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build [passing | contributors | 282

‘a i # A Rust sfF22 1 Google Y Android BIFX & B3 AGRIZIRE Rust FIRHNE MR
IREERS T (ZRAISEE I E) IEBARA
WMFBHTHGRIE #8385 https://google.github.io/comprehensive-rust/ RN ZEH A
AL RFEE R BIS T EEEEEA I ND RS A R o
The course is also available as a PDF.
AR STEBER Rust BT el & B2 S5 Rust 7 ZAEH) ¢
o RIS Rust sEIEMIGE 5 A AR o
o EIEEETE Rust PESEH AR KSR EHTEN
o [ AEE R Rust GRS ©
We call the first four course days Rust Fundamentals.
FEMEEERE b AR IR BB R R AR R — B U

* Android 7@ RV G Android ‘& BH#EEE (Android BHBUREAIERTE)
f#iH] Rust A4 C ~ C++ I Java Y E &M

* 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 ;722 KAV "G BA40{E FH Rust 7 bare-metal (Fx A £#41) LA 12
AL TP AR AT R B ES o

o VAT EMERRERIZE ER Rust AYGATRE SRATRRRHESGAT (BT B R BE T
R HERE) DU async/await Wi T (5 future T E7EZ THEER) o

JERRE HER

Rust B ARBIIZGE S MIEER RS E At ARESLE THINAE
o BRYABAEEE 4 (macro) ¢4 E B Rust Book [ Chapter 19.5 fil Rust by Example.

AR R

ABAERBIE CBERR AR aT 250 o Rust 2 — AR EIRAE S EEH A B AR & L C Al C++ LR
e DU — D R e BE Rust 7% ERIZER o
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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

SNERSERZE AR 2L Python B¢ JavaScript FEIREFEAGE S f A2 RE S ERE RIS S Rust ©

Ja I TR ST ) B Rl & M L SR FE B0 R PP RIR IR & AL 98 AT RE AL AT B LR K
AOEEES DURGRE b SRR RE AR
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DUN R — L5 R & 30T Google PBRAT IR FRYIZERTT =

We typically run classes from 9:00 am to 4:00 pm, with a 1 hour lunch break in the middle.
This leaves 3 hours for the morning class and 3 hours for the afternoon class. Both sessions
contain multiple breaks and time for students to work on exercises.

TEBI AR AT BRI R T Y HIE ¢

1. FARBEEE KMEH EEEE TR R ER M E ISR E LSRR
W RN RE S T H S B B RUERE E s (3¢ — T Speaker Notes 55/ A7
SHIYEES) At —2R REtAEfE R b E RN R R o

2. 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.

3. AT EMNIRG S HE NG ERIIBHIEARS 15 2 25 A S8R0/ NG BUER] 2 B 5 e i
TR #EAmth A RERE T AP I RE AERE LRGN A _Ea nI M2 B4 (M aRE
AEALEFHEE GHMtHE SR EIIGRETF 2 AEE RIS T AE S & A o

4, HHRERIE RS FGH e iR SIS ERESESE LT mdbook serve S EREEN
GE2 R 25 IA) o PTERIR LB ERRE SRR E I RF S AR L8 off F R R th Rl IR
BIE B CaE S B BT o

5. FEEERBE S B/NMEEEE BRMEE e ER A N F&ZLHE 30 £ 45 SR REITNE E B0
Eigat i 7T AR R A2 B 24 BRI E R B AR BHZ N2 BB
FIRTE A 2 PERREHRZ R E Al PR AR 77 =X Bl R an e A A #E F2 20 (The Rust Standard
Library) £ZIMHBA & ©

VU AMBEREEE S IERINEF] A AR —i e Hr |

A TEIL AR TR (L LRI 85 A B SRR AR5 AR AT UL o3 AR AR 7 DU ABEAS B
PR UA BN e st ey ST

1.1 GRFE4eRs
7K H ) 788 F 558 A s A s o
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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

Rust JEREH1%

The first four days make up Rust Fundamentals. The days are fast paced and we cover a lot of
ground!

Course schedule:
e 51K EF Q2 /N 10 588 S1IKER)

Segment Duration
o 5 minutes
Hello, World 15 minutes
AIRIFIE 45 minutes

EARPZEGREM S 40 minutes

o 1 KT (2 /N 15 78 SKE)

Segment Duration
JTAH AR 35 minutes
el 35 minutes

ERFEZRNTR] 50 minutes

%2 REF (2 /N 50 7788 & RE)

Segment Duration
o 3 minutes
P D 1 hour
Read 1 Write 45 minutes
ol 40 minutes

% 2 KN 3/ 10 778 SR E)

Segment  Duration

R E 1 hour and 20 minutes
@A E 1 hour and 40 minutes

% 3 KL (2 /0 20 738 SIRE)

Segment  Duration

oo 3 minutes
AEREST 1 hour
Fps st 55 minutes

% 3 KB (2 /0K 10 7788 SR E)

13



Segment Duration

f&H 50 minutes
A7 1 hour and 10 minutes

« 54 KB (2 /0 40 08 2 RE)

Segment Duration

o 3 minutes

BRI 45 minutes
FEE4H 40 minutes
HIEL 45 minutes

« 54 K TF (2 /0 10 778 21RE)

Segment Duration
P A iR P 55 minutes

AZ2%2f Rust 1 hour and 5 minutes

RATRER

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

Rust in Android
Android A Rust 2 RKAVERAE il E % Android & BHEEEM# H Rust LUK C~ C++
1 Java By EEME

& & % E MM (checkout) AOSP (Android BH it Ji 4 5 21 %2) oaf % 5 12 17 i (& b A8 [R] Y 1%
28U ¥ src/android/ BB MK AOSP AR H #% oz Al i f Android Z#% & & AEH(E
src/android/ #1%E%| Android. bp HIAEZE -

AR adb sync A] BB EE R BIBECME A A src/android/build_all.sh FHSEE
Wi Android #f <5BEIE LW MRAFE SIPUTINIE S A MR AT AT B TH52 ©

Rust in Chromium

Chromium A Rust /& KIEAFEFE G344 Chromium %% 258 H Rust a8 E1E
f£ Chromium ) gn 2 &4t H Rust LU ALELEE = 72508 ( [Cratey ) F1 C++ BYEZEME ©

7R B Chromium AT 2R SR TT IR I PRI T (HHA AR A B
HEPRISRES I TATEREAY Chromium I8 &5 o

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.

SHEMETER S ARG TR ETR/CHEE BBC micro:bit 55 2 MBAZEMR SLA FrA NAR TR Eg o Hm b1
TR ZREEEN -

14


https://source.android.com/docs/setup/download/downloading
https://comprehensive-rust
https://microbit.org/

Concurrency in Rust

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

EEFRERERN Crate /& T HOTEFHIUTRIS T S e R B HAL = sTc/main. s >
i R 7 LE S T BR

cargo init concurrency

cd concurrency

cargo add tokio --features full
cargo run

B
AR E BB K IR SRR S TERE R A S A7 Rust !

1.2 st

LUR % mdBook A E A SE AR i g

* Arrow-Left: Navigate to the previous page.

* Arrow-Right: Navigate to the next page.

* Ctrl + Enter: Execute the code sample that has focus.
* s: Activate the search bar.

1.3 H:E
RO —HESETIEREMES

* Brazilian Portuguese by @rastringer, @hugojacob, @joaovicmendes, and @henrif75.

o 7 (i) 5% @suetfei y@wnghl @anlunx @kongy Y@noahdragon](https://github.com/noahdragon
@superwhd ~ @SketchK 1 @nodmp .com/nodmp) °

* Chinese (Traditional) by @hueich, @victorhsieh, @mingyc, @kuanhungchen, and
@johnathan79717.

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

* Spanish by @deavid.

EAA A raE S R R PIREE = o

B
H ATA & 2 IEAERNRRATRE S ARAS LU LS Ty i 20 ST O M

Bengali by @raselmandol.

%3%% © @Kooka$ 1 @vcaen ©

i . @Throvn M@ronaldfw

H3%% : [@] CoinEZ-JPN] fl@momotaro1105 °
Italian by @henrythebuilder and @detro.

AR IGHENEIEE A2 R (HROESIA] MRARANIBIMAENRE $%4 AL [FIREVEHE TR Lot ke Bemiag -
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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/superwhd
https://github.com/SketchK
https://github
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/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/bn/
https://github.com/raselmandol
https://google.github.io/comprehensive-rust/fr/
https://github.com/KookaS
https://github.com/vcaen
https://google.github.io/comprehensive-rust/de/
https://github.com/Throvn
https://github.com/ronaldfw
https://google.github.io/comprehensive-rust/ja/
https://github.com/momotaro1105
https://google.github.io/comprehensive-rust/it/
https://github.com/henrythebuilder
https://github.com/detro
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ffilfl Cargo

TEBRIART Rust WAR R &R Cargo 2/27E Rust ZERE R rb (EHIIREEE TR F RS K Bt
17 Rust IEHIREIN LU EZE S 4H Cargo LUK {AIFE B B RRY A RE A SEMIASHIBRERAE & H Cargo °

e
it https://rustup.rs/ PRFERERE o

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.

2245 Rust & 1S IEEARIE AT IDE LU#EH Rust AR &It K2 BARIERS @ ¥ rust-analyzer
SAE 1B EIRALEAR VS Code ~ Emacs ~ Vim/Neovim ) B B52 Bk E EZINAE b At AT Ll
5 AR % RustRover YA IDE °

* 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

2.1 Rust ZREAR%

Rust AR EZETH M NIHEETH ¢
e rustc : Rust miZas Al . rs HESEEiam AT RE A HA P AERE R -

* 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.

* 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.

HEJAM
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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://crates.io

Rust RIS Bi% G/ NER G HELURThROAR SBthicA AT BLES RO [T - HL & RUHFTIAE
FAARA (release channel) 734 =f# (THEERR T Beta W 1M Nightly hixJ °
'Nightly hik& R EIEGHTDIEE T Beta Wk Rl & /N a4 T RRERU ©
St AT DU S H MR LR ~ git BRI AR B AT R T o
Rust 2 EA [HA] (edition) : HATH A% Rust 2021 JEATARA % Rust 2015 I Rust 2018 °
— JELEROAR AT SR S AT AR A RS o
— AR A S AR S A B TR IR R B LUEM Cargo. tom]l REFEIBATRIRA ©
- BB EIAERERS  Rust sy RS R4 AR RA A2 S o
- AR/ D a8 cargo BREMARERS A B A GE T -

— 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:

R/

[T fFE]

P A ELARBTC PR T RS B I 70 P
[k S 1]

(2 b2 4]

LA BT LU (5 T4 2 SN 140 cargo clippy

- #HAE# 2 [B771 Cargo FHH] ©

* X ¥ ¥ ¥

*

2.2 AR RL s HE 5

FEARFNBERRE R AR T EE AR FE BN Rust G55 a Laip] nl /£ B B a3 rh T TR e
J EHERR A RECRATA NIETS — 2SR -

Batak 2k Cargo 77 S EERAMCEE AERE— R BT & HORBECRREE RSB A
HRFFTTr mE R Cargo °

AR S E L e 2 2 HE

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

You can use Ctrl + Enter to execute the code when focus is in the text box.
KEB I FE S ER FIED v ARt AN A ofF Lofd SUnSEa fl i k4R IR AT
o IRA R EEG L P T BTG 54 G A2 CHS AR TE ERERY Playground AR EL HIAIR
#i BT o
o EIR—BEBHE I A NELLG L& AL HATAREE | Rk 224 FEMHE A HE Rust Z22ETHEH AR
Playground Afif 34 & o

2.3 {iif] Cargo TEABEIT TR

NRAETE H R4 HETRE AR E R &R E /o2 Rust w514 Rust TP Ui Rig(E GBS
R IER N Tustc F cargo #EASHES IR HofHY Rust FBERREA MYIMCASRTE |
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https://doc.rust-lang.org/cargo/reference/registries.html
https://github.com/rust-lang/rust-clippy
https://doc.rust-lang.org/book/ch01-01-installation.html

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

HI Rust frA A A At n] DURE PR AR A -
e EAP BRI AT IR TP BRI AEATISRERAE A —#EB A Rust R

1.
2.

EEEBAE G 42— R Copy to clipboard #%EH
fffH cargo new exercise 72 S HTHY exercise/ Hik !

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

Aif¥ exercise/ i cargo run ERENHAT AN

$ 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!

# src/main.rs FRIREIRERNBE R R L E CNE R DL E—BHWE G 46 & H#REN
src/main.rs EFEMLIEIT

fn main() {
println! ("Edit me!");
}
i/ cargo run EEMENEATERAR AR |

$ 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!

fiH cargo check TR A HEFZ MG A R A fEH cargo build fEAITHIEN T
ARk B S G 1E target/debug/ HE B — A FEARA B E HI AR o cargo build
--release ff target/release/ FEAKIBRIAEICHIIM FRUK

N Cargo. tom] B AT 2% BRI T AT cargo <9 A& B MK
iR/ D EARE T o

ERIESUERE 2 1 2 Cargo K AEARIEAS o2 BEMAETR AHIE W AR SR BRI T (IR (R o
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3 5

A2 1 Kl

&
=

5 RBEE Rust FEBEATRRATE — R WM EHREFTF2ZANE

o KM Rust 5% (SR S RATEEAL B8 Sivsa 20 KTk -
* Types and type inference.

o PERIIRARAEHE DmBE RFE o

o [HEFHEERAVRG (ARSI o

o WEFNHCHS [ RS R SERE RIS o

BB R HES

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

Segment Duration
#on 5 minutes
Hello, World 15 minutes
BURIFME 45 minutes

ARSI S 40 minutes

AT DU I
o JEZ—ARERRN A ER PR
o ARERSR 52 B TR SRR A w6 |
— As an instructor, you should try to keep the discussions relevant, i.e., keep the
discussions related to how Rust does things vs some other language. It can be hard
to find the right balance, but err on the side of allowing discussions since they
engage people much more than one-way communication.
o FfMasam AR n] AE S ATIGY R
- B ERME | R EFENEE IR G5CS BR R FUZ B R DURIE I E A T
FIER T ©

F—RIVHEZ I Rust FRAEH B A2 R HANEE 5 0T B0 S SREVE RN G iR SRR A7 -

YRR R R E R R & 28 @ N R o511 R BE AR R A Y R4 ZIKER
fi] i R I TE PR S IR R AR AR A AR TR 7T 2% LR 3] HH AR R I 2 e DR AR A A T R DU 7R 258 1

|
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B 45

Hello, World

This segment should take about 15 minutes. It contains:

Slide Duration

fHEERE Rust? 10 minutes
Rust f{EES 3 minutes
Playground 2 minutes

4.1 f{HE=2Rust?

Rust 2 —#GH R iaTaE = (£ 2015 FF4EH) 1.0 Al :

o Rust ZAFEF=ZIVEAZES DIREM C++ L
— rustc i LLVM A& o
* Rust XEFFZ-FEHIZEH ¢
— x86 » ARM ~ WebAssembly...
— Linux » Mac » Windows...
* Rust HAAZMESEHE @
- HIRMEEER A 2R
- BERE
— FH
— B~
- fAIARAS ©

Rust %l & R EL C++ RIBRAYFIR HEALI TR

. ERTISIE o
o SRALEIE SRR o

o ATARIRE Y IR B I 55 o
o WAEITREE, AR R BT A o

o EEATSIIERIZ R0 AR R R o

4.2 Rust e,
Rust (Y& (@ s E B0 -

21


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

o TERRRHIRRCIRAE 2 2t ) - TEARRR Il AE AR o0 2 JHAC IR AR S At

- R EERVIGEREE o
- AEEEERGIIEAY -
- A HERRIRT IR -
— R@EdE NULL f512 -
- AEEASHENEREH o
- WUTEE Z A G BT o
- NGBS ERE o
o ITREHHREZRNHITREATS (undefined runtime behavior) | - Rust Bt 175 —F &
HERH
— [HFIFET A S &R UG o
— BT A AR CRIREOEEE) o
o HMUERGES R - ERFENAFSE AR T2 EMES
— HI BRI A B o
2z
- %% FFI & o
— BRI R AL o
— BEAFHIAR RS R AL o
- WEMKM TS T A -
- WNEREZE o
— EBRAYEE S RIS A A e S % o
BN EIE R Z N 58 KB HEBEE GEAN o
PRSI A PR E 22 At At B TR AL 5B S B A BE ARIFERAE BT 0T LUEFA R R Rust THAE :
o ELffi C By C++ &858 : Rust @& B(EHMESS AUKHPR—ZEM T TREELEERR ) o8 A% ] 1
FEIHGIE C AN C++ IURIEE A G AT IR 22 2 M JbAh AR RERUS B Ul S A i b
T LR S AE R T RRE S o
« Hffi Java » Go ~ Python - JavaScript... &5% : Rust AERE= A Bz s S MR IE M 2 2
P it ELZ8 ] A A LS P s S 1K b A St BEREISS: C Al C++ — s m FEHA B B R
CGERDR R RR) LU KBRS I FBUREIR (AR E) o

4.3 Playground
Rust Playground SZ#& LA 77 A THE 1Y Rust 220 A2 A RAR Hh #i )R 108 1 LA o sl
17 Rust Playground [#5E#) Thello-world j#23X  Playground 3 E LU % IEERDIAE

o 7EITools) /7B rustfmt 7818 DAMEEE ) 77 e R s g K o

* Rust A /fE AT BERE ) Al AR TS 27512 Debug ) (IN5RBITIEEME HRE(LEEEIK)
HRelease | (BBITREEBMRE ARIEREL) wELsoe AR TR Debug) M °

o RRELERES AYIRED . T AITASM B A AL A AL S o

SRR o Bt MBH R Playground W HlEtER — T of£ R BR AR5 IR 2 s At (P47 4 B RL
Playground 77 HE G IR(F RSB AR TR G A — P Rust (VRAELFESEA R wUR
HERMERERZRTT
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% 5 k57

R HIME

| i 4

This segment should take about 45 minutes. It contains:

Slide Duration

Hello, World 5 minutes
BB 5 minutes
N 5 minutes
By 3 minutes
FH (String) 5 minutes
BRI HE B 3 minutes

& BIEAES 15 minutes

5.1 Hello, World

KIME#EKREE &M Rust F2:A1E gt 248818 Hello World #£5X :
fn main() {
println!("Hello &!'!");
}
waE
R fn EA o
S FHRIESR 7 72 ERAE Cfl C++ —Hf o
main pRGEREAATHE AL ©
Rust &A#EESE B4l println! o
Rust FH#-H UTF-8 #mis Al (&L E B 7c o
Bl #s thEsRw A s AR R Rust f2UHS of £ 3 NARIIO AR A & K2 MRS LA
Fr ABAMAS PE M 2R Nt 7 F o
EEEZEAN
* Rust # C/C++/Java H#r N HMEE S IEFHEM 2N ERGES MRIFEHLE GHIRE
B AR T o
* Rust BHANERGES BB R BB ES o



* Rust uses macros for situations where you want to have a variable number of arguments
(no function overloading).

AT BS CRIEEHE SN EHE B 5 A AR AYEER A#EEC ID © Rust EAEER EHAERE
o RIAER B

* Rust BZHARIGES SBOAGH EBMAHRARY) MR AR AEGE AL MR ER RS A &
AR A o

5.2 58

Rust provides type safety via static typing. Variable bindings are made with let:

fn main() {
let x: i32 = 10;
println! ("x: {x}");
/] x = 20;
/7 println!("x: {x}");

o BUHREME x = 20 RS ETHRR Y N A E) A AIFEE SEIIA mut BT o

o JEtERY 132 ZEBR J5 R AR i at A EAR U AR RO E R (A R G R (R & wii)
FIRETAMAERT Z 1510 N AE B I R & 75 o

53 fd
LU HH— e BEA ) PO R3] LA BB P A5 B < T 4 B o

EEp| HE
oy i8+1i16+~1i32-1i64 1128 - isize -10-0~1_000- 123_i64
JERF SRR u8 > ul6 > u32 - u6b4 - ul28-usize 0~123+10 _ul6
b ST 32~ f64 3.14~ -10.0e20~ 2_132
EESAIEE char 'a'>'a '~ oo
AMRE bool true ~ false

AR E TR
o iN~ uN 1 N UEREEA N AT
e isize fllusize HERINIEENEE
e char EE#A 32 it
* bool HfEA 8 iyt
ERILZAh 28—t HAhEE:
o BT HINRAR R ES AT LIE IS R HR R A T 5 R ARG 0 1_000 T LIE AR 1000 (3£
10_00) i 123_164 HIF[E AL 123164 -
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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

5.4 ¥y

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

}

fn main() {

println!("result: {}", interproduct(120, 100, 248));
}
B ME—XER main DISMYRR HILR XS EEZRERE At v RS g HegMEm
BB PAMAE 1 G S AR A R A AR o
EHAEE S BRI IEIERE AL E R R B NET L E R o
HREREEOR A TR IE 2 7E C F C++ B oTA S BRI R B IR LW AR E R i AR R FE &R
ey EAJREA A[MEITT A {H7E Rust A BEIGRN KBTS ©
HF 132 855 % 116 BV A] & B BBk A7 B R %5 18 (3 85 i AR H & 78 i 24 i (checked) »3f 44 A 3%
i FRRA A ot Ah - Rust %2 42 445 365 7 B A 5 2 {37 55 5 88 05 v 28 08 75 IARE A A Bl (a *
b).saturating_add(b * c).saturating_add(c * a) -
HE L AR g EBoEA R 28 2 ARG R E S — ek AR o

5.5 Hi(String)

Rust FRAREKRFHRIRGIARE HEEHRANGE WET—F#GFF UTE-8 MRl 7 o

* String - a modifiable, owned string.
o &str - ERMERETH FEREE RG] -
fn main() {
let greeting: &str = "Greetings";
let planet: &str = ".7";
let mut sentence = String::new();
sentence.push_str(greeting);
sentence.push_str(", ");
sentence.push_str(planet);
println!("final sentence: {}", sentence);
println!("{:?}", &sentence[0..5]);
//println! ("{:?}", &sentence[12..13]);
}

IESRBEE A IR a5 IR G R A A LR TR X IFTA A E H AT Lol © 2 50 R IR
R R 7 ER AR R e o

o FHIFRMERL UTF-8 @i UB 172 Rust BB ARFFILATA o

o String 2EAEERIEG BAERMERX (:new()) F s.push_stx(..) Frjike

o &str Y & Fonia e 2R MR G ETHE2 M R ILHRAE LB &str HARERMEEF
R BEAIRRAT T o

o BGEEARRIAM TR GO TA A BB LR BT - 12. .13 R 2T o8 R it
RGBT SHRIREAME TR R R A7 orE AR o

25



o R RN RISEN R IIAER &str fE : r"\n" == "\\n" HELEG|SEHAIFHERN
# BT ER A5 [55 .
fn main() {
println! (r#"<a href="link.html">1ink</a>"#);
println!("<a href=\"link.html\">1link</a>");
}

* Using {:?} is a convenient way to print array/vector/struct of values for debugging
purposes, and it's commonly used in code.

5.6  RIRIHEER

Rust S#Izzs2 80 M 752 A8 LA BT
fn takes_u32(x: u32) {

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

fn takes_i8(y: 18) {
println!("i8: {y}");

}

fn main() {
let x = 10;
let y = 20;

takes_u32(x);

takes_i8(y);

// takes_u32(y);
}

IEIRBGY A RN T Rust #RaEas AR BUE FrM TR N ABR A HE BT o

AL R DU 77 PR AR Al T — R E SR U R B RE A SRR AR R
PSS BRI AR E S AR SRaEas & B BT LAE AL i BhAR 5 SE R AR A o

BB BRI R L MERHIRF - Rust TR 132 SA R EEEHSUE F#RS H{integer} ) dF
B TERE R B TR T64 o

fn main() {
let x 3.14;
let y = 20;
assert_eq!(x, y),
// ERROR: no implementation for "{float} == {integer}’

5.7 & BT

F—ME MAEEIRZEEZ 1 & n>2 I 28 n E&EFBEAIEEG LIRS XFE A% n-1 F1%5E n-2 @
B ABLELRIFN o

REFRETESE n EBREIFZEER fib(n) H S F K 2 I & 334 RUk 2
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fn fib(n: u32) -> u32 {
if n <= 2 {
// The base case.
todo! ("Implement this")
} else {
// The recursive case.
todo! ("Implement this")

}
fn main() {

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

5.7.1 fRRTIE
fn fib(n: u32) -> u32 {

if n <= 2 {
return 1;
} else {

return fib(n - 1) + fib(n - 2);
}
}

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

27



% 6 W5

HARFIPERRERE

p

This segment should take about 40 minutes. It contains:

Slide Duration
if X 4 minutes
for 7 5 minutes
break f1 continue 4 minutes
& (block) FI#ikE (scope) 5 minutes
[ESFaY 3 minutes
E& 2 minutes
oS AR | 15 minutes

6.1 if FiER
PR UREEAE S TR 1 Bk ARt e i £t

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

BEAN ARt AT BURE 1F EEREA M SHEE SR RE 1T R 1F R AIRE

fn main() {
let x = 10;
let size = if x < 20 { "small" } else { "large" };
println!("number size: {}", size);

28


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

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.

AR AP if ke ERAEA, AREE T —EMAR 7 2R println! AiKY; BIRTEERE

6.2 for 3JE

Rust A ={HEERH# T : while ~ loop F1 for :

while

while [§ 5 B (E 75 NELHANEE = IR H AL .

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.
o SR for WEINE@E 4 AR LURE 1. . =5 s8ik SR EHEHE -

6.2.2 loop

The loop statement just loops forever, until a break.

fn main() {
let mut i = 0;

loop {
i+=1;
println!("{i}");
if 1 > 100 {
break;
}
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https://doc.rust-lang.org/reference/expressions/loop-expr.html#predicate-loops
https://doc.rust-lang.org/std/keyword.for.html
https://doc.rust-lang.org/std/keyword.loop.html

6.3 break fll continue

YHERIRABIZENE AT —ZOA AT DU continue ©

If you want to exit any kind of loop early, use break. For 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);

6.3.1 fHE
continue LB break # AT LUSEEH: 12U — (0 B FF ACHk HH SR B P i — g

fn main() {
let s = [[5, 6, 71, [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}");

FETER > loop J&ME— & {8i[0] B BE M E B 45 5 BN & RGIRE 20 G A — UL iE B 54
BE—EARFER while f1 for M -
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https://doc.rust-lang.org/reference/expressions/loop-expr.html#continue-expressions
https://doc.rust-lang.org/reference/expressions/loop-expr.html#break-expressions

6.4 [EL (block) flilkE (scope)
EE B

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}");
}
If the last expression ends with ;, then the resulting value and type is ().

o URA]LURE B B AP BR 1 — 1T R B SR @ BB B SRR i s kR — 18 53 558 & &
M return -

6.4.1 HEMER
SRR A RN SRR B PR B 4 -

T ] DUB g % . BLHE 2K B AR [ DL R 2 ) () — i B A i
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}");
}
o FHERIHSA B EIRE AZ B IR | AR R B R —(R#E M N E S R b AR E e s% & BN

f7HL b o

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

* A shadowing variable can have a different type.

o R —FIGE R TE HERIRE . unwrap () ZRIVERTI(E -
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6.5 X

fn gcd(a: u32, b: u32) -> u32 {

if b >0 {

gcd(b, a % b)
} else {

a
}

}

fn main() {
println!("gcd: {}", gcd(143, 52));
}

o HE2BURH A R (BRI EE S HR) AAEA ZERE] -

* The last expression in a function body (or any block) becomes the return value. Simply
omit the ; at the end of the expression. The return keyword can be used for early
return, but the “bare value” form is idiomatic at the end of a function (refactor gcd to
use a return).

o FLEEpR TR A [EEYE &R () EET AR ARENE-> () RG] ARiEds R e
JE i o

* Overloading is not supported — each function has a single implementation.

— AR B2 B AR SRR | B SR AT 2R BB o
— Always takes a single set of parameter types. These types can be generic, which will
be covered later.

6.6 Ef:

E£: G 7L 4R F I FRBA 7 Rust F23XHS Alfi AT #2352 AT BOR 195 | B SR 2B Ry | ARBHI B4 -
Rust FEERAFEAUSHAEHESE -

* println!(format, ..) printsaline tostandard output, applying formatting described
instd::fmt.
format! (format, ..) BPEMEA N println! B AHEG LB RILER o
dbg! (expression) & arikil EEE R XIE o
todo! () Al —/NERAZ ISR 2 MR B A HBUTIR & AR -
unavailable! () AR —/NERAZHESIR B MIEFI HPITER G R ER R -
fn factorial(n: u32) -> u32 {

let mut product = 1;

for 1 in 1..=n {

product *= dbg!(i);

}
product

}

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

fn main() {
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https://doc.rust-lang.org/std/fmt/index.html

let n = 4;
println!("{n}! = {}", factorial(n));
}

AFHTEESER - EAAERMEAER B HREEAFAE 52 BRI AR SR 2 R EA M R 2
EAE DU B RRIR T EAE AR AR EE -

AFEAGHFH T RE S HREEHFSATEESAE -

6.7 #HE HhikkpAl

The Collatz Sequence is defined as follows, for an arbitrary n1 greater than zero:

 If niis 1, then the sequence terminates at ni.
» If niis even, then ni+1 =ni/2.
e If niis odd, then ni+1 =3 *ni+ 1.

For example, beginning with n1 = 3:

e 3isodd,son2=3*3+1=10;
* 10is even,son3=10/2 =5;
5isodd,son4=3*5+1=16;
16iseven,son5=16/2=8;
8iseven,son6=8/2=4;
4iseven,son7=4/2=2;

2 iseven, son8 =1; and
FAIFRE &L o

STEATEA N ahAR R — E R S REH B R AR E o

/// Determine the length of the collatz sequence beginning at 'n’.
fn collatz_length(mut n: i32) -> u32 {
todo! ("Implement this")

}

fn main() {
todo! ("Implement this")

}

6.7.1 fRIE

/// Determine the length of the collatz sequence beginning at 'n'.
fn collatz_length(mut n: i32) -> u32 {
let mut len = 1;
while n > 1 {
n=3ifn % 2==0{n/ 2 } else { 3 *n+11%;
len += 1;
}
len

}

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

}
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fn main() {
println!("Length: {}", collatz_length(11));
}
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7 E5y
Welcome Back

Including 10 minute breaks, this session should take about 2 hours and 15 minutes. It contains:

Segment Duration
TCARFNREA 35 minutes
el 35 minutes

ERAEERWMEF] 50 minutes
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JCAH A

This segment should take about 35 minutes. It contains:

Slide Duration

(27 5 minutes
JuHH 5 minutes
BARES 3 minutes
P 5 minutes

& ERMES] 15 minutes

8.1 gl

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

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

o B IE L E R PESITTR R & EPU T B E A IS AT 2 © Rust Z8 5 Al ¥ a8k
BHEATIRAE(CERE B0 N2 2R Rust SfTiELehad o
o FRAFY AT DURE A B ERHEF R IR 4G P31 o

* The println! macro asks for the debug implementation with the ? format parameter:
{} gives the default output, {:?} gives the debug output. Types such as integers and
strings implement the default output, but arrays only implement the debug output. This
means that we must use debug output here.

o DA # (BN {a:#?}) AT A5 CER A A T S AEBERRO AR K o
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8.2 il

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

FRHF—H% TCAHA EE R RE ©
TCAH &R R R I E AL AR A1) o
TCAH AR, AP BB SRAMERI RS (FH Blan .0~ t.1 -

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 R
For WU E K REHHFIAET B (ELALIR ) ©

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);

}

}
BIEINAEMH Intolterator 5 HE SRR ARNEE o

assert_ne! BEMHESE HLINEA assert_eq! filassert! B RS A EhdEtEE
B4R /2 debug_assert! EREAESEAVERE ERM FIRAT EREAZEHANE

i

8.4 PizUAd¥

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, 132)) {

let (left, right) = tuple;

println!("left: {left}, right: {right}");
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This works with any kind of structured value:

struct Foo {
a: i32,
b: bool,
}

fn print_foo(foo: Foo) {
let Foo { a, b } = foo;
println!("a: {a}, b: {b}");

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.

A variable 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 &E HINKEA

Rek 71/ A 0, 2 At e %71
let array = [[1, 2, 3], [4, 5, 6], [7, 8, 911,
What is the type of this variable?

Use an array such as the above to write a function transpose which will transpose a matrix
(turn rows into columns):

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

#yvaE W AIE eR A TRE AR A DUBEAE 3 x 3 FERE LT o
# N2 E A https://play.rust-lang.org/ ~f B{ER
// TODO: remove this when you're done with your implementation.

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

}

fn test_transpose() {
let matrix = [
[101, 102, 1031, //
[201, 202, 2031,
[301, 302, 3031,
1
let transposed = transpose(matrix);
assert_eq!(
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transposed,

[
[101, 201, 3011, //
[102, 202, 302],
[103, 203, 303],

)
}

fn main() {
let matrix = [
[101, 102, 103], // <-- the comment makes rustfmt add a newline
[201, 202, 203],
[301, 302, 303],
1,

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

8.5.1 fRIMGE

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

fn test_transpose() {
let matrix = [
[101, 102, 1031, //
[201, 202, 203],
[301, 302, 3031,
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], // <-- the comment makes rustfmt add a newline
[201, 202, 203],
[301, 302, 3031,

1,

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

let transposed = transpose(matrix);
println!("transposed: {:#7?}", transposed);
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This segment should take about 35 minutes. It contains:

Slide Duration
S EERTIE: 10 minutes
RRIR 2R 10 minutes

SR %{mEZ 15 minutes

9.1 JLHFIS

FreA 2R 2 — MR HCA —E M A E % E A B 77 MRS TEH (borrowing). o H A2 IR (& LN
i CHHEZS A E R o
fn main() {
let a = 'A';
let b = 'B';
let mut r: &char = &a;
println!("xr: {}", *r);
r = &b;
println!("xr: {}", *r);
}

AR T ARG 20 SER &T U5 RS & [ ER 72 0EH - * ERF RIS
MR 2R L2 MIME

Rust & DIAFET A BRI 2R

fn x_axis(x: 132) -> &(i32, i32) {
let point = (x, 0);
return &point;

« 2MATHRMER ) B S 2 RIE SAREERNEAETN S SR TR A 2R S ] DUEH
SR HUE AL BRI IR BT A ) ATIERAESE 3 K — DA HE -

o S2IRBLUSRRPAENE EEERZ NG HERNERNMEZ 908 C Bl C++ WREFRIE2
HARMRAEHE AERHRATERIED BRI A4 Rust 4{nle o6 (8 SR R BB A R e A 2 2 gt o
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* Rust A& HEAEEZ 20 — AR & -

* 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++.

o JafEE IR © P E) R FTDIEREIR (r = &b) W5ITE Ja GEHRAT r Kt &2 HEA
WA At77 3B C++ AR LE C++ H SR E & 5 2R 1E -

« K2 A RSS2 IRIE AIEZE R Bt — SFEREH*T = "X o

* Rust EBHEFTA 2 MA0 A av 8 10 W CR 5 A7 IR RS R ofE 2 22 Y Rust A& 34 RIR 2 -
x_axis EEE% point KM H/ERE R &R point KL A &R -

B G e EIE A RERE — PR T -

9-2 ﬁﬁdl\\

HESM (MR 20]) fLarEE QS 2M00E G2 ER&mut T A5 -

fn main() {
let mut point = (1, 2);
let x_coord = &mut point.0;
*x_cooxrd = 20;
println!("point: {point:?}");
}
EEEA

o TEE )RR A E M2 AT AR IUE EAHA 28 (R 23 A s 8 2 80) #5A] LR
RFAZAE tbAh AEHB S IR T SUEIE 2 IR E 5B 578 x_coord ZEEIFE L
&point.@ ¥ H point.0 °

» Be sure to note the difference between let mut x_coord: &i32 and let x_cooxd:
&mut 1i32.The first one represents a shared reference which can be bound to different
values, while the second represents an exclusive reference to a mutable value.

9.3 #W EMIEE
R @A 3D BMEIAMER MBS [164;3] FRXBHAMEEHFHE -

// Calculate the magnitude of a vector by summing the squares of its coordinates
// and taking the square root. Use the “sqrt() method to calculate the square
// root, like “v.sqrt()"

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

// Normalize a vector by calculating its magnitude and dividing all of its
// coordinates by that magnitude.

fn normalize(...) {
todo! ()
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}
// Use the following "main’ to test your work.

fn main() {
println!("Magnitude of a unit vector: {}", magnitude(&[0.0, 1.0, 0.0]1));

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));

9.3.1 fRILKE

/// Calculate the magnitude of the given vector.
fn magnitude(vector: &[f64; 3]) -> f64 {

let mut mag_squared = 0.0;

for coord in vector {

mag_squared += coord * coord;

}

mag_squared.sqrt()
}

/// Change the magnitude of the vector to 1.0 without changing its direction.
fn normalize(vector: &mut [T64; 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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This segment should take about 50 minutes. It contains:

Slide Duration
sENERY 10 minutes
JUAH S M 10 minutes
|28 5 minutes
FFEEADH B 5 minutes
G 2 minutes

S EREM 15 minutes

10.1 &hkpg
B C f1 C++ —%% > Rust 1B HET 45 .

struct Person {
name: String,
age: u8,

}

fn describe(person: &Person) {
println!("{} is {} years old"
}

fn main() {
let mut peter =
describe(&peter);

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

let name =
let age = 39;
let avery =

Person { name:

, person.name, person.age);

String

String::from("Avery");

Person { name, age };

45

::from("Peter"), age:

27 };



describe(&avery);

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

}
R

SEREREAYE R TT NBLTE C B C++ HRJERL o
- THRE typedef HIFEFRAH| 2 B C++ Sl fHEL C [ -
— Bl C++ RAIRZ AR VA KR %
This may be a good time to let people know there are different types of structs.
— Zero-sized structs (e.g. struct Foo;) might be used when implementing a trait on
some type but don’ t have any data that you want to store in the value itself.
- TE IR A MG A TR AR PR AL AN EE BN o
* If you already have variables with the right names, then you can create the struct using
a shorthand
* The syntax . .avery allows us to copy the majority of the fields from the old struct
without having to explicitly type it all out. It must always be the last element.

10.2 A& R

USRI L REAEE . 8 n] DU I CAH A5 MRS -
struct Point(i32, i32);

fn main() {
let p = Point(17, 23);
printIn!("({}, {})", p.0, p.1);
}

fE R —RALR X (B % newtypes) :

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);

o WEEHFEIERAI FER BRI ME T TARRS » Newtypes 24B1ERI 7720 2252
— BTSRRI R AT (AR BFIF 4 Newtons o
— The value passed some validation when it was created, so you no longer have to
validate it again at every use: PhoneNumber (String) or OddNumber (u32).
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o SREGUIAIEEZE newtype FHAVE AL K “f64” [EHIE = Newtons JEE o
— Rust 8% N KAERESZ NIRRT A 540 B B B sl A8 A AR B 2 B2 8 -
- HETEEGES 3 K (28 515 o

o HEEFIIGYHLL Mars Climate Orbiter f4BUASER {2 2208 o

10.3 %5
enum BRI AN BA &S FEE RS 0B

enum Direction {

Left,
Right,
}
enum PlayerMove {
Pass, // Simple variant
Run(Direction), // Tuple variant

Teleport { x: u32, y: u32 }, // Struct variant
}

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

}

B

* Enumerations allow you to collect a set of values under one type.

» Direction 2&%HM7A] /A Direction: :Left Ml Direction: :Right & /ifH(H -

* PlayerMove /2 & =S HAYA5 $5 T IHECZ Sh - Rust 22 & #7241 HIE LUELE BT RS B
W58 @ > PlayexrMove {8 ©

* This might be a good time to compare structs and enums:

— In both, you can have a simple version without fields (unit struct) or one with
different types of fields (variant payloads).

— You could even implement the different variants of an enum with separate structs
but then they wouldn’ t be the same type as they would if they were all defined in
an enum.

* Rust & LU/ 22 AR 7 HIBIE o

- WHFTE > Rust G FER/DITHRE R/ NIEEE

— MR AFFRVEERME AR IR E T A AT » Rust &8 IR0 Az i AR R S A A E (BT &
et ) SREIAREL > Option<&u8> AIfif BBV FEHE I AT 37 None S5 3878 FI Y

NULL °
— JERT DU R BRI RIE 4N 2 T C A
enum Bar {
A, /D
B = 10000,
C, // 10001
}

fn main() {
println!("A: {}", Bar::A as u32);
println!("B: {}", Bar::B as u32);
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println!("C: {}", Bar::C as u32);

}
IR A repr HBNERAGFE 2 [EATCA K% 10001 & 2 fEf Tl -

HREZWNA
Rust S ZMRELMR Al R ER 5 R 22 o

o ZE(EIFEREL HERTS7A] Rust f/38 size_of: :<T>() it size_of: :<Option<T>>().

WSRARENTTFRONE B BRI [ RTAE ) AURR T AT DURE AT R AIEERIRE IS SEPSMER AReat il
S AR R IAR AR HItE R B LR -

use std::mem::transmute;

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

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: :<&1i32>, usize);
dbg_bits!(Some(&0i32), usize);

10.4 FRENHE

Static and constant variables are two different ways to create globally-scoped values that
cannot be moved or reallocated during the execution of the program.
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const

WA TR IR AT - H AR AR A g Ak

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().itexr().enumerate() {
digest[idx % DIGEST_SIZE] = digest[idx % DIGEST_SIZE] .wrapping_add(b);
}
digest
}

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

}

HRARC(Rust REC YAl 228 1E & 7548 F R Ak o

T R REAE AR e I IR AR 25 const BRI LI EA const {E (HA] DIFEHITREBTAY const B
:Et o

static

R e A AN E T AR PR EEE R A g8 E)
static BANNER: &str = "Welcome to RustOS 3.14";

fn main() {
println! (" {BANNER}");
}

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

« HETHRE] const MITTATERE R LB C++ Y constexpr FH{EL ©

o B—JiMH > static BIEHELIR C++ Hi const BRI SEEH1 IR o

o static #EEIHEAIT ek 2 s A T AL 1A P AT BN BB (140 Mutex<T>) ff
TRHIREE o

o BEAEPITREBGHEE BT R D gL HAFRIEE EAH HE 4 -

JE R
Hi5 Ak 14
B e e rh Azt P 3 (EWIR)
EREARABITIM R EFE 2 &
G =) 2 (P %) &
Evaluated at compile time /& (EfE4RsERAIIAIL) 2

S

9
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3 fw o
IR ARAE

A A E AT U (5 P AT & P R &

m

)
Rl | 3%
&

HRBLENE

Because static variables are accessible from any thread, they must be Sync. Interior
mutability is possible through a Mutex, atomic or similar.

Thread-local data can be created with the macro std: :thread_local.

