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build [passing | contributors /313

‘a i Y Rust sfF22 1 Google ) Android BIFX & B3 AGRIZIRE Rust FIRHNE MR
IREERS T ((ZHAISE R E) IEBARA
WMFBHHGRIE #5385 https://google.github.io/comprehensive-rust/ RN ZEH A
HULBIESIRER HIS T BB G EAR ARG A M
The course is also available as a PDF.
AR STEHBER Rust FIHTH el & B2 eSS E Rust 7 ZAEH)

o FRIGE Rust sEAMIGE 5 A Sm A5G o
o RIGEETE Rust PESIR AR RS HTER o
o [AIES AR LAY Rust B AHEET -
We call the first four course days Rust Fundamentals.
FECEELRE b AR BB IR AR — B2
* Android 7@ RIVHE G TEH S Android “FEBH#EEE (Android BHBUR GRS E)
f#i ] Rust Ai/M4HEL C ~ C++ Al Java B 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 ;782 KAVSREE -G #BA4M{E /] Rust 7 bare-metal (Fx A £2#41) LB 12
AL B TP AR AT R PR ES o
o AT DAEfE R E R Rust FRAOEATRIRE FRAMRARR ST (8 BTN B R T 5
R HERR) DU async/await Wi T (fEF future T E7EZ TRER) o

JESRRE HER

Rust B AMENGE S MIEER KA SR KL AREAEE THIRE
o 2NMBHEEE S (macro) ¢4 E#%RI3E Rust Book [ Chapter 19.5 #1 Rust by Example.

AL BRI AR (T A © Rust 22— AR bRV B @ KB C I Coe

e DU — DR BE Rust 7% _ERYZEH o

10


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

SRS RZE AR 2L Python 8¢ JavaScript FEIREFERGE S AR IRE S HRE RIS S Rust ©

Ja TR IS ) B Rl & M L SR FE B0 R PP R IR & AL 98 AT RE AL AT B LR K
AOEERS DURGR b SRR RE AR

11
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DUN R — L5 R &5 30T Google PBRAT IR FAYIZERTT =

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.

TERBIEAT BRI R TAIHIE ¢

1. FBRERIEB FAM TR LT AR o B R S B B S AR A 2 SRR
A O ERESERIR SE B TE T U B B RUEE A (S (78— T TSpeaker Notes)55/)M i
SHAYZLAS) At — 2R SRR ERR E b AR T 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. HREATEATIS 2 BUE RS ARAIBPEA B 15 2 25 A SatRki/ N IR B RS B B 1Ei
TR ATt A R ] A] DR R A RS LRt A ol (GRS B P & 7R
REARFE ISR o GAT U H & TR EBIG R 2R KL A T RE G A o

4. 1EslARE KR R ERUGHI TR E R EREEEE LT mdbook serve /=i E M
(AR FARERIN) 98 AT ORI At B RAE A S R E TR R 3 AR B8 o Y SR A th Pl A
BIEH CEGERE 2 BE ST -

5. #RE B H U UNMILIE R SRMEE SR B N2 30 = 45 SRR E E
et g 77 AR SEB5 R B2 B S S Bl BRI AR 252 BB
[FIfEIRE w5 A PR e AR AR 7T 2 B REE M {E AR 2 U (The Rust Standard
Library) fZIMHBA & ©

DUk PrA S ST AR NER] Al RN TR — R

A TERZ AR TR (L TR B A7 B SRR AR5 3R AT UL 73 AR AR 7 DU ABE AR B
73 ot B A R A L AT )

1.1 GRFE4eRs
7K B HI 788 F 558 A s 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 /P10 588 &1IKER)

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

FEARRZEGREM S 40 minutes

o 1 RKTF (2 /N 15 78 SKE)

Segment Duration
JTAHAI RS 35 minutes
28 35 minutes

ERHFEZRMNTR] 50 minutes

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

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

% 2 KN 3/ 10 778 &R E)

Segment  Duration

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

% 3 KL (2 /0K 20 738 EIRE)

Segment  Duration

oo 3 minutes
EREST 1 hour
Fops st 55 minutes

% 3 KN (2 /0K 10 735 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 10 708 2RE)

Segment Duration
P 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 J&FE RV -Gt Android “F&BHZEMEREEH Rust LU C~ C++
1 Java By EEME

& & % E M (checkout) AOSP (Android Bl /i J&7 48 5 21 5€) oaf 4 3 5 12 17 i & b AH [R] B 1%
2RO src/android/ HEEFE E R H M AOSP R H 8% K o Al i { Android 2% 2 & AEH(E
src/android/ #1%E%| Android. bp HAEZ ©

AR adb sync AT BB EUE A BIEECAE A A src/android/build_all.sh FHSEE
Wi Android #f <5BEIE WS MRAFE S PUTINIE S A MR AT AT B TH52 ©

Rust in Chromium

Chromium ') Rust /&F KA ARRRIE Gt HAA1E Chromium #1885+ A Rust J& fiE
£ Chromium A gn @ 248 Rust LURELELEE =77125)%E ( [Crates ) #1 C++ Ay H @M o

&7 B Chromium AT 2 R ARSI RO SRR TR (HHARRA B
HEPRISRES R TATERSAY Chromium 38845 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.

HEHETER S ARG TR ETR/CHEE BBC micro:bit 55 2 MBAZEMNR SLA FrA NAR TR EHg o Hm b1
TR gREEN -

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.

EERERTHN Crate 2A& T EAEFHHITMRIITIF R MAER SRR RS £ src/main. s>
{56 Pl g LA A T B B

cargo init concurrency

cd concurrency

cargo add tokio --features full
cargo run

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

1.2 st

PUR % mdBook HVEL FH RS AR Hodt e
* 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 Hi¥

AR CH—HEHNE THEREAES

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

o 7 (f7AE) 3% @suetfei \@wnghl @anlunx \@kongy {@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 B rE SRR UGG S o

T

HATA T2 IEAERIRRIVEE 5 AR LA NS 2 i o B Bl
* Bengali by @raselmandol.
o EEEE . @Kooka$ #1 @vcaen ©
o fHivi®E . @Throvn 1 @ronaldfw o

o H3%# : [@] CoinEZ-JPN] fil @momotaro1105 ©
* Italian by @henrythebuilder and @detro.

ANSRARTH BN ENE AE 26 (HRVESIA] AR IFAEIRE S nTLAE [RIREVEHE TR Lo b B/l o
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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

P2
ffilfl Cargo

TEFIARIE Rust WAR ARPUL & 385 Cargo “a 21 Rust ZERE S48 (AT T B RS B
17 Rust IEFIE LUNEES4E Cargo LU AR 5 B R A RE R M ASHIARERAE 7 ) Cargo °

e
it https://rustup.rs/ PRFERERE ©

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.

745 Rust 1& 1R IER SR A3k IDE LUE B Rust fBECEE A &t K2 BERIESS & 8 rust-analyzer
SAE 1B EIRALEAR VS Code ~ Emacs ~ Vim/Neovim ) B B52 Bk R EZINAE b At ALl
i FAREf% RustRover B~ 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 I NIHEETH ¢
e rustc : Rust miZss Al . rs MR 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% F7NER G HELRThROAR SBthicA AT BLES RO [T - HL & RUHRTIRE
FAARA (release channel) 734 —f# (THEERR T Beta W 1M Nightly hixJ ©
'Nightly hi& R BEECHTDIEE T Beta Wk I & /N4 T RRERU ©
St AT DU S H MR LR ~ git BRI B AT R T o
Rust 2 EA [HA] (edition) : HATH A% Rust 2021 JEATARA % Rust 2015 I Rust 2018 °
— JELEROAR AT SR S T AR A RS o
— AE AR S AR S 2 B TR IR R (BT LUEMR Cargo. tom] REFEBHETTRRA o
- BB EIAERRARS  Rust sy RS R4 TR RA 2 S o
- AR/ D a8 cargo BRI ARERS A B A G S 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 RS B I 70 P
[k S 1]

(2 b2 4]

LA S8 LU T T4 2 MBI 4N cargo clippy

- #HAE# 2 [B771 Cargo T ©

* X ¥ ¥ ¥

*

2.2 AR RE s HE

FEAFBERRE P AR T EE AR FE BN AR Rust 555 a LHif] nl /£ B BL a3 rh U T o TR e
J EHERR A RECRATA NIETS — 2SR -

Batak 2k Cargo 77 fEMSHECRAMCE E AERE —R BT & HORBEORIEE R B AR
HRFFTTH miE R E M Cargo °

AR S B L e 2 2 HEh

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 FIES v hdR s AN A ofF Lofsd SUnS & fl i k4R IR AT
o AU S VAT BT R AL BRSNS SRR AR B IR Playground HHBARL BRI R
#i BT o
o EIR—BEBHE I A NG & A L HATAREE | Rt 224 R A Rust ZEEHEH AR
Playground A fif s & o

2.3 {iif] Cargo TEABEIT TREI

NRAETE H Q24 FETE AR ER SR/ % Rust 514 Rust TP RIgE GBS
R IEREEN Tustc fl cargo #EASHER M E#HY Rust FBREREA NYIMCASRTE |
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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 [EIIFAE A At n] DURE PR R AR oAS -
e BB BRI AT IR TP BRI AEATISRERAR A — S B PR Rust —HERAE

1.
2.

EEEBE G 42— R Copy to clipboard #%EH
ffH cargo new exercise 73R NHEEHHY exercise/ Hik !

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

¥ 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 FARARERNBE SR L E SERTE DL E—HWE G A6 FH#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 R & ERPE G A MG WM cargo build fEAHITHIENR T
AR B g B EAE target/debug/ W& B — AL EARCA BB A A o H cargo build
--release ff target/release/ FEAKIBRIAEICHIIM FRUK

HE AR Cargo. tom] RITAT % B AGHE R TF AT cargo 59K RAE HE MR AR
iR/ D ERARE T o

ERIESUERE 2 1 2 Cargo K AEARTIEAS o5 MR AHIE W AR SR BRI T (IR (R o
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3

el

&
W

2% 1 Rk

\

&K ILEEE Rust SRR —K B @ R ¥ 2 A%

o KM Rust 5Bk (AR S BAEEAL B8 SR 20 K757k -
* Types and type inference.

o PERIRARAEHE DmBE RFE o

o [HEFHEERAVRG (ARSI o

o WETNHCHS [ ARSI B SRS 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
BRI FIE 45 minutes

EARPERIFAZMS 40 minutes

This slide should take about 5 minutes.
FATEBEER L DUNEEIH
o [Eiz—ARERR A EE R RE o
o RRfERR 5 BE) JER SRR S AT |
— 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 A ERAVEERE A RE S AT R o
- E RS | EEEEENEE R S Bor R HU2E) AR DI S R
AR 73

—REMEZFY Rust HAES B B ERIHAMN G5 = B9 TR MES SRR NNE /40 SRS R ©
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YRR AR R MIRE S 25 S MR HAR SHER 0 R E A S AR 2 IKE R
fi] i R I TE PR S IR R AR AR A AR TR 7T 2% LR 3] HH AR R S a2 e ORER AL A T R DA 7% 58 e

5 |
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PAEE
Hello, World

This segment should take about 15 minutes. It contains:

Slide Duration

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

4.1 fHE=2 Rust?

Rust Z—#GH R (EEEE S » (£ 2015 4 1.0 filt :

o Rust ZEFEFE=ZIIEGES TIAEH C++ I
— rustc i LLVM &% o
o Rust SZIEFFZ G FI2EHE ¢
— x86 * ARM * WebAssembly...
— Linux » Mac » Windows...
e Rust AR ZEEE
— HIRSFIRENEASY
o RNEENSES |
— i
— RS
— fAlARES ©
This slide should take about 10 minutes.
Rust Z# & FRE C++ RV HEE DU
o EEIEM: o
o PR AN o
o AIARIREI+ 32 BRIV EE B R AFIGNfdsEs 88 o
o IRAEPUTREEL A F B3 B EE A%l o
o FHEAFEMMZ RN B EERGE

22


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

4.2 Rust /R4

Rust (& a4 SRR
o TR ECEAS 2 21 ) - TEAR SRR AE A G A B RT IR A B

- NEEARVIGICHIEE o
- AR EERNGIEAS o
- FEHERRECIEE -
— &S NULL 454 o
- FEEASTHEENEREE o
- BUTHE Z A g B AE R T -
- PR BRIFEAEIE o
o RegHBAREBENHITREASTA (undefined runtime behavior) | - Rust Bt X174 — &
HIER

- WAFEITAE KRBTGS -
— FEBRAN AT A RN (BUREOEEE) o
o BMMEHEESREL - BRI HEMFS AR ITEZ2NERES
— BRI EC S o
- o
- ®FE FFI &% -
— BRI REHEH]
— BEYTIAR RS A A o
- NI TTHEETE o
— MR -
— EEAYEE S MRS @R e 1% -
This slide should take about 3 minutes.
BATNEIERZ R B RHHBETMFEAN ©
AR T 22 B AR A EL A IR AL EE S I R B SRR AL E BT LSRR FIRY Rust IHAE -
o Efff Ca{ C++ &K% : Rust €A EFME R MUKMER — BN T TREBIEER ) & NMER] I
152 CHI C++ UREE A i GE IR 2 2 dbAh B SERUS B A AL E AR
T PRI S AR T TRE = o
« Hf# Java » Go ~ Python - JavaScript... £5% : Rust fEiR/E= A BB S HRAN IS 2
4 o B8 AT A AR 5 PR LS FERE S R bk ARt AEESS: C A0 C++ — AR AT FEHEARY 3K
(bR IR ER) UK FETHEES I FEURERR (A FRE) o

4.3 Playground

Rust Playground 372U 77 sUATHE &Y Rust F2X AR ASHRFL ARt AN ks i 2505 R 1hat 3
17 Rust Playground B hello-world j#23X » Playground FH LU &IEMERIIAE |

* f£ITools ) M/7##E rustfmt 280 LA R ) 75 e B s sk o

* Rust A mMfE = EA T 3ERE ) Al EARR S 27312 Debug ) (IN5RBITIEEME HRE(LREEEYK)
HiTRelease | (B/BITREBMRE AR REL) & Emoe AR TR Debug) R °

o RREUERAYES A9 RGEET .. R AYTASM BB A M AHRERE RS o
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https://play.rust-lang.org/

This slide should take about 2 minutes.

2B RN SE SR MBI R Playground M GEtER — T ofEFI SR AYRR AL RF ] 2 S At 1145 48 Bl R
Playground 77 HEMIERME AUIRBAR TR & A DI Rust FURALIEEEGELRHEE wUR
A RAEERERTT K -
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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

&8 BIEAE 15 minutes

5.1 Hello, World

B EREREEREEMN Rust F2zU0E i 24881 Hello World 25X :
fn main() {
println!("Hello &!'!");
}
KBS
HXEL fnEA o
R KFESR b 2 ERAE C fl C++ —4K ©
main KGRI AL o
Rust &A#EESE B4l println! o
Rust FEH#RH UTF-8 4wl m f &L EBREFIC o
This slide should take about 5 minutes.

M@ RE R IE R 7 el E RS E 28 Rust F23NH5 ofERE FARRYPYRA A & KBRS LANE
PR ARSI 2B ) Nt 753 T o

HEANA

* Rust £ C/C++/Java g HFRIHAMEE S IEFML wRESHKIENGES BRIFEELE SN E
Bl BRIEMARE -

25



* Rust BBRIRERGES Al 2B RE B EFE -

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

« ARl B R ISE B S EHE B B A AR AYEEE AR ID © Rust EA B EHAER 2
o EERI B

* Rust ZZHAXAET ROIKE CBMRARY R RET IIAE AR REE S A R
FH IR PR O o

5.2 5

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

fn main() {
let x: i32 = 10;
println!("x: {x}");
/1 x = 20,
// println!("x: {x}");
}

This slide should take about 5 minutes.
o HUHGHR x = 20 THIASHTER A ) B RFFEE FEINA mut B#E -

o JEMAY 132 ZEBUR I8 2 M e A FAE A s I A SR A AR (HAE A R R (R &)
R ITERT 21500 NARRE B I HAL BB o

53 fd
DURAI Y —BEEE AR R 1] LA e 28 FH R 2 T~ T S ARG T o

el HWE

TR i8+116-i32-i64~1128 ~isize -10-0-1_000~ 123_i64
JERF IR u8 - ul6-u32-u64-ul28-usize ©0-123-10_ul6

b Ut 32 fe4 3.14-~ -10.0e20~ 2_f32
B b B char "a'~'q '~ 'oo!

AME bool true - false
BRI R TR -

e iN~ uN #1 TN EE %A N (it

e isize Ml usize FFRINIGENEE
» char ¥4 32 fiJt

* bool EfEA 8 iyt

This slide should take about 5 minutes.
FRitbZ 4h 28 H — L HAMEET ¢

o BUFhRYRAR 2 ET AT DU I 5 AR R 2 1T RERAE SR ATERE 0 1_000 AT LUR L 1000 (5L
10_00) 1fi 123_i64 HIFF K 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));
}

This slide should take about 3 minutes.

EaEBRME—RED main UMIER HILK NS BEZEE R e CFE A5y Hadn
TR FAMBE R e AR A R AT A AR o

FEHAMRE S S HE IR SRR ENET L EE o

BRI B RIE 2 7F C Fl C++ v T 57 BB A IR R B R B3R € 2% i AR AR S 8U4R
s FATRE A N FITA fEFE Rust A ZBUGN FRKETE °

A 132 #E % 116 PRI A] & B R B A R %5 1E 85 A & 78 28R (checked) »difi 45 A 3%
1 FRRA A ot Ah - Rust %2 42 4t 368 o7 Al A B 2 7 5 A IH ] 28 7 AR IR BCfla (a *
b).saturating_add(b * c).saturating_add(c * a)-

HE L fmEsy il EBrEE RN Bt AP FRES —ERXPERR o

5.5 < (String)
Rust HARAER TRV A RIE TR ER AN W& —3 &R A7 UTE-8 4Ril552 6 o

» String - a modifiable, owned string.
« &str - JEEMEE T A SRR R R -

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]);
}

This slide should take about 5 minutes.

L%E?“ R AR SR G RAN LR TR R BIFTA N (H H ATE LR E 25 TR B 1
R A 7 ER R R

o FHHES UTF-8 BiR UB M2 21 Rust BREARFFILITS o
o String ZEHHE RN HAEREKX (: inew()) Ml s.push_str(..) FHike

* &str H & FoRE R 2 R KFIHE AT 2 M HIEBEN TR &str Ha R MR Y
BRI ELALAT T o
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o WAt TR S G g R AT A B LRG| Bl 0 12, .13 AR~ T orE st At
X G R RT SHRIREAAE R R R AT orB S aEiE o
o R FERARISENAE R INAER) &str {H © r"\n" == "\\n" ELES | HEET I HE RN
# BT ER A B [55 -
fn main() {
println! (r#"<a href="link.html">1link</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 RUNIEE

Rust GHIZ B T 17720 FEELAETE A
fn takes_u32(x: u32) {

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

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

}

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

takes_u32(x);

takes_i8(y);

// takes_u32(y);
}

This slide should take about 3 minutes.
BRI R BN T Rust fR s an A MR BRAEE E &5 A1 AR R YRR S AR HEET Y 5 o

A B AR DUaE A 75 PR AR R A IE T — R a1 AT R B RE A SRR AR R
HEASTS BRI AR S S A ) SRaEas & B BT LAE AL i BhAR 5 SE RS f AR o

BRI BB EAETRR IR - Rust & PR 132 984 R &/ alUE HBUR% {integer}) 47
B TEREE B TR o4 o

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

28



5.7 #E BT

F—MHE A B PIREFZ 1 H n>2 I 48 n (EEEARLEE LUEE T G R 258 n-1 F128 n-2 fd
BB BN -

ARFS FHTART LSS n B BARE Fib(n) BT oa 8 e TURTR & 354 R 2

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 fRIAFE

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));

29



B 6

HARFIPERRRERE

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

IRATDURAEHAMRE 5 PP 1 BRASCIRBRM T 17 227250

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

BEAN ARt AT BURF 1F PR SHEE SR RE 1T R 1F R A9IRE

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

}
This slide should take about 4 minutes.
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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.

OISR AT AT B E XA ; A BB R — AR W FIR printlnt fil ; BIFT & 4
S5 o

6.2 for 3JE

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

while

while [§ B E 75 NBLHANEE = 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 WREINE&EE 4 AR LURE 1. . =5 5% @R SR -

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

GHIRIRABIZANE AR — & ORI 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 fH%
continue LB break #AT LUSEEH: B2 — (0 B P 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] EE BE M E B 45 o5 B IN & RGIRE 20 G A — R ILE E 54
B—EARFER while #1 for ¥
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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 EIL (block) fliilks (scope)
[ 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 ().
This slide and its sub-slides should take about 5 minutes.

o {RATLUEE BRI 1 B — 1T R E L BE R SREIERER b ol bR —18 5357 a5
A return -

6.4.1 FEEFIENRL
SR AN 2 PR A T B LS B R o
ST LU S B AU A 4 M e LA R 1 ] — i e et

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 FAa AR RO A2 BRI AAE R TR RAR — (I FE B A P BT SR b SRR E AE X B AN
FHL b °

» 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 Bl — PGB A ATE HERORE . unwrap () ZRIVERTIE
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6.5 MX

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

if b >0 {
gcd(b, a % b)
} else {
a
}

}

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

This slide should take about 3 minutes.

« BEE2EREEA G (BFELLERREFE SR AREA 2 AR -

» 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 FREEpR IR A RHEME & () SETERAR ) GnRAR > () ERIEE) AR s R HEET T

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

— AR E R 2B ARSI TARR T | B ANE SR 2 B wE B -
— Always takes a single set of parameter types. These types can be generic, which will
be covered later.

6.6 EHf

EL8 & e A v 1T e B 2 Rust 2 Al rT 432 Al SRR A 5 | 8L SRIM Al Z @A Ry | ARHRAI B 4 -
Rust FEERAFEA S S AEHELE -

* println!(format, ..) printsaline tostandard output, applying formatting described
instd: :fmt.
« format! (format, ..) MZEMEARE println! Bl HGLIFHEEAERELR o
+ dbg! (expression) & ar#kl EEEE XE o
* todo! () AIKF—/NEAR SRR B MR E A HEI TR & 3R
» unavailable! () AIKF—/NEARZ WSR2 MEIAF I (HEITIR & 34 R
fn factorial(n: u32) -> u32 {
let mut product = 1;
for i in 1..=n {
product *= dbg!(i);
}
product
}

fn fizzbuzz(n: u32) -> u32 {
todo! ()
}
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https://doc.rust-lang.org/std/fmt/index.html

fn main() {

let n = 4;

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

This slide should take about 2 minutes.

AHTIERSAE A EER A E R R m B A 22 BRI ] SR 2 IR ER M E 3R 2
B8 DU BRI EE M AR ARAIREEE -

APEA G ATERE S BRI SIANTEE SN -

6.7 #E Hhizkryl

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

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

For example, beginning with n1 = 3:

* 3isodd,son2=3*3+1=10;

e 10iseven,son3=10/2=75;
5isodd,son4=3*5+1=16;
16iseven,son5=16/2=8;
8iseven,son6=8/2=4;
4iseven,son7=4/2=2;

2 is even, so n8 = 1; and

FHI g4 E o

SENE n AR R — TR ARG BB R ZLF I RE 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 fRIHE

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

assert_eq!(collatz_length(11l), 15);
}

fn main() {

println!("Length: {}", collatz_length(11));
}
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BT
Welcome Back

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

Segment Duration
TCARFNREA 35 minutes
2 35 minutes

ERAEEEMEE] 50 minutes
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This segment should take about 35 minutes. It contains:

Slide Duration

(27 5 minutes
i : ! 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] = o;
println!("a: {a:?}");

}

This slide should take about 5 minutes.

» 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.

« HE AL EERFEESITTR ARG ERU TR B E A IS AT 2 © Rust 2 H A a8
BT IR RN 20 Rust ST/ELEmE -
o TR U B ERHETRIREG T 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 # (B0 {a:#?}) FTRY 75 (BRI Y 2 b HERR S 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);

}

This slide should take about 5 minutes.
o FpEH—% T A EERNRE
o TCAHE A FERL A ELE SR SR o
o JTCAHAURRA PDEEEESEAIER RS fFI Hlan t.0~ t. 1o

» 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 MR

for Bl S HR B A T B (BT A SCER) -
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);

}
}

This slide should take about 3 minutes.
BIHEINAEMF A Intolterator K ABE I B AR ©

assert_ne! BEMIGHES 4LINEA assert_eq! fil assert! B R —HGREELES
HANHEE debug_assert! EfEEAESEAVEES AR M FIRAT EHRZLAZHNE o

i

8.4 PizUhd¥

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, 1i32)) {

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

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}");
}

This slide should take about 5 minutes.

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

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

* Rust also supports using patterns in conditionals, allowing for equality comparison
and destructuring to happen at the same time. This form of pattern matching will be
discussed in more detail later.

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

8.5 &E : HiRMiH

Rek 1) A, 2 HAth fe )
let array = [[1, 2, 31, [4, 5, 61, [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 "==" 2538
X 789K 369

Zy o (1 R A TRE AR S -DUBEAE 3 x 3 JER R8T o

N2 E R E https://play.rust-lang.org/ ~if BER R

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

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

}

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

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

8.5.1 R E

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

}
}
result
}
#[test]

fn test_transpose() {
let matrix = [
[101, 102, 1@3], //
[201, 202, 203],
[301, 302, 303],
1’
let transposed = transpose(matrix);
assert_eq! (
transposed,
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[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: {:#7?}", transposed);

43



&
©
il

W

L X
-
v
4

This segment should take about 35 minutes. It contains:

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

SR %{EZ 15 minutes

9.1 JLHFIS

Fraf2 i R —MnF iU —EimM A ZEA BN A MEAH (borrowing) ) o A2 BRI AL
i CHHEZS R E RS o
fn main() {

let a = 'A';

let b = 'B';

let mut r: &char = &a;

println!("xr: {}", *r);

r = &b;

println!("xr: {}", *r);
}
MSSEE T BRI A2 g &T 205 R i & R FE2HE o * HETFHIARKEZS R
MEFR2 I EASIRIE -

Rust & DIFFET A IER IR 2R

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

}

This slide should take about 10 minutes.

« 2R MEH ) B S 2IE BB SRAT S 282 A rBE K 2 f2 X5 rT LU
SIAAFHUE AL ISR AV BN T oA ) ATIERAESE 3 RIE— DRI ARE
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o 2B LUEEIERENE FEERME NG ILEAIEENMEZ 08 C 8l C++ HEAFRES
TIRIRIEIE FERRAVZAES BRI 4 Rust t([lﬁ}ﬁﬁﬁ@ﬂ%)?%ﬁ“i‘aiﬁﬁi&m FCIEHS 2 R o

* Rust & HE R 20 — A & -

» 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 EfRE I r A E) EI P ERSIR (r = &b) $EITE @@ EHRAS r HIt &2 HEA
WA L7573 Cr+ AR AR C++ H I IRATRRE & 58 5 200 -

o K2R ERHSIRIE AIEZEP Nt —5 SHEREH *r = 'X' o

* Rust EBHEFTA 2 M4 a8 10 R 5 A7 ISR R (£ L2 2R Rust G 34 RR2 M o
x_axis FHE[E¥ point (2R B A EREIR RN point KL GiR:E -

BT e R A RN — P IR TR -

9.2 HE2M

HE2H (R EE20R) i g S 200E SE2ER &mut T 845 -
fn main() {

let mut point = (1, 2);

let x_coord = &mut point.0;

*x_cooxrd = 20;

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

This slide should take about 10 minutes.
EREEA]

o HE R HAAEMBIE0] HRGFZIUE (LM HMB IR (Rind e HE 2 ) S nILUHE
REFAE LA AE R B2 FEENBEN N SR FE IR B AE S5 ERAE x_coord EIERES
&point.@ B##H point .0 °

» Be sure to note the difference between let mut x_coord: &i32 and let x_cooxd:
&mut 132.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 & RMEIE
R @A 3D MAELNAFAER FRRRS [F64;3] ERBERAMEATIE -

// 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.

45



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

// Use the following "main’ to test your work.

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));

9.3.1 MR

/// 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 [f64; 3]) {
let mag = magnitude(vector);
for item in vector {
*item /= mag;
}
}

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

SR EREM 15 minutes

10.1 &hkag
Bl C f1 C++ —%% > Rust 1B HET 451 .

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 };

47
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describe(&avery);

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

}

This slide should take about 10 minutes.
R
o AERSRERVEE(E 7T SUBE C 8¢ C++ HRL -
- AFRE typedef HIn]E M| g C++ L HEL C A -
— Bl C++ P[RR 4HMEAE < R A dEK B % -
* 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 N5k A SR G 4HCAHAS SRS ] OB AL 2 A B 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 JeAHA RS

MR AR EE AR DU AT AR
struct Point(i32, i32);

fn main() {
let p = Point(17, 23);
printIn!("({}, {})", p.2, p.1);
}
ia A R E— A B R (B8 4 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);

}

This slide should take about 10 minutes.
o WEH G R E I EESNE AT TARAS > Newtypes 477 20 251 5RER
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- MBS PR R B (AE BRI 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).
o REGYIMAIEBIFE newtype HHYEE—MIAL ¥ “f64” E#THE E Newtons JHA o
— Rust Z8H T RAEREZANHIMERI A A B4 B B BB A A (s BB -
- HEFESEEE 3 K (28 sl o
o ILEEFITGEHL Mars Climate Orbiter FCHUESER 2 2008 o

10.3 %%t

enum [R5 AT B 208 R S A R

#[derive(Debug) ]
enum Direction {
Left,
Right,
}

#[derive(Debug) ]

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);

}

This slide should take about 5 minutes.
BT

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

» Direction Z &% 5 /5 Direction: :Left fl Direction: :Right EMfE(HE °

* PlayerMove /2 & =B HAA 5 $5 TN Sh - Rust 2 & G 72 HAHME LUELEBT RS B
M5 48 &8 7% PlayexrMove fH ©

* 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/ DAY 2R AR 7 HIAIME o

- WAHFRE > Rust 7/ NTHR R/ NIEEE

— AR AT ERIRERTA TR - Rust &6 A Ao AR 4R s A E (BITTE
frEe At ) HREIAREL > Option<&u8> Alff fEfEMIFEBIHEHE AT 317 None 8% HIY
NULL ©

— AT DU R B IE BN 2y 7B CAHA
#[repr(u32)]
enum Bar {
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A, /0D

B = 10000,

C, // 1lo001
}

fn main() {
println!("A: {}", Bar::A as u32);
println!("B: {}", Bar::B as u32);
println!("C: {}", Bar::C as u32);
}
R A repr HRNERIGFRE 2 Ao K2 10001 S 2 A7 o

HERELZNE

Rust 2% 2 R AL AT F A SRIRE 5 22 o
o ZE{HIEIER AL  SHERT 7 H] Rust {38 size_of::<T>() it size_of: :<Option<T>>().

WAARE AT NE B BRI T RTAE ) AORR T AT DURE T R AEERIRE NS SEBS LR ARedas il
IR AR RIER AR HIbE e 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: :<&i32>, usize);
dbg_bits!(Some(&0i32), usize);
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10.4 FFEEMIEEL

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.

const

BRI AT AG  H AR R R AR & ik

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

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

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

}

FE(Rust REC FHYFrl 22 E & 1R R AR o

I A REFE AR R M P AE SR 4 const MYRR R DUEEAE const {H AHRT LUIFERITRE B FEIY const bR
it o

static

AR TEAR A BB T IR AR TP RE AR IR G A2 -
static BANNER: &str = "Welcome to RustO0S 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.

This slide should take about 5 minutes.
* JIIS T1R%] const FATAERRE LB C++ i constexpr HH{ o
o« H—7MH > static BIFEMELUR C++ HY const sl RTEENT 28 o
o static 2RI RO IEAY PRI HE AT EA A ER RIS E AL A (F140 Mutex<T>) T
TEHIHREE o
o BEIEHITRE R AL H B E N~ E R S gt HAFREEE A AL % -
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https://rust-lang.github.io/rfcs/0246-const-vs-static.html

JErE

= ¢ ARG T

H A A Aok = 4 (EWiHR)
ERERABITHIR R SFEE 2 &

CIE-30) 2 (%) 7
Evaluated at compile time J& (EfE4ms2REAIIAIL) 2

Sk TE TR 0 FHER & A R = P

RRBLENE

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 #5544

U4 & 2 5 — TR N2 A0 R g A R I P DA B o

enum CarryableConcreteltem {
Left,
Right,

}

type Item = CarryableConcreteltem;

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

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

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

This slide should take about 2 minutes.
A%ATE C 555 AR AR EH IR ELUR typedef o

10.6 SE FEEETSE

BT e BRI E HIARARERER 2R H AT FIF S8R DA T SRR X R S S5
Hl #[derive(Debug)] ARAFFRGIERA {: 2} AIREK o
TETHARE LR AR > main mLAETE N ZA ARSI IB L T AN T — 80 H 4
SIS LeAE A S R
#[derive(Debug) ]
/// An event in the elevator system that the controller must react to.
enum Event {

// TODO: add required variants

}
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/// A direction of travel.
#[derive(Debug) ]
enum Direction {

Up,

Down,

}

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

fn car_arrived(floor: i32) -> Event {
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: i32, 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 fRILGE

#[derive(Debug) ]
/// An event in the elevator system that the controller must react to.
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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,

/// The car's doors have closed.
CarDoorClosed,

}

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

/// A direction of travel.
#[derive(Debug) ]
enum Direction {

Up,

Down,

}

/// A user-accessible button.

#[derive(Debug) ]

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 {
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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: :CarFlooxr(floor))

}

fn main() {

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

),

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

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

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

),

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

println!("The car has arrived on the 3rd floor: {:?}", car_arrived(3));
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11 B
Ez2ms 2 Kilkfd

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 J7i% o R LR I N A o
o Bt AR AT 2 o
o AL AR HARG BRI 2L o
o PEMERE AR AR AR R« — B Rust g RO R o

BB R 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
fRAE S| R 10 minutes
PETRAR 10 minutes
Y EBEAKME 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 R B RYME JE0L C A C++ Y switch :

#lrustfmt: :skip]

fn main() {
let input
match input {

|ql

a' | st w |

|@I“=l9|

key if key.is_lowercase()

— |X|’.

\%

|d|

\%

W

>

- nn
A\

\%

}

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) will create a binding that can be used within

the match arm.
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A match guard causes the arm to match only if the condition is true.
This slide should take about 10 minutes.

Y
o ERICRAIE R TR U 75 X
- | AIf#% or
— .. ATDUB AR R
- 1..=5 KR EGHENHEE
- _EEHTT

o AP LA S AT AR AT ME A0SR A 5 R R A AR s RO <
PPN HREIRINAE ©

o JaBECH I SIRRMER] 1T EEARR o SZEBR 1 R (R => Z218) GEBACE )
A AMERZESLAR 1 RO RS A EE B match EEXIHAL TS

o REERFURENEA | BBz & & R <P RE AR o

12.2  fRREH SR
TG TTAH A4S R RS AN S 22t A] 25 i e S5 A A -

i

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

}

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

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

nin o

}

5l
AR T AR B EAE R LEER 7y SEPT LUE MR 877 SR R A5 o SR AT enum Y
HIFHIAIE :

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

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

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

AR 0 SR TRRE ) Result fH fESE—E3 3 > half &8 Ok SR8 -FAIEMIE £ 57
XH o msg EHE BiEPEE o

This slide should take about 8 minutes.

