ik E Comprehensive Rust
Cm

X2 H Android FIPAFF & 8% 2 Rust 1272, ZIEEHE T Rust NEIHEE, NEXEELIESRE
BAZ BRI SE IR IR,

MEEERENRRA, &0 https://google.github.io/comprehensive-rust/, fNE/R
eEEMMEEE, FEELMNIL THESEEN.

RNRENBIREZIRIR Rust, BAMRIRIRIYS Rust —FTFrAl, HALERET:

o IBENRLEEMR Rust BNIEEFIES,
o [FIREEBEXINENREFFHA Rust REFERF.
o BRENH Rust JiE,

AV RI = RBVIREFR A "Rust BAEADIR",
FUEM E, ROUTLUERRAFEI 1N HS N ENHNER:

e Android: RNERERENRRE, NEUEE Android FEF LK DEMA Rust (AOSP) . BREARA
BiES C. C++ # Java NEEREM,

e Bare-metal: AH—XHNRTRE, NBUER Rust HTEN (RAR) Fk, BEEAZES
MIRHI RN A B RIS,

o HE: M—XINERE, NE Rust dH AN, RITEEEERAEHA (ERELZENERIH
TIEARIAE) M async/await HA& (A futures #ITIMERNSESLE)

EBR

Rust 2—IEARNIES, RNTEFELXABEMERNS, MREN—LIFBIREHE:

o THRWEIAKZER, BZ Rust Book 45 19.5 & # Rust by Examples,

AR {Rig

ARBRBRIRIRELREREMIR, Rust 2—TESEEIES, HINBNRSS CH G+ #ITHER,
AR R XS LE Rust B9733%,

MEIRELETHEIW Python T JavaScript EMSERIESRE, PARBEEBRIFHIR _ EAR

=,


https://github.com/google/comprehensive-rust/actions/workflows/build.yml?query=branch%3Amain
https://github.com/google/comprehensive-rust/actions/workflows/build.yml?query=branch%3Amain
https://github.com/google/comprehensive-rust/graphs/contributors
https://github.com/google/comprehensive-rust/graphs/contributors
https://github.com/google/comprehensive-rust/stargazers
https://github.com/google/comprehensive-rust/stargazers
https://google.github.io/comprehensive-rust/
https://google.github.io/comprehensive-rust/zh-CN/android.html
https://google.github.io/comprehensive-rust/zh-CN/bare-metal.html
https://google.github.io/comprehensive-rust/zh-CN/concurrency.html
https://doc.rust-lang.org/book/ch19-06-macros.html
https://doc.rust-lang.org/rust-by-example/macros.html

Vv Speaker Notes

X2BEHEF IR, BAVSERXERERALTHAMEINESR . XOJBEIFH TN IZE
ENXER, URRELERLDENER.



%%

ARHERTRERW.

UTR2BX Google RERRAXN—EERER.

FiRESEEE M LT 10:00 B FF 4:.00, hiEE 1 /NEHOFEARREE, X, EFNTFSE

T2

5/NBEY EiIRESE, BHER, XNEEN: Bl EF ER 3/, IEFREESHEE)#H

743, LRNERKNRRAE, FRETEE 6 /NNINR, BT TFURSIFEREE.

ERRZH, REETMATEIR:

1.

RBRERM, HNANTEHESE, FHBERER (BEML, SSTIMEHES

E! ) BRLANTRE, RENHREELHAEOPIAERESEE (REMNNEE, £
WEFTEZRE—NNGL) . X, RRMUDBREREEEF, EFtREIZRER
REAS,

JRERIBE., BTFAREELPFE=XNNE, FRHNBMRLZHRE L LHNETE, #i2
FPREXTR, EBERZBE-REBSREREE, BAXEHTAMNREIEIIARENRE

oiF
il

H—ERUBAERETEZRNARE, BINBMURERBALIZFIE 15-25 AZ@E, XH,
AHRHBD, METERREDENA, REN— Nt ERHEERFEX, BREZEEMHIR
MEZEEERNRE" RINAFZRBLTRARESENECREN, BIZZHEW, 1R
MFEHRHITAEREG, FUAHETRKIEZALAK,

EFHREEX, BRI AIME, REFREFIRE. RINBNREEEEICAEN BT
mdbook serve XE/RIEREASR (BSRLZEIRE) , XFEMUBFRRETRIIANREE
R, BRBEEF., 3MEEEZALKUHEEIREN, RETLMEREICARBEMENEIE,

ALFRRBUNAFR AR BE. BE, ZNSELFNTFSLH 30-45 PRSI B iE)
(BREERRARNEE) , FEUERNFREETEIRAE, AZ2EFEEMUHEY. MRR
BIZNFRBERHNDE, BEMRERHTHE, AREBNOBRTR, FINSERFX
REMMEENHAME T EEEXER

SRNAEHMEXE, RRFRIRF! FEERMEA)—HF, FEHD!

X

Id
A
=
™

i
=

MRFRERER, BMENAHIHRE, RMNEBHFTEBLELSEBEAE, BESEIE
B, B IFEREFEEN D FANLIER !


https://github.com/google/comprehensive-rust#building
https://github.com/google/comprehensive-rust/discussions/86
https://github.com/google/comprehensive-rust/discussions/100

RELSNM

ARHERTRERW.

Rust E&li%0iR
RINLELSRAE Rust AR, XLRNSELRR BN RNERTEZEE:

e % 1 X: Rust EfizNiR. &%, BHIR. CIEREHRE.,
e F2X: AGEEE. AN, EGEUERLRRINERE,
e FE3IX: ZB trait, FHIZAE. M AZ 2 Rust,

ANRR

BRT AHA 3 REV"Rust EALAIIRRESN, HAEHEL T —LEBRE:

Android $fjJ Rust

FAER AndroidiiZ RHEI¥ X, BENBUWM{ER Rust 17 Android FE8H .., HFERES
C. C++ 0 Java I EIRIEIE,

REFEESH AOSP, HERI—N=ZEEHIREE, AFWE src/android/ BRBERESHH] AOSP
HRE R, XEHIF Android ERSGEERNE] src/android/ P Android.bp X4,

1R adb sync ERFIREVEMSZ N LARIRE, H{EA src/android/build_all.sh FMERE
Android =¥, EFREHA, EECHETHGS, FREXLEGSEERFNEITHIERRNIT,

£€JE Rust

RNRFZREE RUSHREAB—X, EENBUWIER Rust #HITRERE (RA) k. HPiE
=TSSR AL RS,

X FHRIEFIZRER S, RBEIRBIME BBC micro:bit # 2 ALK, BNMABETELRS N RY
8, BEAWNiDiEm PR,


https://google.github.io/comprehensive-rust/zh-CN/welcome-day-1.html
https://google.github.io/comprehensive-rust/zh-CN/android.html
https://source.android.com/docs/setup/download/downloading
https://github.com/google/comprehensive-rust
https://google.github.io/comprehensive-rust/zh-CN/bare-metal.html
https://microbit.org/
https://google.github.io/comprehensive-rust/zh-CN/bare-metal.html

Rust b H &
RANGRRHKEEBANA—K, SENBEHZEFHLEM async/await H A,

REEIRE— N crate, TEHAZIKEBIR, MFReES. AE, RUILLEREIEH/FENEE
src/main.rs @, LAMEXSLATRMEETIR:

cargo init concurrency

cd concurrency

cargo add tokio --features full
cargo run

RERD

NRENEMIFER, BIURLUDBIRZRER Rust!


https://google.github.io/comprehensive-rust/zh-CN/concurrency.html

s pRiERE

mdBook hE—LESL RS MR iERE

o HL&L : HIELE—A,
o masL  BET—RA,
e ctrl + Enter : HITEBERNREBRAE.
e s EUEEERE,



4
B
—MBHNERE B RNEEIENEMIES:

o EFEBEEFERA IFE: @rastringer. @hugojacob, @joaovicmendes 1 @henrif75,
o HIEMRA RE: @keispace, @jiyongp 1 @jooyunghan,
o FIITFEMRA F&: @deavid,

EAA LANESEESRTIRES.

RITAAIEE
SHESAMERRS, RINKIRABEBHNBZ08EE:

o HMALEBIRA EE: @raselmandol,

o FIKPIIRAK FE: @hueich, @victorhsieh, @mingyc #l @johnathan79717,

o BADPXIRAK FE: @suetfei, @wnghl, @anlunx, @kongy, @noahdragon #
@superwhd,

o SEEIRA 128 @KookaS fl @vcaen,

o BB F&: @Throvn ] @ronaldfw,

HiERAN ¥E&: @CoinEZ-JPN 1 @momotaro1105,

MRV AT, BSRENOREE, THROAFREE, BFIIEEET0BRRFRER,


https://google.github.io/comprehensive-rust/pt-BR/
https://github.com/rastringer
https://github.com/hugojacob
https://github.com/joaovicmendes
https://github.com/henrif75
https://google.github.io/comprehensive-rust/ko/
https://github.com/keispace
https://github.com/jiyongp
https://github.com/jooyunghan
https://google.github.io/comprehensive-rust/es/
https://github.com/deavid
https://google.github.io/comprehensive-rust/bn/
https://github.com/raselmandol
https://google.github.io/comprehensive-rust/zh-TW/
https://github.com/hueich
https://github.com/victorhsieh
https://github.com/mingyc
https://github.com/johnathan79717
https://google.github.io/comprehensive-rust/zh-CN/
https://github.com/suetfei
https://github.com/wnghl
https://github.com/anlunx
https://github.com/kongy
https://github.com/noahdragon
https://github.com/superwhd
https://google.github.io/comprehensive-rust/fr/
https://github.com/KookaS
https://github.com/vcaen
https://google.github.io/comprehensive-rust/de/
https://github.com/Throvn
https://github.com/ronaldfw
https://google.github.io/comprehensive-rust/ja/
https://github.com/CoinEZ
https://github.com/momotaro1105
https://github.com/google/comprehensive-rust/blob/main/TRANSLATIONS.md
https://github.com/google/comprehensive-rust/issues/282

fEH Cargo

FHIR T #% Rust /5, REMEMSEER Cargo, X2 Rust £EXRAR PR FHWEFIZEIT Rust N HBIHR
HEITE, EXE, RMNEEENE—THAR Cargo. BMARAE ZHESES, UKRIEMNWN
AEARENTEEFA Cargo,

.

£y
iEIRME https://rustup.rs/ EBRIBIRIE.

X HIRIZMH Cargo W T B ( cargo ) Rust giE=8 (rustc), RIEEGIKE rustup , X2—1
WwITLHER RO L B ERLZEARNRIFIFIRA,
TZERustZ G, IRNHEEERNGmESSH IDE PAFFIRER Rust, XS gwiEREMrust-analyzer

PUXRELLE R, B©AVS Code, Emacs, Vim/NeovimREMIFS HIESHRM T B2 RE N B EE
BINEE, AR ETLAA—YRustRoverflIDE,

v Speaker Notes

e 7£ Debian/Ubuntu L, RBEOJLAIEE apt %% Cargo. Rust JRfLEBFN Rust =L TE,
EBR, XESEE—TEIH Rust iR, XoJEESSHEIMIITH, BUT:

sudo apt install cargo rust-src rustfmt


https://doc.rust-lang.org/cargo/
https://rustup.rs/
https://rust-analyzer.github.io/
https://code.visualstudio.com/
https://rust-analyzer.github.io/manual.html#emacs
https://rust-analyzer.github.io/manual.html#vimneovim
https://www.jetbrains.com/rust/
https://github.com/rust-lang/rustfmt

Rust £ &%

Rust £ SRS HIFS TEARN, EbHNFETBEEE:
e rustc: Rust miFse, I .rs EFERA THHEISVUEMEM D EE,

* cargo: Rust ki EERBMMETR, Cargo MBI THITETE https://crates.io LAY
KB, HERERE MG ENMERES rustc ., Cargo BFH—TMHRENNRNIZTER, BT
AT T,

e rustup : Rust TEELZREFMENEF. KHIMMRA Rust Y, WTERFREHEHH
rustc M cargo. WE4h, rustup MOTLATEIREENINE, /ROILARRREZIRA
Rust, #B rustup S[it{RRIEFEEXLRAZ BT,

v Speaker Notes

KR!

o Rust B—PMREFEAMETER, BNAMSLH—K HIRA, MRARFSIBRANRERS
M, ERINT FINEE,

o HE=ANKRMME: "FRER". “Beta l"FM"KIEIR".

o RMNSEREM LWIXFINEE, B/ AR Beta lR'FARATREIR"

o BBTTLUEREREMEUERE. gitR XGRS RFRBTIKBIRA,

o Rust tBE=NIRA]: HHARAZ Rust 2021, ZHIBIARAZ Rust 2015 # Rust 2018,
o XEMRAZHNEBESEHITEAEARENEL,

o ARFIERIRAES, RUJLABITIERIRA: & Cargo.toml 444 crate EFEEN
H&$O

o ARDEVESTRL, Rust iFRUILLRBEEANRERARHEHNAHE,
o REABEE cargo MEEEARFHFNBEREIADL (KRSHBFP ARZXEFE)

o EFEEMNRZ, Cargo ABMER—TWREEAELZENTIER, ERBLNITSSRIN
BE, EFEEARRT:

» B/REBEK

n [TEKX]

» FREKBIRAE TR SR/ EF

n [HEHIA]

n [2RRE]]

» CIRT]PAMERFSEMS (B8 cargo clippy) #1TH R,


https://crates.io/
https://doc.rust-lang.org/cargo/reference/registries.html
https://github.com/rust-lang/rust-clippy

o MFBPTHEIEE, BEM[ Cargo ELEH]



A5 P XS 7= Y
EAREID, BMBEEBIROIRER Rust 55, XERAITTEIN KER[AT, XEAKELIRE
UiE, FERITAE ARG —HHERE.

HAMDAZWIRE R Cargo: SR TIIREBRMMTMES] ., ERE—X, HMNEM—TEXNL
3, BEfRERINEERKEII, FIRFEERK Cargo,

RERPHRBRERERENMN:
1 fn main() {
2 println! ("Edit me!");

3 1}

UM AIERESN, ROJLMERA ctrl + Enter to execute the code when focus is in the text
box.

Vv Speaker Notes

REMAERAEaHZR (M EER) . PEAERATTEESHREMA 2K

o FRAR Playground iEHATEREITINL, BRABEFIHFMEISLFR Playground &, LUE/R
BT,

e #RAI Playground REMBEBAREFILZANEXRERS! ERNY, FRNERAAZERN
Rust @&1d Playground fZg,



£H Cargo EAIMIZITILEE

HD%WZ*ETQEE’]%%J:XTH%EEHE T, NWEEHLZELE Rust, Alt, 1BIRE Rust BH A EA
B, NSARBH—IEHE rustc #Fl cargo , EIREANXEY, &Y Rust i BEMREFLL
THRAS:

% rustc --version
rustc 1.69.0 (84c898d65 2023-04-16)
% cargo --version
cargo 1.69.0 (6e9a83356 2023-04-12)

BB LMEREAESKRA, BN Rust RIFHEREM,

THEXEERE, BFREBUTSBAREIIRE —REIPMAE Rust Z 34
1. BIREEH NG LT S HIE FIER "R,
2.fEM cargo new exercise ARILBHIE— exercise/ BR:

$ cargo new exercise

Created binary (application) “exercise’ package

3. BfiE exercise/ HEHR cargo run HWEHBITIRE ZEHIS G-

$ cd exercise
$ cargo run
Compiling exercise v0.1.0 (/home/mgeisler/tmp/exercise)
Finished dev [unoptimized + debuginfo] target(s) in 0.75s
Running "target/debug/exercise’
Hello, world!

4. % src/main.rs DPFRAEBSRARECSHIRE, flmn, FRHE—IH8RE, ¥
src/main.rs A

fn main() {
println! ("Edit me!");

5.{EH cargo run MEIGITRENEN T4


https://doc.rust-lang.org/book/ch01-01-installation.html

$ cargo run
Compiling exercise v0.1.0 (/home/mgeisler/tmp/exercise)
Finished dev [unoptimized + debuginfo] target(s) 1in 0.24s
Running "target/debug/exercise’
Edit me!

6. cargo check MENEMBREFAEIR,; £ cargo build RHITHIE, MAE
1To YROILATE target/debug/ PIREIEMIFL build 9%#H, B cargo build --
release £ target/release/ PHEMEIMILE &% build,

7. {ROTLAEIZMBEN Cargo.toml AIMERIMKEIIN, =R BT cargo wml, RASBHA
IR AIFEREK FURBT,

v Speaker Notes

REEMSWFRRE Cargo FEM AMHIER. REMNEEEN FRIKE, ILTELEE
L2/



IR BE—XK

SXREHS Comprehensive Rust IE—X, BRINESERESHE:

e Rust BRIEL: TE. #rZE (scalar) fE& (compound) £& | &2 (Enum) . EMK
(struct) . 5|H. REMITE,

o IFHIRAIMIE: if. if let. while. while let. break # continue,

o B MUAD: FEMMZE., SEHMWEFEA (array) .
v Speaker Notes
BilREFE:

o fBATILARERYIRIE, AREEBIRRE.
o XMRRANZESENN, BMNLMARRKITIE,

o As an instructor, you should try to keep the discussions relevant, i.e., keep the
discussions related to how Rust does things vs some other language. It can be
hard to find the right balance, but err on the side of allowing discussions since
they engage people much more than one-way communication.

o BEMBESHENEIRIEENANS,

o XERERBIIHE! EERFIN—TEERZE, BHicE, XEIQTRAR—MHEE, IR

oJ PG Mt Bk,

E—XPNFEBRFREERTNELD borrow checker, EfttAESZ AL, Rust A BREFEHNAXE
HIBEEL, XRBIMNNZREERAZE,

NRRBEHZBHRILIRE, MHEXENE—THEZH, XAERNZIESRIEHED
(BRELATHE) :

e B F: 9:00% 12:00,
e T4: 13:00 & 16:00,

HRMRE O AEBRIEENE, ERBEFSDICFRMAKRNTE, ERNBWUENMNHARR—IR!



148 Rust?

Rust 2—T#NHREIES, BM1.0 JRAT 2015 Fx5Mm:

e Rust 2—IIESHRIFIES, HMeEEMS C++ M
o rustc {EH LLVM ERENEIR.
e Rust XFZSFFEFEM:
o x86. ARM. WebAssembly......
o Linux., Mac, Windows......
o Rust# ZHFEMRED:
o EHMEIEER,
o HHEE/REE,
o F#Hl,
o XM,
o PR

v Speaker Notes

Rust #1 C++ EHTFE MR

o REMREM.

s SEMEHIES.

o BEBARFEEZNRE (WF) LE&17.

o RAEBITHMIIRIE.

o XEIRFUERMNEZEMN, MASEHEE(AMERE,


https://blog.rust-lang.org/2015/05/15/Rust-1.0.html
https://doc.rust-lang.org/nightly/rustc/platform-support.html

Hello World!

IERIMTEANRE RN Rust 12F, — N2HH) Hello World 2%

1 fn main() {
2 println! ("Hello @!");
3 32

REEN:

BRELA fn FFL,

B CHlC++ —#, BHREESHRE.

main RFEREFMAOR.

Rust BB &% (hygienic macros), println! FE—MIF
Rust F&FeE 2 UTF-8 #w38Y, oJLAE&E Unicode F5F,

v Speaker Notes

This slide tries to make the students comfortable with Rust code. They will see a ton of it
over the next three days so we start small with something familiar.

KR

Rust is very much like other languages in the C/C++/Java tradition. It is imperative and
it doesn’t try to reinvent things unless absolutely necessary.

Rust 2—INIMAREEIES, SxEXFF Unicode FH5ik,
ARELERHENSHNBERT, Rust FHR (RERHMER)
%"EEE’\]”, REKREENASTIMLHERENAEFEREPIIRRF, EfRLE, Rust 8
I:I

Rust REZLAREES, N, EREEARNELNNRNERENE, BREAZRYNE
, BEE—RIIBRET R,

]]II


https://google.github.io/comprehensive-rust/zh-CN/basic-syntax/functions-interlude.html
https://veykril.github.io/tlborm/decl-macros/minutiae/hygiene.html
https://doc.rust-lang.org/book/ch17-00-oop.html
https://doc.rust-lang.org/book/ch13-00-functional-features.html

= 38 P

T R—ME%ER Rust R"EIRER:

1 fn main() { // Program entry point

2 let mut x: 732 = 63 // Mutable variable binding

3 print! ("{x}"); // Macro for printing, like printf
4 while x != 1 { // No parenthesis around expression
5 if x %2 ==0 { // Math like in other languages

6 x / 2;

7 } else {

8 X =3 % x + 1;

9 }
10 print! (" -> {x}");
11 }
12 println!();
13 }

v Speaker Notes

XML Y Collatz B8 : BRINNZBEAREESER, EiFREEERIEE, tJURER
REAAENEAN,
KPS

o HIAFFEZEHNRBEZEFHTH., SMBR 132 KA REMER, S ER is RKilkiz
ITEYEHUR T,

e J& let mut x EA let x , ITEHIMHREIREIR,
o B/R print! EESHERAFFEALREN=ENRIFEIR,
o ERIMEEER {} fEASMFF, REHELBENTEFTERNERIAR,

o MEERETINEE, BRIMTEER std::fmt , HPEFATFRAUFZFENHEIESEMN
W, BERRitFEREEREETERITRE,

o 7 shell &, JEZ1T rustup doc std::fmt STENEIRPITHAM std::fmt 34



At 4i%E#F Rust?

Rust B— IS isEm
o HEPAGFLZE,
o RABITHREREXITA.
o MRNEEBSHM,

v Speaker Notes

RziEEFEMNEERASMEES. RIFZZMEHE Rust IARERME:

o {EME C8 C++: Rust MIREMREHRIRTY —3X &/TAE IR . IROTLUXEEEE C I C++ &Y
M, MRANFARENE@E, FEMERETLUFEHENCNESHIE, R TEMA
BERHEE,

e (MY Java. Go. Python, JavaScript......: fROJUABHMXEESHBHNRNEFELZIE N,
HBAEEUNEASRESHRZ, BIROIABRIZEM C 1 C++ BEE B o] Ul 69T
B (LERIREWRHLE) , UREZSENNEERERAD,



CiEE R

ILERMNEEBUT CESN'RINERT

==

printf("malloc failed!\n", 1len);

len, fp);

1 #include <stdio.h>

2 #include <stdlib.h>

3 #include <sys/stat.h>

4

5 1nt main(int argc, char*x argv[]) {

6 char xbuf, *filename;

7 FILE xfp;

8 size_t bytes, len;

9 struct stat st;

10

11 switch (argc) {

12 case 1:

13 printf("Too few arguments!\n");
14 return 1;

15

16 case 2:

17 filename = argv[argc];

18 stat(filename, &st);

19 len = st.st_size;

20

21 buf = (char*)malloc(len);
22 if (!buf)

23

24 return 1;

25

26 fp = fopen(filename, "rb");
27 bytes = fread(buf, 1,

28 if (bytes = st.st_size)

29 printf("%s", buf);
30 else

31 printf("fread failed!\n");
32

33 case 3:

34 printf("Too many arguments!\n");
35 return 1;

36 }

37

38 return 0;

39 }
40

REMT % bug?

v Speaker Notes

RE&iz CiB5nflXE2917R%8E, EEHNEET

1. EAWE - MIEFHESF ==
2. printf BZRBEL (52317)

(552817

)

E/D119E bug:



3. IR E (F26172)F)

4. 217 if IBORDEES (52217)

5. switch EBARICHAM break (53217)

6. buf FRBTIENULERLERF, NMEME Y XiEE (52917)
7. REMH malloc NEMNETX, NERAFIR (5F2117)
8. @R (F1747)

9. switch BAFREREENER (F£1117)

10. stat ] fopen FEREELIREIE (F1817KFE261T)

&R F C iIES 41558, XLbuglE Ri%2Z A BeII5?
IRANE, MEFERSEFRANGCC (BEEXINA13.2) , ERAELESR THZABINEARE
IR EZES,

XEIF = Rim 97605 ?
SRR, XEXBENbugEEEB I A—RIINZ2RE, LLAMLATERG:

o [FAMME = MIFFIBHEF == : 2003FLinux/FI1=1d
o 21T if IBARDEIES: Apple gotoXMiFE
e switch BEQSIEHN break : TEIRsudofbreak

RustEXLH B EIIFEAME?
ZERustfEXLbugh B M TS A TI8E:

1. A % if BOARE.

2. mIERRERAAZERFE,

3. ®ERERE, Rusti®id Drop trait REMEIE.

4. B if IBOWRBREES.

5. match 1BM (£ Rust PHEHF switch ) HASER, BRRAESEINSIE— break

6. EPXIABFEMNNXRN, BERMRBNULLIER,

7. 518X Box BFFEAEES, Rusti@id Drop trait BEHENEEAEF.

8. MRIFMEEMIERALE panic MELL, HTILIA get AERKRE—NFRIIZETHA,

9. match IFEAMEEZNIERBER.

10. AT EEH) Rust REUREIR] Result BERZREHOBEZETHI, M, NMRIRRBBRER
A #[must_use] HIRFANREE, HmFFEAHES,


https://freedom-to-tinker.com/2013/10/09/the-linux-backdoor-attempt-of-2003
https://dwheeler.com/essays/apple-goto-fail.html
https://nakedsecurity.sophos.com/2012/05/21/anatomy-of-a-security-hole-the-break-that-broke-sudo

miF RIS

mFPHSANEFER.

o NEERVIBHUNEE,

o NFEARIR (BEELAT, LER)
o RFE"WNEEW

o RNFHE"EMEER".

o QTEfE NULL FE%t.

o AFHEHESNERD,

o NEHRELAREZBNHBIERS.

o NEHEERB[BEN.

v Speaker Notes

£ (R=8) Rust PHAIUEFERF MK, FIA0:
o TJLMER Box::leak NMF—NEE, ZIETTLIATHREEETHREX/NIFKRALN

#SRE
o TJLMEMA std::mem: :forget KitwmiFR "I —M™ME (BNEFTEEREASEIRIT) &
o TJLAERA Rc B Arc BOMIBE—MERSIA (reference cycle) ,
o XfrLE, BANAXREZ—ITEESHE—FRAFMIE, ™ Rust MUELRBHRF,

MAREMS, "FNMEEAFHR NERATLFRE S AFIRE".


https://doc.rust-lang.org/std/boxed/struct.Box.html#method.leak
https://doc.rust-lang.org/std/mem/fn.forget.html
https://doc.rust-lang.org/book/ch15-06-reference-cycles.html

1B1THHRE
Rust S BEITRRENITA:

s HAPRBALARE,
o BEHimHAPMEN (panic M)

v Speaker Notes

XA

o BEURENTHHAFRFNNIREIEE. TLUERE panic (—ZENEFEHR) HER"ES
(wrap-around) "BX., BINBERT, FEABXEIHE ( cargo build ) BITAN
panic, FEHAMERNHRIFE ( cargo build --release ) BfTAREL",

o MAKRNBEARBEMARFINEER, BAEEEEN unsafe XBEFEMH., AT, unsafe &
R slice::get_unchecked FAMINFRICERIBREL,



IACHF I

Rust B FEE/LTERRBHNERZ £,

Hi
Il

o MM ILEL,

o ST

o EFIMTHBIIMIREED (FFI)
o BNAHR.

IR

o BMAHRFIREIRIER.

o NEKHIEESS,

o XHMXMINEZFF.

o MFERIBESIRS MY (Language Server Protocol) #F,

v Speaker Notes

KRR

o 5CH+ XUNBAARHR, EREFRATENSREFESNEE TH E%E’JP\]@*D
CPU, BIENER for BHRSER .iter().fold() HEMNZSEMABERNKEERES

e EF—IRIVZE, Rust HIEZE' ﬁ"‘ﬂl*ﬂ)% SEY (BIFKE") . EEFSEERRFULUERR

Option<T> F Result<T, E> FLH

. h@m%iilﬁl&ﬁw%&—ﬁgﬁkﬁe 2IMERE RN R FSRE L. Rust iSRS
LEHERZSRERR, CBERRM TEFN RIR, TJUAERSEFMWGERHEF,

o #ELL Java. Python 1 Go FiBE, Rust tiREERAMERE, Rust HFRBARE—LIREIEEIAN
FREFNE R INBE

o MEWIENAEMES, TILAEMA rand BR,

o SSL 1 TLS 37#F, mJLMEH rusttls &4,

o JSON #%, tJLMER serde_json &Y, Rust XAMNEEZINEEPHNINER LA
ERE, ELZIEELRIEERE. I TFULEFF, Rust MRNESHREBRAFR
— BEEXN—LBERIERERE—N'RERRAR, RuUstRET— 1 EEER
Cargo, R THMBmMEFE=T crate TREEFE, XUESBUREETTLAEMNBE.


https://docs.rs/rand/
https://docs.rs/rustls/
https://docs.rs/serde_json/

AUEFRENE=F crate BIFE— MA@, https:/lib.rs/ EMIGIT Mk DR G R, e
FHIRLLR crate BIEERIEIR, AE— 1S REHZE1EN crate,

e rust-analyzer 2—NZEIITZXFH LSP LB, #HERAY IDE X AGRERTER.


https://lib.rs/
https://rust-analyzer.github.io/

3! &,
HAREE
Rust BIFZIEES C. C++ F Java BIIEXFE1LL:

o KBRMERBIHEHEESKEEN.

o TIRERLL // EIR, BERER /x ... «/ KRE,
o if Fl while FXEEERSULEE .

o TLEMEMFER =, BZEHRER ==,



RExRE

3]
1S '!8.\ 116 ., 132, 164, 1128
isize
u8 ., ulé, u32., u64 ., ul28,

cH
3
Jjo
@
55

usize
I?/I\\%& f32 N f64
IR TS astr
Unicode tr22
- char
=
m/RIE bool

FREHBANZEA:

e N, uNn 1 fN HF N1,

e isize ] usize GA—MMEEHX/NHNZIE,
e char GH 32 {u=d,

e bool M 8U=dE,

v Speaker Notes

ERPEF—ERRBERIIEE:

o FIRFFRETIECIE astr BNEZEAEN:
HEW # , UEEFRPHRANES:

FHE

-10, 0, 1_000 .

123_164

0., 123, 10_ulé6

3.14 . -10.0e20 .

"fOO" . “ﬂﬁ\nﬁ'”

1 fn main() {

2 println! (r#"<a href="Tink.html">link</a>"#);
3 println! ("<a href=\"Tlink.html\">link</a>");
4 }

o FLHULATEEAE e[us] XEME:

1 fn main() {

2 println! ("{:2}", b"abc");

3 println! ("{:2}", &[97, 98, 99]);
4 }

o HFPHNMBETHEIITURE, EMNRZATHER, BALit, 1_0ee TJUATA

10_00 ) , T 123_1i64 TIABEAN 123164 ,

2_f32

r'"\n" == "\\n" , BJLAESNESISHMRMEE

1000 (=¥



E5%8

-3 FHE
#H (Arrays) [T; NI [20, 30, 40], [0; 3]
7t (Tuples) O, (T,), (T1, T2), ... O, ("'x',), ('x', 1.2), ...
A RE RN R AE
1 fn main() {
2 let mut a: [78; 10] = [42; 10];
3 a[5] = 0;
4 println!("a: {:?2}", a);
5 }
TR RE RN B4R 1E
1 fn main() {
2 let t: (78, bool) = (7, true);
3 println!("t.0: {}", t.0);
4 println!("t.1: {}", t.1);
5 }%

v Speaker Notes

e =
#4R

Avalue of the array type [T; N] holds N (a compile-time constant) elements of the
same type T. Note that the length of the array is part of its type, which means that
[u8; 3] and [u8; 4] are considered two different types.

o FAOJLAMERFEERNEARE.

o EEXRE D, FTEN (print) BAER 2 BABEKBALI., FHSE {3 FTHEKAHH,
{:2} FRAOAAELHE, BIMBUUARAERIAINERTEEEEEEEE, HIEFER {a}
M {a:?2} HiThHE,

o A #, KU {a:#2} , SEH"EMITED (pretty printing) "#&=, XFEX oJEESEM
ZiE,

o MHA—H, THLEFEENKE,
o THRAFXENEAN—TEGHE,

o TATHNFRIUBIEX DS ELEN TRETIHEILM: t.0, t.1,



o ZA () BRI "BiT (unit) KB ERE—1TXE, LEXTPABENE—(E—D
MBRENEXBENENERERTA () . EEBERTHRR, kll, —TREJFRENRE
REME, RINSERENLAINTHTHREXMAEE,

o {ROJPVGHIEMAIRCIREE HMRIZES PLLRAEH) void KB,



51H

W@ C++ —#f, Rust tiBHt TSI AR,

1 fn main() {

2 let mut x: 732 = 10;

3 let ref_x: &mut 732 = &mut x;
4 *ref_x = 20;

5 println! ("x: {x}");

6

o TR CE C++ hiisst—4E, XSIH ref_x HITWEN, RNV ANERESIA,

e Rust BRNSHITENMESIFH, LLAERAE ref_x.count_ones() B, ref x &4##5|H.

o MESIAEWKEEA mut (oJZ5|AH) , BAXNSIBETUECHESEHARBEASR
BIHE.

v Speaker Notes

KR

e & let mut ref_x: &i32 5 et ref_x: &mut 1132 ZBHNXA, F—HKEQFHET—
NoJE5F, AN TTLMESUX NSRS ENE,; EF-KEBEAFHE T —NMERTELE
SELD:E N



=5

Rust 8 SZ LB ES|A:

1 fn main() {

2 let ref_x: &732;

3 {

4 let x: 732 = 10;

5 ref_x = &x;

6 }

7 println! ("ref_x: {ref_x}");
8 1}

o —/NSIRINARER (borrow) "7 EiERMNIE.
e Rust RRIRFFESIANAETAY, DMBRXEENFENEEHER.
o RMEEHIBIFFEN (ownership) BFFEAITICER (borrow) ,



UiLa)

P H (slice) ERRIZMITES (collection) BIME] (view):

1
2
3
4
5
6
7
8

fn main() {
let mut a: [732; 6] = [10, 20, 30, 40, 50, 60];
println!("a: {a:?2}");

let s: &[732] = &a[2..4];

println!("s: {s:?2}");
}

o IR MBI FEIZERDER (borrow) #4E.
¢ Question: What happens if you modify a[3] right before printing s ?

v Speaker Notes

We create a slice by borrowing a and specifying the starting and ending indexes in
brackets.

If the slice starts at index 0, Rust’s range syntax allows us to drop the starting index,
meaning that &a[6..a.len()] and &a[..a.len()] areidentical.

The same is true for the last index, so &a[2..a.len()] and &a[2..] are identical.
To easily create a slice of the full array, we can therefore use ga[..].

s is a reference to a slice of 132 s. Notice that the type of s (&[132] ) no longer
mentions the array length. This allows us to perform computation on slices of
different sizes.

Slices always borrow from another object. In this example, a has to remain ‘alive’ (in
scope) for at least as long as our slice.

XFEL a[3I"NEA RS A—EF8NITIE, EERE, HTRFREHENER, &
TEEFTEL XD B REE a" RFETIE R, BTN a" s Z2MIZEEE, €
SEMEIE Slice ZANEBIE, A printin"Zf5 (RBER Slice BY) BIREE, ESHFERHE
“fERRER"ER PR,



“String"5"str"fY X 5l

MAEBEATF T LAIERE Rust IR FRFB LA

1 fn main() {
2 let s1: &str = "World";
3 println!("s1: {s1}");
4
5 let mut s2: String = String::from("Hello ");
6 println!("s2: {s2}");
7 s2.push_str(sl);
8 println!("s2: {s2}");
9
10 let s3: &str = &s2[6..];
11 println! ("s3: {s3}");
12 }
Rust Ri&:

&str ;—MEMFRBERBRNATLES| A,
String @— M UZFHFREPKX,

v Speaker Notes

gstr SINT—NZEREVH, EBR—MEARTFERFRPH UTF-8 HiGFRFBEHIENA
0JZ5|H. FREFEE ( "Hello” ) SRFERFNZHEIXED,

Rust BY string HEBER—FT vector EE, M vec<t> —H, ERFEBAENRN,

MEMER—F, String::from() SNFEFBEFEECIE—1DFERSB; String::new()
SEB—NMNZZERE, ZFULMER push() F push_str() FAiEBEPRINER S
HUE,

format! () RoJLAGEMHSERBERERNFRE, SESZM println! () HEREHIE
LAE,

ROJLABE & FIONEREEIEREM string RER &str YA,

SF C++ R oJLUE &str H{E C++ B const charx , ERESRIENREFEDRHN—
MEMEREH, RustBy String XBHEHTF C++ b std::string (FEXH: BREEE
BUTF-8 ®mBNET, HAEXKTASER/NERFEMA (small-string optimization) ) .



BR &%

— Rust fRAHIER FizzBuzz EHIZ & :

o ~NOUL b WNBRE

(o]

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

fn

}

fn

fn

fn

main() {
print_fizzbuzz_to(20);
is_divisible(n: u32, divisor: u32) -> bool {

if divisor == 0 {
return false;

}

n % divisor == 0

fizzbuzz(n: u32) -> String {
let fizz = if dis_divisible(n, 3) { "fizz" } else { "" };
let buzz = 1if dis_divisible(n, 5) { "buzz" } else { "" };
if fizz.is_empty() && buzz.is_empty() {

return format!("{n}");

}
format! ("{fizz}{buzz}")

print_fizzbuzz_to(n: u32) {
for i in 1..=n {
println! ("{}", fizzbuzz(i));
+

v Speaker Notes

HAIE main DSIHT TEARSH— MR, AEERIEHIHMLE,
(ARBESPENSHE (SRLHEREESHER) , AERREZEE,

REUR (RS ) PHRE—IRELERAREE, RAFAEREXKREN ; BT,
BLERHFKEIREE, SRE"ETER (unittype) " () , MEBRT > () HHREIZER,
mIFE= BN,

print_fizzbuzz_to() BREE for BHASEERILAIL (range expression) B8 =n, X&
EXEEIE LR,


https://en.wikipedia.org/wiki/Fizz_buzz

Rustdoc

Rust PERIFTBEIES TR LUBERERE /// BEHRITXHEK,

1 /// Determine whether the first argument is divisible by the second argumeni
2/

3 /// If the second argument is zero, the result 1is false.

4 ///

5 /J// # Example

6 ///

7 /// assert!(is_divisible_by (42, 2));

8 ///

9 fn ds_divisible_by(lhs: uv32, rhs: u32) -> bool {

10 if rhs == 0 {

11 return false; // Corner case, early return

12 }

13 lhs % rhs == 0 // The last expression in a block is the return value
14 }

The contents are treated as Markdown. All published Rust library crates are automatically
documented at docs.rs using the rustdoc tool. It is idiomatic to document all public items
in an API using this pattern. Code snippets can document usage and will be used as unit
tests.

Vv Speaker Notes

o MEERE/RIE docs.rs/rand A rand crate I,

o MERHNLAINTAFPAER rustdoc, XRATTHEZTE, BERELFNRBER, NHEKESH
XHEFRXE,

o REXHEHERKAEME (FEHFERNRTE) e, XEXFTHTIHEA,

o Rustdoc iFRTILABEBEAToIEA cargo test" BITRMIXMABE ., HATEE X S5 o
WEX LM,


https://docs.rs/
https://doc.rust-lang.org/rustdoc/what-is-rustdoc.html
https://docs.rs/rand
https://google.github.io/comprehensive-rust/zh-CN/testing/doc-tests.html

Bk

FEREEMERXBNEE, AN self SHESHXEBERMN—NLE:

1 struct Rectangle {

2 width: u32,

3 height: u32,

4 }

5

6 1impl Rectangle {

7 fn area(&self) -> u32 {

8 self.width * self.height

9 }

10

11 fn dinc_width(&mut self, delta: u32) {
12 self.width += delta;

13 }

14 }

15

16 fn main() {

17 let mut rect = Rectangle { width: 10, height: 5 };
18 println!("old area: {}", rect.area());
19 rect.inc_width(5);

20 println! ("new area: {}'", rect.area());
21}

o HAMBESRNEIMPRRRZPERAMFES 7 EZEXORR,
v Speaker Notes

e Add a static method called Rectangle::new and call this from main:

1 fn new(width: u32, height: u32) -> Rectangle {
2 Rectangle { width, height }
3 2

o BERMNKAEBERY, Rust RBBEEXWERE, ERSHEBERTVBRAEAIER (BHF
ERTUXFERT) . O] PAE IR R LIRS R £ Rectangle { width, height }', &2 Rust
FAEE

e Add a Rectangle::square(width: u32) constructor to illustrate that such static
methods can take arbitrary parameters.


https://doc.rust-lang.org/nomicon/constructors.html
https://doc.rust-lang.org/nomicon/constructors.html

ERENE R

AZHEFEH:

e B— 1 RHEMAFT—FPLI:
o IMBREREENTHBITE,
o IRABR—AFSRKE,
o AXFFRMEINE:
o IZMMEEFMBFANMSEHE—HE,
o BETILAAZ (Macro) fEAER.

A, REESOLIRIZE (generics)

fn pick_one<T>(a: T, b: T) > T {
if std::process::id() % 2 == 0 { a } else { b }
}

fn main() {
println!("coin toss: {}", pick_one("heads'", "tails"));

1
2
3
4
5
6
7 println! ("cash prize: {}", pick_one(500, 1000));
8

v Speaker Notes

o IEEDPH Into<T> BERZESHEHRT HEFERSSUENSHEE, FLZENE

-+
To



F—XEFIEE

EXESTD, HAPEIRE Rust IRNERR
o FAZERRERNIEE,
o LM for A,

v Speaker Notes

ERENEZRILHS:

o RIFFERAAMEER Rust, ULIMAEREBEF[FENI R, XTLE Rust (WA, SR [E
F Cargo] WM,

o T UEA Rust Playground fEAE4K,
OHEHAHRNABREREARTHEN: AABEARAERRABFERPIHNERSESX.

After looking at the exercises, you can look at the solutions provided.


https://google.github.io/comprehensive-rust/zh-CN/exercises/day-1/solutions-morning.html

Sl icd i

5 C++ A[E, Rust ABEHIT HUEEEHE, G110, TENEFPAFERIVER LR

fn multiply(x: 716, y: 716) -> 716 {
X %y

1

2

3 7

4

5 fn main() {
6 let x: 78 = 15;

7 let y: 716 = 1000;

8

9 println! ("{x} * {y} = {}", multiply(x, y));
0]

16 }

Rust BYEEHMEEBIERSLIN T From<T> F Into<T> trait, FEBRAITIAEENIZEFITHERE,
From<T> trait @& from() A&, Into<T> trait @F -dinto() Ak, XERIE T TIIXL trait 3k
RILERBE AT IR S — LB,

FREFEDE S From<is> for 16 BYSLHL, BIFAICILLUEIIAE i16::from(x) R¥E is HEEH
TE x ®BiA 16, HEMOILAFGEMEER x.into() , EA From<is> for il6 KL EHEN
ﬁ']@ Into<il6> for 18 E’\]EEI')EO

XEHENERATEENEREN From LW, RELM From FMOILAESBEIFNNE Into LI,
1. 1T ERRER, HEEXNNHRIZEEIR.
2. BBACHE, R into() #ITHEBREM,

3.8 x M y BB (BIE0 32, bool, 128 F) RTMIPLEB ZEoJUEEREER, =
HRE BN R BB ARANLBENERANRB G AB/NNEER, FIE REEXE KT
R FARFAZRETER From<T> 2@HEHEIH,


https://en.cppreference.com/w/cpp/language/implicit_conversion
https://doc.rust-lang.org/std/convert/trait.From.html
https://doc.rust-lang.org/std/convert/trait.Into.html
https://doc.rust-lang.org/std/convert/trait.From.html

MBS for W

AT LUK A s B — MR
let array = [10, 20, 30];

IROTLAMER {:2} RITENXFPEARIFIHABE:

1 fn main() {

2 let array = [10, 20, 30];

3 println! ("array: {array:?2}");
4 1}

£ Rust 1, TJLAMERA for XBEEBHMAMKEEFTE:

1 fn main() {

2 let array = [10, 20, 30];

3 print!("Iterating over array:");
4 for n in &array {

5 print! (" {n}");

6 }

7 println!();

8

9 print! ("Iterating over range:");
10 for i in 0..3 {

11 print! (" {}", array[i]);

12 }

13 println!();

14 }

FERLLEMIR, B—1RASEMEINEHEMN pretty_print R, UR—1XERFHTEE

(CE1THIZIEH#) B transpose PREL:
12 3 147

transpose Ll4 5 6‘) == {2 5 8‘
7 89 3609

ERIDIXM AL, LEEMNLLIE 3 x 3 B9%EM,

B TEHERIBEHZ https:/play.rust-lang.org/ 5L iR


https://play.rust-lang.org/

// TODO: remove this when you're done with your -{implementation.
#![allow(unused_variables, dead_code)]

fn transpose(matrix: [[i132; 3]; 3]1) -> [[i32; 3]; 3] {
unimplemented! ()

}
fn pretty_print(matrix: &[[i32; 3]; 3]) {
unimplemented! ()
}
fn main() {
let matrix = [
[1601, 102, 103], // <-- the comment makes rustfmt add a newline
[201, 202, 203],

[301, 302, 303],
13

println! ("matrix:");
pretty_print(&matrix);

let transposed = transpose(matrix);
println! ("transposed:");
pretty_print(&transposed);

B o

EBROLMER &[i32] TTFMAREREHN 3 x 3 EMEARMNSHAMIRELE? FINER «&
[32]] RR—TZHBABYIA . At ARBEMETTITHATTITH?

2% ndarray crate AT BIZINBEHEETHIEREWLI,
Vv Speaker Notes

B EBEMMMBNERE 8 EFHF,
f£"for nin &array"{ER 5| B "&array" X—{UE I P TR R T TR BT BN G,
MREAER"R"...

o BHRER—MMEAHANRER, XE—IE 2021 FRRPSIANEE,
o SREBINMAEH, BT 32"BEFIRE, FEIL (32, 3'HE2EHIRKE,


https://docs.rs/ndarray/
https://google.github.io/comprehensive-rust/zh-CN/exercises/day-1/solutions-morning.html#arrays-and-for-loops
https://doc.rust-lang.org/edition-guide/rust-2021/IntoIterator-for-arrays.html

i

IEINEAIPAA, if 2 Rust PRI—DREAN, SATESRMM WERNMRPN—F, BRLERTTLL
B—NME, AERA if REANE, EMEFIRFIAINE Rust PHEEM IR



R

A block in Rust contains a sequence of expressions. Each block has a value and a type, which
are those of the last expression of the block:

1 fn main() {

2 let x = {

3 let y = 10;

4 println! ("y: {y}");
5 let z = {

6 let w = {

7 3+ 4

8 b5

9 println! ("w: {w}");
10 y * w
11 }s3
12 println! ("z: {z}");
13 z -y
14 s
15 println! ("x: {x}");
16 }

If the last expression ends with ; , then the resulting value and typeiis () .

RIFBIFNEIE R FRE: REERNE 2REE:

1 fn double(x: 732) -> 732 {

2 X + X

3 1}

4

5 fn main() {

6 println! ("double: {}", double(7));
7}

v Speaker Notes

KRR

o XRANUTHHNER/ZIRPAE Rust 1, REXBHE,
o RUULIBEEXRNKE—1T, KETRENZLER. HIa, HN/BRDTSEER

return ,



if Tk

if RIA WAZESEMIES PN if BORE—H.

