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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,

ABHI Y RTARABRILIREEA Rust 1.90.0 (2025-09-18 A7) HERRAHEFMEHEN
Cargo.tom| XHHEE edition = "2024" FEHECE SR Rust 2024 edition A%, 5L
BEE—EN "RR B TRIMAIRENAR Rust, HFEBMR E TRRAMEXIER,

APHESERR HTML 3BT LUTE https://doc.rust-lang.org/stable/book/ 7E£%i53i%; £
rustup R Rust BB E—IPRXBLAR, iB1T rustup docs --book BIAT$TH,

EBEE X BIRhRA, (FEF: BAPRSGREARILIE https://rust.webtech.wiki/ £
2%%3%, PDF hrZASiE & Rust i2FIEIHIES BAR SR pdf

ZxPFtEH No Starch Press HARBYZEEARFI B FhRo

£ HEAFHEIEAFESIEIEIE? Xk Rust Book BB —1 iRads, EHeaiEnis,
=5, T EEThEE: https://rust-book.cs.brown.edu
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Rust BFIRITESHIARRSERRTET MEE (empowerment) : TR IRIMTER T K2 AT,
Rust BELLIREEE A ZRRIETIRESEiR, FHEE. (X—=AFREMZN)

ZHIRY, PBERABE'WIEIRAGFEER. SIERTNHAEREAT. NMERAEX
B, R HMIRESN, RAZREZSENRDVEAFMR, BREMITEEFRERR
BRERFER. EMEZIRMKERE, THIMUBLINRR. BRSERT,

Rust %P7 XLEFERS . ©REFRT IBRGEH, HRME T HR—BETIAY. BFRIIE, &
B AN REERINVIZRF IR LUERA Rust, TRNZIBOLMBARNELERE, LEHEEAN
TE#EAREMMEERTHEEFHNAT. BYPNE, BESIRITEAESEAMAMS | FIMES H
AENAE, FRETEEMAEER LE+IEN.

BELEMNSEHRERENEBIERF R A LUER Rust RIEFHE 0. 90, 1 Rust RSIAFHITEAE
SHEXPLAVIRIE, EARIFSESBIRIKEIZHNEIR, RIREI LB EHREENREAIA

£, MAZEINSINERRTRR,

B Rust HFBIRTFRERARIZ. ©RANIE. SEKETE, LLARBREMMES LT
A, MEIRSB[EFITHRENAE —EEBPRAEZIRERNE LT, A Rust BELLR
BE—N TP FE SRR S — e eI LUBEREMTIN ARF S Rust, #E

R BRI BEN FAZIfRRY Raspberry Pi (IW&EIK) Lo

ABEENAT Rust ANARPRTHIEEN . HRBFZIEAN, BAOFTEIRREFA Rust AR,
HERARMENEF REANIERSBE. SRR Rust #X, EFATEZERANF S Rust
hg!

—— Nicholas Matsakis 1 Aaron Turon
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=T

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

SLEEE (Rust BFIZITES), XE—ZKT Rust WA JHEE, Rust ZFIRIHESRERE
MRS ER. BrAIFENRMt. EREZIESRITT, BENIREFSRENEFRIEEEEURS
BY; T Rust MXEHREX—F B, B FERAIIRARGENSHNFRALEAI, Rust AR
RETENREAT WREFER) BNED, MERAZERSISTHIEXBFTE KA

To

Rust i& & HLE A
Rust AIZMEREIESIFZ A. LETEBE/ L ITNREEEHE,
FAREHFPA

Rust ERIEFAR— MM TFREERERERENIVKENAREFLRANMENS, FESRHEY
TR, REABAEZERSHHYNER, EASHAMESS, XEFRIEEI 28N
HNZLFERFRENFARZNAENRMEIE £ Rust P, FEHRLSTTFIIONAR, £
HMFEEXERLURENERNNAE, SEFRER. BdS5EFRSEGE, BRI LUEE
EPREERFEEL, MARIEER bug.

Rust B A RGHRIZH R HR T MAUNALITA:

« Cargo ERENKHIEIESRMNMETR, TEEMIZN. HFMNEEAH, HERBIE
Rust £ SR FAHPFRIF—Ho

* Rustfmt XK TEBRERFLEEFE —HHRBEXE,

* rust-analyzer AR AF1E (IDE) 1RE T 2RI EMNEEIRE S IN8E,

B Rust ESRGFFEENTER, FAERERS RARABERAIUENSM.
4

Rust EEZFERE, LEGAXBFIRAMSHIA. TZAEBE Rust ZI TRIFERAF R
FEF, HXWNAERFFEERDH AT EE, BEBILMPIEBUREMAETIZE S, Rust
H\GZEERAGERSENES NS TER, SRR EHF.

27

HMERANMNUEN A BEESIFERER Rust RS TSR, S15HS91T T A, Web RS,
DevOps TA. fRARNIEE. MO HESEE. MBLEH. £EMEEF. #ER5|E. YW
(IOT) 2R, M%), EEZ Firefox XN BMEEID.

FEFAE

Rust EEAFLEFEMIE Rust FIFIBS. HX. ARXTENENHAE. FIHEEIGDIRA
Rust i& = EH S3iks
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EMEENRESNTAE

Rust EE AL EEERIEEBSHPIREESREMNFLE., MFRERS, BEEE Rust A]
LLUBTTHIZIR, U218 TE Rust IZFREE, Rust FRiFSBBMOEHRR T EINTHEEMNEZAKEE
RUASTENM, XSBLMRZXENERNIES PHESEIEENRIBAAR T 8ETtL, FREFER
BABXLERIE, BITBEREMAIHMR (zero-cost abstractions) — BHRIES LR
EREERE, HESFENMAEETRERER, Rust BHRFRMAIEXYLZEXIRE,

XERIMIAZLMNBRANRZHEE, Rust EEAERIFELZHMAR, S8R,
Rust REBMBIMEHFERTEREFRIUNENRE, RSN RENZIR5H
AT, RidE Rust, HAEERIEEMESGIR.

THESWEA

FHRIKIFELBEHMEZESHIER, EEESHA, BMIHORIUSMESEREIALELLER
& APNERFTRREFRITEE, BFREREFIRITR%E, NRMMTERKFIRE, BINIRE
FIREINMERFIZITR B,

SNMAislIR DS

TBAE LRIZIMIZMKEIBNIRFESR EENETEIEMNEETESEM L. siEs
ENARAZANTABO T, MEBR/ELEETERITIC,

ABAARELET: MIETHHEET, EHSETHR, H(FS Rust WENSEH, £
BETH, HINABMAENIIR—RER/NEER. $=. TN +—E2HEET;
HAREBERSET,

FE—BNBUNEIRE Rust, IMARE— “Hello, world!” 1%, WUKRIN{A{ER Rust G EIE
RMMETE Cargo, F_EE—MRTS Rust IBSWSEHNE, RiIaWE—NEEEREY.
HNIMERSNEANB LS, MESETRHREEZAT, WRRHEILZMoIFE
B—T, S_=SFBRNEFA. SN Rust PEMUEMBIES SN, ENSESY

3] Rust WFRIEN RS, MRMFE—MIARNESE, ERERANT TN ZAEIE—

M, MARESBENRSE TS, BFRE=E, FIWREEEIMENAMEIINAT
NBLRE -,

BREIHCEME (struct) FFZE, FBAENBKE (enum). match RIALH if let 5

FR4E, 7E Rust AR, SIEZBEXEEFTERIISEFNKES,

FEENA Rust BIEIR (module) R4, HPRAEEMNNARARKBIAFE APL (2
RREFEN). B\ECIEFRHINENESHIESN, HI40 Vector (RE). FIFHEM
Hash Map (§51%&). BNAERZE Rust BIFIRMIENEZ SR,

BTERNNEZE (generic). Trait EeFH (lifetime) , XETHEEIHREERSE XER
FEMERNAE, F+—F2EHARTX, RARE Rust BRERIE, BEBENHHR
EFZEIER, FT-EFRIWERNECH grep ST ITANIEFESI, ATEX
TR RNA, NESAEZAETITERREEE,

F+=EFRRAAE (closure) FiER2ES (iterator), X Rust FERERHARRIZIES,
FHOESFENRIT Cargo FNBHERLENRELRK. F+HAEINCIVEERHNERE
I A ERR traito
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FHRERSISEN TR ARNHLRERE, HIEEY Rust SNEIEBIRTCRMIHTT S LLT2Y
2o BHEEBELLEM E#H—PIRE Rust BY async # await i&7%, UNRENIIXZFNEES
RKHLIRE,

B+ /)\EEET Rust IR S{RATRELL IR OOP (HEMRER) RN ZEMLbE. £+
NEE—MERNERCENSE, Ef127% Rust BFPREBEMNENAR. EZ+E2
—NERETALIE, BIERELL Rust (unsafe Rust). &= (macro) MEZXF 4 snEHR.
Trait. 2R8, REMFASHARE,

FT—EBERIIBITH—THE, RA—INRESLIEN Web BrS51H!

EEHNMREEST —EXTIZESNEARAEE, ERAERESEREN. WR ARET Rust
HXHEF, MR BIEZET Rust NEBEFMNS, MR CHRETIVERERMHENAIKE trait,
RO RET—EEANALRTIR, MR EBRET Rust ivAdS, MR FH, RAJLEREIZRS
RIEMERRA, TIEMIR G, FE(TRITIE Rust RUIFEIFITERY AR A ZE nightly Ruste

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

F3] Rust B— P EEHHZFSMAFIRFFHBETHERES . ENNSE511RES HaEE
TEIRES. AL, FATRRMITFSREEmMFNRA, URESMER FMRESFEETRNEIRE
Bo BHIZE, WRMMMAFHESIT—IRENURG, ERELERE! BRIRERT REIFENX
&, DHMRRINEITRRGIR S HEE. Ferris LIGEBRK HABLEREEETIERIARS:

Ferris aX

XA TR BT IR !

?

9/562



Rust BFIRITHES EIARSHR

XE&EE= Panic!

XEABENEITERA T,

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

BFEE. A WBE GitHub BF, YPIER Issue # PR :)
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Rust g IHES BkRSHR
UNBE-:

IEFAFE Rust ZHik! BREZABTFEFS), ENRELSEER. E4AER, HiIZITiE:

* 7£ Linux. macOS 1 Windows %3 Rust
¢ R E—NFTE Hello, world! WIERE
* f£F3 Rust NI EIRESHEIR RS cargo
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R

FE—PRBRE Ruste ENEEE rustup T Rust, XE—MEIE Rust iR A=MBX LA
PITIER. THNFEZREN,

AR MRMETFREEEHMATAMER rustup, 15E Rust WEMZREFTEANE &
BHEREE,

B IR BSRERMAVIZERM Rust ZKiF¥28. Rust FIIRE HHRABFIA ROITERMARA
BY Rust FREETSAERIE, FREMAHHL ATEERRERE, EN Rust REUHBIRESME
Ho EHMEN, TABIXESRLENRMIZER Rust, ENIZEEEREITERBRHAR.

BT

AEMEHHR, ZIBR—EEREHERANGS. FIERERAIIZIRATTELL
$ F3ko IRARERAN $ 777, XEETH $ FRRTHIITRRMT, NATRTE
THLHER. FLU ¢ ERNTRERTRAI— 1o <HHH. 55, PowerShell &

RHRFIZRA > MAZE %o

£ Linux 8 macOS &3 rustup
WNERIRMER Linux 8¢ macOS, IJHRmHEAN TS

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

LEE L TFH—THIAAFIRRE rustup TR, XRRERNISEMR Ruste JRZFARIRET
RENE. NRLEML, FSHIMTARA:

Rust is installed now. Great!

B, REFE— $51%88 (linker) , ERE Rust ARG HE R IFAVE M IHER — TN XX HFRYTZ
Fo RAJGEMMEBEE—17. MRIMBE T HZSEHEIR, BRERRE— C(HFiFH, CBEE
E— RS, CRESBURER, BA—EEIA Rust BT C A3, FFERE—
I C YmiFeso

7£ macOS L, {RALUBEIETUA TH<IRE C EEHmiEs:
$ xcode-select --install

Linux AP BEEEREAITAR (distribution) X#4%%E GCC & Clang. tban, WRIREER
Ubuntu, BJLAZ3E build-essential €1,
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https://forge.rust-lang.org/infra/other-installation-methods.html
https://forge.rust-lang.org/infra/other-installation-methods.html

Rust BFIRIHES EEPXAR
{£ Windows %3 rustup

7 Windows L, i1 https://www.rust-lang.org/install.htm| H1ZEi#EAZR % Rust, &R
EIENENTE, MTEWIRTRERE Visual Studio, BIRMH T —NHERNEFERIEFRE
NIRERE, NRRELTBEEEZER), 1Fi5iA https://rust-lang.github.io/rustup/
installation/windows-msvc.html,

EPNRTH P =FEALERIEITF cmd.exe #l PowerShell Wan <. MIREERFTEER,
M= ERERE—,

HPEHiB% (Troubleshooting)

ENEETHIEWETRET Rust, FIHBLITHIAA:

$ rustc --version

R iZ ] LB RIIRER U T ERNRFISEREBRZES. IR Commit Hash #
Commit HEHA:

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

NREDTXFRES, " Rust BEELERINT! WRLEE, BB TEIRBERNGE

E Rust EBEER %PATHY RAT =,

7£ Windows CMD #, &#ER#&<S:

> echo %PATH%

7£ PowerShell /1, EERAHS:

> echo $env:Path

7E Linux # macOs #, &EAmS:

$ echo $PATH

WR—IIEFE Rust HARBEMER, BiFZtAALUKE), UMK TEEEINTSEM
Rustaceans (Rust BFHIIRS, BEBERK) BK&R.

ESEEH

BT rustup RET Rust Z2f5, EMEIRFRAMRERET. JAFBEENNS1THIET
SN BRI

$ rustup update

EEEHH Rust M rustup, BTEBLITREBITI T EIRRIZS
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https://www.rust-lang.org/install.html
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

Rust BFIRIHES BAXhR
$ rustup self uninstall

A3t sAY

LEEFBEF—OXERZMIEN, FTUBLFR, B1T rustup doc fEXISERFERAM
X1

EEIERE, WRAENEAEERNERFRENARNAZE, EERNAEREO
(application programming interface, API) #4!

MXAmIBSRMEMF LKIFIE (Integrated Development Environments, IDE)

TBAZRKIFMERAMIARRS Rust {18, L EAXAHREREILUISE! A, |
SNAYRIESRMERF &IFIR (IDE) WE T Rust ¥, REZERILTE Rust ERNBTADIE
HEUR ZHEXARITHYRIEEEM IDE 53K,

B&ERTH

TE—LERfIFR, BRITEERTEREZIMI Rust . BIEITXLERF], (RERRREMEEE,
HEFL THIFX LRI, BIenl FEKM, AILUSTUTHS. (FIHERIFAMER
cargo Bft 4, LURXLaHLDHIIER,)

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

XFXECNTHEREFER, RIRZEMAFEBETHEN T, BITR&HLE, R
TFERE get-dependencies XK, —BREIT T XL, MAIUESBZEFIAER cargo
L, A --offline SHREAXLEFINRE, MALEIHERML,
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https://www.rust-lang.org/tools

Rust F2FIZIHES &R AR
Hello, World!

BEAAREYT T Rust, BIMERBEEE— Rust iZF T, HBFEIJ—JIMESHIBNR, ERZIE
STERER LITED Hello, world! B—IifE4, Tl BAX—1E4!

AR ABRIZMAEEERNGFLITIRIF. Rust WFIRAIRIEES. TR, LKA
FRARFHLIERENER, MRIMAEMETFERAEMRALIFE (IDE), MAZHL
17, BREFERIREWM IDE, BHIR% IDE #E—ERZE L% Rust; &F IDE
XL T BB ST, Rust BIA—EE I TfEE) rust-analyzer {RfH38KRY IDE %
5o FIHR Do

SIRmBER

BEBIE—NER Rust KIBAIE R, Rust HAKOMUBHERAE, FExFARBIIZLSIM
WMBXR, FATRIRTE home BFEHEEE projects BR, FHIBIRIFAEN B FZRIEXE,
FIAZRmFRMAM T <L LI projects BR, H1E projects BRI “Hello, world!” I B 87
_/|\E§<Lo

3tF Linux. macOS 1 Windows PowerShell, #§iN:

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

+H A A

3+F Windows CMD, #iN:

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

cd hello_world

>
>
>
>
"5 HIiE1T Rust 12F

BIE, HE—NEXHE, 588 main.rso Rust BXHEESZ2L .rs T RBRBERE. MNREXHR
BEZIMEIE, PBaRBGRAIR, NEERATERIRERE. FlaaaA hello_world.rs,
MmA=Z helloworld.rs.

MEFTHRIRIZER main.rs X5, BNTE 1-1 FA9KEE,
XH&&Z: main.rs

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

}

REXH, HEZILHFERHA /projects/hello_world FILIRE . 7E Linux 3 macOS £, %
NITFE8<S, wmIFHEITXH:
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Rust i2FIgITES ERFXhR

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

£ Windows £, A< .\main.exe, MARE ./main:

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

TEERAMRERS, RIRNIZITENFT&H Hello, world!, NIRZEEFRX LML, [OF
LRI BEERER" NN ERE RN .

WNR Hello, world! BT, FHREMR! (FELRERSRES 7 —1 Rust 2F. MEMRRI—R
Rust 25, 0!

Rust F2FRYLEH
WTE, iEEANELNT LFFABEEF X “Hello, world!” 125, XEE—IRBIE:

fn main() {

}

XJUTEX T —1M R0 main BYREL, main BREUE—MIFZRAVRIEL ERIHITHY Rust B,
ESBRABITHNE. F—1TABEERT MU main KL, ©RESHELEREIE.
MRBSEHRE, ENNIMLZHIEIMES O Fo

REAHERE ( Fo Rust ERFIERBAEEATESEREK. —MRKH, BERES
S5RHFRETR—ATHUTRIME, BREFARIDKRE,

x: NRIRAHEFE Rust BB PERIF—MREXAM, FILUERRA rustfnt BIEEHE
AN TEBABERAUANEENXRE (FEZARIFNMRE D B89 rustfmt), Rust
ABLTEIRER) Rust RITRPEE TN IR, #R rustc —, FIIENIZES
RREIRRIEMF T !

£ main REIAFEITHE:

println! ("Hello, world!");

XITRBEEAX N EREFNAE LE. ERRELITHNXE, XBEE=1FENATEETE
=18

B, println! ART— Rust 7 (macro). WMRFBVAAEKEL, MK println (&F
Do HNMTBEE_TEiFMTICHE. WEMRIREFILE, YEIFTS | R, MEKEAA
HNRAMARTERE, FEEHARSEERSREAERBIFN,
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%, "Hello, world!" @—NFiH, HINEXNFERBEA—PSHEEL println!, F
FEBHITHRE L,

FB=, ZITURSERE (0), IAR—NKREAXHNLERMN T—NRARN AT LUFE, K252
Rust KRBT D SR,

RIFMIBITRMUIRIRIS B
RNIRLETT 7T —MeIRRER, BB IRFNE— TR,

7£i51T Rust I2F 2 Hil, A (ER Rust fRIFBRIFE, BN rustc SpSHENBEXHER
R, WO

$ rustc main.rs

NRIRE CB C++ BR, MEKRIMXS gec M clang Mo HIFMINGE, Rust Zhb—1=
HH BRI RIT

7£ Linux. macOS 3§ Windows BY PowerShell £, 7 shell Figi 1s apS ] LB X ANE]
PITX

$ 1s
main main.rs

£ Linux #1 macOS, fReF&EIM N, 7£ Windows PowerShell #1, {Re&RIEEA
CMD BRI =M, 7 Windows B CMD L, MZ@AIN TS

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

main.pdb

main.rs

XERTYEBRAA .rs BEXH. aIHITXH (T Windows & main.exe, HEF &=
main) , UKRHEER CMD B2B—1MESARERE. VRBREA .pdb IXH. MXBFIBIEIT
main B, main.exe X1, W

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

WMRXEH main.rs 8 _EXFTRM “Hello, world!” 2%, BBAGTERIE EFSITEIH
Hello, world!,

MBIREHEEIZIES, % Ruby. Python 8 JavaScript, NMIRTRERSIMRIGHIFABITH A
MRS, Rust @— MmiFEREER (ahead-of-time compiled) B, XEKE(RA
LURIFRER, HEAIRITXHELAEMA, tIEERFTERE Rust SIATLUETT. MRIRE
tA—.rbe py T Jjs XM, MIFELSFIRE Ruby, Python, JavaScript 53l (iB17

BHFIE, VM), FEEXLEEHR, REE—OaSHaAURENETER. X—HSES
it ERIREENE,

{XMER rustc 4RiFEREFE &N, FIMEMBNEK, (RAEREEEERRMENS
FEE, FiLRESTFAE. ETR, EMNENLB UM Cargo WTR, EXEENRES

Bt RPH Rust 7,
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Hello, Cargo!

Cargo & Rust WHIBZRAMN B EIRLE, KZ ¥ Rustacean (1A Cargo REZRM{ I Rust
mB, BAERUNRMERESES, tLMENE. TREBEHREXLERE, (FIMHEL
ISR ERIEN M &#i (dependencies) )

EfE B Rust 127, LEAIFATRNINIRE R, 2B ERKHL. NRER Cargo K& “Hello,
world!" INE, ¥R=ME Cargo WENBHVAERDINEE. RS EE XA Rust I2FHY, R
KRNI, NREEMA Cargo BahE, NARIMEKBBUGEMNEHo

BATFEARZE Rust B EA Cargo, ANBIFTRIEBIBRISIFBLER Cargo, INIRFER ‘&
B BANBNEHLRECMNE, MEFT Cargo, MNREIHMANLEMNIE, ATUELRE
BWAMTaHTHRERSTRET Cargo:

$ cargo --version

NRFBRTHRAES, HEBERE! MRBEFIEM command not found RYFEIR, (RRIZEEHE
R R EE S LA E SN S IR =3 Cargo,

£/ Cargo gIEIE

FAER Cargo BIB—MHHINE, AREES LER “Hello, world!"” BB ARE, [EIF
projects BR (NEMRERABNER). &8, AEAEMRERA TEITUTHS:

$ cargo new hello_cargo
$ cd hello_cargo

BT SHET B hello_cargo WERMWB. FHNVEMB RN hello_cargo, [EFY
Cargo E—NE& B RP IR B X4,

#N hello_cargo BRHYIEXHE., B2EE Cargo £ERTHRIXXEMN—TER: —
Cargo.toml X, —1 src BR, URALTF src BRHE main.rs X5

XMETE hello_cargo BRVBHT —1 git BF, KUK— .gitignore X, MMRE—ITBEE
F1EM git BEEHIETT cargo new, MIXLE git MAXHFNFA=ERK, ATLUBEIETT
cargo new --vcs=git RBEXLEITH,

AE: git B—MNEAMRRAEEHIZRSE (version control system, VCS), BILUET
--ves BEE cargo new YIRFIHEMAIEFIRS (VCS), HERER VCS, BT
cargo new --help ZEA] FHEYIEIN,

BEITERNXEHRIBRTF Cargo.tom! X, ERIZEILRSRE] 1-2 AEIEN:
X% : Cargo.toml

[package]
name = "hello_cargo"
version = "0.1.0"

edition = "2024"

18/562



Rust i2FIgITES ERFXhR

[dependencies]

XANXHAER TOML (Tom’s Obvious, Minimal Language) 18%%, X2 Cargo EEBXHHIER.

%$—17, [package]l, B— 1 HE section i7@l, REATEMNIEDAREE— B, BEEFH]
ERXINXHENESHER, ERFEIMEM section,

BETRN=ITIRET Cargo HiFIEFFAFNEE: TEMNRIR. TEMZAURERERR
Rust hr7s, iR E =748 edition BY{E,

&xfG—1T, [dependencies], 2% 5! H&#iAY section BIFE, 7£ Rust 1, KIZEHITSH
crateso XPMMBHAFZEHM crate, FEEE_ENE—NINMBE AKX, A=A
8 EiXA™ section,

MEFTH src/main.rs BE -
X% src/main.rs

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

Cargo JfRERLT — “Hello, world!” 27, EMFNIZzaiwERITRE 1-1! BriAk, &
MNIMB 5 Cargo £ IMBRIK I Cargo HAEKRIE src BR, ANHMBREREE—1
Cargo.toml FEBE X .

Cargo iR HEFEMIE src BRY., MBERERIEKR README. license 58, BLEXH
MEMBRRIBIL XIS, A Cargo BEMRRIFIMBE T 4%E. —ISEHMR, HHESR.

WNREHEF Cargo FHRIE, LLaNF(IEIZE “Hello, world!” INB, RAILUGHERIE
F8 Cargo NIE., FMBERBEHAN src BR, HEIE—NEER Cargo.toml X, —MEHE
BIBIEE Cargo.tom! XEHIF/ERIEIT cargo init, BRBEMAIREIEIZX M.

¥32HiE1T Cargo IH

MELLFANIBE BB Cargo HWEMIETT “Hello, world!” BEEHAXRRE! 7£ hello_cargo B
T, WA THEHRGSREEDE:

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

XN LSRBIE—NTRITXH target/debug/hello_cargo (£ Windows k2
targetdebughello_cargo.exe) , MARKEBRBERT. BTFRINNMRG EZERAGE
(debug build), Cargo =RAIHITXHBRIER S debug B R, mILUEE XN apLiEiTa]
AT M

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

19/562


https://toml.io

Rust i2FIgITES ERFXhR

R —NFEF], Kifk LN IZZITENH Hello, world!, BE/RIZ{T cargo build BY, HZ{E
Cargo T ER B REIB— MM Cargo.lock, XX HE R B KFAILPrhREs. X4
BB &R, FMUERBIRD, RKITUAFBEFREBIZXM; Cargo TAIREE

Eo

FAIWINIFER cargo build B TINE, HfER ./target/debug/hello_cargo BT T i2fF, 18
BILAEF cargo run FE— P Ep LHAEIRIFHITITERB AT

$ cargo run
Finished dev [unoptimized + debuginfo] target(s) in @.0 secs
Running "target/debug/hello_cargo"

Hello, world!

EERESEIETT cargo build BARTHMITXHRITERIZRMITIZR, £ cargo run 7
8, FMUARSHIFREZERE cargo 1un,

ARX—RFHEE LR Cargo [ETE4RIE hello_cargo BY%ait, Cargo ZIIXMHHEHHK
BT, FIULEHSEENNE, MEBEZEEITT ZHGIXMH. WRENRTIFEXHMIE, Cargo
SREBTZAERWEDE, HFaBIGXEERREL:

$ 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 iR T — Y cargo check A<, ZMITIRENENIDHERE I URIE, BHAF
AT

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

NAAMBEAFERTRITXHIE? BE cargo check EfLb cargo build R1E%, ARNEEET
EREMITXHENT B, INRIRERS LB RIEENHITIOE, cargo check AILULRIRRT
RIIEM RIS EBERREE B BT HmIR! MIIRZ Rustaceans w5 ASAS EHFIZTT cargo check
MBEE(TTURF. SESTERTHRITXXHBIAIZEIT cargo build,

EiEmTE¥IM Cargo NA:

* BILUER cargo new BIEIE,

« AJLAEA cargo build ¥giRIH,

« AJLAfEA cargo run — S HEHIEITIE,

« AL cargo check TEARLER IS RIS R FHEIRN B R EEIR,

- BAlTFREEERMESFEIEERENER, Cargo R EHMKE target/debug BR-

f£F Cargo BI— MM RE, FIRIRMERTAIRIERS, HipnSHE 158, FrLAMIR
EFFAAEFBERED B Linux 1 macOS LUK Windows 1REAENEIEH S,
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k7% (release) ¥jiE

HIE LR EFT AW, PILUEA cargo build --release RUIRIFIME, XKTE target/
release MARE target/debug TERBIHAIT . XEMWAILLL Rust BBIEITHEIR, R
HEAXRERCEEEEEEKNEERE, XUMEATASERMARNERE: —MEN
THE, REEREEMEMEIFNE,; S—MHMENAFUWEREZRER, Bl FEEENN
2, #EFBEERETRHERET. MREEEENSAENEITEE, ERERETT

cargo build --release H{EFH target/release THIRIHIT I HTT M,

{8 Cargo HIEIJIR

N FEBIME, Cargo HALL rustc fHTESHME, ERERFERFEESR, HMERZ
HMEMR. —BERFEAREIBZSIXAHAR, THESFEHMBIMKH, 1t Cargo HiEMES
B EREZ.

B{E hello_cargo BB+ &8, EIMEMERTRSMEIMZEN Rust EERZAEINEA
TH, H%, EREMAEEFENIE LT, AILERMTa<@d Git iR, Bz
ZIE BRAMWE:

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

XFEZ% Cargo WER, EER HEXH,
=¥

1Cv=H

RBLEFFHRE Rust ZIk 7! EARER, (RF ST I0M:

« B rustup REFMISTEARAY Rust

« EREIFAREY Rust

o FTHAHI R SRS

« BB rustc g5 FHIETT Hello, world! 2%
* f£F3 Cargo BIEHEITHIE

ERRESEEELRENERRREIRE Rust KI8T, FIUEE ZERITME—MER
FIPRIER. MRMFEREMES Rust ERNRREMSHSR, BRE=5, ZEe8H2%

—
—E5o
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Rust BRFIGIHES B
W5 — IR T

LR FTE— P E K RE EF Rust! AEFNAE—LE Rust PERIEES, FHiEd
BLMERFEEBRNEEAETN ). MERFE let, match, 7% (methods). XKEXKER
(associated functions). #MEB crate FXIR! EEETRRNRITXEMIMAT, EX—
B, BIBEEFELIEMAS

BIMNEKU— TR HEAHFRIZRE . BEFEN BT BEFEER—1 2
100 ZEIBVFENELR, ARRETRERBA—THRUE, BNG, BFIETZRNIRXRER
Kso MRBHT, HRSITENRMREEFHEL,

HEE—IHINE
EORE—HIE, BANF—EZFREN projects BF, M Cargo #iE—1IHE, WTF:

$ cargo new guessing_game
$ cd guessing_game

F—1En%, cargo new, BIRENMBERIRIR (guessing_game) fENE—1SHK, FZ 1<
HNEFEIZMIE B R,
EEEMB Cargo.toml X4 :
X% Cargo.toml
[package]
name = "guessing_game"

version "9.1.0"
edition "2024"

[dependencies]

FUNE—Z AR, cargo new R T —1 “Hello, world!” 2%, && sr¢/main.rs X5 :
NHZ: src/main.rs

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

}
M7E{ER cargo run 5%, —5ERK “Hello, world!” 2R IFMEIT:

$ cargo run
Compiling guessing_game v@.1.0 (file:///projects/guessing_game)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.08s
Running "target/debug/guessing_game"
Hello, world!

LIREEED B PERIERE, run (iR ERE, EWMFHITEXAHERIE R, &
T—RERZERENRE—RIER.
BT src/main.rs X, BATESEX N XEPREE £,
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ShIR— R IE

BHRFEFNE—BLIERNLERFEAN, FRERASTRHSTHINER. &84, BEils
FTEA—NEN, 1F src/main.rs FENTRE 2-1 FEIARED,

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}");

}

XERBEESRSEE, BT 1THE. ATREBAPBAFTENERENEE, )
FER o NBHESINGRERE. io FERETIRERE, BRI std:

use std::io;

BAINBRT, RustiSE TEFTITEHNSAIS M EFEREFIITEERNS, XEAREHK
MR FRFN (prelude) RB. {REILTEERESEFEENSANFERS,

MRIRBERLBEAFAEMSIANANEH, MOAER use IBARIAMITHESINEREL, std::io
FERRMRZERANIIEE, SEEWAFRNRIIEE.

WME—EFAR R, main KEEEFIIANOS:
fn main() {

fn EARRT — TR, IMES O RIFEESE, KES ( (FARBIFIFS,
F—BWRNT println! E—NMERR LITEIFRFHRZE !

println!("Guess the numbexr!");

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

XERBNETENRR, NMEFYNATARBERBFABEAN.
ERZEEFE
ETR, BI2—1 BE (variable) REFHAFRIN, BXHE:

23/562


https://doc.rust-lang.org/std/prelude/index.html

Rust i2FIgITES ERFXhR

let mut guess = String::new();

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

let apples = 5;

XITRIEIHET — U apples T EHIBTHEERIE 5 £, 72 Rust F, TEEIAZFH
TR, XERE—ERINATERE, XMEMFAIUBENT, RIIBEEE=ZEN ZE
5T 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

BIESEHFEFR, MEFKIFET let mut guess KF|IN—PIUM quess WO BT =, FS
(=) &iF Rust BMNIEEBEENMEHPEET = L, FSHHIBLE 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 AR
Ao

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

EWAPREA

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

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

NRIZFHF KB ER use std::io; I\ io FE, FHANMAHEILUETIBREIERS R
std::io::stdin R{ERIZKEL, stdin REGRE]— std::io::Stdin B, XE—FHAKER
KintrERNIIRBIEE,

TR, HREHRY read_line(&mut guess) VAR T iMERINGFE_ LR read line /3%, L3R
EYE PN FITIER amut guess fERNSEZ L read_line KER, ILEEHAFRBRNGEES
XNFREBAR, read_line WITIER, TILAFPEINERMAREANTANS, BRHEEM (F
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SBEHFARR) B FEH, BEREFTRENSH. ITFHESBRNIZZER
TR, LUE read_line AP RN LEZX,

& RINRENSHRZ—1 5|18 (reference) , EAFZANIEHRIE—AEIE, MEFEREFH
Z¥EN, S5IAR—IERNFEMN, Rust N—MEEMEMERREMERAVIRMEIFH. Tl
HAREFHARE THRNLEZSAT., T, HMNIAFHNECHRTRE—H, MAEFTTEHN.
Itb, TESR &nut guess REHEHAE, MARZ &quess, (FUEXE2EMIHAAESIA.)

fEF Result ZEEIRAMIPHEIEAVIEIR

BNELBTENMTEXITAE. BAKNELXHRETE=1THE, BEIR: ENEEET
(BT TENZER) N—87. E—&872X17% (method):

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

A, SRERBIITHLUER, FIUSFIFRARE, EERY, ZEM method_name() EA
BRANSINRITHMNERERNIABTHAZREN,. REREEXTART 4.

ZARE| T read_line AP RWAMIME L RLAENFHER, FIEBSRE—MEE)
Result BY{H, Result B—HMKEERE, BEWLEE enum, EFURZMHAIBERESFH—1,
A NS ETRERPIASH AN —H #&Epk5 (variant) .

BRERNBRENESA T, XER Result KA ARBIDIHIRLGIERIES.

Result RIS Ok Ml Exr, Ok AGRFTTIRIERTN, NEEESMINN~EN(E, Err RRUE
RERIERK, HE err FESEXBFERMNRRARISRANER.

Result SRBIMYME, BGEMBE—F, MBEEXTHLA LRIGE, Result BISKBIAEA expect
JiiE. WAR io::Result SKHIRYER Exr, expect TFHIEFHS, HiHISMBSHTES
expect BYE8. PRIAZ read_line 757AR[E] Err, NMIAJRERKIFETRERERAHEIRNER,
gNR Result SLHIRYER Ok, expect RIREX ok RIEHFEFRE, EAFIT, XMEZRAA
MAEWRERANRBF T,

MR expect, BFHERE, FIHI—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
|

10 | io::stdin().read_line(&mut guess);
ANNAANNNNNNNNNANNNNNNNNNNANNNNNNNNN

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

10

—— o I —_——

let _ = io::stdin().read_line(&mut guess);
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| +4++++++

warning: “gquessing_game” (bin "guessing_game") generated 1 warning
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.59s
Rust EHIATZBEEA read_line RIR[EE Result, WAAF—AIEREIRSELIE,
HERESNERBEREMER S HIRGIENRE, FERFRITMEFEEFELIRRNIL
BRI, PRIAEIRER expect, BAE RFIJMAMBEIRFIRE,
€A println! H{IFFTENE
BRTUTFEENETREES, BRALMREX—TRBERITE—T7:

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

XTI TEN T FEAFRANFR R, (0 XNAESE2—NEARF: 18 O BREVNVE
H, AIURMESENE. SITHNREMER, TEFAUGTHKAIESH, JITEIRAAIRIT
LEREY, WA FRFE (format string) FARESHEE, BRAUFHTEERESHRNFE
HTENRRIEATYIR, HMFS8—1MTAES SUMFBIRFE—FH. £—1 println! JBAHT
ENZEMFTEANEEERGEXE:

let x
let y

55
10;

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

EITHRBESITENG x = 5 and y + 2 = 12,
Mt E—EBS3 X8
I FBAIRNA TR F RN E—E D ER cargo run I517:

$ 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, FRNE—HIBRTR: RITMBRFKEANFHTENT K,
ER—THEHF

ETR, SEER—IMEBHTF, HitBEPXRE. MEBERFRZESREARE, XHEEEMAF
SZ0K; SEEIMIZIE 1 2 100 Zi8], XEFEAFRSXKEXE, Rust FrERER R RE SHEVIEAIHEE,
7R, Rust FIPAERIRET — 18 & LiRINEER rand crate,

26/562


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

Rust i2FIgITES ERFXhR

{EH crate RIENMNEZIhEE

1I8fE, crate @—4H Rust BRI H. HINTEETHENIMER— Zi#E crate, BEHR—
BIITX . rand crate @— FE crate, FE crate AJAB S AR R EMIEFERNAL,
BRI EINIINIT,

Cargo 3F9MEB crate WiZHRHEEIENSE R, EHIVER rand {ERBZH, FTEIEN
Cargo.toml 3Xf, SIAN— rand {K§fi. IEFTHAXDNXEHHE TEX—THINE
[dependencies] section fREZ Fo EHAIMRAT, BERFREEREITIXENAIEE rand, &
N ZZFZP R G AT RET £ T 1.

X% Cargo.toml

[dependencies]
rand = "0.8.5"

£ Cargo.toml X, BN ZEHNABER— section, BEIERIT—MREAA FIGH
89 section, [dependencies] section &if Cargo A1 B fk#t 7 HILESMEB crate MEARA, 7
e, BAMERIBNHRES 0.8.5 FIETE rand crate, Cargo IEfi# B X {WhRZAS (Semantic
Versioning) = (BBYFRA SemVer), X@—HMEXRESHIRE, 0.8.5 EXERE 10.8.5
HNEE, BRNMEFRIZEDE 0.8.5 B/)\F 0.9.0 BIARS,

Cargo INAXLEERRZASS 0.8.5 RAHIAH APL RS, XIFRINRATEERIR T FHiT7 LAIRE
REEAEABRFNRMIAT (patch) hitds. ERAIATEFET 0.9.0 BFhRAREERIEMET
KB RGIRA T HEERY APL

BE, 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@.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 v@.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

ARESHIMAENRAS (5 TIEXKRE, ENSHEEREN!), HEETRTHARE
SBAARRE (BURTRERS) , THIRFEAESRE,
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MERNTE T —MIMNBIRHL, Cargo M registry ESRENFRrE BRRIRAEE, X2—HXE
Crates.io FI##ERIZAS, Crates.io & Rust £ &RFEH, AI&LHEIR Rust BT &, #
fth Ao

TESEHTE registry fg, Cargo #2& [dependencies] section H FHFIRFEBEEERTEHH

crate, B, BARERAT rand —MKHL, 7AW Cargo ER2EIMNREX Y rand FREZERVH
ftt crate, EA rand IKFMENTIRIEE LIE. THSTM/E, Rust FiFMKH, ASERXEMK
LAEIT=]N

WRAMERERY, ILZIBRIEIT cargo build, MASFEMEMPRT Finished {72 7MY5HI
Ho Cargo MIEEBAR THHARZF T, B Cargo.toml XEWEELEN, Cargo iFNE
KRB EMER, FAILERRENEFNE, RATEAIMH, ExEEMERH,

WMRTF src/main.rs X, H—ELTXEBENEN, REHBIME, MERSEMmITH
e

$ cargo build
Compiling guessing_game v@.1.0 (file:///projects/guessing_game)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.13s

X—{TRR Cargo REHFF sro/main.rs XEFHIRUMESMBEMITE, KBSBELNL, FrL
Cargo FlEE R UE AEL AL T HHRFHRE,

Cargo.lock X {+H{RrI EIME

Cargo B—MEl, AT ICRIMERHEMATEEMEHRERWEMLLD, BEMAERIEE
=4 Cargo [A(EAIRIEERMKIARA, FRIEIRBAFAIETE Hftthkas, B0, WRTAE rand
crate 89 0.8.6 hRAHRT , ZREABET —INEEM bug BE, EBRENBIINT —IREIF
RAEMEINIIEE, T RXNAE, Rust FERFE—IXIBIT cargo build FYRIET
Cargo.lock X, FAVETERILUTE guessing_game BRIXEIE.

HE—RMWEMB, Cargo ITREEAMBEREERNKIMAHS N Cargo.lock X, EH
RMEMBERY, Cargo K4 Cargo.lock BFEFHFEREDISENME, MAREXITE
B, XERFEE T — B EIME (reproducible build) . #EAIEH, IE
SFFEER 0.8.5 HEWRERAL, £5E T Cargo.lock X, HTF Cargo.lock X{3¢F 7]
EMMEBIEEEE, ATBEESNIEPHNERRBE— R R BREEH RFET,

B crate Bl— 1M kRS

LR a3k FEALK crate BY, Cargo 1R TXE— <, update, EXRBE Cargo.lock X
%, HitBEHFRBERE Cargo.tom! EEMERMARAS. Cargo T RAIEXLERAS N
Cargo.lock X, AF, Cargo FRIARSFHAT 0.8.5 M/NF 0.9.0 BIRRZA, 1R rand
crate &K TR NHThiids, 0.8.6 1 0.9.0, 7EIE1T cargo update AN THRA:

$ cargo update
Updating crates.io index
Locking 1 package to latest Rust 1.85.0 compatible version
Updating rand v@.8.5 -> v0.8.6 (available: v@.9.0)
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Cargo ZB&T ©.9.0 hrAs, XBY, {RBFEREIN Cargo.lock XHEFHN TN/ FEIERER
By rand crate hxZ<2 0.8.6 . WNRAAEEA 0.9.0 hRZASHY rand BZEEM 0.9.x RFIRIRA,
WIGXEEEH Cargo.toml X

[dependencies]
rand = "0.9.0"

R—/RIB1T cargo build BY, Cargo XEHTAIA crate BV registry, HiRBIFIEEFMRAE
(L rand HEK,

F+HEXHE Cargo MEEBSRE WELZHNE, FIERRRZTETHXA%, Bid
Cargo EREXHIEER S, Atk Rustacean 854 E KR ZBAEMAIIFIRITHNTE,

ER— 1 BENER

W EATFEEER rand REER—NEIRNEF. T—FEEH sra/main.rs, 3 2-3 Fr
o

X% src/main.rs

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

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

let secret_number = rand::thread_rng().gen_range(l..=100);
println! ("The secret number is: {secret_number}");
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}");

}

B, FAIHIET —1T use rand::Rng; s Rng B— trait, BEEX T RN EMEN LI
%, BERAXESENE, I trait WREEREF. B+ESFANA traito

TR, BAEREEFIGIM T ®iT. F—1TIAMA7T rand::thread_rng REIRHILFRER
BEMEAE RS . AT HFERITEENEAMITNER, HMRIERSAIRE seed, 1ZEERMEN
AR 23R gen_range F57%, XANJ5AMH use rand::Rng IBAIS|INEIWERIEAY Rng trait & Mo
gen_range /535K EN—EEIRIER (range expression) fERNSE, HEMR—MERTEEZ
BIRYRENLEL, XBFEANXISTERANFRT start. .=end XEFNFRX, EXN ETHRYA
AX[E], FRAAREIEE 1..=100 KIFKR— 1 1 100 ZEHIEK.
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AR RARIBEREMAERN % use B4 trait LAKIZM crate RIERAMNTEA,
S crate BEABAXH, Cargo W5 —MRIFERIINEERIZTT cargo doc --open
8 2 RITRFAA AR BUR MBS HTE R BRI . HIg0, fRIRIRXY rand crate
PR EMIHEE R, fRATLUETT cargo doc --open HREAMIFAI=HAY rand,

FIEMNRYSE —TABRITENE TRERT, XEFARXEFRER, BARAUNEHE, FIER
KhAPMEE, MRER—FIEMITENHER MLt AR AT !

=INBTEEFILX:

$ 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

{REZAESEIRREMREAE, FAENIRZEEIE 1 7 100 ZEW, FEHZEN!
FEBIR MBS F M E T

MERTHFPBRAN—BENEL, TR E . XNT BRG] 2-4 Fim. FEXEE
BEAfgedE R gmE, HiTEE=HER.
NHR: src/main.rs

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

use rand: :Rng;

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

println!("You guessed: {guess}");
match guess.cmp(&secret_number) {
Ordering::Less => println!("Too small!"),

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

BARIMMNMEMT B— use B, MAREESINT — AU std: :cmp: :Ordering BYZFERLEIE
%R, Ordering h@— &, FIEMMFERE Less, Greater ] Equal, XELLEIAN
BRI REHH IRRY = FhaE B,

1%E, RBOAITHRBMERT ordering 3E8Y, cmp F57AF R MEH AT UEE AL
BRIELIAR. BIREN—MELLRENS|IH: XEBEREIM guess 5 secret_number #tbiR, FAG
ERIRE—PMNIZ B use SINFERIRAY Ordering MZERIK R, FHE— match KX, 1R
EXF quess F] secret_number JEF cmp IR[B]AY Ordering ff RFRTEE KM 4o

— 1 match FIARE H% (arms) MR, —MHIEEE— B (pattern) MFARFL
BB S 5 SR AR AR Rz AT AIARD, Rust SKERIZHA natch MEHEMOES N HH
BOKETE, match SHMIFIERE Rust REBAMITIAE, TEIT AIBEAEBIINZMER, i
EMFEE R, XS EASNE A EEANE,

WLFAMBEER match RENBIBIF. RIKAPET 50, XESFENERMERTZ 38,

b 50 5 38 B, K950kt 38 A, cmp AiE£1R[0] Ordering: :Greater,

Ordering: :Greater & match RIXXBENE, EHREE— PO LZHIEL,, Ordering::Less 5
Ordering: :Equal HARILER, FRAAERRE T XMDZHABHRE T—1M9%. T—1T9%H
1&E3E Ordering: :Greater, IEFf ILAC! X2 XEXRIRIBHHNIT, EREITEILH

Too big!, match RIANSEFE —RAINLEFL L, AEXMER TFA2EERE—1SH
Zo

PAM, W 2-4 A ERIHFEERIE, ATUSEH—T:

$ cargo build

Compiling libc v@.2.86

Compiling getrandom v@.2.2

Compiling cfg-if v1.0.0

Compiling ppv-1ite86 v@.2.10

Compiling rand_core v0.6.2

Compiling rand_chacha v@.3.0

Compiling rand v@.8.5

Compiling guessing_game v@.1.0 (file:///projects/guessing_game)
error[E@308]: mismatched types

--> src/main.rs:23:21

|
23 | match guess.cmp(&secret_number) {

| - == ANNANANANNAAAN expected “&String”, found “&{integer}"

|
| arguments to this method are incorrect
|

note: expected reference “&String’
found reference “&{integer}"
note: method defined here
--> /rustc/4eb161250e340c8F48f66e2b929ef4a5bed7c181/1ibrary/core/sxc/
cmp.rs:964:8

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

EIRMZOREX BH FEER (mismatched types). Rust B—NEESEER RS, F
BHb AR MR, HIR(TEH let guess = String::new() BY, Rust #EKTH guess NiZE
string K8, HAFER(NEHESR, 5—F5Mm, secret_number, BEFEE, JIMHFHE
BIAE 1 3 100 Z[EIRY{E: 32 iI#F i32; 32 {ULERTSEF u32; 64 U#lF ie4 FFH,
Rust ZAUIAER 132, FRLAER secret_number FYSERY, BRIFEMNEREE, HEfTBELL Rust
HETHARRERENER. XBHEIRNERETT Rust AR FRTFRFRMEFLEE,

PRIAFRAT A SR AN IREXEIRY String B —MIFRE, A FSHBHFHITHR.
XA LUBISTE main EREUAAIEANGO FAURERSEI:

X% src/main.rs

// --snip--
let mut gquess = 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 smalll"),
Ordering: :Greater => println!("Too big!"),
Ordering::Equal => println!("You win!"),

}

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

XEOET — MM guess WTE, FIEE, FERELE 7T — MM guess WEETIB?
LUk, A Rust RIFA—HEXR ik (Shadowing) gquess ZHIMV(E, XNINAERFR
1NEH quess TEMRF, MAHELIERMNAELE, EUW guess_str ] quess 73, FH
ZESNE shadowing WEZAT, MERFMNEXMHESEATE— P LENERIRA
F—1MEEWE,

BAVEX ML EHEER] guess. trim() .parse() RIXAR Lo RIXXNHH quess 5B E S
ABIFFFERSLEE! guess TE, String SLHIWY trim FERERFRBALMEENTHFR,
ENIATITI AT BES FRIES u32 iR, FA u32 REeESHERIRE. BP0
A enter 27 gEiL read_line JREIHBAMINFER, XBSEFRFRPIEM—MRIT
(newline) . i, AFRIAN 5 HIZT enter (T Windows £, T enter B2EEI—1
BIZERFF—MRITRF, \r\n), guess HRCRMGXFE: 5\n FHE 5\1\n, \n KK “#217", @FE
8#; \r KR"EF", QFR, trin FESHER \n HE \r\n, FRIZTF 5,
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FRIEBM parse J57E FFFRLMRAEMER, XERAEREBFFRERNEE KIFE
HIF Rust BIARERFEE, XE@ET let guess: u32 5%, guess FEMIES (1) HiF
Rust B HEE T EERIRE, Rust B—LERERKRFEE; 2 B—1ENFSHY 32 (UEE,
MNFARNERESKN, ERFHNIMINLE, E=FRXIHIHthEF LR,

FIb, FBFEHR u32 FEELUKS secret_number BYLLESY, EBKE Rust SHERTH
secret_number t;& u32 KB, IER]LIFERAERERLLRHFMET !

parse 75 7ARBEFAIZE LA LSRN B FIIHEA BETFFAIIFE B Z s, 1M, F1F
BREE AL%, MEEREZBRA—NETF, FEit, parse FiARE— Result 3£HL, 2
Al "8 Result SERIAMEBFRFHIR" IWIERY read_line F57EHRHF, BRIRERFIEAIA
expect 7 ARMRRAIR], MR parse FEEMFIRFREM—TERF, RE— Result BY Err B
BY, expect RIEMHFIAIRFHTENMHIE R, MR parse BN FRFRITIMAN— DT,
E=R[E Result By Ok p51, FAfS expect ZiR[O] ok EHRBYEF

WAL R ETER!

$ cargo run
Compiling guessing_game v@.1.@0 (file:///projects/guessing_game)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.26s
Running "target/debug/guessing_game®
Guess the number!
The secret number is: 58
Please input your guess.
76
You guessed: 76
Too big!

2= BMEREBNZEIRINT =, BRAAREHMEBRBENT 76, ZiE1TEFILR,
MARBMNHFEFRRIEARNITA: B—1TERNKE, BN KBFENBE— T/ 105k
Fo

MEERBEEXRE LEER T, FIBERP REEBE—R, EIN—MEIRRNZ EE!
ERREMTEAIFZRIEN

loop XEFEIET —MLREF. HNSIEMBIARLEBRESHRBHF:

X% src/main.rs

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

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

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

Ordering: :Greater => println!("Too big!"),
Ordering::Equal => println!("You win!"),
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NEFR, BAMSRTAPBUNZENFRERBENETERF, R loop BIFHIRIES
RN, BRIETRER. FEXERE R, BFRESTEhEREPRANFRN
Al BPSHETITRBLM!

AP E8EERA ctrl-c RIERERF, FIEBEFZ— 1AL TIRTER, 7 "B S MEER
F BAREIN parse: MRAFMANNEZRRZ—NMEF, BRI HITTUMAX—
RFIRW, STFFR:

$ cargo run
Compiling guessing_game v@.1.0 (file:///projects/guessing_game)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.23s
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

WA quit B2RERER, ANMISIEREMEMIFRFRAE—F, XEDAILHERE
B, BITEELIBENIERAYEF IERIE L,

BERBERL

IEFRATBEIN— break EFEA), ERAFBIENREFF:

X{&: src/main.rs

// --snip--

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

BT You win! Z/FIEAN—1T break, APIBEXN T HMHMFEZBLEN. BHBEFHBEK
BRLIER, ENERRE nain KRG8

SIRFRARAN

AT H—GREINE, FEEAPRANERFNGER, FEZRIENT, LA RAIUSRESSE
Mo AILUEI LY guess ¥ String ¥ 1k7y u32 FRERMUEERSEI, WIRFAY 2-5 Fm:

X% 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,
Exrr(_) => continue,

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

// --snip--

FATG expect JFMMAL match B4R, LIMIBEIFIRMARRILRVLIERIR, JR parse ix[d]
— Result KA, [ Result F—MAH Ok 5 Err FSIAIMES, XEEMARY match RiAT,
MZEIA IR cmp 757%:R[E] Ordering B AIRY—7%,

9NR parse BEBRIIMIEFATRIZMAN— T T, ESRE—ITESEREFH ok, X4 0k
B85 match F— NI HAMRNABLED, %0 ST NAYEIERE ok EFRETF nun, RFIRE
TR EIER guess T,

SNR parse RERFRHBHRBAN—I T, ESRE-IMEEESZHIRESH Err, Err EF
BEMLACSE —> match 533ZRY Ok(num) 1RI, BRZMEFE —T0%AHY Err(L) B _ B—1
BECTHE, ABIPARLEFRE Err 8, FEEFEAMER. FFIUBEFZRITE-TNOH
ohfE, continue FIKEFEN loop W TF—RIEH, BERS—MEM. XFEEFMERNZET
parse FIREIBEIMFRIBHIR!

MERFPR AN Z AT T 7o LEFATidiare:

$ 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
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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!

XiET! BERE—MNIMEN, MEETABERFILT | RICBEFKRASITENHMELR
Fo EMEINEYF, BIENAHNSRTHNAEL, BisfTENMEHRFR printlnt, R 2-6
FNRENE:

NERZ: 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!"),
Ordering: :Greater => println!("Too big!"),
Ordering::Equal => {
println!("You win!");
break;
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}
LERTIEEZ], fRIRFISTR T IRERF k. HRE!
BE

AIMEBEI N FRE, MIRNEAT Rust it let, match, REL. ERAIIMNER crate FF,

BETRNLE, MESBERNFEIXERS. EZENABRIBOREEZESHENHTS, LLNE
B, HUEREIMRE, LURIMEE Rust PEREN]. FHERZEFMEN (ownership), X2
— Rust EMES ATERNG . FSEENCEMEMGENEL, MEEHERES
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—ﬁ*ﬁm:m\

FENB-LENFRERZIESHEIES, URENTE Rust PRMNATI(ER, REHIZE
SO SEEHEN, AERETRNESERZ Rust FMFERN, FIRITETE Rust £TF
XPIILEN], FHERERAXERRAIRM,

Biakin, BAIRSFITE, BAREE, R EFENEFER. 8—1 Rust BFHEH=A
FIXLEEMAIR, REFIXEMSZILIRTEED T FIESCAVE L.

KT

Rust BEE—HREH XBF (keywords) , SEAREMES—H, ESIREEHIES
mEFER, 18E, MTEFERAXEXBFEAT E'EI_I;&E’J%%’TO ABRXBEFTEH
FREVE X, RIE7E Rust BEHRERTIITREIMES; —EXBFEHSEHEN
IheE, BAIERATERNIAIINEERE /Y, EJLXEM@ R X RFHIFIZR,
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TEMAIEM

ENE SR ERTEM#EFE" BIREIME, TERARAFAREZERN (immutable), X
2 Rust RIEAIRNRSMBEZ—, ILFREUTIFIA Rust REMN L 2EMBERH L IERES
RE3o AT, (ROARTUERATERE, LT ERIT—T Rust AT MNESKBIRFIBARIE
%, UNAIMRRERZEAE,

HTEAATR, —BEHPE—IBM L, MIMFERTXME. A TXHI#HITIRAE, F8
cargo new variables SR TE projects B RERM—1UUM variables B9¥IE

125, 1THEM variables BR, ¥TH src/main.rs BB ERAIN TR, XLERLIEREE
wiE, B8 ERATEHEIR (immutability error)

Y& src/main.rs

fn main() { ?“
let x = 5;

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

REHFER cargo run Z1TIEF. WiZRBH—HX5FATMHEXNEIRESR, WA
RS

$ cargo run
Compiling variables v@.1.0 (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;

ANAAN 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 FER T miFes A E BRI HER PR, EARFEIZSANEE, BIRRERT
EFAREZENTRMMRILETRNIE, HFERBRAE— M FEFR! £RFEEN
Rustacean i1 —# =B EIRiFH IR,

HIRMEEBHERNERR FENTTETE x JREE

(cannot assign twice to immutable variable ‘x° ), EAR=IAXNAITTE x E-D

1B,

A BTN AAAIZRER, FERFVERERERRN, FAXMERAIEEFE bug,
NR—BRDRBRE—MEXTER T, MHE—EORERETXME, F—a0REHM
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BRIBEUR AR A BT, NMIAHAINZM bug RURERMLURE, THE% &80 N3
2% B S T(E,

Rust RiFZRRIE, MRERA—MEFRZE, EMENAEE, FILUFFRHECREE. XE
REIREIRE S THS.

AIEEEMEEIFEERN, JUARELEMREENE, RELERIAZFAIER, RNHA
A LATE T E R RN nut SREEHEATE, EINEE_SFAIARE, mut WERERET HiR
B EIEXTTREENEE,

B0, EEAVE 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}");

}
RESTXMERF, SLRNTRE:

$ cargo run
Compiling variables v@.1.0 (file:///projects/variables)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.3@s
Running "target/debug/variables’
The value of x is: 5
The value of x is: 6

B mut, RIFBYEER x BIEM 5 Bk 6. BEIULZEERRHRLRERNIAER, BURT
AEMEERBRT, MRSUNZETTRRILABEINSBMEAT

ALy 3

mE

KYPFARAITLE, E= (constants) EHEE— N BN ARATFHRTHE, FEIEE5T=E
EZEEE_%Z%IJO

B, AAWNEERR ut, BERARIATTE, ELRFTAIT, FHEEMRMA const X
BFMARE let, HE ST ERRERRE, T T80, "“BiEEE" AaNARBENER T
2, MELEROXLEAT, BESBNERERNRL

EEAUREEAEREGER, 8EFeRERE, XE—MEFERRSIMINVNREBAZIRE
BHR.

Ha—1TX3R, BERERIKENEEREN, MARUREMEMRETETHITELHN
1B,

TEE— T EHEBENGF:
const THREE_HOURS_IN_SECONDS: u32 = 60 * 60 * 3;

HERIRFRE THREE_HOURS_IN_SECONDS, ERIEMIKEN 60 (—3HREIRE) Flle0 (—
NSRBI EREN) BSRIL 3 (BAEXTEFFPEITREIVNEEY) B4R, Rust EERNGH
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AEBERRZEMERAE2AREM TS, HmiFFEBERIMNITE—AERIRE, XEHN
ALLUEREUERZEMMIEN ST HILE, MARKILEEIREIE 10,800, BXHEHH
B2 IERLLIR(ERIFME R, 15507 Rust Reference BB EKREEZBD -
EEBENEREZS, BSEEENEFREGRARPEHEN, LEMHFESEETUMEAZ K
BEANSEEERNE, Fli0— P FE KA LR RS DT E R,
BERTNAREFTHNERLERPAARE, EEMERNAIEEIFARTRENEE, R
BREECREREE, BRECCET—NERILE,

FNEE _ERBF NP, BRINTUEX— 1525 TERAZFHTE, Rustacean ]
MZRE—NBEWE_1 &Rk (Shadowing) T, XEKEYUEEHTENZIRE, FiF
HBRERIE-ANTE, Lfrk, ENTEERTE—NLTE, RNEAERZEER0ITH
hHMEMABREFERE_ITE, HIFE I TEBCUWIERIE N T2 ERELE R,
AUAHERTERMRER— T2, UNEEFEH let XBFRLZERKR, WOTFAR:
X% src/main.rs

fn main()
let x

I~
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}");

}

XPEFERR x BEIE 5 L, FHEBI let x = gIBT—NHEE x, FREWIREHM
1, X#F x NEMENK 6 T, A, EERAEESLIZNAIIEREA, F=1 let HAHE
BT x HEIET —NMINEE, BZaifERU 2, x FRNER 12, HZIEREERN,
NEERNIEREBERT, x XORER 6, BTXNMERF, ESBWNTHM:

$ cargo run
Compiling variables v@.1.0@ (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

EigSFEERCH ut BEEXFIR. HRNORHAMNBESHIMERN, NRLEER let
XEF, MESEMENER, BIER let, HNTUAXMEHRTEHE, FIHER
ZETENARTAIZH.

mut 5EEMNS— I XEIR, HHERER let BY, LRREIBRT —MHTZE, IR EE
BURE, HEEAXTRF. i, RIEFBFKRAFABASRFARGBREEXEZEE
TEDNER, FEIRBIMNEBRAEERST (ZO1MER) !
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let spaces ;
let spaces = spaces.len();

$— spaces TEEFATHER, FT1 spaces TERHFRE, ERERINFLERRRE
BRF, 40 spaces_str M spaces_num; 18z, IMTAILAEFA spaces XPMERBHIZF, A
m, SARZHAFEA mut, BIFE—NRIFIIEIR, WTFR:

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

XM EIRYE, FAIFRERETERR

2

$ cargo run
Compiling variables v@0.1.0 (file:///projects/variables)
error[E@308]: mismatched types
--> src/main.rs:3:14

| let mut spaces = ;

[ expected due to this value
3 spaces = spaces.len();

| ANNANANANAAN expected “&str”, found “usize®

2

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

RERNELTHTTEWNAIE, tERNEELET UGN ESHIELRE,
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£ Rust 1, 8—MEHE—MFTE HIEXE! (data type) , XEIF Rust EXFETE S fAIFEL
12, UERRBUERIEA R, RITREIMELIBRLEFE: /72 (scalar) HIES
(compound),

1BfE, Rust 2 B3R (statically typed) ES, HmBREMFNMLITAEFRELER
KB, RIFEREERAIN, FiFHEBE T LUERHIMTAZAEE, HSMHERYFAIGE
BY, LbNsE—E=R “EbBIEMB B F R BT £/ parse 3 string 3R NERFHY, HIUE
MSSELERR, BiXiF:

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

INRAE EEBIARDXAFRMEEERE © u32, Rust ZETUITHEIR, XARIFRFEHK]
REEZER, RTHERNMNEEAIRE:

$ 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!");

A type must be known at this point

|

|

|

= note: cannot satisfy “<_ as FromStr>::Err == _
help: consider giving ‘guess’ an explicit type

|

|

|

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

N

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 error

MR HEHIERE K FREEH,
REXE

& (scalar) EENAR—TBEIRRIE, Rust EUMEARIRERE: BE, FRB RE
BMNFFRE, RAgEREMESFRIE]. EFRITRNT#EANTE Rust PEINA TIER,
-3

B B—RENE DT, RIES-EEAT u32 BHEE, ZXAFRAKRA, €
KEXBENZE—DEHE 32 UL S B (BRSEBHEEREL 1 FFkMAR u). &
1 3-1 B/R T Rust RERIEEHKE, HITTUEREFNE— I RER—EREMNLI,

RH& 3-1; Rust HpyEEHY

KE 5 | XENS

8-bit i8 us
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16-bit i16 ulé
32-bit i32 u32
64-bit i64 u64
128-bit 1128 u128
ZRMgFER | isize usize

B TATURERSHLHASH, HE— I BERNK). BFS Ml BFS {KRHEFEE
BARME, BaiER, XM MFEEEARENH (BRSH), WEKTHEMAZTERS
(ERSE). XERGERLPBENF: HFREZEFSHIME, HFUMNMSHESEFFI
2%, 7AM, AT EMRIGAIELNE, NMESaXEEEKR. BRSHUZHEIFMIF
(two's complement representation) 7Ffi#o

B ERSHNTEITUEEFEESM -2 ) B 2" -1 EFRNHFE, XEB n 2BTEERAL
. FrLA i8 BILURETEM -(27) B 27 - 1 TEARMVERE, RLEM -128 B 127, RS EE
LURETEM O Bl 20 - 1 B9EKSE, FRLA us BILUETEM 0 Xl 28 - 1 B9k, tBEEM 0 F 255,
59, isize F] usize KEUMXFIEITIEFAVITENZMN: 64 (IZRM EEN]R 64 iRy, 32 i
B EEl]E 32 Ui,

BRI 3-2 AR A—FERXESRFFEE. BEIETURESHHRFLRENNFFE
BRAFERRRES, 5190 57u8 RIEERE, RN ARAFER _ MADRRFLUAERE, Fl
1 000, ERESIRIEER 1000 HH[E,

]R8 3-2: Rust MY ERAIZE(E

BFFmEE LS
Decimal (+3#Hl) 98_222

Hex (+7<i# ) oxff

Octal (J\3#l) 0077

Binary (Zi#l) 0b1111_0000
Byte (BFTIFF)({XfRTFu8) | b'A’

BAZERFNEREFIR? NREARTETE, Rust WRINERBEBEE NI ENE S, B
BIZRIARE 132, isize B usize FEEARLESZERS],

ERE

bR E—1 us , ERUFEBRMEE 255 BE. APAHMRIGEHEENA 256 BsR
4 BRI (integer overflow ) , XRSBIUATHEMITAZ—HIEL%E, H7E debug
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BERIEY, Rust HEXENBHEBIER panic. panic XPMAIBH Rust FARKAEIE
FEEIRMBH. FNE "panic! SAAREREIR" R IFHNTAE panico

fEF --release flag 7f release &RILHAMEET, Rust FRIMEFE panic IR E
Ho MRAEREGEHEY, Rust RHFIT—MIRAZEHEI#MS wrapping (two’s
complement wrapping) BY%f{E. EME2Z, LR ERARAKEEANERES:
Hlg/)ME, & 256 TRY 0, B 257 TRE 1, KILEH, IEFAR panic, FILEA
BRI RS RBIRFEAERNE, KIEELEH wrapping BT AHIAAR —FHEEIR.

AT BIVRE LRI REN, ATUERX LRI EER R T RE S A

© FrERIV AT LAGER wrapping_* 757%3#1T wrapping, 4 wrapping_add
* YNR checked_* 7 AHIEE , MiR[E] Nonefd

* A overflowing_* 75AREEMN—M/RE, REEHIEGEN

* A saturating_* AR ENSR/IVERRAELHITRMLE

Ry

Rust B ERMNRER FR# (floating-point numbers) 3B, Ef1RH/NRAIEF. Rust
BYZ R ERERIR 32 § fe4, 995 32 If 64 il, BRUAEEIR fe4, FNEMA CPU H,
S 32 RE/LF—#, FIBEES. AMENTEREBEERTSH.

Y& src/main.rs

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

let y: f32 = 3.0; // f32
}

7 RER A [EEE-754 FERT. (32 ZRBEF R, fo4 BRUEET )
HEEH

Rust FRUFAEMF RXRBIIFEAKFEH . A, BUE. oA BREMER. BEMRES
AEEANIRBENELR. TEANRERTTMEE let EARERIMBEESE:

NAR: src/main.rs

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

// subtraction
let difference = 95.5 - 4.3;

// multiplication
let product = 4 * 30;

// division
let quotient = 56.7 / 32.2;
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let truncated = -5 / 3; // &EH -1
// remainder
let remainder

}

43 % 5;

XEEATHSMRENERT — M REFEETHHRER T —ME, ARBEL— 1 ZE.
X B 85 Rust IRIHIFIEEERHITIR.

R

IEMNEMAEIRIZES —F, Rust PRHRIREEBW N AJENIE: true H false, Rust H
BYFR/REELER bool FiTo HIYN:

X% src/main.rs

3t

1k
[+

fn main() {
let t = true;

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

ERAHRENIBYREFMRAN, M0 if KA. £ 4EHR" (“Control Flow”) #3453
BN if RENTE Rust RN IIE,

FER
Rust B9 char #BIZEEHPRFABNFTEHEE, TEHE LS char ENF)F:
XE&: src/main.rs

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

}

AR, BNMNARS|ISER char FEE, MEZERNZE, FANG|ISERFHFEFHIE
Rust B9 char ZERIAIANAIENET (four bytes), HHAERT —1 Unicode #F&f1E (Unicode
Scalar Value) , XEKREEALIL ASCII RIREZAR., £ Rust P, H#EFHFSHNFH
(Accented letters), FX. HX. BXZEFR, emoji (LXF) UASKENTHFREZ
BB char {§, Unicode f72EEE M U+0000 F| U+D7FF F] U+EQ00 E| U+10FFFF 7ERAY(E,
rE, “FF/ HEAZ— Unicode FMIES, PRUAERED LB “FR/F” AJ8ES Rust IRy char
HAFE. F£/I\EN EAFTHEMETF UTF-8 HIZMIX A" i iFAiHie X N,

EaxE

SE45%R (Compound types) FILIEZMEHEEGH—1RE, Rust B NRENE SRR
74l (tuple) F1#4H (array)o
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par i

TAHR— M REITTRERENERAEH—TEGRENEEST. THKERE: —BEFSH,
HRKEARIEKRILE ]

HIERAESERESHRES HRIETIRFKEE— I dH, TdFHNs—MIEHE—T
KA, MEAXEREENEEBRALEREN, XMIFHERT rNERRENEME:

Y& src/main.rs

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

tup BEHPEIEN AL, RATAR— M RHENESTER. N7 MTARIREENME, 7
LUEAIRILLES (pattern matching) K###4 (destructure) JTéAfE, RiXAE:
XHHE: src/main.rs

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

let (x, y, z) = tup;

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

BEELNET — N AHHER tup TEL, HEFRT let M—MEIUR tup DT =
PMRENEE, x. y Mz, XU EEE (destructuring) , RAER—NTARK T =18
7o &la, BFTEIET vy BE, HBEi2 6.4,

I UERSS () ERENRSIREZEAFRFENTHATE, §i0:
XEE: 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;

}

XMEFEIET —Ptd, x, AREREZENRSIMNETATHNEN TR, RASHHRE
BEE—M, THNE-TRSIER O

FHEEAENTABE MIFRNRM, Wi BT (unit) TH, XEURMNAEEERE(F
(), RAEEXTANREIRE, MRFTENFREEREME, WERINEERTE,
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4 1 E 3

S—1MEEZMENAHZ B (array). STARR, HAFNENTRNEBRLTHER,
Rust FRYEEE 5 —LLH B S PRIEEERE, Rust PREAKEREEN,
BITRELENEEREAIESHN, AEsSHRIIR:

XH&: src/main.rs

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

HIREEER (stack) MAZEH (heap) LAHiEDETE (EMOERVICKRSHENES
ND), HEZRERREZEETCHENTERN, AFEEH. BRHAHAFU vector
BIRE, vector REZINEFRMII— RIF B KM NMKENRMHANESEE, 45
HE RN ZfERNAIERE vector BIBHE, ABAIRFAIRENZER vector, E/N\ERFAMITIE
vector,

PAM, HBIRBETEMARARN, BESEER. flW, BRE—TEFFERANRF
BY, {RERERTFERIEMARE vector, EARBERSE 12 Mtko

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

AR REHANEE: EHESPESENTRENEE, ERSS, BERHATEN
M=,
let a: [i32; 5] = [1, 2, 3, 4, 5];

X8, 132 B8N nRNEE, #n52E, #F s KRAZBEASSE M TE.

fRERI LLUBEEHHES PIEEVREN D SBMTRE M NG KL B— NS N HE NEE
{ERYERA:

let a = [3; 5];
TERZHN a WHARES 5 1Nk, XETENERVEBBRIKEN 3, XMEZXS5
let a = [3, 3, 3, 3, 3]; ¥EREE, BEEHL
winEA TR

WA R FILATE R (stack) LR ECRIBHMBIE A/NRIETARTFR. A AERZRS K RIERAR T
=, RXH:

Y& src/main.rs

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

let first = a[Q];
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let second = a[l];
}

EXANMGFh, Wl first WEEWER 1, BATEIAEZES| 101 BB, TE second FH
ARG (11 BYE 2,

FTREIERHTTRIAIR

HMNBBENRBAVNRBEBEEZENTEIREFAR? LLIRBITUUTRES, EfEAE
56 2 ERBBEF I MR P AR R REVERA RS

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}");

}

HARRERIRR TN, SNREFER cargo run IBITHLAREFHEAN 0. 1. 2. 3 T 4, EEFEEHRA
RS MTENHMENAE, NRIREA— MBI HRARBENEE, W10, (FEFEXEN
it

thread 'main' panicked at src/main.rs:19:19:
index out of bounds: the len is 5 but the index is 10
note: run with ‘RUST_BACKTRACE=1" environment variable to display a backtrace

BFAERSREREA— I TROENSEETH HiX. BEFHEHXEEREL, HERE
WITERSRY println! F4A), HZHARSIAF—NITEN, Rust SNERENRSIRESNT
PHMKE, MRFSIBHTHAKE, Rust & panic, XZ Rust K&, EATEFENTE
IXRMIBHAER. XMOERIIESITIHET, FIREIMERT, RAHFFEREAFAIENE
RPEUEEITREFRAT A,

XEHE—MELHFIBER Rust RERMEIFIF. ARZRBIESH, FLEHITXENRE,
EXiFSHREM T — MR ERBERSIY, MIIpRLTRBIANE, @R AR R ITFARFI
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FARLHIT, Rust ILIREEFIEEHEIR. BAESEFMAMITIC Rust BIFHIRIENE, LAK40
AREEIRMRMY R EMARED, EREFBREAS panic BASSEEREREFREL
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3k

ER¥7E Rust KBEBFFEEEE, (RELNITIESTREENREZ—: nain K, E2RZIE
FRANOR. fRBIE fn XEBF, ERAKERREEH.

Rust U HREYREFN T 2R FE A snake case FEXE, 1E snake case , FriEF&E=Z/)
EHERTHEDRER, X2—MEESREE X RFINER:

X% src/main.rs

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

another_function();

}

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

}

FAE Rust F@ZHIN fn GEERERBIN—HWEESKEX K. KIESEFRIESEW
EREIABRFHIATERE

Bl LUER R R REREEES RIARRNTEXINERRE. BAERFEENX
another_function FRZX, FRLABILUTE main RENFPIFRE. =, JRIZH another_function 7
NX1E main KR Z2f5; AT AENTEZ AT, Rust RROREBEXFIENME, RERHIER
B I A A Z 2 r] B E RIS A R To

LT FE— TR functions BY 3 HIINE RH#E—PIRZRER . R _LERY another_function
BIFB N src/main.rs RHIBEIT, (RNMIZZBEIN L

$ cargo run
Compiling functions v@.1.@ (file:///projects/functions)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.28s
Running "target/debug/functions"®
Hello, world!
Another function.

main REFPRIERIZINFERIT. BT, FTED “Hello, world!" 58, ARIAA
another_function FKZFHITENEHE S,

o

BAITRILUE X B 88 (parameters) MIRER, SHEFHHTE, BRHEELZN—HD
HRIIAESH (B5) N, AIUARESHIERAEXNE (£8), AL, XEARE
WA REER (arguments), BREBEXR R, AMHETAXSER parameter
argument R TR EE X PRV S50 E A R EHEHE NN AR E,

TEiXhR another_function H1, Ff TN T — 15K
Y& 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 WERRARE TR A x NS, x BURBRIEEN 132, HFAKE 5 1%
5 another_function B}, println! ZRIE 5 WERAFHEFEE x WAMNEESHILE.

ERHERR, BAERASISHRIELE, X2 Rust RITHR—NMEIEEZBIRE: EX
EREE X PIRHUELELER, SRERFRFHATEMEABENEMM T ERRRE ISR
HWEE, ME, FAERBFEFARXEE, RFFMEBLEEFANEIRER.

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}");

}

XMHIFEIET — 1R A print_labeled_measurement BYERER, EEM NS, F—TMEHZ
79 value, KRR 132, FZNBILZ unit_label , ELBZ char, AT, HZRBITHNES
value F unit_label By 7,
SRETRE. FRLEEMNGFERLYET functions TIE R src/main.rs X%, A cargo run
BTe:!
$ cargo run
Compiling functions v@.1.0 (file:///projects/functions)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.31s

Running "target/debug/functions’
The measurement is: 5h

EAFNVER 5 fE79 value B9{E, h )9 unit_label BYERIFARE, FRUEFEHEEX
1B,
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BOMRER

REAER—RHEDN— N ELIENERERER . BRiNL, BIHEINRBEEFREELE
BRIAN, FIMELRNIERNEBA—HIHRIER. BN Rust B— I TEFRIEK
(expression-based) MBS, XR— " EEERNEEXT, HMESHEEXHENXE,
FRLLUL BB B BRI S RANE A X FI AKX LE X 31 2 W0 5200 R ER AR,

- i (Statements) EBHRIT—LREERREENES
« XK (Expressions) HEH=E—ME,

IEFAE L Fo

LhFLE, BITEKERTEANKRER. FH let XBFRUETEHPE—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 EKETE X

RHEXLRIEN, LEAEMIFEIRE—1ED. (Fd, MEMNEETEED, AAX
BHIZIED,)

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

H o .
_‘4\ EREN

NHR: 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

|
2 - let x
2 + let x
|

(let y = 6);
let y = 6;

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 FAIHAFRENE, FRLUKBERTUSBEER x LHE. XSHMESAE, 5190 CH
Ruby, EfIMIREEFEDZREFEAE, AXEESH, AIUXAE x =y =6, XFxMy
MEHZ 6; Rust FREXIFE,

FEAZHBELH—NME, HEMRBREERAES Rust UBERHRTENAM, FE—THF
BE, il s + 6, XB—MRANHMELE 11, RAXNAURIEAN—&7: T4 3-1
B, HEA) let y = 6; ARy 6 B— P REN, EHBEHNER 6. REFERAZR— I &RER. &
HRAR—MRERN. AAESEEN—MIRMERRERE—RAL, fl:

X1 src/main.rs

fn main() {

let y = {
let x = 3;
X + 1
i
println!("The value of y is: {y}");
}
XNRIEL:
{
let x = 3;
x + 1
}

BRI, EHER 4o XMEERN let FAW—BOMWBER vy Lo FE x + 1 X—
THREERENS, SERAINABANETAE. REANEERKENDS. MWREREH
ZENMLDS, EMBMTIER, MEAFZROE, FETREZEGREENRHNRE
U EEIEX —Ro

ABREHERIFER

EREAT A A AT ARIEIRENE, EiITHAROESR, BEESK (->) EEHETHE
B, 7 Rust 1, RIHAREIEZERFRBERE—INFTAENNE, FH return XBFMIEE
8, ATMEREPIRENRE]; BAE DRI IREIRENREAR. X2—MEREEREEL
B9+

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 REFBREUAAR. &, {%:n: <A let iIB0) — RBEWF 5, X7 Rust FE—
TEEMHRE. AR, BEETREREENEE, MR -> 132, ZHETAE; WhN
BEERGXF:

$ 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 BRERAVIR[EIER 5, PRLUREIEREE 132, iEBRMFARE—TXEAE. BERIEE
BUERSD: Bk, let x = five(); X—1TREAR(EARBBIREIENGK—TTE, AN
five BRFRE] 5, X—1T5UWTFHEAER:

let x = 5;

E/A, five RBUKBSY #iF.XTl.IEHE%Eﬁ: AERBERBERE— s WKENS, &
AXR—TRIEL, BATEEEREIERIE,

HENEES—HF:
X% src/main.rs

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

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

}

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

}

IZITAEIITENL The value of x is: 6, BYIRERE 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

FENFEIRELR, "mismatched types” (FEEARLED), BT RBAZORIR, KL
plus_one BYE X WEAEEIRE|l— 132 XEWE, FFEOHASIRENE, FHBAMER (O
RAFIREE, AATREESRHEXEFE, MMEIT— 1M EIR. FiEdA, Rust 2t
T—%EE, AREBMTUEXNEIR: EENHRS S, X2BEXMEIR.
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=3

FRERFREIKREERES TER, NIENEFERETIINER, EXMBERT, BF
RIEFRRET FH (comments), HHFBZBEEEAN], FIFEIRABRIATERFIER.
XE—Ma BRER:

// hello, world

£ Rust 7, RAKGERFNE UM PMFRATAEER, HISRESTHERE, NTEI—178
AR, FEESTEEMME //, GXiF:

// 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 URESESRBENITHRE:
X% src/main.rs

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

ARMFELXBEINBUXMENERE], BMEA T ErmERIALBITHN Em—17:
X% src/main.rs

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

}

Rust BB —MUFRE, A ER, FITEE 14 E/ & crate £ E! Crates.io” #5317

BE.
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2P

RIERUETHERREETTHITRLERE, URBEZFGHEEHERESIZIT—ERAEMEE
NBRRBDRIZESHERAMED. Rust REIPRE LHNARERIFITANEGHE if KA
LHNTEHR,

if RiED

if RAXATFIREFHERITRENRE D, RMEE—FEHERT WRFGHHRE, BITX
BRRS; MRFARRRE, FBITX&aAE, ”

7E projects BRHFE—NIUHK branches WIE , RF 3] if KX, 7E src/main.rs XHH,
BN TAR:

X% src/main.rs

fn main() {
let number = 3;

if number < 5 {

println!("condition was true");
} else {

println!("condition was false");

}
}

FRER if TARNE if XBFFK, HER—I &G AXNMIFH, FHLETE
number BERE/\TF 5o FEFRMN true RHEZBHRITHRBBRUTFTERFAHZEHNKRIES R,
if RAKXPSHFHXENAEREREUE arms, PREZE “LERIBNRERF N EEEF"
I RITILEIRY match RIAXFHID X —1F,

WA UB S -1 ANER else RATUKIRM—PERMN false IV HRITHINEIR, XEXK
MR AMT o MNRARM else RIALHBFRMN false B, BFZEHEZES if AIERHA
BT FEBIARED,

SREBITAE, MiZEBERN T

$ cargo run
Compiling branches v@0.1.0 (file:///projects/branches)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in ©.31s
Running "target/debug/branches’
condition was true

SAEHEE number KYEERMGH false RERFRAEMA:

let number = 7;
BRisiTiEFAEERE:

$ cargo run
Compiling branches v@0.1.0 (file:///projects/branches)
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Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.31s
Running “target/debug/branches’
condition was false

SIMEFARNZRIDHHEEFHBIAZ bool H, MNREZMHARRE bool &, HITEEE—1EE
Ro flEN, EXBITUATHE:
X% src/main.rs

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

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

}

X8 if FABER 3, Rust #ilh T —1iEIR:

$ 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

XA EEIRFRE Rust HHEE— bool EN1SEIT —NE#K, A& Ruby ¢ JavaScript XH#HIES,
Rust H A=A BehtiG I ER/REKRIRAG/RE,. HRSEEXMERHRREER if 9%
o Bla0, MNRBE if RIERIE—NMRFEAREFT o 61T, ATLUE if RAXEBE TE
XEE:

Y& src/main.rs

fn main() {
let number = 3;

if number != 0 {

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

}

EITREEESITENY number was something other than zero,

{EH else if WIPZEBHEMY
BILUE else if RAKS if #l else AEFRLIMZELKM, Fla0:
X% src/main.rs
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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");

}

X EFEIEA AR ITIRIZ. BITRNIZEBEIW T

$ cargo run
Compiling branches v@.1.0 (file:///projects/branches)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.31s
Running "target/debug/branches’
number is divisible by 3

HSRITEXDMEFE, ERIRFGCESD if RELHRITE— mTL'FjJ true IAASER, JFE
BIfsE 6 ATLA%K 2 EEPR, A% number is divisible by 2, S else BRI
number is not divisible by 4, 3, or 2, RERE Rust,\z:$ﬂ1?§§ NEHEH true BIFES
R, #FE—BEHRI—DLUE, BEEBASKER THFRET.

BRIZZH else if RIAXNKFRBBEFRILTE, FMUMNREZT 1 else if RIERK, &
FEMARIE, ALk, FARESNA—RAMN Rust 2451 (branching construct) , DLHE’&

match,
£ let iEQHh{ER if

EA if @—1FREX, HATTLUE let BANAENERE, FlIaNERG 3-2 .
X1 src/main.rs

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

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

il 3-2: % if RARREERS —ZE
nunber ZERZHEEFT if REANERPVEL. SITXRABEERLIRAMA

$ cargo run
Compiling branches v@0.1.0 (file:///projects/branches)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.3@s
Running "target/debug/branches’
The value of number is: 5
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B, ABRPMERERE—IMHREANE, MBAFEIRE—TTER. EXNMIFH, &
A if RAXNWEIR TR EDRENIT. XERE 1f B98N0 BATBERREIEERAIRN
EAERIRE; A 329, if DXH else TRRERERE 132 BE, MRE(IBRERT
B, sTFEXMF, NSHI—PHER:

X% src/main.rs

fn main() { ?0
let condition = true;

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

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

}

HMFXERARIE, RFE—PEIR. if M else DXAEXBZFESH, [ Rust i
Hastts HEE PRI AI R TR N a)E

$ cargo run
Compiling branches v@0.1.0 (file:///projects/branches)
error[E@308]: “if  and ‘else’ have incompatible types
--> src/main.rs:4:44

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

| - ANAAN 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 IERPRFETOREI— N, M else ABIRPHIRARE—DFFH, XAAT,
FAZEBNRABE—1RE, Rust FEERZFEFHAIIAIAE nunber TERIER, XIFEH
A LTERIFATIRIEE S ERRY number TWEAVEBZHYH. AR number FIRERIEIZITEY
H%E, W Rust TEMEIX—R; BRFSCOTRIEE—NEENSHRIZELE, BAERS
TREMER, WABHRIEEZED.

ERBHFESHIT

ZRATR—ERABEREMADN, Rust AtRMT 2 1&F (loops) . — MEFHITREIFME
PRI E RS EH KA L BIF AT, AT RHE—TFEF, ILENTFHRE— UK
loops BYIH

Rust B={EIf: loop. while FI for, FA1E— P &R,

€M loop EEHITHEE

loop KXEFHIF Rust —BX —EHIT—BRAEEIRAREREL,
ERA—1MF, ¥ loops BRFEY sr/main.rs XHEERAWT :
X{&: src/main.rs
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fn main() {
loop {
println!("again!");
}
}

SBITXMEFN, HMIBEESNREITED again!, BEIRMNFELRRERF. KDL
I ER SRR IRIER ctri-c RELE—PMBALRERNIZEF. Zid—T:

$ cargo run
Compiling loops v@.1.@0 (file:///projects/loops)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.08s
Running "target/debug/loops"
again!
again!
again!
again!
ACagain!

TS5 ACHRIREZIL T T ctrl-co 7 A€ Z/EIRAIREBREIEAIREE A E] again! , XEURTTE
EUEILRIEESIAERITE T BRI,

FTHZ, Rust @t 7T —TMAREHERLEIRNTG R, AILUER break XEFHREIFIEF[
FHELEER, BIZ—TEE_EBRFERNN BENERSFRY" B0 ERIERERF B

BFEMS R EER,

AR PEEERT continue, BT continue XBF HIFIEF BT X MEIFIEN
PRERIRIRAED, HEET—MNEA,

MiEFR[EE

loop BI— T AFIZRENAIRERKMAVIRIE, LLINMELIRREETTH 7 ESS. AMIMARZE
BRI ENERERLHECHNE, BEXLAX—R, AUERTELLERR break REANER
MRFEREINE; XMERSIEARIFNREERD, XEFRMAIUERE, S TFR:

fn main() {
let mut counter = 0;

let result = loop {
counter += 1;

if counter == 10 {
break counter * 2;

}
Y

println!("The result is {result}");
}

ERF AT, FAVERT—1RN counter EEHIIAKN 0, EEFBET —1MRN
result REBEIFBIREIE, EREIFHIS—RERT, BTG counter TENM 1, FEVE
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HHERET 10, HEER, {#H break XFIR[OE counter * 2, EFZGE, HITEID
SERMEL result BiBA, &EITENH result BYE, HFELE 20,

B ES M RFZERRIEX

NRFERENMEIF, break fl continue N7 TFILLETRABHVER, RAILLEFE—MEIR L
IBE— BIFIRE (loop label) , SAIGRHTES break B continue —f2fEf, FXLXETF
NATEMREHNBEITMARRNENER. THE—MEERMHRERBRIFIRGI:

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}");

9H='1Ef$ﬁ—’\ﬁu counting_up, EXFM 0 2E| 2, ZBIREZRIREREIRM 10 M TEE] 9
NRBIEERER] break ¥ RBHAEEI, break 'counting_up; BARFIBHIMNEEIF.
iX/MJCEEBHEﬂ.

$ cargo run
Compiling loops v@.1.@ (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
remaining = 10
End count = 2

while SFFIEIF

EERFPIHEBRANREHER . HRHER true, HITEIF, HEHFFEN true, HAE
break {ZIE1EFR, XNMEALBRATLUBEEASE loop, if. else F] break LI ; WNRIRZEIR
BiE, MEMATUEERFIRIL, A, XIMERAKERT, Rust ALERET —MES 4,
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THFFA while EIF, ERAI3-3 7, AT while BEREIFZR, BAMFEHH— &5,
ERTERG, FTEIHS—MSEFIEL,

X% src/main.rs

fn main() {
let mut number = 3;

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

number -= 1;

}

println! ("LIFTOFF!!!I");

Tl 3-3: ZFRMAN true BY, A while BIFEITHE

XMENER TRZMER loop, if. else F] break BIFFAIRVERE, XEFEMBM. H5FM
79 true FHIT, BNRHEIR,

£ for BHES

AILAER while SEiBHESHITTER, tLilEkd, B, =l 3-4 REVEIFZFTENERA a
PHE— T,

X% 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;

mf5l 3-4: &R while B BHESPHNE—THE

X8, BENMAFITRHATITR EMNERS| 0 Fin, FERERFEZBISENRE—
ZR5| (XBY, index < 5 REH true), BITXRABSITENHBATHNE—E!

$ cargo run
Compiling loops v@.1.@0 (file:///projects/loops)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.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
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HATHFE AN T REBNALE TR RT. RE index ER—HZIZEXE 5, FIBEHFE
HEHMMBARE BN ME (SR ZRIRMELET.

BEXNMIRRREZME,;, WRRSIKEIVAFHFAERZFEIZRF panico 80, MR a
FANEXINEE 4 MEMTIE T EHMFRM while index < 4, NS panico XWfE
BFEE, AARRESEMTESTRAERNSREFRHITROANE, MAERBRRNESXE
KPR BEEHAHIARR.

EREREENERSE, AJUER for BHRN—IEREHNEMTRERIT ERE, for B
BRI 3-5 Fik

X% src/main.rs

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

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

f5) 3-5: R for BN EHESHRITE

HEITXERAEN, FEESTA) 3-4 —Fpkt. ENEBRME, HiERT BN,
HIHERT AIER T B LA EESER KEA B MR D —ETRMSEH bug.

g0, ERGI 3-4 BIRESH, WIRIRE a WANEXINEEIN TR, BSIERFRGERN
while index < 4, f{E3IF% panico fER for BIFRVIE, MAFEMICEENEHATED
HEHMECLHEMBIREI T

for ERHNREMMENEMEEFSEMN Rust PERRZSHNEIAEN, BEREEBRREIFNT
RIS ERERET, B0 M) 3-3 RfER while TEIFRIBEITTEIFIF, AEB5 Rustacean B=fE
A for 1. XAMMAINZEMER Range, ERIMERFRMAEE, ARERM—NEFHIE
S —MF ZAE R PTERFHFT.

TER—MER for BFIFRENTERNGIF, EXRERT —NEITERFRINSGZE, rev, AR
=% range,

X% src/main.rs

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

}

XEABELEREINSFZE?

B4

RMEET! XR—IAET: MEITEE. MENESHURELE. R R if KA
MER! RFBERBASZINICHRS, SHWBINTER:
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- HERBIBRSERRE,

« ERLE n DERABREL,

* FTENZIARER “The Twelve Days of Christmas” B93E, HFIBRHHTHNESEHS (REE
%),

HIREFFHERRHE, LRI — M EMESPHRERBS: FIEMN (ownership)o
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INRFREN

FEI (%) 2 Rust BASKTRNEN, MESHEMHSEEFASN. Bit Rust £
BHIRE (garbage collector) EFEIRRERBRS, EMITHR Rust FEIEREIEITIER+

DEEN., XF, RITEHBIFENUKRIEXIEE: EH (borrowing). slice AKX Rust Ul
RITERNERRE IR,
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T4 RFREN?

FRB# (ownership) = Rust BT IAIEERFHN—AMN,. FRERFEONERERTITIE
BHENRENAR. —EESPAEERORINE, FREFETHERRNINABERN
NF;, EE—EIEEH, BFAoFBNRNRRAT. Rust WERTHE=MA: @I
FrENAREERT, FIFRTHEINIRE-—RTVANHITOE, NRER TEMILEHR
0, BFEHATERE. TIE1TH, MENRSENEAEETZRIERRERNIETT

EAFRBENMRZEF GRREE— S, FE—EMENREN, FHEEMERY
Rust MIFMENARRMNEREE RN, (RIEEBAMES HREMSREIRE, F2U
1a!

BRI TFREN, fRIEE— R SERSRIZAZACLESE Rust MIFHINEE, EAREH, M
BTl —ERAIRFEIFREN, XERFETF—IERNEIESEN: FRH.

¥ (Stack) 5ift (Heap)

ARZBESHR, MHAFFTELEZ RIS, TIER Rust RENRSGRIZIES
&, ERUTER TR EFEEREE ERW TIESRTTH UK A UM X
B, BN ESENTHEEOHERFIENSHAEEXNASR, FIUXERZ—

HAHEEBEABEE TR PIEERNAE, ERENNEMARE. HUBNENIRF
EFEEHUERIRFELE, XWERME Bkt (lostin, first out)s BR—T—
SRT HEMEZETHN, EEe(IREEFHENINE, SFTEETFHN, UMNZE
Eo FEEMAEIEABEMKEMENMHEERF! EMEIEWUM N#& (pushing onto
the stack) , T HEIRIUM K% (popping off the stack) . HRHBIFREFIEEB AN
SHAEXMBRBRERNARN. ERMFNAR/NRIMNFA/NTEEZWRVEIE, ENNFHETH
=8

HRRZALRY: HEHERANBIEN, FEBER—EX/NTIE,. RFDECSE
(memory allocator) 7EHRFEMXE—IREB AT, BEIRCSABHER, HiR
El—NRTIZAIEMIE $85t (pointer) . XIFRFRE 1R E SR ECAITF
(allocating on the heap) , BEHE# I “7BC" (allocating) . CREEIEHENRFRHA
WINNZHER) . EAEMBAEREIENIEST R ERNNFEXNEEER, RATXL
RziestFEER L, TEEFELMEUEN, HAUREEf. BR—TERIEME
1ZiRe ZFENBY, fREBAB/LDA, BIERISHKE—MEANT KFHIARITI
xo MRBEAFRRT, th{iTta] LUES 8RR EIIRITATER,

NikLEEE EDERABERER, EBH (ANMEKE) DESERANFERSERERERRNETES
8); BEUESRERN. bz, T EPERFUREEESHNIE, XBRERAS
ECRR I E e Bl SR E BEREENAETE, HEEM—EERN TR KM
HEo

IhIRIME ERYERELL IR ERVERIEIE, EpduEd st Rinn. MALIERTEART
PPk DR, ARRLE, RIRE—TIRSAERTELAES I EFHRE. &
— I RFBREFEXREBENI T —ITRFEREUXRN. MEFAR—NXE, &8
KFBIF—1%, ARBRF A, AEBRF B XENRESEMEE, HTFRHFER
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H, SMEREMIZHEURRILBIEAEHE (LbaifEsk L) LRIZRIEHE (EbanrTRerE
HE) B

HIRBAIDIEA— RS, LRARBNE (BEEmE B8RS MK
HHEEEERENET, HRIBERE, XEERE B

IRERMFER DRI IETE AR ERMPLEEUE, SRARENRIE LNESEBIENNE,
UK BIEE E A B ERNSIERERASHERTE, XERBIERFIANARAELE
B, —BE@ETREN, MMARTEZEESEEINET, FIBEETHRENNEER
MR EIEENE, EREIERATAFRENEUXME NI

FRERRN
B, WHNE-TPREREMMN, HFAL@EI2EF5RR, FEICX LN

1. Rust PRIE—MEEE—1 FREE (owner).
2. BEEEF—HNRBEBERE—1FEE.
3. YFFEEEFERE, XMEBWER

TEERE

BABANELZR TEAEE, BAIEZENHIFRES fn main() { A3, FRLUNRIRE
—ERERE KRB, DRFEREZBHIFRIEIRAN— main IR, XiF, flFRFESEME
B, A AKEKRFRA T MAZ R,

EFENNE—IMFIFH, RNEE-LETEN (FAE (scope). 1EABERE—1I (item)
FREFTERERE, RgEXF—TRE:!

let s = "hello";

TE s PEH T —NFHEFEE, INFHHERERDHEEFAEF, XM EENEHA
HRIFEEE SREAIREREHEE NN = 4-1 FRUERITATEE s ERALEENR
B9

{ /1 s EXBETLH, BrHAREH
let s = "hello"; // M, s 22X
/1 f£8 s

} /1 WEREBESER, s FEAX

410 — PN EENEBRBERE

HwanEin, XEEMMEEMNER:

< s HAEREE, EMEERH.

- X—EFSI B EREALE,

BRiAL, RERETHEMSFRENXAREMEZESERMN. INEFINELEM LN

String ZEHY,

N
od
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String JEHY

AT ETRENSMN, HRINFE-—PLE=EF "BUELR" RHFINEHES FHEBIELEL,
RIENTERRBEHZEM AN, AIUFEERTS, HEISBEFAERENERE LML, MRA
R8N FEEARNEREFERABRNE, sJUREERMER i 1REIZE— MR
I EHl. AEFNFBEIH—TFEEE _LRSIERRR Rust BIMAIRIE ZE AR EEEUE
Y, T string EEIFE—MRIFRIFIFo

BN TET string SFAENAEXBERD . XEHEHREFER TR EFRHIEIRE S8
BRHMEAEHUERE, TE/\ESERNMME String,

BNELNIFFEFEE, RERDHIEFENFHHRE FHEFEERRSEN, £
SENHTESERAXANE—MR. RRZ—MRENEAAEN. 5—NREREHIEFR
BFTRIEEREERS UERMAE: flil, ERERNABFRAAAFEZEADRE? 7
b, Rust BR—MFRFBLE, string, XNLBEEFDECEIE ERIBUE, PRURERTFE
LRI R ANBIX A, AILUER from KRBT FATRFEENREIZE String, 0T

XFEINES - BIEER, AVPEISEN fron KEE T String KA Z T|d]
(namespace) T, MAZEFERAEM string_from XIFNBF, EELEN "HEE

7&" (“Method Syntax”) HHSEFTHEXMEZE, MEEFELEN "BERATS|IAERKH
B AR BIE IR A dh B =S8,

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

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

BAXBBEHAKZNE? Aft4 string AJRMFEEINFITR? XEFHRNERRENREN
SN uls

RES S

PLFFTERFEERGR, RIERZEUNEERNS, FIUXARREERRIDHRELRETHRITX
Hh, XESFREFEERRAEN. FEXERFERRBETFNREFEENTAIEME,
FENE, BIFREATE—NERENAKNKRMPIXAME—IRAEFRAN Z#HIX R, 3
BERNKRNEA]EREEFEITMRE.

HF string KB, ATZF—NAIE, EKNOXERE, FEETH EHE—IRERFTER
MRNHREREFBRRS. XEKRE:

« BAEETTRRAFESEEE (memory allocator) EKRAE,

* FE—NEHRNTIES string FHIGREREILL S BECERRIT 7.

F—EOBHREAITEM: HIFA String: :from B, EHIKIL (implementation) EREFRFRAIA
7o XTEHRIZEEPRIFEEAM,

AT, XD RIMERMEZBXR T 6 WkEME (garbage collector, GC) RIESH,
GC BRHBBABERANATE, MEBEMNHFREROE, BAHEE GCHWESH, RF
HABEANANFHAARBEXRBMERITNSEET, RIBERANENHE—F, MHEK
AEEHIERMENFRIKEZZE—ERNERENR. MRTICEW T SRERNRF. MRS
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BEKRT, BEeHMERTE, MREELU, XBE bug. EMFEXFHN—
allocate EEXf— free,

Rust REX T — M FRIVREE: AEFERAEENZERFEFREEMKEIER. TEHZERF
4-1 PIEREEIFHI—MER String MARFITRFEERRZA:

{
let s = String::from("hello"); // MU, s BEMH

/1 8 s
} /1 LEAFRIIEAR,
/1 s NBEM

KR— M string RENAFEELSESRIREANME: Y4 s BFERNNNR, LI
SEFHERE, Rust HRITAA—MIHIRS, X PRMOUE drop, BXE String HfE
EFTDUREREAEHAI, Rust EARK ) LEFEA drop,

AR T C++ AR, X item A GRS RIBREIGE RINER G RRRE ZFiIRIR
BN#0384E (Resource Acquisition Is Initialization (RAIL)) . SNSRREERT RAII LAY
JENZ 3T Rust BY drop BRENFHFARPEL

XMEIUMRE Rust REBHATNEERZNF N, NECEERRER, FTIEEERNG
= MUBRTTARTBERAAIFUNRY, LS BE SN EEFEREE LOEHAEN. MELLTA]
RE-LEXHFNTR.

ERBMNEESHIERE

£ Rust 7, SPMBEFAIURNAENARSE—HEHITRE, iLRNEERA 4-2 F—1
fERERRGIF.

let x
let y

5;
X;

T 4-2: BTE x WBBERS v

BMNARBAILBEIXETFHA: “F 5 HER x; BHEEM—ME x BENHEER v’ BE
BTRIMEE, xMy, #BFTF 5o XWEREFLLERETH, ANEHREEEMEERNEY
BIERME, PR 5 WIENT %H.

MEBEBX string hr7s:

let s1
let s2

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

XEERS EERNAEBIEREXRM, FMUENTESBRIRENNETANBEERM: L2
W, BTITAURIEN— s1 AIENHEEER s2 £, BELHIEMILL,
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BEE 41 LT #E string NRERREM 4o String H=F2HM, MEEMFIR: —M8
EFERFHERABTAFET, —MKE, 1—1F8. X—AMEFEEXR L. NN
EERABTHREFERD.

ST
name |value indexvalue
ptr » 0 h
len 5 e
capacity 5 |

1
2
3 |
4

4-1: ¥{E "hello” 4BEL s1 BY String EAREFHRIRIAA

KEXRTR string WABEHRIERT ZVDFTHAEF, FER string NP ECERSHIRN T 0
FUHAF. KESFENKFEREERN, FIEYUMLTXHFHAEE, FIUIERUZ
BEEE,

HEATRE s1 MBS s2, string WEIERERT, XRHRERMNMERLIEN T ERES. K
ENAE, BRIFBEGIETHsmAE LR, aidin, RFEPEUENRINIE 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 YREFRI], €F—7 s1 55 KEMBE0EN

XKML AEERHAFERE 4-3 FRUABEE, 1R Rust LI TH EHEHEE, BAREFEER
KELEXIFR. R Rust XAM T, ABAIRIE s2 = s1 B3 LR ARIHES 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 BAJRERRNTERIL, W Rust FERSHEE D1 T 3 ERYERIERDIE

ZAHNREIS ST ERFEAE/G, Rust BEhiER drop REHBFEEEMERNE, FIE
4-2 RR TN RIEREHER TR—UE, XA T — M@ 3 s2 M s1 BAERSE, Ef)
BRBRPAERNAF. X2— M ZRER (double free) BITHIR, HREZAIIREIT

HWAFEZ 2N bug 2— MR (BE) REZSBAFSE, EHEISEEENRS

Ao
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RNTHRAREFERS, 1E let s2 = s1; Zf5, RustiAf s1 REBEXN, HLk Rust FEEE s
B EREEEBEAATA, BET 2 WeIBEZESIHAER s1 sREM4; XERIEREE
iB17:

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

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

REIFEI—P RO TRIFEIR, EA Rust BIEIRERTAIZIA.

$ cargo run

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

--> src/main.xrs:5:15

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

| AAAN yvalue 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

MBREEMIES PIFRIIERIE %D (shallow copy) 1 iRIEDN (deep copy), FBAIEDIE
. KENAREMAE NIRRT GEITERGERED. FidE Rust BEMEE—INTEELHT,
XAMRVERIT A 880 (move), MARMMBURIEN, LEMIGIFRILUEIRA s1 # Br 2T
s2 , ARGRETHA, 0E 4-4 Fio
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ST
name |valug
otr |\
en 5
capacity 5 indexXvalue
0 h
s2 1 e
name |valyé 2 | |
ptr / 3 |
len | 5 4 | o
capacity 5

Bl 4-4: s1 TRZEHNAERIT
XEFFARR T HANNEE! RAANRE s2 SN, SEEAERE, EMERESHNRRE,

=LtE
JT—+to

55, XEERRET—MEINER. Rust KTt A= BB IHIER “REN", Eik, FA
BB EHIER ] LIARIN N B 3T TR RERZ MR/ MY,

IR SR{E

{ERIE. FREMNFNEE drop REFERAEFEZEINXRRIREEERIL. HIFE— 1T EBB
TEW—MNEHER, Rust FEIZENEAR drop HEBRIEBENREF. Fl, ZEMT
=N

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

76/562



Rust BFIRITHES EIARSHR

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

EARINERTZE s HEEN—1 "hello” {ERY String, EHEIEIEIET—MEN "ahoy”
By string HMH(EL s EXE, TEKEEARNETIER 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 R R TR FF T (RIS, Rust R7EE HI54T drop MR AEAD HEK,
W ITENHER, $AE "ahoy, world!",

EREENTESHERE

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

XE—MLRFREEMA 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, (RANE—EAFENRBRHITMAXLERD ARSI HERR. FRE
ZEII-ERFIENEREELE,

RfEtE LRVEE: #N0

XEFRE—MNEERINAT., XERBEATEEHARENN, IR0 4-2 Ry—3IF
2

let x
let y

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

EXEEREMFESEHIINNZERINABHEFE: REER clone, T x RABFRELEWS
shEl y #,

RERGBEEXFNERFNEMA/NFRBERENMFETRL, FIUENHELRRERRE
B, XERELKEERECEZE v 5fE x TH. HOiENR, XERAERIENNK, Fr
X EERA clone HAZSBENEAHENBFATRRE, HIATURAEE.

Rust B— U Copy trait BIAFRERE, AILIRERMEBIRXFNFEER LR E (B+
ERZFMHAAE trait) o IIR—PEESLIT Copy trait, BA—NENZEEERHRELE
tEERTABER.

Rust AT E S SEAERERIRIN T Drop trait RIFKEER Copy traite NRFKNTHESFH
EREY R AN IERVREER Copy MR, BRI —MRIFINHEIR. BF IJMANIREY
KEIZNIN Copy SERRIASKINIZ trait, EFIRMIR C Y “BLKEM trait”s

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

© FREEEHEER, N u32,

o /RIEERY, bool, ERYESE true F false,

* FREESEEEE, il fe4,
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© FAEAE, char,

« 7o, HENEEESREMERSCI copy AYBYR, tb4N, (i32, i32) SCIT Copy, 1B

(132, String) FLZHE

FREMS &

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

X% src/main.rs

fn main() {

let s = String::from("hello"); //
takes_ownership(s); //
let x = 5; //
makes_copy(X) ; //

s HNERE

s KEBEIRHE ...
/...

FRUAZIXERBEY

x FENTERE

x BLiZiSohkii e,

// 18 i32 2 Copy H9,

printIn! ("{}", x);

/1 FRUATEfGE A HEEER x

y /1 XE, x ZBUHTERE, ARR s. BEAN s HEEREE,

/1 SERHRZL

fn takes_ownership(some_string: String) { // some_string #HN{EFI

println!("{some_string}");

} // XEB, some_string BHEAEHEA “drop® FHik.

