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build [passing | contributors | 305

This is a free Rust course developed by the Android team at Google. The course covers the
full spectrum of Rust, from basic syntax to advanced topics like generics and error handling.

I — RADEHN— a VI3 https://google.github.io/comprehensive-rust/ 2% H £3,
DB THHADGER, £ 5 O TRlEmz ZHERL 7230,

The course is available in other languages. Select your preferred language in the
top right corner of the page or check the Translations page for a list of all available
translations.

The course is also available as a PDF.

ARFPED HEJIZ, Rust ZHZ 2 FH T, Rust iIZBT 2 AHEAERII A EE LTED  ROEEZREL
TWVWET @

o Rust DEARE L EEBICOVWTOHEMEED 3,
s MFEOTu I L BBIELED HR 075 4% Rust TEIF 2 X512 %,
o —fkI72 Rust DA 7 4 A L &N T 5,

2 —Z2DRMO 4 HiE%Z Rust DERE | ¥ R E T,
Building on this, you're invited to dive into one or more specialized topics:

* Android: a half-day course on using Rust for Android platform development (AOSP).
This includes interoperability with C, C++, and Java.

* Chromium: a half-day course on using Rust within Chromium based browsers. This
includes interoperability with C++ and how to include third-party crates in Chromium.

* Bare-metal: a whole-day class on using Rust for bare-metal (embedded) development.
Both microcontrollers and application processors are covered.

* Concurrency: a whole-day class on concurrency in Rust. We cover both classical
concurrency (preemptively scheduling using threads and mutexes) and async/await
concurrency (cooperative multitasking using futures).

AR D X5t

Rust IZIEEICIHAEDEVWEETH Y BH TR TAMHET I EITE I A AREEBOHEL LT
BEZINTORVDHDIZZ U RDES5Rdb0nHh E5 !

* Learning how to develop macros: please see Chapter 19.5 in the Rust Book and Rust by
Example instead.

11


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/stargazers
https://google.github.io/comprehensive-rust/
https://google.github.io/comprehensive-rust/comprehensive-rust.pdf
https://doc.rust-lang.org/book/ch19-06-macros.html
https://doc.rust-lang.org/rust-by-example/macros.html
https://doc.rust-lang.org/rust-by-example/macros.html

Hil B2 AT

The course assumes that you already know how to program. Rust is a statically-typed language
and we will sometimes make comparisons with C and C++ to better explain or contrast the

Rust approach.

If you know how to program in a dynamically-typed language such as Python or JavaScript,
then you will be able to follow along just fine too.

CHERAE—H—/ =+ D—HITT, CHEFHL TR T A N2 L X3 N —FTRNEZEA
RET LK EMANORIZRENEENET,

12
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DURiE. Google NTO#EPEDEE /7iEICB S 2 1HEHR T,

75 R IWEFH O RBL LR ABETCT. AT T 1 HEOBREKRERD D 5. 2F D Fiior 5
A 3RO AN IR D ET . EB6DEy Y a 2 KL ZHEENEEICHD
I/ ORFHBEREEENTVE T,

AR E TS AT DT 2 i 2 FETBLERWTL xS ¢

1.

BHRNCER TBW T EE W BEEZEHAT 2 DICAY—h—/ — v BHEIATVWET (N
BOBIMZZHAIKEZW ) LB VRHCIE A2 Y — VR RRTWIRE TR O 2012, A Y
—H = = EEY T T4 Y R THOWTLEBIWR Y- —/ — FOMEIZH /X

RRHZEZV v 7)),

Decide on the dates. Since the course takes four days, we recommend that you schedule
the days over two weeks. Course participants have said that they find it helpful to have
a gap in the course since it helps them process all the information we give them.

T RBIREDEREHMRE L THBWTL I W, 15~25 LFRED 7 5 22 HR L TV E 5, Z#H
WE o THEMP LR TOWARTH D, 1 NOFBEINERICE X 2 R D HER T X 287205

TT X XA PCTEEEZTANEND 3=, #iiliz ED = A NBrozHAELTHEW
TREE VI Ta—F 4 VIR TOERMEEEL TWVWAE D, EEHIZTAETT,

LYHIZD LEDICHEIE L THRZ L TLZE W0, H D PC THF7$ % mdbook serve 22 5HE
BALVEURITIOERHRLET(A VA =L RIHZIBES), 2RI D R=IUI B 2
WBIER U CRIER N7 + =< Y ABNEOLNE T £/, PCEEAT 2HET. ZHECETES
MROT7=XA4 T IR BEIEAEIZKED £5,

B REIZEA DN W N — T TIRNTL XV [EE LY 2 —F 20 S &8, KE M
BEIC 305 DR ERLE T ZBEITEE T o T0ENE I [MERDND 207 CHER L
TREBEIVEROZHEEDF CMETHEET > TV AEES. 7 7 A2z L TEnzE L. @&
REERBE LTI VS R TE L TR ERPIEES L T VDE DI 0ERT R
pa

MUECTT EHEHEE> T EEW I XA s THRERLVEMICZDET L1 !

RBPEEOUEICENTI T 4 — FAN 72 BEHVWLET, D FL Vo AR WEHICOVWTIRIAL TE
RBEIEL XV, Z#HEIPLDT7 4 — PNy 273 L TBh £3 |
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https://github.com/google/comprehensive-rust#building
https://github.com/google/comprehensive-rust/discussions/86
https://github.com/google/comprehensive-rust/discussions/100

1.1 BRI

ZDOR—DITHBAIATT,

Rust OILRE

Rust OEME 2R T 2 &AD 4 HET. S XTI RIEHEZRITRTHELE T,
IA—RADRAT T 2—)L:
* Day 1 Morning (2 hours and 5 minutes, including breaks)

Segment Duration
£o2% 5 minutes
Hello, World 15 minutes
Ay i 40 minutes

Hilfl 7 7 —onFEA 40 minutes

* Day 1 Afternoon (2 hours and 35 minutes, including breaks)

Segment Duration
v y2d vl 35 minutes
S 55 minutes

2—H—FFH 50 minutes

Day 2 Morning (2 hours and 10 minutes, including breaks)

Segment Duration

L5z % 3 minutes
NRR—v<vF 2  1hour
Methods and Traits 50 minutes

Day 2 Afternoon (3 hours and 15 minutes, including breaks)

Segment Duration
¥ = %V 7 A (generics) 45 minutes
BHES 4 75 ) DR 1 hour

S 4 7S5 URND L A4+ 1hour and 10 minutes

Day 3 Morning (2 hours and 20 minutes, including breaks)

Segment Duration
£oz% 3 minutes
XE)EH 1 hour

A~<— bhKRA & 55 minutes

14



» Day 3 Afternoon (1 hour and 55 minutes, including breaks)

Segment Duration

& H 55 minutes
74 7%4 2 50 minutes

* Day 4 Morning (2 hours and 40 minutes, including breaks)

Segment  Duration

£oz2% 3 minutes

471 —4& 45 minutes
EY 22—/ 40 minutes
T A b 45 minutes

* Day 4 Afternoon (2 hours and 20 minutes, including breaks)

Segment Duration

I 7 — L 1 hour and 5 minutes
Unsafe Rust 1 hour and 5 minutes

HMM R 2

In addition to the 4-day class on Rust Fundamentals, we cover some more specialized topics:

Rust in Android

The Rust in Android deep dive is a half-day course on using Rust for Android platform
development. This includes interoperability with C, C++, and Java.

AOSPDF =z v 7 77 bR ETIRAUEARIPOHEDO VRS PV EF vy 77V bL,
src/android/F4 L2 P U R AOSPF 2w 277U FDL— MIBEILTLEE W, ZHICED,
Android ¥V K ¥ 27 428 stc/android/Md Android.bp 2R TE 2 X 51k 3,

T2l —XERIFEBOT AL ZTadb sync H¥EET 2 FEHER L. src/android/build_all.sh
ZAEHA L T2 To Android O ZFH/NICEL R LT EZE W, A2 ) P L ZitATETa~ Y ek
U FHTHEITLAEBICERCHET 2E 2R LTI W,

Rust in Chromium

Chromium T® Rust 1 Ha— X T, Chromium 75 ¥ D—& ¥ LT Rust 2 H 3 3 5iEIC
DWVWTHELLHAL ZF, Chromium @ gn £V R 257 4T Rust 232 Z ¥ T, % — KFot—
T49477V( 27— D BXUC+H+ tOMHBERMEZEATEE T,

Zi## 3. Chromium 2L R CTEZHEDNDH D F I M ZEMTE L7 Ny Z7Da K-+ b
EAUREHELEITHD. EDLI RN RTHRED D FHAAEML 7z Chromium 7' ¥4 %57
TERZLZMRLET,
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https://source.android.com/docs/setup/download/downloading
https://github.com/google/comprehensive-rust

Bare-Metal Rust

The Bare-Metal Rust deep dive is a full day class on using Rust for bare-metal (embedded)
development. Both microcontrollers and application processors are covered.

<4 Z7uayre—5DETIX HENZ BBCmicro:bitv2 iR — F2BATALER DD FI,. %
72, welcome R—I THHAIN TV AR L3I B BD RNy r —I% A VA M—NLTE3RENPDHH F
R

Rust TOifif71H%:

The Concurrency in Rust deep dive is a full day class on classical as well as async/await
concurrency.

B2 v — hOER . #1778 1% (dependencies) D X v > o — R BN QBRET T, Z Dk Hl %
src/main.rs iCa b RUTCEFTTAELTEET .

cargo init concurrency

cd concurrency

cargo add tokio --features full
cargo run

A—ZADAT T a—)b:

* Morning (3 hours and 20 minutes, including breaks)

Segment Duration

AL v K 30 minutes

F v 2L 20 minutes

Send ¥ Sync 15 minutes

REEHE 30 minutes

TR Rl 1 hour and 10 minutes

 Afternoon (3 hours and 20 minutes, including breaks)

Segment Duration

Async O E:RE 30 minutes

F v 3L HlfEl 7 e — 20 minutes

%Y LR 55 minutes

T 1 hour and 10 minutes

7 4—<v b
ARFHPEIA VBT T 4 THRERTITOE T HMINCERM LT, Rust N\OEEZED T ZE W !
1.2 F¥—FK—FZa—bhy b

mdBook iIZIE fEL a =ty FF—DWLOPFIELET !
» Arrow-Left
: Navigate to the previous page.
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https://microbit.org/

* Arrow-Right

: Navigate to the next page.
 Ctrl + Enter

: Execute the code sample that has focus.
*s

: Activate the search bar.

1.3 R

ABRNI. AT VT4 72k oTHIREATOET ;

o KL MHNFE(TZP)V) @ @rastringer, @hugojacob, @joaovicmendes, @henrif75

* Chinese (Simplified) by @suetfei, @wnghl, @anlunx, @kongy, @noahdragon,
@superwhd, @SketchK, and @nodmp.

o HIERE (BAF) : @hueich, @victorhsieh, @mingyc. @kuanhungchen, @johnathan79717

* Farsi by @DannyRavi, @javad-jafari, @Alix1383, @moaminsharifi , @hamidrezakp and
@mehrad?77.

* Japanese by @CoinEZ-JPN, @momotaro1105, @HidenoriKobayashi and @kantasv.

» Korean by @keispace, @jiyongp, @jooyunghan, and @namhyung.

o ANRA ViE: @deavid

* Ukrainian by @git-user-cpp, @yaremam and @reta.

* Farsi by @DannyRavi, @javad-jafari, @Alix1383, @moaminsharifi, @hamidrezakp and
@mehrad77.

HEA LOZFFEVDEZRZ PO VD EZ T80 TLREE W,

Incomplete Translations

ETHORRNZHD D T . BFOBRADY 7 2L RITRLE T,

* Arabic by @younies

o R AHILEE: @raselmandol

* French by @Kooka$S, @vcaen and @AdrienBaudemont.
o A VEhE @Throvn, @ronaldfw

* Italian by @henrythebuilder and @detro.

The full list of translations with their current status is also available either as of their last
update or synced to the latest version of the course.

ZOW DA ZHITNETET 325EE1E. our instructions # & < 72 X W, BlER1E issue tracker T
BHXATVET,
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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/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://github.com/nodmp
https://google.github.io/comprehensive-rust/zh-TW/
https://github.com/hueich
https://github.com/victorhsieh
https://github.com/mingyc
https://github.com/kuanhungchen
https://github.com/johnathan79717
https://google.github.io/comprehensive-rust/fa/
https://github.com/DannyRavi
https://github.com/javad-jafari
https://github.com/alix1383
https://github.com/moaminsharifi
https://github.com/hamidrezakp
https://github.com/mehrad77
https://google.github.io/comprehensive-rust/ja/
https://github.com/CoinEZ
https://github.com/momotaro1105
https://github.com/HidenoriKobayashi
https://github.com/kantasv
https://google.github.io/comprehensive-rust/ko/
https://github.com/keispace
https://github.com/jiyongp
https://github.com/jooyunghan
https://github.com/namhyung
https://google.github.io/comprehensive-rust/es/
https://github.com/deavid
https://google.github.io/comprehensive-rust/uk/
https://github.com/git-user-cpp
https://github.com/yaremam
https://github.com/reta
https://google.github.io/comprehensive-rust/fa/
https://github.com/DannyRavi
https://github.com/javad-jafari
https://github.com/alix1383
https://github.com/moaminsharifi
https://github.com/hamidrezakp
https://github.com/mehrad77
https://google.github.io/comprehensive-rust/ar/
https://github.com/younies
https://google.github.io/comprehensive-rust/bn/
https://github.com/raselmandol
https://google.github.io/comprehensive-rust/fr/
https://github.com/KookaS
https://github.com/vcaen
https://github.com/AdrienBaudemont
https://google.github.io/comprehensive-rust/de/
https://github.com/Throvn
https://github.com/ronaldfw
https://google.github.io/comprehensive-rust/it/
https://github.com/henrythebuilder
https://github.com/detro
https://google.github.io/comprehensive-rust/translation-report.html
https://google.github.io/comprehensive-rust/translation-report.html
https://google.github.io/comprehensive-rust/synced-translation-report.html
https://github.com/google/comprehensive-rust/blob/main/TRANSLATIONS.md
https://github.com/google/comprehensive-rust/issues/282

oy 2 B

Cargo DfiiH

Rust 2204502 2. 3R Rust Ta v A7 ATELA DN TVWE L RS AT AFERv F—
YA =T ¥ TH5 Cargo L W HIEEY — A NWE$, 2 2Tl Cargo OBEESH T Z L
TARBEEICBIT 2EEMEICOWTEEICHEL 9,

A A=)V

https://rustup.rs/ DFMIZH > TA YA = LTI W,

This will give you the Cargo build tool (cargo) and the Rust compiler (rustc). You will also
get rustup, a command line utility that you can use to install to different compiler versions.

Rust #4 2 b= L756, Rust CEIfES 2 X 51027 4 X E7FIDE 2RXET 20BN H D %
TAFL AY DT 1 XTI, rust-analyzer L@E3 % Z & TINZ{TWE T, rust-analyzer i3,
VS Code. Emacs, Vim/Neovim ¥ 2 DT 4 RANFIcA—ba > 7Y — MEREL TERICKE
) BEREZIRML L £ ¥, RustRover 2 WH HID IDE HEINTVWE T,
* On Debian/Ubuntu, you can also install Cargo, the Rust source and the Rust formatter
via apt. However, this gets you an outdated Rust version and may lead to unexpected
behavior. The command would be:

sudo apt install cargo rust-src rustfmt

* On macOS, you can use Homebrew to install Rust, but this may provide an outdated
version. Therefore, it is recommended to install Rust from the official site.

2.1 Rust Z2aJ A5 A

Rust ta > A7 LDFEY — LI TFD@ED TS :
e TUustc : Rust Da > %4 5 TF, .1s 77 A N%NA4 FURMMOPRFERICERL £7,

* cargo: the Rust dependency manager and build tool. Cargo knows how to download
dependencies, usually hosted on https://crates.io, and it will pass them to rustc when
building your project. Cargo also comes with a built-in test runner which is used to
execute unit tests.
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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
https://brew.sh/
https://crates.io

2.2

rustup: the Rust toolchain installer and updater. This tool is used to install and update
rustc and cargo when new versions of Rust are released. In addition, rustup can also
download documentation for the standard library. You can have multiple versions of
Rust installed at once and rustup will let you switch between them as needed.

Rust Effie a2 %4 &, 6 HEDOV Y —ZAF A ZAZFHALTOEITHLVWY U - E
WY ) — R QR EARME R HER Uy o B RE R Rt L £ 9

VY —ZXF v 31 UE 325D %7 :Istable)beta)nightly,
Fii&HElE Tnightly ) T7 R + X, Theta 2’ 6 @&z stable) 2 2 b £5,
WEBRRIREDOL Y2 Y, git. 74V EREPLBRTE I HTEET,

Rust 121X editions (=574 > a )HH ET HEDIZT 1 > 3 »Id Rust2021 T3, LLRTE
Rust2015 & Rust2018 TL 7=,

- I7 4 a Y TR BAIEALREE L MR 2ENTEET,

- a— FOWHEZE DI 2T 4 ¥ aYidF 7 b4 VA TF  Cargo.toml T. 7 L
— MW LTHEHALEZVWZ T 4> a VEFERLET,

- ZaAVAT LW R B72DI. AV, FIEREI LT 4 arDa— FERES
HE2ENTEET,

- AR TREZGEHT 2 HIIIEFEICHTD D EARRIZIE cargo 2 L £ 5,

— It might be worth alluding that Cargo itself is an extremely powerful and
comprehensive tool. It is capable of many advanced features including but not
limited to:

Tayzs b Xy r—Y OMEE

workspaces (V—2 ZX—2X)

FEMRE 7> 24 LAORFREFRER - v v a2

build scripting (€L KR 27 1Y 7 )

global installation

cargo clippy R¥ D% 7a~y K77 74 i X 20k

$4HX official Cargo Book L TL 72X\,

* ¥ ¥ ¥ ¥ %

|
iﬁi

OV I a—F

ARFPEZ, BT 7 VPN TEITARERIIZ VLT 25T 2HT Yy b7y ITHEHITKED —H
L7-FRBRE ORI AR 2 D 5,

2L c&EHE Cargo A4 Y A b= L LT XV BT/ X 2 2 EF] T3, FhmEHICHK
TR E I S BRE RN F TH, Z Z Tl Cargo 23 ENCR D £5,

WEOI—RFTay ZEA Y RITTT 4 7 TT .
fn main() {

}

println! ("Edit me!");

You can use
Ctrl + Enter

to execute the code when focus is in the text box.
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https://doc.rust-lang.org/cargo/reference/registries.html
https://doc.rust-lang.org/edition-guide/
https://doc.rust-lang.org/cargo/reference/workspaces.html
https://doc.rust-lang.org/cargo/reference/build-scripts.html
https://doc.rust-lang.org/cargo/commands/cargo-install.html
https://github.com/rust-lang/rust-clippy
https://doc.rust-lang.org/cargo/

FEAEDY YN a— R LD XS ITHETRET T, =72 T LUTD & 5 RE B2 S HEERT
o TWVWET
o« BEOR—IHNICHDIAENT LA S FTa=Zy PTRAMIETTEERTAI—F
BPEBEOSVLA ST RTHE.FTEVRA N —> a Y BTOIBENRDHD £3,
e BEOR—ISNIZHDIAENT2T VAT T FTR R-IBE)IT 2 LIIRERIDNE T !
IS ZBEII T — ILVRBRPEBREO LA Vo Y FRERAL THEZELDEND D £ 7,

2.3 Cargo Zffi o Tr—Hh )L THLT

a—Fza—A VT LWEE, Rust Book OFJEICHE> TRust 24 Y 2 =L LTSV, IE
WIZA YA =& N6, Tuste & cargo BMER 2 K 51274 D £ 5. &# D stable UV ) — 2D A
—Ya @MU TNo@Eh T !

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

Rust X "M HHHEZHEIF L TV 0. LAY a V2 HHTZ3 b TEET,

With this in place, follow these steps to build a Rust binary from one of the examples in this
training:

1. [lCopyto clipboard/ Ta—Fzat—,
2. cargo new exercise Texercise/7 1 L7 bV EAER :

$ cargo new exercise
Created binary (application) “exercise’ package

3. exercise/7 4 L7 FVIBEIL, cargo run TAA FUREIL KL THEIT:

$ cd exercise
$ cargo run
Compiling exercise v@.1.0 (/home/mgeisler/tmp/exercise)
Finished dev [unoptimized + debuginfo] target(s) in @.75s
Running "“target/debug/exercise’
Hello, woxrld!

4. src/main.rs ®R A S —F L —bra—FR a¥—L77a—FTEBEWI TV M2
BT OR—J O #5854, sTc/main. rs Z R Lk 5i1ckz b £9,

fn main() {
println! ("Edit me!");
}
5. cargo run THEHIN/ZANALFVUREIL R LUTHET:

$ cargo run
Compiling exercise v@.1.0 (/home/mgeisler/tmp/exercise)
Finished dev [unoptimized + debuginfo] target(s) in @.24s
Running "target/debug/exercise’
Edit me!

6. cargo check TR Y =27 FPDILF—F = v 7 %17\, cargo build Ta ¥ 4 A7EF (5
FREDZITVETEBEDOT NNy ZEL FTIRERSNTT 7 £ 1id target/debug/ iz
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https://doc.rust-lang.org/book/ch01-01-installation.html

BT Rt XNz ) ) —AL)L Ficid cargo build —release %ffiv, 7 7 4L
X target/release/IiEIE N E 3,

7. 7uY 7 MIKFEFREBMT %121, Cargo.toml ZfHEL £3. D%, cargo a~v >
FEFETT 2 e BB HAR L TWBIKERFRZ Y v a— FETary f L EnE T,

XA Cargo DA Y A b=t a—ANIT 4 RO ZEID TL 12 E W0l OBREREZ D
HTMEENZAL—ITHD X T,
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B O K.

Day 1Nk 5 Z

This is the first day of Rust Fundamentals. We will cover a lot of ground today:

Rust OEARR LR 2B R 7 7 — R e WER FIIHFR SR S B XY v B,
Types and type inference.

FlfH 7 v — oS V— 7 i,

I —H —EFRAY: SR L B,

NRR = =y F 27 HIZER G, B O 7 i

AT a—)b

Including 10 minute breaks, this session should take about 2 hours and 5 minutes. It contains:

Segment Duration
£5CZ 5 minutes
Hello, World 15 minutes
By (E 40 minutes

filfE 7 o —oFA 40 minutes

ZEICEZ TSV .

* They should ask questions when they get them, don't save them to the end.
* The class is meant to be interactive and discussions are very much encouraged!

— 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.

* The questions will likely mean that we talk about things ahead of the slides.

— This is perfectly okay! Repetition is an important part of learning. Remember that

the slides are just a support and you are free to skip them as you like.

1 HEWZ MO EFEICHHIET 5 Rust DIEARWR HEEZRLE T, Rust ® L hEELITFT IOV
T BHFHEL 3,
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HETHAIGE . I TRV a— V2RI EBTIDLET . B IA LV FOKDDIC
EEETOWIKREZRATHLEZADLEE LT IV, L ORBE NI HL EFTa—RX 2 TE
YEDICEDZODOHEZTTOT HEIZG D THRICTHEEL TLEE W,
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o 4 K.

Hello, World

This segment should take about 15 minutes. It contains:

Slide Duration

Rust & 1% 7? 10 minutes
Rust DXV v k 3 minutes
TV 42729 F  2minutes

4.1 Rust&lx?

Rust 1% 2015 FI2 1O ) V=2 Sl nwrm /5 3 v /ST .

* Rust i C++ & FIRRIC EFIUICa Y XA LS B FRETT
- rustc 3Ny 7Y FIZLLVM 2#HLTWE T,
CRUStWEZEL DT Iy F 74— T —FT 7 F v EFR—-PLTVET !
— x86, ARM, WebAssembly, -
— Linux, Mac, Windows, -
Rust i34 72 7N A THAINTVE T !
- 77—=LVzT7RT—bu—&,
- A= T4 AT VLA,
- T ER.
- TR by,
- =,
Rust & C++DEl TV 2 & Z 5.
ORI
T 7 A
Can be scaled down to very constrained devices such as microcontrollers.
TURALRIR=T AL T T a PR,
N7 == AR S EEE e L2 EREZE T TV S,

4.2 Rust®OXVY v b

Rust D2 =— 2%t — L ZAEA Vb2V OENLET
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https://blog.rust-lang.org/2015/05/15/Rust-1.0.html
https://doc.rust-lang.org/nightly/rustc/platform-support.html

s AVNTIEBDOAEIREYE - 7 XKD A Y DANT " a4 LRIZBIEL £3,

— RO ZERD 0,
- TEMRRDE E 0,
— A A X £V fEH (use-after-free) 2372\,
- NULL (X)) RA ¥ EZDTRN,
— Ia—TvyZZX(mutex) D v 7 DRSS R,
- AL vy FETT =& LRV,
- 4 T L =X I,

* REEDT VA LEBENBUL -Rust 7 — b X Y P TITON L UHEBRED L FHKL &
EHHEEA,

- BHIAND 7 7 & R3S F = v 7 HhThbih s,
- Integer overflow is defined (panic or wrap-around).
o IO EEEREE - SUKES BTS2 KB 03H D ARV T WKREZ A TV E T,
FIER e R =2y F VT
-YxRYTR
- I ==~y FOZ\FFI
- Poax Mgk
- BFLRar I LT T —,
- MABABDKFRFR~Y L — v,
- HAIABDT A P R— T,
- Language Server Protocol (LSP)D#K— b,

CZREHFEVRHZLTRNTLEZIWV, INHDHRA ¥ MZOWTR RIFEFLLHHAL 7,

ZHECLCOSEORBLED 202 3RTLEIWVAEISEE T, Rust ©X X B2 s §
BN TEET .

e CERIECH+OREDN D 255G  Rust ZfEHF = v I —EN L TEITRZ I —D—HE2HER L
TRANET FRIMZ, CRCHERIFEDR T+ —< UV ARBIZIeBTEAEYVEENED
MREIED D FRAI DI AR =7y F U IRHARAADKTFEGRER LR Y OMEEZEY S
CHRMARZFETT,

» Experience with Java, Go, Python, JavaScript...: You get the same memory safety as in
those languages, plus a similar high-level language feeling. In addition you get fast
and predictable performance like C and C++ (no garbage collector) as well as access to
low-level hardware (should you need it).

4.3 FVATVI9VF
ZDa—2ADFIREHE I W Rust 70 27'S AR EICHEITTE 2 Rust LA 77w > FEHH
LZ 3. mADMello-world | 7m 7' A% FITLTAHAEL £ 9. KD &K 5 ERZMEEER D D £ 3,

e [Tools) izH 2 rustfmt A 7> a v 2HHL T, a— F%lstandard) oFEXT7 +—~< v b
LS,

e Rust IZi3, 2 — FEERT22DD0FERITa 7 740232205 Y £3, 121k Debug GB
MDZ XA LF 2y 2hBDD Bt HPN)T. 5 1 DldRelease (VXA LF v P
D7 L VRIBE(EDZN) TS, 251 FED [Debugl 2267 7 XA TE %9,

o RN D 2LGEE.T...0 D TNICH B TASMIRFERH T2 e EREh/=z71y 7Y a— FEHER
TEE9,

26


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

B BKBIZ AT T LA TS REHOTVWAWAR L TAHAR LR LET. X T2V
FFERLT.a—ADBRY DA THEE LI 2R T LT IDHEL x5, 2L, Rust DiEEAL
RERENEZTE Y TVICOWTEHLLAD 2 WEZ#BEICRHICRLL £ T,
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This segment should take about 40 minutes. It contains:

Slide Duration

Hello, World 5 minutes
R 5 minutes
B 5 minutes
=R 3 minutes
BIHEGR 3 minutes

HY: 74 KFvF 15 minutes

5.1 Hello, World

oL —H/ Il ATHHEEHD Hello World 25ATAEFL £ .
fn main() {
println!("Hello &!'!");
}
VAT NI
o BEUT fn TEAINE T,
o CC++rFAIBRIC. 7y Z 3 FEFEIMCTHAE 3,
e main I TR VS 2Dy FY—EAL Y NI D T,
o Rust i3z~ 2u2dH b, printlnlidzo—FlT3,
e Rust DXFHNE UTF-8 T=>a— FE, EAK% Unicode XFTHEOLENTEE T,

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

B

* 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 is modern with full support for things like Unicode.
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* Rust uses macros for situations where you want to have a variable number of arguments
(no function overloading).

* Macros being 'hygienic' means they don't accidentally capture identifiers from the scope
they are used in. Rust macros are actually only partially hygienic.

* Rust 3 LF T XA LTS e AR BARA TS =7 MEAIT 077 3 > 7iHEZ A T
W3 =7 BB RETH 2 12 b 63 S X F RIS ZANE L TVE T,

52 Z¥

Rust 3FMBMFIFIC X o THRIRZEHERIRB L E T ERONL O F 4 2703 let AL TV E
ERS

fn main() {
let x: 132 = 10;
println! ("x: {x}");
/]l x = 20,
/1 println!("x: {x}");

o X = 20DaXY MEEMBEL T ZEHETFT 741V N TCAETHEZZ 2R LUET L HE 2 A
T3, mut F—U—FZBML %3,

o ZZTOD i3 IBEHDOEITT, ZHE IV A VRIS ET AN ERD D T2, %L DA,
Tnr o3 (BB EFEAT e TINEERTEE T,

5.3 fid

AN HAABIL Y BRDY 7 7 VEOE X Z IR L £7,

i V7 Iu
FFEfrE® 18, il6, i32., -10. 0. 1_000. 123_i64
v i64, i128.
isize
e L% u8, ule, u32, 0. 123, 10_ulé6
i u64, ul2s,
usize
FENGS 32, fe4 3.14, -10.0e20. 2_f32
b4
Unicode char 'a', 'a ', 'oo!
2 H 7 —fl
7 — Wl bool true, false

ZRIDIBIIRD BYHTT,

iN. uN. fNIZ N v v METT,
isize ¥ usize ¥ KA Y ZDIETT,
char 332 vy METT,

bool iZ 8 ¥ v METT,
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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

FEIIREIATOERWVECSH D £5,

CHFDT7 AR —RAATEINRTERTEEF T 7 VX —R a7 AT T 2DI2DAM
HALEST. 202D, 1_0001% 1000 (F7-1310_00). 123 164 1% 123i64 iR T %3,

5.4 B

fn interproduct(a: i32, b: 132, c: 132) -> 132 {
return a * b+ b *c+ c * a;

}

fn main() {
println!("result: {}", interproduct(120, 100, 248));
}
main LIS DB H T E =D S RIBHD TTITH, ZDOEKIIHMET T 2F H. 3 DDOEEREE
D, 12008 EZRL T, BB OVWTIE B THLIFGAL T,

B0 EE e LS EITH D BIEIRM HFEIL TV E T,

What about integer overflow? In C and C++ overflow of signed integers is actually undefined,
and might do unknown things at runtime. In Rust, it's defined.

i32 2 116 CEEL T BBA —AN—T0—2HRBLEI. I TNy JEL R TR A=y 7
WKERD(FzyZ7E) VY —AELFRTREI Yy FENET A —N"=—Ta— 8 Fr V) -—RY
DATTarvbdHH XYy FEXEHFHLTIALDOLF T aric7 7 ALET W (a *
b).saturating_add(b * c).saturating_add(c * a)).

HRRIZE. a3 FREBRDO A —N—Ta—2BHL F3, ZOHITH OB NREIZ I 2 DIZ#
DI=HTT,

5.5 B

Rust 3, ¥ D XS5 ICED FREINTWAHD 2R T 2 2 T RHEZHAIL 3,
fn takes_u32(x: u32) {

println! ("u32: {x}");
}

fn takes_i8(y: 1i8) {
println!("i8: {y}");

}
fn main() {
let x = 10;
let y = 20;
takes_u32(x);
takes_i8(y);
// takes_u32(y);
}
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ZDATA4 FIZEROES L HHAIEIC X 2HFNCEE-SWT, Rust a >34 083812 H#E015 2 (4
AERLTVWETD,
COEICESINEBI. CDE 5T — X BEFTE2HNRMEEOR TII RV, EWnWd fH%
BT 2 Z e MBEBICEETT . ZDEIRES Lo TEREINZYY Yy a— FIZ BoOHRNLE
SrE—TT,ar %4 IO D IHEEEITV, LDl — FOEREZEL T,

R 7 S DOENCHIFID R WIGE, Rust 37 7 4L b T i32 Z2HLE S A =5 — X vt
=2z {integer} t LTHRREINZ 2 2H H £ 3 MW FEH/NIRY 77 0VET 740 T
f64 127D %3,

fn main() {

let x = 3.14;

let y = 20;

assert_eq!(x, y),

/1 =Z—: “{float} == {integer} DHEENDHD FHA

5.6 HE: 74K FvF

The Fibonacci sequence begins with [@,1]. For n>1, the n'th Fibonacci number is calculated
recursively as the sum of the n-1'th and n-2'th Fibonacci numbers.

NEHHDZ 4 RF v FEEFHET 25 fib(n) 2L 5, ZOBEBIZWO =y 753 TL &
2 Mo
fn fib(n: u32) -> u32 {
ifn< 2 {
/] R—AF—Z,
todo! ("Z ZEREHELTLZEIWV")
} else {
/] BIlRW s — 2,
todo! ("Z ZHRFEELTLZEW")

}

fn main() {
let n = 20;
println! ("fib({n}) = {}", fib(n));

5.6.1 A%

fn fib(n: u32) -> u32 {
ifn<2{
return n;
} else {
return fib(n - 1) + fib(n - 2);
}
}

fn main() {

31



let n = 20;
println!("fib({n}) = {}", fib(n));
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fillfll 7 v — o EA

This segment should take about 40 minutes. It contains:

Slide Duration
if = 4 minutes
L—7 5 minutes

break ¥ continue 4 minutes
Jnay ¥ Aa—7 5minutes
R 3 minutes
<r7u 2 minutes
HE: a7y Y% 15 minutes

6.1 if X

Rust ® if X F MOFFEICH T2 if X 2FETL LR FT,

fn main() {
let x = 10;
if x == 0 {
println!("zexro!");
} else if x < 100 {
println!("biggish");
} else {
println!("huge");
}
}

Eoic, ifzRe LT W ZeATEET . 2hzhoryny 7iZH 2 kEDOHND, if XofE
AU R S

fn main() {
let x = 10;
let size = if x < 20 { "small" } else { "large" };
println!("number size: {}", size);
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Because if is an expression and must have a particular type, both of its branch blocks must
have the same type. Show what happens if you add ; after "small" in the second example.

An if expression should be used in the same way as the other expressions. For example,
whenitis used in a let statement, the statement must be terminated with a ; as well. Remove
the ; before println! to see the compiler error.

6.2 N—7

Rust i2iZ, while, loop. for ® 3 2DV —FF—vV—FnHbH F3,

while
while ¥—7— F I3 MOEFEICHBT % while LIFEIC L B@E2 L £79,

fn main() {
let mut x = 200;
while x >= 10 {

X =x/ 2;
}
println!("Final x: {x}");
}
6.2.1 for

The for loop iterates over ranges of values or the items in a collection:

fn main() {
for x in 1..5 {
println!("x: {x}");
}

for elem in [1, 2, 3, 4, 5] {
println!("elem: {elem}");

}
}
* Under the hood for loops use a concept called ”iterators” to handle iterating over
different kinds of ranges/collections. Iterators will be discussed in more detail later.
» Note that the first for loop only iterates to 4. Show the 1. . =5 syntax for an inclusive
range.
6.2.2 1loop

loop A7 — kX ¥} &, break ¥ TKAKN—TF 572 TT,

fn main() {
let mut i = 0;

loop {
i+=1;
println! ("{i}");
if i > 100 {
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break;

6.3 break & continue

RDATVL—>arzd S IFMBLEVWESE continue 2 LT ZX W,

If you want to exit any kind of loop early, use break. With loop, this can take an optional
expression that becomes the value of the 1oop expression.

fn main() {
let mut i = 0;
loop {
i+=1;
if 1 > 5 {
break;
}
ifi%2==20¢{
continue;
}
println!("{}", 1i);

}

Note that 1loop is the only looping construct which can return a non-trivial value. This is
because it's guaranteed to only return at a break statement (unlike while and for loops,
which can also return when the condition fails).

6.3.1 Labels

continue ¥ break 13472 a V TCINIUFIEERZ Z N TEEF T, TNIMEIARA M LEEL—T
oHRITHE T Db T,

fn main() {
let s = [[5, 6, 7], [8, 9, 101, [21, 15, 3211;
let mut elements_searched = 0;
let target_value = 10;
'outer: for i in 0..=2 {
for j in 0..=2 {
elements_searched += 1;
if s[i][j] == target_value {
break 'outer;
}
}
}

print!("elements searched: {elements_searched}");

* Labeled break also works on arbitrary blocks, e.g.
"label: {
break 'label;
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println!("This line gets skipped");

64 7uvwrza—>

a-—-Fruay”

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

fn main() {

let z = 13;

let x = {
let y = 10;
println!("y: {y}");
zZ -y

}

println!("x: {x}");
}
BEORD ; TRTLAEGAE. 7ry 72K0MEeBIE () kD 75,

s TV IHNRHABBOITELEETRAZZILICLoT. 70y Z2KDENLED S Z 30D
FI.HMRIEATROELIaarZ2EMMEIRLED. return ZEHLED T3 2T . 7oy
7 DIEFZEL L %3,

641 Ra—FrT ¥ RF—A4v7
ZRDORa—AZ FENLET7Tay ZRIBEINET,

AMUDZR 2 —TDEHE FCAa—TOEROE %2> % R—4A VY TEFET,
fn main() {

let a = 10;
println!("before: {a}");
{

let a = "hello";
println!("inner scope: {a}");

let a = true;
println!("shadowed in inner scope: {a}");
}

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

s ZEOHIOAMD7Ta Yy ZiIZb ZEMUL.ZDO 70y Z7DIMITT 72 %ikA 2 Z & T AR
DRAA—=THRHPENATNEZEZRLET,

» Shadowing is different from mutation, because after shadowing both variables' memory
locations exist at the same time. Both are available under the same name, depending
where you use it in the code.

¢ Uy F—A VI EROMI T EZETT,
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e ¥ F—A Y ZE—Rbr DI WL KR ETH, .unwrap() OROEEFRFT 254
WAERTS,

6.5 PR
fn gcd(a: u32, b: u32) -> u32 {
if b >0 {
gcd(b, a % b)
} else {
a
}
}

fn main() {
println!("gcd: {}", gcd(143, 52));
}
s HENRTIAXA—RDRIZFA(—EHD I 7o 2 V7 FiEe ) RV EOEI G E 3,
o BBARK(ZZMMEEDTu Yy Z)NORBOXDPEDHEIZZD EFT . AOKED; 2 EMEL ¥
3, return ¥ —7 — NIIRFY X — Y IfEHTE 2308, BB ORRIETHOME oFics 3
OBMBHTI (return 2T 21Cidgcd 2V 77 272V 7L ET),
* Some functions have no return value, and return the unit type', (). The compiler will
infer this if the return type is omitted.
o F—N—O— FETR—FEINRTVERA LB DFEEIT 1 OTT,
- WICEEBDORI X =R EZTWD T, 77 4L FOFIEIEHR— IR TVERAT
suZ AL TEEBE Y R— T2 T,
- FBIZ1OoDNFRA=28ELy b EZUTMDET ZNLDENINAICTE I TEET
D, AU DOWTIIRR T L 3,

6.6 ~7n

~7mlidary 4 LRI Rust 2 — FIZEBAZ N AIZRG AN Z e TEE T, 2D IERE
D! TRAENE T, Rust S 4 75V Ik SEoEM Lz~ angdshTwED,

e println! (format, ..):std::fmt THAINLTVWEERNEEHAL T, 1 TE2EEHIIC
HALE3,
format! (format, ..):println! LFEERICHEEL £ T ERELTFHIE L TRLE T,
dbg! (expression): DfE% v 7IZElEH L TRL 9,
todo! (): =D a— FITREED~ - 2 MIFE T ETT 2 =w I/ RELE T,
unreachable! (): a—FD—H%Z 7 7L ATRELE LT~ —F7 LET FEITT D =v I
RELETD,

fn factorial(n: u32) -> u32 {
let mut product = 1;
for i in 1..=n {
product *= dbg!(1i);

}
product
}

fn fizzbuzz(n: u32) -> u32 {
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todo! ()
}

fn main() {

let n = 4;

println!("{n}! = {}", factorial(n));
}

Dt Iy aryOBEMIF. 7 u0— KN RFERe. FOERAEERTIEICHDET, v rk
LTERINTWA2HEHB  BRSLIEIFHICEETIED D R A,

RIZODERICOVTIERI—RATEHFLERALBOE I > a v CE~ 7 nDFHICOWTHR
AL E 9,

6.7 EHE: a7 v YR
The Collatz Sequence is defined as follows, for an arbitrary n
1
greater than zero:
e If *n
i
*is 1, then the sequence terminates at *n
i
*.
o If *n
i
*is even, then *n
i+1
=n
i
/2%
o If *n
i
*is odd, then *n
i+1
=3*n
i
+ 1%
For example, beginning with *n
1
*=3:
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https://en.wikipedia.org/wiki/Collatz_conjecture

» 3is odd, so *n
2
*=3*3+1=10;
* 10 is even, so *n

3
*=10/2=5;

* 5is odd, so *n
4
*=3*5+1=16;

* 161is even, SO *n
5
*=16/2=8;

* 81is even, SO *n
6
*=8/2=4;

* 4iseven, so *n
7
*=4/2=2;

* 21is even, SO *n
8
*=1;and

s BONIKRTLET,
FEEOVIHE N 1T 227 v VEIOEI ZHE T 2B ER L ET,
/1] "n° poimE a7y VEHOE I ZHE,
fn collatz_length(mut n: i32) -> u32 {
todo! ("Z ZEFEHELTLZEWNW")
}

fn test_collatz_length() {
assert_eq!(collatz_length(11), 15);

}

fn main() {
println!("Length: {}", collatz_length(11));

}
6.7.1 &
/11 °n° HBIEZAT v EGIOEX BIRE,

fn collatz_length(mut n: i32) -> u32 {
let mut len = 1;
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while n > 1 {
n=1ifn %2 ==0 {n/ 2 } else { 3 *n+ 1 };
len += 1;

}

len

}

fn test_collatz_length() {
assert_eq!(collatz_length(11l), 15);

}

fn main() {
println!("Length: {}", collatz_length(11));

}
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Including 10 minute breaks, this session should take about 2 hours and 35 minutes. It contains:

Segment Duration
27 A 35 minutes
2R 55 minutes

2 —#F—EFH 50 minutes
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This segment should take about 35 minutes. It contains:

Slide Duration

il 5 minutes
% 5 minutes
feglo 4 571 — b 3 minutes

NRER = FTAMZ27 F  5minutes
HE: 22 FanzA0% 15 minutes

8.1 MYl

fn main() {
let mut a: [i18; 10] = [42; 10];
a[5] = 0;
println!("a: {a:?}");

o BEHIEY [T; NI WQE R T DN (2o A4 VREBOEOBERZBEEFINE T, B, B D
REXEFZ0RO—ESTT. 2% D, [u8; 3] ¥ [u8; 4] X2 0DELRZMr AlhdnET,
27 A ZA(P A ZWEFTRFITREENZ))ITOWTIIETHAL 3,

o RN OEHEEZICT 7 AL TATL ZIWVEH T 71 23FETRICF = v 7 ENET,
Rust TIHBH. 6D F = v 7 2 REIC X DBRETE £ 3 (Unsafe Rust 232 2T
EENGEREDN

s VT IR L TEINCEZRAT S I eATEET,

e println! w7 a2l ? BRORIG XX ZHHLTT Ny JEEZERLET.DOFED., {}
BT 74V MR, {23 3TNy THARRMEL £ 3. BES TR DRI T 7 L
MO EFEEL ETHEINIT AN THITDOAERRELE T, 20720, 22 TE TNy 7H
NEFEHT 2B RHH 5,

s #ABEMFT B Wl {a:#2}). FiAPTW AU F 4 I MERBIERHEIAET,
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8.2 AN

fn main() {
let t: (i8, bool) = (7, true);
println!("t.0: {}", t.0);
println!("t.1: {}", t.1);

Bl e FIREIC. X TLORXEEEZINATVET,
RIVE Bl 2 RoMEEERIC V7L 5,
¢ BTN DT 4 — L RIZFE. VA REEDA Y Fo 7 Z2W: 1.0, t.1)T7 27X TEXET,

* The empty tuple () is referred to as the "unit type” and signifies absence of a return
value, akin to void in other languages.

8.3 HH¥DA 7L —1

for 27— P X ¥ F TR B ORKEUHES Y R— PSR TVET(XTVEH K-S TWEE
Ao

fn main() {
let primes = [2, 3, 5, 7, 11, 13, 17, 19];
for prime in primes {
for i in 2. .prime {
assert_ne!(prime % i, 0);

}

}
ZOMEEIX Intolterator P LA PEFEHLEF I AR ERHHL TV ER A,

The assert_ne! macro is new here. There are also assert_eq! and assert! macros. These
are always checked, while debug-only variants like debug_assert! compile to nothing in
release builds.

84 NRX—VYFAMIF7 b

When working with tuples and other structured values it's common to want to extract the
inner values into local variables. This can be done manually by directly accessing the inner
values:

fn print_tuple(tuple: (i32, i32)) {

let left = tuple.0;

let right = tuple.1;

println!("left: {left}, right: {right}");
}

However, Rust also supports using pattern matching to destructure a larger value into its
constituent parts:

fn print_tuple(tuple: (i32, i32)) {
let (left, right) = tuple;
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println!("left: {left}, right: {right}");

» The patterns used here are ”irrefutable”, meaning that the compiler can statically verify
that the value on the right of = has the same structure as the pattern.

» Avariable name is an irrefutable pattern that always matches any value, hence why we
can also use let to declare a single variable.

* Rust also supports using patterns in conditionals, allowing for equality comparison

and destructuring to happen at the same time. This form of pattern matching will be
discussed in more detail later.

» Edit the examples above to show the compiler error when the pattern doesn't match
the value being matched on.

8.5 {EHE: xR kI NALH]

BEAN I3 OBLY | Z & 5 Z e DI TE X T,

let array = [[1, 2, 31, [4, 5, 61, [7, 8, 911,

What is the type of this variable?

FEED K5 B R L C AT ZIRE (T2 5 ZEH#) § % transpose B ZlA L £5

X 123K 147
"transpose"X 4 5 6[X n_=v 2 5 g
X 789K 3609

Copy the code below to https://play.rust-lang.org/ and implement the function. This function
only operates on 3x3 matrices.

/1 TODO: EIELH7E T L6, THhZHIBRL £9,

fn transpose(matrix: [[132; 31; 3]1) -> [[132; 3]; 31 {
unimplemented! ()

}

fn test_transpose() {
let matrix = [
[101, 102, 1031, //
[201, 202, 203],
[301, 302, 303],
1
let transposed = transpose(matrix);
assert_eq!(
transposed,
[
[101, 201, 3011, //
[102, 202, 302],
[103, 203, 303],

)
}

fn main() {
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let matrix = [
[101, 102, 103], // <-- ZoaXy hZkb rustfmt <c&fT%EM
[201, 202, 203],
[301, 302, 303],

1,

println!("matrix: {:#?}", matrix);
let transposed = transpose(matrix);
println!("transposed: {:#7?}", transposed);

8.5.1 f#%&

fn transpose(matrix: [[132; 3]; 31) -> [[132; 31; 31 {
let mut result = [[0; 31; 31;
for i in 0..3 {
for j in 0..3 {
result[j][i] = matrix[il[j];
}
}
result
}

fn test_transpose() {
let matrix = [
[101, 102, 1031, //
[201, 202, 203],
[301, 302, 303],
1,
let transposed = transpose(matrix);
assert_eq! (
transposed,
[
[101, 201, 3011, //
[102, 202, 302],
[103, 203, 303],

)
}

fn main() {
let matrix = [
[101, 102, 1@3], // <-- ZDaXY hMzkb rustfmt TLATZEIEM
[201, 202, 203],
[301, 302, 303],
1,

println!("matrix: {:#7?}", matrix);

let transposed = transpose(matrix);
println!("transposed: {:#7?}", transposed);
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This segment should take about 55 minutes. It contains:

Slide Duration

HEHZR 10 minutes
HEfth SR 10 minutes
Slices 10 minutes
pez]l 10 minutes

HY: A X MY 15 minutes

9.1 HAZH

A reference provides a way to access another value without taking ownership of the value,
and is also called *borrowing”. Shared references are read-only, and the referenced data
cannot change.

fn main() {
let a = 'A';
let b = 'B';
let mut r: &char = &a;
println!("xr: {}", *r);
r = &b;
println!("xr: {}", *r);
}
BT ANOHEZROINZ T T SZREIL & HEETTERSNET, * HETEZREZESR L.
ZOEZERLET,

Rust 3% > 7)) ¥ 7Bz L 5,

fn x_axis(x: &i32) -> &(i32, i32) {
let point = (*x, 0);
return &point;

* References can never be null in Rust, so null checking is not necessary.

47



9.2

SR IX.SEITA2EEZMER T2 122 P LN TVE T, ZHERA VRIZERLTHRWN
ZHEBEICE > THERELLTWIHHATT, 2— FTRBREFHALTHEHIIP 7 A TEE TN 7
DEIFTTOERC K> TIATE I ENEF e RO E T EIROVWTIE. a—2AD 3 HATEHL
AL £35,

ZHRIRA V2 L TEEXNE T, ERFEII.SRAELID B EINITNESLLTEZI LT,
CELIFCH+ ITHEBELTWAZER I BHEERL VAL LTHRBRTEE T, 20a—20%kY
T RIMTAEAL VEZOFHICE B XEVLZEEDNNZ % Rust THiLET 2 HEROWTHAL £
R

Rust 3ZB % BEINC/ER LWz D I & #T1F 28BS H D 7,

Rust will auto-dereference in some cases, in particular when invoking methods (try
r.is_ascii()). There is no need for an -> operator like in C++.

COPITIE, T EAIETH 570 HRADAHETT (r = &b), TAUTKD 1 AL ¥ P&
NMOEZZIT 2 L5128 D T, TR SRICRAT 2 L SRIEDENEHEI NS C++
CIERZD XY,

HESZMTIIMEIAILETH > TH BMEDHEIILETEEEA, *r = 'X' LHEELTAT
{ZEW,

Rust 3. S RTOZMD I A4 7 X4 2 %BIH LT, TR EGIHBZHR L TOE T 2R
Rust TiZ. X 7V Y VBRI RAETEZ1EH D FHA, x_axis ik point AOSHEZIRL
FIBHMBE S & point OEID Y THMREIN D7D, a> M LENER A,

BRI OWTIEIFTAEHEDE 2ATHLSHHL £,

HEt 2

PHEZ IR ESIR e SN SREDEEZEETE 3, 83&mut T T,
fn main() {

}

let mut point = (1, 2);

let x_coord = &mut point.0;
*x_cooxrd = 20;
println!("point: {point:?}");

B

9.3

MHEfth 2 13, COBHOAZMEH L THEICT 72 ATER2 I 2ERKL T MoSRELE
T2 M) DIERFICTEE T 2 2 23T 3 PSR FEE T 2 MIESREDOEIC Y 7 AT
FH A, x_coord 2ERNAIREET &point .0 ZERK S 52>, point.@ ZEHE L TATL FX
W,

let mut x_coord: &i32 ¥ let x_cooxrd: &mut i32 DEWICHEL TL ZX W HiH
FEBZEIIN, Y FTEI2HESHRERTOIIN L REFEZANEOEADHMBRERL &
R

Slices

254 RF EDRERAL IS a I T 32— AL 5,
fn main() {

let mut a: [i32; 6] = [10, 20, 30, 40, 50, 60];
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println!("a: {a:?}");
let s: &[i32] = &a[2..4];

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

¢ A7 RIATARENTED ST -2 2L T,

o A5 4 ZABERTBIE. a BB L BIEA Y F v 2R ERTA YTy 7 2% A0 > ZTHA
THRELET,

¢ ATARMA YT v 7 A0 SIEE 356, Rust OEIPARE SIS X D BlAA > F v 7 2% EIKT
x¥3.,0%Dh, &a[0..a.len()] ¥ &a[..a.len()] EREILTT,

¢ KBRDA VT Y ZARXDVWTHREIL I ENFRASDT, &al2..a.1len()] & &a[2..] Z[
LT3,
o BIHIRIKD AT A4 AR BHEIER T 51213, &a[..] e EL ek ET,

e S IXi32 DA T A ANDBETT, s OB (&[132]) ITHHDEIBEENLL Koz 2ITHE
HLTL X W, ZHZED XFEXERI A XDATA R LU TEHEEEITTEE T,

¢ 274 RFEWHDA T 27 v oBHLEST, ZOHITIX. aldP R b AT 4 ADEE
FTAMEIFEI L TWA(Ra—HCH 3) RERH D £75,

9.4 ¥4

We can now understand the two string types in Rust:

* &stris aslice of UTF-8 encoded bytes, similar to & [u8].
* Stringis an owned buffer of UTF-8 encoded bytes, similar to Vec<T>.

fn main() {
let s1: &str = "World";
println!("sl: {s1}"),

let mut s2: String = String::from("Hello ");
println!("s2: {s2}");

s2.push_str(sl);

println!("s2: {s2}"),;

let s3: &str = &s2[s2.len() - sl.len()..];
println!("s3: {s3}");

* &str introduces a string slice, which is an immutable reference to UTF-8 encoded string
data stored in a block of memory. String literals ("Hello"), are stored in the program’
s binary.

* Rust's String type is a wrapper around a vector of bytes. As with a Vec<T>, it is owned.

s D Z K OBl FEEIC, String::from() EXFFN Y 7 7456 XFHEERL T 5
String::new() FF L WVWZEDXFHNZ/ER L £, push() XV v F¥& push_str() X
Yy REMFHLT. Z XXX FH T —XZBMTEET,
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o format! () v~ 7 vz T 2 L BN RED» A XFI Z@HRICERTE T, 2
println!() & [A CERIEEZZ T AN E T,

¢ & LT String 756 &str 257 4 A& fEM L BEIIG U THIPH 28R T = 3, IR
Fuchiz s tni g MR ERT 22 20X T2 7% EZ LT, chars 1 7
L— I FHRA TR T 27D ELWFHEA TG L L5352 kDb . 204 7L
—REFHTBIEINLEELNTT,

o C++ o< —[ANTOFHM : &St IZHICAEY FOBMEXFINEIELTWS & 57 C++
o std::string_view &2 51 FF, Rust @ String &, C++ @ std::string &t BE LR
METT(ERENE, UTF-8 Ty a— RIN/INS bDAEED D Z LB TE DT
W3 2 EaE b Th iR nwZ £ TH),

o NA MNXFHN T INEMHAT S, &[u8] HEERIERTE XTI,
fn main() {

println!("{:?}", b"abc");
println!("{:?}", &[97, 98, 991);
}

s RIMLTOXFINEMEHT 2 A7 — T2 MM LT &str fHEZERTE X I (x"\n" ==
"\\n"), ZHF|HFZHOATE G IAFOmMANCFREO# 2 HHL 7,
fn main() {

println! (xr#"<a href="link.html">1ink</a>"#);
println!("<a href=\"link.html\">1link</a>");

9.5 HE:IAXLMY

T R%Z [T64;3] ELTREHTZ23XEIAX MVDI—T 4 VT 4 BEE WL ODERL
FIBY A2 F v IERETHREL T2 &0,

/1 FERED —FrGat L TR ZED .

/] RZZX—DREXEFHELE T, “sqrt()’ XYy FEMHHALT, ‘v.sqrt()" R
/1 ERREFELET,

fn magnitude(...) -> 64 {
todo! ()
}

/] REIZHEL.IRTOMEELZDRKEXTEHZZ LT
/] R Z—FEHRLLET,

fn normalize(...) {
todo! ()
}

/1 XD “main® ZFHEHLTUHEZT X LTS,

fn main() {
println!("Magnitude of a unit vector: {}", magnitude(&[0.0, 1.0, 0.01));
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let mut v = [1.0, 2.0, 9.0];

println!("Magnitude of {v:?}: {}", magnitude(&v));

normalize(&mut v);

println!("Magnitude of {v:?} after normalization: {}", magnitude(&v));

9.5.1 &

/1] FEEINRIRZR—DREXEFHELET,
fn magnitude(vector: &[f64; 3]) -> f64 {
let mut mag_squared = 0.0;
for coord in vector {
mag_squared += coord * coord;
}
mag_squared.sqrt()
}

[1] AEEREZFTIINRNIZX—DREX%E 1.0 TEELET,
fn normalize(vector: &mut [f64; 3]) {
let mag = magnitude(vector);
for item in vector {
*item /= mag;
}
}

fn main() {
println!("Magnitude of a unit vector: {}", magnitude(&[0.0, 1.0, 0.01));

let mut v = [1.0, 2.0, 9.0];

println!("Magnitude of {v:?}: {}", magnitude(&v));

normalize(&mut v);

println!("Magnitude of {v:?} after normalization: {}", magnitude(&v));
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510 &

2 —Y —ER

This segment should take about 50 minutes. It contains:

Slide Duration
LRI = HEEIR 10 minutes
2 T IVEER 10 minutes
Fl|1ZA1 (enums) 5 minutes
FE0| 5 minutes
M A Y7 2 minutes

HY: 21 R—&Z—TDAXY}F+ 15 minutes

10.1  nifT SRS

C % C++ L [FAIBEIC. Rust i3 h AR AREEERZH A—FLTWVWET,

struct Person {
name: String,
age: u8,

}

fn describe(person: &Person) {

println!("{} is {} years old", person.name, person.age);

}

fn main() {

let mut peter = Person { name: String

describe(&peter);

peter.age = 28;
describe (&peter);

let name = String::from("Avery");

let age = 39;
let avery = Person { name, age };
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describe(&avery);

let jackie = Person { name: String::from("Jackie"), ..avery };
describe(&jackie);

}

F—HRA > b

o BEERIZ. CRC+H+ITBWTERIU XS ITHEREL £ 7
— C++ LAIBRIC $72 C I3 R D BIZERT 5 DI typedef IZHEDH D £HE A,
— C++ IR D MEREICHRIED D £8 A
s ZITHEERICREIEXERMINDZ L EHHALEL £ 9,
- VA XL u OEER: struct Foo;) . H28IC L 4 PEFEELTWEHDD,
EERICHENT 27— 20 WGEIERTE 5,
- RDAF A RTIE 7 4 =V FADPEETRWEAIMHHINSG X TAUEEREZHEN L %
T
o BHYUIRHFOERMN T TIIH25E51F. EMELHEH L THEREERTE E T,
o M2 . .avery T2 HRMICTRTDO 7 4 — L FEANLERL TH HOHEERD 7
A=V ROREPE A —TEZET, ZOMUI. FITHKEDERICTIHEDLD D £3,

10.2 X ARSI

74—V REDPEETHRWEERX X IVEEREFHTE T,
struct Point(i32, i32);

fn main() {

let p = Point(17, 23);

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

IHNEZLDBEHE—~T 4 =L RTF v —(Za—XA TeMEhEHIFEHEINET,

struct PoundsOfForce(f64);
struct Newtons(f64);

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

fn set_thruster_force(force: Newtons) {
//

}

fn main() {
let force = compute_thruster_force();
set_thruster_force(force);

¢ Za—XA TR TV IT 4 THOEIICET 2 BMERE T a— P 2ENGET T RIC
BlzRL £9
- BEZN K OO BATHE S E 3 (LFL DI TIX Newtons),
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— Z OfEEERFEICGEEIC &1 L 72728, PhoneNumber (String) %721k OddNumbex (u32)
ERAT27-CCEMGET 2 08EH D THA,
¢ a2 —RATD1ODT 4 —LFIZ7 7€ AL T, Newtons BliZ f64 DEZIBEINT 3 Hik%E

MLET,
— Rust TR@H., FAHKZ 2 & (B 5 v THRERSVEE e LT 7 — VED M 8) 134
ENEHA,

- HETOA —N"—a—RIZOoWVWT, SHEE =V 7 X)THAL F3,
s TOWNE, =R FARXA P AL EXR—DEHESEICLTVET,

10.3 %Z% (enums)

enum ¥ —V— RZFHT22 W ODPDRERZNY 7Y M EFOBRIEERTE E T,
enum Direction {

Left,
Right,
}
enum PlayerMove {
Pass, /] EfiZe N 7 > b
Run(Direction), // Tuple variant

Teleport { x: u32, y: u32 }, // Bk 7ok
}

fn main() {
let player_move: PlayerMove = PlayerMove::Run(Direction::Left);
println!("On this turn: {player_move:?}");

}
F—RA Vb

o FIEAIEFHT 22, 1 OB T—HOELIETEZ T,

e Direction T NV 7 ¥ b 2 OB T3, Direction 2 i, Direction::Left ¥
Direction::Right ® 2 DDfERH D 3,

« PlayerMove i&, 32DV 7 ¥ b EFFOHTT, Rust iE_4 B — Rz THHI Z ki3
3 Z T FATRICE DAY 7> b A PlayerMove HICE EN TV AR HETE 2 X 51CL
£9,

o I THEENREHBR LB T2 2BTIDOLET,

- YBELTH 74—V RDORVS Y TNARA= a ¥ (BNEER) >, S FERT 4 —L
FBHEZAN=Ta N7y bRt ua—R)efHATEET,

— EROREEREFEH L C AR OIEIERN) T ERETLZIHTEEITN.Z
DHBEZNOP TN THNBUTERINTVAHE LR UANCIER D £8 A

o Rust i3RI ERET 27-2DICHR/PNROAR—2ZFHL 3,

- BEIZS U T RDER/NRDY 4 XD EBMNL 3,

- FRAIENZNY 7Y MEBTRTOE Y b 8K =V 2O N—LTWVWRWES E R
Py b —V2FHLTHIIRZzya—-FLET(=yFoE#E LD, 28 213,
Option<&u8>iZid None NV 7 ¥ MIHT 2BBADKRA ¥ X F7213 NULL 23Fgf S h
£73,

- BEIIE U T2 213 C e O B2 IR T 2 72 912) HlRI 2 Filf#© = £ 3,
enum Bar {

A, /D
B = 10000,

54


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

C, // 1lo001
}

fn main() {
println!("A: {}", Bar::A as u32);
println!("B: {}", Bar::B as u32);
println!("C: {}", Bar::C as u32);
}
repr 3RWIEE, 10001 1X 2 N A MU E 2720 HRIOBENZIE 2 N4 FAFEH IR
x93,

Z Ofi

Rust [ZE FIZBEBID H D B2 AR=RA % DR LT 212DIMHEHTE 2REIEPV 02D D £5,

e null KA > XDk —H OAIC Rust & size_of: :<T>() A¥size_of::<Option<T>>()
CHELVWZEERHRELE T,

URoH >y Fra—RE Ly PANORFEPERICED XS IR B2 0ERLTVWET, 2%
AR ZORBICELUTHRIELBZVD T, ZHNEF 22 BETRE RV LICHERLTLEX
(A

use std::mem::transmute;

macro_rules! dbg_bits {
($e:expr, $bit_type:ty) => {
println!("- {}: {:#x}", stringify!($e), transmute::<_, $bit_type>(%e));
Y
}

fn main() {
unsafe {
println!("bool:");
dbg_bits!(false, u8);
dbg_bits!(true, u8);

println!("Option<bool>:"});
dbg_bits!(None: :<bool>, u8);
dbg_bits!(Some(false), u8);
dbg_bits!(Some(true), u8);

println! ("Option<Option<bool>>:");
dbg_bits! (Some(Some(false)), u8);
dbg_bits! (Some(Some(true)), u8);
dbg_bits! (Some(None: :<bool>), u8);
dbg_bits!(None: :<Option<bool>>, u8);

println!("Option<&i32>:");

dbg_bits!(None: :<&i32>, usize);
dbg_bits!(Some(&0i32), usize);
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10.4 const

Constants are evaluated at compile time and their values are inlined wherever they are used:

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

fn compute_digest(text: &str) -> [u8; DIGEST_SIZE] ({
let mut digest = [ZERO.unwrap_oxr(0); DIGEST_SIZE];
for (idx, &b) in text.as_bytes().iter().enumerate() {
digest[idx % DIGEST_SIZE] = digest[idx % DIGEST_SIZE].wrapping_add(b);
}
digest
}

fn main() {
let digest = compute_digest("Hello");
println!("digest: {digest:?}");

}

Rust REC Book 12 & % & EBEBUIMHHKHCA > 74 MbXNE T,

a VA VIRIZ const fHZ AR T 2720 HE 2 DI1X, const & ~v— 27 ENBEEDATT,
7272 L. const BERUISETRICM O T Z e TE F 3,

* Mention that const behaves semantically similar to C++'s constexpr
o EITRICTHE I N2 EBHIREIC R 283D ED DY ELAD HFNEREMEHT LD b
ENTRZETT,

10.5 static

HNEBIE T n 77 2 DFETE2EEE L THERT 270 B8 L $HA,
static BANNER: &str = "Welcome to RustOS 3.14";

fn main() {
println! (" {BANNER}");
}
Rust RFC Book Ta#AZ N TW 2 K 5 I FHIEBEMHRICA > 7 4 M3 FHEOMHE T 5
XEVMBIFELE T, ZRELZETRVa— FRHEDAALT - FITEHTH Y . ZHEZ 707 J 4
DFTREEZBE L TFMLET /R —>VL R =T DEICEH 7Y = 7 b ID DBRBEIRWEER, — )
I const AEAH XN E T,
* static is similar to mutable global variables in C++.
e static 3A 7Y =27 FID (XREVAHDT KL R) & NHEAIZE M2 R0 RN 72 1K
(Mutex<T> R ) 24t L £ 3,

Z Dt

static ZHE Y DAL Y FOTH 7 7R TE S0, Sync THERLEDRH D 3, Wi A]
ZMEIE, Mutex 7 M v 7 REDFIETEBTE X T,
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<71 std: :thread_local ZffHLT. ALy Fu—hlDF—XEERTE £,

10.6 B4 U7 2R

B4 )7 2% HlOROARTEER L E T, 2D 2 DORIF U EKRTHEATE T,

enum CarryableConcreteltem {
Left,
Right,

}

type Item = CarryableConcreteltem;

/1 =407 23R TEMERINCHER S 5 AT,

use std::cell::RefCell;

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

type PlayerInventory = RwLock<Vec<Arc<RefCell<Item>>>>;

C7uro~—k Zh% typedef LEEDDDEEZZTL & 5,

10.7 #¥: 21 R—X—TDAL4 XY b

I R=X -l AT LATARY P 2RT T - XEEZER L E T S ESHBRARY P2 RS
327008y BEEBHICERL THOWEXE A, #[derive(Debug)] Z#HL T 2% {:?} T7

A=<y P TELXICLET,

ZOEBFIIHELZDZ, main BT —R L TETEINZ XS5 FT—XEERER L TANT S Z
LRI TT . ZDA—ADRDNN— TR CRSDOHE» ST — 2 2BE T3 5EZHAL T,

/1] 2> a—=90BRIETERENRDH LT N—R— AT LANDA XY K,
enum Event {

// TODO: WHz N1 7> k2B %
}

/1] FEERTTIA],
enum Direction {

Up,
Down,

}

/1] 2 DFTEDRICENE Lz,

fn car_arrived(floor: i32) -> Event {
todo! ()

}

[1] >ZD K70k,
fn car_door_opened() -> Event {

todo! ()
}

111 IPZDRTHHE o7
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fn car_door_closed() -> Event {
todo! ()
}

/1] FIEDEDTL RXR—&X— mnb—THARX Iz,

fn lobby_call_button_pressed(floor: i32, dir: Direction) -> Event {
todo! ()

}

/1] TLR—=Z—Dh T DRERARX Xz,

fn car_floor_button_pressed(floor: i32) -> Event {
todo! ()

}

fn main() {

println!(
"A ground floor passenger has pressed the up button: {:?}",
lobby_call_button_pressed(0, Direction::Up)

),

println!("The car has arrived on the ground floor: {:?}", car_arrived(Q));

println!("The car door opened: {:?}", car_door_opened());

println!(
"A passenger has pressed the 3rd floor button: {:?}",
car_floor_button_pressed(3)

),

println! ("The car door closed: {:?}", car_door_closed());

println!("The car has arrived on the 3xrd floor: {:?}", car_arrived(3));

10.7.1 %

/1] 2> b —=IBRIT2R0ERHETLR—K— AT LNDARY |k,
enum Event {

/1] REVIRHXNT,

ButtonPressed(Button),

/1] EHHFEDRICEE Lz,
CarArrived(Floor),

111 22D R 7 HBN Tz,
CarDoorOpened,

11l DD RT7HEHE -7,
CarDoorClosed,

}

/1] FEFEHr LTRSS,
type Floor = i32;

/11 EFRTTIAE],
enum Direction {
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Up,
Down,

}

/1] 2= —=D7 LA TEBEREY,

enum Button {
/1] FTEDEDILN—KX— B —IZHBERX .
LobbyCall(Direction, Floor),

111 D>THNOREERE >,
CarFloor(Floor),

}

/11 > ZHFEDREICEIE LTz
fn car_arrived(floor: i32) -> Event {
Event::CarArrived(floor)

}

/111 22D R 7HEW=,
fn car_door_opened() -> Event {
Event: :CarDoorOpened

}

/1] 2ZDRT7HEE 572,
fn car_door_closed() -> Event {
Event: :CarDoorClosed

}

/1] FIEDHEEDITL R—&Z— ot —THARX VBN,
fn lobby_call_button_pressed(floor: i32, dir: Direction) -> Event {
Event: :ButtonPressed(Button::LobbyCall(dir, floor))

}

[1] L R=Z =D T DFEER X Xz,

fn car_floor_button_pressed(floor: i32) -> Event {
Event::ButtonPressed(Button: :CarFloor(floor))

}

fn main() {

println!(
"A ground floor passenger has pressed the up button: {:?}",
lobby_call_button_pressed(0, Direction::Up)

),

println!("The car has arrived on the ground floor: {:?}", car_arrived(Q));

println!("The car door opened: {:?}", car_door_opened());

println!(
"A passenger has pressed the 3rd floor button: {:?}",
car_floor_button_pressed(3)

),

println!("The car door closed: {:?}", car_door_closed());

println!("The car has arrived on the 3rd floor: {:?}", car_arrived(3));
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11 %=

2HHD{BAN XS Z

RUSt IZDWTHRDEZL DI RHATEE LM SHIZ Rust DB X5 ATHEAZ Y TET,

o RR—V v F U HEISDT— XD,

XY v R B B o BEEAT T,

FLUA b EBORITHE XN B EE,

T3V A MoFEITOR DS X — &1L,

EHES £ 7S5 DH Yy F L4 b Rust OEEREUES £ 75 1) DM,

AT a—Nn

Including 10 minute breaks, this session should take about 2 hours and 10 minutes. It contains:

Segment Duration

L5z % 3 minutes
NRR—v<vF 27  1hour
Methods and Traits 50 minutes
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12 35
NR—VF T

This segment should take about 1 hour. It contains:

Slide Duration

Matching Values 10 minutes
MhEfRD 72 227+ 4 minutes
FIERDF A 727 b 4 minutes

Let Hilf#l 7 v — 10 minutes
HE: o FHif 30 minutes

12.1 Matching Values

match ¥—v—FZ2HHT 2L, 12U EOARZ— IR L THEEZBRETEET, L2 SIEICEED
TN BN =B LT RR— Y DADRFEFTEINET,

C C++ D switch REIFBRIC. SZ — ICIF B ERIEETE £ 3,
fn main() {

key if key.is_lowercase() => println!("Lowercase: {key}"),

println!("Something else"),

let input = 'x';

match input {
'q' => println!("Quitting"),
'a' | ‘st | 'w' | 'd => println!("Moving around"),
'9'..="9"' => println!("Number input"),

\%

}

The _ pattern is a wildcard pattern which matches any value. The expressions must be
exhaustive, meaning that it covers every possibility, so _ is often used as the final catch-all
case.