1 fn main() {

2 let mut x = 10;

3 if x %2 ==0 {
4 X = x / 23

5 } else {

6 X =3 % x + 1;
7 }

8 }

sk, RETTLVE if BAE—IPREN. STRNEE—TREDN BAA if REANE:

1 fn main() {

2 let mut x = 10;

3 x = if x %2 == 0 {
4 x / 2

5 } else {

6 3 x +1

7 +s

8 }

v Speaker Notes

BF if B—TREANBLAFT—MHENXE, AENRIMOXRUGABHEENEE, ZEE
FEZANRAIPR ; RME x / 2 NEE, EESHAMAARBR.


https://doc.rust-lang.org/reference/expressions/if-expr.html#if-expressions

for @R

The for loopis closely related to the while let loop. It will automatically call into_iter()
on the expression and then iterate over it:

1 fn main() {

2 let v = vec![10, 20, 30];
3

4 for x in v {

5 println! ("x: {x}");

6 +

-

8 for i in (0..10).step_by(2) {
9 println! ("i: {i}");
10 }

11 3}

{YROTLATELL BB E{ER break #1 continue o

v Speaker Notes

EXMIFERT, RE3EMRE Rust PHAZ—MEKENIE X,

(0..10) 2SI Iterator trait BIX|E,

step_by RIREIF— Iterator Bk, ATFER—BKIEEMITE.
BREREFHNTREHIRBPRZFREIR. BRXE v XATE, HIE for BIRKA for x in

v.iter_mut() .


https://doc.rust-lang.org/std/keyword.for.html
https://google.github.io/comprehensive-rust/zh-CN/control-flow/while-let-expressions.html

while B3

while XEF NIEARNSHMESIEERN:

1 fn main() {

2 let mut x = 10;

3 while x != 1 {

4 Xx = if x % 2 == 0 {
5 x / 2

6 } else {

7 3 x +1

8 }s

9 }

10 println! ("x: {x}");
11 }


https://doc.rust-lang.org/reference/expressions/loop-expr.html#predicate-loops

break 1 continue

o MNRIRBIRFNELEIR, BEEH break,
o MRFEVEBI T—IERK, BER continue,

continue ] break #POJLAUEFRIESZ—MRESH, AR KIEHREBFRK:

1 fn main() {

2 let v = vec![10, 20, 30];

3 let mut diter = v.into_iter();

4 'outer: while let Some(x) = diter.next() {
5 println! ("x: {x}");

6 let mut i = 03

7 while i < x {

8 println! ("x: {x}, i: {i}");
9 i += 13

10 if i == 3 {

11 break 'outer;

12 }

13 }

14 }

15 }

BEARAREID, BRINSERER 3 RIEKELLLIMER,


https://doc.rust-lang.org/reference/expressions/loop-expr.html#break-expressions
https://doc.rust-lang.org/reference/expressions/loop-expr.html#continue-expressions

loop FTiXT

RiaEATEIZITREARDN Loop XEF

ETHIG, RN break B return ABEELETEIR:

1 fn main() {

2 let mut x = 10;

3 loop {

4 Xx = if x % 2 == 0 {
5 x / 2

6 } else {

7 3 x +1
8 }s

9 if x == 1 {

10 break;

11 }

12 }

13 println! ("x: {x}");
14 }

v Speaker Notes

e FH—MME (HIW0 break 8 ) FPHTr 1loop FHFEEKHE,
o FHIR, loop RE—REBEXNENEHREN, XEENEFRIEEDLEBA—IR (5
while Fl for EHXRARE) .


https://doc.rust-lang.org/reference/expressions/loop-expr.html#infinite-loops

=

Rust B SRELM T LB LS, RERERNZATEN:

i\

1 fn main() {

2 let x: 732 = 10;

3 println!("x: {x}");

4 // x = 20;

5 // println!("x: {x}");
6

v Speaker Notes

o MTXRBES, 32 TJLAR. BEREHEH, RNSBERKBEDWERLBFH,



REES

Rust RIRIEZENEARBEE LR

1 fn takes_u32(x: wu32) {

2 println! ("u32: {x}");
3 1}

4

5 fn takes_i8(y: 78) {

6 println! ("i8: {y}");
7}

8

9 fn main() {
10 let x = 10;
11 let y = 20;
12
13 takes_u32(x);
14 takes_i8(y);
15 // takes_u32(y);
16 }

v Speaker Notes

XIKLATRIERT Rust iR WAREREFPMAERESHELEN,

FEERRBNEXFFPNEEF G TREIES Po] G ETHRENEMUEE", X
MERERNYSRESRHEEFHTEARE, RBERETREESEBILRNRSEHEIT
(=N

The following code tells the compiler to copy into a certain generic container without the
code ever explicitly specifying the contained type, using _ as a placeholder:

fn main() {
let mut v = Vec::new();
v.push((10, false));
v.push((20, true));
println! ("v: {v:?2}");

let vv = v.iter().collect::<std::collections::HashSet<_>>();
println! ("vv: {vv:?}");

OWoo~NOTUDhWNE

}

collect relieson FromIterator,which Hashset implements.


https://doc.rust-lang.org/stable/std/iter/trait.Iterator.html#method.collect
https://doc.rust-lang.org/std/iter/trait.FromIterator.html
https://doc.rust-lang.org/std/collections/struct.HashSet.html#impl-FromIterator%3CT%3E-for-HashSet%3CT,+S%3E

poEEEE

BONRENEERLZE/CEENRTARNE, XX EERFRTHELT ESHNEHTK.

const

ER-EFENNEEXEHITRE, TeEMULER, HEHIBARK:

const DIGEST_SIZE: usize = 3;
const ZERO: Option<u8> = Some(42);

let mut digest = [ZERO.unwrap_or(0); DIGEST_SIZE];
for (idx, &b) in text.as_bytes().iter().enumerate() {

1

2

3

4 fn compute_digest(text: &str) -> [u8; DIGEST_SIZE] {

5

6

7 digest[idx % DIGEST_SIZE] = digest[idx % DIGEST_SIZE].wrapping_add(k
8

+
9 digest
10 1}
11
12 fn main() {
13 let digest = compute_digest("Hello");
14 println! ("digest: {digest:?}");
15 }

#R#E Rust RFC Book iXt:L 2 E{FE R EWEX (inlined) B9,
E5HIZR RESEABERIE A const" B R ELAE R const B, AL, oIz THHE R "const"K#,

static

HOLEAREFNEMITIRRREL/N, BItASHE:
1 static BANNER: &str = "Welcome to RustOS 3.14";
2

3 fn main() {

4 println! ("{BANNER}");

5

}

As noted in the Rust RFC Book, these are not inlined upon use and have an actual associated
memory location. This is useful for unsafe and embedded code, and the variable lives
through the entirety of the program execution. When a globally-scoped value does not have
a reason to need object identity, const is generally preferred.

BT static’ T NEATLRERE, BLEIBARZ Sync’, AEE]EH @' BEFE". REFHE
FEMUNRIU, Lot R uTHEHST, BENSEFNES, BN EhniEE


https://rust-lang.github.io/rfcs/0246-const-vs-static.html
https://rust-lang.github.io/rfcs/0246-const-vs-static.html
https://doc.rust-lang.org/std/sync/struct.Mutex.html

“unsafe"f{13, EITEEFZL L Rust’EZT hiRiT o] 54810,

Vv Speaker Notes

o HE—IRMRE, const BN ESC+H] constexpr U,

e B—FAMHE, static BIEEFMUFC+H+BH const HOHTHEBFLEE,

e static provides object identity: an address in memory and state as required by
types with interior mutability such as Mutex<T> .

o EAFEHARBTIRENEENBERAAZRENL, EREREEYN, MALER

/u\xiﬁﬂ'é

o] LME B %= std::ithread_local"gliZ“thread_local"#UE.

X
Bt Static rE
AN

ERERE 2 ;;W
Lives for the entire duration of the = -

= =
program
oz Z (A&=x) =

= 43332 o 2
Evaluated at compile time E)(Eﬁwﬁﬂﬂﬂﬂﬁn =
REREERENEHTNE & =


https://google.github.io/comprehensive-rust/zh-CN/unsafe/mutable-static-variables.html

B F0iE#R (Shadowing)

RoJLARRZEE, L TIMMERENEEN HEFRENZEEA ]

1
2
3
4
5
6
7
8

9
10
11
12
13
14

fn main() {
let a = 10;
println! ("before: {a}");
{
let a = "hello";
println! ("inner scope: {a}");
let a = true;
println! ("shadowed in 1inner scope: {a}");
+

println! ("after: {al}");

v Speaker Notes

o b wNH

EXCEBMEE (mutation) AEF, AATERZE, BTREMSARNFETRENAR
BMUED., ZFA—ITEF THRIMREHNZTUBRERY, ERRERBHNNEERASRE
REMERAB—IRE,

— PN EBREZEETUEEARNEE,
[RIREVEERSBLIE, ERERETHE .uwrap() ZENBENE.
UTHRBRAT AT AEERERRBE— T ARNREN, AMERAEZEXERFREN
BRT, MiEROAERBMESFAZANRNFULE,

fn main() {
let a = 1;
let b = &a;
let a = a + 1;

println! ("{a} {b}");



o

enum XBEFAFCIZEGLN NEZTIRAIEE:

1 fn generate_random_number () -> 732 {

2 // Implementation based on https://xkcd.com/221/
3 4 // Chosen by fair dice roll. Guaranteed to be random.
4 1

5

6 #[derive(Debug)]

7 enum CoinFlip {

8 Heads,

9 Tails,

10 }

11

12 fn flip_coin() -> CoinFlip {

13 let random_number = generate_random_number();
14 if random_number % 2 == 0 {

15 return CoinFlip::Heads;

16 } else {

17 return CoinFlip::Tails;

18 }

19 }

20

21 fn main() {

22 println!("You got: {:?}", flip_coin());

23 }

v Speaker Notes

XS
o MERFIRMN—TEBRTIWE—AE

e This page offers an enum type coinFlip with two variants Heads and Tails. You

might note the namespace when using variants.

o XTJRERE LLREMAFI WA BILF BI AL :

o AXMED, RULRE— M AEFRNVEREMRAK (BN

BIFRIRA (BFHA) .
o HEXWED, REXBERHHAE impl RPEN,
o {REZETJLAEABIRNEMATINENRRERIE,

hEX, XES5ZRItA—H,

EME) , I—TEEREE

BiXFE—%, NRENMBEERE



ERHE

ROJUAEX EFENRE, HPERIBEHEHIRE, RE, ROLUER match IBEGNEPNRAEPIRE
iR

1 enum WebEvent {

2 Pageload, // Variant without payload

3 KeyPress(char), // Tuple struct variant

4 Click { x: 764, y: 164 }, // Full struct variant

5 1}

6

7 #[rustfmt::skip]

8 fn 1dinspect(event: WebEvent) {

9 match event {

10 WebEvent: :Pageload => println! ("page loaded"),
11 WebEvent: :KeyPress(c) => println! ("pressed '{c}'"),
12 WebEvent::Click { x, y } => println!("clicked at x={x}, y={y}"),
13 }

14 3}

15

16 fn main() {

17 let load = WebEvent::Pageload;

18 let press = WebEvent::KeyPress('x');

19 let click = WebEvent::Click { x: 20, y: 80 };
20
21 inspect(load);
22 inspect(press);
23 inspect(click);
24 }

v Speaker Notes

o MELHRIMHNERFEFKENXLRES, Aolnid, EXESIBHER => ZEH"match 77
X'HFER,
o RIEXSMERTERENX LA, REKR C3 C++ PAEAIBRE .
o MEREXIHE—ME. ER match XX P HEHITHERE—1ERZXR,
o MIBRHIR, BEXRSZELREMNER, ARESHFLETRE, —BEXRIINE, BNES
=1k,
o ERERNFRNSAEMNIER. BEE Rust miFSME, BIARERERUNESET
LQh1E,
e match RIEE enum PHRRIHAIRIFER,
o TJLUEITIAM std::mem::discriminant() FRRZR¥5!
o XREH, FIMMERNEMAKRLIL Partialeq, KRFBREARASFMWER,
® WebEvent::Click { ... } 58TE struct Click { ... } BY
WebEvent::Click(Click) AZTLtBE., Hlal, NERARATIESIN trait,



B X

Rust AR EBMITE, ZERE TN, REFE—LRE):

use std::any::type_name;
use std::mem::{align_of, size_of};

1
2
3
4 fn dbg_size<T>() {

5 println! ("{}: size {} bytes, align: {} bytes",

6 type_name: :<T>(), size_of::<T>(), align_of::<T>());
7}

8

9 enum Foo {

10 A,

11 B,

12}

13

14 fn main() {

15 dbg_size::<Foo>();
16 }

e E&F Rust 5|H,

v Speaker Notes

KR
e Internally Rust is using a field (discriminant) to keep track of the enum variant.

e You can control the discriminant if needed (e.g., for compatibility with C):

1 #[repr(u32)]

2 enum Bar {

3 A, // 0

4 B = 10000,

5 C, // 10001

6 }

7

8 fn main() {

9 println! ("A: {}", Bar::A as u32);
10 println!("B: {}", Bar::B as u32);
11 println!("C: {}", Bar::C as u32);
12 }

Without repr, the discriminant type takes 2 bytes, because 10001 fits 2 bytes.
e Try out other types such as

o dbg_size! (bool) :size 1 bytes, align: 1 bytes,
o dbg_size! (Option<bool>) :size 1 bytes, align: 1 bytes (niche optimization, see
below),


https://doc.rust-lang.org/reference/type-layout.html

o dbg_size! (&i32) :size 8 bytes, align: 8 bytes (on a 64-bit machine),
o dbg_size! (Option<&i32>) :size 8 bytes, align: 8 bytes (null pointer optimization,
see below).

¢ Niche optimization: Rust will merge unused bit patterns for the enum discriminant.

e Null pointer optimization: For some types, Rust guarantees that size_of::<T>()
equals size_of::<0ption<T>>() .

Example code if you want to show how the bitwise representation may look like in
practice. It's important to note that the compiler provides no guarantees regarding
this representation, therefore this is totally unsafe.

1 use std::mem::transmute;

2

3 macro_rules! dbg_bits {

4 (Se:expr, $hit_type:ty) => {

5 println! ("- {}: {:#x}", stringify!(Se), transmute::<_, Sbit_ty
6 }s

7}

8

9 fn main() {
10 unsafe {
11 println! ("bool:");
12 dbg_bits! (false, u8);
13 dbg_bits! (true, u8);
14
15 println! ("Option<bool>:");

16 dbg_bits! (None::<bool>, u8);

17 dbg_bits! (Some(false), u8);

18 dbg_bits! (Some(true), u8);

19
20 println! ("Option<Option<bool>>:");
21 dbg_bits! (Some(Some(false)), u8);
22 dbg_bits! (Some(Some(true)), u8);
23 dbg_bits! (Some(None::<bool>), u8);
24 dbg_bits! (None::<Option<bool>>, u8);
25
26 println! ("Option<&i32>:");
27 dbg_bits! (None::<&732>, usize);
28 dbg_bits! (Some(&0i32), usize);
29 }
30 1}

4

MREBITIER 256 Z/MOption"E—ERELEFAER, ATLMERTARXMESRN
B,


https://doc.rust-lang.org/std/option/#representation

1 #![recursion_limit = "1000"]

2

3 use std::mem::transmute;

4

5 macro_rules! dbg_bits {

6 (Se:expr, $hit_type:ty) => {

7 println! ("= {}: {:#x3}", stringify!($e), transmute::<_, $bit_ty
8 }s

9 1}

10

11 // Macro to wrap a value in 2”n Some() where n is the number of "@" si

12 // Increasing the recursion limit is required to evaluate this macro.
13 macro_rules! many_options {

14 ($value:expr) => { Some($value) }1};

15 ($value:expr, @) => {

16 Some (Some ($value))

17 15

18 ($value:expr, @ $(Smore:tt)+) => {

19 many_options! (many_options! ($value, $(Smore)+), $(Smore)+)

20 }s

21}

22

23  fn main() {

24 // TOTALLY UNSAFE. Rust provides no guarantees about the bitwise
25 // representation of types.

26 unsafe {

27 assert_eq! (many_options! (false), Some(false));

28 assert_eq! (many_options! (false, @), Some(Some(false)));

29 assert_eq! (many_options! (false, @@), Some(Some(Some(Some(false
30

31 println! ("Bitwise representation of a chain of 128 Option's.")
32 dbg_bits! (many_options! (false, @ERRRRRR), u8);

33 dbg_bits! (many_options! (true, QRERREER), u8);

34

35 println! ("Bitwise representation of a chain of 256 Option's.")
36 dbg_bits! (many_options! (false, ERERRRERER), ul6);

37 dbg_bits! (many_options! (true, QRERREEEQR), ul6);

38

39 println! ("Bitwise representation of a chain of 257 Option's.")
40 dbg_bits! (many_options! (Some(false), QREERRERRR), ul6);

41 dbg_bits! (many_options! (Some(true), EERRRREER), ul6);

42 dbg_bits! (many_options! (None::<bool>, @QRRERRERER), ul6);

43 }

44 }



IR HR

Rust /LN SEMIESARNEFIREE., SINHATF&ETE:

o if let R
® while let expressions
e match FAI



if let {'iIX

if let RAD BBILRRIEEMER S SEELERATAEAAE:

1 fn main() {

2 let arg = std::env::args().next();

3 if let Some(value) = arg {

4 println! ("Program name: {valuel}");
5 } else {

6 println! ("Missing name?");

7 }

8 1}

WNFE AT #E Rust th BRIV, BB REIVITES,

v Speaker Notes

Unlike match, if let does not have to cover all branches. This can make it more
concise than match.

o M option BY, BMEIBUERLIE Some {H,
e 5 match AEIMPZE, if let AXFFERLE D guard 74,

e Since 1.65, a similar let-else construct allows to do a destructuring assignment, or if it
fails, execute a block which is required to abort normal control flow (with

panic/ return/break/ continue):

1 fn main() {

2 println! ("{:?}", second_word_to_upper ("foo bar"));
3 }

4

5 fn second_word_to_upper(s: &str) -> Option<String> {

6 let mut it = s.split(' '");

7 let (Some(_), Some(item)) = (it.next(), it.next()) else {
8 return None;

9 }s
10 Some (item.to_uppercase())
11 }

12


https://doc.rust-lang.org/reference/expressions/if-expr.html#if-let-expressions
https://google.github.io/comprehensive-rust/zh-CN/pattern-matching.html
https://doc.rust-lang.org/rust-by-example/flow_control/let_else.html

while let W

5 if let —#, while let BEIHN—PMRAEEMH—ME:

fn main() {
let v = vec![10, 20, 30];
let mut diter = v.into_iter();

while let Some(x) = iter.next() {
println! ("x: {x}");
}

co~NOY Ul WNR

}

Here the iterator returned by v.into_iter() will return a option<i32> on every call to
next() . ltreturns some(x) until itis done, after which it will return None . The while let
lets us keep iterating through all items.

WNFEIFEM T ## Rust h |IART, BSREILE,
v Speaker Notes

o IEHREBESEAMAE, while let BHRME—EHHIHITTE,
o {RUILMER if IBAYE while let BHRESALRBEIN, H iter.next() RBIETIUREE
B Pl while let N ERIERIBMETIELNE,


https://doc.rust-lang.org/reference/expressions/loop-expr.html#predicate-pattern-loops
https://google.github.io/comprehensive-rust/zh-CN/pattern-matching.html

match ¥iXx

match XEF BFR—MES—PHBSMRIAUHATE, NXTIEXLEH, ENITEA EXOTF

—ZHH if let TR :

1 fn main() {

2

3 Some("cat") =>
4 Some("1s") =>
5 Some("mv") =>
6 Some("rm") =>
7 None =>
8 _ =>
9 h

10 }

5 if let £, 8TERASXXDABTHBNER, ZXBEERIKEE—1 XXX (W8) . &L

Blcp, XBIRE (O,

match std::env::args().next().as_deref() {

println! ("Will do cat things"),
println! ("Will 1s some files"),
println!("Let's move some files"),
println! ("Uh, dangerous!"),
println! ("Hmm, no program name?"),
println! ("Unknown program name!"),

NFE A T #E Rust th BRI, BB REIVTE,

v Speaker Notes

e ¥ match FEXRFEFI—NETEFHEHER,
o BIR .as_deref() FHBBEHIR.

0 std::env::args().next() =IR[E Option<String> , {BEXES string #H1THT

Bc.

o as_deref() &=¥& Option<T> A Option<&T::Target> ., EFHNHIRAIE, X

2¥8 Option<String> H#EA Option<&str> ,
o W7E, BANTLAMEREL Ui ITH Option By &str,


https://doc.rust-lang.org/reference/expressions/match-expr.html
https://google.github.io/comprehensive-rust/zh-CN/pattern-matching.html

=3 i

EAXEIE match }M—MEFHTRTE, #HTEEN, SN EETRRETHR, FEESE—
PLECRYINEYZE R

R\ (pattern) TILARRENE, HRAZEEMT C5 G+ PHY switch

1 fn main() {

2 let input = 'x';

3

4 match dnput {

5 'q' => println! ("Quitting"),

6 'a' | 's' | 'w' | 'd' => println!("Moving around"),
7 'o'..="'9" => println! ("Number -[input"),

8 _ => println! ("Something else"),
9 }

10 1}

# _ BIMK (wildcard) #8x, ETILAREE(E,

v Speaker Notes

KRR

e You might point out how some specific characters are being used when in a pattern
o | asan or
o .. canexpand as much as it needs to be
o 1..=5 represents an inclusive range

o " "BBEFF
o BN ZELNURESBEEREL, AEIATEERBRESHABR'ERNSISXKE

/_.]__\o
o MOIES BRI EiE/ RN ITED,
o X TIREBRESRA AU REIEL" XMID, BAXNANETRESHIESRIZEED,



R

BRETAFHEEHCIENRLHS, XSORELXDEMNH, BNEMGL enum'E
BT

1 enum Result {

2 0k(732),

3 Err(String),

4 }

5

6 fn divide_in_two(n: 732) -> Result {

7 ifn%2==0 {

8 Result::0k(n / 2)

9 } else {

10 Result::Err(format! ("cannot divide {n} into two equal parts"))
11 }

12 }

13

14 fn main() {

15 let n = 100;

16 match divide_in_two(n) {

17 Result::0k(half) => println! ("{n} divided in two is {half}"),
18 Result::Err(msg) => println!("sorry, an error happened: {msg}"),
19 }

20 }

EXE, BNERTHZRMEE Result"E, HE—IMAXD, "half" B4 ER"OK'TRPIE, &
FBZANDXEP, "'msg" BB EEEIRER.

v Speaker Notes

XA

o "if"/"else"RIXANVIGIRE—MEZE, 1ZMEEZ BSER"match"#1TRET 3,
o MU HNEMBEEXNPHRME=ATR, HESTABNERER. EHABNEGHL
WHEARAER, HFiRBERZESFSNATELLFIRR.



A EER LS

IR ] LAEAE “structs”:

1 struct Foo {

2 x: (u32, u32),

3 y: u32,

4 '}

5

6 #[rustfmt::skip]

7 fn main() {

8 let foo = Foo { x: (1, 2), y: 3 };

9 match foo {

10 Foo { x: (1, b), y } => println!("x.0 = 1, b = {b}, yv = {y}"),
11 Foo { y: 2, x: 1} => println!("y = 2, x = {i:2}"),

12 Foo { y, .. } => println!("y = {y}, other fields were -dignorec
13 }

14 3}

v Speaker Notes

o B‘foo"hHFHEEEMUSHEMRIETE,

o E'FOO"HM—THIFR, HREZFEEEL.

o WRMEEXRARAZBNXATEREAN, ZXEE I XPHN2ELA—ITRE, T
UEBEICNNFLEEBET ., BEERA const”, AILABRIEXIEREET.



fRtagid

fROJLAEIS TR LRSS EA . TAMYI A

1 #[rustfmt::skip]

2 fn main() {

3 let triple = [0, -2, 3];

4 println! ("Tell me about {triple:?}");

5 match triple {

6 [0, vy, z] => println!("First is 0, y = {y}, and z = {z}"),

7 [1, ..] => println! ("First is 1 and the rest were -dignored"),
8 _ => println! ("All elements were dignored"),

9 }

10 1}

v Speaker Notes

o MARMKENTAETHRABIMEREEKENEZI,

1 fn main() {

2 inspect (&[0, -2, 3]);

3 inspect (&[0, -2, 3, 4]);

4 }

5

6 #[rustfmt::skip]

7 fn dnspect(slice: &[732]) {

8 println! ("Tell me about {slice:?}");

9 match slice {
10 &[0, y, z] => println!("First is 0, y = {y}, and z = {z}"),
11 &[1, ..] => println! ("First is 1 and the rest were -dignored")
12 _ => println! ("All elements were -ignored"),
13 }
14 }

£A _ - THNRIARRAE—TE.

AP RMESNE.

BH .. RUNET RLENRAEHEN TR,
RRERERN [.., bl M [ae..,b] RERIHHIESL.,



UG e

PCECES, RTJARERNFRM TR, XR—MEEM/RERAN, MEEALE, HSATIZRIX

=

H O W ~NOOUPMWNDNER

[

#[rustfmt: :skip]
fn main() {
let pair = (2, -2);
println! ("Tell me about {pair:?3}");
match pair {
(x, y) if x ==y => println! ("These are twins"),
(x, y) if x + y == 0 => println!("Antimatter, kaboom!"),
(x, ) if x % 2 == 1 => println!("The first one is odd"),
_ => println! ("No correlation..."),
}
+

v Speaker Notes

KRR

BEBEHENABATNEEEMNESR, URBRNFEGEMRAXLRE, MNLRE
PLEc<F AL AR S BIEETNRE.

EMNSNESX PR ITREANRE, EFREEIXE, AXRA (E=>"2F) SHH
i RIAN, MBZATRANIFFERY, RRAASEZRRE match"RAXNEMI X,
LA If RAXPEARAPTEXNRE,

RERXAEGSR"|"NERN D, HSERATIREEXNFME,



E£1X: THFES

HAPEXREATHASE:
e The Luhn algorithm,

¢ An exercise on pattern matching.

v Speaker Notes

After looking at the exercises, you can look at the solutions provided.


https://google.github.io/comprehensive-rust/zh-CN/exercises/day-1/solutions-afternoon.html

FREZX

FREZBTRIEERRS, ZBEERFREFEANBARNS, AATUTERERKIEERRS:
o REEFE=MR, EELTHANSHE,

o NBHZE, BMBHMOEFR_, WTHF1234", HAPEIMN1R_;, YTHF
“98765", #§"6"f"8"Fk_,

e B—1MFHR_)G, WRERKT 9, WEESLHFHEM, AL, K7'R_1F"14", AF"1+
4=5",

o BATERF_MEFR_HVEFMHEM,
o MASHLLO0ERE, WERFSER,
Copy the code below to https://play.rust-lang.org/ and implement the function.

A forEHRMEL, ARHURMBENTNBROE, RE, BREFZWRLE, A=A ERE
REBEREME.


https://zh.wikipedia.org/wiki/%E5%8D%A2%E6%81%A9%E7%AE%97%E6%B3%95
https://play.rust-lang.org/

// TODO: remove this when you're done with your -implementation.
#![allow(unused_variables, dead_code)]

pub fn luhn(cc_number: &str) -> bool {
unimplemented! ()

}

#[test]

fn test_non_digit_cc_number() {
assert! (!luhn("foo"));
assert! (!luhn("foo 0 0"));

}

#[test]

fn test_empty_cc_number() {
assert! (!luhn(""));
assert! (!luhn(" "));
assert! (!luhn(" ™));
assert! (!luhn(" "))

}

#[test]

fn test_single_digit_cc_number() {
assert! (!luhn("0"));

}

#[test]

fn test_two_digit_cc_number() {
assert! (luhn(" 0 0 "))

}

#[test]

fn test_valid_cc_number () {
assert! (luhn("4263 9826 4026 9299"));
assert! (luhn("4539 3195 0343 6467"));
assert! (luhn("7992 7398 713"));

}

#[test]

fn test_invalid_cc_number() {
assert! (!luhn("4223 9826 4026 9299"));
assert! (!lTuhn("4539 3195 0343 6476"));
assert! (!luhn("8273 1232 7352 0569"));

}

#[allow(dead_code)]
fn main() {}



Exercise: Expression Evaluation

Let's write a simple recursive evaluator for arithmetic expressions.



/// An operation to perform on two subexpressions.

#[derive(Debug) ]
enum Operation {
Add,
Sub,
Mul,
Div,
}

/// An expression, in tree form.
#[derive(Debug)]
enum Expression {
/// An operation on two subexpressions.
op {
op: Operation,
left: Box<Expression>,
right: Box<Expression>,

3>

/// A literal value
Value(ioe4),
}

/// The result of evaluating an expression.
#[derive(Debug, PartialkEq, Eq)]
enum Res {
/// Evaluation was successful, with the given result.
ok(ie4),
/// Evaluation failed, with the given error message.
Err(String),
}

// Allow 'Ok’ and ‘Err’ as shorthands for “Res::0k’' and ‘Res:

use Res::{Err, Ok};

fn eval(e: Expression) -> Res {
todo! ()
}

#[test]
fn test_value() {

assert_eq! (eval(Expression::Value(19)), 0k(19));
}

#[test]
fn test_sum() {
assert_eq! (
eval(Expression::0p {
op: Operation::Add,
left: Box::new(Expression::Value(10)),
right: Box::new(Expression::Value(20)),
1),
0k (30)
)
}

#[test]
fn test_recursion() {

tErr’.



let terml = Expression::0p {
op: Operation::Mul,
left: Box::new(Expression::Value(10)),
right: Box::new(Expression::Value(9)),
}s5
let term2 = Expression::0p {
op: Operation::Mul,
left: Box::new(Expression::0p {
op: Operation::Sub,
left: Box::new(Expression::Value(3)),
right: Box::new(Expression::Value(4)),
1),
right: Box::new(Expression::Value(5)),
}s5
assert_eq! (
eval(Expression::0p {
op: Operation::Add,
left: Box::new(terml),
right: Box::new(term2),
1),
0k (85)
)
}

#[test]
fn test_error() {
assert_eq! (
eval(Expression::0p {
op: Operation::Div,
left: Box::new(Expression::Value(99)),
right: Box::new(Expression::Value(0)),
1),
Err(String::from("division by zero"))

)3

The Box type here is a smart pointer, and will be covered in detail later in the course. An
expression can be “boxed” with Box::new as seen in the tests. To evaluate a boxed
expression, use the deref operator to “unbox” it: eval(*boxed_expr) .

Some expressions cannot be evaluated and will return an error. The Res type represents
either a successful value or an error with a message. This is very similar to the standard-
library Result which we will see later.

Copy and paste the code into the Rust playground, and begin implementing evatl . The final
product should pass the tests. It may be helpful to use todo! () and get the tests to pass
one-by-one.

If you finish early, try writing a test that results in an integer overflow. How could you handle
this with Res::Err instead of a panic?



UMK E X

MERMNELTH THISHRUst, ETREANIBES:
e RFER: &5, FHIRNFEE, ETRASNREFER, URIIREL,

o FIEM: #E (move) BNIBEX, £l (copy) F=E (clone) , f&F (borrow) , LUR4E
A,

e Structs and methods.

o tRERE: Z/FE (String) , &I (Option) F £R (Result) , HHAEHEE (Vec) , BIIE
(HashMap) , 3IA## (Rc) F HZ=3IHITE (Arc) .

o BRI T, BEMMXHRANRREN,



NEFEEE

RHEL, BENAWMK

B

o BYFHNEFEELW LIRS C. C++, Pascal...
o ETHNEIBHMRNEEELNTEEE: Java. Python, Go. Haskell...

Rust Rt 7T — 1 2HNAES:

BT 4R IR IR FINITIERNAE>EEBRLINTEEZF SR E,

EiEE—MNBEHBNETEMN (ownership) #&sksLIIt BE,
B, BMNEBm—TREEENIERE,



5t

o 1. BHRENEZNFXE,

EERENETEMNEE KRN,
EERR: AB/BH—TEiEE .
ZTERE: SRREBAMN,
MEHNREFREBE,

o M. REFAZINVENTTFRE.

O O O O

o ERAHMEK/N, BAXK/NEEBTHHRE.
o LEiHHIE: FEMARKHEZE,
o MRIENFHERE.,



Stack and Heap Example

Creating a string puts fixed-sized metadata on the stack and dynamically sized data, the
actual string, on the heap:

1 fn main() {

2 let s1 = String::from("Hello");

3 }
Stack Heap
-~ == M -~~~ - =7 M
| | | |
S | | |
| [ [ |
| ptr o ' |> H e L L o] |
| len 5 | | |
| capacity 5 | | |
| | Lo ____ J
b - - J

v Speaker Notes

e 5 string REH vec XU, AUEEAGRENKE, NMREUE, WoLl@ESEHE L
BN RFESERITIEE,

o MRZRIB|HAXTE, RuIPMRRENAMNEER [ RANEREEHE EAEREERTF, BEE
{&/ Allocator API ,&EA,Q;:EX S BCEE

o EANTJLMER unsafe KBRERNFMF/. AT, REZEL, XPEELARZE!

0o ~NoO b~ WNBR

fn main() {

let mut sl = String::from("Hello");
sl.push(' ');
sl.push_str("world");
// DON'T DO THIS AT HOME! For educational purposes only.
// String provides no guarantees about its layout, so this could 1
// undefined behavior.
unsafe {
let (ptr, capacity, len): (usize, usize, usize)
println! ("ptr = {ptr:#x}, len = {len}, capacity

std::mem: :tr
{capacityl}")


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

FHAFEE

fRE CEMHERNF BRI,
HEARE, XURSSEAER. bug. ZEREMNRFLE,

C++ R4l
YRIAAITER malloc DEHEMEFHEAR free :

void foo(size_t n) {
int* dint_array = malloc(n * sizeof(int));

//
// ... lots of code

/]

free(int_array);

Memory is leaked if the function returns early between malloc and free :the pointer is lost
and we cannot deallocate the memory. Worse, freeing the pointer twice, or accessing a
freed pointer can lead to exploitable security vulnerabilities.



BETEFHEBNAFEE

F3E R SN AT A SR UL AR BT A A XS RV an B 2R,

1]

BEREHRENRD, RUMEZNR BHEREBRAF, HiFSRIEX—RSLI, BME
51T REBAHSL,

XIBE RN ERIBEIRERENHIIR1L (resource acquisition is initialization, RAII)", FHARIZHLE RELR
£t

C++ Pl

void say_hello(std: :unique_ptr<Person> person) {
std::cout << "Hello " << person->name << std::endl;

}

e std::unique_ptr NREK EDEAEF, HisREHE LHENAE,
e £ say_hello E&RHEY, std::unique_ptr FHEEEZIT,
o MUEHMBMEFIEME Person NR,

RFrERREA R, ERFFERE move ISR

std::unique_ptr<Person> person = find_person("Carla");
say_hello(std: :move(person));



HHAEFE

BRNFEEEFHINETERENAFERE NECSE:

s BEFAMNAERNEHBENEARF.
o WIREINHIKEIRERNANT, AARFIBEBUEDE.

Java R4l
sayHello IR[EI/S, person NRARHEEBUEAEC:

void sayHello(Person person) {
System.out.println("Hello " + person.getName());
}



Rust PHIAEFE

Rust FHIRFERZ—MPESEL:

o R Java —HRENXIEH, ERBHAIREILES,
o R C++ —FETERE, ERFHRFBHTEER/AN,
e Rust HPOILMRIBERBERIEESENHER, BLEZRERAR CBFNEBTHHH,

Rust achieves this by modeling ownership explicitly.

v Speaker Notes

o INRULEF4RO R ANMETIR/E, {ROTLUERTE Rust o, XiBEH RAII FHEREER (HM
Box, Vec. Rc3f Arc) 418, XERABIZMH A XHETAERMNNESE, HFLET C
hEEERNAE.,

o {RUIBESH D RATHIKEL, 14k Drop trait @ Rust HFHIR,


https://doc.rust-lang.org/std/boxed/struct.Box.html
https://doc.rust-lang.org/std/vec/struct.Vec.html
https://doc.rust-lang.org/std/rc/struct.Rc.html
https://doc.rust-lang.org/std/sync/struct.Arc.html
https://doc.rust-lang.org/std/ops/trait.Drop.html

Frai

FrEXEREHE— AR ERE", £F BHEFRAENEEREIRN:

=

struct Point(732, 132);

fn main() {
{
let p = Point(3, 4);
println!("x: {}", p.0);
}
println! ("y: {}", p.1);

O oo~NOOOUD~WN

}

o EAEERE, XESRER", RS,
o AR O LI T AR IR,

o BFHEERH"E.



BRIEN
An assignment will transfer ownership between variables:

1 fn main() {

2 let s1: String = String::from("Hello!");
3 let s2: String = sl;

4 println!("s2: {s2}");
5
6

// println!("s1: {si1}");
}

o & s1 WEEE s2, BB THAN.
e When s1 goes out of scope, nothing happens: it does not own anything.

o I s2 BFMERAEE, FREHEERN,
s TEPEAE—HUWER"RE"—NE,

v Speaker Notes

o BHXS C++ hHRFINMEER. FRIERER std::move (HEEX move MISREL! ) ,
BN C++ IRERINMERREE N,

o RAEMANRKETHRE., RESEMTOIHFEREZHEAZSZE—MATENEH, R
REMRALEEIR,

o BEERAVE (FIINEL) TTLMRIEA " Copy” (BERELINR) .
e FRusth, RERENN (BEIEH clone) ,



- = Af
Rust P 5] B FF &
1 fn main() {
2 let sl1: String = String::from("Rust");
3 let s2: String = sl;
4 1}

s1 REHIRESE s2 EEER,
o I s1 BMERAEN, AF4HMASKE (CEERBY) .

BEE s2 hZEi:

Stack Heap
-~ - =" Bl -~ - ="
| | |
ST | |
: ptr o : : »| R u s t
| len 4 | |
| capacity 4 | |
| | L ___
| |
e e e o J
BmE s2 d2Z2iE:

53 i
- -~ T T 77~ 'j - - - T TT=T=T 7= ==
: s1 (Es&ipE) :

: ptr o | Lyl R | uls |t

| len 4 | |

| capacity 4 : :

| | S
I s2 |

| |

: ptr o 1

| len 4 |

| capacity 4 :

| |



Defensive Copies in Modern C++
WA C++ UARE BT VR R I B35 -

std::string sl
std::string s2

"Cpp" ;
sl; // Duplicate the data 1in s1.

o s1 PHHEHIERES, s2 RISGBECHIRILEIR,
e 3 s1 fl s2 BFEAEN, ENSSERRECHRE.

SH-MEZR:

Stack Heap
r——~"~""~"~""~"~™"™™777 1 r——~"~""~""~~777 1
| | | |
S | | |
| | | |
| ptr o | | | C p p |
| len 3 | | |
| capacity 3 | | |
! I S J
L ___ J
EH-mMEZE:

Stack Heap
"~ ~"~"~"~"~™™777 1 "~~~ 777 1
| | | |
S | | |
| | | |
| ptr o | | | C p p |
| len 3 | | |
| capacity 3 | | |
| | | |
| | | |
| 52 | | |
| | | |
| ptr o | | | C p p |
| len 3 | | |
| capacity 3 | | |
! I S J
L ___ J

v Speaker Notes

KRR

o C++ T 5 Rust BEARENIER, BT "="2EFIEE, EHitd sk
W, ZFE—FRHBELCEEY, EHATRBREK.

HR



o C++REA"std:move”, EARAFIEROUNTIUBHEME, NMERFIA"S2 =
std::move(s1)’, MASEEHENE, BiE, S1"BLTFEREREEIIRS., 5 Rust &
B, BFEROJABEEFER"S1",

e S Rust AE, A C++ B, "="TJRUETERAE, BEABRRTESH SNBHIIKE,


https://en.cppreference.com/w/cpp/utility/move

bR E5iE A P B9 #5 T

RRBEGBARMN, ZESKRWARY S8, XML THRENX:

1
2
3
4
5
6
7
8
9

fn say_hello(name: String) {
println! ("Hello {name}'")

}

fn main() {
let name = String::from("Alice");
say_hello(name) ;
// say_hello(name);

}

Vv Speaker Notes

BXREAE say_hello BY, main EHET name BIFFEN., W/E, main PAREEBER
name ,

£ say_hello REERN, ZRASENA name DECHIENTE,

R main ¥ name EAS|H (&name ) ZiEid%E, H say_hello EZEANSHBISIAH, N
o {REBRE

Lo, main BEILAEEIRIBRANEIE name BI5FE (name.clone() ).

T C++, Rust BIIEHEHMEXIRARKINE, HEatlEFRHTEXRE, EREULED
SIEEIA,



SHIF5kE

BARBHENERINY, BRNBERTEEFIRLRE.

1 fn main() {

2 let x = 42;

3 let v = x;

4 println! ("x: {x}");
5 println!("y: {y}");
6 1}

XEEERISTHT copy trait,

fREJLUEE B CHXBREREHIEN:

1 #[derive(Copy, Clone, Debug)]
2 struct Point(732, 732);

3

4 fn main() {

5 let pl = Point(3, 4);

6 let p2 = pl;

7 println! ("pl: {pl:2}");

8 println! ("p2: {p2:72}");

9 1}

EZ/E, p1 M p2 HEBEBECHIEE.
BAVETTLUER pl.clone() EXEFIHIE,

v Speaker Notes

EHM=EERES:

o SHIREREFEXEMNZRNES, FMERATFERNR.

o EFARARFEENEE (AETF C++ PHEFIMIERE) .

o RER—TMEERIRE, BAFEEELI Clone trait REBENXITAH,
o SHIRNERTLI Drop trait BYSEEY,

FELRROIG, BE=HLATERE:

e £ struct Point BRI String FE., AT String RAET copy EE, AL ZESR
i:':o

o M derive BHDBIR copy . WE, HE[EIRMTF p1 8 println! &,

o IFHWRMRNATE p1, WOHRTHIZEIT,

MBRZREE derive, AFRXZ—M EHFOEM Rust KB FE, EXMIBERT, RES
4 5% Copy F1 Clone trait BIERIASLIL,



gH

FAREE, ROJLALE REERE, MARKRBREN:

1 #[derive(Debug)]

2 struct Point(732, 132);

3

4 fn add(pl: &Point, p2: &Point) -> Point {
5 Point(pl.0 + p2.0, pl.1 + p2.1)

6 1}

.

8 fn main() {

9 let pl = Point(3, 4);

10 let p2 = Point(10, 20);

11 let p3 = add(&pl, &p2);

12 println! ("{p1l:?} + {p2:?2} = {p3:2}");
13 }

e add REEA"WPRIRE—NFTR.
o PRAASFREBWMANRER,

v Speaker Notes

KFHIREAIHEA:

e Demonstrate that the return from add is cheap because the compiler can eliminate
the copy operation. Change the above code to print stack addresses and run it on the
Playground or look at the assembly in Godbolt. In the “DEBUG" optimization level, the
addresses should change, while they stay the same when changing to the “RELEASE”

setting:
1 #[derive(Debug)]
2 struct Point(732, 132);
3
4 fn add(pl: &Point, p2: &Point) -> Point {
5 let p = Point(pl.0 + p2.0, pl.1 + p2.1);
6 println! ("&p.0: {:p}", &p.0);
7 P
8 1}
9
10 pub fn main() {
11 let pl = Point(3, 4);
12 let p2 = Point(10, 20);
13 let p3 = add(&pl, &p2);
14 println! ("&p3.0: {:p}", &p3.0);
15 println! ("{pl:?} + {p2:?} = {p3:2}");
16 }

o Rust fmiFIREEBIATIREIEMR K (RVO),


https://play.rust-lang.org/
https://rust.godbolt.org/

e |In C++, copy elision has to be defined in the language specification because
constructors can have side effects. In Rust, this is not an issue at all. If RVO did not
happen, Rust will always perform a simple and efficient memcpy copy.
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= — ¢-d
H=1EE—REH
Rust fR&EI TERENF:

o Rz ENE, RETUBF— DS &T BH, E

o ROJLIBARE— amut T {H,
1 fn main() {

2 let mut a: 732 = 10;

3 let b: &732 = &a;

4

5 {

6 let c: &mut 732 = &mut a;
7 *Cc = 20;

8 +

9

10 println!("a: {a}");

11 println!("b: {b}");

12 }

v Speaker Notes

o FRRBEERZE, BN a BIMFATRE (BY c ) MATEE (BE b) HKER,

e b B println! FGBIEISIN ¢ NEABZAT, XEBRABHMIURIE,

o XHENGE, FEHFEKIW b REET ¢ X a HITHURERZAERAE., XEERK
ERN—TI8E, BN IENEEREERER,



4 o A

ERANERE £ ARN:

o £GRAMUIZERIAA: add(pl: &Point, p2: &Point) -> Point’,
o A EILARERH): &'a Point. &'document str,
e ¥ &'a Point EEVAEHE Point, 0 # a £HAEAPARER.
o L AHIRLMRIFRIEMEEK: (RABEET NEkEwELH,
o SAmEAIERREBAREN, FERFRIE EEFEERNBRAE R,
e Lifetimes for function arguments and return values must be fully specified, but Rust
allows lifetimes to be elided in most cases with a few simple rules.


https://doc.rust-lang.org/nomicon/lifetime-elision.html

bR 5178 FH oh B 4 2 /&) HP

BRTY(ERESHZS, REET]LUREIERE:

1 #[derive(Debug)]

2 struct Point(732, 132);

3

4 fn left_most<'a>(pl: &'a Point, p2: &'a Point) -> &'a Point {
5 if pl.0 < p2.0 { pl } else { p2 }

6 1}

.

8 fn main() {

9 let pl: Point = Point(10, 10);

10 let p2: Point = Point(20, 20);

11 let p3: &Point = left_most(&pl, &p2);
12 println! ("p3: {p3:2}");

13 }

e 'a B—NZEES, HRmIFSHFERLE,

e L' f ra FLNEGEAHEHEBINGIR,

e ¥ &'a Point EEVAEHN Point, E4 # a £HAEAHEAER.
o HEHEABNEREN, "ED"MAEXEE,

v Speaker Notes

FE LRGSR, BEREHATERE:
o ¥ p2 M p3 WEPBEMEAE({ ... }), TEUTHE:

#[derive(Debug)]
struct Point(i32, i32);

fn left_most<'a>(pl: &'a Point, p2: &'a Point) -> &'a Point {
if pl.0 < p2.0 { p1l } else { p2 }

fn main() {

let pl: Point = Point(10, 10);

let p3: &Point;

{
let p2: Point = Point(20, 20);
p3 = left_most(&pl, &p2);

+

println! ("p3: {p3:2}");



iR BT p3 NEGEABL p2 K, BLTERZF,

o FEETHKX, ARBRYUEZZEKNN fn left_most<'a, 'b>(pl: &'a Point, p2: &'a
Point) -> &'b Point , XRASHERIE, BN 'a M 'b £ESAHZENXERBH,

o B—MERII:

o MW MENMINSIAR—TREER, ZREEE 35— 51H.

o EUMEZRBEEXRMMAARH— (HEKE—TEBRE) .

o BRE—1IR? mERFEMNEX—=, BMERAR, REHNSIA (NERNEASE
W3 ANRERNRE,



S 4548 o 1Y 4 o & B

MRHIFERBEFE T ERANEE, WX ERNEwnEEER:

1
2
3
4
5
6
7
8

9
10
11
12
13
14
15

#[derive(Debug)]

struct Highlight<'doc>(&'doc str);

fn erase(text: String) {
println! ("Bye {text}!");

}

fn main() {
let text = String::from("The quick brown fox jumps over the lazy dog.");
let fox = Highlight(&text[4..19]);
let dog = Highlight(&text[35..43]);
// erase(text);
println! ("{fox:2}");
println! ("{dog:?}");

+

v Speaker Notes

FELRREID, Highlight FRSBHIES estr NEEHIENESRAREDS5FERIZH
BEMED Highlight TH—#EK,

R text £ fox (T dog ) MAGABRERAIFIHE, BREEREME—NEIR.
ERHIENXRSBFERAFPREREHE. XNTUERERNERER, EEESEE
BEEFER,

MAETIRE, IHIREMEEEE B CEUE.
—LESENS|ANERTUBSNERBETER. RTEBHAESNEGERZI, MR
ZEMARSIBZENEGEPXER, NogtEEXEN. XEHIIEESRIAL.