R A

« G foo RYH{E PLH M BIACES -

o 1£ Foo HTig — (BT 45 75 Ea s g o

o fEANE BUE R MR E R AT REA A 2 328 5B AUR R (> 2 S B g R
P ITREF SUERHEEE 2 const WE BRI EHIUEL o

ik

HEHA

+ if/else AR EGEREYIR 2 BHIBREEE match BEREE -

o SR DUE RS ERE F N A58 — (8588 A7 B TRE sURB IR DR Bt g 1h1 52 B AR NS B AE
AWML 77 B AT AR A & A B 4G 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 HYSEREAFALE result BB A AEEE T match &R HRAECHT SR &
FEF msg PRI E OIS G T 4R B IR IR ERCE &result AfiJE result 2 &
msg A 20 A EEFFEA Jad AN LR AYACE ) PIRET R Rust 2018 HEH, 1%
XHREEHR Rust wETERAH msg BHAK ref msg -

12.3  PEhiRE

Rust 155 22 il A2 4 i B A AR 555 5 ) g thlig & R

e if let HER
e while let EBER
* match EH&R
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if let B X

if let AR FRERBER ST AR SUT AR

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)
}i
std::thread: :sleep(dur);
println!("slept for {:?}", dur);
}

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

let else #EH

41 2R 2 I S A A A bR S B Y B R AR I RE A 1et else o4 2RI2 MHAth 15 0 -FIl 26 2H 3% Y
(return ~ break s i st/E &£ BB R 2 SMETH D) ©

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"));
H

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

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

H

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

} else {

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

fn main() {
println!("result: {:?}", hex_or_die_trying(Some(String: :from("foo"))));

}
fMif let MENR—kL A—ME while let SABRIEHEHENXEERIGE -

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

}

// (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.
Thewhile let lets us keep iterating through all items.

This slide should take about 10 minutes.

if-let

» Unlike match,if let doesnothave to cover all branches. This can make it more concise

than match.
o W AR ZBEMA Option FFERHE Some fH ©
e Hlmatch 7°F » if let A G AR LB SR &ETA] o

let-else

W ERR > if-let AIREEBUINERZ o let-else &MEZ RIS O B AR NS of &2 4 iR
R T RARCA Rt R B RER -
AR BRI R -
fn hex_or_die_trying(maybe_string: Option<String>) -> Result<u32, String> {
let Some(s) = maybe_string else {
return Err(String::from("got None"));
b

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

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

}

return Ok(digit);
}
while-let

o EEHABEEFAREN > while let MR & RHAETEF

* 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 #HEAKRE
AR B A M E B R B AR H AT 585 o
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& P Box HYJIlE — R B R AR M & 18 A SRAR VIR A5 4 s A A B 4 A o 2 SR K AT 4
Box: :new #E5 AT REEHE B NE w46 deref EH 1 (*) 2 BH#E) - eval (*boxed_expr) ©
oy R UL SR H G E RIS 4Z%E Result<Value, String> ABIE—FEFIE HRFRKID
{E (Ok(Value) )) slgf#t (Exr(String)) SR G el S s -

A ARSI AGE] Rust Playground #RAEBHIAEE eval m&&pmE & @@ HIE fF/ todo! ()
FENIEE — B T REA FrE B ARIE LRI UE # [ignore] EFRRFHEIEHIES ©

#[test]

#[ignore]

fn test_value() { .. }

YERASRATTE AR AE AU E RS — (E L Z L FREE & R B ALY s A Result (MR
fi) PR RIS ?

/// An operation to perform on two subexpressions.

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

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

/// A literal value
Value(i64),
}

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

#[test]
fn test_value() {

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

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

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

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

12.4.1 fRRFHER

/// An operation to perform on two subexpressions.
#[derive(Debug) ]
enum Operation {

Add,

Sub,

Mul,

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

/// A literal value
Value(i64),
}

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,

}s

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

};

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

}
}
})
}
Expression: :Value(v) => 0k(v),
}
}
#[test]
fn test_value() {
assert_eq! (eval(Expression::Value(19)), 0k(19));
}
#[test]

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

})I
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0k (30)
)
}

#[test]
fn test_recursion() {
let terml = Expression::0p {
op: Operation::Mul,
left: Box::new(Expression::Value(10)),
right: Box::new(Expression::Value(9)),
H
let term2 = Expression::0p {
op: Operation::Mul,
left: Box::new(Expression::0p {
op: Operation::Sub,
left: Box::new(Expression::Value(3)),
right: Box::new(Expression::Value(4)),
)
right: Box::new(Expression::Value(5)),
3
assert_eq! (
eval (Expression::0p {
op: Operation::Add,
left: Box::new(terml),
right: Box::new(term2),
)
0k (85)
),
}

#[test]
fn test_error() {
assert_eq! (
eval (Expression::0p {
op: Operation::Div,
left: Box::new(Expression::Value(99)),
right: Box::new(Expression::Value(0)),
).
Exrr(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)),
H
println! ("expr: {:?}", expr);
println!("result: {:?}", eval(expr));
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13 =
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 AIFEAKE R TR I <2 BR G SART AR dmpl @A T78 TEHRE

#[derive(Debug) ]
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() {
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println!("Lap {idx}: {lap} sec");
}

// Exclusive ownership of self

fn finish(self) {
let total: i32 = self.laps.iter().sum();
println!("Race {} is finished, total lap time: {}", self.name, total);

}

fn main() {
let mut race = Race::new("Monaco Grand Prix");
race.add_lap(70);
race.add_lap(68);
race.print_laps();
race.add_lap(71);
race.print_laps();
race.finish();
// race.add_lap(42);
}

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

o &self (I HARTEEN 2 ALREIY SRS Y o2 % AT DA ALz o

o &mut self I F~EE H AR AEFE S Y o1& IR0 -

o self HUSWHEEARE Al KRB MG kgAY A S ARG E T A EDO R E
Yot (BE ) B0 SR A E C IR EA B DB A B e A A BB E [H R B n] 5
ik o

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

o AW 8GR ALETE LIVARE A B E IR ESARE MRS new IYERER R o
This slide should take about 8 minutes.
BT

o BATIER HRTTIALMEE R SIRAEDB)
- RAEGEAGIRBATIER (PINASREREEZNER) P77k 28— A28 self KRBT
B o
— HEE N B R DUBSE A 38 75 IR A e 0 R 77 i st i DU A B 77 O T3] o8
771 AT LU A B AR RS 7 e R TR IR A B -
o FRHIRMEEHRAR T self a2 7 EREIkEs
- #iH self & self: Self M5 S lAE REATREAS L EAYRTRE T -
— ohfii Self /2 impl & BRAR AL AR RI4G AT A R % SR A HA A o
— PREEEE B VR DU HAth S A A A 77 PR E ] self fi i B S0 72 T FH AR £ e {1 1 4l
L
— This might be a good time to demonstrate how the &self differs from self by
trying to run finish twice.
- BR T self H%EAE LA A28 AT LUGH I fk A9 £ 28 b XA A 2% 12 Wi 25 B4 A1) 451 4
Box<Self> o
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13.2 R

Rust AJ GRS AR R TS LR B 2 B T AL

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

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

This slide and its sub-slides should take about 10 minutes.
o REEUHNERTIRNAE BA WAME 7% A REEERZRFE o

* 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.
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13.2.2 Associated Types

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

#[derive(Debug) ]

struct Meters(i32);
#[derive(Debug) ]

struct MetersSquared(i32);

trait Multiply {

type Output;

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

impl Multiply for Meters {
type Output = MetersSquared;
fn multiply(&self, other: &Self) -> Self::Output {
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 SR B AT R B R SR AR AR

#[derive(Debug, Clone, Default)]
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. {:?}", pl, p2);
}

This slide should take about 3 minutes.

MAESEEEEEE % Crate #he ML E HINTAE B S LUERTIYE B HIIEE H140 > sexde A LUf#
#[derive(Serialize)] ‘A& EFRTILEE o
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13.4 #H 2% Logger

BAMAR s — SR A RC R A R i Logger FHEUBHEC 1og 771k i AR A n] AE & ol SAH BR &
J& sEAT DUERA &impl Logger SfEHIGUERE 8 AT AR &R ellUE BUR IS RC St b (e B Bkl
HI R TR B0X R R A IR ©

i R77H) StderrLogger &t ks FARR EARRAVFTAFUE SEHEFZMHRE VerbosityFilter
TR W HE AR ERRAVEUR o

DUR R R R R — R U I AL B R R B AR AT 2 8 — 48 2 A
SE H AR A ) L R T EAE R SR A R IR B 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 StderrlLogger;

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: Stderrlogger };
do_things(&1);

13.4.1 fRIRTIR
use std::fmt::Display;
pub trait Logger {
/// Log a message at the given verbosity level.
fn log(&self, verbosity: u8, message: impl Display);
}
struct StderrlLogger;

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

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

}

/// 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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This segment should take about 40 minutes. It contains:

Slide Duration
Extern Hz= 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)));
}

This slide should take about 5 minutes.
o Rust SRHES | BT RIFIEE FE AR R T 19825 -

* @Bl C++ 144 (template) B/8 (H Rust &7 RIAHZ AR SOEITHR 0 Arin® (K1 bR 200 8 P TR
ARFERRBIFEAA) SRHIZRE AR n == 0 sHEREKR pick LUHE even + odd HIfEH
fEFH BA TR pick EIZHIIE - Rust {75 &R HAR 2 S-S oH C++ HUAERRISIE BN -

73



* 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 ZRIERI]

TRAT LA A 2 AR EL AR R B AL
#[derive(Debug) ]
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());

}
This slide should take about 10 minutes.
o &8 : A1 T impl<T> Point<T> {} HEEHH TWRX?
- HA&EZ—EzRRE T 1Y Point B/E M Point MBI AZR T M2 BEILINIZ

F'J o

- BEREWEAERS TEERB T mEREK o
— Itis possible to write impl Point<u32> { .. }.
* MR Point 2R IZ BRI R A] DU Point<fe4> {H 75 il 75 % #F 28 iR
Point<u32> °

 HEHEEHEE let p = Point { x: 5, y: 10.0 }; J&A]DUE A A AEEL RIS B B
HREE Seat & AN FEARBITRAVE Bl TRIU -

14.3 SR

FE 2RI Al G R B R R B Ja A RER L2 Y 7T 1% ©
EATLUER T: Trait sk impl Trait PUTRLER(E :

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

}
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// strxuct NotClonable;

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

}

This slide should take about 8 minutes.
o FHEE NonClonable i H %= duplicate ©
o WISRBELZ R A + R -
» #UR where 7f] S2AEREEABRGEILAR

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

T: Clone,
{

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

}

- WRIEA Z A28 a7 ) a] IR B R U A o
- Jafi A BARINIAE HILREE E R K
* WIRA NIRR #ERRRHEESNIRE =G 2 MBI AT 2 E 28 B4 Option<T> o

o BHTE R Rust [ A IR RF AL 22 5] 2k & ¥ R R 45 Y duplicate & f 3% R (B 1Y
duplicate(a: u32)-

14.4 impl Trait
USRI > impl Trait s#kmT AR BR25 Bk g E o

// 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_1i8);
println!("{many}");
let many_more = add_42_millions(10_000_000);
println! ("{many_mozre}");
let debuggable = pair_of(27);
println!("debuggable: {debuggable:?}");

}

This slide should take about 5 minutes.
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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.

« H2EUKE > impl Trait iR AARESIRNENZRSE -

o BHEEARIGIAGE 0 impl Trait AAREMERGIR B OERRAE FEE BRI AT 45T
RUR ARIEAEE A APT HRARI AR - iEidE R A H -
E[BMEAL B AT HE R LN A 5 B8 impl Foo AYRRIN & k28 B S (Bl 4 BAG R B M A 24 1E
ARPFEHES YL AR B2 A (B4 collect<B>() -> B) MUK AIAT A& fF & B HIIE

RIBRN o Y i ] BE R s — (A AL B BI4NfEA 1let x: Vec<_> = foo.collect() &
Turbofish : foo.collect: :<Vec<_>>() °

f8%—F - debuggable M%7 (SAILUE AL let debuggable: () = .. EEHHM
BERIORE -

14.5 ¥ 2% min

TEIa (8 f R AR G LessThan RFEEMEZIY min B RELAIE MEEH AR /IME ©

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

#[derive(Debug, PartialEq, Eq, Clone, Copy)]
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);
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14.5.1 fRILFTE

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

#[derive(Debug, Partialkq, Eq, Clone, Copy)]
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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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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This segment should take about 1 hour and 20 minutes. It contains:

Slide Duration

A 28 PR R 3 minutes
FBASCAEREL 5 minutes

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

HashMap 10 minutes
AE EHEES 20 minutes

A st BHEET R RERIGE i AERGIR A 52 B R at S F B Al e 50 aR — LE e H R JTIX -

16.1 FEHERAH

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 BAREEEHERENCE A B4 Vec ~ Box #1 Axc °

AN Rust fEAHEREH JEH core & fH alloc °

16.2  FREHSZCARBIER
Rust sRBASCHA) T RE R 2 & S .

» All of the details about loops.
o FEATRIR A5 ug 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 DURAZ UG RO 8k T2k

/// 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 TN Markdown FiA T 2340 1 Rust #2308 Crate #F & rustdoc T.B B &ECEN
docs.rs H EfERIEE API HHAA AR TE H U E AL -

NEACIH H NER (BIANTEREAHAN) seskIHE w5 /7 80/ L %/ sa AR mER SR AE
//! This module contains functionality relating to divisibility of integers.
This slide should take about 5 minutes.

* Show students the generated docs for the rand crate at https://docs.rs/rand.

16.3 Option

FMEEE Option<T> AYFELE HI IR R HE A7 BU 0 2 T BUME B f6f 77 1 o] SR 7 22 0] 2 56
String::find &{#[E Option<usize> °

fn main() {
let name = "Lowe #JZ 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);

}

This slide should take about 10 minutes.

* Optionis widely used, not just in the standard library.
* unwrap §7E Option BR\RHEEE - expect tIELL (HEUWRIFERFE o
- 1&ATLGGERE AE None #4: 24t HARET RISE T SsC & None ©
— SRR EFE LR X A §7ESE unwrap/expect (HERBFGEEIRE XIS — &L
w75 UE P None ©
o FraRlE AR AEIL AR Option<T> HYECIEAS R/ INVEHR B T A o

16.4 Result
Result F1 Option MM AH @45 HF 3 ATH R 2R - ELA B AR 7RI B <t SR o 208 v o 3%

7 Res R1& AHZBHIZA A2 Result<T, E> Hr T FHt Ok 2488 fi E A€ HIEAE Exy 88
I:f:l o
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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

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

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

}
This slide should take about 10 minutes.

o HUEREA Option —#k FINAMEELE Result WER %2 & 5R B3 A\ B AR EGZE HEmA AR
A PR (EMERZAE B A G R A SRR T AT AFEIY unwrap () B expect () @t 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 BEEHHHEFAIERERG FRAMHAESR 3 RAVERIZHA4H o

16.5 String
String J2HEMEHERSTC B AT R UTE-8 A E :

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 §EfF Deref<Target = str> i@ AAILUE String EFFIMATA st J5ik o
This slide should take about 10 minutes.
« String::new & {8 [H] ¥ B9 22 [ 57 R A0 AR AT 8 B ) BB i X 2 0 B R 3
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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

String: :with_capacity -
» String: :len §{#[E String BRI (BUNTTAH 2 BLAL AT REBLLL T T 2% AL R EEARH]) ©
* String::chars @M EEREFICABRLE SHER HRFVEENRE - char fI—RAFRE
AT AT REARIA]
o PRE|FHI — M A FIRE/R TS &str 8¢ String °
o ERIBIENE Deref<Target = T> I #rakds il RIS LUABHZEIIRY 77 2RI T g 757% o
— TR Deref Rifl (AL B AT F S & mi g s B SO AF R A RIS 1 o
- String §E{E Deref<Target = str> BHERELUARBEHN X THIHE st HIEWN
TR ©
— Write and compare let s3 = sl.deref(); and let s3 = &%*s1;.
* String J& DU 3K B 2 A9 T A AL e AE e B Y PO R B AR ORE 2 AR TR R SRR O 1R SR T AR
String (HFREFLLEFAIMRTE o
o FALLIAMEA String BV RGIRTTE ¢
- ffif s3.chars().nth(i).unwrap() #&For He i RETRFEHA -
- i/ s3[0. .4] L ryi HPZY R @R T8 R b omrlsEfg 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/ NI HE HERRC B AR 1 1

fn main() {
let mut vl = Vec::new();
v1l.push(42);
println!("vl: len = {}, capacity = {}", vl.len(), vl.capacity());

let mut v2 = Vec::with_capacity(vl.len() + 1);
v2.extend(vl.iter());
v2.push(9999);

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

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

// Canonical macro to initialize a vector with elements.
let mut v3 = vec![0, @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 &E{E Deref<Target = [T]> thih@si AT LIE Vec EMEIYY] R 75k ©
This slide should take about 10 minutes.
* Vecisa 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.
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https://docs.rs/unicode-segmentation/latest/unicode_segmentation/struct.Graphemes.html
https://doc.rust-lang.org/std/string/trait.ToString.html#tymethod.to_string
https://doc.rust-lang.org/std/vec/struct.Vec.html
https://doc.rust-lang.org/std/vec/struct.Vec.html#deref-methods-%5BT%5D

o M E Vec<T> AEM Az BIAYR AR LIAfERE T FIEH T Rust 2GR —4% A7 EE
H—R push PEIHAREESN. T o

e vec![...] BHREUR Vec: :new() MEREEE H B ERETIMALGEITE

o MEAMBHEERES| BEEH [ ] (Han R & E g5 38 SG58 #H get RIA{E[E Option ©
pop KA EBIRRE—HITE o

o BRIMEIES 3 KkBIY) 7 SRS EL 24 LR AIE Vec B BIME T AEF BT A 5T 8% RARIIYI R 7
%o

16.7 HashMap

e s AT HashDoS B(% .
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:#?}");
}

This slide should take about 10 minutes.

o BIM—BAEAIE AR EFE HashMap R FLIITE 78 ZAF HAN A G2 o
HERMEHM TRITHEN 1T EEZREZOEMERERT WRAE AR GHEEERE a1
RAGHAZNERE LTS EMRERPHABRNE -

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

o AIERE AR A FTEEIEEER hashmap! B4 J288 vec! K[ o

- A% °H Rust 1.56 £ ° HashMap €& {E From<[ (K, V); NI> LUEBEIRMAENREH EE
FIRIGEA LR R

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

1),

o BE A RTLUE W (AR AR # /(B TARRY Tterator &3Z HashMap o

« FMREEHYZ HashMap<String, 132> #AEGufif &str iz it REifIE15 E R R -t
I TESR G 208 B2 T AE & (5 AT M & ds 3 (S -

- A Bl e EAHEBIFPAEER to_string () BB G Al MneE SRR ATAE G £ A 2
e 2

o GEERIRIA ZAR 75 ISR R 40 std: i collections: :hash_map: :Keys Jatt
TURIAEH G 7E Rust AR S 45 R B s 1a 824 R aa AR B S DU TR A key's 77
TRRE A o

16.8 #¥E GHBES

TEABRE v AR B I F B A R A R LR A T2 LS & i std @ :collections: :HashMap
FERAE H B0 ) (R EHER 2T

Counter MIHHRRR A AL M BE TCARAS (AR u32 [ S aRILTRAT SRS AR I 7T 1R R A 122 T IR T
ABHHERIEL 428k Counter BRI DUBHME ML AIHIE

SNRIEIRATEARAE AU entry 77TAREE count 77 IRV MEA S 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 {
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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
https://doc.rust-lang.org/stable/std/collections/struct.HashMap.html
https://doc.rust-lang.org/stable/std/collections/struct.HashMap.html#method.entry

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()
}
}

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 fRITIHE

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;

}
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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

ctr.
ctr.
ctr.
ctr.
ctr.
ctr.

for

}

let

mut ctr =
count(13);
count(14);
count(16);
count(14);
count(14);
count(11);

Counter::new();

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

mut strctr = Counter::new();

strctr.count("apple");
strctr.count("orange"),;
strctr.count("apple");
println!("got {} apples", strctr.times_seen("apple"));
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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 — bR 5T B S R A RR A S A ©
FEHTERRF R AR AR R ZINE o

17.1 i

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

PartialEq fil Eq

PartialEq AR EER G HALETTE eq FFREEMI 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 RRZEREFR A (85K BIRMEREN) A HFR & PartialEq R 5B F R AR & 1
Eq AR AR

PartialOxd fil Oxd

PartialOrd @& partial_cmp FEEFERT FIHREE <~ <= >=H > EHHET o

use std::cmp::0xrdering;
#[derive(Eq, PartialEq)]
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%/ H cmp &{#[[ Ordering o
This slide should take about 10 minutes.
PartialkEq Al DUEARRIBVE 2 I EME HEA B ER Eq i
struct Key {
id: u32,
metadata: Option<String>,
}
impl PartialEqg<u32> for Key ({
fn eq(&self, other: &u32) -> bool {
self.id == *other
}
}

B L@ b s B D S ' a R

17.2  BES

R T EER std: ops: NIVRIEEE :

#[derive(Debug, Copy, Clone)]
struct Point {

x: 132,

y: 132,
}

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

fn add(self, other: Self) -> Self {
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https://doc.rust-lang.org/std/ops/index.html

Self { x: self.x + other.x, y: self.y + other.y }

}

fn main() {
let pl = Point { x: 10, y: 20 };
let p2 = Point { x: 100, y: 200 };
printlnt("{:?} + {:?2} = {:?}", pl, p2, pl + p2);
}

This slide should take about 10 minutes.
SIEmEES

* You could implement Add for &Point. In which situations is that useful?
- A% : Add:add GFEH self (IR EBHER TV T 2 Copy BRI —0f 2 &T
EHE R T oa nR LR B A AR TESE o
o B Output 2BHHLAI 2 AT H T AR LR 2 800 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 AT LISHA A A B B E Add BHIAREE »impl Add<(i32, i32)> for Point &#T
AHHTIE R Point o

17.3 From fil Into

AR EELE From F1 Into LUFIEY B S A/ ESE AT ©
fn main() {
let s = String::from("hello");
let addr = std::net::Ipv4Addr::from([127, @, @, 11);
let one = i16::from(true);
let bigger = i32::from(123_116);
println!("{s}, {addr}, {one}, {bigger}");
}

E{E From I > Into th & g&E/F .

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}");
}

This slide should take about 10 minutes.

o B AT B R EE From KRB & EIF Into o
o GNEUE T R S U AR A (B T e AR String BYRA Y ) RRHIE E A R LI A
Into AR N EHZEE From AR LUK T B AF Into AL -

17.4 R
Rust R A& & ) BRI E BSR4 as PHfEE S5 @Y Ul CEATERITHPN CREE -
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https://doc.rust-lang.org/std/convert/trait.From.html
https://doc.rust-lang.org/std/convert/trait.Into.html
https://doc.rust-lang.org/std/convert/trait.From.html
https://doc.rust-lang.org/std/convert/trait.Into.html

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

}

1£ Rust /1 > as PRI —3 KA TR HAERF Y& IR —2 B AEA T & 1858 5 A7 S el igin g
W/ INRIRE Y EEE SARE SR IR A 2T o

HEOAEH as BETRIBIMEE G E HZ2IEFEA D HEE  BHIAE AN RERAVAERE (E a0 T AR BIE
RIBIFRE I EEE 23 5 o e AN i e s ) AR R o 75 72 2 B F R Fa P AR AR B s AR A g (i i
AR R R GR AN R A AR S AL TR I N B A ] ARES R T ued IEER 32 Aot Bl LU#EA as
u32-e

WHIE u32 3| ue4d B BRIV R EHR S /e From 8¢ Into (MidE as) MR B e o
AR5 HEEER AN DA R 77 U3 AT DU A TryFrom #1 TryInto o

This slide should take about 5 minutes.

BRI R R R B IRERZ -

as JALUR C++ HUEFREIEIA — M AR AR FTAEE NS N as AIREH b2 /D B ALERA
REfRE ©

B EREEE A usize DUHMESIRRER -

17.5 Read fil Write

ffif Read 1 BufRead BAT#f u8 AR JFHETHSZALIER
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));
ok(())

}

AL - Write HIRT ARG u8 BRI AL :
use std::io0::{Result, Write};
fn log<W: Write>(writer: &mut W, msg: &str) -> Result<()> {

writer.write_all(msg.as_bytes())?;
writer.write_all("\n".as_bytes())
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https://doc.rust-lang.org/std/io/trait.Read.html
https://doc.rust-lang.org/std/io/trait.BufRead.html
https://doc.rust-lang.org/std/io/trait.Write.html

fn main() -> Result<()> {

let mut buffer = Vec::new();
log(&mut buffer, "Hello")?;
log(&mut buffer, "World")?;
println!("Logged: {:?}", buffer);
ok(())

17.6 Default Hif

Default & AR FERE -

#[derive(Debug, Default)]
struct Derived {

}

X: u32,
y: String,
z: Implemented,

#[derive(Debug) ]
struct Implemented(String);

impl Default for Implemented {

}

fn default() -> Self {
Self("John Smith".into())
}

fn main() {

}

let default_struct = Derived: :default();
println!("{default_struct:#?}");

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

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

This slide should take about 5 minutes.

BT BB AT DUE # [derive (Default) ] iR H o
A derived implementation will produce a value where all fields are set to their default
values.
- Wl AR R AT At AR L H E A Default -
FRHER) Rust BUp78 5 & UG HIIOE (Pl 0 ~ """ %55) 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.
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17.7 B2

fEEm 2R 2 lambda R AR E A EIEM AR AN oA SEWE G EIERAR Fn ~FnMut 1
FnOnce $# :
fn apply_with_log(func: impl FnOnce(i32) -> i32, input: i32) -> 132 {
println!("Calling function on {input}");
func (input)

}

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>()
}s
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));
}

This slide should take about 20 minutes.

Fn (140 add_3) BEA SRR A EESAERIAIE BT tha] @ A E BT E At a] D2 kA1 T
Ay o

FnMut (541 accumulate) AIAEEEIHENAIME (AL FT A2 RIFIY (BRI TREAY) o
NFJZE FnOnce (B4 multiply_sum) AMFFREHAEREIN — 20 1K 2578 rTAE & AEFH HHUME -

FnMut & FnOnce BYFA4RI M Fn &2 FnMut 1 FnOnce BYFRIRI dafyzhzn 4a] LUTE (A 2y
FnOnce My 5 A FnMut e Z MY FnMut 8¢ FnOnce B/ fH Fn o

E Fe ] Fe 32 PR AL AY R 2NN AR IE R B R FnOnce (AR RPFA—2) HIUZ FnMut &&HIZ Fn &
FE AT P B i 52 A B R R o

MR H AP AR Fn (A] DUTE(E A5 #3R) HIUZ FnMut & 1&/2 FnOnce °

A e 0 G HRIR P A A A AR Copy (l4nEt# add_3) 1 Clone (B4 multiply_sum).
MRIE TR P B & IR 2 OB A (IR ATTTRYES) © move BRSE T I AT EARIR(E AREAINAE

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");

93


https://doc.rust-lang.org/std/ops/trait.Fn.html
https://doc.rust-lang.org/std/ops/trait.FnMut.html
https://doc.rust-lang.org/std/ops/trait.FnOnce.html

17.8 #E : ROT13 (GHiH 13 fip)

FE/EMEFEEH+ R B EERRY TROT13 0% /5 30 +4 R IR S5 R 2 Playground Alf B E#R/ D AL
Tt LI {ERE e ASCIL TR 7T FEIRGTRII 2 AR UTE-8 ©

use std::io::Read;

struct RotDecoder<R: Read> {
input: R,
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);
}

#[cfg(test)]
mod test {
use super::*;

#[test]
fn joke() {
let mut rot =
RotDecoder { input: "Gb trg gb gur bgure fvgr!".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!");

}

#[test]
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());

}
YERFRIME RotDecoder HITHSEAG £ e FHEFRLL 13 8 vIohed &5k ?
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17.8.1 fRILFTE

use std::io::Read;

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

}

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

}
Ok(size)

}

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

#[cfg(test)]
mod test {
use super::*;

#[test]
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!");

}

#[test]
fn binary() {
let input: Vec<u8> = (0..=255u8).collect();
let mut rot = RotDecoder::<&[u8]> { input: input.as_ref(), rot: 13 };
let mut buf = [Qu8; 2567;
assert_eq! (rot.read(&mut buf).unwrap(), 256);
for i in 0..=255 {
if input[i] != buf[i] {

95



assert!(input[i].is_ascii_alphabetic());
assert!(buf[i] .is_ascii_alphabetic());
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SRV
o CiEAEE Ear BB A | Rust A frac a2 4 -

o BEIEE R

BN RS

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

Segment  Duration

B 3 minutes
sOiEfEE M 1 hour
BT 55 minutes
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This segment should take about 1 hour. It contains:

Slide Duration
wEE R 5 minutes
SRR =gl 10 minutes
FivE HE 5 minutes
BERER 5 minutes
Clone 2 minutes
Copy 231 5 minutes
Drop 10 minutes

Y AT EAR] 20 minutes

19.1 gaEf R

AR AR 7y A R

* HEB (Stack) | AHESEABHY GTRLIRAR I I o
— {EA SRR A B A BRI E R o
- MHERE LR EN RIS
- ZIREE EHEE R o
- RUFRYEC AR o

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

i fl

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 :
L o= + : : :
| capacity | 5 : : S A S
| ptr I O-+---t-----+-->| H | e [1 |1 |o | :
| len | 5 | : : 1 T
Fom e - Fom - = + . :

This slide should take about 5 minutes.

* GHmil String /2 Vec X KL A AR BEMRE i RN R (Rl r &R EAYERT
MBS T E) o

o WA S E R AT DR A AR GC IR AR 2 (0 [ iC L AR ] e B R HERS T H 8T AL 4 nT DURE
[Ac B &% API] HAF o

HREZNE

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 HBjECEARE A

{HsE b 8 S KRR o3 Ay AR

o BEMTFEEPEEIEA BUSEREESME - C~ C++ ~ Pascal...
— PR AT A& P (] 5 o3 e sORE HE R RO IR o
- TRAREEH AT ZH A B a2 SR A ARG IR -
— WFERER AR RS AT % & B o
o IEBTEPUTREER T BBV E AL IEA HUS e 22 | Java ~ Python ~ Go ~ Haskell...
- PUTREER 2 ETEIRE P A2 IR 2 18 A RE RO IR -
- BEEBSIEE SORICE S RAIT Y77 B A o
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Rust Rl &% fif i
525 3 T )R I A o PR AR R R SR A U THE T T RIS ) S e B SRR 22 2 1 o
Rust 7 H AT A RERRE S B BE — B -
This slide should take about 10 minutes.
aIRE R B TR B HA S S A9 E2 BIEAE Rust o
o YIRZE CEEE WHZEM malloc #1 free FENVEHMER F RAVSEREE MY free $H%
[ — 45152 Y free m7E HAGMIAIRCIRARR: LR HGH 2 IRHEHE -

o C++ PR ESIE (unique_ptr ~ shared_ptr) % T Al Fl 75 BE LAY AR o 20 35 = 1135
Ttk ORAE b (BB IR R L ST R (g e T BWIRA S B A Ho& A UL C 355 WAL 88
E
* Java » Go F1 Python & Fi| F SR ICHE 25 A s il if 15 22 2 ik PR B RO RS o RERRE R (45 AT
A LUEE 2 R A mE PR UAF (4 CREGOIEAS) FIEAERIRSERR o » GC SREEHUTIEEL
BAS HAREE IEREAEE o
EFFZED T > Rust FEA HERE FATUSRE BT AR SS C 3BT Al CE RN ELIRAR B 73 e B BRI 2 i 2 Ak
AMEZE o Rust WARALREML C++ BEHEIEN T B 1A TE AOR AT DU 2 REH B H A 580E 1 HE 2
BAEE =77 Crate A ZEHITREBBIRIREEIERE (KRR GETsRE ) °

19.3 fhiAHE

P S T e AR T [ ) PN /K 7 o0 [ A ME S g 2 R
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.

This slide should take about 5 minutes.

BB A E (RS B & R bR R 20— TR BRIG = R AT A A A2 AT RC I8 AE © Rust AYTER
—HEAE ) ERIR AR -

19.4 PBHEEEE

An assignment will transfer ownership between variables:

fn main() {
let s1: String
let s2: String

String: :from("Hello!");
s1;
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println!("s2: {s2}");
// println!("s1l: {s1}");

o #F s1#6IR4 s2 GEBATARE o
* When s1 goes out of scope, nothing happens: it does not own anything
o B os2 BHEEN AR GBI EER -

BE s2 5]
Stack Heap
sl
Fom oo Fom oo + i ——
| ptr | O---t---to-o-- +-->H | e |1 |1 |o | |
| len [ 4 | : L et T T e e
| capacity | 4 | :
Fomm e - Fommm oo + :
BEs2%:
Stack Heap
sl "(inaccessible)"
Fom oo Fom oo + : : A
| ptr |  O---t---t--t--+-->| H [ e [ 1 |1 |o | |
| len | 4 | : | : e i —
| capacity | 4 | S
Fommm e oo - S + |
| - - - - - - o oo oo oo oo oo
s2 |
T ——— R + |
| ptr [ O---+---+--"
| len | 4 |
| capacity | 4 |
Fom oo o Fom oo +

HRHE PR R ZE G IR K28 G2 BT A

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

fn main() {
let name = String::from("Alice");
say_hello(name);
// say_hello(name);
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This slide should take about 5 minutes.
o FERRAEHE C++ TERIE MK (IBNZEMF std: imove 'HEEEZLEEMK N RG4S

IRIR(EETHE R
o DAWAREA GHEE &6 EE TSI AT B RA S 2 — R BLHE T RRE ToE
LERIA TR ABAL o

o FEELAME (FlANEEH) nIEUR % Copy GEZRIBRERGY )
o 7£ Rust H wifE{F3E & AAMRIE 5154 M A clone ©
£ say_hello #iffilr :

o HRIEN say_hello > main &ik# name HIATAHE 1% » name FLEEIATE main NEA o

o %y name FLEIPERGCIEEEE say_hello R4S R ©

o Y15 main IR EZ% name (&name) *H. say_hello AELIZ BN 2R > main
A LUPR B A R o

* 54b > main AITEE RPN (name . clone()) HH1E0E name FY5afE o

o 1£ Rust H BEIE R & THE S B R R e A2 2R e il ZE A % vl b IR b A/ IO N I AR
FIRTREMERE & EAAE C++ H o

HREZNE

Defensive Copies in Modern C++

B C++ Al R R 77 g (E R

std::string sl "Cpp";

std::string s2 sl; // Duplicate the data in sl1.
o s1 PHEEER G EE » s2 FEUSHEBIEEIA
o B s1 0 s2 EEHiEiEE - eREN A CHECIER

RRFEIRAT -
Stack Heap
sl : : :
Fom e oo Fommm oo + : : gy :
| ptr | O-sete-stesbete>| C | p | |
| len | 3 : : R e R T :
| capacity | 3 | : :
Fomm e - Fommm oo + : :
BEIEIRIZ
Stack Heap
sl
R e === + : . +----t----+----+
| ptr | O---#---t--dt-—4-—>] C | p | p |
| len | 3 : : R LR BT
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| capacity | 3 |

HE b ; ;
s2 :
Fom oo o Fom oo + gy :
| ptr I AL N A I
| len | 3 | : D L Lt T :
| capacity | 3] : :
L L + : :
BEHR

o C++ fRLAVEIREL Rust IEAAF it = GERER Ay BRE R —EE 2 E R LR R
HepfE— i@ fiE & SR EER AR
o C++ fEHE std: :move HIRTEH AIRF ] UEAS R e (H SN2 s2 = std::move(sl) >

WA & LR ECHETE M2 1% 0 s1 GIRINARBUEARIEE IR OEﬁi- Rust FRIFYZE AR
AATA] AR s1 -

o C++ HRY = ] DURIEZEHE B AL f R A TEMRE URS 2 &5 8E Rust A o

19.5 Clone

ARG AErREE TR R —fEE - Clone RH(FISE USRI -

#[dexrive(Default)]

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.itexr().map(|_| 1.0).collect();
}
}

This slide should take about 2 minutes.