10.5 HIBIHI#A

IR 40 € 7 5 — TR N2 A R g AR R P DA B

enum CarryableConcreteltem {
Left,
Right,

}

type Item = CarryableConcreteltem;

// Aliases are more useful with long, complex types:
use std::cell::RefCell;

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

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

MHAE C RS ARG ITIR AP LR typedef o

10.6 #F¥ HEEAEEAT

BTG BRI HARARE R R AT AR G0 LB T E SR R S R Sh
F#[derive(Debug)] RAFFARFIERAH {:?} AIREK

FETEARE RS R IE AR - main ALAEE A A SR AL T HAT AR N — B R4
SIS L IS R

/// An event in the elevator system that the controller must react to.
enum Event {

// TODO: add required variants
}

/// A direction of travel.
enum Direction {

Up,

Down,

}

/// The car has arrived on the given floor.
fn car_arrived(floor: i32) -> Event {
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todo! ()
}

/// The car doors have opened.

fn car_door_opened() -> Event {
todo! ()

}

/// The car doors have closed.

fn car_door_closed() -> Event {
todo! ()

}

/// A directional button was pressed in an elevator lobby on the given floor.
fn lobby_call_button_pressed(floor: 132, dir: Direction) -> Event {

todo! ()
}

/// A floor button was pressed in the elevator car.

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 3rd floor: {:?}", car_arrived(3));

10.6.1 fRILSTE

/// An event in the elevator system that the controller must react to.
enum Event {

/// A button was pressed.

ButtonPressed(Button),

/// The car has arrived at the given floor.
CarArrived(Floor),

/// The car's doors have opened.
CarDoorOpened,
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/// The car's doors have closed.
CarDoorClosed,
}

/// A floor is represented as an integer.
type Floor = i32;

/// A direction of travel.
enum Direction {

Up,

Down,

}

/// A user-accessible button.

enum Button {
/// A button in the elevator lobby on the given floor.
LobbyCall(Direction, Floor),

/// A floor button within the car.
CarFloor(Floor),
}

/// The car has arrived on the given floor.

fn car_arrived(floor: i32) -> Event {
Event::CarArrived(floor)

}

/// The car doors have opened.

fn car_door_opened() -> Event {
Event: :CarDoorOpened

}

/// The car doors have closed.
fn car_door_closed() -> Event {
Event: :CarDoorClosed

}

/// A directional button was pressed in an elevator lobby on the given floor.
fn lobby_call_button_pressed(floor: i32, dir: Direction) -> Event {
Event: :ButtonPressed(Button::LobbyCall(dir, floor))

}

/// A floor button was pressed in the elevator car.
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(@, Direction: :Up)
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),

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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Now that we have seen a fair amount of Rust, today will focus on Rust's type system:
 Pattern matching: extracting data from structures.
o T35 ol R LR I N A o
o Bt AR AT 2 o
o AL AR HAMRR BRI 2L o
o PEHERE AR AL BRI R« — B Rust g AR AU o

BB HES

Including 10 minute breaks, this session should take about 2 hours and 50 minutes. It contains:

Segment Duration
o 3 minutes
RV 1 hour
Read 1 Write 45 minutes
oy 40 minutes
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This segment should take about 1 hour. It contains:

Slide Duration

Matching Values 10 minutes
fAAEDI 2R 10 minutes
PR 10 minutes
Y EBEFCR{E 30 minutes

12.1 Matching Values

The match keyword lets you match a value against one or more patterns. The comparisons
are done from top to bottom and the first match wins.

AT DU B B RE HHEL C AT C++ Y switch @
fn main() {

let input = 'x';

match input {

|ql >
|a| | lsl | IWI | |d| >
|0|..=19| >

>

\%

key if key.is_lowercase()

}

println!("Quitting"),
println!("Moving around"),
println! ("Number input"),
println!("Lowercase: {key}"),
println!("Something else"),

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.

Match can be used as an expression. Just like if, each match arm must have the same type.
The type is the last expression of the block, if any. In the example above, the type is ().

A variable in the pattern (key in this example)
the match arm.

56
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A match guard causes the arm to match only if the condition is true.

R
o FERRICEE RIS H Rt T e S RO A 75 K
- | Al or
. AT DA A
- 1..=5 REEGHEENHE
- _BERTIT

« AUEBESILBAA S I AR ATEIERE AR E R R

RNLIRETRINRE ©

| SRR TR L ST R AR

o JEBECH I KM RIER] 1 ERAAE @SR 1f ERE I (R => 218) §7EBICE )
&34 AMEZESANR 1 RO RFTAEH R match EREHHAL TS -

o HEGERFUREN AR | M siEE N FREE R -

12.2 M55
BRISTEAL SRR St AT BB ACHRR -

fihi A

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.0 =
Foo { y: 2, x: i } => println!("y = 2,
Foo {y, ..} => println!("y = {y}
}
}
ik

A AT AGRAR B EAER L LERR ) SERTLUE S 1877 SR
S BRIANE :

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

fn divide_in_two(n: i32) -> Result {
ifn%2==20{
Result::0k(n / 2)
} else {
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b = {b}, y={y}"),
= {1i:7}"),
other fields were ignored"),

AIRIFENE 5 SeeS BN enum Y



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}"),
}
}

FERPMIA A SR RS ) Result B FE5E—fE 03 > half &8 Ok BB AEME fE5H —F7D
XH 0 msg EHFE EEEEUR ©

Sk

G foo HHYH{E BLH M ALY -

o 1 Foo HTid — (BT 4 75 ZaE s o

o RN R BUE B U R I AT AE Te%%‘fﬁ S B AR 58 M7 S 2 ST 2B g e
HPIRTREF BERHEEE 2 const EE BRI EFHIVE

B5

HEAA

« if/else ERAGMEHEZR Z12YIBEZEE match fEFRE S o

o JEATLVE SRS R E F AN A B (A5 Al 7E U TR SRS IR R Bt g 1h) 22 B4 AR NS B AE
AWRLE 7B AT AR AR A G AT E A TR o

* The values in the enum variants can only be accessed after being pattern matched.

* Demonstrate what happens when the search is inexhaustive. Note the advantage the
Rust compiler provides by confirming when all cases are handled.

K divide_in_two MYEEREEZIE result 8D AR EE T match #55% HRECHT SR E
FEF msg PRIt O AN & BT 4R . AN EE IE AT wERC ¥ &result MiJE result 2 &
msg 22 Ilﬁt%’dﬁ?ﬁiﬁﬂﬁﬁﬂ gafl TN TREEAACES ) TIRETR Rust 2018 HEH <12
KR EERR Rust FATERE AT msg Bk ref msg e

12.3  PERlRR
Rust AYF: SR FR S AS B HAM AR GBS A o attg & R -
e if let #HEF

e while let Z#HHE
* match EE

if let B
i let M8 ARSI A AR A TRR HA ;
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fn sleep_for(secs: f32) {
let dur = if let Ok(dur) = std::time::Duration::try_from_secs_f32(secs) {
dur
} else {
std::time: :Duration: :from_millis (500)
}
std::thread: :sleep(dur);
println!("slept for {:?}", dur);
}

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

let else #BX

41 SR 2 B S A Al A bR R[] Y LA O eB ) let else o SR2 Tl 17 I -HIL06 25 38 B
(return ~ break s A2 TEE AT R 2 SMYEMIET) o
fn hex_or_die_trying(maybe_string: Option<String>) -> Result<u32, String> {
let s = if let Some(s) = maybe_string {
S
} else {
return Err(String::from("got None"));
b

let first_byte_char = if let Some(first_byte_char) = s.chars().next() {
first_byte_char

} else {
return Exrr(String::from("got empty string"));

3

if let Some(digit) = first_byte_char.to_digit(16) {
Ok(digit)

} else {

Exr(String::from("not a hex digit"))
}
}

fn main() {
println!("result: {:?}", hex_or_die_trying(Some(String: :from("foo"))));
}
fMif let MIEN—8 Al while let BB BHEEENEE
fn main() {
let mut name = String::from("Comprehensive Rust #£&");

while let Some(c) = name.pop() {
println!("character: {c}");

}
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// (There are more efficient ways to reverse a string!)
}

Here String: : pop returns Some (c¢) until the string is empty, after which it will return None.
The while let lets us keep iterating through all items.

if-let

e Unlikematch,if let doesnothave to cover all branches. This can make it more concise
than match.

o W RFRZEMA Option REEHE Some fH o

o Ematch R~ > if let A& AKX E SR LIRIEFA)

let-else

W LR > if-let AIREEEINERZ o let-else &SR O R ARFE XS &5 A2 EHR
TR R MM RS IRER -
HHARFARRALTT
fn hex_or_die_trying(maybe_string: Option<String>) -> Result<u32, String> {
let Some(s) = maybe_string else {
return Err(String::from("got None"));
}

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

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

}

return Ok(digit);
}
while-let

o FEHHEERFEEN > while let HEERL&FFEUEE o

* You could rewrite the while let loop as an infinite loop with an if statement that
breaks when there is no value to unwrap for name.pop (). The while let provides
syntactic sugar for the above scenario.

12.4 &Y HEBARMAE
BAM IR B A Bl B AR B T B A R 5T 28 o

7B E Box MUAIIE — MR BEHE TR & (R AR SR RIIR GR35 e Al 4l s P o 28 SRR 4
Box: :new 4 ANEREFRAERXAIE FHEH deref B ¥ (*) AKIFH#H ) eval (*boxed_expr) °
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oy I TR SR E H G R $E R 4E % Result<Value, String> BUBIE SR FRFREI
{E (Ok (Value) )) =@ (Exx (String)) SRIHHE &Rl E R -

i 2 S A IS E] Rust Playground 28R BAMAEF eval &t E & @@ HIE 5/ todo! ()

AR IR — A ] REA FTRLEY EAE Al DUEER] #[ignore] ETIRFIEHEHAIE :

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

GIRIETRAT S BERAE A AUCE AR T — (8 DA 25 BR B & R B 7 A IR %N A Result (MiJER:

fit) MR USRI ?
/// An operation to perform on two subexpressions.
enum Operation {

Add,

Sub,

Mul,

Div,

}

/// An expression, in tree form.
enum Expression {
/// An operation on two subexpressions.

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

/// A literal value
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)
),
}

fn test_recursion() {
let terml = Expression::0p {
op: Operation::Mul,
left: Box::new(Expression::Value(10)),
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right: Box::new(Expression::Value(9)),
}s
let term2 = Expression::0p {
op: Operation::Mul,
left: Box::new(Expression::0p {
op: Operation::Sub,
left: Box::new(Expression::Value(3)),
right: Box::new(Expression::Value(4)),
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_error() {
assert_eq!(

eval (Expression::0p {
op: Operation::Div,
left: Box::new(Expression::Value(99)),
right: Box::new(Expression::Value(0)),

).

Exr(String::from("division by zero"))

)

12.4.1 fRIPGE

/// An operation to perform on two subexpressions.
enum Operation {

Add,

Sub,

Mul,

Div,

}

/// An expression, in tree form.
enum Expression {
/// An operation on two subexpressions.

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

/// A literal value
Value(i64),
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fn eval(e: Expression) -> Result<i64, String> {
match e {
Expression::0p { op, left, right } => {
let left = match eval(*left) {
ok(v) => v,
e @ Exr(_) => retuxrn e,

b

let right = match eval(*right) {
ok(v) => v,
e @ Exr(_) => retuxrn e,

b

Ok (match op {
Operation::Add => left + right,
Operation::Sub => left - right,
Operation::Mul => left * right,
Operation::Div => {
if right == 0 {
return Err(String::from("division by zero"));
} else {
left / right
}

)
}
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,
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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)),
}s
assert_eq! (
eval (Expression: :0p {
op: Operation::Add,
left: Box::new(terml),
right: Box::new(term2),
1),
0k (85)
)
}

fn test_error() {
assert_eq! (
eval (Expression: :0p {
op: Operation::Div,
left: Box::new(Expression::Value(99)),
right: Box::new(Expression::Value(0)),
}).,
Exr(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 35

Read fll Write

This segment should take about 45 minutes. It contains:

Slide Duration
PaRis 10 minutes
R 10 minutes
AR 3 minutes

w7 727! Logger 20 minutes

13.1 Jjik

Rust RIFEASKE R TCBETR I SZ BRI SAT DAGEA dmpl @SR TIETRRME

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

impl Race {
// No receiver, a static method
fn new(name: &str) -> Self {
Self { name: String::from(name), laps: Vec::new() }

}

// Exclusive borrowed read-write access to self

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

}

// Shared and read-only borrowed access to self
fn print_laps(&self) {
println!("Recorded {} laps for {}:", self.laps.len(), self.name);
for (idx, lap) in self.laps.iter().enumerate() {
println!("Lap {idx}: {lap} sec");
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}

// Exclusive ownership of self
fn finish(self) {
let total: i32 = self.laps.itex().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);
}

The self arguments specify the “receiver” - the object the method acts on. There are several
common receivers for a method:

o &self (fffH A B AR BRI AEREIsmE Y o= & nT I RE R -

o &mut self {HHAEEEH BB ACHE S YA 2 18T LIRS -

o self [HUSYITFHEARE Al A HAS I 77 R & AW IFIIER & RA ST IR E RS R
e (BUE D) AN SR A REC B BURIIBE LAY B EEE AR A BB R BT
i o

* mut self:same as above, but the method can mutate the object.

o RARIES E GRS ERVAFRR T TR B FNELREBIRE S new ARSI o
L

o BATTIER R T IE LR S RAED) -
- R ERAIRHAITIERS (DI mREss ) _EREIYTTE 25— (E2 L self RERHUTHE
B o
- G B A DUBHRE R 7T AT o MR T ik W as sl 1% DA A RPE R 75 OB TREPE oS il
R7715 BT LU A B AR RS e R TH I A AL B -
o FRHTRM S EHRET self tgh2 kil o
- Wi self & self: Self MMHH BUFFMAE REEATREAE 2 M AT A REHTTX o
— wf Self /2 impl EBELATE RSN R BI4 n] R RX & SR HAth 2 B
— 1REEEE B el DUEBUR BAth A5 REAS 09 77 FARME self lfifi5 H RS FERC & A] FH AR 2 e e 51 A
(AR
— This might be a good time to demonstrate how the &self differs from self by
trying to run finish twice.
- BR T self RY%EAE LIS fa 78 nT LURE AT 0k 1 (0 2 bR 2R I A 25 2 e &5 B4 1) o481 4
Box<Self> o

13.2 H%
Rust FJEEE RIS BRI TR R 2 B mEEE
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trait Pet {
/// Return a sentence from this pet.
fn talk(&self) -> String;

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

o RRUHRERABA AR AW 575 A REE MR

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

13.2.1 Implementing Traits

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, you use 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 is in 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
talk.

13.2.2 Associated Types

Associated types allow are placeholder types which are filled in by the trait implementation.

struct Meters(i32);
struct MetersSquared(i32);
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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 {
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 iR E

R E BN IS B AT R B R SR AR AR

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

fn main() {
let pl = Player::default(); // Default trait adds “default  constructor.
let mut p2 = pl.clone(); // Clone trait adds "clone’ method.
p2.name = String::from("EldurScrollz");
// Debug trait adds support for printing with “{:?}°
println! ("{:?} vs. {:?2}", pl, p2);
}

AR ERENE 72 Crate #HRMLE MM A B E LUERHE E HIDAE HI40 » sexde nTLUEH
#[derive(Serialize)] A& ARFIIEE o

13.4 &% {2% Logger

B A st — A B ARt s A R AF A Logger R EHEHAC 1og 757k o SA2 =NHE v Ak & 5 S A B 2
J& AT DR AH&impl Logger ofEHfIEtEREH ~a n] k& aUE BRI sRAE b ; i/ B AR
RIS (B0 B s B A RS ©

i R 77H StderrLogger @atiFar M2 E AR ARE SERER2HE VerbosityFilter
BRI NG AR S EFRAYEHR o
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DUN 2o R i R — R B AL B ERAR R AR AT 2y 28— 48 2 A
SEH AR B 2 R AT RETE RCSR A A U IR B S 2

use std::fmt::Display;

pub trait Logger {

/// Log a message at the given verbosity level.

fn log(&self, verbosity: u8, message: impl Display);
}

struct StderrLogger;

impl Logger for StderrlLogger {
fn log(&self, verbosity: u8, message: impl Display) {
eprintln! ("verbosity={verbosity}: {message}");
}
}

fn do_things(logger: &impl Logger) {
logger.log(5, "FYI");
logger.log(2, "Uhoh");

}

// TODO: Define and implement "VerbosityFilter'.

fn main() {
let 1 = VerbosityFilter { max_verbosity: 3, inner: StderrlLogger };
do_things(&1);

13.4.1 fRIGE

use std::fmt::Display;

pub trait Logger {

/// Log a message at the given verbosity level.

fn log(&self, verbosity: u8, message: impl Display);
}

struct StderrLogger;

impl Logger for StderrlLogger {
fn log(&self, verbosity: u8, message: impl Display) {
eprintln! ("verbosity={verbosity}: {message}");
}
}

fn do_things(logger: &impl Logger) {
logger.log(5, "FYI");
logger.log(2, "Uhoh");
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/// Only log messages up to the given verbosity level.
struct VerbosityFilter<L: Logger> {

max_verbosity: u8,

inner: L,

}

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

}
}

fn main() {
let 1 = VerbosityFilter { max_verbosity: 3, inner: StderrlLogger };

do_things(&1);
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P2LY

This segment should take about 40 minutes. It contains:

Slide Duration
Extern Rz 5 minutes
12 BRI 10 minutes
RHFLR 10 minutes
impl Trait 5 minutes

% % min 10 minutes

14.1 Extern F3\

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

/// Pick “even’ or ‘odd’ depending on the value of "n°.
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 tuple: {:?}", pick(28, ("dog", 1), ("cat", 2)));

* Rust GRS [ BURAIFI SR A (E AR T R85 o

o 788l C++ BT (template) B/l {H Rust &7 AIHZ BRI AAEITE 0 ARnE (K] oK = JH8 P e
ATFEIRHRIERLR] RO AR n == 0 sAEEK pick LUHE even + odd HIfEH
R AR pick BZBIIE > Rust & ws HAR 2 MR o{H C++ mRAERRIEE B

71



* 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.

14.2 ZRIERIR]

PRAT LA FH 72 25 B AR A B R R AL
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)
}

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());

o FIRE : (BT 1E impl<T> Point<T> {} HEEHH TRIR?
- WZiE R — AR T /) Point EAF M Point MAYRIZ 72 T «E 2% BB Az

Al o
- EFonaElEiERA TERRR T mERL o
— Itis possible to write impl Point<u32> { .. }.
* B Point AR Z AR R A] LU ] Point<f64> {H S (@ 77 158 R 73 F iR
Point<u32> o

o HEMELWEH let p = Point { x: 5, y: 10.0 }; S&nT LU R AEE B8 Bk 5
WS FFE A A RILATRE Bl TR U -

14.3 AR

{5 T2 BRI AR 7R B A B A R ABRr L A A RERT I G2 ARF BN 77 1% o
SERTUE T: Trait s8¢ impl Trait SUTULHER(E

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

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

HE AT NonClonable Wi H{#%= duplicate ©
WIRFELZ AR A5 + RRRE -
» BUR where 1) SEERERE B GERHLAE

fn duplicate<T>(a: T) -> (T, T)
where
T: Clone,

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

- WRIEA Z 28 IS {1 )] LU U4 o
- Jaflil 7R B ARINIAE HILREE E K
* YIRA IR wEFIHRESNIRE RS 7 MR AT R E B AE B4l Option<T> o

o 35 1E R Rust [ A X & Fr AL 22 B 2k 5 3 R B4R 19 duplicate f& % 3% % 8 R B 1Y
dupllcate(a u32) e

14.4 impl Trait
BRI IR, > impl Trait sEArT AR B [EOnEEE A

// Syntactic sugar for:

/7 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_mozre}");
let debuggable = pair_of(27);
println!("debuggable: {debuggable:?}");

}

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

o HWRYKEE - impl Trait M2 EAREBRRINERZSY -

o BEEARGIAGH - impl Trait AEREIERIGUE B ER IR B R R AR RE
BRI RIS EEAH APT AR AR AR - EndEE A H o
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£ B E A BT R AA S dalE impl Foo AKX & Hli%E B & B B AT A - A AE
ARIFHE L E R dnEZ R AR (F40 collect<B>() -> B) WK AIW[E{# /& B BI{E
R B B i e I v T RE R B — (R A BN fEA let x: Vec<_> = foo.collect() &
Turbofish : foo.collect: :<Vec<_>>() °

8% —T > debuggable BRI Ryl ? ERTLVE A fE/ let debuggable: () = .. EAEHHGM
BHRKIAA

14.5 #H 2% min

e 2 (8 AR E v A LessThan R E MR min B REEAIE EE AU R/IME ©

trait LessThan {
/// Return true if self is less than other.
fn less_than(&self, other: &Self) -> bool;
}

struct Citation {
author: &'static str,
year: u32,

}

impl LessThan for Citation {
fn less_than(&self, other: &Self) -> bool {

if self.author < other.author {
true

} else if self.author > other.author {
false

} else {
self.year < other.year

}

}

// TODO: implement the "min" function used in "main’.

fn main() {

let citl = Citation { author: "Shapiro", year: 2011 };
let cit2 = Citation { author: "Baumann", year: 2010 };
let cit3 = Citation { author: "Baumann", year: 2019 };

debug_assert_eq! (min(citl, cit2), cit2);
debug_assert_eq! (min(cit2, cit3), cit2);
debug_assert_eq! (min(citl, cit3), cit3);

14.5.1 fRRTTE

trait LessThan {
/// Return true if self is less than other.
fn less_than(&self, other: &Self) -> bool;
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struct Citation {
author: &'static str,
year: u32,

}

impl LessThan for Citation {
fn less_than(&self, other: &Self) -> bool {

if self.author < other.author {
true

} else if self.author > other.author {
false

1} else {
self.year < other.year

}

}

fn min<T: LessThan>(1: T, r: T) -> T {
if 1.less_than(&r) {
1
} else {
r
}
}

fn main() {
let citl = Citation { author: "Shapiro", year: 2011 };
let cit2 Citation { author: "Baumann", year: 2010 };
let cit3 = Citation { author: "Baumann", year: 2019 };
debug_assert_eq! (min(citl, cit2), cit2);
debug_assert_eq! (min(cit2, cit3), cit2);
debug_assert_eq! (min(citl, cit3), cit3);
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% 15 557
Welcome Back

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

Segment  Duration

@A E 1 hour and 20 minutes
@R E 1 hour and 40 minutes
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ERE R

g

b

This segment should take about 1 hour and 20 minutes. It contains:

Slide Duration

A 8 PR R 3 minutes
FBASCAEREL 5 minutes

Option 10 minutes
Result 10 minutes
String 10 minutes
Vec 10 minutes

HashMap 10 minutes
A EHEES 20 minutes

A st BHEET I RERIGE i AERGIR A 52 B R at S E B Al e 50 aR — LE iR R JTIX -

16.1 FEHERA R

Rust comes with a standard library which helps establish a set of common types used by Rust
libraries and programs. This way, two libraries can work together smoothly because they
both use the same String type.

In fact, Rust contains several layers of the Standard Library: core, alloc and std.

» core includes the most basic types and functions that don't depend on 1ibc, allocator
or even the presence of an operating system.

* alloc B4AFREEEHERENCE A A B4 Vec ~ Box F Arc °

AN Rust fEAHEREH JEH core A& fA alloc °

16.2  FREHSZCARBIER
Rust #RBASCHA) T RE R 2 & S .

» All of the details about loops.
o FATRUR A5G0 u8 o
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https://doc.rust-lang.org/stable/reference/expressions/loop-expr.html
https://doc.rust-lang.org/stable/std/primitive.u8.html

» Standard library types like Option or BinaryHeap.
TEHE A DURAAZ UG RO 8 Tk

/// Determine whether the first argument is divisible by the second argument.
/17
/// If the second argument is zero, the result is false.
fn is_divisible_by(lhs: u32, rhs: u32) -> bool {

if rhs == 0 {

return false;

}

lhs % rhs == 0
}

A ENAR A Markdown F7A B 245 1 Rust 1208 Crate #F € (¥ rustdoc T.E HEEER
docs.rs /' gEfERLEE API HHAA AR TE H U E AL -

AEAETE H NEB (BIAERBAHN) soskEE Bh6EH 7/ 8/ . */ st s s -
//! This module contains functionality relating to divisibility of integers.
» Show students the generated docs for the rand crate at https://docs.rs/rand.

16.3 Option

KMEEME Option<T> KR FH ik -GG F R0 % T AYAE BOA 3% 17 1 ] SR P o5 1 2 552
String::find &{#H Option<usize> -

fn main() {
let name = "Lowe #JE 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 g7 Option SRSTHERENE - expect tELL AHEFULFIFERAL ©
- 1&ATLAGERE AE None #4: 24 {HARET RIS S50 None ©
— W E LR R AR S A §7E R unwrap/expect AHEBUEEFE NS — Mg L
w77 2UEH None ©
o BB RIEIL 3R Option<T> WRDIRME A/ INVEF L T #HME ©

16.4 Result

Result #1 Option JEML (H&$5 H/EXE R DIE R M -H A BECA NIRRT 8 2R H0 78 B s e #
1 Res TR{% (HEB Rz k2 Result<T, E> He T AR Ok 5484 i E Al & HEIAE Exr S5
o

use std::fs::File;

use std::io::Read;
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https://doc.rust-lang.org/stable/std/option/enum.Option.html
https://doc.rust-lang.org/stable/std/collections/struct.BinaryHeap.html
https://doc.rust-lang.org/rustdoc/what-is-rustdoc.html
https://docs.rs
https://docs.rs/rand
https://doc.rust-lang.org/stable/std/string/struct.String.html#method.find

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}");
}
}

o WEERMEEA Option —#k FHINHIEETE Result WFE 3 & 585 5 A\ B RHRERIGZE i A FIR
MRA PR ofEMERZ A AN G B A SRRV IR R AT ARENY unwrap () B8 expect () #E 2N
BEREAEEE

* Result documentation is a recommended read. Not during the course, but it is worth
mentioning. It contains a lot of convenience methods and functions that help functional-
style programming.

* Result BEEHHHEF ARG RATEAESR 3 RAVERIZH4H o

16.5 String
String J2HEMEHERSTE B TR UTE-8 A :

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

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

s2.push('!");

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

let s3 = String::from(" ")
pIintln!(us3: len = {}, number of chars = {}n, 53.1en(), 53.Chars().count());
}

String §E{F Deref<Target = str> LR MAIUTE String EFFIUFRA stx 757 o

e String::new FEEF M EZHFH WREMEE R FHEXZLDER FHEH
String: :with_capacity-e

e String: :len &{&#[E String A/ (DU TTAH 2 BELAL AT REBL ST 2% BEAL I R AR H]) ©

» String::chars §EEERFICABRES HEE HRTEEENRG © char fI—R AR
ZHITF I PTAEAN] ©

o HREIFHF —RAFTAERZ TS &str 8 String °

o HAYIE(E Deref<Target = T> I daskds ol sBIELUABRZIARYTT Y T FRAYTTIX o
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https://doc.rust-lang.org/std/string/struct.String.html
https://doc.rust-lang.org/std/string/struct.String.html#deref-methods-str
https://docs.rs/unicode-segmentation/latest/unicode_segmentation/struct.Graphemes.html

— FFEARE G Deref Rl (AIIL H Al 32 2 & mi A B SO F AR RO IR o
- String §E(F Deref<Target = str> RERELUARERHNTT T TAHIHE str 77N
7 HUHE -
— Write and compare let s3 = sl.deref(); andlet s3 = &%*s1;.
* String J2 DA% oR 2T SAE 7 7T 4H 1) & A PO A B AF AR 2 AR R B B ST ARt R
String fH3% % FEASME o
o FALbIAAEA String BV RGIRTTE ¢
- fiH s3.chars().nth(i).unwrap() #&5oC Hi 1 KRZGHG
- i s3[0..4] #rrF7H HobU R R oo it b el gER g o
* 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 J2 ] s R/ N E HERAC B AR 1 1

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.iterx());
v2.push(9999);

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

{}", v2.1len(), v2.capacity());

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

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

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

}

Vec @#{F Deref<Target = [T]> thgi@al MEAILUE Vec LIFIMYIRTITE ©

* Vec is a type of collection, along with String and HashMap. The data it contains is stored
on the heap. This means the amount of data doesn't need to be known at compile time.
It can grow or shrink at runtime.

« SHHEE Vec<T> Az R AR HERHIARERRE T FNEH A Rust BUIHER — B RAGTE
FE—K push FENIYHARIESL T ©

e vec! [...] BHREUR Vec: :new() WEEEES -HIHRIERBEAINARIA TR ©

o ME A RFEN RG] HEEH [ ] ERE N E g 53Rk a3 A get AIRT{#[E] Option o
pop E AR —HEE o

o TMELES 3 RKEWI 7 BIREER 224 HFHE Vec BBIHEMREF I A sl ik NIV 777
%o
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16.7 HashMap

R L ] HashDoS K% :
use std::collections: :HashMap;

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

// Use the .entry() method to insert a value if nothing is found.

for book in ["Pride and Prejudice", "Alice's Adventure in Wonderland"] {
let page_count: &mut 132 = page_counts.entry(book.to_string()).or_insert(0);
*page_count += 1;

}

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

o T —BAEAARE ] HashMap TRITEBILE R EA H A A SRR SR -

o HERMEHM I RITERXE 5T EFERRGEMEERT MR KRG EEEUE A
REGARAZNEFE B ATFEMERPHARNE -
let pcl = page_counts
.get("Harry Potter and the Sorcerer's Stone")
.unwrap_or(&336);
let pc2 = page_counts
.entry("The Hunger Games".to_string())
.oxr_insert(374);

o A[ERYE AZA ITEEEER hashmap ! B Ja Rl vec ! R[] o

- AN °H Rust 1.56 # * HashMap & EfE From<[ (K, V); N]> LUEZESRMAEREH (EH
BRI AEHME BT -

let page_counts = HashMap: :from([
("Harry Potter and the Sorcerer's Stone".to_string(), 336),
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https://doc.rust-lang.org/std/collections/hash_map/struct.HashMap.html#impl-From%3C%5B(K,+V);+N%5D%3E-for-HashMap%3CK,+V,+RandomState%3E

("The Hunger Games".to_string(), 374),
1)

o BE ARt AT DUE A (AR AR $ /(B AR Tterator #32 HashMap ©

» FFUREERY/Z HashMap<String, 132> w5l ‘&str 2 REHIEAS EEE 42 A
AIESR G 208 Bia T aE & (5 M a8 (S -

- A Bl fE BAHEBIPAEER to_string () BERG A= SR8 RFA AT AE & eI AR
file 7

o EEBIRIA 28 77k E ) rEE B 40 std: :collections: thash_map: :Keys g4k
BURIAEH & 1E Rust U S5 R BT 5 m) 22 4E Je o ag (8 AL il A S LU RTIR A key's 757
20 B 84 o

16.8 A EHE

TEABRE b AR IR f B A BRI R R 212 B &SR & std: :collections: :HashMap
JE I L B 1 (R L B B o

Counter MIMHRRRAKE M il TCAR B (AR u32 [ FaRiLeRAS SRS R IR 7T 1R 2 122 T IR T
ABHHERIELR ZEkk Counter BRI LUBHHMEMZLRIAIE

YERIEHR AT SR E AIRAE M entry JTIEREE count J5TARTRR HUMER AR BRI -
use std::collections: :HashMap;

/// Counter counts the number of times each value of type T has been seen.
struct Counter {
values: HashMap<u32, u64>,

}

impl Counter ({
/// Create a new Counter.
fn new() -> Self {
Counter {
values: HashMap: :new(),
}
}

/// Count an occurrence of the given value.
fn count (&mut self, value: u32) {
if self.values.contains_key(&value) {
*self.values.get_mut(&value) .unwrap() += 1;
} else {
self.values.insert(value, 1);
}
}

/// Return the number of times the given value has been seen.
fn times_seen(&self, value: u32) -> u64d {
self.values.get(&value).copied().unwrap_or_default()

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

Counter::new();

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"));

16.8.1 fRILGE

use std::collections: :HashMap;
use std::hash::Hash;

/// Counter counts the number of times each value of type T has been seen.
struct Counter<T: Eq + Hash> {

values: HashMap<T, u64>,
}

impl<T: Eq + Hash> Counter<T> {
/// Create a new Counter.
fn new() -> Self {
Counter { values: HashMap::new() }

}

/// Count an occurrence of the given value.
fn count (&mut self, value: T) {
*self.values.entry(value).or_default() += 1;

}

/// Return the number of times the given value has been seen.
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);
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ctr.count(14);
ctr.count(16);
ctr.count(14
ctr.count(

ctr.count(

1

for 1 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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This segment should take about 1 hour and 40 minutes. It contains:

Slide Duration
(R 10 minutes
BER 10 minutes
From #1 Into 10 minutes
HIER 5 minutes
Read #1 Write 10 minutes
Default (&R HEEL) 5 minutes
FAAL 20 minutes

#FE  ROT13 (E## 13 ) 30 minutes

PR ERE TR R I — bR AT IR B S A A RR A S A ©
AEHTERRF R AR EARE R ZINE o

17.1 i

DU RFELAT TR ELEAS R AUME i SRR & B 72 LA 8 A mT DU & A 28 R AL I R A T A P A
?%[ o

PartialEq fll Eq

PartialEq AR EER G HALETTE eq HIRHEEMI 1A ne o==f1 | = ER FEREIELE /715 o
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 RERE TR A (8 5 SIRMEAETE) A6 HIRE PartialEq R Z s s B SF B A9 bR & i
Eq AR AR

PartialOxrd il Oxd

PartialOrd @& partial_cmp FEEFERT FIHREE< » <=~ >= 1> EHET o

use std::cmp::0xrdering;
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 2% /7 H cmp &{#[[ Ordering o
PartialEq rILUEANFAVRIGI 2 I EME (HEA B RIER Eq &7k :
struct Key {

id: u32,

metadata: Option<String>,

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

}
}

B LRI S R B D S B R E R

17.2 BREE

W EEA std: ops: NINKFHEE :
struct Point {

x: 132,

y: 132,
}

impl std::ops::Add for Point {
type Output = Self;

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

}
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fn main() {

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

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

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

BEES

* You could implement Add for &Point. In which situations is that useful?
— [E% : Add:add G§#EM self HUREEBEEHER FAIA] T A2 Copy @ —0f % &T

FEHCHE R T o n] AL B A B R RS o
o Z{TEE Output ZRAMARLA 2 IR H A7 R AR5 2800 2

— Short answer: Function type parameters are controlled by the caller, but associated

types (like Output) are controlled by the implementer of a trait.

o SR LB BRI A AL R0 E 1 Add BRI AREE © impl Add< (132, 132)> for Point &iKiT

AHHTIEZE Point o

17.3 From fil Into

RIRIE E/E From #1 Into MRIBI B2 ST ¢

fn main() {
let s = String::from("hello");
let addr = std::net::Ipv4Addr::from([127, @, @, 11);
let one = il16::from(true);
let bigger = i32::from(123_116);
println!("{s}, {addr}, {one}, {bigger}");
}

E1E From ¥ > Into h& HEIELE :

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_1il16.into();
println!("{s}, {addr}, {one}, {bigger}");

o ERLR AT HFREAE From KRB & EE Into ©

o ASEE RS B AR A (B TR AT AR String BRI ) RREIE EAE B LI S

Into fEHYRK N &R EAE From BRI LUK ME B Into HYRLH -

17.4 HIEk

Rust A TFE & 1 UBIHEH HSZHRMH as PHREER 425780 % & 8T RATE N AT C

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

88
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println!("as u8: {}", value as u8);

}

1£ Rust /1 > as B’Jﬁiﬁbéj‘@z@ﬁii HAEARFEE& RO —3 J8 rTREA T & 088 R S el i 2|
e/ NURIRE Y EBIOE SRS SR MEEER AN o

SRR as TP E G E AZ2IEFEAD NS  BHI5E ANRERAVAERE (EE 0 7 Fr AR BIE
AR E R EE 78 5 2 L A T SRR AT AR o 1E R B FH A i A S 5 R AR By AR A s
AU i SR AR R 40 SR J s v N2 T H Y R A AT AR ER TR ued BYJEER 32 Ayt MLRI LUE A as
u32-e

GIAUZE u32 B ubd EMEAR B AR R R S SE M From 3 Into (M as) MEEEHAE B HaR -
BIRNA S R AN RIERE LR RIR 75 R 2 AT UEH TryFrom Ml TryInto e

AR SEE IR R R IKE R I -

as FLUR C++ HIAFEEHR M ERTE BRI T REE KR HUE DL MER as ATREA -t /D B AR
AL o

TEAER ROy usize DURMERSIRHMRE B -

17.5 Read filWrite

i Read #1 BufRead BT ¥} u8 RIFEITIHMRALIEHE :
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(())

}

AR - Write BIRTREMAGR u8 #as iRt -
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);
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Ok(())

17.6 Default i

Default R & AR FHRE ©

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());

B LIEREE AR LIS #[derive (Default)] 4B -

* A derived implementation will produce a value where all fields are set to their default

values.
- R AR TR AR A Rt AR H B A Default o

FEERY Rust RUAIZ8H & LIS BERE (Bla0 @ ~ " " 555) H{F Default -

The partial struct initialization works nicely with default.

* The Rust standard library is aware that types can implement Default and provides
convenience methods that use it.

* The .. syntax is called struct update syntax.

17.7 B
iz A B E lambda EHE X #AH EEMAWNER] o8 ZRE S EERRKR Fn~ FnMut 1
FnOnce 431 :

fn apply_with_log(func: impl FnOnce(i32) -> i32, input: 132) -> 132 {
println!("Calling function on {input}");
func (input)
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}

fn main() {
let add_3 = |x| x + 3;
println!("add_3: {}", apply_with_log(add_3, 10));
println!("add_3: {}", apply_with_log(add_3, 20));

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

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

Fn (B4 add_3) BEAGAEAI A EESAERIAE B T &2 A S S HE A AT A2 R AT
Yy o

FnMut (841 accumulate) AIAE & ESEHRIRAIME KL AT DAZ RAEAY ({EASIALATIFAY) ©
Y152 FnOnce (FI4 multiply_sum) Lt R AEREAN —2K K% 72 AT AE EFE FFRIAUME ©

FnMut & FnOnce FIFAIRI] M Fn & FnMut 1 FnOnce BYFBIRI SATEERR A a] DUIE (A By
FnOnce 77 {#H FnMut miE(EAFERN FnMut 8% FnOnce A9 {#H Fn o

ST B R U SRR FrOnce (i FIEI —20) H U2 FrMut 4RI Fn g
R T PRI B 5 75 S TR

MR A PRI A BPERRE Fn (FTDUTEAE AT 77 (30R) 202 FnMut Bf&/2 FnOnce ©
fmages th EARPEPA CARE B N A KR Copy (Bli#t ¥ add_3) i1 Clone (HI41 multiply_sum).
IRIETER PAE G RIESIEASEA S (R ATFTI95E) - move BHSE T AIIA] 3 B GLARIRE AR MEUA A o

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 £ : ROT13 (GliE 13 fi0)

FERERRIR AR (RGN TROT13 A1 72 SRS 945 Playground A (Ea/ DO
JC SRAHERENE ASCIL SR HEARAE B0 % A 341 UTE-8 o

use std::io::Read;

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

}

// Implement the "Read’ trait for "RotDecoder".

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];
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());
}
}
}
}

SRRl RotDecoder BITESEAS £ —ifE AHEHARIL 13 f8Foohed &5k ?

17.8.1 fRLFTHR

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> {
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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();
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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Including 10 minute breaks, this session should take about 2 hours and 20 minutes. It contains:

Segment  Duration

o 3 minutes
sOiEfE% M 1 hour
BEEE 55 minutes
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19 3557

AL AR B

This segment should take about 1 hour. It contains:

Slide Duration
wEE R 5 minutes
SRR =gl 10 minutes
FivE #E 5 minutes
BERER 5 minutes
Clone 2 minutes
Copy 23l 5 minutes
Drop 10 minutes

Y AT EAE] 20 minutes

19.1 gaEf R

AR EAE R 7y A R

* B (Stack) | AHESABHY GTRL AR I I o
— {EAEAR R A B A BRI E R o
- MHERE  LRBEN RIS
- ZIREE EHEE R o
- RUFRYEC AR o

« HEFE (Heap) : BRI PFAYSNRIELRA 17 22 ©
— EEHITRE B B RE T A A
— HERHSTA S TR LR
- MR o

Hafl

Creating a String puts fixed-sized metadata on the stack and dynamically sized data, the
actual string, on the heap:
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fn main() {
let s1 = String: :from("Hello");

}
Stack
-------------- Heap
sl
t--mmmm e - - + : :
| capacity | 5 | : g
| ptr | o- +---+_____+__>| H Je |1 |1 |]o |
| len [ 5] : : e
R e [ S + . .
o #HaiH String J2H Vec X% Mt EAREBMNRE M HEEK R (Ritd2 @@ Ly
Mic B A EE A T E)) ©
o YA S BRI AT LGRS IRAS R A [RAACE R] Bl B AV HERR - B 5T B &8 n] DAGE A
[AdEas API] B1E o
HRERUELNE

We can inspect the memory layout with unsafe Rust. However, you should point out that this
is rightfully unsafe!

fn main() {

let mut s1 = String::from("Hello");
sl.push(' ');
sl.push_str("world");

// DON'T DO THIS AT HOME! For educational purposes only.

// String provides no guarantees about its layout, so this could lead to
// undefined behavior.

unsafe {
let (capacity, ptr, len): (usize, usize, usize) = std::mem::transmute(sl);
println!("capacity = {capacity}, ptr = {ptr:#x}, len = {len}");

19.2 HERCIERE P

{8 b RS KRB 7 A i

o BMFEEFERIEM HUS7EREEEME © C~ C++ ~ Pascal...
— TR CRRET A PR (T I o) O BORE HH HERE AT IR
— TR E AT ZHH B a2 SR A ARG RS
— WFFERER AR RS AT % & HHBE o
o EBEPUTREE T BB E A IEAY HUS ek 2 | Java ~ Python ~ Go ~ Haskell...
- PUTRER 2 A G EIRE P A2 RGEDIRRE 2 18 AR T 1R -
- BEEBSME R SRS RAIT Y77 B o

Rust Al & 7E mifEis
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375008 1 e ) TR A PRAR SR I A SR T BV THE A T (RIS ) DS e B B RN 22 2 1 o
Rust /& FH BAfEFT A RS B S — B -
& TRIERZ R B B R AR B AN RE S B2 B IR f# Rust o
o NZ CEES WHEME malloc Al free FEVE MR & RIS AEIS SN free $H¥
A — 512 RIEN free aifEHABMAVLIEARE LB BN S HEHEHE -
o C++ R EEIE (unique_ptr ~ shared_ptx) T E A Fi| F 7 BH W A bR QR0 58 = ORas
itk OR A b X (8 R 8 L ST IR o g e T BWIRA S B B A B8 2 AL C 35 5 AL §8
2 o
* Java » Go F1 Python & Fi| F RS 25 A 5 il il 15 22 0 ik P A7 B RO IR AY o RERRE CR (45 AT
A DUAE 2 08 IR PR UAF (f A RGO AR FEAERIRI S Nl » GC SFREEBUTIREL
B o HAREE R REGREE o
TEFFZIEDL T » Rust FEA FER S AU SRE BT RESE C 3B S I TE RO ELIRAR B 73 i B RN 22 R 2 ik
AMEE o Rust ARAEREML C++ BESEIEN T B 1A TE A0 AT DU 2 REH B H A E80H 1 HE S
BAE =77 Crate | XIBHATRE BRIV BIRICENEE (RBE R G smE ) o

19.3 fhiAHE

P SRS E S R TR AN R E YME B e 2 e
struct Point(i32, i32);

fn main() {
{
let p = Point(3, 4);
println!("x: {}", p.0);
}
println!("y: {}", p.1);
}
We say that the variable owns the value. Every Rust value has precisely one owner at all
times.