—HER L THEHATEE S, if LARC. S~y F 7 —2B3EACEICTZREND D 3 . 803. 7
0y 7 DREOARTTTFEET 258), Lt dflTid . BX () T3,

NRR—Y DER(Z DRI TR ke IZED vy F7—NTHATELNAL V74 ¥ IHERE L E
Jo
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< v FH— FIZL D D true DBEEICDAT — LB—HLET,
F—ARKA b
s BEDXFENRNRE—TED LS IMHHEINE2ZHHL 7,

| Zor ¥ LTIEET %

L ERBLTGUTEMTE S
1..=5l@35z280HMALRT
- _ YAV EHI—FERT

e RRX—VDATRRHETELWEHELMESEMRCKRE L WS Y UHSUEETH 2
v FH— REIEEIONETT,

e v FH—RIE v FT7—L2ANOERD if R FE LD ET DK Tay Z7N(GE=> D) D
ifRF vy F7— BRI N-RICETENT T, 2070 v T if StEdim- Xk
Do 723G E JLD match RO 7 — 2 IZBEEBI N ER A,

o H— RTERSNEEME, | VAR =Y HOTXTORITEA SN E T,

More To Explore

» Another piece of pattern syntax you can show students is the @ syntax which binds a
part of a pattern to a variable. For example:

let opt = Some(123);
match opt {
outer @ Some(inner) => {
println!("outer: {outer:?}, inner: {inner}");
}
None => {}

}

In this example inner has the value 123 which it pulled from the Option via
destructuring, outer captures the entire Some(inner) expression, so it contains
the full Option: :Some(123). This is rarely used but can be useful in more complex
patterns.

12.2 K&k (structs)

Like tuples, Struct can also be destructured by matching:

struct Foo {
X: (u32, u32),
y: u32,

}

fn main() {
let foo = Foo { x: (1, 2), y: 3 };
match foo {
Foo { x: (1, b), y } => println!("x.
Foo { y: 2, x: 1} => println!("y
Foo { vy, ..} => println!("y

=1, b = {b}, y={y}"),
2, x = {1:?}"),
{y}, other fields were ignored"),

nmin o
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}

e Too DV T IIMEEMDRE -2 v —HT B EHICEFLET,

e FOO IZH LW 4 — L RZEBMULEIZIGL TR —VICEBEMZ T,

e Xy IF v b EHAEXFILOLWEELRDINET, 20HDODT7—L0D 2 2 EBHICEELTHA
TOOEBAREL W L 2R L 3, 2% const ICEBE L C.HUOEES 2 2 & 2R
75,

12.3 %Z% (enums)

Like tuples, enums can also be destructured by matching:

RE— NI EHEMEDO—EBIIANAL Y F T2 FHTEE T UTo LS LT . Bo#E2H
REZENTEZT HMZ enum D SHBOEL £ 9,

enum Result {
0k(i32),
Exrr(String),
}

fn divide_in_two(n: i32) -> Result {
ifn%2==20{
Result: :0k(n / 2)
} else {
Result: :Exr(format!("cannot divide {n} into two equal parts"))
}
}

fn main() {
let n = 100;
match divide_in_two(n) {
Result::0k(half) => println!("{n} divided in two is <{half}"),
Result::Exrr(msg) => println!("sorry, an error happened: {msg}"),
}
}

22T 7 —2a(arm, R = EWANRT=H D) ZEH L T Result [HO D EEIT> TWE T RID
7—ATlE halfid 0k N 7Y FADEIIANA Y RENET, 22O0HD 7 —LTlEmsg LT —
Xyt =N RFENET,

o iflelse U BT match T7Z Uy 7 XNBHEREIR L TVWE T,

¢ FIERDEFRICI DHONY 7Y MFIBEROEZRDO Z ) ZBML, 2 — FETRICZI —%
FRLTAEL .2 — RPWEINTOVRWERZRL. AV L INREDES Y+ %
RELEIS S LT A 02@AL X7,

o FIFERINY 7 2 FDEIIE SRR — VB —B LGB ICDAT VA TEZ T,

s MBEPMHENTRVIGEICE DRI ERLET TR TOTF—ADPNHINLE Z 4 IV 7%
2 22T, Rust a4 SOFSERBRFAL 5,
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12.4 Letiflf@i7zvo—

Rust ICIZ . MMOSFEL IZERZ2HH 7 2 —MEP N OB D ET . INHERNR—V v F U I
XN E T,
e if let =X

o let else =
* while let %

if let X

if let LEMFEHIT 2 MHEN AR —VIZ—HTE30E IS CTERER S - REFTTEE T,
use std::time::Duration;

fn sleep_for(secs: f32) {
if let Ok(duration) = Duration::try_from_secs_f32(secs) {
std::thread: :sleep(duration);
println!("slept for {duration:?}");

}

fn main() {
sleep_for(-10.0);
sleep_for(0.8);

let else R

NREX—v By F LTHEEN»ORZ 2 WS — k1R —2Tld, let else ZHL 3, lelses
— 2T AL ENRD D £3 (return, break. =y 7R ¥. Juy 2»5kiF 30N DT
~RT)o

fn hex_or_die_trying(maybe_string: Option<String>) -> Result<u32, String> {
if let Some(s) = maybe_string {
if let Some(first_byte_char) = s.chars().next() {
if let Some(digit) = first_byte_char.to_digit(16) {

Ok(digit)
} else {
return Exrr(String::from("not a hex digit"));
}
} else {
return Err(String::from("got empty string"));
}
} else {

return Err(String::from("got None"));

}
}

fn main() {
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println!("result: {:?}", hex_or_die_trying(Some(String: :from("foo"))));
}
if leticfl/zwhile let IREVMDO DD T, 2K NNEX—VICBL L THEEZT A MLET,

fn main() {
let mut name = String::from("Comprehensive Rust £&");
while let Some(c) = name.pop() {
println!("character: {c}");

}

// (There are more efficient ways to reverse a string!)
}
Z 2T String: :pop i SLFEFINZEIC T 5 £ T Some(c) ZRL.ZD#% None 2R L 3, while
let ZEHT 2. TRNTDT A4 7 2N L TRIBMEZHRITTEE T,

if-let
e match 28X D, if let TEIRTORNEEMHEHE T 2 HEIZ VW=D, match X H
kb £9,

o —MIZRfERTIRIE,. Option 24/E3 2% & &1 Some fHE T 2 Z T,
e match x84 D, if let 3 RE—r <o F U/ TH— FfizIR— P LTVERA,

let-else

RITRT L2, if let 3WEAER->TLES 222 H D FF, let-else DHIEZ. ZDH X b
ENFa—FEPEHICT 2R D ET MADOLVWAN— g VEZBEMTICESE L T ZH#E
PELEHRTEA L5 LET,
EBEXWZ -N—T 3 VRO B YT,
fn hex_or_die_trying(maybe_string: Option<String>) -> Result<u32, String> {

let Some(s) = maybe_string else {

return Err(String::from("got None"));
H

let Some(first_byte_char) = s.chars().next() else {
return Err(String::from("got empty string"));
3

let Some(digit) = first_byte_char.to_digit(16) else {
return Err(String::from("not a hex digit"));

b

return Ok(digit);
}
while-let

o EBRX—Z—HFTARD, while let =7 DD IEEN 2 Z L ZFHHL £3,
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* name.pop() T unwrap ¥ 2 {HRWVGEICHW§ 5 if 27— XY P 2@ LT, while
let V=7 2ERAL—AITE SR 5 e TEE T, while let id LELD > F VU 4 DK
M e LTETE £,

12.5 {8 KO

HAXHOMELHRIAY 2 2 - X 2/EMLTAEZL & 5,

An example of a small arithmetic expression could be 10 + 20, which evaluates to 30. We
can represent the expression as a tree:

A bigger and more complex expression would be (10 * 9) + ((3 - 4) * 5), which
evaluate to 85. We represent this as a much bigger tree:

---------------- | + | oo -
I |
Vv Vv
el I AEEES el I AEES
| e | e
Vv Vv Vv Vv
| 10 | | 9 | Rl B B | 5 |
___________ | e | -
\ \
| 3 | | 4 |

In code, we will represent the tree with two types:

enum Operation {
Add,
Sub,
Mul,
Div,

enum Expression {

Op { op: Operation, left: Box<Expression>, right: Box<Expression> },
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/11 VT IV
Value(i64),
}

ZZTDBox Bl A~ — FRA VXTI I OB TRIZYFHHALES . 7AMTRONS X
S R Box:tnew TIARy 7 2L T&E T, Ry 7 23R E i 2 121k WS REE T

M ZEMHEHLTIRy 7 2Lk L% 3 (eval (*boxed_expr))s

—HORIFFETE T, =7 — 2RI N F T 1E4ED Result<Value, String> BN )L 7-1H
(Ok(Value)) /1= 7 —(Err(String)) DWW Fhh R THBHTT, TR OVWTIE #IZ

ERELSHAL £95

a—Fzav—LTRust LA 2770y RIZHED T, eval OEHELHBL X T8 LT
AT —RIFTAMCAKT Z2HBENDHD EF, todo! () ZHEALT. TR M2 1OFOEMT 5L
EBTTHLET, #[ignore] ZHAL T .7 A M2 —HNCAF vy 7 T2 TEET,

#[test]
#[ignore]
fn test_value() { .. }

/11 2 DO 7KK L TETT 2HE,
enum Operation {

Add,

Sub,

Mul,

Div,

}

111 ) —EDH,
enum Expression {
111 2 D20H% 7R3 5 HE,

Op { op: Operation, left: Box<Expression>, right:

/11 VT I UE
Value(i64),
}

fn eval(e: Expression) -> Result<i64, String> {
todo! ()
}

fn test_value() {
assert_eq! (eval(Expression: :Value(19)), 0k(19));

}

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

fn test_recursion() {
let terml = Expression::0p {
op: Operation::Mul,
left: Box::new(Expression::Value(10)),
right: Box::new(Expression::Value(9)),
}
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)),
H
assert_eq!(
eval (Expression::0p {
op: Operation::Add,
left: Box::new(terml),
right: Box::new(term2),
).
0k (85)
),
}

fn test_zeros() {
assert_eq! (
eval (Expression::0p {
op: Operation::Add,
left: Box::new(Expression::Value(0)),
right: Box::new(Expression::Value(0))
).
0k (2)
)
assert_eq!(
eval (Expression::0p {
op: Operation::Mul,
left: Box::new(Expression::Value(0)),
right: Box::new(Expression::Value(0))
)
0k(02)
),
assert_eq!(
eval (Expression::0p {
op: Operation::Sub,
left: Box::new(Expression::Value(0)),
right: Box::new(Expression::Value(0))
).
0k (2)
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)
}

fn test_error() {
assert_eq!(
eval (Expression::0p {
op: Operation::Div,

left: Box::new(Expression::Value(99)),
right: Box::new(Expression::Value(0)),

).
Exrr(String: :from("division by zero"))
),
}
12.5.1 f#&

/11 2 2% 7RICH LU TETT 2HEE,
enum Operation {

Add,

Sub,

Mul,

Div,

}

111 vV —ERDH,
enum Expression {
111 2 D047 ITHF 2 A,

Op { op: Operation, left: Box<Expression>, right:

/11 VT I E
Value(i64),
}

fn eval(e: Expression) -> Result<i64, String> {

match e {

Expression::0p { op, left, right } => {

let left = match eval(*left) {
ok(v) => v,
Exrr(e) => retuxrn Err(e),

b

let right = match eval(*right) {
Ok(v) => v,
Exrr(e) => return Err(e),

H

Ok (match op {

Operation::Add => left + right,
Operation::Sub => left - right,
Operation::Mul => left * right,

Operation::Div => {
if right == 0 {

Box<Expression> },

return Exrr(String::from("division by zero"));
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} else {
left / right
}

H)
}

Expression::Value(v) => 0k(v),
}

fn test_value() {
assert_eq! (eval(Expression: :Value(19)), 0k(19));

}

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

fn test_recursion() {
let terml = Expression::0p {
op: Operation::Mul,
left: Box::new(Expression::Value(10)),
right: Box::new(Expression::Value(9)),
}
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)),
).
right: Box::new(Expression::Value(5)),
}
assert_eq! (
eval (Expression::0p {
op: Operation::Add,
left: Box::new(terml),
right: Box::new(term2),
}).,
0k (85)
),
}

fn test_zeros() {

72



assert_eq!(
eval (Expression::0p {
op: Operation::Add,
left: Box::new(Expression::Value(0)),
right: Box::new(Expression::Value(0))
)
0k (0)
),
assert_eq! (
eval (Expression::0p {
op: Operation::Mul,
left: Box::new(Expression::Value(0)),
right: Box::new(Expression::Value(0))
1),
0k (2)
),
assert_eq! (
eval (Expression::0p {
op: Operation::Sub,
left: Box::new(Expression::Value(0)),
right: Box::new(Expression::Value(0))
)
0k (0)
)
}

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

fn main() {
let expr = Expression::0p {
op: Operation::Sub,
left: Box::new(Expression::Value(20)),
right: Box::new(Expression::Value(10)),
}
println!("expr: {expr:?}");
println!("result: {:?}", eval(expr));
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13 &

Methods and Traits

This segment should take about 50 minutes. It contains:

Slide Duration
PN 10 minutes
kLA b (trait) 15 minutes
EHH 3 minutes

WY, oz x Vv rikut— 20 minutes

131 XY v F

Rust ZfEH 3 2 & BAEZ#H L WELCEEEN 1T 2 2 e A TE %9, ZAud impl 7 a vy 7 THEITL
ER

struct Race {
name: String,
laps: Vec<i32>,
}

impl Race {
[l LY=L EXY v R
fn new(name: &str) -> Self {
Self { name: String::from(name), laps: Vec::new() }

}

/1 BEIIT 2HMAY R ARD [/ EXAAMEHT 72 A

fn add_lap(&mut self, lap: i32) {
self.laps.push(lap);

}

/] BEIOHST 2HAEB L UOHAND HHOMEH 7 7 R

fn print_laps(&self) {
println!("Recorded {} laps for {}:", self.laps.len(), self.name);
for (idx, lap) in self.laps.iter().enumerate() {
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println!("Lap {idx}: {lap} sec");
}

// Exclusive ownership of self (covered later)
fn finish(self) {
let total: i32 = self.laps.iter().sum();
println!("Race {} is 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);
}

self 51 TL s =N DE D XYy FORBRET AT 227 P2IEELE T XY v RO
BRLY—NERDEBHTT,

o &self: HEDAZZWEFHAL C.MUIHELIT,IrOA TV 27 b EEALET . 2O TP
7 MIETHUOMHEHTE %Y,

o &mut self: —EORZEZHEZMFHALC.MHUOH LTI A7 27 bV2EALEST . Z0L 7
Dz VIR THUHEHTEES,

e self: A7V =7 VOFMEMEIIGL.MUHE LIEh LRI T ET XYy FRA T2 bD
A& D 23 ITEEDSIRINCEEINBRVERED XYy RBRRZ . A TP =7 MIE
(F7ar—RMENF T EZERMEHEE. LT LIAEELEEKRT 2D TEDD XA,

e mut self: ERR A UTIN XYy FIZA 7V bE2EHETEET,

o LY —NRL: HEERDEHIXAY v FIZR ) ETHFIX. new EIEEN2 3> AT 7 XEAE
RS B 7=DIHEHINET,

F—KA 2 b

e XYy FEBEBEILTHENATIXWTL & 5,

- XYy FIIBREEERRTIZER L Y)Y DA VAR Y ZATHUPHENE T EBYID T A —&
FA AR A% self e LTERLET,

— TRAYN—F XYY FLY— X Ta— FN2EHITIHNT. XYy FEFEHT S Z
CHTEEFT XYy REFHTZZIET.INRNTOEEa— NE 1 DO TFTRIFIRERGFTIC
FEHBEIENTEET,

¢ XV R LY—NTH? self b5 F—v—FOFEHIZOWTHHALEI,

- self: Self OWEGETH 2 Zr 2R L MEERLOHEHAEICOWTHEHAT 2228
ITITHLET,

- Self idimpl 7 v v VHRRET H2HOBMI AV 7R TH Y., 70y 7 NOMOGFT T
HT&x2Ze®HHLET,

- self 3Bk FRRICHEH . Fy bREZFEHLTEAD 7 4 —L REZHT
X352 x@HLE S,

— ZZT finish # 2 EFEfTL T, &self & self DEWVWERTILE2BTIHLET,

—self ONY 7 P H LY —ANB Y LTEHETINTW BRI Z v ot —7l
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(Box<Self>#z¥)sH b 3,

13.2 U4 b (trait)

Rust CIX.BUCBH L COMRILEZ P LA F2HOWTITD 28 CEFET LA MEIA VR —T 2 —
2T NET

trait Pet {

/// Return a sentence from this pet.
fn talk(&self) -> String;

/// Print a string to the terminal greeting this pet.
fn greet(&self);

¢ LA MIZDILA FEFEETILDITRBIRERZBDORAY v FEERLE T,

* In the "Generics” segment, next, we will see how to build functionality that is generic
over all types implementing a trait.

13.2.1 FU A bFEEE

trait Pet {
fn talk(&self) -> String;

fn greet(&self) {
println!("Oh you're a cutie! What's your name? {}", self.talk());
}
}

struct Dog {
name: String,
age: 18,

}

impl Pet for Dog {
fn talk(&self) -> String {
format! ("Woof, my name is {}!", self.name)
}
}

fn main() {
let fido = Dog { name: String::from("Fido"), age: 5 };
fido.greet();

* To implement Trait for Type, youuse an impl Trait for Type { .. } block.

* Unlike Go interfaces, just having matching methods is not enough: a Cat type with a
talk() method would not automatically satisfy Pet unless it isin an impl Pet block.

* Traits may provide default implementations of some methods. Default implementations
can rely on all the methods of the trait. In this case, greet is provided, and relies on
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talk.

13.2.2 AX—»NX—bFLA b

A trait can require that types implementing it also implement other traits, called supertraits.
Here, any type implementing Pet must implement Animal.

trait Animal {
fn leg_count(&self) -> u32;
}

trait Pet: Animal {
fn name(&self) -> String;

}

struct Dog(String);

impl Animal for Dog {
fn leg_count(&self) -> u32 {
4
}
}

impl Pet for Dog {
fn name(&self) -> String {
self.0.clone()
}
}

fn main() {

let puppy = Dog(String::from("Rex"));

println! ("{} has {} legs", puppy.name(), puppy.leg_count());
}

This is sometimes called *trait inheritance” but students should not expect this to behave like
OO0 inheritance. It just specifies an additional requirement on implementations of a trait.

13.2.3 By

Associated types are placeholder types which are supplied by the trait implementation.

struct Meters(i32);
struct MetersSquared(i32);

trait Multiply {

type Output;

fn multiply(&self, other: &Self) -> Self::Output;
}

impl Multiply for Meters ({
type Output = MetersSquared;
fn multiply(&self, other: &Self) -> Self::Output {
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MetersSquared(self.? * other.0)

}

fn main() {
println! ("{:?}", Meters(10).multiply(&Meters(20)));
}

* Associated types are sometimes also called ”output types”. The key observation is that
the implementer, not the caller, chooses this type.

* Many standard library traits have associated types, including arithmetic operators and
Iterator

13.3 &

PR—FENTVE LA MEIRDEIITHAR LN HEINICRETEE T,

struct Player {
name: String,
strength: u8,
hit_points: u8,
}

fn main() {
let pl = Player::default(); // 774/ bL A MT “default” A7 72%2EIL X7,
let mut p2 = pl.clone(); // 7u—> kLA FT ‘clone’ XYy RZEBEINLET,
p2.name = String::from("EldurScrollz");
Il TNy 7 b4 T, 0?2} ZEHLEEIOYR-FZ2EML 9,
println! ("{pl:?} vs. {p2:?}");
}

B~ 70 THREIN.ZL D7 L — MEXERBEKEELZBINT 2 720 0EFMREH~ 27 abHE
ENTVET, 28 213, serde iI #[derive(Serialize)] AL T . HE&EEKD SV 7 (b D
YAR—MEEHPTEXFET,

13.4 Exercise: Logger Trait

ML A4 b Logger ¥ log XV v REMHLT. > IAiuaxrra—74 V74 2%t LTAZE
LU 5T R E v 7R3 % a— FIiX 2 0#%I1c&impl Logger 22 Z e A TEE T,
COHBETAITRETAIRT 7 7 AN R v =Y DBEZAEFNE T ABRRIHL L FTidn s
P N—IZX v =Y PEEINET,

However, the StdoutLogger given below logs all messages, regardless of verbosity. Your task
is to write a VerbosityFilter type that will ignore messages above a maximum verbosity.

CHE RN Z =TT DOFED PLA FPEEZI Yy FLTHUE FLA F2EEL ZO#EET
EFEZBEMLUTWEERTT . 0¥ 7a—7 4 V7 4 TRMISED XS REHD F v =&AL
DTL & 957
pub trait Logger {

/1] FEESNFMEL RV TRy =% 7GR LE T,

fn log(&self, verbosity: u8, message: &str);
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}
struct Stdoutlogger;

impl Logger for StdoutlLogger {
fn log(&self, verbosity: u8, message: &str) {
println!("verbosity={verbosity}: {message}");
}
}

// TODO: “VerbosityFilter  %EFRL THEEL .

fn main() {
let logger = VerbosityFilter { max_verbosity: 3, inner: StdoutlLogger };
logger.log(5, "FYI");
logger.log(2, "Uhoh");

13.4.1 %

pub trait Logger {
/1] fBEINFAMELANLTA vy =2 21 L T3,
fn log(&self, verbosity: u8, message: &str);

}

struct StdoutlLogger;

impl Logger for StdoutlLogger {
fn log(&self, verbosity: u8, message: &str) {
println!("verbosity={verbosity}: {message}");
}
}

/1] FEEINTZFEHEL XL ETDOR v —IDAE T ZIZEE IR,
struct VerbosityFilter {

max_verbosity: u8,

inner: StdoutlLogger,
}

impl Logger for VerbosityFilter {
fn log(&self, verbosity: u8, message: &str) {
if verbosity <= self.max_verbosity ({
self.inner.log(verbosity, message);
}

}

fn main() {
let logger = VerbosityFilter { max_verbosity: 3, inner: StdoutlLogger };
logger.log(5, "FYI");
logger.log(2, "Uhoh");
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14 &=
BMZD

Including 10 minute breaks, this session should take about 3 hours and 15 minutes. It contains:

Segment Duration
Yz 31 7 Z(generics) 45 minutes
BHES 4 75 ) DRI 1 hour

S 4 7S5 UAD LA+ 1hour and 10 minutes
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15 %

T x 31V 7 Z(generics)

This segment should take about 45 minutes. It contains:

Slide Duration
PES IR ¢ 5 minutes
Jxp VT —28 10 minutes
bL A bl 10 minutes
impl Trait 5 minutes
dyn Trait 5 minutes

HE: Y =2%xVU v 2% min 10 minutes

15.1 =3V v 7B

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

/17 "nt OMEIJETT “even' F7=iF ‘odd' EERL X T,
fn pick<T>(n: i32, even: T, odd: T) -> T {
ifn%2==0 {
even
} else {
odd
}

}

fn main() {
println!("picked a number: {:?}", pick(97, 222, 333));
println!("picked a string: {:?}", pick(28, "dog", "cat"));

* Rust 35RO HEOBIHDSNT T ORZHERI L %3,

* In this example we only use the primitive types 132 and &str for T, but we can use any
type here, including user-defined types:
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struct Foo {
val: u8,
}

pick (123, Foo { val: 7 }, Foo { val: 456 });

o ZHUTCH++ TV L — PIBITWETA, Rust i3y =2V v ZBIEERDINCT Cica v
ANT 570, FOBIEHINC—HT 2 ITXRTOEICH LU TENTHA2LEND D FT,7-8
ZI1E. n == 0 OFEIT even + odd ZIRT LI pick ZEHE L TATL 230V BEEEff
FL7 pick £ Y AX Y Z{LDABPERHENTWEHATSH, Rust ZZN 2\ AR LE
T, C++ TR INZITS Z e TEET,

Generic code is turned into non-generic code based on the call sites. This is a zero-cost
abstraction: you get exactly the same result as if you had hand-coded the data structures
without the abstraction.

15.2 =XV yr5—KH

SV AR T BRI T 4 — A FORIZHGILT 2 Z e B TEET !

struct Point<T> {
x: T,
y: T,

}

impl<T> Point<T> {
fn coords(&self) -> (&T, &T) {
(&self.x, &self.y)
}

fn set_x(&mut self, x: T) {
self.x = x;
}
}

fn main() {
let integer = Point { x: 5, y: 10 };
let float = Point { x: 1.0, y: 4.0 };
println!("{integer:?} and {float:?}");
println!("coords: {:?}", integer.coords());

¢ Q: A TIX2M S impl<T> Point<T> {} KBWVWTIHEINZDTL £ 32 ? IR TIED
DEBAD?

- BELREL. AR 2RV TR L TOY 22V v I BRFEEDOERIENLS T, #0513
MWL T2V vy TI,
- DFD  ZDIIBAYV Y REIEEO TN LTERIND I EWVWH Z LTI,
— It is possible to write impl Point<u32> { .. }.
% Point X ZNTHRBEI AV v 7 THD, Point<fed>%FH5 e B TEE T, L
L. ZDOTay ZTOXY v Fid Point<u32>ici L TOAFIHAIREL 72 b £9,

s HLWEH let p = Point { x: 5, y: 10.0 }; ZESLTATLEZ WV, 2 D00EHK
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Te U ZHEALT RE2MOBERZRORA Y P2l T2 L5a—F2EHRLE
ER

153 Y=Yy ZbL AL

Traits can also be generic, just like types and functions. A trait's parameters get concrete types
when it is used.

struct Foo(String);

impl From<u32> for Foo {
fn from(from: u32) -> Foo {
Foo(format!("Converted from integer: {from}"))
}
}

impl From<bool> for Foo {
fn from(from: bool) -> Foo {
Foo(format! ("Converted from bool: {from}"))
}
}

fn main() {
let from_int = Foo::from(123);
let from_bool = Foo::from(true);
println! ("{from_int:?}, {from_bool:?}");

» The From trait will be covered later in the course, but its definition in the std docs is
simple.

* Implementations of the trait do not need to cover all possible type parameters.
Here, Foo::from("hello") would not compile because there is no From<&str>
implementation for Foo.

* Generic traits take types as ”input”, while associated types are a kind of "output” type. A
trait can have multiple implementations for different input types.

 In fact, Rust requires that at most one implementation of a trait match for any type
T. Unlike some other languages, Rust has no heuristic for choosing the "most specific”
match. There is work on adding this support, called specialization.

154 U4 MK

VgV I RAZHVBEE HD LA FDAY Y FEHUEHES X5 BB ZD LA F2FEEL
TV I Z2ERLEWZ N EL B D 5, (HITE :ABH Tld”Trait bounds”Z1 b L4 Mil#)) &
FIRRL X L7225, Rust DHAGERRI I 2 =7 4 TR ML A MEFRIEHERRIRD DD 85 5D
RELRA T 20OV TIE DL SN TVWET,)

You can do this with T: Trait:

fn duplicate<T: Clone>(a: T) -> (T, T) {
(a.clone(), a.clone())
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}
// struct NotCloneable;

fn main() {
let foo = String::from("foo");
let pair = duplicate(foo);
println! ("{pair:?}");

* Try making a NonCloneable and passing it to duplicate.
s RO ML A PHRRELREEIZ, + 2o THAELET,

s where HiOF WA EZRLEL & 9. Z#HEIZa— FEHATVS & X2, 2D where HilZ#EE
LET,
fn duplicate<T>(a: T) -> (T, T)
where
T: Clone,
{

(a.clone(), a.clone())
}

— R EADNRT X EDDH BHEIC, where HIZEB DS 755 v ZBHEEL T NE
ERS
— where I EIZE N HBHEDL H D 5,
* FEDICHDP NG A TRWT T, ZOHKAEE WS DIX, 7 OLEMANZIX Option<T>
DESIEEDOUERFATEZ L WVWHHDTT,

» 7238, Rust & F 725t (specialization) %K — b L TV EH A7z & 2. Jt® duplicate
MdBGEE R a7z duplicate(a: u32) ZEMT 2L IETEZHEA,

15.5 1impl Trait

FLA MERE M XS impl Trait (ZBEE D58 LR D EICB W TOAFHREETT ¢
/] LUR ORERME
// fn add_42_millions<T: Into<i32>>(x: T) -> 132 {
fn add_42_millions(x: impl Into<i32>) -> i32 {
x.into() + 42_000_000
}

fn pair_of(x: u32) -> impl std::fmt::Debug {
(x + 1, x - 1)
}

fn main() {
let many = add_42_millions(42_i8);
println!("{many}");
let many_more = add_42_millions(10_000_000);
println!("{many_moxre}");
let debuggable = pair_of(27);
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println!("debuggable: {debuggable:?}");
}

impl Trait allows you to work with types which you cannot name. The meaning of imp1l
Trait is a hit different in the different positions.

o NI AT LT, impl Traitd b A MERAZFOEZDOI 21V v 7RI X XD X
22 DTT,

e SRDEDENZHWBIGEIXRED LA BREET 205500 BRAER 2, BRR28E
FHRLEVWE WS Z e 2ERLET . 2O 23N 2 APLICESR R L 72 K nig
EIERT T,

R D EDAEC BT 2 G INEE TS, impl Foo ZRIBIEIX. 2R T ERANIY —
Aa—RizEIrhdZeinEE BERBEENE T, collect<B>() -> BOXH LT =
2V v 7R RTEEIE, BEMATEDIIRBUTIRT DD 3, £/ BN
HUTGIRZD XS BBl —o BB ENDH 2000 LILER A, ZHUE. let x: Vec< > =
foo.collect() & L7=b. turbofish ZH T foo.collect::<Vec<_>>() 332 ¥

TITAE T,
debuggable OFUHATL & 5 2% let debuggable: () = .. 2L T.=F57— Xvt—-—J0D
WA ZERL T I,

15.6 dyn Trait

In addition to using traits for static dispatch via generics, Rust also supports using them for
type-erased, dynamic dispatch via trait objects:

struct Dog {
name: String,
age: 18,

}

struct Cat {
lives: 1i8,

}

trait Pet {
fn talk(&self) -> String;
}

impl Pet for Dog {
fn talk(&self) -> String {
format! ("Woof, my name is {}!", self.name)
}
}

impl Pet for Cat {
fn talk(&self) -> String {
String::from("Miau!")
}
}

// Uses generics and static dispatch.
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fn generic(pet: &impl Pet) {
println!("Hello, who are you? {}", pet.talk());
}

fn dynamic(pet: &dyn Pet) {
println!("Hello, who are you? {}", pet.talk());
}

fn main() {
let cat = Cat { lives: 9 };
let dog Dog { name: String::from("Fido"), age: 5 };

generic(&cat);
generic(&dog);

dynamic(&cat);
dynamic(&dog) ;

» Generics, including impl Trait, use monomorphization to create a specialized instance
of the function for each different type that the generic is instantiated with. This means
that calling a trait method from within a generic function still uses static dispatch, as the
compiler has full type information and can resolve which type's trait implementation to
use.

* When usingdyn Trait,itinstead uses dynamic dispatch through a virtual method table
(vtable). This means that there's a single version of fn dynamic that is used regardless
of what type of Pet is passed in.

* When using dyn Trait, the trait object needs to be behind some kind of indirection. In
this case it's a reference, though smart pointer types like Box can also be used (this will
be demonstrated on day 3).

* Atruntime, a &dyn Pet is represented as a “fat pointer”, i.e. a pair of two pointers: One
pointer points to the concrete object that implements Pet, and the other points to the
vtable for the trait implementation for that type. When calling the talk method on &dyn
Pet the compiler looks up the function pointer for talk in the vtable and then invokes
the function, passing the pointer to the Dog or Cat into that function. The compiler
doesn't need to know the concrete type of the Pet in order to do this.

* Adyn Traitisconsidered to be “type-erased”, because we no longer have compile-time
knowledge of what the concrete type is.

15.7 {ii¥: =232V v 7 min

In this short exercise, you will implement a generic min function that determines the minimum
of two values, using the Ord trait.

use std::cmp::0rdering;

TODO
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fn main() {
assert_eq!(min(0, 10), 0);
assert_eq!(min(500, 123), 123);

assert_eq!(min('a', 'z'), 'a');
assert_eq!(min('7', '1"), '1');
assert_eq! (min("hello", "goodbye"), "goodbye");
assert_eq! (min("bat", "armadillo"), "armadillo");
}
* Show students the Ord trait and Ordering enum.
15.7.1 f#%&

use std::cmp::0rdering;

fn min<T: Oxd>(1: T, xr: T) -> T {
match 1.cmp(&r) {
Ordering::Less | Ordering::Equal => 1,
Ordering: :Greater => r,

}

fn main() {
assert_eq!(min(0, 10), 0);
assert_eq!(min(500, 123), 123);

assert_eq!(min('a', '
assert_eq!(min('7', '

assert_eq!(min("hello", "goodbye"), "goodbye");
assert_eq!(min("bat", "armadillo"), "armadillo");
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BHES 4 75 VNO#

This segment should take about 1 hour. It contains:

Slide Duration
E#ES £ 775 ) 3 minutes
FEaXThb 5 minutes
Option 10 minutes
Result 5 minutes
String 5 minutes
Vec 5 minutes
HashMap 5 minutes

Y. #v > &— 20 minutes

D7 arDBATA TR BEEPITTRF XY PRI PHERL. XD —RWZ2XAY v R
BNV DOMPELD FIFTL &0,

16.1 BS54 T75V

Rust i2iX, Rust D54 75V e 7nr 5 A CHEAINZ—RALETED YL v F BT 5 DIKILD
BEEES A TS UNRMBELTVWET, 220DI7A4 77V EBRAL—REEXRLZNTEDIZDIE.
DEIEHAF L bEL String BEFHL TWE72HTI,

ZERE. Rust I2I3EHES 4 75 ) (core. alloc. std)DEBDL A YBEEFRTVET,

o core llid, libc 7 ur —X X5IFFRL =T 4 YV RAT LADIREICDHRIEL B V. B
HEARN LB BB EENE T,

e alloc iZiE. Vec. Box. Arc z¥.Za—njlb—F7ur—X 2B r 330nEgEhE
5,

e 2L DBE HDHIAALD Rust 7 7V 1% core DA EHRHL.BEICE > Tl alloc #FHLF
5,

16.2 F*a2XTV b

Rust ICIEFFMHAR FF 2 X Y P OHEIRATVE T RIS ZRLE T,
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 All of the details about loops.

CUBDEIRTY I T 4 TH,

e Option X BinaryHeap R ¥ OIFEHES 4 75 YA,
Use rustup doc --std or https://std.rs to view the documentation.
ERHEHOI—FICFFa X 2232 8BTEET,
/1] BHIDFIEDY 2 ZEHDOSITEOUNZLE S0 HELET
/17
/11 2 HEHOSIEDPEYoDGE ERIE false 2D F5,
fn is_divisible_by(lhs: u32, rhs: u32) -> bool {

if rhs == 0 {
return false;

}
lhs % rhs == 0
}

aVFUVRET— I X L THRONET AEEINZTARTDO RUst 74 77V 7L — b,
rustdoc Y — A Z2HH LT, docs.rs THEIIZC FF 2 XV IR FELHOENET, ID KX — V1
FALT.SRTORMT7A 7 2% API TRF 2 XY ML 20MEHNTY,

TATAN(EY 2a—VARE)DPSE T AT L RFaXy MET AWK TR RFaXrrpaxXxy
FIERENB /) FF /* . ¥ EHLE S,

/1Y ZDEY 22—V BROERRICEE T AERED S TN TV E T,
¢ https://docs.rs/rand T rand 7 L — FHICAER I N7 RF¥F 2 X ¥ P EZHBEHITRLE T,

16.3 Option

Option<T> OFAFIEICOVTIET TV D2 RTEE L2, 2HUIR T OEZENT 2 5 1]
B L £H A7z 21E, String: :find iX Option<usize> #KL £3,

fn main() {
let name = "Lowe ¥J% Léopard Gepardi";
let mut position: Option<usize> = name.find('é');
println!("find returned {position:?}");
assert_eq! (position.unwrap(), 14);
position = name.find('Z");
println!("find returned {position:?}");
assert_eq! (position.expect("Character not found"), 0);

* Optionis widely used, not just in the standard library.

* unwrap (& Option NDfEZ RS S= v 712720 $3, expect EFRTIN. ZF7—X v
L —YBZIFIWD £,

— None TR=v ZIZRZGEDHDETH.[R->T) None DF 2 v 725N I Lidd
hEHA

— A% Ny F ¥ TFTEHEAEE DB 5T unwrap/expect 175 O —KHTY
DIARFBED 3 — FI3EH. None Z X h@EYNAIHL %3,

* The "niche optimization” means that Option<T> often has the same size in memory as
T, if there is some representation that is not a valid value of T. For example, a reference
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cannot be NULL, so Option<&T> automatically uses NULL to represent the None variant,
and thus can be stored in the same memory as &T.

16.4 Result

Result is similar to Option, but indicates the success or failure of an operation, each with a
different enum variant. It is generic: Result<T, E> where T is used in the Ok variant and E
appears in the Exr variant.

use std::fs::File;
use std::io::Read;

fn main() {
let file: Result<File, std::io::Error> = File::open("diary.txt");
match file {
Ok(mut file) => {
let mut contents = String::new();
if let Ok(bytes) = file.read_to_string(&mut contents) {
println!("Dear diary: {contents} ({bytes} bytes)");
} else {
println!("Could not read file content");
}
}
Exrr(err) => {
println!("The diary could not be opened: {err}");

}

* Option & [FERIZ, M L 72 fEIZ Result OFRICH D, 7R\ v =3 Z %2 PRI 3
BZRENDHDEFT, LI D T 7 —F =y IEESINE T T 7 —RELTE LR LRV
Ak, unwrap() £z expect() ZMHUHT I D TEET, N TRE Y N—DA VT
VRO TFNTY,

*ResuUlt DFFaX Y b2@O I 2T TDEL &9, ZOMETIZD LT FEAB ERT
HAMEA DD £ 2D FFa Xy MR BEBE TS IV 7L XY v R
BHEZHEENTVET,

* Result is the standard type to implement error handling as we will see on Day 4.

16.5 String

Stringis a growable UTF-8 encoded string:

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());

92


https://doc.rust-lang.org/std/string/struct.String.html

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

String ¥ Deref<Target = str> ZEELFT, 0% D, String DITRTD str XV v FZM
O ZEeENTEET,

» String: inew I3H L WEDFINZR L T XFINTT v adT 27— XDEPDDP T
WA String: :with_capacity ZFH L %7,
» String::lenid. String %4 X% N4 PRATERLE T CCFREIZERR 550D D ¥
‘3_)0
e String: :chars IZ. EEOLFDOA T L -2 %R LE T, HFilkhr 7 AXI2E D, char iz A
MBI F I RRTDHOLIIRLRLZHENDHD 5,
o ANADXFHNTOWTERT 25A BT &str 721 String O Z ¥ 255 L TW 2 Al HEMED
HHET,
» 173 Deref<Target = T> ZEHEL L TWAHE. 2 %A FI2ED TrHXAY vy F2@E#HEA
WIEOHES X512 D £7,
- Deref ML A MZOWTRELHHAL TOARWED FREATIEEICFF 2 XY bOH A
RAN—D#EICOWTHAL TVE T,
- String i¥ Deref<Target = str> 2FEL, str DAY v FAD T 7t X2 ZEi#A
WCEFAI L £ 9
— let s3 = sl.deref(); & let s3 = &*sl; ZEd L CTHERL F9,
¢ String BN PRI Z—DF v R— LTHREINET RIX—THR-—FZNTWV3
ARV =2 aryD%LIE String THHR—F TR TVETH WL O2DRFEDEMN ST
W T,
¢ String A YT v 7 R 2 S EIERGELR L £T,
- XFIZE s3.chars() .nth(i) .unwrap() ZHFEHL£3. 2 2T 1 3EHFNOHE
BERNOGEERLET,
- B FHNTIE s3[0. . 4] ZHAHLE T, ZDR T4 RI.XFHFITDH 255 L0
BRDHD FT,
* Many types can be converted to a string with the to_string method. This trait is
automatically implemented for all types that implement Display, so anything that can
be formatted can also be converted to a string.

16.6 Vec

Vec &, ¥4 XZHEAJRERIFHED b — FEID TNy 7 7T,
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());

/] BEERTRI Z— ?UHHL@‘ Fi~2na,
let mut v3 = I'fe, 0, 1, 2, 3, 41;
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/] BEEZOAZFRLET,
v3.retain(|x| x % 2 == 0);
println! ("{v3:?}");

[/ EfRT 2EEZHIFRL 3,
v3.dedup();
println! ("{v3:?}");

}

Vec |X Deref<Target = [T]> ZEELTVWE%H, Vec TRIARAXY v REFUOHTZ N
TXET,

» Vec |, String Bk fHashMap t ¥ dical sy ayo—@TI.BFhTWi7F—&idk
— TG EN D 72D, AV RA N T — X B2 BT 2B EEXH D ¥ A T — XEIXFAT
RACHEIME 72 13D T 25808350 £5,

e Vec<T> 3V =3V v ZHITETN, TR2HRINCIEET 20 EXH D A, Rust DEHEGRT
WO BITHILE &SI AID push FERHE LT T A XN THE T,

svec![...] W& Vec::new() DRODIHHT IZEHDOY 7 0T RN X —~"DOYIAELZEDE
mzEyR—rLTVET,

¢ RIR—WZA VT IZAZMNITZCE [ ] 2FEALEITHERNOGEEEZ =y I FEL
9,203, get 2T 2 & Option 2R XNF T, pop BIEIIRFZOBEREZHIFRL £ 3

¢ A7 A4 RZDOWTIE 3 HEIWCHAL 9. %Z#& 3B R TIE B Vec DEIZE D, FFa X
MIFRRENTZITRTDATAARXY v FIIT7 72 RATEZ Z 2> TORIE+S TS,

16.7 HashMap

HashDoS W& HIR#E T AEED NNy P a v v 7
use std::collections::HashMap;

fn main() {
let mut page_counts = HashMap: :new();
page_counts.insert("Adventures of Huckleberry Finn", 207);
page_counts.insert("Grimms' Fairy Tales", 751);
page_counts.insert("Pride and Prejudice", 303);

if !page_counts.contains_key("Les Misérables") {
println!(
"We know about {} books, but not Les Misérables.",
page_counts.len()

),

}
for book in ["Pride and Prejudice", "Alice's Adventure in Wonderland"]
match page_counts.get(book) {
Some(count) => println!("{book}: {count} pages"),
None => println!("{book} is unknown."),
}
}

/] A BOon b oGaEld. centry() XYy FE2HHLTEZFHALET,
for book in ["Pride and Prejudice", "Alice's Adventure in Wonderland"]
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let page_count: &mut 132 = page_counts.entry(book).or_insert(0);
*page_count += 1;
}

println!("{page_counts:#?}");

* HashMap i3 7LV 2 — FTER SN TVWARWD R - T RXEDLHENRDHD £7,

¢ XD A—FITZMLE T RADITCT.FENNY P a2y TITHE0E I 0EMERE L. BWEE
FEMEZRL T EBBROD B2 - 15E, 21THT Ay Y axy FIEEZFAL
R

let pcl = page_counts
.get("Harry Potter and the Sorcerer's Stone")
.unwrap_or(&336),
let pc2 = page_counts
.entry("The Hunger Games")
.or_insert(374);

s vec! XIZEALD HEHED hashmap! v 7 vddHH £ A,

- L2 L. Rust1.56 L& ik, HashMap & From<[ (K, V); N]> ZEELTVE T, 2
NCED UTFINEFIR SNy S avy TEEBICHILTE E5,

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

1),

» o e LT, HashMap &, Key-Value % 7V 2T 2{EE D Iterator 2> HEKT 5
ZEHTEXT,

o ZOAENZIX, std::collections::hash_map::Keys 2Dl Xy v FEHD RO EOE
DBV ODHHET, ZNHDENE, Rust K¥a Xy FORBTIIMEHINE T, 20RO K
FaxXxvbr, keys XV v FIKREZDIZLDY) ¥ 7 B ZiliEIORLE T,

16.8 {HH: HU X —

COHEE TR IFFICS v IV T — 2 a2 NN S DIC L £9,std: :collections: :HashMap
PEHEHAL T EOEPHEZRE SN, FENFEIHIE L7202 80 L 3,

Counter DHIHAN—Y a »iE, u32 DIETOAEEEST 2 LS5 N—Fa—RFIRTVWETEBIFT
ZEDENIT U THHER L ZDOX Yy FEI 22U v 7L E T, 24U &b, Counter THHWD 3
BOEZBIFTEET,

BoiciboBmEE, entry XYy FEMHA LT, count XYV v FOEEICRERN Y > aly
77y TOEBEFITITLTAEL & S,

use std::collections: :HashMap;

111 710238 T O/ EDHERSNBEH Y > P LET,
struct Counter {

values: HashMap<u32, u64>,
}
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impl Counter ({

/117

HMLwho o X2l L %9,

fn new() -> Self {

}

117

Counter {
values: HashMap::new(),

}

BEXN-HOREE I P LET,

fn count(&mut self, value: u32) {

}

/117

if self.values.contains_key(&value) {
*self.values.get_mut(&value) .unwrap() += 1;
1} else {
self.values.insert(value, 1);

}

fEE SN ESHRR SN B 2R L £3,

fn times_seen(&self, value: u32) -> u6b4d {

}
}

self.values.get(&value).copied().unwrap_or_default()

fn main() {

let
ctr

ctr
for

}

let

mut ctr = Counter::new();

.count(13);
ctr.
ctr.
ctr.
ctr.
.count(11);

count(14);
count(16);
count(14);
count(14);

iin 10..20 {
println!("saw {} values equal to {}", ctr.times_seen(i), 1i);

mut strctr = Counter::new();

strctr.count("apple");
strctr.count("orange"),
strctr.count("apple");
println!("got {} apples", strctr.times_seen("apple"));

16.8.1

use std
use std

fRs

::collections: :HashMap;
::hash: :Hash;

111 o238 T OFEPHEREINEHRZE Y PLET,
struct Counter<T> {
values: HashMap<T, u64>,
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}

impl<T: Eq + Hash> Counter<T> {
/1] FrLwhyr ZREERL %7,
fn new() -> Self {
Counter { values: HashMap::new() }

}

/1] FEESINMOREEH T P LET,
fn count (&mut self, value: T) {
*self.values.entry(value).or_default() += 1;

}

/1] FEESINTEPHER S N0 ER L ET,
fn times_seen(&self, value: T) -> u64d {
self.values.get(&value).copied().unwrap_or_default()
}
}

fn main() {
let mut ctr = Counter: :new();
ctr.count(13);
ctr.count(14);
ctr.count(16);
ctr.count(14);
ctr.count(14);
ctr.count(11);

for i in 10..20 {
println!("saw {} values equal to {}", ctr.times_seen(i), 1i);

}

let mut strctr = Counter::new();
strctr.count("apple");

strctr.count("orange");

strctr.count("apple");

println!("got {} apples", strctr.times_seen("apple"));
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BRAES AL 77 VND LA b

This segment should take about 1 hour and 10 minutes. It contains:

Slide Duration
oD EFE & DL 5 minutes
{HE T 5 minutes
From ¢ Into 5 minutes
¥ X b 5 minutes
Read ¥ Write 5 minutes
Default, & A E#HF0E 5 minutes
ra—3y 10 minutes
8% : ROT13 & 30 minutes

EHES £ 7S DRIV ERRICREEZ 20 TE LA PO FF a2 X U P RHERLE T,
D7y a iRV GEFTREER - TLZX W,

17.1 kO FiE L DL

INH5D LA MIMEOHEEZSR—FLET IRTOM LA MEI.ZHASD LA FREETZ Y
4=V REECRAICERTEE T,

PartialEq & Eq

PartialEq & . %HD X Y v K eq LHREI N XY v K ne ZFOE R EMBEKR TS, ==
BTe I=HEFII. IOoDX Yy FEMUIHLET,
struct Key {

id: u32,

metadata: Option<String>,
}
impl PartialEq for Key {

fn eq(&self, other: &Self) -> bool {

self.id == other.id
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}
}

Eq (358272 AR 6/ (R B9 RFRAY HEREAY) TH b, PartialEq ZEK L % 3. 522 F MRz
DEE T HBBIE LA MERE LTEq Z2EHL X,

PartialOrd ¥ Oxrd

PartialOrd & partial_cmp XV v &Moo TEHIMRIEFZERL £3, 24Uk, <. <=, >=,
>HETEFEET I -ORBHINE T,

use std::cmp::0rdering;
struct Citation {
author: String,
year: u32,
}
impl PartialOrd for Citation {
fn partial_cmp(&self, other: &Self) -> Option<Ordering> {
match self.author.partial_cmp(&other.author) ({
Some (Ordering: :Equal) => self.year.partial_cmp(&other.year),
author_ord => author_ord,

}
}

Ord 127 %R L. cmp (X Ordering ZiKL %5,
PartialEq 3R 2TOMCTELETEE I, EqEIRKMNNTH 270, FETEEHA,
struct Key ({

id: u32,

metadata: Option<String>,

}
impl PartialEqg<u32> for Key {
fn eq(&self, other: &u32) -> bool {
self.id == *other

}
}

FRTE. INHD LA FRENT 2 Z IR TTB EET 20— RUTED D TEA.

17.2 BT

HETOA—N—m— R, std::ops ND bLA FENLTEEXNET,
struct Point {
x: 132,
y: 132,
}
impl std::ops::Add for Point {
type Output = Self;

fn add(self, other: Self) -> Self {
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Self { x: self.x + other.x, y: self.y + other.y }
}

fn main() {

let pl = Point { x: 10, y: 20 };

let p2 = Point { x: 100, y: 200 };

println! ("{pl:?} + {p2:?2} = {:?}", pl + p2);
}
HmOKRA b

e &Point I Add #FHEETEF T, 2T D XS IR THRICLH T2 ?

- [A%: Add:add (& self ZfEHL £ 3. HEF 24— "\—a—F 3258 T 5 Copy THKEW
Had, T OB F A —N—0—FF 32 2MAT20EPHD £3, 2HUTED,
MR LEFTCOARER 7 v — R T X ¥£9,

e Output PEIERITH 2 DIERETIDN? TNZ XY v FORIARTI XA —-RIZTESLTLED
7

— FWEIZ: BEBALID T X — ZIIFEH LIt & o THIBEN S Auk 3723 BEER (Output 7%
NI P A PoFEEEIC ko THIFIZN TS,

o 2FEBHORNIX LT A 252 TCE 3,722 21, impl Add<(i32, i32)> for Point
W Point ic& Ik BIML 5,

The Not trait (! operator) is notable because it does not ”"boolify” like the same operator
in C-family languages; instead, for integer types it negates each bit of the number, which
arithmetically is equivalent to subtracting it from -1: !5 == -6.

17.3 From & Into

Types implement From and Into to facilitate type conversions. Unlike as, these traits
correspond to lossless, infallible conversions.

fn main() {
let s = String::from("hello");
let addr = std::net::Ipv4Addr::from([127, @, @, 11);
let one = i16::from(true);
let bigger = i32::from(123_116);
println!("{s}, {addr}, {one}, {bigger}");
}

From AEHEXN 2 ¢, Into EHBINICEREINE T,

fn main() {
let s: String = "hello".into();
let addr: std::net::Ipv4Addr = [127, 0, @, 1].into();
let one: i16 = true.into();
let bigger: i32 = 123_il16.into();
println!("{s}, {addr}, {one}, {bigger}");

e ZDXSIZInto BEEXNL 2D AT From DA ZEFEET 201K TT,

o IString KAEMTZ 23 RTID XS LBEGIHO AN 2 EE T 556, 20—V Ii3He
b, Into 2T A2XNELNDH D £ 3, BEIZ. From 2EE T 238y Into DH & ELET
LRIZZTANE T,
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174 %+ A b

Rust 121 BEEARY 2RI HIIH D FHAD, as WX AR F vy A I R— P ENTVWET, 2
NHEDF v A MIBEF.FNOBREREINTVWE CEYrT 4 7 AN ET,

fn main() {
let value: i64 = 1000;
println!("as ul6: {}", value as ul6);
println!("as i16: {}", value as 116);
println!("as u8: {}", value as u8);

}

as DFERIZ Rust THICERIN. 9y F 7+ — A T—EBLTVWET, 2RI FEADFEERZZE Z
72D X D/NEBRIENZF Yy R M LEDTABRICELNAERIIK L TVWEND LNERTA RFa Xy
FEER LU AMEIC T 3720122 X PRI L TL ZE W,

as ZHEHALZF v 2 NI LGB o THEHT 2 223D R B Y A /- 0FkD X
VTV AEET FHIN RS DHEOHFNEE XN/ZBIT O DI WATHBRET S 0[HE
WD H T, F ¥ A MIERHFOUIDIETERTZIEEZHNE LTWAHEICD A, Hl I X
nExF (e 23 ity hORRICEBRR L. as u32 Tubd DR 32 vy + ZBINT 255),

HIICELWHF v 2 (Fl: u32 225 ubd NDF ¥ A b)) TlE. F v A MO EBRICTEETH S Z L hE
BT 57112, as TiE < From F2E Into AT 2 2B ITHLEFITLIEL K RWATHE
MRBH2F ¥ XA POV TEFEHICIELWHF vy ZA M IRBERZFETEASL UL 7-0WIEEIIC,
TryFrom ¥ TryInto 2 C&E £,

ZDRATA ROBRTHKREZES Z & ZMET LT L EE W0,

as X C++ DFFMF v A MIZBITVWE T, T —EANKRONZARENNH IR T as 2fEHT3 2k
FRANCHER XN EFRAMHTZIEER PR e FHHOaX Y 2R T2 2BT T
LET,

TR B E usize IZF Y AP LTA Ty 7R LTS 3581 TT,

17.5 Read & Write

Read ¥ BufRead Z#H 3222 T, u8 Y —XZHRITEE T,
use std::io::{BufRead, BufReader, Read, Result};

fn count_lines<R: Read>(reader: R) -> usize {
let buf_reader = BufReader: :new(reader);
buf_reader.lines().count()

}

fn main() -> Result<()> {
let slice: &[u8] = b"foo\nbar\nbaz\n";
println!("lines in slice: {}", count_lines(slice));

let file = std::fs::File::open(std::env::current_exe()?)?;
println!("lines in file: {}", count_lines(file));
0k(())

}

FIREIC, Write ZH T2 2, u8 > v 7 2MRbLTE£ 7,
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use std::io::{Result, Write};

fn log<W: Write>(writer: &mut W, msg: &str) -> Result<()> {
writer.write_all(msg.as_bytes())?;
writer.write_all("\n".as_bytes())

}

fn main() -> Result<()> {
let mut buffer = Vec::new();
log(&mut buffer, "Hello")?;
log(&mut buffer, "World")?;
println!("Logged: {buffer:?}");
0k(())

17.6 Default L A b

Default FL A MEBDF 7 40 MERERL ET,

struct Derived {
X: u32,
y: String,
z: Implemented,

}
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 is set!".into(), ..Derived::default() };
println!("{almost_default_struct:#?}");

let nothing: Option<Derived> = None;
println! ("{:#?}", nothing.unwrap_or_default());

EHEET 22, #[derive(Default)] TEHETZZ B TEE T,
BHICXZ2EETIZ. TRNTDT 4 =V DT 7 4L MAIREE S NEXER N E T,
- 2F D BEERNOTRTOANCY Default ZFEETAXERH D 7,
o EHED Rust B Z K OGS 2 Y 2MHE, "" 2 ¥)D Default #FEEL 7,
BRI e SR O PR, 7 7 v+ CEYNCESEE L 5,
Rust f2H#£5 4 "5 V13 B Default 2HETE 3 e 2L B . 202l T 23>
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Poroo2XYy FEREHELTVE T,
o L HSUE. BSEREHEE IERTWE T,

17.7 Zu—- %

27— ¥R T ALAXRNICE G ZMITIEZZeRTELRVVEND D F, /2720, 2051385507 Fn.
FnMut., FnOnce FL 4 FEMAZTWVWET,

fn apply_and_log(func: impl FnOnce(i32) -> i32, func_name: &str, input: 1i32) {
println!("Calling {func_name}({input}): {}", func(input))
}

fn main() {
let n = 3;
let add_3 = |x| x + n;
apply_and_log(&add_3, "add_3", 10);
apply_and_log(&add_3, "add_3", 20);

let mut v = Vec: :new();
let mut accumulate = |x: 132| {
v.push(x);
v.iter().sum: :<i32>()
}
apply_and_log(&mut accumulate, "accumulate", 4);
apply_and_log(&mut accumulate, "accumulate", 5);

let multiply_sum = |x| x * v.into_iter().sum::<i32>();
apply_and_log(multiply_sum, "multiply_sum", 3);
}

An Fn (e.g. add_3) neither consumes nor mutates captured values. It can be called needing
only a shared reference to the closure, which means the closure can be executed repeatedly
and even concurrently.

An FnMut (e.g. accumulate) might mutate captured values. The closure object is accessed
via exclusive reference, so it can be called repeatedly but not concurrently.

If you have an FnOnce (e.g. multiply_sum), you may only call it once. Doing so consumes
the closure and any values captured by move.

FnMut i FnOnce ¥ 7% 4 7T, Fn X FnMut ¥ FnOnce ¥ 7% 4 7 T3.,2% h., FnOnce 8
M XN ZEEIEHEIC FnMut Z{ET=. FnMut 7213 FnOnce AU H XA 3 BEI1THIC Fn
PEHATEET,

70— v BRITWBZERETERT 5E.THETHAUIA BIZFRECHE ) FnOnce Z#EHA L. X
W FNMut RIS Fn 2T 3 K5 LET, AR E D MU LIGICE D FHICHIETE £ 3,

In contrast, when you have a closure, the most flexible you can have is Fn (which can be
passed to a consumer of any of the 3 closure traits), then FnMut, and lastly FnOnce.