Clone W 2R BB HMERE OB BN AN E ofm4 . clone() M Vec: :new B¢ Box: :new
FEHAM T o

BV & A RS R R AR 7715 AR R AECE R S g AN A R L -

19.6 Copy &4l

BESAEENRE B S THR R B LE R Rl A FHE M A B
fn main() {

let x = 42;

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

}

E LIRS E{E Copy HfH ©

ST LA TR AN AT R off F A8 SR B A -

#[derive(Copy, Clone, Debug)]

struct Point(i32, i32);

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

o 15IR1E > pl Ml p2 #EHEA HCHIER o
o BAMAEREF pl.clone () FAREERHEL o
This slide should take about 5 minutes.
HE BN NG A AEIE
o HEEETIEEEEIN I TE R EE NEH TR
o HEARTHMN BT EIE B8 C++ PREREMENXRR o
o ifEEWEIZEZE M HREEE Clone B BIAZFHINERTTA ©
o WHEINEHREE Drop FHEMARI o
1 Lot sEE R NYIHERE

K String MG E struct Point ¢/t String &R Copy Bl KA & 4R o

* Remove Copy from the derive attribute. The compiler error is now in the println!
for p1.

o TREIUMERMS wibE pl ARAEIEH A o

19.7 Drop Fi#

YHARAEENE T Drop RV AT EE Hi i 3] iR 15 B TR A

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" };

{
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let c = Droppable { name: "c" };
let d = Droppable { name: "d" };
println! ("Exiting block B");
}
println! ("Exiting block A");
}
drop(a);

println! ("Exiting main");
}
This slide should take about 8 minutes.

FHIER > std: :mem: :drop #l std: :ops: :Drop: :drop [ °
BN ER KRG BEER
FERER ANFREEENZ std: :ops: :Drop R GFEIU{ER Drop: : drop EfF o
bt —2k HEsmiEE G EIE Drop RAA G — &S ENATA RN o
std: :mem: :drop R — A EM{ER 2 H K dheR X 2 R B E 2RSS AN A
RE DR L [ 4 TR R B B B 5 o3 A AT (B L A 8 2 Aty RS SR a e o
- WARYEE drop $UTHRLE TIE (FIAIREEH PAPARE R SE) St EEH -
o i R
« %1% Drop: :drop F#f self?
- BT MR ERNE RAGE BRA R std: :mem: :drop -4 i fil§ 25 5 — i ¥
Drop: :drop RPN S 78 picHEE it !
o HEMK drop(a) B2 a.drop() °

19.8 #E RE T HAI

FEARFEGI A AR EE— AR E B S ATA &SR oZ 38 Mg T AR R & DUER
BB HE -

A TR TR ) B o

#[derive(Debug) ]
enum Language {
Rust,
Java,
Perl,
}

#[derive(Clone, Debug)]

struct Dependency {
name: String,
version_expression: String,

}

/// A representation of a software package.
#[derive(Debug) ]
struct Package {

name: String,

version: String,

authors: Vec<String>,
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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);

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.0.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("0.13").build();
println!("base64: {base64:?}");
let log =
PackageBuilder: :new("log").version("0.4").language(Language: :Rust) .build();
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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())
Lbuild();

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

19.8.1 fRILGE

#[derive(Debug) ]
enum Language {
Rust,
Java,
Perl,
}

#[derive(Clone, Debug)]

struct Dependency {
name: String,
version_expression: String,

}

/// A representation of a software package.
#[derive(Debug) ]
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 {
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Self(Package {
name: name.into(),
version: "@.1".into(),
authors: vec![],
dependencies: vec![],
language: None,

1)

}

/// 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;
self

}

/// Add an additional dependency.

fn dependency(mut self, dependency: Dependency) -> Self {
self.0.dependencies.push(dependency);
self

}

/// Set the language. If not set, language defaults to None.
fn language(mut self, language: Language) -> Self {
self.0.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())
Lbuild();

println!("serde: {serde:?}");
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This segment should take about 55 minutes. It contains:

Slide Duration
Box 10 minutes
Rc 5 minutes

R 10 minutes
% . okt 30 minutes

20.1 Box<T>

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

}

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

Box<T> @ E(F Deref<Target = T> ofgi/gai A LAERE(E Box<T> FIEH T FEALTT X o
AR R 8 E A BN E R A Box !

#[derive(Debug) ]

enum List<T> {
/// A non-empty list: first element and the rest of the list.
Element (T, Box<List<T>>),
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/// An empty list.
Nil,
}

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

}

Stack Heap
list
Fomm e - Fomm e+ . R e - N
| Element | 1 | O--#----4----- +--->| Element | 2 | 0--+--->| Ni1 | // | // |
Fomme oo Fomme oo Fomm e - S — Fomm - S ——

This slide should take about 8 minutes.
* Boxislike std: :unique_ptr in C++, except that it's guaranteed to be not null.
TELUTRIEIS ARrT LU Box :
— HReRP BB RN TR o{H Rust S s ds s 2 HERETI R o
- MEEBRKEERN AR 2yl e S FERKEER B0 EREFTE Box HYHERE
b ERRRR A G EHER 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—FAEERAHE A H A G ferERa i ag N8 List joaR B e LU pE (EfkE 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.

KREZAH

b f AL

#[derive(Debug) ]

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

}

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

}
Box FREZEH LI G — AR M HAERZ null satk—K AmaEds n] LR IR R I B R AR
Stack Heap
list :
R F----t----+ . - - - +----t----+
| Element | 1 | O--#----4----- +--->| Element | 2 | // |
R et I e il . R R e il
20.2 Rc

Rc B2FEF B HEE NEEZ MM ESFHEFRRNER n] DU S S
use std::rc::Rc;
fn main() {

let a
let b

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

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

o WIRSEERNZHUTHERIBEE w528 Arc 1 Mutex o
o ERTLUR A IR RS 7 Weak $EAR DUEESZ 2 18 R I IEIR -

This slide should take about 5 minutes.

* Rc WEHBATHEMR LB A 2% WaIER G IRFEARL -

* Rust ¥ Rc #ifg C++ HHY std: : shared_ptr —#k ©

* Rc::clone HYRCAARAR : % Mtk & N7 45 rml A R O B O FE R Al 39 0 255 5180 A & 2 AR IR
vibE R RS A AE R 8 T DUZE ©

» make_mut EFE L &ELER 7 ENEE ( Iclone-on-write | ) ifi [I{E AT H 1 2% o

» ] Rc: :strong_count A/ &EEZEEHH

* Rc::downgrade 2t T8 2 Gt BU M I 2 B @ E R ENEER (7] gk & &1
RefCell)

20.3  RETF

R AT SR R ME R BIARER (ER AR &2 aEht
struct Dog {
name: String,
age: 18,
}
struct Cat {
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lives: 1i8,

}

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

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

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

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());

}
}
DUF A E pets ZHCIRMACE
Stack Heap
"pets: Vec<dyn Pet>" : : "data: Cat" LR e T EE T
e tommoo o + : L tommooo- + | F | 1 | d | o |
| ptr | 0---+---+--. | lives | 9 | R e it
| 1len | 2 | N Fommooo- + A
| capacity | 2 | S A
T tommem - + S | e -
A | data: "Dog" |
S | R LTl +
—————————————— S toom|-t---- -t | name | o, 4, 4 |
‘--+-->] oo | 0 0-|----- >| age | 5 |
: to|---t-]---+ L R T +
| |
T
| |
| | "Program text"
e
| | vtable
| | oo - +
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This slide should take about 10 minutes.

» 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.

« A[EM dyn Pet ‘&7 iAMARE & S A EAE Pet UEIRER/ MR
o fEARBI > pets FAIERER D BITEHEBAIMER L3HEC JamifEm BT RS2 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.

- %% Fido 1Y Dog &EKHE name F1 age #iifi - Cat AIA lives Ml o

o PER B EEHIREH A A

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>>());

20.4 #E ook

iR —RERR DR R b R B RS AR A A A 18 1 B RG <H AP S A R AT (R 1 — A (E R
ARG LATEE AR N AR > N el Bk R AT A B R AR B & B ME i N A R iR A peh

IR A RS B A BRRIME
A EAELUN A sgdE e U o
oy A o8 EEIRBARE AR EREIE o

/// A node in the binary tree.

#[derive(Debug) ]
struct Node<T: Ord> {
value: T,

left: Subtree<T>,
right: Subtree<T>,
}

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

/// A container storing a set of values, using

v

a binary tree.

/// If the same value is added multiple times, it is only stored once.

#[derive(Debug) ]
pub struct BinaryTree<T: Ord> {
root: Subtree<T>,
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}

// Implement "new’, “insert’, "len , and "has'.
#[cfg(test)]
mod tests {

use super::*;

#[test]

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);

}
#[test]
fn has() {
let mut tree = BinaryTree::new();
fn check_has(tree: &BinaryTree<i32>, exp: &[bool]) {
let got: Vec<bool> =
(0..exp.len()).map(|i| tree.has(&(i as i32))).collect();
assert_eq! (&got, exp),;
}
check_has (&tree, &[false, false, false, false, falsel);
tree.insexrt(0);
check_has(&tree, &[true, false, false, false, false]);
tree.insert (4);
check_has(&tree, &[true, false, false, false, truel);
tree.insert (4);
check_has (&tree, &[true, false, false, false, truel);
tree.insert(3);
check_has(&tree, &[true, false, false, true, true]);
}
#[test]

fn unbalanced() {
let mut tree = BinaryTree::new();
for 1 in 0..100 {
tree.insert(i);

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

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

use std::cmp::0rdering;

/// A node in the binary tree.

#[derive(Debug) ]
struct Node<T: Ord> {
value: T,

left: Subtree<T>,
right: Subtree<T>,
}

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

/// A container storing a set of values, using a binary tree.
v
/// If the same value is added multiple times, it is only stored once.
#[derive(Debug) ]
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.® = Some(Box: :new(Node: :new(value))),
Some(n) => match value.cmp(&n.value) {
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Ordering::Less => n.left.insert(value),

Ordering::Equal => {}

Ordering::Greater => n.right.insert(value),
b

}

fn has(&self, value: &T) -> bool {
match &self.0 {

None => false,

Some(n) => match value.cmp(&n.value) {
Ordering::Less => n.left.has(value),
Ordering::Equal => true,

Ordering: :Greater => n.right.has(value),

b

}

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

}

impl<T: 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"));

}

#[cfg(test)]
mod tests {
use super::*;

#[test]

fn len() {
let mut tree = BinaryTree::new();
assert_eq!(tree.len(), 0);
tree.insert(2);
assert_eq!(tree.len(), 1);
tree.insert(1);
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assert_eq!(tree.len(), 2);
tree.insert(2); // not a unique item
assert_eq!(tree.len(), 2);

}
#[test]
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.insexrt(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, true]);
tree.insert(3);
check_has(&tree, &[true, false, false, true, true]);
}
#[test]

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 3=
Welcome Back

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

Segment Duration

& 50 minutes
A 1 hour and 10 minutes
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This segment should take about 50 minutes. It contains:

Slide Duration

f&H 10 minutes
f&H 10 minutes
WEE A8 (Interior Mutability) 10 minutes
G AR ER 20 minutes

22.1 {6l

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

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

fn add(pl: &Point, p2: &Point) -> Point {
Point(pl1.0 + 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:?}");

* add G TE A RIMERS Al AR o
o PR & OR B A A R PT A RE ©

This slide should take about 10 minutes.
BRI A G EEE 1 KA IR Al RS HOE 5 s 58 B 25 | B o] E#4E o
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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:

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

fn add(pl: &Point, p2: &Point) -> Point {
let p = Point(pl1.0 + p2.0, pl1.1 + 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 #Rqzas i U TR BY{E R AL (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 {6l

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}");
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This slide should take about 10 minutes.

AR SR RUE R A — B E G AR @RISR TR AFPR S A EE o

PR G 4RE ARG FIRPES c M1 b LIS EIEAA T BIHAM A a ©

ik b 9 println! BUAXBEIEA ¢ AFERIAT B R]AREERE S o

ROBZSE R ARnras G RBLAKM b (YRR - EER A BIIHEM ¢ f5H a ZAT w25

tEAHRIIIAE M5 EsR L) (non-lexical lifetimes) °

« HE2MAHRIRA - Rust GF A2 MRERB TR A GRAE o & 0ES )
IR R R RS IR AL SR AL 2 IR AR A E ] DUIE % 2 IR A an B Y 22 i PR
B AFag o

« fERRE SR EF R T2 AT FlanE R A i A R AL ET HE 2N EaE

an L A] REMR TR Se 2 T PR ) ELEROIR T a8 & 88 B e e A as il 2% -

22.3 WA EE (Interior Mutability)

FERLLER LT AR IESSE ] () 2 M RAVERL (L7 AR E RIS FTAE & A AR REX A
RO A MR 75 7R TR R o

FPER AT EN I AT DU 2 I R IE (s (R S2EhRY) 17 HORE SRR sUR S IR DA A 75 AU T
BLHRAE RIR AT IR 22 2 ARTRE H 2 U T TR Bha A o

RefCell

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

#[derive(Debug, Default)]
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:#?}");
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println!("graph sum: {}", root.borrow().sum());

Cell

Cell M AME i RFFHUSEHEEZE AEEAY Cell AL —1K (2 B st et
TSR A 20 R ARG E K o
This slide should take about 10 minutes.
iR A NE RS Rust f2E T 22 751k e A2 RERNER EfRE2EAT £
3 i RefCell f1 Cell BHHFEIRE /% o
« RefCell EZMHATREEGE SRHIEH Rust —MAEFAHR G ELHASREE-HE2R)
TEARBIH FrA S HE IR Y BaE N g E5 8 Rt E —Ea i) -
* Rc AAFrH B SRNENHEAH (HH) FIUT2 WAt QhER) ZESMEA 2 ERARE H2 |
TRFRAEAE SO EE R R ER AT B A Al sk o
o MEMIRZ S 0 Cell BBAHBEAIMIE HRHHAW set J777EAHZ &self Ja EFREN FHBATREEL
BE HFREBENE KL REA HATRE A o
* Demonstrate that reference loops can be created by adding root to subtree.children.
o WIEHRMITIE R EHENRSRIETE #5891 fn inc (&mut self) #&n[3E self.value &Y -
AR HFIEFFIUMHERY 7575 fEA SIEENER T a8 9328 HPR thread 'main' &
[l 'already borrowed: BorrowMutError' miRif o

22.4 B HEgENER

TEIETE B FRE B P 24 IR IEL A M8 35 B R St Y 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 imp1 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.
#![allow(unused_variables, dead_code)]

#![allow(dead_code)]
pub struct User {
name: String,
age: u32,
height: 32,
visit_count: usize,
last_blood_pressure: Option<(u32, u32)>,

pub struct Measurements {
height: 32,
blood_pressure: (u32, u32),
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pub struct HealthReport<'a> {
patient_name: &'a str,
visit_count: u32,
height_change: f32,
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 {
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);
}

#[test]
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 fRITIE

#![allow(dead_code) ]
pub struct User {
name: String,
age: u32,
height: 32,
visit_count: usize,
last_blood_pressure: Option<(u32, u32)>,
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pub struct Measurements {
height: 32,
blood_pressure: (u32, u32),

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

}

impl User {
pub fn new(name: String, age: u32, height: f32) -> Self {

Self { name, age, height, visit_count: 0, last_blood_pressure: None }

}

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

self.visit_count += 1;
let bp = measurements.blood_pressure;
let report = HealthReport {
patient_name: &self.name,
visit_count: self.visit_count as u32,
height_change: measurements.height - self.height,
blood_pressure_change: match self.last_blood_pressure {
Some(lbp) => {

Some((bp.0 as 132 - 1lbp.® as i32, bp.1 as 132 - 1lbp.1 as i32))

}
None => None,
b
},
self.height = measurements.height;
self.last_blood_pressure = Some(bp);
report

}

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

#[test]

fn test_visit() {
let mut bob = User::new(String::from("Bob"), 32, 155.2);
assert_eq!(bob.visit_count, 0);
let report =

bob.visit_doctor(Measurements { height: 156.1, blood_pressure:

assert_eq! (report.patient_name, "Bob");
assert_eq!(report.visit_count, 1);
assert_eq! (report.blood_pressure_change, None);
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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
PRIR 2R 10 minutes
RN AR dr A E] 10 minutes
A 5 minutes
A A A 5 minutes

#3% : Protobuf Z#1 30 minutes

23.1 YA

DI R R E B E RS

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 IR G1EY) R RIE B o
o [ CWURTEH s ATERK a[3] GAMTERE ?

This slide should take about 10 minutes.
o TG ENT—AY) R IR AMER a ARBAETESEHIE G RES| o

o ERVIATERS] 0 BAYA ‘Rust AL ERETEA] RRFRIMIE A RS s &a[0. .a.1len()]
fM&al..a.len()] EEAMER -

o [FE ORI AR R At Kt &al2. .a.1en()] M &a[2..] BEMHF °
o L % TESRREAL e RS R BRI LAER &al. . ] °
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NI RBITER o

* 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 RSB

A BRAE R DU AE Rust A MEF RG] > &str &R &[char] AHEER BRI R EHTE
(UTF-8) f#f# o
fn main() {

let sl1: &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}");

}

PL Rust fiif 555675 & 2 ia bk

» &str BHTHYUIFKA AR -

* String 2rIEEH 7 HRREE -
This slide should take about 10 minutes.

* &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 [y String RAR M TAH A B AR SR Vec<T> —4% w2250 A BBHNHA# -

* 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_str () methods.

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

BRI LUE M &stx IR ZERYEE[EDEIE A€ String A &str VIR AIERATEN T ER BT
mSER R AR LD E R BN T8 T dR B g BT TR AN
chars #{RE5 -

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

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

23.3 BRI A i )

2009 M e A ] AMS TS ) Hr 2 IR0E Sl (5 A s & H B o

T HRFRAM H AT R A4 @ HA T DB ROR o8 > &'a Point ~ &'document stx A LIBARER R
Aan A A anEIARBHEER ' —MRIERAMES 'aT T o5 &'a Point @i /0B E] a AR
&M Point‘] o

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.

£ 58 S bR SR R (E R 2B e G (S L

#[derive(Debug) ]
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:?}");

}
This slide should take about 10 minutes.

FEAGI MRaEat AR H p3 FIKA Z RAVEMEY A5 TRATRER fiEa LA TR/
&% p3 KL a1 pl A1 p2 FRRYESEARE ERtERE—EE - Rust A B bR 75 RO R {EE A9 A= A
AN L IR o

AR e ZEMEE left_most :

fn left_most<'a>(pl: &'a Point, p2: &'a Point) -> &'a Point {
e Mk pl M1 p2 L 'a Ky EIEMEREGETIRE DGR 'ac
—MRIETL S AT AR AR A A EIE R RN IR A o
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23.4 PRI R A i

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 UBEA L EIRE RS | B S ES — (R -
o WSRUA {5 [ BeE s AR AT E TR A A ARINEERY A B o
o WISA A5 1 BE AL B EREL self a8 E4: aviE i G4 Atan Fr A AR MEER EEE -

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

fn cab_distance(pl: &Point, p2: &Point) -> 132 {
(pl.0 - p2.0).abs() + (pl.1 - p2.1).abs()
}

fn nearest<'a>(points: &'a [Point], query: &Point) -> Option<&'a Point> {
let mut nearest = None;
for p in points {
if let Some((_, nearest_dist)) = nearest {
let dist = cab_distance(p, query);
if dist < nearest_dist {
nearest = Some((p, dist));

}
} else {
nearest = Some((p, cab_distance(p, query)));
b
}
nearest.map(|(p, _)| p)
}
fn main() {
println!(
{7,
nearest(

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

)
}

This slide should take about 5 minutes.

BRI B EIABIHEEE A T cab_distance °

nearest ERTHR LSS —EREEH| H 5 [ BEA ZEFH EHE RS2 o

A AR s e R ) (R (R A A A

fn nearest<'a, 'g>(points: &'a [Point], query: &'q Point) -> Option<&'q Point> {

HRE N EHITHRE R ds DA G AN SHER BRI (P2 2) IEHIEIFmL 2
A4S Rust HH REHRARE

AT RE G R TR % G I 2R a8 ] © Rust RIRE T — ) AR A B FERZBUBIT AR RIE
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AN R ) T 2 RIS RRE /S LN ABAE AR IR N 25 an B ST A n] DU B R A R
W RTEBDE MR = HEAEA D E R ERE R EERRRFE AT A R &R HRrpl 2 A R A R et PR B 2
YHIE ©

23.5 drkaik A v

NSRBI & (R 17 A6 P A BORE RILRA 28 6 FH A= e 28 ST A
#[derive(Debug) ]
struct Highlight<'doc>(&'doc str);

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

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

}

This slide should take about 5 minutes.

 1£ LA B+ > Highlight RUREREESRHIMITUTALE (B2 EEEN &str KR &
frIRF I = D AE R ERIFTA Highlight fIPH—AK -

 WIRAE fox (80 dog) My an IR RATIRFE text R Eas & imFEt o

o EAE BRI E SRR R B R R s e R T AT AR TR B (HE
G I {E I o

* GHas A RERRE R AT IR A E R o

o FUENE A2 MR RAL AT A 20 L an TR AR AN SRER 1SR A R an I 2 b R R
A SRR R A an B IR (e WL AT AEA D EHEA 284 an A TRE AR FIRE A E R AR

23.6 &% : Protobuf T

TEASRE v ALK S protobufl EMARESHIEINTE S0 EHEERRAES | fEskE th & 2255

B AT Rt AR E R R SRR A S — e EH -

YNESEREHIM protobuf FUE A ZHB AR AR A 8 & AR SF L R 5| 7B E AL proto %

N FEARBE T T EAE S B AP AT R 3% &SRS 2 match BUdi=X -

PR ERLLT proto :

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

}

1;

message Person {
optional string name = 1;
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optional int32 id = 2;
repeated PhoneNumber phones = 3;

}

proto S F4RE A — R YA, — 4% — 8 S ERAER LU 77 i L E R TEEd ) N E A s
EAMNYRSE (B4 Person sURRY id MINIERSEZ 2) DU A AR &4 & H e R B A ol &
IR HR L R o

B (SR FLMA VARINT PR # RERBRRATHEZ U TEABE AL ER
parse_varint sxfENUEE L E S 7B A5 tLEH Pexrson f1 PhoneNumber Hif7 il i aHUE T 2
7 L [a] Y — 2B REY o

&R N HIHE A 2 % Pexrson #1 PhoneNumber E{E parse_field E=XF1 ProtoMessage i HN
] o

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

#[derive(Debug, Error)]

enum Error {
#lerroxr("Invalid varint")]
InvalidVarint,
#[exrror("Invalid wire-type")]
InvalidWireType,
#[error("Unexpected EOF")]
UnexpectedEOF,
#[error("Invalid length")]
InvalidSize(#[from] std::num::TryFromIntError),
#[exrror("Unexpected wire-type)")]
UnexpectedWireType,
#[error("Invalid string (not UTF-8)")]
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,

}

#[derive(Debug) ]
/// 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]),
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132(132),
}

#[derive(Debug) ]
/// 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),

1)

}

impl<'a> FieldValue<'a> {
fn as_string(&self) -> Result<&'a str, Error> {
let FieldValue::Len(data) = self else {
return Err(Error: :UnexpectedWireType);
b
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)
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/// 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);
I
if b & Ox80 == 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(Exror: :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)?;
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
}
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.
/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)?;
result.add_field(parsed.0)?;
data = parsed.l;

}
Ok (result)
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}

#[derive(Debug, Default)]
struct PhoneNumber<'a> {
number: &'a str,

type_: &'a str,
}

#[derive(Debug, Default)]
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, Ox6d, 0Ox61,
0x16, Ox0a, Ox0e, Ox2Db,
0x2d, ©0x31, 0x32, 0x31,
0x18, @x0@a, 0x0e, 0x2b,
0x2d, ©0x35, @x33, 0x30,
0x65,
1)
.unwrap (),
println! ("{:#?}", person);
}
23.6.1 fRILTTE
use std::convert: :TryFrom;
use thiserror::Exrror;
#[derive(Debug, Error)]
enum Error {
#[lerroxr("Invalid varint")]
InvalidVarint,
#[error("Invalid wire-type")
InvalidWireType,
#[exror("Unexpected EOF")]
UnexpectedEOF,

#[error("Invalid length")]

0x78, 0x77,
0x31, 0x32,
0x32, 0x12,
0x31, 0x38,
0x38, 0x12,

]

0x65,
0x30,
0x04,
0x30,
0x06,

Ox6c¢c,
0x32,
0x68,
0x30,
0x6d,

InvalidSize(#[from] std::num::TryFromIntError),
#[error("Unexpected wire-type)")]

UnexpectedWireType,

#[exrror("Invalid string (not UTF-8)")]

InvalidString,

137

Ox6c,
0x2d,
ox6f,
0x2d,
ox6f,

0x10,
0x35,
0x6d,
0x38,
0x62,

0x2a,
@x35,
0x65,
0x36,
0x69,

0x1la,
0x35,
0Ox1la,
0x37,
0x6¢c,



/// 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,

}

#[derive(Debug) ]
/// 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),
}
#[derive(Debug) ]

/// 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 Exrr(Error::InvalidWireType),

)
}

impl<'a> FieldValue<'a> {
fn as_string(&self) -> Result<&'a str, Error> {
let FieldValue::Len(data) = self else {
return Exrr(Error: :UnexpectedWireType);
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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);
},
if b & 0x80 == 0 {
// This is the last byte of the VARINT, so convert it to
// a ub4 and return it.
let mut value = Qu64;
for b in data[..=i].itexr().rev() {
value = (value << 7) | (b & 0x7f) as ub4;

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

}

// More than 7 bytes is invalid.
Exr(Exrror::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)?;
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)?;
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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 Err(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)

}

b
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)?;
result.add_field(parsed.0)?;
data = parsed.l;
}
Ok (result)
}

#[derive(Debug, Default)]
struct PhoneNumber<'a> {
number: &'a str,

type_: &'a str,
}

#[derive(Debug, Default)]
struct Person<'a> {

name: &'a str,

id: u64,
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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_u64()?,
3 => 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(&[
0x0Qa, 0x07, Oxe6d, Ox61, Ox78, 0Ox77, @x65, O0x6C, Oxb6C, O0x10, Ox2a, 0Oxla,
0x16, 0x0a, Ox0e, Ox2b, 0x31, 0x32, 0x30, 0x32, ©0x2d, @x35, @x35, 0x35,
0x2d, ©x31, ©0x32, 0x31, 0x32, 0x12, 0x04, 0x68, Ox6f, 0x6d, 0x65, 0xla,
0x18, @x@a, 0x0e, 0x2b, 0x31, @Ox38, 0x30, Ox30, ©0x2d, 0x38, 0x36, 0x37,
Ox2d, ©@x35, ©0x33, 0x30, 0x38, 0x12, 0x06, Ox6d, Ox6f, 0x62, 0x69, 0Ox6¢C,
0x65,

1)

.unwrap();

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

}

#[cfg(test)]
mod test {
use super::*;

#[test]

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

}

#[test]
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fn as_bytes() {
assert!(FieldValue: :Varint(10).as_bytes().1is_err());
assert!(FieldValue::132(10).as_bytes().is_err());
assert_eq! (FieldValue: :Len(b"hello").as_bytes().unwrap(), b"hello");
}

#[test]

fn as_ub4() {
assert_eq! (FieldValue::Varint(10).as_u64().unwrap(), 10u64);
assert! (FieldValue::I32(10).as_u64().is_erxr());
assert! (FieldValue: :Len(b"hello").as_u64().is_exr());
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24 &
B2 4 Kikid

Today we will cover topics relating to building large-scale software in Rust:
o B TRARE Iterator fH o
o FEAHANTAT RLYE ©
o o
o GERAERIE R - Result LUK try HE T ? o
o 22 Rust (AHES & 2R Rust RRYESTTIA ©

BB R 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

mRE BAETTAMAS 30 minutes

25.1 Iterator

ITterator FHAAREEE AP IERETBNRIEE SFEMT next ik HERHEKETIE FF2IE
WL HEBRIEAE BN Iterator AR L HITEE :

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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}

This slide should take about 5 minutes.

» 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.

» Intolterator /2JEfif for 7 B /E IR SLRF BB B ST (Bl Vec<T>) MIFHRH & ME
(&Vec<T> ¥ & [T]) EfEMAL SLAh it & B /EETER @ iaiil T I8 A LUEH# for i
in some_vec { .. } HHEETER HIFRA some_vec.next () gy o

25.2 IntoIterator

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 Intolter = GridIter;
fn into_iter(self) -> GridIter {
GridIter { grid: self, i: 0, j: 0 }

}

}

struct GridIter {
grid: Grid,
i: usize,
j: usize,

}

impl Iterator for GridIter {
type Item = (u32, u32),

fn next(&mut self) -> Option<(u32, u32)> {
if self.i >= self.grid.x_coords.len() {
self.i = 0;
self.j += 1;
if self.j >= self.grid.y_coords.len() {
return None;
}
}
let res = Some((self.grid.x_coords[self.i], self.grid.y_coords[self.j]));
self.i += 1;
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res

}

fn main() {
let grid = Grid { x_coords: vec![3, 5, 7, 9], y_cooxds: vec![10, 20, 30, 40] };
for (x, y) in grid {
println! ("point = {x}, {y}");
}
}

This slide should take about 5 minutes.

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

* Item: the type to iterate over, such as 18,
e Intolter: into_iter /7% MY Iterator ZH o

HEFEE Intolter f1 Item E&E v EA BREBMVNAEEFHERN Item BB E R & HH
Option<Item> o

PLERf e x F y BRI A AL A AT AX o

HEBIE main S ABH X SEAE A EEHRE R ? 5573 & > Intolterator: :into_iter
EHS self MUEARE o

MBS IEHERIRE #5818 &Grid B{F Intolterator Wi Grid MWAMEREERE GridIter # e

8 e X S Y I T RE & 3 A R AR At 2 for e in some_vector €HU{S some_vector
IR BE A S EZ M B N BEA T EE T8/ AL 5% A for e in &some_vector 1L EHE
some_vector JLEHIZRH o

25.3 Fromlterator

FromIterator nJ;EMEM Iterator BHBES -

fn main() {
let primes = vec![2, 3, 5, 7];
let prime_squares = primes.into_itexr().map(|p| p * p).collect::<Vec<_>>();
println!("prime_squares: {prime_squares:?}");

}

This slide should take about 5 minutes.
Iterator implements
fn collect<B>(self) -> B

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

] DUE A e 75 a8 (75 TA S E B

o {45 RfEH Mturbofish) : some_iterator.collect: :<COLLECTION_TYPE> () off%a #i{#
Fi _ &% A]3% Rust 5w Vec JTEMIEH o

o [EHAGIHER © let prime_squares: Vec<_> = some_iterator.collect() s
e B F BREREER -
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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>.

25.4 AW BT RS

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.
vy
/// 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! ()
}
#[test]

fn test_offset_one() {
assert_eq! (offset_differences(1, vec![1, 3, 5, 71), vec![2, 2, 2, -6]);
assert_eq! (offset_differences(1, vec![1, 3, 51), vec![2, 2, -41);
assert_eq! (offset_differences(1l, vec![1l, 3]1), vec![2, -21);

}

#[test]
fn test_larger_offsets() {

assert_eq! (offset_differences(2, vec![1, 3, 5, 71), vec![4, 4, -4, -41);
assert_eq! (offset_differences(3, vec![1l, 3, 5, 71), vec![6, -2, -2, -21);
assert_eq! (offset_differences(4, vec![1, 3, 5, 71), vec![0, @, 0, 0]);
assert_eq! (offset_differences(5, vec![1, 3, 5, 71), vec![2, 2, 2, -6]);

}

#[test]

fn 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]

fn 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![];
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assert_eq! (offset_differences(1l, empty), vec![]);

25.4.1 fRFTER

/// Calculate the differences between elements of “values® offset by ‘offset’,
/// wrapping around from the end of “values® to the beginning.
/17
/// 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>,

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

}

#[test]

fn test_offset_one() {
assert_eq! (offset_differences(1, vec![1, 3, 5, 71), vec![2, 2, 2, -6]);
assert_eq! (offset_differences(1, vec![1, 3, 51), vec![2, 2, -4]1);
assert_eq! (offset_differences(1, vec![1, 3]), vec![2, -21);

}

#[test]
fn test_larger_ offsets() {

assert_eq! (offset_differences(2, vec![1, 3, 5, 71), vec![4, 4, -4, -4]1);
assert_eq! (offset_differences(3, vec![1l, 3, 5, 71), vec![6, -2, -2, -21);
assert_eq! (offset_differences(4, vec![1, 3, 5, 71), vec![0, @, 0, 0]);
assert_eq! (offset_differences(5, vec![1, 3, 5, 71), vec![2, 2, 2, -6]);

}

#[test]

fn 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]

fn test_degenerate_cases() {
assert_eq! (offset_differences(1l, vec![0]), vec![0]);
assert_eq! (offset_differences(1l, vec![1]), vec![0]);
let empty: Vec<i32> = vec![];
assert_eq! (offset_differences(1l, empty), vec![]);

}

fn main() {}
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This segment should take about 40 minutes. It contains:

Slide Duration
FE4H 3 minutes
RGN 5 minutes
RERE 5 minutes
use ~ super ~ self 10 minutes

A . GUI ZXERNELE 15 minutes

26.1 izl

BMIEA 4 imp L EEBLAN A AR R A 4 22 P S 2 )
AR > mod RIFEFAM BRI R A A fa 22

mod foo {
pub fn do_something() {
println!("In the foo module");

f=iiif

}
}
mod bar {
pub fn do_something() {
println!("In the bar module");
}
}

fn main() {
foo: :do_something() ;
bar::do_something();
}

This slide should take about 3 minutes.
o EfERALYIRE A UEE Cargo. toml FEZ HRERABAIAI NS & A M 1 {# Crate A o
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* Crate EHAHAVEIAAS R Hoh AR Crate @2 HUTHE MRVl Crate I &R 2R o
o BEHAME G T A FEE FRR AT o

26.2 MERARHMEE

MREERBAHAD R EHER Rust TEHMER P SHZAA
mod garden;

2 &7 Rust X178 garden BAHNAZTE sTc/garden. rs FHREIN dAlFEH .garden: : vegetables
AT 7E sTc/garden/vegetables. s HkE| o

crate IREHRA :

e src/lib.rs GEANENE Crate)
» src/main.rs GEAR ENFE Crate)

LRI “inner doc comments” FEistiE R HE AV Ja Lt Eacir U a e MAEE AEAGI+
HUZ A o

//! This module implements the garden, including a highly performant germination
//! implementation.

