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#HefeEt 55 minutes

* Day 3 Afternoon (1 hour and 50 minutes, including breaks)
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src/main.rs 1, DAMEXS DA ARSI 7550 :

cargo init concurrency

cd concurrency

cargo add tokio --features full
cargo run

WREA
AR EL AR 8, HELUR AR ISR AR Rust!

1.2 BREPE

mdBook A s R P i
* 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.
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» Korean by @keispace, @jiyongp, @jooyunghan, and @namhyung.
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A L ARE S e R URIE S
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o BAFNEMAEE: @henrythebuilder fl@detro,

GUSRVRAE B BRI, TS BRI UL, TR TR TR B TAERNE I IIhEER,
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https://google.github.io/comprehensive-rust/de/
https://github.com/Throvn
https://github.com/ronaldfw
https://google.github.io/comprehensive-rust/ja/
https://github.com/CoinEZ
https://github.com/momotaro1105
https://google.github.io/comprehensive-rust/it/
https://github.com/henrythebuilder
https://github.com/detro
https://github.com/google/comprehensive-rust/blob/main/TRANSLATIONS.md
https://github.com/google/comprehensive-rust/issues/282

& 2 585
ffilfl Cargo

AT fi# Rust J5, RIBELEE 2B Cargo, X2 Rust ARG A THEANZIT Rust B IARE T
H fEX B, BA B EAH— N 402 Cargo. BAUARINE IZIESRS, PUEA TR
rhE&EHAH Cargo.

A
TR https://rustup.rs/ _ERIEIERIE,

KRR RR AL Cargo 9% T (cargo) 1 Rust 4miFas (xustc). IRIE¥IRTE rustup, iX@— i
TSR, VRET DAR B R 22 AR R R B iR AR

2% Rust 25, RV Y ECE R gniE g st IDE PAJFIA{E A Rust, K2 EgmiEas#H T rust-analyzer,
‘BA VS Code, Emacs, Vim/Neovim N HMFZ4miEasR 0t 7 B alitb 2 5E Bk L DI RE, RIAE AT
PA#iFH RustRover IDE,

* 1£ Debian/Ubuntu Lk, frtha] DUt apt %% Cargo. Rust JESHFT Rust /80 LH(HZ,
ERERGREI— DI AT Rust fRA, IXATRES SBORIMIIT . i LU0 T

sudo apt install cargo rust-src rustfmt

2.1 Rust 2ERG

Rust ARG HIFE T HAR, FEAHE:
e Tustc: Rust 4miFEsy, AlK . rs AN RIS AR R E A g =

« cargo: Rust {R#iIIEHESFIME T B, Cargo ANEW{ FEITELE https://crates.io LK
I, FEAEF I H B T AL 348 rustc, Cargo MM — NN EMIIRS TR, AT HITH8IT
NEv

o rustup: Rust T EHEZAERER T H, 24 Rust ZAAHRARR, It T EHT2EHFH rustc M
cargo, A, rustup JER] AR EBRAEZER SO, 7] ARIN 22235 2 MR B Rust, rustup &1
PE TR B URTEIX SRR A 2 [ DT H,

KRR

* Rust G —PMPRIER AT IR, 578 RS R AT — KR A R4 5 THRRA 1918 5 A, 7
ARIET R
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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

o HEZARAMHE: “FERR (stable) ™, “Mlihk (beta) "F1“& [Hlhk (nightly) 7,

o WIThRESSEAE IR BN, “ThR S8/ TR,

o KIS R AT DUBIT HAh registry., git S HEIEZE AT,

» Rust X4hiA (edition) : 24 ETARASE Rust 2021, 2 miffik4 /2 Rust 2015 1 Rust 2018,
— RSN IE S TG T3 A B,
— NP IR, MR 2 AER: @I Cargo. toml SCHEA crate IESFSIGEIA,
- NRDBEESRS, Rust giidas ] DUR S ATRRA GRS B,
- HERE, M8 cargo BERAEHYRIFAR VG HUE 20 W CRZEH P WA

- {EfS 12192, Cargo ASmie—NIhREiRA Hami TH. EREM S 2 mdhRE, B
HARRT:

* IH R EEs

* TIEX

* FFRMFRISAT IR T 5% A7

s MR

% RJRAL

* BIEA] DU P46 (a0 cargo clippy) #4178 &,

- ¥EiE2H 77 Cargo Book

2.2 AP EIES RG]
FEARBEYIIF, Tl 1 BB R FIRAR Rust 12, RG] OB R B 84T IXREAA B (LA B
B, JFR R AMBREDRS — S0 A%,

AR R 2% Cargo: EH B T IRE A SE MR >, (Ef)G — K, B EM—DErE %R, A
PRIETRAAARTE PRI, R /R TR 2224 Cargo.

AR AR e 22 B

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

You can use
Ctrl + Enter
to execute the code when focus is in the text box.
W ERfR, KZEACRE R BIER ATE 2 D BRI R B AT RE K] DA R SR Rl A RB L
. ﬁ”i)\ﬁ’\] Playground JCiEHAT BTl KA CHS & MR 2 SEFR Playground H, PATE /R STl
o
o ik AHJ Playground &1 B U 5 BRGNS KM, 27 530 F A 22256 Rust Bi@Ed
Playground f##,

2.3 {#ifl Cargo 7EAHBT TS

GRIRIRABTE H CHYRSE TR SR, WIFRZE o2 Rust, Mt 1§ Rust Book H#Y I #1F,
XM Z NIRRT rustc Ml cargo. RS AN, Bty Rust F2E Uz LA R RIRRA S
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https://doc.rust-lang.org/cargo/reference/registries.html
https://doc.rust-lang.org/edition-guide/
https://doc.rust-lang.org/cargo/reference/workspaces.html
https://doc.rust-lang.org/cargo/reference/build-scripts.html
https://doc.rust-lang.org/cargo/commands/cargo-install.html
https://github.com/rust-lang/rust-clippy
https://doc.rust-lang.org/cargo/
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)
VR AT DAE FH AR AT B8 kAR, K9 Rust CR4FA1 S FA 1,

TR R, B SHBMNASI AR — B HAgE Rust 3

1.
2.

~

TEREE HIRRA L s S Hl 2874 (Copy to clipboard) "%,
i cargo new exercise HfUIEHEH— exercise/ H3k:

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

#%| exercise/ H{HH cargo run MEIHIBTT kIS

$ 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 A ERMRBE R VyE SR, Fl, /8 L — T FRRG, K
src/main.xs BH:

fn main() {
println! ("Edit me!");
}
M cargo run MEIIZATE RS A —BERISCAE:

$ 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!

fiiH cargo check PiEKGELIHEAFERE; /H cargo build KB T4, MAIB1T, IR
Al DATE target/debug/ HREIHMIEIX build 4. #H cargo build --release f£
target/release/ HAERGI ALK &4 build,

A] A& Cargo . tom]l I H EAMKEII, 241817 cargo mh, KRGS HEN NEFI G 1FHk
SR I

REGUN YL R 2% Cargo F FH A lE a5 IXRECEARAT TG B MBI TT R IA8E, iE TARRAG SN

=

Mo
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& 3k

RRIR 25— K

pm(43

AR IE2S] Comprehensive Rust 85— K, FATESW RIERZ N
o Rust FAIE: 28, & (scalar) fIE A (compound) 287! A2 (Enum) . €589/ (struct) ., 51
F BRI T 15
* Types and type inference.
o PElTREE AL TR SRAFE RS,
o FPESLIZRAL: SERIRFIRCES,
o RREICULHD: fRARCS, Mg (R F1 4 (array) .

RS

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

Segment Duration
pyetil] 5 minutes
Hello, World 15 minutes
ARTUFE 40 minutes

Fa il i B 40 minutes

THTRER A
o ffITR] ARERN $2 0], AR E R B &5,
o IXANIRIEANIZIE TN, Bl TS R R 18,

— 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 RS SEEANHRATRB SN A,

- XERRARE! BRI PNEETT IR EICE, XL R — R B, fRA] Bl

PRI

F—REEIRE R Rust 15 HAGRI21E 5 A EAL AL “El” NA. Rust @B E A IIAE
REfa8 LRHZES M4,
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AN R RAE R BARIR, WX 2 —NMFINHL, PO BRI RIZEA T IR IR, BT IRGE R F 2 A%
W, ARG RRE IR, ZHHER B S HG VRS ST N B BRSO T B PR IRIEAZ N TR 2RI T, IEAL R8I
XS5 IR T RIG R |
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45
Hello, World

This segment should take about 15 minutes. It contains:

Slide Duration

ft472 Rust? 10 minutes
Rust FIEH 3 minutes
Playground 2 minutes

41 {22 Rust?

Rust /& — THHIgREE S, BHY 1.0 A T 2015 %1

* Rust 2—[JHSWIFIES, HUIREENM S C++ FH{L
— rustc f#H LLVM E &R,
o Rust XFEFZFF S HIZEN:
- x86. ARM. WebAssembly......
— Linux, Mac, Windows......
* Rust # ZHT&MMILEH:
- @S SR,
- HREERAY,
- FH,
- S,
- fR%548.

Rust 1 C++ J&MH TRLIRIZ R

o WERIRTEE,

. %Eﬁgﬁﬂ?ﬂﬁ% o

» BEFERIREE Z A3 (T _LiatT,
&ﬁiﬁﬂ]‘ TR SR

« KiERRF _Ja;afﬁﬂizéli-t A S PERE,

4.2 Rust LA
Rust A —LRi Y2
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https://blog.rust-lang.org/2015/05/15/Rust-1.0.html
https://doc.rust-lang.org/nightly/rustc/platform-support.html

. RERE: E5FN AT IEFTHEMTF bug

- PFERVIIAHIZ &,

- PAE TERL,

— MMEERIE R

— FAE NULL $5%t,

- NMEEPOR SR BB

- NMEESREZ HREIRE 4

- AFEIEAERRIL
 REARE HHET 17 89 Rust iBFAUTNERGRAIGE X
- BAy AL E,

- R A AR E Y (panic 5(m1%%),
« X SUge: AA5EIIES —HEE HAMLRRIKEE

- MeERE LR,

- ?Zggo

— TCESMT RN R R I (FFD,

- BRAMR,

- SFRRAGRIE A IR R,

- BRSPS,

— AR AN B S R,

- MFBEMIES RSP (Language Server Protocol) 52§
A RTEIX R & F 22 I R] P X 2 B iU 2 7 S T HEA T IR A A
JZAZ[R) R 22 AR AT T8 F IS WRLE T 5 o AR S8 S R Rust R [RIRFE -

o {5t C Bk C++: Rust RIREAREIMRT K 3BT KA RUKEIREL C AT Ce [MERE,
T 7 R 22 R, 3 LRI T DA SR B A 25 A3, LA s SR A B A B,

« {fiflit Java, Go, Python. JavaSCript....: AT DAE ST LETE 2 MR 1 P15 22 SR, 4
AN 5 P OV 25 O, B R AT AR B0 C T Coo (53 EL T O (BT HERE (TR
IE LD , DA 2 AT R R R R A 5 ),

4.3 Playground

The Rust Playground provides an easy way to run short Rust programs, and is the basis for
the examples and exercises in this course. Try running the “hello-world” program it starts
with. It comes with a few handy features:

* 1£ *Tools” I, A rustfmt &L “standard” 77 NIZE g,
* Rust EAWMNHTFARARR N ZZ BE A I G TRIMNSTTIN K., B fi kA (5%
DIBITIGE RS, AT KRB o AT LAETER " Debug” i X LA,
o GNSRELER, AT DAER 7. TR "ASM” BB A RAYTC WA,
As students head into the break, encourage them to open up the playground and experiment
a little. Encourage them to keep the tab open and try things out during the rest of the course.

This is particularly helpful for advanced students who want to know more about Rust's
optimizations or generated assembly.
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https://play.rust-lang.org/

% 5wk
syl

| i 4

This segment should take about 40 minutes. It contains:

Slide Duration

Hello, World 5 minutes
A 5 minutes
=l 5 minutes
BR 3 minutes
RAHES: 3 minutes

#:3: Fibonacci 15 minutes

5.1 Hello, World

LEFATRE N B 8T B Rust #2757, — P8 Hello World 1277 :
fn main() {
println!("Hello &!'!");
}
RBERNH:

BRELLA £ FF3k,

% CHI C++ —FF, R4S 5 70 b,

main EECEREFAIAIL R,

Rust 5 4% (hygienic macros), println! stz —"Mil+
* Rust FHFER 2 UTF-8 gmif), il AL & (£l Unicode F4¥,

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

ESi=¢

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

* Rust 22— TMAGHEIES, E58230FF Unicode 5,
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* Rust uses macros for situations where you want to have a variable number of arguments

(no function overloading).

o ot AR, REWE N XFIMURR EN T E E IR AIPRIATT, SEPR L, Rust fEHZ2

ik A,

* Rust B2VEAGEES B, ©BEAHARRIHE AN R HRET6E, BRENRREEUES, (HEH

— IR L2,

5.2 H

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

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

o BHATE x = 20, DUEZE RN A 2200, TR0 mut SCHt LT T3 K.

 JXHRY 132 BARAEAL g DM RERE, (BERZEIT, BT BARRIER I ()5

9, B ] LBHEIX — R

53 fi
A A P B SR AT 5 RS R R AV 5.

I

e~y FH=
B SR 18, il1e. i32, ie4. i128. -10. 0. 1_000. 123_i64
isize
TR ERE u8. ul6, u32, ub4d, ul2s, 0. 123, 10_ul6
usize
TR 32, f64 3.14, -10.0e20. 2_f32
Unicode char 'a', 'a', 'oo'
FrEgeiy
fh/R{E bool true, false
e SRy RO IR
o iN, uN 1 fN &S5 HH N i,
e isize fl usize HH—MEH AN,
e char (5H 32 fi=3[H,
* bool /iH 8 fi=3(Hl,

ERAPIEH —ERIE L HIIETA:

« By EIRTE R RIZE A] RS, EAUR N T ERRR, i, 1_000 A]PAEN 1000 (5 10_00),

i 123_164 AIPAE N 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

54 BA

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

}

fn main() {

println!("result: {}", interproduct(120, 100, 248));
}
XRBATE—REFIFR main ZHMYREL, it HE MIZIRAM: Bz =N EEE, A5 IR A —
B M JE 20 XL B SO T TR 4,
BARMUR SIS 5 HATE S AL,
BHG R 2 FE? A8 C AT C++ v BRFSEEG HS2 PR B2 ARTE Y, FTRERTEA R & B 45
BT AFRIRIRLE, 7€ Rust H, B8 t BA BHFE S
Change the i32's to 116 to see an integer overflow, which panics (checked) in a debug
build and wraps in a release build. There are other options, such as overflowing, saturating,

and carrying. These are accessed with method syntax, e.g., (a * b).saturating_add(b *
C).saturating_add(c * a).

L b, ARSI B ARIAF R D, IX R T2 61 75 2 B A PR

5.5 RALES

Rust M8 & Y6 FH R f e H2R A

fn takes_u32(x: u32) {
println! ("u32: {x}");

}

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

}
fn main() {
let x = 10;
let y = 20;
takes_u32(x);
takes_i8(y);
/1 takes_u32(y);
}

XSREIKT AR T Rust S iR /2 AN HE 28 & B A ROk S H2R R,

i 2 B R A ) SR R B AR R AR BRI A S AE 5 rP m] DU (] e ) (AT 282 X
BT ZE BRI 800 5 R A 2T B 52 A R] G I TR AUHE SRS LR TR 19w 5 S8 g s A9 X

LB T AR BN ZRRAIN, Rust BRIy 132, XTEMHIRHEHEN BRy{integer}, FFE, i#
RN f64,
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fn main() {

let x = 3.14;

let y = 20;

assert_eq!(x, y);

// ERROR: no implementation for “{float} == {integer}"

5.6 &>]: Fibonacci

The first and second Fibonacci numbers are both 1. For n>2, the n'th Fibonacci number is
calculated recursively as the sum of the n-1'th and n-2'th Fibonacci numbers.

Write a function fib(n) that calculates the n'th Fibonacci number. When will this function
panic?

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));

5.6.1 %

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));
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% 6 #kor
Pl LAk

This segment should take about 40 minutes. It contains:

Slide Duration
if Fik= 4 minutes
(gl 5 minutes

break f1 continue 4 minutes
A ERAIE F I 5 minutes
PRIER 3 minutes
VN 2 minutes
23] BhizEFA 15 minutes

6.1 if Firxk

if Rl AR SHMIES W 1if BA72E—,
fn main() {
let x = 10;
if x == 0 {
println!("zexro!");
} else if x < 100 {
println!("biggish");
} else {
println!("huge");
}
}

AN, fRIERT DR 1F A E— D RIA ARG — P FRIEFR RN 1 RIAXHIE:

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

RAEFOA AR 1F, WA RIE S ; RFEE T MBEAFRITER println! AiHEAT ;
RVR &5 g AR B 1R

6.2 THEEAFE

Rust H#H = MEAXHF: while, loop #1 for:

while

The while keyword works much like in other languages, executing the loop body as long as
the condition is true.

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.
s EHE, for MEMHIENRE] 4, BIFERRMEM 1. . =5 IBERR MR ELRTEHE,
6.2.2 1loop

The loop statement just loops forever, until a break.

fn main() {
let mut i = 0;

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

WRFENRES F—IRIER, EMEH 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 i > 5 {
break;
}
ifi%2==0¢
continue;
}
println!("{}", 1i);

6.3.1 Labels
continue fil break #8n] UEFRREZ — MRS EL, FIRK IHIRENEIR:

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}");

* TR, loop /2ME—iR[AIA R X IMERITEIAEN, X2 EIN ERIEE /DA —R (5 while 1
for TEIAMRED.
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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 fRRSHLAITE I
B

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

fn main() {

let z = 13;

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

}

println! ("x: {x}");
}
If the last expression ends with ;, then the resulting value and type is ().

o VRA] DO E R I G —AT, SRIETRBYE R AL DL BN, TRIN/AERR > S 8UEH] return,

6.4.1 {EHERIER (Shadowing)

25 & R RS R T S AR LA,
PRAT DARR B AR &, A7 T ANER1E A IS AR & A0 HE R A I 28 s #R T DA
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}");

« Show that a variable's scope is limited by adding a b in the inner block in the last
example, and then trying to access it outside that block.

» 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.

 REGEMIEERSGLENR, (H2ERETHF .unwrap () Z/EREEIE,

6.5 FAH

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

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

o RRURFEAE A 28U (5RERRIESHR), RE IR 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 HLERBUEAIREIE, IR “HEITRA (unit type)” () AREMR T -> () BIREISEE 4HiEdE
= BB,

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

- WRZCR A EEEE NI SE AR BIASEL R PT T SR Al R R EL
— Always takes a single set of parameter types. These types can be generic, which will
be covered later.

6.6 &

ARG IFI PRI Rust S, I H AT DA ] RIS BN 45RRIMEITIX . Rust #x
EE R SR E I,

* println!(format, ..) printsaline tostandard output, applying formatting described
instd::fmt.
format! (format, ..) WHAES println! 2, HEAFRFEER IR ML R,
dbg! (expression) &idsRFIEXIEI IR EIZIE,
todo! () ATHRICHARSEILAICHDEL, ANRHITIZARDEL, M fif&Z panic,
unreachable! () HTFFRICICIEIRICHDEL AR TIZ RSB, W< fil % panic,
fn factorial(n: u32) -> u32 {

let mut product = 1;

for i in 1..=n {

product *= dhg!(i);

}
product

}

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

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

}
X T R X DL RERE S RE AU 5 B AT Lo T A E AT 12 SON R AR EATTR] DAY J
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https://doc.rust-lang.org/std/fmt/index.html

I AR, FEA R
AV S HUMAE SR, BRGS0 2 4IRA .

6.7 %3 Hhizkrhl

The Collatz Sequence is defined as follows, for an arbitrary n
1
greater than zero:
e If *n
i
*is 1, then the sequence terminates at *n
i
*.
o If *n
i
*is even, then *n
i+1
=n
i
| 2%
o If *n
i
*is odd, then *n
i+1
=3*n
i
+ 1%
For example, beginning with *n
1
*=3:
* 3is odd, so *n
2
*=3*%3+1=10;
* 101is even, so *n
3
*=10/2=5;
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https://en.wikipedia.org/wiki/Collatz_conjecture

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

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

* 8iseven, so *n
6
*=8/2=4;

* 4is even, SO *n
7
*=412=2;

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

o JPANEILE,

5 — DR, AT HHRAENG n FRZLF IR,

/// Determine the length of the collatz sequence beginning at °

fn collatz_length(mut n: i32) -> u32 {
todo! ("Implement this")
}

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

6.7.1 %

/// Determine the length of the collatz sequence beginning at °

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
}

fn test_collatz_length() {

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

fn main() {
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println!("Length: {}", collatz_length(11));
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W75
Welcome Back

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

Segment Duration
JCAHREEA 35 minutes
51 H 55 minutes

e R2E%E 50 minutes
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% 8 #kor
JCEHHIZEEN

This segment should take about 35 minutes. It contains:

Slide Duration

¥4 (Arrays) 5 minutes
Jt4 (Tuples) 5 minutes
BB 3 minutes
gk 5 minutes
53] #ELH 15 minutes

8.1 Hdi(Arrays)

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

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

o EZEDIFHBHTR KRG SEIBTNGELEHDIR, Rust B @ IULHERIZERE, P
JAE A2 2 Rust SRl fIX sk,

o FRATTAT DAE A 57 T B R B R E

* 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 UNIN#, LAn {a:#2}, S SENFTEN (pretty printing) ” #&5X, X g AT RES NS 152,
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8.2 74l (Tuples)

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

o B, STH W EA EE K,
o TCHEARERHEHR — MR AR,
TCAH B ] DOEIE S SCA) SN _EE R RARBEFT USRI ELA: £.0, t. 1,

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

8.3 BALXX

for WHA SN B TIE (AR td) o
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);

}

}
HINREMIH T Intolterator trait, (HEATEERA HEIE,

XHEPHE T assert_ne! %, Ak, i1 assert_eq! Ml assert! %, RABRERSIIX TR
7, Mif% debug_assert ! XAEREIZARIE LA build HASYRIEBUEA S,

8.4 fiHy

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

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

let left = tuple.0;

let right = tuple.1;

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

However, Rust also supports using pattern matching to destructure a larger value into its
constituent parts:
fn print_tuple(tuple: (i32, 132)) {

let (left, right) = tuple;

println!("left: {left}, right: {right}");
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» 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 %3 iEEE

B n] DAL & HoAt R -
let array = [[1, 2, 31, [4, 5, 6], [7, 8, 911;
What is the type of this variable?