The compiler also infers Copy (e.g. for add_3) and Clone (e.g. multiply_sum), depending on
what the closure captures. Function pointers (references to fn items) implement Copy and
Fn.
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By default, closures will capture each variable from an outer scope by the least demanding
form of access they can (by shared reference if possible, then exclusive reference, then by
move). The move keyword forces capture by value.

fn make_greeter(prefix: String) -> impl Fn(&str) {
return move |name| println!("{} {}", prefix, name);

}

fn main() {
let hi = make_greeter("Hi".to_string());
hi("Greg");

17.8 {E%: ROT13 55

Z ORI, EHH: TROTI3 IS 2HELEF T, 20a—FE LA 759 Rica— L. REL
TWBE Y bEFERELTLEIWVFERIEMR UTF-8 DE Fick2 X512, ASCII 7L7 7 Rv b
NFEDHAEO—F—arLET,

use std::io::Read;

struct RotDecoder<R: Read> {
input: R,
rot: u8,

}
// ‘RotDecoder’ @ ‘Read’ LA FZEFEELFT,

fn main() {
let mut rot =
RotDecoder { input: "Gb trg gb gur bgure fvqr!".as_bytes(), rot: 13 };
let mut result = String::new();
rot.read_to_string(&mut result).unwrap();
println!("{}", result);
}

mod test {
use super::*;

fn joke() {
let mut rot =
RotDecoder { input: "Gb trg gb gur bgure fvqr!".as_bytes(), rot: 13 };
let mut result = String::new();
rot.read_to_string(&mut result).unwrap();
assert_eq! (&result, "To get to the other side!");

}

fn binary() {
let input: Vec<u8> = (0..=255u8).collect();
let mut rot RotDecoder: :<&[u8]> { input: input.as_ref(), rot: 13 };
let mut buf [Qu8; 256];
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assert_eq! (rot.read(&mut buf).unwrap(), 256);
for i in 0..=255 {
if input[i] != buf[i] {
assert!(input[i].is_ascii_alphabetic());
assert!(buf[i].is_ascii_alphabetic());

}
}

FRNENN 13 FETor—F—a &N 3 200D RotDecoder 4 Y A XV A%REFET 2L S
B TL & DD

17.8.1 %

use std::io::Read;

struct RotDecoder<R: Read> {
input: R,
rot: u8,

}

impl<R: Read> Read for RotDecoder<R> {
fn read(&mut self, buf: &mut [u8]) -> std::io::Result<usize> {
let size = self.input.read(buf)?;
for b in &mut buf[..size] {
if b.is_ascii_alphabetic() {
let base = if b.is_ascii_uppercase() { 'A' } else { 'a' } as u8;
*b = (*b - base + self.rot) % 26 + base;
}

}
Ok(size)

}

fn main() {
let mut rot =
RotDecoder { input: "Gb trg gb gur bgure fvqr!".as_bytes(), rot: 13 };
let mut result = String::new();
rot.read_to_string(&mut result).unwrap();
println!("{}", result);
}

mod test {
use super::*;

fn joke() {
let mut rot =
RotDecoder { input: "Gb trg gb gur bgure fvqr!".as_bytes(), rot: 13 };
let mut result = String::new();
rot.read_to_string(&mut result).unwrap();
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assert_eq! (&result, "To get to the other side!");

}

fn binary() {

let input: Vec<u8> = (0..=255u8).collect();

let mut rot = RotDecoder::<&[u8]> { input: input.as_ref(), rot: 13 };

let mut buf = [Qu8; 256];

assert_eq! (rot.read(&mut buf).unwrap(), 256);

for i in 0..=255 {

if input[i] != buf[i] {

assert!(input[i].is_ascii_alphabetic());
assert!(buf[i].is_ascii_alphabetic());
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18 =
SHHOML—= 22 &kH5Z#

AHONE:

o XEVEH, 54 7&4 L fEHTF = v h—: Rust 23 X &V DL ZHEMRT 2 HH A,
¢ AR —bMRA VX NEHES 4 T T V) DKRA V2B,

AT a—)v

Including 10 minute breaks, this session should take about 2 hours and 20 minutes. It contains:

Segment Duration
52 3 minutes
XEVEHR 1 hour

A<— bhKRA & 55 minutes
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H19 %

XE)EM

This segment should take about 1 hour. It contains:

Slide Duration

Jurzo s XEYDOHEL 5 minutes
XEVEHOY Fa—F 10 minutes

P tE 5 minutes
Lh—T<wrT4 7R 5 minutes
Clone 2 minutes
Copy % 5 minutes
Drop 10 minutes
EE e g -1 20 minutes

19.1 FuZSAXEVOHRMEL

TS MMERD 2 ODJTETAEY BEIH Y TE T,

o ARy v — VAR OEKE L7 A E ) fEE,
- fHDV A RFEEEHATED, > A ARFIZHIL TWE S,
— IEEICEE R &Ry 7 KA VR EBENT A3 TT,
- BB LIC K > TIThbIh 3 20 . BEBE S TT,
- XEBYFAMECERLTVWE T,

o b — 7 BB ONH UACARTE U 72 WME DR R AR,
- [HOY A4 XIFEH T EITRRICREEINF T,
— ARy I I DRRBEHT A SLODT Yy 7 X — ITHNETT,
- XEYDRFMESREEENER A,

]

String ZEK T2 & R X v ZICEBEEY A4 XD XX T — XPEE I, b — FIEH A4 X8I
REIND T — R (EEOXFI) BB NE T,
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fn main() {
let s1 = String: :from("Hello");

}
Stack
—————————————— Heap
sl
Fomm e - Fommm oo + : :
| capacity | 5 | : : R L e
| ptr | omte-teee-be>|H oJe |1 |1 |o |
| len | 5 | : : LR L L L L PR,
Fe - - R i + : .
* String X Vec KL DEBIN TV LD BRERIVH D AIETHIUI L — 7 LOHEED
TR KoTHIRTE S Z e ZABAL E 5,
s ZHMEDPLFRNONTGEE. AT AT =X B2EHLTXEVHEEL -0 5ED Y
TohzZ e, Allocator APL L TAHRZ L 7ar—X2FRETEZ 2 e 2HHLTL
72E W,
Z Dfth

1l

unsafe Rust ZHFHLTXEV VLA 7Y bEFARZ ZEDPHRET /2L, 2SR LR ZE
TRWI L ZiERT 2 0ERH D £3,
fn main() {
let mut s1 = String::from("Hello");
sl.push(' ");
sl.push_str("world");
/] BETIHTHLEWTL XV, ZUIFHHO AR HIE LTVWE T,
/1 String BZDL A4 7Y b ZREEL RN 2O ARTERDENED
/] FBETLARELDD X7,
unsafe {
let (capacity, ptr, len): (usize, usize, usize) = std::mem::transmute(sl);
println!("capacity = {capacity}, ptr = {ptr:#x}, len = {len}");

19.2 XEVEMHOY Tu—F

BN, FEEIEREL 2200 7V ICHEEINE T,

s FEITORX T Y EHIC X 25241 C. C++, Pascal 2 ¥
- TR I2—DPe—TREVEE DY TELIMRT 224 IV 7R PELET,
- TR KAV RBELENATYV R L TWA N I 2T 2 05N H
hE3,
- ATk, e o3 M ERL e AHD T,
o ETROBEIX Y BHIC X 252 K2 Java, Python, Go. Haskell 72 ¥
- FVRALIATLAREID AEV ISR TERLRDETHMINEE A,
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— Typically implemented with reference counting or garbage collection.
Rust T3 2D 2 02@MET 2 Z L T HICUATORBEREEL 3,
a VXA NGO X ) BHOBAIC X 5. 2kl & Z2et,
USRI T A HEOBERIC K o THB S E T,

ZDRT A R MOBEEBERADZHE I, ZOXXRDOHF T Rust HELTHHH 2% HW
LLTVWET,

o« CTlX, malloc ¥ free ZH L Ce— 2 FETEHITZINEDRDIDEF T, L DHPTT7—
LTk free dMFUHLZSNB. B ERA Y ZIZH U TEREIECHT. KA FLTWL
ZXEYDRBEINTZBICRA VA ZHBIRT 2. 2E0HD 3,

o C++ZIZA~— b KA & (unique_ptr, shared_ptr Z¥)DYV—AndHhH FA T I X
DIFTH LICBE 3 2 SEERIEZ A L C.BEEDIR o 72 L ZIIX B U DEREINL KO L E
T INHDY—NZEHLTC ERRDONTZIERT 22D E<HD E T,

s Java., Go, Python Td. 7 7t A TERL R o/ X TV DRFE L HEE T —NP a1 7 I
BLET. UKD . DWW B R ¥ XDOMSBIRHATREIZZ D RBIE DR & DN T D35 <
BOETZEL. GC(H—RTaLra)i3Zo vy EA LR MR GEYRF 2 —=
> DREET T,

Rust DFTEHELEHET VI ZL DA EID Y TARL —Y a Y ERIAR L —2 g v B IFREIC
BB CITY) 22X D . FuaZXA b TCCODNR T -V RABREBTEE T . E/, C++ DAY —
FRA VR I2Y =V IHABEINTVWE T HELE U T SRBATV Y Mo Yoo A 7 a > % F
HATEE T FR T EZALHR=—VaL 7 arys2YR—13322DD%—FKX—F 4D L—}
HHHTEZEI (DI FATRLVEETA),

19.3 Fifit

TRTDERNA T4 Y TWFENERA—=TRHY R a—THTERHEMT 217 —1T7%
h¥9,

struct Point(i32, i32);

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

IhE BEPMEE B LTW3 ERHL 3, $XRTO Rust DEFEEIZFIC1I AT,

A a—=TP NN EBMPEE (drop) EN. T —EXDBREINE T IITTA NI I X EHEITL
TV Y —RERTEET,

HR=Y a7y aryOEEBIBEL TVWEZHEZR I ARN—aL 7 ZBR—@DIL— + 15 555k
LCEREMRBER TR TOXEY ERDOTZ 22 H>TWE T, Rust DI BE—F —F— 1 OFEAIH | [F
OEZFICESVWTWET,
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194 A—T7t=r T4 7R

RAT 2 & BT FREIE DBEIL 7,

fn main() {
let sl: String = String::from("Hello!");
let s2: String = s1;
println!("s2: {s2}");
// println!("sl: {s1}");

* s1% s2ITRAT 2L FAENIBEIL X3,
¢ SIRA—=FHCB B L MBFEL TRVWALTTMSFIELEEA),
¢ 2R A—FINTT8 B b FHNT - RIS N E T,

S2 IZBEIS A Hi

Stack Heap
sl
Fom oo Fom o - + A
| ptr | om-ete-ete--e-te>[HoJe |1 |1 o |t
| len [ 6 | : Tt LT T e e
| capacity | 6 | :
e - + :
S2 (KB L 7 f%:
Stack Heap
sl "(inaccessible)"
Fom - - - === + : . +----t+----t----Ft----F----F+----+
| ptr | O---t---t-d-—t->] H | e |1 |1 Jo | ! |
| len [ 6 | S R T B i E T P
| capacity | 6 | S B
. L R + | : :
| - - - - - - oo oo oo oo ool
s2 |
R tomme oo - + Do
| ptr | 0---t----t
| len | 6 |
| capacity | 6 |
R Fommm oo +

RDPID & 512 BBUTMEZIE S &\ 2 DB T A —ZITRAZNE T, 2IUT L D FTEELH
#MLET,

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

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

e ZHIZ. std::move ZEHALLWVIED (O A—TaYRA ST EBPEZIATORWVED)
EZzar—32%, C++ DF 7L 2 EHTHZ I EZHALFT,

s BENT 3DEFIEHEDATT, T —XEREZRIET 272012 ya— FRERINZ YD
PRERELLOBETH Y. 20 L3R ab -0y va— FEEBNCE#ELX TR
<HkEDbET,

o HAMiZRE(CBE AR ENCIE Copy D=7 22 e TEET(HRDOR T4 FESH),
o Rust Tid. 7 v — Y IZHRANZ clone ZH L CTiTbL £ 7,
say_hello OfIONFIFRDEEH T,

* say_hello OFEAIDMEUH LT, main 1% name OFTEMHEEHEEL £ 3, ZD%IE main AT
name NMEHATE RS RD 3,

* name IZHID Y THRLL—FXEVIX say_hello BABOREBE THMINET,

e main % name &M r LTI L (&name)., say_hello 23%7 X —& ¥ L TSR EZIF AN

286, main 3FEEEZIRFFCX £5,

F 7213, main BEAIOMEIH LT name @27 a—>(name.clone())ZET L dTE %7,

Rust TlX. &= 7~V T 4 VRZT 74NV NI L. Za—r% 70y 7 <ICHRINCITHOET

WET, ZAUTE D, CH+ ICHARTERET A —2ERT 2V R 7RI TVWE T,

Z Ot

Defensive Copies in Modern C++

BT D C++ Tld, ZOMEZ IO ETHIRL £5,
std::string sl "Cpp";
std::string s2 = s1; // sl (o7 —2%2#8 L &5

e S1 DO —FF—RHBEHIN, s2ZEHOM L-ar—%2BUELE3,
e Sl ¥ S2WRa—THCRB . FRTNEEDXE) BRMLET,

= AWK
Stack Heap
sl :
Fomm e - Fommm oo + : : e :
| ptr | Oomceteeteteere>| C o p | p |
| len | 3 : R T B :
| capacity | 3] :
R e et R i + .
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av—fRAK:

Stack Heap
sl :
Fommm e TR + : : L D T :
| ptr I ey I I - B
| len | 3 | : : oottt :
| capacity | 3 | :
Fom oo Fomme oo + :
s2 :
R o= + +----t----t----+ .
| ptr | Oomceteeteeeke>| C o p | p |
| len | 3 : R LR BT :
| capacity | 3] : :
Fommm e T + : :
L3S

o C++ D7 Fu—FIF, Rust LI3HETERDET, = 2T 7 —&Bavr—3hd7=D,
NFHF—EZDr7a— BERT 3RERH 2720 TT, %9 LEWVE WEFNHLDXFES D R
a—FHCHR oI B _ERRDOREELET,

o C++iZlE std: :move bH D ETH, ZHUIMEZ L —TTEEZ XA IV T RRT DI
NFET,ZOHITs2 = std: :move(sl) Lo TG b —7E ) Y T3fTbhEE
Aos—T, SLIFEMNTHZ2BDD KIGEDIREEICH D £F, Rust 2iZRALD, Frroi<
—lE sl ZolEfEHTEET,

* Rust I3ELD, C++ D =, ab—FB3BH N2 B L > TIRESNZEEDa— N %
FITTEET,

19.5 Clone

o av—2ERLEZWEEE. Clone FU A FEEHTEE T,

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

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

» The idea of Clone is to make it easy to spot where heap allocations are occurring. Look
for .clone() and a few others like vec! or Box: : new.

s (EHF 2y H—DBOLRVEARIZTE DI Z T /- EERLTUDIRTTBWTL.Hehb
70—rDiNa— FADRBELEZRAZDD XL DB LTI,
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* clone generally performs a deep copy of the value, meaning that if you e.g. clone an
array, all of the elements of the array are cloned as well.

* The behavior for clone is user-defined, so it can perform custom cloning logic if needed.

19.6 Copy %!

SHELTOTF 74V NEL—T YT 4 ZATTRREDHTIET 7 40 s Tav—»frbh
£7,
fn main() {
let x 42;
let y = x;
println!("x: {x}"); // would not be accessible if not Copy
println!("y: {y}");

}

oL Copy LA FPEEELTWEHNLTT,
BRIDPERBLIZHEOROF 73V b eab—k<er T4 7T 32 R ET,
struct Point(i32, i32);

fn main() {
let pl = Point(3, 4);
let p2 = pl;
println!("pl: {pl:?}");
println! ("p2: {p2:?}");

« RAIZ, pl & p2 DEGHPHEO T —XZFAL XS,
* pl.clone() AL TF—XEHRIICAY—F2 b TEET,
arv—r - AERIEFETCTEDD A
s A—LIE AEVHEBOL Y POV -—D I THD EROA TV =7 FTIEIEEEL 8
Ao
¢ AV—TRBARXLBY y ZIZMEATEFRA(C+ DA —a A M7 7 XL BRZD ET),
o Za—MERIE XD IR ARL -2 a3y THD, Clone PL A F2EKTZIETHIRE
LEMED ATREIC/Z D X5,
e Drop FL A FEFELTWBEITIE, a¥—I13HKEEA,
EREDBIT RDSTEZRL TS0,
* String 7 4+ —/V F% struct Point iZIEAIL £§, String 7% Copy HTdAW, a ¥
NANTERLLDET,
» derive EID 5 Copy ZHIFRL 3, pl @ println! Tar 45 =5 —AREL X T,
s Rbhicpl e — V2R TIUIIRTEL 2L 2RLET,

Z Ot

» Shared references are Copy/Clone, mutable references are not. This is because Rust
requires that mutable references be exclusive, so while it's valid to make a copy of a

shared reference, creating a copy of a mutable reference would violate Rust's borrowing
rules.
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19.7 Drop LA b

Drop ZEEL TV AETIF. R a—T o3 2IFETT 23— FEHEETEET,

struct Droppable {
name: &'static str,

}

impl Drop for Droppable {
fn drop(&mut self) {
println! ("Dropping {}", self.name);
}
}

fn main() {
let a = Droppable { name: "a" };

{
let b = Droppable { name: "b" };
{
let c = Droppable { name: "c" };
let d = Droppable { name: "d" };
println! ("Exiting block B");
}
println! ("Exiting block A");
}
drop(a);

println! ("Exiting main");

e std::mem: :drop i std::ops::Drop::drop E[FUTIEHH £H A,

o 2a—2is s e EIFEHBINIC PRy TENE T,

s fEDFRy FXNBHE,. std::ops::Drop #FEEL TV AI5EIE. £ D Drop: :drop FHH
OHZXNET,

* ZD%, Drop ZEEL TV IR I DRIPIPDOLT IRTDOT7 4 —ALFb Fry FINET,

e std::mem: :drop I EEDE%Z TS ZZORBUC T E EH A BERDIE, Z DBEEDED
FiEMZEIG S5 2 T RA-TORKTHEE TRy 735 2T, ZhE Ra—7%e
72 B ANEZ BRANC R ey 75 2 7 DER 72 7T T,

- 2O, drop TR S DU (2 v 7 DR, 7 7 ANVD I B =X R ) AT AT
=7 MZMER T % LA TT,

HEmDARA > b
* Drop::drop 28 self Z 85 X=X & L THLHRVDIERETTH?
- HOVEE: 2085, 7ay 7 OR%KIC std: imem: :drop BFERH XN B =0, BlD
Drop: :drop MU I N ARy 7 F—N"—Ta—nRELE T,
» drop(a) # a.drop() KEEHEI TATL IV,

19.8 [H¥E: v X —H

ZOFITIE. TRTDF— X 2o e 7 — AP FEL T, TEAVKX— &% — o | CHEF 2B
FHLTHLWMEEZ 1 OFTOMBRTES X5 ET,

BRI TWBEHDZFLALTLIEEN,
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enum Language {

}

Rust,

Java,
Perl,

struct Dependency {

}

/1117

name: String,
version_expression: String,

VI o7 Ny r—IDORM,

struct Package {

}

name: String,

version: String,

authors: Vec<String>,
dependencies: Vec<Dependency>,
language: Option<Language>,

impl Package {

}

/1] Ry r—YDENLX—, “build()
struct PackageBuilder(Package);

111 Dy r =Y DRBZMRFRRE L TRL,

/1] DRy r—J DU IL FIHERAL 3,

fn as_dependency(&self) -> Dependency {
todo! ("1")

}

B LT “Package' HIEERIERLZI,

impl PackageBuilder {

fn new(name: impl Into<String>) -> Self {
todo! ("2")
}

111 Ror—IDN—avyuERELET,

fn version(mut self, version: impl Into<String>) -> Self {
self.®.version = version.into();
self

}

111 Xy r —IEREZRELET,

fn authors(mut self, authors: Vec<String>) -> Self {
todo! ("3")

}

/11 REFBERZBML 5,

fn dependency(mut self, dependency: Dependency) -> Self {
todo! ("4")

}
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/1] SBZERELET RELBRWEE EFHRIEZT 7 4L T None 272D %7,
fn language(mut self, language: Language) -> Self {

todo! ("5")

}

fn build(self) -> Package {
self.0

}

}

fn main() {

let base64 = PackageBuilder: :new("base64").version("@.13").build();

println!("base64: {base64:?}");

let log =
PackageBuilder: :new("log").version("0.4").language(Language: :Rust).build();

println!("log: {log:?}");

let serde = PackageBuilder: :new("serde")
.authors(vec!["djmitche".into()])
.version(String::from("4.0"))
.dependency(base64.as_dependency())
.dependency(log.as_dependency())
Cbuild();

println!("serde: {serde:?}");

19.8.1 fRE

enum Language {
Rust,
Java,
Perl,

}

struct Dependency {
name: String,
version_expression: String,

}

/11 Y7 b 027 Nor—IDRH,
struct Package {
name: String,
version: String,
authors: Vec<String>,
dependencies: Vec<Dependency>,
language: Option<Language>,

}

impl Package {
111 ZDy =Y ORBIZHRERFRE LTERL,
/11 Doy r =YD RIHERLE3,
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fn as_dependency(&self) -> Dependency {
Dependency {
name: self.name.clone(),
version_expression: self.version.clone(),

}

1] Xy =YD R —, “build() ™ %#fHLT “Package™ BAMKZIERKL %73,
struct PackageBuilder(Package);

impl PackageBuilder {
fn new(name: impl Into<String>) -> Self {
Self(Package {
name: name.into(),
version: "0.1".into(),
authors: vec![],
dependencies: vec![],
language: None,
})
}

11 Ror—IDNN—VayeFHELET,

fn version(mut self, version: impl Into<String>) -> Self {
self.0.version = version.into();
self

}

111 o —IEREZRELET,

fn authors(mut self, authors: Vec<String>) -> Self {
self.?.authors = authors;
self

}

/1] EEFRERZENL £5,

fn dependency(mut self, dependency: Dependency) -> Self {
self.0.dependencies.push(dependency);
self

}

/1] SRBERELETROELBRWEEEiIET 7 4L FT None 272D X7,
fn language(mut self, language: Language) -> Self {
self.®.language = Some(language);
self
}

fn build(self) -> Package {
self.0

}
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fn main() {

let base64 = PackageBuilder::new("base64").version("@.13").build();

println!("base64: {base64:?}");

let log =
PackageBuilder: :new("log").version("0.4").language(Language: :Rust).build();

println!("log: {log:?}");

let serde = PackageBuilder: :new("serde")
.authors(vec!["djmitche".into()])
.version(String::from("4.0"))
.dependency(base64.as_dependency())
.dependency(log.as_dependency())
.build();

println!("serde: {serde:?}");
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AR —bFERA AR

This segment should take about 55 minutes. It contains:

Slide Duration

Box

|10 minutes| |Rc|5 minutes| |FifEf7zbL A4 b4 7Y =27 |10 minutes| |{EE: N1 FV
1 — |30 minutes |

20.1 Box<T>

Box k.t =7 EDF —XANDFTERA VR TT,

fn main() {
let five = Box::new(5);
println!("five: {}", *five);

}

Stack Heap
five :
tommm - + : tomm oo +
B et NI
Fommm o + : Fommm o +

Box<T> (X Deref<Target = T> 2FEEL TWVWE7H, Box<T> I LTT DR Y v KR EHIFS
Mz e TEZXT,

Recursive data types or data types with dynamic sizes cannot be stored inline without a
pointer indirection. Box accomplishes that indirection:
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enum List<T> {

/1] ZETRWY AL RYIOEZRL VR FDIKD
Element (T, Box<List<T>>),

/1] 22DV R b

Nil,

}

fn main() {
let list: List<i32> =
List::Element(1, Box::new(List::Element(2, Box::new(List::Nil))));
println! ("{list:?}");

}
Stack Heap
list
R R Ll R L e i B R e el
| Element | 1 | O--+----4----- +--->| Element | 2 | o--+--->| Ni1 | // | // |
[ SR B P T Fomme o= e
* Box & C++ @ std: :unique_ptr &I TWE 35 null TERWI RIS TV S HH
RDEY,
* Box l3RD X3 G ETKILL £,
— have a type whose size can't be known at compile time, but the Rust compiler wants
to know an exact size.
- REDTF—ROFAMEEZ L— 7 LEWHE ARy 7 LFOREBDT —&par—shin
T2 IUIRDDICBox IZE Db =T LIZF =X ZBH L. KA ¥ XDADPBE X
NsdE51CLEY,
« 12 Box ZffAHE 3T List % List ICEHEEDIAL S T2, av 4 JREXEYNOH
ERDOEFEY A XZ2dtBE L &5 & LEEA(List 3RS 1 12k b x9),
* BoX I OREERRTE 2D ZDH A APWEEDRA VX FALTHD Bk —THD
List DROERZIET LRI ZI 10156 TT,
» Remove the Box in the List definition and show the compiler error. We get the message
“recursive without indirection”, because for data recursion, we have to use indirection,
a Box or reference of some kind, instead of storing the value directly.
» Though Box looks like std: :unique_ptr in C++, it cannot be empty/null. This makes
Box one of the types that allow the compiler to optimize storage of some enums (the
“niche optimization”).
20.2 Rc

RC I BRIV Y FEINTHERA VXTI EROGHP LR T — 252 ST 208D 355
WAL ET,
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use std::rc::Rc;

let a
let b

fn main() {
= Rc::new(10);
= Rc::clone(&a);
println!("a: {a}");
println!("b: {b}");

* See Arc and Mutex if you are in a multi-threaded context.
o HKRA V&% Weak KA Y RICKX Y > 7L — K (downgrade) $5&.Fay F7INdH% 47
NEETEE T,

*RCOAIVY MEISEBDHABOEMNTHE L BHRIELET,

* Rust ® Rc 1% C++ @ std: :shared_ptr iIZBlTVW% 3,

e Rc::clone OEMFIZBHET T M UE D Y THBADKRAS Y XEER L. BRI > 2P
IR CTTT—77u—=VEERLARVO T, HRE L OMEREFT L 2 — 2 58I HEICI3E

WS 2 2 e R E T,
» make_mut &, HEIZIL T CTHEBDMED 27 10— > 2 1ERL L (Tclone-on-write ) A|ZS IR %R L
%9,

* Rc::strong_count ZHH LTS A Y > F 2L 3
* Rc::downgrade i&. (£ OHHE. RefCell lAGDOEOMWYNCI Kuy TN 2% 4 71
PR T 2720 D5 A 7 >~ b (weakly reference-counted) + 7Y = 7 b B4R L £ 3,

203 gL bATI =2 b

We previously saw how trait objects can be used with references, e.g &dyn Pet. However,
we can also use trait objects with smart pointers like Box to create an owned trait object:
Box<dyn Pet>.
struct Dog {

name: String,

age: 18,
}
struct Cat {

lives: 1i8,

}

trait Pet {
fn talk(&self) -> String;
}

impl Pet for Dog {
fn talk(&self) -> String {
format! ("Woof, my name is {}!", self.name)
}
}

impl Pet for Cat {

fn talk(&self) -> String {
String::from("Miau!")
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}

fn main() {
let pets: Vec<Box<dyn Pet>> = vec!
Box::new(Cat { lives: 9 }),

[

Box::new(Dog { name: String::from("Fido"), age: 5 }),
1
for pet in pets {
println!("Hello, who are you? {}", pet.talk());
}
}
pets ZE|D HTLBRDOXEV LA TV b !
Stack Heap
"pets: Vec<dyn Pet>" "data: Cat" e R T
e tomoo o + : L tommooo- + | F | 1 | d | o | :
| ptr | 0---+---+--_ : | lives | 9 | e L EE T PR, I
| len [ 2 | N SR Fommooo- + A :
| capacity | 2 | S B A | :
e tommmo o + A | feee-- :
S | data: "Dog" | :
S | R el + :
—————————————— R e I | name | o, 4, 4 | :
‘--+-->] 00 | 0 O-|----- >| age | 5 | :
to|---t-]---+ L R T + :
| | :
T '
| |
| | "Program text"
R I L L T T T T T T SN SR .
: | | vtable :
: | | e + :
: | Te---- >| "<Dog as Pet>::talk" | :
: | o + :
: | vtable :
: | LT T + :
: B >| "<Cat as Pet>::talk" | :
: el + .

s AU PLA P2HEETIHTHoTHLZDOI A RBERLZ DD LT, 200, LOHIT

Vec
YELZIITEEEA,

e dyn PetiZa > 4 J12, ZOR Pet LA PEEETIHNLRY A XOBTHZ Z &R

ZET,

o LORFITIE pets lER X v JICHEREIN R X —DTF—R I —TLIZHHET, ZDODNRY
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R—DERIT 7Y RAVR TT !

- 77 v bRA U &XIiZ double-width KA XT3, CHUI - DOEENSR D T3 (EHED
FTI2 IPANDEAL VR ZDF T =27 bD Pet DEED 2D DRMEH T — 7 v
(vtable) T3,

- "Fido” r 4} &7z Dog ® 7 — X lx name ¥ age @ 7 4 —/L RiZxtib U & 3, GRIE:
"Fido” 2 3 kK HBZ2ROEBMT.HAETO I IRF DX S RAFTI)HD Cat 12X
lives 74—V Kb O ET,GRIFE: 22T Cat A lives EWVWH 74 — L KERKL, 9
THIHHE L T2 Di3”A cat has nine lives” —J§iZ 9 20 mEHFH-O -2 WS 22 b
HRLET,)

o FOBICBWT. FOa— RICEZHIEREERTAZL &5 .

println! ("{} {}", std::mem::size_of::<Dog>(), std::mem::size_of::<Cat>());
printIn! ("{} {}", std::mem::size_of::<&Dog>(), std::mem::size_of::<&Cat>());
println!("{}", std::mem::size_of::<&dyn Pet>());

printIn! ("{}", std::mem::size_of::<Box<dyn Pet>>());

20.4 [E: AL FYVY—

NAFUVY =, ITRTD/ — R 2200FFReH)»HLY ) —ROF— XETT, 2 2T,
B — FMEEEHTZ2V)—2ERLET.HLE/RED /) — FNIZHOWT, NOEMDYTY Y —
ADFTRTD/ — FIZiZ LD/ P WEREGENR. NOGRAIOYF TV Y —HNDOTRTD ./ — FiZidLb
REWEIEGENE T,
RO REIEL CHESINZTAMRES XS5 LET,
BMDOEZ: N4 F UV Y —IEZIEFIRTA T —XE2EELET,
/1] NAFUIY—D ) — K,
struct Node<T: Ord> {

value: T,

left: Subtree<T>,

right: Subtree<T>,
}

/1] ZBORREMED H BH 7V ) —,
struct Subtree<T: Ord>(Option<Box<Node<T>>>);

[1] NAFYY)—%EHL T HEHOEEZMNT 23> 77,
/17
/1] FICEPSERELEM X NZ5E8. ZDMEIE 1 BRI 5.
pub struct BinaryTree<T: Ord> {
root: Subtree<T>,

}

impl<T: Ord> BinaryTree<T> {
fn new() -> Self {
Self { root: Subtree::new() }
}

fn insert(&mut self, value: T) {
self.root.insert(value);
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}

fn has(&self, value: &T) -> bool {
self.root.has(value)

}

fn len(&self) -> usize {
self.root.len()
}
}

// Implement 'new , “insert’, “len’, and "has’ for "Subtree’.

mod tests {
use super::*;

fn len() {
let mut tree = BinaryTree::new();
assert_eq!(tree.len(), 0);
tree.insert(2);
assert_eq!(tree.len(), 1);
tree.insert(1);
assert_eq!(tree.len(), 2);
tree.insert(2); // [HEDO7 A4 7 A TlEizwn
assert_eq! (tree.len(), 2);

}
fn has() {
let mut tree = BinaryTree::new();
fn check_has(tree: &BinaryTree<i32>, exp: &[bool]l) {
let got: Vec<bool> =
(0..exp.len()).map(|i| tree.has(&(i as i32))).collect();
assert_eq! (&got, exp),
}
check_has(&tree, &[false, false, false, false, falsel);
tree.insert (0);
check_has(&tree, &[true, false, false, false, false]);
tree.insert (4);
check_has (&tree, &[true, false, false, false, truel);
tree.insert(4);
check_has(&tree, &[true, false, false, false, true]);
tree.insert(3);
check_has(&tree, &[true, false, false, true, true]);
}

fn unbalanced() {
let mut tree = BinaryTree::new();
for i in 0..100 {
tree.insert(i);

}
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20.4.1

assert_eq!(tree.len(), 100);
assert! (tree.has(&50));

fRs

use std::cmp::0rdering;

[1] NXAFYY V=D )/—F,
struct Node<T: Ord> {
value: T,
left: Subtree<T>,
right: Subtree<T>,

}

/1] ZEDRREND B B H TV —,
struct Subtree<T: Ord>(Option<Box<Node<T>>>);

J1] AAFV ) =R LTEOMEERINT 2 3> 7+,

v

/1] R UCESMEEERE S A za, 2 OEix 1 FRIEHEh s,
pub struct BinaryTree<T: Ord> {
root: Subtree<T>,

}

impl<T:

fn
}
fn
}
fn
}

fn

}

impl<T:

fn

fn

Ord> BinaryTree<T> {
new() -> Self {
Self { root: Subtree::new() }

insert(&mut self, value: T) {
self.root.insert(value);

has(&self, value: &T) -> bool {
self.root.has(value)

len(&self) -> usize {
self.root.len()

0rd> Subtree<T> ({
new() -> Self {
Self(None)

insert (&mut self, value: T) {
match &mut self.0 {
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None => self.0® = Some(Box::new(Node: :new(value))),

Some(n) => match value.cmp(&n.value) {
Ordering::Less => n.left.insert(value),
Ordering: :Equal => {}
Ordering: :Greater => n.right.insert(value),

b

}

fn has(&self, value: &T) -> bool {
match &self.0 {

None => false,

Some(n) => match value.cmp(&n.value) {
Ordering::Less => n.left.has(value),
Ordering::Equal => true,

Ordering: :Greater => n.right.has(value),

b

}

fn len(&self) -> usize {
match &self.0 {
None => 0,
Some(n) => 1 + n.left.len() + n.right.len(),

}

impl<T: Ord> Node<T> {
fn new(value: T) -> Self {
Self { value, left: Subtree::new(), right: Subtree::new() }
}
}

fn main() {
let mut tree = BinaryTree::new();
tree.insert("foo");
assert_eq! (tree.len(), 1);
tree.insert("bar");
assert!(tree.has(&"foo"));

mod tests {
use super::*;

fn len() {
let mut tree = BinaryTree::new();
assert_eq!(tree.len(), 0);
tree.insert(2);
assert_eq!(tree.len(), 1);
tree.insert(1);
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assert_eq!(tree.len(), 2);
tree.insert(2); // [HHED7 A4 7 A TlEizwn
assert_eq!(tree.len(), 2);

}
fn has() {
let mut tree = BinaryTree::new();
fn check_has(tree: &BinaryTree<i32>, exp: &[bool]) {
let got: Vec<bool> =
(0..exp.len()).map(|i| tree.has(&(i as i32))).collect();
assert_eq! (&got, exp),;
}
check_has (&tree, &[false, false, false, false, falsel);
tree.insexrt(0);
check_has(&tree, &[true, false, false, false, false]);
tree.insexrt(4);
check_has(&tree, &[true, false, false, false, truel);
tree.insert(4);
check_has(&tree, &[true, false, false, false, truel);
tree.insert(3);
check_has(&tree, &[true, false, false, true, truel);
}

fn unbalanced() {
let mut tree = BinaryTree::new();
for i in 0..100 {
tree.insert(i);

}
assert_eq! (tree.len(), 100);

assert! (tree.has(&50));
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Including 10 minute breaks, this session should take about 1 hour and 55 minutes. It contains:

Segment Duration

& H 55 minutes
74 7%4 2 50 minutes
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fi

This segment should take about 55 minutes. It contains:

Slide Duration
fEDfE 10 minutes
fBRF v 10 minutes
Borrow Errors 3 minutes
RAT 2 10 minutes

HE fEEICE T 2855 20 minutes

22.1 fHDIEH

ANCRBA L 72 X 5 W BB Z M3 » X ICTEEBEIT 2L D I B TCEZEHATE £9,
struct Point(i32, i32);

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

}
fn main() {
let pl = Point(3, 4);
let p2 = Point(10, 20);
let p3 = add(&pl, &p2);
|

println! ("{pl:?} + {p2:?} = {p3:?}");

e add BEUI 2 2DRA Y b E BHALFILLEKRA Y FERLET,
o FEUCH LICIR AN OFTEEERIFL £ 7,

ZDAT7A RTiE. 1 HEOSRICHET2ERZIRDIED TTH. D LR ELT. BB R D
HHEDTVET,
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Notes on stack returns and inlining:

* Demonstrate that the return from add is cheap because the compiler can eliminate the
copy operation, by inlining the call to add into main. 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:

struct Point(i32, i32);

fn add(pl: &Point, p2: &Point) -> Point {
let p = Point(pl.0 + p2.0, pl.1 + p2.1);
println! ("&p.0: {:p}", &p.0);
p

}

pub fn main() {
let pl = Point(3, 4);
let p2 Point (10, 20);
let p3 = add(&pl, &p2);
println! ("&p3.0: {:p}", &p3.0);
println! ("{pl:?} + {p2:?} = {p3:?}");

}

* The Rust compiler can do automatic inlining, that can be disabled on a function level
with #[inline(never)].

* Once disabled, the printed address will change on all optimization levels. Looking at
Godbolt or Playground, one can see that in this case, the return of the value depends
on the ABI, e.g. on amd64 the two 132 that is making up the point will be returned in 2
registers (eax and edx).

22.2 filF=zv >

Rust @ fEREF T v A—I3 HZEH T 2 HEICHIRZ R 3 AR LT HISROFIRA
RSN,

s EANOIAESE 1 DL BRSO Z ek E 3. £ 7203,

s [HEANOHHEBIEZ 1 D72 T H> Z LBk E T,

fn main() {
let mut a: i32 = 10;
let b: &i32 = &a;

{
let c: &mut i32 = &mut a;
*c = 20;

}

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

s BRI HET22RAFE CRAICHEELRV I LTI ZRAL 2 THIN TV T OV EE
Ao

o FEdoa—Fid, adicz@UTAIZL LTEHEA TV LFAKFIC, b ZBUTHRZEE LT
fEHIATWS D, a Y ML TEEEA,

* b D println! A7 —rXY b2 cZEATIRA-TORNCKEILCT.a—Fxar 4L
HiR2 X511 LETD,

s COEHEBZ AV AL T B cRBLaDAEZRID HENICL2 b 2fEDATVWARNWI %
WHLET UL L F 2 Hh LT A4 7 XA L (Pnon-lexical lifetimes™)) & M 2 fE FH 5
v —DIKRET T,

o PR SIRBIFNIIEF B TF, Rust X2 D2 AL T, 7 — X ANDBEDFAE L 20 K
SIXFdrediT a—FeRELLTVWET . L X HASHZEL THRONLHEIZ Z0
SIPER T DB EBICL YRR F vy v a5 eHKRET

o (BHF v h—Z REEERN DR S 7 14— FADOHHESBZRIRICEE T 272 8. 20—
R 72 R B = BT 2 KD IKEHET SN TVE T L LRI K > TR EAF = v =2
aA—FERELLEBTET . MEHF 2 v h— L OO ICHET L2202 DD T,

22.3 Borrow Errors

As a concrete example of how these borrowing rules prevent memory errors, consider the
case of modifying a collection while there are references to its elements:

fn main() {
let mut vec = vec![1, 2, 3, 4, 5];
let elem = &vec[2];
vec.push(6);
println!("{elem}");
}

Similarly, consider the case of iterator invalidation:

fn main() {
let mut vec = vec![1, 2, 3, 4, 5];
for elem in &vec {
vec.push(elem * 2);

}

* In both of these cases, modifying the collection by pushing new elements into it can
potentially invalidate existing references to the collection's elements if the collection
has to reallocate.

22.4 WERnI 2

BRI o TR EEGARDERSBOBRICHET —ZE2EHTAIDNERD D 3,722 213,
HEF—ZBEE TN F Y v adlBb) . ZOXF vy v P aZHARDERAY Y RLSEHTINE
BHIGENRDD FT,

TR 2 — X AR ZE LU (AT 7 7 e R EAREIC L E 3L 0EHES £ 75 )12
3. INBRBIATI DD HEPNL OPHABEEINTEBY EBEIEZ I VA4 LF v 7 BETT B2
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Cell

Cell wraps a value and allows getting or setting the value using only a shared reference to
the Cell. However, it does not allow any references to the inner value. Since there are no
references, borrowing rules cannot be broken.

use std::cell::Cell;

fn main() {
// Note that “cell” is NOT declared as mutable.
let cell = Cell::new(5);

cell.set(123);
println!("{}", cell.get());

RefCell
RefCell allows accessing and mutating a wrapped value by providing alternative types Ref
and RefMut that emulate &T/&mut T without actually being Rust references.

These types perform dynamic checks using a counter in the RefCell to prevent existence of
a RefMut alongside another Ref/RefMut.

By implementing Deref (and DerefMut for RefMut), these types allow calling methods on
the inner value without allowing references to escape.

use std::cell::RefCell;

fn main() {
// Note that ‘cell” is NOT declared as mutable.
let cell = RefCell: :new(5);

{
let mut cell_ref = cell.borrow_mut();
*cell_ref = 123;
// This triggers an error at runtime.
// let other = cell.borrow();
// println!("{}", *other);

}

println!("{cell:?}");
}
TDAT A4 FTEELZDIX, Rust iCIZ . HESRBOBERICH B F— X 2L BT IALERTENHEX
NTVB NS e TT AU E MR T AR IETIERTELD D T2, 2 2Tl RefCell &
Cell ZHb BT E T,

¢ RefCellld. v &AL F v 22 Rust DFEHEDMEHNL— L (EHOILESIE 72 135
—OHHMIBIR) ZEH L 23, Z0HE. TR TOMHBIERICELL  BEE LRV, F 2 v 7%
BRI LET,
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— The extra block in the RefCell example is to end the borrow created by the call
to borrow_mut before we print the cell. Trying to print a borrowed RefCell just
shows the message " {borrowed}".

o Cell I3 LZ2MZMRT2DDIDS Y TIAVLRFRTHY, &self 2T S set XV v F
ZHATVET . VXA LF =y JERMEDD FEADMHZBE T 2HENDHD . ZHITE o
TaXIBRAETLZIEDHD T,

* Both RefCell and Cell are !Sync, which means &RefCell and &Cell can't be passed
between threads. This prevents two threads trying to access the cell at once.

22.5 JEE: [EHICE 3 5 66

fRFEEHS 2T AOFEED—IRE LT, 21—V — OB T 2 MEHER L BT 2 08N H D 3,

impl 7v v 7 DR X TR L. User MERDERD H 2 IKEHL S L £ 3. User MiEko
impl 7a v ZiIZBVWTARX 7L BB EFEET L TT,

DUR@a— R % https://play.rust-lang.org/ \I2a ¥ — L EEKBLWA Y v ROFRGEREEL T,
// TODO: FEEENET Lo, ZNZHIPRL 3.

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, 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 visit_doctor(&mut self, measurements: Measurements) -> HealthReport {
todo! ("Update a user's statistics based on measurements from a visit to the doc
}
}
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fn main() {

}

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

fn test_visit() {

let mut bob = User::new(String::from("Bob"), 32, 155.2);
assert_eq! (bob.visit_count, 0);
let report =
bob.visit_doctor(Measurements { height: 156.1, blood_pressure:
assert_eq! (report.patient_name, "Bob");
assert_eq! (report.visit_count, 1);
assert_eq! (report.blood_pressure_change, None);
assert! ((report.height_change - ©.9).abs() < 0.00001);

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

assert_eq!(report.visit_count, 2);
assert_eq! (report.blood_pressure_change, Some( (-5, -4)));
assert_eq! (report.height_change, 0.0);

}
22.5.1 fR%&
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 fn new(name: String, age: u32, height: f32) -> Self {

Self { name, age, height, visit_count: 0, last_blood_pressure: None }

}
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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.? as 132 - 1lbp.® as i32, bp.1 as 132 - 1lbp.1 as i32))
}
None => None,
b
},
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);
}

fn test_visit() {
let mut bob = User::new(String::from("Bob"), 32, 155.2);
assert_eq! (bob.visit_count, 0);
let report =
bob.visit_doctor(Measurements { height: 156.1, blood_pressure: (120, 80) });
assert_eq! (report.patient_name, "Bob");
assert_eq! (report.visit_count, 1);
assert_eq! (report.blood_pressure_change, None);
assert!((report.height_change - ©.9).abs() < 0.00001);

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

assert_eq! (report.visit_count, 2);

assert_eq! (report.blood_pressure_change, Some((-5, -4)));
assert_eq! (report.height_change, 0.0);
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5 23 B

F7A7RA4 L

This segment should take about 50 minutes. It contains:

Slide Duration

By o4 724 A 10 minutes
474 LOEW 5 minutes
koS4 7% 4 24 5 minutes
{#%: Protobuf Of##t 30 minutes

23.1 PB4 724 A

BRI A 7 EZA L0 D. ZHESBIZEIDSTELFRILTERD ERA, ZNERERATF =
wH—ICXko THIEENE T,

INETRTERLBD . 94 7 X4 23R/ Z T2, &'a Point, &'document str ® &
S RINCIETETAZ D TEE T, 594 7 XA LIE" THED., 'adB—BHEFT 7+ 1L 4T
T, &'a Point 3. TR d 54 7% 4 4 a DRITEMN AR L Point 2 2R L $5,

A TRALIFEZAY R, I EoTHNEINEST B TIA 7XA L2E DY THIIETE
FRAHRNRIATRALT ) 7= a vy EEHT 2. D0FEVRE ZAIZHZRTZ 2T
EFET, ZRUTH L. a8, R ZFDRIRI B2 T 74 7 RA L ERETELZ L EMIELE T,

BBUCEZTE L D O EZRT e 2R T 255,94 724 23 X D EMICRD £3,
struct Point(i32, i32);

fn left_most(pl: &Point, p2: &Point) -> &Point {
if pl.0 < p2.0 {

fn main() {
let pl: Point = Point(10, 10);
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let p2: Point = Point(20, 20);

let p3 = left_most(&pl, &p2); // p3 DI7A4 7 XA LIX7

println!("p3: {p3:?}");
}
COPITIE av 473 p3DI74 774 L%2HHT2IHHERERAABEBAREONEZ K2
E.P3DIATRALIEPLE PZ2OVTNDHE NI LEBETEZZZ b Ed. 770 B
FIkEIZ, Rust TIXBEEDFIBLREDEIZT A4 724 LOHRNRT ) T7— a Y DBRBRETT,

left_most iz 'a Z@EUNBML £3,
fn left_most<'a>(pl: &'a Point, p2: &'a Point) -> &'a Point {

CHURTpl & p2 DA 'a KD BT AL RV EIEIP R D 'a ORIFET 2 1L VWO E
BRICi D 3,

—RHI R — AT RDAZA FTHMUT B LS4 7 XA 2B TEET,

23.2 PB4 724 A

BEBDOSIEPREDED I A4 7 X4 JIERIIEET 2XENDH D £33, Rust TRIZE AL DA,
WL ODDEHHZN =M ED . T4 7 RA LE2EBRTEF T, ZIUIHERTIE R XD ERFIC
TEEEA,

¢ FATERAL T T—=2ayMfuTuRWEEIBUCIE, 12D 4 7X4 285260 %T,
CBIBDIATRALB LI DOLPBRVWEE. T/ T —aYDRVWENETRTIZZEDS A 7 &
A LBEZLNFT,

s B DA TR LDERDD BHIDFTA T RA LD self THAEAGE. 7/ T7—avyDiR
WERNETRTIZZEDIA 77X 4 ADEZ6NFT,

struct Point(i32, i32);

fn cab_distance(pl: &Point, p2: &Point) -> 132 {
(pl.0 - p2.0).abs() + (pl.1 - p2.1).abs()
}

fn nearest<'a>(points: &'a [Point], query: &Point) -> Option<&'a Point> {
let mut nearest = None;
for p in points {
if let Some((_, nearest_dist)) = nearest {
let dist = cab_distance(p, query);
if dist < nearest_dist {
nearest = Some((p, dist));
}
} else {
nearest = Some((p, cab_distance(p, query)));
b
}
nearest.map(|(p, _)| p)
}

fn main() {
let points = &[Point(1, @), Point(1l, @), Point(-1, ©), Point(@, -1)1;
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println!("{:?}", nearest(points, &Point(0, 2)));
}

ZOFTiE, cab_distance BT 354 7 XA 2D RIFEBINTVE T,

nearest B BRI Y /) T —> a Y ELE Y T23EROBRESIFICEDEBEOD 5 —o0D
BTd,

BENDETATRALZODWTHEDT ) 7 —>arZ 32 L5 732 F 2L TAEL &
Jo
fn nearest<'a, 'g>(points: &'a [Point], query: &'q Point) -> Option<&'qg Point> {

Z5FT22a AN ELRARDET . IR T . av R, IMNT ) T—a vy OFE4MY
EFzv L TVWEEWVWS ZEERTDHDTIT L, ZHEEDRAL VR (ZETIERWV)IZIEYT
WBEDFEBAT7VE—T7 Rust ZHHTAGEIR. 2T I DI —DFERE B> TWVWET,

FTATRALEEDEIRGEHESIRNEL . ZHEPOSEMEZITZ20b LNLEEA, Rust DIEH
TIREICIAT7ZALEFALETAZ L A DEE . ARPHMRICEID. 74 724 225808 T 5
MBI D FRA I DEMRr — A TR A T7XALT7 ) T7—aEFEHATIIETHOENE
PR TEXET . ZLOBEARBICIO F XA VY VTR BESCTHEEZ 7 e —= Y 2 LTHAET
— R BN 3 BB TT,

233 T—RMELEIATRA L

T = ZPMER T — X2 NEICIRES T 2 58, 94 7 RA LT 7 T—2 a v BT 2R0ENHD 3,
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]);
/] HEGTFZAL)
println! ("{fox:?}");
println!("{dog:?}");

o FitoflTix, Highlight @7 7 57— 2 YIc & b ANE XN B8&str DSIED T — RiZ A
Kb ZEOT—X%ZMHT 5 Highlight O A4 Y A X Y ADEIET 2R D i LRI U7k
D ET,

fox (£7213dog)D T4 7 XA LD T T AH1IC text BEH N2 & fEHF = v H—13T
J—%2Au—L%7,

CHE LT AP EENI TR 22—V 3D T — X Z2REFE I 2252k ET . 2h
WBREDE 2 — 21T 258 ER T A, —EINZE o <R h 5,

AIRECHIUR. 77— X WED T — X ZERTAETE 2 L5 LET,

WNEBICHEB OS2 EERIEEBD I 7 RA LT ) T—=>a v DEENIGEND
DET, TNDBRBENTR 2 DI MEERBERD T4 724 272 TR BRE LD 4 724 A
DR Z R T 2B H 555 T, TAUIIERICEERL -7 —ATT,
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23.4 % Protobuf OfiFHT

ZOHE TIE, protobuf N4 F VLY FHO SN—H—Z2ERMLET AT LD HEHTTD
TODEIEWD FHA X T —RDR T A REET R ARZ — V2R L TWET IR
37 —XREARPa—XNBZZIEHH A,

protobuf X v £ —I RN T 2IE. 7 4 =V RBESTA Ty 72 FEh/z7 4 =L FD
A2 BN H D 5, ZHULER. proto 7 7 A VTSN E T, ZOEFTIE. 74—V R D
LR SN 2B D match 27— X ¥ M2 ZDfEHRE L ya—FLET,

XD proto ZEHL 3,

message PhoneNumber {
optional string number =
optional string type = 2;
}

1;

message Person {
optional string name = 1;
optional int32 id = 2;
repeated PhoneNumber phones = 3;

}

proto X vt =X @i TS 74— LR L TZya— FEINE T ENZTNLEASMEEFES TR
I LTEEXINE T, XTI 74—V FEHEEW: Person X v —ID id 7 4 —IL Rl 2)
ENAL FPRAFY =B RAB— RBREDISICREZINDIDEERTIVAVY—XRA THEEN
75,

27 a0, VARINT EEINSA[ZRT Y a— FTREINF T, FEWIZH, parse_varint
BT TITRERINTVET  E/2,. 2D 22— KTl Person 7 4 —JL F & PhoneNumber 7
A=V REIHL X vE—Y 2B LTINSDI—N Ny 21203 —BHOMIH LICE#HRT 2
A—NARNy ZHERELTVET,

7% 2 1E3 1%, parse_field Bi%r. Person & X X PhoneNumber @ ProtoMessage b L A %
FEEFT BT,

/11l 9AY—FETRZZ74Y—%47,
enum WireType {
/17 Varint WireType (I fEDH—® VARINT TH%Z L ZRLZFT,
Varint,
/// The 164 WireType indicates that the value is precisely 8 bytes in
/// little-endian order containing a 64-bit signed integer or double type.
//164, -- not needed for this exercise
/// The Len WireType indicates that the value is a length represented as a
/// VARINT followed by exactly that number of bytes.
Len,
// The I32 WireType indicates that the value is precisely 4 bytes in
// little-endian order containing a 32-bit signed integer or float type.
//132, -- not needed for this exercise

}

/1] TA4XY—&A S IHEDWTHRIFEE SN 7 4 —V RODIH,
enum FieldValue<'a> {

Varint (u64),

/71164 (i64), -- ZODHEFTIEAE
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Len(&'a [u8]),
//132(i32), -- not needed for this exercise

}

/1] 74—V KRFEBLZOEEZELT 4 —L K,
struct Field<'a> {

field_num: u64,

value: FieldValue<'a>,

}

trait ProtoMessage<'a>: Default {
fn add_field(&mut self, field: Field<'a>);

}

impl From<u64> for WireType {
fn from(value: u64) -> Self {
match value {
0@ => WireType::Varint,

/11 => WireType::164. -- ZOHE TIEAE
2 => WireType: :Len,
/15 => WireType::132, -- not needed for this exercise

_ => panic!("Invalid wire type: {value}"),

}

impl<'a> FieldValue<'a> {
fn as_str(&self) -> &'a str {
let FieldValue::Len(data) = self else {
panic! ("Expected string to be a “Len’ field");
Y
std::str::from_utf8(data).expect("Invalid string")
}

fn as_bytes(&self) -> &'a [u8] {
let FieldValue::Len(data) = self else {
panic! ("Expected bytes to be a ‘Len’ field");
}
data
}

fn as_u64(&self) -> ubd {
let FieldValue: :Varint(value) = self else {
panic! ("Expected "u64’ to be a "Varint field");
b
*value

}

/// VARINT Zf#WT U BT L7ZELIRD DAL v 2R LT,
fn parse_varint(data: &[u8]) -> (u64, &[u8]) {
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for 1 in 0..7 {

let Some(b) = data.get(i) else {
panic!("Not enough bytes for varint");

I

if b & 0x80 == 0 {
/1 iUk VARINT OFBZEDNA N TH B0,
/] ubd ITEHLTRLUET,
let mut value = 0Qu64;
for b in data[..=i].itexr().rev() {

value = (value << 7) | (b & 0x7f) as ub4;

}

return (value, &data[i + 1..]);

}

117 N4 2R HEITEN TS,
panic!("Too many bytes for varint");

}

111 27% 74— E&ESL WireType 1AL £,

fn unpack_tag(tag: u64) -> (ub4, WireType) {
let field_num = tag >> 3;
let wire_type = WireType::from(tag & 0x7);
(field_num, wire_type)

111 74—V RZ@BTLTED DAL F2IRLET,

fn parse_field(data: &[u8]) -> (Field, &[u8]) {
let (tag, remainder) = parse_varint(data);
let (field_num, wire_type) = unpack_tag(tag);
let (fieldvalue, remainder) = match wire_type {

_ = todo! ("UAY—K A FWRIHLE T 74 — L REREEEL DELREOANL FEHEBLET, ")

b
todo! ("7 4 =V RE RHBEDANA FERLET, ")
}

/1] FEESINT —EZHNDRX vy 2=V NIL Xy =YD 7 4 =L RZRIZ
/// “T::add_field' ZFUH L ET,
/17
111 AR EEINE T,
fn parse_message<'a, T: ProtoMessage<'a>>(mut data: &'a [u8]) -> T {
let mut result = T::default();
while !data.is_empty() {
let parsed = parse_field(data);
result.add_field(parsed.0);
data = parsed.l;
}

result
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struct PhoneNumber<'a> {
number: &'a str,
type_: &'a str,

}

struct Person<'a> {
name: &'a str,
id: u64,
phone: Vec<PhoneNumber<'a>>,

}

// TODO: Person & PhoneNumber @ ProtoMessage %ZE#ZEL F7,

fn main() {

let person: Person = parse_message(&[
0x0a, ©0x07, Ox6d, 0x61, 0x78, Ox77, Ox65, @Ox6¢C, OX6C, 0X10, 0x2a, 0Oxla,
0x16, @Ox@a, 0x0e, 0x2b, 0x31, @0x32, 0x30, 0x32, ©0x2d, 0x35, ©0x35, 0x35,
0x2d, ©0x31, ©0x32, 0x31, 0x32, 0x12, 0x04, ©Ox68, Ox6f, Ox6d, 0x65, 0xla,
0x18, 0Ox0a, Ox0e, Ox2b, Ox31, 0x38, 0x30, 0x30, 0x2d, @Ox38, @0x36, 0x37,
0x2d, ©x35, ©0x33, 0x30, 0x38, 0x12, 0x06, Ox6d, Ox6f, 0x62, 0x69, Ox6¢C,
0x65,

1),

println! ("{:#?}", person);

* In this exercise there are various cases where protobuf parsing might fail, e.g. if you
try to parse an 132 when there are fewer than 4 bytes left in the data buffer. In normal
Rust code we'd handle this with the Result enum, but for simplicity in this exercise
we panic if any errors are encountered. On day 4 we'll cover error handling in Rust in
more detail.

23.4.1 fRE

/11l 9A4AXY—ETRZZ7A4Y—%47,
enum WireType {
/17 Varint WireType (3. fEDH—® VARINT TH2 I ZRLE T,
Varint,
/// The 164 WireType indicates that the value is precisely 8 bytes in
/// little-endian order containing a 64-bit signed integer or double type.
/1164, -- not needed for this exercise
/// The Len WireType indicates that the value is a length represented as a
/// VARINT followed by exactly that number of bytes.
Len,
// The I32 WireType indicates that the value is precisely 4 bytes in
// little-endian order containing a 32-bit signed integer or float type.
//132, -- not needed for this exercise

}
111l 4% —&A4 FICHESWTEFgEZI N7 4 —L FDIHE,

enum FieldValue<'a> {
Varint(u64),

145



/71164 (i64), -- ZOHEETIERE
Len(&'a [u8]),
//132(i32), -- not needed for this exercise

}

/111 74—V RFEELZOEEEL 7 4 —L K,
struct Field<'a> {

field_num: u64,

value: FieldValue<'a>,
}

trait ProtoMessage<'a>: Default {
fn add_field(&mut self, field: Field<'a>);
}

impl From<u64> for WireType {
fn from(value: u64) -> Self {
match value {
0 => WireType::Varint,

/11 => WireType::164. -- ZOHE TIIRE
2 => WireType: :Len,
//5 => WireType::I32, -- not needed for this exercise

_ => panic!("Invalid wire type: {value}"),

}

impl<'a> FieldValue<'a> {
fn as_str(&self) -> &'a str {
let FieldValue::Len(data) = self else {
panic! ("Expected string to be a ‘Len’ field");
b
std::str::from_utf8(data).expect("Invalid string")
}

fn as_bytes(&self) -> &'a [u8] {
let FieldValue::Len(data) = self else {
panic! ("Expected bytes to be a ‘Len’ field");
b
data
}

fn as_u6b4(&self) -> ubd {
let FieldValue: :Varint(value) = self else {
panic! ("Expected "u64’ to be a "Varint field");
b
*value

}

/11 VARINT Zfghr U ST L7EE D DA P RIRL £9,
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fn parse_varint(data: &[u8]) -> (u64, &[u8]) {
for i in 0..7 {

let Some(b) = data.get(i) else {
panic!("Not enough bytes for varint");

Y

if b & 0x80 == 0 {
/1 ZiUux VARINT OFZEDONA N TH B0,
/] ubd ZEMLTRLET,
let mut value = 0Qu64;
for b in data[..=1i].itexr().rev() {

value = (value << 7) | (b & 0x7f) as ub4;

}
return (value, &data[i + 1..1);

}

/17 NA RS HEHIZER TS,
panic!("Too many bytes for varint");

}

/11 27%7 14—V &S5 WireType IC&EML %7,

fn unpack_tag(tag: u64) -> (ub4, WireType) {
let field_num = tag >> 3;
let wire_type = WireType::from(tag & 0x7);
(field_num, wire_type)

}

/1] 74— RE@BFLTERD DAL FEIELET,
fn parse_field(data: &[u8]) -> (Field, &[u8]) {
let (tag, remainder) = parse_varint(data);
let (field_num, wire_type) = unpack_tag(tag);
let (fieldvalue, remainder) = match wire_type {
WireType::Varint => {
let (value, remainder) = parse_varint(remainder);
(FieldValue: :Varint(value), remainder)
}
WireType::Len => {
let (len, remainder) = parse_varint(remainder);
let len: usize = len.try_into().expect("len not a valid ‘usize ");
if remainder.len() < len {
panic! ("Unexpected EOF");
}
let (value, remainder) = remainder.split_at(len);
(FieldValue: :Len(value), remainder)
}
}
(Field { field_num, value: fieldvalue }, remainder)

}

/1] FEEEINIZT—ZHNDRX v —IFRBIHI L AYyE—IDT7 4 —LRZ LI
/// “T::add_field' ZMEgHILE9,
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v
111 ANEEDPEE S NET,

fn parse_message<'a, T: ProtoMessage<'a>>(mut data:

let mut result = T::default();

while !data.is_empty() {
let parsed = parse_field(data);
result.add_field(parsed.0);
data = parsed.l;

}

result

}

struct PhoneNumber<'a> {
number: &'a str,
type_: &'a str,

}

struct Person<'a> {
name: &'a str,
id: u64,
phone: Vec<PhoneNumber<'a>>,

}

impl<'a> ProtoMessage<'a> for Person<'a> {
fn add_field(&mut self, field: Field<'a>) {
match field.field_num {
1 => self.name = field.value.as_str(),
2 => self.id = field.value.as_u64(),

&"'a [u8])

_>'|'{

3 => self.phone.push(parse_message(field.value.as_bytes())),

=> {} // ZThEANEFTRTRFY S

}

impl<'a> ProtoMessage<'a> for PhoneNumber<'a> {
fn add_field(&mut self, field: Field<'a>) {
match field.field_num {
1 => self.number = field.value.as_str(
2 => self.type_ = field.value.as_str()
=> {} // TN EITRTZAF TS

}

fn main() {
let person: Person = parse_message(&[
0x0a, ©0x07, @0x6d, 0Ox61, ©0x78, ©0x77, OX65,
0x16, @x@a, 0x0e, 0x2b, 0x31, @0x32, 0x30,
Ox2d, ©0x31, ©0x32, 0x31, 0x32, 0x12, 0x04,
0x18, Ox0a, 0x0e, Ox2b, ©0x31, 0x38, 0x30,
@x2d, ©0x35, ©0x33, 0x30, ©0x38, 0x12, 0x06,
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7

Ox6¢c,
0x32,
0x68,
0x30,
0x6d,

Ox6c,
0x2d,
ox6f,
0x2d,
ox6f,

0x10,
0x35,
0x6d,
0x38,
0x62,

0x2a,
0x35,
0x65,
0x36,
0x69,

0x1la,
0x35,
Ox1la,
0x37,
0x6¢c,



0x65,

1)
println!("{:#?}", pexson);

}
mod tests {
use super::*;
fn test_id() {
let person_id: Person = parse_message(&[0x10, 0x2al);
assert_eq! (person_id, Person { name: "", id: 42, phone: vec![] });
}
fn test_name() {
let person_name: Person = parse_message(&[
0x0a, Ox0e, Ox62, Ox65, 0x61, Ox75, @Ox74, Ox69, Ox66, 0x75, Oxbc, 0x20,
Ox6e, Ox61, Ox6d, 0x65,
1),
assert_eq! (
person_name,
Person { name: "beautiful name", id: @, phone: vec![] }
),
}
fn test_just_person() {
let person_name_id: Person =
parse_message(&[0x0a, 0x04, 0x45, 0x76, 0x61, 0Ox6e, 0x10, 0x16]);
assert_eq! (person_name_id, Person { name: "Evan", id: 22, phone: vec![] });
}
fn test_phone() {
let phone: Person = parse_message(&[
0x0a, Ox00, 0x10, 0x00, Oxla, 0x16, @OxQa, OxQe, @Ox2b, ©0x31, 0x32, 0x33,
0x34, 0x2d, ©0x37, ©0x37, ©0x37, 0x2d, ©0x39, 0x30, 0x39, 0x30, 0x12, 0Ox04,
0x68, Ox6f, Ox6d, OX65,
1),
assert_eq!/(
phone,
Person {
name: "",
id: 0,
phone: vec![PhoneNumber { number: "+1234-777-9090", type_: "home" },1,
}
),
}
}
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24 #
AHHDOD ML —=YFI2&S T #

AHZ. Rust TORBBALRY 7 Y 27O FICBEET A Py Z2ED BIFE5,

e £ 5L —&:Iterator +L 4 b+ DA,

EY 2 — LAk,

Testing.