SR

5 C#] C++ —#, Rust XIFEENEMK:

1 struct Person {

2 name: String,

3 age: u8,

4 }

5

6 fn main() {

7 let mut peter = Person {

8 name: String::from("Peter"),

9 age: 27,

10 }s

11 println! ("{} 1is {} years old", peter.name, peter.age);
12

13 peter.age = 28;

14 println! ("{} 1is {} years old", peter.name, peter.age);
15

16 let jackie = Person {

17 name: String::from("Jackie"),

18 . .peter

19 }s

20 println! ("{} is {} years old", jackie.name, jackie.age);
21 }

v Speaker Notes

XS

o ZEMAEANEEANSER C 3 C++ B2,
o AHE typedef BT ENER, X5ER C++ 2, BESEH C RE,
o 5 C++ ARIMNZE, EMRZENEEREXE,
o TEARE"IMmpl"REHITENE, BIMEEEENIOTRTEER,
o XETEERIESHFRERAGFEAREENEIIAR,
o FXEXEBISLI trait B, TJEESFERAR/NAZHEMIE e.g., struct Foo; , BH
DB EROEEREFEEARASTHEE.
o N—RLNTHRBNBRAELE, BFRIARAEZNFER,
o BEIEE". .peter”, HMNuJLIMIBEMBEFKENFER, MARHHBBBAMBEFER., B
WRIRL R ERE— T TR,



FTASHE

MRFREMAEE, RuJLMERTHSEANK:
1 struct Point(732, 732);
2
3 fn main() {

4 let p = Point(17, 23);

5

6

println! ("({}, {H", p.0, p.1);
}

XBEATEFERHNESS (A newtype)
struct PoundsOfForce(f64);

struct Newtons(f64);

1

2

3

4 fn compute_thruster_force() -> PoundsOfForce {
5 todo! (""Ask a rocket scientist at NASA")

6

7

8

}
fn set_thruster_force(force: Newtons) {
9 /) ...
10 }
11
12 fn main() {
13 let force = compute_thruster_force();
14 set_thruster_force(force);
15 }
16

v Speaker Notes

o MEXNETERPIENTIMSEHITRHRE, £H newtype 2—RIEEFHHE, Hla:
o HFRURLBAREGE: LARHFIPA Newtons
o EHEAIENEES—LKIE, AEABREEEERERNESERRIEE:
PhoneNumber (String) E{ OddNumber (u32) ,
o RBARMNIELIFIE newtype PHIEBENFE:, ¥ fo4 ERME] Newtons ZEH,
o Rust BEARERANPHIRNE, FIaEBRHIIEH/REBIEREL.
o BEMEHEE 3IX (ZE) e,
o LL/RBIISEMISIE T XESERNES EKMEBE,


https://zh.wikipedia.org/wiki/%E7%81%AB%E6%98%9F%E6%B0%A3%E5%80%99%E6%8E%A2%E6%B8%AC%E8%80%85%E8%99%9F

FERESIE;

MRGBEBBMERNEE, NoJMERBSECIZEME:

1 #[derive(Debug)]

2 struct Person {

3 name: String,

4 age: us,

5 1}

6

7 dimpl Person {

8 fn new(name: String, age: u8) -> Person {
9 Person { name, age }

10 }

11 }

12

13 fn main() {

14 let peter = Person::new(String::from("Peter"), 27);
15 println! ("{peter:2}");

16 }

v Speaker Notes

o ERMB new BB TILUER" "Self1EALE, FACUISEMIRLEZFRE R

1 #[derive(Debug)]

2 struct Person {

3 name: String,

4 age: u8,

5 }

6 impl Person {

7 fn new(name: String, age: u8) -> Self {
8 Self { name, age }

9 }
10 }

o NEMRLI Default’trait, EX—EFEHXNEMFERERIIAE.



1 #[derive(Debug)]

2 struct Person {

3 name: String,

4 age: u8,

5 1}

6 impl Default for Person {

7 fn default() -> Person {
8 Person {

9 name: "Bot".to_string(),
10 age: 0,

11 }

12 }

13 1}

14 fn create_default() {

15 let tmp = Person {

16 ..Person::default()
17 15

18 let tmp = Person {

19 name: "Sam".to_string(),
20 ..Person::default()
21 }s
22 }

o JIIERE impl"RIIEITEXH,

o [FREMAREFNEEUF R peter EX—NEME, BEE, 2B EEHLNRE
“peter”,

o TEHIBEMIKET, ER{#?}"KiEFK'Debug'E£RE,



Bk

Rust RIFANSRESILREXER, EoLAUER Impl" K HFATURE

1 #[derive(Debug)]

2 struct Person {

3 name: String,

4 age: us,

5 1}

6

7 dimpl Person {

8 fn say_hello(&self) {

9 println!("Hello, my name is {}", self.name);
10 }

11 }

12

13 fn main() {

14 let peter = Person {

15 name: String::from("Peter"),
16 age: 27,

17 }s

18 peter.say_hello();

19 }

v Speaker Notes

XA

o SIATGEN, BAESREHTHREEEEY.
o HEEMAR (FlNGEAsiz) N ARG E, E—1SEZEFRTA
“self”,
o FRETURRIEEERTE, UENADEREESEEZHFLAEEGRE., BEERA
%, BINOILEHEXIABEREE— DI UNAE.
o IEHXBF sell'NAE, BR—MIEEIES.
o BRERE"self: Sel"MBEEARIE, HIFEEREWABRNTTEERE.
o BR"Self"2"impl"IRATEXRAIXRFIE, TJLAERSPHNEMIERER,
o EH"sell"NERAANSEMEWE—1, FRIUERARRTNERIERSTFR,
o XoJgER BN "&self" M "self"Z5IAVIF R, BREBERXABHZHNIT say_hello B
IRBNT],
o TH, BIMNBNEREEREZBNKXA,



HiEERE

FER &self"RP|ZFTEFUARTZNANER THR, EEEM O N AR

o “&self": FEAARTZNHAZSIANBRAALEANR, ZEUUBRERZNR,

o “&mutself": EAE—NTESIAMNBALERNR, ZEITUBRERZNR,

o “self’. RENRNAENFRENBALBL., ZHESRANRNAEE ., RIFBHER
MNROFAAR, BVEZGEREN, MREKER (BEDEKR) . EER2AENR, A%
FETESUXMLE,

e mut self: B, EBIZAETIUNENR,

o TEWER: XBBANEMKRLNFHSHTE, BEEATOIEMERLY, RIRFIERA new’,

Beyond variants on self, there are also special wrapper types allowed to be receiver types,
such as Box<Self> .

v Speaker Notes

ZREEEZAATR N HE—HOE, ATEARESMANNER, XELRE Rust PERE—
wHI, miself"B AR FII, BEENSMIESIBAEREANEBA—TNE ("&mut self’) 7
%o


https://doc.rust-lang.org/reference/special-types-and-traits.html

=l

O oo~NOOU D~ WNR

WWWWWwwwwwNNNNNNNNNNHRRHEHRBRRRERBRR
©O~NONRNWNROOWOWMNOUNWNROOWOONOUNWNERO

#[derive(Debug)]
struct Race {
name: String,
laps: Vec<i32>,

}
impl Race {
fn new(name: &str) -> Race { // No receiver, a static method
Race { name: String::from(name), laps: Vec::new() }
}
fn add_lap(&mut self, lap: 732) { // Exclusive borrowed read-write acce
self.laps.push(lap);
}
fn print_laps(&self) { // Shared and read-only borrowed access to self
println! ("Recorded {} laps for {}:", self.laps.len(), self.name);
for (idx, lap) in self.laps.iter().enumerate() {
println! ("Lap {idx}: {lap} sec");
}
}
fn finish(self) { // Exclusive ownership of self
let total = self.laps.iter().sum::<732>();
println! ("Race {} 1is finished, total lap time: {}", self.name, total
}
+
fn main() {
let mut race = Race::new("Monaco Grand Prix");
race.add_lap(70);
race.add_lap(68);
race.print_laps();
race.add_lap(71);
race.print_laps();
race.finish();
// race.add_lap(42);
}

v Speaker Notes

XA

XEN AN EESER — TN AR TARIER,
o RULME XS UM MR RO X E EERIMNERIE, URES/AIREBE " Main"H
BIXERZERE,
o #UILARRESINIER finish"MX i HILAEIR
BER, RENFRESEAE, ER2IFHFSREE main REUAPRIERS AR, Rust X
FERADENBMSIAMESIH, ASEIMA &N muts"MEZN RS FFESE S T



fc.
o MHIFTILMEE print_laps EANERAEIEAHVector, FATEETFIFHIRAXLE

vector,



FE_XLEFIE

HAVBERAT R R
o FREEBNERIER
s RERBENRRAEIHER

v Speaker Notes

After looking at the exercises, you can look at the solutions provided.


https://google.github.io/comprehensive-rust/zh-CN/exercises/day-2/solutions-morning.html

BEEE

We will learn much more about structs and the vec<T> type tomorrow. For now, you just
need to know part of its API:

fn main() {
let mut vec = vec![10, 20];
vec.push(30);
let midpoint = vec.len() / 23
println! ("middle value: {}", vec[midpoint]);
for ditem in &vec {
println! ("item: {item}");
}

O oo ~NOOU D WNBKE

}

Use this to model a library’s book collection. Copy the code below to https://play.rust-
lang.org/ and update the types to make it compile:


https://play.rust-lang.org/
https://play.rust-lang.org/

struct Library {
books: Vec<Book>,

}

struct Book {
title: String,
year: ulé6,

}
impl Book {
// This 1is a constructor, used below.
fn new(title: &str, year: ul6) -> Book {
Book {
title: String::from(title),
year,
}
}
}

// Implement the methods below. Notice how the “self’ parameter
// changes type to indicate the method's required level of ownership
// over the object:

/1l
/1l
/-

impl

}

‘&self’ for shared read-only access,

‘&mut self’ for unique and mutable access,
‘self’ for unique access by value.

Library {

fn

}

fn

fn

fn

fn

fn

new() -> Library {
todo! ("Initialize and return a ‘“Library’ value")

len(&self) -> usize {
todo! ("Return the length of “self.books™")

is_empty(&self) -> bool {
todo! ("Return “true’ if ‘self.books' is empty")

add_book (&mut self, book: Book) {
todo! ("Add a new book to “self.books™")

print_books(&self) {
todo! ("Iterate over ‘self.books® and print each book's title and year")

oldest_book(&self) -> Option<&Book> {
todo! ("Return a reference to the oldest book (if any)")

fn main() {
let mut library = Library::new();

println!(

"The library is empty: library.is_empty() -> {}",



library.is_empty()
)5

library.add_book(Book: :new("Lord of the Rings'", 1954));
library.add_book(Book: :new("Alice's Adventures in Wonderland", 1865));

println!(
"The library 1is no longer empty: library.is_empty() -> {}",
library.is_empty()

)5

library.print_books();

match library.oldest_book() {
Some (book) => println!("The oldest book is {}", book.title),

None => println! ("The library is empty!"),
}

println! ("The library has {} books", library.len());
library.print_books();



Emgtit

RIEALR—MERBERR, FARPHN—ED, REENAPNRREHEIREHTELR,

User ZEMAREIENT impl RP—LERHHERECEL T, RBIBIREIIAE impl RPENXH
User struct E’\]H%o

BATRIBE S https://play.rust-lang.org/, FERRENSE:


https://play.rust-lang.org/

// TODO:

remove this when you're done with your implementation.

#![allow(unused_variables, dead_code)]

pub struct User {
name: String,

age:

u32,

height: 32,
visit_count: usize,
last_blood_pressure: Option<(u32, u32)>,

pub struct Measurements {
height: 32,
blood_pressure: (u32, u32),

pub struct HealthReport<'a> {
patient_name: &'a str,
visit_count: u32,
height_change: 32,
blood_pressure_change: Option<(i32, 1i32)>,

}

impl User {

pub

}

pub

pub

pub

pub

pub

pub

}

pub
{

fn new(name: String, age: u32, height: f32) -> Self {
todo! ("Create a new User -tinstance")

fn name(&self) -> &str {
todo! ("Return the user's name")

fn age(&self) -> u32 {
todo! ("Return the user's age")

fn height(&self) -> f32 {
todo! ("Return the user's height")

fn doctor_visits(&self) -> u32 {
todo! ("Return the number of time the user has visited the doctor™")

fn set_age(&mut self, new_age: u32) {
todo! ("Set the user's age")

fn set_height(&mut self, new_height: f32) {
todo! ("Set the user's height'")

fn visit_doctor(&mut self, measurements: Measurements) -> HealthReport

todo! ("Update a user's statistics based on measurements from a visit to

the doctor")

}



}

fn main() {

}

let bob = User::new(String::from("Bob"), 32, 155.2);
println!("I'm {} and my age is {}", bob.name(), bob.age());

#[test]
fn test_height() {

}

let bob = User::new(String::from("Bob"), 32, 155.2);

assert_eq! (bob.height(), 155.2);

#[test]
fn test_set_age() {

}

let mut bob = User::new(String::from("Bob"), 32, 155.2);

assert_eq! (bob.age(), 32);
bob.set_age(33);
assert_eq! (bob.age(), 33);

#[test]
fn test_visit() {

let mut bob = User::new(String::from("Bob"), 32, 155.2);

assert_eq! (bob.doctor_visits(), 0);

let report = bob.visit_doctor(Measurements {
height: 156.1,
blood_pressure: (120, 80),

1)

assert_eq! (report.patient_name, "Bob");

assert_eq! (report.visit_count, 1);

assert_eq! (report.blood_pressure_change, None);

let report = bob.visit_doctor(Measurements {
height: 156.1,
blood_pressure: (115, 76),

s

assert_eq! (report.visit_count, 2);

assert_eq! (report.blood_pressure_change, Some((-5, -4)));



R

Rust Mt —MMrERE, WEBBMTEI—ME Rust EMRERF ERANERERE., XF—K, BD
FEfET] It iaiiztE, EACIMERERE string KB,

REEC R EE:

e oOption #l Result ZEE: HFOIEER Hi1ZIE,
o string: ATFBEBHIENKINFRBEEE,

o Vec: tRENTITREE,

e HashMap : XEUEERFEELNRFMST K8,

e Box : ERTHAREIENBHIEH.

o Rc: EATHSBRIIENLESIBITHEES,

v Speaker Notes

e Rust ?&Bﬁ?té\ﬁé/ﬁﬁéﬁﬁ’]ﬁ)ﬁﬁ IHRlRZ core. alloc fl std,

o core BERERNERERE, XERBEHHAKEBTF Libc . NECEE HEEFEERE
5,

e alloc BIEEELFHNEESHIZER, HIW] vec. Box M Arc,

o #X AT Rust NAHEBEERER core, B/R&EEA alloc,


https://google.github.io/comprehensive-rust/zh-CN/std/option-result.html
https://google.github.io/comprehensive-rust/zh-CN/error-handling.html
https://google.github.io/comprehensive-rust/zh-CN/std/string.html
https://google.github.io/comprehensive-rust/zh-CN/std/vec.html
https://google.github.io/comprehensive-rust/zh-CN/std/hashmap.html
https://google.github.io/comprehensive-rust/zh-CN/std/box.html
https://google.github.io/comprehensive-rust/zh-CN/std/rc.html

Option #1 Result

e itk N b 6

fn main() {
let numbers = vec![10, 20, 30];
let first: Option<&i8> = numbers.first();
println! ("first: {first:?2}");

let arr: Result<[78; 3], Vec<i8>> = numbers.try_into();

1
2
3
4
5
6
7 println!("arr: {arr:2?}");
8

v Speaker Notes

option # Result BIEREER, AERFIREE.

BT &1, Option<&T> N EHFHEAE,

Result A TILIERLENIREXE, HIPEESE 3 RINRBPNE,

e try_into attempts to convert the vector into a fixed-sized array. This can fail:
o If the vector has the right size, Result::0k is returned with the array.

o Otherwise, Result::Err isreturned with the original vector.



String

String BANEHDEHTT S UTF-8 ZRBEETX:

o ~NOULL b WDNBRE

(o]

10
11
12
13
14

fn main() {
let mut s1 = String::new();
sl.push_str("Hello");
println!("sl: len = {}, capacity = {}", sl.len(), sl.capacity());

let mut s2 = String::with_capacity(sl.len() + 1);
s2.push_str(&sl);

s2.push('!");

println!("s2: len = {}, capacity = {}", s2.len(), s2.capacity());

let s3 = String::from(" c H ")}
println!("s3: len = {}, number of chars = {}", s3.len(),
s3.chars().count());

}

String SXLI Deref<Target = str> , XREKERTILL X string WARE str Ak,

v Speaker Notes

“String:new'RIREI—NMNZFR/EH, MRENEBCREHXIFZHENHIEE, 5E
A“String::with_capacity”,
“String:len"&IRE“String"BIK/N (UIFTAEAL, tREARFUAFRABMNEKE) .
“String::chars"&$ XN LFRFFRPIRE—MERER . BER, BFFEFE, “charo]gg 5 AR
WA FERF"BIRAR,
HANHREIFF B, tJaERIE"&str'sl"String”,
HEN LB I Deref<Target = T>"BY, wmIFF/IIULBULAFERAZANTEABL E.

o “String"&XH"Deref<Target = str>", FE O AFEAMIZFHEIF T str" 7775814

PR

o BETHE®K let s3 =s1.deref();"f1"“let s3 = &*s1;”,
“String’ 2EAFHTRENTRFRILIUM, XE LFFIITFSRIERE String” LR ZXHF,
BE—LEHIMRIE,
EbAG String" ARSI AR AR :

o fEF"s3.chars().nth(i).unwrap()"#&#AFHRF, HEPI"iEREEHA.

o WIIEM"S3[0. 4N FFKFEH, Hpix Slice ERAEFFILR L.


https://doc.rust-lang.org/std/string/struct.String.html
https://doc.rust-lang.org/std/string/struct.String.html#deref-methods-str
https://docs.rs/unicode-segmentation/latest/unicode_segmentation/struct.Graphemes.html

Vec

Vec RARAERNTIHAEX/NESRE DX :

o ~NOULL b WDNBRE

(o]

10
11
12
13
14
15
16
17
18
19
20
21

fn main() {
let mut vl = Vec::new();
vl.push(42);
println!("vl: len = {}, capacity = {}", vl.len(), vl.capacity());

let mut v2 = Vec::with_capacity(vl.len() + 1);
v2.extend(vl.iter());

v2.push(9999);

println! ("v2: len = {}, capacity = {}", v2.len(), v2.capacity());

// Canonical macro to initialize a vector with elements.
let mut v3 = vec![0O, 0, 1, 2, 3, 4];

// Retain only the even elements.
v3.retain(|x| x % 2 == 0);
println! ("{v3:2}");

// Remove consecutive duplicates.
v3.dedup();
println! ("{v3:2}");

}

Vec LI Deref<Target = [T]> , XERKEEOILAXS vec A slice F&,

v Speaker Notes

“Vec"AR"String"fl"HashMap"#2—M&ES. EESNMESEREEE L. XRKREER
FERNAFTENEHRE., CSuIEETRIERELEN,

Notice how Vec<T> is a generic type too, but you don't have to specify T explicitly. As
always with Rust type inference, the T was established during the first push call.
“vecl[..I"RARAE Vec:new()'NAEHE, EXFREERMIBTE.,
MBEEBRARS|, EAUEAT T75%, BNRBHBR, KBS panic, Lo, &
F"get"&RE]"Option”, “pop" R SBBREE—TNTE.

NBIIMEREEHERXEHE: “for e in &mut v { *e += 50; }"


https://doc.rust-lang.org/std/vec/struct.Vec.html
https://doc.rust-lang.org/std/vec/struct.Vec.html#deref-methods-%5BT%5D

HashMap

FOERIEF IS, AE$X HashDoS A fRiPHEHE :

1 use std::collections::HashMap;

2

3 fn main() {

4 let mut page_counts = HashMap::new();

5 page_counts.insert("Adventures of Huckleberry Finn".to_string(), 207);

6 page_counts.insert("Grimms' Fairy Tales".to_string(), 751);

7 page_counts.insert("Pride and Prejudice".to_string(), 303);

8

9 if !page_counts.contains_key('"Les Misérables") {

10 println! ("We know about {} books, but not Les Misérables.",

11 page_counts.len());

12 }

13

14 for book in ["Pride and Prejudice", "Alice's Adventure in Wonderland"] {
15 match page_counts.get(book) {

16 Some(count) => println! ("{book}: {count} pages"),

17 None => println! ("{book} is unknown.'")

18 }

19 }
20
21 // Use the .entry() method to insert a value if nothing is found.
22 for book in ["Pride and Prejudice", "Alice's Adventure in Wonderland"] {
23 let page_count: &mut 732 = page_counts.entry(book.to_string()).or_ir
24 *page_count += 1;
25 }
26
27 println! ("{page_counts:#2}");
28 }

v Speaker Notes

o "HashMap"REFEFEX, REFEANTETP,

o BRIAERUTRET, B—ITREBBBRSEX hashmap &; MEARE, MWREEHA
B, MERZEEPS, T2 hashmap hEABRIE,

let pcl = page_counts
.get("Harry Potter and the Sorcerer's Stone ")
.unwrap_or (&336) ;

let pc2 = page_counts
.entry("The Hunger Games".to_string())

.or_insert(374);

o BROE, S'ved'FE, RAFEAREN hashmap!"E.



o A3iF, M Rust1.56 F8, HashMap LI T “From<[(K, V); N]>", iEZAIBEGE R
NFEEHAVIRHIEH RS :

let page_counts = HashMap::from([
("Harry Potter and the Sorcerer's Stone".to_string(), 336),
("The Hunger Games'".to_string(), 374),

DK

o I, HashMap tho] AR F R o4& i - BT Al Iterator" #HITHE,

o FMERR"HashMap<String, i32>", BREG &str AR, LMERKRA., SR, TTE
S5 EASIA, BUSSEERRERLAERTE,

o M ERRFI PR to_string()”, BEREERENURIF. BINAKNTRESERL
Fo ENS E) 8] ?

o WWABBHIMIFETHENREEZRE, Fan"std:collections::hash_map::Keys", XL
KB FEESHIE Rust WEIERERD, FRARTUIERBNNA, PIKRIER"keys"/57E
RUSCFBEER,


https://doc.rust-lang.org/std/collections/hash_map/struct.HashMap.html#impl-From%3C%5B(K,+V);+N%5D%3E-for-HashMap%3CK,+V,+RandomState%3E

BoXx

Box EiEMHE FHIRIEHREE:

1 fn main() {

2 let five = Box::new(5);

3 println! ("five: {}", *xfive);
4 }

Stack Heap
- B - B
| . | | |
| five | | |
| | | |
| ° | g |
| | | |
| | | |
Lo - J Lo - J

Box<T> SXLI Deref<Target = T> , XEKEZRTUIUEET Box<T> LB 1 ARENGE,

v Speaker Notes

o FEC++ P, Box 5 std::unique_ptr M, RTE—ESAR null LSk,
o EIFEMNRHID, EANE peref, BEETILUE println! BAPEHIE «,
o ELATIERT, Box TDJRERTRLH:
o EHMFENEIBEILEMBEA/NNEERE, (B Rust wiFssHmERERIIK/AN,
o BEHILXSHIENMENR, NBREHk LEFIKELIE, BB EIBEEMREE
Box AU E, PAMERBIIEEH.


https://doc.rust-lang.org/std/boxed/struct.Box.html
https://doc.rust-lang.org/std/ops/trait.Deref.html#more-on-deref-coercion

B1EiE 3RS 1987 Box

BIREIEREFEF NS/ NNEIRERETEEM Box !

1 #[derive(Debug)]
2 enum List<T> {
3 Cons (T, Box<List<T>>),
4 Nil,
5 }%
6
7 fn main() {
8 let list: List<7i32> = List::Cons(l, Box::new(List::Cons(2, Box::new(List
9 println! ("{list:?}");
10 }
>
Stack Heap
-~~~ 7 B r——~"~~>""~"""~>"~"""~>"™"™>"™"™"™"™"™"™"™"™"7™77 B
| . | | |
| list | | |
: Cons | 1 o : : »| cons | 2 | o——| Nil /1 / :
| | | |
| | | |
J b e e e e e e e J

v Speaker Notes

e If Box was not used and we attempted to embed a List directly into the List, the
compiler would not compute a fixed size of the struct in memory ( List would be of
infinite size).

o Box K/NS—RIEEHER, FERSERMBEPH T List TR, BEULTURRIXNE

=]
ﬂo

e J& Box M List EXIERE, BEELEERREFRREIR. WREEF"Recursive with
indirection"f$i28 8, XEEIERA(EH Box REMERWS| B, MARHEMREE.



INRIRAE

1 #[derive(Debug)]

2 enum List<T> {

3 Cons (T, Box<List<T>>),

4 Nil,

5 1}

6

7 fn main() {

8 let list: List<7i32> = List::Cons(l, Box::new(List::Cons(2, Box::new(List
9 println! ("{list:?}");

10 }

Box AGAZ, FUIEHHRZEREIF null , XH, HESMIUREREFNRE:

» 2 | o——»| // | null

—_
o



Rc

Re BIIRITHBIEZRE. NREFENSNMUE SIRBEENEE, BERLE:

1 wuse std::rc::Rc;

2

3 fn main() {

4 let mut a = Rc::new(10);

5 let mut b = Rc::clone(&a);
6

7 println!("a: {a}");

8 println!("b: {b}");

9 1}

e See Arc and Mutex if you are in a multi-threaded context.

o MUILARHZIEE B N weak 18, UERIBZESWEFHEHSIA,
v Speaker Notes

e Rc NIHHOIHERAZSGSIAH, ASNENSREEN.

Rust Uy “Rc"5 C++ thf“std::shared_ptr"Z4{iL,

Rc::clone HMARIE: XMUEREIZERERSENIES, FIEMSIBIHE, MARF

SRENTE, HEADMEERRIER AR,

o make_mut EfRESEMENTEREE (“clone-on-write”) , HIREITTEAISIA.

fEM Rc::strong_count TIEES|AIHEL,

e Rc::downgrade givesyou a weakly reference-counted object to create cycles that will
be dropped properly (likely in combination with RefCell, on the next slide).


https://doc.rust-lang.org/std/rc/struct.Rc.html
https://google.github.io/comprehensive-rust/zh-CN/concurrency/shared_state/arc.html
https://doc.rust-lang.org/std/sync/struct.Mutex.html
https://doc.rust-lang.org/std/rc/struct.Weak.html

“Cell"#1”RefCell”

Cell and RefCell implement what Rust calls interior mutability: mutation of values in an

immutable context.

‘CelNBEATRIEXE, ANCEEEHNBNE. EERNANEREBEFERRefCell’, ESH

BITNRREXZMEENIIA, AEXES| AHIERAE panic,

use std::cell::RefCell;
use std::rc::Rc;

1

2

3

4 #[derive(Debug, Default)]

5 struct Node {

6 value: 764,

7 children: Vec<Rc<RefCell<Node>>>,
8

9

}

10 1impl Node {

11 fn new(value: 764) -> Rc<RefCell<Node>> {

12 Rc::new(RefCell::new(Node { value, ..Node::default() }))
13 }

14

15 fn sum(&self) -> 764 {

16 self.value + self.children.iter().map(|c| c.borrow().sum()).sum:
17 }

18 }

19

20 fn main() {

21 let root = Node::new(1);

22 root.borrow_mut().children.push(Node: :new(5));

23 let subtree = Node::new(10);

24 subtree.borrow_mut().children.push(Node::new(11));

25 subtree.borrow_mut().children.push(Node: :new(12));

26 root.borrow_mut().children.push(subtree);

27

28 println! ("graph: {root:#2}");

29 println! ("graph sum: {}", root.borrow().sum());

30 }

v Speaker Notes

1< T¢

o UL RABID, MER(VERLR Cell"TmIERefCell”, MHFE“Node” W'Rc"thfs DL HEE F
N, ARBBERBLOERMN, XRLZENMCE, AARTKRDPERE— 1RSI ANE, BXAR

HEAFIES,
o WFEER Node HUITETIRIE, BRITUFA"RefCell"/57%, BEN"borrow"sg
“borrow_mut”,

o SEROJLUEIZ @ subtree.children”Z N root"kGIES | BER (AEZ2RHBEE! ) .


https://doc.rust-lang.org/std/cell/struct.Cell.html
https://doc.rust-lang.org/std/cell/struct.RefCell.html

o AT IERIBITH panic, BRM— PRI self.value"H AR G EBBEFTH fn
inc(&mut self)’, WREFESIAER, = panic, FH"thread”main"&&"already
borrowed: BorrowMutError"m panic,



RIR
HMNEEF T impl"RUMIIERANERE s A= BE AN —FpLE,
B4, “mod"itEAIeI KRR MR nR =8

1 mod foo {

2 pub fn do_something() {

3 println!("In the foo module");
4 +

5 1}

6

7 mod bar {

8 pub fn do_something() {

9 println! ("In the bar module'");
10 }

11 }

12

13 fn main() {

14 foo::do_something();

15 bar::do_something();

16 }

v Speaker Notes

o GRMINEE, HAS—NMERNEHWESS 1 MUL crate BUIEEIEEY Cargo.tom|"XX 44,
o crate 2 —MiEHANY, Hdg) i crate SEIZ—DoIHITIXE, TE crate SH/mFNE,
o BERENTHRNMEGE, HEARKIEAMWNER,



o] 1%
RIRE—FPIRFAL R

o BNERT, SRERAEN (BRIMER)
o« QEHRRFFHLTR.
o BEZ, MBEATUERSR T PAR, BAKTE oo NFARRPHIAR,

1 mod outer {

2 fn private() {

3 println! ("outer::private");
4 +

5

6 pub fn public() {

7 println! ("outer::public");
8 +

9

10 mod 1inner {

11 fn private() {

12 println! ("outer::inner::private");
13 }

14

15 pub fn public() {

16 println! ("outer::inner::public");
17 super::private();

18 }

19 }
20 }
21
22 fn main() {
23 outer::public();
24 }

v Speaker Notes

o ERA"pUb" XBFRHERIRANTF.
b4, BRTTLAMER SR pub(...) iR BB R KR & A FF o] IWATSEE.

o 557 Rust &%,

o FLE"pub(crate)' a2 —FfpE LER,

o MUILIARERAEFILM, XPERAKERL,

o EREABRT, BAEELER (REFEENR) BFILM,


https://doc.rust-lang.org/reference/visibility-and-privacy.html#pubin-path-pubcrate-pubsuper-and-pubself

Y
7
BEEROT:
1. fERBEXNIERER:

o foo T self::foo RIEHAERPH foo,
o “super:foo"2EREHR P foo”,

2. MENBEXIRE:

o crate::foo 2¥EYHEI crate NEDH foo ,
o “par:foo"2i5"bar’crate 1 89“foo”,

—MERTLUMER " use"BE —MERNFA S LA, BEEESMERNMFIEFINTARS:

1 use std::collections::HashSet;
2 wuse std::mem::transmute;



XERGERREH

MREBERANE, WRIETR Rust ER— PGP ERK:

1

mod garden;

X EH Rust TTLATE src/garden.rs"ikE garden" S NE ., B, BoIAE
“src/garden/vegetables.rs"thik | garden::vegetables t& ik,

“crate" iR B R F:

e “src/lib.rs” (XFJE crate)
e “src/main.rs” (X+F Zi#HHIS 4 crate)

T LMER"WEREER XN X P EXNERHAITIER, XEBTFIEREEB NN (EARFID R

BIR)

1 //! This module implements the garden, including a highly performant germin:
2 //! implementation.

3

4 // Re-export types from this module.

5 pub use seeds::SeedPacket;

6 pub use garden::Garden;

7

8 /// Sow the given seed packets.

9 pub fn sow(seeds: Vec<SeedPacket>) { todo!() }
10
11 /// Harvest the produce in the garden that is ready.
12 pub fn harvest(garden: &mut Garden) { todo!() }

v Speaker Notes

7£ Rust 2018 ZHIBARA D, EREEN T "module/mod.rs"mIE“module.rs"th, XFF
2018 FZGHIRAM S, XNEBARHNERAZR,

5| N“filename.rs"K& K filename/mod.rs"NFEREZ, FSEZ"'mod.rs"8X447E IDE
haJREELAX 7,

BMEERRENH, ERENRED O] LAERHE:

src/

F—— main.rs

F—— top_module.rs
L top_module/
L sub_module.rs

Rust SHARRIME OB fRIFRIELSE N



#[path = "some/path.rs'"]

mod some_module;

BN, REBEENMERINRMESZ N "some_module_test.rs"BI3 D (£ F Go &
BIEHI) |, XHEMEER.,



F_XTHIE
SXTFHIBRERXEFFE (string) FIEEE (iterator) ,

v Speaker Notes

After looking at the exercises, you can look at the solutions provided.


https://google.github.io/comprehensive-rust/zh-CN/exercises/day-2/solutions-afternoon.html

IECERFIER B

Rust NFFERER S IWIFZS API, a0, “lterator"f1”Intolterator” trait,

“Iterator”

trait 2UFEO: BIERERBERNITA (F3X) . Iterator trait AR EMETILUAA next ,
BEFIR[E None :

pub trait Iterator {
type Item;
fn next(&mut self) -> Option<Self::Item>;

ORI T A VER L trait:

1 fn main() {

2 let v: Vec<i8 = vec![1l0, 20, 30];

3 let mut diter = v.iter();

4

5 println! ("v[0]: {:?}", iter.next());

6 println! ("v[1]: {:?}", diter.next());

7 println!("v[2]: {:?}", diter.next());

8 println! ("No more -items: {:?}", diter.next());
9 1}

ER|IREINERZMA? FELNXENER:

1 fn main() {
2 let v: Vec<i8> = vec![1l0, 20, 30];
3 let mut +diter = v.iter();
4
5 let vO: Option<..> = dter.next();
6 println! ("vo: {vo:2}");
7}
N AEFEHICEE?
“Intolterator”

“Iterator'trait S MR ELEER R UWEAHTENR ., H8X trait"Intolterator’' S S A AN B2 1%
28


https://doc.rust-lang.org/std/iter/trait.Iterator.html
https://doc.rust-lang.org/std/iter/trait.IntoIterator.html

pub trait IntoIterator {
type Item;
type IntoIter: Iterator<Item = Self::Item>;

fn into_iter(self) -> Self::Intolter;

XEBERNEEER, “Intolterator"tE N SLIER RS BB PR AP KB

o TItem: BADEMRBIEE, HaD s,
e “Intolter”: “into_iter" /5 &R B8 Iterator"ZEEY

Note that IntoIter and Item are linked: the iterator must have the same Item type,
which means that it returns Option<Item>

MZrai—#, ER[ERENREZMA?
fn main() {
let v: Vec<String> = vec![String::from("foo"), String::from("bar")];

let mut diter = v.into_iter();

let vO: Option<..> ter.next();

1
2
3
4
5 = 1
6 println!("vo: {v0:2}");
-

ufo I'"EH;

WE, ®AIETHE T "Iterator"f“Intolterator”, FETFROILIMEEfor'BH T . ENSHIERIERIE
F"into_iter()”, FXERMBIEA R FITER:

1 fn main() {

2 let v: Vec<String> = vec![String::from("foo"), String::from("bar")];
3

4 for word in &v {

5 println! ("word: {word}");
6 +

7

8 for word in v {

9 println! ("word: {word}");
10 }

11}

BENMEFD R word" 24 %KH?

Experiment with the code above and then consult the documentation for imp1l
IntoIterator for &Vec<T> and +impl IntoIterator for Vec<T> to check your answers.


https://doc.rust-lang.org/std/vec/struct.Vec.html#impl-IntoIterator-for-%26'a+Vec%3CT,+A%3E
https://doc.rust-lang.org/std/vec/struct.Vec.html#impl-IntoIterator-for-%26'a+Vec%3CT,+A%3E
https://doc.rust-lang.org/std/vec/struct.Vec.html#impl-IntoIterator-for-Vec%3CT,+A%3E

FITERFENEE

FEARLGI D, BRI Web IRS[NEHAHR ., RSFREEFSTMRENR, XEMRSEKRER
LE, BERAKRUUEESZERERNBERR. BSH TENETUE,

BUATRBEHZ https://play.rust-lang.org/, RRIGEEINR, BREBEEAPEERSE
“Vec":

// TODO: remove this when you're done with your -{implementation.
#![allow(unused_variables, dead_code)]

pub fn prefix_matches(prefix: &str, request_path: &str) -> bool {
unimplemented! ()

}

#[test]

fn test_matches_without_wildcard() {
assert! (prefix_matches("/vl/publishers", "/vl/publishers"));
assert! (prefix_matches("/vl/publishers", "/vl/publishers/abc-123"));
assert! (prefix_matches("/vl/publishers", "/vl/publishers/abc/books"));

assert! (!prefix_matches("/v1l/publishers", "/v1"));
assert! (!prefix_matches("/vl/publishers", "/v1/publishersBooks"));
assert! (!prefix_matches("/vl/publishers", "/vl/parent/publishers"));

}

#[test]
fn test_matches_with_wildcard() {
assert! (prefix_matches(
"/vl/publishers/*/books",
"/vl/publishers/foo/books"
))s
assert! (prefix_matches(
"/vl/publishers/*/books",
"/vli/publishers/bar/books"
))s
assert! (prefix_matches(
"/vl/publishers/*/books",
"/vli/publishers/foo/books/bookl"

)5

assert! (!prefix_matches("/vl/publishers/*/books", "/vl/publishers'"));
assert! (!prefix_matches(

"/vl/publishers/*/books",

"/vl/publishers/foo/booksByAuthor"

)3


https://play.rust-lang.org/

RiMS05E 3 XERE

X, BITBENE—LESRA Rust .

trait: JR&E trait, EOAFGEMNEZEEARERE trait,

o ZE: ZREHIEXRTE. ZERLEA. BHUM trait WK,
o fEHIRQLIE: panic, “Result"fl try m& /7",
o WiK: BT, SN FISERGIR,

e RZE Rust: RipiEst. BHERE. FARERHAIMNIRL,



i

Rust support generics, which lets you abstract algorithms or data structures (such as sorting
or a binary tree) over the types used or stored.



ERSERE

O] LAE RIZ B B R R BHITHRALIE:

1 #[derive(Debug)]
2 struct Point<T> {
3 x: T,

4 y: T,

5 }

6

7 fn main() {

8 let integer = Point { x: 5, y: 10 };
9 let float = Point { x: 1.0, y: 4.0 };
10 println! ("{integer:?} and {float:2}");

11 }

v Speaker Notes

o ZHXEH— ML E"let p=Point{x:5,y:10.0}",

o BIERN, UATREBAEXENTE.



2B

RO ATE impl RO EBRIER LR

1 #[derive(Debug)]

2 struct Point<T>(T, T);

3

4  Ampl<T> Point<T> {

5 fn x(&self) -> &T {

6 &self.0 // + 10

7 +

8

9 // fn set_x(&mut self, x: T)
10 }

11

12 fn main() {

13 let p = Point(5, 10);

14 println!("p.x = {}", p.x());
15 }

v Speaker Notes

o *@: *AMHA T £ dimpl<T> Point<T> {} PIBETMWX? XAZRZSRHIG?
o XERERNERZEERAZEIAIMS., BNERINZEANS,
o XEREXLLERTNIE 1 EXH,
o TILAZRE dmpl Point<u32> { .. },
» Point XKAZ—MZE, HEKOILMER Point<fes> , BIRPHYGIERNE
BT Point<u32>,



Bk

ZBERRRIERAMERRAIFZREAN:

1 fn main() {

2 let dinteger = Some(5);
3 let float = Some(5.0);
4 }

BRTASEMREN—H

1 enum Option_i32 {

2 Some (732),

3 None,

4 }

5

6 enum Option_f64 {

7 Some ( f64),

8 None,

9 1}

10

11 fn main() {

12 let integer = Option_i32::Some(5);
13 let float = Option_f64::Some(5.0);
14 3}

XEEMANMRULIE: BEINERASREZN, IR, SEREHITHRLCLENS
T, NERENHTFNRBENER .



$54E (Trait)

Rust iR O] DURIBFFHERS K EUHITHR WAL IR, FHESEOEMU:

1 struct Dog { name: String, age: 78 }

2 struct Cat { lives: 78 } // No name needed, cats won't respond anyway.
3

4 trait Pet {

5 fn talk(&self) -> String;

6 1}

7

8 1impl Pet for Dog {

9 fn talk(&self) -> String { format! ("Woof, my name 1is {}!", self.name) }
10 }

11

12 1impl Pet for Cat {

13 fn talk(&self) -> String { String::from("Miau!") }

14 3}

15

16 fn greet<P: Pet>(pet: &P) {

17 println! ("Oh you're a cutie! What's your name? {}", pet.talk());
18 }

19
20 fn main() {
21 let captain_floof = Cat { lives: 9 };
22 let fido = Dog { name: String::from("Fido"), age: 5 };
23
24 greet (&captain_floof);
25 greet (&fido);

N
(o))
[



FHIERT R

FHIE (Trait) WRIERAEXENE, 20KiE, AEESPSRXMEF:

1 struct Dog { name: String, age: 78 }

2 struct Cat { lives: 78 } // No name needed, cats won't respond anyway.
3

4 trait Pet {

5 fn talk(&self) -> String;

6 1}

7

8 1impl Pet for Dog {

9 fn talk(&self) -> String { format! ("Woof, my name 1is {}!", self.name) }
10 }

11

12 1impl Pet for Cat {

13 fn talk(&self) -> String { String::from("Miau!") }

14 3}

15

16 fn main() {

17 let pets: Vec<Box<dyn Pet>> = vec![

18 Box::new(Cat { lives: 9 }),

19 Box::new(Dog { name: String::from("Fido"), age: 5 }),
20 13

21 for pet in pets {

22 println! ("Hello, who are you? {}", pet.talk());

23 }

24 }

PUTRNBE pets FHAREDRF:



: pets :

| | F i d o]

| ptr o | »| o0 o? r

| len 2 |

| capacity 2 | I data

: : name o, 4, 4
age 5

C - J
vtable

—p| <Dog as Pet>::talk

data

—p| lives 9

vtable

—p| <Cat as Pet>::talk

v Speaker Notes

e Types that implement a given trait may be of different sizes. This makes it impossible
to have things like vec<dyn Pet> in the example above.

o TEI"dyn Pet" X3 AR 4R iF 2R S A LI Pet " MIFISANLEE,

e Inthe example, pets is allocated on the stack and the vector data is on the heap. The
two vector elements are fat pointers:

o Afat pointer is a double-width pointer. It has two components: a pointer to the
actual object and a pointer to the virtual method table (vtable) for the pet
implementation of that particular object.

o The data for the Dog named Fido is the name and age fields. The cat has a
lives field.

o R BRI PHYX LR

println! ("{} {}", std::mem::size_of::<Dog>(), std::mem::size_of::
<Cat>());

println! ("{} {}", std::mem::size_of::<&Dog>(), std::mem::size_of::
<&Cat>());

println! ("{}", std::mem::size_of::<&dyn Pet>());

println! ("{}", std::mem::size_of::<Box<dyn Pet>>());


https://en.wikipedia.org/wiki/Virtual_method_table

ik EFAE

Rust IRERZNESIEANZEHNEMRNRE, ATLIMEUREMHIERE trait,

You can let the compiler derive a number of traits as follows:

1 #[derive(Debug, Clone, PartialEq, Eq, Default)]

2 struct Player {

3 name: String,

4 strength: us8,

5 hit_points: u8,

6 1}

-

8 fn main() {

9 let pl = Player::default();

10 let p2 = pl.clone();

11 println!("Is {:?}\nequal to {:?}?\nThe answer 1is {}!", &pl, &p2,
12 if pl == p2 { "yes" } else { "no" 1});

=
w
(-]



AIANTE

FHIE O] MK BR AR E 7T A SR SEHAT N

1 trait Equals {

2 fn equals(&self, other: &Self) -> bool;

3 fn not_equals(&self, other: &Self) -> bool {

4 Iself.equals(other)

5 }

6 1}

.

8 #[derive(Debug)]

9 struct Centimeter(716);

10

11 +impl Equals for Centimeter {

12 fn equals(&self, other: &Centimeter) -> bool {
13 self.0 == other.o

14 }

15 }

16

17 fn main() {

18 let a = Centimeter(10);

19 let b = Centimeter(20);

20 println! ("{a:?} equals {b:?}: {}", a.equals(&b));
21 println!("{a:?} not_equals {b:?}: {}", a.not_equals(&b));
22}

v Speaker Notes

o trait YIFO[HEEMLI (BIN) HE, URAFRPFERTIINGE. EERAXLTNGE

oMK F BB E,
o X737 not_equals"BEHM trait’NotEquals”,
o H"“Equals"i&A“NotEquals"BI#8 trait,
1 trait NotEquals: Equals {

2 fn not_equals(&self, other: &Self) -> bool {
3 Iself.equals(other)
4 }
5 }

e A“Equals"i2t“NotEquals"#) i@ L,

1 trait NotEquals {

2 fn not_equals(&self, other: &Self) -> bool;
3 1}

4

5 dmpl<T> NotEquals for T where T: Equals {

6 fn not_equals(&self, other: &Self) -> bool {
7 Iself.equals(other)

8 }

9 1}



ol

o EHBAXLIL, BARBHEER "Equals"fERN"NotEqual”BIiE trait,



FHIE A 5F

Az

#U Ej‘ Vi II_;\

FERBEFARBERLIE LGNS, XA EEALSENTTE,

ROTPAMER T: Trait Z impl Trait HITUCIRIE:

O oo ~NOOU D WNBKE

[
= o

12
13
14
15
16
17
18
19
20
21
22

fn duplicate
(a.clone

}

<T: Clone>(a: T) -> (T, T) {

(), a.clone())

// Syntactic sugar for:
// fn add_42_millions<T: Into<i32>>(x: T) -> i32 {
1lions(x: impl Into<732>) -> 732 {

fn add_42_mi
x.into()

}

+ 42_000_000

// struct NotClonable;

fn main() {
let foo
let pair
println!

let many
println!

let many_

println!

v Speaker Notes

B/~ where ¥4I,

fn duplicate<T>(a:

where

{
}

T: Clone,

= String::from("foo");
= duplicate(foo);

("{pair:2}");

= add_42_millions(42_1i8);

(Il{many}ll) ;

("{many_more}");

T > (T, T)

(a.clone(), a.clone())

more = add_42_millions(10_000_000);

FREMEZNBESEIE,

s ERHELAES M ENERATEERAEZS.
o« CREFIHUIMIEE, Iﬁtiﬂﬁﬁﬁko

o WMEB AR

o), {EEBEEINS

=]
REE

g EMBZERI T AERE, HI30 option<T>,



impl Trait

SREAREM, dmpl Trait EEXULAERHF S MREEDRER:
use std::fmt::Display;

fn get_x(name: 1impl Display) -> impl Display {
format! ("Hello {name}")

fn main() {
let x = get_x("foo");

1

2

3

4

5 }
6

7

8

9 println! ("{x}");
0]

10 }

e [impl Trait ILETIERTATRAIIER,
v Speaker Notes

impl Trait RRXEFERMEMEEEARE.,
o WEESXKH, impl Trait MEREBRIELANERZEES,

o XRENEXEXRW, ENEREREEXEMELMZFHENERARER, TEAZEE®
B MREARBERK API PRFHZEMREE, Eo] ERLLTE.