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

X 123K 147
"transpose"X 4 5 6 "==" 2538
X 789K 369

THEGRADIX PN B, LR TR 3 x 3 HYAERE,
¥ R IR E HIZ] https:/play.rust-lang.org/ H5LEl_EIRMEEL:

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

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

}

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

)
}

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

[301, 302, 303],
I

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

8.5.1 %

fn transpose(matrix: [[132; 3]; 31) -> [[132; 31; 31 {
let mut result = [[0; 3]; 31;
for i in 0..3 {
for j in 0..3 {
result[jI[1i] = matrix[i][j];
}
}
result
}

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

)
}

fn main() {
let matrix = [
[101, 102, 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);
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%9 Bkor
51H

This segment should take about 55 minutes. It contains:

Slide Duration

H=5|H 10 minutes
b5 H 10 minutes
Slices: &[T] 10 minutes
FIrE 10 minutes

3 JUAEFE 15 minutes

9.1 H=E5|H

SRR AL T —HFaT AT R 55 — MEETEF A IZE AT X, WFr A H 7 =5 AT HBRRE,
H5 | ABEHETCEE S,
fn main() {

let a = 'A'";

let b = 'B';

let mut r: &char = &a;

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

r = &b;

println!("xr: {}", *r);
}
MR T =5 HER N &T, A MEH & IBEFFAIES [FE, * BE/S 57 51H, 152
%5 A,

Rust S IEETES -

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

o SRR ™ T HATS I HRE, 2O T ARSI 2 AR R — MREF AR ARG AT DL
WS IRRIANE, EERAEZE RAARERIZER  FrA R RIRE RS 3 RIEHNHTAR
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o SR SR SRR, HOCRAUALE T ETR] AL TSN B/ MT 2, 20K C B C++ HY%2
K5 MO RS ARER S S8 848 Rust WHATRYy - R R e85 S B NFE L 2
bug,
* Rust A2 HINECTES I, BIURKER & 175,
* 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 EAFIH, 1 RAIRR, A DO HEHIRE (r = &b). R, RSEHFIE 1, (FHG HHA
WH XS C++ A, £E C++ Hoh 5 | F{E = ks | HAYE,

o HE G HARTCEHESALRTS | BUME, BMEIZ(EZ TR B2 s = "X,

* Rust ERERATA 5 R4 G A B, DR EA TFE R B AN (R, £ 2 229 Rust AR IES
51/, x_axis £IREX point 5], {H point SAEZMREGR AN B 2L, B A ST
o

o BAISAEHRIFTA N (ownership) I PE4HI L5 (borrow)

9.2 M&5IH
1875 (U AT 285 ) Fe P SEBCHLTS FRIOE. EII2hamut T

fn main() {
let mut point = (1, 2);
let x_coord = &mut point.0;
*x_cooxrd = 20;
println!("point: {point:?}");
}
KR
o PR FOR A IS R AT T RNZAE, R4 5 5 | AZE B, R AR R EE A [ O
WREEI I HIERM S5/, 7F B Ieikim 5| HME, 1§ ZIRE x_coord 4T iEsh RSN 61 &
&point .0 53K point. 0,
» Be sure to note the difference between let mut x_coord: &i32 and let x_cooxrd:

&mut 1i32.The first one represents a shared reference which can be bound to different
values, while the second represents an exclusive reference to a mutable value.

9.3 Ui

Ik (slice) R ZIREEXTEEE (collection) FYFLE (view):

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:?}");

» YA MBI 2P A (borrow) EdfE,
* Question: What happens if you modify a[3] right before printing s?
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* We create a slice by borrowing a and specifying the starting and ending indexes in
brackets.

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

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

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

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

* 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.

9.4 I

PRAEFRATTHE AT DAFE R Rust HRY PRI ER 288

* &stris aslice of UTF-8 encoded bytes, similar to & [u8].
* Stringis an owned, heap-allocated buffer of UTF-8 bytes.

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

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

s2.push_str(sl);

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

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

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

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

* 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! ().

* You can borrow &str slices from String via & and optionally range selection. If you
select a byte range that is not aligned to character boundaries, the expression will panic.
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The chaxrs iterator iterates over characters and is preferred over trying to get character
boundaries right.

* For C++ programmers: think of &str as std: :string_view from C++, but the one
that always points to a valid string in memory. Rust String is a rough equivalent of
std: :string from C++ (main difference: it can only contain UTF-8 encoded bytes and
will never use a small-string optimization).

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

fn main() {
println!("{:?}", b"abc");
H{:?}II,

println!( &[97, 98, 991]);
}
o JRIEFFFERAEOIE &str IEAHFE X 1" \n" == "\\n", 0] DU/ESNES S IR INAE FI£ S

H9#, DAEFAF R IR ARG |5

fn main() {
println! (r#"<a href="link.html">1ink</a>"#);
println!("<a href=\"link.html\">1link</a>");

9.5 £3J: JLEE
Tl 1y =4 LT QT LSRR KR AoT [£64 ;31 BARRE A A E1 TR,

//
/1
/1

fn

}

//
//
fn
}

//

fn

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() .

magnitude(...) -> f64 {
todo! ()

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

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

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

9.5.1 &

/// Calculate the magnitude of the given vector.
fn magnitude(vector: &[f64; 3]) -> f64 {
let mut mag_squared = 0.0;
for coord in vector {
mag_squared += coord * coord;
}
mag_squared.sqrt()

}

/// Change the magnitude of the vector to 1.0 without changing its direction.
fn normalize(vector: &mut [T64; 3]) {
let mag = magnitude(vector);
for item in vector {
*item /= mag;
}
}

fn main() {
println!("Magnitude of a unit vector: {}", magnitude(&[0.0, 1.0, 0.0]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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% 10 35
H P 3o

This segment should take about 50 minutes. It contains:

Slide Duration
AT IALN 10 minutes
TSR 10 minutes
&S 5 minutes
static 5 minutes
BRI 2 minutes

253 HEEA 15 minutes

10.1 &5k

5 CHI C++ —FF, Rust 3ZHF HIE XEEA:

struct Person {
name: String,
age: u8,

}

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

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

peter.age = 28;

Person { name:

, person.name, person.age);

String

describe(&peter);

let name = String::from("Avery");
let age = 39;

let avery = Person { name, age };

48
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describe(&avery);

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

}

KR

o ZEERRBIETT NS A C 8 C++ I AEL
- AR typedef BIRE A X5 /EH C++ K0, BS5#EH C AR,
- 56H C++ NERZE, Stk 2 RIRA A KR,
» This may be a good time to let people know there are different types of structs.
— Zero-sized structs (e.g. struct Foo;) might be used when implementing a trait on
some type but don’ t have any data that you want to store in the value itself.
- NIREIT RN HCHEERR, L7 BRAAAE N,
* 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 &tk

W ERAAFRARE S FA] DU TSR
struct Point(i32, i32);

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

X H T R B Ay (B newtype) :

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

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

fn set_thruster_force(force: Newtons) {
//

}

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

o QNN R RI ERYEIME B TS,/ newtype & —FHAER 4975, Hlan:
- B DR Rk R BTRABIHOY Newtons,
— The value passed some validation when it was created, so you no longer have to
validate it again at every use: PhoneNumber (String) or OddNumber (u32).
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o ERIMIEE Vi newtype HRVERANTER, K 64 (EHANE] Newtons 87,

— Rust 3@ A= XCAFHEIAE, BN E 3 ffE s8R A/~ E R R
- IBEAEEAES 3 REZED e,

o HORBITT OIS I T IR RN S5 R R

10.3 #eE

enum XEFRTFAIEER LD SRR
enum Direction {

}

Left,
Right,

enum PlayerMove {

}

Pass, // Simple variant
Run(Direction), // Tuple variant
Teleport { x: u32, y: u32 }, // Struct variant

fn main() {

}

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

ESiI=¢

Enumerations allow you to collect a set of values under one type.
Directionisatype with variants. There are two values of Direction:Direction: :Left
and Direction: :Right.

PlayerMove is a type with three variants. In addition to the payloads, Rust will store a
discriminant so that it knows at runtime which variant is in a PlayerMove value.
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 {1 FH /N2 IR HAIFRIR

- WHBE, B FHEITR RN R/ NREEL

— USRIV A AR PR AR 25 T LA 2K, T e R A6 A T R S5 2O A AR TR A T A (/AR
™). BN, Option<&u8> kA E 2 2R m AT, 22 2 None (R NULL fE,

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

enum Bar {
A, /D
B = 10000,
C, // 10001
}

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

}
Without repr, the discriminant type takes 2 bytes, because 10001 fits 2 bytes.

RREZ

Rust BA ZAMEALIAHE, 7T DA/ & TR 22 A

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

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

use std::mem::transmute;

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

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

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

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

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

dbg_bits!(None: :<&1i32>, usize);
dbg_bits!(Some(&0i32), usize);

10.4 static

ST RARERNENPITEREFBERERN, Rt r=Ba):
static BANNER: &str = "Welcome to RustOS 3.14";
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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.

* static is similar to mutable global variables in C++.
* static provides object identity: an address in memory and state as required by types
with interior mutability such as Mutex<T>.

RREZ

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 const

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

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

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

}
digest

}

fn main() {
let digest = compute_digest("Hello");
println!("digest: {digest:?}");
}
& Rust REC Book 1X424 B AE( FHIN 2 NI (inlined) Y,
TG I HBEVE FARIC N “const” A BRE LAAE A const ™ B, il AITEIZATINE A “const” K%K,

* Mention that const behaves semantically similar to C++'s constexpr
o BARFEMHEBITHRENHEBIBIOF A 2MRE W, (B2 2GR, A EHHSE R
HRE,

10.6 RALIA
T4y 53— R QIR A4 R JX RS AT LA FL I,
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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>>>>;

CIEEEF RINNIXELLLT typedef,

10.7 53] : WEAHAE

BATTH O — N EAR S R RS ST R G S SERT LB AT E O TS & R 28R R
¥ (i fI# [derive (Debug) ] BARVRE {:?} ZBEIAER,

This exercise only requires creating and populating data structures so that main runs without
errors. The next part of the course will cover getting data out of these structures.

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

// TODO: add required variants
}

/// A direction of travel.
enum Direction {

Up,

Down,

}

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

fn car_arrived(floor: i32) -> Event {
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! ()
}
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/// 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));

10.7.1 @&

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

/// A button was pressed.

ButtonPressed(Button),

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

/// The car's doors have opened.
CarDoorOpened,

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

}

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

/// A direction of travel.
enum Direction {

Up,

Down,

}

/// A user-accessible button.

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

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

}

/// The car doors have opened.
fn car_door_opened() -> Event {
Event: :CarDoorOpened

}

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

}

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

}

/// A floor button was pressed in the elevator car.
fn car_floor_button_pressed(floor: i32) -> Event {
Event: :ButtonPressed(Button: :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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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 RS 2RISR,

o KHE: Z2DRBRHAERIT N,

o JAL N HAMSHAT IS E AL,

o PRUEZERAUHIRHIE : #RK Rust F= AIPRIESE,

IS )%

Including 10 minute breaks, this session should take about 2 hours and 55 minutes. It contains:

Segment Duration

pyetl 3 minutes
DT 1 hour
FTENFHE 50 minutes
bl t) 40 minutes
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This segment should take about 1 hour. It contains:

Slide Duration

Matching Values 10 minutes
] 10 minutes
let =il 10 minutes

253 FIAXKME 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.

1K (pattern) 7] U I S HME, HAZEREIT C 5 C++ #1Y switch,
fn main() {

let input = 'x';

match input {

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

println!("Something else"),

'q' => println!("Quitting"),
at | 's' | 'w' | 'd! => println!("Moving around"),
'9'..='9" => println!("Number input"),

\%

}

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

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 ().

R AR & CRBIR Y key) KA — AT FEPLEC 7 S A BEFH I ZEE.
A SFMENER, SRIPTERA BERE 5 SCILEC R
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KPR
* You might point out how some specific characters are being used when in a pattern

- | asanorx
— .. can expand as much as it needs to be
— 1. .=5represents an inclusive range
- UV REmRy
o FEEARTR LU A B T O VRO R L SE AN 2%, QSR TATIA B2 M M AR IR S AR, b B DT ~F
TRV HIE R RE,
o EAITS PEAL 7 ST A B i R FOR ] IR VL RL /) S, 70 SR (T “=>" 2 J&) & i %
IR W FRIZ I ST NI 2RI, R 2B R “match” RIA T HAR 7357,
o QEERIRAEEES | AR, sl 218 A ~r e at,

12.2 @
55t S5 AFnRcas ] DU DCAD 75 O T

gtk

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

}

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

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

n i o

}

B
FEFIE AT TR 28 B 0 BIME A FE L R 70 IX R A B IS5 1 77 7K, FRATTSE T B “enum” 2 TF

4

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

}

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

}
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}

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}"),
}
}

FEIX B, A 720 SORMA “Result ™ {H, fE 5 — 17 3R, “half” #4821 “ Ok ™ AL Rk i {E. TE 55 —
oy, “msg PR E B IRTE R

Gtk

* B foo” Y i & AE DA S HARAR A LR,

* [A“Foo " TN —NHr B, HAR- fiE R 22 s o=k,

o FHERANH B ARIA A Y DA AT REARME A B SR8 — N SR 27 BB SO — MR R, ATLE
VP TIEBIE T S EERY “const”, ATABEEIE X IEHIBIET

e

Kt

o “if7 [ “else”FRIXFNKFR A —M2E, 1228 2 Ja 2 A “match” TR 2,

o ] DLZEIAAERCEE R AN =N EAK, FHAEIB TSN TR iR, 5 ARG BLAE A WRLE H 75 18
AER, FH G B ds R WA =G TR,

» 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.

» Save the result of divide_in_two in the result variable and match it in a loop. That
won't compile because msg is consumed when matched. To fix it, match &result instead
of result. That will make msg a reference so it won't be consumed. This "match
ergonomics” appeared in Rust 2018. If you want to support older Rust, replace msg
with ref msg in the pattern.

12.3 let #xiilin

Rust AL M5 HME S AR EH . BT TR :
o if let KKK

* while let expressions
» match #&iAX

if let #Firk
if let #2550 AELE AR RS M 2 75 5 R TT AL BT R IR B
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use std::time::Duration;

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

}

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

let else expressions

W T ARVCECE AT MR BOR B H UE ML, 1EEH let else, “else” 7 S b TANEIIES 3 77X
(i, return. break 3¢ panic, (HERGEERA TR I ARE),

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"));
}

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

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

}i

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

} else {

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

fn main() {

println!("result: {:?}", hex_or_die_trying(Some(String::from("foo"))));
}
5if let —#, while let BRI —PMRAELZNIA—ME:

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

}

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

if-let

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

o fiH Option I, & UAIMIEZALTE Some H,
* S match FRKZE, if let AFmEITALR guard F4),

let-else

if-1lets can pile up, as shown. The let-else construct supports flattening this nested code.
Rewrite the awkward version for students, so they can see the transformation.

HEJEHIRAN:
fn hex_or_die_trying(maybe_string: Option<String>) -> Result<u32, String> {
let Some(s) = maybe_string else {

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

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

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

}s

return Ok(digit);
}
while-let

o FEHREESHEAILE, while let RIS —EHIT N,

* 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 2535 FKAKRIA

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

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

Some expressions cannot be evaluated and will return an error. The standard Result<Value,
String> type is an enum that represents either a successful value (Ok(Value)) or an error
(Err(String)). We will cover this type in detail later.
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BRI E HIREMEE] Rust Playground, A5 ASCEL eval, 245 R M GEEIS A, £ todo! () IF
R MBS T RERRA T B, BICR] LAE A #[ignore] BB ML :

#[test]

#[ignore]

fn test_value() { .. }

If you finish early, try writing a test that results in division by zero or integer overflow. How
could you handle this with Result instead of a panic?

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

Add,

Sub,

Mul,

Div,

}

/// An expression, in tree form.
enum Expression {
/// An operation on two subexpressions.
Op { op: Operation, left: Box<Expression>, right: Box<Expression> },

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

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

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

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

fn test_recursion() {
let terml = Expression::0p {
op: Operation::Mul,
left: Box::new(Expression::Value(10)),
right: Box::new(Expression::Value(9)),
}s
let term2 = Expression::0p {
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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)),
}s
assert_eq! (
eval (Expression::0p {
op: Operation::Add,
left: Box::new(terml),
right: Box::new(term2),
1),
0k (85)
),
}

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

}) 1
Exr(String: :from("division by zero"))
),
}
12.4.1 RE

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

Add,

Sub,

Mul,

Div,

}

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

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

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

fn eval(e: Expression) -> Result<i64, String> {
match e {
Expression::0p { op, left, right } => {
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let left = match eval(*left) {
Ok(v) => v,
e @ Exrr(_) => return e,

i

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

i

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
}

H)
}

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

}

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

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

fn test_recursion() {
let terml = Expression::0p {
op: Operation::Mul,
left: Box::new(Expression::Value(10)),
right: Box::new(Expression::Value(9)),
}
let term2 = Expression::0p {
op: Operation::Mul,
left: Box::new(Expression::0p {
op: Operation::Sub,
left: Box::new(Expression::Value(3)),
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right: Box::new(Expression::Value(4)),
1),
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)
),
}

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

fn main() {
let expr = Expression::0p {
op: Operation::Sub,
left: Box::new(Expression::Value(20)),
right: Box::new(Expression::Value(10)),
}
println! ("expr: {:?}", expr);
println!("result: {:?}", eval(expr));
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This segment should take about 50 minutes. It contains:

Slide Duration
WaRiS 10 minutes
1#1F (Trait) 15 minutes
IRAERHIE 3 minutes

3 BAHE 20 minutes

13.1 Jjik

Rust Je VR RS B2 AR ORI AT DAEE A “impl” ORI T IR AR -

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

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

}

// Exclusive borrowed read-write access to self

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

}

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

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

}

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

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

o “&self”: A RATRRYIES MR 7T RN R 2 57T ARG IZ AT R,

« “&mut self”: MRS M ERN R Z )5 n] EHREHIZA R,

o “self”: ZREON RIIFTABOERE M F T8 o 1207 RS OV R E#  BRAFBII BN 5
HIFE R, S ZTTIRIR BN, X GRS EFF (BUE D) . A2 &AL, A B3R T Hean]
B,

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

o ToRRURES IR VSRR L ERASTT % 18 H T QRS R AL, 12 BIR “new”,

KB
o SIATTIEN, K775 EEOHAT L SR A H B,
— TERARSI (BN SRR S S _ BT %, 85— NS ECRIZSEBIZR R N “self”,
— PR AIRERIEFEME AT 1%, DAEA 75 R WA BRI L 7 iR A 2P JEd 75 7%, 3R
TR DA AT SEIA RS AR A AE — D T T A o B
o FRHOCHT “self” WAL, B2 — M7 ikiEs.
- BRER self: Self WI4E 5 Kif, BUFE RSt R B AR AT RE A i,
— TiHA“Self” 2 “impl” it S 28 A1 44, AT DAFE SR A H M B AE
— e “self” Ay F 77 305 HAb S5 HG A —FF, I LT UEH R Bk IE SN B
— This might be a good time to demonstrate how the &self differs from self by
trying to run finish twice.
— Beyond variants on self, there are also special wrapper types allowed to be receiver
types, such as Box<Self>.

13.2 %k (Trait)

Rust LEAEA] DR RHIE X SRR TR ACAE T FHIE S5 32 1260

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

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

o trait & X T RBSIIX trait b BE s —LE 7575,

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

13.2.1 9 Unsafe Trait

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

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

struct Dog {
name: String,
age: 18,

}

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

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

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

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

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

13.2.2 HZ% trait

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

trait Animal {
fn leg_count(&self) -> u32;
}
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trait Pet: Animal {
fn name(&self) -> String;
}

struct Dog(String);

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

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

fn main() {

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

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

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

13.2.3 LM

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

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

trait Multiply {

type Output;

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

impl Multiply for Meters {
type Output = MetersSquared;
fn multiply(&self, other: &Self) -> Self::Output {
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.
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* Many standard library traits have associated types, including arithmetic operators and
Iterator

13.3  IRAEFRHIE

Fgtn] DAE SRR B 8 RIS SZ R trait, 40 R AR

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

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

IRAEIDREZIEIT 29N, H HIF % crate 1eHH FRIRA %, DAASINSZH IR, B0, sexde m] DAEH
#[derive(Serialize)] NEMIRIRAE RIS FE,

13.4 Exercise: Logger Trait

Let's design a simple logging utility, using a trait Logger with a 1og method. Code which
might log its progress can then take an &impl Logger. In testing, this might put messages in
the test logfile, while in a production build it would send messages to a log server.

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

This is a common pattern: a struct wrapping a trait implementation and implementing that
same trait, adding behavior in the process. What other kinds of wrappers might be useful in
a logging utility?

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}");

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

}

// TODO: Define and implement "VerbosityFilter .

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

13.4.1 W&
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");

}

/// Only log messages up to the given verbosity level.
struct VerbosityFilter {

max_verbosity: u8,

inner: StderrlLogger,

}

impl Logger for VerbosityFilter {
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
2RI R 5 minutes
Pl e il 10 minutes
BB R 10 minutes
impl Trait 5 minutes

253 @A min K%L 10 minutes

14.1 ZRIR%EL

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

/// Pick “even’ or ‘odd’ depending on the value of "n°.
fn pick<T>(n: i32, even: T, odd: T) -> T {
ifn%2==0{
even
} else {
odd
}
}

fn main() {
println!("picked a number: {:?}", pick(97, 222, 333));
println!("picked a tuple: {:?}", pick(28, ("dog", 1), ("cat", 2)));

* Rust 2 SECEAAIR EMEHERH T A5,

o X5 C++ BAREAL H Rust 237 RNZR 185718 FH eR &L, RO PR E AN B A FF S LT3R R AR
RUEAT 3 BN, TE 2B pick B R n == 0, NE[M even + odd., BIME{Xf# A%
B “pick” LBk, Rust HEFEMNTRN, C++ AILEEMENIX —
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* 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 R

JASAT DAfSE FH T2 AN BLpR 7 B R A T G A b 3
struct Point<T> {

x: T,

y: T,
}

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

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

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

}
o *[a]: *HM4 T impl<T> Point<T> {} HH5E THIR? X FEZRIING?
— XERNE B ARz RSB 7 EA M T BIN A,
- REMWEXEFEBHRNE T E X,
— Itis possible to write impl Point<u32> { .. }.
* Point kK& — iz, 3 AR DAMEF Point<fe4>, (Hitk P A1 77 K (UE H T
Point<u32>,
o BEHXFH— LR let p = Point { x: 5, y: 10.0 } ;. @i HAFAEA & ()
TR, EEEE DR A AR REIRETTE R A
14.3 M

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

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

}

75



}

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

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

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

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

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

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

14.4 FHELS

{5 FVZ BRI, 4808 R BRI F 2B SE B R SE R | X AR RE TR F ILARHIE R 77 T
ERTDMER T: Trait s impl Trait $fTitegfE:

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

}

// struct NotClonable;

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

o EZIAAE— NonClonable W%, Hi4HELIEL duplicate %k,
o WMTHEZA trait I, B + HEIERER,
o /R where 74, ZRIERAENSEHRIE,

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

T: Clone,
{
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(a.clone(), a.clone())

- BEREEAZ NSRBI MRS,
- ‘ERAHINIGE, R EER,
* WSRAE NIRIR), (R ARSI RE 2 H5 " A MR A P] 9E2AE, #1401 Option<T>,

o IEFEE, Rust MAZREREIIBINIE, fla0, MHEFE % duplicate pREL, TI0EFE SUBOAIER
Duplicate(a: u32) 2LH.

14.5 impl Trait

SRS, impl Trait AR IEREGEZ R EHEHEH] :

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

}

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

« MESKE, impl Trait iR AARHELFRNESZTS,

o WHREMEEISRYL, BN R R [AHE 2R R SZRHE A S B A, TER MM . an R
AR~ 3t APT AR ATFIZ BRI (AT FH 77 1%

TEIR A7 BARL AT HEWTE — & M, IR E impl Foo YRR HIE B SR I EARRA iR
ERIEH S H IS B 2R A 2 RU2R7 (140 collect<B>() -> B)MIBREUIATIREITF S B
HOAEARI2ETY ) A 7 T RE R e — N 28 Blan{Ef] 1let x: Vec<_> = foo.collect()
i f#FH DAR Turbofish: foo.collect: :<Vec<_>>(),

debuggable Zft23A? 24{#i A let debuggable: () = .., BEXERTAHEIRER.
14.6  £53]: @ min B

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

77


https://doc.rust-lang.org/stable/std/cmp/trait.Ord.html

use std::cmp::0rdering;
// TODO: implement the "min" function used in "main’.
fn main() {

assert_eq!(min(0, 10), 0);

assert_eq!(min(500, 123), 123);

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

assert_eq!(min("hello", "goodbye"), "goodbye");

assert_eq! (min("bat", "armadillo"), "armadillo");
}
* Show students the Ord trait and Ordering enum.
14.6.1 %

use std::cmp::0rdering;

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

}

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

assert_eq!(min('a', 'z'), 'a');
assert_eq!(min('7', '1"), '1');

assert_eq! (min("hello", "goodbye"), "goodbye");
assert_eq!(min("bat", "armadillo"), "armadillo");
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% 15 ¥R 5
Welcome Back

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

Segment  Duration

MRMEFEZEE! 1 hour and 20 minutes
FREFERHE 1 hour and 40 minutes
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This segment should take about 1 hour and 20 minutes. It contains:

Slide Duration
FRAEE 3 minutes
Py 5 minutes
Option 10 minutes
Result 10 minutes
String 10 minutes
Vec 10 minutes

HashMap 10 minutes
253 HHES 20 minutes

T AR BV IREIKT B, VEACLEIN TR 20 B 35Sk D, Bl 1 i — 2o B BT T

16.1 FrikPE

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.

e alloc BEFELF/HETBLESAYIEA, 40 Vec, Box 1 Arc,

XA Rust MA@ JEH core, /REMH alloc,

16.2 A
Rust comes with extensive documentation. For example:

» All of the details about loops.
o 'u8' FEITRAEL,
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» Standard library types like Option or BinaryHeap.