T —LHE: = 7 Result, try JHET 2,

7 >+ — 7 Rust: 7427 Rust TIXELIRT E 2 Wi5E DOEEEER,

AT a—Nn

Including 10 minute breaks, this session should take about 2 hours and 40 minutes. It contains:

Segment Duration

L5z % 3 minutes

4 7L —4& 45 minutes
E£Y 22—/ 40 minutes
7 X b 45 minutes
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0525 5

ATVL—R

This segment should take about 45 minutes. It contains:

Slide Duration

Iterator 5 minutes
Intolterator 5 minutes
FromlIterator 5 minutes

HE: A 7L —&XDAY vy FFxz—> 30 minutes

25.1 Iterator

Iterator LA ME. aL sy a vHNO—HEOBEZRIIH L TIEHFICIUEZEH ST 5 Z 2 ZRJEEIC L
FI.,ZDFLA MInext XYy REXREY L. FIUTEDZLL DAY v FEEMHL 3.2 0
547 YT Iterator WEEXNTVWETH. HOTEETZ L TEE T,

struct Fibonacci {
curr: u32,
next: u32,

}

impl Iterator for Fibonacci {
type Item = u32;

fn next(&mut self) -> Option<Self::Item> {
let new_next = self.curr + self.next;
self.curr = self.next;
self.next = new_next;
Some(self.curr)

}

fn main() {
let fib = Fibonacci { curr: @, next: 1 };
for (i, n) in fib.enumerate().take(5) {
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println! ("fib({i}): {n}");
}

e Iterator FL A ME. 2L I a il T 32 O—MNLEEBE S0 rZ I v /4R —
¥ a v (Bl:map, filter, reduce L) ZFEHELFI . ZOPLA PO FFaXy biZBWN
T.ZINBEDTRTOARL =Y a YT 2R TE £9, Rust T 2h s oBEEIC
IO FAFEOMBRFELFEIU L SWRIHENZa— RV ERINET,

e IntoIteratorid. for n—F%EHT2-DD ML A b TT, a7 a B (Vec<T> 2
VY. ZNS It T 25 (&Vec<T>, &[T] BE)ITBWTEREXNTWE T, /- HiF 2R
FTENZBWTHFEEXNTVET, for i in some_vec { .. } ZHHLTRZZ—%K
AT = 3 DI, some_vec.next() BEELZVDIIZZDEHTT,

25.2 IntoIterator

Iterator FL A MEI AT UL —Z2ERLZRICKEUERZITS HEERLET EETSZ LA
b IntoIterator X.H 3NN T 24 T L — X 2ERT 2 HEEEELE T, 2HUd for v —7
WEkoTHEMICHEHINE T,

struct Grid {
X_coords: Vec<u32>,
y_coords: Vec<u32>,

}

impl IntoIterator for Grid ({
type Item = (u32, u32);
type IntoIter = GridIter;
fn into_iter(self) -> GridIter {
GridIter { grid: self, i: 0, j: 0 }

}

}

struct GridIter {
grid: Grid,
i: usize,
j: usize,

}

impl Iterator for GridIter {
type Item = (u32, u32);

fn next(&mut self) -> Option<(u32, u32)> {
if self.i >= self.grid.x_coords.len() {
self.i = 0;
self.j += 1;
if self.j >= self.grid.y_coords.len() {
return None;
}

}
let res = Some((self.grid.x_coords[self.i], self.grid.y_coords[self.j]));
self.i += 1;
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res

}

fn main() {
let grid = Grid { x_coords: vec![3, 5, 7, 9], y_cooxds: vec![10, 20, 30, 40] };
for (x, y) in grid {
println! ("point = {x}, {y}");
}
}

Intolterator D F¥ aX >+ 227V v 7 L TIEL X, Intolterator 3R TDHOEET,
RD2ODHEEET HHLENDHH £T,

o Ttem: KIBMNHE T 2HI(18 72 ¥),
» Intolter:into_iter XV v FiZ k> TR&E N3 Iterator Y,

IntoIter ¥ Item ZBEAH . 4 7L —XiF Item R UCEI 2 OREN DD 3,3 48bb,
Option<Item>%iRL %73,

O, X EIZY vy EEO TN TOMAGHOEZ KL ThE T,

main TZ Vv F%2 2 RIRELELTAEL L. 2NEREERTEZIDOTL & 5 2
IntoIterator::into_iter iZ self OFTEMEEEIS T2 Z 2 ICEH L TLEX W,

ZORERBIET 51213, &Grid 12 Intolterator 2% L. Grid NOZE% GridIlter 12}
FLET,

EHES 4 7S5 VATHRECHMENREET Z2EEND D 3, for e in some_vector i,
some_vector OFiEHEZIE L. ZORIZ X —DOFEEZE 2 KBIIHE L £3, some_vector
DBEEANDOSBE KB T 51213, Kb D12 for e in &some_vector AL 3,

25.3 Fromlterator

FromIterator #{#ifH% 2 . Iterator 2»HaL 27> a VE2IERTE 9,

fn main() {
let primes = vec![2, 3, 5, 71;
let prime_squares = primes.into_iter().map(|p| p * p).collect::<Vec<_>>();
println!("prime_squares: {prime_squares:?}");

}

Iterator F%k

fn collect<B>(self) -> B

where
B: FromIterator<Self::Item>,
Self: Sized

ZDXY v RTBEEBETRAKIEI KD 2OD0HENRDY T,

 lturbofish) % 3 23545 il 213, EELicBiT 5, some_iterator.collect: :<COLLECTION_TYPE>(),
CZTEHINTWA_ZRustiZ Vec DEZRDHRHEHXE272HDDHDTT,

o AlEERE T 2355 let prime_squares: Vec<_> = some_iterator.collect(),
COBREMFHT 2 X5 lleZFEEZHRITIZE W,
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Vec % HashMap 7% ¥ 12 FromIterator O AWM R EENHE I N TWE T, £ 7,
Iterator<Item = Result<V, E>> % Result<Vec<V>, E> KAEMTEZ2dDRYE, &
DRHMEL TR HD 3,

254 HE: A TFTL—RDAV Y KFz—V

ZOEE T B EARERET 22012 Tterator FLA FTIMHEXATVRAE XY v FRWVWLD
PEELTHEATILNERDD FT,

XD a— K% https://play.rust-lang.org/ iIZat— L. 7 A DB XS LT EE VAT L —X
REMHL. Z0OMR% collect $2 L TRMEEAERL T,

/// “values IZBWT, ‘offset 7Z BN -BHEMOERFHE LTI,

/11 728, ‘values OREBEHEHZORIIFLHEANRZ Z E LET,

/17

/1] FEROEE "n’ 1 “values[(n+toffset)%len] - values[n]® T,

fn offset_differences(offset: usize, values: Vec<i32>) -> Vec<i32> {
unimplemented! ()

}

fn test_offset_one() {
assert_eq! (offset_differences(1, vec![1, 3, 5, 71), vec![2, 2, 2, -6]);
assert_eq! (offset_differences(1l, vec![1, 3, 5]1), vec![2, 2, -4]);
assert_eq! (offset_differences(1l, vec![1l, 3]), vec![2, -2]);

}

fn test_larger_offsets() {
assert_eq! (offset_differences(2, vec![1,
assert_eq! (offset_differences(3, vec![1,
assert_eq! (offset_differences(4, vec![1,
assert_eq! (offset_differences(5, vec![1,

), vecl![4, 4, -4, -41);
), vecl[6, -2, -2, -21);
), vecl![0, 0, 0, 01);
), vecl[2, 2, 2, -6]1);

Ul ool

~ ~ ~ =

wwww

}

fn test_degenerate_cases() {
assert_eq! (offset_differences(1, vec![@]), vec![0]);
assert_eq! (offset_differences(1l, vec![1]), vec![0]);
let empty: Vec<i32> = vec![];
assert_eq! (offset_differences(1l, empty), vec![]);

25.4.1 &

/// “values IZBWT, ‘offset FUin-EHEMOERHEAL £,

/11 728, “values OREBHZLORIIFLHEANRDI Z  LET,

/17

/1] FEROFEZ “nt & “values[(n+offset)%len] - values[n]® T3,

fn offset_differences(offset: usize, values: Vec<i32>) -> Vec<i32> {
let a = (&values).into_iter();
let b = (&values).into_iter().cycle().skip(offset);
a.zip(b).map(|(a, b)| *b - *a).collect()
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fn

fn

fn

fn

test_offset_one() {
assert_eq! (offset_differences(1, vec![1, 3, 5, 71),
(offset_differences(1, vec![1, 3, 51), vec![2, 2,
assert_eq! (offset_differences(1, vec![1, 3]), vec![2, -21);

assert_eq!

test_larger_offsets() {

assert_eq! (offset_differences(2, vec![1, 3, 5, 71),
assert_eq! (offset_differences(3, vec![1, 3, 5, 71),
assert_eq! (offset_differences(4, vec![1l, 3, 5, 71),
assert_eq! (offset_differences(5, vec![1l, 3, 5, 71),

test_degenerate_cases() {
assert_eq! (offset_differences(1l, vec![0]), vec![0]);
assert_eq! (offset_differences(1l, vec![1]), vec![0]);
let empty: Vec<i32> = vec![];
assert_eq! (offset_differences(1l, empty), vec![]);

main() {}
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vec![4,
vec![6,
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vec![2,
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o, 0, 01);

2, 2, -61);
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This segment should take about 40 minutes. It contains:

Slide Duration

ETa2—)b 3 minutes
77 4N RT LRETE 5 minutes
AR 5 minutes
use, super, self 10 minutes

HE:GUI 54 75 VDEY2—/L 15 minutes

26,1 &S a2—)

impl 7o v 7 CRIZER O ZMICAHTE S €2 TIRE T TICRTE X L,
[FFEIC, mod Z(H LT L B o AT =M 2 fEE TE X7,

mod foo {
pub fn do_something() {
println!("In the foo module");

}
}
mod bar {
pub fn do_something() {
println!("In the bar module");
}
}

fn main() {
foo: :do_something() ;
bar::do_something();

o v — (package) IIERER R T 25D TH Y . —DOUED I L — bR UL RT3 HER
iR L7z Cargo.toml 7 7 A L2 ELH DT,
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e NAF VL — bOGERETARI 7 ANVEER L. FA4 77V 7L — b DGEETA T
VEAERLET,

¢ EV 2 NI Lo THRE Ra - DRERINE T, DL a T EY 2 —LIERYE
HTET,

26.2 774N AT LFEE

EY 2 VOERNEEZEIET 2 L. Rust iZZnzflo7 > A LTHELET,
mod garden;

This tells Rust that the garden module content is found at src/garden.rs. Similarly, a
garden: :vegetables module can be found at src/garden/vegetables.rs.

crate L— MILITDEFIZH D £5,

e src/lib.xs (54 75V ZL— 1 DIFE)
e src/main.rs (N4 FVY Z1L— FDIFE

T 7 ANTERINZED 2= VI LT A FFa XY MHaxXxy beFEHLUTHBEZMZ %
B TEFT, INLDAXY MIEFNDEEINETA T A(ZDERIZEY 2 — )Xt 5 55t
22 E9,

/1) ZOEY 22— WEHERELET O 3 =< Y 2ADEWHEFD

/1) FEEERET),

/] ZOEY 22— eHr s AR R—FLET,
pub use garden::Garden;
pub use seeds::SeedPacket;

/1] FEEIN-HErEEET

pub fn sow(seeds: Vec<SeedPacket>) {
todo! ()

}

111 T3 E s T TEYZIEL £ 75,

pub fn harvest(garden: &mut Garden) ({
todo! ()

}

Rust 2018 X h R TIE.EY 2 — /% module.rs Tl < module/mod.rs ICEE T 3 HE
MBHEDEL ZHIZ 2018 IO LT 4 > a VTHRARL LTHR—- P ERTOVET,

« filename/mod.rs Ofb H i filename.rs EA XN T REHIZ. mod.1s Wi
BiDOT7 7 ANDBEL DL . ZN5% IDE TRATZ2D0H L WGEND 205 TT,

¢ IDFEVWARAPNTEAAVED 2a— BT 7 AL THoTHD. 7+ LXEMHFHTEE T,
src/

F—— main.zrs
—— top_module.rs
—— top_module/
L—— sub_module.rs
s RUSt BEY 2 — VW EMKRTAGMEI. a4 5374 LT 4 TTEETEE T,

mod some_module;
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ZHE 72 21X Go TXLfThbIRTWB X512, some_module_test.rs EWHHKEIDT 7
ANZEY 2—LDT A MEEET 25EIERNTT,

26.3 nJfM:

EI 2 —NETTANT—DERTT,
¢ EV a2 NATATAETIANLIFTTIAR—- b TT(FEEOFMIRREINERA),
e MTATLEHEBETA TLIEICRAES,
s EVHIZIUE. DB TATLDBEY 2— N foo BRI BBE.FDT A T 41 foo DFRT
DTFHRIPLRZIET,

mod outer {
fn private() {
println!("outer: :private");

}

pub fn public() {
println!("outer: :public");
}

mod inner {
fn private() {
println!("outer::inner::private");

}

pub fn public() {
println!("outer::inner::public");
super: :private();

}

fn main() {
outer: :public();

}
s TV 2 LERMTZICE pub F—U— REMFHLE T,
/o EmER pub(. .. ) IEEFEMAL C.AKEHZHIRT 22 b TEET,

cRUSt U 7 7 LV 2 BTEL TN,

* pub(crate) ORMHMEZRET 2 DIEF N Z K-> TF,

s ZREEBRIITIED D FBADFFED SIS L TAMRERIEET 2 2 e AR E T,

s YOEIRLGEDMEETY 2NV (BLEZOIRNTOTR)ICAHMEEEZX 2XESH D £
EP

26.4 use. super, self

EYa—UE, use ZHHLTHODEY 2 — LD Y ARALERAI—FIZHDADZ B TEF TR
DEIRTBFEY 2 —LDEFHICBVWT LIS Ao T T,
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use std::collections: :HashSet;
use std::process: :abort;

INA
PRAVERD & S IR I NE T,
1. X2 DGE:
e foo 721% self: :foo X BEDEY 2 —LND foo ZSIRL £3,
e super: :foo X HEY 2 —LND foo ZBML £ 3,
2. frpf X2 DGE:

e crate: :foo X FHEDZ L —F+DL—FAD foo ZSRL %7,
o bar::foolx. bar 7L — FHD foo #ZHL £,

SURME EDEHWARRATIHIZ AR—- T 3008 RNTT . 2 22, 7L — MAOKRE
fiD 1ib. rs IS IR X5 icidif L £ 3,

mod storage;

pub use storage::disk::DiskStorage;
pub use storage::network::NetworkStorage;

ZHZE D EL VT VLot 2R MH LT, DiskStorage ¢ NetworkStorage % o 2
L—PFCHEHATEZ L5122 D £,

FLAYDIBE, use BIEETARERDHZDITEY 2 — LV NTEBERFEHRHINE 7L 7
LADATT 2L HZ LA MEFEETZHRNI TIIRAI—-TRZEETNTVWEHETH. ZD
FLAPDXY Yy REMUHETIKIZ. ZDOM LA PBRRa—-TIZEEITNTWEIREDNDD T,
72t 213, Read ML A b EFEH T ZAIT read_to_string XV v FEMHHT 3121, use
std::io::Read X W I RBWBEICR D £3,

use A7 —F XY FiZlduse std::i0::* LW XIICTA LRI —FEEDB L HTE
FT.COHEZIEDTA T L4 Y R=bIN200HETIE R REORRE » HIcE
(L3 2RREEDLH 272D . BTIDHLIFHA,

26.5 HE:GUI 29472 VDET 22—
OB TE MR GUL 94 77 )V RELPHREKLEI . 2DF4 77 VT, Widget bL A
MZD LA PDWL DHDEE, main BEEEERLTVWET,

BHEIX S E 3B RCEES 2oy P EEOEY 2 —LVIEEBT2DT. V4V y XA
FILIHEDEY 2 — L EHABTARERD D £3,

Cargo Setup

Rust

TLA T RIE1 207 74P R=-—FLTWVWEWEZD . B—HhL 774V AT A

T Cargo 7my =2 b 2T 20EDH D %5,

cargo init gui-modules
cd gui-modules
cargo run
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R X NIz sTc/main. s ZRRELTmod A7 — b XY v ZBIL, stTC T4 L7 FVIZT7 740
PEMLET,

V-
GUL 54 75V DE—FY 2 — LEEZIRDL BYTF,

pub trait Widget {
/11 “self’ BRI,
fn width(&self) -> usize;

111 v 4Pzy beXNy 7 7 IZHELET,
fn draw_into(&self, buffer: &mut dyn std::fmt::Write);

111 742y MEEHEN TN L %3,
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() }

}
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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 {
/1 BRI 4 DDRF 4 v Z7ERBINLET,
self.inner_width() + 4

}

fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
let mut inner = String::new();
for widget in &self.widgets {
widget.draw_into(&mut inner);

}

let inner_width = self.inner_width();

// TODO: Result<(), std::fmt::Error> %#iBF X 51 draw_into ZZHEL F3, X2, .unwraf
/1 ? HEFEMERALET,

writeln! (buffer, "+-{:-<inner_width$}-+", "").unwrap();
writeln! (buffer, "| {:Ainner_width$} |", &self.title).unwrap();
writeln! (buffer, "+={:=<inner_width$}=+", "").unwrap();
for line in inner.lines() {

writeln! (buffer, "| {:inner_width$} |", line).unwrap();
}
writeln! (buffer, "+-{:-<inner_width$}-+", "").unwrap();

}

impl Widget for Button {
fn width(&self) -> usize {
self.label.width() + 8 // 74> 7%=LLEINL T3,
}

fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
let width = self.width();
let mut label = String::new();
self.label.draw_into(&mut label);

writeln! (buffer, "+{:-<width$}+", "").unwrap();
for line in label.lines() {
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writeln! (buffer, "|{:Awidth$}|", &line).unwrap();

}
writeln! (buffer, "+{:-<width$}+", "").unwrap();

}

impl Widget for Label {
fn width(&self) -> usize {
self.label.lines().map(|line| line.chars().count()).max().unwrap_ox(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!")));
window.draw() ;

}

H2WC > THARRAIETa— FE25E L. 4% 7% mod, use, pub ESICENS X 5Z#HEFICHEL
3, ZFDK ORI RDEAN T 202 O00THELAEVE T,

26.5.1 fRE

sIC

F—— main.rs

—— widgets

| —— button.rs
| F—— 1label.rs

| L—— window.rs
L—— widgets.rs

// ---- src/widgets.rs ----
mod button;
mod label;
mod window;

pub trait Widget {
/11 “self’ oHARLRIE,
fn width(&self) -> usize;

/1] D43 xzy ey 77 I CHELET,
fn draw_into(&self, buffer: &mut dyn std::fmt::Write);

111 74Py bZEHEN NS L %3,

fn draw(&self) {
let mut buffer = String::new();
self.draw_into(&mut buffer);
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println! ("{buffer}");

}

pub use button::Button;
pub use label::Label;
pub use window: :Window;

// ---- src/widgets/label.rs ----
use super::Widget;

pub struct Label {
label: String,
}

impl Label {
pub fn new(label: &str) -> Label {
Label { label: label.to_owned() }
}
}

impl Widget for Label {
fn width(&self) -> usize {
// ANCHOR_END: Label-width
self.label.lines().map(|line| line.chars().count()).max().unwrap_ox(0)

}

// ANCHOR: Label-draw_into

fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
// ANCHOR_END: Label-draw_into
writeln! (buffer, "{}", &self.label).unwrap();

}

// ---- src/widgets/button.rs ----
use super::{Label, Widget};

pub struct Button {
label: Label,

}

impl Button {
pub fn new(label: &str) -> Button {
Button { label: Label::new(label) }

}
}

impl Widget for Button {
fn width(&self) -> usize {
// ANCHOR_END: Button-width
self.label.width() + 8 // X747 %D LEINLZT,

164



// ANCHOR: Button-draw_into

fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
// ANCHOR_END: Button-draw_into
let width = self.width();
let mut label = String::new();
self.label.draw_into(&mut label);

writeln! (buffer, "+{:-<width$}+", "").unwrap();
for line in label.lines() {
writeln! (buffer, "|{:Awidth$}|", &line).unwrap();

}
writeln! (buffer, "+{:-<width$}+", "").unwrap();
}
}
// ---- src/widgets/window.rs ----

use super::Widget;

pub struct Window {

title: String,

widgets: Vec<Box<dyn Widget>>,
}

impl Window {
pub fn new(title: &str) -> Window {
Window { title: title.to_owned(), widgets: Vec::new() }

}

pub 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 {
// ANCHOR_END: Window-width
/] PHRZ 4 DDORFT 4 7 EBIMLET,
self.inner_width() + 4
}

// ANCHOR: Window-draw_into

fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
// ANCHOR_END: Window-draw_into
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let mut inner = String::new();
for widget in &self.widgets {
widget.draw_into(&mut inner);

}

let inner_width = self.inner_width();

// TODO: T —WLHIZOWTAHYE L% T.
// Result<(), std::fmt::Exrror> %183 k5! draw_into 2ZHETCEFEI R, Z I T
// .unwrap() Ofbbic ? HETFEMFEHLE I,

writeln! (buffer, "+-{:-<inner_width$}-+", "").unwrap();
writeln! (buffer, "| {:Ainner_width$} |", &self.title).unwrap();
writeln! (buffer, "+={:=<inner_width$}=+", "").unwrap();
for line in inner.lines() {
writeln! (buffer, "| {:inner_width$} |", line).unwrap();
}
writeln! (buffer, "+-{:-<inner_width$}-+", "").unwrap();
}
}
// ---- src/main.rs ----

mod widgets;
use widgets::Widget;

fn main() {
let mut window = widgets::Window: :new("Rust GUI Demo 1.23");
window
.add_widget (Box: :new(widgets::Label::new("This is a small text GUI demo.")));
window.add_widget(Box: :new(widgets: :Button: :new("Click me!")));
window.draw() ;

166



This segment should take about 45 minutes. It contains:

Slide Duration

TRAMNEY 22— 5 minutes
oo x4 FDF A 5 minutes
a4 70 Lints & Clippy 3 minutes
#%: Luhn 7 129 X A4 30 minutes

271 2= b5 AR}

Rust ¥ Cargo il & Y PAREART A b 7L =2V =B L TVE T,
o Hi{KT 2 MZa— FDdH 50 35FTCERATRET 3
¢ MET A MI tests/T4 L7 PUNICEEAL 5,

FZMIIE #[test] O~ — 2 EF 3.2 OBEBEET X MIEE XX XN/ tests Y
2—VICHLE XN, #[cfg(test)] ICED TR POV RRRCOA IV A LENE X 5ITRD F
T

fn first_word(text: &str) -> &str {
match text.find(' ') {
Some(idx) => &text[..idx],
None => &text,

}

mod tests {
use super::*;

fn test_empty() {

assert_eq! (first_word(""), "");

}

fn test_single_word() {
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assert_eq! (first_word("Hello"), "Hello");

}

fn test_multiple_words() {
assert_eq! (first_word("Hello World"), "Hello");
}

¢« ZHICED TS FTANR=F ANSN—DHEKT A M EITRAET,
s #[cfg(test)] BHEDTE5 X N/za— FiX cargo test DFEFTRFICOAEMIRD 5,

WRERRTACR. ITVA IV R TTAMEEITLE S,

27.2 foOE 4 FTDOF A
AvF 71— aryF AR
FATIVBTIIAT P ELTTRAMNTABERAEETANEFERHLES,

tests/ D RIZ .xrs 77 A ABLER L E T,

// tests/my_library.rs
use my_library::init;

fn test_init() {
assert!(init().is_ok());

}
INHDTAPTIEZ7L— DR APIIZDAT 72 A TEET,

FF*aXyr—aryr7RAb

Rust 12l F¥a XY bD T X MZET 2REDHARA TR TV E T,

/1] FEE LRI EEHHL £ 3,

/17

/1] "

/// # use playground::shorten_string;

/// assert_eq!(shorten_string("Hello World", 5), "Hello");

/// assert_eq!(shorten_string("Hello World", 20), "Hello World");

TS

pub fn shorten_string(s: &str, length: usize) -> &str {
&s[..std::cmp::min(length, s.len())]

}

o /// aXy PANDa—-FT7ay ZiZ HERIZC Rust 2— R ARINET,
« 2—FliXcargo test D—Re LTary 4 LEN FITENET,

e O—RIZH#ZEBMT 2L, FFa XY MIEFRREINLL LD FTH, ar (L FEfTIE5 &

MEETHNE T,
*Rust 7L A4 2779 F CTEREOa—FE7AMLET,
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27.3 a4 Z7® Lints & Clippy

Rust 2> %4 X FtART VWL I —B LA lint X v —I%4EML 5, Clippy Tl X 512%<
DUNt 7N —FZEEDHHNTHED . Tud =27 P T LITHMITEET,

fn main() {

let x = 3;

while (x < 70000) {
X *= 2;

}

println! ("X probably fits in a ul6, right? {}", x as ul6);
}

A—FHF TN BETLTII— Ayt —YZ2MELET. 2212 int BERRSNTVE I, 2
—RDAVNAND—EI VA VHKRZ L RREINRARD T, 260 lint ZRRT 21213,
TVATIT YR P A MO BERET,

lint 2R L7z, L4 2592 K ¥4 T clippy 2%fTL T, Clippy 0&EHEE2RRLE T,
Clippy i, Int I3 2AH R ¥ a XY bd b FriLwvlint (F7 4L b T2 T7 =124k 5) ¥
b ZEL)BEICEMESNTVWET,

help: ... =5 —%HE, cargo fix ¥R F 4 XE2HHLTEBETEET,

27.4 {#HE: Luhn 7139 X A

Luhn 712V X2, 7Ly b H— RBEBSOMERCHERINE T, 20713V X LIEFF% A
He LTI UTROME P ToTrZLYy b A— FHEESEZBRIEL 9,

* Ignore all spaces. Reject numbers with fewer than two digits.

s HGHORICRTOERN S ZNZN 2HHOB T %2 2 512 L ¥ 3.8 1234 o5, 3¢ 1
Z 252 U3 8fE 98765 D5 E. 6 £ 8 & 2 fHICL£T,

o MiZ 2fFIC LRSI I KEWGE X ZOMZEETLET LM -oT, 722533
¥ 14122, 1 + 4 = 52k FET,

¢ 2fFICLTVWRWEFE 25 LEBF 2T RNTAILE T,
* ZL Py b A PRSI AED 0 TROIGEICE TS,

The provided code provides a buggy implementation of the luhn algorithm, along with two
basic unit tests that confirm that most of the algorithm is implemented correctly.

LURo a— K% https://play.rust-lang.org/ i2a ¥’ — U R XN HEONTERAT 2 72H058
MoF A M Zitid L RO 72 BIEL T ZZ W0,
pub fn luhn(cc_number: &str) -> bool {

let mut sum = 0;
let mut double = false;

for c in cc_number.chars().rev() {
if let Some(digit) = c.to_digit(10) {

if double {
let double_digit = digit * 2;
sum +=
if double_digit > 9 { double_digit - 9 } else { double_digit };
} else {
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sum += digit;

}
double = !double;
} else {
continue;
}
}
sum % 10 == 0
}
mod test {
use super::*;
fn test_valid_cc_number() {
assert! (luhn("4263 9826 4026 9299"));
assert! (luhn("4539 3195 0343 6467"));
assert! (luhn("7992 7398 713"));
}
fn test_invalid_cc_number() {
assert! (!luhn("4223 9826 4026 9299"));
assert! (!luhn("4539 3195 0343 6476"));
assert!(!1uhn("8273 1232 7352 ©569"));
}
}
27.4.1 f#E

/1 ZAUIRTEICRE IR XN T WA DH B N—Y a »TF,
pub fn luhn(cc_number: &str) -> bool {

let mut sum = 0;

let mut double = false;

for c in cc_number.chars().rev() {
if let Some(digit) = c.to_digit(10) {
if double {
let double_digit = digit * 2;
sum +=
if double_digit > 9 { double_digit - 9 } else { double_digit };
} else {
sum += digit;
}
double = !double;
} else {
continue;

170



/1 ZHRRET UTRDITRTOT A MCEBLET,
pub fn luhn(cc_number: &str) -> bool {
let mut sum = 0;
let mut double
let mut digits

false;
0,

for c in cc_numbexr.chars().rev() {
if let Some(digit) = c.to_digit(10) {

digits += 1;
if double {
let double_digit = digit * 2;
sum +=
if double_digit > 9 { double_digit - 9 } else { double_digit };
} else {

sum += digit;
}
double = !double;
} else if c.is_whitespace() {
// New: accept whitespace.
continue;
} else {
// New: reject all other characters.
return false;

}

// New: check that we have at least two digits
digits >= 2 && sum % 10 ==
}

fn main() {
let cc_number = "1234 5678 1234 5670";
println!(
"Is {cc_number} a valid credit card numbexr? {}",
if luhn(cc_number) { "yes" } else { "no" }
)
}

mod test {
use super::*;

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

}

fn test_invalid_cc_number() {
assert! (!luhn("4223 9826 4026 9299"));
assert!(!1luhn("4539 3195 0343 6476"));
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assert!(!1luhn("8273 1232 7352 ©569"));
}

fn test_non_digit_cc_number() {
assert! (!1luhn("foo"));
assert! (!luhn("foo @ 0"));

}

fn test_empty_cc_number() {
assert! (!luhn(""));
assert! (!Iuhn(" "));
assert! (!Iuhn(" "));
assert! (!1luhn(" "))

}

fn test_single_digit_cc_number() {
assert! (!1uhn("0"));
}

fn test_two_digit_cc_number() {
assert! (luhn(" 2 0 "));
}
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28 W
BMPAD

Including 10 minute breaks, this session should take about 2 hours and 20 minutes. It contains:

Segment Duration

I 7 — L 1 hour and 5 minutes
Unsafe Rust 1 hour and 5 minutes
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T — L

This segment should take about 1 hour and 5 minutes. It contains:

Slide Duration

8= v 7 (panic) 3 minutes
Result 5 minutes
Try & T 5 minutes
Try 2544 5 minutes
Error FL A & 5 minutes
thiserror 5 minutes
anyhow 5 minutes

JHE: Result ZH L7-FE=#12 30 minutes

29.1 ,8%=v 7 (panic)

Rust iZ/ 8=y 7 12 FH L THmZ s —Z20HE L %75,
EITRICEMN R —hRE T2 2, Rust 3=y 272 U HF—LET,

fn main() {
let v = vec![10, 20, 30];
println!("v[100]: {}", v[100]);

o R 7 EEARRERT I = THLAVWTZ I — AT 270D bDTT,
R 23T TS5 LINTHH 5 DRIETT,
- IVERA LT TR F = v 7 ORMIZ NI =y ZICRDGENRDD T,
- 7%=z v(assert! R EOITEMERC S =y 712D T,
- FEDHWT =y 7 ZETHWHHIIE, panic! v 7o z2fHTE %3,
o R v IMBRETEIL RZ IR 7o T4 Y RSN BB 2= SN0 & 5 IZED
Fry 7ENET,
T adHARINRVEEIE =y IHRFAE LW APL (Vec: tget BE) ZFHL 3,
7T AN N TEAZY ZDRETBL ARy ZIET Y VA Y FENET 7YV A Y REMFO &S
IZF ¥ v FTEXET,
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use std::panic;

fn main() {

let result = panic::catch_unwind(|| "No problem here!");
println! ("{result:?}");

let result = panic::catch_unwind(|| {
panic!("oh no!");

1),
println!("{result:?}");
}
o Xy FIE—RITIE R W=D, catch_unwind 2 H LU THAMEEZEEL XS5 2 LAV
TL7EZEW,
e ZHIF, 1DDV I AR Ty a LGETOEITLRT DDENRD 29— N—THH
T3,

o ZHu. Cargo.toml T panic = 'abort' MHREINTWVRILEIIKIEL ¥ A

29.2 Result

Our primary mechanism for error handling in Rust is the Result enum, which we briefly
saw when discussing standard library types.

use std::fs::File;
use std::io::Read;

fn main() {
let file: Result<File, std::io::Error> = File::open("diary.txt");
match file {
Ok(mut file) => {
let mut contents = String::new();
if let Ok(bytes) = file.read_to_string(&mut contents) {
println!("Dear diary: {contents} ({bytes} bytes)");
} else {
println!("Could not read file content");
}
}
Exrr(err) => {
println!("The diary could not be opened: {err}");

}

* Result has two variants: Ok which contains the success value, and Exrr which contains
an error value of some kind.

* Whether or not a function can produce an error is encoded in the function's type
signature by having the function return a Result value.

* Like with Option, there is no way to forget to handle an error: You cannot access either
the success value or the error value without first pattern matching on the Result to
check which variant you have. Methods like unwrap make it easier to write quick-and-
dirty code that doesn't do robust error handling, but means that you can always see in
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your source code where proper error handling is being skipped.

Z Ot

It may be helpful to compare error handling in Rust to error handling conventions that
students may be familiar with from other programming languages.

Busk

* Many languages use exceptions, e.g. C++, Java, Python.

* In most languages with exceptions, whether or not a function can throw an exception is
not visible as part of its type signature. This generally means that you can't tell when
calling a function if it may throw an exception or not.

» Exceptions generally unwind the call stack, propagating upward until a try block is
reached. An error originating deep in the call stack may impact an unrelated function
further up.

Error Numbers

* Some languages have functions return an error number (or some other error value)
separately from the successful return value of the function. Examples include C and Go.

* Depending on the language it may be possible to forget to check the error value, in
which case you may be accessing an uninitialized or otherwise invalid success value.

29.3 Try BT

connection-refused < file-not-found ¥ D5 > & 4 4 TF —iF Result B G XN FE T, T
NTOMYPHLTZIORZRET 20EHEIRBENH D £F, try HET 2 X FUOHLTIIZS
—ZRTOWMHHEINET, UKD, — R T a— 2 1E2 02> ¥ FILka— R
TEE¥E9d,

match some_expression {
Ok(value) => value,
Err(err) => return Err(err),
}
koD a— N
some_expression?
COEBETEHHTA AT . oy a— FEHFELLTEE T,

use std::io::Read;
use std::{fs, io};

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,
Exrr(err) => return Err(err),
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let mut username = String::new();

match username_file.read_to_string(&mut username) {
Ok(_) => Ok(username),
Exrr(err) => Err(err),

}

fn main() {
//fs::write("config.dat", "alice").unwrap();
let username = read_username("config.dat");
println!("username or error: {username:?}");

}
? Z{#f LT read_username Bz #ENL £ 9,
DAY

» username £, Ok(string) ¥7ziZ Err(error) OWVWITONIIRD 5,

o fsiiwrite U LZHHL T EEIERSFIUF (T 7 ANV EDT 7 4 L, 2 —H
—HDBHB T 7 ANBE) T AMLET,

* NotethatmaincanreturnaResult<(), E>aslongasitimplementsstd: :process::Termination.
In practice, this means that E implements Debug. The executable will print the Exr
variant and return a nonzero exit status on error.

29.4 Try%f

? 2 EBRICEMT 3 LR a—- A D LEMIRa— Figb £9,
expression?

Foa—-FEUTERT L CEHELET,

match expression {

Ok(value) => value,
Err(err) => return Exrr(From::from(erxr)),

}
ZZToD From: :from FEH Uik, =7 —RZ BRI RNCEBRL IS LTWA Z e 2 EKL
FF,ZAUCED. 5 —R LML LD S —IfBICH T LT EE T,

o

use std::error::Error;
use std::io::Read;
use std::{fmt, fs, io};

enum ReadUsernameError {
IoErroxr(io: :Error),

EmptyUsername(String),
}

impl Error for ReadUsernameError {}
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impl fmt::Display for ReadUsernameError {
fn fmt(&self, f: &mut fmt::Formatter) -> fmt::Result {
match self {
Self: :IoExror(e) => write!(f, "I/0 error: {e}"),
Self: :EmptyUsername(path) => write!(f, "Found no username in {path}"),

}

impl From<io::Error> for ReadUsernameError {
fn from(exrr: io::Error) -> Self {
Self::IoError(err)
}
}

fn read_username(path: &str) -> Result<String, ReadUsernameError> {
let mut username = String::with_capacity(100);
fs::File::open(path)?.read_to_string(&mut username)?;
if username.is_empty() {
return Err(ReadUsernameError::EmptyUsername(String: :from(path)));
}
Ok (username)

}

fn main() {
//std::fs::write("config.dat", "").unwrap();
let username = read_username("config.dat");
println!("username or error: {username:?}");

}

?HEAEFIX BEBORVEOR Y A OH 2EZRTHLELH D FF,20F D, Result DFH. =
S —ANC HAAMSR TR D £8 A, Result<T, ErrorOuter> %3R3 BI%X. ErrorOuter
¥ ExrrorInner #3[F UHITH 3 0. ExrrorOuter 25 From<ErrorInner> ZEE(L TWABHEIC
D& Result<U, ErrorInner> OfHIZ ? #EHTE %3,

FHCEHDS 1 DT TOAFRET 2581, From 25255 2 Kb D i< Result:map_err Z{EH3 %D
D—fRITF,

Option X HIAMEDEMFIEZH D FH A, Option<T>ZRTEIBII TR TR UAIIHL T, ?
{#HH % Option

WCHEATEE3,

Result Z R FBHE TI!X Option i ? ZHHTEEZ LA ZDH DR T I, =27 L.
Option::ok_or % Option % Result IZZ#: T %, Result::ok !& Result % Option
WCETEE T,

29.5 Bk —H
XFEXERAEEEZ I AN—FTZ2HEOHERZERTE2 R HOLWAIHBEO LS —2iIRE 3 X

SILEVWEERDD £9, std: ;exror: :Exror FL A FEFHTAL. HEWER3TS—% 3D
BIEWTEBRMNLA ATV 27 P 2HEBICERTEE T,
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use std::error: :Exror;
use std::fs;
use std::io::Read;

fn read_count(path: &str) -> Result<i32, Box<dyn Error>> {
let mut count_str = String::new();
fs::File::open(path)?.read_to_string(&mut count_str)?;
let count: 132 = count_str.parse()?;
Ok (count)

}

fn main() {
fs::write("count.dat", "1i3").unwrap();
match read_count("count.dat") {
Ok(count) => println!("Count: {count}"),
Exrr(err) => println!("Error: {err}"),

}

read_count BA%E.std: :i0: :Erroxr(7 7 A v ARV —> a U»5) F/2ik std: :num: :ParseIntError
(String::parse 25)ZRT A TEE T,

IRy 72T 2 Ta—FeHiTEEITN. eI L TRRLZII—T—AZ RS
FHETHUNE T 2EEDKDNE T Z2DD. 74 77V OB API T Box<dyn Error> %
FHT2ZEEBTIDOLERAD . 57— X oI IRERLIZWETFO T 7T A
TIHEYIGERK E 2D 2 3,

Make sure to implement the std: :exrror: :Exrror trait when defining a custom error type
so it can be boxed.

29.6 thiserror

The thiserror crate provides macros to help avoid boilerplate when defining error types. It
provides derive macros that assist in implementing From<T>, Display, and the Error trait.

use std::io::Read;
use std::{fs, io};
use thiserror::Exrror;

enum ReadUsernameError {
IoExrror(#[from] io::Error),
EmptyUsername(String),

}

fn read_username(path: &str) -> Result<String, ReadUsernameError> {
let mut username = String::with_capacity(100);
fs::File::open(path)?.read_to_string(&mut username)?;
if username.is_empty() {
return Err(ReadUsernameError::EmptyUsername(String: :from(path)));

}

Ok (username)
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fn main() {
//fs::write("config.dat", "").unwrap();
match read_username("config.dat") {
Ok(username) => println!("Username: {username}"),
Exrr(err) => println!("Error: {err:?}"),

e Error EHi~ 7 vl thiserror ic k> THREEEINFE T, 2O~ vt =7 -2 HRICE
BT 2D OBEBHEIBEZ S HESNTVE T,

s #[error] 5D X vt -, Display b4 MEREHT I DHIHEHAINE T,

* Note thatthe (thiserror: :)Error derive macro, while it has the effect of implementing
the (std: :errox: :)Error trait, is not the same this; traits and macros do not share a
namespace.

29.7 anyhow

The anyhow crate provides a rich error type with support for carrying additional contextual
information, which can be used to provide a semantic trace of what the program was doing
leading up to the error.

This can be combined with the convenience macros from thiserror to avoid writing out
trait impls explicitly for custom error types.

use anyhow::{bail, Context, Result};
use std::fs;

use std::io::Read;

use thiserror::Error;

struct EmptyUsernameError(String);

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! (EmptyUsernameError(path.to_string()));
}
Ok (username)

}

fn main() {
//fs::write("config.dat", "").unwrap();
match read_username("config.dat") {
Ok (username) => println!("Username: {username}"),
Exrr(err) => println!("Error: {err:?}"),
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« anyhow: :Exror ZFEAMIZ Box<dyn EXror> ® 7 v X—tBoTWVWET, 2D/, 74
77 VDR APL & L TR RANCITE L TOEEAN 7 7V TRIASEHSA TV T,

* anyhow: :Result<V> (X Result<V, anyhow::Error> OHxT 417X T,

* Functionality provided by anyhow: :Error may be familiar to Go developers, as it
provides similar behavior to the Go error type and Result<T, anyhow: :Error> is
much like a Go (T, error) (with the convention that only one element of the pair is
meaningful).

» anyhow: :Context (& fE%#E®D Result B ¥ Option BicHEEXNZ LA P TT, 206D
BIC.context() & .with_context() ZHEMIZT 51Tk, use anyhow: :Context 234
2TT,

Z Ot

* anyhow: :Error has support for downcasting, much like std::any::Any; the
specific error type stored inside can be extracted for examination if desired with
Error::downcast

29.8 {ii#H: Result ZfEiH L =& &R X

The following implements a very simple parser for an expression language. However; it
handles errors by panicking. Rewrite it to instead use idiomatic error handling and propagate
errors to a return from main. Feel free to use thiserror and anyhow.

Hint: start by fixing error handling in the parse function. Once that is working
correctly, update Tokenizer to implement Iterator<Item=Result<Token,
TokenizerError>> and handle that in the parser.

use std::iter::Peekable;
use std::stxr::Chars;

enum Op {
Add,
Sub,
}

enum Token {
Number (String),
Identifier(String),
Operator(0Op),

enum Expression {
Var(String),

Number(u32),
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Operation(Box<Expression>, Op, Box<Expression>),

}

fn tokenize(input: &str) -> Tokenizer {
return Tokenizer(input.chars().peekable());

}

struct Tokenizer<'a>(Peekable<Chars<'a>>);

impl<'a> Tokenizer<'a> {
fn collect_number(&mut self, first_char: char) -> Token {
let mut num = String::from(first_char);
while let Some(&c @ '@'..='9') = self.0.peek() {
num.push(c);
self.0.next();
}

Token: :Numbex (num)

}

fn collect_identifier(&mut self, first_char: char) -> Token {
let mut ident = String::from(first_char);
while let Some(&c @ ('a'..='z' | '_'" | '0'..='9")) = self.0.peek() {
ident.push(c);
self.0.next();

}
Token: :Identifier(ident)

}

impl<'a> Iterator for Tokenizer<'a> ({
type Item = Token;

fn next(&mut self) -> Option<Token> {
let ¢ = self.0.next()?;

match c {
'9'..="9"'" => Some(self.collect_number(c)),
'a'..="z" => Some(self.collect_identifier(c)),
"+' => Some(Token: :0Operator(Op::Add)),

"-'" => Some(Token: :0peratoxr(Op::Sub)),
_ => panic!("Unexpected character {c}"),

}

fn parse(input: &str) -> Expression {
let mut tokens = tokenize(input);

fn parse_expr<'a>(tokens: &mut Tokenizer<'a>) -> Expression {
let Some(tok) = tokens.next() else {
panic!("Unexpected end of input");

},
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let expr = match tok {
Token: :Number (num) =>
let v = num.parse

{
().expect("Invalid 32-bit integer");
Expression: :Number (

V)
}
Token::Identifier(ident) => Expression::Var(ident),
Token: :Operator(_) => panic!("Unexpected token {tok:?}"),
b
[ NAFVEHEPMFIET 2EEE - AL E T,
match tokens.next() {
None => expr,
Some (Token: :Operator(op)) => Expression::Operation(
Box: :new(expr),
op,
Box: :new(parse_expr(tokens)),
)
Some(tok) => panic!("Unexpected token {tok:?}"),

}

parse_expr(&mut tokens)

}

fn main() {
let expr = parse("10+foo+20-30");
println! ("{expr:?}");

29.8.1 A%

use thiserror::Error;
use std::iter::Peekable;
use std::str::Chars;

/11 BAEE T

enum Op {
Add,
Sub,
}

/11 REFED—T

enum Token {
Number (String),
Identifier(String),
Operator(Op),

}

/11 AEEORX

enum Expression {
111 BEEANDSH,
Var(String),
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111 )7 2 VEUE,

Number (u32),

/11 N4 FVHEE,

Operation(Box<Expression>, Op, Box<Expression>),

}

fn tokenize(input: &str) -> Tokenizer ({
return Tokenizer(input.chars().peekable());

}

enum TokenizerError {
UnexpectedCharacter(char),

}

struct Tokenizer<'a>(Peekable<Chars<'a>>);

impl<'a> Tokenizer<'a> {
fn collect_number(&mut self, first_char: char) -> Token {
let mut num = String::from(first_char);
while let Some(&c @ 'Q'..='9") = self.0.peek() {
num.push(c);
self.0.next();
}

Token: :Number (num)
}

fn collect_identifier(&mut self, first_char: char) -> Token {
let mut ident = String::from(first_char);
while let Some(&c @ ('a'..='z"'" | '"_'" | '0'..='9")) = self.0.peek() {
ident.push(c);
self.0.next();

}
Token: :Identifier(ident)

}

impl<'a> Iterator for Tokenizer<'a> {
type Item = Result<Token, TokenizerError>;

fn next(&mut self) -> Option<Result<Token, TokenizerError>> {
let c = self.0.next()?;

match c {
'D'..="9" => Some(Ok(self.collect_number(c))),
'a'..="z" ' ' => Some(Ok(self.collect_identifier(c))),
'+' => Some(Ok(Token: :Operator(Op::Add))),

'-' => Some(Ok(Token: :0Operator(Op::Sub))),
_ => Some(Err(TokenizerError: :UnexpectedCharacter(c))),
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enum ParserError {
TokenizerError (#[from] TokenizerError),
UnexpectedEOF,
UnexpectedToken(Token),
InvalidNumber (#[from] std::num::ParseIntError),
}

fn parse(input: &str) -> Result<Expression, ParserError> {
let mut tokens = tokenize(input);

fn parse_expr<'a>(
tokens: &mut Tokenizer<'a>,
) -> Result<Expression, ParserError> {
let tok = tokens.next().ok_or(ParserError::UnexpectedEOF)??;
let expr = match tok {
Token: :Number(num) => {
let v = num.parse()?;
Expression: :Number(v)
}
Token: :Identifier(ident) => Expression::Var(ident),
Token: :Operator(_) => return Err(ParserError::UnexpectedToken(tok)),
b
[ NAFVEENFET 2EEE—ALET,
Ok (match tokens.next() {
None => expr,
Some (Ok (Token: :Operator(op))) => Expression::Operation(
Box: :new(expr),
op,
Box: :new(parse_expr(tokens)?),
),
Some(Err(e)) => return Err(e.into()),
Some (Ok (tok)) => return Err(ParserError::UnexpectedToken(tok)),
})
}

parse_expr(&mut tokens)

}

fn main() -> anyhow: :Result<()> {
let expr = parse("10+fo0+20-30")7;
println! ("{expr:?}");
0k(())

186



# 30 &

Unsafe Rust

This segment should take about 1 hour and 5 minutes. It contains:

Slide Duration
Tk —7 5 minutes
ERAL VEDOBIRAL 10 minutes
AJZE 7% static %% 5 minutes
FHK 5 minutes

Unsafe B ORI L 5 minutes
Unsafe 72 F L' A4 F @32 5 minutes
1Y FFI 5 v 8— 30 minutes

30.1 Unsafe Rust

Rust S8 2 DDF 7 T I TVWET,

s BRERRust: XV — 7 T REZXDIEIEZD Z EH A,

o 7+t —7 Rust: Bi{ERMFICER LGS REZDENEDN MY A —XNBA[8EELRDH D 3,
ZDa—RATREREZEZ Rust Z R TEF LN ZL TRV Rust 2 iz LB e
BETY,
7ok —Uka— NIBEE NMNIBETOEE XN TBD . ZOEMEIIERERICCELINTWELERD
D ETREERLELHMRILAY Ty FERTVWET,

7 >+t —7 Rust TlE. KD 5 DDOFHERER FIFH T = 7,

o ERA VRO L,

o AIZDEINERAD T 7 A F-I3EHE,

e union 7 4 — L FANDT7 7t A,

o extern %% &3 unsate FAOMNUH L,
e unsafe FL A b DFELE,

RIZVEETROVEEREIC DO W T BICEIIA L £ 3.7 L < 1% Rust Book @ 19.1 # ¥, Rustonomicon
ESBEEN,
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7YE—7Rustid, a—FPELLBVWI L EEKRTE2HDTIEHD FRATANT v =P —EFD
OV, TREMKEER A I L HSTIEL VLI — FREERLRTIUIR ORI 2 ERLES,
F/ A L I RUSt DR TV REHICET AL — A E2HREI L L B2 VWS 2 2 EKLET,

30.2 AXRAL EDOSHSL

A U XOIERITIE LTI SRS LIcid unsafe BRETT,
fn main() {
let mut s = String::from("careful!");

let r1
let 12

&raw mut s;
rl as *const String;

// SAFETY: rl and r2 were obtained from references and so are guaranteed to
// be non-null and properly aligned, the objects underlying the references
// from which they were obtained are live throughout the whole unsafe
// block, and they are not accessed either through the references or
// concurrently through any other pointers.
unsafe {

println!("r1l is: {}", *rl);

*r1 = String::from("uhoh");

println!("xr2 is: {}", *r2);

}

/] ZETW=D, NOT SAFE, 2D X 5 idid %z LAV T L &0,
/*

let r3: &String = unsafe { &*rl };

drop(s);

println!("r3 is: {}", *13);

*/

}

unsafe Ju v 7 ZriCaxXy b EERL.ZFDOTay ZJNOI— FRT5 7 b — 7 REER LD
X RENBEEEWEZLTVW2002l T2 22833 LT3 (Android Rust 2 X £ L F
A FTHIREEEINTVWET),

RA Y EZRHULDGE. ZHUIKRA Y& valid TRITNE LGBV ZERLE I DED. X
DEITHEDFET,

o KA VXEnull A TR RS nwZ &,

e RAVRIF.EY Y THONEH DA TP 227 FDOERNT) BB LATRETRIIUER S
W,

o I TVl PMBERIN TRV &,

e {Lur—a A7 7R T RN,

e ZHEXF Y A ML TRA VREFIG LGS IR E2 AT 27 PR FRLARTIR ST,
DWW ZBEEBEBLTCHEDXAEVIIT I7EANRNI L

FEALDHE KA VY EBHBEYNTT 74 Y SNIZBEDRDHD 75,

"NOT SAFE? 2 WS aX Y v RH 22 ZA1F, £ HB UBANTDHZRLTVWET, *r11 DI74 7 X
A4 2% 'static TH 270, r3 DANI& static String &b, s KO ELIFEHRLET AL >
25 DB IROVEFICIEHLDOTEEIRBET T,
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https://doc.rust-lang.org/std/ptr/index.html#safety

30.3 n[Zi static 2

AEDHNERIIEZEITHAND Z P TEET,
static HELLO_WORLD: &str = "Hello, world!";

fn main() {
println! ("HELLO_WORLD: {HELLO_WORLD}");
}
7272 L T — RBAEDRET AL D 5 12D A EFHNEBOHARD & FHEXAARIEZETIEHD
FHA,

static mut COUNTER: u32 = 0;

fn add_to_counter(inc: u32) {
// SAFETY: There are no other threads which could be accessing "COUNTER'.
unsafe {
COUNTER += inc;
}
}

fn main() {
add_to_counter(42);

// SAFETY: There are no other threads which could be accessing "COUNTER.
unsafe {

println! ("COUNTER: {COUNTER}"),
}

c IO TITLIETVINAL Y FRDOTLEETT, L L, Rust a >34 ZIRFIY T &
DHEEEZHELE T, unsafe ZHIRT 2 & EBHEORAL vy FOLENERELE T2 Z 2I1dK
TEHROFETHAZ 23T AR v —Upar 84 SITEDERINBZITT T,

o RN AIEFNEREFHAT 2 3BT IDLIEEAN . L—T 7075 —RDEHES—
D CAPI O#EfEL Y KL LD no_std 2— FTIELTWAEE H D 9,

30.4 tH{E

HARBIZERIZBTOWE ST 7774 77 4=V FZHRTrF 7 v XU 7T 208N DHD 7,
union MyUnion {

i: u8,

b: bool,
}

fn main() {
let u = MyUnion { i: 42 };
println!("int: {}", unsafe { u.i });
println!("bool: {}", unsafe { u.b }); // KREFZDIME
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Rust TR EHIIFFEUZHHTE 270 HAKKZEACRED D LA MHKE, CF74 75
VAPL L DR DD TREIILD DD £,

NA MO Y UTHAER L 72WEEIE, std: imem: :transmute 2>, zerocopy 7L —b+dD X
DIRBERIRT v =T 2BTTDOLET,

30.5 Unsafe BIBOMUH L

Unsafe IO L

KEZOENMEREMEET 27D TRELD 2 BMORHESRGL D 2B E -1 XY v Fid.
unsafe ¥ ~—2T& %7,

extern "C" {
fn abs(input: i32) -> i32;
}

fn main() {
let emojis = "« €@ ";

// SAFETY: The indices are in the correct order, within the bounds of 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..7)

// SAFETY: “abs’ doesn't deal with pointers and doesn't have any safety
// requirements.
unsafe {
println!("Absolute value of -3 according to C: {}", abs(-3));
}

// UTF-8 x>y a— NEHEHLZIZRVEGEEXE) ORI BLRDbDIhE T,

// println!("emoji: {}", unsafe { emojis.get_unchecked(@..3) });
// println!("char count: {}", count_chars(unsafe {

// emojis.get_unchecked(@..3) }));

}

fn count_chars(s: &str) -> usize {
s.chars().count()

}

Unsafe BIBto#H =7

REZDFEZ BT 2 7 DITRE DRV DE LG E X ME OB % unsafe b vx—27 T& X
TO
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https://doc.rust-lang.org/stable/std/mem/fn.transmute.html
https://crates.io/crates/zerocopy

111 EESNTARA Y EBIETHEZERY v T LE T,
/17
/11 # Safety
/17
111 RAVEPET HEHUNCT 74 Y ENTWBAREDRDHD £,
unsafe fn swap(a: *mut u8, b: *mut u8) {
let temp = *a;
*a *b’
*b temp;

}

fn main() {
let mut a
let mut b

66;

// SAFETY:
unsafe {

swap(&mut a, &mut b);
}

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

Unsafe BIEOMEOH L

get_unchecked, like most _unchecked functions, is unsafe, because it can create UB if the
range is incorrect. abs is unsafe for a different reason: it is an external function (FFI). Calling
external functions is usually only a problem when those functions do things with pointers
which might violate Rust's memory model, but in general any C function might have undefined
behaviour under any arbitrary circumstances.

oD "C" 1d ABI TS (fliod ABI HHTE%9),

Unsafe BIBto#H =7

ERRIZIE, swap BETIERA Y XBFEAL ERA. ZNEISBEMHHAT2 e TREICETTEE
KRS

7o —TRBEBATIE. T k-7 Kk a—RFEunsafe Juy 2R LICERT A e A TEET,
ZHud#[deny(unsafe_op_in_unsafe_fn)] THILTEXE I BMT 285220 R TAEL
19, 2. SHBDORust TF 4 ¥ a Y TCEBEINBAREMAH D £ 7,

30.6 UnsafeZz bL A bop5id

IR L [RRR IS REZEDENER O3 2 7= DICHETREDFM 2 IRIET 20 END 58 P LA
F% unsafe E LT~ —27TEE T,

For example, the zerocopy crate has an unsafe trait that looks something like this:
use std::{mem, slice};

vy
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https://doc.rust-lang.org/reference/items/external-blocks.html
https://docs.rs/zerocopy/latest/zerocopy/trait.IntoBytes.html

/1] # Safety
/1] BROFZERSINT=RIEDPDET AT 4 I BH->TER D A,
pub unsafe trait IntoBytes {
fn as_bytes(&self) -> &[u8] {
let len = mem::size_of_val(self);
unsafe { slice::from_raw_parts((&raw const self).cast::<u8>(), len) }

}

// SAFETY: ‘u32’ has a defined representation and no padding.
unsafe impl IntoBytes for u32 {}

Rustdoc 1213, P LA F 2 LRICHEET 27D OEMHFITOVWTEHAL7# Safety 27> a v ohE
T3,

The actual safety section for IntoBytes is rather longer and more complicated.

fHAAAD Send LA bE Sync LA MET Y E—T T,

30.7 TARKRFFIS v N

Rust & AEBREE A > &% — 7 = — A (FFD # N L BB LRI R— P LTWE T, 2%
FRALT.TALZ VIHNDT 7 AV EGHAINDZ DI C Tl T ATHAT S libc o Z e
BT o= ER L ET,

URORw=a 7l R=V%TELILEEW,
* opendir(3)

* Teaddir(3)
e closedir(3)

std: :ffi BV 2a— B BRLTLEI WV, 2 2ITIE. ZOEE THEL FEY AN ZHEEH I N T
WET,

i z>a—F 5

str & UTF-8 Rust TO 7 & X L
String

CStr & NUL #3541 C Bi% e oi@EfE
CString

OsStr ¥ OS [EH 0S t DEfg
OsString

BT OFRTORMBTERETOE T,

o &str 25 CString: RED\O FITHHEHEE D Y TE2HENDHD 73,

* CString 2°5 *const 18: CRAZMUH T 72D DR, ¥ ZBMETT,

e *const i8 75 &CStr: KED\Q XFE2HMHTE 2 DOBNETT,

&CStr 725 &[u8]: NA PD AT A R RHL T =X HOWNHNZ 4 X —7 = — XT3,

&[u8] 7> 5 &0sStr:&0sStr X 0sString TS 272D DHR T v 7 TH D, 0sStrExt
AL TERL 35

&O0sStr N7 — R %ER L. X HICHEU readdir #FESFHE 2 X 5123 3 72DH1213&0sStr
DF—REr70—VFB3QRENRHDH ET,
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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

Nomicon 2%, FFILICBAT 2 ERZENIH D 3,

IVEN)I=ES
// TODO:

mod ffi
use
use

F% https://play.rust-lang.org/ i2at— L AR LTV A E XY vy FZILAL £,
FEEDGTET L. THRHIFRL 5,
{

std::os::raw::{c_char, c_int};
std::os::raw::{c_long, c_uchar, c_ulong, c_ushort};

/1 FR=Z8, https://doc.rust-lang.org/nomicon/ffi.html % &< 72w,

pub

}

struct DIR {
_data: [u8; 07,
_marker: core::marker::PhantomData<(*mut u8, core::marker::PhantomPinned)>,

// readdir(3) ® Linux =27/l R—=IJWZH->72VA4 7Y b, ino_t ¢
/] off_t &
/1 /usr/include/x86_64-1inux-gnu/{sys/types.h, bits/typesizes.h} DEFRIINE > THRI XS

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; 2567,

// macOS~v=a27/)L R—=IDdir(5) K->/ A4A 7V b,

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; 10247,

unsafe extern "C" {

pub unsafe fn opendir(s: *const c_char) -> *mut DIR;
pub unsafe fn readdir(s: *mut DIR) -> *const dirent;

// https://github.com/rust-lang/libc/issues/414. 8L mac0S fR~=271 R=ID s
// _DARWIN_FEATURE_64_BIT_INODE B3 2t a v TELZE W,

//

[l TZheD7y 75— bFIFHATREIC R Z2RNCTFE L TW= 7o v F 7 +—24 ("Platforms that exis
// Intel BX PowerPC E® macO0S (i0S / wear0S Y TidkWv)ZfEL X,

pub unsafe fn readdir(s: *mut DIR) -> *const dirent;

pub unsafe fn closedir(s: *mut DIR) -> c_int;

193
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use std::ffi::{CStr, CString, OsStr, OsString};
use std::os::unix::ffi::0sStrExt;

struct DirectorylIterator {
path: CString,
dir: *mut ffi::DIR,

}

impl DirectoryIterator {
fn new(path: &str) -> Result<DirectorylIterator, String> {
// opendir ZFEUH L. EIIL7HEE Ok HZIE L,
/] FRLNDGEEIAvyE—I b2 Err ZIRLE T,
unimplemented! ()

}

impl Iterator for Directorylterator {
type Item = OsString;
fn next(&mut self) -> Option<0sString> {
/1 NULL KA &R EIN2ET readdir ZFFOH LT X7,
unimplemented! ()

}

impl Drop for Directorylterator {
fn drop(&mut self) {
/1 REIZETT closedir ZFEUHE L E95,
unimplemented! ()

}

fn main() -> Result<(), String> {
let iter = Directorylterator::new(".")?;
println!("files: {:#7?}", iter.collect::<Vec<_>>());
Ok(())

}
30.7.1 %
mod ffi {

use std::os::raw::{c_char, c_int};
use std::os::raw::{c_long, c_uchar, c_ulong, c_ushort};

/1 FR=2%, https://doc.rust-lang.org/nomicon/ffi.html % Z&E 72w,
pub struct DIR {

_data: [u8; 0],

_marker: core::marker::PhantomData<(*mut u8, core::marker::PhantomPinned)>,
}

// readdir(3) ® Linux ~=a7J)l R—=IJWH->72VA4 7Y b, ino_t &
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// off_t &
// /usr/include/x86_64-1inux-gnu/{sys/types.h, bits/typesizes.h} DEFRIIHNE > THIRIN:
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],
}

// macOS~=a27/)L R—=IDdir(5) Kiko7=L 477 b,
pub struct dirent {

pub d_fileno: u64,

pub d_seekoff: u64,

pub d_reclen: ul6,

pub d_namlen: ul6,

pub d_type: u8,

pub d_name: [c_char; 10247,
}

unsafe extern "C" {
pub unsafe fn opendir(s: *const c_char) -> *mut DIR;

pub unsafe fn readdir(s: *mut DIR) -> *const dirent;

// https://github.com/rust-lang/libc/issues/414. 83K macOS R~v=a271 R=ID s
// _DARWIN_FEATURE_64_BIT_INODE ZBH3 27> a vk B0,

//

[ TZNeD7 vy 75— BRI Z 2RICHFEELTWSET Iy b 7+ —24 ("Platforms that exic
// Intel BXU PowerPC E®d macOS (i0S / wear0S R Y TERW)ZIELE T,

pub unsafe fn readdir(s: *mut DIR) -> *const dirent;

pub unsafe fn closedir(s: *mut DIR) -> c_int;

}

use std::ffi::{CStr, CString, 0OsStr, 0sString};
use std::os::unix::ffi::0sStrExt;

struct DirectorylIterator {
path: CString,
dir: *mut ffi::DIR,

}

impl DirectoryIterator {
fn new(path: &str) -> Result<DirectoryIterator, String> {
/1 opendir ZFEUH L. RIILZ5EE Ok HZIR L,
/1 ZRLDANDEGEIEFXA vy E—Y b Exr ZIRLE T,
let path =
CString: :new(path).map_err(|err| format!("Invalid path: {err}"))?;
// SAFETY: path.as_ptr() 2’NULL TH 2 Z2iZH D TH A,
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let dir = unsafe { ffi::opendir(path.as_ptr()) };
if dir.is_null() {

Exrr(format!("Could not open {path:?}"))
} else {

Ok (DirectorylIterator { path, dir })

}
}

impl Iterator for Directorylterator {
type Item = 0sString;
fn next(&mut self) -> Option<0sString> {
// NULL BA &R N2ET readdir ZFEOH LT %3,
// SAFETY: self.dir 137k L T NULL ZZb €A,
let dirent = unsafe { ffi::readdir(self.dir) };
if dirent.is_null() {
/1 T4V 27 M) ORZRICEREL F L,
return None;
}
// Z4%: dirent & NULL TW37% <. dirent.d_name & NUL
/] XFREImENTOET,
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 Directorylterator {
fn drop(&mut self) {
// Call closedir as needed.
// SAFETY: self.dir is never NULL.
if unsafe { ffi::closedir(self.dir) } != 0 {
panic!("Could not close {:?}", self.path);
}

}

fn main() -> Result<(), String> {
let iter = Directorylterator::new(".")?;
println!("files: {:#?}", iter.collect::<Vec<_>>());
0k(())

}

mod tests {
use super::*;
use std::error: :Error;

fn test_nonexisting_directory() {

let iter = DirectorylIterator::new("no-such-directory");
assert!(iter.is_erx());
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fn test_empty_directory() -> Result<(), Box<dyn Error>> {
let tmp = tempfile::TempDir::new()?;
let iter = Directorylterator: :new(
tmp.path().to_str().ok_or("Non UTF-8 character in path")?,
)7,
let mut entries = iter.collect::<Vec<_>>();
entries.sort();
assert_eq! (entries, &[".", ".."1);
Ok(())
}

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.xs"), "//! Crab\n")?;

let iter = DirectoryIterator: :new(
tmp.path().to_str().ok_or("Non UTF-8 character in path")?,

)7,

let mut entries = iter.collect::<Vec<_>>();
entries.sort();

assert_eq!(entries, &[".", "..", "bar.png", "crab.rs", "foo.txt"]);

Ok(())
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% 31 &

Android TO Rust Nk>5H Z #

Rust X Android D> A7 AV 7 b 2 7 THR—FPENATVET DOED FHLVWF -V R, 547
SV FI7ANEBWZET77—2v=27% Rust CIERNTE T (FEZ DB THEDa— R
ERETEET),

Android T Rust AEH I NS ZEDPHEA TV ED RDOVWTIDPICEKRTE2I2BTITDHLE
ER

* Service example: DNS over HTTP.
 Libraries: Rutabaga Virtual Graphics Interface.
* Kernel Drivers: Binder.