At the end of the scope, the variable is dropped and the data is freed. A destructor can run
here to free up resources.

BB I B RS B &R R a2 — 4 TR BRGSO A Al A U RE A © Rust YT EE
— A E )RR R MRS -

19.4 PHREEE

An assignment will transfer ownership between variables:

fn main() {
let sl1: String = String::from("Hello!");
let s2: String = s1;
println!("s2: {s2}");
// println!("sl: {s1}");

o # s14EIREE s2 GEEFTARE
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* When s1 goes out of scope, nothing happens: it does not own anything
o B os2 BHEEN ARG RER o

B2 s2 70 :
Stack Heap
sl
oo - Fomme oo - + S
| ptr I e e L T N I S U S R B
| len [ 4 | : e
| capacity | 4 | :
R - + :
BEs21%
Stack Heap
sl "(inaccessible)"
L +o------ + . . -ttt -t - -+ --- -+
| ptr | Oeeetesetoctecto>[ H | e |1 |1 |o | ! |
| len | 4 | A - e S
| capacity | 4 | S
R el + | :
| - - - - - - o o oo oo oo ool
s2 |
et R + :
| ptr | 0---t---t--t
| len | 4 |
| capacity | 4 |
oo - Fomme oo +

RHEEDE K0 s EETRIRG R 28 sa BB AR
fn say_hello(name: String) {

println!("Hello {name}")
}

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

» SHEEHE R C++ HITHRIGEA S (U ZEER] std: move "HEEHRMBENEMEA N AHA G
IRIR(EAE TR -

o LAHAREA GER 26 E LTSI ARBIEERA S B —ARELHAE TRAE EEE
LERIA R -
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o FEELAIME (FIANEEB) AT~ % Copy GAZBIREIGY R)
* 7 Rust H SafE/EE S ARRERE 7755 clone o
£ say_hello i+ :

o HRMEIY say_hello K > main €%3E name MITARE <2 1% » name FLIEIETE main MM o

« % name FCEMMERGIIREEE say_hello KRXATHRIFRER o

o 415 main DI BRIITE A 2% name (&name) *H say_hello FELLZBIIE A 22 > main
AT LACREE AT A HE o

* 54> main AITEE RIFAY (name . clone()) H1{#0E name 7R

o £ Rust W' FE)EEE A TERME IR E 2 R aT A ZH A RE R E v b IR A/ N2 Bl A
HI AT RETE AL B TE C++ H o

HRELZNE

Defensive Copies in Modern C++

BUR C++ AT AR T S fgfE [

std::string sl "Cpp";

std::string s2 = s1; // Duplicate the data in sl.
o s1MEREERGEE © s2 FRUSEBRIEZEIA
o B s1 0 s2 i R B g RN e AR IEAY

B RFEIRAT
Stack Heap
sl :
R et R i + : : R e sl S .
| ptr | 0---t---t-t--t->| C | p | p | :
| len | 3 : R ERE STt :
| capacity | 3 | :
Fom oo Fomme oo + :
HEHEIRTE
Stack Heap
sl
i - + : : -ttt ----+
| ptr | O---t---t-t--t->| C | p | p |
| len | 3 : R LR T L DT,
| capacity | 3 :
o - - + :
s2 :
R e et R it + : I e a R S
| ptr | 0m-etemoteeeebe>| C [ | p |



| len | 3 | : Lt S e
| capacity | 3 | :

EHEAM

o C++ fRLAYVERREL Rust IEA R it = GERER Al BB —E M E R oG R

HAE— AR ol & SR @R A R o

o C++ thigfit std: :move HRTEH AR A] DI REEE a2 s2 = std::move(sl)
TG AEWESECIIEE 1% 0 s1 GRNARERIEERNIREE 4 Rust RFEIZE 2%

ARTA] U] s1 -
o C++ HIRY = ] DURIEZEHE B RS fO R A TAE MR NS 2 B8 Rust A o

19.5 Clone

ARG fErpE & TARE R —fEE - Clone RH(FISE a8 TR -

struct Backends {
hostnames: Vec<String>,
weights: Vec<f64>,

}

impl Backends {
fn set_hostnames(&mut self, hostnames: &Vec<String>) {
self.hostnames = hostnames.clone();
self.weights = hostnames.iter().map(|_| 1.0).collect();
}
}

Clone MWHEZ R EKRIRHHE I 24N E 551K . clone () fl Vec: :new 5% Box: :new 5

HoAth 5
WM G /A A Ed R RN 775 AR AR R S e RN A R L -

19.6 Copy ®jl

BEIARS B AE BB TR AR LR B FEER Ik 2 1B
fn main() {

let x = 42;

let y = x;

println!("x: {x}"); // would not be accessible if not Copy
println!("y: {y}");
}

7a LRI & B AE Copy R ©
fRAT LB AT BRI AT R ofs 48 BERE R 00
struct Point(i32, i32);

101


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

fn main() {
let pl = Point(3, 4);
let p2 = pl;
println!("pl: {pl:?}");
println!("p2: {p2:?}");

« 15IRTE - pl #1 p2 EEGHEA B CRIER
o FMMtLEEREH pl.clone () BHRERHE K} o
g ) i E
R ARRC ISR R At TR RN ER I -
WEA TR B AT 2 S8 C++ AYERERE IR o
Ve RIS o I EAE Clone R BN RsF IR BRTTT 2y ©
R HTAEAE Drop AL
fe LA EEHIrh wEE R TR
o i String MG S struct Point #H1/% String &R Copy A5 AL A & 4RaE o
* Remove Copy from the derive attribute. The compiler error is now in the println!

for pl.
o TREGUIRA A ik pl WUAE (5 HAF o

19.7 Drop ¥

SRAEE (R T Drop ‘RIVAT7EE H 1 IRf fa e A TR AR XA

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");

o BEIER > std::mem: :drop Fl std: :ops: :Drop: :drop F[H °
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o [ HEER 20T HEHEE -
o PEFER WREEENE std: jops: :Drop ‘RAGMEN(E Drop: :drop EfE -
o Y —2K AEGR{EE A EE Drop RAH G —HHEEENIFTA ML °
e std::mem: :drop HE— A EZEMMERNZE H KR SLiENZ T EE 2REMBIHEN A
R R P L [ 4 TR R B B BIHE 3E o A RTATE (B A 8 2 Ay AR S SR a e o
- MRV e drop HATHLE TAF (BIATREREH WEARE R E) EHEEH -

BEES

» AfFJE Drop: :drop AMEMH self?
- B MRERNEE RAGE BILA R std: :mem: :drop ~#ifi il 3% 75 — fE %
Drop: :drop WM 7 e iy |
« AHEHRF drop(a) B a.drop() °

19.8 £ EHE T HAN

ARG M EE AT E B S ATA BRI R SR8 R TR (M & DUREF
B BEERHTE

A AR TR Y A B o

enum Language {
Rust,
Java,
Perl,

}

struct Dependency {
name: String,
version_expression: String,
}

/// A representation of a software package.
struct Package {
name: String,
version: String,
authors: Vec<String>,
dependencies: Vec<Dependency>,
language: Option<Language>,

}

impl Package {
/// Return a representation of this package as a dependency, for use in
/// building other packages.
fn as_dependency(&self) -> Dependency {
todo! ("1")
}
}

/// A builder for a Package. Use "build()  to create the "Package itself.
struct PackageBuilder(Package);
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impl PackageBuilder {
fn new(name: impl Into<String>) -> Self {
todo! ("2")
}

/// Set the package version.

fn version(mut self, version: impl Into<String>) -> Self {
self.?.version = version.into();
self

}

/// Set the package authors.

fn authors(mut self, authors: Vec<String>) -> Self {
todo! ("3")

}

/// Add an additional dependency.

fn dependency(mut self, dependency: Dependency) -> Self {
todo! ("4")

}

/// Set the language. If not set, language defaults to None.
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())
.build();

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

19.8.1 fRILFHER

enum Language {
Rust,
Java,
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Perl,
}

struct Dependency {
name: String,
version_expression: String,

}

/// A representation of a software package.
struct Package {
name: String,
version: String,
authors: Vec<String>,
dependencies: Vec<Dependency>,
language: Option<Language>,

}

impl Package {
/// Return a representation of this package as a dependency, for use in
/// building other packages.
fn as_dependency(&self) -> Dependency {
Dependency {
name: self.name.clone(),
version_expression: self.version.clone(),

}

/// A builder for a Package. Use "build()  to create the "Package itself.
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,
})
}

/// Set the package version.

fn version(mut self, version: impl Into<String>) -> Self {
self.®.version = version.into();
self

}

/// Set the package authors.
fn authors(mut self, authors: Vec<String>) -> Self {
self.0.authors = authors;
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self
}

/// Add an additional dependency.

fn dependency(mut self, dependency: Dependency) -> Self {
self.?.dependencies.push(dependency);
self

}

/// Set the language. If not set, language defaults to None.
fn language(mut self, language: Language) -> Self {
self.®.language = Some(language);
self
}

fn build(self) -> Package {
self.0
}
}

fn main() {
let base64 = PackageBuilder::new("base64").version("0.13").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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3 il

This segment should take about 55 minutes. It contains:

Slide Duration
Box 10 minutes
Rc 5 minutes

R 10 minutes
% . ookt 30 minutes

20.1 Box<T>

Box 52 BA A RER A HERE LA E R FERE
fn main() {
let five = Box::new(5);
println!("five: {}", *five);

}

Stack Heap
five :
+----- + . +----- +
B e et NI
+ommm- + : +ommm- +

Box<T> @#fF Deref<Target = T> i@t MR LA EIETE Box<T> ik T REIYJ 7% o
AR E R R S A BN RR A NP AZE [ Box -

enum List<T> {
/// A non-empty list: first element and the rest of the list.
Element (T, Box<List<T>>),
/// An empty list.
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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 +----+----+ +------ +----+----+
| Element | 1 | O--+----4----- +--->| Element | 2 | o--+--->| Ni1 | // | // |
Fomm oo oo+ A, R e - S

* Boxislike std: :unique_ptr in C++, except that it's guaranteed to be not null.
o ELUNBEHL N AEAT LA Box -
— MR AR HE AN 2T A (B Rust ARk ds 75 SRR
- BEEBRBERII AR SRR R FERREER SO ERH# A7 1E Box AHERE
b B AR A G HHERE o
» If Box was not used and we attempted to embed a List directly into the List, the

compiler would not be able to compute a fixed size for the struct in memory (the List
would be of infinite size).

Box K/NE—fAEAH I Af X @5 AR P A T —8 List judR It a] DURHE (E i o

* 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.

HEREZANE
BRI

enum List<T> {
Element (T, Box<List<T>>),
Nil,

}

fn main() {
let list: List<i32> =
List::Element(1l, Box::new(List::Element(2, Box::new(List::Nil))));
println! ("{list:?}");
}

Box TAEZH LSRG — AR M EAE R null satk—R 4nsEas ] UKD IR AL B R L
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list :
Fomm e - o4 : . R
| Element | 1 | O--#----4----- +--->| Element | 2 | // |
Fommme e R Rt : : T L
20.2 Rc

Rc B2 F B HEE NEEZFEMESEHEFRNER A DU E S
use std::rc::Rc;
fn main() {

let a
let b

Rc::new(10);
Rc::clone(&a);

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

o WIRIERNZHI TR 55208 Arc fil Mutex o

o SEATLUB I TERET IR ) 2 Weak 512 LUEEN 2 B S R o

* Rc WEHEATEIR R EA 2% WEIEM G IREFARL

* Rust '/ Rc #ifg C++ H1HY std: : shared_ptr —#k °

* Rc::clone BIRARAK 72 I fifk & 8 7 i A R e B A FE A Al 38 N2 25 1 8 T AN & 2 AR TR
vl SRR TS RUAE [ RE R o mT DL o

» make_mut EFE FGTEAEREEATE ( Iclone-on-write ) Alf [FI{E AT B 2% o

o {fifl Rc: :strong_count A/ &EEZHE 5 o

* Rc::downgrade 2L G2 EEU MG BV 2B GHERENTERE (TREGHEL
RefCell) °

20.3 FEWIF

R AT SRR RO ME B EIARER (SR AT R Eh

struct Dog {
name: String,
age: 18,

l'

il

}
struct Cat {
lives: 1i8,

}

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

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!")
}
}

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());

}
}
LURZEE pets BAVGLIRMEACE :
Stack Heap
"pets: Vec<dyn Pet>" : : "data: Cat" L R I
e tommoo- + : s e + | F | 1 | d | o | :
| ptr | 0---+---+--. | lives | 9 | LR R C L EE L
| len | 2 | N T oo + A .
| capacity | 2 | S A | :
Fomm oo tommmo o + S | P :
S | data: "Dog" | :
S | e Rl + :
—————————————— S e I | name | o, 4, 4 | :
‘--+-->] 00 | 0 O-|----- >| age | 5 | :
to|---t-]---+ L R T + :
| | :
T
| |
| | "Program text"
e
| | vtable
| | S PO O S +
| T----- >| "<Dog as Pet>::talk" |
| S +
| vtable
| oo - +
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» Types that implement a given trait may be of different sizes. This makes it impossible to
have things like Vec<dyn Pet> in the example above.
« AEM dyn Pet EfE75iAM AR Ea SR EE Pet RUBIRE R/ VA
o 1EARBIH > pets FAIERER D HIFEHEBFIMER L0 JamiErm ST R B
— Afatpointeris a double-width pointer. It has two components: a pointer to the actual
object and a pointer to the virtual method table (vtable) for the Pet implementation
of that particular object.
- %7y Fido 1Y Dog B b2 name #1 age Mz - Cat HIA lives fifiL
o PRER LA EE BRI N E
println!("{} {}", std::mem::size_of::<Dog>(), std::mem::size_of::<Cat>());
println! ("{} {}", std::mem::size_of::<&Dog>(), std::mem::size_of::<&Cat>());
println! ("{}", std::mem::size_of::<&dyn Pet>());
println!("{}", std::mem::size_of::<Box<dyn Pet>>());

204 #E ook

TR R AR R R AR (A SRR A A RGPPSR SR A R 1 — (A
ARAEAE LU E BT N AR N ZE BRGSO A A B R ERS E & B NME i N AR iR A R b
AT A B ER A ORIIME

A EAELUN R sBeE AR B0 o

oy A B B ARE AR EEE o

/// A node in the binary tree.
struct Node<T: Ord> {

value: T,

left: Subtree<T>,

right: Subtree<T>,
}

/// A possibly-empty subtree.
struct Subtree<T: Ord>(Option<Box<Node<T>>>);

/// A container storing a set of values, using a binary tree.
/117
/// If the same value is added multiple times, it is only stored once.
pub struct BinaryTree<T: Ord> {
root: Subtree<T>,

}
// Implement "new’, “insert’, "len , and "has .

mod tests {
use super::*;

fn len() {
let mut tree = BinaryTree::new();
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assert_eq!(tree.len(), 0);
tree.insert(2);
assert_eq!(tree.len(), 1);
tree.insert(1);
assert_eq!(tree.len(), 2);
tree.insert(2); // not a unique item
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, false]);
tree.insert(0);
check_has (&tree, &[true, false, false, false, false]);
tree.insert(4);
check_has(&tree, &[true, false, false, false, true]);
tree.insert (4);
check_has (&tree, &[true, false, false, false, truel);
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);

}
assert_eq!(tree.len(), 100);

assert! (tree.has(&50));

20.4.1 fRILFTE

use std::cmp::0rdering;

/// A node in the binary tree.
struct Node<T: Ord> {

value: T,

left: Subtree<T>,

right: Subtree<T>,
}

/// A possibly-empty subtree.
struct Subtree<T: Ord>(Option<Box<Node<T>>>);
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/// A container storing a set of values, using a binary tree.
/117
//1 If the same value is added multiple times, it is only stored once.
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);

}

fn has(&self, value: &T) -> bool {
self.root.has(value)
}

fn len(&self) -> usize {
self.root.len()

}

impl<T: Ord> Subtree<T> {
fn new() -> Self {
Self(None)

fn insert(&mut self, value: T) {
match &mut self.0 {

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),

Y
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}

fn len(&self) -> usize {
match &self.0 {
None => 0,
Some(n) => 1 + n.left.len() + n.right.len(),

}

impl<T: Oxrd> 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);
assert_eq!(tree.len(), 2);
tree.insert(2); // not a unique item
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);
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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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21 #B57
Welcome Back

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

Segment Duration

& 50 minutes
] 1 hour and 10 minutes
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5 22 57

fi

This segment should take about 50 minutes. It contains:

Slide Duration

f&H 10 minutes
f&H 10 minutes
AERAIE M (Interior Mutability) 10 minutes
ol e RETER 20 minutes

22.1 16l

As we saw before, instead of transferring ownership when calling a function, you can let a
function borrow the value:

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:?}");

o add PFFE e RIEES Al AT RS o
o PNL S & OR B A N RIPTARE ©

SEIRHAR R B 1 TR R S UCEE B3 o BB 5 | O o
HREZNH
1 B R R R
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* Demonstrate that the return from add is cheap because the compiler can eliminate
the copy operation. Change the above code to print stack addresses and run it on the
Playground or look at the assembly in Godbolt. In the "DEBUG” optimization level, the
addresses should change, while they stay the same when changing to the "RELEASE”
setting:

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:?}");
}
* Rust #Raas A LA T [RHE(E & (L (RVO) ©

» In C++, copy elision has to be defined in the language specification because constructors
can have side effects. In Rust, this is not an issue at all. If RVO did not happen, Rust will
always perform a simple and efficient memcpy copy.

22.2 f5H

Rust's borrow checker puts constraints on the ways you can borrow values. For a given value,
at any time:

* You can have one or more shared references to the value, or
* You can have exactly one exclusive reference to the value.

fn main() {
let mut a: i32 = 10;
let b: &i32 = &a;

{
let c: &mut i32 = &mut a;

*c = 20;
}

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

© AR SRR RUE R R B B BRI 2 AETE PR R A
o PRRAXEEAGHRE NS RRGFEINZEE c #1 b LIRTEBIEMA A EFIEAE G a o
G b B9 println! BUAXFEIEA c AEEREAT AR AR CHS o
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https://play.rust-lang.org/?version=stable&mode=release&edition=2021&gist=0cb13be1c05d7e3446686ad9947c4671
https://rust.godbolt.org/

o KOBZHER MRifas FRBLALM b WK G ERT AT BIEEM ¢ (5 a ZAT s8R g
B RIIIAE M ER Ll ) (non-lexical lifetimes) °

« HE2MAIHRIRA - Rust GFAEHSM MRERB TR A GRAE o & UES )
IR R R RS IR AL SR At 2 IR AR A E ] DUIE % 2 IR A A an B Y 22 iR
FEFag o

« fERRESERE EF R T2 AT BlnFE R A i A R AL ET HE 20 i
At A] REMR TR e 2 T PR ) ELE AR T a8 & 88 B e e A ad il 2% -

22.3 WA (Interior Mutability)
TESLLER LT R ISE L () 2R RITZOR: | Hr7 i SO ORGSR AT AE &7 PR DAI At
AR MERE 7 1 TR Y o

TPER AT AT DUE I 2 I R IZ s (T S2EhRY) 17 HORE SRR sUR S IR DA A 75 AU T
BLHRAE RIR AT R 22 2 ARI2E H 2 U TP TR Bha . o

RefCell

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

struct Node {
value: i64,
children: Vec<Rc<RefCell<Node>>>,

}
impl Node {
fn new(value: i64) -> Rc<RefCell<Node>> {
Rc::new(RefCell: :new(Node { value, ..Node::default() }))
}
fn sum(&self) -> i64 {
self.value + self.children.iter().map(|c| c.borrow().sum()).sum::<i64>()
}
}

fn main() {
let root = Node::new(1);
root.borrow_mut().children.push(Node: :new(5));
let subtree = Node: :new(10);
subtree.borrow_mut().children.push(Node: :new(11));
subtree.borrow_mut().children.push(Node: :new(12));
root.borrow_mut().children.push(subtree);

println!("graph: {root:#?}");
println!("graph sum: {}", root.borrow().sum());
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Cell

Cell &4 AME Af o FF IS B il A B A ¥ Cell IR MT —kE (HIE & A drEazE
BT MR A 2R AL RS E K -
BRI A IV EEE Rust $RAL M2 75 % Al SN H 2B E BN ER EERE AT Z
7 i RefCell 1 Cell BEAMETE o
» RefCell €E@HITREENGA SRFEH Rust H)—RAE IR (AL H2 M E —-HB2R) -
EARGIF FTA IR Y Bk EA S RtbigdE — e -
» Rc HARFE HERANILE (W) FEUTA WA QiEHE) 2ELEA R ENHZR HE2 H
AT A A EE R IL PSR T s B 1 A ml st o
o WITERERZE S 0 Cell BRAHEAVMIE A HAPH set J7ikn#E32&sel T og TR H) TR EL
WA HREREME R TREA HAHERA o

* Demonstrate that reference loops can be created by adding root to subtree.children.
o WSEHRHMATIEE B AE R RRIBTE #55 fn inc (&mut self) %57 self.value B -

AL IHRFIYAE R A 75 7% ofEA 2B ERE T 28 g 532805 HA ) thread 'main' &
[A 'already borrowed: BorrowMutErroxr' miRif o

22.4 #H EAEmEHER

S EAE B R R B P A TR I P 5 (R L3 R o

You'll start with a stubbed function in an imp1 block as well as a User struct definition. Your
goal is to implement the stubbed out method on the User struct defined in the impl block.

Copy the code below to https://play.rust-lang.org/ and fill in the missing method:

// TODO: remove this when you're done with your implementation.

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)>,
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https://play.rust-lang.org/

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

}

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);

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)));

22.4.1 fRIMTTE

pub

pub

pub

struct User {

name: String,

age: u32,

height: 32,

visit_count: usize,

last_blood_pressure: Option<(u32, u32)>,

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

struct HealthReport<'a> {
patient_name: &'a str,
visit_count: u32,
height_change: 32,

122



blood_pressure_change: Option<(i32, 1i32)>,

}

impl User {
pub fn new(name: String, age: u32, height: f32) -> Self {
Self { name, age, height, visit_count: @, last_blood_pressure: None }

}

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 132, bp.1 as 132 - lbp.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);

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

Slide Duration
Slices: &[T] 10 minutes
ZRIR 2R 10 minutes
PR AR dr ] 10 minutes
A 5 minutes
A A HA 5 minutes

#3% : Protobuf Z#r 30 minutes

23.1 YA

DI ARG E B EARNES ©

fn main() {
let mut a: [i32; 6] = [10, 20, 30, 40, 50, 60];
println!("a: {a:?}");

let s: &[132] = &a[2..4];

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

o VIR G1EY) R RIE B o
o [ CWURTEH s ATEX a[3] GAMTERE ?

o HMERL—MEYIR TR EH a RREMSRHEEREMARRS] -

o NRYIATERS] 0 BAYE ‘Rust FIHEEFEZE AT RFTRIMEE FHRE RS | 2 &al0. .a.1len()]
fl&al..a.len()] EEMEM o

o [FE ORE AR 2t Hit &a[2. .a.1en()] fM&a[2..] ZEAMEF o
o (KL 2 TESREN e AR BRI LMEN &al. . ] °

o s EH 132s VIR +ATEE ° s (&[132]) ARG FHE KSR 28 A FIRTMTEARIR
NIYI R ITER o
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* Slices always borrow from another object. In this example, a has to remain 'alive’ (in
scope) for at least as long as our slice.

* The question about modifying a[3] can spark an interesting discussion, but the answer
is that for memory safety reasons you cannot do it through a at this point in the execution,
but you can read the data from both a and s safely. It works before you created the slice,
and again after the println, when the slice is no longer used.

23.2 WAL

FABLAE AT LAME % Rust 1A Wi B AUl > &str 3 R&[char] B HEERHE DI A] 8 R 4R i
(UTF-8) fi#if7 °

fn main() {
let s1: &str = "World";
println!("s1l: {s1}");

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

s2.push_str(sl);

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

let s3: &str = &s2[6..];
println!("s3: {s3}");

}

L Rust B & /R iE bk

» &str BHFHUIR AR
* String J2rEENH) 7 AR E E o

* &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 { String BUAR AT A RATEER K SRR Vec<T> —kk 225 A E@IHA# -

* As with many other types String::from() creates a string from a string literal;
String: :new() creates a new empty string, to which string data can be added using
the push() and push_stx () methods.

* The format! () macro is a convenient way to generate an owned string from dynamic
values. It accepts the same format specification as println! ().

o MEATLUEME &str FIPTEERVHIEEIE ¢ String fEH&str VIR AR AR oAH & E RS T
miER E R AR LD E R MR T8 T dR e g BT E TR AN
chars B2 -

» For C++ programmers: think of &str as std::string_view from C++, but the one
that always points to a valid string in memory. Rust String is a rough equivalent of

std: :string from C++ (main difference: it can only contain UTF-8 encoded bytes and
will never use a small-string optimization).

* Byte strings literals allow you to create a & [u8] value directly:

fn main() {
println!("{:?}", b"abc");
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println!("{:?}", &[97, 98, 99]);

23.3 PRI R A i 28 10

29T A A ] AT TS A 2 0000E Sl (5 A E 85 & 1B o

T HRFRAM H AT R A @ EArT DB ROR o8 > &'a Point ~ &'document stx A DIBAAEFR R
Aan i CEan BRI BEER | —RTER G S e T FAf &'a Point M BB A a AR
f&iH Point‘] ©

Lifetimes are always inferred by the compiler: you cannot assign a lifetime yourself. Explicit
lifetime annotations create constraints where there is ambiguity; the compiler verifies that
there is a valid solution.

1E# 8 BRI E R AR E A e s S L i o
struct Point(i32, i32);

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

fn main() {
let pl: Point Point (10, 10);
let p2: Point Point (20, 20);
let p3 = left_most(&pl, &p2); // What is the lifetime of p3?
println!("p3: {p3:?}");

}

TEAGI Hrafas ik Han H p3 FIEA Z RAVEMED AERXTMARER HFifa LA TRER
w% p3 KA ENE pl 1 p2 FREYESEARE (ERtRAA]—FE - Rust BE E5 bR 25 B0 Bl {EYE A9 A= A
AN L B AR o

' a ZEHIEE left_most :

fn left_most<'a>(pl: &'a Point, p2: &'a Point) -> &'a Point {
iazen TREE pl fl p2 #BEL 'a Ry WEHEENA AR D&% 'ac

— B N AT B IR A A SRR R N RO A o

23.4 PRI Hh A i 28 10

Lifetimes for function arguments and return values must be fully specified, but Rust allows
lifetimes to be elided in most cases with a few simple rules. This is not inference — it is just a
syntactic shorthand.

o NUBERA L EIRERE S | B SIS — (R -
o WERIVA {5 B AE e B AIE TR AG T A AR [EHEE o
o WIRA ZE5 1B mER BE— R B4 self aldd:arA e itaa i A R INEERE EE o
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https://doc.rust-lang.org/nomicon/lifetime-elision.html

struct Point(i32, i32);

fn cab_distance(pl: &Point, p2: &Point) -> 132 {
(p1.0 - 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)));
}
}
nearest.map(|(p, _)| p)
}
fn main() {
println!(
{7y,
nearest(

&[Point (1, @), Point(1l, ©), Point(-1, @), Point(@, -1),1,
&Point (0, 2)

)i
}
BRI BERIABPEERE AN T cab_distance °
nearest IR AL —E R EEH] H 5 [ BEA 2T EHME 2 o
Al e e e R (S ) A A A
fn nearest<'a, 'g>(points: &'a [Point], query: &'q Point) -> Option<&'q Point> {
HRE N G HUTHR R AR e o AR A AL 5 A R sATE R IR TR (PE %) MIBHEIENL 72
FEAE A Rust BYH HEEERARTE o
B4 n] BE & s PRI 5% A AL an 78 3] o Rust RUME AT —H) BA A a Bl ] LERZ BRI T AR EREE
WAL AR ) 77 TN RN BRSBTS BRI IA T A= i BT g T DA B e D A5
W ATAIAT — MR 5 B A B IR U R AT SRR R BT A A R RE 2 1 R s R B e 2
gt o
23.5 RPN an A

SNSRE R A & i 7 15 RV ERE RILAZE 8 A A a7 SR A
struct Highlight<'doc>(&'doc str);

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

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

£ Bti#EFI - Highlight RUREM & REIFUTLL IR (2 U EENR &str FEREE R &
FEIRS T HE = D AN E R ERHFTA Highlight fiIH—H K o

YSRTE fox (2 dog) WA ARG SR ATIRAE text ff F bRt & [l St

GA e TR R 7 & SR R G (R B R A R Ja R AR ﬂ%ﬁ_fﬁ REM AR
QUABYIIITEREE A

A e H] FE R EORHA I B R A EDRL ©

AN E SIS ISR PTHEA 2 (A B IRE R AIRER 1 ASRERIAY A= B I 2 S 2255 B
S I R an B AR (5 WL AT REA D EEA 2 (84 an B HTRE AR JIRLE 2 AH & HERE AR o

23.6 &% : Protobuf Hbr

TEABRE T AR M protobuf —ERARESHIEINT S AL JELEBRARA S | e th & B E
I RLAYEIAT K R OB BRI R SR E A S — A EHE -

N SEEEEINT protobuf FHUE A6 ZHIE AR AL 8 SRR AR STEIZR 5| @ H AL proto f%E
P FEARBRE B AR & eSS AR ALY B R XA R R AR 25 match BiUtisk o

M LR proto |

message PhoneNumber {
optional string number =
optional string type = 2;
}

1;

message Person {
optional string name = 1;
optional int32 id =
repeated PhoneNumber phones = 3;
}

proto S S 4RS R — RSNHIMAAL ~—{E 235 — (8 SHEMRALAR IR 75 i AERI TR B B AR SEREE
SAMAARSE (F140 Person fUERY id MIAARSEZE 2) LUK A LA &# A8 E RIEAAIEA T &
FHATH PR E B -

B (EEER) LM% VARINT WA RERER R GHEEZ U TITERABELKER
parse_varint sZfENIE M ER T EE &L R Person F1 PhoneNumber ML Alf i sHUE SIAT 2
g L B — 2 AR o

&R N2 % Person # PhoneNumber E ff parse_field Xl ProtoMessage Rl
Hf o

use std::convert: :TryFrom;
use thiserror::Error;
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https://protobuf.dev/programming-guides/encoding/

enum Error {
InvalidVarint,
InvalidWireType,
UnexpectedEOF,
InvalidSize(#[from] std::num::TryFromIntExrror),
UnexpectedWireType,
InvalidString,
}

/// A wire type as seen on the wire.

enum WireType {
/// The Varint WireType indicates the value is a single VARINT.
Varint,
/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 132 WireType indicates that the value is precisely 4 bytes in
/// little-endian order containing a 32-bit signed integer.
132,

}

/// A field's value, typed based on the wire type.
enum FieldValue<'a> {
Varint (u64),
//164(i64), -- not needed for this exercise
Len(&"'a [u8]),
132(i32),
}

/// A field, containing the field number and its value.
struct Field<'a> {

field_num: u64,

value: FieldValue<'a>,
}

trait ProtoMessage<'a>: Default + 'a {
fn add_field(&mut self, field: Field<'a>) -> Result<(), Error>;

}

impl TryFrom<u64> for WireType {
type Error = Error;

fn try_from(value: u64) -> Result<WireType, Error> {
Ok (match value {
0 => WireType::Varint,
//1 => WireType::164, -- not needed for this exercise
2 => WireType::Len,
5 => WireType::132,
_ => return Err(Error::InvalidWireType),
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)
}

impl<'a> FieldValue<'a> {
fn as_string(&self) -> Result<&'a str, Error> {
let FieldValue::Len(data) = self else {
return Err(Error: :UnexpectedWireType);
Y
std::str::from_utf8(data).map_err(|_| Error::InvalidString)
}

fn as_bytes(&self) -> Result<&'a [u8], Error> {
let FieldValue::Len(data) = self else {
return Err(Error: :UnexpectedWireType);
b
Ok(data)
}

fn as_u64(&self) -> Result<u64, Error> {
let FieldValue::Varint(value) = self else {
return Err(Error: :UnexpectedWireType);
b
Ok (*value)

}

/// Parse a VARINT, returning the parsed value and the remaining bytes.
fn parse_varint(data: &[u8]) -> Result<(u64, &[u8]), Error> {
for i in 0..7 {
let Some(b) = data.get(i) else {
return Exrr(Error::InvalidVarint);
b
if b & 0x80 == 0 {
// This is the last byte of the VARINT, so convert it to
// a u64 and return it.
let mut value = Qu6b4;
for b in data[..=1].iter() .rev() {
value = (value << 7) | (b & 0x7f) as ub4;

}
return Ok((value, &data[i + 1..1));

}

// More than 7 bytes is invalid.
Err(Error::InvalidVarint)

}

/// Convert a tag into a field number and a WireType.
fn unpack_tag(tag: u64) -> Result<(u64, WireType), Error> {
let field_num = tag >> 3;
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let wire_type = WireType::try_from(tag & 0x7)7?;
Ok((field_num, wire_type))

/// Parse a field, returning the remaining bytes
fn parse_field(data: &[u8]) -> Result<(Field, &[u8]), Error> {
let (tag, remainder) = parse_varint(data)?;
let (field_num, wire_type) = unpack_tag(tag)?;
let (fieldvalue, remainder) = match wire_type {
_ => todo!("Based on the wire type, build a Field, consuming as many bytes as n
b
todo! ("Return the field, and any un-consumed bytes.")

}

/// Parse a message in the given data, calling 'T::add_field  for each field in
/// the message.
vy
/// The entire input is consumed.
fn parse_message<'a, T: ProtoMessage<'a>>(mut data: &'a [u8]) -> Result<T, Error> {
let mut result = T::default();
while !data.is_empty() {
let parsed = parse_field(data)?;
result.add_field(parsed.0)?;
data = parsed.l;
}
Ok (result)
}

struct PhoneNumber<'a> {
number: &'a str,
type_: &'a str,

}

struct Person<'a> {
name: &'a str,
id: u64,
phone: Vec<PhoneNumber<'a>>,

}
// TODO: Implement ProtoMessage for Person and PhoneNumber.

fn main() {
let person: Person = parse_message(&[
0x0a, ©0x07, @0x6d, Ox61, 0x78, ©0x77, ©Ox65, @Ox6C, OXx6C, 0Xx10, Ox2a, 0xla,
0x16, 0Ox0a, Ox0e, Ox2b, 0x31, 0x32, 0x30, 0x32, ©0x2d, @x35, @x35, 0x35,
0x2d, ©x31, ©0x32, 0x31, 0x32, 0x12, 0x04, 0x68, @Ox6f, 0x6d, 0x65, 0xla,
0x18, @Ox0a, 0x0e, 0x2b, 0x31, Ox38, 0x30, 0x30, ©0x2d, 0x38, 0x36, 0x37,
Ox2d, ©x35, ©0x33, 0x30, 0x38, 0x12, 0x06, Ox6d, Ox6f, 0x62, 0x69, 0Ox6¢C,
0x65,
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.unwrap (),
println!("{:#?}", pexrson);

23.6.1 fRILGE

use std::convert::TryFrom;
use thiserror::Error;

enum Error {
InvalidVarint,
InvalidWireType,
UnexpectedEOF,
InvalidSize(#[from] std::num::TryFromIntExrror),
UnexpectedWireType,
InvalidString,
}

/// A wire type as seen on the wire.

enum WireType {
/// The Varint WireType indicates the value is a single VARINT.
Varint,
//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 132 WireType indicates that the value is precisely 4 bytes in
/// little-endian order containing a 32-bit signed integer.
132,

}

/// A field's value, typed based on the wire type.
enum FieldValue<'a> {
Varint(u64),
//164(i64), -- not needed for this exercise
Len(&"'a [u8]),
132(i32),
}

/// A field, containing the field number and its value.
struct Field<'a> {

field_num: u64,

value: FieldValue<'a>,
}

trait ProtoMessage<'a>: Default + 'a {
fn add_field(&mut self, field: Field<'a>) -> Result<(), Error>;

}

impl TryFrom<u64> for WireType {
type Error = Error;
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fn try_from(value: u64) -> Result<WireType, Error> {

Ok (match value {
0 => WireType::Varint,
//1 => WireType::164, -- not needed for this exercise
2 => WireType::Len,
5 => WireType::132,
_ => return Err(Error::InvalidWireType),

1)

}

impl<'a> FieldValue<'a> {
fn as_string(&self) -> Result<&'a str, Error> {
let FieldValue::Len(data) = self else {
return Err(Error: :UnexpectedWireType);
}
std::str::from_utf8(data).map_err(|_| Error::InvalidString)

}

fn as_bytes(&self) -> Result<&'a [u8], Error> {
let FieldValue::Len(data) = self else {
return Err(Error: :UnexpectedWireType);
b
Ok(data)
}

fn as_u64(&self) -> Result<u64, Error> {
let FieldValue::Varint(value) = self else {
return Err(Exrror::UnexpectedWireType);
Y
Ok (*value)

}

/// Parse a VARINT, returning the parsed value and the remaining bytes.
fn parse_varint(data: &[u8]) -> Result<(u64, &[u8]), Error> {
for i in 0..7 {
let Some(b) = data.get(i) else {
return Exrr(Error::InvalidVarint);
3,
if b & 0x80 == 0 {
// This is the last byte of the VARINT, so convert it to
// a ub4 and return it.
let mut value = 0u64;
for b in data[..=i].itexr().rev() {
value = (value << 7) | (b & 0x7f) as u64;

}
return Ok((value, &data[i + 1..]));
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// More than 7 bytes is invalid.
Err(Error::InvalidVarint)
}

/// Convert a tag into a field number and a WireType.

fn unpack_tag(tag: u64) -> Result<(u64, WireType), Error> {
let field_num tag >> 3;
let wire_type = WireType::try_from(tag & 0x7)7?;
Ok((field_num, wire_type))

}

/// Parse a field, returning the remaining bytes
fn parse_field(data: &[u8]) -> Result<(Field, &[u8]), Error> {
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()?;
if remainder.len() < len {
return Err(Error: :UnexpectedEOF);
}
let (value, remainder) = remainder.split_at(len);
(FieldValue: :Len(value), remainder)
}
WireType::132 => {
if remainder.len() < 4 {
return Exrr(Error: :UnexpectedEOF);
}
let (value, remainder) = remainder.split_at(4);
// Unwrap error because ‘value' is definitely 4 bytes long.
let value = i32::from_le_bytes(value.try_into().unwrap());
(FieldValue: :132(value), remainder)
}
}i
Ok((Field { field_num, value: fieldvalue }, remainder))
}

/// Parse a message in the given data, calling 'T::add_field  for each field in
/// the message.
/17
/// The entire input is consumed.
fn parse_message<'a, T: ProtoMessage<'a>>(mut data: &'a [u8]) -> Result<T, Error> {
let mut result = T::default();
while !data.is_empty() {
let parsed = parse_field(data)?;
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result.add_field(parsed.0)?;
data = parsed.l;
}
Ok (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>) -> Result<(), Error> {
match field.field_num {
1 => self.name = field.value.as_string()?,
2 => self.id = field.value.as_ub4()?,
=> self.phone.push(parse_message(field.value.as_bytes()?)?),
=> {} // skip everything else

impl<'a> ProtoMessage<'a> for PhoneNumber<'a> {
fn add_field(&mut self, field: Field<'a>) -> Result<(), Error> {
match field.field_num {
1 => self.number = field.value.as_string()?,
2 => self.type_ = field.value.as_string()?,
=> {} // skip everything else

fn main() {

let person: Person = parse_message(&[
Ox0a, 0x07, oxe6d, Ox61, ©0Xx78, @0x77, OXx65, OX6C, OX6C, OX10, OX2a, 0X1la,
0x16, @Ox0a, 0x0e, Ox2b, 0x31, @0x32, 0x30, 0x32, ©0x2d, 0x35, 0x35, 0x35,
0x2d, ©0x31, ©x32, ©0x31, ©0x32, ©0x12, 0x04, ©0x68, Ox6f, 0x6d, OX65, OX1la,
0x18, Ox0a, Ox0e, Ox2b, 0x31, 0x38, 0x30, 0x30, ©0x2d, @Ox38, @Ox36, 0x37,
0x2d, ©x35, ©0x33, 0x30, 0x38, 0x12, 0x06, Ox6d, @Ox6f, 0x62, 0x69, Ox6¢C,
0x65,

1)

.unwrap (),

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

mod test {
use super::*;

fn as_string() {
assert!(FieldValue: :Varint(10).as_string().is_err());
assert!(FieldValue::132(10).as_string().is_erxr());
assert_eq!(FieldValue::Len(b"hello").as_string().unwrap(), "hello");
}

fn as_bytes() {
assert!(FieldValue: :Varint(10).as_bytes().is_err());
assert!(FieldValue::132(10).as_bytes().is_err());
assert_eq!(FieldValue::Len(b"hello").as_bytes().unwrap(), b"hello");
}

fn as_ub4() {
assert_eq! (FieldValue: :Varint(10).as_u64().unwrap(), 10u64d);
assert!(FieldValue: :I32(10).as_ub4d().is_erxr());
assert! (FieldValue::Len(b"hello").as_u64().is_erx());
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Today we will cover topics relating to building large-scale software in Rust:
o B TRARE Iterator i o
o FEAHANTAT RLYE ©
o o
o GERABRIE R > Result LUK try HETF ? o
o 222 Rust (AEESS & 2R Rust RRYESTTIA ©

BB HES

Including 10 minute breaks, this session should take about 2 hours and 40 minutes. It contains:

Segment Duration

#Eon 3 minutes

B2 45 minutes
EAH 40 minutes
I 45 minutes
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This segment should take about 45 minutes. It contains:

Slide Duration

Iterator 5 minutes
Intolterator 5 minutes
FromlIterator 5 minutes

sRE BAETTAMAS 30 minutes

25.1 Iterator

Iterator R ARG EE AP IVEETBRIEE EREHE next & HERHERKETIE $T2E
HERR R ERIAIECBEEE Iterator MG AT L BITELE :
struct Fibonacci {

curxr: 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) {
println! ("fib({i}): {n}");
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* The Iterator trait implements many common functional programming operations
over collections (e.g. map, filter, reduce, etc). This is the trait where you can find all
the documentation about them. In Rust these functions should produce the code as
efficient as equivalent imperative implementations.

e Intolterator 2B f# for B /ER R St RFE BB STIB] (B4 Vec<T>) FIFHRH 2R
(&Vec<T> H &[T]) EfEMAK LA 0 E th & B /EE TERH o Etai i T I8 &M LUE# for i
in some_vec { .. } BmEETEMN BI#HRZAE some_vec.next () Yy o

25.2 Intolterator

The Iterator trait tells you how to iterate once you have created an iterator. The related
trait IntoIterator defines how to create an iterator for a type. It is used automatically by
the for loop.