FEIREN BALHTHEE—EHE, SIRE impl Foo HIRHESHE B SIREIHIEIKRER,
MARERBETEHIER, SIRE ZEEE (HIA1 collect<B>() -> B ) BIREN TR
EfE B BERE, MEABALUREEEE—TXEE, FUER let x: Vec< > =
foo.collect() BAFRALAT Turbofish: foo.collect::<Vec<_>>() ,

X2— 1M EERNRE, BEACERTHIR inpl Display , XBHFiIRA AREEAMER
sBH{EAMERERY impl Display EB, MIRENEREN T: pisplay , ESEFBIRFIEMA T
RE 7 AR —XKE, XHAEFTFXMIERE, BARNTMEBEABMANLEDE A2

format! REIFME, MRBNNEFEET : pisplay BENTHENERE, UEERD MIZAZ
BES,



5B 4
EUFIE
WE, BAKESE Rust fREFEN—LRE DAL

e TIterator Fl IntoIterator FF for fEHRD,
e From Fl Into FATF##{E,

e Read Ml write BF}M IO,

e Add . Mul %Fﬁﬁtiﬂl@%ﬁiﬂz,

e Drop ATFEMXMHRE,

e Default FATFHEEMEMNERAIBIAH,


https://doc.rust-lang.org/std/iter/trait.Iterator.html
https://doc.rust-lang.org/std/iter/trait.IntoIterator.html
https://doc.rust-lang.org/std/convert/trait.From.html
https://doc.rust-lang.org/std/convert/trait.Into.html
https://doc.rust-lang.org/std/io/trait.Read.html
https://doc.rust-lang.org/std/io/trait.Write.html
https://doc.rust-lang.org/std/ops/trait.Add.html
https://doc.rust-lang.org/std/ops/trait.Mul.html
https://doc.rust-lang.org/std/ops/trait.Drop.html
https://doc.rust-lang.org/std/default/trait.Default.html

AR

RO B1TEI Iterator 4¥4E:

1 struct Fibonacci {

2 curr: u32,

3 next: u32,

4 }

5

6 1impl Iterator for Fibonacci {

7 type Item = u32;

8

9 fn next(&mut self) -> Option<Self::Item> {
10 let new_next = self.curr + self.next;
11 self.curr = self.next;

12 self.next = new_next;

13 Some(self.curr)

14 }

15 }

16

17 fn main() {

18 let fib = Fibonacci { curr: 0, next: 1 };
19 for (i, n) 1in fib.enumerate().take(5) {
20 println! ("fib({i}): {n}");

21 }

22 }

v Speaker Notes

o Iterator FISNESLMTFSERNNREEFEZRIE, B  map filter " #0 reduce’ F.
RO LB IR B B X ENAE X4, £ Rust b, XERHBMAEMLE, BEME
RBEESFHGLALR—H 5.

e IntoIterator EIB{F for IEHEGIERIFIE. WAFMERESER (HIE Vec<T> ) FHEXS|
B (fla &vec<T> F1 &[T] ) ML, Lo, SEEIESIIXTAHE, ELL, &oILAMES
for i in some_vec { .. } KEHEEXE, B some_vec.next() AFE,


https://doc.rust-lang.org/std/iter/trait.Iterator.html

Fromliterator

FromIterator iL#RT\@IT Iterator ME—ESR.

fn main() {
let primes = vec![2, 3, 5, 7];
let prime_squares = primes
.dinto_iter ()
.map(|prime| prime * prime)
.collect::<Vec<_>>();
println! ("prime_squares: {prime_squares:?}");

o ~NOULL b WDNBRE

v Speaker Notes

Iterator =3I fn collect<B>(self) -> B where B: FromIterator<Self::Item>,
Self: Sized

BRE—LEXLH, iHETHRT—ERESIRIE, KW % Iterator<Item = Result<v, E>> I
Result<Vec<V>, E>,


https://doc.rust-lang.org/std/iter/trait.FromIterator.html
https://doc.rust-lang.org/std/iter/trait.Iterator.html

From #1 Into

1
2
3
4
5
6
7

SEEL From F1 Into LANNMRSERYGEIE:
fn main() {
let s = String::from("hello");
let addr = std::net::Ipv4Addr::from([127, 0, O, 1]);
let one = 1i16::from(true);
let bigger = i32::from(123116);
println!("{s}, {addr}, {one}, {bigger}");
}

immeE,§%§§ﬁim1MOl

1
2
3
4
5
6
7

fn main() {

let s: String = "hello".1into();

let addr: std::net::Ipv4Addr = [127, 0, 0, 1].into();
let one: 716 = true.into();

let bigger: 732 = 123416.1into();

println!("{s}, {addr}, {one}, {bigger}");

v Speaker Notes

o XMBRAMLABEREZELM From, BABKNEEBSIH Into,
o FEFPARNMRYMELSMALE (FIANEAITIEIRN string BIEE") , AUESHER,

LB N fER Into, BMHIRIMSIZEZOISEI From BYZERE, PARABLEANSEIN Into HYZEEY,


https://doc.rust-lang.org/std/convert/trait.From.html
https://doc.rust-lang.org/std/convert/trait.Into.html
https://doc.rust-lang.org/std/convert/trait.From.html
https://doc.rust-lang.org/std/convert/trait.Into.html

Read I Wr-ite

RO LER Read 1 BufRead XY u8 RIRHITHIRMLLIE:

1 wuse std::io::{BufRead, BufReader, Read, Result};

2

3 fn count_lines<R: Read>(reader: R) -> usize {

4 let buf_reader = BufReader::new(reader);

5 buf_reader.lines().count()

6 }

.

8 fn main() -> Result<()> {

9 let slice: &[u8] = b'"foo\nbar\nbaz\n";

10 println!("lines in slice: {}", count_lines(slice));
11

12 let file = std::fs::File::open(std::env::current_exe()?)?;
13 println!("lines in file: {}", count_lines(file));
14 ok(())

15 }

RETIER write XJ us EWERHITHRMLILIE:

1 use std::io::{Result, Write};

2

3 fn log<W: Write>(writer: &mut W, msg: &str) —-> Result<()> {
4 writer.write_all(msg.as_bytes())?;
5 writer.write_all("\n".as_bytes())
6 1}

7

8 fn main() -> Result<()> {

9 let mut buffer = Vec::new();

10 log(&mut buffer, "Hello")?;

11 log(&mut buffer, "World")?;

12 println! ("Logged: {:?3}", buffer);
13 Ok (())

14 1}


https://doc.rust-lang.org/std/io/trait.Read.html
https://doc.rust-lang.org/std/io/trait.BufRead.html
https://doc.rust-lang.org/std/io/trait.Write.html

Drop 451

FF5LI prop BYETILAEERERE HEENETHAHE:

struct Droppable {
name: &'static str,

}

fn drop(&mut self) {

1

2

3

4

5 1dimpl Drop for Droppable {
6

7 println! ("Dropping {}", self.name);
8

9

+

}
10
11 fn main() {
12 let a = Droppable { name: "a" };
13 {
14 let b = Droppable { name: "b" };
15 {
16 let ¢ = Droppable { name: "c" };
17 let d = Droppable { name: "d" };
18 println! ("Exiting block B");
19 }
20 println! ("Exiting block A");
21 }
22 drop(a);
23 println! ("Exiting main");
24 }

v Speaker Notes

e Note that std::mem::drop is notthe same as std::ops::Drop::drop.

e Values are automatically dropped when they go out of scope.

e When avalue is dropped, if it implements std::ops::Drop thenits Drop::drop
implementation will be called.

e Allits fields will then be dropped too, whether or not it implements Drop .

® std::mem::drop isjust an empty function that takes any value. The significance is
that it takes ownership of the value, so at the end of its scope it gets dropped. This
makes it a convenient way to explicitly drop values earlier than they would otherwise
go out of scope.

o This can be useful for objects that do some work on drop : releasing locks,
closing files, etc.

e s

e A{tA Drop::drop ANMEH self?
o HE: WRXHMNE, RASERBRERE HA std::mem::drop , HMSIAHE —IX
@A Drop::drop , H5| &AM !


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

o =3
2 A
a.drop() i d
rop(a)



Default JF4E

Default $FESAERERMIKINE.

O oo~NOOU D~ WNR

NNNNNNNMNNNNRRRERRBRRRBERRRR
WO ~NOUDWNROGOUOWNOOUDNWNRO

30

#[derive(Debug, Default)]
struct Derived {

X: u32,

y: String,

z: Implemented,
+
#[derive(Debug)]

struct Implemented(String);

impl Default for Implemented {
fn default() -> Self {
Self("John Smith".into())

}
+
fn main() {
let default_struct = Derived::default();
println! ("{default_struct:#?}");
let almost_default_struct = Derived {
y: "Y ds set!".into(),
..Derived: :default()
}s
println! ("{almost_default_struct:#?2}");
let nothing: Option<Derived> = Nonej;
println! ("{:#?3}", nothing.unwrap_or_default());
}

v Speaker Notes

RAEoJLU EERLIE, LolLUEE #[derive(Default)] IREHTE.
A derived implementation will produce a value where all fields are set to their default
values.
o XEKE, ZEMAEPHAELEBEHBMELIN pefault,
FROER] Rust XRUBESUSENE (Fll0 o™ %) XM Default,
B ERAEIART S RINERERBIEBIE,
Rust ¥R FE 7 R X BUTTRER LI pefault , EUMIRM TEFINFERSN.
" EEEIR AN SR EEE


https://doc.rust-lang.org/std/default/trait.Default.html
https://doc.rust-lang.org/book/ch05-01-defining-structs.html#creating-instances-from-other-instances-with-struct-update-syntax

AddMul ...

BEMEHZEIY std::ops PRSFAESTINAY:

1 #[derive(Debug, Copy, Clone)]

2 struct Point { x: 732, y: 132 }

3

4 Adimpl std::ops::Add for Point {

5 type Output = Self;

6

7 fn add(self, other: Self) -> Self {

8 Self {x: self.x + other.x, y: self.y + other.y}
9 +

10 }

11

12 fn main() {

13 let pl = Point { x: 10, y: 20 };

14 let p2 = Point { x: 100, y: 200 };

15 println! ("{:?2} + {:2} = {:2}", pl, p2, pl + p2);
16 }

v Speaker Notes

o ROILAEHRY &Point LI Add ., BLEUEEBLE R TR ERH?
o [B1%: Add:add SFH self , IREBHEEREHXNR (BIZEE 7)) X2 Copy,
BINEtA &7 EHIEER, XUEREAR LEERALEN REES.
o Aft4 output BXREFER? tPEEREZAENERESIT?
o A% RECAEFSEHERAERE, 8 output XEXBEEA N HFELMAR 12
=
o IMOILAEXIRMARERSLI Add , FIA0, <dmpl Add<(i32, i32)> for Point =I[d
Point thiRANTTA.,


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

2kl

AEF lambda FAXBEBLEGRBIER, N2, B115 SHHFFKRE Fn, FnMut F FnOnce
YFAE

1 fn apply_with_log(func: 1impl FnOnce(732) -> 732, 1input: 732) -> 732 {
2 println! ("Calling function on {inputl}");

3 func(input)

4 }

5

6 fn main() {

7 let add_3 = |x| x + 33

8 println!("add_3: {}", apply_with_log(add_3, 10));

9 println!("add_3: {}", apply_with_log(add_3, 20));

10

11 let mut v = Vec::new();

12 let mut accumulate = |x: 732| {

13 v.push(x);

14 v.iter().sum::<732>()

15 }s3

16 println! ("accumulate: {}", apply_with_log(&mut accumulate, 4));
17 println! ("accumulate: {}", apply_with_log(&mut accumulate, 5));
18

19 let multiply_sum = |[x| x * v.into_iter().sum::<732>();
20 println! ("multiply_sum: {}", apply_with_log(multiply_sum, 3));
21 }

v Speaker Notes

Fn (B0 add_3 ) BEASHEAMASEIERNE, 3 A ASHRENE. SUHALEA
g;ko

FnMut ({30 accumulate ) TJRESTHIREVE, BB IARE, BAREHAKERE.

WMREER Fnonce (HIE0 multiply_sum ) , SIFREEEARAE—IX. SUlE=iER FriEikm
=

FnMut & FnOnce BNFZEE. Fn 2 FnMut F1 Fnonce B9FEE!, thF RN, WoJLAEEM &
EiBA Fnonce HIMFER FnMmut , BOIERAIFEIRA FaMut 3 Fnonce BIMS EH Fn,

WIZFSBMSIERT Copy (HIINEXY add_3 ) 1 Clone (#IE0 multiply_sum ) , E{REURF A
BRNEUE,

BRINBIRT, AESEKIESIARBREE (WRTLAIE) . move XEFNTILAEKIEE XK
SRR


https://doc.rust-lang.org/std/ops/trait.Fn.html
https://doc.rust-lang.org/std/ops/trait.FnMut.html
https://doc.rust-lang.org/std/ops/trait.FnOnce.html

o ~NoOUNWN R

fn make_greeter(prefix: String) -> impl Fn(&str) {
return move |name| println!("{} {}", prefix, name)

}

fn main() {
let hi = make_greeter("Hi".to_string());
hi("there");



E3X: EF%E3

RAVGER trait A trait HRIFIH—PEHY GUI &,
RIBESEL SMSUHNELES, FITRSDEER.

v Speaker Notes

After looking at the exercises, you can look at the solutions provided.


https://google.github.io/comprehensive-rust/zh-CN/exercises/day-3/solutions-morning.html

Drawing A Simple GUI

Let us design a classical GUI library using our new knowledge of traits and trait objects. We'll
only implement the drawing of it (as text) for simplicity.

BN EDBIFZS widget:

o “Window": BEF"title”"HESHEAM widget,
e Button:hasa label. In reality, it would also take a callback function to allow the
program to do something when the button is clicked but we won't include that since

we're only drawing the GUI.
e “Label”: BEH"label",

XL widget LI “Widget trait, W TR,
g g

BLATREBEH T https://play.rust-lang.org/, AREEANRDE draw_into”" /%, ESLI
“Widget"trait:


https://play.rust-lang.org/

// TODO: remove this when you're done with your -implementation.
#![allow(unused_imports, unused_variables, dead_code)]

pub trait Widget {
/// Natural width of ‘“self’.
fn width(&self) -> usize;

/// Draw the widget into a buffer.
fn draw_into(&self, buffer: &mut dyn std::fmt::Write);

/// Draw the widget on standard output.
fn draw(&self) {
let mut buffer = String::new();
self.draw_into(&mut buffer);
println! ("{buffer}");

}

pub struct Label {
label: String,

}

impl Label {
fn new(label: &str) -> Label {
Label {
label: label.to_owned(),

}
}

pub struct Button {
label: Label,

}

impl Button {
fn new(label: &str) -> Button {
Button {
label: Label::new(label),

}
}

pub struct Window {

title: String,

widgets: Vec<Box<dyn Widget>>,
}

impl Window {
fn new(title: &str) -> Window {
Window {
title: title.to_owned(),
widgets: Vec::new(),

}

fn add_widget(&mut self, widget: Box<dyn Widget>) {
self.widgets.push(widget);



}

fn dinner_width(&self) -> usize {

std::cmp: :max(

self.title.chars().count(),

self.widgets.iter().map(|w| w.width()).max().unwrap_or(0),

impl Widget for Label {
fn width(&self) -> usize {
unimplemented! ()

}

fn draw_into(&self, buffer:

unimplemented! ()

}
}

impl Widget for Button {
fn width(&self) -> usize {
unimplemented! ()

}

fn draw_into(&self, buffer:

unimplemented! ()
}
}

impl Widget for Window {
fn width(&self) -> usize {
unimplemented! ()

}

fn draw_into(&self, buffer:

unimplemented! ()

&mut dyn std::fmt::Write) {

&mut dyn std::fmt::Write) {

&mut dyn std::fmt::Write) {

Window: :new("Rust GUI Demo 1.23");
window.add_widget(Box::new(Label::new("This is a small text GUI demo.")));

}
}
fn main() {
let mut window =
window.add_widget (Box: :new(Button: :new(
"Click mel!"
)))s
window.draw() ;
}

LFREFOBETIREIEEEE, Fa:



This is a small text GUI demo.

| Click me! |

MRELFINFUXA, JRMERER/AITHEANRECER ., FEFIEIRNESERAEFR
(Legt2 /") BB NARAEHER A

1 fn main() {

2 let width = 10;

3 println! ("left aligned: |{:/<width$}|", "foo");
4 println! ("centered: | {:/Awidth$}|", "foo");
5 println! ("right aligned: |{:/>widths$}|", "foo");
6 }

AL TR, HOUERN THREAS:

e +
| Rust GUI Demo 1.23 |
e e
| This is a small text GUI demo. |
| +-———————- + |
| | Click me! | |
| +-—————————- + |


https://doc.rust-lang.org/std/fmt/index.html#fillalignment

EQub AL ) S

HMBEE— MRS —ERE Polygon"EMK, BATHRBEERE https://play.rust-lang.org/,
REBEARDHTTE, REEINI


https://play.rust-lang.org/

// TODO: remove this when you're done with your -implementation.
#![allow(unused_variables, dead_code)]

pub struct Point {
// add fields
}

impl Point {
// add methods
}

pub struct Polygon {
// add fields
}

impl Polygon {
// add methods
}

pub struct Circle {
// add fields
}

impl Circle {
// add methods
}

pub enum Shape {
Polygon(Polygon),
Circle(Circle),

}

#[cfg(test)]
mod tests {
use super::x;

fn round_two_digits(x: f64) -> fe64 {
(x * 100.0).round() / 100.0
}

#[test]
fn test_point_magnitude() {

let pl = Point::new(12, 13);

assert_eq! (round_two_digits(pl.magnitude()), 17.69);
}

#[test]
fn test_point_dist() {

let pl = Point::new(10, 10);

let p2 = Point::new(14, 13);

assert_eq! (round_two_digits(pl.dist(p2)), 5.00);
}

#[test]
fn test_point_add() {
let pl = Point::new(16, 16);
let p2 = pl + Point::new(-4, 3);



assert_eq!(p2, Point::new(12, 19));
}

#[test]

fn test_polygon_left_most_point() {
let pl = Point::new(12, 13);
let p2 = Point::new(16, 16);

let mut poly = Polygon::new();

poly.add_point(pl);

poly.add_point(p2);

assert_eq! (poly.left_most_point(), Some(pl));
}

#[test]

fn test_polygon_iter() {
let pl = Point::new(12, 13);
let p2 = Point::new(16, 16);

let mut poly = Polygon::new();
poly.add_point(pl);
poly.add_point(p2);

let points = poly.iter().cloned().collect::<Vec<_>>();
assert_eq! (points, vec![Point::new(12, 13), Point::new(16, 16)]);
}

#[test]
fn test_shape_perimeters() {
let mut poly = Polygon::new();
poly.add_point(Point::new(12, 13));
poly.add_point(Point::new(17, 11));
poly.add_point(Point::new(16, 16));
let shapes = vec![
Shape::from(poly),
Shape::from(Circle::new(Point::new(10, 20), 5)),
13
let perimeters = shapes
Jdter ()
.map (Shape: :perimeter)
.map(round_two_digits)
.collect::<Vec<_>>();
assert_eq! (perimeters, vec![15.48, 31.42]);

}

#[allow(dead_code)]
fn main() {}

v Speaker Notes

HFEBEQPRDOTEES, BUEINXEHBI2EREEXERS. BEFEIWE,
HINEHABBES:



RELMARIRE "Copy trait, RAENRP, FEFHAERENNSE,

o NE LI
o KWL Add" trait A BEE I +"HIMFE IR, BER, BIESE 3 XRZBIARITILZ
eI
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Panics

MPBETHAETEHIR, Rust 2Rt& panic:

1 fn main() {

2 let v = vec![10, 20, 30];

3 println!("v[100]: {}", v[100]);
4 }

Panic BFHERATIIKERNRIMEIR.
o PanickEtTZEFPH bug i,
MBERATES, BERAASHMA panic 89 APl (#1810 vec::get )



jHaR B R

BINERT, panic 2SEHKRRA. BUBREAER:

1 wuse std::panic;

2

3 fn main() {

4 let result = panic::catch_unwind(|| {
5 println! ("hello!");

6 3

7 assert! (result.is_ok());

8

9 let result = panic::catch_unwind(|| {
10 panic!("oh no!");

11 1)

12 assert! (result.is_err());

13 }

o MERSZSHBFERLEGT (AMERTAERKERRNBERT) , WAE+AEH.
o MEMHE cargo.toml FIRET panic = 'abort' , WHEASER,



{£H Result #{TEMAERL

ERIE, FMNERFT Result K&, ABEERRFFENTURERN, HMNESAILSE:

1 wuse std::fs;

2 use std::io::Read;

3

4 fn main() {

5 let file = fs::File::open("diary.txt");

6 match file {

7 Ok(mut file) => {

8 let mut contents = String::new();

9 file.read_to_string(&mut contents);
10 println! ("Dear diary: {contents}");
11 }s
12 Err(err) => {

13 println! ("The diary could not be opened: {err}");
14 }

15 }

16 }

v Speaker Notes

o 5 option AEHEE, MINEMTF Result FEARE, FHAELRERIZEKINE.
I, BPCHITHIZNE, EEANEMEIRIBERT, TTLAARE unwrap() 3 expect()
7%, FER—fFAREROES,

o IAVEMFNE Result MHH, BARBIARBRIZNE, ERELERIE, ZXHETE
SWSEENGENMRY, N TRYXFEEREEN,



€M ? FHBER

try 4% » BTFRERERESEAL., SRICERAGS

match some_expression {

Ok(value) => value,

Err(err) => return Err(err),

HEMEERENGS

some_expression?

We can use this to simplify our error handling code:

O oo~NOOU D WNR

NNNR R RRBRR R B B -2
NHEO®WOWoOWNOoOUuDAWNRO

use std::{fs, io};
use std::i0::Read;

fn read_username(path: &str) -> Result<String, io::Error> {
let username_file_result = fs::File::open(path);
let mut username_file = match username_file_result {
Ok(file) => file,
Err(err) => return Err(err),

}s

let mut username = String::new();
match username_file.read_to_string(&mut username) {
Ok(_) => Ok(username),

Err(err) => Err(err),
+
}
fn main() {
//fs::write(""config.dat"”, "alice").unwrap();
let username = read_username('"config.dat");
println! ("username or error: {username:?}");
}

v Speaker Notes

XA

username Z=0JLARE Ok(string) B Err(error) ,

oJPMER fs::write FARNAARNGR: REXMG. 22X, S2AP 283X,

The return type of the function has to be compatible with the nested functions it calls.
For instance, a function returning a Result<T, Err> canonly apply the ? operator
on a function returning a Result<AnyT, Err> .|t cannot apply the ? operator ona
function returning an Option<AnyT> oOr Result<T, OtherErr> unless OtherErr



implements From<Err> . Reciprocally, a function returning an option<T> can only
apply the ? operator on a function returning an Option<AnyT> .
o ROIMERE M "Option"#1"Result” /A% (HIF0“Option::ok_or"™Result::ok”
“Result:err”) BARFEENEREI NS —FMRE,



e

MG IR

? NBREFLAHENANRNSRMER—L:

[ay

expression?
MRERT

match expression {
Ok(value) => value,
Err(err) => return Err(From::from(err)),

HEALEY From::from EARR, HAIFHBHEIREE RN REOUREIFILE .



MG IR

1 wuse std::error::Error;

2 use std::fmt::{self, Display, Formatter};

3 use std::fs::{self, File};

4 use std::io::{self, Read};

5

6 #[derive(Debug)]

7 enum ReadUsernameError {

8 IoError(io::Error),

9 EmptyUsername(String),

10 }

11

12 impl Error for ReadUsernameError {}

13

14 +impl Display for ReadUsernameError {

15 fn fmt(&self, f: &mut Formatter) -> fmt::Result {
16 match self {

17 Self::IoError(e) => write!(f, "IO error: {e}"),
18 Self::EmptyUsername(filename) => write!(f, "Found no username -ir
19 }

20 }

21}

22

23 impl From<io::Error> for ReadUsernameError {

24 fn from(err: io::Error) -> ReadUsernameError {

25 ReadUsernameError: :IoError(err)

26 }

27 }

28

29 fn read_username(path: &str) -> Result<String, ReadUsernameError> {
30 let mut username = String::with_capacity(100);
31 File::open(path)?.read_to_string(&mut username)?;
32 if username.is_empty() {

33 return Err(ReadUsernameError::EmptyUsername(String::from(path)));
34 }

35 Ok (username)

36 }

37

38 fn main() {

39 //fs::write("config.dat"”, "").unwrap();
40 let username = read_username('"config.dat");
41 println! ("username or error: {username:?3}");
42 }

v Speaker Notes

XEEm:

e username Z=TLAZE Ok(string) [ Err(error) .

o TILMEM fs::write FARVKARINGR: REXH. =2XH. ESHPINXHE.



MEFEATER "no_std"HEIREE R, LI stderror:Error" @—FpRIFNENE, MXFE
“Debug”#1“Display”, “core"BJ“Error’crate {X7E nightly 124, FELtEREno_std'=RLER,

It's generally helpful for them to implement clone and Eq too where possible, to make life

easier for tests and consumers of your library. In this case we can't easily do so, because
io::Error doesn'timplement them.


https://github.com/rust-lang/rust/issues/103765

ik SE 58 iR A4S

thiserror crate 2RI EIZRNENERAZE, R —RDIRELRE—F:

1 wuse std::{fs, io};

2 use std::io::Read;

3 use thiserror::Error;

4

5 #[derive(Debug, Error)]

6 enum ReadUsernameError {

7 #[error("Could not read: {0}")]

8 IoError(#[from] Ho::Error),

9 #[error("Found no username in {0}")]

10 EmptyUsername(String),

11}

12

13 fn read_username(path: &str) -> Result<String, ReadUsernameError> {
14 let mut username = String::new();

15 fs::File::open(path)?.read_to_string(&mut username)?;
16 if username.is_empty() {

17 return Err(ReadUsernameError: :EmptyUsername(String::from(path)));
18 }

19 Ok (username)

20 }

21

22 fn main() {

23 //fs::write("config.dat"”, "").unwrap();

24 match read_username("config.dat") {

25 Ok(username) => println! ("Username: {username}"),
26 Err(err) => println! ("Error: {err}"),

27 }

28 }

v Speaker Notes

thiserror BIIRELES BN std::error::Error , FETLUEFEMMSEI Display (M0
RIBMT #lerror(...)] BM) M From (MEFRMT #[from] BHY) . LHMUEERTFEN
1%,

BR, UMUASFMAHE AP, WFEMS, XIEFERL.


https://docs.rs/thiserror/

DS IRRE

8, BNBEALAFREMEERENEIR, EXAEBECFNRENEFRERBE AEIRITIEEMNE,
std::error::Error TJLAILEFEATEBMMBIX—=.

1 use std::fs;

2 use std::io::Read;

3 use thiserror::Error;

4 use std::error::Error;

5

6 #[derive(Clone, Debug, Eq, Error, PartialEq)]

7 #[error("Found no username 1in {0}")]

8 struct EmptyUsernameError (String);

9

10 fn read_username(path: &str) -> Result<String, Box<dyn Error>> {
11 let mut username = String::new();

12 fs::File::open(path)?.read_to_string(&mut username)?;
13 if username.is_empty() {

14 return Err (EmptyUsernameError (String::from(path)).into());
15 }

16 Ok (username)

17}

18

19 fn main() {
20 //fs::write("config.dat", "").unwrap();
21 match read_username("config.dat") {
22 Ok(username) => println! ("Username: {username}"),
23 Err(err) => println! ("Error: {err}"),
24 }
25 %}

v Speaker Notes

BRXUUEBNRERBHFR, BEELESSEHNEFZERFPUARNAXNESLERARDY &
®IER. BELt, EENALL API FER Box<dyn Error> BEAR—IMHER. EERNTHRE
EERLERERBERNERKR, XAKA—D REFNIER,
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[TiZfERB anyhow crate BfRAF BN EATAERAN BRER, FRDBEEXEIRE

O oo~NOU D WNR

NNNNRRRBRRRR B B 2
WNEHOWOWWNOOUuDMNWNERO

HRFNE RIER

use std::{fs, io};
use std::i0::Read;
use anyhow:: {Context, Result, bail};

fn read_username(path: &str) -> Result<String> {
let mut username = String::with_capacity(100);
fs::File::open(path)
.with_context(]|| format!("Failed to open {path}"))?
.read_to_string(&mut username)
.context("Failed to read")?;
if username.is_empty() {

bail! ("Found no username 1in {path}");
}
Ok (username)
+
fn main() {
//fs::write("config.dat"”, "").unwrap();
match read_username('"config.dat") {
Ok(username) => println! ("Username: {username}"),
Err(err) => println! ("Error: {err:2?23}"),
}
+

v Speaker Notes

anyhow: :Result<V> is a type alias for Result<Vv, anyhow::Error>.

BIHE.

anyhow: :Error is essentially a wrapper around Box<dyn Error> . As such it's again
generally not a good choice for the public API of a library, but is widely used in

applications.

e Actual error type inside of it can be extracted for examination if necessary.
e Functionality provided by anyhow: :Result<T> may be familiar to Go developers, as it

provides similar usage patterns and ergonomics to (T, error) from Go.


https://docs.rs/anyhow/

iz

Rust A1 Cargo Bk 7 —Mal S 89 2 Tl Az SR :
o BITMIRAELRNBNMBPER T,
o MOILUBY tests/ BRIZFEMMI,



BB 5Tl

fEF #[test] FRiCE TR :

1 fn first_word(text: &str) -> &str {
2 match text.find(' ') {

3 Some(idx) => &text[..idx],
4 None => &text,

5 }

6 }

-

8 #[test]

9 fn test_empty() {

10 assert_eq! (first_word(""), "");
11}

12

13 #[test]

14 fn test_single_word() {

15 assert_eq! (first_word("Hello"), "Hello");
16 }

17

18 #[test]

19 fn test_multiple_words() {

20 assert_eq! (first_word("Hello World"), "Hello");
21}

£ cargo test BEERFIFEITETMIL,



MR AR IR

B EESBERERRT (% Playground EEfT) -

fn helper(a: &str, b: &str) -> String {
format! ("{a} {b}")
+

1

2

3

4

5 pub fn main() {
6 println!("{}", helper("Hello", "World"));
7}

8

9 #[cfg(test)]

10 mod tests {

11 use super::x;

12

13 #[test]

14 fn test_helper() {

15 assert_eq! (helper("foo", "bar"), "foo bar");
16 }

17}

o XHF—3K, BULINERENERFHTETUA,
o XHMMIBIT cargo test BY, #[cfg(test)] BB,


https://play.rust-lang.org/

A5 it
Rust ZR 8 J S2H5 A I -

/// Shortens a string to the given length.

/1]

/1]

/// # use playground::shorten_string;

/// assert_eq! (shorten_string("Hello World", 5), "Hello");

/// assert_eq! (shorten_string("Hello World", 20), "Hello World");

/1]

pub fn shorten_string(s: &str, length: usize) -> &str {
&s[..std::cmp::min(length, s.len())]

}

/1] ERPHNABRSBEHEMA Rust 443,

RBSIEA cargo test HI—EATHIFFNINIT,

Adding # in the code will hide it from the docs, but will still compile/run it.
£ Rust Playground g _ER4LHS,


https://play.rust-lang.org/?version=stable&mode=debug&edition=2021&gist=3ce2ad13ea1302f6572cb15cd96becf0

SR

MEEBEUEFHNSHURENE, BERERUE,
£ tests/ FTAHBIE— .rs X4

use my_library::init;

#[test]
fn test_init() {
assert! (init().is_ok());

}

XM R BEERAR crate A H AP,



BT RSN EIERA crate
Rust (R85 S MitIS R AR
TEFIE T RN S S MR i R — 24 crate:

o googletest: M GoogleTest for C++ {EFHHILRE MBI = .
e proptest: EFEMEAINIK, EMATF Rust,
o rstest: XFFEMHMSELNIE.


https://docs.rs/googletest
https://docs.rs/proptest
https://docs.rs/rstest

A&2 Rust

Rust I ESESH I ED:

o **Z Rust: *NELE, REBENREXITA,
o **AZ%E Rust: *MRERTHREM, TRSMAREXNITA,
RREBEPHANKRSA"RE Rust”, BRTH'AL2 RUs'MNEX IFREE,

A=ZeNABBEENRROMASEMARRS, HEREHNSIFAICR, XERABEBHR
EREHNHRED,

ALE Rust 7T AMPHRINAEE:

o 5| HIRIEEET,

o HRIHENTIENFHSEE,

e i@ union FE,

e A unsafe PRA%EY, B3FF extern HEY,
e LI unsafe trait,

TH, BITEEENAXEARALZELIEE., UE THTEFE, B5H (Rust F) £ 19.1 =
Rustonomicon,

v Speaker Notes

AZZE Rust AARRERBALEH, MEXTKREALKECER BIFHNREINE, LABTH
SIEHE 83, 2, mFS[ABERFIAT Rust WNRFELZEMN,


https://doc.rust-lang.org/book/ch19-01-unsafe-rust.html
https://doc.rust-lang.org/nomicon/

fRSIRRIEE

SIBIEH R L IRIE, BRSIBIEHFZEMM unsafe Fik:

1 fn main() {

2 let mut num = 5;

3

4 let r1 = &mut num as *mut 732;

5 let r2 = rl as *const 732;

6

7 // Safe because rl1 and r2 were obtained from references and so are

8 // guaranteed to be non-null and properly aligned, the objects underlyit
9 // the references from which they were obtained are live throughout the
10 // whole unsafe block, and they are not accessed either through the

11 // references or concurrently through any other pointers.

12 unsafe {

13 println!("rl dis: {}", *rl);

14 *rl = 103

15 println!("r2 1dis: {}", *r2);

16 }

17 }

v Speaker Notes

HATZN (MA Android Rust #EMER) AT unsafe MBRES—FER, RAZAHE
RPN BINEHEERATHNARERFN Z2EXK,

X TFEEHRRIRSIH, XERERHYHA valid, BD:

B A IE null,

EEH W RZ dereferenceable (EENERBNRIVEARN) .

NREABEBUENE.

AEHEBREBMNE.

MRB IR S| ALERRBUES, WEENRLALFERRS, MEARSEREDISIH
RIFEAE,

HERSEIERT, BEELRERHIYT,


https://doc.rust-lang.org/std/ptr/index.html#safety

¢

ENRFSES

ERATTENHSRERLTENERE:

1 static HELLO_WORLD: &str = "Hello, world!";
2

3 fn main() {

4 println! ("HELLO_WORLD: {HELLO_WORLD}");
5 }

B2, ZRNEATUZNHSRERAREN, HAXTRES ERSESA:

1 static mut COUNTER: w32 = 0;

2

3 fn add_to_counter(inc: u32) {

4 unsafe { COUNTER += 1inc; } // Potential data race!
5 1}

6

7 fn main() {

8 add_to_counter(42);

9

10 unsafe { println! ("COUNTER: {COUNTER}"); } // Potential data race!
11}

v Speaker Notes

BE, ROIARNEATRNHSRE, BAREBRT, ERER no_std ABPIREFEX
B, BIANSEIE D BCRRElERAE L CAPI,



XS H

KEHRSREEMN, BEEFEATRERERFR:

1 #[repr(C)]

2 union MyUnion {

3 i u8,

4 b: bool,

5 1}

6

7 fn main() {

8 let u = MyUnion { 1i: 42 };

9 println!("int: {}", unsafe { u.i });
10 println! ("bool: {}", unsafe { u.b }); // Undefined behavior!
11}

v Speaker Notes

£ Rust pROFEAIKEE, AAGBEJUERAKSE, KEARRAZE/RAT 5 CE APl #1T

RE,

MBRAREEBFZDHENERAEMER, NTJREEEER std: :mem: :transmute I ZEHH
B2, HlE0 zerocopy crate,


https://doc.rust-lang.org/stable/std/mem/fn.transmute.html
https://crates.io/crates/zerocopy

A Unsafe (&%}

WMRRE S FEEBTINIBHREY, BB XEFHREGRBEREXNITA, WoTLiEiZ
BRE T /7 3EARIC A unsafe :

O oo~NOU D WNR

NN HEBREBEHREBRHKRH B
H®WOowNO0uhMNWNKRO

fn main() {

}

let emojis = "QE@";

// Safe because the indices are in the correct order, within the bounds
// the string slice, and lie on UTF-8 sequence boundaries.
unsafe {
println! ("emoji: {}", emojis.get_unchecked(0..4));
println! ("emoji: {}", emojis.get_unchecked(4..7));
println! ("emoji: {}", emojis.get_unchecked(7..11));
}

println! ("char count: {}", count_chars(unsafe { emojis.get_unchecked(0..

// Not upholding the UTF-8 encoding requirement breaks memory safety!
// println!("emoji: {}", unsafe { emojis.get_unchecked(0..3) });
// println! ("char count: {}", count_chars(unsafe { emojis.get_unchecked,

fn count_chars(s: &str) -> usize {

}

s.chars().map(|_| 1).sum()



45 Unsafe REL

NREECHRENRYFEREFERMUBRREXNTH, BOTLUEXERIIRICH

unsafe ,

1 /// Swaps the values pointed to by the given pointers.
2/

3 /// # Safety

4 ///

5 /// The pointers must be valid and properly aligned.
6 unsafe fn swap(a: *mut u8, b: *mut u8) {
7 let temp = *aj;

8 *a = *b;

9 *b = temp;

10 }

11

12 fn main() {

13 let mut a = 42;

14 let mut b = 66;

15

16 // Safe because ...

17 unsafe {

18 swap (&mut a, &mut b);

19 }
20
21 println!("a = {}, b = {}", a, b);
22 }

v Speaker Notes

LR b, MNA=XEERET, BAEASIATUREMXZBRNBMH.

BER, EALZEREHP, TJERE unsafe KBRNBERTERAZE2KE, HNITLAER
#[deny(unsafe_op_in_unsafe_fn)] RZILIITH, BEARNZGS, EESHIWMTAE
)RO



i A S ER4E 5

BETHMIESHNRHTRESIER Rust BURIE, B, FHRAXERMEARZEH:

1 extern "C" {

2 fn abs(input: 732) -> 732;

3 1}

4

5 fn main() {

6 unsafe {

7 // Undefined behavior if abs misbehaves.

8 println! ("Absolute value of -3 according to C: {}", abs(-3));
9 +
10 }

v Speaker Notes

XA O EE B NXFE T EREAITER Rust AFEENZEIENIMIREDP, B—RMS, E0
C BB EERBR THRAREXITA,

ABIchey“C'E ABI; ol UEREA# ABI,


https://doc.rust-lang.org/reference/items/external-blocks.html

SCHl Unsafe Trait

5RH—, WREBEIE trait FARFRIEFERGRBERRENXNTAH, BHoILAEZ
trait #8128 unsafe ,

%0, zerocopy crate B —PALZEM trait, ABARZXHEN:

1 wuse std::mem::size_of_val;

2 use std::slice;

3

a4 J// ...

5 J// # Safety

6 /// The type must have a defined representation and no padding.
7 pub unsafe trait AsBytes {

8 fn as_bytes(&self) -> &[u8] {

9 unsafe {

10 slice::from_raw_parts(self as *const Self as *const u8, size_of.
11 }

12 }

13 }

14

15 // Safe because u32 has a defined representation and no padding.
16 unsafe impl AsBytes for u32 {}

v Speaker Notes

£ Rustdoc 3 BEX trait IET T, E—MrEA # ©2 HNEINET 2L trait PYEK,
SLfRt, 5 AsBytes HXMEZLRPIELXBERINEFR, EEZH,
REH Send FI Sync trait FPERL L.


https://docs.rs/zerocopy/latest/zerocopy/trait.AsBytes.html

E3X: TFES

ERMNEE—TATEZNERATNLEHRESH!

FEARGI D, BMNEBWEERARMFALKE, MARZ Playground, X+, SR oIEECH=EL
BT I,

B, BRBEAMIZTRIRBRE.
v Speaker Notes

B E, BULEEMRMIEETSE,


https://google.github.io/comprehensive-rust/zh-CN/cargo/running-locally.html
https://google.github.io/comprehensive-rust/zh-CN/exercises/day-3/solutions-afternoon.html

Z2 FFl IR 2%

Rust has great support for calling functions through a foreign function interface (FFI). We will
use this to build a safe wrapper for the 1ibc functions you would use from C to read the
names of files in a directory.

BNESEUTFME:

e opendir(3)
e readdir(3)

® closedir(3)

BIEBEN R stdffi"ER, T, BREINTHENMGIFFNSHFIFELE:

3] w3 £
“str'#0"String” UTF-8 FA Rust 17X ARLLIE
“CStr"#N“CString” AR FREER 5 CR#ERE

“OsStr"#1“OsString” BETRIERR 5% ERRERE
REELTIEREZ B TR

o I8 &str HIRA Cstring ! BMHREBANEMK \0 FHNETIE,

o J§ CString ##2/ \xconst i8 : BMEE—PMEHFIEA C R,

o & \xconst i8 A &cstr : BEE—LEBKRIIENE \0 ZRNAS,

o I8 acstr FIRA &\[us\] : —1FF Slice B —LERMEFUE"MEREA,

o & &\[u8\] ## A &0sStr : &0sStr &[a 0sString BHH—F, EEM osstrext KEl

EE[
o $5"&OsStriE# A" "0sString”: MEERE"QOsStr'hiEiE, MERESERECHEXIEH
“readdir”,

ME hthF— X TF FRBIERTANEY,

BLATRBEHE https://play.rust-lang.org/, HENRDHIREFTE:


https://man7.org/linux/man-pages/man3/opendir.3.html
https://man7.org/linux/man-pages/man3/readdir.3.html
https://man7.org/linux/man-pages/man3/closedir.3.html
https://doc.rust-lang.org/std/ffi/
https://doc.rust-lang.org/std/primitive.str.html
https://doc.rust-lang.org/std/string/struct.String.html
https://doc.rust-lang.org/std/ffi/struct.CStr.html
https://doc.rust-lang.org/std/ffi/struct.CString.html
https://doc.rust-lang.org/std/ffi/struct.OsStr.html
https://doc.rust-lang.org/std/ffi/struct.OsString.html
https://doc.rust-lang.org/std/os/unix/ffi/trait.OsStrExt.html
https://doc.rust-lang.org/nomicon/ffi.html
https://play.rust-lang.org/

// TODO: remove this when you're done with your -implementation.
#![allow(unused_imports, unused_variables, dead_code)]

mod ffi {
use std::os::raw::{c_char, c_int};
#[cfg(not(target_os = "macos"))]
use std::os::raw::{c_long, c_ulong, c_ushort, c_uchar};

// Opaque type. See https://doc.rust-lang.org/nomicon/ffi.html.
#[repr(C)]
pub struct DIR {
_data: [u8; 0],
_marker: core::marker::PhantomData<(xmut u8,
core::marker::PhantomPinned)>,

}

// Layout according to the Linux man page for readdir(3), where ino_t and
// off_t are resolved according to the definitions 1in
// /Jusr/include/x86_64-linux-gnu/{sys/types.h, bits/typesizes.h}.
#[cfg(not(target_os = "macos"))]
#[repr(C)]
pub struct dirent {
pub d_ino: c_ulong,
pub d_off: c_long,
pub d_reclen: c_ushort,
pub d_type: c_uchar,
pub d_name: [c_char; 256],
}

// Layout according to the macOS man page for dir(5).
#[cfg(all(target_os = "macos"))]
#[repr(C)]
pub struct dirent {

pub d_fileno: u64,

pub d_seekoff: u64,

pub d_reclen: ulé6,

pub d_namlen: ulé6,

pub d_type: u8,

pub d_name: [c_char; 1024],
}

extern "C" {
pub fn opendir(s: *const c_char) -> *mut DIR;

#[cfg(not(all(target_os = "macos", target_arch = "x86_64")))]
pub fn readdir(s: *mut DIR) -> *const dirent;

// See https://github.com/rust-lang/libc/issues/414 and the section on
// _DARWIN_FEATURE_64_BIT_INODE 1in the macOS man page for stat(2).

//

// "Platforms that existed before these updates were available" refers
// to macOS (as opposed to i0S / wear0S / etc.) on Intel and PowerPC.
#[cfg(all(target_os = "macos", target_arch = "x86_64"))]

#[link_name = "readdir$INODE64"]

pub fn readdir(s: *mut DIR) -> *const dirent;

pub fn closedir(s: *mut DIR) -> c_int;



}

use std::ffi::{CStr, CString, 0sStr, 0sString};
use std::os::unix::ffi::0sStrExt;

#[derive(Debug) ]

struct DirectoryIterator {
path: CString,
dir: xmut ffi::DIR,

}

impl DirectoryIterator {
fn new(path: &str) -> Result<DirectorylIterator, String> {
// Call opendir and return a Ok value if that worked,
// otherwise return Err with a message.
unimplemented! ()

}

impl Iterator for DirectoryIterator {
type Item = 0OsString;
fn next(&mut self) -> Option<0sString> {
// Keep calling readdir until we get a NULL pointer back.
unimplemented! ()

}

impl Drop for DirectoryIterator {
fn drop(&mut self) {
// Call closedir as needed.
unimplemented! ()

}

fn main() -> Result<(), String> {
let iter = DirectoryIterator::new(".")?;
println! ("files: {:#?}", 1dter.collect::<Vec<_>>());
Ok(())



sk FE Android B fJRust

Rust 3X#fAndroid NIREFEEH K. XRHKREXRTUERUst PREFNBEERRRS, URT E
MERS

SREMNEZHEMRECHMBPEARUst, FLULEERIAHE P —/NERLMRuUst,
KA hi MK (dependencies), A IRKFEIEE, #EF, LI —RETREFHFHNACHEH
RIEE,



S
RE
1B ESEBAndroid E#IIZ%E (Android Virtual Device) EMXEATNMRTE,. HBIFRBENRIS

B—1, HERUTHLLIR— M-

source build/envsetup.sh
lunch aosp_cf_x86_64_phone-userdebug
acloud create

BZMIHiESE Android Developer Codelab.


https://source.android.com/docs/setup/start

HEAN

Android M R% (Soong) B —RINEHRF X FFRust:

Module Type
rust_binary

rust_1library

rust_ffi

rust_proc_macro

rust_test
rust_fuzz
rust_protobuf

rust_bindgen

fi iR
£ — P Rust — &I 3248
£ — Rust FE, FHEM r1ib A dylib IR,

ER—NOTH cc BHRERS Rust C &, HRUHBSNEZHHE
X,

Produces a proc-macro Rust library. These are analogous to
compiler plugins.

& R AARAE Rust MIHAEZREY Rust I — HE3X4,
Produces a Rust fuzz binary leveraging libfuzzer .
BB HERNFFE protobuf 243 O Rust .
ERBERBHEMES Rust S8EZR C EH Rust &,

TEHANEXEZE rust_binary M rust_library,



Rust Zi# Hl 34

ERMNMA—MERONARFFR. £ AOSP SHARBERT, GIZLATX !

hello_rust/Android.bp:

rust_binary {
name: "hello_rust",
crate_name: "hello_rust",
srcs: ["src/main.rs"],

hello_rust/src/main.rs:

//! Rust demo.

/// Prints a greeting to standard output.

fn main() {
println! ("Hello from Rust!");

}
IRIFE D] AR . HERXANIEIT S

m hello_rust
adb push "$SANDROID_PRODUCT_OUT/system/bin/hello_rust /data/local/tmp"

adb shell /data/local/tmp/hello_rust

Hello from Rust!



Rust &

R PMERA rust_library J3 Android 812 —/N#789 Rust .
AEXE, BINEBET X ERKE

e libgreeting, RINETHEHHITTENX,
e Tlibtextwrap, — 1 BL&TE external/rust/crates/ PIRHAH] crate,

hello_rust/Android.bp:

rust_binary {
name: "hello_rust_with_dep",
crate_name: "hello_rust_with_dep",
srcs: ["src/main.rs"],
rustlibs: [
"libgreetings",
"libtextwrap",
1,
prefer_rlib: true,

}

rust_library {
name: "libgreetings",
crate_name: "greetings'",
srcs: ["src/lib.rs"],

hello_rust/src/main.rs:

//! Rust demo.

use greetings::greeting;
use textwrap::fill;

/// Prints a greeting to standard output.
fn main() {

println! ("{}", fill(&greeting("Bob"), 24));
}

hello_rust/src/lib.rs:

//! Greeting library.

/// Greet ‘name’.
pub fn greeting(name: &str) -> String {
format! ("Hello {name}, it 1is very nice to meet you!")

}

BOJ MG Z R — R . HEEFEIT ZHHI34


https://cs.android.com/android/platform/superproject/+/master:external/rust/crates/

m hello_rust_with_dep

adb push "$ANDROID_PRODUCT_OUT/system/bin/hello_rust_with_dep /data/local/tmp"
adb shell /data/local/tmp/hello_rust_with_dep

Hello Bob, it is very
nice to meet you!