HL B, AT DO EH AR YR S SR :
/// 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
}

The contents are treated as Markdown. All published Rust library crates are automatically
documented at docs . rs using the rustdoc tool. It is idiomatic to document all public items in
an API using this pattern.

GNFR NITTA (BIANAEREER ) S I 5 SRS, B EERT 7/ L B/ * 1 L %/ IR BRSO TERE ™
//1 This module contains functionality relating to divisibility of integers.

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

16.3 Option

KMEEL TR T Option<T> Ay — 4L 7K, B AT DUAF fif “T7 K BY UM, 80 A 17 fiff AT AT 18, 1)
gn, 'String:find' % [H Option<usize>,

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

* Optionis widely used, not just in the standard library.
» unwrap £JR[H Option 8¢ panic HHI{E, expect J7ik5 I, HEMEHEIRER,
- I None A2, EARE “LEH RICKRERZAHN None HIIH N,
— TEFERIF B gt S unwrap/expect #ATALER 738 WL, (B7E IE b ARSI J&@
AR N 2 41977 UALEE None 1R,
o INRIALIERRE Option<T> fENEHHIA/NERE S T HF,

16.4 Result

Result 5 Option #H{L, (HIR/RIRIERINECIE, HEMEIERRBIARE, X BT RIXREG S e X
i Res, HZ—MzH: Result<T, E> HH T HT Ok &fk, E HINTE Exy A,

use std::fs::File;
use std::io::Read;
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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}");

}

5 Option 77iEMHIA, IMERLT Result J7IEWNER, H A H LM B RIEBUSIE, K1, B BGHT
WA, AN R IR E T, ATCAEA unwrap () 3¢ expect () 771k, X2 —FIF R
HERAES,

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

16.5 String

String EFRMEHEDNECHTRTY A UTF-8 FAFH R IMIX :

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, SS.len(), 53.Chars().count());
}

String %M Deref<Target = str>, XEWEKARIDON String AAE str ik,

o “String:new” £IR[El—NHTIY A FEAF HR, AR AFIE B CAE EHER S AT R A EE &, 156
“String::with_capacity”,

o “String:len” &R [E“String” A/ (CAF 0 847, ATREAR T AR A K ) o

 “String:chars” &FX SEFRFAFR Al —ME AR EER, BT 225%, “char” 7l 85 AT
1“5 P AN,

o Y NTHESIFR RN, ATRER4E“ &str”8“String”,

o HEANRLP“Deref<Target = T>"IN, i S LEELUATFIERA 77 XM T V77125
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- BATFEARIIET Deref trait, At AAER 7 H il 1 248 AR RIZEH,
- “String” &I “Deref<Target = str>", J5& A AFFIZEIAIR T H 77 [F)“str” 77 iR AR
— Write and compare let s3 = sl.deref(); and let s3 = &%*s1;.
o “String” BAFNFIREIVEREAIRLINN, K SR 2 BEE String” EHRSRE, BA
—LHIMRILE,
o R String " AR5 AR 772
- {1 “s3.chars().nth(i).unwrap() "y 54F, Ho“I"RERRE & T,
— JEIEA “s3[0..4]" Fe 7T R, HorhiZ Slice fEBUANEFARFILS L
* 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 ZhnERT Al TR/ INHE S LRI X :

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

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

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

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

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

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

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

}

Vec 23930 Deref<Target = [T]>, XEMEERDIN Vec JEH slice 771,

* 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.

* Notice how Vec<T> is a generic type too, but you don't have to specify T explicitly. As
always with Rust type inference, the T was established during the first push call.

o “vec![..]”ZARAE “Vecinew() HIRITEAZ, BSFF MR BIHRMPILE TR,

s MFTRRERARS], ERTDMER D 177775, (HBINFSBEHIA 5, KB 2 panic, 1A, fEH “get”
KR [E“Option”, “pop” M BB G — NIt H,

» Slices are covered on day 3. For now, students only need to know that a value of type
Vec gives access to all of the documented slice methods, too.
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16.7 HashMap
PRUERIIE T LR, &£ HashDoS B i CRE i :

use std::collections: :HashMap;

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

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

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

// 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).or_insert(0);
*page_count += 1;

}

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

+ “HashMap " RIE/F & HE X, FILTRENATEEF,

o HZREH LT UST, £ TR EBEHZETE hashmap H; GHERAAE, MR [EPEUE, aHERAR
HEE B, 5 =1727F hashmap Hf ANERE,
let pcl = page_counts
.get("Harry Potter and the Sorcerer's Stone")
.unwrap_or(&336);
let pc2 = page_counts
.entry("The Hunger Games".to_string())
.oxr_insert(374);

o BIRHSE, 5 “vec!" N, NMEEMMER “hashmap! "7,

- A3, M Rust 1.56 48, HashMap SEELT “From<[(K, V); NI>", LA TREB LA MM F
T EEHAIIE G A i -

let page_counts = HashMap: :from([
("Harry Potter and the Sorcerer's Stone".to_string(), 336),
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("The Hunger Games".to_string(), 374),
1)

 2#, HashMap tA] DU TFAa A] A= B -(E e 2H Y “Tterator " #ATHY L,

« FAZE /R “HashMap<String, i32>", 5% “&str” FI1ERE, AERI RG], S 28, 7] IFEREH
fE 5, (HATRER S BUE R & & tH I 2% R,

- ZM ERREIFHER to_string()”, BHE B2 ) A G, NN FRATT AT RE S AEMRES 77 i
El] il

o WMEA JURREE T 77 ERR [EMEZEY, 40 “std::collections::hash_map::Keys”, JX 42287}
I 2 HBUE Rust SURRTRRES R A, A% BRI B A SO, DURART “Reys™ 77 TRHYSE I #E
%,

16.8 &3 iHEUs

FEARG S, SR S]— N EE BRI R LS, H A Iz B, %458 std: :collections: :HashMap
SRR L 22 H P OB DA R A5 B BRI B

Counter MIFIIAIR AL iEgmAL, SUERH T u32 18, Mg iR & H 777 0] BT AT B E 288, DUE
Counter REWER TR T HIME,

URRAR AT SERIRAE, IR entry T57EKIA M EHOCEURE, MTTSEIL count 757,
use std::collections: :HashMap;

/// Counter counts the number of times each value of type T has been seen.
struct Counter {

values: HashMap<u32, u64>,
}

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

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

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

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

Counter::new();

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

}

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

strctr.count("orange"),

strctr.count("apple");

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

16.8.1 A&

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> {

values: HashMap<T, u64>,
}

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

}

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

}

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

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

ctr.count(

1

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

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

strctr.count("orange");

strctr.count("apple");

println!("got {} apples", strctr.times_seen("apple"));
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This segment should take about 1 hour and 40 minutes. It contains:

Slide Duration
b 10 minutes
BEAF 10 minutes
From #1 Into 10 minutes
E iRk e 5 minutes
Read #1 Write 10 minutes
Default, 54K #TIEE 5 minutes
Eif 20 minutes
#:5]: ROT13 30 minutes

SRR R, TEAE LN R 4R B e D trait BSOR,
HEER D A IR AR E— T

17.1 k%
XU trait SCHRFEE 2 AT ELis, A TR S EIX L trait AYFER, vl URAEFTE IXLE trait,

PartialEq and Eq

PartialEq faEb S X R, HHESHLFEN L eq FIEREEIITTTE ne, == 1 | = BBV HIXLE
T
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 is a full equivalence relation (reflexive, symmetric, and transitive) and implies PartialEq.
Functions that require full equivalence will use Eq as a trait bound.

PartialOrd and Oxd

PartialOxrd & X THH partial_cmp /7iERE A HEF . ER TSR, <=, >=f1> BE,

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

}
Ord 25k, He cmp JR[AE Ordering.
PartialEq rIDAMEARRIZEALZ [AISCEL, {H Eq A8E, FvE AR B R IE:
struct Key {
id: u32,
metadata: Option<String>,

}
impl PartialEqg<u32> for Key {

fn eq(&self, other: &u32) -> bool {
self.id == *other

}
}

FES, IRASXEE trait R U, (AR 29BN,

17.2 iBBFY

IBRITEHZIET std: ops FHRHESLEIRY:
struct Point {

x: 132,

y: 132,
}

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

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

}
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fn main() {

}

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

e

* You could implement Add for &Point. In which situations is that useful?
- [E%: Add:add 2FEH] self NFUERIZFEIFEE R (RIS T) A2 Copy, @R

&T IS TAT, XAl I H A EAF RN SR 55,
* Aft2 Output ZRIRA? AR ERMEIZTTERZRE2IE?

— Short answer: Function type parameters are controlled by the caller, but associated
types (like Output) are controlled by the implementer of a trait.
o fEET DAEH AT AT [RIZREUSCEL Add, 40, impl Add<(i32, i32)> for Point £\ Point

FREsInTe.

17.3 From fil Into

AN From AT Into DA AL
fn main() {

}

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

let addr = std::net::Ipv4Addr::from([127, @, @, 11);
let one = il16::from(true);

let bigger = i32::from(123_116);

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

SSH From J5, R B Into:
fn main() {

let s: String = "hello".into();
let addr: std::net::Ipv4Addr = [127, 0, @, 1].into();
let one: i16 = true.into();

let bigger: i32 = 123_1il16.into();
println!("{s}, {addr}, {one}, {bigger}");

o XERENT L E LTSI From, BRI Into,

o AR RS AR (FIan “AEAm el F 4k String RUZREE™) ) BUNIE ZAH R, IS R A
F Into, AR REZ 0] 2 From BYZEAY, DAN AREEAN S Into HYZE7AY,

17.4 AR

Rust %A RS, (HERHER as #A TR T REHM CIESETEH—20

fn main() {

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

}

fEH as HUSERTE Rust H 4a & KA, IF BAER & _LARFE— B0 X AT RERN N T 3 U 5 ik i
BN BB AR — 4 NTE MR WL, 15 &5 SR TR

] as BT E R — R DAY FEA 5 A I 7775, AR AR T AR BTN, LU sl 728805k
FATEEIN 2 SBIERA Bug, KA I 2 T IR 2 T TC S A (LA Bz Y ued
u32, 2 & AR o

TRt A2 S EE 4 (b u32 %% u6b4d), MLk as, EHEFE A From 3¢ Into AE &R R
B 6T AT RE H B A A, QI SR RAE R IX A RE B AL e B 1B (A R R AR B 77 SN, FTLAE & TryFrom
M TryInto,

BTEIXKLIT 2 JatkE—T,

as KT C++ FHSRA AL, @ H N EINAE I RER R EIRAVIE N FEH as, 808 2 /0 Mz B
R

REFBRNZ, KRB usize DIHERSL,

17.5 Read filWrite

#&0] DA#EH Read #1 BufRead Xf u8 JIE#HITHIR (LA FE
use std::io::{BufRead, BufReader, Read, Result};

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

}

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

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

}

IEFIFERTEE A Write X u8 HRURERIF THMA (L b1 :
use std::io::{Result, Write};

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

}

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

17.6 Default Fif

Default FHiE= MR REIAEL,

struct Derived {

X: u32,

y: String,

z: Implemented,
}

struct Implemented(String);

impl Default for Implemented {
fn default() -> Self {
Self("John Smith".into())
}
}

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

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

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

o RGAIDIEESEIY, WAl UEE #[derive (Default) ] IRAEH T,

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

values.
- XERE, mE AT T R R AL Default,

PR Rust 0@ H 2 DUEBERE (1N 077 55) SZI) Default’,

The partial struct initialization works nicely with default.

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

* The .. syntax is called struct update syntax.

17.7 #f

MtLsl lambda RIAXEATEa BRI AL, ENE SRR Fn, FnMut #1 FnOnce RHE:

fn apply_with_log(func: impl FnOnce(i32) -> i32, input: i32) -> 132 {
println!("Calling function on {input}");
func (input)
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fn main() {
let add_3 = |x| x + 3;
println!("add_3: {}", apply_with_log(add_3, 10));
println!("add_3: {}", apply_with_log(add_3, 20));

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

let multiply_sum = |x| x * v.into_iter().sum::<i32>();

println! ("multiply_sum: {}", apply_with_log(multiply_sum, 3));
}
Fn (f140 add_3) BEA~SFEA A XM SERIRAIE, SO A SIREATE, BRI O Z I 2,
FnMut (fi140 accumulate) A RER SRR AEL, 28] PAZ A A e, (HAREFF R e,
GREREAEA FnOnce (B40 multiply_sum), si¥F R BB E— IR, ERTRESFER FHfikAI(E,

FnMut & FnOnce M+2%, Fn & FnMut 1 FnOnce 1Y+ 2881, thak 210, 78] DATE (-{a] 72 238
FnOnce M7/ FnMut, iR FFRZEIE A FnMut 3¢ FnOnce YT 8 Fn,

When you define a function that takes a closure, you should take FnOnce if you can (i.e. you
call it once), or FnMut else, and last Fn. This allows the most flexibility for the caller.

In contrast, when you have a closure, the most flexible you can have is Fn (it can be passed
everywhere), then FnMut, and lastly FnOnce.

AL HEWT Copy (BlUNEHXt add_3)#1 Clone (fl4n multiply_sum), EARECR T A ELIHIRAT
g,

BONEOUR, R AR5 R EREEE (AR AT DARYIE) . move SR I AT Lk AT EARIEE KRR,

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

}
fn main() {

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

17.8 %3>J: ROT13

TEMTRBIFR, R ST “ROT 1371, Kt AR 2 HIZ Playground, JSEBIERR AL, T (L ER:
ASCII FREFHF, DARTREE AT N A RLH) UTE-8 4ibd 1o

use std::io::Read;

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

}

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

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

}
mod test {
use super::*;
fn joke() {
let mut rot =
RotDecoder { input: "Gb trg gb gur bgure fvqr!".as_bytes(), rot: 13 };
let mut result = String::new();
rot.read_to_string(&mut result).unwrap();
assert_eq! (&result, "To get to the other side!");
}
fn binary() {
let input: Vec<u8> = (0..=255u8).collect();
let mut rot = RotDecoder::<&[u8]> { input: input.as_ref(), rot: 13 };
let mut buf = [Qu8; 256];
assert_eq! (rot.read(&mut buf).unwrap(), 256);
for i in 0..=255 {
if input[i] != buf[i] {
assert!(input[i].is_ascii_alphabetic());
assert!(buf[i].is_ascii_alphabetic());
}
}
}
}

anSRE P RotDecoder SKRIBERIE —ilS, B DLBILER: 13 DT, &AM ANG?

17.8.1 f#%&

use std::io::Read;

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

}

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

}
Ok(size)

}

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

}
mod test {
use super::*;
fn joke() {
let mut rot =
RotDecoder { input: "Gb trg gb gur bgure fvqr!".as_bytes(), rot: 13 };
let mut result = String::new();
rot.read_to_string(&mut result).unwrap();
assert_eq! (&result, "To get to the other side!");
}
fn binary() {
let input: Vec<u8> = (0..=255u8).collect();
let mut rot = RotDecoder::<&[u8]> { input: input.as_ref(), rot: 13 };
let mut buf = [Qu8; 256];
assert_eq! (rot.read(&mut buf).unwrap(), 256);
for i in 0..=255 {
if input[i] != buf[i] {
assert!(input[i].is_ascii_alphabetic());
assert!(buf[i] .is_ascii_alphabetic());
}
}
}
}
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18 #5r
INSNE 3 KR

\

SENA:

o WRER A EIAAEHRER . Rust RN EZ 2,
o BREFEEE: PRIEETREZETL,

I 1) 2%

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

Segment Duration

pyetl 3 minutes
MEEM  1hour
BEEfEE 55 minutes

98



19 #5
pEX=gil

This segment should take about 1 hour. It contains:

Slide Duration
[\ : FFANESEL - 5 minutes
N ER T 10 minutes
[TIREE 5 minutes
g 5 minutes
Clone 2 minutes
qERA 5 minutes
Drop 10 minutes
ZR>]: HEAR A 20 minutes

19.1  [ali: PRI S C

R I DA~ A5 2T EE A
o He: RIERAS R AYEESE N F XK,

— {EAEGIER B ERIEIEE RN,
— HEM: QSRR — MREE
- ST EE: G BRI,
- TR R B
o M BREOE A ZSNIERIE K,
- [HEEAERN, B NTREBITRE,
— FEARAIE: TR A RGHIEZ M,
- PRIERAE R,

N/l

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 | : el T T e
| ptr | O-+---#-----+-->| H | e |1 |1 |o | :
| len | 5 | : : 1 T
Fom e - Fom - = + : . :
« 5t String IRIZH Vec SEE, BRI E BA R BN, Q0 RE AT AL, W AT DO 75 HE b #5570 i
17 2 A THE R
o QAR SRAE AR, RATDASE RRATAMIBERE A [RGU0ACas] fEHE B FCIRE AT, IEREFEH]
Allocator APT S F & LM AL ey
REREZ

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

fn main() {

let mut s1 =

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}");

String::from("Hello");

19.2 WIFEMGTA

G b IEF KR!

o JEFHNFEHLIIEeEH]: C, C++, Pascal
— FEFF RUE I o BL e O N 17
- P AR E TR 2 S e A AN F.
— WIS, R 7 R 205
o BITHNET HEh N EHSI5E 2% 4 Java, Python, Go. Haskell
- BT RG] IRE NTFTCIEN S | Z i, A2 BEIZ N
— JEEIEL 5T BRI ER RATT SC8E,

Rust #2t 7 — e A
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IS G SR HAS T IER I P> B RSB 2 S 2 4
‘BiEE— M FTA A (ownership) &R LI H Y,
AL R EAERR B S HAMIE 5 AL 4P TR Rust.

o CIBS A malloc f1 free RT3 E MM, & WHIR OIS RICAH free, f4TF—f5%
ZARE, SERBCE R ATE MM NSRS .

o C++ HE®REEH (unique_ptr, shared_ptr)Z T H, o] DUFIH S M R EAE S HE S
TRUESRHAERTE BRI BOR [FI N BTN A7 IXLE T B R A B Gk T S80S C IE SR MUM bug,

* Java. Go F1 Python #&#ib ;K [ ER R IR G TCiZE 7 Rl A I 5 & 75 IX PR UE RN B A F5 5
WATARS | FIRIE, TR T BERUS 3 %528 bug. (B2, WK AR (GC) 7B TIHIA, I
HARMEHEATIE Y AR,

EVFZIEM R, Rust FIFTEBRIME AL R] DISCER C 18 S HOTERE, RENSRS Bt /e R TR AL B P T o o f R
TARE, BNTRRAR, TR EERITF C++ FREFEE N T B N, BB 45 | FH T80 HoAik o, H 2
XHE =77 crate 7] ASZHHBF T B AL (R IEREAFPARENH)

19.3 AR

FrE 2 240 E & A — MR VEREY, i R 2R IR
struct Point(i32, i32);

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

BRI AW 2 A ANE, B Al A —H R I EF AT P TAE. Rust B “B—frG#&”
JE5 2L,

19.4 Bahif X

An assignment will transfer ownership between variables:

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

o ¥ s1MRES s2, RN TRrERL
* When s1 goes out of scope, nothing happens: it does not own anything.
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2 s2 BITHERISI, T1F R BUE BRI
Hah#| s2 Wz if:

Stack Heap
sl
Fomm e - Fommm oo + I Ty Sy
| ptr | o--te-ste—cbe>[H o Je |11 o |t
| len | 6 | : e
| capacity | 6 | :
R i R i + :
BahE| s2 hza:
Stack Heap
sl "(inaccessible)"
R === + : . +----t+----t----Ft----F----t+-=---+
| ptr |  O---t---t-d-—t->] H | e |1 |1 |o | ! |
| len | 6 | | R L R e It T
| capacity | 6 | |
E T ——— tommm - + |
| - - - e - o oo oo oo oo
s2 |
Fom e e oo Fommm oo + |
| ptr | omteoe
| len | 6 |
| capacity | 6 |
Fomm e - Fommm oo +

PRIEAB LA BRERT , IR (E SRS R S0 X EER T AERL:
fn say_hello(name: String) {

println!("Hello {name}")
}

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

o« HEHIXE C++ HEYERIMAEM S BRAFIREA std: :move OGFCE X move &K% ), BN C+
+ FREERAER T E = .

o HAEFTERURAE T #%, B O S A SRS RRIEEIEA 52— MUL T IR, RasE
NI REIA,
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o TR B (BTN EED 7] DIARIE M “Copy” GBEB TG 82404T Ao
* 7£ Rust /1, 5if&2 B0 GEE 4 clone),
£ say_hello /RfilH:

o BRI say_hello i, main k7 1T name MIFTERL LG, main FABEFEHH name,

o 1£ say_hello HREEE R, RAXFEH name 2 ECHIHEN T,

o 1% main ¥ name fEN51H (&name) Zi%id %, H say_hello #2/E RS 85 H, NI {#H
FraAL

o A, main WA DAFE & IRE F ML E name BI5EkE (name. clone())s

o HHEET C++, Rust E¥FENIE G AEINME, FHom G F Gl 7 2 aXrd b, s ATCE A 6l 2
ZKO

RREZ

Defensive Copies in Modern C++

PR C++ DA AT 75 AR R b A 7L
std::string sl "Cpp";
std::string s2 = s1; // Duplicate the data in sl.

o s1 RAHEERIEE ], s2 IR1GH ORI EIA,
« 2 s1 1 s2 BIHEAIE, EMNa% BRKE SN,

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



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

PSS I
o C++ it 75 Rust WA RFMIER BT =" & HIEdE, Ko miw & 7057 B EdE, S0, 4 E—
ST HR i ORI (2 IR
o C++ BEF “stdimove”, BHTHERMEA] B HHAME, iR/~ EIH“s2 = std::move(s1)”,
MRS RAREDTEL FBBh)E, “s17 AT A RUEARIEEIRS, 5 Rust R FE|, #2755 A AGRS(HE
“s1”,
« 5 Rust AR, i C++ I, “="A] DU TR, BARBG T2 HIsF 52878,

19.5 Clone

AN, 0F EHIFEAME, Clone RHE AT ATEAULRAE,

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

}

impl Backends {
fn set_hostnames(&mut self, hostnames: &Vec<String>) {
self.hostnames = hostnames.clone();
self.weights = hostnames.iter().map(|_| 1.0).collect();
}
}
Clone AU G R LB I ECRINL B, &K . clone () FIEAh—LEPR, Fl40 Vec : :new ¢
Box: :new,

I RIHTER, e ve R AR e AR A A A, 755 S0Ed L TH BRI L2 va R

19.6 HARM
BIARENTE BRI, (BTG T = & il S 2
fn main() {
let x = 42;
let y = x;
println!("x: {x}"); // would not be accessible if not Copy
println!("y: {y}");
}
KRS T Copy trait,
PRAT DU R H AR AE FH &S S
struct Point(i32, i32);
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fn main() {
let pl = Point(3, 4);
let p2 = pl;
println!("pl: {pl:?}");
println!("p2: {p2:?}");

s WBEZJG, pl fil p2 #iiHE H REHE,
o BABEATCAEH pl. clone () EaVEHIEIRE,
SR e 2 PR
o GHIZIENEX IR E S, AEH TEREN R,
o SHIRTCUFEE OB (RRET C++ I EHIEIEEE0
o SufE R — R E A I IRE, thARVREIE SEBE Clone trait SKEE AT A,
o Sl T5E3 Drop trait Y288,
1 BIRRBIHR, 25 DL N R

* £ struct Point H%N String B, BT String FET Copy &8, Kt TCiZgm %,

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

o FRHANRIRSCOY b p1, WAl Azl T,

19.7 Drop FHiF

FAF9281 Drop HIMERT DA E (B T B AT RO RS

struct Droppable {
name: &'static str,

}

impl Drop for Droppable {
fn drop(&mut self) {
println! ("Dropping {}", self.name);
}
}

fn main() {
let a = Droppable { name: "a" };

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

println! ("Exiting main");

* IEEAE, std::mem::drop 5 std: :ops: :Drop: :drop [,

105


https://doc.rust-lang.org/std/ops/trait.Drop.html

o Y{EEHTEEN, RGT2 B3R HMER,
o EFHAMEMN, EIZESI T std: :ops: :Drop, M<VEMH Drop: : drop S,
« RE, ZEFTATFBRIMAWES, TILHEEXEL T Drop,
e std::mem: :drop FJE—NRAMEMMER 2 5K %L, EZEREERG TEMFTER, e H/EH
REE N B 2 BT QNI AT DURAASR BRI R F3H, M0 55 2 (E kI Y R A I,
— XN TIEE drop HUTHESS RN GORBARR G, BIAnRB s, XM 45,

e

» Nft4 Drop: :drop A self?
- fAE: RIS, RASENRBEEE A std: :mem: :drop, # 51 & H—IREH
Drop: :drop, 35| & HAk !
o 21{H a.drop() &t drop(a).