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: @, 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]l));
self.i += 1;
res
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}

fn main() {
let grid = Grid { x_coords: vec![3, 5, 7, 9], y_cooxds: vec![1l0, 20, 30, 40] };
for (x, y) in grid {
println! ("point = {x}, {y}");
}
}

Click through to the docs for IntoIterator. Every implementation of IntoIterator must
declare two types:

« Item: the type to iterate over, such as 18,
* Intolter: into_iter /A EIK Iterator &jl o

HIER Intolter 1 Item B H&A BB LHEAMERAMN Item B 5| R x & H[A
Option<Item> o

PLEEf e x f y BRI AL A AT AR o

FHEMTE main HEMSARBARR SRR AT SRS ? 38R > Intolterator: :into_iter
UG self BIAHRE o

MBS IE R 2481 &Grid E/E Intolterator A Grid MR MEREMLE GridIter H o

i o 12 X B AU B AT A & 3% 4 AR BV ST R bk 2 for e in some_vector € HU{S some_vector
HIHEA BE A S RZ AR AN A TR T B NI FEMH for e in &some_vector B{LEHE
some_vector JLEMNRIR o

25.3 Fromlterator

FromIterator FIFEfUZM Iterator BHES o

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 implements
fn collect<B>(self) -> B

where
B: FromIterator<Self: :Item>,
Self: Sized

] DU i 75 a8 (75 7A 15 E B
o {45/~ Mturbofish | : some_iterator.collect: :<COLLECTION_TYPE> () offia R {#
F_ f%5 A% Rust #Esm Vec JLRAVEL o
o [HHRIBIHEGR © let prime_squares: Vec<_> = some_iterator.collect() sHEH
MR E T sRAE PN o
There are basic implementations of FromIterator for Vec, HashMap, etc. There are also more

specialized implementations which let you do cool things like convert an Iterator<Item =
Result<V, E>>intoaResult<Vec<V>, E>.
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25.4 #E EIRER T IS

In this exercise, you will need to find and use some of the provided methods in the Iterator
trait to implement a complex calculation.

Copy the following code to https://play.rust-lang.org/ and make the tests pass. Use an iterator
expression and collect the result to construct the return value.

/// Calculate the differences between elements of “values offset by ‘offset’,
/// wrapping around from the end of ‘values  to the beginning.
Iy
/// Element "n° of the result is ‘values[(n+offset)%len] - values[n]’.
fn offset_differences<N>(offset: usize, values: Vec<N>) -> Vec<N>
where
N: Copy + std::ops::Sub<Output = N>,
{

}

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, 51), vec![2, 2, -4]1);
assert_eq! (offset_differences(1l, vec![1, 3]), vec![2, -2]1);

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);
71), vecl[6, -2, -2, -21);
), vecl![0, 0, @, 0]);

), vecl[2, 2, 2, -6]1);

Ul oo

wwww

fn test_custom_type() {
assert_eq! (
offset_differences(1l, vec![1.0, 11.0, 5.0, 0.0]),
vec![10.0, -6.0, -5.0, 1.0]
),

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 fRPTTHE

/// Calculate the differences between elements of “values offset by "offset’,
/// wrapping around from the end of ‘values  to the beginning.

/117

/// Element "n° of the result is ‘values[(n+offset)%len] - values[n]’
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fn

offset_differences<N>(offset: usize, values: Vec<N>) -> Vec<N>

where

{

fn

fn

fn

fn

fn

N: Copy + std::ops::Sub<Output = N>,

let a (&values) .into_itex();
let b (&values) .into_iter().cycle().skip(offset);
a.zip(b).map(|(a, b)| *b - *a).collect()

test_offset_one() {
assert_eq! (offset_differences(1l, vec![1l, 3, 5, 71), vec![2, 2, 2, -6]1);
assert_eq! (offset_differences(1l, vec![1, 3, 5]), vec![2, 2, -4]);
assert_eq! (offset_differences(1, vec![1, 3]), vec![2, -2]1);

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, -2]1);
), vecl![0, 0, 0, 01);
), vecl![2, 2, 2, -61);

wwww
(G2 O,

~ ~ ~ =

test_custom_type() {
assert_eq!(
offset_differences(1, vec![1.0, 11.0, 5.0, 0.0]),
vec![10.0, -6.0, -5.0, 1.0]
),

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(1, empty), vec![]);

main() {}
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This segment should take about 40 minutes. It contains:

Slide Duration
izt 3 minutes
FER ARG 5 minutes
RERE 5 minutes
use ~ super ~ self 10 minutes

#E . GUI A2-UEREAE 15 minutes

26.1 izl

BMIEA 4 imp L EEBLANAT AR R A i 22 R S 2 T )
[FRRH > mod RIREFAM N BRI R A an fa 22

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 EGIRALIIAE A% Cargo. toml REEE FHIREEIAAIAEN & A 1 18 Crate HI4HE ©
o Crate ;ZBLAHMIRHRASHE Hrh NS Crate @@ HATHE MifEzU Crate HI & 4R 22 o
o WU E G T FRANA FE R R AT o
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26.2 R{RASENE
U A WAL P75 745 B Rust 18 LALRE R h SR pv s

mod

garden;

& &% Rust %178 garden BN ZTE sTc/garden. rs FHEIMY dalfit garden: :vegetables
AT E sTc/garden/vegetables. rs H1#kE] o

crate REHRAL :

e syc/lib.xrs CGEANERE Crate)
e src/main.rs CEAR ENEE Crate)

Rt R DUEFE A ”inner doc comments” sR#RfE R ERIEA SLg it EMiEE AAAREF
B o

e
e

This module implements the garden, including a highly performant germination

implementation.

// Re-export types from this module.

pub
pub

v
pub

}

/1117
pub

}

use garden: :Garden;
use seeds: :SeedPacket;

Sow the given seed packets.
fn sow(seeds: Vec<SeedPacket>) {
todo! ()

Harvest the produce in the garden that is ready.
fn harvest(garden: &mut Garden) {
todo! ()

1E Rust 2018 Z i #4017 module/mod. rs MiIE module.rs 7 ZE{55R 2 2018 B48/K
AT RRITE ©

EA filename.rs ff{# filename/mod.xs FIBFI T E TERERN AL 4% mod. s HIRE
Z1E IDE HIREE 5 -

B ) AR A R T DUfEE FH Rl RN - AR A AR —h

src/

F—— main.zrs
—— top_module.rs
L—— top_module/

L—— sub_module.rs

Rust ZAAA N B ] B B AR ey 15 S8
mod some_module;

SRBIAR R A SRR A R A E 2 & some_module_test.rs FUREZEF (JEL Go FHIE
) ELEREH -
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26.3 RERE

FAT TR AL AR 25 BEAAIE 5T
o BAHIE E FHB S AR (GRERE (AT E R o
o SIEMFEEIHE GRS o
o HAR)EERRE ANSRIH HEURTE foo BHH AIGHBAE foo WA F & ©

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();
}

o [ pub B TR R T AR o
RSN At A DUE FERSE pub (. . . ) T AR BRI 2 B A3 B RE R A ] o
#H2B] Rust 25 & o
& pub(crate) BIEHERRE MR R o
TR AR 455 S O BERE IR, AHZS A L
JaEGm A AR5 R B BREIR I A AR (R HFTA T 2) °

26.4 wuse ~ super - self

FEAH AT UE A use jREELAETAE AR 5% A R R /Y JAva s & 7E S RAR A TN B 2L R 7T A

use std::collections: :HashSet;
use std::process::abort;

PRTE
BEEE AT T LA
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1. AR

« foo 5 self: :foo B HAMEAHH foo o
* super: : foo BHERIEBHF foo °

2. M7 REBHIRAE

» crate: :foo EfH#( Crate f)REHEEH foo °
e bar: :foo /215 bar Crate ] foo °

o H R R TERFEBE TS L TERTE M fF9% SREIPKER > Crate HIWTHSE 1ib. rs RIREA
mod storage;

pub use storage::disk::DiskStorage;
pub use storage::network::NetworkStorage;

B ERE R RTIFRAE A Crate 24t DiskStorage #1 NetworkStorage °

o EREIHEN T RABREEMTIIEEFEE use B2 ANEFEISFEIEM AL w2588
SR EEE 2 N R B ERZ R A R Bl E AR ST E At — R SREIRER ANEALEEE Read FEHIAL
Hf#H read_to_string 75i% f&F % use std::io::Read-°

o use BULRFTAER S E R ZIT Bl use std::io::* Rl Ja R EEZHNME HAFRMmEE
T TE A T WHREETE B T H 38 LhTE H 0] AERE 2 I R ks o

26.5 #% : GUI MAHEMEIsH
TEARSRE h AR AR e NI GUI BB B /FTE H oS AR E s 7 Widget R SZ R 261
EeEE LA main AR o

A R (B UTAH B R RLGN) SO B BB R R R TR ERZ AR A B SR
fH o

Cargo Setup

Rust Playground {37 1% — {5 IR ILIE T BAE AR E 2SN Cargo BHE ©

cargo init gui-modules
cd gui-modules
cargo run

SRR sTc/main. rs SHTH mod B RAGTE src HEgr i E R ZE o

DR GUI LA R B — 4R B IR E

pub trait Widget {
/// Natural width of “self’.
fn width(&self) -> usize;

/// Draw the widget into a buffer.
fn draw_into(&self, buffer: &mut dyn std::fmt::Write);

/// Draw the widget on standard output.
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fn draw(&self) {
let mut buffer = String::new();
self.draw_into(&mut buffer);
println! ("{buffer}");

}

pub struct Label {
label: String,

}

impl Label {
fn new(label: &str) -> Label {
Label { label: label.to_owned() }
}
}

pub struct Button {
label: Label,

}

impl Button {
fn new(label: &str) -> Button {
Button { label: Label::new(label) }
}
}

pub struct Window {

title: String,

widgets: Vec<Box<dyn Widget>>,
}

impl Window {
fn new(title: &str) -> Window {
Window { title: title.to_owned(), widgets: Vec::new() }

}

fn add_widget(&mut self, widget: Box<dyn Widget>) {
self.widgets.push(widget);
}
fn inner_width(&self) -> usize {
std::cmp: :max(
self.title.chars().count(),
self.widgets.iter().map(|w| w.width()).max().unwrap_or(0),

}

impl Widget for Window {
fn width(&self) -> usize {
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// Add 4 paddings for borders
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: Change draw_into to return Result<(), std::fmt::Error>. Then use the

// ?-operator here instead of .unwrap().

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 // add a bit of padding

}

fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
let width = self.width();
let mut label = String::new();
self.label.draw_into(&mut label);

writeln! (buffer, "+{:-<width$}+", "").unwrap();
for line in label.lines() {
writeln! (buffer, "|{:Awidth$}|", &line).unwrap();

}
writeln! (buffer, "+{:-<width$}+", "").unwrap();

}

impl Widget for Label {
fn width(&self) -> usize {
self.label.lines().map(|line| line.chars().count()).max().unwrap_oxr(0)

}

fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
writeln! (buffer, "{}", &self.label).unwrap();

}
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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() ;

}

PRk ENER AR DL B TE R 77 N EIFE S ABELERT mod ~ use Ml pub B o218 BlamMbLb a0 AR5 & 2

TBH -

26.5.1 fRILFTE

src
F—— main.zrs

—— widgets

| F—— button.rs
| —— 1label.rs

| L—— window.rs
L—— widgets.rs

// ---- src/widgets.rs ----
mod button;
mod label;
mod window;

pub trait Widget {
/// Natural width of “self".
fn width(&self) -> usize;

/// Draw the widget into a buffer.
fn draw_into(&self, buffer: &mut dyn std::fmt::Write);

/// Draw the widget on standard output.
fn draw(&self) {
let mut buffer = String::new();
self.draw_into(&mut buffer);
println! (" {buffer}");

}

pub use button::Button;
pub use label::Label;
pub use window: :Window;

// ---- src/widgets/label.rs ----
use super: :Widget;

pub struct Label {
label: String,

}
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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_oxr(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 // add a bit of padding

}

// 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();
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}

/! ---- 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
// Add 4 paddings for borders
self.inner_width() + 4

}

// ANCHOR: Window-draw_into
fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
// ANCHOR_END: Window-draw_into
let mut inner = String::new();
for widget in &self.widgets {
widget.draw_into(&mut inner);
}

let inner_width = self.inner_width();
// TODO: after learning about error handling, you can change

// draw_into to return Result<(), std::fmt::Error>. Then use
// the ?-operator here instead of .unwrap().

writeln! (buffer, "+-{:-<inner_width$}-+", "").unwrap();
writeln! (buffer, "| {:Ainner_width$} |", &self.title).unwrap();
writeln! (buffer, "+={:=<inner_width$}=+", "").unwrap();

for line in inner.lines() {

152



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() ;
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527 S5y
HIEA

This segment should take about 45 minutes. It contains:

Slide Duration
HEEEAE 5 minutes
HAth &R 5 minutes
fRaEdstaa (Lint) A1 Clippy 3 minutes
ERERTR 30 minutes

27.1  HoHlEk

Rust 1 Cargo f2t 7 — il BAYEEITRIEA (unit test) HEZR
o TEVRAAR SRS A (0Tt 77 #0 AT AR I B Tl 3t o
« AW (integration test) HIFHELE tests/ ERIHT o

B FDL #[test] B BITHIGERE AR EARD tests BHH i #[cfg(test)] TAKEHEF
AR RIS (R LE A HIRAR) o
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_woxd(""), "");

}

fn test_single_word() {
assert_eq! (first_word("Hello"), "Hello");
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}

fn test_multiple_words() {
assert_eq! (first_word("Hello World"), "Hello");
}

o BAREERNEBEE TR T o
o HATEHIT cargo test W #[cfg(test)] BHAGER -

#i1e Playground FE IS B RAS R o

27.2 HAZH

B AEA

USRI E L P i & R R U AA BRI SHIE -
1£ tests/ 2 RENV—# .rs fE%E .

// tests/my_library.rs
use my_library::init;

fn test_init() {
assert!(init().is_ok());

}
Ja LE IR HAEFF Y crate AU API

AtHSCAFIER

Rust PIEERZH S A HIE AR S8k -

/// Shortens a string to the given length.

/17

/11"

/// # 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())]

}

2 HERE /7 RIS E LA 2% Rust #2205 o
RiFaREE AT BT cargo test Br&—fFEfTiatefE s o
o TSR # 12 BRI S BRI AR & AR T o

* 341 Rust Playground _Fiflgt bt e XA o

27.3 #marsibEd (Lint) fI Clippy

Rust A & &4 s i E R FEdaUE LU E A YA Lint © Clippy AIE#tE 2 Lint H &5 pa] #
A E R R -
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https://play.rust-lang.org/?version=stable&mode=debug&edition=2021&gist=3ce2ad13ea1302f6572cb15cd96becf0
https://doc.rust-lang.org/clippy/

fn main() {

let x = 3;
while (x < 70000) {
X *= 2;
}
println! ("X probably fits in a ul6, right? {}", x as ul6);
}
A B T2 TS A & B SRS, SRS ALNAEE B Lint (EAEHEF AR #2 - Lint S0~ & FHER -

K ZEEFHIELE Lint #524H Playground #du} o

fgght Lint %% w51F Playground #8uh F#UT clippy #R clippy &% o Clippy #2#K& Lint s
fF HE&— BRI Lint (R4S TEZAEAER Lint) o

AR AT LUER cargo fix BifRiESs BIEEA help: ... KUSHREES -

27.4 JERER

RSN UCRPR

i B B A RS (5 R 5ENE SE R BEIE S B AIm A NS ATBUT RIRIEREREE 5%
i .

 Ignore all spaces. Reject number with fewer than two digits.

o AT RARBALRI BT — LDABT 1234 25 #5KF 3 #0 1 e — ;#2585 98765 ikt 6 Al
8F_ o

o KBTI R ARG RAIN 9 SR A EF M AL 7 ' _FR 14 REHHZE 1 + 4 =
5o

o RFTA BT (e A Tk =) M o

o WERMAEFSBFIIRAZ 0 REBEHFRIRARL -
a AR AEAAR NS 2 R T B TAR SRR B AR B 59 AME A R I B A BT IS AR R A T
IEREEAE ©
Copy the code below to https://play.rust-lang.org/ and write additional tests to uncover bugs
in the provided implementation, fixing any bugs you find.

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 {
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https://en.wikipedia.org/wiki/Luhn_algorithm
https://play.rust-lang.org/

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! (!1uhn("4223 9826 4026 9299"));
assert!(!1luhn("4539 3195 0343 6476"));
assert!(!luhn("8273 1232 7352 0569"));
}
}

27.4.1 fRIRTTE

// This is the buggy version that appears in the problem.
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;
}
}

sum % 10 ==

}

// This is the solution and passes all of the tests below.
pub fn luhn(cc_number: &str) -> bool {
let mut sum = 0;
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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() {
continue;

} else {
return false;

}

}

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!(!luhn("4539 3195 0343 6476"));
assert! (!1uhn("8273 1232 7352 0569"));
}

fn test_non_digit_cc_number() {
assert! (!luhn("foo"));
assert!(!luhn("foo @ 0"));
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fn test_empty_cc_number() {
assert! (!luhn(""));
assert! (!'Iuhn(" "));
assert! (!luhn(" "));
assert! (!1luhn(" "))
}

fn test_single_digit_cc_number() {
assert! (!1uhn("0"));
}

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

}
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28 57
Welcome Back

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

Segment Duration
PR R P 55 minutes

A% Rust 1 hour and 5 minutes
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% 29 k57

il P

This segment should take about 55 minutes. It contains:

Slide Duration

R 3 minutes
EBRE 5 minutes
F& i 5 minutes
Drop % 5 minutes
From # Into 5 minutes

i Result &1 T4EMEEEERER 30 minutes

29.1 X

Rust &7 [ 24 ) ¢ pR B i AR
SR BATRE B 3E A EORSHR » Rust #l & A3 R4 i

fn main() {
let v = vec![10, 20, 30];
println!("v[100]: {}", v[100]);

o RMRARIEMILE R IETHIASEGR o
— R n DU AR R g5 R o
— WATREEL R (AN B 18 R ) AT AE & il 3 R
- BS (B0 assert!) SfE MR EE A4 Rl
- FHEMREE AR R AT LUEH panic! FE& o
o R e iRBA B LT AR AN T UG R A E R E— A o
o WML AR UIHE S A SRR APL i Vec: (get °

ARARTHREL R & 78 R G HE R JAn] DURERCE SHE(E
use std::panic;

fn main() {

let result = panic::catch_unwind(|| "No problem here!"
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println! ("{result:?}");

let result = panic::catch_unwind(|| {
panic!("oh no!");

1)

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

o WEREEITS FHWERL catch_unwind BEFISNRI |
o WRIAARGS T EFFRUENE (B A B —ZRAE AN ER AR LAY -
o YIRIESE Cargo. toml HEEE panic = 'abort' FEMEIABREULMIL o

29.2 EES

THAVEAE IR A RIS R EPUTREELSERR A2 Result BURIRERE AH & RIEN REAT LR LR ]
AEFEE RN © try BB T ? BHR SR E R E A RN o r R AR N2 RAAR S
match some_expression {

Ok (value) => value,
Err(err) => return Err(err),

}

L N R AR NS

some_expression?

We can use this to simplify our error handling code:

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),
H

let mut username = String::new();

match username_file.read_to_string(&mut username) {
0Ok(_) => 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:?}");

}
bk read_username HR LUEMH ? o

AN
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* username BHAILLZ Ok (string) B Exr(error) ©

o BEMHH fs::write MEIYARHIGALL RARHEIEN IR AEE EEESR SHEHERBIESE -

o LR HE main EfE std: :process:Termination {Er[{#[A] Result<(), E> E¥ L
BN E FEIE Debug FATHERIREUR Exy S8 Al 7 334 SaRIRHE R EZ &S AIRAE ©

29.3 [3EHEiH

EEARSEATHRRIR FAIFEES 2 AUA SRR E Ha A — 5
expression?
7T B LU SR

match expression {
Ok(value) => value,
Err(err) => return Exr(From::from(errxr)),

}

The From: : from call here means we attempt to convert the error type to the type returned
by the function. This makes it easy to encapsulate errors into higher-level errors.

]|

use std::error: :Error;

use std::fmt::{self, Display, Formatter};
use std::fs::File;

use std::io::{self, Read};

enum ReadUsernameError {
IoErroxr(io: :Error),
EmptyUsername(String),
}

impl Error for ReadUsernameError {}

impl Display for ReadUsernameError {
fn fmt(&self, f: &mut Formatter) -> fmt::Result {
match self {
Self: :IoExror(e) => write!(f, "IO error: {e}"),
Self: :EmptyUsername(path) => write!(f, "Found no username in {path}"),

}

impl From<io::Error> for ReadUsernameError {
fn from(err: io::Exrror) -> Self {
Self: :IoError(err)
}
}

fn read_username(path: &str) -> Result<String, ReadUsernameError> {
let mut username = String::with_capacity(100);
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File::open(path)?.read_to_string(&mut username)?;
if username.is_empty() {
return Err(ReadUsernameError::EmptyUsername(String: :from(path)));
}
Ok (username)

}

fn main() {

//fs::write("config.dat", "").unwrap();

let username = read_username('"config.dat");

println!("username or error: {username:?}");
}
? B E 06 ZE ] B R oK (e O] R A A A B (E o4 SRR Result »FRonBE s FH AL L HAH A oAl R 2
&[] Result<T, ErrorOuter> M) X & ErrorOuter 1 ExrorInner %Y 5IAHE A 8 &
ErrorOuter Ef{E From<ErrorInner> if i HAETE Result<U, ErrorInner> BUFIAY(EH - {H
H? o

From EEHH RAERIT %2 Result: :map_exrr Rijlle & B U 7E B — A7 B 3 A4 I B2 it o

Option M AANRR AIRHA @ Option<T> AL Option<Us ki ? MEE FRMLER
B T 1 U R o

{#m] Result AR MEIRTE Option REA? S Z7R2R o > Option: :ok_or & Option &k
% Result fii Result: : ok HIjK Result i@z Option °

29.4 BhRESES

Sometimes we want to allow any type of error to be returned without writing our own enum
covering all the different possibilities. The std: :error: :Exrror trait makes it easy to create
a trait object that can contain any error.

use std::error::Error;
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}"),
Err(err) => println!("Error: {err}"),

}

read_count A LUEE std: :io: :Exrror GEEMEZREIER) 5 std: :num: :ParseIntError
(&# String: :parse) °
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Boxing errors saves on code, but gives up the ability to cleanly handle different error cases
differently in the program. As such it's generally not a good idea to use Box<dyn Error>in
the public API of a library, but it can be a good option in a program where you just want to
display the error message somewhere.

T EETEERAIBINE BN EE std: jerror: :Exror H ¥ S8 A BB Rl AN BE LB
no_std B #5ME std: :error: : Error HiH HAMEE KPR no_std tHE -

29.5 thiserror and anyhow

The thiserror and anyhow crates are widely used to simplify error handling.

* thiserror AW ERNXEPEM HIGZEILAIEIE From<T> fH&T #E R o
* anyhow %&H HE ARG -H 892 B R N B9 St EE BRI ARG 25 8d il b S EER o

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:?}"),

thiserror

o Error fiTAEESEEH thiserror 124t AL EANEM: A BIRLUETE 77 e A m Al -
o std::error: :Error EE BETA o
o #[error] WFEERIARNTA Display & o
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https://github.com/rust-lang/rust/issues/103765
https://docs.rs/thiserror/
https://docs.rs/anyhow/

anyhow

» anyhow: :Exror £ /2 Box<dyn Erroxr> /&M ELER A 28 % 2 A a2
fIAH APL G H eI EE AR -

* anyhow: :Result<V> /& Result<V, anyhow: :Exrror> (HIAI5I% o

o WELIRF AT DURECH P A B R BH SRR TR ©

« Go FH#E NBFREEE15 anyhow: :Result<T> $2BLAYTHRELIG AHE IR A a% DIRESR L T 8L Go
Y (T, error) BRI A 5 -

» anyhow: : Context Z& ¥H1Z%E Result M1 Option B HIE VA RF 1 o1 R 73 L AU i
.context () fl.with_context () #ZH# A anyhow::Context °

29.6 i Result T4 LESRER

DURFE SRS B E— M3 5 B ) SR R0 S5 00T 28 E & s R AR PR R RR S5 AR Y O E Y
PR B AR EAAEIE ZE main MREIERE N SSAT A A thiserror #l anyhow °

7R (E A BIE parse PRFUH I EE AR FRAK T offE R — V)R HEE1& o8 Tokenizer BIR] EA(E
Iterator<Item=Result<Token, TokenizerError>> AifEHrasma o

use std::iter::Peekable;
use std::stxr::Chars;

/// An arithmetic operator.

enum Op {
Add,
Sub,
}

/// A token in the expression language.
enum Token {

Number (String),

Identifier(String),

Operator(Op),
}

/// An expression in the expression language.
enum Expression {
/// A reference to a variable.
Var(String),
/// A literal number.
Number (u32),
/// A binary operation.
Operation(Box<Expression>, Op, Box<Expression>),

}

fn tokenize(input: &str) -> Tokenizer {
return Tokenizer(input.chars().peekable());

}

struct Tokenizer<'a>(Peekable<Chars<'a>>);
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impl<'a> Iterator for Tokenizer<'a> {
type Item = Token;

fn next(&mut self) -> Option<Token> {
let c = self.0.next()?;
match c {
'9'..='9" => {
let mut num = String::from(c);
while let Some(c @ '0'..='9") = self.0.peek() {
num.push(*c);
self.?.next();
}

Some(Token: :Number (num))

lal..=lzl => {
let mut ident = String::from(c);

while let Some(c @ ('a'..="z" | '_" | '0'..='9")) = self.0.peek() {

ident.push(*c);
self.0.next();
}

Some(Token: :Identifier(ident))

+' => Some(Token: :0Operator(Op::Add)),
"-'" => Some(Token: :0perator(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");
3,
let expr = match tok {
Token: :Numbexr (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
// Look ahead to parse a binary operation if present.
match tokens.next() {
None => expr,
Some (Token: :Operator(op)) => Expression::Operation(
Box: :new(expr),
op,
Box: :new(parse_expr(tokens)),
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)
Some(tok) => panic!("Unexpected token {tok:?}"),

}

parse_expr(&mut tokens)

}

fn main() {
let expr = parse("1l0+foo+20-30");
println! ("{expr:?}");

29.6.1 fRILFTHE

use thiserror::Error;
use std::iter::Peekable;
use std::str::Chars;

/// An arithmetic operator.

enum Op {
Add,
Sub,
}

/// A token in the expression language.
enum Token {

Number (String),

Identifier(String),

Operator(Op),
}

/// An expression in the expression language.
enum Expression {
/// A reference to a variable.
Var(String),
/// A literal number.
Number(u32),
/// A binary operation.
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>>);
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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 {
'Q'..='9" => {
let mut num = String::from(c);
while let Some(c @ 'Q'..='9")
num.push(*c);
self.0.next();

= self.0.peek() {

}
Some (Ok(Token: :Numbex (num)))
}
lal.'=|zl => {
let mut ident = String::from(c);
while let Some(c @ ('a'..="'z'" | '_" | '0'..='9")) = self.0.peek() {
ident.push(*c);
self.0.next();
}
Some (Ok(Token: :Identifier(ident)))

+' => Some(0Ok(Token: :Operator(Op::Add))),
'-' => Some(Ok(Token: :0Operator(Op::Sub))),
_ => Some(Err(TokenizerError: :UnexpectedCharacter(c))),

}

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)),
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}
// Look ahead to parse a binary operation if present.
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)),
1)
}

parse_expr(&mut tokens)

}

fn main() -> anyhow: :Result<()> {
let expr = parse("10+foo+20-30")7?;
println! ("{expr:?}");
0k(())
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This segment should take about 1 hour and 5 minutes. It contains:

Slide Duration
A2 %) Rust 5 minutes
paps iyl 10 minutes
A]SAN AR RR AR B 5 minutes
iy 5 minutes
PRI A2 2 B R 2 5 minutes
BIEA T 2R 5 minutes

Y EEEAMEE AT (FFI) 30 minutes

30.1 AZ4R Rust

Rust &5 WEHERD
2R Rust | RIRECRACIEAS 2 & IR AR T RAITA -
FERZ R Rust @ * RN FOE SR MENE R RE AR E RAT A ©
We saw mostly safe Rust in this course, but it's important to know what Unsafe Rust is.
Az AR S H AR 22 FERE BB e 2 MR g b G M0 Sk B RS Y 1
T
7 ANz ) Rust A DU A HIEHTYIRE
o HIRIEIEME% o
o FHEEK TS AR AR -
« fFEL union A ©
MY unsafe M (fU4E extern Hx) o
« EfE unsafe i o
AR BN SR Z BRI DIRE ANRIREENS 5208 Rust Book Y% 19.1 & *B{K Rustonomicon °

Unsafe Rust does not mean the code is incorrect. It means that developers have turned off
some compiler safety features and have to write correct code by themselves. It means the
compiler no longer enforces Rust's memory-safety rules.
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https://rust-lang.tw/book-tw/ch19-01-unsafe-rust.html
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30.2 HHIEERE2%H

BV IEEMHE S AR EIEESE T EMFH unsafe :
fn main() {

}

let mut s = String::from("careful!");

let r1 = &mut s as *mut String;
let r2 = r1 as *const String;

// Safe because rl and 12 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!("r2 is: {}", *r2);

}

// NOT SAFE. DO NOT DO THIS.

/*

let r3: &String = unsafe { &*rl };
drop(s);

println!("r3 is: {}", *13);

*/

It is good practice (and required by the Android Rust style guide) to write a comment for
each unsafe block explaining how the code inside it satisfies the safety requirements of the
unsafe operations it is doing.

In the case of pointer dereferences, this means that the pointers must be valid, i.e.:

* The pointer must be non-null.
* The pointer must be dereferenceable (within the bounds of a single allocated object).

The object must not have been deallocated.

There must not be concurrent accesses to the same location.

If the pointer was obtained by casting a reference, the underlying object must be live
and no reference may be used to access the memory.

In most cases the pointer must also be properly aligned.

INOT SAFE | #8124t 7% R UB s8R - *1r1 BA 'static AmBEN Ktk r3 A& ' static
String EERA AET &8 s SEIEIEE ST EMSINEE) _ o

30.3 RISERAFRESEAR

ST OO BT TS SRR 2
static HELLO_WORLD: &str = "Hello, world!";

fn main() {
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println! ("HELLO_WORLD: {HELLO_WORLD}");
}
A FEEGE R A PR AR O AT 2 R AT RER AR R T
static mut COUNTER: u32 = 0;

fn add_to_counter(inc: u32) {
unsafe {
COUNTER += inc;
}
}

fn main() {
add_to_counter(42);

unsafe {
println! ("COUNTER: {COUNTER}");
}
}
o EMAE IR E—HITH BRI Z 2 E o~ » Rust AR A RST G R ENER 7E
AR unsafe BB SaE o AR AR RE 2y (1 EEIE 2RI TAR 2 B8 static B ARERMITR ©
* Using a mutable static is generally a bad idea, but there are some cases where it might
make sense in low-level no_std code, such as implementing a heap allocator or working
with some C APIs.
30.4 MiGHE

Tt A AN SRR (BT B TR HE ] MR |

union MyUnion {
i: u8,
b: bool,

}

fn main() {

let u = MyUnion { i: 42 };

println!("int: {}", unsafe { u.i });

println!("bool: {}", unsafe { u.b }); // Undefined behavior!
}

Unions are very rarely needed in Rust as you can usually use an enum. They are occasionally
needed for interacting with C library APISs.

If you just want to reinterpret bytes as a different type, you probably want std: :mem: : transmute
or a safe wrapper such as the zerocopy crate.
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https://doc.rust-lang.org/stable/std/mem/fn.transmute.html
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30.5 PR 2R

WA~ 2 2R PR X

NS PR B 7 13 LA REAME MG T 00 A 52 Se (G RE R G R B FR AT 2 ARt i) LU e R 2\
B R % unsafe .

extern "C" {
fn abs(input: i32) -> 1i32;
}

fn main() { 7
let emojis = "« €@ ";

// Safe because 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) }));

unsafe {

// Undefined behavior if abs misbehaves.

println!("Absolute value of -3 according to C: {}", abs(-3));
}

// Not upholding the UTF-8 encoding requirement breaks memory safety!
// println!("emoji: {}", unsafe { emojis.get_unchecked(0..3) });
// println!("char count: {}", count_chars(unsafe {
// emojis.get_unchecked(@..3) }));
}

fn count_chars(s: &str) -> usize {
s.chars().count()
}

AL 2NN
HTSRA T R 2RSS S 2 I A BB SR 01T B FT LUK LR 2 unsafe o

/// Swaps the values pointed to by the given pointers.
/17
/11 # Safety
/17
/// The pointers must be valid and properly aligned.
unsafe fn swap(a: *mut u8, b: *mut u8) {

let temp = *a;

*a = *b,

*b = temp;
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}

fn main() {
let mut a
let mut b

42;
66;

// Safe because ...
unsafe {
swap (&mut a, &mut b);

}

println!("a = {}, b = {}", a, b);
}
PRI A 22 Y PR

get_unchecked, like most _unchecked functions, is unsafe, because it can create UB if the
range is incorrect. abs is incorrect 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.

SEBIHAY " C" % ABI ; fasth a] DA HoAth ABI o

A ER R
We wouldn't actually use pointers for a swap function - it can be done safely with references.

Note that unsafe code is allowed within an unsafe function without an unsafe block. We
can prohibit this with #[deny(unsafe_op_in_unsafe_fn)]. Try adding it and see what
happens. This will likely change in a future Rust edition.

30.6 HEHIEArZZENFE

HRREL MR EEEFPLERBEN SR EREAFEBARERNITS BT REERS
unsafe o

A © zerocopy crate FLEARE IR AVE1H H RS

use std::mem::size_of_val;
use std::slice;

/17
/1] # Safety
/// The type must have a defined representation and no padding.
pub unsafe trait AsBytes {
fn as_bytes(&self) -> &[u8] {
unsafe {
slice::from_raw_parts(
self as *const Self as *const u8,
size_of_val(self),
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https://doc.rust-lang.org/reference/items/external-blocks.html
https://docs.rs/zerocopy/latest/zerocopy/trait.AsBytes.html

}

// Safe because u32 has a defined representation and no padding.
unsafe impl AsBytes for u32 {}

There should be a # Safety section on the Rustdoc for the trait explaining the requirements
for the trait to be safely implemented.

The actual safety section for AsBytes is rather longer and more complicated.
The built-in Send and Sync traits are unsafe.

30.7 ‘& FFI 28X

Rust has great support for calling functions through a foreign function interface (FFI). We will
use this to build a safe wrapper for the 1ibc functions you would use from C to read the
names of files in a directory.

RS2 ELN I E

* opendir(3)
* Teaddir(3)
e closedir(3)

SO std: - FF1 M Hrh & A B0 7 F 289 2 B

Jey s it

str f1String UTF-8 £ Rust HR B
CStr f1CString R Bl C U8R
OsStx Ml 0sString K& OS B 0S

IERAELU TR B 2 el i
o &str #| CString (TR ELLREIINO FIooi e o
» CString #| *const 18 f&TEAEIEAREFEAY C BRX o
*const i8 #| &CStr (B E LA DIKFNGEE\0 FITHIRE ©
&CStr to &[u8]: a slice of bytes is the universal interface for ’some unknown data”,
&[u8] % &0sStr : &0sStr /2fE 0sString AY—# %#ELL OsStrExt A7 o
&0sStx #| 0sString (R EH &0sStr HERL A BEEEIZ RN XY readdir ©
Nomicon AR FFI (V& FHEE Al A6 o
AL N R HEAE B F https://play.rust-lang.org/ AfEA G D IR XA

// TODO: remove this when you're done with your implementation.

mod ffi {
use std::os::raw::{c_char, c_int};
use std::os::raw::{c_long, c_uchar, c_ulong, c_ushort};

// Opaque type. See https://doc.rust-lang.org/nomicon/ffi.html.
pub struct DIR {
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}

_data: [u8; 0],
_marker: core::marker::PhantomData<(*mut u8, core::marker::PhantomPinned)>,

}

// Layout according to the Linux man page for readdir(3), where ino_t and
// off_t are resolved according to the definitions in
// Jusr/include/x86_64-1linux-gnu/{sys/types.h, bits/typesizes.h}.
pub struct dirent {
pub d_ino: c_ulong,
pub d_off: c_long,
pub d_reclen: c_ushort,
pub d_type: c_uchar,
pub d_name: [c_char; 256],
}

// Layout according to the macOS man page for dir(5).
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,
}

extern "C" {
pub fn opendir(s: *const c_char) -> *mut DIR;

pub fn readdir(s: *mut DIR) -> *const dirent;

// See https://github.com/rust-lang/libc/issues/414 and the section on
// _DARWIN_FEATURE_64_BIT_INODE in the macOS man page for stat(2).

//

// "Platforms that existed before these updates were available" refers
// to macOS (as opposed to i0S / wear0S / etc.) on Intel and PowerPC.
pub fn readdir(s: *mut DIR) -> *const dirent;

pub fn closedir(s: *mut DIR) -> c_int;

use std::ffi::{CStr, CString, OsStr, 0sString};
use std::os::unix::ffi::0sStrExt;

struct DirectorylIterator {

}

path: CString,
dir: *mut ffi::DIR,

impl DirectoryIterator {

fn new(path: &str) -> Result<DirectoryIlterator, String> {
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// Call opendir and return a Ok value if that worked,
// otherwise return Err with a message.
unimplemented! ()

}

impl Iterator for Directorylterator {
type Item = 0OsString;
fn next(&mut self) -> Option<0sString> {
// Keep calling readdir until we get a NULL pointer back.
unimplemented! ()

}

impl Drop for Directorylterator {
fn drop(&mut self) {
// Call closedir as needed.
unimplemented! ()

}

fn main() -> Result<(), String> {
let iter = Directorylterator::new(".")?;
println!("files: {:#?}", iter.collect::<Vec<_>>());
Ok(())

30.7.1 fRPLTIE

mod ffi {
use std::os::raw::{c_char, c_int};
use std::os::raw::{c_long, c_uchar, c_ulong, c_ushort};

// Opaque type. See https://doc.rust-lang.org/nomicon/ffi.html.
pub struct DIR {
_data: [u8; 0],
_marker: core::marker::PhantomData<(*mut u8, core::marker::PhantomPinned)>,

}

// Layout according to the Linux man page for readdir(3), where ino_t and
// off_t are resolved according to the definitions in
// /usr/include/x86_64-1linux-gnu/{sys/types.h, bits/typesizes.h}.
pub struct dirent {
pub d_ino: c_ulong,
pub d_off: c_long,
pub d_reclen: c_ushort,
pub d_type: c_uchar,
pub d_name: [c_char; 256],
}

// Layout according to the macOS man page for dir(5).

179



}

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,

extern "C" {

pub fn opendir(s: *const c_char) -> *mut DIR;
pub fn readdir(s: *mut DIR) -> *const dirent;

// See https://github.com/rust-lang/libc/issues/414 and the section on
// _DARWIN_FEATURE_64_BIT_INODE in the macOS man page for stat(2).

/1

// "Platforms that existed before these updates were available" refers
// to macOS (as opposed to i0S / wear0S / etc.) on Intel and PowerPC.
pub fn readdir(s: *mut DIR) -> *const dirent;

pub fn closedir(s: *mut DIR) -> c_int;

use std::ffi::{CStr, CString, OsStr, 0sString};
use std::os::unix::ffi::0sStrExt;

struct DirectorylIterator {
path: CString,

}

dir:

*mut ffi::DIR,

impl DirectoryIterator {
fn new(path: &str) -> Result<DirectorylIterator, String> {

}

// Call opendir and return a Ok value if that worked,
// otherwise return Err with a message.
let path =
CString: :new(path).map_err(|err| format!("Invalid path: {err}"))?;
// SAFETY: path.as_ptr() cannot be NULL.
let dir = unsafe { ffi::opendir(path.as_ptr()) };
if dir.is_null() {
Exrr(format!("Could not open {:?}", path))
} else {
Ok(DirectorylIterator { path, dir })
}

impl Iterator for Directorylterator {
type Item = 0OsString;
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fn next(&mut self) -> Option<0sString> {
// Keep calling readdir until we get a NULL pointer back.
// SAFETY: self.dir is never NULL.
let dirent = unsafe { ffi::readdir(self.dir) };
if dirent.is_null() {
// We have reached the end of the directory.
return None;
}
// SAFETY: dirent is not NULL and dirent.d_name is NUL
// terminated.
let d_name = unsafe { CStr::from_ptr((*dirent).d_name.as_ptr()) };
let os_str = OsStr::from_bytes(d_name.to_bytes());
Some(os_str.to_owned())

}

impl Drop for Directorylterator {
fn drop(&mut self) {

// Call closedir as needed.

if !self.dir.is_null() {
// SAFETY: self.dir is not NULL.
if unsafe { ffi::closedir(self.dir) } !'= 0 {

panic!("Could not close {:?}", self.path);

}

}

fn main() -> Result<(), String> {
let iter = Directorylterator::new(".")?;
println!("files: {:#7?}", iter.collect::<Vec<_>>());
Ok(())

}

mod tests {
use super::*;
use std::error::Error;

fn test_nonexisting_directory() {
let iter = DirectorylIterator::new("no-such-directory");
assert!(iter.is_err());

}

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);
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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 = 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, &[".", "..", "bar.png", "crab.rs", "foo.txt"]);

0k(())
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#0{E Android H ¥ Rust

Android FYZRGAL IR Rust g2 ] DUIE Rust AR HTHIIRG Fe Ui SEEhiEX 2229
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SREBEMEEREREENEF —IEEZ PN Rust AL AR EEEBEEPERE—/D
BRI ET AR Rust sATE R KB o AFn T ) T Bl DR AR I 2 fE R AR TS AE ST 0
IEYENTTA ©
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ST HEE -

source build/envsetup.sh
lunch aosp_cf_x86_64_phone-trunk_staging-userdebug
acloud create

F1EE20 Android 3\ BRI E ©

EHEEA
¢ Cuttlefish Z2% M Android 4 & AJ7E—f% Linux &% HEME -HZ 058158 MacOS °
* Cuttlefish ZAMUGHEAEMERFE L ERAEE I SIREE 2R HIRETZ Rust FRAYFAERBEERS o
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33.1 Rust ik

A — 1 B Ay e P AZ PSR T+ 578 Android BAIRRIAIG st R R E R A2 RAIRESE
hello_rust/Android.bp

rust_binary {
name: "hello_rust",
crate_name: "hello_rust",
srcs: ["src/main.rs"],

}
hello_rust/src/main.rs
//! Rust demo.