// Re-export types from this module.
pub use garden::Garden;
pub use seeds::SeedPacket;

/// Sow the given seed packets.

pub fn sow(seeds: Vec<SeedPacket>) {
todo! ()

}

/// Harvest the produce in the garden that is ready.
pub fn harvest(garden: &mut Garden) {

todo! ()
}

This slide should take about 5 minutes.

o 7F Rust 2018 Z R #&E4HFE AR module/mod. rs MidE module.rs H 55482 2018 BEK
AT RRITE ©

« B A filename.rs i filename/mod.rs MR E THERNAHZ 44 mod. rs KR
ZE1F IDE AREEE 5y ©

o TR BLIREEAE nT LU F R AR R 32 B AR Ak et — A

src/

F—— main.zrs
—— top_module.rs
—— top_module/
L—— sub_module.rs
o Rust SRIEHMNN B R EBiR s eS8 HE ©

#[path = "some/path.rs"]
mod some_module;
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SRBIAR R A SRR AH R 2 & some_module_test.rs AUREZES (JEL Go FHIE
) B EREH o

26.3 RERJE

A AT R EAH A A PR B
o WAHTE HER 2 N AR (FRREUE (R E R o
o RIAMIFEIHE — &R o
o MAF)EERR ANSRIE HEURAE foo S+ A& HBITE foo INATA F&AH ©
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::innex: :public");
super: :private();

}

fn main() {
outer: :public();

}
This slide should take about 5 minutes.
o [ pub BRI RAGAH 2 A B ©
IEA At AT DU FHAERSRY pub (. . . ) FEE 2R BRI 2 Be A2 B A R ] o
FHZH Rust 2 E &K o
#IE pub(crate) BIEREIRE— R R o
St AT DUR TP E RSB B RERR ARSI E R o
AR ARE TS B ERER R P HAEHE (KB B TA) ©

26.4 use ~ super - self

AR AT LUEE AT us e R HLARERH A4 S A R R Py Savi i & 78 S R AE A TSR B BB R T I

use std::collections: :HashSet;
use std::process: :abort;
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https://doc.rust-lang.org/reference/visibility-and-privacy.html#pubin-path-pubcrate-pubsuper-and-pubself

HHEE
PSRt 75 U R
1. R AE

» foo 5 self: : foo ZIEHHABAH foo o
* super: : foo B RIEBLHHH foo ©

2. A B EIRTE

* crate: :foo Zf5HAT Crate f/RE#EHY foo ©
* bar: :foo 215 bar Crate ##J foo °

This slide should take about 8 minutes.
o H R BB LTERE Rt SBEIRE > Crate HFIVTERE 1ib. rs AIRER
mod storage;

pub use storage::disk::DiskStorage;
pub use storage::network::NetworkStorage;

B ERE R RTIRRAE T H A Crate 24t DiskStorage #1 NetworkStorage °

o TEREIEN T HAREREEEFIEEFEE use (B2 AIEFEISFIAEM AL w258 A
BRIAEE 2 N R BRI RN R B E A H E At — 4% SRHIKER ANEAE B E Read AV
Ff#H read_to_string 75i% f&F % use std::io::Read>°

* use BELAFTREEL ZE AT IC B4l use std::io::* ol Za R EHAIIMGE K 2TRM s
WEEREA 7 WRLETE [ i HL7g LeTH H AT AERE# Ry ik 2 o

26.5 &% . GUI #RyEizH

FEARSRE T A ER RPN GUI BB E(FIEE SR EER T Widget Rl w2 2 1H
BEeEE L main B o

A R (B UTAHB R RLGN) &IOS B BB R R R TR ERZ AR A B SR
A o

Cargo Setup

Rust Playground {£374% —fEfE % R AR EEARER 24P, Cargo B

cargo init gui-modules
cd gui-modules
cargo run

FBURERAEEAEN sTc/main. s T mod Bk AR src HEgPmg HAt R ZE o

DU/ GUI R R B — 4R B IR E

pub trait Widget {
/// Natural width of “self’.
fn width(&self) -> usize;

153



/// Draw the widget into a buffer.
fn draw_into(&self, buffer: &mut dyn std::fmt::Write);

/// Draw the widget on standard output.
fn draw(&self) {
let mut buffer = String::new();
self.draw_into(&mut buffer);
println!("{buffer}");

}

pub struct Label {
label: String,

}

impl Label {
fn new(label: &str) -> Label {
Label { label: label.to_owned() }
}
}

pub struct Button {
label: Label,

}

impl Button {
fn new(label: &str) -> Button {
Button { label: Label::new(label) }
}
}

pub struct Window {

title: String,

widgets: Vec<Box<dyn Widget>>,
}

impl Window {
fn new(title: &str) -> Window {
Window { title: title.to_owned(), widgets: Vec::new() }

}

fn add_widget(&mut self, widget: Box<dyn Widget>) {
self.widgets.push(widget);
}

fn inner_width(&self) -> usize {
std::cmp: :max(
self.title.chars().count(),
self.widgets.iter().map(|w| w.width()).max().unwrap_or(0),
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}

impl Widget for Window {
fn width(&self) -> usize {
// Add 4 paddings for borders
self.inner_width() + 4

}

fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
let mut 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::Exrror>. 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_ox(0)

}
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fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
writeln! (buffer, "{}", &self.label).unwrap();
}
}

fn main() {
let mut window = Window: :new("Rust GUI Demo 1.23");
window.add_widget(Box: :new(Label::new("This is a small text GUI demo.")));
window.add_widget(Box: :new(Button: :new("Click me!")));
window.draw() ;

}
This slide and its sub-slides should take about 15 minutes.

AR DB TER 77 Sy BIREAHS BMEL 2 mod ~ use #l pub B 218 W ERMBLE AR AT R 2
&M -

26.5.1 fRTTE

sIC
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;
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pub struct Label {
label: String,
}

impl Label {
pub fn new(label: &str) -> Label {
Label { label: label.to_owned() }
}
}

impl Widget for Label {
fn width(&self) -> usize {
// ANCHOR_END: Label-width
self.label.lines().map(|line| line.chars().count()).max().unwrap_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$}+", "").unwrap();
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for line in label.lines() {
writeln! (buffer, "|{:Awidth$}|", &line).unwrap();

}
writeln! (buffer, "+{:-<width$}+", "").unwrap();
}
}
/! ---- src/widgets/window.rs ----

use super: :Widget;

pub struct Window {

title: String,

widgets: Vec<Box<dyn Widget>>,
}

impl Window {
pub fn new(title: &str) -> Window {
Window { title: title.to_owned(), widgets: Vec::new() }
}

pub fn add_widget(&mut self, widget: Box<dyn Widget>) {
self.widgets.push(widget);
}

fn inner_width(&self) -> usize {
std::cmp: :max(
self.title.chars().count(),
self.widgets.iter().map(|w| w.width()).max().unwrap_or(0),

}

impl Widget for Window {
fn width(&self) -> usize {
// ANCHOR_END: Window-width
// 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
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// 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();
}
}
// ---- 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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27 =
i Eny

This segment should take about 45 minutes. It contains:

Slide Duration
HEEEAE 5 minutes
HAth Z R 5 minutes
fRaEdstaa (Lint) A1 Clippy 3 minutes
ERERTR 30 minutes

27.1  HoHlEk

Rust 1 Cargo f2t 7 — i il B AYEETRIEA (unit test) HEZR

o TEVRAAR SRS A (0T 77 #0 AT AR I B Tl 3t o

« AW (integration test) HIFELE tests/ ERIHT o
HEAE DL # [ test] fBm HTHIBUEE AR EIRM tests B HH #[cfg(test)] FIAMKELE
HhAmRE IR (8 PR A BRI

fn first_word(text: &str) -> &str {
match text.find(' ') {
Some(idx) => &text[..idx],
None => &text,

}

#[cfg(test)]
mod tests {
use super::*;

#[test]
fn test_empty() {

assert_eq! (first_woxrd(""), "");
}
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#[test]
fn test_single_word() {

assert_eq! (first_word("Hello"), "Hello");
}

#[test]
fn test_multiple_words() {

assert_eq! (first_word("Hello World"), "Hello");
}

o a8 AR IEERA NS INEE TR ITHIE o
o HAH#IT cargo test Kf> #[cfg(test)] BHEA AR -

This slide should take about 5 minutes.
#H1E Playground A THIEK AR RES R ©

27.2 HAth&JH
LR
MERARB DA 5 & 5 HIE R U AE RS HIE -

1F tests/ Z &S —# .rs HEE :

// tests/my_library.rs
use my_library::init;

#[test]
fn test_init() {
assert!(init().is_ok());

}
Ja el HAETFEX crate FYAH API ©

At SR
Rust MEERIAS AR SR

/// Shortens a string to the given length.

/17

/17"

/// # 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())]

}

« ZMGEB /// SRR IS E SR 2 Rust F25(H o
o RS EMRFEEE BT cargo test BFE—fFHTiELERE S o
o FEINEE AT # 12 R A SRS B & Awa T o
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* #fE Rust Playground _b Izt bl B RS o

27.3 fmavestgd (Lint) A1 Clippy

Rust Ak s & 2L i B AR, DU BRI Lint o Clippy R4t % Lint »H &8 A]
(A E AR AR

#[deny(clippy::cast_possible_truncation)]
fn main() {
let x =
while (X

X *=

3;
< 70000) {

2,

}

println! ("X probably fits in a ul6, right? {}", x as ul6);

}
This slide should take about 3 minutes.

AT A I BB FHRAIUE SRSt AEE B Lint AHREHEEHIAAREE > Lint A& R o
Kt ZEEEHELE Lint %5%H Playground 4

fi@#ir Lint 1 #57F Playground 4835 E#UT clippy #/R clippy %45 o Clippy 8K & Lint 3R
o H & —E T Lint (45 7ERRIEAER Lint) o

AR EATLUER cargo fix SURiEES BIEEHA help: ... HISHRREES -

27.4 BREAE

SR HERGS

i R BLA R AR 5 R 5AE sa (@ BE g F B AEm A NS AT YRR RS AR5
e

* Ignore all spaces. Reject number with fewer than two digits.

o GBS AHBBOIIOECE T DT 1234 01 5 3 Fl 1 56— ; #5485 98765 ¥ 6 fi
g % -

o SRR R AR AIREEIR AN 9 AR AN L 0 7 ER 14 REE 1 + 4 =
5 o]

o RATA BT (lam2 A 2Rk =) M e
o WRMABFFEFHIRNZ 0 AREHFRITARL -

s AR SRR SN 2 T R A R S LR B 53 SR A W 8 A BT IR R R BERRRER i RR B
IEREEAE o

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() {
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https://play.rust-lang.org/?version=stable&mode=debug&edition=2021&gist=3ce2ad13ea1302f6572cb15cd96becf0
https://doc.rust-lang.org/clippy/
https://en.wikipedia.org/wiki/Luhn_algorithm
https://play.rust-lang.org/

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;

#[cfg(test)]
mod test {
use super::*;

#[test]

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

}

#[test]

fn test_invalid_cc_number() {
assert! (!1uhn("4223 9826 4026 9299"));
assert! (!1luhn("4539 3195 0343 6476"));
assert! (!luhn("8273 1232 7352 0569"));

27.4.1 fRIATE

// This 1is the buggy version that appears in the problem.
#[cfg(never)]
pub fn luhn(cc_number: &str) -> bool {

let mut sum = 0;

let mut double = false;

for c in cc_number.chars().rev() {
if let Some(digit) = c.to_digit(10) {

if double {
let double_digit = digit * 2;
sum +=
if double_digit > 9 { double_digit - 9 } else { double_digit };
} else {
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sum += digit;
}
double = !double;
} else {
continue;
}
}

sum % 10 == 0
}

// This is the solution and passes all of the tests below.
pub fn luhn(cc_number: &str) -> bool {
let mut sum = 0;
let mut double
let mut digits

false;
0,

for c in cc_number.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" }
),
}
#[cfg(test)]
mod test {
use super::*;

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

}

#[test]

fn test_invalid_cc_number() {
assert! (!1uhn("4223 9826 4026 9299"));
assert! (!luhn("4539 3195 0343 6476"));
assert! (!1luhn("8273 1232 7352 ©0569"));

}

#[test]

fn test_non_digit_cc_number() {
assert! (!1luhn("foo"));
assert! (!1luhn("foo @ 0"));

}

#[test]

fn test_empty_cc_number() {
assert! (!1luhn(""));
assert! (!Iuhn(" "));

assert! (!luhn(" "));
assert! (!luhn(" "))
}
#[test]

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

#[test]
fn test_two_digit_cc_number() {
assert!(luhn(" 0 @ "));

}
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28
Welcome Back

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

Segment Duration
PR R T 55 minutes

A% Rust 1 hour and 5 minutes
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%29 %

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

] Result &1 T4EMEEERER 30 minutes

29.1 X

Rust &7 SR | 2K R PRk B st o
AR TREEL 35 AR 5 RPETR » Rust & g2 24 -
fn main() {

let v = vec![10, 20, 30];
println!("v[100]: {}", v[100]);

o AR B A WIAE R IETEIISERR o
— BRI DU AR A A SRS o
— BATPEE LR (Blan BB ke ) v e & il 3 2k
— B1S (0 assert!) S dcBuE R A R
- SHEPREE FRRRSR AT DU panic! B4 -
o AR e TR B AT A EEN T G R e E —EE o
o WREIEEAE AR SH AR APL fil4 Vec
This slide should take about 3 minutes.
IRYETERS B & 28 PR BRSSP USRS HENE

use std::panic;

fn main() {
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let result = panic::catch_unwind(|| "No problem here!");
println! ("{result:?}");

let result = panic::catch_unwind(|| {
panic!("oh no!");

1)

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

o R RETS BRI catch_unwind BERFISMAN !
o N SRAI AR S AR B A A (AR B — BRI A BISN) da iR RE IR B -
o YIMETE Caxrgo. tom]l HE%E panic = 'abort' FRMEEEFEULME o

29.2 BN

LGB BRI R FPUTIEER SR AR 22 M Result BRI 2R B (H 5 RPN A7 L35 E AL AT
REAHE R © try B ? YRR SRl L s on] SRAAGRE A1 RO RE S
match some_expression {

Ok(value) => value,
Exrr(err) => return Err(err),

}

PR L R R AR RS

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),
}i

let mut username = String::new();

match username_file.read_to_string(&mut username) {
Ok(_) => Ok(username),
Exrr(err) => Err(err),

}

fn main() {
//fs::write("config.dat", "alice").unwrap();
let username = read_username("config.dat");
println!("username or error: {username:?}");

}

This slide should take about 5 minutes.
ik read_username HR LU ? o
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HEAA

e username BHA]LUE Ok (string) 8¢ Exr(error) °

o A fs::write MEIYAHIGLL R AEEN AR EAER SHEHEABARESE -

o HER H%E main EfE std: :process:Termination {#n]{#[H Result<(), E> E# L -
BN E GEE Debug S TRERFEEIR Exy 5588 Il E 38 4 SRR O E B 4G SUIRRE o

29.3 [Z&iE

FERESEATIR SR NEIREAHS - ? BIARUR R E R — 8
expression?
HEAFE7T B LU

match expression {
Ok(value) => value,
Err(err) => return Exrr(From::from(err)),

}

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.

Hafl

use std::error::Error;

use std::fmt::{self, Display, Formatter};
use std::fs::File;

use std::io::{self, Read};

#[derive(Debug) ]

enum ReadUsernameError
IoError(io: :Error),
EmptyUsername(String),

}

impl Error for ReadUsernameError {}

impl Display for ReadUsernameError {
fn fmt(&self, f: &mut Formatter) -> fmt::Result {
match self {
Self::IoError(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::Error) -> Self {
Self: :IoError(err)

}
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fn read_username(path: &str) -> Result<String, ReadUsernameError> {
let mut username = String::with_capacity(100);
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:?}");

}

This slide should take about 5 minutes.

? JE 06 ZE{E (o) B R X [E A AE R B ME o4 SR 2 Result R OREH R AL EHAH A AR 2
{#[E] Result<T, ErrorOuter> M & ErrorOuter 1 ExrorInnexr A% BIAH [F B &

ErrorOuter E{E From<ErrorInner> i FLHAELE Result<U, ErrorInner> ZURFIMME L {HH
20

From E/ERE RINER A EE Result: :map_err HFHIlE & i H{r B —07 B34 R 2t -

Option A2 AMHAMERE 40RRNEE R Option<T> A[LITE Option<U> Eif ? HH THIRER
9 T F1 U 250 -

{#[m] Result AR XMIELE Option R ? K Z7RR o1 > Option: :ok_oxr & Option ik
% Result ifii Result: : ok HIjK Result i@z Option °

29.4 BhREFES

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: i32 = 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}"),
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}

This slide should take about 5 minutes.

read_count RINATLUEE std: :io: :Exror CEMMEZEIEZ) 5 std: :num: :ParseIntError
(&% String: :parse)°

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.

EFEFTEERA PG O EE std: jerror: :Exror B "SA BEER @ AR BE
no_std B #58E std: error: : Error {5 HAMEM G R KTH no_std A °

29.5 thiserror and anyhow

The thiserror and anyhow crates are widely used to simplify error handling.

e thiserror BEERNEFFEA HIZESATEME From<T> [ EETEERRATLR]
o anyhow &%t EFAFREH - 12 158 B =X R R SRR A% ] AC0HS A8 LA &R o

use anyhow::{bail, Context, Result};
use std::fs;

use std::io::Read;

use thiserror::Exrror;

#[derive(Clone, Debug, Eq, Error, PartialEq)]
#[erroxr("Found no username in {0}")]
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:?}"),

}
This slide should take about 5 minutes.
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thiserror

Error fiTAEEHEEH thiserror 24t MAFZEANEM ABIRLUETE /7 e s A -
std: :error: :Error & HEMTAE -
#[error] AUFERIHNRATA: Display it ©

anyhow

anyhow: :Exror £4 I-/2 Box<dyn Error> &M LMK R L 8 % /2 A a2 s
A H APL G fErIERE AR R o

anyhow: :Result<V> /& Result<V, anyhow: :Exror> Fj5|4 °

WAEERE AT DURHCE Y B R R A TR A -

Go BH#E N BFTRE@ &S anyhow: :Result<T> f2LAYDIAELIG M (R 2 a% P RETR 8 T 8L Go
Y (T, exrrox) JEMUAEE BRI TE o

anyhow: : Context /2& ¥H1Z%E Result M1 Option B BIEE V¥ HRF 1 o1 R 73 LAY il
.context () 1 .with_context () #tZE{#H anyhow::Context °

29.6 fiiH Result 174 L2UE M

PURAE RS B E— 8 5 B A B G S 500 o8 (0 &3 B iR FESE 3R SR AR 5y B AR
FEA R BT AR SRR ERE R main AYENERCA S8R H BEA thiserrox A1 anyhow ©

En

CHEIGHEEIE parse R AV BEER R BT o 38— V) IE W EAER B Tokenizer IR EA(E

Iterator<Item=Result<Token, TokenizerError>> AfifEHIHrEsd R o

use
use

std::iter: :Peekable;
std::str::Chars;

/// An arithmetic operator.
#[derive(Debug, Partialkq, Clone, Copy)]
enum Op {

Add,

Sub,
}
/// A token in the expression language.

#[derive(Debug, PartialEq)]
enum Token {

}

v

Number (String),
Identifier(String),
Operator(0p),

An expression in the expression language.

#[derive(Debug, PartialEq)]
enum Expression {

/// A reference to a variable.
Var(String),

/// A literal number.

Number (u32),

/// A binary operation.
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Operation(Box<Expression>, Op, Box<Expression>),

}

fn tokenize(input: &str) -> Tokenizer {
return Tokenizer(input.chars().peekable());

}

struct Tokenizer<'a>(Peekable<Chars<'a>>);

impl<'a> Iterator for Tokenizer<'a> {
type Item = Token;

fn next(&mut self) -> Option<Token> {
let c = self.0.next()?;
match c {
'Q'..="'9" => {
let mut num = String::from(c);
while let Some(c @ '0'..="'9') = self.0.peek() {
num.push(*c);
self.0.next();
}

Some (Token: :Numbex (num))

L=z =
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: :0Operatoxr(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");
b
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),
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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)),

).
Some (tok) => panic!("Unexpected token {tok:?}"),

}

parse_expr(&mut tokens)

}

fn main() {
let expr = parse("10+foo+20-30");
println! ("{expr:?}");

29.6.1 fRILFTE

use thiserror::Error;
use std::iter::Peekable;
use std::str::Chars;

/// An arithmetic operator.
#[derive(Debug, Partialkq, Clone, Copy)]

enum Op {
Add,
Sub,
}

/// A token in the expression language.
#[derive(Debug, PartialEq)]
enum Token {
Number (String),
Identifier(String),
Operator(Op),
}

/// An expression in the expression language.
#[derive(Debug, PartialEq)]
enum Expression {
/// A reference to a variable.
Var(String),
/// A literal number.
Number (u32),
/// A binary operation.
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Operation(Box<Expression>, Op, Box<Expression>),

}

fn tokenize(input: &str) -> Tokenizer {
return Tokenizer(input.chars().peekable());

}

#[derive(Debug, Error)]

enum TokenizerError {
#[error("Unexpected character '{@}' in input")]
UnexpectedCharacter(char),

}

struct Tokenizer<'a>(Peekable<Chars<'a>>);

impl<'a> Iterator for Tokenizer<'a> ({
type Item = Result<Token, TokenizerError>;

fn next(&mut self) -> Option<Result<Token, TokenizerError>> {
let ¢ = self.0.next()?;

match c {
'Q'..="'9" => {
let mut num = String::from(c);
while let Some(c @ '0'..="'9') = self.0.peek() {
num.push(*c);
self.?.next();
}
Some (Ok(Token: :Number(num)))
}
‘at..="z" => {
let mut ident = String::from(c);
while let Some(c @ ('a'..="z" | '_" | '0'..='9")) = self.0.peek() {
ident.push(*c);
self.0.next();
}
Some (0Ok(Token: :Identifiexr(ident)))

+' => Some(Ok(Token: :0Operator(Op::Add))),
'-'" => Some(Ok(Token: :Operator(Op: :Sub))),
_ => Some(Err(TokenizerError: :UnexpectedCharacter(c))),

}

#[derive(Debug, Error)]

enum ParserError {
#[exrror("Tokenizer error: {0}")]
TokenizerError(#[from] TokenizerError),
#[exror("Unexpected end of input")]
UnexpectedEOF,
#[exrror("Unexpected token {0:?}")]

176



UnexpectedToken(Token),

#[erroxr("Invalid number")]

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)),
3,
// 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(Erxr(e)) => return Err(e.into()),
Some (Ok (tok)) => return Erxrr(ParserError::UnexpectedToken(tok)),
})
}

parse_expr (&mut tokens)

}

fn main() -> anyhow: :Result<()> {
let expr = parse("10+foo+20-30")7?;
println! ("{expr:?}");
ok(())
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This segment should take about 1 hour and 5 minutes. It contains:

Slide Duration
A2z 2H] Rust 5 minutes
paps iy 10 minutes
AR REAAE 5 minutes
s 5 minutes
PRI A2 2 1Y R 2 5 minutes
RN NERREN 5 minutes

Y EHEEAMNRER AT (FFI) 30 minutes

30.1 A%%EK Rust

Rust & n@ﬁﬁﬁ1%ﬁ% :
o 2] Rust | RIRECRACIEAS D & IS AR ERIITA -
o MORZ R Rust @ YIERE RSE TR o A] BERE IR ERAATAY
We saw mostly safe Rust in this course, but it's important to know what Unsafe Rust is.
A RS E H AR S22 PRk i HE R 2 BRI R b SEIEZ A dao s s B U Y 1E
T o
2 A2 ) Rust A U A ALIEHTYIRE
« HHRIGIERSE o
o FEEUEL AT AR AFRESERYL o
 7#HC union fifL

o MEIY unsafe FHA (145 extern HR) o
o BfE unsafe £ o

B IR EEN AR T2 NThAE TR S 5528 Rust Book AU 19.1 & LUK Rustonomicon o
This slide should take about 5 minutes.

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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30.2 HHIEERE2%E

AR E E R NEEHEE 2R EMH 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);

*/

This slide should take about 10 minutes.

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.

TNOT SAFE&R/3 424 T AT UB $H3URM - *r1 BA 'static Aaw@W] Atk 3 BA &' static
String ZEfER] FEm &l s IR 2B EMSINEER) _ o

30.3 RISEMAFRESEN

AT DAL AU TSP S -
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https://doc.rust-lang.org/std/ptr/index.html#safety

static HELLO_WORLD: &str = "Hello, world!";

fn main() {
println! ("HELLO_WORLD: {HELLO_WORLD}");

}
T A5 A P EF RO A2 2 N AT RESS R E 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}");
}
}

This slide should take about 5 minutes.

o EMARE IR E—HUITH I Z 2 o~ » Rust MR ARST G R ENER 5E
AR unsafe BB SRR A UM fRRE R (T2 EBI TAR S T static BINARERAIITR ©
* 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 WS

Tt A AN BMRAR (BT B TR HE AT MR
#[repr(C)]
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!
}

This slide should take about 5 minutes.

Unions are very rarely needed in Rust as you can usually use an enum. They are occasionally
needed for interacting with C library APIs.
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Ifyou just want to reinterpret bytes as a different type, you probably want std: :mem: : transmute
or a safe wrapper such as the zerocopy crate.

30.5 PREMAZ A AN

WA 22 22 R X

R BRI IRE 5 R B RN R R i B G 7 SR A RE M r R B AT & AR AT LUK % R X
A IEE RS unsafe :

extern "C" {
fn abs(input: i32) -> i32;
}

fn main() {
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()

}

ATSRAES ) BRI SRS SN SRR A BB SR 2 AT AT UKL % unsafe o

/// Swaps the values pointed to by the given pointers.
v

/11 # Safety

i

/// The pointers must be valid and properly aligned.
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unsafe fn swap(a: *mut u8, b: *mut u8) {
let temp = *a;

*3 = *p;
*b = temp;

}

fn main() {
let mut a = 42;
let mut b = 66;

// Safe because ...
unsafe {

swap (&mut a, &mut b);
}

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

This slide should take about 5 minutes.

WA 2 2R R X

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.

EEBIHRY "C" %y ABI 5 St ] DAE I H A ABT ©

AL NI
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 HEHIErZZENFE

Bl bRy SR 40 SRE R A2 e 6 ZEL DR 8 AR 5 RF B IR 1F A RE 2 00 R E R IAT 2% I8 FT LUK I U R 2%
unsafe -
BT © zerocopy crate FLEA LIRS 5 TR

use std::mem::size_of_val;
use std::slice;

/17

/11 # Safety

/// The type must have a defined representation and no padding.
pub unsafe trait AsBytes {
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https://docs.rs/zerocopy/latest/zerocopy/trait.AsBytes.html

fn as_bytes(&self) -> &[u8] {
unsafe {
slice::from_raw_parts(
self as *const Self as *const u$8,
size_of_val(self),

}

// Safe because u32 has a defined representation and no padding.
unsafe impl AsBytes for u32 {}

This slide should take about 5 minutes.

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 ‘4= FFI A ph

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.

ERESELI N ER

* opendir(3)
* Teaddir(3)
e closedir(3)

ERIE OB std: : FF1 B Hrh & A0SR HER R ME 7 R

o p AR il H

str fil String UTF-8 1t Rust B 7
CStr f1 CString 2T HR G B C U
OsStr 1 0sString FE 0S 51 0S8 st

SERAELL R A B 2 [ i

&str F| CString (B EBEEM \0 FIoroBc 22w

CString #| *const 18 [MUFREFEREARERE C BHR o

*const i8 #| &CStr [EFHEE LR DIIREIGHE \0 FITANA ©

&CStr to &[u8]: a slice of bytes is the universal interface for “some unknown data”,
&[u8] #| &0sStr : &0sStr 2#HfE 0sString M—4 #ELL 0sStrExt AT o

&0sStr #| 0sString (EFEH &0sStr HIEKL A REEHE RN B XY readdir o
Nomicon A B FFI FUE HE=Ein] 4L 25 -

AR LU IR AEE | https://play.rust-lang.org/ AfE A B HIERFI 5%

183


https://man7.org/linux/man-pages/man3/opendir.3.html
https://man7.org/linux/man-pages/man3/readdir.3.html
https://man7.org/linux/man-pages/man3/closedir.3.html
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// TODO: remove this when you're done with your implementation.
#![allow(unused_imports, unused_variables, dead_code)]

mod ffi {
use std::os::raw::{c_char, c_int};
#[cfg(not(target_os = "macos"))]
use std::os::raw::{c_long, c_uchar, c_ulong, c_ushort};

// Opaque type. See https://doc.rust-lang.org/nomicon/ffi.html.
#[repr(C)]
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_64-1inux-gnu/{sys/types.h, bits/typesizes.h}.
#[cfg(not(target_os = "macos"))]
#[repr(C)]
pub struct dirent {
pub d_ino: c_ulong,
pub d_off: c_long,
pub d_reclen: c_ushort,
pub d_type: c_uchar,
pub d_name: [c_char; 256],
}

// Layout according to the macOS man page for dir(5).
#[cfg(all(target_os = "macos"))]
#[repr(C)]
pub struct dirent {

pub d_fileno: u64,

pub d_seekoff: u64,

pub d_reclen: 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;

#[cfg(not(all(target_os = "macos", target_arch = "x86_64")))]
pub fn readdir(s: *mut DIR) -> *const dirent;

// See https://github.com/rust-lang/libc/issues/414 and the section on
// _DARWIN_FEATURE_64_BIT_INODE 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.
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#[cfg(all(target_os = "macos", target_arch = "x86_64"))]
#[1ink_name = "readdir$INODE64"]
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;

#[derive(Debug) ]

struct DirectorylIterator {
path: CString,
dir: *mut ffi::DIR,

}

impl DirectoryIterator {
fn new(path: &str) -> Result<DirectoryIlterator, String> {
// Call opendir and return a Ok value if that worked,
// otherwise return Err with a message.
unimplemented! ()

}

impl Iterator for Directorylterator {
type Item = 0sString;
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 = DirectoryIlterator::new(".")?;
println!("files: {:#?}", itexr.collect::<Vec<_>>());
0k(())

30.7.1 MR

mod ffi {
use std::os::raw::{c_char, c_int};
#[cfg(not(target_os = "macos"))]
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use std::os::raw::{c_long, c_uchar, c_ulong, c_ushort};

// Opaque type. See https://doc.rust-lang.org/nomicon/ffi.html.
#[repr(C)]
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}.
#[cfg(not(target_os = "macos"))]
#[repr(C)]
pub struct dirent {
pub d_ino: c_ulong,
pub d_off: c_long,
pub d_reclen: c_ushort,
pub d_type: c_uchar,
pub d_name: [c_char; 256],
}

// Layout according to the macOS man page for dir(5).
#[cfg(all(target_os = "macos"))]
#[repr(C)]
pub struct dirent {

pub d_fileno: u64,

pub d_seekoff: u64,

pub d_reclen: ulé6,

pub d_namlen: ul6,

pub d_type: u8,

pub d_name: [c_char; 10247,
}

extern "C" {
pub fn opendir(s: *const c_char) -> *mut DIR;

#[cfg(not(all(target_os = "macos", target_arch = "x86_64")))]
pub fn readdir(s: *mut DIR) -> *const dirent;

// See https://github.com/rust-lang/libc/issues/414 and the section on
// _DARWIN_FEATURE_64_BIT_INODE 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.
#[cfg(all(target_os = "macos", target_arch = "x86_64"))]

#[1link_name = "readdir$INODE64"]

pub fn readdir(s: *mut DIR) -> *const dirent;

pub fn closedir(s: *mut DIR) -> c_int;
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}

use std::ffi::{CStr, CString, OsStr, 0sString};
use std::os::unix::ffi::0sStrExt;

#[derive(Debug) ]

struct Directorylterator {
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(Directorylterator { path, dir })

}
}

impl Iterator for Directorylterator {
type Item = 0OsString;
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_ptxr()) };
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 {
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panic!("Could not close {:?}", self.path);

}

fn main() -> Result<(), String> {
let iter = Directorylterator::new(".")?;
println!("files: {:#7?}", iter.collect::<Vec<_>>());
Ok(())

}

#[cfg(test)]
mod tests {
use super::*;
use std::error::Error;

#[test]

fn test_nonexisting_directory() {
let iter = Directorylterator::new("no-such-directory");
assert! (iter.is_erx());

}

#[test]

fn test_empty_directory() -> Result<(), Box<dyn Error>> {
let tmp = tempfile::TempDir::new()?;
let iter = Directorylterator::new(

tmp.path().to_str().ok_or("Non UTF-8 character in path")?,

)7,
let mut entries = iter.collect::<Vec<_>>();
entries.sort();
assert_eq!(entries, &[".", ".."1);
ok(())

}

#[test]

fn test_nonempty_directory() -> Result<(), Box<dyn Error>> {
let tmp = tempfile::TempDir::new()?;
std::fs::write(tmp.path().join("foo.txt"), "The Foo Diaries\n")?;
std::fs::write(tmp.path().join("bar.png"), "<PNG>\n")?;
std::fs::write(tmp.path().join("crab.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"]l);
ok(())
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33.1 Rust ik

A — 1 LAy P A2 PSR T+ 578 Android BARRIAIG st R R E R A2 FAIRESE
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 P DUEERS 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 H1)

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"],
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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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34 5
AIDL

Rust 2#% Android N EFHES (AIDL) :

* Rust F2 5 AT IFEIYEBLA Y AIDL JIRFS ©
o SR LATE Rust FEENZHTRY AIDL ARES o

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% 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 LURER s e BB ARES

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 A ARG 2 T RERT

adb shell service check birthdayservice

Service birthdayservice: found

#&1 service call WEAY At AT DARFIYARES

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 A~MKFE 1ibbirthdayservice o
TN A R AR E M TH 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 hAE (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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B35 H
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$}")

}

#[cfg(test)]
mod tests {
use super::*;

#[test]
fn short_string() {

assert_eq! (leftpad("foo", 5), " foo");
}

205



#[test]
fn long_string() {
assert_eq! (leftpad("foobar", 6), "foobar");
}
}

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:libleftpad_test_host PASSED in 2.3s
PASSED 1libleftpad_test.tests::long_string (@.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::*;

#[googletest: :test]
fn test_elements_are() {

let value = vec!["foo", "bar", "baz"];

expect_that!(value, elements_are!(eq("foo"), 1t("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"],
where element #2 is "baz", which does not start with "!"
at src/testing/googletest.rs:6:5
Error: See failure output above

This slide should take about 5 minutes.

* 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.
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* 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:

#[test]
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, \nSecur
Difference(-actual / +expected):

Memory safety found,
-Rust's strong typing guides the way,
+Rust's silly humor guides the way,

Secure code you'll write.

at src/testing/googletest.rs:17:5

» The crate is a Rust port of GoogleTest for C++.

35.2 it (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;

#[mockall: :automock]
pub trait Pet {
fn is_hungry(&self, since_last_meal: Duration) -> bool;

}

#[test]

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);

}

This slide should take about 5 minutes.
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* 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.