19.8 i3 Mg

FEHORBIH, BATPRESLEL— M 2R T A A E BRI, B TR A R e X SR S8
F e, T (8 R PR BOR LB,

AN TR

enum Language {
Rust,
Java,
Perl,

}

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

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

}

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

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

/// Set the package version.

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

}

/// Set the package authors.

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

}

/// Add an additional dependency.

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

}

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

todo! ("5")
}

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

fn main() {

let base64 = PackageBuilder::new("base64").version("@.13").build();

println!("base64: {base64:?}");

let log =
PackageBuilder: :new("log").version("0.4").language(Language: :Rust).build();

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

let serde = PackageBuilder::new("serde")
.authors(vec!["djmitche".into()])
.version(String::from("4.0"))
.dependency(base64.as_dependency())
.dependency(log.as_dependency())
.build();

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

19.8.1 f#%&

enum Language {
Rust,
Java,
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Perl,
}

struct Dependency {
name: String,
version_expression: String,

}

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

}

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

}

/// A builder for a Package. Use "build()  to create the "Package itself.
struct PackageBuilder(Package);

impl PackageBuilder {
fn new(name: impl Into<String>) -> Self {
Self(Package {
name: name.into(),
version: "0.1".into(),
authors: vec![],
dependencies: vec![],
language: None,
})
}

/// Set the package version.

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

}

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

/// Add an additional dependency.

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

}

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

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

fn main() {
let base64 = PackageBuilder::new("base64").version("0.13").build();
println!("base64: {base64:?}");
let log =
PackageBuilder: :new("log").version("0.4").language(Language: :Rust).build();
println!("log: {log:?}");
let serde = PackageBuilder::new("serde")
.authors(vec!["djmitche" .into()])
.version(String::from("4.0"))
.dependency(base64.as_dependency())
.dependency(log.as_dependency())
.build();
println!("serde: {serde:?}");

109



% 20 #5
BRETREH

This segment should take about 55 minutes. It contains:

Slide Duration

Box

|10 minutes| |Rc|5 minutes| |#HiFAS |10 minutes| |£:>]: —X#t |30 minutes|

20.1 Box<T>

Box s2fami EHEEN B A feE:

fn main() {
let five = Box::new(5);
println!("five: {}", *five);

}

Stack Heap
five :
+-em-- + : +-em-- +
B et NI
Fommm o + : Fommm o +

Box<T> 253 Deref<Target = T>,XEMREER] DAEFEAE Box<T> Li@id T Ja HAHR 75 7%,
BRI S B 3 SR R R BT 26 A Box:

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

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

}

Stack Heap
list
- +----+----+ R +----+----+ +------ +----+----+
| Element | 1 | O--+----4----- +--->| Element | 2 | o--+--->| Ni1 | // | // |
Fomm oo oo+ A, R e - S

* Boxislike std: :unique_ptr in C++, except that it's guaranteed to be not null.
o /ELANMENLS, Box AIRERTRSEA:
— TEZWIEIN ISR TCEMIB A/ NI, {H Rust G oy Fa 2 AERTIR /N,
- RBEHIERBEHARAI AN ikt ek BRI B R, 16 SO IR A7 i57E Box
HE |, DAEURSBI1EET
» 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/NG—agEHAHR], H HASFERMERH T —1 List JosK, Kita] AEERX A A,

* 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.

RREZ
MR

Though Box looks like std: :unique_ptr in C++, it cannot be empty/null. This makes Box
one of the types that allow the compiler to optimize storage of some enumes.

For example, Option<Box<T>> has the same size, as just Box<T>, because compiler uses
NULL-value to discriminate variants instead of using explicit tag ("Null Pointer Optimization”):

use std::mem::size_of_val;
struct Item(String);
fn main() {

let just_box: Box<Item> = Box::new(Item("Just box".into()));
let optional_box: Option<Box<Item>> =
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Some (Box: :new(Item("Optional box".into())));
let none: Option<Box<Item>> = None;

assert_eq!(size_of_val(&just_box), size_of_val(&optional_box));
assert_eq!(size_of_val(&just_box), size_of_val(&none));

println!("Size of just_box: {}", size_of_val(&just_box));
println!("Size of optional_box: {}", size_of_val(&optional_box));
println!("Size of none: {}", size_of_val(&none));

20.2 Rc
Rc 25| FTHEHL =5 i RIEFEMNZ DB 5 | IAHRIREE, 16/ st

use std::rc::Rc;
fn main() {

let a
let b

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

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

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

o FERTDURFH R _FRR Ty Weak 455, DAEGIE 2 5 SHEE FRRITEIR S | .

o Rc HHEATIR R ZA 5 H, WEREM SRR

* Rust H“Rc” 5 C++ Hf“std::shared_ptr’2{l,

* Rc::clone RYRAIRAR: IXMEGE 2 QG MIAHFE > BCAYFE ST, FFIE D05 T8, M2 AR
BT RE, HEE RS M BE R RN 18 5w DA

» make_mut SEPR b RTERAEN wifENERE (“clone-on-write”) , FFIR[EI AT AR )5 | FH,

 {#iffl Rc: :strong_count AI&EE 5| HIH4.

* Rc: :downgrade gives you a weakly reference-counted object to create cycles that will
be dropped properly (likely in combination with RefCell).

20.3 FHIEXMR

FHIE (Trait) X R A2 AR RIAE, 2561, TR G S 2IXFE:
struct Dog {
name: String,
age: 18,
}
struct Cat {
lives: 18,

}

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

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

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

fn main() {
let pets: Vec<Box<dyn Pet>> = vec!]
Box::new(Cat { lives: 9 }),
Box: :new(Dog { name: String::from("Fido"), age: 5 }),
1
for pet in pets {
println!("Hello, who are you? {}", pet.talk());

}
}
PAREDED pets JERIPTERR)R
Stack Heap
"pets: Vec<dyn Pet>" : : "data: Cat" L R I
e tommoo- + : s e + | F | 1 | d | o | :
| ptr | 0---+---+--. | lives | 9 | LR R C L EE L
| 1len [ 2 | N R tommooo- + A :
| capacity | 2 | S A | :
Fomm oo tommmo o + S | P :
S | data: "Dog" | :
S | e Rl + :
-------------- S B LR R s | name | o, 4, 4 | :
‘--+-->| oo | 0 O-|----- >| age | 5 | :
: to|---t-]---+ e Fommm e - + :
| | :
T '
| |
| | "Program text"
e
| | vtable
| | S PO O S +
| T----- >| "<Dog as Pet>::talk" |
| S +
| vtable
| oo - +

113



o SEMLATE trait YRBIRTRE R/ A FEL K, A ATRE R A K Vec<dyn Pet> IXFEHII,
o ANEE “dyn Pet” X7 AR iEeS 5 HISLIL“Pet B A K/NEAYL,
o fEAHIH, pets fEk EDELNTE, REBIRZEER LXMW MREICEE e
- MR E T 2MiEEH . CE SN FEMERRA R AFEEr, DAIEMIZ R E XN Z 1 Pet L
BRI REALL T 1572 (vtable) BI4EE,
- Dog (#4 Fido) KEIREHEZ name fil age 7B, Cat BAIEE— lives 7B,
o FRER BIATRBIHP R IX LA Y
printIn! ("{} {}", std::mem::size_of::<Dog>(), std::mem::size_of::<Cat>());
printInt ("{} {}", 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 #3: X

ZI R AR IR R S A, Eorh T S E A T R CE MRS D) o B AT TR B — MRS A, H
AT R — ME N FAEMTT RN, N ZEMN PR A RIS T R 8B e S8 NE, m N A0
TR T R L S K,
SEERDAR A DA E AT
BAME : X IR [EE R — oo SEEE RS
/// A node in the binary tree.
struct Node<T: Ord> {
value: T,
left: Subtree<T>,

right: Subtree<T>,
}

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

/// A container storing a set of values, using a binary tree.
/17
/// If the same value is added multiple times, it is only stored once.
pub struct BinaryTree<T: Ord> {
root: Subtree<T>,

}
// Implement ‘new’, “insert’, “len’, and ‘"has’.
mod tests {

use super::*;

fn len() {
let mut tree = BinaryTree::new();
assert_eq!(tree.len(), 0);
tree.insert(2);
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assert_eq!(tree.len(), 1);
tree.insert(1);

assert_eq! (tree.len(), 2);
tree.insert(2); // not a unique item
assert_eq! (tree.len(), 2);

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

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

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

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

20.4.1 fRE

use std::cmp::0rdering;

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

value: T,

left: Subtree<T>,

right: Subtree<T>,
}

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

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

impl<T: Ord> BinaryTree<T> {
fn new() -> Self {
Self { root: Subtree::new() }
}

fn insert(&mut self, value: T) {
self.root.insert(value);

}

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

}

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

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

}

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

None => self.® = Some(Box: :new(Node: :new(value))),

Some(n) => match value.cmp(&n.value) {
Ordering::Less => n.left.insert(value),
Ordering::Equal => {}
Ordering: :Greater => n.right.insert(value),

}l

}

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

}

impl<T: Ord> Node<T> {
fn new(value: T) -> Self {
Self { value, left: Subtree::new(), right: Subtree::new() }
}
}

fn main() {
let mut tree = BinaryTree::new();
tree.insert("foo");
assert_eq! (tree.len(), 1);
tree.insert("bar");
assert!(tree.has(&"foo"));

}

mod tests {
use super::*;

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

}

fn has() {
let mut tree = BinaryTree::new();
fn check_has(tree: &BinaryTree<i32>, exp: &[bool]l) {
let got: Vec<bool> =
(0..exp.len()).map(|i| tree.has(&(i as i32))).collect();
assert_eq! (&got, exp);
}

check_has(&tree, &[false, false, false, false, false]);
tree.insert (0);

check_has (&tree, &[true, false, false, false, false]);
tree.insert (4);

check_has(&tree, &[true, false, false, false, true]);
tree.insert (4);

check_has(&tree, &[true, false, false, false, truel);
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tree.insert(3);
check_has(&tree, &[true, false, false, true, true]);
}

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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21 55
Welcome Back

Including 10 minute breaks, this session should take about 1 hour and 50 minutes. It contains:

Segment Duration

f&H 50 minutes
gEfiRAm AR 50 minutes
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B 22 H55
fi

This segment should take about 50 minutes. It contains:

Slide Duration

& F{E 10 minutes
Bk 10 minutes
PIER AT AR 10 minutes

2.3 EFES 20 minutes

22.1 fEAME

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

struct Point(i32, i32);

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

}

fn main() {
let pl = Point(3, 4);
let p2 = Point(10, 20);
let p3 = add(&pl, &p2);

println! ("{pl:?} + {p2:?} = {p3:?}");
o add RECME R RORIR E— N A

« T2 REMARFTER
BEZIT AR E 1 RS R R, FERCE 7578, B8N T RS HAnR [ElE,

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

struct Point(i32, i32);
fn add(pl: &Point, p2: &Point) -> Point {

let p = Point(pl.0 + p2.0, pl.1 + p2.1);
println! ("&p.0: {:p}", &p.0);

p

}

pub fn main() {
let pl = Point(3, 4);
let p2 = Point(10, 20);
let p3 = add(&pl, &p2);

println! ("&p3.0: {:p}", &p3.0);
println! ("{pl:?} + {p2:?} = {p3:?}");
}
* Rust ZRiFasaEBHUTIREHEILIL (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 fHAIRE

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}");

o BER, ZOREMMRNG IR FE. M5 RS A BT R R,
o BRRBLTEIESE, Ry a RN AT 2EE Gaid o) FIAa] 288 Gl b) #fE .
« b iy println! IHFAIMBEISIA c FFEREZ AT, IXBACRDHEAT DA% 1%
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o XMEHEKE, WIFSRSLI b RAEEE ¢ Xf a EATH A2 EH Z A, X2 E AR &R —1
TR, 4409 “ARIATEAE A an a7

» The exclusive reference constraint is quite strong. Rust uses it to ensure that data races
do not occur. Rust also relies on this constraint to optimize code. For example, a value
behind a shared reference can be safely cached in a register for the lifetime of that
reference.

o (AR LT H TP 25 W, G0 RIS S5 A (R rh B AR 2 BOEA T & 5 T (B AERE SR
BN, EHFTREE RIS EE, RTEG2 S8 S EARERET —F I8,

22.3 MERnZEE:

In some situations, it's necessary to modify data behind a shared (read-only) reference. For
example, a shared data structure might have an internal cache, and wish to update that cache
from read-only methods.

The ”interior mutability” pattern allows exclusive (mutable) access behind a shared reference.
The standard library provides several ways to do this, all while still ensuring safety, typically
by performing a runtime check.

RefCell

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

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

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

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

println!("graph: {root:#7?}");
println!("graph sum: {}", root.borrow().sum());
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Cell

Cell wraps a value and allows getting or setting the value, even with a shared reference to
the Cell. However, it does not allow any references to the value. Since there are no references,
borrowing rules cannot be broken.

The main thing to take away from this slide is that Rust provides safe ways to modify data
behind a shared reference. There are a variety of ways to ensure that safety, and RefCell
and Cell are two of them.

* RefCell enforces Rust's usual borrowing rules (either multiple shared references or
a single exclusive reference) with a runtime check. In this case, all borrows are very
short and never overlap, so the checks always succeed.

* Rc only allows shared (read-only) access to its contents, since its purpose is to allow
(and count) many references. But we want to modify the value, so we need interior
mutability.

* Cell is a simpler means to ensure safety: it has a set method that takes &self. This
needs no runtime check, but requires moving values, which can have its own cost.

* Demonstrate that reference loops can be created by adding root to subtree.children.

o N TIEURIZITH panic, IEARIT— D2 “self.value " DARH[R 7572338 F H 5 Wi “ fn inc(&mut
self)”, &1 S 77 1€ 5| F 96 ¥, %t % panic, I H “thread” “main” £ [§ “already borrowed:
BorrowMutError”fi panic.

22.4 %:3: fEReGElt
IRTEAESSBL— MR RRGE M EP 0 — 3023, R SR P R B TIE B

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

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

pub struct User ({
name: String,
age: u32,
height: 32,
visit_count: usize,
last_blood_pressure: Option<(u32, u32)>,

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

pub struct HealthReport<'a> {
patient_name: &'a str,
visit_count: u32,
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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: @, last_blood_pressure: None }
}
pub fn visit_doctor(&mut self, measurements: Measurements) -> HealthReport {
todo! ("Update a user's statistics based on measurements from a visit to the doc
}
}

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

fn test_visit() {
let mut bob = User::new(String::from("Bob"), 32, 155.2);
assert_eq! (bob.visit_count, 0);
let report =
bob.visit_doctor(Measurements { height: 156.1, blood_pressure: (120, 80) });
assert_eq! (report.patient_name, "Bob");
assert_eq! (report.visit_count, 1);
assert_eq! (report.blood_pressure_change, None);

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

assert_eq! (report.visit_count, 2);
assert_eq! (report.blood_pressure_change, Some((-5, -4)));

2241 &

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 {

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
b
self.height = measurements.height;
self.last_blood_pressure = Some(bp);
report

fn main() {

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

fn test_visit() {

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

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

assert_eq! (report.visit_count, 2);
assert_eq! (report.blood_pressure_change, Some((-5, -4)));
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W 23 #5
SR o ) 10

This segment should take about 50 minutes. It contains:

Slide Duration

A i B B 10 minutes
A B HA A 5 minutes
SRR A HH 5 minutes

#:.3J: Protobuf f@##t 30 minutes

23.1 AR

A reference has a lifetime, which must not “outlive” the value it refers to. This is verified by
the borrow checker.

The lifetime can be implicit - this is what we have seen so far. Lifetimes can also be explicit:
&'a Point, &'document str. Lifetimes start with ' and 'a is a typical default name. Read
&'a Point as ”a borrowed Point which is valid for at least the lifetime a”.

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.

2478 FE A bR EUE B (A M R EOR [BHER, 4 dn B BH A5 e 2%,
struct Point(i32, i32);

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

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

}

In this example, the compiler does not know what lifetime to infer for p3. Looking inside the
function body shows that it can only safely assume that p3's lifetime is the shorter of p1 and
p2. But just like types, Rust requires explicit annotations of lifetimes on function arguments
and return values.

¥ rald@YmE left_most H:

fn left_most<'a>(pl: &'a Point, p2: &'a Point) -> &'a Point {
XFR., “MRi% pl Al p2 METEREERLE ' a B, MIREHEZR/DLE 'a NERC,
TE—RETEOL T, AT LA IS A= dn A3, a0 S — sk ZIKT F A A,

23.2 PR A o R

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 B A A R SR TN — A A R
o RG-S, PRI FrE AR TE AR AR A,
s WREZASEEGEM, BE—NZHAT self 1Y, WPKZA & A T B A AN AR A& B,

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!(
Il{:?}ll,
nearest(

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

)
}

FEHORBIF, cab_distance #4255 ElgE T,

nearest HREGHRML 15 — D ERECRA, R EHIZEHEE 215, FER TR,

HZ LR “Uii” 7R R A A a A B -

fn nearest<'a, 'g>(points: &'a [Point], query: &'q Point) -> Option<&'q Point> {
This won't compile, demonstrating that the annotations are checked for validity by the

compiler. Note that this is not the case for raw pointers (unsafe), and this is a common source
of errors with unsafe Rust.

Students may ask when to use lifetimes. Rust borrows always have lifetimes. Most of the time,
elision and type inference mean these don't need to be written out. In more complicated
cases, lifetime annotations can help resolve ambiguity. Often, especially when prototyping,
it's easier to just work with owned data by cloning values where necessary.

23.3  BRETHh A G R Y

WIERFAR I8 118 FH BB, T A0 LR AN A8 i JE SRR -
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:?}");

o 78 Bk, Highlight {ERESHRMEIEE &str KYRZEIRMN A a8 20 5 68 Iz 8RN
] Highlight SEfil—FEK,

« WA text £ fox (K dog) BYZEan FIMISE sRATHAHFE, 6 A A a Rl — DR,

o fE BRI ZIA 6 P AR B IR A0, XN TR R B RALERA H, (B SE e
Mo

WA ATRE, IEBURGSH BRI B CHVEERE,

o —EEEZ 2SI AT DG 20 A an A R BR 7SS B i AR an A 2 b, a0 SR 2 A
A5z B L an DGR, ] REFR ZIXARML, X L AR 2 AR H m g i 6l

23.4 #%:.3): Protobuf @bt

FEALE S, RN protobuf il i A EE — T %o BITHD, HSARFE R X Ros 17— #rE I
gt s, RIME B EE slice, IKBEEIE A S KA S,
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AN SEEE RN protobuf MR, T EANE 7RV (47 B S AR5 . IXEH = AE proto XffH+

TR AEARGR S, AT TR L5 (5 B s BRAL B 7 BRI FH A R B0 Y mat ch 1B A,

FA TR ER LT proto:

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

}

1;

message Person {
optional string name = 1;
optional int32 id = 2;
repeated PhoneNumber phones = 3;
}
proto {HEBIRILAIES) — RINF B, T BRI PR3 5 T R ERE AV TE 2R S AR & — 1
FEBIw5 (a0 Person {HER id FEEMED 2) FIZAY (F T8 SORLANMA] 2715 IR ff 28 27D o

B (RLFEARSS) 4408 VARINT B Rl 2K EGRL R R 802, NHNESRM T parse_varint
HIE o A6 BRI E X T —L[a3E, HT4:# Person #1 PhoneNumber FE&, H-5H BT A X
LE[EE A — 250 E

What remains for you is to implement the parse_field function and the ProtoMessage
trait for Person and PhoneNumber.