/// Prints a greeting to standard output.
fn main() {
println!("Hello from Rust!");

}
SRIALE AT DU IR B BT A
m hello_rust

adb push "$ANDROID_PRODUCT_OUT/system/bin/hello_xrust" /data/local/tmp
adb shell /data/local/tmp/hello_rust

Hello from Rust!

33.2 Rust &3V

AT LU rust_library % Android #7—fE#) Rust 20 o
art AR E S WA TR BRI AR U

* libgreeting CE®RUIT)
« libtextwrap (B external/rust/crates/ i Crate H)

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, // Need this to avoid dynamic link error.

}

rust_library {
name: "libgreetings",
crate_name: "greetings",
srcs: ["src/lib.rs"],

187


https://cs.android.com/android/platform/superproject/+/master:external/rust/crates/

hello_rust/src/main.rs
//! Rust demo.

use greetings::greeting;
use textwrap::fill;

/// Prints a greeting to standard output.
fn main() {

println!("{}", fill(&greeting("Bob"), 24));
}

hello_rust/src/lib.rs :
//! Greeting library.

/// Greet “name’.
pub fn greeting(name: &str) -> String {
format!("Hello {name}, it is very nice to meet you!")

}
FETEIRZ AT 2 AR R R AT A
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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AIDL

Rust 2#% Android /I TFiE S (AIDL) :

* Rust F2 5 AT DIFEIYEBLA Y AIDL JIRFS ©
o SR LATE Rust FEENZHTHY AIDL ARES ©

34.1 Birthday Service Tutorial

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.

34.1.1 AIDL 4

&R LAUER AIDL 411 5 & AREHY API -
birthday_service/aidl/com/example/birthdayservice/IBirthdayService.aidl :

/** Birthday service interface. */
interface IBirthdayService {

/** Generate a Happy Birthday message. */

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 is not enabled by default
enabled: true,
b
I
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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 fileis 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 :

/** Birthday service interface. */
interface IBirthdayService {

/** Generate a Happy Birthday message. */

String wishHappyBirthday(String name, int years);
}

Generated trait:

trait IBirthdayService {
fn wishHappyBirthday(&self, name: &str, years: 132) -> 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.

34.1.3 JIRFELE

FAMBAE ] LB /E AIDL IR%S T -
birthday_service/src/lib.rs :

use com_example_birthdayservice::aidl::com::example: :birthdayservice::IBirthdayService:
use com_example_birthdayservice: :binder;

/// The "IBirthdayService  implementation.
pub struct BirthdayService;

impl binder::Interface for BirthdayService {}

impl IBirthdayService for BirthdayService {
fn wishHappyBirthday(&self, name: &str, years: i32) -> binder::Result<String> {
Ok(format!("Happy Birthday {name}, congratulations with the {years} years!"))
}
}

birthday_service/Android.bp :

rust_library {
name: "libbirthdayservice",
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srcs: ["src/lib.rs"],

crate_name: "birthdayservice",

rustlibs: [
"com.example.birthdayservice-rust",
"libbinder_xs",

] I

» 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 filfil#%

w1& AR AT LU S R ARAS AR A R ES
birthday_service/src/serverrs .

//1 Birthday service.
use birthdayservice: :BirthdayService;

use com_example_birthdayservice::aidl::com::example::birthdayservice: :IBirthdayService:

use com_example_birthdayservice: :binderx;
const SERVICE_IDENTIFIER: &str = "birthdayservice";

/// Entry point for birthday service.
fn main() {
let birthday_service = BirthdayService;
let birthday_service_binder = BnBirthdayService: :new_binder(
birthday_service,
binder: :BinderFeatures: :default(),
),
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_xrs",
"libbirthdayservice",

1,

prefer_rlib: true, // To avoid dynamic link error.

}

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
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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.

34.1.5 #E

BIEFRAP AT LUREAR s e BB ES

m birthday_server

adb push "$ANDROID_PRODUCT_OUT/system/bin/birthday_server" /data/local/tmp
adb root

adb shell /data/local/tmp/birthday_server

e 55 —fE i R ARG 2 T AERT

adb shell service check birthdayservice

Service birthdayservice: found

#&1 service call WEAY At AT DAY ARES

adb shell service call birthdayservice 1 s16 Bob i32 24
Result: Parcel(

0x00000000: 00000000 00000036 00610048 00700070 ' .6...H.a.p.p."'
0x00000010: 00200079 ©0690042 00740072 00640068 'y. .B.i.r.t.h.d.'
0x00000020: 00790061 00420020 0062006 0020002c 'a.y. .B.o.b.,. .’
0x00000030: 006T0063 PV67006e 00610072 00750074 'c.o.n.g.r.a.t.u.’
0x00000040: 0061006Cc P0V690074 006e006T 00200073 'l.a.t.i.o.n.s. .'
0x00000050: 00690077 P0V680074 00740020 00650068 'w.i.t.h. .t.h.e.'
0x00000060: 00320020 00200034 00650079 00720061 ' .2.4. .y.e.a.r.'
0x00000070: 00210073 00000000 's.loL. ")

34.1.6 AIDL HFu

1&g (M DLAHTARES Az Rust F P o
birthday_service/src/client.rs :

use com_example_birthdayservice::aidl::com::example: :birthdayservice::IBirthdayService:
use com_example_birthdayservice: :binder;
const SERVICE_IDENTIFIER: &str = "birthdayservice";

fn main() -> Result<(), Box<dyn Error>> {
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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_xrs",

1,

prefer_rlib: true, // To avoid dynamic link error.

}

FATER FH Pl AMKFE 1ibbirthdayservice o
TN A R AR E T P imiE X

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.

34.1.7 5 API

R 7S API HERE 2 IhRE (IRIMAHEE A P RETEAE H F RisE 1T ¢
package com.example.birthdayservice;
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/** Birthday service interface. */
interface IBirthdayService {

/** Generate a Happy Birthday message. */

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 APL
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)

}
birthday_service/src/client.rs :

let msg = service.wishHappyBirthday(
&name,
years,
&[
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String: :from("Habby birfday to yuuuuu"),
String::from("And also: many more"),
1.

)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 #%]  Rust 45| Note

boolean bool

byte i8 Note that bytes are signed.
char ulé Note the usage of u16, NOT u32.
int i32

long i64

float 32

double 64

String String

34.2.2 [zl

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 ZUH|

in argument &[T]
out/inout argument &mut Vec<T>
Return Vec<T>

* In Android 13 or higher, fixed-size arrays are supported, i.e. T[N] becomes [T; N].
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>.
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34.2.3 KW

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;

intexface 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: u8,

}
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");

// Create a binder object for the "IBirthdayInfoProvider  interface.
let provider = BnBirthdayInfoProvider::new_binder (
InfoProvider { name: name.clone(), age: years as u8 },
BinderFeatures: :default(),

)
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// Send the binder object to the service.
service.wishWithProvider (&provider)?;

// Pexform 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 Y
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");

service.wishWithInfo(&BirthdayInfo { name: name.clone(), years })?;

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:

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();
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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: 132 = 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 §5r
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

The GoogleTest crate allows for flexible test assertions using matchers:

use googletest::prelude::*;

fn test_elements_are() {

let value = vec!["foo", "bar", "baz"];

expect_that!(value, elements_are!(eq("foo"), 1lt("xyz"), starts_with("b")));
}

If we change the last element to " ! ", the test fails with a structured error message pin-pointing
the error:

---- 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 is not part of the Rust Playground, so you need to run this example in a
local environment. Use cargo add googletest to quickly add it to an existing Cargo
project.

* Theuse googletest::prelude::*; lineimports a number of commonly used macros
and types.

* This just scratches the surface, there are many builtin matchers.
* A particularly nice feature is that mismatches in multi-line strings are shown as a diff:
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fn test_multiline_string_diff() {
let haiku = "Memory safety found, \n\
Rust's strong typing guides 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.")
)
}
shows a color-coded diff (colors not shown here):

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, \nSecuxr:
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

» The crate is a Rust port of GoogleTest for C++.

35.2 fifkt (Mocking)

For mocking, Mockall is a widely used library. You need to refactor your code to use traits,
which you can then quickly mock:

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.

* Note that mocking is somewhat controversial: mocks allow you to completely isolate a
test from its dependencies. The immediate result is faster and more stable test execution.
On the other hand, the mocks can be configured wrongly and return output different
from what the real dependencies would do.
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If at all possible, it is recommended that you use the real dependencies. As an example,
many databases allow you to configure an in-memory backend. This means that you
get the correct behavior in your tests, plus they are fast and will automatically clean up
after themselves.

Similarly, many web frameworks allow you to start an in-process server which binds to
a random port on localhost. Always prefer this over mocking away the framework
since it helps you test your code in the real environment.

* Mockall is not part of the Rust Playground, so you need to run this example in a local
environment. Use cargo add mockall to quickly add Mockall to an existing Cargo
project.

* Mockall has a lot more functionality. In particular, you can set up expectations which
depend on the arguments passed. Here we use this to mock a cat which becomes hungry
3 hours after the last time it was fed:

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);

* You can use .times(n) to limit the number of times a mock method can be called to n
— the mock will automatically panic when dropped if this isn't satisfied.
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% 36 #5
ALk

IEMEMEF log Crate "HENREISFENHE] logcat (B N) 8¢ stdout (F#im)
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 .
//1 Rust logging demo.

use log::{debug, error, info};

/// Logs a greeting.
fn main() {
logger: :init(
logger: :Config: :default()
.with_tag_on_device("rust")
.with_min_level(log::Level::Trace),
)
debug! ("Starting program.");
info! ("Things are going fine.");
error! ("Something went wrong!");

}

A A M AESEE AT EAIAE

m hello_rust_logs

adb push "$ANDROID_PRODUCT_OUT/system/bin/hello_rust_logs" /data/local/tmp

adb shell /data/local/tmp/hello_rust_logs
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sl @ ERTE adb logcat H !

adb logcat -s rust

09-08 08:38:32.454
09-08 08:38:32.454
09-08 08:38:32.454

2420 2420 D rust: hello_rust_logs: Starting program.
2420 2420 I rust: hello_rust_logs: Things are going fine.
2420 2420 E rust: hello_rust_logs: Something went wrong!
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S DUHAN AR = Y bR U AR 2 (8 TAVERERZUATE ) M FFI (Foreign Function Interface) °

37.1 Bl CH M

Rust AEFEFE SR C 355 RYNEAUE B EAS Y MRS drIbkit AEmT DAME Y Rust B 2MM&REME C 3RS
Y 75 LE PR 3K o

] DU R BB e AR A

extern "C" {
fn abs(x: i32) -> i32;
}

fn main() {
let x = -42;
let abs_x = unsafe { abs(x) };
println! ("{x}, {abs_x}");
}
BMEAE T2 PR A2Em = siE B itf) o
AT EEIRER AT 2 B R oI B EE G LB AR IR o
FefMEE FAE A s AT o

37.1.1 {#H] Bindgen

bindgen T HAIE C fREHAME S B BN EA R4S o
B whEaL/ VY C R
__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");

}
AR T AAMA Android. bp #% -
__interoperability/bindgen/Android.bp :

cc_library {
name: "libbirthday",
srcs: ["libbirthday.c"],
}

ot OB T F SR TR 3¢ (ERLEER A —E R ) ©
__interoperability/bindgen/libbirthday_wrapperh :
#include "libbirthday.h"
TEHIE ] DL H B B4
__interoperability/bindgen/Android.bp :

rust_bindgen {
name: "libbirthday_bindgen",
crate_name: "birthday_bindgen",
wrapper_src: "libbirthday_wrapper.h",
source_stem: "bindings",
static_libs: ["libbirthday"],

}

B2 A LIE Rust F22Ur i R4S
__interoperability/bindgen/Android.bp :

rust_binary {

name: "print_birthday_card",

srcs: ["main.rs"],

rustlibs: ["libbirthday_bindgen"],
}
__interoperability/bindgen/main.rs :

//! Bindgen demo.
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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: “print_card’ is safe to call with a valid “card’ pointer.
unsafe {
print_card(&card as *const card);

}
}

A R RS E AT A
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

A2 AR T BB EARRIE MRS IE R L
__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", // Generated file, skip linting
lints: "none",

}
atest libbirthday_bindgen_test

37.1.2 WY Rust

TP LU R4 K Rust B URTAYRIRE 2 C -
__interoperability/rust/libanalyze/analyze.rs
//1 Rust FFI demo.

use std::os::raw::c_int;

/// Analyze the numbers.
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})");
}
}

__interoperability/rust/libanalyze/analyze.h

#ifndef ANALYSE_H
#define ANALYSE_H
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extern "C" {
void analyze_numbers(int x, int y);

}
#endif
__interoperability/rust/libanalyze/Android.bp
rust_ffi {
name: "libanalyze_ffi",
crate_name: "analyze_ffi",
srcs: ["analyze.rs"],
include_dirs: ["."],
}

BB DU C AR A AT
__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"],
}
A MR MR E EHYT N
m analyze_numbers

adb push "$ANDROID_PRODUCT_OUT/system/bin/analyze_numbers" /data/local/tmp
adb shell /data/local/tmp/analyze_numbers

#[no_mangle] &{=H Rust i — 4R AR DI AE 18 I FE HY A7 57K U2 B XA i st T DURE A
#[export_name = "some_name"] {5E(EMHLHE o

37.2 Bl C++ iHA Mt
i CXX Crate A LITE Rust 1 C++ Z I EIRZ 20 HaEM: -

TR TIRRBANS ¢

37.2.1 AR

CXX A F T EAR IR R A BRI RO Ja ROl E R T It —FERE S AR E S — SN JSFER
A#[cxx: :bridge] BB ML Rust B4 o FAMNBE RIS TERRA
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mod ffi {
// Shared structs with fields visible to both languages.
struct BlobMetadata {
size: usize,
tags: Vec<String>,

}

// Rust types and signatures exposed to C++.
extern "Rust" {
type MultiBuf;

fn next_chunk(buf: &mut MultiBuf) -> &[u8];
}

// C++ types and signatures exposed to Rust.
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;

o IGRERREE 2 AE Crate Y £ BUAHES o

o BEBEBRAEMH P E 0 CXX G AL MR Rust F1 C++ B/ XE 28 DAUE RS fERE 5
ABHIESEIEE o

o YA FEEMN Rust F23005 45 H cargo-expand M EJRFANEF B4 o KZBEHIh A
#afEH cargo expand ::ffi ZakkstaE R i B ((HE @M Android ) -

o EmAELR C++ 123N %458 %E target/cxxbridge °

37.2.2 Rust IHEHRES

mod ffi {
extern "Rust" {
type MyType,; // Opaque type
fn foo(&self); // Method on "MyType’
fn bar() -> Box<MyType>; // Free function

}
struct MyType(i32);
impl MyType {

fn foo(&self) {

println!("{}", self.0);
}

209


https://github.com/dtolnay/cargo-expand

fn bar() -> Box<MyType> {
Box: :new(MyType(123))
}
o £ extern "Rust" ZRIHHEE&IIEE BAR LB HEIE o
o CXX EAMEARGH KN extern "Rust" @ ZEESAMHEIE C++ E509 C++ (EHHM
T FEAERIETEI A S FE R Rust 2R IFHE R A MERIRE HEIESZ rsh e

37.2.3 AR C++

mod ffi {
// Rust types and signatures exposed to C++.
extern "Rust" {
type MultiBuf;

fn next_chunk(buf: &mut MultiBuf) -> &[u8];

}
CRE) FEARHI C++

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;
},
b

cirust::Slice<::std::uint8_t const> next_chunk(::org::blobstore: :MultiBuf &buf) noexcep:

37.2.4 C++ fEfdiead

mod ffi {
// C++ types and signatures exposed to Rust.
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;

}
CRE) Z4 41 Rust :
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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)
}
}
}
//

o BRARFICBEAB O AN Z EMES o CXX €T EE = (AEREH C++ hEEN
NASERMLT o
* unsafe extern BHLA]HREHHEN Rust ZEFEIYH) C++ BFX o

37.2.5 LR

mod ffi {
struct PlayingCard {
suit: Suit,
value: u8, // A=1, J=11, Q=12, K=13

}

enum Suit {
Clubs,
Diamonds,
Hearts,
Spades,

}

o HSZHRH C JERU (BET) FIIER -
o HHAIRI LM #[derive ()] REXBEHDRE ARG E %5 Cr+ FEUHEE MBI TIAE SR
HER AR Hash & A ER C++ BURIEA std: :hash WEEEH -
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37.2.6 LI

mod ffi {
enum Suit {
Clubs,
Diamonds,
Hearts,
Spades,
}
}
EEAER] 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 };

}
FEZERY C++

enum class Suit : uint8_t {
Clubs = 0
Diamonds

Hearts
Spades
b

1,

wWN I~

I
’

* £ Rust Ui 73 FI88 7 A 92 AU H B (LS UE VAR 95 = IR 28 7E C++ vh FIERHI IR Y
B A PSS SO R Y (E A B UB il Rust FonikE RAHFEITA

37.2.7 ShSUER

mod ffi {
extern "Rust" {
fn fallible(depth: usize) -> Result<String>;
}
}

fn fallible(depth: usize) -> anyhow::Result<String> {
if depth == 0 {
return Err(anyhow: :Error::msg("falliblel requires depth > 0"));
}

Ok ("Success!".into())

* f#[5] Result # Rust BN EEERR C++ WIBISNRYL
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o WEEIBIINRI—HER rust: :Exror M 78 T HAA ARG SR T HEY A SEta
BEREHPEAA Display EFHEHE ©
* 7€ Rust ZWifEhi 2 C++ —HREEER PRI -

37.2.8 SRR

mod ffi {
unsafe extern "C++" {
include! ("example/include/example.h");
fn fallible(depth: usize) -> Result<String>;

}

fn main() {
if let Err(err) = ffi::fallible(99) {
eprintln! ("Error: {}", err);
process::exit(1);

}

o FITE % FARMEE Result i C++ BRZUE AL C++ U AL AT B AMRIL Al 6 H ) Exx (B2
[E] 55 %% L RN ) Rust BRI ©

o BRAFFIIMRIUERE CXX fEiEER AR E S IAMET C++ KX [E] A& ULEE Result HIFZX e C+
+ [ std: :terminate dLfTAEFFRZEM noexcept C++ B& =N EIIAH E FISMRTL

37.2.9 HAthRLH

Rust #jl| C++ Type

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>

o JE LR RIA] AL P A RE RS RO LUR AR R =N 5 | BRI RN A ©
o SHIERE > Rust (Y String FEEEHER std: : string LURHIERA&E A :
- std::string ~@4& String ATFEMY UTF-8 F844Y o
— JE R RO IR A A R ) TR LIRS S Z M ERER -
- std::string FEMNEEEMERE Rust WEERERAMHERT Rk std: : string ik
BB {EEUE S Rust ©

37.2.10 7 Android "R

37 cc_library_static sRERE C++ f2xUE A4 CXX A4 HREEERE AR TR 2E o

cc_library_static {
name: "libcxx_test_cpp",
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srcs: ["cxx_test.cpp"],

generated_headers: [
"cxx-bridge-header",
"libcxx_test_bridge_header"

] 1)

generated_sources: ["libcxx_test_bridge_code"],

o f5H libcxx_test_bridge_header #1 libcxx_test_bridge_code‘ 2 CXX EAEM C++ B
SR TCIE o R — IR | e IAAE B e 7715 o

o HER B EMKE cxx-bridge-header F2UE A REHREUH R CXX E# o

o IFAEEUEIE Android HEH CXX MR #4528 Android SIS/ SERT B 28155
RS TR R A TR E LR REE MR R B S LA o

37.2.11 7 Android atkE

#7[iH genrule 7Bl FAEA CXX AREARM CXX AR FER w5t IHH 2 B G cc_library_static
IR A N

// Generate a C++ header containing the C++ bindings
// to the Rust exported functions in 1ib.rs.
genrule {
name: "libcxx_test_bridge_header",
tools: ["cxxbridge"],
cmd: "$(location cxxbridge) $(in) --header > $(out)",
srcs: ["lib.rs"],
out: ["lib.rs.h"],
}

// Generate the C++ code that Rust calls into.
genrule {
name: "libcxx_test_bridge_code",
tools: ["cxxbridge"],
cmd: "$(location cxxbridge) $(in) > $(out)",
srcs: ["lib.xrs"],
out: ["lib.rs.cc"],

o cxxbridge ZHEL C++ imfEHe AL E . T A &R Android f—#B45 AlfibL Soong T.H
HITE AR AL o

o ZHREMR AN Rust RIFMHEZEZ 1ib. rs MHEE G M4 1ib. rs. h 2RIFEHEZZREHIZ
lib.rs.cc oN@& RFENGIRFIHATEH a4 E G -

37.2.12 {1 Android haE

SRR 1ibexx fl cc_library_static i rust_binary* e

rust_binary {
name: "cxx_test",
srcs: ["lib.xs"],
rustlibs: ["libcxx"],
static_libs: ["libcxx_test_cpp"],
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37.3 HlJava [ HZEME

Java A]7&%E Java J5/E ST (JNI) #AFHPIM: © jni Crate A AR AHAAIREE
B BN HARRE L = Java Y Rust B -

__interoperability/java/src/lib.rs :

//1 Rust <-> Java FFI demo.

use jni::objects::{JClass, JString};
use jni::sys::jstring;
use jni::JNIEnv;

/// HelloWorld::hello method implementation.
pub extern "system" fn Java_HelloWorld_hello(
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_innexr()

}
__interoperability/java/Android.bp :

rust_ffi_shared {
name: "libhello_jni",
crate_name: "hello_jni",
srcs: ["src/lib.rs"],
rustlibs: ["libjni"],

}

B RRIM A Java I :

__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",
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srcs: ["HelloWorld.java"],
main_class: "HelloWorld",
required: ["libhello_jni"],
}
Rf& AEA] DUERE YA D R b T AR
m helloworld_jni
adb sync # requires adb root && adb remount
adb shell /system/bin/helloworld_jni
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iER/ MHARE (M EEBERH A —IHERE Bl —LE Rust O EZER FfTH !
* (AL Rust %5 H9H P e AIDL JRPS o
o KR REHZEME R Rust AP EZER K o
BRI AR TT 2 R 20 R BN BT AL L RS2 SIS B SS EHA %y Rust ©
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9 X 5

Chromium
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% 39 ¥

R Chromium 11 Rust

Chromium HHY5E = A ERE$E Rust 'HAE—AFHSEABE I EES Rust fM1HA R Chromium C+
+ FEFUHE o

SR ETE Rust FH 7 BB/ N G RAEH — NGy AR NS 2L A (6 A 45 BR UTF8
T H AR DUE B RIS B AR E (7T 2 AR BRI A% R S 4 o
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&
=
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Tk

N
&

R

E

A fif A AT LU RGBT Chromium o7 S HIEHEARACAH S48 rT LR B SRS HH AT AR (252
RIETE 1223636 212 "HYHES] 2023 4 11 H) ¢

gn gen out/Debug
autoninja -C out/Debug chrome
out/Debug/chrome # or on Mac, out/Debug/Chromium.app/Contents/Mac0S/Chromium

(U BRI B r B R ER e X B AEHSERR A 98 2 TERRIEE 1)
AR ARG M FAE B EN Chromium 197772 $2EEE #%E Chromium ERE1E TR E —BFER o
AP A g AR 24 Visual Studio Code ©
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SRS IR S — RFVE R SCE Rl 1A P SR TR BRI IR S A
AR R LT o
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41 55

Et#: Chromium fil Cargo M4 fE R4t

Rust #B—M{HH cargo # crates.io FFEFE o Chromium 224 gn Hil ninja Bl —4HA5 2R
MRB T AR TR

£ Rust HARF ARG A DU TS

o #58) //build/rust/*.gni FHYHEIA (BA rust_static_library #&&EN4E) M gn
M ninja @& A Chromium &M T2 Crate ©

o #H cargo MHIRHIH A Chromium £FEZ 1 T ELB#AT Crate

o i cargo AB{E T HE#A/sCARAEEE FEn Crate

PSR EBSGRINAE gn A1 ninja Bl &E 2R Rust FAREEHEE Chromium BE&3HAY77X 48]
IKf > Cargo /2 Rust AERERAHEER R HILEEZZ G EREHTA -

Mini exercise

Ao N AR B R FIHERBRIG AR
« BEHME cargo AIFTAREBERIIEEL 2% G I8 LE B TR E BRI
o BEREA gn Al ninja WA cargo FEHAMR REGEML TR EUEFAR
A SR ER AR S AT S AR T i B TR s e AN SRR TR B A R 3 2% 3 B 4 N —4H
—EEET R o
B — ARS8 ( TCargo AIAFARMEEAAYIESE ) ) MHBIRIRTEE/ARR
o RIERZ AE4m 5 LHEGEGET Chromium AR ERo YR AR B85 N B A] DUf7HK crates.io #25)E
BENARRS ST AA RPEESA Crate i HAEH 77 BU@F R E (FHRTE<SFIEINTH clap »
R &R FME 7 FMER) sexde LUK BB IS ERL R itertools &) o
- ] LUE M cargo BRI UE (£ Cargo. toml Hirid —1 72205 AR1EPIth AR B 12
RS RIAT)
- A[EELLE: CPAN 41038 perl piA#AFT88E B2 % python + pip bz ©
o ZPTLAREE BLE R AVGH 3EAEER — A2 H A 00 Rust TH BIANAEHIER Crate BAEBRIR
H RiFRE R R B8 FRE A TR PI (A rustup VIR EHAM rustc IR —RERAHE =7
THMAERE RS Hl40 Mozilla #2441 cargo vet ALK E @ 2B IEE > criterion
Crate HIRER LT HERIEAAY 775K -
- A7 cargo MR LIKFA/ZE M cargo install --locked cargo-vet Hil§ TH o
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- A[FEH Chrome #RFEIHAEEL VScode 5T IIRELLEL o
o DUNHIH iz 28 A ) € #6001 B rTREE & cargo !

- WFFS ARSMY R HEFBUGRERIZ M Rust 4R 51525 TB - Rust FEsCUR £ B AK
TAZ2E77H B Python AH B SR 2 8 s (9 RL50 R 401 S SR i sRLUSRRERE 5 (MR fias
AH ) ARET AT B R o

- W2 Rust AERERH HM A Cargo FEHE Rust TH 1R A HEHUS ST E R -
A Chromium DUAMAHELTT (5141 Bazel 5% Android/Soong E kB 15) HIl KA REE
Cargo °

+ cargo\ I Chromium HH R Z L&) :

- serde_json_lenient (£ Google HYHAHS /3 HH A B g A T — LAl A RRBER PR
(Pull Request))
- font-types FFAIfEA)E
- gnrt TH GEMEENE) Sl TARGH clap $UTIELFIHIMN AFEH toml EH
RERE
* HESIE (I cargo MRz — 2K 238 Rust THEJR 5 AL A
R Rust FEREFR X B HIRIEH gn o
* run_gnrt.py i/ Chromium ) cargo il rustc A o gnrt MR IE4HE 54
B N E A EE =2 H run_gnrt.py & Cargo.lock #K cargo H A
--locked W% ©

AR AE G E3%y NYIHH R & s E (T

* rustc (Rust #wiEds) PR LLVM #2308 ~ Clang ###4s ~ rustc JFIAES (¢ GitHub i
HY 'H1 Rust #ee s PXHE &) %y B8 R A A Rust Safes

o rustup (AIFEEHIZ4A rustup & https://github.com/rust-lang/ 4HA%FTBAEE 1 — 251 7EH H

Z— #l rustc )

cargo  rustfmt &

AR TR ERRZENE (A Tustc AUREER A JRTHE T R348 Chromium TAZATY R 45%)

Cargo T.H fl4l cargo audit - cargo vet %

ftfE= //third_party/rust #J Rust #2:X&E (i security@chromium.org &%)

At Rust #2208 (A LR/ NR A LA E Z B0t H)
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42 557

Chromium Rust FUE

Chromium HATAZESE—77 Rust $RIEZ Chromium SEI i 1 & /2 R/ DEUE N -
Chromium /28 =77 F U BOR B S 72 (1 B - 55 = 5 F VB nl fE SR IE I N Rust flig7E e
BB RRESK 27 22 77 THI PN B A B R I o

HADEE) Rust f2 U & BHEAR C/C++ API ‘@R & P A s B sl R 2 D ' E -G

"CHt" Rust

: Existing Chromium : :  Chromium Rust Existing Rust :

DG+ : : "wrapper" crate :
R + S o S + SR +
| | | | | |
| O----- P +-t+-> O-F---mmmme oo +--> | :

D | : Language : | | Crate | | :

e + : boundary : +---------------- + API e +

FEESE =77 Crate 5 — 77 Rust R &2 Ui H B 71E third_party/rust/<crate>/<version>/wrapper
Kt -5 RAVERIE & & EAE L T e i

o A =77 Rust #2:F ( Crates) )
o EEFEERNE LUERH Chromium C++ A7 Crate ©

WRARBCRA TR E) e At & RE > SR o
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% 43 57
Build rules

Rust 285 2L cargo B L2 FHEMREE -Chromium &#FH gn flninja 1A% Chromium
AORRRE R I o dF B KRR FE AT R B © Rust AGISE o

#F Rust FA5HE £ Chromium

fE B AR Chromium BUILD. gn 8%+ E# rust_static_library:
import("//build/rust/rust_static_library.gni")
rust_static_library("my_rust_lib") {

crate_root = "lib.rs"

sources = [ "lib.rs" ]

}
et a] DIEH A Rust HAZEAHTE deps FHETRM & 6 A LAZ RS ARIIREE =77 2 5XA% -

Tt ZA TR 45 € Crate ARFEAR T DU I SEEERARTFTE B - crate_root 224 Rust SRmEas HURESS
RN EETCAIIRMEZE GRH 2 1ib. 1s) o sources 24T A R IFRE R 72EIEE > ninja HIEiA
RPN JE ER IR R 7R B F LIS B o

(i &~ 1% #£ Rust §Y source_set & f& B 74 [K Z& £ Rust A1 ¥ {# Crate ML 2R FEH T °
static_library 2&H/NEIT <)

A5 CXX B ~ Rust DRI CRIES Hi—LIHH R & HE -

43.1 f1& unsafe Rust 2 \1E

MRIETERY > rust_static_library W&t IEEA A2 Rust f2XHS Rath A S imasic e = -
MRFEAZ 2N Rust F205 #3457 gn HEFMA allow_unsafe = true (RiEHEERIAL
JEE SR IE ) ©

import("//build/rust/rust_static_library.gni")
rust_static_library("my_rust_1ib") {

crate_root = "lib.rs"
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sources = [
"lib.rs",
"hippopotamus.rs"

allow_unsafe = true

}

43.2 {£ Chromium C++ ${fiff] Rust f2:\1%

b 2it H A 22 F A Chromium C++ HAZ deps BIAT o
import("//build/rust/rust_static_library.gni")

rust_static_library("my_rust_1ib") {
crate_root = "lib.rs"
sources = [ "lib.rs" ]

}

# 5 source_set’ static_library %% -
component ("preexisting_cpp") {

deps = [ ":my_rust_lib" ]
}

43.3 Visual Studio Code

Rust 2RI T A AR AR C++ S EAEER IDE & FE AR © Visual Studio Code 1R
& Chromium A Rust oFFH751% ¢

« fE32 VSCode HA rust-analyzer M#IIAE Mi7FEHR Rust STHBIIAE
* gn gen out/Debug --export-rust-project (EMIERIEHH HEE)
* 1In -s out/Debug/rust-project.json rust-project.json

R K E IDE HAREA AL 7dl rust-analyzer (— SRR SRR IIBESETF G A& ) -
YIS B A R EE (MR LISH B & 28K Chromium AHE Rust F23XHS)

FRL components/qr_code_generator/qr_code_generator_ffi_glue.rs
HHFIERSF ‘qr_code_generator_ffi_glue.rs #1#) QrCode: : new F:IY (KI7E2E 26 17) ©
SR BRSO (—IF245 © vscode = ctrl k i; vim/CoC = K) o
i AT E 75 ) (— B 45 - vscode = F12; vim/CoC = g d) (&5 Al1E/ /third_party/rust/.../qr_code-
.../sxc/lib.xs)°
o JReERA ) AATE QrCode: twith_bits 751k (FY7E 164 17 ; RAGNLR vscode MR Z AL B
% ;—f% vim/CoC 845 = 2545 o)
o R AURIEER ) (QrCode: :with_bits k5| H T & MERESHHIHE])

A 45 A E4RTE BUILD. gn #5218 REHEMPIT gn gen ... --export-rust-project
(FAM EEARGRIZ RIS T 2 TP THEERAE) ©

43.4 Build rules exercise

FESER) Chromium FRAH 8 Rust HFEEMZE//ui/base/BUILD. gn HAEELLFAZA :
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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.

7S EHT Y Rust EAZHE % / /ui/base:base BRI oA fEui/base/resource/resource_bundle.cc
TEwh B 5 I eR X (FE 1% & B IR A m o P 2R 45 2 28 T2 BB TUE4RAE) ¢

extern "C" void hello_from_xust();

ftui/base/resource/resource_bundle. cc FFEEFFIY LRI k(7 B /2 ResourceBundle: :MaybeManglel
f TR A6 & BfT Chromium a8 £ 4i% R# R T Hello from Rust!] ©

YN VSCode BIfE#E = E Rust 5% Rust 7£ VSCode FRIEFE E sg £ B M P EREH ARG
FRINZERK BRAETE println! LR E G #H%— R Go to definition o

ARSI

rust_static_library gn AR 15EEH
#[no_mangle] HEAZ

extern "C" HHEEM

gn - -export-rust-project switch fHE &
* {a[{E VSCode A& % rust-analyzer

BEEE G E RIS i VAR B BERE S C LIRS o C++ F Rust #AELURAE 75 NE & R C
ABI PR3 AZERER G C++ ERHEATE Rust

EMFEE allow_unsafe = true [HZA#[no_mangle] RIRES 72 7F Rust 7 A w4 RBAH [ 11 b8
X > Rust #tA FAECREE 240 & PN ERERT R =X o

YNERFRE AL Rust S THE tA] LU# A rust_executable gn A TiETEIR(E ©
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5B 44 355
HIEA

Rust #AFHEER B ICRIE AR 28 % & (e AT AR U AR R A 2R IR 28 Ja RETR EAE e AR AR
FA T ATRAOR

mod tests {
fn my_test() {
todo! ()
}
}
£ Chromium H MM B TTHIERA R 2 R AR TS 28+ o1 ¥ Rust thABSEERHGE IS S ERE
B — R B A BB TE test sE P EREN M . rs i -

At Chromium A4 DUF Rust #2512

o JF4: Rust JlE (B #[test]) oFEFRTE/ /third_party/rust ZAMiEH ©

o 1£ C++ PERFIN gtest MG ~lfE4E FFI FFIYIGE4T Rust 415R Rust #2215 FURAE R FFL g -
& B S 78 5y TR B BTG AT 25 TH I AR TR A /R S A TR 8 o

£ Rust H4RF M gtest Mgt A 7E M /A API i 52 51 Crate (37 Z{# A pub mod
for_testing { ... }) ERETREREZHIEE -

R =77 Crate )54 Rust HIEHE& R Chromium #55 A\#4T CalENEG/ DEET HA
EHTEE B H2E = 77 Crate A FHEH) o

DU & skFF A B C++ gtest Ml Rust gtest £ B A K%

* QR7EZE—77 Rust @HRIDIAMRD (2R FFL 266 TH) NIt g HBA R C++ BTl -
HIEL C++ F1 Rust ENFIHE (FHIEAZ2BUE 772 ScopedFeaturelist RHE{FH Rust)

o REME/WIP PNG 5 rlAER H (F R I8 A 2 SR R ER S BB R E U2 R 1ibpng 24 H
png Crate /> (1141 RGBA => BGRA il FEAZIE) JaPIRE A AERZ 2t IR FE Rust H#w xS i
SEHIE o

44.1 rust_gtest_interop F:UH

rust_gtest_interop BRI TIIAE

* f#1H Rust UM gtest HAIBIER] (EH#[gtest(...)] B
o ffif] expect_eq! FUEMMESE CHELUR assert_eq! (HRG BRI B 5 KRR g4%
1EHIER) ©

228
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Example:

use rust_gtest_interop::prelude::*;

fn test_addition() {
expect_eq! (2 + 2, 4);
}

44.2 Rust JEE K GN BiHI
I Rust gtest MG BN R R RE LR 2 a8 C++ HIEtH A IR — 446
¥ Bl

test("ui_base_unittests") {

ééﬁrces += [ "my_rust_lib_unittest.rs" ]
deps += [ ":my_rust_lib" ]
}

AT IR ERY static_library H4R% Rust Mlad H24HFEE & SRR AR ARET T

rust_static_library("my_rust_lib_unittests") {
testonly = true
is_gtest_unittests = true

crate_root = "my_rust_lib_unittest.rs"
sources = [ "my_rust_lib_unittest.rs" ]
deps = [

":my_rust_lib",

"//testing/rust_gtest_interop"”,
]
}

test("ui_base_unittests") {

deps += [ "
}

:my_rust_lib_unittests" ]

44.3 chromium: :impoxt! F 4

A cmy_rust_1ib #r = GN deps & FRMHFMMLTHE my_rust_lib_unittest.rs [&
ABAE my_rust_lib kM A% my_rust_lib f2HEPARE R crate_name *[A It & 4 & ik %
e H RE RS (M 2 B AR R I Crate %4 M8 o=z 4f ~FRM Al ¢ B #FE A K chromium Crate H i H
chromium: :import! B4 MG RAHEE R EN AR
chromium: :import! {

"//ui/base:my_rust_lib";

}

use my_rust_lib::my_function_under_test;
&2 N BEEGRMHABEM FHANE
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extern crate ui_sbase_cmy_urust_ulib as my_rust_lib;

use my_rust_lib::my_function_under_test;
RS2 M chromium: : import ELSEM S A5E# o

rust_static_library #&/&Ei# crate_name B EHMESL RS (H R ERE EM A IR
52 Crate A REAE2IBHIE NS EEE o crates.io AIfRFEH Crate HM~EE itk cargo_crate GN
HiEg %A Crate %88 4t AR BB NN gnrt THEMEAL ©

44.4 WEksE

XA T HE A !
ERR) Chromium fRAA :
o £ hello_from_rust SHEH Al AY R SRERIEHE B Wi 8 LLS | B0 U e 22 80 5t
B n E B AR INAEY) R AR o
o WENZAY ... _unittest.rs fEE AEHERATHIE o
o BEHTHIEUT G % BUILD. gn ©
o R TIIE AR ISR L HELE o
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% 45 57
LR

Rust #2128 C++/Rust B 4 E5ETE A H & &R 485 T A -HAT Chromium T EM 24
CXX o

TERTLUERR AT E Ff 5 (TR Rust) fRAARE 585 281& CXX TH &% Rust 1 C++ AT
TR A S o o

T SCREAIE R EER] 520 CXX AU -
A T RE AR AL 2 AR A R A IR SE AT AR R TR A4 R R 7 B BB A LU RS

« BHTHERTE C++ I Rust SikHAT SREIAHE H#[cxx: :bridge] BEPRAY C++ 8 Rust &
R A TR HAA RFEID I FERES HI& 834 TRERMIT R
« BHT ARG HBRIE CYIREAEA FFL B #RE (B C-ABI AHA AN ] B i F AT R ) A31fs
FFI FEIY Rust 88 C++ 771k ; FEIRAS & TR EF IR T2 ETEER ] B {8 H A9 =X
o JETH T HAIRE AR A] R B —4H A OB R A4
— &[T] EERIF AT AR L FFIT /857 B MR IRaE (L4 € ABI BirCIRAEAN S off F FEh R4S -
std: :span<T>/&[T] LZENE—EFEREAR B 25 FH) S0 SR s o SRR A 5 8
K 2 RS 5 S DR TCR FRY 77 R R 2= 7
- std::unique_ptr<T> - std::shared_ptr<T> fil/sk Box E& EIEIZIGAlH 4S04k o
it FH BN A5 0 EUR B C-ABI MHARYJEUATEIE Ja rTAE & Hg AL an 8 BIAT e IR 22 2
B o
- rust::String M CxxString %Y 5l A] BE f# 0 4 47 2% 55 5 7 B ROoRTE RV 2 2 fl
rust::String::lossy AlZE%#IE UTF8 il A NA A4S Rust 78 fi rust: :String: :c_str
ATLLZELE L o

45.1 #ifsl

CXX FRAE . 1s JFUAHEN cxx: :bridge AL E 58{E C++/Rust 5 -

mod ffi {
extern "Rust" {
type MultiBuf;

fn next_chunk(buf: &mut MultiBuf) -> &[u8];
}

unsafe extern "C++" {
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https://cxx.rs/tutorial.html

include! ("example/include/blobstore.h");
type BlobstoreClient;

fn new_blobstore_client() -> UniquePtr<BlobstoreClient>;
fn put(self: &BlobstoreClient, buf: &mut MultiBuf) -> Result<u64>;

}

// BARHL Rust HURIATRRA ) E TR
F o I S

o BERTEE AL RN Rust mod fH#[cxx: :bridge] fFE & & HHITEMIEYE EANK
TS 2 4 ARy B2 S B4 2 £F1 U mod ©

o Rust ¥ C++ std: :unique_ptr FEAEZ R

o C++ Hi¥f Rust Y] R R4 2 1%

e {i& C++ % Rust FIFEIY LUK Rust 2450 (JEHE)

* {& Rust F| C++ RYRENL LUK C++ B3| (JEEHR)

W EBR e B U2 H Rust SIATHY C+ KE8H {Hi8 &8 A E Ja MR — A& H Rust figsF U2
77 CH+ MREEasfAF IR MAEAEER) Cr+ RS #include ©

CXX IR
(i1 CXX I 5 B P B T 2 2 1 22 o
CXX A F@m FFIEN :

o [ Rust-C++ MMHIFEH S8 A IS S HA A EE ©
o MWIRUHEA CXX EJEASZIRNALA] i std: :unique_pty ~ std::string &[u8] % o

EARFZRE B SHE Rust (9 Option A5 o

B LB R H & E I R FERE Chromium A% Rust FRZZMREkn T BEE RS ) mdE A MER Rust-C++
HEIER & Chromium A Rust (YRR 20 B fGE = B8R CXX B4 IS /e

st R A — 2t CXX Ay AR A5

o HEABUEE T FUBLL C++ BISNRILRARSE G RN —5RBF)
o WA E S/ o

45.2 SHaAEERH

CXX ) Result<T, E> S{RIIAEMKHR C++ FIAMKI AL EEH R Chromium &R 7E ¢
e Result<T, E> M THorlLUZLINEEZ— !
— AEEEHREUEE AR &mut T FLERR 0 T SJEAEESHE FFI SUAREIR 40 T &4
JARFE NHIMGEME -
* Eﬁzliﬁ”/“aﬂ (40 u32 8% usize)
* B oxx FAESZIRIEAI (8% UniquePtr<T>) -EA A 1ERBUB I N & e 7%
B ( T8 Box<T>)e
— 1f Rust U8 A B 1@ M4 4 T 2 Rust ZU5I JEikEsEk FFI 48 5 B80E B LR
UniquePtr<T> Kf Z@st il REAREL ©

* Result<T, E>fE#MIAIIBUTFER 22— !
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— [EEIZAE (Bl true REET) > false FRERKHK)
— PHER b AT OR A SRR EDRE (H B AT/ ERRIB T AR A A R -

45.2.1 CXX #53UPH : QR Code i
7£ QR code 7 S ARG ATHRE R AT BRI - ELRD S T B, FET 3 508 -

mod ffi {
extern "Rust" {
fn generate_qr_code_using_rust(
data: &[u8],
min_version: 116,
out_pixels: Pin<&mut CxxVector<u8>>,
out_qr_size: &mut usize,
) -> bool;
}
}
2o REG IR out_qr_size MIHANANGER s N2 E A/ M2 QR code BIR/N GRAAH B
Z % N AR RAERNIFEFR) o
Al EEIHSE WAL out_qr_size FMEAY Rust BRzCAYER Bk 7R AIAR PG EECIEASHY Rust 24
R S ERORERIIT A (RRIFE 1E CH+ AR 2 UG LR N A S E B R ERAIIT A ) ©

WA Pin w5EIIA 2 M CXX R EE EHH AR C++ BRI B2 ERER S C++ &
FHaTRE & B RS IRIEIE M5B Rust ER—HREE) -

45.2.2 CXX #ti2PE : PNG #ifsl
PNG 7RIS 5 14 JE R AT 362 RH 5 R () 46 S T B R TTT 78 50 ] LU TIR A R 17

mod ffi {
extern "Rust" {
/17 ERE—E FFI KA EFJA “Result<PngReader<'a>, ()>".

fn new_png_reader<'a>(input: &'a [u8]) -> Box<ResultOfPngReader<'a>>;

/// “crate::png::ResultOfPngReader” ZIFIHY C++ B4 :
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’ AUjIH) C++ B4H:

type PngReader<'a>;

fn height(self: &PngReader) -> u32;

fn width(self: &PngReader) -> u32;

fn read_rgba8(self: &mut PngReader, output: &mut [u8]) -> bool;

}

}
PngReader #1 ResultOfPngReader /2 Rust #/5l| %a SRR F06 25 FH Box<T> HYFaIRER&H] -
A HERSBR FFI 85 FRME LA out_parameter: &mut PngReader A% CXX RAgF C++ ik
RIEREFE Rust Yotk o
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AFBIFRIHRME CXX PSR E B BME A M2 2 il AF Bl s e dti AR b/ B AU 2 SRz Y A
Il AEIEF| FFL 85 E#ifF|+ - ResultOfPngReader ERIEIZ BRI Gk 2@ E M Result<T,
E> 759% Hil4N is_err ~ unwrap fl/sk as_mut °

£ Chromium i CXX

£ Chromium H A" & % &8 B F§ Rust R EE TS E FBW 2 # [cxx: :bridge] mod &
rust_static_library @H#FE—HE HERK NIHE
cxx_bindings = [ "my_rust_file.rs" ]
# &A #[cxx::bridgel HIREZFIZE MIEFTARIAHEHESE
allow_unsafe = true
BN EB AR rust_static_library HEE A5l crate_root #1 sources
C++ EESHE{EARA E AL R R TR NI
#include "ui/base/my_rust_file.rs.h"

T&EAE / /base HEH—LL AR A # Chromium C++ BRI AL CXX Rust BUHI| 3 Ay ffth 7]
L fil4n SpanToRustSlice o

BATREER  AM{hEE allow_unsafe = true?