/1 SRNAERER

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

println! ("{some_integer}");

} // XB, some_integer BH{ERAE, KEHRZA

T 4-3: HEMERANERBUERERREK

YA TEVAR takes_ownership [/ s BY, Rust &HlE—MRIFINEEIR, XLERBHSKERS
FANRTFIBH, WIATE main BRERFHRMNGER s A x REEKEEMERFEREN], UKFRE

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

REMEW A LIEBREN, Tfl 4-4 BR7T—MRE T REEERRA, 556 4-3 —FHH%E

MBYERR
X{Z: src/main.rs

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

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

let s3 =
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// gives_ownership RERIRENEESES s1
/1 s2 HNERE

/1 s2 #fEN takes_and_gives_back,



Rust i2FIKITHES ERFXHR

/1 ERREHEXZELS s3
} /7 b, s3 BHEREHWER. s2 # move, FAUTERE
/1 sl BHEEBEHARER

fn gives_ownership() -> String { // gives_ownership B{TREIEEN
/1 FRERREK

let some_string = String::from("yours"); // some_string # N{EF

some_string // iRE] some_string HIFEBEIFRKEK
}

/1 ZEREREENFRRHIREIZE
fn takes_and_gives_back(a_string: String) -> String {
// a_string #FHN{ERLE

a_string // iR[E] a_string FHBHLAERERIEEK

T 4-4: Hei%RE{ERIFRAE Y

TENFAENEREBERNER . BERAS M TENERBM, SFEHFHIEENT
ERFEREN, HERES drop #5EE, FIFIERBHINS—EEFE.

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

AT UMEARATAEFREZANME, R 4-5 Firo
XE&: 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() REIFRFEMNKE

(s, length)

Tl 4-5: REIZERBIFRFAR

BREXAZELEFAEX, MEAXMIRNIZREN. FTHE, Rust HItRHT —MNFH
IREXPRE LRI LAEF(ERITHAE, PU SIF (references).
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51A5fER

Tl 4-5 PRYTTARBEXEFE— AR (T string IROIGEAREL, LUETIER
calculate_length [5{38E{ER String, [R|Jy String #FZ5hE]T calculate_length (N, #B&
FATATLURMH— string EMIS|IA (reference). SIF (reference) &—NEE, EHNER
—uit, NI LBLGAREF T Z It E FEMEENEHE. S5iEHTE, sIBEEE
i AHIRRIEEAE M E XN ERE,

TERINMENHER— (ihY) calculate_length KK, BEU—TWRISIAEANSEHM
T EIREUERFREN:

X% src/main.rs

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

let len = calculate_length(&s1);

println! ("The length of '{sl1}' is {len}.");
}

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

B, ARTERANRBREERNMETARBEERT. R, FERHIUEE &s1 4
calculate_length, BBJTERREEN H, FATIREX &String MARE String, XL & FFSFLE
518, ENAFREREERREEFMEN. B 4-6 BRT—KREE,

S S1
namevalue name |value indexXvalue
ptr >  ptr » 0 h
len 5 1 e
capacity 5 2 I
3 I
4 0]

4-6: &String s }g[A String s1 REE

HE: 566/ & S|IPAERMNIEIER MBSIE (dereferencing), EEFMES|FAITER
I, BRITGRES/\B85—Lme | BisER, HESHREFMTICHEIA,

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

let len = calculate_length(&s1);

&s1 EEILFNSIBR—MERE s1 9518, ERHATAEE. RAHTREXME, U
SIRFLLERRY, EFffERNERAIREF-

EE, RERERER & KRESI s HRBER—15|R. LR HEM—EERERER:

fn calculate_length(s: &String) -> usize { // s & String HI5|F
s.len()

} /1 XB, s BATIERE. ERANCHARESIBENFIEN,
/1 FRUftAtBFRaRE

TE s BUNFABSRBSBERE—&, T35 s FILERNAREFS|IBIERAIEK
12, BR s HBREN. SRRERSIAMAREMRMEFEANSE, THEREERREFRE
N, BANMABRBEFREN.

BATEIE— 51 BT ATA A (borrowing) . IESIMEEER, INR— M APBEERE
AP, REJLAMMAREER. SRERRTRE, DIERE. RATNHTREEHREN.

BINREF( = EBAEANTE0R? SiEnf 4-6 BIRE, BIE: XTAE!
Y& src/main.rs

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

change(&s);
}

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

}

T 4-6: ZRERERE

XERHIR:

$ cargo run
Compiling ownership v@.1.0 (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");
| ANNANANANAN “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

FNTERIAERTLED, 5IAB—#, (BN FRIFEHREIRNE,

L)

BT —MNEAZEREEETRA 4-6 KBPRIEIR, ATFRIMME—NMERNE, X2
A]ES|A (mutable reference)

XH&: sro/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, MBI s B0 nut, ZAIGTEIEA change BERAVMS I — 1 AIE5|A amut s, FF
ERTEREE R IER — 1AL 5| A some_string: &mut String, XFLIFEFREMAKPA, change
RERF L EFrfE A E,

AT AE—NMRERRRE: WRIFE— I WZTENAESIA, MAMFEBRRIENZTEN
51, XEZHEIER s AR5 ANRBREK:

X% src/main.rs

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

let r1 &mut s;
let r2 = &mut s;

println!("{}, {}", rl, 12);

Ei=I0T

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

4 | let r1 = &mut s;

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

| ANAANA second mutable borrow occurs here
6 |
7 | println!("{}, {}", rl, 12);

|

-- first borrow later used here

83/562



Rust i2FIKITHES ERFXHR

For more information about this error, try ‘rustc --explain EQ499°.
error: could not compile “ownership® (bin "ownership") due to 1 previous error

XM RBR XD ELKRE, RAKNFEER—FEZRE s (FATZERERR. F$—1
AJRRENTE 11 B, HEBIUFLETE println! RERE, BEERITAESIBHEIENTE
BfERzIE, HMNXZFRAE 2 FEESZ—IAR|A, Z5IBERS 1 HENHIE,

X—REIA—FIER/NCEEN AR AT, BFIERE—ENE—3IREEZ ) 5|
Flo #f Rustacean II&EHLUEN X —=, AAREMESHPEERAZREBE T TN, X
N RHIAYIFALZ Rust Al ATERIFAIFUB R EER S, BUBRSE (daota race) EMFESH
%, EABEX=NMTAE/R:

s MANRE ZIEH R R E—EE.

- EDE—MEHEARE NEUE,

- SRERTHIESIRBINLE
BIERSSSBEREXITH, BUEIETEEE, FEMLUZIHIEE; Rust BidEAREF
FEHIERE SRR e !

—iNEEfE, RILUERAKXIES REBE—NIERE, UAFREZNE5 A, REFER
A

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

{
let r1 = &mut s;

} /7 1l EXEBATERE, U2 UeIE— RIS A

let r2 = &mut s;

Rust ZEEREA A ZE SRR 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!("{}, {}, and {}", rl, 12, 13);

BRI

$ cargo run
Compiling ownership v@.1.0 (file:///projects/ownership)
exrror[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
5 | let r2 = &s; // no problem
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6 | let r3 = &mut s; // BIG PROBLEM
AANAAN mutable borrow occurs here

println!("{}, {}, and {}", rl, 12, r3);

|
7 |
8 |
| -- 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

M BB AREERERAT TS| BMERER 5| A,

AT BNEREUAFEEEANESRRALENRT! A, ZNFTL5|IHEERI MU,
R B R EEIEEEIEN S | BE R E A5 | B & REN R 19 EiR.

AR 5| BRERIBMERRM S e —BEiFEEIRE—RER L, fiin, BRN&E—R
AR5 BIMUETE println!, BRETEFRARIE5|IAZE], FALUIITREEA URF
7Y

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

let r1 = &s; // %A
let 12 = &s; // &A@

println! ("{rl} and {r2}");
/] WEZE rl M r2 FBER

let 3 = &mut s; // &AL
println! ("{xr3}");

ARIESIA r1 #M 2 BERETE println! RIE—XRERAZRLER, XAEEAESIA 13 K
Bz A, RNENNERESEES, FIURBEAUREN, mEFTUEERELERZ
RIFIEF A B ARSI Ao

REGBHBIZENSAHEE, BiEFIEXE Rust HiFFEIRFIIEH—EBEN bug (EHRIF
RMAZREEITH) HEEERREME. XM ARG EREE A AEIEH R Z AR FBIAR
=

£E5|A (Dangling References)

TFAEAEHNEST, RESBEIRHAFHNFREREDENEHMERMEN — 2 EEH
(dangling pointer) —— {5MAIREER D ECAHMAENRAEFUENIEH. BLEZT, &
Rust F4RiIFSFARS I AXKZHEASRAAES A SrEE—ERENSIA, wiFSEHERE
EASTEHSIBZAIEFERE,

EMNZRAZE—NRESIA, FF Rust M@ —MRFREIRRRLEE:

NER: src/main.rs

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

}

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

-

XEZHIR:

$ 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 {

exrror[E@515]: cannot return reference to local variable °s°

--> src/main.rs:8:5

8 &s

|
| AN returns a reference to data owned by the current function

Some errors have detailed explanations: E@106, E®@515.
For more information about an error, try ‘rustc --explain EQ106° .
error: could not compile “ownership® (bin "ownership") due to 2 previous errors

BRERSIAT —PRITERNTABNINEE: LA (lifetimes). E+ERFANBENE
H, ~d, NRMRAESLESERNS, #HiRE

=8

BHHEEE T AT ARBRRISERZEBXE

this function's return type contains a borrowed value, but there is no value

for it to be borrowed from

AN NFAB BRI dangle KENEMNIREIIRAET A4

Y& src/main.rs

fn dangle() -> &String { // dangle R[E—NFERFEMS|IH

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

&s // REIFFFE s B5|H
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o ORE s BAEREGRER. HNGRER. ?G
/1 fEf!

A s B dangle REXALIER), = dangle AREIAITRES, s FHRER. FAIRAN=
HREENSIA. XEREXM5IARIER—1TMAY String, XEAX! Rust FRAFHK
X Ao

X BRI R EREIZRD String:

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

S

}

EXEMKBEMEIRT . PIERBIEHHE, RSB ERER.
51 FEFEM

I FAHE—T 2RI 5| BRIIE:

- BESLENE, BARBEE—AE5A, BARBEEZSITAAIESA.
 SIARIEEBEHH.

BEIER, HREES—MAEEEMNGIA: slice
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Slice &Y
kR (slice) RFRSIBESP—EEESMNTERFY, MAHESIAENES, slice 2—5|

A, FRERREREN.

XEH—MRRZNIE: FE—TERE, ZRHRB—TATRORRRDNFNEH, FHiREE
BFATERPIRENE T EIE, MRRBEZFTEPHRLE=R, WEIFRFERE—
B8], FrARIZOR BN F AT

AR HTFNEFE slice WER, ANHRIRRER ASCL FHEE;, —PXT
UTF-8 REEMNE @RI T 5/ \BEEAF R HiE7F UTF-8 R A"\,

LEERATHER FAAIAA slice mEXMREIE R, KIBAR slice BERRRAVIA)RR
fn first_word(s: &String) -> ?

first_word BREE— 1B astring, FHATKNTAFEFREN, FAIUXEERHE, FENiZR
Eftale? FMHKE—TEERRNBRFIFENDE A, HTLURESFLEENE
51, EREA—NERER. WIRIRG 4-7 RV,

X% 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()
}

5l 4-7: first_word EREUR[E] String B —NFTRSIE

ENBEZRNTTRAEE string FRERSTATN, FTEM as_bytes 7771 string ¥ K7
FHERA,

let bytes = s.as_bytes();

BRER, R iter FAEFTERA LEIE— AN

for (i, &item) in bytes.iter().enumerate() {

HIBEST == FMiHieiEN2R. IE, REHME iter FIEREIESHNE—INITE, M
enumerate G iter AR, EXLETRENTHAN—EIHKIR[E], enumerate IR[BIAYTTA
F, B— I TERRI, BN TERESPTENG B, XIBENMNBSHBERSIERE—

13
=o
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K9 enumerate 53RIRMEI—rTH, Tl AERRIUKMEN, HITFEESEFH—PITIE
BXRIEARE. FrLATE for BHFH, BAHEET —MRX, HRtHPH 1 ER5IMd
AT &item BEANFT, EAIAIM iter().enumerate() FIREX T EETTEHEMNGIMA, FRLUR
P ERT &

£ for B R, HMBEIFNHNFEHEBERFHARTRNFT, NREET 1=K, &
EEeNE. &N, A s len() REFFAFEIIKE,

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

s.len()

MEET M HRIFFEPE—NTRBPLEERSINAZE, FEXE—N#, EiTRET—1
IR usize, REERE &String W ETXHRAR—MEEXHHF, 0@iEH, BANER
—15 string B BNE, TERIEFREDAER. EE— TG 4-8 PEATRA 4-7
f first_word KZNHIFERF,

Y& src/main.rs

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

let word = first _word(&s); // word FYERN 5
s.clear(); // XBTTFMH, FESEF "
// word TELLALEYEAR 5,
/1 BREEEZHNFRBILFITT BRI EEE 5, word HERETETLM!
}
5l 4-8: 7FEfE first_word REARRIREEHIZERZ Sstring AR

XPMEFRIFN KB EMER, MBTRERA s clear() Z/FfERA word RS M, FEJY word
5 s RETERAEKR, Fibl word HABEE 5. AIUSHAE 5 KIEZWMTE s (95—
8, FIXZEH bug B9, EAEHNE 5 REFE word Z/5 s WABRBELMZ,

FANFRFIAZIELC word BIZRE|5 s RBVEIERBRY , XEEBIXZHE! MRESTXA
— second_word K¥ERAVIE, EERRSIXGEREMBZ LT, EHERBEREXE:

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

WAERMNBRE—FERSIM—1NERERS], RANETESMBENEMIERSIHEMR
BE, ERT2RESXMRNSHEXE, REE= TN BFENTEXEEFRRIFED,

FEME, Rust AXPNRIFIRMET —MERAE: FRE slice,
FHE slice

FE slice (string slice) & String R—EBMERISIA, EEEFRGXF:
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let s = String::from("hello world");

let hello
let world

&s[0..5];
&s[6..117;

REFEA string W5|A, hello 2—EF4%3 String BY5|H, H—MEIMNN (0. .51 B5H15
Eo AILUER—ITHEPIESHAY [starting_index. .ending_index] 35ER range BJE—
slice, HM starting_index 2 slice IEE— MU E, ending_index NIZE slice &xfa—MiERY
E—ME. EHERER, slice WEIBEIIFME T slice WHRMUENKE, KEXNT
ending_index jE{Z starting_index B9{B, FRLAXF let world = &s[6..11]; BYIF/RH, world
BrR—1MEE1EME s &3l 6 BIEFHKEE 5 89 slice.

4-7 BT — 1T Ef,
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S
name |valug indexvalug
ptr » 0 | h
len | 11 1 e

capacity 11 2 |

3 |

world 4 | O
namevalug >

ptr —» 6 W

len| 5 / | O

3 r

9 |

10| d

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

XF Rust BY .. range i&%, SIRWEMES| 0 78, AUAER MRS ZEINE, RAIE
W, WA MEEZER:

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

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

RILEEHE, TR slice BF string WRE—1FT, WAUSFENNHT. XEKEUNTH
=HEERY:

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

let len = s.len();

let slice
let slice

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

WA LR S F X MEFRIRERE N F AT slices FRLUAATIREEREN:

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

let slice
let slice

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

AR FRE slice range RS FEM UTF-8 FFHIAFRAN, WREHM—
NEFRFRUPEMIBECIEFFE slice, NIEFKBEREEIRMED.

FiSEFMRBEXEMIRGE, ILEMES first_word RIR[E—1 slice, "FFeh slice” BIFEAIEERR
E{E &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 HENANRBRALEENERS|, BIFHE— LT HHE—
PR, FNDREI—1NFRTE slice, EEAFNRIABMNERBRS EAFIBNERHIER
5lo

MEHFER first_word By, RIREISKEBHIEXRBENENME, X MEH— slice TR ER
5| slice T EIEE AR

second_word PR#H AT LA IR ([E]— slice:
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fn second_word(s: &String) -> &str {

RERNET I TZREEEENN APL T, FARRSESAHRIER String RIS BRHEEN.
EIEFRA 4-8 BEH, BNERITRE—TRIALEENRSIG, BEMBRT FHEEN
ZREIFLFEBY bug 15? ARLEAREIEZIE ERAIEMD, BANgE B REMEREIR, A&
SAEZREANEFFRMERE —TRIANRSIBFHI. slice AATEHILXHM bug Hit
MNEFNAELRE T, A slice lRZASHY first_word I —MRIFAIFHIR:

X% src/main.rs

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

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

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

-

XEERIFIEIR:

$ cargo run

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

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

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

------ 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

[EZ—TERMN, SFERENFIESIAN, MAEFRR—1AZ5|AH, B clear F
BBT string, ERHREN—NEIE5| A, TR clear ZFHY println! fERT word IRy

51, FRAXNARIERSIBELBANABR. Rust RRIF clear IRYATZES|FAF] word

P AREIE 5| ARNEE, ALRERK. Rust MUEFHNN API GRS, HEREN

TUHRR T —EEERIFHIR!

FITBRFHEEMRE slice

EIEREATHEIS F TR FEEMRMEFE _H#FIXAHE? IMERE slice T, FAIRAIUIE
IR IR FEET
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let s = "Hello, world!";

X8 s BUREE estr: ER—MERZHFIRFHEMER slicee XUMBATAFNEREF
HERAAZH; &str F—MARAIZESIA.

FHE slice fEREH
EHE T RERSIRENFE{ER String Y slice f&, Ffi1xT first_word T2, XEREMEZ:

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

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

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

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

MRE—NFRE slice, AIUEEZEREE. MRE— String, METLUEZHEEA string By
slice X String BI5| . XFREMRIAT deref coercions BILE, XMFEFRHITIEE R

EREER Deref REIFH" BT HRNE, EX—NREFRIE slice MAE String 5|F
HIR ¥ RIS A8 APL BIIEAH B RS EKEMIINEE:

X% src/main.rs

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

/1 “first_word® EATF ‘String’ (B9 slice), ZHHEIM
let word = first_word(&my_string[@..6]);

let word = first_word(&my_string[..]);

// “first_word® tE&RATF “String® HISIH,

/] XENTFEA "String’ B slice

let word = first_word(&my_string);

let my_string_literal = "hello world";
/1 “first_word' ERFFNHEFHE, HHHEH

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

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

H{thERIRY slice

FIFER slice, [EUIREREVAREE, BHNFMAEN. 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 FEBZ &[132], BIRFRIE slice WIEAR—#, BEFEE—NESTEN
SIBM—MESERKE. RAIUMEMIERGERXE slice, 55/\EHE| vector =14
WEXEES,

B4

PREM. &AM slice LRIt Rust BFERFNHERANELZ S, Rust iESRE TR M
AomiziE S RN A IUKIESIRERNATE, EREHEFRAEERTEREEBBRE
BHEMIHEE BB RIS MR S M EIRAE X B EHI .

FRENARSRMT Rust PIREEMEBOB TSI, FRIUBRIMTESBETHEIXERS, Xk
REABNRTAR. LBENABRELE, REENARSHBIEASH— struct &,
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E LA MIF AR R EXRIZR R

Lk (struct), & structure, B—TMEEXBIERE, A REENGRZSMEXNIE,
MM —TERXBIAS, MRMMAB—TTEENRIES, MIEAIM—1 struct EXR
HEER . EAER, HNSBTANEMENRE, EREANIRMEM EH—PR
W, FERREAMER TEREEHESHIENEF S

BANER B R UAIE XA SEGILEERIE, FITICUREIE X KEXREL, 1552 7375 R9AR
MREXERER, LUSESEMEEEBRIITN. (RAILERRZFHETERAENKEE (enum)
(FEEARENA) CIBWMER, URDF A Rust FRIFIIERINE,
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LEAMERYE XA HIE

CEAMARI TN E THAER EMOTIMTAR M, ENHaESS MEXNE. MTda—, &
WENS—HDAIUERERE, BFRRTFTH, SMEREGBESHIHEUEREENR
BAEENEX. BTETXERT, SHALLTEAERE: NREERBUINFRISE 1R L5
PHIE,

XK, FEEA struct XPFHABMEWRRHM—DRF. SHENRFFEHER
EFFAGHIRIENE X &S, AXESH, EXS—MoBIENRFMER, (A F
B (field)o 180, R 5-1 BRT — M EERPKSESREMIE:

X% src/main.rs

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

}

SRR 5-1: User SEMIATEN

—BEXTEMEGE, ATERE, BIASMFRIEERMEKRSIBXNEMERITEFG. ¢
B EHIFBUEHENRFIL, BEEATESHER key: value 2 - EX ISR M
FE, Hif key RFRIBF, value EREFMAEFTRPIMIEE, KEIFFERHIRFFE
BN EEWEPERININT—. #RaiER, SHENEXME—NRERERERR, M
KA STEX MER PN E IR ENEX N ERBRE, HIa0, sTLUERA 5-2 XiFR A
— MERRR:

NHER: src/main.rs

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

}

5 5-2: BUE User LEHARISCH

T NERFPRENMGENE, AIUERRS. 207, BERFVERFELL, "JLUA
userl.email, YNREMARLHIZAIRN, FHNATUEARSHANMHNFEREE, =4 5-3
R T Wl eRE — PRI Ry User SEfIR email FERAY(E:

X% src/main.rs

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

Y,

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

T f5 5-3: A% User SLffl email FERAY(E

ARBENELOIBAZRAIEN; Rust HAAWFRRENFRITIENT T, BINFEEEIEEEM
EEFREN—F, BATAIUERBENRE—TNRANPWE—NEWIERIFSEG], Kt
AR [EX AN SR

5 5-4 B7RT — build_user KEK, BIREI—MNEBLTEN email MIBF B User 514K
L5, active FEGHYEAN true, HH sign_in_count BYEN 1,

Y& src/main.rs

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

Ml 5-4: build_user PRIFEFREX email 1A & FiR([E] User L

NERBSHESENFFRERNZFER UIEHEN, BRFSAEE email M username F
BREMELTERLEIR, MREMFEESFR, BEESTIMMENMAT. =ENE, B
— A ENEEIEE!

ERFERMIBKEEEE

HRRH 5-4 FRSHEBEFEZHTEMERE, RITIUER FERMBEKESIEE (field init
shorthand) RETE build_user, X#FEHITASZAITEIERE, FEEXFES username ]
email T) ﬁl: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,

5 5-5: build_user BRFFER T FERAIBLET B L, FEA username F] email BS54
AFERERA
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XEBIFACIET — N User LEHASLHI, BEE—PIM enail BFE, HITEER email
FERIEIZE S build_user KEK email SHME, FEH email FES email SHEEERD
ZHR, MAERE email MAZ email: email,

ERESMEEIEZEME S U S

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

B, T 5-6 BR T AERAEMEEN, (A7 user2 REIE—1H User Ll FfA
email IRE T HHE, HMENFERT KA 5-2 IR userl REIRIE:

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: fERA userl REY—MEEIE—THEY User LA

EREMAEMEL, HRIATLLESEDNAERAZERNRR, 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: EREMIERERIEEN— User LHNRE— Y email ([, FIHERERE
userl TWEASLHIFFER

5 5-7 RRAREEHIE user2 BIET —MHSERI, BIZEFIF email FEMES userl R
[E], M username, active F[] sign_in_count FEEMIES userl #H[E, ..userl AN IERE,
PUEEHERINFERNM userl NAENFEEHFIRENEE, EBERITEILLUERUEFRIIFE AESFE
BEE, MAREREMEREXHFENIRRE,

WAR, SMEMEEMGTE = WEE, AN THE, MeRNEERZNTESE
S5HIEXH"AHIN—E, EXMIFH, SELRFNTECIZE vser2 FRIFAEERERA
userl T, [A} userl BY username FEGHIRY String #F5E user2 A, WIRFKA(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 BYZERVESCIN Copy trait HY
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KA, FRIATA T A . " ERITIERITAERER. EAFIRIITBE
IABRER(ER] userl.email, RIAERIEHRM userl HIEEIH &,

fEReEmRFRINTASHIERIETFRAER

WA LAE X S cBR MBS, i BEHE (tuple structs) . TTHREMEBEEERS
MIEHIEX, BE2BRENFERE, REFTRIVRE, SFRLEINTER—IRF, HE
TTAM NS EMTARRRNEEN, TALEHERREAN, XREEREMEBEFEAEITF
B BMERERMERANLT .

BEXTTAREER, U struct XBFMNEWERFARHGERTADRIEE, Fl0, TEER
N5 UMY Coloxr ] Point JLAALEMIARIE XANAE:

X% src/main.rs

struct Color(i32, i32, i32);
struct Point(i32, i32, i32);

fn main() {
let black = Color(@, 0, 0);
let origin = Point(@, @, 0);
}

R black # origin {HREEARE, FANENRFERITAEHERLES, REXKES—D
SR EHECHERE, MEENAPNTFRAIGEEEMRERZER, Fli, —PIREX Color 3
BSMBIRERTRERRR Point (FASEYL, BMEXRMEEEMR = 132 [BHM. FRILZIH,
TCARLEMMASIBIRMUNT oA, (RAILUS e BIRRIERD, WARILER - JFIRERSIHKAR
BRNE. STAFRNE, BATASERRURNERERARRIEE, FiW, HMTUE
let Point(x, y, z) = origin;, ¥f origin RYEAEMEIZI x. v M z BIZER,

REEAFRNERTGAE

BAMERILUE X — B EAFERIEME! IR A KBTEHE (unit-like structs)
AENEMT O, BTHER"—THREEN unit KB, KRTEREFEBEMEREETED
KB I trait BAFEERBEPFEHUENIHEREER. HMTBEETENSE traite T
EE— T ERMNEFL—1RH AlwaysEqual BY unit ZEHRYRHG:

NHR: src/main.rs

struct AlwaysEqual;

fn main() {
let subject = AlwaysEqual;

}

ATEX Alwayskqual, FfIEA struct XEF, BRERKNTEENRZF, AER—1T2 5,
FARERRSHEAES! ARG, FATATLURMAISG T subject TEHEIE AlwaysEqual By
K. RFERRNEXHIZT, TEEARESHERES. ERNHEER X PMRELI
KiTh, EEE AlwaysEqual BYSLFGARFTEAEERENLF, BIFRATRE—
ERRERUEHITUIR. BITFFEEMBIEREMIMITA! EFTER, (REBFNG
EX trait FEEMER FTIMEA], SFEXRTEME,
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HHIFRIBEIFREN

TR 5-1 FREY User SSMRRIEXH, T IERT B MBEPIAMEY string A
FE &str FHFEB slice KB, XR—MEEMAZIERE, RARITEEX LR
RECENEUE, NERERNMEWEAZERINEESIEREE RN,

B] A AR E M RIBE N EIERIS I A, FTIXAMBEEFEER L A
(lifetimes) , XB—NHETESITICH Rust Fit. LanBHRFRREERS | 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 R

For more information about this error, try ‘rustc --explain E0106° .
error: could not compile “structs’® (bin "structs") due to 2 previous
errors

BTEFHEMAREX MR AEEESWEREMES A, FIWE, RIZEREG
String XFRIMEFMENBIREREN astr XRS5 AUEBERX 1 E1R.
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ZME TR
AT ERANLBECRLNE, URNFE—MIEKAHERNES, RSN LRNE

EBR, BREENREFERERENEENET AL,

M Cargo FE—1OUM rectangles B #FITER, EREUAGENRANKAHAIZEEM
=E, FTBEHKATHNER, 7F 5-8 2R TAFHER sr/main.rs RENER, ERINY
YFSRILLLThRE

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

}
Tl 5-8: BENHEEKATHNENSNEERITEKATER
DIEER cargo run IBTIERF!

$ 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.

XNREINETEIRR area RBBHENSMEE, BATUERTEHKAEZHNER, B3]
AR LUE X ERURE S RE E R X E MR, HRBMALRM,

XA RIAR EIE area IR L
fn area(width: u32, height: u32) -> u32 {

KK area AV ZHE—PMKATHER, FIRBNERNSHR XM NSEEHEXIKAT,
FEREFAFNLAERAERX—R, FRENEEHSEEREZEHEZRLE, F=81
“TTARRB R BELITIeR T AT G A 7T,

fERTHEW

5 5-9 BR T ERTAN S —MEFhRZS,
X% 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. MNMREMAZERAXLENRLT, il
NEFBERX—R, AHEFRETO. REZTICHEREXEEMERHEIR, AARITLE
AP ERBIENEE,

ERLEMFEN: MFESENX

B VEREMAEANLBIBEGRRAEBTENX . BTSRRI EEFERNTAEITRRE— T
FR2ITMEES N2 ENN R FHEE, 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 —MNEWMEHIRE A Rectangle, FEAIEESHRENX T FEE width Fl height, 2
BIERRE u32, 1BETE main A, FAIGIET — AR Rectangle Lffl, EMER 30, &<
50,

BRER area PITEMRTE X IR —1 RN rectangle BBLL, HERIE—PLEHIIK Rectangle L
BINAAIEER. FEEHEE, HNFEEREMEMARZRINENFAIEN, XiF nain K
ELRT LIRSS rectl BFMEINRHASERE, FMUXMEANATERBERNARNMEZE
&o

area FK¥RifjiA] Rectangle SCAIAY width Al height FER (R, IHRNERENSIBANFERT
S FERIFIEN, XMEBATAMREERIIMNEIENSIA), area NRIHZZINIEAHA
HOER T FeAJRYEE . fEF Rectangle B9 width F height g, 115 Rectangle BEIFR, X
KAESEEERAN, HAAXEERETHAENZMMASEATENRSIE 0 M 1,
XEARE ER— 1 EERRF

EITRAE trait NS BINEE

TERIAIZFATITENE Rectangle SEFIREBEHFBE FRMNEIFEER. =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,
H

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

5 5-11: ZIAFTENH Rectangle L
HHEAEITX AR, ZEREFEN T ROMEBRIHEIR!

error[E@277]: “Rectangle’ doesn't implement “std::fmt::Display"’

println! ZREEAMBERZSEFAIRI, T, & BAIASEIF println! ERHKIRSA Display AU

il BEREGEERLXRRAFEENEL. BRI IEASEREIASEI Y display,

EhemEaAP BT 1 SEMEMESLEENE—FN. FIXNTFLEME, println! Wix

AXREHIRINERHRN, BRAXEEZERHAENE: BEEFEES? FETHNEKRES
'5? FREFRENIZERS? ATFXMAHENE, Rust FaZHBNRNNZE, FRUEH

A ERM—1 Display SSBIRMER println! 5 {} ST,

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

AKX IE printin! RFABRERGE println! ("rectl is {:?}", rectl); X#¥, 7
{+ IO 2 FBRFFEIF println! FATEEFERI M Debug BHIHET. Debug B—H
trait, EAFENU—MIHLAEGHBBIAITENSEAER, UEIFRITARXAENEERRITE
1B,

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 THENHIARXE ERThEE, REFHNIBTAEEE X FX 1 IhEE, Ak,
EEMEEX ZHiNLEIMNERE M #1dexrive(Debug)], /RfI 5-12 Frik:

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:?}");

f5l 5-12: 1EANBMEFIKE Debug trait, FHERIEIRARTUITEN Rectangle SEf
RAERNBETXTEFN, MAIEEAER, AsBO T at:

$ 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: 3@, height: 50 }

FiRT! IATERE=NEE, FEEETXPTKRANREFER, EXRRXMNFIXEHE
B HBANVE—NEANERAEN, SEEEZR—KBEHMT T, NIETLUER (#2) Bt
println! FRFBHRY (12} EXPMIFHER (#2) RFSHIT:
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$ 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: 30,
height: 50,

55— Debug MIUTENIERI TS ARMER dbg! ZRo dbg! RIEEW—PMRAXBIFFER (5
println! AR, EERWNZESIA), FTENHAEFIER dbg! ZRFIERNXAHNITS, U
RiZZRAHERE, HRENZERFIEN.

AR AR dbg! RRITENEIRESRIRERIGMR (stderr), 5 println! RE, 5&
SATENZItnEm BTSSR (stdout) ., FITBEE T T “BERES S NLEHEIR
AR AR —TRESHINIE stderr F stdout,

TER—MIF, FlIx2ELE width FEEBYEMUNR 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! IREIFANKIERIFIAEN, FrLL
width FEFIRIGHERIBE, MERNERERE dog! FA—F. HIFHE dbg! AH
rectl BUFREMN, FRLAFAET—RIEA dog! BHEE—15|A. TERXMIFIRHER:

$ 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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BT LIBRE—RRHEKE sro/main.rs % 10 17, FEATEREIRRAT 30 * scale, HE
RER 60 (WEBIKLIBY Debug BRIV RITENEANINIE) o 7E sr/main.rs 3 14 17 BY dbg!
AR &rectl BY(H, BD Rectangle &5, X Math{ER T E9571RAY Debug FTLo HIRIA
EFBRIRAIARIEM T AR, dbg! ZREIREERVIRBZEE)!

BRY Debug trait, Rust ®AFIHRETIEZoILLEE derive BMRMEAM trait, BTN
RN BEXERIEINT AT, R C HhFE 7 iXEE trait 1T H, B+ESNBWNME
I BENITARLINXL trait, FEREBNMALEIRECH traite BRT derive Z4b, FHTR
ZEM; EZEB152 M Rust Reference MY Attributes 2857,

B area RHABEEET—: ENTERSHHER. WRXNMTHS Rectangle LK
BEGRERE—EMEY T, RANETEATHMER, MELRMNEFNASSREDXLE
G, FNF area EXINERE Rectangle JEIFE XY area F57% Ho
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Rust RFFIRIHES AR
P EiE

5% (method) SR B ER fn XBFMNRBIRERE, JUBRESHARENE, [F
NaESERMERZA ERNSHITHRE, REFE5RMEREN, AANENEEHENLE
TXHRWEN (HEBKEDY trait WRH LT, BoEEAENEL/\EiHR), HFAT
MNE—NBHERE self, SRFRIARIZS ENEEIZF,

EXFE

A TBETESEIMAYIREYN— Rectangle SCHENSEREY area KEK, HER—1EXTF
Rectangle £5#{A LRy area 574, N 5-13 Fis:

X% 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()

}

5 5-13: 1£ Rectangle £EH{K EE X area 7574

AT FEREEXTF Rectangle By E XA, FHATHFET — impl 3R (impl 2
implementation FN4EE) , XA impl IRAAMFIENAERR S Rectangle HEIEXEL, 1ZEE
area RIS THE| impl KIESH, HESZHME—D (EXBHEH—D) SEMREUE
FRE st 5 BIXS RIS ERER R, self, FAMGTE main FEEAIARIER area F5iAHEIE rectl 1
RBEMT, SAER Bi%i8% (method syntax) 7E Rectangle SEff] LiEFR area 755k,
FEEER—IMEGIHNLE—TRS, BRAZER. EiESUREMSEH,

1 area 9 Z A, {FH &self 1L rectangle: &Rectangle, &self SCFR bR self: &Self
MBS, T— impl IRAA, Self LAIZF impl MAVKEWFIE, HENE—NSEUGLTIE—
MNRA self Bself KBRIFSE, FrLL Rust iLFEE—NSHAEBELRA self XN EFXRE
o AR, BIMIATETT self GiEER & KRTXNAAMBAT Self L, BMGEEHNE
rectangle: &Rectangle FRYAVARKE, 75 AR LURIRIRTE self BUFREMN, HEGKITXE—#
REJEIER self, HERLHMER self, PEEHMSEH—1%
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XEERE &self BYIRMIRTER LR AR &Rectangle FAEFERY: FAIHABIRENFABEN,
QELRBIRINEEFRIEE, MARE N, NMRBREHEFRZIFRLENES, T8
RE 1SRN anut self, BINXGER self (EAE—NSHRMESERINEFIRIFRE
WNE2RDWEY; XMRARBEBELSTER self FHMRAHIRISEHIRIAME, XEFFHATBERLE
HREERRZ EERRRRIEA,

ERAEERRE, RTAERGFEEZNAITEEESTRBERREE self HIEEZIH,
HEBFRAETAHRM . BAPRENRELFEMBIFIEEBE RN inpl 3RAP, MR
IR SRIA P ERAIRIEFEIR T3 Rectangle BYTHEE,

HAR, BITTLUERB R ENBRIRSEWFIN— 1 FEMER, 130, FNIBILITE Rectangle
EEX—1F7%, HipR 9 width:
X% src/main.rs

impl Rectangle {
fn width(&self) -> bool {
self.width > 0
}
}

fn main() {
let rectl = Rectangle {
width: 30,
height: 50,
¥

if rectl.width() {
println! ("The rectangle has a nonzero width; it is {}", rectl.width);
}
}

AEXE, FABEFL width FFAELAIBY width FEREYEAT 0 BhRE] true, FF 0 BINLR
[@] false: FAIAULTEMBEN, ERBNGZEZPERBRBRIIFR, £ main 1, HFAE
rectl.width [FENEFESE, Rust AEFKNNERIR T A width, HBENTNERRESH,
Rust X1E (I HERIRFER width,

BE, EFRERML, SFRERNZEFREX N RREFERPNE, MAMEEMER,
XIFRTTIEWAR A getters, Rust HAGEM—EESHFENEHFERBMEMEN]. Getters
RER, ENRALUBFEREMMER, BHEARAHR, XA LB FRIRIEIAIEE
FNZRB N APLHI—ERD. BNTFEELETIHEAARABNALE, URIMNAR—1F&
W EEEN 2B E,

-> EEFEIHMET?

ECUC+H+EBESH, BRI FENEREFRRERSG ..  BEERENRLERBE, M
> E—PRREH ERARRE, XNEELAMESIA (dereference) 38F, A&
W, R object B—HEFT, HBA object->something() Fif&
(*object).something() —#¥,
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Rust H&BE—15 -> FRHIEER; Kk, Rust B— 0 BEh5IBHESIA
(automatic referencing and dereferencing) BIThEE. 75 AVEARRE Rust /DL
BXMIT RIS,

ERXHETIIEN: ZHfER object.something() WA AR, Rust XETN/ object 7
0 &, &mut 3% * LAERE object 575 FERILA, iR, XERBEEFNRY:

pl.distance(&p2);
(&pl) .distance(&p2);

BITEREKEENSZ. IMBHM5IRNTAZFUER, BRAGEE— 1R
BUE ———— self B3R!, 7ELAHNBWNENGEZRMIAIRT, Rust ALBAHMETT
BHGERMGREN (&self), MHIEDR (&mut self) BERIREXFAAMR (self),
FLE, Rust HAERRERNRIVERILFIENRERBRAER

HREZSUNFE

L FATEII LI Rectangle LA EMS —FHERGIFERAZE. XE], FHiliE—1
Rectangle BYSZfIZRENSS —™ Rectangle S2ffll, 4NR self (ZFE— Rectangle) REZEERE
ZAKAFMRE] true; H[NR[E] false, —BIHAIEN T can_hold &, FAIURE R
5-14 FAR9HS,

X% src/main.rs

fn main() {
let rectl = Rectangle {

width: 30,
height: 50,

b

let rect2 = Rectangle {
width: 10,
height: 40,

b

let rect3 = Rectangle {
width: 60,
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height: 45,
b
println!("Can rectl hold rect2? {}", rectl.can_hold(&rect2));

println!("Can rectl hold rect3? {}", rectl.can_hold(&rect3));
}

5 5-14: ERAERSLILAY can_hold 757K
ERSFAHEE RN T, EA rect2 WM MEEE/ T rectl, [ rect3 L rectl EE:

Can rectl hold rect2? true
Can rectl hold rect3? false

AABIEEX —1F7E, FILLERIZALTF impl Rectangle IRAA, FHiEEE can_hold, HH
ERIRENSE — Rectangle AR BERAEANSEH. BINRIABAZNABIUELESHE
HALZEBIRY: rectl.can_hold(&rect2) ENT &rect2, BE— Rectangle BYSL{H| rect2 BY
eI ZER. XEAILIERER, HAKNREFZIR rect2 (MAEEN, XEREKNEE
— M RELEA), MEREE main {REF rect2 AN, XEFERAIUERRXNAEGLE(E
FAE, can_hold WIR[EMEE—MA/RE, EEXMEDFIEE self WESEEHHATE—1T
Rectangle, TEFRAITERB 5-13 B9 impl IRAENDXMHTREY can_hold /3%, RfI 5-15 Fr
N

X% 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
}
}

T3 5-15: 7 Rectangle ESIF] can_hold 757%, EIREXZHZ—1 Rectangle SLEIfEANSEL

NREGTG) 5-14 BY main REHKIETT, MIBEHENHL, EHEEZRP, FAJLUE self
[EIBMENE2E, MAXESHEMERBPFHISH—IF T

KEREKER

FRBTE impl SRARGE M BYRER#EFR /0 REXEREX (associated functions) , AAE(N]S impl FE
R RAERIMERX, FHITIUENX AR self AE—SHHNXEKEEH (FLREHZE), BRE]
HAREBF—1MEWENIG. RINELFERT — XK 7 string FE FFENH
String::from RN,

ABF ENREKR A ERAER O — SR L AIRDERE. XERIRHIATREE
new , {H new HAR—MXEF. HIANFN AT LURH I square XEXERER, EEZ—1
HESYHBRNMENRENS, XEAUERREIZ— N ESA Rectangle MAKIEERAX
EEFRE:
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NHER: src/main.rs

impl Rectangle {
fn square(size: u32) -> Self {
Self {
width: size,
height: size,

}

KT self FEREPNRMESBEMRIRIAF, BEX impl XBFEFIREENFIE, XER

Rectangle,

BRAAXNKERRE, FNVEREWAERZF : iB7%; Lbdl let sq = Rectangle::square(3);,
EXNRBATFEMEANGRRTEF:  BEATRERHMERCENGZTE, FLES
HENRIR,

Z1 impl 3R

BTEMEEATFREZ inpl 3o F180, A 5-15 RIS FRTRA 5-16 FAREIN
1, BRESTHEZEHBCH 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
}
}

5 5-16: EREZA impl REF R 5-15

XESGHEREXLERESWESZ inpl A, FEXBERBEE. FHEITICZEM
trait I 2BFISEAKNZ inpl 3REVEBH.

[t

ZMRILRAI B2 B EMRSIE B BEX N BEENXEE, BIEEMEK, T LUSHEXER

HIER BREXRERAGREN], XEAUERFABENSM. £ inpl R, (RATUEX SR
BUSRBIARREXRIEREL, M7 AR—MIBXEXRIRER, LLIRiEESMARILFIFFRERTTN.

BEMEHAZCIEEE RN — A LT3 M Rust BIMEETIEE, AN IRES
5';J'§\_/|\Iﬂo
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BRI TED

EENBREE (enumerations) , WHEIRIE enums. MEARIFIREI T TTHER TX
(variants) REX—NHEE, B, BINSEXHER—IMKERETRERIMAIZERIE—I
RIBIEEM. ETR, RINSRE—MFIEEKE, W option, ERR—NMEEALR
ENMEEAMABERR. RESHEE natch RIAXHFARALTE, HMYFAENKEEREHE
MERITHRE. RESNA if let, F—NMEEAELERBPRENEN,
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BMERENX

SEEEFIMEFTERAPBIERESE—RHNAE, & Rectangle £5H{A%F width 1 height FE4
FE, MMBAFMHR—PNEREERAEMER—IEEPH—5R, tbi0, 1481tk Rectangle
B—ERRNES, B8 Circle fl Triangle , Altk, Rust AW TEXLETTEMHRIZH—
MEEREL,

UENEE—NEBIFETRABENGS, REENALNEAREENESEELAH. RIgH]
ELIE 1P sk, Baitr SZERNMNEE IP frfE: IPv4 (version four) #1IPv6
(version six) . XA INIEFIEEBEINFRE RIEERY IP #nESERY . FRLART LAIMEE L FRE
AJEEl(E, XMIERKME—EMNENR,

EA— IP B AR IPv4 NE AR IPv6 BV, MBEREREE R, IP HIUEAX MF T
KESBIREMIEREEX MR, RAREERTEERET—1NTF, IPv4 1 IPve M7 E
WAE IP ik, FRUHARBELMEER TR IP itF RN IZIBE (1 HEERA
il I8

B LUBE E ISR E X — IpAddrKind MIZERRIMXMEZH T ATERY 1P stiE3E8, va
M ve, XMW AMEETIER (variants) :

enum IpAddrKind {
V4,
V6,

}

IUTE IpAddrKind L@ — AT AERBBHERANEEXEIEXET,
WEE
B LU HERIFE IpAddrKind N REIZARIIZH)

let four = IpAddrKind::V4;
let six = IpAddrKind::V6;

ARKENT AU TERRFNGETET, HEARITESHH. XARITHNHELAZINE
IpAddrKind: :V4 F] IpAddrKind::Ve EFE IpAddrkind ZEBYHY, a0, 1ZETLLTE N —PNEREK
EULESR] IpAddrKind EEIFYSEL:

fn route(ip_kind: IpAddrKind) {}

WAL R LAERE—Z AR R

route(IpAddrKind::V4);
route(IpAddrKind: :V6);

ERREREETEESNE, #H—TEE—TRNRIP iR, BaiKE— M FEXR IP
N EERRY 5% RMEERMTAREN, FRIEKEFAEFZIIEMNET, FEEREK
T 6-1 BRtF =X RS ASKAR FX N iR) R -

115/562



Rust i2FIgITES ERFXhR

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 #uhtAURRHEAN IpAddrkind TARTFAETE— struct

XBEHRINEXT —MNEFHNFERHIEMIR IpAddr ; IpAddrkind (7 BiE X HIRES) HKEIRY
kind FEZFN String FEAY address FE, HNTEXNEMEANFHENLG], F—1, home, BN
kind B9{ESE IpAddrKind::V4 527X EEAHINIEIES 127.0.0.1, =S4, loopback,
kind B9{ERE IpAddrKind FYS—NE(K, ve, XKEXRUMNUERE 1, FAVERT —MEMEER
kind #] address TEE—i#2, MEMETEMRSEEXEKT,

NI UER—MEENENA N RREAMERNER, MXERREHEEERIHE— M
ELAEM A ENEEN—EF 7. IpAddr EERIFTENRAT 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[E] IpAddr ZEHI SLHIRYERK ELE

Fo TEAEXKENSER, XSRS BT o

AMEERERETE RS — M 81T ETLMERFERENEEREIE, [Pv4 lRAHY

IP iyt SRR EBIHMETE 0 M 255 Z BN FE 7. MNRFIVEER v4 tnt7E(E I us
B Ve AR A— String, XIMABEFERLEAT ., REMNFLUIESHNBEXNME
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 ERAKEEREEFITARRE IP 3R L] sERVIEIR, FAM, ZESCIERE/EMERM
YmbS IP HINSEE R AR N 7 UBUTAERME T — M HABRANEX ! 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,

ARBRMMIEEREE— Ipaddr NEX, HARUEIENERINB SHNEXNAZE R
X, EAFNHLERITEEFNEXSINERE. FEESHEMASALE,

KEETA 6-2 FNF—MEENFIF: ENEARFRERT SMSERRE:

enum Message {
Quit,
Move { x: 132, y: 132 },
Write(String),
ChangeColor(i32, 132, i32),
}

Tl 6-2: —1 Message KZE, HENTAEEME T ARBEMEENE
XTREEET S B FREENEE:

* Quit B XEXERIEIE,

* Move EKUEMFEEHEFE,
» Write B1& B h— String,

* ChangeColor H1& =4 i32,
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EX =M 6-2 RFRARERYE REXMERMEERN S NHE X SN AR LSRRI S
RIBG, FBRTHMERER struct XBFUNERETAERASE AT Message KEIT,
INFXELMARIUEE 5 Z AR E AP EREE:

struct QuitMessage; // FEITENIE
struct MoveMessage {
X: 132,
y: 132,
}
struct WriteMessage(String); // JoéAZEHI(R
struct ChangeColorMessage(i32, i32, i32); // ALK

A, MRBNERFENEWE, BTFENHERENERE, FNBEREERERSRD 6-2 &
TEXBY Message WEHREE, BHHENX —MEEBMIEXERFE LB WEMIABIREL, EAKRE
BRBR—RE,

EMENKRERE S —MEMR . EAILUER inpl ALMEENTTERRE, BAITEKR
B EFEXNTT R, RR—TEXTHA] Message 8% LRI call BYFFA:

impl Message {
fn call(&self) {
/1 EXBEXFGEE
}
}

let m = Message::Write(String::from("hello"));
m.call();

FEKERT self RIABUARAENE. XMIFH, gIRT—NMER
Message: :Write(String::from("hello")) = m, MAXMEY m.call() =17 call /5

AR self BY{E,

IHMNEBEREETHS— M EEE L BSSAKE: option,

Option A& R HARM FE(HRIR S

X—ERZ I — option BYZAI, Option BANEREEXBISZ— A, Option KERIWAAI™
ZENERIT TN EEEENTR, I—MEBEABEERALRE.

g0, IMRBEBR—DETFIRNE—T, SR[FE—ME, ORBER—NZHFIR, BtatbF
=758, MEERGNAERRAXMISMEREREFRFEZNERTNIE TN IZAE
BB, XtFRe] LU SRR HMRIZES PIFE E LAY bug.

FIZBESHNITEEEEREaWLEIIRE, BEEHRMLEIIERERER, Rust HEBRS
HtESHENTEY&E. ZE (W) B—ME, eRAKRKEE. AETENESTR, TE
BEEXAMRSZz—: TENIFZE,

Tony Hoare, null BU&BAE, 7Efh 2009 FERYEH “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
FHEINFERIHREE, XPEE option<T>, MBECEXTIRAEES, WT:

enum Option<T> {
None,
Some(T),

}

Option<T> MERIBERUEFEEERWEEET prelude 2H, TRERHEENXSINER
o HI, ERNEFEBENL: AJUREE option: : FISKEIE(ER Some F None, BMEUN
Itt option<T> W{HE2HEIMEIMZE, Some(T) FA None {Jj2 Option<T> HYIL(AK,

<T> BER— T ENIERHZIR Rust THEE, ER—MZEERSY, B +EIFTIFMNIHE
28, Bal, FrEIrEEMENRLE <T> BIKE Option HMHHY Some AR B EERILEE
KR, BRE—MET T UENEAEEER option<T> BAENRFERNER, XBEE—L&
BERFEEMFFTEE option ERIFIF:

let some_number = Some(5);
let some_char = Some('e');

let absent_number: Option<i32> = None;

some_number RYZEAEYIZ Option<i32>, some_char FYZEAEIF Option<char>, BAREF
some_number RYZHY, FEAFKAITE Some TIXHIETE T1E, Rust BJLUERTERR, T
absent_number, Rust EEFK(ETE Option (KRR, ENYIFEERIBET None EICIEHEMRT
i Some LRRFHEMNRE, XEFHEHIF Rust 75 absent_number £ Option<i32> JEHY
89
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HBE— some {EEY, FNMAEFE—ME, MXMEREFTE Some o ZHH None (Y,
AEMENX L, eRTEEABHERNENX: HBE—TEMNE. B4, Option<T> HtAR
tE= (B2 4TI ?

BMms2Z, FA option<T> F1 T (XE T A UEEMEE) BFREMIEE, FFSIFAAITFGE—
NEEEMBEHEER option<T>, g0, XEERBAREERIE, RANEEIXIE option<is>
5 is f@/M:

let x: i8 = 5; 7@
let y: Option<i8> = Some(5);

let sum = x + vy;

NRIZITXEAN, BEIXMXEFENHERER:

$ 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

ReF! FLLE, HIREESERE Rust FRIEZINAIF option<is> 5 i8 FHIN, FNENIRIZE
BIRE, =H7E Rust FHRBE— MK i8 XHFRENEN, FiFFHEETLSE2E —TMERHIE,
AT B EERMERMEENE, RBEHMEMA option<is> (HEEMARIAIEE) B
FHEFREEOARIBEREE, MAFSBARRINECREZALET AZ=HE,

WAaE, X option<T> HMITIERZ BTG HIZIRA T, @EXEHEPRI IR =ER
BRNEEZ — RISEEFNEEEFLEAZHER.

HERTHERMERIE— N EEENNE, SIHEXMREEMEREC. ATHE—ITHRAZH
B, MOAEENEEBRANWEER option<T> 1, 5, HEAXT TEH]“, Z\DTE'HE%E’J
WIFEHZER. RB—MERRZ Option<T> KA, {REIAIULZERIAEENEF N,

& Rust I—PMRTRBRERNILITAR, HKIRFIZENZm G Rust REBHNR 2.

ABAHE— option<T> FY{ERS, UNEIM Some TAAFREXH T BYERMBHEEIE? Option<T> #§
EIFEAREATEMBERNAZE: ROIUERCHIXE, #E option<T> {75 EEXTREY
Rust ZiRIEEHE .

SRR, ATER option<T> {H, FEESUMIEENTHIING, MEE—EABRLEE
Some(T) {HIYIZTT, AWWXLEABEREFTHN T, UHFE—LEABIREEN None FHETT, X
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LERBEHLE—ITTAN T E, match REAMBXA—MMEREEREFIREN . EXRIE
MENTHRIETAERNNAE, XA LA LA R ER IR,
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match $EHIREEHs

Rust B—1 U match BITRABERRIIZFIREZER, EAWTEINIBE—MES—RVIBRINE
EbiR, HIREALENRRITEN AR, EXTRFEE. T8, BRTHITFZEMASTH
B BTABRSREIFMEARMERIERURENNIER, match HERRFRIMKRIR
711, LR ARiF23 e HIAFR B Al BRI BB &

AI L match RATVEREMMEN K8 BTBABERABANURBE, S— M
HBEANTEENNFLE. BEiFt, ERZE@ET match IE—MRI, HEEBEIE -1
“FE" BRI, ESENEREKARISRAEHRITHRRER,

EANIRNGRE TR, ERBENREAN—DER match BIFIF! T URE —TREK
RE— M ARABEERET, FU—MEMUEDNAN, BECEAMERHROENES
8, Rl 6-3 FFR.

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,

}

T 6-3: —MEM— P UUREZRENRIURY match FixT

#FFF value_in_cents REXHFRY match KFH, BE, Ff7IH match XBFFR—IRIAN,
FEXNMIFHRE coin BYE, XBEEFRIFER if FMEANFHREN, FIXEE—1IFE
ARBIXH): ¥F if, RANBIUREI—NMARE, MXBEAUREMEEN, flFPH
coin MEBIZRHAI 6-3 RE XY Coin #ES,

BTRRE match DX, —IMRXBERNED . —MERM—LERE, F—MOZRIEREE
Coin::Penny MZ/ER => BREMAFHRANKEEIZTHRB L. XENAEMNXZE 1.
B X ZEfERES IR

3 match RATLHAITH, ERERERINFSE—TDZREIELLR, MERRLE T XN
B, XIMETEXRBRBARPERAIT. MREAHRCRXNME, FHREHITTF—TO%, 3
BERM—IEMD KSR TUBEEESZNIZ: 76 6-3 Y match HEN 3L,

BTN OEXRBEHNABE—MREN, MBERNNERERFFNED match KXNELREE.

MRDZABBIEMNERENERAAES, ENRH 6-3 PRSI OZEHRZRME—NME, U
REBEDIXPIETEZITANE, AILUERKRES, MAXEESENEN. fIg, TR
TES/RfER Coin: :Penny JEAABSERSFTENE “Lucky penny!”, REHMLZAREIREREERIE,
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 NEEB— DN ERREF IR, 1999 £ 5 2008 Fial, EETE 25 %
S HIREMEI—MIZ 50 MNBYE—PERENR] T ARV, EitbAVEE M &R B XX 5 MNEYIR
I, FRURBRXE 25 RN EMERFHRINE, FJLRXEEBMAIKIRY enun, @I ERE
Quarter TIARBZ—1 State {H, Rl 6-4 AT T XEAE:

#[derive(Debug)] // XEERILIZIFEIMNEIZFR
enum UsState {

Alabama,

Alaska,

// --snip--
}

enum Coin {
Penny,
Nickel,
Dime,
Quarter(UsState),
}

5 6-4: Quarter TWIAWAFINT —1 UsState {HHY Coin 4%

BER—TRHNW— P RARZRUEFE 50 MY 25 £HMEM. EREEHEEDLXTHN
B8, WEILREGHED 25 EOEMAAMNAMNRTR, XEFMRFNHALLERIE, tha]
RSV IDNE -

PR IBM LA AT, FRTFEILAD Coin: :Quarter THARYS) STAORE LI AN T — L
state (U258, YULATE) Coin::Quarter BY, 2 state JGRUIE 25 £HBHAX 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 #PEHVIESE(E UsState: :Alaska, IEEFLDILITE
println! FRAKXPERXNMIET , BXEEFEILAIREY Coin #ZEH) Quarter EAHPIEBAIIN
B,

PTHg option<T>

BAEZRIBIERIFRER Option<T> BY, R T M Some FRERHLEAERRY T 1E; FKATERTLUE
RbIE Coin HHBIFER match LI Option<T>! ARIX[ELLINABZEET, ME
option<T> HZE(K, {B match RIAXNNITIEAXRIFAZE,

ELINFATEERE —NEKER, BEIREN— Option<i32> , NRHEPEEFE—ME, KHEM— M0
REPGEE, RN ZIRE None E, MASRAITERIRE.
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{FH match FIATNAIRRER

IR EFAHIEE plus_one BYSE—1TR(E. ZIHA plus_one(five) BY, plus_one EREL(A
R x JFZZME some(5), HMERHESEB M IXEEE.

None => None,

& Some(5) HARILAMEIL None, FRUIAMREIHITT F— 190X,

Some(i) => Some(i + 1),

Some(5) 5 Some(i) ILEENG? HFAMLEZ! BIIEMEREINEE, i 4fE T Some FEEHE, FR
i BIER 5. ARSI HITT, FrUAFIE 1 s9EM—HRE—MEEE 6 B9
7 Some,

EHEZET M 6-5 H plus_one EZNER, XE x & None, FHTHN match H5F—1
oA 1= o A5
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None => None,

TLECATh! XERBERM—, FRUEFERARE => GIFYE None, EAE 17D
2T, HMRIDSZEABLR.

1 natch SHEBAATERSHRPBREMAN. AT Rust REBPEIIRSXRER
match — Mg, HERTHEN TR, BERERERTRE. XE—THAESE%,
FE—BIRT, FEFEFEESHREE! X—E2APNEE,

EREEF R

match REF—AHEFRITIC: XEDWNEBE TFRIENAEEME. ZE—T plus_one KX
BIXHRZS, EBE—1 bug HAFRERmIF:

fn plus_one(x: Option<i32>) -> Option<i32> { ?G
match x {

Some(i) => Some(i + 1),

}

FATKBLIE None BYIFIR, FRUAXEMBEZER— bug, FIiEZHE, XE—1 Rust A&
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/4eb161250e340c8f48f66e2b929ef4a5bed7c181/1ibrary/core/sxc/
option.rs:572:1
::: /rustc/4eb161250e340c8f48f66e2b929ef4a5bed7c181/1ibrary/core/sxc/
option.rs:576:5
|
= 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 RENBEREENEMERR SIS T! Rust PHLERE F5RBY
(exhaustive) : WHRFHHEEIREHIRTREMERERIDER. HFIRITERX D option<T> HfIFH,
Rust B LEFATSICRARRRIALIE None 91BN, XitFARFRIGAE—ERIELAZTHE, 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, MRIFBELERFIERN 3, ABRAIBE, MERSE—THEHIE
Fo MRIHET 7, MROABRKAE—TIFHFNEF. XNTHMOKRE, FHNAEITEHRE
ERRENEF. X2— 1LY LARIZIBRY 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) {}

HFHANE, MRESEFEE 3 71 7, BE—OXURETHELMATENE, B
RHNVBEH other W— TR, other HXALIBBELHEIEERLE nove_player RHRIER
KT,

EMERATR AT us A PTRERE, KERKIIKABESEE, ENRE— M EILERNS
RREHFILEIE, SFERRNBRT natch BIRFRIER, HER, RIISITSBE
DEBIERE, ENERRRINFLEN. NRRIVOBES LSRN, Rust B2
R, EHIERDEAEFRRITEE,

Rust BT —MRI, ST FARERBEEIVRENBVER, BER -, XE—MIHH
R, AIULEEREMAHERZE XHIF Rust RINFAEERXME, Fild Rust R s
EERNNEFERERANEE,

IR PR AN . I, SRHHRERRE 3 80 7 MR, ROTBREEH. XMERT
BIAREERAXME, PN IEARSER - KEALE 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, RITBRCCZHEFN, NRIFHH 3 3¢ 7 LSMNYE, MNEISRKEELRE. K10
ERSETE (EadRE —THRINTTA) B - 9IRS
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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, B®11BPEIF Rust BN ERSEEXALENE, HEXMER TERITRE
BT,

BITREETAEPNEBELS X TEANMTENASR. IWE, LRSI if let BE,
XTE match REANERFBEERKNIFEER,
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Rust I2Fi&iHES BiHAR AR
if let Fl let else Fi5IEHE

if let IBFRULRNU—MEBATRKHANES if M let, RKOBIME—MEANEMZ
BREMRINAE . &R 6-6 PRIIER, EILEC— config_max IEFAY Option<us> {
HRFBLELHEN Some TIRBIHITAET:

let config_max = Some(3u8);
match config_max {
Some(max) => println!("The maximum is configured to be {max}"),

- =0,
}

T f5l 6-6: match AR {EN Some BFHAITA

SNRIER Some, FATVFHEFTENH some TIAPHIE, X MEMPEZIRAFH max TEE, X
F None [EIRAIFFEMITMAREIE ATHE match TEX (FR1E) HWEXR, BAEAER
XE—TEEME - = (), XEUEEINRSEBRERAE,

AIEANTAILAER if let IMEZNARNRS. M TFREBSRE 6-6 R match 17—

let config_max = Some(3u8);
if let Some(max) = config_max {
println!("The maximum is configured to be {max}");

}

if let HERBIFS ORI —MRAM—NFRER. ENIEANS match 18RE, XE
BFRATN N match TR B -1, X MIFH, RILE Some(max) , max FP%E
73 some FAY{H, 1ZERLATE if let AEIIRFER max T, FERTEXZAY match X F—H,
REHELRZRER, if let SRPNAEA SHIT.

£ if let SXEREEONRES, BLONBHAMEDBFERAE, A, XFRKZE match
SRHIERAY S R ERBRIFGE SICRERE LT R, match § if let Z[BIAYEEKHAT
TERVIFMR LA IB INfE S E MR ES RN EIE IS,

WanE, BILAAMY if let & match BY—PEZEME, EHELEE—RARHITREMZEE
FREEfb{E,

AJLATE if let REIE— else, else SRAPIAREZS match RIATNHR _ O3IRFAIAIEGHE
[, XAFR match RIAXFLFRTF if let H else, [EIIZ—TRf 6-4 1 Coin MEME X,
H quarter TRWEE— UsState B, MIRBEITHHFABERR 25 ZHHEMNRENBHKRE
25 ESEMFRERYM, BILUERXFE—1 match FEZ:

let mut count = 0;

match coin {
Coin: :Quarter(state) => println!("State quarter from {state:?}!"),
_ => count += 1,

}

& A LX) if let 0 else FRiIAT:
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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 WEBRIEAAFIF. RIKENBERBEBNEZE, B
TR MAURBIMNALIL T S Ao FMFLRILATE UsState EEEX—1T57%, ARGEMNN E

g

impl UsState {
fn existed_in(&self, year: ul6) -> bool {
match self {
UsState::Alabama => year >= 1819,
UsState::Alaska => year >= 1959,
// -- snip --

EERANAJREMERA if let RILECEEMAVRE, FERANEFIIN—L state, RHI6-7 F

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, A IIEERT if let IBAP, MRFBTHNIFENER,
M =] REME LUBERTI/R 73 32 B I REXEY. TN AT LIRIAX MRIEDNEAM if let RER—
1 state EARANREIRINSE, WM 6-8 Fiim. (M match BRI LAKINEMILR.)

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."))

}
}

A X EEEMEE LS ARSELEED! if let H—NRX=4E—NME, MB—1D
32 N B MR E R[],

ATEXMBERRAERZRE, RustiZftT let.. .else, let...else IEALMZE—ME

L, BMR—NREN, FFEEMTF if let, RIEKE if X, 2E else 5%, NRIE
tEE, ESRLEZINEHREZIINEERE. MREAFLER, EFRIIER else 93,

ERIMEREURE]

T 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 EUXMA R ERPRE 7 “WIREKE" (“Happy Path”), TIARK if let FHFE
M2 PIRE R E R ERVEHR

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 AFHKB R LB, SMBERSHIER, (RAILUR
EFELNEZ MERRIERMER match 5 if let FIREVFHERAXLE(E,

fREY Rust R ITERERS (EAEMAEMNEE R CNIERBRRIIERS T, EIREY API R
AEEXRERILETREZE: RHERSHERMOVRBIAZSECHERNRENE,

AT ERBARRE—EARGH APL, EERAERRENABRABFZEMIHIFE
BERSD, BBAMMTEMILILAERR Rust RIRIRARLIE,
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fEME. Crate MR EEREIERKILIE

HIRREREIEFY, BRARBER/LAEE. BIWNEXIIEHITHHNL D REHEERA
B3, (REJLUBRTEME R LIRSS TS ETRERIAED, LIKAEMPE T ACRE — N INRERY T 1
733

FHBgTALE, HBMESHEFEE—IXEHN—MERHD, FREETNENIEK, (REZETE
RSP RN Z MERM BN X RALRKB, — P8 (package) FALUBEEZA i crate

INAI—NEIERIE crate, HMEEBMIEK, RELUEEHRRIEBDEIRENHR, MAIHRIIAY
crate, XL crate MEAINBIKIHIT, AEFREBFAEXERS, WF—1 H—RTHEE

KB BAMBBAEINE, Cargo 17T TIESiEl (workspaces) X—IhgE, HATEESE
POEERY “Cargo Workspaces” XfItt# 1T f#,

HIMEZICHERLIAT, XAULULTEESEEERNE: MM T —MEEE, Ht
AR A] LB 2B AR ZEORH#TIER, MAFTENEEBNAKRIA, FERSHE
BRI LAE X R ER 0 R E AU AT LAERRI AHER D, LAKBLERR D B IR N E AL TIAY
WEED. XRH—MBEMRERMEPISENENBHENT E.

XEE—NREWANELS “YERE (scope) ": HBBFIENRE L TXE—AHEXH “in
scope” B, k. MEMFFAIEN, EFRNEEZBFTBZNEREUENFERT
BESIATEZE. RN ElF. K2 BIR. EENEHMEE X, (RAILIEIZEER
B, LUReRZMERMEERENEZERE N R—MEBEARERER MEEZ R
I, AJUAER—LTARBRBIFAHIR,

Rust BiF ZTheER] LULIREIRRSHALR, SEMEHATI oI LIRAT, WLEATIEATLEER
73, UKREBFHRENMEREFEML RN, XLFE, BRIATN RIRARFK (the module
system) ", €i&:

« B (Packages) : Cargo B9—/°IhaE, BAIFREE. MikF52 = crate,
* Crates . —MERPIMFLEN, SRR T ERATRITXEHE,

« B (Modules) # use: RIFRITHIVERISFERFNFAE M,

« B&1E (path) . — D RGIMNEHE,. REERESHZHA .

FERZREMEXERS, WMCENNARE, HiRPRNAERElIREEFERE, i
&, IREMERAFERNNTH#E, FEEBEZIWAT—FERERE!
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€10 Crate

RIRARFZHIE B, BATENMBEMN crate,

crate & Rust TE4R IR &R/ BIRIB (L, BIEFRA rustc AR cargo R4FIF—NEMAVIR
RO (EMBRIEE 1 ZREHIEIT Rust Z2F"HERHEHARREE) , RIZFBRIEESBFERIX
HMA— crate, crate AILLE SRR, BEREUENFEEMN Y, SASH crate —iLwiF,
HEM2EE T RNETHBE,

crate HFFAZIC: Zi#El crate FE crate, Zi##l crate (Binary crates) RILILRIFAR
WITIER, LEWsSITRERFHERS K. EMNBIE—1RA nain KERE X HEFERIT
HIEHRFT R ZMINEE. BFiE(1PTEIZEN crate #HZEHS crate,

EE crate (Library crates) H&%E main KE, BEIMEAEENTRITER. HRENEX
TEMEZANTE S EIThASER, il 2 89 rand crate FHIRME T ERPENIEREITHAE, K
ZERBYIE] Rustaceans 1Y “crate” IEHVERERE crate, XS5HMEBIZBESTF “library” & —
o

crate root @—MEXMH, Rust wiFFBUE RIS, HIARIRE crate FIARREIR (FRITRE
“TE NIRRT " —TRNEIR) .

B (package) BIRME—RFITHEEN—PHEZ A crate WL, —MEREBE—
Cargo.toml X1, ERINEIEMEEXLE crate, Cargo LfREMR—1E, EEETHTHE
RSB A LIT T AN Z#HE crate, EIMB tk#i Cargo FERLINS Cargo sp1TIEF
_*iﬂgiggﬁo

BHAIUBEESZ—EE crate(library crate), BHFRAIUBEEEZ N crate(binary
crate), BRUNELDBEE— crate (LILEBENEE HGIR) .

MK ERCEENRMRI R EF4. B, HNHMAGS cargo new my-project:

$ cargo new my-project
Created binary (application) "my-project’ package
$ 1s my-project
Cargo.toml
srC
$ 1s my-project/src
main.xs

BT TXEGSE, BI17GEA 1s (FEF: k&< Linux FE&RIES, Windows A1
dir) 3XE&%& Cargo KB IBIET T4, Cargo SL/FEATEBIE— Cargo.toml X, EE
Cargo.toml IR, SXKIMHEERE src/main.rs, FA Cargo BREM—PNIYE: src/
main.rs FER— "5 BRBI Z#E crate B9 crate 1R, E#¥R, Cargo HENREERTE
& src/lib.rs, WBHFESHRRWE crate, B src/lib.rs 2 crate 18, crate iR XA H
Cargo f%i#45 rustc REPRGEEHE ZHFITE,

ZIE, BMNET—1NREE sre/mainrs N8, ERETCREE—1R N my-project By il
cratec MNR—NERINEE src/main.rs ¥ src/lib.rs, MEB®EA crate: — PN Zi#EIRIFI—
NEW, BRFHSEHEE, BIEXERIE srabin BRT, —MEALURE SN2
crate: 81 src/bin TR HEBSRIF R —MEIIB Z#H crate,
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EXERREFERAESTARYE

AT, RITETICERNEE—EXFERAZNIS, MR FRGBIMB BBE (paths) ;
FRFEERIZSINERFA use XBF,; UNREITZALNERN pub XBF, HITERITIL as X
P, SMEBE (external packages) #1 glob iZERF (glob operator),

BT, HITRM—RFIBRNFLE, FIRRRALCEAIEHE, XL eI A EE RS
E, BEIRBATEIFARBREES I,

1R (Cheat Sheet)

ERNT BERMNBRERNAT 28, XBERE—MEGENESE, BRMERIER. BE. usex
BEIEA pub X EIAWNAIESRIFSR P LIE, UNRKED A LEWNAAL MBS, FHiPEES
EREGHBEEEMN, BEXELIFERTIERIENEESE,

« M crate IR RFFE: LRIF— crate, RiZVEHLE crate BXHEF GBFE, WF—1VE
crate TS & src/lib.rs, FF—NZ#% crate TS = sr/main.rs) PIIRBERFRFHN
ER

« FEBPIRIR: 7E crate IR, (RATLAAERB—MHIRR; tbad, A mod garden; B=RET —1
MUft garden HURRIR, YRIFEZSTE FHIBEPTFIHIERMAIS: - WEX, BXIESEiR
mod garden [FIRAIN S

« TEXXMH src/garden.rs

« 1EXH5 src/garden/mod.rs

« BREAFIEIR: 1EBR T crate IR RAIMIERIXHER, RETLUEN FIER, tbil, ¢RATRETE
src/garden.rs FAFESER mod vegetables;, #RiFERREURGERGEHNE RPFIRFERA
fg: - NEK, HIETE mod vegetables [FAARE— M SME—1TKES

« X5 src/garden/vegetables.rs
« TEX ¥ src/garden/vegetables/mod.rs

 {EIRAPERILEER: —B—MEIRZMT crate B9—E047, Re]LUIEFEFARRN A FRIFIR T,
ME—1 crate REVERRF , BIAIEERZES|BIZIRRRE. F6ME, —1 garden
vegetables R TH Asparagus SFEBYT]LLEIT crate: :garden: :vegetables: :Asparagus 3j
I

« a8 vs 2 — MERBHIREBEOAMERIERIAE, ATHE—MIRLA, MNHS7EARPR
R pub mod E mod, AT E—NARRRATHLAEA LR, NHTEABAFIFER pub,

« use XEF: T—MEAEN, useXBFRIET —IIRESN, AXRRDKEENE
S, TEMEDILAS| B crate: :garden: :vegetables: :Asparagus FY{ERRIE, {Ro]LUEE
use crate::garden::vegetables::Asparagus; BIE—MREA N, ARIRHLRI UAEIEREE
RE Asparagus REAZER,

XEBEANOIZR—1E Jybackyard B9 T crate SRULBAXLRN, % crate MEBEREGE A
backyard, ZEREEETXEXHNBR:

backyard
— cargo.lock

133/562



Rust i2FIgITES ERFXhR

— cargo.toml
src

— garden

| L— vegetables.rs
— garden.rs

L— main.rs
XM FHB crate IRXHEZ src/main.rs, ZXEHEEET .
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; 1TEIRERIZ2RIE src/garden.rs R AR ESHRE:
X% src/garden.rs

pub mod vegetables;

7ELtEA, pub mod vegetables; EBKETE src/garden/vegetables.rs RIS ZHWE S, X
LB

#[derive(Debug)]
pub struct Asparagus {}

BELLBATRN T XN VAT H LT EREN]!
TEARR PR AED 1T

BBRILBATAILUE— crate IRVARRD T A, MRS EMSERY. EA—MEBRPH
REBBRIARILERY, FRLUEA] U BEREHFARYE (privacy) o RAETUERAIASMNERE
FRRAREFALI, HMEAILUSRRMEHERNBHMEA AT, X5, SMERMUIERRT LfE
RH&H TN

ERRA, LFNRE—MRIERTINEERNE crate, HITREXRBNER, ERHERRIE
BT UERERNERERBRVARLEN EMARETRIMAA T,

TEER, BERSE—EMAEIRZATE (front of house) , BB BIM—LEt AW Z K
B& (back ofhouse)o A A ERHNENMS,; XEEEFRAAMZTRHIENG. RSRES
REBEIER. BERSERREME. EENEERMZTARERELE. AHIEES
B, UREFEMEBETHESHXIE,

AT XA REEIRANTN crate, FATAILUGHEINGAREIBRERRT, BEHIT
cargo new restaurant --lib ERIE—PNHHIZ N restaurant BE, AEIE G 7-1 BT
FIEHRAIFBEIN src/lib.rs R, REX —EEIRMEHE R ; XERBEIARISE5.
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XHERZ: 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 —PMEESTHMAE T REAIEIRE front_of_house fRIR

FAER mod XBFREXIER, FRIERT (KHIFFIE front_of_house), FHRERES
BERRVER, ERRA, BATERTUEXHEEREIR, FEZAFIFHEY hosting F serving
RIR, RREAUREF-EEXHHEED, tbNEmE. K2 BE. trait. HEIRBG] 7-1
PRRAYERI 2L

BIERER, FAAILUFEXBIEX SAEI—E, HEHENItAaEx. BFariEd
EAXERNAE, EMAEZIEMNMNEENENX, AT UETDERNRDEITSA,
MAFERARFAENEX . 2FRAXBABEFRN—HIEEN, it SENEAZ
MEERAL, AJURSGIEFNARN,

ERIEBHANNIRET , src/main.rs Fl src/lib.rs DU crate 1B, ZFALAXEFWEN]TERE XM
MR BE D FITE crate BIREWAIRLAR T — 1B crate BIIRIR, ZEMHIRIEIR
B (module tree) o

w5l 7-2 BR T R 7-1 PIERE LS

crate
L— front_of_house

— hosting
| | add_to_waitlist
| L— seat_at_table
L— serving

— take_order

— serve_order

L— take_payment

B 7-2: =B 7-1 SRS AYIR IR I

XMRRR T —EERZUAHRERAN T B —MERB (40, hosting HRETE front_of_house
F)o XMHERR T —ERIRZENRE (siblings) B, XEKEECNEXER—IERF;
hosting F] serving #—i2iE X1 front_of_house A, HLEAAREXRMILLMRE, WR—
IBEIR A B ETIERR B B, HITEER A MAIRR B F (child) 1RIR, &R B NZER A
B & (parent) &R, FEH, BMERWELERTBH crate HRIRR T,
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EXMERMWAIRER LR BN EXAHRENE RN, XE—TIFEGHMELL! BmEXHR

SER, RAUERRRFARREREE. HEH, MEBRPIXME, BIIFE—MHEEK
PERIR,
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51 RIRIR I PRI RYEE 1S

77 [\ Rust 8 RFERRI A MM EHE AN, KVERRER, MEEXHFRATERREZ
—1¥. ATHA—TRE, HNFENEEHRZ.

BZEMM:

- #EIFERIE (absolute path) ZLA crate 1R (root) FFkHITEERRIR; FHFHMEB crate BIRKED,
Z U crate FFFLAILITERR, XTI crate RED, WIAFEE crate Fk,

« HEXERIZ (relative path) MEHFIEIRFFIE, LA self, super T HFIERAPEMRMZRTF
*o

EITRBENENBEHRR—ITHZTIENES (1) DEIEIRRT.

[EZIRE 7-1, BRIKFANIHLIEA add_to_waitlist RE, XAHZTIER: add_to_waitlist
RBHBEEMA? 26 7-3 FRERT R F 7-1 B —EARRF R EL

AL crate IREX T — KL eat_at_restaurant, HEHARE/RIFAMA add_to_waitlist
R TGE, XERFAZIERD, FEIRAFEES —NRBSBURITEREREERIE,
HERITSEEAT 4o

eat_at_restaurant PREEHA] crate FERI— 12 API, FRLAFRAEER pub XEBFRIFIEE.
A pub XBFEBRE —T1, FHITEIEHNE pub,

XL src/lib.rs

mod front_of_house { ?g
mod hosting {

fn add_to_waitlist() {}
}
}

pub fn eat_at_restaurant() {
/1 #ITEEE

crate::front_of_house: :hosting::add_to_waitlist();

/1 FEXEEF
front_of_house: :hosting::add_to_waitlist();

}

B 7-3: EREITRIZ AN B Z R add_to_waitlist KX

F—/RTE eat_at_restaurant FAIF add_to_waitlist KEKEY, [FRAMNIELLITIRER.
add_to_waitlist (K#H5 eat_at_restaurant #ENXTE[E— crate B, XEKRER(ITLUER
crate XFEFARBHELN KRR, BERNERREEZIRER, BRIFITHRE
add_to_waitlist, {REJLUBRH—MEREMNXHERS: RITEIIEERRE
/front_of_house/hosting/add_to_waitlist 3 {T add_to_waitlist F2F, FK{T{EFR crate M
crate RFFETARMNTF7E shell RER / MXHRFIRFIE.

% " RTE eat_at_restaurant FiEH add_to_waitlist BY, {FRAMNEEMNIRR. XML
front_of_house Jgf2s, X MEREIERMP S eat_at_restaurant EXER—ELR. 525
M ERFZRIZRFE front_of_house/hosting/add_to_waitlist, UIRIRZFFLEREIZR
REEX R,
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EERFEAANERRERENBRENRTMHNIE, HEURTFREEHRTFEINEX KBS
ERAZIMBARBAFRER, EE—ictEnh, B0, WRIKIER front_of_house FEIRF]
eat_at_restaurant RRIEN—HCIZEHEI—1 B/ customer_experience NEIRF, HKIIEEEH
add_to_waitlist FYEXTERIZ, EZREMEBEEZTAN. Hk, NRKENER
eat_at_restaurant BREPINIEEI—E A dining RUREIRA, BRZ A LUERRARNETT BRZRK
VAF add_to_waitlist, {BEMENEFEHNEEH. RITEMETERLNEEIR, FHAEAL
EXHTERE Bt 28 L.

AN NAERFZF—TR0 7-3, AERHEHAAFERER! =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();
| AAANANN - 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 {

|
| VAVYAVAVAVAVAVAVAVAVAVAN

error[E@603]: module “hosting® is private
--> src/lib.rs:12:21

|
12 | front_of_house: :hosting::add_to_waitlist();

| ANANANN - oo 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 {
| AANAAAANNNANN

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 HIMAIRIZEREEIR

RS2 UL hosting RIREMEN, MANER, FAHAB hosting RIRFN add_to_waitlist fK
HAVIEMERIE, B2 Rust FILFAER, ENERERRMERE. 7 RustH, FIEH (K
H A SR KB BRNER) RANRIRRBENEN. MRFZEEIB— MR
BEMERIRAET, AILUSEBA—MEIR,

RIERPTAREE A FIRIRFRNED, B FRIRANBTIA LERENRIERPHT, X
RENFEREEHR 7 ERIRIIFE, BERFERAUEBINEXENN LT #4523
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1Evtbh, BAEERNBRABRIENEEDAE: FENESHETHEFRIREF TN,
BAAEZEALUAEHZSENETHEEPRERSE,

Rust @AM TURSEIRIR R4t 208E, FULBARRRAEBSSIA T, XHE—K, (RRAl
BRI LAE LR ERAAD R MBLEER D M A SRR IMER NS, AT Rust HSCER M 7@ 62/ pub
KEFREBAHKI, EFRRIAEEDRES ERIEIR,

£/ pub XBFRBRE

HEAEILE TG 7-4 B951R, B©E5IFFEA] hosting {EREBFAFM, BN ILERAEY
eat_at_restaurant PRIZLA]LUARIFARIRAAY add_to_waitlist pRER, FULFR(IEER pub X5
F AR hosting IR, RABI 7-5 Firo

XHE&Z: src/lib.rs

mod front_of_house { ?G
pub mod hosting {

fn add_to_waitlist() {}

}
}

// -- snip --

M5 7-5: {FF pub XEEFEBA hosting HIR{FE D]7E eat_at_restaurant {§FFH
REWE, 7 7-5 BRBEFDATEIR, WRB 7-6 Fimo

$ cargo build
Compiling restaurant v@0.1.0 (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();
| AAAANANNANANNANAANANAN private function
|
note: the function “add_to_waitlist® is defined here
--> src/lib.rs:3:9
|

3 fn add_to_waitlist() {}
| ANAAANNANNNNNNNANANNNNANN

error[E@603]: function “add_to_waitlist® is private
--> src/lib.rs:13:30
|
13 | front_of_house: :hosting::add_to_waitlist();
| ANAAANANNAANNANANAN private function
|
note: the function “add_to_waitlist® is defined here
--> src/lib.rs:3:9
|

3 fn add_to_waitlist() {}
| ANANAANANNNNNNNAANNNNANN

For more information about this error, try “rustc --explain EQ603".
error: could not compile ‘restaurant® (lib) due to 2 previous errors
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5l 7-6: HRRA 7-5 HIBIARIFEFEHIR

KEETHA? 7£ mod hosting HIFRANT pub XBF, FETHABTN. FREEXTHEWL, NE
FATBILLAIE] front_of_house, BRF(THAILAIAIE) hosting, {BE hosting FINE

(contents) NARIER; XKRAFERLAEHAFEERNBTHLELAETH, B ER pub X5
FAR/FERXERS | BE, MARIFHRABRBE, RAERE— B, REBERT AN
BREMWELHAKS; ANEEERANMERE—NHZINTALE,

TP 7-6 PEYEEIRI, add_to_waitlist ERZEFAER. AMEMMNAERNATIER, TN
FEME. MEE RBMTG %o

IEFATIREE pub KBFIRETE add_to_waitlist ERRIEX ZHI, EHEMAE. WRfl
7-7 Fii7o

XL src/lib.rs

mod front_of_house {
pub mod hosting {
pub fn add_to_waitlist() {}
}
}

// -- snip --

5l 7-7: 79 mod hosting F] fn add_to_waitlist 50 pub XEBFFEE(TRILATE
eat_at_restaurant RZEXF#ZIEH

MAERERTUREREST! AT TERAEEN pub XBF SR LIE eat_at_restaurant
FIEAXLERIESHAEEMRNEX, iILFNNEELNBZNENBZ.

ELEXERR, FAIM crate BFLE crate RFAIR. crate IRAAFENT front_of_house 1R, =
SR front_of_house IRIRAEB LB, FiZ[FE ) eat_at_restaurant KEHS front_of_house TE
Y FE—%iERFB (B), eat_at_restaurant F[] front_of_house ), FHIITTUM
eat_at_restaurant 5| front_of_house, 1EZE TR Z{EFR pub FRi2BY hosting &R, FKA]a]
LAiziA] hosting BYALARIR, FRLARILAIGIA] hosting, £xfF, add_to_waitlist BRIERHEATIC/T
pub , FRATEILAIAEIEAAMEIR, FrLUXMREA RSB RMAY!

EMENERE, HPESHEWNKREER, BRTE—F . FETM crate 1RFFIE, BEM
front_of_house FFi4, front_of_house RIRS eat_at_restaurant ENX FE—HIER, FRFLUM
eat_at_restaurant RFFIATE X HIZAERIBX ERZE BB, #E TRE hosting
add_to_waitlist 3EHRICH pub, BREHFRMIDEENR, FLLRHBIABLEER!
WMRIRIT RN EZIRIE crate UMEHEEDE /] LUERIREIRIE, /B APLIEZE/RE crate R
WA SRIERENREY, X TEEAE APl WEUERABRZRBIRNEEERSE
B, XEZEBH TAPIVEE, NRMAIXLEIFRXME, 15EH The Rust APL
Guidelines,

ZHEIFIE crate BRR(ELE

HINREIEE (package) ALARIEE— sre/main.rs Zi#Hl crate IR —1> src/
lib.rs [ crate 1R, HEXM crate BMINUBRZ KSR, BE, XHESi#E
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crate FE crate WERXME, E2#HE crate FRFRE BUER— N HITXENA
13, HAAHITXHEERE crate BIRXB, XERNE crate AIUHE, XEFEEM
B M BRI AIBHIEER R &,

PRI RIZTE X TE src/lib.rs o XEEBE U BRFLHEREF, ABIHA LT
crate BfER, Zi##H| crate MERE—NT2IMBH crate KEFHE crate WREF—
¥ ©REEFER public API, {RARUNZEEE, HEAF!
EE+_EBNBEI— M ENE S Z#H] crate flZE crate G ITIEFRKETRX
tesR40 FRYSERR,

super FHIRRIAEITERTZE

AR OB TERRIZRIFFSLER super , MRIBRIRFHIAMEEXNERR, MAZMEFIRREE
crate \RFFIE. XEMA .. IBEFBE—IXOERFKRIZ. A super IFHAISIARRIRF
MEMT, XESUERGRXERKKRER, EERRIERAEES IRV E T
ENERASERNERER Zo

ZE—TnE 7-8 FEIRES, ERMTENEETY —MERITREHFEEBHIRELATFPNE
. back_of_house HEIRFABITENH) fix_incorrect_order REUEITIETEH super EIEHY
deliver_order FRIZFIFARAIEIRABY deliver_order BRIEK,

XHE&Z: src/lib.rs

fn deliver_order() {}

mod back_of_house {
fn fix_incorrect_order() {
cook_oxrder();
super: :deliver_order();

}

fn cook_order() {}

}

5 7-8: ERLA super FFSKRVABAT BRI IE FAERIER

fix_incorrect_order ER#RTE back_of_house {&IRA, FRLAFAIBILA{ER super 3N
back_of_house R1RIR, WELEABIFHY crate 1R, 7EXE, FATAILIFKE deliver_order,
FRIh! F{1IAF9 back_of_house 1RIRF deliver_order (RK¥XZ[BIR]REMRIFEMKEXAH BN
RKBANNEEMALX crate BRI, FE—EBUEN]. Eit, FHIVER super, XiF
—X, MNRXLERBWBHE T HMEIR, RFEEHR DR,

SR LAB/HEMETMEE

HANTERTLAER pub KIZITABNEAEFIRE, FREXFEEWEFKE LFER pud 25
—EHIMIATRE IR, NRENTE—TEEEEXRIBIEERT pub, XPMNEBERT
RNEW, BERXNMERENFENARIMEN. RITTUREFEIAESN FREELE. &
o5 7.9 5, BRITEX T —PNLBLEMIE back_of_house: :Breakfast, HFE—MNAFFE
toast MIFABFEL seasonal_fruit, XMIFIRINHIBRE, E—REIEP, MEAILULEMH
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BEEMNER, BEERRTSBREETHEFBIRRAEHEEERNKE, BIETTAMKETL
ERIREY, FRIUBRERREEZREKR, BEELTEZEIMMITREEEHAKR.

XHERZ: 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—EREZLRAERARE
let mut meal = back_of_house: :Breakfast::summer("Rye");
/] BEFEEIREEmENIEE
meal.toast = String::from("Wheat");
println!("I'd like {} toast please", meal.toast);

/1 MREGHE T—1TRV AR R EERIE;
/1 RARFEEHERAFEHHEHNETKR

// meal.seasonal_fruit = String::from("blueberries");

Tl 7-9: HEABMILE FERIEMRE

[ElJ9 back_of_house: :Breakfast ZE¥J{AHY toast FEEENEM, FRUUERNIRILE
eat_at_restaurant FIEH S SFIETE toast FE&, FTE, F{IFBETE eat_at_restaurant A
{EH seasonal_fruit FE§, [Ffg seasonal_fruit @FAEM, =RXERFIE—ITER
seasonal_fruit FEENRBIIERE, EEMRIFIHAEIR!

B FE—R, EA back_of_house: :Breakfast AEFAEFE, FTUAXNMEWAZTERME—
RHEBRELRERADIE Breakfast BYSLAI (XEFHA TR A summer), YN Breakfast ;§HXHF
BIEKIER, FAVIGTCIATE eat_at_restaurant FAEEE Breakfast L, EAFKIIREETE
eat_at_restaurant FIIEBEFAE FEE seasonal_fruit BY{E.

528k, MRBIVEREEGARE, WERNMEERHRBERARE, RINRFEE enum X
BFAEMNL pub, FMERG7-10 BRBVARE

XL src/lib.rs

mod back_of_house {
pub enum Appetizer {
Soup,
Salad,
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}

pub fn eat_at_restaurant() {
let orderl = back_of_house: :Appetizer: :Soup;
let order2 = back_of_house: :Appetizer::Salad;
}

T~ 7-10: 1T ABNE, FEFIERERE

EAFNTE Appetizer MEFBBHRNAE, FRLLRILITE eat_at_restaurant FAfEFE Soup #l
Salad IH{AK,

MRRETERRAEN, BAREZERALRK, AMENFETEAERNRM pub BRS
AR, FMETERINRRAEN. SHETEFLSER TAEFEARAAELEEERE
B, FrUSEMAFEERIIAABRGERMN, FRIEFEA pub XEF,
BEE—PEINTHEHENBNS pub BHXEER, BMEBERAKNRE— MY use XBF,
BAVEFRBIRAE use, ARRTNFLSHER pub A use,
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fER use XRFRFERIESINFRAE

AR RERERAARBEFEMBEES., TR0 7-7 %, LBl ik add_to_waitlist
REBHENRZEZENEER, SRKNTERIFA add_to_waitlist BY, EBRAIEE
front_of_house ] hosting, ZEZHYE, B—M7 AR LUIBUXNER, FATPTLER use X
BRFOE—MER, ARMAUEEREPNEMMSERAXNERENRF.

EB 7-11 1, F( T crate: : front_of_house: :hosting {&IRF| NT eat_at_restaurant [X|
WE9EAE, MBEINREEIETE hosting: :add_to_waitlist BJEJ{E eat_at_restaurant i
add_to_waitlist BR%K,

XL 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();
}

5 7-11: fER use AR IN(ERE

EERIHPIEAN use MBRERMTFEXHRAFLIEIERE (RFS&EE, symboliclink), &
I 7E crate FRIENN use crate::front_of_house::hosting, IP{E hosting IE/ERIFIEE X
BRFRT , U0[E hosting FRIRMETE X F crate iR—1¥, @D use SINEAIFMBELIOER
ﬁ"‘ﬂi’ ﬁﬁ?ﬁ%@—ﬁo

AR use HEEBIRE use FRIERVIFEERIEARRERR. Tl 7-12 FF eat_at_restaurant K##%
pE] T — 0 customer BYFIRIR, XNEB—NAREITF use IBARIERIN, PRUAREIAREESR
=

XHE: src/lib.rs

mod front_of_house { ?&
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();
}
}

w5 7-12: use B REATFTHEREN{ERE
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\;?

FRHIRETREREABERT customer {RIRA:

$ cargo build
Compiling restaurant v@.1.0 (file:///projects/restaurant)

error[E@433]: failed to resolve: use of undeclared crate or module “hosting’
--> src/lib.rs:11:9

|
11 | hosting: :add_to_waitlist();
| ANAANAN yse of undeclared crate or module “hosting®

help: consider importing this module through its public re-export

10 + use crate::hosting;

warning: unused import: “crate::front_of_house::hosting’
--> src/lib.rs:7:5

7 | use crate::front_of_house::hosting;
| VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN

|
= note: “#[warn(unused_imports)]  on by default

For more information about this error, try ‘rustc --explain E0433°.

warning: “restaurant® (1lib) generated 1 warning

error: could not compile ‘restaurant® (lib) due to 1 previous error; 1 warning
emitted

ABRXBEE—NESY use TEERERTEHRER! ATEEX MBI, BILUE use %
ohE| customer {EIRA, T{WEEFEIR customer NIEIT super: :hosting 5|FAACIRIRPEI X
1z,

IR AAY use BR1E

Bl 7-11 B, (REJRESELIRERRR, AHAKINIEERE

use crate::front_of_house::hosting, #AfG1E eat_at_restaurant FAjFFH

hosting::add_to_waitlist , MAEEIIEE—EZ add_to_waitlist BREEY use FRIFFKFE
HERER, WRfF 7-13 Fimo

XL 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() {

add_to_waitlist();
}

{5l 7-13: {5 use J§ add_to_waitlist KES|INERE, XHAFEIIE
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RIARG 7-11 F1 7-13 #B5ERL 7 HERIAVESS, B/ 7-11 ER use FREE|INERERS]
R ZE. BREMH use FRIPERSINIERE, HNUATEABRINISENIER, XF
A LUBMItRIR AR B ESHENX R, FFERERENEEER/IMb. = 7-13 R
IBARERE add_to_waitlist RTEMERTE X B

S—7HE, R use 3INGWE. WENEMIE, JR2REENNTERRIZ. =f7-14
&R TR HashMap Z5H){AS| N2 crate fERBIBVSIBR A %o

Y& src/main.rs

use std::collections::HashMap;

fn main() {
let mut map = HashMap::new();
map.insert(1l, 2);

}

5l 7-14: 4§ HashMap 3| NFERRISIEY S IR A%

XMIMAZEEEEEHTABMER: ERE2—MRE, AMBELXIERT LIS VRIEN SR
5 Rust i3,

XANIBREE IS, BMERAVEER use IFAFR B BHERRVRIIH N ERE,

K Rust RRIFXIFM. T 7-15 BoR 7 IR AEEREZHMERERIEIREY Result

RESINERE, URIESIAE],

XEH: src/lib.rs

use std::fmt;
use std::io;

fn functionl() -> fmt::Result {
// --snip--
}

fn function2() -> io::Result<()> {
// --snip--
}
Il 7-15: EARERER N ABEMEE B RIEE S| \NE—ERE

WMRFR, ERAIEIRAILAIX 53X Result S8, WIRIK(TEISTE use std::fmt::Result
# use std::io::Result, FAPEER—IERIIIEE 7 Result K8, HIFR(ER Result
BY, Rust MAREERKIEZEBBZH

£/ as RIBFIRILIBIZTR

£ use FRMPMERZELESINB—EREX N REEE Z—MERDE: AXTMRENBREREE
mH, FAER as IBE—THNEMBZHRHENG. =6 7-16 BRTH—MEE M 7-15 &
BRI T55%, B as EaRREHF— Result KA,

XHE&: src/lib.rs
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use std::fmt::Result;
use std::io::Result as IoResult;

fn functionl() -> Result {
// --snip--
}

fn function2() -> IoResult<()> {
// --snip--
}

T 7-16: R as KEFERFINTERERIRE

FEEZ use B, %R ToResult EJg std::io::Result BYFFZFR, BEEM std::fmt
SINTERERY Result HAFAHR, Rl 7-15 FRfF 7-16 MERABEE, WAHEZEEBURTIR!

fE£F pub use EFLBHR

fER use XIEF, KENTBMIANGRIERERE, RRMMUERRZINERLEN, FEIL
TEREZ MRS REBRTE LR ER IR — R ERIZRNE, FILUR pub 5 use AR, X
MEARBRMNES (re-exporting) , RAEIEETTBSASRIERENEN, WEERE
‘L E Mt ERE,

w5 7-17 3R 7-11 RIEIRABAY use BT pub use FYFLED,
XA 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: 3BT pub use EEFFATMITERFES N EE TR
EXMERZE, SMIRBEEERRE

restaurant: :front_of_house: :hosting::add_to_waitlist() 3JFHH add_to_waitlist KK,
HERFBR front_of_house {RIRTRIZA pub, ILTEX pub use MIRIRIREFH T hosting
RER, SPERMCRSINIE o] LU ER{R restaurant: :hosting: :add_to_waitlist,

HIRUIBHNAEEL SERMRABNRER RFFARNEHAREN, ESHFRER. fW, &
XMRENLEET, SERENAIBI TSN EE" BMSEEH—REIEN, AJER
SUXEREREESBENSNEID. A pub use, FATAILUERA—MERRE NG, 5
FRENEWHARE LR, XFQERNEHAFER, BEFLAXTENERRBERXT
PERVAER REREMNTS (B, (M pub use SHEFENANE API'ESDILFHINTBES—1

pub use BYFIFR T HEXUNEIFZNE crate AISHE,
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fERSMERE

EEZEPHNRE T — N EREFN. BIMBEFERT —MIMEE rand REMFENE. 7
THEMBARER rand, 7 Cargo.tom! FAINT I F1T:

X% : Cargo.toml

rand = "0.8.5"

£ Cargo.tom! 0N rand k#4537 T Cargo EM crates.io & rand FIEMKH, HAEEEA]
FEMEABERER,

BE, AT rand EXSINIBGRERE, FITIMN—1T use EIGHIER, B rand &
BFEHFIE T EESINERENI, BlIZ—TFE _EN"ER—FEVIE SR, TINBE
Rng trait I NFEREFH AR T rand: :thread_rng BR%K:

use rand: :Rng;

fn main() {
let secret_number = rand::thread_rng().gen_range(l..=100);
}

crates.io FEIRZ Rust t XA KFHE, FEHSINRECHINBHMEE—EHRNTE.
£ Cargo.tom! SIHENFHET use FEAHPE XI5 NI B SEREA,

AR std ALEEX RN ERIEEEIMNEE crate, EARERERE Rust IBE—RNDA, THE
£X Cargo.toml K5I\ std, RFIFBEET use FANEERE XHIBE NGB EEREHFK
SIREN]. g, 34F HashMap, T IZFERLUTIER:

use std::collections::HashMap;

XR—MLATAERE crate & std FFRRIZEITRRR,
ERRERERBEREN use FIR
LRESINRESEXTHERSHAERRRNIN, AE—HmemIIE—T245RREAENE
B=E, fIIBHREET TG 2-4 RERKIT use IBEEM std SINIEIERE:
X{&: src/main.rs
// --snip--
use std::cmp::0rdering;

use std::io;
// --snip--

Bk, BFATFILUERRERZFERNIE—ITPIINEALE. XAMFEEREERZIERED
7, BEEMITES, BERKESPHNZEFENRKEZID, WRF7-18 Firo

Y& src/main.rs
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Rust i2FIgITES ERFXhR

// --snip--
use std::{cmp::0rdering, io};
// --snip--

T 7-18: EERENREE—ITPRZS N HEEEESAITE I N ERE

ERANERT, EARERIEMEREIUERPSINESE, rIUEERDFAFIIRIL use
BERRRE!

T UERENEAERAFERRERR, XTEHAESHIMHEEFREDN use IBAINIEEE R,
Flgn, = 7-19 FRERR TR use IBA: — M std:1io SIANTERE, 5—1
std::io::Write S| AN{ERAIE:

X% src/lib.rs

use std::io;
use std::io::Write;

T 7-19: @I AT use IFBASIANB MR, ERF—TEAF—THFREIZ

RN ERIZAIAEREIZEDZ std: 1io, XIERE—NER, AT HE—T use IBAFS|INXIHNEE
2, JUEREREPHER self, B 7-20 Fim.

XH&Z: src/lib.rs

use std::io::{self, Write};

5 7-20: BB 7-19 FEAEERNRFEEH A use ED

X—1T{EY std::io F std::io::Write [EBS5| N{ERE,

glob EHEFF

MRFERE—PRETHRELEIEINERE, AILUEEREERE * glob EBERF:

use std::collections::*;

XA use IBARE std::collections RENXKIFAEABIS|IAHRIERAE. £/ glob izEFHY
BEMG! Glob ZERINEUHESERRFEFAZMAMENEEAAEXH.

glob ERFEERATNIHEIR tests 1, XFNTEAMERBTIINERE; HANBES+—

B YUEIRE N B0 %, glob BEFTEIHBAT prelude 1R ; EEIERERRIN T #E
X MRIHIE ST,
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Rust i2FIKITHES ERFXHR
BiRRIF D R Z
FERIALE, SERENFIFEE—IXEREX SRR, SEIRTFEKY, (REJgE8E

ReNEXBHE SR 4R, MNMERBERS A%

Fan, BAIMRAE 7-17 hEEZPMETIERARE IR, BISERRIBNAZ B G,
MA SR EEREENX F crate IRX MM, EXE, crate IBXHE src/lib.rs, FAiFX4E
FEHIERT crate \RXEZ sra/main.rs B9 Z#$! crate,

Bt front_of_house RHURENEIH B 2RI 4, MIBR front_of_house BIRAIAIES AT
88, RET mod front_of_house; FERH, X#¥ src/lib.rs 2EEIRF 7-21 FRmB9HES, E
BEEIQIETRB 7-22 h8Y src/front_of house.rs X2 BIILES R BESR IR,

XL src/lib.rs

mod front_of_house; ?G

pub use crate::front_of_house::hosting;

pub fn eat_at_restaurant() {
hosting::add_to_waitlist();
}

3l 7-21: FRER front_of_house &R, HABRUT src/front of house.rs

ETRIEZ AT AES WIRBRN—1RM src/front_of house.rs IR, R 7-22
Fimo EARIZZ]ILET crate IRAFDY front_of_house KIIRIRFEERH, EMAEXREI X
X1

X% src/front_of house.rs
pub mod hosting {

pub fn add_to_waitlist() {}
}

M5 7-22: 7E src/front_of house.rs FRTEX front_of_house 1EIR
ARMRRABERRWPIELRFER—X nod FEEARLAI LUMNEX N H. —BHRiFSEFE TXN
XHERMEN—E5 (FFRiET mod BAIMAIERIE T HABERERNPHUE), IEFHE
SR %A FA L AR AR BRRY L B RV ER 2R 5 | BAB N XX Fa9AS, X7E5| ISR B B RS
NBEWE, WEIEH, nod FRMMARESEHMBEESPERIM “include” ##1F,
ETRENEER hosting BHURENEIEH CHIX G, XMNMIERXBEFARE, EA hosting F
front_of_house B FIRRMAEARIEIR, AT hosting MIXHRIESIERN P ERRIEIRE
ZHEZRH, EXER src/front_of house/,

AT #Eh hosting, 1B src/front_of house.rs {2 X E1E hosting HEIRAIFEFE,

X4 src/front_of _house.rs

pub mod hosting;

BEERNCIE— src/front_of house BRF—MEE hosting HRIRFE XM hosting.rs X1 :
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X #&: src/front_of_house/hosting.rs

pub fn add_to_waitlist() {}

WNRFKF hosting.rs TRAE src BR, PRiFIBIRIAN hosting #RIRAMY hosting.rs BIAESAEERTF
crate 1R, MAEAEBAA front_of_house RYFHRIR, JRiFeEFMBTBRYMELE S {4 3 R FFLEARIRAY
FRSRTAEN, ERE B R X4 E EEZ MG SRR,

SH—HX R

BRIALEFANINTAT Rust fiFBEFTERE BRIXARE, B Rust BxFF—EENK
EIR

X FEBAT crate 1RBY front_of_house 1RIR, RIF[IEMN MUBEHARRA:

« src/front_of house.rs (FAFRITEHI)
* src/front_of house/mod.rs (EXAE, iR

XF front_of_house BJFARIR hosting, FIFBSTEU TIBEEHIRIRAED:

« src/front_of house/hosting.rs (FAIIFR7T4BR9)
« src/front_of house/hosting/mod.rs (EXE, Fid{HsAZH)

NRIRFE—RE I ERA XA ENE, ZR[FE—INRIFEIR. ER—NEFH
RERRBEAARRZNBZ AR, FIXSEMAREIEEX.

£/ mod.rs T—X BN ERRREZSEIMEPHIMRS mod.rs X+, H
fRiE4miEas REIHT A e SRR 8 X,

BATRE MR ABZNEIRIIH T, FEIEIRIREFRE, eat_at_restaurant FIRYEY
HWARETHEIBRFTFER, EEEXFETARNXAH, XMKIGLLIRA] LUTERR
RIS KEY, RefIBahEHE XA H,

SEE, src/lib.rs BB pub use crate::front_of_house: :hosting IBA)HHKREENT, use B
REFFHLE W RIF N crate I—EZBRBEMEM, mod XPEFHEBETIRIR, M Rust =
ESERRE) R FPEHRARERIILD,

B4
Rust AVHRIE— D EIFRDAEN crate, HE— crate IFHAETFRIR, MMETUE—ME
RAP5| RS —MRRAE XL, RA]LERLMN BZIAEMNBRERLRX—R. FETLGED
£ use IBARERIZSINERE, XFEZRERNFILUERAERREZ. RIREXHEAR
INERER, AIAJLOEEIEM pub XBFHEEEXZENRE,

BEIR, UBMNEE—EIREERHENESIHESEE, RAIUFAClAEHEREETIN
B3,
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BRES

Rust RERERELS—RFIMIN EE (collections) HIEMEMMVMIESEH., KBS b2y
BALHAR—MIENE, FIEETUDESME, FETRRIRAMTARE, Xie
£ AIRRIRER ST LY, RERERENRBTAERENREA, FETTLE
REOETEKRR), SHESTEETRNENTY, MRELNERLEENES,
XR—TRBEHERGREE. XS, RIVGHBNT R ME Rust BRI Z(E
AmES:

© R (vector) SUEAI—MRE—MEtEE—RIIRETEHE,

C FRE (string) BFFNES, RNZHMT string 28, FUERSRIGRNT o
+ 1% map (hash map) ABFRIVGES—MIENTR (key) 1ARXEE, XR— MU map
BB R BB H ST

NI EERERENEMEENES, BTEEXE,
HATETCOMCIZMER vector. FAHMIGH map, UNENEHAK51ZL,
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Rust #2F1&1HE S E{RFXXhk
{&H/ Vector 1E5IR

BINZHBINE—NERRE Vec<T>, WA vector, vector AVFHNE— N RINAVEIELS
WPEEST—I0E, EEREFETRIBBMHTIFIENE. vector RREfEEFHERIZERRY
B, SlERE—RYTNHRTIFERA, HINXHEPRHXRTHEWNZERE@BINE.