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

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

/// A wire type as seen on the wire.
enum WireType {
/17 Varint WireType RIHZENHA VARINT,
Varint,
//164, -- not needed for this exercise
/// The Len WireType indicates that the value is a length represented as a
/// VARINT followed by exactly that number of bytes.
Len,
/// The 132 WireType indicates that the value is precisely 4 bytes in
/// little-endian order containing a 32-bit signed integer.
132,
}

/// A field's value, typed based on the wire type.
enum FieldValue<'a> {
Varint(u64),

131



//164(i64), -- not needed for this exercise
Len(&'a [u8]),
132(i32),

}

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

field_num: u64,

value: FieldValue<'a>,
}

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

}

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

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

)
}

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

}

fn as_bytes(&self) -> Result<&'a [u8], Error> {
let FieldValue::Len(data) = self else {
return Err(Exrror: :UnexpectedWireType);
3,
Ok(data)
}

fn as_u64(&self) -> Result<u64, Error> {
let FieldValue::Varint(value) = self else {
return Err(Error::UnexpectedWireType);
b
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 Err(Error::InvalidVarint);
b
if b & 0x80 == 0 {
// This is the last byte of the VARINT, so convert it to
// a u64 and return it.
let mut value = 0Qu64;
for b in data[..=1].iter() .rev() {
value = (value << 7) | (b & 0x7f) as ub4;
}
return Ok((value, &data[i + 1..1));

}

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

}

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

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

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

}

/// Parse a message in the given data, calling 'T::add_field  for each field in
/// the message.
/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;
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Ok (result)
}

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

}

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

}

// TODO: Implement ProtoMessage for Person and PhoneNumber.

fn main() {
let person: Person = parse_message(&[
0x0Qa, 0x07, Ox6d, Ox61, Ox78, 0Ox77, @x65, O0x6¢Cc, Oxb6C, O0x10, Ox2a, 0Oxla,
0x16, @x0a, 0x0e, 0x2b, 0x31, @x32, 0x30, ©0x32, ©0x2d, 0x35, ©0x35, 0x35,
0x2d, ©x31, ©0x32, 0x31, 0x32, 0x12, 0x04, 0x68, @Ox6f, 0x6d, 0x65, 0xla,
0x18, @x0a, 0x0e, 0x2b, 0x31, Ox38, 0x30, 0x30, ©0x2d, 0x38, 0x36, 0x37,
Ox2d, ©x35, ©0x33, 0x30, 0x38, 0x12, 0x06, Ox6d, Ox6f, 0x62, 0x69, 0Ox6¢C,

0x65,
1
.unwrap();
printIn! ("{:#?}", person);
}
23.4.1 A%

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

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

/// A wire type as seen on the wire.
enum WireType {
/17 Varint WireType EIHZENHEA 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,
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/// The 132 WireType indicates that the value is precisely 4 bytes in
/// little-endian order containing a 32-bit signed integer.
132,

}

/// A field's value, typed based on the wire type.
enum FieldValue<'a> {
Varint(u64),
//164(i64), -- not needed for this exercise
Len(&'a [u8]),
I132(i32),
}

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

field_num: u64,

value: FieldValue<'a>,

}

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

}

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

fn try_from(value: u64) -> Result<WireType, Error> {
Ok (match value {
0 => WireType::Varint,
//1 => WireType::164, -- not needed for this exercise
2 => WireType::Len,
5 => WireType::132,
_ => return Exr(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);
}
Ok(data)
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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 1 in 0..7 {
let Some(b) = data.get(i) else {
return Err(Error::InvalidVarint);
b
if b & 0x80 == 0 {
// This is the last byte of the VARINT, so convert it to
// a ub4 and return it.
let mut value = 0Qu64;
for b in data[..=i].itexr().rev() {
value = (value << 7) | (b & 0x7f) as ub4;
}
return Ok((value, &datal[i + 1..1));

}

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

}

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

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

}

/// Parse a field, returning the remaining bytes
fn parse_field(data: &[u8]) -> Result<(Field, &[u8]), Error> {
let (tag, remainder) = parse_varint(data)?;
let (field_num, wire_type) = unpack_tag(tag)?;
let (fieldvalue, remainder) = match wire_type {
WireType::Varint => {
let (value, remainder) = parse_varint(remainder)?;
(FieldValue: :Varint(value), remainder)
}
WireType::Len => {
let (len, remainder) = parse_varint(remainder)?;
let len: usize = len.try_into()?;
if remainder.len() < len {
return Err(Error: :UnexpectedEOF);
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}
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)
}
3
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)
}

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

}

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

}

impl<'a> ProtoMessage<'a> for Person<'a> {
fn add_field(&mut self, field: Field<'a>) -> Result<(), Error> {
match field.field_num {
1 => self.name = field.value.as_string()?,
2 => self.id = field.value.as_u64()?,
3 => self.phone.push(parse_message(field.value.as_bytes()?)?),
=> {} // skip everything else
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}

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(&[
0x0a, ©0x07, Ox6d, 0x61, 0x78, Ox77, Ox65, Ox6¢C, OXx6C, 0Xx10, 0x2a, 0Oxla,
0x16, O0x@a, 0x0e, 0x2b, 0x31, @0x32, 0x30, ©0x32, ©0x2d, 0x35, 0x35, 0x35,
0x2d, ©0x31, ©0x32, Ox31, 0x32, 0x12, 0x04, 0x68, Ox6f, Ox6d, Ox65, 0Oxla,
0x18, 0Ox0a, Ox0e, Ox2b, Ox31, 0x38, 0x30, 0x30, ©0x2d, @x38, @x36, 0x37,
0x2d, ©x35, ©0x33, 0x30, 0x38, 0x12, 0x06, Ox6d, @Ox6f, 0x62, 0x69, Ox6¢C,

0x65,
1)
.unwrap();
println!("{:#?}", pexrson);
}
mod test {
use super::*;
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");
}
fn as_bytes() {
assert!(FieldValue::Varint(10).as_bytes().is_err());
assert!(FieldValue::132(10).as_bytes().is_err());
assert_eq!(FieldValue::Len(b"hello").as_bytes().unwrap(), b"hello");
}
fn as_ub4() {
assert_eq! (FieldValue: :Varint(10).as_u64().unwrap(), 10u64);
assert! (FieldValue: :I32(10).as_ub4().is_exr());
assert!(FieldValue: :Len(b"hello").as_u64().is_exr());
}
}
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24 H5
Welcome to Day 4

Today we will cover topics relating to building large-scale software in Rust:
o IERES: IRA T M Tterator FHiE,
o BREERTA] ALY,
* Testing.
o FHIRALFE: panic, “Result”f try id85H 5?7,
« %4 Rust: HIEiEM %2 Rust ZRERIE R, WDRHAE NN 27715,

RS

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

Segment Duration

pyetll 3 minutes

B 45 minutes
izhey 40 minutes
N5 45 minutes

140



¥ 25 #5y
IZER

This segment should take about 45 minutes. It contains:

Slide Duration

Iterator 5 minutes
Intolterator 5 minutes
FromlIterator 5 minutes

2.5 EARE A EEE 30 minutes

25.1 Iterator

Tterator' trait SZHHEREESHIE, BEERHT next 75k, MR 2 75 1%, U2 hrik FER R RE sz
Pl Iterator, AT DLHITSEEL:

struct Fibonacci {
curxr: u32,
next: u32,

}

impl Iterator for Fibonacci {
type Item = u32;

fn next(&mut self) -> Option<Self::Item> {
let new_next = self.curr + self.next;
self.curr = self.next;
self.next = new_next;
Some(self.curr)

}

fn main() {
let fib = Fibonacci { curr: @, next: 1 };
for (i, n) in fib.enumerate().take(5) {
println! ("fib({i}): {n}");
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* The Iterator trait implements many common functional programming operations
over collections (e.g. map, filter, reduce, etc). This is the trait where you can find all
the documentation about them. In Rust these functions should produce the code as
efficient as equivalent imperative implementations.

* Intolterator /2JE{# for 1E IS 1E IR, ILARFAE 82 & 288 (A Vec<T>) ftHE51H
(Bl an&Vec<T> F&[T1) i LB, A, ¥ Bl 2 SEBX TURHAIE, (R 0, AT DAREAH for 1 in
some_vec { .. } REJiFKE, H some_vec.next() ~ETE,

25.2 Intolterator

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

struct Grid {
X_coords: Vec<u32>,
y_coords: Vec<u32>,

}

impl IntoIterator for Grid {
type Item = (u32, u32);
type IntoIter = GridIter;
fn into_iter(self) -> GridIter {
GridIter { grid: self, i: @, j: 0 }

}

}

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

}

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

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

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

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

« Item: the type to iterate over, such as 18,
o “Intolter”: “into_iter” 777%IR MEIH) “Iterator” 2%,

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

RGBS X ABFRFD y ABARIIFRE HE BT T

TEZIATE main X PIRSHATRIRIE W 22K MK? 1EFER, Intolterator: :into_iter k1%
T self HIATERL

WIERYR R, 7% &Grid 28 IntoIlterator, 3H4F GridIter HfEfEN Grid 951 H,

WFAREEERA ATRES IR FEIRER RIS : for e in some_vector ¥3kf8 some_vector WA
W, HIERIZEBFHEAICE ERH for e in &some_vector K% some_vector RIICER
51 Ho

25.3 Fromlterator

FromIterator ib#&n[idid Iterator E—IMEA,

fn main() {
let primes = vec![2, 3, 5, 71;
let prime_squares = primes.into_iter().map(|p| p * p).collect::<Vec<_>>();
println! ("prime_squares: {prime_squares:?}");

}

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

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

Al U AT SO I 7T IR E B:
» With the ”turbofish”: some_iterator.collect: :<COLLECTION_TYPE>(), as shown.
The _ shorthand used here lets Rust infer the type of the Vec elements.
o [HFRAIHERITHAER: let prime_squares: Vec<_> = some_iterator.collect(),
KBl S i X AE
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>.

143


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

25.4 3 BRER STk

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

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

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

}

unimplemented! ()

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

fn test_larger_offsets() {
assert_eq! (offset_differences(2, vec![1,
assert_eq! (offset_differences(3, vec![1,
assert_eq! (offset_differences(4, vec![1,
assert_eq! (offset_differences(5, vec![1,

), vecl![4, 4, -4, -41);
71), vecl[6, -2, -2, -21);
), vecl![0, 0, @, 0]);

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

Ul oo

wwww

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

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

25.4.1 &

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

/117

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

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

where

{

fn

fn

fn

fn

fn

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

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

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

test_larger_offsets() {
assert_eq! (offset_differences(2, vec![1,
assert_eq! (offset_differences(3, vec![1,
assert_eq! (offset_differences(4, vec![1,
assert_eq! (offset_differences(5, vec![1,

), vecl![4, 4, -4, -41);
), vecl[6, -2, -2, -2]1);
), vecl![0, 0, 0, 01);
), vecl![2, 2, 2, -61);

wwww
(G2 O,

~ ~ ~ =

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

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

main() {}
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LS

This segment should take about 40 minutes. It contains:

Slide Duration
Jizh= 3 minutes
X RGEH AN 5 minutes
RS 5 minutes
use. super, self 10 minutes

25>]: I\ GUI FEREIEE 15 minutes

26.1 Bk

FAEE 7 “Impl” L anar L F AT R Y A 44 23 R E N — R Ry,
[EIAE, “mod” LEFATTRT A 2R BRI ek U N dn 44 23 1) -
mod foo {

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

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

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

o EIRETIRE, HEES MR EES 1 N PLE crate (IHAZEEIY“ Cargo.toml” 2,
o crate &R, AR 3G crate SO —ANATHIT X, T crate SX4RIFAE,
o ARHLE ST HLFITE, I BB AE S I E R
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26.2 XHFRGRPE

MR BB, W 2457 Rust 125 — XL
mod garden;

X2 EH Rust 7] PATE “sre/garden.rs” #1485 “garden LN A, [FIFE, £57] DAfE “src/garden/vegetables.rs”
Hh1kE“garden::vegetables f5HL,

“crate”tRH RN T:

o “src/lib.rs” GFJ#E crate)

o “src¢/main.rs” Ot T IS4 crate)
L A] DAfSE PN BB SRS R X SR A IR R A T I0 SR 3X 2 F e B & BT I (TE A5 iR
ﬂ%)o

//1 This module implements the garden, including a highly performant germination
//1 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! ()
}

» 7f Rust 2018 ZHiAJfRAF, B FHEN T “module/mod.rs”MIE “module.rs” /1, X F 2018 4
RIS, X E SR %,
« 5| A“filename.rs” k&K “filename/mod.rs” ¥ £ R [KJE, FZ 4R “mod.rs” X £ 1F IDE
HHRTREME DAX 735
o B FRIHUE S, EIRERHRE AT DAUE SRk
src/
F—— main.zrs
—— top_module.rs
L—— top_module/
L—— sub_module.rs

o Rust SRR B FTIEd R esfa > H ik
mod some_module;

i, an SRAEARR R AME S AR AE 44 09 “some_module_test.rsHysc /A CEELT Go HHATER
), IXFEMARA
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26.3 nJ W

R — IR 5T
o BRNEOUT, BERIUERAA I (RS IRTET) o
o RITHIFIZRF DR ZEA] I,
o BE 2, RN TERLER " Too ™ FR] DL, IR 2 3% “foo " IR A Ja AR T T UL
mod outer {
fn private() {
println!("outer: :private");

}

pub fn public() {
println!("outer::public");

}

mod inner {
fn private() {
println!("outer::inner::private");

}

pub fn public() {
println!("outer::inner::public");
super: :private();

}

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

o i “pub” SKHE RPN AT,
AN, ] DAE T 2 pub(...) " Bt BT SRBR Al A T AT DA TE e

2 Rust 2%,

* FiE “pub(crate)”n] W2 —fhE W,

o JERT DUNRFE B R4 T 0] ML, IXA B A K o

o TEARAMIEHLT, ZBRAZ0 AIRH SeAsis CR B g ) #5277 Tk,

26.4 use. super, self

— ML AT DU “use™ R 5 — MELBREUTF S 2 A SE0E R B MR TR 2 B 2 TR

use std::collections: :HashSet;
use std::process::abort;

Hie
BRI T
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1. PENMHAT AR

o foo 5 self::foo BIEYHIHEHHT foo,
» “super::foo” ZIE BRI “foo”,

2. fENHERS TR

» crate: :foo EfEYHi crate BRAHY foo,
o “bar::foo”2¥“bar” crate H“foo”,

o IBHEMRRENRER SRS S 60, crate FIITIE 1ib. rs XHFATRES
mod storage;

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

B EREN 1R, #15 DiskStorage #1 NetworkStorage Al fitHAth crate fHF.

o ERZHEUIEI T, RAM P B/ RIIA FIEL use 51 A, i, BI#ESZEZ trait (IR E4F
YEFIRA, AN A % trait (T 3%, 053 % trait 51 AZIVE A, B0, anFExt sl Read
trait FYZRAEH read_to_string 777k, I8FRZH A use std::io::Read 5|\,

e use IBMA DAREIERIAT: use std::io::* (HARHEFEIXFMRE, FARER S A TR, 3
HIXEE N ] RESBEN R AR L,

26.5 &5 Hi GUI FERELE

In this exercise, you will reorganize a small GUI Library implementation. This library defines
a Widget trait and a few implementations of that trait, as well as a main function.

It is typical to put each type or set of closely-related types into its own module, so each widget
type should get its own module.

Cargo Setup

Rust Playground X3 — >, RIS TREAE AR SR 5 L OIEE—4 Cargo Wi H :

cargo init gui-modules
cd gui-modules
cargo run

Edit the resulting src/main.rs to add mod statements, and add additional files in the src
directory.

Source

Here's the single-module implementation of the GUI library:

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

}

pub struct Label {
label: String,

}

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

pub struct Button {
label: Label,

}

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

pub struct Window {

title: String,

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

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

}

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

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

}

impl Widget for Window {
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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::Error>. Then use the
// ?-operator here instead of .unwrap().

writeln! (buffer, "+-{:-<inner_width$}-+", "").unwrap();
writeln! (buffer, "| {:Ainner_width$} |", &self.title).unwrap();
writeln! (buffer, "+={:=<inner_width$}=+", "").unwrap();
for line in inner.lines() {

writeln! (buffer, "| {:inner_width$} |", line).unwrap();
}
writeln! (buffer, "+-{:-<inner_width$}-+", "").unwrap();

}

impl Widget for Button {
fn width(&self) -> usize {
self.label .width() + 8 // add a bit of padding

}

fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
let width = self.width();
let mut label = String::new();
self.label.draw_into(&mut label);

writeln! (buffer, "+{:-<width$}+", "").unwrap();
for line in label.lines() {
writeln! (buffer, "|{:Awidth$}|", &line).unwrap();

}
writeln! (buffer, "+{:-<width$}+", "").unwrap();

}

impl Widget for Label {
fn width(&self) -> usize {
self.label.lines().map(|line| line.chars().count()).max().unwrap_oxr(0)

}

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

}
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}

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

}

Sl AR B A EIER 77 K S, AR TR mod, use Fl pub FHA, 2 J5, ITIRMFEH 2

77 BT E B,

26.5.1 &

SIC

F—— main.zrs

—— widgets

| —— button.rs
| F—— label.rs

| L—— window.rs
L—— widgets.rs

// ---- src/widgets.rs ----
mod button;
mod label;
mod window;

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

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

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

}

pub use button::Button;
pub use label::Label;
pub use window: :Window;

// ---- src/widgets/label.rs ----
use super::Widget;

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

impl Widget for Label {
fn width(&self) -> usize {
// ANCHOR_END: Label-width
self.label.lines().map(|line| line.chars().count()).max().unwrap_ox(0)

}

// ANCHOR: Label-draw_into

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

}

// ---- src/widgets/button.rs ----
use super::{Label, Widget};

pub struct Button {
label: Label,
}

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

impl Widget for Button {
fn width(&self) -> usize {
// ANCHOR_END: Button-width
self.label.width() + 8 // add a bit of padding

}

// ANCHOR: Button-draw_into
fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
// ANCHOR_END: Button-draw_into
let width = self.width();
let mut label = String::new();
self.label .draw_into(&mut label);

writeln! (buffer, "+{:-<width$}+", "").unwrap();
for line in label.lines() {
writeln! (buffer, "|{:Awidth$}|", &line).unwrap();

}
writeln! (buffer, "+{:-<width$}+", "").unwrap();
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}

// ---- src/widgets/window.rs ----
use super: :Widget;

pub struct Window {

title: String,

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

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

}

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

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

}

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

}

// ANCHOR: Window-draw_into
fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
// ANCHOR_END: Window-draw_into
let mut inner = String::new();
for widget in &self.widgets {
widget.draw_into(&mut inner);

}
let inner_width = self.inner_width();

// TODO: after learning about error handling, you can change
// draw_into to return Result<(), std::fmt::Exror>. 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();
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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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This segment should take about 45 minutes. It contains:

Slide Duration
TR 5 minutes
HAth 2T 5 minutes
Zi%e% Lint A1 Clippy 3 minutes
&3] FREE 30 minutes

27.1  Hoeifik

Rust 1 Cargo BER 17— faj 1 s e A RESE
o BTN AR SR AR MRS PRS2 S8
o R DUEIL tests/ HIRIIFERIIA,

Tests are marked with #[test]. Unit tests are often put in a nested tests module, using
#[cfg(test)] to conditionally compile them only when building tests.

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

}

mod tests {
use super::*;

fn test_empty() {
assert_eq! (first_woxd(""), "");

}

fn test_single_word() {
assert_eq! (first_word("Hello"), "Hello");
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}

fn test_multiple_words() {
assert_eq! (first_word("Hello World"), "Hello");
}

o XHE—R, AT DAXT & FAS BhAR A 7 B e,
o [UY#I21T cargo test I, #[cfg(test)] EBHEAHM.

£ Playground {7 BoRmiALE R,

27.2  HAWIRIRI

£: 7 A1 Fi
A SRAR AR DL ) B A IR SR B, 1 1 P B ARt
1£ tests/ FAAIE— .rs XfF:

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

fn test_init() {
assert!(init().is_ok());

}
XL H BEEE A /Y crate A9A T API,

PLETIRY
Rust A< B SCHF SRR -
/// Shortens a string to the given length.
vy
/11"
/// # use playground::shorten_string;
/// assert_eq! (shorten_string("Hello World", 5), "Hello");
/// assert_eq! (shorten_string("Hello World", 20), "Hello World");
TS
pub fn shorten_string(s: &str, length: usize) -> &str {
&s[..std::cmp::min(length, s.len())]
}
o /1 ERP RS RS B BN Rust AT,
o B2 EN cargo test M—H#f HEATIRIFEFINAT,
* Adding # in the code will hide it from the docs, but will still compile/run it.
e £ Rust Playground it EIR{AD,

27.3 %% Lint fl Clippy

Rust gwiFar =AM H ERIHIRTHE, FHEASCHRINE lint 2hRE. Clippy $24 7 2 lint JI8E, RH1%
H7y277 3K, HAHZIE RiE 5 Mo
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fn main() {
let x =
while (X

X *=

3 .
70000) {

!

N A~

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

}
BTG R B AG 2 IR T B bR 2 R —2E lint, (B2 — B 52 RaS 4R 1%, M A2 E/RiX L lint,
P)#%) Playground Rt DA /RIXEE lint,

f@frse lint 2 J5, 18 7E Playground M Ei21T clippy, AR clippy %45, Clippy #2417 k&M
lint A%, 3 BAEARWTAR AT lint (ELAEBAIAMES lint),

BEE, WA help: ... FWHRSESATLUE cargo Fix BgmiEaHITIBE,

27.4 3 FREE

y BRI

PR TRIEER RS SRR ARV ANE, FHHUT L MEERRIEEH R 5
* Ignore all spaces. Reject number with fewer than two digits.

o WGEENSE, K BB ol — X T 8712347, AT PRE“37A“1 79 —; X T4(52“98765”, ¥“6”
*H“B”%:O

o G ANFTRG, WRERAT 9, WK RO, I, 447 R 3147, AR “1 + 4= 57,

o KA R I —HIC 3 —ECTFAE N,

o AFREFLL07EE, MEH R SERL
%ﬁ%ﬁ@%@T—fﬁﬂ%%LMm%ﬁ@&lW%ﬁ?%ﬁﬁﬁﬂﬁiﬁ?%ﬁﬁ%%ﬁﬁ%éﬁﬁ
SKHL,

Copy the code below to https://play.rust-lang.org/ and write additional tests to uncover bugs
in the provided implementation, fixing any bugs you find.

pub fn luhn(cc_number: &str) -> bool {
let mut sum = 0;
let mut double = false;

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

if double {

let double_digit = digit * 2;

sum +=

if double_digit > 9 { double_digit - 9 } else { double_digit };

} else {

sum += digit;
}
double = !double;

} else {

continue;

}
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}

sum % 10 ==
}
mod test {
use super::*;
fn test_valid_cc_number() {
assert! (luhn("4263 9826 4026 9299"));
assert! (luhn("4539 3195 0343 6467"));
assert! (luhn("7992 7398 713"));
}
fn test_invalid_cc_number() {
assert!(!'luhn("4223 9826 4026 9299"));
assert!(!'luhn("4539 3195 0343 6476"));
assert! (!luhn("8273 1232 7352 0569"));
}
}
27.4.1 &

// This is the buggy version that appears in the problem.
pub fn luhn(cc_number: &str) -> bool {

let mut sum = 0;

let mut double = false;

for c in cc_number.chars().rev() {
if let Some(digit) = c.to_digit(10) {
if double {
let double_digit = digit * 2;
sum +=
if double_digit > 9 { double_digit - 9 } else { double_digit };
} else {
sum += digit;
}
double = !double;
} else {
continue;

// 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,
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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" }
),
}

mod test {
use super::*;

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

}

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

}
fn test_non_digit_cc_number() {

assert! (!luhn("foo"));
assert! (!1luhn("foo @ 0"));

}

fn test_empty_cc_number() {
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assert! (!luhn(""))
assert! (!luhn(" ")
assert! (!luhn(" '
assert! (!1uhn("

1

5.
)) s
"))

~ ~

}

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

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

}
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28 ¥4
Welcome Back

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

Segment Duration

FEIRAL T 55 minutes
A4 Rust 1 hour and 5 minutes
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This segment should take about 55 minutes. It contains:

Slide Duration

Panics 3 minutes
ZHIBEFT 5 minutes
I 5 minutes
Error FHiE 5 minutes
thiserror #1 anyhow 5 minutes

253]: {#fH Result #17#ES 30 minutes

29.1 Panics

Rust j#id “panic” HlLHILLEE™ BEEE 1R,
WMERIBITH R A ™ EER, Rust 2fil&Z panic:
fn main() {

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

* Panic A THIRAAMRE FIESMER,
— Panic [t 7R bug AL,
— JBATI I (BN FAG A S0 RTRES fil& panic
- WS (e assert ) fER <% panic
— EHAREE IR panic ATDUER panic! 72,
* {if panic & “JRIF"HERR, I EFNAE, G RECEIRE—F,
o GNERARTRA AR, B 2fiZ panic 9 API (41 Vec: :get),

BINEOUT, panic 2 SBHERRIT, R DUHIREITE R
use std::panic;
fn main() {

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

3

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

o IRAHE EEAMEA catch_unwind SEELRE
o WRARSS AR T EFEIAT (MEREE KRR ARG ), 17k +a0HH.
o GNRIESE Cargo. toml FIE T panic = 'abort', A4,

29.2 ZiAi2BET

Runtime errors like connection-refused or file-not-found are handled with the Result type,
but matching this type on every call can be cumbersome. The try-operator ? is used to return
errors to the caller. It lets you turn the common

match some_expression {
Ok (value) => value,
Err(err) => return Err(err),

}

A B e B A

some_expression?

We can use this to simplify our error handling code:

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

fn read_username(path: &str) -> Result<String, io::Error> {
let username_file_result = fs::File::open(path);
let mut username_file = match username_file_result {
Ok(file) => file,
Exrr(err) => return Err(err),
H

let mut username = String::new();

match username_file.read_to_string(&mut username) {
0Ok(_) => Ok(username),
Exrr(err) => Err(err),

}

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

}
itk read_username HE DA 2,

KR
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* username ZEA]PAZ Ok (string) B Exr(exrror),

o ADMER fs::write RN AEI R 3B X 22X 88 H P a1,

* NotethatmaincanreturnaResult<(), E>aslongasitimplementsstd::process::Termination
In practice, this means that E implements Debug. The executable will print the Exrr
variant and return a nonzero exit status on error.

29.3 A
2 K AT LA A 2730 P B B 2 —

expression?
RERE AT

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

}

The From: : from call here means we attempt to convert the error type to the type returned
by the function. This makes it easy to encapsulate errors into higher-level errors.