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:

#[test]
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 &
LR

IEMEMEF log Crate "HENRELSENHE] 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 HERR R AESEE BT A
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 @ HRTE 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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37 H
LN i

Rust AEFE 7 SR BUHAMAE AGE 5 HAl othidi Al L

o B HAMEE S Rust B o
* & Rust I DUHANEE 5 4R S AR K o

B IR DAHAEE = RN R R AR 2 F THVERBI U E ) 7 FFI (Foreign Function Interface) ©

37.1 Bl CH M

Rust AESEHE R L C 3 & HOFPII I ACRE PR 5 B AEFTIRE Y Rust B2 2A8EH C i
ISR o

] DU AR BB e R A

extern "C" {
fn abs(x: i32) -> i32;
}

fn main() {
let x = -42;
let abs_x = unsafe { abs(x) };
println! ("{x}, {abs_x}");
}
BMEAE M2 2 FFL 4R 405 st o
HATEHIRERATIR R Z R IR HECE G AN AR IE IR
Pl N & A s R AR B o

37.1.1 f{#i{l Bindgen

bindgen T HAIE C fREHAME S B EhEA B4 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");

}
ARFL T AANA Android. bp ##% :
__interoperability/bindgen/Android.bp :

cc_library {
name: "libbirthday",
srcs: ["libbirthday.c"],
}

ot TR T F e R TR 3¢ (TERLEER A —E R ) ©
__interoperability/bindgen/libbirthday_wrapperh :
#include "libbirthday.h"
TEHIE T 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 LUE Rust F22Ur i 4G
__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
&i& BAMATDUEAT B B E A HIES IR B AL IEF EE
__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
A ABSRA Y Rust BRI AR BIREH = C

__interoperability/rust/libanalyze/analyze.rs
//1 Rust FFI demo.
#! [deny (improper_ctypes_definitions)]

use std::os::raw::c_int;

/// Analyze the numbers.
#[no_mangle]
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
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#ifndef ANALYSE_H
#define ANALYSE_H

extern "C" {
void analyze_numbers(int x, int y);

}
#endif
__interoperability/rust/libanalyze/Android.bp
rust_ffi {
name: "libanalyze_ffi",
crate_name: "analyze_ffi",
srcs: ["analyze.rs"],
include_dirs: ["."],
}

FAMBRAE T AE C AL REIEIY 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"],
}
RN MRS I AE S E LT NS
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 iY— 4R AR DIAE R I RE HY A AT 57K U2 B XA R St aT DURE A
#[export_name = "some_name"] {5ET(ILHE o

37.2 Hl C++ ByHEME

i3 CXX Crate #na] DAfE Rust M1 C++ Z A E B2 2/ Hi@M: -
R TIEREANS ¢
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#[cxx::bridge] mod
description of boundary

Macro expansion Code generation
Safe
straightforward v v Straightforward
Rust APIs — Hidden C ABI — C++ APlIs
Rust 4—»[ Rust bindings ]4— ————— >[ C++ bindings ]4—> C++
code code

37.2.1 JEABEAH

CXX 71 T ZAR IR R U R R g SO e 38 71— TsE S AR E S —ERE S N | EEER
A #[cxx: tbridge] EFEE AR Rust BEAHH o F AN B2 g A o

#[allow(unsafe_op_in_unsafe_fn)]
#[cxx: :bridge(namespace = "org::blobstore")]
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 FERESEE ZAE Crate Wiy FFi BAHHPES -

o BIBEREETE B 0 CXX G & EMHERFH Rust A1 C++ BURI/K e DUE S W FEE S
NFELEIEE ©

o WEEEEEN Rust F2RE 55/ cargo-expand M BRI E & o K2 BEHF A4
#HE#H cargo expand ::ffi “a@tkstaE b i #4H ([Hi2 ~@#E AR Android &) -

o AR EER) C++ 123U %58 %F target/cxxbridge °
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37.2.2 Rust IGEHBES

#[cxx: :bridge]
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);
}
}

fn bar() -> Box<MyType> {
Box: :new(MyType(123))
}
* £ extern "Rust" 2RIEHPEHIIHEE BN g EHAHEEE o
o CXX FEAmEEA S G MM extern "Rust" & A S A MHEE C++ HEH5M C++ FETERE
F AR SSRGS HY Rust sRIFHE ZE A MHRIERE HEIRE % rsho

37.2.3 AR C++

#[cxx: :bridge]
mod ffi {
// Rust types and signatures exposed to C++.
extern "Rust" {
type MultiBuf;

fn next_chunk(buf: &mut MultiBuf) -> &[u8];

}
(CREK) EA RHI 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
b

cirust::Slice<::std::uint8_t const> next_chunk(::org: :blobstore: :MultiBuf &buf) noexcep:
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37.2.4 C++IGHREN

#[cxx: :bridge]
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;

}
}
(KRB 74 T4 Rust :
#[repxr(C)]
pub struct BlobstoreClient {
_private: ::cxx::private::Opaque,
}

pub fn new_blobstore_client() -> ::cxx::UniquePtr<BlobstoreClient> {
extern "C" {
#[1ink_name = "org$blobstore$cxxbridgel$new_blobstore_client"]
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" {
#[1link_name = "org$blobstore$cxxbridgel$BlobstoreClient$put”]

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 FRREREHITIA T BB O AN = EMER o CXX SHITIFEE S AR C++ hEED
NESEEHRT o
* unsafe extern BHLA]HRE HHEN Rust ZEFEIHY C++ BFX o
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37.2.5 LRI

#[cxx: :bridge]
mod ffi {
#[derive(Clone, Debug, Hash)]
struct PlayingCard {
suit: Suit,
value: u8, // A=1, J=11, Q=12, K=13

}

enum Suit {
Clubs,
Diamonds,
Hearts,
Spades,

o FUSCHREL C UMY (BLTT) 5115 o
o JEFIRAI LR #[derive ()] HERIB AR RGN E A Crr RIS A M HERO T AE )
AR ATERATAH Hash ot @ 2 ARy C+ ZURIZEA: std: : hash MUEERIEE o

37.2.6 ILHIFIH
#[cxx: :bridge]

mod ffi {
enum Suit {
Clubs,
Diamonds,
Hearts,
Spades,
}
}
EEAER] Rust :

#[derive(Copy, Clone, PartialEq, Eq)]
#[repr(transparent) ]
pub struct Suit {

pub repr: u8,

}

#[allow(non_upper_case_globals) ]

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 };

}

AR C++ .

enum class Suit : uint8_t {
Clubs = 0,
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Diamonds
Hearts
Spades
},

1,

n
W Nl

I
I

* 1£ Rust 3 73 AR A (RN H R R BUERIAI T J5 2 R fE C++ HR SIS R
BLFTA ATy B BCR R E A BB UB i Rust FonikB A AMRITTR o

37.2.7 SRR

#[cxx: :bridge]
mod ffi {
extern "Rust" {
fn fallible(depth: usize) -> Result<String>;
}
}

fn fallible(depth: usize) -> anyhow::Result<String> {
if depth == 0 {
return Exrr(anyhow: :Error::msg("falliblel requires depth > 0"));
}

Ok ("Success!".into())

* f#[5] Result i Rust Bz UEEERR C++ WfIBISNRYL o

o WEFIBIINRI—FHER rust: :Exror M 78 LE AR AFPIGS MG 7RI TTE Shota
BEREFHTEIA Display HFHHE ©

* it Rust R E C++ —REERREF AL o

37.2.8 FHBURRH

#[cxx: :bridge]
mod ffi {
unsafe extern "C++" {
include! ("example/include/example.h");
fn fallible(depth: usize) -> Result<String>;

}

fn main() {
if let Exrr(exrr) = ffi::fallible(99) {
eprintln! ("Error: {}", err);
process::exit(1);

}

o FTE S HARMERE Result i C++ RZUEHREL C++ Wi AT B[R FI MR Al R H i Exr {E{E
[F] 22 3% HPFAY Y Rust BRi=X o

o BEEFISMRITZTE CXX MEHE SR AR E S RIAMERE T C++ B NI [E] A5 B [E Result -HIFE X ey
C++ ¥ std: : terminate dtfTAERZEHE noexcept C++ K= EIIAHFHIAMATL o
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37.2.9 HAhRYH

Rust &4 C++ Type

String rust::String

&str rust::Str
CxxString std::string
&[T]1/&mut [T] 1rust::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 RIAT AL P A RE RS RO LUR SRR 2N 5 | BRI BB N 2 ©
o FFEE ’ Rust i String A EBEHES std: :string LUTNFIERAREREA
- std::string ~E4EE String A7) UTF-8 1E44S -
— 8 R A A RO IR AR S R AN R TR SR TRTERE 5 [ BRI -
- std: :string FRENEEEM KB Rust (BEIEEZAHERF HIL std: :string ik
BB AR Rust o

37.2.10 {1 Android ha%

37 cc_library_static sEE C++ U fukh CXX A AIRESERE MR TFRE R o

cc_library_static {

name: "libcxx_test_cpp",

srcs: ["cxx_test.cpp"],

generated_headers: [
"cxx-bridge-header",
"libcxx_test_bridge_header"

1,

generated_sources: ["libcxx_test_bridge_code"],

o f5H libcxx_test_bridge_header #1 libcxx_test_bridge_code’ & CXX EAEM C++ B
FEMRBNTCHE o R —5R¥% R I aR A B 73 1k o

o HER R EMKIE cxx-bridge-header F2RE A REIRECE R CXX &% o

o WIB/NFEMMTE Android H{FEH CXX HI7eEeF 520 Android siHH S JEnT B 235y
LS TE R LR E DUR RETE MR AR B 7S LR o

37.2.11 71 Android "aERE

N WIIE genrule 73 Al 2R EAE CXX FEEEMT CXX 2R JFMEZE sa eI HH 2B & i cc_library_static
[y A2 ©

// Generate a C++ header containing the C++ bindings
// to the Rust exported functions in lib.rs.
genrule {
name: "libcxx_test_bridge_header",
tools: ["cxxbridge"],
cmd: "$(location cxxbridge) $(in) --header > $(out)",
srcs: ["lib.rs"],
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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 T H 8 Android f—#B45 AlfibL Soong T.H
HITE AR o

o fHREMR AN Rust ARIFHEEZ 1ib. rs FEBHEEGmA % 1ib. rs. h 2RIEHEZHZEAZ
lib.xs.cc Nl R GIRHIPITEHin 18R -

37.2.12 {1 Android "R

BRNLAKMR 1ibexx #1 cc_library_static ¥ rust_binary‘ o

rust_binary {
name: "cxx_test",
srcs: ["lib.rs"],
rustlibs: ["libcxx"],
static_libs: ["libcxx_test_cpp"],

37.3 HlJava [ HEEME

Java rIZEH# Java J5AES i (JND) AP © jni Crate rI AR AHARIRETUR ©
B BN FARREH = Java fY 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.
#[no_mangle]
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();
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output.into_innex()

}

__interoperability/java/Android.bp :

rust_ffi_shared {
name: "libhello_jni",
crate_name: "hello_jni",
srcs: ["src/lib.rs"],
rustlibs: ["libjni"],

}

B M Ent Java FEIY S FE KX

__interoperability/java/HelloWorld.java :

class HelloWorld {
private static native String hello(String name);

static {
System.loadLibrary("hello_jni");

}

public static void main(String[] args) {
String output = HelloWorld.hello("Alice");
System.out.println(output);

}
__interoperability/java/Android.bp :

java_binary {
name: "helloworld_jni",
srcs: ["HelloWorld.java"],
main_class: "HelloWorld",
required: ["libhello_jni"],

}
18 AGA] DU YAIP R P s T A

m helloworld_jni
adb sync # requires adb root && adb remount
adb shell /system/bin/helloworld_jni
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% 38 W

iER/ MHARE M EEBERHA—IHEE Bl —LE Rust O EZER EfTH !
* (AL Rust %5 H9H P e AIDL RPS
o KR REHEME ZE Rust AP EZER K o
TEAARTR BRI TT 2 R 2l R B SRR AL L R SRR SRS B S A %y Rust

223



B X #5

Chromium
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H 39

A EfE Chromium 911 Rust

Chromium HHY5E = A ERE$E Rust 'HAE—AFHEEABE I EES Rust FM1HA R Chromium C+
+ FEFUHE o

GRBEMETE Rust o7 ER ML/ NF Q1RIEH —/ Nl BRSNS a1 36 1 % BEUR UTF8
T H AR DUE B CRIRR RIS B R E (87T 2 AR BRI A AR A R% i R S 4 o
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~
=1

&
T
(e}

R

E

A R A AT UG 04T Chromium oE~F & AR LA S8 rT DR SR IS H BB E AT (52
RAIETE 1223636 2 1% (HHES] 2023 4£ 11 A) :

gn gen out/Debug
autoninja -C out/Debug chrome
out/Debug/chrome # or on Mac, out/Debug/Chromium.app/Contents/Mac0S/Chromium

(U E R B r B R ER e X B EHSERR A 8 B TERRIEE 1)
AR RIS M FAE B EN Chromium 197574 $EBEL %€ Chromium Z1E T E —BFER o
A A g 24 Visual Studio Code ©

226


https://www.chromium.org/developers/how-tos/get-the-code/

SRS IR S — R IR SCE Rl eI P SR TR BRI IR S A
HA DR R LT o
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WAl
Et#: Chromium fl Cargo M4 5E R 4t

Rust #-B—MfHH cargo # crates.io FFEFE o Chromium /224 gn Hil ninja Bl —4HA5 2R
MRBTT AR TR

£ Rust HARF ARG A DU

o B //build/rust/*.gni HYEEA (B4 rust_static_library FHEENH) HH gn
M ninja sEEME A Chromium £REZM T HIEA Crate o

o #H cargo {HFRHIH #EH Chromium £FE T ES#EF Crate

o i cargo AF{E T HLEA1/sIE 454 Tk Crate

PSR EBSGRINAE gn A1 ninja Bl &2 R Rust FAREEHE Chromium BE&3HA77 X 48]
If > Cargo /2 Rust AERE R EER R HILEEZZ G EREHTA -

Mini exercise

Ao N AR B R FIHERBRIG AR
« BEHME cargo AIFTAREBEAIIEEL 2% G I8 LE 1B TR E BRI
o BERfEA gn Al ninja WA cargo FEHAMR REEEML TR EUEFAR
A SR ER AR AN AT S AR T A B T 1 T e AT SR SRR B8 R 53 2% 3 B 4 N —#H
—EEET R o
B — AR 534K ( TCargo AIAFARMEEAAYIESE ) ) MHBIRIRTEE/ARR |
o RIERZ AE4R 5 LHEEEET Chromium HEER oy AR BH2% N B AT LU/7EK crates.io #25)E
BENAR RS ST A RPEHESA Crate i HAEMH 77 Bo@H R E (HREL5EIFTR clap »
IR &R FME 7 FMERT serde LUK BB ZSIERCE AR itertools %) o
- BB cargo EERRA TR UE (£ Cargo. toml it —1 72205 AR1EPItG AR B 12
RS RIAT)
— A[EELLE: CPAN 41{i[3E perl piA#AFT8E B2 % python + pip ELi#k ©
o ZFTLAREE B A G S A B — K2 K A0 Rust LA BINERIEAY Crate BAEFRAR »
H AiFRE R AT B8 FR T A TR PI(E A rustup VIR EHAM rustc IR —RERAHE =7
THMAERE RS Hl40 Mozilla #2441 cargo vet ALK =@ 2B IEE > criterion
Crate HIRER LT HERIEAAY 775K o
- A7 cargo &R LIEEFA/ZE M cargo install --locked cargo-vet #ii T H o
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https://crates.io/
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- A[FEH Chrome #RFEIHAEEL VScode 7T IIRELLEL o
o DUNHIH iz 28 A 1 € #6001 B rTREE & cargo !

- WFFS ARSMY R HEFBAGRERIZ M Rust 4R 51525 T B - Rust F2sCURE R AR
TAZ2E771H B Python AH B SR 2 S s (O RL50 R 40 B 9 i sRLUSRRERE 5 (MR fias
AH ) ARET AT R R o

- W2 Rust AR AR HM A Cargo F A% Rust TH IREAEEIUTIMTER -
A A Chromium LML (B4 Bazel 8¢ Android/Soong EMEER1%) -HIl KA EE FH
Cargo °

+ cargo\ I\ Chromium HHRHH L&) :

- serde_json_lenient (£ Google HYHAhES /3 HH A B g 24 T — LAl A RRBER PR
(Pull Request))
- font-types FFAIfEA)E
- gnrt TH GEMEENE) Sl TAFRGH clap $UTHE2FIHIM AR MEH toml EH
RERE
*« HESIE (I cargo MRz — 2K 28 Rust T RN 5 AL
e Rust HEEERE XM A gn ©
* run_gnrt.py f#f Chromium (¥ cargo fil rustc &4 o gnrt MR IE4E 4
B N EE =2 AE H run_gnrt.py 24 Cargo.lock ¥k cargo R a#EF
--locked W% ©

AR AE G E3%y NYHH R & s E (T

* rustc (Rust #wiEds) PRI LLVM #2308 ~ Clang ###4s ~ rustc JFIAES (¢ GitHub i
HY 'H1 Rust #ae e P &) %y B2 R A A Rust Safes

o rustup (AIFEEHIZ4A rustup 2 https://github.com/rust-lang/ 4HA&FTBAE 11— &R 51T H

Z— il rustc M)

cargo  rustfmt &

AR TR ERRZEAE (A Tustc AUREES A JRTHE T H 348 Chromium T2 2 4155)

Cargo T.H 4l cargo audit - cargo vet %

ftHE= //third_party/rust #J Rust 2 (i1 security@chromium.org #54%)

At Rust #2208 (A AR/ NR A LA E Z B0t H)
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42 5
Chromium Rust FUE

Chromium HATAZESE—77 Rust $RIEZ Chromium SEI T T & A R/ DB ©

Chromium )58 =77 F2 2XEBCRA B % (8 Fi - 55 =77 F2 VR AT RS H I N H] Rust -fl gLt
TR BB RURE B 4 2277 THI Y F A 2R s o

HAMDEH) Rust AE & B#/AR C/C++ APl @& n& P A R ENRE VRN E—TTRE

F2=CH o

"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 55— 77 Rust F &R Ui 5 IERE 7 /E third_party/rust/<crate>/<version>/wrapper
Kt -5 RAVERIE & & AL T & i

o A =77 Rust f2:{F ( Crates] )
o EBEFEERNE LUERH Chromium C++ A Crate ©

WRARBCRA TR E) A At & RE 2 R o
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43 =
Build rules

Rust f2 5 H 2L cargo B Sy g AHEMREE -Chromium €/ gn flninja 1A% Chromium
FORRRE R R Fo dF B KRR FE AT R B © Rust AGISE o

#F Rust A HE £ Chromium

EFEEHR AR Chromium BUILD. gn %+ H# rust_static_library:
import("//build/rust/rust_static_library.gni")
rust_static_library("my_rust_lib") {

crate_root = "lib.rs"

sources = [ "lib.rs" ]

}
et AT DR A Rust BREAFHTYE deps FHIRIRAM & (8T LA RS RIS =77 R2 KA o

Tt 28T [AIIE 45 € Crate ARJEAR T DU SEBERARTFTE B - crate_root 224 Rust 4RmEas HURESS
RN EETCAIIRMEZE GRH 2 1ib. 1s) o sources EHIHIFTA R IFRE R 72 BH B > ninja HIEiA
IR JE ER IR R 7R B P LIS B o

(i &~ 1% /£ Rust [ source_set R HE G [K & £ Rust H ¥ ffl Crate ML 2R/ FEH T o
static_library 2&H/NEIT <)

AISZ R CXX B - Rust DRI CRIES Hi—LIHH R & HE -

43.1 f1& unsafe Rust 27 \1E

MRIETERY > rust_static_library W&t IEEEH AL 2 Rust f2XHS Rath A G imagie e = -
MRFEAZ 2N Rust F205 457 gn HEFMA allow_unsafe = true (RiEHEERIAL
S M 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++ ${fif] Rust f2:\1%

b2t 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" ]
}
We'll see that this relationship only works if the Rust code exposes plain C APIs which can be
called from C++, or if we use a C++/Rust interop tool.

43.3 Visual Studio Code

Rust F2zUE A& 7851 AR PR C++ i 5 o F - IDE & %1754 ° Visual Studio Code 1R
#4& Chromium AR Rust <« HTTEE ¢

* HEER VSCode HA rust-analyzer #E7UIAE MIEEERR Rust SZHRIIAE
* gn gen out/Debug --export-rust-project (BRI %)
* 1In -s out/Debug/rust-project.json rust-project.json
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actual_version® #76 — match me cnda vaeedanll I
pub struct QrCode {

Version::Micro 1C
Version: ‘Norma content: Vec<Color, Global>, ,,
version: Version,
ec_level: EclLevel,
h min_version width: usize,
None => (), }
Some (min_versi The encoded QR code symbol. /€

Some(min_versi

// If ‘act 2 implementations r

qr_code = QrCode::with_version(data, Version::
}
SRS IDE 2R AR »rét rust-analyzer i — i SNSRI RN RER P & A BB
NHISBREETA B R (RS AH B QRN Chromium AHR Rust F220HS)

AR components/qr_code_generator/qr_code_generator_ffi_glue.rs
HHFHERSE) ‘qr_code_generator_ffi_glue.rs #f#) QrCode: : new FEAY (KI7ESE 26 17) ©
Tl TBERERIA SR ) (—RYE4S © vscode = ctrl k i; vim/CoC = K) ©
it AT E 75 (— %45 vscode = F12; vim/CoC = g d) (&K Ai1E //third_party/rust/.../qr_code-
.../src/lib.xs)°
o NI KA MEATE QrCode: :with_bits A1k (BIFE 164 17 ; KA vscode HINEZRARE &
% s —fK vim/CoC %45 = 224 0)
o REEMAURIEERE ) (QrCode: :with_bits ik T &E A FEIEIE])

AIEE S A E4RiE BUILD. gn R 218 FREEWMIT gn gen ... --export-rust-project
(MG TEATIZ IBRE P 2 RBTILARE) ©

43.4 Build rules exercise

fEAEH) Chromium FRAH 8T Rust HAENZ //ui/base/BUILD.gn HHAHEELIFAA :

#[no_mangle]

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.

R E EHTHY Rust HAEHE %4 / /ui/base :base KK T ofE ui/base/resource/resource_bundle.cc
TE B 15 L ER 2 (FB7% & R RA A0 n] {58 FH B8 45 A A T 2L BB T UL 1)

extern "C" void hello_from_xust();

ftui/base/resource/resource_bundle. cc KRN ILRT ik B2 ResourceBundle: :MaybeManglelL
FTEY A6 K 81T Chromium R84t % X~ Hello from Rust!} °
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WER# ] VSCode HRAE##%E Rust 5% Rust 7£ VSCode HJIEFE (E sg (EBEME PR EH AR E
EIIFERL BREETE println! HLGEEA#E — R Go to definition] °

SRS ST

» rust_static_library gn AR 5EEHE

 #[no_mangle] fHEAZE R

« extern "C" HEAER

e gn [ --export-rust-project switch fHMZE

* 4{a[{E VSCode &% rust-analyzer
It's really important that students get this running, because future exercises will build on it.
IEEE B & PR T Ty B VAR BU HodsE 5 C ORIEAREFA] o C++ H1 Rust #RRELURAE 77 NE & KRy C
ABI B3 AZEHE G C++ EREATE Rust
EEFEE allow_unsafe = true A% #[no_mangle] RIAEE fEF Rust 7 AL /{4 R AH R Y B8
3 » Rust HiAFAECRTE 248 @ PP IERERYER X ©

YN E4LL Rust S TR Al LUF A rust_executable gn A TiE TEIRIE ©
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44 =5
i Eny

Rust - #HEEET BTG AORBEAR. 28 H & 2 75 B P 0 R XRIS A [R] ) 2R T 28 vh o R ARG AR JE Al aRAR
AR AR
#[cfg(test)]
mod tests {

#[test]

fn my_test() {

todo! ()

}
}
£ Chromium H A BT ERAEE 2 IR JERE ZE ¥ Rust thABBEERIUE THINE S AMERE
0 —FOt IR B HIE A BB RAE test RUEHFHRENEM . rs lHE -

At Chromium H7A DU Rust #2205 HIEEETE

o JE4: Rust JlEt (B #[test]) oRERTE //third_party/rust ZAMEM °

o 1£ C++ HERETHY gtest MIEK Alf &% FFI FENGEAT Rust 415R Rust 2205 U2 K ) FFL g
& SRS 725 T BLA A BTGRP 2 i@ T D RE AR L R S IR & % o

« /£ Rust 4R B gtest HIEK A& A H API {fHZHIEH Crate (R FHEZ A pub mod
for_testing { ... }) EEH FRERILLANTE -

wate 8 =77 Crate (Y4 Rust Hlsd B4 MEH Chromium ##s A BT CEXEREAM D RBERT HA
FERTHI B R S5 —= 77 Crate &ARE) o

DUR#EHskFF A BIEREA C++ gtest Ml Rust gtest 5 B B R

* QR7EZE—77 Rust G HRD> (UK FFL#& TR) Bt ABAR C++ BTl -
HIEA C++ 1 Rust FEAFIEHE (RHAEA28UE 7718 ScopedFeaturelist R s Rust) °

o BELME/WIP PNG & 7] AR B (FsC A 2 2 UG R ik 8 G EUZ i 1ibpng #24t H
png Crate Hifi/b (141 RGBA => BGRA sl A2 IE) Ja AL AT AER t A TE Rust H4RES I
S o

44.1 rust_gtest_interop FEz{)i
rust_gtest_interop BRI TIIAE

* ffiH Rust B2y gtest MIEEHE ((EH #[gtest(...)] &)

235
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o ] expect_eq! AEMLINES CELUR assert_eq! (EARGEZRN #5 KM G
IEHIER) ©
Example:

use rust_gtest_interop::prelude::*;

#[gtest(MyRustTestSuite, MyAdditionTest)]
fn test_addition() {

expect_eq! (2 + 2, 4);
}

44.2 Rust JIEtEF ) GN BHI
YNEHEAE Rust gtest G R EMN AR EFELRRIINEE /S Cr+ JEIRA HIEt AL
& 5

test("ui_base_unittests") {

sources += [ "my_rust_lib_unittest.rs" ]
deps += [ ":my_rust_lib" ]
}

AT DR B &R static_library H4RE Rust Mlad H4HFEE & SRR AR AR T

rust_static_library("my_rust_lib_unittests") {
testonly = true
is_gtest_unittests = true

crate_root = "my_rust_1lib_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: :impoxrt! Fi#:

A imy_rust_lib #i % GN deps Z1& M F WA QTHE my_rust_lib_unittest.rs
FE A B i my_rust_lib A% my_rust_lib $24LEARER crate_name *[Al It & 4 & 1k
BB H AR AR ACE R Crate %488 =247 M Al £ B BIME A Y chromium Crate & H
chromium: :impoxrt! B LRSS TTHERIAME |

chromium: :import! {
"//ui/base:my_rust_1lib";

}
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use my_rust_lib: :my_function_under_test;
fEfEZ N EEFEMABELMM FHRNE
extern crate ui_sbase_cmy_urust_ulib as my_xrust_lib;

use my_rust_lib::my_function_under_test;
RS2 8 chromium: : import ESM 517 o
rust_static_library Z#EZ&# crate_name BIEIEEHMESL R (H R EHEEM A EHENRE

/& Crate #HE(ERIEE B A MFEH o crates.do AIfraEH: Crate M~ E®E Atk cargo_crate GN
HEE G RN Crate %485 4L B2 AR NN gnrt TRETEL -

44.4 WEkEE

XE| T HE A !
TR Chromium RRAH? ¢
o £ hello_from_rust Z5E#HE rTHIEAA0 R 20 JEERFEHE S HY /8 L5 | 8O S U g Fe8 5t
B n BB AR AR R A RS o
o WM NIAY ... _unittest.rs HEE AEFERATHIE o
o BTG % BUILD. gn ©
o R TIE AERERT IS AE L HAELE o
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https://source.chromium.org/chromium/chromium/src/+/main:build/rust/chromium_prelude/chromium_prelude.rs?q=f:chromium_prelude.rs%20pub.use.*%5Cbimport%5Cb;%20-f:third_party&ss=chromium%2Fchromium%2Fsrc

45 =
LR

Rust #HEHZ L2 C++/Rust B @A MEETE A H & R4 %% TE -HA1 Chromium {#HN T EMEA
CXX o

BRI DEE BN T EZRES (RELL Rust) MR ERES B 241% CXX TAE &% Rust A C++ YKL
MR EAES -

[ #[cxx::bridge] mod ]

description of boundary

Macro expansion Code generation
Safe
straightforward v v Straightforward
Rust APls Hidden C ABI C++ APlIs
Rust «—————»{ Rust bindings |+ — - — = - > C++ bindings Je————— C++
code code

WFRSCRERI A FEH] wH 2 CXX BURERE -
A e R 2 R R AR A AT R ERCER TR S5 R BB EA U RS

o BHTHEIRFE C++ 1 Rust InfHRF SBHIAGE & #[cxx: :bridge] BLEFER) C++ B Rust /&
FAMCT LG4 MReEsE (HANARFEID I TR A& 34 URERIIITR
« BHTAGHBIAIE C IIAEAEE FFI B2 (B C-ABI AHA AN ] B i AT R ) A4
FFI B0 Rust 8¢ C++ 7575 ; FEIRAE & FH EFHRF S HERA AT B B EHE K
o JETH T AR U T R — A AR OV R il
— &[T {EUENF AT LAESER FFT 85T B SR ORa8 LR E ABI st IRAeAn & ol FH B R4S -
std: :span<T>/&[T] HZENE—EFEEEANR X F BRI BT S o5 JEUIR A 5 gt -
Kl 2 S RsE = 2 DU TR A 75 R 220 |
- std::unique_ptr<T> - std::shared_ptr<T> /s Box FE&ZIGIEnl R4 T4E o
i FH TN A5 R E0R B C-ABI HHARYFAATERE a rI AL & 3 AL v ST R R 22 2
[
— rust::String 1 CxxString %! 5l A] B % 3 4 #F & 58 5
il 41 rust::String::lossy AJ & # JE UTF8 #i A N &
rust::String::c_str ATLIZEAL LT o

FTHRREWNZ R
# A% Rust = &M
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45.1 #ifsl

CXX ERAE . 1s JFUAMEN cxx: :bridge AL E H58(# C++/Rust &5 o

#[cxx: :bridge]
mod ffi {
extern "Rust" {
type MultiBuf;

fn next_chunk(buf: &mut MultiBuf) -> &[u8];
}

unsafe extern "C++" {
include! ("example/include/blobstore.h");

type BlobstoreClient;

fn new_blobstore_client() -> UniquePtr<BlobstoreClient>;
fn put(self: &BlobstoreClient, buf: &mut MultiBuf) -> Result<u64>;

}
// B Rust ZURIFIR e %
AR BHLL R I
o BRI E ARG /LM Rust mod #H #[cxx: :bridge] P EEGHEMTERIEE E4N
PRSI 2o A A GBS B4 2 £F1 89 mod ©
Rust #¥} C++ std: :unique_ptr MFEL 1
C++ ¥ Rust U1 JEA 1%
7€ C++ % Rust FRENY LUK Rust B (TEHE)
7€ Rust 2| C++ RYRENL LUK C++ B3] (JEEHR)
W RS e TEBUSRH Rust SIHTHY C++ BI5H (HjE @G RGRE S MERsE — A & Rust i@ U2
BT C++ AmeRaniir iR e LR C+ XA #include ©

CXX FRIBR
A CXX IR i BB E R 20 o
CXX £A B FHHAD

* 1&H Rust-C++ NHJEHE R Ar] IE &S HApTAEE
o FEUHERH CXX EJEASIRNALA] i std: :unique_ptr ~ std: :string ~ &[u8] & °

VA IR Rust B9 Option A7 -

fa LE R & E B L AETE Chromium FiF Rust FHR 2 2 R EERT TGRS ) MIEHIRER Rust-C++
HEHY 5 Chromium 1 Rust BRI ek o Bfs 5 85 H) CXX BEE ME & e ffi e o

In addition, right now, Rust code in one component cannot depend on Rust code in another,
due to linking details in our component build. That's another reason to restrict Rust to use in
leaf nodes.

Tt R R — L CXX A H AR T~ Rl Ailan
o HEEBEREL T TUZ L C+ BISNRTIL 2 IRR (55 R~ — 3R 7))
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« RAEEAESEM -

45.2 SHSUEM

CXX i) Result<T, E> SZIZIIAEMKAE C++ BIINRIT It #ZE ML Chromium HL75% ¢
* Result<T, E> T #Oal U TIMER 2 — !

— AEAE 2 EERR] FER &mut T R 0 T HEREESER FFI SAREAR 540 T 2
ERFE RHMRME
s BRATUR] (F140 u32 5% usize)
* 2 oxx FUAEZBINAS] (% UniquePtr<T>) EA Al 1 I Ol i 1 F 10 78 & TeRE
B ( T8 Box<T>) e
— 1 Rust Uift 8 A 35120800 45 T 2 Rust B4R M7k ESER FFI 48 5UYB0E -H IR IEREE T
UniquePtr<T> If #amt ] fEA DLE o

* Result<T, E> M EMIAIBU AR — !

— R AE (Bl true REHT) > false REKHK)
— Pl b AT O B SRR AT DR (H B AT E E R P AR -

45.2.1 CXX 53UEP : QR Code #Hiffl
7E QR code A B A0 A bR{ELR R AC T B B LA LT SR FET 38 57 (802 -

#[cxx: :bridge(namespace = "qr_code_generator")]
mod ffi {
extern "Rust" {
fn generate_qr_code_using_rust(
data: &[u8],
min_version: 116,
out_pixels: Pin<&mut CxxVector<u8>>,
out_qgr_size: &mut usize,
) -> bool;
}
}

SR REE IR out_qr_size Wil ARFEE B2 E A/ M2 QR code IR/ GRIAH B
Zik Ry iE R AR KD ITR) o

A RN CHIIAME out_qr_size FREAY Rust RFUAYEZME @S IRAIRHIGIERLIEARAY Rust 2
IR G EERERIITR) CRRIIE 1E C++ A MRS RS SRR R A @B ORERNT 2 ) ©
WASAFN Pin G5aii R M CXX REGEHE AR C++ BRI BB 20 (BERERS C++ &
FHRTRER & B SR JEIL B Rust BB A5 E) -

45.2.2 CXX #HSUEP : PNG il
PNG /il a5 (1458 m] SR B 45 SRARTRIPS B FFT 28 5URF i) DU TRLE 1

#[cxx: :bridge(namespace = "gfx::rust_bindings")]
mod ffi {
extern "Rust" {
/11 ERE—E FFI R4FRIEH] AEFY "Result<PngReader<'a>, ()>".
fn new_png_reader<'a>(input: &'a [u8]) -> Box<ResultOfPngReader<'a>>;
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/// “crate::png::ResultOfPngReader’ AIFIfY) 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>;

/// “crate::png::PngReader’ AUFIH C++ B4 :

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 Bl ~a BRI Yy (F 06 ZHER Fl Box<T> FYfIHetsil -
A HEFS L FFL 85 ML # A out_parameter: &mut PngReader A% CXX RAiEF C++ K
PBAERETF Rust ¥4 -
ARFEHIFLIARIE CXX A SRAE R RIFNEE A A E R r] AT Bk Lo A A b/ B A b TRz AR
{8UE % FFI B 5 of£#ifjl+ - ResultOfPngReader B IEIZ BRI R & % F# E M Result<T,
E> 7715 A5l40 is_erxx ~ unwrap /5K as_mut o

1£ Chromium H{#if§ CXX
fE Chromium H (" & % (5 E 6 H Rust IR ERBE LA #[cxx: :bridge] mod <& 1{H
rust_static_library @HEEFRE—(EE HERK NYIHE

cxx_bindings = [ "my_rust_file.rs" ]
# &FA #[cxx::bridge] MHEZRYIFR MIEAAIRGIIESR
allow_unsafe = true

F AR rust_static_library HHE AL crate_root Al sources °

C++ G E A BN B A I E R TR IR

#include "ui/base/my_rust_file.rs.h"

EEG1E / /base FREE—LL /A H R A Chromium C++ ZURI#E#AL CXX Rust 25l 2wt a]
L1 A5ilgn SpanToRustSlice o

BAERREGM ( A{hFEZE allow_unsafe = true?

SRR B R RPE— /% Rust fZ#E o(Ta] C/C++ FENIEAIAR 222 ) i Rust ZR[EFEAY C/C++ RIAE & Hid
TR TIETERE M E Rust A &R R 2 off C/C++ @R HHNEZ% | unsafe
BT A RE 5 E B B RUE L H E A TR H S RER AE Rust —HENIAE B AE(TAhsk
F2NHE B AT RES Rust & AJEFERIIT A ©

R AR S M H I TE P E R - CXX F/ERBEA Rust unsafe il extern "C" K= AN AT
— I ERLE o
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https://source.chromium.org/chromium/chromium/src/+/main:base/containers/span_rust.h;l=21
https://steveklabnik.com/writing/the-cxx-debate

45.3 #E W C++ N EEME

F—ukor

o TESSEATEESZ Y Rust REZE Rt #[cxx: :bridge] A5E BEHE C++ P E —HRX (%24
hello_from_rust) (HAERHAEMBE A GEEIE o

o BRI hello_from_rust B #kR extern "C" fil #[no_mangle] FATEEHH A2
FEAER] Rust AR o

o B2 gn BFE A E RS o

o 78 C++ F2NAEH #5F% hello_from_xust AURGIEIE & AN A A HREEERE 22 o

o HERET AT |

B
fan] L bt CXX 48 A BhiRiE# Chromium i Rust A2 &G ©
ARSI

o f Rust MY C++ S G FEEHLIRIEH :
— REAMNPIRESEREZE AIHE cxx: :bridge # include! IEE T EAEWILIEEFE S C++
X o
— FRAMEIY SRR N unsafe B B AIE # [cxx: :bridge] H45E unsafe B#T
45 {1 E T i
- fEATRE R E #include "third_party/rust/cxx/vl/crate/include/cxx.h"
o B C++ FHIE C++ [HIEZ Rust ©
o & C++ PRI 2 IHIR S Rust ©
o ZIEMWE #[cxx: :bridge] H HUSFAMHAF Rust BREEE Al PR E ZIMEEGR ©
* ZIBWE #[cxx: :bridge] HEUSAMERFRY C++ BRTUEE R A RARE BIRYSEER ©
o RFFLEAUFIN std: runique_ptr i C++ {83E = Rust %@tk Rust BLAEHEA FLL C++ ¥ff o
* F57 Rust WIFIERIESR C++ b 5% C++ A ZYM (o (ETE Box) °
o 78 C++ AUl L& &5 —LE757% R1EIE Rust FEAY o
o 7F Rust 245l BB & —LL7575 AMEIE C++ FEIY o

B

BIES TR CXX BE MR BN IRA] 95 8% —LE Chromium AR E i BAY Rust %R &kt
TEFAZS TR TT K ©

ARSI ST

o oxx BH2H
e rust_static_library gn ik

As students explore Part Two, they're bound to have lots of questions about how to achieve
these things, and also how CXX works behind the scenes.

