
Bo

ERAENEE, FIPEIIE Send F Sync trait, URIMAFENRTBEEXEE,
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Rust F2FFIRIHES @A AR
{EH send # sync trait NI BH X

ch16-04-extensible-concurrency-sync-and-send.md

Rust WHAREF—MEENATEE: KNZEVEN/VFFRERE, BMETINERE, A
BESSEHNAR. MEBEHANARAFZIVEETIESFIR: (I URES B SRS ERM
AREBH R,

A, B—LEXBHUHLABMISRAKRTESAEMIMNEERN, HPRETE std: :marker By
Send ] Sync trait,

EEAZEEBFREN

Send #RIC trait FRPEASCIL Y Send RURBUERIFRBNFIAITELAZEIEE. JLFFPAEH Rust 328
#Zsend By, AIH—LERFIGS, BFF Re<T>: XZAREERIL send By, FNMRFIET Re<T>

EHZ G REIPIAENEBE S — 1 EE, XM MEREHAERNERSIAITR. Alt,

Re<T> WRIMANATRLRETR, XNAFENRELIZER SRS AT RMmA HEERN,

Fit, Rust ZERLZKH trait IRFRKZEEASRINIEARL LM Re<T> EEIZEBAIE, H
SIRXETRD 16-14 X AMBVENHE, SEEIFEIR

the trait Send is not implemented for Rc<Mutex<i32>>, {EMHESLIL Y Send HY Arc<T> BY,
RIBRLEE R TR 1% o

Efa5eel send BIRBAMBILE WS BEIRITICAH Send, JIFFIBERAREERE Send 1Y,
R T E_TERITIERRIEST (raw pointer)o

Z A5

Sync #Rig trait REA—1SEIT Sync B AILUREMNTES M EAIZFHEHERNSI A, #R—
MAIRG, WFESRE T, R &7 (T WATLSIA) KIT Send BYIE T KM T
sync, XEMREHSIAMAIULEHNAEESZ—TEIR, KT send BIER, BALRERL
MY sync, FEEMKRIMT Sync RIRBARMAIREBSTIN T Sync,

BREFEET Re<T> WRB LI sync, REMEZBE LM Send B —4F, RefCell<T> (F+HFIY
) XY Cell<T> RFILBWGHRLI Sync, RefCell<T> FEIBITHIHAITHIBRANER
BUEAZREM, Mutex<T> SEILY Sync, IEYN"4E Mutex<T> HZIH[a)"HRIREIRY, ERILUARIE
ZEAZEHZE IR,

FEYSEH send Fl sync EFRLHY

BEHAEEFHNIRI Send M Sync trait, EAFTEEMEILT Send M Sync FISERILA RIS
B, BxB5hEM Send H Sync, FNENZRIRIE trait, EEEHARTELMEMSZ ENR
ERARBHAITESHEABERNAEML,

FopEIXLE trait FEYRE unsafe Rust U8, FZ+EXHEIUMEFERA unsafe Rust ; B
AFEEENE, ENMENRMENINALEE, MEXFERTEHLINT Send F1 Sync BIER
DR, MEEINEERZ, UHEFHZLRIE. “The Rustonomicon” FEE %X T iXEARIE
MUK SN ERE Bo
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b
EAZRAPRE—NMHAHLRNET: T—ERNSTETRIHE, HEF_T—EHNM
BSEEUNENRPEAXERS, MAMEREERITICHIXENIF,

EWNZaiRERY, EA Rust XS RODBELEHLZNEDAS, BIREMNHKHFEER crate
K. ENIREERARNER; BEN LIERIFSRHNATZSLETRE crate,

Rust IRt T AT HEEENEE, MK Mutex<T> ] Arc<T> XIFAIUREMATHE LTX
EREE . RERFNERNERIHERILEG KPR A HRBIERFMEKBIS]
o —ERBAURIET, HiIMAIUREXEREAUERMDZEITTSEENE, MASE
MEMES L E HIAVALEM LUEERRY buge HARIERBEM ARIHREE: TrAREM
FH & RERE!
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SHRIEEM: Async. Await, Future 5 Stream

ch17-00-async-await.md

REBNEBEXRTENRITRIR AR E—ERET B BETTA. SREFFX LK EIEITHIEE
LR, TNEEMRAFNNER, MBFATT. MAHENRME T MihEGES MEEN
RAR: H1TMAH %, A, HRNEFEZEEEZLLEFEAENSGARERN, Ki1HEEBH
RIEFNHITOURME, UREHRERLE SR UEEHLIEFNEMEDEMmIET, MAEEM
FTiERIEESRBRRZUFAIRF. BtAaBNiET. FIHE ER—MER, Ttk
e A A REEFHN R " RALER KRANED, MIMERITIET N EHERERLE,

KEMUF—EBIEZIELMATHNHENEM, SINS—MESHBHNS: Rust BY
futures. streams, LAAz async ] await &%, EIILEITEBR X RETURET I ' X—
= s, BBEHEE=F crate IRIENFETIETH, FAXREEMMEAXLRSIRENRIT.

KE—NMIFo RZMEAFE—ITRERSHUN, XMEFERIEEELLOHEEL)
B, MMSHESRAIRESMEA CPU M GPU 2R, SIRIRRE—1 CPU 1%, MRIERHKNX
FRESHTERATEERXMES, BMERESURSZHARRNITSH, BATEXMESIZITH
EREL A ABBVER AR T o XS RAASERIAL, BRI, FRRERSERIL, MARE
=, BBMEMITHSHES, LLIRRRTEAEMT .

BRISMREE THINADZARIMST, X MRIEHATREERREK, BERE5AKX% CPU Y
Bl ItEEY CPU FERESFFMEIIRIXR, BRBIBE—FF B ARREE AT AIFFIAIRER, B
IR AT e T E—ERiYa], BMESIEE R LS ENL, MRIAXERA, REHANE
HWEVAREFEE—R, IFERAEK, BN FENEERITHRHZRIZENIAAIEISFTNR,
XBERRKMNIYE T, MaimivflF—#, BRIERADSESFNEIEHTHRETEEITHTE
R, it CPU E4EE T E,

S HETF CPU ZBER (CPU-bound) o HHBEEER (compute-bound) 1EE: EXRTF
CPU 3¢ GPU M IBEURIRE, LUIMNIRIERESD BRI Z/ M EREN. SR TENETF I/0-bound
1215, EANEZRTITENMN MANEE (input and output) ERE; CRIRER S HEEMMLE
REIRRIRE —1F 1R,

FELERBNMIFHR, BERGHRIVPIHEHR T —MEANH L. FTEIXMALZNRTENE
FHIRA: #ERERE—MEFHILECEFFURT. B RZ2RP, BTRAIEEILEE
RS EANE FEERINER, RtBATRILIRIRSARERRTERENH RN =,
a0, MRBAVETWE—NEEXHTHNIE, EFMNZERE: Bei— N THESST
=ik U1 £35E, MBRPTEBENBMEZNTHES. A3, FERERRTENERXERN
API #8Z blocking BY; HBRLZEW, EENFTMENEIESTeME 2R, SEIEREFAERETH
7o

AR MRFAEE, XALWERSHRBUABNIELS. &2, blocking X1
ANEBERBLAPBLES MG WEHHEN EEMFRFERENREER, EAERTE
XEGRF, BNMEFASM non-blocking RFFRBAR R 1,

BATAIUAS X RIREIE— N AR REE T LI, A, XELEFMEENARER
RAZBARE, EEENELE. XEFRAMN—FERAEEEN, FERNIAFTEXERF
BT —AES, ARILETHBITEFERENRITIRFEN AN
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XIERZ Rust B async (asynchronous M485) MRFAIRENEEN. ZESNAUTREA:!

* YA Rust BY async #l await iB3%, FHEBNSITEHITRD KEK

c A RAR SRR —LERNEE HREPELBIIPE

« ZEEMRSNAREEHNBRAR, URENEFZIE TORASER

FEEEFER async WEFRIEARZE, BRITHEEEEMNSGNMER, 1TIe—THT
(parallelism) ##H% (concurrency) BIX3Zl,

HIT5H%

FLE—=E=, RIMABRHTNHLAMATUERNES, BOER(EEENEREX ST
11, ARENHNXIPFELRTEREIE R,
BEZ—TAANEANDEIHFERFAL— I RETE. BITIUREELE—NMTASNMES, W]
UEMHNEREBHRT—MES, HEATURAXEHAENAS,

H—PMAERA—MESEELSTHRZE, MAES I REESZEYHRIE, XME H X
—MEIHAHLN AN, REMEBM LR checkout TRANREIME,;, HIRMEF—PINE
RERE, HZ2ELEREN, MIES—. FRE—TA, FRURAIREETEERERIRZ
ERSHEARMESS, BIRATLIBIEEN]ZEHRRSESAIE, —REE—MES,

o

&

HEPAE—AESIFA, S THRZEAT—MESHEREHRER, XHME H1T. HS
BENAEA LT 2RV E S ER.

B B>

>
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EXRMITIERTR, FEAEFEEARES ZEMNE BIFRRUADESLE N ARNES
MEMAN TSI, BRMFLEXAFS—NAKTHE CHES. BETIFERILUHT
e, (BEFR—LEIRER 1T ENRERIRFRE, —ME—1, ME 17-3 Firo

Task A

0 A2 H

Task B

o< o>

B, FEAIEERIREIB SN —MESEKHT S —MES. BAMRRENHL TIFBZERT 5
7o

HITMARZE AR X, MRIMSMEUREEEFE, DRFIRFTTHRENMES,
BIFRAIERIC IS HEMEREBMES £, 1 REREE" XMFMREEMAEFHTLI
57, MiRECHARRERHLMMEHEMES.

ERFNEMEISEIERTRESESR. T—T8RZHEEL, CPU—RRBERIT—MEE,
HEDARTUALIE. BEGREE. #EMRP (asynd) FIA, HEHAUEREFE—NE
&), AERKYMREE—NEIZRTIREIEEER. £F—TMEZ1 CPU ZOEWISELE, €
WA UHITIR. — MO UM — M TIRREN S — MO R M — L2 FEXHN ITE,
 BX e TESERR LR R & £/,

£ Rust FIz1T async L3RS, BEREHLKMHIT,. EFXIMALTERERSHEFIAH
17, MEURFEEM. 1BERE, UNFIERNRSIETH RERINSHE—INTARDIET
B o

WE, EFNTRANEE Rust PNFE D RERZSIETIERN,
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Future 5 async i&;

ch17-01-futures-and-syntax.md
Rust R RIZEHIXETTER futures Fl Rust BY async 5 await XEF,

future B— M MEWLIFRSESY, EEERENTHZERTFNE. (XMIXETRZES
BEEE, RRENSH task 3 promise ZZHEMEF.) Rust Iefft T Future trait {fEANEREH
f, EFAENELRETUBARRNEIBESRIIM, FANXEESR—ZEO, 7 Rust A,
future FLEABLELIN Y Future trait BIEE, B4 future RETESHNHERFE, UK
' ERERKE T %o

async XEFELUATRBERMEE, RTENTAIUKPEAME, 7 async 3REL async EKE
i, fRAEJLUER await KBFHK await — future, BB HFFCT AL, £ async BREK
HE, 81FRF future WIE, MEXMRFRMOTGEEEHMEMEN S, 19E future.
EECNERSEETH, XTIEEMA polling (#1).

Hfh—LeiEE, 590 C# A JavaScript, W async F await XBFHITHR L 2. WRITH
EXLES, AIRERFET Rust EIBZN B LEE—EBEEER, BIISED, XHIRItE
ERHEAMN,

WE =Y Rust BY, RSHEHRIATEIZMER async M await XFF. Rust ZILENRIFMF
B9, BT Future trait BIRES, FEER for BIREIRAET Iterator trait FIFMAIE—
Bo A2, BEFA Rust 2T Future trait, (RAEFENMAILUNBESHHIERELNE, F&
PRMNZWERZERE, SIEREMER R Future SLIRIRE, H(SEARELREMLEX
M trait WEX, #H—PTRNERENTERIE;, FIRTXEMATELR BB LI EFIH,

XERABARMABEMR, FMUBIMIKREF—TIRIER . — N/ NEMITMEREE. HIISM
B LITEANMD URL, HAMHMEEN], ARRERTRATHHIER, XMIFEHRRD
WEE, FEIFAED, Kz —RIEFEEMENATEBREEE.

F—TRIERF

ATIUBREEFFFS] async, MAREESEFNESMHAHZEREIE, HITESET—
trpl crate (trpl 2 “The Rust Programming Language” 4E5), SEMESHTAES
MFREREL. trait ML, FEHKE futures ] tokio crate, futures crate & Rust EF A
ISLIORYE /A PEM, Future trait SR¥IFLETEAR R IZITHRAY, Tokio MIZBE#HI Rust FEAR
[TiZMFFIEITEE (async runtime), BEERTF Web A, £8P HEBEMERFNIGE
1789, MEENIREEESMFIEAR. HIE trpl NKEMFR tokio, ERANELEET
MR, WEBER,.

FRLEGRT, trel EENEFRE APLHTESINEE, FLMEEENERERERXD
AT Lo MRIRAT XA crate KM T 4, BIMNBMUFEEEEN. RAILUMPEER
BIMEFHIRZREW crate, FIMBE T 7TRZIEREREXD crate BI1T N,

BIE—1R A hello-async B "HFIWMEFHIF trpl crate FEA—MRFA:

$ cargo new hello-async
$ cd hello-async
$ cargo add trpl
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MERNATLUFA trpl REMNZMHAGRESFE—TIRIEF. RINEHE—NEGL1T
THE: MBI, MEEREFR <title> TR, ARTEIHENRATHREERIZN
DUEARE,

EX page_title E%X

UBENMFFBES — DKL, SIKEX—1MT1 URL fEAESEK, 1EKiZ URL FHREIFREATENNX
x (RRH17-1)0

X% src/main.rs

use trpl::Html;

async fn page_title(uxrl: &str) -> Option<String> {
let response = trpl::get(url).await;
let response_text = response.text().await;
Html: :parse(&response_text)
.select_first("title")
.map(|title| title.inner_html())
}

B, HMEXT =18 page_title BIKEL, HA async XBFIFICE. ARER
trpl::get EREIMEMENDY URL, B await XKEFHFRFMN, 77152 response RIS,
HATARAER text 757%, HBERER await #H1TEFR XM NPT EEHZZITH. WT get K§
BRI, BB AERIRSRTLMNE S &[0k, HFAELE HTTP headers.
cookies ¥, XERARAUMMNADFFAIE. LHIAMMNAFRAN, 2ERHIEZLARIEER
E—LergiEl, AT RANVDAFFMATTEENR, text FEABAME async A

FENANE R FEFXFA future, ER Rust B future 2 lazy BY: 7EfRA await JFRE
ZHI, EfATHA=M. (Efrt, tNRIREIZET future DRERE, Rust ERLGHREIFEE
%) XABRIHFERET =S FRIEABMETERTI"HNITIE, ERRREERAR
next FENARTE, TICREZAR, KE@ET for EIF, HEGBG nap XEREZA
R next 9757%, future h2—#, REMREXEREEBTHR, EASHHBIE. XMiEtiL
Rust BEBEI R EEIERE ZRIMETR S {8,

AR XMIEAESHSE LA spawn BIEFHLAIE"BEFIR thread: :spawn H1TH
AE, ERERNEEMLERENAESLZIFERIT. ERMIFZHMIES LE
async WA AARRE, BXMTF Rust RIEE—RRIMERFRIEREE, EMERSEERE
gnitko

BT response_text Z[5, FKNIFATTLLE Html: :parse IBE MR Html SEEVBISLHI, XIFE—
¥, RIMFINRABRREBFRTE, ME—NAILUE HTML B{EEF EHIBEIRIZIER
KB, 15902, FHNTAILAA select_first F5EEILATE CSS selector WE—PMETL, ZA
FREA "title" f§, HITMEZEIEPHE— <title> TE, MREFENE. Rl
BERZAS B UTHERIN, FRLA select_first jR[O]FYE Option<ElementRef>, Hzf5, I UEH
Option::map 5%: SN Option HEE, EMSWEHPMNEFHITAIE, NREH, ML
i, (XBHAMBILUER match RIAHN, T map BERFSMAE %) THK{1%EL map BY
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HEE, ZX title JHA inner_html FFREXHFKIAE, ER— string, EXE, Fflx
L13FRIFLE— Option<String>,

AR, Rust By await XEFREBZF/NREAAGE, MASHEH. LRI, EE—1
postfix keyword (ERXBEF). WRMERMIES EAT async, X—RAIGEFRHNIBEAR
[B; {B7E Rust H, XMIGITRILEXAZRAES R, Eit, FHRNTATLUE page_title AYERER
{REXE ARTE trpl::get F text JHAZENHEN await BUENE R, RH 17-2 FA7R:

Y& src/main.rs

let response_text = trpl::get(url).await.text().await;

EFRAMIIRE 7 E—NRPEE! ERA]E main JIN—EAEDIFBEZA, iL3(]E
ZTETRNETHAUKRENEX.

2 Rust BE|— async XBFAMCHRBREY, SWHEFA—PLIT Future trait BYHE
—H. ERREIESE, % Rust BEI—MEIRIEA async BIREREY, SIGEEIFHR— KR
REESRIDRNIERT R, BTRHUVREEREBRFSNETRERFIEIENER K
1EHKEL,

Ak, 48T async fn SRERFHE —MREIZFEEN future BIRE, HimiFRBEIZRHG
17-1 # async fn page_title HIKERENX DY, BENTUTEXIEFT R

use std::future: :Future;
use trpl::Html;

fn page_title(url: &str) -> impl Future<Output = Option<String>> {
async move {
let text = trpl::get(url).await.text().await;
Html: :parse(&text)
.select_first("title")
.map(|title| title.inner_html())

}

FNENE—TRRERENE—T 8D

« ©FERAT ZRIFETE trait [FEASE” 511 RY impl Trait &%,

« BREMESII T Future trait, FHEXA trait H—PKEEZLE! output, JFE Output AYSE
BUZ Option<String>, 3XF async fn fRZASHY page_title RY[RIAIR[EIFEEI—ZFL,

© [RIGREAPRIFTERIEBEREEEH T — async move 3R, [EIfZ—T, RIBIREAGMERIA
o BENRIERBCREIFANTRIAET.

* MNEPR, XPMNFESRBR=E— Option<String> HRIFYE, XMESIREIZEEPHY
output KRI—X, XIERMUFRELRIHWEESRBIR,

© XNHREUEZFRTLALZ async move 1R, RHEMFER url SHMANREN. (FEEERE
F4RITE async I async move BYXF!,)

BAEFKATIRI LATE main FRIFFR page_title,
ERIBITIRITR PRI
B, HINRRBEANTTENIRE, W0R617-3 Fim. FENE, XEAEETRERF
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NHR: src/main.rs

. ?
async fn main() { .
let args: Vec<String> = std::env::args().collect();

let url = &args[1];

match page_title(url).await {
Some(title) => println!("The title for {url} was {title}"),
None => println!("{url} had no title"),

}

BITERAT RS+ EEZaLTSR —ThRNEGLTSHRIET. FAGIE URL S8L4S
page_title, BHFFHFEMNER, BT future FHBYER Option<String>, FAIfER match &
RIKRETNHEESE <title FTEIFRRNIER.

ME—REER await XBFHIMTT, Z async EEEL async fUEBIRA, M Rust XA IFRAHE
1FFRAY main BRIFRARICA asynco

error[E@752]: “main” function is not allowed to be “async’
--> src/main.rs:6:1

6 | async fn main() {
| ANAAAANNNAANAAN “main’® function is not allowed to be “async’

main REEFRIC A async WREIRELZ RBEE— B178Y: BI—MEBRTESRIEATH
Rust crate, —MERFHY main BREKETLL #1866 —NE1THY, BRE BB #R2— BT,
(BEEs#—PHRBRER.) S§— 1 HITETRBH Rust BEHAEDE—MREIRTTH
FH 1T futures B9,

KRZHEH async BIES#=BHiiTH, {8 Rust 72, &R, Rust BRZARENEF BT
B RIEIER, S—EH B CHNBIrAGIM T RRNRE, thil, —MAEIFZE CPU #Z0H
AE RAM IS EL Web RS 28, F— 1Nz, RAM R/ BEEFREEHRITH D EMITHIZE,
ERFABATRE, RAXLIEITAIIH crate FEHS—FHIREXXHEWE /0 FENINGENS
H RS,

EXE, UREERTHES, FHIVSER trpl crate F@HH8Y block_on Kk, BEZ—
future fEASEL, HIEEYURIZLE, BEIXA future iz1T5em N, TEARER, AR block_on
=fEBf tokio crate IRE—METTHY, ARMITEND future (trpl B9 block_on MEMIETT
B crate IRMEMIER REITHIEM) . —B future 526, block_on FA=IR[E] future FEERE,

BATHFARTLUE page_title iR[EIAY future BEfE4a block_on, HEETEMEMFEIR
Option<String> FH{TULAD, FUERIKNTESA 17-3 RAFITEMBVIF. T, AENKED
BIFE (URMEFHARZE async KIBE), HNMALSHITRETREER, FitH
MR A—" async 3R, HEHEPENEFFR page_title LR, WIRA 17-4 o

X% src/main.rs

fn main() {
let args: Vec<String> = std::env::args().collect();

trpl::block_on(async {
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let url = &args[1];

match page_title(url).await {
Some(title) => println!("The title for {url} was {title}"),
None => println!("{url} had no title"),

}
})
}

HEATETXERAREN, MRS —FRiETA:

$ cargo run -- https://www.rust-lang.org
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.05s
Running “target/debug/async_await 'https://www.rust-lang.org'"
The title for https://www.rust-lang.org was
Rust Programming Language

BNAFET EAUEETENRESAE! AIERMTAMAEILLR ML H TS 280,
IEFANEEEF—T future 40 T1ERY,

F—1 await point, HFLRMRILER await XEFHMT, KEBEEHINZIELIZITIIAIM
Fo At Rust EBIERZFL IDIRPISERAVIRT, XEHFBTHATUEHITEMIIE, HEE
F PR OISR LR YRS, XRMEFETRE — MIZERREES— await point AIIR
S

enum PageTitleFuture<'a> {
Initial { url: &'a str },
GetAwaitPoint { url: &'a str },
TextAwaitPoint { response: trpl::Response },
}

WEERFER A ERSZENRIREIFEZRERTZHEN, FIRZEEMTESL
REFVIRSHYR R, #H, Rust fRiF=REICIZHEERT RBIPRKSHRELSE, MRMZ
HBRYIE: 2R, EENERNFENE2SERTXEMELN. ZIEHNE, RIXHEHIN
HAGEXERNE, FREKFIERGES. SEREIHB—LEEAXAE!

R, REEENMMERPTXMREN, MBMEHEMRIETH. (XBEATAKETRIE
TEIES, {RETRESEE] executor XMA: executor BiB{TRA A FRHITES RBHAR—IF
53)

IMIERFRAEIRAR, NAARBRBSERA 17-3 FELIEFRITE nain ZEEHRSL R T, MR
main & async KL, BRARRMIERIMARFEREE nain IR[ERY future IFRZAVIRZSHL; =T
main ZESMERFHANOR! FAltt, FHi1LHTE main HIFAA trpl::block_on, iLEIZEIFIE
178, FHIE1T async HUR[EIRY future, BHEIITTMN.

AR BEGITHSRMER, EtiREKEAUEFIhRAY nain KR, XLERZE
async fn main() { ... } EEREEN fn main, HZEMIBZXNERA 17-4 RFEp
MBVEIE—F: EA—& trpl::block_on XIFRJEKIEL, L future BEEIFEMALE,

MELBABEXERIHGER, BENARSHANE.
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it URL HEES

B 17-5 F, BT MESITENNFENFRE URL 25IEF page_title, FiEHRAST
BRYER futures

NHER: src/main.rs

use trpl::{Either, Html};

fn main() {
let args: Vec<String> = std::env::args().collect();

trpl: :block_on(async {
let title_fut_1
let title_fut_2

age_title(&args[1]);

=p
= page_title(&args[2]);

let (url, maybe_title) =
match trpl::select(title_fut_1, title_fut_2).await {
Either::Left(left) => left,
Either::Right(right) => right,
b

println! ("{url} returned first");

match maybe_title {
Some(title) => println!("Its page title was: '{title}'"),
None => println! ("It had no title."),

})
}

async fn page_title(url: &str) -> (&str, Option<String>) {
let response_text = trpl::get(url).await.text().await;
let title = Html::parse(&response_text)
.select_first("title")
.map(|title| title.inner_html());
(url, title)

EMELD A BFRHETE D URL AR page_title, FEEIBEEIR future fR1FE!
title_fut_1 1 title_fut_2 A, iB{¥, EINLEHEAZEM, ER future 215/, M
IR EESFFE . FERIOXL future £44 trpl::select, ERIREI—ME, XK
BEfENBY future Rf— PRI

AR EIKE, trpl::select #IITE futures crate HEIBFHY select REZ L,
futures crate BY select KEBEMIREZ trpl::select MARINE, FIEWHHRT
—LEEINE Z:E, FRRATRATE I ST Bkd,

EE— future FETTEE"IRME", AXEIR[E] Result HASIE, #H/K, trpl::select iR[D]
HNE— MM ZzaR g IdZER . trpl: :Either, Either EREMIZE LB KR Result, 1
BRI A%, BEFRENE, EHEENE BRI XKW EIIBEX, MeER Left §] Right K
XA
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enum Either<A, B> {
Left(A),
Right(B),

}

MRF—NSUIETT, select FLR[E Left, HPEEZ future BVt ; WMRFE-1
future Se5eR, MR[E] Right, HREEE A future VML, XIEWFX N EREGE RS
B E—1MESRUTE-_NSHIEL.

BANEEHT page_title, ILEHLENR URL —HR[E, XiF—F, BMERTIREIFTIET
ERRITH <title>, FAMLATLUTEIH—REEXHNER. BT7TXEMEZE, HM=EE
JEE println! VML, LLEEEREERMID URL SST5eml, tBAETEDIETFIE <title> BYFTENM
AR

Eit, MESWEET — AT EREX(RRTIMENES ! FEEER D URL BIT—FX <
TR, feiIaliirfBE—EER, M5 —EER TSR TI#IRIESERR—
E. BEENE, MEKLER T future BUERIFNIR, FRUIRERITAIUBRERN, BF
async EREMEET Ao
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A async SMH .

ch17-02-concurrency-with-async.md

EX—E, BMBEERARS KN —ESEH N ERBILRERRVERNA LT, EXN
ZAENBELINETREXBERT, X—BORMNZEETEIES future BIKH,
FRZERT, EFARTREHLR API SERALENIEERMN. FHEN—EER, el
FERE. BMELIESRIH APLEREXK REM, BEEEEFRANTH, ARE(LIF
BEREEFRMER <o

fE£F spawn_task SIEEFESS

BTARERFRNLANE—MESERER N FRNERET I LRINART RTHBRNE
550 tpl crate Ieft 7 —1 spawn_task KEK, EEERIFER thread: :spawn API, F—

sleep BR#, XE thread::sleep API IR FThrA, FENILUEENSESER, SMELER
FIAEREBYITERThEE, 0B 17-6 Fimo

X% src/main.rs

use std::time: :Duration;

fn main() {
trpl::block_on(async {
trpl: :spawn_task(async {
for i in 1..10 {
println! ("hi number {i} from the first task!");
trpl::sleep(Duration::from_millis(500)).await;
}
1)

for i in 1..5 {
println! ("hi number {i} from the second task!");
trpl::sleep(Duration::from_millis(500)).await;
}
3
}

EREES, FAIE main KERAER trpl: :block_on, XIETAEEREFHA LT AL async Xii&o

AR MXEFE, ZEFBIESNRAIIE mein PRZESXER/IFTE—HFHY
trpl::block_on BIRAES, FRAZERINTEEZBERE nain —FILEEE, 1IE1F7E
fRESHRBEEMHLE!

REENEXMBRES THNMER, SMEHRPEIFERT trpl::sleep, EHET—FH
BZaiEFHER (500 2f) . HP—MEFRIE trpl: spawn_task FIREEAE, S— K
ETNEH for B, FANETE sleep FAHBMLET await,
XEGHARIT AL IZARSEMRER, SIFUMRERIBITH, KRiFHAHEBIRFE R EMXERRT
—F:
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hi number 1 from the second task!
hi number 1 from the first task!
hi number 2 from the first task!
hi number 2 from the second task!
hi number 3 from the first task!
hi number 3 from the second task!
hi number 4 from the first task!
hi number 4 from the second task!
hi number 5 from the first task!

XMRASTEE async SREPH for BIF—ERMEL, HAY nain KELERY, H
spawn_task £MES BRI XF. NRFBILE—BETIESBES TN, MEEFER
join handle RFFFE—MESER. THENRAED, HIER join FEHEFHFLIZE
TR T 17-7 &, BATTLUER await MEFNE, RAESATREEmMZE—T
future, ERY Output HRIZ Result, PRUATEFFZEEER unwrap —XR,

X% src/main.rs

let handle = trpl::spawn_task(async {
for i in 1..10 {
println!("hi number {i} from the first task!");
trpl::sleep(Duration::from_millis(500)).await;
}
1)

for i in 1..5 {
println!("hi number {i} from the second task!");
trpl::sleep(Duration::from_millis(500)).await;

}

handle.await.unwrap();

EHENRAS—EETEIR MEER TR I LE

hi number 1 from the second task!
hi number 1 from the first task!
hi number 2 from the first task!
hi number 2 from the second task!
hi number 3 from the first task!
hi number 3 from the second task!
hi number 4 from the first task!
hi number 4 from the second task!
hi number 5 from the first task!
hi number 6 from the first task!
hi number 7 from the first task!
hi number 8 from the first task!
hi number 9 from the first task!

FIBFEIALL, BEER async MERERBAREIEELRI THAMIME: 72 join handle £ER
await, MAZEIAM join; FRIXY sleep JHABEER await,
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BANREET, RNNREFCFEZHUNES —MEERAAIERMXME, KL, XEEE
EESEHBA—EREE, B async UIBRSWRIFRESR future, FTAILGEEMERER
JOE— async RBBIRE, AFILIEITIMER trpl::join iLENTERRITEITTM,

EETRE'EEMEAETZR —TH, FIEBR TR std: i thread: : spawn IR[E]HY
JoinHandle JFH join FiE, trpl::join 523, REEEMEME future, H{RIEHRD
future ZLAER, TRER—THR future ; FRIHMEND future EBSERLAT, XN
future WA — M EAE(1ZEBELENTSH. Hit, 756 17-8 4, FKi1HB
trpl::join RERF futl A fut2 TR, FAIFRERFIEFER futl F fut2, MEFH
trpl::join £ REEVAR T future, XBHNTZEENHL, EABFIZR—NEETED unit
EX:paiea=

X% src/main.rs

let futl = async {
for i in 1..10 {
println! ("hi number {i} from the first task!");
trpl::sleep(Duration::from_millis(500)).await;

o
let fut2 = async {
for i in 1..5 {

println! ("hi number {i} from the second task!");
trpl::sleep(Duration::from_millis(500)).await;

}

trpl::join(futl, fut2).await;

z17E, BINSFBIRA future BHRITE TER:

from the first task!
from the first task!
from the first task!
from the first task!

hi number
hi number
hi number
hi number

hi number 1 from the first task!
hi number 1 from the second task!
hi number 2 from the first task!
hi number 2 from the second task!
hi number 3 from the first task!
hi number 3 from the second task!
hi number 4 from the first task!
hi number 4 from the second task!
hi number 5 from the first task!

6

7

8

9

REMEZIM, BRETHIRFSTe—#, XMARRRELURTH 17-7 PEER

trpl::spawn_task BIERIFERE. XEEA trpl::join 2 fair B, MR ERAEFHISH
RIWEF— future, FEMZBEREHIT; RBESF— future BEm4E, EMARILES
— P8, LR T, MIRFRFRELANEWINERE. LLEIBEBITE R HTF async
Rust, MRIZTINRERCEMMES. (ELEF, ANZERRFZ, RARTIZITHERE
SHEREBEMRERFALIERLMAL, ARBRIEATYE, WETHKGAIEEREES T
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£, BXMARAREMIN,) BTNHARA—EIATAATRESHFRIEILTFYE, MAEIE
FE2RHEAREN APIL, BT AEREETEA T4,

S XLERFR await future I AR TR :

o EIE—PHEBRNMEFINIZ SR,

s EEXFENRSRBREIZ await BT,

s OBFE—NMEFRHEHRHSSARBR, FEEZNMEFREZE await TERERM future,
EREINIBkES, BEMRETEETRE 2r BEEMER THEL !

BT H B ERERMES 2Bl RIX IR

7z future ZEHZHIEN AN EIULMRRIIE: BNBRERERLRE, RFAIXRER
HEF T hRAHIREMR . AT RTETHRENHANMET future WH R ZER—LXE
5, BaME+AEBIEEEEFEAIEETEBUE — D ERE R —HFHR%, £
T 17-9 B, FFERER— async UEER, MAGRZAIARIF EUtEIB—NMRIIES.

X% src/main.rs

let (tx, mut rx) = trpl::channel();

let Val = Strlng: :-From(uhlu);
tx.send(val).unwrap();

let received = rx.recv().await.unwrap();
println!("received '{received}'");

XBFIMERT trpl::channel, —NEHRERTHAIENZES~E. RHEEEE APIHNF
BhRAS, FHIRAER APl SETAENMREARE—a2MWKE: EEA— T TZNmMAER
AI TR rx, HEER recv AEFE—NEE await B future MAREREIE. IER(]
Al AR XImAZERIRZIXHEE T . ARRNEETTE—MRIUINERENEES, REEFT
(await) rx.recv A,

std::mpsc::channel FIH[E]Z Receiver: :recv HEBEHITEHIIEER—IEE,
trpl::Receiver::recv MIFAZFAE, ANEERRELTN. FRTFHEE, BRIEHINRREHIET
B, BREERBEI—MERREEENAXRXA. 2T, FEITRHA await send, RAEFR
=PAE, WEFMAE, RANEENRZEIHEINHEZ LB RS,

AR FEXEE async KIBERETTIEELE trpl: :block_on BY async {XEEIRE, FrlA

RAWNFTE RS EBAT LU RAZE, A, RIMEBRIIENIEPEZEE, EHE block_on 1R

B4k, XIERE trpl::block_on FIENXFATE: BILIRH] LLUAFEEW—IT— async
REBFHITHE, MMBIMAE T EF At ATIRESMFE S,

EERXNRAIPR MM 5%, HERUZIMIER! BX, BATNERT future, B
EXBEEEH A, THIFHEFEHRRINFRXERN, MELIRE future BI—H

UBNTEE RE—RYEEHEZBMARRERARE—NRIA, WRF) 17-10 Frm:
X% src/main.rs
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let (tx, mut rx) = trpl::channel();

let vals = vec![
String::from("hi"),
String::from("from"),
String::from("the"),
String::from("future"),

for val in vals {
tx.send(val).unwrap();
trpl::sleep(Duration::from_millis(500)).await;
}

while let Some(value) = rx.recv().await {
println!("received '{value}'");

}

BRT RIXHEZI, BIEEEZREN]. EXMIFRIANTUFohEN, MEARMR
rx.recv().await, FRAFKNFEHRT Z/VEERE, A, EIXEHAH, HITEESEFF
KA BEHE, XNBEMNEE—BESFFEITLUMHINEEEZEE T AL,

R 16-10 1, FAER for BIFVEMRF EERBEINFAEREB. 7, Rust BRIE
BRBEMWENRIEEN—RIIZEER for B, R, HIFE—MRIEELNIAITER:
while let ZFMHEI, BIERIHNES /B (A if let 0 let.. . else SLIELHITHIA"H N
WHY if let LEHRTEIRIRA. RBCEENRIVEERRLE, BIFMSSENIT

rx.recv JHRAFFE— Future, F{1& await B, BITNSEE Future BRI TS, —BHE
BEIX, future 2fi#T79 Some(message) , BEB IR, HEEXHNR, FEE
58 EHAHBELX, future #BARIT/T None RRBAISBEELSHIMET , HITERMNZFLL

1, MR FELEEFS

while let fEIfE LR ZEESE—E, R rx.recv().await PFRBLERE Some(message) ,
RN RBEESHIUERIMAPERE, MEER if let —, NRLERE None, NTEIF
=21k, SXBEFRITRE, ERBAMA await point, HLIETTNSBRAEEEEIBS—%HE

BEX,

MEAREE UK R EFIZWFIBINER T . AZNE, XEFE—%0#, g%, HEHAR
EERRFEVERIEN. eflEEFEmERTY (2000 2%) Fiizl—ERhx, HR, 2
FRIEt AR ! HRESKEEFFFTHES. MEFEMEA ctrl-c RXFAE,

—1 async REBRFHNBELMERIT

EREBANMARLEHESERBIERZF—REA, MARESRIERZEEFRER, E—1
(ATERY async AUABIRE, BB await HIMWINE, WRtEREF BT ENRITRIRE,.
) 17-10 RRE—1 async B3R, FRAEEN—IELREEINFRIT. XERALKEH
Ko FE tx.send JHF, %R trpl::sleep WANHEMBND await R, BETAEHHRREE.
REEPWZE, while let BERABHZFIEHIT recy JHA LBIABL await o
ATRIRMNEERENTA, BMEESFESZEHMBIMARIRER, FIIFEEL tx F 1x
BURED BIHE BB async (UBBRE, SORHGI17-11 Fiime XHFIETTRIFARI UG RGI 17-8
ABEE, ER trpl::join BRIPITEN]. FMBRFRHIZ trpl::join PANER, MAZES
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AMFFED future, BREORFFHEN], FNMXEETIMFHITIRE, XERRITEE
B9

NERZ: src/main.rs

let tx_fut = async {
let vals = vec![
String::from("hi"),
String::from("from"),
String::from("the"),
String::from("future"),

for val in vals {
tx.send(val).unwrap();
trpl::sleep(Duration::from_millis(500)).await;

};

let rx_fut = async {
while let Some(value) = rx.recv().await {
println!("received '{value}'");

}
Y

trpl::join(tx_fut, rx_fut).await;

ERTRGI 17-11 PEHEHMAREGE, HEMSLL 500 EMMEIFRL, MARE 2 ZE—
RIEEEBFTENHK,

BEREIIEA async {XE3IR
BREFDAKTHAREY, XEHTF while let fEIF5 trpl::join MR B H A

* trpl::join R[EIRY future IRFTH—IR, BMEHER M future EBSERLAVETR,

 tx_fut future RERIER vals FRG—FEERE, BEMRE—XKEZEER.

« rx_fut future MIEFE| while let BRI A LR,

« OB HERF rx.recv LR None BY, while let fFIFA RLER,

- DBEEFES—mXAG, FRF rx.recv ARR[E] None,

« IBEEFHNTAR rx.close, HELXIXI tx 4% drop BY, EEA =X,

« BAVRAZEIRA 1x.close, M tx MEFRELS trpl: block_on FIRIMNE async LEDIR
LREA =M drop.

« BIPMRINE async RIBIRNMAF trpl::join SERABELR, FERNMNXEIE TN
HlIFRAEE R,

Bal, RXESMAB async UEBRRAZEAT tx, BARKEEHAZTERSENEN.
BINREATEEE tx move HAF async NIBRE, BA—BZIBIREER, tx AR dropo
EE+ =" | BEF AR, (RFESNFEIEFAE LFER move XEF; MIEMNET
NEE move AEESZE—FIFER —THIRIINANE, ELETS TRITUEESTEIBHIE
move #iF 8, HENERFREWIERT async L3R, FLt move XEFREFFAILAF async
RIBR—EEFERA,

R 17-12 5, BANEREHESARNAEIRM async B89 async move,
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NHR: src/main.rs

let (tx, mut rx) = trpl::channel();

let tx_fut = async move {
// --snip--

BITXMREIABE, ERIERE—FHEREHEWTZFERRL. ETX, K
BE, IREMZ future RIZEIE, NFEEMPLLTL,

£/ join! EEHZ1 future

XNMESEERFUERZESEREE, ALUNRBNFEMZA future KIXER, TR
tx AR clone, /R 17-13 Fiiko

X1 src/main.rs

let (tx, mut rx) = trpl::channel();

let tx1 = tx.clone();
let tx1_fut = async move {
let vals = vec![
String::from("hi"),
String::from("from"),
String::from("the"),
String::from("future"),

for val in vals {
tx1l.send(val).unwrap();
trpl::sleep(Duration::from_millis(500)).await;

let rx_fut = async {
while let Some(value) = rx.recv().await {
println!("received '{value}'");

}

let tx_fut = async move {
let vals = vec![
String::from("moxre"),
String::from("messages"),
String::from("for"),
String::from("you"),

for val in vals {
tx.send(val).unwrap();
trpl::sleep(Duration::from_millis(1500)).await;
b o

trpl::join! (tx1_fut, tx_fut, rx_fut);
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B, HIRE tx, EFE— async IBIRIMIRE tx1, REGHZFIRE tx #BE, 8 tx
move HXMUIZIRE, e, FIVHBIBEEB tx move H—HEY async (XIE3R, EARE
DI — R TRMELAEELEE . XERIEX N async EBRKERYCE S/ async
ISR EE, AEREMEEREERTLL, XBET future HEFEFNIRE, MAREIMREIE
BIIRFE

MM AR AIEHEER async RBBREPLIAE AL async move, XIFHABDIREERET, tx A tx1
=M drop. BN, B ZEIZ—FEINEREFRIE,

&=fa, FAIM trpl::join )y trpl::join! FAMBHIZHY future, join! ZERJLATE future
HECHMTFHEIFHNBERT, FFEEHEM future, ZEHERITERITIE, IMAHFF—
WEF LR future £&,

BERATHEEBRIR AN &% future BFTEEET. BTXAANEE future FE&EEHEA
TRMREMIER, HEUER L S A ) B R ARR R -

received 'hi'’
received 'more’
received 'from'
received 'the'
received 'messages'’
received 'future'
received 'for'
received 'you'

BINELRR T NMEAERBEEE future ZIBIREHIE. —1 async IR APRIAIEINAZ
IRFF01T WNEEFRERY move 3 async UBBIR, LINRMAEH S future, TR, 3]
FIE—T, AtAURIEEIFEITR: BIER UTHIRERITINES T,
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BiIERINE R4S BT
ch17-03-more-futures.md

EZ—THNE'BE—NBRFTER—THPRIVAS: 81 await |, WRFFEFH future
WREELF, Rust MRA/BITR—MISREEHFESHINIRBIEMES, RIRBALIL:
Rust R 7F await HEE async VISR, FHETFHINRIELIEITH,. await RZBHFIER
AE RS ITHY

XERE, MRIRE— async REBRPT KETLIE, FEEEMA await |, FBAXD
future MRPELEEAM future BXISHE. BEMTXITEIAIBEXFR— future 1LEfh future
starve (). ERLEGRET, XMWEFRRHAKRM, BMNRGEMBRIGEL. KEE
BITHIIE, HEME—NSTRRITEIESH future, ABBINEZRIZEMES., A0
BEHIRASERLAIE1TEY

LERITESER— DN KN EETHRIERBRXM IR R, BEEZNMERR, =5
17-14 5INT — slow K%K,

X% src/main.rs

fn slow(name: &str, ms: u6b4) {
thread: :sleep(Duration::from_millis(ms));
println!("'{name}' ran for {ms}ms");

}

XEGII(EHBIE std: :thread: :sleep, MAE trpl::sleep, EILIAA slow &1t HEI&iE
FAEETFZ=, FHITTLUE slow FEIISC TR PARLEEEFER X SPEEMIZENE S,

£ 17-15 B, FRAIF slow RIZIMTE—FT future BHITXSE CPU BER T 1F,
X1 src/main.rs

let a = async {
println!("'a' started.");
slow("a", 30);
slow("a", 10);
slow("a", 20);
trpl::sleep(Duration::from_millis(50)).await;
println!("'a' finished.");

let b = async {
println!("'b' started.");
slow("b", 75);
slow("b", 10);
slow("b", 15);
slow("b", 350);
trpl::sleep(Duration::from_millis(50)).await;
println!("'b"' finished.");
b

trpl::select(a, b).await;

81 future BRTETH—RBEIBIREZE, FREFINELIETTH. WRIRETXERN
B, MeBEW T a:
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Rust #2F1&1t

U LV ©

lal
lbl
lbl
lbl
lbl
lbl
lal

BS BEFRHR

started.

ran for
ran for
ran for

30ms
1@ms
20ms

started.

ran for
ran for
ran for
ran for

75ms
10ms
15ms
350ms

finished.