¥hE vector
RNTHFEBE—IZ vector, BILUAMA Vec: :new (K%L, /R 8-1 Fiikmo

let v: Vec<i32> = Vec::new();

il 8-1: FE—HIZT vector RfiEfF 132 KEME

ERXBERNNEMT —NREERE, RNEERXT vector FHENESIE, Rust HAAEF
MMEEEEFEFARENTR, XE—MFEERNR, vector EAZEKIN, B+EZIIR
B RE CREREEREN]. W, FIEIREENENMEZ Vec<T> B— M HINERERRH

BURE, ERFREMERE, M3 vec FHREMTEREN, PILBUTFRESH. &R
51 8-1 #, FATHIF Rust v XA Vec<T> FFFI 132 KEMTTE,

BE, RISBVBERCIZE— Vec<T> M Rust SEMTHEEFENXE, MUBRILSFTEX
LeRRUEMR. NTHERustIZMT vec! &, XNASRIERNNRHIVEREIEZ Y
vectoro il 8-2 FE—TAHE 1. 2 0 3 AY Vec<is2>, M 132 RRIAXEIIAEE
KB, F=TY BHERE" Ve

let v = vec![1, 2, 31;

il 8-2: HE—EEYER vector

EAFANRM T 132 LERHIAME, Rust BTLUERTH v BB vec<i32>, RISEELEMERL
FRUTH, ZETRIULBATEFWNEER—1 vector,

E#h vector
I FHFE— vector HEEIEMTTER, AILUFER push 755%, 0RfI 8-3 Fix:

let mut v = Vec::new();

v.push(5);
v.push(6);
v.push(7);
v.push(8);

5 8-3: {FHA push F57AM vector HENE

ME=ZZFPENEMNZE—F, NREVBEBATENE, DHRER nut XBFEEATL,
BNERRFEESRRZ 132 LB, ME Rust BREHIEMBMLLHET, FRIUFEER

Vec<i32> iR,
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1%HY vector BT E

BRMTFASIA vector REEENE: BIRSIER get Hik. EETRIRAFIFR, ATE
IR, FIELIRE T XERPUREINERZEE,

5 8-4 BR T iA18) vector F—MERFFN A, TRI[EBEEHE get FHE:

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."),

}

TP 8-4: ERZERSIEA get 777ARIIA vector FRAJIN

XEF/IMMETHEEIR. HIMERRSIE 2 RIBE=ZNTER, BRNRSIZBNEF 0 Fia
H. M & fl [1 KBE—RIIMUEBTENSIH. HEARSIEASERER get FEN, &
BE|—1e LU ETF match By Option<&T>,

Rust {2 T M5BT RN A ZNRER S ERNA TR R Z /MRS B AT LIERE
REFRIEETT. EMIF, ERNEEERAX TR, ZHAEIE—1 5 1 TEA vector
BEMAES 100 UBNTESZKENFA, WRF 8-5 Fim:

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 NITEM vector ES] 100 HITTE

HBITXERAR, MEAIHNFE N 11 7E, S5 1PFEFERITEN Rust 28K
panico WA FERTHIRFEERINIAIN vector KEZIMNYTTRIT L EF BRI R,

Y get HIEBUTET —MEEINIERSIES, EARE panic MEIRE] None, HE/RHINED
vector SEEMIAFREFEE B RNHERI UZ EBFERT, BEERNRBAIUELIE

Some (&element) Y None HYZLE, UNZHE/NEITICHIARFE, 140, ZH5|mIEeRFET RN
Fo MRENFEBANT — MKW FHLIEFHISE None B, Re]ASIRAF HAI
vector TTEMBEHBERENMNBA—TIERNE, XFLEABNEIRMEERERERF

%!

—BRFRET—MERNEIA, GRNESKSRTHRENMERMN (BUEHE) K
& vector AR5 | AMEMEMS I BREFEN. LIZ— T eEEEREREFRREE
AIEMARIZES I BB, XTMNERT A 8-6, SF(FREXT vector FIE—PNTTRBIAR
BT 5| BHZIRTE vector REEM— M oRMIHE, MRS HERBNEEBR5IBXITITT
RETAEN:
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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}");

Tl 8-6: FIATEHAE vector RINRYS| BRIENREEIN—1TTER

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

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}");
|

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

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

T 8-6 PRI ELKNIZEEBEIT: ATAE—TTRISIBAZ XKD vector EEINE?
FREX AMARERZHTF vector WITIEAT: 1E vector WERIBMITERE, TRERHBT
EREFIE TR ARORIBBERIERT, ARESERDEHMAFEHEENTRENRHN=IE
B, XBY, F—PTTRRISIARIER T HREBEINF. ERMNEELLERERRENZHIRIT.

AR XTF vec<T> REIWELZLMAT, iEEF “The Rustonomicon”

iBF5 vector RRYTE

NRBEIRRITIR] vector FEIE—P R, KAIUEBHEMENTERMETELIRS|I—K
— M BiAEe. B 8-7 BN T ANfAIEA for 1EIFKIREY 132 {ERY vector FHE— M THEIAR
I E 5| AFHRESTED:

let v = vec![100, 32, 57];

for i in &v {
println!("{i}");

}

5 8-7: @it for {EMIEH vector BYTTEFHITED
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BHAMBEILUEA AT E vector NE— N TRBVAIZSIALUERERZEN ], R 8-8 AT for &
Haes—IrtE se:

let mut v = vec![100, 32, 57];
for i in &mut v {
*i += 50;

}

5l 8-8: i@ vector FITERMPIES| A

ATIERRIZS|IAFEmAE, EER - BENZAUIERBES AR (*) R 14
ME. F+AENELHES|BIEER BUE"ER D =¥ T RRES | BIZ R,

HAFERREENMN, TR RATHER—1 vector FBBREZEM, WMRZIXER
{5 8-7 # 15 8-8 BY for fEIMARIENTMIFRIN, EXSEI— ARG 8-6 FESHAEARY
PRIFFRIR, for 1BIFIREXEY vector 5| ABELET RIS EA vector H1TIEL,

ERMEREFS AT

vector REEMEFIERXAIME, XERFHEN; BHEEEEME—RIIARLLNENS
Bl, SENS, KENRRBRECIERIKERE, FILLEEE vector HHEERE%
RUERY, RATAIE N FHEA—

a0, RINBAVEBMBFRZH—ITHRREE, MX—THELIIESHRT, BEEEFR
B, TEERFNFH. HNTUEX—MKE, HRRSFRXERERENE, FINAEX
LN RESW S ERESE . BIMEERIRE, BEFTLULIR—MEFZNEEN
vector, XIFERAMEBEFAREENET. 7F 8-9 BRTXTRAZ:

enum SpreadsheetCell {
Int(i32),
Float(f64),
Text(String),

}

let row = vec![
SpreadsheetCell: :Int(3),
SpreadsheetCell: :Text(String::from("blue")),
SpreadsheetCell: :Float(10.12),

[

P 8-9: EX—MHEE, LUERETE vector FERARRERIEIE

Rust TE4RIFETATHELIAIE vector FRIRE, XA REREEH LEEAT N TENRZ
DARF FAEATERIX A vector HAFRIZER!, 9NR Rust RiF vector FEEEERIEE,
BARBESRAN— SN EREN vector TERITIREN S (FREHEX) HiR. EAK
Z0_E match RIAXEKE Rust SERIFRHEREMNAENBERESFINIE, ENEEif
EIAYEBEE

NREREZFI TR TEMAE T T 2 EFHE vector WFFBEE, MERAMITFR
BT MR, REAILUER trait HR, E+/\ESHEIE,
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MEBAN]THET —fER vector NRELNAI, B—EEXZBEINEET vec EXHIRZH
fthSEA 75 7ARY APL XA, I8N, BRT push ZAMEB— pop 757%, ERTEFFIHIRIE vector
HEE—1 &

EF vector HBEEFHFIETE
FEINFEREMAY struct, vector FEBFHERAIN SHBEM, R 8-10 FrtrEeY:

{
let v = vec![1, 2, 3, 4];

/1 fER v
Y /1 <- EXE v BFEREHEERER
5l 8-10: Bix vector METEZF VK ER

Y vector WEFRN, FRIEENBHSWER, XEKREXETESNEHEREE, EAK
TR T 1 vector HARABEIS|BIXTE vector ZE B XA AT,

IFABRET—NESGRE: string!
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Rust I2FFI8IHES BHAT TR
EHAFHFEAHEE UTF-8 RN A

BOBEELHT—EFRHFRHNNE, FEREULRNERINMTHRE, FRHEEHS
Rustacean JBESWEAENGIN, XRHEF=AHEHIEHNGS: Rust iaFHEZRSELA
BEMVEEIR, FRREILRZEFGMERNEFT HEZRNEIREN, UKk UTF-8, FIEXLEE
EEAGERMFREEMESESNEFAMAEEFSEREMET,

FESETHTRFRENRRARZ, FHEMEBEAFTFTHESIMI—LES AL, HxXLE
FRHRBERNXARE, XEFERME T LA, E4/NTH, KNZHE string FARLE
EAESREIERENE, LN, FHMIR. BWRITE string SEMES R AU
73, BIANZRS| string BREREY, BT AMUENIER string ZIEHFNEIARE.

HamFEH?

BIVEEX —TFHFRX—ANBNAARE X, Rust WIZNESHFRE—MFRELRE, FFF
& slice str, EREUKEANAALI, astr, EMOEHRETFHH slices: EfIE—L
MHEFFERIAEY UTF-8 A3 F TR EERYS | . 2FIKR, ATFFRHEFHERBEEETERN
i, FElTBRFAFE slices.

FRFE (string) KB Rust fNEERME, MARKANZUIES, ER—MAgK. AL,
BB, UTF-8 RIEM=FRFHRIER, Y Rustaceans I Rust Y “F &7 “B, (i 1ATREFS
HJE String B string slice &str A, MANNEBEA—MEE, BALTEEITIL
String, {BXMIHERTE Rust WAREEFREEAREMEA, MA String Ml FFFE slices #B2
UTF-8 4REZHY,

MEFfT

R% Vec<T> LRJRAYIRIETE String RREIFAIA, FXL String WEMA—PHE—LEEI
fRIE. PREIFITNEERYFTT vector BYFYER, HA—MREIFEAT Vec<T> M String BRERAIGIF
ERAFFE—EFIRY new BRER, WA 8-11 FimRo

let mut s = String::new();

5 8-11: FrE—1=HY String

T — U s NEHNFNH, ZERNAIUEERMEDE BEFFEIBIGR
7, RARNEE—FEMEXNFNHR, Aitt, AILUER to_string 757%, EREATEMAR
LY Dpisplay trait I3, LLINFAFBRFEE. T 8-12 BR T M Fo

let data = "initial contents";
let s = data.to_string();

/1 ZREEN A EERATFRHEFEE:
let s = "initial contents".to_string();

T f5) 8-12: fERA to_string AN FIFRFEELIR String
XERWEZEZEEE initial contents FF T,
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WA LAGER String: : from KM FRFRFEEEIZ String, 1l 8-13 A FRTE

FH to_string,
let s = String::from("initial contents");

Tl 8-13: A String: : from MMM FFTERFEELIZ String

ENFRENAZ, XERRSTRANATFITEAER API AR, Hh—LLalgEic
KER, FTIMEHARZM! EXMIFH, string::from f .to_string AWM T T2
ERIIIE, FrAsfaiEEmE AN SRR T,

IBEFFTERE UTF-8 4ih3RY, FRIARIUE &S ERRIDRIEE, MR 8-14 Fixo

let hello = String::from(" Sl SLd");
let hello = String::from("Dobry den");
let hello = String::from("Hello");

let hello = String::from("ni7w");

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

let hello = String::from("ZCAICHBIE");
let hello = String::from("QHIstNR");
let hello = String::from("{R&F");

let hello = String::from("01a");

let hello = String::from("3apascTBYyNnTe");
let hello = String::from("Hola");

T 8-14: EFFHRPEEARESHINEE
FREXLEEERMEY string {H
EMFF B

String BYA/NAILUENN, ERBHAILRE, MERTMUBRANESHIERNE vec HRB—1%,
55h, AILIAERER + IBBFEL format! ZRKHHE String (B

R push_str # push iINFFF R
B LUEIE push_str F5ARMINIFRIE slice, MMfE String T, 0B 8-15 Fimo

let mut s = String::from("foo");
s.push_str("bar");

{5 8-15: fEFH push_str J57A&M String HINFRTER slice

PITERITRIBZ/E, s HRBE foobar, push_str FiARAFRE slice, AARNHTE
BIRINSHHFIEN. B, =B 8-16 RIHAFEER s2 WABHME s1 Z/adeefER

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 J3 /AR E X IR — M RIRNFRHENSER, FHHME string B, KB 817 BR T
FA push 753&3F & 1 A String RIS,

let mut s = String::from("lo");
s.push('1l');

5l 8-17: fEF push F—PNFRIMAN String EH
PITXEREZE, s BaE3 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, TEE4EER

T f5 8-18: A + BRARKM string EEHEI—HHEY String {EF

RITRXERBZE, FAE 3 BRES Hello, world!, sl EMEMEFABERHIERER,
£/ s2 S ANERER, SR + SEMANABRNRBEREXR. + BEAAHERT add KK,
XN R R B RREGXIF:

fn add(self, s: &str) -> String {

EIVERERIME AT, add FEXER TZRMXECER, EXERNEMNTAGKELE, X
WIEEHER string BRAXNAESAEN,. FTERNIEZE, XNERRMETIER +
BRI E D HIAR,

B, s2 EA7T & ERERINERE-NFHENSIASE—NFIFHMBM. X2EA add
BRERHY s BER: REEFR &str M string AN, FEERKEM A String EMEM. AEF—T —
&s2 BYRBYZE &string, MARE add B NSWFHEER &stro BBANT ARG 8-18 iXAELR
Ee?

ZFLARERSTE add AR ER &s2 RFE M &String AILIK 58%E (coerced) A &str, addig|
AR, Rust EBT —MEMA Deref s@HlI3%HR (deref coercion) HIRAR, Lfr =il
&s2 Bl hy &s2[. .1, BHRELSFRANBITIE Deref i8HI5%#, KA add ;ZEIRENSEHIFR
B, FTUERMEEE s2 MAREXRE string,

HR, AIAIIERH add FREX T self BIFREMN, A self gHMERA & XBHKERDI
8-18 Ry s1 BFMERUEMZENE] add HAH, ZEMABER. FIURA

let s3 = s1 + &s2; HERMBEIEFRIFZFEHIBR—MHNFNH, MERFLXME
=IREN s1 BIFRERL, MINEM s2 REENNARE, HRELERBFAEN. REER, EE
ERFEEMRTRZEN, FTIEFEHEE: XTKLRAENEESK.

NRBBLBRXSNFAEH, + 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 WMTENEFRNFITRIEE, FJLUER 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! WTERIEMER, FEREF
FamETnERE L, BRE—NEESERNEN String, XPMRAMIFIERNZ, &
format! 4 ERAYAESER S| BRI A SREUERISEFTER,

EL R
FERZESH, BIRSIKIIBFNERNRIRFHFEENEEIAVEIE, JAMTE Rust /4,

MRMRERAERRSIEXIAR String W—E85, SHI—1HEIR. FE—TURA 8-19 HFfR
IR,

let s1 = String::from("hi"); ?@
let h = s1[0@];

T 8-19: BN FIFHERRS
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

let h = s1[0];
A string indices are ranges of ‘usize®

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 trait "Slicelndex<str>" is not implemented for "{integer}’
but trait "SlicelIndex<[_]>" 1is implemented for ‘usize’
help: for that trait implementation, expected "[_]°, found “str’
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 AT 280A#: Rust WFFFEREAFFRS. A, NtAZXER? ATEZF
XANEIER, FHA TS — Rust RUIRIFERFHEEFEF R BN,

AERRI

String B—" Vec<us> WEIEE, ILIHNIEETA 8-14 P—EEMEENFIRNOF. B

X1
let hello = String::from("Hola");

EXE, len BUER 4, XEREMIFFAE "Hola" By vector WKERNFT: XES—
PNFEEY UTF-8 RSB —1F 1. FTEX—TARIILRERIZIN CERZXNFAEFH
BFSRARRFEN Ze MAREHF 3.) !

let hello = String::from("3apaBcTBYyNnTe");

MBEBEANRMZFEFENKE, (RAESEIE 12, A, Rust WEIZE 24: XZ2fEA UTF-8
4mhS “3ppaBcTByiTe” FIREENF T, XREANEXNMNFERBEFE Unicode IE2EEFERMR
MNFEHEHE. B— N FREFHENRSIH ARSI —NE KB Unicode i7£E. EA
BN, BRI IR Rust (U5

let hello = "3pgpaBcTByNnTE"; ?g
let answer = &hello[0Q];

HENBLEHE answer REFE—NFH 3. HFEH UTF-8 4RiZAY, 3 NE—1NFTE 208, F
ZANR@ 151, FLL answer PR ERIZRE 208, it 208 BEHAR—MNEUNFE, RO
208 AJRB—MERFFRE—NFEHNAFRFEEEN, FIER Rust EFTHRS| 0 U E
FREEIR A —ERE. AP BEASBE—NFNERRE, BMEXNFHREREH T FH,
R &'hi[0] BIREIFTEMNERARE, BStHaRE 104 [ARZE ho

AT BRREIRIMIEFHERFEEIIZIAIB bug, Rust BRERSRFXLENLD, HEHEA
WIEPREHE TIREN AR S

FU. REENFAE! XK!

XE[ET XF UTF-8 IS Ih—1ml@: M Rust WAEXRH, EXLELE=MEXSXAIUEER
FRE FO. REENFEER (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, UMEBITENRASMEFIEIE, WMRM Unicode ir2ENAEIERE
{11, B Rust BY char SERIFRRE, XEFTEERGXF:

['F', '\', '¥', O00', 'd', O0']
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BB char, FAIFEPMHEANMBAZRFE, ENBAENSEEHKBEAR N
&E, MRUFEENAEER, MRTIANPMRNARX N RIENESFE:

("9, """, "§q", "?f"]
Rust I2ft 7 ZMARBAURERH BN EFHNREFTHEE, IHEEFMAUNEREE
BHIRIAI, MEFMBRAMARIES,

&E—1 Rust RAVFERRSIIREN string FRNRERERZ, RIIRETHEEFTER A
(O(1))o BREXTF String REJRERIEXFFAIMERE, EJ9 Rust AMFFKEIRS M &G K
BB ZVDBERBF.

FHEB slice

R FHHEBEBER— M RF, AANFHFERSINZEEIEEZRERN: FHE. FA/.
FRBENEFNE slice, AL, MRIRENFLEERRSICIZFFTE slice BY, Rust ZEXR(R
FHHR—E, T ERRRSIHRBIFFEE—1FAE slice, HHLLER 11 MBEMENERS,
BILAER [1 A1— range REIEBREFTHHFATEH slice:

let hello = "3pgpaBcTBYynte";

let s = &hello[0. .4];

XE, s IR &str, EESFHRAKENFTT, RLENE, HIHRETXEFEHE
MIMFTKE, FIUXERE s B2 380

WMRZIXAIEM &hello[o. . 1] AR FRIHIZ D FTHHEHIT slice, Rust RIEEBTTHY panic,
FRERIA18] vector PRYTERNZRS | If—H¥ :

$ cargo run
Compiling collections v@.1.0 (file:///projects/collections)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in ©.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
‘3gpaBcTBYyNTE”

note: run with "RUST_BACKTRACE=1" environment variable to display a backtrace

EfEA range KEVEFTE slice HEIMND, ENXAMAIREREIRBVIZFRE .
EBHFRINAE

BEFAT RS- DIRIFNGZRPHRTIREFTERF T, T HIRAY Unicode 1RE
{BfEA chars 757k, 3 “3n" JHA chars FASKFHEDFHIREIR char RERE, BHEWM
A LUBAEER KRS — TR T !

for c in "3a".chars() {
println!("{c}");
¥
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XERBRITENHIN TAR:

3
il

55b bytes FiARBIE—MRIEFT, XARIEGRINERTR:

for b in "3a".bytes() {
println!("{b}");
}

XERBESITENHARF TR NF T

208
151
208
180

R ESHIBEEMH Unicode Ir2ERBESBERLE—NFET AR,
MFRFBPREUNRRIFSOGXFNFR ERIRE M, FRLREEHEERMX N INEE,
crates.io FELERMHLXIFINEER crate,

FHBEHAER

BMEZ, FHRERRERN. FRNESERT ARNAEFIBRTIEER MRS,
Rust &% 7 LUEHRRI S TV string SIE(ENFRE Rust BFRIRAIATTA, XEKERFR
M E Z 8 BE AT AR UTF-8 iR, XMIERILEMIES ESMBEEL T F RN
S, TIUEREFREREHZTREDRIE ASCI FRFBHEIR.

9P S REERE T R ZESE string Ml &str EIVINEE, REBIENERVIEXLES I
Ro BSVEEXEMMATIENXE, FI40 contains KILER—PFFEH, M replace FFEF
BHN—E DR FZ— T F T,

WAL R —ERRERNES: 5% map!
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Rust ZFIZIHES E{APhR
£/ Hash Map fiE7E2E

RENBNEAEELXLZRE map (hash map). HashMap<k, V> HKEVETE T —MREAE K
ME—MEEE v iR, ©EI—TIaHEEK (hashing function) JRSCILBRGT, REGNM
RRMEBRANAES, REFMBES ITXMHELS, FTIBEETRANEF: K.
map. MR, WBHER. FHIEXBKEA, X160

a7 map A LUATHRETMEEEANERIHEENER, MAZE vector BBFEIRS.
g0, E—NERF, RALRENEARNSHRIEREGS map B, HRREMNENEFM
BEESMAMENS . LE—1FR, MERRENZIANED.

TEHNSNMERSR map WEZ API, FIEBEEZRS| AR FInERFT
HashMap<k, V> ETEXBIEREH, —NBAEIFERINEREXIERTHRESER.

E—1 % map

AJLAGERR new BUE—=RY HashMap, FHERA insert 1ENTER. ERHI 8-20 PIANERM
PAREY D2, 35 2BPAFIERA. BEPAFFIEE 10 DMEAFFIEE 50 2

use std::collections::HashMap;
let mut scores = HashMap: :new();

scores.insert(String::from("Blue"), 10);
scores.insert(String::from("Yellow"), 50);

TP 8-20: FrE—NMEH map AN —EREXN

ERMIE T use tNEEREGERDHY HashMap, EX=1ERESGH, HashMap B&AE A
BY, FRIAFHEEW prelude BEh5IH. IRAERERRS HashMap FISZIFHARXAL, fla0, H&H
NENEER.

& vector —#%¥, Ma% map FENMKREMEEEHEL, X1 HashMap BIFEERIZ string M{E
KRBT 132, T vector, 5% map 2FEIFRBY: FRENELNEHEERE, EHATER
HERE%EE,

BRIl 7 map hEY(E
A LUET get F5iEFHRMXIRIAYEER MISH map FIREXE, IRl 8-21 Fimk:

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);

Tl 8-21: IEIAIGFAE map FIETFRIIERA D EX
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X8, score B5HEPADEAERIIE, N 10, get F57AIR[D] Option<av>, WNRENEBER
& map FREXNMNHE, get KiR[E] None, FZFHIBE AR copied FiARIREN—1
Option<i32> A Option<&i32>, }EEIFF unwrap_or £ scores HGHZ R BYIAT
BHIZERNZ,

AILAER S vector R A RIEBHEHE map PRIS—MREEXN, BME for 1EIF:
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

1% map HIFRE

MFBR 132 XFWLILT Copy trait YR, HERLUIEIIHIEE map. XFR String XH¥
HERENIE, EERBEEIMAE 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 # field_value F~BEXH,
/1 ZRERAENEESHINAARREIR!
Tl 8-22: Br—BREMNWIENGMAEE map FIEE
Y insert MY field_name 1 field_value FBohEIMGH map H/5, BAEEFERAXMIMEIE,

MRRENSIBENGE map, XEERFRAIBIZHERE map. BRXLES|IBIERAY
BEXNEDERE map BEHRBEERN,. F+E Lo BHRBERSIBEN BORBIESZH
e MNE)H,

Effla%H map

REBENNHEZALUERY, SME—RRRERNXEK—NME (RZFA—EMIL: Lt
EFAFNEFAR) scores F5%5 map FEBRIREEER 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, BMERA 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:?}");

5 8-23: BLUS ERIEFEME

XSFTENE ("Blue": 25}, [RIARVIE 10 NMIIKEE T,

QERHFEEMEANRE

BINEEREEMRENRRSELFETRS map PHHITIMTRE: MRBH map
PREZLFEVNRBUEFIRNE;, IRFEENERE—REN.

AIEIEH map BE—NEREM APL, Wfg entry, EREBITEERETNRIENSE, entry K
HHREER —MIZ Entry ERART OIREEEHR R EENE, IR KINEERETER
HRETREBET —ME, MNRKLH, FMENE 50, WTFEABINLL, A entry AP BIME
IBERRIRG 8-24 Fimro

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:?}");

Tl 8-24: £/ entry FIARERKANN—MEHEA

Entry By or_insert FHiAERNNAEEFEENMIREXMENAZS B, MNRRFENZESEK
ERFEIENAFREFENT TS| H, XbEEECHZERERANS, BIMISHERENESS
SEEFET.

B1TE 8-24 UK SFTENHE {"Yellow": 50, "Blue": 10}, H— entry JARASIGENEPA
BYBEFN{E 50, RAEAHZE—NME. FTA entry AEFASHREIRE map AANEAESR
T1E 10,
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WRIEIREEFH—ME

S TERNES map N ATREHRE — RN NAEHREBNEERE, fii, =6l
8-25 RIS I —EX AP E—TREFESFHIR T SR FERKRE map LLEEEA
BHEIEEERIERFNERIT VRN RiE. MRBEREBEFERIE, MAiHNE 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: @EIIEF map EFRIEMITERRSTTHH IR EX

XAITEDE {"world": 2, "hello": 1, "wonderful": 1}, {RAJIGERBFEREMIREXUFRE
BIIRFFFTEN: ElIZ—T"ihRMa% map REYE SRS PR EEFREH map SUERIRFH#HTT.

split_whitespace 75KIREI—THTRIIF text EF slice AUIXHES, or_insert 757AiR[EIX
TRINEN—TAESIA (dmut V), XERITREXNAIZES|IBHEFRE count TER, FRUA
THREXNERERES (*) #3518 count, XNEIL5|ATE for BFNEERFERE,
XiFFrA XL TR L 2MNH TG AR,

UEE T

HashMap ERIAfEF—FPOUM SipHash FIMEFH KR, ERILURELSRIEER (hash table) B
E48ARSS (Denial of Service, DoS) W&, AMXHAEIBANRRNEE, FEATESH
ZEMEFTH LN, NRMELENERIEEHFRKIEEE, URTFHRLEES,
{RE] LUIFEE— DRI hasher RINIRAEHE K E, hasher @— 1L T BuildHasher trait
R, FHEXITL trait MIAEZME T, RHARFTEMKLFIALINEE 289 hasher;
crates.io BEM AR ZLIM 7T FZEBRAHEER hasher BYE,

https://en.wikipedia.org/wiki/SipHash
& g

J[Ax¥—=]

vector. FATEMIGH map SEMRHEFFREMT. HRMESERERNTER, XBE -
R 1% BEDS AR/ RATER S () -

1. tAE—AEE, B vector FHIREXANFIRIIPAIER (HEYIEAR M FHERNE) MREK
(HEURBGRZWE, EXERE map KREHER).

2. BFRBEMRA pig latine WMEE—TRANE—HEFEWENIRIANEEHIY
may, FRLA first KL/ irst-fay. swBFRAKNBERNELREIEM hay (apple KL
apple-hay) . AR UTF-8 4iZHY4HT !
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3. ARG map # vector, BIBE—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

HIRERHFARPAAEEMNES, Pl Rust B—LAEHEERAE. TIFZERT,
Rust BXRIRAINFEIRBIATRENME, HEMRBVARSIFRIRI—LE1TR, X—BRERNIEFE
migit, EAERUBERIFERAEEER LR Z fimEE R I EIRHFHITIE SR IE,

Rust B$ER D AR AL : AIREM (recoverable) 1 FREIVRER (unrecoverable) $&iR. Xt
F—AMENEIR, LLIOXERKINEIR, HIVEUEREBDAFP RS HEHERIZE
FEIREREIREE bug HIAIMEIK, tbaDiEAR— MBI HARIKIMUE, FLFHIIE
M EMELIERERF,

AREZHIBSHAX D XFIEIR, HRALXMUEE (exception) XEARFE—LEEANT,
Rust RERE. Kk, ©F Result<T, E> A, FFUERIREMNIEIR, BF panic! 7,
EREFEIATMENEIRMELLRIT,. ZEELNAE panic! HH, FESHEWAMRE]
Result<T, E>, [tb9h, FHNTEIRITERAEREIAMEIRPIIELZBEIERITIIAEEEIL,
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F panic! RIBFRAIRERITHIR

RABF—K, RIBHAAT, MIEMLEERFLR, HFXMER, Rust B panic! &R, ELEE
hE MG RER panic: TSGR panic BUIR{E (LLIDipEB S HREBLEENRNS) =
ZEAMA panic! R, XFMMERNEXFEERF panico BEIBER TXL panic SITEIH—
EIRER, BAFHBERIE, RAERYH. BI— M HFETE, fREAILIL Rust 7 panic &
ERHTENERMER (call stack) LUMEFEAL panic BIREA,

MRz panic BY R B LE

LI panic BY, BEFIRIASFIE BF (unwinding) , XEBKE Rust KELEFFF
EeainNg— M RHBHE, FTEXIMEHEENTREEREIF. B—MEE
EEEZ KL (abort) , XN EEHIEMRLER.

BARFERANAFEEERRFARREIE. NRIRFEDBRIRA ZHGI S 4i
/NEgF , panic BR@ITE Cargo.toml B [profile] E3531ENN panic = 'abort’, AILA
HEFIIE AL, Fi0, INRIFBETE release RN panic REZEZLLE, AR
m:

[profile.release]
panic = 'abort'

HEE— 1 ER2NIEFPIAA panic! :
NHR: src/main.rs

fn main() { w

panic! ("crash and burn");

}
BITREFR S H IR R

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

REMITEE panic! FRAERNHEIRER. F—1TET T panic RIEREEHIERTIRIGH
panic HIMIGIE . src/main.rs:2:5 REAXZE src/main.rs XENE_ITERNF o
EXMIFH, WA —ITERITABN—E5, WRBERIZIT, MR panic! &
AR, FHEBRT, panic! AJReHIMERNAABFAIEANAEF, ERESREH
XHRMITS AR ARBRE panic! RiAA, MARKINAERRESE panic! BIFB
_'If?o
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{$EH panic! BY backtrace

BATATLAGER panic! #IARABIKER backtrace RIHABHHRBIM S, TERIISE
H7T4R backtrace Bft4. AT THEINAMER panic! By backtrace, iLFHNTRESZ—PRH,
FAIREIPBY bug SHERIFIRIEES panic! MfIF, MAREENZFEREERKNM, Rl
9-1 H—LEXHE I E5134iA] vector FEBHBEVCEETERIBIF:

X% src/main.rs

fn main() { w
let v = vec![1, 2, 31;

v[99];
}

Bl 9-1: ZidhIRlE# vector ZEERTTER, XRIEK panic!

XEZIR AR vector 9% 100 P& (XEMZRSIZ 99 BARSIM 0 F8), FIERE=
PR, XMIBERT Rust = panico [1 ZHiRE—NTER, FIWRERET —NERERSI,
2B Al Rust IREINVIEMTE.

CEER, ZERIREENZENERREXTTA (undefined behavior), RR1FENER
MWLM PX P TENRAFUENE, BEEEXERFHRETFXMEBEEMRIIER. X
WAR7 BEFXFIR (buffer overread) , HAIRELSBLERE, LEAIREER UGXIFHEE
RS RIRENEFE BURE 1 2 R R E RNV R,

AT RIFEFARIERENFNE, MREHRN—TRS|IFFERNTER, Rust ZFLERTT
FELMLE, LRAIFIA—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

BIX1EA main.rs 958 4 17, XER(NRAEAARE v BRG] 99,

note: FHIFFRATRILIIRE RUST_BACKTRACE IFIE T £ RS E—1 backtrace, backtrace 8—1
BTEI BRI BB WIEARMNREBTIR, Rust BY backtrace IREMIBS HH—#F: #iE
backtrace FIXHERMLFARIFEEI A IUTRS X H. XFtEran kR, X—TF LR
RERBFHEABNARE; T TNEIABIMRAKIEANRIE, XE/TRIREE S0 Rust X5, 1R
EFERBIEEIR crate A3, 1LF{ 14§ RUST_BACKTRACE IFIETL SR BENEMAIAE 0 BIEXR
FREX backtrace &, =l 9-2 B R T S{RERZEMREL

$ 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
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at /rustc/4d91dede48198da2e33413efdcd9cd2cc0c46688/1ibrary/std/sxrc/
panicking.rs:692:5
1: core::panicking::panic_fmt
at /rustc/4d91de4e48198da2e33413efdcd9cd2cc@c46688/1ibrary/core/src/
panicking.rs:75:14
2: core::panicking: :panic_bounds_check
at /rustc/4d91dede48198da2e33413efdcd9cd2cc@c46688/1ibrary/core/src/
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/xustlib/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/xustlib/src/rust/library/
alloc/src/vec/mod.rs:3361:9
6: panic::main
at ./src/main.rs:4:6
7: core::ops::function::FnOnce::call_once
at file:///home/.xustup/toolchains/1.85/1ib/xustlib/src/rust/library/
core/src/ops/function.rs:250:5
note: Some details are omitted, run with ‘RUST_BACKTRACE=full® for a verbose
backtrace.

M5 9-2: ZHi%E RUST_BACKTRACE IR L&Y panic! JAMFTAERLAY backtrace 52

XEFAENELH! FEFEDNEHTERERERNRERSN Rust IRAMERRE. AT
RENHEXLE(E SR backtrace, “HSAIEIHRTS (debug symbols). HFER
--release BHIETT cargo build 3 cargo run AR S 2RINEH, MEXE—.

5l 9-2 BV R, backtrace BY5E 6 1T8ME T FHA T B FEKIRIBABIIT: sro/main.rs B9%E 4
7o WMRIRAFERER panic, INEME—MEIENTE SRS XN —ITHIRIAZE,
61 9-1 h, HITMERE 7T 2FH panic IS, BEX panic NAZEMERARESIHTE
— PNREE=ZME vector FIEKRESIE 100 TR, HERMIURBEIT panic, {1H
ERBREXFENIR TRERITT HARENMTAESET panic, LUK HinaatiE
155 53 AL 2

AEFEAVNT “BEARE panic!” 2EREIE panic! HiHERAIN1Z. RIBSARIZEER panic!
RAMIBEIRIE . BETR, HIMREBWNEFER Result KMEIRPIRE.
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A3 Result LIRS AYTEIR

REBDHEIRH KA EIFEREFT2FLERNT. ANRBKMBRERS ZE#EFHNMUL
B, flm, MERATHA—IHAFENXEHMERY, EBATRIERZRE XN, mA
BRIEHIE,

[Bl1Z—T% Z% “fEH Result RKAIRAMBBIFRIFEIR" BB RAIAB Result ME, EEXEHE
SATFANEE(R, Ok F Exr:

enum Result<T, E> {
Ok(T),
Exrr(E),

}

Tl E BZRRBSY; F+ESWANAZE, NEFTEMENIRE T ARMIHEIRE]
BY ok ZARFRAVERIERIEER!, M E ARKRMETREIRY Err TRFRIFHIRBIEER, K7 Result
BRXLZRIRRSE, FATRILARE Result EBIMNREEFRNEE XNRHA T REZRERG
8, XEBRPEBEROMMINMENKKEREZEFEE.

UHBEANTEBE—1RE Result BRER, RATHESEN: WRE 9-3 FinEidi T H— 1 X4
X% src/main.rs

use std::fs::File;

fn main() {
let greeting_file_result = File::open("hello.txt");
}

5l 9-3: FTHAXH

File::open HYIR[BI{EE Result<T, E>, ;ZERIBE T K File: :open FISLIIHR NI EIERY
FKB std::fs::File, XR—IXHFTW. BiZERLCMEFERN E BEERE std: 1i0: :Error, X
LEIR[EIRBIRBRE File: :open HRARABERINFRE—PNR] LURE BN 4R, X REER
WAgERKM: Flil, WIFXHARFE, HEAESENRIFAX N, File::open EKEX
FE—NAEESFENMNBRISENREELREI 4 aRKE HIRER. XEEEEFE
Result MZEFTERM,

2 File::open BYIfJBY, greeting file result TBREE—MEEXMHTMRAY ok Efl, KK
MY, greeting file result TERIE—MEETEZXTRET AMHEIRNEEAY Err
o

BANFBERA 9-3 BUEERIBINIRSE File: :open IREIEHTTAEMIERNIZIE, TF) 9-4 B
7 —NMERERTALE Result BfIF, FAREFIIH match KX,

X% src/main.rs

use std::fs::File;

fn main() {
let greeting_file_result = File::open("hello.txt");
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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 FATLAMIERTREZIR([OIAY Result A

ARS option MEE—1F, Result MEHHTAFWHEINET prelude R, FILUMAEER
match 3 Y ok 0 Exrr ZHFETE Result::,

XEFHATEF Rust HERZE ok B, R[] ok TIAPR file H, AKX TXHORIEEL
T greeting_file, match Z/5F, FATAIMUFAX N XAHAMRHITIRS,

match BY5— N2 IEM File::open 52| Exrr EHVEN. EXMIBERT, FAIEFER
panic! 7Zm, WIRHFIEREZE— MM hello.txt I, HiEITXEABRSEINTHRE
panic! ZZAVHEIL

$ 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, ikt ARt EIF T FAZIERL T4
LEEARFRRIEEIR

T f5 9-4 PRI ARE File::open BENHAREKRMERS panict, FATHIERERIENA
EREIRRERIAFERIIT: AR File::open FAXHAEFEMKRM, FH(IFELIEZX D
XHFREFH AR, NR File: :open FAEMIEMRERK - HIEIZEFTFHFXXHRIN
PR - BAMNIAREBRG 9-4 BREF panic!, Jultt, FATERMBGI 9-5 M T — P AEB match
FEN, WTFFR:

NAER: 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,
Err(e) => panic!("Problem creating the file: {e:?}"),

}I
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_ =

panic! ("Problem opening the file: {error:?}");

}

5 9-5: ERARRERG L EREREATHEIR

File::open iR[E]RY Exrr LAPHESRE io: :Exrror, BER—MREREPIRENEE, XL
¥{&B —R[E io::ErrorKind {ERY kind 73 AR[HiEM, io::Errorkind @—MREREEM
&S, ERNTEITN io BIERRESBNARAEIRER, HITRBHNTHAHE

ErrorKind: :NotFound, BERXRFRITANXGHAEE. X, match FLILACSE
greeting_file_result 7, AIXF error.kind() EXHF —PHE match,

KNTHBEERE match FESZMER error.kind() FIRE{EEE N Errorkind Y NotFound
TR, INRE, MBI File::create RIXBIRIZXH. AMEN File: :create HWAJRER

W, BREBEERE match RIAXHFIEMT BN D2 ANXHTEEWEIE, STENH—NFE
HEIRIER. IMNE match NERFE—MAZHFEIAE, XENEMRT XGEFREFENEIRRERE
FF panic.

{85F3 match RbIE Result<T, E> HERHEE

XEHIWS match! match HLRR\KA, FIBWIFENFRG,. FTH=FBFNSITAH
B (closure), ERMENIE Result<T, E> RNRZFGZEEMRER. ERENREFH
Result<T, E> {ERY, EAXLEHAFELLERETS match Ef&iE,

fBlan, XEF—NMRE S 9-5 ZEMEFMERFEAFEHM unwrap_or_else 5 7ARIfH
50

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 —HFH1TH, BHLEESEM natch REAXNBEERS
[, ERRTE +=EEBREXNMIF, FEBREEN unwrap_or_else 75
REM Tt AtR(E. EREEIREY, BARSXEFARILURRAERER natch &
ATo
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KB panic BYRIEFS TN unwrap FI expect

match BEBSEEEMN T, FIEHREERAKAEFERHRIFNKRBEEE,

Result<T, E> REIENXTRZIMENGERVDEIMENTERNES. uwrap FiEE—MRE
B, HASBSEIMSIKAE Listing 9-4 ARERY match FEXTABRE, IR Result ERZEE

Ok, unwrap Z3R[A] ok FRYE, Y0 Result BTAA Exr, unwrap ZAFATEA panict, X
BE—1 KB unwrap BYfF:

NHR: src/main.rs

use std::fs::File;

fn main() {
let greeting_file = File::open("hello.txt").unwrap();
}

IR ERABIARZTE hello.txt X, BAPHEZEBEI—1 unwrap JFA panic! BHRHER

BiRER:

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

BI#E, expect FiEMAFIRIIEENX panic! MIHIRIEE. FH expect AR unwrap FHigfHt
—NMFHEIRE B URBIRMNEBRHE 5 TIBER panic BUIRIE, expect MUEEBEREX
B

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 BEAA N —1F: REIXHARIER panic! 75, expect TEIEA panic!
FERRHEIRIE BRI TEL expect B, MAK unwrap FRAFERBIAR panic! {5
Bo EEEREGXF:

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" }

EEERINNARBE, KZ4% Rustaceans EF expect AR unwrap HIZHE L X F @R
EERER—EHRIIN LT, WIttNRZRISENWIEAZEN, (MEEEZNEERATRE
1o
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fefBHEIR

HERBBISEIMPIFR T AT R MAVRIERS, BR7T XM RIPLEEIRIS, ERILOERLLE
BEMEX MR RAE ZMARIE, XWIRAERE (propagating) $8IR, XIFEEBIFRIE
HIREIER, EALLRRAEMAEN LT, HRAERAEESE R SEERRENZN
I IR,

e, R 9-6 BR T — T MXAIREVAR BHIRE. MRXHRFENAEERE, XK
BB EERR SRR CNNE:

NHR: 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 Exrr(e),

}
let mut username = String::new();

match username_file.read_to_string(&mut username) {
Ok(_) => Ok(username),
Exr(e) => Err(e),

}

fi 9-6: — M EREAMER match REiRIREILARIIIERE

EXMREFI AR E EMEENAI, AIHNUREFIVEFRUEBRREIRLE,; E&
BEEMNEZERTEENAN. ILRMNEBRBANRENE: Result<String, io::Error>, XTIk
ARBUREI— Result<T, E> KERYE, HRZESHK T (NAAKEERE string, M E RNARK

AL jo::Error,

MR XM EEE LA IREIRE, KHNEARERWEI—NEE String B 0k § ——
BREIM S RISE RN B, MMRRBUETMEMAEIR, REFRERWE—1 Err B, &
EET—TNEEBESXNRFEXERN io: (Error I, XEBIEIFE io: :Error fEANKENRIIR
E{ERR N EIEFERIBAPAR ol ge R MHVIRENEEIRIR[EE: File: :open BKELA
read_to_string J57%,

BRERALLER File: :open BEFFIE, $EEMEFA natch RIBIR[EIE Result, HBURFHI 9-4,
R File::open TN T, BT E file FHIXHAHMEM T I L L E username_file FIRY
B, IBZERBBENIT. £ Err WIERT, BIV&EREA panic!, MEER return XEFIR
AILEREEN RN, FHIEFRE File::open HEIRE IEEERERTE e &) (FARBIEIRE
ZELERE

FRLA, SNSRTE username_file AH—PMXHAH, ZREHPEERELE username HEIE—F
#EY string HARANXH A username_file kMY read_to_string /57%, LUREXHRIARIRAN
username, read_to_string J53EHIR[E]— Result, RN ETIRESKIK, HFIAE File::open
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BEMINT. Alt, HIVFES— match RAEXA Result: YR read_to_string HITHK
I, BAXNREBIHEIN T, BITEMXEFFIREAF BRG], YA ATt
Ok B9 username HA, UNER read_to_string HITEM, MEZEIAMIE File: :open HIR[E)ERY

match ABFFIR[EIFEIRE, AM, HENEFERXEH return, FAXEBRMIRE—IRIER.

HRAXPTRERNABRAZRFI—1TEEAF R/ ok §, HE—TES io::Error Ay Err
B HMNTMNFNEREZMABEXLE(E, FlW, WRMISET 1 e {5, iIAIgS
WEFE panic! HERRFAAR. EA—TEANAR ZEEMNXGZIMIM A IHAR B, i)
RERBNESHMRBERERARSNMAZR, FURRERMIIERKES R LERE, L]
ERAERNIET .

XMIEIBHIRAVEIVE Rust BUNMERYE L, LUETF Rust Ifft 7 » R SEBEMAFRFKE X —
UKD

RBEIRRVIRES N 2 BHEA

5l 9-7 B/R T —™ read_username_from_file BYSLI, ©LIM T 556 9-6 FHIIBMERIAY
Thee, REXPNEIERT 2 85

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)

}

w97 —MER ¢ EENRIEAEREIEIRAVERER

Result EZ/GHY ? WEX NERA 9-6 FEXBILIE Result {HRY match RAXEBE/LF 5L
MEIESTN. TR Result BHER Ok, XPFRAINFZIR[E ok FREVEMZFFHRENIT.
NR(ER Exr, Err FIEABDRIRANRENE, MFGERT return XEF—HF, XHFHIR
ERRIERE TIHBE.

Tl 9-6 Y match RKIXHKS ?» BEFPAMMHNE—=SAFE: ? EBRFAGAAERANEIRERESES
T from KEK, ©ENXTAREER From trait 7, ERREHEIRM—ThLBZE N 5 —FE,
Y 2 EERAER from REE, WEIEIRISEIMERIR A L FIRBOR BB FRIEERVEEIRE
B, XTESRHOREIENMNREERARFAEAIREEIMNANEER, BERETREREES
MIREX K,

a0, FATBILAERAEI 9-7 AR read_username_from_file BR¥XECL/MIR[EI—BE XHY
OurError $iRZERY, MBFHKNTHBENX T impl From<io::Error> for OurError M io::Error
¥ &— OurError SLf5l, FABA read_username_from_file REAEFH ? BT EARSIEAR
from HEFMREEIR M T L R EPIEMERIEIMIRED,

7l 9-7 I LETFXH, File::open JHRALER ?» 28 ok PRIEREILTE
username_file, $NIREET IR, ? TRENSEENREIRFNREFHRFEM Exrx EREIL T
AR, FEWIERT read_to_string JHRALERT 7.
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? TERDHRR T KAEFRABHEFSRFNENERE, RMNEZIUE » 2EEEEAER
HRARFRE—FSERA, WnR5 9-8 Fik:

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 = String::new();

File::open("hello.txt")?.read_to_string(&mut username)?;

Ok (username)

}

T 9-8: RISEEMFZENHENAEEA

7E username FRBIEFTHY String #EIT REFK; X—EREELW. FKi1x
File::open("hello.txt")? HNEREIZHEINIAR T read_to_string, MABEIET=
username_file, {JPAEE read_to_string JAHELLER 2, MEBE File::open ]
read_to_string EFRXINEBRMETREIEEAF & username §y 0k B, MABREHIR. H
IheeE—R 56 9-6 MRl 9-7 RIF—H, FTEXE—INERXRFTEAHEHEREIREFE
(ergonomic) ME%,

) 9-9 BT —MEF fs: xead_to_string WEN NG 4:

Y& 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 MARFIF/FIRE

R IREEI— N FAT R RAE S AR, FRUMARAERERM TR fs:iread_to_string By
RE, ERFTAXM. FE— string, BEIXHFHIAR, HEARABMA string, EER[D
Bo A, XFMIKBERTIAAXEHIROENNET , FMURINSRIMER T RENE
o

WERTLIGER ? B8

» EEFRERATREES ?» (EANEHERESNEE. ER ? BERFHENXIMEEFHIE

BIRE—ME, X5 9-6 HH match RIAXBEETEMEBENIEAR. 25 9-6 A match
YEFF— Result B, RFPIREIMNSDZIRET — Err(e) (B, KEHNRE{EHLIZ Result

FAEESXA return RS,

£ 9-10 /B, UENBBEREERFEAMN nain KIPEFER ? TEFSEITLEIR:
X% src/main.rs
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use std::fs::File; ?&

fn main() {
let greeting_file = File::open("hello.txt")?;
}

f5 9-10: ZIATERE] () BY main KPR ? BT EERIE

XA THA—IXMH, XABERKM. ?» TBEAIEAT File: :open iR[EIAY Result {H, A
main EREANREIZERZ () AR Result, HHFXLEARLD, RN THRES:

$ cargo run
Compiling error-handling v@0.1.0 (file:///projects/error-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: the trait ‘FromResidual<Result<Infallible, std::io::Error>>" is not
implemented for " ()°
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

XNMEIRIEH REETEIR[E] Result, Option HEHEBSLIN Y FromResidual HYSEEYAYERFLH{ER
? BERT.

NTEBEXMEIR, BRMNMER. — &, IR EERFINIERFREREENASIRE ? &
BRFAEANERBNER, 53— 2ER natch 3 Result<T, E> ERKHE, LIEHH
HILAME Result<T, E>,

FIRE SRR » WA]ATF Option<T> {H, YA[EIX Result fEMA ? —1F, REETEIR[E] Option
BYBRER XY Option M 2, 7E Option<T> EIFA ? TEAFHIITHS Result<T, E> Al MR
{ER None, LLAY None = MERERPIRATIREl, NR(ER Some, Some RHEIENRIATANERE]
BEENREHSS =F 9-11 FE—TMAEEXEAFREE—ITRE—TFAHIREAEIG]F:

fn last_char_of_first_line(text: &str) -> Option<char> {
text.lines().next()?.chars().last()
}

T 9-11: 7£ option<T> {H EfEA ? BHET
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XN REGRE] option<char> EAEAREREXMIBXE—1MFFF, BAESEFR. XE&
IBIREN text FRFE slice FEASHHARHE lines 5%, XRRE—IMFRBPE—ITH
=R, RARBEEREE—1T, FTLUARTIENSS next IREVERBPE—NME, WX
text BEFTEH, next FHAXRIRE None, LEETFRATRILAER ? KELEFHFM
last_char_of_first_line jR[5] None, ¥1R text FETEFRTE, next 2IR[E—PMEE text
RE—1TRIF T ER slice BY Some {B,

? RAREXNFRE slice, RFAILUEFRE slice LA chars RIRENFRNIERZR. FA)
RMBHZE—ITHRE—TFN, FIUAETLARA last FREEASRHNRE—T. X2—1
Option, FABAREE—ITE—TEFMH; HIA text U—PSITHRMEENITEXE,
BE "\nhi"s A, MRFATERE—IFN, ERREFE— Some Tk, ? TEAFE
BFHEPLETHN]—MEERRAZMEEN . MRIK(TREEE option EER 2 B8
7, WARNMERESHGEFRARIE match RETVRLIXLEZEE,

ERIRA] ATEIR[E] Result RYERELRRY Result fEFF 2 IBETF, BILATEIR[E] Option AYERERH Y
option £/ ? iIZHN, BRAFILURGTEE. ? BENAZ BN Result 35169 Option,
RRZTRPA; EXEFRT, AJLAERZEML Result B ok 757AE(#E Option By ok_or F57AKETR
B,

BRIALE, FAIFRERRIFRAE main REEDLRE] (), main KEEIHHANEBATHITIERF
WAORMRLS, ATHEEFEESILE, HelLUREIRIEERZHRFI.

EEHE main RELWATLAR[E] Result<(), E>, Rff 9-12 REYAREERBRAI 9-10 RiFEEX
T main BYIR[E]{E Y Result<(), Box<dyn Error>> FH{ELEILHIT — ok(()) 1ESR[E]{E,
XEEAAS AT LURIR T o

use std::error::Error;
use std::fs::File;

fn main() -> Result<(), Box<dyn Error>> {
let greeting_file = File::open("hello.txt")?;

0k(())
}

I f5l 9-12: 182X main iR[E] Result<(), E> RIFXT Result {EfER ? BEART

Box<dyn Error> ZEAEIZE— trait W& (trait object), XEF+/\EMKRFEZLEEN trait
HER" BREMEB. BEiRILIE Box<dyn Error> RN “ERIFEEAEIR". HIRE
Box<dyn Error> $HiRIEAYRY main BREXAIT Result B ? BRAFH, ERNERFESM Erx
BEIERDNRE], BME main BREAMERZIR[E] std: :io: :Error FHIREHR, BIIEE

Box<dyn Error>, XNMERBWEIEMHI, EEH main REAPILNIE ZiROIHMEEIRIER
HES, XD RERE R RIARIFIER.

3 main KFGR[E] Result<(), E>, WIR main iR[E] ok(()) AIHITIZEFSLL 0 EIRE, MR
main iR[E] Err ENEUIFZERY,; AINRENEFREEE o, BEITHIZNEFRIRE
IF o BYEE#L, Rust B M Z#HFIFEFHIR[ES X MEFIBFRESHIEESL,

main RENHE B LUREMERISEIN Y std::process::Termination trait IR, EEET—MNR

[@] ExitCode HY report ¥, IBEFINMEEXE T HRES N BEE X LB Termination trait
BYZHTSo
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MEFAPHEI T panic! 5iR[E] Result BT, ILFAIEIZITERRG R TNRIRE ER
PR A 75 TURYIA) &
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EARE panic!

B, ZUELREMBSRZ panic! LUK fRIBTNY Zi&[E] Result BE? YIRES panic, #UKHBMR
ERYRIRE, RAJLOEEMNEAEIRREBIEA panic!, FERTHAREME, FIXEMZ
RAEERERE T XA MER, #EFR(E] Result HRYE, MIFERNRL TIHAE,
MmARABMIMERAE. AREURIEFUNSEHNIENAINZHRE, NEWBATEE
MemiiAf Err BARIIRERY, PRIt AT RERIARA panic! FHRAIMERIEIRZEM T AAIR
EVEIR. AR Result FBE X FIBERKMBIRERBY—NFRIRIALER,

E—LERMRG. REEAEE (prototype code) FMIEHA, panic ELIR[E] Result BAEIE,
TYXHSTIEEENRE, ZFEVICBIN—TMFHIER, ELEISREFSELEARNXTS
SZABEAAREERN, EBEAXRUAMERRN, XMZRWAILA panicl. BIMVETRE
SRE—EEERBPIEAEREE panic BBRBIESEN,

. AEEEAM

HIRRE —NRFIREBER SN, EREETAERGIERBHRRBRESFFRIRA
BAf. g0, JERA—1A unwrap XIFEIHE panic! BY75 AR IR AN —MRSEFRAERER
WIBFIRA SN, EREERAEETAAEIEFEE,

K, ERNTESFREMEBIEEIRZ AT, unwrapFexpect 75 AEREIZITIIIEE &,
SBATERFLEFEMELN, eflaEAREHE TEMIIRC,

MRFGZFRREMARRK T, HMNFEXNNHAEMRK, BEXNGEATEREMNRBIL
8. A panic! RWFMIAARICAKM, IEESIEA unwrap B expect B,

SN miF B HIEE S HER

HIRE—LHMATZIERMAR Result RZ Ok (BT, JAA unwrap 3(E expect HEHIERY,
BARFRTRIEMXMZIE, ROATELRIE— Result {H: EMEEIREVFERR TELE
LRAFRER, (RETARNEMRIENABAERK. MFREIATILERDRBFRKITZHER
I Err {E, AWM unwrap BRFTEFATLUERR), BHFIMHUERTE expect RURTRNXA
PR RIANKERZEI Err NREE, TER—1MR6. XER—1MF:

use std::net::IpAddr;

let home: IpAddr = "127.0.0.1"
.parse()
.expect("Hardcoded IP address should be valid");

BB N — MERIBIIFRIREE— Ipaddr fl, AJLAFE 127.0.0.1 E—MERH
IP ik, FRLUXE{ER expect RAILUEZ M. A, HE—MERBHERNFRTHBAREE

T parse FARBRENERE: BNAR— Result {H, MEmFFNASERFENVEXD
Result, ¥FRIRBAEAIREHIN Err A, XEEARFHRELEE I LURGHXNF
FRLIE—NEMH P #ult, R IP #MUtFRHFHEFFETFHFRMASERDHERPRIE, BB
AR E RN TN, XNBEEERITIU—FHE RIS IR Result, IBEIXA IP
it B RIS RIS IR IR TIERIE expect BIRNBIFHEHEIRAIE, BIISZMEEE
FREY IP b,
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SR EBIESEL

THEFREZSBEESNRE (badstate) MIBERTERINER panic! — EXE, BERE
(bad state) BEHU—ERIR. RIE. WINHAATEMRITREVRES, FIMNEHHNE. BEF
BENEXERLE T AEFENE — M TIMER:

- BEERSRIFNTA, SERIRENTHEN, LLMAFBANT HIREIREIE,

- FltZ GRBHNETERBITAATIMEERTS, MAREE—THRERSHRE.

« BTN FRRBEERSE R REHFEANERANER. RNFEST/\ERRK
ST RSN R B 538 — M F K BAEA IR =

NRANABERIRHAEBHEET —NKERXNE, REXUERE—EIR, MILERRA
A LUREERXMIE R T 22, AMERSERITAREAREHEENBERT, REFN
EEAIRER A panic! HESENAFMIAEFE bug, XFtITMSEFRIEITE
£, XMURY, WRRETARAZIMERIBSNEAE, FRERET —MREEEERNTEIR
&, B4 panic! FERGER,

AMAHIRTEAZHIE, &[] Result HELLIEA panic! BERNEE. XEFHFIFEIEMHTS
EUWEIRIVIRIRAEE, & HTTP IERKRE T —NRIBMA TIRMIRS. EXEFFH,
Rz iR [E] Result SRRBAKRIMFRHAZ AIRERY, MIEAEMLIURTE ZANFEISIEEX R,

BRI ERIT—MERTREHTTIHAN AR BT XA RRIER, ABNMZE%
WIHERBMEY, HEHTUET panic!, XEBEHTFLZEMNER: SRRELTHHESS
BAERE, XMEtNEETRRERIAREANS panic! NEZEREA: RRBERETH
AIESIEEMNATEE— N ERNRERE. RIEBEEERRY (contracts) . ENIRITTAR
BERMANRERER N REEIRIE HERIELIN panic 2EEEN, RAXBENRE
758 bug, MAXBARZRMRAEFMERNRELILERNEIR, FREFMERNAEE
REGENAIKRME, MEFTERARLNAREBEHRE, RYNRLY, THRYERE
RIEAK panic BYRLY, RIZTEEREREY APT KA HEHITIR R,

BATERERYEPEABITFZHERNERTRKMMARN, FiEZHNE, AJUFA Rust BIRER
gt (UNRmFSHRENE) MRHITRZNE, NRRKEE—MHEXRENSE, TUEA
BX4miFas ELWMRERE — M ERERNRIR THITIRFIEELE, FlW, WRIRERT—1#
A2 option F3EH!, NEFHHECERBENAEFTEREE, MIVABEILFELE Some ] None
XRMER, ERSE—MEARRENZE —ME. FHARKEETENABEERESR
BEmIE, FRLURRIREIREIEITIHRBVEFT, AI—1FFRERRKR u32 XFNTHSE
B, BBREXKZANA.

B B SRR TR MM

1EFAVEA Rust BRERFHBRRA—THFEENERE, FEEHEBE—BENERLUH#
THIE. EIZ—THEZENRBRERN, EIWCBERBFRBEN— 13 100 ZEHNHF,
EBESHERFMERZ I HNMREIERFPIENRAU XA NMFZEN, Bi1RKIE
EREBNIE. EXMERT, EEWMHFARIR™E: “Too high” 3 “Too low” B {HIARIE
R, BERXE—MRIFHEISHEFPEBHERIENNGEEY, FliNZAFBEI— N NEEH RN
FHERMAFZIREARRNIT .

—MSEEL A VRIS IRMARMA AL 132 MAMNIXE u32, REFRALY, BENERFESETE
B, FixXiF:

NER: src/main.rs
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loop {
// --snip--

let guess: i32 = match guess.trim().parse() {
Ok(num) => num,
Exrr(_) => 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 —R1E
I, BRE—MEW. if RERNZ/GE, FARILIERDE guess 7£ 1 F 100 Z[EINER FS5WE
BRI T

AT, XHAAR—MEBMARGR 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 BRI T —1TREX Guess RERTTE, RBTE new EIZULEI 1 E 100 ZERIENA =
Bl Guess HYSEHI:

XHE&Z: 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 }

}

pub fn value(&self) -> 132 {
self.value

}
}

T 9-13:1 — Guess KA, EREENT 1 100 Z[EIES A 444:

B, FMRIE—1R79 guessing_game BYFTIRIR, EEENX —1EE 132 REFTE value {y
ZEHIEK Guess, XEREEHBNERHT,
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AT Guess ESLINT — UM new BYRBXERFREIIE Guess BYSLA, new TE X HIEW—1
132 KBRS value FHR[EI—1 Guess, new FEHABINIXBERT HESE 15100 2
B8, W value EEBINIXNIAE panic! , XSELEFRAXPMRENEEFRE—E
fEeHY bug, EABIEE— value BUHSEEIR Guess FE1ER Guess: :new FTEERYZRLY,
Guess: :new IR panic WEMHMIZTEE LT API XHEARIEIER, F+UERIGREITE API
XA4FRERER panic! AJREMERVARRRIN, R value @I 7TMIK, FHITFE— Guess, HF
E% value IR BE NS value NE, HEIR[ELXA Guess,

BE, BONEMT—MERT self 7574 value, BEREEMEMSHFRE— i32, X
K EBERWIRA getter, ARNENBNMEIREIF N FERHEIE. XHENATHEEVE
89, B Guess LEHIERY value FEREFAER . FABMFE value ZREEM, XHER
Guess ZEMMARIDIE R AR FEENIEE value NE: AREYUMER Guess: inew AR EIE
— Guess BYSL, XFHART ASEE— value ZHIEIT Guess: :new FREIFHIOERN

Guess,

FE, — M EWEGRE 1 2 100 ZEEFHREHEA ABERNEW (S6RE])  Guess BISLHI,
mAR 132, ENHEREEREERHITERRMIMICE,

245

Rust BYEIRCIBINRERIL T BN S BRI, panic! RAR—NMEFTERE

BORES, FHELERITMAZERTREAF EBWIESSLIE, Rust RERGH Result HZR
RIRMEAIRESE—MALUMENBE R TRW. AJLAER Result KEFRIIFREMFTELIE

BIERRIHER K, EEHNTRMER panic! M Result REERIAEEEMN R OB RATE
N EACENIEIEES

MERKNESLR RS THRERES option 1 Result STRIMZMEEN T, £ TF—=1LTATWIHSZ
BZAIITIER, MURMMEERBAEFREREN
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2R, Trait MNEFREHA

F—MREESHESMNEEEM SN IR, FRust PFETRZ—HE 28 (generics) :
BRERGEMBEMAMRER. RINTURKZENEYE, el INiThsnasEiz
BIFEXEX, MABEERSNRFIAENMNETCIEXRELR LR 20

BRIEL AT LURER—LEAR[EF 132 5 string XIFEMAERRZHRSE, ME—NIREKRAERE
BYERE AT LA 2R A LB NEE TR —BRE—F, EXERINELERTEREN
Option<T>, ZH/\EERY Vec<T> #l] HashMap<K, V>, LIRFENEH Result<T, E> XEEZRIT, 7&K
ESRBWNAFERZEENXHKNB SRR, REMEE!

B, HITEEIF—TRERELUR/MCIEESNG, FTR, BITEERERNER, M
A NMXBHERERRANR P LIE—ZE R, RIS HBEDEFEE X PIZE,
ZE, BiBHeAfER trait EXGZRITANAE. trait IS ZRES I ZRRHIAR
BB TETANEE, MARERREE,

RENB EGRAM (ifetimes) . —HEAFE A% IFSRMS | BIAHAEXEBEAZE, Rust

RS AR ATEE SR MEREN RN NAERIFSEEBENEX LS| BRERMEmA
FRfEBhFAIRIEE B,
RIRERRVES

B ARFRNVER— NI AR SR S USRS RS ERE, UL DAERR. &
RNT BZRIEERZA, RIERRE—KEERZENBD TR ZE, BIRE—®
Ho EXPREP, HNA—TAIUARSHEN SUMFREREGNE, EERIERER
BRI — 2R BEdF IR HRN AT U B S H— MR ES D, (R
SFHRIRA A LUERZ BRI ES A,

HEENTMNTEXDNFHINRPERAENNEFFE, R 10-1 Frk:
X% 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—PNEFVIRFIFHERAERIRIL

XEEARIRER— N EERFIR, FHRAELE nunber_list A, ERFIRIE—NERFRISIABAN
TEZE largest A, FEEA T 7IRPHIFAERT, WRIFEART largest PEEFHE, &
largest HEHAXME, MMRIMENTHESFTENNLENEAE, TERKHAE, HEAR
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BEMEFIRFHN T F, BINRPAEEHRERIZE, largest RRISM&EAIE,
EXEWHZ 1000

BINESRER T FRNHRFTIRPIFHEKRE. NEBRNATLUEEESRA 10-1 FHAK
BEEFNRTTEUEERBERNZE, WRF) 10-2 Fik:

X% 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];
let mut largest = &number_list[0];

for number in &number_list {
if number > largest {
largest = number;

}
}

println! ("The largest number is {largest}");

}

w5l 10-2: BN AR KEIREE

BAMIBEBHIT, EREENREERIRERZEEN, EMZENTEIIA S CERTER
N Z At RIS,

NTHEREE, BNELE—EBHR, EX—MBEEEREIIREANSHIIREK. XIMAR
EFAREEREE, FARN T IFHERIRPEREXI—HE.

£ 10-3 WEFRTIEIHEAENRIDIREE T — UM largest BIREF, 1ZEFKITIE
BiZRERIH R 10-2 FERNFIRPPVEKE. ZEE LU ZREAEFERATEERN i32

(=PRSS

NHR: 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 numbexr_list = vec![34, 50, 25, 100, 65];

let result = largest(&number_list);
println!("The largest number is {result}");

let number_list = vec![102, 34, 6000, 89, 54, 2, 43, 8];

let result = largest(&number_list);
println! ("The largest number is {result}");

}

5 10-3: HREHNIHM T BRFFIREAERNE

largest RHHE NS list, EARSEBLRBEVEMAAER 132{8M slice, REEX
PRy list ARMEM &[132], HIFA largest BREREY, HARISERR EIETTTRIMTERMFEE
£

BRI, MBI 10-2 ERFI 10-3 RARBAMERER T TS

1. HEER,

2. FEENBRNE T —TREP, HERBERPIEE 7T AEFBRANLREIE,

3. BESNBHMNREA, HNIERRE.

ETRBENEERERNS BESZERALVEE, SRHBAEFUAEEER list MAZER
RRE—F, ZEUATRBLEESRE,

MRFLMNNERDERER, —PFH—1 132 R slice PRIZRABMSA — 1T, char B slice
PRRATIZEAN? ZINMHREENE? iLFA1H B LR
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it ¢S

AT LUERZRE N GRBERNEWEXFNTEIREN, XFENMAIUATFZMHARN
BASIERE, ILHNERNAERZEEN R, Sk, KENGE, ARRITEITEE
BN fZmAha e,

TR E X PEMZE

SERZEEX KK, ARERBERZPEESHILREERNRENMS, SAZERE
To RAXMIA, EEAEENEER, MMMARMBIERERHMESNINGE, FEHEs
THBHNES,

[B]%] largest BR#L, 5l 10-4 FRRTRIEKE, SITHIHEEERR T 1K slice PRKAE. &S
HIERZREEESH I — T REL,
X% src/main.rs

fn largest_i32(list: &[132]) -> &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}");

T 10-4: WPNRE, FRSRRBRMMTHEE
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largest_i32 BKEEMTH 10-3 HIEHRH, EARTK slice PERAH 132, largest_char
BRIERF 3K slice AERAH char, EARERIBANKBE—HFN, RIMTUEX—P R, B
S ZRBSHRERIMES,

AT BEX MR PIXLE T, BITFENLXBESHGR, BIEMARENS ﬁ_%—
B, EARRFEA U EALXESHNEF, XBEEA 17, AAEFH LR, Rust B3
MBRFHELLRIE, BENNA—IFE, [EBY, Rust xi%ﬁ'] %iﬂf{i%ﬁ?—!k’ﬁ%mﬁ_t
#3% (UpperCamelCase), TT’Ejj “type” BNZEE @ AEF5 Rust F2F RV EIE,

MRBERBAERERSR, M )ﬁT‘I_lykK%EPFnEH ENRF, iFiRFSENEXNEFE
RHOZRt 4. B, SERBERPEA—RESHE, YAEEREZAMERE. AT
TEXGZBIhRASHY largest BRIEY, E:%%&FHEHLL:_F BRMSBRIRFENRES < R,
RXEE

fn largest<T>(list: &[T]) -> &T {
A BUXAFIRX N TEN . BREN largest HZBIER 7, ©EBEINSE list, HERIZBTEN T
89 slice, largest REF=IR[EI—N5 T HHRFEEEE|H,

il 10-5 ARRY largest RIETCTHERPERTZE, H—THINEM, ZnFEERTW
AR largest KX, 3B i32 {BHHY slice Z§ char {ERY slice RAT. HIRXLERBIEREESR
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}");

fi 10-5: —MERZRESER largest BEREN, HABEHIF
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 S 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

#EBNIBARIREI T std::cmp::Partialord, XE— traite T—EBR=HE traite FIEE
Kif, XPMEEIRKREA largest REEREEERT T FMERIGENEE, FARNERBAEE
EbER 7 RKBME, ASERERATERINNMEBWNAHFINER, ITHBLREE, IEERE
XHJ std::cmp::PartialOrd trait AJ LASCINZEBIRVELERINEE (BHEMR C RENZ trait WEZE
B). MREBERRAPIEIN, FHNPEH T RXFTIMT Partialord FYERBRGIERAI LR
BT, BERRERES i32 ] char SCIPT PartialOrd,

ZMEEXPayZE
BRI LA < BEREXERE, EEE—IMHZMZESHERFE., 71106 EXT
— A AFREAEEN x 8 y BIMERVZEM(K Point :
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 };

T 10-6: Point EMIATZIL T IS T SEBURYE x M y

FEEMAREX PEAZENELREMTREEX PERAZE, 8%, YNEERERNEEmN
RIFSHERZESENRN, ZFEEEMEEXFRILEERGHRERENUERFRZRE
B,

AR Point<T> MEXPREAT —MZREE, XPEXKRBLEE Point<T> X F—EeH
TEZER, MEFER x My 32 HREEN, TILCRKZRMAEXE, NRZHCIE—E

ARIZEEUER] Point<T> BYSLH, A 10-7 REVISFIABE X!

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, RAENEEREZEEE T

EXAMIFHR, HIBREE s HEL x B, MEFTHEFESXD Point<T> LHIPRZE T 2
BRI, BEEE Yy NERE 4.0, ANy WEXNS x HREE, FAUBREE—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 AJUBEAREE BARZERY Point 9K, FHTAILUERZ T
ZBIRBBER, 7250 10-8 1, FAUER Point EXNMEMMNZEELE THM v, HFF
B x 2 7 XREp, MFRy 2 U LEW:

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 };

f5l 10-8: ERAMNZERY Point, XiF x M vy AJgEEREEE

IMEFAB XL Point SLHIERGET ! RATLIEE X PERERZRVZERE SR, TIXZH
&, UIERELFEIRMER, SRAMNEFEERSZEN, XAERBRINABEEEN
PRERENBIEE,

194/562



Rust i2FIgITES ERFXhR

MEEE X PEyiZE

MR, BEBEIUERRPEROZRSELRE, ER8H1)8 I inEERER
Option<T> (%, XEB[OH—T:

enum Option<T> {
Some(T),
None,

}

MEXNEXNIZERZIEMET . AFRFRT option<T> B—MARZE T KE, EBR I
5. some, BEEFHT—1EE T HE, MAFEEMERNone, T Option<T> MEEATLIE
EE— AR ERMR TS, FERERN option<T> BN, TIEX M AIREMVERHT ARE
A AERAX TR,

MEMAIURABE S MZERE, FAEEMATR Result MEEEXTE—MXEHIFIF:

enum Result<T, E> {
Ok(T),
Exrr(E),

}

Result MEAMMZRIER, TH E, Result B MAG: 0k, BEFRHE—MEE THE, M
Err MFER— KR E BB, XNENXES Result MEEER A BENRAEMATEERTY (R[]
T EBRE) thelgek GR[E] E KRAE) B9, Xhrt, XMEFHNTERSG 9-3 AFRIT
FAXHA: HETHFTHAXAREHE, T XA std::fs::File B MEITHXXHHIN

) EEt, E BY{ENIE std::io: :Exror ZEHY,

HIRRIREIRBPREX T S MEMEREREE, A —puths IR EPREREERRRE,
TR RREEE,

FEEXPRZE

TENERENMELIMG AN (BERERE), —HFBAILUAZE, 7F)10-9 FRERT R
10-6 FRTEXBIEEME Point<T>, FMIEH EKIMBIBRA x 957X,

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());
}

T f5) 10-9: T£ Point<T> LAf{A ESCIMTTIE x, ©iR[E T LEMFE x BI5|A
XEBTE Point<T> EEXT—POUM x WA ERTREIFE x hEkiErR5IA.

EFWIE impl [FEISEE T, XEFFLRILUE Point<T> ESCIBYGARER T 7, BIE
impl ZfEFERRZEY T, Rust #iANE Point RRIFSHRRBZZHMARAMER, (1A
URZHESHREFE—SEMEEX FERIZESHARENZM, FIKRRIRGIER T8
ERIRIR. WRIREinpl RRE —NEBEZRIERNTT A, BARSGEREEMEREE L
EX, TeRZLBTARGEEREZEER, (FE&EE: LURG 10-9 A, impl FhAER
TRBEREBH T, x RETE inpl FRTGE, x TIERREXTE Point<T> BYEMAILHIE,
TIERABHZRLBSH T IR ARRER),

EXFERWA LA ZREERS] (constraint)o i, BILUEEJY Point<f32> SLBHISKIN A
%, MARNZE Point 326, R 10-10 BR T —NEBTE inpl Zf5 (NRES) FERERZ
BphlF, XBEFERAT—TARMKEE, f32:

NRZ: 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> FRISH —/N/57% distance_from origin, MEM T RF 32 &
BURY Point<T> SLEINEBENX IR, XNAEITEREFIS 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. XNFER self #Y Point KAIM x { (KA x1) MSEA] Point KRR
y B (G v2) REIE—1H Point ZERIAYSIAI:

X% src/main.rs

struct Point<X1l, Y1> {
x: X1,
y: Y1,

}

impl<X1, 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: BAERT SEMEE X RARRRERZE

7 main P, EXT—1E 32 X8 x (HENS) Mfes Ny (HEN 10.4) B
Point, p2 MIR@—NEEFRE slice AR x (E{EN "Hello") F char KA y (HEHN
c) By Point, 7£ pl ELA p2 fEASEAR mixup ZREI— p3, ESHE— 132 LEK x,
HA x KB p1, HHE— char £EW y, ER y KB p2, println! SITEIH

p3.x =5, p3.y = C,

XM FHENZRT—EZEEE inpl ERAMBE —LREE HEAEXERNER. XBZE
S8 X1 Y1 BEIRTF impl 2[5, ERENSEWETEXEXR, mzEEsH x2 M v2 &
F fn mixup 25, EAENREERTFHERSH,

BB RYEEE

Rl RERF B FEAZELUSHELIEIETER. WEERRZEHFTRFEERFILAFLR
B171518,

Rust i@ 7EARiZAIHITZEAIERERIL (monomorphization) FIFRIENE, BEKE—D
BIIEFRAFNERANAEGRER, FERRBERAFERBNEE,

EXTIREF, FmFSFAMANTEEFSTE 10-5 RRNSIBEZERENTBER. HFHiFE
SHATEZEAREKIERNUEHERZEA X B ARER E A,

I FAVBBXTEIT AR Option<T> 4% L RN TEAY:

let integer = Some(5);
let float = Some(5.0);

% Rust fmiFXLERIBNEHE, ERHFITESK. MFSIEEUEFIELS option<T> FEH LI
BT Ooption<T>: — PR 132 Z—MINL fe4, ALk, ESRZEENX Option<T> BFHFA
e 132 Fl fe4 BIEN, EERZETEXBRAXANTEEE 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> fR4mIFFEMN T AARHENX . EN Rust ZFEMIER FHZEAEEEN

BRRE, ERZELAETHAHE. SRAEETH, ERNHRTRERRITFEFEETREKTE
XHEENE—, XTESUIEER Rust ZRAGITHIRESHNERE.
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Trait: EXHEEITH

trait EX T EMIERBIFETRES Hith R B HZMTHEE, rTLUEE trait UI—MHKRIA
EXHERITH. BILAEA trait bounds 18E;ZE B EMRABIFEITHRIEE,

AR trait BEIUFEMIBSHHE®IRN O (interfaces) BITHEE, BAE—LER
[Elo

E X trait

— M REMNTHRERRRNT A, MR UNREREFERBRINGENE, XL
BT UHZEERTAT . trait EXE—MREHZERAGERNTGZE, BRREX—1E
RELBRFIBENITANES,

B0, XEEZ MR T ARRBEMBMEXANERE: EH9(K NewsArticle BFERAET

R BB, MEENIK SocialPost 5x% REETFIN 280 N FRNAR, UKRIERIZML
FRMAMN. BRNERXN B —&iEFHEIE N TEHE,

RITEZEQIZE— 1R /9 aggregator L IRIAERE SRR E/RAIBEMETFIE NewsArticle B
SocialPost SEIFRRVEIEIEE., N7 XIMINEE, B MEWAEEEEEBREUEE, XEFMNIER
B LAAASKEBIRY summarize FERIERFEE, = 10-12 FER T —IMRIMXMIZHNAE
Summary trait FIE X :

NXHERZ: src/lib.rs

pub trait Summary {
fn summarize(&self) -> String;

}

A 10-12: summary trait EX, EEEHMH summarize 75ARMHRIITH

XEBFEMA trait XBFREF— trait, FERE trait NEF, EXMIFHZE summary, K
IHEAER trait Jg pub LUBMHELX A crate WEE crate tBAJLAERXA trait, ENFH(IE
H—LERF—1F, FEARIESPEPEARLINXA trait WEERBENITAINGEZESR, EX
MiFHR R fn summarize(&self) -> String,

EHESRBERSS, MAREAESHIREEL, EES— LX) trait AISEEERE
ERMHEHEHBEXITANG AR, FiFB[USHFEERSEIN sunmary trait BISEERERE 54
TRANEXTE—HH summarize F57&,

trait AR UEZENAE: — 1T 1M AEERBEBUNSERE.

FIFERII trait

MERNTENXT Summary trait NER, BEEMAUEZEARSEPLINXNERT, RFl
10-13 AR/ 7 NewsArticle Z5#{K L Summary trait BY—SEHL, EEAIRZA. {EEFMEIER

IE{ES summarize BYIR[EI{E, XFF SocialPost £E#{A, F(1%EFEIE summarize EX NP
BEREFEXENREE, HBRIZEFRBELEEFIS 280 FRFIUAN.

XHE&Z: src/lib.rs
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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 F] SocialPost ZEHY FSCIY Summary trait

7ERE FOI trait XMUFEIMEMAE. XFNETF impl XEFZ2E, FBIHEHEFELM
trait R FR, 1HEE for MMEELI trait BB BEFR, £ impl IRA, (FEH trait EXHH
FiEER, TEFABEEDS, MeRBREAESHRE KEAERAKFELRBI trait FE
FrBERTT .

INTERETE NewsArticle #] SocialPost ESCILTY Summary trait, crate NP R LUGIAREM A
7E—1¥1EF NewsArticle F] SocialPost 3—15']9’] trait FET. W—HIKXZR trait FNFEEY
—RES I NERIS LB ERENIMY trait 757&. XR— 1T H crate $0{aF) A aggregator [F
crate B9+

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,

ba

println! ("1 new post: {}", post.summarize());

XEFTEIH 1 new post: horse_ebooks: of course, as you probably already know, people,
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HAthf&k#i aggregator crate BY crate tBEILAE Summary SINTERIBENHE B SRR LN Z
traite, FEFEMRFIE, FEE trait XA EDE—ETF HA] crate i, FH{TARERSE
BUSLIIZ trait, %0, AILAJ9 aggregator crate FIETE X IR SocialPost STIRANARAREHRY
Display trait, XE2FE A SocialPost FEI{i[F aggregator crate ZAHIBYIERAIE A, F{Uih,
HB] LLfE aggregator crate By Vec<T> SCIY Summary, XEEA Summary trait i F
aggregator crate Z<HI{ERIZ A,

BRETEENINBIRBLINSMNER traito 40, RBEFE aggregator crate HRJy Vec<T> LI
Display traito XZREJ/y Display # Vec<T> F;EX FAERER, ENIHAFLT aggregator
crate ZA#IEREHR, XNRHEIEHMIEFYE (coherence) WEFBMEN—E7, HEER
KBV Z ML (orphan rule) , SR FAFEREE, XFMUBERTHMARSHN
BAIWIFIREIARED, RZTIFR. REXFMNAYE, W crate AILIZ BIXHEE SR SCINAR
[ERY trait, M Rust FILEMSHIRZERB—SEHo

RRIASCER

B A trait PR LH LI ERHEIVANIT R, MARES I EENENLUMPEEX B
CHTASRERN., XHEYRAEMITEELI trait B, AILUERREREHE N HEH
INTT .

5 10-14 BFRA]A Summary trait BY summarize FHAIEE—NEINNFERTRE, MARET
B 10-12 PRI BEXFEEZ:

NXHEZ: src/lib.rs

pub trait Summary {
fn summarize(&self) -> String {
String::from(" (Read more...)")

}

5 10-14: summary trait BIENX, HH— summarize J57AB9ERIASSER
WNERAEE Nt NewsArticle SEBERXNEIASE, vlLUED

(=1 —— BN 7

impl Summary for NewsArticle {} 3IBE—1THY impl IR,

RARNTABEIES NewsArticle X summarize 75787, BEBIEME T —MEUALIHE
FETE NewsArticle SCIR Summary trait, Bk, FAIIFZARTLART NewsArticle SCIIE A
summarize 5%, S0TFFAR:

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.",

};

println! ("New article available! {}", article.summarize());
XEGEES3TE] New article available! (Read more...),
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79 summarize BIEERRIASRILHAERIRMA 10-13 1 SocialPost ERY Summary SLERM{E(AIER
T, HERRREH—MEOALRIANEES LI B RIALINRY trait F7ERNEE—1F.

AL A A AR trait FEVEM L, WHAXLLESEEERIALM, ik, trait ATLAR
HEZERANEMRFEXIEE—/ NP AR Fla0, FITAILUENX Summary trait, FE
BE—1EEXLIAY summarize_author 7%, AFENX— summarize 77k, LLAEREIA

S2INIAR summarize_author /3%

pub trait Summary {
fn summarize_author(&self) -> String;

fn summarize(&self) -> String {
format! (" (Read more from {}...)", self.summarize_author())

}

AT ERX T hRZASEY summary , RFTEFEBEILIY trait BIE X summarize_author BIH]:

impl Summary for SocialPost {
fn summarize_author(&self) -> String {
format! ("@{}", self.username)

}

—BENXT summarize_author, FR{IFABILAXT SocialPost ZEF{ARYSLER summarize T,
M summarize FYBRIASCIN AR BEHEY summarize_author ENX ., EALMT
summarize_author, Summary trait FLIRHT summarize /535H9IhEE, B LEERTE EZHIEE,

let post = SocialPost {
username: String::from("horse_ebooks"),
content: String::from(
"of course, as you probably already know, people",

) r

reply: false,

repost: false,
b

println! ("1l new social post: {}", post.summarize());

XEFTENE 1 new post: (Read more from @horse_ebooks. . .),
IR, TEMN—NAZENESEMAARSERZHIEIAEI,
trait fEAEH

I T ENEIE X trait FITEZERY FLIHXLE trait 2[5, FATATLURE—TaEMER trait $iE
REMARELRENSE. 5 10-13 H79 NewsArticle ] SocialPost ZKEBRISTIT Summary
trait, AAEREX T —MREK notify SRIFAHESE item LAY summarize /57%, ZBEELIN
T Summary trait BYEFFIER, FILEILAER impl Trait 3B, RiXEE:
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pub fn notify(item: &impl Summary) {
println! ("Breaking news! {}", item.summarize());

}

JF item BE, HAWEET impl XEEFH trait B, MAREBEIEE, ZBHZFEM
SKILTHETE trait BUKEL, £ notify ERE(KRR, RILUARMEREKE Summary trait BY5%, b
0 summarize, F{1BILUZIE{E(R] NewsArticle B SocialPost BYSL{FISEIER notify, {E{a]FR
HEeW string 8% 132 RYREFAZR MBI R EERIE, RAENZBERIM summary,

Trait Bound i&;

impl Trait IFHAEEW, BELFEREKFINM trait bound EERIEZENE. EEERE!

pub fn notify<T: Summary>(item: &T) {
println! ("Breaking news! {}", item.summarize());

}

XMBERARNEZES L—TRRAIEFSN, EERATK,. trait bound 57ZHBSHERE—IE,
UFRIESHNESEHE,

impl Trait R7AME, EATFR/NWIBIF. EKM trait bound MEAFEERMNZR. HI40,
FILUREXARNSEIL Y Summary BYZEK, R impl Trait RIEABEHKEGXF:

pub fn notify(iteml: &impl Summary, item2: &impl Summary) {

IERTF iteml H] item2 RFERREXENBER (REENELI T Summary), RiTINRIR
ARG IEHESEREEERE? BNRENIHERFH SR MEFHEEER, WHAER
trait bound, I0FFAR:

pub fn notify<T: Summary>(iteml: &T, item2: &T) {

BT WHETEA iteml F item2 RYSLPRE, GNULEELSLL itenl F item2 HRYRFEE
le\gﬁ_i o

iBE + $EEZ trait bound
AT LUEEZ A trait bound, RIZFKATHREE notify 7 item EEEEEFAMRIAUKER, X
BE{EFR summarize /7% 1E notify FUENH, IEE item ATERSSLIN Display F1 Summary
A trait, XA LSS + EIALI:

pub fn notify(item: &(impl Summary + Display)) {
+ BEEBERTZEE trait bound:

pub fn notify<T: Summary + Display>(item: &T) {

I FEE XM trait bound, notify FIERERIARILUREA summarize HAER () KRIL

item,
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181 where {8 {k trait bound

ST, 1ERE ZH trait bound BB =, 8 NMZEEHBCH trait bound, FRUEZNZ
RIS MR I BB TR ZEISBEELKM trait bound 58, XEEBEREEZHELR
e Ak, Rust BEE—NMEREE R ZGH where MAJHIETE trait bound B9IE7E. FRLBRT
X4L5:

fn some_function<T: Display + Clone, U: Clone + Debug>(t: &T, u: &U) -> 132 {

EA] AR XA E where MA]:

fn some_function<T, U>(t: &T, u: &U) -> i32
where

T: Display + Clone,

U: Clone + Debug,

EXPNRBEZHRBEESABAZEIL, HE. SHIRINREERELEGRIE, BEFRES
BB A% trait bounds FIRER &,

BEEEMT trait RYSERY
WA UFEIREMERER impl Trait i&%, FRESLIM T EA trait F9EE

fn returns_summarizable() -> impl Summary {
SocialPost {
username: String::from("horse_ebooks"),
content: String::from(
"of course, as you probably already know, people",

) 1
reply: false,
repost: false,

IR impl Summary {EAIREIERER, FAHEE T returns_summarizable FREHREIFANSE
WY summary trait BYEE!, BERAHEHREREE, EXPMIFH returns_summarizable
R[] T — SocialPost,, RIS HAKIE,

BRE—PMREEETEEXMMW trait WEEWENHEABNELBI=2+O0ER, £1+=
Ez_—\u,uEﬂ]o ABMEREBEIERERFSMNENEE, HERIFEIFEKNELE

impl Trait AVFRERHIETERKFOREI—1 Iterator MAHEE H LRS!,
AEXREAFREIE—LEWER. Fla0, XERBRENEXEEIEE FRE

impl Summary, {BREiR[E]T NewsArticle BY SocialPost FL{TAIE:

fn returns_summarizable(switch: bool) -> impl Summary {
if switch {
NewsArticle {
headline: String::from(
"Penguins win the Stanley Cup Championship!",
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) Poe,
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.",
)
}
} else {
SocialPost {
username: String::from("horse_ebooks"),
content: String::from(
"of course, as you probably already know, people",
)
reply: false,
repost: false,

XE2IHIR[O] NewsArticle B SocialPost @A AIFH, BEEFETHIFETD impl Trait &%
BYSEHLPRS], $E+/\EMW “FRAEREEN trait IR” RN BIAARS XE— DR

fEHR trait bound B GG %

BEFERAFE trait bound BZRIBSEEY inpl 3R, AILIBEZHMRNIBLSIN THFE trait B9
KBRILITGE. 5190, =FI10-15 ABIEE Pair<T> ,um KIT new FFiEFIREI— Pair<T>
G (ENZ2—TFTEREN EXTFE" 53, Self @— impl RAEBIFHKAFE (type

alias), EXER Pair<T>), AFETF— impl AP, REHLEN 7 LBILI T Partialord
trait CRALIFELER) #0 Display trait CRIBFATEN) BY Pair<T> A &SI cmp_display Fi&k:

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);

}
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B 10-15: 1RIR trait bound 75528 F B RHENSEM A E

WA ASHERISEI T4 trait BB BKMHSLI traite IHMEFDHEIFE trait bound AISE
BRI trait #XFK 9 blanket implementations, EA1#I ZBAT Rust fEEF, Fl, 5
HEEAERKINT display trait RYZEBISLIN T ToString traito XA impl IREERBGXIF:

impl<T: Display> ToString for T {
// --snip--
}

R AREEER T XL blanket implementation, F{ TR LAXFEASZEL Y Display trait FYZEHEY
VAR ToString FEXH to_string FiX. i, BILUEEIEEIRAITNE String B, FAE
RISCIN T Display:

let s = 3.to_string();

Blanket implementation SHILTE trait XA4AY “Implementers” Z453

Trait #1 trait bound it FAREBEAZERBE SRV EE, MEREBRRIFSEHIHIEEZ
BRIRBFEREMLEIT N, ARSHwiFEFUFIA trait bound EREENBRAIAEIRARASE
HRDRMTIERIITA. AohSREESR, MRFNVART —MREXWGZE, IEIBTT
BHHIREEIR. Rust FXLEFRBENE T HIFE, EEEAEEBIEITTZAIMBRERNEER
Ho FIh, BIMBERREEITHRETHNRE, RAERZNMEZNEIS T, XHRR
AT MREEX N EFTIZ BRI R E M
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EarARRRS I BER

EoARS —RRNELERAINZE, FRTHREREBHHENTTA, EnFAHBTRIE
SIBERNFEZNZE BRI,

HEFWEWIC 5| BMER" B, FERT —PEBZNHAT . Rust FRE—1 5B
BHEGRE (ifetime), MRESIBREERNIERLE. AEoHEERARRZRSHAILL
YERTRY, IESNARERD BRI B rT LRI —1F, KT IRNE S eI seL B RIBHRAN
ERREE, WIS ANESRARU—ERRGIVEXRENESR, Pl Rust FEI(ER
REESBRSHRERENNX R, XEMERRISITISMRERNSI REMNEE M.

EaAEEREERE—MAEDNESHAENES, FIAXAIERTERELERE, BATE

ARG REELHNAE, HMSHE—L@BEIRAIERBEINEmEIIEEUERAEX
M=o

EaHARRR T RESIA

SHARNEEBIRRBRRESIA (dangling references) , EE=SEIERF 5| BT IFFEA
5| FAVEIE. ZR— TRl 10-16 FNIER, EE—TIMNBEREM— I AEBIERE,

fn main() { ?@
let r;

{
let x = 5;
r = &X;

}

println!("r: {r}");
}

i 10-16: RAERABEAEREERSIA

A= B 10-16. 10-17 # 10-23 PEATREVRENTE, FIUXEREEFE
FINGRERR L, X FBZ THEM Rust FAWFFEZERPR, AMNRZRES
E—MEZAIERARXNEE, SHIM—IMRIFNEIR, XM T Rust #SSARRITF

=B

SMERPERIEIAER Y — MR BVIENEE r, MASIEREERT —MIEN 5 HEEx, R
EIEREF, HMNZHR @ BEIREN— x W58, BEERERBERE, ST
o BYE, XERABAERZEEN @ SIBNEESRERZAMBER 7R NTEHEIR

=B

$ cargo run
Compiling chapter1@ v@0.1.0 (file:///projects/chapter1®)
error[E@597]: “x  does not live long enough
--> src/main.rs:6:13

|
5 | let x = 5;
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- binding "x° declared here

--- borrow later used here

|
6 | r = &X;
| AN borrowed value does not live long enough
7 }
| - 'x° dropped here while still borrowed
8 |
9 | println!("r: {r}");
|

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 . HRRAR x EEIASE 7 1TAEIERRERIMEF 7 BRI,
A r FEINEREREIN BN, (ERBBAIRIIMIAE “FENBA . R Rust AIFXE
RIBIME, r B35BT x BEFEREREERNAE, XEZHN r MEMIRIFHRTEE

B I{E. A Rust BIMTREXERABZAMATNIE? XFmTERARNER,

fERtaER

Rust 4Ri¥23E— MERIRZERE (borrow checker) , BHLLRIERERBFRAAIENEREHEEN
Bo M5 10-17 BT 53 10-16 BRAMNGIF ARSI HE T EL s FHARYER

fn main() { ?G
let r; [ s=cc=ssccdas '3

N
// |
{ /1 |
let x = 5; /==
T = &x; /7|
} /] -+ |
// |
println!("r: {r}"); //
} /] === +

I 10-17: © 0 x BESERERR, D7/ a A b

X r (ESBRICA 'a HF x BUESEAERCA b WRFAIL, RERRY 'b IRELLIH
EBRVESR AR 2 MIZ. TERIFRT, Rust LEARXMNESBEARRIA/N, HEI r BEEHE
Hi'a, AEESIRT —MAREGAR b BNR, BFHRIELRE, FNEMEL b LbE
/AR 'a B\ WS AN R ERS | AEFERIEIERE,

ILFREETA 10-18 PP HKEFERESI B A LUIERRFNF T

fn main() {
let x = 5; /] —--meee-o +-- 'b
/1 |
let r = &x; /] --+--'a |
"o |
println!("r: {r}"); // |
/[ --+ |
} VA — i

T 10-18: —MERREISIA, RABIELLSIBAEEERKIESEL

208/562



Rust i2FIKITHES ERFXHR

X8 x BEEHEH b, b 'a BA, XWMEME r AILASIA x: Rust Fli&@ r FEI5|A7E x
BRI R D S 2B,

BJ_?,HI]E', FE—NEENGFHRER TSI BNEGARBRA TR, HiTieT Rust IS
AR FRILES | BAEEEME, ETRILIINUIERIN ETXHSHAREENZR S
unﬁ%ﬁﬂo

ERERPRYZ R Edr AR

UHENFRES —MREIFNDFRTE slice PIREKENRE. XMREBGRENFENFRTE slice FiR
Bl—MNFRFE slicec —BIFHAIEZINT longest KE, =5 10-19 FEIIRBBIZEITENE

The longest string is abcd:

X% 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}");

5 10-19: main BREIAMA longest BRER I NFRIEA slice PR —1

E,%-J_ NMREFREVERNS I ANF & slice, MARFE, EAFKNAFE longest EHEIR
SHHMEN. S ZAENEPH"FRE slice (FASHEHFEZ X T HHATH
1 0-1 9 WBHIETT AR IE,

NRZ=RX GG 10-20 HFBFESSI] longest KEN, BHARERIFE:
Y& src/main.rs

fn longest(x: &str, y: &str) -> &str { ?G
if x.len() > y.len() { x } else { y }

}

f5) 10-20: — longest BERBYSEIL, EREIMNFIE slice FRKE, IELETHERIF
AN H I T A X Ean AR HEIR

$ cargo run
Compiling chapterl® v@0.1.0 (file:///projects/chapterl®)
error[EQ106]: missing lifetime specifier
--> src/main.rs:9:33
|
9 | fn longest(x: &str, y: &str) -> &str {
| ---- ---- A 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

9 | fn longest<'a>(x: &'a str, y: &'a str) -> &'a str {
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| ++++ ++ ++ ++

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 FARERKEREWS|IAEE
[ x 3% yo BLEBRNTERAE, RAREEH if RIRE— x 895 B else HHRE—
y B95| !

UFRNE XD RERBIBHE, HAREEEZRLRINERE, FAIUEREZRRE if T2
else 2WHIT. BAMBRFEENNSIBNEEESER, FRIUBIHAREES A 10-17 F
10-18 B M RERIG KRBT REIMNE | BREEEEN, BRNESESREHLT AN
E, ABRNERME x M y WES BRI S:REENESEREXEEN, ATEEXE
iR, BAVEENZEE SRS ERENX S| BEX R UMEERREIZA LUHITI .

s ARRERIEE

S AR A AN ERS | BN ESARRNEKRE, HRENRT 2105 BEaALEERN
X7, MAFHEEHER, SURHEEZPIETE 7 2R LS HEMA LUES EREE —
¥, HiEE T ZRA AR REEEESE AL ELNEI A,
SHEATREE—INTARENNEL: EHEAMHSHRIFAILUMES (1) Fk, HIRE
BFeBNE, XUTFZRHHEZMIERE. ASBAFER '« FAE— LA IR. £hF
HISHCEMAI TSI BN & 25, AE— 1R KES I BEESEa AR IR
XBE—EGF: FMNE—EEEGABESHN 132 W5|AH, —PMEUM '« WESERS
M i32 W95, M—1NESERBE 'a B9 132 AT 5|8

&i32 // 5|H
&'a i32 /1 HEEXEGERARGIA
&'a mut 132 // BEERNEGEEEMNAIZS|A

BEMNEREIERASREZVEX, BNEGEIEHESF Rust 2105 ARNZEESRE
HASEUNEEEEX R A IEFRA]TE longest BRI T CRIRERA ap A HEARNAEEIK R
ERERE R R E R AR

ANTERBERPERERARERE, FEETRRINSHTIRENRESHERZEESRE
HA (lifetime) 2%, mEUZRIER (type) SH—1%F,

BB ERBERZRAMTRE: RME2XWNSHMREN5IBEEN—HFA. (D) £
HARERYS| AR ES AR, MERE 10-21 RESDSIBHREMLT "a AR

NHR: src/main.rs

fn longest<'a>(x: &'a str, y: &'a str) -> &'a str {
if x.len() > y.len() { x } else { y }
}

T 10-21: longest ERENEXIEE T ERFFAERSI AL NAERERNERER 'a
XEAERBREASTERNEEEERIRE] 10-19 Y main RERBILER,
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MERBZLRAXNTFREEGEAL 'a, RESIRKNAIMBER, SER5EGEAR 2 71
MED—IFRKIFFE sliceo RBZBE—IMEFBESEGEAR '« ZFENED—HRKNFR
£ slice, ERISERRE XE longest BELREINSIARVE S ARAS RIS KPS| BRIERIES
FHRNBNE—E, XEXRMERANFHE Rust DITRBPRERR.

BEBIERBERPIEEERARSHE, BiIHLEREEAENETREENESE
Hl, MEREEARHEEXMIRFHNETRRERLEREL, FT longest RHHAE
BIE x My AFRSEFEESZA, MRAFBNMEEE ALK '« BERANERERZBEEX IR
o

HERBPERERAREEN, XEFERMERBERFR, MAFETREEFHERN
B, EenERNERRA T RO EN—7, FEERIEZPRRE, LREEZAESEHH
HALERIASE Rust RIFBRNTFERERRE T, WRRECEEERNEFRLERH, RiF
22 H 1% A LUE /s AU AR BRI ER 7. NRAXAMBIIE, Rust FiFZXIHATHAER
Fen X R MME ZROHERT, XiFRIXEE A RER AR B H R F RS D Z5M9HRET,

HEARS| BBEIEL longest BY, # 'a FAIEMEAEGRARRE x WERES vy B91ERE
HEENI—EHD, M—MEMEZRAETEAR '« WEAKEGEIPEFRT x M vy WESRA
A/ NBIEE—1N EABENBHERNERARSE 'a tETIREINS|IBEE, FrLUREIRS]
FBEMBEFRIETE x f y PRGN BEE R Z BifRFE o

U EMNBBNMESEERE AR EKEdsEHAY5 | FARES] longest KERIFEHR, -l
10-22 2—MEEMAEIF

NXE&Z: 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}");

}

) 10-22: EIRERREREAKEERARY String {EIEHA longest BRER

EXNMIFH, stringl HEIINBIERIBLEREIBEE RN, string2 MERSEREPEEN
B9, M result M5|AT —LEIRNFERIRERLBEERNNE. BENESRIARXLERED,;
CEEBRIFIIETT, HITENH The longest string is long string is long,

BT, iIENMNEBABI—MF, ZHIFERT result N5|BNERERRNAZR NS
PEFEHAN. LU result TEMNEABIHREERE, BE¥R result F string2
TENHEEOD—RBEASMEREP, £E, FATEE result Y println! HIFHTHEIR
ERVERRIE Z b, JEERG 10-23 R AREEBE RIF:

X% src/main.rs

fn main() {
let stringl = String::from("long string is long");
let result;
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{ e
let string2 = String::from("xyz");

result = longest(stringl.as_str(), string2.as_str());

}
println! ("The longest string is {result}");

Tf5 10-23: =iATE string2 BHERBIZ/GfER result
MRS HAMFXERAESZHII 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());

ANNANAN 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

HIRRAA TIRIE println! BRAY result HMHY, string2 FEEEHFIMNIERBEREEHE
MHY. Rust ALEXLZEA (longest) EREEISHAREMEEER THERERERSH

|ao

ERAANZE, BATAILEMMAI stringl b string2 BK, Et result B EHEM stringl
B95IA. B stringl HAREFIERE, T printlnt R stringl KI5 BIARERH.
PAM, MiFRHNREIRFHEXME R, Bl TBIERERASIREIF Rust BIZ: longest BREL
REIR5 | BRERERNZSEASHENEGARPRER MR —. Eit, ERKESHER
FIFRAE 10-23 PRREE, RANERRESFELRRIGIA.

BERESRKANENENREEREHASIBIEA longest I SHRMIREIERE,
FEFEmFRRRIMMINENES B ERNERS, EERF—T1EEMNERESER!

RNERRES LA

1EE Eon A HAS BV IEH S TURIR I SLIRI BIATIEE. B0, WK longest BRIERAYSIILME
HARREEE - NTSHMARRKNFRE slice, MARTERNSE y BE— M EHEH,
ST R RESRIE

X% src/main.rs

fn longest<'a>(x: &'a str, y: &str) -> &'a str {
X

}
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MRS x REMEIEE T EMARRSH o, FIRENSH y I8E, ARy NE®ER
528 x EEENEGEARSBEEAXR.

BMEEOREI—5 /A, REENEGARSHFEES - SUNERBRSHAELE, MR
RE5|BAEBEREREA— 12, Ba—HAEmEEEE— M RBAEEIENE, AT
ERZE—TRESR, ANERSERBERNEA R, SHEEXNHTEREN
longest BRIZFISSIL:

X% src/main.rs

fn longest<'a>(x: &str, y: &str) -> &'a str { ?&
let result = String::from("really long string");

result.as_str()

}

BMERATREMEIEE T £ ARSI 'a, XPKRMEAERRNT, RIREIEREERA
5385 erB XK. XERSHIERER:

$ cargo run
Compiling chapterl® v@0.1.0 (file:///projects/chapterl)
error[E@515]: cannot return value referencing local variable “result®
--> src/main.rs:11:5

|
11 | result.as_str()
| ______ VAVAVAVAVAVAVAVAVAN

|
| returns a value referencing data owned by the current function
| ‘result® is borrowed here

For more information about this error, try “rustc --explain E0@515°.
error: could not compile ‘chapterl@” (bin "chapter1@") due to 1 previous error

HILAYIA)RZ result 7E longest BREMERKBEAEREHAKBE, MBEMNZHMRERD]
— result B3| B, TAIEEEMEMSHRAZRAESIA, ME Rust BARRIFRATCIZE—
PRESA, EXMER, RIFHBRAESRE—TEMENRBHEREMAZE—151A,
XFRBARENFTEATEFEXMET .

ZtE, £ AREERRATRRHMNZ NSRS HRBENERARRHITXEN, —BE(TH
BT EFXEX, Rust BT BEBHEERRATFAGELEIREHBIESFEBEIEH TS
ERAFRE1T .

SEEEX PR ER AR

BriAlk, BIEXNERASEHESHEMEINEIEE, WAIUEXBE5|ANEMRE, F
EXRENEWEEXHFNE— 5| BRMEFRRAR IR, =5 10-24 PE—NEHRT —1F
TR slice FY4EMI{A ImportantExcerpt,

X src/main.rs

struct ImportantExcerpt<'a> {
part: &'a str,
}
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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, FRUEEXEEEGAREMRE

ENEWERBE—NFE part, EFRT —1NF & slice, XB—15I1A. XUTZREL
RE, RAEEMEZIMEENRESHERZEEGARSR, UEREWEEXFERE
nAHS . XERREIKE InportantExcerpt FYSLFIARBELLE part FERAMIS|IREFENE
Ko

XEBRY main RERBIEE T — ImportantExcerpt BYSLf, EFM T ZE novel FIIAAEN
String E—MIFHI5IH, novel BYEHETE ImportantExcerpt LI ZRIFIFE. FIb,
EZ ImportantExcerpt BF{ERIE Z 5 novel FIRSBEF{EAEH, FiLA ImportantExcerpt 52
BIFEY5| 2B AT,

S AEAAE (Lifetime Elision)

MEBNEELNETE— 15| REBE— " S mEH, MEBRNEENILRER T 5| BRVKR SRS
SMRIsEEmER, A, BHEERRG 4-9 hE—NXE, BRI AMMRG] 10-25 Fr
™, ©REEGRARIEIERIFMIN:

XHERZ: 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 — KB ERAERARERNRE, EMERSHNRLEEZS]
A

XNREREEGAIERAEREFERT —EHEREA: TERHMRAS (pre-1.0) BY Rust
h, XHHBEFERIZEN. 85— 3| BHESNEREHNEGER, FINRHBZZIESTHX
/=3

fn first_word<'a>(s: &'a str) -> &'a str {

ERE T1R% Rust (XIB/5, Rust FIRARIIEREBRT Rust EF RIS EEEMES —IE
— NS AER TR, XS 2T BERE LN ERAER, 1#5 Rust FPARIEX
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LEARTUmATE T Rust ZRiFsE R, WILERINERTXEER TRlsEHERT £ s A HAM A BR
HliEF R E TVRVIE IR,

XEBERIHEE—LE Rust WAL RERANE ZHARNRHRE S HIRINE RmIFEPETE I8
. RKAIGERFEE DIV an FH TR,

WLmESE Rust 5| A ITRVRINEAT N EGARILIEMN (ifetime elision rules) o XHTEHR
BERFLETHAN; XERNZE—RINFENTR, HREFESEZR, NRABTEXLE
s, MAERRIEE LA,

MU H AR UTTENHRT, W3R Rust 7EPRFETXLERMNBIFTHE T EEREaEERTA
EEERAIRIE, ERSBNRRS I BANESREBRNIZEMTA. FiFSSEAILUBIIGME D
FEIRR R R AR R IR 75 46 H—NMEIRIETR, A HITHERTSE,

R ARSI L an B EARAR 0 MNESGARE (input lifetimes) , THREMENAE S EIHAK
R WS AR (output lifetimes) o

PRIFSRRA = FANKRAMTS | BANAEEZRRNERE. F—FMAUERATFRANEGER, 5
MEMUERFREE AR, MREFBOEEX =AM ENAFELEITELEHERH
M5, wmEFSVBRFELEHEMEIR, XEMUZBAT fn EX, MUK impl 1R,
F—FMNZREBNE—5IRASHEPE— N AHRSH. BmOERME, REE—
SIBESHME— N EMBESE: fn foo<'a>(x: &'a i32), AWM BAESHNREFER
M RENERERISER, fn foo<'a, 'b>(x: &'a 132, y: &'b 132), {KILEHE
FZFRAMNZMRIABE—RANEGEISY, BARERFALFEREERERSH:

fn foo<'a>(x: &'a i32) -> &'a i32,
FE=FMUZBNRAEZEZMRNERARSHHFEEP—ISHE &self 5§ &nut self, i
BAXZNAE, BAMBREEGRERSHEEMT self NEMER. F=FMUEEHEE
BZEE, HARFEELH/RS,

RIEHKINB O ERmIFSE. HNAXLEINRKITERF] 10-25 A first_word KEFZHH5]
FRVEsr A, FIaitERHay5| AHEE REXMEALEER:

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

EERZSNAFS—FIN, UREES T 5IASHHAEEECHESREH, RIMREE R
ZA 'a, FUEEREEREXE:

fn first_word<'a>(s: &'a str) -> &str {

MFEZFMN, RAXBEFRE-—TRNEGEHRSHURERN. 5 FNRRER
ASBESARFERE TRt EaARSR, FIUEEIEEREGXF:

fn first_word<'a>(s: &'a str) -> &'a str {

REXNRREZHRPTES I BEE 7T Em AR, MitdmiFEr USRSEERNDITMEIIZRT R
FRCX MR R R E s B A,

UBMBEERES—1MFIF, RENIMRA 10-20 B L FEIS A longest ERERFIA:
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fn longest(x: &str, y: &str) -> &str {

BRERgE(NNECmERFHHNAE—FAN: 81 51ASKMEHECHESAR, XX
BRTS, FAUMBERD (FRY) Ean/EHE:

fn longest<'a, 'b>(x: &'a str, y: &'b str) -> &str {

BRYABEZFAN, HARKEESTMRNESEY, EXATERTXMER. BRESE=
FAN, ERAFEBRER, XRERNKE self B, NAT = MMMz ERFSFLLIEITE
HiREHERERERER, XMEEMFRA 10-20 FIRBRSHIERNRE: HiFEER
FREEMNESAMEREMAN, HAgEHELERPAE5|BIEsEH.