ZN /|

use std::error::Error;

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

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

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: :IoExror(e) => write!(f, "IO error: {e}"),
Self: :EmptyUsername(path) => write!(f, "Found no username in {path}"),

}

impl From<io::Error> for ReadUsernameError {
fn from(exrr: io::Error) -> Self {
Self::IoError(err)
}
}

fn read_username(path: &str) -> Result<String, ReadUsernameError> {
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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:?}");

}

The ? operator must return a value compatible with the return type of the function. For
Result, it means that the error types have to be compatible. A function that returns
Result<T, ErrorQOuter> can only use ? on a value of type Result<U, ErrorInner>
if ErrorOuter and ErrorInner are the same type or if ErrorQuter implements
From<ErrorInner>

From SZELfH MR RS2 Result: tmap_err, EHJE HAE— M B T i,

There is no compatibility requirement for Option. A function returning Option<T> can use
the ? operator on Option<U> for arbitrary T and U types.

A function that returns Result cannot use ? on Option and vice versa. However,
Option::ok_or converts Option to Result whereas Result::ok turns Result into
Option.

29.4 FhAHIREA

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: :Error 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}"),
Exrr(err) => println!("Error: {err}"),
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read_count BREATDURIE std: :io: :Exror (GBI X)L std: :num: :ParseIntError
(@}t 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.

Make sure to implement the std: :error: :Error trait when defining a custom error type
so it can be boxed. But if you need to support the no_std attribute, keep in mind that the
std::exrror: :Error trait is currently compatible with no_std in nightly only.

29.5 thiserror fll anyhow

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

* thiserror is often used in libraries to create custom error types that implement
From<T>.

* anyhow is often used by applications to help with error handling in functions, including
adding contextual information to your errors.

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

use std::io::Read;

use thiserror::Error;

struct EmptyUsernameError(String);

fn read_username(path: &str) -> Result<String> {
let mut username = String::with_capacity(100);
fs::File::open(path)
.with_context(|| format!("Failed to open {path}"))?
.read_to_string(&mut username)
.context("Failed to read")?;
if username.is_empty() {
bail! (EmptyUsernameError(path.to_string()));
}
Ok (username)

}

fn main() {
//fs::write("config.dat", "").unwrap();
match read_username("config.dat") {
Ok(username) => println!("Username: {username}"),
Exrr(err) => println!("Error: {err:?}"),

thiserror

* The Error derive macro is provided by thiserrozr, and has lots of useful attributes to
help define error types in a compact way.
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* The std: :error: :Exrror trait is derived automatically.
* The message from #[error] is used to derive the Display trait.

anyhow

* anyhow: :Exrror is essentially a wrapper around Box<dyn Error>. As such it's again
generally not a good choice for the public API of a library, but is widely used in
applications

* anyhow: :Result<V> is a type alias for Result<V, anyhow: :Error>

* Actual error type inside of it can be extracted for examination if necessary.

* Functionality provided by anyhow: :Result<T> may be familiar to Go developers, as it
provides similar usage patterns and ergonomics to (T, error) from Go.

* anyhow: :Context is a trait implemented for the standard Result and Option types.
use anyhow: :Context is necessary to enable . context() and .with_context() on
those types.

29.6 #:3: fiifH] Result #{7HY

PATACRD SEIR T — D EH i RIS TG 5 T as. A1, Bidid panic HLHIRACHEE R, HEHET %R
fi, BRI SR AR BT 3K, TR IR L R 2 main BREHYIR [EME, 7] DR 6E A thiserrox Al
anyhow,

PEoR: BB E parse BREH I EE IR AL B (7] R, %50 40 IE W2 1T IS, 18 B Tokenizer DASEER
Iterator<Item=Result<Token, TokenizerError>>, JF1EMAT oI HATHI R ALFE,

use std::iter::Peekable;
use std::stxr::Chars;

/// An arithmetic operator.

enum Op {
Add,
Sub,
}

/// A token in the expression language.
enum Token {

Number (String),

Identifier(String),

Operator(Op),
}

/// An expression in the expression language.
enum Expression {
/// A reference to a variable.
Var(String),
///7 A literal number.
Number (u32),
/// A binary operation.
Operation(Box<Expression>, Op, Box<Expression>),
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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 ¢ = 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: :Number (num))

'a'..="'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: :0perator(Op::Add)),
'-'" => Some(Token: :0perator(Op::Sub)),
_ => panic!("Unexpected character {c}"),

}

fn parse(input: &str) -> Expression {
let mut tokens = tokenize(input);

fn parse_expr<'a>(tokens: &mut Tokenizer<'a>) -> Expression {
let Some(tok) = tokens.next() else {
panic! ("Unexpected end of input");
b
let expr = match tok {
Token: :Number (num) =>
let v = num.parse

{
().expect("Invalid 32-bit integer'");
Expression: :Number

V)
}
Token: :Identifier(ident) => Expression::Var(ident),
Token: :Operator(_) => panic!("Unexpected token {tok:?}"),
b

// Look ahead to parse a binary operation if present.
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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 f#%&

use thiserror::Error;
use std::iter::Peekable;
use std::str::Chars;

/// An arithmetic operator.

enum Op {
Add,
Sub,
}

/// A token in the expression language.
enum Token {

Number (String),

Identifier(String),

Operator(Op),
}

/// An expression in the expression language.
enum Expression {
/// A reference to a variable.
Var(String),
/// A literal number.
Number (u32),
/// A binary operation.
Operation(Box<Expression>, Op, Box<Expression>),

}

fn tokenize(input: &str) -> Tokenizer {
return Tokenizer(input.chars().peekable());

}
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enum TokenizerError {
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 @ 'Q'..='9")
num.push(*c);
self.0.next();

= self.0.peek() {

}
Some (Ok(Token: :Numbexr (num)))
}
'a'..="'z'" =>
let mut ident = String::from(c);
while let Some(c @ ('a'..="'z'" | '_" | '0'..='9")) = self.0.peek() {
ident.push(*c);
self.?.next();
}
Some (Ok(Token: :Identifier(ident)))

}
'+' => Some(Ok(Token: :0Operator(Op::Add))),
'-' => Some(Ok(Token: :0Operator(Op::Sub))),
_ => Some(Err(TokenizerError::UnexpectedCharacter(c))),

}

enum ParserError {
TokenizerExror (#[from] TokenizerError),
UnexpectedEOF,
UnexpectedToken(Token),
InvalidNumber (#[from] std::num::ParseIntError),
}

fn parse(input: &str) -> Result<Expression, ParserError> {
let mut tokens = tokenize(input);

fn parse_expr<'a>(
tokens: &mut Tokenizer<'a>,

) -> Result<Expression, ParserError> {
let tok = tokens.next().ok_or(ParserError::UnexpectedEOF)??;
let expr = match tok {
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Token: :Number(num) => {
let v = num.parse()?;
Expression: :Number(v)

}
Token: :Identifier(ident) => Expression::Var(ident),
Token: :Operator(_) => return Err(ParserError::UnexpectedToken(tok)),
b
// Look ahead to parse a binary operation if present.
Ok (match tokens.next() {
None => expr,
Some (Ok (Token: :Operator(op))) => Expression::Operation(
Box: :new(expr),
op,
Box: :new(parse_expr(tokens)?),
).
Some(Err(e)) => return Err(e.into()),
Some (Ok (tok)) => return Err(ParserError::UnexpectedToken(tok)),
1)
}

parse_expr(&mut tokens)

}

fn main() -> anyhow: :Result<()> {
let expr = parse("10+foo+20-30")7?;
println! ("{expr:?}");
Ok(())
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% 30 #kIr

nv

A Z42Rust

This segment should take about 1 hour and 5 minutes. It contains:

Slide Duration
Unsafe 5 minutes
5 | AR 10 minutes
RS R 5 minutes
JiECELIN 5 minutes
Unsafe %k 5 minutes
Unsafe FFfiF 5 minutes

#53): FFI #1%5%48% 30 minutes

30.1 444 Rust

Rust iB5 &M
o PR Rust: *FNFEL R, IHTBTERIARE AT N,
o BORZEE Rust: MNEGER T HITRSA, FTRER il ARE LT N,
We saw mostly safe Rust in this course, but it's important to know what Unsafe Rust is.
A2z 2R IE T N AR B S HAAH RS, HOERTE AR A Il 5%, X B EIE F B2 2
IR EH,
224 Rust $efft 7 Ui oRE :
figts | IR aa S
BT GRS
il union FE,
P unsafe K%K, G5 extern KL
o SZ¥f unsafe trait,
T, AT A AN A AR YR N T W B, 520 (Rust FHE 191 = M

Rustonomicon,

Unsafe Rust does not mean the code is incorrect. It means that developers have turned off
some compiler safety features and have to write correct code by themselves. It means the
compiler no longer enforces Rust's memory-safety rules.
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https://doc.rust-lang.org/book/ch19-01-unsafe-rust.html
https://doc.rust-lang.org/nomicon/

30.2 fEsDHeREE

AR R L 2R, (AR5 | s FRZEMH unsafe 77ik:
fn main() {
let mut s = String::from("careful!");

let r1
let 12

&mut s as *mut String;
rl as *const String;

// SAFETY: rl and r2 were obtained from references and so are guaranteed to
// be non-null and properly aligned, the objects underlying the references

// from which they were obtained are live throughout the whole unsafe
// block, and they are not accessed either through the references or
// concurrently through any other pointers.
unsafe {

println!("r1l is: {}", *rl);

*r1 = String::from("uhoh");

println!("r2 is: {}", *r2);

}

// NOT SAFE. DO NOT DO THIS.

/*

let r3: &String = unsafe { &*rl };
drop(s);

println!("r3 is: {}", *13);

*/

}

T (M H. Android Rust A IERZK) N unsafe IS — 4758, WHIZ U ARY
TR ATt ) HL AT AN 2 2R BRI 2 2K

XETHEEHIERRS |, XA G fa 08 valid, B

o feE09AE null,

o fREHAUZ dereferenceable (TEFANEELAZITLSA),

o MNEMGCEIESTHC,

o MIFHKVIFHERAE,

o WIRIE FE G | R ARAREE ST, WK BN R AT ERIRAS, M BAS 8 AR5 R R
W7o

FERZEIGOUT, f8EHIEHUERIR 7o

The ”NOT SAFE” section gives an example of a common kind of UB bug: *r1 has the 'static
lifetime, so r3 has type &'static String, and thus outlives s. Creating a reference from a
pointer requires great care.

30.3 AIERERESER

A AT R RS R R R
static HELLO_WORLD: &str = "Hello, world!";

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

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

{HIE, RS A ZRESE R B2 ALEN, BROVIX AT RESs EAEIES
static mut COUNTER: u32 = 0;

fn add_to_counter(inc: u32) {
// SAFETY: There are no other threads which could be accessing "COUNTER'.
unsafe {
COUNTER += inc;
}
}

fn main() {
add_to_counter(42);

// SAFETY: There are no other threads which could be accessing "COUNTER.

unsafe {
println! ("COUNTER: {COUNTER}");

}

o AR R 2N, ROV EZBRERREN, ~IE, Rust Fiifas LERST, S RIRIIRIL, B2
R unsafe, BEGIFIUAIEREMN L N EAEPERERSZ R Z —FARE TN,

o JEE, BATNEBE R AR SZ R, HERRLESIT, FEIREHR no_std g ATRETR ZIXH
i, BansCIHEsBCaR s LR C AP,

30.4 WG
BRE R SRR, (B IS TR B TERER TG R B

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!
}

£ Rust FRIRDFRZEFHEER A, ROVEIEE A] DUE A G R U2 /R I T5 C % APL T H,

USRS R AR T B R R O S M PTRE R std: tmem: i transmute s ZEMEER
#%, filan zerocopy crate,
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https://doc.rust-lang.org/stable/std/mem/fn.transmute.html
https://crates.io/crates/zerocopy

30.5 Unsafe A%}

P Unsafe Hi%}

N SR PR ER Ay 1 B BN R 551, (R TUBSFIX L HiHE SRR A 8 S IIAT R, T AT DK 1% bR ek
JFEFRIC N unsafe:

extern "C" {
fn abs(input: i32) -> 1i32;
}

fn main() { 7
let emojis = "« €@ ";

// SAFETY: The indices are in the correct order, within the bounds of the
// string slice, and lie on UTF-8 sequence boundaries.
unsafe {
println!("emoji: {}", emojis.get_unchecked(0..4));
println!("emoji: {}", emojis.get_unchecked(4..7));
println!("emoji: {}", emojis.get_unchecked(7..11));
}

println!("char count: {}", count_chars(unsafe { emojis.get_unchecked(0..7)

// SAFETY: “abs’ doesn't deal with pointers and doesn't have any safety
// requirements.
unsafe {
println!("Absolute value of -3 according to C: {}", abs(-3));
}

// Not upholding the UTF-8 encoding requirement breaks memory safety!
// println!("emoji: {}", unsafe { emojis.get_unchecked(@..3) });
// println!("char count: {}", count_chars(unsafe {
// emojis.get_unchecked(@..3) }));
}

fn count_chars(s: &str) -> usize {
s.chars().count()

}

%5 Unsafe FA%L

QRIRAE B S 1Y PR I R R 25 DA SR TE XIIAT O, ] DURFIX LS PR PR IC N unsafe,
/// Swaps the values pointed to by the given pointers.

/17

/1] # Safety

/17

/// The pointers must be valid and properly aligned.

unsafe fn swap(a: *mut u8, b: *mut u8) {

let temp = *a;
*q = *b;
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*b = temp;

}
fn main() {
let mut a = 42;
let mut b = 66;
// SAFETY:
unsafe {
swap(&mut a, &mut b);
}
println!("a = {}, b = {}", a, b);
}
M Unsafe %l

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.

ABIFFR“C 2 ABI; ] DUEH] Al ABI,

W5 Unsafe Hi%

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 M Unsafe Trait

5 R —FE, RIS SEIUEA trait B R IERE S5 RIB AR E AT R, Ete] DO IZ trait Fr
128 unsafe,

fltn, zerocopy crate HE—NMALZEM trait, KENERIXFEN:

use std::mem::size_of_val;
use std::slice;

/17
/1] # Safety
/// The type must have a defined representation and no padding.
pub unsafe trait AsBytes {
fn as_bytes(&self) -> &[u8] {
unsafe {
slice::from_raw_parts(
self as *const Self as *const u$8,
size_of_val(self),
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https://doc.rust-lang.org/reference/items/external-blocks.html
https://docs.rs/zerocopy/latest/zerocopy/trait.AsBytes.html

}

// SAFETY: “u32" has a defined representation and no padding.
unsafe impl AsBytes for u32 {}

£ Rustdoc 3K trait FIEY R, H—Mrdh # ZREFRSNE T L2 trait FEK,
PR |, 5 AsBytes MK UIHIZE X B R R EIF R HE 4%
NEM Send 1 Sync trait &2 AL 21,

30.7 ‘%4 FFI A8

Rust Jyidid NEPBEIEO (FF) 8 A BEER ML 7 A28, B TEE A ERN 1ibe R — M2
BHEERSE, AT M CAREEH B2 H SR SRR,

BEWESEZ TN TUE:

* opendir(3)
* Teaddir(3)
e closedir(3)

REOETFEWNE “stdffl” B AE R T7, IR EINTE I DRI A (9 2 A 1F R 2R

Eut] Iy it

“str” Ml “String” UTF-8 F Rust AT 3CALL
“CStr” 1 “CString” DA Sh 5 C H¥uaE
“OsStr” 1 “OsString” FE TIRER S S5 ERGIEE

PERE A N RTH KA AT R

o i &str FHl CString: BFHEENEM\O FRFHLESHE,

o ¥ CString ¥i#h \*const 18: EFHFE—MEH KA C HK%L,

* 5 \*const i8 il &CStr: B —LBENZHR T B \0 EITINE,

* &CStxr to &[u8]: a slice of bytes is the universal interface for ’some unknown data”,

o ¥4 &\ [u8\] I h&0sStr: &0sStr 2\ 0sString G —, EMA 0sStrExt ROz

E,
o F“&OsStr” % #: 5 “OsString”: &7 2 5d £ “&OsStr” A (1 £ 8, DAE RE 08 )R [0] & 3 F 8 F
“readdir”,

Pt A — N T FFI AR SR E T,
KLU EHIE] https://play.rust-lang.org/, HE G/ A R EGTT5 7 :
// TODO: remove this when you're done with your implementation.
mod ffi {
use std::os::raw::{c_char, c_int};
use std::os::raw::{c_long, c_uchar, c_ulong, c_ushort};

// Opaque type. See https://doc.rust-lang.org/nomicon/ffi.html.
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https://man7.org/linux/man-pages/man3/opendir.3.html
https://man7.org/linux/man-pages/man3/readdir.3.html
https://man7.org/linux/man-pages/man3/closedir.3.html
https://doc.rust-lang.org/std/ffi/
https://doc.rust-lang.org/std/primitive.str.html
https://doc.rust-lang.org/std/string/struct.String.html
https://doc.rust-lang.org/std/ffi/struct.CStr.html
https://doc.rust-lang.org/std/ffi/struct.CString.html
https://doc.rust-lang.org/std/ffi/struct.OsStr.html
https://doc.rust-lang.org/std/ffi/struct.OsString.html
https://doc.rust-lang.org/std/os/unix/ffi/trait.OsStrExt.html
https://doc.rust-lang.org/nomicon/ffi.html
https://play.rust-lang.org/

}

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
// /Jusr/include/x86_64-1linux-gnu/{sys/types.h, bits/typesizes.h}.
pub struct dirent {
pub d_ino: c_ulong,
pub d_off: c_long,
pub d_reclen: c_ushort,
pub d_type: c_uchar,
pub d_name: [c_char; 256],
}

// Layout according to the macOS man page for dir(5).
pub struct dirent {

pub d_fileno: u64,

pub d_seekoff: u6b4,

pub d_reclen: ul6,

pub d_namlen: ulé6,

pub d_type: u8,

pub d_name: [c_char; 10247,
}

extern "C" {
pub fn opendir(s: *const c_char) -> *mut DIR;

pub fn readdir(s: *mut DIR) -> *const dirent;

// See https://github.com/rust-lang/libc/issues/414 and the section on
// _DARWIN_FEATURE_64_BIT_INODE in the macOS man page for stat(2).

//

// "Platforms that existed before these updates were available" refers
// to macOS (as opposed to i0S / wear0S / etc.) on Intel and PowerPC.
pub fn readdir(s: *mut DIR) -> *const dirent;

pub fn closedir(s: *mut DIR) -> c_int;

use std::ffi::{CStr, CString, 0OsStr, 0sString};
use std::os::unix::ffi::0sStrExt;

struct DirectorylIterator {

}

path: CString,
dir: *mut ffi::DIR,

impl Directorylterator {
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fn new(path: &str) -> Result<DirectorylIterator, String> {
// Call opendir and return a Ok value if that worked,
// otherwise return Err with a message.
unimplemented! ()

}

impl Iterator for Directorylterator {
type Item = OsString;
fn next(&mut self) -> Option<0sString> {
// Keep calling readdir until we get a NULL pointer back.
unimplemented! ()

}

impl Drop for Directorylterator {
fn drop(&mut self) {
// Call closedir as needed.
unimplemented! ()

}

fn main() -> Result<(), String> {
let iter = Directorylterator::new(".")?;
println!("files: {:#7?}", iter.collect::<Vec<_>>());
Ok(())

}
30.7.1 %
mod ffi {

use std::os::raw::{c_char, c_int};
use std::os::raw::{c_long, c_uchar, c_ulong, c_ushort};

// Opaque type. See https://doc.rust-lang.org/nomicon/ffi.html.
pub struct DIR {
_data: [u8; 07,
_marker: core::marker::PhantomData<(*mut u8, core::marker::PhantomPinned)>,

}

// Layout according to the Linux man page for readdir(3), where ino_t and
// off_t are resolved according to the definitions in
// Jusr/include/x86_64-1linux-gnu/{sys/types.h, bits/typesizes.h}.
pub struct dirent {
pub d_ino: c_ulong,
pub d_off: c_long,
pub d_reclen: c_ushort,
pub d_type: c_uchar,
pub d_name: [c_char; 256],
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}

// Layout according to the macOS man page for dir(5).
pub struct dirent {

}

pub d_fileno: u64,

pub d_seekoff: u6b4,

pub d_reclen: ul6,

pub d_namlen: ulé6,

pub d_type: u8,

pub d_name: [c_char; 10247,

extern "C" {

pub fn opendir(s: *const c_char) -> *mut DIR;
pub fn readdir(s: *mut DIR) -> *const dirent;

// See https://github.com/rust-lang/libc/issues/414 and the section on
// _DARWIN_FEATURE_64_BIT_INODE in the macOS man page for stat(2).

//

// "Platforms that existed before these updates were available" refers
// to macOS (as opposed to i0S / wear0S / etc.) on Intel and PowerPC.
pub fn readdir(s: *mut DIR) -> *const dirent;

pub fn closedir(s: *mut DIR) -> c_int;

use std::ffi::{CStr, CString, OsStr, 0sString};
use std::os::unix::ffi::0sStrExt;

struct DirectorylIterator {
path: CString,

}

dir:

*mut ffi::DIR,

impl Directorylterator {
fn new(path: &str) -> Result<DirectoryIterator, String> {

}

// Call opendir and return a Ok value if that worked,
// otherwise return Err with a message.
let path =
CString: :new(path).map_err(|err| format!("Invalid path: {err}"))?;
// SAFETY: path.as_ptr() cannot be NULL.
let dir = unsafe { ffi::opendir(path.as_ptr()) };
if dir.is_null() {
Exr(format!("Could not open {:?}", path))
} else {
Ok (DirectoryIterator { path, dir })
}

impl Iterator for DirectoryIlterator {
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type Item = 0sString;
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 = O0sStr::from_bytes(d_name.to_bytes());
Some(os_str.to_owned())

}

impl Drop for Directorylterator {
fn drop(&mut self) {

// Call closedir as needed.

if !self.dir.is_null() {
// SAFETY: self.dir is not NULL.
if unsafe { ffi::closedir(self.dir) } !'= 0 {

panic!("Could not close {:?}", self.path);

}

}

fn main() -> Result<(), String> {
let iter = DirectoryIlterator::new(".")?;
println!("files: {:#?}", itexr.collect::<Vec<_>>());
Ok(())

}

mod tests {
use super::*;
use std::error::Error;

fn test_nonexisting_directory() {
let iter = Directorylterator::new("no-such-directory");
assert! (iter.is_erx());

}

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();
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assert_eq!(entries, &[".", ".."1);
Ok(())
}

fn test_nonempty_directory() -> Result<(), Box<dyn Error>> {
let tmp = tempfile::TempDir::new()?;
std::fs::write(tmp.path().join("foo.txt"), "The Foo Diaries\n")?;
std::fs::write(tmp.path().join("bar.png"), "<PNG>\n")?;
std::fs::write(tmp.path().join("crab.xs"), "//! Crab\n")?;
let iter = 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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¥ 31 #5
Wik #] Android ¥ Rust

Rust is supported for system software on Android. This means that you can write new services,
libraries, drivers or even firmware in Rust (or improve existing code as needed).

SRBMNZZAEMRE SRIWE FF A Rust, A URE EVRAI ARG —/NEOREL R Rust,
BB/ DA (dependencies), B0 “Bivs” SRR, BRAT, ELAH— BT R4 A5 IR
HUREIAE,

%F Android FBEORERZ 6 Rust, & ATRESTES DA R EA—IT:
s RS RH: DNS-over-HTTP
 JF£: Rutabaga ERIEEHEZO
o NIZIKBNTEF: Binder
o [EfF: pKVM [
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https://security.googleblog.com/2022/07/dns-over-http3-in-android.html
https://crosvm.dev/book/appendix/rutabaga_gfx.html
https://lore.kernel.org/rust-for-linux/20231101-rust-binder-v1-0-08ba9197f637@google.com/
https://security.googleblog.com/2023/10/bare-metal-rust-in-android.html

% 32 #5
42

We will be using a Cuttlefish Android Virtual Device to test our code. Make sure you have
access to one or create a new one with:

source build/envsetup.sh

lunch aosp_cf_x86_64_phone-trunk_staging-userdebug
acloud create

HZ 407152 % Android Developer Codelab.
KRR

* Cuttlefish is a reference Android device designed to work on generic Linux desktops.
MacOS support is also planned.