FRf 17-5 R F trpl::select 1L URL SRERESZHBT—H#E, select {HARTE a SERAT
TR, Aid, XA future B slow FRAZETEEEERENIT. a future 2—HKIEH
O TR, BRIERF trpl: sleep JHM; ##E b future X—RMHEB2HNIE, HEIE
BHOH trpl::sleep #WHERF; &G a future A 5E. EREILFE future IEXLEEIEFESZ 28]
#HEVSHE, HITMEE—L await R, FIEEHIRRELIETE,. RLER, EITEEEM
AT LL#E await BYZ&RFG!

KR b, FINELZ8EETA 17-15 FEEXMRIF BIAILER: MREE a future RER
trpl::sleep, FBAECZEZTTH, M b future IRERZIZIT, LEFAITM trpl::sleep N\
F, AEILXERFEBIERINGER, WRfl 17-16 Firo

NHR: src/main.rs

let

let

let

Y,

one_ms = Duration::from_millis(1);

a = async {

println!("'a' started.");
slow("a", 30);
trpl::sleep(one_ms).await;
slow("a", 10);
trpl::sleep(one_ms).await;
slow("a", 20);
trpl::sleep(one_ms).await;
println!("'a"' finished.");

b = async {

println!("'b' started.");
slow("b", 75);
trpl::sleep(one_ms).await;
slow("b", 10);
trpl::sleep(one_ms).await;
slow("b", 15);
trpl::sleep(one_ms).await;
slow("b", 350);
trpl::sleep(one_ms).await;
println!("'b"' finished.");

BAESRER slow Z[EERHENT trpl::sleep JHAM await Ko IE, 1 future BITIE

N

LA

395/548

T



Rust i2FIgITES ERFXhR

started.
ran for 30ms
started.
ran for 75ms
ran for 10ms
ran for 10ms
ran for 20ms
ran for 15ms
finished.

Q O OO T O T T L QO

a future MASEFE —RIBIEFHINER L4 b Z2EILIETT—, RAEREF—XIER
trpl::sleep ZHIFHITT slow; BEPZE, BHEA— future & await =, EIIR
SRETR. EXMIFH, HIIBREBR slow ZEXAMBY, AR BRI ERXS
REBENAFRIFED T

EHERNELHABENEEXERIEE (sleep) ; HiTREREREFR IR MAH, HIVEIE
FENRBIBITHINR IR L1 TEY, AT EE ST trpl:yield_now RMEIX—mR, 7ERHFI
17-17 B2, BRATEFTEH trpl::sleep £EREEHAEY trpl: :yield_now,

Y& src/main.rs

let a = async {

println!("'a' started.");
slow("a", 30);
trpl::yield_now().await;
slow("a", 10);
trpl::yield_now().await;
slow("a", 20);
trpl::yield_now().await;
println!("'a' finished.");

let b = async {

println!("'b' started.");
slow("b", 75);
trpl::yield_now().await;
slow("b", 10);
trpl::yield_now().await;
slow("b", 15);
trpl::yield_now().await;
slow("b", 350);
trpl::yield_now().await;
println!("'b"' finished.");

XERBAMXEBRMFETHELEE, MEBEHNRLLER sleep R1GZ, RNK sleep fiE
FARVARERITEYEE, FRMSRIS/IUERS LENFAIXEERR sleep, BMERENNZE
1 44%bHY Duration, BMEDZEER 1 2. BiR—RK, IAHENRIEERN: 1 2WEE
ZRETTRRETET!

XA BMEEmMITERERAS, async KATREREAN, EAEATRHNEFEEMM
4, AACRHET —MELANFER, ARALEFFEBIZENXR (HARMNZ async
KENEZHE—TEHEH) . XE—H tMERXZ1ES (cooperative multitasking) : &1
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future AT LUET await 2RRE MBI HITHEIN, FLLEA future WERH B S < AS (8] R
ENFE, EFELERT Rust WRRARIRER S, XEEEH—HNZEEER!

828, HEEABE, MEBEAIES—TZEHMZEHmARKLIFRAM await Ko GXFER
RHIEFINBAENEER, BHIERERN. ERZERT, HEE—MtERERES)
B, RMAIEEEHEIETHIITERE, PRGN AT BELRE, X MREREHEE—T
RMELF. RERAEE: —EERNVERBARBEENEERT. A2, NRMRIREZ
TS HAMITHIIE, SERREARERITRE, BARBILEXERKENH

HEENE SRS MR

BATERI LB Z A future HEE—EE, IELHIMAER. thil, T2IUAFLERN
async ¥fFRE—1 timeout K ¥, FFIMHTT, EXRIMEH NS — eI UBEZRIGESE
% async IR AVERIIEIR,

T~ 17-18 BT EHNFBEXA timeout FEEM—PEEIE future B IZUNMA TE,
NAER: src/main.rs

let slow = async { ?0
trpl::sleep(Duration: :from_secs(5)).await;

"Finally finished"
b

match timeout(slow, Duration::from_secs(2)).await {
Ok (message) => println!("Succeeded with '{message}'"),
Err(duration) => {
println!("Failed after {} seconds", duration.as_secs())
}
}

ENREIME, BETBE timeout BY API ©

s ERSFER— async K, XEBRNTAEZFHE,

« ENE—NEHNIZER—NERITH future, FATAILUBEIRITECZE, MMXFER
future,

- ENEZNSHNIZERAERTE, WK duration, FEERSEMERES
trpl::sleep,

* EMIZIR[E]— Result, YNRIE N future BRIN5ERL, LERMNHE 0k, NI _Li% future
FEENE,; MRERERI, SERMNHZE Err, ASH LEFHNNK,

A 17-19 B R T XA EH,
XA src/main.rs

async fn timeout<F: Future>( ?
future_to_try: F,

max_time: Duration,
) -> Result<F::Output, Duration> {
// Here is where our implementation will go!

}
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XEFXBEEWVERMHAER T, B TREBERNFENITH: HITHEILEND future F1iX
M KFTESE", FLUA trpl::sleep RIFX MG IE—11BY 28 future, B trpl::select
bt 2RF A A& E AN future —iE2iE1T,

ERB 17-20 1, FNDELICE trpl::select FUZEFLERFLIN timeout,
X% src/main.rs

use trpl::Either;
// --snip--

async fn timeout<F: Future>(
future_to_try: F,
max_time: Duration,
) -> Result<F::Qutput, Duration> {
match trpl::select(future_to_try, trpl::sleep(max_time)).await {
Either::Left(output) => Ok(output),
Either::Right(_) => Err(max_time),

}

trpl::select SEIHARATN: EERRSMENNINFHTHIE (Hih—L select L
MEFEVIRRFTIEH NS . AL, I future_to_try fERE—PNBEUEL, select,
$FiL ERMETE max_time RIGEVRR T, WIMABNEITTM. AR future_to_try Sc5EmK,
select &iR[O] Left, HAAEE future_to_try BV ; R timer 52K, select Fie=iR[E]
Right, HAESITRENGEE O

R future_to_try FYIH5ERk, FHEIK(TSEET Left(output), ABAFLIRE] Ok(output), UM
Rk ZERITETESLER, FHAVFE Right((), FBFLA - ZBERXA (), FiR[E

Err(max_time),

XiF—K, BAITMARINED async NTEBHH T —MEI TR timeout, WMRFITHE, E
SEBNEITEHAKER:

Failed after 2 seconds

E79 future ATLAFNEAM future 4AS, {RFBEFIAE/)\RY async MR LIFERANT R,
b, FTe2rlLABREIFRYA AR timeout M retry ASEER, BH—FTEENTRAENKZIEKR—
KAVIRIEL (FIE0/RBI 17-5 BRIEBLE),

ESRER, MBESTEEEMER async M await, HRXAZHK select XEFMREL, LUIKE
join! XIFRIR, FITHIRIMNER future MIZUNAHIT,

FXE, RINELEIHF/NFHERGIESZ A future AR T . TR, RITEESENAMEE
stream, 1&BRAY(E]INREMIE—ER future,
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Stream : FINE HIMEY Future

ch17-04-streams.md

EliZ—TFAEFEAEDEEFBEERMES ZEEXBIE—TD, RINRUNAFERARSE
EBRERIRN . FPhRE recv HiEMENEHEFE—RTIZE, XER—MEZERER

BISE, BEA R (stream). REZEISEREBRHIZEE R stream : ATIFZELT TR

AN, HREHEERAKRMIEE—RENAENMXERFAT IR, HEREE
B E)Z T MR EA VSR, BT stream ZxBA] future ZEIMEX, FHNTTLUBEMEMAE
BUHY future —iCfEA, HUBBHANHTES, tbin, FATTLUBSEEDHMIE, LUER

iR ZWMELIER,; AT A—SRKEEEITARIEIRE BT, a3t Ul EE#TTR, B

RMTIBHI TIE,

HAEE+=F"Tterator trait I next FE —HHELKN S ZRINFE=E—RFIMX[EE, E
EABNER T EERKEZEER MM, F— 1 MX5IE0E: EAR[BBRTH, MmEEREK
HESEH, EZNXIIE APL, EIZRIE Iterator Y, HINSEERBISE next 3%, Tixt
F trpl::Receiver XNEAERY stream Fiit, HITABNERRLW recv HiE, FRILZIN, X
LE API 25 ABYRRDEAEEABIN, MXMHBIMFHIEISS. stream FLGIERN—MELER. 7,
trpl::Receiver B JHAFEHEFHEWCHE, MEIBEAR stream API NIFE:Z218% . B Iterator
— R T 1B, RAIRURT HTURM.

Rust FIE{CESH0 stream FUXFEIAMERIRE, F1EFR LT UM EREALSR[CNE—
streamo. FEREMREE—F, BAITBAITLUETIER stream BY next 7575, BEFHELH, X
RIBE, WRf17-21 Fimo AEXERIBERIERIFRT,

X% src/main.rs

let values = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]; ?0
let iter = values.iter().map(|n| n * 2);

let mut stream = trpl::stream_from_iter(iter);

while let Some(value) = stream.next().await {
println! ("The value was: {value}");

}

BIIM— 1N EFEB IR, 1BEEEANIERES, AGAR nap BEPFAEELENZ. EEHEE
FB trpl::stream_from_iter pRIZR, IMXMEMRIBIIEEL— stream, &5, FHIH
while let fIf, 7£ stream HBVEFEEELARHZE N MIEESTo

BIRNE, HRNEABITXEMREN, FRSESFAET, MBRTHEETHLN next 75
A

exrror[E@599]: no method named "next® found for struct “tokio_stream::iter::Itexr’
in the current scope
--> src/main.rs:10:40
|

10 | while let Some(value) = stream.next().await {
| ANAAN

|

= help: items from traits can only be used if the trait is in scope
help: the following traits which provide ‘next’ are implemented but not in scope;
perhaps you want to import one of them
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|
1 + use crate::trpl::StreamExt;
|
1 + use futures_util::stream::stream::StreamExt;
|
1 + use std::iter::Iterator;
|

1 + use std::str::pattern::Searcher;

help: there is a method “try_next® with a similar name

10 | while let Some(value) = stream.try_next().await {

| NPV INP VPN

FINXER A HARRRAOAREE, RIFHEIRNERZE: RINEEEEMRM trait BORERE, F8E
FA next ik, RIBRIEBNIITIE, (RREUIRESSEMIFNX A trait NiZE Stream, {B3ZFF L
T StreamExt, XEH Ext Z extension W4EE ; 7 Rust tXE, A— trait ZY BS—
A trait, BIEFEEWHER,

Stream trait EXHIE—NEEEO, ©EFFLIE Iterator ] Future trait B IEESET —
#C, StreamExt M7E Stream 7 FIRMT —HAFESZEHI AP, HAEHE next &, UKREM—
LEH] Iterator trait IRIHM TR A EBEUARNGBI S, Stream F] StreamExt BHEIEBIERE
Rust FEER—EF5, RFEEBSRFARHIAKZE crate FRFEREMBIE X

BEXNMRREBIENA, FAEERRME 17-22 384, HNM—5% use trpl::StreamExt &),
X1HF: src/main.rs

use trpl::StreamExt;

fn main() {
trpl::block_on(async {
let values = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10];
// --snip--

EXEFoHtERZE, XRAEMSEBERNNEEZNAATIE! EEENE, BAKINERE
StreamExt SINfEFRIE, FABREBRERISNBEIIE, FRERENEEIRL %
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RNIBRE async HHXH trait

ch17-05-traits-for-async.md

REAE, FIIUZHAXFERT Future, Stream 1 StreamExt traite FIEIBFIALE, K
MN—BEZIEEENRNCINAZENAIEN. XSWARIESH, 3 HE Rust HFEXKIR,
XBETEENH, FEERRBE—Es, EREMREENIMEREXL trait WEZH
T3, AR Pin ZEBUFN Unpin traite EX—TE, HIVSEERN, EHBEHBBIRNITXLEER,
BIBEER NN E B L8 H M,

Future trait

I BAEEFAMEF Future trait SIRILIFR, Rust FEREXIT:

use std::pin::Pin;
use std::task::{Context, Poll};

pub trait Future {
type Output;

fn poll(self: Pin<&mut Self>, cx: &mut Context<'_>) -> Poll<Self::Output>;
}

XA trait EXEBEETAVHER, B —LHZnREIEEE, FrAFIEER2 K
o

B4, Future AYKEASERY output $5RAT XA future REASENTET 4B, X Iterator
trait BRYKEXEE Ttem BT, HIR, Future IRMET— poll FiE, BIFW—MFHEY
Pin B1ZRRY self 5|, —MEM Context FERATIL S|, HiR[O] Poll<Self: :Output>, FH
EET=E#H Pin # Context, MTE, FTBEEXANSERREE Poll :

pub enum Poll<T> {
Ready(T),
Pending,

}

XA Poll EBRIFRE option, EWE—NHEMZK Ready(T) , UN— 1M RHENZE
Pending, 1B Poll BYiE X Option 522 AR[E, Pending TRXA future AE LIE%EMTE,
AR AHEEEREERRINE, Ready MFRFXD Future BERH, HERE T EESEA
Ao

AR BEER poll IZRREL, BUNRFENTEXAM, FiEE: WFRZH
future Kiit, —BEBELIRENT Ready, ARAMARBEXEIEA poll, B
future 7£ ready Z fGBREILIARTS panico FBLERTULZEEE RN future, ST
XIS EERMIRBE, XA Iterator::next BT RBELEARM,

HIREEIGEA await FIAESREY, Rust ERESBERFMIERA poll BRI, MRIREILER
5117-4, BREESET URL BUIREREIT SRS B EFTENH RBIAR M F, Rust FmiFhiskEIH
BASETEXEF (BAHTITE—):
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match page_title(url).poll() {
Ready (page_title) => match page_title {
Some(title) => println!("The title for {url} was {title}"),
None => println!("{url} had no title"),

}
Pending => {

/1 XBEELN?
}

9NR future 3%AZ Pending, AFANTZEAN? HRNFE—MAERMER, HE future &
HLERW, WAER, BIIEBE—IMER!

let mut page_title_fut = page_title(url);
loop {
match page_title_fut.poll() {
Ready(value) => match page_title {
Some(title) => println!("The title for {url} was {title}"),
None => println!("{url} had no title"),

}
Pending => {

// continue
}

B4R Rust BEIZXERAIDEHMRE, BAT await MEZTAEEIR, XIGEFTA]
BERMRMER! Rust KR ESRIE: XMEIFEEBIEIEFINRALENARAE, HEEHEHA
future BYTE, RLEFIR future, ARTHEBREREFRLELFIXT. ENHRMNELNSI
B, XNMENREMEFTEITH, MBAEMDIAXLETE, ERIETRAZOIRTZ—

FEE B EREERNMES 2 EIAEHIE —T Y, HIPERTEFERF rx.recv TR, recv
B=RE— future, MHFFXA future KR EREBER T Fi1ZE1RE, BITHNSE
EXA future, HEEERY, RELBLSE Some(message) , BATESEXFTIFE None,
ITE, BB Future trait, JLEHRE Future::poll MERNIEME, HITMERBBENIIEAR
T HiR[E] Poll::Pending BY, JEITATAIEIX Y future AR TF;, RiIK, & poll iR[E]

Poll: :Ready(Some(message)) BY Poll::Ready(None) B, im={TEIFLENIE X future BRER
W, RILASHEHTE,

EFETHNAGRREAMEIX—R, BEEBHTABIERE. FIXREERE future WE
NG BIRNESERIECHRHRNED future, MY future IS ERFIFN, FMiLEEHK
BRo

Pin SRV 5 unpin trait

EIEIRE 17-13, FAVERE trpl::join! ERFF=1 future, Fid, ERRHNBEREHRS
E—1NES, tbin—rAgE, HPhasETFA future, XL future BN EEIZITIRA ]
Eo EEABERG) 17-13 2R AI 17-23 RS : X =4 future BE— I REE, B
F trpl::join_all, Ri¥, XEXRIEENERZERTL,

Y& src/main.rs
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let tx_fut = async move { ?&
// --snip--

Y,

let futures: Vec<Box<dyn Future<Output = ()>>> =
vec! [Box::new(tx1l_fut), Box::new(rx_fut), Box::new(tx_fut)];

trpl::join_all(futures).await;

BEIHBEA future FHOE T — Box A, IFBEANIZERK trait object, FEENTTEE+"F"M
run IREIFIR AR —THEVARIE. (FKIT=TESH/\ZEIFMITIL trait object,) {ER trait object
G, BNTFRAEIEXLERBERIERMWESR future HRFE—FREREF, ERNENLEBSLH
Y Future trait,

XWFRIEARS. ERE, X async IBRENSHEREERE, FILENE— =42
Future<Output = ()>, {BRIS T : Future 1 trait, MEIF_=HAEN async BB RE R —
ME—FEXZH enum, EMEENRVELEEESTTLERE. MEIRFEBRNRENFE struct
HE— Vec, (REAFEREEXLERIFRZERBARRE enum BE—#,

SRS, BB future {545 trpl::join_all, BERFER, AT, XERABMNATERR.
THEREPRXEN D!

erroxr[E@277]: “dyn Future<Output = ()>" cannot be unpinned
--> src/main.rs:48:33
|
48 | trpl::join_all(futures).await;
| ANAAN the trait “Unpin® is not implemented
for ‘dyn Future<Qutput = ()>°
|
= note: consider using the “pin!’ macro
consider using "Box::pin’ if you need to access the pinned value
outside of the current scope
= note: required for "Box<dyn Future<Output = ()>>" to implement “Future’
note: required by a bound in "futures_util::future::join_all::JoinAll"
--> file:///home/.cargo/registry/src/index.crates.io-1949cf8c6b5b557f/futures-
util-@.3.30/src/future/join_all.xrs:29:8
|
27 | pub struct JoinAll<F>
T required by a bound in this struct
28 | where
29 | F: Future,
| ANAANA tequired by this bound in “JoinAll®

XERFRIRIEE R note FIFFEAT, ROZER pin! K pin XLLEE, WEBENIHKE Pin
KRG, UFRIEXEEBFRERNEFREE), REZAMUREE pin, ©HEN
dyn Future<Output = ()> FEESIY Unpin trait, MEXHFIFEE LW,

trpl::join_all R[EIFZ—NE A JoinAll YLLK, XPNEMRERESI F L2728,
M F XAELARAINEEI Future trait, BiZiBIT await EFF— future BF, Rust 2T ih
BE pin . XWERBATABNFEFAREEESMEER future I AEERTE pint,

BXE, HNHFABREETEFFE future, Mk, I BETIB—A future £4
join_all, MW T —NEAY future : JoinAll, T join_all BUBSE EREAHMTELT
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ERAINISI Future traite B—AME, Box<T> ABEEEEEMN T A5 2 future BT
Unpin trait B, 2523 Future,

X—TERERK! ATHEERE, BRINEEERN—R, HF Future trait LHZ
pinning X—ER NKEIFHEIEN, BE—IE Future trait HEX:

use std::pin::Pin;
use std::task::{Context, Poll};

pub trait Future {
type Output;

// Required method
fn poll(self: Pin<&mut Self>, cx: &mut Context<'_>) -> Poll<Self::Output>;

}

XEH ox BEUNER Context KR, BIFITHTERE lazy R, HIEANEZEN AR

EFOEREA future FIXH, MAiE—#&, XEHERAIHELTASEE, MEABEER

BEIRB SR Future BAFTEX T, BATXERERZE self pURE, FHAXERANIE—R

REI—NTGEER self HHLEER, Xt self H#HITHEER, NOHMRHBSHEREE

L, BEWINXEXS:

* ©E5F Rust : BIRAXNGE, self AR,

« ENEEMEERAERRE, EUMEHAFKILEARS. ZLBRS| FAeE e, ;&
B—IMERTIZEES|IARY Pin,

BNEE T/ \EERANESMEXIEE R, RBME: ORI @EIRIE future Kt

EEEIKRZ Pending JEZ Ready(Output) , BATMBE— Pin BRM. EMIZEENAT LS|

Fo

Pin B—MPE A4S RLBINEEESR, Lhil &, &mut, Box I Rco (A&, Pin fEFFSE
LY Deref B DerefMut RYZREY, BSLFRREAFET 5|IAMEREIET".) Pin ZEHFZE
8, WAMR Re B Arc BIFBEHSIAITHRZENITH; CABRR— D ILRIFREBWNISTHE
RAXEMARN TR,

BUZ—F: await RIETIHA poll I, BBX—LUE, HENHKREERESTLE
BARRIERT, R MREHIZE Unpin, K2 Pin, HBA, Pin #l Unpin REZHAXR?
A4 Future RER self UFHFE Pin BABEEA poll IB?

iBfE, BiELXZsiERET, — future EMZ 1 await RSWRIFR— SRSV, MFEF
BEHHEXMREHVIEST Rust XFLEMHNEIEMAN, SIFERMEAEN. AT MEIX
—m, Rust 91 EEA await RF1TF—1 await =28, HEEE async KIERERZ
g, MEHIBEREEREN, AR, EERFHRORSNEBERTNNTE, SPTEE
KRR EHM LRI A BRI R EIRIARIANIR, XMiGRaIgERIREAEIN, eIt REA
R N R )2 S

FXBAHIE, —IEIRF: MRMEED async KIBREBIBFABENHSIBXAREE T, ERAK
ERZEFM. BEERNTBEBEX MUERII VA future BY, LEIMBERE vec AR
join_all, HEIEMAWLTERT.

HIEATBEI— future B, TIEBIBCHOHEBIESEN, UEET join_all X5 TUA AL
12, ERMEHEBEREYE, ARLEHEESE Rust AFEMTERBF MRS 5 Rust K%
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HEMEBRERIZ, Rust A async FUIRRERMB future, FIRERTER MRSTAHRNFERE
REFERAEESEMTFERENSIA, MEE 17-4 EREHREERE.

fut
0
1

SN~

BEOAMERT, EAESE5IBINER, —EBTIMEAREN, HA5IAKRKEEIR3]
RANRHESS AL (WE 17-5), MRBAEHTXMRELENES, BAXLERNESIA
MAREEIRUE, AMBTIAFMUREEZRNT . —FHH, RZENBIREHREENR
FoBRREBLRSIAL; 5—7E, EFENE, HEHULNELZALUERBRAGFEEM
FBAET . REIRMRAEIIREITEIXAIERRE,

fut2

Eig b, Rust wmiFSEAURHENREBEENRAESIA, EXFRAETERAEEEE
FiH, LHEFEEMNE—EKS | ANBHEHE, MRBNRIFK, BERXMEURSITRA
FERFREZE, PR FFTEERTMSIA. XIER Rust GERNEREMNSE. X2
HRIBE, ERMILRBEEANAFE S| BE,

Pin ERAEXMEAM L, H—FRETRNFBAEHRIL SN ERAXENEHE
# Pin B, WMEXNXMEHIT pin 2f5, EMFEBREN T, AL, WRIFENZ
Pin<Box<SomeType>>, ARAEIEMK pin {EHJZ SomeType XME, MAE Box HH A,
17-6 BR 7T XTI,
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Pin b1 fut

E -(;@

KPR L, Box FEHAFMATUBEEE, BicE: BIMNEEXOHNERAEWS|HRIESIELM
BEEARED, WREHBDT, BEiERNEBIRNAZRERM, mEE 17-7 8%, Bamf=
FEERE, (RATBUBXHE— MRS REFERER LKL std: :pin RIREIAS, HE
RBRINRE Pin 85 Box, FIRINMAMEIR—=.) XBET: BITBE3IAREEES T EE
%rh, EAEHARE pin £89

b1

Pin

(A

A, RSHEBEMERISHRIE Pin 55 HE, BREAIURE2%E, RELEMEREBERN
BE5IAN, HNAFEXD pin. LLINBMFMA/REXLEARLEBALERNESIA, AL
HARRKREN, {FFHITE Rust EREBERAZ I MBI XIF, LEal—1 vec BA]ABHHE
s ABED. ZREIBEmMALZRIIERNAR, WRIFE—1 Pin<Vec<String>>, HPIEIL L
REFES Pin IRUMNIBERSEZRAY API KIRIEFE, WHE Vec<String> fEBHMS|IBE
ERHEAEEA AR BN, Eit, FNFE—MIFIRSFREIRSE . GXWER, BHE

eREl, XIERZ Unpin AR,

Unpin @—MMRIC trait (marker trait) , FUEEHNESEHSENZH Send F Sync —#%, ©
KEEBEEMEIIEE. marker trait NFEE, REAT HFHRmIFSS: LM T % trait BIEE, &£
BT L TXEAUHRE(ER, Unpin HiFgmiFeS, EMNEEFAFELIPXMERT AU
BBy A EERIMRIE,

FLfR Send Ml sync —#F, RBRIF[EEIEARENXEXHMELZ LM, EMSEHNAIEIN
Unpin, EFMEFE—MIFHER: ENEERILM Unpin, XFHEERZ impl lUnpin for
SomeType, HF SomeType R-HIZE: AT EK Pin 155H5| AMRER S, ZEEHMIR
IEB SR 2.

WaiEW, XF Pin Ml Unpin XK, BRHBEEEIRE. F—, Unpin 72" EBER",
lUnpin A BHFHIER. £, — M REFRLMAIZ Unpin EZE 'Unpin, RBEEMRERR
Pin<&mut SomeType> XIFIEMRIZEEM pin FRVFEHE, 7HEBE X,
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NTEEME—=, B8 string, ERBERENZKEURAMER Unicode FF, FflTe
AJLB— string €13 Pin, Y1E 17-8 Fimo A, String ZERISEI Unpin, Rust AL
REHEMER—1F,

LR, BATATLUMH—LEINR string SKILAYRZ Unpin MRIEENEIS, LLAIGRE 17-9 AR
%, EE—RAFUE LHIE— N FREEEBRNS — MR fTENFFH, XHEEER
Pin WLYRE, EA string AR EBMSILEABHNERFAREMNB5IA. WIERMNIL,
ERIBIZE Unpin, MAZ !Unpin,

E\ String
sl

A s2
L e £ Ea o1

xR, HINELMERFER S, JLIRMEFIERG 17-23 4 join_all HREAHTARIR
ET o BARVNAEE async REBRAERAY future #Bhis

Vec<Box<dyn Future<Output = ()>>> H3, {BIEWIFANININBZEI, FBLE future AIEEFHBNER
518, AEFR=EI3EM unpin, —BIBE(] pin F, FHfIELE LUBOHIBREIR Pin 38
BURH Ve, FEALLETIXEE future IKEMEBIBMASBEES). =l 17-24 BRTIBEXE

RBHAZE: EEXEA future I SER pin! 7=, HAHERIAZE trait object BYAEE!,

X% src/main.rs

use std::pin::{Pin, pin};
// --snip--
let tx1_fut = pin!(async move {

// --snip--

let rx_fut = pin!(async {
// --snip--

let tx_fut = pin!(async move {
// --snip--
3

let futures: Vec<Pin<&mut dyn Future<Output = ()>>> =
vec! [tx1_fut, rx_fut, tx_futl;

XERBMEEEIUEENIZTT, MERITERETEITRTIA M EE EIE MR
future, BHEE1LER join T—i,
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Stream trait

WMEIRBELEXS Future, Pin F Unpin BT ERANBIERR, FATILULEESI5%A Stream trait
To IEMMREAREFIEFEIN, stream REFFEREE. FIHM Iterator LUKz Future R[F]
NE, BIEBEER, nEEFEEREHE Stream BIENX; 1B futures crate et 7 —MNEE

EBRFGPW TZEBERE Yo

7£% Stream Y{A[4E Iterator F Future RUKHELE SRR ZFI, FHNFTLRIF—TFXMA trait BY
EMo M Iterator FHNNWEEIT"FHI" XM BB next J57%IR[O] Option<Self::Item>, M
Future F1EEI TERMEENELEME X MER: EM poll FiAR[E
Poll<Self::Output>, AT RN‘—EEXMENBEZFMMENT, FHMEUEXXEFE—
Stream trait, IBFERRHESFHHICK:

use std::pin::Pin;
use std::task::{Context, Poll};

trait Stream {
type Item;

fn poll_next(
self: Pin<&mut Self>,
cx: &mut Context<' >
) -> Poll<Option<Self::Item>>;
}

Stream trait EX T —NE 7 Item FYXEXEE!, FHFRRT stream FFERNFBEREE, X
Iterator R1&, AAEBAUEENINZANEEB,; M Future R[E, EEBREZRZE—
output,, BRAXPMHEIERZ unit 28 (),

Stream EEX T —PMREVXLEZF BN G E, B poll_next, XNEFHRMKREA: BEEEK
Future::poll FRFFIHITICIA, X{R Iterator::next FRHFER—ME—THIFE. EHIRMEEE
B8 Poll A Option HE THER, RIMNERE Poll, EANM future —1%, EFBLNEREI
#%; BEEARER option, MAMANRE—1F, EXSRT EHERSEEESZRE"

XN EXAFERIARIRE, RRRATESHN Rust iR, ELbZFl, EBERAZEIE
TR IEMEN—E7, EFT2rIURHE, MBEMETRANATBE BE ML,

R, EENIFI@E“Stream : IIRFHIA Future”][streams]— T I E|AIARLERIF B, I
1H BB poll_next Tf Stream, MM T next ] StreamExt, HFA, FHATTLUGERE
124F future BY poll AEHMHE, FEBCH Stream IKEN, EHIZFET poll_next KT, &
i, B await RAEFARIEZ, M StreamExt trait MALLIRMET next F5iA:

trait StreamExt: Stream {
async fn next(&mut self) -> Option<Self::Item>
where
Self: Unpin;

// othexr methods. ..
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AR BEAEZEFEEMRERIINENX, BEXSMXMERERTRE, BAEHE
BRI AR T trait PEA async RECH Rust ids, FFAE LR EE&IX
=

fn next(&mut self) -> Next<'_, Self> where Self: Unpin;

XER Next KEIZ—PLI T Future By struct, ©I@Id Next<'_, Self> I,

183 self WE|IAEMAREN MR LR, XiF await A REMRXNGE—ELIE.

StreamExt trait IS 2FFEARLE"AT stream AR HIFRTER, EASEIM T Stream Ay
B, ZR=Bnhik1F StreamExt BYSEI; FRITXFA trait ZFAIUDFHEN, BN T Lt XEETS
EAEMEEEM trait IR T, FENERILESENSE APL

£ trpl crate fEFAYX A StreamExt hRASE, XA trait AMNENX T next ik, IFLA next 1
HT—PEOALI, XPNLIMSIEFHIIE Stream: :poll_next FEZFHAT, XEBELKE, BMEMR
BREEBCE—MANEERE, WRFELIY Stream; AfE, ERMERIRXNEIERE
BN, #=BnhIR1F StreamExt JEF57E,

XFXLE trait WREAT, FITMAEIXE, 8&F, 1EFI1KE—E: future (B1F
stream). ESMEERIEINA—ENIE,
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Rust F2F1&1HE S B XXhk
ZEEiEEE: Future. FE25412

ch17-06-futures-tasks-threads.md

EMFENMNEETAEREERIE, SERET —MHIUMHLNAR. MELAEE, KIIXE
TS —fAR: FERET future F stream BY async, WNRIRABENERIZTE 1 ABH&EH—
T, BEE: XEATAKER MARRZERT, HENEEHAZEIEN async, M2
£RF2F async —#ZH

WERERG LT ER—ERUETARENARKRE, RS HEES hEFE]. B
XERBAIFLENN. EFZRERSET, SMEETESAEITNNAE, 4EZHBRE
EIRRIRERBMESFENNA TR, SERKEMZKERE, —ERARRFEE
RAERKBRERS, RILEMRILELRR.

async BT —ARFR, MBVIRLERSEAMINE, 7£ async {22 R, HRIRERE
ERBME—1MEIE. Bk, ENMNAUETERS L, FERIIE stream B—TEFEH
trpl::spawn_task MBI REP B TIEEBIE. TESMEBEEREG, ECABHIRERAE
12, MEHERENARE, tHMRE{TIRERE,

%72 API M{ESS API KISXABRHAZEA. iz —ARTRERINR,;, HRRETRLIR
Zial, ESNE —AFSTRFIAR; HRBEARAERESZE, BAEAEEESRHE,
EAESHRIBEERTLESZ A future ZEIYIHR, &5, future & Rust PERIBRIEZRIH &S
iI, M8 future XrTaeAR—RAEM future HRBIN, IZ1THY, EMMREER
executor, EEES; ESBEEE futuree MEXTMAER, ES5EREBRERN. RIBTT
REENZE, SATHTENRHETRHMARRERAERE, FUSIAR T —Lamiiae
Ho

EHAERE async ESFM—ERLLERREY, RIKE—F, FLEEMENAR, ERE
HEHESERLL asyne HRAEERNREEZERE, X—REAgEEMR, BAkRRR. LEER
& “SEARE" (“fire and forget”) : EfTSARENMN future AL, EILEREIR—RIE
TRIER, RIFRIRIERRRS T

MARRNESEEXERPMHELIE, AAES EVEREGTHNE) AJUELIEZEFR
El#%sh, FXLLE, HNMNX—E—BEFEANETHN, TRERINMERZEEN, 81F
spawn_blocking #l spawn_task £, FZIE{TBY KA —HU{E work stealing (T{EE3EX)
5%, REZNEESNFRER, DTS EEMELEZETE, LIRSRAREN
BB, MXMAEZEBMENEELIE. £, UMENEE future,
ERZMHAMERZEWF AT, TS IS XL EN)
s MBETAERIEEEEHITLN, LBRHEAMN CPU BRERFS, hine—AMEBEMES
—EB D ERRE R THANE, FPALKIEEE B EIFHNER,
c MRTHEZREEHAN, URMSHEKN /0 BERES, LHNERNAIERBRSIRENR
B BELRERAMERZAERENESR, BBA async BEEEIIFIIERE,
WMRIMENBEEEHIT, XEEHA, BUTERREEE M async"Z B Zi%—, RAIUBR
HEIEEA R, tE—MEEME S RIEKWIB—E 9. tbil, =6 17-25 BREE
—FhTEILSE Rust KIS EAEHERMAEASH .

AR src/main.rs
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use std::{thread, time::Duration};

fn main() {
let (tx, mut rx) = trpl::channel();

thread: :spawn(move || {
for i in 1..11 {
tx.send(1).unwrap();
thread: :sleep(Duration::from_secs(1));
}
1)

trpl::block_on(async {
while let Some(message) = rx.recv().await {
println!("{message}");
}
3
}

BIEQE—RIEE, ARBHI—1EIE, B move XBFIREELEHIIFAENENL
2R, ENEEER, F1&E 1 210 XERT, AESRAEZEER 1. &&, ]
BAEFE—EMBEE, £—1H async FAERIZIEHKRY future 3245 trpl::block_on X
W1To ERXA future B, HIFHFIREHES, mEREBLEESEERGIEMB—H,

EEAE—FREINGR: BR—T, MA—NEINAIERIIT—HBIMREES, BN
MR It B BER T 1F; (EUXEIRETAN, BB — I RIEERN UL, LR
EXRAENFFZFHFIR,

BE
EARRMEABERE—RILIHE, E_+—EFHNHE, SEXEHFSHE—MEXE
B NG FEALNGREFRTA, HEEEEMILREAZ"MESS / future” XFRFRfER )
B0

TIRRERLEER—75%, Rust AMEM T HRERE. REAAXNBEMENIR, A&
R BEIRE ST Web IrS528, ERIANIURIERY

BTRE, TPEIVIE: BEE Rust BFEABIE R, NIZIAATTE Rust REIRY A URERRE
FAERRRRG R, I, BITERHKHK Rust FIXERAZE, MIRAGREEEAENERN R
BB ZERTAXR.
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H R RmIZTFE

ch18-00-00p.md

ERNR4IE (Object-Oriented Programming, OOP) B—MXMi2FEH#HITEENAR. *
R (object) ENHZS, REHIMAE 20 42 60 EAM Simula KIZIBS . XEWNRE
M7 Alan Kay B4RTEZeM, EHREEME, WRSEEZBEEE. 1967 F, tEiET @A
MR YmIE (object-oriented programming) X—AiB, XF OOP HREH4A, FEFZHEILL
BEMNEN; HEP—LFEN, Rust EEEMNERH, MRB—LEEN, EXFB. EHER,
ENNEER—LBERANEE ERAMNRFHENGES, HEEXEFHEERS Rust SR
BAPRNEAEIN. ME, FITEFSERNMETE Rust FELI—MEEMNRIVGITHE, H
1138 524/ Rust B BHRLEMARILIER S RMELL, XEBHEEEMT 4o

412/548


https://github.com/rust-lang/book/blob/d46785983db2d2f94ca3d571db2cfbad0f5ad3e6/src/ch18-00-oop.md

Rust RFFIRIHES AR
E A3 8 IE S BIHFE

ch18-01-what-is-oo.md

XF—I TESHNAFMESHEA SEMANERNSR, BaiEREAXHPHEZEHEIR, Rust
ST EFZRHECANE M, SFERNREE (O0OP) ; fld0, &ESF 13 EH, HIHRITT
REBRBARIZORE, TR, ERMNRVESHE—LEHERFHE, BIXR. M4
Ao BTG IHeXLEFHER IR A, UM Rust @B ZFE(T,

FMRBSHIEMTH

FH Erich Gamma. Richard Helm. Ralph Johnson # John Vlissides (Addison-Wesley,
1994) REBITF Design Patterns: Elements of Reusable Object-Oriented Software, i&FR The
Gang of Four, B—ZAERANRIZITRANE R, EXFEXEBNREFZ:

Object-oriented programs are made up of objects. An object packages both
data and the procedures that operate on that data. The procedures are typically
called methods or operations.

EMNRNIZFHENRARN. —MHREIIE T HIEURIREXLEHENEIE, X
L IRE BRI N AR,

AEXPMEXT, Rust EEMMNRAY: SHMEFMKEEE SR impl RIZMH T EEMIATIMEE
2 EBTE. BATEFENERENREATEIMARSR, BRESE The Gang of Four F3}
FMEX, EieftT SXNRBREVINEE.

BEERRRET AT

S—MEBESHRANREEXRKNESE #HIE (encapsulation) . — MRV TI X ER
EZNRIRBEBAA . Flt, WRRENE—SNESEIHLE APL; ERANRIVAEREE
BEEMENRAEHAEEIERITN, XERFIEFREBERNEN—TWRINEPE,
MR REERIZ R,

BIEBEEITIC T NEERIFE: 1T LUER pub XEBFHRRE D PHYMPLARIR, 3£
B, RBNAZERLEN, MAAER TEMAERTHRENEN. FM, FITTUEX—
AveragedCollection (K, HpBE—NFH Vec<id2> NFE, REMWEFERUE—1FR
FEMERENTIE, NMEFESRFTERENITR, #a1EH, AveragedCollection &
NENEFEHENTIIE, =6 18-1 57T AveragedCollection L5H{RRYTE X :

NXHE&Z: src/lib.rs

pub struct AveragedCollection {
list: Vec<i32>,
average: 64,

}

T f5) 18-1: AveragedCollection LEM{ALEP T — PMEAEFIXRLKHEME THENTIIE,
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Rust i2FIKITHES ERHXHR

ZEEMEATIC ST pub, XEEMAEIMAILUERE, BEEEANFERINERIAE, XEX
MERTREE, RARNMTERERSHTIRPANIBFRER, FHELIEH. HITEIE
MEEN{A LAY add, remove F] average /5 ARMEX—=, WRHl 18-2 FriR:

XEE: src/lib.rs

impl AveragedCollection {
pub fn add(&mut self, value: i32) {
self.list.push(value);
self.update_average();

}

pub fn remove(&mut self) -> Option<i32> {
let result = self.list.pop();
match result {
Some(value) => {
self.update_average();
Some (value)

}

None => None,

}

pub fn average(&self) -> f64 {
self.average
}

fn update_average(&mut self) {
let total: i32 = self.list.iter().sum();
self.average = total as f64 / self.list.len() as f64;

}

{5l 18-2: 7£ AveragedCollection Z5F){A_ESCIN Y add, remove F[] average NE F &

RETTE add, remove F] average ZifjIAJFIEIN AveragedCollection SLAIFRERIERIIE—IRIZ,
SfERA add FEB—NTRMAE list ERER remove F5ARMIBRET, XTS5 ERISKILE
BS 2HRFABHRY update_average 75 AR EHT average FE,

list #] average ZFTAHRY, FRLUSAEMAIURMESINBHINIBERM 1ist EMNsERFRT
%, BN list BRI AJRER FEN average FERART, average J57%iR[0] average FERRI(E,
XEFIMNERRY RS R BEIREX average MAREIENE,

HAFNBLETIEE T AveragedCollection FYSLIIARTS, IAohEIBEMIZFAREBLINIEE EE,
540, BILU{ERR HashSet<i32> £ Vec<i32> {Ef list FEFHYSERY, RNE add. remove F]
average XLENFHENEZRRIFAZE, £ AveragedCollection MBI ERNE. NREK
1198 1ist IBRANE, BEREARNUN: Hashset<i32> F[ Vec<i32> FHEAREM A ELINETS
BRI, FRAEIEREEN list MUSMNEBCRBR AT sE R EAER 2L B,

NRHERINNBERAN RIESFIOENFE, A Rust i BEXNER, ERBRAFRBIE
7= pub BYEAREFESTIATI,
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FRRBERFESRBLFRLR

4k (Inheritance) B—HMHE]: — PR RAUMBE—IHRIEX PHETE, NMRFR
MNRBBIEMITH, TREREX.