AT AEEBR DU R
o B X MY #ZE AR wRE AR X RSB BRI R Y & AR 98 R K R C++ BRIl
cxx: :bridge FHYEEA KA ©
o TALFAIHF C++ 2R REHZ Rust 208 se b HLATAEE A UB W5 ? £ /2 CXX #Yopaque &Y
BIFER G AR s AR A N A% o CXX A trivial ZUBIHITA AT AE & AR UB SR CXX %
AT RR IR IS A TR o
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https://cxx.rs/extern-c++.html#functions-and-member-functions
https://cxx.rs/bindings.html
https://source.chromium.org/chromium/chromium/src/+/main:build/rust/rust_static_library.gni;l=16

46 =
Hilass —J5 Crate

Rust F230ERE 2 Crate) (R crates.io ° Rust Crate MIEH &5 AR FrLle Mt e B i
i !

¢ C++ pKzUB  Rust crate

R RR JEHZ —% : Cargo.toml
—REERERD RK /N

BRI T R IEEZ

¥ Chromium THERTARE %8 A LU EHES

* firA Crate #RfEH28 FH AUEAE 25080 BRIEIRMT AT LB B HAA A Chromium...
* ... H Crate #H BABRMBMKIITI RILRTAER ZE A Z A0 -

TARRE LI

o 4IfAfE Chromium JREEHEMHIA Crate

o G2 ST gn EEAERRA

o YMAFERZIFAANS TECR B M2 2
All of the things in the table on this slide are generalizations, and counter-examples can be
found. But in general it's important for students to understand that most Rust code depends
on other Rust libraries, because it's easy to do so, and that this has both benefits and costs.

46.1 #E Cargo.toml F{ELUFH Crate

Chromium A —#HEFPEMAYER Crate (KITTH: JGLofFrlE M — Cargo. toml &HE :

[dependencies]
bitflags = "1"
cfg-if = "1"
cxx = "1"

B{E{rHAth Cargo. toml —4 AR LIS @A o1 2 s E R DU RAIE I ARE A8 g e
Crate Hi5EEREHAR features ©
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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

# Crate #14 = Chromium B AEH % EAE gnrt_config. toml SEZEIME R 2 ALRESME R -
B TAREN o
46.2 5 gnrt_config.toml

FR T Cargo.toml 7274 gnrt_config.toml st &M EHE Crate i Chromium HEH#RYIAE ©
Wit Crate IFf JEZ/DH57E group AT LUBLL RHAH—1H :

# '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.

BIAEL

[crate.my-new-crate]

group = 'test' # only used in test code

# Crate JFYGTSAR R TIAE A& AT RE AR Z M 7 (EAE S5 E H ‘LICENSE fERAINLE o
HEEM & E 2| — L HAER RS AER P RENHE A AR EE

46.3 T#k Crate

gnrt iEE T EBRARUA N Crate LUR WAl A& BUILD . gn £RHI o
B wETE LU 77 N EE AR Crate -

cd chromium/sxc
vpython3 tools/crates/run_gnrt.py -- vendor

i 78 gnrt T H Y Chromium J5 46§ /Y — #8573 (H 2 4 AT 8 TH 15 < - a] DUTE
crates.io NHUEHUTHARMITH 52 BT T R A RS HZ 2 EDR AR & o

7&JH vendor {54 RIAEES FEULITIEE ¢
o &M Crate

o EIBRIS TR AR T
o HAth Crate HJHThiA %872 cargo HIZEK LUEMEAT Chromium FrfERY7E% Crate #15 o

Chromium & 4E:&30 5> Crate FEMFEI FREITE //third_party/rust/chromium_crates_io/patches
Hh RS E HENENTE ST HAIRE R A r] RE R E T ERE o

46.4 L gn dkEHIHI

4k Crate 1& #4540 NAE4 BUILD. gn HEZE :
vpython3 tools/crates/run_gnrt.py -- gen
BIfERAHIT git status EEGEZILINEE

* 1£ third_party/rust/chromium_crates_io/vendor # Z/0H5—{E# Crate FIAHE

» 7 third_party/rust/<crate name>/v<major semver version> H E/LH—E#
f) BUILD.gn

* ) README . chromium
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https://source.chromium.org/chromium/chromium/src/+/main:third_party/rust/chromium_crates_io/gnrt_config.toml

'major semver version ;2 Rust Semver ke A5EHE.
EFHEE JLHE third_party/rust FEEMRE °

A4 —F Semver Af AEEERIATE Chromium ' > Semver A R #F 2 A HHZAER Crate A &
RS H1E Cargo e AL A RE2 LB

46.5 RV

RN RN R RER A%y build . rs SRR EEEMIRRTERRIE IRAT S EAFFE gn M
ninja MIRET & A E R E AR RE A REE MR R I 28 PT RESR i MR 2E I T AT IR B AL AT B 1E
P o

AL build. rs BifEa] BEISHR A AR EE DR

MR STERCR gn #ARESR  RREMI

WA ruste BoA BIIRER ABHRUBE 2 e

WE Ak CPU WA 2BHRUME 2 i

FEARE S v J& - £ gnrt_config. toml s
HEHE C/C++ E BRI

(R HAN S E & R

SEHEAE KEr Crate HAE SRS MIER T @SS WA G PITATRIEENE -

46.5.1 FRR AL SR 21

4R ninja ARGV MER FHEE build. rs MERRR G AT

MR #HEM gnrt_config. toml % build-script-outputs #iif £ Crate o EEBAMH
Jeff gt 2 Chromium #2 2CH5 A 1 B 2 KH AR 7o 55 —0f il £ allow-first-party-
usage=false sZiHET T A ZMEEES]

[crate.unicode-linebreak]

allow-first-party-usage = false

build-script-outputs = ["tables.rs"]

BIERS T gnrt . py -- gen EHiE4 BUILD. gn BEZELUEA] ninja i& [ HFEZ G A 1%
PN BR o

46.5.2 AR C++ SR THEEEIERNFE TS
#f57 Crate ffH cc Crate @MEFIZ4S C/C++ 23U HAth Crate fEEMEFESHEFEH bindgen #Itf
C/C++ o Chromium FRIFHE R LB A 2FME gn ~ ninja F1 LLVM 244 24045 7l 225K AR
TR ENEENE Z AR o
[RIHE AaA DU 288

* #¥HA7EME Crate

» KEMEAEMZE Crate
1& 4 F2 X FE % B4 7€ third_party/rust/chromium_crates_io/patches/<crate> i -#i
il 5% K [cxx Crate [ 1& i 2 2X] (https://source.chromium.org/chromium/chromium/src/

+/main:third_party/rust/chromium_crates_io/patches/cxx 4t4h FEB R4 Crate Ff AZHlfHFZ
gH gnrt HEIEM ©
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https://doc.rust-lang.org/cargo/reference/semver.html
https://crates.io/crates/cc
https://crates.io/crates/bindgen

46.6 f#H Crate

Wi SE =77 Crate W A EHFHAIE RFf Crate MURMTE #5H rust_static_library HiE &
&7F 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 +
A -
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 =J5 Crate

Hrig A2 sUB I 8 5F Chromium RUREREECE N E AT ERERZ Z 2 MEHE SRR 5 A—{E
Crate & GH BB TTIF WILATREA A2 AR EEE 5 — 77l 22 Rust BB & &
L2/ DA TmEIER LA AE 2

PEZ R RS > Chromium BYHAELZFE 2 DL cargo vet 2B RHYTET o
FE A & S ERTIS K Crate IE LI TIHE

o MEfF{EFH A8 Crate A A o Crate 2 i Y BA A ] ? 41 R Crate MR RAEE &
build.rs Sf2FE4 #58% Crate FIHE 5Lt Crate 27 % Chromium F# 1 77 =AH
w7

B A Crate MAEE BN E S A R

» {fifl cd third-party/rust/chromium_crates_io; cargo audit M#&E&ABCHIN
22T (S eBEHIT cargo install cargo-audit #HAFIE & B AR EIEARAE R
TNEAK R T 2)

o HELRFTA unsafe FEFNHSHETZ S /F & W E B 18

o A EEMAH fs 8 net API

o FETESE S AR A A RS AR B A] AE R R ARSERANS (B L REES
100% 5EERI IR REEE G H RS2 ©)

LA 2R 38 security@chromium. org MY E A\ B A1F MRELMIEREHE (R Crate 2
AfEHY ©

46.8 ¥ Crate T#%% Chromium J54G1HE

git status BEERUTAA

e //third_party/rust/chromium_crates_io H'fJ Crate 25
 //third_party/rust/<crate>/<version> HfJH4£EHR (BUILD. gn f1 README . chromium)

A PR HIAL B FHT Y OWNERS HEE o

ABAE Chromium 7 EH AT A @i Lk Cargo.toml #1 gnrt_config.toml &

IIf
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https://chromium.googlesource.com/chromium/src/+/refs/heads/main/docs/rust.md#Third_party-review
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 EEAER git add -f AHI . gitignore BEZERTAE S B S Lo 2O BIMSE o

B TR R IR E (R RE G IR H I A EAVEE 5 T R 92 /2K % Rust Crate EREF FH &

Git 73 XA BI%A R MEF 2 BREE R IR A ERIMEE At AR REREMITLL 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 TAFRIBEA E ASIERE (RaZTIF CER I ET R 2 2B IEIH H A
SARTARLAES B Rust Crate i 7a Y8135 B #L (BIEEATZH G B AR PIL T 40[R) 6 HoAth 355 =77 R
TCPFIRE—EK

46.10 &Y

£ Chromium H3#34 uwuify #FA Crate FYTHREIIAE dREHE5C Chromium & (£ f%EE Crate {H
g R A AT SER A E A} o

(fE R —TEHE b BRFHHE A Chromium 1 uwuify AEEFLERE AT AR S 5057 B BHRARE ok
F SR UEN A uwuify BT rust_executable HIE <)

BAR N2 BB
DUR %A R 2 [ Crate :

instant -
lock_api-
parking_lot -
parking_lot_core"
redox_syscall
scopeguard °
smallvec LA
uwuify e

A NEAIE H AR S A RE RN A S 1 BB TERR AL
J&X# Daniel Liu $2ft%&{# 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

47 &
R E - 21

TEABE ARG A 2R Chromium ZhAE —Of A BRTZRIRITA REA

Y i i B

BHERZE BRI SR B —RERE a0 s PR 8 5 Chromium FEAEA A -
HATESRERATA Chromium [ Ul =8B ROE B o

BIAE IR IR A UG 8 5 OB (H e g Ban B R 95 R FIRE & S BHREAY Rust Crate ©
HE SERLECATHIAE FhiE A% (8 Crate o

(REE 28 H B Chrome RpdZHIER 3 EGEHE T HE I MELEANE )

&% ResourceBundle: :MaybeMangleLocalizedString #&AiA TR EHURAT uwu b ofEE

FEFRAR A Chromium H &5 mangle_localized_strings_ B E 2 fal —HE AT 72 H 5
o

SSRIENER SE R A B IREAS B R Z A5 84774 T Chrome !
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https://crates.io/crates/uwuify

[ ] [ ] chwomium

e e

sign in to chwomium

get additionaw featuwes

aww youw devices stwongew secuwity back up data
easiwy pick up whewe you pwotect youw passwowds save youw bookmawks, (Hul)
weft off against phishing passwowds and m-mowe with

sync

youw device is managed by youw owganization. éwd a-administwatows c-can access t-the data in a-any pwofiwe
L] on t-this device.

donttsignin “

Students will likely need some hints here. Hints include:

» UTF16 1 UTF8 : 224 BT Rust 57 & — 13 4 UTF8 - H A] A& H B @ & /2 C++ Ui {8
base: :UTF16ToUTF8 52 s A 40| o

o YIEREREPUELE Rust o2 IR s TR 58 String: - from_utf16 ek H 7y 3 LU kL
CXX SZHRAIBL B n] {45 K & ul6 o

o BAENEMZREAET RS CH+/Rust FLAR ARSI B (B m] = B e = ER B my 58
B NSRRI EER M 0 CXX AJRE G S AT M Pin JERTAER EaHEA Pin YDA Al
AR 2] CXX FRE TR C++ BRI RSB0 (FE R C++ ERHEES Rust ER—FE
g R AZE R REE A B RS IRIEHE o

» 1 & ResourceBundle::MaybeMangleLocalizedString ) C++ H #& % R i i
rust_static_library HE 4 AEC A S

e rust_static_library HREFMXHF //third_party/rust/uwuify/ve_2:1ib -
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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 =
HEEN 2L ER

W5 Chromium B IER T E FASEEE CL 251 ©
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https://chromium-review.googlesource.com/c/chromium/src/+/5096560

B XI55

R e e
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49 &
A Rust BRE%PH 3%

(8 2 — RAVEILERE & /048 Rust FREERE 3% 8 & 28 Rust ARG A B (G2 58
Comprehensive Rust ZRF2HE) Higdr B —LE C FHANE S RS2 (RatA<Ey -

SRBMES 4 Rust [RREERHEE ) E#UT Rust F2 ISR REAEE 24 98 § 0 & LU N & EE D

B2 no_std Rust ?

A B T2 T SR R BT A o

4 53 M FAE SR PR AR 1Y A B RN ER AR 2 O T o

—ESE R Rust #REEFZEAVE A Crate ©

TEABRRR I el ga Bl 4y A E B BBC micro:bit % 2 iRE & & 22 Nordic nRF51822 i
PRI 23 2 FERR A B 234 B — Lt LED FIH%st Rz 12C AUINERETFIZE S LU AR SWD {EE5 T & o

ERAMGEER] 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 I AE 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 &=

no_std

core

alloc

std

PR ~ &str~ CStr

NonZeroUs...

Option ~ Result

Display ~ Debug ~ write!...

Iterator

panic! ~ assert_eq!..

NonNull FIff A —A4EAHRA 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 f1 fs HRi o

println! » Read » Write - Stdin - Stdout fil io HERH5
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

#! [no_main]
#![no_std]

use core::panic::PanicInfo;

#[panic_handler]
fn panic(_panic: &PanicInfo) -> ! {

loop {}
}
o B EMRERAZEH I AR o
o std SRR R X SIRA ARMEE BT
o W ATDAHE A Crate $24t $i4 panic-halt °
o BIEHMEME 4RiERinfEF B panic = "abort" LI%¥4: eh_personality MBS o
o FETER ARA main s AR SERTLLEATE R AR 958 W W ROE A g R SRR — L
AHRERR RS LU HEA T 4T Rust F22CHS o
50.2 alloc

YR alloc MEZHEE IR (HERT) 77l o

#! [no_main]
#![no_std]

extern crate alloc;
extern crate panic_halt as _;

use alloc::string::ToString;
use alloc::vec::Vec;
use buddy_system_allocator::LockedHeap;

#[global_allocator]
static HEAP_ALLOCATOR: LockedHeap<32> = LockedHeap::<32>::new();

static mut HEAP: [u8; 65536] = [0; 65536];

pub fn entry() {
// Safe because "HEAP" is only used here and "entry is only called once.
unsafe {
// Give the allocator some memory to allocate.
HEAP_ALLOCATOR.lock().init (HEAP.as_mut_ptr() as usize, HEAP.len());

}

// Now we can do things that require heap allocation.
let mut v = Vec::new();
v.push("A string".to_string());

* buddy_system_allocator B EEEAB LR G ARNIEE =77 Crate ot n] LU At
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https://doc.rust-lang.org/stable/std/alloc/trait.GlobalAlloc.html

Crate BUE BITEEH BUEA B A 7L ©

» LockedHeap 7 const 2802 /Bl #f & = IR R BEIEARGIH B RZ A 2EL 2%*32 fEN T
I o

o WIRARK TR AR &S FP A (T Crate #RFTR alloc #EstAEE NP e R —E 285y
iy sl RETENE —AENfE Crate HESR ©

o B Ml extern crate panic_halt as _ ##ff panic_halt Crate CLH4 #RFMAEN
HHRAR R K o

o B EEHIRF R EABT 1R 2R A HE AR o
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H51%E

P o

-

-—

cortex_m_xt Crate $2fft Cortex M fifizl 2R B sk B FH =\ (FIEHMIEH) -

#! [no_main]
#![no_std]

extern crate panic_halt as _;
mod interrupts;

use cortex_m_rt::entry;
#[entry]

fn main() -> ! {

loop {}
}

AR BAMEEERH A EUE B E A EREZ BRI -
o cortex_m_rt::entry EEMERAXMLHERA fn() -> | BRI R 20K E R A

i
* {#iffl cargo embed --bin minimal FfTHEIHI
51.1 J5i4h MMIO

RZBFER &5 @2 @R IRAS IR 10 FHURB K E 55 HE micro:bit LFIR LED :

#! [no_main]
#![no_std]

extern crate panic_halt as _;
mod interrupts;

use core::mem::size_of;
use cortex_m_xrt::entry,
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/// GPIO port @ peripheral address
const GPIO_PO: usize = 0x5000_0000;

// GPIO peripheral offsets

const PIN_CNF: usize = 0x700;
const OUTSET: usize 0x508;
const OUTCLR: usize @x50c;

// 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 << §;

const SENSE_DISABLED: u32 = 0x0 << 16;

#lentry]
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_S@S1
| 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(l << 28);
gpio@_outset.write_volatile(l << 21);

}

loop {}
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* GPIO O fiill 21 7% 5 LED REFHAYE—HH zhil 28 Rz =258 —4 -
TS BATHEG)
cargo embed --bin mmio

51.2 JZ23EEFH Crate

svd2rust @#+¥# CMSIS-SVD fEZEHEC AT BB E A KL R D 2/ Rust T2 -

#! [no_main]
#![no_std]

extern crate panic_halt as _;

use cortex_m_xrt::entry,
use nrf52833_pac: :Peripherals;

#lentxy]

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();

-

1)

gpio®.pin_cnf[28] .write(|w]| {
.dir().output();
.input().disconnect();
.pull().disabled();
.drive().s@s1();
.sense() .disabled();

=55 =

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 {}

o SVD (R#HIEETIH) 2 5 2 a0 h AL ALY XML M8 28 it 4E B asc iR ae s -
— BRI BIKIR A BB E s WAAE HABM A A& o
— SVD tEZREF AIRZ 0% H AR R L& i S M S R E M SHrl /D AsEA &R -1
I #$ AR Crate ©
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https://crates.io/crates/svd2rust
https://www.keil.com/pack/doc/CMSIS/SVD/html/index.html

« cortex-m-rt #2ELAERENE o
o WIRMEM cargo install cargo-binutils HIFJLI#ITT cargo objdump --bin pac
-- -d --no-show-raw-insn & & &4 1 AR
YRS ATH

cargo embed --bin pac

51.3 HAL Crate

A2 IRPERIERH HAL Crate AEZ #5185 B0 J5 8 H H AW @ HIF embedded-hal #Y
Rif

#! [no_main]
#! [no_std]

extern crate panic_halt as _;

use cortex_m_rt::entry,;

use nrf52833_hal::gpio::{pd, Level};
use nrf52833_hal: :pac::Peripherals;
use nrf52833_hal: :prelude::*

#lentry]
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 1 set_high /& embedded_hal OutputPin $# L7572 o
* #% Cortex-M #l1 RISC-V £ & #5A HAL Crate fff%f STM32 ~GD32 *nRF *NXP MSP430 ~
AVR F1 PIC {28 o

fEH NAIFE S BITE -
cargo embed --bin hal

51.4 BHIMCZEE Crate
L FTERE R BTEHTLEE Crate AIRHE BB IR ALE 5 1 o
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https://github.com/rust-embedded/awesome-embedded-rust#hal-implementation-crates
https://crates.io/crates/embedded-hal

#! [no_main]
#! [no_std]

extern crate panic_halt as _;

use cortex_m_xt::entry;
use microbit::hal::prelude::*;
use microbit: :Board;

#lentry]
fn main() -> ! {
let mut board = Board::take().unwrap();

board.display_pins.coll.set_low().unwrap();
board.display_pins.rowl.set_high().unwrap();

loop {}

o TEAHIAR BHER 12 Crate R e 1Rt E M LU — I b/EE -
o BRTTIHERIZRAE > Crate SUFFLELEEE 7 N E2E EIEEEIFE N o
— microbit-v2 1% LED HHMEH 5 BRENE L o

fEH TS HITHR ©
cargo embed --bin board_support

51.5 AUGIRRERIN

#[entry]

fn main() -> ! {
let p = Peripherals::take().unwrap();
let gpio@ = p0::Parts::new(p.PO);

let pin: P@_@1<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() {
/!l ...

}

let mut pin_output: P@_01<Output<OpenDrain>> = pin_input
.into_open_drain_output(OpenDrainConfig: :Disconnect@Standardl, Level::Low);

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::Low);
let _pin3: P@_03<0utput<PushPull>> =
gpio®@.p0@_03.into_push_pull_output(Level: :Low);
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loop {}

o MG EE Copy B Clone 'RULEEIEEH RAEAR —HEH| -— EREMIIE E RSP Bt
SEIEFELEA o

o ST R A PR R FH B (1 R AT AR e > 1R S TR A A o B 5 o

o [EAORIR e 1 HPTRAREE B AR GPIO BEMIfE EAREE Ja Al IR RERL BR AR SR B 2 4%
TR AR G AR E I E e R E sl 6 I ofE4R 2N RS G (R IEIRRAR R R 2 o

o FERTLUBER A BERIPENY is_high S HBERIREN set_high BTSSR o

» #F% HAL Crate #81E =K o

51.6 embedded-hal

embedded-hal Crate f2fit AR ki & H RATHIERHI SR E2 4 E

GPIO

ADC

I12C ~ SPI ~ UART ~ CAN

RNG

Al IRFAS

ARG

HAth Crate Bif& & MRIRE LR E SR B0 BIan s B2 X rT AERR E B 1F 12C B¢ SPI FEITHE o

o TR SHAME & (5140 Raspberry Pi Y Linux) #AMHEREEEH o
» embedded-hal i) async iiACTER#EH H M ARHELFRERR

51.7 probe-rs and cargo-embed

probe-rs Z# AR R AESERE H TEAH 58 OpenOCD (HEE SRR ELT

o % CMSIS-DAP ~ ST-Link 1 J-Link #HI25#4T SWD (F3I4#(HE8) £ JTAG
* GDB JE ¢ i A Microsoft DAP (fH#4#E Rz 2 Al 7 E) Ffkas
 Cargo ¥4

cargo-embed & Cargo F15< R BRI — A ik RTT (BN EE) s DUk #AS
GDB Jaffif5 < /2 HH K B Embed . toml HEZEAKFE ©

» CMSIS-DAP Z#t¥#t USB #Y Arm @R 7€ AL ErE AEEE T EAZHH Arm Cortex JZ# 85
] CoreSight {ESH/7EUE JEmt /2 BBC micro:bit PEEEE T EAr H @ e o

ST-Link /2 ST Microelectronics #tHH)— 27| B A EES T.H - J-Link £%HI28 H SEGGER °
HEETFEURE R 2 5 BN JTAG /M THEBL 2 BRI P FI A EEE T o

TR AR R probe-rs BRAFEESEHCH T -

Microsoft e 2 2R 7 E R FF AT SR A8 _E¥UT VSCode S HAt IDE {HE5TE
T ©

* cargo-embed J2{#H probe-rs 2= s AT AN o

o RTT (RHERm) Stk 2 A 0 2 MR R & 7 (88 AR B IR I Em &k o

51.7.1 {834
Embed.toml :
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[default.general]
chip = "nrf52833_xxAA"

[debug.gdb]
enabled = true

£ src/bare-metal/microcontrollers/examples/ J& N —fE&L s :

cargo embed --bin board_support debug

FEAATR] H 85209 57 — et b

f#if gLinux =X Debian :

gdb-multiarch target/thumbv7em-none-eabihf/debug/board_support --eval-command="target r«
f#if MacOS :

arm-none-eabi-gdb target/thumbv7em-none-eabihf/debug/board_support --eval-command="targ:
£ GDB H Bl #UT MIE< !

b src/bin/board_support.rs:29
b src/bin/board_support.rs:30
b src/bin/board_support.rs:32
C
C
C

51.8 HAth#i%

e RTIC

- TROEf B BEED 1T

- HAZEFEH SRR TR ST
* Embassy

- BABSEIET SHiFas 9Ei% ~ USB TIAERY async #YT#s
* TockOS

- FEZEVER RTOS 4245 HNHHEINRE Al X sc iR A IR BT
* Hubris

- Oxide Computer Company HJfifi%C» RTOS #2AtsCEAER# KR EA R BRSNS ~ IPC
» FreeRTOS 4%
« PRt std EIEEE Bl esp-idf °

o RTIC A ¥ % RTOS Sl {7424 o
- HAAEEE HAL ©
- PR E{EA Cortex-M NVIC (AR B2 &8) i 68 3 E kD o
- {£BR Cortex-M °

* Google &#t¥f Titan % 2&# 7 Haven (ifElds L{EH TockOS °

 FreeRTOS KL CRESHRE HLABE SRS IEAFENM Rust B4 -
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BMIREEAL 12C ZER P Y771 Al BEC s E PSR o
SERRENR AT BB MR AR TT 5 -

52.1 #aEigt

Pl REEL 12C ZE 8% B0 75 A AR E B sR B 538 4N RERT ] DI E BRTE LED b s DU 7y
A R s o

PR :

2B 1sm303agr Ml microbit-v2 Crate IERAASCH: AR micro:bit fFf o

LSM303AGR 18I & B oo A = Eh 12C MEFRHE o

TWI 2 12C 3144 AL 12C £ EBEEN LR Z TWIM ©

LSM303AGR BEEIfE AR E M EE embedded_hal: :blocking: :i2c: :WriteRead
BIEH o microbit: :hal::Twim &SRS & 1E AR o

o f&F microbit: :Board &S HE &SRR EEIEEIMAL o

o BRI LI B EEF nRF52833 HiksE AHIEETHME P JELE o

W NESRE E A A fE compass HEfHHEER NHIEZE -
sr¢/main.rs:

#! [no_main]
#![no_std]

extern crate panic_halt as _;

use core::fmt::Write;

use cortex_m_rt::entry,

use microbit::{hal::uarte::{Baudrate, Parity, Uarte}, Board};
#lentry]

fn main() -> ! {

let board = Board::take().unwrap();

// Configure serial port.
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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.
// TODO

writeln!(serial, "Ready.").unwrap();

loop {
// Read compass data and log it to the serial port.
// TODO

}
Cargo.toml (fGfEZATRESH ILIAE)
[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.tom] (&% A FREEEILIHE)

[default.general]
chip = "nrf52833_xxAA"

[debug.gdb]
enabled = true

[debug.reset]
halt_afterwards = true
.cargo/config.toml (&ERZ AR ZAAE HIHE) :

[build]
target = "thumbv7em-none-eabihf" # Cortex-M4F
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[target.'cfg(all(target_arch = "arm", target_os = "none"))']
rustflags = ["-C", "link-arg=-Tlink.x"]

i NPIFE21E Linux EEFYIEHAA

picocom --baud 115200 --imap 1lfcrlf /dev/ttyACMO

87E macOS EEAEBAI TS CEBEAMATREIRATF)

picocom --baud 115200 --imap 1fcrlf /dev/tty.usbmodem14502
&1 Ctrl + A ~ Ctrl + Q $#EIR[ZR i picocom °

52.2 Rust #EEBI3E © EA-aiE

faraEt

CRIAIBRE)

#! [no_main]
#![no_std]

extern crate panic_halt as _;

use core::fmt::Write;
use cortex_m_rt::entry;
use core::cmp::{max, min};
use 1lsm303agr::{
AccelMode, AccelOutputDataRate, Lsm3@03agr, MagMode, MagOutputDataRate,
}
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::Boaxrd;

const COMPASS_SCALE: i32 = 30000;
const ACCELEROMETER_SCALE: 132 = 700;

#lentry]
fn main() -> ! {
let board = Board::take().unwrap();

// Configure serial port.

let mut serial = Uarte: :new(
board.UARTE®Q,
board.uart.into(),
Parity: :EXCLUDED,
Baudrate: :BAUD115200,
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// 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 = Lsm303agr::new_with_i2c(i2c);
imu.init().unwrap();
imu.set_mag_mode_and_odr(
&mut delay,
MagMode: :HighResolution,
MagOutputDataRate: :Hz50,
)
.unwrap();
imu.set_accel_mode_and_odr(
&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.TIMER®) ;
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,
O ONe
compass_reading.x_nt(),
compass_reading.y_nt(),
compass_reading.z_nt(),
accelerometer_reading.x_mg(),
accelerometer_reading.y_mg(),
accelerometer_reading.z_mg()

) I

.unwrap();

let mut image = [[0; 5]; 51;
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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,
)
Mode: :Accelerometer => (
scale(
accelerometer_reading.x_mg(),
-ACCELEROMETER_SCALE,
ACCELEROMETER_SCALE,
9,
4,
) as usize,
scale(
-accelerometer_reading.y_mg(),
-ACCELEROMETER_SCALE,
ACCELEROMETER_SCALE,
0,
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;

}

}

#[derive(Copy, Clone, Debug, Eq, PartialEq)]
enum Mode {

Compass,
Accelerometer,
}
impl Mode {

fn next(self) -> Self {
match self {
Self::Compass => Self::Accelerometer,
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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;
cap(min_out + range_out * (value - min_in) / range_in, min_out, max_out)

}

fn cap(value: 132, min_value: 132, max_value: i32) -> i32 {
max (min_value, min(value, max_value))

}
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$B53H

B OZ A5

-
&,

HATBRMEANE B MZESIgs Ha0 Arm Cortex-M 517 M FRERE S Cortex-A HE—HLAR &
KEGE M & #HH QEMU i aarch64 'virt' BIZ#R o

o WIEAH RPERIA IR A MMU s AREREH (Arm CPU _ERIBIINRDLE R - x86 LAVER) -
EEREEIAA

* QEMU nJ §1 355 3 ([ AR AR [F] O A5 B BH IR AR © 'virt' BAZE ARG e I BT MR E R B E
T 2 2 HE R At mt ©

53.1 % Rust

BRI — B EE A RERIIG T 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 ERPEEHRRERTIAE W BSS it % LURGREHEBIEHE
- BSS (EBLBLATT R R LR R A7(E) BYIPFERE— 85 S AL Z AR s
B RS & BRGSO DIRIR R 72 et & R RO A8 B B R B ga 1L
o HECIRA AL RWMERE AR A 77 M€ » BSS AIREC 2% AH2 THEE FMERERAZE o
o TMFHRERH MMU FIHRER A REFURECR AEAIRC IR A RA SRR
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— REEHIEECE 234853 M2 % aarch64-unknown-none HiZzEAE Rust 230 48
GRE +strict-align Fiik4msEas A R B NTE R R SLEAG] H EZ R & HgE HiE
R—ER—RIE o

— WNRZTE VM AT T RE & BB — B R AR R VM &R R E S I B 17
A EAS o 3 A% EL A A R SO IR AS 0 T R BRI 4 RIS A% R AR 7 B IR RS AR U T 2
] REE S A 1 & DL 25 PR VM B R 17 B [ A58 B ik 2 7 4% (R
BRI ARSI AIE[FEH VA 5 IPA) ©

o AREEE B UE B S EE (R idmap. S) HART 1 GIiB fIAzHE %M 2 ¥ ESEE R
A 1 GiB 2¥E= DRAM 54 1 GiB DL FRIEAEZ 4 E 5774 QEMU R IERE AR o

o Ffh e E BIIMRIA R (vbar_ell) R —H A o

o SR NFHIFTA Bl T BRI & LG AMRITE SR 1 (EL1) 04T A1ELE A FIF] SN I 8k
1T MR IRLUMEK entry .S o

53.2 1THsHGE

AR P FTEME A GE A BEBIT Rust F2 NS IIEFUTRIESE SRR 4123k HVC (B
WAL oA BRI A A A7

#! [no_main]
#! [no_std]

use core::arch::asm;
use core::panic::PanicInfo;

mod exceptions;
const PSCI_SYSTEM_OFF: u32 = 0x84000008;

#[no_mangle]
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 V

\%

I nn
\%

A\

I

, no;tack)

ERSESESESESE SRS

}

loop {}
}

(AN RIEHEBR BT ETERAE 55 H smcce Crate Hrb @& AELER LR )
* PSCI /2 Arm B FRRE foh el /10 2 A A 8 bR U] A B A AT CPU B JFUIRAR b HAIE H 2 1
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EL3 #IEFIE P IERT 2 248 LB -

© 0 => _ SEERIEET AR IS HUT 2 AT R FARRER 0 BRI H AR SRR E
A inout (MJE in) BRI AT RE S BURE FaRIAR o

o Eff main BKXFE A #[no_mangle] fl extern "C" R Z&LLRZER entry. S AU AT
Ay o

© X0 F| _x3 ZE 7 x0 2 x3 HH ZRIER] RAREH A G ER G E R FIHE
AR FEE RGNS MRIBFHER aarch64 FFIYIER] (A extern "C" fEEMARIEE) i 8 fE{E#
RGBT A7 x0 £ x7 AL entry . S RNTEHITIEMAFTRIEIE R ERECRA G5
G ET(EES ©

« {fifl src/bare-metal/aps/examples ~H make gemu_psci #£ QEMU H#IfTHif o

53.3 MMIO ffF5 1o TS 7 0L

» i pointer::read_volatile fil pointer: :write_volatile-
o BREBH o
» addr_of ! AJAAREUSEREREAIRINOL A E ARSI o

o FEIRVEAFHC U AR AT REE A BIVE T A LR A G A o o BURE AR B BT Ry e
% o
— JHH AURIGTER AR (FIAE 8 ] 525 2 08) AR ds Al AE & (REGE A E RS ARIE
FRIR A B G TR A o
o ARSI INEBLA Crate IEE &R 20 HEMA LR BEASRELER &
a I AE SR FRIRPR 2N o
* fiif] addr_of! Ef fEAGREARIITEIERUS AR AR OISR

53.4 #4W% UART Be@hfds

QEMU 'virt' #2354 PLO11 UART AT AT 2 4R 55 SEEhfE 5K 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.
#[derive(Debug) ]
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.
iy
/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 u8) -> Self {
Self { base_address }
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}

/// Writes a single byte to the UART.

pub fn write_byte(&self, byte: u8) {
// Wait until there is room in the TX buffer.
while self.read_flag_register() & FR_TXFF != 0 {}

// Safe because we know that the base address points to the control

// registers of a PLO11 device which is appropriately mapped.
unsafe {

// Write to the TX buffer.
self.base_address.write_volatile(byte);

}

// Wait until the UART 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 PLO11l device which is appropriately mapped.
unsafe { self.base_address.add(FLAG_REGISTER_OFFSET) .read_volatile() }

o SR > Uart: :new i %42 HM /IR RZ 2 M 922 R A R E Uart: :new BRI G (75
RET B 2 e it 2R € UART HA —EEEEIRE N HIH 17 A HihE 3 & 2 2 A7k 2 8 5]
% BREFHZMIY write_byte — 2% 2M A AT LURE LB R SL iR o

o BATATLUBARERIE LAt i new %2 i write_byte %4 AHISHEMIE AR KT
R & &R write_byte M BB E S22

o a2 ARE T 2R AN E A GFERZ 2N AT REN BRI D &N
=,

53.4.1 HAthR#H

FMiT4 T Debug Fifdl EIEZ — BBt G AED -
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 {}
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o TfE Write HIAJfARC Uart BU50fEH write! flwriteln! H& -
« ffifl src/bare-metal/aps/examples R make gemu_minimal £ QEMU H k17 &

fol -

53.5 KX ER UART SE#fE

PLO11 B LIBART 2 A7 a5 A5 7 1 17 UG LW A7 a8 TR RS (DRI S5 T NMER 53k saat
REEDGEI ALAh B B FE RN TR T S SR E 7T A7

mfy EfESELAE EE
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 ZRER EEM T L ID Ui o

53.5.1 Bitflags
bitflags Crate & AR Bitflags ©
use bitflags::bitflags;

bitflags! {

/// Flags from the UART flag register.