ENE=FAMMNEIEEBERAIMRABLEZER, WEMLEMNEERMERPRESREE,
HEENTARFHNEZRERNNEEAFTERE L EZERPIEER B,

BIEEXPRE R HAERR

BNHEEREIANEWASEIG AR, HiEERALIRE 10-11 hERRIZERBESHE
EiE. BRINVEMESRRNERERFHRSY, BRTENZSEMEFRIEXERSHESH
MLREEEX

(SRIFFAER) EMEFERIEMBRPAIERTE inpl XBFZ EEBAHEEMERIZ AW
£, RAAXEEERREMIAREI—E7,

impl IREWFEZERP, SIARRESEMEFERFIISIAEXE, BWAlgERMI. S,
FeaAHEBRANEEZELBRNEREL ZERPEREG AR IR, UBRMNEE-LEERT
5l 10-24 H7E X BYLEHI(K ImportantExcerpt BYfIF,

B, XEBE—17TE level, HIE—WBHE self B5|A, MEREERZE— 132, #
A5 RERE:

impl<'a> ImportantExcerpt<'a> {
fn level(&self) -> i32 {
3
}
}

impl ZEMEBRZMZ ENEGRBARSHELEDN, FEERAFE—FEGBERINEIIHF
WANRE self 5| ARYERREER,
XER—MNMERTFHE =LKL BHRR R NAE]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 NAE—FEEHEBEMNHAL T aself Al
announcement Ef ]S BRESEH, &5, HARF—INSHE &self, REMEREFET T
&self BYAERAR, XHEFIENERARERITELXT,

S Ed A

XBEH MBI E S ERRESINE: 'static, BYE SRR ETFENERSE, G
NFERFBEFEEEEE 'static £mEH, HMETLLERG TEXEEHFE:

let s: &'static str = "I have a static lifetime.";
XN FRHBENXAEEREFEEEFN Z#HEIXGPMX NG EE0 AN, BAFRENFR

RFEEEE 'static B

{RO]BETE SR IR1E RV BN A R I ER 'static A aAHRNEIN, FIEs5|IBiEERN
'static Z ], BE—TXN 5| BRTENERNMEFNEGRBAHEREEEN, URMGEETHE
CEEESX AR, ABRERF, HEF static £pAHNEIREERHREAEIE— 1 2ES|
BSETTENEGRPERLENE R, EXMER THERSREBREXLEREMAEIEE—
A 'static BNEARAERA,

S&ZRIBESH, trait bounds M4 AL
IBENEENE—TER—RBPIEEZRER S, trait bounds FE R EARRRNIEE!

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 }

}

XANZRG 10-21 R PIREIFDFRIE slice FIRKER longest FE, FIHE—MES
B2 ann, ann RURAIZZH T, EALRMNEAKIT where MAIHIEER) Display
trait BEE, XNFIMNISRER (3 7TE0, XWFLENTA Display trait bound 447
o RANEmEARERZE, FRUERERSE '« MZERERESHR T BUTRERENE—
RIEESHIERH.

e
X—ENATRZHINS! WEMRIE 7 7ZBLE S, trait A trait bounds UK Z B Edp
B, IERERTRERAEENRERTZMISHRET,, ZREBESHEKREN
A LLUEAFREZEE, trait F trait bounds {RIE T EMER B 252 BIHY, XLLHAIHh 44
EFMZEENITN. REGBAIEEEN | REGBEZENXAFRIET XLERIEZTHIMN
BAHIEES B, MATENX—LZEERENFTUARSEIIETITIIRER!
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{REJRER MBS, XMEELREELZZTEFINAE: F+H/\EKIHE trait WR, XEBF—
Ff(ER trait WA . BBEEZEERNINEGERIFENTR, REEIEESENBERLT
SFEFE(]; WFXERZR, 15i#iE Rust Reference, FAiTiETHR, 1LF(TH0EI0ATE

Rust FREE MK, RFARMEBIFAEIIGEEEGRINFENAFELIE!
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Rust BRFIGIHES B
‘w5 B bt

Edsger W. Dijkstra 7EH 1972 FHIXE (#ZEHFZEFZED (“The Humble Programmer”)
W NN ZIERE bug FEMNBRGE, MIEREFAEFERNESSALENRE, "
(“Program testing can be a very effective way to show the presence of bugs, but it is
hopelessly inadequate for showing their absence.”) XHAREKER AR RETEEMNIR
!

2P B ERME RS DN AR AR ETT. Rust B—MEZFEIEMMENRIZES,
I EHER— N ELUERRNE #E ™M, Rust LR RFELRB LT TRANIIEX, R
KRR T A REFEIRFIE R, ALk, Rust & THS Bl NLAINEEZ#F.

BRISFA TR AR — AU add_two RURZIBLEREM R, ENERE—IMEESY
FiRE—PEBEE, HSEIMEIFX MR, Rust ZFITAEBRIREL NIRRT
ENERARE, flg, XERESRERBKNIAZEE string HLKAIFI AL X R Rust
FRFRERNENEX MR EE R ERTAEIAZN I RESHEM_EE, MAREL
SN ELA0 10 S0RE 50 BY(E! XIERMHABI AR Z 1,

BATAILURE MRS, i, =% 3 45 add_two BRZREY, sREIER 5. TILMABIXIAE
TR, #HALUEITUARBREAIEZENEBITHLERAE.

M B—IE ZAVIREE: BATRE— N ETHNRBEFNBNARSFREIEHNS T, B8
HATERZIVIE Rust MIRTNEERINNE, FMNSHEIRENIRE=ARRGERENZR, BT
BIRCAIT AANED, LAK AN M 4B R A 8 Tt A SR A it
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gnferdm S Ml ist
Rust FREGIIREEE A RIIEIFNR R BR T RBHENARETH. NRRBEEERT

T =AhfE:
- BRSNS

C ETRENRAIAED

. M HER R RPN

SEBAEE Rust {2095 JESRAS IMIINEE: test B, —LERA should_panic B
TR BB

fENBERAIT, Rust REURME— A test BIHRELN, Y (atribute) 2%
F Rust (AFBH ERIOTTHIE; BREREATAEIN derive BMRE—MHIF. NTH—
RRTRMIRES, BEAE o (FZHINL #ltest], SfEA cargo test BTN,
Rust SHE— MR ITIRR AREBRIFENEY, HREs— MR EBEERANK,
SRERA Cargo FE—NEREN, BEHMARIIER—NURERI— R, X
MEBIRE T — MRS TRMEIR, AU RTINS R % A S R B4
BT, YRR UEYMENEE 2 B RS Rt g

ESFASIAREZ A, JHRI1OET SRRE A3 RO SR RE RN R T
M. 8, RITAS—LEENNL, BARIIES0RBHINSEI0TH0ERE.
SEBATOIR—NRHERE adder, ERGH MIFARNM:

$ cargo new adder --lib
Created library ‘adder’ project
$ cd adder

adder FEH src/lib.rs BIRNB RN IZE RG] 11-1 Fis:
XL 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);
}
}

f5 11-1: B cargo new BTN BGBYNIHARIRAI BRI ER
XAFLL—Rf) add BRERFFSK, XA IRAE R E R LU,
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BMELBATRKZE it_works AT, ET fn ITZRIAY #[test] : XPEIERAXZ—NN
IHERE, XEMHHITEMAEFE MR, tests IR AT LIEIENIHA IR LR E
ENEATBILBRARSOEITE IR0, S RXERRERMRLE R 22N ixto

TR A BIER assert_eq! ZZKETS result (HPEE 2102 WER) FT 4o XD
ERPIBRTR T BRI FIREITMA USRI ED,

cargo test BpRLRBITHEFAAERMIK, 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

w5 11-2: BITEERNIRAYEH

Cargo RIFEHEIT 7M. FIIAEFER running 1 test :X—1T, F—1TRXR T ERKBIMIH K 2L
HIRHR, tests::it_works, LURMNABVEITLER, ok, EERIUBIISAENINIZITERIE
E. test result: ok. BIREFEMIAEREE T, 1 passed; 0 failed Fni@IdF AT M
HE,

B LU —NRARE A B U EEREBR FEMARETT, AEZ G0 RIESFFEE SN
REEELEMR " BR2NAE. AAZEENFLEGETMNAFIENZE, FIUBESEE
7N © ignored,

0 measured 4512 A MREMIXAY, MEEMIX (benchmark tests) E4RE AHEY, M2 EER
F Rust FF&hR (nightly Rust) . BEE MEENIXAIY THREZ,

BT UG S 8T1ELE cargo test 3%, UEREBITIAMEFFHRLIENNIN,; XEFTE
B9RIE (filtering) , FHA&E “BEBIHETE R MRA” IHEX—R. XEH(TLELEFTEE
TR0, FRLUBEHRSE/R0 filtered out,

Mt A BYLL Doc-tests adder FFLAYX—E853 @FFE XAMIXME R, HINMEH BT
AR, A Rust S4RIFEMTE API XKAEHBIIE R, XA THRERSBhBA 1E AL FNML
BEEFREY! FETNERN X FBRERANR B2 HRAES XM, IMERKITE
7 B& Doc-tests ZPHAYHIH

HENAFBEEXMHARFHEENNER, BIkLh it_works REGENREINRZF, bl
exploration, {&iXi¥:

XEE: src/lib.rs
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pub fn add(left: u64, right: u64) -> u64d {
left + right

}
#[cfg(test)]
mod tests {
use super::*;
#[test]
fn exploration() {
let result = add(2, 2);
assert_eq! (result, 4);
}
}

HERIE{T cargo test, MEHEFIFEHIN exploration MAE 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 @.00s

MELFMMEMNS —MUK, FEX—RE—PTEKETIL! MR E P I panic B
HMEKT . F—NURNEE—MEEDIETT, HELERMNALRERET, MEE
RARIE ALK, FAERE T RELHHER panic W5%: 8 panic! 7R, BNFTIR
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: BB ZAEEAT panic! MRMATME

HR cargo test BITMIH, HMHEIZERFRGTE 11-4, EZREA exploration JH@EEI T
another &K 7T :

$ 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 I ok T, ERMMNIAERFMIBEZIBIZ T R
HE5: F— L ER T MRKKEIFHARERE, EXMIFH, FHNIBE another FATE
src/lib.rs B9%8 17 47 panicked at 'Make this test fail' MIKMBVFHAES. T—325IH
TEREXRMBINE, XEBRZMAFREZ LK FA5HE A REEER. HITAILLEEE
FRRBEMRBZIRRRBEITXNUL, UERR, T892 “=8hidnFEhsiT” *RIE%
BT A o

REEHEET: BELH, MALERZE FAILED, B—NUEEI M — LK.

RAEFNAIFRZRPMNAERZHAHEFHNT, BHREERR panic! ZIMI—LEENIKF
BEBMRME,
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R assert! RRIGTLR

assert! RHATMERERM, EHERFRMAP—LELZHERN true RHIFEBRH. FTEM assert!
RIRE— I RENGRENSE. NRER true, assert! FAHWRMY, BN @ES, W
R{EA false, assert! A panic! %, XRFHMAKK, assert! HEBFKIOENIELZE
EUHEENH RIETT.

ElZ—THEHER, 7H5-15 FE— Rectangle L5{AF]— can_hold A%, TERHFI
11-5 FEXRERENT. BEeNmBo#H src/lib.rs H{ER assert! ZH{EE—LEMIRH,

XHE&Z: 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, XBRKEETENG assert! RNERTIR. TR 11-6
B, EFRAEE—1 can_hold FFARMNARIENLS], XBEEE—EAN8BENTH
Rectangle Sffl, FHRISERTLIRIE TS —15N 5 &9 1 BY Rectangle SEfI:

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 BYMIiK, WE—MRABER IS T— 18V )\HIRER

ERTE tests BIRAPFENT —1T: use super::*;, tests 2—PNEENIER, CEEST
& "RIZAT S| BERI PRI 80N ERY A IIEMN, EA tests HIRZE— P ABREIR,
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ENHIMNBRIRFBAE, FERFHSINFIRNSEREEREFR, XEEZEERA glob £/
N, LUBTE tests BIRFPERFIBTEINIRIRE X IR

BAPEMIREs 2 /9 larger_can_hold_smaller, FHOIEFFEM Rectangle o, 1ZEEIEH
assert! ZRFH{Ei% larger.can_hold(&smaller) JHRANERIENSH. XTMRAXTHIRIR[E
true, FRLUINAMN Z@: T, LBl B LRS!

$ 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 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() {
let larger = Rectangle {

width: 8,
height: 7,
b
let smaller = Rectangle {
width: 5,
height: 1,
H

assert!(!smaller.can_hold(&larger));

EAXE can_hold KEHIIEIRLERE false , HIIFERXNERIURGEEL 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 ©.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! [FA larger.width 2 8 ff] smaller.width 2 5, can_hold HRYTEE
ELRILER S 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 == RKEXXFPFET false H, MAEITED
S false WEK(E,

o 11-7 B, EEIEE— PN ESHINZHIREILERVKEL add_two, IZE[H
assert_eq! Z=MIHXMERIEL,

X src/lib.rs

pub fn add_two(a: usize) -> usize {

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 ERIZK
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

2271562



Rust i2FIgITES ERFXhR

test result: ok. @ passed; @ failed; @ ignored; @ measured; @ filtered out;
finished in 0.00s

BIRIB—1RN result WEE, ATRFEAM add_two(2) BIER, ARG result
4 ERNESEEIRLS assert_eq!, MPIXPAYIX—FT test tests::it_adds_two ... ok A2 ok FRHAH
Mz !

ERREHRSIN— bug REEEH assert_eq! FIMIKXKMETAERN, BEX add_two FIEHY
SRINFEEND 3¢

pub fn add_two(a: usize) -> usize { Q#
a+ 3

}
BRisiTiha
$ 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 UK, FHIREEFHFRIMEEN T, EEFIFEKA]
assertion “left == right" failed D N left #] right N{ERT 4. XPMEIZEEEMTFHR
IR U assert_eq! B left BE (HFLE add_two(2) HILER) Z 5, M right &
HE 4, AUEREERSMATEITINXEEREZANER,

REARNE, F—EESMNRERD, SR MEEZFNREEISEILITS expected I
actual, MBIEESHNINFIEEEE, JAMTE Rust B, BN 1eft 0 right, [FEEYIE
R EMEIXAB~ENENIRFHAEE, XNULPRESHERIUER
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assert_eq! (add_two(2), result), XBILKEENEIFESE

assertion failed: " (left == right) ',

assert_ne! RIEFBLENMNMETEFINEL, MEEFHEK. SFNNFHEERZEMN
4, PIRREEENAEEMHANE, XPMERREAL, Fli, MR—PREFRIEZUE
MANREEBA, FIXMIEANEHETURANZEM/IRRERN, XN&RIFHIEHSH
EEMER BNV EEAFTHEN.

assert_eq! fl assert_ne! REREBDFERT == M 1=, BSEKE, XERSFERFEIR
BIVITENHESH, XEKREWHLIENNII T Partialkq F Debug trait, FrERIEZASE
BRI KB DA EFEE SR ER SO 7 X LE traite X FBEXEMEMME, FELI Partialkq
AREM S ENNERTHEE. FTEXLIN Debug A BETEMTS KMBIITENENINE. EAXHE
trait #RIKE trait, WNFERERG 5-12 FAREIRY, BE 0 UIEEESEWEIEE LR
#[derive(PartialEq, Debug)] ;*fi#, MIFE C“BIJRAE trait” A EZ X T XLEMEMIKAE trait
IS B

BEXKHBIER

fRBETLAE assert!, assert_eq! F] assert_ne! ZAEFHE—PELENKKEESE, TJLUEN

REKBIEEENXEKKEE—RFTENH R, EATE assert! F—PURFEBEF assert_eq!

assert_ne! W PNMUESHZ EIEENSHE LB fomat! & (EF/\EN FH + 58
358 format! FRIFIEFFE" FHI1TieE), FRURTUERE—PMNEE  SUFHRAFERTEM
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"));
}
}

X EFRIBERELERBE, FILEERSCAFKR Hello XARATREERIAE. AMBATHA
BEFKAERTEAEIMR, FILAELEE greeting REFLREIRHATME, FHITIEXET
SHHEBXEREESRASK,

IFA B RE greeting ERAFREE name FERIEHFIN— bug FMIRXKKASZERFRY
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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 @.00s

error: test failed, to rerun pass "--1lib°

HERNE R T RIS RN T NERBTS. — 1N EEARKKIE SN IZITEN greeting
BREREYE, IEFRMTMRRBIEM— P EEXKWEES S B UNBRAFH, UKk
greeting BRZRAYE:

#[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 2Ry Guess KA, HAMER Guess FAIIEREET Guess SLHINERETEETE 1 E
100 BYRTHR. PILAZRE — NNARBREIE—MBLSEERIER Guess L= panic.

B LUEE 3R EE NS — B should_panic EILILXLE, XA B MR EFAIAED panic
@, mEEFIRBEESE panic B,

=5 11-8 BT —1NR, 1 Guess: :new (RS H T 2B MIANFEIIRRE,

XH&Z: src/lib.rs

pub struct Guess {
value: i32,
}

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: MIAZIEA panic! RIS

#[should_panic] BMITF #[test] Zf5, FMAVIIAREZ 81, iLFHITEENLEINER
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

BiEekAE! WAETRBEPSIN bug, BER new REXTEEAT 100 BIZ panic BIFA:

/!l --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 }

NRBITRAE 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-57d70c3achb738f4d)

running 1 test
test tests::greater_than_100 - should panic ... FAILED

failures:

232/562



Rust i2FIKITHES ERFXHR

---- tests::greater_than_100 stdout ----
note: test did not panic as expected

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°

XEFHEEFIEEERANGER, FI—BERINMUBUREE, SRMETET
#[should_panic]l, XPMEIREHRAIIHMIAEEL Guess: inew(200) F&HF4 panico

FAM should_panic JIHERATESIERE SMIFB. should_panic EEFE—LEREHTHHEDN
FERMSH panic Bt =i@id, A7 {E should_panic XL REIEH, HNTUL
should_panic JEMIENI—OIIERY expected B, MK TRASHRBIREETESHIRHN
XA, a0, FERE 11-9 PEBGERY Guess, XE new KEMRIEREERE AEHE T/ N
IRERE/ panic 8.

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);
}

1190 —MEREEEEBEFFTHEM panic! FARTMIE
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XMNMAZED, EA should_panic EIEH expected SEURMBIER Guess: inew KK
panic (EENFH, EITILUISEHENE panic 58, EXMIFHE

Guess value must be less than or equal to 100, got 200 , {5ERIEFEURT panic E8
BRGNS, MREZNHAEZER, EXMIFHR, HRERNFFHREURBREE
1£ else if value > 100 BYIE 'R FiziTo

AT MEHH 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

-

X—RIBIT should_panic Uik, 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-57d70c3acb738f4d)

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, MIKANFEIEY panic EE=E

Guess value must be greater than or equal to 1, got 200., XHFLEILIFFIETF K bug 7
!
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£ P {EA Result<T, E>

BriALE, EMBEEMRERMETES panico AT LAGER Result<T, E> RSN !
XR—NEMRBRAE 11-1 BUINE, £ Result<T, B> BF, HAEXRMERE Err fiE

panic:

#[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"))
}
}

ITE it_works RERAVIR[EHEIELN Result<(), String>, TERERAR, REFHEA
assert_eq! 7=, MefEMiRXiEEBTRE] ok(()), EMIXKMEREIFE String B9 Err,
XEFREMIHARIRE] Result<T, E> FLB]LUEREERFERRSEER, MLkl UAENES
=R E] Err TIRRVIRIERIMIR,

FREEXTIXLE(ER Result<T, E> BYMIA{ER #[should_panic] JFfR. A THIE—MEER(E
Err f{53, AEXS Result<T, E> EEARISRIERN (7). MEER
assert!(value.is_erxr()),

MEMREE T JIMES NN G %, IR MNEEETUANSLZENA, UKAUAT
cargo test FYAR[EEIN,
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EHIR AN EETT

Fif& cargo run RIRIFABHBITEMBI ZHFIXH—1F, cargo test FENIHRIVFHRIFEAR
BHBITERBNIR ZHRIS Mo cargo test FERN—HEXHREINTARH LXEBITHE
BUR, HERMHETIRR~ErREL, BIEEIRERER, ERERMNREREXH
NBEERERH. TIALUEESRLITSHHRAZE cargo test FERINTT N,

B LU —EB D an S 1TEEEBL, cargo test, MIFHBIM—EBDZIELS 4 BTN Z3# B> H
NT DRXFFHEE, FTELYIHEEL cargo test WBH, BZERDRF --, BZEREE%
B ZHEIX IS E, 1517 cargo test --help IR/ cargo test WBEXSE, MG
4T cargo test -- --help AR REDRAZEERNEXSH. BXRAXLIETAIRAE, 15
£%) the rustc book B “Tests” —,

HATHIRFETTM

BEITE TN, Rust MIAERLIERHITIZT. XEKRENXAZERMEITTRE, FrlX
{RE] ARG EIADRES TIRRV R 5. RNNIHZERETH, REIZBENEREEE
&, WRBEAHZORT, SEAMEZNTER, NS TEERIEFREE,

EAN0F, 8—NUREEIT—EAE, RISXEABEEER EEIB—1 test-output.txt X
HHEAN LR, FE55—NHEREXAFHBEHSXIXAESRENE, MmX
MEESNUEHPEHBEREN. RARENRBERIZETH, —MNdAgERES— i
BEXHIREPEERT X, BABZNURAMEKM, HAFEENNBARER, mEEAN
HHTEITREETH. — MRS RREE—NIINREAENXE; 5— AL RER—
RIBT— MR

MRRAFRENAAITET, NEBEBNRHRAVEHSIZRIRE, FJLUTE --test-threads
SHMFBLRERLZNHEL MR —H#FI . 0.

$ cargo test -- --test-threads=1
XEBRMALIZIREN 1, FIFEFAEERETEHITIE. XUSHITIEITREEZR
8], FEEEHZREE, MEXMASBENEETINT .
RINMERT, ZM@EEE, Rust BUNIXESHRITENE R EREINFIERS. tbanEmlis

FIEAT println! EHEE T, BATEAZELXREE println! f4H: RIBERAN
BT HRTRIT. WRMAKK T, WSBERERERENEMERER.

g0, w1 11-10 B—PNEEXRIRE, EITENHESHNEHESRE 10, EEEE—
E=p PO NP R =S ST S

XL src/lib.rs

fn prints_and_returns_10(a: i32) -> 132 {
println! ("I got the value {a}");
10

}

#[cfg(test)]
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mod tests { w

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);

f5 11-100 —MNMBERAT println! AYERERAYIIR

BT cargo test JABEIKLN 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°

ARREPRASHINEIFFTENRAZ, Bl I got the value 4, FAHMINEIRY, X
LREIWEIR. RMONHRIHEIL T got the value 8 , MIHIFEAHAINIAEERS, B
WERT MHKBHIRE,
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NRMAHLHAEE R EIRNAPITENRE, WA UELRMLE --show-output Hif Rust 2
AN B o

$ cargo test -- --show-output

R --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. FRRILAMA cargo test ZiBFAAEIZITRINIRN B FFRISEHRIZFRITITHL
Mizts

ﬁT)ﬁTﬁDﬁ‘_’ EB5 M, A 11-11 79 add_two BREREIEE T =Mk, FAIeILLEFEAMK
BITH—1
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XHERZ: src/lib.rs

pub fn add_two(a: usize) -> usize {

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);
}
}

T 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 fHEERMIXAIBITRRIEITX 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 ©.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 MIIRIIEITT ; EAESHMRHRLEZ B/, MRHHE
KEERT 2 filtered out, RIFEA 2 MURBHTIE, FEEITo

“W?ﬁLﬁ?EE%ﬂVJ”JJiﬁ%ﬂ, RBEFIBL cargo test E—MEA SHWEA. FIEMNE
TN %.

SIRIBITS MR

AT LS MARI R, ERBIRCLRX N2 ®IETT. Fla0, EAkEm N
HBIREE add, BJLUEIT cargo test add izfTiXiw M :

$ 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 RYIR, [EIAYEZMIFR
ERERZ MR B FREI—E053, PR LU B RIR 2 KB T — MER P E Mo

FRAEHF IS E S N 2B L

E By —LER E RN P TIEE R ZIE BRI ENY, PRUEKRSZERETT cargo test BIRHEAHE
BEHFEREN ], RATLLUBISHIIEHFIEREIZITRINENRSE], WAILIER ignore EiE
%*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 FREHPRAMIK, FAE #test] Z/FIEIMT #[ignore] 17, MEMREITNL, ME%
N it_works IB{TY , M 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 #¥%IJy ignored, YIRFLMNIABETITRZBIEVIR, AILIER

cargo test -- --ignored:

$ cargo test -- --ignored
Compiling adder v@.1.0@ (file:///projects/adder)
Finished “test’ profile [unoptimized + debuginfo] target(s) in ©.61s
Running unittests src/lib.rs (target/debug/deps/adder-92948b65e88960b4)

running 1 test
test 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 WAGRAEBIREIRE, HIRFRIEZTT

ignored BYTMIKEY, AJLAAIT cargo test -- --ignored, YNIRIRHFENERT BRI EEIT
2EMR, BILLETT cargo test -- --include-ignored,
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MR LREH

FE—FEmRE, MEAR—ERES, MERENFAXEBRBARRBNAENAHR,
Rust # XA FRIEMXEIM N ER D IEREERE: BRMA (unit tests) SERMIR
(integration tests) . ByTMIRMAAFE/NMESER, ERBOFRFRNA—MER, HE
AU AAE O, MERMNIERY FRIERE N2 EINGN. e 1S HMIMNRE—,
BIMEERANERMFRIAE, RIRHAFZOMASNIRAESE TSNS MER,

AT RIERERES IR RIRNTHIETT, MRIMBANAERSEXRENAAZIFEER
B9

BTl

2R ENERESHMES D RENIFRRIRE— 1 2xrAnE, UEFREMERIE
IERNRTABEREN ST, Bolids5elNEZNRNABHERFEREMLT src BR
THRERNXGF. ERES T XHREIEEEMILRIRAY tests RIR, HERM cfy(test) 1R
ERRR,

TIASIRFN #[cfg(test)]

MIRAARIRY #[cfg(test)] EAEEHIF Rust RTEHIT cargo test BIARIFMSITNIAAET, M
f£iZ1T cargo build IR Al XERFHEMEERIHRAILITI B4R IENE, HERAE]
HEEEENR, FRUBERDRZEFENXAHNRN. SZHNMEMRNEEA LTS —1X
%, FRULENHARE #lcfo(test)] JEiE, AMBTNRITSIRBERA A, Frld
REBEER #[cfg(test)] RIBEENFN LB E S HEIFLER TP,

EIZ AREE—Z D FER adder IH, Cargo AFKAMNVER TN TFRS:
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);

}

ERAIETLE B R AYNIREIR, fg BHERREE (configuration) , ©&IF Rust & T3k
NIMREEAEREREXNN, 72WEE. EXMERT, EEERDE test, BI Rust Fr
RENATFRFMEITMLVE B IR, BIER fg B, Cargo REBEREGIER
cargo test IF{TMIAB A 4RFNHARID, XEIENHIEIRAPOTEEFERVIEBIRER, UNIRE
73 #[test] HIBKIER,
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MiAFLH R

M XP—EEFEXTEENZNERHREZEHITUIRNAICHS, MEEMESPERENR
FAB R — MR, EERAARNS. AETRIREFMAHNIXZIRAZE, Rust BIFA
BHEAMNHEEAFIRMIRAB R ZERF) 11-12 PHEBMB R internal_adder BYAFD,

XH&: src/lib.rs

pub fn add_two(a: usize) -> usize {
internal_adder(a, 2)

}

fn internal_adder(left: usize, right: usize) -> usize {
left + right
}

#[cfg(test)]
mod tests {
use super::*;

#[test]

fn internal() {
let result = internal_adder(2, 2);
assert_eq! (result, 4);

}

R 11-12: M FAE KR

AR internal_adder HK#FHZEIRCH pub, MHBARIZE Rust XS, [EIBT tests H{VXZE
S—MMER, FIl“EBEAT 5| BIERI RN 29 PR, FIERIE UERE FRIERD
Wi, EMILA, FA1BIT use super::* 3§ tests BIRAVAIRRBIFRBEIS I N T (ERS, 1£E
MIAERT internal_adder, $ARFRHFTIAARIZMIAFABRKEL, Rust BARZRBIRXAM.

EEREME

7£ Rust B, EMNIA FREEMXNERR TSI, FEMERENIE—EEFER

X, UMBIRTENRERAB—REFTIAT APL, SRR B NIRZER 225
BEE—iCIER T{E, —LpihaeiFMiEITHR B TERE—RM TSI, PRLIER
MANBEXRHLERREEN, AT EEREMMNR, REELEIE— tests BR.

tests B

ATHREERNE, TEFEDBEREREIE— tests BF, 5 src A4k, Cargo FEMAE

FHXNTBERFPIERNAXHF, FETUBEEXNERPEIBEEZHNILXHE, Cargo
SEE—PIXHEHERMB crate RFmiF.

IBATROIB—NERNIR RETE) 11-12 & src/lib.rs BB, BIE—1 tests B, i
—ANX 1§ tests/integration_test.rs, B RLEMINIZE CREIXE

adder
— Cargo.lock
— cargo.toml
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— sxc
|  — lib.1s
L— tests
L— integration_test.rs

BB 11-13 HE9ERHINE tests/integration_test.rs {49,
X tests/integration_test.rs

use adder::add_two;

#[test]

fn it_adds_two() {
let result = add_two(2);
assert_eq! (result, 4);

fil 11131 — adder crate FRERERAYER AN

EREG—1 tests BRFPEINMIAX G ERTEMIA crate, PAUFEERESIATS IR
crate BUEREHR. ALSRTIARRE, HITBEEXMHINERZRM use adder: :add_two; , X
FETMAPERTREN,
HAFENR tests/integration_test.rs RRERIIBITES #lcfg(test)], tests XK
Cargo FRZ—MFFRRIX 4K, Cargo RIRTEIBIT cargo test BFRIFXTBERPHINXM. I
TERLIZIT cargo test Jxixd:
$ cargo test
Compiling adder v@.1.0@ (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-1082c4b063a8fbe6)

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.

FMoRTMASENZARIN—1F: SPRTMA—1T (R 11-12 FE D
internal RYIIR) , EEE—TRTUIXAEET,

SERCNIAER 3 LAT Running tests/integration_test.rsFF3k, & FRE—ITE—TEMANIR
FREYNRERIEL, LAR—MILT Doc-tests adder #5732 AIRYERANIXAIHEETT.

B BN XAHENNATIIRNE RS, FILNRT tests BERFUIEMESZ XM, MidLE
RPEMZBEESEANAE R

FAWLART LOBSHEENIX R ERAIRIRIEN cargo test BIBERIBTTIHFESRMMIR, BRI
R cargo test By --test [FERXHFRIRMRIZI TR MFESERMIR 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 HROIBESXHUEEFHALREN]; FIAIRIE
MERATHEESRIEMIR DB, WRIFMR, tests B RHME— N XEEBERIFH— 2R
crate, XEBTFEIEMIMNIERE, UEFZETRABFPERIRM crate WA, BEXE
K&, tests BRHPIXHFIITH, FHIRESE CERZEINERLD L AERFXH4E, FE
8 src PRI HRITT AR —1%,

LIRE—EEZSPMERNEXH B ARINEERER, MIrERBEtE SEREmEE
X EB AT BRI HRERE—MERINERFE, tests BRPNXHFTANARRMSOLE
3R, Fl0, SNRIFEAE tests/common.rs REIE—NEA setup BIREL, HHFBEZMNIR
XEHMR R PIEARE, FALUIE setup BRRITEES AIMAH:

M tests/common.rs

pub fn setup() {
// setup code specific to your library's tests would go here

}

MRBIRETR, BSEMNRERPEE— MBI common.rs XHRIMIRLE R ER 457,
EMEXNXHHEBEESEEMIAREL, HEBEEABMAIART setup KK

246/562



Rust i2FIgITES ERFXhR

$ 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 HIRFEMIXERFPER running 0 tests, FHIRBESHMERMNIHX
HHE—EABEME. AT AL common HINFEMRXimH A, FHITIGEIE tests/common/
mod.rs, AL tests/common.rs . IITINE H REHWEEFGXIF:

— cargo.lock
— cargo.toml

— sxc
| L— lib.rs
L— tests

F— common

|  L— mod.rs
L— integration_test.rs

XE2—MENGRINE, FNELE"S—MHHERE TIREIM Rust HAEBRE ], X
B EIF Rust REFRE common HIE—PNEMMIAXH. & setup RERIBTETNE] tests/common/
mod.rs F#ilFR tests/common.rs X2z fa, MidHEEPEARASHIX—E53. tests BRPH
FERASWER B crate WIFHIEA—NNRER 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 SIXAIRA:
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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 RRREVEIREIEER, BEETENRREFHMELUAR

common: :setup() S o
il crate BYEERR

MRIMB 2 i#4] crate FE R B E src/main.rs &8 src/lib.rs, XIEFABIRETE tests BR
BB ERNIR A LT EET use IBAIE src/main.rs FEXBIREEGINEARE, 2EE crate
FEmEM crate ZE T AIEABMERANRE; Z#E crate REEEINIETT,

Xt 2% Rust Zi#FEIBERA— NS0 sr/main.rs Y8R src/lib.rs PRHZIEMREZ—,
EEE Xty , ERGIAFARTLUET use MIXE crate FREEINEE T . MINRXLEE
ERIHRERAIRIMIE, sro/main.rs BV ERBEMSER TEERZEMR,

St
Rust BUNIAIhRERR M T — MBMREMEIRCAZ 7 ERERAISRIL AT, eSS BT
BER. ST MIOIEERNARERD, WEEBNIHFAE RBMKRIMAT, ENHN0E
MR RERESERERMTIIE, HEEMINIREARENIRENAE APL, BME Rust
BUR B RS FRA RN AT LABS Bt e LR B bug, AR Fm AR AT HE
THRVIZEE bug HARREER,

N AENIESERFIAIRAGER, £ T —E—&ER5— 1 HA!
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—1 /O WA WE—{GhLITiERF

FEZZ— T BRIFFNSTUREENRE, BR— I ESITREEREINRR. KPEHE—
S5X4MapSITRN/HHRENS ST TARGIME—LERELZLZHER Rust B2,

Rust NiBITHE. 2. 2 5#GIXHaEMET X FHEE NG TCITIZFRVIER
EE, FIUENMNIMBEIE— T RITE SRENZHGBSITIERT A grep, grep &
“Globally search a Regular Expression and Print.” NEFR4EE, grep REEMNFERTS
BEREXHPRRIEEFRH. Alt, grep KN—IXHEREN—NFRHRENSHY, &
ARRXGHRIEPEEFRTESEHIT, ARTEHXLET,

EXITEREF, RNNSETOELERNNGSTIAFBRSZGSITIATREINARKINEE,
BEEIMR T ERFESHA AT UERE TREMNITA, FTENERRERIRITHIR (stderr) MAZIE
Wit (stdout), BIENXFERF AL RIaEEEMEIXEHHERNATRELETR
ER1ER.

—{i Rust tXBIA 5, Andrew Gallant, EZ8IE T — 1 "TheETE HIEEIREN grep ARA,
B ripgrep, MHLLZT, HATRNRAKIEEER, NERHSIR—LEHEIERER ripgrep X
HESIHBENE RN,

AR grep MBRZESZRIFMFHN—EH:

- KIBER (FLE)

* vector M1F/FE (B/\E)

- SEIRAME (BAE)

- SIEMAER trait MERBR (E+E)

- {FEUR (E+—%)
FSHMEEEMHRAE. ERBH trait WR, EMNPINEEET=EMNE+/\EFIFAN
47

=Ho
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BEGLITEH

—UNEEEEA cargo new FE—ANIE, FAIFFZH minigrep ESAIREBRLTEHERS L
B grep TEMEX S,

$ cargo new minigrep
Created binary (application) "minigrep’ project
$ cd minigrep

F—NMESRIL ninigrep EBIERM I LITSR. XHBRREMNBERRNFHTH. M2
BAIFREEREBEA cargo 1un, MPNEFIREKPGEHNSUEREZELEFTAZE cargo,
BRRNFARNRERNIXAENBREREITIER, GXEF:

$ cargo run -- searchstring example-filename.txt

HUTE cargo new ERYMVRRF T AMIELRL TS, Crates.io FA—LEIAHIE R LAFEE)
BAHEZ B LTS, FIRNEEFIX—ME, mMiLF(]E SEMX I8,

RENS#IE

A TR minigrep BERSIRENZIBLA ERGLITSRIIE, FNFE— Rust iREERHH
std::env::args B, XMREREI—MERLIEFNLITSRANENRE (iterator) o Ff]
AR T=FLENAIENE. BERIERFEBEAEBNIRNET . ERABEN—RTIRY
B, PITEIANEE LA collect FARHKMN—IES, LNBSMEERSETETEN

vector,

) 12-1 PRUSEIB A minigrep F2FIREVUEZIBL TR SITEHRHIGEKRER—
vector |1,

X% src/main.rs

use std::env;

fn main() {
let args: Vec<String> = env::args().collect();
dbg! (args);

}

T 12-1: FanSITEEUREEEI—1 vector FRFFFTENHK

BJCER use IBARIF std: tenv RIRSINERBUAERI LIEAERT args ¥R, EE
std::env::args EEREREHR T RERRF, ENELEHIN, SFAFRERETST—E
RIREY, BERRERSINEBEMAREB S, XEFRHNFIA std: renv RETE MR,
XECIBAINY use std::env::args; [SIRXINfER args ARRMEERH L, EA args FHK
BIAR— T E X F H AR IRBIER £
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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 EFUR[E
0sString {HMAE String B, XBEHTFEEEEE(FERT std:env::args, [FNH
osstring (EE M TFEEA—FEMEL string BRMEELRENES.

£ main REREYSE—1T, BANEAT env::args, HIIAMER collect ROIRT — M EEIEN
2RFTE1ERY vector, collect AILIRANREGIEBRZSEBMNES, FIAXEEIVER args BIE
BREERNFE—NFT&H vector, BATE Rust ARV SFEFALE, JAM
collect F—NEEFEEARIAIRLL, F Rust NeEHRTHREEMARBNES,

&, BIMERBRXZEITENL vector, EEAAERMEEEMESHNBE R TEITANE, 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", BRI ZHFINXHHNEI, 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 QIEEEREFRERSHMFEZSK

IESNZ AIFTENH vector BYFREEIRY, FERFRIRIRGIET vector WE—ME args(el, PRLAZK
1NIMREIA 1 WS IB. ninigrep IREXNE— M SHEZTEIRENFH, FAUEE—

SIS | AEREZE query ., EINSHEEXHRRER, FIURBEZNMSHNS I ABAE
& file_path A,

AT IR HTEN X e T S RYESKIEEB IS N A T BRI R ARE T, [FHEESEK test A
sample.txt RIBTTIXMER:

$ 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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IRENS

IMAEFRATEIENNIRENA file_path saITSEIEERIXHRITHEE. Bt, |REB—TAXRMIRA
T BsA— MBS T LEXFBEE —LEEHRNXHE. TH 12-3 B—E3K
#-3kE# (Emily Dickinson) B93%F, BEE&SXINIE! EHMEREREIE—I XY
poem.txt, FHHINF “'m nobody! Who are you?":

X2 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!
) 12-3: ZKFTINEZRAYIF “I'm nobody! Who are you?”, —MFEIIK ARG
BTYXAE, B2 src/main.rs FIEANINTRE 12-4 FRARRIFTH X 4IRE:
XH&: src/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}");

) 12-4: RENE AN SHAEENXHERS
BT, FAMEMT —1 use FARSINFEEFIBXERD: KAFE std:: fs RAEX M

£ main FRETIE T —1TIEA): fs::read_to_string $&% file path, FIAX, EEEREIEE
HHAZBH std: :io: :Result<String>,

EXERBZE, FHTBRIEMT IGEIEY printlnt ITENHIRER+ 2 /5 contents AY{H, X#F
AU E BN LERIREFRES Tk,

SREBITXENR, EREE—ITFHREABE -1 o1T8% (ANERKLIUERINEENE
73) & poem.txt XIFRIEAE NS

$ cargo run -- the poem.txt
Compiling minigrep v@.1.0 (file:///projects/minigrep)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.0s
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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!

g7EY! AT T XHHIAR. BATCEE LR LY main REREEZMREE,
BERERANFT PN ENESREREHZ THIF. 53— RERRE RN EER. B
ARNBIEFER/), XERBEHFZHAKRRE, FIMEREFIENEE, BT8MES
EfMaERBEE, EAREFRN, MEFRENE—TRIFEE, AAEHMVERERE
BHNZ. FTRENMKHAITEW,
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Rust RFFIRIHES AR
BT RIRIEN R E

NTRERNNEFXEEENTREFTREE, MAEEIEBSEFRARSAMNFLIEET
BXRB X, H—, main WEHITTMES . SN TSHHAITH T, ATHEE main
BYZHEEFFEUBIN, main REGMIBRIRIESHSEM. SRBABTESRHE, EMEXELL
S, EXELUNR, HEERHEUENMITEEMEDRER MRLER. ST BHIhgeUE
BPMRBEFFHR,

XEHXARFIFE TN : query M file_path EFEFFHELELE, MR contents NI
RHITIERFZE, & nain KEAIEK, MEESIANEZSNTEREREP, mMAEREF
BEZHNTERY, BEHLEEREESINTENEN. RIFESIEETSAHAH—EN, XEM
BEEE( IRV BBERA T .

F=NAIBEZIMRITHXARMES A ER expect KITENHHFIRES, FEIXMHIRESER
;21 Should have been able to read the file, REXXFFRMMRREZM: HIUIXHFIEE
AEE, RELKEITFRXGINR. B, TeWiER, BB ERNERER, &
NAFPRHEAERNAR!

B, FAMEMER expect RAESHIEIR, MRAPKBIEERBHNSHKIZITIER, ]

ZM Rust 15%| index out of bounds $#ix, MXFHFRERFHAMERRRAE, WMRFIARHEIRL

BEEUT L, RGP EEFREIGERMIEZENMIATEZ BX—ANE, ¥
BRVHEIRIZE R — A FHRARIHTENRERE S NKIEAP RAZEE XM,

T BT BB R AR R,

ZHHEBENXES B

main RIE A RS NMESHALR 0BT IFZ #FHMBHPEREE . Frd Rust tXF&AH—HK%E
main REFFETER AN FHIT _HEEFHX TN BNIER, XEIRERNTIE:

« BIEFIRD B main.rs 7 lib.rs FIEIEFRIBEERN lib.rs #,

o U SITRRAMIZIBLL BN, ATLUREETE main.rs B,

o HMPITREMAREEEZRY, BREEEEM main.rs 12BXE| lib.rs H,

T XTI IR Z [FREETE main BRIENPBISRERZAIRFN A9

- FRSHERRGSITREMEIE

 REFAEHMEE

* AR lib.rs BB run RRER

« YR run IREIFEIR, NIFITHEIRANIE

XMER—IMEN T FED B main.rs WIBIEFITTT, M lib.rs MIBFRFENEIEMNES
BiE, FAAFEEZEMIR main RE, XNEMEDRKEFIENERZEBRE lib.rs R EH
FEERNTTLUREN . (MR EBTE main.rs RIS B0/ LUER1EFL ] LASRIEE 1E
o EBANNEEXL S BRENER,

RREINS GRS

B, BITEETSHAIIEEIRINEI— main BEEMNERET, HEGSITHRITIZEREE)
B src/lib.rs PHAES . T 12-5 FER T # main REIFTL, ©IEET MK
parse_config, BREITINIEENXIE sre/main.rs #:

NHER: src/main.rs
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fn main() {
let args: Vec<String> = env::args().collect();

let (query, file_path) = parse_config(&args);

// --snip--
}

fn parse_config(args: &[String]) -> (&str, &str) {
let query = &args[1];
let file_path = &args[2];

(query, file_path)

T 12-5: M main FREEEYH parse_config BRIZL

ENUDAR S SITEEBREH — vector, RERBETFE main KRR 1 WEHEWE
LT E query TGRS 2 WEMRELRTE file_path, FITEEA vector FiE4A
parse_config [K¥K, $&& parse_config R EEZREMNSEZRNB N T EMITIE, FH
X LE(EIRE]F] main, FKAVBIATE main HFEIFETE query Fl file_path, RiF main REH
RAEGLSITERE T EWAKRL

XM EMEANTXNEFTER RAMNAE, FIHINTIERANDN. EENTEHITEN. 7EMH
HXEXNT 2 G, BRSTEFHRIISHEMESNALER. £8WIHINHER— M
18, XHEETEIB R R AT REFE Bh/RE LR BB AR E

HETREE

BATATLARER S — VT BHKHA—P INE parse_config R, IAEREURE—TH,
WU ZIXRTThF T IRIZBIE D, XR— P RATAIRERAHITIERWMRNES.

A= RAEB AT EINTRE parse_config ZFREY config F5y, ERER T HATR[EBIMK
MEREXNHTRZ— N ECEEN—ED. BRIRT XM MEAGHETHAZIMNRERIAX
MUREMNEX; MRENTTUBEXFEMEBRAN— M EREHEETNFR—EEXHNR
Fo XRUARRNEFEERZEFARNENFABEXREKURENNEN,

5l 12-6 B/RY parse_config BRIERRYCSH,
NX{EHZ: src/main.rs

fn main() {
let args: Vec<String> = env::args().collect();

let config = parse_config(&args);

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");

// --snip--

256/562



Rust i2FIgITES ERFXhR

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[E— Config £5H{ASLH]

FATARNT — RN Config BULEHIIR, HAEE query Ml file_path FER, parse_config By
FRRACHUERE— Config {H, EZAIRY parse_config BRERIAR, Ff1&EIT 5
args 7 string {HRYF T slice, MERKMNTEX Config REEMBEFRBNAY String (B
main FARY args BEESHMENFRBEEH R RIF parse_config MERMEAEN], XBHREWNR
Config ZIAFREX args FIEBVFABENEER Rust BIERAIN,

EEWFEZARNA NI LUE string BEiE, MxEREFREARERNANZRAXLEE
B9 clone 757k, XZLERY Config SKAIRILUABMEIENTREN, AISLLiEEFATHRHE
5 AERESHNNEINAT. NMIENSEESNEESENEBRNLTEEESI BrES
FEER, FRIAERXMIER TR — VB o M RERIRER EE R NS 2 ESH.

iR clone FIANETENE

AT HIZTTIHEE, 1% Rustacean ZBJE—TEHEEHE T B RER clone KAZ
REFENREE, AXTERBHNFE =8, BTRESFINAEGRRILEXH
B, AINE, EF—EFRFERNGHRSLENEN, BARIHT IR
RUED], MEXHRENBERNFFRELBIE, £ RESHAE—TUI
HEE R RN REFELL I E R ARBEF—L, EEIRX Rust BAIRAL,
REERMNEFTENTE, FIIERA clone BREH LUIEZH,

FAIERT main & parse_config iR[AHY Config SEHIIANZEE config 1, FHIGZRIZ AR
query F] file_path LEMAIIEM NIMIERIER Config LEIPRRYFERAIAED,

IEARIIERRAIRI T HAINEE, query A file_path EAAXEXBIHBENNENZERE
R IAIIIE, EAERAXEEMNAEMALE config KAIFNNBENNFREFIFHEN.
Bl Config RIMNERER

BRiALE, BAVGATFETSITSHANEEM nain $2EXEIT parse_config RIH, XHE)
FIAVEEE query M file_path RIEEXREXBIH N IZFEAPRIMEIMK R, ZERATEM
7 Config ZEFg{RKHEIR query #] file_path RUREXIE, FEEUEM parse_config BRIEXFRGXLE
ERNZTENEREFRZMEREL,

FRRUAIRTE parse_config BRZIAIBRIREIE—1 Config KA, (I TAJLURE parse_config M—
MEBREEA— DU new B SEEMAKREXRIRE, MEX MR FEFRBENFSIIE: 7T
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LUGARERERD string 1 String: :new REIE—MZERBILHIARKE, I& parse_config T
H—15 config XBERY new K%, A 12-7 B 7T EEMBAEK:

X% 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 }

M5l 12-7: Y& parse_config L}y Config: :new

XEBY main A parse_config B S B AR Config: inew, FK{ I parse_config By
BFHA new HIGEBZEHE impl 3RAP, XIS new KENS Config HHXEL, BXREAmFH
HEREer LTI,

EEHIRGIE

MERNFREEFRRAIE, OIZ—TZrREIINR args vector BEDTF 3 NMRHZIRIS
18] vector FZR5| 1 B{FR5| 2 ESENER panic. RIXTHEAISHEITER;, XREE
RGXtE:

$ 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— 1 HEHAREFEHNEIREE, A
MXFHREERERSEMARHAFIERAE T HAMMIINZM 4. WEMRILEINEEEE,

PEIRIES

Bl 12-8 B, 7E new RERHFIEINT —MEEEIFINERS] 1 M 2 ZHIHEE slice @R EBK,
WR slice R, BESITEN—PEFHIEIRIER2FH panic:

NAR: src/main.rs
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// --snip--
fn new(args: &[String]) -> Config {
if args.len() < 3 {
panic!("not enough arguments");

}
// --snip--

) 12-8: BINI—MESHBRENRE

RAF M 9-13 Y Guess: :new (KR, BREYNR value ’%@EtﬂTﬁxﬂ@E’J/E.Ejﬂﬂﬁﬁ
panlC' FRTFREENEE, XBRE args WKEZE/DZE 3, MERIHBIRIKI2 N AT UTE
RIEXNEHRI IR 51T, AR args /LF 3 NI, N Y’l\%#ﬁ?ﬂﬁ, AR panic!
I BAPAIETRR,

BT new PXJUTEININE, BRFHEASHETREFAEEUEHREERGHA:

$ 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:26:13:
not enough arguments
note: run with "RUST_BACKTRACE=1" environment variable to display a backtrace

MahmEGE T AR T T RENEIRER. AT, E2E EIIMIEERINFFE
?ET,\-:.FHF'O FrLATE JXE@PE/T@M 13 PRI RER B RIFRY; [EMNMENSFHEIN—HF,
panic! KA EERETFERF LREMARER LR, BERFENTUERFEAEZIN

— PR —— R[E— AT LIRBARINEHIRAY Result,

iR[o] Result A RIE panic!

AT LLEIFRRE]— Result B, EERIBNZEE— Com‘lg BYSEAI, MESEIRN SR
A, FHNTERHERERM new B89 build, ENFZIEFRARHE new KEUKIZARK K. H
Config::build 5 main ZZEY, BILA{EFE Result RIS RIAXBIEEND, EE(ZDX main
¥ Err RREMAFHAFRERIFIEIR, MAE panic! JFHRAFERXTF thread 'main' ]
RUST_BACKTRACE By 7N,

/T1§J 12-9 B/R T AT R[E] Result 7E Config::build FYIRENEFIREATRFIFHIINT, FEX
BERIF, BEIT—1NRBIEHT main 25,

NAR: 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();
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Ok (Config { query, file_path }) ?&
}

5 12-9: M Config::build HI3R[E] Result

TTE build BRFUR[E]— Result, FERIIBTHAE—1 Config LHIMELIMBIRNEER— 8
& 'static £HAPNFRHEFEIE

build REAPERL BN HEBEEBSHUNABIFER panic!, MERE Err E, FNEK
i1 Config IR[EIEE I ok FEAH, XEBXFERMFTEHMILRES,

@ittt Config::build 3R[E]— Err {H, XFLDIF main RIELALIE build RIFGR[OHY Result
EHEHMEIRNER T ERRitE R,

B Config: :build HbIBEFEIR

RNTREFEIRBERHITEN—NMNNARPRFNEER, FINBEGRG 12-10 ABHEEEHRT main KEK
KA IRINTE Config: :build IR[EIAY Result, BIMNEBEFeHILIRI H panic! FARNTIE,
EIUIEEHEIRIDERH a1 T AN IIE. IEZNRERSE—NMEAES, AXRSFARRER
IR ZIEFUBRIRRSEE T,

Y& 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);

});

// --snip--

5 12-100 WNSRFE Config KIKMNIERAFHIRFIIR

FELENTRAAR, FRT—NZEEEIFMIRBING A unwrap_or_else, BEENX FANERERN
Result<T, E> £, f#f unwrap_or_else AJLUH#IT—LBHEXHIIE panic! BYEEIRALIE,
Result 2 Ok B, XPARITAEMTF unwrap: BIR[E] ok NEREEAE, AT, HHER
Exr BY, ZAESER—NA® (cosure), HRMR—MNENEXNIENBS LIRS
unwrap_or_else NER K, F-=SxTFMAMNAAE. NEMFEEIERNE
unwrap_or_else =1§ Err AEME, HELERFI 12-9 FIENIH not enough arguments FEAF
FBENER, FRLACHMATRERLEBNSE err, HEPNREBEEBITINALUERX
1 err (B,

ENFMIE T —1 use TTRMITEREFRSF N process, EEIRNIERASFRIZITHLIER
1T BIVFTENH T err (E, EEHJRAT std: :process::exit, process::exit =i7EMEIHFE
FHRBEELENRFENREREE, XEMFRAE 12-8 PEBIET panic! BIFEIRL
i, BT A=BREIMBNEMaL T, EFITH:
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$ cargo run
Compiling minigrep v@.1.0 (file:///projects/minigrep)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.48s
Running "target/debug/minigrep’
Problem parsing arguments: not enough arguments

FEE! NEMENTRPRIAMETZ T
M main $RENIZE

MAERNER T EEEMBITNEN, LRMNEEEFNZE. EN 2 #HEmERNX D E 29
FRRFARIITIE, FATEREN—UM run BIRECREMER] main KPR BFIREREZ L
IEEIRMNFEIZE. —BEMXYE, main REFCKEREE LB MERRIGIE, MIEKITFEER
NFE HitZERS i

A 12-11 BT BN REY run K3, BRI RE T/ eE EXRENR I SUH, &
ITUBIBTE src/main.rs FRTE SOXANERIER

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--

A 12-11: $2EX run KRB SRIRNIEFZEE

BE run REXE ST main AMIRERSC BRI RIRBVFAEIZ B, Tun BRERFREX—1 Config 5L
BIfE B,

M run EREGREIFEIR

ISR RAIZIED B run K, FLATLUGRE] 12-9 FBY Config: :build ARFFCEHEEIR
IR, REEIT expect AFFZRF panic, run KERFFESELERNRE[— Result<T, E>, X
IEFAT#H—F L —Fh A P RIS O MR SR BB A —F main A, R 12-12 BRT
run FZ TR EAPHINEE :

X1 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

XERNHEE T =1BEENEBN. B, ¥ 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+/\BELHK trait WK, BEIRFHE Box<dyn Error>
BRERHREISZM T Exror trait BEE, R EFIRERAMIERREIMERNZE, X2
HTEFRANBEIRIR UG REEENEIRREENREE. XUHE dyn, ER'ME
B9” (“dynamic”) HI4ES.,

FEINREEEIET expect ARAHFHBMANENEHRIIN » BEM. FETEIEIRM
panic!, ? SMERFPREIEIREHILIARERLEE,
F=MEXEMIEM IS X MR I =IRE]—1 0k B, EN run KEE R PAEARINEELRE]
B (), XEKREZER unit XREBLEH ok ER, ok(()) —FREERERFIR, ~d
XE[R O BRANME, R\BIAR un KEIZATENEIER; REFHEERETAE
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, ERIBERARXEFE—THEIR. BERNMLKBERLEX
BRTE IR, MKFHERER(NIXEN ZE—EHERGEAD! WEMILIIUEEXD

1=

{£ main AL run REIAVEEIR

BAITROESEIRFERLIURA 12-10 A Config: :build MIEFRAIARLEELN], 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 E run ERTHENRE (), MEANRKOEMEIR, FAUAHAEE unwrap_or_else KiR
BIRFENE, BAERZE O

RN FHr if let F unwrap_or_else FYRREAER—4E: ITENHEEIRHIEL,
BHRBIF 7 FIE crate

MAERAIH minigrep MBBERGFZ T ! WERINTREIRSD sro/main.rs FIE—LALRDHN
src/lib.rs, XEFBEMAENHRAE —NESEEDIIEEN main FEL

EFEATEFIEARZE main RKERBIRIBM sra/main.rs BEhEIFX S src/lib.rs H:

* Tun REENX

« HHXHY use EH

+ Config HIENX

+ Config::build RKEENX
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ITE src/lib.rs IARBRRNIZELFKGRE 12-13 (BT EEAETREE) . FEEI TR
BIEERSE src/main.rs Zfa, REZIEREESRIF.

XHERZ: src/lib.rs

use std::error::Error; ?&
use std::fs;

pub struct Config {

pub query: String,

pub file_path: String,
}

impl Config {
pub fn build(args: &[String]) -> Result<Config, &'static str> {
// --snip--
}
}

pub fn run(config: Config) -> Result<(), Box<dyn Error>> {
// --snip--
}

3 12-13: & config F run #EHE! src/lib.rs

XEAREMERAT pub XFF: 7 Config, HFERMHE build 57%, MU run RE L, MEFRK
MNAB T —MRABRILUNERIAE APIRIEE crate 1o

MITFETE src/main.rs FEFEEHE] src/lib.rs BIESS I N Z# 4l crate BIERES, WRA)
12-14 FR7R:

X% src/main.rs

use std::env;
use std::process;

use minigrep::Config;

fn main() {
// --snip--
if let Exrr(e) = minigrep::run(config) {
// --snip--
}
}

B 12-14: 3% minigrep crate 3|\ src/main.rs BIYERIE

FAVAINY —17 use minigrep::Config, E¥f Config REIS|INIERE, HEMA crate FFR(E
79 Tun REBIRISR. BT XEEN, IR IXREBERKARTE—HITIT o 1&1T cargo run
K R— AR E MR BIETE i,

IR Bl M T RERV IR, AIBRMTORRBIMINT T T Ebtle MELEHRRERS, BN
RESBENRIRL . MIRTEFIETLF FRE B TIEERISTE src/lib.rs 1T,

R R AXEFHEEFERIMBERH#T —LEEIBNEFEUARANIE, XETFEHRN
BBRIEERZEM: BREHRS M

264/562



Rust I2FIRIHE S B
R RAMAIEEFF % ST & BRI ThEE

MEBAN VG ZIEIRENET src/lib.rs FIEFIERNSEEMMEIRIEZET sr/main.rs 1, A
KIBZOTEERE MRS EMA F. Fi 1 UEZEERZSHESHARRSHFNERLBETNT
EMNBSITIEIT ZHEIXHE T,

EX—E5, FAVSE/MRIEEIFF K (Test Driven Development, TDD) BRI HKZ L1

h0 minigrep BIEZRIFIE, TEEWNTTE:

HME—NRKAIIR, FHIETEURRERVREZIRFTEEER,

‘RS B R BRI ARES SR AEFTAY N &

EMNINIE NSRBI, HERNE AR,

MNTB 1 FFRES!

BAXDERZRENRENS 22—, T TDD GBFIREHLIBHIEIt. T4HS ReENHE

ERREZEIRE NGB FEALIERFRIFES N BEE,

A USRS SR S I SEPRE X A A PR TN F R R HIREILE T REIThEE. FA1E
E— M search BYRERFILINXLEINEE,

S I

=2 src/lib.rs ¥ src/main.rs FATFREIZFITHL println! B4, RAFRBEEZEE]

T BEBNSGET—SHFEIMN— test BIRF—NMIRAREL, MIKREISEE T search
RIBEAEHENITH: ESRN—IEETINFRBRNARETRNNE, HREREIEEF
KX AT, mfil 12-15 B 7 XN, EEFREERIF:

X1H&: src/lib.rs

#[cfg(test)] ?G
mod tests {

use super::*;

pwnN =

#[test]
fn one_result() {
let query = "duct";
let contents = "\
Rust:
safe, fast, productive.
Pick three.";

assert_eq!(vec!["safe, fast, productive."], search(quexry, contents));

}

5 12-15: SIE—NIATHAEERY search RIEXAIRIKENIR

XEERFMER "duct” (FAXNNATFRERNFGH. ARERNINXEE=1T, HHRE
—178E "duct’, CERXNEISZENRMIL, X&EIF Rust REEFHFHRFEEBRBTHFX
MNIRITEF) FA B S search REAIREHER BEHAERIAR—1T,
BINEREETXNURAABI RN, RACEZEHERRERIF: search REIERTFENE!
1RHE TOD BYEN, T PHENNEBRIARERREBREFE: — N SRXRMO= vector HY
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search REEX, JRH 12-16 FiRe AR MUIARIZEEBHIFHEAZE vector HRILE
— NE1E&—1T "safe, fast, productive." HY vector MM,

NXHE&Z: src/lib.rs

pub fn search<'a>(query: &str, contents: &'a str) -> Vec<&'a str> {
vec![]

}

5l 12-16: RIS ROSFENNR BT RIFHY search BRIEE X

ARFEEE search HEBAREN—NMNERERAEAR 'a HHTF contents SEFIR[EE, [ElIZ
— T E+EPHIE R FERS S ﬂﬂBA B E R B SIRCEN £ ds B EAEXEL, EX
BlFH, FIFRBIREIR vector FIZEE5I S contents (MAE S query) slice B9
FRIE sliceo

HaiEin, 1SR Rust REL search ;[REINEIERS search KEFRISEL contents AYER

BEEN—HFA. XRIFEEEN! ATEXMSIBBERIBAMK slice 5| HNEBIELTERE
B MREFIANBATEELIRZ query AR contents FFFFE slice, BALERER
T ESH.

MRBATSICANESFEFEEMZ WA RIFLLRE, MIEEMFHEIR:

$ cargo build

Compiling minigrep v@.1.0 (file:///projects/minigrep)
error[EQ106]: missing lifetime specifier

--> src/lib.rs:28:51

|
28 | 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

|
28 | pub fn search<'a>(query: &'a str, contents: &'a str) -> Vec<&'a str> {
| ++++ ++ ++ ++

For more information about this error, try “rustc --explain E0Q106° .
error: could not compile “minigrep” (1lib) due to 1 previous error

Rust RAJRERIEIFEHIZH— 1S, FIUREEIMEIFE. NS contents B
TRENXAMERNFERELENARER DA, FRUIATAIE contents BWIZBERE
an A HRIE AR SR EER XIS,

HtESPHAFTEMERBEZPRESLRSROERXEK, FRLUX AT EMARI G LR
£, BERBENEEXBSTTEREES, MUEBRERXNMIFESE+ER L EHRH
R BB B DXL,

BEETTR
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$ cargo test
Compiling minigrep v@.1.0 (file:///projects/minigrep)
Finished “test’ profile [unoptimized + debuginfo] target(s) in ©.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:44:9:

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

Barilhid 2 ASEKMER AN ZEIREI— N vector, A TEEFH 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, BIURH 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":h wnN =

}
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il 12-17: BFA contents E—1T

lines FiAIREl—PMNEREE. BHZEBRRNTHEERES, FEIFENELERG 3-5 RIIEE
FEREBBNAET, EBEFET — for BFIRMERBE—NEENE—MLEITT —L&K
=N

BEAFHRERET—T

ETRESEMCE LTS E8TEUFRHENIE, a8, FREXEILE—
I contains BUSEAFGE! WN/RfI 12-18 FR/RTE search KEXHAON contains J5iEIAR. *
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) {
/] JAXAITIHITIRE
}

T 12-18: BIMGEXARITREEES query RFRFHRBYINAE

Ba0, BATEERREINEE. N7 iLABREBRE, FEMRBFRE—HRITERBERPFR
AANE,

{FfiEICECRYTT

NT X NEER, BFE MG ERFEEREIVLET, ALEEIUTE for B ZAISIR

— NI TR vector FER push F57E7E vector REM— line, 7 for EIFZE, R[EXD
vector, N 12-19 Fr7:

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=@iE, iEFHNEITMI:

$ cargo test
Compiling minigrep v@0.1.0 (file:///projects/minigrep)
Finished "test’ profile [unoptimized + debuginfo] target(s) in 1.22s

268/562



Rust i2FIgITES ERFXhR

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!

MEERAUEEREMNRY, ERENRES, REDEFTIEIR FTEN search KE
search BERFRINBEHAR, FIH KB AERFN—LELAIE, FH=FFEZX ?C/\
BIFHRNRRIENBH BB NASOEATE,

£ run ERENPAER search FHEX

IMFE search RIFERI AT EFHMIREES 789, FHiH E;‘—f‘ﬂ" run RRFLFIAR search, F
¥ config.query {EH] run MXXHFFIRENEY contents {&iB48 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(())

XEBMAERT for IBIFRENT search REIME—ITHITENHR,
MEBNMEFLIZAIUTET ! MDA —d, BEFER— N REEICKF-KEHRNFHIR
[El—1T89817 “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

! WA — =LA ZITRIEIE, bl “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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RIFIFFEE

BAVFBIMN—DERIMITHEER LR minigrep: AP A LB IRENRTERKERRELRE
RNNEBRET, H28, BITBAURREIRITA— a7 RAEKRA RS RTENEM
+E, FTIEXEHNBERFIREE, XATRAPREFREE—RZEEBIMRIHEZIET
FRERIERERTEAR/NE FEUER,.

WE— T KNERBR search FEBIKRIIA

BARNABEEIN— K%L search_case_insensitive, HIESEMRTEEGENERTE.
XEEGEEENE TDD 318, HE—P2BRAES—NEMMIR. FITE RTINS REUE
R — MR ER, HIGERMIXREIM one_result P{FE /Y case_sensitive REF
RHRAEXFEMUIRNBX S, w0RG 12-20 Frw:

XL 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)
)
}
}

I 12-200 JEERINBIAR/NG TR EGHTHE R MU

ARBAMERZE T EMEF contents BH, EHME T —PEBAXZA "Duct tape.” B917, EH
—PAER D, XEANEERERANIZITE "duct” s FHfMEZX MR UBRAZE
IMRITFBEL RN A/NE BRI RDEE; X MNRIMEN ZEE@I HELERNNE AERIER
N JIVAE: S = B PUS
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KNEFRHBIERFTNRER "rUsT" EAEHTRFRE, TRITEEEMN
search_case_insensitive (R#EH, "rUsT" TNV ZBEESHFE—TAE RHE] "Rust:" XHF
"Trust me." X7, BMEENSEENKNEEHRE. XMUWXIMERERE, BAEEE
TEX search_case_insensitive K&, ARERIEIMN— 2R EIT vector WBZRLI, EIR

51 12-16 A search ¥ T (NI BEE IwiE H R KBS PR a9 AR
SCIQ search_case_insensitive KR

search_case_insensitive BR¥R, WIRf5l 12-21 FiiR, 15 search REERHER, MH—RIKZ!
RERNF query TEME— line TNNE, IHEFERASHREARTER/NE, AHERZ
TREESEWNFNHIEHIZENE,

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, BELLREEME—ITZEIEE1]&EREIR
AN

BEBITE query FHBRIRN/NE, HEEBZIIFBHNTEDR, BERERD query, WE
WFRTHRFEA to_lowercase @MFEH, XIFEAERAFPHEIAE "rust", "RUST", "Rust" F{HF
"rUsT", FRATEBIGHEHIE "rust” MIBH WK NEREK, BB to_lowercase m] LAMEE AN
Unicode, EERZE 100% &, MRHEEELNIEFIE, HIMNEFTZM—LEITE, FEX
—HBHRBEXTFHETEMARE Unicode B9, FRLUXHETEIZ T o

EE query MR — String MARFER S slice, FAIEMA to_lowercase 2TERIEMEUE,
mAEs | BIBHIE, IREFBFFRE "tUsT", XPNFRE slice HAERERITERN
INEW u g t, FRUSESE—1EE "rust" B3 String, IMEHFANTE query EA—1S
BIZIELE contains J5iARY, BEENM— & FA contains HEZE X IREN—NF T
slices

B TRBATNE— Line A to_lowercase FHIL NG, IERKNF Line 0 query #RIZ
w7 NG, ZERAIUAEEWHARNEHITE T,

HMNEEX LI TEI NI

$ cargo test
Compiling minigrep v@0.1.0 (file:///projects/minigrep)
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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

KEF 7! MREB@EL T o ITE, IEFNTHE run REXHPLPRIAFEFT search_case_insensitive (K|
. B, FITEE Config LA — ML ETRTNIE A/ NG RN A/NE RURIEE,
EINXEFEASSEREFEIR, RARINTEEEEEAM S RTXETE:

XHRZ: src/lib.rs

pub struct Config { ?@
pub query: String,

pub file_path: String,
pub ignore_case: bool,

XEBIEINT ignore_case FERFM—IMA/RE. HERNFE run KEKE
case_sensitive ZERHIEHEHE R REEE A search KEXEY search_case_insensitive
BRIEL, AR 12-22 FiR. A RXEREEMRIE:

XL src/lib.rs

pub fn run(config: Config) -> Result<(), Box<dyn Error>> {
let contents = fs::read_to_string(config.file_path)?;

let results = if config.ignore_case {
search_case_insensitive(&config.query, &contents)
} else {
search(&config.query, &contents)
b

for line in results {

println!("{1line}");
}
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g
Ok(())

5 12-22: #R3E config.ignore_case BY{EIFF search B search_case_insensitive

REEELIMRENFET S, WIBRETSMRBNTIRERER env 12300, FRIUBNEERRE
src/lib.rs E’Jﬁﬂ%nzﬁ\ffaﬂeél)\{’ﬁﬁiﬁqﬂo BEMER env IR var FFiERQE—IUM
IGNORE_CASE WYIFIRZT &, W/nfll 12-23 Fik:

XEE: src/lib.rs

use std::env;
// --snip--

impl Config {
pub 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: ¥ &P IGNORE_CASE FIIFIRTE

XEQET— A?ﬁ ‘& ignore_case, NTIRBTME, FEAMA env: :var KEFEEFA]
FEFHIFETERFR, IGNORE CASEo env::var JR[E]— Result, BEMETEWIZERN
IREIESEHER ok TR, HEMFMBETERFIZENIRE] Err T,

FAER Result By is_ok IFERKENRTEREKIKE, XUMBEREREFNZHT—D
RNEFGRATIEE. JR IGNORE_CASE IR TEEQHFHMIRBENEMIE, is_ok ZiR[0] false
HRHTANERRRER, HNAFRKOFRREFMKENE, IXOVEREHRET, Fi
LAtQE is_ok MARE unwrap, expect BEAEAIELZNIR Result BIT7%,

TG T =E ignore_case MI{EEHLS Config JLffll, XiF run REAILIEENEHEH REES
A 12-22 LI search_case_insensitive S search,

IERE—IB! HATREFAT R EREN to BITRF, RURRTERENRNSH
817 “to” 077

$ cargo run -- to poem.txt
Compiling minigrep v@.1.0 (file:///projects/minigrep)
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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!

BEREFDARBITIE! ITEIF IGNORE_CASE IKE N 1 FHLERERNEM to KiZ1TIER:

$ IGNORE_CASE=1 cargo run -- to poem.txt

SNRIREER PowerShell, MFEBAM T oL ROFREFEEEHIZITIERF!

PS> $Env:IGNORE_CASE=1; cargo run -- to poem.txt

X% 1t IGNORE_CASE FYRIRTEH ] shell ZIERIFLEER, FILUET Remove-Item cmdlet 3K
EUHIRE

PS> Remove-Item Env:IGNORE_CASE
XOINZEEEEEEAEFEM to 17!

Are you nobody, too?

How dreary to be somebody!

To tell your name the livelong day
To an admiring bog!

FRT, BAMEREITEE to B91T! IFE minigrep 2 A LIBIHIRE EITHIFITANER
BRERT, UARNE T INHEERMSITSHHFIREERERER 7!

—EREFATNEEERERNERSHMFREE, EXMBERT, BFRAESHNFRE
BMRER. FA—PBLAMANNE, SHEBI—MHTSRE—MFREEREFIANE
BRIER, HEGTEFNBIFBEENREGSITSHNIRETEMMER.

std::env IRIREEE T BEZMENIREERSTAIE; BEREXEFR T EHEAIAINEE.
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B E IR EESRMA S gL

BRiALLE, FITEPIERNRLEREE println! B2 TRk, KEFDKiRERRME T ML |
it (standard output, stdout) MN—MRIER, #REEIR (standard error, stderr)
NMAFHEHIRES. XMXHIRFRPEESERF EBRHEERT — M EPHNEERIERIT
ENZIRFE L,

B2 println! RREEBITENEINRE L, FRIATA LA RE 7S AR TENEAR AR,
HEHIRE AN AL

B, LHNUWE—TEA] minigrep TENRFIAE AR BUMAHKE NMIERMLE, SEIRLEN
ZRE NTERIRNEIRES. ALEIRimE L REE@E — I XHRBEE~E— 1

ERMEIX—R. HNTEBEEEETERIRA, FMAERLZERERRNATBSRARER
TER= L.

I LITREFHIERERE AR INTEREIRR, XFIEERERITERLREEREIX A4S
BHLAREIHEIRERS. BRI EFHATSHE;, ARBITBEIERERESRLE
27X

BATEE > MXHERIZ output.txt RiziTiER, HITHAEEERIMERERENZGH. EX
2, HNREEREASHR, MUsFE—TER:

$ cargo run > output.txt

> EREIR shell BiREHHANRETS NG output.txt XEFRTMAZRE L. HI1HEEEER
HENEIREEHHEREL, FIUXEKREE—EMENT XHFH, WTE output.txt FIE
R

Problem parsing arguments: not enough arguments
=Y, BIRESEITENRE TiRERET . RXEFENERERITININNESIRTPREEAE
%, XBER/RBANMEITAFENREA B A HiIHETRIMIEN,
BEIRITENEINF IR

WEFAII0RG] 12-24 FRRBIRES A B IR E SR UABITENN, SaTAERERRIEN,
FREFTENHIRE BBV ER LT main —PNERERT, TRERRM T eprintlnt ZZRITENRIFTAE
ERA, FRLOEAMNERA println! TENHHRE SR E RN eprintln! ;

NHR: 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: {erx}");
process::exit(1);

)

if let Err(e) = minigrep::run(config) {
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eprintln! ("Application error: {e}");
process::exit(1);
}

Tl 12-24: R eprintln! R$HIRE BT NREFRIRMA BN ERH
REZNBRAZZBRAENANETER, AMERTASHHED > EERINERL:

$ cargo run > output.txt
Problem parsing arguments: not enough arguments

MERNEINTRELNBEIRER, BN output.txt BHAWMEE, XIERHSITIEFIAE
BT,

MRFERAARIEREIRNSHBERETER, AEMAKIREREEERE—MXH, B
V=
$ cargo run -- to poem.txt > output.txt

BHAERREEE @i, RS output. txt FEBESHLR:
X% output.txt

Are you nobody, too?
How dreary to be somebody!

X—E0 R T MERNTESMER T BThEY == ERnER B AR A = £ R E R IR,
B4

FEX—EH, HNEH 7T BrALEN—EETESTHHIIR 7 IAETE Rust IREHHITEMRN I/
O #&fF, BIEAMLITSH. X HRTEMITENFHIRM eprintln! R, NAEMRELES

FREaLITIER 7. BIEERILENIR, FNAEEZEHRARTN, HEFRIRKEHK
EEMEDSENSIESEMR. BpREER, HEEREIRIFNIHA.

BIR, EBIRERE—LE Rust IR RHEIVREIZIES RMAVIhEE: AeMENRES.
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Rust g IHES BkRSHR
B ERBSHE

Rust BT REBFETFTREZMENES R, HF—)EENEMILERIRIE
(functional programming) . RELRIENLE R S SFRHENSEERE MR EARE]
BE. BRHEMEATEUHZ BRITES,
EERNAITIERBRFIERHI T LM, MEET Rust W—EEEINEE E S HMhK
INRRRETIE S R IMBF M

BAEMKH, BITEESL:

* @8 (Closures), — 1"ALUEFET E B PAREVEH

« iEXE: (Iterators), — M BETEFTIHNAR

- WNEERFREFMERERSHE+_EMN /0 B,

- AEMEASENMEE. (BIEESL: eNEREBFERIER!)
RIEENEBTHESRHRRNEE M Rust THEE, LbiNENITAIFIMES, XLEDZTEHM
ERHHIENE T, AANZEAENEARERENAIES NIRMNEMEE Rust KIBMEE—IR,
FRAERA S E T B—BERIFEE .
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FE: FILUHRIFIRAER R

Rust B9 Bl (closures) RFILUREFERERHIFNSHETELHMRBAIER R RAILL
F— G RIRAE, AREREN L TXFRITHAREZE, FERTERE, ASRIFHRER
EXBFREEREFRIE. RiTERRXER SRS FRBERNITAES,

& RiA SRR

&L T BIOfEdAefREX ENFRHNENUEZEER. ZERMTHR: HIWT
MAENE R @B FIRPRIFEALAL AN E— M REMRAVIRR T MIENTEH. EBHFFIRFBIR
SRETLUERR N EZNEERMNENAGEER. MRBEFHIKSDIRETEZNHE, it
MMEFREHRIEAE T M. MRMLEREEZNNE, MNSRELTINEFRSHEE
BIRRTLo

BERZMARXRIMX—=. FIi0, EHAE Red A Blue FIPLEIARY ShirtColor Kz (HTF
BEREERENRIEE) . FKIER Inventory EMERARATNERE, EE—TEER
Vec<ShirtColor> HY shirts FEERREFFHNFELHENE, Inventory FFENXH giveaway /5
FERNEFEWNEZRERMEENEE (W0H), HREHRENWEZHEE, YIRRBEINRG
13-1 FA7R:

X 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,

Y,

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: WHERRAMETR

main EREARTE XHY store R TR ER#ZH—HLIFE, —ILM_ BEEHME%}EENFU”HLO
BB IIEA giveaway 757%, A—THIEBAWEHARM—RERNERIFHIA R HITEE

BREE, XEABEEZMIIAR. XBEATEITAR, BINHEFEHEBEFESSAIN
=2, BRT giveaway FIAKHRERATHAE, 7E giveaway FHiEH, ?*zﬂ]’lvrﬁﬁ)t'ﬂ*'&ﬂ’ﬁjﬂ
Option<ShirtColor> ZEIPIEBEFEEY, FHT1E user_preference iEH unwrap_or_else Fi%,
Option<T> MY unwrap_or_else FiAMAITEEEN . BEZ—MNLEESHAGEANSE, ZAER
Bl—4 T EEWE (5 option<T> BY Some LIARTFMERERTER, XEBRE shirtColor),
HNER Option<T> T Some (&K, M unwrap_or_else iR[5] Some F(E, ISR Option<T> Z None
K, N unwrap_or_else JFAFEHR[EF EAYIRENE,

?ﬁﬂ‘]’l%l‘il@%%i&‘cﬁ || self.most_stocked() {EJJ unwrap_or_else FJE&#, XE—MEEFIK

SHHNHAE WRABESEH, efsHUERERIIZE), ASEERT
self.most_stocked(), FHMEXBEEXTHE, M unwrap_or_else WLIMEEZEHTEHL
RHBHERITHAE,

BT RFTENH:

$ 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

XBEE—IEBNMARE, RIMEET —NMHE, ZABSEHFEIR Inventory SLf FiFA
self.most_stocked() Hit, TEEAREETHEIBRIIENXH Inventory 8§ ShirtColor FEHY,
FEETRRNEXMI=HPEFERNZE, AR T self (B Inventory ) AR
A/T5| A, HRRESHITEENRE—HREREL unwrap_or_else /5%, MELLZT, RETLE

LUX M7 IR EIF R,
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Rust i2FIgITES ERFXhR
B R RN AR

RBSHEEEESZXH. AEBEAENREK fn RBFFTSHALREIEHRITRENER, K
BEER IR ERANXERBERRAAFANETNEON—& D, MBEXXEZONTH
RETE AN REERREENREAR—HIERIFEEE, SR, AeHFTRTXER
BESNERO: ElMFEEEERHKER, TRGREINBRLENAFER.

FEERERE, HERSKHENLTXEX, MARERTERRBR. AXLEARILETX
B, RIFSEELUERISHALREIERNEE, XNUTFERMIASHTEXENHH (REARLE
FZRNERT, FERUFZACHEEER) .

RKUTFTE, MRKNFEEIMAIREBHENBME, AILURINRE IR, EANEER
BERLTRBENERK. ARG 13-1 FEXBHASIRERREERRINRAE 13-2 FRENX
—1F. XMIFHR, HRIMNEXT —THEHREREETEER, MARETRM 13-1 ARFER
SRS ENX Eo

X% src/main.rs

let expensive_closure = |num: u32| -> u32 {
println!("calculating slowly...");
thread: :sleep(Duration::from_secs(2));
num

};

T 13-20 AAERSHALREEE N AER SRR

BT REGER, AENEEEERMEGRBNEELZT .. ITE2— M NESHMN—RIREE
X SREERTHFARIEZNMEI L, XBEMNT LSRR TN XBRTERT
EREER (|, pipes) LUR—LEmNEIEEIN, HEIEESRBIEEE 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—ITRIR T —TMRBEX, BITRTT —IRERENFHEEN. E=THEENXPE
TRECHR, MENTEETIHENKES, RAASKIE—IRER, FIUKIES AL
B, XEMBERNHACEN, HERABN=EERNTA. BABRFAER add_one_v3
add_one_v4 BEBYRIFIINERY, ENREEMNERAPHETEFR, XRUTF

let v = Vec::new();, Rust BEXREIEHEEMERNERIANEI Vec F, ZHEHRTHESE
B,

MFABEX, HEBSATNSHMREERE—NEEEE, flw, =~Fl13-3BRT
—MEENFABEN, ZABNUREWEASEZEKIINGE. BT EARFIAE, XN
HABREMH. FEXNEXCEEEMEMEEEMR, EALEREER, RINTUEREER
FEFFRAXNAR, HIEXBE—RARNMERT string 228, BRMNERINZEZA
EREICRIER exanple_closure, FIRFEI—PEEIR,

NAR: 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 FRERERFE
IRIXSRAO I T IR

$ cargo run
Compiling closure-example v@0.1.0 (file:///projects/closure-example)
error[E@308]: mismatched types
--> src/main.rs:5:29
|
5 | let n = example_closure(5);
I et A- help: try using a conversion method:
“.to_string()"
| | |
| | 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"));
| _______________ AANAAANNNNAANNNANAANNANANAN expected because this
argument is of type 'String’
| |
| in this closure call
note: closure parameter defined here
--> src/main.rs:2:28

2 let example_closure = |x]| x;

|
| A

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

RfER string {EIEA example_closure BY, YmiFastElfih x RYSEE LUK A BLAYRE]3EEY
73 String, $EEXLERBIFMEFHAE example_closure F1, INRZHAMF—HBEAFREZE
BNzt =S 2R EEIR,

#8385 | BT RIFR B X

A LUEL =MAXHERERRTNE, el EENNERPRBSEN =15 FaX%
B, AIRERMREFIEN, HEFRIEREIARIHRERRIERRE LRSI

B 13-4 REX T —NMERE A Llist BY vector AR ZE5|AVEHE, RARFEAATLES]
FAmLEEFTENEL(E

NHER: src/main.rs
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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—NMERTAE5 I ANEHE

ENRHERTRTZEERUBE—THAEEX, HEKNAUGERREZ—1F, EALESR
MBS HKIFRZHAE.

EANENEIUEZA 1list WAAZ5|A, FMUEFAEEXZE, HEEXZERAZA, H
AR ERBMAT LA list, ZRBATLRZR. BITHESN:

$ 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, BIMEKABMKILEM list vector IEMN—PmR. ABIMERR—
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:?}");

T 13-50 EXHIER—MERAESI BRAE
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! BEEMRZFIHAREES!

BMEABEARTHRBZAEN, MRFERGA SRR CENEPAIERNERFREN, T
ESHYIRAIER move XFF,

SRHAEERE—MRAREN, XTMIEIER, BACERENEREMEIHRERE
B FNREBTAEITICHAIFAITICEREUR AT AMRAEFEER ] FIWE,
BB ERRE—TNRERFE nove XBFHIAGRKER—MHLEE, T 13-6 BT
EESURA) 13-4, UEE—THERERMARETLAZHFTED 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: £ move KERHHIELNLAZIREN 1ist BIFRAR

BITERT —THNEAE, HAXNEREE—MHAEFENSHRIETT, ARMITEHHYIR,
TR 13-4, AENEIAAIRSIBMHIRT list, RARXZITENFIRFAFERNRIAIRN
Ro XNMFIFH, REASKKARFTERTESIA, HNNEREABREXFE £ move Xi#
F, LR list BsHEIAEH, LT LERRIBONITRAINITT, AR
FLEIRENITRZERITTR. MRELBLET list BFMENENTEREREZHERABER
7 list, MTELIZRNARATLSIBABRY. FElt, RF[/EX list WEHFITEHRLIZFIET
WHEHR, X5 AMEEMET, HEBLR nove XiBF, HERABEXEEELIETER
list, HBEMIFIMARFHERE!

BRFENESLEASEM Fn trait

—EHAEMHR T EXEHHREHIRE-MERNS I BEFENR (WM& T +AasE#HAe, m
B), HEEPHIRBURE T EHFEHITHAEN, XL5|AERINFLE (BT 6
AnWBHAR, NH), ASFTURITUTEIRE: F— M HERNERHAS, Bk
REVE, AU NMER(E, HE—FFEMAIMIMERHRIERE,

BRI IBIFE R NEN A RS WA S trait, M trait RREBFLEWEFIEEE
AT AR LR A EN AR, RIBASEMNANIEXEE, HESB5). ity —
M FIHEIB=A Fn trait,

1. Fnonce EATRERBA—RIIHAE. FREABZEDEKRILTX trait, HAFREHAEH
BERIAA. — T FHERNENALEFBEHNFHE RIS Fronce trait, MAZKIAHE
ft Fn AHXAY trait, EAERERBAE—Xo
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2. Favut EATASFHERNERLACE, ERERESUHRENTE. XERARAUEKE
BZR.

3. Fn ERTERMEHERNERLASE, BAEHERENAE, FEEEERMKIFIRSHE
REMENHAE, XEXFAVAURZSREARMASHEERE, XESZSRALKARAE
HNHRP+IEE.

ILFATIRETRA 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 TAXRMYERIREIAYZHRL, KA T I unwrap_or_else
READREMESRE . 25K, £ Option<String> LIFAR unwrap_or_else ZfFEI—1
String,

#EEFEE] unwrap_or_else [RENEEMINYZEISE F, F 25 f WKE,  2iFHE
unwrap_or_else B2 {EMFA S,

=B F B trait bound & Fnonce() -> T, XEKE F BMEEBHER—RX, RESHIHRE
—A T, 7 trait bound H 1§ FnOnce FRR unwrap_or_else % RRAA f —R. £
unwrap_or_else HIRERAFROILIEE], S0E Option & Some, f RAMWiHA, AR Option B
None, fIEEIRIAR—R. HTFFBENFEEIINT Frnonce, unwrap_or_else $&ZFH=F
RENAE, RIBFMEAEIRH.

AR NRBRMNEMNSBEARZENMEFRRHRE, WILESZSERMIIT Fn
trait WARFEERREMARHAE. & MjF, BILITE Option<Vec<T>> MY{E_LiFHA
unwrap_or_else(Vec::new) , LU{E7E{ESI None BYIREX—MTEIZHY vector, 4miEas
SBIAREE X EIIEAR Fn trait,

MEILFNREENXTE slice LRFRERET & sort_by_key, HEEES unwrap_or_else BJX 5,
AR At sort_by_key {§F3 FnMut IR Fnonce fEJ9 trait bound, XMHIBLLI— slice
PRI E FENTTRS I BEASE, HREI—MATUHIFR K ERAME, HIREIZE slice
PENTENENBEHITHIFRR, XTMRBEEER. 561374, &HMNE—
Rectangle SLAIRYFIER, FH{EF sort_by_key 3% Rectangle By width BN ENIMERISHE
F:

Y& src/main.rs
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#[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

list.sort_by_key(|r| r.width);
println! ("{list:#?}");

T 13-7: £/ sort_by_key WRKAAIREEHF
(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,

b o

Rectangle {
width: 7,
height: 12,

b o

Rectangle {
width: 10,
height: 1,

b o

sort_by_key #E X AEW— Fovut FHIEHNERRESZRARXNHAE: X slice PE
MEERFER—R, A8 || r.width REIR, BRFBEARABHENFE, FFUTHRE
trait bound BYEK,

M2, Rl 13-8 B R T —1RLIT Fnonce trait WIAEHIFIF, RAEMIFEFZH
T—MBE. RESBAAVFIAE sort_by_key REAXMAE:

X% src/main.rs
#[derive(Debug)]
struct Rectangle {

width: u32,
height: u32,

286/562



Rust i2FIgITES ERFXhR

s
fn main() {

let mut 1list = [
Rectangle { width: 1@, 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 EfER— Fnonce [H]E

XE2— M ZIEWEN. EXETHMAR, HESRITHEX list #HITHEIFEAY sort_by_key JEH
A BHRE, ZABIRAEE S FEIFIEPR value (— String) N sort_operations
vector KLt FEHIRT value, RAFIEINE value FIFTEINELTEL, sort_operations
vector WATVEEBHAE, XNFACRERAR—X;, SRFETXERERLTELE, BN
XBY value EEATEABRIFIER, TEWBERIEN sort_operations 1! A1, XMHER
LI Y Fnonce, HEAIZIRIFULAILAT, SHIEIRIET: value REEMFIEHRZLE, B
FE AN FrMut

$ 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");
| ----- captured outer variable
16 |
17 | list.sort_by_key(|r| {
| --- captured by this “FnMut® closure
18 | sort_operations.push(value);

| ANAAN move occurs because “value® has type
“String’, which does not implement the “Copy  trait

help: consider cloning the value if the performance cost is acceptable

|
18 | sort_operations.push(value.clone());
| ++++++++

For more information about this error, try ‘rustc --explain EQ507°.
error: could not compile ‘rectangles® (bin "rectangles") due to 1 previous error

HREEIEM T A EEFIE value BHIFMRERIA—1T. BEELRE, HIFRERACUEF, FH
SSREBLIR, EFRP4EP— M, AEAeAPEEEE, EHEHERERR
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HN—NEEMNGZE. 5 13-9 FBEEEILTE sort_by_key FfER, HAEREIRT
num_sort_operations 1+#2RAYAI TS| A, FEILAIUKZRIER:

X% src/main.rs

#[derive(Debug)]
struct Rectangle {
width: u32,

height: u32,
}

fn main() {
let mut list = [
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(|x| {
num_sort_operations += 1;
r.width

1)

println! ("{list:#?}, sorted in {num_sort_operations} operations");

51 13-9: RIFTE sort_by_key EfFFE— Frvut #E

HENXERSRAENREHFEE, Fntrait +HEE, T FMIDH, BRITETIEER
2o WEERBAZEHBERFACSER, FEHRSH, BiCEXLEH AT
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ERERZLEBRERT
ERBEXATFRICORN — T FF R TR LR (F. &8 (iterator) TATHEAFSIH

NE—THRERFTIAIERIVZE, ERIANSRE, (FEFEECERLIXEZIE,

£ Rust 1, IAHBZERMERN (ozy) , XRKETHERABEREABNAGEZZAFIRITEME
E. BIg0, Il 13-10 REVRESESFAE X F Vec<T> LAY iter 753A7E—1 vector v1 Eg
BT —MiEfeE. XBRABASHEERTERNEREE

let vl = vec![1, 2, 3];

let vi_iter = vl.iter();

i 13-100 gIBE—MERER

EREBEWAERTE vi_iter TER, —BRIRANBRZE, ATMNERASMARFBE, %=
SRRAI 3-5 5, FVER for BIFREBH—MEHEES— I LHITT — LB, ERE
ERIUMEIRFHEEEE T —MEAR, FTIHEINERINTE—EFI T EARZNAIME
B9

P 13-11 RBIFIFRIE AR EIEM for BIFFRIER DT, 2 for BIFER vi_iter A
AUIAUEERY, IXHBPNE— N EZHSATEIRN—RENR, FHHTHNHEME,

let vl = vec![1, 2, 3];

let vi_iter = vl.iter();

for val in vi_iter {

println!("Got: {val}");
}

13110 FE— for EMRPERENRES

EREERSEIREERSIIES D, BITTEFER—IM 0 AR INTE, FRAXANE
8225| vector FME, HBEFEMEERINIAT vector FMTTEESE, USSIMEREAITHEE,

BABARNCETFREXEZE, XpD TESRBHERTBENEL. FIb, EA8E0
KMB R T W SMHABRFFIEAERZENREE, MANXER vector XEFAIZRS]
BEHRESEM, LA IBEBR NSRRI EIXER,

Iterator trait 1 next 53E

IERERESRIM T B Iterator BUE X FARERR traite XA trait BFIE X EERGXIF:

pub trait Iterator {
type Item;

fn next(&mut self) -> Option<Self::Item>;

/1 LR ERR T 5 iERIRRIASSERL
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ARXBR—TRATERHAZIBIIEL: type Item F Self::Item, BIEXT trait BIKEX
EKE (associated type) o BE_TEZRNHEXREKERE, NIMERFHEXRAIGRASE
I Iterator trait BREIFENX — Item KA, XA Item LRIFAIE next F57ARNRENEZE
B, HAaNEN, Item REREEAIREITHRAEE,

Iterator trait (NERSEMEBEN —1T57A! next J37%, &G EEFREREERSZFR—I,
HAIE Some 7, HEZIZASTAAET, iR[E] None,

AT BRI next J55%; R 13-12 IR T XH vector BIERAS K2 S S5/
next A ABHREIMNE,

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

AERRMNFER vi_iter FEANFIER: EENRBE LIFA next FIESNTERBARIVRE,
BZRESATREANBEFFIFRUE, aiER, KEHEE (consume) 7, HERAR
TiEE8. §—IR next AR MNERGEFHE— 1, £ for BIFFEHME vi_iter A]
TR for B ZRIREY vi_iter FFFENHATER AR vi_iter AIZ,

HEEIFTENZ, M next JARPIKEAER N vector FEMARAIZS|H, iter FiE%ER—
ML 5|BRERES. MNRFNTEE—MIRE v1 FrENHREBEFRENAER2S, WA
LU into_iter AR iter, M, MRBIFEERATLSIH, JLUER iter_mut M
A2 iter,

HEERBNEE

Iterator trait B—ARIARRENAINEFEREIIAILIMB A E; REJLITE 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) , ARFERENSHE
ERES. —IHBEEERENGFE sun FiE, XNAERBUEEBHNFIENHRERHE next
KiEmERES, MTEEIERES. ERAIREFR, BES I mMEMNE—NMETHNEMH, HE
EREABHREX N2, Rl 13-13 B— B3R sum F5A AR

XHZ: 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 = vl_iter.sum();

assert_eq!(total, 6);

51 13-13: JEA sum FEREUE R A S

TR sum ZEARBATEER vi_iter EAEA sun NESRBUERBHPMEN.

FERME ARG E

Iterator trait PENX TS —EFE, WHFIENLREREE (iterator adaptors) , ENIFRE
FELAIIENEE, MERTNERIGIERSBHNEL S ERERTERERES,

T 13-14 BR T — M IERIENEEECE 75 0E map BIBIF, A EAERA—TMHAENES N TR
HITIRIE, map FARE—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: FRERIZEACES map REIE—MFENES
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’

Tl 13-14 PRARESSEFR EHSBMERS; FHEENHAEMRBIARE, EERE TR
EFffE: AN EEHEREIERY, FEIBAIFEELNHERAN .
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AT BEXNEEHHETEERSS, HRIVEEBRE+_E5RM 12-1 &4 env::args FHH
collect J53%, XN EHEBERSEHBLERINER— N ESEUEREH,

745 13-15 &1, BAVEEHH map HREMRAIERBERIKESR— vector 1, XA
vector BB R4 vector RENTTEM 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 FEGIBR—MMANEE, HEEA collect FIAHBEIMENRSEHCIE—

™ vector

BT map HFR—IHE, RERMNTLUEEREES MR LRITHERNREE XBR—MRYET
BBF, BRTIEIHEREEXFEETHN, BEER 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 FARRBM—1MHAE, ZABMERSEFRE—THIRE—
4 bool, YNRFAELRE] true, HERSESTE filter IRMHAFNENREF. WRFAEEE
false, HEASWE S,

5 13-16 FRfER filter M1—NMEIRIFIEFR LT E shoe_size MFIERIEH—1 Shoe LK
B, ERSIREIEEEREF,

XHEZ: 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")
B o
Shoe {
size: 10,
style: String::from("boot")
b o

i 13-16: FH filter FAF—1EIR shoe_size BIHE

shoes_in_size HRIFIREN—NEEF vector IFTEIFI—MNEERREA S, BIREI—1REE1E
TEEDAVEEFRY vector,

shoes_in_size BREIAFRIAAT into_iter KEIE—IREX vector FRENBNIENEE, EEIRA
filter FXMENSFEERH—TREEBLEHEIRE] true BITTRIFTIEN R

AEMIFIRHHIRT shoe_size ZEHEAEESES—REMNA/MELLR, REREREEEND
Efo &2, A collect FixflaEECanREIFEWREH— vector FHiR[El

XM RTEIEA shoes_in_size BY, IREINIAZES I HEENEPERNEF

293/562



Rust I2FFI8IHES BHAT TR
B 170

SR T XL T ARG, RITAUERERRRBGHE+ T80 /0 BRIk
EEABERERT. BTR, ILRIVEBEARINABGH Config: build KA search &
S,

{EFIEIEERENS clone

Ef12-6 A, FHANUEHN T —LEACEBIREN—1 String SEBIM slice HEIE— Config 559
ABYSEH, BNIZES] slice RAYEHRIEXLLEAFLUE Config LE5MAR] LUIAEXLLE, 1ERfl
13-17 HEM T E+-ZLERE B 12-23 A Config: :build EKEXAISEIL :

X src/lib.rs
impl Config {
pub 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 13-17: EMRMGI 12-23 B Config: :build K%K
LB EA TS A EOMEREY clone AR, RARINTUEREEHEMR. FIE, MEWE!

EIXEFE clone HREZE SR args PHE— String JTEM slice, MM build KEHFHA
B args, NTHEFEIRME] Config SKAIBIFRAM, BATRFATerE Config RFEL query
file_path BY{H, X#F Config SLAIFLRERR XL E,

TEFITIENEZE, BATAILUE build RECUNIRER— M EFMENBNERERNSER, A
6 sliceo HATBEMENBBERBEZAIEE slice KEMRIIFHEMENNLG, XFH]
LA Bt RIA Config: :build BRIERAVIEME, EANEABZATIANRIXEE,

—BE Config: :build JREX T IARERBIFMENHA T BERMERIRSRIE, saLUFERERH
string {E#ThZE Config 1, TMAEIERA clone S ECHTAIZIE,

BiEFEAIREIRYEES
FTFF /O B M src/main.rs X8, ©ERRNIZEXEF:
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);

})

// --snip--

BARIMERE T —TLEETA 12-24 BBy main REHBIFKIRHG] 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--

5 13-18: ¥ env::args BNIR[EME(ZELS Config: :build

env::args RFRE—MEREE! FRITFRIERBHEKRES— vector PiZEZE—
slice 45 Config::build, IMEFKNTERER env: args REIRNENZBHFAIENIEZELS
Config::build,

ETREEEH Config: :build ENX., 1F /0 B 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
pub fn build(

mut args: impl Iterator<Item = String>,
) -> Result<Config, &'static str> {
// --snip--

T 13-19: BUAREREANSERER Config: :build RE R

env::args EMAVIERENIEET, BREIIERERRIERDY std: tenv:iArgs, FEXMER
SCILY Iterator trait FiR[E] String B,

KINELEH T Config: :build KENER, EIhSL args H—HHF trait bound

impl Iterator<Item = String> T BYSKAY) MAE &[String], LE)EH BT E+E"trait fER
SEERIHEERY impl Trait iB%, XEKE args a] LU EAISKILT Iterator trait Huk[E]
String Il (item) BYEHEY

HFIENTRENT args BFREIN, HERKBIIERIEDN args, ELFKATEILUTE args SEH
AR mut X|F, FHAE,
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{EF Iterator trait 5EXEZHES|

TR, 818K config: :build BYRERIK, (Al args SSILT Iterator trait, FEIEFAI0
BRI LS EIFR next 53&! Rl 13-20 B 7RG 12-23 hRIES, LAER next %!

NXHERZ: src/lib.rs

impl Config {
pub 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 RYBRERIARERIENEETTIE

IBIEME env::args R[EMENFE—MEREFNZN. BIMFEZREHRINT—NME, FAUE
SRR next EARNHIROHEMEMIEE, AR, FATEXEA next RIREVEAN Config 45
AR query FERBYE, UIZR next iR[D] Some, fEFY match RIFENH(E. FNREIR[E] None,
NERERBRHEHEBNSHHED Err HRFIREl, FHA1H file_path BYEBHITRIIFATIE
Fo

fE AIE X 25 EED a8 1L FUBD SIS

1/0 B R EMET LK FIEAEERIM T2 search BRER, R 13-21 RERTE+_FLRET
51 12-19 FRIEEREAIE X -

NXHE&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 BRERITE X

B LUEE E A 2SS /A RRE ERBAMRIE, XM AT LU T — eI B AY[E]
results vector. REAIEENEIARFRIMEAI T RSB ERGEREEBM.. ERATR
BORERFERRNHTERMNUERBERS, 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 XA 23S

[B1Z—T, search REBIBBIEIREIFFE contents AEE query B91T. FEMUFRH 13-16 A
B9 filter il F, XEXALID(ER filter IEACEIRIREE line.contains(query) 3R[A] true BY1T,
EEMEA collect BFILETWERIS—1 vector H, XEMRBZZT! EiAxt
search_case_insensitive MR¥UMIH EIFFBIERIEN2E S ERECRIE,

SR TRIF AL 2R

T RAVZE AR E R RN ZEFE XA, URER: 2ERRE 13-21 FRIRIESE
M2 ERTRA 13-22 ERENBMRA? K& Rust i2F im FERERSENE. 7
B RELUEE, FI—BIRNAEEASNIELARAETRIEZE, SABRMERZIE
2, MBLLEFARERHEIRH vector, (&2 RBMNEXIEANSERER. XiH
REPLEEEFRRE, IFERERZEBSAEMEEIRS, LIIEASEFENTHRERLMN
)] NpUR R

AEXHMHLMENTEEFND? ER EHRIGEERENBIFZER—LE, LTIt
PE,
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PERERSLL: 1BEF VS iE1UaR

NTREREERBIAZENEE, (REETHMNLIER: EAEIL for fBIFR search KK
v, E=ERERERIMRES,

BATHT TP EENS, FHZ-MREERN (BREHRES) £XXMHFE—1 string
B, AERBRELR the, LITEMER for BIFMRAFERENERAR search KERAY
BAENHER:

test bench_search_for ... bench: 19,620,300 ns/iter (+/- 915,700)
test bench_search_iter ... bench: 19,234,900 ns/iter (+/- 657,200)

MASSILEBAMAMEEERI! XERNAIERERMEHNE, HMNENHRZNTIE
FEZR2FE/, MEFH—NEFIERX ML VEENE AR,

HF— I ELEMEENIL, REZERRRARNEXAIEN contents, REHIERIF LUK
EZZHEREERN query, UNREMEMTHHITRE, XBET: EHK8, A BEN
R, WRIERT SFENRERBAE—HIEEIMIE, K232 Rust WEMZASHZR
(zero-cost abstractions) 27—, EERKEMRHFZSINGIINNEITRAE, e5F5E-H
BEEmEA T (C++ A9IRITAISEINE) 7 (Foundations of C++) (2012) HFRE XIS FFEE
(zero-overhead) SNH—H:

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.

BHIRI, C++ USSILETE T SAHEEN: AMEANIEEFINEMEAN; MEL
fERRIIEE, AR IFERBMSELT.

ERFB—1MEF, UTFRIBEBE— NSRS, BIREERAMTISFEE (linear
prediction mathematical operation) RRHEZ BiIAFASHYLL M R ERFIUNRE KAV E, XL
EREABEMEREPHN =T EHTEMEHFEHE . — MY buffer FEUE slice. —1F
12 MR coefficients, F—PMRRMUEIBMUBER alp_shift, FHITEXMIFH
ERATXLETE, EREANENHE, BEAXERBEE L TXZINGEARASEN, FENE
— MEBERIISEAIF, RER Rust SRS RERS,

let buffer: &mut [i132];
let coefficients: [i64; 12];
let glp_shift: 1i16;

for i in 12..buffer.len() {
let prediction = coefficients.iter()
.zip(&buffer[i - 12..1i])
.map(|(&c, &s)| c * s as 164)
.sum: :<i64>() >> glp_shift;
let delta
buffer[i]

buffer[i];
prediction as 132 + delta;
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AT IE prediction BE, XEXLIBIEA T coefficients Y 12 ME, R zip HERKR
5 buffer WYEI 12 MEASE—IE, EERBE—FENHEE, BIEMEEREM, AEKS
B qlp_shift i,

GEIRERXENEFEEREEITENMRE, X8, HET —MERSE, ERATHRD
iEh0es, BEHEETHE, IPBAXE Rust KIBRBSBRmZFNT AT HERIER? g, &
RERBHIX MR, EWEFERSFEHERERICHEIE, B coefficients HETEH
AEEIR: Rust HIEXBEIEN 1208, FAILE"BA" (unroll) T1EF. EBFR—MiEREIF
EREBENES N, HBREMTHIEAENRRMA LR,

FREBREL (coefficients) EWMEFET HFasH, XEREDRENFER. XEHEE

BITIERAINIRIARIRE, FIAXLE Rust BEBIRIEMIMUESERABRAEN TR

BT XE, BRORBNERERSMNASE! EMEFABREERESSR, BHAALSIN
BT IERESIR.

B4

A EMIEHERE Rust REBIBZIESMSFIB AN, €13 Rust LIS % RERBIHRIR
RBEZHRENB R, HEMERSFBHLILEE T AEMETIIEENEE, XIER
Rust A FRHZ AR EAREI—ER5T

MERN#HT VOB (K53) RIS, BALIKNREE cargo NESINEE, XLEINEE
RBEPHBENETME D ZEL 2R,

299/562



Rust BFIRIHES EEPXAR
#—iAi8 Cargo # Crates.io

BRIALEBNIERT Cargo Wi, ETMMIXARXLERERRINE, FIEERUEE
%, XERITIE Cargo Hith—LEEANBRRITIEE, RITEETWMNM:

- FAKXMECE (release profiles) REE X2
« BELFE crates.io

- FEATIE=IE (workspaces) RLALTAMINE
« M crates.io &I #HIXH

- FRBEXHmSRY B Cargo

Cargo WINRERLEAREFITARY, XTHEENAENIFRERE, FEEXY
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RAEZHEEREXME

7 Rust PRFHECE (release profiles) XHEBMEXMAIESIN, EMNSEFRENEE,
FIEF R E R EHIEHIIDEIFN SR, & EcEEPHEEIN,

Cargo B MNEEMEIE: BT cargo build FIRARY dev BLBEFIETT
cargo build --release By release fif&, dev BB NHAENXT BIFHEIAECE, release
FEENAEAHWEEX T RIFNARIALE.