BRI E R MYE — % Rust A28 L] C/C++ FExNREARA 22 22 ) € Rust ARK[EFFAY C/C++ A AEE BT
TEREHUTIEMMESE HEME Rust A ERAGRAZ 2 off C/Cr+ MRS Z ) unsafe
RS RTAE & 15 5 SRR S AR EE H B A SR I (EEAS A fE Rust RIS A (LM ShA
12515 AT AT AES Rust & RIFTEIIIT 2 o

SR MR EEEETERERT | CXX SEREZZELE Rust unsafe il extern "C" K=\ ANFIAG
—HirP T ENRIE o

45.3 #E W C++ N EENE

F—ukor

o TEIRJEAT NI HY Rust BT #[cxx: :bridge] $5@E ZHE C++ MFIMA B — KX (2
hello_from_rust) MHAERAEMSE A GEEE -

o EXSERT hello_from_rust B #E% extern "C" fil #[no_mangle] FATEERH A2
THER Rust B o

o BK gn HIE SR o

o 7 C++ FEEH #5F% hello from_rust RURTIAIE S w240 A4 i IEEER 22 o

o FRFEAENLT !

L G g
Rl DR ETIT CXX %2 A B Chromium A HJ Rust A& -
Al EsiEETE ¢

o 7 Rust MY C++ IR GFEELIFIEH
— REAMIRESEREZE AI1E cxx: :bridge # include! EE R E/EHIZIMEEPE S C++ K
X o
— FRAPEIY E %8R unsafe @ BE R]E# [ cxx: :bridge] H45E unsafe BT
A %E fE E ik o
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https://steveklabnik.com/writing/the-cxx-debate
https://cxx.rs/extern-c++.html#functions-and-member-functions

- fEATREt R E#include "third_party/rust/cxx/vl/crate/include/cxx.h"
o K C++ FHRIE C++ [HIE= Rust ©
o K C++ PRI IR{EUE S Rust ©
* ZIBWE #[cxx: :bridge] W HUSTMHFFHY Rust BN = Al BB RIAFER
* ZIENE #[cxx: :bridge] FFEUS AR C++ MAEE ALABBDIFHHR
o BHLEEAUFIN std: runique_ptr i C++ {#3E = Rust “&kk Rust BLAEHEA L C++ W1 o
* H537 Rust WFIHRIEE C++ vh 5% C++ A ZYM (Fen (1ERZE Box) °
o 75 C++ Bl BE & —LL777% SRENE Rust FEIY o
* 7£ Rust Bl BB & L7575 AMEIE C++ FEIY ©

=

BIESE AR CXX HE MR B IRE] 95 8% —LE Chromium AR E i EAY Rust %R &k
TEFAS T HIIITT

SRS ST

o cxx B4E20R
e rust_static_library gn #iA
SR RE BB LU

o H X MY HERRIUR wIRETIB] X S EFITIE] Y g AME B 2R A C++ FH
cxx: :bridge FHEERKHEA o

o FRALFATRF C++ 2H8E LA Rust 208 S EATREE K UB 15 ? #72 CXX #Yopaque /2
st AR & K AR AR NAEE o CXX HRY trivial BUBIHITA AT AE 1Ak UB 4R CXX AU
SRR S EE A B R o
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,\

_‘:&

% 46
Hiise — 75 Crate

Rust F230E RS 2 Crate) (/R crates.io ° Rust Crate MJEH &5 AR FrLle Mt s i
g !

¢ C++ pKzUB  Rust crate

R RR JEHZ —% : Cargo.toml
—fREERERD RK /N

BRI T R IEEZ

¥ Chromium TRERTARET %8 A LU EHES

o FiTA Crate #f FZEH I ERE A4 L ERAM AT LLE #iiEHA49 A Chromium...

e ... {H Crate #H¥ B A BB T AL r] RERE BB A Z(EfE U8 o
B LU RAZ

o 4fAI7E Chromium JREAHEERI AN A Crate

o YAl A HENT gn BRI

o WHAFERZ R UETS FEIR B2 S

46.1 % Caxgo.toml HFELLFH Crate

Chromium A —#H&EHE A ER Crate (RIf Tl s8LLeHn]E#E — Cargo. toml &H
[dependencies]

bitflags = "1"

cfg-if = "1"

cxx = "1"

# BANES. ..

BUFfmH A Cargo. tom]l —k A&R] DUEE M oA B 2 5 E Al Dk LURH RGN AR A8 & 481
Crate H15EERAHN features o

# Crate #ri§ % Chromium B A& H T EALE gnrt_config. toml E{ERHSME R HHREEESMER -
BTG o
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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

46.2 € gnrt_config.toml

FRT Cargo.toml %24 gnrt_config.toml &l & MAEH Crate i Chromium HE#EAIIAE
Wi Crate Ff JEZR/DH57E group AT LUBLDL R HA—1E :

# '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.

B -

[crate.my-new-crate]

group = 'test' # only used in test code

% Crate JFUGTSAR R TIE A& AT AEH AR E M 7S A S5 H ‘LICENSE fERRINE o
R & BB — L HA G R e AR R P RERIHE A RERR DA

46.3 ik Crate

gnrt 7EIE T AR N Crate LU A4 BUILD . gn KRN
B R LU 77 R EUEMURABZERY Crate !

cd chromium/src
vpython3 tools/crates/run_gnrt.py -- vendor

BE2X gnrt T AJE N Chromium [ 46 8 — &8 70 (H & #1778 THI5 < 8 Al DUTE
crates.io FHEUGHUTHARMICI 52 BIATH KA BEHZ 2PERAR & o

788 vendor {5 RIREE FHA TIEA !

» f&H Crate
o BEIBRMTHRBRRBARIN T
o HAth Crate HIHiHRA J&/2 cargo MIE R LUEMHT Chromium FrFRHTEE Crate 4G o

Chromium &4E:&HS 7 Crate BRI fREIFE/ /third_party/rust/chromium_crates_io/patches
W RAG BB ENE S LRE AR RIS R T RE TR BT B RAE o

46.4 A gn BRI

T#k Crate 12 #A40 ~ A4 BUILD . gn #E%E :
vpython3 tools/crates/run_gnrt.py -- gen
BIEAMAT git status WEGEIILIFEE -

» f£ third_party/rust/chromium_crates_io/vendor H %/bA—fE#7 Crate JFEIAHE

* 1£ third_party/rust/<crate name>/v<major semver version> H ZE/D0H—{EHr
) BUILD.gn

* J#% () README . chromium

lmajor semver version 72 Rust Semver A 5EHE.
MBS JLHRE third_party/rust FEEMRE o
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A4 —F Semver Af AESERIATE Chromium 7 > Semver A R #F 2R HHZAER Crate A o5&
RIS H1E Cargo A fE AL R A REE TR

46.5 fRLRE

NSRRI AT RERR K2 build. s JaBRE X @RI TERIRIE AT S B 5 gn #l
ninja HakHEF & I H R ZE UFRE AV MR BRI 38 n] RESR M RS VR 2R I AT IR PR L AT B AR
P o

AL build. rs EifEna] HENSHR A EHITREE—DHIE

TR S IERUR gn #ARESR R EMI

WA ruste A RIHRER ABHRYBME 2 Ji

WEFGE CPU HKIhaE A RYBIR 2 Jie

AR yics /& - 7 gnrt_config. toml H45%&
A C/CH++ % EERERMEK

EEHAEE & BB

SR KRB Crate NS EEIS /S TRE 2 B IS S5 L @ HUTATRIIEBN(f -

46.5.1 R ARSI 21

R ninja ARGV MER F5EE build. rs MR G ARG o

R HEEM gnrt_config. toml 7 build-script-outputs #ii = Crate o 2 IEB MK
Jeff ot /2 Chromium #2 2UHS S 18 B 2 KB AR B o 5 —0f 0 | allow-first-party-
usage=false sZiEET T A RMEFRH]

[crate.unicode-linebreak]

allow-first-party-usage = false

build-script-outputs = ["tables.rs"]

BEAEWPUT gnrt.py -- gen SEHiEA BUILD. gn R LUEA] ninja S HER G A £%

46.5.2 HREHRHEANL C++ SR TIEEBIERNIE 215
#f4> Crate fif cc Crate EMEF1E LS C/C++ 23\ HAth Crate TEEMHEFE S A bindgen Hi#fT
C/C++ o Chromium BRBEMIES RIS LEE(F R 3RAMAY gn ~ ninja 1 LLVM 224 24855 5l 2R B
P EMENE 2 AR -
Rl A LU

* JBtGHE M Crate

» KEMEXEMZ Crate
1& i 72 X JE & ¥ 7€ third_party/rust/chromium_crates_io/patches/<crate> H -
il 5% R [cxx Crate & i #2 :X] (https://source.chromium.org/chromium/chromium/src/

+/main:third_party/rust/chromium_crates_io/patches/cxx a4k TERRF-4 Crate FF ASHI#IFER
G gnrt HEEH ©
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46.6 f#H Crate

Wi =77 Crate i ZEA EREHAIE AKHT Crate BURMIEL $454KH rust_static_library HEE 2R
&1F Crate [ty : 1ib HAZH3HHY dep o

Specifically,
Fomm oo + e e eoo oo +
"//third_party/rust" | crate name | "/v" | major semver version | ":1ib"
e + R e it +
B -
rust_static_library("my_rust_1ib") {
crate_root = "lib.rs"

sources = [ "lib.rs" ]
deps = [ "//third_party/rust/example_rust_crate/v1:1ib" ]

}

46.7 B =Jj Crate

Hrig A2 sUB I S Chromium RUREREECE AR E AT ERERZZ 2 MEHEE SRR 5 A—{E
Crate & GHABBRM T HILATREARF 2 AR EFE 5 — 77 H 220 Rust XA & &
L2/ DA TmEIER LA AE 2

BE2 R RS > Chromium BYHAELZ DL cargo vet 2358 HIFET ©
FE A & S ERTIE K Crate &L TIHE

o BEfRAEFH &M Crate YR o Crate Z [HfY B & 2] ? 4152 18 Crate HIEM R A EE
build.rs 27 E & # 8% Crate FIHR =54t Crate 28 Chromium V& )& 77
TUHA ?

B A Crate MAEE BN E S A R

» {fifl cd third-party/rust/chromium_crates_io; cargo audit & E&ABEHIN
22T (EE B EHIT cargo install cargo-audit #HFIFE & B MR I AR AE
TNEAKERI T 2)

o HELRFTA unsafe FEFNHEHETZ S /F & W 1E B 18

o MBEREAEH fs 8 net API

o FATE RS JE BT A TR S R S BT A] A2 S A RSN A (B LIREE S
100% 5EERI IR REEE G H RS2 ©)

LA 2 ER 58 security@chromium. org MY E N B A 1F MRELIMEREHE (R Crate 2
AIfEHY ©

46.8 ¥ Crate T#%% Chromium J54G1

git status BEERUTAA

e //third_party/rust/chromium_crates_io ') Crate 25
 //third_party/rust/<crate>/<version> HfJH4£EHR (BUILD. gn f1 README . chromium)

A OFERRE HIAL B HHTHE OWNERS HEE o

ABHAE Chromium fZREH R AFTAEtIHE LAk Cargo.toml 1 gnrt_config.toml &
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https://mozilla.github.io/cargo-vet/
https://chromium.googlesource.com/chromium/src/+/main/docs/security/rule-of-2.md#unsafe-code-in-safe-languages

B AR git add -f AH|. gitignore fEZEn]AE @B LLRE 2B RN A

Bl TR RIS (R RE G I H I A EVEE 5 TR 92 /2K % Rust Crate EREF FH &

Git 73 XA BI%A R MEF 2 REE R IEE A RIS At AR REREBMITLL R IEE
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

46.9 {#4% Crate L&A

575 =77 Chromium KK TAFRIBEAE ASIERE (RaZT I CERIET R 2 e IEIH H A
SARPURAESTH Rust Crate B HIEHE B EML R H AT H & B R BRI A0[RI =oAL 5 =75 kBT
TLPFIRE—EK

46.10 &Y

£ Chromium A7 uwuify #AFA Crate FTHREIIAE dREEHE2C Chromium & f’EE Crate {H
g HR A AT SER i A E K} o

(£ N —TEAE M # H Chromium 1) uwuify B GBI AR AT DUk IE S 5870 B BB R AR ok
F SR UESLH A uwuify B# rust_executable HAE ©)

BAR N2 BB
DUR %A R 2 Crate :

instant -
lock_api-
parking_lot -
parking_lot_core"
redox_syscall
scopeguard °
smallvec LA
uwuify e

NEREAE T NEAIE H AR S A RE RN A S T BB TERR AL
J&# Daniel Liu $2ft%Z{# Crate !
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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
https://source.chromium.org/chromium/chromium/src/+/main:build/rust/rust_executable.gni
https://github.com/Daniel-Liu-c0deb0t

047 #57
R EH - 21

TEABE ARG A ZHH Chromium ZhaE —Of A BATZRIRTA A

Y i i B

BHERZERI R SR B —AERE EE P50 s PR 8 5 Chromium FEAEEA A -
HATERZRATA Chromium [ UT 58 Bl O 8 6 o

BIE IR IR S8 B B (H e g BaE i R 96 K FIRE & H BIEEAY Rust Crate ©
HE ORI AT ThEE AZE 1 Crate °

(REE 28 H B Chrome RpbZHIER 3 EGEHE T HE I MELEANE )

&k ResourceBundle: :MaybeManglelLocalizedString ##fiA FHER RAT uwu 1L FEE
FEFRAR A Chromium H 3% mangle_localized_strings_ M E Al —H ST i 1H i
o

GSRIENER SE R A B IREAS B R Z A5 84774 T Chrome !

o UTF16 1 UTF8 : 524 ERR i Rust = — 1 % UTF8 »H n] fE H B H i@ & fF C++ i
base: :UTF16ToUTF8 Sk K[

o YIRERALESE Rust Shise pRIEHR BRFEEE String: : from_utf16 $EzREHE 77 0 LU MLk
CXX ZFR Y BIA] {Eig K & ul6 o

o BARDE M Z AN 177 R ER C++/Rust FLAR A 4K (B HHE S (80 7 5 sl 57 ER B A ] 5
B2 AR B2 0 CXX AIREG SRR MEH Pin JARIREFREH Pin BT Al
fRfE A CXX RETREM C++ BRI A B2 M (B E 2 C++ BERHEEG Rust ER—HKP
B KA E R RE S B RS T -

« fl & ResourceBundle::MaybeMangleLocalizedString [ C++ H # %% & i i
rust_static_library HZ 4] AEEAS S EM

e rust_static_library HFEFEMXHR//third_party/rust/uwuify/ve_2:1ibe
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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://doc.rust-lang.org/std/pin/

% 48 ¥4y
HEENZ2EER

A5 Chromium S RIER T E FASEEE CL 2741 o
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https://chromium-review.googlesource.com/c/chromium/src/+/5096560
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%49 ¥y
A Rust BRE%PH 3%

(8 2 — RAVE LR E & /047 Rust FREER 3% 8 & 28 Rust EAMEZRIBHEE AN B (G2 58K
Comprehensive Rust ZRF2H2E) Higdr Bt —LE C FHANE S RS2 (RaAeEs -

SREIMES 4 Rust [RREERHEE ) EHUT Rust F2 ISR REIEE 24 98 § 0 2 LU N & EE D

B2 no_std Rust ?

A B T2 SR R BT o

4 55 M F AR SR FRER 1Y A B RN ERAFE 2 O T o

—ESE R Rust #REEFZEAVE A Crate ©

TEABRRR I el gs Eh 4y FAME F BBC micro:bit % 2 iRE & & 22 Nordic nRF51822 i
PRI 28 2 FL RO BH 284 B — Lt LED 48T ELRE 12C MUNNEEETRIZE8R LU R IY) SWD {88 T B -

EFAMGEER] wE e MR R A LA £/ glinux ¢ Debian :

sudo apt install gcc-aarch64-1linux-gnu gdb-multiarch libudev-dev picocom pkg-config gem
rustup update

rustup target add aarch64-unknown-none thumbv7em-none-eabihf

rustup component add llvm-tools-preview

cargo install cargo-binutils cargo-embed

% plugdev BEAHH A HE T micro:bit 2 THAYZEE

echo 'SUBSYSTEM=="usb", ATTR{idVendor}=="@d28", MODE="0664", GROUP="plugdev"' |\
sudo tee /etc/udev/rules.d/5@0-microbit.rules
sudo udevadm control --reload-rules

&/ MacOS :

xcode-select --install

brew install gdb picocom gemu

brew install --cask gcc-aarch64-embedded

rustup update

rustup target add aarch64-unknown-none thumbv7em-none-eabihf
rustup component add llvm-tools-preview

cargo install cargo-binutils cargo-embed
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https://microbit.org/
https://tech.microbit.org/hardware/

'5“]'%‘:

50 #8457

no_std

core

alloc

std

PR ~ &str~ CStr

NonZeroUs...

Option ~ Result

Display ~ Debug ~ write!...

Iterator

panic! ~ assert_eq!..

NonNull FIff A —AAEaAHRA K =X

Future fil async/await

fence ~ AtomicBool ~ AtomicPtr ~ AtomicU32...
Duration

Box » Cow ~ Arc ~ Rc
Vec » BinaryHeap ~ BtreeMap ~ LinkedList * VecDeque
String -~ CString~ format!

Error

HashMap

Mutex » Condvar » Barrier » Once * RwLock » mpsc

File 1 fs HRi o

println! » Read » Write - Stdin - Stdout fil io HERF5
Path » OsString

net

Command ~ Child -~ ExitCode

spawn ~ sleep fl thread HkE 5

SystemTime ~ Instant

HashMap &F72 RNG ©
std @EFEL core fl alloc IANZE ©
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50.1 EfEHA no_std X

use core::panic::PanicInfo;

fn panic(_panic: &PanicInfo) -> ! {

loop {}
}
o B SRR A LI IR o
o std fRALRMREAE X IFIRAE ARMEE BT -
o AL H A Crate 24t 4l panic-halt o
o HEREME 4RAERATRER B panic = "abort" LI%#$4 eh_personality MBS o
o SR ARA main sEMEAE AR SERTLLEATERAE AR, o5 H W BOBAE SHE S — L
AHEEFE S DUERE YT BT Rust F2UH5 o
50.2 alloc

SNEAEH alloc M ZHENE I GERT) s o

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() {
// Safe because "HEAP' is only used here and “entry’ is only called once.
unsafe {
// Give the allocator some memory to allocate.
HEAP_ALLOCATOR.lock().init (HEAP.as_mut_ptr() as usize, HEAP.len());
}

// Now we can do things that require heap allocation.
let mut v = Vec: :new();
v.push("A string".to_string());

* buddy_system_allocator @ E FREAR 240 HL a3 (V58 =77 Crate =t n] DUfE A E A
Crate ‘BUE BATHER SUHAS £HA DA ©

* LockedHeap 1) const 28U 77l ds i m M REEITEARIT B EZ A8 2**32 (A6 THm
&3 o

o YRR TABHIRGE R A (L] Crate KB alloc MR AZETE MR R e R — 2
i es ol B TE g AR Crate HES ©

o B M extern crate panic_halt as _ ffff panic_halt Crate EH4 ##FkMAEE
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https://doc.rust-lang.org/stable/std/alloc/trait.GlobalAlloc.html

FH R R EEH K -
o e EFE IR AT R 2 IR A HE AR o
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% 51 k57

Pzl as

=~

cortex_m_xt Crate f2fft Cortex M fil#%l| 250V B sk i P = (FIHAMIEH) -

extern crate panic_halt as _;
mod interrupts;
use cortex_m_rt::entry,

fn main() -> ! {
loop {}
}
B2 AR BRI 7 EUEB A B & A K
« cortex_m_rt::entry EAMEEAH
Fosiil
 ffifl cargo embed --bin minimal ¥AfT&EEH]

b
4

1
o

N

2 JERIHRAL
HEA fn() -> | B A Ry R Ak B P 5l A

b

51.1 J5iG MMIO
REBINPETR 2 & E B IERE B 10 FEUEZEEE ¢5E 7 micro:bit LR LED :

extern crate panic_halt as _;
mod interrupts;

use core::mem::size_of;
use cortex_m_xrt::entry,

/// GPIO port @ peripheral address
const GPIO_PO: usize = 0x5000_0000;

// GPIO peripheral offsets
const PIN_CNF: usize = 0x700;
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const OUTSET: usize = 0x508;
const OUTCLR: usize 0x50c;

// PIN_CNF fields

const DIR_OUTPUT: u32 = 0x1;

const INPUT_DISCONNECT: u32 = 0x1 << 1;
const PULL_DISABLED: u32 = 0x0 << 2;
const DRIVE_S@S1: u32 = 0x0 << 8;

const SENSE_DISABLED: u32 = 0x0 << 16;

fn main() -> ! {
// Configure GPIO @ pins 21 and 28 as push-pull outputs.
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;
// Safe because 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_S0S1
| SENSE_DISABLED,
)
pin_cnf_28 . write_volatile(
DIR_OUTPUT
| INPUT_DISCONNECT
| PULL_DISABLED
| DRIVE_S@S1
| SENSE_DISABLED,
)
}

// Set pin 28 low and pin 21 high to turn the LED on.
let gpio@_outset = (GPIO_P@ + OUTSET) as *mut u32;
let gpio@_outclr = (GPIO_P@ + OUTCLR) as *mut u32;
// Safe because the pointers are to valid peripheral control registers, and
// no aliases exist.
unsafe {
gpio@_outclr.write_volatile(1l << 28);
gpio@_outset.write_volatile(l << 21);
}

loop {}

» GPIO O HzHil 21 itz LED FERHAYSE —AF RER 28 R R —51) o
EH A< MATHEER) |
cargo embed --bin mmio
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51.2 JEZ2HE 7L Crate
svd2rust €§H% CMSIS-SVD fEZE iRl e E 2 a8 w4 K2 2L 2N Rust SR -

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;

// Configure GPIO @ pins 21 and 28 as push-pull outputs.
gpio@.pin_cnf[21] .write(|w]| {
w.dir().output();
.input().disconnect();
.pull().disabled();
.drive().s0s1();
.sense() .disabled();

£ s =

1)

gpio®.pin_cnf[28] .write(|w]| {
.dir().output();
.input().disconnect();
.pull().disabled();
.drive() .s0s1();
.sense() .disabled();

=555 =

1)
// Set pin 28 low and pin 21 high to turn the LED on.

gpio®.outclr . write(|w| w.pin28().clear());
gpio®.outset.write(|w| w.pin21().set());

loop {}

* SVD (R&ALIEHIA) #2382 iR ALERG TR ALH) XML fE2 il e B aC A o
— AR RE R 2 B A B T E A WAL BA RS I (kSRR

- SVD #EZEH AR Z i B AR Rt & (8 S H RS e > iR &R DL

R EAE ) Crate o
» cortex-m-rt EHEHBEERERNE o

o IR cargo install cargo-binutils -HIFLI#4T cargo objdump --bin pac

-- -d --no-show-raw-insn & & &4 M) AR o
TS BATHEG)
cargo embed --bin pac
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https://crates.io/crates/svd2rust
https://www.keil.com/pack/doc/CMSIS/SVD/html/index.html

51.3 HAL Crate

AU PERIERH HAL Crate AEZ#RH S 2 B2 A2 JaLttIH B @M @ H(F embedded-hal #Y
i o

extern crate panic_halt as _;
use cortex_m_rt::entry,

use nrf52833_hal::gpio::{p@, Level};
use nrf52833_hal: :pac: :Peripherals;
use nrf52833_hal: :prelude::*;

fn main() -> ! {
let p = Peripherals::take().unwrap();

// Create HAL wrapper for GPIO port 0.
let gpio@ = p0::Parts::new(p.PO);

// Configure GPIO @ pins 21 and 28 as push-pull outputs.
let mut coll = gpio@.p@_28.into_push_pull_output(Level::High);
let mut rowl gpio®.p0@_21.into_push_pull_output(Level::Low);

// Set pin 28 low and pin 21 high to turn the LED on.
coll.set_low().unwrap();
rowl.set_high().unwrap();

loop {}

« set_low fll set_high /& embedded_hal OutputPin $# L7572
* #% Cortex-M A1 RISC-V £ & #5A HAL Crate £l STM32 ~GD32 nRF *NXP MSP430 ~
AVR F1 PIC {28 o

fEH TS HITHR @
cargo embed --bin hal

51.4 BHIMCZEE Crate
AT EER BRI R Crate Al#H SR E R AL E — S % -

extern crate panic_halt as _;
use cortex_m_xt::entry,;

use microbit::hal::prelude::*;
use microbit: :Board;

fn main() -> ! {
let mut board = Board::take().unwrap();

board.display_pins.coll.set_low().unwrap();
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https://github.com/rust-embedded/awesome-embedded-rust#hal-implementation-crates
https://crates.io/crates/embedded-hal

board.display_pins.rowl.set_high().unwrap();

loop {}

o TEARRIH BHER IR Crate eIt Z B HAM LUk —HERIeRL/EE o
o BRTTUHERIZRAE > Crate BUFFLE&ER 57 N &4 B EEBIFE X o
— microbit-v2 14 LED JHIER 7 BREIRE R o

TS ATHE
cargo embed --bin board_support

51.5 IGIHRRERI

fn main() -> ! {
let p = Peripherals: :take().unwrap();
let gpio@ = p0::Parts::new(p.PO);

let pin: P@_01<Disconnected> = gpio®@.p0@_01;

// let gpio@_01_again = gpio@.p@_01; // Error, moved.

let pin_input: P@_@1<Input<Floating>> = pin.into_floating_input();

if pin_input.is_high().unwrap() {
/1.

}

let mut pin_output: P@_01<Output<OpenDrain>> = pin_input
.into_open_drain_output(OpenDrainConfig: :Disconnect@Standardl, Level

pin_output.set_high() .unwrap();

// pin_input.is_high(); // Error, moved.

let _pin2: P@_02<0utput<OpenDrain>> = gpio®
.p0_02
.into_open_drain_output(OpenDrainConfig: :Disconnect@Standardl, Level
let _pin3: P@_03<Output<PushPull>> =
gpio@.p0@_03.into_push_pull_output(Level: :Low);

loop {}

o ARG EME Copy 8. Clone HULAHEIEH HAEA —(EEH -— EREMIFEE RSP E Bt
SIS o

o ST A A PR R B (1 R A TR AL hE > 1R S DR A A o P S 145710 o

o {ERIF S 15 HATERAREE HUnAR - GPIO REMIIELEIREE o rl R REH SRR 2 AU B 2 4%
RSN G AR E I E e R E s ) e 4RI A G (I EIE RO AR BRI 2 o

o FERT LB A BERIRENY is_high St ERRE set_high ABASEIBZHFEA o

» #F% HAL Crate #81EEHER o

51.6 embedded-hal
embedded-hal Crate $2:2 R R EH RPVMIEEHIZSEEHEE -
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https://crates.io/crates/embedded-hal

GPIO

ADC

I12C ~ SPI ~ UART ~ CAN
RNG

atRFAS

AR THIEH R A

HAth Crate Fa1& & HRRIE LERARUE (RN 2 Bl s st BEBI A2 sCrT AERR 2L B /F 12C = SPI BEifi bk

o TSR SEAME & (140 Raspberry Pi _Ef9 Linux) #5AHEMNEEEH o
» embedded-hal i async HiA AR #EH HFARHELFRERR

51.7 probe-rs and cargo-embed

probe-rs 2 AR A ESEAE H TR H#: OpenOCD AHEE SRR ELF

* /%1 CMSIS-DAP ~ ST-Link Al J-Link #HI#3#/T SWD (F5I44E88) 1 JTAG
* GDB jfE## =1 Microsoft DAP ({dshiEife s i) MRS
 Cargo #5&

cargo-embed /2 Cargo F15< HIAEREFIRIHT — AL wOfk RTT (BIRHE6E) 0 A DU LGS
GDB &5 < /2 h#H R H % Embed . tom] AR E ©

» CMSIS-DAP /2% USB HY Arm &R 7€ (L8 #s (58 T B AZHSfE Arm Cortex i FE s
] CoreSight {ESE7FEE JEmt/2 BBC micro:bit PyEHEES T ELAr{E H s E o

ST-Link s& ST Microelectronics #fH#— 24 E& A ESE TH » J-Link #5812 H SEGGER °
ST EURE R /2 5 BN JTAG /MHIE 2 BRI F 5588/ o

A DI A EK probe-rs BB EEHCNTH o

Microsoft {E A2 TUm R 78 MEFTEAE AT SRR AR 8% 18U T VSCode K iAth IDE {HEETE
» cargo-embed /2{#fH probe-rs f2 = EEEN —HENHE o

o RTT (RIBRHERE) SAmmkil 2 20 2 (0 BRI a7 1 & (R (88 A0 B L B SR 2Dk} o

51.7.1 {Hsh

Embed.toml :

[default.general]
chip = "nrf52833_xxAA"

[debug.gdb]

enabled = true

£ src/bare-metal/microcontrollers/examples/ J& R —fE& S+ :

cargo embed --bin board_support debug

TEAHIR] B 850 57— fE#&mtd e

f#iH gLinux =% Debian :

gdb-multiarch target/thumbv7em-none-eabihf/debug/board_support --eval-command="target r
fifi i MacOS :

arm-none-eabi-gdb target/thumbv7em-none-eabihf/debug/board_support --eval-command="targ:
1t GDB H B #UT FHIHE< !
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https://github.com/rust-embedded/awesome-embedded-rust#driver-crates
https://probe.rs/
https://arm-software.github.io/CMSIS_5/DAP/html/index.html
https://microsoft.github.io/debug-adapter-protocol/

b src/bin/board_support.rs:29
b src/bin/board_support.rs:30
b src/bin/board_support.rs:32
o

C
C

51.8 HAith=HE

e RTIC

- TR rh B SE ST

- HHEREM SUEEUE TIEHE SR TS
* Embassy

- BABKIER SHids Wi - USB HAERY async #1743
* TockOS

- TEEZZMER RTOS 245 5 XEFEINAE At SRt fRAg (R o
* Hubris

- Oxide Computer Company HJf##20» RTOS A2 IRAF# KA R EEEfZX  IPC
» FreeRTOS 4%
o #B AR std BIEEE FI4 esp-idf o

o RTIC 7] #7725 RTOS 5172244 o
- Hir- R &+ HAL ©
- PRI G Cortex-M NVIC (HiiR e -HEHZERIER) M2 F#EE R0 o
- {4#[R Cortex-M o

* Google &#t¥f Titan Z 2% £ Haven f#Zl#s LA TockOS o

* FreeRTOS KL CrES 4R 5 AHL A B S 4R 5 IEAFENM Rust B4 o
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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

BMIREEAL 12C ZER Y71 Al BEC s E 78R o
SERRENR AT IB B AR AR TT 5 -

52.1 #&Eigt

Pl REEL 12C ZE 8% _ERY75 A AR E B RO s B 538 4N RER ] DI E BRTE LED b s DU 7y
A R s o

PR ¢

2B 1sm303agr M microbit-v2 Crate HIERASIHR AfiMEAE micro:bit g o

LSM303AGR 18I & B oo A = Eh 12C MEFRHE o

TWI J2 12C 3144 AL 12C £ EBEEN LR Z TWIM ©

LSM303AGR BEBf2 7 B E E/E embedded_hal: :blocking: :i2c: :WriteRead FF#
BIEH o microbit: :hal: :Twim &SRS & /E AR o

o f&F microbit: :Board &itEM HiE &S EENAEIEEENHRNA o

o B AT IR B EE R nRF52833 kg E (B EEME P AIELE o

W NESREE A A fE compass HEEHEE RHIREE o
sr¢/main.rs:

extern crate panic_halt as _;

use core::fmt::Write;
use cortex_m_rt::entry;
use microbit::{hal::uarte::{Baudrate, Parity, Uarte}, Board};

fn main() -> ! {
let board = Board::take().unwrap();

// Configure serial port.

let mut serial = Uarte::new(
board.UARTE®,
board.uart.into(),
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https://docs.rs/lsm303agr/latest/lsm303agr/
https://docs.rs/microbit-v2/latest/microbit/
https://tech.microbit.org/hardware/
https://docs.rs/microbit-v2/latest/microbit/hal/struct.Twim.html
https://docs.rs/microbit-v2/latest/microbit/struct.Board.html
https://infocenter.nordicsemi.com/pdf/nRF52833_PS_v1.5.pdf
https://google.github.io/comprehensive-rust/exercises/bare-metal/../../comprehensive-rust-exercises.zip

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 (f&EfEZ AT ESAHE IHIHE)
[workspace]

[package]

name = "compass"
version = "0.1.0"
edition = "2021"
publish = false

[dependencies]
cortex-m-rt = "0.7.3"
embedded-hal = "1.0.0"
1sm303agr = "0.3.0"
microbit-v2 = "0.13.0"
panic-halt = "0.2.0"

Embed.toml] (EEZAFEEE HIEH) !