#[repr(transparent) ]

#[derive(Copy, Clone, Debug, Eq, PartialEq)]

struct Flags: ul6 {
/// Clear to send.
const CTS = 1 << 0Q;
/// Data set ready.
const DSR = 1 << 1;

/// Data carrier detect.

const DCD = 1 << 2;

/// UART busy transmitting data.

const BUSY = 1 << 3;

/// Receive FIFO is empty.

const RXFE = 1 << 4;

/// Transmit FIFO is full.
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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 << §;

}

» bitflags! BEEGE—EHEA] (B Flags (u16)) LUk —RFIHG R E R T A E
fEIEH

53.5.2 ZfuErf#dd

A AT LU F A RS A A R UART 77 33 HURCIRHEAN &) ©

#[repr(C, align(4))]
struct Registers {
dr: ule6,
_reserved®: [u8; 2],
rsr: ReceiveStatus,
_Treservedl: [u8; 19],

fr: Flags,
_reserved2: [u8; 6],
ilpr: u8,

_reserved3: [u8; 317,
ibrd: ul6,
_reserved4: [u8; 2],
fbrd: us8,

_reserved5: [u8; 31,
lcr_h: us8,
_Treserved6: [u8; 31,
cr: ul6,

_reserved7: [u8; 31,
ifls: u8,

_reserved8: [u8; 37,
imsc: ul6,
_reserved9: [u8; 2],
ris: ul6,
_Treservedl®: [u8; 2],
mis: ul6,
_reservedll: [u8; 21,
icr: uleé,
_Treservedl2: [u8; 2],
dmacr: u8,

_reservedl13: [u8; 3],

» #[repr (C)] G nMReEa T HRY A RERE MR 05 5L C AHIRI BRI LUREOR#E A AE B A A 7
Ao R A R THR AT Rust FoRTA Lt s a (I B S B B AL (RO T ELAR1F) -
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53.5.3 HE@ifE

B R M7 SR BN A2 b FTITHY Registers #5MEAS o

/// Driver for a PLQ11 UART.
#[derive(Debug) ]
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.
vy
/11 # Safety
i
/// 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 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 {
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// 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! HUSERIMALIVFEEE AL 4E 2 IR JE Y
R

53.5.4 Bil#nfEN
(S5 TP R (VAN & S Wi S I Saw s NS 271 E I I TS UNEf v E R

#! [no_main]
#![no_std]

mod exceptions;
mod ploll;

use crate: :pl@11l::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 _;

#[no_mangle]

extern "C" fn main(x0: u64, x1: u6d, 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();
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o BUBAEAT NALREHGIT ARG entry . S (B AR AN S main X SHEE 2R
« {fifl src/bare-metal/aps/examples R make gemu 7E QEMU H#ifTH#Ef o

53.6 8%

EEEfEH] 1og Crate FRRURLERELE E(F Log FHARIAI i HIR%IHE ©

use crate: :pl@ll::Uart;

use core::fmt::Write;

use log::{LevelFilter, Log, Metadata, Record, SetlLoggerError};
use spin::mutex::SpinMutex;

static LOGGER: Logger = Logger { uart: SpinMutex::new(None) };
struct Logger {
uart: SpinMutex<Option<Uart>>,

}

impl Log for Logger {
fn enabled(&self, _metadata: &Metadata) -> bool {

true
}
fn log(&self, record: &Record) ({
writeln! (
self.uart.lock().as_mut().unwrap(),
"[{}1 {}",

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(())

* 7f log "HEUH AR Z R K2 7ER set_logger Al &M &K LOGGER #IHAIL ©
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53.6.1 BHgR{EH

MR ESW9a1E Logger A BE[H Logger °

#! [no_main]
#![no_std]

mod exceptions;
mod logger;
mod pl@ll;

use crate: :pl@11::Uart;

use core::panic::PanicInfo;

use log::{error, info, LevelFilter};
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 _;

#[no_mangle]
extern "C" fn main(x@: ub4, 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();

}

#[panic_handler]

fn panic(info: &PanicInfo) -> ! {
error! ("{info}");
system_off::<Hvc>().unwrap();
loop {}

o TR MR R R BRE AT DD SRR A A R o
 {fifl sxc/bare-metal/aps/examples R make gemu_logger &fF QEMU H#ifTH#if o

53.7 BIINIRDE

AArch64 €% 7 & 16 fEEHRIBIIMADLA R R EHR 4 EARRERY 4 FEISMRS RIFEZ ~ TRQ
FIQ ~ SError ° 4 FREERI 5351 2% H AT EL 51 SPO ~H AT EL 47 SPX &1 EL fH AArch64 FIH1K
EL {H AArch32 Ja 2 {EAHE TR EE LUEFEREIY Rust 2N 2 Al RS R 7 256 77 2 HEB

use log::error;
use smccc::psci::system_off;
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use smccc: :Hvc;

#[no_mangle]

extern "C" fn sync_exception_current(_elr: u64, _spsr: ub4d) {
error!("sync_exception_current");
system_off::<Hvc>().unwrap();

}

#[no_mangle]

extern "C" fn irq_current(_elr: u64, _spsr: ub4d) {
error!("irq_current");
system_off::<Hvc>().unwrap();

}

#[no_mangle]

extern "C" fn fiq_current(_elr: u64, _spsr: ub4d) {
error! ("fig_current");
system_off::<Hvc>().unwrap();

}

#[no_mangle]

extern "C" fn serr_current(_elr: u64, _spsr: ub4d) {
error!("serr_current");
system_off::<Hvc>().unwrap();

}

#[no_mangle]

extern "C" fn sync_lower(_elr: u64, _spsr: ub4d) {
error! ("sync_lower");
system_off::<Hvc>().unwrap();

}

#[no_mangle]

extern "C" fn irq_lower(_elr: u64, _spsr: ub4) {
error!("irq_lower");
system_off::<Hvc>().unwrap();

}

#[no_mangle]

extern "C" fn fig_lower(_elr: u64, _spsr: ub4d) {
error!("fiq_lower");
system_off::<Hvc>().unwrap();

}

#[no_mangle]

extern "C" fn serr_lower(_elr: u64
error!("serr_lower");
system_off::<Hvc>().unwrap();

spsr: ub4) {

| A

* EL 2HaBISNRILES 5 R N FRIFTA #EI# R E EL1 1T
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o AREGE M A G BEAT EL FIAMATLE Y SPO #1 SPX A& H 8K EL BHISMRILE 7
AArch32 #1 AArch64 -

o TEULERFIH AR TR ECERGI MR B AR 20 A TR & BRI AT I AMADL ©

o BN R B A A TERR B R IS 2 R R T4E © Send #1 Sync & ETM
Z B ZERNE UG TEE R SREIARER ANEALE B S MR R FE AR U ER TR 7y 2 il 0 = 0
fE{E i H2 Send (fiJE Sync) ARt FR E R % EEELE Mutex FIHE HIf R AAFREIEE o

53.8 Hith=x

e oreboot
- %A C 1Y coreboot |
— 7% x86 » aarch64 #1 RISC-V o
— {&X#& LinuxBoot MiJF H &% H 2 EREEFE X -
* Rust RaspberryPi OS #Z: 2
- %ﬁé% L - UART SEEIfE5N 2 2 SEEIEAER ~ JTAG BIIMNRESR FIIMRIEE v E
— Rust R HREAEE R RIE LA EREE BEXREI T S A —E 2 ESE R AT #Ef) o
* cargo-call-stack
— AR HARHIET R B & o

* RaspberryPi OS ZUEERE G 7ERUH MMU FIHRECZ Al #4047 Rust F23U05 o2 @B RS AGCIE
il BN o SATE R 8
— WA MMU FIREL AR S A f7 B 33 4 g5 R FH 02 aaxrch64-unknown-
none 7@ @& +strict-align Pilb4RaEas A AR BRI FI KL EZ A g L Hia
R—E R HED o
— SRR AE VM T TR BB — BRI RE AR VM &R TR EE R B 17
EYECAEAS 1 34 B A A R SO AS 09 mT PR BRI AL B 3 MR A e (7 NGO AR RS AR BT 2
Ty AT REZEL M EE R T 77 B P )33 B it @ ARl A (AR FP S R (B R R A
AT RAEHERF) H— R AR A S o
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https://crates.io/crates/cargo-call-stack

B 545
HHM Crate

BUNRA T A 2% M Crate »n] FIAARIL — EARIE R a5 RLRTRE o

54.1 zerocopy

zerocopy Crate (% H Fuchsia) J2#tRHEANE S AITENTTAL T FIFTHAN AR5 2 627 2 g
use zerocopy: :AsBytes;
#[repr(u32)]

#[derive (AsBytes, Debug, Default)]
enum RequestType {

#[default]
In =0,
Out = 1,
Flush = 4,
}
#[repr(C)]

#[derive(AsBytes, Debug, Default)]
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(),
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https://docs.rs/zerocopy/

&[4, 0, 0, 0, 0, 0, @, @, 42, 0, 0, 0, @, 0, 0, 0]
)
}
BAHES MMIO ([ 2306 I EE7 F 38 MR AR 55 A 7715 AMEAR 88 & Fa o (o P LA FH O a5 i (51
i DMA) 8% i MR THHE A G5 o

» FromBytes AT TR A AV A EAE Rt AT SZ BT IS TCAH 3 91 22 2 S ik
L o

o BT s eilsIn FromBytes &K 1A% RequestType A& {EHFTA RIAERT u32 EilZA
HIBIE P LA IR A ALC AR AR AR

* zerocopy: :byteordexr Y% A R IR AEALTCARNE P AU BUE R T o

 ffifl stc/bare-metal/useful-crates/zerocopy-example/ R~ cargo run #fT#d
il (£ Playground H* #iffi| € X 2y Crate fRI 7ol E#AIT) ©

54.2 aarch64-paging

aarch64-paging Crate A] FZRIRHE AArch64 JEHEC RS R4 HT 5 HER o

use aarch64_paging: :{

idmap: : IdMap,

paging::{Attributes, MemoryRegion},
b

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, 0x80400000),
Attributes: :NORMAL | Attributes::NON_GLOBAL | Attributes::READ_ONLY,
) .unwrap();
// Set 'TTBRO_EL1" to activate the page table.
idmap.activate();

 HATESZ 5 EL1 ABRERZRA 2 A B MR UG AR SR I BE ©
* 7@/ Android FFRYAZIRAE VM #5E o
o PATENEFEEBINLAE S TR 2R BAE B RS BT B2 QEMU °

54.3 buddy_system_allocator

buddy_system_allocator BEFEAMIERH IR =77 Crate 9= r]fit LockedHeap EfF
GlobalAlloc DA F#EHE alloc Crate AT R B AR ECHMALIEZ= R Hlan (M AT RE &
1851 PCI BAR 23 MMIO % :

use buddy_system_allocator::FrameAllocator;
use core::alloc::Layout;

fn main() {
let mut allocator = FrameAllocator::<32>::new();
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https://crates.io/crates/aarch64-paging
https://cs.android.com/android/platform/superproject/+/master:packages/modules/Virtualization/pvmfw/
https://crates.io/crates/buddy_system_allocator
https://docs.rs/buddy_system_allocator/0.9.0/buddy_system_allocator/struct.LockedHeap.html
https://doc.rust-lang.org/core/alloc/trait.GlobalAlloc.html

allocator.add_frame(0x200_0000, 0x400_0000);

let layout = Layout::from_size_align(0x100, 0x100).unwrap();
let bar = allocator

.alloc_aligned(layout)

.expect("Failed to allocate ©0x100 byte MMIO region");
println!("Allocated 0x100 byte MMIO region at {:#x}", bar);

 PCI BAR BB — @ FREK/ o
» {fif] src/bare-metal/useful-crates/allocator-example/ R cargo run #fT
#ifjl (£ Playground H #ifj| €K% Crate KT MMIEBAT)

54.4 tinyvec

AR EE R EAEE A DUR Vec —HEIER HIRAHERIECER © tinyvec fAtaEak] e
I &8 R LA B ) 7 S8R CRELARFAE 75 SO OB B A HE A8 HE M ZE ME T R A & DU RIS E S AT Bl
oy T E R

use tinyvec::{array_vec, ArrayVec};

fn main() {
let mut numbers: ArrayVec<[u32; 5]> = array_vec! (42, 66);
println! ("{numbers:?}");
numbers.push(7);
println! ("{numbers:?}");
numbers.remove (1) ;
println! ("{numbers:?}");

o ZUIAML > tinyvec HETTERAIZHEE Default o
* Rust Playground & tinyvec A HLZE{EEFIA]EFTAELT ©

54.5 spin

std::sync: :Mutex FIHMARE std: : sync (FEPEIT #HEHR core 8¢ alloc FriFREANI{T
B[P R ESE B R T B E N M (14 TR CPU Z M FIAREE) IE ?
spin Crate $1¥FF 22 HE T 4RMELL B IEsH A BN REIHE -
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 WRAEPETEERE U 78 S5 B VOB R BT o

285


https://crates.io/crates/tinyvec
https://crates.io/crates/spin

o spin L E#PESE B e EFRE/EEE ; std: :sync #F RwLock ~ Barrier fil Once [[H/%H
H ; DU R B IEALHT Lazy ©

» once_cell Crate th HF—LLEHRG @& FHRBIHIIEAE $2 spin: jonce: :Once WYX
WA AE o

* Rust Playground 7 spin 1A L3E E#E] AT £ T REAT
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https://crates.io/crates/once_cell

¥ 55 B
Android

YNEAE Android B ARE FF @RS Rust BRIER 3 B ARE MR EMEH rust_ffi_static
Soong FAIEAE Rust X EFMH B A BESRIECHN cc_binary EA AL I L
raw_binary i ELF 2 E R T 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

#H¥I7E aarch64 Y crosvm REER) VM > vimbase 27 EEH2 (L8 12 8545 S RS B 1 @ ms AR R P
18 LUBGE AR ~ UART £l G Rl 5F o

#! [no_main]
#![no_std]

use vmbase::{main, println};
main! (main);

pub fn main(arg®@: u64, argl: u64, arg2: u64, arg3: ub4d) {
println!("Hello world");
}
* main! BRI FEX 77 vmbase # AR o
« vmbase #E AR & iR BRI & WI96 1L VE3E Al 7E 3 5K U E R Ry 3% HY PSCI_SYSTEM_OFF 2 ] Pf]
VM o
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B 75 PLO31 RIIReiRs 38 ¢ B4R R BEBN 25K o
SERRENR AT BB MR AR TT 5 -

56.1 RTC BEd@fet

QEMU aarch64 i fEf%as A9 PLO31 BRI A2 0x9010000 o7 %E flE R H A 2 s IR 3 4w 5 BE B
23 -
1. (A RZ IR SEIR E AT B R = Pl & AT LU chrono Crate #%7E H /IS o
2. fif FH LT A7 45 A0 I 46 o B R 2R 1T Bk S A 2 4508 R R I A0 R AR 3 D (Y 2 fE ARG
core::hint::spin_loop)-°
3. EFCIIRE (WA RFRD) RO EEBLA RTC LR AR R ET S Ea] DUEM arm-gic Crate
R ERENE T FE Arm (2B FRERPERIES o
o fERMZS IntId: :spi(2) A#EATE GIC A RTC A o
o R ERIRERR AERTLUER axm_gic: iwfi() RiieDa 2 IRIR Za iz Ol & 4 A RIRR
EOEFIETE I -

BE NG EIAR TE rtec HERPEE MYIREZE -
sr¢/main.rs:

#! [no_main]
#! [no_std]

mod exceptions;
mod logger;
mod ploll;

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.
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https://crates.io/crates/chrono
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https://docs.rs/arm-gic/
https://google.github.io/comprehensive-rust/exercises/bare-metal/../../comprehensive-rust-exercises.zip

const GICD_BASE_ADDRESS: *mut u64
const GICR_BASE_ADDRESS: *mut u64

0x800_0000 as _;
0Ox80A_0000 as _;

/// Base address of the primary PL@11 UART.
const PL@11_BASE_ADDRESS: *mut u32 = 0x900_0000 as _;

#[no_mangle]
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();

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_handler]
fn panic(info: &PanicInfo) -> ! {

}

/1
/1
/1
/1
/1
//
/1
/1
/1
/1
//
/1
/1

error! ("{info}");
system_off::<Hvc>().unwrap();
loop {}

src/exceptions.rs (EMEZ TR BB RIS 3 B E HIEH)
G

Copyright 2023 Google LLC

Licensed under the Apache License, Version 2.0 (the "License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and
limitations under the License.

use arm_gic::gicv3::GicV3;
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use log::{error, info, trace};
use smccc::psci::system_off;
use smccc: :Hvc;

#[no_mangle]

extern "C" fn sync_exception_current(_elr: u64d
error! ("sync_exception_current");
system_off::<Hvc>().unwrap();

spsr: u6b4d) {

| A—

}

#[no_mangle]
extern "C" fn irq_current(_elr: u64, _spsr: ub4d) {
trace! ("irg_current");
let intid =
GicV3::get_and_acknowledge_interrupt().expect("No pending interrupt");
info! ("IRQ {intid:?}");
}

#[no_mangle]

extern "C" fn fiq_current(_elr: u6b4
error!("fiq_current");
system_off::<Hvc>().unwrap();

spsr: u6b4d) {

| A—

}

#[no_mangle]

extern "C" fn serr_current(_elr: u64, _spsr: ub4d) {
error!("serr_current");
system_off::<Hvc>().unwrap();

}

#[no_mangle]

extern "C" fn sync_lower(_elr: u64, _spsr: ub4d) {
error!("sync_lower");
system_off::<Hvc>().unwrap();

}

#[no_mangle]

extern "C" fn irq_lower(_elr: u64, _spsr: u6b4d) {
error!("irq_lower");
system_off::<Hvc>().unwrap();

}

#[no_mangle]

extern "C" fn fiq_lower(_elr: u64, _spsr: ub4d) {
error! ("fig_lower");
system_off::<Hvc>().unwrap();

}

#[no_mangle]
extern "C" fn serr_lower(_elr: u64, _spsr: u6b4d) {
error! ("serr_lower");
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system_off::<Hvc>().unwrap();

}
src/logger.rs (EEZ AR EFHILIHE) !

// Copyright 2023 Google LLC

//

// Licensed under the Apache License, Version 2.0 (the "License");

// you may not use this file except in compliance with the License.

// You may obtain a copy of the License at

//

/17 http://www.apache.org/licenses/LICENSE-2.0

//

// Unless required by applicable law or agreed to in writing, software
// distributed under the License is distributed on an "AS IS" BASIS,
// WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
// See the License for the specific language governing permissions and
// limitations under the License.

// ANCHOR: main

use crate: :pl011l::Uart;

use core::fmt::Write;

use log::{LevelFilter, Log, Metadata, Record, SetlLoggerError};
use spin::mutex::SpinMutex;

static LOGGER: Logger = Logger { uart: SpinMutex::new(None) };
struct Logger {

uart: SpinMutex<Option<Uart>>,
}

impl Log for Logger {
fn enabled(&self, _metadata: &Metadata) -> bool {

true
}
fn log(&self, record: &Record) ({
writeln! (
self.uart.lock().as_mut().unwrap(),
“[{1 {}",

recoxrd.level(),
record.args()

)

.unwrap();

}

fn flush(&self) {}
}

/// Initialises UART logger.
pub fn init(uart: Uart, max_level: LevelFilter) -> Result<(), SetlLoggerError> {
LOGGER .uart.lock() .replace(uart);
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}

log: :set_logger(&LOGGER)?;
log: :set_max_level(max_level);
0k(())

src/plo11.rs (I EZ AR EEHE ILIEH) ¢

/1
/1
//
//
/1
/1
/1
/1
/1
/1!
/1
/1
/1

Copyright 2023 Google LLC

Licensed under the Apache License, Version 2.0 (the "License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

http://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and
limitations under the License.

#![allow(unused) ]

use core::fmt::{self, Write};
use core::ptr::{addr_of, addr_of_mut};

/1

ANCHOR: Flags

use bitflags::bitflags;

bitflags! {

/// Flags from the UART flag register.
#[repr(transparent) ]
#[derive(Copy, Clone, Debug, Eq, Partialkq)]
struct Flags: ul6 {

/// Clear to send.

const CTS = 1 << 0Q;

/// Data set ready.

const DSR = 1 << 1;

/// Data carrier detect.

const DCD = 1 << 2;

/// UART busy transmitting data.

const BUSY = 1 << 3;

/// Receive FIFO is empty.

const RXFE = 1 << 4;

/// Transmit FIFO is full.

const TXFF = 1 << 5;

/// Receive FIFO is full.

const RXFF = 1 << 6;

/// Transmit FIFO is empty.

const TXFE = 1 << 7;

/// Ring indicator.
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const RI = 1 << 8;
}

}
// ANCHOR_END: Flags

bitflags! {
/// Flags from the UART Receive Status Register / Error Clear Register.
#[repr(transparent) ]
#[derive(Copy, Clone, Debug, Eq, PartialEq)]
struct ReceiveStatus: ul6 {
/// Framing error.
const FE = 1 << 0;
/// Parity error.
const PE = 1 << 1;
/// Break error.
const BE = 1 << 2;
/// Overrun error.
const OE = 1 << 3;

}

// ANCHOR: Registers
#[repr(C, align(4))]
struct Registers ({
dr: ule6,
_reserved@: [u8; 27,
rsr: ReceiveStatus,
_Yeservedl: [u8; 197,

fr: Flags,
_reserved2: [u8; 6],
ilpr: u8,

_reserved3: [u8; 3],
ibrd: ul6,
_resexrved4: [u8; 2],
fbrd: us8,

_reserved5: [u8; 317,
lcr_h: us8,
_Yeserved6: [u8; 3],
cr: ulé,

_reserved7: [u8; 37,
ifls: u8,

_reserved8: [u8; 31,
imsc: ul6,
_reserved9: [u8; 2],
ris: ule,
_reservedl®: [u8; 2],
mis: ul6,
_Yeservedll: [u8; 2],
icr: ulé,
_Yeservedl2: [u8; 2],
dmacr: u8,
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_Yeservedl13: [u8; 317,

}
// ANCHOR_END: Registers

// ANCHOR: Uart
/// Driver for a PL@11 UART.
#[derive(Debug) ]
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.
11/
/11 # Safety
vy
/// The given base address must point to the MMIO control registers of a
/// PL@11 device, which must be mapped into the address space of the process
/// as device memory and not have any other aliases.
pub unsafe fn new(base_address: *mut u32) -> Self {
Self { registers: base_address as *mut Registers }

}

/// Writes a single byte to the UART.
pub fn write_byte(&self, byte: u8) {
// Wait until there is room in the TX buffer.
while self.read_flag_register().contains(Flags::TXFF) {}

// 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)
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fn read_flag_register(&self) -> Flags {
// Safe because we know that self.registers points to the control
// registers of a PLO11l device which is appropriately mapped.
unsafe { addr_of!((*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
// accessed from any context.
unsafe impl Send for Uart {}

Cargo.tom] (& ERZ AR ST HIEHH)
[workspace]

[package]

name = "rtc"
version = "0.1.0"
edition "2021"
publish = false

[dependencies]
arm-gic = "0.1.0"
bitflags = "2.4.2"

chrono = { version = "0.4.34", default-features = false }
log = "0.4.21"
smccc = "@0.1.1"

spin = "0.9.8"

[build-dependencies]
cc ="1.0.88"

build.rs (EIEZ AR LT 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

/1

/1 http://www.apache.org/licenses/LICENSE-2.0

//
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//
//
/1
/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() {

}

#[cfg(target_os = "linux")]
env::set_var("CROSS_COMPILE", "aarch64-linux-gnu");
#[cfg(not(target_os = "linux"))]
env::set_var("CROSS_COMPILE", "aarch64-none-elf");

Build: :new()
.file("entry.S")
.file("exceptions.S")
.file("idmap.S")
.compile("empty")

entry.S (EIER% AR EAH IIHE)

/*

*

* ok F ok ok F F * ok * * ¥

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, :1lol2:\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
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.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 TTBRO_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.

*/

.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, 0x1 << 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, @x1 << @

/* 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, Ox1 << 7

.set .L_SCTLR_EL1_RES1, (@x1 << 11) | (@x1 << 2@) | (@x1 << 22) | (@x1 << 28) | (0Ox1 <<
.set .Lsctlrval, .L_SCTLR_ELx_M | .L_SCTLR_ELx_C | .L_SCTLR_ELX_SA | .L_SCTLR_EL1_ITD |
.set .Lsctlrval, .Lsctlrval | .L_SCTLR_ELx_I | .L_SCTLR_EL1_SPAN | .L_SCTLR_EL1_RES1

/**

* This is a generic entry point for an image. It carries out the operations required t«
* loaded image to be run. Specifically, it zeroes the bss section using registers x25
* prepares the stack, enables floating point, and sets up the exception vector. It pre:
* for the Rust entry point, as these may contain boot parameters.

*/
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.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
* 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
0: cmp x29, x30
b.hs 1f
stp xzr, xzr, [x29], #16
b 0b

1: /* Prepare the stack. */
adr_1 x30, boot_stack_end
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/*

*

* ok ok ok ok ok F o ok ok F F *

~

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
exceptions.S (G fERZ AR EAAHE HIHE) :

Copyright 2023 Google LLC

Licensed under the Apache License, Version 2.0 (the "License");

you may not use this file except in compliance with the License.

You may obtain a copy of the License at

https://www.apache.org/licenses/LICENSE-2.0

Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and
limitations under the License.
/
*

Saves the volatile registers onto the stack. This currently takes 14
instructions, so it can be used in exception handlers with 18 instructions
left.

* ok F F * o

*
*

On return, x@ and x1 are initialised to elr_el2 and spsr_el2 respectively,
which can be used as the first and second arguments of a subsequent call.
/

.macro save_volatile_to_stack

/* Reserve stack space and save registers x@-x18, x29 & x30. */
stp x@, x1, [sp, #-(8 * 24)]!

stp x2, x3, [sp, #8 * 2]

stp x4, x5, [sp, #8 * 4]

stp x6, x7, [sp, #8 * 6]

stp x8, x9, [sp, #8 * 8]

stp x10, x11, [sp, #8 * 10]

stp x12, x13, [sp, #8 * 12]
stp x14, x15, [sp, #8 * 14]
stp x16, x17, [sp, #8 * 16]
str x18, [sp, #8 * 18]

stp x29, x30, [sp, #8 * 20]
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/*

* Save elr_ell & spsr_ell. This such that we can take nested exception
* and still be able to unwind.

*/

mrs x0, elr_ell

mrs x1, spsr_ell

stp x0, x1, [sp, #8 * 22]

.endm

/**

* 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. */
1dp x2, x3, [sp, #8 * 2]
ldp x4, x5, [sp, #8 * 4]
ldp x6, x7, [sp, #8 * 6]
1dp x8, x9, [sp, #8 * 8]
1dp x10, x11, [sp, #8 * 10]
1dp x12, x13, [sp, #8 * 12]
ldp x14, x15, [sp, #8 * 14]
ldp x16, x17, [sp, #8 * 16]
ldr x18, [sp, #8 * 18]
1dp x29, x30, [sp, #8 * 20]

/* Restore registers elr_ell & spsr_ell, using x@ & x1 as scratch. */
1dp x@, x1, [sp, #8 * 22]

msr elr_ell, x@

msr spsr_ell, x1

/* Restore x0 & x1, and release stack space. */
ldp x@, x1, [sp]l, #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
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restore_volatile_from_stack
msr spsel, #0

eret
.endm
/**
* This is a generic handler for exceptions taken at the current EL while using
* SPx. It saves volatile registers, calls the Rust handler, restores volatile
* registers, then returns.
*
* This also works for exceptions taken from 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 3@ instructions, under the limit of 32.
*/

.macro current_exception_spx handler:req
save_volatile_to_stack
bl \handler
restore_volatile from_stack
eret
.endm

.section .text.vector_table_ell, "ax"
.global vector_table_ell
.balign ©0x800
vector_table_ell:
sync_cur_sp@:
current_exception_sp@ sync_exception_current

.balign ©x80
irq_cur_spo:
current_exception_sp@ irq_current

.balign @x80
fig_cur_sp0:
current_exception_sp@ fiq_current

.balign 0x80
serr_cur_sp@:
current_exception_sp@ serr_current

.balign ©x80
SyNnc_Cur_spx:
current_exception_spx sync_exception_current

.balign ©x80

irq_cur_spx:
current_exception_spx irq_current
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.balign ©x80
fig_cur_spx:
current_exception_spx fiq_current

.balign @x80
Serr_cur_spx:
current_exception_spx serr_current

.balign ©x80
sync_lower_64:
current_exception_spx sync_lower

.balign 0x80
irqg_lower_64:
current_exception_spx irq_lower

.balign ©x80
fig_lower_64:
current_exception_spx fiq_lower

.balign @x80
serr_lower_64:
current_exception_spx serr_lower

.balign @x80
sync_lower_32:
current_exception_spx sync_lower

.balign 0x80
irqg_lower_32:
current_exception_spx irq_lower

.balign ©x80
fig_lower_32:
current_exception_spx fiq_lower

.balign @x80
serr_lower_32:
current_exception_spx serr_lower

idmap.S (ffERZ TR EEH IEIHE)

/*
* 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
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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 * *

.set .L_TT_TYPE_BLOCK, @x1
.set .L_TT_TYPE_PAGE, 0x3
.set .L_TT_TYPE_TABLE, 0x3

/* Access flag. */
.set .L_TT_AF, Ox1 << 10
/* Not global. */
.set .L_TT_NG, Ox1 << 11
.set .L_TT_XN, 0x3 << 53

.set .L_TT_MT_DEV, 0x0 << 2 // MAIR #@ (DEV_nGnRE)
.set .L_TT_MT_MEM, (@Ox1 << 2) | (@x3 << 8) // MAIR #1 (MEM_WBWA), inner shareable

.set .L_BLOCK_DEV, .L_TT_TYPE_BLOCK | .L_TT_MT_DEV | .L_TT_AF | .L_TT_XN
.set .L_BLOCK_MEM, .L_TT_TYPE_BLOCK | .L_TT_MT_MEM | .L_TT_AF | .L_TT_NG

.section ".rodata.idmap", "a", %progbits
.global idmap
.align 12
idmap:
/* level 1 */
.quad .L_BLOCK_DEV | 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
Lfill 255, 8, 0x0 // 255 GiB of remaining VA space
image.ld (f&GEZ A REZHE ILIEH) !
/ *
* 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.
*/
/ *
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* Code will start running at this symbol which is placed at the start of the
* image.

*/

ENTRY (entzry)

MEMORY
{

}

SECTIONS
{

image : ORIGIN = 0x40080000, LENGTH = 2M

/*

* Collect together the code.

*/

.init : ALIGN(4096) {
text_begin = .;
*(.init.entry)
*(.init.*)

} >image

text @ {

*(.text.*)

} >image

text_end = .;

/*

* Collect together read-only data.

*/

.rodata : ALIGN(4096) {
rodata_begin = .;
*(.rodata.?*)

} >image

.got : {

*(.got)

} >image

rodata_end = .;

/*
* Collect together the read-write data including .bss at the end which
* will be zero'd by the entry code.
*/
.data : ALIGN(4096) {
data_begin = .;
*(.data.*)
/*
* The entry point code assumes that .data is a multiple of 32
* bytes long.
*/
. = ALIGN(32);
data_end = .;
} >image
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/* 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);
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 (fJER%ANTR Z52 H IEIHE) :
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.