NR—MES BIRER AT EERFERANR, A Rust MABXIFRIES. Rust REINEA
TEAEBRNBERT, EX—MEMEESERRERRIF RN AR,

A, WRIREZSIR T BYREANREZTRMEII—ERS, A4 Rust B RIE(REIEIER
HRARRATIRE, REHEMGER,

ERRFEEER N ETERE. E—RERRE: (RulAEMRBTISET A, RiEE
Bha AL E AEIS—FhER . 7F Rust B, ATLUE trait AIERIZRIASEIR, E—E
RELEHIX—R. RERG 10-14 FELRE: FKf1/9 Summary trait B summarize F57EE
HTEIAEM, X, {ERISEI Summary trait B9ZEREY, ESBEIAA summarize 3%, ML
FHIMRE RIS, XRERXELEBLLIMTENAZE, MBARECNFEBHZIREXMNEI. [E
P, 7ESCIN Summary trait B, FATHEILAESE summarize FYZRIASEIR, XNBMUFFHEE
BB MR LA RIS 7552,

S—MERGEANFERMLERAAE X ©HLULFREHIMERSLE RIS, X
HABE (polymorphism), ERRMRZ N WRHZHELEHRRFRHE, BBATEETTIIRAILIE
e 1R It ERER,

Z7% (Polymorphism)

MRZARKY, SEMESHEFN. BELRMFLR—TE XIS, B2 UL
BZMRBIIENAIE, MIHEMS, XLEXBBEBEEFE.

Rust ERZEIRMR AR AT AERIREY, HiB trait L9TRRKLIRXELRIFTs iR (#
AR, XBBWIA bounded parametric polymorphisms

Rust @ R R4 K, EFE T H—ARERNE, BAEERHETEBHFEZRGHIX
o FEAFSRBMIZMAENEENFE, EERARANINFTFEIXELRE, XSUEFIR
HER/ABRE, EXRFINXFE—TElE: EFELAR—LEHIHRNEANGE, ERX
LHEBZAREYRTRE, BASTHEIR. B, —LESRIaME (B—NFE R
A—PRE), XH—BRETIEFILIHTHNREE.

ETFXLEREA, Rust REXT RERMBOE: EfEMA trait object, MARBHE, KLIMEITHRZ
o ETRENFFESR trait object BINEITIE,
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Rust BFIRIHES EFPXAR
M trait object RIMFHEZEITH

ch18-02-trait-objects.md

TEHE/\EF, HNNKET vector REeFERTEETRNBRM, TF) 8-9 FRHET -1
KRB, BIEX SpreadsheetCell #2E, RAEFER, FREFNARENTEK, XEk
&, BAIUES TS THEEFAERENEIE, HHERE— MR —HSTH vectoro R
BHAEFENER —ARIERIRRAR, HEEBRHRINMIAEAEXRIAEMLERE, A
XERARENNER T2 1T,

AMENKNEEERFERERATEBT BERNERES, T ERINAXRIX—=,
XBESIE—IEFBF#ED (Graphical User Interface, GUI) TAMFIF, ©@diEHY!
KA FBEE BN draw FEREELHEIRE L — 53— GUI TENELFEAR,
KIMTEERNZE—OYfY gui B crate, BE—1 GUI FERIZEE, X1 GUI EEE—Lr]#
FAEERANZEE, byl Button B TextField, fELbz Lk, gui AR FERIZEEE XHIAILA
SHITRELAEE: i, —MEFRARERIENN Inage, S5—EIEERIENN SelectBox,

EMFHRHARELM—PIEETEN GUI E, TEERTEPEZ NS BMNAESTE I
B, wEERER, FAAFRIBERBRHE B Rz AR EEIRAVRE, FIFrAIBRE
gui FRIER—RVIFREENE, AFEEBUNERES—NMEER draw 5k, XELEA
BIFA draw AN BRI REMA, REZESBRN G EIHBEATERBR,

ERERERNESH, FATLUENX—1R7 Component BYZE, &L EH— draw 7575, HthHY
2ELb40 Button, Image ] SelectBox XM Component JREFHRFULLRHK draw 5%, ENIZEH
BJLLET draw 7EREX BEHITH, ERERSEMBEXLELEL/ER Component RYSLHI,
HEH LA draw, A Rust H&BEHRE, HNNFEIHS—MHARKIKI oui F, LUER
F e E R EEHITT Bo

ESGBERITHM trait

AT R qui FREAERMITTH, iEFATEX— Draw trait, HFBEESRN draw 5%, EE
B LAE X —MEIK trait 38R (trait object) BY vector, trait WRIEE— PRI THNTEE
trait BEBMILHI, UR—PMBAFESTRERIZEED trait HIENR, BRITEIIEEEM
BEHREIZE trait XK, FII0 & 5| Box<T> FEEIESH, BF dyn XEF, MUKISEMRXH
trait (BZ4&E "shSA/NERIH] Sized trait” ARSI trait WRHAERIEHHNERR) . K
ITRAT LA trait WRAFZRHEALEE, HAFER trait WRHUE, Rust WEBRFS
ERERRRAEEEL L T ERNESILIA trait WRH traite WMLELEERIFIH
FNERPRA PIRERYZEEY,

ZREIEREIE, 7E Rust A, BITHIETEEMAENKERA TR, UEBEMMEMES
M REX D TR, EEDEIRER, FEPRIEIEN inpl REMNITAR AN, MmEHM
EER, HUENMITHARESKEHFE—MMEIMARKRIEIRE, trait object MIEMIEEHH
MRWATLHERE, EAFKIIFEER trait object FARINEIR, trait object ;ZBEHMIBS T
MNRBABA; ENFERARENEZTHREESR.

T 18-3 BRTWMAIE X —1MH draw AR trait Draw !

XEE: src/lib.rs
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pub trait Draw {
fn draw(&self);

}

5 18-3 : Draw trait B9TENX

RAFTEELINCTIFEENX trait, HiBEZERLKNIZILIREER, ZF FRME—LEImEE:
Tl 18-4 EX T —NFERT &0 components By vector RFILEI{A Screen, X4 vector AY3E
B Z Box<dyn Draw>, [tbH— trait WHR: B Box F{EAISSIN T Draw trait EEMNE S,

XEE: src/lib.rs

pub struct Screen {
pub components: Vec<Box<dyn Draw>>,

}

5 18-4: —1> Screen EMANENX, EFAE—1FEX components, HEELI T Draw trait
1 trait Xt BY vector

£ Screen (A L, BATRENX— 1un 757%, ZFFEZXE components EHYE—MAMIE
A draw 753%, 0= 18-5 Frik:

XHE&: src/lib.rs

impl Screen {
pub fn run(&self) {
for component in self.components.iter() {
component.draw();

}

T 18-5: 7 Screen ERI— run 757%, ZFFIEEE D component LA draw 757

X5EXFERTHE trait ARPZE LB BSHNENERE, ZRRBBH—RTEER—
DNEAELER, M trait FRUAFESTHERZHEKER, a0, TJLAENX Screen £5i{K
REERZEAM trait 4%, W 18-6 Fix:

NXHERZ: src/lib.rs

pub struct Screen<T: Draw> {
pub components: Vec<T>,

¥
impl<T> Screen<T>
where
T: Draw,
{

pub fn run(&self) {
for component in self.components.iter() {
component.draw();

}
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}

T f5) 18-6: —#f Screen EMARIENLIL, H run FIAERZEM trait 295K

XPREIT Screen SEHIMFURE —MEE Button KBRITE LT TextField KAFAMTIR, U
RFEERBR (ERFEZE, homogeneous) &£&, WHATFHERZEM trait L9, EAHE
EXZERFNRAEGEEHITRESL (monomorphized),

S—7HHE, BIERA trait WREFE, — Screen LA LIEFR—EIRERS
Box<Button>, tBEEEIE Box<TextField> By Vec<T>, LLI(BBERUAIIER, EEZHE
Hiz1TRIMERERZ MR,

S trait

IMTERIEH0—LESCH] Y Draw trait BYZEEY, (TR M Button KB, B—KREHR, HIELW
GUI FBH T APHSERE, FrLA draw FAAPRSEEMERENXHEN. ATEAR—TFTXN
LIMEERBRTA, — Button LEXIATIGESIAE width, height [ label FEZ, NRFHI
18-7 FA7:

XL src/lib.rs

pub struct Button {
pub width: u32,
pub height: u32,
pub label: String,
}

impl Draw for Button {
fn draw(&self) {
/1 EREHIIRAR A
}
}

5l 18-7: —NS2IL Y Draw trait BY Button Z5F5{K

£ Button ERY width, height F label FEGFNEMBAMARME, LU0 TextField AJEE

width, height, label LA} placeholder FE;, B— 1 HK(IFLRETRRE LAFHIHNEILMS
FERARRBIIERLIN draw trait BY draw 757ERE X AL HEIRFERIZEEY, GuXERY Button
A (W ERFIMHAARESEMEFRE GUI XB), BR7T SEIL Draw trait Z4h, Eb%0 Button 3
OB B — 1 E SRS T MMM G ER impl 3R, XEFEHAEHTFHR TextField X
=S eIt

NR—LEEENFERERESLM—NELE width, height F] options FEGRYZEFI{A SelectBox,
FHEWHESLIM T draw trait, ¥R 18-8 Fix:

X% src/main.rs

use gui::Draw;

struct SelectBox {
width: u32,
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height: u32,
options: Vec<String>,

}

impl Draw for SelectBox {
fn draw(&self) {
// code to actually draw a select box

}

T3 18-8: Z—MEM gui BY crate, H7E SelectBox £ZE#g{A_EIZIR Draw trait

FEfEAE A A ATEMEAT]RY main RELFEIE— Screen L, ELAILUEIRE SelectBox Al
Button JRLN Box<T> 3%3EA trait I RBIUN Screen SLfIH, #HEFILIEMA Screen BY run 75
%, EXERAENAMR draw 5%, R 18-9 BARTXNENR:

NER: src/main.rs

use gui::{Button, Screen};

fn main() {
let screen = Screen {
components: vec![
Box: :new(SelectBox {
width: 75,
height: 10,
options: vec![
String::from("Yes"),
String::from("Maybe"),
String::from("No"),
1,

).
Box: :new(Button {

width: 50,

height: 10,

label: String::from("OK"),
).

Y

screen.run();

5 18-9: {F A trait X RRIZEMESLI 7THERE trait WARSERNE

WIREEREHE, RATRIEFASIERHEM Selectbox KA, F5d screen MISTIALNEHR
(EHEBIXANAREL, FA SelectBox THNT Draw trait, REHETIIT draw 753%

EXMES — RROEFMRMINEEMARHAEREE —— XUFehSEEIESHITABF
B (duck typing) BIELS: WMIREEERG—RIEF, WEREGE—RBF, BAERE—R
B5F! 7ERf 18-5 1 Screen EHY run LI, run HAZEMEZ MAGHNEFLEREM
2o BHACEHLAMRE Button T E SelectBox WL, MEEZERAHN draw FiX, &BI
87 Box<dyn Draw> {EJg components vector FERIEER!, HITMENX T Screen NFEEAILUTE
H AR draw F7ARE,
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fER trait }WHRM Rust RERFFHITRMBFRERFNABRXFAETHRE—MER
EAERTHRER FZHREBOEARNENEREERGAEMTEHEIR. WREKEEN trait
MRFAFTH trait M Rust FRRIFXLEAH,

g0, w5 18-10 BR T HEIE—MER String MAEAMHR Screen BYEAERIER:
X% src/main.rs

i sereen; F,
use gui::Screen,; .

fn main() {
let screen = Screen {
components: vec![Box::new(String::from("Hi"))]1,

},

screen.run();

}

w5 18-10: ZiEHR—MEE LI trait IFRAY trait BYSEH
HI2BEIXNMEIREA String ;2AE LI Draw trait -

$ cargo run
Compiling gqui v@.1.@0 (file:///projects/gui)
error[E@277]: the trait bound “String: Draw®™ is not satisfied
--> src/main.xrs:5:26
|
5 | components: vec![Box::new(String::from("Hi"))],
| AAAAANAAAANANANAANANANAAAAAN the trait ‘Draw’ is not
implemented for “String"
|
help: the trait 'Draw”™ is implemented for ‘Button®
note: required for the cast from “Box<String>" to "Box<dyn Draw>"

For more information about this error, try “rustc --explain E0277 .
error: could not compile “gui” (bin "gui") due to 1 previous error

XPHIREFHA]. BARBNME—DAEKM AR RZLE Screen BIKBRUTHRKT, FILNZIR
FXRRIREY ; BARIZA String SEI Draw, it Screen BEBEITEIFA draw,

trait MRRITHED R

[EZ—TE+E ZRABREEE" BB Ied Ry, H3HZEMER trait 29RBIGRIFB[FAHAITH
BEURE: wmESNES—IMRZEEESUNBNEMREREEN T KBS ENVIEZEE

Wo BEUFENKBERITRES K (static dispatch) , BB RHRIFRERIFEAAEE
WAt ARZE. X58&53%  (dynamic dispatch) 83T, XESRFSFERFETERREN
BWANGE. ESHEANGRT, FESFERARESTHREZARTATENNE,

LEA trait WRES, Rust BTUEAGIE D k. HIFSSTEMBFIEAIBERT trait WRMAED
HIKEY, FRA B ARIER ZE BB ALT. ALk, Rust EIE{TEIER trait
M RAPIIEE RABREZIRARAWMN . XMERSHREFHSD AP AT ENIEITRNF
o S &KBPELEARIFREIXFMABS AR, XSMERMER LMK, Rust FEX
TN, #R dyn #BM (dyn compatibility) , FBFHRTE BT LAF] AR BT LATEBRLE th 75 {6 2
B K. XEMUEBE TAINCTERE, BRAIUESERRPIFAT R, RETHRS RFI
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18-5 ME] A HrRfl 18-9 AR IER LIRS TEIMNIR AN, BIHAFTENEEY
o
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Rust I2FFI81HES BIHAT SR
EM— P ERFRIZITHER

ch18-03-00-design-patterns.md

KERX (state pattern) B— P EHEFNRIGHR. ZEANXBETEXEN—RIINE
%uoLmﬁ VAT —RFIBIREI R (state objects) , EIRMEMITITAREE HRIBRESTE
o BITREE —MERXRMEWENGIF, ERE—TEAERESNFE, ZFERAILUE

"draft”\ “review” 5 “published” IRKEM R Z—,

IREHRHEFIIRE: SR, 7 Rust PERLEMEN trait MABMNRMUE, F—IREHR
J\,\EQE’JF;#J, UREZASARNEERBES— MRS FE—TRERKRVENTARE
Jic,uE’Jﬁij,{&ﬂEﬂk SR,

EARSERANRRET, BEFNIVSERATN, THEREERFERSHEERBERNE,
BNNRFEFREMPREHRPBIAIRLZEAN, HEREMEZHRET R,

BARITRU—MEMERNERN RIS LEINSERN, EEER—ME Rust PEBA
AT AN ERARSKRIARIGEH S — N R B IEXHN TERUREX MER,

RATNRERRREXIF
1. BXMNEANERFE,

2. _EE%EEE) 1%?1331‘7##3(0
3. —BiESGIH, ERERAR.
4, AERARNEXHNRNBSRITE, XERFASRIMTENH S B HKEZIEXHIX T,

EAIEMIMEHERZ AR ER HIdl, MREHEBKREZRZAETI —NEREN,
X IZRIFAR KRR

AR A ERIERMN RS

KME—PRENABARANELS EM, MASEHEFRNE. AT ERE—M
RENERNRNE: 7E Rust EEARTLUXEFE, BEHKEFIA Rust FFELEMRSE, %ﬁi:%z
NzERTS—MNAEREENRIGITRN. BEEH EXNEERNRIENIZR 53K AT 6E
BARERIE. BILLBRXMHGE, F(MERRE: UABTFREMESHA AR
Rust 8, SHREFAIRE,

T 18-11 BRXANTIERBIMNIERIN: X2—PRHAITPEEE—1 UM blog I crate FASK
I API B9/, XEEABIERBELRIF, FIWIEKRILIL blog crate,

X1 src/main.rs

use blog: :Post;

fn main() {
let mut post = Post::new();

post.add_text("I ate a salad for lunch today");
assert_eq!("", post.content());

post.request_review();
assert_eq!("", post.content());

post.approve();
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assert_eq! ("I ate a salad for lunch today", post.content()); ?G
}

5 18-11: B/RT blog crate HAEEITARIAES

BANREARVFAF A Post: inew BIZ—MHIIEXER, WHEZERETEERMBRNIEXES—
LA, MREHMZASHILZRIEXHAR, FRIZRNEEAXERNENARE
o BT ETRBNINERBFRRFIMT assert_eq! s —NMFRIBRTNIHF RS EMREH
content JARMEIEF AT, FIRNHATEENXNMIFHRS BTllido

BEIFR, RNEHEBEBBERELEN, MEFFEHZBMER content NIZ{IZAREIZEF T,
RESENEZED, ENEREAR, XEKRESHEA content BFIEXHIXAIFRIRD,

ERHAS crate TERIME—RIEEE Post, XPRBEZFEARSEAHSERLAT=HE
XFRATBERVIRS Z —HIE — B8, HixMAm, RS LAICIEH Post RERNEHITEE,
INSKERF R Post SLAIAMMTGEMAZ, ERFEERERRSEN. XURKRERR
ARERSLICHE, LHNESREFIAHIEX,

FEX Post HEIEE—1 7S fl

IEFAMFFRKRIMXNER! HATEFE—NAE Post EMIAREFR—LEXZ, FRLALEHAT]
MEFHRRIE XF—EIZE Post SEHIRABEXREXEREL new 745, 0RHI 18-12 Firm. EFT/E
X—HA trait State BFEX Post BPRSHRFFLINEBIITH-

Post JETERAR FER state FRFIR— Option<T> JERIAY trait WK Box<dyn State>, HEH=
BEI7A option<T> BRI,

XHE&Z: src/lib.rs

pub struct Post {
state: Option<Box<dyn State>>,
content: String,

}
impl Post {
pub fn new() -> Post {
Post {
state: Some(Box::new(Draft {})),
content: String::new(),
}
}
}

trait State {}
struct Draft {}

impl State for Draft {}

T f5l 18-12: Post LEHARITE XFNFTEE Post SLFIAY new BRER, State trait FIZEHI{A Draft

State trait EX TPFAERERSHEXFIEENITA, XMMREXTRE draft,
PendingReview #[] Published, E{1&P=LI State traite IMIEX trait FZEERAE, [E
BYF 61 R E X draft IREE X 1B EIEXXEIIIEIRE.
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eI Post BY, FNTREHE state FERIREN—MFT Box By Some {H, X4 Box }5[A
—™ Draft EMIEFLG. XHRT TILAEBSHE—1 Post L, SEHEMNERHKR. BN
Post HY state FEGRFAEH], WML ECIREMEMIRZH Post 7! Post: :new KEAHI
content 1§ E NEFEMNZE String,

EFHEXERERXE

B 18-11 F, BR T HANBEEEBIFA— U add_text N EHRELE— &str
R XAEMEIEHIABT R, EFELMA— PN EMAZN content FEEREEN pub o XF
k& Z ER LASEI— 173 7E KT content FERYUNAIMKIREN, add_text 5ARIFEEMAY,

I FAIFER ) 18-13 BY impl Post IRAIEAN—SEIL:

XEE: src/lib.rs

impl Post {
// --snip--
pub fn add_text(&mut self, text: &str) {
self.content.push_str(text);
}
}

T 18-13: SEMT5 7% add_text KEIEXHY content IEANSI A

add_text JREX— self WEJL5|FH, RAFTEXZIERA add_text B9 Post SLfl, 1FEFH
content IRy String By push_str FH{Ei# text SERFHIEMEIERTEM content H1, XK
BIREERAN—E29, RACTHWITAHRRBIEXFIRIRE, add_text FiETEARS state
FERE, FEIXZHNBEZFNTAN—B9,

MERERXENABTHT

BNEIAM add_text HEIESIEM—ERABZE, HINNAFE content J535REI—PTFR
£ slice, ANBXMALTERRS, WRF18-11 E 7 17Fim. MELRIVEREFHE
ERMEEBENHRE content & BRIRE—NTEFRIE sliceo HEIWM TSR
BSERARGHRENZ EEREX—#%, BERBaEXRERERRS, XEKREERNBMNIZ
BEEN. T 18-14 BT XN HAIFEM,

NXHE&Z: src/lib.rs

impl Post {
// --snip--
pub fn content(&self) -> &str {

}
}

M5 18-14: $EIN— Post By content J57AMY I, EEZBRE—IMTEFRIE slice
WA content 3%, R 18-11 REEISE 7 1T AENERIETT.

EREZ, NIREXERES

BT RFEEIMIEKRERENINEE, XN ZFEIRSH draft 27 PendingReview, 75l
18-15 B/R 7 X MMHS:
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XHERZ: src/lib.rs

impl Post {
// --snip--
pub fn request_review(&mut self) {
if let Some(s) = self.state.take() {
self.state Some(s.request_review())

}

}

trait State {
fn request_review(self: Box<Self>) -> Box<dyn State>;

}

struct Draft {}

impl State for Draft {
fn request_review(self: Box<Self>) -> Box<dyn State> {
Box: :new(PendingReview {})
}
}

struct PendingReview {}

impl State for PendingReview {
fn request_review(self: Box<Self>) -> Box<dyn State> {
self

}

{50 18-15; S2I) Post F1 State trait BY request_review /3%

XEJ Post HEANI—REX self AIZS|ABYABTI A request_review, $HETE Post RYZHATIA
,U'FiHFHP\]ﬁBEI’J request_review 757%, FHEAS T request_review JFIARHER SRIAVIRSH
/\¥ﬁ4klh\o

XE45 State trait 10T request_review /53%; FRAALM T XA trait LA ITEREE LI

request_review Fi%, JXBAEFERA self, &self G{F &mut self (ERNAEHNE—IEH,

QET@EHT self: Box<Self>, X/MEERKREZFERAIERIEXMEED Box EWIEA.
BIEIREXN T Box<Self> WFRBEIERIRE TR, LUE Post BURESERIE# A— TR

j(
o

NTHBEEIRT, request_review FAFEREVASERFIBN, XFLZ Post By state FE
&1 Option HYRFG: JAA take 75E¥F state FERHRY Some {HENHFHE T— None, FNy
Rust AARFEMIELFIPFERDVIBUINFTER. XERFINRE state BIEBH Post TIAEME
AE. BEERITFEXR state HIREAXMEERNER

HATFER state IFRE N None KIREX state {H, BIERSHIFAEN, MAZER
self.state = self.state.request_review(); XD EIZETIRESE, XHART Y Post
WHAR IS G EBERZE state (B,

Draft By request_review FEFEEIR[E]— MY, ZEFGHY PendingReview Z5F{ARYSEE|, EHFE
RARE FERFHILRS. FEHE PendingReview FE]fFHSCIN T request_review /53%,
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AR ERNEITEMRESRE . BREROES, HASRIMNEREZ—IBEZLT
PendingReview JRSHIIEX, ENIZMEUREF PendingReview Ko

MERNEEELRSEINAE T TIL state ZffH, Post BY request_review J57EERE—
. B8 TRESRATE B SHIMN,

HATELEREF Post BY content FAKMALE, RE—PMTFRFE slice, WERKNTAILUIAE
PendingReview IRZSH] Draft RSB Post T, I FKA(IFHETE PendingReview JRES T Post 43
EHEENTTA. METRG 18-11 FEE| 10 {TELIEE R LIAITHY!

RN approve JEHE content BYITTH

approve 73 5K S request_review 753ERIU: ERR state WENEBZBINML TR,
B 18-16 FiRo

XEE: src/lib.rs

impl Post {
// --snip--
pub fn approve(&mut self) {
if let Some(s) = self.state.take() {
self.state = Some(s.approve())

}

}
trait State {
fn request_review(self: Box<Self>) -> Box<dyn State>;

fn approve(self: Box<Self>) -> Box<dyn State>;
}

struct Draft {}

impl State for Draft {

// --snip--

fn approve(self: Box<Self>) -> Box<dyn State> {
self

}

}
struct PendingReview {}

impl State for PendingReview {
// --snip--
fn approve(self: Box<Self>) -> Box<dyn State> {
Box: :new(Published {})
}
}

struct Published {}
impl State for Published {
fn request_review(self: Box<Self>) -> Box<dyn State> {

self
}
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fn approve(self: Box<Self>) -> Box<dyn State> {
self

}
}

{5l 18-16: 79 Post F State trait SSI} approve J57%
XE R state trait 1EA0T approve 7%, HIIET— LI T State BYLEFI(K, Published YK

[A%Ye]

ZF{PLTF PendingReview HA request_review W TIEAT,, WIRXT Draft JEFE approve Hi%,
HEEAMR, BRNERIRE self, ¥t PendingReview JFF approve BY, BiRE—PHHY.
SRS Published £EMJ{ARITRM, Published L5HIASSIL Y State trait, [EBIITTF
request_review F] approve FFG AR, BREIEE, EAEXMMIE RIEXRIZFEF
Published JRZ&o

IMEFEEF Post BY content J57E, FIHEE content IRHE Post BIHFPIKSIREE, FrIL
FE Post (KE—NMNENX T state £BY content F57%, 9=l 18-17 Fr/x:

X% src/lib.rs

impl Post { ?&
// --snip--

pub fn content(&self) -> &str {
self.state.as_ref().unwrap().content(self)

}
// --snip--

}

5 18-17: E#f Post BY content 57ARZEFEAMA State BY content 574

EA B R A X EMNREFESEI T state MEMEF, FAPRKIER state PRIED
content FEFLRIEXSEG] (HFLZ self) {FASE, #EER[D state {HAY content 757X
AR [ElE,

XEIFA option By as_ref J57ARRANFE Option REMNSIAMARREEMEN. EH

state ®—|> Option<Box<dyn State>>, JEH as_ref &=iR[E]— Option<&Box<dyn State>>,
WMRAEA as_ref, FRBEI—NEIR, EATREER state BohHERRY &self KIS,

BHEIAA unwrap 5%, XBEHIVFEEKEZHARS panic, ER Post BIFRIEH EEBHRIRTET
I1R[EIBY state IBF— Some (B, XME—MHE+2F "HIfLbRiFBIHIEE ZE” E 521118
THIFEATFE None @A AIBER MR IS EN A EEIEMERIBIRZ —o

EFERNIMEB 7T — &Box<dyn State>, HFMAH content BY, fi#5|FAEFIEM/ERT & M
Box , XHFRARIFALIT State trait AR content Fi%k, XEMREFTE N State
trait EXIEAN content, XEMERIEFIMIRSREIHARABRIZIENMS, WRF18-18
FiR:

XEE: src/lib.rs

trait State {
// --snip--
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fn content<'a>(&self, post: &'a Post) -> &'a str {

}
}

// --snip--
struct Published {}

impl State for Published {
// --snip--
fn content<'a>(&self, post: &'a Post) -> &'a str {
&post.content
}
}

5 18-18: ;9 State trait /0 content F57%

XEBEEMT—1 content FANBINKIMKRE—NTFRE slice, XBKRELFEN draft
#0 PendingReview ZEFJ{ASCH] content T, Published Z5{9{ASETE content FHiEH IR0
post.content HY{E,

AREANHGERBREMARERE, WBETEFMTER. XEIREX post N5IBIEANSE, HiR
[E] post —&RIRYSIAE, FRLLREIRISIBRIESERS post BEHEX,

METRHITTR T — ARG 18-11 FFFERINIEERRETLE! HiTEI R IEXTIERRIM
MSEI T KSRV BRIV BZEERFE T IRSHRPMAR I BIE Post ZH,

At AT RAE?

RARERF BTN ATAE S N EFTRENESCRSTIER enun (FEAEE, XIHLE

—PARERSR; FRKRAHANERALERKEEN—MEEGIR! EAKEN—
RAEZS—MUEREENM S EFE— match FENSEMBIREDRAIEFFB A
RERVZE(A, XARLL trait WRIEAFREESEES.

T IRSIRT

HANBRT Rust REEBLIERMNRIVIRSIERDY, LUERERIEE XK ERETERE
FKAWITH, Post A EHAIEXLERRBIREMNITH, BEXMALELRBHNSN, BEHE
FrEEAHIEXNAREITHREEEF —AIS: Published Ay State trait BYSEI,
MNREBQE—NFAEARSEXNERLI, WATEERTE Post G ER, HEEZETFTE main
HISRAE match B34, FEEBXRESHEXERNTEHITH. XEKEEZEEERRZUENX
BN F R RSB HFAEZIE! XTEEMEZRENSTEERE: 5§ natch iIBEER
SEEF 9%,

I FIRSIEILFKIR, Post BTG EMER Post BUUEBETLE match B4, EFMEMEFRESE TR
EIEAN— N struct FIAESLIM trait B9755%,

XL FY BIEMELINEE, AT ASFERIEAEPRBNEEY, BERHMT—LE
e
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o« 110 reject FIEBEXAPIRZSM PendingReview ZF[O] Draft,

« IERIREZL A Published ZHTERFR approve JFH,

s ARAFEXATF draft KEIENMXARNS. 5. IPRERRABTRABITRERETAN
T, BARHAIREE Post,

KERAN—MREBEARSEM TIRESZERVER, —ERESSMHEEEKR. NRE
PendingReview #[] Published Z[BIEH15E—1MIRZS, Eba0 Scheduled, NIFREFRER
PendingReview FIAY{LEE K55 % Scheduled, ¥R PendingReview JCEEEFFIE YIRS TER
THEF T, FEIXBHRETIRE S —MigitiE,

S—TMRRERNSAU—LEENZE, NTHREN], FAILURIAE state trait Fh
request_review F] approve 75ARR{HIR[E] self RUBRIASSIL; SAMXFMITAE: )k state
FA1E trait WRAEY, trait HAKIE self BERHARE, RIETAERFNHEREISEE,
(X ERIEREEIRY dyn MR Z—,)

HthHEEZEIEEE Post FA request_review H] approve XFMEMPRYLI, ENEBERT
Post By state FERIFIA Option::take, YN5R state Jg Some, FUREAREIELTREENREZS
%, HRREIEREFNWMEL state FE, WIR Post PR Z HEEEBEXMER, FH1AT
BERTREX—IMERKEREE (BEEZTEN "R 27).
FEERBEANRIESNE X SEMXMEAH LB R TsEF A Rust BILHE, iLEINEE—
LRI AT LU RVIEER, R TR SHRSES T ARIFR IR,

BIREMITRHRBPHIEE

BNV BRNAENR BRSELRK#IT—RIFENNENE, FETEIFERSIRE
EEEEINIRBNEZERAE, BRITERSRHEH AR, ik, Rust WEEIEER
SEEMEREFERA G IEXM A ERAEREXHNEIR T HRIZNEIR,
LERRATZE—TRE 18-11 & main E—ZF4H

X src/main.rs

fn main() {
let mut post = Post::new();

post.add_text("I ate a salad for lunch today");
assert_eq!("", post.content());

}

FANDIATREEREB(EF Post: inew SIE—MTHERIEX, HEEBIZMEBEXHNHNS. FERE
FEE—NERBEXREITFRIERM content 757%, HITEFEERBENTLEHE content 5
. XFMRZHWINEREXHNAR, BEBE—IHEFAEENRFSFIR. XHEEHIR
AREEEFHERINETHERBEXHNANS, RBAXENRBEEMRFERF. =F 18-19 R
R T Post £5#{A, DraftPost LZLMIKLIRZ BTG ENTEN :

XL src/lib.rs

pub struct Post {
content: String,

}
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pub struct DraftPost {
content: String,

}
impl Post {
pub fn new() -> DraftPost {
DraftPost {
content: String::new(),
}
}
pub fn content(&self) -> &str {
&self.content
}
}

impl DraftPost {
pub fn add_text(&mut self, text: &str) {
self.content.push_str(text);
}

T3 18-19: 4 content F535BY Post F13&H content 3%H] DraftPost

Post {1 DraftPost EHAERE —PFAB R content FEGRMBEBXIIN A, XLELEWAEARE
B state FEREANKIVGIRESRIBANEELEBREG, Post FRAREAHNIEX, eB—
JR[O] content By content 3%,

A —> Post: new KiE, FIAR[ETFRE] Post SLffl, EiR[E] draftPost BYSEFl, IAER
AJRERIE— Post SLffl, [EJ9 content RIAEMRRZBEMRIRKEGRIE Post,

DraftPost EENXT—" add_text F57%, XEEMAIUGZFIERER content &N AS, Fid
JFE DraftPost H&BENX content 57! WIMLIMIEIEF AR 7 FREIEXEIMERRFIR, [RAY
ERECEERARHERINES. ARSI XERFNEIAESERmFEIR,

LIRS AT RRE TR

BBAMAIEEI A RBVTEIE? Ff1H EaFIMI TN E B EXIE v LUR 6 Z B4 U4 B 1%
Bid, FHHERSHEXNZNARRERERRNS. LEITEIIENS —MEEEK
PendingReviewPost ESCINXNPR4&l, 7f DraftPost FTEN request_review J53%E3iR[0]
PendingReviewPost, F£{Ef PendingReviewPost -7 X approve /57%3¥iR[E] Post, 015!
18-20 Fhi7~:

NXHE&Z: src/lib.rs

impl DraftPost {
// --snip--
pub fn request_review(self) -> PendingReviewPost {
PendingReviewPost {
content: self.content,
}
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pub struct PendingReviewPost {
content: String,
}

impl PendingReviewPost {
pub fn approve(self) -> Post {
Post {
content: self.content,
}

5 18-20: PendingReviewPost J@IT R DraftPost By request_review g7, approve /53%
J% PendingReviewPost L /g4 FRHY Post

request_review F[] approve FiEIREN self NFrEMN, R It=EZ dbraftPost Fl
PendingReviewPost SC{5ll, FH4RIF5HE ) PendingReviewPost F1 & #HY Post, XIFT1EIEHE
request_review Z [EFE AR E{E A DraftPost 2§, [FE[EIE, PendingReviewPost FH&GH
EX content 5%, FIASHIENEANBRZSHMmIFIEIR, DraftPost A, EAW—FEIE
YT content F53EBY Post SLAIRYIRIZ 2 PendingReviewPost HY approve /3%, MEZE!
PendingReviewPost HYME—7EEEFE DraftPost B request_review 3%, MERKNIFIEAIE
X TERmIDEH T LB RR,

EXBERE NGRS main il —L/\BMER. EA request_review  approve i[O SLBIM
A ERIEEHRRRREMIE, FRURNIREEMESH let post = ERMEERFRFRERISE
Blo BABREMSEERNEFFEZNEXHRBATFNERT, HMEAFABFEC]: T6eH
ERREAXERS MEXATINE, EFH/EHY main FIAEIURAE 18-21 FimR.

Y& src/main.rs

use blog: :Post;

fn main() {
let mut post = Post::new();

post.add_text("I ate a salad for lunch today");

let post = post.request_review();
let post = post.approve();

assert_eq! ("I ate a salad for lunch today", post.content());

T f5) 18-21: main FRERFRIIEX TIERSEMAVIEDR

FEAMED main REFHMEE post ERXNLMABTLETHRNRBPRSEI: REE
BUARIR A BT 23R E Post KA, A, [mTRERFNEZNRENE, (SR
WOR B ERIRSEAARER T ! XHR T HESERN bug, LHMIETRREAHBEXHIAR, KiE
EBEREF R Z B AT

I ATRA 18-21 Z/GH) blog crate SEIX—EP 73 FHIAFRBINRIESS KIA S EAX MR AT
RBBERET, EREXMRITHR—EFERAEEZTH T -
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HINELEE, A Rust BEBKLIAMNRIZITER, (B Rust IRMH T BINRPRSRIDEH
HAGZXEMEN, XERABERNERINEIE. BAMAEIFEAEEMTREL,
EEEXERFEF A Rust I-RUHEERFBER—L bug XFRIBEmINEE. £ Rust
EENRIEXAF T EERRFNERSGE, AN Rust HEGERXFNERNRIESFISE
RS

B4

FERAEE, FEMESIAN Rust E—TEENRIES, WEMEBRIRT trait HRE—
Rust FRIREXER D E RN RINEERI TS 7%, IS &K R LUE SRt D 81T RE R fRE S
RE—LEREE. XEREMATUAREIETABAIEFENERNRIEN. Rust thE
BFIENEXEARTEENRIESVFE. BRANSKEAHTSZFA Rust EHEHNRFHI,
BHE—1 A AED,

BTIER, URIMNEES—MRET ZSHFREMNMN Rust hEE: B, HNE2FPEZRNEE
rhkell], BERTDFECIIEEE. LTI IFRREE!
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ch19-00-patterns.md

B (pattern) 2 Rust P—M4GIARYIEE, RKLECREMEN, TieREBHRERER.
BENS match REANEMENESER, ATLULIRNEFRNEFIRAEESER., RINH
TRAEFRFEME SR

- FEE

- MRMERVEEE. M. AR Td

« BACH

« GAIR

WY —LEfFE4E x. (a, 3) F Some(Color::Red), TEARVFERREINI LT XXH, XA
HEBDER T IR AR, EFEERILESERLE, LUAETERTARRSITREERNE
RIS B EIER AR,

ZEAER, RINIIBESEMEHTTILR, NREXTEZE, MEEABPERXMEN
BNES . EZ—TFHEREITIE match KA AEMRNAIER, LEWNEH o LB6F. a0
FREFSERAERK, MAIUERERRLERFZIES; NRAFS, S5EAXKAG
MARIEITo

FEALUMA—RERABERRNENESE, BMNESNBMLEUEIUSEERERN, AIRK
(refutable) BEHXEFRBIRIX (irrefutable) RIXZEBIMIXE, URIMRAIGEREINEHHEE
Fo HARBERE, MRERBUNFMAKRILUEHMINA RREFEH.
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ch19-01-all-the-places-for-patterns.md

RS HIMTE Rust NIRZHF, MIRAREELEANARFATRER! A NRIVIEFHRER
UEAERERIE,

match 93%

EWEAREINIET, FATRTE match KA ZIPERRIN. MEZRNLEE, match FZER
B match X§EF. BILERIE, UR—1THZ match ZHEM; XEDEE—MREH, B
R EELEZD IRANBIZITRIREN, MERXE:

match VALUE {
PATTERN => EXPRESSION,
PATTERN => EXPRESSION,
PATTERN => EXPRESSION,

}
fign, TERRH 6-5 P NILACZE x A Option<i32> {HAY match FiAT:

match x {
None => None,
Some(i) => Some(i + 1),

}

XA match RIAXPRIER, TLEEDEFIKAILRY None F] Some (i),

match REXE—ITENR, BBREELNESRH (exhaustive) : match KA ERFIER
BB REBM I EBEED. HRESMARMEN—MAN, Bit&RE—179ZER"HIRFT
B5HER; Fldl, —PAIULREEEENZEZKEFEEN, HAEEBESPMERIRE
o

RS, | BIEA AR, BEAERAHNEEE L, B RATRE—N netch
D, UIEREENKISENEN, _ MR2EREM, WEEARN BERbE —
T, Eil=EiF4Atitie - &,

let iEFQ)

EXRZEZE, HNRBHEITICIE natch 1 if let PEARTC, BEXFRLE, HITBEH MM
AERESRI, B1F let 1BG), flUl, REX M EREENTEMRE:

let x = 5;

BRIAEHEXEN let BON, HLEEERAEREN, REIMAIELSERIRE! BEAMIR,
let HABRRKEXIF:

let PATTERN = EXPRESSION;

£ let x = 5; XFEMIFEAR, AUTF PATTERN (UBHNTER RERINBI—ME5IE 2 AZ
Rust ERANSRILHAITLLR, HRELIFNEMBIFME FILL, TE let x = 5; XMl
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Fh, x B— MR, RTIEXELEFNATHEILZE x"s BARF x THMEBMR
i, PR MERERR EFFTRERTA, HEEHEITE <%

ATEFEMEL let ENALEX—ME, XKERHF 19-1, B let PEARIUREE—
Tl:éﬂo

let (x, y, z) = (1, 2, 3);

) 19-1: ERERFETTA, H—REE=ATE

X8, FBL—NTAELRE—MEI. Rust ZEERME (1, 2, 3) MR (x, v, 2), HEW]
ZEMENLE, W2, MANTRERNMER; T2 Rust ¥ 1 HEE x, ¥ 2 48EE!
y, ¥ 3 BEER zo (RAILEX N TARTNEBFEPIRE T = MRIINEERI

il[l%ﬁ‘t'?ﬂ’]n%aﬂlz’EEQHEPE’JTU%;&ET —, BARAKLERF=LE, RFHFLIIR
g, i, TF19-2 BR T HERRINEEEEE— =N TRNTAE, XEETAEN,

let (x, y) = (1, 2, 3); ?@

T 19-2: SEIRMADIE T — MR, HESRESTATHITRREFLE
SRRIFXBRASF N A #HIR:

$ cargo run
Compiling patterns v@0.1.0 (file:///projects/pattexns)
error[E@308]: mismatched types
--> src/main.rs:2:9

|
2 | let (x, y) = (1, 2, 3);

| ANAANN oo this expression has type " ({integer}, {integer},
{integer})"

expected a tuple with 3 elements, found one with 2 elements

note: expected tuple " ({integer}, {integer}, {integer})"
found tuple “(_, _)°

For more information about this error, try ‘rustc --explain E0308°.
error: could not compile ‘patterns’ (bin "patterns") due to 1 previous error

BREXMHEIR, JUGEKERE BRIEXFH E” —THRIBEIREE, 8 _= .. K2
B TP — P EZ ME. tD%IﬂuﬁT’_:H%‘EE TEXRS, WoaBRDEREME—LET
2, FEENESTATHNTERERS.

FF if let JAX

EENER, ?iiﬂ‘]ﬁi@iiﬁﬂﬂﬁﬂﬂ if let RA, EXBRAKEE RLRE—MERH
match, IE5h, if let ERAILIE—TXNEY else, TE if let RPRAARLERNHITHPHIN
=N

5 19-3 RBA, EKNTEBILURS{ER if let, else if, else if let #[] else, 5 match &
AL, XM TRNMNEZRIEMN,; £ natch 1, FINREREE—MESETIRALL
B Hob, Rust BARER—EER if let, else if ] else if let HZTPIFMHRILLABR,
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T 19-3 FRARBSIRE—RIIFHRERREERBNIZET 4. NTEA, F(EIET
NAEERIBENTE; MEEKEFE, XEERERKERFEN

NERZ: src/main.rs

fn main() {
let favorite_color: Option<&str> = None;
let is_tuesday = false;
let age: Result<u8, _> = "34".parse();

if let Some(color) = favorite_color {
println!("Using your favorite color, {color}, as the background");
} else if is_tuesday {
println! ("Tuesday is green day!");
} else if let Ok(age) = age {
if age > 30 {
println!("Using purple as the background color");
} else {
println!("Using orange as the background color");

}
} else {
println!("Using blue as the background color");

}

o5 19-3: SBES{ER if let, else if, else if let #[] else

MRAFPEETENHEE, mAZABENETRE, MRLKEEEERNEE, MASKE
B, BABREBMEES. BN, MRAFPEFERENFFRREMEER, FHERNEBERK
REBITANT, BAERERIRIBEZRFHELERERBHER, MRXERAFEHLLR
B, ERBMEER.