* Cuttlefish RFMR X RFFREELZFIIRREE, BIZ1TFZ Rust HIfIHYEARRLIES.
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https://source.android.com/docs/setup/start

% 33 #5r
ey R

Android 5 4t (Soong) J@id — RAIBRKSZFF Rust:

Module Type

filiid

rust_binary
rust_library

rust_ffi
rust_proc_macro
rust_test
rust_fuzz
rust_protobuf

rust_bindgen

Produces a Rust binary.

A —> Rust &, H24t r1ib
dylib Fifias(k,

A — AT cc BRI E Rust
C J, HHR ARSI L= AR A,
A B “proc-macro” Rust JE, jx4t
PSS TS S

A2 A P AT E Rust JUTAEZR T
Rust i — 3

ARER 1ibfuzzer i Rust #
RN — Bk S,

A RIRARS A BON R E
protobuf $2AEREE 1/ Rust %,

A IR AR REL S Rust 40
F| C £ Rust J#,

FHBATREE rust_binary fl rust_library,
T T RE e R H A A:

* Cargo REXZIEZRDEITIUL, FF E BB N,
* For compliance and performance, Android must have crates in-tree. It must also interop

with C/C++/Java code. Soong fills that gap.

* Soong 5 Bazel HIFZ M2 AL, 5% /2 Blaze B TRA{K (TE google3 H{#HH),
o BATHXIZWIE Android, ChromeOS #1 Fuchsia #%f Bazel #1711 %,
* XA Rust #ERGIH LB S, T Bazel FATEATERA .

o BB/ NVATR : CEPREID HRIEEREZ Soong 282U Android,
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https://source.android.com/docs/setup/build/bazel/introduction
https://chromium.googlesource.com/chromiumos/bazel/
https://source.android.com/docs/setup/build/bazel/introduction

33.1 Rust ik

LEFRATTI—MET S B AR 7 146, 72 AOSP AR B 5% R, B8 AR sef::
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!");
}
VRIRAE AT ARG JE HEIR RIS AT ikl S
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 Ji

ERTLAfEA rust_library o& Android €& —/N¥ Rust &,
TEIXH, AT B T R AN EE R AL: -

» libgreeting, A IHE FHIHAT T & X,
» libtextwrap, —1NE&fE external/rust/crates/ 21 crate,

hello_rust/Android.bp:

rust_binary {
name: "hello_rust_with_dep",
crate_name: "hello_rust_with_dep",
srcs: ["src/main.rs"],
rustlibs: [
"libgreetings",
"libtextwrap",
1,
prefer_rlib: true, // 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!")

}
AT DAMG 2 R —RER R, HEXS IS AT IS :

m hello_rust_with_dep
adb push "$ANDROID_PRODUCT_OUT/system/bin/hello_rust_with_dep" /data/local/tmp
adb shell /data/local/tmp/hello_rust_with_dep

Hello Bob, it is very
nice to meet you!
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% 34 ¥
AIDL

Rust >4 Android #1% X1&= (AIDL):

* Rust fXi5n] DU A I AIDL RS54,
* S&ER]DAFE Rust I EIEEHTHT AIDL 55 a5,

34.1 /** Birthday service interface. */

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 #H

fERT DAME A AIDL 22 1 BRI AR S5 Y AP
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 JIR559EHE

FABAERT LA AIDL AR35 :
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 IR55%%

&g, Bl PAGIER — R BRSSPIk SS 2%
birthday_service/src/server.rs:

//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

BATTBLAE AT DAL HERE R R BN AR S5 -

m birthday_server

adb push "$ANDROID_PRODUCT_OUT/system/bin/birthday_server" /data/local/tmp
adb root

adb shell /data/local/tmp/birthday_server

125 — &, KBRS 2 A4 IEfEIBTT:

adb shell service check birthdayservice

Service birthdayservice: found

EIERT AR service call S AHIZRS:

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 %/

w&a, BATAT DU EATTHI#T AR SS Al g — 1> Rust 2 F ¥
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.

}

HER, B AKET 1ibbirthdayservice,
TEIEH RS AL R I T2 P i :

m birthday_client

adb push "$ANDROID_PRODUCT_OUT/system/bin/birthday_client" /data/local/tmp
adb shell /data/local/tmp/birthday_client Charlie 60

Happy Birthday Charlie, congratulations with the 60 years!

* 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 ®X API
LEFRATIY e AP DR AEEE 2 T)6E : T BBV Fmda i 248 H 2 -RAYTHIER :
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 Type RustType 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 % (Arrays)

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 Type

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 FHIENZR

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.

34.24 H

Binder for Rust supports sending parcelables directly:
birthday_service/aidl/com/example/birthdayservice/BirthdayInfo.aidl:
package com.example.birthdayservice;

parcelable BirthdayInfo {

String name;

int years;
}
birthday_service/aidl/com/example/birthdayservice/IBirthdayService.aidl:

import com.example.birthdayservice.BirthdayInfo;

interface IBirthdayService {
/** The same thing, but with a parcelable. */
String wishWithInfo(in BirthdayInfo info);

}

birthday_service/src/client.rs:

fn main() {
binder::ProcessState: :start_thread_pool();
let service = connect().expect("Failed to connect to BirthdayService");

service.wishWithInfo(&BirthdayInfo { name: name.clone(), years })?;

34.2.5 Sending Files

Files can be sent between Binder clients/servers using the ParcelFileDescriptor type:
birthday_service/aidl/com/example/birthdayservice/IBirthdayService.aidl:

interface IBirthdayService {
/** The same thing, but loads info from a file. */
String wishFromFile(in ParcelFileDescriptor infoFile);

}
birthday_service/src/client.rs:

fn main() {
binder::ProcessState::start_thread_pool();
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let service = connect().expect("Failed to connect to BirthdayService");

// Open a file and put the birthday info in it.

let mut file = File::create("/data/local/tmp/birthday.info").unwrap();
writeln!(file, "{name}")?;

writeln!(file, "{years}")?;

// Create a "ParcelFileDescriptor from the file and send it.
let file = ParcelFileDescriptor::new(file);
service.wishFromFile(&file)?;

}
birthday_service/src/lib.rs:

impl IBirthdayService for BirthdayService {
fn wishFromFile(
&self,
info_file: &ParcelFileDescriptor,
) -> binder::Result<String> {

// Convert the file descriptor to a 'File" . "ParcelFileDescriptor’ wraps
// an “OwnedFd’, which can be cloned and then used to create a "File’
// object.
let mut info_file = info_file
.as_xef()

.try_clone()
.map(File::from)
.expect("Invalid file handle");

let mut contents = String::new();
info_file.read_to_string(&mut contents).unwrap();

let mut lines = contents.lines();
let name = lines.next().unwrap();
let years: 132 = lines.next().unwrap().parse().unwrap();

Ok(format! ("Happy Birthday {name}, congratulations with the {years} years!"))

* ParcelFileDescriptor wraps an OwnedFd, and so can be created from a File (or any
other type that wraps an OwnedFd), and can be used to create a new File handle on
the other side.

* Other types of file descriptors can be wrapped and sent, e.g. TCP, UDP, and UNIX sockets.
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% 35 #5
Testing in Android

Building on Testing, we will now look at how unit tests work in AOSP. Use the rust_test
module for your unit tests:

testing/Android.bp:

rust_library {
name: "libleftpad",
crate_name: "leftpad",
srcs: ["src/lib.rs"],

}

rust_test {
name: "libleftpad_test",
crate_name: "leftpad_test",
srcs: ["src/lib.rs"],
host_supported: true,
test_suites: ["general-tests"],

}

testing/src/lib.rs:

//1 Left-padding library.

/// Left-pad s’ to ‘width'.

pub fn leftpad(s: &str, width: usize) -> String {

format! ("{s:>width$}")
}

mod tests {
use super::*;

fn short_string() {
assert_eq! (leftpad("foo", 5), " foo");
}
fn long_string() {
assert_eq! (leftpad("foobar", 6), "foobar");
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}

You can now run the test with
atest --host libleftpad_test
The output looks like this:

INFO: Elapsed time: 2.666s, Critical Path: 2.40s
INFO: 3 processes: 2 internal, 1 linux-sandbox.
INFO: Build completed successfully, 3 total actions
//comprehensive-rust-android/testing:1libleftpad_test_host PASSED in 2.3s
PASSED 1libleftpad_test.tests::long_string (0.0s)
PASSED 1libleftpad_test.tests::short_string (0.0s)
Test cases: finished with 2 passing and @ failing out of 2 test cases

Notice how you only mention the root of the library crate. Tests are found recursively in
nested modules.

35.1 GoogleTest

The GoogleTest crate allows for flexible test assertions using matchers:

use googletest::prelude::*;

fn test_elements_are() {
let value = vec!["foo", "bar", "baz"];
expect_that!(value, elements_are!(eq("foo"), 1lt("xyz"), starts_with("b")));

}
QRPAPRE G — IR ESCN " ", PR R, FF 2 PR AN BR TH R RIS R A A B

---- 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

* GoogleTest 1~/ Rust Playground H—#R57>, R HAERR EAEA MR 21T IR B, )/ cargo
add googletest PLE R HESMEIMA Cargo WiH .,

* use googletest::prelude::*; TS A—LLH HIYZAIZEA,
o XHBVKIL—f1, EHRZ A EILEL .
* A particularly nice feature is that mismatches in multi-line strings are shown as a diff:

fn test_multiline_string_diff() {
let haiku = "Memory safety found, \n\
Rust's strong typing gquides the way, \n\
Secure code you'll write.";
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assert_that!(
haiku,
eq("Memory safety found, \n\
Rust's silly humor guides the way, \n\
Secure code you'll write.")
)
}
BB EARIRIZE S (AR BRI ) :

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

e crate /2 J&ff T C++ [ GoogleTest ) Rust FHHEAR,

35.2 Bl

SR, Mockall 22—/ M, BFEEEMREABEE A trait, S8)5 6 n] R H 1T
1L

use std::time::Duration;

pub trait Pet {
fn is_hungry(&self, since_last_meal: Duration) -> bool;

}

fn test_robot_dog() {
let mut mock_dog = MockPet::new();
mock_dog.expect_is_hungry().return_const(true);
assert_eq!(mock_dog.is_hungry(Duration::from_secs(10)), true);

* Mockall is the recommended mocking library in Android (AOSP). There are other
mocking libraries available on crates.io, in particular in the area of mocking HTTP
services. The other mocking libraries work in a similar fashion as Mockall, meaning
that they make it easy to get a mock implementation of a given trait.

o THER, BESAEE ERAS M BRI, ] DU IS AR e 08 B S n o U
72, MR 2 s b HEARE 55— 75 T, LU R (L B AT REHH BRI, IR A1) 5 H SR
[ ) i e o
SRV R AT RE Ao FH B SR I, 3401, P 22 B4 2P T S R SR B PR A S o XTI, AT AZE K
FRRIFIERRISIRETT J, T LR 2R PIF 2 B 3G,

[AIFE, % Web MEZRERSCRHEIR SN NRSS a5, ZIRSs S 2902 2] localhost LAREHLIG M.
M EAHDRE SR, 1 4L e PR 75 3, IRDNIZXA B T H LA R AR,
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» Mockall /& Rust Playground f—#B7>, Bl I8 7R 2 AE AR PR ST s 1T IR fl, 6 cargo
add mockall BHei#+ Mockall Z3MEIELA Cargo WiH 1,

» Mockall B 5 #H 288, KM S, &r] DU ERTEIES I TUHAE, £1X B, Bl 1 AZIEER
I — FU, BAE_ BRI E R 3 /NN RS ST :
fn test_robot_cat() {
let mut mock_cat = MockPet::new();
mock_cat
.expect_is_hungry ()
.with(mockall: :predicate::gt(Duration: :from_secs(3 * 3600)))
.return_const(true);
mock_cat.expect_is_hungry().return_const(false);
assert_eq!(mock_cat.is_hungry(Duration::from_secs(1l * 3600)), false);
assert_eq!(mock_cat.is_hungry(Duration::from_secs(5 * 3600)), true);

o TATLAMEA . times (n) KB AR BRI n, W SRANTH R M2 1, A0 SRABORE TN
22 H 3/ panic,
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% 36 5
H &5

TRIZAE log crate K HzTICR HEF| logecat (%% b)a stdout (FALE):
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!");

}
TEVRE 75 _EATHE, HEX, FBAT ISt

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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B2 adb logcat HiEIR:

adb logcat -s rust

09-08 08:38:32.454 2420
09-08 08:38:32.454 2420
09-08 08:38:32.454 2420

2420 D rust: hello_rust_logs: Starting program.
2420 I rust: hello_rust_logs: Things are going fine.
2420 E rust: hello_rust_logs: Something went wrong!
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537 W
B EAENE

Rust X 5 H G155 1 LRI EE ORI S0, IXEWRE KR DL

o NHAIES A Rust B,
* M Rust I I A HAMIE 5 905 1R £

LI MINERTE S 8 FH BRSO, AT TRR 2 9 AN 8% 1 (Foreign Function Interface, FFI),

37.1 5 C I HIRIErE

Rust Xt AT C 18 HZE BER B An SR AL T 72 ISR RIFEHE, /RAT AT Rust BEGFM C Frid A
efils

QNSRRI IS, YRAT AT Loe e :

extern "C" {
fn abs(x: i32) -> i32;
}

fn main() {
let x = -42;
// SAFETY: “abs’ doesn't have any safety requirements.
let abs_x = unsafe { abs(x) };
println! ("{x}, {abs_x}");
}
TAMNELAE L 2 FFL A RESITEE TR T
KRB AR 2 E e 8 1, ANEUH TS5,

FETORTA IR S 4 I

37.1.1 {#iH] Bindgen

bindgen THA] LA B4R C KX FRISRE K,
BN CIES E:
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");

}
KZEREWR Android. bp SeffHh:
interoperability/bindgen/Android.bp:

cc_library {
name: "libbirthday",
srcs: ["libbirthday.c"],

}

MZ IR — DRSS (FE MR B 275 -
interoperability/bindgen/libbirthday_wrapper.h:
#include "libbirthday.h"

TEIRAE AT DA B A R ARG -
interoperability/bindgen/Android.bp:

rust_bindgen {
name: "libbirthday_bindgen",
crate_name: "birthday_bindgen",
wrapper_src: "libbirthday_wrapper.h",
source_stem: "bindings",
static_libs: ["libbirthday"],

}

BJa, FATTAT LATE Rust 27 H i I L4 e
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: The pointer we pass is valid because it came from a Rust

// reference, and the "name’ it contains refers to “name” above which also
// remains valid. “print_card doesn't store either pointer to use later

// after it returns.
unsafe {
print_card(&card as *const card);
}
}

TEVRATIE B8 e, 4K, sl T ik se
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
B, TATTRT LOSAT B 32 BRI R PRES E ARSI 5 TAE:
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 ¥4 Rust

¥ Rust FREFIRA G HF] C IRfA 5
interoperability/rust/libanalyze/analyze.rs
//1 Rust FFI demo.

use std::os::raw::c_int;

/// Analyze the numbers.
pub extern "C" fn analyze_numbers(x: c_int, y: c_int) {

if x <y {
println!("x ({x}) is smallest!");
} else {

println!("y ({y}) is probably larger than x ({x})");
}
}

interoperability/rust/libanalyze/analyze.h
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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: ["."],

}

FATERAE AT AN —A C 3/ Ahia e
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"],
}
TEVRITIEFE AR, K, Hsf T kil se
m analyze_numbers

adb push "$ANDROID_PRODUCT_OUT/system/bin/analyze_numbers" /data/local/tmp
adb shell /data/local/tmp/analyze_numbers

#[no_mangle] #5H T Rust J#H A FRE R (KL T HIRF S KA bR LN 44 7R VR IE AT DAfE
#[export_name = "some_name"] RIEE LRI,

37.2 5 C++ &K

CXX crate f#fS1E Rust # C++ Z AT A HHEROY AT RE,
L NOPARES I

210


https://cxx.rs/

37.2.1 Ml

CXX MMt T4 LR R B % 4 B, XL S RNHIE S 2 M AT B, 8] AfEH H
#[cxx: :bridge] EMZEFMM Rust B HH extern fRASHLRELILTA,

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 MHEEIEE IR crate WA £ A RERA,

o ARIEENFHASEH R TIOR B, CXX KR RPCELRY Rust AT C++ S8 /pREUE X, PAMERIXEE N
AHRIXAIES

o WIFEAEBENKM Rust {63, iB# ] cargo-expand &EEITFEM proc %2, & T K2 HoRME, 4]
PAM#H cargo expand ::ffi R{UEIF ffi B (HIXFIEH T Android H ),

o MITEBAERN C++ X1, THTE target/cxxbridge H1&EH,

37.2.2 Rust Bridge Declarations

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 {
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fn foo(&self) {
println!("{}", self.0),
}
}

fn bar() -> Box<MyType> {
Box: :new(MyType(123))
}

e extern "Rust" HEHARNANAESIF T RIAEHAFE NN R,
o CXX RESEAHEH extern "Rust" ¥R ESHRMN C++ FEEAR C++ Sk, RISk
P58 &SRR Rust JEX AR EAE R, (B B4 rs.h,

37.2.3 ZERRIY C++ 1RBY

mod ffi {
// Rust types and signatures exposed to C++.
extern "Rust" {
type MultiBuf;

fn next_chunk(buf: &mut MultiBuf) -> &[u8];

}
REAEMBAT 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:

37.2.4 C++ BiEpi

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;
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}

RECERLAT Rust:

pub struct BlobstoreClient ({
_private: ::cxx::private::Opaque,

}

pub fn new_blobstore_client() -> ::cxx::UniquePtr<BlobstoreClient> {
extern "C" {
fn __new_blobstore_client() -> *mut BlobstoreClient;
}
unsafe { ::cxx::UniquePtr::from_raw(__new_blobstore_client()) }

}

impl BlobstoreClient {
pub fn put(&self, parts: &mut MultiBuf) -> u64 {
extern "C" {

fn __put(
_: &BlobstoreClient,
parts: *mut ::cxx::core::ffi::c_void,
) -> ub4;
}
unsafe {
__put(self, parts as *mut MultiBuf as *mut ::cxx::core::ffi::c_void)
}
}
}
/!l ...
o B RATLHAEMITEM ANZELERITLTIR, CXX SPUTHSK S, MIAZERS C++ HAEBNAR
SEE—H,

« f§Bh unsafe extern fURTHR, &R DAAHAAT M Rust 228 R C++ BRI,

37.2.5 A

mod ffi {
struct PlayingCard {
suit: Suit,
value: u8, // A=1, J=11, Q=12, K=13
}
enum Suit {
Clubs,
Diamonds,
Hearts,
Spades,

(KRR C BRE(BATD) R,
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o HERAN #derive ()] ZXHFEREEN trait, RGUL SN C++ FRAG4A: BAHR FISHEE, B4,
WRIEIRAET Hash, B AHEMNA C++ 280U R std: thash 323,

37.2.6 HEPOE

mod ffi {
enum Suit {
Clubs,
Diamonds,
Hearts,
Spades,
}
}

Generated Rust:
pub struct Suit {

pub repr: u8,

}

impl Suit {
pub const Clubs: Self = Suit { repr: 0 };
pub const Diamonds: Self = Suit { repr: 1 };
pub const Hearts: Self = Suit { repr: 2 };
pub const Spades: Self = Suit { repr: 3 };

}

Generated C++:

enum class Suit : uint8_t {
Clubs = 0
Diamonds

Hearts
Spades
b

1 [

wN I~

I
I

* £ Rust ¥, KFEREAE KA RS SEER R EERISSHI A IXREINAE C++ i, KRR S
FITA EAIZ R RIFEAE T UB, 1M Rust ZonATRZBAMRIAITN,

37.2.7 Rust #HL

mod ffi {
extern "Rust" {
fn fallible(depth: usize) -> Result<String>;
}
}

fn fallible(depth: usize) -> anyhow::Result<String> {
if depth == 0 {
return Err(anyhow: :Error::msg("falliblel requires depth > 0"));

}
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Ok("Success!".into())

o £ C++ J51H, JR[A] Result A Rust S HHIIE R,

o PR EIRZE rust: tExror 88 7T B T AREEE IR B AT ER I 77 15 SR 1R
B R AY Display impl $245,

* X panic M Rust BIFE] C++ i, AR SBOHFE BIZ L,

37.2.8 C++ fHiaLA

mod ffi {
unsafe extern "C++" {
include! ("example/include/example.h");
fn fallible(depth: usize) -> Result<String>;

}

fn main() {
if let Err(err) = ffi::fallible(99) {
eprintln! ("Error: {}", err);
process::exit(1);

}
}
o AR TIRIA Result A C++ PRBCEHAR C++ Wil AR S8, B HAEN Exr EIRFIZAA
H Rust %Y,

o GNERANER “C++"REREHNE 1 7%, H CXX FrEr R FEIHIZEEH TR E Result, MR S1E H
C++ 1Y std: : terminate, T HEFRITFIEIL C++ BHE nowithout I THFEIFH,

37.2.9 Hfthm

Rust Type C++ Type

String rust::String

&str rust::Str
CxxString std::string
&[T]/&mut [T] 1xrust::Slice

Box<T> rust: :Box<T>
UniquePtr<T> std::unique_ptr<T>
Vec<T> rust: :Vec<T>

CxxVector<T> std::vector<T>

o XEERAUA] T =R IR T BR DA S SN R A 2 IR [ 45
o IHER, Rust Y String FEERZMGIE] std: : string, SEOXAME MR PAR ) L
- std: :string & String AR UTF-8 ~A8 1,
— IR A AR R AN, R TCTE B TE TG & Z A TR,
- std::string &5 Rust FEEHE ALECH move FIEREL, Rt std: :string &
FAREG#4 Rust,
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37.2.10 Building in Android

fll# cc_library_static DM C++ F, f4h CXX A plHY Sk SRS

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 fEt 1libcxx_test_bridge_header il libcxx_test_bridge_code /& CXX Ay C++
R 7E ARSI, FRAPRAE S —5KZIKT Frrh o 4 BARRIR B 715,

o EEFR, BEFEEMRE cxx-bridge-header FEAREFREUE WY CXX & Lo

 WNFE T ANAIAE Android A CXX f5ERSCRY, 25 Android SOiY, B S PRS2
EIHEE, DMESERNE H )5 AT DATENE ARSI L1 B,

37.2.11 Building in Android

AR genrule: —MNHTAK CXX Sk, B—MHFAR CXX XM ARG, XLENE S HE
cc_library_static A,

// 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"],
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.rs"],
out: ["lib.rs.cc"],

o cxxbridge THZ M T B, H TABMEEILE C++ b, B E1E Android H, JH1EH
Soong T H##f,
o FZHAME, AR Rust FoCHE2 Lib. xs, NSk @48 1ib. s h, R
lib.xs. cc. N, RGTFFAGRBIHIT A A B,
37.2.12 Building in Android

BIEE— MK T 1ibexx fil cc_library_static fJ rust_binary,
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rust_binary {
name: "cxx_test",
srcs: ["lib.rs"],
rustlibs: ["libcxx"],
static_libs: ["libcxx_test_cpp"],

37.3 45 Java IR0

Java FTLAEIS Java AHiFZ 1 (NI) #3645, jni crate LA EOIE— D HARIE,
B, BAI0IE— AT LS F Java [ Rust K%K

interoperability/java/src/lib.rs:

//' Rust <-> Java FFI demo.

use jni::objects::{JClass, JString};
use jni::sys::jstring;
use jni::JNIEnv;

/// HelloWorld::hello method implementation.
pub extern "system" fn Java_HelloWorld_hello(
env: JNIEnv,
_class: JClass,
name: JString,
) -> jstring {
let input: String = env.get_string(name).unwrap().into();
let greeting = format!("Hello, {input}!");
let output = env.new_string(greeting).unwrap();
output.into_innexr()

}
interoperability/java/Android.bp:

rust_ffi_shared {
name: "libhello_jni",
crate_name: "hello_jni",
srcs: ["src/lib.rs"],
rustlibs: ["1libjni"],

}

We then call this function from Java:
interoperability/java/HelloWorld.java:

class HelloWorld {
private static native String hello(String name);

static {

System.loadLibrary("hello_jni");
}

public static void main(String[] args) {
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String output = HelloWorld.hello("Alice");
System.out.println(output);

}
interoperability/java/Android.bp:

java_binary {
name: "helloworld_jni",
srcs: ["HelloWorld.java"l,
main_class: "HelloWorld",
required: ["libhello_jni"],

}

e, AT DKL, [P RIS T kil se

m helloworld_jni
adb sync # requires adb root && adb remount
adb shell /system/bin/helloworld_jni
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% 38 #5r
>l

X NINAGS  BATREBIREELSEIE 2 —, H22504 —2E Rust (REEERGHE, AN E—
LRSI

* [ Rust %5 1Y% F o F /R AIDL fR55.
o RRORITE PRI R EOERSE] Rust FFHFIHAE,

AL A TR BRI TS 5, FOMIZZITIG) : BRI T IR R A N A — B AT AR L4 A% Rust #
A5,
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HXEH

Chromium
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B 39 #9r
Welcome to Rust in Chromium

Chromium A28 =75 &2 HF Rust, FHEEH S — k& E%iER: Rust M1EIE Chromium C++ XA,

SR, BATRIEH Rust M5 BRI T — LG BRI IRIE, IR ERRD 5B 2 T A
FUR UTES 7 £, IR 2 ] DATE RS 2 A FA X6 I 3 70 4% RO N5 BRORBR A, Th A — 8 BEAE
AR IE AR DTER 70
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% 40 3K
KHE

TR AR ] AT EFF121T Chromium, REERIAIEEST (R EiRT 1223636, MW T 2023 £F 11
R, Wal AR S FEM—4H build #r& NisfT,

gn gen out/Debug
autoninja -C out/Debug chrome
out/Debug/chrome # or on Mac, out/Debug/Chromium.app/Contents/Mac0S/Chromium

(EEBUFE AR build 4, DAgEREIERKE X ZEAE! )
AR BAZIX 55, G2 R E Chromium, 75 : %8 build Chromium FEAELEH} ],
IEAh, AR WA ZZ2E Visual Studio g,
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About the exercises

AR — B & — RIS, EANZ URARRRH A BAT TR R DN IR FP A TIX R RS, MY
PURTER G BT BE I WERIEI A I R SE R o7, MIETRAEC: AT DAFE R — [ Bt B3R,
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941 55
Chromium I Cargo R4 &0 L

The Rust community typically uses cargo and libraries from crates.io. Chromium is built
using gn and ninja and a curated set of dependencies.