HHFHFHFHHFHFHHFHHH
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UNAME := $(shell uname -s)
ifeq ($(UNAME),Linux)

TARGET = aarch64-linux-gnu
else

TARGET = aarch64-none-elf
endif
OBJCOPY = $(TARGET)-objcopy

.PHONY: build gemu_minimal gemu qemu_logger
all: rtc.bin

build:
cargo build

rtc.bin: build
$(OBJCOPY) -0 binary target/aarch64-unknown-none/debug/rtc $@

gemu: rtc.bin
gemu-system-aarch64 -machine virt,gic-version=3 -cpu max -serial mon:stdio -display

clean:
cargo clean
rm -f *.bin
.cargo/config.toml (%175 BAE TR HIHH)

[build]
target = "aarch64-unknown-none"
rustflags = ["-C", "link-arg=-Timage.1ld"]

i make qgemu £ QEMU H#if TA2 5 o

56.2 Rust #{EEB3E - NP

RTC BEHf2:X
CRESHE)

main.rs

#! [no_main]
#![no_std]

mod exceptions;
mod logger;
mod ploll;
mod pl@31;

use crate::pl@31::Rtc;

use arm_gic::gicv3::{Intld, Trigger};
use arm_gic::{irq_enable, wfi};
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use
use
use
use
use
use
use
use

117

const GICD_BASE_ADDRESS: *mut u64
const GICR_BASE_ADDRESS: *mut u64

/117

chrono: :{TimeZone, Utc};
core::hint::spin_loop;

crate: :pl011::Uart;
arm_gic::gicv3::GicV3;
core::panic::PanicInfo;

log::{error, info, trace, LevelFilter};
smccc: :psci::system_off;

smccc: :Hvc;

Base addresses of the GICv3.
0x800_0000 as _;
Ox80A_0000 as _;

Base address of the primary PL@11 UART.

const PLO11_BASE_ADDRESS: *mut u32 = 0x900_0000 as _;

/1117

Base address of the PL@31 RTC.

const PL@31_BASE_ADDRESS: *mut u32 = 0x901_0000 as _;

/117

The IRQ used by the PL@31 RTC.

const PL@31_IRQ: IntId = IntId::spi(2);

#[no_mangle]
extern "C" fn main(x0: ub4, 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();

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(), 0).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;
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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! (
"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();

}

#[panic_handler]

fn panic(info: &PanicInfo) -> ! {
error!("{info}");
system_off::<Hvc>().unwrap();
loop {}

}

plo31.rs:
use core::ptr::{addr_of, addr_of_mut};
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#[repr(C, align(4))]
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; 317,

/// Interrupt Clear Register
icr: u8,

_Yesexrved4: [u8; 3],

}

/// Driver for a PL@31 real-time clock.
#[derive(Debug) ]
pub struct Rtc {

registers: *mut Registers,

}
impl Rtc {
/// Constructs a new instance of the RTC driver for a PL@31 device at the
/// given base address.
vy
/11 # Safety
11/
/// 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.
pub unsafe fn new(base_address: *mut u32) -> Self {
Self { registers: base_address as *mut Registers }
}
/// Reads the current RTC value.
pub fn read(&self) -> u32 {
// Safe because we know that self.registers points to the control
// registers of a PL@31 device which is appropriately mapped.
unsafe { addr_of!((*self.registers).dr).read_volatile() }
}
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/// Writes a match value. When the RTC value matches this then an interrupt
/// will be generated (if it is enabled).
pub fn set_match(&mut self, value: 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_mut!((*self.registers).mr).write_volatile(value) }

/// Returns whether the match register matches the RTC value, whether or not
/// the interrupt is enabled.
pub fn matched(&self) -> bool {
// Safe because we know that self.registers points to the control
// registers of a PL031 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.
vy
/// This should be true if and only if “matched® returns true and the
/// interrupt is masked.
pub 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 & ox01) =10

/// Sets or clears the interrupt mask.
/17
/// When the mask is true the interrupt is enabled; when it is false the
/// interrupt is disabled.
pub 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.

pub 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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B 57

B Rust 1Y

RELE v

Rust /] OS $UTHEFERCE B RSHAIEE AR SERE SR A TR P o

TERF R 2 S THARG AT SH SR A 2y A s S B SR A @ A2 PR > Rust A5 R 1 B2 A (1 g2 3l g 2 [
TEAT ) R 2 VR A] DURRE SRR A ~ BECRETHARES EMEAE (F: -

* 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 1R 75 FUBELHEAN 5 = 0L

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 ERFEEPUTAETEHELE ©
o HUTEERRYS & BN A IEILAER -
— QRSN AT H downcast_ref fERREEE o

Rust thread APIs look not too different from e.g. C++ ones.
HATHB

— 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

— 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 LEAES (A {5 FI AT &R -
* A Rust —ffE AR DT DUl — 8B T4% DURT 877 SUE s T R R AU TR DU T 5
J7RfER
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Rust 78 73 2 fE#S77 © Sendexr<T> 1 Receiver<T> JaRifElil /) &M@ aEEMH HIR I AEE i
Bt 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());

e mpsc (RRZELEH W—HEE o Sender f1 SyncSender §EE Clone (FHNEIELEA
E#) {H Receiver g o

» send() fl recv() &{E[E Result AEMEEINZE Exr FREER Sender 3¢ Receiver B
TR HAEE ERAE o

59.1 MESFRAEE

{RATLUEF mpsc: : channel () BUSERRIVIERDEA

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 @ E AT 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 RIAEIREENE ST
4B AE e AR 2 FH ZE -

o MREECERE ¥ send FFEIY LS HEGHE A BEUREERR (FTLAEr {310 Result) SRR eSS 20T
EHEM SRR o

s RKAINAZBHZREERATGEEE) HHEEAFEEMGHZEHRTBITAE H2HE MBI T4E Y
read %1k -
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% 60 =

Send #1 Sync

Rust A RIERE (AR A TAE R = A7 HORE 2 25 S DU T R (R R

o Send WIRATLUR T AERITHE SRR 2 A2 AR50 T s &2 Send -
* Sync JANRATLURE &T EHATHE S SR H 2 288 A5 T il &2 Sync »

Send 1 Sync 2 & 2= AR A R & HiA Send #1 Sync IR - fReEes st & B E)
MRAREL A 2 PR EAE Send F1 Sync SETFANSRIRETE MRV A2 B - ] LFEEIE o

o TEERRAT R AR AR S AR R TR L BB -
o BRI G — IR T IR TZ R AR o

60.1 Send

YERATLURE T HZ ZEREHARTHE 250 T &2 Send -

P RS B A B TAR R4S SR 2 T destructors ) @ TERZHUTAE 1 BT SR RIE R AIRFRETE —
AT RE TR IC B —EHE - M AE S — BB TRE R BCE (BHEL T RO IR AE o

BHIAHT B SQLite BURHE AL AEE R B —HATHE 17HK -

60.2 Sync

AR AT LARIRE 2 BB TAE L T A8 - 2451 T si@ 2 Sync o
FEASHERE AT -
&T WZE%E Send » T A2 Sync

EERMEANFR A ERR ] DUERERBU T 2 2 AT T8O E R BIR2% En] U2 2RI
BRI LA A T4 o

JERAETR AN SRAL G 2 Sync FoRAETE SR TAR < R A 12 EOR i 38 sCH A [R) 25 P R A B 81 L AT
D2z 2R B A TAE Lo B A U LI T/ 2 2 R 25 B R BRI 25 AR it
R HAHATHE 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

TRBEIHZ B &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> - ...

o Arc<T> EME T2 E T BAAMY I TAE 2 R o

o Mutex<T> UEMNEIEHE RFHRERTEHUTAE L4 ©

» AtomicBool ~ AtomicU8 - ... :ffi IR F 1457 o

MRHNZEUE Send + Sync > —fRAGIEFEHEE Send + Sync °

Send + !Sync

DUR R R USRS B AT BN GBI HUTHE 2 2 o JRRUEH AR AR ] S8 1

* mpsc: :Sender<T>

* mpsc::Receiver<T>
* Cell<T>

* RefCell<T>

!Send + Sync
DURURI @ B (T4 22 2 E RS A T4
* MutexGuard<T> i OS g MR TCH: B RUTIF BT ZITF I $UT4E LRGN

%O
!Send + !Sync

DURRIBIA GRS THE 2 2 ik ms S H AT

o Rc<T> & Rc<T> #iA — 1 RcBox<T> 2% Hi @& — JEEFLE L -
« *const T *mut T:Rust FREFEHIEEEATRERRRN WATE &
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Rust & {8 AR50 2t oaii [R5 = AU EORE 32 BE M AR 1) T

o Arc<T> JHF2EFEA T ORMBITEMAE=RE I B ERESEWERBRAERN T 1Y
ACTEAE o
» Mutex<T> HECRAESRAE T (E R AT 5 S8 17 HURE o

61.1 Axc

Arc<T> m]%#a Arc: : clone BvfS L= MisE 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 78l Rc MBITHEZ SRR G R 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() SEEBHITH FHERNEMH HRERERIR T AREMEH -
HESEIER - Axc M A RER ISR aRE 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> RGN EIE o

* Mutex in Rust looks like a collection with just one element — the protected data.
- RASHUS EREH A REF R (RERIE R -
o NS AR &Mutex<T> Hif$ &mut T o MutexGuard AJfE(R: &mut T MEGAE
B FTRA AIEH 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?
— WIERFFA Mutex HIBUTAE S A2 > Mutex SR & TrhaE) et HORERERIATAER IR —
BAIREE AR E L E EREEFEN lock () > &34 PoisonExrror $H% JEamil{] fK
HBRT LUBBERRIENY into_innex () R1ER &k} o

61.3 #uffl

BMHKEE Arc fl Mutex HIERIERE

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:?}");

}

AIAERIMRTR TS

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 BRI A Arc 1 Mutex 1R A& % & G A HHRE o
— % Mutex WA Arc JZIEBUTAEE = rT S RRE 1 & R o
o v: Arc<_> BEEHN v2 A REEB R HAMITEE F5ER > move B E lambda #E ©
o RAEM FRE4E/ N LockGuard FIEE
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o BEZMERNE AEHMATITAREE -

o ZHYUTHEERE TR AT DUEEE A HE A Cargo NRUKRIITTH: ARE[F IRpba & A
SERARE 1R AT DUE BRI LRI T 5

62.1 PEZMMENE

25 B R R A A A T AR

BT R EAE R sk B AR A B RN R AR 2 A — T o
B R AR FAR R R AN 6 E IR S X F A RE = S B R AR B A & o H
IR TR EE X F A RENCEIFANA it HA SR E 2 RAERE (MIFER)
N A RENIS S X T LB B RIZ5E R G FIRHR NS T o

E TERRE TR AR AR Z 4 Cargo s UL PRI R E# 2y stc/main. rs AURERE HEZHE AR
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))
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.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 ZHUTHEHEATRRA A

AR HT 22 AR AR L 2 T RE A R E TR % T AEICA HRAYG RE HE LR S A
R A FE LR 7 SRR AR R A s b B L i B RIBR R e A i A 1k o

Zoltt AEREALEH HTTP AP B4l request $EENHTH Cargo HE A AL NE2 ¥ reqwest
AR T

cargo new link-checker
cd link-checker
cargo add --features blocking,rustls-tls reqwest

4 cargo add & B i ¥ /R error: no such subcommand % F B 4 #E
Cargo. toml #HZ wHHTE MYMKI I o

TR ERIR B S 2t M ATLUEA scraper :

cargo add scraper

Bf% PR E RN 7T St B G thiserror :
cargo add thiserror

cargo add MENY&EEHr Cargo. toml KEZE A1 N
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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] DUN BG4 B 5 DU B el ia 1R B4 https://www.google.oxrg/ °
src/main. rs HEEEL R @

use reqwest::blocking::Client;
use reqwest::Url;

use scraper::{Html, Selector};
use thiserror::Error;

#[derive(Error, Debug)]

enum Error {
#[error("request error: {0}")]
ReqwestError (#[from] reqwest::Error),
#[error("bad http response: {0}")]
BadResponse(String),

}

#[derive(Debug) ]

struct CrawlCommand {
url: Url,
extract_links: bool,

}

fn visit_page(client: &Client, command: &CrawlCommand) -> Result<Vec<Url>, Error> {
println!("Checking {:#}", command.url);
let response = client.get(command.url.clone()).send()?;
if !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)
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.filter_map(|element| element.value().attr("href"));
for href in href_values {
match base_url.join(href) {
Ok (link_url) => {
link_urls.push(link_url);
}
Exrr(err) => {
println!("On {base_url:#}: ignored unparsable {href:?}: {err}");
}
}
}
Ok(link_urls)
}

fn main() {
let client = Client::new();
let start_url = Url::parse("https://www.google.oxrg").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: {exr:#}"),
}
}

ERHLLTIES 7E sTc/main. rs THTREEE ¢
cargo run

TAE

o [FBATEER R A AL AR (AN R PR AR TAE R A A AL
o JRFRIETEIIAE LUEE 77 AN HAEL www . google . org A8I T A B A o B IR A
100 A LU EIAu,E5H o

62.3 AT : BPAE

PSR

CRIAIBRE)

use std::sync::{mpsc, Arc, Mutex};
use std::thread;
use std::time::Duration;

struct Fork;

struct Philosopher {
name: String,
left_fork: Arc<Mutex<Fork>>,
right_fork: Arc<Mutex<Fork>>,
thoughts: mpsc::SyncSender<String>,
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}

impl Philosopher {
fn think(&self) {
self.thoughts
.send(format! ("Eureka! {} has a new idea!", &self.name))
.unwrap();
}

fn eat(&self) {
println!("{} is trying to eat", &self.name);
let _left = self.left_fork.lock().unwrap();
let _right = self.right_fork.lock().unwrap();

println!("{} is eating...", &self.name);
thread: :sleep(Duration: :from_millis(10));

}

static PHILOSOPHERS: &[&str] =
&["Socrates", "Hypatia", "Plato", "Aristotle", "Pythagoras"];

fn main() {
let (tx, rx) = mpsc::sync_channel(10);

let forks = (@..PHILOSOPHERS.len())
.map(|_| Arc::new(Mutex::new(Fork)))
.collect::<Vec<_>>();

for i in 0..forks.len()
let tx = tx.clone();
let mut left_fork = Arc::clone(&forks[i]);
let mut right_fork = Arc::clone(&forks[(i + 1) % forks.len()1);

{

// To avoid a deadlock, we have to break the symmetry
// somewhere. This will swap the forks without deinitializing
// either of them.
if i == forks.len() - 1 {
std::mem: :swap(&mut left_fork, &mut right_fork);
}

let philosopher = Philosopher {
name: PHILOSOPHERS[i].to_string(),
thoughts: tx,

left_fork,
right_fork,

}

thread: :spawn(move || {

for _ in 0..100 {
philosopher.eat();
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philosopher.think();
}
1)
}

drop(tx);

for thought in rx {
println! (" {thought}");

}

SR

CRIAIBRE)

use std::sync::{mpsc, Arc, Mutex};
use std::thread;

use reqwest::blocking::Client;
use reqwest::Url;

use scraper::{Html, Selector};
use thiserror::Error;

#[derive(Error, Debug)]

enum Error {
#[error("request error: {0}")]
ReqwestError (#[from] reqwest::Error),
#[error("bad http response: {0}")]
BadResponse(String),

}

#[derive(Debug) ]

struct CrawlCommand {
url: Url,
extract_links: bool,

}

fn visit_page(client: &Client, command: &CrawlCommand) -> Result<Vec<Url>, Error> {
println!("Checking {:#}", command.url);
let response = client.get(command.url.clone()).send()?;
if !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()?;
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let document = Html::parse_document(&body_text);

let selector = Selector::parse("a").unwrap();
let href_values = document
.select(&selector)
.filter_map(|element| element.value().attr("href"));
for href in href_values {
match base_url.join(href) {
Ok(link_url) => {
link_urls.push(link_url);
}
Err(err) => {
println!("On {base_url:#}: 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: &Uxrl) -> bool {
let Some(url_domain) = url.domain() else {
return false;
3,
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_xeceiver: mpsc::Receiver<CrawlCommand>,
result_sender: mpsc::Sender<CrawlResult>,
thread_count: u32,
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) 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();
loop {

let command_result = {
let receiver_guard = command_receiver.lock().unwrap();
receiver_guard.recv()

i

let Ok(crawl_command) = command_result else {
// The sender got dropped. No more commands coming in.
break;

i

let crawl_result = match visit_page(&client, &crawl_command) {
Ok(link_urls) => Ok(1link_urls),
Err(error) => Err((crawl_command.url, error)),

H

result_sender.send(crawl_result).unwrap();

3.
}

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(&uxrl);
let crawl_command = CrawlCommand { url, extract_links };
command_sender.send(crawl_command) .unwrap() ;
pending_urls += 1;
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}
}
Err((url, error)) => {
bad_urls.push(url);
println!("Got crawling error: {:#}", error);
continue;

}
}
bad_urls
}

fn check_links(start_url: Url) -> Vec<Url> {
let (result_sender, result_receiver) = mpsc::channel::<CrawlResult>();
let (command_sender, command_receiver) = mpsc::channel::<CrawlCommand>();
spawn_crawler_threads(command_receiver, result_sender, 16);
control_crawl(start_url, command_sender, result_receiver)

}

fn main() {

let start_url = reqwest::Url::parse("https://www.google.org").unwrap();
let bad_urls = check_links(start_url);
println!("Bad URLs: {:#?}", bad_urls);
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63 =
JEFIZV ) Rust

FIER (async) & —FEiRF 2B O THATRIR I fEEtRAVIECA 5 Horh — a1 75 A BHZERRE
IR BB & ST R S — A ] BATRIE S Ja iR e E U THBE A IRAVERSE N T KBNS &
T2 DR 2% B IR 55 P 28 PO ) 8 208 5 ARAER. i ELAV 2 SRR BB R A Th AR RE S A Rt Ml T R BE A /0 o

Rust FIERPR(EZZER future | 2R AR ATREFEARARSERAI TAE < Future & &£ #isH (poll) )
HIREE EEIC A E SRR TAF CAS R e o

Future &4 3K 2 WA TR (runtime) s M SV TER A 3 28 o

bLi

« Python A — B LA EL A asyncio of % asyncio WY Future T 2 MR 5% [H] I K 8
(callback) midF#z JEFA ) Python #2 7R 2N 7E R (loop) J 2R FE R Rust HUEITIRES o

* JavaScript #J Promise 2B LIRIHES (B2 EHA EIFFER &L - JavaScript HIGE S HUTIRIRE
1E T E (event loop) ATLAREE TR 2 @72 Promise FYpE FEAHHT o

63.1 async/await

EER A ERE JEFRDH Rust F2 A0 E EARRG T —AH ) RS2

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));
}
EHZERN
o EEE N2 EEREE BB r#iiE GRS e i fIAE XS E g A R ERRFMH
HEATHIHRE R A B IEROHTIERE |
o QRIS HIFE R0 bR B [ {ER 1) 2
- f£ main FEHEA let feature: () = async_main(10); UEERIE -

» The ”"async” keyword is syntactic sugar. The compiler replaces the return type with a
future.

o PRAEERE main RBUEDRAIERD R B BRIFIRE RS RIS NaE 1 4 frl B2 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 GIERPHERFHMBRERITERE HR block_on @ .await NEFHIEEATHIFITH
* .await can only be used inside an async function (or block; these are introduced later).

63.2 Futures

Future Z2—RRH MHBIEEERER RREEIFFHARTTK 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,

}

JERA R & EE impl Future &M AT L% B CAY AL E AF Future AHRH R HR B 5K & e
tokio: : spawn {#[E¥) JoinHandle & & {E Future LIERFEE o

1717 Puture 9 . await W @ 2 EATNIEFSER EIE) Puture Mt 4 51 @it FLItH

* Future 1 Poll RUBIRYE(E77 o2 AR BEBEEGE RIS P EFEETT K o

o TMAEHRE Pin M0 Context AR & HERAR T IEF A2 MIEENHHIEFRI AT -
i B AR

- Context ftif Future fEF 3R ZHE B 5 PR Hidf o

- Pin Alf§ER Future fERCISAE - NMEASE) 78kk#% Future FUTSHERIMERF AR ANE fLFF 208
fE . await BFHEA RN EEMEA 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

TPATERSS ) SR DI RIS 77 TS (TR IERR ) ) A B H#UT Future ( T#4T4%) ) ° Rust iRATA

H BITREER (Bt 2R8I

* Tokio :3MAE B4 -HAEEINAELERE 248 Blal@ AR HTTP /) Hyper 808 iR gRPC 1Y

Tonic e

* async-std : HEEZ2 M2 fasync Y std) AfifE async: :task REAEARPUTERET

o smol : fifj i
T2 RAEAE A EENRITIRIR 45140 > Fuchsia B8 —E#UTEREE ©

o FETER TEAIHIMBATER R » Rust Playground H3#% Tokio ° Playground A &L /O »

DRI ER o3 A BB B[R] 22 115 s ST 7 Playground FRERAT o

* BRIERESZ I TaR B @ I Future A& HITEMMER (EEAFRE) 1/0 1£3) Rt Future 2
AT R 98 —B58 S Promise Al SRHIAGE &H AR ERAE & BITEE RS 1L

63.3.1 Tokio

Tokio fefit A MIHE !

o BUTIERID R Z I TRERA TR B ©
o PRERRUBERIIERID 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;

}

#[tokio: :main]
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;

}

* & tokio: :main B FRMBILERTLUE main JEFELD ©
* spawn R EG@EHNATI TAE] o
o EE : spawn €HH Future A& count_to LAY .await
BRI
o Zft/E count_to GEH) A& 10 ? E2IEFP BUHIHF B2 tokio
FIr {8 [al e A RS AT DU 2 S5 15 o

o B count_to(10) .await /MiIEERHELAREE o
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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

o BERERE tokio: : spawn fEEIY T 1 o

63.4 TA1E

Rust (Y L1E RS2 R EIUTHEREN

—IHT{FEA—EIHE Future T8 @isfs% Future RAEEEE % Future AJAEA — B H Sk
Future -t pol1 757k T &M S AL HEE: o b 2 {18 7 7H Future (BI45SHHsTRe s A
I/0 E3€) RIRIE TR BB TR o

use tokio::io::{self, AsyncReadExt, AsyncWriteExt};
use tokio::net::TcpListener;

#[tokio: :main]

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
}
}

T (A E 5 E T T EY sTc/main. s PABIETHAT o
FHESFIF TCP HiAR T AR HAR 40 nc ¢ telnet ©
o SHERA DENG E B E G (A R A EL A &8 O AR P R AREE «& A L T/E 2 Future Zfd] ?

« BRERMEBE—-RED async &L PR CUEEL (BB ZAEAT 5 8 H B E1E % Future JHLUR
async fno

o BIEREID EIRER AR A ? SR o
63.5 JEREE

AL Crate XRIEFIPEE Hl40 tokio :

use tokio::sync::mpsc::{self, Receiver};

async fn ping_handler(mut input: Receiver<()>) {
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https://www.unix.com/man-page/linux/1/nc/
https://www.unix.com/man-page/linux/1/telnet/

let mut count: usize = 0;

while let Some(_) = input.recv().await {
count += 1;
println!("Received {count} pings so far.");

}

println!("ping_handler complete");
}

#[tokio: :main]
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 RFEHER/NETE 2y 3 WRARG B A TIEER R o

o BB S SN EEAURE FEEP BRI sync B o

HEMBER std: :mem: :drop WEAY ofr ZF AR (BB ? A tEE ?

Flume Crate EAFRIREE sync Ml async 1Y send fl recv Wi #AA 10 AIKE CPU &

TR I AR St & (A o

ﬂ%ﬁggiﬁ?ﬁé\ﬁﬂﬂ async &7 2R A EEEAEEHAM future BELASS e B EFERIPE
IIRAZ o
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https://google.github.io/comprehensive-rust/async/concurrency/channels.md
https://docs.rs/flume/latest/flume/

P64 &=
Future £l

Future rIMIEOF EANATERRRE SRMC 48 TOE TSR I RS T IR AT -

L ora
.

64.1 MIA

GEEEGEREE Future S£5 A NEREZMEEIR —REE S5 LUR JavaScript H#HY
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())

}

#[tokio: :main]
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 A G 148 B AT A sTc/main. rs AEREP#IT o
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o FHRZEARFREGIN Future AT LU#EH std: : future: : join! AHREHIESR 2R A 2 /D
Future & Haifi? futures Crate # ARABIETE std: : future FEHFEEAR ©

* join MYJEBEEFAE Future RIAEMEIARRI A0 S

o BRI AR AT GFA join_all A1 join! #RFATAERGEGE HTTP IR ERHES )
B futures: :join! #¥ tokio: :time: :sleep Hi# % Future a3 JEMRF CARF T
% select! "F—EHEHMA) MEnE join! o

64.2 #HEHL

AR 2E g % B {E T — 4 Future 5 5t 4% > 7 & B 5% Future A9 45 542 At [\ fE %5 B
i* JavaScript # #J Promise.race °ff Python H - H| A] Bl asyncio.wait(task_set,
return_when=asyncio.FIRST_COMPLETED) th# o

FALUAEEBBA N - select! WFEMA 2D #XE% pattern = future => statement °
B future ¥EMRLAE T [BEE & pattern i@ 23 > statement TR & H H E AR E -
statement #R A select! EEMGER o

use tokio::sync::mpsc::{self, Receiver};
use tokio::time::{sleep, Duration};

#[derive(Debug, PartialEq)]
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? })

}

#[tokio: :main]
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.");
+)s

mpsc::channel(32);
mpsc::channel(32);

let winner = first_animal_to_finish_race(cat_receiver, dog_receiver)
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.await
.expect("Failed to receive winner");

println!("Winner is {winner:?}");

o S lEEF 2 EN o first_animal_to_finish_race @R EmM{HEE E Al PhEfeiES o
HAET 50 =) KRB TEE 500 ZFAI5H -

o T MEREEGI AART DA oneshot & 1K 28 HE HERI—E send °
o Bl EHIR REEESE Future AIHIE ©

o PR > select! FREAMHN D IIRA 48 &HUH Future s& 8 XHAT select ! FiEBEE
ACHTHY Future HEER 7 5 4 a2 -

- BRITIEEERE &mut future TIEEIE Future A5 HiE nlAEE S TEIMRE SEANR 50
# H pinning #5¢ 5 ©
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%65 H
async/await [V

async/await i TIERIP AR A BEHE AL T EAA DR IR S T4 > Rust H1/Y async/await £
A GG R AN & AT G H R

o [HZEEITAS
* Pin
o JEMEZRE
o HUH

65.1 FHZERITAE

RZBOEFRDPTEREE LA MATHIT 10 TIE 8RR %E CPU Y LIEGHZENITA el Hth TIF
HUT — AR R AR TT I WR e P AEGE A B E R DA R SE R 757K 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()
),
}

#[tokio: :main(flavor = "current_thread")]

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 BUTRESS ARG RBIRIRIRE 23 L MR T34 -

* "current_thread" SAERA ERIATA TOEMIER —BITHE Sa MRATBCR IR B2 T8
SERERR A7 (E % e
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* K std: :thread: :sleep &K% tokio: :time: :sleep Alfi FE{F4ER ©

o B—EEIEHR%A tokio: :task: :spawn_blocking #&n] L BRI TAE Al 42 il SR i
#7y Future M~ &HZEHITES ©

o AR LAEM & OS HUTHE LIEAE 1 3 1 BIE HRHT PTG AFFEE — OS MATHE
HEAT 2 TH TAF of£ A M FET B (42 X8 B8 IRp - 0 5 & 2 il ] 7 -[R] 20 72 2B AT BE & AR
B ERAT 4 AR i 7 22 1) BB IE R E OS #UUT 4K (B4 CUDA) ofEZE FIE Il T w18 S i
tokio: :task: :spawn_blocking e

o SRR GE D BRI B RBHIRRETE L awalt b RTAE & A TRt il BH 28 ~Ha% LA ]
RETE[ —¥fTHE L3IT -

65.2 Pin

JIEIFI 25 AT B 5 100 B 1 FurtuTe AR ) ofe (A S S O 5 . A 52
WL Future sPREFEIIZORL -

FHorpr— SLA AT R B 45 ) HA AR SR B4R AT AL » Future R = HANSCRA AL B DU ia LA i
ESVE

it AR AR PR Eh Future U5 4t R X AEZZ BB E 5 E# o Pin 22 MRAVEEKRK G2 1L
AR a AR B AR AR A 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.
#[derive(Debug) ]
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
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// 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();
work_queue
.send(Work { input, respond_on: tx })
.await
.expect("failed to send on work queue");
rx.await.expect("failed waiting for response")

}

#[tokio: :main]
async fn main() {
let (tx, rx) = mpsc::channel(10);
spawn(worker(rx));
for i in 0..100 {
let resp = do_work(&tx, 1i).await;
println!("work result for iteration {i}: {resp}");

}

o SEAT LRI 2T BT R+ i Bl E G EEE e select! o
o BB TIATRE RN AR AR DURRZIZIEM
- H#EMK _ = sleep(Duration::from_millis(100)) => { println!(..) }
B E select! da/KENGHIT Sl /E?
- WHATE loop ZAMHTIE &A% Future B timeout_fut :
let mut timeout_fut = sleep(Duration::from_millis(100));
loop {
select! {
;.; timeout_fut => { println!(..); },
}
}

- ERAREREF SHEERESES  &mut W E select! 1Y timeout_fut KiE
PR EN(ESE SRR Box: tpin :

let mut timeout_fut = Box::pin(sleep(Duration::from_millis(100)));
loop {
select! {

;.; &mut timeout_fut => { println!(..); },
}
}

~ SEREATLIATIE AR 5 XA @R Po11: Ready (WEE Future HB)HE
TRIRE) <5547V {2 A BN A timeout _fut o

» Box GfEHERE LoD off FEALIBE VLN A AT IR std: pin: ipin! (BIAA#EHFEER ERREE
AEEAF A tokio: :pin!) (HERA S MR CEHTEIRAT Future ©

s BB NRATERZEEAMFEH pin KA ELS —HITE ZTI/EE 100 2P Exs
oneshot &% o
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« WETERHCHIERRE RS B2 — RIS © Rust fEAleE s @R B 5 RSMEk
K] 7% 22 HR Y B 17 R ]S & R ELAR A ZORE o8 IR RIAD 1 A bR SR R SRS A & pl i T A

* Pin B2 MAEERN BT A EREYIIF -6 E T R AT AR oHE 6 R EE /Y
TR AR LIS BN 1

* Future Fr#HY poll 75 ik2 MM Pin<&mut Self> ZMRFIH MIEHH &mut Self oAt »
TR RELE [EE 5 AR L PPALE (V575 o

65.3 JEFRZ

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.
NERFRE dyn 3<% » Crate async_trait $2 AR BRI (EA LB ZRHTT)

use async_trait::async_trait;
use std::time::Instant;
use tokio::time::{sleep, Duration};

#[async_trait]
trait Sleeper {
async fn sleep(&self);

}

struct FixedSleeper {
sleep_ms: u64,

}

#[async_trait]
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();
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sleeper.sleep().await;
println!("slept for {}ms", start.elapsed().as_millis());

}

#[tokio: :main]
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 HEASMEH HFHTEE B2 R Bl ACZE RILRUR 8 HER ) i & 78 i)
RAEEIE -
« AW async trait #BS KIRMIE R R Rust AJRERBE SR AN Q1A B ZE AR
7% A] L2 Niko Matsakis 7S5 i SRS MHETEE o
o EaUESZHT I RIRAE SRR ARRZAS MR DE R D E IRIRIN AR . 2B A HORTHE 22 Vec o
65.4 @

&% Future o Future MR Htis sa Mz I ) nlREFAE/E(EAT await iR LI Future
EEHGH ALTEEMER RREFE L BN B A SR K 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);
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}
let s = String::from_utf8(bytes)

.map_exrr(|_| io::Error::new(ErrorKind::InvalidData, "JF UTF-8"))?;
Ok (Some(s))

}

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
}
0k(())
}

#[tokio: :main]
async fn main() -> std::io::Result<()> {
let (client, server) = tokio::io::duplex(5);
let handle = tokio::spawn(slow_copy("hi\nthere\n".to_owned(), client));

let mut lines = LinesReader: :new(server);
let mut interval = tokio::time::interval(Duration: :from_millis(60));
loop {
tokio::select! {
_ = interval.tick() => println!("tick!"),
line = lines.next() => if let Some(l) = line? {
print!("{}", 1)
} else {
break
b
}
}

handle.await.unwrap()?;
0k(())

o W R ITAMEORZ R IVEUH 1R JETRERE APT SIHISX M A5 & async fn (REAAUIREE -
* B panic M1 ? RRE HUHZ EFFERIFAZN — 50 (HEBIRSH 3R )
o PEEREIR R T H R RLERL Y

- SE tick() ARARSETERMR © next () M buf #&ERHERE -

- LinesReader i buf s ARHI— &80 R L ZAVIUE RS

struct LinesReader {
stream: DuplexStream,
bytes: Vec<u8>,
buf: [u8; 17,

}

impl LinesReader {
fn new(stream: DuplexStream) -> Self {
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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)
//

}
« Interval: :tick BEHNRERE Ok FItr R L2 EUEEE o
» AsyncReadExt: :readod.read) & E [ ERISCAFEIE R A AT REORZ B HIHGHESE ©
* AsyncBufReadExt: :read_line BLUAHEHIARMLL o ik (R RAVHGHEE QN EMEAEREIEAN
BRITE B2 R -
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o EARRNR I AR (A A E R faen] DUE S SRS IR AP Rust JIAE ©
SERARE 1R AT DUE BRI LRI T 5

66.1 PR RBENE — JEFD

AR R ERE EEE A o

M ZAT—Fk J2IHARE 7R EAEA 24 Cargo FARF A PMEREEREIY % sTc/main. s FER JHE
ZZHE 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(),

349



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"];

#[tokio: :main]
async fn main() {
// Create forks

// Create philosophers
// Make them think and eat

// Output their thoughts
}
BIORHHIERY Rust KL EFRE tokio MKHTH: SARTLUER R4 Cargo. toml :
[package]
name = "dining-philosophers-async-dine"
version "9.1.0"
edition "2021"

[dependencies]
tokio = { version = "1.26.0", features = ["sync", "time", "macros", "rt-multi-thread"]

BEEER Ja A tokio Crate Hf) Mutex il mpsc f54H o
o B EIE HRES R B — A T4k 2

66.2 JERRINRIEH 2

TEABRE vh AR EEE P T2 AR RN B 1 PR AR BN s AR X oA A — (8 B i el Al s L F =
Uit AR 25 A RHUE. o5 Ui S AT i A P A R P 2 R, 2R B (B R Al il <R 2 A
i B R U ) 2 I FRUE R X ZE BT A H P i o

7yt M e AR AS LRYEREEE AT tokio_websockets AEH P ES & @R o
AR ALY Cargo B AT RAIMKITCH:

Cargo.toml :

[package]

name = "chat-async"

version = "0.1.0"

edition = "2021"

[dependencies]

futures-util = { version = "0.3.30", features = ["sink"] }
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http = "1.0.0"
tokio = { version = "1.36.0", features = ["full"] }

tokio-websockets = { version = "0.7.0", features = ["client", "fastrand", "server",

i API
e EE tokio fl tokio_websockets HFIRYLI RN $HiL& S BRI API ©

* i WebSocketStream EfER) StreamExt::next() : R IER 25 3HE WebSocket B FHATEE o
* H1 WebSocketStream E{ER SinkExt::send() : FHRTE WebSocket i IERHEERE o
e Lines:next_line() : FRIEF EEUE R A AR RIEHERE ©

 Sender::subscribe() : R ETRI BB HE o

A A A

£ Cargo B 2l H HAEA — M —HENAE LUk —{ sTc/main. xs fZE o TH SRR T (8 — s
f&E —ME RN AP U 5 — (8 A AR A SR AR 2 MBS A Cargo HE EIRAM & MOt & RfE —
HENRERI B — Cargo B ZIEMZEE F P il A RS XA sTc/bin T757 G2V
fF) e

D N EIRES I PR RS BIESE] src/bin/server.xs fl src/bin/client.rs F &
TR R aRAAsE lGE Lo 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.

}

#[tokio: :main]
async fn main() -> Result<(), Box<dyn Error + Send + Sync>> {
let (bcast_tx, _) = channel(16);

let listener = TcplListener::bind("127.0.0.1:2000").await?;
println!("listening on port 2000");

loop {

let (socket, addr) = listener.accept().await?;
println!("New connection from {addr:?}");
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let bcast_tx = bcast_tx.clone();
tokio: :spawn(async move {
// Wrap the raw TCP stream into a websocket.
let ws_stream = ServerBuilder::new().accept(socket).await?;

handle_connection(addr, ws_stream, bcast_tx).await
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};

#[tokio: :main]
async fn main() -> Result<(), tokio_websockets::Error> {
let (mut ws_stream, _) =
ClientBuilder: :from_uxri(Uri::from_static("ws://127.0.0.1:2000"))
.connect()
.await?;

let stdin = tokio::io::stdin();
let mut stdin = BufReader::new(stdin).lines();

// TODO: For a hint, see the description of the task below.

BT e
FERU ML BT RARE
cargo run --bin server
A AEFH AN R8T P i
cargo run --bin client

TAE

e £ src/bin/server.xrs HE{E handle_connection Kk °
- $&/R (ffifH tokio: :select! BURJ{E A& M E P AT THIE T/F —H TEFWREIRE
P EERE AR 5 —TE TAERIDE R AR A U RS B 2 F Pt o
o 52 src/bin/client.rs FHFEEHR o
— YR CRCRT—RE R B E T tokio: iselect! WifTHATRHIETAE © (1) fEiZAedg
%W*ﬁ%ﬁﬁl@ﬁﬂ%%ﬂ% SRERF S A R AR 5 (2) ok B AR REUE Al A &
BRAE ©
o JEFDER SERIR AR IS E AR AR A A P i (E A ELAEEHUE 35 250 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"];

#[tokio: :main]
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
}

// Make them think and eat
for phil in philosophers {
tokio: :spawn(async move {
for _ in 0..100 {
phil.think().await;
phil.eat().await;

1)
}

// Output their thoughts

while let Some(thought) = rx.recv().await {
println!("Here is a thought: {thought}");

}
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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?;

}

}

#[tokio: :main]
async fn main() -> Result<(), Box<dyn Error + Send + Sync>> {
let (bcast_tx, _) = channel(16);
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}

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 {
// Wrap the raw TCP stream into a websocket.
let ws_stream = ServerBuilder::new().accept(socket).await?;

handle_connection(addr, ws_stream, bcast_tx).await
1)

src/bin/client.rs :

use
use
use
use
use

futures_util::stream::StreamExt;
futures_util: :SinkExt;

http::Uri;

tokio::io::{AsyncBufReadExt, BufReader};
tokio_websockets::{ClientBuilder, Message};

#[tokio: :main]
async fn main() -> Result<(), tokio_websockets::Error> {

let (mut ws_stream, _) =
ClientBuilder: :from_uri(Uri::from_static("ws://127.0.0.1:2000"))
.connect()

.await?;

let stdin = tokio::io::stdin();
let mut stdin = BufReader::new(stdin).lines();

// Continuous loop for concurrently sending and receiving messages.
loop {
tokio::select! {
incoming = ws_stream.next() => {
match incoming {
Some (Ok(msg)) => {
if let Some(text) = msg.as_text() {
println!("From server: {}", text);
}

I
Some(Err(err)) => return Err(err.into()),

None => return Ok(()),
}
}
res = stdin.next_line() => {
match res {
Ok (None) => retuxrn Ok(()),
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Ok(Some(line)) => ws_stream.send(Message: :text(line.to_string())).au
Err(err) => return Err(err.into()),
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