* Firmware: pKVM firmware.
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https://security.googleblog.com/2022/07/dns-over-http3-in-android.html
https://crosvm.dev/book/appendix/rutabaga_gfx.html
https://lore.kernel.org/rust-for-linux/20231101-rust-binder-v1-0-08ba9197f637@google.com/
https://security.googleblog.com/2023/10/bare-metal-rust-in-android.html

32 =
bty b 7w

a— FDOF R hD7=HiZ Cuttlefish Android Virtual Device Z{#H L %3, BEfZD Device 23 HE
FRCT7 7 BATERZ I RHER L. ZD TRITINRUTOa~ Y FICEDERL TBWTL X0,

source build/envsetup.sh
lunch aosp_cf_x86_64_phone-trunk_staging-userdebug

acloud create

#L <& Android 7x\m v <— Codelab % Z& < 72X\,

The code on the following pages can be found in the src/android/ directory of the course
material. Please git clone the repository to follow along.

LIS

o Cuttlefish &, —f% 7% Linux 5227 by 7TEET 2 XS5 ic&kitEshzv 71 v 2
Android 784 A T3, macOS DY R— b+ FESINTVE T,

e Cuttlefish 27 A4 X —JZ . EBDFANAL 2T E3EVWEEERHER L TWE729H,.%<
D Rust 1— A7 —REETTL2OICHENRII 21 —&XTT,
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https://source.android.com/docs/setup/start
https://github.com/google/comprehensive-rust/tree/main/src/android

5 33 &

EJL FDO)I—)L

Android )V K> 27 4 (Soong) 13, T EXEREY 2 — L Z@LUTRust & R—FLTVET,

EVa—L XA S A

rust_binary Rust XA F VU 24
ML FE T,

rust_library Rust 724 75V %
L. rlib ¥

rust_ffi

rust_proc_macxro

rust_test

rust_fuzz
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V7Y MEREEL
EJCI
CCEYa2—LT
fEFHTZ % Rust C
A4 T BERK
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FeHFANRY T
MO R L
EJCI
proc-macro
Rust 54 75 V%
ERLET. 2N
Sliars4s S
Z 74 ZBT»
EJCO

EHED Rust 7 &
PN—2 2%
¥ 5 Rust 7 & k
NAF VY ERERL
9,
libfuzzer %Z#|
LT, Rust 7 »
ANA F Y BER
LEI,



EJa—N AT FiAH

rust_protobuf V= ARAER L.
FfiE @ protobuf
HDA4 &2 —7 =
— 2RI 5
Rust 2477V %
AL ET,

rust_bindgen V—RBHERM L,
CoIA477U~D
Rust N4 7 4 ~
7% &t Rust 7
477V ERERL
£9,

XRIZ rust_binary & rust_library Z R TWVWE %3,
BIMTROEHICERTA2Z2BITIDHLET,

» Cargo I3ZEB Y AY PV HIEREMINTVERA TR AV E =2y I b v r—T%
Xy ra—FLXT,

¢ AVTIATVABIUNT =< YR O 5. Android TiEZ L— b2V U —PIZHD
BT 2REPHD FT, %7, C/C++/Java 2 — K OHAEERM S HETT, Soong % {#HH
THIET.ZDX y v TR N TEET,

* Soong has many similarities to Bazel, which is the open-source variant of Blaze (used in
google3).

o THE: AX =P Ly DI F =& 1F. A (Soong) 7> Fu4 KT,

33.1 Rust ™4 FV

R 7 TV OEDEL x5, AOSPF v 777 POV — T RD 7 7 A VEAERL ET,
hello_rust/Android.bp:

rust_binary {
name: "hello_rust",
crate_name: "hello_rust",
srcs: ["src/main.rs"],

}

hello_rust/src/main.rs:

//! Rust 7 =E,

/1] BERERERINCHE L E T,
fn main() {

println!("Hello from Rust!");
}

INT AL FVEEILER, push. EITTEE T,
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https://bazel.build/

m hello_rust
adb push "$ANDROID_PRODUCT_OUT/system/bin/hello_rust" /data/local/tmp
adb shell /data/local/tmp/hello_rust

Hello from Rust!

33.2 Rust 7477V

rust_library ZfH L C. Android HO# LW Rust 74 75V Z21EHL £7,
TITE 2207477 VNOKIFHBEES LET,

e libgreeting: LN CEFEL £73,
* libtextwrap: 3 TIiZ external/rust/crates/ ICWMHAENTVWSE 7L — T,

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, // XA F v 27 V>r7 TI5—7%[l#T 57Dl ETT,
}

rust_library {
name: "libgreetings",
crate_name: "greetings",
srcs: ["src/lib.rs"],

}
hello_rust/src¢/main.rs:
//! Rust D7 %E,

use greetings::greeting;
use textwrap::fill;

/1] BEREEHINCH L E T,
fn main() {

println!("{}", fill(&greeting("Bob"), 24));
}

hello_rust/src/lib.rs:
11" BES4750,
/11 “name’ WZHEEL T,
pub fn greeting(name: &str) -> String {
format!("Hello {name}, it is very nice to meet you!")

}
HIERUT LD F Y 2L F, push. EITL T,
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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!
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34 &

AIDL (AndroidAf > Z—7 = {4 REH

—_—
—_—a A
—a —a
—a —

(]

Rust Tlx Android 4 > & — 7 = — 2EFESiE(AIDL) 2’ R— b EhTWVWE T,

o Rust 2— FIZBEFED AIDL H— N— %5 Z 2 2 TE £ 9,
o Rust TIIH LW AIDL — N—2/ERTEE 5,

341 #EHY—ECRDFa2—bFU T

To illustrate how to use Rust with Binder, we're going to walk through the process of creating
a Binder interface. We're then going to both implement the described service and write client
code that talks to that service.

3411 AIDLAYZ—7xz—2R

P—CRADAPI 2 EEF 51, AIDL A Y X—7 = —R%fEHL¥7,
birthday_service/aidl/com/example/birthdayservice/IBirthdayService.aidl:
package com.example.birthdayservice;

[** FWAEHY—ERADA R —T 2 — R, */
interface IBirthdayService {
[** TBHAHBOTES L WVWI Ry —IURERLET, */
String wishHappyBirthday(String name, int years);
}

birthday_service/aidl/Android.bp:

aidl_interface {
name: "com.example.birthdayservice",
srcs: ["com/example/birthdayservice/*.aidl"],
unstable: true,
backend: {
rust: { // Rust &7 7 /L b TIXERTT,
enabled: true,
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* Note that the directory structure under the aid1l/ directory needs to match the package
name used in the AIDL file, i.e. the package is com.example.birthdayservice and
the file is at aidl/com/example/IBirthdayService.aidl

34.1.2 Generated Service API

Binder generates a trait corresponding to the interface definition. trait to talk to the service.
birthday_service/aidl/com/example/birthdayservice/IBirthdayService.aidl:
[** FWEHY—ERADA VR —T 2 —R, */
interface IBirthdayService {
[** TBHAHBOTE S JEWIHI X vt —IRERLET, */
String wishHappyBirthday(String name, int years);
}

Generated trait:

trait IBirthdayService {
fn wishHappyBirthday(&self, name: &str, years: i32) -> binder::Result<String>;
}

Your service will need to implement this trait, and your client will use this trait to talk to the
service.

* The generated bindings can be found at out/soong/.intermediates/<path to
module>/.
* Point out how the generated function signature, specifically the argument and return
types, correspond the interface definition.
— String for an argument results in a different Rust type than String as a return

type.

3413 H—bLRDHE

iz, AIDL Y —bR%25ELET,

birthday_service/src/lib.rs:

use com_example_birthdayservice::aidl::com::example: :birthdayservice: :IBirthdayService:

use com_example_birthdayservice: :binder;

/// “1IBirthdayService® DHEZ,
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!"))
}
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birthday_service/Android.bp:

rust_library {

name: "libbirthdayservice",

srcs: ["src/lib.rs"],

crate_name: "birthdayservice",

rustlibs: [
"com.example.birthdayservice-rust",
"libbinder_rs",

] !

» Point out the path to the generated IBirthdayService trait, and explain why each of

the segments is necessary.

« TODO: What does the binder: :Interface trait do? Are there methods to override?

Where source?

34.1.4 AIDL ¥—n—

R B —ERERHATEH—N—2{ER L E T,
birthday_service/src/server.rs:

/1) BEAEHY—E R,

use birthdayservice::BirthdayService;

use com_example_birthdayservice::aidl::com::example
use com_example_birthdayservice: :binder;

const SERVICE_IDENTIFIER: &str = "birthdayservice";

/1] FEAY—EL2OT Y RA UL,
fn main() {
let birthday_service = BirthdayService;
let birthday_service_binder = BnBirthdayService
birthday_service,
binder: :BinderFeatures: :default(),

)

::birthdayservice: :IBirthdayService:

s :new_binder(

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_xs",
"libbirthdayservice",

1,
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prefer_rlib: true,

}

The process for taking a user-defined service implementation (in this case the BirthdayService
type, which implements the IBirthdayService) and starting it as a Binder service has
multiple steps, and may appear more complicated than students are used to if they've used
Binder from C++ or another language. Explain to students why each step is necessary.

1. Create an instance of your service type (BirthdayService).
2. Wrap the service object in corresponding Bn* type (BnBirthdayService in this case).
This type is generated by Binder and provides the common Binder functionality that
would be provided by the BnBinder base class in C++. We don't have inheritance in Rust,
so instead we use composition, putting our BirthdayService within the generated

BnBinderService

3. Call add_service, giving it a service identifier and your service object (the
BnBirthdayService object in the example).
4. Call join_thread_pool to add the current thread to Binder's thread pool and start
listening for connections.

3415 F7uA4

R H—ER% )N EF, push,

m birthday_server

Pt L X5,

adb push "$ANDROID_PRODUCT_OUT/system/bin/birthday_server" /data/local/tmp

adb root

adb shell /data/local/tmp/birthday_server

DR —=IFNT H—EANETEN TS I 2R L X7,
adb shell service check birthdayservice

Service birthdayservice: found
service call ZFHL TH—LREMUHT LD TEE T,

adb shell service call

Result: Parcel(
0x00000000: 00000000
0x00000010: 00200079
0x00000020: 00790061
0x00000030: 00610063
0x00000040: 0061006cC
0x00000050: 00690077
0x00000060: 00320020
0x00000070: 00210073

34.1.6 AIDLZ547~

birthdayservice 1 s16 Bob i32

00000036 00610048
00690042 00740072
00420020 0062006f
0067006e 00610072
00690074 006e006f
00680074 00740020
00200034 00650079
00000000

1

00700070
00640068
0020002c
00750074
00200073
00650068
00720061

Iozz LW —VYZRHDORuUst 754 7> FEERLE T,

birthday_service/src/client.rs:

use com_example_birthdayservice::aidl::com: :example:
use com_example_birthdayservice: :binder;
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const SERVICE_IDENTIFIER: &str = "birthdayservice";

/1] AEHY—EZAZEOHL ET,
fn main() -> Result<(), Box<dyn Error>> {
let name = std::env::args().nth(1l).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 = binder::get_interface::<dyn IBirthdayService>(SERVICE_IDENTIFIER)
.map_err(|_| "Failed to connect to BirthdayService")?;

// Call the service.
let msg = service.wishHappyBirthday(&name, years)?;
println!("{msg}");

}

birthday_service/Android.bp:

rust_binary {
name: "birthday_client",
crate_name: "birthday_client",
srcs: ["src/client.rs"],
rustlibs: [
"com.example.birthdayservice-rust",
"libbinder_xs",
1,
prefer_rlib: true, // X4 F v 27 V7 TI5—%[#dT5/-HTT,
}
7 747>+ libbirthdayservice IZKFEL TWARWI 2 ITHEH L TL 2 &0,
TNARTY 747 M2ELE, push. ETLE T,

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!

* Strong<dyn IBirthdayService> is the trait object representing the service that the
client has connected to.

— Strong is a custom smart pointer type for Binder. It handles both an in-process ref
count for the service trait object, and the global Binder ref count that tracks how
many processes have a reference to the object.

— Note that the trait object that the client uses to talk to the service uses the exact
same trait that the server implements. For a given Binder interface, there is a single
Rust trait generated that both client and server use.

» Use the same service identifier used when registering the service. This should ideally be
defined in a common crate that both the client and server can depend on.
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34.1.7 APIDOZH

API 2R LC. 27 74 7 ¥ bAREAEH I — FIZEMT 2 BBITOX v - 2FFETE 2 L51CL
s

package com.example.birthdayservice;

[** FAEHI—ELRADL Y E =T 2 =R, */
interface IBirthdayService {

[** TBHERBDTE I | EWVWI X v —VBERLET, */

String wishHappyBirthday(String name, int years, in String[] text);
}

This results in an updated trait definition for IBirthdayService:

trait IBirthdayService {
fn wishHappyBirthday (
&self,
name: &str,
years: 132,
text: &[String],
) -> binder::Result<String>;

* Note how the String[] in the AIDL definition is translated as a &[String] in Rust, i.e.
that idiomatic Rust types are used in the generated bindings wherever possible:
— inarray arguments are translated to slices.
— out and inout args are translated to &mut Vec<T>.
— Return values are translated to returning a Vec<T>.

34.1.8 Updating Client and Service

Update the client and server code to account for the new APIL.
birthday_service/src/lib.rs:

impl IBirthdayService for BirthdayService {
fn wishHappyBirthday (
&self,
name: &str,
years: 132,
text: &[String],
) -> binder::Result<String> {
let mut msg = format!(
"Happy Birthday {name}, congratulations with the {years} years!",
),
for line in text {
msg.push('\n');
msg.push_str(line);

}
Ok (msg)
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}

birthday_service/src/client.rs:

let msg = service.wishHappyBirthday (
&name,
years,
&[
String: :from("Habby birfday to yuuuuu"),
String::from("And also: many more"),

] I

I

)7,

» TODO: Move code snippets into project files where they'll actually be built?

34.2 Working With AIDL Types

AIDL types translate into the appropriate idiomatic Rust type:

* Primitive types map (mostly) to idiomatic Rust types.

* Collection types like slices, Vecs and string types are supported.

» References to AIDL objects and file handles can be sent between clients and services.
* File handles and parcelables are fully supported.

34.2.1 Primitive Types

Primitive types map (mostly) idiomatically:

AIDL Type RustZ! Note

boolean bool

byte i8 Note that bytes are signed.
char ule Note the usage of ul6, NOT u32.
int i32

long i64

float 32

double 64
String String

34.2.2 By

The array types (T[], byte[], and List<T>) get translated to the appropriate Rust array type
depending on how they are used in the function signature:

Position Rust #!

in argument &[T]
out/inout argument &mut Vec<T>
Return Vec<T>
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* In Android 13 or higher, fixed-size arrays are supported, i.e. T[N] becomes [T; NJ.
Fixed-size arrays can have multiple dimensions (e.g. int[3] [4]). In the Java backend,
fixed-size arrays are represented as array types.

* Arrays in parcelable fields always get translated to Vec<T>.

3423 F7v =7 bDiEE

AIDL objects can be sent either as a concrete AIDL type or as the type-erased IBinder
interface:

birthday_service/aidl/com/example/birthdayservice/IBirthdayInfoProvider.aidl:
package com.example.birthdayservice;

interface IBirthdayInfoProvider {
String name();
int years();

}
birthday_service/aidl/com/example/birthdayservice/IBirthdayService.aidl:
import com.example.birthdayservice.IBirthdayInfoProvider;

interface IBirthdayService {
/** The same thing, but using a binder object. */
String wishWithProvider(IBirthdayInfoProvider provider);

/** The same thing, but using "IBinder . */
String wishWithErasedProvider(IBinder provider);

}
birthday_service/src/client.rs:

/// Rust struct implementing the "IBirthdayInfoProvider  interface.
struct InfoProvider ({

name: String,

age: us8,

}
impl binder::Interface for InfoProvider {}

impl IBirthdayInfoProvider for InfoProvider {
fn name(&self) -> binder::Result<String> {
Ok (self.name.clone())

}

fn years(&self) -> binder::Result<i32> {
Ok (self.age as i32)
}
}

fn main() {
binder::ProcessState: :start_thread_pool();
let service = connect().expect("Failed to connect to BirthdayService");
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// Create a binder object for the "IBirthdayInfoProvider  interface.
let provider = BnBirthdayInfoProvider::new_binder (
InfoProvider { name: name.clone(), age: years as u8 },
BinderFeatures: :default(),

)

// Send the binder object to the service.
service.wishWithProvider(&provider)?;

// Perform the same operation but passing the provider as an “SpIBinder’.
service.wishWithErasedProvider (&provider.as_binder())?;

* Note the usage of BnBirthdayInfoProvider. This serves the same purpose as
BnBirthdayService that we saw previously.

34.2.4 Parcelables

Binder for Rust supports sending parcelables directly:
birthday_service/aidl/com/example/birthdayservice/BirthdayInfo.aidl:
package com.example.birthdayservice;

parcelable BirthdayInfo {

String name;

int years;
}
birthday_service/aidl/com/example/birthdayservice/IBirthdayService.aidl:

import com.example.birthdayservice.BirthdayInfo;

interface IBirthdayService {
/** The same thing, but with a parcelable. */
String wishWithInfo(in BirthdayInfo info);

}

birthday_service/src/client.rs:

fn main() {
binder::ProcessState: :start_thread_pool();
let service = connect().expect("Failed to connect to BirthdayService");

let info = BirthdayInfo { name: "Alice".into(), years: 123 };
service.wishWithInfo(&info)?;

34.2.5 Sending Files

Files can be sent between Binder clients/servers using the ParcelFileDescriptor type:
birthday_service/aidl/com/example/birthdayservice/IBirthdayService.aidl:
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interface IBirthdayService {
/** The same thing, but loads info from a file. */
String wishFromFile(in ParcelFileDescriptor infoFile);
}

birthday_service/src/client.rs:

fn main() {
binder::ProcessState: :start_thread_pool();
let service = connect().expect("Failed to connect to BirthdayService");

// Open a file and put the birthday info in it.

let mut file = File::create("/data/local/tmp/birthday.info").unwrap();
writeln!(file, "{name}")?;

writeln!(file, "{years}")?;

// Create a "ParcelFileDescriptor  from the file and send it.
let file = ParcelFileDescriptor::new(file);
service.wishFromFile(&file)?;

}

birthday_service/src/lib.rs:

impl IBirthdayService for BirthdayService {
fn wishFromFile(
&self,
info_file: &ParcelFileDescriptor,
) -> binder::Result<String> {

// Convert the file descriptor to a 'File . "ParcelFileDescriptor wraps
// an “OwnedFd®, which can be cloned and then used to create a ‘File’
// object.
let mut info_file = info_file
.as_xef()

.try_clone()
.map(File: :from)
.expect("Invalid file handle");

let mut contents = String::new();
info_file.read_to_string(&mut contents).unwrap();

let mut lines = contents.lines();
let name = lines.next().unwrap();
let years: i32 = lines.next().unwrap().parse().unwrap();

Ok(format! ("Happy Birthday {name}, congratulations with the {years} years!"))

* ParcelFileDescriptor wraps an OwnedFd, and so can be created from a File (or any
other type that wraps an OwnedFd), and can be used to create a new File handle on
the other side.

* Other types of file descriptors can be wrapped and sent, e.g. TCP, UDP, and UNIX sockets.
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# 35 &

Testing in Android

Building on Testing, we will now look at how unit tests work in AOSP. Use the rust_test
module for your unit tests:

testing/Android.bp:

rust_library {
name: "libleftpad",
crate_name: "leftpad",
srcs: ["src/lib.rs"],

}

rust_test {
name: "libleftpad_test",
crate_name: "leftpad_test",
srcs: ["src/lib.rs"],
host_supported: true,
test_suites: ["general-tests"],

}

testing/src/lib.rs:

//1 Left-padding library.

/// Left-pad s’ to ‘width'.

pub fn leftpad(s: &str, width: usize) -> String {

format! ("{s:>width$}")
}

mod tests {
use super::*;

fn short_string() {
assert_eq! (leftpad("foo", 5), " foo");
}
fn long_string() {
assert_eq! (leftpad("foobar", 6), "foobar");
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}

You can now run the test with
atest --host libleftpad_test
The output looks like this:

INFO: Elapsed time: 2.666s, Critical Path: 2.40s
INFO: 3 processes: 2 internal, 1 linux-sandbox.
INFO: Build completed successfully, 3 total actions
//comprehensive-rust-android/testing:1libleftpad_test_host PASSED in 2.3s
PASSED 1libleftpad_test.tests::long_string (0.0s)
PASSED 1libleftpad_test.tests::short_string (0.0s)
Test cases: finished with 2 passing and @ failing out of 2 test cases

Notice how you only mention the root of the library crate. Tests are found recursively in
nested modules.

35.1 GoogleTest

GoogleTest 7L — M XD . vy Fr—ZMHHLALFHRT A 7Y —> a YOAREICR D £F,

use googletest::prelude::*;

fn test_elements_are() {

let value = vec!["foo", "bar", "baz"];

expect_that!(value, elements_are!(eq(&"foo"), 1t(&"xyz"), starts_with("b")));
}
REOEFZ "I" KEET L T A MIKRR L. 7 e RIS lEI NS — Xy -
PERRENET,

---- test_elements_are stdout ----
Value of: value
Expected: has elements:
@. is equal to "foo"
1. is less than "xyz"
2. starts with prefix "!"
Actual: ["foo", "bar", "baz"l,
where element #2 is "baz", which does not start with "!"
at src/testing/googletest.rs:6:5
Error: See failure output above

* GoogleTest iZ Rust L 4 750 ¥ FO—HTRER WD, Z0Hlda — A VRETHEITT S
WEHH D £F, cargo add googletest ZfEMH LT .BEfFD Cargo Fuy = 7 MzFid=
<EMLET,

* use googletest::prelude::*; 1Tid. —EAICHH SN 2~ el f v R—FLF
ED

* This just scratches the surface, there are many builtin matchers. Consider going through
the first chapter of “Advanced testing for Rust applications”, a self-guided Rust course: it

provides a guided introduction to the library, with exercises to help you get comfortable
with googletest macros, its matchers and its overall philosophy.
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* A particularly nice feature is that mismatches in multi-line strings are shown as a diff:

fn test_multiline_string_diff() {
let haiku = "Memory safety found, \n\
Rust's strong typing gquides the way, \n\
Secure code you'll write.";
assert_that!(
haiku,
eq("Memory safety found, \n\
Rust's silly humor guides the way, \n\
Secure code you'll write.")
)
}
TR ED ENDEFFEINET(ZITRAETISATVERA),

Value of: haiku

Expected: is equal to "Memory safety found,\nRust's silly humor guides the way, \nSecure
Actual: "Memory safety found,\nRust's strong typing guides the way,\nSecure code you'll

which isn't equal to "Memory safety found,\nRust's silly humor guides the way, \nSecur
Difference(-actual / +expected):

Memory safety found,
-Rust's strong typing guides the way,
+Rust's silly humor guides the way,

Secure code you'll write.

at src/testing/googletest.rs:17:5

¢ ZDZ L — M GoogleTest for C++ % Rust IZHHEL 72 DTF,

35.2 E®V7”

Ev 271 Mockall ¥ W5 74 77 UL FHEATWE S, FL A F2EAT 2 X51ca—F
BV 7 7RV TSR ERDHD LT, TATED TSR EY I TELEOTAD T,

use std::time::Duration;

pub trait Pet {
fn is_hungry(&self, since_last_meal: Duration) -> bool;

}

fn test_robot_dog() {
let mut mock_dog = MockPet::new();
mock_dog.expect_is_hungry().return_const(true);
assert_eq!(mock_dog.is_hungry(Duration::from_secs(10)), true);

* Mockall is the recommended mocking library in Android (AOSP). There are other
mocking libraries available on crates.io, in particular in the area of mocking HTTP
services. The other mocking libraries work in a similar fashion as Mockall, meaning
that they make it easy to get a mock implementation of a given trait.

s By 7 RMHT IS LEENPBETT By 72 AT 2 . 7 X P 2IREFRR) S8R
THECEE T ZOMR. XD EETKE LT A M ETVAREICRD £ 3,71 By 7 h%k-
THEL S L EFRDIRFBIROENE L 138 2 AR E N2 AIHEMDH D £5,
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AJRERIR b EBRORFEEREZFHT A 28T IO LET AL 2R ZLDTF—KXR—ZAT
BAYRAEINYy 2V FEERTEEZ T, DED . T A FTIELVEMERE SN, Lo d B
T.T A MRIBBEFHICZ ) -7y TENET,

FRIC.Z DY =7 7L — 247 —2Tld localhost LS v X akR—FINL 2V FT 3
T AN —N—FEEITEET, 20 L5 RERIEEBORECa— 2T A5 2 L
FABEICT ADT. 7L —L V=V %Ev 7 T5I XD BHEICENLLTHREALEL £ 5,

» Mockall ix Rust 7L A 7’77 ¥ FO—ETId AWz, ZOFIE e — 2 VR CEITS 2 HE
HHH %3, cargo add mockall ZffH L C. Mockall ZEifF®d Cargo 7’r> =7 MTF
e BML %95,

o Mockall 1213 X 5122 DBEEDR D D T RIS EINZFIHITE L THIFEERETE X
T, TR REBRICEESEZTHLA TS 3RMRICEEICRIHETY 735702k
FHL 9,

fn test_robot_cat() {
let mut mock_cat = MockPet::new();
mock_cat
.expect_is_hungry ()
.with(mockall: :predicate::gt(Duration: :from_secs(3 * 3600)))
.return_const(true);
mock_cat.expect_is_hungry().return_const(false);
assert_eq!(mock_cat.is_hungry(Duration::from_secs(1l * 3600)), false);
assert_eq!(mock_cat.is_hungry(Duration::from_secs(5 * 3600)), true);

o .times(n) BZHEHTZ2L.Ev 7 A Yy FANRCHINZEEE n ICHIRBTE 9, 2
FENBWEE By ZE Fay TRICEFIMNC S =y 212k b 3,
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# 36 &

s 8/41\Y)]

log 7L — bREHL T BN (F A X ETiE) logcat £721& (R R b ETIX) stdout icwm
ZERRT A EIICLET,

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,
host_supported: true,

}
hello_rust_logs/src/main.rs:
//! Rust e¥> 707 E,

use log::{debug, error, info};

/1] BE 2o 75U T,
fn main() {
logger: :init(
logger: :Config: :default()
.with_tag_on_device("rust")
.with_max_level(log::LevelFilter: :Trace),
)
debug! ("Starting program.");
info! ("Things are going fine.");
error!("Something went wrong!");

}
FNAL ZATANALF Y EENLER, push, ETLET,

m hello_rust_logs
adb push "$ANDROID_PRODUCT_OUT/system/bin/hello_xrust_logs" /data/local/tmp
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adb shell /data/local/tmp/hello_rust_logs
adb logcat TR %R RTEET,
adb logcat -s rust

09-08 ©8:38:32.454 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!

* The logger implementation in 1iblogger is only needed in the final binary, if you're
logging from a library you only need the log facade crate.
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o 37 &=

FHHE

Rust ixfid S8 ¥ O EEAMEICBNTWS 720, XD Z & BA[HET T,

» D FFEA & Rust BIRZ O H T,
* Rust 22 5D FE TRt & Bz /O 5,

D SEEOBEE MU H 3551 SNBEE A1 > % — 7 = — X (FFIL foreign function interface) % fifi
HLZET,

37.1 C xOMHEERM

RustiZ. COMPH LURANC X247 27 b7 740DV V7 BERICYR— b LTWET, [FRE
2. Rust B2 = 7 AR— L TCCHOhOLMUHIT IR TEE T,

ZHEFETITO b TEE T,
unsafe extern "C" {

safe fn abs(x: i132) -> 132;
}

fn main() {
let x = -42;
let abs_x = abs(x);
println! ("{x}, {abs_x}");
}

We already saw this in the Safe FFI Wrapper exercise.

THER—F o F I 9 P 7 — AERERCHMB L TVWAZ 2R L TWET A
BB COMRAMHERE IR T A,

RIZ,E D BWEREE R TwE 3,

37.1.1 Bindgen Offiff

bindgen Y — V2T 2L, CAY X =T 7 ANDONL VT4 YR HBAERTEET,
FTNERCIATIVRERLET,
interoperability/bindgen/libbirthday.h:
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typedef struct card {
const char* name;
int years;

} card;

void print_card(const card* caxd);
interoperability/bindgen/libbirthday.c:

#include <stdio.h>
#include "libbirthday.h"

void print_card(const card* card) {
printf("+-------------- \n");
printf("| Happy Birthday %s!\n", card->name);
printf("| Congratulations with the %i years!\n", card->years);
printf("+-------------- \n");
}

Zh% Android.bp 7 7 A MITEBIL 5,
interoperability/bindgen/Android.bp:

cc_library {
name: "libbirthday",
srcs: ["libbirthday.c"],

}

FATIVDT 9= ANy X =T 7 A NZVER L E T (ZOHTRRBEATIEDD LA,
interoperability/bindgen/libbirthday_wrapper.h:

#include "libbirthday.h"

INT AL VT4 YR HBAERTEE T,

interoperability/bindgen/Android.bp:

rust_bindgen {
name: "libbirthday_bindgen",
crate_name: "birthday_bindgen",
wrapper_src: "libbirthday_wrapper.h",
source_stem: "bindings",
static_libs: ["libbirthday"],

}

INT, Rust 7RI A TAAL VT4 Y7 RFHTE XS,
interoperability/bindgen/Android.bp:

rust_binary {

name: "print_birthday_card",

srcs: ["main.rs"],

rustlibs: ["libbirthday_bindgen"],
}
interoperability/bindgen/main.rs:

//! Bindgen D7 &,
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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 };
// SAFETY: The pointer we pass is valid because it came from a Rust
// reference, and the "name’ it contains refers to “name” above which also
// remains valid. “print_card doesn't store either pointer to use later
// after it returns.
unsafe {
print_card(&card as *const card);

}

FNAL ZATANALF Y EENLER, push, ETLET,

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

INT HEAERINT AR ZETLT AL YT 4 Y IDBREL TWVWD Z ZERTE %9,
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_lints: "none", // ‘EENT 740, lint T2y 72 AF Y T
lints: "none",

atest libbirthday_bindgen_test

37.1.2 Rust DL

Rust OREE e ANE, CICffifiic= /7 AR— P TEE T,
interoperability/rust/libanalyze/analyze.rs

/17!

Rust FFI ©7 &,

use std::os::raw::c_int;

/// Analyze the numbers.
// SAFETY: There is no other global function of this name.
pub extern "C" fn analyze_numbers(x: c_int, y: c_int) {

if x <y {
println!("x ({x}) is smallest!");
} else {

println!("y ({y}) is probably larger than x ({x})");
}
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interoperability/rust/libanalyze/analyze.h

#ifndef ANALYSE_H
#define ANALYSE_H

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: ["."],
}
INT.ZNE CANAFUDSHEEEESE LSRR D EL
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"],
}
FNAL ZATANALF Y EENLER, push, ETLET,

m analyze_numbers

adb push "$ANDROID_PRODUCT_OUT/system/bin/analyze_numbers" /data/local/tmp

adb shell /data/local/tmp/analyze_numbers

#[unsafe(no_mangle)] disables Rust's usual name mangling, so the exported symbol
will just be the name of the function. You can also use #[unsafe(export_name

"some_name" )] to specify whatever name you want.

37.2 C++

CXX 7L —b2H3T 5L, Rust & C++ DM CLERMEERMELZHRTEE T,

IR 7 7 —FIERD E S5k £3,
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3721 V9 PEI 22—

CXX . BB OMOFREICAMEINIBEES 72 F vy DRliRITKEL £ 9, Z Dk,
#[cxx::bridge] B~ uvT7 /57— a &I/ Rust £ 2 —LND extern 71 v 7
ZREHLTHEEL X9,
mod ffi {
/] WHDEENOT 7 EATE S 7 4 —)b Refpo GG,
struct BlobMetadata {
size: usize,
tags: Vec<String>,

}

/] C++ 12X NB Rust OBy > 72T v,
extern "Rust" {
type MultiBuf;

fn next_chunk(buf: &mut MultiBuf) -> &[u8];
}

// Rust IZRBIENE C++ O > 2 F v,
unsafe extern "C++" {
include! ("include/blobstore.h");

type BlobstoreClient;

fn new_blobstore_client() -> UniquePtr<BlobstoreClient>;

fn put(self: Pin<&mut BlobstoreClient>, parts: &mut MultiBuf) -> u64;
fn tag(self: Pin<&mut BlobstoreClient>, blobid: u64, tag: &str);

fn metadata(&self, blobid: u64) -> BlobMetadata;

s TNy JIFEE. V- ffiEY 2 -V TEELET,

s TN wY BV a2 ATHHbOUEES,S, CXX &~y F 35 Rust & C++ O | I D ER %
ERL.ZNSDT AT LEMGFOSFECAHLE T,

o X NIz Rust 2 — FE2RRT 51CiE. cargo-expand 2 LT, BB X7z proc v~ 1
ERRLETIZL AL OHITIE. cargo expand ::ffi #EHALT ffiEYa—1os%
BHLET (L. Z2hid Android ey =7 MZETIEED £HA),

o R E Tz C++ a— F2FRRT 51213, target/cxxbridge ZHEREL £ 3

37.22 Rust®7V v YHES

mod ffi {
extern "Rust" {
type MyType; // A-<—27
fn foo(&self); // "MyType DAYV v F
fn bar() -> Box<MyType>; // Free function

}

struct MyType(i32);
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impl MyType {
fn foo(&self) {
println!("{}", self.0);
}
}

fn bar() -> Box<MyType> {
Box: :new(MyType(123))
}
e HEY2—LDRa—FHICH 3 extern "Rust" BR7 A T LATESINET A T Lo
e CXXa—F ¥z —&IZ extern "Rust" k27> arEHEHALT.MET 2 C+EERE
L CH+ AN X =T 7 A NEERLETAERINEAY X—DRRIE, rs.h WS 7 7 4 VK
RO ERE. TV v OREDRUSt YV — A7 7 AL ERLCICRD 5,

37.2.3 BRIz C++

mod ffi {
[/ C++ IZRBEND Rust Oy > 71 F v,
extern "Rust" {
type MultiBuf;

fn next_chunk(buf: &mut MultiBuf) -> &[u8];

}
BBLERD K57 C++ pERESNE T,

struct MultiBuf final : public ::rust::Opaque {
~MultiBuf() = delete;

private:
friend ::rust::layout;
struct layout {
static ::std::size_t size() noexcept;
static ::std::size_t align() noexcept;
Hs
}

cirust::Slice<::std::uint8_t const> next_chunk(::org::blobstore: :MultiBuf &buf) noexcep:

37.24 C++D7 Vv PHF

mod ffi {
// Rust WZRBIELd C++ O > I xF ¥,
unsafe extern "C++" {
include! ("include/blobstore.h");
type BlobstoreClient;

fn new_blobstore_client() -> UniquePtr<BlobstoreClient>;
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fn put(self: Pin<&mut BlobstoreClient>, parts: &mut MultiBuf) -> u64;
fn tag(self: Pin<&mut BlobstoreClient>, blobid: u64, tag: &str);
fn metadata(&self, blobid: u64) -> BlobMetadata;

}
BBXZERD LS 7% Rust BAER I E T,

pub struct BlobstoreClient {
_private: ::cxx::private::Opaque,

}

pub fn new_blobstore_client() -> ::cxx::UniquePtr<BlobstoreClient> {
extern "C" {
fn __new_blobstore_client() -> *mut BlobstoreClient;
}

unsafe { ::cxx::UniquePtr::from_raw(__new_blobstore_client()) }

}

impl BlobstoreClient {
pub fn put(&self, parts: &mut MultiBuf) -> u64 {
extern "C" {

fn __put(
_: &BlobstoreClient,
parts: *mut ::cxx::core::ffi::c_void,
) -> ub4;
}
unsafe {
__put(self, parts as *mut MultiBuf as *mut ::cxx::core::ffi::c_void)
}
}
}
//

e TSI —E AN LS A F Ay BIEHETH L 2HFAETIHEEIDD FHA, CXX 1.
SUAFAMCH+ TESENDDEERIINIET 2 WS Z e B2EINRIEL £ 5,

« unsafe extern 7o v 7 ZfHT 2 . Rust »H5ZRICNUIHES C++ Bz ES T2 %
s

37.2.5 HHoW

mod ffi {
struct PlayingCard {
suit: Suit,
value: u8, // A=1, J=11, Q=12, K=13
}
enum Suit {
Clubs,
Diamonds,
Hearts,
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Spades,
}

e CO LD R(BADFNERIDARYR—FZNTVET,

o HHAD #[derive()] TR HR—FZNZ LA FOEDROEATHE T 00T B HEREIE
C++ a— FTHEREINT T, 722 21, Hash 2EH T2 2 x5 $ 2 C++ B std: :hash
DEREHERINE T,

37.2.6 HDIFEAR

mod ffi {
enum Suit {
Clubs,
Diamonds,
Hearts,
Spades,
}
}
B X 7= Rust:
pub struct Suit {
pub repr: u8,
}
impl Suit {

pub const Clubs: Self = Suit { repr: 0 };
pub const Diamonds: Self = Suit { repr: 1 };
pub const Hearts: Self = Suit { repr: 2 };
pub const Spades: Self Suit { repr: 3 };

}
R X Tz C++:

enum class Suit : uint8_t {
Clubs =0
Diamonds

Hearts
Spades
},

1 ’

wWN I~

I
I

o Rust fllCix, EEFNIHEENH L TAERIN S a— iR EBQ3EEEZ 5 v L E#ESEIRTT,
THIFANERL Y S ARV A NENETRTOANY 7Y b EIFBEZZEZHE T2 2 213 C++
TIZ UB Tl37#2 <. Rust RHRIIFICENMER T ADELRDH B7-0TT,

37.2.7 Rust D5 —Lf

mod ffi {
extern "Rust" {
fn fallible(depth: usize) -> Result<String>;

}
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fn fallible(depth: usize) -> anyhow::Result<String> {
if depth == 0 {
return Err(anyhow: :Error::msg("falliblel requires depth > 0"));
}

Ok("Success!".into())

» Result %3R3 Rust BIEUE. C++ I THISMICEAaINE T,

o 21— XN BHIANEEIC rust: Error BT EICT T —X v — I DXFHNERIET 5 FEK
PRBLET . ZF7—RXvE—J1F. =7 8D Display OFEEHI LIS X NE T,

s Rust )25 CH++ 2= 77 VA Y RTS8, IR RIIBTELITKTLED,

37.2.8 C++Ox 5 —/JILE}

mod ffi {
unsafe extern "C++" {
include! ("example/include/example.h");
fn fallible(depth: usize) -> Result<String>;

}

fn main() {
if let Exrr(exrr) = ffi::fallible(99) {
eprintln! ("Error: {}", err);
process::exit(1);

e Result BT LD IWCEHSF XN C++ BARIE, Cr++llcRAr—2h72H 50500 %xx v F
L. FENH Lot Rust BAEUC Exr B2 L TGRLU 3,

« CXX 7'V v I T Result ZIRT XS ICEE SN TWVWARW extern "C++” D 6743 2 1 — X
N3 r, Result 2RXNB L. a5 A1F C++ O std: :terminate ZMEOHLET . 2O
BRI, A US4 23 noexcept C++ BAE TR n — 27358 L A% T T,

37.2.9 Zofthokl

Rust ! C++ A

String rust::String

&str rust::Str
CxxString std::string
&[T]/&mut [T] 1xrust::Slice

Box<T> rust: :Box<T>
UniquePtr<T> std::unique_ptr<T>
Vec<T> rust: :Vec<T>

CxxVector<T> std::vector<T>

« INSORIF HAMERD 7 4 — L R, extern B DO5 I RO ETHATE £,
* Rust ® Stringid std: :string ICE#HE~ vy ¥ 7S EH A, THUTERD X 5 BEHDH
DET,
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- std::string ¥, String &% ¥ 3% UTF-8 AALMF 2 L EE A,

- ZO2DO0MEIXEVANDLA TV bHRRL7-D. SHEMTEHEET ZIITEEEA,

- std::string ¥ Rust D2 —=7t< 274 7R —HLABRVWL—=TaAV AT I R%
WMEY T 37, std::string % Rust KETHET Z L IZTE A,

37.2.10 Building in Android

cc_library_static Z{EML T. CXX THEBINIAY XK=LY =R T 74 VEEZL C++ 74
TZ2UEREILFLET,

cc_library_static {

name: "libcxx_test_cpp",

srcs: ["cxx_test.cpp"],

generated_headers: [
"cxx-bridge-header",
"libcxx_test_bridge_header"

1,

generated_sources: ["libcxx_test_bridge_code"],

* libcxx_test_bridge_header & libcxx_test_bridge_code 25, CXX CXX 2k b4
MEND Ctt N4 T 4 YN T 2EFRAFRTH L e ZHHALE T RKDRXF74 FT.Zh
LD KD RERICHR>TWEhZiHL £ 3,

o F/o —NR CXX ERE ST 2729121, cxx-bridge-header 14 75 VICKET %
RENRH D ZEIZHEFERLTLEE W,

e Android T CXX 23T 2720 DML FF 2 X ¥ MZOWTIX, Android ® F¥F a2 X > b

TELEEIWVZDYV VIR 77 A HE L C.ZBEPRTFIEELHETESZ X535 2
EEBITIHLET,

37.2.11 Building in Android

genrule # 2 DL E T, 1 2IF CXX Ay X—DEFH. 5 12 CXX V=27 7 £ VDAL
T3, 2fbid cc_library_static Ao AL LTHAINE T,

// 1lib.rs Z®» % Rust o7 ZRK— b+ INEEUHTT 5
/] C++ NAVT 4 7% E0 C++ AN X—FERLFT,
genrule {
name: "libcxx_test_bridge_header",
tools: ["cxxbridge"],
cmd: "$(location cxxbridge) $(in) --header > $(out)",
srcs: ["lib.rs"],
out: ["lib.rs.h"],
}

// Rust 23PEUAHS C++ a— FZAERLE T,
genrule {
name: "libcxx_test_bridge_code",
tools: ["cxxbridge"],
cmd: "$(location cxxbridge) $(in) > $(out)",
srcs: ["lib.xrs"],
out: ["lib.rs.cc"],
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e cxxbridge V— U . 7V v Y FY 2 — D C++ lIEERTZAX Y F7rY V=L T,
Android 12 AAENTE D, Soong Y — & LTHHATEE I,

o HElY LT, Rust Y —R 7 7 4 LH 1ib.1s DFE Ny X—7 7 L LDELHNZ 1ib.rs . h,
V=277 A ND&HENE 1ib.rs.cc 2D T, 7272 L. Zom&GHEANIEFITEH D 8
Ao

37.2.12 Building in Android

libcxx & cc_library_static ik $ % rust_binary ZfERL 3,

rust_binary {
name: "cxx_test",
srcs: ["lib.rs"],
rustlibs: ["libcxx"],
static_libs: ["libcxx_test_cpp"],

37.3 Java & O HEEHTE

Java T!3. Java Native Interface (JNI) ZNM L THELF 7Y =7 P Z2FHAAL I B TEE T,
jni Z7v—1+ 2ERAT 2 B0 H 254 77 ) BENTE £ 9,

%79, Java il AR— 3§ % Rust BIRZ/ERR L $5
interoperability/java/src/lib.rs:
//! Rust <-> Java FFI O7 &,

use jni::objects::{JClass, JString};
use jni::sys::jstring;
use jni::JNIEnv;

/// HelloWorld::hello method implementation.
// SAFETY: There is no other global function of this name.
pub extern "system" fn Java_HelloWorld_hello(
mut env: JNIEnv,
_class: JClass,
name: JString,
) -> jstring {
let input: String = env.get_string(&name).unwrap().into();
let greeting = format!("Hello, {input}!");
let output = env.new_string(greeting).unwrap();
output.into_raw()
}

interoperability/java/Android.bp:

rust_ffi_shared {
name: "libhello_jni",
crate_name: "hello_jni",
srcs: ["src/lib.rs"],
rustlibs: ["libjni"],
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Xz, Java 26 Z OBEBENFOCHL 5,
interoperability/java/HelloWorld.java:
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"],

BRI ANA F U R R EILVEITLET,

m helloworld_jni
adb sync # requires adb root && adb remount
adb shell /system/bin/helloworld_jni
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Chromium
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# 38 &

Chromium ® Rust Nk 5 Z #

Rust i Chromium ¥ — K X—F 4 A4 753V THR—-PXINTWVWET, Rust EEFD
Chromium C++ 2 — F2#EHTECIE. 77— A =T 4D NV—a— FEFEHLET,

AHZ, Rust TXFH EFo THHAWZ EZLEWEBWET, d LHSDOHEYESIC
UTF8 XFH % FKRT 2 a— F2RHBIEEIE. Z T TRAREHS TR BHaDa— FiZ
SLTZOFEEZETLTHOERA,
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5 39 &

ty b 77

Chromium 2V LV FLTETTEZ I 2HERL T, 2— FOBERREEID S D (2023 F 11 HIC
SHET %33y MiE 1223636 LI THIUITEED STy b 73— VL 757Dty T
Fl:ﬁ%E% b i’li-/l/o

gn gen out/Debug
autoninja -C out/Debug chrome
out/Debug/chrome # or on Mac, out/Debug/Chromium.app/Contents/Mac0S/Chromium

(RO ZHREICTAIE IV B2V FPOTFAN AL R EBIITOLEST, 2hdF 7
AV FTY)

FRMER L TWARVWEEE, Chromium O EIL Rk ZHEEEL TL & W, &8, Chromium % &
ARFT 2Dty b7y S DD £ 5,

% 7>, Visual Studio Code # 4 YA b —NLLTHLZZBITITHLET,
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https://www.chromium.org/developers/how-tos/get-the-code/

HEIZHOWT

T—RADZDN— MG AHAIWCBEE L 72— #DEERD D £33, 3 —ROBREZ I TR &K EE
L CHEEITOE T RED S— M EET T3REPI R VWEE D R TEVLDIHE LI W=D 0BTV D
FH Ao
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55 40

Chromium & Cargo DxraJ A7 A
DL

The Rust community typically uses cargo and libraries from crates.io. Chromium is built
using gn and ninja and a curated set of dependencies.

Rust Ta— FZFihd 2 B3 ROBEIRED D D 5,

« //build/rust/*.gni @7 > 7L — k (fil: B THMAT % rust_static_library) %%
IZLT, gn ¥ ninja Z2AL £3, 24ucid, Chromium OBEFADY —LF =z —r
L— MRS,
e cargo ZfFH L 32, EBOFM % Chromium OEEFADY —LF z—v 7L — R
HIRR L %9
e cargo ZfEHL., V=l Frz—rRf X =3y b HXUya—F L7 L — b2EHELE
ER
ZIZ25iE gn & ninja KEREYTET, 2NSZHHT 5 2 & T, Chromium 75 71 Rust
a— FZHAALZEDNTEF T, 2L FHC, Cargo 13 Rust Ta P X7 LADHEBELZHITTH D,
HNZRED LIRS TVWEIRETT,

Mini exercise

DANBDITN—T T AT 2T VT,
s Cargo XV v b E (O ITAREMDOH LS F VAR T VLA VA M—=I VT L. ZNHDTF
VADYRZ T 7 4 Vil £3,
s gn¥ninja.t 774 @ cargo L ZHEHT B DY - T4 TV AL ZEBL
BRFNUIRERODPIZOVTHLEVET,

BB HE R T TARNCAY —h— /) — b 2DZELR VLI BEWLTL FE WV, a—AD%ZH
FHRIEPHHEINZEFTF > TR EIREL T, 3~4 NADDPABDOIZN—TFTEHELE->TH LS L5112
BEWLTLEXW,
HEOFEICE T2 ATy b Cargo XY v v 2D 6T F U A ¢
o YV — )LOEREP Chromium O—&d 71 b X4 Y2 2, crates.io 24 77 VDHRFEL
LAY AT ATV BRATEBZDIEREBOL LWV L TITJAREFITRTOEMIOVWT I L —
FORHEBEINTBY . AMOGE R THHREIHEHATEEI (A~ R4 VEBNTT 5729
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D clap. 2R DOETS VY 7L EEH S Y 7L Z2ITS 7DD serde. 4 7 L
— X EPEET 2720 itertools &),

- cargo ZHHT 2. 94 77V 2T Z e AT E £3 (Cargo. toml i 1 17BN
LCa— FORBZMHT 27213 T3),

- perl ORI o 7z CPAN %, python iICBIF % pip LHELTAZ L R\hd Lt
¥ A

o FEZ Rust V—(F A4 MY — BIEDLER. HWEERTENET 20N H5 7L — b2
TAFFT 2L EZZHID rustc N—Y a VYD FZ 2 DIMHT 5 rustup R E)ZF TR
VP —FKR=7 4 v—roxasy 27 sMozilla RET 2EF 2V 74 BEEOESL
HD7= cargo vet . Ny F¥—J ZRHITHETT 2 EEEM T 2 criterion 7L — M
ENTED BT 2R v ZFIEE PR o TV E T,

- cargo ZffH ¥ % ¥, cargo install --locked cargo-vet Z/rLTY —L %
HiBMTE %9,
— Chrome fi5RFERES VScode IRIERE L LERL TA S DB RWL S LALEE A,

* cargo ANHEYIERE 122 X 5 R UBAWINAN R ey = 7 Ol 2 I TITRL 3,

- BAD2D LNERADERTRATY NI VY — LOERICHEHA T2 SiEL LT,
Rust DAKAEmE > TVWET . 74 77V DIRE T3/ I 7 2D FT Python IZPE#L
DO BERMI AT LOEPIFTEAET,. (A 2T XFETWE R AV L LEFE
ROT)FITHRENEHT T,

- Rust Ta ¥ X7 JICBMT 512iE, Cargo 7z ¥ OFFHED Rust Y — V2§ 2 HED
HHETHErLay M) Ya—2 a2 %%, Chromium D4} (Bazel % Android /
Soong DIl RER R L) TOMHMMER NS 74 75 V) Tld, Cargo T2k
ZBITIHLET,

» cargo N— A ® Chromium Fi#E 7wy = 7 b OH:

- serde_json_lenient (Google DI TT A b L7AER, PR DT 5 —< A3
f] k)
- font-types kD7 x> MLIA4 77V
- gnrt YV — A (ZDa—RDHBPETEWD EFE I a~x >y P74 Y OEIciE clap 21
HU MK 7 41121 toml ZEHL 5,
* Disclaimer: a unique reason for using cargo was unavailability of gn when
building and bootstrapping Rust standard library when building Rust toolchain.
* run_gnrt.py uses Chromium's copy of cargo and rustc. gnrt depends on
third-party libraries downloaded from the internet, but run_gnrt.py asks
cargo that only - -locked content is allowed via Cargo. lock.)

MUTFD7 47 23 R E 2 3PRICEEI ATV L AR LTHRVEEA,

s LLVM 74 721V, Clang 22> %4 7, rustc Y — A (GitHub 7 5 HfF X 41, Rust 2 > %
A7F—LIZLBL 22T LdbD). 77— A Iy THIZXY Ya— RFEhnNiFY
Rust 22 > 84 ZIZHK1FT % rustc (Rust 2> %4 7)

e rustup (rustup i rustc xFEU < https://github.com/rust-lang/ #Hf# D& N THAE X
TV I ZHAT 2RV, LNLERA)

* cargo. rustfmt iz¥

s XFXFRNIA Y7 I AT 7 F v (rustc ZE L KT 3 bot, HAHFEIEFEADY —LF = —
% Chromium =¥ Y =7 ZEMHT27DDT AT LRY)

* cargo audit % cargo vet 2 ¥ ® Cargo ¥ —/L

» //third_party/rust iIZEDiAE 7z Rust 7 1 7 F Y (security@chromium.org »3E:#5)

s ZOMD Rust 74 75V (=y FRHBDH DX IFECAKD DD IEHESN2bDH D
D¥9)
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41 =

Chromium ® Rust ;RV o —

Chromium Ti&. Chromium OV 7727 =41 V— R IZXoTHERBINTWEIENRT—2%
fpx. 77— R =7 4 TO Rust X E LA INTOVERA,

HB—FR—F 4 54 75V T2 Chromium DAY > —I1Z2OoWTlE, 2H6Z2TEL XNV,
Rust 3. X7 # —< VARt F 2V T4 2EDII XA CHREBLBRBETHIGEZED. S EXFER
R TH =R =T 4 A4 TS VIHEHTZZ e AFAINTVET,

C/C++ APl Z EfNBHT 2 Rust 74 77 VIHFL AR W=D, 25 L7274 77 VDIFEITANT
TAYEDT7 7 —RAM—FT 4 JNV—a— FPREIIRD T3,

"C++" Rust

: BEfF® Chromium : : "Chromium Rust" "BEfFD Rust"
"Ct" : L P ZL—k
oo e oo oo + O T + Fmm e e e oo o +
| | | | | |
| 0o----- ot - +-+-> O-+---mmmmm - +--> |
| | B | | Crate | |
oo - + b= e - + API Fom o - +

REDOY—F =74 ZJL—=FHD7 7 =R} =7 4 Rust 7V —a— FIZEH.
third_party/rust/<crate>/<version>/wrapper iIZiE» N5 NEZTT,

Y toEf»s AHOI— XTI FICESEYTE T,

o H—FRX—F 4 DRust 54 75V (7L —F))REAT 3B,
o Chromium C++ 2527 L — b 2FHHATE 2 X517 V—a— FEiddT 3,

ZORY —DPEBINGEZ. ZRCEOETa—ABEHEINE T,
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A2 H

Build rules

Rust 2 — FI3@H. cargo ZfHL T FEhEd, Chromium i3¥Ez2EDH 27D gn &
ninja Z@ALTE AL FERE T, ZOHHIIL—IC & o TRAROUFIMIAATEEIC D $5,
Rust HHISCIEH b 8 A,

Chromium !Z Rust 2— FZ383 3

Chromium ®BEf7F® BUILD.gn 7 7 £ /L C, rust_static_library #EEFL 7,
import("//build/rust/rust_static_library.gni")

rust_static_library("my_rust_1ib") {
crate_root = "lib.rs"
sources = [ "lib.rs" ]

}

flid Rust X —%"v bz deps ZEMT 2 e b TCEF I HRTINEFHAL T — =T 41D
— FNDIRFZHREL T,

JL—h L= Y —RDEERVATNDOMFEIRET 2LENHD FF, crate_root & Rust
AR FICEEINDE T 7 ANT, AV A NVBNDOL— 7 74 VEEFEIZ 1ib.rs) 2R L 3,
sources I NRTDY —R7 7 A LD5ERKZY A M T HEL RRRBERLZ A I 27 % ninja 27
Wrs 2 7= DI ETT,

(Rust TldZ L — F &R a v A VEANTH 3728, source_set LR 23 X 572d DIZEEL
FH A, static_library 23FNENMITE),

B B Rust OFENZ 4 7 VITHT % gn OflAAAT R— b TIERL, gn 7> L -+
PHEATIDENDZD0EMICES 2D LNERAZDEZIIFX. DT 7L — 5 CXX tHAE
. Rust @ features. A7 XA b ZHR— L TWVWBEDTT, ZO—EIIBTHEHL E T,

42.1 unsafe Rust 2— FDEN

LT Rust 72— RiZ7F 7 40 b Tld rust_static_library THEXhTEH. av 4L
TEFEHA AL TR Rust 2 — FAREREEIX. gn £—%" v M2 allow_unsafe = true %
BIMLE T (ZADBRBEIZR BRI OVTIE, 2D a—2DHRETHIHL ),
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import("//build/rust/rust_static_library.gni")

rust_static_library("my_rust_lib") {
crate_root = "lib.rs"
sources = [
"lib.rs",
"hippopotamus.zrs"
1

allow_unsafe = true

}

42.2 Chromium C++%*5 Rust ® a2 — RICHEZHE 3

Fioz—7vy WL D20 Chromium C++ X —%" v + @ deps BT 27213 T3,
import("//build/rust/rust_static_library.gni")

rust_static_library("my_rust_1ib") {
crate_root = "lib.rs"
sources = [ "lib.rs" ]

}

# F71F source_set, static_library 7z¥
component ("preexisting_cpp") {

deps = [ ":my_rust_lib" ]
}

42.3 Visual Studio Code

Rust 2 — FTIRAIAEREINT WS 72D BN/ IDE X C++ DIFE XD X HICHEH T, Visual
Studio Code (& Chromium @ Rust CT#EUIZH#ERE L ¥ 3, Visual Studio Code ZfFH T 31cH72 0,
UTRDEEHEL T ZX W0,

* VSCode (2. MHETDEAD Rust ¥R — b Tl <. rust-analyzer 5RIEAED D 5 Z & %1
s

* gn gen out/Debug --export-rust-project ((7EdH7R7DFvY s MBI S
oW h7r41v2780)

* In -s out/Debug/rust-project.json rust-project.json

IDE (285 22 5255 1 L Cid, rust-analyzer ®a— K7/ 57— a Y L BREEEO T2 %175
ERVWHABLNEE A

PROFICH->TTEZITOI 2 2B TITHLET (DD ICHID RS HEE L T2 Chromium
B#D Rust 2 — F2EH L THHWEREA),

» components/qr_code_generator/qr_code_generator_ffi_glue.rs ZFZ %7,

* ‘qr_code_generator_ffi_glue.rs ® QrCode: :new FECMH L (26 ITEHFHD A —Y v 2 ED
HET,

» show documentation ® 7€ 21T\ % 3 (kAL N4 > F 4 >~ 7 vscode = ctrl ki, vim/CoC
=K,

* go to definition O 7 E 2TV E (k72 N4 > F 1 > 7 vscode = F12, vim/CoC = g d)
(ZAuc kb, //third_party/rust/.../qr_code-.../src/lib.xs KBEIL £7),
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» outline ® FE %17\, QrCode: :with_bits XY v FiIZBEL £3(164 1TH{HT, 77 b
74213 VSCode D7 7 A VT AT —F RA VIZH Y 5, k72 vim/CoC N4 > 7 4
> 7' =space 0),

* Demo type annotations (there are quite a few nice examples in the QrCode: :with_bits
method)

BUILD.gn 7 7 A L D#EEKIZ gn gen ... --export-rust-project xHRETTZ2LENDH
52 aHMALTLIEEIW(ZDL Y ¥ a Y OEEFEEETHENTHET),

42.4 Build rules exercise

Chromium ® 'L F T LU REZETLH L Rust —%" v ~%//ui/base/BUILD.gn IZBMML %
KRS

// SAFETY: There is no other global function of this name.
pub extern "C" fn hello_from_rust() {

println!("Hello from Rust!")
}

Important: note that no_mangle here is considered a type of unsafety by the Rust compiler,
so you'll need to allow unsafe code in your gn target.

ZOHF LW Rust ¥ —4 v % //ui/base:base OKEFEMGZ L LTEMLET, 20 BE%
ui/base/resource/resource_bundle.cc DHBETEES LT TRIFE ANA VT 4 v 74E
By —nTIhe BT 2 5ERHHLET),

extern "C" void hello_from_xust();

Z OB% % ui/base/resource/resource_bundle.cc N Y Zhrhr 6 UHLET. BT
3 ® 1% ResourceBundle: :MaybeManglelLocalizedString OS2 S FEUSH FT Z & T,
Chromium # /L F LTH4T L. ”Hello from Rust!” BfAEIHHIZINATVWAE I e 2HERL
R

VSCode #ffH L TW28EE1E, VSCode THYNCEIET 2 X 512 Rust Z3%E L 3, 2. #&ht
DG TR D T T RENE T Lz6, println! T ”Go to definition” #4527V v 7 CHHTZ
X351 ET,

ZE N

e rust_static_librarygn 7> 71— THEHATE 24> a >

* Information about #[unsafe(no_mangle)]

e extern "C" [ZB8¥ 2158

gn O --export-rust-project 24 v FIZBES 2 1HH

VSCode |2 rust-analyzer =4 > & +—)L§ % J5ik

ZORNE HEDOHAEHASETH 5 CICENINTWE 10, —KRINTIEH D A, C++ ¥ Rust
FrbE56d, CABIBEZ AR A 74 ZIRES L THUIHT e TEET, a—ADEFET, C++ %
Rust ICEHE#EH L £ 3,

allow_unsafe = trueisrequired here because #[unsafe(no_mangle)] might allow Rust
to generate two functions with the same name, and Rust can no longer guarantee that the
right one is called.