XERERMAEREN, RAelhIEmZimELS:

$ 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 AR dev # release RAARIFBEFERFRIMECE,

SHIMER Cargo.tom! XHFFEEBIUENER [profile.*] F3BIEE, Cargo Z¥E—1
FEEHXARANRE. BSENERNFEERNVECENNA (profile.*] #0573, Il TaILIERE
BEAEMINKENTFE, 9, S0 dev # release BLERY opt-level IRERIENIAE:

X% Cargo.toml

[profile.dev]
opt-level = @

[profile.release]
opt-level = 3

opt-level ¥ EFH| Rust SXRIBHITAMEZEENMR L. XMEEEREM 0 5 3, #HEMMN
HESNFEELZHERE, FIUMNRFEHITHERHEERFE, UGBTI A5
MHEERYIER TR ML LUERIFFIR—LE, FIt dev BY opt-level FRINA 0, HIREFT KR
B, BEEZNEERFLNETF., REBETAMERREEZ R, MEFHRNEFNRIET
RZR, FUAHRIEAEKNFEZNEREEI TERNIE, XIERNTA release FLEMN
opt-level ZRI\NT 3,

FHNTAILURARIBIEE Cargo.tom! SEINAENEREBEEZEARINEE, i, MRKNNEEE
FAREEPRERES 1 L, WaTLTE Cargo.tom! FIEHXARTT:

X% Cargo.toml

[profile.dev]
opt-level =1

XRBHRMIAVIRE 0, BFEIETT cargo build B, Cargo F=fEM dev WENAECE N LEH!
B opt-level, [HJy opt-level i§EJ 1, Cargo RLLENVAHITEZHML, BEEE LM
Bi4Z,

MNFENERERNKENERIAMERNTEYIXR, 155H Cargo B,
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1§ crate %3l Crates.io
BNGLEDBERER crates.io FRBERKT, IR AILLIEE A% ESHEFRE LA

DEREB, crates.io £ crate SFMREH RIFERRME, Bkt EEREF RN,

Rust #1 Cargo B —L:#Bh i A B @k EIMERIR AR BRI, HITENA—LXtF
BIThEE, EEEHIIMEEHE—TE,

W5 R RXIER

ERNEXEETEMB P ERINA U AREREN], FrUE—ERERE XEEES
8. FE=ZHRBEABHE T MEERNRIAT // 338 Rust 53, Rust BT BT XILH9E
BRKBY, BEWRILER (documentation comments) , B TRER HTML 31, X
HTML BRAE APl XAEGERMAZR, BNNEELNERMEBNIER RIBMENAEERX
crate, MAREERWAIHIEIA,

NHGERGEA=RT /// AR Markdown JEERE I AS, XA ERFAL
FHEEXHEMNIMBNZET, R~ 14-1 B/ T — my_crate crate A9 add_one REHIN AR,

XHRZ: src/lib.rs

/// Adds one to the number given.

/17

/// # Examples

/17

/1] "7

/// let arg = 5;

/// let answer = my_crate::add_one(arg);

i

/// assert_eq! (6, answer);

TR

pub fn add_one(x: 132) -> i32 {
X + 1

}

T 1410 — P EREEISUEERE

XE, BIHRMET— add_one RETIERIEIR, EEFIBT —MREN Examples BIEEST,
MBRINAIER add_one BR¥XAIFAT, RILUIBTT cargo doc RARX NN ERER HTML X
o XN EpRIZITH Rust PRI H rustdoc HRFERHEY HTML XAERN target/doc BRo

RNTHERN, BIT cargo doc --open IR HF] crate X1 (RIFNEBFTE crate {K§IBIX
1) B9 HTML HTEX S 28T, SinZEl add_one B2 A XA F RN A2 aNAESR
By, SNE& 14-1 FRR:
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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 BREAISALERE HTML
B OUEFR) o

3 14-1 ERAT # Examples Markdown #R@{E HTML FREIE T — LA “Examples” J9tR
BHER . HM—LE crate (FEEBEXEIERERANESE:

* Panics: XM REXAIRESR panic! MR, HAARERFERIIREUARE N ZBERAIIR
STEXLEF TR LR,

* Errors: SIRXMEREURME] Result, IEERDEIRA]RER HIMAMEIR UK ABRSIEMX
LR, XEPTERERSNERRAFRENG LERERHEIR

- Safety: IR MR unsafe I (XSEF-TEITIL), X—HRNEZIMEIH
BREARE IR unsafe RAPARBBERE TERNAZEFRM (invariants).

REBD S EBRAFEMEXER D, FEIXR—MREMROEIFRIRRBHAREXE T #
BAERIFIR,

SHEERE R

A ERPIZ IR AIARRE— N ERIRBINAERENTGZE, XAMEE—TEINILT
fb: cargo test MRBIMIHAHFIEITSIHEFRIRAIRES! KB ALLERFHXEEFNT,
BRESNEITERXEENRET AL, MERGIFAEESEILE, =id cargo test &7
Ml 14-1 R add_one BRIEIEISAS; MNIZFEMIALERPBEGXIFHIE S

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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MES AR T RIS FRAEFFHHY assert_eq! 4 panico BIRIETT cargo test, fRf
SEIXENRERE T FSRBAERY !

ARESTMNEN

MHEGERNAE /0 AEEERNIT, MAZUTERZENBUENSE, XBERT crate 1R
Xt GBERZ src/lib.rs) SUHRIRBIIR M7 crate SRIRE AR 301,

ER—IF, ATHENEARE S add_one KIELHY my_crate crate HRVRIXHS, BILATE src/
lib.rs FERIEANLL /71 FRRAGERE, SR 14-2 FirR:

XHEZ: src/lib.rs

/1! # My Crate

/7!

//1 “my_crate’ is a collection of utilities to make performing certain
//! calculations more convenient.

/// Adds one to the number given.
// --snip--

5 14-2: my_crate crate B{KHISHY

AE /1 IRE—1TZESEEARB, BACHIL /7! FFkmAR ///, XEBETFEAIFE
BHIMMA S AR Z B, EXMER TR src/lib.rs X, HHLE crate IRXH, XLk
AR T B crate,

YNRIZIT cargo doc --open, FRAIMXLFTRERTE my_crate XAEHEDL, {UTF crate
NBEWHIRZ £, & 14-2 Fi7R:

4
‘ Crate my_crate ‘ hd
[See all my_crate's items}
Crate my _crate [-l[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.

14-2: €15 my_crate BATEARLERPTEZRAIXHE

I F Iz RS RS TR crate FIRESFFIE R, FERENERESSSRANB RS
B crate AP IBR{REVICEZ LR,
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£/ pub use FfERFRIAH API

NE APl WEMRIRAT crate REBEEEEM, crate AR EBIIFBAREHESEW, HE
WNRIERBERII K] sES M LR EIFr BRI 57

FLENBTNEER pub XEFEMERARE, HUEIER use XEFRIS|NERE,
RMRF A HMEERN XS RERIgH AR EAFER, RNEMIEE— 1M Ea2E 1T EAN
DEEN, FAEIXNTFRAPRRARAE. XEFRABEFRARE X ERRABRPHIEEBA
A RERMEA X ERARTEFE, BRI RINERER

use my_crate::some_module: :another_module: :UsefulType; A=

use my_crate: :UsefulType; R{ERILE,

FHER, BMEXHEMNTRAARRAZRAE, (RELFEMZHNIALAR: (FAILUERE
fiEF pub use BRI (re-export) TERELBEWRETFIELEN, EFHREAUT—MI
ENABIHBEARIS—MIE, HFREMEXEXTHUE—F.

Hlan, BIgHENLIBRT —MERZABSHE art, XTMNEFEET —NERIKE
PrimaryColor F[] SecondaryColor BYIEIR kinds, AM—PEEZHREL mix AUREIR utils, 05
51 14-3 P

XHERZ: src/lib.rs

/1) # Art
/7!
//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--

}

) 14-3: — 1 art HLALREE kinds 0 utils 1EIR
cargo doc FTAERKAY crate XIHE DIUNE 14-3 Firk:
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‘ Crate art | ot

[ 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: €618 kinds ] utils {RIRAYE art BYINIEBE T

7ER PrimaryColor #] SecondaryColor ZEH, LUK mix REEEHEE IR, EMBA=
i kinds 3% utils AREFBIIEN

S—MRBUXNER crate FBE use IBARSFN art FWI, XEBESIEEH HHIE XHIIRREE
o T 14-4 BT —/MEH art crate & PrimaryColor #] mix IFIfY crate B9f5IF:

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 {ER art crate EBBRIEE RIS AIRERR PrimaryColor {IF kinds fRIR(M mix i
F utils fRIR, art crate BURREMAELLERCH AR ERRNEECHAREEER
HRBEMHEEN A EBINMFEGER art crate WARBEAENENEE, HREATE
MMEBERFIENABEALMBIAE use FHAIFIEERRZ MBI R,

AT MRE APl Rl crate BIRERALR, BeATAILARARG] 14-3 HRRY art crate FH1EAN
pub use IEARESHIMEITNZEN, =G 14-5 Fin:

NXHE&Z: src/lib.rs

/1" # Art
/1!
//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 FAEFHIN

IMTELL crate B cargo doc A FHY APl XIS TEEDIFIHESHMBUANEEE (re-
exports) , & 14-4 Fiix, XS PrimaryColor ] SecondaryColor ZEEIF] mix KEESF
B

4
| Crate art ‘ hd
[ 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

14-10: art XHERED, XEFHTESHRII

art crate WA F{MZARI AFEIFHER TG 14-3 PRARELEN, WGl 14-4 FiiR, SHERLL
fERRA 14-5 REANFZEREN, RF 14-6 Fik:

NER: src/main.rs

use art::PrimaryColor;
use art::mix;
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fn main() {
// --snip--
}

B 14-6: —MEM art crate FESHIWIEE

W FERZHERIRIIER, A pub use FRBBSHFITNRLEM T FEA crate BIARR
BB ARAAFREAELE, pub use WB—NEIAZEEEIH HE crate BIKFIAIE X EE
crate EX TR crate 28 API N—Z4,

BIEZ—MNERNAE APLEWERZR—TIZAMIERE, MAURELAENRILHRES
FBY APL, pub use fR{H7EZFELHLR crate ASPEMMSKRinA A FIHIREN, MT—LEAR
PRLEERY crate RIS REBEEERNBEMES BT 2E APL

B2 Crates.io k=

EIRAET LR #R{E(A] crate 2B, =B crates.io ESFAMKS HIKEX— API token, Aitt, 5
18]fi F crates.io B TIFHER GitHub IKSE R, (B# GitHub kS @M/, Rid¥EHKix

Wit Al RES T HMAIBK S A E) —BER2ZE, BT https://crates.io/me/ BIMKF
R B TIEHIREY API token, #A/GIE1T cargo login 8%, HIERRREIMNLZ token, IEUW

TR

$ cargo login
abcdefghijklmnopgrstuvwxyz@12345

XN =iBAl Cargo {REY API token HEEMEFE AR /.cargo/credentials X, &
BiXA token 82— MBE (secret) EFRNZEHMAREZ, MNMREAEFRIRERSHARE
TXAMSE, MiZIENE crates.io HEEHEFREMR— token,

[ crate FRINTTEEE

A IREEE — 1N HE R crates R ZHT, RHEETE crate B9 Cargo.toml SXH4RY
[package] B 1EH1—LEZ crate FITTEEE (metadata)o

Bk crate EE— M MHE—WRBIR. BATELSMAL crate BY, AJUFEREAIRERIZIF. £
d crates.io kB9 crate BIFEFAEILFNAEEN, —BEA crate BIF#ER, HMA
MABERAMXNRBIRE crate 7o, BIERMTHEFERANZMRINHERTERER, WIRE
A, 18X Cargo.toml # [package] Efyname FERAMRHBLERATFTELHEHRZR, BGXHF:

X% Cargo.toml

[package]
name = "guessing_game"

BMEIRER T —MHE—BIRM, MRIZIAIZIT cargo publish &% crate BiE, R1FE!

—MNESEER—HIR:

$ cargo publish
Updating crates.io index
warning: manifest has no description, license, license-file, documentation,
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homepage or repository.

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.org/
cargo/reference/manifest.html for more information on configuring these fields

XM BIRERAARNR O —LEXBER: XTFi% crate BEEARFIHE P A sEEAFHEIT(E
FliZ crate By license, 7E Cargo.tom! FHINEE B—MAIENER, AANECEEERERT
FIREY crate —i2EB7R. T license FE, REE— license #RiRFHE (license identifier
value), Linux &£ R Software Package Data Exchange (SPDX) %!t 7 & LA A RIARIR
o 40, A TIETE crate R MIT License, AN MIT ARIART:

X% Cargo.toml

[package]
name = "guessing_game"
license = "MIT"

NRIRFBLBERRFET SPDX B license, MFEER license XABA—IX M, FaXHE
BHLER, EEMA license-file IEEX R MARMER license FEL

XFIMBMERAM license I5FBH T ABHEHE, R% Rust X RAIEES Rust B S8R
B license, X2—NIWIFAIHY MIT OR Apache-2.0, XASEETR T HAILUET R SRR
BiEEZ license tRIART.

A, BTH—NER. fRAES. B cargo new FEMBEHEMMEEER. EANPMEER
license, BEERTFABIIMBER Cargo.tom! X4 E]BEB LR EGXHE:

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 BYC#Y #R 7 AT LIS ERITTEIE, TSI UEEBIIRM crate ERSH A INFER!
%773 Crates.io

MEBZNCIZET —1WKS, RET APItoken, A crate IEFET—1MRBF, HIEETFIENTT
IR, IRELERITAT T ! &7 crate = EEHFEMZASHY crate E crates.io WA AER,

%% crate BRHEZ WD, ERAGRRAMN (permanent) s MRARAFAfEWES, H
RIBWRATgeE MR, crates.io W— P EEBIRERIEN—NMEELBIKA LRSS, X
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PR ##i crates.io FBY crate WIME&BE—EIERE TIF. MAFRIBRMRZAZINEEEXTE
o PAT, PILMRAR RIS S ALZE RS

FBIRIBTT cargo publish 3%, XRENIZZMIY:

$ 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)

RE! (RIFEME Rust t XD ZT A, MEERAETUEMRRPRIRE crate MAREIIIE
YRR o

KRB crate BETARAS

HIRMELRT crate HERFRMHARARY, IR Cargo.toml F version FiEEME. EER
B AR A N SRAREIECARIREURTE F—MRAE S, $#EIE1T cargo publish R ELHhR
FiS

{EH cargo yank M Crates.io $#{[EIhRZs

BSAIRREEMIPR crate MIASEARAS, {82 AT AR LN SRV B S ENTIMNEHRHEIF, X1E
ENMRAE A X E AN RERETFNERRER. M TFXMER, Cargo ZHEHHE]
(yanking) FEANhRZS,

BWEE N RAs =P LI FIE K #IhRZS, RSP IE LKA B h7A8E 8 T H AKX
ARzs, MR L3, BEIEKREFRE®AE Cargo.lock I E IR A ST, BRERFE
B Cargo.lock R gefEFR#RIRIEIRYARZS,

AT HIEI—hRASHY crate, TEZA1I&R% crate WERIGTT cargo yank HI5TE & EREIAYAR
7, g0, MMRFANVEMT —1RA guessing_game ] crate B9 1.0.1 IRAHBLEHEE, &
guessing_game I E B RiBIT:

$ cargo yank --vers 1.0.1
Updating crates.io index
Yank guessing_game@1.0.1

R LUBERIEHRSE, HAVFHE BRI RHE Mhikas, @d7Eas< L1800 --undo:

$ cargo yank --vers 1.0.1 --undo
Updating crates.io index
Unyank guessing_game@1.0.1

HEFHEEMERMEMRED, 2GR, HEIZHEEHFREMBRT/ VD EZRMEER, WMREM
TEMER, BIUNEMKEXEWRER.
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Cargo T{E=Fial

BTEF, RNWE—IESTHS crate M crate N8, REIRERAI, MEMBAA
BYRN, FE crate HF8UE K, MIMGBEREH—TIFDMEZ 1 E crate, Cargo feft 77—
TE=iE (workspaces) BITHEE, ERIUBBIRIEEZ MEXNHREF LI,

I TIESS(E]

THEZEZ—RFIHEZEER Cargo.lock MiamtH B RIVE, LHRIVERITEZECIEZ—HE
—— XEXAERNAELUERT XTI RINGEN, BEMARTE=ENAI, PR
BIMNRABRT—TEAL R BN IEZEE—1T2EFMBEMNE N E HFIMESREMHE
BINEE, HAREKHAMTNE. —MEZIRM add_one FAME NI add_two 7575, X=
4 crate AR IFZEN—E7, LEMNUFZIF=EBRSA:

$ mkdir add
$ cd add

AT add BRP, IR Cargo.tom! X, BFEEBIMBIIEZE. EFaE8E
[package] #3573, K, ELL [workspace]l B {EAFIE, AFINIMITIERKARIMKR. il
EBIR; resolver IREN "3", EIEXHER Cargo &M BRBARIBITE Zo

X{%&: Cargo.toml

[workspace]
resolver = "3"

B3R, £ add BRIETT cargo new H7iE adder — il crate:

$ cargo new adder
Creating binary (application) “adder® package
Adding “adder’ as member of workspace at “file:///projects/add®

FEIF=IEFIETT cargo new = BHEPFHEEMAZIT{F=(8] Cargo.toml A [workspace]
RE X By members A, {RIXHF:

[workspace]
resolver = "3"
members = ["adder"]

Btk , BILUBTT cargo build RMWEB T {E=iEl, add B RHPRINXHFRIZERLREXEE:

— cargo.lock
— cargo.toml

— adder
— cargo.toml
L— src

L— main.rs
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TEZEETRERIBE— target BR, BATFHERRZFLERRTY); adder B1FHZHE B
target BR. BME#H N adder BRIB1T cargo build, ¥ERLERWAITF add/target TiAE
add/adder/target, TYEZ{BIFRY crate ZEIMEEK#Hi. WRE crate EEHBECHY target B
xR, BTEBACH target BRPEMWELER, TEZEIFNE— crate BRI FEEREH
miEHM crate, BIHZE— target BR, TIETEIAILUBRHEM crate EEME,

EIFZRIPIES IR

ETR, UBMNELETEFEES— MRS, HREHEHBBRA add_one, £H—1RH
add_one B crate:

$ cargo new add_one --1lib
Creating library “add_one’ package
Adding “add_one” as member of workspace at “file:///projects/add®

WEINZE Cargo.toml B members FIRFGEEE add_one F{1F:
X% Cargo.toml

[workspace]
resolver = "3"
members = ["adder", "add_one"]

ITE add BRNIZBWT B R

— Cargo.lock
— cargo.toml

— add_one

| }— Cargo.toml
| sTC

| L— 1ib.rs
— adder

| | cargo.toml
| L— sxc

L

L— main.rs
target
£ add_one/src/lib.rs X {4, EH0— add_one RRIEX:
X4 add_one/src/lib.rs
pub fn add_one(x: 132) -> 132 {

X + 1

}

MIEFKA)RETBHRE it H adder BLUREMKHAY add_one BT, BLRFET adder/
Cargo.tom| SXfFHR1ENN add_one {E/IRRIZIRHL -

X% adder/Cargo.toml

[dependencies]
add_one = { path = "../add_one" }
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cargo HARRE LIE=iBIHHY Crates 2AEE&KH, PRIUAFRERNRATIETEAF crate AU
X R,

TR, iLFAN7E adder crate H{EMA ( add_one crate HBY) K%Y add_one, FTFF adder/src/
main.rs XAFHAEER main KESRIFF add_one KEX, WRF 14-7 Fimmo

{44 adder/src/main.rs

fn main() {
let num = 10;
println!("Hello, world! {num} plus one is {}!", add_one::add_one(num));

M5l 14-7: 1F adder crate f§EFS add_one [E crate
ETNE add BRHIEIT cargo build RHgE T {E=SiE]!

$ cargo build
Compiling add_one v@.1.0 (file:///projects/add/add_one)
Compiling adder v@.1.0 (file:///projects/add/adder)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.22s

ATETNE add BRZITEE crate, AJLUES -p SHM B RZMKIEIT cargo run #5ET
=Rl R EEEANE:

$ cargo run -p adder
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.00s
Running "target/debug/adder"’

Hello, world! 1@ plus one is 11!

XEIB1T adder/src/main.rs RE9CES, EE&K#i add_one crate,
EI(Eiarh kM s E

PEIENEIETERIRERBRE— Cargo.lock, TMIAREE— crate BR&HE
Cargo.lock. XHRT B crate #FEATEHERMRASHKH,. WRHE Cargo.toml!
add_one/Cargo.tom! H#RIEAN rand crate, M Cargo =G HERET AR —hRAFHIZREIME—
B Cargo.lock . ERTIEZEIRRIFAE crate EERMERKBIERE HPR crate #ZE48
BERAM. 1LITNIE add_one/Cargo.tom! HEY [dependencies] ZB3tEA0 rand crate LUERE
fIB7E add_one crate H{FH rand crate:

X% : add_one/Cargo.toml

[dependencies]
rand = "0.8.5"

IMTEFLRI LATE add_one/src/lib.rs HIEAN use rand; T, 3FHTE add BRIGIT cargo build 1
BEEANTIETEIMESSIAHYRF rand crate, FHIISWEI—1MES, BABENFLESIHBES
NTERIFAY rand
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$ 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@.1.0@ (file:///projects/add/adder)

Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.95s

WMIETNKH Cargo.lock 187 add_one By rand {XFIHVE R, 7AM, BME rand #AF ITIET
BIRYIEA, AREETEEM crate FEHRE, BRIEWLETENIB Cargo.tom! AN rand, {40,
WMNRETARKH adder crate B adder/src/main.rs 3810 use rand; , £E8FI—NEIR:

$ 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®

ATEBEXMEIR, BRI adder crate B Cargo.tom! KRR rand X1 crate BIKf.
¥93E adder crate &% rand AINZE| Cargo.lock | adder FIK#FIFRP, ERXHFSTEH
rand RYERSMEDL, Cargo MR T TIE=BIF1E(AIfEMA rand BY crate ERAERRIARZS, XT
T ZEHBERT TIEZEFH crate KEHEE RS,

MR ITEZEFRY crate 1EE 7 ARBNE—HKHRIRFERA, Cargo 2FFEN], BHER
SRV RTBI AR A EE,

A ITE=EiEE MM

EAS—eki#, 1L3K{179 add_one crate FARY add_one: :add_one ERFIGHN— MM :
X4 : add_one/src/lib.rs

pub fn add_one(x: 132) -> 132 {
x + 1

}
#[cfg(test)]

mod tests {
use super::*;
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#[test]
fn it_works() {

assert_eq! (3, add_one(2));
}

EIN add BR3IE{T cargo test --workspace, {Ef&XFEMTIEZBIZLHMFIEIT
cargo test --workspace RIE{TLE=|B]FFE crate BYMIAL, :

$ cargo test
Compiling add_one v@.1.0 (file:///projects/add/add_one)
Compiling adder v@.1.@ (file:///projects/add/adder)
Finished “test® profile [unoptimized + debuginfo] target(s) in @.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

WA E—EF9 2 add_one crate AY it_works JIIRBIE T, T—1 &5 B/ adder crate
HETENMNNS, RE—EF9 ST add_one crate FEZN MR,

W e LUERIEIT TEIBIRYSRE crate B, BEERBRER -p SHFHIEEFEENEH
crate Z¥R:

$ cargo test -p add_one
Finished “test® profile [unoptimized + debuginfo] target(s) in ©.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

M SR T cargo test FIG{T T add_one crate HUMIIRXTI&HIEIT adder crate NI,

WNRIREIFRM crates.io £ TESEPM crate, S— M IIETIEIPH crate EBHIM A,
FAf&R cargo test —#%, BILUEN -p BEHISEE AT crate BR&EH ITIETEHHED
B¥EM crateo

MEZBIAEML add_one crate A NE TIETIENE NN add_two crate SRIEANE LIS !

EDBEEK, ZEERIETE:. 81BN AR —ARABESZER. NRE(E
B REERNRIERE, B crate REELIEZRIFESZ THE crate IR,
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Rust RFFIRIHES AR
fER cargo install R THFINXHF

cargo install FR<¢ A FEAMEZERNER Z#E crate, EFFNMIEBRASKTNE; ER
EERA—1 718 Rust AR B L EHMABLZTE crates.io EHENTHENFER. REHEZ
HE IR EREBR TR, THFIBIR XHRE crate B sr/main.rs REEMIEE N Z
HEISAFRIFRE BRI ITIER, XAETESAREIITEEGESEREMEFPHEBIRX
. 1BE crate B README XHRBH % crate BFF. Z“HEIBITEEREREBENER,
FRBXHE cargo install B Z#HHIXHEI L EE] Rust RERBRAY bin XHXRFR, WIRIRZE

£/ rustup.rs RE%H Rust BI8BEHEXEAERE, XTBERRFE $HOME/ . cargo/bin, FHFRIE
XANERANE $PATH BT EHRFEERBIZITIE cargo install LEMNERF T,

Han, H+ZRFIANML ripgrep BB TILEHRY grep BY Rust KM, T R ripgrep
B1TI0F:

$ cargo install ripgrep
Updating crates.io index
Downloaded ripgrep v14.1.1
Downloaded 1 crate (213.6 KB) in 0.40s
Installing ripgrep v14.1.1
--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’)

FEISE_THEET T RN T HEIS UMM BEMEZTR, TXE ripgrep HiE N 9o RE
{Ri& EEREIMIEIE ZZEB RN $PATH, FLRILUEBTT 19 --help HAWBFERA—FERE
Rust T ERIERXHT!
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Cargo BEXY BH<

Cargo MYIRIHERH A E AT LUBS FEY Fen RIS Cargo #1TH B, MEREBNEEST, W
R $PATH AP cargo-something BY T #HHISXH, FARILUEID cargo something & Cargo
FanL—HFEBITE. BXENBENGSWAILUETT cargo --list RERER, BEMBIET
cargo install [ Cargo &Y BH I LIMAE Cargo TAAFZEITEN R Cargo it W
— M EEAERMS!

l%\gﬁ

@33 Cargo 1 crates.io RN ZERBIEFE Rust ESHIEA UATFIFZARARNESHEEHS
FXEB93. Rust BUFREER/NMREN, R crate FFHENER, HERA— I FETESH
BT a) IR MEH, REILFLIE crates.io EHEWRREANARE, RANTEEATENS!
ABRER!
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HHcEH

gt (pointer) R—1MEEAFEMINTEMERMS, XMt 5IH, HER 45

m" (points at) —:HE#HIE, Rust PRENIEHEENENBNSIRA (reference), 5|

BER & FEkKn, MESBREIEAENE. TIIRT 5| BEEZINEE EREMEERIN
B, WEBETIMTH.

B—FmE, BaeEH (smart pointers) B—REIREN, TINRIELE, B2EE

FIMOTTEIRMINAE, HEEISHHAVELSH RN Rust FijhE ; HiRT C(++ HEETHEIES
. Rust fEEPRENXT ZMARNE gEistt, SINRETIZES | BiviEe. ATHREEE

R, FHITRE—LBREISTINIF, XEIESIBIER (reference counting) EHEFSFHE

B, XMEHATRIBEZ I EE, CRICREENHE, S LEFMEENFEIUE,

£ Rust RENSIBMERNELE, SIRMERETHE— T TSMNMIKS]: SIBRERKE,
M REIEH R RZSIHERA E iR EE.

BReETHBE EAEMELI. SR AETEREMERMSETESRIT deref
Drop traito Deref trait R IFE REISHEMALAIRIBESIB—, XEMAIURSEERT
51A. XATEREEHIAES, Drop trait RIFRKABEX HEEIEHBHERENEITHA
BB, AERTEXLE trait URATAENNEEEHRER,

ZEEIEREEH R — T Rust FEEEANERIRITRIN, ABENREHATZINEIFIEN
FHVEREIETT. REEEE B CHE RIS, MAMBAILESETIRE CHEREiETT. X2
SHENREEFRE AR LM

* Box<T>, FAFE# LHFCE

© Re<T>, —N5|RITEEE, HBIERIUEZ M FEE

+ Ref<T> F] RefMut<T>, T 1EIEIT RefCell<T> JHA)AY, [ RefCell<T> E—NE={THIMIE
PIFETITE RN BIEE,

FSHENSHEIREBTEY (interior mutability) 1z, XMERXAF— N FITHWRBEEE

HEESIECAE AEERN APL, (B XITICE|BEIF (reference cycles) B EHSHATEILIR

B, AR NfELEER el

1A 1T 4ag!
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fEM Box<T> FE[AIE L HOSKHE

BB P EIZRE REIE T2 box, HEBE Box<T>, box AIFRRKE—MERTEHE LMARH Lo
Btk LRI ZiEmE SRS MRMMBEH—THRSENXFESE ENE,

bR T SURRAEF I LA R EZ 5, box KB EREHK, FIWLBEREZTMIMITIGE. ©
NZATOTHR:

« E-NERFFNARNANRIRE, MXBEEFERTIA/N ETXHERXNEEERY
A fis

- SEAREWEAFEEHRIEEREE NHER N EEFRENAI &

« SRERME—NMEARXOENEERSRIU THE trait MABHAEMREE IR

=T box AIFEEBIIREE DR TE—MI R, EE_MBERF, BBEAELIEIFR
ENAIER B R KA, FASEERLHIT TN, AT REXMER TH%EE, AILL
B box BXLEHIEMEEFEE L, &5, REVENISHEIRERLBIEIN. F=MERK
M trait @K (trait object) , F+/\ENFE—ENED FRAEREER trait WR"L(]
WX TR, FIUXERFHIRBSESE+/\EBRNA!

fEF Box<T> TEift - 1FHEEIE

TEITIE Box<T> HUMETFERRBIZ AT, LT VAE—TEEURMFASEFETE Box<T> FRYEHTT
REH,

5 15-1 B 7 aNfEfERA box i EiEfE—1 i32:
X% src/main.rs

fn main() {
let b = Box::new(5);
println!("b = {b}");
}

f5 15-1: fEF box 1EE EEE—1 132 B

XEEXTEZE b, HER—MERAWDECEME LAIE 5 BY Boxo XTMEFZFTEIL b = 5;
EXMIFH, FATUGERIEREFER LBVARETIE box REVEEE. EIERIEE HE
FREMNAIEARFE, =R b XIFRY box 1 main RIREBFEAEE, ERERENR. XTERI
BIERT box & (iF#LE) MEFMERNEEE (UL,

B—1RIRREFREE EH AR REENX, FIUERA] 15-1 XiFSRER box HAE .
RBBED 132 XFNEMEFERL, CRERERAERISERSDERIRFENGIE,
ILEMBFE—DAER box BITEE X BIERBFIF

Box ftiF8IEE IR

BYAEE (recursive type) KIERILUABE S — I EXRENEFENHEIN—HD. BRXE™
E—Nie, FA Rust FRERIFNFERE SAZD=(E, @)IRENEHREE LT
TRRIFIT T, FrLL Rust FRIEEARBFEZD=E, FN box B—TERMBIKN, Fi
LUBE £33 E X BN box, FAEIGIEEAEAET,
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TER—NBIFEBMGIF, ILFRNHRE—T cons list. X2—MRBAFEESPENHNEUE
KA, KEBETXD (BIFRE) B BRTEITZI, BATREE XD cons list KRIE{E
B, FMUXNMIFROS, TEMEREAERS MELE LG RIERSE A,

cons list NEZEE
cons list 2—NFIRT Lisp RIZBES MEASWEIREN, THRENTIREAR,. EHEFR

JBTF Lisp B9 cons BRIEL (“construct function” WAEE) , EF AR NSERE—N T
R BIW—NEEENTIRMSE—MEIEA cons, BILMZEBREFFIRAMB cons list,

FIINXEE—MEEFIR 1, 2, 3 B cons list WHREERT, HEMHE—MESH:
(1, (2, (3, Nil)))

cons list WE—MAESHN TR YeMHEN T, ERE—TESES— g Nl B9
BEREE T, cons list @iFEYIFHA cons RE=54, KFREVINNFELZM (base case)
HHBERIRE Nil, EEMTIRNEZL, FEXREFEAETHN null” K “nil” IS, ©
IR FREBIES

cons list FARZ— Rust PEILAIEE, KIPH7E Rust FEEFIREE, Vec<T> 82—
FIFANERR, HtEANEZRARAIEREMIET Rust WRZHEHFREAR, @I
cons list fEAFE, FENAILURZRINMEER box EAREEIE X — MR IFEIEIREL,

5l 15-2 BE— cons list BIKZETE X, FEXERERZER XN EEGHEEFMBAN,
ZEHN=ER:
X% src/main.rs

enum List { ?#
Cons (132, List),

Nil,
}

) 15-20 FRBHAEX —MUFK 132 BB cons list BURLE RIS

AR BT RANFERNEFELI—TREFMR 132 BB cons liste BRI ARZE,
FNETEHFIR, REX—DEIUFRERMERED cons list 8,

fERXAN cons list KfEFFIZE 1, 2, 3 FHFRLFRWRM 15-3 Fim:
X% src/main.rs

use crate::List::{Cons, Nil}; ?&

fn main() {
let 1ist = Cons(1l, Cons(2, Cons(3, Nil)));
}

5 15-3: fEA List MEMfEETIR 1, 2, 3
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$E— Cons fiEF T 1 MF— List {H, X4 List EF—1EE 2 #Y Cons HHMF— List
B, HMENEAES—ITEFKT 3 B9 Cons EM&EF—MEN N1 By List, JFRITFEERKRTT
KRR

NRZRERIFRG 15-3 BINEE, FFEURA 15-4 FrRBvEiR:

$ cargo run
Compiling cons-list v@.1.0 (file:///projects/cons-1list)
error[E@072]: recursive type "List’ has infinite size
--> src/main.rs:1:1

1 | enum List {

| ANNAANNANAN
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 {
| ANANANNNAN

|

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, E0391.

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 FRE X —TRIINENFERIEIR

XANBIRRAXNEE “BERIIA/N (“has infinite size”) . HRERE List — PN TEWE
XABEAN: CERFRTS—MEREENE, XEKE Rust TAHERNTFH List (B
ARFEZDTE, ILRMHFFRENAIF[EXMEIR. B 7B —T Rust MITREFE

Z DT EIRFR— T IERITIRE,

PR ESEEESid: p )
[EHZ—THEAREINICHETE X BRI 6-2 FTEMH] Message 12

enum Message {

Quit,
Move { x: 132, y: i32 },
Write(String),

ChangeColor(i32, 132, i32),
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U Rust BEXIEEN Wessage EHME L TEN, SAUMES—BEHEN
Message::Quit HRBBAEMEIE, Message: :Move BEEBIHEEMA 132 ENZE, Kitkk
#, EN enum ST ERSEAEPE—NEE, FTL Message BFFENSES T RS
RIAAHIZIEA e

SIHAR Y Rust BZIOTERA] 15-2 T List IEARITERN S B EHATR, 5%
I Cons THAFIEH, HEBHZEET 132 BAMIE List AN, HTHE List BE
2N, HERIGEETE, M Cons IR, Cons THAREET —1 132 EAHI—List
B, XM EEERSTTE, WE 151 FiR:

cons

cons

cons

i32 Cons

132
! i32i32 cons
320

15-1: — 1MEETLREA Cons LRRILIR List
fER Box<T> 4B B— EHMAIK

EA Rust ToAMBHEBAEX NRIFNRBEDE S D=E, FIUmESSE T —1MeETE
FRAZINAEIR:

help: insert some indirection (e.g., a 'Box , 'Rc’, or &) to break the cycle

2 Cons(i32, Box<List>),

|
| ++++ +
EZIF, indirection SAEARRTFEEMRE—ME, NizaEtEE—MERERNE.

E Box<T> B—M5E, RMNSRNMEECFEZ VTN BHIANHRSRIEREISEAIER
EEMNE. XRRER LU Box AN Cons ZIERMABEZEFHRS —1 List B, Box &
EET—MITFHLER List {5, MAZERTE Cons ZEfRdh, MM, HIUNAREL!
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B—1ME8HEMIIERNGIR, FERELMXMISHNAXERE— I TIRES T, MAE
—INEE5—,

AT LUMERUIRA] 15-2 & List MESHIE X TG 15-3 Ayt List B, 0l 15-5 Fr
™, XEAURIEN:

X% src/main.rs

enum List {
Cons (132, 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: ATIHEERA/NMEER Box<T> By List EX

Cons ZERREFE— 132 IR/ LAERE box 15 EIER=S (8], Nil TIARMETFE, FRLL
ELt Cons TERFEREDHNZTE, WAERKNAE TEM List ERZFE— 132 1L box 5
FEUBRI AR BIEMA box, T T XTMEANEDN, XiFmIFEMEB TR LERE
List (EREEMNANT . B 15-2 BR 7 ITE Cons BAEFERGEHA:

cons

Box
usud

132

15-2: A/ Cons fFH— Box LA List REFLRAR/NT

box RIRME T EEEFMENHESEL; ENHEEEMEMSHRNIIEE, LNHEMTESREIREM
HHEefett. BITMEEXEFRINGETRIMERERIR, FRILENRILAATFA cons list 3X#E(8]
BEEEW—FISREENTR. BRIMNEEEEH/\EED box NEZNAT=.

Box<T> KEIZ—MEREIEH, EAEKLINT Deref trait, BRIF Box<T> {E#HH{ES | YR
Y Box<T> {EEFF{EAERT, BT Box<T> A Drop trait IS, box FRIEAMIELEEIE L S
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AR XM trait HFERER TITICHEME RIS PRRHEVIIRES, BEIEANEE, it
BATEFARR—TEXRE traito
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fEM peref Trait FEaeIaH SIFEMGI ALE

I Deref trait AFHNTEHIBSIRIERFT (dereference operator) * (FESFETER
FBECFERE) . BT XFA LI Deref trait BYES BEISH AT LU S (EE NS | Sk, |
MRS R4S | BB HEEE A TS EEIEH

HEITEAEEMS | BEEFNALEEMS A, ZEEZHEXHIE AL Box<T> gy
BAHERNAMRES | REERAEEGRS I B—HIF. RINSIERWMMLIN Deref trait E1SEBE
EH UM BNARTIET NEIEE. &a, FHI1=11E Rust B9 Deref s@fl3%k (deref
coercions) FFMEURERIFIIES| B E IS,

BA PR EERY myBox<T> KBISHIFR Box<T> HB—MRANKE: FNBRER=
T LEFRIE. XMIFERKE Deref, FRLAEIHESEFRFHRIEAL, BELHEZE
IHESHITARRFEEE,

BEREETRYE

BMSIAR—MEHRE, —MIBEEHNANEREERIEREEFERMREMERNT L, &
156 B, SIRT—1 132 [HRIS|A, ZEERRS|IBIERMARRERFTS|BE:

X% src/main.rs

let x

fn main() {
let y =

BF;
&x;

assert_eq! (5, x);
assert_eq! (5, *y);
}

5l 15-6: {ERMES|IBERERRIEE 132 EMNSIH

TExFRT—T 13215 5, v FF x —15|H. AJLUEE x FF 5, A, MREFEX
y BEMEETS, @IER *y KEERSIRFMERNE (BMEMIR), XiFmFEmA UL
RERRET. —EMESIAT v, BMEIbiAgE y FriismrBEEH TS 5 M.

HRINREIXRE assert_eq! (5, y);, MESFEMTRFHEIR:

$ 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, vy);
ANANNANAANANAAAN 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)
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For more information about this error, try “rustc --explain E0277 .
error: could not compile ‘deref-example’ (bin "deref-example") due to 1 previous
error

ARFLBREFWEIASHE, RACIEARNEE, HIERMES|I RizE/BERS| B
mrME,
55| B—H£(EH Box<T>

AJLAGER Box<T> (&S| FRES A 15-6 HEIRED, =) 15-7 B Box<T> LEFRIARS| A
EBRASTA 15-6 H5| B LERBMES I BEREAEE 6!

X src/main.rs
fn main() {

let x
let y

5k
Box: :new(x);

assert_eq! (5, x);
assert_eq! (5, *y);

}

M5 15-7: 1F Box<i32> H{FRfES|BzERT

T 15-7 #8EE R 15-6 ETERRMGTZR v IREAN—NEM x [EHE IR Box<T> 5,
mAEiEm x E5IA. ARENES, AIUERESIAEEMRL v A5IANERNG R
IBER Box<T> BUIEET. #EFHKILBATEI LI E SHIREFIRE Box<T> BEXAMB MKFHZ
b,

BE X EaEfgH
ANTHRSBINER N EREIEH 551 AHARE, RSB DRMUTARERERMEY Box<T> £
BpvEekistt. EEF IJUWMMAIEIMNERRES | BEREAFBIINEE,

MIRZAS £, Box<T> WENXANBE—NuEMNTTAEIE, FRLURHEI 15-8 LIABRAIE X
7 MyBox<T> A, FANEEXT new BREXRI N TE X F Box<T> By new EREL:

NHERZ: src/main.rs

struct MyBox<T>(T);

impl<T> MyBox<T> {
fn new(x: T) -> MyBox<T> {
MyBox (x)
}
}

5] 15-8: TENX MyBox<T> FEHI

HEEXT =LK myBox HERT—MZEBR T, AARNEEHERA UERIEREERN
Ho MyBox B—1EE T RETERRITALIIME, MyBox: :new BEIREX—1 T REMSEHH
R [E—PNERIE NERY MyBox SEfl,
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SRIERAB 15-7 REREBIINTA] 15-8 FFHEH nain FEARIIENA NyBox<T> KA
Box<T>, Ml 15-9 FBGRFIREELIE, EH Rust FENELEIRRS | MyBox :

X% src/main.rs

fn main() { ?&
let x = 5;
let y = MyBox::new(x);

assert_eq! (5, x);
assert_eq! (5, *y);

5 15-9: R LUERS|I B Box<T> HHEIM S N ER MyBox<T>
TEEANNRREIR:

$ 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

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> ZEEIREEMRS| A, EAFRKNTEKREIZEE FLIMXNIEE, ATEA * TEFTINMR
S|AAIhEE, TEII Deref trait,
SCIY Deref trait

NE+F “AERBILI trait” BIFTITIER, AT KM trait, FERME trait FRIFER AN,
Deref trait, HFTERERME, BXRKIRH deref 7575, HEMA self HiREI—NAERRIE
BYSIA. Ifl 15-10 BETENXT MyBox Z LRY Deref SLIY:

NHR: src/main.rs

use std::ops::Deref;

impl<T> Deref for MyBox<T> {
type Target = T,

fn deref(&self) -> &Self::Target {
&self.0

}

5] 15-10; MyBox<T> _HY Deref SCI

type Target = T; AT X THATU trait BUXKEEE, KEEBER—MEBEFRRNE X ZE
SHNAR, UAEELTHEISHBLE; EZTEIFANE.
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deref FFiAEFRENT &self.0, iXi¥ deref L@T?k?%ELL * BERTHIRMENSI B, |
2—TERE “FA A " &84y .0 FASRiAIn)TALEH
AHE—NTE. /T17,5J 15- 9 EPE’J main K yﬁlEF'S('J‘ MyBox<T> {EHY * JFFINTER LURiFHEEET
M !

%A Deref trait BNIE, {RiFBRMESIE & SIS, deref FiEMmmiFese T IREUEM
SCILTY Deref trait BURBVM(E, HBIFRXNERD deref AIEFIREN—MEFEWRIFES|
8y & 5| FAMIEE T,

SEAETH 15-9 i *y B, Rust EXL EHEREFEIT TS

*(y.deref())

Rust ¥ * IEENBIR NI deref FABHITEBS|I FARVIRME, WMLBAMEFRAELOR
BIEFFEEA deref 75757 Rust B MFERILULRATE HITA—EINEE, TiCEX
BB EMSIBIERSRI T Deref YA,

deref 7FZIREIEMSIA, LUK *(y.deref()) HESINORVE @S| BN ANIRERTE TR
B, IR deref FZEEROEMAZERNSIA, EEFRZLH self, EXEURKERD
fERMES | Bz RTRER FRAHATHLEIREX MyBox<T> RERMERIFIBEN.

AR, SRERNEREBPER * Y, * SEREEEE T AR deref FIEBIZEFEH
* fRS|AMIRE, BRSEZ4E R, F2X * BERLRE)I8R, oI Em i32 L8
MEMELT, XMESRE) 15-9 A assert_eq! BY 5 FBILED,

EREF 75 ERIBR I Deref 3RHIFE IR

Deref 38350 (deref coercions) YS2ILY Deref trait BUZEEIAIS | HEE R N B —FHIE RIS
B, 80, Deref sa%|En] LU &String ¥53)y &str, [EJ9 String S2INT Deref trait [ElIt
BJLUR[E] &str, Deref s2HI3%122 Rust 7ERE T FHAE S LB—FEFIR(E, HEREE(ER
FEIT Deref trait UK, HXMIFTELREMS|BIENLSEFRLNA S LR ERIKEL
WA EREEDHIT. XNEE—RTIN deref AR, BIRIHRMUAEREIRE TS
FRrEa9RE!,

Deref S2H3ZIRATINGESS Rust i2F RS REIRM 5 A HARTHEMIZ B ER &« 0
RS ARSI, XN REEERIAI RS EZRSER T 5| A sefs RIS,

fENER Deref SREISEHRBYSES], IEIRAVERTA 15-8 HIEXBY MyBox<T>, LAKRfl 15-10
HRIEMNEY Deref SE, Rff 15-11 BR T —MEEFNE slice ZEBIREE X

NAR: src/main.rs

fn hello(name: &str) {
println!("Hello, {name}!");
}

5 15-11: hello RKEBEE &str LREIFIEEN name

BILUERFERTE slice fENSEUAMA hello KR, bl hello("Rust");, Deref &I (EF
F3 MyBox<String> KEUMERIS| AR hello R ATIEE, /Rl 15-12 Fiik:

X% src/main.rs
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fn main() {
let m = MyBox::new(String::from("Rust"));
hello(&m);

}

T 15-12: [EA Deref 3&l¥%i#, fEF MyBox<string> BI5|FIFA hello EAI1THY

XEBER &n AR hello KEY, HA MyBox<String> {HRYF|A. EARHGI 15-10 FHFE MyBox<T>
ESSILT Deref trait, Rust AJLUET deref JEFG &MyBox<String> I &String, IREREH
RRMT string LAY Deref SEI, HZREIFFE slice, XAJLATE Deref By API XXHEFFEE!,
Rust B/RIEA deref 3§ &String T &str, XFFE hello BEREIENX T o

903 Rust 2B LI Deref 5255 #, J97T7ER &MyBox<string> KRARYEIFA hello, MARIF
RSB 15-13 REVAIERAERA] 15-12:

Y& src/main.rs

fn main() {
let m = MyBox::new(String::from("Rust"));
hello(&(*m)[..]);

}

T 15-13: 905 Rust 72%F Deref 3245 N 4R S BILAS

(*m) & MyBox<String> fB5 |9 String, #%&& & # [..]1 IJREXT A String FFFE slice
SRITER hello MU H, & Deref iBHIFIRFAA X LR S RE—ICEEMH USRS IR,
Deref s&fl|3% #2118 Rust EEIAYEEF (1AM IR IX LEEE A,

LS R EIRIRBE X T Deref trait, Rust ZOITXLERBHAERAET LR Deref: (deref
ARSI S AR, XEMTERAEERIFN, FrLFIA Deref s2FIH A S B EBITH
FreH!

Deref 32H3RINAIS AT E 4R E

FATFaNMaIfsERS Deref trait EEHARI LS| A/ * IZERF, Rust I@¢ftT DerefMut trait BFE
HOL5|BEK * BERT.

Rust TE&ZIZERYH] trait SSINHEE =FE RS 1T Deref saff5%5H2 ;

1. ¥ T: Deref<Target=U> BFM &T Z &U,
2. Y T: DerefMut<Target=U> BJM &mut T F) &mut U,
3. ¥ T: Deref<Target=U> BJM &mut T F| &U,

KR NMERERT BT AR ZINERER: F—MERRPBURE—1 &1, M T K
BTG U BBy Deref, MIBTLUEBAMISE] &V, 5 -MERKRAXN FRIZS|I AEEEMERE
#9170,

BZNERBERH: Rust BRFAIR5| ABRENFTATRSIAH, BERZEFFAEEN: FAX%
SIAXIEE A REsRI NAIES| . EAMREERMAN, MRE—AE5IA, HUEXER
ENE—SIA (BUEFBTERE) . B— 1 AE5|BERATAES KT ASITRE
RN, BT AR ATEs | BUFEENENAR E5 | AR HEE—IAIE5| A,
BERAMMNTERIEX—R. EIt, Rust TARIGRAIZES| AR Z5| BN,
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f$£F prop Trait IZ1TRIRILET

M TFEBEIEHRIVRIRE N EEM trait & Drop, HAWK(NEEEZRFERENEEXE
WATRYIRIE, FRATLUAEAIEELR M Drop trait BISEIN, RIEFTIEERIUIDM A FRBEMUT
MBS E R R,

BHAEERetEs L XYL prop, BRRAERINEsEFSHEI/LF S =FAE! Drop trait, f
9N, 2 Box<T> HEFIIZIFEM box IEMEAVHEIE],

FHM—EESPHFELEERE, ARSI EEERERTRERENE RIS EAFIEA
BEAFHFRNAE. BILRAIEEXAME (file handles). E#&F (sockets) F3H
(locks), MIRTIERYE, BITREBNARAIERSENHEIEMA . 7 Rust §, FAILIEE
BLHESFERERERITHNAE, FESEEAXERNE, FRANNMAFTETZEFTF
FREERFILERITBFEXETENANE — MAEFSHREIR!

IEEEESHERENZAITHRBE A XELI drop trait, Drop trait ERILIN— UK
drop Y7574, BIREX— self WEJL5|H, AT HEBEH Rust {RIFTIAMA drop, iLHE(TER
{EH println! iEA)SCI drop,

il 15-14 BRT W—EHITheEM e S H L FIEF(EREET, FTENH

Dropping CustomSmartPointer! HYZLH#J{A CustomSmartPointer, XE7&s~ Rust {AIFETT drop
AE:

X% 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"),
b o
let d = CustomSmartPointer {
data: String::from("other stuff"),
Y,
println! ("CustomSmartPointers created.");

}

M5 15-14: Z5K9{K CustomSmartPointer, HILI T & FIEAZH) Drop trait

Drop trait @& 7E prelude A, FEILTFIGHSINIER, F{E CustomSmartPointer 3T
7 Drop trait, HiRMT—NEA println! By drop F7AKI, drop REIAEHEEIZHER
KB ERISETEAEETHIZ RN, X BIEFITEN—E AR L nf ML E R Rust {rIEY
VAH drop,

1£ main A, FR{TFHETH CustomSmartPointer SCHIHITENH T

CustomSmartPointer created., 7f main FYZLE, CustomSmartPointer HYSLfl&SBEF{ERAE,
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i Rust KIFAMETF drop FEPHARE, ITEMHRENER, ARLEEXIFA drop 5
A

HEITXMEF, LIRS

$ cargo run
Compiling drop-example v@.1.0 (file:///projects/drop-example)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.60s
Running "target/debug/drop-example’
CustomSmartPointers created.
Dropping CustomSmartPointer with data “other stuff'!
Dropping CustomSmartPointer with data "my stuff’!

HLBIBFERE Rust EENAA drop, HIEARIHEENNREE. ZELWEIENERBIR
FREF, PRLLd 7E ¢ ZBIMREF. XMIFRERRS T3 ]1—1 drop 757AINAI T ERIA]
RES, FIBEFEEEREMMFRITHIEERBMAZITEME R,

FEE, BABLE) drop EEHFR—MHEZNE. BEHAFERH drop ; B4 Drop
trait FENEXETHEEMEN, A, BIrARFEEREFEEME. —MIFEH
ERE R EEDNY; RAJREHRERFISIT drop F57ARBN B EIERE PRI E IR
URERE. Rust HARARFFEATETNER drop trait B drop 757%; HENFHEEIERFLERZ
RIRLRGIRRNRERIE, RN IZERNZHEINERERRHEY std: inem: :drop KL,

NRBNVEZETBI 15-14 HF=IHXIEA drop trait B drop 5%, MAEFEMRTEI 15-15 ABEE
FREAESTE I,

NHR: src/main.rs

fn main() { ?G
let ¢ = CustomSmartPointer {

data: String::from("some data"),
H
println! ("CustomSmartPointer created.");
c.drop();
println! ("CustomSmartPointer dropped before the end of main.");

T8 15-15: ZiXFEhiEAR drop trait B drop A EIREHIE
NREZWEFRIEFEWNTEIR:

$ 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();
| ANAN explicit destructor calls not allowed
|
help: consider using “drop’ function
|
16 | drop(c);

| ++++4+ ~
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For more information about this error, try ‘rustc --explain EQ040° .
error: could not compile ‘drop-example’ (bin "drop-example") due to 1 previous
error

EIREEREARAIFERNIEA drop, FBIREEFER T RKIERWEEL (destructor) , X2—
BRI ERER B A RIEARIE, WHRER IR eSS FIHEEER (constructor) . Rust A
By drop ERENFEE X 4 — MTHEREL

Rust RAWFRNIZEXEA drop HA Rust MHARTE main MERIMEBHAR drop, XRT
H— double free 1%, EA Rust =X FEAEREMNR,.

ENTEeRA ”:'HE%FFT’E%E‘ZNEEM@E)\E’\J drop, HEAEEREINFHA drop 777k, WARFEA]FE
BRHIIRFFIEE, FILUER std::mem: :drop EREK,

std: :mem: :drop RIEARETF Drop trait HAY drop A%, AILUBEEEEERBEIEZEFMEIEN
S8 ZREALT prelude, FRLAFRATEILUERRRMHI 15-15 Y main KFR drop K%L, 40
=~f51 15-16 B :

X% src/main.rs

fn main() {
let ¢ = CustomSmartPointer {
data: String::from("some data"),
1%
println! ("CustomSmartPointer created.");
drop(c);
println! ("CustomSmartPointer dropped before the end of main.");

T 15-16: EERFEREIZATEA std: :mem: :drop BI\EE
BITXERABESITENHIT:

$ 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.

Dropping CustomSmartPointer with data “some data’! H{I7Ef CustomSmartPointer created.
#0 CustomSmartPointer dropped before the end of main. Z[a], FRBET drop F3E#IART
HEWEFRT co

Drop trait SRELPIEEMNNERAUATEMER, REFFERSHENZE: LlAIUAR
BIRIKABE CHIATFIECEE! & Drop trait A Rust FEEW%%, REFHROZ FHARIEE
2, FN Rust zEIFTEMXET (E,

REALIEOETFANBENEERNEMSHNER: FMENRSHRSIREEERHY,
WEER drop A ETBHRERNHRIAR—Xo.
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MERAFIT Box<T> M—LEEEEISHH RV, LEFHATIEMRERE S E XA E M LS sETS
o
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Re<T> 5| ISR EREIS T

REBD BN FRAENEIFERRMRY . A LUEEIE N EEREREME. A, BEERE
MEAREZBZIEE. HIN, EEMESHT, ST AAEERERNTR, MXTTR
MELZ EHAFREIERERNIFMAE. NTRESAETALERENMREERMEEZA, #
ENVALR A EE S

HT RAZAENEES R HERM Rust HBY Re<T>, HABIEHEK (reference counting) H
#BE, IBIHHERECR—MENS | BHERMNRX MERTNEWSER. MEENMEEE
N5IA, MAREBEEAENE|AHA LS,

A URHEHBRANZETHRNER, S—PARRKEBMN, MITHER, EALATLUERER
Ro HRE—TABHEEN, #XEEMENERBRERT . MREATEMBAEEEN
BHERLKIE 7B, [EEERANATESIIIA!

Re<T> FF YA IFLEH L oIl —LEARFHEFHZ N E IR, MELEERFNFHER
FRW—IBoaRRERER TR, NRELAEMIED ERE—NEREHRIE, 7l
S EASIENFIES, EEMNFERSGRNGER UIERIZ £,

AE Re<T> JEEATRARTS; EFETAETIEHANS I REIMNAEZSAIEEFT#HIT
Bit#k,

{ER Re<T> HEHIE

1EERAEIZIRA 15-5 FEEMA Box<T> FE X cons list BIfIF, X—R, KINFERIEZRIHEE
F=NTIRFIENNTIR, EMSRSEERNE 15-3 Fimk:

Bl 15-3: m5I&, b o, REF=15I% a BIFAEN
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FIR aBE S ZER 10, ZEEEMMNYIFR: b M3 FiBM c M 4 Ft8, bl c =¥ EE
& 5 10 5K a, MANEWR, XA MNIRSEAEZE—NIIRFAEE 5 M 10,

S ER Box<T> EXHY List SCIHAEET(E, @0nH 15-17 Frm:

X% src/main.rs

enum List { ?G
Cons(i32, Box<List>),

Nil,
}

use crate::List::{Cons, Nil};

fn main() {
let a = Cons(5, Box::new(Cons (10, Box::new(Nil))));
let b = Cons(3, Box::new(a));
let ¢ = Cons(4, Box::new(a));

}

T 15-17: BRAREAM Y Box<T> BUFIRZIAAZHE =1 FIRBIFFBEN

RIFFHINTHEIR:

$ cargo run
Compiling cons-list v@.1.0 (file:///projects/cons-1list)
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 ¢ = Cons(4, Box::new(a));

| A value used here after move

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 Ry A EAETFRVERE, FRIAZEUEE b FIREY, a WABEN#HT b X b SR ao &
EEBRZEAEA a QI ¢ iy, XRWAY, AN a BIFBENELEHRZE,.

AJLAPRZE Cons REMCKREFR—1N51A8, AEEpIUsEEamARSH. BdisEEanEAH
28, RPFIRFNE—NTEHEDSFIRESFEN—HFA. XA 15-17 AR5
KBS, BHANZFRERERERNLL,

Bk, BAMER List BIEXAER Re<T> A Box<T>, WIRfY 15-18 Fiimo. BEE—T
Cons TEEEE—MEM—NEM List BY Re<T>, HEUE b BY, RNEFTIREX a BIFFAN, X
ERRfE a FREER Re<list>, XRRESIAITEEM 11EMNE 2 HRIF a 7 b HZE Re<List>
REIERIFTEN. BIR c NRFR%E a, XSF5IAITEM 2 1800 3. &XIER
Rc::clone, Re<List> REUERSIAITRERRIEM, HEIES5|AZREBIESRTIIEE
#,

X% src/main.rs
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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> EXHY List

EE(FA use B Re<T> SINEMAE, EANERTE prelude H1, 7E main R T7EH 5 1
10 BOFIRHIGEF R a RUETAY Re<List> i, HEEHEIE b A0 ¢ B, J8A Re::clone BR¥L
HZiE a 1 Re<List> BI5|BIERNSEG

el LU a.clone() MR Rc::clone(&a), FiITEXE Rust BSJIREFER Re::clone,
Rc::clone BYSKIMHAEARER I EEAY clone SLINAREEXTPRB HUEHITRIEDl, Rc::clone R
KIENNS I B, XHAEEZ/VEE, RENTESEERKNIE, BIFER Rc::clone
BT AITEL, AR EXBRE e BEFE N5 | it R mbE, HERRBFHN
HaEREE, REZERENLNTEMEFEZFE Re:clone A,

5EBE Re<T> RIEHNSIAITER

IEFNHERURA 15-18 BIAES LUEMRBZFM EFF a B Re<List> B3| AR5 AIHENE.

B 15-19 FR, (BRXT main LUERFIR c EFASMERET, XEFEMAUMNES « BFE
FRIERY 5| AT BN & 1L,

X% src/main.rs

fn main() {
let a = Rc::new(Cons(5, Rc::new(Cons (1@, Rc::new(Nil)))));
println!("count after creating a = {}", Rc::strong_count(&a));
let b = Cons(3, Rc::clone(&a));
println!("count after creating b = {}", 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: FTENHS| AL

ERERFPEN S| BITHEHNS, SFTENH5I A3, EERLLEIIER Re::strong_count
RIFFRIF. X PR EROY strong_count MARZE count Z[E/ Re<T> 5 weak_count ; 7E“8#
%5 | BIEE: 3 Re<T> TH Weak<T>"ZBHD IR weak_count BYFEIR,

XA RFTEN:

337/562



Rust i2FIgITES ERFXhR

$ cargo run
Compiling cons-list v@.1.@ (file:///projects/cons-list)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in ©.45s
Running “target/debug/cons-list’
count after creating a =1
count after creating b = 2
count after creating c = 3
count after c goes out of scope = 2

HKNBEBEE a A Re<List> FIIASIBITEN 1, EEE/RIEAR clone, IHHEIEM 1. H ¢
BEFEREET, TEUR 1. AARIAA Re: :clone IEAN5| AT EFREIAR — M RECRRE L 1T
¥4, Drop trait FYSSILY Re<T> EBEFERE BaRL 5| it

MEXMIFENFFREEBRRINE, 7 main NLEEY b RAEE a SHEREN, LAitHsRE
0, [EBY Re<list> #5ELBEE, FH Re<T> RF—NMEBZIER, SIHEIHHBRRRESE
A ERAEEEEDRIFE R,

B ARATS|H, Re<T> AFEREFNZ IR ZERIFEZEHIE, W0R Re<T> HAFZH
AIL5|H, NaERENSIHENERMNZ—: HEMUBENZ NI EEEERIEES
MA—E, FEALESEIERIEEERAMN! E T35, HITETICREaI T =N
RefCell<T> SR, BEILLS Re<T> EEERARMIERTTHEHIRE],
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RefCell<T> FIRZFA] TR

REBEITMYE (Interior mutability) 2 Rust F—MEIHE, ©AFREMEEERIZS|H
B IR $E, XEESEAMUFARAEN. ATHREEHIE, ZEXEISIREWDER
unsafe FXEDRIEME Rust BEM AT HAEAMN, FALLRERBEBNEFIOE XL
MASIHFEERERIICE, E-+E2FIFMAMNBRLLKE,

SR LHERABEETHIETERMRN, BMfERIFSFEFRIENER, FILUERERIBLIE
AR TR RRIEE, PP RAY unsafe ARG HA R 2 APL 1, MIMBSEEULA
BAEZH.

A ESEEAEBAI T IERIUAY RefCell<T> RRIRFIRRE,
iBid RefCell<T> TEIBTTAIIRHIEFAAFRN

RETF Re<T>, RefCell<T> KERHEBUBRM—RIFTEN. BARHAILL RefCell<T> REFHK
Box<T> X#FRYZKAIE? [EIIZ—TEMHEFFFRIERMN

- FERSENZ, REHE - IESIARNERHENFIESIAZ— (MAZERE).
* SIABIIREBE K.

3+ F 3| FBFN Box<T>, ERMMAMARATZM (invariants) ERIZHRMESWREIHIT. WHF
RefCell<T>, XLEERTILMIERTEITH,. XF5IAH, MNRFRXLRN, SBE— N RIFHE
Ro MIXTF RefCell<T>, MRF/RXLEFMNIZF S panic FiBH,

FERENREERMNNAEEXEBRRFEFAKIZNRIRIER, FIXIEITIREMEE
e, EAFMENDIRERRAITTRR 7o Alt, ERENEEGRMNZAMBIBERNREE
%, XWIEREAMZE Rust BIRIATT .

HREETROEGRAANNFLNZATHISERNFRE2NTR, MENERFNRED
AR, B, EU Rust ixE, BRERTH. ERABHN—LEBERAERISD
MRBEN: HhREZWHMIEIUEE (Halting Problem) , XiEBH T ABAERE, I
INRIREABIIEX B —MERHARIEB X,

EA—EDHEARFIEER, SR Rust FwiFSAEBIFRENMNEmE, SrgIIEL—IE
WRER,; NXMAEZREERTHN. MR Rust BRFEHNIER, BARFEMT=E
1S Rust FMMAYIRIE T o #AT, 03R Rust IELIEWHIER, RASKREFRTERAE, BFE
HRRYE, RefCell<T> IERATHIRBENDETERMN, MewiXsaEIEAENFBER

f&o

FKUTF Re<T>, RefCell<T> HEEATFHRLEETS, MRS XEZEKE L TXHER
RefCell<T>, RFEH—NMRIFHIR. BT AESNBUNAEZSEXIZZEFPLIN RefCell<T> By
IhEE.

YN 93%3R Box<T>, Rc<T> T RefCell<T> FYIEM:

* Re<T> RFHEREIEBIEE S B E,; Box<T> fll RefCell<T> MIRBE—FRHE,

« Box<T> AFERZFNATAAIZTHATEAKE; R<T> NAFERFRRITATTERK
7E; RefCell<T> RIFEIEITHRITAI RN AITERAILE,

A9 RefCell<T> RIFEEITRMITAITMEENRE, PRSI LITEENME Refcell<T> BEE
R THIER FMERERZRE,
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AR LEANERTEREREBRIEE (interior mutability) &3 ILEITEERBNEATE
MHRERN, FINeXZWNE A IEIEER.

MEPRI T FRITENRIEEA
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 x;
| ANAAAAN 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. ESEINIIAEMAEEIEET, RefCell<T> B—MNARAEAZIERNT %o
RefCell<T> R BT LAMEAMN, HIFF[PNERALERIATREIAIEMHBN T
TR EERNN, NMRERT XL, ZHI panic MABHIFHEIR

I FATET — P KRB FRRFR M AT LAGEAR RefCell<T> RERARAIREHBEENAXA
MEB R XA,

REBATZEMRAS: mock &

BERENRFREFRZAENREERS —PRE, UENRERIFENTHHENS EEMIERSEK
MAYe XA MBS MIAE T (test double) o MEBEGIEHFHNETER (stunt
double) —#¥, BRERTHEEENTR. WABEZEETIXREAENEE, mock 3t
& EREXRENNAES, SNcRURIRRERLRET T AU ER S 12(ER ERAY.
Rust H MREMIESFEIVEEPRENZINRIRE, Rust &EEREMIESIFER
HEERNRE mock WRINEE, NIFANHSEAIUCIE—15 mock WREEBRETNEERIEN
1o

MTFE—TRNMNBBNVHNZR . BITERE—TRBRENMESEAENEENE, HRIES
AESHRAENEERLEERS. N, XTEJURATIERAFPFAATN APLARKER
o
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BERRMIERERAENER, URAMBRLIETAHESNIEE. ERALENZFIEEE
RUSPRAZZHBIME: BFILUERIER—FHER. KX emaill REEEFS. ELS
THRAEXEMTT; IFLIELRHE 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, HRBEENEERIZEES

XERBPR—NEER S BIBE—157E send By Messenger trait, HIREX— self BARALEL
SIRAMXAEEFER. X4 trait & mock MRATFEELIMAVROE, X mock #EEGR—TEIE
MM RBIEERT . B—TEENIBRERNEEMA LinitTracker BY set_value F57EHI1T
Ao BILIBIZT(EBAY value BEAIE, T set_value FHEHREMEFEIHAMSAE, RKRIFE
LaeiBin, MRFNCIZB—SEIT Messenger trait FIEBIEFE max [HHY LimitTracker BY,
HEEARE value ERY, HEAXEEBENHERAEGENHE
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BANPAFER mock WRZ, WA send HFAKIRKIX email BPHR, MERIBRESHKBNE
RIET o TLUFE—D mock WRLH|, BEEIE LimitTracker, JEF LimitTracker By
set_value J57%, %F*ﬁ’g mock MRELERKNTHAERVER. Tl 15-21 BRT— M Ltt=
AT mock WRIEM, FIBRRERHARIF:

XL 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: ZIRXSLIN MockMessenger , BRI EZI N AIFXAM

MIRFCIZE N T — MockMessenger £5#3{AK, H sent_messages FEEH— String {HHY Vec
FARIERWENRIEZIER. HITEEX T — P KEKEREL new LIEFHENTIHEYIRFBR
MockMessenger {H, }EZ&/J MockMessenger SLI Messenger trait IXFFLB] LA LimitTracker
RM— MockMessenger, 7E send J57ARIENXH, KRIENRERFASHHERET

MockMessenger By sent_messages 5I|JFRAA,

A, FATWIRA T H LimitTracker #EHFRE value & BB max H 75% NEMNME. B
FHTIE— MockMessenger, EEMZTHE TR, EEME— LimitTracker H(ZHHE
MockMessenger HY5|FHF0 max {E 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));

| ANNNNANANNNNAANANN “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);

3 13

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

RBEIEBCA MockMessenger SRIEREE, EA send FERKHIERT self BIARRIT5| B, il

THERNEEIRIB PN &self 249 amut self BRI, ENFBHEHEEETE impl FiEHEHE
#, WWETE Messenger trait EXPEHER. BIHAFENA T MIATMELLE Messenger
traite MKk, BEIMNFEEDEHLNXRBEREIITRS, ERLE

XIERREAIEMANAR ! FIPRFIED RefCell RfETF sent_messages, AT send KFaE
B3{ECY sent_messages HEFHR. Tl 15-22 BR 7 AM:

XHE&: 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> BERSTEIMMERINA BRI BB R MEKRNEE

I7E sent_messages FEFHYEKAIZ RefCell<Vec<String>> A& Vec<String>, {E new KEKH
1£5 vector SMNEBIERT — RefCell<Vec<String>> SZfl,

XF send FENKIM, 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{EMAIT5|H, X2—1 vector, EER L vector BRI 5| FHiE
F push LUEIERNIAIIZPEEIRIER.

REVHIHBMERAI TS AT EHEIHERAL vector FEZ/ DI, FEIRAA
RefCell<Vec<String>> By borrow LIFKEX vector BIAREI 5| A,

IMAEBANIIR T NAFER Refell<T>, EFHAIAR—TEEHFTIERY!
RefCell<T> fEIZ{THYICRIEH

HEIEA TN T 5| A, F17251EA & M amut iF7E, IF RefCell<T> R, NIZE
borrow F] borrow_mut /5%, XEF RefCell<T> 24 API B—ZB4, borrow F57%iR[O] Ref<T>
KA EBEIETT, borrow mut 75 KIR([E] RefMut<T> AW EREIEFT. X PIEEEBSLIN T
Deref, FRLARILAHIEERS| AR,

RefCell<T> iR YBIHE Z/ D NNESIAY Ref<T> ] RefMut<T> £ BEISET, & /XA borrow,
RefCell<T> RERIN A TERITEI—0. H Ref<T> EEF(EREN, AAITERITER
—o FAGRIRIEIMERFN—FE, RefCell<T> FEEMHERAFEZ N AABEBHEF— AL
B,

NRBANZHE[OX RN, ABEL S| ARYBIRIFRIIEIR, RefCell<T> NSEIMBIETITHSHIR
panice Rl 15-23 BR T XRAI 15-22 F send SLIBUEDR, XEHNHEZRHEERER
M A EERUERT RefCell<T> RAWFRATEEITIRIX AM.

NXHE&: 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));

T 15-23: ER—{EREREIEM NI ZS | BHMER RefCell<T> FZ panic
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XE Y borrow_mut iR[OHY RefMut FEEISFHEIR T one_borrow TE, HEMBRANLGAEE
£ two_borrow BT F—MAIRER. XSEHERIEREFLIZRTAIZESIA, XRFAAIF
B SHIETTERIRE, 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:

already borrowed: BorrowMutError
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, XHIFLE RefCell<T> Y{AITEIE
TR E S AR AN AR o

BN X EXFRFE T TIHERERERM AR ENERESAMEARKIENEA =
AUBBERIR, EERARAMIEFHRES 4. ERAAEETHMAZRHENICR
ERMSBENEITIIERRET, A, £ Refcell FREIAWAAIREN L TIPS
S B B LICREER mock WRMAFRE, BABIE, BRI LUEEER
RefCell<T> FIR1GLLHE MG | AFEEIRHRIE ZHITNEE,

458 Re<T> fl Refcell<T> FMH SN AIRLUEFIEE

-

RefCell<T> W—NERAERS Re<T> £5H, [EIIZ—T Re<T> RIFMEREBIEEZ I FIEE,
I REERHEIEN AR IR, SNRE—MEFT RefCell<T> By Re<T> HYIE, RMAJLASE
BZ I EEH BT LUERRET!

a0, (1276 15-18 BY cons list BYBIFAHER Re<T> FRIZNFIREZSZ—TIRIFIE
Mo EA Re<T> RAFHRAARIE, FAIU—BEIB T XEFIRERMAEENR LEBATMAN
RefCell<T> FIRIFHECRFIRFPERIBES. I 15-24 B T@ETE Cons E X FEMA
RefCell<T>, F{IMAIHENRFABTIRFBET !

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
let c

Cons(Rc: :new(RefCell: :new(3)), Rc::clone(&a));
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>> SLRIHEFEL E value RLUMEZ FEIEAIN, 1EEE a
FEEE value By Cons TRBIRERT — List, FETIE value LUE a F] value FEERBEH
RERE 5 BFFEN, MASIEFFENM value #ohEl a &L a B value,

AR a FHEHRT Re<T> XFLHEIETIR b M ¢ BF, ©AEBAILSIA a, EWRHG
15-18 —#%,

—BgIETHIR a. b M c, FPKF value BIEM 10, AULFT value JHAT borrow_mut, X
BEERTERENICHNEES I AEE (> ZERHEMAT? " #59) REESIA Re<T> LR

EXELAEBRY RefCell<T> {H, borrow_mut 75 %iR[E] RefMut<T> FREFSTT, RILANHERMESIA
BRAHESRERNZE,

HIAWTENL av b 7 c B, AIUEBEEIENEHARENEE 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-list’

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))

XMKIGIEREIY! BI A Refcell<T>, (TR —TRELAATZTH List, RNIA
IAER RefCell<T> FiRMHABI A TR G AREFRBEIMEEIE, RefCell<T> MBITRER
MU EBHEFRIPRINETHRBERS, G THESMNTEEMME —EHaeEE
1889, JEE RefCell<T> REEATZLEIENID! Mutex<T> B—NMEIERSHRZASH RefCell<T>
BINESEET/REITIL Mutex<T>,
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5| AR SATERE

Rust IAEZ S M RIEFEEE UEIMFHS KT ASEIENAE RN RERRE,
memory leak) , BHIERAEE, Rust FARRIETREMHIERAFRR, XEKERFHMIFE Rust
FHIANRAELZEM, X—Ra] OB Re<T> 1 RefCell<T> HiH Rust AFHIMAEMR:
SIS | BREIFMAREMEREEN. XRERRNFE]E, BEAS—IMN5|BitHkiztIFRT
0, FENBIELMKEFSEER.

HE5| AIEH

HBNEES I BRARINAAERNURINMEERE, LURH] 15-25 FRY List %550 tail
TERITE X A
X% src/main.rs

use crate::List::{Cons, Nil};
use std::cell::RefCell;
use std::rc::Rc;

#[derive(Debug)]
enum List {
Cons(i32, RefCell<Rc<List>>),
Nil,
}
impl List {
fn tail(&self) -> Option<&RefCell<Rc<List>>> {
match self {
Cons(_, item) => Some(item),
Nil => None,

}

fn main() {}

5l 15-25: —MFHK RefCell BY cons list X, XAFRILUMEEL Cons TARPRS|FRVEE

XEXRATRAE 15-5 R List EXHIS—MEK, HFE Cons TEMIE_NRER
RefCell<Re<List>>, XEREARRFERF 15-24 BIFEETSELR 132 BIE, FIFLERENBE
£X Cons T{AFIEMAY List, XEBRIENMT —1 tail ARG EIAEE Cons ERRIBI RIS
B EE I,

Rl 15-26 FRIEAN T — main REL, HERTRA 15-25 ABEN . XEARRDE a FElE
TR, — MM a FHIRAEY b FIR, EHEELK 2 PRTIRER b RRFIR, XZEIE
— P 5IARER, EXMIRENZMIES println! EGRERSIAITH

X{&: src/main.rs

fn main() {
let a = Rc::new(Cons(5, RefCell::new(Rc::new(Nil))));

println!("a initial rc count = {}", Rc::strong_count(&a));
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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: SIE—15|BEIF: W List (EEBERKIL

XEBEELE a PEIET — Re<list> LFIREBRVIEN 5, Nil By List B, HEETE b F
BIETEKRESE 10 MisATIE a Y List 95— Re<List> fl,

TRMEEY a FHIEM b MARE Nil, XFEIET —MEF. NLFEEMEA tail FEKE a A
RefCell<Rc<List>> Fy5|H, HMWATE link A, 1ZE{EH RefCell<Rc<List>> fY
borrow_mut FIEBFEBEMIFER Nil B9 Re<List> {EE b B Re<List>,

NRFFFERGHY printlnt (TERHIEITA, SRFEWMTEL:

$ cargo run
Compiling cons-list v@.1.0 (file:///projects/cons-1list)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in ©.53s
Running "target/debug/cons-1list’
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

QO OO 0T O o O

=2
=2

AILBREIRTIR a B2 AIEM b 25, a # b AR Re<List> SLFIAYS|AIHEERRE 2, £
main BY4ERE, Rust EF b, X b Re<List> SRS HIHEAM 2 BR 1, LEEHZ
Re<List> SEHIHAREINR, RANESIAIHEHRZE 1 AR 0. IETFRRust=EF a F a
Re<List> SLIBISIFIHEAM 2 BA 1. XA SEFIBREEMEIR, BHTFS— Re<list> LM
ASIBE, FAIUESIAITHE 1, XEFRHAFEKEFERFRFEIRBIRES. BT EEIH
BrX—5|BER, HMeIET —NMOE 15-4 FinivnEE:
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15-4: 5%k a 0 b Ktk B +RISMAZH S| BEF

NREVHERST println! BLFREHIEITIERF, Rust =IHXFTENE a #8M b f8M@ o XENEIF
BRIt

ML ESHFRER, XMIFREESIBRIFNERFRER: ST sIBEfzEREFIL
ZIMERT . MREENEFNEFPHERFEDE T REAFHSERKNE, XM EF
ZEAZTEMRRENAE, HEAREERFAHENLERNFAIHER,

SIS I RBETRARES, BEARERFIEE. WRIFEEE Re<T> By RefCell<T> {HIEIAIHER
EEG 7T AR RS BIHRERE, B INOBRINSETR—1 5| B1EF; (RIAiE
£ Rust BIFHERREN]. CIZS|IBRIR—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, HMEZZRE Cons TIXMEHRTIR, FRUAERHRLE
LB AREN, URMNEE—THXTSNFHRMRNERNGF, MEANEERLTARE
YR ARk R 5| BRI S &ERI o

f£F weak<T> B5IES| FATEIF

BBaiALE, HBNMNELERTRTIAR Rc::clone EAN Re<T> SLHIRY strong_count, MIR7EH
strong_count 79 0 BY Re<T> LA SRR, (RBAILUES EA Re: :downgrade F{&i% Rc<T>
SIS | BRI E(ERISESIA (weak reference) . 3831 FRARIARE Re<T> SLEIMFRE
1 55| AARIEFIENKR, H Re<T> LHIMBENEITHLZERFM. EIIFAEMS|B1E
¥, AAEESRE5|IBNBEFSEEMEXERNRS|BITE09 0 BT,

VAH Rc::downgrade BYRAFE! Weak<T> AW EBEIE . RETFRE Re<T> SLHIHY
strong_count fI1 1, &M Rc::downgrade &% weak_count fIl 1, Rc<T> FEHEI(EF weak_count
FIBREGFEZ DA weak<T> 5|, ZHfUTF strong_count, HXZFITETF weak_count TEFRITEX
3 0 BREE(S Re<T> SCEIMSSIE,
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A7 weak<T> 5|HHVERIREEEWERT 1, N7 EMH Weak<T> FrigmBNE, HIIXAHREEE
MAE. ALLATLUAR Weak<T> SXFIRY upgrade J55%, X=iR[A] Option<Re<T>>, YR
Re<T> EIRARWEF, MLERE Some; YN Re<T> BWEF, MLERE None, [FF upgrade
IR[E— Option<Rc<T>>, Rust RFRILIE Some F] None BYIEN, FRUAEAR=IREITLHISH

ERATA, BIIABEARMET—TTRNYIR, MEE—THRANEFHIRXAMEXT R
ESESEST A

RS EIRSEN . HHEFT =AY Node

B, HMBEE— T REBNEEFH RN, SIE—TRATEREREFRENS 132 &
MXEF Node I3 A:

X% src/main.rs

use std::cell::RefCell;
use std::rc::Rc;

#[derive(Debug)]
struct Node {

value: i32,

children: RefCell<Vec<Rc<Node>>>,
}

HKANIFHE Node BERBIBHF TR, FRUHEEREMENEZLTE, UERTUEZIARN
FEYE— Node, JAltt Vec<T> WYINAYSERIIETE M7 Re<Node>, FAIIAFEEREECAE T =AY
FT 8, LA children 1 Vec<Rc<Node>> ### T RefCell<T>,

BIR, ERIEMEESCREIZE—NIE leaf HHE 3 BB FTIREY Node 2, A
S—NHEE S5 HIU leaf (FAFTIRRIKA branch, WNRF 15-27 Fi7R:

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)]),
)
}

5 15-27: SIEREFTIRBY leaf TTRMLL leaf {FAFTImBY branch Toim

XETEET leaf HIRY Re<Node> HAEFFTE branch A1, XEBRE leaf HRY Node ILEH RN
BFE: leaf F branch, BJLUEIT branch.children M branch B83k18 leaf, FILTCIEM leaf
133 branch, leaf jgHFE| branch M5/ BEHAIEE(MHEXEK, FITFE leaf &
branch EERTim. ETFRENEXAM,

350/562



Rust i2FIgITES ERFXhR
YEIMMFEIREYSI A

ATHEFTEMEERXT R, FEE Node EMKE X HIEAN— parent FE;, B2
parent RN ZZE A, HNMHEEREEE SR Re<T>, FHAXHF leaf.parent FIEM
branch [fij branch.children £81%& leaf g5, XS S|IBEIR, & E strong_count
KIZWAREA 0o

MEBE—MAFRABREXNTXR, XKTRNZBAEEFTA: IRRTRAKERT, HFhat
NiZEEF. AMFHRANZAEERXT SR MREFFTR, EXTHSANZEKATFT. X
IEZ555| ArvHIF!

FrLA parent {FFE Weak<T> FERIMAZE Re<T>, BE{AFiHE RefCell<Weak<Node>>, IJFE Node
LEMRTE MBI RGUX

X% src/main.rs

use std::cell::RefCell;
use std::rxc::{Rc, Weak};

#[derive(Debug)]

struct Node {
value: 132,
parent: RefCell<Weak<Node>>,
children: RefCell<Vec<Rc<Node>>>,

XiF, — P THRMEBSIBEXTR, BEFRBEERTR. ERf) 15-28 A1, FKf1EH main
REAFEXUE leaf TTRALLED branch 3|BEKXTIR:

X% src/main.rs

fn main() {
let leaf = Rc::new(Node {
value: 3,
parent: RefCell::new(Weak::new()),
children: RefCell::new(vec![]),
1)

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)]),

});
*leaf.parent.borrow_mut() = Rc::downgrade(&branch);

println!("leaf parent = {:?}", leaf.parent.borrow().upgrade());

Tfi) 15-28: — leaf T, HIABIERAHEKXTIA branch B555|F

B leaf TIRAEMTFRH 15-27, FRT parent FERBFAAFE: leaf FIRENKBEXR TR, Fi
AR T — =B Weak<Node> 5| 5L,
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LY, HEIXER upgrade 57AIREY leaf IR TR SR, R1EEI—1 None B, SAE—
println! ¥tHERT:

leaf parent = None

Z Bl branch TTHE, HUSHHE— Weak<Node> 5|, K7 branch H&HE XTI, leaf
IPAYEA 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 B Weak<Node> 5|H,

HERITENW leaf XTI RRY, X—RBEERFENTEFHT branch By Some {E: ITE leaf AILYL
HRHEHRXTRT! HITEIE leaf BY, IHIBESL TIHRA 15-26 PRASSHIRHLEVE
IR Weak<Node> 5|FB#R4TEN/ (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 JAANERE R,

Atk strong_count F[] weak_count BYpQEE

B eI T — MBI AEBERIEFHIE branch BIBIEMNEF, RINE Rc<Node> S{HIRY
strong_count F] weak_count HEINT ¥, XEBRY branch SIENEFERBBRERNS.
. XEEHRARF] 15-29 Fimk:

NHR: 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: EREREREEIR branch HIGEHIRFF5|AITEK

—B@IjE7T leaf, H Rc<Node> BYSRS|AHITEN 1, §55|HITEN 0 ERSMERIFEIET
branch 35 leaf #8XEX, ILEY branch A Rc<Node> RYSRES|FAITELA 1, §55IAITEN 1 (E
59 leaf.parent j@id Weak<Node> }S[@ branch), X leaf BYSRS|HitTEN 2, ENIMTE
branch By branch.children 7T leaf Y Rc<Node> FYIED], Fid555|FIHE{IFAH 0o

L AEBERISLERAY, branch EHA{EREIE, Rc<Node> V3RS |AITHEUR/L /I 0, FRLLE Node %%
EF. KB leaf.parent FYF55|HiItEK 1 5 Node REWEFRTLX, FILUHHEBE=EEMAE
Pyl

NRERIBIERFLEREZIRIGIR leaf IR TR, SBRIGE None, EREFHILERE, leaf
F1 Rc<Node> BYSES| AT 1, §55IA1HER 0, EAMTE leaf X2 Re<Node> ME—RY5|FH
To

FrE XLEIRITHAERIZIEENET Re<T> F Weak<T> LUK EAIY Drop trait SRIAH, &Eid
7 Node EXHFIEEMF T REIR T RAIKRN— Weak<T> 5|, MAEBIAERTAMFT
mZ BN EE | AmASERNsS | BEFNRFET R,

Be
X—ERE T ARSI RMEAR T Rust BH5| BAUAPRRRHBRIESENE.
Box<T> B— T EMBIA/NHER DB LHEIE, Re<T> IER T ELBUERNSIBITHEMMAR

WENEE, RefCell<T> RRNLHREAIEMEAFRANTERFRERTLHAIR FESRH
WEME; EWREEiTHMIERFRITERMRILE,

FATEINILT trait Deref ] Drop, EAIKI T EREIEHBIITSIEE. FENRET IEMRF
MIRBYSIBREIF, LRI weak<T> HBERE( ],

MNREAERAS T IRREBHFE B EMR LR E SIS REIEHANE, 1BIRE “The
Rustonomicon” KIKENE ZHBES.

BE, EFBANR% Rust IH R, EBINEZEEIFIE—LEHINH A BFREBRE RS,
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Rust BRFIGIHES B
ERHK

Ze Bt EH L RIZR Rust WE— 1M EEB K. HEHEIE (Concurrent
programming) , KRIEFWAREEBDEEMILMMNIT, MHITEIE (parallel programming)
KRKREFAEBAREHIT, XEMISHETEVEREZNFAZAERNABMEST
REE, HTHLRE, X ETYHEE—ESRAMERZHEN: Rust HEREHRTX
_IIJI_IJ%O

#24, Rust FIBMANFARAEFELZ MM EH L REEE N2 NRERR A AR TPk, FE
ENEERE, FNERIMFIENHNARRAR—RIIBANEFELEMHALNBEE T
B! BEFRFRENRMEENE, £ Rust PREHLBIRMESRENEIR, MIBETHEIR.
Fitt, bR EZIAEMETEH A bug HIAWFEIE R, FERNRIESERSE
FRERMHREERDINEIRER. Alt, RAUEFAMEERE, MARTEBEIEFF
IREBERE, 4 Rust WX—HRET —MESTRHEK (fearless concurrency), Tt
FHR LSRR FHIREZE bug Hol UBEMEM B LT EIBOR5INFE bug.

AR WTEENER, BARRZRBAXNHE, MAREERIX D H L/
HiT. WTFAE, SRIMMKEIHLE, BETRAERA HEN/HHT, £ —F
PHXD—EBANEEN, RiIEREERITRR,

RZIES PR ENIRH L RN A A ZEIFEEB. Fi, Erlang BEMHEIEREE

(message-passing) FHA&IhgE, BREEMANENELRZREZRENSGZE. W TFERES
Rigi, REMATGERRAENFER— I SENER, RAERiESMPENMERE RS
— LT HIRIREVR . AN TREES WRERETEEFLENER TEERaN SRR
BHEELNHR. FLt, RustiffTZHIA, URFESLMFERMERNARR 0 EE

%o

MTEREERESRINRE:

o WIS AR R AT IETT Z RS,

- JHEEE (Message passing) %, HHPEE (channel) #ARELIRETEES
« HEWRE (Shared state) H&, HEHRZNEEALIARIRE—F IR,

* Sync 1 Send trait, ¥ Rust BIH A RIET BEIAF E XU SRAT AR HIER S,
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EA&IZRE{TIN

TERBOMARERGF, ERTEFNAEE—T#EE (process) FiafT, BRERFENZ
AREESMNHIE, TREFAE, BALIREZ N ENEITIRIIES, XEIETTXEMRITE
DHITHEEMAN EEIR (threads). 5130, web BRSSURFILAE S A2 UER] ARSI IRMN 215
Ko

BREFFRIT RFEDHS AR LI E LR, RAREFAIURR#HTSMES, FTIXBE
EMERT. RALERRENEITHN, AU ERSRIEREZIZPHRBIRTIF. X
SEGENIE SRR

« BEFM (Race conditions) , ZMEAZUAR—EBIIRFF LR EHESHEIR
- 5E8i (Deadlocks), MMNEARMEEFRNS, XREIEREXLSET
- ARRERERERREEURBEERMEER bug

Rust R ERLIZNAERM. FIESHIE L TXRREEDFRIMNG, RERE
REBEHBERE T BT T RARENRER.

RIBBSEMARENARNZRERE, FZRERATIRME T HES HRA L EIERLIEN APL
Rust fEREMER 1.1 RBEHERELI, XNREFNE—NESREEEH— I R254%TE. §
—L crate KM T HMBEERETF 1.1 REEESNEEREE, (Rust B async &4, HITEE
T—E5E, RETS—FHLSR.)

fE£F spawn BIEEFRLEEE

AT RIBR—NEEAE, TEIFA thread: :spawn RPHEZE—NHAE (F+=FFITHE),
HEERESHFETHAETTHNE. =6 16-1 FRAIFEEAIZITEN T —EXARMSE—
Lo A R ELAZHTED

X% 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));
}
3

for i in 1..5 {

println! ("hi number {i} from the main thread!");
thread: :sleep(Duration::from_millis(1));

}

T 16-1: QIBE—MTENR LA BRI LIZRN T LZTEHNHERR

AE Y Rust BFRIELAREREY, FREMARHNSER, MABHEERITRE. XMER
B P RE SR ERERE, FIEKE EEERGXF:
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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, EEELIRERZABRITENZT 5

MRETHEREN T ELENEE, IKELIESITHNAR, FRIEAXE (BE 1 /Y
SEE) SRIENHRERRUIREIZHIN =,

£/ join ERFFABLIEER

BTFELIREER, T 16-1 PRABEABIIHERAZIREERNELRE, RATERIEL
BEITHIRE, HTEEFELRRIERTZEZESWHNIT!

B LUBIE N thread: :spawn FREIEEFEZEFREEMBEEZET T EERITRERSEE
HITHO)@, thread::spawn HIR[EEZEAEIZ JoinHandle<T>, JoinHandle<T> B@—MABERAE
REE, SXNHEHBER join FEKN, ESFFHEELR, TF 16-2 BR T HEIFER G
16-1 HEIFEAYLLAZRY JoinHandle<T> HiFHR join RARITELIZE main RHFILRIET,

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));

)

for i in 1..5 {
println! ("hi number {i} from the main thread!");
thread: :sleep(Duration::from_millis(1));

}

handle. join().unwrap();

}

T 16-2: M thread: : spawn {R7F— JoinHandle<T> W\IIRIZLAISHENITITELER

BRI join RIEELFLREEHTOMAARNAIZER. FBBE (Blocking) iR
IREMELIEZEERIT IR, EATNRE join ARMIE T ELAZH for BIRZ/G, BT
T 16-2 MiZa RIS
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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() JARAMASEREZFELE
MIT5EE

AL FHA VBB handle. join() #ZEPE main BB for BIRZEISREHA, 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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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 FHahIT for B, FRLALRBAITELI, 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!

EIRF join IME T AIMXFRNAT, SEIMEIEREFEIEIT.
& move RS ZIZ—FEER

move KIEFLE A TF(LIRL thread: :spawn NHFE, FAFESIREVAIFIEFESHERFR
BN, ASBEXEENRENRMN—NMEZEEXRIS—1MERE, 5+ =S FHAEHRKRT
IB"EITIE T A LT XHH move, IMEFKNISE LT move 1 thread: :spawn Z[B]HYZZ
g,

TEET=FF, HITHEITUESRTIRAIER move XEFRH|H BIREVE ERRIIFRER
PR X MIGTE IR ERFTENM — B RIS — AR IR,

AR 16-1 IFELS thread: :spawn BIHABFQBEASH. HEEEHBLARENEFE
FREMELENHIE. AT EMZLREPERRETEARENSE, FEMELZNHFEIRE

ERENE, 7 16-3 BR T —IMEIREELIZFEE— vector HATHELRENGF,
FIRXAGEREELIE, SAFFR:

X% src/main.rs

use std::thread; 7&

fn main() {
let v = vec![1, 2, 3];

let handle = thread::spawn(|| {
println! ("Here's a vector: {v:?}");

)

handle. join().unwrap();
}

T 16-3: RIREF —MEIZER T LIZCIERT vector

HEERT v, FIUHESER v AEERANFASRIRN—&87. EA thread: :spawn F—1
WEARPEITXNAR, PR UTEREZFIRE vo AMAREXMIFE, SN THE

N

$ cargo run
Compiling threads v0.1.0 (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
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|
6 | let handle = thread::spawn(|| {

A

|
7] | println!("Here's a vector: {v:?}");
8 | | 3

|| A

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 ZHEBFIIMEIIEIR v, EA println! IFE v B95|A, HALSEHER vo AMXBE—N0E
. Rust RAAEXMHBLUESHITEZA, FIUTENEX v W5IARE—HEBEN.

i 16-4 BT —1 v (US| B REUSEABEERNIZR:
NER: src/main.rs

use std::thread; ?@

fn main() {
let v = vec![1, 2, 3];

let handle = thread::spawn(|| {
println! ("Here's a vector: {v:?}");

1)
drop(v); // oh no!

handle. join().unwrap();

Tl 16-4: — N EEFAENERE, ZRER—TEXTERETHREWNEIA v

9NR Rust AVFXERAIEIETT, NFHBLERRIUARERIEaHTE2RBINRIET.
BEERNBE— v V5IA, FEIELETIMERFE TEEIIEHN drop ZEFT vo EEY
WMREAETIGHIT, v ERBEXN, FIUESIRELMAET, M, XXET!

ATEERG 16-3 BIRIEEIR, FATAIARERRE SN

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 TER B ZAIENN move XBF, FrfT3EEHEIRENEERRERNFEN, MAZER Rust
HEETENIZERE, T 16-5 FRRAIXNRG] 16-3 RIEHMEDR, MMM IFHEIT:

NHR: src/main.rs
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use std::thread;

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 ERRIERIPFTAEN

BT R ERREFERN A EREERA 16-4 PEIARED, HIELIEFER nove HEREAT
drop, AMXMEETAE, EANTRA 16-4 FREIRAAVRER T — P REBERMAE R ITFo
R AAEUEN move, KB v BhHAGNIFRF, NILEFERETEETNHIEA drop
7o HMNSREWTARNRFEIR:

$ 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

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

Rust BIFRERGFRN X —REEBN T AT ) 16-3 FRVEHREE N Rust RRTFTHH RS
2ER v, XERETLEEIC FAIEERRLENSI AT, @I HF Rust K v BIFRFE
BB AAE, Tl Rust RIEXLAEFTZHBMEA vo SRMRA 16-4 AL IMILED,
BABEELEREPER v IR ERFABENFN, move XEFEZET Rust BIARTHIER,
BERRITFRNTERFIERN,

MERNEE TR T LN APL IR E, TEHILRINNBEETABER THU
BRI,
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ERHR R LIZEIT X EUE

— MHERITHRRREHANSXZHEHIERE (message passing) , XBLEIZ actor @i
RFESHEHEREE D@, XMRBEAKRT Go HFEE XM FNOS: “FE@dH
ZAERET; MEBELBETHREZEARE. " (“Do not communicate by sharing memory;
instead, share memory by communicating.”)

NTERIEBEEFFR, Rust iVEERM T —MSE (channel) K, FER—MERRE
B, RAEEM—TMERREREES AR,

{RE] AR RIZRRIEERR N —TAARRIRE, EbIaRe VR, MRIRFENRRIEZ L8
ARAEABANES, EfISIURMm FEE TR,

SEEM MRS —PN&XE (transmitter) F—MEWER (receiver) s KEIHMF E
T E, EXEALUSSREBRNES, BFWRENAT R, BEBREASEREL., a4
H—EB AR &R T AU R B ERIZNEIE, B—HoNeERBEKEIIER, HAIE
IR E— W EFR R LUAAEEWXE (closed) To

X8, HIBEFAA—1MER, ETE—TEXEENEREGERX, MES— EESEREHF
FTENHR, XBERBIEEEAZEAXERERERXMINEE, —BIRHFE T XTRA, R
MA L EERTERAEEEENEMALE, flil— N MIXARS, HFBREZSEEHITOHN
ITEHERITEERA XA —MERERITRS,

B, Enfl16-6 H, SIBT —MEBEXEMIEME, FTEXEREERIFE, EH Rust A
BHRITEEEEEPREHAER:

NHR: src/main.rs

use std::sync::mpsc; ?@

fn main() {
let (tx, rx) = mpsc::channel();

}

Tl 16-6: QIE—MEE, FHIFHMIRMES tx A rx

XEBHEF mpsc: :channel REBIE—NBVEE,; npsc & BEF=H, BIEHEE (multiple
producer, single consumer) BI4EE, f&iMs<2, Rust tEELIEENARNEKRE—MSE
A ZNTEEN RiElR (sending) , BREF—IMEEBEXEERIEWIE (receiving) . 18
R—TEZFIANERLLCRR AN A BT XL/, B ARARGESFE TRIA
Ao BRIEITUBNEFEFS, ERURMTUIEESEMENE~E,

mpsc: :channel RFOREI—NTH: F—NTREBAEM - XX, MEZNTEZEKM -
BWiR. AFHELERR, tx M rx BEENEKIEE (transmitter) F 3ZWER (receiver) BIfZ
SHEE, FIUXMERITEARBEXMRTENR T, XBEFEAT 1 let EBHFMEIRE
BWTItA; FHAESITIE let IBAPRRKNEE, IMEIFFEER let EBOE—
F5{EHEEY mpsc: :channel IR[EIAYTAH—EBHBIFER

AR RF RSB E — TR LAREPHRE—NF &, XEMELRENA UM ELIZEN
7, SR 16-7 Fiime XRMFEAN LD T —RBRBEM— T EIZERS — M EIERIE
MXER:

X% src/main.rs
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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();
})s
}

T 16-7: 3% tx BRI —MNIREIARZFH AIE "hi

XEBREM thread: :spawn REIE—NAIZHER move K tx BEhEIA B HXIFHIELIE
TAE tx T, MBRLREFTEREEENAERUEERREELNEER. FENAEREE—
send 7ARAFRENEEMNEERIE, send F57KR[EI—1 Result<T, E> 3£H, FRLUMNREI
HWEEWEFR T, FARXENBR, FIUAEREIREHEIR. EXM0IFH, HEE
{&IEA unwrap =4 panico AEE—TESENAF, FESEMAEE: EFIEHAEESIE
LB HEIRAIRER,

£l 16-8 B, BANEELEIZFMEERVEBIRIREE, XEINT7EABY THFEREREEL
EWHIXRESR:

Y& 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}");
}

TP 16-8: EELAZFIRWHITENRZA "hi”

SEEWIREMNERNTE: recv Ml try_recv, XE, IHMEMRT recv, ER receive

MWES, XZABRFLERITEIIMEEFRER—NME, —BRET—NME, recv ITE—D

Result<T, E> FR[EIE, HEEXRIXRKH, recv ZREI—MERKBAZBEMBEERIK
To

try_recv AxfAE, HREILZRE— Result<T, E>: ok HESAIAMNESR, M Err EX
RIEISZBEEMER. NREAEEFTEHEIEPEEEMIERER try_recv REMA: 7
MRS —MERRIAZEIRA try_recv, TEARAHEBRHEITAE, HRIHRMGE—ZH b

THREEIBRILE,
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HFERENER, XMIFEAT recv; TEREFRTEFFRERZINSEEMEMIE, Fr
LFEZEXSAIZE 5IEM.

iB1T 1 16-8 FEVHESEY, EITESBEIFLZTENHXME:
Got: hi

SEE!
S8 SFRENEER

FRrENINTEH R ERINETEEZAT, HAPTHINERSZTEMH LKL HLEHRHE
PHFEHIRETE Rust BFREEBAENN—KMNE. WAELRINE— I ERREEEESFA
PR —REIELGE = A B)E . BATREHEREAREPREERRIET val HZEBER
Eo ZAMFTRG 16-9 FHNBEHERNAXZRAIFH:

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: ERITELLXEEE /G, RAER val 5|48

XEZIREET tx.send KiX val BSEFZEREITEIHER, AWRABZR—IHTER: —
BRERZXIF—EER, BIMEENRIERNBRAEREZAMBERENRHEEF. H
e AZIHE R RERVEN S T A —HE A FERNHIEMSREIRNTINIER, A, SR
BRI 16-9 BIXAERY, 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:10:26
|
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}");

| ANAAN yalue 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 REGREVESHMFIERGHBINXME I
IR, XAIUMIEEREERIMBRERXNME; MENRSRE—TIRS ST,

REZMEHAMBIEWIREIFR

T 16-8 IR A URIFMIZTT, A EHLERBNSIFRIIA MRIINEIZEIEE
HEBE. T 16-10 WA —LHZIERIRA 16-8 RRIRIIEH 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));
}
1)

for received in rx {
println!("Got: {received}");
}

T 16-10: KEZMNHEE, AESRAEEEE—KRYE

X—R, EMREEFE—NFRE vector HERZXEF &R, BITERTEN], BHLES
—MNFRIBEFHIBEIL— duration (I thread: :sleep HRFREE—FD,

FELIET, FBENFA recv R MER x BF—MENR. ¥FE—NMRREIIE,
BAVFEITENLR, HEEWKHN, EABEFLER.

BT 16-10 REVAREEE, BEIWN TaL, 8—1THSEEFE—!
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Got: hi
Got: from
Got: the
Got: thread

EAELEFH for BHEHLEEMEEREFRHINE, FIUATURELEREFETMNRE
Az PEIE,

BEREAXRRAIBS I ESE

ZHIEATHREI T mpsc 2 multiple producer, single consumer 485, BILUGA mpsc K BR
31 16-10 HEYAEDR AR Z P EE—EWiR R IX BN LR, Xe]LUEE el L X imREl, a0
5 16-11 B

NHER: src/main.rs

// --snip--
let (tx, rx) = mpsc::channel();

let tx1 = tx.clone();
thread: :spawn(move || {
let vals = vec![
String::from("hi"),
String::from("from"),
String::from("the"),
String::from("thread"),

for val in vals {
tx1l.send(val).unwrap();
thread: :sleep(Duration::from_secs(1));

}
})
thread: :spawn(move || {
let vals = vec![
String::from("more"),
String::from("messages"),
String::from("for"),
String::from("you"),
1
for val in vals {
tx.send(val).unwrap();
thread: :sleep(Duration::from_secs(1));
}
1)

for received in rx {
println!("Got: {received}");
}

// --snip--
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T 16-11: MBS EFEREZSTNHR

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 LR, ERFMLIEFRHARNE, ML EN]RIE
TEMRHE, BEREERFEGELH.

RERMNIVAL T EEWNAIE, BEES —MARBFAFLSGIE,
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HERSHHE

HEEEE—TMREFNLEHLRNAN, EFFAEH— F—MHANRILSZMEAZHIRE
ENHZHE. BEE—T Go BEXEFNXAAOS: “FEEIHZAEREN . (“do
not communicate by sharing memory.”)

BIHZERFHITEE, SRAAENRE? I, IHASEREENASTESHIZRRE
RAREHE?

EEMIZEE L, EAREZESPREEHLMUTRMEN, BA—BBE—MEFXEIEER,
B EBEAXME. HERFERMUTZRENR:. STEEFLUENIBRBEENAEFLE. F
15 8, HMNMATEREHIUKLRSFAAEN, AMXIIEMEIPNERYE, RATEE
BZIM A&, Rust RBERAFHAAENNTEEREREX LR LRM T IRANEE: &
MF, LRITREBEBEREE (mutexes), BABNHNHEZAEHLRIEZ—

fEAERBEHME—HZI IR F—EI2HiREE

ER2E (mutex) 2EMEHF (mutual exclusion) NEE, BAER—RZ, ERAHF—1
SIRHIREEE. AT IAREREPIHIE, KEELEETEETIRENE R (Jock) R*KHH
HEBIHNEE, BiR— 1M EUEEN, (FAERSBN—Z9, SIEREEHIENTEIAIIN
FEEFATH, EFBREIBRSAMHRIP (guarding) HEE,

BR:BLELERER 3 BEXHEERFFBEHMBZESTEUMER) , RAMRBIEE
i W

1. EERHIEZE], DIFREB.

2. FHRETHRERBAIFRIPHEBIEZG, HIRBIEHIE, XEEMEEA BERIRE I,

EA— IR E FfF, BR—TEENINN—RNEER=T, RE—1ERX.
MNE—HRELS, MAIIBERERTEEFRAZRX. BATERNG, AL
=, HeEBERBERNRA T —UFEHENRR. NR—(RREERASESICEERNR
i, HMABTEAS, NMRMAZZZXHNEBRI TIOM, EiXSETELEE#HT!
FHRMNEBEERBFSEESR, XURWHZAZFIUARTEENERRE, A, 7 RustH, 3
mTRBRFMAEN, RARAIEEERIFARD L,

Mutex<T>fJ API

BN ERLIEMERERERFRIFGE, EFARTERZEN—MIF, 0Rf 16-12 Fik:
XH&Z: src/main.rs

use std::sync::Mutex;

fn main() {
let m = Mutex::new(5);

{

let mut num = m.lock().unwrap();
*num = 6;

}

println!("m = {m:?}");
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i 16-12: HFERMNZEE, T PNEE&IE L TXHIRER Mutex<T> #Y API

BIRS A1, FNERAXREKERER new REIE—1 Mutex<T>, 8 lock F37ARIRENH, M
A LUn R B FERPREE. XMEARSEESFZRE, EFIRIMHAEDINLE.

MRF—MNERERAER, HEIBNEE panic 7, W lock JFASKK. EXMHBERLT, &A
REUSBIRENH, PRLAFKATIEA unwrap, EXRETLZAZ panico

—EIZREXT 8, SALORREE (@R nun) A—NHRASEIENAZESIAT. KBRS
HRT BAVECER n PREZAEREE n FIREZ Mutex<i32> AR 132, FRLABAIEAR
lock A REEAX 132 fHo FMAFRETIEXAM, EAMFLERIM, KERGEMARIT
IHIRIAERR 132 B

TEARFRFIERY, Motex<T> R—MEREIRET. BRHIN, lock HRREE— R
Hutexuard HESEEHESH, MutexGuard SAERFHSTILT Deref SRISTIEMEAUR; StoSILT
Dxop, 4 Mutexcuard BIFFEFISIE, EEDBEMEN (RIEFETN16-12 WEHERMALR).
BE—K, RFRESICREHNTSHEF SRS F R AR E RN, ENH
MR B A,

BRBZIE, RIFTUTEHERSANN 32 &, HEARIVNELERENR 6.
S MERIERT Mutex<T>

MELRNZHAER wutex<t> ESMEREHZER—ME. HITEBE 10 M2, HESD
ZAZP XN E—MHEEEEM 1, XFHEREIEM 0 B2INE 10, = 16-13 PRIFIFE ISR
FHRR, MBANTEITXEERRFE SJUMEER Mutex<T>, LUK Rust X2 N7 B 1 ER
ERER.

X% src/main.rs

use std::sync::Mutex; ?0
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();

}

println! ("Result: {}", *counter.lock().unwrap());

}

T 16-13: IZFBEN T 10 Nki2, S MERERRT Mutex<T> RIBANITHELRAIE
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XEEIRBT —1 counter WERFHAE 132 BY Mutex<T>, HURA 16-12 B, KK
IMBH—18% range KEIRT 10 M2, F(VERT thread: :spawn, HAFMBLEEAN
THENHE: ENE— TR HRBEBohHEIE, A lock F37ANRIREX Mutex<T> RIS,
BERERSETHEN— J—NEREERNIT, nun SEFASEREHER, XF5—
NMEIZR A LIRENE T o

EELRED, FNMETG 16-2 BEFUE TFRER JoinHandle, FHERAEANIR join 777AKE
RAIELIEER. e, TARESRN, HTHNHEFNER,.

ZaiRmd, XNMEIFREERIE. MELRNEENTA!