EXMFHEMILRANERBSIFERNTENR, FAXENEREE, XMIFSITH

Using purple as the background color,

fRERILAEER], if let HAEMK match NZ—FSINHLE, HEKRERLE:

if let Ok(age) = age X—1T5INT—HH) age TE, ERTF ok BIFPHIE, FHEK TR
HKHY age B, XEMRERNTHIUE if age > 30 XPFHBIELRIIRAE: FEEBXH D
FMFBFAL if let Ok(age) = age && age > 30, FEAFNTEZERM 30 LLIRAIABMHT age,
EHRAESHRRFEREF A ZAIE LAY,

fEA if let REANRRZE, FIEFEHBARBINE natch FHUBEMNF R, MNMRE(EK
a1 else 1R, NMEENRLEFRNLE, RKiFBHASIREI(IXEAJEFTIZEE

Ro
while let F{HEIF

5 if let 74519 LXMARYZE while let FMHEIF, BERIF while BIFTEARTUFLEILACHAIE]—
Hiz1To mffl 19-4 BR T —1 while let 1EIf, EFFAREZERENHEE, TIXEXLE
B Result, [MA Option,

let (tx, rx) = std::sync::mpsc::channel();
std: :thread: :spawn(move || {
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for val in [1, 2, 3] {
tx.send(val).unwrap();
}
})

while let Ok(value) = rx.recv() {
println! ("{value}");
}

T 19-4: £/ while let {&3F, RE rx.recv() R[] Ok FLFTENME

XNMFIFSITED 1. 2, ARRE 3. recv HEEMNEEINZWHINLEE—FHES, FHR[E
Ok(value), FEE+REE—RWE recv B, BITEREENEIRER unwrap, HEIBEHE
EARRELE for BIFER. AIEIRG 19-4 Fimrm, FATBALUER while let, FEAR
RIRERTEFE, BEAMBERINE, recv 8XHRIR[E ok, HEXKEHMAERE, EMIR
[O] Erx,

for EIF

£ for fEHF R, KIRTE for XBFEEMEME— MR, FIU, 7 for x in y H1, x FLZE
MR R 19-5 BR 77 for BIFPERRIURES—TITd,

let v = vec!['a', 'b', 'c'];

for (index, value) in v.itex().enumerate() {
println!("{value} is at index {index}");

}

T f5) 19-5: 7 for MBI AREREIVKAEMN—1IITA
T 19-5 RRARBSITENHINTAS

$ cargo run
Compiling patterns v@0.1.0 (file:///projects/pattexns)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in ©.52s
Running "target/debug/patterns’
a is at index @
b is at index 1
c is at index 2

FAVER enumerate FiAERR T —MNEMRES, FEFERERERSI"AKRNTH,. EFEDN
E—NMERTTAH (0, 'a'), HZESER (index, value) ILEZRS, index RE 0, value &
2 'a', FRITHHHENE—T.

EHER S

RIS A URRI T 19-6 PRIREERT —1R N foo BIKEL, EEE—ITRN x.
KN 132 WS FIMAENLE, IMEZENZEZRAET.
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fn foo(x: i32) {
// code goes here

}

T 19-6: EEHMPERRIMREER
x X—EAME—MEN! FERKNE let PIEIERHRE, BAIUERBSHFHARALTE T
TTH. B 19-7 BR T ERREBE S IERFA TATE,

NHR: src/main.rs

fn print_coordinates(&(x, y): &(i32, 1i32)) {
println! ("Current location: ({x}, {y})"),;
}

fn main() {
let point = (3, 5);
print_coordinates (&point);

}

w5l 19-7: — PN ESEHREMTTABIRER

XEEHASSFTEN Current location: (3, 5), fH &(3, 5) SMLEMRIL &(x, y), Flt x BERZ
3, y BIER 5,

HAFHAESREHEM, ENE+=FFMTEERE, BNMBATUGERKSHTIRDIBE, &
FEESYIRPERIEI,

MERINELEIRZEARELANART, FEEXEZIMHREZRURENARIE, X
LB, MAMMEARAREKW (irrefutable) , XEKRETI A ANILEFMRENTME; MmE
B—ME, EIEIUEREMN (refutable). 3 TFHRILBIPHEXFEMES,
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ch19-02-refutability.md

BEXDIFmMHER: AIREK (refutable) MARTIRIX (irrefutable) . X3 NRUEEPIEEEEREE
ERERX, AR RBRIER, ELIIER let x = 5; Y x FLE—MIF, FEH x AJLLIT
FofEfIE, FUERAIBELACR, MRLEAREERILACRMAVIET, MARTRIBIER. think
JAT if let Some(x) = a_value HIHY Some(x); WIRTE a_value FIP{ERE None MAE
Some, FRAMRTY Some(x) FEAASILHEL,

BRESLL. let iIBAM for B RERRAFAARKRIN, HASENLERN, BFLEHEE
BEXBEB, if let M while let RIATI(, LUK let...else IBAEIERARKIRI, HER
FAREEN; FERFFIVNEFHAARBELLHES, FAREEN, XEEHAFR
e AR R RMRIIERIMIZITEY . FAFIBBIEXIET R LURIEAIIS R ITARE
AYIZEE,

—ARKI, (RARBTZAECO A REBRAM AR REBRIHIX S ; AIRBLFEAE AT RE
M XMES, XFESRERRESERICH, MABZNFENEY, BEIXEERN, 1F
BIREABBEREINT, BIIERNES, HEBRS ZEEERIE RS,
FARE—TOIF: SFNNAETE Rust BERERARATRBIEM A EATT BRI, X
RERERE, SEEFA. T 19-8 BRT —1 let iIBA), FIEHNEETS TR Some(x) ,
XR— M REEN. ENRARELFER, XERABAZEIRZE.

let Some(x) = some_option_value; 7&

f5 19-8: RiATE let RERAAREIEL

YN some_option_value FY{ESE None, BFLTCAILERT Some(x), XiHFEZEIE A REK
8. A, let BAIRBEERSAAIREER, ENHER None BY, XEERIEHEEFAEE
NESHEER M. ERIFE, Rust SELHNTABEERAIA kBB 5 F B A kKR
=

$ cargo run
Compiling patterns v@0.1.0 (file:///projects/pattexns)
error[EQ005] : refutable pattern in local binding
--> src/main.rs:3:9
|
3 let Some(x) = some_option_value;
| ANNANAN pattern “None™ not covered
|
= note: “let’ bindings require an "irrefutable pattern", like a “struct’ or an
“enum” with only one variant
= note: for more information, visit https://doc.rust-lang.org/book/ch19-02-
refutability.html
= note: the matched value is of type "Option<i32>"
help: you might want to use “let else’ to handle the variant that isn't matched

3 let Some(x) = some_option_value else { todo!() };

|
| ++++tt+tt bbb+
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For more information about this error, try ‘rustc --explain EQQ@5".
error: could not compile ‘patterns’ (bin "patterns") due to 1 previous error

EAFNTKEBER some(x) FINNIFIESEE (MEHLARIREBEEER), Ll Rust
PR B AL T i TEIRo

MRAERNFEAARBPENM G INE NI REFIEN, TEIERERZRIIAN
REEXNEM: R let, MM let.. else, XF—K, WREARLE, KEFESHH
REMELEZE, TF 19-9 BR 7TINAEERA 19-8 RIS,

let Some(x) = some_option_value else {
return;

};

P 19-9: A let. . .else I—PHEIRBIENHIAIIIRFAE Let

BINEXERABRL T —FEER! MEXBRABETEEEM. FIXBEKE, HFEEE
XEFRAFAIREENMAREIE S, RN let. . . else —NIAELERIRT, LEUIR
B5119-10 RY x, fwiIFBWMEALES,

let x = 5 else {
return;

Y

T f5l 19-10: ZHATE let. . .else PERFRAIREIET
Rust 2i8#&i, £ let.. .else PEAFAIREEIEEEX:

$ cargo run
Compiling patterns v@0.1.0 (file:///projects/pattexns)
warning: irrefutable “let...else’ pattern
--> src/main.rs:2:5

2 let x = 5 else {

TAVYAVAVAVAVAVAVAVAN

note: this pattern will always match, so the ‘else’ clause is useless
help: consider removing the ‘else’ clause
note: “#[warn(irrefutable_let_patterns)]  on by default

warning: “patterns’ (bin "patterns") generated 1 warning
Finished "dev’ profile [unoptimized + debuginfo] target(s) in ©.39s
Running "target/debug/patterns’

BETFXNRRE, match DZATERATREER, JERE—IT2XH5, ENZA—IFA
REBARIURILECPRBE FIRE. Rust AFBATE— TR BRI match RERAARAIREIER
i, FIXMEZEHKBEARBL, METEAUKERRER let FHAEM,

AN MRESMEBEREINZAEF AT, UNAIREEANAIREER ZENKS, #T
KA VKRB BFIA A LUK ZIRIRIE R,
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ch19-03-pattern-syntax.md

FEATH, BIMBETRAFREERINEE, FINEATAULAR{RR e EERXEE
o

L FmE{E
NEANEFR, AIUEELEFEER. IMTFREBLH T —LFF:

let x =1
match x {
1 => println!("one"),
2 => println!("two"),
3 => println!("three"),

A\

println!("anything"),
}

XEUIEZITED one EY x BYER 1. MRFBENERBRENRGKE, WXEEZRER.
iR EE

R LTE (Named variables) RIREEMENAAIREIER, XEZFIELERIHR, A
M, H7E match, if let 3 while let RAKPFEAGELTEN, SHM—LEXER. BF
XERAXRXSFR—IHERE, (EFARR—BREREXNBEENTERXERINIEZE
£, X5FETEMERMN—, E5F 19-11 1, FERAT—MEA Some(5) HIEE x
—MMEN 10 WTE vy, FEEEE x LT —1 natch RiXHX, MRITEIHD X HRIRILHILE
B println!, HTEGEITICAREINH—F 5% 2 g N R SITEN 4o

X% src/main.rs

let x = Some(5);
let y = 10;
match x {

Some(50) => println!("Got 50"),
Some(y) => println!("Matched, y = {y}"),
_ => println!("Default case, x = {x:?}"),

}

println!("at the end: x = {x:?}, y = {y}");

T 19-11: = match FBOHP—NDXEINTEBREE v

FABE Y natch FABITHIHREAET 4. F—MLEDZRIENHFLE x PEX
BB, PRIAEEHLSEHIT

BNLEDZFRASINT —MHEE v, EXRLEEMA some REYE, RNFKAE
match FEANBFHIEAEF, XB—MHEE, MARHLERENE 10 AT vo XMHEHY
y SPE ZOLECAES Some RHVME, EXER x FHIE, FEXT y HET x F Some REFHIE,
XMER 5, FIUX N A XBFTATVFESHITHITENL Matched, y = 5,
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WR x BEE None MARZ Some(5), KM NDZHNRHAXILE, FRAXRICE FRI%. X4
DEIREXFEESINEE x, FILUIERRIARFN x SBINEEZEWERKRD x. EXMRE
BB, match JE=3TE] Default case, x = None,

—B match RENHITRE, HIEABEMERT, FERS v EREBERT . REH

println! £=3TE]] at the end: x = Some(5), y = 10,
AT CIEBEBLLIRIME x F y BB, XARSINFHNZEREKREE v 89 match Fixz(, KAl

SEMRNMFERATEEFREMLETE (match guard) . FATHEERE “EHTAST DARMERSL
FH X—/NTEIERE T I,

RS TR

£ match FRAHF, AJLUER | BELRESMEN, eRKR K (or) BEFFRN. FlW, W0
TR x WESLED B, F—TOXEMER, SHRENR x HELELS R
F—NME, EMREIT:

let x = 1;

match x {
1 | 2 => println!("one or two"),
3 => println!("three"),

> println!("anything"),

}

FERIEEEFTED one or two,
@i . .= LEEEE
= BESTFRLRE—MXESEE (range) ANE. N TREH, BRATEERES
EEERRERN, ZOXaHIT:
let x = 5;

match x {
1..=5 => println!("one through five"),
_ => println!("something else"),

}

MR x B 20 30 485, F—NOZMENE, XMEAELES MEELLER | 28
FRFEERNZRENSE;, MRER | WASFEE L1213 | 4| 5, AREEEE
TERENZ, AR LELLIIM 1 ) 1000 B FHIBSE!

RFBRZERFNNECTERNT, M char MHFER Rust (WER A UHETEERE AR
KA, FRECEEIRARATEFH char H,

B —MER char KEUESTERIGIF:

let x = 'c';

match x {
'a'..="j" => println!("early ASCII letter"),
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'k'..='2" => println!("late ASCII letter"),
_ => println!("something else"),

}

Rust #E "¢ (U FHE—MRAKPEERN, FHSITENH early ASCIT letter,
MRt REE

R LIERRIUREENE. MENTd, UEERXEENTRERD. ERITRIANE—
&

LSk

i) 19-12 B REBEMNFER x f y BUEEMIK Point, BILUBEHEERNM let BAEHESD
fi:

X% src/main.rs

struct Point {
x: 132,
y: 132,

}

fn main() {
let p = Point { x: @, y: 7 };

let Point { x: a, y: b } = p;
assert_eq! (@, a);
assert_eq! (7, b);

}

T 19-12: R — N AR FERANEENETE

XEERIBAIETZE a f b KILEEME p h89 x f y FE. XMIFRBRTEAFHNT S
BARREEMEINFRE—H. FIEEFETERS5FRE—BUETERTERETW
LT, ANTERNREFEREEIN, FBEA let Point { x: x, y: y } = p; @87
RZEE, FIUNTLEEHAFERIENFEDS: REFIHEWEFERIZFR, WiEXE!
ENTEFHERNEN, 76 19-13 BR7T 5546 19-12 BEEHEBITANRE, R let
BXRENZERN x My MAE afb:

X% src/main.rs

struct Point {
x: 132,
y: 132,

}

fn main() {
let p = Point { x: @, y: 7 };

let Point { x, y } = p;
assert_eq! (0, x);
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assert_eq!(7, y),
}

P 19-13: EREMEFERE S REMEIETER

XEAEETZE x My, STE p 8 x M vy HLE, HERZTE x M y E8EME&
p FHEY{E,

WA LERFEEFAEHERAN SO EITHENE, MARNMENFROIZTE, XA
HTNA—EFERAFEENRNEZEMFRINTE,

I 19-14 BR T — match iIBE%E Point EOM T =MIER: EEUT x L (A
y =0 nHE). UFyHE (x=0) HAREEAHMENR

X% src/main.rs

fn main() {
let p = Point { x: @, y: 7 };

match p {
Point { x, y: @ } =
Point { x: @0, y } =
Point { x, y } => {
println! ("On neither axis: ({x}, {y})");
}

> println!("On the x axis at {x}"),
> println!("On the y axis at {y}"),

}

) 19-14: AR PN FEE

BN TELIEEFER v LEEFEE 0 RICEEAMT x M EMNS, WIRRMARNETT
E x UEES IR ER,

EMB, BINDZBEIIEEFE x LELFHEE o RILEERMUT v M EMNSR, HAFER Y
BIBRTTE yo F=MIXEEEEAMNFTEHE, FIMESTREMEME Point H x M v
MM FEEETE,

EXNMIFHR, B BRNE x 88 0 MTEEEZNDZ, ELLSITEIE on the y axis at 7,
1B{F match RIXX—BEHE—PMOENWERMSFELEREEE S, FRLEME

Point { x: @, y: 0} 7 x M EtHTE v i L, XLERBBRIZFTED On the x axis at 0,

Mt

IBZAIBEMIDINE (BINFE/RERF 6-5), FIHKBRIHRIIFIMEIIRATE
X W ARZEFRE X BB EIERI T T LERATTLURA 6-2 FRBY Message MEENHBI, HE—1
match fEARIAEEE— T REME, WRH19-15 FimR:

X sro/main.rs
enum Message {
Quit,

Move { x: 132, y: 132 },
Write(String),
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ChangeColor(i32, 132, i32),
}

fn main() {
let msg = Message: :ChangeColor (@, 160, 255);

match msg {
Message: :Quit => {
println! ("The Quit variant has no data to destructure.");

}
Message::Move { x, y } => {
println! ("Move in the x direction {x} and in the y direction {y}");

}
Message: :Write(text) => {
println! ("Text message: {text}");

}
Message: :ChangeColoxr(r, g, b) => {

println! ("Change color to red {r}, green {g}, and blue {b}");
}

}

5l 19-15: B S A REIEEETERBINE
XEGIESITENY Change the color to red @, green 160, and blue 255, =iH{2KZ msg Y
BERMNZH 7T FEETT.

I F 15 Message: :Quit XEFEGHEMALIBIRETIR, FEH—FTHWEE, Rtk EFm|
B Message::Quit, FIRAEEEMALE,

3 F 15 Message: :Move XFFRISELEMAMETIR, TJLIRAXMF S EIRR. ETHEK
BE, FRXESHIIEFERTEUERE S B D ZRIEER. XEFRT R
19-13 FRB W& S,

33 F & Message: :Write XIFHIBEE—ITER, LUK Message: :ChangeColor XIFEE =T
FRETTANETE, ERANEZUNTRTFHETAHANER. BAPRETENHREL NS TKF
TENHETRE K.

IREREFTINEE

EaTLE, PRGN T RE N — RS, T LA T AR
T I, HATAIAEARA) 19-15 BIAFITE ChangeColor W BFRERTSIF RGB I HSV 5%
3, WA 19-16 Fim:

enum Color {
Rgb(i32, i32, i32),
Hsv(i32, i32, i32),

}

enum Message {
Quit,
Move { x: 132, y: 132 },
Write(String),
ChangeColor(Color),
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}

fn main() {
let msg = Message: :ChangeColor(Color::Hsv(@, 160, 255));

match msg {
Message: :ChangeColor(Coloxr: :Rgb(xr, g, b)) => {
println!("Change color to red {r}, green {g}, and blue {b}");
}
Message: :ChangeColor(Colox::Hsv(h, s, v)) => {
println!("Change color to hue {h}, saturation {s}, value {v}");
}
_=>1(),

}

5l 19-16: ILECERERIARES

match RIARXFE— N THERILEI—NELE Color: :Rgb HZEET (AR Message: : ChangeColor
METHE, AREXHE T =THEH 132 FH, FZMD RN BLE—

Message: : ChangeColor &R, BEHRIAIMEZILAC Color: :Hsv ETR, FiTATLA
E— match RARNPIEEXLEER#FZMY, BMERTRIIBIRE,

G
BERLAERAMNANRRES. DEMNERMER. NTE—NERENENHIT, Hrig
MR TTRRETE TR, FHSFTERIRA KA R R

let ((feet, inches), Point { x, y }) = ((3, 10), Point { x: 3, y: -10 });

X E AV SRR ER S 4B 14 LA A AR IR E AR R A TR B R (B
BERABHE— T HERENS T AROBFRERERANSN, thNEREhEs8IhT

BERIEIPRY(E

BRZBENPHN—EEEEHERY, i natch PREHAS BN X LR LB MER
%, BEREHENRLE TFAERRIVAIREEE, B—LEH A UBREARLEFEEDE: &
A& EMNEKRIET), 5 —MERNPER _ ', A TUTHLARNRT,
HEER . BEEARSIHE. LRNRDINRRMOFAURAT AR AR,

A _ BRREANME

HINELEAT TYLREANLEERSETAENBRMER T, BAXIEAN natch RKIXXHF
ERRZENER, U EERTFERERER, SERHKSHT, WRf 19-17 Fimk:
X% src/main.rs

fn foo(_: i32, y: i32) {

println!("This code only uses the y parameter: {y}");

}
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fn main() {
foo(3, 4);
}

TP 19-17: ERIBERPER
XEAESTE2BRREANE - SREENE 3, HIFTEH

This code only uses the y parameter: 4,

REBD BRI BRERERSRSHE, RFEREITBEESTANSY. T—EBRT
RESRIMSHSTEHRER, bt trait B, HRRERFEXREZERRBEIHFR
FERTBUH, IFEALEE— M EFERERNRBSHNEEES, mRERMRSHR—
o

RERERN _ BERIRSE

WA UTE—MENAEMER - BERERDME, B, BRFENAH D EEEHEIZTHIHEFR
B REEMED Y, R 19-18 B T ARERREENAE, VSERRAFFAATES
REMNBEXIRE, BRAUBEKE, WAILUEISRRKENNERERE—ME

Some(5);
Some(10) ;

let mut setting_value
let new_setting_value

match (setting_value, new_setting_value) {
(Some(_), Some(_)) => {
println!("Can't overwrite an existing customized value");

}
- =>{
setting_value = new_setting_value;
}
}

println!("setting is {setting_value:?}");

P 19-18: HARFE some PRYERITERIUNRER T LKILES Some A

XEGRIESITENY Can't overwrite an existing customized value IZEEF

setting is Some(5), FEHE—PMLEH %, KINFEELESERE—" Some TRFHEIE,
BEZEKN setting_value F] new_setting_value E&HIYH Some TiEX, EXMFRT, il
FTENHAAIARELEE setting_value, FERZHREE,

HFErE EHMIER (setting_value T§ new_setting_value f£—Jg None), XHE_ N9 XH
_EBREM, XRBEEFELE DT new_setting_value Ty setting_value,

WA UE—MEXPNZER TSR ZRISEE, WRF19-19 Fin, XBEZRKT—1R
ooV EE —FISE M ME:

let numbers = (2, 4, 8, 16, 32);

match numbers {

(first, _, third, _, fifth) => {
println! ("Some numbers: {first}, {third}, {fifth}");
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}

5l 19-19: RE&TTHAMNZ B 7
XE$TEIH Some numbers: 2, 8, 32, {H 4 1 16 &S ZAL,
BEETEERALM _ RPBRKRERTE

MRIFNET N ZEANFEEAMAERAE, Rust BESGIR—MES, FARERNE
ErERET bug, BRENEE—NEREANTEZERAR, LLIREEIRITRESNIR
Fia— 1B, XR{RHBEEIF Rust FEESREANTE, AUAIUATIAFENTESR
B9FFk. I 19-20 FEIE TR MKRERLZE, AIYEFRBRAZFIEF—ITHNES:

X% src/main.rs

fn main() {
let x = 5;
let y = 10;
}
5 19-20: AT RIS ABTEZ UBEEIERERTEELES
XBESHNTEERRERTE y, FIREESTHKRER o

AR, RfERA - MERUTHAFALNRTELEHEARE: bl x MIBEHBEIRE,
mMm - WREEARIHE, BTERIXMXFINEX, =6 19-21 ZFE—1 iR,

let s = Some(String::from("Hello!")); ?@

if let Some(_s) = s {
println! ("found a string");

}

println!("{s:?}");

B 19-21: AT RIEFRNRERTENASHEE, TrlfeREVERFIBN
EMNEBE—1IR, AR s WEDNASB#H s, HEERITERER so AMRERT
YEERS, HASYEE. T 19-22 BEBTHERT, BR s RBEWZH _

let s = Some(String::from("Hello!"));

if let Some(_) = s {
println! ("found a string");

}

println!("{s:?}");

Tl 19-22: BIRER TRILAAZHEE
EERIRRERERFMNIETT; ENSEE s HEZEATE; BRBEREMN.
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A .. RERENTRES

NFESITHINE, AIUER . EERIAEABEBIHBRECE, NTEEF [T E
— P RRREVIH T %, . BAIBREAFIRVELEEALERNESRD. TG
19-23 1, H— Point LIGRFIR T =L BIFRRVAAT, T match FETNH, BAIFERE
1 x BITHZEE y M z FEREVE:

struct Point {
x: 132,
y: 132,
z: i32,
}
let origin = Point { x: 0, y: 0, z: @ };

match origin {
Point { x, .. } => println!("x is {x}"),

}
5l 19-23: 3@iEfER .. RZBE Point AR x LIIMYFER

XEBEHHT x H, #FENXEST .. B, XLAFARFIE y: - M 20 - BRGFER, 55!
RELEERZFERNEME, BRIINR—ERTFRIIET,.

.. ST EBAFMRENEMNSE, 7 19-24 B/ 7 iNA7ETTAPFER .. ¢
NER: src/main.rs

fn main() {
let numbers = (2, 4, 8, 16, 32);

match numbers {
(first, .., last) => {
println! ("Some numbers: {first}, {last}");

}

}

T 19-24: ALECTARHE— M RE—MEHZBBIEFIEHEEE
XER first Ml last KLEE - THRE—NME, .. BEEHBEEFEINFAEE,

AMIER .. KRBT, WRALEILEH BERIERTPAMRY, Rust =iRkif. Rf
19-25 BR 7T —PHALNXE .. flF, FtERERmEF:

Y& src/main.rs

fn main() {
let numbers = (2, 4, 8, 16, 32);

match numbers {
(.., second, ..) => {
println! ("Some numbers: {second}")

}I
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} fas,
}
f 19-25: ZHUBRXHHGERA -
HIRFX DRI, SEFMTHEIR:

$ cargo run
Compiling patterns v@0.1.0 (file:///projects/pattexns)
error: .. can only be used once per tuple pattern
--> src/main.rs:5:22

5 (.., second, ..) => {

|
| -- AN can only be used once per tuple pattern
| |
|

previously used here

error: could not compile ‘patterns’ (bin "patterns") due to 1 previous error

Rust RAJBE/REETCARILED second [BZRINIZZAEZ/MME, UNKTEZEREEZDNME,
XERIEATRERARNTREREE 2, 4FE second 9 4, ZEREE 8. 16 fl 32; MIHERER
B 2 #1 4, YP%E second Jg 8, IRERREE 16 M 32, LU, TEH second IFF Rust Kt
HEEEMEIHREN, FIUSBIRFEIR, RAEXIRMAER .. RBEXH,

fE A LAC ST AR E I 14

ILfEeFE (match guard) B—MEET match DZEXZ GRS if FiF, BRI
B EEEFII Sz, LEEFERATRALLEMIERFIEEAITFNERERNER. BRIE,
EAMXIE match RIAXPETA, REEAT if let 5 while let FKiAH,

ENZREFRTUERRFRENTE, =~ 19-26 B/RT — match, HPRFFE— DX HER
Some(x) MEEILEISFDE if x % 2 == 0 (Y x SBHETHE) :

let num = Some(4);

match num {
Some(x) if x % 2 == @ => println!("The number {x} is even"),
Some(x) => println!("The number {x} is odd"),
None => (),

}

5l 19-26: FERRILHP AN LA ST 2

EBIZFTENE The number 4 is even, = num SIRIAFE NI XELIRET, KA Some(4) T
Fg some(x) PRLAAJLAMLED, $#HELETIROE x BRI 2 RBESEFT 0, ANEFT o,
PR — 0 ST 0,

HERINR num 73 Some(5), EN 5 BRI 2 REUE 1 AFT 0 RSB OZHLETIEN
false, #%% Rust RFIEE _N03, XRLER N ERELETEFrUSILEER Some ¥
1o

TEERVPRAEM if x % 2 == 0 BU5M, PRLLBIILET Biefit 7 FRiALMZEREE
Ho EMBRARELNNRRZE, FESFIZRANEESRETIHNENCES R4,
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B 19-11 Fh, BATHREI AT LAEAR ILACST DR RIE NP L 2RI, ARE match &
AR PHE T — P L EMARMER match ZIMNIRREE, HEETHREREBNIHI
MEEME, T 19-27 B 7 NEERLET 2EEX M,

NAR: src/main.rs
fn main()

let x
let y

Some(5);
10;

In 1~

match x {
Some(50) => println!("Got 50"),
Some(n) if n ==y => println!("Matched, n = {n}"),
_ => println!("Default case, x = {x:?}"),

}

println!("at the end: x = {x:?}, y = {y}");
}

T 19-27: EALET ERMIX SN EREFS

MEXSFTEN Default case, x = Some(5), MTELE - NMLEDZHHIERAETIN—NIE
HINER y T2 v, XEKETUELREST EHERIMNIN yo HHEbIEESIERRIME v AIE
I Some(y), XEBIETEN Some(n), UMWHENTE n FHKBEEBEEMEMEE, FEA match IMEEEHE

TE n,

LECFE if n = y HAR—MRIFALUKBESINIRE, X1y IERIMNIBY vy MAZHH
ERZE y, XIFMALGEILR n M y KRAFH 15580 y HHERIET .

WA LELET EHERREEN | KEES MR, ENLETIENFSIERTRENR
o I 19-28 BN TESECTESERT | BRI KR XMIFHREZNEDZ
MLECF R if y /BT 4. 5 Ml 6, BMEXBRERFE if y RtEAT 6 ¢

let x = 4;
let y = false;
match x {
4 | 5| 6 if y => println!("yes"),

> println!("no"),

}

5l 19-28: £EEZ M ERSLET T

XANILEEFR AR S EIVED x B 4. 5 8¢ 6 FBY y 79 true BYIER. BITXBRABNS
RENRFE—TDZHMRAR x 7 4 WA, FIMETE if y A false, FAE—1TDX
FEWER. RBBEHEE_IN%, X, IEFSITEIN no, XZ2RN if FH41EA
FEAN 4| 5| 6 1R, MANEREHE 6. AENR, RETIRSRANMERIXREE
RGXHE:

(4151 6)ify=>...

MmAZE:
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4 | 5] (6 if y) => ...

BITREE, RARTAMBEET: MRLETEREATH | EBREMAEENETIRNRRS
—NME, XTAZMELEEEFSITENH yes,

A e BE

at TR (0) AWEINZE— M FRENTENFRENXEERELERKRN. =F 19-29
BRT—1F, XEFHNHZENH Message: :Hello By id FERREENT 3..=7 SEEA, [ERY
WHELEEEEEHEE id_variable TEHLUBIL D AR UERAE, SIS
id_variable 859 id, 5FRER, FTIHFRAIVERNXEER T FRBYZ,

enum Message {
Hello { id: i32 },
}

let msg = Message::Hello { id: 5 };

match msg {
Message: :Hello {
id: id_variable @ 3..=7,
P> {
println!("Found an id in range: {id_variable}")

}
Message::Hello { id: 1@..=12 } => {
println! ("Found an id in another range")

}
Message::Hello { id } => println!("Found some other id: {id}"),

}

5 19-29: (A e RN P EERRERIKE

EBISFTENE Found an id in range: 5, J@ITTE 3..=7 ZHJIBE id_variable @, I JiEFk

T EALE L SEE RN EFH R E ELEX SRR

BN RAERRPIEE T —NEE, 2ZXEXAEEE—EE id FERELRMENEE,

id FEEMERILAE 100 11 8% 12, REIXMERABRBHANBHEAEER id FEPE,
HAEER id BREF—NTZE,

RE—1MOXEET —REEENTE, NRIHETIUATFIIABHEE id, AR
XBEFERATEWAFRETE LR AEDZHFEEGREAANOZAES id FEAEHRHTI
i EAEHLEIZER.

FRA e aIUTE—MERPRNNXMNFEELEEE,

o g

J[aX3= = |

RIVE Rust F—NMRERBBINEE, EAEMTRINXOARLENEIE, AT match F4H,
Rust IR RASBEEE— M ARENE, SNEFRFERF. let IBOMRBSHBIRIES
XEELMERK, AIUEREROAENBINENAZERE, FIUEIEERHERIIRI
KRR IATHERK,

BTR, ERBEAME_ER, RITENE—L Rust REIBEERRASRAIE .
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ch20-00-advanced-features.md

MEMRBELFESRT Rust RIZESPRFEANBBLEIS. EE_+—EFMH—MBEZH, &

MNERBBSTH—LESE: FAEBRESBEIEN], BRMVERKREH, RAIIDX—EY

EEBEIFREERBRNESE, AENBHXERFERISTEEERENSR TR EBF, RIAMR

AREREERIEN], BENNELEHEIRT & Rust Frig 2304514,

KEB TN TARAE:

« AL 2 Rust : IAENEFIR Y Rust BIRLEARIE, H A SRFohfHXERIE

« S trait | KEBESER, BIAKBISH. TLRTEIEE. B8 trait, LUR5 trait iHXH
newtype 1=z

« SRR XTF newtype BAMEZAR. KBFBE. never KB P NEHEAR/NIEER

« BRRHMAE: REFSHNREFE

* & ERFENENXBAREXEZSRIEMNRE AR

XE—HETP HRM Rust 514, 2E—LABTWRER! iLEHNFFHRE!
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Rust R IKIHES BAFXhR
L2 Rust

ch20-01-unsafe-rust.md

BRI AIETTIe I RUEEERE Rust ERIFNIBEIMITHRELR2RFIE. A, RustiXREE
FMIES, EASEHPITXEAELZERIE: XM FLL Rust (unsafe Rust) . E
5%M Rust KB ER, BRIIEMENIMNIERET,

AZ® Rust ZFRLAFE, RRANBSOHEARLRERTH. SFEEHZHBE—RABES
SFFEMRIER, EL—ESENEFIERTRNIEFEF —L, XUARKERIAEH
BERGIERY, {BUNR Rust miFFKBERBIEERAE, ©IFELZAE, EXMERT,
A UERAR2RBESIFREES, BEHK, FMEBSHETH4, "FITHEE, BAFR
£ Rust NS BEE: MIRAFR2ABHET, LWNESIATE, TRISBEALENREFRE
Ao

55— Rust FEAR2—HNRRZREITENBHEENA L2, MR Rust RAIF#ET
FREBE, BABLEESVIRATHA T Rust RERBHITRERSRERAAREREE
FREME CHIRERASZXBENRERGHRIZ. KERAARIZHERE Rust BESHERZ— it
BRITEBEAR L2 Rust Beit 4, MEAM.

MITFR 2RV

B E unsafe Rust, AILUEFR unsafe XBEF, ARFAB—TMEEFRR2RERIFIR, X
BEREAUFEARRL L Rust F#HITMAEATEZE Rust BVR(E, ENMZARRLRIEERE
(unsafe superpowers) ., XLiBaE B35

. 25| EIgH

s FARAREBREEH 5 E
s hRHERATEHSTEE
« LIMAL L trait

* 507 union HYFER

E—RREEZE, unsafe HAIXHAERANERNEREMEM Rust REWE: NREFRRE
REFERSIA, EMSWILE, unsafe XEFRERETRE T ASREEBNENER
EWINEE. (RMNIAREARERPIREFEMIEZENZ 2,

B¥E, unsafe AEKERPHIAEM —ERCRNIELATHRNEFLeNH: HEEET
ERRERFG, RIFRIAER unsafe RABIAES IBKBIHG VIBRIAF.

ABERLE, HREIRE, TEBEIERXAEARERIEGILFIRFICH unsafe BIRA,
FLEEBEANE RS NEFERERXMEIRBEN T unsafe IRRA, {REF unsafe IRRATRE/NN; GAIL
YU ZEAEARF bug RMERESEES T,

AT RAEREARENRE, RFBFFAREARHEA—ILENHKRHRHERE API, Sk
MNEIFRERBM G ENZITICE, WEEN—HBIREAAERTEINA LB Z L
NREHR, XMAPILLT unsafe MEEIFFEIREER A REMREAR unsafe AIELILAILI
RERVHLTT, AANEREREHRELEM.

AN HRIRF ORI B LR R KBRS, ENBIISEE —ERERL2ABHNE 2O/
Ko
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&S| miRigH

EEENENBES B —T, BERITHEEESHRSIAZZEYN. FL2 Rust B
MMENRS #BR4EEt (raw pointers) BYRAT5IARVFEE, FM5IA—1F, HREEHERTREA
THY, PDAIEE *const TH *mut T, XENESAEMSIATER,;, ERREZMA—IL
o ERIEHILETXH, FAUE BERERETH#SIAZEFEERERE.

wigs S5 AN EREIEHIIXAIET

. AYRBERAN, TUFERTERTEATLEH, NS MERR BT
« RMRIHEEE R

. AN

« REESTIMEIE IR

5 A Rust BINMRIE, IRe]URE RS RIELRIN M ALl A S — ME S B RO
877, LAY Rust BHBIEHRIEM.

Tl 20-1 BR T SIS — N AR RIS H A — NI BRIETH

let mut num = 5;

let r1
let r2

&raw const num;
&raw mut num;

5 20-1: @ 5| BEIERIE T

EARXERAEFZESIA unsafe XEF, AIUAERERBREERIET; RRTEAEFR S
RZIMES|IBRIEH, HEEZER.

BN E I ERRISFHERIRIER (raw borrow operators) BIE##ES: &raw const num &
BIEE— *const i32 WA LRIEH . AARTFEHRINREEZEMN—ITBITECIEEIIM,
LLERT A E X LA E BURIE H R B MY, BB AFBEXMT AR H EBM a0t Ri%,.

AT ERE—R, BEFERBITECBR— I BRET ERAENRISH, F/ as #HTHRELEM
R EERRIEHERIRER. 76 20-2 BRTfFSIE—MEREERFILEEH. =
RERATEAERREXITA: AR R IR EAIaERE, FmiFRTRIMUEXIRE
8, SERFAIREREERSEIR (segmentation fault) &L, BEEREISTHERIRIENTT
BHERT, RERINIERES XFNRE, BXBEEAITH.

let address = @0x@12345usize;
let r = address as *const i32;

T 20-2: gIEIERESAFHIULAIRIE S
ERENAIAIUER2REFEIBRIE, BFEE R5IA Rt IRIEERNSE. =
51 20-3 &, FAERIEH LERTHSIAIEER *, ZIRFFE—1 unsafe k!

let mut num = 5;

let r1
let r2

&raw const num;
&raw mut num;
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unsafe {
println!("rl is: {}", *rl);
println!("r2 is: {}", *12);
}

M5l 20-3: 7£ unsafe IREfES | RIS
SIE—MEHAREREMAGEE; REHHNEERNERT BRI E TMEE,

EFERTG 20-1 A 20-3 FEVE T [ERHERBREAFAE nun BIERIEE *const 132 F

*mut 132, MRIMBZIHEISEVE num BIRATBMAIZES A, RBEETEEIRE, BN
Rust BIFRERMRNAR A EREERAAAES BRENBEE RS A, BIRIst, Fae
GBERY QR —MUtRY T I HAN R A Zi5s, BRI A TIETHENERIE, NRTREERBTER
ERF. BEZIIG!

BAFEXAZHEN, MUTEEARETIE? —MTEXENNAYREREA C Ri3iE0,
XE T80 AAARERBEHGE PEHE. F— MR ENEERANERTAEREN
2R URNANBFILR2RE, BEE—EHERFTR2ABENREMRIITH,

ARAFRERARNTSE

FRAILUAALR2RPHITIRERIRFA L 2R, FTRERBNGESEMRETTET
DM, BRTEHFFKE—NEIMY unsafe, FEULETFXH, XEF unsafe RINZRRAF
ARZEERENER, M Rust FRFRIEHEXLEEK, @BIE unsafe IRPIFBAARLRRE,
REAFAIEL I3 LR IAEH N H 2 EH B R B BRI 51 35,

INTFB— MBI HEERNARR LRI dangerous BIfFF:

unsafe fn dangerous() {}

unsafe {
dangerous();

}

WITE— T EIRAY unsafe IRAJEMA dangerous BRE, WIRZIHAMER unsafe IR

dangerous, MEEBE—1PEIR:

$ cargo run
Compiling unsafe-example v0.1.0 (file:///projects/unsafe-example)
error[E@133]: call to unsafe function “dangerous’ is unsafe and requires unsafe
block
--> src/main.rs:4:5

4 dangerous();

| ANNANAAAAAN call to unsafe function
= note: consult the function's documentation for information on how to avoid
undefined behavior

For more information about this error, try ‘rustc --explain EQ133".

error: could not compile ‘unsafe-example® (bin "unsafe-example") due to 1 previous
error
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BT unsafe 3R, FHfi]@ Rust BTSN ELMARS REHIHE, ERNAERERE, FH&LE
BAIEIT 7 ZRERBIRL,

AARERHRRBARIRIT AL 2IREN, FEFFEERA unsafe IR, MEEEBREF
—1%, MRTIET, FEHZLHES. XBEBTE unsafe RRFF/RAGE), BAFRRE
BRIEROFEBE R REUF,

SIEFRERBHNRLHMR

XA RRHEEFRLREREHAEREENRBMEBEERNCHAFRLEN, FXL L, §F7Le
REHEHZERBE—FTERNHMR SR EA—IHF, THE—TIOEEDRERL
split_at_mut, ERFE—LEARL2ME, LEIMRRATLMNAIEZINE, XPMRERKBENFH
T slice Z k. BIREN—" slice HMATENRSISHABRIGE DB AF slice, Rl 20-4 B
A 7RI fEA split_at_mut,

let mut v = vec![1, 2, 3, 4, 5, 6];
let r = &mut v[..];
let (a, b) = r.split_at_mut(3);

assert_eq!(a, &mut [1, 2, 3]);
assert_eq! (b, &mut [4, 5, 6]);

5l 20-4: fEFA R 2HY split_at_mut ER%K
PRI ERBIRE Rust K. —PNRIAFBEBEREGRH 20-5, EFEERE. HTE
BEE, FANF split_at_mut SCIANERERMAR %, HRAE 132 EMIFZE T 89 slice.

fn split_at_mut(values: &mut [132], mid: usize) -> (&mut [132], &mut [132]) m

let len = values.len();
assert!(mid <= len);

(&mut values[..mid], &mut values[mid..])

}

~f5l 20-5: 2R EAZL L Rust RIZH split_at_mut

IEERENE SLIREN slice KE, AEBIRESHEST/ NTREFTF XN KERMSSMFIAT
MRSILTF slice HH, ZMESEHRENRENNRSILLEDEIM slice WRSIEK, LLEREE
S FAXNZES|H panic

ZERNE—NTARREIE NI slice : — MBS slice BIFFLEE| mid 35|, B—4
M mid BE|R slice W& E,

NRZIRHRIFRA 20-5 BIHRES, REE—NIEIR:

$ cargo run
Compiling unsafe-example v@.1.@0 (file:///projects/unsafe-example)
exror[EQ499]: cannot borrow "“*values® as mutable more than once at a time
--> src/main.rs:6:31
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1 | fn split_at_mut(values: &mut [i32], mid: usize) -> (&mut [i32], &mut [i32]) {
| - let's call the lifetime of this reference "'1°

(&mut values[..mid], &mut values[mid..])

| second mutable borrow occurs here
first mutable borrow occurs here
eturning this value requires that “*values® is borrowed for "'1°

H ——

= help: use ".split_at_mut(position)” to obtain two mutable non-overlapping sub-
slices

For more information about this error, try “rustc --explain EQ499°.
error: could not compile ‘unsafe-example® (bin "unsafe-example") due to 1 previous
error

Rust FIfE IR EIERBERITEMEAX slice WAMNTEZS : ERMERIMERBTR—
A slice TR, KR LB slice WARED BN, ENXMHEL slice F=EE, i Rust
TR LRI L, HFFEFLER MM Rust REENEZ, FHEM&RAR

Z2RBHIEET

5 20-6 B 7 ANMAIER unsafe 1R, BHEHA—LEARR2REHFAFREIM split_at_mut :

use std::slice;

fn split_at_mut(values: &mut [i32], mid: usize) -> (&mut [132], &mut [i32]) {
let len = values.len();
let ptr = values.as_mut_ptr();

assert!(mid <= len);

unsafe {

(
slice::from_raw_parts_mut(ptr, mid),
slice::from_raw_parts_mut(ptr.add(mid), len - mid),

Rl 20-6: 7F split_at_mut EEEISTIPERRR LR

[El1ZEMERN"Slice KR Z53, slice B—MER—LEHIENIETH, HHHZ slice WKE. A
LAER len 757A3REX slice NKE, £ as_mut_ptr 737&1700] slice BY#RIEET. EXMMEIF
th, EABE— i32 ERVAE slice, as_mut_ptr iR[E]—/ *mut i32 HKBRIRFISE, HEHE
fiB7E ptr LEH,

HIMRITFRS| mid i F slice PHKIS. IFERARLTEAIE: slice::from_raw_parts_mut K%
REL—MREEH A — PN KEREE— slice, XBFERILEREM ptr FEIET —F nid 4
IR slicee ZfG7E ptr EIEA add FAiEHER mid fEASHERIREN—1M mid FFIaRVHRIE
£, FEAX MRS nid ZFIMNHENKELIES— slice,
slice::from_raw_parts_mut RKIZALEHNENECIRE—MEIEH, HHLTHREXMEHZ
B, BRIBF LM add FiEHRAREN, RAEKTRELIHMIHREE EHEEMHIET.
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EIE A0 slice: : from_raw_parts_mut Al add JAN unsafe SRAPLUEREAAEAN ], BEIIE
S, BN mid HIANTFEFETF len WETE, FATAILAR unsafe IRAPFAIBRRISTHHIREEN
BY slice EIERIIETT. XRB— M AILUERA] unsafe BUIG S A%,

EARTHRR split_at_mut RIRBILERITICH unsafe, HAILIER S Rust FIEALLERER.
MEIRT — M FR2ABENREHER, HABU—MRENHAEAT unsafe 53, EHH
SN EREIA R EER IR T B XBIiE .