MM Rust EfTATRE 7 7 4 L3R E #2541, rust_executablegn 7> 7L — &2 L TfT
ST TEET,
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Rust 23 2 =7 4 3BE. 7AMRROI—FERILY —R 7 7 LA VB X N-EY 2 — L THIK
FTAMEERLET, 2NEIART—ADRTOE S THHAL T UTD X312 75,

mod tests {
fn my_test() {
todo! ()
}
}

Chromium TIZHEAET XA F2BDY —ZX 7 7 A VMIZEEBELTED., Rust T ZOH#Z2#EL %
T, ZAUTE D T A MEICHEHATREIC R D, 2 EHIC(test EKT) .1s 77 ALV EHEIL RT3
BRI ) 5,

#E5R, Chromium T Rust 2— K257 X + 3 3720 DROEREIREINE T,

s x4 7 4 7 Rust 7 A b (fil: #[test]), //third_party/rust DI TIFHERINEEA,
o C++ TfEE N, FFIMOH L 241 L C Rust 25179 % gtest 72 b, Rust 2— F3H2 5
%L\ FFIL A Y THD, E%f@%%rx TS5 2 OREDTRNLR K A= 258 1E T

7TI,
* Rust TERESN. N API ZNLTT A MPRROZ L— M 2EH T 5 gtest 7 X b (REITIE
CTpub mod for_testing { ... } ZfiH), 2HIZOWTIZ . ROBKD R Z 4 FTH
AL £9,

HF—FR—F 4 ZL—bDXA T4 7 Rust 7 & b DBREKAIZ Chromium bot 12 &k > TEITEN 3
MERHZ e EHALET(ZDOEIBRTAIEREIIRZ I LIED oI HL I —F =T 4D
L — b RBMEREERLZRICOANEL D T),

C++ @ gtest ¥ Rust  gtest & DEIBGEMESI RED WL O0DfIZ > THHT % &
XWTL x5,

* QRIZIF. 77 —A b =T 1 D Rust LA YOEEIXIFL AL DD FRA(HKLZ >V FFL 7
N—T7F)e 2D/, C+t+ ¥ Rust DFEHEDMSFZ T A T HIEBEHFED C++ BYR T X 2 ff
HALET (AR T X—&{LL, ScopedFeatureList %{#H L T Rust ZBLF 721
ML TEZ XD R>oTVET),

o [RED., F721EHHFD PNG #HATE, libpng TIHEHEINATWEDIZ, png 7L — Tl
RELTWVWBEZ AL (RGBA => BGRA. A Y ~HIIERE) DA EY £ — 7 REEPLE L
RBGEMDHD T, 2D XS BEEEDBFEICB VT, HIE Rust TF 2 F 2EKT 5 Z 248
BALOBEDDHD 3,
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43.1 rust_gtest_interop >4 75V

rust_gtest_interop 74 77 VR HHIT 2 RO N TEET,

* Rust B%(% gtest 7 A M —R e UTHEAT % (#[gtest(...)] BHZMEH),
o expect_eq! RO~ urffifld 5 (assert_eq! LTV ETH, 79— a YRKL
THR=Zw 7ET TR MR T LERTA),

Example:

use rust_gtest_interop::prelude::*;

fn test_addition() {
expect_eq! (2 + 2, 4);
}

43.2 Rust 7 A FPHD GN L— L

Rust ® gtest 7 X b &bV F ¥ & HHELSTEZ, CH+ THERS LT X IAFTTIZEEFATY
ZMBEDOT A AL FVITEMT 2 TI RHZRLET,

test("ui_base_unittests") {

ééﬁrces += [ "my_rust_lib_unittest.rs" ]

deps += [ ":my_rust_lib" ]
}
A&, static_library TRust 7R M E/EKT 2 Z L D ARET TV R— T4 75 VADIKTF
BREFHCTESTILENH D T,
rust_static_library("my_rust_1lib_unittests") {

testonly = true
is_gtest_unittests = true

crate_root = "my_rust_1lib_unittest.rs"
sources = [ "my_rust_1lib_unittest.rs" ]
deps = [

"imy_rust_1ib",

"//testing/rust_gtest_interop",
1
}

test("ui_base_unittests") {
aéﬁs += [ ":my_rust_lib_unittests" ]
}
43.3 chromium: :impoxt! =7 n
GN @ deps & :my_rust_lib % B/ L 72 % &, my_rust_lib_unittest.rs 2 5

my_rust_lib 4 Y K= ML THEHAT 2 HFERODVTEILEDNH Y £, my_rust_lib
IR 7 crate_name BMHEEE I N TWVWRWVWEDH, 7L — bR EBE—F v FD IR
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CHFICESVWTEREINET T EW HENICA Y R— X3 chromium Z L — F 2 5
chromium: :import! w7 v ZEHFHUX. 2D K 5 RPN S WHHTOMH Z BEET = £ 7,

chromium: :import! {
"//ui/base:my_rust_1lib";

}
use my_rust_lib::my_function_under_test;

NER T~ 27 2IERD X5 ICBHENE T,
extern crate ui_sbase_cmy_urust_ulib as my_rust_lib;

use my_rust_lib::my_function_under_test;

FEL <1E, chromium::import ~Zmd F*a XY baxXxy b ZIELEEW,
rust_static_library (¥, crate_name o7 4 IZ X 2HRMLLATDOIEEE I K— ML T
WETH. 7L —bEE TNV —ETHIRDERD 3720, ZHLIHER I N FH A, crates.io
FZ7 L —bHo—EBEMEHIEL TW5 72, cargo_crate GN Z—%" v » (#iRd gnrt Y —1 T
AF)IFEWZ L — MERFEHL E,

43.4 Testing exercise

Bl REEB ORI TY |
Chromium L F T RZEIT- TL ZX W,

e hello_from_rust OMICT A FATRERBAREEBML £ 3,728 21X, 5182 L TR -7 2
OO EBMNT 2, nFEHD 7 4 RF v FREFNETZ. X754 ANOBEBEGEIT 5.8
PEZLNET,

s HILWEHBDO T A M Z2ETED ... _unittest.xs 77 A L ZBIML 3,

e HILWFZ +% BUILD.gn ISEBML £3,

e FRAMZENLRLTEITL.FH LT A I DHEAET S Z L 2HERL E T,
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44 &=

C++ X OMHEMTE

Rust 23 2=5 4 121& C++ £ Rust DMHEEHAD 20D F 7> a U EEHBEINTE Y M2 T
LWY —LDHEINTOVETHEDOE Z A, Chromium TIZ CXX 2 WH Y — L2 FHLTWE
KIS

SHEERAREA VA —T7 2 —REBESERUSL ICEIYUTVED) TR TE L, CXX YV —p
Rust ¥ C++ O S TR BOESTZ4ERL T3,

CXX OFMZFABNCOVWTIE, CXX Fa2a—F U TN ZTELEXWV,

MERZPOFELEL £ 9. BTITONZUWHIELETIE oK FALTHD. 2O vt X2 HELT
BERDESIBRY Y bADHZZZHMALET,

o 2OV —LiE, C++ I Rust fllAB—83T 22 ZRAEL £33 (Fz2 212, #[cxx: :bridge]
MHEEED C++ T2 Rust DER L —HLARWEE. 2V N4 VT 5 —REL T35, B
NTOVROWFEIANA VT4 V72T 2 8 RERDIEL AL £5),

« ZOYV—E, CLULOREEICKT T 5 FFI 9> 27 (U&7 C-ABIL B> 7 V) —B¥0) 04k H
Bt L3 (Rust 7213 C++ XYV v FAD FFI MO L OB L, FEAL >V F 4 ¥ 27T
DX by TLNLD 7 ) R FEITIERT 208X DD £7),

e VI ITATIVIERD IS R —HOFELR PN TEE T,

- &[T X RED ABIRXEV LA 7Y FZ2RIET 2D DTIEH D $EAD, FFI OEift %
A THET LD TEET FEANSL VT4 7Tl std: :span<T>/&[T] ZFHT
DEEL.RA VR REDOLFEMET LB DD FT. 5B L ICEDRT A ADORE
ENETRRZ72D. T 7 —PRELLTIRDET,

- std::unique_ptr<T>, std::shared_ptr<T>, Box RE¥DRA~<— bKA ¥ &IF %
474 WY R=PINTOE T FEHANS V7 4 7Tl CABI EIDORMITARA >~
REETHERD 212D, 74 7XA4 L XEVEEHICETZVAIPE5ED £,

- rust::String ¥ CxxString i, SREMOSCFHIRIOENZ B L AR L £ T
(7z& 213, rust::String::lossy (&.JF UTF8 ® A J12> & Rust SLFHIZ/ERT & %
o F 72, rust::String::c_str i F4% NUL KIHTE%9),

441 N4 T4 YT O

CXX TiZ, C++ ¥ Rust DR 2A%E .rs V—2a— FNOD cxx: :bridge €Y 2 — L THEET 3
WERDHH F7,

mod ffi {
extern "Rust" {
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type MultiBuf;

fn next_chunk(buf: &mut MultiBuf) -> &[u8];
}

unsafe extern "C++" {
include! ("example/include/blobstore.h");

type BlobstoreClient;

fn new_blobstore_client() -> UniquePtr<BlobstoreClient>;
fn put(self: &BlobstoreClient, buf: &mut MultiBuf) -> Result<u64>;

}

// Rust ORI PEIDEHRZ I ZITRIEL 5,
DIRZ#HL £,
o ZHTEH D Rustmod D XS IWCHZF I, #[cxx::bridge] mr¥—Y r v uliZ
TR L TEMEBRUEZITOE T, ARE N2 a - FiEdd s e TnE I, 2hTd 2
— FiZix ffi w5 mod 2IERE N E T,
* Rust TO C++ @ std: :unique_ptr DA 7 4 7 HKR—}
* Native support for Rust slices in C++
o C++ 75 Rust B X U Rust DEIANDPFERH U (EER)
s Rust 725 C++ B XU C++ OBIANDOIEUH L CRER)
X HBH: Rust T C++ ANy X =DM XN TVWB LSRRI FTH, ZHERETT, 2D~y
X —Z Rust TR XS, C++ a >4 FDFDICERI N C++ a— Riz#include A TW»
%7213 T9,

CXX OR5

CXX 2T 2 & ICHRIBKRIOR—IIF, B 7 7L V2T,
CXX IEEARMNT KD LS r — R L TVWE T,

¢ Rust-C++ f ¥ X — 7 2 — AN+ Y TALT . IRTEES TE B354,

e T T XX THRAT 4 7R R - PIRhTLWEIHOAZMHEHL TW3HE W

std::unique_ptr. std::string. &[u8]),

Rust @ Option 234K — b IR TVRVWARY, CXXIZIZZ L DR H b 75,
25 LHIRIC X . Chromium Tl f£Z® Rust ¥ C++ OMHEEEMAIX{THILE. Rust DfFEHIZT
NN L a— FIBREXNTWET, Chromium TO® Rust D2 — X7 — X #RETT ABIE. £
T Bl D CXX AN T4 VD TEERER LT O Y IR Z 20502 ERTAI L
TBIITHLET,
F/2. CXX DZDMD)EN A ZFHAT 2LENDH D 3, RIHZRLET,

o TS5 —NUHAS C++ FISMCE SN TITHILE (RD R T 4 REZHR),
o BELRA V& pMF VIV,
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44.2 CXXIZBF3x7 -

CXX @ Result<T,E> OH A — k1%, C++ FAMKFEL TWAB =8, Chromium TIXEHTE
BHAMUTOREBEFEDRHD 3,

e Result<T, E> D T OER:

—out TR =XENLTRTZ N TEET Wl &mut T), ZD7HIi2iE, T % FFI O
REBZTEEIDERDHD X T2 21E, TIREBUTREREET2HERD D 7,
% 7V 3754 7RI(u32, usize 2 Y)
* (Box<T> LITEL D) EYIRT 7 4L MlAZFD cxx THA 74 7Y R— b Eh
TV E(UniquePtr<T> %2 ¥),
— Rust flI CLRAEF L. SBEN L TAMATE 3, 24UE. T2 Rust OGHICRHEICKE S Z
E23HD FF, Rust B FFI OERZ B THE T Z e TE 3. UniquePtr<T> ITH&HN
THIEDBTEEEA,

e Result<T, E> ®E O

- T A LTRT Z e TEFET (22 2IE, true 3k, false I3MERL F5),
- PR —DFME R TEE TN, CNFETIREBRICKRBEICRZ I D EHA
TL7%,

44.2.1 CXX Error Handling: QR Example

QR a2 — FAERY — W&, 7= VEDEI) & 7213 KM 2 (0 U R O R % FFI OB R ZiE 2 T2
ETZenTEs T,

mod ffi {
extern "Rust" {
fn generate_qr_code_using_rust(
data: &[u8],
min_version: 116,
out_pixels: Pin<&mut CxxVector<u8>>,
out_qgr_size: &mut usize,
) -> bool;
}
}

ZHHE X out_qr_size Mot~y T 4 Z ARELER > TOWBAREEDS D D 5, ZhiER7 X
—DH A XTIEHRL, QRI—FOH A XTT(OF D, ZOBEHRITETHH RTZ X —DH 4 XDV
FHCHE L E9),

Rust BI#Z PR A1 out_qr_size ¥ T 2 Z L OFEEMZFIAL L &k S LI N
TVWRWXEY 253 Rust ZRZMENT 2 L REBRDIMEL R D FIT(ZD LSRR XEY 2 MBS
TREEDAN UBICHK D C++ 2 ITRLED FT),

Pin IZoWTR#ED» SZRONTHAIE. CXX D5 C++ F— ZADHZEBID 7212 Pin 2 E v
TAHEEEHHALE T, DFED., C++ DT —XWIEHOSREA VAP EEN TV R A[RENEDH 5 7=
., Rust D7 =X D XS ITBENT 2 Z e TEXEH A,

44.2.2 CXX Error Handling: PNG Example

PNG 7a—xo7a b &4 & M L7AiR%Z FFI QR 2 A TEE LR WIS IMBTE 200%
ARLTVWET,
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mod ffi {
extern "Rust" {
/11 Z#lE “Result<PngReader<'a>, ()>" rHF®D FFI XEOfER%
/1] BRLUET,
fn new_png_reader<'a>(input: &'a [u8]) -> Box<ResultOfPngReader<'a>>;

/// “crate::png::ResultOfPngReader” Hd C++ NA V74>
type ResultOfPngReader<'a>;
fn is_err(self: &ResultOfPngReader) -> bool;
fn unwrap_as_mut<'a, 'b>(
self: &'b mut ResultOfPngReader<'a>,
) -> &'b mut PngReader<'a>;

/11 “crate::png::PngReader’ oD C++ NA VT4 P

type PngReader<'a>;

fn height(self: &PngReader) -> u32;

fn width(self: &PngReader) -> u32;

fn read_rgba8(self: &mut PngReader, output: &mut [u8]) -> bool;

}

PngReader & ResultOfPngReader i3 Rust T3, 260 DA 7Y = 7 ME. Box<T> 2/
ST FFIHEA RSB 22213 TEFHA, CXX T Rust A 7Y =7 b ZETHNTE WD,
out_parameter: &mut PngReader ¥ #H Z XX TEXFHA,

ZOHNE, CXX DBEEDY 2RV IZART Y L= 2P R—-—PLTVWELSTH. FEHTIEY =
FVy Z7ANTRHE BT 2 22T, FFIBR 2B TEE 2 Z e 2R LTV E T, 2T,
ResultOfPngReader X Result<T, E> DififJ7z XY v F(is_err, unwrap. as_mut 7 ¥)ic
EIXh3IEY =) v 7BITT,

Chromium T cxx 23 3
Chromium TiX, Rust #3520 -7/ — R &I L7z#[cxx: :bridge] mod ZEFK L
F 9 08% . rust_static_library Zric 10321k bh £3,

cxx_bindings = [ "my_rust_file.rs" ]
# IRTOY =7 74V TlE R, #[cxx: :bridge] &L 774 LDY R b
allow_unsafe = true

Filoa—r%, crate_root % sources & ilfi AT BEFED rust_static_library %x—%"v
BN 2720 T9,

CH+ ANy X—ITHYIRGFTTERZI NS 12D . KDL HIA V7 L— RTEET,
#include "ui/base/my_rust_file.rs.h"

//base 12iZ. Chromium C++ 7 & CXX Rust # (B Lk X2 DT E) ANDLEHEITI DD 2 —
74 V7 4 BB WL oD 5 (fl: SpanToRustSlice),

Z#EED S5, allow_unsafe = true BRE I I THREROIEZZROLNSAEMLED D 3,

RKEPIZEZ S &, C/C++ a— FIFEF D Rust FHETIX L2 TIEH D £ A, Rust 25 C/C++ 12
fTo7zhRKED T2 XEVIIH L TEEOAINTTHAL, Rust HHDF—X LA 7 b O&LeM
PR ON L AEENEDH D £ 3§, C/C++ DHEEH T unsafe ¥— v — F2Z X2 2, unsafe iz
T AEHENEND DT, 2SI E ST @A D D F 3, 7272 LEE X 82 — F % Rust N1 F
VICH D AT ¥, Rust OEAH S MEE L CORWEIERFAE T 2 AREMRHD D £ 3,
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https://steveklabnik.com/writing/the-cxx-debate

BAR2EZE, SOR—YV D EHORNZH D F§, 8Tl CXX & Rust @ unsafe B%x extern
"C"REBEAERLET, CHERTIOR 7Y 3 Y TFETITo D E 5L ELETT,

44.3 Exercise: Interoperability with C++

»N—1F1

o SEIZEMER L7z Rust 7 7 A M2, C++ oM T H—OKZ R #[cxx: :bridge] %
BIMLET, ZHd hello_from_rust EWHBHET I X —XERZITWMS T (EHRL 1
Ao

* Modify your previous hello_from_rust function to remove extern "C" and
#[unsafe(no_mangle)]. This is now just a standard Rust function.

e gn X—7 v FEEBELT.ZNLEDNL VT4 Y IR ELFLET,

e C++ a— F T, hello_from_rust OFiAESZHIFRL b D ICEREINIAY Z—T 7 4
NI —FRLET,

s L RLTHEITLETS,

N—1F2
CXX & Lffi->TAT. Chromium {Z381F % Rust OFMIEICONWTHEBEZEDEL £ 5,
IFZEHLTLEE W,

s Rust 225 C++ PP U £ 3, ZAUTIILL RSB ET T,
- cxx::bridge 25 include! TE 3 EBIMDNY X =T 7 A L ZDFHLWLAY X— 7
7ANT C++ B2 ES T2 0E DD £7,
- 2O XS HRBABEMUOH T unsafe 7r Yy 7 2 H HRERINTVWEEED.,
#[cxx: :bridge] WT unsafe ¥—V— FEIEETI2LENH D £7,
— #include "third_party/rust/cxx/vl/crate/include/cxx.h" HEIZRR 3
dLINER A,
o C++ 225 Rust 12 C++ XLFHNZHE L £3,
s CH+ ATV IADSIE Rust IEL £7,
o BERIHNIC# [cxx: :bridge] € —HLABRWE ST Rust IO 7 A F ¥ 2 EHE L . LRSI ND
7 —ICEND X5ITLET,
o EXMIC#[cxx: :bridge] ¥ —HLARVWX S I C++ BIBD> VA2 F v 2 EHL KRS ND
7 —IEND X5ITLET,
s RALPOM®D std: :unique_ptr % C++ 225 Rust IZJE LT, Rust B3\ 20D C++ A 7
Pz beETESL5ICLET,
s Rust A 72 =27 F2IERL T C++ ITHEL T, C++ BENEZFAETES X5 LET (¥ b
Box DAETT),
o C+H+ BTV DDA Y v FZEZS L. Rust 2o L %7,
e Rust FIZH L TV 2HhD XY v REEF L., Ct+ HHIFRHLE3,

N—PF3

CXX DMHEERMOEM L HIRFEHICOWTEHR L2 ZAT A VR —7 2 —ADIEFEIC VT
7%, Chromium T® Rust D2 — 27 — R B WL OPEZTAEL LI DA VR —T 2 —A% Y
DEISIREBRTUIETIODEZTAEL & D,
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https://cxx.rs/extern-c++.html#functions-and-member-functions

ZE N

¢ XX NA VT4 YTV T 7L YA
e rust_static_librarygn 7> 7L —F

RD K5 REMMBEFE SN LA H D 7,

e Xt Y DRiAFHBEBATH ZGEIC X OB ERY TOHHL T 2 L FENREL T, 20
iE. C++ B cxx: :bridge NOEE L BRI —H LR WD T,

o C++ Z8% Rust ZIUICHHEICEMTE 2 X5 TTH, UBDYRZIERWTL 9507 CXX
DORBERRDGE A XPERTH S50 ZDV A7 EHH FHA, CXXD Y ET7ART
X UB RAETZR[REMDL D D T30, CXX OGH B 2D X 5 Bl &2 B3 2 DIFIEE 1R EE
Tj_o
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https://cxx.rs/bindings.html
https://source.chromium.org/chromium/chromium/src/+/main:build/rust/rust_static_library.gni;l=16

H A5 H

P—FRX—=F74 D7 L —F2EMT S

Rust 54 75 V3T 71—+ 2 EEh, crates.io IZH D FF, Rust 7L — F 2 HWIKIEZ B 2D
FIFFICHETH D EBICZD LS5 IR TVET

TaRT 4 C++library Rust crate

Build system EZ —H L T Cargo.toml
—fR7ZFA4 770 FA4 X PR /I

HERS IR RE £ 2 EZ:

Chromium DT> Y =722 > C. 7 L— MZZEFREEBHH £75,

¢ TRTODZL—bPHFEOLNL R AT LAZMHHL TV 7D, Chromium NDOH D iAA%Z H
Bt TE %9,

o LU Z L — MIGEE. HBIREREGRYE D 272D D54 75V 2l DAL Z L BB E
W2 ARREEEDSH D £5,

HRT BNEERD L BDTT.

e Chromium Y—2Xa—F V-7 L — 2B T 2 HIE
e 7L —MH®D gn BV L=V EAER T 2 J51k
s JL— DY —Ra— RO+ REENEEET 2 Hik

45.1 Cargo.toml 77 4 & D 7L — bEBIMT 275k

Chromium 123, —TCEFH XN ZEHZEN L7 L — MEEBGZER 1 £y DD T, 2hSIEFHE—D
Cargo.toml TEHEHINE T,

[dependencies]
bitflags = "1"
cfg-if = "1"
cxx = "1"

flid> Cargo.toml k Rk, KIFRIFR O ZIEETCEEI . BHIZ. 2L -+ THEMT S
features Z{EEL E 75,
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https://crates.io
https://source.chromium.org/chromium/chromium/src/+/main:third_party/rust/chromium_crates_io/Cargo.toml
https://doc.rust-lang.org/cargo/reference/specifying-dependencies.html

Chromium 127 L — 2B 23 2 < OFE. gnrt_config. toml W 5:EM 7 7 A it
WEIRET ZHEDDHD T, TR OVTIBRTHHAL £ 5,

45.2 gnrt_config.toml Zik3 %

Cargo.toml ® A2, gnrt_config.toml 2H D ¥ 3, ZhWiF. 7L =1+ 2HH5 DD
Chromium [EH OHLRIEREN & STV E T,

LI L— 12BN 2583 2% b ROVTNHD group RIEET 2HENH D 7,

# 'safe': The library satisfies the rule-of-2 and can be used in any process.
# 'sandbox': The library does not satisfy the rule-of-2 and must be used in
# a sandboxed process such as the renderer or a utility process.

# 'test': The library is only used in tests.

RIHIZRLET,

[crate.my-new-crate]

group = 'test' # only used in test code

JL—FDY—22—FDLATTMZEoTRH.TD7 7 AV EEHLTLICENSE 77 A L% R
DT BB BIEETILEND D F5,

BIZE WL O DOREER IR T 272D ZD7 7 4 VITEET 2B D % % T2 2OWTHLD o
%9,

453 ZVv—btXyru—F33

gnrt tWH Y=L ZL— DX v u— Rk BUILD.gn L— L OAERBITIEZHEEL T0 &
Jo
FTRMERIL—FERD LS KXY —FLET,
cd chromium/sxc
vpython3 tools/crates/run_gnrt.py -- vendor
gnrt v — L& Chromium Y — 23— FO—ETIHA. ZDa~vy FeHEITT 5 L.
crates.io 2 HKIFRGREL Y e — L TEITLET . ZAUCHT2 ¥ 20 74 L
DPWEIZOVWTIE, DL a B IELEZW,
Zovendor A<y RIZXD URBXYra— RIN25E508HD %7,
* Your crate
o BB X CHER AR BIFR

* cargo X ko THHREN S, Chromium THEL 2227 L— DRty M 2§23 7D01
DZL—=FDFLWVAN=T a3 >,

Chromium TiX, —#D 7 L — MZXF %%y F53//third_party/rust/chromium_crates_io/patches
WWREERTVET, SRS EFCHER XN E T8 Ny FEANEKM L2581 FEck 3
R BN DG EDDH D 5,

45.4 gn BNV RAL—LEZERT B

JL— b EXorua—RLEL RO XS512BUILD.gn 7 7 A VE2/ER L 5,
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https://source.chromium.org/chromium/chromium/src/+/main:third_party/rust/chromium_crates_io/gnrt_config.toml

vpython3 tools/crates/run_gnrt.py -- gen
git status ZHETL. ITZ2MERL £3,

» third_party/rust/chromium_crates_io/vendor ic 1 DX EDFH L WVWIZ L — b vV —
RAaA—FPRHbd

e third_party/rust/<crate name>/v<major semver version>iZ 1D LOFH LW
BUILD.gn 2355 Z ¥

* 5#Y)7% README. chromium 3% 3 Z ¥

The "major semver version” is a Rust "semver” version number.
FfiZ third_party/rust A MICER SN2 D% K KHERL TLZE W,

semver (12 2W T BIC Chromium T EFMEO LW L — FOA—Y 3 UDBEREFRI IR e %
FHLTBEEL 25, 2RI ERAN, Cargo TP AT LATREIZRZZBHD ET,

45.5 FEZMRRT 2

LV RARBLZHE,. build.rs (B FRRICER OB ZAT S 70 75 1) 03K T & % v HeME
DB D F T, ZAUI LV F OIS HHEE RS 2 7 DICE N TIRENZ L Fv—L %k Hig
$gn & ninja OFE LT EARCFEL TVET,

—# D build.rs 77> a VIZHBINICY R— FEREITBMD T 72 a YITEHICHBET T,

=2 N SN DL IS gn 7 7L —MTkBaHHR—1 DAL YA S

rustc D= 2 YRR LU THEEE 3w 7L

ZHME NS S

779 M7 x—L%F7ECPU ZHE 13V ZL

in U CHRE 2 B0 K 7 13 BRI 5

%)

Generating code =40 »HY -
gnrt_config
THEET S

C/C++ DEIL K (IR Xy F RS
%

ZOMOERDT 7> a > ARV Ny F M
%)

ZFVIZLAEDZL—MZEELRRZ V)T EIREENTELTIUILALEDELR 227V 7 MZ
2207272 a 0sEPETLET,

4551 a—FRZERTZIENVERZY T b
ninja 37 y A L2 HOF 6BV WS X v =Y 2 RRT 2551, build.rs Y —2xa—
F 77 ANZERLTOE0E I 2R LET,

BLIZ 7 AADPMERENS K SICkRo TV s, gnrt_config.toml ZZHELT. 7L — M
build-script-outputs ZEML £ 3§, Z W HESHIKAZRIfR (Chromium = — N A EHERTES
N&E TRWVKFERER) 0541, allow-first-party-usage=false EBML T, 2D 7 7 4
ME T TRV DD DRI EZENTVET,
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https://doc.rust-lang.org/cargo/reference/semver.html

[crate.unicode-linebreak]
allow-first-party-usage = false
build-script-outputs = ["tables.rs"]

iz, gnrt.py -- gen ZFHFE(TLTBUILD.gn 7 » A L2 AR L, ZOREDH N7 7 4 4D
BIEDEIL R AT v FTASIZNS Z L% ninja IKHZ ET,

45.5.2 C++ZELAFTB. BB HEEDT7 I a 2FITTI2LELRRZY S
b

—HBDZ L —ME, cc ZL—FEFEHALT, C/CH+ AT 7VDEL R Y 7 Z2ITWET Mo
ZL—HMIENVRFRZ YT AT bindgen ZHLTC/C++ 2T LE ST . 2hHD7 7> a
&, Chromium ® 2> 7 ¥ X+ TE¥AR— P TEFXH A, Chromium ® gn, ninja, LLVM L F
SRATAF BNV RT 7Y a YEOBREIFFICEARIICERET 2720 T,

Lo T RS ATS arBHh £7,

s ZhoDZL—bEFERLEWV

e JL— MRy FEHEHAT S
% v F13 third_party/rust/chromium_crates_io/patches/<crate> IZfR17 5 2 HED
HOFEFTLZIE XX 7L —MIRT 2y F2lHBARIVFR RNy FEIL—BT v S
L —REN20gnrt Ik > THEMICHEA SN 3,

45.6 Z 1L — bADIKGFRRET S

P—F =T 4 7L — b EBEMLULTEALFIL—LEER LS. 7L — FADOKFERHRICERETE
9, rust_static_library #—%v r 2RO T. 7L —1FAD :1lib X—%» Mz dep %38
L E3,

BRFNZIERD 51T LET,

L + B T T T T +
"//third_party/rust" | ZLv—1F% | "/v" | semver ODXYr— N—Yar | ":1lib"
oo - + e e e e e +
Rz~ E T,
rust_static_library("my_rust_1ib") {
crate_root = "lib.rs"

sources = [ "lib.rs" ]
deps = [ "//third_party/rust/example_rust_crate/v1:1ib" ]
}

45.7 Y—FR—=F74 71— bOEH

HLWI AL 729 REMT 354, Chromium OE#EDRY & —PEHINE TH YR Lh5E
FaUTAFEBEONMRIZBEDET, 12027 L — FEF TR LHEBIKRIZEEZR DI ATIEE. 5
BIREa—-FPZHEET S ET  FO—FT. Z2% Rust 2— FOEDIAAIZEI L T
FCEVCEIEHIZRERN LD E T, 7L — FOBEBEIZLED LIS IATHONEZRETL & 5D

Chromium 3457 cargo vet ZHuh L7z 7B RIBITEIA TV FETITH,
ENETOM T LWI L— FABMENZ T UAROF = v 7 ZITVET,
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https://crates.io/crates/cc
https://crates.io/crates/bindgen
https://source.chromium.org/chromium/chromium/src/+/main:third_party/rust/chromium_crates_io/patches/cxx/
https://chromium.googlesource.com/chromium/src/+/refs/heads/main/docs/rust.md#Third_party-review
https://mozilla.github.io/cargo-vet/

o B L —fFHINATWAEHE. 7L — MNaAILOBBREHEMAELET . F7L—bDELFY
A7 LI build.1s R FHRER 70’ EENTVWIEEIX. ZOHNZRANE T, /-,
Chromium DEHFE DN FHEL EERD 208 50 bHERLE T,

¢ B L — I RRCAYTF UV RAIN TV EHERLF T,

e cd third-party/rust/chromium_crates_io; cargo audit % ffifH L CBEHID 55
MEFzv 7 LETERINC cargo install cargo-audit 25T 2 BENH D T35,
KRB Lo TA Y EZ—2y b2LEL DRERBREZX Y 0 —- 35212k
h%3 2),

e unsafe 72— K Rule of Two %2/ LTW2 Z L BHERL 3,

e fs BLUnet D API BMERHINTWA Y S 02 ERLE T,

s HEEZR o TR AINIAIREED D 2 50 372 W RS DI+ L~ Ta— &5
AET(EZLOEE . A—FPZLITECHREBCF v I/THILWETEEEA),

INBEHA K74 VICTEEH A, security@chromium.org OFEHEHEYE LI LT HIER
FoTrZL— b 2HT 2700 EEZ RO TLZE W,

45.8 27UV —bF% Chromium V— 22— RKZF=zv 7453

git status ZEITT 2 UTF2METEET,

» //third_party/rust/chromium_crates_ioiZ®» %271 —ta—F
» //third_party/rust/<crate>/<version> 2 ® % X % 7 — % (BUILD.gn X
README . chromium)

BB DA OWNERS 7 7 A L HBIIL TL 22E W,

INHIANT%Z, Cargo.toml BX U gnrt_config.toml OZHE L & %12 Chromium VK b
VBN 20ENHD 75,

H¥:git add -f 2HHAT 2HENDHD 3,25 LRWVwEe, .gitignore 7 7 4 MiT &k o T—ik
D77 ANBRAF Y TENSFRMNDD 27:DTT,

ZOBE A VI N—2 T TROWREDFERK T presubmit F = v 723K T 2 2235 H 5, ZHU,
Rust D7 L — b+ 7= XITIE Git 77 Y FOHHIHREENTWAHALDH D . Z DT rY =7 b T
RELTA VI M=y T TROUERHADMEAIN TV E72DTT 20D UTRE2FETTE2LEND D
Ec

infra/update_inclusive_language_presubmit_exempt_dirs.sh > infra/inclusive_language_pre:
git add -p infra/inclusive_language_presubmit_exempt_dirs.txt # add whatever changes ar

45.9 7L — bZEGIDOIREIRED
P — Fo%—F 4 @ Chromium RERBMZROEZ X, X 2V 7 4 ICHT 3 BIER2IT > TIK{FERE %R %

BHTOIREEICHRO Z ek o T, 2T HEbE N2 Z e XN TWE T, FIR
EMDY — Fo—T7 4 ORFREROGE LRI, TR vy = ZDEMLZEVE T,

45.10 Y

Chromium Z uwuify ZEML. Z L — b D7 7 4L b OEGEZEINICLET 7 L — M
Chromium ORI CTHEHENETHMEETELRVANOLIEIIEIEH IRV EREL T ZE
W,
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https://chromium.googlesource.com/chromium/src/+/main/docs/security/rule-of-2.md#unsafe-code-in-safe-languages
https://chromium.googlesource.com/chromium/src/+/main/docs/adding_to_third_party.md#add-owners
https://chromium.googlesource.com/chromium/src/+/main/docs/adding_to_third_party.md#add-owners
https://crates.io/crates/uwuify
https://doc.rust-lang.org/cargo/reference/features.html#the-default-feature

(X oiEE T Chromium @ uwuify ZH L £ 325, 2 ZTITo THHOE A £ uwuify %
T 2% LW rust_executable 2—%7 v F ZERT 222 dTEET),

ZlH IS BOMBKFREREZ XY o — T 208 DD $5,
IR L — MIRDEBDTT,

instant

lock_api
parking_lot
parking_lot_core
redox_syscall
scopeguard
smallvec

uwuify

ZHEP LHDAND I L -1+ 2 XY —FLTWAEEIF. T 7 4L FOEERENCT 3025
NTVBA[HENEDL DD 7,

ZD7 L — Mt LT Az Daniel Liv W& LU £ 3,
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https://source.chromium.org/chromium/chromium/src/+/main:build/rust/rust_executable.gni
https://github.com/Daniel-Liu-c0deb0t

55 46

e —jEy

ZOFEE T, Chromium OF LWAHERBIILARR S, CNETHAL I EL DT,

TR bR IX Y MM DTV —T 4 VT

NEFEN BN RICER T3 7 — B0~ OB RREEIAELEZ V2 —RAITOD
Chromium %2 TE& 372 B3 2 Z e EETT,

EfHE, Chromium O3 RXTO Ul XFHN%E VI —DEBICHRT 222 TS,

IERXGEERZIT o TV AIREIED D FEAD FEWVIZH YT ¥ —DF B EBICIFEITE . 2 DFlER
ZITO Rust 7L — b 03dH 2 Zehbhb £,

EiZ. MOBEETZEDOZ7L— 24 Y E—FLTVET,

(5% T3d7<, Chrome ZFEBRICBIERT 2 1ML OFE L B HBBRETTOT, ZHEAFE LR
WTLEEW),

T

FRANT TR TOXXFFN %2 HIER T % & 512 ResourceBundle: :MaybeMangleLocalizedString
ZEHELFET, Chromium O Z OF5lIZ L FTld, mangle_localized_strings_ DEEI
IR VHICZD LI LET,

ZZEFTOHBFEZIRTELLIKbOLEATVIUL, 2N TEZ > —MITD Chrome 25EK L TW3
=S B Gl 2

e UTF16 ¥ UTF8 I2 D\ T., Zi#& 1% Rust XFHIEIC UTF8 TH 2 Z L ICHEET 2 BN D
DEFT . BZ5L, C++{lIC base: :UTF16ToUTF8 ZfiH L TZE# LT A3 0 L ¥
Wi 2TL X9,

o Rust il CE#HEITSHEZ. String: i from_utfle OFIH,. =5 —H, %< D ul6s #ix
EAHEZ. CXX THR— P ENTWARRIZI NI BT 20ERZDH D 5,

o ZHBHE XV ODLDERBHIET C++ £ Rust OB R 2RI TEE 3.2 213 XFHEET
B L TRT, FEXFIANORESRERIGT 2R E T AESEMAFEH A TW R 5E
. BZ5 CXXWZPin ZEHTIXERDHL2EDRA v —I%FKRLE T, Pin OHERER 3
BHL. C++ F— ZADA[EBIRD =012 CXX T Pin 2B EIZ R 2 23T 2 0 E) H 3
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https://crates.io/crates/uwuify
https://doc.rust-lang.org/std/string/struct.String.html#method.from_utf16
https://cxx.rs/binding/slice.html
https://cxx.rs/binding/slice.html
https://doc.rust-lang.org/std/pin/

2D LNFERHALEZIE, Cr+ T—XITHCSBRRA VAP EENTVWAARELL D 5729,
Rust 77— XD X S5 ITHETEXRWDTT,

» ResourceBundle: :MaybeMangleLocalizedString % & & C++ X — 7 v b &,
rust_static_library & —7% v MIKFT 2 HEN DD T ZHBE X T TIIINEIT-
TW3IEXI TS,

e rust_static_library #—4%"v M/ /third_party/rust/uwuify/ve_2:1ib 27
TERENDHD FT,
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Chromium OEE OFEEICOVWTIE. 2HHDCLI Y —X BITELEI W,
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https://chromium-review.googlesource.com/c/chromium/src/+/5096560
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55 48

R7ZXAZINVRUSINE D Z #

ZHBEBIERTAZNLRUStICEHT A2 L1 Ha— XTI MR LTWSDIE, Rust DFEARM) 2
ERCB L TEE R R AN TWI X AH#HET), CREDMDFTIETRT X XILBHFE DR H
2 e HAERTY,

SHEDHES DIF R7RXZ)LRust TF,§4bb, OSLTRUst Da— FEETLET, ZDE
FLLRD & 5 iz h $35:

* no_std Rust ¥ 13?

s A4 rZuaryirua—JEFDT 7 —L4v 7%,

e 77V —varyrukyHEIO T —ru—X /I —3 R
o X7 X &)L Rust HRERIEIOZ L — DR,

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 nRF52833 microcontroller with some LEDs and
buttons, an I12C-connected accelerometer and compass, and an on-board SWD debugger.

FFTRLDIKREFEREL RNV DDV — L% A YA+ —1LL%ET, glinux %7-1% Debian ®
GEEM T LSk 3

sudo apt install 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

curl --proto '=https' --tlsvl.2 -LsSf https://github.com/probe-rs/probe-rs/releases/lat

X512, plugdev ZL— 72 micro:bit 7u 77 AT AL ANDT7 72 AR5 L ET

echo 'SUBSYSTEM=="hidraw", ATTRS{idVendor}=="0d28", MODE="066@", GROUP="logindev", TAG+
sudo tee /etc/udev/rules.d/50@0-microbit.rules
sudo udevadm control --reload-rules

MacOS OEEEFLLTD L5z 3

xcode-select --install

brew install gdb picocom gemu

rustup update

rustup target add aarch64-unknown-none thumbv7em-none-eabihf
rustup component add llvm-tools-preview
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https://microbit.org/
https://tech.microbit.org/hardware/

cargo install cargo-binutils
curl --proto '=https' --tlsvl.2 -LsSf https://github.com/probe-rs/probe-rs/releases/lat
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49 =

no_std

core
allo
std

C

Slice, &str., CStr

NonZeroU8 72 ¥

Option, Result

Display. Debug. write! Zr&

Iterator

Exror

panic!, assert_eq! % &

NonNull & KA > & —i2B3 2 2 TO—M Bk
Future & async/await

fence, AtomicBool, AtomicPtr. AtomicU32 %z ¥
Duration

Box, Cow, Arc, Rc
Vec. BinaryHeap. BtreeMap. LinkedList. VecDeque
String. CString. format!

HashMap

Mutex. Condvar. Barrier. Once. RwLock. mpsc
File.Jkb @ fs

println!, Read, Write, Stdin., Stdout.’%b ® io
Path, OsString

net

Command. Child, ExitCode

spawn. sleep.’% b @ thread

SystemTime, Instant

HashMap /& RNG IZK1F L £ 5
std X core ¥ alloc DM A EZHILZI AKR—PLET,
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49.1 w/DPERDONno_std v 5 A4

use core::panic::PanicInfo;

fn panic(_panic: &PanicInfo) -> ! {

loop {}
}

¢ ZDA—FIEFFEDONALFVIZAy L LEINET,

o R=wIANAY R std T 20T 22 HbRVWHEITEAD TRIEST 2 08X H D %
R

s H5WIE, panic-halt D X5 RFIO I L — bR T 2= NV RS EFHTZ 2D
TZE7,

« X—75 v MIZ KXo Tld, eh_personality B35 2= 7 —%[EEES % 72912 panic =
"abort"BIEELTa Y AT IREMNS D T35,

e BB MAInD X5 Tu I LDHELY FYKRAL Y MIBRVWOT . HFTZY FYEKRAL Vb
EEBTILENDD EI,8H,. Rust a— REFETTEZXHICT572DIIE. VY HR7Y
TreHZEEDTEY TV a—FEQXRELYLET,

49.2 alloc

alloc 2572012, 7 r— Lk —=7) 707 —X2RKRLAETNEZRD $HA,

extern crate alloc;
extern crate panic_halt as _;

use alloc::string::ToString;
use alloc::vec::Vec;
use buddy_system_allocator: :LockedHeap;

static HEAP_ALLOCATOR: LockedHeap<32> = LockedHeap: :<32>::new();
static mut HEAP: [u8; 65536] = [0; 65536];

pub fn entry() {
// SAFETY: "HEAP' is only used here and ‘entry’ is only called once.
unsafe {
/[l 7ar—Z—1ZXEYEEDYTET,
HEAP_ALLOCATOR.lock() .init(HEAP.as_mut_ptr() as usize, HEAP.len());
}

/] TN T . e—TED Y TEREL T2 EFEITTEL LD E LA,
let mut v = Vec: :new();
v.push("A string".to_string());

* buddy_system_allocator iZ#— F =7 4 D7 L — b T Bl NNT 4 R T L6707 —
RCTT, FOMCHBFHATEZ 7L — b MEHOET L. HMTERELED Blovar—&XIcEY
DaA—F%2 79755 HAEETT,
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https://doc.rust-lang.org/stable/std/alloc/trait.GlobalAlloc.html

F X —2ER LockedHeap 137 07 — X DERAA —XZRLE T, ZOHE, 2*432 N4 b
DR EEMRT 2 Z L HA[RET T,

b UIKEFBRICH 27 L — M alloc KIKES 2 5B B3 N4 F VT 74 VBT h—D7F
DITA—=NVIZT AT —ZPIFIET 2 L5 LRTFHUIRD R ABH. 2 by L
DNAFVERERTE7L— M OFHIHEINET,

extern crate panic_halt as _ W5 #77E, panic_halt 7L — s 2HESEICY » 7
L=y Iy RS 2 RHRTREIC T 2 72 DITREET T,
COPITRLIA—RIEELRTEETO. 2V PUKRAL Y PRV DTEITTZILIFTE
FEA
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H5 50 &

“—

~f{rZuarvre—

cortex_m_rt ZL—trikCortexM~AZ7maryba—JHEIFTDOULy bAY I (2 Z0MH 3
b A) Rl T,

extern crate panic_halt as _;
mod interrupts;

use cortex_m_xrt::entry,

fn main() -> ! {

loop {}
}

RiFHREDEN L N SIECEA 027 78 2T 3 TTEICOWTRTWERT,
s Vky PAYFZRY X—2LRWODT, cortex_m_rt::entry 2 w3 REED fn()

> MW SHRITHEZ e R ERLET,
o ZOfillx cargo embed --bin minimal iICk D FETLET
50.1 EMMIO (XEVY~v 7 FI1/0)

KF¥to~vAfZ7oaryiro—JW@FXAEYV~y 7FRIOZE/MZELCEHLIIOWKE 7 2R LE T,
micro:bit ® LED X568 TAFEL £ 5:

extern crate panic_halt as _;
mod interrupts;

use core::mem::size_of;
use cortex_m_xrt::entry,;

/// GPIO @ BA—tFoENT FL 2
const GPIO_PO: usize = 0Ox5000_0000;
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// GPIO JEAMesA 7€y b

const PIN_CNF: usize = 0x700;
const OUTSET: usize = 0x508;
const OUTCLR: usize 0x50c;

// PIN_CNF 74—/ F
const DIR_OUTPUT: u32 = 0x1;

const INPUT_DISCONNECT: u32 = 0Ox1 << 1;
const PULL_DISABLED: u32 = 0x0 << 2;

const DRIVE_S@S1: u32 = Ox0 << 8;

const SENSE_DISABLED: u32 = 0x0 << 16;

fn main() -> ! {

// GPIO @ ® 21 ¥ >k 28 BV E Ty alAHHe LTRELET,
let pin_cnf_21 = (GPIO_P@ + PIN_CNF + 21 * size_of::<u32>()) as *mut u32;
let pin_cnf_28 = (GPIO_P@ + PIN_CNF + 28 * size_of::<u32>()) as *mut u32;
// SAFETY: The pointers are to valid peripheral control registers, and no
// aliases exist.
unsafe {
pin_cnf_21.write_volatile(
DIR_OUTPUT
| INPUT_DISCONNECT
| PULL_DISABLED
| DRIVE_S@S1
| SENSE_DISABLED,
),
pin_cnf_28 . write_volatile(
DIR_OUTPUT
| INPUT_DISCONNECT
| PULL_DISABLED
| DRIVE_S@S1
| SENSE_DISABLED,
),
}

/1 28 HwEvEm—, 21 BEVENAIIRELT LED 24 ICLET,
let gpio@_outset = (GPIO_P@ + OUTSET) as *mut u32;
let gpio@_outclr = (GPIO_P@ + OUTCLR) as *mut u32;
// SAFETY: The pointers are to valid peripheral control registers, and no
// aliases exist.
unsafe {
gpio@_outclr .write_volatile(l << 28);
gpio@_outset.write_volatile(l << 21);

}

loop {}

e GPIOO DOV 2113~ V2 ZALED O—&HDAIZ, ¥ 28 IERAIDITICHER N TVWET,

Bl DRATIT
cargo embed --bin mmio
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50.2 JFBAIOAN7 272 ART 270D 1L — | (PACs)

svd2rust & CMSIS-SVD 7 7 A A 6 XEV < v FENEL /0 123 %1313 %4 (mostly-
safe) 7z Rust 7 v {\—Z 4R L £7,

extern crate panic_halt as _;

use cortex_m_rt::entry,;
use nrf52833_pac: :Peripherals;

fn main() -> ! {
let p = Peripherals: :take().unwrap();
let gpio@ = p.PO;

// GPIO @ ® 21 HY > 28 Brorx Sy a Ve LTHELET,
gpio®.pin_cnf[21] .write(|w]| {
w.dir().output();
.input().disconnect();
.pull().disabled();
.drive().s@s1();
.sense().disabled();

£ =5 =

1)

gpio®.pin_cnf[28] .write(|w]| {
.dir().output();
.input().disconnect();
.pull().disabled();
.drive() .s0s1();
.sense() .disabled();

-

3

/] 28 /Y rE&u—, 21 FEVEANAICRELT LED 24 2L %9,
gpio®.outclr .write(|w| w.pin28().clear());
gpio®.outset.write(|w| w.pin21().set());

loop {}
}

* SVD (System View Description) 7 7 A L& XML 7 7 £ L TTNA ZAD X E Y < v F &5k
L7250 THD EES YV arRy Ik hiftxnEd,

- JAT0 TS LY AR T 4 =V N EEARLS 7 FL AR EIR I DR E AT
g

- SVD 7 7 A VIR LRV DD D EERATRLTWVD I ZVDT ATy
=7 PR ENREBIE GBML.ZL—be LTRHLTVET,

o cortex-m-1t INR7 X 7T -7 SR L £ T,

* 3 L cargo install cargo-binutils % %47 L Tw X, cargo objdump --bin
pac -- -d --no-show-raw-insn ZFE{T¥ 2 e ICLX DRSNS FVOFEE R
5ZEMNTEET,

BIDFAT ST
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https://crates.io/crates/svd2rust
https://www.keil.com/pack/doc/CMSIS/SVD/html/index.html

cargo embed --bin pac

50.3 HALZVv—F}

ZiDvwA47may =705 %5 HAL 7 L — FD3RRA R B T/O IS0 3 2 7 v 8—% 424t L T
WEFT, ZhHDZ L —bDE X embedded-hal 2VEET 2 LA P EEELTVET,

extern crate panic_halt as _;

use cortex_m_xrt::entry,

use embedded_hal::digital: :OutputPin;
use nrf52833_hal::gpio::{p@, Level};
use nrf52833_hal: :pac::Peripherals;

fn main() -> ! {
let p = Peripherals::take().unwrap();

// GPIO @ #FR—1+dD HAL 7 v R—%fERL %7,
let gpio@ = p0::Parts::new(p.PO);

// GPIO @ @ 21 HEEY > ¥ 28 FEVETv a A LTHRELET,
let mut coll = gpio®@.p@_28.into_push_pull_output(Level::High);
let mut rowl = gpio@.p@_21.into_push_pull_output(Level: :Low);

/1 28 F¥ren—, 21 BEEVENAITHRELT LED 24 VICLET,
coll.set_low().unwrap();
rowl.set_high() .unwrap();

loop {}

» set_low & set_highid embedded_hal ® OutputPin L A FDEFKTZ XY v KT,
o Cortex-M %° RISC-V D% D7 A4 22X L THAL 7 L— b DIFEHE L. 20 5121d STM32,
GD32. nRF. NXP. MSP430. AVR, PIC~Af Z7uary tu—shenaihEd,

Bl FAT Ik
cargo embed --bin hal

504 HF—F¥KR—-bFZL—F

A= RN R=1+ 7L — NEIREDR— MW L TEICHE 2R L2 T v =2 L E3,

extern crate panic_halt as

p— }

use cortex_m_xrt::entry,
use embedded_hal::digital: :OutputPin;
use microbit: :Board;

fn main() -> ! {
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https://github.com/rust-embedded/awesome-embedded-rust#hal-implementation-crates
https://crates.io/crates/embedded-hal

let mut board = Board::take().unwrap();

board.display_pins.coll.set_low().unwrap();
board.display_pins.rowl.set_high().unwrap();

!

loop {}

o ZOHITIE A= FFR—FZL— MIBEZOLDRLTVERTZRM L. D Lok 5 L
TWBEIITY,
s A rzmayba—SDATEEINTF VR— FFANL RT3 R4 R TY
B5ZeBHHET,
— microbit-v2 &=+ VU 27 X LED ICHF AfHHER RS ANZEATVET,

Bl DEAT I
cargo embed --bin board_support
505 XA TAT—bIRE—V
fn main() -> ! {
let p = Peripherals::take().unwrap();
let gpio@ = p0O::Parts::new(p.PO);
let pin: P@_0@1<Disconnected> = gpio®@.p0_01;

// let gpio@_01_again = gpio0.p0_01; // =7— BEEHA.

let mut pin_input: P@_01<Input<Floating>> = pin.into_floating_input();

if pin_input.is_high() .unwrap() {
/1 ...

}

let mut pin_output: P@_01<OQutput<OpenDrain>> = pin_input

.into_open_drain_output(OpenDrainConfig: :Disconnect@Standardl, Level

pin_output.set_high() .unwrap();
// pin_input.is_high(); // =7 — BEEA

let _pin2: P@_02<0utput<OpenDrain>> = gpio®
.p0_02

ciLlow) ;

.into_open_drain_output(OpenDrainConfig: :Disconnect@Standardl, Level::Low);

let _pin3: P@_03<Output<PushPull>> =
gpio@.p0@_03.into_push_pull_output(Level: :Low);

loop {}

CORITIR B EBERT XA S Copy d Clone $FEEL TWEBAZDED, 2E—DDA
VAR YRV PFAEARET T U R— MEER» L L —T 3N 2 8 MDD ZDOE VI
TIERATBILIITERIRDET,

s VVOREREETHZILFHVWE YDA VARV AREBETEZ RNV ET, ZDRD.
NLPRFIH VA YRR VAR ENRIT A Z 2 1dTERLSRD T,

o ZHOAIZFDIREERT ISR TVE TN ZIX. Z DFITIFEH GPIO ¥ DIkFER £
LTVWET IDEIICAT— IRV ERATIRAT LAY AD I TCOELWVWERERZE S
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WY ERFoTLES 2B R FT AERIREERICE L Tlda v 4 LRICHER X
AR I N A Y I

s ATy PEVIZHMULT is_high 2T I EEARET. 7Y Py PEYIIMLT
set_high ZM-UH 3T Z e HAIEET T, LA L. ZDHDMAAEHEIIAATRET T,

¢ ZLDHALZ L — bR ZDORE—VE2HWTVWET,

50.6 embedded-hal

The embedded-hal crate provides a number of traits covering common microcontroller
peripherals:

* GPIO

* PWM

* Delay timers

e 12C and SPI buses and devices

Similar traits for byte streams (e.g. UARTs), CAN buses and RNGs and broken out into
embedded-io, embedded-can and rand_coxre respectively.

Other crates then implement drivers in terms of these traits, e.g. an accelerometer driver
might need an I2C or SPI device instance.

* The traits cover using the peripherals but not initialising or configuring them, as
initialisation and configuration is usually highly platform-specific.

¢« 2L Ar7may =710 T 5FEKICH AT, Raspberry Pi 1 Linux A1 0%
FELE T,

* embedded-hal-async provides async versions of the traits.

* embedded-hal-nb provides another approach to non-blocking I/O, based on the nb
crate.

50.7 probe-rs ¥ cargo-embed

probe-rs IZHAAAENT TN ZIWCHRKZY =ty FTF, ZHid 0penOCD D &k 523 DTY
L EDEEICHAESNTHET,

* SWD (Serial Wire Debug) %> CMSIS-DAP #¥H @ JTAG. ST-Link %° J-Link 7m—>7
* GDB X % 7% Microsoft DAP (Debug Adapter Protocol) H#—
s Cargo & DA T L= a v

cargo-embed & cargo ¥ 7 ax Y FTHH ANAFVZEALFLED. 7Ty alZb, RIT
(Real Time Transfers) Diiju 72§ L7z D, GDB IZH#iT 27D Db DTT REINMFEE T
3270327 T4 L7 MBS Embed. toml 7 7 4 M X DTV E T,

o CMSIS-DAP X USB LD ARM #ZE# 70 b a )L T . 4 Y H—F v b T Nv THE 4L 7% Arm
Cortex 7atyH#Dar7H A b TN 7 -7 I7LAR-PITI7RRAT27DDHDTT,
BBC micro:bit 04 ¥ HR—F TN Hd ZhAZMHLTVWET,

e ST-Link (% ST Microelectronics i & 2 4 % —F v b + 7N FDFHT, J-Link i& SEGGER
WEBA4 P —=Fv b+ TNy HOMITT,

¢ TNy T T EAR-PMIBEESEYDJTAGA VR T 2 —AD, 2DV I TATIALYT
Ny 7 TT,

* probe-rs A THEDY —LZ2ME LWEEIHHATES254 779U TT,

» Microsoft Debug Adapter Protocol (& VSCode % fti® IDE 226 #R— b X hic~v A 7z
Yihu—F ETHETENTVEA—FET ANy V525 ZARBICL X9,
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https://crates.io/crates/embedded-hal
https://crates.io/crates/embedded-io
https://crates.io/crates/embedded-can
https://crates.io/crates/rand_core
https://github.com/rust-embedded/awesome-embedded-rust#driver-crates
https://crates.io/crates/embedded-hal-async
https://crates.io/crates/embedded-hal-nb
https://crates.io/crates/nb
https://probe.rs/
https://arm-software.github.io/CMSIS_5/DAP/html/index.html
https://microsoft.github.io/debug-adapter-protocol/

* cargo-embed & probe-rs 1 77V ZHMH L TER SN NA F Y TT,
* RTT (Real Time Transfers) 37 Ny Z5R A b X =5 v FMEDT—E%2Z DY TNy 7
7ENMLTRDEDTEDDAH=XLTT,

50.7.1 TAw Y

Embed.toml:

[default.general]
chip = "nrf52833_xxAA"

[debug.gdb]

enabled = true

O DD&X—3IF T, src/bare-metal/microcontrollers/examples/iZHB W T Ntz *E

17:

cargo embed --bin board_support debug

DX —=IF VT HLT 4 L2+ Y TR FET:

gLinux ¥ 7z13 Debian O85!

gdb-multiarch target/thumbv7em-none-eabihf/debug/board_support --eval-command="target r«
MacOS DL EFIFUTD X 5127 b £7:

arm-none-eabi-gdb target/thumbv7em-none-eabihf/debug/board_support --eval-command="targ
GDB TRl ZFIT L TATL S

b src/bin/board_support.rs:29
b src/bin/board_support.rs:30
b src/bin/board_support.rs:32
C

C
@
50.8 ftioFur =2 b

* RTIC
— ”Real-Time Interrupt-driven Concurrency”.
— Shared resource management, message passing, task scheduling, timer queue.
* Embassy
— async executors with priorities, timers, networking, USB.
* TockOS
— Security-focused RTOS with preemptive scheduling and Memory Protection Unit
support.
* Hubris
— Microkernel RTOS from Oxide Computer Company with memory protection,
unprivileged drivers, IPC.
* Bindings for FreeRTOS.

W OPDT Ty b7+ —24TiE std DFEED D il 21X esp-idf,

¢« RTICIZRTOS * LTI ZA B2 Z D TEZF T L WITEITO L —L VU —J 2 LTIRZZZED
TEZT,
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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

- ftho HAL Z &< BATWEE A,
- A7 T a—=Y Y7 A =32 TlER <. Cortex-M NVIC (Nested Virtual Interrupt
Controller) ZF|H L TITWVWE 3,
- Cortex-M D ADKET T,
* Google 1% TockOS #* Titan ¥ 2V 7 4 ¥—dD Haven ¥4 Z7ma> ta—JTHIAL TV E
»§_O
* FreeRTOS lZFE AL CTEINTVWE ST 7SV =2 a V2R T 579D Rust N1 ~
TAYITHBFIELET,
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# 51 &

o e

I2C G0 a YRR BT 27 AID 2 DRERZ S Y 7UKR— MHALE T,
MEMEICIRD AT D L X, BEEATHRHOELEA,

51.1 a2 nA

R2C#EHD a v N2, 2 ARD  ZOMRE Y 7R — MHA LT, & LIK#ER DN
3. LED R AR XU Z2RAEPHHL THMZH N L TATIES W,
<
* 1sm303agr 7L — F & microbit-v2 7L — D FF 2 X ¥ }. 72 6 FIZ micro:bit »N—F
7 = 7R MR L TA T E W,
LSM303AGR HMFHAZREAF D I12C NRIZHER SN TV E T,
TWI i 12C DRlI# 72 DT, 12C v A ZIE TWIM & W HHEIZZR > TWVWE T,
The LSM303AGR driver needs something implementing the embedded_hal: :i2c::I2c
trait. The microbit: :hal: : Twim struct implements this.
B 7 A T/0 D7=HdD microbit: :Board ¥ WO GERAH D £ T,
* NRF52833 7 — &Y — b 2R 22 HTE X I, 2 OMEMED 7 DITIEBEIRNT T T,

WEMED 7 7L —b2&X7>a—F LT, compass EWHF4 L7 FVOHIZH 3 Ridd 7 7
ANERTLIEE W,

sr¢/main.rs:

extern crate panic_halt as _;

use core::fmt::Write;

use cortex_m_rt::entry,

use microbit::{hal::{Delay, uarte::{Baudrate, Parity, Uarte}}, Board};

fn main() -> ! {
let mut board = Board::take().unwrap();

// Configure serial port.
let mut serial = Uarte: :new(
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https://docs.rs/lsm303agr/latest/lsm303agr/
https://docs.rs/microbit-v2/latest/microbit/
https://tech.microbit.org/hardware/
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/exercises/bare-metal/../../comprehensive-rust-exercises.zip

board.UARTE®Q,
board.uart.into(),
Parity: :EXCLUDED,
Baudrate: :BAUD115200,

)

// Use the system timer as a delay provider.
let mut delay = Delay::new(board.SYST);

// 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 (ZHIFARERIEZTTY):
[workspace]

[package]

name = "compass"
version "9.1.0"
edition "2021"
publish = false

[dependencies]
cortex-m-rt = "0.7.3"
embedded-hal = "1.0.0"
1sm303agr = "1.1.0"
microbit-v2 = "0.15.1"
panic-halt = "1.0.0"

Embed.toml (EEIIAERIET TI):

[default.general]
chip = "nrf52833_xxAA"

[debug.gdb]
enabled = true

[debug.reset]
halt_afterwards = true

.cargo/config.toml (ZZHEIIAE/2T 3 TI):

[build]
target = "thumbv7em-none-eabihf" # Cortex-M4F

[target.'cfg(all(target_arch = "arm", target_os = "none"))']
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rustflags = ["-C", "link-arg=-Tlink.x"]

Linux Tld> U 7R — MM HZ Nicoa~ >y FCHERL 7

picocom --baud 115200 --imap 1lfcrlf /dev/ttyACMO

Mac OS TR ZARELIZARD £ (FANL REBDPLES 2D LULERA)

picocom --baud 115200 --imap 1lfcrlf /dev/tty.usbmodem14502

Ctrl+A Ctrl+Q T picocom ##& T L £,

51.2 N7 X &)L Rust D-Hij D
I NA
(EHBICR %)

extern crate panic_halt as _;

use core::fmt::Write;
use cortex_m_xt::entry,
use core::cmp::{max, min};
use embedded_hal::digital::InputPin;
use 1sm303agr::{
AccelMode, AccelOutputDataRate, Lsm3@3agr, MagMode,
b
use microbit::display::blocking::Display;
use microbit::hal::twim::Twim;
use microbit::hal::uarte::{Baudrate, Parity, Uarte};
use microbit::hal::{Delay, Timer};
use microbit::pac::twim@: :frequency::FREQUENCY_A;
use microbit: :Board;

const COMPASS_SCALE: i32 = 30000;
const ACCELEROMETER_SCALE: i32 = 700;

fn main() -> ! {
let mut board = Board::take().unwrap();

/] V7N KR— b eRELET,

let mut serial = Uarte: :new(
board.UARTE®,
board.uart.into(),
Parity: :EXCLUDED,
Baudrate: :BAUD115200,

),

Il AT 5 XA —%EBEENTHEHL X,
let mut delay = Delay::new(board.SYST);

// I2C avite—JBHllELI=y + 2ty 7y T LET,
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writeln!(serial, "Setting up IMU...").unwrap();
let i2c = Twim: :new(board.TWIM®, board.i2c_internal.into(), FREQUENCY_A: :K1@0) ;
let mut imu = Lsm303agr::new_with_i2c(i2c);
imu.init () .unwrap();
imu.set_mag_mode_and_odr(
&mut delay,
MagMode: :HighResolution,
MagOutputDataRate: :Hz5@,
)
.unwrap();
imu.set_accel_mode_and_odr(
&mut delay,
AccelMode: :Normal,
AccelOutputDataRate: :Hz50,
)
.unwrap (),
let mut imu = imu.into_mag_continuous () .ok() .unwrap();

Il TAATVA 242ty b Ty T LET,
let mut timer = Timer: :new(board.TIMERQ) ;
let mut display = Display::new(board.display_pins);

let mut mode = Mode: :Compass;
let mut button_pressed = false;

writeln!(serial, "Ready.").unwrap();

loop {
[ AVRRATFT=REHARD >V 7K — ML E T,
while ! (imu.mag_status().unwrap().xyz_new_data()
&& imu.accel_status().unwrap().xyz_new_data())
{}
let compass_reading = imu.magnetic_field().unwrap();
let accelerometer_reading = imu.acceleration().unwrap();
writeln!(
serial,
IS FRSFESANEE PR RS I
compass_reading.x_nt(),
compass_reading.y_nt(),
compass_reading.z_nt(),
accelerometer_reading.x_mg(),
accelerometer_reading.y_mg(),
accelerometer_reading.z_mg(),

)

.unwrap();

let mut image = [[@; 51; 51;
let (x, y) = match mode {
Mode: :Compass => (
scale(-compass_reading.x_nt(), -COMPASS_SCALE, COMPASS_SCALE, 0, 4)
as usize,
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),
Mode

) I
3,
imagel[y]
display.