$ cargo run
Compiling shared-state v@0.1.0 (file:///projects/shared-state)
exror[E@382]: borrow of moved value: “counter"
--> src/main.rs:21:29
|
5 | let counter = Mutex::new(Q);
| - move occurs because ‘counter’ has type "Mutex<i32>", which
does not implement the “Copy’ trait

| for _ in 0..10 {

| e inside of this loop

| let handle = thread::spawn(move || {

[ e 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—RIBIFPWIBEN 7o PRLL Rust HiIFFA], RBERF counter i
HFIENSEHEIZ N &R, ERITEIT—1 % 15 EVIEENSMENFR, REBEX

FHHiRo
SHIEMSFRIAN

£5% 15 B, RABEREEH Re<T> REES BT, ER—MEBTSZSITAEE. L3I
HMEFINE, BESREN 4. KRBl 16-14 B Mutex<T> 38 Re<T> B, HIEEFAEN
BANGIZEZHI5EE (clone) Re<T>,

NHERZ: src/main.rs
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use std::xc::Rc; 7&
use std::sync::Mutex;

use std::thread;

fn

main() {
let counter = Rc::new(Mutex::new(0Q));
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());

A 16-14: 2B Re<T> RAFZNLELIZHE Mutex<T>
B—REFH. BT ARNSEIR! FRREERESTHENES!

$ cargo run

Compiling shared-state v@0.1.0 (file:///projects/shared-state)

error[E@277]: “Rc<Mutex<i32>>" cannot be sent between threads safely

11

11:

12
13
14
15

--> src/main.rs:11:36

N "Rc<Mutex<i32>>" cannot be sent between threads safely

| let handle = thread::spawn(move || {

L T Ao

| | |

| | within this “{closure@src/main.rs:11:36:
43}°

|| |

| | required by a bound introduced by this call
| | let mut num = counter.lock().unwrap();

||

| | *num += 1;

|| 3

||

|

help: within “{closure@src/main.rs:11:36: 11:43}°, the trait "Send’ is not

implemented for ‘Rc<Mutex<i32>>"
note: required because it's used within this closure

11

--> src/main.rs:11:36

|
| let handle = thread::spawn(move || {
| ANAANAN

note: required by a bound in “spawn’

--> /rustc/4eb161250e340c8f48f66e2b929ef4abbed7c181/1ibrary/std/sxc/thread/
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mod.rs:728:1

For more information about this error, try “rustc --explain E0277 .
error: could not compile ‘shared-state’ (bin "shared-state") due to 1 previous
error

EE, HIREEAKAE! TAREREXTNAR:
"Rc<Mutex<i32>>" cannot be sent between threads safely, #RiF¥sstiisH T RE:
the trait “Send’ is not implemented for ‘Rc<Mutex<i32>>', FT—PFEK({I=iHE) Send: X

B ARFMERNEER LA THRIFRR trait,

AERRE, Re<T> HRREREMTELIZRHE, I rRe<T> EE| AR, E4TEZES—
clone JERBNIEMITEL, HEB—ITREFREFIEADITR, Re<T> HFBEEREAHLR
&, TABERAZITSRERWME MR TR, XATREMEIH IS, HSERSEM bug,
LEANARERIERAEMIR, HEERERZAIMEFT—NME. HIAFENR—15 Re<T> 5T
2, XULRERENAARESIAIHHRE,

[RF 5| Ait#x Arc<T>

FR=E Arc<T> IERXA—MHEIN Re<T> HAIULRSMATHAIMENEE, F& o AR EFHE
(atomic) , FRLAX2—NEREF5IBitE (atomically reference counted) #E, RFH;E
(Atomics) BB —RKXBRRSREINFHLIRE: BFEBIVEEF std: :sync: :atomic FYXHY
FRIRNEZHAT, BRIRNRAZTENE: RFRERGERLE—, UL MELRET
—o

RAIRERIFET, AT AREBIEMNERKETZREFER? AT AEEFTRIRESHE 2
INER Arc<T> LH? FREETF, &IELXEEMMEERK, BRINFERELENA HILEE,
NRRABERLAIEPIEHITIRIE, THRHIRFEFMRHEARIER] UEREETEER,

E1ZZ BTRIFIF: Arc<T> ] Re<T> HEHEEIR APL, FRIUFNTREBHKIZFTAY use 1T, new
JAA clone @AM, T 16-15 FHARERAZE URIZEHIEIT,

Y& 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();

*num += 1;

3
handles.push(handle);

}

for handle in handles {
handle. join().unwrap();
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}

println! ("Result: {}", *counter.lock().unwrap());
}

T f5) 16-15: fER Arc<T> B1E— Mutex<T> BES LA ZLAZZ BIHZPRIAN
XEAESITENHI T :

Result: 10

BRI T ! FAIM 0 EET 10, RIFEEEARTH, FE—RBERNMNHLFEITREXT
Mutex<T> MLAZL 2RIANIR! XM F RSB RVEMRAT LUR T ELIB IR E h & B2 (F.
EAXNRE, BFTEES OIS, HOREIS I EES, BEER
Mutex<T> fEF R BRVZRERREMELNER,

AR, WTERENHBETE, tmEES std: isync: :atomic RIR FRH T LE Mutex<T> BEHHY
KA, INBEARE, XERMRHTRE, HEA. RFHEF ELANGFH, ATEE
FHEAB Mutex<T> AR, Bl )4 EFRAEEARLER LA wutex<T>, (FE: WFEEHIF
Iy 132 AEIRME, EFHIMOERER AtonicI32 KAEIRTM, BARSEXH.)

RefCell<T>/Rc<T> 5 Mutex<T>/Arc<T> BYFR{MIE

fREJEEEEE T, RE counter BAAIERY, FNLARTLURENEABMERVAIZESIA; XEMK
& Wutex<T> IR TNE AT, Wik Cell RFIZEEMIF, (£ RefCell<T> AILIAZE Re<T>
FRAE (£ 15 ERHEID) , ErEts, £/ Mutex<T> FHATBEILIRE Arc<T> RABRR,

S—MEREERATRE, Rust NEESTTEBREER Mutex<T> P RIVIZIEEIR, BIIZ—T,
F15 BRI, A Re<T> MBEEMNSIBEFRIXE: M Re<T> EHEESIA, EREMT
o [, Mutex<T> WHEMFEH (deadlock) HINPL: HEMEEFEMUERNHEIR, M
MM EREDIFTERNRZFENER TN, ENSKEEEFT. WRIRAXMETEH
B, [R5 NHEEIEM Rust 127, EEMREECIES PEAEFHEATEDINERE,
HZIATE Rust FRIE(]. FRHEEF Mutex<T> Fl MutexGuard Y API XA SIRMEE ARIE
Bo

ERAENRE, FITFIIE Send F Sync trait, URMEFENRBTBEENXEE,
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Rust F2FFIRIHES @A AR
{EH send # sync trait NI BH X

Rust WHAREF—MEENATEEZ: HNZEVEN/VFFRERE, METINERE, A
BIEEABNAST. DEHEANAEAIZINEEIIESR: HIETURS B RISt
AREBFH R,

M, B—LEXBHUHLBMISRAKRTIES AEMITEERN, HPREE std: :marker By
Send 1 Sync traito

B Send RIFTELIZEIEIEFRIEN

Send #RiC trait FREASCIL Y Send RKEUERIFRBNAI ITELAAZEIE X, JLFFAEH Rust 388
#WZsend By, AIHE—LERFIGS, €F Re<T> XEAEEKIL Send By, FNMRFRIET Re<T>

MEHZHERENPMAENEBE S — e, XM MR ERNERSIAITR. Alt,

Re<T> WSLMNATRARZGR, XNARFENAELIZLZ 25| BIiTERm it

Fitt, Rust ZEIRLH trait bound HRKIZHEASRIMIEALEM Re<T> FLIREIAIX,
HERAERG 16-14 PX AR, SEREIR
the trait Send is not implemented for Rc<Mutex<i32>>, [M{ERESCINT Send BY Arc<T> B,

REITRBER T YR 1Fo

EfA5eeH send PIRBAMBIKLE WS BEIRIFICA Send, JIFFAIBEEALEERE Send B,
fRTE-_TERIVIERFIES (raw pointer),

Sync SAIFZLAZihIA

Sync #RiE trait REA—DRILT Sync MRBEIUREMESMEEFHEEERNSI B, #1—
MEIKE, WFESRE T, WR &7 (T HARTR5IA) SEMT send BIE T LM T
Sync, XEMREHSIAMAIULENAEESZ—TEIR, XIUT send BIER, BALBERL
MY sync, FTEEMKRIMT Sync RIRBARMAIRE BTN T Sync,

EBEIEET Re<T> HIFHXLIN Sync, HFHEZEXI Send MEHREE, RefCell<T> (F+HE
Witid) M Ccell<t> RFIZEBUGHLIM Sync, RefCell<T> EBEITHRFTHITHERKEHLRE
HIEREM, Mutex<T> LI Sync, EN“ELZNEIZEHE Mutex<T>" ZR53ERIFAYE BT LK
FBREZLERHZISR,

FEhEIL send Fl Sync BFRREH
BEHRNEEFLNLI Send F Sync trait, RATEEEIMT Send F1 Sync FISERIARTAIZE

B, BmpSRIT Send F Synco FAEANRATIE trait, EEERARELMEMTS . ENRZE
FAR N8 H A BRI R AT TR,

FohRIXLEARIE trait FREFREFR LM Rust Xi8, EZ+ERSHRBEENSE; ZHEl
EENRE, ELIEMBIEARZ Send # Sync BIEBDMMBIH K REFEZM/IWD, LUAR
HIFHR2MRIE, “The Rustonomicon” FHEZ X FXERIELUSMNAER EER.

B4

EARBAPRRE—THRAALZNET: T—ERNETETEIHE, HEE-T+—EHM
BSEEUENIRPEARERS, MAMEREERITICAIXENIF,

373/562


https://doc.rust-lang.org/nomicon/index.html

Rust i2FIgITES ERFXhR

IEWNZEREIRY, E7 Rust ZHRDELEHLZHBIAS, BREMH LS EEH crate
K. EMIFEEZLRRHNER; 5EN LERIR&MIIATZLENRM crate.

Rust IRt T R FHEBEENEE, MK Mutex<T> ] Arc<T> XFAIUREMATHE LTX
BEREIETT. RERSENEARERSHAXEGRPHIABAIHILERFNEKAIS]
o —BERBAURIET, HITMAIUREXEREAUERDZEITTSEENE, MARE
MEMES L E HIAVALEM LUBERRY buge HARIERBEM ARIHREE: TR REM
H A& RERE!
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Async #l await

REFNERITENDIERIR R R E—E IR 74 BETTA. B30, SNRIREEMMINLRIEREHK
BIBR— I RERZN, SHAAARSER/LOHEVNRF, B, NKEMRREBE
THAZHMM L AT EFRRKIE, MRIENEEFGTXE KN ELISITRR AR R
HES, BRI T,

TS HERAEFRAAERN CPU Ml GPU, WMIRMREE—1 CPU %, RNRERAESH

SR ASEE, PBATEETHEIEEERITEN# TEAEMRE. XS2—1FEE
FEFERV(RLE, MERITENMIRERSTTL (L) i SHdE, MRE%S,

EAREEBE S H TR SEREMES,

THEXGNEFRRE. EFRGHAAEN CPUBE, Rk CPU ZEFFRETRENEE. &
PAR] LATE BB D BUBRL AR R IEIREN, (EFFRIRBIETREFTE—RIYE, BMEHIESEM
&7, X HEEIgIFE R, RILMEMERELSEE—LE, RAXAIEREFE—R
, AEXNF—TRAMESERHELEIFERNNET, RS URITEHZRIE
E. Ft, WNREELL CPU EFRMAIFATTARIERN ZAMIERIN TIEMBEF AL T, FRLE
ERERF R ETIREVIE R LUEHE © TIER] LIE MR (EH TR 450317,

AR WIS HXEREBEERITN “CPU BEA" (“CPU-bound”) =& “tEZE
B (“compute-bound”) #E. EZREFItEN CPU 5% GPU SMBEUERIRE, LA
REFBEFIANITEEEN. M FHMIXIRIEEEWITA 10 ZEE" (“10-
bound”) &, RAEZRFITENN BARL FE. THEHNRERERSZRESEL
ML REIRIERE —

FE LR NMIFHR, BERGNRIVPIHEHR T —MEANH L. FTEIXMALNRTENE
FRIRA: #ERERE—MEFHILECREFFURT. ERZ2RTP, BTRAIEEIEE
RS EANE FERERNINER, RtBATRILMRIRSRERBALTERENH RN =.

fign, MRFATERZ—IMEEXHTHNITAR, FNNYEU—TARIEFE— D TEHEST
BE UL A RRES RS, HFERAPNZEBRNFRS N THES FIRZIEERRS
MLEIZERY APL B2 [HZE BY (blocking) . tBRLEIRXLE APl ZFAEZFRIEE, HEENIA
BiETEmE,

AR MRMFARR—T, SAUXZE AS0 REEANIELSN! FIR(1E
BREE XTMAREBERBLABLES M. WEHEEHBENZRZERNREEA,
AL TR ENMEF A UM IF BEREFRTAIMTS,

BT E T ANEERTHE N XA URBEE LR, A, RNEREZLIMXLELIEN
FHSRA—T R, MRXEFBE—FIRMEIFEEMERMERER T, &E, AR
RERRERENRF—1F, UEZRNXRESIEBEN, BMELF 7. binxiF:

let data = fetch_data_from(url).await; ?G
println!("{data}");
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XIERZ Rust BY async 3RFIIREN, FEERBTEIIELERPNFTIEZR], LFHNIHERSE
MR T FE—TF17 (parallelism) FH% (concurrency) BIX3H.

HiT5H%E

FLE—&d, HMNABRHITHNHLAATUAERNEES, ERERNFTEEMBEHBXSE
1, AAENNKFBERFEIERER LR,
BE—TARRED BTG EZRF L —TRENE. RITAUDESL— TN TAZSMES, A
UETHIMRGRZ BT —MES, HEAURAXRMGEANAS.

=M AEEA—MESTREIRN GRS MES, XFE HA&. RAJREEITHE LEN
BITAANIE, SIRNER— 1A REREEEIEMERN, AILUTHREIS— BB, EAR

BREB—IAN, FIUTEZEERNEHRMES, BRMEIUSESLE, EREESZEY]
USSR,

T

&

HIRAERE—HESEARPOE, S—MERDE—TMESHERLIEE, XME H1iT.
BNMAGFUEERNHITIE,

s BB e >

>

EXmMZRT, (REIEFBMIARENES. BIFR AN EPAATNESSEMBARNT
EsT 2R, BRI LEEHEABTRNRS — MR TIFTm. —ETFrIUH1TH
17, AE—EIFEEER BT H: efRERTHEAE, —MEE—1, WE 17-3 Firo
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Task A

T

o< >

[, RAIREREIRERE C—MES RS —MES. MAEHRESBERBITHT

HITE5HAWAIEEERX (HE), MREENENEDEREFHEN—MESTM, (RA]
RESEFTFIBRNEXMES LK "B (FNEE. (FAIRNESZNABEHITHIET,
ERIRBARBEBEH LB B S HES.

ERFNEMEISEIERTRESESR, T2 L, CPU—RRBERIT—MEE,
SENARTUALATIIE EiG&iE. #EMISL (asynd) FIR, HEHAUEEFE—NE

&), AERKRYMREE—NEZATIREIEEER. F—MEZ1 CPU ORISR LE, €

WAILFHIT IR —MZOA U — M TERRIN 5 — M2 ORI UM— LT 2 AR I(E,

B T (ESEfR L2 EIY 2 £/,

HEA Rust 189 async B, ISR EREH L, BRATESH. BERKNFMERNRTE
178¢ (asyncruntime) - FHESNEBESHNEITIETH! HFRWAIEERECER T HT.
IMAELLBATRNIERR Rust WE D RIZSLFR LR TIERY! EETRNETH, IS

« FIWMEMEEA Rust BY async #l await i

« RRMAEAR T RERMBRE A ERBER N —LEHkhL
- TRZERENRTNAELY, ERZHEHFEEAURNERARE
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Futures # async iE;

Rust RF mIZHXRHITER futures Fl Rust BY async 5 await XHEF,

future B— M MERIRERE B EFHFERERRENNZIERTIE. (HRNSESEEINE
RZIESH, BIEIFA “task” A& “promise”s) Rust IRfHT Future trait fEREBLANH,
XERBN ST IRER T UERRNEIESES XM, 7 Rust A, NIRRT Future trait
B future. T future RLEIF B B RVHEHEREE B AT “ready” BITE Mo

async XBF O] IR FAREIRMEEL, RATITAILEPHHAHME. E—1 async R async
BRERAR, PILAER await XKEBFRK await —1 future (BIERFHETLE) . async 3R async K
rhE—PERF future U AERETRER — async 3RE async REHETHBERMEN =, &
BE— future FEEHERSELESMENIEZWITA #£18 (polling).

HEe—&ES, B0 C# M JavaScript, tBfER async M await XBEFHITRI 2. WMRIR
ABXEES, WARSZERIENS Rust MAEANEEEZESR, SFIEEEE. i)
RaEE, XFMERERDEHAY!

ERZHIERT, RERDT Rust XEEEY, FA1EER async Fl await XBEF, Rust FHEFH
FREFEA Future trait IAES, XIEBEMUTFRE for BIFRFNFRTFER Iterator trait
MR, &3, BT Rust BT Future trait, {RUBEIAEZERAIRE SRR
Bo EENETHRSBIRZRBHVGREIERVBEEECH Future ST, BISELE
LREEIFIXN trait WENX, FEANTRENITERIE, EMEXLEATEREISILFAI14LE:
HIH T o

XERNBARERMER, LILRIMRETE—TRIEF. — IV NEMERR, =M
LITEER URL, HAMIMEREN], FREFE—NTHBTHER. XNRAISFIANFDH
EE, TERRED - RNEZTBEFRBIRER T HIAR,

F—ITRIER

AT HRFERENARBEETES async, MAREESRARZNESHG ZBEE, KI1EEE
BT — trpl crate (trpl 2 “The Rust Programming Language” M4EE)., ©ESH TR
RENFBEREE. traits MEE, ENIEERBT futures f tokio crates, futures crate &
— Rust BEHBIXBNES CRE, tBIER Future RAJIEITAIM G, Tokio EEHHI Rust H
MBI ZHREPEITH (async runtime) , 155102 web WA, XEXEEHMALFIEITH,
EATTREEESIRIER, BT trpl WEEMER tokio crate EEAEAN T R MIAH
Wiz o

F—Eipst, trpl UREGBEETERIG API UERIE FTFSAERXNAT, 0NR
RA8 T #Ri% crate WELATHRE, HNSERIREBHIRL. RAIUEISIMESLHNABRKEW
A crate, BINBT T AEFRERMBEXA crate BIAIR,

BI—1R A hello-async B —HHIWEFHIF trpl crate fERA—MRFUA:

$ cargo new hello-async
$ cd hello-async
$ cargo add trpl
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MAEBATAIUFA trpl #HBNSHAGRREEF—TRIEF. RIMWET —NNBeLT
TERHMERNMDL, AEVEBRY <title> jTE, FHTENHE— TS ZAAR N EAY

AR,
EX page_title E%X

UBENMFFBES — DKL, SIKEX—1MT1 URL fEAEEK, 1EKiZ URL FHREIFRFATENNX
x (RRH17-1)0

X% src/main.rs

use trpl::Html;

async fn page_title(uxl: &str) -> Option<String> {
let response = trpl::get(url).await;
let response_text = response.text().await;
Html: :parse(&response_text)
.select_first("title")
.map(|title_element| title_element.inner_html())
}

B, FMEX—1R79 page_title BYERER, HEEMAT async XKEFARIC, HEIAER
trpl::get BERRIRENENBER URL, ISR await XBFRERFMNL, ZERINBERH
text FARIRENAZ RIS, XEB—XEA await XBFFTF. XM MNTRBERTH.
T get Kif, BRANFEFHRSHBLZOEMNMBE 7, XZES HTTP %
(headers). cookies 3, X&RZIMIN AT LRI TN AKX, 155 EMMN (AR KBRS R,
EHEEARRERE LM E, RN FFAFEMN B kM, Frld text TEHERD

FENATE M await XFEA futures, EJ Rust B89 futures 2 18 (lazy) B9: TE(REH
await IERZ BT FSMITEMIRE, (FXLLE, WMREFER— future, Rust &ER—
MRESRES) XNZRIFEES+=8FAERBVIETEFTIE7HITIE. BEFER
IEAERH next 7% - EIRARANEER for BIFHE LM nap XEEKEFEA next A ZE
- ZEIEMT AR M. FEFEf, future BREERERIERNARIEIT. BHERSF Rust
] LUB IR RIS TRE S, HEEERENAHIT.

AR XART LT thread: :spawn B1TH, HETRLSF—MEENHAES
I ENFFIRIETT. EERAETIFZEMIES LM async 7GR EXFMIF Rust 12
HEIXSEEERIRIMERERIEEXRER,

HINTE T response_text FRIFB[T, FABILUEA Html: :parse FEAFTA— Html KRR

K, ARIFRBEFRHR, MERNE T —NHLUE HTML fEAEF E RS RIZ(ERIEK

EEE, WRIRFEATAILUER select_first FHiEARIKHLATE CSS 51528 (selector) HE—

MLETR, BEEEFRE "title', EINKBEXXEPHNE— <title> TR, MREF
EWiE. BFAIeEgBERILERITE, select_first jR[E]— Option<ElementRef>, Ex/F

FAER option::map 757%, ERFHNIE option PH TR EH#ITHIE, MELZERN

At Al (XEWAILUER— match FTRiXR, 1B map BERFSIRANEE.) 1EEELS map
BIREAR, BAITART title £RY inner_html RIXKEVEHAR, XEB— String, H EEFR
HEVEBSER G, HA1=1EEI—1 Option<String>,

379/562



Rust i2FIgITES ERFXhR

7EE Rust B9 await XBFHIERESFNRARNZEMAZRZH. UMER, X2—1 G
ZxEF (postfix keyword) . MNRIFEEHTIESPERT async BYiE, XAJRESIRFAFER
BFiREL, Rust dItEIFEREAXEFHENENEREMESS. Hit, FHi1eTEKR
page_title BYRRENIARBETVIARA trpl::get Fl text HEHZ[B)ER await, 0RH 17-2 B
N

NAHER: src/main.rs

let response_text = trpl::get(url).await.text().await;

EIEFHAVRIIRE T E—TRIERE! R main MA—ERBRAREZA, LHITE
ZTERTRERMNETHAUKRERNEX.

3 Rust BE|— async KEFATICAIRIIIREY, SBFHEHEFFRN— LM T Future trait FIME

—HY. ERREUEERE, & Rust BE—MMEARIEH async BURELEY, GHRIFM— R
FRFINIPRNIERT RN, FTRBREIERBEZRIFHENFT AIDIRFIEIZNERZ K
PR,

Rilk, %5 async fn REFTHS —NEELER future ML, HHFIBIILINTH)
17-1 2 async fn page_title ERMENE, BENTUTEX MRS 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())

}

IFRNTHE N E—TRIRERENE— 5

- EFERT ZEETE “trait (FEASE” 291 HEERY impl Trait &%,

« BIR[EIAY trait 8 Future, EBF—PXKELES! output, JEE Ooutput RYEEIZE
Option<String>, X5 async fn hRZH page_title AYRIBIR[EIEIEAER,

* FRERBRREPHIARIAREHEEHFH— async move R, [EIIZ—TF, KERERIAN,
XEMNMFERBFMREINRIA

* WNEFTIR, XNFZRBR=E—1 option<String> HKRIKE, XMESREZEEFH
output EKEI—F, XIEXEUFRELNIWEEHRIDIR,

o« FARERELETRERIK R — async move REZIR, RATIMAGER url BERAETX—=, (K
EEEED B EIFMMITIC async F1 async move Z[EIRIX )

IMFEFATRT LATE main A{FA page_title,
T 7€ 224 DA E A4 e

Hk, RINRARM— HEOFS. £7617-3 5, RIVAATE+-SHEEa9172
BRI ST B MR, BERIEEE— 1 URL 4 page_title, 3 await &
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R, AR future FFERBER— Option<String>, F{IfEMA match RIAXFRIRIENEEESHE
<title> RITENREMEE,

X% 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"),

BAEZNEXIEREERIF. M—FILUER await XBFRIMGE async REEERIDIRF,
[E8Y Rust RRIFRFIRAY main RIEARIZH asynco

error[E@752]: ‘main’ function is not allowed to be “async’
--> src/main.rs:6:1

6 | async fn main() {
| ANAAANNANAAAAAN “main’® function is not allowed to be “async’

main REEARIEA async NERRERESRBEE—) B170: BI— M EERITESREATH
Rust crate, —MEREY main RELATLL #)iG16 —NME1T7EY, BRHE B8 HAR—MNE1TH,
(BRENaH—THRERRE.) 58— 1 HITEPARB Rust EFHNEDE—MEEIBTH
FH1T futures BIHL TS,

ARBDXFFRTHES T E—TEBITHAEESS, Rust UFE. Bk, XEERSFRBN
mYIBTH, S—THAEEGHBMIINEENS. §ll, —MEREZONAERNFHEE
It web server 5—1 &z, LERAFHBEKEMESERNIIHIZHIZEELE EBRATENE
Ko FRMXLEIZITIIBR crate BEBRME T FIESHHEML 10 XEFERIRERNF TR,

MXBRRZLTESY, KITEER trpl crate B run KEL, BIFEX— future fENSEFH
BITRIE R, ERE, AR run RIRE—PMEITIRIEITEEM future, —B future 52,
run 3R[E] future IR [E]MVE{E{E,

FATATLAE page_title iR[EIAY future EIE(TELE run, —BHTEA, Il 1RESSILECIR[EIAY
Option<string>, IEYIRMY 17-3 FMNZIXAIAIE. AT, EXRERNARBIROF LUIKRKSZ
HEFNARNFSAREG), RITSHITAE—RESREEA, FMUBERRIMNSEE—D
async SRABIAMERF page_title JHAMLR, WRH 17-4 Fiiro

Y& src/main.rs

fn main() {
let args: Vec<String> = std::env::args().collect();

trpl::run(async {
let url = &args[1];
match page_title(url).await {
Some(title) => println!("The title for {url} was {title}"),
None => println!("{url} had no title"),
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}
})
}
HEATETAREE, BMFERRDIEIITA:
$ 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 EAUEEIENRESAE! AIERNTAMAEILLR ML H TS 280,
IEFANEEEFH—T future 40 TIERY.

F—1 await point, HFLRMRILER await XEFHMT, KEBEEHINZIELIZITIIAIM
Fo At Rust EBIERZFL IDRPISERAVIRT, XEHFBTHATUEHITEMIIE, HEE
FIFAS OISR YRIES . XRMEFETRE — MIZERREE— await point BIIR
S

enum PageTitleFuture<'a> ({
Initial { url: &'a str },
GetAwaitPoint { url: &'a str },
TextAwaitPoint { response: trpl::Response },
}

RERBRFoIEHAERTZEINERZIEEZHRES Z BN, FrRZEEMTESL
REFVIRSHYRY R, #HfR, Rust fRiF=REICIZHEERTS RBIPKSHRELSE, MRMZ
HBRIE: 2R, EENERNFENE2SERTXEMELN. ZiEHNE, RIXHEHLIN
HANGEXERE, FREKFIERES. sEHEIHB—LEEAXAE!

RAZBEENMAHFRRITREN, MXMEHEFRBETH. (XA AET BEiThARY
&, {RElgE2EZ executors XA executor TR A RRHITRLS RIBHIEZES,)
MEFRKAGEBIER Z BRG] 17-3 hAMGEIFESEIEEITIE nain KETICART R T, R
main BE— NS H R, EEHHTHAYREIR nain future IREIFVIREHL, B main 212
FAOR! AULFKRNTIE main RKEXPIFER trpl: irun, BIRE T —ME1TRFHIETT async HuR
B89 future BEEIE SR ALE,

AR —EBTIHRM THEXIE, FRLUUR AU RE—1NFD nain R, XERR
async fn main() { ... } EEAIEEN fn main, HITHZESHETRE 17-5 R
FEIFRIAI—1F: & trpl::run —FFA—TERIUETT future EEILER,

AR XLERE R REE- T REFNARE H A KE.

itA1 URL HERS

B 17-5 1, BAIMESBLITENEDNARRER URL, 2308 page_title FiLE(EMRER
Fo
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NHER: src/main.rs

use trpl::{Either, Html};

fn main() {
let args: Vec<String> = std::env::args().collect();

trpl::run(async {
let title_fut_1
let title_fut_2

page_title(&args[1]);
page_title(&args[2]);

let (url, maybe_title) =
match trpl::race(title_fut_1, title_fut_2).await {
Either::Left(left) => left,
Either::Right(right) => right,
H

println! ("{url} returned first");

match maybe_title {
Some(title) => println!("Its page title is: '{title}'"),
None => println!("Its title could not be parsed."),

})
}

async fn page_title(url: &str) -> (&str, Option<String>) ({
let text = trpl::get(url).await.text().await;
let title = Html::parse(&text)
.select_first("title")
.map(|title| title.inner_html());
(url, title)

5l 17-5 RS FIEREFIRER URL A page_title 48, FATRHIAR page_title 4R
future DHURTER title_fut_1 F title_fut_2, Fi2E, BINEEEHRTEMNIE, B
future 2181489, HEFNTERE await B ], IBEFNIE futures £i845 trpl::race, B
IR [E]—MERBEENMEER future RATIR[E],

AR 7EREP race MEBE—NEBRABKEL select Z £, {RETEEIH Rust Ui
FEEBIE, select REAILUMIES trpl: :race RHMATHE, FEEthE—
eSS E 2ot , FRLAB RIS E N B,

B FER— future & T LS IEM “FKBE”, FRLURIE] Result 8B E X, tHK race R[ET—
NN Za%BE Wi IZERY trpl: :Either, Either FEEIF S FEUTF Result, EWHEFHNK
R BEAFT Result, Either HAHNERINNELMOES, HBREHER Lert 71 Right
RER — P HB—A,

enum Either<A, B> {
Left(A),
Right(B),

383/562



Rust i2FIgITES ERFXhR

MRFE—NSEITTTM, race KEUR[M Left HEEZ future RS, NRE - future 5t
5eRk, MR[E Right FIFE A future MK, XILECIRMA RS SHHIMBINF: £—15
M E BN,

BATEEFT page_title FiREISEEMEEA URL, SNLLINRESTiR BIRYTIE %A 7] LR
Ry <title>, {HAARILUTENHBERXHIER. BTXERER, FAIX println! pYEHIHTT
THEMEF, LURAWD URL &5T5Th, HENEA <title> BFETEIHERNAZR,
MERNFTTR— TR NENTIERAMET ! PhE—3F URL FHiB1Ta6<iT IR, 5k
MELEMERERRTHENE, MES—EELTHBMNERERVWESETMR. EEE
BE, FELZEETAIE futures IERNAIR, FUEFNIERTUH—PHREES async BIF]
REMET
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H%&5 async

EX—E7, HMBERRTRNN—ESE - ERBEILEZFERANERNFRRR, F
ZAENELITETREXBERT, X—EORNEZETETHIZS future BIKH,

FRZERT, EFASTREHLR API SERLENIFERMN. FHEN—EER, el
FERE. BMELIESRIH APL XK REM, BEE(EEFRANTA, ARE(LIF
BEREENERMETR.

it
BHAREFRERINNANE—MESEER N RENEEF I, ULEINBEPRERERNE
%, trpl crate Fef T — spawn_task (KE, ©EICKIEFE % thread: :spawn API, FI—4

sleep (K#Y, X thread::sleep API IR IRZAS, IHATAILUEENEEGER, KMELIET
BItERIBYITERTNRE, WRfl 17-6 Fimmo

NHR: src/main.rs

use std::time: :Duration;

fn main() {
trpl::run(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;
}
})
}

ERTFFIE, BefI7E main BRERPFER trpl:irun, XFHAIHITERIAILUZRT 1o

AR AEMIEFE, B8—RFIR nain PESEELFMERER trpl: irun #HE
43, FRUBRNIEESER main —FEEE. ST ERIRBEFMANEL]!

BERNERBRPRES 7TRNMES, STEHFPEE— trpl:sleep JHH, B—TEHELZE
T—MERZAIFFHT (500 ) o BAWEG—MEFKE] trpl::spawn_task PHFE—1
IBAETRRRY for B A, FRAHBTE sleep FAZEMANT —1 await,
XNKRIMEETFTAZNRAEM, BRFEEETH, FAgSELXETEEERURRIREF LI
Bt Sto

hi number 1 from the second task!
hi number 1 from the first task!
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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!

XAMIRATE main FRFEZRIBREP for BIFEREMELT, FAH main RKERLGS RN
spawn_task FHEMESEXH. MNRSITHESHIEILER, (FREFEHR— join AR
(join handle) REFERFE—MESTM. FWFEIERY, ATLUER join AR "FEE" BRI
ELERIZIT. BB 17-7 1, FATRILUER await RLIABRNNR, RAESURESZE
— future, BRI Output EEIZ— Result, FTLUAFKNTEFEZE unwrap 3K await B,

Y& 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;
}
})

for i in 1..5 {
println!("hi number {i} from the second task!");
trpl::sleep(Duration::from_millis(500)).await;

}

handle.await.unwrap();

EMENMRAZIETT K BHFEIER,

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!

BaiAlk, BERSEFNEREMALE TEERA—FNELY, ENRRERATAENEE: &
join AR EAER await MARZIEA join, 1 await sleep M,

RANXINEFEEBETES —MRMERRLIEREITLIE. FXL L, BIEEFRETE—
MES. BARTRBREIEFAES future, EITAILEE—MEFRH#E RS BRHA
R trpl::join FERILIEITRARENRMENIEITE M.
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EE+HARER, FIBRTIMATE std: :thread: :spawn JEHR[EIAY JoinHandle 8 ifFH

join X, trpl::join REWAEM, REEIERATF future, HIREZEF future, EST4E
BE— future BEMREE—NTd, H HE HRRNEREE—MERL T future

B, FEitk, ERE17-8 A, FHAIEER trpl::join RERF futl F fut2 LR, i1 &
B await futl 1 fut2, TIEHFRF trpl::join FHF=4EM future, Bl 1ZBHEY, AAER
22— TEEWNETE (unitvalue) BITTA,

NR: 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;

}
let fut2 = async {
for i in 1..5 {
println!("hi number {i} from the second task!");
trpl::sleep(Duration::from_millis(500)).await;

Y,

trpl::join(futl, fut2).await;

HZTTAERNZEB R future IBITELER!

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!
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!

X8, (REXEHIBTeMENINF, X5B(ELEFEINERIEETR. X2ENN
trpl::join ERE AFH (fair) , XBHKEELHERRIARLES— future, FENRE
1T, BARU—TMESES —MESESHFRIERNIT. WTLEERN, BIERAIRE X
REPMEIZNRILEIBITEZKE, TR Rust Kif, BITRRELER—MES. (£
K, ATEENER, RARTETHAREREERRERAGLERFANEAHALEEN
—#5, ELERIEAFEATESIENGTRNIEE, EXNARHUITN!) BITREFRLA
EHARERIEATE, FERETIHEZERERERN APLRILMERREFELF 4.

SAXLEARAER await future FIEAERNRENHIER:

« EE—NHERNMERINIZD AGR,
« AEXPITFRZRIIREIULL await Ef
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« ARE—NMEFHEHART AR, HEEZMEFMEZE await fEAERRE future,
TEREIMNIBREY, BEIMBESEIZITAN 28 BEESMER TRYL !
HERE

£ future ZEIHZHUIRH S LZEM: RNSBREREREZE, FIXXERNERTHR
VKBRS KNNERKASZAMFETAERERNENIRNGZE, RER—EETLIE
BHEZSET future WHAZBINXEER. XM 17-9 F, BIZMNE—TRIREIR
FHa, ™M ZRiF IR AIZA R~ E —MRIZAIES

Y& src/main.rs

let (tx, mut rx) = trpl::channel();

let val = String::from("hi");
tx.send(val).unwrap();

let received = rx.recv().await.unwrap();
println! ("Got: {received}");

XEBENFERAT trpl::channel, —PMEHRERTERENSESE. PEEEREEAPINR
TR, FERAR APl SETFAENMREARE—SM K] EfEA— T ATENmMAER
AZW rx, HEERM recv FIEFE—NEE await B future MAREZREE, IMERKA]
A AR IFIHAEIZEWR RIZEE T, AERNEFTE—TMTHINEGEREES, REFS
(await) rx.recv JER.

std: :mpsc::channel FM[E Receiver::recv FiEfBERITEIICIEW—NEE.
trpl::Receiver::recv MIFAZAE, RNEEELTN. FRETFHEE, BRIEHINRESLIET
B, BEEBE—MEEREGEENAERXA. L2, FEITRHA await send, RAEFR
=MEE, WEFEE, ANEENLXHINERZEREI,

AR BAPREXERSREEEITE— trpl: irun FHENRSRERP, HPRY
FrERBERLGEEIEZE, AT, JME AIRXBXEEER run KEURE]l, XIEZ
trpl::run KWL EENX: ERFIR IEFE ERREE—IT2FEL AL, BMEEM
RH#TESNEL BHFER, XIERTEARIBDEITIIH run LR EFEHEA
block_on HYEEA],

HEARRXNRAIRNR DTG Bk, HBIULZIMIER! Bk, BARIMERT future, 8
EXBERSEHE. T~HPNREFBEHZEINFLXERN, mEZIRE future BI—F,

UHEIEE LRIE—RTEEFHEZEMRIRRAERE—NRIEE, 05RF) 17-10 FrR:
NHR: src/main.rs

let (tx, mut rx) = trpl::channel();
let vals = vec![

String::from("hi"),
String::from("from"),
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String::from("the"),
String::from("future"),

15

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 RXHEZI, BIEEEZREN]. EXMIFRIANTUFohEN, MEARMR
rx.recv().await, FEAFNEHRT Z/VEEE, A, EIXEHEAS, HITEESEFF
R BEVHE, XRNBENEE—BSFFEITLUMHINEEEZEE T AL,

) 16-10 B, FAVERT for BIFKLEMNZ T EEERWHIPFIEHEE, A, Rust Bl
ERBE R FYERE for BIFRIAGE, NMAZHZE, HNFE—IRIIELE LI
MEIFEEY, Bl while let ZMHEI, while let BMFEHNERNERNIH if let £l
BB ks, RBHEEEMNIRISSLERIA M —ERIT.

rx.recv FAFFE— Future, Ff1& await B, BITRSE(F Future BEIEMZE, —BH
BEDX, future KM/ Some(message) , BHEEIARE =ML, HEEXAN, FfER
EE ER EREIE, future #BBXEMT/ None SRRAZEEZHET, HIMEMNIZFIER
18, WMEELEER

while let {EIfIE LR ZEESE—E, R rx.recv().await PFRBLERE Some(message) ,
EMNBEEEHAIUTERBINMEPERE, MEBRER if let —#, WRLERE None, NMEIF
Flk. BREFRITRE, E2BEXMA await point, JLEITRNESBAEEFEERIS—FH
I%\éuito

MERBA UKW AXNIZWFBRER T . F=NE, XEXE—L.m#, 8k, HEHAR
=REBFHEREIAN, eflEEFRmEmT) (2000 ) Firzl—EiE, HR, 2
FRZEASRY! MRESKEZEFFINEHS. MMEFEFEA ctrl-c RXHFAE,

SRR N 2 BIERE TR — RS, MARBAMEBRELIA, T 4R
HFFZRER, await XEFEALBHPEIUNIRFEREZFRITHELENIRR

T 17-10 FRE—NFRLZREBIR, FRUFMBERNRB&E T, XBMALEH .. FiE
tx.send S5 trpl::sleep ARAKREMERXE await point 2FRETTHN. REELZE
while let {EM 7 FIBHIT recv A LAY await point,
NTBEIRINBBTH, EERSEHEZEE MER, RABES o Hl o RIEH
EF SIS BN RIS, SHEETIMALER ol :join RASWTEN,
HHERBIR—H. BB await trol::join BRNWER, MAREAIE B future, 10
REBARFEH await 4 future, WX EIR] T —NMRER, XERENT T HEM,

X% src/main.rs

let tx_fut = async {
let vals = vec![
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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;

Y

let rx_fut = async {
while let Some(value) = rx.recv().await {
println! ("received '{value}'");
}
b

trpl::join(tx_fut, rx_fut).await;

KA 17-11 PRNEFHEHNAE, JBESL 500 2 BVEFRFTED, MAZEREMEER
—IECFTEN,

BREFNAKTEAZRL, XZMHT while let RS trpl::join HZXES A

* trpl::join R[EIRY future IRFTH—IR, BMEHER M1 future EBSERLAVETER,

« tx future TEARIX vals FRfE—FKEEZENARESERGEILZITH,

* rx future BEl while let FIFLERZ FIEASTEMo

« WEEME—IKXHFG await rx.recv FHEI5R[O] None,

« FERBEAA rx.close FFEXRIX tx EFHNA KA,

s BAITEEEEAMAIAR x.close, FHH tx HEIFBL trpl: :run WRINEF T REBIRE
R AW EF

« RIBRAEEERZERNEEEE 7HRF trpl:join TR, XFNX[EIE] T FIRMFL!

FENATUERBELER rx. close KFmPXKHF rx, FEXFEERAZEN. FRIETEE

HENERRELAIUEEREL, BRAGREXRER. RINEEHECNFERABR tx &

BREVERE 27 HEF

BiRiXEENESHBRAZREART tx, AAAXEEHAZEZHMEN, EERNREA]

AL tx B (move) HEDSHIZR, ESERBRERGIZIHEF. EFEFT=EFK

MEI T WEZEFRE LER move X{F, EEHER, HIMHET FRLENEEZTER

EIEEA . RFNERRIEBLERTFRLZRBER, FALt move XEFHEEGRHCIBHE(ER

FELHIEIR,

#ERG17-12 5, BITEAEEENETRBIEMEBR async [CIBIRIELA async move X

Bk, HizfT X1 MRAENMRERN, ETAERERERE—FEEEMHEXE,

X% src/main.rs

let (tx, mut rx) = trpl::channel();

let tx_fut = async move {
let vals = vec![
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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}'");
}
b

trpl::join(tx_fut, rx_fut).await;

XTEFEEHRE—NZEFEEE, FIUMRFENSZ future KIXTHERILUERA tx E£RY
clone 7575, TEAA17-13 1, FfIRET tx, AHE—TMRIABRINELIE tx1, Ff&
BN tx — 1 o BEEAEIR, BT, BRIIBH tx BapdE—1 iy FIRBR, H
SR T HHERIIEEAZEESZHIHR. HMITEHAERBTEZEBCE S NZE DS AR
Zla, FEWAIUBEZ . XRBET future # await BIRE, MARENICIEMIRE.

MM RIEHBHIRTREIIRFEER async move UFBIR, WL tx A tx1 BRTEARIIRERF
WEF. BNHNMBBNEIFRREFNTRER. &E, FHAIM trpl::join LIHRE]
trpl::join3 RAMEERIMY future,

X% 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}'");
}
H
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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;

Y,

trpl::join3(tx1_fut, tx_fut, rx_fut).await;

MEFKNSFBRFIERER D KIE future BHE. EAKIE future R T HMA R A IXTE
1R, JHEMESLUXLERERIIERZER,

received 'hi'
received 'more'
received 'from'
received 'the'
received 'messages’
received 'future'
received 'for'
received 'you'

XB— T REFNFIE, FIERENREIEDEILA future: join B, THE join3 =4
LB TUEIAEE ZRY future,
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EREEEER futures

LI TEL—2B 9 MERFRA future ZI=1 future BIRHE, FHITHAIMEER join HIHRE|
join3, RN VEENZ join B9 future HENFARERAA— N FRENERKZRMALN,
SAEMNE, BINE—1EhRAEH join AILUEREEREN S, ©ESBITAIE await
XEE future, AL, FATRIUES A 17-13 FEKIERGER join! AR join3, R
17-14 B/

X% src/main.rs

trpl::join! (tx1_fut, tx_fut, rx_fut);

MREETFHEEE join M join3 F joind FFZ[EYIKIR XL E—N#HT ! AT, BMERX
MR EREEATRINRAAIE future FIERERER. A, EISEHARY Rust B, 15
futures A — M ESHIZESFHES T —LEHE L future STRRE— M E AR

NTHRE—LEESHIFRE future, BITHEEEHH join 286 BY future, trpl::join_all K
BUIESZEMIKIT Iterator trait BEE!, HNNEZFMNET=EFPFITEN], FAILUXIER
HNTFEM, LTS futures BEE—PMEE, HI join! BiEH join_all,

X% src/main.rs

let futures = vec![tx1l_fut, rx_fut, tx_futl; ?@

trpl::join_all(futures).await;
FEHNEXERERZF. MRENKFIXMHEIR:

error[E@308]: mismatched types
--> src/main.rs:43:37

8 | let tx1_fut = async move {
| -
9 | | let vals = vec![
10 | | String::from("hi"),
11 | | String::from("from"),
e
19 | | }
20 | | ¥
| | - the expected “async’ block
21 |
22 | let rx_fut = async {
| -
23 | | while let Some(value) = rx.recv().await {
24 | | println!("received '{value}'");
25 | | }
26 | | ¥
| | - the found “async’ block
43 | let futures = vec![tx1_fut, rx_fut, tx_fut];

| ANAANA expected “async® block, found a
different “async’ block

393/562



Rust i2FIKITHES ERFXHR

note: expected ‘async’ block “{async block@src/main.rs:8:23: 20:10}"
found “async’ block “{async block@src/main.rs:22:22: 26:10}"
note: no two async blocks, even if identical, have the same type
help: consider pinning your async block and and casting it to a trait object

XAREE mS AIFET, EEZE— future IRE TEMIME, FRUESMBREEBS~E—D
Future<Output = ()>, $AM, Future @— trait, MAR—EAFRE, HAKLBREHEET
BAZNETRERERN (RE/W) BIREE. RREFRHENFRENFER struct BUEHE
— Vec, EHEMNERENIERTHRIFEFERBRE structo

AT ERIBEESIER TR, FRATEEMER trait objects, EIFNTESE+ M “M Tun FREL
hiR[EIFEIR” RMEVEREE, (BB1+/\EXIFHNAE trait objects,) fEF trait objects AAIFHA]
XL RIFR A M ARME R future MAMERRZEE, EATIIERSEIT Future trait,

AR EFR/N\ER, BT I5 RSB EEH 1 vec WA EA—
BERNRENTAUEREREFHARLE, FTIXERNTEXAM. —HHE,

RERERGBRXERRNRE, AANEl2ERN. 5—HHE, HisFEXAR
£ join_all MREEZEN T RE— T EEIEITH Zi#E A AE R AR future RIS

A
Ij‘I_E Ho

FHATLURE vec! EYEA future B Box: :new FEERMEAFIE, WRHBI 17-16 Firo
XH&4Z: src/main.rs

let futures = ?G
vec! [Box: :new(tx1l_fut), Box::new(xrx_fut), Box::new(tx_fut)];

trpl::join_all(futures).await;

FEWE, RIEMATRERT. XL, HMNBITSZHHERNEREIR, FTEXRENS
EFEZANFE= Box: :new AR ZRFE—1EIR, RNERSEI—MER Unpin trait BYFT
EiRo HA1—=BEIF Unpin iR L, B, IEHENMETERXARE futures FIREIREE
Box: :new JEFHAYRBIEIR:

X% src/main.rs
let futures: Vec<Box<dyn Future<Output = ()>>> = ?@
vec! [Box: :new(tx1l_fut), Box::new(rx_fut), Box::new(tx_fut)];

XEUNRENREE—RE%, ILF(NZETI—iE:
- XAEREER future 5, NNERMIEH future BMMHERZRTRE (), HESAN

Future<Output = ()>,
« AR dyn ¥ trait #RCAEEH.
« B trait 5| BHEEH— Box,
© &fa, RINEXRE futures E—MEESXEIR] Vec,
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XELBTRANX . MEHSTKNETHIFRN, MRASHRE npin BHEIRT . BAXE
BZAHEIR, BFIRENSTHRBEIEER M.

error[E@277]: “{async block@src/main.rs:8:23: 20:10}  cannot be unpinned
--> src/main.rs:46:24

|
46 | trpl::join_all(futures).await;

I ANAANAN the trait “Unpin® is not implemented for
“{async block@src/main.rs:8:23: 20:10} , which is required by “Box<{async
block@src/main.rs:8:23: 20:10}>: std::future::Future’

| |

required by a bound introduced by this call

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<{async block@src/main.rs:8:23: 20:10}>" to implement
“std: :future: :Future’
note: required by a bound in “join_all"®
--> /Users/chris/.cargo/registry/src/index.crates.io-6f17d22bbal5001f/futures-
util-@.3.30/src/future/join_all.rs:105:14
|
102 | pub fn join_all<I>(iter: I) -> JoinAll<I::Item>
| e required by a bound in this function

105 | I::Item: Future,
| ANNAAA required by this bound in “join_all®

error[E@277]: “{async block@src/main.rs:8:23: 20:10}  cannot be unpinned
--> src/main.xrs:46:9
|
46 | trpl::join_all(futures).await;
| ANNNNANNNNNNAANANANAAAN the trait “Unpin® is not implemented forx
“{async block@src/main.rs:8:23: 2@:10} , which is required by “Box<{async
block@src/main.rs:8:23: 20:10}>: std::future::Future’
|
= 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<{async block@src/main.rs:8:23: 20:10}>" to implement
“std::future::Future®
note: required by a bound in “JoinAll®
--> /Users/chris/.cargo/registry/src/index.crates.io-6f17d22bbal5001f/futures-
util-@.3.30/src/future/join_all.rs:29:8
|
27 | pub struct JoinAll<F>
I T required by a bound in this struct
28 | where
29 | F: Future,
| ANNAAN required by this bound in “JoinAll®

erroxr[E@277]: “{async block@src/main.rs:8:23: 20:10}  cannot be unpinned
--> src/main.xrs:46:33
|
46 | trpl::join_all(futures).await;
| AAAAN the trait "Unpin® is not implemented
for "{async block@src/main.rs:8:23: 20:10} , which is required by "Box<{async
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block@src/main.rs:8:23: 20:10}>: std::future::Future’
|
= 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<{async block@src/main.rs:8:23: 20:10}>" to implement
“std::future: :Future’
note: required by a bound in “JoinAll"®
--> /Users/chris/.cargo/registry/src/index.crates.io-6f17d22bbal5001f/futures-
util-@.3.30/src/future/join_all.rs:29:8
|
27 | pub struct JoinAll<F>
I required by a bound in this struct
28 | where
29 | F: Future,
| ANNAAN required by this bound in “JoinAll®

Some errors have detailed explanations: E0277, E0308.
For more information about an error, try ‘rustc --explain E@0277".

XBE BE AREED, FALLLEIBFARE. EENE—HoHTHFEMNE—ITFLFAB
R (src/main.rs:8:23: 20:10) %I Unpin trait, FHEI{ER pin! f Box::pin FEE,
EXRENHEEIAENISRN Pin F Unpin N—LE LT, I IMER TR LUGE RS

EBIEDBCRER! TG 17-18 A, FAILAEF futures BYRBIERRERFIG, A Pin 3K

HES Box, HIR, (TR Box: :pin 3K pin {F futures BS.

XH&: src/main.rs
use std::pin::Pin;
// -- snip --

let futures: Vec<Pin<Box<dyn Future<Output = ()>>>> =
vec! [Box::pin(tx1_fut), Box::pin(xrx_fut), Box::pin(tx_fut)];

MRFFFHTITAE, BIETRERRAHAENRES:

received 'hi'
received 'more'
received 'from'
received 'messages'’
received 'the'
received 'for'
received 'future'
received 'you

[

(K&F—AK!)

XEXE LRI UHE—TRENAST. 8%, FNET Box FRFXLE futures TRERE L,
fEF Pin<Box<T>> ZHFK/DEMEINTH, MBATXAMNZEN T EREXNTF. EREXEX
FrEHA FE HDE: XL futures T X MFERNRIBRIRZ 4B, 0 LFFAR, Pin 7
SRR, RIATAILUE vec PG R—LRRFL (BREEEA Box AR
F) MARMDE. BATRAILUET std:pin::pin RHREENE future £ Pin,
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PR, BA MDA EHENLEWR pin BI5|ARIEE: BN Rust MARKE AT EN##RE
7IBPFS trait objects, X EANTHE vec FRFER. RMINIEREXEN future BIBIHEEER
pint, FHRE futures EXH—NEEW pin BIEHZ Future KEIRIATT S| AT vec, S0/
17-19 FimRo

X% src/main.rs

use std::pin::{Pin, pin};
// -- snip --

let tx1_fut = pin!(async move {
// --snip--
1)

let rx_fut = pin!(async {
// --snip--
});

let tx_fut = pin!(async move {
// --snip--
).

let futures: Vec<Pin<&mut dyn Future<Output = ()>>> =
vec! [tx1_fut, rx_fut, tx_fut];

BRIAER(T—EREE T el gE B A FE output FKAEIWEL, g0, FRHI17-20 h, ER
future a SEIR T Future<Output = u32>, EF future b SEIP T Future<Output = &str>, ME
% future c ST Future<Output = bool>,

NHRZ: src/main.rs

let a = async { 1u32 };
let b = async { "Hello!" };
let ¢ = async { true };

let (a_result, b_result, c_result) = trpl::join!(a, b, c);
println! ("{a_result}, {b_result}, {c_result}");

FATRILAGER trpl::join! R await Ef], RNERFRERS A future ERIFHE—TX
LSRRI TTH, Ffi] FRE £ trpl::join_all, FAEERELERY future ERAABEEBERIZE
B, BieE, BMERERRKNIAR Pin RRZIRHIRE!

HXE— PRGNS BARKAILUGER join_all LIERNSHER future, REEAIER
BHERREE;, BATNALUGER join BREREE join! RKGEREIERER future, BHRE
MNEEFRENEE, FIX5 Rust MIBEMEELBZ M, Future HA45%, BEMEA]
KAT —EREFREERLIEEN], MXELRHE,

future &%

LA VER join RFIREFIZER “join” future B, FAIERE(] 280 £RA e, 2R
BRI EE 29 future L5RFLEEMEE, XA RE—1 future 55— future &%,
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B 17-21 F, BATBRMER trpl::race KinTT slow # fast P4 future HIEE RS,
ENS—MIREFRBITIRITE—5ER, FH@IIFA await sleep EE—ERAYIE], &
HERRTENS—FER. ARKITEENEEL trpl: itace FEFHEHP—IER, (BRF
ZLAESN. fast ZR!) FRATFHNEENRIIEFTER race iR, XEZERTH
R Either KB, FNFREEBIITHEREERTHIBRAP,

X% src/main.rs

let slow = async {
println!("'slow' started.");
trpl::sleep(Duration::from_millis(100)).await;
println!("'slow' finished.");

let fast = async {
println!("'fast' started.");
trpl::sleep(Duration::from_millis(50)).await;
println!("'fast' finished.");

b

trpl::race(slow, fast).await;

BEIFRWRINRE race BHMIAFE, “started” SHEMIRFSRZE, BIfF fast future S2F
— AR, XRENXMFEN race HHIMHAARR AT, ERRBUFENSEBITRER
IBITEER futures, HENXI & AFH, HEZMEVLIEEFEE LRI future, AETie
FAVERAM race TMEE AT, Hih — future SER—MEEZSFBZEI—EHIZTEIES R
BBIRAE— await Jylk,

EIZ—TE— BT IEFFIREEEF— await point, WNRH await BY future ILEETLE,
Rust KA BT — IS KEEZESHUIRIS —MES. RIIRBIZIERR: Rust R
£ await point HERSZRBRHAFITHINRELLEITH . await points ZEIRN—1LIEBE
EikZ:oH

XEKRENRFERT SIRPI T —H TEMEE—1 await point, AR future ZFAE
HEMEM future A&7, BIMRAIEERITRXITA— future FEHETE future JIE
(starving) o FE—LEBERP, XAERBTAKEM, Fid, NRREHITEMBRIVSE
HEKMEEITIES, BRHE— future S TRIFEEITREREESIIE, RIFTER
E A HIG IR HINZZIEIEZ TR,

By, NRIREKISENETRIEERE, BRI ABER—MRE T RIEFNAEEDEE KEX
ERMNSEATA,

AIEXMIERT S0fA AR BT IE?

Yielding

IFBAME— D KIS ENSITHRIE, R 17-22 5IANT —1 slow ¥R, EfER
std::thread: :sleep MARZ trpl::sleep [HIt slow JARZMAEYRILIEETEN. KITAILL
FA slow RAKRILSL R PRIKEENEITH B R BZEMRIF,

NHRZ: src/main.rs
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fn slow(name: &str, ms: u64) {
thread: :sleep(Duration::from_millis(ms));
println!("'{name}' ran for {ms}ms");

ERf 17-22 H, BAER slow E/LA future FIEPNIX S CPU BEE TR, &, 81
future ARTEHTT T —RINIRIBIRIE Zf5 A BIZHINEIELIE1TRS

X% 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 o

trpl::race(a, b).await;
WMREBEITHEE, REERXEEE:

a' started.

'a' ran for 3@ms

a' ran for 1@ms

a' ran for 20ms

'b' started.

'b' ran for 75ms

'b' ran for 1@ms

'b' ran for 15ms

'b' ran for 350ms
a' finished.

55— RBI—#, race HIATE a RHEMIZIERT, A future ZERBEREIETT. a
future —EHFHTHITEEZ trpl::sleep AR await, FAf5 b future —BE#H{THITFEZ!
T B trpl::sleep JAMRM await, BIAG a future A 5eM. N T EMA future TREE
IBESZIEEREEEFTHE, FKITEE await point A BB EINIT AT TR, XEKER]
FE—LEATLL await BYFRE!

BINBLTERF 17-23 Il X LR E: INREE a future Z5ER) trpl::sleep, ABAH
EFTABY b future T2 ARIE1T. LIFRANTRILUER sleep RECRIEANFTIATE?

X% src/main.rs
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let one_ms = Duration::from_millis(1);

let 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.");

let 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.");

b o

B 17-24 %, FATE slow JHAZIENEANT trpl::sleep JEAF await points, IER T
future W TESMHEERXEIETT:

started.
ran for 30ms
started.
ran for 75ms
ran for 10ms
ran for 10ms
ran for 20ms
ran for 15ms
finished.

QO T O T 9 T T O WD

a future MASTEEERINE b ZANIETT—=)L, ENEEEA trpl::sleep ZATFLIEA
7 slow, AEEXZERM future ZTEMA await point BIREIIR, EXMIFH, i)
£ slow ZFRXAM, AIRMAIUEEASERMSHFDES,

AEEMNHFTEENETXE KIR: RINEFERTERMEGEHE, KIMNXNEFEREE
FIANERITITRY . FATRILAER yield_now BRIECREROX 4. TG 17-25 1, HITIEFRERY
sleep AR yield_now,

X% src/main.rs

let a = async {
println!("'a' started.");
slow("a", 30);
trpl::yield_now().await;
slow("a", 10);
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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.");

b o

XAMNEAFRMKREA T KN EEMEEZZMRTER sleep, ENERXIFER sleep BY
ENREERRTEIEGRIE, FIANFRI1ERR sleep fird, IEMRIE—ZF, WAL
E—INAPEY Duration, A, MAMENIEE RiE: EMAIUE—=2WATHRS TIE!

R BITIRE—LEAENEREIEX—=, HRfl 17-26 PFRIXD. (XHABR— M
FHERFHITHREMRAN AL, PMEARBRIXENXFIEEBN,) XB, HITEBTFREN
IRESITED, Bm—49F0 B Duration 2§ trpl::sleep, FitE — future £ BIE1T, F1F
future ZiEITNIR, BEFHNVEIT 999 MIERHITLL TERA trpl::sleep BY future FfER
trpl::yield_now By future BYiz1THEY(EL,

X% src/main.rs

let one_ns = Duration::from_nanos(1);
let start = Instant::now();
async {
for _ in 1..1000 {
trpl::sleep(one_ns).await;
}
}
.await;
let time = Instant::now() - start;
println!(
"'sleep' version finished after {} seconds.",
time.as_secs_T32()

),

let start = Instant::now();
async {
for _ in 1..1000 {
trpl::yield_now().await;
}
}
.await;
let time = Instant::now() - start;
println! (
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"'yield' version finished after {} seconds.",
time.as_secs_f32()

)5

fEF3 yield_now RURRAE RIS !

XERENRTEFMENEELE, RORFEEETEREEASHHERAL, TR
T —PNEMUEFFARRARD ZBIXANEATRE, X2—MERMN thEZESLE
(cooperative multitasking) , 81 future A& await point FRFE A 3EITHIT. FH Lk
81 future BE TR L KITEIERE, T—LET Rust WA RST, X HW— ST
SRLIBATY

L, EEEAEF, MBERSES 1T LEXEEA await RKIFRRE. BAXFEH
yielding fBX A ENEN, EHRAZELANEY! ERZBERAT, SRRHTERREESF
DA EERMERE, FIUERAT B HaREtit —MEFEERBIFAIER, R
izE 2B NERMEABEENEERINEH 4. FEHRENZEETERNEEFIC
REE Wk WRE TREBPEH LHITH T FERITHIHT,

HEENECHNFIT IR

BAHEALUEG futures AEEFFER— VIR, Hl, RITLUSHEENS SRR
—A tineout EM, HHNZAN, HERBRI—TLUFRIRE— 2SRRI
e

5 17-27 BRT FHAIFER timeout JNAAME—NEIETITHY future,
X% src/main.rs

let slow = async {
trpl::sleep(Duration::from_millis(100)).await;
"I finished!"

Y

match timeout(slow, Duration::from_millis(10)).await {
Ok(message) => println!("Succeeded with '{message}'"),
Err(duration) => {
println!("Failed after {} seconds", duration.as_secs())
}
}

WFABRSEIME! B, EFHNIEE—T timeout BY API:

« EEER— async RELUERTLL awaito

« ENE—NBSHNZEEEEITH future, AT LUERZE LUER UM BEE future,

c ENEZNSHURBRFTESFHNRAMNE, MRZK(EA duration BYiE, BEFERIEEE
BEBL trpl:isleep TIFEE,

* EMNIZIR[EI— Result, YNR future FEINFERY, Result FFEE future FIF=4EMIEN
Ok, YNREBEIEELLE, Result FREEEBIVERAVFFLETEIRY Exr,

Al 17-28 B T XN R
NHR: src/main.rs
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async fn timeout<F: Future>(
future_to_try: F,
max_time: Duration,
) -> Result<F::OQutput, Duration> {
// Here is where our implementation will go!

}

DR T HAF LB B IR, MELTNBETREN 178 BINEEEBFHFH future 7
BEmEREERESE, BFATATLUER trpl: :sleep 1 duration ReIZE—1ERY2S future, F
fEF trpl: :race ITITEREE future FIARHEZ 3K future,

KIMTEFE race EARTEN, FHirREENINFRIISEH, B, Hi1ExLEE
future_to_try £4 race DUEMIIA max_time @—NIEREIGHNIFEIY B E R EEB VISR, WR
future_to_try 558K, race =iR[O] Left F future B, U08R timer BSFC5ERK, race
=iR[g] Right FERTEEHHEIE O,

E6 17-29 &1, FK{IITED await trpl::race FULER, IR future_to_try FRINHEE—
Left(output), AR ok(output) , HHRINEARIREBT2HEY 7 HFE—1 Right(()), JJ
FAET _ ZB% () FiR[E] Err(max_time),

Y& src/main.rs

use trpl::Either;
// --snip--

fn main() {
trpl::run(async {
let slow = async {
trpl::sleep(Duration::from_secs(5)).await;
"Finally finished"
}

match timeout(slow, Duration::from_secs(2)).await {
Ok(message) => println!("Succeeded with '{message}'"),
Err(duration) => {

println!("Failed after {} seconds", duration.as_secs())

}

}

1)
}

async fn timeout<F: Future>(
future_to_try: F,
max_time: Duration,
) -> Result<F::OQutput, Duration> {
match trpl::race(future_to_try, trpl::sleep(max_time)).await {
Either::Left(output) => Ok(output),
Either::Right(_) => Err(max_time),

FRENB T — 1T HESBINR N EB R LT ERY timeout, MNRILNNZITAE, E
TEEBRY Z [RFTEN RIS -
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Failed after 2 seconds

BT future BJLAFNEAM future A&, RAILUERE/NHNETREREWEIEERINITE,

fign, ATLUERERNAIURASEBRMNER, HEMEEATFEMNLARNIE, XIES

EEFFLH— A

ELEP, {REEIZEAE async ] await, ERXA B join, join_all, race ZHRIFE,

TEfERXLE API BHER 2B/RIBE pin,

MERNIWE T —RTIEIBZ A future BIGET . ETE, BINREBFWNAED GR)

streams ¥ZETE]IRE LIRS future, R, 7ELbZE, XBER/LMRAIGEEELE SR

&

« FAZAIER Vec BEE join_all RFF—AH future 2ZF5TM. ABAZIAEE Vec RiZIR
FPAbEE—4R future IB? X AMABLEANEENSIE?

o (FAHYNER futures crate Ay futures: :stream: :FuturesUnordered ZE8BY, FHESEH Vec
REAAXR? (RAELOEXRBET crate B stream {RRX—FL; SEGFHERTEM
future £45,)
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7 (Streams): lFFEY Futures

AEEWEAAL, FBNABIHEEHSZETFTREIN future Lo —MEBHIFISMNAZEAA
SR EE, BIZ—TEAREZFN HEELERE PEITNAERSFS EERRIREN. RP
recv J3AREER BB E—TFIHDL. XR— 1M ERARRINBISES, EERIN AR

(stream) o

A ZHES+=FR Iterator trait #] next 757% BN ELXNITHFY, FLERBHNFD
SEERIHRER X, F—TMXFZHELEE: SARERATH, MEEERKKRERTH.

FEMXAIZ APL, HEREAIE Iterator B, HAITZBERERBY next ik, WFXMFEH
trpl::Receiver jfi, B THAB—TJRI B recv 757k, FRILZSM, XMFh API fEfER LR+
DM, XMEMNEHIFLE, REMUTFT—MRIHABIENREE. 7AT, trpl::Receiver &

NEFHRWCHE, TERRYA APLERSEERET 213%: EUS Iterator AHRIMVATURM T

— IR, EXARTHHGIENR,.

Rust FIEREBRFIARIRINE B RS TSR PR LRl UM RIER B LB, S5iX82E0),
AT LUBI JRRAY next 757AF await HiaiRERE, 076 17-30 Fiimo

X% src/main.rs

let values = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]; ?G
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}");

}

BAVU—BEBFERFIR, BRERND—NERSEHIEEER nep FHAAEERG. ARER
trpl::stream_from_iter BRERNER BRI MM, G, FlIfER while let BEIRTEINEART
MR N BUH TR,

BIBHNRARMNFXSTAEN, RBLERE, MEREEKETHN next FiE.

error[E@599]: no method named “next® found for struct ‘Iter’ in the current scope
--> src/main.rs:10:40
|

10 | while let Some(value) = stream.next().await {
| ANAAN

= note: the full type name has been written to '/Users/chris/dev/rust-lang/
book/main/listings/chl7-async-await/listing-17-30/target/debug/deps/
async_await-575db3dd3197d257.1ong-type-14490787947592691573. txt'

= note: consider using "--verbose® to print the full type name to the console

= 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

1 + use crate::trpl::StreamExt;

1 + use futures_util::stream::stream::StreamExt;

1 + use std::iter::Iterator;
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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 INPN PN

IFyMmE RN, RiFFREIRNREARKNFETFREPEERR trait LUEREISFERA
next 757k, £FBEIALLRITE, RAIESSIEMIENX A trait & Stream, EXFR EFEM
& StreamExt, XEH Ext Z “extension”: Tf Rust #HXHXERFE— trait & trait
RTLo

HIEESTELREREFIFMM NS Stream F] StreamExt trait, BRIIFRFFIE Stream trait
EXT—NEBREOBRFEUMLAE S 1terator F] Future trait, StreamExt trait £ Stream Z
HRMT —HSE API, EREIET next FIEHERMATF Iterator trait IRENITE G %,
Stream F] StreamExt BRIEARMMN Rust BIARERE, BEDRFAFIKZE crate ZBERE
RIHITE Mo

HATFEE AN — trpl::StreamExt BY use BEAIRMBERIFEIZ, WRHI 17-31 Fimo
XE&: src/main.rs

use trpl::StreamExt;

fn main() {
trpl::run(async {
let values = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10];
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}");
}
3

RrrEXEREHEE—ER, XRABNERNTERIET! EEENE, WERIMSINT
StreamExt , FARILUREMANB—FERENEIARSGE. FIMESRG 17-32 4, FfE
A3 filter 75 AR IEH{NIY 3 B 5 RIS ERBITL,

NHR: src/main.rs

use trpl::StreamExt;

fn main() {
trpl::run(async {
let values = 1..101;
let iter = values.map(|n| n * 2);
let stream = trpl::stream_from_iter(iter);

let mut filtered =
stream.filter(|value| value % 3 == @ || value % 5 == 0);
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while let Some(value) = filtered.next().await {
println!("The value was: {value}");

}
)
}

BARHATBIFENER, eI UEREEREARMARERRIIEERISEIXLE,
PREGEFAE B RAERIB — LIRS IhEE.

HEMR

REMSRAMBEERAMKRT: PAFIRFELETANIL SEEBIIHENAREFREIZED M
XHERFGHENAVEIEIR, SERERT RIS @ MR Z A ZLARVEE. EARAESHE future,
BB ERFEREEREN future, HU—EIFEEBNALRAASEN] B, i
AL ENEE RS RMATZSHNERR, I—RINKNERTHESKEBR, &
AP EROSHIREREZHTILERNTF,

IERER—NNEERIEAFGE, KBEEN—IAEEM WebSocket iEHEISLtH R
BOEE N PIE R RV SRRV, WRf 17-33 Firo

G 17-33 51, EAESH, RSB T —IMNEFEE, BHEXFERNEI+H1MFR, H
BIEEAXEN
NER: src/main.rs

use trpl::{ReceiverStream, Stream, StreamExt};

fn main() {
trpl::run(async {
let mut messages = get_messages();

while let Some(message) = messages.next().await {
println! (" {message}");
}
1)
}

fn get_messages() -> impl Stream<Item = String> {
let (tx, rx) = trpl::channel();

1e.t messages = [”a”, ”b”, ”C”, ”d”, ”e”, |lf|l’ ”g”, ”h”, ”i”, ”j”];
for message in messages {
tx.send(format! ("Message: '{message}'")).unwrap();

}

ReceiverStream: :new(xrx)

}

B, B2 T —1R[E] impl Stream<Item = String> By get_messages BRIZf, {FAELH,
BITRIBT T RIEE, BHFEHRXFERA 10 M FE, FEIEELKEEN

407/562



Rust i2FIgITES ERFXhR

BANEERT — 1M #EEY: ReceiverStream, B trpl::channel By rx #EUIRIZIRAN—IE
A next 737AHY Stream, [OF] main, FAIERT —1 while let FEIRRITENRBRPHFRE
3%’1%\0

BITXERAER, HIEESHHTe —BHER:

Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:
Message:

— - DQ 0D QN T QL

AE, BATATLUEREIAY Receiver API EEE Iterator API RMEIXLE, FRLALEE1IE AN
—NEERNINEE: EIN—MER T RPFABEIER, M— N XAVIER, dRfl 17-34
FRiTo

X% src/main.rs

use std::{pin::pin, time::Duration};
use trpl::{ReceiverStream, Stream, StreamExt};

fn main() {
trpl::run(async {
let mut messages =
pin!(get_messages().timeout (Duration::from_millis(200)));

while let Some(result) = messages.next().await {
match result {
Ok (message) => println!("{message}"),
Exrr(reason) => eprintln!("Problem: {reason:?}"),

}

HANBE timeout FHIATER _EIZINEERIRIEANFIR, ©XRE StreamExt trait, FREKNIEMN
while let {EIF{K, FAIMIETIRE]I— Result, Ok TLIAKREFHEREIE)X; Err (AR
EEE R ELAFIRALA B T ] match HEREBEATERINZKBHTENEEEAITEN—NE
B, &=a, BEARRINEMLEENZE pin FT7TXEEE, EANEBREEBIRE=E T —
PMEE pin FA R IR,

A, B/EEZESEIER, BINHASKRTERFNITH. LI ERZEE RGN — T
N E, WRHI17-35 Fimmro

X% src/main.rs

fn get_messages() -> impl Stream<Item = String> {
let (tx, rx) = trpl::channel();
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trpl: :spawn_task(async move {
let messages = ["a", "b", "c", "d", "e", "f", "g", "h", "i", "j"1;
for (index, message) in messages.into_iter().enumerate() {
let time_to_sleep = if index % 2 == @ { 100 } else { 300 };
trpl::sleep(Duration::from_millis(time_to_sleep)).await;

tx.send(format! ("Message: '{message}'")).unwrap();

)

ReceiverStream: :new(rx)

£ get_messages H1, FRA17E messages #H4H EfEFH enumerate 3EC28 7574 LUEREZ FIBY RIS I
EEMEZES|, REFHNTABEHZEIIIMSIN 100 EFRERH HZFEES|IFIE|N 300 2
FOBIIERY SRARINE St R A H EoR Al sE B I AR R BVIERY, E R EATAVEERY o 200 =7,
Wiz ER—¥AEE,

AT TE get_messages KEHPLIE BENEREARERKIEE, BRINEEERARD. AMm, &K
I1REERE get_messages HMAF T ART R, RAXFEZRE—

Future<Output = Stream<Item = String>> [ & Stream<Item = String>, JEAREBENMRER

await get_messages & RIKEUM. FIiFicE: E—NEEM future FR—IIEBEA MR

&1, HEARET futures Zidl, await get_messages REREEIREIZW IR Z B R IZFTE
FER, 85 ERZEINRERIER, HERE, BREEXRL. AESSEEANEN; E
NMEEe#AETRAIAZAEL

B, Bl MREF get_messages JH—"MEREIARBVEMERE, FH spawn —MESKLERD
sleep JHH,

AR BXEEA spawn_task AT TEREARNERIRE TiE1TH; MRKHE,
MZIERK panico HERSKIMNERE T REIRE RS . IR~ E— 1Mz
1TSS panic MIRZXZHE—LEEIMNTH, BRNAERAFRMA—IHIRILAY.
Bt Ei1TRY 5| RIS TUK spawn £33, 1555 IERRIRBVIETTRY FME R RIAN B sk B K
RS RN RIS !

RERNBRBET —1TENEBNER, BR—ITHEZIE— Problem: Elapsed(()) 3

X0

Message: 'a'
Problem: Elapsed(())
Message: 'b'
Message: 'c'
Problem: Elapsed(())
Message: 'd’
Message: 'e'
Problem: Elapsed(())
Message: 'f'
Message: 'g’
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Problem: Elapsed(())
Message: 'h'
Message: 'i'
Problem: Elapsed(())
Message: 'j'

BREAAFZEIEEREIR, FNNARBFIFBERGIER, RAZKIMGEER TR
B9 (unbounded): ERUFMERFFAATNAEHRES. MR ESTEENZANZBELE, A
WIFBRRMHAENIE, FIEHFRICHERE, HENEAIEELEAT,

MRFEREI LUBIEAAERNEERE At ERARAREIAEITA. WHNNE—1E
FRERE— DR BT BB FREYRAX NE SRS H B Fo

BHFR

B%, itENES—NR, IREZETENEESEENAE—T, ATEEEN, &
ITRILUER sleep BRIFRIEIRZE—MEEHRES get_messages BKEHMEE LRI
BNAXREHEN]. XKFEX—R, BT LAEEESE/MEIMRAE, FILUREEXEES
£ impl Stream<Item = u32>, RRZXAILLARZ Y get_intervals (G0 17-36 EA) o

X% src/main.rs

fn get_intervals() -> impl Stream<Item = u32> {
let (tx, rx) = trpl::channel();

trpl: :spawn_task(async move {
let mut count = 0;
loop {
trpl::sleep(Duration::from_millis(1)).await;
count += 1;
tx.send(count).unwrap();
}
3

ReceiverStream: :new(rx)

}

EINNUEESHEX— count FEAFFIR. (BENBAIUEESINEENE, FERETMET
ENERESERR,) BEEENE—NLRER. BFNE—XERsBTKE—=,
BIITEREs, FHIEE B EEARIFZE, AAXLELEIFENE spawn_task BIEMESH,
LEN] (BELRER) HEhEEEITRERMmEEE,
XEBEBITIR BN A 245 R TIRTER, £8Y Rust FHELEEN: REEFEELRM
BT TS, BERTHEE, XFAMEETMEERR, REBHFANSOERPFEEL—
await pointo

MEEE main REPFTRBIR, HNTUZEIHAEH messages F intervals 73, R
17-37 Fi7o

NHR: src/main.rs
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let messages = get_messages().timeout(Duration::from_millis(200)); ?“

let intervals = get_intervals();
let merged = messages.merge(intervals);

HNILLUARR get_intervals {EANFFIE, EE BT merge /53553 messages F intervals 37,
BZHEEBZNIREH AR, aHENRSERRPER—N R H IR 17 B4 4 1%
I, BAKENERSENHFIRF. &EERITERSHEINRMAE nessages,

LtBY, messages 1 intervals FAFEMW pin FHE LR, AN EHH R
—HY merged A, FAM, XA merge FAAHAFRELIE! (while let EIFAY next FAAMIE
HiE, XNEERNEEELE,) XZEERARNSREERRARLEE, messages REE
Timeout<impl Stream<Item = String>> ZE#Y, Hf Timeout BT timeout BISCI T
Stream HY2RAY, intervals HZE impl Stream<Item = u32> FEH, AT EHXFEPER, FKI
BEBED— RN 5 F— RIERNAE, BIVEEN intervals 7, [F nessages
MELER T HITHRENEASM ARG IEEINEIR (W05 17-38 Fiz) o

NAR: src/main.rs

let messages = get_messages().timeout(Duration::from_millis(200));
let intervals = get_intervals()
.map(|count| format!("Interval: {count}"))
.timeout (Duration: :from_secs(10));
let merged = messages.merge(intervals);
let mut stream = pin! (mexrged);

B, FATILUIER nap HHBIA AR intervals FIRANF TR, BR, HITFEILE
messages FAHY Timeout, {BRERENFE(TFR HFE intervals HiERY, FbrlUAEZEIE—LL
HnB B K E K AVHBAY, XE@1d Duration: : from_secs(10) & T — M HER, &5
EMNEER stream THALE, XHF while let IR next FAABILUERR, HEZEE pin
FEABEREMMIT. XHERN] JLFE X2 T Bir. FEXEKETELT., B2, WRIR
BTE, X2ERNI#. £—, EXEEAREL! (RFEFEH ctrl-c RFLLE. FZ, X
BRXFHRNEERBSEFMENEIRITEEEZH:

--snip--

Interval: 38
Interval: 39
Interval: 40
Message: 'a'
Interval: 41
Interval: 42
Interval: 43
--snip--

il 17-39 BRT — M RE G N R 7 7.
X% src/main.rs

let messages = get_messages().timeout(Duration::from_millis(200));
let intervals = get_intervals()
.map(|count| format!("Interval: {count}"))
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.throttle(Duration: :from_millis(100))
.timeout (Duration: :from_secs(10));
let merged = messages.merge(intervals).take(20);
let mut stream = pin! (merged);

BJt, AP intervals JR EfER throttle FFiALABTLEE AR messages, PRI
(Throttling) E—MREIREBIBERIMRMNTG N ——EARRIF, BENRFIREILEHIAER, 5
100 EMW—RBRNEGE, RAXKESHEEARREREL,

AT IRBIFNMRIZULEIIEIERE, FILTE merged fi LA take 57%, RAZKMIHERSIR
L, MAXERTRPRIE—T.

MELSBNNSITIEFN, SEMRPRIE 20 MUGELE, BENERITHEVEERSEZRKE
FRRIGEE, FHITtEAFRESEZ Interval: 100 5§ Interval: 200 H{EZE, ME Interval: 1.
Interval: 2 %, AMEREARATUSEN=E—1FMH. XEEAN throttle FRH~ET —
MHRTRERER, XERERIASETAERTMACRH "RE" ZXTHRIE, FKITFR
FEARERVIENEREERAFEEMES, RNEABEMMRFTEXLERER! XNE
Rust BY future FREIBRY “I8M" TE(ER, BEATRN B ZEFEFIERET =

Interval:
Message:
Interval:
Interval:
Problem: E
Interval:
Message:
Interval:
Message:
Interval:
Interval:
Problem: E
Interval:
Message:
Interval:
Message:
Interval: 10
Interval: 11
Problem: Elapsed(())
Interval: 12

apsed(())

apsed(())

OO OHNON T PRHWNL -

(0]

EERE—THFELENRE: HiR! BTXRTETEENR, HEENS kXA
send AR RER RN, XEURTFIEBITRIAIMAHITARGRR future, HEITENLE, FflESD
unwrap JHRARBES T XM EIEEM. BE—TMTHREFNNARERF, FKiINPAFELEIZER,
EDNRILER, DBRRERIRRIXERS. T 17-40 BR T —NERMHEIRGIERES: 17
ENfR)EF MIEER break thko

X% src/main.rs

fn get_messages() -> impl Stream<Item = String> {
let (tx, rx) = trpl::channel();

trpl: :spawn_task(async move {
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1e.t messages = [HaH’ |lb|l’ |IC|l’ |ld|l’ |le|l’ |I.F|l’ |lg|l’ |lh|l’ |li|l’ |lj|l];
for (index, message) in messages.into_iter().enumerate() {
let time_to_sleep = if index % 2 == @ { 100 } else { 300 };
trpl::sleep(Duration::from_millis(time_to_sleep)).await;

if let Err(send_error) = tx.send(format!("Message: '{message}'")) {
eprintln! ("Cannot send message '{message}': {send_error}");
break;

}
)

ReceiverStream: :new(rx)

}

fn get_intervals() -> impl Stream<Item = u32> {
let (tx, rx) = trpl::channel();

trpl: :spawn_task(async move {
let mut count = 0;
loop {
trpl::sleep(Duration::from_millis(1)).await;
count += 1;

if let Err(send_exrror) = tx.send(count) {
eprintln! ("Could not send interval {count}: {send_error}");
break;
1Y
}
1)

ReceiverStream: :new(rx)

EEE—&, ERLMEHEREIAMNAGAIEAAR: REBFRIREG— 1 REEEIE,

MERINELEL TREZEL LR, LENHEERE, ERAMIRIT—T Rust PFRAFEIE
M Future, Stream FIEHTE X trait FI—LE4HTS,
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ANIEfR async X traits

BEEAE, R11ESZ#HAR{ERT Future, Pin, Unpin, Stream F] StreamExt trait, 1BE
HIEBaIALLE, FiTE% 2t 7 Re( 1A TEsENfAASTE—KNAT, XIREEN
Rust FAM S @B EE&A#EN, FAEERR=BIEE TRESHATNTR. T4, &

NERBRANUBEMXLETR, HNaK BIEE B RENREBLHEHEXHE,

Future trait

IEERATAERAM T % Future trait fEAFFIG. XEE Rust REINEE XHY:

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::OQutput>;
}

trait EXPEES—LEFERMEN 2 aZE NS BFEE, FLULRNMZS FHEm—T
XNE o

B, Future BYXEXSEEY output FRAA future RARMBTHAIZEE, XIEPTF Iterator trait
HIKEXFEEY Ttem, EIR, Future BB— poll ik, HE—MFHH self SR Pin 5|F
F— Context FERMBIL5|A, FHR[E— Poll<self::0utput>, FEFIEHNIEHW Pin A
Context, IRTELLFEAIE FFAHIEIREIR Poll FEHY:

enum Poll<T> {
Ready(T),
Pending,

}

Poll ZKAEIKAUF— Option, EF—PNEBEMLTIR Ready(T), M—MEHERNTHE
Pending, Ad Poll FRAKRMIE NS Option IFEAR[E! Pending T{AFKEA future HATEHE L
FE#1T, FIERRETHEETERRINE, Ready Z{AKRA future BETTAH THIMEHAT
BB BT FERY,

AR WFAREDINEE, AREBARRMIE future IR[E] Ready [GEBRIAR poll, R%
future EERGEERIAR panico AIURESMBRIIAR future RTEXH 230
WA, XEIATF Iterator::next BY1TH,

HIRAUEIER await BIREDEY, Rust IERBFEFIFNIEA poll WA, WMRIREILET
5 17-4, BEE—1EA URL TSR RFTENHTIERE, Rust FEEFFN—LEM (2R
FreR) XEFRES:

match page_title(url).poll() {
Ready(page_title) => match page_title {
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Some(title) => println!("The title for {url} was {title}"),
None => println!("{url} had no title"),

}
Pending => {

/1 BXBIEITHAL?
}

gN2R future {H7ARZ Pending AUIETRNIN LM ANR? HNFEEMASAREEL, HE
future RZER. RAIEWR, BMNFE—TREIF:

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
}

A, YR Rust ERVIFAUIDAEHAMRIREAREE, ARAT— await FZTALFAER(E - X145
5N EMER! 8K, Rust BRIEIF AT LORHE RIS 48— R LUE{Z 580 future %M
EREHE future HEZEERICE HH] future AR, WRFAL, XMEFLBITH, X
MZHM BN TERREETETFZ—

EAEFEHIRER, FIERT ERF rx.recv, recv FAIREI— future, F await #i8
T future, EITEIEIEITRSEE future, BEIEMAEFFIR[D] Some(message) , HE(S
BXF1BYiR([E] None A1k, BEEFAIXS Future trait, SHRE Future::poll RYIBFERYRN,
eI EHERINME TEN, ZHiR[O] Poll::Pending BY, BITEHIE future IBE B EFME,
g iR, ¥ poll iR[O] Poll: :Ready(Some(message)) Y Poll::Ready(None) BHim{THIENE
future B4 EBIE, HEHEH,

BT TR R AATEL 7 ABRSER, T XRETER future RIS 1B1T
BRI EF A RTNE— future, TEENTIESE TTREHMEEAKER,

Pin F[ Unpin traits

BIEAERH 17-16 5N pin BEERES, FATER T —MEARIFHIBIRER. XEBRRE
REAEXBIERS

error[E@277]: “{async block@src/main.rs:10:23: 10:33}  cannot be unpinned
--> src/main.rs:48:33
|
48 | trpl::join_all(futures).await;
| ANAAN the trait “Unpin® is not implemented
for “{async block@src/main.rs:10:23: 10:33}°
|

= note: consider using the “pin!’ macro
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consider using "Box::pin’ if you need to access the pinned value
outside of the current scope
= note: required for “Box<{async block@src/main.rs:10:23: 10:33}>" to implement

"Future”
note: required by a bound in “futures_util::future::join_all::JoinAll"

--> file:///home/.cargo/registry/src/index.crates.i0-1949cf8c6b5b557f/futures-
util-@.3.30/src/future/join_all.xrs:29:8

|
27 | pub struct JoinAll<F>

| - required by a bound in this struct
28 | where
29 | F: Future,

| ANNAAA required by this bound in “JoinAll®

XPMEIRE R RTNERRENBENXLEEFRTT pin 121E, ETERET A4 pin BHER,
trpl::join_all RFLREI—MIUM JoinAll HEMIE, XNEMEE— F XEBZE, ©
WERHIAFEELI Future trait, 1Bid await Hi% await —1 future 2L pin (FX K
B, XUMBAAABINAZEEEAEE await future RIS ER pint,

AT, XEBENTEEERRE await — future, HRBENTEIE join_all KEEZE— future
EEFMET — N5 future JoinAll, join_all M ZERESHIMMAYLRELELI Future
trait, M Box<T> REEHIEN T 2— LM T Unpin trait BY future B4 A S SZI Future,

XERZFERWRIEIR! ATEIEMIEREE, iLRINERRNIEM Future LPR_ERWNRT
RN, 453102 pinning BR—EB53
BRINER Future trait ENX

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 BERH Context KH, BIEITIIIMAITEMRE lazy BB FRFRAE R AT
EAILATER future IXE, FEF, ENENRAILENATLBLY T AZRERE, BEMRIEE
MEBENX Future LHNAFERZE, BRBFNEXZE self FIRE, RAXZFE—RLE
self HRALTENTS R, self RRAUTMEHESHPRITHEEM, BERTXEXS!:

* ©5IF Rust ERAMIZTT AR self A ERIRE,

* EXRERERRE, XRETRMTZGENLE, B—M2REN5| ARESERET, o
E—PHETIZEREE| AR Pin,

BT BH/\E BSMEIXMNEL. IE, MENRERH— future KIOEBEER

Pending 8¢#& Ready(Output) , FfJRE— Pin HERIZLRMEIL S| AMBE 7o

Pin @— 1 RIETTERIAVEIE, thY0 &, &mut, Box Al Rco (MERAR LR, Pin EATFEIL

7 Deref Bf DerefMut trait RYKEY, AEXEfR EFFTFReeEATIEH.) Pin ZEHAZE—
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METHHBE WA REIEM Re M Arc FBIF5|IAITERRITIRE; ©RAME—MRiFRE T UARY
RistHERN IR,

ElZ—TF await FYSCIMEE T3 poll BNIEH, XEMTHEBREZEIWNIINEIRER, A2
XF Unpin B, FRLA Pin BIKS Unpin BIXKEE, X AMt4A Future FFE self F— Pin
B 8EAA poll?

EIiZ—TFERZEZ Hi future F—ARFIRY await point #RIFN—IRSH, MRIFSEFHEX IR
BHEST Rust ELREH EWFME SN, SEERMNAEN. ITHEEIEEIE, Rustia
EFE— await point ;15— await point Z[EISEIRFRBRER 2 BT AIEEREEN,
IIFSRIRETERNREN A EIE—MENNE R, S— P EEREEEREPIRN A BT
EIRVEIRRYIEIRINGR, BEAREEIBNAMENEARBRE T H AT LS|,

FERALE, —YIEER: MRRELERT ABBRPEHETRENNES IR, GRNESRSS
FfR. SFNFEZ B MR future - BN EIZEHE] vec FREEZIEL join_all -

AL TERE,

LBRATBEI— 1 future - B EFBEE— MUREIHET join_all BEAEERERNEITEM

R - XS20T L B E BB Rust RAITRIRERE. Ti5 Rust A SHE fAER

B, Rust HESRIBHRAIEN future AT ERASEEBAT EHNTR RO EE S|

A, W& 17-4 PR E K EFIT.

fut
0

1

SN~

B2, MANERTENEAAEEBESIANNEREFRZE (unsafe) By, ENSIBEREIE
EEEES | BRSSP AF L (WE 17-5), INRBITBTHEIRENERS, XLERESIH
RIEBEREEENMLL, AT, XERFHUINERTRN. —FHHE, HIEXEHIEEH
XEERSZWENH, BEENZE, HENREAIUESRXRRNEFEENATEMAR! ZEMR
AR BER RN E e 2 FEXBVEE,

fut2
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Eie bR, Rust FmiFSSAIUIEN RSN ZHXENRHEFAENG A, FIXIEMRS

MEREFFHE, 3R EE—EINHRNG | BFEEMIR, HHRIMNRBATARBXEVRIELSY
F=BAFERER, REFEMEMSIA, XIER Rust WERRERFAERYN: T2 NE
B, RIEBEHEAE B S AR5 BRI

m Pin IERTEUEM E, ABAMRMETAFENRIE. HF(h@ES Pin HE—MENSIAK pin
e, EMTEBBMT. MR, JRAE Pin<Box<SomeType>>, RSLFRLE pin{E7T
SomeType BY{E, MR Box $5it. Bl 17-6 AR 7 X—I12,

pinned

Pin b1 fut

E -(;@

o

EI L, Box FBEHNARLIBEER DL, 1BIEE: HITXOBEREZWES | BHEIEREFA. W
RigstBoh T, (ERECIERMBIBEEHRNGAE, MEE 17-7 —F, MAEBENRGE,
(PER—NRIINERS), AIUEBRERIERLIR std: pin BRI, SRHESHNAER—
MR Box By Pin RILMX—=,) HXBETESIBLEEELSAABE, RACHARHE
pin {E89,

b1
Pin pinned
> 0

(4

PAM, ARZEREBEMEREIER Pin [FE, WTEAIUREMBR, REITHSEREEIA
BEHEA TEEE pinoe BHEFHERREZFNESKBEERZENANRBEECITLER
RIAERS I A, RZEIRTE Rust FEARREBEIFNL. FIMIRAEUFZEI— vec MAREE
Lo EEREIBMBAIFAMNEIR, MRE— Pin<Vec<string>>, BMEERBHMSIANERT
Vec<String> AR R 25, (RMIALIET Pin RHHNREEHIRAY API JHITAEIE
B BMNFE—NIERSIFRIFSERMNZIMIBER FETUE AT B - XFZ Unpin AR
2T,

Unpin @— PRI trait (marker trait) , FMFIENNEEHSERIZH Send F Sync trait,
HLteMB S &BIEE. e trait NFERB AT SIFRERELAT L T XH UL SME
FSEI T L8 7E trait BIFEE, Unpin ERIREFBRXNMATELRBEENMIRNEREAIURSE
W% s HAE R fRIIES
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IEY0 Send 1 Sync —#F, ‘mi¥SEINFAEHIEANREIZEEISCIN Unpin, FEIFFEMTF
Send I Sync, B—MIFKIGIFAS LRI Unpin, XMIFEHIRFSZE impl !Unpin for
SomeType, XE SomeType IEHNEXHFN—MEE: ATHERELZSE, H—NMERERN
BEHEAT Pin B, BRAREHBMAEIFE R EIZoINL 2RI,

WANEW, XF Pin 5 Unpin WX RERMAFTEFIC. B, Unpin BF "IEE" 18R, M
lUnpin FIF4FKIER. HX, RE—PNEBELINT Unpin HFEXIT !Unpin, ERTERE
BT — N pin F83EMAZEM Pin<&mut SomeType> KR BYIS IS A =4 F2M,
FEEMAMINE, EE—T string: EEE—MKEMMEMAER Unicode FF. FATRILUE
String F3&# Pin A1, YNE 17-8 Fii~e 7AM, AR Rust P AR HEEE—FE, String H
SHSEIY Unping

it XF string K, BATAURE 17-9 XHAERSEARNNELIEE— 2B RS
H— TS, TR String THME Wnpin, XMBAEAZEIEAN., ZHFER Pin §
SN, B String ARSI BXEECAURSHBH XEATERIT Unpin TIRE

IUnpin,

Pin

E\ String
s1

: s2
N v

MERINSELEIR BBHEIRRIBRRE] 17-17 Xt join_all JHAFMREMEIRT . BV
M= R T RBIR=ER future #2Ehi# Vec<Box<dyn Future<Output = ()>>> A1, I IEYN
ZHIFTA, XL future ATREEEMWERSIAH, FLLENIHEKRIM Unpin, EfIREWR pin 1F,
ETRMATLUE Pin KBIE N Vec, HAE future RENEIERESWZEH,

Pin #] Unpin ERERERBEERIRE CHREEITIRIMRENERE, MAZEHE Rust
REIP, A, MAESMEFREEPEIXLE trait B, MEBHEFIAAREERET!

AR Pin 5 unpin WAASESAI IR 2MSEITE Rust FRIRZE B 5| A LS
M—EXRE KT, BX pin PUREFENSHZRD Rust RRAEL, FIERIRE
SEHE L TXXHRIEIENT,

Pin # Unpin MR TAERVARTS, ANENERLEFBIMN, 7£ std::pin BY API 3XHY
FEFRNNA, FILUMNRFENBFEIES, XR—MREFIER.

MRRHEEERNMIBERE IR INNAT, BEEF Asynchronous
Programming_ in Rust B9 S EMME,
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https://rust-lang.github.io/async-book/
https://rust-lang.github.io/async-book/02_execution/01_chapter.html
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Rust 2FIKIHES B{AR AR
Stream trait

WTE(RIT Future, Pin F Unpin trait BERZIMNIERE T, HNATLUE IR M Strean
traite WREREZFIFTFEN, REMFRLEREE. ERFRETF Iterator Fl Future, EHE
ESZARFES Stream EANEFERHTEN , FI7E futures crate PEE—MEBNES RS
RrZERNERE X

EF>] Streanm trait YNMEIREAS IS Iterator 1 Future trait L5 7E—HCZHI, EFIEEIF—T
ENTEN. M Iterator RIEISINT FFIBIEER: H next FiERME—
Option<Self::Item>, M Future FRFR{1F S FIMEESEIFLERIEIS: H poll FiERHE—1
Poll<Self::Output>, AT RTR—MHEEITEIMAENTIIFEY, FIENX T —MEXLEIhEELS
BE|—ifEr Stream trait:

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 X T — N A Item FREXEESREARFAEINPIER, XFEPLTF Iterator,
HAAgEEEENEZ1 I, MmETF Future, FESRERE— output, BIEFER unit 3
B O,

Stream HE X T —MREUX LRI 7K. B poll_next, RBAMIELL Future: :poll [E4FHY
HIVEIBFLL Tterator: inext FEIMFRIANE—RTIAII, HiR[EIZEEA option HET
Poll, SMEREELZ Poll, RAEMITILER AN, M future —F, AEBZEELZE option,
NEFBRARTHEZHE, MEERSE

5ithE XIEEEMHNKLIRAIRE LM N Rust inEEN—E5. BEl, ERAEIIEITH
TRMEHN—E, FRLUREILURHE, HBE TR —YINZ B 2ERRY!

T, XM IERXFRIRFTR, FATKBEEER poll_next B Stream, #H
RIENIERT next F Streamext, HFA, FATAILLIEIFEBCH Stream KSHIKEELE
poll_next API, FARATLLES poll 5 AEIEAE future —1%, A, R await BANLHE,
[ERY StreamExt trait 2T next 75 ALUERA AT LOKIFE:

trait StreamExt: Stream {
async fn next(&mut self) -> Option<Self::Item>
where
Self: Unpin;

// othexr methods. ..
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AR AEZRIARINEREX SEXNEERBERE, BACHEEZFERNTIHE
trait PEARP RILBY Rust hitds, Fib, EEFREREXEF:

fn next(&mut self) -> Next<'_, Self> where Self: Unpin;

Next ZKEIZ—SLI T Future F3@IT Next<'_, Self> RIFFA 18R self S|B%Em
JAEARY struct, ALt await BILUMEX N,

StreamExt trait . 2FrE A BT RINAEBG EFTTER trait, StreamExt BRI ANFFELIM T
Stream BY75ASEI, FiTXLE trait B9 3IE X UERX AT LUEREFHN TAEMASEME
it traito

7 trpl crate FRAAZEIAY StreamExt hRZAH, 3% trait AMUENX T next FAMERET —NIE
HaRbIE Stream: :poll_next HATIRY next FFAEMIALI, XEKEENMEYMRAES B CHREIE
RIS, RFLI Stream, IFEFMMERIREIBEIER WA Bat B LAER StreamExt KH
Fiko

XMERTE S RAXL trait WKRBATHEE T, =a, EFHITKREBE futures (1F
streams). ESMEZWNEDEES!
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ZE&{EHA future. FZH&TE

EMBAVEBTAEFRN, SRRRET ALK AN. EX—ETHNAI TS —MEI:
B future MRRERRY ., MRMFHFEANEE—ITMAZS—, BEXRZ: HEKER
mE! ENERZHRET, BITANRERLAENRY, MUENEELENRTRE,

ITERBELZRERACKRUTETAENH AR, AN RSHRBESURNERERTZ
o AMXERBEHIFGHENE, T REZREREP, ENIE—MEEERT A LVHNE,
B EIFE LR T —EHH, SEUIREAMIRERENBEHZIFENNREA 22—
W, ARFERNEEMBoER, —ERAXRRBRNCERIERS, HltBigEL
2o

STEEREHT —IFEN - RBBEEA - NEE, TRPREER, HLRELERE
MIUNERE, ik, BINETEESL, EWRNTHRIENIB trpl: spawn_task MRHE L
PG TIE—1%. ESHINTERE, EFEHIGERASIE, MERHELANNRIEEIE: Bt
BiE(78Y,

FL—Ed, EMNEIALEIRES EEREGE—RHTE— NI UERSREFRERN
SEAES. BITEAIUAKERMEITEMERNES. T 17-40 RERT
trpl::spawn_task Fl trpl::sleep, 7E/Rf 17-41 #, AT get_intervals FREFHHIIZE
AR EZEF R thread: :spawn F[] thread::sleep API,

X% src/main.rs

fn get_intervals() -> impl Stream<Item = u32> {
let (tx, rx) = trpl::channel();

=

/1 XEB *RE* “trpl::spawn’, @ std::thread::spawn’!
thread: :spawn(move || {
let mut count = 0;
loop {
/] AR, XB *FRE* “trpl::sleep’, 2 “std::thread::sleep’!
thread: :sleep(Duration::from_millis(1));
count += 1;

if let Err(send_error) = tx.send(count) {
eprintln! ("Could not send interval {count}: {send_error}");
break;

}
)

ReceiverStream: :new(rx)

}

NRIRBITXERARS, HiASTE 17-40 —tF. EEIEMNFRRENAERRENER
ZaMRN. MR, BME—TREEETR EFE—TESESME —NTE—TNRFRLIE,
HiR [ERRAZIZ X HIR o

REENZBME, XWMAINEITHIFERR, REAX N ERREENFFHIZITIERYE
HITNE, HMTATUEEARAHBENRFELRUBAHNESES. MRS HBLERXF
i, FNERFLESFERART!
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AT, XL API HNLLAENE B IEAN. ZRREARTIREENBR;, KIZZEINHAZATEE
B, ESEANRFREENLR, ESZEMZANHLZETEEN, RAESTUEERER]
#t future, &J5, future & Rust PRANERNH L EN, FERE— future ATgERER—F
HRETE future AN, HizfTht - EEMAMIE, H1T28 (executor) - BIEFES, 5
MEE future, EX—R L, ESXMFREEN. BTNEENLE, HAGHEITRMIEER
ERGEIRPFRIE FBIENIMNGE S0

EHFTERERTASLEMTEE (RZTAR) . BEFEENHATEEMEE LRRE—
EbETF async WHAEBEENRERE, XEURMR, WalERR. ZEERG HE
A" (“fire and forget”) ; ENTEBER4EZFRT future BINEI, FRLLEN]EREMISITEIS
MASH RN, BRIBRERAETENN. BB, EINIEE®H future IERNERESRHH L
(intratask concurrency) z#f, Rust FHEREHEERMEEUENG - FERKBHITICN
FH, BHENER— future BY, RSB EHBEMRETX—FL,

XERBIBEIFAIZLL future EMXMELUA S, FI90, EMXEUCERLRENERINTREZH]
B9 timeout A throttle HiBh75 %, EINFAIFRIL, future BMFEENEIREWNELERE
ENRIUEBAA ST,

ETR, E537F future Z ERETEIMES], RFBRIMEFEEALNAFEAEE]. FFESE
IERRLRFZEA future BEEERIFHMEITE, AAESTLU (BLVEBE—EEITHRA) FELIE
B#%5h, FXL L, ERERIVERIEITE - 8% spawn_blocking I spawn_task K%L - BRIA
A Z 4N REBBTRREA—MEIT A ITIESEL (work stealing) 8975 UIERAMIELL
REEshIs, ERTHIKERIAHFABN, LURERAANEMA MR, XM AAERLEE
ELENES, EIBEE future,

HEZ AR KA AR, ZEXLEZIEN:

- NRITERIFEAHITH, FINBEREHEREPE—HDLEHRAIRIRGIEN, 4i2l
BERER
- MRIERIEEHEN, IIAERERFEKEFENES, ENAEEEFERIEREER

R, RYEEERNER,

ERNRAENFEEH TR, BEFELENRT EMLER, (FRIUERENERE
1, LtENSZEMERERNIE, Fli, 76 17-42 BRT—PXERESEHSR Rust B
hIFEE NHNAE TG,

Y& src/main.rs

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));
}
})

trpl::run(async {

while let Some(message) = rx.recv().await {
println!("{message}");
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}
)
}

BINURIBR P EERAFIG, BETE—IMEERREERXHIFAEN. TLEFR,
MN%EHF 12110, 8PMZERE—. &G, MERFESHIBIER— async (LEERE!
[ future 52845 trpl:irun 3517, 1E future 1, ] await XEER, MERIMNIIHNE
EH R LB AIAR .

AT EEESFRRELNGR, BR—THA—INENNLERET-RISAESEES (EN
WIS BT B BERES) F@EN Ul XEES Tl 7 28I R P S8R, EIt
SRV BIPE THX KA ERIFIFo

o gk

J[AX -~ = |
XHAFZRABRIRRE—RERH L, E-—F PHHEIE—NEMEENTRFIEHA
XEHS, MARXENIENERRF, FNSEEEBERERENESHFEREES .

TefREFERMAN, Rust RIETHRELR 2. REMHLABNIA - TitERATEEUHE
web ARSS B A T IMATURIERS

BR, BI=I1IEREE Rust 218 AR AR LU A RS TR R LA 1T AR IS f R 75 St
T8, HEINRATIEZITIE Rust IRA S A NA S IRA] sEEL RERE RN RWIZ R GIHE
X o
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H R RmIZTFE

EAMNRHE (Object-Oriented Programming, OOP) 2—fiEFE#HITEEMNA .
R (Object) {EA—MRIEELZFIRT 20 42 60 FH Simula FIZES. XEWNREMT
Alan Kay BY4RIEZeHE, ZERMEPRRZEEEEEER. T 1967 FoliE T EARMNREE
(object-oriented programming) X—ARiE, 3F OOP BNEX R in, E—LEXT,
Rust EEIRIMRH;, EHMENT, Rust FE. EARETH, BITSRE—LEHRERBIANE
E R X RV EFIX LA R AEMATLZE Rust B85 JIRPH. EESERNMETE Rust LI
EEMNRIZGIHRRN, HiTEXAMSHIA Rust B BH—EARLIN A RBLLE A,
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E A3 8 IE S BIHFE

XTI TESRIASHERFEAERRANERNSR, BREREAXPHLZEH-IA, Rust
RETWSHISEANEM, SFERANREE (O0P); flil, £5 13 EH, HiHRNT
KB RHIVRIZR T, AR, EENREVESHE—LEHFERE, BINR. FHEMNG%
o BRI EREDAZMHA, MUK Rust BEFEN -

HEBEHEMITH

H Erich Gamma. Richard Helm. Ralph Johnson #1 John Vlissides (Addison-Wesley
Professional, 1994) 4S89+ Design Patterns: Elements of Reusable Object-Oriented
Software , 1B% The Gang of Four, B@—AHEMPMNRIGITEXNE R, EXFEXHEMNRE

=:

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.

HRNRVZFENRAR. —MHRESBUEMREXLELRENTRE, XEIEE
ERMNTTE THREo

EXNEXT, Rust BEIMMREY: SEMEMKEESEIET inpl SURMH T EEMEFRE
ZEBFGE. BARERENENENINEHTEMAR/SR, BREESE The Gang of Four B3¢
FHEX, EifefT SXRBREINEE.

BT LA

FS—MEESEANRFEEXRFENESE #HE (encapsulation) : — N IFRBITIN T 3B
ZHRHIRBRAN, Flth, SRXENE—ARXEEIHAR APL; FEAMRIRIEBRREE
BiEM A RS H AT HIREHITH. XEEERF REBE RN EN— RN,
MR FERZN R,

BINEECEITIC T INEERIEEE: FITT LR pub XBFFRRE D RAIMLARR,
B, RBMGERLEH, MAAER TEMAERTHENEN. W, HMTTUEX—"
AveragedCollection £5{K, HABE—FH Vec<i32> MFE, REMWEERLUBE—1FKR
FRERERENTIIE, MTEEESXRFENENITE, #AIENR, AveragedCollection =
ANENNEFEHENTFE, 76 18-1 £5HT AveragedCollection ZEHARIE X :

XL src/lib.rs

pub struct AveragedCollection {
list: Vec<i32>,
average: f64,

}

{5 18-1: AveragedCollection LEM{ALER T — PNEEG IR L HEE TR FIIE,
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ZEEMEATIC ST pub, XEEMAEIMAILUERE, BEMEANFERINERILE, XEX
MERTREE, RARNMTERERSHTIRPANIBFRER, FHELIEH. HITEIE
MEEN{A LAY add, remove F] average /5 ERMEX—=, WK 18-2 Frir:

XEE: src/lib.rs

impl AveragedCollection {
pub fn add(&mut self, value: 132) {
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 Z5#){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 5ARMIBRET, XLEF5ERISKILE
BS 2HRFABHRY update_average 75 AR EHT average FE,

list 7] average ZFTAHRY, FRLUSAEMAURMESINBHNIBERM 1ist EMNsERFRT
=, BN list ABAIAJRER FEN average FERARDT, average J57%iR[0] average FERRAI(E,
XEFIMNERRY RS R BB average MAREIENE,

HAFNBLETIEE T AveragedCollection FYSLIIATY, BAohEIBEMIZFAREBLINIEE EE,
540, BILU{ER HashSet<i32> £ Vec<i32> {Ef list FEFHYZERY, RE add. remove F]
average XLENFHENERRIFAZE, £ AveragedCollection MBI ERNZE. NREK
1195 1ist IBRANE, BERFRNUN: Hashset<i3z2> F[ Vec<i32> FHEARRM A EEINKTS
BRI, FRLASNSRIMEBRIBERMEDR list, RAJseREHITEN.