S5ikAExs, R 20-7 Ry slice:: from_raw_parts_mut 7EfEF slice B RBAIRER AR R XER
REPREBERAFALH G T —MKEN— 1 slice -

use std::slice;

let address = @0x01234usize;
let r = address as *mut i32;

let values: &[132] = unsafe { slice::from_raw_parts_mut(r, 10000) };

T 20-7: B ESAFMULLIR slice

BIHATAEX MES AR AE, BRERIEXEAEEER slice E2HFXMA 132 H, A
EfEARNAEEY values TFEREXHITTH.

fEF extern ERERIAFASMERILED

BEHRA Rust KIBATRER ESHMIESRE MR E, ALt Rust B—MXEF, extern,
BEFRIZEMMER SMEPEEIEDO (Foreign Function Interface, FFI). SMREREIEOZR— MR
BESRAUEXRHNAR, HATTRRE (GMB) HEESHRAXLRE,

5l 20-8 B T SNMAIEERE C AERERY abs BRER, extern SREPFEEBAAIERENTE Rust XE3HiE
FEAREMEALL extern IRAFWATARE unsafe, ZFLHNLL, BRRAEMIES ASIEE]
H17 Rust BIREN, Rust BT EEXLELYER, AEFREREHRFRARNZ M,

NER: src/main.rs

unsafe extern "C" {
fn abs(input: 132) -> 132;
}

fn main() {
unsafe {
println! ("Absolute value of -3 according to C: {}", abs(-3));
}
}

Tl 20-8: ERAHIEAS —MESPREXH extern KEX

7E unsafe extern "C" 3RFA, FAFIH T HEEBEBNS —MESPEIIMBREIIE B Z
o "C" BREX T IMEBERERFRFERRDY BRI Z#BHEO (application binary interface, ABI)

—— ABI EX T HfIELCRES EEIARILLKE, "C" ABl @RENN, HEE CHEESH
ABI, B3 Rust Z#FHIFTE ABI {2182 M the Rust Reference,

unsafe extern FRESERRVIEAIHIERRRTUMIE unsafe BY, FAMM, —L& FFIREAIAR MR,
N, CARERETRR abs REUSBEAAEFELEHENEEHBRINMECH LUEREM 132
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WA TEXRMXEFENFIFH, FHATRILUER safe XEFREAAXMTENRHREMEZRTE
unsafe extern SRAABEAIUR LA, —ERMNMEXMENR, BAEFBFE unsafe
R, Bl 20-9 Ao

NAR: src/main.rs

unsafe extern "C" {
safe fn abs(input: 132) -> 1i32;
}

fn main() {
println! ("Absolute value of -3 according to C: {}", abs(-3));
}

RK— 1 REITIE N safe HAZEBMERTRFSRE! Bk, XEE— 1R Rust FFRERRAE
EREN. HBERBITXMRENARIRISEAE!

MEEESEA Rust H#X

WA LUER extern REIE— N RIFEEIBESHA Rust IREENIEO, FRITFEIEEREA
extern 3R, FA7E fn KBFZHIENN extern XBFH ABXREISEFTAEIR ABL
EEAN #[no_mangle] SFARREIR Rust wiZBAE mangle HEERERAIE TR
Mangling 184miZ2 B HNHBBHRBBZEFXNEESESHAMEIIEERNER
BB, FEEMRE. 8—NMEIEIES R FHRBIUBEHARBIA X mangle
BRERE, FRLAAT i Rust BREBETEHMIBES HIEE, WA Rust 4xiF23H name
mangling, XEALEMNENERERE mangling BIBHEIEEZ BRI fEB T H
%R, FRUBRFMZRZFRAELARA mangling 122 SH 2R E,.

TR FR, —BERFANDSEFM CIESPHEE, call _from_c REHIAEDS
£ C B3R

#[unsafe(no_mangle)]
pub extern "C" fn call_from_c() {
println!("Just called a Rust function from C!");

}

X extern FERERBMFEE unsafe, MAFETE extern RAGEA unsafe,

RS ERSEE

EAPH, HITHKRITIET £BEE (global variables) , Rust BEXZIFEAN], FIEXMF
Rust RFFBERGRNIKR IR BB RN, MNRERNMEERRERNTIE2RBEE, NERIE
FEIBER -

LRTETE Rust PIEFRA 5BE (static) T=, R~ 20-10 B R T —MEBEFERE slice BN
BESTEMNEENER:

NAER: src/main.rs
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static HELLO_WORLD: &str = "Hello, world!";

fn main() {
println!("value is: {HELLO_WORLD}");

}

T 20-10: EXMER— N FAAIEHSEE

BN (static) TEXMUTFFE=F "E=2" FTDITIEHNEZ, BEBHST=NINXE
SCREAMING_SNAKE_CASE 5%, ST EHEEMEFRE 'static £EnFEAMNSIA, XEWKE
Rust ‘RiFR A B CIHEHEASAREMEEERITE. A THSTERLTEM,

BESTAIEHSTEN —MIYHKSIZHSTETNEE — T EENRFUL, EAX
BEEERNAERNMA, 5—FE, FENRITFEEAKBENHRERIEKE. 5—1TK
AETHSTEFAURI TN, HEMERIEHSEELNZE FRE K. 1F 20-11 BRT
SNMAIAS A, IIR)FEERE /) COUNTER MR EFFSTE !

NHR: src/main.rs

static mut COUNTER: u32 = 0;

/11 SAFETY: RNEZNEEZREBAXNHEEREXNITH, FTIR* A RIER—BE R
/11 B—1"EETREBE.
unsafe fn add_to_count(inc: u32) {
unsafe {
COUNTER += inc;
}
}

fn main() {
unsafe {
// SAFETY: BERTE “main’ X—PEREWIAA.
add_to_count(3);
println! ("COUNTER: {}", *(&raw const COUNTER));

}

5 20-11: NS EBR— NI TRESTEEFRETEN

MEEMTE—H, FHIMER mut XBFRIEE LM, ERIEE COUNTER RYFLRSERA LT
unsafe A, XEGAISAILASRIFFHAIHAFTENL COUNTER: 3, RIANXBHLEREN, HEZ &
F2If17] COUNTER MITTEESHEIER S, FIUXEBREXITH. EHitt, ENMNBEEEN REWRIC
A3 unsafe, HEXIFRPIRBEHZSMURS, WERABEBRMLIZERTSN. LR
rR2m,

FURNBE—ITLR2RE, BEMERRES — L SAFETY LI IRHBBRAREEE
A AATUREMIBARZSGZE. BIE, HEITETALLREN, BEMEREE — U
SAFETY FFLH AR T MR 2N LR,

B, HBEBFAFMOIE—AITHSTENS|IH. FRREEETEFISHES | BIRIERTE
BRI E. XBESIBNCIERAYTIMIER, FliX MUBREIFATF println!
HIER. ATFHSTE BT R ENEREMTHEEREIINR2ERE HBH.
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RERLUF/IARNATEHIE, ¥URIEFEFEHIERS, XMENM Rust INNETEEHEE
EEFTREN, EEMATENERT, BRAERE T AENENHALRKRANLEZR 2B
i, XEmIFSEMERNARLIZRNSIENPNEERREN.

LMARL trait

BEATRILAER unsafe REIM—PAR L traite 3 trait REDE—NHEREERIFRLTIEN
IERARZIL (invariant) BYiZ trait MEARREH, FILATE trait ZAETIENN unsafe KEFR
trait FSBAJY unsafe, [EEY trait RYSCIRHATARIE A unsafe, Y7RMI 20-12 Fik:

unsafe trait Foo {
/] BEEXE
}

unsafe impl Foo for 132 {
/1 FEFRMEXE
}

5 20-12: EXHEM AL L trait
BT unsafe impl, FNTERIEIFRILRIFERFAFERIENATH,

ER—MBIF, EIZE+7NE “E/A Sync 0 Send trait BYBIH BH &” EHHH) Sync A Send
FRIC trait @ SIRILAIBIRB TR HSEILT Send 5 sync WHEMERAR, FiFBRSBHEINE
SRHLXEE traite FIRBATENXRIRBE B S FLERKI Send Y Sync BIEEL, HIENMRIEH, B
NARZRBINRICH Send BY Sync, FAMATER unsafe, Rust FREIIETATRISEERIERTLL
REMBLRLKEHESLRZEE, FAIUAFERNECHTIRE, Hil@d unsafe RAX—
=

el

IR SRR BT R

BRE— N REETE unsafe SRAMITHNIE(ERIFIR (union) HHIFER, union F] struct &I,
BRE—IEHPENREFR— I EEBENFE. BREAETERTM C KIBHHBESEHTT
REH, HOBEEENFEERLEH, A Rust TR RIE Y FITZAETERE S RS HI PR
B, AJLIEE the Rust Reference THEBE XIS ANEZEE,

£/ Miri EEFRR2NE

HREALR2NEN, (RARSEENEREHNAEESENZEER. RIFNARNZ—ZEE
A Miri, — P RARIQNAREXITHN Rust EA TR, ETEARERRE —MERMENITIEN
SR, Miri 2—MEETRIFENHETIR, ©BdEiTEr, SENNERINEND,
HIOMRREER T ©EEB Rust RiZ0A TIERIRL.

£ Miri 3R{EA nightly lRZASBY Rust  (FRAI1EMIR G : Rust BANRIALZHS “Nightly
Rust"fFEEZiTiR), RAILUEIHAN rustup +nightly component add miri R[EIA&EE
nightly hiRZs89 Rust # Miric XHAXKNLZIRIE IEEFEAR Rust hids; EREBHITHNARS
MY XN TERURAUESZSENMEFERE, RAILUBERIN cargo +nightly miri run
or cargo +nightly miri test {EIfIE{EH Miri,

EA—MERMEEBERIGIF, FER—TXRA 20-11 BITENSZAER 40
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$ cargo +nightly miri run
Compiling unsafe-example v@.1.0 (file:///projects/unsafe-example)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.01s
Running " /Users/chris/.rustup/toolchains/nightly-aarché4-apple-darwin/bin/
cargo-miri runner target/miri/aarché4-apple-darwin/debug/unsafe-example’
warning: creating a shared reference to mutable static is discouraged
--> src/main.rs:14:33

|
14 | println! ("COUNTER: {}", COUNTER);

| ANANAAN shared reference to mutable static

= note: for more information, see <https://doc.rust-lang.org/nightly/edition-
guide/rust-2024/static-mut-references.html>

= note: shared references to mutable statics are dangerous; it's undefined
behavior if the static is mutated or if a mutable reference is created for it
while the shared reference lives

= note: “#[warn(static_mut_refs)]  on by default

COUNTER: 3

Miri IEFtE S TA]: HAEFEIE— DB MRATET, XAgENRE. 7, Miri TEF
BTXERE—ERRE, HAEFMEXMEHRDBINMR~ERN, FfE, Miri XEZKEUE
5| RZERMRE T —MER, BB) Miri, HIAEEDEXEEFEEREXITANXE,
BRI LA —F BEZ ML XBRARERE S, EREFERT, Miri EEEBEIHEIERN
iR, WERERRENABIEI, HaahinfEEXEHERMEN.
Miri H R BEHIRRE AR 2N AT EEHIFI B iR, Miri @—MohSOH IR, AER
REFIR AR LFRE TR, XEREFTERES RIFAIMNREAELE S LUERIRXFR
RENAREABHED. Miri BREEBERBEBFIENARIERNMT,

RENER: A0SR Mirl IREIT —NRE, BTHALERERRE D bug 5 BVRER Miri i
BRRED bug, HFEREXERGENE, ToY, CHEELIESIE, MaLLEH
FERNEMRRLRBROGET Mir, BECRARTALR!

{RRTLUE Miri 8 GitHub B T RES{EE,

EMERTREKE

f£F unsafe HITXEMEE (BRI 2—=2RBEEN, BEERFTERBREN, &
W 1T unsafe RIBEWSEEAR S, RHARFSEFEZBMRIEINFLEE. SHEHREA
unsafe ARDRY, FRAILUXAMAY, BIEAER unsafe iR IER SHEEIR A EIE
ERREAIR k. BHREEATLNIEH, EeILUER) Miri REMBEMIEFIERBESEE
1& Rust BYFL,

ERRERANM T REINAESMERATRZL Rust, 1ERIE Rust X FiZETAMNEAHIEME
Rustonomicon,
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Rust F2F1&1HE S B XXhk
B4k trait

ch20-02-advanced-traits.md

EE+E “FH trait EXHZITH" 8857, BIIE—RIEM trait, FEHRHITEEITICESR
4TS, IIEMRX Rust EETHRES T, BITAILCRRNRAXLARA T,

KEXEE

KEXIER (associated types) FF— MBI EMURFS trait HXEX, F151% trait FIAEE XA
EERPERXE SRR, Z trait WEMEBSAS T EFLIEEEFERNEARSLRR
B NI ER, XiE, FATMAETEENX trait BHERA GMIAFEER, MAETMA B X LR
WEMAAZR, BFISSIMZ trait WEH#HITIEE.

BZaRE, SEMTICHASHERIFEHEBERIVOEE, XKEERNELEEF: e 1vsEm
ST AP EMIBOHRNFE, EXSTFEAERTFZHMFE,

— A RECEER trait BB F AT /ERERMHEY Iterator traite, BB —IK Item FYXKEX
LR ERBHMERNZER, Iterator trait BIE XK 20-13 Bk

pub trait Iterator {
type Item;

fn next(&mut self) -> Option<Self::Item>;
}
5] 20-13; Iterator trait UENX A FEEAY Item

Item @— P EIRFEE, [EBY next FEMNE X RATIR[E] Option<self: :Item> FKERIFYE,
Iterator trait ISLINERIETE Item FIEMEKER!, FZ next FEMRREI—MEZIZEESE
BU{ERY Option,

KEXEBR OB RER S ZHEM, BEALATFRINTEE X R RKIEEE A ULIERNER, K~
TERIMXHWENXS, FITRE—1BA Counter BYEHE! LAY Iterator trait LI, HAIEE
Item BYSERI )y u32 @

XHERZ: src/lib.rs

impl Iterator for Counter {
type Item = u32;

fn next(&mut self) -> Option<Self::Item> {
// --snip--

XIBEEBERSZEEM. BANTATEIZG G 20-14 384F, FZEFREN Iterator
trait Ig?

pub trait Iterator<T> {
fn next(&mut self) -> Option<T>;
}

5l 20-14: —MERZEAY Iterator trait RAEE X
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XATEF HWRG 20-14 BBt EAZERY, WAEAES— M LMAPITEEE, XBRERAE
WA LUK Iterator<String> for Counter, BRfEfELMIZERY, XFRLRILABEZ X
Counter B Iterator BYSCH, ANEW, & trait BZEISHES, ATUZRELIMXA trait, &
REMERRRENERZRISHAE, YK/ Counter HiFF next F3ERT, FLATUETAE
ERRRIEEAEFE AWM — Iterator B,

ERAXBKEEE, WEFIMELE, RAFERMBE—NRELZRLIMZ traite 55 20-13
PEAXBERENENE, KI1REEN Item EE—REFKFELE, HAREE—

impl Iterator for Counter, iEFE Counter By next RN ANEXIEERK(IIEE u32 HHIER
2%

KEALBIW A trait RLIN—ES : trait BISSIMIHRM— D EE B REER 5T,
KECRELBRE U EAEKGR, 7 API R KERE#HITHAEE—MRIFRE,

ERRIANZRERSHNERTER

SERZRRASHE, FTLUNZEEE—IMBUANEAEE, MREFIALERESHENIE, X
JHERT NEAEEBLI trait WFEE, 2L ERINLENE LB ERRZ B EE
FH <PlaceholderType=ConcreteType>,

X R —MRIFHTRGIZE BEFFER (operator overloading), BEMERERR FTEENE
BRF (kban +) 1THA8RE,

Rust HARIFRIZBE X ZRBAHEHERTEER, EAJLUEIRI std: :ops PFIHAEE
FHEX trait REH T, 6180, ERF)20-15 PENEE + TERRFFHE Point IFIHE
Mo FAEITE Point L5IA LSLI Add trait REIX—Ro

NHR: src/main.rs

use std::ops::Add;

#[derive(Debug, Copy, Clone, PartialEq)]
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() {
assert_eq! (

Point { x: + Point { x: 2, y: 3},
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5 20-15: 23R Add trait E#Y Point SEIRY + TERF

add 777K Point LR x BN y B HIABMNKEIZE—THHBY Point, Add trait B—1
N Output RYKREXREL, ERAFRRTE add 757ARNREIERE,

XEBERINZEEEMITF Add trait H, XBERHENX:

trait Add<Rhs=Self> {
type Output;

fn add(self, rhs: Rhs) -> Self::Output;
}

XERBERMZERE: —NHFE—NAEN—DXBEEEN traite FIEHZRE
Rhs=Self: XMEEAM BRINKBISEL (defoult type parameters), Rhs @—NZRIFERIS
# (“right-hand side” W4EE) , TRFENX add AR rhs B4, WRLIM Add trait BF
FIETE Rhs FUELIAZEE!, Rhs AYSEENEERINTD self, BIIEFESSIN Add H9REY,

H )9 Point LI Add BY, {EFATBAIAR Rhs, RABRNFERKEFMAS Point IHIAEM, 1LFKITE
E— XU Add trait RFBEEBE X Rhs KRR 2ERARIALEBNGIF,
XEEWNMERAR BT ENEIE, Millimeters F] Meters, XMGIE XA FEIIEHRS
—PNEMERR A IR newtype #BIX (newtype pattern) , ZGRI“EH newtype EBHTE
HMERSERY  SCIRSMER trait”EB R RMIFAMN B, BB EEBRERESKEMENM, FHik Add
HSCINIEFARM BB (558, BILAA Millimeters SCIR Add LA Meters {79 Rhs, HI/Rf
20-16 Fiimo

NXHE&Z: src/lib.rs

use std::ops::Add;

struct Millimeters(u32);
struct Meters(u32);

impl Add<Meters> for Millimeters {
type Output = Millimeters;

fn add(self, other: Meters) -> Millimeters {
Millimeters(self.® + (other.® * 1000))
}
}
5 20-16: £ Millimeters ESCIY Add, LUEBENZIE Millimeters 5 Meters #B/M

AT Millimeters H] Meters BEFSHHAN, FAJFERE impl Add<Meters> RIKTE Rhs REISIHY
EMAEERIRRING self,

AIASHRATBATN TR SE:

« ¥ RRBEM AR WA KD,
« TR AFBAFENFEBREITEE N

FRERERY Add trait LE S — TN ERN—MIF . AEDEHEIRSIE R MEMBIEEEM, 8
Add trait iR T BEXBIMTAMEES . E Add trait & X APERRRIALE SRS AP
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DIHREFIEETMIMISR, ROIER, —/ B RANFRABEALER, XIFER trait
MERZ T

F—TENSETRMESEER: NMRFENIE trait IR S, HEEH—ER
INEEDR A v R 1TEABIA I A SEEL AR BV AR L4 & trait BYZhEE.

ERBFEZELIHREX

Rust BERNEERER— trait 55— trait IBHERRMBGE, HAREHELEANR—XRERN
SRILX PR traite FEIEAUEEERE FEIW—15 trait FIERRRIG %o

YiERXLRRAERN, BEEHIF Rust B TEBFERE—1, EE—Tmf 20-17 Ay,
XEBEHRNEX T trait, Pilot ] wizard, BIIEHERA fly W%, EEE— X
BAELMTRA fly HiENFKER Human ERILXFEA traite F—1 fly FHEEHEHIT T REH
121E:

X% src/main.rs

trait Pilot {
fn fly(&self);
}

trait Wizard {
fn fly(&self);
}

struct Human;

impl Pilot for Human {
fn fly(&self) {
println!("This is your captain speaking.");
}
}

impl Wizard for Human {
fn fly(&self) {
println! ("Up!");
}
}

impl Human {
fn fly(&self) {
println! ("*waving arms furiously*");

}
}

w5l 20-17: B trait EXABE fly 7%, HEBEEENE fly 5750 Human 2880 30T
XA trait

LEA Human SEFIRY fly BY, miFESEBRIAAAEZEISIMAEZER ERE%, WRE 20-18 Fr
o

X% src/main.rs
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fn main() {
let person = Human;
person.fly();

5 20-18: JAF— Human S2fIRY fly

BITXEERSITEIY *waving arms furiously*, 1XZRPFH Rust AR T BHIZELIE Human EHY
fly FiZo

AT AR Pilot trait B wizaxd trait Y fly 7575, FEEAERBIVEERIEERARER
B fly ik, Rl 20-19 ER 7 XMiEE,

X% src/main.rs

fn main() {
let person = Human;
Pilot::fly(&person);
Wizard: :fly(&person);
person.fly();

T 20-19: HEEFMNNFBLZRBW— trait B fly 753%

ERERAIERE trait BFREILE Rust BEMEA1EARMA fly L, W LUEES R

Human: : fly (&person) , XZEREF RG] 20-19 FAEY person.fly(), ATUNRITCE B X BIIEX
AEMERITKT.

BITXEABESITENHIOTRA:

$ cargo run
Compiling traits-example v@.1.0 (file:///projects/traits-example)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.46s
Running "target/debug/traits-example’
This is your captain speaking.
Up!
*waving arms furiously*

Eh fly F5RRER—1 self 838, MNMREMNEBELIL T E— trait, Rust FJLIRYE self
HOSRBH B H W ERW— trait K.

PAT, KREXERIPIEG AR AHE self B, HEFESMERBIE trait EX THREIREK
RBVIETTERELEY, Rust IANEEREITEHITHERNZW— LR, REER 2REE
& (fully qualified syntax) . 51407 20-20 RRISIR T —NHERFFAIE /NGO Spot BITH
YU A FREY traito Animal trait H—KEXIETAKER baby_name, Z5#J{K Dog SEIL Y
Animal, BB EiZEHRHT KEXIEFTIERER baby_name,

X% src/main.rs

trait Animal {
fn baby_name() -> String;
}
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struct Dog;

impl Dog {
fn baby_name() -> String {
String::from("Spot")
}
}

impl Animal for Dog {
fn baby_name() -> String {
String::from("puppy")
}
}

fn main() {
println!("A baby dog is called a {}", Dog::baby_name());
}

T 20-20: —NEE KEXRERY trait M — N EER KEXREFF LI T I trait AIZRE

7E Dog KA F7F WHIKEXKEX baby_name FR, AL T RKEAE/)\BEHR A Spot BYTHEE,
Dog SKEVAI Y Animal trait, BHIARTFAEHYIFARBERHE. /NAIRA puppy, XF*T
I Dog HY Animal trait SEIRHS Animal trait FERXEXAYERER baby_name,

£ main JHRT Dog::baby_name K, CEZEA T ENXT Dog Z EHIXREXEE, XEBRAKEZ
FTENH:

$ cargo run
Compiling traits-example v@.1.@ (file:///projects/traits-example)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in @.54s
Running "target/debug/traits-example’
A baby dog is called a Spot

XABHNMNBENEH, FNHLEIFBRE Dog L Animal trait SCIRAREESIHY baby_name (K
W, XIFREIEFTENH A baby dog is called a puppy, FJTERfI 20-19 FREARIIERE trait
BMBRIDEXEREER; MRS main BONTRA) 20-21 F89ES, MaBREFEIR:

NHR: src/main.rs

n main() { .
println!("A baby dog is called a {}", Animal::baby_name());

}

5l 20-21: ZiXIAF Animal trait BY baby_name K%K, Fid Rust HAEE 1% H— SR

[ElJ9 Animal: :baby_name &8 self &%, MBETIREEEHMERSLI T Animal trait, Rust It
EREBNTRIARAM— Animal: :baby_name BFYSEIR, LAY FRNN THRIFREIR:

$ cargo run

Compiling traits-example v0.1.0 (file:///projects/traits-example)
erroxr[E@790]: cannot call associated function on trait without specifying the
corresponding “impl® type
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--> src/main.rs:20:43

2 | fn baby_name() -> String;
|

------------------------- "Animal: :baby_name® defined here

20 | println!("A baby dog is called a {}", Animal::baby_name());

| ANANANANANANNNNANAN  cannot call

associated function of trait

|
help: use the fully-qualified path to the only available implementation

|
20 | println!("A baby dog is called a {}", <Dog as Animal>::baby_name());
| +4++++++ +

For more information about this error, try “rustc --explain EQ790°.
error: could not compile “traits-example® (bin "traits-example") due to 1 previous
error

AT HEXHEWF Rust FATHERERRYZE Dog BY Animal SEIIMARHEEER Animal 5L
m, FEEATEREIEZ. TfF 20-22 B T HAERAT2REIEE:

X% src/main.rs

fn main() {
println!("A baby dog is called a {}", <Dog as Animal>::baby_name());
}

Tl 20-22: (EAFELREEEFRIEERITFHEEARZE dog L Animal trait SSEIFRRY
baby_name K%K

HANERIESHME Rust 3T HEUTHE, XRBIE(IHBEELRREGAR TG pog KBS
Animal, MMIEARTE Dog ESCIAY Animal trait HHAY baby_name J57%, MIEXERLIDEFTENL
A THAEEIER !

$ cargo run
Compiling traits-example v0.1.0 (file:///projects/traits-example)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.48s
Running "target/debug/traits-example’
A baby dog is called a puppy

BE, TeREEBEEXHAUT:
<Type as Trait>::function(receiver_if_method, next_arg, ...);

HFREFEKELRE, FHEE— receiver: HWRSFHMBHMNTIR, AILLERTEE
ARG FARMERTEREEE. AN, AWFEREMA Rust BEBMIEFFRIEHMESR
P EHNERD . RBEUFES MRS SEIM Rust FEFABLUERE R )FELEE A=
B, AFEEAXMRATKENEE,
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{EFEE trait

ERERIIAIBEEEEBRE—NMIHIA— trait B9 trait EX . WF—NEMTE— trait B9
KA, (REBERXMEBEBITITEZ traite WLLFLEIE trait EXFEHAE - trait BI%X
BXI, XNERFRRY trait 2FATSCILAY trait B9 8 (R) trait (supertrait)
FENFHANIFHELE—NHEH outline_print F7ERY trait OutlinePrint, BERFLTENERT
UHNFHEESE, RN, BE—NEMTHER Display trait BIFIRE] (x, y) BY Point,
HENTA— x B 10 y 5 3 B9 Point LHIAA outline_print BY, ENZITENHIITAR:

*hkkkhkhkkk

* *
* (1, 3) *
* *

*hkkkhkhkkk

7E outline_print FSEENeh, Fk{1ZFE(ER Display trait BIIHEE. Fith, EEiHAT
OutlinePrint trait VAT APLLEBSTELT Disploy FRA outlinePrint FREINEEMIATL,
B LUEIETE trait X FIE5E OutlinePrint: Display R EX—r, X ARIEPTFH trait
B0 trait 295, =5 20-23 BiR 7 —7 OutlinePrint trait BYSSIN:

X% src/main.rs

use std::fmt;

trait OutlinePrint: fmt::Display {
fn outline_print(&self) {
let output = self.to_string();
let len = output.len();
println!("{}", "*".repeat(len + 4));

println! ("*{}*", " ".repeat(len + 2));
println!("* {output} *");

println! ("*{}*", " ".repeat(len + 2));
println! ("{}", "*".repeat(len + 4));

M5 20-23: 523 OutlinePrint trait, ©ZEK¥KH Display HILHAE

FABRITBLZIEE outlinePrint FE Display trait, KA ERBEEASSINT
Display FYFEBURMAY to_string 757%, MIRBITELEE trait BMMEHFMESHIEE
Display trait BB FRIAGEMA to_string, FMAHINHIR, RAESRITERAEPRALE
&Self % E|R 7 to_string BYF77%,

EMNEFNREAT—NEE LI Display BYFERY FLI outlinePrint ZRAEMA, LN
Point ZEJ{A:

X% src/main.rs

struct Point {
x: 132,
y: 132,
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fs,
impl OutlinePrint for Point {}

EIFRRFE—TEIRYL Display B MAITARKZILIL

$ cargo run
Compiling traits-example v@.1.0 (file:///projects/traits-example)
error[E@277]: “Point’ doesn't implement “std::fmt::Display’
--> src/main.xrs:20:23
|
20 | impl OutlinePrint for Point {}
| ANAAN the trait “std::fmt::Display” is not implemented
for “Point”
|
note: required by a bound in ‘OutlinePrint®
--> syc/main.rs:3:21
|
3 | trait OutlinePrint: fmt::Display {
| ANNANAAAANAN yequired by this bound in “OutlinePrint®

error[E@277]: “Point’ doesn't implement “std::fmt::Display’
--> src/main.xs:24:7
|
24 | p.outline_print();
| ANANNAANANANN  the trait “std::fmt::Display” is not implemented for
“Point”®
|
note: required by a bound in “OutlinePrint::outline_print®
--> src/main.rs:3:21
|
3 | trait OutlinePrint: fmt::Display {
| ANAANAAANNAN  Tequired by this bound in
“OutlinePrint::outline_print"®
4 | fn outline_print(&self) {
I required by a bound in this associated function

For more information about this error, try “rustc --explain E0277 .
error: could not compile “traits-example® (bin "traits-example") due to 2 previous
errors

NTEBEXNA, FHHE Point L3RI display HiF/E OutlinePrint ESREIPRHY, LbUNX
=N
X% src/main.rs

use std::fmt;

impl fmt::Display for Point {
fn fmt(&self, f: &mut fmt::Formatter) -> fmt::Result {
write! (f, "({}, {})", self.x, self.y)
}
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BBATE Point ESCIR OutlinePrint trait BLAEATHRIE, FHRILATE Point SLHI_EIEAA
outline_print B HERTEHESAHAMIIAERN,

£/ newtype RITEIMEREE! LIRS trait

EFETEMN “HFEBLI trait” Fsr, FAHRE T LN (orphanrule), EMEREH
trait WEEEDE—ARRELI T LB crate S4BT, A BEEIZEE LI traite —
MEFIX A BREIA 5 A2 E R newtype 1&3U (newtype pattern) , ©FREITE—TTHEN
& (FRE"FEHTL SEIREE SRR T STALENE) PEIE— N REEL
XN TTREEHE— N ZRIEAFELI trait WEAMNBIEIHE, RTXMNEELERTT
crate @AHIAY, XEEFLATLATEX N2 _ESCI traite Newtype B—NRE Haskell FHiZiES
IS, FERXMEXNEEIEITRMEEEES, X R ERFNMMEET.

40, SNRABETE Vec<T> LI Display, AN LARNIPEIEFRATEEZEX AWM, FEH display
trait #1 Vec<T> #PENX FFKN]B crate 29 ALUBIE—NEE Vec<T> LAY Wrapper 4544
&, FELUARG 20-24 BR##7E Wrapper LSCIY Display FH{FER Vec<T> HI{E:

NR: src/main.rs

use std::fmt;
struct Wrapper(Vec<String>);

impl fmt::Display for Wrapper {
fn fmt(&self, f: &mut fmt::Formatter) -> fmt::Result {
write! (f, "[{}]1", self.@.join(", "))
}
}

fn main() {
let w = Wrapper(vec![String::from("hello"), String::from("world")]);
println!("w = {w}");

}

T f5) 20-24: U7 wrapper SR Vec<String> LABREIZSCHL Display

Display HYSEINEA self.o RifRAIEMERH Vec<T>, K7 Wrapper EITHLEMIKT Vec<T>
EBEMESAITES| 0 B, FEMAILUER wrapper A Display BITHEET o

XIMECERVER RE T A wrapper 2—PHERE, ERFEEHAHNRENTE. CNEREE
Wrapper bSCHL Vec<T> BYFRETSE, XIFFALIRIEERself.0 £, XpAFHKITEE&
Vec<T> FRIFISTF Wrapper, WIRFBEFHLBMEHNERENEG—1757E, AFRLELI
Deref trait (5+EE “REEEHMEENSIA" B01iET) FHREIERNERLEZE —FhERR
B, MIRAFERNERERBEFRIERNILENTGE —— LA T RBIFELBNITHN —
MRFBTERFAFER AR,

EZELRH R trait BY newtype B BRER. MELBRITEXTREBE—LS Rust K5
RS ENERA T EFRE,
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ch20-03-advanced-types.md

Rust LB RAE —LHNNBZLIRIEHERITICITINFE. BABITEM—REX Eitie
newtype HFIRIWENMEAXEAFRER. BESIEAXESF|E (type aliases) , —MEMF
newtype BB EHHARBNIEXMNINEE. HITERITIE | HEMEPEK/NEE,

£/ newtype IRALMARRL5HR
FNHRIRIFBZFIR T Z A8 “E/H newtype R IEIMERAER LIS trait” #B50

newtype BRIUEATAFHIZIBrRiALLERRITICHEMES, SEFSHRREFSESBU
MirEENEAL, {RERE 20-16 FELEBRT —MEA newtype RFRREAIRIFIF:
Millimeters F]] Meters LEA{AERIE newtype FEET u32 H, MNREE T —1H
Millimeters FEEYSEBIRER, F/IVOER Meters FHEEHY u32 ERIFAAZRBHNIEFET
BEmIFHY,

newtype IR WA LA FHREENLENIBOLIMAT . FPRETURESHEILAERNI
KARFEHHE APL

newtype RIVIERT LARRFRANERSE I, B0, BILURMH—1EIET HashMap<i32, String> By
People KA, ANAEFAR UKABNEY ID, R People FINIBRF/SHITHRHNILQE API
ZERNA], Lbinm People SEAIBMBFFATBMNTGZE; XX LENRMETRETEAERIA]
B—1 i2 IDEFTRENEFTo newtype BRE—MEME+/\ & “HEFRE 7 ST
PINERIFRR S A TRV R 8RR 5.

KEEGASERFIA

Rust $efit 7 A=EE KBIFIR (type alias) BIEES], [ type XBFAUNBEXEBTE—1 R
Fo a0, ATLUGXEERIE 132 BY5)HR Kilometers !

type Kilometers = 1i32;

XEBRE Kilometers 2 132 B9 @XiF (synonym) ; FRETFRHEI 20-16 HEIER) Millineters
# Meters ZEAY, Kilometers HAZE— Y. BMHAYZEE, Kilometers HEMEEHTEH
£ i32 HKBUERIIFHF:

type Kilometers = 1i32;

let x: 132 = 5;
let y: Kilometers = 5;

println!("x +y = {}", x + y);
K9 Kilometers & 132 B95%, Ef1RE—FEE, vILUF 132 5 Kilometers #8/0, tHAILL
¥ Kilometers f£3BL53REY 132 AR, BEIXMFERLIERE L—EIITIEH

newtype RIVFrR (AR BN ERIIFAL, MANEY, WMRERLER Kilometers ] 132 By
B, FESBAILEH—DHEIR.

REGIZRNEERAGEMDES. FlW, AJRIAXFRKAIRE:
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Box<dyn Fn() + Send + 'static>

ERBERZMREEFEF RN BEX IR RKOREEZRNEZ HE, BR—TE 1WA,
ZIRLEBZE A Listing 20-25 AREEAIHED,

let f: Box<dyn Fn() + Send + 'static> = Box::new(|| println!("hi"));

fn takes_long_type(f: Box<dyn Fn() + Send + 'static>) ({
// --snip--
}

fn returns_long_type() -> Box<dyn Fn() + Send + 'static> {
// --snip--
}

Tl 20-25: ERZM S ERABRIRRKAIEE

KEGIRBIROEEERBES TEE, 70 20-26 F1, HTAXPMRKEESINT R
79 Thunk 93132, HETLUERERDNERY Thunk SREMFRA ERZEERIMTS.

type Thunk = Box<dyn Fn() + Send + 'static>;
let f: Thunk = Box::new(|| println!("hi"));

fn takes_long_type(f: Thunk) {
// --snip--
}

fn returns_long_type() -> Thunk {
// --snip--
}

{5l 20-26: SINZEEFIE Thunk KFDEE

XIFFIRNREERBEEZZ T ! AR RER—NFRIFHAIUEBMRERAEE (814
thunk RNEEZEHRITEIRE, FAUXER—MEFERAENEGENRF).

KBRFZBBEES Result<T, E> EEFEARPBIVEE, FE—TREEPR std: 1io &R,
/0 BIEBBE=IREI— Result<T, E> RAMBIRIEXRMBVER. FRAEREFHY std::io: :Error
ZEARRT BRI EERY 1/0 iR, std::io RRNIFZKENE=IR[O] Result<T, E>, HA E Z
std::io::Error, LHU[] Write trait RYIXLERRIEN;

use std::fmt;
use std::io::Error;

pub trait Write {
fn write(&mut self, buf: &[u8]) -> Result<usize, Error>;

fn flush(&mut self) -> Result<(), Error>;

fn write_all(&mut self, buf: &[u8]) -> Result<(), Exrror>;
fn write_fmt(&mut self, fmt: fmt::Arguments) -> Result<(), Error>;
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XEEEHIMTRZIR Result<. .., Error>, Jltk, std::io HXPREHIZER:

type Result<T> = std::result::Result<T, std::io::Error>;

AT std::io R, FHLLBATAILUERTLRERNFIE std: :io: :Result<T>; HFHLZE
1%, Result<T, E> FA E JRANT std::io::Error, Write trait PFHYR I REAERERGEXEF:

pub trait Write {
fn write(&mut self, buf: &[u8]) -> Result<usize>;
fn flush(&mut self) -> Result<()>;

fn write_all(&mut self, buf: &[u8]) -> Result<()>;
fn write_fmt(&mut self, fmt: fmt::Arguments) -> Result<()>;

}

REFZERTIHEEED: ZTREHARE std: o PRMET —HHEO, RARZE—D
A%, ERRBSE— Result<T, B>, XEREAUEH LA Result<T, E> BIEMATTE, LU
Refg 2 REFHUFERIE %o

MFIBEIRY never type
Rust B— MUY | B4FRREEL, ERBIIRAREDRHITA empty type, AAEEEE. &

SR TFHRZIA never typeo XN BZFHRT EMIER: ERBMFREFIEHETE HiR[OE,
TEE—MRA:

fn bar() -> ! {
// --snip--
}

XA BT LURAE "R %R bar MAR[E", TIMAREIFREWIT S KK (diverging
functions) . FEERIRE ! LRIN(E, FILL bar HAREIEEIREE,

FE— N TRECIREMER B ARRE? BEE—TxRF 2-5 PRBEHRFHRHLE; BITERSG
20-27 REIR T HPR—/ N

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

Do

{5l 20-27: match IBA)FI— LA continue R

LR FAIB&T T XA RR— LT, TE5H/E “natch ITHIRLEN" B85, FHAHTIST:
match &M IUREIMEERZEE, FrA FTENAEZTERN:

let guess = match guess.trim().parse() { 7&
ok(_) => 5,

Err(_) => "hello",
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XEH guess ML EER HE FRFE, M Rust K guess RgeR— 1M HEE, BA
continue IR THAMNE? AHATESRM 20-27 1, — 12 %iR([E] u32, MB—12 AL
continue £L5ENE?

IEYIRETBEIEEIRY, continue MERE !o ELEW, 3 Rust BitHE guess KA, ERE
BEXMN DX, &R u2 {8, MEER ! B, ER ! FEKEARSHEIE, Rust RE guess
BYZERIZE u32,

AT HNERANRE, RER | BIRANAI USRI RNES HMEE, 2R
match 33 LA continue £5RZERF continue HAHIERMIE; R ELERINZZE LERE
X, FRLATE Err BUIER, FSEEHARIY guess #HITMR(E,

never type 1 panic! mHWREH, FI1T Option<T> £ unwrap EKEIZ? B4 —NME
3 panicc XBEREMEN:

impl<T> Option<T> {
pub fn unwrap(self) -> T {
match self {
Some(val) => val,
None => panic!("called "Option::unwrap() on a "None  value"),

}

XEB57RE) 20-27 HH match XE THEEIRIER: Rust & val @ T 2£8Y, panic! @ ! 2
B, PRLAEEAS match RAXWERZE 7 K8, XETERRENA panic! HFARFE—ME;, ES
L IFTER. XF None BYIEIR, unwrap HAFRE—ME, FAAXERBEER.

Ea—1MEE | RENFRAZE loop :

print! ("forever ");

loop {
print!("and ever ");

}

X8, BIfFKEHARER, FIULFRERNER o BRWMRSIN break XMANET, EAH
B EHNITE] break EMEELE,

EhASAKRNERIFN Sized trait

Rust EEMERXFLAWELAT, FIINAREXRENEZENRZ L TiE, XESIKEE
TH—MEBRFERS NRZRAE: BD sh&KNIER (dynamically sized types) BIBER
XBBEIRA “DST” 8¢ “unsized types”, Efi1iLEKEEBRE AL RBEIZITIIAEE
B A/ NERRE.

EFNTRNARBNERE LB —EEFERNEIESA/NER str 9T, &, R &str,
meERME str i —1 DST, BRIETHENBRNEFFTREES K. KL EEmFN
HMEFHFENKE, XERERITEOE str XEWTE, BREEFKE str XRINEH,
EE—TXERE, EIIFEIE:
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"Hello there!"; ?G
"How's it going?";

Rust BRREN ZNFERENENRSZDANE, ENRER—RENELNERBE%RE
AT, MRATFREXFNNE, BREKREXRED str FEESATEBERAX/NZE, 7
SEMNEERNENKE: s1 FE 12 FTHEME, M2 FR15F T, XUMBATARARE
BIBR— I EREISAKNERENEENRE,

BAKELNE? EXMIERT, (RELHEZSE: s1 M s2 PEEE &str IARZ stro Ul
RIREEENE “FRIE slice” PIRE, slice BIREMXINERE T HIBALEMN slice IKE,
FRUAERA &7 B—MEEFT T FAERVAREFUERSENME, &str WERAMME: str AUAEAIEK
B X#F, &str s 7T — M EREFNAURMENK: ER usize KEMNME, BRI,
TIEFAS I ANFRESK, RITSEME astr IR/, —REKY, XHZ Rust EAIESA/N
RENHI: ENE—EHINITERKEEFDISERNARN. X3IHTHSKNRENES
AN BAF RIS AR EEEE T EMEH Z 5.