AIDL

Rust X#F Android #OEXIES (AIDL):

e Rust XBBT]LARBEIAR AIDL RS =8,
o ROJLATE Rust B FTEY AIDL fRS328.


https://developer.android.com/guide/components/aidl

AIDL &[0

RO AMER AIDL # O FBRRAYARSSHY API:

birthday_service/aidl/com/example/birthdayservice/IBirthdayService.aidl:

package com.example.birthdayservice;

/** Birthday service interface. */
interface IBirthdayService {
/**x Generate a Happy Birthday message. */
String wishHappyBirthday(String name, 1int years);

birthday_service/aidl/Android.bp:

aidl_interface {
name: '"com.example.birthdayservice",
srcs: ["com/example/birthdayservice/*.aidl"],
unstable: true,
backend: {
rust: { // Rust is not enabled by default
enabled: true,
1,
b

MNRENED X I SEER 7 &8 AIDL 344, 37 vendor_available:

true,



AR S5 SE

AT LASEIAIDLARSS -

birthday_service/src/lib.rs:

//! Implementation of the “IBirthdayService® AIDL -interface.
use

com_example_birthdayservice::aidl::com::example::birthdayservice: :IBirthdayServ
ice::IBirthdayService;
use com_example_birthdayservice::binder;

/// The "IBirthdayService' -+implementation.
pub struct BirthdayService;

impl binder::Interface for BirthdayService {}

impl IBirthdayService for BirthdayService {
fn wishHappyBirthday(&self, name: &str, years: i32) ->
binder::Result<String> {
Ok (format! (

"Happy Birthday {name}, congratulations with the {years} years!"
)

birthday_service/Android.bp:

rust_library {
name: "libbirthdayservice",
srcs: ["src/lib.rs"],
crate_name: "birthdayservice",
rustlibs: [
"com.example.birthdayservice-rust",
"libbinder_rs",

1,



AIDL fR5328

&ia, BMNUUIE—TRERSHIRSR:

birthday_service/src/server.rs:

//! Birthday service.

use birthdayservice::BirthdayService;

use
com_example_birthdayservice::aidl::com::example::birthdayservice: :IBirthdayServ
ice::BnBirthdayService;

use com_example_birthdayservice::binder;

const SERVICE_IDENTIFIER: &str = "birthdayservice";

/// Entry point for birthday service.
fn main() {
let birthday_service = BirthdayService;
let birthday_service_binder = BnBirthdayService::new_binder(
birthday_service,
binder::BinderFeatures::default(),
)5
binder::add_service(SERVICE_IDENTIFIER,
birthday_service_binder.as_binder())
.expect("Failed to register service");
binder: :ProcessState::join_thread_pool()

birthday_service/Android.bp:

rust_binary {

name: "birthday_server",

crate_name: "birthday_server",

srcs: ["src/server.rs"],

rustlibs: [
"com.example.birthdayservice-rust",
"libbinder_rs",
"libbirthdayservice",

1,

prefer_rlib: true,



ciES

HAMETEE, #HXNBHRS:

m birthday_server
adb push "$ANDROID_PRODUCT_OUT/system/bin/birthday_server /data/local/tmp"
adb shell /data/local/tmp/birthday_server

ER— 1Rk, REZRSEEERET:

adb shell service check birthdayservice

Service birthdayservice: found
IRIRT]LMER service call SERIZRS:

adb shell service call birthdayservice 1 s16 Bob i32 24

Result: Parcel(

Ox00000000: OO00OOOO0 0OOOOO36 00610048 00700070 '....6...H.a.p.p.'
Ox00000010: 00200079 00690042 00740072 00640068 'y. .B.i.r.t.h.d.'
0x00000020: 00790061 00420020 0062006f 0020002c 'a.y. .B.o.b.,. .'
Ox00000030: 006fO063 00670066 00610072 00750074 'c.o.n.g.r.a.t.u.'
Ox00000040: 0061006Cc 00690074 006e006f 00200073 'l.a.t.i.o.n.s. .'
Ox00000050: 00690077 00680074 00740020 00650068 'w.i.t.h. .t.h.e.'
OXx00000060: 00320020 00200034 00650079 00720061 ' .2.4. .y.e.a.r.'

Ox00000070: 00210073 00000000 's. ol ")



AIDL EP iRk

&ja, BMNTUAARNOFRSEIZE— Rust T k.

birthday_service/src/client.rs:

//! Birthday service.

use
com_example_birthdayservice::aidl::com::example::birthdayservice: :IBirthdayServ
ice::IBirthdayService;

use com_example_birthdayservice::binder;

const SERVICE_IDENTIFIER: &str = '"birthdayservice";

/// Connect to the BirthdayService.
pub fn connect() -> Result<binder::Strong<dyn IBirthdayService>,
binder::StatusCode> {
binder::get_interface(SERVICE_IDENTIFIER)
}

/// Call the birthday service.
fn main() -> Result<(), binder::Status> {
let name = std::env::args()
.nth(1)
.unwrap_or_else(|]| String::from("Bob"));
let years = std::env::args()
.nth(2)
.and_then(|arg| arg.parse::<i32>().ok())
.unwrap_or(42);

binder::ProcessState::start_thread_pool();

let service = connect().expect("Failed to connect to BirthdayService");
let msg = service.wishHappyBirthday(&name, years)?;

println! ("{msg}");

ok(())

birthday_service/Android.bp:

rust_binary {

name: "birthday_client",

crate_name: "birthday_client",

srcs: ["src/client.rs"],

rustlibs: [
"com.example.birthdayservice-rust",
"libbinder_rs",

1,

prefer_rlib: true,

=

BER, BEFIHAMKET libbirthdayservice o



EENIRE LA, #EEXFHETE i

m birthday_client
adb push "$ANDROID_PRODUCT_OUT/system/bin/birthday_client /data/local/tmp"
adb shell /data/local/tmp/birthday_client Charlie 60

Happy Birthday Charlie, congratulations with the 60 years!



S AP
ERMNT RAPIIMREEZ IR RMNFEATEFinEEEARRITIIE:

package com.example.birthdayservice;

/** Birthday service interface. x/
interface IBirthdayService {
/**x Generate a Happy Birthday message. */
String wishHappyBirthday(String name, 1int years, in String[] text);



BEICR

RRLZAER log crate RBICRHEEE logcat (IRFL) T stdout (FHLL) :

hello_rust_logs/Android.bp:

rust_binary {
name: "hello_rust_logs",
crate_name: "hello_rust_logs",
srcs: ["src/main.rs"],
rustlibs: [
"liblog_rust",
"liblogger",
1,
prefer_rlib: true,
host_supported: true,

hello_rust_logs/sr¢/main.rs:

//! Rust logging demo.
use log::{debug, error, info};

/// Logs a greeting.
fn main() {
logger::init(
logger::Config::default()
.with_tag_on_device("rust")
.with_min_level(log::Level::Trace),
)3
debug! ("Starting program.");
info! ("Things are going fine.");
error! ("Something went wrong!");

EIRNIRE LAR, #X, FiEfT T

m hello_rust_logs
adb push "$ANDROID_PRODUCT_OUT/system/bin/hello_rust_logs /data/local/tmp"
adb shell /data/local/tmp/hello_rust_logs

SIS adb logcat PREIR:

adb logcat -s rust

09-08 08:38:32.454 2420 2420 D rust: hello_rust_logs: Starting program.
09-08 08:38:32.454 2420 2420 I rust: hello_rust_logs: Things are going fine.
09-08 08:38:32.454 2420 2420 E rust: hello_rust_logs: Something went wrong!



=
BiR{EH
Rust ¥ F 5 EMREESHNEREEEEHCNTE, XEKRE®RILL:
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SEMNIMMES ERARLE, FNFRZNER JMERREED (Foreign Function Interface, FFI) ,
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Rust 3£ CAALEREBARUHRM 7 BN, B, fRoJLISH Rust BEFFM C f
FAE.
MRFBEEE, ROUUFITRE:

extern "C" {
fn abs(x: i32) -> 1i32;

}

fn main() {
let x = —-42;
let abs_x = unsafe { abs(x) };
println! ("{x}, {abs_x}");

}

BIMNELAELZE FFI HRBREIPER TEMIF,

XRINBIRFEaBERINTH#R, FAENBTESKHE.

ERTRBEANBHRT EF DR,


https://google.github.io/comprehensive-rust/zh-CN/exercises/day-3/safe-ffi-wrapper.html

A Bindgen

bindgen TETJABEER C L3 ERS,
g%ﬁUL_/\/J\FU E’] Ci 1|:| =

interoperability/bindgen/libbirthday.h:

typedef struct card {
const charx name;
int years;

} card;

void print_card(const card* card);
interoperability/bindgen/libbirthday.c:

#include <stdio.h>
#include "1libbirthday.h"

void print_card(const cardx card) {
printf("+-——-——---—-—-—-—- \n");
printf("| Happy Birthday %s!\n", card->name);
printf("| Congratulations with the %i years!\n", card->years);
printf("+------------—- \n");
}

B ERIMEMRE Android.bp .

interoperability/bindgen/Android.bp:

cc_Llibrary {
name: "libbirthday",
srcs: ["libbirthday.c"],

NZEBR— MR (EUREAPAZLFN) -

interoperability/bindgen/libbirthday_wrapper.h:

#include "1libbirthday.h"

M AB N ERHPERD

interoperability/bindgen/Android.bp:


https://rust-lang.github.io/rust-bindgen/introduction.html

rust_bindgen {
name: "libbirthday_bindgen",
crate_name: "birthday_bindgen",
wrapper_src: "libbirthday_wrapper.h",
source_stem: "bindings",
static_libs: ["libbirthday"],

(-

/G, BATTILATE Rust 2P ERX LY E

interoperability/bindgen/Android.bp:

rust_binary {
name: "print_birthday_card",
srcs: ["main.rs"],
rustlibs: ["libbirthday_bindgen"],

interoperability/bindgen/main.rs:

//! Bindgen demo.

use birthday_bindgen::{card, print_card};

fn main() {
let name = std::ffi::CString::new("Peter").unwrap();
let card = card {

name: name.as_ptr(),
years: 42,

}3
unsafe {

print_card(&card as *const card);
}

EIRNIRE EAR, #X, FiEfT I

m print_birthday_card
adb push "$ANDROID_PRODUCT_OUT/system/bin/print_birthday_card /data/local/tmp"
adb shell /data/local/tmp/print_birthday_card

, BANTTLAIEIT B e E BTN RIS R ER D IER TIE:

interoperability/bindgen/Android.bp:



rust_test {
name: "libbirthday_bindgen_test",
srcs: [":libbirthday_bindgen"],
crate_name: "libbirthday_bindgen_test",
test_suites: ["general-tests"],
auto_gen_config: true,
clippy_Llints: "none", // Generated file, skip linting
lints: "none",

atest libbirthday_bindgen_test
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¥ Rust LR EHE CREE:

interoperability/rust/libanalyze/analyze.rs

O oo ~NOoOUh WNBKE

[
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14

//! Rust FFI demo.
#! [deny(improper_ctypes_definitions)]

use std::os::raw::c_7int;
/// Analyze the numbers.

#[no_mangle]
pub extern "C" fn analyze_numbers(x: c_int, y: c_int) {

if x <y {
println!("x ({x}) 1is smallest!");
} else {

println!("y ({y}) is probably larger than x ({x})");

}
}

interoperability/rust/libanalyze/analyze.h

#ifndef ANALYSE_H
#define ANALYSE_H

extern "C" {
void analyze_numbers(int x, int y);

}

#endif

interoperability/rust/libanalyze/Android.bp

rust_ffi {

name: "libanalyze_ffi",
crate_name: "analyze_ffi",
srcs: ["analyze.rs"],
include_dirs: ["."],

HMNAETUAN—D C ZHFIXGPRBE:

interoperability/rust/analyze/main.c



#include "analyze.h"

int main() {
analyze_numbers (10, 20);
analyze_numbers (123, 123);
return 0;

}
interoperability/rust/analyze/Android.bp

cc_binary {
name: "analyze_numbers",
srcs: ["main.c"],
static_libs: ["libanalyze_ffi"],

EIRNIRE EAR, #X, FiET T

m analyze_numbers
adb push "$ANDROID_PRODUCT_OUT/system/bin/analyze_numbers /data/local/tmp"
adb shell /data/local/tmp/analyze_numbers

v Speaker Notes

#[no_mangle] ZAT Rust BENBIREE, AHSHNFSERARIEIEBIR, RIRJLUER
#[export_name = "some_name"] RigEERIREEHILZFR,
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CXX crate #1537 Rust fl C++ Z[A#ITRENERIEM A TTEE,

BANTEOT:
#[cxx::bridge] mod
description of boundary
Macro expansion Code generation
Safe
straightforward l l Straightforward
Rust APls — Hidden C ABI — C++ APlIs

Rust 4—»‘ Rust bindings }4— ————— >| C++ bindings |[¢——— C++
code code

1BESR) OXX tutorial , TERAXERANTERE,
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o LtBY, HHIMRIZZTIREI CXX tutorial,

o BLS|ISEERRBREE—SITIRE,

o RURR OXE BAES PEHRMT —MREAZE2ABHNF#ED,
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o R Rust® string T/EEEMEIE| C++ 1) std::string (FEARFEUTF-8ARZ
M) ., BRREEB AR, 87 C++ o, oJLARBES MM C++ BY std::string MiE
rust::String , BEEREREELE.
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https://cxx.rs/
https://cxx.rs/tutorial.html
https://cxx.rs/tutorial.html
https://cxx.rs/bindings.html

5 Java R EE4EH
Javat] LUEE Java AL N IMEEZNR, jni crate RIFEEIE—NRINE,

Bk, HAILIBZ—oILASHE Java 89 Rust BREL:

interoperability/java/src/lib.rs:

//!' Rust <-> Java FFI demo.

use jni::objects::{JClass, JString};
use jni::sys::jstring;
use jni::INIEnv;

/// HelloWorld::hello method +implementation.
#[no_mangle]
pub extern "system" fn Java_HelloWorld_hello(
env: INIEnv,
_class: JClass,
name: JString,
) —> jstring {
let dinput: String = env.get_string(name).unwrap().into();
let greeting = format! ("Hello, {input}!");
let output = env.new_string(greeting).unwrap();
output.into_dinner()

interoperability/java/Android.bp:

rust_ffi_shared {
name: "libhello_jni",
crate_name: "hello_jni",
srcs: ["src/lib.rs"],
rustlibs: ["libjni"],

(-

&fa, FATOLAM Java hiF XN EREL:

interoperability/java/HelloWorld.java:


https://en.wikipedia.org/wiki/Java_Native_Interface
https://docs.rs/jni/

class HelloWorld {
private static native String hello(String name);

static {

System.loadLibrary("hello_jni");
}

public static void main(String[] args) {
String output = HelloWorld.hello("Alice");
System.out.println(output);

interoperability/java/Android.bp:

java_binary {
name: "helloworld_jni",
srcs: ["HelloWorld.java"],
main_class: "HelloWorld",
required: ["libhello_jni"],

[

&ja, BULME. BEMIET 2 X4

m helloworld_jni
adb sync # requires adb root && adb remount
adb shell /system/bin/helloworld_jni
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Welcome to Bare Metal Rust

This is a standalone one-day course about bare-metal Rust, aimed at people who are
familiar with the basics of Rust (perhaps from completing the Comprehensive Rust course),
and ideally also have some experience with bare-metal programming in some other
language such as C.

Today we will talk about ‘bare-metal’ Rust: running Rust code without an OS underneath us.
This will be divided into several parts:

What is no_std Rust?

Writing firmware for microcontrollers.

Writing bootloader / kernel code for application processors.
Some useful crates for bare-metal Rust development.

For the microcontroller part of the course we will use the BBC micro:bit v2 as an example.
It's a development board based on the Nordic nRF51822 microcontroller with some LEDs
and buttons, an I12C-connected accelerometer and compass, and an on-board SWD
debugger.

To get started, install some tools we'll need later. On gLinux or Debian:

sudo apt install gcc-aarch64-linux-gnu gdb-multiarch libudev-dev picocom pkg-
config gemu-system-arm

rustup update

rustup target add aarch64-unknown-none thumbv7em-none-eabihf

rustup component add llvm-tools-preview

cargo install cargo-binutils cargo-embed

And give users in the plugdev group access to the micro:bit programmer:

echo 'SUBSYSTEM=="usb", ATTR{idVendor}=="0d28", MODE="0664", GROUP="plugdev"'
I\

sudo tee /etc/udev/rules.d/50-microbit.rules
sudo udevadm control --reload-rules

On MacOS:

xcode-select --install

brew install gdb picocom gemu

brew install --cask gcc-aarch64-embedded

rustup update

rustup target add aarch64-unknown-none thumbv7em-none-eabihf
rustup component add llvm-tools-preview

cargo install cargo-binutils cargo-embed


https://microbit.org/
https://tech.microbit.org/hardware/

no_std

core

e Slices, &str, Ccstr

® NonZeroUS8 ...

® Option, Result

e Display, Debug,
write! ..

e “lterator”

® panic!,
assert_eq! ...

e NonNull and all
the usual pointer-
related functions

® Future and
async / await

e fence,
AtomicBool,
AtomicPtr,
AtomicU32 ...

® Duration

v Speaker Notes

e HashMap depends on RNG.
e std re-exports the contents of both core and alloc.

alloc

Box, Cow, Arc,
Rc

Vec, BinaryHeap,
BtreeMap ,
LinkedList,
VecDeque

String, CString,

format!

std

Error

HashMap

Mutex , Condvar,
Barrier, Once,
RwLock , mpsc
File and the rest
of fs

println!, Read,
Write, Stdin,
Stdout and the
rest of -o

Path, OsString
net

Command, Child,
ExitCode

spawn, sleep and
the rest of thread
SystemTime,

Instant



A minimal no_std program

#![no_main]
#![no_std]

use core::panic::PanicInfo;
#[panic_handler]

fn panic(_panic: &PanicInfo) -> ! {
loop {}

O oo ~NOoOUh WNBKE

}
v Speaker Notes

e This will compile to an empty binary.

e std provides a panic handler; without it we must provide our own.

e |t can also be provided by another crate, such as panic-halt.

e Depending on the target, you may need to compile with panic = "abort" to avoid an
error about eh_personality .

¢ Note that there is no main or any other entry point; it's up to you to define your own
entry point. This will typically involve a linker script and some assembly code to set
things up ready for Rust code to run.



alloc

To use alloc you mustimplement a global (heap) allocator.

O oo ~NOoOUh WNBKE
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#![no_main]
#![no_std]

extern crate alloc;
extern crate panic_halt as _;

use alloc::string::ToString;
use alloc::vec::Vec;
use buddy_system_allocator::LockedHeap;

#[global_allocator]
static HEAP_ALLOCATOR: LockedHeap<32> = LockedHeap::<32>::new();

static mut HEAP: [u8; 65536] = [0; 65536];

pub fn entry() {
// Safe because ‘HEAP' is only used here and ‘entry' is only called once
unsafe {
// Give the allocator some memory to allocate.
HEAP_ALLOCATOR
.lock()
.init(HEAP.as_mut_ptr() as usize, HEAP.len());

}

// Now we can do things that require heap allocation.
let mut v = Vec::new();
v.push("A string".to_string());

v Speaker Notes

buddy_system_allocator is a third-party crate implementing a basic buddy system
allocator. Other crates are available, or you can write your own or hook into your
existing allocator.

The const parameter of LockedHeap is the max order of the allocator; i.e. in this case
it can allocate regions of up to 2**32 bytes.

If any crate in your dependency tree depends on alloc then you must have exactly
one global allocator defined in your binary. Usually this is done in the top-level binary
crate.

_ is necessary to ensure that the panic_halt crateis
linked in so we get its panic handler.

This example will build but not run, as it doesn’t have an entry point.

extern crate panic_halt as


https://doc.rust-lang.org/stable/std/alloc/trait.GlobalAlloc.html

2 il 28

The cortex_m_rt crate provides (among other things) a reset handler for Cortex M
microcontrollers.

#![no_main]

1
2 #![no_std]

3

4 extern crate panic_halt as _;
5

6 mod interrupts;

-

8 use cortex_m_rt::entry;

9

10 #[entry]

11 fn main() -> ! {
12 loop {}

13 }

Next we'll look at how to access peripherals, with increasing levels of abstraction.

v Speaker Notes

e The cortex_m_rt::entry macro requires that the function have type fn() -> !,

because returning to the reset handler doesn’t make sense.
e Run the example with cargo embed --bin minimal



[Fig MMIO

Most microcontrollers access peripherals via memory-mapped IO. Let's try turning on an
LED on our micro:bit:



1 #![no_main]

2 #![no_std]

3

4 extern crate panic_halt as _;
5

6 mod interrupts;

7

8 use core::mem::size_of;

9 use cortex_m_rt::entry;

10

11 /// GPIO port 0 peripheral address

12 const GPIO_PO: usize = 0x5000_0000;

13

14 // GPIO peripheral offsets

15 const PIN_CNF: usize = 0Ox700;

16 const OUTSET: usize = 0x508;

17 const OUTCLR: usize = 0x50c;

18

19 // PIN_CNF fields

20 const DIR_OUTPUT: w32 = 0Ox1;

21 const INPUT_DISCONNECT: w32 = 0Ox1 << 1;
22 const PULL_DISABLED: w32 = 0x0 << 2;
23 const DRIVE_SOS1: u32 = 0x0 << 8;

24 const SENSE_DISABLED: u32 = 0x0 << 16;
25

26 #[entry]

27 fn main() -> ! {

28 // Configure GPIO 0 pins 21 and 28 as push-pull outputs.

29 let pin_cnf_21 = (GPIO_PO + PIN_CNF + 21 * size_of::<u32>()) as *mut wu3:
30 let pin_cnf_28 = (GPIO_PO + PIN_CNF + 28 * size_of::<u32>()) as *mut wu3:
31 // Safe because the pointers are to valid peripheral control registers,
32 // no aliases exist.

33 unsafe {

34 pin_cnf_21.write_volatile(

35 DIR_OUTPUT | INPUT_DISCONNECT | PULL_DISABLED | DRIVE_S0S1 | SEM
36 )

37 pin_cnf_28.write_volatile(

38 DIR_OUTPUT | INPUT_DISCONNECT | PULL_DISABLED | DRIVE_S0S1 | SEM
39 )5

40 }

41

42 // Set pin 28 low and pin 21 high to turn the LED on.

43 let gpio®_outset = (GPIO_PO® + OUTSET) as *mut u32;

44 let gpio®_outclr = (GPIO_P® + OUTCLR) as *mut wu32;

45 // Safe because the pointers are to valid peripheral control registers,
46 // no aliases exist.

47 unsafe {

48 gpioO_outclr.write_volatile(l << 28);

49 gpio®_outset.write_volatile(l << 21);

50 }

51

52 loop {}

53 }

v Speaker Notes



e GPIO 0 pin 21 is connected to the first column of the LED matrix, and pin 28 to the
first row.

Run the example with:

cargo embed --bin mmio



Peripheral Access Crates

svd2rust generates mostly-safe Rust wrappers for memory-mapped peripherals from
CMSIS-SVD files.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

#![no_main]
#![no_std]

extern crate panic_halt as _;

use cortex_m_rt::entry;
use nrf52833_pac: :Peripherals;

#[entry]

fn main() -> ! {
let p = Peripherals::take().unwrap();
let gpio® = p.PO;

// Configure GPIO 0 pins 21 and 28 as push-pull outputs.
gpio®.pin_cnf[21].write(|w| {

.dir().output();

.input().disconnect();

.pull().disabled();

.drive().s0s1();

.sense().disabled();

£ £ = £ £ =

1)
gpio0.pin_cnf[28].write(|w| {
w.dir().output();
.input().disconnect();
.pull().disabled();
.drive().s0s1();
.sense().disabled();

£ £ £ £ =

s

// Set pin 28 low and pin 21 high to turn the LED on.
gpio0.outclr.write(|w| w.pin28().clear());
gpio0.outset.write(|w| w.pin21().set());

loop {}

v Speaker Notes

SVD (System View Description) files are XML files typically provided by silicon vendors
which describe the memory map of the device.
o They are organised by peripheral, register, field and value, with names,
descriptions, addresses and so on.
o SVD files are often buggy and incomplete, so there are various projects which
patch the mistakes, add missing details, and publish the generated crates.


https://crates.io/crates/svd2rust
https://www.keil.com/pack/doc/CMSIS/SVD/html/index.html

® cortex-m-rt provides the vector table, among other things.
e Ifyou cargo install cargo-binutils thenyou canrun cargo objdump --bin pac -
- -d --no-show-raw-insn to see the resulting binary.

Run the example with:

cargo embed --bin pac



HAL crates

HAL crates for many microcontrollers provide wrappers around various peripherals. These
generally implement traits from embedded-hatl .

1 #![no_main]

2 #![no_std]

3

4 extern crate panic_halt as _;

5

6 use cortex_m_rt::entry;

7 use nrf52833_hal::gpio::{p0, Level};

8 use nrf52833_hal::pac::Peripherals;

9 use nrf52833_hal::prelude::*;

10

11 #[entry]

12 fn main() -> ! {

13 let p = Peripherals::take().unwrap();

14

15 // Create HAL wrapper for GPIO port 0.

16 let gpio® = pO::Parts::new(p.PO);

17

18 // Configure GPIO 0 pins 21 and 28 as push-pull outputs.
19 let mut coll = gpio0.pO_28.1into_push_pull_output(Level::High);
20 let mut rowl = gpio®.p0_21.1into_push_pull_output(Level::Low);
21

22 // Set pin 28 low and pin 21 high to turn the LED on.

23 coll.set_low().unwrap();

24 rowl.set_high().unwrap();

25

26 loop {}

27 }

v Speaker Notes

e set_low and set_high are methods on the embedded_hal OutputPin trait.
e HAL crates exist for many Cortex-M and RISC-V devices, including various STM32,
GD32, nRF, NXP, MSP430, AVR and PIC microcontrollers.

Run the example with:

cargo embed --bin hal


https://github.com/rust-embedded/awesome-embedded-rust#hal-implementation-crates
https://crates.io/crates/embedded-hal

Board support crates

Board support crates provide a further level of wrapping for a specific board for
convenience.

1 #![no_main]

2 #![no_std]

3

4 extern crate panic_halt as _;

5

6 use cortex_m_rt::entry;

7 use microbit::hal::prelude::*;

8 use microbit::Board;

9

10 #[entry]

11 fn main() -> ! {

12 let mut board = Board::take().unwrap();

13

14 board.display_pins.coll.set_low().unwrap();
15 board.display_pins.rowl.set_high().unwrap();
16

17 loop {}

18 }

v Speaker Notes

¢ In this case the board support crate is just providing more useful names, and a bit of
initialisation.
e The crate may also include drivers for some on-board devices outside of the
microcontroller itself.
o microbit-v2 includes a simple driver for the LED matrix.

Run the example with:

cargo embed --bin board_support



The type state pattern

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

#[entry]

fn main() -> ! {
let p = Peripherals::take().unwrap();
let gpio® = pO::Parts::new(p.PO);

let pin: PO_01l<Disconnected> = gpio0.pO_01;

// let gpio0_01_again = gpio@.p6_01; // Error, moved.

let pin_input: PO_01<Input<Floating>> = pin.into_floating_input();

if pin_input.is_high().unwrap() {
/) e

+

let mut pin_output: PO_01<0utput<OpenDrain>> = pin_input
.into_open_drain_output(OpenDrainConfig: :Disconnect@Standardl, Level

pin_output.set_high().unwrap();

// pin_input.is_high(); // Error, moved.

let _pin2: PO_02<0utput<OpenDrain>> = gpio0

.p0_02

.into_open_drain_output(OpenDrainConfig: :DisconnectdStandardl, Level
let _pin3: PO_03<0utput<PushPull>> = gpio0.p0_03.into_push_pull_output(lL

loop {}
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Pins don't implement Copy or Clone, so only one instance of each can exist. Once a
pin is moved out of the port struct nobody else can take it.

Changing the configuration of a pin consumes the old pin instance, so you can't keep
use the old instance afterwards.

The type of a value indicates the state that it is in: e.g. in this case, the configuration
state of a GPIO pin. This encodes the state machine into the type system, and ensures
that you don't try to use a pin in a certain way without properly configuring it first.
lllegal state transitions are caught at compile time.

You can call is_high onaninput pin and set_high on an output pin, but not vice-
versa.

Many HAL crates follow this pattern.



embedded-hal

The embedded-hal crate provides a number of traits covering common microcontroller
peripherals.

e GPIO

e ADC

e |2C, SPI, UART, CAN
e RNG

e Timers

e Watchdogs

Other crates then implement drivers in terms of these traits, e.g. an accelerometer driver
might need an I2C or SPI bus implementation.

v Speaker Notes

e There are implementations for many microcontrollers, as well as other platforms such
as Linux on Raspberry Pi.

e Thereis work in progress on an async version of embedded-hal, but it isn’t stable
yet.


https://crates.io/crates/embedded-hal
https://github.com/rust-embedded/awesome-embedded-rust#driver-crates

probe-rs, cargo—-embed

probe-rs is a handy toolset for embedded debugging, like OpenOCD but better integrated.

e SWD (Serial Wire Debug) and JTAG via CMSIS-DAP, ST-Link and J-Link probes
e GDB stub and Microsoft DAP (Debug Adapter Protocol) server
e Cargo integration

cargo-embed is a cargo subcommand to build and flash binaries, log RTT (Real Time
Transfers) output and connect GDB. It's configured by an Embed.toml file in your project
directory.
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e CMSIS-DAP is an Arm standard protocol over USB for an in-circuit debugger to access
the CoreSight Debug Access Port of various Arm Cortex processors. It's what the on-
board debugger on the BBC micro:bit uses.

e ST-Link is a range of in-circuit debuggers from ST Microelectronics, J-Link is a range
from SEGGER.

e The Debug Access Port is usually either a 5-pin JTAG interface or 2-pin Serial Wire
Debug.

e probe-rsis a library which you can integrate into your own tools if you want to.

e The Microsoft Debug Adapter Protocol lets VSCode and other IDEs debug code
running on any supported microcontroller.

e cargo-embed is a binary built using the probe-rs library.

e RTT (Real Time Transfers) is a mechanism to transfer data between the debug host
and the target through a number of ringbuffers.


https://probe.rs/
https://arm-software.github.io/CMSIS_5/DAP/html/index.html
https://microsoft.github.io/debug-adapter-protocol/

i3
Embed.toml.

[default.general]
chip = "nrf52833_xxAA"

[debug.gdb]
enabled = true

In one terminal under src/bare-metal/microcontrollers/examples/ :
cargo embed --bin board_support debug
In another terminal in the same directory:

gdb-multiarch target/thumbv7em-none-eabihf/debug/board_support --eval-
command="target remote :1337"

v Speaker Notes
In GDB, try running:

b src/bin/board_support.rs:29
b src/bin/board_support.rs:30
b src/bin/board_support.rs:32
c
c
c



Other projects

RTIC
o “Real-Time Interrupt-driven Concurrency”
o Shared resource management, message passing, task scheduling, timer queue
e Embassy
o async executors with priorities, timers, networking, USB
e TockOS
o Security-focused RTOS with preemptive scheduling and Memory Protection Unit
support
e Hubris
o Microkernel RTOS from Oxide Computer Company with memory protection,
unprivileged drivers, IPC
e Bindings for FreeRTOS
e Some platforms have std implementations, e.g. esp-idf.

v Speaker Notes

e RTIC can be considered either an RTOS or a concurrency framework.
o It doesn’tinclude any HALs.
o It uses the Cortex-M NVIC (Nested Virtual Interrupt Controller) for scheduling
rather than a proper kernel.
o Cortex-M only.
e Google uses TockOS on the Haven microcontroller for Titan security keys.
e FreeRTOS is mostly written in C, but there are Rust bindings for writing applications.


https://rtic.rs/
https://embassy.dev/
https://www.tockos.org/documentation/getting-started
https://hubris.oxide.computer/
https://github.com/lobaro/FreeRTOS-rust
https://esp-rs.github.io/book/overview/using-the-standard-library.html

2]

We will read the direction from an 12C compass, and log the readings to a serial port.

v Speaker Notes

After looking at the exercises, you can look at the solutions provided.


https://google.github.io/comprehensive-rust/zh-CN/exercises/bare-metal/solutions-morning.html

S

We will read the direction from an 12C compass, and log the readings to a serial port. If you
have time, try displaying it on the LEDs somehow too, or use the buttons somehow.

Hints:

e Check the documentation for the 1sm303agr and microbit-v2 crates, as well as the
micro:bit hardware.

e The LSM303AGR Inertial Measurement Unit is connected to the internal 12C bus.

e TWI is another name for 12C, so the 12C master peripheral is called TWIM.

e The LSM303AGR driver needs something implementing the
embedded_hal::blocking::i2c: :WriteRead trait. The microbit::hal::Twim struct
implements this.

e You have a microbit::Board struct with fields for the various pins and peripherals.

e You can also look at the nRF52833 datasheet if you want, but it shouldn’t be necessary
for this exercise.

Download the exercise template and look in the compass directory for the following files.

sr¢/main.rs:


https://docs.rs/lsm303agr/latest/lsm303agr/
https://docs.rs/microbit-v2/latest/microbit/
https://tech.microbit.org/hardware/
https://docs.rs/microbit-v2/latest/microbit/hal/struct.Twim.html
https://docs.rs/microbit-v2/latest/microbit/struct.Board.html
https://infocenter.nordicsemi.com/pdf/nRF52833_PS_v1.5.pdf
https://google.github.io/comprehensive-rust/zh-CN/comprehensive-rust-exercises.zip

#![no_main]
#![no_std]

extern crate panic_halt as _;

use core::fmt::Write;
use cortex_m_rt::entry;
use microbit::{hal::uarte::{Baudrate, Parity, Uarte}, Board};

#[entry]
fn main() -> ! {
let board = Board::take().unwrap();

// Configure serial port.

let mut serial = Uarte: :new(
board.UARTE®,
board.uart.into(),
Parity::EXCLUDED,
Baudrate: :BAUD115200,

)3

// Set up the I2C controller and Inertial Measurement Unit.
// TODO

writeln! (serial, "Ready.").unwrap();

loop {
// Read compass data and log it to the serial port.
// TODO

}

Cargo.toml (you shouldn't need to change this):

[workspace]

[package]

name = "compass"
version = "Q.1.0"
edition "2021"
publish false

[dependencies]
cortex-m-rt = "0.7.3"
embedded-hal = "0.2.6"
lsm303agr = "0.2.2"
microbit-v2 = "0.13.0"
panic-halt = "0.2.0"

Embed.toml (you shouldn't need to change this):



[default.general]
chip = "nrf52833_xxAA"

[debug.gdb]
enabled = true

[debug.reset]
halt_afterwards = true

.cargo/config.toml (you shouldn’t need to change this):

[build]
target = "thumbv7em-none-eabihf" # Cortex-M4F

[target.'cfg(all(target_arch = "arm", target_os = "none"))']
rustflags = ["-C", "link-arg=-Tlink.x"]

See the serial output on Linux with:
picocom --baud 115200 --imap lfcrlf /dev/ttyACMoO
Or on Mac OS something like (the device name may be slightly different):

picocom --baud 115200 --1imap lfcrlf /dev/tty.usbmodeml14502

Use Ctrl+A Ctrl+Q to quit picocom.



Application processors

So far we've talked about microcontrollers, such as the Arm Cortex-M series. Now let’s try
writing something for Cortex-A. For simplicity we'll just work with QEMU's aarch64 ‘virt’
board.

v Speaker Notes

e Broadly speaking, microcontrollers don't have an MMU or multiple levels of privilege
(exception levels on Arm CPUs, rings on x86), while application processors do.

e QEMU supports emulating various different machines or board models for each
architecture. The ‘virt’' board doesn't correspond to any particular real hardware, but
is designed purely for virtual machines.


https://qemu-project.gitlab.io/qemu/system/arm/virt.html

HESRERA Rust

Before we can start running Rust code, we need to do some initialisation.



.section .init.entry, "ax"
.global entry
entry:

and

/*

* Load and apply the memory management configuration, ready to enable MMU

* caches.

*/
adrp x30, -+idmap
msr ttbro_ell, x30

mov_i x30, .Lmairval
msr mair_ell, x30

mov_i x30, .Ltcrval

/* Copy the supported PA range into TCR_EL1.IPS. x/
mrs x29, id_aa64mmfro_ell

bfi x30, x29, #32, #4

msr tcr_ell, x30
mov_i x30, .Lsctlrval

/*
* Ensure everything before this point has completed, then invalidate any
* potentially stale local TLB entries before they start being used.
*/

isb

tlbi vmallel

ic dallu

dsb nsh

isb

/*
* Configure sctlr_ell to enable MMU and cache and don't proceed until this
* has completed.
*/

msr sctlr_ell, x30

isb

/* Disable trapping floating point access in EL1. */
mrs x30, cpacr_ell

orr x30, x30, #(0x3 << 20)

msr cpacr_ell, x30

isb

/* Zero out the bss section. */
adr_1 x29, bss_begin

adr_1 x30, bss_end

cmp x29, x30

b.hs 1f

stp xzr, xzr, [x29], #16

b 0b

/* Prepare the stack. */
adr_1 x30, boot_stack_end
mov sp, x30



/* Set up exception vector. x/
adr x30, vector_table_ell
msr vbar_ell, x30

/* Call 1into Rust code. *x/
bl main

/* Loop forever waiting for -dinterrupts. */
2: wfi
b 2b
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e This is the same as it would be for C: initialising the processor state, zeroing the BSS,
and setting up the stack pointer.

o The BSS (block starting symbol, for historical reasons) is the part of the object
file which containing statically allocated variables which are initialised to zero.
They are omitted from the image, to avoid wasting space on zeroes. The
compiler assumes that the loader will take care of zeroing them.

e The BSS may already be zeroed, depending on how memory is initialised and the
image is loaded, but we zero it to be sure.

e We need to enable the MMU and cache before reading or writing any memory. If we
don't:

o Unaligned accesses will fault. We build the Rust code for the aarch64-unknown-
none target which sets +strict-align to prevent the compiler generating
unaligned accesses, so it should be fine in this case, but this is not necessarily
the case in general.

o If it were runningin a VM, this can lead to cache coherency issues. The problem
is that the VM is accessing memory directly with the cache disabled, while the
host has cacheable aliases to the same memory. Even if the host doesn't
explicitly access the memory, speculative accesses can lead to cache fills, and
then changes from one or the other will get lost when the cache is cleaned or
the VM enables the cache. (Cache is keyed by physical address, not VA or IPA.)

e For simplicity, we just use a hardcoded pagetable (see idmap.S ) which identity maps
the first 1 GiB of address space for devices, the next 1 GiB for DRAM, and another 1
GiB higher up for more devices. This matches the memory layout that QEMU uses.

e We also set up the exception vector ( vbar_el1 ), which we'll see more about later.

e All examples this afternoon assume we will be running at exception level 1 (EL1). If
you need to run at a different exception level you'll need to modify entry.s
accordingly.



Inline assembly

Sometimes we need to use assembly to do things that aren’t possible with Rust code. For
example, to make an HVC (hypervisor call) to tell the firmware to power off the system:

1 #![no_main]

2 #![no_std]

3

4 use core::arch::asm;

5 wuse core::panic::PanicInfo;

6

7 mod exceptions;

8

9 const PSCI_SYSTEM_OFF: u32 = 0x84000008;

10

11 #[no_mangle]

12 extern "C" fn main(_x0: w64, _x1: u64, _x2: u64, _x3: u64) {
13 // Safe because this only uses the declared registers and doesn't do
14 // anything with memory.

15 unsafe {

16 asm! ("hvc #0",

17 inout ("w@") PSCI_SYSTEM_OFF => _,
18 inout("wl") @ => _,

19 inout ("w2") 0 => _,

20 inout("w3") 0 => _,

21 inout("w4") 0 => _,

22 inout("ws5") 0 => _,

23 inout("we") 0 => _,

24 inout ("w7") 0 => _,

25 options(nomem, nostack)

26 )

27 }

28

29 loop {}

30 }

(If you actually want to do this, use the smccc crate which has wrappers for all these
functions.)

v Speaker Notes

e PSClis the Arm Power State Coordination Interface, a standard set of functions to
manage system and CPU power states, among other things. It is implemented by EL3
firmware and hypervisors on many systems.

e The o => _ syntax means initialise the register to 0 before running the inline
assembly code, and ignore its contents afterwards. We need to use -inout rather
than in because the call could potentially clobber the contents of the registers.

e This main function needs to be #[no_mangle] and extern "C" because it is called
from our entry pointin entry.S.


https://crates.io/crates/smccc

e _x0- _x3 arethe values of registers xo - x3, which are conventionally used by the
bootloader to pass things like a pointer to the device tree. According to the standard
aarch64 calling convention (which is what extern "c" specifies to use), registers xo -
x7 are used for the first 8 arguments passed to a function, so entry.S doesn’t need
to do anything special except make sure it doesn't change these registers.

e Run the example in QEMU with make gemu_psci under src/bare-

metal/aps/examples .



Volatile memory access for MMIO

e Use pointer::read_volatile and pointer::write_volatile.
e Never hold a reference.
e addr_of! letsyou get fields of structs without creating an intermediate reference.

v Speaker Notes

e Volatile access: read or write operations may have side-effects, so prevent the
compiler or hardware from reordering, duplicating or eliding them.

o Usually if you write and then read, e.g. via a mutable reference, the compiler
may assume that the value read is the same as the value just written, and not
bother actually reading memory.

e Some existing crates for volatile access to hardware do hold references, but this is
unsound. Whenever a reference exist, the compiler may choose to dereference it.
e Usethe addr_of! macro to get struct field pointers from a pointer to the struct.



Let’'s write a UART driver

The QEMU ‘virt’ machine has a PLO11 UART, so let's write a driver for that.

O oo ~NOoOUh WNBKE
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const FLAG_REGISTER_OFFSET: usize = 0x18;
const FR_BUSY: u8 = 1 << 33

const FR_TXFF: u8

1 << 5

/// Minimal driver for a PLO11 UART.
#[derive(Debug)]
pub struct Uart {

base_address: *mut u8,

+
impl Uart {
/// Constructs a new instance of the UART driver for a PLO11 device at 1
/// given base address.
///
/// # Safety
///
/// The given base address must point to the 8 MMIO control registers oi
/// PLO11l device, which must be mapped into the address space of the prc
/// as device memory and not have any other aliases.
pub unsafe fn new(base_address: xmut u8) -> Self {
Self { base_address }
}
/// Writes a single byte to the UART.
pub fn write_byte(&self, byte: u8) {
// Wait until there is room in the TX buffer.
while self.read_flag_register() & FR_TXFF != 0 {}
// Safe because we know that the base address points to the control
// registers of a PLO11 device which is appropriately mapped.
unsafe {
// Write to the TX buffer.
self.base_address.write_volatile(byte);
}
// Wait until the UART 1is no longer busy.
while self.read_flag_register() & FR_BUSY != 0 {}
}
fn read_flag_register(&self) -> u8 {
// Safe because we know that the base address points to the control
// registers of a PLO11 device which is appropriately mapped.
unsafe { self.base_address.add(FLAG_REGISTER_OFFSET).read_volatile()
+
+

v Speaker Notes


https://developer.arm.com/documentation/ddi0183/g

e Note that vart::new is unsafe while the other methods are safe. This is because as
long as the caller of vart::new guarantees that its safety requirements are met (i.e.
that there is only ever one instance of the driver for a given UART, and nothing else
aliasing its address space), then it is always safe to call write_byte later because we
can assume the necessary preconditions.

e We could have done it the other way around (making new safe but write_byte
unsafe), but that would be much less convenient to use as every place that calls

write_byte would need to reason about the safety

e This is a common pattern for writing safe wrappers of unsafe code: moving the
burden of proof for soundness from a large number of places to a smaller number of
places.



More traits

We derived the Debug trait. It would be useful to implement a few more traits too.

O oo ~NOoOUh WNBKE

H o e
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use core::fmt::{self, Write};

impl Write for Uart {
fn write_str(&mut self, s: &str) -> fmt::Result {
for ¢ in s.as_bytes() {
self.write_byte(xc);
+
0k(())

}

// Safe because it just contains a pointer to device memory, which can be
// accessed from any context.
unsafe impl Send for Uart {}

v Speaker Notes

e Implementing write lets us usethe write! and writeln! macros with our vart

type.

e Run the example in QEMU with make gemu_minimal under src/bare-

metal/aps/examples .



A better UART driver

The PLO11 actually has a bunch more registers, and adding offsets to construct pointers to
access them is error-prone and hard to read. Plus, some of them are bit fields which would
be nice to access in a structured way.

Offset Register name Width

0x00 DR 12
0x04 RSR 4
0x18 FR 9
0x20 ILPR 8
0x24 IBRD 16
0x28 FBRD 6
0x2c LCR_H 8
0x30 CR 16
0x34 IFLS 6
0x38 IMSC 11
0x3c RIS 11
0x40 MIS 11
0x44 ICR 11
0x48 DMACR 3
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e There are also some ID registers which have been omitted for brevity.


https://developer.arm.com/documentation/ddi0183/g/programmers-model/summary-of-registers

Bitflags

The bitflags crate is useful for working with bitflags.

1 use bitflags::bitflags;

2

3 bitflags! {

4 /// Flags from the UART flag register.
5 #[repr(transparent)]

6 #[derive(Copy, Clone, Debug, Eq, PartialEq)]
7 struct Flags: ul6 {

8 /// Clear to send.

9 const CTS = 1 << 03

10 /// Data set ready.

11 const DSR = 1 << 1;

12 /// Data carrier detect.

13 const DCD = 1 << 23

14 /// UART busy transmitting data.
15 const BUSY = 1 << 33

16 /// Receive FIFO is empty.

17 const RXFE = 1 << 4;

18 /// Transmit FIFO is full.

19 const TXFF = 1 << 53
20 /// Receive FIFO is full.
21 const RXFF = 1 << 6;
22 /// Transmit FIFO is empty.
23 const TXFE = 1 << 7;
24 /// Ring indicator.
25 const RI = 1 << 8;
26 }
27 }

v Speaker Notes

e The bitflags! macro creates a newtype something like Flags(uie) , along with a
bunch of method implementations to get and set flags.


https://crates.io/crates/bitflags

Multiple registers

We can use a struct to represent the memory layout of the UART's registers.

1 #[repr(C, align(4))]

2 struct Registers {

3 dr: ulé,

4 _reserved0: [u8; 2],
5 rsr: ReceiveStatus,

6 _reservedl: [u8; 19],
7 fr: Flags,

8 _reserved2: [u8; 6],
9 ilpr: u8,

10 _reserved3: [u8; 3],
11 ibrd: uile,

12 _reserved4: [u8; 2],
13 fbrd: u8,

14 _reserved5: [u8; 3],
15 lcr_h: us,

16 _reserved6: [u8; 3],
17 cr: ulé,

18 _reserved7: [u8; 3],
19 ifls: w8,

20 _reserved8: [u8; 3],
21 imsc: uile6,

22 _reserved9: [u8; 2],
23 ris: ule,

24 _reservedl0: [u8; 2],
25 mis: ulé6,

26 _reservedll: [u8; 2],
27 icr: ulé,

28 _reservedl2: [u8; 2],
29 dmacr: us8,

30 _reservedl3: [u8; 3],

31 }

v Speaker Notes

e #[repr(C)] tellsthe compiler to lay the struct fields out in order, following the same
rules as C. This is necessary for our struct to have a predictable layout, as default Rust
representation allows the compiler to (among other things) reorder fields however it
sees fit.


https://doc.rust-lang.org/reference/type-layout.html#the-c-representation

IX=NiE R

Now let's use the new Registers structin our driver.
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/// Driver for a PL@11 UART.
#[derive(Debug)]
pub struct Uart {

registers: xmut Registers,

}

impl Uart {

///
///
///
///
///
///
///
///
pub

/17
pub

/17
pub

}

Constructs a new instance of the UART driver for a PLO11 device at 1
given base address.

# Safety

The given base address must point to the 8 MMIO control registers o
PLO11 device, which must be mapped into the address space of the prc
as device memory and not have any other aliases.
unsafe fn new(base_address: *mut u32) -> Self {
Self {

registers: base_address as xmut Registers,

}

Writes a single byte to the UART.

fn write_byte(&self, byte: u8) {

// Wait until there is room in the TX buffer.

while self.read_flag_register().contains(Flags: :TXFF) {}

// Safe because we know that self.registers points to the control
// registers of a PLO11 device which is appropriately mapped.
unsafe {

// Write to the TX buffer.

addr_of_mut! ((*self.registers).dr).write_volatile(byte.into());
}

// Wait until the UART 1is no longer busy.
while self.read_flag_register().contains(Flags::BUSY) {}

Reads and returns a pending byte, or ‘None' 7f nothing has been rece
fn read_byte(&self) -> Option<us8> {
if self.read_flag_register().contains(Flags::RXFE) {
None
} else {
let data = unsafe { addr_of! ((*self.registers).dr).read_volatile
// TODO: Check for error conditions in bits 8-11.
Some(data as u8)

fn read_flag_register(&self) -> Flags {

// Safe because we know that self.registers points to the control
// registers of a PLO11 device which is appropriately mapped.
unsafe { addr_of! ((xself.registers).fr).read_volatile() }

v Speaker Notes



e Note the use of addr_of! / addr_of_mut! to get pointers to individual fields without
creating an intermediate reference, which would be unsound.



Using it

Let's write a small program using our driver to write to the serial console, and echo incoming
bytes.

#![no_main]
#![no_std]

1

2

3

4 mod exceptions;
5 mod plell;
6

7

8

9

use crate::plOll::Uart;
use core::fmt::Write;
use core::panic::PanicInfo;
10 use log::error;
11 use smccc::psci::system_off;
12 use smccc::Hvc;
13
14 /// Base address of the primary PLO11 UART.
15 const PLO11_BASE_ADDRESS: *mut u32 = 0x900_0000 as _;
16
17 #[no_mangle]
18 extern "C" fn main(x0: ué64, x1: u64, x2: u64, x3: u64) {

19 // Safe because ‘PLO11_BASE_ADDRESS' 1is the base address of a PLO11 dev:
20 // and nothing else accesses that address range.