/] KRRV
/] XHZE

scale(compass_reading.y_nt(), -COMPASS_SCALE, COMPASS_SCALE, 0, 4)
as usize,

: :Accelerometer => (

scale(
accelerometer_reading.x_mg(),
-ACCELEROMETER_SCALE,
ACCELEROMETER_SCALE,
0,
4,

) as usize,

scale(
-accelerometer_reading.y_mg(),
-ACCELEROMETER_SCALE,
ACCELEROMETER_SCALE,
0,
4,

) as usize,

[x] = 255;

show(&mut timer, image, 100);

A DHEINTZGERDE— RIZYIDEZTTINTOD LED % 5GRFRH AR
j_

if board.buttons.button_a.is_low().unwrap() {

if !

button_pressed {
mode = mode.next();
display.show(&mut timer, [[255; 5]; 51, 200);

}
button_pressed = true;
} else {
button_pressed = false;
}
}
}
enum Mode {
Compass,
Accelerometer,
}
impl Mode {
fn next(self) -> Self {
match self {
Self::Compass => Self::Accelerometer,
Self::Accelerometer => Self::Compass,
}
}
}

279



fn scale(value: 132, min_in: i32, max_in: 132, min_out: i32, max_out: i32) -> i32 {
let range_in = max_in - min_in;
let range_out = max_out - min_out;
cap(min_out + range_out * (value - min_in) / range_in, min_out, max_out)

}

fn cap(value: 132, min_value: 132, max_value: i32) -> i32 {
max (min_value, min(value, max_value))
}
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%52 &
VAN A NA S A

ZZETIZArm Cortex-M 3V —XD k5~ A470arytu—SROWTHTEE LA SEIX
Cortex-A ZXMRE L TADZFNTAHEL & I EHFILDZDIT, 22 TEHE YD N— KT = 7 Tld
7<) QEMU o aarch64 'virt' K— FZF|HL £ 3,

¢ RKENICE ST . ¥A7uay bua—52 MMU REHDOEMEL ~L(Arm CPU 12517 2 4t
LAUL, X86 BB U )R vwoicx L. 7 7V r—yarySuay i h s e i
th\ij_o

s QEMU XA D7 —F 7 7 F ¥ I L TRARERZ <Y Y RR—RFETAEZFR—-F LTV
F 9, S S virt' R— RIZFFEDARYI D N— R = 7 IS L7z b DTl { HiF s~
U2 LTEHEIENIZH DT,

52.1 Rust O #fj

Rust D2 — FZFTTE 2 KSR BNV L O OISR ET T,

.section .init.entry, "ax
.global entry
entry:
/*
* Load and apply the memory management configuration, ready to
* enable MMU and caches.
*/
adrp x30@, idmap
msr ttbr@_ell, x30

mov_i x30, .Lmairval
msr mair_ell, x30

mov_i x30, .Ltcrval

/* Copy the supported PA range into TCR_EL1.IPS. */
mrs x29, id_aa64mmfro_ell

bfi x30, x29, #32, #4

msr tcr_ell, x30
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https://qemu-project.gitlab.io/qemu/system/arm/virt.html

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 iallu
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. */
adr x30, vector_table_ell
msr vbar_ell, x30

/* Call into Rust code. */
bl main

/* Loop forever waiting for interrupts. */
wfi
b 2b

ZOPIHERNEIZ COSGE RIS D £9, 7nt v HIREZ IR LT, BSS 2 i L
T AR IR VRBRELET,
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— BSS (BEsSfy72FEH 1 & b block starting symbol ¥ FHENTW2 D)EA TV =7 h 7
7 ANMZBOWTE gL XN 2 BB ERE ST TS, Z2OEDIEE v X 2 5
DIRBEZHT 272DITA XA =IO EBRAEINTVEST av8f J13ue — X032 OFEE
Yoyt s e 2EELTVWEDTT,

o XEYOWHLTERA X —YDu— FAHKEICX>TIEBSS 3Tzt uidpXhTtnid e
BHDETH, I TREOAEICEaED L TVWET,

o WK B XEYDread o write £ D EICMMU & F v v 2 2HMET A3HERD D 9,
FRZ LBV

- T4 VERTVRWT Z7E2AN T =L ZRDET HREAZa VLI 7 54
YENTWRWT 72X 2AER LR WK S iC+strict-align £ 7> a Y 2RET B
aarch64-unknown-none X—%v FENFICRust a— FZEL R LE T, Z2D/RHIZ
TR R D FRAD, —RINIEZZ S LIEE X ER A

- 3LVMLETEITLTVWALET R . Fryyaab—L Yy —0OEEZREITZ DD
DESTIERDIIVM P X % v > aZ2BIMLLEFEERXEBVIRIT77ELALTVWSD
WL ARZMIFRCAEBVICH L TF vy v P afdffERIA V7 AR FHE-TLEI LWV
CE T HRAMPRICHRIICXEVICT 72 A LRWE LTH BN Y 72 212 X
DFY a4 NDPREDZIERDDNETZEIRIBE. KA MR F Yo a2 T Tvy
2TE3VMBF vy v aZGMELz2 &I, VMOAERAMDEL LN X ZEENK
OBRTLEFVET (Fv vy a7 FLARIPA TR LYY FL A %2F—2 LT
T ZAXNET)

s Bt D 7D N—Fa—=FLER=I 7 =71 (idmap.SSR)E2FHLET . 2OR=
T — 7RO 1GiB % F N4 ZFIZ,RD 1GiB %Z DRAM FHIZ. KD 1GiB 2 X 5725 7N
A ZFHICHEBINC< Yy T LE T ZAUIQEMU DX EY LA 77 MZABLET,

o FIHNART Z(vbar_elD)dHREL T, ZAUCEH L TIIRIFEFHF L AE T,

s SHOFRICH S $RTOHNIHFISN L~V 1 (ELD) THEITEINZ I ZRELTOVET S L,
HDOFI L ROV THRITT 2 BEHH 25E121F, entry.SEZNCEDLDETEET 2HEDLDH
DET,

522 4947k TY

B Rust 2— FCREBURVWI L R{T=01 7y U SELRHESIDERD D 3.4 213, BH
EHELTEODICT 77— L7 27 LTHVC N = ANAFa— ) BRITTI5E8TT .

use core::arch::asm;
use core::panic::PanicInfo;

mod exceptions;
const PSCI_SYSTEM_OFF: u32 = 0x84000008;

// SAFETY: There is no other global function of this name.
extern "C" fn main(_x@: u64, _x1: ub4d, _x2: ubd, _x3: ubd) {
// SAFETY: this only uses the declared registers and doesn't do anything
// with memory.
unsafe {
asm! ("hvc #0",
inout("w@") PSCI_SYSTEM_OFF => _,
inout("wl") @ => _,
inout ("w2") @ => _,
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}

\%

inout ("w3")
inout("w4")
inout("w5")
inout("w6e")
inout ("w7") _,
options(nomem, nostack)

\%

[S A SIS N
o mnn
vV Vv

\%

)
}

loop {}

(B LEBRICEREE L T 077 0 2FE0EEEE. IO D TR TOBEEICTT 2 7 v —%1E
L TW3 smecee S L EWTL & 5,)

PSCI & Arm @ Power State Coordination Interface ®Z ¥ TH bhH ., Z I AT 45 CPU
BNREEHOKREE s SUEEN L2y FTT, ZNEZL DY RATLTEL3S 77—V 2T
ENA RN P DHEEINTVET,

0 => _YWVWHTUERYIZRIAYIAYTRYTYRETTBHNCL I R X %X 0 THH
LU FATRIZZOMEIFKICLAEVE WS 22 EZ/RLTVE T, in Tld7% < inout % f# 5 HE
MdH2BDIE, ZOFETTLIAZDMEE LEXLTLESAIREMEDH 20 5T,

This main function needs to be #[unsafe(no_mangle)] and extern "C" because it is
called from our entry point in entry.S.
XO—_x3WELIREXO-x3DETH D HEMIZT— bR — BTN, AV Y =R EADKR
4V REETOICHHINATOET, (extern "C"Ic X hisEXNI) aarch64 DR =a—L
BRI TIEL Y A& X0 - x7 3EmA)D 8 HD5 Bz BBICE T DIHHENE ZeiZikoTWna
7o, entry.SIEZNSDEEZEBELRVES T I2UHMORHR I 23 208 IHD %
Ao

Z Dl % src/bare-metal/aps/examples 2B W T make gemu_psci & $5% Z & T
QEMU IZ X W EITLTAEL & 5,

52.3 MMIO I2X}3 3 volatile 7 7t &

Use pointer: :read_volatile and pointer: :write_volatile.
Mo Z 2 R L TRV £E A,
Use &raw to get fields of structs without creating an intermediate reference.

Volatile 7 7+ & : MMIO %13 % read % write IZEWEHDH 2 Z 3% % DT, 2 >3
A T7RN—RY =7 PFTEFEZEBE LD ERHLED AR LD TERVWEI T ED
DHDTT,

- BHIFPIRIEDZAEZRICHLTIA FLY—=FF5L. a4 51354 FLEDE
FCMED Y — FCiAE I N2 EMELEBRICIXEY 2 Y — N3 2583720 2k L
9,

N—Fvz7~dvolatile 7 7 L XTS5 D DFED 7 L — MWEBRERKET 2 DM D
DEITH, CHIMEETIED D FRASHBFEET 2TV TH a v 3( I 082D HEH
L CT(MMIO I 7 7 AL T) LE S A[REMEDIH D £ 3,

Use &raw to get struct field pointers from a pointer to the struct.

For compatibility with old versions of Rust you can use the addr_of! macro instead.
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524 UART F7ANZEHWTAHXL &S

QEMU D'virt' v Y iZiZ PLO11 2 W5 UART B3H B DT, ZHUIXWT B KT A NEFHEWTAFL &
Jo
const FLAG_REGISTER_OFFSET: usize = 0x18;

const FR_BUSY: u8 = 1 << 3;
const FR_TXFF: u8 = 1 << 5;

/// PLO11 UART O/ K Z A4 N,
pub struct Uart {
base_address: *mut u8,

}

impl Uart {
/1] FEEXINZR—AT7 FLAIFET S
/// PLO11 74 ZHD UART FIANDHF LW VAR ZAZEMRLET,
/17
/1] #
/17
/1] FEEEINR—ZA7 FL R PLOLL T4 2D 8 2D MMIO #IffiL P2 & E2FELTWRIFHIIR D £8/
11l ZTNBHRETAALAZAXEYVELTTRERDT F L RZEMIZ
11l =By 73 oty 72Edh T8 A
pub unsafe fn new(base_address: *mut u8) -> Self {

Self { base_address }

t

PNy

etk

}

/// UART 12 1 NA +2EEIAAZT,
pub fn write_byte(&self, byte: u8) {
[ TX Ny 7 7 ICRBENRTEEFTHELF T,
while self.read_flag_register() & FR_TXFF != 0 {}

// SAFETY: We know that the base address points to the control
// registers of a PLO11l device which is appropriately mapped.
unsafe {
11 TX Ny 77 I HEZAAZET,
self.base_address.write_volatile(byte);
}

// UART 2’ —Tk 2B ETHELET,
while self.read_flag_register() & FR_BUSY != 0 {}
}

fn read_flag_register(&self) -> u8 {
// SAFETY: 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() }

e Uart::new 7 vt — 7 TEDMDX Y v Ft—T7THEZL VWS T IREHLTLEI W,
ZhiE. Uart: :new OLZEMERSHELZZINTWE (TROBEED UART 12Xt LT—2 L
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FIANRDA VAR APFEERET.FDT7 FLAZEMIIHLTZA V7 ABELEFELRY)
TR ZOMOH LITOMRIET 2R D, Z W LI II A E R ERISEME M- T Tn 2 L HET
52N TEwrite_byte ZHICKRWIFSH TN TESL X512 ZePHEETT,

o HZ(new Zt—71CL T, write_byte 27>t —710) 322 dbTEXELALN. 25T 3
¥ write_byte OLMUH LEMIBWTEZEMEEZEE LR TIUIR 54 2 b  FEEMK
TLET

s ZNET V=TI RIA-FRRIRLTE—TR T v =% MRTI2HGAOHLE AKX -0 T i
YIRS 2FEHICRE T 2 N 2 2RO 5 DB OGFMCEHN L 3,

5241 fobrv 4 b

ZZTlEDebug FLA FEEHLE LA ZOMICHNL DD LA P EERETZLEROVTL &
o
use core::fmt::{self, Write};

impl Write for Uart {
fn write_str(&mut self, s: &str) -> fmt::Result {
for c in s.as_bytes() {
self.write_byte(*c);
}
Ok(())

}

// SAFETY: “Uart® just contains a pointer to device memory, which can be
// accessed from any context.
unsafe impl Send for Uart {}

e Write #5233 2 ¥, Uart X4 7L CTwrite! ¥ writeln!~ 27 udfHTE 2 X5
A 308

o ZDfl% src/bare-metal/aps/examples {ZE W T make gemu_minimal ¥ 23 Z ¥
T, QEMUICXDEFTLTAHXL & 9,

52.5 UART K54 ~"D:E

ERED L ZAPLO1ILICED - %< 0)1/9‘15?755‘2:5 D.EFNBIZT 78R T B0 78y FRE

LTRAVREBZ ZLEHEZCEDS T AGEEERIEE T I WDy v 7
4 =L RO T HELEINHETTY 7R ATERIEIDRRWVWTL & 9,

F7kvr LIRERY R

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
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F7kv b+ LIRERYL G

0x38 IMSC 11
0x3c RIS 11
0x40 MIS 11
0x44 ICR 11
0x48 DMACR 3

e WL O»DID LY ARIIHBENMDZDDEML TVWET,

5251 €y b+75v7
bitflags 7L —bMEAEy b7 5 7% S DIMERTT,
use bitflags::bitflags;

bitflags! {

/1] UART 75TV IRARNPEDT Z 7,

struct Flags: ul6 {
/11 FEEA,
const CTS = 1 << 0Q;
/1] T—&tvybh LT 4,
const DSR = 1 << 1;
/1] T—%%% V) 7k,
const DCD = 1 << 2;
/717 UART 37— XEED/-DH LY —IKEE,
const BUSY = 1 << 3;
/11 =5 FIFO 232,
const RXFE = 1 << 4;
/11 3EE FIFO 23iff,
const TXFF = 1 << 5;
/11 25 FIFO 23,
const RXFF = 1 << 6;
/1] *EE FIFO %%,
const TXFE = 1 << 7;
/1] BRI,
const RI = 1 << §;

* bitflags!~ 2 mid Flags(ule) O X5 BFHL W&k A F2ER L. 7 7V 2iiAhBTET 57
BDDELDRY v FEEZ—HICEELET,

52.5.2 #HBOLIAX
WEARZHF > TUART DL I ARDRAEY LA T FE2RFATAZ LN TEE T,

struct Registers {
dr: ule,
_reserved®: [u8; 21,
rsr: ReceiveStatus,
_Treservedl: [u8; 19],
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fr: Flags,
_reserved2: [u8; 6],

ilpr: u8,

_reserved3: [u8; 317,
ibrd: ul6,
_reserved4: [u8; 2],
fbrd: us8,

_reserved5: [u8; 37,
lcr_h: us8,
_reserved6: [u8; 3],
cr: ul6,

_reserved7: [u8; 31,
ifls: u8,

_Treserved8: [u8; 3],
imsc: ul6,
_reserved9: [u8; 2],
ris: ul6,
_Treservedl®: [u8; 2],
mis: ul6,
_reservedll: [u8; 27,
icr: uleé,
_Treservedl2: [u8; 2],
dmacr: u8,

_reservedl13: [u8; 3],

o #lrepr(C)] WEa v %4 Z1ZX LT, C 2[EUHANIHE > THHEIRD 7 4 — L REERINT
WAIEERTHE T2 Z e 2HERLET, ZHUIBEKRD L A4 79 M2 THIATEEICT 2 729124
ECT, R 51E, RUStIEEHEDRBIZa Y A I8 7 4 — L REGFER IS CHOEZ 2 2
e e sk e HHEFTHEHFLTVEINELTT,

52.5.3 FZ4 2N

BrL < EFE L7 Registers MiEhEZHAD F I A NToTAHXL & 9.

/// PLO11 UART D K ZF A3,
pub struct Uart {
registers: *mut Registers,

}

impl Uart {
/1] fEESINZR—ZA7 RLAIIFET S
/// PLO11 FAA4ZHD UART FoANDHLWA Y AR ZREMLET,

/1117
111 # &RV
/117

/1] FBESIN/=R—ZA7 FL A PLO11 N4 XD 8 DD MMIO HlfHilL P RA X ZFF L TWiRITIUIR D 8/
11l ZTNBHRETAALAZAXEYVELTTREZRDT F L RZE/MIZ
/1] =y r7a3n o) 72EHH F£8A,
pub unsafe fn new(base_address: *mut u32) -> Self {
Self { registers: base_address as *mut Registers }

}
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/// UART I 1 NA F2EZAAETT,
pub fn write_byte(&self, byte: u8) {
[ TX Ny 77 I ZENTELETHELE T,
while self.read_flag_register().contains(Flags: :TXFF) {}

// SAFETY: We know that self.registers points to the control registers
// of a PL@O11 device which is appropriately mapped.
unsafe {

11 TX Ny 77 CHEEZAAZXT,

(&raw mut (*self.registers).dr).write_volatile(byte.into());

}

// UART 2’ —Ti LB ETHEL £,
while self.read_flag_register().contains(Flags::BUSY) {}

/1] REF DAL P RGEARD A1 S ZTFH > TWRWEEE "None™ %
/11 BRLUET,
pub fn read_byte(&self) -> Option<u8> {
if self.read_flag_register().contains(Flags::RXFE) {
None
} else {
// SAFETY: We know that self.registers points to the control
// registers of a PL@11 device which is appropriately mapped.
let data = unsafe { (&raw const (*self.registers).dr).read_volatile() };
// TODO: v bk 8~11 TZo7—lkExF v/ LET,
Some(data as u8)

}

fn read_flag_register(&self) -> Flags {
// SAFETY: We know that self.registers points to the control registers
// of a PL@11 device which is appropriately mapped.
unsafe { (&raw const (*self.registers).fr).read_volatile() }

* Note the use of &raw const / &raw mut to get pointers to individual fields without
creating an intermediate reference, which would be unsound.

52.5.4 fHEHH

BEDEZANEFH ST .2V TNV —MUIZTA L. EFLTANENI AN, bR a—F 5/
KoL E5ENTAEL &I,

mod exceptions;
mod ploll;

use crate: :pl@11::Uart;
use core::fmt::Write;
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use core::panic::PanicInfo;
use log: :error;
use smccc::psci::system_off;
use smccc: :Hvc;

/1] 724<V PLO11 UART OXR—XRX7 FL A,
const PLQ11_BASE_ADDRESS: *mut u32 = 0x900_0000 as _;

// SAFETY: There is no other global function of this name.

extern "C" fn main(x@: u64, x1: ubd, x2: ubd, x3: ubd) {
// SAFETY: "PLQ11_BASE_ADDRESS® is the base address of a PLQ11 device, and
// nothing else accesses that address range.
let mut uart = unsafe { Uart::new(PL@11_BASE_ADDRESS) };

writeln! (uart, "main({x@:#x}, {x1:#x}, {x2:#x}, {x3:#x})").unwrap();

loop {
if let Some(byte) = uart.read_byte() {
uart.write_byte(byte);
match byte {
b'\r' => {
uart.write_byte(b'\n');

}
b'q' => break,
_ => continue,

}

writeln! (uart, "\n\nBye!").unwrap();
system_off::<Hvc>().unwrap();

c AV ITAYTEYTVOFIEFUT K512, 2D main B entry . SICBI 2T P U RS ¥
M SIECHI XN E 5 MIEZ 5 & @ speaker notes ZHH L TL 72X W0,

o« ZOfl% src/bare-metal/aps/examples iIZB W T make gemu & 3§25 Z ¥ T QEMU 2
XDEFTLTAEL &5,

52.6 mnZHih

log Z7Vv— Rt 207l 202z L RWTL x5, Z4ud Log hL A F2FEKETLH I L
THIAEICZZ D £,

use crate: :pl@11l::Uart;

use core::fmt::Write;

use log::{LevelFilter, Log, Metadata, Record, SetlLoggerError};
use spin::mutex::SpinMutex;

static LOGGER: Logger = Logger { uart: SpinMutex::new(None) };

struct Logger {
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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(),
"I {3,

record.level(),
record.args()

)

.unwrap();

}

fn flush(&self) {}

/// UART v —%2#ALL 7,
pub fn init(uart: Uart, max_level: LevelFilter) -> Result<(), SetlLoggerError> {
LOGGER.uart.lock() .replace(uart);

log: :set_logger (&LOGGER)?;
log: :set_max_level(max_level);
0k(())

* LOGGER % set_logger ZM-UXHI FHICHIHEL L TV 2 DT, log  I2F1F % unwrap &t —
7T,

52.6.1 I
{EFRIIC logger ZHIMILT 2 EAH D £ T,

mod exceptions;
mod logger;
mod ploll;

use crate: :pl@ll::Uart;

use core::panic::PanicInfo;

use log::{error, info, LevelFilter};
use smccc::psci::system_off;

use smccc: :Hvc;

/11 724<1 PLO11 UART OXR—ZX7 KL A,
const PL@11_BASE_ADDRESS: *mut u32 = 0x900_0000 as _;

// SAFETY: There is no other global function of this name.
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extern "C" fn main(x@: ub4, x1: ubd, x2: ubd, x3: ubd) {
// SAFETY: "PLQ11_BASE_ADDRESS™ is the base address of a PL@11 device, and
// nothing else accesses that address range.
let uart = unsafe { Uart::new(PL@11_BASE_ADDRESS) };
logger: :init(uart, LevelFilter::Trace).unwrap();

info! ("main({x0@:#x}, {x1:#x}, {x2:#x}, {x3:#x})");
assert_eq! (x1, 42);

system_off::<Hvc>().unwrap();

}

fn panic(info: &PanicInfo) -> ! {
error! ("{info}");
system_off::<Hvc>().unwrap();
loop {}

s RADRZY IV REIHRR=y ZOFMICOVTR M TES XS IR 2IHEHL
TLEEW,

o« ZOHl% src/bare-metal/aps/examples iIZE W T make gemu_logger £ §% Z & T
QEMU X DETLTAEL x5,

52.7 sk

AArch64 1316 => bV ZFOPIANRT Z—FT — TN EERLTED . ZhbiZ 40D A7 — + (BE
@ EL C SPO #J . Bi££ D EL T SPX . K7D EL T AArch64. {i® EL T AArch32) 83 % 4
DD XA TSR, IRQ. FIQ. SError)iZxfjtL %3, Z ZTi& Rust 22— FOFENH LAGIZHH
RUIRAZDERERAZR Yy RT3 720DICRIR—FT— TN 72y 7Y SEBTERELTVET .

use log::error;
use smccc::psci::system_off;
use smccc: :Hvc;

// SAFETY: There is no other global function of this name.

extern "C" fn sync_exception_current(_elr: u64, _spsr: ub4d) {
error!("sync_exception_current");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this name.
extern "C" fn irqg_current(_elr: u64, _spsr: ub4d) {
error!("irq_current");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this name.
extern "C" fn fig_current(_elr: u64, _spsr: ub4d) {

error! ("fig_current");

system_off::<Hvc>().unwrap();
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}

// SAFETY: There is no other global function of this name.
extern "C" fn serr_current(_elr: u64, _spsr: ub4d) {

error! ("serr_current");

system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this name.
extern "C" fn sync_lower(_elr: u64, _spsr: ub4d) {
error!("sync_lower");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this name.
extern "C" fn irq_lower(_elr: u64, _spsr: ub4d) {
error!("irqg_lower");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this name.
extern "C" fn fiq_lower(_elr: u64, _spsr: u6b4d) {

error! ("fig_lower");

system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this name.
extern "C" fn serr_lower(_elr: u64, _spsr: ub4d) {

error! ("serr_lower");

system_off::<Hvc>().unwrap();

o EL 13fI4 L "L TT  AHDFHIZH - 72T RXRTOHIZ EL1 TETEATWET,

» fE(LD =1

> > >
(O

TIIHALED EL fil44ic 3515 % SPO & SP X DEWKALD EL L~LZ BT

2% AArch32 ¥ AArch64 OEWEXAIL TWEHE A,
¢ ZITIHINSDFMNSRFEELEVETROT EEMMCET 2072 L. BFREEE L

TWET,

s BIMANY FT XL DFATAYTXFAMIRRZAL Y FOLIRDBDIELEZ L EHNT
FFET. 5 x5 ALy FHOHELHEUT K512, Send & Sync ic & b fil%HH T 2 7 % HilfH
FTRZEMTEETMMAE BN R TurIroftioarsF2 vt b 3HEE2HE
LW EI. b LEAS Send THH Sync TRIFIUE, Mutex DES5RBDTT v LT,
static ICEF L 2T AUEe b /A,

52.8 o7 =2 b

* oreboot

— ”coreboot without the C”.
- 7—F%77F %X x86, aarch64 7z & N2 RISC-V ¥R — b,
- BB TZL D K74 %% 312 LinuxBoot 1277,

* Rust RaspberryPi OS ®F a2 —F VU 7L
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— Initialisation, UART driver, simple bootloader, JTAG, exception levels, exception
handling, page tables.
- FXyv¥aXrTF AL Rust DFHHLICEAL THE s o e EED L WE ZA03H 5D T, |
a2 — R TEMT 21E4TLHRWHITIES D 8 A,
* cargo-call-stack
- A&y 7 ORKMHEICE S 2 5T,

* RaspberryPi OS 2 — V) 7L MMU % ¥ v ¥ 2 ZH3{L 3 2 HiiC Rust 2 — K %2547
LTOVET, ZHUTED FIZIEAKZy 7 XEV %R read L7zD write L7zD 3252k DE
ToLDL

-MMU b FrvvyyaZBEMELLTOWRWE . 774 yENTVWRWT 7RI T7 5 —L b
FHIZEILETZDF2a—FUTATE AV L IRT 74 VEINTVENWT 7€ R
ZEMR LR W+strict-align 4 7> a %+ v b3 % aarch64-unknown-none % X
—Z v P LTELRFLTWBRDTRLRZIZTTITD, —RINI KL R IR D 4
Ao

- 5L VM ETEITL WIS . Fyyaak—Lryy—0fEEREZT LD
DETRHERODEIVM D F v v > a 2L L EEFEEAEVIT7EALTVWSD
WL RZAMEFRIUXAEVIIHLTHF Yy Y afdiBRhf U7 RA%2HF->TLEI LWV
CETTARRAMPRICHRINZAEVIZT Z7EALRWE LTH N7 72 212k
DFE Y TaTZ4ADNREZZERDID.ZIRZ22VMBKRATDEL LML ZEE
BEODNTLEVE T ZDONANN=ANAFRLUTEEN— RV 27 TEITTI)HAK
ERTEICIE R D FRAD, —RINCIERE S RV SE =TT,
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https://crates.io/crates/cargo-call-stack

H5 53 &

@7 v—b

RZAZVTAT T I BV THBICHET 2B T 22522571 — M MZOWTWL D
PN L ET,

33.1 zerocopy

(Fuchsia @) zerocopy 7L — MENA b —F Y 22 ZOMOBID LW S REIITH 120D + L
4 b~ ru el 9,

use zerocopy::{Immutable, IntoBytes};

enum RequestType {
In =0
Out =
Flush

’

4,

I =~

}

struct VirtioBlockRequest {
request_type: RequestType,
reserved: u32,
sector: u64,

}

fn main() {
let request = VirtioBlockRequest {
request_type: RequestType: :Flush,
sector: 42,
..Default: :default()
}i

assert_eq!(

request.as_bytes(),

&[41 ®l ®r 01 ®I ®l ®I 01 42’ ®' ®’ ®’ ®’ ®’ 0' ®]
)
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https://docs.rs/zerocopy/

Z U (volatile read. write Z{#FH L TWiawW/=H) MMIO ik L TEH AN Bl 21X DMA O X
ISBN—FRU 27 e HET 27— ZEED 20VIENEHA VR 72— 2B L TERET 27— X HER
WO IGEITERTT,

* FromBytes i3V 5 84 F o8& — Y S HRRMEE 72 2 BN U THEST 2 Z e N TEEH
TEROAAL P =T Y AD S DR EATRIIC L £,

* RequestType lZ u32 O TN TOEZARZ enum fEE L TERL TOWRVD T, TNTD
NA PR =V HRFEREIFIR6T. 26T % FromBytes DEMIEZ 7 = — LT 5 TL &
9,

« zerocopy: :byteorder 3 N4 AKX EZXUCTIHME TV I 7 4 7ICBIT 2B L £

« Z O fl % src/bare-metal/useful-crates/zerocopy-example/iZ 3\ T cargo
TUN 2 2532 THEITFLTAZL & 5, (Playground Tl& Z DFIMKES 2 27 L — t 2 FIH
TERVWEDIATTEEEA)

53.2 aarch64-paging

aarch64-paging 7 L — M AArch64 (REEX EV S R T L7 —F 77 F v ICHlo JeR=D T =7
NDERZAREIC L £ 9,

use aarch64_paging: :{

idmap: : IdMap,

paging::{Attributes, MemoryRegion},
Hi

const ASID: usize = 1;
const ROOT_LEVEL: usize = 1;

/1 AREYER— 22 L wWR—=I T — TV EER L 35,
let mut idmap = IdMap::new(ASID, ROOT_LEVEL);
// 2 MiB DX EVHEBEHAMDEHE LTy Y7 LET,
idmap.map_range(
&MemoryRegion: :new(0x80200000, 0x80400000),
Attributes: :NORMAL | Attributes::NON_GLOBAL | Attributes::READ_ONLY,
) .unwrap();
// "TTBRO _EL1'® ZEREL TR—IT—TAEZHEMILET,
idmap.activate();

o B TIZ EL1 LAY R— FZINTOWEHADL MOFIS L XL DHKR— b dEHFIENTE
53$TT,

» ZHUZ Android T Protected VM Firmware ®7=®IZFHX R TWE T,

o ZOBNIARYIDAN—F D 272 QEMU ZRE L T 5 DT, fHHRICITETTEER A,

53.3 buddy_system_allocator

buddy_system_allocator iZ#— K X—=F7 4 D7 L — b T ERWBZANAT 4 AT 670 —7 —
REFEHELTVET, ZD7 L — ME GlobalAlloc 2535 % LockedHeap iI2 & b (BIRTRZ= &5
WEHED alloc 7 L — M2 AHBIEEIC T 272D R ET L AIO7 FLRAZE/M%Z7usr— b5 5
7eDIc b T 5.6 %1E. PCIBAR XS % MMIO flf%E 704 — b LE2WEEIELIFD X 512
TEEI !
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https://crates.io/crates/aarch64-paging
https://cs.android.com/android/platform/superproject/+/master:packages/modules/Virtualization/pvmfw/
https://crates.io/crates/buddy_system_allocator
https://doc.rust-lang.org/core/alloc/trait.GlobalAlloc.html
https://docs.rs/buddy_system_allocator/0.9.0/buddy_system_allocator/struct.LockedHeap.html

use buddy_system_allocator::FrameAllocator;
use core::alloc::Layout;

fn main() {
let mut allocator = FrameAllocator::<32>::new();
allocator.add_frame(0x200_0000, 0x400_0000) ;

let layout = Layout::from_size_align(0x100, 0x100).unwrap();
let bar = allocator

.alloc_aligned(layout)

.expect("Failed to allocate ©0x100 byte MMIO region");
println!("Allocated 0x100 byte MMIO region at {:#x}", bar);

* PCIBAR ZHEIZH A XLRL T 74 Y2k b %3,

« ZDffl Z src/bare-metal/useful-crates/allocator-example/iZ T cargo
Tun ¥ 5§32 TEIFLTAZL & 5, (Playground Tlx Z DHIMKEFEST 227 L — + ZFIHT
FRVEDFEITTEEEA)

53.4 tinyvec

FRiClEVec D LSV H A X TEZHEBE L — T2 HOLITICHRLIEVWEES 2 23b ) 75,
tinyvec IZEFHNCHELR. £ 7213 A X v &7 RICHER LZZBCH 7213 R 5 4 A2 H YR T2 X7 %
PIRHELE T, ZOFETIE WL DDOEENFON TV 0 EHE I N BRI Ec#ES v
FTEeR=v I LET,

use tinyvec::{array_vec, ArrayVec};

fn main() {
let mut numbers: ArrayVec<[u32; 5]> = array_vec! (42, 66);
println! ("{numbers:?}");
numbexrs .push(7);
println! ("{numbers:?}");
numbers.remove (1) ;
println! ("{numbers:?}");

o tinyvec IHWIHHLD7=DICER L 25 X 4 TH Default #FEET L e 2RHEX LET,
* Rust Playground /% tinyvec #NELTWVWAEDT A Y FA4 Y TZDHIRFEITTZ I BT
EET,

53.5 spin
std: :sync 2R3 % std: :sync::Mutex & ZDOMOFRIEI 7V I 7 1 713 core %7213 alloc

TRAHTEZVTA L2 HlZ2I3HEZ 25 CPU B TOIREHRE D=0, [ AR EEIZ Y D
IOWCEHLELEWDTL I H?

spin ZL—hMIZHhHDEZL DTV I T4 7T EMBAY By IR—ZADHDZHRML 5,
use spin::mutex::SpinMutex;

static counter: SpinMutex<u32> = SpinMutex: :new(Q);
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https://crates.io/crates/tinyvec
https://crates.io/crates/spin

fn main() {
println!("count: {}", counter.lock());
*counter.lock() += 2;
println!("count: {}", counter.lock());

s HDIAAANAY R TRy Z7ZRET 258137y Fay 725 ZR ISRV E 515220
TS,

* spin also has a ticket lock mutex implementation; equivalents of RwLock, Barrier and
Once from std: :sync; and Lazy for lazy initialisation.

e once_cell 7L — 1+ % spin::once::0nce 3P LE LK Z 7 v —F OBIEGIALD 728
DERZRZ N O Fio TWET,

* Rust Playground (& spin ZNELTW2 DT, ZOHNEA Y T4 Y TEITTEE T,
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https://crates.io/crates/once_cell

o 54 &

Android EDOA~X7 X 2 v

AOSP IZBWTARZ X Z)LRUSt XA F VR EIL FT 272012, Rust 2a— KE2E L RKTE7DHD
rust_ffi_static x5 Soong L—L VY HRZ ) FheZh%flio TN, F I EERT S/
»D cc_binary ¥ WHIL—ib X HIZELF ZFEITRIEERTER DEN A FVICEH 1T % raw_binary
WS IL— L BRRET T,
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",
]l
static_libs: [
"libvmbase_example",
1,
linker_scripts: [
"image.1ld",
":vmbase_sections",
1,
}

raw_binary {
name: "vmbase_example_bin",
stem: "vmbase_example.bin",
src: ":vmbase_example",
enabled: false,
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target: {
android_arm64: {
enabled: true,
I
}l

54.1 vmbase

For VMs running under crosvm on aarch64, the vmbase library provides a linker script and
useful defaults for the build rules, along with an entry point, UART console logging and more.

use vmbase::{main, println};
main! (main);

pub fn main(arg®@: u64, argl: u64, arg2: u64, arg3: ub4d) {
println!("Hello world");
}
e mainl Wi = mid XA VEBERET 2 b DT HEE SN-BEIE vmbase D= > + UK
AV I oI h s Z i 9,
* vmbase DT> F YRS ¥ MEayy — L OGHHLEITV X 4 VBB Y X — > LGEICIE
PSCI_SYSTEM_OFF ZH{TL VM 2> v v P XU Y L %3,

301


https://android.googlesource.com/platform/packages/modules/Virtualization/+/refs/heads/main/libs/libvmbase/

H5 55 &

o e

PLO31 V7N ZRA L 70y 7 THNLZAHD R F A NEERL T
HEOKTRIE BRI TVEY Y 2 -2 a YEHEEEL T E W,

55.1 RTC FZ 4N

QEMU aarch64 virt ¥ >~ @ 0x9010000 (2i. PLO31 V7L &R A a7y I BEHEI N TV T,
COHE T ZD N IANZIERT 2REDDHD £5,

1.

2.

3.

INEMBHLTHEDRLZS Y 7 vayy =i LE S, HRFRDERIZIX chrono 7 L
—MEfEHTEET,
—HL AR ERMLTOEIDAART — X A2 ML CHEERL (- ZIX3 BB FTEY
—v x4 FLETOL—FANT core: :hint::spin_loop ZMUH L £3),
K23 H 2 581, RTC O—BUT X o> TERINZEIDAAZHIMC L TUHEL £5, arm-
gic ZL— P CTREXATVE FIA NEHHL T, Arm AHEIDAAaY ba—-F2FREL
THOEE A
e RTCEIDAAZMHALE T, ZOENDAAX GIC I Intld: :spi(2) & LTHEHINT
WET,
o HIDAAREAEMCT 5, arm_gic::wfi() #FHLTCa 72 AV —FXE5 DT
EET,IRUTED, a7 BEIDRAAERZIT L ETTRAY —AREITRD 5,

YTy 7L —r2Xyr0—FL, 1tc T4 LZ VU T RO 7 7 A V2R L E T,
sr¢/main.rs:

mod
mod
mod

use
use
use
use
use
use

exceptions;
logger;
ploll;

crate: :pl011::Uart;
arm_gic::gicv3::GicV3;
core::panic::PanicInfo;

log::{error, info, trace, LevelFilter};
smccc: :psci::system_off;

smccc: :Hvc;
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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://docs.rs/arm-gic/
https://google.github.io/comprehensive-rust/exercises/bare-metal/../../comprehensive-rust-exercises.zip

/// Base addresses of the GICv3.
const GICD_BASE_ADDRESS: *mut u64 = 0x800_0000 as _;

const GICR_BASE_ADDRESS: *mut u64

Ox80A_0000 as _;

/// Base address of the primary PL@11 UART.

const PL@11_BASE_ADDRESS: *mut u32 = 0x900_0000 as

p—

// SAFETY: There is no other global function of this name.
extern "C" fn main(x@: u64, x1: u64, x2: ub4, x3: ubd) {

}

fn

}

// SAFETY: "PLQ11_BASE_ADDRESS® is the base address of a PL@11 device, and
// nothing else accesses that address range.

let uart = unsafe { Uart::new(PL@11_BASE_ADDRESS) };

logger: :init(uart, LevelFilter::Trace).unwrap();

infol! ("main({:#x}, {:#x}, {:#x}, {:#x})", x0, x1, x2, x3);

// SAFETY: “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(info: &PanicInfo) -> ! {

error! ("{info}");

system_off::<Hvc>().unwrap();
loop {}

src/exceptions.,rs (ZDHEE D 3 FHHD = b TOABEHET Z2HENDHD ET)

/1
/1
/1
/1
/1
//
/1
/1
/1
/1
/1l
/1
/1

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 arm_gic::gicv3::GicV3;
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use log::{error, info, trace};
use smccc::psci::system_off;
use smccc: :Hvc;

// SAFETY: There is no other global function of this name.

extern "C" fn sync_exception_current(_elr: u64, _spsr: u64d) {

error! ("sync_exception_current");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this
extern "C" fn irq_current(_elr: u64, _spsr: ub4d) {
trace! ("irg_current");
let intid =

name.

GicV3::get_and_acknowledge_interrupt().expect("No

info! ("IRQ {intid:?}");
}

// SAFETY: There is no other global function of this

extern "C" fn fig_current(_elr: u64, _spsr: ub4d) {
error!("fiq_current");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this

extern "C" fn serr_current(_elr: u64, _spsr: ub4d) {
error! ("serr_current");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this

extern "C" fn sync_lower(_elr: u64, _spsr: ub4d) {
error!("sync_lower");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this

extern "C" fn irq_lower(_elr: u64, _spsr: u6b4d) {
error!("irq_lower");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this

extern "C" fn fiq_lower(_elr: u64, _spsr: ub4d) {
error! ("fig_lower");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this
extern "C" fn serr_lower(_elr: u64, _spsr: u6b4d) {
error! ("serr_lower");
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system_off::<Hvc>().unwrap();

}
src/loggerrs (ZHE T 2REIHD FHA)

// 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

//

/17 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: :pl011l::Uart;

use core::fmt::Write;

use log::{LevelFilter, Log, Metadata, Record, SetlLoggerError};
use spin::mutex::SpinMutex;

static LOGGER: Logger = Logger { uart: SpinMutex::new(None) };
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(),
“[{1 {}",

recoxrd.level(),
record.args()

)

.unwrap();

}

fn flush(&self) {}
}

/// Initialises UART logger.
pub fn init(uart: Uart, max_level: LevelFilter) -> Result<(), SetlLoggerError> {
LOGGER .uart.lock() .replace(uart);
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}

log: :set_logger(&LOGGER)?;
log: :set_max_level(max_level);
0k(())

src/plollrs (ZEFT20EEDHD FHA)

/1
/1
1/
//
/1
/1
/1
1/
/1
/1!
/1
/1
/1

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 core::fmt::{self, Write};

/1

ANCHOR: Flags

use bitflags::bitflags;

bitflags! {

}

/// Flags from the UART flag register.
struct Flags: ul6 {
/// Clear to send.
const CTS = 1 << 0Q;
/// Data set ready.
const DSR = 1 << 1;
/// Data carrier detect.
const DCD = 1 << 2;
/// UART busy transmitting data.
const BUSY = 1 << 3;
/// Receive FIFO is empty.
const RXFE = 1 << 4;
/// Transmit FIFO is full.
const TXFF = 1 << 5;
/// Receive FIFO is full.
const RXFF = 1 << 6;
/// Transmit FIFO is empty.
const TXFE = 1 << 7;
/// Ring indicator.
const RI = 1 << §;
}

// ANCHOR_END: Flags
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bitflags! {

/// Flags from the UART Receive Status Register / Error Clear Register.
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
struct Registers {
dr: ule,
_Treserved®: [u8; 27,
rsr: ReceiveStatus,
_reservedl: [u8; 197,

fr: Flags,
_reserved2: [u8; 6],
ilpr: u8,

_reserved3: [u8; 3],
ibrd: ul6,
_reserved4: [u8; 27,
fbrd: u8,

_reserved5: [u8; 37,
lcr_h: u8,
_reserved6: [u8; 3],
cr: ule,

_reserved7: [u8; 3],
ifls: u8,

_reserved8: [u8; 37,
imsc: ul6,
_reserved9: [u8; 2],
ris: ul6,
_Treservedl®: [u8; 2],
mis: ul6,
_reservedll: [u8; 2],
icr: ule,
_reservedl2: [u8; 2],
dmacr: u8,

_Yeservedl13: [u8; 317,

}
// ANCHOR_END: Registers

// ANCHOR: Uart

/// Driver for a PLQ11 UART.
pub struct Uart {
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registers: *mut Registers,

}

impl Uart {
/// Constructs a new instance of the UART driver for a PL@11 device at the
/// given base address.
iy
/11 # Safety
Iy
/// The given base address must point to the MMIO control registers of a
/// PL@11 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) {}

// SAFETY: We know that self.registers points to the control registers
// of a PL@O11 device which is appropriately mapped.
unsafe {

// Write to the TX buffer.

(&raw mut (*self.registers).dr).write_volatile(byte.into());

}

// Wait until the UART is no longer busy.
while self.read_flag_register().contains(Flags::BUSY) {}

/// Reads and returns a pending byte, or "None® if nothing has been
/// received.
pub fn read_byte(&self) -> Option<u8> {
if self.read_flag_register().contains(Flags::RXFE) {
None
} else {
// SAFETY: We know that self.registers points to the control
// registers of a PL@11 device which is appropriately mapped.
let data = unsafe { (&raw const (*self.registers).dr).read_volatile() };
// TODO: Check for error conditions in bits 8-11.
Some(data as u8)

}

fn read_flag_register(&self) -> Flags {
// SAFETY: We know that self.registers points to the control registers
// of a PL@11 device which is appropriately mapped.
unsafe { (&raw const (*self.registers).fr).read_volatile() }
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}
// ANCHOR_END: Uart

impl Write foxr Uart {

fn write_str(&mut self, s: &str) -> fmt::Result {

for c 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 (ZZH I AELIZ S TI):
[workspace]

[package]

name = "rtc"
version = "0.1.0"
edition "2021"
publish = false

[dependencies]
arm-gic = "0.1.1"
bitflags = "2.6.0"

chrono = { version = "0.4.38", default-features = false }

log = "0.4.22"
smccc = "0.1.1"
spin = "0.9.8"

[build-dependencies]
cc = "1.1.31"
buildrs (ZHET2XEEIHH FHA)

// Copyright 2023 Google LLC
/1

// 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
/1

// http://www.apache.org/licenses/LICENSE-2.0

/7

// 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.
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use cc: :Build;
use std::env;

fn main() {
env::set_var("CROSS_COMPILE", "aarch64-none-elf");
env::set_var("CC", "clang");

Build: :new()
.file("entry.S")
.file("exceptions.S")
.file("idmap.S")
.compile("empty")

}
entry.S (ZHES20EIHD FEA) :
/*
* 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.
*/

.macro adr_1, reg:req, sym:req
adrp \reg, \sym
add \reg, \reg, :lol2:\sym
.endm

.macro mov_1i, reg:req, imm:req
movz \reg, :abs_g3:\imm
movk \reg, :abs_g2_nc:\imm
movk \reg, :abs_gl_nc:\imm
movk \reg, :abs_g@_nc:\imm

.endm

.set .L_MAIR_DEV_nGnRE, 0x04
.set .L_MAIR_MEM_WBWA, oxff
.set .Lmairval, .L_MAIR_DEV_nGnRE | (.L_MAIR_MEM_WBWA << 8)

/* 4 KiB granule size for TTBR@O_EL1. */
.set .L_TCR_TG@_4KB, 0x0 << 14
/* 4 KiB granule size for TTBR1_EL1l. */
.set .L_TCR_TG1_4KB, 0x2 << 30
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/* Disable translation table walk for TTBR1_EL1, generating a translation fault instead
.set .L_TCR_EPD1, @x1 << 23

/* Translation table walks for TTBR@O_EL1 are inner sharable. */

.set .L_TCR_SH_INNER, @x3 << 12

/*

* Translation table walks for TTBRO_EL1 are outer write-back read-allocate write-alloc
* cacheable.

*/

.set .L_TCR_RGN_OWB, @x1 << 10

/-k

* Translation table walks for TTBR@_EL1 are inner write-back read-allocate write-alloc
* cacheable.

*/

.set .L_TCR_RGN_IWB, 0x1 << 8

/* Size offset for TTBRO_EL1 is 2**39 bytes (512 GiB). */

.set .L_TCR_T@SZ_512, 64 - 39

.set .Ltcrval, .L_TCR_TG@_4KB | .L_TCR_TG1_4KB | .L_TCR_EPD1 | .L_TCR_RGN_OWB

.set .lLtcrval, .Ltcrval | .L_TCR_RGN_IWB | .L_TCR_SH_INNER | .L_TCR_T@SZ_512

/* Stage 1 instruction access cacheability is unaffected. */

.set .L_SCTLR_ELx_I, @x1 << 12

/* SP alignment fault if SP is not aligned to a 16 byte boundary. */

.set .L_SCTLR_ELx_SA, @x1 << 3

/* Stage 1 data access cacheability is unaffected. */

.set .L_SCTLR_ELx_C, @x1 << 2

/* EL@® and EL1 stage 1 MMU enabled. */

.set .L_SCTLR_ELx_M, 0x1 << @

/* Privileged Access Never is unchanged on taking an exception to EL1. */

.set .L_SCTLR_EL1_SPAN, 0x1 << 23

/* SETEND instruction disabled at EL® in aarch32 mode. */

.set .L_SCTLR_EL1_SED, @x1 << 8

/* Various IT instructions are disabled at EL@ in aarch32 mode. */

.set .L_SCTLR_EL1_ITD, Ox1 << 7

.set .L_SCTLR_EL1_RES1, (@x1 << 11) | (@x1 << 20) | (@x1 << 22) | (@x1 << 28) | (@Ox1 <<
.set .Lsctlrval, .L_SCTLR_ELx_M | .L_SCTLR_ELx_C | .L_SCTLR_ELx_SA | .L_SCTLR_EL1_ITD |
.set .Lsctlrval, .Lsctlrval | .L_SCTLR_ELx_I | .L_SCTLR_EL1_SPAN | .L_SCTLR_EL1_RES1

/**
* This is a generic entry point for an image. It carries out the operations required t«
* loaded image to be run. Specifically, it zeroes the bss section using registers x25
* prepares the stack, enables floating point, and sets up the exception vector. It pre:
* 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 cach
adrp x30, idmap
msr ttbr@_ell, x30

mov_i x30, .Lmairval
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msr mair_ell, x30

mov_i x30, .Ltcrval

/* Copy the supported PA range into TCR_EL1.IPS. */
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 potential
* local TLB entries before they start being used.

*/

isb

tlbi vmallel

ic iallu

dsb nsh

isb

/*

* Configure sctlr_ell to enable MMU and cache and don't proceed until this has com
*/

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. */
adr x30, vector_table ell

msr vbar_ell, x30

/* Call into Rust code. */

bl main
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2:

/*

*

* ok F k F k F F * ok F * ¥

/* Loop forever waiting for interrupts. */

wfi
b 2b
exceptions.S (ZEF 2 4E3HD FEA) :

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.

* ok ok * ok *

*

*

On return, x@ 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 x@-x18, x29 & x30. */
stp x@, x1, [sp, #-(8 * 24)]!

stp x2, x3, [sp, #8 * 2]

stp x4, x5, [sp, #8 * 4]

stp x6, x7, [sp, #8 * 6]

stp x8, x9, [sp, #8 * 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 x@0, x1, [sp, #8 * 22]
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.en

/**
*
*
*
*
*/

.Mma

.en

*

/

¥ F ok F ¥ F

*
*/
.ma

dm

Restores the volatile registers from the stack. This currently takes 14
instructions, so it can be used in exception handlers while still leaving 18
instructions left; if paired with save_volatile_to_stack, there are 4
instructions to spare.

cro restore_volatile_ from_stack

/* Restore registers x2-x18, x29 & x30. */
ldp x2, x3, [sp, #8 * 2]
1dp x4, x5, [sp, #8 * 4]
1dp x6, x7, [sp, #8 * 6]
ldp x8, x9, [sp, #8 * 8]
ldp x10, x11, [sp, #8 * 10]
ldp x12, x13, [sp, #8 * 12]
1dp x14, x15, [sp, #8 * 14]
1dp x16, x17, [sp, #8 * 16]
1dr x18, [sp, #8 * 18]

ldp x29, x30, [sp, #8 * 20]

/* Restore registers elr_ell & spsr_ell, using x@ & x1 as scratch. */
1dp x0, x1, [sp, #8 * 22]

msr elr_ell, x0

msr spsr_ell, x1

/* Restore x@ & x1, and release stack space. */
1dp x@0, x1, [sp]l, #8 * 24

dm

This is a generic handler for exceptions taken at the current EL while using
SP@. It behaves similarly to the SPx case by first switching to SPx, doing
the work, then switching back to SP@ before returning.

Switching to SPx and calling the Rust handler takes 16 instructions. To

restore and return we need an additional 16 instructions, so we can implement
the whole handler within the allotted 32 instructions.

cro current_exception_sp@ 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
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registers, then returns.

This also works for exceptions taken from EL®, if we don't care about
non-volatile registers.

* ok * * ok ok F

Saving state and jumping to the Rust handler takes 15 instructions, and
restoring and returning also takes 15 instructions, so we can fit the whole
* handler in 30 instructions, under the limit of 32.
*/
.macro current_exception_spx handler:req

save_volatile_to_stack

bl \handler

restore_volatile_from_stack

eret
.endm

.section .text.vector_table_ell, "ax"
.global vector_table_ell
.balign 0x800
vector_table ell:
sync_cur_sp@:
current_exception_sp@ sync_exception_current

.balign 0x80
irqg_cur_sp0:
current_exception_sp@ irq_current

.balign ©x80
fig_cur_sp0:
current_exception_sp@ fiq_current

.balign ©x80
serr_cur_spo:
current_exception_sp@ serr_current

.balign @x80
Sync_cur_spx:
current_exception_spx sync_exception_current

.balign 0x80
irqg_cur_spx:
current_exception_spx irq_current

.balign ©x80
fig_cur_spx:
current_exception_spx fiq_current

.balign ©x80

Serr_cur_spx:
current_exception_spx serr_current
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.balign ©x80
sync_lower_64:
current_exception_spx sync_lower

.balign @x80
irq_lower_64:
current_exception_spx irq_lower

.balign ©x80
fig_lower_64:
current_exception_spx fig_lower

.balign 0x80
serr_lower_64:
current_exception_spx serr_lower

.balign ©x80
sync_lower_32:
current_exception_spx sync_lower

.balign @x80
irq_lower_32:
current_exception_spx irq_lower

.balign @x80
fig_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 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.

*/

.set .L_TT_TYPE_BLOCK, 0x1

.set .L_TT_TYPE_PAGE, x3
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.set .L_TT_TYPE_TABLE, ©0x3

/* Access flag. */
.set .L_TT_AF, @x1 << 10
/* Not global. */
.set .L_TT_NG, 0Ox1 << 11
.set .L_TT_XN, @x3 << 53

.set
.set

L_TT_MT_DEV, 0x0 << 2 // MAIR #@ (DEV_nGnRE)
L_TT_MT_MEM, (@x1 << 2) | (@x3 << 8) // MAIR #1 (MEM_WBWA), inner 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 idmap
.align 12
idmap:
/* level 1 */
.quad .L_BLOCK_DEV | ©x®@ // 1 GiB of device mappings
.quad .L_BLOCK_MEM | @0x40000000 // 1 GiB of DRAM
.fill 254, 8, 0x0 // 254 GiB of unmapped VA space
.quad .L_BLOCK_DEV | 0x4000000000 // 1 GiB of device mappings
.fill 255, 8, 0x0 // 255 GiB of remaining VA space
image.ld (ZEH T2 0EEHD FLA) :
/*
* 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.
*/
/*
* Code will start running at this symbol which is placed at the start of the
* image.
*/
ENTRY (entzry)
MEMORY
{

image : ORIGIN = 0x40080000, LENGTH = 2M
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}

SECTIONS
{

/*

* Collect together the code.

*/

.init : ALIGN(4096) {
text_begin = .;
*(.init.entry)
*(.init.*)

} >image

.text @ {

*(.text.*)

} >image

text_end = .;

/*

* Collect together read-only data.

*/

.rodata : ALIGN(4096) {
rodata_begin = .;
*(.rodata.*)

} >image

.got : {

*(.got)

} >image

rodata_end = .;

/*
* Collect together the read-write data including .bss at the end which
* will be zero'd by the entry code.
*/
.data : ALIGN(4096) {
data_begin = .;
*(.data.*)
/-k
* 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 is 16-byte aligned. */
.bss : ALIGN(16) {

bss_begin = .;

*(.bss.*)
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*(COMMON)
. = ALIGN(16);
bss_end = .;

} >image

.stack (NOLOAD) : ALIGN(4096) {
boot_stack_begin = .;
. += 40 * 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)
*(.interxp)
*(.eh_frame_hdr)
*(.eh_frame)
*(.note.gnu.build-id)

}
Makefile (XHET 22X IZHH FHA) -
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.

HFHHHFHHHEHFHHHFHFH

.PHONY: build gemu_minimal gemu qemu_logger
all: rtc.bin

build:
cargo build
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rtc.bin: build
cargo objcopy -- -0 binary $@

gemu: rtc.bin
gemu-system-aarch64 -machine virt,gic-version=3 -cpu max -serial mon:stdio -display

clean:
cargo clean
rm -f *.bin

.cargo/config.toml (ZHEIIAEIRIT T TT):

[build]
target = "aarch64-unknown-none"
rustflags = ["-C", "link-arg=-Timage.1ld"]

make gemu 2k b QEMU Ta— FEFETLZE T,

55.2 X7 X %) Rust PM

RTC FZ74 A1
GEEICR %)
main.rs

mod exceptions;
mod logger;
mod pl@ll;
mod pl@31;

use crate::pl@31::Rtc;

use arm_gic::gicv3::{Intld, Trigger};
use arm_gic::{irq_enable, wfi};

use chrono: :{TimeZone, Utc};

use core::hint::spin_loop;

use crate: :pl@11l::Uart;

use arm_gic::gicv3::GicV3;

use core::panic::PanicInfo;

use log::{error, info, trace, LevelFilter};
use smccc::psci::system_off;

use smccc: :Hvc;

/1] GICv3 DXR—=Z7 FL X,
const GICD_BASE_ADDRESS: *mut u64
const GICR_BASE_ADDRESS: *mut u64

0x800_0000 as _,;
0x80A_0000 as _,;

/1l 7241 PL011 UART OXR—X7 KL X,
const PLQ11_BASE_ADDRESS: *mut u32 = 0x900_0000 as _;

/// PLB31 RTC ODXR—RA7 KL A,
const PL@31_BASE_ADDRESS: *mut u32 = 0x901_0000 as _;
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/// PL@31 RTC »M#EHT2 IRQ,
const PL@31_IRQ: IntId = IntId::spi(2);

// SAFETY: There is no other global function of this name.
extern "C" fn main(x0: u64, x1: ubd, x2: ubd, x3: ubd) {
// SAFETY: "PLQ11_BASE_ADDRESS" is the base address of a PLQ11 device, and
// nothing else accesses that address range.
let uart = unsafe { Uart::new(PL@11_BASE_ADDRESS) };
logger::init(uart, LevelFilter::Trace).unwrap();

infol ("main({:#x}, {:#x}, {:#x}, {:#x})", x0, x1, x2, x3);

// SAFETY: "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();

// SAFETY: "PL@31_BASE_ADDRESS® is the base address of a PL@31 device, and
// nothing else accesses that address range.

let mut rtc = unsafe { Rtc::new(PL®31_BASE_ADDRESS) };

let timestamp = rtc.read();

let time = Utc.timestamp_opt(timestamp.into(), @).unwrap();

info! ("RTC: {time}");

GicV3::set_priority_mask(0xff);
gic.set_interrupt_priority(PL@31_IRQ, 0x80);
gic.set_trigger(PL@31_IRQ, Trigger::Level);
irqg_enable();
gic.enable_interrupt(PL@31_IRQ, true);

/] BDAAKR LT 3 PHEEL F T,

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()

),

while !rtc.matched() {
spin_loop();

}

trace! (
"matched={}, interrupt_pending={}",
rtc.matched(),
rtc.interrupt_pending()

),

info! ("Finished waiting");

/1 EIDAAZTEHIC 3 WREBEET,
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let target = timestamp + 6;
info! ("Waiting for {}", Utc.timestamp_opt(target.into(), 0).unwrap());
rtc.set_match(target);
rtc.clear_interrupt();
rtc.enable_interrupt(true);
trace! (
"matched={}, interrupt_pending={}",
rtc.matched(),
rtc.interrupt_pending()
),
while !rtc.interrupt_pending() {
wfi();
}
trace! (
"matched={}, interrupt_pending={}",
rtc.matched(),
rtc.interrupt_pending()
),

info! ("Finished waiting");

system_off::<Hvc>().unwrap();

}

fn panic(info: &PanicInfo) -> ! {
error! ("{info}");
system_off::<Hvc>().unwrap();
loop {}

}

plo31.rs:

struct Registers {
/1] T—RLI AR

dr: u32,

/1] —ELIoR&
mr: u32,

/1] FRAAAL T AR
1r: u32,

/17 HlHL Y 2%
cr: u8,

_reserved®: [u8; 37,

111 BDAARRI7 2y bERFIZVTLIRX
imsc: u8,

_reservedl: [u8; 3],

11 RINLTOEDAART —X A
ris: u8,

_reserved2: [u8; 317,

11 =R EINTZEIDIAART —R A
mis: u8,

_reserved3: [u8; 3],

111 BDAAT )T LI AR

icr: us8,
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_reserved4: [u8; 3],

}

/17 PLO31 V7A&RAL 70y ZHDEZ AN,
pub struct Rtc {
registers: *mut Registers,

}

impl Rtc {
/1] f8EINIZR—RT7 LRI
/11 PLO31 T4 ZHD RTC FIANDHFHLWA YRR Y ZARER L F T,
/17
/111 # e
/17
/1] f8EEIN=R—ZA7 FLZAE PLO31 T34 2D MMIO L AR EEL TWLRAERH D 5,
111 ZRBETAALAXEYVE L TTREADT KL AZE/IC
/1] =y ¥y 77X MOTAL V7 2EHY EHA,
pub unsafe fn new(base_address: *mut u32) -> Self {
Self { registers: base_address as *mut Registers }

}

/11 BAED RTC fEZFHARD £3,

pub fn read(&self) -> u32 {
// SAFETY: We know that self.registers points to the control registers
// of a PL@31 device which is appropriately mapped.
unsafe { (&raw const (*self.registers).dr).read_volatile() }

/1] —BEZEFEZAAE T, RTC HPZAUC—KT 2 & B DIAADEREINET

111 (BIDABDEMTT > TWBEHE),

pub fn set_match(&mut self, value: u32) {
// SAFETY: We know that self.registers points to the control registers
// of a PL@31 device which is appropriately mapped.
unsafe { (&raw mut (*self.registers).mr).write_volatile(value) }

/11 FIDRABBEMIIZ o TWE0E D PICEFRR L —H LA &0 RTC HE

1] =BT 20EI0%KLET,

pub fn matched(&self) -> bool {
// SAFETY: We know that self.registers points to the control registers
// of a PL@31 device which is appropriately mapped.
let ris = unsafe { (&raw const (*self.registers).ris).read_volatile() };
(ris & ox01) !'=10

}
/1] BEREROE D IAALD D 20D EIRELET,
/11

/11 ZiuEd “matched’ 7' true ZIRL.HIDIAADTRAZ STV IHEITDA
/1] true 1Zi2bH %7,
pub fn interrupt_pending(&self) -> bool {
// SAFETY: We know that self.registers points to the control registers
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// of a PL@31 device which is appropriately mapped.
let ris = unsafe { (&raw const (*self.registers).mis).read_volatile() };
(ris & 0x01) '= 0

111 BIDRAARRAZ BHEEEIZ VT LET,
/17
/1] =RAZH true DHE HIDAAIEMIHED £3, false DHA.
117 EIDAATIRNT IR D £ 5,
pub fn enable_interrupt(&mut self, mask: bool) {
let imsc = if mask { Ox01 } else { 0x00 };
// SAFETY: We know that self.registers points to the control registers
// of a PL@31 device which is appropriately mapped.
unsafe { (&raw mut (*self.registers).imsc).write_volatile(imsc) }

/11 REFOEIDAABDHIUIZ VT LET,

pub fn clear_interrupt(&mut self) {
// SAFETY: We know that self.registers points to the control registers
// of a PL@31 device which is appropriately mapped.
unsafe { (&raw mut (*self.registers).icr).write_volatile(0x01) }

}

// SAFETY: "Rtc’ just contains a pointer to device memory, which can be
// accessed from any context.
unsafe impl Send for Rtc {}
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H5 56 &

Rust TOMATENE S 2T %

RustidIa—7 v 7R F ¥ 2L ZHWVWTOS ALy FEHFS fTHZ 0 R—FLTWVET,

Rust DRI 27 23 Z K OAUATHEICE DD BN T Z2a Y R4 MDA TIZE D D eI [T EHE
RAE R R UF 3, ZHUIKRAC fearless concurrency (T < 72 W0iiATHE ) & MRENF 3. 72872 5,
AV FWIZETHTOIEL S ZIRIET 2 2 e 2 BT L VWEDHTT,

AT a—)b

Including 10 minute breaks, this session should take about 3 hours and 20 minutes. It contains:

Segment Duration

AL v K 30 minutes

F v IV 20 minutes

Send ¢ Sync 15 minutes

REHE 30 minutes

o [ 1 hour and 10 minutes

* Rust lets us access OS concurrency toolkit: threads, sync. primitives, etc.

» The type system gives us safety for concurrency without any special features.

* The same tools that help with ”“concurrent” access in a single thread (e.g., a called
function that might mutate an argument or save references to it to read later) save us
from multi-threading issues.
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o 57 &

AL v R

This segment should take about 30 minutes. It contains:

Slide Duration

T —VR ALy F 15 minutes
2a—7ft% XL v K 15 minutes

571 FV—YR AV v R

Rust DAL vy FIMlOSFED AL v R e U/-Z8% LET:

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

fn main() {
thread: :spawn( || {
for i in 0..10 {
println!("Count in thread: {i}!");
thread: :sleep(Duration: :from_millis(5));
}
1)

for i in 0..5 {
println!("Main thread: {i}");
thread: :sleep(Duration: :from_millis(5));

* Spawning new threads does not automatically delay program termination at the end of

main.
¢« ALy FX= v ZIFHEWIIHI TS,
— Panics can carry a payload, which can be unpacked with Any: :downcast_ref.

* Run the example.

— 5ms timing is loose enough that main and spawned threads stay mostly in lockstep.
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https://doc.rust-lang.org/std/any/trait.Any.html#method.downcast_ref

— Notice that the program ends before the spawned thread reaches 10!
— This is because main ends the program and spawned threads do not make it persist.
* Compare to pthreads/C++ std: :thread/boost: : thread if desired.

* How do we wait around for the spawned thread to complete?
* thread: :spawn returns a JoinHandle. Look at the docs.
— JoinHandle has a . join() method that blocks.

* Use let handle = thread::spawn(...) and later handle.join() to wait for the
thread to finish and have the program count all the way to 10.

* Now what if we want to return a value?
* Look at docs again:

— thread: :spawn's closure returns T
— JoinHandle .join() returns thread: :Result<T>

* Use the Result return value from handle. join() to get access to the returned value.
* Ok, what about the other case?

— Trigger a panic in the thread. Note that this doesn't panic main.
— Access the panic payload. This is a good time to talk about Any.

* Now we can return values from threads! What about taking inputs?

— Capture something by reference in the thread closure.
— An error message indicates we must move it.
— Move it in, see we can compute and then return a derived value.

» If we want to borrow?

— Main Kkills child threads when it returns, but another function would just return
and leave them running.

— That would be stack use-after-return, which violates memory safety!

— How do we avoid this? See next slide.

57.2 Ra—7ffZAL v R

BEDAL Y FRZENLOEELSEHTZ X TEZHEA:
use std::thread;

fn foo() {
let s = String::from("Hello");
thread: :spawn(|| {
println!("Length: {}", s.len());
1)
}

fn main() {
foo();
}

LU ZEDDIZAa—TEA Ly P2 TN TEXT:
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use std::thread;

fn foo() {
let s = String::from("Hello");

thread: :scope(|scope| {
scope.spawn( || {
println!("Length: {}", s.len());
})s
1)
}

fn main() {
foo();

}
o ZOEMHII B thread: :scope AE T T2 L Z. 2 TOAL v Fidjoin N5 Z & HMRAE

ENTVBERDT ALy ROBMERALT —2Z2RTZENTESDHTT,
e HED Rust DIEHDONL— I HEAZINEST: —DODAL Yy FWI2a— XTIV THEHATSZ
CLERMEEOBDOAL Yy KA I 2a—XTALVTEHATSZ L,
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This segment should take about 20 minutes. It contains:

Slide Duration
&S (Senders) & 35l (Receivers) 10 minutes
Unbounded 5 v &L 2 minutes
Bounded + v L 10 minutes

58.1 %{EM (Senders) ¥ 3z{ZM] (Receivers)

Rust channels have two parts: a Sender<T> and a Receiver<T>. The two parts are connected
via the channel, but you only see the end-points.

use std::sync::mpsc;

fn main() {
let (tx, rx) = mpsc::channel();

tx.send(10) .unwrap();
tx.send(20) .unwrap();

println!("Received: {:?}", rx.recv());
println!("Received: {:?}", rx.recv());

let tx2 = tx.clone();
tx2.send(30) .unwrap();
println!("Received: {:?}", rx.recv());

* mpsc stands for Multi-Producer,; Single-Consumer. Sender and SyncSender implement
Clone (so you can make multiple producers) but Receiver does not.