[default.general]
chip = "nrf52833_xxAA"

[debug.gdb]
enabled = true

[debug.reset]

halt_afterwards = true

.cargo/config.toml (%75 BAE TR HIHH) -

[build]

target = "thumbv7em-none-eabihf" # Cortex-M4F
[target.'cfg(all(target_arch = "arm", target_os = "none"))']
rustflags = ["-C", "link-arg=-Tlink.x"]

HHA YIS/ Linux EEFIIEHRE
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picocom --baud 115200 --imap 1lfcrlf /dev/ttyACMO

5U7E macOS EEAALUN FHIHES CREXLMATRENRA A F) :

picocom --baud 115200 --imap 1lfcrlf /dev/tty.usbmodem14502
&1 Ctrl + A ~ Ctrl + Q $#HIr[7R i picocom °

52.2 Rust #EEBI3E © EA-aiE

faraEt
CRIAIBRE)

extern crate panic_halt as _;

use core::fmt::Write;
use cortex_m_xrt::entry,
use core::cmp::{max, min};
use 1sm303agr::{
AccelMode, AccelOutputDataRate, Lsm3@3agr, MagMode, MagOutputDataRate,
b
use microbit::display::blocking::Display;
use microbit::hal::prelude::*;
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 board = Board::take().unwrap();

// Configure serial port.

let mut serial = Uarte::new(
board.UARTE®,
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.

writeln!(serial, "Setting up IMU...").unwrap();

let i2c = Twim: :new(board. TWIM®, board.i2c_internal.into(), FREQUENCY_A::K100);
let mut imu = Lsm30@3agr::new_with_i2c(i2c);
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imu.init () .unwrap();
imu.set_mag_mode_and_odr(
&mut delay,
MagMode: :HighResolution,
MagOutputDataRate: :Hz50,
)
.unwrap();
imu.set_accel_mode_and_odxr(
&mut delay,
AccelMode: :Normal,
AccelOutputDataRate: :Hz50,
)
.unwrap();
let mut imu = imu.into_mag_continuous () .ok().unwrap();

// Set up display and timer.
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 {
// Read compass data and log it to the serial port.
while ! (imu.mag_status().unwrap().xyz_new_data()
&& imu.accel_status().unwrap().xyz_new_data())
{}
let compass_reading = imu.magnetic_field().unwrap();
let accelerometer_reading = imu.acceleration().unwrap();
writeln! (
serial,
RS FES IS ANEE FEE RS R
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 = [[0@; 51; 51;
let (x, y) = match mode {
Mode: :Compass => (
scale(-compass_reading.x_nt(), -COMPASS_SCALE, COMPASS_SCALE, 0, 4)

as usize,
scale(compass_reading.y_nt(), -COMPASS_SCALE, COMPASS_SCALE, 0, 4)
as usize,
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Mode: :Accelerometer => (
scale(
accelerometer_reading.x_mg(),
-ACCELEROMETER_SCALE,
ACCELEROMETER_SCALE,
0,
4,
) as usize,
scale(
-accelerometer_reading.y_mg(),
-ACCELEROMETER_SCALE,
ACCELEROMETER_SCALE,
9,
4,
) as usize,
)
b
image[y][x] = 255;
display.show(&mut timer, image, 100);

// If button A is pressed, switch to the next mode and briefly blink all LEDs
// on.
if board.buttons.button_a.is_low().unwrap() {
if !button_pressed {
mode = mode.next();
display.show(&mut timer, [[255; 5]; 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,
}
}
}

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;
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cap(min_out + range_out * (value - min_in) / range_in, min_out, max_out)

}

fn cap(value: i32, min_value: 132, max_value: i32) -> i32 {
max (min_value, min(value, max_value))

}
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% 53 #ksr

B OE M4

S
.,

HATBRMEAN B MZERIEs 40 Arm Cortex-M R41E M FRIERRE S Cortex-A HE—HLRE &
KEGE M & #HH QEMU A aarch64 'virt' BIZ$R o

o B PRPERIA IR A MMU s ARERIEMH (Arm CPU _ERIBIINRDLE R - x86 LAVER) -
EEREERIAA

* QEMU nJ $1¥55 3 ([ AR AR [F] O A5 B BH FR AR © 'virt' RS AR e B BT MR E R B E
T 2 2 HE R At mt o

53.1 #fH{EH Rust

BRI — B EE A RERIIG BT Rust 23S -

.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

mov_i x30, .Lsctlrval

/*
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* 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

o AP CIRAHR R ERPEEHRRERTIA L K BSS it % LURGREHEBIEHE o
- BSS (EBLBLATT R R LR R A7(E) BYIPFERE— 85T S AR LR Z AR s
B RS & BRGSO DIRIR B R (72 et & R RO A8 B B R B ga 1L
o HECIRAS AL RWMERE AR A 77 M€ » BSS AIREC 2% AH2 THEE HMERERAZ o
o TMFHRERH MMU FIHRER A REFURECRS A EAIRCIRAS A RA SRR
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— KRB EECE 234853 M2 % aarch64-unknown-none HiZzEAE Rust 230 48
GE+strict-align B4R eR A AR ERF B A7 B R L E ARG ERZ A & 8 208
R—ER—RIE o

— WNHRZE VM HPAT AT RE & BB — B R SRR VM &R R EE I B 17
A RS o A% EL A A R SR A 0 TR BRI 4 RIS A% R AR A B IR RS AR U T 2
5] REZL S A A 1 PR BCE 2 B e VM RO RS 17 B R PR 588 o il € 7 2% (Y
BRI ARSI ATIE[FH VA 5 IPA) ©

o BRI R UE B S EE (R idmap. S) HART 1 GIB (b2 R 2 EREE R
7K 1 GiB Z2#fE= DRAM ~54k 1 GiB DI FHIEAE 248 E5575 QEMU i FGE IR & o

o FAh e E BIIMRIE R (vbar_ell) T —HH o

o SR NFHIPTA B T BRI & LG AMRITE A 1 (EL1) 4T A1ELE A BIF]FMA I 8k
1T MR IRLUMEK entry . So

53.2 1TWsHGE

AR P TEME A HGE A REBIT Rust F2 NS IIEFUTRIESE SRR 4123k HVC (BRI
WAL FEoR AR B P A A7

use core::arch::asm;
use core::panic::PanicInfo;

mod exceptions;
const PSCI_SYSTEM_OFF: u32 = 0x84000008;

extern "C" fn main(_x@: u64, _x1: ubd, _x2: ubd, _x3: ubd) {

// Safe because 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")
inout("w3")
inout("w4")
inout("w5")
inout ("w6")
inout("w7")
options(nome

\%

vV V

i nnn nun
\Y%

S 00000000
Vv

, nogéack)
),
}

loop {}
}

(R AR T/E R AE 55EH smccc Crate HA &A@ LR A REER K <)
* PSCI /2 Arm IR RE o /1 1 72 AH AR 8 R U n] A B A A CPU B JFGINAR e HoAthIE H /2
EL3 #IHEE R R 2 25 R B o
© 0 => _ GHRRIEEITNAEERE AT 2 AT R F AR R 0 BRI A SRR E
M inout (MJF in) A ZPFIH AT AE R ET (7 At N A o
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o 75f8 main WFE %A #[no_mangle] M extern "C" [AALLEZZRE entry . S B A B
ay o

o X0 % _x3 2 x0 F x3 HE dZIIEH] RAREN SR & e e eI B
AR FE ERHIRGENE FARIEHER aarch64 FEIYIER] (R extern "C" fEEMAMIEER) i 8 {HH
BEEERNS BB x0 2 x7 KL entry . S ATEHITILAIRETRIRME R B HE(RA e 5
Cibrtls Tpca K

o f#iffl stc/bare-metal/aps/examples R~ make qgemu_psci #£ QEMU H i fT#if] o

53.3 MMIO #fi#§ a0 IRAS 7 e

* {#if pointer::read_volatile 1 pointer: :write_volatile-
FHIIR 2R o
addr_of ! A]HZREVS 45 HERSHURRAL AN HHAES IR -

o PN USRS AR AT AE G A BIE AT AL ah e o 4 i o B A A 2 BT PR P R e
% o
— A ARG ARFI (B2 r] S8 200 4RaFds a] A & B i E B iR AR E
A AN B L TR o
o FERNREEHEMFIEA Crate IEE G RESM HERALE FEASIREER HhF
i AJAE SR PR 2 o
* /] addr_of! E& EATARHEREIUS SRR TERE o

53.4 &% UART EEdhfesk

QEMU 'virt' #8344 PLO11 UART A LAFR{M % & IL4R = BE B X o

const FLAG_REGISTER_OFFSET: usize = 0x18;
const FR_BUSY: u8 1 << 3;
const FR_TXFF: u8 1 << 5;

/// Minimal driver for a PL@11 UART.
pub struct Uart {

base_address: *mut u8,
}

impl Uart {
/// Constructs a new instance of the UART driver for a PL@11 device at the
/// given base address.
11/
/11 # Safety
1177
/// The given base address must point to the 8 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 u8) -> Self {
Self { base_address }
}

/// Writes a single byte to the UART.
pub fn write_byte(&self, byte: u8) {
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// Wait until there is room in the TX buffer.
while self.read_flag_register() & FR_TXFF != 0 {}

// Safe because we know that the base address points to the control
// registers of a PLO11 device which is appropriately mapped.
unsafe {
// Write to the TX buffer.
self.base_address.write_volatile(byte);

}

// Wait until the UART is no longer busy.
while self.read_flag_register() & FR_BUSY != 0 {}
}

fn read_flag_register(&self) -> u8 {
// Safe because we know that the base address points to the control
// registers of a PLO11 device which is appropriately mapped.
unsafe { self.base_address.add(FLAG_REGISTER_OFFSET) .read_volatile() }

}

o BHIER » Uart: inew i ~% % H /AR Z 20 J8 2R AR E Uart : :new FIPENL IR 3
AETN B 22 2 € At 2 R € UART R A —HBEEhFE 108 2 A HATE B @ R HE AL 2= [ 85
% AREREEIEY write_byte —EZ 2N R AT AT DUREE B SE R o

o BAMATLUSOB AR At 25 new 222 i write_byte A% 4 AHSAEI A A EKFFZ
(K 2 FHEFEI write_byte (N BERE B2 2k

o 2R E T 2R AN E B OFERZT 2N BB REN BRI D &N
o

53.4.1 H{thH#

FMAT4 T Debug Fif#l EIEZ — BBt G HED) -
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);
}
0k(())

}

// Safe because it just contains a pointer to device memory, which can be
// accessed from any context.
unsafe impl Send for Uart {}

o BE Write HInJfA0C Uart BU5IEEH write! flwriteln! E£& o
o {#iff stc/bare-metal/aps/examples Ffmake gemu_minimal £ QEMU H#if TG o
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53.5 KX ER UART 5E#RE

PLO11 BFR BBATTZ Y (7ot A5 1 A7 HUGLE B A7 ai TRHR A (EDRT i S IE AT MER 53R saat
REEDGEI ALAh B B FE R TR T & USRI E 7T A7

Wts  Efrdstis WE

0x00 DR 12
0x04 RSR 4
0x18 FR 9
0x20 ILPR 8
0x24 IBRD 16
0x28 FBRD 6
0x2c LCR_H 8
0x30 CR 16
0x34 IFLS 6
0x38 IMSC 11
0x3c RIS 11
0x40 MIS 11
0x44 ICR 11

0x48 DMACR 3

o KRR BAEM 7L ID i o

53.5.1 Bitflags
bitflags Crate & A4 Bitflags ©
use bitflags::bitflags;

bitflags! {

/// Flags from the UART flag register.

struct Flags: ul6 {
/// Clear to send.
const CTS = 1 << 0;
/// Data set ready.
const DSR = 1 << 1;
/// Data carrier detect.
const DCD = 1 << 2;
/// UART busy transmitting data.
const BUSY = 1 << 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 << 8;
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}

« bitflags! E&E & —E#H2A] (141 Flags (ul6)) LUK —R5IEF R i EREar i /7 iR E
TEIEH ©

53.5.2 {17

FATAT LA F SR Ak 2R UART B 7 ds i se iAo

struct Registers {
dr: ule6,
_Yeserved®: [u8; 2],
rsr: ReceiveStatus,
_reservedl: [u8; 19],

fr: Flags,
_reserved2: [u8; 6],
ilpr: u8,

_reserved3: [u8; 3],
ibrd: ul6,
_reserved4: [u8; 21,
fbrd: u8,

_reserved5: [u8; 3],
lcr_h: us8,
_reserved6: [u8; 31,
cr: ule,

_reserved7: [u8; 31,
ifls: u8,

_Treserved8: [u8; 3],
imsc: ul6,
_reserved9: [u8; 21,
ris: ule,
_Yeservedl®: [u8; 27,
mis: ulé6,
_Teservedll: [u8; 2],
icr: ule,
_reservedl2: [u8; 27,
dmacr: u8,

_Treservedl3: [u8; 3],

« #[repr(C)] GRS T HRF SR AR O 2808 B C AHTR AR HI DU ORAE A B A AT 1
B R R 2 THRR A Rust FORE SRR ARiras (I E 5 R BT S0 R AL (RO T HLAthi ()

53.5.3 EEEIfE

B R M7 SR B2 b FTRTHY Registers #5iEAS

/// Driver for a PL@11 UART.
pub struct Uart {
registers: *mut Registers,

}
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impl Uart {
/// Constructs a new instance of the UART driver for a PL@11 device at the
/// given base address.
11/
/11 # Safety
vy
/// The given base address must point to the 8 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) {}

// Safe because we know that self.registers points to the control
// registers of a PLO11l device which is appropriately mapped.
unsafe {
// Write to the TX buffer.
addr_of_mut!((*self.registers).dr).write_volatile(byte.into());

}

// Wait until the UART 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
1} else {
let data = unsafe { addr_of!((*self.registers).dr).read_volatile() };
// TODO: Check for error conditions in bits 8-11.
Some(data as u8)

}

fn read_flag_register(&self) -> Flags {
// Safe because we know that self.registers points to the control
// registers of a PLO11 device which is appropriately mapped.
unsafe { addr_of!((*self.registers).fr).read_volatile() }

« TR WMREH addr_of!/addr_of_mut! HUSERIMIALAVHEER A4S IR I
RAAZ 2
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53.5.4 BHEREEN
AR 75— {2 SEB A U R A DI £ A e A B (3 A o

mod exceptions;
mod ploll;

use crate: :pl@11::Uart;

use core::fmt::Write;

use core::panic::PanicInfo;
use log::error;

use smccc::psci::system_off;
use smccc: :Hvc;

/// Base address of the primary PL@11 UART.
const PL@11_BASE_ADDRESS: *mut u32 = 0x900_0000 as _;

extern "C" fn main(x0: u64, x1: ubd, x2: ubd, x3: ubd) {
// Safe because "PL@11_BASE_ADDRESS ™ is the base address of a PL@11 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,
_=>{}

}

writeln! (uart, "Bye!").unwrap();
system_off::<Hvc>().unwrap();

o BRIGAEAT BRI RA G entry . S FEABSTEXAERTIYEM main WX SEEE 2R
A SRR ©
* {fifl sxc/bare-metal/aps/examples FHJmake gemu £ QEMU Hi#tf T o

53.6 pCHE

R log Crate HVFLERE. & E1E Log RFBI I AE%IEHE ©

use crate: :pl@11l::Uart;
use core::fmt::Write;
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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 {}",

record.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);

log: :set_logger (&LOGGER)?;
log: :set_max_level(max_level);
0k(())

* 1f log HEUH AR Z S K2 7EM set_logger Al &M &K LOGGER #HAIL ©

53.6.1 PBshfE
BT ESEA4A1L Logger A BEREFH Logger ©

mod exceptions;
mod logger;
mod ploll;

use crate: :pl@l1l::Uart;

use core::panic::PanicInfo;

use log::{error, info, LevelFilter};
use smccc::psci::system_off;

use smccc: :Hvc;
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/// Base address of the primary PL@11 UART.
const PLO11_BASE_ADDRESS: *mut u32 = 0x900_0000 as _;

extern "C" fn main(x0: u64, x1: ubd, x2: ubd, x3: ubd) {
// Safe because "PL@11_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 {}

o FETER R R R B P DG SR R R A R
* ffifl src/bare-metal/aps/examples i make gemu_logger < QEMU HshfT#if5] o

53.7 BN

AArch64 £ 7 & 16 1EHEHERHISMRBLR R AT 4 FIRER 4 BHISMRI BIFE - IRQ »
FIQ ~ SError ° 4 fEARRERIS> 51 2 B AT EL 56 SPO ~H A EL 56 SPX &K EL f#/H AArch64 k(K
EL {# /] AArch32 Ja 2 7E4HE B IE LUELERENY Rust f2XNHS 2 Al RHER AR 218

use log::error;
use smccc::psci::system_off;
use smccc: :Hvc;

extern "C" fn sync_exception_current(_elr: u64, _spsr: ub4d) {
error!("sync_exception_current");
system_off::<Hvc>().unwrap();

}

extern "C" fn irqg_current(_elr: u64, _spsr: ub4d) {
error!("irq_current");
system_off::<Hvc>().unwrap();

}

extern "C" fn fig_current(_elr: u64, _spsr: ub4d) {

error!("fig_current");
system_off::<Hvc>().unwrap();
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extern "C" fn serr_current(_elr: u64, _spsr: ub4d) {
error!("serr_current");
system_off::<Hvec>().unwrap();

}

extern "C" fn sync_lower(_elr: u64, _spsr: ub4d) {
error! ("sync_lower");
system_off::<Hvc>().unwrap();

}

extern "C" fn irq_lower(_elr: u64, _spsr: ub4d) {
error!("irq_lower");
system_off::<Hvc>().unwrap();

}

extern "C" fn fiq_lower(_elr: u64, _spsr: u6b4d) {
error! ("fig_lower");
system_off::<Hvc>().unwrap();

}

extern "C" fn serr_lower(_elr: u64, _spsr: ub4d) {
error!("serr_lower");
system_off::<Hvc>().unwrap();

» EL 2fHIIMAIIESR -5 K N TRIFTA#GIESZ7E EL1 #4T o

o ARG M A G ¥ EAT EL HISMRILE S SPO 1 SPX A& 3 E#K EL /MR E 7
AArch32 #1 AArch64 -

o TEULERGIH AR TR ECERGISMARIG BEME AR 2300 A TR & BRI A I AMAIL ©

o MR R B A R RATER SR B R DIAIBE 2 R R T4E © Send F1 Sync &£ T M
Z B ZRNE G TEE R SREIRER AN ELE B S MR R P AR U ER TR 70 2 il 4 = 0
fE{E i B2 Send (MidE Sync) Ml E R sz EE4ELE Mutex FIHHE Il A FFREIEE o

53.8 HithH%E

» oreboot
- &% C 1 coreboot |
— 7#% x86 ~ aarch64 #1 RISC-V o
— {&X#& LinuxBoot MiJf H &% H 2 EREEE K -
 Rust RaspberryPi OS #Z 42
- WI4A1L ~ UART BEEhfEsN 8 5 R ARENEAFES ~ JTAG WISMRIE R GIIMRTLERE 3 H
=
— Rust HHYREAEE R WG LETEREE BE AR S A —E 2 ESE RN o
* cargo-call-stack
— RRRESMT I ARHIET R KR & -
 RaspberryPi OS (22 FERH MMU FIRECZ Al #4T Rust F2A05 o8 @B B AR
e AT o SETE R LU AR ¢
— IR A MMU HITREL AR EPS F E & 334 5 3% SRS Y2 aarch64-unknown-
none “E @i E+strict-align By ib4RaE e AR B A RAF L R EZ A & s HiE
A= o
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— WMGERAE VM AT Al RE & EE P — B R SRR VM (eI E R B 17
WEC TR ARG I 32 i B A AR (R GC AR A T BRI 4 R AR A B A7 IGRE R HE A2 AT 2
APy RT REZEE PR ECE A 17 47 B i )8 B it 2% ARkt Ja AE A P R R (B R E Rl A
ERUT RAEMRT) H AR R SR o
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9B 54 357
HHR Crate

BUNRA T A 2% M Crate »n] FIAHRIL — L AR R A at AU RLRTRE o

54.1 zerocopy

zerocopy Crate (% H Fuchsia) J2#tRHEANE S AITENTTAL T FIFTHA AR5 2 27 2 g
use zerocopy: :AsBytes;

enum RequestType {
In =0
Out =
Flush

N -~

’

4,
}

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(),
&[4, 0, 0, 0, 0, 0, 0, 0, 42, 0, 0, 0, 0, 0, 0, 0]
)
}
AN S MMIO (8 2% 306 JEER FE 3 ML OGN RS A5 7K) EARAE & 4 B FH LR S G FH o sl (BT e
1 DMA) B2 MRS T (A Sl

275


https://docs.rs/zerocopy/

* FromBytes AISHSHEMIAL AR A AR E 1 R ATIER A E R RLTCAL P 51 22 2 52 A
i o

o Bt st AR FromBytes &8 A% RequestType A& {# FHFTA RTAER u32 EHiNA
HBUE AL IR A AT AR AR o

* zerocopy: :byteorder AL A TR ARALTTARNE R AU BUEES T ©

 {fiffl src/bare-metal/useful-crates/zerocopy-example/ R cargo run $f7#i
il (£ Playground A #ifll &K% Crate KT M EIEBIT)

54.2 aarch64-paging

aarch64-paging Crate A FIZEHR#E AArch64 it RS R4 H T E kK o

use aarch64_paging::{

idmap: : IdMap,

paging::{Attributes, MemoryRegion},
}

const ASID: usize = 1;
const ROOT_LEVEL: usize = 1;

// Create a new page table with identity mapping.
let mut idmap = IdMap::new(ASID, ROOT_LEVEL);
// Map a 2 MiB region of memory as read-only.
idmap.map_range(
&MemoryRegion: :new(0x80200000, 0x30400000),
Attributes::NORMAL | Attributes::NON_GLOBAL | Attributes::READ_ONLY,
) .unwrap();
// Set 'TTBRO_EL1" to activate the page table.
idmap.activate();

o HAMESZ$E EL1 AEMEZIR 2 50 A A MR A ST 82 DHAE -
o B Android FRYZEE VM B o
o BUTEMEFNG AN S K 2B BB LT 802 H QEMU

54.3 buddy_system_allocator

buddy_system_allocator BEEEAMI RGN =77 Crate 92 7] fit LockedHeap &EfE
GlobalAlloc LAfEfH M alloc Crate HNSEATAT R B AR ECH A L2 Hla AT RE &
FHEH5f PCI BAR 47 MMIO Z=f] :

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");
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https://crates.io/crates/aarch64-paging
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https://docs.rs/buddy_system_allocator/0.9.0/buddy_system_allocator/struct.LockedHeap.html
https://doc.rust-lang.org/core/alloc/trait.GlobalAlloc.html

println!("Allocated 0x100 byte MMIO region at {:#x}", bar);

* PCI BAR HJEERIBTE — R G FRHKN o
 {#f src/bare-metal/useful-crates/allocator-example/ R~ cargo run #fT
#if9l (£ Playground H* #if€ K% Crate (T mRIZERIT)

54.4 tinyvec

AR EE R EAEE R UR Vec —HEIER HIRAHERDECER © tinyvec feAtaEak] s E
1) &8 R P8 B ) 7 S 4R CRELARFAE 75 T AT O BB N HE A8 HE MR HE T 3R A & DU RIS E S AT Bl
oy B AT E R

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(1l);
println! (" {numbers:?}");

o BAHAIE > tinyvec BETRAGIHELF Default -
« Rust Playground 2% tinyvec KIS Al EF T AT ©

54.5 spin

std::sync: :Mutex FIHAMMRKE std: : sync BFEETT #MIEMR core 5 alloc FMAEAI{AT
EIRRD BRI SE B A BB RT AR S (B4 % TAEAR CPU Z I ARAR) HE 2

spin Crate $F¥#FF2 AT 1AL BT AR VR FIHE -
use spin::mutex::SpinMutex;

static counter: SpinMutex<u32> = SpinMutex::new(0);

fn main() {
println!("count: {}", counter.lock());
*counter.lock() += 2;
println!("count: {}", counter.lock());

o WIRAEPETE IR E M T S5 VOB ATAS ©

o spin L E#PESE A e ERE(EIEE ; std: :sync FF RwLock ~ Barrier il Once f[H%IH
H s R AR B YIAIER) Lazy °

» once_cell Crate th B —LLE AR & FHABIHIAIE $2 spin: tonce: :Once MIffi%
W& A A o

* Rust Playground & spin Al L3E E#E] ] £ T REAT o
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% 55 k5T

Android

WEAE Android BHURGIEEEE A A Rust (MEHH 3 MM BB EMEH rust_ffi_static
Soong #HIEAE Rust A5 #EMHEAHBEBIESHEN cc_binary &4 —#EAHE - XL
raw_binary i ELF 2 EREF I TR IR AR o

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,
target: {
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android_arm64: {
enabled: true,

b
b

55.1 vmbase

$HH7E aarch64 B crosvm RNE/ER] VM ° vimbase f2 0B R At E 2515 S B E A8 R R e
8 LU 3 A B~ UART #8508 % -

use vmbase::{main, println};
main!(main);

pub fn main(arg@: u64, argl: u64, arg2: u64, arg3: ub4d) {
println!("Hello world");
}
* main! EEEEE TR TR vmbase ARG o
 vmbase AR & R BRI & WI4R L VESE A AE 32 o X [R]85 3% Y PSCI_SYSTEM_OFF 2k & P
VM o
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B 75 PLO31 RIIReiRs 3 ¢ B4R R BEBN 25K o
SERRENR AT IB B AR AR TT 5 -

56.1 RTC BEdEfet

QEMU aarch64 it as A9 PLO31 BNIRFIF#EALY 0x9010000 o7 fIfl R 2 v A2 2y i s S A 5 BB Y
23K o

1. {HFH RN SR H AT B R =P il & AR LU chrono Crate s H /R RE#% X o
2. fif FH BT 17 4% A0 I 4 A B R 1T Bk S S O R R BT AR AR 3 FD (R Y 2 fE R
core::hint::spin_loop)-°
3. EFCIIRE (WA RFRD) RO EEBLA RTC LA R R BRI S8n] DUEM arm-gic Crate
R ERENFE T FE Arm (2B FRERPERIES o
o R IntId: :spi(2) A#EAE GIC HY RTC HEf -
o R ERTIRERR AERTLUER axm_gic: iwfi () RiieDa 2 IRIR Za iz Ol & 4 A RIRR
EOEFIETE I -

BE NG FEA E rtec HIRPEE MYIREZE o
sr¢/main.rs:

mod exceptions;
mod logger;
mod pl@ll;

use crate: :pl@1l::Uart;

use arm_gic::gicv3::GicV3;

use core::panic::PanicInfo;

use log::{error, info, trace, LevelFilter};
use smccc::psci::system_off;

use smccc: :Hvc;

/// Base addresses of the GICv3.
const GICD_BASE_ADDRESS: *mut u64
const GICR_BASE_ADDRESS: *mut u64

0x800_0000 as _,;
0x80A_0000 as _
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/117

Base address of the primary PL@11 UART.

const PL@11_BASE_ADDRESS: *mut u32 = 0x900_0000 as _;

extern "C" fn main(x0: u64, x1: ubd, x2: ubd, x3: ubd) {

}

fn

}

// Safe because "PL@11_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);

// Safe because "GICD_BASE_ADDRESS® and “GICR_BASE_ADDRESS® are the base
// addresses of a GICv3 distributor and redistributor respectively, and
// nothing else accesses those address ranges.

let mut gic = unsafe { GicV3::new(GICD_BASE_ADDRESS, GICR_BASE_ADDRESS) };
gic.setup();

// TODO: Create instance of RTC driver and print current time.
// TODO: Wait for 3 seconds.

system_off::<Hvc>().unwrap();
panic(info: &PanicInfo) -> ! {

error! ("{info}");

system_off::<Hvc>().unwrap();
loop {}

src/exceptions.rs (EEZ A FE M EE 3 M B EHLIHE) :

/1
/1
/1
/1l
/1
/1
/1
/1
/1
//
/1
/1
/1

use
use
use
use

Copyright 2023 Google LLC

Licensed under the Apache License, Version 2.0 (the "License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and
limitations under the License.

arm_gic::gicv3::GicV3;
log::{error, info, trace};
smccc: :psci::system_off;
smccc: :Hvc;
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extern "C" fn sync_exception_current(_elr: u64, _spsr: u64d) {
error! ("sync_exception_current");
system_off::<Hvec>().unwrap();

}

extern "C" fn irqg_current(_elr: u6b4
trace! ("irg_current");
let intid =
GicV3::get_and_acknowledge_interrupt().expect("No pending interrupt");
info! ("IRQ {intid:?}");

spsr: u6b4d) {

| A—

}

extern "C" fn fig_current(_elr: u6b4
error! ("fig_current");
system_off::<Hvc>().unwrap();

spsr: u6b4d) {

| A—

}

extern "C" fn serr_current(_elr: u64, _spsr: ub4d) {
error! ("serr_current");
system_off::<Hvc>().unwrap();

}

extern "C" fn sync_lower(_elr: u64, _spsr: ub4d) {
error! ("sync_lower");
system_off::<Hvc>().unwrap();

}

extern "C" fn irq_lower(_elr: u64, _spsr: u6b4d) {
error! ("irq_lower");
system_off::<Hvc>().unwrap();

}

extern "C" fn fiq_lower(_elr: u64, _spsr: u6b4d) {
error! ("fig_lower");
system_off::<Hvc>().unwrap();

}

extern "C" fn serr_lower(_elr: u64, _spsr: ub4d) {
error!("serr_lower");
system_off::<Hvc>().unwrap();

}

src/logger.rs (EfEZ AT EZHILIHH) !

// 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

//

// http://www.apache.org/licenses/LICENSE-2.0

//
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// 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: :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 ({
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{1 {}",

record.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);

log: :set_logger (&LOGGER)?;
log: :set_max_level(max_level);
0ok(())

}

src/plo11.rs (SR AR EEHE HIEH) !

// 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
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//

// http://www.apache.org/licenses/LICENSE-2.0

1/

// 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};
use core::ptr::{addr_of, addr_of_mut};

// ANCHOR: Flags
use bitflags::bitflags;

bitflags! {

/// Flags from the UART flag register.

struct Flags: ul6 {
/// Clear to send.
const CTS = 1 << 0;
/// Data set ready.
const DSR = 1 << 1;
/// Data carrier detect.
const DCD = 1 << 2;
/// UART busy transmitting data.
const BUSY = 1 << 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

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.

284



const OE = 1 << 3;

}

// ANCHOR: Registers
struct Registers {
dr: ule,
_reserved®: [u8; 2],
rsr: ReceiveStatus,
_reservedl: [u8; 197,

fr: Flags,
_reserved2: [u8; 6],
ilpr: u8,

_reserved3: [u8; 3],
ibrd: ul6,
_reserved4: [u8; 2],
fbrd: u8,

_reserved5: [u8; 3],
lcr_h: u8,
_reserved6: [u8; 37,
cr: ul6,

_reserved7: [u8; 3],
ifls: u8,

_reserved8: [u8; 37,
imsc: ul6,
_reserved9: [u8; 2],
ris: ul6,
_reservedl®: [u8; 2],
mis: ul6,
_reservedll: [u8; 27,
icr: ule,
_reservedl2: [u8; 2],
dmacr: u8,

_reservedl3: [u8; 3],

}
// ANCHOR_END: Registers

// ANCHOR: Uart
/// Driver for a PL@11 UART.
pub struct Uart {

registers: *mut Registers,

}

impl Uart {
/// Constructs a new instance of the UART driver for a PL@11 device at the
/// given base address.
/111
/11 # Safety
1171
/// 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
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/// as device memory and not have any other aliases.
pub unsafe fn new(base_address: *mut u32) -> Self {
Self { registers: base_address as *mut Registers }

/// Writes a single byte to the UART.
pub fn write_byte(&self, byte: u8) {
// Wait until there is room in the TX buffer.
while self.read_flag_register().contains(Flags: :TXFF) {}

// Safe because we know that self.registers points to the control
// registers of a PLO11 device which is appropriately mapped.
unsafe {
// Write to the TX buffer.
addr_of_mut!((*self.registers).dr).write_volatile(byte.into());

}

// Wait until the UART 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 {
let data = unsafe { addr_of!((*self.registers).dr).read_volatile() };
// TODO: Check for error conditions in bits 8-11.
Some(data as u8)

}

fn read_flag_register(&self) -> Flags {
// Safe because we know that self.registers points to the control
// registers of a PLO11 device which is appropriately mapped.
unsafe { addr_of!((*self.registers).fr).read_volatile() }

}

}
// ANCHOR_END: Uart

impl Write for 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
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// accessed from any context.
unsafe impl Send for Uart {}

Cargo.toml] (fEHERZ AR B B I H) ©
[workspace]

[package]

name = "rtc"
version = "0.1.0"
edition "2021"
publish = false

[dependencies]
arm-gic = "0.1.0"
bitflags = "2.4.2"

chrono = { version =
log = "0.4.21"
smccec = "@.1.1"

spin = "0.9.8"

[build-dependencies]

cc = "1.0.88"
build.rs (EEZ A7 B2 HIEH) !

// Copyright 2023 Google LLC
/1

"9.4.34", default-features = false }

// 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

/1 http://www.apache.org/licenses/LICENSE-2.0

/1

// Unless required by applicable law or agreed to in writing, software

// distributed under the License is distributed on an

"AS IS" BASIS,

// WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
// See the License for the specific language governing permissions and

// limitations under the License.

use cc: :Build;
use std::env;

fn main() {
env::set_var("CROSS_COMPILE",
env::set_var("CROSS_COMPILE",

Build: :new()
.file("entry.S")
.file("exceptions.S")
.file("idmap.S")
.compile("empty")

"aarch64-1linux-gnu");
"aarch64-none-elf");
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entry.S (S A FREEHILIEH) !

/*

* 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_i, reg:req, imm:req
movz \reg, :abs_g3:\imm
movk \reg, :abs_g2_nc:\imm
movk \reg, :abs_gl_nc:\imm
movk \reg, :abs_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_TGO_4KB, @x0 << 14

/* 4 KiB granule size for TTBR1_EL1. */

.set .L_TCR_TG1_4KB, @x2 << 30

/* Disable translation table walk for TTBR1_EL1, generating a translation fault instead
.set .L_TCR_EPD1, @x1 << 23

/* Translation table walks for TTBR@_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

/*

* Translation table walks for TTBRO_EL1 are inner write-back read-allocate write-alloc
* cacheable.

*/
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.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 .Ltcrval, .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, @Ox1 << @

/* Privileged Access Never is unchanged on taking an exception to EL1. */

.set .L_SCTLR_EL1_SPAN, @x1 << 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, @x1 << 7

.set .L_SCTLR_EL1_RES1, (@x1 << 11) | (@x1 << 20) | (Ox1 << 22) | (@x1 << 28) | (@Ox1 <<
.set .Lsctlrval, .L_SCTLR_ELx_M | .L_SCTLR_ELx_C | .L_SCTLR_ELxX_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
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
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* 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

1: /* Prepare the stack. */
adr_1 x3@, 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. */

2: wfi

b 2b
exceptions.S (EIEZ A7 EEHEILIEE) -
/ *

*

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

* ok ok * o
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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.

/

* ok Kk * ok ok *

*

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 x0-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@, x1, [sp, #8 * 22]

.endm

/**
* 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.
*/
.macro restore_volatile_from_stack
/* Restore registers x2-x18, x29 & x30. */
ldp x2, x3, [sp, #8 * 2]
1dp x4, x5, [sp, #8 * 4]
ldp x6, x7, [sp, #8 * 6]
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1dp x8, x9, [sp, #8 * 8]
1dp x10, x11, [sp, #8 * 10]
ldp x12, x13, [sp, #8 * 12]
ldp x14, x15, [sp, #8 * 14]
ldp x16, x17, [sp, #8 * 16]
ldr x18, [sp, #8 * 18]

ldp x29, x30, [sp, #8 * 20]

/* Restore registers elr_ell & spsr_ell, using x@ & x1 as scratch. */
ldp x@, x1, [sp, #8 * 22]

msr elr_ell, x@

msr spsr_ell, x1

/* Restore x@ & x1, and release stack space. */
1dp x@, x1, [spl, #8 * 24

.endm

/**

* 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.

*/

.macro current_exception_sp@® handler:req

msr spsel, #1

save_volatile_to_stack

bl \handler

restore_volatile from_stack

msr spsel, #0

eret
.endm
/*-k
* This is a generic handler for exceptions taken at the current EL while using
* SPx. It saves volatile registers, calls the Rust handler, restores volatile
* registers, then returns.
*
* This also works for exceptions taken from EL@, if we don't care about
* non-volatile registers.
*
* 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
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eret
.endm

.section .text.vector_table_ell, "ax"

.global vector_table_ell

.balign ©0x800
vector_table_ell:
sync_cur_sp@:

current_exception_sp@

.balign ©x80
irq_cur_spo:

current_exception_sp®@

.balign ©x80
fig_cur_sp0:

current_exception_sp@

.balign 0x80
serr_cur_sp@:

current_exception_sp@

.balign ©x80
SyNnc_Cur_spx:

current_exception_spx

.balign ©x80
irg_cur_spx:

current_exception_spx

.balign @x80
fig_cur_spx:

current_exception_spx

.balign 0x80
Serr_cur_spx:

current_exception_spx

.balign ©x80
sync_lower_64:

current_exception_spx

.balign ©x80
irq_lower_64:

current_exception_spx

.balign 0x80
fig_lower_64:

current_exception_spx

.balign 0x80

sync_exception_current

irq_current

fig_current

serr_current

sync_exception_current

irq_current

fig_current

serr_current

sync_lower

irq_lower

fig_lower
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serr_lower_64:
current_exception_spx

.balign 0x80
sync_lower_32:
current_exception_spx

.balign 0x80
irqg_lower_32:
current_exception_spx

.balign ©x80
fig_lower_32:
current_exception_spx

.balign ©x80
serr_lower_32:
current_exception_spx

serr_lower

sync_lower

irq_lower

fiq_lower

serr_lower

idmap.S (ffEZ TR B H IIHA)

/*

*

Fo¥ % ok o+ ¥ F F F ¥ F F X

/
.set
.set
/* Access flag. */

.set .L_TT_AF, Ox1 << 10
/* Not global. */

.set .L_TT_NG, Ox1 << 11
.set .L_TT_XN, @x3 << 53

.set .L_TT_MT_DEV, 0x0 <<

.set .L_TT_MT_MEM, (Ox1 << 2) | (@x3 << 8)

.set .L_BLOCK_DEV,

LT
.set .L_BLOCK_MEM, .L_T

https://www.apache.

.L_TT_TYPE_BLOCK, @x1
.set .L_TT_TYPE_PAGE, 0x3
.L_TT_TYPE_TABLE, ©x3

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

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.

2

T_TYPE_BLOCK |
T_TYPE_BLOCK |
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.section ".rodata.idmap", "a", %progbits
.global idmap
.align 12
idmap:
/* level 1 */
.quad .L_BLOCK_DEV | 0x@ // 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 (f&GfERZ A REHE ILIEH) !
/-k
* 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.
*/
/-k
* Code will start running at this symbol which is placed at the start of the
* image.
*/
ENTRY (entzry)
MEMORY
{
image : ORIGIN = 0x40080000, LENGTH = 2M
}
SECTIONS
{
/*
* Collect together the code.
*/
.init : ALIGN(4096) {
text_begin = .;
*(.init.entry)
*(.init.*)
} >image
text @ {
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*(.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.*)

* (COMMON)

. = ALIGN(16);

bss_end = .;
} >image

.stack (NOLOAD) : ALIGN(4096) {
boot_stack_begin = .;
. += 40 * 4096;
. = ALIGN(4096);
boot_stack_end = .;

} >image

. = ALIGN(4K);
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PROVIDE (dma_region = .);

/*
* Remove unused sections from the image.
*/
/DISCARD/ : {
/* The image loads itself so doesn't need these sections. */
*(.gnu.hash)
*(.hash)
*(.interp)
*(.eh_frame_hdr)
*(.eh_frame)
*(.note.gnu.build-id)

}
Makefile (B AR EAE H ILIHE)
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.
UNAME := $(shell uname -s)
ifeq ($(UNAME),Linux)

TARGET = aarch64-1linux-gnu
else

TARGET = aarch64-none-elf
endif
0BJCOPY = $(TARGET)-objcopy

.PHONY: build gemu_minimal gemu qemu_logger
all: rtc.bin

build:
cargo build

rtc.bin: build
$(0BJCOPY) -0 binary target/aarch64-unknown-none/debug/rtc $@

gemu: rtc.bin
gemu-system-aarch64 -machine virt,gic-version=3 -cpu max -serial mon:stdio -display
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clean:
cargo clean
rm -f *.bin

.cargo/config.toml (%175 BB HIHH) -

[build]
target = "aarch64-unknown-none"
rustflags = ["-C", "link-arg=-Timage.1ld"]

f#f make gemu £ QEMU H#if T2 o

56.2 Rust #REEGHFE : PP

RTC 58
CRIAIBRE)

main.rs

mod exceptions;
mod logger;
mod pl@ll;
mod pl@31;

use crate::pl031::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;

/// Base addresses of the GICv3.
const GICD_BASE_ADDRESS: *mut u64
const GICR_BASE_ADDRESS: *mut u64

0x800_0000 as _,;
0x80A_0000 as _;

/// Base address of the primary PL@11 UART.
const PLQ11_BASE_ADDRESS: *mut u32 = 0x900_0000 as _;

/// Base address of the PL@31 RTC.

const PL@31_BASE_ADDRESS: *mut u32 = 0x901_0000 as _;
/// The IRQ used by the PL@31 RTC.

const PL@31_IRQ: IntId = IntId::spi(2);

extern "C" fn main(x0: u64, x1: ubd, x2: ubd, x3: ubd) {
// Safe because "PL@11_BASE_ADDRESS® is the base address of a PL@11 device,
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// 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);

// Safe because "GICD_BASE_ADDRESS® and “GICR_BASE_ADDRESS® are the base
// addresses of a GICv3 distributor and redistributor respectively, and
// nothing else accesses those address ranges.

let mut gic = unsafe { GicV3::new(GICD_BASE_ADDRESS, GICR_BASE_ADDRESS) };
gic.setup();

// Safe because "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);
irq_enable();
gic.enable_interrupt(PL@31_IRQ, true);

// Wait for 3 seconds, without interrupts.
let target = timestamp + 3;
rtc.set_match(target);
info! ("Waiting for {}", Utc.timestamp_opt(target.into(), 0).unwrap());
trace! (
"matched={}, interrupt_pending={}",
rtc.matched(),
rtc.interrupt_pending()
),
while !rtc.matched() {
spin_loop();
}
trace! (
"matched={}, interrupt_pending={}",
rtc.matched(),
rtc.interrupt_pending()
),

info! ("Finished waiting");

// Wait another 3 seconds for an interrupt.

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! (
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"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:
use core::ptr::{addr_of, addr_of_mut};

struct Registers {
/// Data register

dr: u32,

/// Match register
mr: u32,

/// Load register
1r: u32,

/// Control register
cr: us8,

_Yeserved®: [u8; 3],

/// Interrupt Mask Set or Clear register
imsc: u8,

_reservedl: [u8; 37,

/// Raw Interrupt Status
ris: u8,

_reserved2: [u8; 3],

/// Masked Interrupt Status
mis: u8,

_reserved3: [u8; 37,

/// Interrupt Clear Register
icr: us,

_resexrved4: [u8; 3],

}

/// Driver for a PL@31 real-time clock.
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pub struct Rtc {
registers: *mut Registers,

}

impl Rtc {

/117
iy
iy
/1117
/1117
/1117
vy
vy
pub

}

vy
pub

/17
11/
pub

vy
vy
pub

/1117
/1117
vy
vy
pub

Constructs a new instance of the RTC driver for a PL@31 device at the
given base address.

# Safety

The given base address must point to the MMIO control registers of a
PL@31 device, which must be mapped into the address space of the process
as device memory and not have any other aliases.

unsafe fn new(base_address: *mut u32) -> Self {

Self { registers: base_address as *mut Registers }

Reads the current RTC value.

fn read(&self) -> u32 {

// Safe because we know that self.registers points to the control
// registers of a PL@31 device which is appropriately mapped.
unsafe { addr_of!((*self.registers).dr).read_volatile() }

Writes a match value. When the RTC value matches this then an interrupt
will be generated (if it is enabled).

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

// Safe because we know that self.registers points to the control

// registers of a PL@O31 device which is appropriately mapped.

unsafe { addr_of_mut!((*self.registers).mr).write_volatile(value) }

Returns whether the match register matches the RTC value, whether or not
the interrupt is enabled.

fn matched(&self) -> bool {

// Safe because we know that self.registers points to the control

// registers of a PL@31 device which is appropriately mapped.

let ris = unsafe { addr_of!((*self.registers).ris).read_volatile() };
(ris & 0x01) !'= 0

Returns whether there is currently an interrupt pending.

This should be true if and only if "matched’ returns true and the
interrupt is masked.

fn interrupt_pending(&self) -> bool {

// Safe because we know that self.registers points to the control

// registers of a PL@31 device which is appropriately mapped.

let ris = unsafe { addr_of!((*self.registers).mis).read_volatile() };
(ris & 0x01) !'= 0
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}

/17
/117
11/
11/
pub

vy
pub

Sets or clears the interrupt mask.

When the mask is true the interrupt is enabled; when it is false the
interrupt is disabled.

fn enable_interrupt(&mut self, mask: bool) {

let imsc = if mask { Ox01 } else { 0x00 };

// Safe because we know that self.registers points to the control

// registers of a PL@31 device which is appropriately mapped.

unsafe { addr_of_mut!((*self.registers).imsc).write_volatile(imsc) }

Clears a pending interrupt, if any.

fn clear_interrupt(&mut self) {

// Safe because we know that self.registers points to the control
// registers of a PL@31 device which is appropriately mapped.
unsafe { addr_of_mut!((*self.registers).icr).write_volatile(0x01) }

// Safe because it just contains a pointer to device memory, which can be
// accessed from any context.
unsafe impl Send for Rtc {}
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% 57 ik

A Rust Y72kt

Rust /] OS $UTHEFERCE B RSHAIEE AR SERE SR TR P o

TERF R 25 T A T B i R 2 A s S B B I A2 > Rust BRI R e 10T 7 EE A (o 78 T 7 2 T 2
TEAT ) R 2 R A DURRE SRR A HE ORI T HIRES IEREVEL(E o

* 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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Rust #1745 B9 1 75 FCBELHEAN A = R0

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

fn main() {
thread: :spawn( || {
for i in 1..10 {
println!("Count in thread: {i}!");
thread: :sleep(Duration: :from_millis(5));
}
1)

for i in 1..5 {
println!("Main thread: {i}");
thread: :sleep(Duration: :from_millis(5));

}

o PUTHEESZ daemon HITAE TN G EREEPUTAETERELE ©
o HUTEERRYS &% BN AT IETRILAER -
— YRR AT H downcast_ref fERREEE o

Rust thread APIs look not too different from e.g. C++ ones.
HATHIB

— 5ms timing is loose enough that main and spawned threads stay mostly in lockstep.

— 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.
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https://doc.rust-lang.org/std/thread/fn.spawn.html
https://doc.rust-lang.org/std/thread/struct.JoinHandle.html#method.join

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.