BI LA str SRMIEHERBASER: HIU0 Box<str> T Re<str>, BL E, {RUFIEERE
XML, PEMRIERT S—MaSANEER: traite B trait KEHBE—MEISAKNE
B, HNTTLUBE trait WRFR5IBE. EF+/\E “FH trait object RKIMRHHZITH"
—HH, FEIHRELD: A TIE trait BIE trait MR, KWIBEREREMIEH ZE, bl

&dyn Trait 3 Box<dyn Trait> (Rc<dyn Trait> t38JLL),

FTRIE DST, Rust g7 Sized trait RE—PMRENAXNEEERIFN I, % trait =
Bl AFAEERIFN A/NEFAISEERISCH, b5, Rust @IUAT—MZEUREUEIN T Sized
YR, UMW, MFUTZRRIEN :

let s1: str
let s2: str

fn generic<T>(t: T) {
// --snip--
}

KRR E, XEWAERNE T TRARRGE:

fn generic<T: Sized>(t: T) {
// --snip--
}

AIMBERT, ZERBREFRTERIEANEMBEE, 2AT, (RA]LUERI TSHKIEE
FR B X —PRE -

fn generic<T: ?Sized>(t: &T) {
// --snip--
}

?Sized XA trait £YRFRR “T AJLAE Sized, WAJLUARE Sized” BN X NMEMSBERIZEA
B TERIFIEEEEANNEGARIN, BEI1ZE X ?Trait BE{UERTF Sized, MR
&R FEHAEM trait,

FBINEERADS t SEHLRM T TRT &1 ARNEERAERE Sized B9, FAIUEEEH
BFEMIEHZE. EXNMIFRIEET IR,
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BRER, BPEHeRENH!
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RREHRSHE

ch20-04-advanced-functions-and-closures.md
D FRFE—LEEXRANABNS LT, XEIEBREBEET USOREIAE,
K EIEET

BANTET T AR RAE; WAILUGEERBERARE! XM RAERINIREZRE
BEEEXHNRBMAREFEXAREANSEREER. RBSIBEEGEZIEN fn KB (B

B f), AESHE trait BY Fn #IRE. fn WK EEEEET (function pointer) . BT RIS

HAWRNNERRBIEANEERBHSK,

EESHNRBIEHBNEREXMTHAE, WRFl 20-28 iR, XEENXT—1 add_one KL
TFRESHYNM—, do_twice REFIRENFH NS —MEEEMRI—1 132 SHFHRE—D

132 RYBRIERIEST, M—1 132 {Ho do_twice RIIfEN arg AR f IR, EERFMR

BRERIE PRV RAB M, main BRELAER add_one #1 5 {EASERIHA do_twice,

X% src/main.rs

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

}

fn do_twice(f: fn(i32) -> i32, arg: i32) -> i32 {
f(arg) + f(arg)
}

fn main() {
let answer = do_twice(add_one, 5);

println! ("The answer is: {answer}");

}

5 20-28: A fn REERRERIEHENSI

XERIBRITENE The answer is: 12, do_twice FIfY f #WISEAN—NMER— 132 BHIFHR
[B] i32 B9 fn, IZEFLAILATE do_twice REERIAA fo 7E main B, AJLUEERERS add_one
YERNBE—NBEE R do_twice,

AETFHE, fn 2— P EEMAR— trait, FAUEEETE fn (EASHMAREBE— I
B Fn 7ER trait AFRAZTRSE,

REUEEH M TFAE =1 trait (Fn, FnMut ] Fnonce), FRLUEZRILTEIRAAEEFE/
ERIELEHE BRI EIS FHHER S, MRTREFERZEMAE trait KK, XETHEEEZR
A EIERSE

REML, —MNREFEES fn MAMERHAENERNEF RS A FEA SR INERIE R ER:
CIESHRIAILUEZREENSE, B CiEEREHE,

ER—NBER] LUEFR B E X BIA B X o] LUEA R R R EEIF, iILBRNMNEE—MrEES
Iterator trait $efitAY map 755N, 1 map BREIE—MNATF vector BIRA—IPFRTH
vector, MIATLAERFE, 0RfI 20-29 Frw:
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let list_of_numbers = vec![1, 2, 3];
let list_of_strings: Vec<String> =
list_of_numbers.iter().map(|i| i.to_string()).collect();

HE, WAILUE—TREIER nap BSHRAREHE, T 20-30 BRT7TEME %o

let list_of_numbers = vec![1, 2, 3];
let list_of_strings: Vec<String> =
list_of_numbers.iter().map(ToString::to_string).collect();

ARXBEHNIER "B trait” R HBINTEREEZL, ANFEES DM to_string BYEK

.

XEBEEATENXTF TosString trait BY to_string KEK, tHERENFTBLI T display RYSEAIST
7 XA traito

EZ—THERE "WEE" BAPEXHNE—MER BB T — MIERE. AT LUE

FXLEMEREEASEI T A trait IR IS, XEKE R LUSEMERIBIENIEZAE
7 ERSE, WRfl 20-31 Fiks:

enum Status {
Value(u32),
Stop,

}

let list_of_statuses: Vec<Status> = (Qu32..20).map(Status::Value).collect();

X8, el @ status::Value FIFTIGILERER, X map PRIEABERIAET us2 EHEIE
Status::Value SEffll, —EEAMIETFREIUNE, —EAERHE. cSZHIFMERNE,
I BRI Rt A MBI AR — o

R[EiF e
AERIMA trait, XEREFEERROIAE, XFAEIFERMD trait BI7=RF, AILUE
FASEIL T AR EIRY trait EARERBEARKANREIE, EE2XFEATHAE, RAE]

A ELREREGRE; G, SHSMEEREEREMEN, MmARFERREIET
fn fEIR[EISEEL,

ik, AJLUEEMERE+ERRFER inpl Trait &%, RILAEA Fn. FnOnce ] FnMut iX[5]
ERIRERZERY, fBIa0, f 20-32 FRAREBFLE LUE R T 1.

fn returns_closure() -> impl Fn(i32) -> 132 {
[x|] x + 1

}
PR, EWMFAVES+=F AR LR —ThiRER, S HeRHEE s

R, NRIMFBVIEZSNEZZHEFEBEMAFERIRLE, MBFEZANENMER trait WK, XK
E_—FJ yu%EHﬂ;‘é'fuﬁﬁu 20-33 E,‘J{_EEE.,M %ﬁéE'H_/A\o
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fn main() { ?&
let handlers = vec![returns_closure(), returns_initialized_closure(123)];

for handler in handlers {
let output = handler(5);
println! (" {output}");

}

fn returns_closure() -> impl Fn(i32) -> i32 {
[x| x + 1

}

fn returns_initialized_closure(init: i32) -> impl Fn(i32) -> i32 {
move |x| x + init

}

T f5 20-33: GIE—HEIRE] impl Fn BYBREE XHYHIELHY Vec<T>

XEBEMPREN, returns_closure F[] returns_initialized_closure, E{]ERR[E]
impl Fn(i32) -> i32, FRENTRLENVHASZREN, EIEENILI THERRER, MRE
RRIFXELAIS, Rust REFFENTXARAIIT:

$ cargo build

Compiling functions-example v@.1.0 (file:///projects/functions-example)
erroxr[E@308]: mismatched types

--> src/main.rs:2:44

2 | let handlers = vec![returns_closure(), returns_initialized_closure(123)];
| ANANAANNNNNNNANANANNNNNNNANANNNNNNNANN

expected opaque type, found a different opaque type

9 | fn returns_closure() -> impl Fn(i32) -> 132 {
I T T TR the expected opaque type

13 | fn returns_initialized_closure(init: i32) -> impl Fn(i32) -> 132 {
[ T T T T T R the found
opaque type
|
= note: expected opaque type “impl Fn(i32) -> 1i32°
found opaque type “impl Fn(i32) -> i32°
note: distinct uses of “impl Trait  result in different opaque types

For more information about this error, try “rustc --explain E0308°.
error: could not compile “functions-example® (bin "functions-example") due to 1
previous error

ERE B EIRENEHRE— impl Trait Rust SEIE—MRISHFRERER (opaque
type) , XB—NTARF Rust ARNTHET HAATHIZEEY, FrlABMEX Lk $ERIR [E] 7 S0
W THEE trait ( Fn(i32) -> i32) KA, Rust ARNTERMNTERALRBIERFEM, X3
AF Rust IAIARRNEZ S RIBRERFRNEFER, BFEIEEERNMmELIEE, W
FE+tH= “Pin KRS Unpin trait” Fim. BIIELZRBEXNMBIRRRAE: Bl 1aI LU
F trait 3R, WRH 20-34 Fiiko
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fn returns_closure() -> Box<dyn Fn(i32) -> 132> {
Box::new(|x| x + 1)

}

fn returns_initialized_closure(init: i32) -> Box<dyn Fn(i32) -> i32> {
Box::new(move |x| x + init)

}
T f5 20-34: IE—HEIR[E] Box<dyn Fn> BIRENE XBIAERY Vec<T> LUEE(EMEERIZE
gg

XA LURFRE. KT trait WRWEZAR, BEIFE+/\E A trait WRIAKRH
HETH" —T5
BRI FIR!
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M

ch20-05-macros.md

EINELEXRBHPFERAIER println! XEMET, FEERRNRITHAREUKRERIIA
TN, & (Macro) 3889E Rust P—AFIBIINEE: fEMA macro_rules! By FRBA%A
(declarative macro) , M=% iF-E (procedural macro) :

* BEX #[derive] 7R, RATFELEMEMNE LBIARI derive BIEERA
- KEMER, EXFTRTEERNBEENXELE
« KRR, BERGRLR, BRENIIENESLLER token

BNNIEE—ME, TIEENE, UBIIEENTAELE TRHMEFTERR?
BRI A

MIBZAR R, Re—MASEMKEBMERBENAR, BIFMEN TRz
(metaprogramming) . 7EMIR C PRIRIT derive B, HAMEM trait BISEI, FIBE
APR—EFERA println! ZHl vec! &, FIERXLERL B NATURERLIRAIFS HAY
BZHIRE,

TN T RO AERENEIFNNERFEEERYN, SR T REFIENAR. BRE
— LR PR B RIFINEE S

— PNREEZNINERR ISR EMNEE, b2, R THENSE:. B—
PNEEEA println! ("hello") KA NSEIER println! ("hello {}", name) , MHA, Z&=A]
MUTESmiResfB SR, Hla0, ZEalIFE— N ATERE ESLI traite MEREKNARTT, EA
R ZEIEITIWIAR, M trait EEERIFELI,

KMARR RS REHRHIE X B ZNEXEE R, EAREERSER Rust fREHY Rust 1€
B8, BFXEFMEREYE, REMXEBELREEEMR 3R, EENLER,

LHRBNEE—TEENXIIZ: E—IXAHRRAE 28 K AEXE, SREHESINER
12, mERENA] ATEE R 75 E XAE R,

F macro_rules! {5 AT BARRENSFRAR

Rust REAMNENE BBBE (declarative macros) . EA1EHEFRA “macros by
example”. “macro_rules! =" HEFE “macros’s HIZOIZRE, FRHRATFEIIREE —L
F{ Rust match RIARAINID, [EWMEFEAREITICHVARRE, match RiARE—FEHILEH,
HiF— 1M RER, SREANERH#ATTIRALE, AERBEALERITHEIABE. B
—MEMEEHEXABIENHITHR: WMERT, ZEREELEN Rust REBFEE,
BEXR TN ERIERBFEERTIE, —BLRERD, SMEXEXABSEIRE
BERNARE, FIEX—I#A%LTHEN,

BILAEFE macro_rules! SRENX R, LBHITEIEEF vec! RESCRIRZFIAEA

macro_rules! £5t, FH/\EPHR T UNMEIMEER vec! HmREM—MAEBEBIHT vector, g0, T
A7 B =B eIE— vector :

let v: Vec<u32> = vec![1, 2, 3];
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WR]LAER vec! FRFMIEFH NI vector A NFERTE slice BY vector, 1BENT A EREK
BMHERINEE, EARNTETLESHENHREMAELE,

£ 5 20-35 HRR/R T vec! ZREY— PN ERIEHBIE Xo
XL src/lib.rs

#[macro_export]
macro_rules! vec {
( $( $x:expr ),* ) => {
{

let mut temp_vec = Vec::new();
$(
temp_vec.push($x);
)*
temp_vec

}

T f5) 20-35: = vec! REXBIELARES

AR AVEREREFRENXRY vec! BIEMNRERBERNEFNAE, XEDHABEMR
&, ATILREIEL, ERHSEEEER.

#[macro_export] JEERARBINT EXXNRY crate, ZAEMNIZEIAN. NRKE
TR, XNREABEWSINIERE.

BEERA macro_rules! MIABZMABEEN, BFFEXHZEH £ BNS, FFFERAES
RIRBEXME, ERHIFERZRMZ vec o

vec! ZRRVEEMIH] match FANBIEEMD LB —PIAEIN ( $( $xtexpr ),* ) , R
=> DIRARIVBRAAIER, MNRRNLE, ZBAXABREEREF. £TXTMERE—
R, BMRAE—TERLESR, EEMRAAE (FEE FLREXMER) BRI
HiR. BEFMEZERLE—TN3

BEXPEBETEEZNEE TNERMETVEEZZ AR, FNREFFLERIZE Rust
RBEWMARE, BT EFKNETRA 20-29 PFEAFBRAATER. BXTBNEEIE
7%, 1B&If Rust 8%,

B, —WESESTEMIN. HNERETNS (3) ERASGTHEBE—INEEXREEN
FCIZARTURY Rust U3, ETASHRRAXE—NEEEMAZE R Rust TE, ZEE—X
S, HRTHERSNRIERMUEENAEPER. s ANZ sx:expr , HILE
Rust IERFAT, HIFZRANGEA $xo

£ 0 ZRINESKRESTS sO ARBLRENSEMZBAMEI— 1 FEEES 2R,
£S5 ZEH * WEIZRALESITRES T * ZRNERIE,

B vec![1, 2, 3]; PFRARE, sx BRAS=MREN 1. 2 M 3 WRHFHITT =/RILE,

MELLBABREE S LD STRTUERERBIAEIRP IR 7 $()* 8853, temp_vec.push($x)
REFIRAPERTEE $O B8RS, £EMBRHZ R, BUAFERTERERZ AR, sx BE
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NS ZHECERIFRA S, Y vec! [1, 2, 3]; ARMZENR, BiizRBEARERIAR
= FEXF:

{
let mut temp_vec = Vec::new();
temp_vec.push(1);
temp_vec.push(2);
temp_vec.push(3);
temp_vec

}

HINEBELEXT —1 7%, EeJLUSWESHENRENSE, RN UEREBRIEESIEE
TTEM vector BIAED,

ETHREZXTNMARELZNEER, BEREL U EMZIR, WA Daniel Keep &itt.
Lukas Wirth #4438 “The Little Book of Rust Macros”s

BFMEMHERRBNIESE

BN RWIR R 3I8E (procedural macros) , AAENTEGERER (—FhEAATEE),
IR HEUN Rust RESEAIN, TEXLEARD L#iTielE, ARFEF—LRBEREE, ™
EGERAR EIF RN MEA G US —Bo SR YIRS, BE=MERENIER, B
EXGRE (derive) , KEMMIERE, SNNIIEREEZEM,

SIRT LN, EEXMINHRBEECI]IE CHEBFFH crate K28 crate 1, XA F—
LS MR ARRE, BRENELERHIFXLRRS], ERE 20-36 FER T IMAE XTFZ

%, HM some_attribute @— MERKFER TR SRR,

NXHE&Z: src/lib.rs

use proc_macro::TokenStream;

#[some_attribute]
pub fn some_name(input: TokenStream) -> TokenStream {

}

T 20-36: —NEXIIERRIGIF

TESOIERBIR EIZUN—™ TokenStream {E/94I NFFEERY TokenStream {EJ/gkait,
TokenStream 2T X F proc_macro crate BEAFR—F7F! token BIEE!, Rust FAIANEFT
proc_macro crate, XFEZLHIZ L. RETMIERYREIDLER T\ TokenStream, R4
RIS TokenStream, KE LEBE—NEMN, XMEMHEATHNCIENIERNEE,
7E[E— crate FAIUB ZMERER,

IRMNEENEMENEFR. RIVTEMN—TBEEXRKERIG, AREREEMFATRR
HINER

BEMN derive &

IEFAIEIEE— hello_macro crate, E 3479 HelloMacro B trait F<ELERIER
hello_macro, ARFiLARP AES— IR HelloMacro trait, FHiTEsRE—IEN
7= U@ P el LUfEA #[derive(HelloMacro)] SFREE{1AIZEEURIFE] hello_macro ERELAYERIA
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Rust EFIZIHES EERPAR

I, ZEIASEISITE] Hello, Macro! My name is TypeName!, EF TypeName NENXT
trait B L, =2, BITSCIE— crate, FIEFREBSIEMRG 20-37 FH9RBE,
XHH: src/main.rs

use hello_macro: :HelloMacro; ?&
use hello_macro_derive: :HelloMacro;

#[derive(HelloMacro)]

struct Pancakes;

fn main() {
Pancakes: :hello_macro();

}

Tl 20-37: Fefl] crate BIA PR RIBESS 2 I 2N R RIS

SETIZAFIIERITEN Hello, Macrol My name is Pancakes! H—# BA& FERIHIE— 1 E
crate .

$ cargo new hello_macro --1ib

TR, TN HelloMacro trait LA Kz ELXEEREL
X#H%&: src/lib.rs

pub trait HelloMacro {
fn hello_macro();

}

T 20-38: =AM AT derive RBIE R trait

MEBT — trait REMBXE . LT, crate AR RILURRAI 20-39 ARFESKINZ trait SRk
FIHAZERYTNRE, RXHE:

NHR: src/main.rs

use hello_macro: :HelloMacro;
struct Pancakes;

impl HelloMacro for Pancakes {
fn hello_macro() {
println!("Hello, Macro! My name is Pancakes!");
}
}

fn main() {
Pancakes: :hello_macro();
}

Tl 20-39: AIRAF Fih4wS T —1 HelloMacro trait SCEIERERINMA
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AT, MIFEANS—EES hello_macro —FEIEAREERELIANEIR, KITHFER
AR T

55, FAETEN hello_macro REIRM—TEEBSFTENSEI T i trait RIERE R FHIEIA
SRR Rust RBRITEES, REMMETEEGITRREEERE R, HNFE—NERFFERN
R,

T—HBENIER. BERELITDE, SREREHNEEECH crate N, ZIEHIERLZATEE
WEGHE, crate REZ crate WEMIBRHIIIT . XF—1L R foo By crate, HEBEEX derive
127 crate BHE AR A foo_derive, JLFATE hello_macro WEH, FHE—IRH
hello_macro_derive By crates

$ cargo new hello_macro_derive --1ib

BT crate EEHMEX, FLLTE hello_macro BB R T OIEIIZNNART crate, WMRAZ

1£ hello_macro FIENXH trait, [EBfH AN ZTIE hello_macro_derive IR, X

RTMEFESNEAS, FEARNREAXLER, WEZERNRINXAMEEHZEESIAER
15, FNTBAILLR A hello_macro BIM4§ hello_macro_derive fE—NMEH, HESHITE

NAERAE, BMERINARTMBNANERIEARTLFE derive ThHEERRENE R IR{EF

hello_macro,

BAFERER hello_macro_derive crate 795427 (proc-macro) crate, ATEFE syn
quote crate FREYINRE, IEUIfREMGEEIN, FE2RENMEUKHF. & TEAIREIINE
hello_macro_derive By Cargo.toml X4,

X : hello_macro_derive/Cargo.toml

[1ib]
proc-macro = true

[dependencies]
syn = "2.0"
quote = "1.0"

AEX—MERENE, B RME 20-40 FRIEEHTE hello_macro_derive crate BY src/lib.rs
NHEERE, FEXERCREERNTAM inpl_hello_macro KENHIE X Z BT/ E4m1FM.

144 : hello_macro_derive/src/lib.rs

use proc_macro: :TokenStream; 7&
use quote::quote;

#[proc_macro_derive(HelloMaczro)]
pub fn hello_macro_derive(input: TokenStream) -> TokenStream {
/1 ¥ Rust BRI LURIERNIEBEN.

let ast = syn::parse(input).unwrap();
/1 %R trait B9EH.

impl_hello_macro(&ast)

}

5 20-40: KSR ZE IR Rust LIBRSFREERILED
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ARBNENE DM T hello_macro_derive ] impl_hello_macro FI-MEKIEL, BIE SRR
TokenStream, fREARIFMIEEN . XESHREIREEMSE, IFREIHECIENE
—MNEERRIIMNRRER (XEZ hello_macro_derive) FRRIAIBERIRXEZ—HH. RRAA
EBERER (XERE impl_hello_macro) HRIABERIBE(RAVEIZENIRITBNZEFIFRE,

WME, HMEL5INT =Y crate : proc_macro, syn #] quote, Rust B proc_macro
crate, FELLEFEEMEI Cargo.tom! XHBIKFIA, proc_macro crate BLRiF2FEHEH AP,
1EEA 8B TE B S BRIBFIRENFHIR(E Rust X85,

syn crate FFFATERARY Rust UEBAEIT R — T AT LURERVERIELE M, quote crate UK syn
FRATRYSIRLEDEIR[E] Rust HXAS, XLE crate ILARMTERENIPRELIEN Rust RABZFEM
B8 A Rust WETENBMSEAHTE—HHER I

YHEPTE—NEEY HIETE #[derive(HelloMacro)] B, hello_macro_derive FZEUE<#EIER.
HNIEER proc_macro_derive JEARIZKENFHFIETE B HelloMacro, ZBIMSIK(THY trait &
MRAEILED, XRAZHIERBIERIRSG,

ZRENE SRR E TokenStream By input FE3H— (TR LUBREFIIRIERVEIES G, XIER
syn Jk_ EFEZBIMIFS . syn FREY parse ERERFREX—™ TokenStream HiR[B]l—NRAEMTHIEY
Rust f{A5HY DerivelInput £E#{A, Rffl 20-41 BT MERTE struct Pancakes; HRfZMTHR
B9 DeriveInput ZEH{KRRIMERERS :

DeriveInput {
// --snip--

ident: Ident {

ident: "Pancakes",

span: #0 bytes(95..103)
b o
data: Struct(

DataStruct {
struct_token: Struct,
fields: Unit,
semi_token: Some(

Semi

)

}

Tl 20-41: fEMR G 20-37 FHBRBMERAEDEIIFEIRY DeriveInput SEF)

BEERMFERRR: BOMRATHE Rust REBE— N KBTTENE, B ident (IR,
HIBEI) R Pancakes, X MEMFREEESTH, MRWAEH Rust t53; ESES
1528 syn A Derivelnput BYSHH,

RIRIATIFEX impl_hello_macro (RER, HATFHEFIEESTEARY Rust i3, EELZ
A, JEEHEMHMZE TokenStream, FIR[EIAY TokenStream ZARNNEIFRATRY crate AFFRAERHY
639, Eik, HAFRIFMIIRY crate BY, 1@ IIER/SHY Tokenstream FREXEF(IFR
HRMERIERS IR,

(RETRE SRR T, MiHA syn: :parse EAREIMEY, AT unwrap 3{E hello_macro_derive
%K panico 7EFEIZRY panic FHTRREIGHENFNI, FH proc_macro_derive EHUNIEE]
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TokenStream ARZ Result, LUERFFEIIZZER APL XEWEA unwrap K& T XM
F; EEFABEFR, MNZET panic! B expect FIRMX T R EMMEIRAIEMBIHLYTEIR

-
EI 1%\ o

IAEFRAE TR ERRRY Rust fABIM TokenStream 454ty DeriveInput SEHIRIAES, 1EFATH
BIFEREEARZERY E ST HelloMacro trait B9KES, S0/RfI 20-42 Frimo

X{&4: hello_macro_derive/src/lib.rs

fn impl_hello_macro(ast: &syn::Derivelnput) -> TokenStream {
let name = &ast.ident;
let generated = quote! {
impl HelloMacro for #name {
fn hello_macro() {
println!("Hello, Macro! My name is {}!", stringify! (#name));
}
}
}
generated.into()

}

5 20-42: ERRITEAY Rust FXEESSI HelloMacro trait

HNER[EI—1 Ident LEHASEH, EREETHERLENETFT GRRF), XMEXRB
ast.ident, 7nf5l 20-41 FREVLEFIAZRER: & impl_hello_macro BK¥X{EMAF B 20-37 AR
IoAY, ident FEZRIETLRE "Pancakes", [Altt, 7E/RfI 20-42 1, name TEXKBVE—
Ident Z5H(ASEH];, HEWITENHRE, SLEF R "Pancakes", HFLERMA 20-37 HABNE
KRR B FFo

quote! ZRRELLFA TR E R ERERY Rust b, quote! RPITHIEREERH R EHIFEFNEA
BHFTAR B TokenStream, NILHFBEIFA into 57%, ERHEEXTHIERT
(intermediate representation, IR) FiR[BIFFEERY TokenStream ZEHEIE,

ENGERRME T —ER A ERERNLG]; FNTRIUE #name, FAFG quote! SIEE B R N
name L EME, FEEXEAUGEMEBEFEMR—LESKBER. TENAIFSN quote
crate AY 1,

A THAEE A IR 12N AR BEAE /9i85d #name FREXFBY R P /FRESE B4 Y HelloMacro trait BYSE
Mo % trait BISCINE — N EREL hello_macro , HREAEIET FIHAEEIRHEIT08E: FTEN
Hello, Macro! My name is FIJFFRAYIERIZ,

LESEFrERRY stringify! 79 Rust AER. HiEW— Rust RiAT(, 01 + 2, ARERE
FRRANERAN—NFHEREE, "1 + 2" . XEHEREHEERERZIRN
String By format! 8 println! R[E, B—MAIEERIERE, FrINR] #name AIRER—1 3
fTENEVRIATN, RUEHAIA stringify! o stringify! WEEETESRIFATIF #name iR A F 1T
BFEERTE —RAEFEDE.

ItbB, cargo build RiZEREERINZRIFE hello_macro F] hello_macro_derive , F{JIFiXLe
crate EZEIRAI 20-31 WABEHREEIREERITH! 7E projects ERTH

cargo new pancakes EpSHIE— 1 ZHFITNH, EEJF hello_macro F] hello_macro_derive
YERMRFANNE] pancakes R Cargo.toml X2, WRFRIERF hello_macro F
hello_macro_derive FUhRZAS A E| crates.io b, EITEREMAEFH; TN, WalETEX
G EIEE /) path fKHL:
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hello_macro = { path = "../hello_macro" }
hello_macro_derive = { path = "../hello_macro/hello_macro_derive" }

R 45 20-37 HREVCESIRATE sra/main.rs , SAIGHAT cargo run: ELIZFTED
Hello, Macro! My name is Pancakes!, HEE T iZidFEZH HelloMacro trait BYSCIN, TELE
pancakes crate SLINE; #[derive(HelloMacro)l N T i% trait LY,

BEIR, UBRIMNRR-—THMERENIRESBEX derive ZHMAXH,
KREMER

X(EM (Attribute-Like) BES5BENX derive BN, FEIZAETFTENIREN derive B
i, MEAFREIERNEM, EITREARE; derive REERAFEMAENMES; B
MR ATHERND, bR, EA—NMERXBMRNGIF, RIUGIE— &R route
BB T R web MATEFFIEZR (web application framework) BYERIEK:

#[route(GET, "/")]
fn index() {

#[route] BIPRHERAFEXN—TIRER, HEEXNREREZBERGXF:

#[proc_macro_attribute]
pub fn route(attr: TokenStream, item: TokenStream) -> TokenStream {

XEEM Tokenstream BB, F—1TATRMERETLS, HEE GET, "/" D B
N ERBMFMRCHB AR, Z fn index() {3 AR TFRIRELA,

BRIEEZ 9N, KEBMESEEXIKELRTERAR—: B proc-macro crate 22E!AY crate F3L
A PR B RUCID A R ER !

ES2IE o

KeE (Function-like) ZRRIE X BERGRIFBIZE. KT macro_rules!, EAILLERER
ERIE; BIg0, FTLUERARMBMENSR, FAT macro_rules! R RAEFEAZ AT “EH
macro_rules! RFSBAZ AT @A TmIE" TARIKILERYEEE N o KRR IRE
TokenStream %K, HIEXfEF Rust fUBBIRI TokenStream, FAESMMIIIRE—1F, — 13K
ERER G F =R UG FRIE AR salt 7!

let sql = sql!(SELECT * FROM posts WHERE id=1);

ENARBFTESH SQL BaHNEHES B AAER, XELL macro_rules! B LAMEIHY
FAERAIE, sql! ZRBEMUTFEIFENX:

#[proc_macro]
pub fn sql(input: TokenStream) -> TokenStream {

EEMTFBEENX derive ZHER : FREUESHH) token, FHiREIFELEMAINE,
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o

J[aX3—= = |

If! AN IREEFE T —L Rust 51E, BAMARASZEREAEN], BEEBREN
BERTMRZAEEN] A, HNNTATINERNER, UELIREHIRESRINE AR
FIBF e, BRBIRGIXEMSINEE. AENFAEHRBRAENSE,

ETR, BMBEBAE—IHE, BEBRAFENRERSTIELR!
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ENTR: WiEZ41E web server

ch21-00-final-project-a-web-server.md
XE—/REKNIRE, FEHRINELIRETEAPNER, E4EF, HNMNF—EEES— M
B, kB =E/NEME, ANEIERENET,

ERBRE— 1B, RITEBHRS—1EIR “Hello!” BY web server, BIEN M ELKEE
21-1 AB#E:

Hello! X +

2 () 127.0.0.1:8080

Hello!

Hi from Rust

21-1: HiRE—1HERERNITE
TEEHEX web server B91t+%:

F—& TCP 1 HTTP #8%4&038,

. EEIETF (socket) _EYAOR TCP iEE,
. BRMT/DE HTTP 3EKo

. BIFBIEFAR HTTP MHRZ,

. AR MENE server WEMHE,

EH®BZzE, FIGRMRWE, 8%, XEFRANAEHAZEEA Rust #9E web server
NEESR. crates.io FBRZSEIAFEFIFEN crate, BIHEETHRITFIERSNE N
SEEHY web server M&IZMSLI, A, AENENETES, MARERER, EA Rust
BN EREIDES, HIEBEFVIBHLARRIMER, HEEBEFILEMIBES aIaeo I
BB R ERIE R,

HR, XBEREMER async M await, RINVAZ— M EIBMEIMELRBARMLMLET, TF
BIEMERIBITRNEREM#EK! R, JISHEH async M await FIEEINEERTFAE
PBEIN—EEERE, JIRER, EMHNES+EERIINEE, FERIEBITHEEH
EfaBEiT R EET R,

FHitt, RIVSEFERES —NERBI HTTP server FZLIEH, XEFE(RIAEFEIRFR ISR
ABLE crate BEEVERBEME AR,

u b wWwN =
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1B L%KFE web server

ch21-01-single-threaded.md

BRI ENCIE— N AIEITHREIZ web server, EFIAZHT, BITERRT B— TR
web server FTS R BRI XEWMINAATEL T ABEE, FI— M ERIRERR
HENFRERIES.

web server FISREINFHE N EEHINE BXAERIY (Hypertext Transfer Protocol
HTTP) #1 f&4gsEEthiY (Transmission Control Protocol, TCP), XMEHZ &K - MR
(request-response) thi¥, HFLEUL, B BRI (client) FR¥BILIER, HE RS
(server) MEITERH MR iR, ERKSMMNARE B MYES E Yo

TCP B—NEEMY, THEARTEEMNEMM— server EIS—MIHET, RIEHRIEERE
BREf 4. HTTP WETF TCP Z £, EEX TIHERMMNAIAE. MIRALHER HTTP BF
HiththiNz £, R FAZoER, HTTP @i TCP FiatiE. RITEEMMmEIE
TCP A1 HTTP &R 5 MmN ARG F TI8K3E,

WSDR TCP i&EE

FAIRY web server FREEIRISE—HE, TR0 TCP Ei. AERFRRMT std::net IR
B, URGEE—FHE— 1A

$ cargo new hello
Created binary (application) “hello’ project
$ cd hello

IMTE, 7 src/main.rs BNRAI 21-1 REIRES, EA—MHB. XEERBESTERIE
127.0.0.1:7878 LUSIRENAI TCP . HHXEXZIENRR, ESITENH

Connection established! .

X% src/main.rs

use std::net::TcpListener;

fn main() {
let listener = TcplListener::bind("127.0.0.1:7878").unwrap();

for stream in listener.incoming() {
let stream = stream.unwrap();

println! ("Connection established!");

}

I 21-1: IR ARURHERBEIRETENE R

TcpListener FAFISIF TCP &EIE, i ERISIFZAsiithit 127.0.0.1:7878, X PMtulitifFFFK
&, ESZAMBoR—MMRANN IP it (EEEITEN L, XMUEEEN, HF
FHEEBERITEN) , M 7878 BinH. MEEXMEOHTFRNREA: BE HTTP RSBFIAEX
MmO LFEZIEK, FIULERKAIRES R EE LIZTTHETE web server BimA5E; mMA
7878 TEEBIE EITHIRFRE “rust” (IFEE: AWEMBEE EMESD),
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Rust i2FIgITES ERFXhR

XN RA bind REEEMAT new RER, EXEEIREI—MHEY TepListener SEfl, XK
#Hoyf bind AN, MR, ERFELEFNROMABEERO" (“bindingto a
port”)

bind ERER[E] Result<T, E>, XKREAUPERIRERRIM, FIU0, L0 80 in O FEEEESIANIR
(AFEES AR REEETAT 1023 BiRE) , FRUNRSHEEIT 80 inAMRE EESENR,
ME=HERM, BELIN, MRFHNSITXMZFRIRDEE, HELAE M SEFIERE—1 i
O, BAHBELFEY. RINBHTFEIBNRES —MEMBIRSEE, TRAXOOEXEE
%, MVXEER unwrap EHRXEE RS ERZFLERER.

TepListener By incoming 757KIR[EI—PMANEE, SRMHT—RIIEUA (EEMHIRE
TepStream ZERIAYAR) o M (stream) AER—INEFP MRS IR Z BT FRIERR, HEiF
(connection) RREFIREZARS IR ARSS ImE RN AR AR SS Uin X AR RV NEK / 19
REFE. Mk, FEATZM TepStream IRERE P iR iX T HHAFHIZRERRAEIAN AME P kA
[EEiE. SEFKR, X for BHRMRGESMNERHATE—RVIBVRETCE,

Ba, MEREAREHRHEE— unwrap AH, R stream HIVEMBIRSXILTER; RE
BEEAEIR, BRESITHN—KER. T—MRAIF, BITEAMIINERIENESZIIEE. 8%
PimiEEEIIRSIRET, incoming AR AIREREIFEIRM, FAKNILIF EARBERTEE,
me&ERn EEZX (connection attempts) . EZRNE X ATEES AN ZMEEREEMTH, HAP
KED BIRIERFHEXD, B30, RZRFAIRFICEESIFNRENTTANEE, BHHZER
HHFEEERSTEREIR, B —EMEMNEEXANLE,

I X RS BEERIBHIT cargo run, IEEENEEFTHIT 127.0.0.1:7878,
NRSBTRHEREEMTFIEZEEE" (“Connection reset”) HEIR{EE, EH server BH]
SN AEGE, NRKITMRALE, SAMYNSNHEERIVRSHEN, SITEE—%R
FIRER!

Running “target/debug/hello’
Connection established!
Connection established!
Connection established!

BE, XMFRAEIIERAIERITINHSRES,; REFTREENRSERUEKRIE, EIFER
HithZzR, LEINHINTENI AR D1RA favicon.ico BlAT.

XA RE R E AN SRR IR S REERS I, EARSHSBMMNEREIE, & strean 7£1E
INERINBAEREHEES, HERSERN drop TMH—EFHRWKHF, XHRFEBELE
EERAMIE X AIVERE, FJXLE R Al s E AR,

AL R ERNESERREEERNER THAS N ERE, UETHBRIXIERIT B IRM
FHig. HIIXMIERE, BITMNRSHESEINENEE, MABZERLEEEIER. fim,

WEET Chrome RIS ERhRANER X AFM; (RE] LU EATA AR SRS EHREL Y] 55

BREAZMA.

EENZE, BIEEMINRI T —1 TCP EHZER !

BB ITREERSNAEGE, € ctr-c RELERF. AREMRTRESRNEENE, &
WIZ1T cargo run BRI EFMBIERF, UHRRIREEBTRMAINE,
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IRENAR

EFAIRIEECR B 28 1EKEIhEE ! AT BB S RBUEENIEE X E KR FRINER 52
DE, BITBEFRE — M FREBCRANIEERE, XN B handle_connection KEH, FAIM
TCP AR IENEE, FITENHSR, LUENIZRN 28 &R RAVEIRE, S RBERG)
21-2 F7:

NHR: src/main.rs

use std {
{BufReadeI prelude::*},
:{TcpListenexr, TcpStream},

};

fn main() {
let listener = TcplListener::bind("127.0.0.1:7878").unwrap();

for stream in listener.incoming() {
let stream = stream.unwrap();

handle_connection(stream);

}

fn handle_connection(mut stream: TcpStream) {
let buf_reader = BufReader: :new(&stream);
let http_request: Vec<_> = buf_reader
.lines()
.map(|result| result.unwrap())
.take_while(|1line| !line.is_empty())
.collect();

println! ("Request: {http_request:#?}");

f5) 21-2: IREX TepStream HFTENLIRE

XEJE std::io::prelude ] std::io::BufReader 5| N{EMAIH, FIREUEE MFTRRY trait FIE
B, 1E main BKERRY for {EIFHR, $Ettatﬁ)l EZETENE R, DERARMN
handle_connection FK#ENFHEE(Z1E stream,

1£ handle_connection /A, Q&,ﬂ]¥ﬁ§_7 — BufReader SLff|3RFJIE— stream BY5|FH,
BufReader JEITEFK{TEIE std: :io0: :Read trait H,iﬁﬁﬂ%ibuTéﬁ,

FATRUERT —1 http_request TERUEN B RIFARSZIHAVIERIT, XBIEINT Vec<_>
FKRUTRRIAF B XL T EERI— vector A,

BufReader SCII Y std::io::BufRead trait, ©i2fHT lines Eiio lines A R@EITIBRHITAT
(newline) FRHYID EHIEMFIREI—1 Result<String, std::io::Error> AUEMER, AT

KRENF— String, FATEE map F unwrap H—> Result, ﬂﬂ%?ﬁlﬁ?‘%ﬁ?ﬁlﬁ’\] UTF-8 4R
BB EIEBURIBE)E, Result AJREE—MEIR. FIE, BTEFIMENREZFNZERH

HAAIEXLEEIR, AEHTFEENENRITEETEIRBER MELEER,
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I 31 BRI IE LA E T MBI TRIRAR— HTTP iERMLER, FrAR T MRHIRER—1ME
K, FMNFEEITEIBE - E=FHFHETT. —BERXETUEH vector, FARILUERRYF
B9 debug BRIVITENEA], UEREN KR RIXALRSIHATIES.

RN —R! BaEFHBRENRSEPRERK, FENEEPNASHIERTE, £
TR URPIEFR R I EEEREGXF:

$ cargo run
Compiling hello v@.1.@ (file:///projects/hello)

Finished dev [unoptimized + debuginfo] target(s) in @.42s

Running "target/debug/hello’
Request: [

"GET / HTTP/1.1",

"Host: 127.0.0.1:7878",

"User-Agent: Mozilla/5.@ (Macintosh; Intel Mac 0S X 10.15; rv:99.0)
Gecko/20100101 Firefox/99.0",

"Accept: text/html,application/xhtml+xml,application/xml;q=0.9,image/
avif,image/webp,*/*;q=0.8",

"Accept-Language: en-US,en;q=0.5",

"Accept-Encoding: gzip, deflate, br",

"DNT: 1",

"Connection: keep-alive",

"Upgrade-Insecure-Requests: 1",

"Sec-Fetch-Dest: document",

"Sec-Fetch-Mode: navigate",

"Sec-Fetch-Site: none",

"Sec-Fetch-User: 21",

"Cache-Control: max-age=0",

RIBARERNSEES, ATRESHIEHARENE L. WERINHTENE TIEREE, rTLUBT NS
F—17 GET ZEMRIEZMAI LB B NEIES MM EBREEIZNERE, NRESHEEHEIE
K/, MENET NSR2IREETRE / AREEREMNEFEERIM,

LR R AR EGE R IZA N MR AREFIER T 4o

BE(FAMINE HTTP 5K

HTTP B— 1M ET XA, BKRBINNT:

Method Request-URI HTTP-Version CRLF
headers CRLF
message-body

FE—1TUMIERIT (request line) , EF M T EFIHIBERTHANER. BEXRITHNE—LDE
FREEABY method, ELYN GET 8% POST, XA 7 HF indlfAI#H1TIER, XBEFPIRERT GET
BXR, RAEHEBRER.

BERITIET RO R /, ERXEFPIRIEKRN F—FBEFRBFF (Uniform Resource
Identifier, URI) : URI K& LB ARTELEMUTF URL (F—ZBEMFF, Uniform Resource
Locators) . URI #1 URL ZEINX M FAENENRIZHAREE, A HTTP FIEERAARIE
URI, FRLUXERTLAESEAYRE URL 1229 URL
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RE—HBRREFIHERDN HTTP hivds, FA/F1EKITLL CRLF F5  (CRLF AREIZEFMIRTT,
carriage return line feed, XZFTFHEIAHARIE!) 4R, CRLF FFIEAIUERL \r\n, HA
\rZEIER, \nZ#1TR. CRLF FFIRIERITEEHRIEREIEDF. 15FE, $TED CRLF B,
RI2BI—THITHE, MAZ \r\n,

ME BTN LEIEITIERFIZEWEIRVIERITHIE, ATLIEE GET @ method, /EIEK URL, MM
HTTP/1.1 2hR7S,

M Host: FHIARIERAIITR headers ; GET i5XK&HE bodys

WMRIRFLERIE, AIUSIRBARERNNSELXER, HIGFGKRAEIMAE, il
127.0.0.1:7878/test,, RINZRIFREIBEINA L 1L,

HAERAE T WS SRIBRT H 4. ILHILEE LR
BB AR
IR P SRR S S SRR, IR R G TS

HTTP-Version Status-Code Reason-Phrase CRLF
headers CRLF
message-body

F—1TUM KREIT (status line) , EEEMREY HTTP hijds. — MIFIRESHS (status code)
BB ERNERMN—MERZ FIRSIEN X AREFEIE (reason phrase). CRLF FE5IZ
ERMEE header, 35— CRLF 5!, WA bodys

XEBEZ—MEM HTTP 1.1 RRAWPaRGIF, EARSER 200, REFEERN OK, &E
header, #&% body :

HTTP/1.1 200 OK\r\n\r\n

RS 200 B—MIER AT, XEAZ—MAEBIATH HTTP MR, LA XLE
XAGNRIEARRINIERINAR! £ handle_connection KEH, I IFEEIRITENEREIE
BY printlnt, FHEEARGI 21-3 REES:

X% src/main.rs

fn handle_connection(mut stream: TcpStream) {
let buf_reader = BufReader: :new(&stream);
let http_request: Vec<_> = buf_reader
.lines()
.map(|result| result.unwrap())
.take_while(|1line| !line.is_empty())
.collect();

let response = "HTTP/1.1 200 OK\r\n\r\n";

stream.write_all(response.as_bytes()).unwrap();

}

P 21-3: F— MBI HTTP IIR S N
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FMAFRIE—ITEX TEE response KERMINESNEIE, 1#E, FKIE response Eiff
Fi as_bytes JGF AT REIEILIMNF A, FEN stream By write_all J57EFREL—1 &[us]
HERRBXEFTRIXAER, R write_all BFAIERIKRN, FrLUGZaBREEAHEIR
LRER unwrap, [, FESSHANNARXERZERNHEIRGE,

BT XEEN, BITRNABAHRITER. BT AERKRITEMERLEEE, FIUFZBEER
&7 Cargo LUSMYEEH, NI HERNKEERPIME 127.0.0.1:7878 B, RFEI—N=EE
MARHEIR. FNNNFE THEW HTTP BERH KX !