NRHERINNBERANRIESFIOENFE, A Rust BEXNER, ERBRAFRBIE
7= pub BYEAREFESTIATI,
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BEEARBRAFESNBHE

4k (Inheritance) B—FMHE]: — M MHRAMMB— PN HRIVE X PFTER, MMRER
NREIEMITA, TEBREX.

MR—MES VAR BHAT EERIANNRHANRIES, B4 Rust FRHEFPZ— Rust Fx
REX — NSRS R REMENTFTRMGE, FRIEERR.

A, MNRESIRFERBIIEDERS R, PBARIBEHENENERRE, Rust I T Hithfig
AR,

ERSEERNEIENRR, E—2ARBER: Eal—fhRRLISENT R, HEF
HEAEIARERZEE E, £ Rust KIBFEILUERERIA trait HELMRFITERNRBER,
FARRFI 10-14 FP7E Summary trait EIEANRY summarize J57ARIBAIASEE, fEEISCINTY Summary
trait BORBIERRI LAGEA summarize FiAMEITH—F LI, XBMFREE—NFENEM,
A FEWIRE XN AN, YW Summary trait BRI LUARE S summarize FYER
INSEEL, XEMUTFFRBE MR EYE S ARSI,

HOSRBAFEX. FRETMUATRERERERMSG, XURITASE
(polymorphism) . SIRZNM/RHAZFLAFE, FILUTEETHREENERER.

£7%& (Polymorphism)

MRZBARY, SEMESHEE N BEERFLR—TE XS, BRI UL
BEMERBBUERNAE, WHEAMNS, XELXBBERFE,

Rust EAZERIMKR REITRERIREY, FHEiT trait bound SREFIX LS BIFTATEE
HERE. XEEIRA bounded parametric polymorphisms

FA—MESIRITNBRG R, REAETFESHNRZES TR, ENELEENE
T ZRBBHINL, FEANSERRERXRNFABRE, BRHMFABANL. XEREFILIT
HRES. EXRSINTEFRLRARGZENRNE, XEFEARLKAERN, SHEANGERE
BFFEMESHER. i, —EESRIATFE—MHE (BREFEREM—DEYEK), #
— I IRHI T EFIRITHHIRE M.

HFXLERE, Rust £/ trait WRMIFEA, ETRENTZITIE Rust MNEIEEA trait WRE
Sk 2 i I8

428/562



Rust RFFIRIHES AR
B A EREHERY trait 3R

TEHE/N\ER, FNNKET vector REEFMERMER TENEMRIE, =) 8-9 Pzt T —1M&
7R, BIEX SpreadsheetCell #4%, KAEFREM, FRBaAKRTR, XTI
&, BNAUESTRTPEFAREENEE, HhRE— MR —HETH vector, R
BHANRFENER—AREERIERAR, HEEABRHINMRAEEAIBEMELRE, A
X EAREBINERTE TR,

AMENKINEFEERFERERATEBT BERNWERES, AT ERFNALIX—=,
XEBEERE— I ERAFED (Graphical User Interface, GUI) TEMFIF, ©i@TEHY!
KAFRE—TMEMN draw FERBELFEIRE £ — It/ —1 GUI TERNERER,
EIMTEERNZE—DOfY gui BIE crate, EE— GUI FEERIZEHE, X1 GUI EE & —Lr]#
FAREFERRIZEE, b0 Button BY TextField, Ltz b, gui AR HELIEBEXHIAILL
SHITRELAEE: i, —MEFRARERIEN Inage, S5—EIGERIENN SelectBox,

EXPMOIFRHARZILM—PINEETER GUI FE, AEISRRERENEORMNALESE—H
B MEERVRIR, B ArIRERIBRHE X B EMWIZFRmELIZAIRE,, Il IFTRNE
gui FRIER—RIIFRERENE, AFEEBNEFES—NMERR draw 5k, XELFEA
BIFA draw TEANERRSLERA, RBRESERNAERHERITRRRIR,

ERBHEARES P, AIUENX—187 Component Y3, ZE EH— draw 5%, HAAY
ZLEbYn Button, Image F1 SelectBox &M Component jKEFE LUK draw Fik., ENIZEEB
A UEE draw FARENXBECHITH, BREFRSEMAEXLEIE LIER Component HYSLH,
HEH LAR draw, Fid Rust FH&EHE, BINBEI S —MAIRIGIT oui FE, UER
FaeBERFH LR BT B

ENBA{TA trait

AT I gui FREAEMIITR, iEFRATE N — Draw trait, HPEERH draw 5%, EE
B LAEX —NEK trait 3R (trait object) BY vector, trait WRIEM—PMEMT HITEE
trait BEBRIBEH], UR—MEFESITHERIZEEM trait HENR. BiTEIIEEEM
1EETROIZE trait WK, U0 & 5| Box<T> FEEIEE, TA dyn XB|F, UKIEEMHEXH
trait (BZ+E "BhSA/NERH] Sized trait” AN trait WRHLAERIEHNERER) . K
IR LUEA trait WRARZRAKIEE, FAEA trait WRBAIE, Rust WERRAS
ERFNBEREFZL E T X ERANESZIA trait WRM trait, W ETLEERIFNTE
FNBEFTA R ERYZEEY,

ZHIRENY, Rust ZBEREEHMEASKERN WR", UMESHMESFHHRREXS. F
SEEREET, EMEFEPEIEN inpl IREPNITAR A AN, FRTFHEMES PIEH
BT REAEGH—IMTAXTRIBZF, trait WRBEFIBEMITHRERLES, NXHEX LR
MELEPEMBSTFRR. A trait WERRFERNIMER, FAFEEM trait IFRIFMEL
Bo trait WRHRGHEMESHPHRRBLER: HEAGHERRAFBRTAHITHSR.
) 18-3 BR T HIRIEX — A draw F7ERY trait Draw:

XL src/lib.rs

pub trait Draw {
fn draw(&self);
}
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75 18-3: Draw trait IEN

EABE+EZEELINCTUMMEENX trait, HIBEBRRNIZLLIRIEH, EFTERME—LINEE:
Tl 18-4 EX T —NFET &Y components B vector BYLEHI{K Screen, XA vector AYZE
BUZE Box<dyn Draw>, [th9— trait JWR: BE Box FEAISLIL T Draw trait FIEBRMNE S,

NXHE&: src/lib.rs

pub struct Screen {
pub components: Vec<Box<dyn Draw>>,

}

5 18-4: — Screen EMIEANENX, EmABE—1FEX components, HEELI T Draw trait
1Y trait XTERBY vector

7E Screen £E£ME L, BITEEX— tun %, ZHERXE components ERIE—MAME
F draw 7%, 3045 18-5 FAis:

XH&Z: src/lib.rs

impl Screen {
pub fn run(&self) {
for component in self.components.iter() {
component.draw() ;

}

5 18-5: T£ Screen EKIM— run 5%, ZFHEEED component LA draw 757%

X5EXERTHA trait bound BZREBSHHENERE, ZREHESHRAEENR
— P EMAER, M trait WRUAWESITRHENSMARELE, Fi0, AILUEX Screen £y
ARAEERZ R trait bound, 3N7Rf) 18-6 FR:

X% 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() ;

}

5 18-6: —F Screen FEHARNERLI, H run FIAFERZEAH trait bound
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XPREIT Screen SLEIMTIAE — 12 E Button KRIFE LT TextField FKAMAMTIR, U
RAFERMK (HBEFXE, homogeneous) &, NmFFERZEAM trait bound, FEA
HEXKEMFIRAEKLERHITESNL (monomorphized),

S—7ME, BIERA trait WREGE, — Screen LA LUIEFR—EIRERS
Box<Button>, tBREEIE Box<TextField> Ry Vec<T>, LLIX(BBECRUAIIIER, EHEZHE
Hiz1TRIERERZ MR,

S trait

IMTERIEH0—LESCH] Y Draw trait BYZEEY, (TR M Button KB, H—REHR, HIELW
GUI FBH T APHSERE, FrLA draw FAAPARSEEMERNXHEM, ATEAR—TFTXD
LIMEERBRTA, — Button E¥IARIGESIAE width, height FlI 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 EREHIRER AR
}
}

Tl 18-7: — LI Y Draw trait BY Button Z5F5{K

1£ Button LAY width, height F] label FEESFIEMLAAARE]; EbUl TextField BIEE

width, height, label LA} placeholder FEf, H—MHKIFLERERRE LELFIRIXEMS
ERARREAIAIERSEIL Draw trait B draw F5ARE X IFAFIRENER, BXER Button
KA (W LRINHAAEEEMALFRE GUI 1), BRT LI draw trait Z4b, Eb40 Button 3
AR S— N E SRR T NFAMN R ERY inpl 3R, XEFEHRERA TR TextField X
FERIZER,

R—EEFEFEREZERELN—NES width, height F] options FEFHILEFI{K SelectBox,
HBEWAHESEI T Draw trait, 0/H 18-8 FAR:

X% src/main.rs

use gui::Draw;

struct SelectBox {

width: u32,

height: u32,

options: Vec<String>,
}

impl Draw for SelectBox {
fn draw(&self) {
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// code to actually draw a select box

}

15 18-8: Z—MEA gui BY crate, H7TE SelectBox £ZE#{A_EIZIR Draw trait

FEfE A& A A ATEREAT]RY main ERIELFEIE—N Screen L, EGLAILUEI R SelectBox Al
Button JRN Box<T> 353E A trait I RBIUN Screen SfIH, #HEFILIEMA Screen BY run 75
%, EXERAESNAMR draw 5%, R 18-9 BR T XNSEM:

NAR: 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: [ trait XWRRIZEMESLI 7THAERE trait WARSERNE

YRS ENNE, KT AMEMASTERBIEIN SelectBox FEAY, Rid Screen FYSLINEENS IR
EFLEHIX N ETEEY, A9 SelectBox IR T Draw trait, XEMEELM T draw 5%,

XS — RAROMEFFRBRIESMARHAREE —— XU TISEEIES P EF
KRB (duck typing) HIES: MREEERE—IWF, WYEXKE—RBF, BAERZE—R
B5F! TEf 18-5 7 Screen EAY run SKIAR, run HAFREIMES MAGHAEMRERZEM
%o EFFQELMZE Button BiFE SelectBox BYSLAI, MEEFFRAMH draw 57%, B
8% Box<dyn Draw> {E}J components vector FERIZEEL, FAIFMEN T Screen NEEAILIE
H AR draw 757AB(E.

fEF trait XfRH Rust LR RFGRFAITHRMFRERMENA B R LETEEBTHRE—MER
BERUTHERAZHEROEARNEAEEE LM A EMEEEIR, MNRERELY trait
IHTRFAEM trait N Rust AEgRiF XL,

a0, w1 18-10 BR T HEIB—MEM String MAHLAMRY Screen FIAERER:
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NHER: src/main.rs

use gui::Screen;

fn main() {
let screen = Screen {
components: vec![Box::new(String::from("Hi"))],

};

screen.run();

}

5 18-10: ZiFER—ME B LI trait IRAY trait BYSEE
ENSBEIX N FEIREN String &F ] Draw trait:

$ cargo run
Compiling gui v@.1.0 (file:///projects/gui)
error[E@277]: the trait bound “String: Draw’ is not satisfied
--> src/main.rs:5:26
|

5 | components: vec![Box::new(String::from("Hi"))],
| AAAAAAAANAANAANAANAANANAAANAAAAN 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

XEFRT RN, BARRINGE T HARELBEL Screen FEBHMWIZIRMHEMER, BA
RZiZFE string ESCHR Draw LAE Screen RILUFAE LAY draw,

trait WRATHER %

[EZ—T5+E “ZEABREEE" BB ey, H3HZEMER trait bound BYYRIZZRFTIAIT
HRSUAE: RIFSEANE IR RSB RERE T RS ARIEZRE
WMo BEERUFEMNABERITERESE (static dispatch) , BB IRIIFEREHRIFEITRENERE
Rt ARZE. X58&53%  (dynamic dispatch) 83T, XES4RFSEERIFETERREN
BWANEE. ESHEANGRT, FESFERARTESTHREZART AT ENAE,

LM trait WRES, Rust RAERNED K. wiFesTAFEBRPIERIEER T trait IR
HIKEY, FRLAEARIER ZE BB AL, ALk, Rust EE{TEMER trait
MRABIEF RARFERRAW N AL XMERSHTREFSD KPFAENEBITRF
o S &KBELERFSREIXFMABS AR, XSMERMEZER—LEMK, Rust FEX
T—E, # dyn B (dyn compatibility) , BT HE R LRI AR AFEBRLE 75 155 B
B ER. XEMUEBE TAINICTEE, BREIUESEERPIFAT R, REETHRS RFI
18-5 FAT L2 HF M 18-9 EVREBAYE FZPHASCIRS T BN RIE M, BINAEEREEN
o
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Rust RFFIZIHES AR
ERX SRR

KEER (state pattern) B— M EBEXRIZITEN. ZEXHWXBETEXEN—RIIAE
Utuo XERSAMA—RTIIREIR (state objects) , FIBHERTTHMEE HASIRESTNR
o BAVBESE —MERAGENENG T, eRE— 1 E8ERENTFE, ZFERAUZ

”d raft”\ “review” B “published” K&K Z—,

KEXNRHEZINEE: HPA, 1E Rust PEEALEMEH trait AN RMUE, B—MREHNR
J\,\QEE’JF;#J, URIZRS AR N HEBES — MRS FE— MRS RNEXNTARE
'{klu\ E’J{fi'jj L,(}S'ZTTET%,@\EE’%T%U’%O

EARSEANMRET, EFNLSERAZN, TEREEFERSHEERENNE,
BINRFEREMPRENRPBIARIRLZEHAN, HEREMEZ RSN R,

BARIMTEU—MENERNERN RS ALIASKRI, EEER—ME Rust FEBA
A EBAERARSENRE LM — MR BRI TIERMRFRX MER,

ERATNREBRRHREXIF !

1. EXMNZ=BENERFS,

—BERTN, BEREZEX,

3. —BExEHE, ERRAR.

4. ABEWARNEXHRBESWITED, XEFEMARIMTENL SBEREZIEHIXE,
RAEMIEE A RAEBASER. Flt0, NR=ATIERFZZEEL— M EfRIEX,
X ZFRFR R BB,

T 18-11 BRX AN TERIAREER: X2— P HITEEE— U blog BIEE crate L
BBy AP BYRfl, XERUEDERRER IR, EIAIERSLIL blog crate,

NHR: src/main.rs

use blog: :Post; ?@

fn main() {
let mut post = Post::new();

g

post.add_text("I ate a salad for lunch today");
assert_eq!("", post.content());

post.request_review();
assert_eq!("", post.content());

post.approve();
assert_eq! ("I ate a salad for lunch today", post.content());

}

5l 18-11: B7R T blog crate BAEEIT AR

BINAEARVFAF R Post: inew BIR—MNINIEXER. UAEREERMEBRNEXRE—
XA, MREHMZASHIZRNEXHAT, FRIZRNEEAXERNENARE
o LT ERBRIAENRIEFRMT assert_eq! s —NMFRIRTNIHRE B S EREHY
content JFRREIFFFH, FIRNHNEZARXNMIFRS BTl
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BETHK, BNBEEBIFREZEN, MEFFHEZBIFE content NIZHAREEF 8o
REAEXHEZEY, ENERAR, XEREZIEA content BB XARHERE,
AERAS crate XERME—RIERZE Post, XPRBEZEARSEAHIFRAET=ME
XFRRJREIRE 2 —BE — TR, BHZMATR. RELHRER Post KB REHITEE,
INSRERFRY Post SEFIARARTSAMRE, EEFEEREERSTN. XUEKRERF
ARTERELEICE, LI R A HmiESG

EX Post HFIE— M ERINEHIZLH
MR ERIMXNER! RTEFE—NAE Post FEMIERFR—LEXA, FRLILEAT]

MEFIARRIE XF— I Post LRI QB KEXEREL new FFIR, RHI 18-12 FiiR. EFEE
X—FLF trait State BT EX Post BPRESXN RFTLINERITT N

Post IETEFAB FEL state ATFH— Option<T> FEAYH] trait IR Box<dyn State>, HHER=
B9 A option<T> B,

X% 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 {}

f5l 18-12: Post ZEHARITE XFNFTEE Post SLFIAY new ERIER, State trait FIZEHI{A Draft

State trait EX T FIEARRRSHIEXFAHZNTTH, XMREITRZ Draft,

PendingReview ] Published, E{JHSLIN State trait, IMTEX trait FEBEAAE, A
R FERERENX draft KSR AXEBEHNHEEXHIEIRE

IR Post BY, FATRHE state FEIZEN—NMFINT Box HY Some {H, X Box &M
— draft ZEFAFIER], XHR T TICFEIBTHE— Post LA, EMMERHIR. B
Post By state FEREIER, T ECIREMEMIKZEY Post 7! Post::new BREHIE
content 1B NHEKT String,

FRIEXABRIE

G 18-11 F, BRT HRNFEEBER— MUY add_text BT EHREAZE 1 &str
FRXAEMEECHIAET R, EFESEMA— PN AMAZN content FERREEN pub o XF
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BRE Z G LATRIR—N 5 7ARIE ] content FERUNAIHIEEN, add_text F5iARIEE B,
IEFRAIFERA 18-13 B9 impl Post BRAAIEHI—NSCTIN:

NXHE&Z: src/lib.rs

impl Post {
// --snip--
pub fn add_text(&mut self, text: &str) {
self.content.push_str(text);
}

Tl 18-13: SEIF57A add_text KEIEXHY content IEANSIA

add_text JREX— self AJL5|FH, RAFTEXZIAA add_text By post SLHl, 1ZFEFH

content FIHY String By push_str H{&i# text BERGHIEMEIBREN content A, XAF

Eilku’f%fﬁﬂ’ﬂ—ﬁllﬁ, RACTHITAHRKBUES IR, add_text FiATEFRS state
SRE, FEXBHINBEZIFNITAN—E9.

RFEEXERIIATETH

BEIEAR add_text HEESMIEN—LLRNEZE, FIMDAFKE content FFiKREI—NMNTFHF

& slice, AABXMARTFERRE, W0RfFl 18-11 B9% 7 17Fim. MEILFENVEREHE

ERMEREBEHNGILRLI content & BRIREI—PMEFRIE slice, HIRWM T HETK

BRANEENENZEREHEX—MiE. BEREFEXRERERRS, XEKREHASNZ
/L‘.\EIE,JO 7_1_\17]-IJ 18-14 E/—J_\T S\(AIE{:-L?TI*EJLJO

XH&: src/lib.rs
impl Post {

// --snip--
pub fn content(&self) -> &str {

}

A5l 18-14: tA0—™ Post AY content F57ABYH{ISEI, BEEBRE—NMTFRE slice
BITIEANX S content A3k, 5 18-11 HEEIE 7 1THIRIZEEMNHAETT.

IAREERAEEBIRE

E T REERIMNEREZIEXITIEE, XN Y EIRESH draft 244 PendingReview, Rl
18-15 R 7 X MRS :

XHE&Z: 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())

}
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}

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

}

{5 18-15; S23) Post F1 State trait BY request_review F53%

XE N Post HEANI—REX self AIB5| QBT A request_review, $EETE Post RIHATIR
& FIARAERRY request_review 757K, FHEF A request_review FFIARIHER HRIAVIAESH
R [E]—PNRES.

XE4G state trait B0 request_review F57%; FRAESLI 7 XA trait BURRIMEEPFELIN
request_review J57k, FRARTFER self, &self @& amut self {EAFENE— 1S,
XBEAT self: Box<Self>, XMEZRMKEIZS ZRAIERAX LI Box LFIAA,
XMEBEIRENT Box<Self> WFTENEEIRE TN, LUE Post FPRBSERI IR A— MR

[AxYe]

NTHEBIRE, request_review FERERBRSENMEN, XFE Post By state FE
ih option BYSRFG: AR take A state FEIHHY Some EENHHEE T— None, EF
Rust RAFEMASLHIPEFERTIGUNFE . XEEFEITE state NERE Post MARE
BE. BERINBEXD state BIRENXMRIENER

BITHRER state IGEHLE S None KIREY state {H, EIERTHAEN, MAEER
self.state = self.state.request_review(); XIFHNRIEEEEHIRSE, XERT Y Post
WER AR SEREBEFERE state &

Draft By request_review J5ARBIREI— 1A, FFEH PendingReview L5HIARYSIAI, HFA
KRBT FHFHEZIRS. LMK PendingReview [FEHF BRI T request_review 7535,
AEERHITEMRTSE R HREEREIES, RASHINEKREZ—IELLT
PendingReview JRSHIES, EMNIZMLRREF PendingReview K7,

MAERNEBHRSRANMBE T TiL state ZfJfH, Post BY request_review F57EHERE—
R, SMRSRATZEB SN,
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HATELEEREF Post BY content FARMALE, RE—PMTFRE slice, WERKNTAILUIAE
PendingReview IRZH] Draft RSB Post T, FiIFKA(IFHETE PendingReview JRES T Post 43
BHEENTA. IERF 18-11 REE] 10 THRBIE R LUIAITAY!

%10 approve LAY content KY{TH

approve 73 5K 5 request_review 757AKL: BRI state IRENHZBIN VL TFRVAES,
B 18-16 FiRo

XL 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
}

fn approve(self: Box<Self>) -> Box<dyn State> {
self
}

5l 18-16: /9 Post F State trait SS¥ approve F57%
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XEJ state trait {EA1T approve 757%, FHHETE T —PKRILT State BILEHI(K, Published IX

A%l

ZF{PLTF PendingReview FA request_review I TIEAT,, WIRXT Draft JEF approve Hi%,
REEAINER, BANESRE self, Z¥f PendingReview jEF approve BY, EiR[EI—1HTHY.
FEFEEY Published LEY(ARYSEMG], Published LEHIASZIN T State trait, FIETXTF
request_review F] approve F77 iAKW, BREIEHE, RAEXRMMERIEX N IZFEF
Published JRZ&o

IMEFEEFEH Post BY content J57E, FTHEE content IRHE Post BIHFPIRKIREIE, FrlL
FE pPost RIE—NENXT state LR content 757%, 0RHY 18-17 FiR:

X% src/lib.rs

impl Post { ?“
// --snip--

pub fn content(&self) -> &str {
self.state.as_ref().unwrap().content(self)

}
// --snip--

}

5 18-17: B3t Post By content F3ERZEFEIEF State By content 3%

EA B2 RArE X HEMNREFESEI T state MEMEF, FAPRKIER state PRIED
content FAFLRIEXSEG] (HFLRZ self) {EASE, #ER[D state {HAY content 757X
SpEAEILEN

XEFH option By as_ref FARHEAFERE option FENS|IBMAEIRNEMBN. FH
state ®—"|> Option<Box<dyn State>>, JEH as_ref &iR[E]— Option<&Box<dyn State>>,
WRAAR as_ref, FRBE—IMHEIR, ERNTEER state BRHERAR &self KIS,

#ZERB unwrap 757%, XBEITMEEKZEHAS panic, EA Post MIFTE L EEHHRETE
IHREIET state B — Some H, XME—TE+ 25 "HE(LEFRIEE SHER" 2B
SIS IFE None B R AIREMIM4RIF 2R EN A BEIRAERIIBE R Z —o

EERNIME 7 —1 &Box<dyn State>, HiFFAH content B, f#5|AEHIFFIRS(EAT &« A
Box , XIFHRAXAALINT State trait BB content J57%, XEMREFEN State
trait EXIENN content, X ERERIEPIMRSREH+ARABSHIZIERMA, RHF 18-18
Fr7R:

NXHER: src/lib.rs

trait State {
// --snip--
fn content<'a>(&self, post: &'a Post) -> &'a str {

}
}

// --snip--
struct Published {}
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impl State for Published {
// --snip--
fn content<'a>(&self, post: &'a Post) -> &'a str {
&post.content

}
}

5] 18-18: /9 State trait 30 content 5%

XEBIEMT —1 content FIANBRIALIRRE— PN TFRFE slice, XEKELF I Draft
#0 PendingReview £EFJ{ASCI) content T, Published ZE¥J{AESETE content JiEFHEIR[0]
post.content BY{E,

AR ERELEGEIER, WFETEMITIEHN. XEIRI post K5I BIENSE, Hik
[E] post —&RTRYSIAE, PRLLRMEIRISIBRIESERS post BEHEX,

MERHITRT — BTG 18-11 FFFERINIBERREILF! BB R IEX TIERRIM
MSEIL T IRSIET BELEXEMNBZERFE TRSHRPMAR DAL Post ZH,

At AT RRE?

RA]RER T BN AT R E SR E AT RERIESCAS TR enun (FATE, XFHKE

—MERENAR; SHEMHMNERAERREEN—MESSIR! EAKEN—
RAEZS—MUEREEM S EFE— match FENSEIMBIREIRAIEFAFB A
RERYZ A, XABLL trait WRIEXAIBEREEES.

KSR BINEENS

FAETT Rust BREBZSLIME RN REVASIRI, MUEREREE S PIARRSREERR
REBTN, Post BT AHANEXEREREITH. BIXMARRBIISIN, BiHE
FREERGIEXHNAREITARFEE AN Published fY State trait BISLHL,

MRESBE— N AERRSEXNBALIM, WEIgeRTE Post AER, HEEETFTE nain

HIEHPAE match B, RIEEEXKEHEXEHTHITH,. XEKEEEETERZUEXR

B F AR ESHNIEXHFEZE! XTEEMNEZRESNSTEIERE: 55— natch iIEHER

2FEF 9%,

IFFARSIELHKIE, Post B EFER Post BUUELE match B4, RFHEMFTRESE TR

FEAI— MR struct FIAESLI trait 97574

XL Z T BIEME LI, N T RS FERLENEIPRBIESENE, BN TS

W

B0 reject FFIEIGIEXHIRSM PendingReview TF[E] Draft,

« FERPRE LA Published ZHIERFR approve JEH,

« AAVFEXXATF praft IKESBHEMNXARNS. n: RSN RATARTRELE AR
T, BARRRIELR Post,

REBERXN—MRRRENKRESEIM T RS ZEIFER, —LERESSHEEERR, IRE

PendingReview F[] Published Z[BIIEHN5E—1MIRZE, Eba0 Scheduled, NIFREFRER
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PendingReview FAY{LEE K55 % Scheduled, ¥R PendingReview JCEEFE NI AR S TER
TMEBE T, FEXERETIRE S —MigiTE

S—TMRRERNSAU—LEEENZE, N THEFEN], ALURIAA state trait Fik[E]
self fY request_review F] approve 77 AIEMEAINSEIL; ATIXFHMITAE: 25 State FAIE
trait WREY, trait HARE self AR ARE, LT EERIBERERE, (X2
AIEREIN dyn EAENNZ—)

B—NEER Post H request_review ] approve X MEMBISEI, EAIEBES X Post B
state FEZJAF Option::take, YR state Jy Some, RUEAZELAHRENRREE, H
BREIEREMMWEEL state FE, AR Post FRZHERBEXMERX, FKioTsER
EEX—IRREMREE (BEEZTEN "R H9).

ERBERANRIESHIE X LMK MERH&E RATEEMFA Rust B9, iLE(BEE—
LA PRI LU HBEDS, RRETHREPRSHRSEZBZ T NRIFITHEIR.

BREMIT AL SR

BT R MEHEN R BRSRARKHAT - RIIFRIEER S, FETFRe2HERTHRES
REESINSAEMEZRNE, BIFRSHEEHARNER, Mk, Rust FRENER
SREAEREERRG XIS EREREXHNE AT NRIFIEIR.

UENMEZE—TRE 18-11 & main E—ZSH:
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());

}

BAMLATRLEREB R Post: inew BIZ—NHVERIEX, HEEBEMEXHAT, TIRE
FHEE—NEREXINREIZEF TR content 757%, HNHEERETTELKE content 75
o EFMRZHRANEREXHAR, FEBRE—ITHEREFENRIEHEIR. XESKF
AREEFHERIETHERBXHNAE, BAXFRNAEEERTERF. =) 18-19 &
/N7 Post £EFJ{A, DraftPost LEAALUIKRE BMAENEX:

XEE: src/lib.rs

pub struct Post {
content: String,

}

pub struct DraftPost {
content: String,

}

impl Post {
pub fn new() -> DraftPost {
DraftPost {
content: String::new(),
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}

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: 8 content 53EBY Post F13&H content 53%H] DraftPost

Post #l DraftPost LEHEAEE — AR content FECRAEFIENXIIN A, XLEEEATRE
B state FEREAANBITEIRES RN N EELEIKRG, Post AREAMHEN, EE—
JR[O] content By content ik,

1)3"*75 — Post::new R, FIARETFR[E Post S, EiR[O] draftPost RYSLA, IER
EBIE— Post 32fjl, Ay content BAEMEINEEEAREURE] Post,

Draftpost EREN T —A add_text 753k, KHEBEAIMGZAIABHEE content HAISCA, g
SRR Draftpost FHEEREN content J53k! WIMERFIHIR T FE BCEMERFE, 8T
SRESCREEATRBTING, EAEUXERGINSRIEr EHTHE,

IR D R R AR

BBAMNAIEEI A RBVTEIE? Ff 15 EaadHM TN E BTSN IE o] LR 6 Z B4 U4 B 1%
B, FHHEERRKSHEXNIZNAREERERAARAR. LEITESIEMNS — M
PendingReviewPost ESLIIXMRH!, 7E DraftPost ETENX request_review J53EFIR[D]
PendingReviewPost, F{f PendingReviewPost _7E N approve FiE3¥iR[E] Post, U0
18-20 Fi7~:

XHE&Z: src/lib.rs

impl DraftPost {
// --snip--
pub fn request_review(self) -> PendingReviewPost {
PendingReviewPost {
content: self.content,
}

}

pub struct PendingReviewPost {
content: String,
}

impl PendingReviewPost {
pub fn approve(self) -> Post {
Post {
content: self.content,

442/562



Rust i2FIgITES ERFXhR

}

5 18-20: PendingReviewPost J@IT I DraftPost Y request_review g7, approve /53%
J% PendingReviewPost /g4 MY Post

request_review F[] approve FiEIREN self BNFrEMN, FIbt= EZ dDraftPost Fl
PendingReviewPost SC{5ll, FH43RIF5HE S PendingReviewPost F1 & #EY Post, XIFT1EIEHE
request_review Z [EFE ARG E(d DraftPost 2§, [FE[RIE, PendingReviewPost FH&GH
EX content 5%, FIASRIEINEANBRZSHRmIFTEIR, DraftPost [FIE, EAW—FEIE
YT content F53EBY Post SLfAIAYIRIZEIAFE PendingReviewPost HY approve /3%, MEE!
PendingReviewPost FYME—iiE BRI FE DraftPost By request_review /57%, MERKIIIIEATE
X TERMmIDH T KBRS,

XWRRERFAX main H—L/NIEDR, K9 request_review ] approve sR[BIHTSEHIM
A RIEARRRNEMIE, FRURNIREEMESH let post = ERMEERFRFROERISE
Blo BABREMSEERNEFFEZNEXNRNBATFNERET, HMEAFBFECH]: TR
ERREAXERS MEXATINIE, EFH/EHY main FIAEIINRAE 18-21 FimR.

X{&&: 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 FRERFBIIEX TIERSEMAVIEDR

AIAMEDL main REFHMEE post ERXNLMABTLETHMNRIPREEIN: RSIE

A BT HETE Post KA, A, FmTRERFMRFNRENSE, RIS
WER B ERIRSEAARER T ! XHRT REASERN bug, LEMETRRAHBEXHIAR, KiE
EBEREF R Z IR AT

I ATA 18-21 Z/GH) blog crate SEMX—EP 73 FHIAFRBINRIES KA S ERAX TR AT
RBBERER, EREXMRITR—EERAEEZTH T -

HINELEE, R Rust BEBLIEMNRIZIHET, {8 Rust TRH T IR IRIDEHE
BARZZEXNEHMER, XERANBEFRINEINE, RAMARIFEATERANREL,
ETREXERIRF A Rust I-ERERERFITER—L bug XHFEmINEE. 7 Rust
HENRIEAHAFZBRFFERSGE, BN Rust HEGRENXFNEENRIESFISE
B4,
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o

J[aX3—= = |

FIRAEE, FEFRRSINN Rust B—MHRAMRIES, WAEMEBRIRT trait WRE—T
Rust FRIREXER D E RN RINEERI TS 7E. IS &R LB SRt D 21T P RE R fREV S
RE—LEREE. XEREMRTUAREIE TR AIEFENERNRIEN. Rust thE
BRI EARTEENRIES VFE. BRNSKEIHFSZFA Rust EHEHNRFHAI,
BHE—1T R AR

BTIER, UBRMNEES—MRET ZSEFREMNHN Rust hEE: B, RNEEFPEZREE
RREN], BERTSTRENNEEE. LT ERZERE!
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R SE LA

B3 (Patterns) = Rust A—MFFRRVIER, ©RAKLERENEN, TeREZERHETER
B, SEEARKRI match RIATNUNREMED R LR EE S W IZFERIRR B, R
BRI T —ERBAGTIAL:

- FHEE

- EREMAVELE. M. SlREE A

. BERT

o H{URF

— LR RO FEFEX, (a, 3) F Some(Color::Red), TEERANBMM LTXH, XLEZFSHE
RTHIEAR, EBEUUBAELRERREREZFERIRE ERINSUEREITRES 7
=R

HilaTE—LESERELLERERATE, NRERXLREXLEE, FITESBHITHERL
B, EZ—TEREITIE match RIARIHGIET 9 HFERER. NRBIBEF XM
R, MAIMERXEGRNAER, NMRAFTES, 5ZEREXRNIBURRIET,
KEZFERIEXABTHNEE, BT IREERERNNERIE, refutable 5 irrefutable
BRWXE), FReIEsREIMNARRIEENERIB L, BIEXERE, FHEERENAFBE
LUBMIB A R FRIAZ MR
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FRErI e AEIRUR I &

RIVLITE Rust BURZMTS, MMEKEAREZTREATRSEN! SATTRENEFREEREIAEN
IE,

match 993%

NEANEFIVIER, —MENERNMIER match RENDZ, EAZI L match KX
match X#F. BTLENEMN— TSI, XEDPZES—MEXMEELED X
BURIUBIZITRIRIAT,, WFFR:

match VALUE {
PATTERN => EXPRESSION,
PATTERN => EXPRESSION,
PATTERN => EXPRESSION,
}

FEXE— KRB 6-5 RILEIZE x H Option<i32> {HHY match KA :

match x {
None => None,
Some(i) => Some(i + 1),

}

XA match RIATNHRIRIV AT NETRZILRY None F Some (1),

match RAKXW—PERZENTUANESBR (exhaustive) B, B match RIAXFIBRHEN
BEEDITEEEE, — MARBEES M ARENGEZRAERE — TN ERMRBENEL:
tean, —PECERERNRIKIZEAREAY, IR UEERA LER TER.

E—TMHRENER - AIULREFRBERR, TEEMTHETALTE, FINXEREZRRERK
EEENBRRER. AEZEH “BRENPIE" BOIFANTE - RANESAT,

if let {HREN

BAREBITICET if let KA, UNERMAEEARTHREFETRRO—MERA match
BAOEEN, if let AJLIMN—AERIHA BN else 7£ if let AR ARILEIETT,

5 19-1 BAR T WEILIAEHILES if let, else if H else if let FET, XHHLEL match
RIEX—RABERF—MESEALLRRE TESREMS. HE Rust FAER—ZF if let,
else if, else if let IZAIFMIEEXEK.

T 19-1 FRARBETT —RIHMARFANEERREERABNIZZMT 4. NTIXE
XMIFRER, HNEBTERIENTE, AXEFPXEERERRTRAFEN.

X% src/main.rs

fn main() {
let favorite_coloxr: Option<&str> = None;
let is_tuesday = false;
let age: Result<u8, _> = "34".parse();
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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");

}

TG 19-1: 454 if let, else if, else if let LAz else

MRAFEETRENHE, BERREFENERIE. IRLEEETRNHEASKEEN
=, BEEEBREEZE. RAFEE T MIINFRFAT RHEBRIGERITASRFRIE,
BIFEREZXTMEFERARERERE. &E, IRKE—TEANE, BRIBRKEES,

P FHEMATBANIITERIER. ERAXEERENE, FFITENH

Using purple as the background color,

AR if let HATLUG match DZHEESIAFHEHRIMNELE: if let Ok(age) = age 5INT—
MY age TE, BE ok TAEPHE, NMERKRT ZH1H age TE, XEBKE if age > 30
ZHFEMTXMBRAE: FEeEmNEHHASEH if let Ok(age) = age & age > 30,

RABAES 30 LLERBVFHT age RBEEKXIES HBIMIERIRNA B,

if let RARRATHEFRMELBENRIFSFAINE, M match KEANLET ., WRE
iER/EH else IRMITRBIE—LFRN, MFFBIAZEEXLATENZEEIR,

while let F{EIF

—N5 if let EHEMUAYRE while let ZHEIF, EATFRERNILEM—E#HIT while {F
o B 19-2 BRT— while let BEFFELAELRZNER, FEIEXNRAIPER
EFE— Result [MIE Option,

let (tx, rx) = std::sync::mpsc::channel();
std: :thread: :spawn(move || {
for val in [1, 2, 3] {
tx.send(val).unwrap();

}
)

while let Ok(value) = rx.recv() {
println!("{value}");
}
5l 19-2: 8 while let fEIFRE rx.recv() iR[0] Ok FLITENHEE

XMIFZITENL 10 2 M 3, recv FAMBEEREIIRIE E—FESHRE—D
Ok(value), HEF+REZIEF recv B, IITEHE unwrap THHIR, HEER for BIFFH
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WA ABEAIE, ARG 19-2 FiR, FERILUER while let, )y recv FiEREX
EIRFFER T A H B EM—EIRE] ok, HERXIRETFAERESE— Erto

for fE1F

£ for B, KRINZE for XBFHZIRMEMNE, FIE0, 7E for x in y A, x BMEXMER.
T f5) 19-3 RER T UMEIGER for EIARARM, BIFA—TITAEN for BIFN—ED:

let v = vec!['a', 'b', 'c'];

for (index, value) in v.iter().enumerate() {
println!("{value} is at index {index}");

}

T f5l 19-3: 7£ for MBI RERRIKAENTTA
5 19-3 FIHEESHTEN

$ 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

XEfERA enumerate 757AGE—MENBKTE—MEMETEANRFHRS], EMMIF—1
TR, B—NTERERTA (0, 'a') . HAXNMELEIRIL (index, value), index F=
i 0 M value B2 'a’, FHITENHE—1THt,.

let iEFQ)
EEREZE, ENMRBAHITICEED match F if let FHAKRI, FEHL EHERIRIMSE

BRI, BiE let HA, M, ZE—TXTEBN let TEMIE:

let x = 5;

RISAROTEE R B R, B—REXIEFER let BAMBEFERAER! let BATENERMIEF
nr:

let PATTERN = EXPRESSION;

& let x = 5; KENBOPTRRMT PATTERN (18, TRETLRHABIIENER,
BNBRER SRR, FHEMRINETIRE, FLGI let x - 5; BER, x B—
ME BLRINESEITE x Wi, FNENEH x REMER, X MEXTE LS
FBEMESENTE x, TEERHA"

NTEBRENIER let WRRLEASEHNARS, ZE5RG) 19-4 REA let MEXEE—DTT
2
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let (x, y, z) = (1, 2, 3);

i 19-4: ERENBHTAH —REIB=ANTE

XEBEE—NTHESER LA, Rust REERE (1, 2, 3) 58K x, vy, 2), AWM _EEFR
FETTEE, ELTERDI, T8 1 HEF x, ¥ 2 4ER v, & 3 BT 2z, fRaJld
BN AR EERE = MM SR E e Tk,

MRRAP TR ERNLETAT TRNEE, WEPRERLE, HIEE—TRHFNE
%o B30, 1B 19-5 BT ZHAR N EERM=1TRNTH, XBAITHY:

let (x, y) = (1, 2, 3); ?0

T 19-5: —MERIIRTVEN, HRZENHERTETHATTRIVRE
SIRIFXERAB A LN TR EIR:

$ 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);

| NNNRR  ccssssccs 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

ATEEX IR, AIUER -5 .. KRB THAF— RS ME, W BERIEREE" 55
Fime. SIRPBABEAFERZHNEE, RS EZREBIE EEECRREENS tHPTE
HHEF.

EER S

RSB RIURIRN. I 19-6 RBIARFBAEBRT — N IUEL foo AIKIEL, EIREX—1 132 £
RS x, NEXFEHRMZRAE:

fn foo(x: 132) {
// code goes here

}

T 19-6: EEHPERRANREER

x BATME—MERN! FUTFZAIR let FIHBY, PILTERBSHFALETH, =6 19-7 3
BRARMNTTAR D REME:

XEZ: src/main.rs
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fn print_coordinates(&(x, y): &(i32, i32)) {
println! ("Current location: ({x}, {y})");
}

fn main() {
let point = (3, 5);
print_coordinates(&point);

}

T 19-7: = NMESRP R TTARIREL

XSFTENHE Current location: (3, 5), {H &(3, 5) UTEMET &(x, y), #tt x BETE
3, My BETE S,

EAWME+=FFrHAEEMNT R, BRIUERAESHGIRPERED.

RERMNIITRZSEAEDANANT, FIRAESMER SIS AR UMEENS T
5, E—Eth7s, BALIE irrefutable Y, SEREENBAILEFMREINEME, E5 L
&5, N LZ refutable B, # FRILBITITICXE MR,
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Refutability (RJR3XtE) : RS E AR

BRERMMER: refutable (AIRIXAI) F irrefutable (REIRIXM) . BEMLEMEfE{E1EAIE]
BE AR AR R (irrefutable) o — MIIFFLRE let x = 5; IBAHFH x, HARN
x B AILERAER{ERT AR AT BER R M X RLE T RERVE R TTIL A SR MAIRERARIT N 2 R 3K
By (refutable) . —NXFERIFIF(ER if let Some(x) = a_value FIATLHHY Some(x); R
TE a_value FRY{ERE None IARE Some, HBA Some(x) HEILABELLAD,

BRESEL. let iIBAM for B REERRAAIREIRT, RAHEFLEN, BFLEHT
BEXBYE(E, if let H while let RIATNALUERAIRBM AR RBEMRI, BRFSHES
MR RBIERNAHES, HARBEEXENSTELIERIRERNRK: FHRAAINEET

E BB IRIEMZHEN R KRR IT R EIRTIR I,

BERNEFEOTRBMATRBELNX?], FIHEFEATARBKEOTS, XFEY
EEIRESPEERMANENEN Y, BEXLERER, RIEABTHINEE, FRESENE
B ERRIREN,

UEFNBE—NEIATE Rust BEXRA A REBAIRTU A 7568 A v ;e AR T LA AR I 1B R B9 651+
£ 19-8 F, B— let iBA), FIBAWIEE NI RBEIEDR Some(x), WFRFAM, XK
BEYmIF .

let Some(x) = some_option_value; ?@

f5) 19-8: RIATE let REAAREKIEL

YN some_option_value HY{ERE None, HAZAINILECARTL Some(x) , REAX MR R
Bo PAM, B let 3fF None ILECARBEFEMEMEENNIG, FILL let IBAREEER AR
B8 Rust ZERIFHESIHANZHAEBRKA A RBARIUAIM TS ER R R BRI

$ cargo run
Compiling patterns v@0.1.0 (file:///projects/pattexrns)
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!() };

|
| +H++ttbt bbb+

For more information about this error, try “rustc --explain EQ@Q@5 .
error: could not compile ‘patterns’ (bin "patterns") due to 1 previous error

EARNTEEEE (MATREES!) FIHRI some(x) WE—ETRERIE, FTLL Rust 251
il
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AT REEFERIRBEANM S ERAIRBIRIIER, AIUERERRIBNG: FRE
FAER let, AJLUER if let, Ak, MRRARLE, KIESHHIRBFRZEE, HRA
FEFEW. T 19-9 BR 7 IAEE RG] 19-8 Ry,

if let Some(x) = some_option_value else {
return;

b

5 19-9: A if let M—PHEA RBIRIAIEIIREAE et

BAERBET —FER! NEXBRRBELTE2EN T, AM, MRZKE if let {Bfit—
PMAIRBEN EI2SMERET), FIMRF 19-10 B8 x, RIFVBMSLHES:

if let x = 5 {
println! ("{x}");
b

T 19-10: 2HIEAARBARIVAE if let b
Rust BB A RBELAT if let BLBBNXHY:

$ cargo run
Compiling patterns v@0.1.0 (file:///projects/pattexns)
warning: irrefutable “if let’ pattexn
--> src/main.rs:2:8

2 if let x =5 {

ANANNANNAAN

note: this pattern will always match, so the "if let’ is useless
help: consider replacing the "if let’ with a "let’
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’

BTk, match REDXBAERAIREERER, BRTRE— T OXFEECRELEEMRRE
AR RBIE. Rust AFIENNTERE—MLEC D ZAImatch PEARATRBIEN, FTIXA
WARKNER, HAIUKERRERN let IBAE,
BB T A UERRINRMTT, UKARBEASAARBENNXR, TE
WFA ] —EXERT ARSI BIERNE AT B —EME,
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RIVIEE

FEATH, BIMBETRAFAREERINEE, HINEATAULFAR{RE R ERXEE
%o

EFE{E

NHEABFR, AIUEERLEFEERN. WTFARBLLE T —EFF:

let x = 1
match x {
1 => println!("one"),
2 => println!("two"),
3 => println!("three"),

A\

println!("anything"),
}

XA ZITED one By x BYER 1. MRFENERBRENRGKE, WZEEZRER.
ERHREE

B TE (Named variables) RLREEMAENAATREKER, XEZAIESLFERAIER, R
M, H7E match, if let 3 while let RIAXNPFEAGELTEN, SHN—LEEXER. BF
RERARNSFBE—NHERE, (FARR—BLERAAABEENTEERIMBEBZT
2, X5FETEMERIN—, E5F 19-11 F, FEAT—MEH Some(5) HTE x M
—MER 10 NTE v, FEEEE x LT — natch RiXNX, WMRILEHD Sz PRIEILFILE
B println!, HEGEITIAREIMH—T 5% gl nX R SITENT 4o

Y& 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 FAHEA—NDZSINTEBREE v

ILFANERY match BABITHIHREAET T4, B—PREDZAEINHRILE x REX
BU{E, FrLIAEEHEATT,

BALEDZHRASINT —MHEE v, ERLEEMR Some FEYE, EAFNE
match RIAXNWIHIEAEP, XB—MHEE, MAZFLERAE 10 BB vo XNHHY
y SBE RILECAES Some FRRY(E, EXER x FHIE, FELLXT vy HET x H some HERRI(E.
XMER 5, FIURN A XBFTAIVESHITHITENL Matched, y = 5,
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WR x BER None MARZ Some(5), kM NI ZANEHAXILE, FRARICE FRI%. X4
DEIREXFEESINEE x, FILUIERRIARFN x SBINEEZEWERKRD x. EXMRE
BB, match JE=3TE] Default case, x = None,

—BE match RENHITRE, HIEABEMERT, FERS v HEREBERT . REH

println! £=3TE]] at the end: x = Some(5), y = 10,
AT CIEBEBLLIRIME x F y BB, XARSINFHNZEXREKRESE v 89 match Fixz, KAl

EERNMERTHESEMNLESTTE (match guard). FTHEEISE "R DIREMERINE
" X— NS TERST B,

ZMEN

£ match RAHXF, AJLUER | BELRESMEN, eRKR X (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, BiRATEEERES
EEERRERN, ZOXaHIT:
let x = 5;

match x {
1..=5 => println!("one through five"),
_ => println!("something else"),

}

MR x B 20 3. 485, F—NOZRENE, XMEAELES MEELLER | 28
FARFEERNZRENSE; MRER | WASFEE L1213 | 4| 5, AREEEE
TERENZ, A2 ERLELLIIM 1 ) 1000 B FHIBSE!

RMFBRRERFNNECTERNT, M char MHFER Rust (VAR A UHIETEERE AR
KE, FRLCEEIRARTEFH char H,

B —MER char KEUESTERIGIF:

let x = 'c';

match x {
'a'..="j" => println!("early ASCII letter"),
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'k'..='z" => println!("late ASCII letter"),
_ => println!("something else"),

}

Rust #iE "¢ (U FHE—MRAKBEERN, FHSITENH early ASCIT letter,
MRt REE

R LIERRIUREENE. MENTd, UEERXEENTRERD. ERITRIANE—
&

LS

i) 19-12 B REAEMNFER x fl y BUEEMIK Point, BILUBEHHEERNM let BAEHES
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! (0, a);
assert_eq! (7, b);

}

T 19-12: R — N AN FER AN B ENETE

XEERIBAETZE a f b KILEEMEK p h89 x fl y FE. XMIFRBRTEAFTHNT S
BARREEMEINFRE—H. FIEEFETERS5FRE—BUETERTERETW
LT, ANTERNREFEREEIN, FBEA let Point { x: x, y: y } = p; @87
RZEE, FIUNTLEEHAFERIENFEDS: REFIHEWEFERIZFR, WiEXE!
ENTE2F/HERNENT, 76 19-13 BR7T 5546 19-12 BEEHEBITANRE, R let
BREENTZERN x My MAR 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),
}

TP 19-13: EREMEFERE S REMEIETER

XEAEETZE x My, STE p 8 x M vy HLE, HERZTE x M y E8EMEK
p FBY{E,

WA LERFEEFAEHERAN SO EITHENE, MARNMENFROIZTE, XA
HTNA—EFERAFEENRNEZEMFRINTE,

I 19-14 BR T — match iIBE)%E Point EORM T =MIER: EEUT x L (A
y =0 nHE). UFyHE (x=0) HAREEAHENR

X% src/main.rs

fn main() {
let p = Point { x: @, y: 7 };

match p {
Point { x, y: @ } =
Point { x: @, y } =
Point { x, y } => {
println! ("On neither axis: ({x}, {y})");
}

> println! ("On the x axis at {x}"),
> println!("On the y axis at {y}"),

}

5 19-14: R ER PN FEE

BN TELIEEFER vy LEEFEE 0 RICEEAMT x M EMNS, IRRMAETT
E x UEES IR ER,

EMB, BINDZBEIIEEFE x LEFHEE 0 RILEERMUT v M EMNSR, HAFER Y
BIBRTTE yo F=MAXEEEEAMNTEHE, FIMESTREMEME Point H x M vy
MM FEEETE,

EXNMIFHR, B BRNE x 88 0 MTEEEZNDZ, ELSITEIH on the y axis at 7,
1B{F match RIXX—BEHE—PMOENERMSFELEREHEE S, FRLEME

Point { x: @, y: 0} 7 x M Lt v i L, XLERBBRIZFTED On the x axis at 0,

2 L &

IBZAIBEMIDINE (BINFE/RERF 6-5), FIHKBRIHIRIIFIMEIIRATE
X W AREEFR RE X BB EIERI T T LEFATTLURA] 6-2 FRBY Message MEENHBI, HE—1
match fERRIAREE— T NEME, WRH19-15 FimR:

X sro/main.rs
enum Message {
Quit,

Move { x: 132, y: 132 },
Write(String),
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ChangeColor(i32, i32, 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 REIEEETABINE
XEGIESITENY Change the color to red @, green 160, and blue 255, =iH{2KZ msg Y
BERMNZH 7T FEETT.

I F 15 Message: :Quit XEFEGHEMLIBMRETR, FeEH—THWEE, Rtk EFm|
B Message::Quit, FIRAEEEMALE,

3 F 15 Message: :Move XFFRIELEMAMETIR, TJLUIRAXMFAESEHEIRR. 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.

PRI E A TS

EaTLE, PRGN T RE N — RS, T LA T AR
T I, HATAIAEARA) 19-15 BIAFITE ChangeColor W BFRERTSI RGB Al HSV (2%
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: :ChangeColoxr(Color::Hsv(h, s, v)) => {
println!("Change color to hue {h}, saturation {s}, value {v}");

}
— =0,

}

5l 19-16: ILECERERIARES

match RIARXFE— N THERILEI—NELE Color: :Rgb HZEET (AR Message: : ChangeColor
METE, AREXHE T =THEH 132 H, FZMD RN BTE—

Message: : ChangeColor &R, BEHARIIMEZILAS Color: :Hsv ETR, FiTRTIA
E— match RARNPIEEXLEER#FZMY, BMERTRIIBIRE,

R AR TTE
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—EEEEHRY, i natch PREHAS BN X LR ESHMER
%, BEREHENRLE TFAERRIVAIREEE, B—LEH A UBREARLEFEEDE: &
A& EMNEKRIET), 5 —MERNPER _ ', A TUTHLARNRT,
HEER . BEEARSIHE. LRNRDINRRMOFAURAT AR AR,

£/ _ BERENE

HINELEAT TYLREANLEERPEETAENBRMER T . BAXIEAN natch RKIXXH
ERRZENER, U EERTFERERER, SFRHKSHT, 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
XEAEZTE2BRREANE - SREENE 3, HITEH

This code only uses the y parameter: 4,

REBD BRI BRERERSRSHE, RFEREITBEESTANSY. T—EBRT
RESRPMSHSTEHRER, bt trait B, HRRERFEXEEZERRBEIUHFR
FERTBUH, IFEALEE— M EFERERNRBSHNEEES, mRERMRSHR—
o

ERAEERN _ BERESE

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 TR LKILES Some A

XEGIESITENY Can't overwrite an existing customized value IZEE

setting is Some(5), FEHE— TN Z, KN FEELESERE—" Some TRFHIE,
BEZEKN setting_value F] new_setting_value E&HIYJ Some TfX, EXMBFRT, il
FTENHAAIARELZE setting_value, HFERZHREE,

HFErE EHMIER (setting_value T§ new_setting_value £—Jg None), XHE_-_ MO XH
_EBREM, XRBEEFELERITF new_setting_value T}y setting_value,

WA UE—MEXPN S ER 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: RBRTTAMNZ B 7
XEITEIH Some numbers: 2, 8, 32, {H 4 1 16 £ ZAE,
BEEEERFLNM _ RZEREANES

MRIFNET N ZEANFEEAMAERAE, Rust BESGIR—MES, FARERNE
ErERE T bug, BRENEE—NEREANTERZEAR, LLIREEIRITRESNIR
Fia— 1B, XR{RHEEIF Rust FEESREANTE, AAIUATIAENTESR
B9FFSk. I 19-20 FEIE TR MKRERLZE, AIYREFRBRHAZFIEF—ITHNES:

X% src/main.rs

fn main() {
let x = 5;
let y = 10;
}
T 19-20: AT RIS A BT EZ UBEEIERERTELES
XBESHNTEERRERTE y, FIREESTHKRER o

AR, RfERA - MERUTHAFALNRTELEHEARE: bl x MIBEHBEIRE,
m - WREEARIHE, BTERIXMXFINEX, =6 19-21 ZF=E—1 iR,

let s = Some(String::from("Hello!")); ?@

if let Some(_s) = s {
println!("found a string");

}

println!("{s:?}");

T 19-21: AT RIEFRHNRERTENASHEE, TErlfeREVERFIBN
EMNEBE—1EIR, AR s WENASB#H s, HELERITERER so AMRERT
YEERS, HASYEE. T 19-22 BEBTERIF, B s ZRBEWEHE _:

let s = Some(String::from("Hello!"));

if let Some(_) = s {
println!("found a string");

}

println! ("{s:?}");

Tl 19-22: BIRER TRILAZHEE
EERRREREREFMNIETT; ENSEE s HEIEATE; ©RBEREMN.
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A .. RERRE

NFESITHINE, AIUER . EERIAEABEBIHBRECE, NTEEF [T E
— P RRREVIH T %, . BAIBREAFIRVELEEALERNESRD. TG
19-23 1, H— Point LEIGRFIR T =L BIFRRVAEAT, T match FEINH, BAIFERE
1 x BITHZEE y M z FERAVME:

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, XA FARFIE y: - M 20 - BRGFER, 55!
RELEERZFERNEME, BRIINR—ERTFRIIET,.

.. SV EBAFMFEENEMNSE, 7 19-24 B/ 7 iNA7ETTAPFER .. @
NR: src/main.rs

fn main() {
let numbers = (2, 4, 8, 16, 32);

match numbers {
(first, .., last) => {
println! ("Some numbers: {first}, {last}");

}

}

T 19-24: QBT E— M RE—TMEHBBIEFIEEEE
XER first Ml last KLEE - THRE—NME, .. BEEHBEEFEINFAEE,

AMIER .. KRBT A, WRALEILECH BERIERTPAMERY, Rust =Rkif. Rf
19-25 BR 7T —PHALNXE .. flF, FItERERmEF:

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/RETETCARILED second (BZRINIZAREZ MME, UNKTEZEREEZ D ME,
XERIEATEERARNTRTEREE 2, 4FE second 9 4, IZEREE 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,

PLESF DRt a9Bash = 14

ILfEeFE (match guard) B—MEET match ZEXZEHESN if FiF, BRI
B EEEFII Sz, LEEFERATRALLEMIERFIEEAITFNERERNER. BRIE,
EAMRIE match RIAXPATA, REEAT if let 5 while let FKiAH,

ENFRE R UERRERFRIRENTE, R 19-26 BT — match, HERFE— DX HER
Some(x) EEMLATDT if x % 2 == 0 (X x SEHMEFNE):

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: FERRTLH AN LA ST 2

EBIZFTENE The number 4 is even, = num SIRIAFE NI XELIRET, KA Some(4) T
Fc some(x) PRLARJLAILED, $#ELETIROE x BRI 2 RBESET 0, ANEFT o,
PR — 0 ST 0,

HERINR num 73 Some(5), EN 5 BRI 2 REUE 1 AFT 0 FRUE— MO ZMLETIEN
false, #%% Rust RFIEE _N03Z, XRLER N ERELETEFUSILEER Some ¥
1o

TEERVPRAEM if x % 2 == 0 BU5M, PRULBIILET BIRfit 7 RiAKMZEREE
Ho EMBRARELNNRRZE, FESFIZRANEESRETIHNENCES R4,
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B 19-11 Fh, BATHREI AT LAE AR ILACST DR RE NP L 2RI, ARE match &
RARPFE T — P L EMARMER match ZIMNIRREE, HEETHREREBNHI
MEEME, T 19-27 B 7 NEERLET 2EEX M,

NAER: 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 - NMLEDZXHHIERAETIN—NIE
HINER y T2 v, XEKETUELREST EHERIMNIN yo HHEbIEESIERIME v BIE
I Some(y), XEBIETEN Some(n), UWHENTE n FXBEEBEEEMEE, FEA match IMEEEHE

TE n,

LECFE if n == y HAR—MRIFALUKBESINIRE, X1y IERIMNEBY vy MAZHH
ERZE y, XFMALGEILER 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, BMEXBRKFE if y JEAT 6!

let x = 4;
let y = false;
match x {
4 | 5| 6 if y => println!("yes"),

> println!("no"),

}

5l 19-28: EEZ M ERSLETT

XANILEEFR AR D EIVED x B 4. 5 8¢ 6 FBY y 79 true BYIER. BITXRABNS
RENRFE—TIZHMRARA x 7 4 WA, FIMETE if y A false, FAE—1TDX
FEWER. RBBEHEE-_TN%, XM, EFSITEIN no, XZ2RN if FHA41EA
FEAN 4| 5| 6 1R, MANEREHE 6. AENR, RETIRSRANMERIRREE
RGXHE:

(4151 6)ify=>...

MmAZE:
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4 | 5] (6 if y) => ...

BITREE, RARTAMBEET: MRLETEREATH | EBREMAEENETIRNRRS
—NME, XTAZMELEEEFSITENH yes,

@ 4%

at TR (0) AWEINEE— M FRENTENFRENXEERELERKRN. =F19-29
BRT—1F, XEFHNHZENH Message: :Hello By id FEREENT 3..=7 SEEA, [ERY
WHELEEEEHEE id_variable TEHRLUBIL D AR UERAE, SIS
id_variable 85 id, 5FRER, FAIHFRONVERNXEER T FRBYZ,

enum Message {
Hello { id: i32 },
}

let msg = Message::Hello { id: 5 };

match msg {
Message: :Hello {
id: id_variable @ 3..=7,
} => 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}"),

}

f5 19-29: fEA e ERIAPHEENREFMAE

FBIEITENE Found an id in range: 5, @ITTE 3..=7 ZHIIERE id_variable @, F{1iHik
TRt SEE RV EFH RN EE T EX NS EEE .
BINMDZRAERERPIEE T —EE, 2ZEXAEEE—1E]E id FELRMMENTE,
id FEEMERILAE 100 11 12, FEXMERXNABHANBE L AEFER id FEPE,
HAEER id BREFH—ITE,

RE—NMOSIBET —NEECENTE, IWNHIHETIUATFISIABHNEE id, ER
XBEFERTEWEFEETE R AILDZFEEREMNIZIEI id FERNEHTT
iH: EEEHSTEZE.

FHA e FUE—MERXF RN NIANFRET2E,

o g

J[aX3= = |

RIVZE Rust F—NMRERBBINEE, EAEMTRINXDARLENEIE, AT match iFGH,
Rust IR RS BEEE— N HRNE, BNERFRFERZF. let IBOMRBSHBIRIES
XEELMERK, AIUEREROAENBIHNENAZERE, FILUEIEERHERIIRI
FmEBATHNEK,

BTR, ERBEME_ER, RITENE—L Rust REIEERRASRIER .
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MEBRNBEFIT Rust FEBSHFREANSS. EEZ+—EABS— B 24,

HIER TR —LERERURERBE, EHFASXRBANBES Y. RAIURBEEENFE

REBERANPVABRHNESE, AEEEFIINIREE—LEERTENHS TEEER. BR

RAOSRENEN], HNFHERRIRT #2 Rust IRIBHFTEINEE.

RERE RN TARA:

« AL2 Rust: ATYUEERE Rust FFELERIEFH T RFohE X ERIE

« B4 trait: 5 trait iERAIKESERY, WARBEIBH, TLREIEBZE (fully qualified
syntax), 8 (R) trait (supertraits) &I newtype #z

« BRHEEL XTF newtype BXWEZAR, KB5FIE, never REFMEhA AR

« BRERBAAE: REISHAREFE

c B EXERENEXEZRBHAR

MABAMS, XEZ— T Rust RAFHERNEH! 1L BRERE!
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L2 Rust

BHEIA LTS RREEAE Rust E4RIFNREBHIMITHRNER2FRIE. A, Rust RfREE
FIMES, TABIPITXERERSMRIE: RN FREL Rust (unsafe Rust) . E
5%# Rust KIBER, EBEIRMEIMIMNIERES

AZLE Rust ZFRLAFE, RERNBSOMERLRERTH. SFEHRZHBE—RABES
SEFEMRILEN, ER— L8 iREFESTHNEFRF—E, XUATKREGRNEA
BEEGIARY, (BY1R Rust RiXKE EBHEERAE, SRELZAE, EXMERT,
AUERAR2RBESFRIES, BEHK, ZMEBCETH4, "FETHEE, EAFR
£ Rust XL B18: MNRAR2NBLET, L@ESIATEH, ARISEFARENREFE
Fo

55— Rust FEARR2—HNRRZREITENBEGEENA LM, MR Rust FAFHETT
FE21RE, BABLEESWRATH AT Rust RERBHITRERSIRMFARREES
THREIRE CHUHRMERAXFENRERS R KERSGRIEZHLE Rust IESHEIRZ— it
KINEET L2 Rust BRIt A, FEAM.

FREMEEEN

E1)HEE| unsafe Rust, BILAEAR unsafe XBF, AFHAB—TMEETZTL2RABENIR, X
BEREOUFEARL S Rust F#TMABER T L Rust BUR1E, ENMZAFRRLRIEE
(unsafe superpowers), XLtBaESIEIE:

- fES|BRIsE

« FEAREHREE S E
c HEH BRI TEHSTE
« LPWARL trait

* 3518) union HFE

BE—RREE, unsafe FAZXHAERNERNEAEMEM Rust REHRE: NREFRE
RBBPRERSIA, EMSIWRE, unsafe XBFRERMTRENFSWERHECENER
EWINEE. RMNARREARERPIREFEMIZENZ 2.

BE, unsafe AERERFHAEM—ERCRNHELASBAER 2R HEEET
ERRERFG, RIGRIAR unsafe SRABIAES AB KBS VIBIRIAF.

AMERHEE, HIREERE, TEBEIERXARALLIREMNATFIRIEA unsafe FYIRA,
FLEEBALE RS NEFEREBXMFIRBEN T unsafe IRA, {REF unsafe IRRATRE/NN; dAItE
HZFPFEARF bug FRMERHRECS 7o

AT RABEREARENE, RFBEFTREARHEA—IL2NHKRHRHERE API, S
MNFEIFRERBM G ERZITICE, WEEN—HBOREAAERTEINAL2ABZ L
MNREMR. XMABILET unsafe MERIFFBIREERF HEMEAR unsafe REILILAILY
RERVHLTT, AAEREREHRELEM.

IR ORI A LR A RERES], RRFRNIZEE—ERERAL2ABNREEORH
Ko
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&S| miRigH

EEENENBES B —T, BERITHEEESHRSIAZZEYN. FL2 Rust B
MMENRS #BR4EEt (raw pointers) BYRIAT5IBRVFEE, FM5IA—1F, HREEHERTREA
THY, PDAIEIE *const TH *mut T, XENESAEMSIATER,; ERREZMA—IL
o ERIEHILETXH, FAUE BERERETH#SIAZEFEERERE.

wigs S5 AN EREIEHIIXAIET

. AYRBERAN, TR AT EATLEH, NS MEAR BT
« RMRIHEEE R

. AN

« REESTIMEIE IR

5 A Rust BIMRIE, IRe] UK RS RIELRIN M ALl A S — ME S B RO
877, AT Rust BBIEHRIEM.

Tl 20-1 BR T SIS — N AR RIS H A — NI RIS

let mut num = 5;

let r1
let r2

&raw const num;
&raw mut num;

5 20-1: @ 5| BEIERIET

EARXERMAEFZESIA unsafe XEF, AIUAERERBHEERIET; RARTEAEFRSE
RZIMES|IBRIEH, HEEZER.

BN VE I ERRISFHERIRIER (raw borrow operators) BIE##ES: &raw const num &
BIEE— *const 132 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 BRMET ERAENRISH, F/ as #HTHRELET
R EERRIEHERIRER. 76 20-2 BRTfFtIE— MEaEERFIEEH. =
RERATEAERREXITA: AR R IR EAIaERE, FmiFRTRIMUEXIRE
8, SERFAIREREERSEIR (segmentation fault) M&LE, WBEEREISTHERIRIENTT
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 rl
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 IREPfES| RIS
SIE—MEHAREREMAGEE; REHHNEERNERT BRI E TMEE,

EFERTRG 20-1 A 20-3 FEVE T ERHERBREAFAE nun BRI *const 132 F

*mut 132, MRIMBZIHEISEIE num BRI BMAIZES A, KB EEIRE, BN
Rust BIFRERMN AR A EREERAAAES BRENBEE RS A, BIRIsT, Fhe
GBERY QR —MUtRY T I HAN R A Zi5s, BRI A TIETHENERIE, NRTREERBTER
ERF. BEZIIG!

BAFEXAZHEN, HUTEREARETIE? —MTEXENNAYREREA C Ri3iEO,
XET—87 “AAARERBEHGE PEHE, F— MR EMEERANERTAERN
2R URNANBFILR2RE, BEE—EHERFTR2ABENREMRIITH,

ARAFRERARNTSE

FRAILUAALR2RPHITIRERIRFA L 2R, FTRERBNGESEMRETTET
DM, BRTEHFAFKE—NEIMY unsafe, FEULETFXH, XEF unsafe RINZRIRAG
ARZEERENER, M Rust FRFRIEHEXLEEK, BIE unsafe IRPIFBAARLRRE,
REAFAIEL I3 LR IAEH N H 2 EH B R B BRI 51 35,

INTFB— B M HEERNARR LRI dangerous HIfFF:

unsafe fn dangerous() {}

unsafe {
dangerous();

}

WITE— T BIRAY unsafe IRAJAMA dangerous BRE, WIRZIHAFMER unsafe IR

dangerous, MEBE—1EIR:

$ 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, Ffi]@ Rust BTSN ELMIRS REHIAE, BERNAERERE, FH&LE
BAIEIT 7 ZRERBIRL,

AARERHRRBARIRIT AL 2IREN, FEFFEERA unsafe IR, MEEEBREF
—1¥, MRTIETHEIF[IAEES (warning) o XBEBITIF unsafe SRIRFFFRATREN,
73 unsafe IRERHR—EREBEETRIRIE,

FA TR BEEUR unsafe IR, FIUEARLZEREPHITE—IMFLL
RERY AT ARG ERIMNY unsafe 3R, {BM 2024 edition 744,
#[warn(unsafe_op_in_unsafe_fn)] @EAIAFBH, FRLALLERIS~=4ZESE (warning).
% RFC 2585, HTFRESE/ unsafe RATHH, FEEBNEFLZESRBEPERZH
TAR2RME, RARKAIEZREXMITHMAEIR (error),

HEFR2ABHNREHR

RINARNRHEBERLEREHFREREEMNRHALEZEERCHFILEN, FLLE, BF1%e
RIBHEHZLRHE—FTELIMRAR. (FA—MIF, THR—TIEEDRRE
split_at_mut, BEEE—ERLZLRE, LRINFRRTLUNALNE, XNEE2REBEX T
T slice 2 k: BIREX—1 slice FMATENRS I BHABREE D EI AT slice, Rl 20-4 B
R T ANMRI{ER 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]);
5 20-4: ERAR SR split_at_mut EKIZL
XPNRBTERBIL L Rust Ko —PNEIAATREBREKBGTH 20-5, ERGERIF, HTE
BEE, A split_at_mut SEMAREMARHZE, HRAIE 132 EMIFZEL T /Y slice,

fn split_at_mut(values: &mut [i32], mid: usize) -> (&mut [132], &mut [i32]) m
let len = values.len();

assert!(mid <= len);

(&mut values[..mid], &mut values[mid..])
}

5 20-5: 2R D FEAL L Rust LW split_at_mut

LEERENE HIREN slice NKE, ARBEINESHERSNTHSFTXNMKERMSSHEATE
HZERSIIF slice HH, ZHTS BERENRENNRSILLED B slice WERSIEKR, LLERETE
SR ERXNES|A] panice
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ZRBAIE—NAFIREBIE NI T slice: —PMESA slice WFFLEE mnid &3], B—1
M mid BE|R slice BWEE,

NRZIRRIFRA 20-5 BIHRES, RRE—NIEIR:

$ cargo run
Compiling unsafe-example v@.1.@0 (file:///projects/unsafe-example)
exrror[EQ499]: cannot borrow " *values® as mutable more than once at a time
--> src/main.rs:6:31
|
1 | fn split_at_mut(values: &mut [i32], mid: usize) -> (&mut [132], &mut [132]) {
| - 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 E0499°.
error: could not compile ‘unsafe-example® (bin "unsafe-example") due to 1 previous
error

Rust & AN ERTRIERBRNTEBMEAX slice WRNARREZED: ERIERINNERTR—
1 slice R, AP LB slice WAREE 2RI B, EHAXME slice F2EE, AT Rust
TS EEERREBIRMAXLE, HUERMAEFLEEZEALIM Rust REIENBE, FEMMKRAR

ZeIBMEHET

5l 20-6 RS T 9NMEIfER unsafe 1R, B4SHAM—ERL2REFAFREIL split_at_mut:

use std::slice;

fn split_at_mut(values: &mut [132], mid: usize) -> (&mut [132], &mut [132]) {
let len = values.len();
let ptr = values.as_mut_ptzx();

assert!(mid <= len);

unsafe {

(
slice::from_raw_parts_mut(ptr, mid),
slice::from_raw_parts_mut(ptr.add(mid), len - mid),

5 20-6: 7£ split_at_mut REFASEIMPERR L 2D

[EfZ#EHER"Slice A" BR5Y, slice B—Mem—LHUERES, HHEHZ slice WKE, ]
LAGER len 757A3REY slice BYKE, &R as_mut_ptr 75741717 slice BYRIE . TEXMIIF
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i, EABE— i32 BN slice, as_mut_ptr iR[E]— *mut 132 BB, FHIGHTE
fiETE ptr TEH,

BAMRIFERS| nid LT slice PHETS, HERBARENE: slice::from_raw_parts_mut BREX
REN— P RESH I — MKER G E—1 sliceo XEBEREAILEREM ptr FEIRT—1F nid 4
TIRY slices Z/GTE ptr LIFA add F5AHMER nid {EASHKRER—TM mid FIapI#RIE
i, EAXDMRISTTHIU nid ZFTHRVHRENKECIES—1 slice.

slice::from_raw_parts_mut KEZALENENEIRE—MREH, HOLTHREXMETHZ
B, BI85 LW add FiEHEAR RN, AAEKITRE iR EHEEMBIEE.
Et A TG slice: : from_raw_parts_mut F] add JAN unsafe IREPLUEEEABRE(]), @ITWE
D, FEH mid HIANFEFETF len BIBRS, FNTRILAN unsafe SRPFIBMRIEHBEAN
B9 slice REHERIEET. XB— TR LUER R unsafe BIG S %,

EARTHRR split_at_mut RIRBVLERITICH unsafe, HAILIER S Rust FIEALLERER.
MEIRT — M FR2ABHNREHER, HABU—MRENHAERT unsafe 53, EHH
SN REIA RIRV IR IR T B BIiE .

51kAExs, Rl 20-7 Ry slice:: from_raw_parts_mut 7EfEF slice B RBAIRER AR, XER
REPREERAFIALHEE T —MKEN— 8 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: I ESAFMULLIE slice

BIHATAEXMESURAE, BRERIEXERAEEER slice B2 BXMA 132 H, A
EfEARRNAEAEY values RFEREXHITTH.

fEF extern ERERIE MRS

BIHREY Rust KB RERESHMESHRENRIERE, Ak Rust B—1XREF, extern,
BB T RIENMER SMEBREIZED (Foreign Function Interface, FFI), SMEBEREIZEOR— R
BESHAUEXRBNAR, HAFARRE (OMB) REESIABXLRI.

5 20-8 B T 9NMAISRAK C AR/EEEFRRBY abs BKIEK, extern IRFFASBARYERENTE Rust RASHIE
BERARENRALL extern IRAFMMUIATE unsafe, ZFTUYLL, BRRNEMIES A RS
1T Rust BURMN, Rust WEFNEXLENR, AEFAERERRBANTZ 2,

X% src/main.rs

unsafe extern "C" {
fn abs(input: i132) -> 1i32;
}

fn main() {
unsafe {
println! ("Absolute value of -3 according to C: {}", abs(-3));
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}

T 20-8: ERAAHIEASR—TMESFENXHAY extern KX

£ unsafe extern "C" IRAP, F(IFILH T HLREBREANS —MES PHIIMNBREMZTZFE
Mo "C" BB ENX THMEBRELFREARY B2 #H¥EO (application binary interface, ABI)
—— ABI EX T HMAIfECRIES BEIARLLRE, "¢ ABl @RENH, HEE C HEESM
ABL, B3 Rust Z#FHIFTE ABI B 2155 the Rust Reference,

unsafe extern FAFEEBAYEMIINERFRILHIE unsafe BY, FRAM, —LE FFI REAT AR 2HMIFR,
a0, CAREERR abs REUSEEARNGEFELEFENEEHBRNFNE T LEREM 132
VAR, EEMXHENFIFH, FITLUER safe XBEFRRAXMIENREBENERT
unsafe extern RAMEA UL LFRN, —BEFHNMUIHXMER, HRAEFRBFE unsafe
R, R 20-9 Frmro

Y& src/main.rs

unsafe extern "C" {
safe fn abs(input: 132) -> i32;
}

fn main() {
println! ("Absolute value of -3 according to C: {}", abs(-3));
}

B—1MRIAFIC A safe FAZBEIAEMEHRTFRZE! Bk, XBEE—13 Rust WAERAE
EBREN, HBERBITXMNEENARIRISEE!

MEEIESIERB Rust KK

WA LUER extern REIE— N ARFEEIBESHA Rust IRERNIEO, FRITFLIEEAN
extern 3R, FA7E fn KEBFZHEN extern XBFH NBXEREISEFTAZIR ABL
EEIN #[no_mangle] SFARREIRF Rust ZmiF2BAE mangle HEERERAIEFRo
Mangling 184RiZ2BHNHBBHRBBZEXNESEZHAMEZIIEERNER
M2, FEEMRE, 8—MEIEIES R FHBIUBEHARBIA I mangle
BRERE , FRLAA T Rust BREEETEE MBS PIsE, A2 Rust 4wiF2sHY name
mangling. XEAREMNENIERERE mangling BBHETEEZ BRI fEB s+
%, FRUBRFMZRIZ IR LARA mangling 1R £ SH 2T E,.

TFOTRGIFR, —BEFFADESEHM CIEESPHHE, call_from_c RERFLEET
£ C B3

#[unsafe(no_mangle)]
pub extern "C" fn call_from_c() {
println!("Just called a Rust function from C!");

}

472/562


https://doc.rust-lang.org/reference/items/external-blocks.html#abi

Rust i2FIKITHES ERFXHR

Xif extern FARERBMEFFR unsafe, MAFETE extern RAGHEA unsafe,

RS ERSEE

TEABHR, HMEKITIEE 2R/EE (global variables) , Rust HEZFE(N], FidXxF
Rust BIFRERMNIKIGZEREN. MRAMMEIZHRERNAIZEREE, NrgRE
R EHER o

2T E7E Rust FWITA BE (static) T2, 1 20-10 BR T —MEBEERE slice R
BST=mEENER:

NHR: src/main.rs

static HELLO_WORLD: &str = "Hello, world!";

fn main() {
println!("name is: {HELLO_WORLD}");

}

Tl 20-10: EXFEA— I FILHSTE

B (static) TEXMFE=Z "TENEENXF)" OITIEMNESZ, BERSTENS
FRE P SCREAMING_SNAKE_CASE 5%, B2 ST = HEEETFIAE static £HFAHANEIH, XE
k& Rust /iFssA LB BEHEEGARMEZTERNINE. HRATTHSTERLTEMN,

BESAUTHISTEN —IHUHXSERSTETNEE — I EENRF I, FRXD
ERERHRERMI, 5—FHE, EENAFEEAHEBIINMNMERERELKE. 3— KX
SETFEHSTEALUEAITMN, HRMERITHSTEMHE AL B, = 20-11 BRT
YRR EE. 15 R) AR /9 COUNTER IR LEFSTE:

X% src/main.rs

static mut COUNTER: u32 = 0;

/11 SAFETY: RANEZNMEBERAXNAEEREXNITA, PR AR RIER—BE R
/11 BE—EETERETE.
unsafe fn add_to_count(inc: u32) {
unsafe {
COUNTER += inc;
}
}

fn main() {
unsafe {
// SAFETY: BRTE “main’ X—PMEEWIAA.
add_to_count(3);
println! ("COUNTER: {}", *(&raw const COUNTER));

5 20-11: RN E B — NI THESTEERFATEN
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MEEMEE—H, BAIER ut XBFRIEEAI LM, EfIRTS COUNTER BICHRERAS LT
unsafe 3R, XEXABIR] LAGRIFFHAIHRFTENL COUNTER: 3, FINXBRLAIEN. RES ML

#217717) COUNTER MIFTEESEIUER S, FAAXBREX TN, Eit, HNFERFEDRERIRIC
79 unsafe, HIESHERRIHARRZ2MERE, UERBERHPLERERRZEM. WER

FREM,

FURNBE—ITFR2RE, BEMERRES — L SAFETY LI IRHBBRAREEE
A AATUREMIBARZAGE. BE, SEITETALLREN, BEMEREE — U
SAFETY FFLH AR L MR 2N,

BN, FEBIIAFMFROE—NILHSTENSIH. REEETAEIEHRS | BIRIERTE
EHNRIETHANE. XEESIBNCIERAIIMER, FliXMLBREIFATF println!
5T, AEFHSTE BT RIS ENEREMTHAEEREIINRESERE HBH.

RERUERIHRNAIEHE, EURIERNFEBIERS, XMENMA Rust INNATEFHST
ERTLEN, AEMAFTENFERT, BRAERE T AEITIEHHRRANAIEREE /IS
i, XERIESMERNRELERENEIETRNRER L2,

KHFARL trait

FEANTTLUER unsafe EEPW—NARL L traite Y trait PEVDE—NAEFELESREIFH/LEN
WAL (invariant) B$i% trait FAEAL M. AJLUE trait ZEENN unsafe XEFIE
trait =BE/Y unsafe, [EBY trait ASEIRBAARIE A unsafe, UNRf 20-12 B :

unsafe trait Foo {
/1 FEEXE
}

unsafe impl Foo for 132 {
/1 FEEREXE
}

5 20-12: EXHEM AL L trait
BT unsafe impl, FN1EABIGFRIEHRIFZESFAFEBEIRIEANART T,

ER—BIF, EINZ5E+73E £/ Sync H Send trait BYAIY BH A" BRI FRHEY Sync A Send
FRIC trait: FIRBATRIEE T2 HLIMT Send 5 sync RIEMEBAER, HiFB=EHAE
SRILXEE traite FIRBATEXRIRBE B EFLERKI] send B sync BIEEL, BIgN#RIEH, B
AR ZEBARIEH Send BY Sync, FLLTER unsafe, Rust FEEIIEFAIBYSRERIERT LA
TEMBELARLEHESEIZEIR, FIUAFER(]E SHTREHED unsafe R,

IR S AR BT R

RE— TN REETE unsafe RAMITRUIRIER AR (union) AEYFEL, union Fl struct S,
BRE—IEGFENREFR— I EEBENTFE. BREATERTM C IBPHBESEHTT
REH, HOBEESENFEERLEH, EA Rust TR RIE Y FITZMETERE S RS HI iR
A, BILIEE the Rust Reference TRBE X ESEMELZE R,
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£/ miri REFRLE

HREAR2NEN, (RARZEZNERSHNAEESENZEER. RIFNANZ—ZE
A Miri, —PRARIQNAREXITHN Rust EA TR, ETEARERE —MERENIIEN
AEITAR, Miri 2—MEETRIENHETIR, ©BdziTiEr, SENRERNEND,
HIMREERER 7 EIEMBEH Rust RN TIERIREN,

£ Miri R(EA nightly FRZASBY Rust (FRAI1EMIR G: Rust BANFRIA LIS “Nightly
Rust"fFEEZiTi). RAILUEIHAN rustup +nightly component add miri R[E]A&LE
nightly hfRZsE9 Rust 1 Mirie XHASNTIRIE [EEERB Rust frds; ERBAMMHEARS
BT XN TERURRI UEZENHEFERE, (RelLUEdH cargo +nightly miri run
or cargo +nightly miri test {EI1B™{ER Miri,

EA—ME—RMABERIGIF, FER—THRA 20-11 BITENIAER 40

$ cargo +nightly miri run
Compiling unsafe-example v0.1.0 (file:///projects/unsafe-example)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.01s
Running " /Users/chris/.rustup/toolchains/nightly-aarch64-apple-darwin/bin/
cargo-miri runner target/miri/aarch64-apple-darwin/debug/unsafe-example’
warning: creating a shared reference to mutable static is discouraged
--> src/main.rs:14:33

|
14 | println! ("COUNTER: {}", COUNTER);

| AANNAAAN 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 EFE S 7T HRNHZ T AIZHIENSIH. X8, Miri RRAZHT — 1M ESRNEX M
FHRHAFRRIERREXITH, eKESHFEINMABERR, EREDHNANEXESR
EXITHNKRAZEETURENAERBERRE, £—EAFH, Miri trLUHENEIER
E1% - MEEHIROABEERER - FHREHIAEEXEHIRAEEH 5.

Miri H R RERIRAE AL 2R ATRELIINFAEHEIR. Miri E—1THSOMMIE, BAiteR
REFIR A LR ITIE MR, XEREFERES RIFINNIAERABE G LUIERIRXIFr
RMEMNAREABHED. Miri BREEBERBEFRENREENMT,

HaEi . AR Miri AILURIR— MR, RAEXER bug, FINZEA miri B
R— bug HAEMREXESBH, EEREAUBRRZRE, ZAMNEEFNEERR
ERERAIETEREEERHEMA!

REJLATE Miri B GitHub B TREZER.
FEMERFR 2R

fEF unsafe SRFITXAMEE (BREH) Z2—RLENEN, BEEZFAFTERBRERN, &
W 1T unsafe RIBEWISEEAR S, EHARFSEFEZRMRIEINFLE, SHEHER
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unsafe {CIBEY, BRLIXAMBY, B ERERE unsafe fRFR] LIERZMERIRA LB
ERIERIESL, BHREAREMIEN, EAILUEER) Miri KENMBEMRIEFERIEREE
/& Rust BYERM,

EREERANM T HBINASMERARLZ S Rust, 1BIFIE Rust X FIZFENE HIemE
Rustonomicon,
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=4k trait

FEE+E "trait: EXHETHES, BIIE—RIRET trait, FIBEITHEEEE—LER
NEENAT, MEMRIT Rust EEETEL THE, BITAILURNRR T,

KERAR

KEEER (associated types) F— LB GRS trait HXEX, 5% trait WA EEX AL
EXBPERXLE HMUAFRE, % trait WLIMESAS N EALIEEBFERNEKIEEIFR

BRGMIREE, X¥, BITMEETERE X trait BIER SAIRFRE, MIAHNHIEXLERR
BWRARS, HEISLIIZ trait HEHTTIEE.

Hizairsl, mEFMTIEHNAZSHELIFEHEHERLVTE, RERXENLLEER: EN86ER
MEREF A PEMIPOFERRHE, EXSTEEFTFZEHMEF T

— N A XEEEW trait BB FRINEERMEDY Iterator traite, EE— 1M Item BYXKEL
LKASRERFHERZEE, Iterator trait BIENXIITRA 20-13 FiR:

pub trait Iterator {
type Item;

fn next(&mut self) -> Option<Self::Item>;
}

{5l 20-13: Iterator trait BUENX A XBESEE Item

Item B— PN EIFFEE, FBY next FENEXFRATEIRE Option<Self::ITtem> HKAIAY(E,
Iterator trait ISCIMERIETE Item FNEMAKER, F2 next FiEMIREI—MEEZAKE
BY{HHY Option,

KEARBAREBERSZREMN, EEATFRINEIEX KB AKIEECH UGIENEER, X
THRMXMENXS], FNRE—1B Counter FYSEY FRY Iterator trait LI, HAIERE
Item BYSEAYFg u32;

XHE&: src/lib.rs

impl Iterator for Counter {
type Item = u32;

fn next(&mut self) -> Option<Self::Item> {
// --snip--

XMIBEZBRERSZRE M, BARNTATEEGRG] 20-14 3B, FIZEIREN Iterator
trait Ig?

pub trait Iterator<T> {
fn next(&mut self) -> Option<T>;
}

5l 20-14: —MERZEIAY Iterator trait (RAEENX
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XATEF HWRGI 20-14 BBt EAZERY, WAEAES— M LMAPITEEE, XERERAFE
AT LUK Iterator<String> for Counter, BRfEfELMIZERY, XIFRLRILABEZ X
Counter B Iterator BYSCH, ANEW, & trait BZEISHES, ATUZREIMXA trait, &
REMERRRENERZRISHAE, YK/ Counter HiFF next F3ERT, FLATUETAE
ERRRIEEAEFE AWM — Iterator B,

ERXBKEEE, WEFIMELE, RAFEMBE—NRELZRLIMZ traite 55 20-13
REAXBERENENE, KITREEN Item EE—REFELE, HAREFE—

impl Iterator for Counter, iEFE Counter Y next RN ANEXIEERIIEE u32 HHIER
2%

KEALBIW A trait RLIN—ES) : trait BISSIMIHRM— D EE B REEER 5T,
KECRELBRE U EAEKGR, 7 API R KERE#HITHAEE—MRIFRE,

RINZRRBSHMEZHTEH

SERZRRASHE, FTLUNZEEE—IMBUANEAEE, MREFIALERESHENIE, X
JHERT NEAEEBLI trait WFEE, AZRLREERINLENE LR RZ B BE
FH <PlaceholderType=ConcreteType>,

X R —MRIFHTRGIZE BEFFER (operator overloading), BMERERR FTEENE
BRF (kban +) 1THA8RE,

Rust HARIFRIZBE X ZRBAHEHERTEER, EALUEIRI std: :ops PFIHAEE
FHEX trait REH T, 6180, ERF)20-15 PENEE + TERRFFHE Point FFIHE
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#| Point SEIRY + THERF

add 777K Point LR x (BN y EXHIABMNKEIZE—THHBY Point, Add trait B—1
MU Output RYKEXKE!, ERAFRRTE add 757ARNRMEIERE,

XEBERINZEEEMITF Add trait F, XBERHENX:

trait Add<Rhs=Self> {
type Output;

fn add(self, rhs: Rhs) -> Self::Output;
}

XERBERMZERE: —NHFE—NAEN—DXBEEEN traite FIEHZR 2
Rhs=Self: XMEEAUMN BRINKBISIN (defoult type parameters), Rhs @—NZRIFERIS
# (“right-hand side” W4EE), TRFENX add 57EFRH rhs B4, WRETIM Add trait BF
FIETE Rhs UELIAZEE!, Rhs AYSEENEERINTD self, BIIEFESSIN Add H9REY,

)9 Point SCHY Add BY, {ERATBAIAE Rhs, RABNFERKEMAS Point IHIAEM, 1LFKITE
E— XU Add trait IFBEEBENX Rhs KRR 2ERARIALEBGIF,
XEEWNMERAR BT ENEIE, Millineters F] Meters, XMGIE XA FEIIEHRS
—PNEMER A IR newtype #BIX (newtype pattern) , ZGR“EH newtype BIHTE
HMERIERY  SCISMER trait”EB R SMIFAMN B, B 1B EEBRERESKEMENM, FHik Add
HSCINIEFARM BB (558, BILAJ Millimeters SCIR Add LA Meters {79 Rhs, HI/Rfl
20-16 Fiimo

XHE&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 #B7N

AT Millimeters H] Meters BEFSAHAN, FAJFERE impl Add<Meters> RIKTE Rhs FREISHY
EMAEERIRRING self,

AIASHRATBATN TR SE:

» ¥ RRBEMARA WA XD,
« TR AFBAFENFEBREITEEN .

FRERERY Add trait LE S — TN ERN—MIF . KEDEHERIRSIGR-MEMBIEEEM, 8
Add trait iR T BEXBIMTAMEES . 7E Add trait & X APERRRIALE SRS AP
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DIHREFIEETMIMISE, ROIENR, —/ D RANFRABEALER, XFER trait
MERZ T

F—TENSETRMESEER: NRFENIE trait IBINEE S, HEEH—EK
INEERDR A v R [TEABIA I A SEEL AR BV AR L4 & trait BYZhEE.

ERBFEZELIHREX

Rust BERBEEER— trait 55— trait IBHERRMBGE, BAREHELEANR—XRERN
SRILX PR traite FEINEAUEEERE FEIW—15 trait FERRRIG %o

YiERXLRRAERN, BEEHIF Rust (I TEBFERE—1, EE—T/mf 20-17 Ay,
XEBHRNEX T trait, Pilot ] wizard, BIIEHERA fly A%, EEE— T
BELMTRA fly HiENFER Human ERIPXFEA traite F—1 fly FEEHEHITT 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: BN trait EXABE fly 7%, HEBEEENE fly 5750 Human 2880 30T
XA trait

LEA Human SEFIRY fly BY, miFESSBRIAAAEZEILIMEZER ERE%, WRF 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 #eBBEAA 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: HEEFNNBLZRBM— trait B fly 753%

ERERAIERE trait BFREILE Rust BEMEATEARMA fly L, WaJLUEES R

Human: : fly (&person) , XZEREF RG] 20-19 FAEY person.fly(), FTUNRITCEE I X BHIIEX
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 75RRER—1 self 838, MMREMNEBIELIL T E— trait, Rust FJLIRYE self
HORBH B H W ERW— trait K.

PAT, KREXERIPIEGEZRBAHE self B, HEFESMERBTAE trait EX THREIREK
RBVIETTERELEY, Rust IANEEREITEHITHERNZM— LR, REER 2REE
& (fully qualified syntax) . 51407 20-20 RRISIR T —NHERFFIE /NGO Spot BITH
YU A FREY traito Animal trait H—KEXIETAKER baby_name, Z5#4J{K Dog SEIL Y
Animal, BB EiEGRHT 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 BIZRE

7E Dog KA F7F WHIKEXKEX baby_name FR, FAILI T RKEAE/)\EHR A Spot BYTHEE,
Dog SKEVAI Y Animal trait, EHIARTFIEHYIFIRBERHE. /NAIRA puppy, XF*T
I Dog MY Animal trait SEIRHS Animal trait FEREXAYERER baby_name,

£ main AT Dog::baby_name ¥, 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, XIFRETEFTENH A baby dog is called a puppy, FfJTERfI 20-19 FREARIIERE trait
BMBRIDEXBEREER; 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 HAEIE 1% R H— SR

[ElJ9 Animal: :baby_name &8 self &%, MBETIREEHMERSLI T Animal trait, Rust It
EREBNTRIARM— Animal: :baby_name FSEIR, 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;
| e "Animal: :baby_name® defined here

20 | println!("A baby dog is called a {}", Animal::baby_name());

| ANANANANANANANNNANAN  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 FATHERERRYE Dog BY Animal SEIIMARHERER Animal 5L
m, FEEATLREIEZ. 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: (EAFELREEEFRIEERNTFHEEARIZE Dog L Animal trait SSIIFRRY
baby_name K%K

HANERIESHME Rust 1T HEVTHE, XRBIEAIHBEELRREAR TG pog KB N
Animal, MMIEARTE Dog ESCIAY Animal trait HHAY baby_name J57%, MIEXERCIDEFTENL
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, ...);

HFREFENEBERE, HEE— receiver: HWRASHHMBHMTIR, FJLUEFREE
ARG FARMERTEREEE. AN, AFEREMA Rust SEBMIEFFRIEHMESR
P EHNERD . RBEUFESMERSEIM Rust FEFABLUEREFA)HEER A=
B, AFEEAXMRATKENEE,
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{EFEE trait

ERERIIIBEEEEBRE—MIHIA— trait B9 trait EX . WF—NEMTE— trait B9
KA, (REBERXMEBBITITEZ traite WLLFLEIE trait EXFEHE - trait BI%X
BXI, XNERFRRY trait 2FATSCILAY trait B9 8 (R) trait (supertrait)
FENFHANIFHELE—NHEH outline_print F57EMY trait OutlinePrint, BERFLTENERT
UHNFHEESE, RN, BE—NEMTHER Display trait BIFIRE] (x, y) BY Point,
HENTA— x 10 y 5 3 B9 Point JHAA outline_print B, ENZITENHIITAR:

*hkkkhkhkkk

* *
* (1, 3) *
* *

*hkkkhkhkkk

7E outline_print BYSCHRAR, FR(IZFLEAEM pisplay trait BITHEE, FEitk, EEiHAT
OutlinePrint trait )& FARLFRASSLIN T Display FH4ZfHt outlinePrint FRFRIHAERVEEL,
B LUEIETE trait X FIE5E OutlinePrint: Display R EX—r, XFFARIEMUTFH trait
#10 trait bound. {8 20-23 BSR T — OutlinePrint trait OSSR :

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, B EK¥KH Display HILHAE

FABRITBLEZIEE outlinePrint FE Display trait, KA ERBEEASSINT
Display FYFEBURMAY to_string 757%, MIRBITELEE trait BMMEHFMESHIEE
Display trait BB FRIAGEMA to_string, MAHINEIR, RAEHRITERAEPRALE
&Self $%E|R 7 to_string BY777%,

EMNEBFNREAT—1EE LI Display BYFEAY 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 BRAMAITARAZILIL

$ 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 “Point” cannot be formatted with the default
formatter
|
= help: the trait “std::fmt::Display’ is not implemented for ‘Point’
note: in format strings you may be able to use "{:?}  (or {:#?} for pretty-
print) instead
note: required by a bound in “OutlinePrint®
--> syxc/main.rs:3:21
|
3 | trait OutlinePrint: fmt::Display {
| ANNNNANANANAN  required by this bound in “OutlinePrint®

error[E@277]: “Point’ doesn't implement “std::fmt::Display’
--> src/main.rs:24:7
|
24 | p.outline_print();
ANAAANAAAAAAN “Point® cannot be formatted with the default formatter

help: the trait “std::fmt::Display’ is not implemented for “Point’
note: in format strings you may be able to use “{:?}" (or {:#?} for pretty-
print) instead
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

ATEBEXNR, FHTE Point LI Display FHiHE OutlinePrint EREIPREI, HLaOX
FE:

NHR: src/main.rs

use std::fmt;

impl fmt::Display for Point {
fn fmt(&self, f: &mut fmt::Formatter) -> fmt::Result {
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write! (f, "({}, {})", self.x, self.y)

}

BRATE Point ESCI) OutlinePrint trait FLBERNIHZRIE, FHRILITE Point L _EiFA
outline_print ¥ H B REHE SHMANILIEN,

A newtype 1ZNTEIMEBSEEY_ ELIMSMED trait

EE+ER PRI trait” 25, FAUERD T LN (orphanrule), EMEREY
trait LB T/ DE—HHFELITF YHaE] crate SAHES, A BEEIZEE FSTINZ trait, —
MNEFFXAREIN S £ 2 newtype &3 (newtype pattern) , ©iF5 RBIE—NTTALE
X (BRE "BAREnEFERNTHAEHERSERERIRE DR T ThAEMEK) el
B—EE, XN THEEMETFE— N FRIEAFELI trait BB EFE, HFX
NEHEERBIIFTF crate BASMIAY, XEF B LIEX N ETEE LSLI trait, Newtype B2—NEE
Haskell FIZIBS IR FAXMEXNLZEETIIMEET, XMEERBERENTEE
BT,

Fgn, WRMEELE Vec<T> LI display, Ml LFINIBEIEFRATEIZEX AM, FA Display
trait #1 Vec<T> #ENX F KN crate 29, ALUEIE—NEE Vec<T> SLfIRY Wrapper 4544
&, BEETTLRE 20-24 BRH#TE Wrapper SCIR Display HfEF Vec<T> BY{E:

X% 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, "[{}]", self.@.join(", "))
}
}

fn main() {
let w = Wrapper(vec![String::from("hello"), String::from("world")]);
println!("w = {w}");

}

T f5) 20-24: €7 wrapper SR Vec<String> LAEREISSCHL Display

Display FYSCIN(ER self.o RIFREAIPH Vec<T>, AN Wrapper BIoHLEIIKM Vec<T>
BEMERAMTERS| 0 90, 1HFE AL Wrapper B Display BYINEET o

XIMECERVER RIE TR wrapper 2—PHERE, EFFEEHAHRENT X, CNEREE
Wrapper ESCI Vec<T> WFRETSA, XAEFRAILIARIEERself.0 b, Xmiaifikilzek
Vec<T> BRAEXSTF Wrapper, SNIRFBLEFMIREBARRNIEENE—177E, AEHELELH
Deref trait (55+F % “fEf Deref Trait BEREFSH HEEMS BT B2 WiEE) HikE]
HREEBEZ MRS R, IRFHENERBBEFIERNIEENGE — LA TR
HIE LT — WRFEITEIMAAFENTTERIF,
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EZHRH R trait BT newtype B BRER. MELRITEXTREBE—LS Rust K8
RS ENSERA T EFRE,
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=L e

Rust WRERSH —LRINBZIRIERRNTICTRNFE. BABRIMTEM—REX EITiE
newtype HHRITENMENRENRIER, BEIRMLEIR (type aliases) , — M EMUTF
newtype BB EHMAERNEXRIINEE, (NEZIVIE | REMEEA/NEEL

£/ newtype RN EILB R LR
ANTRILFRERFIET 2 “EA newtype FRAEIMEBSEE FSCHISMER trait” 25530

newtype XA AT B FHANZI B FALEEKRITICHEMES, SEFSHRERERSEERU
RARFHEN R, (RERF) 20-16 FELEFRT —MEA newtype RRREBAIAIGIF:
Millimeters F] Meters ZE#{AER7E newtype T u32 ., MIREE T —1 B
Millimeters FEEISEAIRKER, F/VCMER Meters SEBRY u32 ERIFABZRMIZFEFR
BEZRIFAY,

newtype BRI AT IR FHIRIEE MRS D SSIAT . B URBESHILAERE
RERERIHE APL,

newtype #IVIE ] LARREIMERSE M, 180, RILURM— 343 T HashMap<i32, String> BY
People KA, FARMEF AR URMEND ID, R People WABRESHINRMEHNAE API
R ERIA], LbINmE People SESIBMNEFFRIEMAE; XEXLERBRERZFIEETHERFE]
B— i2 IDBFTXMRFT . newtype BB —MILIME+/\E “242E[258 7 LI
FIHE R SE AT R ER IR %,

fEMEEH eEREF T

Rust et 7 /R KBIFIR (type alios) BIEEST, FH type XBFHINELXEBWTFZ—1 R
Fo 510, TILAGXEEBIEE 132 AY5R Kilometers :

type Kilometers = 1i32;

XEE Kilometers 2 132 B9 [BENiFA (synonym); REITF R 20-16 HEIFEA Millimeters
N Meters A, Kilometers HARZE—PHHY. BIMAYEER!, Kilometers EAMERHWTLE
F 132 HKBERM

type Kilometers = i32;

let x: i32 = 5;
let y: Kilometers = 5;

println!("x +y = {}", x + y);
E7 Kilometers Z 132 M3, Ef1EE—HE, BILUK 132 5 Kilometers 8N, tEILA
¥ Kilometers fERBLGIREN 132 SRR L, BBEIXMFERILERE L—EHIHERN

newtype RICFiRERVREMOERYIFAL, AR, WMREFRELER Kilometers ] 132 By
B, FESBAILBH—THEIR

REGIBRNEERAGEEMVES. FlW, AJRSAXFRKAIEE:
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Box<dyn Fn() + Send + 'static>

ERBERZMREEFEF RN BEX IR RKOREEZRNEZ HE, BR—TE 1WA,
ZIRLEBZE A Listing 20-25 AREEAIAED,

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 ERABIFRKAIEER

KEGIRBIROEEERBES TEE, 70 20-26 F1, HTAXPMRKEESINT R
79 Thunk 93132, HETLUERERDNERY Thunk SRERFRE 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: 5INZEEFIE Thunk KFDEE

XIFFIRNREERBEEZZ T ! AR RER—NFRIFHAIUEBMRERAEE (814
thunk RNEFEZEHRITEIRE, FAUXR—MEFERAENEGENRF).

KBRFZBBEES Result<T, E> EEFEARPBIVEE, FE—TREEPR std: 1io &R,
/0 BIEBBE=IREI— Result<T, E> RAMBIRIEXRMBVER. FRAEREFHY std::io: :Error
ZEART BRI EERY 1/0 iR, std::io RRNIFZKENE=IR[O] Result<T, E>, HA E &
std::io::Error, LHU[ Write trait PRYIXLERRIEN

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<(), Error>;
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>;

BRI T std::io R, FHLLBATAILUERTLRERNFIE std: :io: :Result<T>; HFHLZE
1%, Result<T, E> FA E JRANT std::io::Error, Write trait PFHYR I REAERERGEXEE:

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<()>;

}

REFZERPIHEEED: ZTREHAERE std: o PREMET —HHEO, RAXZE—D
A%, ERRBSE— Result<T, B>, XEREAUEH LA Result<T, E> BIEMATFE, LU
Rt 2 EEFHUFERIE %o

MFIBEIRY never type
Rust B— UMY | B4R, ERBIIRAKEDRHIA empty type, AAEEEE. &

SR TFHRZ A never typeo XNZFHRT EMIER: ERBMFREFEHET HiR[OE,
TEE—MRA:

fn bar() -> ! {
// --snip--
}

XA BT LURAE "R %R bar MAR[E", TIMAREIFREWIT S KK (diverging
functions) . FEERIZE ! LRIN(E, FILA bar HAREIEEIREE,

FE— N TRECIREMNERBHARRE? BEE—TxRF 2-5 PRBEHRFRHRHLE,; BITERSG
20-27 REIR T HPR—/ N

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

ba

T ffl 20-27: match IBA)FI— LA continue R

LHERA VB T AP —LE4 T, £5/\E “natch IFFIREER" 857, FHAFIT match
D2 FLREIERERIZEER, INTFRBEAEELIIE:

let guess = match guess.trim().parse() ({ ?&
Ok(_) => 5,

Exr(_) => "hello",
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XEH guess ML EER HRE FRFE, M Rust K guess RgeR— 1 HEE, BA
continue JR[EITHAMNE? AHATESRM 20-27 1, — 192 %iR([E] u32, MB—12 AL
continue £L5ENE?

IEYIRETBEIEEIRY, continue ERE !o ELEW, 3 Rust EitHE guess RUKEEY, ERE
BEXMN DX, &R u2 {8, MEER ! B, ER ! FEKEARSHIE, Rust RE guess
BYZERIZE u32,

AT HNERANRE, RER | BIRANAI USRI RNES HMEE, 2R
match 33 LA continue £5RZER/ continue HAHIERMIE; HHRELEFRINZZE LERE
X, FRLATE Err BUIER, FSEEHARIY guess #HITMR(E,

never type 1 panic! mPWREH, FIE1T Option<T> £ unwrap EKEIZ? B4 —NME
 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"),

}

XEB5RE) 20-27 FH match XE THEEIRIER: Rust A& val @ T K8, panic! ! 2
B, PRLLEEAS match RAXWERZE 7 K8, XEETERRENA panic! HFARFE—NME;, ES
L IFTER. XF None BYIEIR, unwrap HAFR[E—ME, FAAXERBEER.

Ka—MEE | RENFRANZE loop:

print!("forever ");

loop {
print!("and ever ");

}

X8, BIfFKEHARER, FIULFERNER o BRWMRSIN break XMANET, EAH
B EHNITE] break EMELLE,

EhASAKRNERIFN Sized trait

Rust EEMNERXFLAWELAT, FINAREXRENEZTENRZ L TiE, XESILE
TH—MEBRFERS NRZRAE: BD sh&KNIER (dynamically sized types) BIBER
XBBEIRA “DST” 8¢ “unsized types”, Efi1iLEKEEBRE AL RBEITITII A EE
B A/ NERRE.

EFNTRNARBNERE S B —EEFERNEIESA/NER str AT, &, R &str,
meERME str i@ —1 DST, BRIETHENBRNEFFTREES K. KL EEmFN
HMEFHFENKE, XERERINTEOE str XEWTE, BREEFKE str XRIHEH,
EE—TXERE, EIIFEIE:
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"Hello there!"; ?G
"How's it going?";

Rust BRREN ZNFERERNENERSZVDANE, FENRER—RENELNERBE%RE
AT, MRATFREXFNNE, BMEKREXRE D str FEESATEBERAX/NZE, &
HEMNEEFNENKE: s1 FE 12 FTHEME, M2 FR15F T, XUMBATARARE
BIBR— I EREISAKNERENEENRE,

BAKELNE? EXMIERT, (RELHEZSE: s1 M s2 FEEE &str IAZ stro Ul
RIREEENE “FRFE slice” PIRE, slice BIREMXINERE T HIBAEMN slice KE,
FRUAERSA &7 B—MEEFT T FRAERVAREFUERSENME, &str WERAMME: str AUAEAIEK
B X#F, &str fiB 7T — M ERENAUMENK): ER usize KEMNME, M2,
TIEFAS I ANFRESK, RITSEME astr IR/, —RKY, XHZ Rust EAISA/N
RENHI: ENE—EHINITERKEEFDISERNARN. X3IHTHSKNRENES
AN BAF RIS AR EEEE T EMEH Z 5.