* send() and recv () return Result. If they return Exr, it means the counterpart Sender
or Receiver is dropped and the channel is closed.
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https://doc.rust-lang.org/std/sync/mpsc/struct.Receiver.html
https://doc.rust-lang.org/std/sync/mpsc/index.html
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58.2 Unbounded F ¥ %\

You get an unbounded and asynchronous channel with mpsc: :channel():

use std::sync::mpsc;
use std::thread;
use std::time::Duration;

fn main() {
let (tx, rx) = mpsc::channel();

thread: :spawn(move || {
let thread_id = thread::current().id();
for i in 0..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}");
}

58.3 Bounded F ¥ 3L

With bounded (synchronous) channels, send () can block the current thread:

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 0..10 {
tx.send(format! ("Message {i}")).unwrap();
println!("{thread_id:?}: sent Message {i}");
}
println!("{thread_id:?}: done");

3
thread: :sleep(Duration::from_millis(100));

for msg in rx.iter() {

println!("Main: got {msg}");
}
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https://doc.rust-lang.org/std/sync/mpsc/fn.channel.html
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* 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.

* A call to 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.

* Abounded channel with a size of zero is called a "rendezvous channel”. Every send will
block the current thread until another thread calls recv ().
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H5 59 &

Send & Sync

This segment should take about 15 minutes. It contains:

Slide Duration
~—#A—FLA b 2minutes
Send 2 minutes
Sync 2 minutes
1l 10 minutes

591 ~—A—bFLAF

How does Rust know to forbid shared access across threads? The answer is in two traits:
e Send: ALy RERZEZVTOR T DL —TIPRLLIATZ LA TiX Send TH 3,
e Sync: ALy FEERZEWTET DL =T PEB2ATRA25E. 8T Sync TH 3,
Send and Sync are unsafe traits. The compiler will automatically derive them for your types

as long as they only contain Send and Sync types. You can also implement them manually
when you know it is valid.

s THNLD LA MEIDAEPKREDZAL Y FE—T7 DR ZF o TWVWBRZ L EZRT~Y—F—
YEZBZIELHTEET,
¢ TALHIFEEDOR LA FPERIL LS. V2R v Z7EROPTHHTZZ B TEET,

59.2 Send

BT OEZLZRCHDAL Y FICL—T7TEREE5. 8 T3 Send TH 3,

FMIEMEERIDAL Y MCA—T T30S 2R . TAMSZIABZFDRAL vy FTETEND LW
CETT.DED.HBAL Yy FT7RF— FEINHEZHIDZAL Yy FTHRBRLTH BV L WS DA
FIWTEEEIC 2 D T

2T 5, SQLite 54 75U ADaARTZ T a lF, —DODAL Y FR6DAT 7RI N HE
BHHFET,
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https://doc.rust-lang.org/std/marker/trait.Send.html
https://doc.rust-lang.org/std/marker/trait.Sync.html
https://doc.rust-lang.org/std/marker/trait.Send.html

59.3 Sync

BT OEZEBDOAL Y LRI 72 AL TIRERGA A TIZ Sync TH 3,
IO IFHECIZ U FD &S RERTT

&T 73 Send TH 2GS . DO ZDHEIWRD, Tk Sync TH 3
ZHESED THZROHEENR AL Yy FE—T7THIUX. ZOBBERAL v FIITRZITET LB R
Ly RE—T7TH3 VI EFREICKRLEZHDTY,
¥R, H BN Sync TH 256, 7 —XiaMoORMOMER YDV X 77k LIz ORIEEE
DALy FREITHETX . Z20MEHDZAL Yy RIZA—TF L THELEEDLL T, ¥ MADS I
MDAV Y FIZL—T L THERETT, ZFHUI. FRDHBHT I T —XIMTEDAL Y RLOLERIZT
JXRATBRIENTEEINLTI,

59.4 il

Send + Sync

A2 3i13e AL Send + Sync TF -

¢ 18, 32, bool, char. &str ¥

(T1, T2). [T; NI]. &[T]. struct { x: T } &¥
String. Option<T>, Vec<T>, Box<T> iz ¥

Arc<T>: 7 F v 7BBAT Y MY BIRIICAL Y KE—7,
Mutex<T>: WiEim v 712 X DBRIICA L Yy FE—7,

mpsc: :Sender<T>: As of 1.72.0.

» AtomicBool, AtomicUS8, ---: ®ill7e 7 b I v 7@z FH,

PRV 7 RAF BT X & Send + Sync TH 5 & = @KL Send + Sync T,

Send + !Sync
INSDENIRN DAL Y FICA—T TR R TEETN ZDIIRL—TIEAL Yy FE—T7 Tk
B ERABEIINERAEERZDORKTT !

* mpsc: :Receiver<T>
* Cell<T>
* RefCell<T>

!Send + Sync

These types are safe to access (via shared references) from multiple threads, but they cannot
be moved to another thread:

* MutexGuard<T: Sync>: Uses OS level primitives which must be deallocated on the
thread which created them. However, an already-locked mutex can have its guarded
variable read by any thread with which the guard is shared.

!Send + !Sync
DI BBIAL Yy FE— T TRBRVEDFIDAL Yy FICA—T T3 L3 TEEEA !
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o Rc<T>: ZNZND RC<T> X RCBOXKT>ANDBWE Lo TVWE T, ZHUX. 7 F 2 v 7 TRVS
AT Y P 2FfoTVET,

e *const T, *mut T:Rust . 4R A > X —IIFRFFETHEICEE T 25072 F @EHL D 5 Al HE
WD 2RELTVET,
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This segment should take about 30 minutes. It contains:

Slide Duration

Arc 5 minutes
Mutex 15 minutes
] 10 minutes

60.1 Arxc

Arc<T> i¥FAMYEHDIEEFE Y 7 X% Arc: :clone I X D A[REIC L £ 3

use std::sync::Axc;
use std::thread;

fn main() {
let v = Arc::new(vec![10, 20, 30]);
let mut handles = Vec: :new();
for _ in 0..5 {
let v = Arc::clone(&v);
handles.push(thread: :spawn(move || {
let thread_id = thread::current().id();
println! ("{thread_id:?}: {v:?}");
1))
}

handles.into_itexr().for_each(|h| h.join().unwrap());
println!("v: {v:?}");

¢ Arc {¥”Atomic Reference Counted”d®H&T. 7 b I v Z7#{EZFIH T2 2 W5 H T, RCcH R
Ly RERIZIR0T=N—CarDEIRBDTT,

e Arc<T> 3 Clone ZFEELF 3. 2D IF THA Clone ZFEET A LLEWICEEZERD D A,
T 23 Send ¥ Sync OifjZEE L TWB5LET. 2D ZDHAICRD . Arc<T> [Eli# 2 5%
Lij—o
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https://doc.rust-lang.org/std/sync/struct.Arc.html

e Arc::clone() KE7 P v ZEQ A M 5,727, 20%kiIE. T OFIHICET %
X MIDD2LD EEA
o BV A I NICKEDTITLEE WV, Arc IKWEBIBY A IV ERAT 272D N—yaL
REHH EHE A
- std::sync::Weak %5 5,

60.2 Mutex

Mutex<T> ensures mutual exclusion and allows mutable access to T behind a read-only
interface (another form of interior mutability):

use std::sync::Mutex;

fn main() {
let v = Mutex::new(vec![10, 20, 30]);
println!("v: {:?}", v.lock().unwrap());

{
let mut guard = v.lock().unwrap();
guard.push(40);

}

println!("v: {:?}", v.lock().unwrap());

}
impl<T: Send> Sync for Mutex<T> ®7J v 7 v FEEXRDHZ I LIFHLTILEZ W,

* Rust icEB1) % Mutex LIZ. REXINZT—XTH S, /colc—DDEZEDP LRI NzaL >
arDEHIRbDTT,

- REINT R T7 AT BN I 2a—T v 7 AR RELENZ Z 213D D T A,

o QMutex<T>»Hry 7 Z2EI§3T 522 T, &mut T2182 2223 TE %9, Zd MutexGuaxd
Famut THARFFENTWEr Yy 7 XD HRAFER LAV EZRIEL $3

* Mutex<T> implements both Send and Sync if and only if T implements Send.

s HAHEZOR Y ZDHEEITHNIET 2D DH Y 5 RwLock,

o 721 lock() X Result #EFDTL S ?

- Mutex ZRFFLZAL Y RBR=Zy 7 2B LEHERETRNET XN BEHORXR
7RIS H ZAREME R B 2 5 72, Mutex 31K 4 V' > E 7z ("poisoned™) K&
WKRDETRA YV ENT Mutex I LT lock) #a2—/3 % &, [PoisonError]
(https://doc.rust-lang.org/std/sync/struct.PoisonExrror.html) & &
HITKHB L 9, into_inner()* HVWZ Z T 2D —ICBVWT. LV HRTT—X%
mET2Z LI TEET,

60.3 i

Arc ¥ Mutex OEIER R TAFEL x5

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

fn main() {
let v = vec![10, 20, 30];
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let handle = thread::spawn(|| {
v.push(10);

1),

v.push(1000);

handle. join() .unwrap();
println!("v: {v:?}");

}

EZ N5 RLE

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

fn main() {
let v = Arc::new(Mutex::new(vec![10, 20, 301));

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();
v.push(1000);

}

handle. join() .unwrap();

println!("v: {v:?}");

}
EEHT 3 ¢ L WET
e VIZATC ¥ Mutex DA TT v 7ENTVWE T, RERS. ZN5 DRI AN 7 d D
THBENHTT,

- Mutex Z ATCTI v 7§32 LIE ALy RIEITI 2a— R IV RIREERHET 272012 &
CHRBENBENRR—-2TT,
e v: ATC< >FHID AL v RIZLA—=TEINBHNI, V22 LT r—YEN2BENHD T,
move 237 A X ITEMEI Nz Z L ITFHERLTLZE W,
« 7u v Zi¥LockGuard D R a—FZA[RERIR DD 57 DITEAINTVE T,
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This segment should take about 1 hour and 10 minutes. It contains:

Slide Duration

BHEIT 2 TEH 20 minutes
RAVFALy R Y rIF vy h— 20 minutes
iR 30 minutes

61.1 REITIYUFLH

BET 2T 2H OB MATIECE T 2 H IR L FET I,

5 NOTEENFE LT — TN TRERZ LTOVET, ENENOEEEN T — T L DEME
WEED MO 7 +— 272 1 ABINTVWE TN ZRHIEZZA Y v 7 4 T, 2
KDT7 4= TERZBENRDD FT . UFHIIRREBELRAWEDRTZE LT
EFEVA S TEERIEATITD 7 + — 7 2Fio TWBGEIZDA AT v T4 %
BRBZZEDTEE T, LEDoT, 22007 4 —Z X HEOTFEENBERS DT L
EZTOVRGEECOAMEATEZ T, ZNFNLOEXEEFE X BRNED R HD 7 + —
VEEXFET,

COHBE T . m—HLD Cargo 4 Y A b —APBRBETTLUFDI— K% src/main.rs x5 7
7AMIA— L. ZEMEHO T, cargo run 237y Kev 7 LARWZ L 2R L £3,

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

struct Fork;

struct Philosopher {
name: String,
// left_fork:
// right_fork:
// thoughts:
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impl Philosopher {
fn think(&self) {
self.thoughts
.send(format! ("Eureka! {} has a new ideal!", &self.name))
.unwrap();

}
fn eat(&self) {
// Pick up forks...

println!("{} is eating...", &self.name);
thread: :sleep(Duration: :from_millis(10));

}

static PHILOSOPHERS: &[&str] =
&["Socrates", "Hypatia", "Plato", "Aristotle", "Pythagoras"];

fn main() {
/1 7%= %ERT %

/1 BEERERT %
/] FTNFROTEEENBRE BH%Y 100 075 X513 5%

/1 BEEDEREZH T %

}

XD Cargo.toml ZHEHTE X3,
[package]

name = "dining-philosophers"
version = "0.1.0"

edition = "2021"

61.2 NVFALY RV IFzvh—

Pl T R EEDP LT RAF ALYy R VY 2 F 2o h—%2ELEL 5. 53 V=T
R=I LDV Y IBENPE S D RHERT 20ENDHD XTI FAUE F X4 rOfioR— 2 FHIFHIZ
Fzv 7 L IRTOR—TYDWGEEDTE T T2 LTI OB Z#EDIEL T,

For this, you will need an HTTP client such as reqwest. You will also need a way to find links,
we can use scraper. Finally, we'll need some way of handling errors, we will use thiserror.
Create a new Cargo project and reqwest it as a dependency with:

cargo new link-checker

cd link-checker

cargo add --features blocking,rustls-tls reqwest
cargo add scraper

cargo add thiserror
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https://docs.rs/reqwest/
https://docs.rs/scraper/
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cargo add 2% error: no such subcommand TXE(F 23551%. Cargo.toml 7
7 ANEFETHREL T EIWV, FilOWFEEFREEBML £ 3,

cargo add OFFHLIZE D, Cargo.toml 7 7 A MIFRD L S WCEH S F T,

[package]

name = "link-checkexr"

version = "0.1.0"

edition = "2021"

publish = false

[dependencies]

reqwest = { version = "0.11.12", features = ["blocking", "rustls-tls"] }

scraper = "0.13.0"
thiserror = "1.0.37"

INT AR—IR=V 2Ry —FTELL51T72D X L%, https://www.google.org/ @
X R A4 P THLTAEL £ 9,

src/main.xs 77 A MERD LS ITHD 9,

use reqwest::blocking::Client;
use reqwest::Url;

use scraper::{Html, Selector};
use thiserror::Error;

enum Error {
ReqwestError (#[from] reqwest::Error),
BadResponse(String),

}

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 !response.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
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.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);
}
Exrr(err) => {
println!("On {base_url:#}: ignored unparsable {href:?}: {err}");
}
}
}
Ok (1link_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:#?}"),
Exrr(err) => println!("Could not extract links: {err:#}"),

}
}
src/main.rs NDpa—FKE . XDa~vy RTHEITLET,
cargo run
RRAD
e ALy FEFHLTY V7 2FARICF 2y 2 LET . DED . F2v 735 URLEF ¥ 1L
WWEEL WL DD AL vy RTHRKFHIZC URL #HEREL 3,
s ZHZEIEL T, www.google.org RX A VDI RTDOR—I 95 Y > 7 ZEIRIISHE L
FT .U TRy Z7XNBVWEIC RO EREZ 100 BEICEREL £ 73,
61.3 A&
BHEITIYEHE

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>,
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}

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", "Hypatia", "Plato", "Aristotle", "Pythagoras"];

fn main() {
let (tx, rx) = mpsc::sync_channel(10);

let forks = (@..PHILOSOPHERS.len())
.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()1);

{

[ Ty Fay ZEET 37012, 8 2 THMEE
/] BRTRENRDH D FT, Fitda— KT,
/] EEEBRST A2 2007 3 — B ET,
if i == forks.len() - 1 {
std::mem: :swap(&mut left_fork, &mut right_fork);
}

let philosopher = Philosopher {
name: PHILOSOPHERS[i].to_string(),
thoughts: tx,

left_fork,
right_fork,

}

thread: :spawn(move || {

for _ in 0..100 {
philosopher.eat();
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philosopher.think();
}
1)
}

drop(tx);

for thought in rx {
println! (" {thought}");

}

Link Checker

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

use reqwest::blocking::Client;
use reqwest::Url;

use scraper::{Html, Selector};
use thiserror::Error;

enum Error {
ReqwestErroxr (#[from] reqwest::Error),
BadResponse(String),

}

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 !response.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"));
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for href in href_values {
match base_url.join(href) {
Ok (link_url) => {
link_urls.push(link_url);
}
Err(err) => {
println!("On {base_url:#}: ignored unparsable {href:?}: {err}");
}
}
}
Ok (1link_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 }

}

/1] FBEINTR=IJHNDY 72T 20 R REL T,
fn should_extract_links(&self, url: &Uxrl) -> bool {
let Some(url_domain) = url.domain() else {

return false;
},
url_domain == self.domain

}

/1] FEEEIN=R=IUFFEFEAL LT~ —27 L, T TCIEBEATHIUR
/// false ZRLET,
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_xeceiver: 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_xreceiver.clone();
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thread: :spawn(move || {
let client = Client::new();
loop {
let command_result = {
let receiver_guard = command_receiver.lock().unwrap();
receiver_guard.recv()
i
let Ok(crawl_command) = command_result else {
/] EBEEP ey PEINFE L. S5%a~vy FIdRESNEE A
break;
i
let crawl_result = match visit_page(&client, &crawl_command) {
Ok(1link_urls) => Ok(link_uxls),
Err(error) => Err((crawl_command.url, error)),
b
result_sender.send(crawl_result).unwrap();

).
}

fn control_crawl(
start_url: Url,
command_sendexr: 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_links(&uxrl);
let crawl_command = CrawlCommand { url, extract_links };
command_sender.send(crawl_command) .unwrap() ;
pending_urls += 1;

}
}
Err((url, error)) => {

bad_urls.push(url);
println!("Got crawling error: {:#}", error);
continue;
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}
}
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: {:#?}", bad_urls);
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62 ¥
EXHZT#

FASyNc i3 EE D & 2 7 BT I N B I THEET LTI FNENDX R 71T uy 73 b &
TEFEIN. FLTRICEDL Z LD TEZMDRAZIUINEZ S I ICLDERENFT . ZOET
WMEIRSNTZZHBD AL v RETIDZBLDARIEZREITTEIERARBICLE T RERDL. XA T
EDF ==~y RITEFEIZE THEL IR FEITAIRER 1/0 ZFFET 212D ER T 2 7
4 7% OSREL T B 25T,

Rust OIEFEARI 2 8B lX Muture ICHESWTWT, ZHUIFFERICE T 200 LURWEERZ R L T
WET, Future lZ. XA NET L2 2o B3S 7FIANELNEETR-Y VIENE T,

Future ZIERIFANZZ S X AL 22X D R—V U TENFE T, T VXA ATEW LK O DOERFE D D
9,

fihod S5k & D LL

 Python 12137z & 5 REF LA asyncio & LTHHKINATWE T, LA L. 2 2 TOD Future
I — Ny ZJIZESKBDTHo T AR=V WL 5bDTIEH D £¥ A, Python DI
7 a 75 23 —7 1208 L, Rust D7 ¥ XA ATV ET,

. ]avaScript D Promise BZUTWVW2 DD, ZNDFLDRLA—NANYy JIZHIXFT, ZDF
FEDT Y RA DFARY FL—TIZE D FEEIN TV S0, % < @ Promise RO FEMIZFR
éhfh\i?‘

AT a—)v

Including 10 minute breaks, this session should take about 3 hours and 20 minutes. It contains:

Segment Duration

Async O ELfE 30 minutes

Fy 2l 7o — 20 minutes

%L LR 55 minutes

5 1 hour and 10 minutes
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# 63 &

Async DR

This segment should take about 30 minutes. It contains:

Slide Duration
async/await 10 minutes
Future 4 minutes
FURA L 10 minutes
RRAY 10 minutes

63.1 async/await

BB EDIZIE. Rust DIEFAHIa— FIREE A LTEH OB Za— FDO LS ICRZ %3

use futures::executor::block_on;

async fn count_to(count: 132) {
for 1 in 0. .count {
println!("Count is: {i}!");
}
}

async fn async_main(count: 132) {
count_to(count) .await;

}

fn main() {
block_on(async_main(10));

}
B

s TN ERTEZDDOHMILINEZHTHZ2 I LICHER LTIV ELETEIND 21
VER A DUATUHIZ Z ZWCIFEENEF A,

» The ”"async” keyword is syntactic sugar. The compiler replaces the return type with a
future.
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o XA FITH L TR E N future OfEZ ZDRESWOIREL LWV BIOIEREZE®
ZWIRD, main Z async i35 Z I TEEHE A,

* You need an executor to run async code. block_on blocks the current thread until the
provided future has run to completion.

o Lawalt IXIERIEAMNCHEORIEDE T 2 RiH £ 3, block_on 2iZE4L b, .await IZHED
ALy RE7uyZ LERA,

* .await can only be used inside an async function (or block; these are introduced later).

63.2 Future

Future lZ h LA FTHD ERTETLTRUVDLD LABRWIEELZRHAT 2 A7 27 MITX D FEE
Eh%xd, Future 3R—V > 7xndZehHH. pollidPoll ZRL £7,

use std::pin::Pin;

use std::task::Context;

pub trait Future {
type Output;
fn poll(self: Pin<&mut Self>, cx: &mut Context<'_>) -> Poll<Self::Output>;

}

pub enum Poll<T> {
Ready(T),
Pending,

}

FEEMADBEENE impl Future i B L ¥ 3. HA CTERLAZENIH LT Future #5E#E35 2 3
(BEORNZETII)AMRET T M 21E. tokio: :spawn 253K X5 JoinHandle iX Future
BREFTHILICED, join TEHZ L EAREICLTVET,
Future |ZEA X% .await ¥ — 7 — KX, £ Future Q¥ T = 3 £ T, BIEDIEFRIH DB
DO—RHEIEZRI L. Z L TZOMAZEFHEL £ 3,
e Future ¥ Poll OBNIF XIIRI N X I ICEEINET; Fxra Xy bOEKRNZELER R
BIZFV 7% 71) vy 7 LTI,

e Pin ¥ Context IZOoWTIEFH L BV ERALER S LR IV 357 4 7%4E
250 JEFHO - FEEL Z L ICKRARESAEZBEL DD D05 T, EERICIZLLTTH
BAxNE T !

— Context IZ.FFED A XY b FAE L 22, Future PEZDESZHUER—V V& h
XA 2a—NTBIEARICZLETD,

— Pin & future "D KA VX HEITH D HilT 272912, Future X £V OHTHRE)X
NN e ZHEFICLE T, 2L BHED . awalt DRICENTH DkElT 3 72DICHET
KIS

63.3 FU&4 A
_runtime_{ZIEFIA A (reactor) DK — + B34 L, /2. future 25173 % Z & (executor)

ZHELTOVET, Rust QI M VDT VR A LEH D FEAD WL DODDT VXA LDiE
R DD %357
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https://doc.rust-lang.org/std/future/trait.Future.html
https://doc.rust-lang.org/std/task/enum.Poll.html

» Tokio: performant, with a well-developed ecosystem of functionality like Hyper for
HTTP or Tonic for gRPC.

* async-std: aims to be a ”std for async”, and includes a basic runtime in async: : task.

* smol: simple and lightweight

W ORDIDERLZT7 SV r—2a Y HEBDS V&4 L% TWE T, B Z1E Fuchsia 1x#
DESRBOETTIIHZTOET,

« ETEITSNAT VX4 LD 55, Tokio DAH Rust LA 750y FTHAR—PENTVE
T DT VAT T Y RTRODZ2 AMNBRIEDFFAl STV RV, KIEO BEIRGRNIE
FfloHN I T LA 7T FTEITTH IR TEERA,

* Future (3. K=V ¥ 7 %75 T 7€ F 2 — XDFER LM STOZR V(AR N#RIES 248
DV EVWS HTIREITT AR I, 27 EF 2 -2 L HRKRETEITESND
JavaScript @ Promise & 13274 D £3,

63.3.1 Tokio

Tokio provides:

e JEFHID a— FEETTEEDDTILF ALY FDOT VXA L,
o [EUHES £ 75 ) DIERIEAN—Y 3 >,
s RERIATIVDIATAT A,

use tokio::time;
async fn count_to(count: 132) {
for i in @..count {

println!("Count in task: {i}!");
time: :sleep(time: :Duration: :from_millis(5)).await;

}

async fn main() {
tokio: :spawn(count_to(10));

for i in 0..5 {
println!("Main task: {i}");
time: :sleep(time: :Duration: :from_millis(5)).await;

}

e tokio::main o< iz kb, main OIEFEINFHEZESL Z L A TEE T,
* spawn BIRUIHT L WIITOT & X 7 J 2R L £77,

o 7 : spawn X Future Z5130CH % 728, count_to I L T.await ZMERZ 2 ExHH F
A,

EDRBHR:

¢ ¥'5 LT count_to ldGEFEIZ) 10I1TUDEDRNDTL & 52?7 ZAUIIERIALED * ¥ >~
L OFITT, tokio: :spawn 35T T ETHET 27DDNY FSZIRLET,

s TutREHLLIESMRDDIC, count_to(10).await #iXL TATL 12X\,
» tokio::spawn 2 HIRENX AT ZFRHEL TATLZE W,
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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

634 XR7

Rust i BEDAL v FIERO—HETHE2EXRAI AT LHBHH %7,

RAZIEH—DFy Lo future 235 D ZHE L7 EF 2 — ZDERICHED T DITR—-V »
ZFBEMR D 3,0 future IZIZ—20 FHIFERD future A XA FENTWB b DD, b
v LUV future @ poll XYy RRKR—=V 752528 RD . KREPIIFI—NVLAX Y 7T
WIBT 2 EERETXRZITBIT 2 MWATUHE FIZIETHE XA ~ =AM NRIER E EBROTFD
future #R—V 275232 LIC K DAEIBEICAR D £3,

use tokio::io::{self, AsyncReadExt, AsyncWriteExt};
use tokio::net::TcpListener;

async fn main() -> io::Result<()> {
let listener = Tcplistener::bind("127.0.0.1:0").await?;
println!("listening on port {}", listener.local_addr()?.poxrt());

loop {
let (mut socket, addr) = listener.accept().await?;

println!("connection from {addr:?}");

tokio: :spawn(async move {
socket.write_all(b"Who are you?\n").await.expect("socket error");

let mut buf = vec![0; 1024];

let name_size = socket.read(&mut buf).await.expect("socket error");
let name = std::str::from_utf8(&buf[..name_size]).unwrap().trim();
let reply = format!("Thanks for dialing in, {name}!\n");
socket.write_all(reply.as_bytes()).await.expect("socket error");

).

}
ZOFIEEER LTz stc/main.rs 22— LT . FI06FETLTAEL £ 9,
nc % telnet 72 ¥ TCP H Yy — L2 FHH L THEHR L TATL I W,

s BIDOH—N=DIED XS HIRFEDEIZ WL DD 54 7> b eI NIREICH 2 D
BOAMET 2 XS IR E IR LTIV EARZRAIBPFELTOWETL? ZREHD
future 13 TFH ?

* 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.

* main ® async 7u vy ZZEBICY 77 7 X LT, 2o =AY R Y VI RBELTA
FL X9,
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https://www.unix.com/man-page/linux/1/nc/
https://www.unix.com/man-page/linux/1/telnet/

o 64 &

F 2 2L 2l 7 a—

This segment should take about 20 minutes. It contains:

Slide Duration
Async F ¥ %/ 10 minutes
Join 4 minutes
Select 5 minutes

64.1 Async F % )L

Several crates have support for asynchronous channels. For instance tokio:

use tokio::sync::mpsc;

async fn ping_handler(mut input: mpsc::Receiver<()>) {
let mut count: usize = 0;

while let Some(_) = input.recv().await {
count += 1;
println!("Received {count} pings so far.");

}

println!("ping_handler complete");
}

async fn main() {
let (sender, receiver) = mpsc::channel(32);
let ping_handler_task = tokio::spawn(ping_handler(receiver));
for 1 in 0..10 {
sender.send(()).await.expect("Failed to send ping.");
println!("Sent {} pings so far.", i + 1);
}

drop(sender) ;
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ping_handler_task.await.expect("Something went wrong in ping handler task.");

s FYRINYA X% 3ICEZTAT.INDBED XS ICNHICHET 2R LTAEL £ 9,
 Overall, the interface is similar to the sync channels as seen in the morning class.

* std::mem: :drop OFFIH L ZFRVWTAFL & SR I 2 TL & 520 ? ZHUIRETL &
577

e Flume 7 L'— M sync & async % send & recv Oli 52 FEET2F v 2D D 5,
CHUIAHS L B CPU DD X 2 7 Dl 5 % &8 MR 7 7Y o — 2 a ¥ TERITT,

¢ asynCc Fr A EWS T BHFF L TE2DRE. Fry AN BIF 2010 @ ifinay bo—
N7a—2fE37D12.F x¥ 2NV 2o future L BIFHN 52T,

64.2 Join

Join & W5 #RfETIE, future DEE DML S FTRHEL. ZORICHRZF LD TRLET,
U JavaScript 12315 % Promise.all % Python ic31) % asyncio.gather il TV E 3,

use anyhow: :Result;

use futures::future;

use reqgwest,

use std::collections: :HashMap;

async fn size_of_page(url: &str) -> Result<usize> {
let resp = reqwest::get(url).await?;
Ok(resp.text().await?.len())

}

async fn main() {
let urls: [&str; 4] = [
"https://google.com",
"https://httpbin.org/ip",
"https://play.rust-lang.oxrg/",
"BAD_URL",
1,
let futures_iter = urls.into_iter().map(size_of_page);
let results = future::join_all(futures_iter).await;
let page_sizes_dict: HashMap<&str, Result<usize>> =
urls.into_iter().zip(results.into_iter()).collect();
println!("{page_sizes_dict:?}");
}
ZOBIEMER LT src/main. s 2a b — LT . FIHFETLTAEL & 9,

o WEOHWIZELREO future 1 LTk, std::future: :join! ZRATE . Lo L.
WL D0 future 233 oS4 VRFIFEL TW 2 D0 2R L TH S BEDNDH D $9, ZHUIB
f£ futures 7L — MZH D FITH.3EWS BIZ std: : future ITHES NS FTETT,

* The risk of join is that one of the futures may never resolve, this would cause your
program to stall.

* £7., join_all & join!ZMAEDLESL I TEFXF I ZNEFHRAEXT—XZR=-2X
DT —fIChttp ¥ —ELZXAANDETHY 7T X% join T 255 T3, future i
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https://docs.rs/flume/latest/flume/

futures::join!Z\W T, tokio::time::sleep ZEBML TATL IV, ZHFCRD
F ¥ 7R —THHT %, select! ZRNELTZ)XA LTV FTWEHH FEAD. joinlDR
WEHE o TVET,

64.3 Select

Select & WS #EETIX, future DEED S B . WINd 1 DOHEHDEE S5 £ TR L. Z @ future 23
T 2RI L TRE L £, 24U JavaScript 1281 % Promise.race Xl CTWE T, £/,
Python i231F % asyncio.wait(task_set, return_when=asyncio.FIRST_COMPLETED)
YHRBZEBTEE T,

Similar to a match statement, the body of select! has a number of arms, each of the
form pattern = future => statement. When a future is ready, its return value is
destructured by the pattern. The statement is then run with the resulting variables. The
statement result becomes the result of the select! macro.

use tokio::sync::mpsc;
use tokio::time::{sleep, Duration};

async fn main() {
let (tx, mut rx) = mpsc::channel(32);
let listener = tokio::spawn(async move {
tokio::select! {
Some(msg) = rx.recv() => println!("got: {msg}"),
_ = sleep(Duration::from_millis(50)) => println!("timeout"),
}i
1)
sleep(Duration::from_millis(10)).await;

tx.send(String: :from("Hello!")).await.expect("Failed to send greeting");

listener.await.expect("Listener failed");

* The 1istener async block here is a common form: wait for some async event, or for a
timeout. Change the sleep to sleep longer to see it fail. Why does the send also fail in
this situation?

* select! is also often used in a loop in actor” architectures, where a task reacts to
events in a loop. That has some pitfalls, which will be discussed in the next segment.
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wE LR

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.

This segment should take about 55 minutes. It contains:

Slide Duration
I/ EFa—ZDT7ayFxFr2 10 minutes
Pin 20 minutes
Async b1 A b 5 minutes
S )% 20 minutes

65.1 ZJ¥Fa—ZRXD7uvr

e AEDIERIIAZ > 24 21%, 10 R X7 DRIETOAZFFAILET.2F D, CPUTBY 7 XX
2R3 EFXa—keTay s L MDXRT OFTRYNT E T ML AR, ATRE T HAUIIER
WoOREDAY v FEHEHT2ZETT,

use futures::future::join_all;
use std::time::Instant;

async fn sleep_ms(start: &Instant, id: u64, duration_ms: u64) {
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()
),
}

async fn main() {
let start = Instant::now();
let sleep_futures = (1..=10).map(|t| sleep_ms(&start, t, t * 10));
join_all(sleep_futures) .await;
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a— FEHTTRY — IDEE TR CER L THAET L Z e 2R L £7,

« "current_thread" 7L —N—1Z . I RTHOEXRA 7% 1 DODAL vy FIZRELE T, 2T X
D BT I DIAEICZ D ETBANTREELECILF AL Yy RTIL—N—IZFELE T,

e std::thread: :sleep %* tokio::time::sleep ICUID KX T. ZDMEREFHL E T,

b9 1 ODEIERIX, tokio: :task: :spawn_blocking 2 ¥ 2% Z ¥ T3, 2k, EBE
DALy REAEB L. Z/E¥FXa—&E 70y 78T ICEDONY FL% Future IS L 3,

XAZIFE0S ALy REWBARBRINEITEDLDERAIOALEF IR LIINELTES
FTUELAYDZ I EF 2 —RE BH—DOS ALy RTEZLDERIEFEITTHI%iF
AILEST, 2 FFIZNLTHDO IS4 757V e WD T35 GCRICHEL D ¥
T FFITE ZDI7A4A 75 VIEAL Yy K B—FLRA L —=IRKFLTWB 2 RED 0S
ALy F(CUDA ZX)IZ< vy B Y 7 INTWVWAAREMEDLH 272D TIT . 2D X5 R GHEIX
tokio: :task: :spawn_blocking ZfEHT 22 BT ITHLET,

e A 2 — T v 7 AWEEIHHALTLZE VY, .await TIa—T v 722 REFET3 2 50
RAIM Ty ZENFDERAINBERIC ALy FTETEINIARELLRD D T3,

65.2 Pin

JEFIHI T 1 v 7 L BAEUE. Future b LA MEFEETZIHERLETIREINZHI, 0 — L ERE
Future DNEITHHEI N B F— RICEH T 3 a2 84 SEHOHERTT,

IHNSDERO—ERIF MO T — HNEHADRAL VR EIFTEE T, 2RO DK ¥ X |
% 7=, Future ZHlD X EVHMEICBE LR WTL XV,

XEVANOD Future ZPBET 202 KX EEXINIRA Y XDAENLTKR=-Y 7T 5k
SWCLET, PIN 3RO T v X—T . BREDA VARV ZEFD X)) MEICEE T2 AR —
SarvEINRNTEELETS,

use tokio::sync::{mpsc, oneshot};

use tokio::task::spawn;

use tokio::time::{sleep, Duration};

/1 AEET AT Lo TOHEFEE INREZ TR Y =7 L,
// “respond_on® F ¥ VAL TAvE—IFIRLET,
struct Work ({

input: u32,

respond_on: oneshot::Sender<u32>,

}

/] Fa—FOWEZY) v A L TEITTIT—H—,
async fn worker(mut work_queue: mpsc::Receiver<Work>) {
let mut iterations = 0;
loop {
tokio::select! {

Some (work) = work_queue.recv() => {
sleep(Duration::from_millis(10)).await; // Pretend to work.
work.respond_on

.send(work.input * 1000)
.expect("failed to send response");
iterations += 1;
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}
// TODO: 100 I VM Zr oREUHDERZ L K-k

}

/] R Y 722X b UL VENTET S5 ETHET 2 Y 722 M,
async fn do_work(work_queue: &mpsc::Sender<Work>, input: u32) -> u32 {
let (tx, rx) = oneshot::channel();
work_queue
.send(Work { input, respond_on: tx })
.await
.expect("failed to send on work queue");
rx.await.expect("failed waiting for response")

}

async fn main() {
let (tx, rx) = mpsc::channel(10);
spawn (worker(rx));
for i in 0..100 {
let resp = do_work(&tx, 1i).await;
println!("work result for iteration {i}: {resp}");

s ZHET IV R—DNRE—=VD—fITT, 7 7 X—L@KE. L—THNT select! #MUHLF T,
¢ ZNEZMETOL Y RAYD—E kL ®/bDTTOT R ZH2 T TEE L T EI W,
— _ = sleep(Duration::from_millis(10@)) => { println! (..) } &
select! WEMULAEZI TR ETEINERABRETLEID?
- kb vz, loop DAMIIT, Zd Future % &% timeout_fut ZEBML 3,

let timeout_fut = sleep(Duration::from_millis(100));
loop {
select! {

I

timeout_fut => { println!(..); 1},

}

—INTHEIFLL VWEFHA AV RNA LT —ITH D K DI, select! WD
timeout_fut i &mut ZEM L THENZ [FE& LT 5, Box::pin AL %

ER
let mut timeout_fut = Box::pin(sleep(Duration::from_millis(100)));
loop {
select! {
;.; &mut timeout_fut => { println!(..); },
}
}

— This compiles, but once the timeout expires it is Pol1: :Ready on every iteration
(a fused future would help with this). Update to reset timeout_fut every time it
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expires:
let mut timeout_fut = Box::pin(sleep(Duration::from_millis(100)));

loop {
select! {
_ = &mut timeout_fut => {
println!(..);
timeout_fut = Box::pin(sleep(Duration::from_millis(100)));
3,
}
}

e Box T —FWEID B TE T HEIC Lo TE std: ipin::pin! (REZELXNZE DD
T.HWVWa— FTIEEZL DA tokio: (pin! ZHALE D BMHTE I I HE D YT
S5 Future IZfH 3 % 2 L I3REET S,

e HlOAGEL LTE, pin 2 F o= #HHEFIC, 100 2 VAT 2 oneshot F v x LIl
TEHMDRRAZEERT 20D HELDH Y T,

s ZREBANDKRA 22307 — X3 HESREMEN 38, Rust fEHF = v 71—,
ZRHBZREDT X I DRI TELRVED HOSRT -2 OBEHEH T 3.7 LIk
Ff 7oy 7 D a— FEBIZEHRTF = v A —12 Lo TREEE N EE A,

e Pin 3OS v X—TF BEXINLEEL VX EHFHLT. A7 27 & 208 BE)
TR TEERATLE LEEINTORWES V22N L TEEIT 2 2 L IEFRET T,

e Future FL 4 F® poll XY v FiE, &mut Self Tl < Pin<&mut Self> ZfHEH L T
A VARV ARBRLET EEINTARAL VA TOAMUIHTIENTELZDIFZZIDLDT
KR

65.3 Async FL A4 b

Async methods in traits are were stabilized in the 1.75 release. This required support for
using return-position impl Trait in traits, as the desugaring for async fn includes ->
impl Future<Output = ...>.

However, even with the native support, there are some pitfalls around async fn:

* Return-position impl Trait captures all in-scope lifetimes (so some patterns of
borrowing cannot be expressed).

* Async traits cannot be used with trait objects (dyn Trait support).

The async_trait crate provides a workaround for dyn support through a macro, with some
caveats:

use async_trait::async_trait;
use std::time::Instant;
use tokio::time::{sleep, Duration};

trait Sleeper {
async fn sleep(&self);
}

struct FixedSleeper {
sleep_ms: ub4,
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}

impl Sleeper for FixedSleeper {
async fn sleep(&self) {
sleep(Duration: :from_millis(self.sleep_ms)).await;
}
}

async fn run_all_sleepers_multiple_times(
sleepers: Vec<Box<dyn Sleeper>>,
n_times: usize,
) |
for _ in 0..n_times {
println! ("Running all sleepers...");
for sleeper in &sleepers {
let start = Instant::now();
sleeper.sleep().await;
println! ("Slept for {} ms", start.elapsed().as_millis());

}

async fn main() {
let sleepers: Vec<Box<dyn Sleeper>> = vec!][
Box: :new(FixedSleeper { sleep_ms: 50 }),
Box: :new(FixedSleeper { sleep_ms: 100 }),
1
run_all_sleepers_multiple_times(sleepers, 5).await;

e async_trait IFfEHICHEHTEEIT A e —TEH DY TEHEHLTCIhEZERHLTVET,
Db —=TEDH T T =R VAT ==~y FHPENE T,

* The challenges in language support for async trait are too deep to describe in-depth
in this class. See this blog post by Niko Matsakis if you are interested in digging deeper.
See also these keywords:

— RPIT: short for return-position impl Trait.
— RPITIT: short for return-position impl Trait in trait (RPIT in trait).

* Try creating a new sleeper struct that will sleep for a random amount of time and adding
it to the Vec.

654 Fv b

Future # ey 7332 .20 Future HER—-) V7332 IETEERA. ZNEF ¥y L
CHEIN, ED await R4 2 P THHETAAREMENDH D £3, 2D, Future ¥ v L EN
VG ETHO VAT AP EEREHET 2 XL TBLBERSGDET 2 2E. Ty Fay s
— ZDHEENRDH > TER D T A,

use std::io;

use std::time: :Duration;

use tokio::io::{AsyncReadExt, AsyncWriteExt, DuplexStream};
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https://smallcultfollowing.com/babysteps/blog/2019/10/26/async-fn-in-traits-are-hard/
https://doc.rust-lang.org/reference/types/impl-trait.html#abstract-return-types
https://blog.rust-lang.org/2023/12/21/async-fn-rpit-in-traits.html

struct LinesReader {
stream: DuplexStream,
}

impl LinesReader {
fn new(stream: DuplexStream) -> Self {
Self { stream }
}

async fn next(&mut self) -> io::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_exr(|_| io::Error::new(io::ErrorKind::InvalidData, "not UTF-8"))?;
Ok (Some(s))

}

async fn slow_copy(source: String, mut dest: DuplexStream) -> io::Result<()> {
for b in source.bytes() {
dest.write_u8(b).await?;
tokio::time: :sleep(Duration: :from_millis(10)).await
}
0k(())
}

async fn main() -> 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 interval = tokio::time::interval(Duration: :from_millis(60));
loop {
tokio::select! {
_ = interval.tick()
line = lines.next()
print!("{}", 1)
} else {
break

> println!("tick!"),
> if let Some(l) = line? {

}I

362



}

handle.await.unwrap()?;

Ok(())

¢ AVNATTREF ¥ VN REWETHIRTEEEA, API R¥ 2 X ¥ FEHiA, async fn s
REFT 2 REZE BT 2MELDHD 5,

* panic R?LIFRZ D F ¥ (27 —WHTIE R ) @EFE ORI 7 v —o—ET3,
o ZOFITIE XFHIO—FHBEDNLTVET,
— tick() DG T 572002, next() 2D buf B Fey FEINET,

— buf ZHEARD—ERICT 3 Z ¥ T, LinesReader i2¥ v AL Z2E-¥ 3 Z o
TE%Ed,

struct LinesReader {
stream: DuplexStream,
bytes: Vec<u8>,
buf: [u8; 17,

}

impl LinesReader {

fn new(stream: DuplexStream) -> Self {
Self { stream, bytes: Vec::new(), buf: [0] }

}

async fn next(&mut self) -> io::Result<Option<String>> {
/1 buf & bytes DJEFHIC self Z{IIIL 7,
/...
let raw = std::mem::take(&mut self.bytes);
let s = String::from_utf8(raw)

.map_exr(|_| io::Error::new(io::ErrorKind::InvalidData, "not UTF-8"]

/!l ...

}
}

e Interval: :tick & 74 v ZNTEERAIDE S EEBIHLTWE =D, ZR2ICF v kL
TE%T,

» AsyncReadExt::read 3. 7 — X 2R T 7T — X EZHAWLBZVDRDOWTNDTH 5720,
TRICF ¥V ELTEET,

* AsyncBufReadExt: :read_line 3 Z DB FLIL THD LRICF ¥ VLA TE LR AT
M EARBTECOWTIE, FFa XY b2 IRHIEE W,
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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

# 66 &

o e

This segment should take about 1 hour and 10 minutes. It contains:

Slide Duration

BHEIT 2 TEH 20 minutes
Ja—FFy A+ F¥vy 777U 30 minutes
iR 20 minutes

66.1 Dining Philosophers — Async

See dining philosophers for a description of the problem.

Ak, 2oEEFcdbe—hroCargo f YA =L BDRBETIT U FOa—F%
src/main.rs tWH 7y A MZa b — L MR O T, cargo run 237y Fay 7 LRWVWI L
TR L3,

use std::sync::Axrc;
use tokio::sync::{mpsc, Mutex};
use tokio::time;

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();
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}

async fn eat(&self) {
// Keep trying until we have both forks
println!("{} is eating...", &self.name);
time: :sleep(time: :Duration: :from_millis(5)).await;

}

static PHILOSOPHERS: &[&str] =
&["Socrates", "Hypatia", "Plato", "Aristotle", "Pythagoras"];

async fn main() {
/1 7% —27%{ERT 3

/1 BFEZERT 5
/] BEEPBREBERZTS L5175

/] BYEODEREH 155
}

ZIENZIEFEA Rust Z{EH$ 5 729, tokio MFFRIMRALEICR D ¥ 3, XD Cargo.toml % ffi/H
TEXET,

[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"]

%7253 tokio 7L — F D Mutex £V 2 — L mpsc BV 2 — LR EHT 3 RENDH B Z LI
HHEFRELTLEX W,

o HIELS VN ZAL Y RIZTEFETH?

66.2 7u—FXx3Ab - Frv b7 7Y

OB TR I E T A EIEL LTI e— R F vy A Fry b T TV EEELE T, 2
FATZ VIR L TRy =V RNETE2F vy bF—N—BBDET . 7747 MIEEAS
POELI—F =Ry —IFHRAND P —N—ITEELET F vy " —N—RBRELEEX v E—
PEIRTDIIFIA 7 M7 —FF¥y AP LET,

DD P —N— DT —FF ¥y A+ Fry L BEHL. 2947 Y —N"—[EDiEE
121 tokio_websockets ZHHL £5,

HrLw Cargo 7m =7 b 2IER L. ROMEFREFRZEBML £3,
Cargo.toml:

[package]
name = "chat-async"
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https://docs.rs/tokio/latest/tokio/sync/broadcast/fn.channel.html
https://docs.rs/tokio-websockets/

"0.1.0"
"2021"

version
edition

[dependencies]

futures-util = { version = "0.3.31", features = ["sink"] }
http = "1.1.0"

tokio = { version = "1.41.0", features = ["full"] }

tokio-websockets = { version = "0.10.1", features = ["client", "fastrand", "server",

HET AP

tokio ¥ tokio_websockets LN OB HEIIZR D 5.4 LR %Z 2019 T APLIi2x§ 2 H
fRERD TL W,

* WebSocketStream 2 & » THEXN7- StreamExt::next(): Websocket Stream 7> & D X v
- R IEFRATHAND £5,

* WebSocketStream i2 Xk » THEEE X /- SinkExt::send(): Websocket Stream FTX v+ —
DEIEFEHTERL T,

e Lines:next line(): @A N 5D L —F — X vt — I ZIERHITHRARD £3,

e Sender::subscribe(): 7 e —FF ¥ A b FX XNV EH TR T4 T LET,

2ODNA4FY

HE, Cargo 7RY =27 MIEDZIENTELZDIE 1 DDA F VU 1DOD src/main.rs 7 7
ANDETT DT 27 MUZ2 DDA FIVHRBETT, 1287747 P $5 121
P—N—FTT, 200V L Cargo 7Ry =7 b EERT A TEETN.22TIE 120
Cargo 7’0y 7 MZ2DDNAF VB ANE T ZDLDIIFI. 7747 b —nN—Da—F
%Z src/bin ICRLET 2 HEADH D FFT(FFa X ¥ P2 IZRHILZEI W),

RDOY—N— 7547 bDa— e, FNFhsrc/bin/server.rs ¥ src/bin/client.xs
WKWat—LETZITORAZIZ LR THHT Z2 L. IN6DT7 7 A VEFERIESL LTI,

src/bin/serverrs:

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: b MZOWTIE LITFDA R T DOFiHZ & 72X W,
}

async fn main() -> Result<(), Box<dyn Error + Send + Sync>> {
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https://docs.rs/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

let (bcast_tx, _) = channel(16);

let listener = Tcplistener::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 {
/] RKMID TCP X +Y—2% WebSocket 127 v 7L %7,
let ws_stream = ServerBuilder::new().accept(socket).await?;

handle_connection(addr, ws_stream, bcast_tx).await
)

}
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};

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();

R4 F Y DFT

RDATY FTH—N—2ETLET,
cargo run --bin server
RDAXY RTII74 7 PEETLET,
cargo run --bin client

RRT

« src/bin/server.rs i handle_connection Bz 53 L £9,
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- Y M 2DODRAY EEkEL— S THRKFHICEIT ST 5121E, tokio: :select! ZHHL ¥
T 1DODRXRRAZF V7747V Xt —UFZELT7e—FXF+ AP LETD
S1DODERAVIF H—N—TRELXv -7 747 MIERELE T,
e src/bin/client.rs DAL VAR E RSB ET,
- b Y bRl e EMIZ, tokio: :select! #EHL — S THHA L. (DIEEA 162
— Xy =V EFHAR O T —N—IEEBTEERI QP —N=—DE5X vt —
ERZEL TV —ICRRT L XA ZRRICEITLET,
s BBEA BT L6 X v =Y DEEHEUNDITRTDIZ A4 7Y X vtk —Y%2T0—F
FYyRAPTBREIICa-—FEZLHELET,

66.3 A%

Dining Philosophers — Async

use std::sync::Axc;
use tokio::sync::{mpsc, Mutex};
use tokio::time;

struct Fork;

struct Philosopher {
name: String,
left_fork: Arc<Mutex<Fork>>,
right_fork: Arc<Mutex<Fork>>,
thoughts: mpsc::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) {
// Keep trying until we have both forks
// Pick up forks...
let _left_fork = self.left_fork.lock().await;
let _right_fork = self.right_fork.lock().await;

println!("{} is eating...", &self.name);
time: :sleep(time: :Duration: :from_millis(5)).await;

/] ZZTuyrZhRray FXNET,
}

static PHILOSOPHERS: &[&str] =
&["Socrates", "Hypatia", "Plato", "Aristotle", "Pythagoras"];
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async fn main() {
/1] 7% —7"{ERNT 2
let mut forks = vec![];
(0. .PHILOSOPHERS.1len()).for_each(|_| forks.push(Arc::new(Mutex: :new(Fork))));

/1 BEERERT 5
let (philosophers, mut rx) = {
let mut philosophers = vec![];
let (tx, rx) = mpsc::channel(10);
for (i, name) in PHILOSOPHERS.iter().enumerate() {
let mut left_fork = Arc::clone(&forks[i]);
let mut right_fork = Arc::clone(&forks[(i + 1) % PHILOSOPHERS.len()]);
if i == PHILOSOPHERS.len() - 1 {
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 FZZZTFrFry 7EN2 DT ETHRINCHIBRT 2 023D D £H Ao
H

/] BEEDPBREBREZITO>LO1CTS
for phil in philosophers {
tokio: :spawn(async move {
for _ in 0..100 {
phil.think().await;
phil.eat().await;
}
1)
}

/] B¥EOEREH 155
while let Some(thought) = rx.recv().await {
println!("Here is a thought: {thought}");

}

TB—FF¥x¥Ab - F¥rv b7 7Y
src/bin/serverrs:

use futures_util::sink::SinkExt;

use futures util::stream::StreamExt;
use std::error: :Error;

use std::net::SocketAddr;
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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".to_string()))
.await?;

let mut bcast_rx = bcast_tx.subscribe();

// (1) ‘ws_stream’® 26X v t—Y%EZELTIR—RFYy A +TEXRAT L,
/7 (2) “bcast_rx" TAXvt—Y%ZELTIIA4 7Y MNIEEBELTEXAT %
[/ [RIRRCEITS 2 72 DL — 7,
loop {
tokio::select! {
incoming = ws_stream.next() => {
match incoming {
Some (Ok(msg)) => {
if let Some(text) = msg.as_text() {
println!("From client {addr:?} {text:?}");
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?;

}

}

async fn main() -> Result<(), Box<dyn Error + Send + Sync>> {
let (bcast_tx, _) = channel(16);

let listener = Tcplistener::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 {
/] RKIMLo TCP A +VY—21% WebSocket 127 v 7L ET,
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let ws_stream = ServerBuilder::new().accept(socket).await?;

handle_connection(addr, ws_stream, bcast_tx).await
)

}
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};

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();

/1 X vt—Y DRIFFESAE D7z Dk 72 L — 7
loop {
tokio::select! {
incoming = ws_stream.next() => {
match incoming {
Some (Ok(msg)) => {
if let Some(text) = msg.as_text() {
println!("From server: {}", text);
}
I
Some(Err(err)) => return Err(err.into()),
None => return Ok(()),
}
}
res = stdin.next_line() => {
match res {
Ok (None) => retuxrn Ok(()),
Ok(Some(line)) => ws_stream.send(Message: :text(line.to_string())).au
Err(err) => return Err(err.into()),

371



XV

t)

=
B

372



o 67 &

HYOHBEHITIVELR!

Comprehensive Rust £&&! Z%i#W/2EH DL 5 TS VWE LTz,
CIZETELDILEFATEZ LD, 2O a—RIFEETIE R VD, MiEVE RO L HERN
BOTAT 7DD HLGEE GItHUb TBHIGE L ZEZ WV EIALPLD T 4 — N 72 BRFH LT
WET,
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https://github.com/google/comprehensive-rust/discussions

G

H

68 %

ShfbE
Y

W

IR, Rust DZ < OHEZHBICERTA 2 HNE LHEETT BEREICHEZFEDHF
SZEEEAT B D2 BRI B £3,

allocate:

Dynamic memory allocation on the heap.

5% (argument) :

B E 7213 X YV v NICHE S N 216,

associated type:

A type associated with a specific trait. Useful for defining the relationship between types.
N7 X %L Rust (Bare-metal Rust) :

BL~NLD Rust fiFE. 2 DHEE ARV =T 4 YTV RATLADRVI AT LT 70 Eh
F9, R7 XXV Rust #TELEXW,

block:

See Blocks and scope.

borrow:

See Borrowing.

f&HF = v 1 — (borrow checker) :

Rust 2284 5 O—#f. TXTOMEHPENPE S 2 F =y 7 LET,
Hid o Z (brace) :

{and }. 7u vy 7 2RXUb £,

oL K (build) :

Y —Ra— REFATAJREL 2 — PR3 HATREZR 70 27 F W& T 5 T ntk 2,
RO L (call) -

B E 7213 X Y v REMOH L £5,

F ¥ ¥ (channel) :

ALy TRy =Y 2R ETDIFHINE T,
Comprehensive Rust #£:

ZDa— A%, £ ¥ ®T Comprehensive Rust £ ¥ MU F 3,

5217 (concurrency) :

BROXRAZ 737 A2 RHICETT 2 L 2L E T,
Concurrency in Rust:

See Concurrency in Rust.

£ (constant) :

7075 LDFEITHICEE SN WME,

il 7 v — (control flow) :
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flaxDRT— bt XY bERE@MENT0 ST LNTEITINBIEF

72 v < a(crash) :

FHAL R OHIEIRRE R = 7 — F 703K T,

5l|1%A (enumeration) :

BREOLHNZERDS>BD 1 02 RT3 7 — 28 BHE T 2 X L 138ERE S5
EHHET,

x < —(error) :

FE I NT=ENED S L 72, THAL 2 WStE £ 721365 51

T 7 — L (error handling) :

TR ADETHICRET IR EH L. ZAUSHIET 2 Tk 2,

% (exercise:) :

Tl oIV AFNDA L TR NEHBE LA X7 7213,

EA# (function) :

FMEDXR Y ZFATT 2EAMAAMERa—-F7ry 7,

HR— a1 7 &(garbage collector) :

FHINEL BolA 70227 FBEELTWEXEY 2 HEIICERT 2 X h =X 4,
¥ = 2V 2 Z(generics) :

BMOTFVL—RAARNEEFHLTCa—-FE2ERA L. S EXFRT— 2B Tca—- NEHAFTE3
z:k D buj—é*%ﬁbo

A% (immutable) :

ERIRICEETE RV &,

fi& 7 A b (integration test) :

AT LDIEIEREAR Y AR—2 Y NEOMHEEHEMET % 7 X N O—FE,

¥ —v— K (keyword) :

REDEKRZREB. H#BIFL LTHEATE RV, Furs I v 7 SiED0 TR,

74 72 (library) :

a7 ATHHATES ) ay A AFEADOLV—F Y ERiFa—FoaLrray,
< 271 (macro) :

Rust ¥ 27 B Z&4RNIC | 28D 3 I THRMTEE I .~ 7 03 @8H OB TR A+o 255
W S E 3, AR 725025 format! T3, ZAUIRIE RS IEZ D £ 553, Rust BT Ci
PR—PFENTVERA,

main B9%%(main function) :

Rust 71 2" A DFEITIE main B CRAINE T,

—%(match) :

ROEIIX T 288 —> < v F ¥ 7 %AJEEICT 5. Rust OfilfHl 7 v — i,

XEYY =2 (memory leak) :

Tu T LTAREIZR o7 X E Y OFFIUTRL . X TV HHENR A HEMNS 2 KW,
XY v K(method) :

Rust O+ 7Y = 7 b F7213 80 BB T & 7= BEEL,

£ 2 —/L(module) :

B LA PR EYDEREESOLHIZER, Rust Ta— F2EE T3 -DIHHINE T,
## (move) :

Rust TH 2 28D SR OEEBIMEDOFIEMEEBEI T2 Z &,

A% (mutable) :

Em1§®aﬁ<§k® E%T &\-TZD Rust0)7°m/\°‘j:/fo

A HE(ownership) :

EIBEEM T 5N XE) OEEY 2 — RO Y DOEDHH S % EFKT % Rust DRER,
»8=v 7 (panic) :

Taro L0 T 25| % Z 3. Rust DEIERRER = 7 —IKHE,

%7 X — & (parameter) :

B E XYy ROPMOHE SN 2ICE XN 3 HE,
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2% — > (pattern) :

Rust DR BETE 2fH. ) 7 7 LV MEKROMHAS DR,

~ 4 v — F(payload) :

A= ARY M ERET - ZEERTHREFEIN S T — X 721316

7'm 7 x(program) :

MEDRRAZZFIT LD FEOMERBIR LD T2720ICa e —X0ETTES—
HD T,

7u 22 3 v/ 55k (programming language) :

AV 2 —RIZWBELADTDIEHINSERLS X7 4 (Rust 72 ¥),

L ¥ — 3 (receiver) :

XYy ROPMUHINIZA Y RAZ 2 %R T Rust XV v FORIID T X — &,

85 v > + (reference counting) :

FTO 2 PANDBIROBE N v XU T L AV I ERIIREE AT = PDEID Y
TEMERRT 2 X &V EHEFM,

&b E (return) :

B HIRENZEERT-DIHHINS Rust DF—7 — K,

Rust:

BEW RT3 =<V A FARETICESEBW Y AT 4707300
Rust Fundamentals:

Days 1 to 4 of this course.

Android T®» Rust (Rust in Android) :

Android T® Rust # Z& L 72 & W\,

Chromium T Rust (Rustin Chromium) :

Chromium T® Rust 2 Z& 72X\,

%4 (safe) :

Rust OFiEHE L BRI T 2L —MIZEo T X EVBEO L 7 —%2fjlk3 23— F 2L %
KR
2 a—7(scope) :

BB OFHRER 7 v 75 L OHEH,

1EHEZ 4 75 1 (standard library) :

Rust DERER IRt T 28 2 —1DaL r v a v,

## (static)

BRI ZR S 'static 94 7R A 2 2FFOT7A T L RERT 57-DICHHI N2 Rust D *
—v—FK,

3N
Ho

il

aul

string:

A data type storing textual data. See Strings for more.
MEE A (struct) -

R 2RO E 1 DDHHIT IV —TLF % Rust DEE T — &1,
7 A b (test) :

OB DIEL X% T 2 b 388% &8 Rust £ 2 — 1,

AL v R(thread) :

FIFFSRAT 2 AREIC S 2, 70 75 ANDOHN LTS — 7 > R,

AV v K+t —7 (thread safety) :

~LF ALy NEETIELWENEZIRGES 2 71 275 4 DR,

bL A b (trait) :

RO L TERSNIX Yy FDaLr>ay, Rust CRYE—T7 4 AL Z2EBHT 5
R ES,

h LA FBER (trait bound) :

RED LA N EFEETZ =018 BRTE 3R,

& 7L (tuple) :

LEXERMMOEREEOLEET —ZB, 2T N7 4 — )L FIZEAHDR R FRTY 72 AL
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£,

i (type) :

Rust DFFE DD L TEDARL —> a Y EFITTE 20 2HEET 2798,

RUHEGm (type inference) :

ZRFE 73K OBIZHERIF % Rust 2 > %4 5 DIEE,

FKEFZDOHIE(undefined behavior) :

RMMEESNTORVRUSt DT 7 ¥ a Y E3EM 2 DBE. 7077 LD FHITRER
gl ZEILET,

H A& (union) :

B 2MOEZ—EIC1 DR IRETE 27— &4,

K7 Z T (unit test) :

Rust (213 /IRBRBR T 2t & KRG 7T X b 2T 2 7D O AAAY K — b2
BLTVWES, BT A P2 ZEIEZ W,

2= 4 (unit type) :

T=RERFEELRWEL, X Y N=D R T e LTl Eh g T,

unsafe:

The subset of Rust which allows you to trigger undefined behavior. See Unsafe Rust.

Z ¥ (variable) :

T —REMNT D ATV OB EBIZRA 2 —-THNTHNTI,
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# 69 &

Rust D Zofp Y vV — R

Rust 23 2 =5 4 3. EWEREROY Y — 224254 U TEBIRBELTVE T,

FERXBRFFa2 X b

Rust 7eo¥ =7 32 DY Y —2%FKRKZAMLTED, 20513 Rust 2fKICHIH L TVE S,

¢ The Rust Programming Language: Rust OFFHERN L EFE T M CHHATE £ 3, Rustico
WTH LI TV AIEN BV RTESZ 70y 27 PPV ODEFENTVET,

* Rust By Example: X F X RfE2 R —#HOY > TV EH L T, Rust DR LT
WET/PMEBELEHE PN OPHREINTBD 2 TH Y v a— F2iRRT 5 & 5 KD
LNET,

* Rust Standard Library: Rust DS £ 77 VDERL FF 2 X FTT,

» The Rust Reference: Rust DiEE X EVET MOV THHL TV ERTERDOEFET T,

Rust DRHKY A4 P THRRX b EATWD, & D EHMKLATA B

» The Rustonomicon: RINTO KA ¥ X DEMER MO FFE(FFD & O DHLD 72 8 LR TR
Rust iIZOWTEHL TWE 3,

 Asynchronous Programming in Rust: Rust Book O#EXICEA XN 7zH L WIEFEEA T v 2
ZIVTETFNMICOVTHAL TVE T,

» The Embedded Rust Book: AL —7 4 ¥ 27 ¥ X7 ADKRWHAAAT N4 AT Rust Zfif
M3 2HEZHNA L TVET,

| NGRSy 0 )
Rust 2R3 3 20D A A FeFa—FrV 7L

* Learn Rust the Dangerous Way: &R A Z £ 72720 C 71 25 = — DA T Rust % figa
LTVWET,

* Rust for Embedded C Programmers: covers Rust from the perspective of developers
who write firmware in C.

¢ Rust for professionals: fi> 555 (C. C++, Java. JavaScript., Python 72 &) & ilfiXTH#E L
2H 5. Rust DML OWTHAL TWE T,

¢ Rust on Exercism: Rust O #E 12D 100 L EOEBEPHEEIATVE T,
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built-in testing framework. It covers googletest, snapshot testing, mocking as well as
how to write your own custom test harness.

* Beginner's Series to Rust & & ¢F [Take your first steps with Rust](https://docs.microsoft.
com/en-us/learn/paths/rust-first-steps/): #/LED TRB v =20 R e Lz 2 DD Rust &
4 FT3, 1 2HIZ 35 HoBECHEE SN, 2 DEIZ Rust DR & A2 AEE 2T %
11 DEY 2 -V THBEINTVE T,
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MNZDWTIX, LICENSE 2 ZE L 72 &0,

Rust by Example

—Ef ¥ #E X, Rust by Example 2252 — L THRELZDDTT, 74 & ¥ 27 D
IZOWTIE, third_party/rust-by-example/ 74 L 27 FUZSBRL T I W,

Rust on Exercism
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