REEIFR HTML

IFMNEM AR BREENEBINEE, EMEREREIE—NHXME, hello.html, RZ2TE src
BR. ZULRILURNEAIFREAER HTML AR ; Tl 21-4 BT — 1 RIRERIX S

X4 hello.html

<IDOCTYPE html>
<html lang="en">
<head>
<meta charset="utf-8">
<title>Hello!</title>
</head>
<body>
<h1>Hello!</h1>
<p>Hi from Rust</p>
</body>
</html>

5l 21-4: —NRBI HTML XXEAERIERLR(E]

XR—MEE HTMLS X8 & — MM —NEXZS, N T ERSHEVGERREE, B
EYRA 21-5 FRRELR handle_connection SEIEEY HTML X4, BFEIMANZIMEEAY body H
FHRE:

XE&: src/main.rs

use std::{
fs,
io::{BufReader, prelude::*},
net::{TcpListener, TcpStream},
}
// --snip--

fn handle_connection(mut stream: TcpStream) {
let buf_reader = BufReader: :new(&stream);
let http_request: Vec<_> = buf_reader
.lines()
.map(|result| result.unwrap())
.take_while(|1line| !line.is_empty())
.collect();

let status_line = "HTTP/1.1 200 OK";

let contents = fs::read_to_string("hello.html").unwrap();
let length = contents.len();
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let response =
format! ("{status_line}\r\nContent-Length: {length}\r\n\r\n{contents}");

stream.write_all(response.as_bytes()).unwrap();

}

T 21-5: % hello.htm! WABEAMML body &ix

BAVEFF K use IBAANERERS A RYPIRIR fs SINERE. FTAMRESAGRIIBAIZE
EREHAE; 5 +F 1/0 ZIEHM Listing 12-4 LR T EMBIRES,

ETE, FH format! FXHARABMAIIBEES NARBILIINENAY body F1. AT MRS H
BB HTTP MRz, F{TANMT Content-Length header, H{EI&AMAL body YK/, TEX
BHHLZE hello.html XHEHIAR/,

£ cargo run iIEZ{TIERE, TEXRE8ANE 127.0.0.1:7878, {RRZEBEIELEH HTML !

ERIZBET http_request HAVIERIIBHILRMMEAET HTML XHHNRE, XEHEENR
SR TE N S22 hiER 127.0.0.1:7878/something-else W 218 2|[EHER HTML MR, BaiF(]

89 server BWERRIEEBIRM, WARRKAZS server FRBIARHE; L HNREIBRH R34
AR (well-formed) BIERK / &iX HTML Xf4,

WIEARH R EFHITINE

HaEIFA18 web server 7[' E.%F' IR AZZREIERER HTML X 1EFAT1IB TR
HTML X R E NS REIER /, AEHBEREMEMASINIREIHEIRNINEE. NILE
9N fl 21-6 ABIFIELR handle_connectlono MAEEKEINIERIAT S EMR / BERMLEL
B, FEMT if A else HERXFILIEIEK:

X% src/main.rs

// --snip--

fn handle_connection(mut stream: TcpStream) {
let buf_reader = BufReader: :new(&stream);
let request_line = buf_reader.lines().next().unwrap().unwrap();

if request_line == "GET / HTTP/1.1" {
let status_line = "HTTP/1.1 200 OK";
let contents = fs::read_to_string("hello.html").unwrap();
let length = contents.len();

let response = format!(
"{status_line}\r\nContent-Length: {length}\r\n\r\n{contents}"
)

stream.write_all(response.as_bytes()).unwrap();
} else {
// some other request
}
}

T 21-6: UARBETFHEBRAGALE /1FK
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FMRE HTTP IBEREIE—1T, FAURR TR MERIZEEH vector B, XEFA next MiX
REBBFIRENE—Tlo F— unwrap 7AFTAE Option HEERFKBETRFELREF. -1
unwrap ZbIE Result H57RMI 21-2 FRIEANRY map AT unwrap BEMRERIR,

ETRIQE request_line BHFF—/ BREH GET 15K, IRZ, if ABHUR[E HTML
XHHIRE

YN request_line F FF—1/BZH GET 15K, MBRAEWHNZHEB K, RZEE%E
else IRAIEMNAIERIBNFEHMIER,

MAEMRIZITRBHIEK 127.0.0.1:7878, F=1EF hello.htm! By HTML, MNR#FITEMHE
iEsK, Lkl 127.0.0.1:7878/something-else, MXEEIGIEITREI 21-1 F 21-2 AAREEARHE
AUEREE IR,

MIAEMRF 21-7 BY else BUEMARIRIRE—NEH 404 KSBERIME, XARTFIEKRD

RAEEKT, EEWRRE— HTML M S 28480 A P B ZR %M

AR src/main.rs

// --snip--

} else {
let status_line = "HTTP/1.1 404 NOT FOUND";
let contents = fs::read_to_string("404.html").unwrap();
let length = contents.len();

let response = format!(
"{status_line}\r\nContent-Length: {length}\r\n\r\n{contents}"

)5

stream.write_all(response.as_bytes()).unwrap();

}

) 21-7: WFAERFRZ / BUIEKRIR[E] 404 IRZSRIRYNE AN E IR DTE

X8, MNAPRESITEIRSE 404 FREREFZIE NOT FOUND, {37452 R[EME header, TMH
body & 404.htm! X&EHH HTML, FTETE hello.html Bk B REIEE 404.htm| XHER5E
IRDIE,; X—RWAILBEFERER HTML SiERTGI 21-8 ARG HTML :

X 404.html

<IDOCTYPE html>
<html lang="en">
<head>
<meta charset="utf-8">
<title>Hello!</title>
</head>
<body>
<h1>0ops!</h1>
<p>Sorry, I don't know what you're asking for.</p>
</body>
</html>

TP 21-8: £Efe] 404 MEN PR 13X DTE A S 115
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BT XEEN, BREITIRSH. 15K 127.0.0.1:7878 RIiZ=IR(E] hello.htm! BIAR, WixtF
EEEMIER, a0 127.0.0.1:7878/foo, RIiZ#3R[E] 404.html FEIFEIR HTML,

EL o)

Al if A else SRPABEFEREEE: MWIEHRBRXXHHBEERTENR. H—HIX3!
BRTITNXHRZ, MERRERS, HXEXFD3RIREIZERY if ] else 7, RS
TAXHRTERE, ARTRXAENEANRNNAERLTHFEMERAXETE, EMH/EIN
T KEL if M else SRABFRILERIRAI 21-9 FvR:

X% src/main.rs

// --snip--

fn handle_connection(mut stream: TcpStream) {

// --snip--

let (status_line, filename) = if request_line == "GET / HTTP/1.1" {
("HTTP/1.1 200 OK", "hello.html")

} else {

("HTTP/1.1 404 NOT FOUND", "404.html")
Do

let contents = fs::read_to_string(filename).unwrap();
let length = contents.len();

let response =
format! ("{status_line}\r\nContent-Length: {length}\r\n\r\n{contents}");

stream.write_all(response.as_bytes()).unwrap();

}

Tl 21-9: EXYETRR if Ml else R R BT NMERFA R RIS

BTE if 0 else RFMBRIME—MIZEMEE— T TATRESENRSTHIXGREE; #E
EAFTNAEHEINERERDN let BRI A TTHNMEL DL filename F] header MR(E,
ZANRES A B NN A TTRABBIMEALT if F else IRZIN, HZERTE status_line
M filename, XiIFEZ TURXMMERBEERRAFR, EEKRENRFENZMNFAIRENC
S NN RFEREHR—AEIE, T 21-9 FREBETHSRA 21-8 28R,
kT ! TNIART— 40 1744 Rust REBRYINMESRRARS IR, EXN—MERIR[ER
EAEMXN A EMIERRE 404 R,

BRIRSHETTREARED, XEHREC—RRELIE—MEK, BARU—LEEBERFKE
BXAAZHRA—T . AERHKITFEE CESIRSREEBRIES MEKR,
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B LEIE server THBLEIE server

ch21-02-multithreaded.md

BRIRZmSFORIBEE—MEK, EREEETME —NERNLEZAIASMEE - ME
%, WMRRSBIHIEFWHSREZEER, XERITIRERFEMEEHEREE, WR—MFREE
RKBTEIRAE, MEMRIEKRUAEARAEFEFXMOERER, BMEXLEMRMIEKRAURERETL
RIS, RINFEBREXMER, FEELILENEMREHE—TXNR#,

EIEIER

FMNNBE—MEERMAZ MR ARS HSEIFREMIBER, = 21-10 BIRINENL K
WY /sleep \ERAIE, EREARSS HEMMN ZBIARBRE,

X% src/main.rs

use std::{
fs,
io::{BufReader, prelude::*},
net::{TcpListener, TcpStream},
thread,
time: :Duration,

b o

// --snip--

fn handle_connection(mut stream: TcpStream) {
// --snip--

let (status_line, filename) = match &request_line[..] {
"GET / HTTP/1.1" => ("HTTP/1.1 200 OK", "hello.html"),
"GET /sleep HTTP/1.1" => {
thread: :sleep(Duration::from_secs(5));
("HTTP/1.1 200 OK", "hello.html")

}
_ => ("HTTP/1.1 404 NOT FOUND", "404.html"),

Y,

// --snip--
}

T 21-10: @I RER B 7D SRAZHETE R

M if PHRE] match FIMEB=1TXT. ENMNEEZEAMITAE— slice B request_line LY
BRRALRFRHBFEE, match FGAEEHEREB NS | BMES Ao

F— D516 21-9 Y if KBBHAER. FZNDZLE—1 /sleep 1ER. HFWEIX
MEKREY, server TEERMIN HTML MAIZ FISAEKRERT, FE=1M92Z 5561 21-9 Y
else FXFIIRAAREL,

MEMRTUETNEHBEINNRSHEZANRR: EXNERSUERENALEZME
KEGIRF!

fEF cargo run BENARS IR, HIEEFTARMNNKREO: — 8K http://127.0.0.1:7878/ T
S—MEK http://127.0.0.1:7878/sleep . WMREBZAI—1FZRIER /, KEAMIARIAILLIRIR
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Rust i2FIgITES ERFXhR

®o NIUMRIEK /sleep ZIFBIEK /, MBE/ SFHFHE sleep RIETHM ZFA M
o

BESMERARUARERFIEEREBHAEIBIERZE, BFEFNNEF T EEFRERNZD;
BITRELMH—MER LR,

ERZIZHAEELE

Zizith (thread pool) BR—AHFSNENFHIESLEESHNEAIE. SREFEEI—NE
5, SRMFH—TEAREIRIEEES, AAFLEE, EREEEZERELEESHIEN
A DM R EMEWREIRIES. SFE—TERELERESHN, ExRBTREAIZNFEFRL
IS, SRt RiHRLMEEE, RERSHENELE,

P LERFI AR VNEE, LUBHELIRS (Denial of Service, DoS) i, AR
EFRAS—MERIIEREHE— I EE, EARRSHEAETHANIERESFERRS SN
RBRHSBERGIEBNEF,

FRFHDEERILIE, ZEAMPEEEEHNENFHLEIE, AR, BiEkAETE
AP AR, LIEMSEIP—MEBOEKRIIBAS, SF—NMEESMBATIHRERE—MEXR, &
HIER, BEREPATERENTF—MER, B XMigt, WaILHEZLE N MER, HAAN A
SHIZH. MRS NEEMLEMNEIER, ZENIERNASERENY, RIBLEZFBEEE
N7 gERMIERYIEIFRIVEE,

XMEIHUNE ZTHNE web [RSHBELENFHEZ—. EMMAIEIRZENAES fork/join 12
B (fork/join model). BLFEFY 1/0 22! (single-threaded async I/O model) &%k
28RS /0 1BE (multi-threaded async I/0 model) ;. MIRIRIFX D E BN, WAL

BRESZXTHMERAEZNREHZHALIMEN], M F—NMR Rust RENKEIES, FIEX

LR A1 TR,

EFBZE, EEIMTe—T& BN BEERERINME, HEGHRER, BAREREF iRk
O (clientinterface) BBEITIESMREI&it. MUEAEIERANRKEE APl IBEN, &5
EXNEW 2 ALIIhEE, MARLIRININEERIZIT AT APL
EMUFE+—EMEPERAIMRIREIF .. XBEEFERRIFEFBDFL (compiler-
driven development), A TEES ARBTEAENRKENMAIL, BEMBHEFR[EIRSIFERN
ETREEBHTAEFALIBAUIE, AEEFBZE, BITBRERENERERNR
Ao

AE—MERIEEIR

8%, RINRE—TURAE— M EETE—ERENRBEERNM, XHFBRES
X, AAENZETHEINESBENDEELTRNEE, FEXE— 1 B Z LIRS IHE
= EBERNSEMERENENSGE, XELRENARESER S, 7= 21-11 BRT
main BT, BIE for BHRFPAE—NMROE T — M EIEHITAIE:

X% src/main.rs

fn main() {
let listener = TcplListener::bind("127.0.0.1:7878").unwrap();

for stream in listener.incoming() {
let stream = stream.unwrap();
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thread: :spawn(|| {
handle_connection(stream);

)

}

T 2111 AR —IRRE— 1A

NS +/REIREIRY, thread::spawn ZEIB— LA EHPEITHERHNE. MRS
XA HEEN KEEEPINE /sleep, HETESZM NN RSEIRETIRMNE /, BEIKIR/
BRABER /sleep R, PIIEMZAHREIR, XEAZERSHTE NS TREIHE]
=2 iIE7 =

fRe]geth RIS +EERERX—EIFRARZ async M await EIERFERIMT! 3]
LABMERT B FICEH REX SRS B ATRTAERNMT.

SIEARAENLE
BATHIRLATM LM B RERN A NI, UEMNEIRRYIREZA2 A RS A 1% APT B

B KRBIENR. = 21-12 BREIFEAREMR thread: :spawn B ThreadPool LEHE{KAY
BEEO:

X% src/main.rs

fn main() { ?&
let listener = TcplListener::bind("127.0.0.1:7878").unwrap();

let pool = ThreadPool::new(4);

for stream in listener.incoming() {
let stream = stream.unwrap();

pool.execute(|| {
handle_connection(stream);

3

}

5 21-12: {RA8HY ThreadPool $% [

A MER ThreadPool: :new SIE—MNE BN ELENNILIEH, EXEEN, XIFTE for

fBIFH, pool.execute HEIY thread: :spawn FIEO, BIRE—IMEKENEITTFE—RH
. FHATFEESLI pool.execute, FEHBEBIZIWFABHIGEHEZIBALIEBRMNEIERIT, X
IR REERIF, BRINTUSHILFEFSESHNOWAEBEE,

K AT B IREHFF L1432 ThreadPool

PR H I RBE 21-12 FEY srce/main.rs E1EER, HFIBRE cargo check HI4RIF23 T8 IRRKIK
A%, TEEHKINFINE—IEIR:

$ cargo check
Checking hello v@0.1.0 (file:///projects/hello)
error[E@433]: failed to resolve: use of undeclared type "ThreadPool®
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--> src/main.rs:11:16

|
11 | let pool = ThreadPool::new(4);

| ANANNAAAAN yse of undeclared type “ThreadPool®

For more information about this error, try “rustc --explain E0433°.
error: could not compile “hello® (bin "hello") due to 1 previous error

XeF 7! XPEIRGIFEATEE— Threadpool ZKREIFUIEIR, FrLAFIEEMEHRE—T
ThreadPool FYSRILZ 5 web ARSZSIRAVIFE TIRAEIRIZ. FREAGEFLAIM hello crate PIHREE
J& ThreadPool SKIRAVHAIE crate, YIRAEE crate 25, FHITMAIUEEFITIEPFERXIE
JRRVEARME, MAUNERIEMLZIEK,

B src/lib.rs X1, EEE7T BRiAFHRREER ThreadPool FE N :
XHE&Z: src/lib.rs

pub struct ThreadPool;

EZEWRE main.rs XHIBIZTE sra/main.rs BIFFSLIE N0 T LA ThreadPool MJE crate 5|\
{ERE:

X% src/main.rs

use hello: :ThreadPool;
XMARELE, BAESHETREH T IEERRIEIR:

$ cargo check
Checking hello v@.1.0 (file:///projects/hello)
exror[E®599]: no function or associated item named ‘new ™ found for struct
"ThreadPool®™ in the current scope
--> src/main.rs:12:28

|
12 | let pool = ThreadPool: :new(4);

| AAN function or associated item not found in
“ThreadPool"

For more information about this error, try “rustc --explain E0599°.
error: could not compile “hello® (bin "hello") due to 1 previous error

LEEIRFREA T — @/ ThreadPool SIE— UM new FIREEREL, F(ITEHIE new FEF—
MNEEETLIES 4, MH new f1ZIR[E] ThreadPool L, 1EFAILIMAA LAHERN=R/IME
new BRI¥:

NXHEJ: src/lib.rs

pub struct ThreadPool;
impl ThreadPool {

pub fn new(size: usize) -> ThreadPool {
ThreadPool
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KBS usize FN size ZHBIXR, ANBNABLERNLKEEX . BITENBERE
B 4 fFASRESEEHTRENE, XBMEMERA usize RENRE, WFE=5 "BE" DA,

BRRmEFNEXERAD:

$ cargo check
Checking hello v@0.1.0 (file:///projects/hello)
error[E@599]: no method named “execute® found for struct ‘ThreadPool™ in the
current scope
--> src/main.rs:17:14

|
17 | pool.execute(|| {

| ----- ANAANAN method not found in “ThreadPool®

For more information about this error, try ‘rustc --explain E@599°.
error: could not compile “hello® (bin "hello") due to 1 previous error

XBEEEIRZENFHZE ThreadPool ERY execute Fi%, [Ol1Z “BIEERIKERILIE" Z
3, BITRAELIZMBNIZES thread: :spawn AR O, 1LtbSh, FNTESLI execute RIER,
FERZRELRENAE, HEERAMPHNENTHNEIEEET.

HANI=TE ThreadPool EFEN execute 7%, iLEEW—MASEASE. OIZE+H=EN
[EHEIRRER B [moving-out-of-closures] #843, FATRIUA=FARRER trait SRIZEUK
HESE: Fn. FaMut Fl Fnonce, HNFEREXBiZAW—. FHIFERAIMEIEM
FRERE thread: :spawn BYSSIR, FRUARILASEEE thread::spawn BYE R WM ESEGRN T HLL
R MHEBHMERNT:

pub fn spawn<F, T>(f: F) -> JoinHandle<T>
where
F: FnOnce() -> T,
F: Send + 'static,
T: Send + 'static,

F ZXERNMNXONBE, T 5RENEBXMUBRIHAKD. ZEE spawn {EF Fnonce /£
A F B trait AR, XA RITFEN, AAREZSRFEL execute WEEEL spawn,
HARIBIFROEEISHITAC—R, XBHFE—FHHILT Fronce EFHNEEMW trait, XE
54 Fnonce A Once EE,

F &A trait £295R Send ML EAHIYIE 'static, XWEHENNWBRABEEEXH: FE Send
FRABM—MEIZERIF—NEIE, M 'static ERAHFMELESHITEZ A L]
WE—MERTEXLLRAZESEL F B ThreadPool By execute /54!

X src/lib.rs

impl ThreadPool ({
// --snip--

pub fn execute<F>(&self, f: F)
where
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F: FnOnce() + Send + 'static,

Fnonce trait APAFTEZEH (), FHAXER Fnonce KR—NMEKBESH BB REIERIA R,
EMREBAIE X, BREEXRBEALUMNEZHEEE, FIEESESHREERES,

XEB—RIEMT execute FFENR/MEEI: ©REMEMIE, RRZHILAIDEEBYR
Fo BRHITIOE:!

$ cargo check
Checking hello v@.1.0 (file:///projects/hello)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in @.24s

MEMRBEST! XEKREEBRET! FROREH cargo run IBZTEFHEN KR L
FIER, MRENRSPEMERAEFREBENEIR. XPMEXGLEREEREBEES
execute B EL!

—MRETREIT T B9 X F 15 Haskell F1 Rust XEFH M EAHIFEFNVESHNER “NR
RIDRESIRIE, EMBELIF's FIXMHEHAREEN, HNHBMBRILUEE,
SEREREMEMIE! MRBWE—ITHEXEINETENHNE, WFEEHEREMH
[ESRFFIaRE Lol R ERDEERE H B HAEIENTN.

BE-T: IRXBEBHITHE— future MABHAEIBEHATRE?
7£ new FRISIELAIZMBVZIZINE

XEHGER new fl execute AISEMAEEIIRIE, ILIRNTBEAERITT ORI LR E, UE
F& new fEAFHIR. ZRNERERALRSEEEN size SHAKE, AANEEHAHNLIEN
BEEX. A, ZIERNENEEZMEFLIEEX, FTIER— M T2BU usize B, it
BAEIMNTERIE] ThreadPool S ZFIHEE size EEAT RN, FHEEM assert! RIERE
8T panic, WRFI 21-13 FmR:

XL src/lib.rs

impl ThreadPool {
/11 BIZE— TR,
/17
/11 size BMAPRZRENHE.
/17
/// # Panics
Iy
/11 W0R size 79 0, ‘new’ AHER panice
pub fn new(size: usize) -> ThreadPool ({
assert!(size > 0);

ThreadPool
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// --snip--
}

5 21-13: SEIY ThreadPool: :new £ size ZEBY panic

XEWAXAER)Y ThreadPool IBANT —LE3H, ERXEEMRE T RIFAISASERFEM T
— MBI KRBT REZ panic BIIER, EMHETEEFRITIER, =iXIETT cargo doc --open
H i ThreadPool LEF{RREFLERMMY new BIXALF RN !

MELGX B FR assert! 7=, WATLLL new 22 F) /O B /R 12-9 H Config: :build FB

FEIE new LR build HIR[E—4 Result, AEEXEHITERCIBE—NEETAEENE

AN ZEARAMENEIR. WRIFEMINEL, Z2RHEE— I EXANTERNEZA build B
BRIERIFEL— T new BERI%K:

pub fn build(size: usize) -> Result<ThreadPool, PoolCreationError> {

SR iEATF LR

RERNBELXE T A ERBREZHTRIEIZREN, A LSS Rl EX LR H TR O]
LA Z B EN FAETE ThreadPool LEHRFR, FI4NMA “FhE" — P EA2? ILFANIBEE

thread: : spawn FJ& 45 :

pub fn spawn<F, T>(f: F) -> JoinHandle<T>
where
F: FnOnce() -> T,
F: Send + 'static,
T: Send + 'static,

spawn iR[@] JoinHandle<T>, H T FFARIREIFEE, Zid(FH JoinHandle REFS A EM
%o EENMIBERS, HRALEANNASSVIBERHRTREIEAE, FrU T8t
B O,

w5l 21-14 RAYREBEI LURIR, R SERR EEFHEE CIREMLIE. KT T ThreadPool
RIE X RIFH— thread: :JoinHandle<()> By vector SEffl, {EF size REFRMIBK, Hi&
B— for BIFRIBITRIRLENRE, FREEEXLLLLIERN ThreadPool LA :

X% src/lib.rs

use std::thread;

pub struct ThreadPool {
threads: Vec<thread::JoinHandle<()>>,
}
impl ThreadPool {
// --snip--
pub fn new(size: usize) -> ThreadPool ({
assert!(size > 0);

let mut threads = Vec::with_capacity(size);
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for _ in 0..size { l !l

/1 RIE—LEREHNENZEA vector H,
}

ThreadPool { threads }

}
// --snip--

}

{5 21-14: /9 ThreadPool BIFE— vector RIFMELTE

XN std::thread 5| N crate (IR, EAGEMAT thread::JoinHandle {EJy
ThreadPool AR vector JTZEAIEEY,

ERETAMNHEZG, ThreadPool FiE—MFM size PNITEM vector, with_capacity
BRENS Vec: new T A TIE, REE—IEEMKXS: ©A vector Fifc R EE=IiEl, ERN
BEHET vector FHEE size PNtE, MAHITHELL(X Vec: inew BFEHRIBHME—LE,
[E /9 Vec: :new BEERANTTERMEFRIZE KR/

WRBRIBIT cargo check, BNIZ=MI.
$81XEB M ThreadPool KIiXLGLRFE

T 21-14 B9 for BHFREBET T — DX TRIRLRENER. X8, HMKEFWFLIREIE
2. TERERMT thread::spawn fEBIEZIZATGIE, thread::spawn HFEERER—E—B
BRI IZ NI TRV 2AM, FMBEFRAREAEESFEHEE RN mEEN
SRR LBEEEXAMNTGE; KB AFEHERI.
BITEEEIMBIT AR IR EIEAERAENE], XR7E ThreadPool MLAZIEIZ I N—THEL
ERBREIEXMIIT N, XPEIREWNRA Worker, X2— M HSRILRRYE WL,
Worker ZIRENFEEEBITHIAED, H7E1X worker BIZAZHIZTTIZ A,

BR—TEEEREITENAT: ITFFTREMFOITE, MiIAFREEHTMEN,

FREFELZENFPMEFE— JoinHandle<()> JfFIHY vector, FKNT=ETF Worker LEH{RRYSD

Bl H— Worker ZfEFE—EIHAY JoinHandle<()> 2ffl, ¥EERTE Worker ENHI—NFA

%, ZAERASLEIERIETHEESRHNIT. BITESWFE worker —1 id, X

A LATE B EMIAIR P X BN &EIE MBI E Worker BYSEH,

W TEELIE ThreadPool IR A4 MFIEIE, EBIWM T A NIRESE Worker 2[5, FRITELIR

M&IEREF IS

1. X TER id #] JoinHandle<()> By Worker ZE#i{a,

2. {BEX ThreadPool fZ—™ Worker SZfjIEY vector,

3. X Worker::new K%K, BIREN— id HFHRE—MFEH id MATHAESEERHLREN
Worker SC5l,

4. 1f ThreadPool::new FA, M for BERIHENERL id, X id IE Worker, FHE{FEFH
vector #,

NRIRBEB R, TEETRH 21-15 PRNABEZAIEIH B S EMWXEE .
HEEIFTI5? R 21-15 SR — MR 7 EdEckryflF
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XHERZ: src/lib.rs

use std::thread;

pub struct ThreadPool {
workers: Vec<Worker>,

}

impl ThreadPool ({
// --snip--
pub fn new(size: usize) -> ThreadPool {
assert!(size > 0);

let mut workers = Vec::with_capacity(size);

for id in 0. .size {
workers.push(Worker: :new(id));

}

ThreadPool { workers }

}
// --snip--

}

struct Worker {

id: usize,

thread: thread::JoinHandle<()>,
}

impl Worker {
fn new(id: usize) -> Worker {
let thread = thread::spawn(|| {});

Worker { id, thread }

5 21-15: {BEK ThreadPool fZX Worker LM A B EIRGFMLIE

XE¥% ThreadPool FIFEGHZ M threads B9 workers, ENEIMITIZ(E Worker TIAZE
JoinHandle<()>, f#f for EIAHHIITEIESD Worker: :new BYBEK, HEEF— 1 HER
Worker TZABTEMU{H workers BY vector H,

Worker ZEH{AFE new RELEFEN, EAIEARES (Ebd0 sr/main.rs Y server) HAE
EHBEXTF ThreadPool FfEA Worker LEA{ARYSCINATY, Worker::new (RER[ER id S¥FH
FETER—NTHAELIER JoinHandle<()> S,

AR NRBERARNEE BBHNAAZRMAECIRLIZN, thread: :spawn &
panico X=FHE server panic, BME—LEIZnRERIREMTNT ., HTFEEMNE
IS, XMIARBATH, AEE—MEFRIINEENILIMAP, (RAEsFEFER
std: :thread: :Builder F]H spawn 3ERIR[E]— Result,
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XERABIRE BB YRIZH FI1ETELS ThreadPool: :new FUSHBIBFME T —RTIRY Worker SEff, R
I {B7A LB RIE execute FIFEIRYIAE, LEFTHIENE T REAM.

EREEM&IEREIAR

T FEMRRNFEEEL thread: :spawn WA EZEEEMERIIE, Bal, HiE
execute FiARIRIBHAZEMITEOAE, FAITELIEE ThreadPool BYIIEF EIERE— Worker BY
FE[M thread: :spawn B —NEIZ1THHAE,

AR ENI IR Worker LEHT{AREISM ThreadPool RYPAFIFRIREXFEERITHINGS, HAIXE!
BAZPHITo

EHETAE, HNFEIT 68 — —MEERTERENEEFR —— XTI FRIEN
AR, XEEERFTIMESIATIBIER, execute il ThreadPool MHMLLAZIE
EF R IIERY Worker SEIRIXMES, THRIGIT:

ThreadPool ZBIE—MEBHIFHE KXo

B/ Worker RFrEEINIR,

FEE— Job EMIARFHRATEIEEFLEHIFE,
execute FARTERIZE K HAIERITHIT/E

TELAZH, Worker RiEHIZEWE HHIITEAZEIEINIIE

IEFEAILATE ThreadPool: :new FIGIE(ZEFH 1L ThreadPool LY RIXEFIA, WRH
21-16 Ffimo Job ZEMABRRINDT, BEREARITETEE LIXRIZER:

XHZ: src/lib.rs

vk wN =~

use std::{sync::mpsc, thread};

pub struct ThreadPool {
workers: Vec<Worker>,
sender: mpsc::Sender<Job>,

}

struct Job;

impl ThreadPool {
// --snip--
pub fn new(size: usize) -> ThreadPool {
assert!(size > 0);

let (sender, receiver) = mpsc::channel();
let mut workers = Vec::with_capacity(size);

for id in 0..size {
workers.push(Worker: :new(id));

}

ThreadPool { workers, sender }

}
// --snip--

}

T f5) 21-16: 482K ThreadPool KfETF—MZH Job SEHIBVAIEE
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£ ThreadPool::new B, FET —MZE, FHEEHILLIEWERNIREFT. KRBTSRI
HiFo
IS IHELAZ MBS worker FPRIZWIRIZTEL EN. FRIFANFHRERE worker Fis
FCRVEAZREMEWE, FRILUBEAEF5IA receiver B8, R 21-17 FRRHIAEER
BEYRIX:
XH&: src/lib.rs

impl ThreadPool ({ ?@

// --snip--

pub fn new(size: usize) -> ThreadPool {
assert!(size > 0);

let (sender, receiver) = mpsc::channel();
let mut workers = Vec::with_capacity(size);

for id in 0. .size {
workers.push(Worker: :new(id, receiver));

}
ThreadPool { workers, sender }
}
// --snip--
}
// --snip--

impl Worker {
fn new(id: usize, receiver: mpsc::Receiver<Job>) -> Worker {
let thread = thread::spawn(|| {
receiver;

)

Worker { id, thread }

A 21-17: BEERVIEWIRE 3L worker
XE—LEEMEMER . BEWIREEHT Worker: :new, FHIZETEHERFERTE,
WMNRZA check 15, SBEIXEIR:

$ cargo check

Checking hello v@.1.0 (file:///projects/hello)
exror[E0382]: use of moved value: ‘receiver"

--> src/1ib.rs:26:42

|
21 | let (sender, receiver) = mpsc::channel();

[ e move occurs because ‘receiver' has type
“std::sync::mpsc::Receiver<Job>", which does not implement the “Copy ™ trait

25 | for id in @..size {
| e inside of this loop
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26 | workers.push(Worker: :new(id, receiver));
| ANAAANAA yalue moved here, in

previous iteration of loop

|
note: consider changing this parameter type in method “new’ to borrow instead if
owning the value isn't necessary

--> src/lib.rs:47:33

|
47 | fn new(id: usize, receiver: mpsc::Receiver<Job>) -> Worker {

| --- 1in this method ANNANNNANNANANANANA this parameter takes
ownership of the value
help: consider moving the expression out of the loop so it is only moved once

25 ~ let mut value = Worker::new(id, receiver);
26 ~ for id in @..size {
27 ~ workers.push(value);

For more information about this error, try “rustc --explain E0382°.
error: could not compile “hello® (1lib) due to 1 previous error

XEEARBIZIANRE receiver B4 %1 Worker 2, XZA1THY, [EIfZE+75F: Rust Fifd
HIEERNES £7E, 2 HAE B, XEKRETREEBIFESERERImKAR R
o BIEAFEER—NERRASNEREREZ R, RITBEE—NHBIIERMZT
worker XIFEMHEMIAZMIE—R,

55, MEEMFIREIHES S RENEDR receiver, FRLIXEARFE—THEREHNHEMN
f&e4 receiver AR, BNAIESBRFNRES (BEE T E).
[EZ—THE+AREWIEHNLRERSEREIET, N TESTEAIZRHERENH AITAIRZESE
8, FEMEA Arc<Mutex<T>>, Arc {E1FZ 1 Worker SLAAHZEULIR, M Mutex MIHER—R
RBE 1 vorker BEMBEWNIRISEIESS. = 21-18 BRR T FREREDR:

X% src/lib.rs

use std::{
sync::{Arc, Mutex, mpsc},
thread,

b

// --snip--

impl ThreadPool {
// --snip--
pub fn new(size: usize) -> ThreadPool ({
assert!(size > 0);
let (sender, receiver) = mpsc::channel();
let receiver = Axrc::new(Mutex: :new(receiver));

let mut workers = Vec::with_capacity(size);

for id in @..size {
workers.push(Worker: :new(id, Arc::clone(&receiver)));
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ThreadPool { workers, sender }
}

// --snip--
}

// --snip--

impl Worker {
fn new(id: usize, receiver: Arc<Mutex<mpsc::Receiver<Job>>>) -> Worker {
// --snip--
}
}
5l 21-18: fEF Arc I Mutex 7£ worker B E#ZUE

1£ ThreadPool: :new B, JFZURIRIIN Arc 1 Mutex i, ¥ FEH—E Worker Arc FiEAN5|
FAit%k, fNibXLE worker SEFIFLA] A ZIZWERIFRBINT -

WX EEER, EERUREZET! HINELRTH T !
SCIR execute 3%

BxE1EFAISEH ThreadPool Y execute F57&, RIBTHEIELR Job LK. BB EEM
&, Job BR—"EHE execute IZFWNE|BAEIEEM trait WRPLEFIR, F-1+=
MiR5EAFNZ" EoiRET, LEFZAAFEKERTIE, MRRF 21-19 ¢

XHE&Z: src/lib.rs

// --snip--
type Job = Box<dyn FnOnce() + Send + 'static>;

impl ThreadPool {
// --snip--

pub fn execute<F>(&self, f: F)
where
F: FnOnce() + Send + 'static,

{
let job = Box::new(f);
self.sender.send(job) .unwrap();
}
}
// --snip--

T 21-19: ATFRE—NHER] Box BIE— Job REFIR, BERRBERLKLES
TEfEA execute FEINHEFE Job LhIZfE, BXEESMEENRKZRAL. XEIFA
send EAY unwrap, ENAEFIRERKRN, XAIREAETFHIINELLTFIBLIERITIER, X
ERERRIREFLZBETER T, FIERBANITEFLLERT;, REBLEMETEEINMS
—HTo £ uwrap RERAFATRERKMARTREAE, FIHRmiFRFAEXL,
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FEEIMEBELBLER! 7E Worker 1, Li4G thread: :spawn RFABULAZERZE 5IA 715
BERVERIR. HRENFEACL—EREN, REENZREIRERES, AEFIESHRITE
o 407RM50 21-20 X Worker: :new fHI{ECR:

XEE: src/lib.rs

// --snip--

impl Worker {
fn new(id: usize, receiver: Arc<Mutex<mpsc::Receiver<Job>>>) -> Worker {
let thread = thread::spawn(move || {
loop {
let job = receiver.lock().unwrap().recv().unwrap();

println! ("Worker {id} got a job; executing.");
job();
P

Worker { id, thread }

T 21-20: 7E worker ZIEHFIEWHHITHES

XEB, B receiver FFRAT lock RIXENE 28, 1&E unwrap TEHIERIFEIRET panic,
WRE 23Tl #5558 (poisoned) HPIRSEIIREXBIATRESLY, XolgeAETH
MEIREFE BT panic T BRERKB. EXFERT, A unwrap £E panic BIEHR
TR, BHERIE unwrap RN BEEBREXEIRE R expect,

NRBE T EFE, HEEA recv MEEHFIRIR Job, E/FHY unwrap BT 7T —LE3IR, X
AIRERETHBEBREIRNLAZEIERIER, EMUFUMREWIRX AR send FFiEIN{AIR[E]
Exrr _*é'éo

VAR recv SAEYUFILIE, FTUIRIEEEES, ESFFEHIETHIMES, Mutex<T> If
F— R BEF— Worker KIEEIXFRIES.

MELAZMRTFRAILUSTTRVRES T ! 9T cargo run HA&R—LEIEFEK:

$ cargo run
Compiling hello v@.1.0 (file:///projects/hello)
warning: field ‘workers® is never read
--> src/lib.rs:7:5
|
6 | pub struct ThreadPool ({
| e field in this struct

workers: Vec<Worker>,
ANANAAAN

note: “#[warn(dead_code)] on by default

warning: fields “id" and "thread® are never read
--> src/lib.rs:48:5
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47 | struct Worker {
| —ee--- fields in this struct

48 | id: usize,
| AN
49 | thread: thread::JoinHandle<()>,

| ANANAN

warning: “hello” (lib) generated 2 warnings
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 4.91s
Running "target/debug/hello’

Worker @ got a job; executing.
Worker 2 got a job; executing.
Worker 1 got a job; executing.
Worker 3 got a job; executing.
Worker @ got a job; executing.
Worker 2 got a job; executing.
Worker 1 got a job; executing.
Worker 3 got a job; executing.
Worker @ got a job; executing.
Worker 2 got a job; executing.

BINT ! MAEFNB T —TAUSTHRITERNLEE! CEReBEIMNNER, S
RS HEEIREBRNARFBASRIBITE, SNRIEK /sleep, server HEEiF@I FIM—"1 4k
R EHEMIER.

ARUMRERES NG E O /sleep, ENIRIERRKILEIFREMNE 5 7, EA
—ENRBLTEFNRRAZIMFHITHERIBERN SN LE, XLEREFHREHTH
{r189 web ARSSImEAAT

MEESESETFRE—E: NRERF 21-18. 21-19F1 21-20 1, FHITHIERE—1NFIE
M future, BBAXLERIEDSEMLLERE? WLRBST? HESZ2ARTH? HLEIHY
SRFAE?

EFITE T EEMEH/\EH while let FRZE, RAIEIFTHARENLES
worker &4i2, /R 21-21 FR7R:

XHE&Z: src/lib.rs

// --snip--

impl Worker {
fn new(id: usize, receiver: Arc<Mutex<mpsc::Receiver<Job>>>) -> Worker {
let thread = thread::spawn(move || {
while let Ok(job) = receiver.lock().unwrap().recv() {
println! ("Worker {id} got a job; executing.");

job();
}
)

Worker { id, thread }
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. -

5 21-21: —1MEH while let B Worker: :new F{LSCIY

XA URIENIETT, BRHASFERBENAETTHN: —MEBERIMASSHHEHMIE
KREFHIT. HREREBLERME: mutex EMIEEE AR unlock F5%, EABIBIFRTENMKH
lock A3%IR[OAY LockResult<MutexGuard<T>> FA MutexGuard<T> BY4s5EIHH, XA IFERKETE
HBERZNHREFAITLEFEUNER TIFRA Mutex SFIPNZHIR, FENREEIAEN
BE MutexGuard<T> 4 apERARNIE, LAIRERSHELTHAE A RIFE Bl

451 21-20 YIS EAR let job = receiver.lock().unwrap().recv().unwrap(); ZFFLL
AU TERRA AT let R, H let IBALRMNAEMARERNPESHMERNIREHER =
B EF, AT while let (if let ] match) HEMEXHABRERBLIZEFTIGREE,
£ 21-21 H, job() EARHAEISI—ERFLE, XEKREHMB Worker SLHIFEZWES,
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TP 21-20 FRBYREIANFAIFRIR, BEISAZMR T HIMNIER, XBEH—LEXT workers, id
M thread FECSBEWERMEANE S, XIRETHNEE—EREREFE, SRIMBFHE
AMRHERY ctri-c AL FLA20T, HtFrELEBERIIZIFELE, BMECIIELTAEIER
BIEET,

BERR, FAESLI drop trait, FEHPMLAZNENEGNLIZREMA join, XFENIMEEEX
AR F K IEEREIE R, AR, BMIESERIA—MEN, BRXELEFEIERImER
HXH. N7 MEXENEERRRR, =B server, ILEEMBENZHRZERH D
BXRo

XBEE—RFBIR X—EASEMATHAENAES SR, RIMRE(IZRE async
BT EERLEN, X—THHABTHET2MEE.

J#3 ThreadPool SZIR Drop Trait

IMEFIRNEFIEMIEIN Drop, HLLEMWEREY, WiZ join FIEXIELBAEREN TR EIRIE,
Tl 21-22 B/R T Drop SEMME—RE1R; XERILIEREERERIF:

XHZ: src/lib.rs

impl Drop for ThreadPool { ?G
fn drop(&mut self) {

for worker in &mut self.workers {
println! ("Shutting down worker {}", worker.id);

worker.thread. join() .unwrap();

}

Tl 21-22: BEAREFEREET join 1412

XEELBEHLIZMPIE worker, ZFFLGER &nut, R self E—1AIE5|/A, M
BENEFBIELR worker, XFHA worker, FfJEBZITEN—FRIER, 7BAZ Worker SEfAIIE
EXH, AR Worker SEFIRBILAIZIEA join, MR join JHAKRMK, FLA unwrap ik
Rust panic, HEAN—FRBHRARIXRATT T

$ cargo check

Checking hello v@.1.0 (file:///projects/hello)
error[E@507]: cannot move out of ‘worker.thread™ which is behind a mutable
reference

--> src/1lib.rs:52:13

|
52 | worker.thread. join() .unwrap();

| ANNNNANANNANN - — - - - - ‘worker.thread™ moved due to this method
call

| |

| move occurs because “worker.thread™ has type “JoinHandle<()>",
which does not implement the “Copy  trait
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note: “JoinHandle::<T>::join" takes ownership of the receiver “self’, which moves
‘worker.thread®

--> /rustc/1159e78c4747b02ef996e55082b704c09b970588/1ibrary/std/sxc/thread/
mod.xrs:1921:17

For more information about this error, try “rustc --explain EQ507°.
error: could not compile “hello® (lib) due to 1 previous error

XEBENEIREIFRENTAEEREA join, EARKNFERBEE worker WEJZEH, M join F
EZEHSHHFAEN. ERRAXNMAE, HITHEE thread NRAB TR Worker LHIH#ZH
R, XH#E join AEEHERXNMER, —MMHUEFRG 18-15 HEMBL: IR worker FHHIZE
Option<thread::JoinHandle<()>>, FABJLLTEIX Option i take /3%, E{EM Some T
KPIBHFE, HEFRERMEBET— None, #A)IEN, [ETEIETTH Worker R7E thread FEEHFF
B— Some, MHKNTEFEX Worker B, LB Some FHHEAY None, X#FiX™ Worker Ff
FERBAEBITHNEE

A, XMERRITEERF Worker BYHIL, AR, FATLMIEESAIIHIR) worker. thread By
4032 option<thread::JoinHandle<()>>, 7EfRiFARY Rust LS Option AARVR%, BHIRAIM
B EEXE option F—ERFE, MNEERFHEIRETE option FRMNIX—IFRET, RBEZ
ZIEHMERERNAET.