21 let mut uart = unsafe { Uart::new(PLO11_BASE_ADDRESS) };
22

23 writeln! (uart, "main({x0:#x}, {xl:#x}, {x2:#x}, {x3:#x})").unwrap();
24

25 loop {

26 if let Some(byte) = uart.read_byte() {

27 uart.write_byte(byte);

28 match byte {

29 b'"\r' => {

30 uart.write_byte(b'\n');

31 }

32 b'q' => break,

33 = {1

34 }

35 }

36 }

37

38 writeln! (uart, "Bye!").unwrap();

39 system_off::<Hvc>().unwrap();

40 }
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e Asintheinline assembly example, this main function is called from our entry point
codein entry.s . See the speaker notes there for details.
e Run the example in QEMU with make gemu under src/bare-metal/aps/examples .


https://google.github.io/comprehensive-rust/zh-CN/bare-metal/aps/inline-assembly.html

BEICR

It would be nice to be able to use the logging macros from the log crate. We can do this by
implementing the Log trait.

1 wuse crate::ploll::Uart;

2 use core::fmt::Write;

3 use log::{LevelFilter, Log, Metadata, Record, SetLoggerError};
4 use spin::mutex::SpinMutex;

5

6 static LOGGER: Logger = Logger {

7 uart: SpinMutex::new(None),

8 };

9

10 struct Logger {

11 uart: SpinMutex<Option<Uart>>,

12}

13

14 +impl Log for Logger {

15 fn enabled(&self, _metadata: &Metadata) -> bool {
16 true

17 }

18

19 fn log(&self, record: &Record) {

20 writeln!(

21 self.uart.lock().as_mut().unwrap(),
22 "[{}] {3,

23 record.level(),

24 record.args()

25 )

26 .unwrap();

27 }

28

29 fn flush(&self) {}

30}

31

32 /// Initialises UART logger.

33 pub fn dinit(uart: Uart, max_level: LevelFilter) -> Result<(), SetLoggerError
34 LOGGER.uart.lock().replace(uart);

35

36 log::set_logger (&LOGGER) ?;

37 log: :set_max_level(max_level);

38 0k(())

39 }
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e The unwrap in log is safe because we initialise LOGGER before calling set_logger .


https://crates.io/crates/log

Using it
We need to initialise the logger before we use it.

#![no_main]
#![no_std]

1

2

3

4 mod exceptions;
5 mod logger;

6 mod ploll;

7

8

9

use crate::plOll::Uart;
use core::panic::PanicInfo;
10 use log::{error, info, LevelFilter};
11 use smccc::psci::system_off;
12 use smccc::Hvc;
13
14 /// Base address of the primary PLO11 UART.
15 const PLO11_BASE_ADDRESS: *mut u32 = 0x900_0000 as _;
16
17 #[no_mangle]
18 extern "C" fn main(x0: u64, x1: u64, x2: u64, x3: u64) {

19 // Safe because 'PL0O11_BASE_ADDRESS' 1is the base address of a PLO11 dev:
20 // and nothing else accesses that address range.

21 let uart = unsafe { Uart::new(PLO011_BASE_ADDRESS) };
22 logger::init(uart, LevelFilter::Trace).unwrap();

23

24 info! ("main({x0:#x}, {xl:#x}, {x2:#x}, {x3:#x})");
25

26 assert_eq! (x1, 42);

27

28 system_off::<Hvc>().unwrap();

29 }

30

31 #[panic_handler]
32 fn panic(info: &PanicInfo) -> ! {

33 error! ("{info}");

34 system_off::<Hvc> () .unwrap();
35 loop {}

36 }
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e Note that our panic handler can now log details of panics.
e Run the example in QEMU with make gemu_logger under src/bare-

metal/aps/examples.



Aty
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AArch64 defines an exception vector table with 16 entries, for 4 types of exceptions
(synchronous, IRQ, FIQ, SError) from 4 states (current EL with SPO, current EL with SPx, lower

EL using AArch64, lower EL using AArch32). We implement this in assembly to save volatile
registers to the stack before calling into Rust code:



1 use log::error;

2 use smccc::psci::system_off;

3 use smccc::Hvc;

4

5 #[no_mangle]

6 extern "C" fn sync_exception_current(_elr: u64, _spsr: u64) {
7 error! ("sync_exception_current");
8 system_off::<Hvec>().unwrap();

9 1}

10

11 #[no_mangle]

12 extern "C" fn 1dirq_current(_elr: ué64, _spsr: u64) {

13 error! ("irq_current");

14 system_off::<Hvc>().unwrap();
15 }

16

17 #[no_mangle]
18 extern "C" fn fiq_current(_elr: ué64, _spsr: u64) {

19 error! ("fiq_current");

20 system_off::<Hvc>().unwrap();
21}

22

23  #[no_mangle]
24 extern "C" fn serr_current(_elr: u64, _spsr: ué64) {

25 error! ("serr_current");

26 system_off::<Hvc>().unwrap();
27 }

28

29 #[no_mangle]
30 extern "C" fn sync_lower(_elr: ué64, _spsr: u64) {

31 error! ("sync_lower");

32 system_off::<Hvc>().unwrap();
33 }

34

35 #[no_mangle]
36 extern "C" fn dirq_lower(_elr: u64, _spsr: u64) {

37 error! ("irq_lower™");

38 system_off::<Hvc>().unwrap();
39 }

40

41 #[no_mangle]
42 extern "C" fn fiq_lower(_elr: ué64, _spsr: ué64) {

43 error! ("fiq_lower™");

44 system_off::<Hvec>().unwrap();
45 }

46

47 #[no_mangle]
48 extern "C" fn serr_lower(_elr: w64, _spsr: u64) {

49 error! ("serr_lower");
50 system_off::<Hvc>().unwrap();
51 }

v Speaker Notes

e EL is exception level; all our examples this afternoon run in EL1.



e For simplicity we aren't distinguishing between SP0 and SPx for the current EL
exceptions, or between AArch32 and AArch64 for the lower EL exceptions.

e For this example we just log the exception and power down, as we don't expect any of
them to actually happen.

e We can think of exception handlers and our main execution context more or less like
different threads. send and sync will control what we can share between them, just
like with threads. For example, if we want to share some value between exception
handlers and the rest of the program, and it's send but not sync, then we'll need to

wrap it in something like a Mutex and putitin a static.


https://google.github.io/comprehensive-rust/zh-CN/concurrency/send-sync.html

Other projects

e oreboot
o “coreboot without the C”
o Supports x86, aarch64 and RISC-V.
o Relies on LinuxBoot rather than having many drivers itself.
e Rust RaspberryPi OS tutorial
o Initialisation, UART driver, simple bootloader, JTAG, exception levels, exception
handling, page tables
o Some dodginess around cache maintenance and initialisation in Rust, not
necessarily a good example to copy for production code.

e cargo-call-stack

o Static analysis to determine maximum stack usage.
v Speaker Notes

e The RaspberryPi OS tutorial runs Rust code before the MMU and caches are enabled.
This will read and write memory (e.g. the stack). However:
o Without the MMU and cache, unaligned accesses will fault. It builds with
aarch64-unknown-none which sets +strict-align to prevent the compiler
generating unaligned accesses so it should be alright, but this is not necessarily
the case in general.

o Ifitwere runningin a VM, this can lead to cache coherency issues. The problem
is that the VM is accessing memory directly with the cache disabled, while the
host has cacheable aliases to the same memory. Even if the host doesn't
explicitly access the memory, speculative accesses can lead to cache fills, and
then changes from one or the other will get lost. Again this is alright in this

particular case (running directly on the hardware with no hypervisor), but isn't a
good pattern in general.


https://github.com/oreboot/oreboot
https://github.com/rust-embedded/rust-raspberrypi-OS-tutorials
https://crates.io/crates/cargo-call-stack

SCH crate

We'll go over a few crates which solve some common problems in bare-metal programming.



zerocopy

The zerocopy crate (from Fuchsia) provides traits and macros for safely converting between
byte sequences and other types.

1 use zerocopy::AsBytes;

2

3 #[repr(u32)]

4 #[derive(AsBytes, Debug, Default)]
5 enum RequestType {

6 #[default]

7 In =0,

8 Out = 1,

9 Flush = 4,

10 }

11

12 #[repr(C)]

13 #[derive(AsBytes, Debug, Default)]
14 struct VirtioBlockRequest {

15 request_type: RequestType,

16 reserved: u32,

17 sector: ué64,

18 }

19

20 fn main() {

21 let request = VirtioBlockRequest {
22 request_type: RequestType::Flush,
23 sector: 42,

24 ..Default::default()

25 s

26

27 assert_eq! (

28 request.as_bytes(),

29 &[4, o, 0, 0, 0, 0, 0, 0, 42, 6, 0, 0, 0, 0, 0, O]
30 )5
31}

This is not suitable for MMIO (as it doesn’t use volatile reads and writes), but can be useful
for working with structures shared with hardware e.g. by DMA, or sent over some external
interface.

v Speaker Notes

e FromBytes can be implemented for types for which any byte pattern is valid, and so
can safely be converted from an untrusted sequence of bytes.

e Attempting to derive FromBytes for these types would fail, because RequestType
doesn't use all possible u32 values as discriminants, so not all byte patterns are valid.

e zerocopy::byteorder has types for byte-order aware numeric primitives.


https://docs.rs/zerocopy/

e Run the example with cargo run under src/bare-metal/useful-crates/zerocopy-
example/ . (It won't run in the Playground because of the crate dependency.)



aarch64-paging

The aarch64-paging crate lets you create page tables according to the AArch64 Virtual
Memory System Architecture.

O oo ~NOoOUh WNBKE
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use aarch64_paging::{

idmap: :IdMap,

paging: :{Attributes, MemoryRegion},
s

const ASID: usize = 1;
const ROOT_LEVEL: usize = 1;

// Create a new page table with identity mapping.
let mut didmap = IdMap::new(ASID, ROOT_LEVEL);
// Map a 2 MiB region of memory as read-only.
idmap.map_range(
&MemoryRegion: :new(0x80200000, 0x80400000),
Attributes::NORMAL | Attributes::NON_GLOBAL | Attributes::READ_ONLY,
).unwrap();
// Set 'TTBRO_EL1" to activate the page table.
idmap.activate();

v Speaker Notes

e For now it only supports EL1, but support for other exception levels should be

straightforward to add.

e This is used in Android for the Protected VM Firmware.
e There's no easy way to run this example, as it needs to run on real hardware or under

QEMU.


https://crates.io/crates/aarch64-paging
https://cs.android.com/android/platform/superproject/+/master:packages/modules/Virtualization/pvmfw/

buddy_system_allocator

buddy_system_allocator is a third-party crate implementing a basic buddy system
allocator. It can be used both for LockedHeap implementing GlobalAlloc SO Yyou can use
the standard alloc crate (as we saw before), or for allocating other address space. For
example, we might want to allocate MMIO space for PCl BARs:

1 use buddy_system_allocator::FrameAllocator;

2 wuse core::alloc::Layout;

3

4 fn main() {

5 let mut allocator = FrameAllocator::<32>::new();

6 allocator.add_frame(0x200_0000, 0x400_0000);

.

8 let layout = Layout::from_size_align(0x100, 0x100).unwrap();
9 let bar = allocator

10 .alloc_aligned(layout)

11 .expect("Failed to allocate 0x100 byte MMIO region");
12 println! ("Allocated 0x100 byte MMIO region at {:#x}", bar);
13 }

v Speaker Notes

e PCl BARs always have alignment equal to their size.
e Run the example with cargo run under src/bare-metal/useful-crates/allocator-

example/ . (It won't run in the Playground because of the crate dependency.)


https://crates.io/crates/buddy_system_allocator
https://docs.rs/buddy_system_allocator/0.9.0/buddy_system_allocator/struct.LockedHeap.html
https://doc.rust-lang.org/core/alloc/trait.GlobalAlloc.html
https://google.github.io/comprehensive-rust/zh-CN/bare-metal/alloc.html

tinyvec

Sometimes you want something which can be resized like a vec, but without heap
allocation. tinyvec provides this: a vector backed by an array or slice, which could be
statically allocated or on the stack, which keeps track of how many elements are used and
panics if you try to use more than are allocated.

use tinyvec::{array_vec, ArrayVec};

fn main() {
let mut numbers: ArrayVec<[u32; 5]> = array_vec! (42, 66);
println! ("{numbers:?}");
numbers.push(7);
println! ("{numbers:2}");
numbers.remove(1l);
println! ("{numbers:?}");

O oo ~NOoOUh WNBKE
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v Speaker Notes

e tinyvec requires that the element type implement Default for initialisation.
e The Rust Playground includes tinyvec, so this example will run fine inline.


https://crates.io/crates/tinyvec

spin

std::sync::Mutex and the other synchronisation primitives from std::sync are not
available in core or alloc.How can we manage synchronisation or interior mutability,
such as for sharing state between different CPUs?

The spin crate provides spinlock-based equivalents of many of these primitives.
use spin::mutex::SpinMutex;
static counter: SpinMutex<u32> = SpinMutex::new(0);
fn main() {
println!("count: {}", counter.lock());

*counter.lock() += 2;
println! ("count: {}", counter.lock());

O oo ~NOoOUh WNBKE

v Speaker Notes

e Be careful to avoid deadlock if you take locks in interrupt handlers.

e spin also has a ticket lock mutex implementation; equivalents of RwLock, Barrier
and once from std::sync; and Lazy for lazy initialisation.

e The once_cell crate also has some useful types for late initialisation with a slightly
different approach to spin::once::0Once.

e The Rust Playground includes spin, so this example will run fine inline.


https://crates.io/crates/spin
https://crates.io/crates/once_cell

Android

To build a bare-metal Rust binary in AOSP, you need to use a rust_ffi_static Soongrule
to build your Rust code, then a cc_binary with a linker script to produce the binary itself,
and then a raw_binary to convert the ELF to a raw binary ready to be run.

rust_ffi_static {
name: "libvmbase_example",
defaults: ["vmbase_ffi_defaults"],
crate_name: "vmbase_example',
srcs: ["src/main.rs"],
rustlibs: [

"libvmbase",

1,

}

cc_binary {

name: "vmbase_example",

defaults: ["vmbase_elf_defaults"],

srcs: [
"idmap.S",

1,

static_libs: [
"libvmbase_example",

1,

linker_scripts: [
"image.ld",
":vmbase_sections",

1,

}

raw_binary {
name: '"vmbase_example_bin",
stem: "vmbase_example.bin",

src: ":vmbase_example",
enabled: false,
target: {

android_armé64: {
enabled: true,
b
I



vmbase

For VMs running under crosvm on aarch6é4, the vmbase library provides a linker script and
useful defaults for the build rules, along with an entry point, UART console logging and
more.

#![no_main]
#![no_std]

use vmbase::{main, println};
main! (main);
pub fn main(arg@: u64, argl: u64, arg2: u64, arg3: u64) {

println! ("Hello world");
}

v Speaker Notes

e The main! macro marks your main function, to be called from the vmbase entry
point.

e The vmbase entry point handles console initialisation, and issues a PSCI_SYSTEM_OFF
to shutdown the VM if your main function returns.


https://android.googlesource.com/platform/packages/modules/Virtualization/+/refs/heads/master/vmbase/

2]

We will write a driver for the PLO31 real-time clock device.

v Speaker Notes

After looking at the exercises, you can look at the solutions provided.


https://google.github.io/comprehensive-rust/zh-CN/exercises/bare-metal/solutions-afternoon.html

RTC driver

The QEMU aarch64 virt machine has a PL031 real-time clock at 0x9010000. For this exercise,
you should write a driver for it.

1. Use it to print the current time to the serial console. You can use the chrono crate for
date/time formatting.

2. Use the match register and raw interrupt status to busy-wait until a given time, e.g. 3
seconds in the future. (Call core::hint::spin_loop inside the loop.)

3. Extension if you have time: Enable and handle the interrupt generated by the RTC match.
You can use the driver provided in the arm-gic crate to configure the Arm Generic
Interrupt Controller.

o Use the RTC interrupt, which is wired to the GIC as IntId::spi(2).
o Once the interrupt is enabled, you can put the core to sleep via arm_gic::wfi(),
which will cause the core to sleep until it receives an interrupt.

Download the exercise template and look in the rtc directory for the following files.

sr¢/main.rs:


https://developer.arm.com/documentation/ddi0224/c
https://crates.io/crates/chrono
https://doc.rust-lang.org/core/hint/fn.spin_loop.html
https://docs.rs/arm-gic/
https://google.github.io/comprehensive-rust/zh-CN/comprehensive-rust-exercises.zip

#![no_main]

#![no_std]

mod exceptions;

mod logger;

mod plo1l1l;

use crate::ploll::Uart;

use arm_gic::gicv3::GicV3;

use core::panic::PanicInfo;

use log::{error, info, trace, LevelFilter};
use smccc::psci::system_off;

use smccc: :Hvc;

/// Base addresses of the GICv3.

const GICD_BASE_ADDRESS: *mut u64
const GICR_BASE_ADDRESS: *mut u64

/17

Ox800_0000 as _;
OX80A_0O000 as _;

Base address of the primary PLO11 UART.

const PLO11_BASE_ADDRESS: *mut u32 = 0x900_0000 as _;

#[no_mangle]
extern "C" fn main(x®: u64, x1l: u64, x2: u64, x3: u64d) {

}

// Safe because "PLO11_BASE_ADDRESS® 1is the base address of a PLO1ll device,
// and nothing else accesses that address range.

let uart = unsafe { Uart::new(PLO11_BASE_ADDRESS) };

logger::init(uart, LevelFilter::Trace).unwrap();

info! ("main({:#x}, {:#x}, {:#x}, {:#x})", x0, x1, x2, x3);

// Safe because ‘GICD_BASE_ADDRESS' and ‘GICR_BASE_ADDRESS® are the base
// addresses of a GICv3 distributor and redistributor respectively, and

// nothing else accesses those address ranges.

let mut gic = unsafe { GicV3::new(GICD_BASE_ADDRESS, GICR_BASE_ADDRESS) };
gic.setup();

// TODO: Create instance of RTC driver and print current time.

// TODO: Wait for 3 seconds.

system_off::<Hvc>().unwrap();

#[panic_handler]
fn panic(info: &PanicInfo) -> ! {

error! ("{info}");
system_off::<Hvc>().unwrap();
loop {}

src/exceptions.rs (you should only need to change this for the 3rd part of the exercise):



/]
/]
/1l
/1l
/]
/]
/1l
/1l
/]
/]
/1l
/1l
/]

use
use
use
use

#[n
ext

#[n
ext
int
}

#[n
ext

#[n
ext

#[n
ext

#[n
ext

Copyright 2023 Google LLC

Licensed under the Apache License, Version 2.0 (the '"License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or -implied.
See the License for the specific language governing permissions and
limitations under the License.

arm_gic::gicv3::GicV3;
log::{error, info, trace};
smccc:ipsci::system_off;
smccc: tHvc;

o_mangle]

ern "C" fn sync_exception_current(_elr: u64, _spsr: u64) {
error! ("sync_exception_current");
system_off::<Hvc>().unwrap();

o_mangle]

ern "C" fn drq_current(_elr: u64, _spsr: u64) {

trace! ("irq_current");

let intid = GicV3::get_and_acknowledge_interrupt().expect("No pending
errupt");

info! ("IRQ {intid:?}");

o_mangle]

ern "C" fn fiq_current(_elr: u64, _spsr: u64) {
error! ("fiq_current");
system_off::<Hvc>().unwrap();

o_mangle]

ern "C" fn serr_current(_elr: u64, _spsr: u64) {
error! ("serr_current");
system_off::<Hvc>().unwrap();

o_mangle]

ern "C" fn sync_lower(_elr: u64, _spsr: u64) {
error! ("sync_lower");
system_off::<Hvc>().unwrap();

o_mangle]

ern "C" fn dirq_lower(_elr: u64, _spsr: u64) {
error! ("irq_lower");
system_off::<Hvc>().unwrap();



#[no_mangle]

extern "C" fn fiq_lower(_elr: u64, _spsr: u64) {
error! ("fiq_lower");
system_off::<Hvc>().unwrap();

}

#[no_mangle]

extern "C" fn serr_lower(_elr: u64, _spsr: u64) {
error! ("serr_lower");
system_off::<Hvc>().unwrap();

src/logger.rs (you shouldn't need to change this):



// Copyright 2023 Google LLC

//

// Licensed under the Apache License, Version 2.0 (the '"License");

// you may not use this file except in compliance with the License.

// You may obtain a copy of the License at

//

// http://www.apache.org/licenses/LICENSE-2.0

!/

// Unless required by applicable law or agreed to in writing, software
// distributed under the License is distributed on an "AS IS" BASIS,
// WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or +implied.
// See the License for the specific language governing permissions and
// limitations under the License.

// ANCHOR: main

use crate::ploll::Uart;

use core::fmt::Write;

use log::{LevelFilter, Log, Metadata, Record, SetlLoggerError};
use spin::mutex::SpinMutex;

static LOGGER: Logger = Logger {
uart: SpinMutex::new(None),

s

struct Logger {
uart: SpinMutex<Option<Uart>>,
}

impl Log for Logger {
fn enabled(&self, _metadata: &Metadata) -> bool {

true
}
fn log(&self, record: &Record) {
writeln!(
self.uart.lock().as_mut().unwrap(),
"r{1 {3",

record.level(),
record.args()

)

.unwrap();

}
fn flush(&self) {}
/// Initialises UART logger.
pub fn dnit(uart: Uart, max_level: LevelFilter) -> Result<(), SetLoggerError> {
LOGGER.uart.lock() .replace(uart);
log::set_logger (&LOGGER) ?;

log: :set_max_level(max_level);

0k(())

src/pl011.rs (you shouldn’t need to change this):



/]
/]
/1l
/1l
/]
/]
/1l
/1l
/]
/]
/1l
/1l
/]

Copyright 2023 Google LLC

Licensed under the Apache License, Version 2.0 (the '"License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or -implied.
See the License for the specific language governing permissions and
limitations under the License.

#![allow(unused)]

use core::fmt::{self, Write};
use core::ptr::{addr_of, addr_of_mut};

/1l

ANCHOR: Flags

use bitflags::bitflags;

bitflags! {

/// Flags from the UART flag register.
#[repr(transparent)]
#[derive(Copy, Clone, Debug, Eq, PartialkEq)]
struct Flags: ul6 {

/// Clear to send.

const CTS = 1 << 0;

/// Data set ready.

const DSR = 1 << 1;

/// Data carrier detect.

const DCD = 1 << 2;

/// UART busy transmitting data.

const BUSY = 1 << 33

/// Receive FIFO 1is empty.

const RXFE = 1 << 4;

/// Transmit FIFO is full.

const TXFF = 1 << 5;

/// Receive FIFO 1is full.

const RXFF = 1 << 6;

/// Transmit FIFO 1is empty.

const TXFE = 1 << 73

/// Ring 1indicator.

const RI = 1 << 8;

}
}
// ANCHOR_END: Flags
bitflags! {

/// Flags from the UART Receive Status Register / Error Clear Register.
#[repr(transparent)]
#[derive(Copy, Clone, Debug, Eq, PartialEq)]
struct ReceiveStatus: ul6 {
/// Framing error.
const FE = 1 << 0;
/// Parity error.



const PE = 1 << 1;
/// Break error.

const BE = 1 << 2;
/// Overrun error.
const OE = 1 << 3;

}

// ANCHOR: Registers
#[repr(C, align(4))]
struct Registers {
dr: ulé,
_reserved0@: [u8; 2],
rsr: ReceiveStatus,
_reservedl: [u8; 19],

fr: Flags,
_reserved2: [u8; 6],
ilpr: u8,
_reserved3: [u8; 3],
ibrd: ule6,
_reserved4: [u8; 2],
fbrd: u8,
_reserved5: [u8; 3],
lcr_h: u8,
_reserved6: [u8; 3],
cr: ulé6,

_reserved7: [u8; 3],
ifls: u8,

_reserved8: [u8; 3],
imsc: ulé6,
_reserved9: [u8; 2],

ris: ulé,
_reservedl0: [u8; 2],
mis: ul6,
_reservedll: [u8; 2],
icr: ule,

_reservedl2: [u8; 2],
dmacr: u8,
_reservedl3: [u8; 3],

}
// ANCHOR_END: Registers

// ANCHOR: Uart
/// Driver for a PLO1ll UART.
#[derive(Debug)]
pub struct Uart {
registers: x*mut Registers,

}

impl Uart {
/// Constructs a new instance of the UART driver for a PLO1l1l device at the
/// given base address.
/1]
/// # Safety
/1]
/// The given base address must point to the MMIO control registers of a
/// PLO1l1l device, which must be mapped into the address space of the
process



/// as device memory and not have any other aliases.
pub unsafe fn new(base_address: *mut u32) -> Self {
Self {
registers: base_address as *mut Registers,

}

/// Writes a single byte to the UART.
pub fn write_byte(&self, byte: u8) {
// Wait until there is room in the TX buffer.
while self.read_flag_register().contains(Flags::TXFF) {}

// Safe because we know that self.registers points to the control
// registers of a PLO1ll device which is appropriately mapped.
unsafe {

// Write to the TX buffer.

addr_of_mut! ((*self.registers).dr).write_volatile(byte.into());
}

// Wait until the UART 1is no longer busy.
while self.read_flag_register().contains(Flags::BUSY) {}
}

/// Reads and returns a pending byte, or “None  1if nothing has been
received.
pub fn read_byte(&self) -> Option<u8> {
if self.read_flag_register().contains(Flags::RXFE) {

None

} else {
let data = unsafe { addr_of! ((*self.registers).dr).read_volatile()

}s

// TODO: Check for error conditions 1in bits 8-11.
Some(data as u8)

}

}

fn read_flag_register(&self) -> Flags {
// Safe because we know that self.registers points to the control
// registers of a PLO11l device which is appropriately mapped.
unsafe { addr_of! ((xself.registers).fr).read_volatile() }

}

}
// ANCHOR_END: Uart

impl Write for Uart {
fn write_str(&mut self, s: &str) -> fmt::Result {
for ¢ in s.as_bytes() {
self.write_byte(*c);
}
Ok(())

}
// Safe because it just contains a pointer to device memory, which can be

// accessed from any context.
unsafe impl Send for Uart {}



Cargo.toml (you shouldn’t need to change this):

[workspace]

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

edition
publish

||2021H
false

[dependencies]
arm-gic = "0.1.0"
bitflags = "2.0.0"

chrono = { version = "0.4.24", default-features = false }
log = "0.4.17"
smccc = "O0.1.1"

spin = "0.9.8"

[build-dependencies]

CccC

= "1.0.73"

build.rs (you shouldn’t need to change this):

/1l
/]
/]
/1l
/1l
/]
/]
/1l
/1l
/1
/]
/1l
/1l

Copyright 2023 Google LLC

Licensed under the Apache License, Version 2.0 (the '"License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and
limitations under the License.

use cc::Build;
use std::env;

fn main() {

#[cfg(target_os = "linux")]

env::set_var ("CROSS_COMPILE", "aarch64-Tlinux-gnu");
#[cfg(not(target_os = "linux"))]

env::set_var ("CROSS_COMPILE", "aarch64-none-elf");

Build: :new()
.file("entry.S")
.file("exceptions.S")
.file("idmap.S")
.compile("empty")

entry.S (you shouldn't need to change this):



~
*

Copyright 2023 Google LLC

Licensed under the Apache License, Version 2.0 (the '"License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

https://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and
limitations under the License.

% 3 % % X% X X % % % X% X

>*
~

.macro adr_1, reg:req, sym:req
adrp \reg, \sym
add \reg, \reg, :lol2:\sym
.endm

.macro mov_i, reg:req, imm:req
movz \reg, :abs_g3:\imm
movk \reg, :abs_g2_nc:\imm
movk \reg, :abs_gl_nc:\imm
movk \reg, :abs_g0@O_nc:\imm

.endm

.set .L_MAIR_DEV_nGnRE, 0x04
.set .L_MAIR_MEM_WBWA, oOxff
.set .Lmairval, .L_MAIR_DEV_nGnRE | (.L_MAIR_MEM_WBWA << 8)

/* 4 KiB granule size for TTBRO_EL1. x/
.set .L_TCR_TGO_4KB, 0x0 << 14
/* 4 KiB granule size for TTBR1_EL1. x/
.set .L_TCR_TG1_4KB, 0x2 << 30
/* Disable translation table walk for TTBR1_EL1, generating a translation fault
instead. */
.set .L_TCR_EPD1, 0Ox1 << 23
/* Translation table walks for TTBRO_EL1 are +inner sharable. x/
.set .L_TCR_SH_INNER, 0x3 << 12
/*
* Translation table walks for TTBRO_EL1 are outer write-back read-allocate
write-allocate
* cacheable.
*/
.set .L_TCR_RGN_OWB, 0Ox1 << 10
/*
* Translation table walks for TTBRO_EL1 are inner write-back read-allocate
write-allocate
* cacheable.
*/
.set .L_TCR_RGN_IWB, Ox1 << 8
/* Size offset for TTBRO_EL1 1is 2**39 bytes (512 GiB). */
.set .L_TCR_TOSZ_512, 64 - 39
.set .Ltcrval, .L_TCR_TGO_4KB | .L_TCR_TG1_4KB | .L_TCR_EPD1 | .L_TCR_RGN_OWB
.set .Ltcrval, .Ltcrval | .L_TCR_RGN_IWB | .L_TCR_SH_INNER | .L_TCR_TOSZ_512



/* Stage 1 1dinstruction access cacheability is unaffected. */

.set .L_SCTLR_ELx_I, Ox1 << 12

/* SP alignment fault +if SP is not aligned to a 16 byte boundary. *x/

.set .L_SCTLR_ELXx_SA, 0x1 << 3

/* Stage 1 data access cacheability is unaffected. */

.set .L_SCTLR_ELx_C, Ox1 << 2

/* ELO and EL1 stage 1 MMU enabled. */

.set .L_SCTLR_ELXx_M, 0Ox1 << 0

/* Privileged Access Never -1is unchanged on taking an exception to EL1. */
.set .L_SCTLR_EL1_SPAN, 0Ox1 << 23

/* SETEND dinstruction disabled at ELO® in aarch32 mode. %/

.set .L_SCTLR_EL1_SED, 0x1 << 8

/* Various IT instructions are disabled at ELO in aarch32 mode. x/

.set .L_SCTLR_EL1_ITD, Ox1 << 7

.set .L_SCTLR_EL1_RES1, (0x1 << 11) | (0x1 << 20) | (Ox1 << 22) | (6x1 << 28) |
(Ox1 << 29)

.set .Lsctlrval, .L_SCTLR_ELx_M | .L_SCTLR_ELx_C | .L_SCTLR_ELx_SA |
.L_SCTLR_EL1_ITD | .L_SCTLR_EL1_SED

.set .Lsctlrval, .Lsctlrval | .L_SCTLR_ELx_I | .L_SCTLR_EL1_SPAN |
.L_SCTLR_EL1_RES1

[ *x*
* This is a generic entry point for an image. It carries out the operations
required to prepare the
* loaded image to be run. Specifically, it zeroes the bss section using
registers x25 and above,
* prepares the stack, enables floating point, and sets up the exception
vector. It preserves x0-x3
* for the Rust entry point, as these may contain boot parameters.
*/
.section .init.entry, "ax"
.global entry
entry:
/* Load and apply the memory management configuration, ready to enable MMU
and caches. *x/
adrp x30, -+idmap
msr ttbro_ell, x30

mov_i x30, .Lmairval
msr mair_ell, x30

mov_i x30, .Ltcrval

/* Copy the supported PA range into TCR_EL1.IPS. x/
mrs x29, id_aa64mmfro_ell

bfi x30, x29, #32, #4

msr tcr_ell, x30
mov_i x30, .Lsctlrval

/*
* Ensure everything before this point has completed, then invalidate any
potentially stale
* local TLB entries before they start being used.
*/
isb
tlbi vmallel



ic diallu
dsb nsh
isb

/*
* Configure sctlr_ell to enable MMU and cache and don't proceed until this
has completed.
*/
msr sctlr_ell, x30
isb

/* Disable trapping floating point access in EL1. */
mrs x30, cpacr_ell

orr x30, x30, #(0x3 << 20)

msr cpacr_ell, x30

isb

/* Zero out the bss section. */
adr_1 x29, bss_begin
adr_1 x30, bss_end

o: cmp x29, x30
b.hs 1f
stp xzr, xzr, [x29], #16
b 0b
1: /* Prepare the stack. */

adr_1 x30, boot_stack_end
mov sp, x30

/* Set up exception vector. x/
adr x30, vector_table_ell
msr vbar_ell, x30

/* Call 1into Rust code. *x/
bl main

/* Loop forever waiting for -dinterrupts. */

2: wfi
b 2b

exceptions.S (you shouldn't need to change this):



~
% 3 % % % X% X X X % % X% X

>*
~

[ **

*
*
*
*
*
*

*/

Copyright 2023 Google LLC

Licensed under the Apache License, Version 2.0 (the '"License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

https://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and
limitations under the License.

Saves the volatile registers onto the stack. This currently takes 14
instructions, so it can be used in exception handlers with 18 [instructions
left.

On return, x0 and x1 are initialised to elr_el2 and spsr_el2 respectively,
which can be used as the first and second arguments of a subsequent call.

.macro save_volatile_to_stack

/* Reserve stack space and save registers x0-x18, x29 & x30. */
stp x0, x1, [sp, #-(8 * 24)]!

stp x2, x3, [sp, #8 x 2]

stp x4, x5, [sp, #8 * 4]

stp x6, x7, [sp, #8 x 6]

stp x8, x9, [sp, #8 x 8]

stp x10, x11, [sp, #8 * 10]

stp x12, x13, [sp, #8 * 12]
stp x14, x15, [sp, #8 * 14]
stp x16, x17, [sp, #8 * 16]
str x18, [sp, #8 * 18]

stp x29, x30, [sp, #8 * 20]

/*
* Save elr_ell & spsr_ell. This such that we can take nested exception
* and still be able to unwind.
*/

mrs x0, elr_ell

mrs x1, spsr_ell

stp x0, x1, [sp, #8 * 22]

.endm

[ *x*

*
*
*
*

*/

Restores the volatile registers from the stack. This currently takes 14
instructions, so it can be used 1in exception handlers while still leaving 18
instructions left; if paired with save_volatile_to_stack, there are 4
instructions to spare.

.macro restore_volatile_from_stack

/* Restore registers x2-x18, x29 & x30. */
ldp x2, x3, [sp, #8 x 2]
ldp x4, x5, [sp, #8 * 4]



ldp x6, x7, [sp, #8 x 6]
ldp x8, x9, [sp, #8 * 8]
ldp x10, x11, [sp, #8 * 10]

1dp x12, x13, [sp, #8 * 12]
ldp x14, x15, [sp, #8 * 14]
ldp x16, x17, [sp, #8 * 16]

ldr x18, [sp, #8 x 18]
1dp x29, x30, [sp, #8 * 20]

/* Restore registers elr_ell & spsr_ell, using x0 & x1 as scratch. x/
ldp x0, x1, [sp, #8 x 22]

msr elr_ell, xO

msr spsr_ell, x1

/* Restore x0 & x1, and release stack space. */
ldp x0, x1, [sp]l, #8 * 24

.endm

[ *x*

* % % % %

*

This 1is a generic handler for exceptions taken at the current EL while using
SPO. It behaves similarly to the SPx case by first switching to SPx, doing
the work, then switching back to SPO® before returning.

Switching to SPx and calling the Rust handler takes 16 1instructions. To
restore and return we need an additional 16 +instructions, so we can

implement

*

*/

the whole handler within the allotted 32 dinstructions.

.macro current_exception_sp0® handler:req

msr spsel, #1
save_volatile_to_stack

bl \handler
restore_volatile_from_stack
msr spsel, #0

eret
.endm
[ **
* This is a generic handler for exceptions taken at the current EL while using
* SPx. It saves volatile registers, calls the Rust handler, restores volatile
* registers, then returns.
*
* This also works for exceptions taken from ELO, if we don't care about
* non-volatile registers.
*
* Saving state and jumping to the Rust handler takes 15 -dinstructions, and
* restoring and returning also takes 15 -dinstructions, so we can fit the whole
* handler 1in 30 -dinstructions, under the 1limit of 32.

*/

.macro current_exception_spx handler:req

save_volatile_to_stack

bl \handler
restore_volatile_from_stack
eret

.endm

.section .text.vector_table_el1l, "ax"
.global vector_table_ell



.balign 0x800

vector_table_el1l:

sync_cur_spO0:
current_exception_sp0

.balign 0x80
irq_cur_spO:
current_exception_sp0

.balign 0x80
fiq_cur_spO:
current_exception_sp0

.balign 0x80
serr_cur_sp0:
current_exception_sp0

.balign 0x80
Sync_cur_spx:
current_exception_spx

.balign 0x80
irq_cur_spx:
current_exception_spx

.balign 0x80
fiq_cur_spx:
current_exception_spx

.balign 0x80
Serr_cur_spx:
current_exception_spx

.balign 0x80
sync_lower_64:
current_exception_spx

.balign 0x80
irq_lower_64:
current_exception_spx

.balign 0x80
fiq_lower_64:
current_exception_spx

.balign 0x80
serr_lower_64:
current_exception_spx

.balign 0x80
sync_lower_32:
current_exception_spx

.balign 0x80
irq_lower_32:

current_exception_spx

.balign 0x80

sync_exception_current

irqg_current

fiq_current

serr_current

sync_exception_current

irqg_current

fiq_current

serr_current

sync_lower

irq_lower

fiq_lower

serr_lower

sync_lower

irq_lower



figq_lower_32:
current_exception_spx fiq_lower

.balign 0x80

serr_lower_32:
current_exception_spx serr_lower

idmap.S (you shouldn't need to change this):

/*

* Copyright 2023 Google LLC

*

* Licensed under the Apache License, Version 2.0 (the '"License");

* you may not use this file except in compliance with the License.

* You may obtain a copy of the License at

*

* https://www.apache.org/licenses/LICENSE-2.0

*

* Unless required by applicable law or agreed to in writing, software
* distributed under the License 1is distributed on an "AS IS" BASIS,

* WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or -implied.
* See the License for the specific language governing permissions and
* limitations under the License.

>*
~

.set .L_TT_TYPE_BLOCK, 0Ox1
.set .L_TT_TYPE_PAGE, 0x3
.set .L_TT_TYPE_TABLE, 0x3

/* Access flag. x/
.set .L_TT_AF, 0Ox1 << 10
/* Not global. x/
.set .L_TT_NG, Ox1 << 11
.set .L_TT_XN, Ox3 << 53

.set .L_TT_MT_DEV, 0x0 << 2 // MAIR #0 (DEV_nGnRE)
.set .L_TT_MT_MEM, (0x1 << 2) | (0x3 << 8) // MAIR #1 (MEM_WBWA), qinner
shareable

.set .L_BLOCK_DEV, .L_TT_TYPE_BLOCK | .L_TT_MT_DEV | .L_TT_AF | .L_TT_XN
.set .L_BLOCK_MEM, .L_TT_TYPE_BLOCK | .L_TT_MT_MEM | .L_TT_AF | .L_TT_NG

.section ".rodata.idmap", "a'", %progbits
.global -didmap

.align 12
idmap:

/* level 1 x/

.quad .L_BLOCK_DEV | 0x0 // 1 GiB of device
mappings

.quad .L_BLOCK_MEM | 0x40000000 // 1 GiB of DRAM

LfHll 254, 8, 0Ox0 // 254 GiB of unmapped
VA space

.quad .L_BLOCK_DEV | 0x4000000000 // 1 GiB of device mappings

Lfill 255, 8, 0Ox0 // 255 GiB of remaining

VA space



image.ld (you shouldn't need to change this):



~
*

* Copyright 2023 Google LLC
*
* Licensed under the Apache License, Version 2.0 (the '"License");
* you may not use this file except in compliance with the License.
* You may obtain a copy of the License at
*
* https://www.apache.org/licenses/LICENSE-2.0
*
* Unless required by applicable law or agreed to 1in writing, software
* distributed under the License 1is distributed on an "AS IS" BASIS,
* WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
* See the License for the specific language governing permissions and
* limitations under the License.
*/
/*
* Code will start running at this symbol which is placed at the start of the
* image.
*/
ENTRY (entry)
MEMORY
{
image ORIGIN = 0x40080000, LENGTH = 2M
}
SECTIONS
{
/*
* Collect together the code.
*/
.init : ALIGN(4096) {
text_begin = .;
*(.init.entry)
*(.init.x)
} >dimage
Jtext ¢ {
*(.text.x)
} >image
text_end = .;
/*
* Collect together read-only data.
*/
.rodata : ALIGN(4096) {
rodata_begin = .;
*(.rodata.x)
} >image
.got : {
*(.got)
} >image
rodata_end = .;
/*

* Collect together the read-write data including
* will be zero'd by the entry code.

.bss at the end which



*/

.data : ALIGN(4096) {
data_begin = .;
*(.data.x*)

/*
* The entry point code assumes that .data is a multiple of 32
* bytes long.
*/
. = ALIGN(32);
data_end = .;
} >image

/* Everything beyond this point will not be included in the binary. */
bin_end = .;

/* The entry point code assumes that .bss 1is 16-byte aligned. */
.bss : ALIGN(16) {

bss_begin = .;
*(.bss.*)

* (COMMON)

. = ALIGN(16);
bss_end = .;

} >image

.stack (NOLOAD) : ALIGN(4096) {
boot_stack_begin = .;
. += 40 x 4096;
. = ALIGN(4096);
boot_stack_end = .;

} >image

. = ALIGN(4K);
PROVIDE (dma_region = .);

/*
* Remove unused sections from the -image.
*/
/DISCARD/ : {
/* The image loads itself so doesn't need these sections. */
*(.gnu.hash)
* (. hash)
*(.interp)
*(.eh_frame_hdr)
*(.eh_frame)
*(.note.gnu.build-id)

Makefile (you shouldn't need to change this):



Copyright 2023 Google LLC

Licensed under the Apache License, Version 2.0 (the "License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and
limitations under the License.

H OH H OH H H O H O H H H H H H

UNAME := $(shell uname -s)
ifeq ($(UNAME),Linux)

TARGET = aarch64-1linux-gnu
else

TARGET = aarch64-none-elf
endif
OBJCOPY = $(TARGET)-objcopy

.PHONY: build gemu_minimal gemu gemu_logger
all: rtc.bin

build:
cargo build

rtc.bin: build
$(OBJCOPY) -0 binary target/aarch64-unknown-none/debug/rtc $@

gemu: rtc.bin
gemu-system-aarch64 -machine virt,gic-version=3 -cpu max -serial mon:stdio
-display none -kernel $< -s

clean:

cargo clean
rm -f *.bin

.cargo/config.toml (you shouldn’t need to change this):

[build]
target = "aarch64-unknown-none"
rustflags = ["-C", "link-arg=-Timage.ld"]

Run the code in QEMU with make qgemu .
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Rust =X FHEAHE ERUNBENRIERRLEHRITHA,
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ZiE

Rust ZREHIEFA NS EMES PRLELEM:

1 use std::thread;

2 use std::time::Duration;

3

4 fn main() {

5 thread: :spawn(|| {

6 for i in 1..10 {

7 println! ("Count in thread: {i}!");

8 thread: :sleep(Duration::from_millis(5));
9 +

10 3

11

12 for i in 1..5 {

13 println!("Main thread: {i}");

14 thread: :sleep(Duration: :from_millis(5));
15 }

16 }

o ZBRMATIEFERE, TREFASFHFXILLE.
o HIEZXIEIR (panic) BIULIRILH,
o ZERAEWRLMETHT, HoJLUFER downcast_ref XIEEIHITHEESS,

v Speaker Notes

KR
o HER, KIBERE 10 ZHTHMFELT, MELREH REEH.
e {fF let handle = thread::spawn(...) FI/SEH handle.join() HiF KRR
o EEXBIPREKZIER, HEIRXNATARKINE main,

o {EH handle.join() B Result IREEFREZRER HEE0HRNRE, WEBBLEN
LB—T Any T,


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

SCE%IE

EMEEAENEN LR EPER:

1 use std::thread;

2

3 fn foo() {

4 let s = String::from("Hello");
5 thread: :spawn(|| {

6 println! ("Length: {}", s.len());
7 1)

8 1}

9

10 fn main() {

11 foo();

12 }

A, RETLMERSEELE RSB Y:

1 use std::thread;

2

3 fn main() {

4 let s = String::from("Hello");
5

6 thread: :scope(|scope| {

7 scope.spawn(|]| {

8 println! ("Length: {}", s.len());
9 s

10 })s

11 3}

v Speaker Notes

o HIFEETF, & thread::scope HEZME, TIRIEMELEMEKERE—IE, FE4ERE
BE5IR B8 A AUEUE.

o IWEIFUETER Rust EREMN: ROJLUBE— P& ZENARER, tRolllBdESE
EN&EUATTTZHNANER.


https://doc.rust-lang.org/std/thread/fn.scope.html

&8

Rust @& (Channel) &M MNEF4: Sender<T> ] Receiver<T> , XA NI BT @B HIT
EE, BIRAEERIRS.

1 use std::sync::mpsc;

2

3 fn main() {

4 let (tx, rx) = mpsc::channel();

5

6 tx.send(10) .unwrap();

7 tx.send(20).unwrap();

8

9 println! ("Received: {:?}", rx.recv());
10 println! ("Received: {:?}", rx.recv());
11
12 let tx2 = tx.clone();
13 tx2.send(30) .unwrap();
14 println! ("Received: {:?}", rx.recv());
15 }

v Speaker Notes

® mpsc REZNMEFR, BIMERA. Sender SyncSender S clone (AL, 1R
oLUEEZS M) , 1B Receiver AR,

e send() fl recv() =iR[El Result, MIRENIRE Err, NFRRXIMNA Sender
Receiver EER, BBEEXHA.



ZFiEE

{ROILMER mpsc::channel() RELHRNELEE:

1 wuse std::sync::mpsc;

2 use std::thread;

3 use std::time::Duration;

4

5 fn main() {

6 let (tx, rx) = mpsc::channel();

-

8 thread: :spawn(move || {

9 let thread_id = thread::current().id();

10 for i in 1..10 {

11 tx.send(format! ("Message {i}")).unwrap();
12 println! ("{thread_id:?}: sent Message {i}");
13 }

14 println! ("{thread_id:?}: done");

15 1)

16 thread: :sleep(Duration::from_millis(100));

17

18 for msg in rx.iter() {

19 println!("Main: got {msg}");
20 }

N
=
-



AXEE

With bounded (synchronous) channels, send can block the current thread:

O oo~NOOOUD~ WNER

NN KHEBREBEREBRRBRH B
H®WOowN0uhNWNKRO

use std::sync::mpsc;
use std::thread;
use std::time::Duration;

fn main() {

let (tx, rx) = mpsc::sync_channel(3);

thread: :spawn(move || {
let thread_id = thread::current().id();
for i in 1..10 {
tx.send(format! ("Message {i}")).unwrap();
println! ("{thread_id:?}: sent Message {i}");
}
println! ("{thread_id:?}: done");
1)
thread: :sleep(Duration::from_millis(100));

for msg in rx.iter() {
println!("Main: got {msg}");
}

v Speaker Notes

e Calling send will block the current thread until there is space in the channel for the
new message. The thread can be blocked indefinitely if there is nobody who reads
from the channel.

e Acallto send will abort with an error (that is why it returns Result) if the channel is
closed. A channel is closed when the receiver is dropped.

e Abounded channel with a size of zero is called a “rendezvous channel”. Every send
will block the current thread until another thread calls read .



Send # Sync

How does Rust know to forbid shared access across threads? The answer is in two traits:

e Send: NMREZBHRER T 2L, WEE 1 4 send.,
e Sync: NMREZBHRER &1 2L, MZEE 7 A Sync,

send M Sync ¥WAARLZ2HE, REXAEESE send M sync LE, mFRMS B AEER
4 XRFFE, IR TTAFENZIEA] (MRIRBEXE GREE) &

v Speaker Notes

o NITRBXEREMANXBEASEELRELT2BMEIFRC,
o BNOUEZRYRPENENFEER,


https://doc.rust-lang.org/std/marker/trait.Send.html
https://doc.rust-lang.org/std/marker/trait.Sync.html
https://google.github.io/comprehensive-rust/zh-CN/unsafe/unsafe-traits.html

Send

MRK 7 ERHE RS —TLERREN, WEE T A send,

BIENERIS— M EENENE, "THRMBEENLEDR 17, AL, B&EETIREET
PE—NEBPHEREME, ARE Z—PMERPEUEDEZIE,

v Speaker Notes

flgn, 5 SQlite FERVERRREET £ MERENIE,


https://doc.rust-lang.org/std/marker/trait.Send.html

Sync
MRBRNSNERINE T ERREH, WER T A Sync,
BEERE, EXE:

HBXH &T A send B, T A sync

v Speaker Notes

ZIBEOLRLR—HREIEEN, FRURENLENTHEEARAEREN, BABLREZEN
Z

.