BILUE str SFRERAAYIEEHEE S LbY0 Box<str> T Resstr>, T/ E, ZHFKIIEELNE
T, AERB MBI ARNEE: traite F— trait 22— MAILUE trait BFRFES|BARITH
BANER, FE+H/\E MKRABLEEEW trait WR” B, KB T R T trait BT trait
MR, BIARKENTRNIEHZE, tbil &dyn Trait 3§ Box<dyn Trait> (Rc<dyn Trait> 7]
B o

AT IR DST, Rust FefftT Sized trait FRAE—PMEBEHANNEEERZNT M, Z trait &
B A EERIFERA/NEFNRYEEISTI, tEIh, Rust BRUtAT—MZRREULINT Sized
bound, FELEW, MFUMTZEREE X

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 bound TR/ “T BJLUE Sized, HWAJLUARE Sized” AN XNMEIREEERZE
FEVAIE LRI EEA/NIRRIAEN, BEEZEXH ?Trait iIBE{OERTF Sized, M
A& FEHAMEM traito

FINEERNVS t SEMERM T TRHT &7 AAHLRIARERE Sized B9, FAUUEEEH
BFEMEHZE. EXMIFHEFRT S,
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BRER, BPEHeRENH!
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RREHRSHE

FEHFRR— LA AR BN A ONOBRIE, XOERBIEH URREA S,
Eko¢tay

HINTeE T AR BEFSEFRE;, A EEREEBLARE! XNMNIARERNFHERE
BEELEXHRBMARENEXABREABSHNBRER. RESWRFFZRA fn B8 (NS
B 1), FESHE trait BY Fn M BB, n #BIRA REISH (function pointer) . @i REIS
HATBINERREENEC RS,

EESHNRBISHANEEEMT AR, WRFl 20-28 iR, XEENXT—1 add_one KA
FRESENM—, do_twice REIRENR NS —MsREMRIR—1 132 2HFHRE—1
132 RYERIEHEST, M—1 132 {Ho do_twice RIIEN arg ZEIARA f IR, FERFMR
EREE AR RABM, main BRELFER add_one F1 5 {EASERIFA do_twice,

X% src/main.rs

fn add_one(x: i32) -> 132 {
x + 1

}

fn do_twice(f: fn(i32) -> 132, 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 REEZREISHENSE

XERIBSITENE The answer is: 12, do_twice ARy f #ISEN—MEZ—1 132 SEFHIR
[B] i32 B9 fn, IZFERAILATE do_twice REARIFR fo 7 main A1, AJLUGERELE add_one
ERNE—NBEEBL do_twice,

REIFHAE, fn 2—PREMAE— trait, FIUEEERE fn (FASHMAREBE—F
£ Fn YA trait bound BYZEISEL,

REBUSHIRIM T FAIE =& trait (Fn. FnMut ] Fnonce) , FRLUEZERITEIRAREAEF S/
BRIEREHE BRI HAEN B, MR TREFERZEMAS trait KR, XETEMEEIEZ X
AN EIENBE,

REWIE, —MRERIES fn MAEZAENBERNEFE S A EFEAE2INIERZ BT :
CIESHRI O LUEZREENSE, B CEEEEHE.

EA— BER] LUMERRBEE X F B X Al U ER S E REEF, tENMNEE—MrEET

Iterator trait $2fB9 map F53ABIRN . A map REE—ELFE vector FfEA—NFRT S5
vector, FLAEJLUERAAR, I 20-29 Fiin:
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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();

BB P LU REEA map BUSHRAEHE, 055 20-30 Frk:

let list_of_numbers = vec![1, 2, 3];
let list_of_strings: Vec<String> =
list_of_numbers.iter().map(ToString::to_string).collect();

ARXBENIER "B trait” R HBINTEREEZL, ANFEES UM to_string BYEK

.

XEBEEATENXTF TosString trait BY to_string KEK, tHERENFTBLIN T Display RYSEAIST
I 7 XA traito

EZ—THERE “WEE" BRPEXHNE—MER BB T — MIERE. FHAILUE

X LEMEREEASEI T A& trait YRS, XEKE R LUSEMERIBIENIEZAE
B ERSE, WRfl 20-31 Fiks:

enum Status {
Value(u32),
Stop,

}

let list_of_statuses: Vec<Status> = (Qu32..20).map(Status::Value).collect();

X8, Il @ status::Value IFTIGILERER, Xf map PRIEABERIAET us2 EHEIE
Status::Value SEffll, —EEAMIETFREIUNE, —EAERHE. eSlZHIFMERINE,
I BRI Rt A MBI AR — o

R[EiF e

HERIMA trait, XEREFEERROIAE, XFAEIFERMD trait BI7=RF, AILUE
FASEIL T HAEEREIRY trait EARERKBEARKANREIE, EE2XFTEATHAE, BAE]

A ELREREGRE; G, SHSMEEREEREMEN, MmARFERREIET
fn fEIR[EISEEL,

ik, AJLUEEMERE+ERRFER inpl Trait &%, RILAEEA Fn. FnOnce ] FnMut iR[5]
ERIRERZERY, fBIa0, f 20-32 FRAREBFLE LUER T 1.

fn returns_closure() -> impl Fn(i32) -> 132 {
[x| x + 1

}
PAT, S0F)E “H BB PAUERER, S—THEEEHEMIIAIEE, NR

RREEVEZS MAEHERE R EERNESSIAVRE, MEBEEMEA trait WK, ZE—TWNRE
B 2R f 20-33 FFIR B R EN 4o
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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

}

XEBEEHMENKEL, returns_closure F] returns_initialized_closure, E{JERR[E]
impl Fn(i32) -> i32, FEENTREINHAGZERFERN, BMEENISI THBRNEE, NR=
HRFXEEMAID, Rust SHIFENTXAATIT:

$ cargo build

Compiling functions-example v@.1.0 (file:///projects/functions-example)
error[E@308]: mismatched types

--> src/main.rs:2:44

2 | let handlers = vec![returns_closure(), returns_initialized_closure(123)];
| ANNANNNANNNNNNNNNANNNNNNNNNNNNNNNNANN

expected opaque type, found a different opaque type

9 | fn returns_closure() -> impl Fn(i32) -> 132 {
| e the expected opaque type

13 | fn returns_initialized_closure(init: i32) -> impl Fn(i32) -> i32 {

I T T T the found
opaque type

|

= note: expected opaque type “impl Fn(i32) -> 132" (opaque type at <src/
main.rs:9:25>)

found opaque type “impl Fn(i32) -> 132" (opaque type at <src/

main.rs:13:46>)

= 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

HIRE R HIRENEHIRE— inpl Trait Rust REIE—MRIFHFERLEE (opaque
type) , XB—1TA%ER Rust WEMNWE T HAATIBVEEL, FrlARMEX L ERER R ] 7 58
T HE trait ( Fn(i32) -> i32) BYHFIEL, Rust AENTERNFBEAXRBEBEREMN, XK
fAF Rust SNAIAFRNZET APPBREAFRNVEARER, BMEE(EEERNELEERE, W
F+EE ERAESHEN futures” Fim. HNBEZREIXMAEBBRL S BT
R trait WK, NRHI 20-34 Fiiro
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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)

}

X EF A URIR, XTF trait YRPNEZHE, BEEHE+/\ER BEREZXEEER
trait X" 2453,

BRI FIR!
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M

BINEEEARBHRFERIKR println! XEFENE T, FEEKRKRANRIITAREUKREZINME
TER. & (Macro) $EMIZ Rust F—RFIRITHEE: f£F macro_rules! By FEAR
(declarative macro) , M=% iF$8%E (procedural macro) :

* BEX #[derive] 7R, RAFELEMAFNKNE LBIRM derive BIEERAE
- KEMR, EXAATERITNEEXEMS
« KRR, BERGRL, BRENIIENESELER token

BN IEE—ME, TIEENE, UBRINEENTAELE TRHMETERR?
b2 (] Bl

MIRE LR, BER—MAEEMABMERBNA, BIFMEN tihkiz
(metaprogramming) . TEMIR C FRIRIT derive B, HAEMZ M trait BT, FHIHETE
EHBH—EFR println! R vec! &, FIENXLER BH A NREMLFAIFEH
EZHARBE,.

TeEN TR ARERSNAEIFNAERFEEERN, SR TREFINENAR. BRF
— LR FTR B RIMIINEE o

—PNREF B NINERR B HVSENET, B2 T, FeEBRRITHENSH: B—
MNBEIAR println! ("hello") AR NESEIAA println! ("hello {}", name) , MH, &EH
MUTESmiFR 2SI EIE, fl, BaE—MAERE EX traite MEREHNARTT, BAA
REEESEITHNWIER, M trait EEERIFNTLI,

KRN RAESRBEXAELLRNEXEE R, FAREESRSER Rust fLE3AY Rust 1§
B8, RFXEFMEREYE, RENXEBELREEEMF 3, EEMNAER,

RHMRBNRE—IEENKFE: F— I XHERRR 28 BIEXE, FRHESINER
B, MERENA] ATEE R E XAE R,

{# R macro_rules! MIFSBIZR AT BATHIE

Rust REAMNERNE BBE (declarative macros) . E1ERBEFRA “macros by
example”, “macro_rules! %" SEFE “macros’s HIZOEESRE, EHEAURIIREE L&
FAU Rust match FAXIRID, EIMEESEITICHAE, match RIEXE—MITHIZE,
HigR— M ERIER, SREAXWER#ITEXLE, RAERBEEACREHITHEXRE, =%
—MENEEEXABMIEHITIR: EMHERT, ZEREFBRALRN Rust BB FEE,;
BRXAFHAERINECBFEEH TR, —BRREK), SMEXNBEXRESBIRE
BRI, PIEX—EA L THRIEN,

B LA macro_rules! REN R, LFHITEITEF vec! REXKIRRWNAEH
macro_rules! £5t, F)\EPHR T UNMEIMEER vec! HREM— A EMBEBIHT vector, a0, T
H =B EIE—1 vector:

let v: Vec<u32> = vec![1, 2, 3];

WA LUER vec! ZRRMIEFHNEEEHY vector A NFERTE slice BY vector, BEITEERX
BAEREMEE, RARNTETLESHENEMEE,
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£ 5 20-35 R/ T vec! ZREY—MERIELBIE Xo
XL src/lib.rs

#[macro_export]
macro_rules! vec {
( $( $x:expr ),* ) => {
{

let mut temp_vec = Vec::new();
$(
temp_vec.push($x);
)~k
temp_vec

}

5 20-35: = vec! REXBIELARES

AR AVERREFRENXRY vec! BEMNRIEHBERNEFNAE, XEDHABEMR
£, ATILRBIEL, ERHSEEEER.

#[macro_export] FRRAREES NT EXXNEM crate, ZAFNIZERI AN, WREE
ZARR, XNEABEWRSINERE,

AR macro_rules! MAZMABREEN, BFIEXMZEH £ BNS, FFEERAES
RIRBEXME, ERHIFERMZ vec o

vec! ZRRVEEMIH] match FERNBIEEMD, LEABE—PIAETN ( $( $xzexpr ),* ) , TR
=> DIRAMRIVERBI SR, MREXLE, ZBXAEREREF. ETXIMEIE—1
BN, BMRAE—TERLESR, EEMRASE (FEE FLREXMER) BRI
HiR. BEFMEZERLE—TD3

BEXPEBEEENEE TNERMEEEZZRER, ENRELFFLERZE Rust
RBEWMAZRE, BT RFKNETRAE 20-29 PEAFEAATR. BXTBNEEIE
7%, 1B&If Rust 8%,

B, —WESEETEMER, BRIMEAETFS (3) ERAKTEHR—ITERESMT
BIZAR AT Rust 1XFS, EASERKREAXE— 1N ETEMAE B Rust TE, Zae—xXt
ES, HERTRHSESARINERUESKAKBRER, $s0 WNZE $x:expr , HITA
Rust WEERRZAN, HRFZRIERXHFER $xo

T30 ZEMESKRREEDNS $O) ARBLEENEGZEAMEN— N FEEES DR
EHESZEN * RAAZEXTREENHEZ * ZEIHNEAIER.

L vec![1, 2, 3]1; HARM, sx BRAE=1RARX 1. 2 f 3 WR#H1TT = RITE,
MEILFNTREES D ZENBXBARBIRBAET: £ $O* 264, temp_vec.push($x)
SFERPERITET $O BHED, EREAHZ R, BUATFERLRRZ/ DR, $x BE
NS Z HLEMFRIATFAE R, ML vec! [1, 2, 31; ARZEN, BZEABRERNA
B TEXE:
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{
let mut temp_vec = Vec::new();
temp_vec.push(1);
temp_vec.push(2);
temp_vec.push(3);
temp_vec

}

BEINMNELEXT—1ME, EFLURREERENXRENSEH, BRNTUEREBLEESIEE
TTEH vector BIHED,

ETHMEZXTUNMRELRNER, BERELXEHEMZEIR, WA Daniel Keep %&it2.
Lukas Wirth ##4:483P8Y “The Little Book of Rust Macros”s

BFMEHERRBENIREER

BB RWIT RN 318% (procedural macros) , HAENTEGERLE (—HIEEENZIE)
HFERIZFW Rust FRBIERMIN, TEXLEARE _ EHTIRE, ARFES—EREELFE, ™
FEGEARERELENMERAGEUS—E o AEE R EFRE. E=MHEENIRER, B
EXGIKE (derive) , KEMMERE, ©IIRITIERIEEEM,

BIEEEREN, HEXKWINFEEENBCHNEBSF crate KEH crate ., XAMEF—
LSRN ARRE, RRENFLEBERXLERES, £7F 20-36 FER T WEE X ITE

%, HA some_attribute @—MERIFER TR SAIFF.

XHE: src/lib.rs

use proc_macro,

#[some_attribute]
pub fn some_name(input: TokenStream) -> TokenStream {

}

Tl 20-36: —NEXIIERRIGIF

ESXGITZRBIREIRUR—™ TokenStream {EMINFFERY TokenStream /9%t
TokenStream @i X F proc_macro crate BEfAF&xR—ZA%! token BIZEHE!, Rust BINEF T
proc_macro crate, XFLEZLHIZ L. RETMIERYREIDLER T\ TokenStream, R4
A2 TokenStream, KE EEBH—1MEM, XMEMHIERATHINCIENIELRNEER,
E[E— crate PRI LIAE ZMHEIER.

RMNEERNEMENEFR. BTN —TBEXRIKELRFE, AREREEMEATRE
BINER

WfAI4RE BE X derive &

IEFRATIEE— hello_macro crate, EHEEHEH HelloMacro BY trait FIXEXERKI LK
hello_macro, FRREIFILAF AEE—HEILI HelloMacro trait, HATHRRE—MIER
LB P B LUER #[derive(HelloMacro)] SERRE(IRIREIRIFE] hello_macro ERZLAIRAIA

S, ZERIASEINSFTEN Hello, Macro! My name is TypeName!, HM TypeName ENX T
trait FRBZ, RS2, EIISCIE— crate, FEFREEBTSIRMURE] 20-37 IR,

X% src/main.rs
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use hello_macro: :HelloMacro; ?
use hello_macro_derive: :HelloMacro;

#[derive(HelloMacro)]

struct Pancakes;

fn main() {
Pancakes: :hello_macro();
}

5 20-37: Fxf(] crate B P RS RIBERS E AT IE VARV

BITIZAUSFZFTED Hello, Macro! My name is Pancakes! 5—X 2R TEXFME—TE
crate:

$ cargo new hello_macro --1ib

ETER, SENX HelloMacro trait WA ELREXER %K :
X% src/lib.rs
pub trait HelloMacro {

fn hello_macro();

}

Tl 20-38: — N EFET derive ZREVEER trait

MEBT— trait REMBXR . LAY, crate AR RILURRA 20-39 ARAFSLINZ trait SRk
FIHAZERVTHRE, RIXAF:

X% 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();

}

=3 20-39: tNR AP FEYRE 7 — HelloMacro trait SSINE S AN(A

PAM, IFEEAS—1EES hello_macro —[EIEMARIEERE LIAIER, KiHER
AR TR

55, B ETEA hello_macro BREKIRM—TEEBFTENSLIL T i trait RUZEE R FHIEGA
SKHL: Rust :2BRITEES), RIMETEEETRREEERE R, HNFE—ERIEIFERN
PR,
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T—HRBENIER. BERELITDE, SIERGEHINEEECH crate N, ZIEHIERLZATEE
WEUH. crate MHEZ crate EMIRHIUIT: F—18A foo MY crate, HEE X derive
T12% crate BHE AR A foo_derive, JLFA1TE hello_macro WIEH, FHE—IRH
hello_macro_derive Hy crates

$ cargo new hello_macro_derive --1lib

BT crate KX, FELLTE hello_macro BHYBE R T RIBIRENXLED crate, WMRKZT

1£ hello_macro FENXH trait, [EBfHMAHNZTIE hello_macro_derive HITFEZEHISEIN, X

RTMEFESNEAS, FEARNREAXER, WEERRINXAMEBHZEESIAER
5o FNTBAILLR A hello_macro BIMIE hello_macro_derive fE—NM&H, HESHIE

NANARE, BMERNTARMENASRERIEARTLTE derive ThRERBEER BINER

hello_macro,

FHAFEAER hello_macro_derive crate 795427 (proc-macro) crate, FTETE syn M
quote crate REYINRE, IEWfREMGEEIN, F2RENMEUKHF. & TEAVREIINE
hello_macro_derive By Cargo.toml X4,

X% hello_macro_derive/Cargo.toml

[1ib]

proc-macro = true
[dependencies]
syn = "2.0Q"

quote = "1.0"

HAEX—MERERXE, 1B\ RG] 20-40 FAICEEITE hello_macro_derive crate BY src/lib.rs
NHEEE, FEXERCREERNTAM inpl_hello_macro KENHIE X Z B TC/ 4R 1FH.

X{&%: hello_macro_derive/src/lib.rs

use proc_macro::TokenStream; ?
use quote::quote;

#[proc_macro_derive(HelloMaczro)]
pub fn hello_macro_derive(input: TokenStream) -> TokenStream {
/1 & Rust CRBMIEERLERATRT LURIERNIE AN

let ast = syn::parse(input).unwrap();

// %R trait B9SEHL.
impl_hello_macro(&ast)
}

T 20-40: KZHITZNARLIE Rust ABRIFRFERIAED

ABRNTEAEDI AT hello_macro_derive Al impl_hello_macro FRPEREN, HiE T2 STARART
TokenStream, JE&EMTEIIEZEN: XEFREIRELREMAE. JLFHREIHECENS
—MNERRRIIMNERRER (X hello_macro_derive) FREYAIBERIRXEZ M. RRAA
EBERER (XEZ impl_hello_macro) HRRIABBARIE(RAVEIZRNIZITBNSBAIARR,
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mE, BRIBARSINT =M crate: proc_macro . syn #l quote , Rust BH proc_macro
crate, EULLEFRENME Cargo.tom! XHFBIEKHIF, proc_macro crate BimiFasie AKX
EXA21EF (] Rust FXEBAY APL,

syn crate FFFFEAB Rust IBFEMT A — 0] DURIERIEUIELEMD, quote crate N4E syn
FRATBOEIBLEMEER[O] Rust 1XFD, XEE crate iLERATEMEAIFFEL IR Rust RS EM
B8 79 Rust /5 eBMETESSHAR—H BB I

YEPE—NEE LIEE #[derive(HelloMacro)] B, hello_macro_derive HKZIEF=#E1ER,
HA1EEA proc_macro_derive JFFRIZKIENFFIEE RN HelloMacro, ZBMMS A trait &
MRAELAD, XRAZEIREREREBVERSG,

ZRENE SRR E TokenStream By input Fe3N— A0 LUBRBRFIRIERVEUIES M, XIER
syn Jk L7975, syn FPBY parse PRERFREX— TokenStream FHiR[Bl—NRRFEMTHEY
Rust f{A3AY Derivelnput ZE#{A, Rffl 20-41 B T MFERTER struct Pancakes; HRfEMTH R
B9 DeriveInput ZEM{KRRIFERERSS :

DeriveInput {
// --snip--

ident: Ident {

ident: "Pancakes",

span: #0 bytes(95..103)
o
data: Struct(

DataStruct {
struct_token: Struct,
fields: Unit,
semi_token: Some(

Semi

)

}

5 20-41: ARG 20-37 RHB LB IERIIZEYISEIR DeriveInput S

ZEMENFER BT T HA B Rust KR —MNRETEMK, H ident (identifier, 3+
RBF) 79 Pancakes, ZLEMAEMBEELSFEIERTAIEREM Rust 113, Z&EH syn BB
DeriveInput BYSZHY LURENE L5 Bo

RRIENTEEX impl_hello_macro K%K, HRTHZEFMEESSTAR Rust #iXiE, BELZ
g, FRHEHBEME Tokenstream, FMR[EIAY TokenStream #ENNFIFRAIH crate BFFIERY
K2, Hitb, YAPHIFMIIN crate B, IS8T EX/GHY TokenStream FREXEIFAIFR
BRI EES

fRelBetFRET , HiAR syn: :parse KENKMBEY, Ff 1A unwrap 3RfE hello_macro_derive
BR%¥L panico TEFRIREY panic SRR MY, E I proc_macro_derive HRIFNLILRE]
TokenStream Az Result, LUFRFRFETIZEZRM APL, XEIEFRF unwrap K& LT XMl
¥, EEFRRER, WRZiZ@id panic! 3¢ expect RIRHEXT & £ mIFHEEIRIE MBI EEIR

[
E /%\ o
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MERKAE 75 F 28 Rust 1XEBM TokenStream %487y DeriveInput SEFIRYMLED, 1EFR(IE
BIERTE EAEZEAY SO HelloMacro trait FYXED, H07R{FI 20-42 FrFo

X144 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));
}
}
0¥
generated.into()

}

T 20-42; ERAMITA Rust LA SEI) HelloMacro trait

BIMSE—1MEELL ast.ident (FAEAEREEF (ARIRFF) AY Ident LEMMASIH,
20-33 FRRVLEHD{RIRBAS impl_hello_macro E¥XZEITF /R 20-31 RN LAY ident FER
HYER "Pancakes", AL, 1ff| 20-34 F name WEXEE— Ident LEHFRRYSLHI, HFTED
B, RBF & "Pancakes”, WHLETMA 20-37 PEMEBIZ T,

quote! ZRAEILL TN RS FLEREIAY Rust i, quote! RHITHERLERH A EHRIFEFTHA
BHFTIAREL RS TokenStream, MULHREIFA into 578, ERHEEXMHIEIRT
(intermediate representation, IR) FiR[EIFFZERY TokenStream ZEEIE,

MR R T —LIFEEERRIRAE]; FATRILLE #name , JAJS quote! Z=LAFA name BY
TEERGRE, FEEATUM—EXUERLIENESNENIE. &if quote crate B
XA RIRERSTE N Ao

FATHAZE RIS R REENE /0@ #name SRENEIRY A P /ERRSSBYAE AL HelloMacro trait BYSE
Wo % trait BISSINB — P EKEL hello_macro , HEEAEIE T IHNTHAEIREAITOEE: FTEN
Hello, Macro! My name is FI3FREMVEEIEZ,

HEAAFRERRY stringify! /9 Rust REZR. HEW—1 Rust RIAH, W1 + 2, AARERZF
FFRETVERAN—IFRNEEE, "1 + 2" . XSHERANHEEFERLTRA
String B9 format! Y println! R[El, H—MAJRERIIERZE, FRBIARY #name FIRER— 1
TENRFRAET, REFKATA stringify! o stringify! WEEEIITERIFITR #name 3R AFFF
BFEEXRTE —RAFIE.

kB, cargo build [iZEREERINZRIFE hello_macro F[] hello_macro_derive , F{JIFiXLe
crate E#Z 2RI 20-31 BB RERIRELENITA! 7F projects BRTHA

cargo new pancakes S HIE— 1N THEIINE, FEEIF hello_macro F] hello_macro_derive
YERAHINNEI pancakes BHY Cargo.tom! X2, WRFRIERF hello_macro F
hello_macro_derive FURRZAS AR E| crates.io b, BTGB EMEH; TN, WalUETEX
PR HEISE A path {KH:

hello_macro = { path = "../hello_macro" }
hello_macro_derive = { path = "../hello_macro/hello_macro_derive" }
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R 20-37 HEIEEIRTE sra/main.rs , SAIRHRAT cargo run: EHFIZITEN
Hello, Macro! My name is Pancakes!, HEIZ& T iZIFEZH HelloMacro trait BYSEIN, MELE
pancakes crate S2I'E; #[derive(HelloMacro)] IBNNT % trait =¥,

BETER, UBRIMNREZ-—THMEENIRESBEX derive ZHMAXZ,
KEMR

KEM (Attribute-Like) RE5BEX derive RIRIK, REIZLAFEFTENTRENRN derive B
S, MEAFFOIEMNEY. EIMEEARE, derive REEATEMENKE; B
MERIUATFHEN, tbinE, (EA—MERXBUENGIF, STUEIE—1NE A route
HB MR T AR web RZATEFIESS (web application framework) HYER%K:

#[route(GET, "/")]
fn index() {

#[route] BIPRHERABFEXN—MIIER, HEEXNREREZBERGXF:

#[proc_macro_attribute]
pub fn route(attr: TokenStream, item: TokenStream) -> TokenStream {

XEBHEMA TokenStream KEWEE,;, BE— 1 HTFEMARARTEE, HWElE GET, "/" B9, F
“AEBMRTRCEI: EAFIFR, & fnoindex() {} FIFITAIREK,

BREEZON, KEMEEBEXRKELZTESARN—:. B proc-macro crate KB crate F3£
I B PR A EBRUACRB AR 2R !

ESEES O

KEh (Function-like) RRENXBRERGREFERNG. ETF macro_rules!, B{ILLEREL
BRIE; B0, ATLUESRANMENSE. A macro_rules! ZREEFERZ AT “EH
macro_rules! WIEERAZE AT BATTHEIZ NAMRILERIBETE N . KR IEIRE
TokenStream B%§, HIENFEF Rust fXIBIRY\ TokenStream, FRRBFIIIEL—HF, — K
BRI GIF R UG EWIE AR sql! 7Z=:

let sql = sql!(SELECT * FROM posts WHERE id=1);

ENAREITEHRN SQLIEAHIOERRSTRAAEMRR, XRZLL macro_rules! BLIMEIRY
FHERMNIE, sql! REWEMUTFEXFEN:

#[proc_macro]
pub fn sql(input: TokenStream) -> TokenStream {

XEMF BN derive RIER: REUES HHY token, FHREIALEMRHIRE,
=

i

P! MAEMNTIAREBEFE T —E Rust 151%, RAMARFAZIELEEAEN], EEFEREN
BERT™MrZIEEN A, HMNAABTINERNER, UELIREHIRESRINE AR
FIBZE(R, EEIRIXEMSIEE. AEAFNERBRAENSE,
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BT, BMBEBAE—IHE, BEBRFENRERSTIELE!

506/562



Rust #2F1&1HE S E{RFXXhk
ENTR: WiEZ41E web server

XE—REKIIER, FIERMNESIMETEABNEE, TFER, HITK—EEES—1m
EJ ;EE/—_]__\E?E)_LEF)-??) ﬁﬁj’gg%iﬂ’gﬁ*ﬁo

ERRENITE, RITBELIW—R[E “hello” B web server, BENYEEEhEIRFFANE
21-1 Fi7R:

Hello! X +

2 (O 127.0.0.1:8080

Hello!

Hi from Rust

21-1: B mEE—kEs Z89mE
T E2ME web server #93H%1:

F3]—L TCP 5 HTTP iR
TEETF (socket) _EYSOF TCPiEX
Rt/ V2RI HTTP 153K
BE—NEIER HTTP MR

. BT EIRMNE server WELLE

EFREZE], FITIRARUEE, B, XBEFERNAEHTE(ER Rust ¥ web server
HERESR. crates.io FERZAAFEFIFEN crate, BIHEETHRITFIERENEN
SEEH web server MLLAZMLI, AT, AENBNETFES, MARERER. FH Rust
BN ERERFIDES, HIVEBEFVIBHLARRIMER, HEEBEFILEMBES RIAEo A
BB RERIER,

HR, BMNASEXEFER async Ml await, WEZEMAFELE—MEE R, TFH
BMAMESRFETRNERE! Rid, H=EH async Ml await EEAERSIEEIRY—LE (]
A R BER Ao

EFANVEF RS — 1 EAEY HTTP server &2, WUEFSIRERAIGEAEIN crate BE
BB E S AR,

pwwnN =

ul
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1B L%KFE web server

Bt TSI E— DS TR R ATE web server, TEFFIAZ AT, BITEHRET B— T
web server FTiF R BRI, XLEMNMATEBE T ABIERE, Fd— NMEaRENiEsE
HENFTEIER

web server FFREINFNEEZHINE BXAERN (Hypertext Transfer Protocol,
HTTP) #0 f&4gsEdhi¥ (Transmission Control Protocol, TCP), XMEHZ &K - MR
(request-response) thi¥, HWFLEUL, B B (client) R¥BILIER, HE RS
(server) MEITERHMEE P IRRMEML, ERSMMARNEBMNYES E X,

TCP B2—1NEEMY, EHERTEEMAM—1 server 2IB—MAT, FIEATIEERE
BRMH%4. HTTP WETF TCP 2 £, BEEXTIERMMEHNAR. MEAR_EHETE HTTP BF
HiththiXz £, R FASfoER, HTTP @i TCP iR, RITEEMImE NI
TCP 1 HTTP iER SN AR IAF T &R,

5D TCP i&EiE

A web server FREMBE—HE, PEEIT TCP ER, tREFRMT std:net IR
BEXEEE, ERNGEE—FHE—IE:

$ cargo new hello
Created binary (application) “hello’ project
$ cd hello

ITE, 7 src/main.rs BNRAI 21-1 REIRES, EA—INFR. XERRBESTERIE
127.0.0.1:7878 LUSIAENEY TCP . HIHREXFIEANBR, 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!");

}

) 21-1: IR ARRHEREEIREHTENE R

TcpListener AATFUANT TCP iEHE, BATERAIFAHME 127.0.0.1:7878, XMt FFE
&, ESZAMNIBoR—MMERANN IP it (EFEEITEN L, XMUEEET, HF
FHEEBERITEN) , M 7878 BifH, MEXNMEOHTFHNRE: BE HTTP RSBBIAEX
MmO EERIEK, FILEARKXATES RV LIZ1THHEE web server BimRAZRE; MmMA
7878 TEFEIE EITHERR “rust” (i3EF: WERER EME),
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XN RA bind REEEMAT new RER, EXEEIREI—MHFEY TepListener SEfl, XK
#HoYf bind AN, FERMRIE, ERFEEFNROMABEERO" (“bindingto a
port”)

bind ERER[E] Result<T, E>, XKREAUPERIRERRIM, FIU0, L0 80 in O FEEEESINIR
(AFEES AR REEETAT 1023 B9iR0) , FRLNRZHEEIT 80 inAMRE EESNR,
ME=HERM, BELIN, MRFHNSITXMZFRIRDEE, HELAE M SEFIERE—1 i
O, BAHBELFEY. RINBHTFEIBNRES —MEMBIRSEE, TRAXOOEXEE
%, MVXEER unwrap EHRXEE RS ERZFLERER.

TepListener By incoming 757KR[EI—MANEE, SRMHT—RIIEUA (EEMHIRE
TepStream ZERIAYAR) o M (stream) AR—INEFP MRS IR Z BT FFRIERR, HEiF
(connection) RREFIRERZARS IR ARSS ImE AR LA K AR S5 Uin X A R RV NIEK / 19
REtE. Mk, FEATZM TepStream IRERE PR IX T HAFHIRERRAEIAN AME P kA
[EE5iE. SEFKR, X for BHRMRGES MNERHATE—RVIBVRETILE,

Bal, MEREAREHRHEE— unwrap AH, R stream HIVEMBIRSXILTER; IRE
BEEAEIR, BRESITHN—KER. T—MRAIF, BITEAMIINERIENESZIIEE. 8%
PimiEEEIIRSIRET, incoming AR AIREREIFEIRM, FAKNILIF EARBERTIEE,
me&ERn EEZX (connection attempts) . EZRNE X ATEES AN ZMEEREEMTH, HA
KED BIRIERFHEXD, B30, RZRFAIRFICEESIFNRENTTANEE, BHHZER
HHFEEERSTEREIR, B —EMEMNEEXANLE,

IS ! BEEXRIBHIT cargo run, IEEENEEFTIT 127.0.0.1:7878,
NRSBTRHEREEMTFEZEEE" (“Connection reset”) HFEIR{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, EARSHSBMMNERERE, & strean 7£1E
INERINBFEREHEES, HERSIERN drop TMH—EFHRWKHF, XHRFRBELE
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 ERTA AR SRS EHREL Y] 5

BREAZMA.

EENZE, BIEEMINRIT —1 TCP EHZER !

BB TREERSNAEGE, € ctri-c RELERF. ARTEMRTRESRNEENE, &
WIZ1T cargo run SRR EFMBIERF, MUHRARIREABTRMAIAE,
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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, LUENIERN 28 &R RAVEIR, S RBE KRG
21-2 F7s:

NHR: src/main.rs

use std {
{BufReadeI prelude::*},
:{TcpListener, 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:#?}");

T f5) 21-2: REX TepStream HFTENLIRE

XE}E std::io::prelude ] std::io::BufReader 5| N{EMAIH, FIREUEE MFTRRRY trait FIE
B, £ main BKERRY for {EIFHR, $Ettatﬁ)l EZETENE R, DERARMN
handle_connection FK#ENFHEE(ZE stream,

1£ handle_connection /A, Q&,ﬂ]¥ﬁ§_7 — BufReader SLff|RFJIE— stream BY5|FH,
BufReader JEITEFK{TEIE std: :io0: :Read trait H,iﬁﬁﬂ%ibuTéﬁ,

FATRIERT — http_request TERUEN B RIFARSZIHAVIERIT, XBIEINT Vec<_>
FKRUTRRIAF B XL T EERI— vector A,

BufReader SCI Y std::io::BufRead trait, ©i2fHT lines Eiio lines A R@EITIBRMITRT
(newline) FRHYID EHIEMFIRE]I—1 Result<String, std::io::Error> AAMER., AT

KRENF— String, FATEE map F unwrap H—> Result, ﬂﬂ%?ﬁlﬁ?‘%ﬁ?ﬁlﬁ’\] UTF-8 4
B EIEBURIBE)E, Result AJREE—MEIR. FIE, BTEFINMENREZFNZEMLH

HAAIEXLEEIR, AEHTFEENENRITEETEIRBER MELEER,
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I 55 BRI IE LA E T MBI TRIRAR— HTTP 3&ERMLER, FrAR T MRHIRER—1ME
K, FMNFEEITEIBE N E=FHFHERTT. —BERXETUESH vector, FARILUERKRYF
B9 debug BRIVITENEA], UEREN KR RIXALRSIKATIES.

RN —R! BaEFHBRENRSEPRERK, FENEEPNASHIERTE, £
TR URPIEFR R I EEEREGXF:

$ cargo run
Compiling hello v@.1.0@ (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
$—17 GET ZEMRIZMAIUB B NEIES MM E BB ZNERE, NRESHEEHEIE
K/, MENET NSR2IREETRE / AREEREMNEFEERIM,

LR R AR EGE R IZA N MR AREFIER T 4o

{FLAMMER HTTP 5K

HTTP B— 1M ETXAERNI, FER—MEREWTHEI:

Method Request-URI HTTP-Version CRLF
headers CRLF
message-body

FE—1TUM IERIT (request line) , EFM T BFRMIERT HANEER. BRITHNE—BHDZE
FR{EFRY method, Lb30 GET 3¢ POST, XIWART B IRIMENEITIER, XBEEFIHERT GET
ER, RAEETIERES.

BERITETRNENZ /, ERKREFFIHIERN K—FFRIRFT (Uniform Resource
Identifier, URI): URI K& E{BHARTLIEMUTF URL (F—ZBEMFF, Uniform Resource

Locators) . URI ] URL Z[EIMIX B FAEZENBRRIRHAFREE, I HTTP MSCERARIE
URI, FRLUXEATLAEI SRR URL IBEE URL,
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RE—HBRREFHERDN HTTP hivds, FA/F1EKITLL CRLF F5  (CRLF REIZEFMIRTT,
carriage return line feed, XZFTFHEIAHARIE!) 4R, CRLF FFIHEAIUEL \r\n, HA
\rZEIER, \nZ#ITR. CRLF FIIRIERITEEHRIEREIESF. 15FE, $TED CRLF B,
RI2BI—THITHE, MAZ \r\n,

ME BTN LEIEITIERFZEWEIRVIERITHIE, ATLIEE GET @ method, /EIEK URL, MM
HTTP/1.1 2hR7S,

M Host: FHIARIERMIITR headers; GET i5XK&HE bodys

WMRIRFLERIE, AIUSIRBARERNNSELXER, HIGFGKRAEIMAE, il
127.0.0.1:7878/test,, RINZRIFREIBEINRA 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) , EEEMFEY HTTP hjds. — MIFIRESHS (status code)
BUBEERNERMN—MERZ FHRSIEN X AREFEIE (reason phrase). CRLF FE5IZ
ERMEE header, 35— CRLF 5!, FIWLZAY bodys

XEBER—MEM HTTP 1.1 RRAWPaR G F, EARSERN 200, REFEERN OK, &E
header, ;%5 body:

HTTP/1.1 200 OK\r\n\r\n

RS 200 B—MIERAIIEN, XEAZ—MAZBIATH HTTP MR, LA TiFXLE
XABNRIEARRINIEKRINAR! £ handle_connection KEH, I IFBEEIRITENEREE
BY printlnt, FHEARGI 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();

}

) 21-3: F—MAEATH HTTP IIRZ S N7
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FMAFRIE—ITEX T EE response KERMINESHNEIE, 1#E, FKI7E response Liff
FA as_bytes JGF AT REIEILIMNF A, EN stream B9 write_all J57EFREL—1 &[us]
HERRBXEFTRIXGER, R write_all BFAIRIKXN, FrLUGZaBREEAHEIR
LRER unwrap, [, FESSHANNARXERZERNEIRGE,

BT XEEN, BITRNABAHRITER. BT AERKRITEMERLEEE, FIUFZBEER
&7 Cargo LUSMYEEaH, NI HERNKEERPME 127.0.0.1:7878 B, RFEI—N=EE
MARHEIR. FNNNFS THEW HTTP BERH AKX !

REEIFR HTML

IFMNEMARBREENEBINEE, EMEREREIE—NHXME, hello.html, RZ2TE src
BR. ZURILURNEFIFREAER 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: —NRAI HTML XXAERIERLRE]

XR—MEE HTMLS X8 & — MM —NEX S, T ERSHEVGERNREE, B
EYRA 21-5 FRRELR handle_connection SEIEEY HTML X4, BEMAZIMERAY body H
FHRE:

X 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 &iXx

BAVEFF K use IBAIANERERS A RYPIRIR fs SINERE. FTAMRESARIIBAIZE
EREAE; % +F 1/0 BIEHM 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&AMHL body YA/, TEX
BHHLZE hello.html XHEHIA/,

£ cargo run iIEZ{TIERE, 1T XIYaRRANE 127.0.0.1:7878, {RRIZEEIELEH HTML!

ERIZBET http_request HRVIERIIBHILRMHMEAET HTML XHHNAE, XEHEEINR
SR TE N S22 hiER 127.0.0.1:7878/something-else W 218 3[EHER HTML MR, BaiF(]

89 server BWERRIEEBIRM, WARRKAZS server FRBIARHE; L HNREIBRH R34
AR (well-formed) BIER / KiX HTML Xf4,

WIEARH R EFHITINE

B8 web server 7[' E.%F' IRIER A AZZREIERER HTML X 1EFAT1IE R[]
HTML X R E N SRR EIER /, AEHBEREMEMASINREIHEIRIVINEE. NILE
9N fl 21-6 ABIFIELR handle_connectlono MAEEKEINIERIAT S EMR / BERMLEL
B, FEMT if A else HRXFILIEIEK:

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: UABTFHEBERNAGALE /1FK
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FMRE HTTP IBEREIE—1T, FAURR TR MERIZEEH vector B, XEFA next MiX
REBBFIRENE—Tlo F— unwrap fAFTAE Option HEERFLKBETRFLEREF. =1
unwrap ZbIE Result H57RMI 21-2 FRIEANAY map FRRY unwrap BEMRERIR,

ETRIQE request_line BHFF—/ BREH GET 15K, tIRZ, if ABHIR[E HTML
XHHIRE

YN request_line F FF—1/BZH GET 15K, MBRAEWHNZHEB K, HKZEE%E
else IRAIEMNAIERIBNFEHMIER,

MAEMRIZITRBHIEK 127.0.0.1:7878, F=1EE hello.htm! By HTML, IR TEMHE
fiEsK, Lkl 127.0.0.1:7878/something-else, MXEEIGIEITREI 21-1 F 21-2 AAEEARHE
AUEREE IR,

MIAEMRF 21-7 BY else BUEMARIRIRE—NEH 404 KESBERIME, XARTFIEKRD

RREEKT, EEWRRE— HTML M S 28480 A P B Z %M

NAR: 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 /7 BUIEKRIR[E] 404 ARSI FNE IR DT E

XE, NARESITEIRSE 404 FREFZIE NOT FOUND, {BFA&EREES header, TMHE
body ¥ 404.html XHEFEI HTML, EBETE hello.html B4k B RO 404.html XHEVERNE
R0@E; X—XWe LUMEEEREMA HTML SERSREI 21-8 AR A 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: 1Efe] 404 MM PR [EI3EIR DTE A B 115
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BT XEENR, BRETRE R, &K 127.0.0.1:7878 MNiZ£iR[E] hello.htm! AR, TXF
FEEMIER, tbin 127.0.0.1:7878/foo, RiiZ=iR[E] 404.html FEIEEIR HTML,

fEINEN

Baj if #1 else SRAAMRIBEEAEES . MINEBIEERXEHIEERETE N . H—HX7!
EREFTHOXHER, AERBEREE, BXEXFDFRRNEIZEEH if 1 else #1, IPRE

TAXHRTERE, ARTRXAENEANRNNAERLTHFEMERAXETE, EMH/EIN
T KE& if M else SRABFRILERINRAI 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", "4@4.html")
Y,

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 AW NMERFARREBIAES

BTE if 0 else RFMBRIME—MIZEMEBE— TN TATRESENVRSTHIXGREE; #E
EAFTNAEHEINERERDN let BRI A TTHNMEL 4 filename F] header MR(E,
ZANRE A NN A TTRABBIMEALT if # else IRZIN, HZERTE status_line
M filename, XiFEZ TURXMMERBEERRAFR, EEKRENRFEZNZMNFAIRENC
TS NN RFEREHR—ABIE, R 21-9 FREBETHSTAE 21-8 28R,
kT ! TNIAR T 40 1744 Rust REERYINMERRARS IR, EXN—MERIR[ER
EAEMXN A EMIERERE 404 HER,

BRIRSHETTREARED, XEHREC—RRELIE—MEK, BARU—LEEBERFKE
BXAAZHRA—T . AERHKITFEE CESIRSREEBRIES MEKR,
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B LEIE server THZLRIZ server

HRIRSHEICRLEE—MER, EREEETRE - TERNLEZAAZLEE —NE
o RSB IRERBHREZAIER, XERTIRFIEMREEREE, NR—MBERERE
RRIERGE, BEEMENERUAFAFHFINMKIERER, BMEXLEFHIEKALURR
W15, HMNFBREEXMER, FIBELULBRMNEFZH—TX N,

£ 4 AR S5 tim SR TR AP ARIME TR

FMNBE—MEEROAZ WA RIARS HSEIM PR EMIBER, =6 21-10 BIEIHEMN K
WY /sleep \ERAIE, E©REARSHEMMN ZBIRBRETD,

X% src/main.rs

use std::{
fs,
io::{BufReader, prelude::*},
net::{TcpListener, TcpStream},
thread,
time: :Duration,

¥

// --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"),

};

// --snip--
}

A5l 21-10: BIRER AR RARHIEIES

M if tIIRE] match FIMEB=Z12ET . ENFEEXMITE— slice BY request_line L]
BRLEFHABEFEE, match ABGEESZIFEE6h5| BFES B

B—1MPXE5TG 21-9 PRy if EBREE. NI ZILE—1 /sleep R, HEULEIX
MEKEY, server FEERMIN HTML TEZAIREARRER . E=12X 576 21-9 19
else FUB3IRHEE,

MEMRTUBRTINEHBNNRSIHE Z ARG EXNERSUEEENANGESZME
SKAYIRA!

M cargo run BEhARS IR, HIEETTHARNNIESREO: —™MEK http://127.0.0.1:7878/ T
F—MEXK http://127.0.0.1:7878/sleep . WMNREZFI—HFZRiEK /, RIMMRAYELIRIR
HRo FILIRIBERK /sleep 2EHIEK /, MEBE / 2FFEHT sleep REETRHI Z 57
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B ZMAR L ARE R BREAHEEBRZE, SERIIEFS T EEFRERNERY;
BT EER—NMER LI,

ERZIZHAEELS

Zigith (thread pool) B—HFSNENFFHIESLIEESHNEAIE. SREFEEI—NE
5, SRRMTFHN—TEAREIRIEZES, AAFLEE, ERAREEZERELEESHEN
AU EREMIZREINES. ST EELETESN, EXREZHEENHFEFL
IS, SRt RiHRLEEE, RERSENELE,

BB HhEIZRF AR VIEE, UUBHELIRS (Denial of Service, DoS) Kir; AR
EREAS—MERINEREIE— &2, EARRSHEAETARNIERESFERRS SN
FEHSBUERBIEBNEF,

FRFHERERILIE, FREATEEEEHENFFEIZ. SIHERN, BiERAETE
TR MAMIE, LB —MEBUERIIAT, S—PNEESMBATIRERH—MEXK, &
HIEKR, BZEREPATERAENTF—MER, @I XMigt, WALHELE N MEKR, HARAN A
A2, MNES—PMEREHEWRNIEIER, ZENERNASERENS, FIBLEZFIEEE
7T BERMERYIEIEREVEZ,

XM E LN E web RBIHBEHENFEZ2—. HMMAIHIRENSES fork/join 12
B (fork/join model). B&IERH /O HE! (single-threaded async I/O model) & %4k
RS /0 2 (multi-threaded async I/0 model) . FIRARIFX A ERURSGER, WA LA
BESXTHMEASENATHIALINEN];, WF—MR Rust IFENKERES, FMEX
L7 A EERI1TRY,

FEFaZAT, ERMPNe—TEEMNAEERIfM, H=GHEN, BERES TP imE
A (clientinterface) BEITFIESRIEIRIT. MUHAEIARS U RIGE API RIZMVEN, &5
EXNEZNZITHEE, MARTERIMINEEFIZITAE APL
KINTFE+ZEWMEPEANRR A R, XEREEARIFREHNFAL (compiler-
driven development) . i TERES FAMBFTEAENRKENMAIE, BEMBHEFR[EIRETIFERN
BT REBERHAAGESABAUIE, MIEFRZE, BITEREFENERFRNR
Ao

NE—MERSELEIE

B, LHIRE—TUNRAS—MEEBE— M EENABEERNMA, XHAERLS
R, BAENZEHINESBENDELRNEE, FEIXE— NI ANZEZRSIHIRE
Ho EERNKIEMEIZMENSH, XEFLLBRRNARRRERS. 76l 21-11 BRT
main BYEREE, ETE for BIFHPAE—IRDE T —MREIEHITRIE:

XH&: src/main.rs

fn main() {
let listener = TcplListener::bind("127.0.0.1:7878").unwrap();

for stream in listener.incoming() {
let stream = stream.unwrap();

thread: :spawn(|| {
handle_connection(stream);
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)

}

T 2111 AR —IRRE— 1A

EWNSE+/REHREIR, thread::spawn ZEIE—PHEREHETEPETHEFHINE, WRE
TXERACIEHEEN LT INE /sleep, HETEFM NN RSEIREZTIHMNE /, BEZKIR/
BERABER /sleep R, PIIEMZAHREIR, XEAZERSHTENBANIZTREIHE]
=2 iIE7

fRe]geth RIS+ EERERX—EIFERARZ async M await EIERFERIMA! A1
LATMIET B FICEH REX SRS BT ATRSERNMT.

SRR PRI ERILEIE

FATERE LIRS B BN AR ITIE, UEMNEERIIKIEhH ARSI ERZ API I
B KRRIENR. = 21-12 BREIFEAREM thread: :spawn B ThreadPool LEH{KAY
BrEEO:

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);

)

}

5l 21-12: BR48RY ThreadPool %[

A 1EA ThreadPool: :new S|E—MEEFEEXIZHIFAREN, EXERM, XHETE for
f&IFR, pool.execute HEIP thread: :spawn HIZ, BIREN—PMEKEEMEITTFE—RE
A8 FHNFEELI pool.execute, FHEEBIZWFBHEESBALAKENPHEIERIT, X
ERRBE AR EESIE, BRITIUES Rt RmFSF[IESHINDABEE,

K AT R IREHFF L1932 ThreadPool

PR H IR 21-12 FEY sro/main.rs E1EER, HFIBRE cargo check HI4RIF23TEIRRKIK
L. THEHKINFINE— EIR:

$ cargo check
Checking hello v@0.1.0 (file:///projects/hello)
error[E@433]: failed to resolve: use of undeclared type "ThreadPool"
--> src/main.rs:11:16

|
11 | let pool = ThreadPool::new(4);
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| ANNNNAAAAN 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

KeF 7! XPEIRGIFEATEE— Threadpool ZEREIFUIEIR, FRLATLEEMEHE—T
ThreadPool FYSRILZ 5 web ARSZSIRAVIFE TIRAEIRIZ. FREGLFRAIM hello crate PIHREE
J& ThreadPool SKIRAVHAEE crate, YIRAEE crate 25, FHITMAIUEEFITIEPFERXIE
JRAVEARME, MANEREMEIEK,

B src/lib.rs X1, EEE7T BRiAFAREER ThreadPool FE N :
XH&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;
XMAFRELE, BAESHETREH T IEERRNEIR:

$ cargo check
Checking hello v@.1.0 (file:///projects/hello)
exror[E0599]: 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

IEEIRRA T —H 2/ ThreadPool SIE—MOUMK new RYKEXERIE, T TEHIE new FEE—
PNBAILUER 4, MA new WiZiR[[] ThreadPool KM, 1EEAISEIMAA IAFIERIR/IME
new BRI%K:

NXHEJ: src/lib.rs

pub struct ThreadPool;

impl ThreadPool {
pub fn new(size: usize) -> ThreadPool {
ThreadPool

}
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XEERE usize FA size BHBIER, FANBNANBELEHANIVEEEX . RITENERE
A 4 (EREIEEREHTRNE, XEMEMEMA usize RENRE, MNFE=F "BE" HIFH,

BERREFOEXEA:

$ cargo check
Checking hello v@.1.0 (file:///projects/hello)
exror[E®599]: no method named “execute® found for struct ‘ThreadPool™ in the
current scope
--> src/main.rs:17:14

|
17 | pool.execute(|| {

| ----- ANAANAAN method 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

XEXEHEIRERNFHEE ThreadPool LR execute 757%, [EI1Z "B BIRMEHILIE" Bi5
BATRELIZMNIZES thread: :spawn KBV, FEIRSFITIFERI execute REHKIRENE
BRI B F R S PR = NI T,

FATZTE ThreadPool EFEX execute REFIRER— MBS, [OIZE+=FRY “FHRAE
B HHIEH Fn trait” #8453, HIEIEASHREIAILUIER=TAER trait: Fn. FnMut F]

Fnonce, I IFBEREXENZERAMIAE, RAFTELIMAIRMUTARERER

thread: :spawn, PFRUAFRATTRILANNER thread::spawn FVEREHSLRPERT @ bound, &
BXHEZEI:

pub fn spawn<F, T>(f: F) -> JoinHandle<T>
where
F: FnOnce() -> T,
F: Send + 'static,
T: Send + 'static,

F @XEHENNXONBE,; T S5REEBXFMURNHEREKD. EEE| spawn £ Fnonce /£
73 F Y trait bound, XAJEEERHNFEEN, AARESKEZIEL execute BEUTL
spawn, EAVBIBERNVEREISHITHE—R, ZXHH —FHILT Fnonce EHRNIEEN
trait, XEFRFE Fnonce A once ERE,

F J&£F trait bound Send FIEFFARPHE 'static, XMFE(TNBEREEREREXN: B
Send FEHBM—IMEZERBEB —INEIE, M static ERAHFHMEZIESHITEZ Ao
UFENRE —NMERATFE XL bound BYZEYSEL F BY ThreadPool By execute J57%:

XEH: src/lib.rs

impl ThreadPool {

// --snip--
pub fn execute<F>(&self, f: F)
where

F: FnOnce() + Send + 'static,
{
}
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Fnonce trait HPATEZEHN O, FAAXER Fnonce {ER—MKBESR LB REENFAE,
IEANEREAIE X, REMEREALUMNEZFEEE, FIIERKESHREERES

XEBFRIEMT execute FENR/IMESEIL: ©RBMEMAIIE, REZHILAERERR
Fo BRETHRE!

$ cargo check
Checking hello v@0.1.0 (file:///projects/hello)
Finished "dev’ profile [unoptimized + debuginfo] target(s) in 0.24s

MEMREBEST! XEKEEBRET! FEUORER cargo run BTERFHEN KB L
FIER, PEENRSPHNEREFENBENEIR. XNEXG LR EERBERES
execute B9 EL!

— MRETREI IS B9 K F1& Haskell #1 Rust XEFB M RFIFSFMNVESHVIER “NR
REDEEBRIE, EMBEELIF . AIXMREHAZEEN. HMNNMEAIUREE, T
JEeREREMEMIE! MRWE—ELANRETENTE, WHEEHEAENE
[ERFFEHRE Bolid RO ERDEDHF H B HEIENT .

BE—T. IRXBEZHITHIR— future MAZHABZEHATR?
7 new FRISIFEIZMMAIZENE

XBEHEEX new Fl execute FYBSEMUTMAIIRIE, 1LFRAIBEAERIITHRSLINX LRI, UIE
& new {EAFFIR. ZENEFRERTRHSIERERN size BHPER, RAZEHNANEZIED
RERNX. AN, FEHFASTNEZELEELZEREN, FIER—1R2E MM usize B, it
A NEANTEIR[E] ThreadPool I Z FIEE size @B ATFERINIG, HER assert! RIEFE
Z0¢ panic, B 21-13 F7R:

XHE&Z: src/lib.rs

impl ThreadPool ({
/11 BIE— VLA,
11/
/11 size BMHPLEREE.
11/
/// # Panics
11/
/1] B8R size 7 0, ‘new’ %S panice
pub fn new(size: usize) -> ThreadPool {
assert!(size > 0);

ThreadPool
}

// --snip--
}

5 21-13; SCIY ThreadPool: :new 1 size JERT panic
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XEWAXAER)Y ThreadPool IBANT —LE3H, ERXEEMRE T RIFA ST EM T
— MBI REBRREZ panic BIIER, EMFETEEFITIER, =iXiETT cargo doc --open
H i ThreadPool LEFRREFLERMBY new BIXAHE RN !

MEELBRX B assert! %=, WAILLLE new B2 7] /0 B H/RfI 12-9 H Config: :build B

FEIE new LR build HIR[E]—4 Result, AEEXEHITEZRCIBE—NEETALENE

AN ZERAMENEIR. WRFEMINELR, 2RHEE— I EANTEZNEZA build B
BRIERIFEL—TF new BERIZK:

pub fn build(size: usize) -> Result<ThreadPool, PoolCreationError> {

S EC=RiEATFELKAE

RERNEXE T A ERBREAZHTRIEIZNEN, A LS IRelEX LR H TR O]
LA Z B EN FAETE ThreadPool LEHRFR, T4 “FhE" — P EA2? LA IBESE

thread: : spawn HJ& 4 :

pub fn spawn<F, T>(f: F) -> JoinHandle<T>
where
F: FnOnce() -> T,
F: Send + 'static,
T: Send + 'static,

spawn JR[E] JoinHandle<T>, Hr T FFABIREINIER, ZiA{ER JoinHandle REFRA%EM
Zo EHNNIERA, FBRAGEMNASSMIEEEHFREERE, UL T RBETE
B 0o

5l 21-14 RAIREE R LURIR, RE LR EEFHEECIRBEMLIE. FINKXE T ThreadPool
RIE X RIFH— thread: :JoinHandle<()> By vector SEffl, {EF size REFRMIAK, FHi&
B— for BHREITEIBRLIENMRIE, FHROIEEXLLELLIZR ThreadPool J2f:

XL 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);
for _ in 0..size {

/1 BIB—ELEHEENEN vector H,

}

ThreadPool { threads }
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// --snip-- %
}

R{B) 21-14: F9 ThreadPool BlEE— vector SRTEHLZETE

XENF std: :thread 5| NJE crate {ERE, EAFERT thread::JoinHandle {EJg
ThreadPool A1 vector TLERIZERY,

ERFHTEMNHEZG, ThreadPool HiiE—NFIK size NTEM vector, with_capacity
RES Vec: inew T BN TIIE, REE—IEEMNKXZI: B vector LA EETiE. EA
BAEFET vector FEE size PNtE, FAHITHELLIN Vec: inew BEFEHBERE—LE,
A/ Vec: :new [EEHNTTEMERAT K

WRBRIBTT cargo check, B IZ=MI.

Worker £EH{A 1 BRIGEIM ThreadPool fEIBRLALETE

I 21-14 B9 for EHFRBET T —MXTFRIRLARENER. X8, HNKEFUWALIREIE
B2, MNEREIRMHLY thread::spawn EANBIZELAZRTTTIE, thread::spawn HIEEFRER—&—H
IR IZNITRIED. 2AM, FNBBFRAREAERSFEHEE RN REESN
SRR LBEEXAMNTGE; RV AFEHERI.
BITEEEIMPIT AR IR EIEAHERAENE, XZ7E ThreadPool FLAZEIZIN—THEL
RSB REEXMHITN. X NEIREMIRI Worker, XE2— M HRILHEYE L=,

BR—THEREFSIFNAI: ITEFREMBFOITER, MIAREEHTREN.

ARAFELZMFPMEF— JoinHandle<()> SLBIHY vector, FKITEfETF Worker L5 {RRYSE

Bl B—> Worker RfEFE—EINAY JoinHandle<()> L, IFEHXTE Worker ELI—NF

%, BAEBABAXRIBRBITHNERERHRIT. RITESWFE worker —1 id, X#¥f

LRI LA B SRR R X A& A2 MR B RE worker AYSLA,

T ZELIZE ThreadPool A ERFIEE, MBI TARIREST Worker Zf5, FKi1SKI

M2 RIXA KRS

1. ENXTER id ] JoinHandle<()> Y Worker ZEF{&,

2. {BEX ThreadPool 7ZH— Worker SC{5IHY vector,

3. EX Worker::new (K%, BREN— id HFHRE—IMHE id MATHE D EHLIEN
Worker SC5l,

4, 1f ThreadPool::new FA, {E/ for BIFIHENERL id, FERX id FHIE Worker, FHE1EH
vector A,

WNRIRBEYkEL, EERMA 21-15 PRI ZFER B O WX EAEK,
HERFTIE? Rl 21-15 FLR— ML 7 R &R+
NXHEZ: src/lib.rs

use std::thread;

pub struct ThreadPool {
workers: Vec<Worker>,
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}

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: {82 ThreadPool X Worker SEIfI A EIZRFHNLLIE

XEBJ ThreadPool FIFEGZ M threads B workers, RN EIMTETEE Worker A2
JoinHandle<()>, {£H for {FIFHHIIHEIES Worker: :new BBE, HIEE5— 1 HEN
Worker {ZAETENUML workers BY vector H,

Worker £ZE{AFIE new RELEFAEM, EAIEARES (EbI0 sr/main.rs FEY server) HAE
EHEXTF ThreadPool HAfEA Worker LEA{ABYSCINATY, Worker: :new PRERER id S¥FH
FE T ER— T HELIER JoinHandle<()> S,

AR NRRERGENEE EBNARRRIRMIECIRLIZNT, thread: :spawn &
panico X=FHE server panic, BIME—LEIZREERIEMTI T ., HTEENE
S, XMITARAITH, FAEE—NMEFRAINEIENEIA, RAgERFEEH
std: :thread: :Builder F1E spawn F57E3FIR[E]— Result,

X AEIRE B YRIFH FI1ETELS ThreadPool: :new HUSHBIRIFHE T —RTIRY Worker SEffI, R
I 2R IR ERIE execute FIFEIRYAE, LLFHIENE T REAM.
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EREERZIEREFR

T EERRINBEFHEL thread: :spawn NFBETELEEMEMTIE, Bal, BHiE
execute FiARIRIGHAEERITHAE, FITELIE ThreadPool FUEFZEHEIEE— Worker BY
FE M thread: :spawn FE— M EIETHIHAE,

FAIFREENRIZERY Worker L5F9{ARETSM ThreadPool RYPATFRIREXFEMITHINES, HAEE!
HAZPHITo

TEETARE, HNFEIT 68 — —MEBRMEAIEZNEEFER —— XTI FRIEN
AR, XEEERFTIAESIATIBIER, execute il ThreadpPool MHALLAZIE
EFHIAERY Worker SKIRIXES, HRIGAT:

ThreadPool ZBIE—MIBHIFHE KXo

B Worker RHr A EINIR,

HEE— Job EMIARFMATFEIEEFLEHIFE,
execute JARTEAIZE R HHAEHITRIIIF,

TELLAZH, Worker RiEHIEUEHHIITEMAZIEINI IR

1EFRATLATE ThreadPool: :new FRBIE(SEHIL ThreadPool SKFIFEHRIXEFIA, N
21-16 FiiRo. Job EM{AERIAE, BEREATRITETEERIXRIEE:

XE&: src/lib.rs

ik wnN =

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: 482X ThreadPool KfEfF—ME4 Job SEHIRVAIEE

£ ThreadPool::new 1, BT —MIiE, HIZEILLNERRIRFR. XERAIDEEERI
Rixo
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U EAIS IR ELIEMLESD worker BB ZRIRIERLE TN ] TENFKATFHBETE worker Fi9
ACAVRAZ R ERIEWE , FRLUBEAEHSIA receiver B3, R 21-17 hFRERHIRIBIER
AE4RIF:

XL src/lib.rs

impl ThreadPool ({ ?0
// --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;

3

Worker { id, thread }

A 21-17: BSERVIEWIRE 3L worker
XE—LEREMEMAER: BEWIREEHT Worker: :new, HFHIZETEHERFERTE,

NRZ check 15, SRFEIXHEIR:

$ cargo check

Checking hello v@.1.0 (file:///projects/hello)
exror[E@382]: use of moved value: ‘receiver"

--> src/1ib.rs:26:42

|
21 | let (sender, receiver) = mpsc::channel();

I 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
26 | workers.push(Worker: :new(id, receiver));

| ANANANAN yalue moved here, in
previous iteration of loop
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note: consider changing this parameter type in method “new’ to borrow instead if
owning the value isn't necessary
--> src/1ib.rs:47:33

|
47 | fn new(id: usize, receiver: mpsc::Receiver<lJob>) -> Worker {

| --- in 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® (lib) due to 1 previous error

XEEARBIZ AN receiver B4 % Worker 2l XZEAR1THY, [EIZE+75F: Rust Fiid
HIEEEMES £FE, 2 HEE 1. XERETREERATIESERE R IRRARRE
o BIEABEER—NERRASNEREREZ R, RITBEE—NHEIIERMZT
worker XIFEMHEMIAZMIE—R,

55, MEEMFIREIHES S RENEDR receiver, FRLIXEARFE—TREREHNHEMN
f&e4 receiver AR, BNAIEESBRFNRES (BEE T/ E).
[EZ—THE+AREWIENLRERSEREIET, N TESTEARRRHERENH RITAIREAE
8, FEMEA Arc<Mutex<T>>, Arc {E1FZ 1 Worker SLAABZEIR, M Mutex MHR—R
RBE 1 vorker BEMIEWIRISEIESS. =l 21-18 B T FREREDR:

XL src/lib.rs

use std::{
sync::{Arc, Mutex, mpsc},
thread,

}

// --snip--

impl ThreadPool {
// --snip--
pub 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 {
workers.push(Worker: :new(id, Arc::clone(&receiver)));

}

ThreadPool { workers, sender }
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// --snip--
}

// --snip--

impl Worker {
fn new(id: usize, receiver: Arc<Mutex<mpsc::Receiver<Job>>>) -> Worker {
// --snip--
}
}

5 21-18: fEFE Arc #1 Mutex 7£ worker [ HEZINE

1 ThreadPool: :new B, JFZURIRIAN Arc 1 Mutex i, ¥FEH—E Worker Arc F1EAN35|
FAit%k, fNithXLE worker SEFIRL ] A ZIRWERIFRBINT -

W XEEfER, EERMUEZET! HINELRTM T !
SCIR execute 3%

BxE1EFAISEH ThreadPool Y execute F57&, RIBTHEIELR Job LK. BB ELEM
K, Job BER—1EE execute EWFNRFAELEM trait WRIVLBEFR, F_+E FHE
BRI R BIFE R RIE NG Eie R, AR A VFRKBIIERITE, WERRG 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 REHIR, BERFBERLKLES
TEfEA execute FEINHEFE Job KHIZfE, BXEESMEENRK XKLL, XEFA
send EAY unwrap, ENAEFIRERRN, XAIREAXETFHINELLTFIBLRERITIER, X
ERERBIREFLZBETER T, FIERBANITEFLLERT;, RELEMETEEINMS
—H1To £/ uwrap RERAIATRERMARTREAE, FIHRmiFRFAIEXL,
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FEEIMEBELBLER! E Worker 7, Li4G thread: :spawn RIFBULAZERZE 5IA 715
BERVERIR. HRENFEACL—EREN, REENZREIRERES, AEFIESHRITE
o 407150 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();
3

Worker { id, thread }

Tl 21-20: 7E worker ZIEFIEWHRITHES

XEB, B receiver FFRAT lock RIXENE 28, 1&E unwrap TEHIERIFEIRET panic,
WRE 23Tl #5558 (poisoned) HPIRSEIIREXBIATRES LY, XulgeAETH
MLEIREFE BT panic T BRERKB. EXMERT, A unwrap EE panic BIEHRY
TR, BMERIE unwrap RN BEEBEXEIREER expect,

NRBE T EFE, HEFEA recv MEEFIRIR Job, E/FHY unwrap BT T —LEIR, X
ARERETFHBEBREIRNLAZEIERIER, EMUFUMREWIRX AR send FFiEIN{ANIE[E]
Exrr _*é'éo

VAR recv SFAEYFILKIE, FTUIRIEEERES, ESFFEHIETHIMES, Mutex<T> If
F— R BEF— Worker KIEEIRFRIES.

MELAZMRTFRAILUSTTRVRES T ! 9T cargo run HA&R—LEEK:

$ 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 HEEIREIBFRNARFBASRIBITE, SNRIEXK /sleep, server HaEiH@I FIM—"1 4k
R EHEMIER.

ARUMRFERES NG E O /sleep, ENIRIERRKILEIFREMNE 5 T, EA
—ENRBLTEFNRRAZIMFHITHERIBERN SN LE, XLEREFHREHTH
{r189 web ARSSImiE AT

EFITETEENFE+H/\EH while let FHZE, RAIERFZTHARENLERES
worker 212, Rl 21-21 Fs:

XEH: 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 }

T 21-21: —MEH while let B4 Worker::new E{LSCIR
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XA UmIFENIETT, BRHASFERBENAETTH: —MEBRIMASHEHMIE
KREFHNIT. HRERBLERME: mutex EMEEE AR unlock F5%, EABIBIFFENMKH
lock 3%1R[OAY LockResult<MutexGuard<T>> FA MutexGuard<T> BY4s5EIHH, XA IFERKETE
HBERZNHREFAITLEFEUNE R TIFRA Mutex FIPHNZR, FENREEIAEN
BE MutexGuard<T> B4 apERARNIE, LAIRERSHILTHAE A RIFE Bl

451 21-20 YIS fEARR let job = receiver.lock().unwrap().recv().unwrap(); ZFFLL
AIATEREA AN T let Kif, H let BALERNERMKANPEFSEMNERANIGIERS
B EF, AT while let (if let ] match) HEMEXHABRERBLIZEFTIGEE,
£ 21-21 H, job() EARHAEISI —ERFLEL, XEKREHMB Worker SLHIFEZWES,
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RHENSRE

T 21-20 FRIRBBUNEES ERLAIZ MR P RN IER, XERE—LES workers, id
M thread FECSBEHEFER, XIRETRITHLEFERENAS, SEAFBAMNIERN
ctrl-c RIEFLAEHS, PRrEEMAREERIZIFLE, BMECTIELTREBERIIRES,

IMEFKANTE S ThreadPool 5L Drop trait IJEFZMPIE—NEIZAA join, XIFXLELLIE
EXAFRSHITRENINIER, BEES N ThreadPool LM —NEIRFIEENIRIZFLEIZUR
ERHFLEERNA R, AT EERXLEARRT, BRIRSIHEMHMEN (graceful shutdown) Z
A RIS HMNER,

FHNARRFEIENRZ . X—VEAHMBERITAERIRE D BRI INRBAER
FIETRPERLIEN, FIERIEtETEER,

73 ThreadPool 5ZIR Drop Trait

IMAEFHIE N LLAZ ISR Drop, SHEIZMREFTEY, Wi join FRE&RELIRIREN TR EERF,
5 21-22 R/RY Drop SEMME—RZ1; XEAEEFREBRIEFE:

XH&Z: 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();

}

T 21-22: BEAZMEFEREET join MR

XEHFTRHLIZMPRIE workers, XEFEAT amut Ay self KFE—MEIE5|HMA
HWIEEREBIEDK worker, WTFE—EIE, SITENHIHEHE BRAFLULAFE Worker SEFIETEXR
], HEETE Worker SLBIRVLRAE LI join, IR join AR, B unwrap f£15 panic 3
BT ARHBI XA,

$ 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();

| ANAANANAANANA - - - - - - ‘worker.thread™ moved due to this method
call

| |

| move occurs because ‘worker.thread™ has type “JoinHandle<()>",
which does not implement the “Copy  trait

|
note: “JoinHandle::<T>::join" takes ownership of the receiver “self’, which moves
‘worker.thread®
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--> /rustc/4eb161250e340c8f48f66e2b929ef4abbed7c181/1ibrary/std/sxc/thread/
mod.xrs:1876:17

For more information about this error, try “rustc --explain EQ507°.
error: could not compile “hello® (lib) due to 1 previous error

XENEIRHEIRENHAREERAR join, ERABENRBEE— worker WB]LEA, M join F
ERMESHBFEN. ATHERINE, FE—NHEE thread BohHiBEEHFABENE
Worker SEFILAE join AJLUBEZEX MR, Rl 18-15 AEANTE NS XAMNSE: WR
Worker {ZHRHYE Option<thread::JoinHandle<()>, FABJLL7E Option _EIFFE take A X EM
Some BY5IHPFETHSRMAT None B RAMALIE, #A)IEW, IETEITTTHY Worker HY thread Y2
Some F{5fH, MEHZEFIE worker BY, 1§ Some i/ None, X#¥ worker FLi&H B LUETT
%I T o

A, XMERRIEERF Worker BYH I, ABRM, FAILMIEESAIIHIA) worker. thread By
HAME Option<thread::JoinHandle<()>>, TE{EEBY Rust fLEAR option HEYEZ, (BYREAIN
BHoEEXE option F—ELRHFE, MNEERFHEIRETE option FRNITX—IZRE, REZ
ZRHMERERNAET.

EXNMIFH, FE-IEFHNENSGSR Vec:drain 757k, X —1 range SHRIEE
MPLEEINEM Vec FRFERR, HiR[E—PNXETAENRZ. £ .. range IBEZM Vec RIEERFR
BE

I FA VBB G N EXEFEFH ThreadPool By drop LY :
X{EE: 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();

}

KEAT RERHZATRENRNABMLEER,
MR REE S EREILERES

BTFEREEY, ABREERLAEEAEE, A, FEER, KERBETMENRN
RIS FUET. FERRRIET Worker SRPITITRMLIZFRIETHIMERE0BIE: IEY,
Y join HRRXMEAE, RATH]—H loop RIKES. MRRMXNLIRSHER
Threadpool , MIELIRRMEIBAESHE—MERER L.

RNTEBEXNE), FATEEEL ThreadPool BY drop SLILFHIELN Worker fEIR,

B &R ThreadPool By drop SLIEFFAIELEREIENMEF sender, R 21-23 BT
ThreadPool BI{LEFF sender F{ERVELR, SBELIENTRE, XBERHEIFTEMA option, LY
{EBENZ{E Option: :take ¥§ sender M ThreadPool Hf&H,

X% src/lib.rs
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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_ref().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();

ffll 21-23: 1 join Worker ZF2Z BRI EF sender

EF sender IXHAFE, XRAASHEESHIESRAE, XY worker SLfFIFRITLIRTEIRH
BIFRE recv AREREITEIR, ERF) 21-24 1, F(UECK worker MEIFFEXFE R T M
IR, XEMkEY ThreadPool By drop SEILIFA join AR R.

XHE&Z: src/lib.rs

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.");

535/562



Rust i2FIKITHES ERFXHR

job();

}

Exrr(_) => {
println! ("Worker {id} disconnected; shutting down.");
break;

}

}
)

Worker { id, thread }

5 21-24: 4 recv R[O)FEIRES E R BHIH EIF
AT EEXLEARES, Rl 21-25 FrRf&eR main IERIENARS IHZ B RIESFMEK:
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.");

) 21-25: ERIERMERZ [EETIR BB RIF LIRSS i

5:
RASH/EELHERA web IRSIERVLEBFREKIEN T, XRARBAT EBRAEENFE
BAFERTHERS.

take J37AE X TF Iterator trait, XERFEEIF®RZ K 2 /R, ThreadPool =7E main RYLEEER
FERL, drop EMRIEIT.

fEF cargo run BEIARS IR, HRE=ZMER. BZMERNEZZKNW, MARKVREHNIZE
R AGXAF

$ cargo run
Compiling hello v@.1.@ (file:///projects/hello)
Finished “dev’ profile [unoptimized + debuginfo] target(s) in 0.41s
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.
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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

AIRE S HIAREIRAFRY worker ID MEBitH. AJLUMIEBHERIARSS ZINAIZITAY: Worker
S 0 0 3 FREX 7 KM MBER, server RTEKE _MEREFLLERIER, ThreadPool By
Drop SRIREEZRTE Worker 3 FHA TR Z RIS IEMIT. EF sender ZMTFFFRH Worker SLffl
BERFHILENXH. S worker SLAITERIARSITENE—MER, HELIZWIFHA join K
FHFE— Worker ZIZHER,

AREXMIENEITEER— BB STETF: ThreadPool EF sender, MTEE(A
Worker INEISHE Z 1, FLZ1H join Worker O Worker O iF&B M recv IKIE—NEEIR, FRAE
AFZFAZEET) Worker 0 £3R, SIbEIRY, Worker 3 iEWE|—MISIEEFRBEARRESKE—
f81%. —B Worker 0 £53R, FLEMFTFR FHM worker 53R, BT E(IEIRE TEIFAH
=1k,

HRE! WEBNTHTXIIME, U7 —NMERAKIENR S MEIEKIER web AR iR
BT IRBIHRITHRIEN, SR BBLAENPIAELTE

NTRRENRESE:

X% src/main.rs

use hello: :ThreadPool;

use std::{
fs,
io::{BufReader, prelude::*},
net::{TcpListener, TcpStream},
thread,
time: :Duration,

¥

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.");
}

fn handle_connection(mut stream: TcpStream) {
let buf_reader = BufReader: :new(&stream);
let request_line = buf_reader.lines().next().unwrap().unwrap();
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let

let
let

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"),

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();

NXHE&Z: src/lib.rs

use std

R

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 {

11/
11/
vy
11/
11/
11/
/117
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 0. .size {

workers.push(Worker: :new(id, Arc::clone(&receiver)));

}

ThreadPool {
workers,
sender: Some(sender),
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}

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;
}
}
}
3
Worker {
id,
thread: Some(thread),
}
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}

RIS ES! MRMAEHREILRXIME, I TFTE—LRF:

* /9 ThreadPool FfIEABHAIENNEZ XY

« NERTHEEIL AN

* 3§ unwrap FRACN B EITEIEIRIE

* {8 ThreadPool #H{THM AR FIEMLLIFKIES

* 7E crates.io EFH—MEIEM crate HEAERIM— 1R web ARSBiR, KE API S
B S A SSIMTEL

BE

FRT ! REALTH T APBIES]! AERREFRSHN—ER XL Rust Z2ik. MEIRES
ARSI B CH Rust MBHEBIMMA T, BAESICHITNMHX, XEBHM Rustaceans
IE RFEENRiNE Rust 7 8% _ERYERIBEER .
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IS A: XEF

TENYIRES Rust PIEEFERREZRRBINXET, Fib, XEXBEFRERABIER
RET (BRT “EBINMRRY A NBNRBERRR) , XBERHK. TE. S, EWEFE.
IR, crate. BE. . FESE. BME. KB trait EGFEH AT,

BREEERNXET
TN AN BRIEEERNXEFT MEINEEEARRTIR,

 as - [RIARBRZG, SHIMFEE ST trait B X, EX use IBAHRMINERS
* async - IR[E]— Future M EEEHFILE

* await - E{EHITEEI Future BLERLLE

* break - I ZIREHEIF

* const - EXBEREEHIEH (constant raw pointer)

* continue - #K4EIH N T —RIBIFIER

* crate - FERRERERIZH, XI5 crate root

* dyn - SISO & trait WR

* else - A if Fl if let ITHIRLEMIAY fallback

* enum - FFX—MEEE

* extern - FEE—MMBRHH L E

+ false - FH/RFHE{E false

o fn - EX—PEREEL REFEEHEER (function pointer type)

o for - BH—MERBH LI — trait HEILE— N ES KL EHA
c if - BFEHREARANER DX

« impl - SEIREHE T trait HEE

* in - for {EIFEEN—ER5

¢« let - PBE—LE

* loop - EHRMEIF

* match - {2 ILEC

* mod - X —MEIR

* move - B BIREVE FTHE IR AV FT B X

« mut - RS, IR ERN AT TS

* pub - RINEMIAFEE. impl IREIRIRBI LN BRI WM

 ref - @IS | AT

* return - MERFHIR(E]

* Self - EXESLI trait FUERIRISERIFIR

¢ self - RINFERSHHFIRR

+ static - RANERTEFEEMEFHITHERISFEE R AR
¢ struct - EX—PMEEK

* super - RN HBIRIRAYRIER

¢ trait - X — trait

+ true - fH/RFEE true

* type - EX—MEBFIZ T KELR

* union - EX—" union; X7 union FEARERAXEF

* unsafe - RINAREMMIS. KL, trait LW

 use - RIS SINERE,; AZRNEMRARRLYRIEESHEIA
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¢ where - RIn—PMYREEHMNE
* while - RIERANIILE RFITEHEIR

AFRERRENXREF
LUR X #= BRliHTEMINEE, BB Rust (RE AERRER.

* abstract
* become

* box

* do

* final

* gen

* macro

* override
* priv

e try

* typeof

* unsized
* virtual

* yield
[RIGHRIART

FRIEHRIAFT (Row identifiers) B—TAITIMERBERREERNXBFIIEE. BEEXHE
FEIML o BIZRERRIBIRIATT.

Bla0, match BXREF. MRZARWFITER match (FAHRFRIRIK:

fn match(needle: &str, haystack: &str) -> bool { ?“
haystack.contains(needle)
}
SBEXNEIR

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 RBF match BIERBITIRT . BiF match BIERHRIR, FEERRR
RIRFFIEX, STFFR:

X% src/main.rs

fn r#match(needle: &str, haystack: &str) -> bool {
haystack.contains(needle)
}

fn main() {
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assert! (r#match("foo", "foobar"));

}

HERRBERFLBEMER AR # BIZFRNA T RSB EXH nain KEPRIEA,

[FIETRIR AT A FERRIERIE A RIEEAINMRR, BMEZBEIRTERRERET, XATT
ENMNFEANEHRRERZRF, XHSEMESREAMARZEIXEBFOER, EERXTHIE
EPXNMNRBRFARABRET, I, FEBIMRRTRFRERUAREBTFIRE crate B Rust ik

KFEERIE, tbin, try 7£ 2015 edition FAREXEF, MMTE 2018, 2021 #1 2024 edition

MZE. FrIAINSREA 2015 edition wERIERFHE try K, 7£ 2018 edition FIARANMEE
FERRBINRFTEE, EXER ritry, BXRRANEZER, BEIHR E
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iMfi® B: BENERFS

ZMREET Rust iIBZMNEILR, B cERUKEENS, XERFS MBI EIMER
Z. 2B traitbounds. &. BM. AR, THURKES ETXH,

BEF

R B-1 887 Rust PHZER. EBEFNAEIE L TXHMRE. EERRUNZCER
BEAEH, MR—NMzERRAIEHN, WiZEBF EBETFEHMEX trait E25H,

* B-1: zER

iBEMT | = R ERUEH
! ident!(...), ident!{...}, N A

ident![...]
! lexpr G E = BEL S Not
= expr != expr RELEE PartialEq
% expr % expr =1 N:VE Rem
%= var %= expr BRI SHE RemAssign
& &expr, &mut expr &R
& &type, &mut type, &'a type, | fEFIFEETRE

&'a mut type

& expr & expr b S BitAnd
&= var &= expr S NRE BitAndAssign
8& expr && expr ¥28& (Short-circuiting) i#
B5
* expr * expr BRI E Mul
*= var *= expr BARFESHE MulAssign
* *expr fi#5| A Deref
& *const type, *mut type FisFt
+ trait + trait, 'a + trait S5 XARF|
+ expr + expr BAIE Add

545/562



Rust i2FIKITHES ERFXHR

+= var += expr BARINESWE AddAssign
, expr, expr SHUNRTERD R
- - expr HAREHA Neg
= expr - expr BAREE Sub
-= var -= expr BARBESHE SubAssign
= fa() o type, o] > | BMSHEMEERD
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" BETSEE
struct_type { x, .. }
expr. . .expr (Deprecated, &EfER . .=)
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 UHBSHAUREMES ZEMEZE MGG S,

& B-2: MINEE

5 122
'ident an R Een E R RIF AR
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..u8, ...132, ...f64, ...usize &

'L L, T#Y LD, T et

FIFATRFEE, RIEREXFR

FUFNEFEHE WE—NFTHRAXEMIEF
AR

br'..." br#"..."#, br##".. . "## %

FREFHFNRFEE, RENFTFNHEFE
ENES

FANFHEE

ASCII BETFEE

|...| expr

Z3j2)

BRERHBNEENTHER

"R ENGE ; WA TIE R T E(ERYAR
i3

% B-3 BR 7 WIE MRIREE M BBV ER 12 L P XIS

& B-3: BRIZMEXEX

s i1 S
ident: :ident BRTEKRR

. :path 5 extern prelude HEXHIERE, HMFRAE
crate #LALL R (BI—1MEE crate BMHNE
BT ERTR)

self::path 54FiRREN KRR (B—NEXENERRER)

super: :path 5 L EiRIRA AR I RI R 12

type::ident, <type as trait>::ident

KEXEE. RBLUREE

AR E e 2 BRI R (40

trait::method(...)

type: :method(...)

B R E X BREACHRG AR X 1%
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<type as trait>::method(...)

I ans trait RBFCHRRAAREABRI X%

& B-4 BT AT REEESH ETXHHRS,

xR B-4: 8

5 mER
path<...> A—PRERRZEMEERASEL (40 Vec<us>)
path::<...>, method::<...> | A—MZE RPHRANFTHNGEEERRSE, B

& turbofish (%0 "42".parse::<i32>())

fn ident<...> ... 2B EREE X
struct ident<...> ... 2 BUEEIRTE X
enum ident<...> ... ZBIMZEETE N
impl<...> ... TEXGZ RIS
for<...> type =Rk A AR H

type<ident=type>

2B, BE—1MEZSMEXERBELIRIEE N EXRE (10

Iterator<Item=T>)

& B-5 BT HIMEER trait bound ARZESEH ETXHHFTS,

& B-5: Trait Bound &3

s B

T U BB T ARTFRIT U AYRE

T: 'a 2R T NESEEBIAKT 'a (BEREZEETREEE
BEGERET e« BEMASIA)

T: 'static 2B T AEERR static ZSMYERASIHA

'b: 'a 2B b LA IKTFIZE a

T: ?Sized ERA— T FAEA/NIZEEE

'a + trait, trait + trait | ESIERIREF

& B-6 B T EIARAEEX R U MET HsE B L T XA HMBTS,

KB-6: 5%
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s i3 &
#[meta] ShERIE 1%
#1 [meta] RSB
$ident N
$ident:kind VS EAS
$(.).n RES
ident!(...), ident!{...}, ident![...] =iE A

% B-7 BT RN S,

& B-7: %
= pEL
/1 TR
/1 BRI TSI RE
111 SMNERAT SO ERE

/%% IR

I*Voo k0| NBRRERE

/e | SNERIRSORERR

% B-8 BR 7 HIEERERES L XS,
& B-8: EiES

= B

() =l (IRfETT), BRFEEDREXEE
(expr) ESRAN

(expr,) B—nERTARER

(type,) B—rwEARE

(expr, ...) ToAEZRIAT
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(type, ...) ToAZERY

expr(expr, ...) | REEARALN; BATFVRUTAHALEHAE struct DIITTHKES

enum T{E

KBIRTRTREAAESH LT,

R B-9: K{ES
EE=] fRFE
{...} HRRE

Type {...} struct FHEE

&B-10 BT HEAAESH LT

&R B-10: 51ES
s B
[...] HAFHEE
[expr; len] EH7T len 4 expr HYEKA
[type; len] B len 1 type SERIFIENLA
expr[expr] E45%F5|, EEF (Index, IndexMut)
expr[..], exprl[a..], expr[..b], &£ 525|, {£F Range, RangeFrom,
expr[a..b] RangeTo Bf RangeFull {ENZRS|RARE

& slice
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MR C: "IRER trait

AP NEDH, BANHET INATEMEMREEEXR derive Bff, derive BER
TE(EF derive IEJAFRICAYRE EAERUXINY trait BYFRIASSILATAAD,

FEAMRPRME TAVEEFFIBRILUER derive BY trait NE2E, XL RE:

% trait BIRETAFRBURIERA 7

* 9 derive M ARR trait SKI

« LI trait WRBEBREMTA

© EfAIFREG T RITFHARARIFERINZ trait

« FE trait IRIEHGF

NRIRFEARRFETF derive BUFMRMHNITH, BEFRAEESE FE trait WATILL T #2
WMEIFEHSEIMEA T

XEBFIHRY trait 2NENEIMVEERE X HEEET derive TERE FII, MMEFEPEXHHE
T trait FEE@IT derive 7E288Y FSLT, XL trait FAEEREEXHIEINTA, FRLUARHASR
UEENAHELIMEN.

—NEBIKERT trait NFIFE AL AP LBV display . (RIZERIEEEERS
ENAERAR AR ET—MEE, KinAPNZERRENGALS? ilsikbBEXE
08? MIRIREMEXAEIER N E T AHERY? Rust mIFSFLEXFRARS, ELLTE
MRS EREIAMT .

A REFIRARYRIRE trait FIRHALE: FERIMUNEEBSH trait SKIR derive, BILAER
derive B trait FIRF L LRI, LI derive HRFIIBRANNA, XEE_TEDN
ﬂ _:ﬁtpﬁﬁégo

ATFIERF SRR Debug

Debug trait BFABRINUFFEPRRFIREN, H@dE O SUFHIEM 2 KA.

Debug trait ¥ LAEIH B BIRITEN—MERIRYSEHI, FRUERZRERIER S a] UITERRFHIT
Y4 RE B 1) R MR ER EL 5L

BN, 7E{EA assert_eq! %AY, Debug trait BHEM. MBERMSEY, XPMEMIBAE
LHIMEERASEITENL R, MIERFRTTUBIRNEGRTATESE,
H{EELERY PartialEq F Eq

Partialkq trait AJ IALERENLRBMSLAILINERSES, HARBT == != ZBFFRITHEE,

IKEERY Partialkq SCILY eq 757K, 3 Partialkq TE4EIGIA LIRERY, RAEMBHNFRIEE

RARPNSEGIABE, RARNRBEEAFRAEFUR NIRRT ET, SERELIREN, &
—MNEGREHNEESEE, BENHECTHRESFESE.

40, ZfERA assert_eq! 728y, FELLR—PRBEMMANLAFIZEEZF, N Partialkq trait

BT

Eq trait ;2B HE. HIFARKBE—TWATCRENESFTHEES. Eq trait e ATHRLE
SKILY Partialkq BYSREY, (BHIEFAESKILY Partialkq BYSRBVERAILISEH] Eqo FmERRL

B—MF: FRBESEIMERRARNIERF (NaN, not-a-number) EREFBEFRN.
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40, 3FF— HashMap<k, V> FIEYEE (key) KU, 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 — ML BIBOST), SKHLT Partialord BYKEIETLL
fEF <. >, <= Kl >= B4R, {BRASERBISIELT Partialtq BOXE! HEA Partialord,

K& PartialOrd SCIQY partial_cmp 3%, HiR[E]—A Option<Ordering>, {BYLEEETE
FEIRFFEREIRE] None, REARZEEEMERALULLIR, B—1LEEIRFNFF2:
T EEBMAEMTE (not-a-number, NN), SHEMTEAMRS Nan R portial cnp HAE
[2] None,

HIELMR LIRERY, Partialord RIREMAE X PFEBEIMBINT, KRLRENFRE
8, LUKEEERM DK, SENRE DIRER, IANEREEXFERRENNEZ R NTH
[EHIZE (A,

g0, XMFREBTF rand crate Y gen_range F5iERN, HE—EREREARISEIEEN
£ —NBEHERS, Partialord trait B4,

ord trait it {REIEE— AR AR MEEEEXINFE, ord trait SRILT cmp
5%, BIR[E— Ordering fiRZE Option<Ordering>, FAEFE—TEZENINF., RATLL
fESEI T Partialord Al Eq (Eq {k¥fi Partialkq) RYZKEY LfEF 0xd traite HTELEMIAEME
BIRERS, cmp 91T /95 Partialord jJR&ESSINEY partial_cmp B[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), EFIIErAIEEESERRIENH
TR SRR E R, EIFENE TESHIERE" LUREVEX Clone HIES

B8

KA Clone SRILTY clone 757%, HHEABNEASLIN, FERENE—EED LIEA clone
k. RRKEREFREFRIEBLMEINT Clone, XiFABEMEIKE Clone o

an, HE— slice EIFA to_vec J57ARY, Clone B, slice A MBEHEBERILA],

BRM to_vec HuR[EIHY vector FERBENIRIEA, Ft to_vec EENTELIEA clone,
FRUAFRETEY) A PRV BUAZNSETR Clone,

Copy trait AVFRET RIENFEEMR LRMRERIE; THRHAITIIMIAE, BERFEHNE "R
R LRVERE: 01" RIS SRIRERE X Copy NEZE R

Copy trait FRE X EMAEKMELLRIEARES XL AT TR TFHRITIIM DRI,
X%, FrEREFREAUREEFIEZRIEERRE,

B LATER BN ER 2 BR SR Copy trait FIERRE FIRAE Copy, —NSRILT Copy YRR ID
SRILT Clone, EA—SEIMT Copy RYSEEUBIERMICIT T Clone, EHHITHI Copy HHRIME
£

ZJo

Copy trait RZDZXFER; KL Copy BB HMMAR, XBKREIRELHFIRA clone, Xikfy
B,

553/562



Rust i2FIgITES ERFXhR

ERIfEA Copy BULIBERRILUEID Clone S, (BRFSHEESTHIE, HERERERBHIEF
ZUE F{ER clone,
EEX/DEEZIEMSTAEY Hash

Hash trait AJ LASEFIE—MERA/NBIRE, HEREBAMAE (hash) REORFIZELHIBRESEI—
PMEEARNEE L, JRE Hash SSHLT hash 757K, hash FARYRESEIMAE S T EREMEE
7R hash AR, XRKEPMENFERIVEBOMKILT Hash, XA EEBBIKE Hash,
514N, 7E HashMap<k, V> L{FEERIE, FM key RIBIE, Hash BAHIHY,

—* Hash BAHIGFETE HashMap<K, V> FRIZEFERSMIEEEIE.

ZXIAMERY Default

Default trait E{REIE—PMEERIEIAE, kG Default SLILY default KEY, default BRIEK
BYRESCINAR 7R BT IR default KEN, XEKREREFRENFERIELHLNELINT
Default, XFFABENS)KE Default ,

Default::default RFBELESLEMAEINME E—ILHER, XEFREN FHREMEEINE

EMEMSEFIRREIERSLH)” EREITIE, AULBENX —NEMEN—/ NS0 FERMmEI R F &N
{EF . .Default::default() FIEBEEHIAE.

530, H{RTE option<T> S2f7_L{EM unwrap_or_default J/53£BY, Default trait @AY,
ER oOption<T> 2 None HYiE, unwrap_or_default J53%J5IR[EI{EAETE Option<T> A T KR
Default::default FYLLEER,
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TEAMIRF, FAPRFITIE Rust IBRHEN—EH/EIFHR Rust KT, HITKENEER
B, RENBESREE. linter U&5 IDE RIS,

i#d rustfmt EaIEIUIHE
rustfmt T AREHX B XSS ERE. BRZMEFER rustfmt JERHES Rust LE3X
BEEiL: FiE ABAX N TAESLARD!

I rustfmt ;

Rust REZNABE S rustfmt, FLRNARLK ENIZBERE rustfmt Fl cargo-fmt F2F T, X
MRS HRIUTF rustc M cargo, HA rustfmt EMET BV ERITH], M cargo-fmt NIEHE
£/ Cargo WIMBELYE. EMNUER Cargo TH, BFWMAUTHS:

$ cargo fmt

BTSSRI EAT crate FAAIBERY Rust i3, XNZRSATERBANE, MASHE
EXo

ZE LR NIRIEM rustfmt F cargo-fmt, FMUTF Rust ERIERMH rustc M cargo, BRI
fEfa] Cargo B, BHITUA TS

$ cargo fmt

BT LSRR crate RFEAER Rust i3, XWZRISXERBEXE, MAZHE
EXo BX wstfnt NEZER, 1B BEXE.

B rustfix 2S5

rustfix THEER Rust RE—FHiRH, AJUBMNEERLEAGRBHEEHFANRRHEES,
KB ERMAAEEN. MAEELR IR MNmFRES, flgl, ZEINTRES:

X% src/main.rs

fn main() {
let mut x = 42;
println! ("{x}");
}

XEEXZE x BAIZ, BRHANMKIENRE, Rust ZEEH:

XEIFAAT do_something K*K 100 X, RIMKTE for fEFAFFERLTE i, Rust 2EE
I

$ cargo build
Compiling myprogram v@.1.@ (file:///projects/myprogram)
warning: variable does not need to be mutable
--> src/main.rs:2:9

|
2 | let mut x = 0;
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|
|
| help: remove this “mut’
|

note: “#[warn(unused_mut)]" on by default

EEREBINIER nut XBF, BFTAILUBIEIETT cargo fix da{HH rustfix TARBIFRHA
ZEEIN

$ cargo fix
Checking myprogram v@.1.0 (file:///projects/myprogram)
Fixing src/main.rs (1 fix)
Finished dev [unoptimized + debuginfo] target(s) in @.59s

MRBEREE src/main.rs, 24 cargo fix &7
X{E&: src/main.rs

fn main() {
let x = 42;
println! ("{x}");

TE x PERRITNT, EFHABHIN.
cargo fix AL FFEARME Rust kA Ei T8, MRATEMIE E R E.

£/ Clippy FRIEZ lint

Clippy TREZE—4 lints N&ES, BTFoMREAE, EBRHEIEE WEIRFFSu# Rust 53,
Clippy EE&7E Rust BtRAEZREEA,

EXHMEM Cargo WHIETT Clippy B9 lint, iE@AUTHS

$ cargo clippy

a0, rRE T —MERER THEEE, F9 pi, B—EMME, WTFIR,:
X% src/main.rs

fn main() {
let x =
let r =
println!

3.1415;
8.0;
("the area of the circle is {}", x * r * 1);

LI FiEYT cargo clippy RFBIXMHIR:

error: approximate value of “f{32, 64}::consts::PI' found
--> src/main.rs:2:13

|
2 | let x = 3.1415;
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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 — BRI PI BE, NREAZEE, MNWEFZENIE
o FRATLURABEENER PI B8, W TBEMAR51% Clippy WERIBIRNES!

Y& src/main.rs

fn main() {
let x = std::f64::consts::PI;
let r = 8.0;
println!("the area of the circle is {}", x * r * 1);

BX Clippy NEZER, 5E5H X,
{EM rust-analyzer HY IDE $ERK
FT#EBH IDE £/, Rust #tXEiY(EMA rust-analyzer, XM THEE—HURIFERANPOBISE

BiEFE, EI T Language Server Protocol, — IDE 54RIZiES Z[BIH@E S E.
rust-analyzer A] LUAAFAEMZEFiE, bl Visual Studio Code B Rust analyzer ffifs.

J5iA) rust-analyzer INERETR T HRIAIREE, SAEAREY IDE L4 language server %
. SNILYREY IDE BRFKFMBE LS. BEEEIEXH inline error Z ZEAITHEE,
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Rust BFIRIHES BAFXhR
Mis E: hRZS

BES—E, HNIWE cargo new 1 Cargo.tom! FIZNNT —LH X edition HTEdE, 2K
REEEEEX!

Rust IBEMmIFB[E— M HREPEAEANAGER, XENERFP IR ESIMINENEH. H
MRIZES A AENEREIME,; Rust EFFAMBENELR/NEH. —EBNEZE, FiE
X NEHEARAR, FEEE/ NEFMEXRNAH, SIFEXMELEITSLREMN: “IE, M Rust
1.10 B Rust 1.31, Rust ZKEK! ~

RABWEI=EF, Rust FIBASLER— MY Rust liZs (edition). B—MRASESELRR
HEIhEE, HIRMH—NEMNTEEREEM XN AN, FREIENEMNSEAR
IR —& 2D &%,

HERREX RNEABERBERERX:

« XFIEERRY Rust R, MTRARKXEIEENAREN—1 5% TIERIE.
« }WFIERust AR, EXRALRG T —EERNHE, XEKE Rust JReBHER o
« XF Rust BBFAE, ERETHERANES .

EA4EER, Rust B NAJAARZS: Rust 2015, Rust 2018. Rust 2021 #1 Rust 2024,
ZAPBETF Rust 2024 edition 1BFERS

Cargo.toml By edition FEZREARISMIZERMNRERIR, MRIZFERAEE, HBA
7 2015 DUIRMERERZRE M,

SN E AT LUEERRE FEIAR 2015 edition BIRRAS, XH¥, MATIRERBEFTRBIE
B, LEANETIE X BF A RE S SR FRIHRATTARHSHEIR. TEFIEEFREXEREN,
(18) KEFeBEE, BMEART Rust FHiFBEBIARA,

FiE Rust 4R3PTI A2 FIFERNRIFSRIRAS, Hrl UBREASZIFMRAD crate, HiF
FMER R MRV BT CIEAETE, Fitk, NRIREER Rust 2015 MEMKHEIER Rust
2018, {REVINBENIBEEBRIFFHER ZEI. k2, BHMBEFFA Rust 2018 M&#Hi{ER Rust
2015 JRA] TR,

BE—RTEERW: KEDEEEFIBMRATRERREER. FAEEREMA Rust iRAKEEEL,
WIS EARAICH, ATE—LERN, TEREMN THMXBFHIE, WelgehRl TR
THhRAEIINEE. RFTIHRARABNRIF B FThRA<BIThEE.

BE% Edition Guide TIREZAT, XRE—NEENBREMAZEIEZFHBFE, SENHE
BT cargo fix BEpFAEREREIFARES,

%
REA
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Mg F: ABiZas

—ERIEESNAF. SWNERRTR; BENEIFITEREEINE, HERNNRAGERE!

* Portugués (BR)

+ Portugués (PT)

« fB{AHI: KaiserY/trpl-zh-cn, gnudcn/rust-lang-Zh_CN
« IEREPX

* YKpaiHCbKa

+ Espafiol, alternate, Espafiol por RustLangES
* Pycckui

« ot=0f

=

+ Francais

» Polski

* Cebuano

* Tagalog

+ Esperanto

* eEN\NVIKN

* Svenska

* Farsi, Persian (FA)
* Deutsch

- fodt

- 000

« Danske
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https://github.com/rust-lang/book/issues?q=is%3Aopen+is%3Aissue+label%3ATranslations
https://github.com/rust-br/rust-book-pt-br
https://github.com/nunojesus/rust-book-pt-pt
https://github.com/KaiserY/trpl-zh-cn
https://github.com/gnu4cn/rust-lang-Zh_CN
https://github.com/rust-tw/book-tw
https://rust-lang-ua.github.io/rustbook_ukrainian
https://github.com/thecodix/book
https://github.com/ManRR/rust-book-es
https://github.com/RustLangES/rust-book-es
https://github.com/rust-lang-ru/book
https://github.com/rust-kr/doc.rust-kr.org
https://github.com/rust-lang-ja/book-ja
https://github.com/Jimskapt/rust-book-fr
https://github.com/paytchoo/book-pl
https://github.com/agentzero1/book
https://github.com/josephace135/book
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
https://github.com/rust-lang-de/rustbook-de
https://github.com/venkatarun95/rust-book-hindi
https://github.com/rust-lang-th/book-th
https://github.com/DanKHansen/book-dk

Rust #Z2Fi&iHiE S BRPXXhR
Mfi®R G: Rust BUAH%ZEYS “Nightly Rust”

HIRAA Rust RINEF L RILUSX W IRIES Rust Fr&EBIR M,
EEHEE
ER—I1IES, Rust +9EEAENREME. Bl1HE Rust RAIRAIRIAYZSSEAL, RN

ESR/EMTETN, XTFEMEINAT, BSHER, NRFRESLWHINEERIE, TAHZ
BRI T EEKMEREKRRRE, M—EAXHEBLREEHRIIET,

M F XN R TRAR RS IR N “TfEFI3E" (“stability without stagnation”) , HigS®
MENE: TEELHLRIISHNIRTER Ruste BRARNZESTREI, FHEHEHRINAEE,
B/ bug MIERMEFRE.

Choo, Choo! RfiEEMERHEIZIE (Riding the Trains)

Rust FRIE1ITF—NERBBIZIR (train schedule) Z t. HEiRiR, FAEMNFFEITIEERNMT
Rust BFERY master 9, &K software release train 88!, HigAFER I0S HHE
WEINH, Rust B=1%k7@iE (release channel):

* Nightly
* Beta
« Stable (27EhR)

KEB7 Rust AR EFERBREREE, FIHRELRMINEENF LB TR nightly
EE beta Flﬁo

MTFB— M ARMEGIRRNAIEHZABIF . Rig Rust FIBAIEFE#1T Rust 1.5 AR ITE,
ZhRA % TF 2015 F£12 B, FEXERBA TRH—IMELBIARD, Rust #1E T —ITh

BE: — master ZAVHIRR. BRI L, ZIFE—THB nightly hikds, BXREE LR
AWEF, MXERBHEKBEMIKEETNTTH. FIUEENEHR, KHNTEEREGX
B, RSB —%:

nightly: * - - * - - *

7 AE, BEERKMMARAEREMET! Rust BFEH beta XS MATF nightly BY master
nX=E. R, BTRMNRGRE:

nightly: * - - * - - *

beta: &

KEB9) Rust BRF AL EREM beta hrds, RIITE CI RFAFXT beta MBI EE B
Rust R ATRERIEIIIAERFE (regression). [EIRY, EEEI4E nightly &% :

nightly: * - - * - - * - . * _ _ *

beta: &
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EbaNFATRI T — N EVIERFE, 1FH B BEXEEEARRFEDNIRE L Z FiiEE — LB a5k
1 beta iid! fix #EFHE master, AUk nightly lRABEITEE, &L fix ¥ backport
Zl beta 3%, — T beta KBEMT=ET !

nightly: * - - * - - * - - % _ _ % _ _ &

beta: S *

FE— beta FRNER, BAGIRERRMIBI&ET ! stable 93X M beta 3 H4RL:

nightly: * - - * - - % _ _ % _ _ % _ _ % _ % _ *
beta: * o~ _ - - - *
stable: *

FEY! Rust 1.5 2% 7! 2AM, RIS TERA: BAXETAAE, BITEEAXGHTF—1
Rust BY beta iz, Rust 1.6. FTLAM beta £Rf stable 0325, HhRAY beta X HERM
nightly 4R :

nightly: * _ -k _ _ Kk _ _ Kk _ _ Kk _ _ *k _ Kk _ *
beta: * o - - - - - * *
stable: &

XHHEA “train model”, AAESRAE, —MhRE “BHZEL” (“leaves the station”) , RiIM
beta BEZAREBEXREHZE—EEIRIZ,

Rust /3B & —ThR4s, WBSshiR/ER, WRIRAE T D Rust R4S &ARETE], BRI
HE T MRABEE: RNER. S87NARGREN—TFHNAEE T MEIRFER. MR
FEMRAMISRAE N NEEBLEFEC: F—TRARRMZEIR! XEHTRDRERIEEAR
B B o fai i 7% tH R 2 e E M TIRE N E o

ZT5TXNERE, REZAIUTHRE T—hRZART Rust HIRIERE R AR FZRIFER: INR beta
FRAFBEMNHA T, fRAILAM Rust EIPAREHEATBIRERZAIFEMEE! beta MISABIIRIT
BIEELDIE, AT rustc BRIR—PHHEF, ¥RZE bug.

HiirBdia)

Rust BB XM S BITR EMA R 2 H5. HAMMISEMZAEY, IBARAEIAZIEmRERILLE
(EOL, end of life) , XREREE MhRARISZHHAA7E,

FRERE

XNEMREFS—MEREENMS . FIREEE (unstable features), Rust EEFE—M#
FR9 “Thaetric” (“feature flags”) BURIARFHELERSHNENIERTEH. MNRMINEE
EERAMS I A, HIERET master, FELSHITE nightly ki, FESMF— hiE
i 25 ERRF, MNRMMEEZ XX NEEFAIHEE, HAER nightly FRFERIZH
EREENIRCEA R,
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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 RN TARRAMIEERN Rust EAEE, HE2FFADPWMENBERIE. HRIARR
FIZEIR Rust, B30, 797 &% nightly:

$ rustup toolchain install nightly

REZIM rustup ULRETFREMIASE (toolchains, Rust fIEEXAHE), WMTFE2—NI{EH
B9 Windows i+ &4 LAIFIF:

> rustup toolchain list
stable-x86_64-pc-windows-msvc (default)
beta-x86_64-pc-windows-msvc
nightly-x86_64-pc-windows-msvc

WPRFRIL, BRIABIRERR. KEBS Rust BFEXERDEEMERIRERR. RAJgEt X AWM,
> INRIRROEFBITIEE, BILUAFET B R nightly k. ALk, RILETE BRER
rustup override RIKE HAIER rustup A nightly TR

$ cd ~/projects/needs-nightly
$ rustup override set nightly

WTE, BRTE /projects/needs-nightly FiEA rustc 8% cargo, rustup RMELRIEA nightly ki
Rust MAERRIANISERR. 7E(FETRZ Rust MBI AB# !

RFC ;RIZFNEIPA

ABAPRUN{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 Kei# Rust, RIFNXEE RFC 24K Rust HEIRATFEMINIE, B ERZS

RES ITFHPAER. XEZ Rust EF.E FIEEIARESIR, HEE THERSIHH
HIBA: BRI, miFeSRI. BhligiE. XiEF. STESFESENRRNATE, &%
BHEHEL, H&RELEFERZHEILEINEN—,

INRINEEWIESZ T, T£ Rust BESITH— issue, ATBAIUSLIE, SLIINAERIA LA
A RER B RARINNIRENIA! HXMERG, HEEHE naster X HMAF— P IIREF X
(feature gate) Zf&, IEW “FREINEE" FHFIITIEH.

EHEREATE, —BEHA nightly ARAY Rust FIFABEBSE SR X N INEE T , BIPABR=ITIE
XANIRE, BUIFITE nightly RI{E, HFRAERERIZHNEEM. NRRELSIFH, THEE
FX=%bR, AEXNEEMBIAARIRENT! RE"EZMINE", REEMNIZERR Rust
R,
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