58.1 PFRC BRI T4E

— M T 4G VA IR TR
use std::thread;

fn foo() {
let s = String::from("Hello");
thread: :spawn( || {
println!("Length: {}", s.len());
1)
}

fn main() {
foo();
}

{H2 R A] DU F R e 60 E U T4 ST iE TH TN AE
use std::thread;

fn main() {
let s = String::from("Hello");
thread: :scope(|scope| {
scope.spawn( || {
println!("Length: {}", s.len());
1)
1)
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https://doc.rust-lang.org/std/thread/fn.spawn.html
https://doc.rust-lang.org/std/thread/struct.JoinHandle.html#method.join
https://doc.rust-lang.org/std/any/index.html
https://doc.rust-lang.org/std/thread/fn.scope.html

» JRIAFER thread: : scope HRRSERIN AEMRIEFTA BUTAEETCINA A EAES (A (& R &R -
* A Rust —ffE AR - AT DUl — 8B T4% DURT 8877 SUME s T R R AU TR DU T 8
J7RfER
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Rust @#E 75 &M EERS  Sender<T> il Receiver<T> oz /i ER4) 77 1 1 76 AHE (HIR HAES ik
B o

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 RRZEAEH ME—HEH o Sender 1 SyncSender FE/E Clone (FNEIELEHE
E#) {H Receiver g o

» send() fl recv() &{E[E Result HIREEIAZE Err FoREER Sender 3¢ Receiver B
TR HAEE ERAR o

59.1 MESFRAEE

{RATLUEF mpsc: : channel () BUSERRAVIER D EA

use std::sync::mpsc;
use std::thread;
use std::time::Duration;

fn main() {
let (tx, rx) = mpsc::channel();

thread: :spawn(move || {
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let thread_id = thread::current().id();
for i in 1..10 {
tx.send(format! ("Message {i}")).unwrap();
println!("{thread_id:?}: sent Message {i}");
}
println!("{thread_id:?}: done");

1)
thread: :sleep(Duration::from_millis(100));

for msg in rx.iter() {
println!("Main: got {msg}");
}

59.2 AR E

A SR E A @ 7E Al send FEAEBITHUTSE |

use std::sync::mpsc;
use std::thread;
use std::time::Duration;

fn main() {
let (tx, rx) = mpsc::sync_channel(3);

thread: :spawn(move || {
let thread_id = thread::current().id();
for i in 1..10 {
tx.send(format! ("Message {i}")).unwrap();
println! ("{thread_id:?}: sent Message {i}");
}
println!("{thread_id:?}: done");

1)
thread: :sleep(Duration::from_millis(100));

for msg in rx.iter() {
println!("Main: got {msg}");

}
}

o MY send &FHZE HAGTHITAE "EEIEEA ERRIHUES L ANFRIRE HIAEIREENE ST
4Bl AE e AR 2 PH ZE -

o MREECERE ¥ send WL EE S EGH A B RnSEER (FrLIE{E1E] Result) SR eSS 20T
EHEM SRR

o RKAINAZBHZREERATGEEE) HHEEAFEEMGHZEHATBITAE H2 AT
read %1k -
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Send #l1Sync

Rust A RIERE (AR A TAE R = A7 HORE 2 25 S AE DU T R (R

 Send JNRATLURE T AESITHE AR 22 288 A5 T i &2 Send °
* Sync JNRAILURRT fEHUTHE SRR M 2 2R A5 T gl &2 Sync e

Send 1 Sync B @ 2R ANRRIEGI R B & HMA Send #1 Sync BB - 4Rasss il & B IR
BER 2R EAE Send 1 Sync SETFANSRREE FREVELAIZ B R A AT LB B A1E -

o TEERRATR AR AR S AR R TR L BBt -
o BRI — IR T IR TZ BRI R o

60.1 Send

YERATLURE T HZ ZEREHABITHE 250 T &2 Send -

R A RS B H A B T4 IV AE SR w2 N destructors ) @ 7ERZ B TAE T dRILRTEZ IRFAESE— 18
FITHRE P E —EME AR — AT A R BUE A E R RO IR o

BHIAHT B SQLite BURHE AL H HAEE R B —HUTHE 17HK -

60.2 Sync

SR AT LARIRE 2 BB TAE L T A8 - 2451 T si@ 2 Sync o
FEASHERE AT -
&T WZE%E Send » T A2 Sync

EERMEANTR A (ERA ] DUEREORBU T 2 2 AR T8O @RI 2% E 0 n] U2 2RI
BRI LA A T4 o

JRRITER AR 2y Sync FonAETEZEBITHE < 3L 124 B slHCAth R 20 ) J By (K]t mT
D2z 2R B A TAE Lo B A] U LI T#E 2 2 R 25 N E R BRI 25 AR it
R HAHATAE o
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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://google.github.io/comprehensive-rust/concurrency/../unsafe/unsafe-traits.md
https://doc.rust-lang.org/std/marker/trait.Send.html
https://doc.rust-lang.org/std/marker/trait.Sync.html

60.3 #ifl
Send + Sync

BN Z &2 Send + Sync :

e i8> 32 bool  char -~ &str- ...

e (T1, T2)~[T; N]~&[T] ~struct { x: T }~..

* String > Option<T> ~ Vec<T> » Box<T> - ...
Arc<T> AR T 25 5 BAMY B TAE 2 o
Mutex<T> &M N ESHE R AR I TAEZ 2 o
AtomicBool ~ AtomicUS8 - ... :ffi 4 RIR F 1457 o

MRRHN2EUE Send + Sync > —fRAGEFEHEZ Send + Sync °

Send + !Sync

DUR R R USRS B AT BN G P TRE 2 2 SRR H R PR a] 1

* mpsc: :Sender<T>

* mpsc::Receiver<T>
* Cell<T>

* RefCell<T>

!Send + Sync
DURBIRI G R T e 2 B AR A T4E

* MutexGuard<T> :{ff] OS J@MHIRIGTCH: “a T BIERL AT I SAT#E BREGE R
% [e]

!Send + !Sync

DURRIBIA GRS THE 2 2 iR ms B H AT

* Rc<T> % Rc<T> #A —{H RcBox<T> 2% Hi & —(HIEH T2 Fa1 8 -
« *const T *mut T:Rust FREFEGIEIEAIRERRRIIEATS & o
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o Arc<T> JHF2EFHA T IRMBTEMAE=RE I B AERBSEWERNATRRT 1Y
ACTEAE o
» Mutex<T> HEFRAETRGL T EAY A] AR 7 HURE -

61.1 Axc

Arc<T> m]%#a Arc: : clone BvfS L= MEsE A Bk

use std::sync::Arc;
use std::thread;

fn main() {
let v = Arc::new(vec![10, 20, 30]);
let mut handles = Vec: :new();
for _ in 1..5 {
let v = Arc::clone(&v);
handles.push(thread: :spawn(move || {
let thread_id = thread::current().id();
println!("{thread_id:?}: {v:?}");
1))
}

handles.into_iter().for_each(|h| h.join().unwrap());
println!("v: {v:?}");

Arc RENRF2E5 80 %8l Re MBITHEZ EROAGHRAE 714 #5 -
Arc<T> implements Clone whether or not T does. It implements Send and Sync if and
only if T implements them both.
Arc::clone() SEKIITRHEERNER H2BFERSAN T AFTMEH o
HESEIER - Axc M A BB a3 E T -

- std::sync: :Weak AI#BIEITEHIIAE ©
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https://doc.rust-lang.org/std/sync/struct.Arc.html
https://doc.rust-lang.org/std/sync/struct.Mutex.html
https://doc.rust-lang.org/std/sync/struct.Arc.html

61.2 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());

}
AR #EST impl<T: Send> Sync for Mutex<T> MUMEEME BEIE o

* Mutex in Rust looks like a collection with just one element — the protected data.
- RRSCHUS EREH A REFHCZ (RERE R -
o HTAFFEMEH FAENE &Mutex<T> HtfF&mut T o MutexGuard FIFELE &mut T HFEGAE
B FTRA IS o
* Mutex<T> implements both Send and Sync iff (if and only if) T implements Send.
» A read-write lock counterpart: RwLock.
* Why does lock() return a Result?
- MRFFA Mutex AT AR > Mutex L& T3 5t HIRER BRI AT BERR I —
BAIREE AR P ENE R lock () @ &394 PoisonExrror $H&% JEamil{] fK
EBRT LB BERRIENY into_innex () ARIEJRERL

61.3 #uffl

BMHKEE Arc fl Mutex HIERIERS

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

fn main() {
let v = vec![10, 20, 30];
let handle = thread::spawn(|| {
v.push(10);
1)
v.push(1000);

handle. join() .unwrap();
println!("v: {v:?}");

}

AIAERIMRTRTT 5K

use std::sync::{Arc, Mutex};
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https://doc.rust-lang.org/std/sync/struct.Mutex.html
https://google.github.io/comprehensive-rust/concurrency/shared_state/../../borrowing/interior-mutability
https://doc.rust-lang.org/std/sync/struct.Mutex.html#impl-Sync-for-Mutex%3CT%3E
https://doc.rust-lang.org/std/sync/struct.PoisonError.html

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:?}");
}
HEHS
o v B IAIFMA Arc fl Mutex RIZARE NS & EAFHRE o
— ¥ Mutex #A Arc ~BIEBTAE f L = rT R AE A& B o
o v: Arc<_> BEEHN v2 A BEER R HMHITE F5EE > move EFMIYNE lambda #E o
o RAEM FE4E/ N LockGuard FIEE
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BonfE LU IR E SO I THE

o BEZMERNE AEMATITAREE -

o ZHUTHEARE TR Al DUEEE R HE A Cargo NRUKRIITTH: ARE(F IRhr s A
SERARENR AT B BRI BRI T -

62.1 PEZMENE

25 B R R A A A T AR R

BT R EAE R sk AR M5 A B RN R AR 2 A — T o
B R AR A HAR R KA 6 ZE IR S X F A RE = S B R IA R B A & o H
IR TR EE X F A RENCEIFANA At HA S5 AT 2 RAERE (MIEER)
N A RENIS IS X T LB B RIZ5E R G RIRHR NS T o

IEIAME BEAE AL Cargo wHRF L FERBSEHAAY % sTc/main. rs MR JHRZEHE A&
HIE cargo run NEIFAFELS ¢

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

struct Fork;

struct Philosopher {
name: String,
// left_fork:
// right_fork:
// thoughts:

}

impl Philosopher {
fn think(&self) {
self.thoughts
.send(format! ("Eureka! {} has a new ideal!", &self.name))

315



.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() {
// Create forks

// Create philosophers
// Make each of them think and eat 100 times

// Output their thoughts
}

fERT LA %1 Cargo. toml :

[package]

name = "dining-philosophers"
version = "0.1.0"

edition = "2021"

62.2 ZHITHEEATRRA A

AR PR HT 22 AR L 2 T RE A R E TR % T AIBICA HRYG RE HE LSRG A
R A FE LU 7 AR AR R A s b B L i B BB e A i A 1k o

Zltt AEREALEH HTTP AP 4l request sEENHTH Cargo HE AffEHLL 52 ¥ reqwest
B AR T

cargo new link-checker
cd link-checker
cargo add --features blocking,rustls-tls reqwest

4 R cargo add %k Bt ifi ¥ /R error: no such subcommand i F &) 4 #H
Cargo. toml #&HZ sHHTiE MYMKI T o

A R E IR S At M ATLUEA scraper :

cargo add scraper

Bi% PR E R 7T St B G thiserror !
cargo add thiserror

cargo add MENY&EEH Cargo. toml #EZE AN MR !
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https://docs.rs/reqwest/
https://docs.rs/scraper/
https://docs.rs/thiserror/

[package]

name = "link-checker"

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"

TEHAER] DU NG B o DUVt B alia HiR(E B4l https://www.google.oxrg/ °
src/main. rs HEEEL R

use reqwest::blocking::Client;
use reqwest::Url;

use scraper::{Html, Selector};
use thiserror::Error;

enum Error {
ReqwestExrror (#[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"));
for href in href_values {
match base_url.join(href) {
Ok(link_url) => {
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link_urls.push(link_url);
}
Err(err) => {
println!("On {base_url:#}: ignored unparsable {href:?}: {err}");
}
}
}
Ok(link_urls)
}

fn main() {
let client = Client::new();
let start_url = Url::parse("https://www.google.org").unwrap();
let crawl_command = CrawlCommand{ url: start_url, extract_links: true };
match visit_page(&client, &crawl_command) {
Ok(links) => println!("Links: {links:#?}"),
Exrr(err) => println!("Could not extract links: {err:#}"),
}
}

ERHLLTIES 7 sTc/main. rs TETREES :

cargo run

TAE
o [ERBITAR RN A AT MR R AL (BUR B R R R T4 (R R A A o
o RS TETIAE LUR M 77 AU www . google . org A8 AT A B b A 9 BT B IRE A
100 B4 LA FIAuE 5 o

62.3 AT : LPREE

PSR A

CRIAIE)

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

struct Fork;

struct Philosopher {
name: String,
left_fork: Arc<Mutex<Fork>>,
right_fork: Arc<Mutex<Fork>>,
thoughts: mpsc::SyncSender<String>,
}

impl Philosopher {
fn think(&self) {
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}

self.thoughts

.send(format! ("Eureka! {} has a new ideal!", &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);

{

// To avoid a deadlock, we have to break the symmetry
// somewhere. This will swap the forks without deinitializing
// either of them.
if 1 == 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,
b
thread: :spawn(move || {
for _ in 0..100 {
philosopher.eat();
philosopher.think();
}
})s
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drop(tx);

for thought in rx {
println! (" {thought}");

}

A A

CRIFIBRE)

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

use reqwest::blocking::Client;
use reqwest::Url;

use scraper::{Html, Selector};
use thiserror::Exrror;

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
.select(&selector)
.filter_map(|element| element.value().attr("href"));
for href in href_values {
match base_url.join(href) {
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Ok(link_url) => {
link_urls.push(link_url);
}
Err(err) => {
println!("On {base_url:#}: ignored unparsable {href:?}: {err}"),;
}
}
}
Ok(link_urls)
}

struct CrawlState {

domain: String,

visited_pages: std::collections::HashSet<String>,
}

impl CrawlState {
fn new(start_url: &Url) -> CrawlState {
let mut visited_pages = std::collections::HashSet: :new();
visited_pages.insert(start_url.as_str().to_string());
CrawlState { domain: start_url.domain().unwrap().to_string(), visited_pages }

}

/// Determine whether links within the given page should be extracted.
fn should_extract_links(&self, url: &Url) -> bool {
let Some(url_domain) = url.domain() else {
return false;
}
url_domain == self.domain

}

/// Mark the given page as visited, returning false if it had already
/// been visited.
fn mark_visited(&mut self, url: &Url) -> bool {
self.visited_pages.insert(url.as_str().to_string())
}
}

type CrawlResult = Result<Vec<Url>, (Url, Error)>;
fn spawn_crawler_threads(
command_receiver: mpsc::Receiver<CrawlCommand>,
result_sender: mpsc::Sender<CrawlResult>,
thread_count: u32,

) A

let command_receiver = Arc::new(Mutex::new(command_receiver));

for _ in 0..thread_count {
let result_sender = result_sender.clone();
let command_receiver = command_receiver.clone();
thread: :spawn(move || {
let client = Client::new();
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loop {

let command_result = {
let receiver_guard = command_receiver.lock().unwrap();
receiver_guard.recv()

}

let Ok(crawl_command) = command_result else {
// The sender got dropped. No more commands coming in.
break;

b

let crawl_result = match visit_page(&client, &crawl_command) {
Ok(link_urls) => Ok(link_uxls),
Err(error) => Err((crawl_command.url, error)),

i

result_sender.send(crawl_result).unwrap();

).
}

fn control_crawl(
start_url: Url,
command_sender: mpsc::Sender<CrawlCommand>,
result_receiver: mpsc::Receiver<CrawlResult>,
) -> Vec<Url> {
let mut crawl_state = CrawlState: :new(&start_url);
let start_command = CrawlCommand { url: start_url, extract_links: true };
command_sender.send(start_command) .unwrap() ;
let mut pending_urls = 1;

let mut bad_urls = Vec::new();

while pending_urls > 0 {
let crawl_result = result_receiver.recv().unwrap();
pending_urls -= 1;

match crawl_result {
Ok(link_urls) => {
for url in link_urls {
if crawl_state.mark_visited(&url) {
let extract_links = crawl_state.should_extract_links(&url);
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_xreceiver) = 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.oxrg").unwrap();
let bad_urls = check_links(start_url);
println!("Bad URLs: {:#7?}", bad_urls);
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% 63
JEFIZV I Rust

FIER (async) & — 8l ZEEB I TRATRIR I fEEtRAVIENA 5 Horh — 8T 75 A BHZERRE
IRf RBEE 5T R S — A ] BATRIE S Ja iR e E S TH R A IRAVERSE N T KBNS &
T2 DR 2% BB 55 P 28 PO ) 8 208 AIRAER i ELV 2 SRR B R EE A T RE RE S A ROt B S AT R Y 1/O o

Rust FIERPR(EZZER future | 2R AR ATREFEARRSERAI TAE < Future & & E4 #isH (poll) )
HIREE EEIE A E SRR TAE CAS R e o

Future &4 3K 2 WA TEREE (runtime) s M S TER A 3 22 o

bLi

* Python A —{EELIIEE! asyncio of i asyncio 1 Future JEHUZ MK O] W-F 81 (callback)
M7k JERZPH Python F2ARZE 7 E (loop) | A LR Rust HJEITERET

* JavaScript #J Promise 2 LIRIHES (B 2B TR EIFFER &L - JavaScript HIGE S HUTIRIEE
1E T E (event loop) ATLAREE TR 2 @72 Promise AR FEAHHT o

63.1 async/await
e R EEARE JERIP R Rust B2 B ARG T — ey ) RS

use futures::executor::block_on;

async fn count_to(count: i32) {
for i in 1..=count {
println!("Count is: {i}!");
}
}

async fn async_main(count: 1i32) {
count_to(count) .await;
}

fn main() {
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block_on(async_main(10));
}
EHEZERN
o EEE N2 EEREE BB r#iiE GRS e i fIAE XIS E g A R ERRFMH
HEATHIHRE R A B IERGHTIERE |
o QRIS AIFE R0 bR B [ {ER 1) 2
— f£ main FEHEA let feature: () = async_main(10); UEFRILE o

» The ”"async” keyword is syntactic sugar. The compiler replaces the return type with a
future.

o PRAEERE main RBUEDRAIERD B BRIFVRE RS RIS NE 1 4 frl iR BRI future K977
K o

* You need an executor to run async code. block_on blocks the current thread until the
provided future has run to completion.

o .await GIFRAHERHMBBERITER SR block_on . await NEHIEEATHIFITH
* .await can only be used inside an async function (or block; these are introduced later).

63.2 Futures

Future Z2—RERH MHBIEEERER AREEIFFHARTTRK o Future 4L M poll €{&[F
Poll -

use std::pin::Pin;

use std::task::Context;

pub trait Future {
type Output;
fn poll(self: Pin<&mut Self>, cx: &mut Context<'_>) -> Poll<Self::Output>;

}

pub enum Poll<T> {
Ready(T),
Pending,

}

IR R & EE impl Future &t AT L% B AR BN E AF Future (HAH R HR B 5K e
tokio: : spawn {#[E JoinHandle & &k Future LUERZFGE o

1% Puture 19 . await BEEF @ HATKIERLH L5 Future MUtes 508 @ 3 2300

* Future 1 Poll RUAIRYE(E77 o2 AR BB RIS P EFREIETTK o

o FMAEHE Pin fl Context AT & FENMRF IR R D2 mIEESOH IR D HTT o
i B AR

- Context 7uit Future fEFE 3R ZHE B 5 PR Hidf o

- Pin Alf§EfR Future fERCISAE - NMEASE) 78kk#Z Future FUTSERIMERF AR ANE fLFF 208
fE . await BRHEA RN BB A L E
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https://doc.rust-lang.org/std/future/trait.Future.html
https://doc.rust-lang.org/std/task/enum.Poll.html

63.3 Runtimes

CRTERSE ) SRR DUERIAE 77 sUBT1ESE (TSR ) A B B ¥ T Future ( T#U4785) ) - Rust IRATAN
AT B AR Rk 2 AR
* Tokio :3AE R4F HAEENIIRELERE R4 Hl4n AR HTTP &Y Hyper *8U#EMH R gRPC Y
Tonic
* async-std : HELZ M2 async B stdJ AffE async: : task EAEABITIREE
e smol : FEEESE
A R FAE SRR A SR TBRET 51401 > Fuchsia ©A —E#UTIRES o

o FETER TR TER R » Rust Playground H3#% Tokio ° Playground A &L /O »
(KL R B > A R IE R 16 5 i 7L 1 Playground F#UT ©

o BRIFHEZ BT IR S HI Future REHATEMIESE (EEAGRE) 1/O 1£35) it Future 2
MEME IR 92 —RGEL ]S Promise [R] B 1% & BIEIERME A &7 M0 o

o

63.3.1 Tokio

Tokio 2L NIHH :

o BUTIERID IR Z I TRERA TR ©
o FRERRUERIIERID A o

use tokio::time;
async fn count_to(count: 132) {
for i in 1..=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 1..5 {
println!("Main task: {i}");
time: :sleep(time: :Duration: :from_millis(5)).await;

}

o %M tokio: :main B4 BMBAERTLUE main JEFE o

* spawn B E@NHNANATI TR

o EE : spawn ZH¢H Future & AELE count_to LFFIY . await
BRI

o At count_to CGEHR) A& 10 ? E=2IFFPBUHIE]F EE| tokio: : spawn FERAT °
FIr{8[m e A RS AT DU 2 S5 155 o

o B count_to(10) .await /MiJEERHELIREE o
o Bl ERH1E tokio: : spawn {E[EI TAE
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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

63.4 1A%

Rust ) TAE R R AR SUTHEATE A o

—IE T/ B A —fETEE Future #1785 &lizH% Future AKiEFN#EE $% Future RJREA —8L 2 BiR
Future £ poll 77ik#asH AT &0 5 e 2 REAL M8 off tiin A 28 715 Future (4055 S HIRFER AT
1/0 1E3) Ra 1 T/EAN BRI THES -

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");
3
}
}

Hr s (EHHE B BEHLRY sTc/main. rs ZRBIEHHAT -
HE A A TCP #4) T A EAR Fl4N nc 5% telnet ©
o FHEAEDUENG B IR E G AR ESS B A %08 2 B3R P IR Rk EE &AL T/E ? Future & ?

» JE@RBEME—REE async B HPATUBL EAREZEM S8 HFEES Future FHLEUR
async fne

o RFIERID BB 2 PR X AEH] ? S Sha R P o

63.5 JERIEE

AL Crate SCHRIERIPEE Hl4l tokio :
use tokio::sync::mpsc::{self, Receiver};

async fn ping_handler(mut input: Receiver<()>) {
let mut count: usize = 0;

while let Some(_) = input.recv().await {
count += 1;
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https://www.unix.com/man-page/linux/1/nc/
https://www.unix.com/man-page/linux/1/telnet/

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 i in 0..10 {
sender.send(()).await.expect("Failed to send ping.");
println!("Sent {} pings so far.", i + 1);
}

drop(sender) ;
ping_handler_task.await.expect("Something went wrong in ping handler task.");

o REER/NETE 2 3 IRfRE BT IEER R -

o BETS SENEELURE FEEP BRI sync BE o

HE MR std: imem: :drop PEAY of FEA: BB ? AftEE ?

Flume Crate EAFRKREE sync f async [ send fil recv W& #HRA 10 AIKE CPU &

T AR I AR St & (A o

ﬁ%ﬁggﬁ@é\@ﬁﬂ async & 2N A EEEAEREM future BEAE MG
IIRAZ o
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https://google.github.io/comprehensive-rust/async/concurrency/channels.md
https://docs.rs/flume/latest/flume/

64 35
Future £l

Future rIMIEOF EANATER R SRMC 48 TOE TSR I RS T IR BT -

L ora
.

64.1 MIA

GEEEGEREE Future SF5 A NEREZMEEIR —REE S5 LUR JavaScript H#Y
Promise.all 8¢ Python #'fJ asyncio.gather -

use anyhow: :Result;

use futures::future;

use reqwest;

use std::collections::HashMap;

async fn size_of_page(url: &str) -> Result<usize> {
let resp = reqwest::get(url).await?;
Ok (resp.text().await?.len())

}

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);
}
e 7 (B R 5148 SR MY HY sTc/main. rs ZRTEEHEAT -
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o HREZEAFREAIN Future AR LU#EH std: : future: : join! {HABEXESR SRS HZ /D
Future & HAI{? futures Crate 1 “AABETE std: : future HiEHFEERR

* join RYEFEZHAE Future RIAEMEIAMRR EERE RS

o BB AR AT LUOEH join_all 1 join! s#FTAE KRG & E HTTP IR ERHEE R oF
EHEA futures: :join! % tokio: :time: :sleep #iH = Future J2 i JEARF CARET
% select! "F—EHEHMA) M2 join! o

64.2 #EHL

BHIE 2 & F B (E ] — 4 Future # {4 5 4% > 7 #f ¥ 3% Future A9 %5 R 42 fit [2] J& %5 3 2
J* JavaScript H #J Promise.race °fE Python H - H| 7] B asyncio.wait(task_set,
return_when=asyncio.FIRST_COMPLETED) th# o

LA EEBBA S - select! WFEMA LA L #8XE % pattern = future => statement °
B future BEFELAE IR BIEE G H pattern i@ 23 > statement ¥UITIRF & F H E £ RV E -
statement #R A select! EEMGER o

use tokio::sync::mpsc::{self, Receiver};
use tokio::time::{sleep, Duration};

enum Animal {
Cat { name: String },
Dog { name: String },
}

async fn first_animal_to_finish_xrace(
mut cat_rcv: Receiver<String>,
mut dog_rcv: Receiver<String>,
) -> Option<Animal> {
tokio: :select! {
cat_name = cat_rcv.recv() => Some(Animal::Cat { name: cat_name? }),
dog_name = dog_xrcv.recv() => Some(Animal::Dog { name: dog_name? })

}

async fn main() {
let (cat_sender, cat_receiver)
let (dog_sender, dog_receiver)
tokio: :spawn(async move {
sleep(Duration::from_millis(500)).await;
cat_sender.send(String: :from("Felix")).await.expect("Failed to send cat.");
1),
tokio: :spawn(async move {
sleep(Duration::from_millis(50)).await;
dog_sender.send(String: :from("Rex")).await.expect("Failed to send dog.");
1),

mpsc::channel(32);
mpsc::channel(32);

let winner = first_animal_to_finish_race(cat_receiver, dog_receiver)
.await
.expect("Failed to receive winner");
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println! ("Winner is {winner:?}");

S EEH 25N - first_animal_to_finish_race & EBERI{ES 7 A PSSt
FFET 50 ZF) RLHETEE 500 ZFVAI5H o

fEsE MEHH AT oneshot &7 B2y E N BRI —{H send ©
B AT LR 7R A AR Future AYIETE

R 0 select! SFIREAMHFII S ARA 42 FHUH Future &8 REUT select! KFElE#
ST Future iR A 5 FEREME o

- BRITIEEEE &mut future MIEEZE Future A5 B8 rl AR B IHRRE wEAHGS 5

# H pinning &% 5 ©
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% 65 5
async/await [V

async/await 3T IERIP IR AR AL T (A A RCR ARSI of % > Rust H'AY async/await
Rt i AR RE AL SR AR & oA B it I H h B AR BT

* PHEERITER

* Pin

» JERIZB R

o HUH

65.1 FHIERITAE

KZBIEFRIDBUTERE R AT TEIT 10 TE s8R nfH% CPU Y TAE G HZEM T el A T
AT o— I B AR 75 1% 2 a5 T RE(E F BRI E R AR I R S R 5 1% o

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;

o BUTRES ARG RBIRIRIRE 3L IR T34 -

* "current_thread" #MAA G A LOEMAE R —HITHE SRIRCR BN B2 1T
SRR LS ©

* K std: :thread::sleep %% tokio: :time: : sleep A FFRFHR o
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o B—fEEIE % tokio: :task: : spawn_blocking #a rl L B R TAS A2 i A G e
# % Future i~ EHZERITH

o AR LAERLZy OS BUATAE ~LIEAE 1 B 1 B HRE /PTG ATFEE— OS HiiT4E
T ZIH A of£ 28 48 FFI B MR 28 BB Ry 75 0 H & 78 Al o[ 2% R 28 P RE & 1K
B SERAT 2 AS B faff 17 22 ] BB JE 4508 OS AT 4% (B4 CUDA) ofE 78 M 15 I 1 -3 48 Jo i F

tokio: :task: :spawn_blocking e

o HREEAE R B RH o B REHOREE(E . awalt I RTAE @SSO fth TR s RH 2 - H sz TAEw]
RETE[R —HUTHE L]UT -

65.2 Pin

FEFD SN PR & R B Future $EEEITLA fE[A]F97 52 4 i a5 TR AT GG R &R A b s B
HURAE Future FREFEIIEDRL o

Horp—SEBn] (R B f5 1A HA A B HE R 4R > Future B EHANGCEASALE LU iE AR T
ES Ve

it AERC A TP RS E) Future R bR R AEZZ B [ E 51503 o Pin B2 MAVEERK 21T
AR e IR BRI AR B AR

use tokio::sync::{mpsc, oneshot};
use tokio::task::spawn;
use tokio::time::{sleep, Duration};

// A work item. In this case, just sleep for the given time and respond
// with a message on the “respond_on’ channel.
struct Work ({

input: u32,

respond_on: oneshot::Sender<u32>,

}

// A worker which listens for work on a queue and performs it.
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;
}

// TODO: report number of iterations every 100ms

}

// A requester which requests work and waits for it to complete.
async fn do_work(work_queue: &mpsc::Sender<Work>, input: u32) -> u32 {
let (tx, rx) = oneshot::channel();
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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, i).await;
println! ("work result for iteration {i}: {resp}");

}

o SR LURFILAR 2 1 B AR B 7 s B8R & e Pl select! o
o AR T AT E R ST USRS IR Y -

- H#M#K_ = sleep(Duration::from_millis(100)) => { println! (..) }
W E select! JE8KBENFTHIT A HEE?

- HRATE loop ZAMNHHE & A% Future [ timeout_fut :

let mut timeout_fut = sleep(Duration::from_millis(100));
loop {
select! {
_ = timeout_fut => { println!(..); },
}
}

- ERRREDVENE SRR RN K &mut HTEE select! FIW timeout_fut Kk
B ENEE MR MEH Box: tpin:

let mut timeout_fut = Box::pin(sleep(Duration::from_millis(100)));
loop {
select! {

;'; &mut timeout_fut => { println!(..); },
}
}
— JERkn] DURRE AR AR S XEBRETE 2 Poll: :Ready (B! Future A Bhfi#ikia
E R RE) o5 R BI el £ R BNIRF ERE timeout_fut ©
o Box @EHERE Lo BC of F FRLEIEN R AL AT DURA std: tpin: ipin! (BOA HEHARERR EERRIE
REGAFE A tokio: :pin!) MHERAES AR CEHIEIRA Future °
s BT ERZEZEANEHH pin M AHELS —HT/E % TIEE 100 ZHHMGEER
oneshot & o
o HEENECHIEENERMEABREBE — KNS » Rust (GEARARGER LB ERSRER
(Rl 22 B0 7R A g d H AR m R ol JERD &A1 pR AR IS~ & {5 AR

335



* Pin B2 MAVEER MEREH A M EREP) I - EE R T AR ofHE AR EE#
farE Ay a] LS B o

 Future FF#M poll ik 2MH Pin<&mut Self> ZMEFIE Mk H&mut Self dAILL A&
HAETEE € Fa A BRI {1 77 1% o

65.3 JERHE

Async methods in traits are were stabilized only recently, in the 1.75 release. This required
support for using return-position impl Trait (RPIT) in traits, as the desugaring for async
fnincludes -> impl Future<Output = ...>.

However, even with the native support today there are some pitfalls around async fn and
RPIT in traits:

* Return-position impl Trait captures all in-scope lifetimes (so some patterns of borrowing
cannot be expressed)

* Traits whose methods use return-position impl trait or async are not dyn compatible.
MRFE dyn 8% » Crate async_trait f2HERAH B SRR 7L (AL ETERMTT)

use async_trait::async_trait;
use std::time::Instant;
use tokio::time::{sleep, Duration};

trait Sleeper {
async fn sleep(&self);
}

struct FixedSleeper {
sleep_ms: u64,

}

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());
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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;

}
» async_trait HEASMH HFHTEE B R Bl AZ I RUR 8 fHER ) id & 78 i)
RAEEHE -
« A async trait #BE KBRS FIREE Rust Al RERAE SR AN Q1A B AR
% A] L2 Niko Matsakis 7S 5 SRR MHETEE o
o BalUEZH R RIRAE A AR ARRZAS MR DE R D E IRIRIN AR . MR R HORT I 22 Vec o
65.4 @

53 Future 3/~ Future HE7EEtin 50 s2 /84 B AIRE3AE AT await %S I Future
R B TR R OR R L F A AT e IRAEAS SRR E R

use std::io::{self, ErrorKind};

use std::time: :Duration;

use tokio::io::{AsyncReadExt, AsyncWriteExt, DuplexStream};

struct LinesReader {
stream: DuplexStream,

}

impl LinesReader {
fn new(stream: DuplexStream) -> Self {
Self { stream }
}

async fn next(&mut self) -> 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_err(|_| io::Exrror::new(ErrorKind::InvalidData, "JE UTF-8"))?;
Ok (Some(s))
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async fn slow_copy(source: String, mut dest: DuplexStream) -> std::io::Result<()> {
for b in source.bytes() {
dest.write_u8(b).await?;
tokio::time: :sleep(Duration: :from_millis(10)).await
}
Ok(())
}

async fn main() -> std::io::Result<()> {
let (client, server) = tokio::io::duplex(5);
let handle = tokio::spawn(slow_copy("hi\nthere\n".to_owned(), client));

let mut lines = LinesReader::new(server);
let mut 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? {

Y
}
}
handle.await.unwrap()?;

Ok(())

o RAESHETLMEORZE ZINEON R BT ERE APL MM A% & async Tn (REOIREE o
o Bl panic M1 ? RE HGHZ EFE IR —E0 HEREERER) o
o LA 25 R Y R 4y o

- B tick () AR SERNG » next () fE buf B & ERIFEE -

- LinesReader AJ3# buf A&ERERER—H 7 FECRZ 2N EE

struct LinesReader {
stream: DuplexStream,
bytes: Vec<u8>,
buf: [u8; 117,

}

impl LinesReader {

fn new(stream: DuplexStream) -> Self {
Self { stream, bytes: Vec::new(), buf: [0] }

}

async fn next(&mut self) -> io::Result<Option<String>> {
// prefix buf and bytes with self.
/...
let raw = std::mem::take(&mut self.bytes);
let s = String::from_utf8(raw)
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/1 ...

}
}

» Interval::tick GEHEHERETXE) KL PTHECR L RRYETEEE
» AsyncReadExt: :readod.read) S & &R ERBCNGEIE R} AL AT HEOR 22 BRI ESE ©

» AsyncBufReadExt: :read_line BUAHEFIFLL M€k MEORZ RAVHUEIESE SNZEMRAREIB AN
BRITHE wH2REIAS -
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R E IS JERZD Rust 5775 M ARGE A 7 RITHBCE

o HREFENE HMPE EEEBREEREE 8 EGHIERY Rust KE L o

o BERRRNR AR AR (A E R 5 Aan] UE S SRR Y IR AP Rust JIAE ©
SERARENR AT B BRI BRI T -

66.1 PR BENE — JEFD

A2 RERRERE EEE A o

M Z Al —Fk S HME RELEAREZE Cargo sHRFA MEEREEN 2 sTc/main. rs FIHEZR JHE
2R PAEHIE cargo run NEIAIEL ©

use std::sync::Axc;

use tokio::sync::mpsc::{self, Sender};
use tokio::sync::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 ideal!", &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() {
// Create forks

// Create philosophers
// Make them think and eat

// Output their thoughts
}

EXREAIEFEN Rust TILEHRE tokio KKyl SARTLUEM T4 Cargo. toml :

[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"]

BEEER A ] AMER tokio Crate 1 Mutex #l mpsc #4H o
o WHIEETHEERSRHBE—#TEE

66.2 JEHEINIHE

TEAGRE b AL P P 2 AT R e B (R R R B Rl U AR X 3R A — 8 BV 2 s PRI AR s A =
Uit AR ZE A RHUE. o P i S AR g A P A B 3 e HUEL 2R efUE (B0 R Ay R 2 e
an GRCEN A RIERR B R =R A P o o

7yt ™ e 6 RARSS RRYERREER tokio_websockets fEH P oA A AR % < 7R o
AAIEAZHTHY Cargo B AHTHE NHIMKI T

Cargo.toml :

[package]

name = "chat-async"

version = "0.1.0"

edition = "2021"

[dependencies]

futures-util = { version = "0.3.30", features = ["sink"] }

http = "1.0.0"
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tokio = { version = "1.36.0", features = ["full"] }

tokio-websockets = { version = "0.7.0", features = ["client", "fastrand", "server",

v API
RErFE tokio Ml tokio_websockets AL NI §EAE & SFRIL API o

i WebSocketStream EfER) StreamExt::next() : FHRIER 2 E WebSocket B i FFATEIE o
i1 WebSocketStream E{EH SinkExt::send() : FHHRTE WebSocket HiirhIEFRIEZEHA o
Lines:mext_line() : FHRIEFD EEUE R A AR HRIEHERE ©

Sender::subscribe() : FRETRIEBEE -

P A

£ Cargo S 4l HAEA — 8 AR LUk —f8 src/main. rs % Ja THE SR Efi i
f —ME TR AP 0 59 — (8 R eI e SEm] AR 2 Ml AN [T Cargo S5 HIRM & A B & /A —
BRI B — Cargo B M NE P A ARSI AR sTc/bin 77 FE2RHIIIX
fF) e

LU RIIRES I P e RS BIE 3] src/bin/server.rs fl src/bin/client.rs & &
TR N7 A sE R E e R 2 o

src/bin/server.rs :

use futures_util::sink::SinkExt;

use futures_util::stream::StreamExt;

use std::error: :Error;

use std::net::SocketAddr;

use tokio::net::{TcpListener, TcpStream};

use tokio::sync::broadcast::{channel, Sender};

use tokio_websockets::{Message, ServerBuilder, WebSocketStream};

async fn handle_connection(
addr: SocketAddr,
mut ws_stream: WebSocketStream<TcpStream>,
bcast_tx: Sender<String>,

) -> Result<(), Box<dyn Error + Send + Sync>> {

// TODO: For a hint, see the description of the task below.

}

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 {
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// Wrap the raw TCP stream into a websocket.
let ws_stream = ServerBuilder::new().accept(socket).await?;

handle_connection(addr, ws_stream, bcast_tx).await
3

}
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();

// TODO: For a hint, see the description of the task below.

AT IR
UM RS BT RIAR A -
cargo run --bin server
A AE AT 462 #UT H P o
cargo run --bin client

TAE

e £ src/bin/server.rs HE{E handle_connection K= o
- ¥/~ ffi ] tokio: :select! BIRJ7EE A M E AT T MIE T/E —H TAEFWEIRE
F P uREERE ARARIE AR 55 —TH TAERIE R AR A U s B8 2 F P ot o
» 52 src/bin/client.rs I ERER o
— PR CRIJeRT—RE AR EEEE R tokio: iselect! WATHATRIE LI © (1) fEiEXds
AN B FHE R AR EE R ARG 5 (2) BUlok B AR HEE Al a8 &
o JEHER SERIR KRS E ARRF R A P E A B AEEUR 3R o
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use std::sync::Axc;

use tokio::sync::mpsc::{self, Sender};
use tokio::sync::Mutex;

use tokio::time;

struct Fork;

struct Philosopher {
name: String,
left_fork: Arc<Mutex<Fork>>,
right_fork: Arc<Mutex<Fork>>,
thoughts: Sender<String>,

}

impl Philosopher {
async fn think(&self) {
self.thoughts
.send(format! ("Eureka! {} has a new ideal!", &self.name))
.await
.unwrap();

}

async fn eat(&self) {
// Keep trying until we have both forks
let (_left_fork, _right_fork) = loop {

// Pick up forks...

let left_fork = self.left_fork.try_lock();

let right_fork = self.right_fork.try_lock();

let Ok(left_fork) = left_fork else {
// If we didn't get the left fork, drop the right fork if we
// have it and let other tasks make progress.
drop(right_fork);
time: :sleep(time: :Duration: :from_millis(1)).await;
continue;

b

let Ok(right_fork) = right_fork else {
// If we didn't get the right fork, drop the left fork and let
// other tasks make progress.
drop(left_fork);
time::sleep(time: :Duration::from_millis(1)).await;
continue;

},

break (left_fork, right_fork);
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println!("{} is eating...", &self.name);
time: :sleep(time: :Duration::from_millis(5)).await;

// The locks are dropped here

}

static PHILOSOPHERS: &[&str] =
&["Socrates", "Hypatia", "Plato", "Aristotle", "Pythagoras"];

async fn main() {
// Create forks
let mut forks = vec![];
(0. .PHILOSOPHERS.1len()).for_each(|_| forks.push(Arc::new(Mutex::new(Fork))));

// Create philosophers
let (philosophers, mut rx) = {
let mut philosophers = vec![];
let (tx, rx) = mpsc::channel(10);
for (i, name) in PHILOSOPHERS.iter().enumerate() {
let left_fork = Arc::clone(&forks[i]);
let right_fork = Arc::clone(&forks[(i + 1) % PHILOSOPHERS.len()1);
philosophers.push(Philosopher {
name: name.to_string(),
left_fork,
right_fork,
thoughts: tx.clone(),
1)

(philosophers, 1rx)
// tx 1is dropped here, so we don't need to explicitly drop it later

b,

// Make them think and eat
for phil in philosophers {
tokio: :spawn(async move {
for _ in 0..100 {
phil.think().await;
phil.eat().await;
}
b))
}

// Output their thoughts
while let Some(thought) = rx.recv().await {
println!("Here is a thought: {thought}");

}
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src/bin/server.rs :

use futures_util::sink::SinkExt;

use futures_util::stream::StreamExt;

use std::error: :Error;

use std::net::SocketAddr;

use tokio::net::{TcpListener, TcpStream};

use tokio::sync::broadcast::{channel, Sender};

use tokio_websockets::{Message, ServerBuilder, WebSocketStream};

async fn handle_connection(
addr: SocketAddr,
mut ws_stream: WebSocketStream<TcpStream>,
bcast_tx: Sender<String>,

) -> Result<(), Box<dyn Error + Send + Sync>> {

ws_stream
.send(Message: :text("Welcome to chat! Type a message".to_string()))
.await?;

let mut bcast_rx = bcast_tx.subscribe();

// A continuous loop for concurrently performing two tasks: (1) receiving
// messages from ‘ws_stream’ and broadcasting them, and (2) receiving
// messages on ‘bcast_rx  and sending them to the client.
loop {
tokio::select! {
incoming = ws_stream.next() => {
match 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 => retuxrn 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);
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}

let listener
println!("1li

loop {

= TcplListener::bind("127.0.0.1:2000") .await?;
stening on port 2000");

let (socket, addr) = listener.accept().await?;

println!

("New connection from {addr:?}");

let bcast_tx = bcast_tx.clone();

tokio::s

pawn(async move {

// Wrap the raw TCP stream into a websocket.
let ws_stream = ServerBuilder::new().accept(socket).await?;

hand
1)

src/bin/client.rs :

use
use
use
use
use

futures_util
futures_util
http::Uri;

le_connection(addr, ws_stream, bcast_tx).await

c:stream: :StreamExt;
. :SinkExt;

tokio::io::{AsyncBufReadExt, BufReader};

tokio_websoc

kets::{ClientBuilder, Message};

async fn main() -> Result<(), tokio_websockets::Error> {

let (mut ws_

stream, _) =

ClientBuilder: :from_uxri(Uri::from_static("ws://127.0.0.1:2000"))
.connect()

.awa

let stdin =
let mut stdi

it?;

tokio::io::stdin();
n = BufReader::new(stdin).lines();

// Continuous loop for concurrently sending and receiving messages.

loop {

tokio: :select! {
incoming = ws_stream.next() => {

}

res

match incoming {
Some (Ok(msg)) => {
if let Some(text) = msg.as_text() {
println!("From server: {}", text);
}

b
Some(Err(err)) => return Err(err.into()),

None => retuxrn Ok(()),
}

= 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()),
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