ZEENS| AtRERELZ M,

XREAMRENEEN Sync, WEKREECUUESMERZELE, MAGFEREFHIEM
EFEENNGE, FHGEEHESZ I EERELEN. NZEENSIARETUREMBEHNEF
— i, RNESIRNSIRETMUMETLER 2RI,


https://doc.rust-lang.org/std/marker/trait.Sync.html

=l

Send + Sync

RBEINER KEETF send + Sync:

e 18  f32 _ bool ., char ., &str...

e (T1i, T2) ., [T; Nl . &[T]. struct { x: T }..
® String. Option<T> . Vec<T> . Box<T>...

* Arc<T> : BBHBEEEFSIAIHIEHARERZE,

o Mutex<T> : BBEHEE NEBELMERERE.

e AtomicBool . AtomicUs..: {ERHRIEFIES,

HEBSHI Send + Sync B, ZEIEBEE A Send + Sync,

Send + !Sync
XERBT BB HMARE, BEIFRARRSN. XEFEEHABTEHERN:

® mpsc::Sender<T>

® mpsc::Receiver<T>
® Cell<T>

e RefCell<T>

!1Send + Sync
XURBERELZESHN, BENAERNE S —14%E:
e MutexGuard<T> : EFRIRMERALRINFEE (MNECIBXERBNEREL BUERE) .

!1Send + !Sync

REXRDAZLEREN, FEBHNIIEMLRE:

e Rc<T> : B Re<T> EEBX RcBox<T> HISIAH, HEPEE FFEFIIHITHE,
e xconst T. *mut T: Rust RRERBIEEoIRE EH A K BEFFRIVEEEIR,



R

Rust (EAEBRGRBFIE S LZLIE., XEE BERMPEESLIN:

fiin'l

o Arc<T>, X T #TREFIHE: BTFLEBEREZENHRZE, HAKE ARE— 1 SIBEERN
BUHES T,
o Mutex<T> : HREX 17 EWER/IAIE,


https://doc.rust-lang.org/std/sync/struct.Arc.html
https://doc.rust-lang.org/std/sync/struct.Mutex.html

Arc

Arc<T> FIFIEIT Arc::clone LIHZ R FENIR:

use std::thread;
use std::sync::Arc;

let v = Arc::new(vec![10, 20, 30]);
let mut handles = Vec::new();
for _ in 1..5 {

1
2
3
4 fn main() {
5
6
7
8 let v = Arc::clone(&v);

9 handles.push(thread: :spawn(move || {

10 let thread_id = thread::current().id();

11 println! ("{thread_id:?}: {v:?2}");

12 1)

13 }

14

15 handles.into_iter().for_each(|h| h.join().unwrap());
16 println!("v: {v:?2}");

17}

v Speaker Notes

e Arc RR"EFIIAIHE, EREARFEMEN rRc N ARTERA.
® Arc<T> implements Clone whether or not T does. It implements send and sync if
and only if T implements them both.
o Arc::clone() HITRFEMENEEFHE, BRLZE, T €0 BEER, MREET
FiH.
o BFEWGSIAR, Arc AR{EMANREIN=REN S| HTER,
0 std::sync::Weak XUtBREL,


https://doc.rust-lang.org/std/sync/struct.Arc.html

B2 (Mutex)

Mutex<T> BEBBTRMRER, FHAFXNRILED FEH T #170oI3E)0E:

1 wuse std::sync::Mutex;

2

3 fn main() {

4 let v = Mutex::new(vec![10, 20, 30]);

5 println!("v: {:2}", v.lock().unwrap());
6

7 {

8 let mut guard = v.lock().unwrap();
9 guard.push(40);

10 }

11

12 println!("v: {:2}", v.lock().unwrap());
13 }

BEEERMNWNAIEE impl<T: Send> Sync for Mutex<T> 1B I,

v Speaker Notes

Rust PRI ERBEERMERABCE I RRNES, EPHNRRAESZFRIPIIEEE.
o FEMBZFRIFNEIEZAIATRERICIKEERE,
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https://doc.rust-lang.org/std/sync/struct.Mutex.html
https://doc.rust-lang.org/std/sync/struct.Mutex.html#impl-Sync-for-Mutex%3CT%3E
https://doc.rust-lang.org/std/sync/struct.PoisonError.html
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use std::thread;
// use std::sync::{Arc, Mutex};

fn main() {

let v = vec![10, 20, 30];

let handle = thread::spawn(|| {
v.push(10);

s

v.push(1000);

handle.join() .unwrap();
println! ("v: {v:?2}");
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20
21

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

fn main() {

}

let v = Arc::new(Mutex::new(vec![10, 20, 30]));

let v2 = Arc::clone(&v);

let handle = thread::spawn(move || {
let mut v2 = v2.lock().unwrap();
v2.push(10);

1)

{
let mut v = v.lock().unwrap();
Vv.push(1000);

}

handle.join() .unwrap();

println! ("v: {v:?2}");
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Let us practice our new concurrency skills with
e Dining philosophers: a classic problem in concurrency.

e Multi-threaded link checker: a larger project where you'll use Cargo to download
dependencies and then check links in parallel.
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After looking at the exercises, you can look at the solutions provided.


https://google.github.io/comprehensive-rust/zh-CN/exercises/concurrency/solutions-morning.html

BEERHMEME (Dining philosophers
problem)

The dining philosophers problem is a classic problem in concurrency:

Five philosophers dine together at the same table. Each philosopher has their own
place at the table. There is a fork between each plate. The dish served is a kind of
spaghetti which has to be eaten with two forks. Each philosopher can only alternately
think and eat. Moreover, a philosopher can only eat their spaghetti when they have
both a left and right fork. Thus two forks will only be available when their two nearest
neighbors are thinking, not eating. After an individual philosopher finishes eating, they
will put down both forks.

You will need a local Cargo installation for this exercise. Copy the code below to a file called
src/main.rs, fill out the blanks, and test that cargo run does not deadlock:


https://google.github.io/comprehensive-rust/zh-CN/cargo/running-locally.html

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

struct Fork;

struct Philosopher {
name: String,
// left_fork:
// right_fork:
// thoughts:

}

impl Philosopher {
fn think(&self) {
self.thoughts
.send(format! ("Eureka! {} has a new idea!", &self.name))

.unwrap();

}
fn eat(&self) {
// Pick up forks...

println! ("{} is eating...", &self.name);
thread: :sleep(Duration::from_millis(10));

}

static PHILOSOPHERS: &[&str] =
&["Socrates", "Plato", "Aristotle", "Thales", "Pythagoras"];

fn main() {
// Create forks

// Create philosophers
// Make each of them think and eat 100 times

// Output their thoughts

You can use the following cargo.toml:

[package]
name = "dining-philosophers"
version = "0.1.0"

edition = "2021"



THRIEEIRINERS

Let us use our new knowledge to create a multi-threaded link checker. It should start at a
webpage and check that links on the page are valid. It should recursively check other pages
on the same domain and keep doing this until all pages have been validated.

For this, you will need an HTTP client such as reqwest . Create a new Cargo project and
reqwest it as a dependency with:

cargo new Llink-checker
cd link-checker
cargo add --features blocking,rustls-tls reqwest

If cargo add fails with error: no such subcommand, then please edit the Cargo.toml
file by hand. Add the dependencies listed below.

You will also need a way to find links. We can use scraper for that:
cargo add scraper

Finally, we'll need some way of handling errors. We use thiserror for that:
cargo add thiserror

The cargo add calls will update the Cargo.toml file to look like this:

[package]

name = "link-checker"

version = "Q.1.0"

edition = "2021"

publish = false

[dependencies]

reqwest = { version = "0.11.12", features = ["blocking", "rustls-tls"] }
scraper = "0.13.0"

thiserror = "1.0.37"

You can now download the start page. Try with a small site such as
https://www.google.org/ .

Your src/main.rs file should look something like this:


https://docs.rs/reqwest/
https://docs.rs/scraper/
https://docs.rs/thiserror/

use reqwest::{blocking::Client, Url};
use scraper::{Html, Selector};
use thiserror::Error;

#[derive(Error, Debug)]

enum Error {
#[error("request error: {0}")]
ReqwestError (#[from] reqwest::Error),
#[error("bad http response: {0}")]
BadResponse(String),

}

#[derive(Debug)]

struct CrawlCommand {
url: Url,
extract_1links: bool,

}

fn visit_page(client: &Client, command: &CrawlCommand) -> Result<Vec<Url>,
Error> {
println! ("Checking {:#}", command.url);
let response = client.get(command.url.clone()).send()?;
if lresponse.status().is_success() {
return Err(Error::BadResponse(response.status().to_string()));

}

let mut link_urls = Vec::new();
if !command.extract_links {
return Ok(link_urls);

}

let base_url = response.url().to_owned();
let body_text = response.text()?;
let document = Html::parse_document(&body_text);

let selector = Selector::parse("a").unwrap();
let href_values = document
.select(&selector)
.filter_map(|element| element.value().attr("href"));
for href in href_values {
match base_url.join(href) {
Ok(link_url) => {
link_urls.push(link_url);
}
Err(err) => {
println! ("On {base_url:#}: dgnored unparsable {href:2}:
{err}");

}
}
Ok (link_urls)
}

fn main() {
let client = Client::new();
let start_url = Url::parse("https://www.google.org") .unwrap();
let crawl_command = CrawlCommand{ url: start_url, extract_links: true };



match visit_page(&client, &crawl_command) {
Ok(links) => println!("Links: {links:#?}"),
Err(err) => println! ("Could not extract links: {err:#}"),

Run the code in src/main.rs with

cargo run

x5

e Use threads to check the links in parallel: send the URLs to be checked to a channel
and let a few threads check the URLs in parallel.

e Extend this to recursively extract links from all pages on the www.google.org domain.
Put an upper limit of 100 pages or so so that you don't end up being blocked by the
site.



Async Rust

“Async” is a concurrency model where multiple tasks are executed concurrently by executing
each task until it would block, then switching to another task that is ready to make progress.
The model allows running a larger number of tasks on a limited number of threads. This is
because the per-task overhead is typically very low and operating systems provide primitives
for efficiently identifying /0 that is able to proceed.

Rust's asynchronous operation is based on “futures”, which represent work that may be
completed in the future. Futures are “polled” until they signal that they are complete.

Futures are polled by an async runtime, and several different runtimes are available.

Comparisons

e Python has a similar model in its asyncio . However, its Future type is callback-based,
and not polled. Async Python programs require a “loop”, similar to a runtime in Rust.

e JavaScript's Promise is similar, but again callback-based. The language runtime
implements the event loop, so many of the details of Promise resolution are hidden.



async/await

NEBRLE, BF Rust RBS"EE"NIRFAEIEE M.

1 use futures::executor::block_on;
2

3 async fn count_to(count: 732) {

4 for i in 1..=count {

5 println! ("Count is: {i}!");
6 }

7}

8

9 async fn async_main(count: 732) {
10 count_to(count) .await;

11}

12

13 fn main() {

14 block_on(async_main(10));

15 }
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Futures

Future is a trait, implemented by objects that represent an operation that may not be
complete yet. A future can be polled, and poll returnsa poll.

use std::pin::Pin;
use std::task::Context;

pub trait Future {
type Output;
fn poll(self: Pin<&mut Self>, cx: &mut Context<'_>) -> Poll<Self::0Output>;

}

pub enum Poll<T> {
Ready (T),
Pending,

An async function returns an -impl Future . It's also possible (but uncommon) to implement
Future for your own types. For example, the JoinHandle returned from tokio::spawn
implements Future to allow joining to it.

The .await keyword, applied to a Future, causes the current async function to pause until
that Future is ready, and then evaluates to its output.
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e The Future and Poll types are implemented exactly as shown; click the links to
show the implementations in the docs.

e We will not getto Pin and Context, as we will focus on writing async code, rather
than building new async primitives. Briefly:

o context allows a Future to schedule itself to be polled again when an event
occurs.

o Pin ensures that the Future isn't moved in memory, so that pointers into that
future remain valid. This is required to allow references to remain valid after an

.await.


https://doc.rust-lang.org/std/future/trait.Future.html
https://doc.rust-lang.org/std/task/enum.Poll.html

Runtimes

A runtime provides support for performing operations asynchronously (a reactor) and is
responsible for executing futures (an executor). Rust does not have a “built-in” runtime, but

several options are available:

e Tokio: performant, with a well-developed ecosystem of functionality like Hyper for

HTTP or Tonic for gRPC.
e async-std: aims to be a “std for async”, and includes a basic runtime in async::task.

e smol: simple and lightweight

Several larger applications have their own runtimes. For example, Fuchsia already has one.

v Speaker Notes

o Note that of the listed runtimes, only Tokio is supported in the Rust playground. The
playground also does not permit any I/0, so most interesting async things can’t run in
the playground.

e Futures are “inert” in that they do not do anything (not even start an I/0 operation)
unless there is an executor polling them. This differs from JS Promises, for example,
which will run to completion even if they are never used.


https://tokio.rs/
https://hyper.rs/
https://github.com/hyperium/tonic
https://async.rs/
https://docs.rs/smol/latest/smol/
https://fuchsia.googlesource.com/fuchsia/+/refs/heads/main/src/lib/fuchsia-async/src/lib.rs

Tokio

Tokio provides:

e A multi-threaded runtime for executing asynchronous code.
¢ An asynchronous version of the standard library.
e Alarge ecosystem of libraries.

1 wuse tokio::time;

2

3 async fn count_to(count: 732) {

4 for i in 1..=count {

5 println! ("Count in task: {i}!");

6 time::sleep(time::Duration::from_millis(5)).await;
7 }

8 1}

9

10 #[tokio::main]

11 async fn main() {

12 tokio: :spawn(count_to(10));

13

14 for i in 1..5 {

15 println! ("Main task: {i}");

16 time: :sleep(time::Duration::from_millis(5)).await;
17 }

18 }
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e With the tokio::main macro we can now make main async.

e The spawn function creates a new, concurrent “task”.

e Note: spawn takes a Future, you don'tcall .await On count_to.
Further exploration:

e Why does count_to not (usually) get to 10? This is an example of async cancellation.
tokio: :spawn returns a handle which can be awaited to wait until it finishes.

e Try count_to(10).await instead of spawning.

e Try awaiting the task returned from tokio::spawn.



£

Rust has a task system, which is a form of lightweight threading.

A task has a single top-level future which the executor polls to make progress. That future
may have one or more nested futures that its poll method polls, corresponding loosely to
a call stack. Concurrency within a task is possible by polling multiple child futures, such as
racing a timer and an I/O operation.

use tokio::io::{self, AsyncReadExt, AsyncWriteExt};
use tokio::net::TcpListener;

#[tokio::main]

async fn main() -> do::Result<()> {
let listener = TcplListener::bind("127.0.0.1:6142").await?;
println! ("listening on port 6142");

Tloop {
let (mut socket, addr) = listener.accept().await?;

println!("connection from {addr:?}");

tokio::spawn(async move {
if let Err(e) = socket.write_all(b"Who are you?\n").await {
println! ("socket error: {e:?}");
return;

}

let mut buf = vec![0; 1024];
let reply = match socket.read(&mut buf).await {
Ok(n) => {
let name = std::str::from_utf8(&buf[..n]).unwrap().trim();
format! ("Thanks for dialing in, {name}!\n")

}

Err(e) => {
println! ("socket error: {e:?}");
return;

}

}3
if let Err(e) = socket.write_all(reply.as_bytes()).await {
println! ("socket error: {e:?}");

}
s
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Copy this example into your prepared src/main.rs and run it from there.



Ask students to visualize what the state of the example server would be with a few
connected clients. What tasks exist? What are their Futures?

This is the first time we've seen an async block. This is similar to a closure, but does
not take any arguments. Its return value is a Future, similar to an async fn.

Refactor the async block into a function, and improve the error handling using 2.



SEiEE

Several crates have support for asynchronous channels. For instance tokio:

1 use tokio::sync::mpsc::{self, Receiver};

2

3 async fn ping_handler(mut input: Receiver<()>) {
4 let mut count: usize = 0;

5

6 while let Some(_) = dinput.recv().await {

7 count += 1;

8 println! ("Received {count} pings so far.");
9 }

10

11 println! ("ping_handler complete");

12}

13

14 #[tokio::main]
15 async fn main() {

16 let (sender, receiver) = mpsc::channel(32);

17 let ping_handler_task = tokio::spawn(ping_handler(receiver));

18 for i in 0..10 {

19 sender.send(()) .await.expect("Failed to send ping.");

20 println! ("Sent {} pings so far.", i + 1);

21 }

22

23 drop(sender) ;

24 ping_handler_task.await.expect("Something went wrong in ping handler tas
25 %}
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e Change the channel size to 3 and see how it affects the execution.
e Overall, the interface is similar to the sync channels as seen in the morning class.
e Tryremoving the std::mem::drop call. What happens? Why?

e The Flume crate has channels that implement both sync and async send and
recv . This can be convenient for complex applications with both IO and heavy CPU
processing tasks.

e What makes working with async channels preferable is the ability to combine them
with other future s to combine them and create complex control flow.


https://google.github.io/comprehensive-rust/zh-CN/async/concurrency/channels.html
https://docs.rs/flume/latest/flume/

Futures Control Flow

Futures can be combined together to produce concurrent compute flow graphs. We have
already seen tasks, that function as independent threads of execution.

e Join
e Select


https://google.github.io/comprehensive-rust/zh-CN/async/control-flow/join.html
https://google.github.io/comprehensive-rust/zh-CN/async/control-flow/select.html

1]IPAN

A join operation waits until all of a set of futures are ready, and returns a collection of their
results. This is similar to Promise.all in JavaScript or asyncio.gather in Python.

O oo ~NOOU D WNBKE
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use anyhow: :Result;
use futures::future;
use reqwest;

use std:

:collections: :HashMap;

async fn size_of_page(url: &str) -> Result<usize> {

let

resp = reqwest::get(url).await?;

Ok(resp.text().await?.len())

}

#[tokio:

tmain]

async fn main() {

let

13

let
let
let

urls: [&str; 4] = [
"https://google.com",
"https://httpbin.org/ip",
"https://play.rust-lang.org/",
"BAD_URL",

futures_iter = urls.into_iter().map(size_of_page);
results = future::join_all(futures_iter).await;
page_sizes_dict: HashMap<&str, Result<usize>> =
urls.into_iter().zip(results.into_iter()).collect();

println! ("{:?}", page_sizes_dict);
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Copy this example into your prepared src/main.rs and run it from there.

e For multiple futures of disjoint types, you can use std::future::join! butyou must

know how many futures you will have at compile time. This is currently in the
futures crate, soon to be stabilised in std::future.

e Therisk of join is that one of the futures may never resolve, this would cause your

program to stall.

e You can also combine join_all with join! for instance to join all requests to an

http service as well as a database query. Try adding a tokio::time::sleep to the
future, using futures::join! . Thisis not a timeout (that requires select!,
explained in the next chapter), but demonstrates join! .



EF

A select operation waits until any of a set of futures is ready, and responds to that future’s
result. In JavaScript, this is similar to Promise.race . In Python, it compares to
asyncio.wait(task_set, return_when=asyncio.FIRST_COMPLETED) .

Similar to a match statement, the body of select! has a number of arms, each of the form
pattern = future => statement.When the future isready, the statement is executed
with the variables in pattern bound to the future’s result.



1 use tokio::sync::mpsc::{self, Receiver};

2 use tokio::time::{sleep, Duration};

3

4 #[derive(Debug, PartialEq)]

5 enum Animal {

6 Cat { name: String },

7 Dog { name: String },

8 }

9

10 async fn first_animal_to_finish_race(

11 mut cat_rcv: Receiver<String>,

12 mut dog_rcv: Receiver<String>,

13 ) -> Option<Animal> {

14 tokio::select! {

15 cat_name = cat_rcv.recv() => Some(Animal::Cat { name: cat_name? }),
16 dog_name = dog_rcv.recv() => Some(Animal::Dog { name: dog_name? })
17 }

18 }

19

20 #[tokio::main]
21 async fn main() {

22 let (cat_sender, cat_receiver) = mpsc::channel(32);
23 let (dog_sender, dog_receiver) = mpsc::channel(32);
24 tokio: :spawn(async move {

25 sleep(Duration::from_millis(500)).await;

26 cat_sender

27 .send(String::from("Felix"))

28 .await

29 .expect("Failed to send cat.");

30 1)

31 tokio: :spawn(async move {

32 sleep(Duration::from_millis(50)).await;

33 dog_sender

34 .send(String::from("Rex"))

35 .await

36 .expect("Failed to send dog.");

37 1

38

39 let winner = first_animal_to_finish_race(cat_receiver, dog_receiver)
40 .await

41 .expect("Failed to receive winner");

42

43 println! ("Winner is {winner:?3}");

44 }
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e In this example, we have a race between a cat and a dog.
first_animal_to_finish_race listens to both channels and will pick whichever
arrives first. Since the dog takes 50ms, it wins against the cat that take 500ms.

e You can use oneshot channels in this example as the channels are supposed to
receive only one send.

e Try adding a deadline to the race, demonstrating selecting different sorts of futures.



¢ Note that select! drops unmatched branches, which cancels their futures. Itis
easiest to use when every execution of select! creates new futures.

o An alternative is to pass &mut future instead of the future itself, but this can
lead to issues, further discussed in the pinning slide.



Pitfalls of async/await

Async / await provides convenient and efficient abstraction for concurrent asynchronous
programming. However, the async/await model in Rust also comes with its share of pitfalls

and footguns. We illustrate some of them in this chapter:

e Blocking the Executor
e Pin

e Async Traits

e Cancellation


https://google.github.io/comprehensive-rust/zh-CN/async/pitfalls/blocking-executor.html
https://google.github.io/comprehensive-rust/zh-CN/async/pitfalls/pin.html
https://google.github.io/comprehensive-rust/zh-CN/async/pitfalls/async-traits.html
https://google.github.io/comprehensive-rust/zh-CN/async/pitfalls/cancellation.html

Blocking the executor

Most async runtimes only allow IO tasks to run concurrently. This means that CPU blocking
tasks will block the executor and prevent other tasks from being executed. An easy
workaround is to use async equivalent methods where possible.
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17

use futures::future::join_all;
use std::time::Instant;

async fn sleep_ms(start: &Instant, id: w64, duration_ms: ué64) {
std::thread::sleep(std::time::Duration::from_millis(duration_ms));
println!(
"future {id} slept for {duration_ms}ms, finished after {}ms",
start.elapsed().as_millis()
)5
}

#[tokio::main(flavor = "current_thread")]

async fn main() {
let start = Instant::now();
let sleep_futures = (1..=10).map(|t| sleep_ms(&start, t, t x 10));
join_all(sleep_futures).await;
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Run the code and see that the sleeps happen consecutively rather than concurrently.

The "current_thread" flavor puts all tasks on a single thread. This makes the effect
more obvious, but the bug is still present in the multi-threaded flavor.

Switch the std::thread::sleep tO tokio::time::sleep and await its result.

Another fix would be to tokio::task::spawn_blocking which spawns an actual
thread and transforms its handle into a future without blocking the executor.

You should not think of tasks as OS threads. They do not map 1 to 1 and most
executors will allow many tasks to run on a single OS thread. This is particularly
problematic when interacting with other libraries via FFl, where that library might
depend on thread-local storage or map to specific OS threads (e.g., CUDA). Prefer
tokio: :task: :spawn_blocking in such situations.

Use sync mutexes with care. Holding a mutex over an .await may cause another
task to block, and that task may be running on the same thread.
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When you await a future, all local variables (that would ordinarily be stored on a stack
frame) are instead stored in the Future for the current async block. If your future has
pointers to data on the stack, those pointers might get invalidated. This is unsafe.

Therefore, you must guarantee that the addresses your future points to don't change. That

is why we need to pin futures. Using the same future repeatedly in a select! often leads
to issues with pinned values.



1 wuse tokio::sync::{mpsc, oneshot};

2 use tokio::task::spawn;

3 use tokio::time::{sleep, Duration};

4

5 // A work item. In this case, just sleep for the given time and respond
6 // with a message on the ‘respond_on' channel.
7 #[derive(Debug)]

8 struct Work {

9 input: u32,

10 respond_on: oneshot::Sender<u32>,

11}

12

13 // A worker which listens for work on a queue and performs it.
14 async fn worker(mut work_queue: mpsc::Receiver<Work>) {

15 let mut diterations = 0;

16 loop {

17 tokio::select! {

18 Some (work) = work_queue.recv() => {

19 sleep(Duration::from_millis(10)).await; // Pretend to work.
20 work.respond_on

21 .send(work.input * 1000)

22 .expect("failed to send response");

23 iterations += 1;

24 }

25 // TODO: report number of iterations every 100ms
26 }

27 }

28 }

29

30 // A requester which requests work and waits for it to complete.
31 async fn do_work(work_queue: &mpsc::Sender<Work>, +dinput: u32) -> u32 {

32 let (tx, rx) = oneshot::channel();

33 work_queue

34 .send(Work {

35 input,

36 respond_on: tx,

37 1D,

38 .await

39 .expect("failed to send on work queue'");
40 rx.await.expect("failed waiting for response")
41 }

42

43 #[tokio::main]
44 async fn main() {

45 let (tx, rx) = mpsc::channel(10);

46 spawn (worker (rx));

47 for i in 0..100 {

48 let resp = do_work(&tx, 1i).await;

49 println! ("work result for iteration {i}: {resp}");
50 }

51 }
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e You may recognize this as an example of the actor pattern. Actors typically call
select! inaloop.



e This serves as a summation of a few of the previous lessons, so take your time with it.

o Naivelyadda _ = sleep(Duration::from_millis(100)) => { println!(..) }
to the select! . This will never execute. Why?

o Instead, add a timeout_fut containing that future outside of the loop:

let mut timeout_fut = sleep(Duration::from_millis(100));
loop {

select! {
°)

_ = timeout_fut => { println!(..); I},

o This still doesn't work. Follow the compiler errors, adding &mut to the
timeout_fut inthe select! to work around the move, then using Box::pin:

let mut timeout_fut = Box::pin(sleep(Duration::from_millis(100)));
loop {

select! {

°)

_ = &mut timeout_fut => { println!(..); I},

o This compiles, but once the timeout expires it is Poll::Ready on every iteration

(a fused future would help with this). Update to reset timeout_fut everytime it
expires.

e Box allocates on the heap. In some cases, std::pin::pin! (only recently stabilized,

with older code often using tokio::pin!)is also an option, but that is difficult to use
for a future that is reassigned.

e Another alternative is to not use pin at all but spawn another task that will send to a
oneshot channel every 100ms.



SRR

Async methods in traits are not yet supported in the stable channel (An experimental
feature exists in nightly and should be stabilized in the mid term.)

The crate async_trait provides a workaround through a macro:

1 wuse async_trait::async_trait;

2 use std::time::Instant;

3 use tokio::time::{sleep, Duration};

4

5 #[async_trait]

6 trait Sleeper {

7 async fn sleep(&self);

8 }

9

10 struct FixedSleeper {

11 sleep_ms: ué64,

12 }

13

14 #[async_trait]

15 1impl Sleeper for FixedSleeper {

16 async fn sleep(&self) {

17 sleep(Duration::from_millis(self.sleep_ms)).await;
18 }

19 }
20

21 async fn run_all_sleepers_multiple_times(sleepers: Vec<Box<dyn Sleeper>>, n_
22 for _ in 0..n_times {

23 println! ("running all sleepers..");

24 for sleeper in &sleepers {

25 let start = Instant::now();

26 sleeper.sleep().await;

27 println! ("slept for {}ms", start.elapsed().as_millis());
28 }

29 }
30 }
31
32 #[tokio::main]
33 async fn main() {
34 let sleepers: Vec<Box<dyn Sleeper>> = vec![
35 Box::new(FixedSleeper { sleep_ms: 50 }),
36 Box::new(FixedSleeper { sleep_ms: 100 }),
37 13
38 run_all_sleepers_multiple_times(sleepers, 5).await;
39 }

v Speaker Notes

® async_trait iseasy to use, but note that it's using heap allocations to achieve this.
This heap allocation has performance overhead.


https://blog.rust-lang.org/inside-rust/2022/11/17/async-fn-in-trait-nightly.html
https://blog.rust-lang.org/inside-rust/2022/11/17/async-fn-in-trait-nightly.html
https://docs.rs/async-trait/latest/async_trait/

T async trait BNESXIFPHIIRERRA Rustly, FEUTERMEFSRAHER, WRE
XERANT #RRHER, Niko Matsakis X R X E P NN T RIFEIFER .

L BIE— DI sleeper £, (EEREVIREE—EREE, FRERME Vec B,


https://smallcultfollowing.com/babysteps/blog/2019/10/26/async-fn-in-traits-are-hard/

H IR

Dropping a future implies it can never be polled again. This is called cancellation and it can
occur atany await point. Care is needed to ensure the system works correctly even when

futures are cancelled. For example, it shouldn't deadlock or lose data.
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use std::io::{self, ErrorKind};
use std::time::Duration;
use tokio::io::{AsyncReadExt, AsyncWriteExt, DuplexStream};

struct LinesReader {
stream: DuplexStream,

}

impl LinesReader {
fn new(stream: DuplexStream) -> Self {
Self { stream }
}

async fn next(&mut self) -> djo::Result<Option<String>> {
let mut bytes = Vec::new();
let mut buf = [0];
while self.stream.read(&mut buf[..]).await? != 0 {
bytes.push(buf[0]);
if buf[0] == b'\n' {
break;
}
}
if bytes.is_empty() {
return Ok(None)

}
let s = String::from_utf8(bytes)

.map_err(|_| do::Error::new(ErrorKind::InvalidData, "not UTF-8")
Ok (Some(s))

}

async fn slow_copy(source: String, mut dest: DuplexStream) -> std::io::Resul
for b in source.bytes() {
dest.write_u8(b).await?;
tokio::time::sleep(Duration::from_millis(10)).await
}
Ok (())
}

#[tokio::main]
async fn main() -> std::io::Result<()> {
let (client, server) = tokio::io::duplex(5);
let handle = tokio::spawn(slow_copy("hi\nthere\n".to_owned(), client));

let mut lines = LinesReader::new(server);
let mut dinterval = tokio::time::interval(Duration::from_millis(60));
loop {
tokio::select! {
_ = dinterval.tick() => println! ("tick!"),
line = lines.next() => if let Some(l) = 1line? {
print!("{}", 1)
} else {
break
s
+
}

handle.await.unwrap()?;

0k(())



59 }

v Speaker Notes

e The compiler doesn't help with cancellation-safety. You need to read API
documentation and consider what state your async fn holds.

e Unlike panic and ?, cancellation is part of normal control flow (vs error-handling).
e The example loses parts of the string.
o Whenever the tick() branch finishes first, next() andits buf are dropped.

o LinesReader can be made cancellation-safe by making buf part of the struct:

struct LinesReader {
stream: DuplexStream,
bytes: Vec<u8>,
buf: [u8; 1],

impl LinesReader {

fn new(stream: DuplexStream) -> Self {
Self { stream, bytes: Vec::new(), buf: [0] }

}

async fn next(&mut self) -> do::Result<Option<String>> {
// prefix buf and bytes with self.
/]
let raw = std::mem::take(&mut self.bytes);
let s = String::from_utf8(raw)
//

e Interval::tick is cancellation-safe because it keeps track of whether a tick has
been ‘delivered.

e AsyncReadExt::read is cancellation-safe because it either returns or doesn't read
data.

® AsyncBufReadExt::read_line is similar to the example and isn't cancellation-safe.
See its documentation for details and alternatives.


https://docs.rs/tokio/latest/tokio/time/struct.Interval.html#method.tick
https://docs.rs/tokio/latest/tokio/io/trait.AsyncReadExt.html#method.read
https://docs.rs/tokio/latest/tokio/io/trait.AsyncBufReadExt.html#method.read_line

2]

AT HIENERY Rust #2688, HMNBRAGRBTRINERS:
e BERHE: RMNELELFFI TRMNOE, XXIRBERARS Rust KERE,
o BWXNA: XR—IMEARNIRE, AFERHESRNFIRUSIIEE,

v Speaker Notes

After looking at the exercises, you can look at the solutions provided.


https://google.github.io/comprehensive-rust/zh-CN/exercises/concurrency/solutions-afternoon.html

BEXREE - RS
EFEFFAELIREDBHER,

52—, BBEE—NAKHE Cargo ZERHITENES, B TENRKBEHE—1NEH
src/main.rs B, BEZHERS, HUWIXHR cargo run ARFH:

use std::sync::Arc;

use tokio::time;

use tokio::sync::mpsc::{self, Sender};
use tokio::sync::Mutex;

struct Fork;

struct Philosopher {
name: String,
// left_fork:
// right_fork:
// thoughts:

}

impl Philosopher {
async fn think(&self) {
self.thoughts

.send(format! ("Eureka! {} has a new idea!", &self.name)).await
.unwrap();

}

async fn eat(&self) {
// Pick up forks...
println! ("{} is eating...", &self.name);
time::sleep(time::Duration::from_millis(5)).await;

}

static PHILOSOPHERS: &[&str] =
&["Socrates", "Plato", "Aristotle", "Thales", "Pythagoras"];

#[tokio::main]
async fn main() {
// Create forks
// Create philosophers

// Make them think and eat

// Output their thoughts

ARX B IEEFERARLSRUst, BEFE— tokio K, WoJLAMERPATH cargo.toml :


https://google.github.io/comprehensive-rust/zh-CN/exercises/concurrency/dining-philosophers.html
https://google.github.io/comprehensive-rust/zh-CN/cargo/running-locally.html

[package]

name = "dining-philosophers-async-dine"
version = "0.1.0"

edition = "2021"

[dependencies]
tokio = {version = "1.26.0", features = ["sync", "time", "macros'", "rt-multi-

thread"]}

BY, BHR, XXEBITERXE tokio B8] Mutex F1 mpsc &R,

v Speaker Notes
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REBRSRBVRENERER BAMEE K.

For this, we use a broadcast channel on the server, and tokio_websockets for the
communication between the client and the server.

BIE—1#EY Cargo TR E F AR AT :

Cargo.toml:
[package]
name = '"chat-async"
version = "0.1.0"
edition = "2021"
[dependencies]
futures-util = { version = "0.3.28", features = ["sink"] }

http = "0.2.9"

tokio = { version = "1.28.1", features = ["full"] }

tokio-websockets = { version = "0.4.0", features = ["client", "fastrand",
"server", "shal_smol"] }

Fi B HIAPI

You are going to need the following functions from tokio and tokio_websockets.Spend a
few minutes to familiarize yourself with the API.

e StreamExt::next() implemented by websocketStream: for asynchronously reading

messages from a Websocket Stream.
e SinkExt:send() B WebsocketStream LI : FHF7EWebsocketii LR FE KIXHE,
e Lines:next_line(): for asynchronously reading user messages from the standard input.
e Sender:subscribe(): BFITIRI BHE,

BT AT XX

BEE— Cargo MBH, RRBEE—INITHHIXMHE, F1— src/main.rs X, EXTIE
o, BRNBERNTTESFUE . —METEFPR, 5—THETRSSE. (ROESEZREENHIVER
M EIRAY Cargo B, BERIMEENBE—TEIWNTHFIXMHE Cargo TIEY, ATHEHRET
£, BEFPHNIRSJ|BHABMNIZBE src/bin T (BRXHE) .


https://docs.rs/tokio/latest/tokio/sync/broadcast/fn.channel.html
https://docs.rs/tokio-websockets/0.4.0/tokio_websockets/
https://docs.rs/tokio-websockets/0.4.0/tokio_websockets/
https://docs.rs/futures-util/0.3.28/futures_util/stream/trait.StreamExt.html#method.next
https://docs.rs/futures-util/0.3.28/futures_util/sink/trait.SinkExt.html#method.send
https://docs.rs/tokio/latest/tokio/io/struct.Lines.html#method.next_line
https://docs.rs/tokio/latest/tokio/sync/broadcast/struct.Sender.html#method.subscribe
https://doc.rust-lang.org/cargo/reference/cargo-targets.html#binaries

BUTERSSBNEZFPIHRKESANERZ src/bin/server.rs l src/bin/client.rs O

SRR R T H AR e X &,

src/bin/server.rs:

use futures_util::sink::SinkExt;

use futures_util::stream::StreamExt;

use std::error::Error;

use std::net::SocketAddr;

use tokio::net::{TcpListener, TcpStream};

use tokio::sync::broadcast::{channel, Sender};

use tokio_websockets::{Message, ServerBuilder, WebsocketStream};

async fn handle_connection(
addr: SocketAddr,
mut ws_stream: WebsocketStream<TcpStream>,
bcast_tx: Sender<String>,

) —> Result<(), Box<dyn Error + Send + Sync>> {

// TODO: For a hint, see the description of the task below.

}

#[tokio::main]
async fn main() -> Result<(), Box<dyn Error + Send + Sync>> {
let (bcast_tx, _) = channel(16);

let listener = TcplListener::bind("127.0.0.1:2000").await?;
println! ("listening on port 2000");

loop {
let (socket, addr) = listener.accept().await?;
println! ("New connection from {addr:?}");
let bcast_tx = bcast_tx.clone();
tokio::spawn(async move {
// Wrap the raw TCP stream into a websocket.
let ws_stream = ServerBuilder::new().accept(socket).await?;

handle_connection(addr, ws_stream, bcast_tx).await

1)

src/bin/client.rs:

IR
o /BN

BE



use futures_util::stream::StreamExt;

use futures_util::SinkExt;

use http::Uri;

use tokio::io::{AsyncBufReadExt, BufReader};
use tokio_websockets::{ClientBuilder, Message};

#[tokio::main]
async fn main() -> Result<(), tokio_websockets::Error> {
let (mut ws_stream, _) =
ClientBuilder::from_uri(Uri::from_static("ws://127.0.0.1:2000"))
.connect()
.await?;

let stdin = tokio::io::stdin();
let mut stdin = BufReader::new(stdin).lines();

// TODO: For a hint, see the description of the task below.

BT IRIT X
AT LTRSS

cargo run --bin server
and the client with:

cargo run --bin client

x5

e £ src/bin/server.rs PISLH handle_connection BEL,

o f&7R: fEM tokio::select! A—TELNBHRPHLKATHNMES . —MESNEF

HEBCERHTBEN. B—MESBRSHFERINERRELE i,
e TR src/bin/client.rs @] main BREL,

o Hint: As before, use tokio::select! in a continuous loop for concurrently
performing two tasks: (1) reading user messages from standard input and
sending them to the server, and (2) receiving messages from the server, and
displaying them for the user.

e Optional: Once you are done, change the code to broadcast messages to all clients, but
the sender of the message.
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Thank you for taking Comprehensive Rust £8! We hope you enjoyed it and that it was useful.

FAXVRRBILHMNBER T RESREB. FREHIFERTELR, Bit, NRELIETHERAGED
BUHRI, 1EB7E GitHub ES&HAER., BRNPFRIICHNERER


https://github.com/google/comprehensive-rust/discussions
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The following is a glossary which aims to give a short definition of many Rust terms. For
translations, this also serves to connect the term back to the English original.

e allocate:
Dynamic memory allocation on the heap.
e argument:
e Bare-metal Rust: See Bare-metal Rust.
e Dblock:
See Blocks and scope.
e borrow:
See Borrowing.
e borrow checker:
The part of the Rust compiler which checks that all borrows are valid.
e brace:
{ and } . Also called curly brace, they delimit blocks.
e build:
o call:
e channel:
Used to safely pass messages between threads.
e Comprehensive Rust &&:
The courses here are jointly called Comprehensive Rust §8.
e concurrency:
e Concurrency in Rust:
See Concurrency in Rust.
e constant:
e control flow:
e crash:
e enumeration:
e error:
e error handling:
e exercise:
e function:
e garbage collector:
e generics:
e immutable:
e integration test:
e keyword:
e library:
® macro:
e main function:
e match:


https://google.github.io/comprehensive-rust/zh-CN/memory-management/stack-vs-heap.html
https://google.github.io/comprehensive-rust/zh-CN/bare-metal.html
https://google.github.io/comprehensive-rust/zh-CN/control-flow/blocks.html
https://google.github.io/comprehensive-rust/zh-CN/ownership/borrowing.html
https://google.github.io/comprehensive-rust/zh-CN/concurrency/channels.html
https://google.github.io/comprehensive-rust/zh-CN/concurrency.html

memory leak:
method:

module:

move:

oJ3g:

ownership:

panic:

parameter:

pattern:

payload:

program:
programming language:
receiver:

reference counting:
return:

Rust:

Rust Fundamentals:
Days 1 to 3 of this course.
Rust in Android:
See Rust in Android.
safe:

scope:

standard library:
static:

string:

struct:

test:

thread:

thread safety:

trait:

type:

type inference:
undefined behavior:
union:

unit test:

= (A&2)
variable:\


https://google.github.io/comprehensive-rust/zh-CN/android.html

Hfth Rust &FiR

Rust HXELZEIET FENSRERERFALRME,

B A X
Rust TREHRM T H SRR, XERREST Rust B—RRS:

e RustiZFIRIMES: —8AX Rust NREERBEH. BPFANETZIES, AES—LT
HHzERENIE,

o BUFIFF Rust: BI—RIIBRAREWHREINAE Rust IBE., BNSEFE—LE/NES],
SEREBRDHIE RGO PELE,

o Rust #x/fEFE: Rust iR FERYSTEE MY,

o Rust ZEF}: —ARZTHBIH, NET Rust IHBENAFRE,

Rust EAMIL FEESEIWISHE:

e Rust #f: MHMBTARE Rust, BiEERARIBIEHURSEMIES (FF) &,
e Rust PRIREHE: NATHE (Rust BFIRIHES) RHBESIANHRSRERE,
o HRAI Rust Z2H: NBWAERERERFNRANIRE LEMA Rust,

FEAFIFTH

Hth Rust e N2 R/ NikEE:

e Learn Rust the Dangerous Way (LABRHIFFIE Rust) : MER CIBESRFERNBENSA
Rust,

e EEERAT CEFZGH Rust: NER CIESHEEHNALAENAENSE Rust,

e Rust for professionals (EEEW ATH Rust) : BIESEMIES (HIa0 C. C++. Java,
JavaScript &1 Python) #4THHELLER, 148 Rust BIEE,

e Rust on Exercism (7 Exercism % Rust) : 100 2SI BIEZS] Rust,

e Ferrous Teaching Material: —ZF/INERXFS, #= Rust 5= NEMINRMNS RIS, iF
HE T WebAssembly 1 async/await EFH i ERR,

e [E[O Rust Y] FERTIFER Rust BHE—H: WTEBMFFLEN Rust iEM@. F—1
EREA 35 MR, F-MEEES 11 MER, AFEE Rust IBEMEARLEH,

o BN AEMNHRFIRust: BEII/IMAREENFIREN, RARE Rust IRFEEM
.

MFEEZL Rust BH, EEE Rust /M,


https://doc.rust-lang.org/book/
https://doc.rust-lang.org/rust-by-example/
https://doc.rust-lang.org/std/
https://doc.rust-lang.org/reference/
https://doc.rust-lang.org/nomicon/
https://rust-lang.github.io/async-book/
https://doc.rust-lang.org/stable/embedded-book/
http://cliffle.com/p/dangerust/
https://docs.opentitan.org/doc/ug/rust_for_c/
https://overexact.com/rust-for-professionals/
https://exercism.org/tracks/rust
https://ferrous-systems.github.io/teaching-material/index.html
https://docs.microsoft.com/zh-cn/shows/beginners-series-to-rust/
https://docs.microsoft.com/zh-cn/learn/paths/rust-first-steps/
https://rust-unofficial.github.io/too-many-lists/
https://lborb.github.io/book/
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RRPHERURSMERN Rust XEFRARM., WFEEFLARRNTEIR, BERXTH
b =R AE,

The material of Comprehensive Rust is licensed under the terms of the Apache 2.0 license,
please see LI1CENSE for details.

Rust ;=%

ARBREIEHFH W ERust by Example, W% THIFE (81FF0 £R) , BFESH
th'lrd_party/rust by-example/ B%E,

Rust on Exercism

DEIEHIF B Rust on Exercism, WMFE THRIFES (B0 £K) , 2R
third_party/rust-on-exercism/ H3XxX.

CXX

"5 Cr+ MERMFEEHASIAT—% KB OX NER., METREE (QFEFITER) , BEH
third_party/cxx/ HX%X.