EXMIFHR, BE—IEFNERAEE: Vec: (drain %, TEZ— range BERIETE
PRLETREM Ve PR, FR[E—MXEMAVIENES. FH .. range IBESM Vec FIEFRFR
BE,

FHLEENTFER T EXIFEF ThreadPool By drop SCIR:

XEE: src/lib.rs

impl Drop for ThreadPool ({
fn drop(&mut self) {
for worker in self.workers.drain(..) {
println! ("Shutting down worker {}", worker.id);

worker.thread. join().unwrap();

}

XERRT dwix2REIR, MERFTERENMWABMEMEMER, T, X drop BIEETE
panic PR, XEBR unwrap WETEEEIX panic, EXNE panic, FiizliLiZFHE
B, PETIETE#HITRVEE, M FRAIBFERRXEE, BEEFIEHRHRETF XM,

MZREAHES, iLEiEILERES

BT XEEKRE, BITWAREERIUTESRIR. RMTEER, TERERHIEAENS
RIE. XHBET Worker LFIPLIEFMZITHAEZE: BRiE(1HLIAAT join, EXH
FEULLERELE, RRAE(IRKIT loop TEFEMES. NRAHFNHX drop TMEEFH
ThreadPool, FLIERKIZFAE, FFF—NHELR,

ATEEXNE, I PRFHECR ThreadPool Y drop SLILFHELK worker IR,
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B 5824 ThreadPool HY drop SLIMEEFLIZERFI BN EF sender, Rl 21-23 B R T
ThreadPool B EF sender FR{ERIEEN. SAUIBLIENARRE, XBEMILFEFEA option, LY
{EBEZ{EA Option: :take ¥4 sender M ThreadPool Hf%H,

X% src/lib.rs

pub struct ThreadPool { %

workers: Vec<Worker>,
sender: Option<mpsc::Sender<Job>>,

}
// --snip--
impl ThreadPool ({
pub fn new(size: usize) -> ThreadPool {
// --snip--

ThreadPool {
workers,
sender: Some(sender),

}

pub fn execute<F>(&self, f: F)
where
F: FnOnce() + Send + 'static,

{
let job = Box::new(f);

self.sender.as_xref().unwrap().send(job).unwrap();

}

impl Drop for ThreadPool {
fn drop(&mut self) {
drop(self.sender.take());

for worker in self.workers.drain(..) {
println! ("Shutting down worker {}", worker.id);

worker.thread. join().unwrap();

M5l 21-23: 7E join Worker L2 Z HIE L EFT sender

EF sender TXHAEE, XRPAFSBEESHHESWRIE, XBF Worker SLfFFRHITRIEIFH
HIFRE recv ARFREIHEIR, ERFI 21-24 1, FIHEDK Worker BIFEXFE R T
HRE, XEPRE S ThreadPool By drop SKIIAM join BIAIERLER,

XL src/lib.rs

impl Worker {
fn new(id: usize, receiver: Arc<Mutex<mpsc::Receiver<Job>>>) -> Worker {

let thread = thread::spawn(move || {
loop {
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let message = receiver.lock().unwrap().recv();

match message {
Ok(job) => {
println! ("Worker {id} got a job; executing.");

job();

}

Err(_) => {
println! ("Worker {id} disconnected; shutting down.");
break;

}

}
3

Worker { id, thread }

w5l 21-24: Y recv R[EIEIREY E X B HEIR
N7 REXLEARE, Rl 21-25 FrRf&eR main ERIENARS IHZ B RIESZ R MEK:
X% src/main.rs

fn main() {
let listener = TcplListener::bind("127.0.0.1:7878").unwrap();
let pool = ThreadPool: :new(4);

for stream in listener.incoming().take(2) {
let stream = stream.unwrap();

pool.execute(|| {
handle_connection(stream);
3
}

println! ("Shutting down.");

5l 21-25: FERIBRMER 2 [E@ TR B &R R Z LLARSS i

RASHFLEELHE RN web RBIHFVIEBEFTEKRMENT , XREATRERRAEEVINGE
BAFIER TERS.

take FIERE XTE Iterator trait £, EREENRFIAZELHIRITE, ThreadPool 27
main ZEREYEHIERE, PEfE drop KIFEIETTo

fEF cargo run BEHARSIH, HEAR=TER. F=MERNZEXK, MEHNEHNZE
FCSRAGUXAE

$ cargo run
Compiling hello v@.1.@ (file:///projects/hello)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.41s
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Running “target/debug/hello’
Worker @ got a job; executing.
Shutting down.

Shutting down worker @

Worker 3 got a job; executing.

Worker 1 disconnected; shutting down.
Worker 2 disconnected; shutting down.
Worker 3 disconnected; shutting down.
Worker @ disconnected; shutting down.
Shutting down worker 1

Shutting down worker 2

Shutting down worker 3

fREEIBY Worker ID MFTENHBIRFRIBERBFAARE. Fl TR AMXEH S HE LB
T{FBY: Worker Sffl O Al 3 B THIMMER. server TERULEIE — MEREMF LR
&, M ThreadPool ERY Drop SEIMEZERTE Worker 3 HIEFFIRMMEIES Z BIMHA 81T,
EF sender RLFRA Worker SLAIMFFFERE, HBEHMENIKF. T worker SLAITERTFEIER
STEN—FER, RARLEENZEA join, FRHE Worker LAZER,

FEXTEFRITIREEE NG REBHMI: ThreadPool EF T sender 7[5, TEEM—1
Worker WWEISHIRZ A, MATZIXZE join Worker 0, LEEY Worker 0 iEZHB M recv 1FEIEHIR,
FRUAELAIZRMEZE, FF Worker 0 53R, SUIL[EIRY, worker 3 RE| T —MESS, ARFIEL
REZUNEITEIR. B Worker 0 SThlfE, FLAIZHEFIFHER Wworker SLHILER. RS, ENIFE
ZIRBBEIAHFLET o

HRE! WEBNTHTXNIME, 07— NMERAKIENRT MEIEKRIER web AR R,
BB IRBIHHITHRIEN, ©RBBAENPIRELTE,

NTEENRESE.

X% src/main.rs

use hello: :ThreadPool;

use std::{
fs,
io::{BufReader, prelude::*},
net::{TcpListener, TcpStream},
thread,
time: :Duration,

Y,

fn main() {
let listener = TcplListener::bind("127.0.0.1:7878").unwrap();
let pool = ThreadPool::new(4);

for stream in listener.incoming().take(2) {
let stream = stream.unwrap();

pool.execute(|| {
handle_connection(stream);

)
}

println! ("Shutting down.");
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}

fn handle_connection(mut stream: TcpStream) {

let
let

let

let
let

let

buf_reader = BufReader: :new(&stream);
request_line = buf_reader.lines().next().unwrap().unwrap();

(status_line, filename) = match &request_line[..] {
"GET / HTTP/1.1" => ("HTTP/1.1 200 OK", "hello.html"),
"GET /sleep HTTP/1.1" => {

thread: :sleep(Duration::from_secs(5));

("HTTP/1.1 200 OK", "hello.html")

}
_ => ("HTTP/1.1 4@4 NOT FOUND", "404.html"),

contents = fs::read_to_string(filename).unwrap();
length = contents.len();

response =
format! ("{status_line}\r\nContent-Length: {length}\r\n\r\n{contents}");

stream.write_all(response.as_bytes()).unwrap();

XHE&Z: src/lib.rs

use std:

|

sync::{Arc, Mutex, mpsc},
thread,

b

pub struct ThreadPool {
workers: Vec<Worker>,
sender: Option<mpsc::Sender<Job>>,

}

type Job = Box<dyn FnOnce() + Send + 'static>;

impl ThreadPool {

/1117
/1117
i
i
/17
i
i
pub
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Create a new ThreadPool.

The size is the number of threads in the pool.

# Panics

The “new’ function will panic if the size is zero.
fn new(size: usize) -> ThreadPool {

assert!(size > 0);

let (sender, receiver) = mpsc::channel();

let receiver = Arc::new(Mutex::new(receiver));

let mut workers = Vec::with_capacity(size);

for id in @..size {
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workers.push(Worker: :new(id, Arc::clone(&receiver)));

}

ThreadPool {
workers,
sender: Some(sender),

}

pub fn execute<F>(&self, f: F)

where
F: FnOnce() + Send + 'static,

let job = Box::new(f);

self.sender.as_xref().unwrap().send(job).unwrap();

}

impl Drop for ThreadPool {
fn drop(&mut self) {
drop(self.sender.take());

for worker in &mut self.workers {
println! ("Shutting down worker {}", worker.id);

if let Some(thread) = worker.thread.take() {
thread. join().unwrap();

}

}

struct Worker {

id: usize,

thread: Option<thread::JoinHandle<()>>,
}

impl Worker {
fn new(id: usize, receiver: Arc<Mutex<mpsc::Receiver<Job>>>) -> Worker {

let thread = thread::spawn(move || {

loop {
let message = receiver.lock().unwrap().recv();

match message {
Ok(job) => {
println! ("Worker {id} got a job; executing.");

job();

}

Exrr(_) => {
println! ("Worker {id} disconnected; shutting down.");
break;

}

)
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Worker {
id,
thread: Some(thread),

}

BITEREMISES! NRMAEHREILRXIME, ITFTE—LRF:

* 9 ThreadPool FIEMAE /24N FEE L1,

« N ERITHEE AN

* 3B3F unwrap BYIEFEENER B AR AVERIRAM IR,

« F ThreadPool R 1TPRALIE web &R Z IMUEES,

* 7f crates.io F¥—NEIEM crate, AESEI—PEMIAY web server, AFELIRER API
MEEMESHENLMNEENE AR,

B4

R T ! IREL T T ABHFES)! ARBGHRS RN ER X Rust 2k, WEIMEEL
HEEFSEIME S Rust IBHEBMA T, BAETIERAIIHEX, XEHHM Rustaceans
IERTFEBIRIDEE Rust 2 B8 ERYEIPkLK.
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Rust RFFIRIHES AR
iR AL XHRF

appendix-01-keywords.md

TERYIRES Rust IES SIERTNARRERMERENXRET. Flt, ENFEERBIE
RIRTF (RIGIRIRTIRRIN, BAIRTE “REMIRR" —THRNE) . MRRT EHRRS. TE.

=

=

W EETFER. BIR crate. BE. R BHSE. B LB trait ESAHNE T

AIIETE(E AR

TN ERIEE RN X BT A ERRRTIR,

as - FIAKBVEER, JHIRSEE S trait XX, SHEXT use IBAFMINER S

* async - iR[E]— Future MAEEE LFTLKIE
« await - FEHITEE Future ML RTESE

break - 17 Zi B H{EIF

* const - EXEFERFEEHEIEH (constant raw pointer)
+ continue - RE0H N TFT—RIBEIFE

crate - TEFRIRERIEH, 1#E crate root

« dyn - IED XK trait TR
» else - fEA if F1 if let IRHIRLEMIAY fallback

enum - TE X — &S
extern - FEE— MNP T E

+ false - FA/RFMEE false
o« fn - EX—PNREE EEIEFHEER! (function pointer type)

for - BA—MERBHELIM— trait HERRE— N ESEKNEmEH

c if - BFEHREAXNERS
« impl - SLINBE T trait THaE

in - for fEIREZEN—EBS

* let - PE—NEE

* loop - THMAFEIF

match - R ILAD

* mod - X —MER
* move - {HH B IREXE PRIV B

mut - TR5 A RIEH TRV ERI AT
pub - RREMATFEL. impl IREFFIR LB A W%

. ref - @IS |ASHE
 return - MERELHIR[E]

Self - EXELSLIN trait RYRAIRILEAIFIF

* self - RIRF AR B LAIRIR
* static - RAEREEHEEMEFHITHEIRSH L EHA

struct - EX — MR

* super - FRR HFIRIRAIRIEIR

 trait - EX— trait

true - FR/REMEE true
type - X — AR 3 KB T

* union - X — union; {X7£ union FEEEREAXEF
* unsafe - RINALELHIMRID. RKEK. trait LI
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« use - BRI SSINERE; RZEMEGBIRYRIETIaHEIK
* where - RIn—1ARFEEFIMN A
* while - {RIERIAXWERFITREEIR

ABEREBRENXRETF
T XEFBalis TIERIIEE, EEMR Rust fREUERKRER.

* abstract
* become

* box

* do

e final

* gen

* macro

* override
* priv

* try

* typeof

* unsized
* virtual

* yield
[RIGHRIRTT

RIBHRIAFT (Row identifiers) R—HhRITIMERBERNEEERNXBFIIEZL. BIEXRE
FEIML # BIZRERRBITIAT.

g0, match @XEF, WRZIARFUWTER match {EHRFRIRER:
Y& src/main.rs

fn match(needle: &str, haystack: &str) -> bool { ?G
haystack.contains(needle)
}
SIFEXPEEIR:

error: expected identifier, found keyword “match’
--> src/main.rs:4:4

|
4 | fn match(needle: &str, haystack: &str) -> bool {

| ANAAN expected identifier, found keyword

ZRRRTR IR R BF match BIEREBITIRT . BiF match BIERHRRIR, FEERRR
IRFFIEE, WTFFR:

X% src/main.rs

fn r#match(needle: &str, haystack: &str) -> bool {
haystack.contains(needle)
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}

fn main() {
assert! (r#match("foo", "foobar"));

}

IR REIFSEEEER EE # ARFRIATRIEE XM main REFRBIER.

FRIGFRIR T A RIEERRIEBERIRT, BMEX N RIEGFRFRBRAEF. XILHENEEE
MR RMEEEEANER, WitFHEBSHLIDXLEFLELBERZR. MARXEFTH
HESTERHITEM. b, RBFIRFEARFRERRBARRE Rust edition ERIE, I
90, try 7£ 2015 edition RAREXEF, {BTE 2018, 2021 #1 2024 edition P2, IMRIFHK
VR NERER 2015 edition /5, HEEFE—1MRA try BIKREK, BBATEIRFH edition
PIERERN, MEEFERRBINRFTEE, EXEME try, BX edition WEZER, A
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ZMRE ST Rust ITBEREICER, BEEENTUMEENS, XENSRMRBINEHINER
2. ZEL trait AR, R, B FR. TAURKES ETFXH,

EBET

& B-1 &7 Rust FRVIZETF. EEFMALIE ETFTXRNRA. EREERURIZEER
BEAEH. IR—MEETEIEHN, WiZsBEF LATEREX trait hR7H,

R B-1: ZES

BEET | = fER ERUEH
! ident!(...), ident!{...}, R

ident![...]
! lexpr EBAIIEEZAEAE Not
1= expr != expr RELLER PartialEq
% expr % expr = NGV Rem
9= var %= expr B AREESRE RemAssign
& &expr, &mut expr &
& &type, &mut type, &'a type, kit

&'a mut type
& expr & expr b VS| BitAnd
&= var &= expr 5 NIRE BitAndAssign
& expr && expr %2E& (Short-circuiting) 2

5

* expr * expr BARFEE Mul
*= var *= expr BAEES5HE MulAssign
* *expr fi#5| A Deref
* *const type, *mut type BIg5t
+ trait + trait, 'a + trait S 5L BRE
+ expr + expr BARIE Add
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+= var += expr BARINESWE AddAssign
, expr, expr SHUNRTERD R
- - expr HAREHA Neg
= expr - expr BAREE Sub
-= var -= expr BARBESHE SubAssign
= fa() o type, o] > | EMSHEMEERD
type
expr.ident FERIAIA)
expr.ident(expr, ...) A RAR
expr.@, expr.1, etc. ToAZRS|
.., eXpT.., ..expr, AEFXEEEEZEE PartialOrd
expr. .expr
= . .=expr, expr..=expr AFAXEEEEFEEE PartialOxd
. .expr SRR ERIEE
variant(x, ..), "SRIFERD" BESEE
struct_type { x, .. }
expr. . .expr (Deprecated, &R . .=)
FERAF: AXESEEER
/ expr / expr BARRE Div
/= var /= expr BARMRESWE DivAssign
pat: type, ident: type 4R
ident: expr SEWEFERIBE
‘a: loop {...} BIfFIRE
- expr; BAMEBERERRT
; [...; len] EE K NERTEENER
<< expr << expr % Shl
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<<= var <<= expr E#%SEE ShlAssign
< expr < expr INFELER PartialOxd
<= expr <= expr INTFEFEEE PartialOrd
= var = expr, ident = type MR {E/ZE
== expr == expr FTFLLIR PartialEq
=> pat => expr LB B ERER S
> expr > expr KFELER PartialOxd
S= expr >= expr KFHEF LI PartialOxd
>> expr >> expr 5% Shr
>>= var >>= expr 5% 5RE ShrAssign
@ ident @ pat BT
A expr A expr VA= 1=12 BitXor
A= var A= expr NS5 RE BitXorAssign
| pat | pat BRAEA
| expr | expr ZAus BitOr
|= var |= expr BRSNS EE BitOrAssign
| expr | | expr ¥gE& (Short-circuiting) #
=14

? expr? BIRfEHE

EEEAES

TENFIRFEE TRENEENA—FIENTS,; M2, el NRIAREETSTEHE

Fo

* B2 BR T UHBSHAUREMESZEMEZ MGG S,

& B-2 I JRINEE

5 122
'ident an R Een E R RIF AR
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..u8, ...i32, ...f64, ...usize &

'LV, T#Y LD, T L et

FIFATRFEE, RIEREXFR

FUFNEFEHE WE—IFTHRAXEMIEF
AR

br'...", br#"..."#, br##".. . "## %

FREFHFNRFEE, RENFTFNHEFE
ENES

FANFHEE

ASCII BETFEE

|...| expr

Z3j2)

AR ERRIRL N YRR

"R ENGE ; WA TIE R T E(ERYAR
i3

& B-3 B 7 WIE MRREE M IRV ER 12 L P XIS

& B-3 : BEMAXEZE

s i1 S
ident: :ident BRTEKRR

. :path FE3FF crate IREVEREE (BRM2RWH, —TER
B4 3T ER1R)

self::path S54aiiERENKE BI— P EXETERER)

super: :path 5 HaiiERpy AR IRAE AT B ER 12

type::ident, <type as trait>::ident

KEAEE. REBLURREE

<type>::... Aol A B B RYRBEZEE (40
<@T>::... , <[T1>::... , &)
trait::method(...) BT AR E XM trait B HBRAEERN XM

type: :method(...)

<type as trait>::method(...)
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& B-4 BT T AT RELESH ETXHHRS,

*KB-4:zH

75

22

path<...>

A= REPRZEEE R ARSI (40 vec<us>)

A—NZE RBHFREXPIGEIEER GRS, BF
& turbofish (%0 "42" .parse::<i32>())

fn ident<...> ... ZBYIREE X
struct ident<...> ... T2 BIEATE X
enum ident<...> ... R EMETENX
impl<...> ... TE M ZBYSCIR

for<...> type

SR E e B HARRS!

type<ident=type>

2B, BE—1MHSMEXEELIRIEE N EXRE (10

Iterator<Item=T>)

& B-5 B 7 HIIEEA trait ARZESH ETXHNFTS,

& B-5; Trait 9%

75 fER

T: U BB T AORTERIAT U AERE

T: 'a 2B T WESEBCIAKT 2 (BHREZEETRERE
BEGARET 2 NEMSIA)

T: 'static ZETAEEM 'static ZHMNIERAS5IA

'b: 'a 2B b EaARARIKTIZE a

Ti?sized ER— T REA/NRZRISE

'a + trait, trait + trait

E SRR

& B-6 B T EIAANE X B UNET LIEE RN L TXRHRBGS.

KB-6: =54

5

R
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#[meta] ShERIE 1%
#! [meta] AERE 4
$ident N
$ident:kind P TEAS
$(.)m REE
ident!(...), ident!{...}, ident![...] =iE A

&R B-7 BT RIEARNRKS,

& B-7: %
= P 2
/1 TR
/1! RIERI T AR
111 SMNERAT SO ERE

1% .. */ HRER

I*Vo k0| IBRROEERE

/x| SNERIRSOIERR

& B-8 By I ERRES L TXHRIFT S,
& B-8: BiES

5 R

=l (FifET), RFEEBEXEE

(expr) EeRE

(expr,) B—pRTARER
(type,) B—rnERTALE
(expr, ...) TCHRIET

(type, ...) paveds it
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expr(expr, ..

D | REBUARRIER; ERTHRNTALEHE struct DI TTAREE

enum T{E

KBIRRTREAAESH LT,

& B-9: KiES

= fER

{..) RFAT
Type {...} struct FHE{E

KB-10 BT HEAAESH LT

® B-10: 51ES

faR

HAFHEE

[expr; len]

EH7T len 1™ expr B9

[type; len] BE len 1 type KEIFVENA

expr[expr] E45%F5|, EF (Index, IndexMut)
expr[..], exprl[a..], expr[..b], &£ 5%5|, {£F Range, RangeFrom,
exprla..b] RangeTo BY RangeFull {EANZR5|FRILEE

& slice
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PR C : AIURERY trait

appendix-03-derivable-traits.md

AP NEDH, BANHET INATEMEMEEEXR derive BiE, derive BER
TE(ER derive IEJAFRICAIRE! EAERUXIMY trait BIFRIASLILAIAAED,

FEAMRPRE TAVEEPFIBRILIER derive BY trait IEE, XEERDHRE:

* 1% trait RRIREMN AFRIRIERFN A
* B derive R AFRY trait SKIL

« K trait WRBEBERETA

« EAMFEHT ARSI trait
- FE trait 1E1FHHFIF

NRIRBLERETF derive BIHFTRMEAVITH, BEMIDEESE FEA trait AT LT #E
SAIFEHRIMEN

XEFIHAY trait RINENERAEEFEX HEEET derive TE38 I, fEREPENHIE
E trait FEEED derive EHE FIIM, XLE trait FEEBRXWIBIAITH, PRUERASR
UEEMNA LRI E],

— P TEBIKER trait W FEANR AP GIERIUILR Display o RNIZFIEEEERE
BT EARALERAF BR—1RE, KinAPMZEZIRENTASS? IS EEREE
209? FHTRIERAEXA RS E T AEN? Rust FiFLEXFREARS, ALTE
MRS ERIRIAIT .

MR MBYANKE trait PIRHAAFE2E: FEHRAILIAEN]ECHY trait LI derive, FIEEA]
U5 derive fEFECEEAMY trait 7IREFR LB, LI derive FEAEIIRE, XEFZ
+E1 "BENX derive =" —THENEA,

BATFiERF Gk Debug

Debug trait B FABENAFFHFEFNE IS, H@BIE & SARFPEM 2 KA,

Debug trait AIF LR B BIRITEN— N RBRLEI, PRUUERZEENEER A UERERHRIT
BY4FRE BY 8] s IR ER EL S,

a0, 7EER assert_eq! 7RBY, Debug trait RHFEM, WREFXMSEM, XNEMIBLTE

LHIRNEEASEITENLH R, WMIER BRI B RIE D EFATARES.

FHEELERAY Partialkq Fll Eq

Partialkq trait AJ LALLRENRBHNLFILKNERETEE, HABT == M = SERNINE.

IK4ERY Partialkq SKINT eq J57%. I Partialbq FELEMIR LIRGERY, RBEFRBEMFEEIESE

NN EFAEE, FANREERAFEAESENHENLGMAEE SEMELREN, &
— NN EHFRENEBSHE, BNETCTHEBFEE,

Blan, HfER assert_eq! R, FEHR—NEEMNFNLMGIEEIESE, N Partialkq trait

DL

Eq trait B 55, HIFARKBE —IMINCRENEEFTHES. Eq trait REEN AT AR

SRHLY Partialkq BYSER!, {BHIFFRAIRILT Partialkq BYKRIERAILISEIR Eqo FREEIN
B—MIF: FREHILIRBRNELF (NaN, not-a-number) EREREFH.
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540, 3FF— HashMap<k, V> FIEYEE (key) K, Eq BUSHIRY, X#F HashMap<K, V> FLA]
PALER M RESHEF T o

HEFLLERRY Partialord F] orxd

Partialord trait B LIS T HEFF A9 B MM EL B — N BIBGST), SKELT Partialord BYKEIETLL
fEF <. >, <= Kl >= B4R, {BRASERBISIELT Partialtq BOXE HEA Partialord,

K& PartialOrd SCIQY partial_cmp 3%, HiR[E]— Option<Ordering>, {BYLEEETE
FEIRFFERG R[] None, REARZEEEMERALULLIR, B— 1 LEFEIRFNGF2:
T EEBMIEMTE (not-a-number, NaN), SHEMEAMRS Nan R portial cnp HAIE
[2] None,

HIELMR LIRERY, Partialord RIREMAE X PFEEIMBINT, KRLRENFRE
8, LUKEEERM DK, SENRE DIRER, IANEREEXFERRENNEZ R NTH
[EHIZE (A,

80, XMFREBTF rand crate Y gen_range F5iERN, HE—ERERERISEIEEN
£ —NBEHERS, Partialord trait A,

ord trait it {RAEE— AR AR MEEEEXINFE, ord trait SRILT cmp
5%, BIR[E— Ordering fiRZE Option<Ordering>, FALRFE—TEENINF., RATLL
fESEI Y Partialord Al Eq (Eq fk¥fi Partialkq) RYSKEY LfEF 0xd traite SHTELEMIAEME
BIRERS, cmp 91T /95 Partialord JR&ESSINAY partial_cmp AB[E,

fgn, IS(ETFAEER] BTreeset<T> RS, FE ord trait, FAZBIBEWETENVHIFIRF KT
L.

SHI{ERY clone FlI Copy

Clone trait B] LABAHfth 81— MERIRIZD]L (deep copy), EFIIIEAIEEESERRIENH
TR SRR E R, EIFENE TESHIERE" LUREVEX Clone HIES

B8

JKAE Clone SRILTY clone 757%, HHEANENEASLIN, FERENE—EED LIEA clone
k. RRKEREPREFRIEBLINEINT Clone, XiFABEMEIKE Clone o

an, HE— slice EIFA to_vec J57ARY, Clone B, slice #AMBEHEBERILA],

BRM to_vec HuR[EIRY vector FERBENIRIEA, Ft to_vec EENTELIEA clone,
FRUAFRETEY) A PRV BUAINSETR Clone,

Copy trait AVFRET RIENFEEL LRMRERIE; THRHAITIIMIAE, ERFEHE "R
ke LRVERE: 01" BUER D SRIRERB X Copy NEZE R

Copy trait FRE X EMAEKMELLFIEARES XL AT TR TFHRITIIM DRI,
X%, FrEREFREAUREEFIEZRIEERRE,

B LATER BN B 2 BR SR Copy trait BIERRE FIRAE Copy, —NSRILT Copy YKL
SKILT Clone, EA—SEIMT Copy RYSEEUBIERMICIT T Clone, EHHITHI Copy HHRIMIE
£

ZJo

Copy trait RZDZXFR; KL Copy BB HEMMAR, XBKREIRETHFIRA clone, Xikfy
B,
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ERIfEA Copy BUMLEBERRILUEID Clone S, (BREHEESTHIE, HERERERBHIEF
ZUE F{ER clone,
EEX/DEEZIEMSTAEY Hash

Hash trait AJ LASEFIE—MERA/NBIRE, HEREBAMAE (hash) REORIZELHIRESEI—
PMEEARNEE L, JRE Hash SSHLT hash 757K, hash 7 ARYRESEIAE S T EREMEE
7R hash AR, XRKEPMENFERIVEBOMKILT Hash, XA EEIBBIKE Hash,
514N, 7E HashMap<k, V> L{FEERIE, FM key RIBIE, Hash AR,

—* Hash BAIHIGFETE HashMap<K, V> FRIZEFERSMIEMEEIE.

ZXIAMERY Default

Default trait E{REIE—PMEERIEIAE, k& Default LY default KEY, default BRIEK
BYRESCINAR 7R T IR default KE, XEKRERVFRENFERIELLNELIT
Default, XFFABEANS)KEE Default ,

Default::default RFBELESLEMAEINME E—ILHER, XEFREN FHREHWEEINE

EBIEEH” FRHITIE, AIULBEX —NEERN—/ D FERMmE R FERNIfER
..Default: :default() RiZEEIA(E.

530, H{RTE option<T> S2fF_L{EM unwrap_or_default /53£BY, Default trait @AY,
ER option<T> 2 None HYiE, unwrap_or_default J53%J5IR[EI{EAETE Option<T> A T KA
Default::default FYLLEER,
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MR D:SCAALAIA

appendix-04-useful-development-tools.md

EARMIRF, FAPRFITIE Rust MBRHEN—EHEITHR Rust KB TR, (PN EER
B, RENAESFEE. linter U5 IDE BIEM.

Bl rustfmt EENEIUIE

rustfmt TERBAXABREEIEAE, REZHEMEA rustfnt FBRHES Rust HLBX
BEVFE: PRE AZBRAX T TAERIUEAD!

Rust ZEHRINEEE rustfmt, FUIITNARSF EWVIZESLSE rustfmt F cargo-fmt X NMER
To TiIZMATF rustc ] cargo BIXK A rustfmt IFHEMRERIEH], M cargo-fmt NIIERE
£/ Cargo WIMBEYE. ERKHUAER Cargo B, BETUTHL:

$ cargo fmt

BT LSRN ZA] crate RFEABH Rust i3, XWZISXERBEXE, MAZHE
EXo BX wstfnt NEZER, B2 BEXE.

@ rustfix {EE MR

rustfix TEBEM Rust RE—HiEH, JUBMHEERLEAGHBIEELANRERES
XBEERMAAERN, (RAIBEELNIRMNRFRES, Hld, ZEMTFREI:

Y& src/main.rs

fn main() {
let mut x = 42;
println! ("{x}");
}

XEEXZE x HAIZE, BHANIKFLEMKRIERE, Rust SMILAHES

$ cargo build
Compiling myprogram v@.1.@ (file:///projects/myprogram)
warning: variable does not need to be mutable
--> src/main.rs:2:9

let mut x = 0;

-——==A

|
|
|
| help: remove this “mut’
|

note: “#[warn(unused_mut)]" on by default

EEDEINERR nut XBF, BATAILUBITIETT cargo fix s fEMA rustfix TEFRBRIEA
ZEEIN

$ cargo fix
Checking myprogram v@.1.0 (file:///projects/myprogram)
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Fixing src/main.rs (1 fix)
Finished dev [unoptimized + debuginfo] target(s) in ©.59s

WMRBREE src/main.rs, 2% cargo fix BT HRED:
XHZ: src/main.rs

fn main() {
let x = 42;
println! ("{x}");

TE x UERFITNT, BEEHAREHI,
{RtERILARE cargo fix EA[E Rust edition Z a2, edition MR E /4B,
{ER Clippy SKEVEZ lint

Clippy TRZ—4 lints &S, AT ORI, BRI E WERHEUH Rust X5,
Clippy BEE&7E Rust ItREREES,

EXMEM Cargo MHIETT Clippy B9 lint, iE@ANUTHS:

$ cargo clippy

Blan, RIS T—NMEF, G TEXHERENMMEEEMNEME, Flipi:
XAE&: src/main.rs

fn main() {

let x = 3.1415;
let r = 8.0;
println!("the area of the circle is {}", x * r * 1);

FIINB EIE1T cargo clippy FEXNMEIR:

error: approximate value of “f{32, 64}::consts::PI' found
--> src/main.rs:2:13

let x = 3.1415;

ANANAN

note: “#[deny(clippy::approx_constant)]  on by default

help: consider using the constant directly

help: for further information visit https://rust-lang.github.io/rust-clippy/
master/index.html#approx_constant

ZIBRIETRIR Rust EREX T — 1 BRI PI BE, NREAZEE, MNWEFZENIE
Hio RATLURABEENER PI B8, W TBEMAZR51% Clippy ERIBIRHES!

Y& src/main.rs
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fn main() {
let x std::f64::consts::PI;
let r 8.0;
println!("the area of the circle is {}", x * r * 1);

}

BxX Clippy WEZER, B5EH EXH,
{EF rust-analyzer B IDE $EF§

FT#EE) IDE £/, Rust HEXEINMERA rust-analyzer, XNTAR—AHMURIFHRANFCHISE
2R, B3I 7T Language Server Protocol, X2 IDE 54RIZIEE ZiEh@EH—IAE,
AREE P inal A LIER rust-analyzer, {540 Visual Studio Code BY Rust analyzer &%

18] rust-analyzer BB ETRENLEWEA, PARNIRFA{ERRY IDE ZEAENVAY language
server 3§, X#F—XK, {FBY IDE MRS B2, BRIZEIE X AR AEXIEIREFRES o
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Rust B2 FISHES BAPSIAR
MR E : hRZs

appendix-05-editions.md

BES—Z, MW cargo new £ Cargo.tom! FIEINT —LH X edition BTTEE. <K
RERBEHENX!

Rust IBESMRIFZR[/E— M REPEAREANAGER, XENRERAFP R ESIIMINGENEH. H
MRIZIBS A AEMERNEINE; Rust ERENIRENLH/ NEH, —ERINEZE, FiE
X NEHBRAR, FEEE/ NEFMEXRBEM, FIFEXMELITSLREMN: “IE, M Rust
1.10 ] Rust 1.31, Rust WZLEK! ~

RAYB=FEA, Rust FIBARARH—NHRY Rust ki3S (edition) . B—MhRARIBEEEM
IS BN —NEMIERE, HEEERMUT2EMINXEN IR, MREZEAERNE
AR —EB 0 & .

HMBRRAN REABEEETREX:

« X FIEERBY Rust AP, FTARAGX LG EHBESHR—1 5% TIERNE,
« }TFIERust AP, EXRALG T —LEEXHE, XEWKE Rust AJREERFET I,
« }F Rust BBEFAE, EiRETIHERBAENES R

EAXI4EER, Rust B NEJAARZS: Rust 2015, Rust 2018. Rust 2021 #1 Rust 2024,
ABETF Rust 2024 edition BFEETS.,

Cargo.tom| Ry edition FEGREAIINZERMMRERIF. WREZFERAEE, HIAIA
79 2015 LURMEEFRE M.

BB E AT LUEFEARRFEAIARY 2015 edition BURRAS, Xt¥, WRAFIEEREEFRBNE
B, PEUIFIE X BF AT RS S AR FRRIRFTARA FEHIR. PIRIBERREXEREL,
(1I8) KEBhFEBEE, BEART Rust FHiFEBIARA,

FRA Rust fRiFRE0 SR Z RIFERVARIFEIARAS, HA] ABERIEAISFARASRY crate, ZRiF
SEIRAR MR A AT AIERETE, Eik, WMRIREEA Rust 2015 MHE-MKRIER Rust
2018, fRAVIREDIAEBHRIFHERZKH. k2, BB Rust 2018 MKHFER Rust
2015 7FRI TR

E—REERM: KEDIEEEFIEMRAFEERER. FREEREM Rust lRAKEaEL4
WERMIRERRICOE, AME—LER, TERZENTHXBFRE, WATEHR TS
FHhRAB9ZhEE. RFUNIRhRABEN A F A #ThRA<HIZhAEE,

EZMTIEZ Edition Guide, XZB—75TEEAVER, FI2T AR edition ZEINWER, Hix
BT dNfeli@id cargo fix BEPRAEIHALLKEIFTRY edition,

Cets
QEER

=
N
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Rust RFFIZIHES AR
PR F . FHiEF

appendix-06-translation.md

XEVHNE—EIFRIERF. KSWHERITH; WRIFEFEIT, HEBVSIFRITATE
&, FEEHRTE !

* Portugués (BR)

+ Portugués (PT)

« f&{&Px: KaiserY/trpl-zh-cn, gnu4cn/rust-lang-Zh_CN
« IEEEPX

* YKpaiHCbka

+ Espafiol, alternate, Espafiol por RustLangES
* Pycckun

« ot=0f

=E

* Francais

» Polski

+ Cebuano

* Tagalog

+ Esperanto

* EA\NVLKA

* Svenska

* Farsi, Persian (FA)
» Deutsch

- Bt

« Ing

« Danske

« O'zbek

- Tiéng Viét

+ Italiano

« 000od
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https://github.com/rust-kr/doc.rust-kr.org
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https://github.com/psychoslave/Rust-libro
https://github.com/TChatzigiannakis/rust-book-greek
https://github.com/sebras/book
https://github.com/RustFarsi/book
https://github.com/persian-rust/book
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https://github.com/rust-lang-uz/book
https://github.com/tuanemdev/rust-book-vn
https://nixxo.github.io/rust-lang-book-it/
https://github.com/IsmailHosenIsmailJames/rust-book-bn

Rust #Z2FigiHiE ST BRPXXhR
MR G : Rust BU{AHZEYS “Nightly Rust”

appendix-07-nightly-rust.md
KM RNEE Rust RAAFF LB AKX RIES Rust FF & EBIFNME,
TEHIETE

ER—IES, Rust +EENENREN, FIIHE Rust BUAIRAIMKIBVIESSESL, R
FSF/EMAETN, XTFEMERAT, BESIFE, NRFEESLIFMINGERNE, ERHZ
AIENX T AL MEFEANIRE, M—EXHEBELIEERINET,

X F XN BRI VAR TS =R “TAEHIRE” (“stability without stagnation”) , H15%
MERNZ: TREOARIIRHMIBER Ruste BRFENZETRY, HNHRHINEE,
‘DB bug MEBIRAVRIFRE,

Choo, Choo! £fiBiEMAMEIZIER (Riding the Trains)

Rust FREITF—1NRWEIZIR (train schedule) 2 k. HFLZiR, FIENALITIEHRELE
£ Rust BFEMTE N F. K7 software release train 82!, ©%# Cisco [0S &E R
HIIBXRH. Rust B=1"%%i@i& (release channel) :

* Nightly
* Beta
« Stable (32EhR)

KBS Rust AR ETEXAREREE, TIHELRWHTHENFALZERTEESER nightly
Ejz beta Hﬁo

MTFE—NMFAMAGERRIAEENGF: Ri& Rust FIBAETE#1T Rust 1.5 B9& L1
ZiAEAFEF 2015 F 12 B, AEXERERATRE—MELNRA S, Rust #ig T —ININ
BE: — MR HANT ENX. EXMLE, #BMEE—DH nightly itd, SXERAH

B, MXEAHRAHAEMISHBITR. FrMEREHE, KANNERRGEXE, R4
FH—%:

nightly: * - - * - - *

T/ FErtE, BESRAMMRARIHMET ! Rust GER beta 3= M nightly FRERNESD
Xath. BfE, BTRIMRHRE:

nightly: * - - * - - *

beta: &3

KEB9) Rust B ASFEREMA beta hrds, RITE CI RFEHFXT beta MBI BETEEEBY
Rust £ I el geB9E])IERFE (regression). FIBY, EEEH~4E nightly &%6:

nightly: * - - * - - * - . * _ _ =

beta: w3
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EEanFA IR I T —MEl)FERFE. FHER, EXLEORERNBELmZHE, RNEE—L&
SRR beta hr7! BERENAZIEDSZ, EIL nightly ivAKFEIEE; ARHBEE
E[OB1EE beta 33, FTEHH beta KR~ ET !

nightly: * - - * - - * - - % _ _ % _ _ &

beta: R *

E—1 beta lRBV7NAfE, BAMISERBIBIET ! stable 3% M beta I ERK:

MERELYS & = = F o = ¥ o= F o 2B oo F T oD
beta: * - - - - - - - *
stable: *

FH9! Rust 1.5 %% 7T ! A, BMSTERA: BAXITRNE, BIEELXGTF—
Rust BY beta hfix, Rust 1.60 FRLAM beta ERf stable 99325, HhRAY beta X HERM
nightly &4 fk:

nightly: * _ _ Kk _ _ Kk _ _ Kk _ _ Kk _ _ *k _ Kk _ *
beta: ® o - - - - - * *
stable: &3

XA “train model”, EATINAE, — PR “BHZEI" (“leaves the station”), FIM
beta @& ZiATR EBEIXR T HLE—RIRIE,

Rust §7\B & —ThR4s, WBSshAR/ER, WRIRAE T D Rust R4S A RETE], LRI
ME T MRABEE: RNER. S87NARGREN—TFHNAER T MEIREER. R
FEMRAMISRAE N NEEBLEFERC: F—TRARRMEIR! XEHTRDRERIEEAR
B B o fan fai 7% tH R 2 e E R TIRE N E 1o

ZSTXMNEE, MBI UYBIREIT—hRZSH Rust HISIERE AR ZHHAL: tNR beta
hRAREEWNHA T /E, FRAILAM Rust FIBAIREHELAFRERZARENEE! beta RIEMAVEIT
=BV, A rustc BRFE—PIMY, HREE bug.

i 37ali [

Rust BB XM S BITR EMRA R (2 #5. HAMMISEMZAEY, IBARAEIAZIEmERILLE
(EOL, end of life) , XREREEMhRARISZHHRA7E,

FRE&E

XNERREFPS—MEREENMTS . FEEEE (unstable features), Rust 88—y
i feature flags IR AR REENLHHEH T HILEINEE, WR—NETHEEMERRIT A4
F, ES#FATOE, FAttthaHITE nightly ARZAE, BSWHERE hEetRie 25, 1F
NERF, NRMEESHAXMHIEFLFHITIEE, ATUXAM, BIRAAFER nightly Ak Rust,
HERBHRINENAFIERERNBAE.
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INR(EABYZE beta BFRRERR Rust, NARREEREMINEEIRIC. XREMMBERERNXKAR
EZANL AR KLIRERENRIXTE, XEEHE T HEERARRERANEY, ARLEEFR
EhRHBEFHANEEABAIWEIT. XMELFEHIEE.

FBREERENINEE, RNEEFLFRIINEMNATENRE, SHEANRERNEEZSRE
ABHBHEBFIARE. RA]ATEM_EIREXRZTE nightly iRFPIHEERISCHE,

Rustup # Rust Nightly Y35

Rustup fE1S7ER[E Rust K BEZEYIMBFRE S, TiERE2REZRIMEEA L A
BERT, IREREEIREMR Rust, BIE0, E%X % nightly :

$ rustup toolchain install nightly

R AT LAFE rustup EREEATEMNFAEILARE (toolchains, tFLRE Rust kR4 R EAHX
A, TES—MIEER Windows EBiX_ERIHFIF:

> rustup toolchain list
stable-x86_64-pc-windows-msvc (default)
beta-x86_64-pc-windows-msvc
nightly-x86_64-pc-windows-msvc

WRFRIL, BRIABIRERR. KEBS Rust BFEKRERDEEMERIRERR. RAJgEt X AWM,
> INRIRROEFBITIEE, BILUAFET B R nightly k. ALk, RILETE BRfERA
rustup override RIKEHE HAIER rustup A nightly TR

$ cd ~/projects/needs-nightly
$ rustup override set nightly

WMTE, BRTE /projects/needs-nightly HiEA rustc 8% cargo, rustup RMELRIEA nightly ki
Rust MAERRIANISERR. 7E(FBETRZ Rust B AB# !

RFC ;RIZFNEIPA

BB APRUN{A] T ARXLEFTTNEENE? Rust AFAIEINEE— Request For Comments (RFC) i
Eo tu%{m%%—é&i& Rust: E,“«Xéﬁg_ﬁ\ IIEE%, ‘mﬁjﬁIEE RFCo

ERAEREI LIRS RFC Keki# Rust, RIFHXEE RFC 24K Rust HEIBATFEMINIE, B ERZS

RES ITFHPAER. XEZ Rust EF.E FIEEIARESIR, HEE THERS I
HIBA: BRI, miFeSRI. BhligiE. XiEF. STESFESENRRNATE, &%
BHEHEL, H&RELEFERZHEILEINEN—,

MEINEEWIEZ T, Rust BEEMRSHF—"issue, RAEMSBAEENE. RETHRENH
A RABEHTERMIEEXIINENA! EXIERFZE, EaHIEDS, HHEKRE
— feature gate Zf&, 1EW1 “AIREINEE" —TFTIHCHIAREE,

EHEMEANYE, —BfEA nightly Mi#9 Rust FIPAEEBS =X X NINEE T , HPARRRITIE

XANhEE, BWEIFE nightly R IIE, HREZBSBIIZHNISEM. MFRREMEIMRH, ThEE
FR=BER, REXTMINEMBIANBIRENT! RE"LMIE", RETHHNIRER Rust
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