Cia=S

The Why Rust? - An Example in C section has been taken from the presentation slides of
Colin Finck's Master Thesis. It has been relicensed under the terms of the Apache 2.0 license
for this course by the author.


https://google.github.io/comprehensive-rust/zh-CN/other-resources.html
https://google.github.io/comprehensive-rust/zh-CN/other-resources.html
https://github.com/google/comprehensive-rust/blob/main/LICENSE
https://doc.rust-lang.org/rust-by-example/
https://exercism.org/tracks/rust
https://google.github.io/comprehensive-rust/zh-CN/android/interoperability/cpp.html
https://cxx.rs/
https://google.github.io/comprehensive-rust/zh-CN/why-rust/an-example-in-c.html
https://colinfinck.de/Master_Thesis_Colin_Finck.pdf

R
=
S E THNRERBIFSINRE,

FIBIRTE GitHub ERBXTHRRTRNEH. MREESULERNNAEAREFNBERLR, 5
EIFEA.


https://github.com/google/comprehensive-rust/discussions
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https://google.github.io/comprehensive-rust/zh-CN/exercises/day-1/for-loops.html

fn transpose(matrix: [[i32; 3]; 3]1) -> [[i32; 3]; 3] {

let mut result = [[0; 3]; 3];
for i in 0..3 {

for j in 0..3 {

result[j][i] = matrix[i][j];

}
}
return result;

}

fn pretty_print(matrix: &[[i32; 3]; 3]) {
for row in matrix {
println! ("{row:2}");
}
}

#[test]
fn test_transpose() {
let matrix = [
[1601, 102, 1031, //
[201, 202, 203],
[301, 302, 303],
13
let transposed = transpose(matrix);
assert_eq! (
transposed,
[
[1e1, 201, 301], //
[102, 202, 302],
[163, 203, 303],

)3
}

fn main() {
let matrix = [

[161, 102, 103], // <-- the comment makes rustfmt add a newline
[201, 202, 203],
[301, 302, 303],

13

println! ("matrix:");
pretty_print(&matrix);

let transposed = transpose(matrix);

println! ("transposed:");
pretty_print(&transposed);

Bk o0 1) &

XEEESRIRS, FEX, BMNUTUMERTANTIA (&[&[i32]1] ) EABMALRBRRETE
B, NMERMNVRAEBLIEBERK/NGER, AW, XRRMSHFER: BREXERER «(&



[i32]11 , AAECEEHBERREINEUE,

,a:EMz:ﬁcﬁm*M Vec<Vec<i32>> E’]Ti_t 1E' ‘m%EE&I’T’F }‘A Vec<Vec<i32>> 55?%73
&[&[i32]] REME, ELEIMAEBABEREWER pretty_print,

TR trait MZEE, EAIMoILUMER std::convert::AsRef"trait RIHR AR TI/EA Slice 5|HHY
NET,

use std::convert::AsRef;
use std::fmt::Debug;

fn pretty_print<T, Line, Matrix>(matrix: Matrix)
where
T: Debug,
// A line references a slice of -items
Line: AsRef<[T]>,
// A matrix references a slice of lines
Matrix: AsRef<[Line]>

{
for row in matrix.as_ref() {
println! ("{:?}", row.as_ref());
}
}
fn main() {
// &[&[i32]]
pretty_print(&[&[1, 2, 3], &[4, 5, 6], &[7, 8, 911);
// [l&str; 2]; 2]
pretty_pr-int([[ﬂall, llbll]’ ["C", lldll]]);
// Vec<Vec<i32>>
pretty_print(vec![vec![1, 2], vec![3, 4]]);
}

Btoh, RBERBAZBFHERFIFEGHERBNKE, AUXFNRETEES— P ERIERE.


https://doc.rust-lang.org/std/convert/trait.AsRef.html
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https://google.github.io/comprehensive-rust/zh-CN/exercises/day-1/luhn.html

pub fn luhn(cc_number: &str) -> bool {
let mut digits_seen = 0;
let mut sum = 03
for (i, ch) in cc_number.chars().rev().filter(|&ch| ch != "

{
match ch.to_digit(10) {
Some(d) => {
sum += if 4 % 2 == 1 {
let dd = d * 2;
dd / 10 + dd % 10
} else {
d
}s
digits_seen += 1;
}
None => return false,
}
}
if digits_seen < 2 {
return false;
}
sum % 10 == 0
}
fn main() {
let cc_number = "1234 5678 1234 5670";
println!(
"Is {cc_number} a valid credit card number? {}",
if luhn(cc_number) { "yes" } else { "no" }
)3
}
#[test]

fn test_non_digit_cc_number() {
assert! (!luhn("foo"));
assert! (!luhn("foo 0 0"));
}

#[test]

fn test_empty_cc_number () {
assert! (!luhn(""));
assert! (!lTuhn(" "));

assert! (!luhn(" "));
assert! (!luhn(" "))
}
#[test]

fn test_single_digit_cc_number() {
assert! (!luhn("0"));
}

#[test]

fn test_two_digit_cc_number() {
assert! (luhn(" 0 0 "))

}

") .enumerate()



#[test]

fn test_valid_cc_number () {
assert! (luhn("4263 9826 4026 9299"));
assert! (luhn("4539 3195 0343 6467"));
assert! (luhn("7992 7398 713"));

#[test]

fn test_invalid_cc_number() {
assert! (!luhn("4223 9826 4026 9299"));
assert! (!luhn("4539 3195 0343 6476"));
assert! (!luhn("8273 1232 7352 0569"));



Pattern matching

/// An operation to perform on two subexpressions.
#[derive(Debug)]
enum Operation {

Add,

Sub,

Mul,

Div,

}

/// An expression, in tree form.
#[derive(Debug)]
enum Expression {
/// An operation on two subexpressions.
op {
op: Operation,
left: Box<Expression>,
right: Box<Expression>,

¥

/// A literal value
Value(i64),
}

/// The result of evaluating an expression.
#[derive(Debug, Partialkq, Eq)]
enum Res {
/// Evaluation was successful, with the given result.
Ok(i64),
/// Evaluation failed, with the given error message.
Err(String),
}

// Allow 'Ok’ and “Err ' as shorthands for “Res::0k' and ‘Res:

use Res::{Err, Ok};

fn eval(e: Expression) -> Res {
match e {
Expression::0p { op, left, right } => {
let left = match eval(xleft) {

Ok(v) => v,

Err(msg) => return Err(msg),
13
let right = match eval(*right) {

Ok(v) => v,

Err(msg) => return Err(msg),
13

Ok (match op {
Operation::Add => left + right,
Operation::Sub => left - right,
Operation::Mul => left * right,
Operation::Div => {
if right == 0 {

return Err(String::from("division by zero"));

} else {
left / right

tErr’.



i)
}

Expression::Value(v) => 0Ok(v),
}

#[test]
fn test_value() {

assert_eq! (eval(Expression::Value(19)), 0k(19));
}

#[test]
fn test_sum() {
assert_eq!/(
eval(Expression::0p {
op: Operation::Add,
left: Box::new(Expression::Value(10)),
right: Box::new(Expression::Value(20)),
9P
0k (30)
)3
}

#[test]
fn test_recursion() {
let terml = Expression::0p {
op: Operation::Mul,
left: Box::new(Expression::Value(10)),
right: Box::new(Expression::Value(9)),
}s
let term2 = Expression::0p {
op: Operation::Mul,
left: Box::new(Expression::0p {
op: Operation::Sub,
left: Box::new(Expression::Value(3)),
right: Box::new(Expression::Value(4)),
9P
right: Box::new(Expression::Value(5)),
}s
assert_eq! (
eval(Expression::0p {
op: Operation::Add,
left: Box::new(terml),
right: Box::new(term2),
9P
0k (85)
)
}

#[test]
fn test_error() {
assert_eq! (
eval(Expression::0p {
op: Operation::Div,
left: Box::new(Expression::Value(99)),
right: Box::new(Expression::Value(0)),



9P
Err(String::from("division by zero"))
)5
}
fn main() {
let expr = Expression::0p {
op: Operation::Sub,
left: Box::new(Expression::Value(20)),
right: Box::new(Expression::Value(10)),
}s3
println! ("expr: {:?}", expr);
println! ("result: {:?}", eval(expr));
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https://google.github.io/comprehensive-rust/zh-CN/exercises/day-2/book-library.html

struct Library {
books: Vec<Book>,

}

struct Book {
title: String,
year: ulé6,

}
impl Book {
// This 1is a constructor, used below.
fn new(title: &str, year: ul6) -> Book {
Book {
title: String::from(title),
year,
}
}
}

// Implement the methods below. Notice how the “self’ parameter

// changes type to indicate the method's required level of ownership
// over the object:

//

// ‘&self’ for shared read-only access,

// - “&mut self’ for unique and mutable access,

// - “self’ for unique access by value.

impl Library {

fn new() -> Library {
Library { books: Vec::new() }

fn len(&self) -> usize {
self.books.len()

fn is_empty(&self) -> bool {
self.books.is_empty()

fn add_book(&mut self, book: Book) {
self.books.push(book)

fn print_books(&self) {
for book in &self.books {
println! ("{}, published in {}", book.title, book.year);
}

fn oldest_book(&self) -> Option<&Book> {
// Using a closure and a built-in method:
// self.books.iter().min_by_key(|book| book.year)

// Longer hand-written solution:
let mut oldest: Option<&Book> = Nonej;
for book 1in self.books.iter() {



if oldest.is_none() || book.year < oldest.unwrap().year {
oldest = Some(book);

}
}
oldest
}
}
fn main() {
let mut library = Library::new();
println!(
"The library is empty: library.is_empty() -> {}",
library.is_empty()
)3
library.add_book(Book::new("Lord of the Rings", 1954));
library.add_book(Book::new("Alice's Adventures in Wonderland", 1865));
println!(
"The library is no longer empty: library.is_empty() -> {}",
library.is_empty()
)3
library.print_books();
match library.oldest_book() {
Some(book) => println!("The oldest book is {}", book.title),
None => println! ("The library is empty!"),
}
println! ("The library has {} books", library.len());
library.print_books();
}
#[test]

fn test_library_len() {

}

let mut library = Library::new();
assert_eq! (library.len(), 0);
assert! (library.is_empty());

library.add_book(Book: :new("Lord of the Rings'", 1954));
library.add_book(Book::new("Alice's Adventures in Wonderland", 1865));
assert_eq! (library.len(), 2);

assert! (!library.is_empty());

#[test]
fn test_library_is_empty() {

}

let mut library = Library::new();
assert! (library.is_empty());

library.add_book(Book::new('"Lord of the Rings", 1954));
assert! (!library.is_empty());

#[test]



fn test_library_print_books() {
let mut library = Library::new();
library.add_book(Book: :new("Lord of the Rings'", 1954));
library.add_book(Book::new("Alice's Adventures in Wonderland", 1865));
// We could try and capture stdout, but let us just call the
// method to start with.
library.print_books();

}

#[test]
fn test_library_oldest_book() {
let mut library = Library::new();
assert! (library.oldest_book().is_none());

library.add_book(Book: :new("Lord of the Rings'", 1954));
assert_eq!/(
library.oldest_book().map(|b| b.title.as_str()),
Some("Lord of the Rings")

)5

library.add_book(Book: :new("Alice's Adventures in Wonderland", 1865));
assert_eq! (

library.oldest_book().map(|b| b.title.as_str()),

Some("Alice's Adventures 1in Wonderland")

)3

ERgE v
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https://google.github.io/comprehensive-rust/zh-CN/exercises/day-2/health-statistics.html

pub struct User {
name: String,
age: u32,
height: 32,
visit_count: usize,
last_blood_pressure: Option<(u32, u32)>,

pub struct Measurements {
height: f32,
blood_pressure: (u32, u32),

pub struct HealthReport<'a> {
patient_name: &'a str,
visit_count: u32,
height_change: 32,
blood_pressure_change: Option<(i32, i32)>,

}
impl User {
pub fn new(name: String, age: u32, height: f32) -> Self {
Self {
name,
age,
height,

visit_count: 0,
last_blood_pressure: None,

pub fn name(&self) -> &str {
&self.name

pub fn age(&self) -> u32 {
self.age

pub fn height(&self) -> f32 {
self.height

pub fn doctor_visits(&self) -> u32 {
self.visit_count as u32

pub fn set_age(&mut self, new_age: u32) {
self.age = new_age

pub fn set_height(&mut self, new_height: f32) {
self.height = new_height

pub fn visit_doctor(&mut self, measurements: Measurements) -> HealthReport



self.visit_count += 1;
let bp = measurements.blood_pressure;
let report = HealthReport {
patient_name: &self.name,
visit_count: self.visit_count as u32,
height_change: measurements.height - self.height,
blood_pressure_change: match self.last_blood_pressure {
Some (lbp) => Some((
bp.0 as i32 - 1lbp.0 as 1132,
bp.1 as i32 - 1lbp.1l as 1i32
))s
None => None,
}
}s
self.height = measurements.height;
self.last_blood_pressure = Some(bp);

report
}
}
fn main() {
let bob = User::new(String::from("Bob"), 32, 155.2);
println!("I'm {} and my age is {}", bob.name(), bob.age());
}
#[test]

fn test_height() {

}

let bob = User::new(String::from("Bob"), 32, 155.2);
assert_eq! (bob.height(), 155.2);

#[test]
fn test_set_age() {

}

let mut bob = User::new(String::from("Bob"), 32, 155.2);
assert_eq! (bob.age(), 32);

bob.set_age(33);

assert_eq! (bob.age(), 33);

#[test]
fn test_visit() {

let mut bob = User::new(String::from("Bob"), 32, 155.2);
assert_eq! (bob.doctor_visits(), 0);
let report = bob.visit_doctor(Measurements {
height: 156.1,
blood_pressure: (120, 80),
1)
assert_eq! (report.patient_name, "Bob");
assert_eq! (report.visit_count, 1);
assert_eq! (report.blood_pressure_change, None);

let report = bob.visit_doctor(Measurements {
height: 156.1,
blood_pressure: (115, 76),

1)

assert_eq! (report.visit_count, 2);



assert_eq! (report.blood_pressure_change, Some((-5, -4)));
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https://google.github.io/comprehensive-rust/zh-CN/exercises/day-2/strings-iterators.html

pub fn prefix_matches(prefix: &str, request_path: &str) -> bool {
let mut request_segments = request_path.split('/');
for prefix_segment in prefix.split('/') {

let Some(request_segment) = request_segments.next() else {
return false;

}s3
if request_segment != prefix_segment && prefix_segment != "x" {
return false;
}
}
true

// Alternatively, Iterator::zip() lets us iterate simultaneously over
prefix

// and request segments. The zip() iterator 1is finished as soon as one of

// the source -iterators is finished, but we need to iterate over all
request

// segments. A neat trick that makes zip() work 1is to use map() and chain()

// to produce an iterator that returns Some(str) for each pattern segments,

// and then returns None 1indefinitely.

}

#[test]

fn test_matches_without_wildcard() {
assert! (prefix_matches("/vl/publishers'", "/vl/publishers"));
assert! (prefix_matches("/vl/publishers", "/vl/publishers/abc-123"));
assert! (prefix_matches("/vl/publishers", "/vl/publishers/abc/books"));

assert! (!prefix_matches("/v1l/publishers'", "/v1"));

assert! (!prefix_matches("/vl/publishers", "/vl/publishersBooks"));

assert! (!prefix_matches("/vl/publishers", "/vl/parent/publishers'"));
}

#[test]
fn test_matches_with_wildcard() {
assert! (prefix_matches(
"/vl/publishers/x/books",
"/vl/publishers/foo/books"
))s
assert! (prefix_matches(
"/vl/publishers/x/books",
"/vl/publishers/bar/books"
))s
assert! (prefix_matches(
"/vl/publishers/x/books",
"/vl/publishers/foo/books/bookl"

)3

assert! (!prefix_matches("/vl/publishers/*/books", "/vl/publishers'"));
assert! (!prefix_matches(

"/vl/publishers/*/books",

"/vl/publishers/foo/booksByAuthor"

)5



fn main() {}
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https://google.github.io/comprehensive-rust/zh-CN/exercises/day-3/simple-gui.html

pub trait Widget {
/// Natural width of ‘self’.
fn width(&self) -> usize;

/// Draw the widget into a buffer.
fn draw_into(&self, buffer: &mut dyn std::fmt::Write);

/// Draw the widget on standard output.
fn draw(&self) {
let mut buffer = String::new();
self.draw_into(&mut buffer);
println! ("{buffer}");

}

pub struct Label {
label: String,

}

impl Label {
fn new(label: &str) -> Label {
Label {
label: label.to_owned(),
}

}

pub struct Button {
label: Label,
}

impl Button {
fn new(label: &str) -> Button {
Button {
label: Label::new(label),

}
}

pub struct Window {

title: String,

widgets: Vec<Box<dyn Widget>>,
}

impl Window {
fn new(title: &str) -> Window {
Window {
title: title.to_owned(),
widgets: Vec::new(),

}

fn add_widget(&mut self, widget: Box<dyn Widget>) {
self.widgets.push(widget);

}

fn inner_width(&self) -> usize {



std::cmp: :max(
self.title.chars().count(),
self.widgets.iter().map(|w| w.width()).max().unwrap_or(0),

impl Widget for Window {
fn width(&self) -> usize {
// Add 4 paddings for borders
self.inner_width() + 4

}

fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
let mut dinner = String::new();
for widget in &self.widgets {
widget.draw_into(&mut dinner);

}
let dinner_width = self.inner_width();

// TODO: after learning about error handling, you can change
// draw_into to return Result<(), std::fmt::Error>. Then use
// the ?-operator here -instead of .unwrap().
writeln! (buffer, "+-{:-<inner_widths$}-+", "").unwrap();
writeln! (buffer, "| {:7inner_width$} |", &self.title).unwrap();
writeln! (buffer, "+={:=<inner_widths$}=+", "").unwrap();
for line 1in inner.lines() {
writeln! (buffer, "| {:inner_width$} |", line).unwrap();

}

writeln! (buffer, "+-{:-<inner_widths$}-+", "").unwrap();

}

impl Widget for Button {
fn width(&self) -> usize {
self.label.width() + 8 // add a bit of padding

}

fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
let width = self.width();
let mut label = String::new();
self.label.draw_ginto(&mut label);

writeln! (buffer, "+{:-<widths$}+", "").unwrap();
for line in label.lines() {
writeln! (buffer, "|{: widths$}|", &line).unwrap();

}
writeln! (buffer, "+{:-<widths$}+", "").unwrap();

}

impl Widget for Label {
fn width(&self) -> usize {
self.label
.lines()
.map(|line| line.chars().count())



.max()
.unwrap_or(0)

}

fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
writeln! (buffer, "{}", &self.label).unwrap();

}
}
fn main() {
let mut window = Window: :new("Rust GUI Demo 1.23");
window.add_widget(Box::new(Label::new("This is a small text GUI demo.")));
window.add_widget (Box: :new(Button: :new(
"Click me!™"
1))
window.draw() ;
}

RilZia
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https://google.github.io/comprehensive-rust/zh-CN/exercises/day-3/points-polygons.html

#[derive(Debug, Copy, Clone, PartialEq, Eq)]
pub struct Point {

x: 132,

y: 132,
}

impl Point {
pub fn new(x: i32, y: i32) -> Point {
Point { x, y }
}

pub fn magnitude(self) -> f64 {
f64::from(self.x.pow(2) + self.y.pow(2)).sqrt()
}

pub fn dist(self, other: Point) -> f64 {
(self - other).magnitude()
}
}

impl std::ops::Add for Point {
type Output = Self;

fn add(self, other: Self) -> Self::0utput {
Self {
x: self.x + other.x,
y: self.y + other.y,

}

impl std::ops::Sub for Point {
type Output = Self;

fn sub(self, other: Self) -> Self::0utput {
Self {
x: self.x - other.x,
y: self.y - other.y,

}

pub struct Polygon {
points: Vec<Point>,

}

impl Polygon {
pub fn new() -> Polygon {
Polygon { points: Vec::new() }

}

pub fn add_point(&mut self, point: Point) {
self.points.push(point);
}

pub fn left_most_point(&self) -> Option<Point> {
self.points.iter().min_by_key(|p| p.x).copied()



}

pub fn iter(&self) -> 1impl Iterator<Item = &Point> {
self.points.iter()
}

pub fn length(&self) -> f64 {
if self.points.is_empty() {
return 0.0;

}

let mut result = 0.0;

let mut last_point = self.points[0];

for point in &self.points[1l..] {
result += last_point.dist(xpoint);
last_point = xpoint;

}

result += last_point.dist(self.points[0]);

result

// Alternatively, Iterator::zip() lets us iterate over the points as
pairs

// but we need to pair each point with the next one, and the last point

// with the first point. The zip() iterator 1is finished as soon as one
of

// the source -iterators is finished, a neat trick is to combine
Iterator::cycle
// with Iterator::skip to create the second +iterator for the zip and
using map
// and sum to calculate the total length.
}
}

pub struct Circle {
center: Point,
radius: 1132,

}

impl Circle {
pub fn new(center: Point, radius: i32) -> Circle {
Circle { center, radius }

}

pub fn circumference(&self) -> f64 {
2.0 x std::f64::consts::PI * f64::from(self.radius)
}

pub fn dist(&self, other: &Self) -> f64 {
self.center.dist(other.center)
}
}

pub enum Shape {
Polygon(Polygon),
Circle(Circle),

}

impl From<Polygon> for Shape {
fn from(poly: Polygon) -> Self {



Shape: :Polygon(poly)
}

impl From<Circle> for Shape {
fn from(circle: Circle) -> Self {
Shape::Circle(circle)
}
}

impl Shape {
pub fn perimeter (&self) -> f64 {
match self {
Shape::Polygon(poly) => poly.length(),
Shape::Circle(circle) => circle.circumference(),

}

#[cfg(test)]
mod tests {
use super::x;

fn round_two_digits(x: f64) -> f64 {
(x * 100.0).round() / 100.0
}

#[test]
fn test_point_magnitude() {

let pl = Point::new(12, 13);

assert_eq! (round_two_digits(pl.magnitude()), 17.69);
}

#[test]
fn test_point_dist() {
let pl = Point::new(10, 10);

let p2 = Point::new(14, 13);

assert_eq! (round_two_digits(pl.dist(p2)), 5.00);
}
#[test]

fn test_point_add() {
let p1 Point::new(16, 16);
let p2 = pl + Point::new(-4, 3);
assert_eq!(p2, Point::new(12, 19));

}

#[test]

fn test_polygon_left_most_point() {
let pl = Point::new(12, 13);
let p2 = Point::new(16, 16);

let mut poly = Polygon::new();
poly.add_point(pl);

poly.add_point(p2);

assert_eq! (poly.left_most_point(), Some(pl));



#[test]

fn test_polygon_iter() {
let pl = Point::new(12, 13);
let p2 = Point::new(16, 16);

let mut poly = Polygon::new();
poly.add_point(pl);
poly.add_point(p2);

let points = poly.iter().cloned().collect::<Vec<_>>();
assert_eq! (points, vec![Point::new(12, 13), Point::new(16, 16)]);
}

#[test]
fn test_shape_perimeters() {
let mut poly = Polygon::new();
poly.add_point(Point::new(12, 13));
poly.add_point(Point::new(17, 11));
poly.add_point(Point::new(16, 16));
let shapes = vec![
Shape::from(poly),
Shape::from(Circle::new(Point::new(10, 20), 5)),
13
let perimeters = shapes
Jdter ()
.map (Shape: :perimeter)
.map(round_two_digits)
.collect::<Vec<_>>();
assert_eq! (perimeters, vec![15.48, 31.42]);

}

fn main() {}



F=XTFHE%S

22 FFI B8

(RE%3)


https://google.github.io/comprehensive-rust/zh-CN/exercises/day-3/safe-ffi-wrapper.html

mod ffi {
use std::os::raw::{c_char, c_int};
#[cfg(not(target_os = "macos"))]
use std::os::raw::{c_long, c_ulong, c_ushort, c_uchar};

// Opaque type. See https://doc.rust-lang.org/nomicon/ffi.html.
#[repr(C)]
pub struct DIR {
_data: [u8; 0],
_marker: core::marker::PhantomData<(xmut u8,
core::marker: :PhantomPinned)>,

}

// Layout according to the Linux man page for readdir(3), where ino_t and
// off_t are resolved according to the definitions 1in
// /Jusr/include/x86_64-linux-gnu/{sys/types.h, bits/typesizes.h}.
#[cfg(not(target_os = "macos"))]
#[repr(C)]
pub struct dirent {
pub d_ino: c_ulong,
pub d_off: c_long,
pub d_reclen: c_ushort,
pub d_type: c_uchar,
pub d_name: [c_char; 256],
}

// Layout according to the macOS man page for dir(5).
#[cfg(all(target_os = "macos"))]
#[repr(C)]
pub struct dirent {

pub d_fileno: u64,

pub d_seekoff: u64,

pub d_reclen: ulé6,

pub d_namlen: ulé6,

pub d_type: u8,

pub d_name: [c_char; 1024],
}

extern "C" {
pub fn opendir(s: *const c_char) -> *mut DIR;

#[cfg(not(all(target_os = "macos", target_arch = "x86_64")))]
pub fn readdir(s: *mut DIR) -> *const dirent;

// See https://github.com/rust-lang/libc/issues/414 and the section on
// _DARWIN_FEATURE_64_BIT_INODE 1in the macOS man page for stat(2).

//

// "Platforms that existed before these updates were available" refers
// to macO0S (as opposed to i0S / wear0S / etc.) on Intel and PowerPC.
#[cfg(all(target_os = "macos", target_arch = "x86_64"))]

#[link_name = "readdir$INODE64"]

pub fn readdir(s: *mut DIR) -> *const dirent;

pub fn closedir(s: *mut DIR) -> c_int;



use std::ffi::{CStr, CString, 0sStr, 0OsString};
use std::os::unix::ffi::0sStrExt;

#[derive(Debug)]

struct DirectorylIterator {
path: CString,
dir: xmut ffi::DIR,

}

impl DirectoryIterator {
fn new(path: &str) -> Result<DirectoryIterator, String> {
// Call opendir and return a Ok value if that worked,
// otherwise return Err with a message.
let path = CString::new(path).map_err(|err| format!("Invalid path:
{err}"))?;
// SAFETY: path.as_ptr() cannot be NULL.
let dir = unsafe { ffi::opendir(path.as_ptr()) };
if dir.is_null() {
Err(format! ("Could not open {:?}", path))
} else {
Ok(DirectoryIterator { path, dir })

}
}

impl Iterator for DirectoryIterator {
type Item = O0sString;
fn next(&mut self) -> Option<0sString> {
// Keep calling readdir until we get a NULL pointer back.
// SAFETY: self.dir is never NULL.
let dirent = unsafe { ffi::readdir(self.dir) };
if dirent.is_null() {
// We have reached the end of the directory.
return Nonej;
}
// SAFETY: dirent is not NULL and dirent.d_name 1is NUL
// terminated.
let d_name = unsafe { CStr::from_ptr((*dirent).d_name.as_ptr()) };
let os_str OsStr::from_bytes(d_name.to_bytes());
Some (os_str.to_owned())

}

impl Drop for DirectoryIterator {
fn drop(&mut self) {

// Call closedir as needed.

if lself.dir.is_null() {
// SAFETY: self.dir is not NULL.
if unsafe { ffi::closedir(self.dir) } !=0 {

panic!("Could not close {:?}", self.path);

}

}

fn main() -> Result<(), String> {
let iter = DirectoryIterator::new(".")?;
println! ("files: {:#2}", 1dter.collect::<Vec<_>>());



0k(())

}

#[cfg(test)]
mod tests {
use super::x;
use std::error::Error;

#[test]
fn test_nonexisting_directory() {

}

let diter = DirectoryIterator::new('"no-such-directory");
assert! (iter.is_err());

#[test]
fn test_empty_directory() -> Result<(), Box<dyn Error>> {

}

let tmp = tempfile::TempDir::new()?;

let iter = DirectoryIterator::new(
tmp.path().to_str().ok_or("Non UTF-8 character in path")?,

)73

let mut entries = iter.collect::<Vec<_>>();

entries.sort();

assert_eq! (entries, &[".", ".."]);

ok(())

#[test]
fn test_nonempty_directory() -> Result<(), Box<dyn Error>> {

let tmp = tempfile::TempDir::new()?;
std::fs::write(tmp.path().join("foo.txt"), "The Foo Diaries\n")?;
std::fs::write(tmp.path().join("bar.png"), "<PNG>\n")?;
std::fs::write(tmp.path().join("crab.rs"), "//! Crab\n")?;
let 1diter = DirectoryIterator::new(

tmp.path().to_str().ok_or("Non UTF-8 character in path")?,
)7
let mut entries = dter.collect::<Vec<_>>();
entries.sort();
assert_eq! (entries, &[".", "..", "bar.png", "crab.rs", "foo.txt"]);

0k(())
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https://google.github.io/comprehensive-rust/zh-CN/exercises/bare-metal/compass.html

#![no_main]
#![no_std]

extern crate panic_halt as _;

use core::fmt::Write;

use cortex_m_rt::entry;

use core::cmp::{max, min};

use 1lsm303agr::{AccelOutputDataRate, Lsm303agr, MagOutputDataRate};
use microbit::display::blocking: :Display;

use microbit::hal::prelude::x;

use microbit::hal::twim::Twim;

use microbit::hal::uarte::{Baudrate, Parity, Uarte};
use microbit::hal::Timer;

use microbit::pac::twim@::frequency::FREQUENCY_A;
use microbit::Board;

const COMPASS_SCALE: 132 = 30000;
const ACCELEROMETER_SCALE: 1132 = 700;

#[lentry]
fn main() -> ! {
let board = Board::take().unwrap();

// Configure serial port.

let mut serial = Uarte: :new(
board.UARTEO,
board.uart.into(),
Parity: :EXCLUDED,
Baudrate: :BAUD115200,

)3

// Set up the I2C controller and Inertial Measurement Unit.

writeln! (serial, "Setting up IMU...").unwrap();

let i2c = Twim::new(board.TWIMO, board.i2c_internal.into(),
FREQUENCY_A: :K100) ;

let mut imu = Lsm303agr::new_with_i2c(i2c);

imu.init().unwrap();

imu.set_mag_odr (MagOutputDataRate: :Hz50) .unwrap();

imu.set_accel_odr (AccelOutputDataRate: :Hz50) .unwrap();

let mut imu = dmu.into_mag_continuous().ok().unwrap();

// Set up display and timer.
let mut timer = Timer::new(board.TIMERO);
let mut display = Display::new(board.display_pins);

let mut mode = Mode::Compass;
let mut button_pressed = false;

writeln! (serial, "Ready.").unwrap();

loop {
// Read compass data and log it to the serial port.
while !(imu.mag_status().unwrap().xyz_new_data
&& imu.accel_status().unwrap().xyz_new_data)

{}

let compass_reading = imu.mag_data() .unwrap();



let accelerometer_reading = imu.accel_data().unwrap();
writeln! (

serial,

"4 N3, {3, {3,

compass_reading.x,

compass_reading.y,

compass_reading.z,

accelerometer_reading.x,

accelerometer_reading.y,

accelerometer_reading.z,

)

.unwrap();

let mut image = [[0; 5]; 5];
let (x, y) = match mode {
Mode: :Compass => (
scale(-compass_reading.x, -COMPASS_SCALE, COMPASS_SCALE, 0, 4)
as usize,
scale(compass_reading.y, —COMPASS_SCALE, COMPASS_SCALE, 0, 4)

as usize,
)
Mode: :Accelerometer => (
scale(
accelerometer_reading.x,
-ACCELEROMETER_SCALE,
ACCELEROMETER_SCALE,
0,
4,
) as usize,
scale(
-accelerometer_reading.y,
—-ACCELEROMETER_SCALE,
ACCELEROMETER_SCALE,
0,
4,
) as usize,
)
}s5

image[y][x] = 255;
display.show(&mut timer, image, 100);

// If button A is pressed, switch to the next mode and briefly blink
all LEDs on.
if board.buttons.button_a.is_low().unwrap() {
if !button_pressed {
mode = mode.next();
display.show(&mut timer, [[255; 5]; 5], 200);
}
button_pressed = true;
} else {
button_pressed

false;

#[derive(Copy, Clone, Debug, Eq, PartialEq)]
enum Mode {
Compass,



Accelerometer,

}
impl Mode {
fn next(self) -> Self {
match self {
Self::Compass => Self::Accelerometer,
Self::Accelerometer => Self::Compass,
}
}
}

fn scale(value: 132, min_in: i32, max_in: 132, min_out:

i32 {
let range_in = max_in - min_in;
let range_out = max_out - min_out;
cap(

i32, max_out:

min_out + range_out * (value - min_in) / range_in,

min_out,
max_out,

fn cap(value: i32, min_value: 132, max_value: 1i32) -> 132 {

max (min_value, min(value, max_value))

i32) ->



#* A Rust: HME

RTC driver

(R[E1%5>])

main.rs:


https://google.github.io/comprehensive-rust/zh-CN/exercises/bare-metal/rtc.html

#![no_main]
#![no_std]

mod
mod
mod
mod

use
use
use
use
use
use
use
use
use
use
use

/17

const GICD_BASE_ADDRESS: *mut u64
const GICR_BASE_ADDRESS: *mut u64

/17

exceptions;
logger;
ploll;
plo31;

crate::plO31::Rtc;
arm_gic::gicv3::{IntId, Trigger};
arm_gic::{irq_enable, wfi};
chrono: :{TimeZone, Utc};
core::hint::spin_loop;
crate::ploll::Uart;
arm_gic::gicv3::GicV3;
core::panic::PanicInfo;
log::{error, info, trace, LevelFilter};
smccc:ipsci::system_off;

smccc: :Hvc;

Base addresses of the GICv3.

Ox800_0000 as _;
OX80A_0000 as _;

Base address of the primary PLO11 UART.

const PLO11_BASE_ADDRESS: *mut u32 = 0x900_0000 as _;

/11

Base address of the PLO31 RTC.

const PLO31_BASE_ADDRESS: *mut u32 = 0x901_0000 as _;

/17

The IRQ used by the PL0O31 RTC.

const PLO31_IRQ: IntId = IntId::spi(2);

#[no_mangle]
extern "C" fn main(x0: u64, x1l: u64, x2: u64, x3: u64d) {

// Safe because "PLO11_BASE_ADDRESS® is the base address of a PLO11 device,
// and nothing else accesses that address range.

let uart = unsafe { Uart::new(PLO11_BASE_ADDRESS) };

logger::init(uart, LevelFilter::Trace).unwrap();

info! ("main({:#x}, {:#x}, {:#x}, {:#x})", x0, x1, x2, x3);

// Safe because ‘GICD_BASE_ADDRESS' and ‘GICR_BASE_ADDRESS® are the base
// addresses of a GICv3 distributor and redistributor respectively, and

// nothing else accesses those address ranges.

let mut gic = unsafe { GicV3::new(GICD_BASE_ADDRESS, GICR_BASE_ADDRESS) };
gic.setup();

// Safe because "PLO31_BASE_ADDRESS® 1is the base address of a PLO31 device,
// and nothing else accesses that address range.

let mut rtc = unsafe { Rtc::new(PLO31_BASE_ADDRESS) };

let timestamp = rtc.read();

let time = Utc.timestamp_opt(timestamp.into(), 0).unwrap();

info! ("RTC: {timel}'");

GicV3::set_priority_mask(0xff);
gic.set_interrupt_priority(PLO31_IRQ, 0x80);
gic.set_trigger (PLO31_IRQ, Trigger::Level);



}

irq_enable();
gic.enable_interrupt(PLO31_IRQ, true);

// Wait for 3 seconds, without +interrupts.
let target = timestamp + 3;
rtc.set_match(target);
info! (
"Waiting for {}",
Utc.timestamp_opt(target.into(), 0).unwrap()
)
trace! (
"matched={}, interrupt_pending={}",
rtc.matched(),
rtc.interrupt_pending()
)5
while !rtc.matched() {
spin_loop();
}
trace! (
"matched={}, interrupt_pending={}",
rtc.matched(),
rtc.interrupt_pending()
)5

info! ("Finished waiting");

// Wait another 3 seconds for an -tinterrupt.
let target = timestamp + 6;
info!l (
"Waiting for {}",
Utc.timestamp_opt(target.into(), 0).unwrap()
)5
rtc.set_match(target);
rtc.clear_interrupt();
rtc.enable_interrupt(true);
trace! (
"matched={}, interrupt_pending={}",
rtc.matched(),
rtc.interrupt_pending()
)5
while !rtc.interrupt_pending() {
wfi();
}
trace! (
"matched={}, interrupt_pending={}",
rtc.matched(),
rtc.interrupt_pending()
)5

info! ("Finished waiting");

system_off::<Hvc>().unwrap();

#[panic_handler]
fn panic(info: &PanicInfo) -> ! {

error! ("{info}");
system_off::<Hvc>().unwrap();



loop {}

pl031.rs:



use core::ptr::{addr_of, addr_of_mut};

#[repr(C, align(4))]
struct Registers {

/17
dr:

/17

mr:

/17
lr:

/17

cr:

Data register
u32,

Match register
u32,

Load register
u32,

Control register
us,

_reserved@: [u8; 3],

/17

Interrupt Mask Set or Clear register

imsc: u8,
_reservedl: [u8; 3],

/17

ris:

Raw Interrupt Status
us,

_reserved2: [u8; 3],

11/

mis:

Masked Interrupt Status
us8,

_reserved3: [u8; 3],

/17

icr:

Interrupt Clear Register
us8,

_reserved4: [u8; 3],

}

/// Driver for a PLO31 real-time clock.
#[derive(Debug)]
pub struct Rtc {

registers: xmut Registers,
}
impl Rtc {
/// Constructs a new instance of the RTC driver for a PL031 device at the
/// given base address.
/1]
/// # Safety
/1]
/// The given base address must point to the MMIO control registers of a
/// PLO31 device, which must be mapped into the address space of the
process
/// as device memory and not have any other aliases.
pub unsafe fn new(base_address: *mut u32) -> Self {
Self {
registers: base_address as *mut Registers,
}
}
/// Reads the current RTC value.
pub fn read(&self) -> u32 {
// Safe because we know that self.registers points to the control
// registers of a PLO31 device which is appropriately mapped.
unsafe { addr_of! ((xself.registers).dr).read_volatile() }
}
/// Writes a match value. When the RTC value matches this then an interrupt



/1]
pub

/17

not

/17
pub

/11
11/
11/
/1]
pub

/17
/1]
/1]
/1]
pub

/1]
pub

}

// Safe

will be generated (if it 1is enabled).

fn set_match(&mut self, value: u32) {

// Safe because we know that self.registers points to the control
// registers of a PLO31 device which is appropriately mapped.
unsafe { addr_of_mut! ((*self.registers).mr).write_volatile(value) }

Returns whether the match register matches the RTC value, whether or

the +interrupt is enabled.

fn matched(&self) -> bool {

// Safe because we know that self.registers points to the control

// registers of a PLO31 device which is appropriately mapped.

let ris = unsafe { addr_of!((*self.registers).ris).read_volatile() };
(ris & 0x01) =0

Returns whether there is currently an interrupt pending.

This should be true if and only if "matched® returns true and the
interrupt is masked.

fn interrupt_pending(&self) -> bool {

// Safe because we know that self.registers points to the control

// registers of a PLO31 device which is appropriately mapped.

let ris = unsafe { addr_of! ((*self.registers).mis).read_volatile() };
(ris & Ox01) != 0

Sets or clears the dinterrupt mask.

When the mask is true the -interrupt is enabled; when it is false the
interrupt 1is disabled.

fn enable_interrupt(&mut self, mask: bool) {

let imsc = if mask { 0x01 } else { Ox00 };

// Safe because we know that self.registers points to the control

// registers of a PLO31 device which is appropriately mapped.

unsafe { addr_of_mut! ((*self.registers).imsc).write_volatile(imsc) }

Clears a pending tinterrupt, if any.

fn clear_interrupt(&mut self) {

// Safe because we know that self.registers points to the control
// registers of a PL031 device which is appropriately mapped.
unsafe { addr_of_mut! ((*self.registers).icr).write_volatile(0x01) }

because it just contains a pointer to device memory, which can be

// accessed from any context.
unsafe impl Send for Rtc {}



HEREE: EF43

HERMEARE (Dining philosophers problem)

(RE%3)


https://google.github.io/comprehensive-rust/zh-CN/exercises/concurrency/dining-philosophers.html

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

struct Fork;

struct Philosopher {

}

name: String,

left_fork: Arc<Mutex<Fork>>,
right_fork: Arc<Mutex<Fork>>,
thoughts: mpsc::SyncSender<String>,

impl Philosopher {

}

fn think(&self) {

self.thoughts
.send(format! ("Eureka! {} has a new idea!", &self.name))
.unwrap();

fn eat(&self) {

println! ("{} is trying to eat", &self.name);
let left = self.left_fork.lock().unwrap();
let right = self.right_fork.lock().unwrap();

println!("{} is eating...", &self.name);
thread: :sleep(Duration::from_millis(10));

static PHILOSOPHERS: &[&str] =

&["Socrates", "Plato", "Aristotle", "Thales", "Pythagoras"];

fn main() {

let (tx, rx) = mpsc::sync_channel(10);

let forks = (0..PHILOSOPHERS.1len())

.map(|_| Arc::new(Mutex::new(Fork)))
.collect::<Vec<_>>();

for i in 0..forks.len() {

let tx = tx.clone();
let mut left_fork = Arc::clone(&forks[i]);
let mut right_fork = Arc::clone(&forks[(i + 1) % forks.len()]);

// To avoid a deadlock, we have to break the symmetry
// somewhere. This will swap the forks without deinitializing
// either of them.
if i == forks.len() - 1 {
std: :mem: :swap (&nut left_fork, &mut right_fork);
}

let philosopher = Philosopher {
name: PHILOSOPHERS[1i].to_string(),
thoughts: tx,
left_fork,
right_fork,



}s

thread: :spawn(move || {
for _ 1in 0..100 {
philosopher.eat();
philosopher.think();
}
1)
}

drop(tx);

for thought in rx {
println! ("{thought}");

}

Link Checker

(back to exercise)


https://google.github.io/comprehensive-rust/zh-CN/exercises/concurrency/link-checker.html

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

use reqwest::{blocking::Client, Url};
use scraper::{Html, Selector};
use thiserror::Error;

#[derive(Error, Debug)]

enum Error {
#[error("request error: {0}")]
ReqwestError (#[from] reqwest::Error),
#[error("bad http response: {0}")]
BadResponse(String),

}

#[derive(Debug)]

struct CrawlCommand {
url: Url,
extract_links: bool,

}

fn visit_page(client: &Client, command: &CrawlCommand) -> Result<Vec<Url>,
Error> {
println! ("Checking {:#}", command.url);
let response = client.get(command.url.clone()).send()?;
if lresponse.status().is_success() {
return Err(Error::BadResponse(response.status().to_string()));

}

let mut link_urls = Vec::new();
if !command.extract_links {
return Ok(link_urls);

}

let base_url = response.url().to_owned();
let body_text = response.text()?;
let document Html: :parse_document (&body_text);

let selector = Selector::parse("a").unwrap();
let href_values = document

.select(&selector)

.filter_map(|element| element.value().attr("href"));
for href in href_values {

match base_url.join(href) {

Ok(link_url) => {
link_urls.push(link_url);

}
Err(err) => {
println! ("On {base_url:#}: +dignored unparsable {href:?}:
ferr}™);

}
}
Ok (link_urls)
}

struct CrawlState {
domain: String,



visited_pages: std::collections::HashSet<String>,

}

impl CrawlState {
fn new(start_url: &Url) -> CrawlState {
let mut visited_pages = std::collections::HashSet::new();
visited_pages.insert(start_url.as_str().to_string());
CrawlState {
domain: start_url.domain().unwrap().to_string(),
visited_pages,

}

/// Determine whether links within the given page should be extracted.
fn should_extract_1links(&self, url: &Url) -> bool {
let Some(url_domain) = url.domain() else {
return false;
}s5
url_domain == self.domain

}

/// Mark the given page as visited, returning true if it had already
/// been visited.
fn mark_visited(&mut self, url: &Url) -> bool {
self.visited_pages.insert(url.as_str().to_string())
}
}

type CrawlResult = Result<Vec<Url>, (Url, Error)>;
fn spawn_crawler_threads(
command_receiver: mpsc::Receiver<CrawlCommand>,
result_sender: mpsc::Sender<CrawlResult>,
thread_count: u32,

) {

let command_receiver = Arc::new(Mutex::new(command_receiver));

for _ in 0..thread_count {
let result_sender = result_sender.clone();
let command_receiver = command_receiver.clone();

thread: :spawn(move || {
let client = Client::new();
loop {

let command_result = {
let receiver_guard = command_receiver.lock().unwrap();
receiver_guard.recv()

}s3

let Ok(crawl_command) = command_result else {
// The sender got dropped. No more commands coming 1in.
break;

}s3

let crawl_result = match visit_page(&client, &crawl_command)
Ok(link_urls) => Ok(link_urls),
Err(error) => Err((crawl_command.url, error)),

}s3

result_sender.send(crawl_result).unwrap();

1)



}

fn control_crawl(
start_url: Url,
command_sender: mpsc::Sender<CrawlCommand>,
result_receiver: mpsc::Receiver<CrawlResult>,
) => Vec<Url> {
let mut crawl_state = CrawlState::new(&start_url);
let start_command = CrawlCommand { url: start_url, extract_links: true };
command_sender.send(start_command) .unwrap();
let mut pending_urls = 1;

let mut bad_urls = Vec::new();

while pending_urls > 0 {
let crawl_result = result_receiver.recv().unwrap();
pending_urls -= 1;

match crawl_result {
Ok(link_urls) => {
for url in link_urls {
if crawl_state.mark_visited(&url) {
let extract_links =
crawl_state.should_extract_1links(&url);
let crawl_command = CrawlCommand { url, extract_links

}s
command_sender.send(crawl_command) .unwrap();
pending_urls += 1;
}
}
}
Err((url, error)) => {
bad_urls.push(url);
println! ("Got crawling error: {:#}", error);
continue;
}
}
}
bad_urls
}

fn check_links(start_url: Url) -> Vec<Url> {
let (result_sender, result_receiver) = mpsc::channel::<CrawlResult>();
let (command_sender, command_receiver) = mpsc::channel::<CrawlCommand> ()
spawn_crawler_threads(command_receiver, result_sender, 16);
control_crawl(start_url, command_sender, result_receiver)

}

fn main() {
let start_url = reqwest::Url::parse("https://www.google.org") .unwrap();
let bad_urls = check_links(start_url);
println!("Bad URLs: {:#?3}", bad_urls);
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BFEXEE - BRY
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https://google.github.io/comprehensive-rust/zh-CN/exercises/concurrency/dining-philosophers-async.html

use std::sync::Arc;

use tokio::time;

use tokio::sync::mpsc::{self, Sender};
use tokio::sync::Mutex;

struct Fork;

struct Philosopher {
name: String,
left_fork: Arc<Mutex<Fork>>,
right_fork: Arc<Mutex<Fork>>,
thoughts: Sender<String>,

}

impl Philosopher {
async fn think(&self) {
self.thoughts
.send(format! ("Eureka! {} has a new idea!", &self.name)).await
.unwrap();

}

async fn eat(&self) {
// Pick up forks...
let _first_lock = self.left_fork.lock().await;
// Add a delay before picking the second fork to allow the execution
// to transfer to another task
time::sleep(time::Duration::from_millis(1l)).await;
let _second_lock = self.right_fork.lock().await;

println!("{} is eating...", &self.name);
time::sleep(time::Duration::from_millis(5)).await;

// The locks are dropped here

}

static PHILOSOPHERS: &[&str] =
&["Socrates", "Plato", "Aristotle", "Thales", "Pythagoras'"];

#[tokio::main]
async fn main() {
// Create forks
let mut forks = vec![];
(0..PHILOSOPHERS.len()).for_each(]|_|
forks.push(Arc::new(Mutex: :new(Fork))));

// Create philosophers
let (philosophers, mut rx) = {
let mut philosophers = vec![];
let (tx, rx) = mpsc::channel(10);
for (i, name) in PHILOSOPHERS.iter().enumerate() {
let left_fork = Arc::clone(&forks[i]);
let right_fork = Arc::clone(&forks[(i + 1) % PHILOSOPHERS.len()]);
// To avoid a deadlock, we have to break the symmetry
// somewhere. This will swap the forks without deinitializing
// either of them.
if i == 0 {



std: :mem: :swap (&mut left_fork, &mut right_fork);
}
philosophers.push(Philosopher {
name: name.to_string(),
left_fork,
right_fork,
thoughts: tx.clone(),
1)
}
(philosophers, rx)
// tx 1is dropped here, so we don't need to explicitly drop it later

s

// Make them think and eat
for phil in philosophers {
tokio::spawn(async move {
for _ in 0..100 {
phil.think().await;
phil.eat().await;

1)
}

// Output their thoughts
while let Some(thought) = rx.recv().await {
println! ("Here is a thought: {thought}");

}

[TBIXMAER

(R[E%:>])

src/bin/server.rs:


https://google.github.io/comprehensive-rust/zh-CN/exercises/concurrency/chat-app.html

use futures_util::sink::SinkExt;

use futures_util::stream::StreamExt;

use std::error::Error;

use std::net::SocketAddr;

use tokio::net::{TcpListener, TcpStream};

use tokio::sync::broadcast::{channel, Sender};

use tokio_websockets::{Message, ServerBuilder, WebsocketStream};

async fn handle_connection(
addr: SocketAddr,
mut ws_stream: WebsocketStream<TcpStream>,
bcast_tx: Sender<String>,

) —> Result<(), Box<dyn Error + Send + Sync>> {

ws_stream
.send(Message: :text("Welcome to chat! Type a message".into()))
.await?;

let mut bcast_rx = bcast_tx.subscribe();

// A continuous loop for concurrently performing two tasks: (1) receiving
// messages from ‘ws_stream’ and broadcasting them, and (2) receiving
// messages on “bcast_rx  and sending them to the client.
loop {
tokio::select! {
incoming = ws_stream.next() => {
match dincoming {
Some (Ok(msg)) => {
if let Some(text) = msg.as_text() {
println! ("From client {addr:?} {text:?3}");
bcast_tx.send(text.into())?;
}
}

Some(Err(err)) => return Err(err.into()),
None => return Ok(()),
}
}
msg = bcast_rx.recv() => {
ws_stream.send (Message: :text(msg?)).await?;

}

}

#[tokio::main]
async fn main() -> Result<(), Box<dyn Error + Send + Sync>> {
let (bcast_tx, _) = channel(16);

let listener = TcplListener::bind("127.0.0.1:2000").await?;
println! ("listening on port 2000");

Tloop {
let (socket, addr) = listener.accept().await?;
println! ("New connection from {addr:2?}");
let bcast_tx = bcast_tx.clone();
tokio::spawn(async move {
// Wrap the raw TCP stream into a websocket.
let ws_stream = ServerBuilder::new().accept(socket).await?;



handle_connection(addr, ws_stream, bcast_tx).await

1)

src/bin/client.rs:

use futures_util::stream::StreamExt;

use futures_util::SinkExt;

use http::Uri;

use tokio::io::{AsyncBufReadExt, BufReader};
use tokio_websockets::{ClientBuilder, Message};

#[tokio::main]
async fn main() -> Result<(), tokio_websockets::Error> {
let (mut ws_stream, _) =
ClientBuilder::from_uri(Uri::from_static("ws://127.0.0.1:2000"))
.connect()
.await?;

let stdin = tokio::io::stdin();
let mut stdin = BufReader::new(stdin).lines();

// Continuous loop for concurrently sending and receiving messages.
Tloop {
tokio::select! {
incoming = ws_stream.next() => {
match dincoming {
Some (Ok(msg)) => {
if let Some(text) = msg.as_text() {
println! ("From server: {}", text);
}
b

Some(Err(err)) => return Err(err.into()),
None => return Ok(()),

}
res = stdin.next_line() => {
match res {
Ok(None) => return 0Ok(()),
Ok(Some(line)) =>
ws_stream.send(Message: :text(line.to_string())).await?,
Err(err) => return Err(err.into()),

}