] Rust 4’5 FCRDI, ZXAT DAGERE :

o {58 //build/rust/*.gni B (a0 rust_static_library, BAEES A HH gn
M ninja. XIRES AL H N Chromium T H$%#1 crate,

o {#if cargo, B[R TZ&id #HiZA) Chromium T HBEF0 crate

 fiH cargo, fFF T HE fI/sM BB REL1Y crate

From here on we'll be focusing on gn and ninja, because this is how Rust code can be
built into the Chromium browser. At the same time, Cargo is an important part of the Rust
ecosystem and you should keep it in your toolbox.

Mini exercise

TS NI R DL RS )

o 8% cargo TEMRLE = N EANE, FHFITAGIX L 5 B9 XF IR
o WIBTEREAT gn Al ninja PANESZR cargo S50, B S EMRLE T 5. M ARE,

Ask students to avoid peeking at the speaker notes before completing the exercise. Assuming
folks taking the course are physically together, ask them to discuss in small groups of 3-4
people.

S54SR E T (“Cargo MTREEVH (ESI055)

* It's fantastic that when writing a tool, or prototyping a part of Chromium, one has
access to the rich ecosystem of crates.io libraries. There is a crate for almost anything
and they are usually quite pleasant to use. (clap for command-line parsing, serde for
serializing/deserializing to/from various formats, itertools for working with iterators,
etc.).

- {&B) cargo, EMER] LAERAUH E (R 75 ‘Cargo.toml® Bin—1 TR G 4645 BITAT)
- AWiL# R CPAN 2Bl perl BN 12 iER, 805 5 python + pip HATEEES,

* Development experience is made really nice not only by core Rust tools (e.g. using
rustup to switch to a different rustc version when testing a crate that needs to work
on nightly, current stable, and older stable) but also by an ecosystem of third-party
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tools (e.g. Mozilla provides cargo vet for streamlining and sharing security audits;
criterion crate gives a streamlined way to run benchmarks).

- &8 cargo, &nNEd cargo install --locked cargo-vet BIAGINT A,
- AYi5 Chrome #EFFEL VScode § i F#t1T HLAL,

o ANR—EEATEN cargo, BRIz @ A T E Rl :

— Perhaps surprisingly, Rust is becoming increasingly popular in the industry for
writing command line tools. The breadth and ergonomics of libraries is comparable
to Python, while being more robust (thanks to the rich typesystem) and running
faster (as a compiled, rather than interpreted language).

— WIEAA Rust R8RS, HAUEA Cargo Fhritk Rust TH, (R FERIFIMNT ok, I B
REWS T B Chromium 245140 fi T Bazel 87 Android/Soong ##EEERR) BT H , WV %
f#i ] Cargo.

« T cargo\ § Chromium AHCI7 H R fl:

- serde_json_lenient (E.7F Google MEAMER AT 175250, 45 F 2 RE(H PR MERESFIE
BAD,
- PRI font-types)
- gnrt THGATREAREN G2 A4 8/ clap BT 17T, A toml
ACFRFCE S
* Disclaimer: a unique reason for using cargo was unavailability of gn when
building and bootstrapping Rust standard library when building Rust toolchain.
* run_gnrt.py uses Chromium's copy of cargo and rustc. gnrt depends on
third-party libraries downloaded from the internet, but run_gnrt.py asks
cargo that only - -1ocked content is allowed via Cargo. lock.)

FA AP DU A E N RS e AR ST

o rustc (Rust fmiFes) MK T LLVM J&, Clang 4mi¥as. “rustc” 53 (M GitHub B, 3
Rust gaiFgs FIBNHA%) 5 S R &R 2k Rust JwiEds

e rustup (HAERMEZE, rustup Z1E https:/github.com/rust-lang/ {## FHLTF %1, 5
rustc fHF,)

+ cargo. rustfmt %

o BFPNERELALZE (T2 rustc RYIMIRALES AL F TR fi i T 2585 & 45 Chromium T2
MRS, )

» cargo Audit. cargo vet % Cargo T H

« &% //third_party/rust i Rust £ (H security@chromium.org #{7H1%)

* HAth Rust J (— £/ NRABARSZ XL X H F )
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¥ 42 5

Chromium Rust BiE

Chromium MR F{# 55— 77 Rust, BRIEZ LT XA 3= & HEERRFERIE

A% Chromium {5 =75 FEBER, 1§Z M ILAL YR IZIXEECR, ERZ 800 N R VPR Rust (ENE =77
PEfER, BAETCIe R EVEREE R % 275, B 1E 2 B 1k,

ft/DA Rust EXEEATF C/C++ APL IXIERE LT R AT 2260 A D RIS — TR & R,
"CH" Rust

: Existing Chromium : :  Chromium Rust Existing Rust :
"CH+" : : "wrapper" crate :
R + I e + R +
| | | | | |
| O----- P +-t+-> O-F---mmm e +--> | :
D | : Language : | | Crate | |
e T + : boundary @ 4---------------- + API e +

eS8 =77 crate V58— 77 Rust A5 & RASIE H W TE third_party/rust/<crate>/<version>/wrapper
H 3,

it SRR E S H LT A:

* 5| \% =77 Rust JE (“crates”)
o TSRS, UHEREW M Chromium C++ H{# FiXLE crate,

QSR B REIN (R T A A2 22 Ak, WA IR AR B 2Rl ST,
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543 W5
Build rules

Rust fUASIEHE #H cargo MM, FIEEmAE, Chromium {#H gn M ninja MATH9%E, HERSHM
WIS FF SN KRR AT, Rust AHISR,

Adding Rust code to Chromium

fE—LEPE R Chromium BUILD.gn X+, A BH rust_static_library:
import("//build/rust/rust_static_library.gni")

rust_static_library("my_rust_lib") {

crate_root = "lib.rs"

sources = [ "lib.rs" ]
}
IR AT DAAEH AL Rust AR EEIN deps. fl)5, Bl T 2 4q /R i 28 =77 XA,
B[R f5%€ crate IRE® M PTRIIESAIR, crate_root Zfit Rust 4miFesf AR, &
TRYRIFERITHIMR SR, BH N 1ib. s, sources BATHTRXFNZEESIE, ninja REHERIE
{AIIN A T EEHTH
(£ Rust ™, 3 R 17 1£ AT i i) Rust source_set, A A & A4 crate &t & — 1 %% % 84 7T,
static_library E&/NUBIL,)
FARRES BN ERAIFRE gn Bk, MR gn WER Rust #08E SCRE A THRAME, R R AR
XFF CXX BMEME. &A1 Rust DiRE AR BT, B A TR 5 8 2 2= A iy —LE T RE,

43.1 Including unsafe Rust Code
BRI R, 25 IETE Tust_static_library dfEf A% 200 Rust (9, FR AR TS %, 4

TR 2 Rust 1, 15 allow_unsafe = true HMNZE gn HirrR, (FEARER S5,
FATENEERLEE RO )

import("//build/rust/rust_static_library.gni")

rust_static_library("my_rust_1ib") {
crate_root = "lib.rs"
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sources = [
"lib.xs",
"hippopotamus.rs"

1

allow_unsafe = true

}

43.2 {1£ Chromium C++ H15 A Rust {15

HFEH EIREFRERIIEHELE Chromium C++ BRI deps HEIAT,
import("//build/rust/rust_static_library.gni")

rust_static_library("my_rust_1ib") {
crate_root = "lib.rs"
sources = [ "lib.rs" ]

}

# or source_set, static_library etc.
component ("preexisting_cpp") {

deps = [ ":my_rust_lib" ]
}

43.3 Visual Studio Code

1£ Rust {REGH, @ H SE A XA KN IDE E2 Lk C++ B oEH, Visual Studio Code
EHFIEH T1E Chromium A4bH Rust RS, W17 (% A L DIRE,

o IEWRIRIER) VSCode &35 T rust-analyzer ¥ BT, MR FIRAR Rust SKHRHTGM
* gn gen out/Debug --export-rust-project (=gt HRMIZEI)
* In -s out/Debug/rust-project.json rust-project.json

WERSZARBEAXS IDE H7A MEESEE, RYiTE R T rust-analyzer AYER-RURSTE AR R D)6, BVFRELL
AT I

DA BRATRE SO0 g A AT B (B At ] DUk F — B o 2478/ Chromium #H2¢ Rust £09) :

* ¥I7F components/qr_code_generator/qr_code_generator_ffi_glue.rs

o ¥AhRET ‘qr_code_generator_ffi_glue.rs /(¥ QrCode: : new V&M (KZ%E 26 17) L

* Demo show documentation (typical bindings: vscode = ctrl k i; vim/CoC = K).

* Demo go to definition (typical bindings: vscode = F12; vim/CoC = g d). (This will take
youto //third_party/rust/.../qr_code-.../src/lib.xs.)

o 11 outline J#ifF: QrCode: :with_bits ik (KAE 164 17; KA T vscode HHI 1
VR E B AR MG BB E . vim/CoC = space 0)

* J#/K type annotations (QrCode: :with_bits /7ikH Rt 7 —LREF RG]

ESFEENZ, BX BUILD. gn X5, WEEHNSITgn gen ... --export-rust-project (F
ITTRAE AR BARRIZR S 2 BT IR ) o
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43.4 Build rules exercise

#£ Chromium build A, [4] //ui/base/BUILD.gn #MEHH Rust Hix, HpE:

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.

FXANHTH Rust HARGSICA / /ui/base:base FUHHiIN, /£ ui/base/resource/resource_bundle.cc
THER A B I R B (R 5 , BATTIE A R a0 n]iaas 45 2 A2 pl T 2ok B 3T I3

extern "C" void hello_from_xust();

M ui/base/resource/resource_bundle.cc 1 H A7 H O A I E R BRATE
M ResourceBundle: :MaybeManglelLocalizedString 9 Tl & ¥ A It B8 %4, #9 2 9
Chromium, £ 2 X E/~ Hello from Rust!”,

nEAE(EH VSCode, BI/ERLIE L E Rust, AFEHAESE VSCode HIEHIB1T, XM G4 ST RA T,
WRSRERT), MR A S & println! LY ”Go to definition”,

W
iz

gy

LUEEE/S:1Ee)

o JEHTF [rust_static_library gn #itk] iUiEIT (https://source.chromium.org/chromium/chromium/src/
+/main:build/rust/rust_static_library.gni;1=16)

o XF [#[no_mangle]] Mi¥4(5 & (https://doc.rust-lang.org/beta/reference/abi.html#the-
no_mangle-attribute)

o XF [extern "C"] WIE4AE R (https://doc.rust-lang.org/std/keyword.extern.html)

* XT gn iy [--export-rust-project] FRAIEA(EE (https:/gn.googlesource.com/gn/
+/main/docs/reference.md#compilation-database)

o QfalfE VSCode H%%% rust-analyzer

RBIARARERS, KDy HIAMRES 2 B A EAR(FIE S, B C 155, C++ F1 Rust ABHR AT DU BAAIE A
C ABT b fEATRIE AR G B0 57, FATT= B C++ A Rust SREBGEER,

B ZEE A allow_unsafe = true, [Kh#[no_mangle] AIGESSZHE Rust 2B AN R4 BRI AL,
ifi Rust JEiE AR IE< 18 F IE R R %R

ANRFEEAL Rust nl AT XM, Al DUEH rust_executable gn BARHATICER(E,
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¥ 44 5
5

Rust community typically authors unit tests in a module placed in the same source file as the
code being tested. This was covered earlier in the course and looks like this:

mod tests {
fn my_test() {
todo! ()
}
}

In Chromium we place unit tests in a separate source file and we continue to follow this
practice for Rust — this makes tests consistently discoverable and helps to avoid rebuilding
. s files a second time (in the test configuration).

This results in the following options for testing Rust code in Chromium:

 Native Rust tests (i.e. #[test]). Discouraged outside of //third_party/rust.
» gtest tests authored in C++ and exercising Rust via FFI calls. Sufficient when Rust code
is just a thin FFI layer and the existing unit tests provide sufficient coverage for the

feature.
* gtest tests authored in Rust and using the crate under test through its public API (using
pub mod for_testing { ... }ifneeded). This is the subject of the next few slides.

Mention that native Rust tests of third-party crates should eventually be exercised by
Chromium bots. (Such testing is needed rarely — only after adding or updating third-party
crates.)

Some examples may help illustrate when C++ gtest vs Rust gtest should be used:

* QR has very little functionality in the first-party Rust layer (it's just a thin FFI glue)
and therefore uses the existing C++ unit tests for testing both the C++ and the Rust
implementation (parameterizing the tests so they enable or disable Rust using a
ScopedFeaturelist).

* Hypothetical/WIP PNG integration may need to implement memory-safe implementation
of pixel transformations that are provided by 1ibpng but missing in the png crate - e.g.
RGBA => BGRA, or gamma correction. Such functionality may benefit from separate
tests authored in Rust.
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44.1 rust_gtest_interop J%

The rust_gtest_interop library provides a way to:

» Use a Rust function as a gtest testcase (using the #[gtest(...)] attribute)
» Use expect_eq! and similar macros (similar to assert_eq! but not panicking and not
terminating the test when the assertion fails).

Example:

use rust_gtest_interop::prelude::*;

fn test_addition() {
expect_eq! (2 + 2, 4);
}

44.2 Rust M GN B

The simplest way to build Rust gtest tests is to add them to an existing test binary that
already contains tests authored in C++. For example:

test("ui_base_unittests") {

ééﬁrces += [ "my_rust_lib_unittest.rs" ]
deps += [ ":my_rust_lib" ]
}

Authoring Rust tests in a separate static_library also works, but requires manually
declaring the dependency on the support libraries:

rust_static_library("my_rust_1lib_unittests") {
testonly = true
is_gtest_unittests = true

crate_root = "my_rust_1lib_unittest.rs"
sources = [ "my_rust_1lib_unittest.rs" ]
deps = [

"imy_rust_1ib",

"//testing/rust_gtest_interop",
1
}

test("ui_base_unittests") {
aéﬁs += [ ":my_rust_lib_unittests" ]
}
44.3 chromium: :import! %
After adding :my_rust_1lib to GN deps, we still need to learn how to import and

use my_rust_lib from my_rust_lib_unittest.rs. We haven't provided an explicit
crate_name for my_rust_1ib so its crate name is computed based on the full target path
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and name. Fortunately we can avoid working with such an unwieldy name by using the
chromium: :import! macro from the automatically-imported chromium crate:

chromium: :import! {
"//ui/base:my_rust_1lib";
}
use my_rust_lib::my_function_under_test;
Under the covers the macro expands to something similar to:
extern crate ui_sbase_cmy_urust_ulib as my_rust_lib;

use my_rust_lib::my_function_under_test;

More information can be found in the doc comment of the chromium: : import macro.
rust_static_library supports specifying an explicit name via crate_name property, but
doing this is discouraged. And it is discouraged because the crate name has to be globally

unique. crates.io guarantees uniqueness of its crate names so cargo_crate GN targets
(generated by the gnrt tool covered in a later section) use short crate names.

44.4 Testing exercise

Time for another exercise!
In your Chromium build:

* Add a testable function next to hello_from_rust. Some suggestions: adding two
integers received as arguments, computing the nth Fibonacci number, summing integers
in a slice, etc.

» Add a separate ..._unittest.rs file with a test for the new function.

* Add the new tests to BUILD.gn.

* Build the tests, run them, and verify that the new test works.
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¥ 45 H5y
5 C++ BB ¥AEME

Rust # X2 7 28 C++/Rust EAR/EILIA, 3 H—EIE AW &3 TE, HAf, Chromium {&/H—#f
&0 CXX T H,

AT LARE R L8 OB S (5 Rust SOUHRD SR EMEF L5, )5 CXX TAZEIA K Rust #1 C+
+ PR AR R

See the CXX tutorial for a full example of using this.
BRI FOX A B R RS Ja Y S AT A8 R AR 52 A RL, B B 3 TIX — R B A DUR 4rAL

o EAZ T HEAILRIE C++ Uil Rust yiAHPLHEL (B4, a5R# [cxx: :bridge] 5EFRHY C++ B¢ Rust
TE SCRPCRL, 2 HY IR 3 15 (L6 R R RIE R0, RTRE R SBORE XATHN)

« ZTHIEA] HahER FFI thunk (R/NEMER] 32 C-ABI B9 H H1EK¥0 , UEIERNAE C 15 5 Rk
(Bilgn, J5 X Rust 8 C++ 77750 FFT A, MFahSERG0E — B2 B 174 5 X P IR B B
Bk

o X T HEAMZER] DUCE—REI0 KR, F4n:

— &[T] FILAES FFI 3OS 7%, B C B RIEE AR E 1Y ABL 8UNT7 1 R —800IR T
TG ER, D TFHNEMN std: :span<T> [ &[T], HARIETGEHFIK T E I, (HiX
IRAZ HisE, ROy ERIES X T2 slice RR T XIBH AR

- RGiX} std: :unique_ptr<T>, std::shared_ptr<T> fl/sk Box FF&7REFREH R LR
A SRR AR FF N0, WAL 3 m] 37 C-ABI (R AATEE, IX S INAE da J& AR N 17
LA R,

— rust::String f1 CxxString KRIGEHL IR G A A FIE S Z FAEFF R R T H
ff) 22 5 (4N, rust::String::lossy mf BAidid IF UTF8 #i A4 % Rust F7F 5
rust::String::c_str AJRDCAFRFEM | NUL Z0E75),

45.1 el

CXX requires that the whole C++/Rust boundary is declared in cxx: : bridge modules inside
.I's source code.

mod ffi {
extern "Rust" {
type MultiBuf;

fn next_chunk(buf: &mut MultiBuf) -> &[u8];
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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>;

}

// Definitions of Rust types and functions go here
fith:

» Although this looks like a regular Rust mod, the #[cxx: :bridge] procedural macro
does complex things to it. The generated code is quite a bit more sophisticated - though
this does still result in a mod called ffi in your code.

 Native support for C++'s std: :unique_ptr in Rust

* Native support for Rust slices in C++

* M C++ JHH] Rust, F{EH] Rust 28 (TiFRALE)

* M Rust i C++, FH C++ KA (IRENLE)

IR X B Rust EfT C++ Soufh, HSLEFIR G, Rust Ao SO TIERE, FURTE
AR C++ RS HERIN #include, MET C++ ik ss HiH,

CXX 1 Ja B
By far the most useful page when using CXX is the type reference.
CXX EATEH T PA MBI

o S Rust-C++ #2 AEHE i 8, A AR B E AP 25N 2.
o Hl, WRHEH T CXX $2 A FRI2REY 40 std: :unique_ptr. std: :string. &[u8]
%E,

XAFEEARZ RIRYE, flans/ D% Rust ) Option KRS,

BT XERIR, FAE Chromium HHEERF Rust HI TR R F R “H-15 537, 7z TERR Rust-C+
+ EHR(E, YEFTHAE Chromium R Rust BN 75N, e MUE B3 HE 5 1251 CXX 482
AT, DEBRIZIEF IR G BB E BT,

AR, IR IR AT CXX I AYH At — L RN AL, filn:

o HARAE C++ RHOREATHRACIE (R —3RZIAT AR hn LA &)
o REHEEHEERIRT T 6,

45.2 CXX isurg

CXX's support for Result<T, E> relies on C++ exceptions, so we can't use that in Chromium.
Alternatives:

* The T part of Result<T, E> canbe:

— Returned via out parameters (e.g. via &mut T). This requires that T can be passed
across the FFI boundary - for example T has to be:
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* A primitive type (like u32 or usize)
* A type natively supported by cxx (like UniquePtxr<T>) that has a suitable
default value to use in a failure case (unlike Box<T>).
— Retained on the Rust side, and exposed via reference. This may be needed when
T is a Rust type, which cannot be passed across the FFI boundary, and cannot be
stored in UniquePtr<T>.

» The E part of Result<T, E> canbe:

— Returned as a boolean (e.g. true representing success, and false representing
failure)

— Preserving error details is in theory possible, but so far hasn't been needed in
practice.

45.2.1 CXX Error Handling: QR Example

The QR code generator is an example where a boolean is used to communicate success vs
failure, and where the successful result can be passed across the FFI boundary:

mod ffi {
extern "Rust" {

fn generate_qr_code_using_rust(
data: &[u8],
min_version: 1il6,
out_pixels: Pin<&mut CxxVector<u8>>,
out_qgr_size: &mut usize,

) -> bool;

}

Students may be curious about the semantics of the out_qr_size output. This is not the size
of the vector, but the size of the QR code (and admittedly it is a bit redundant - this is the
square root of the size of the vector).

It may be worth pointing out the importance of initializing out_qr_size before calling into
the Rust function. Creation of a Rust reference that points to uninitialized memory results in
Undefined Behavior (unlike in C++, when only the act of dereferencing such memory results
in UB).

If students ask about Pin, then explain why CXX needs it for mutable references to C++ data:
the answer is that C++ data can’ t be moved around like Rust data, because it may contain
self-referential pointers.

45.2.2 CXXError Handling: PNG Example

A prototype of a PNG decoder illustrates what can be done when the successful result cannot
be passed across the FFI boundary:

mod ffi {
extern "Rust" {

fn new_png_reader<'a>(input: &'a [u8]) -> Box<ResultOfPngReader<'a>>;
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/// C++ bindings for the “crate::png::ResultOfPngReader” type.
type ResultOfPngReader<'a>;
fn is_err(self: &ResultOfPngReader) -> bool;
fn unwrap_as_mut<'a, 'b>(
self: &'b mut ResultOfPngReader<'a>,
) -> &'b mut PngReader<'a>;

/// C++ bindings for the ‘crate::png::PngReader’ type.

type PngReader<'a>;

fn height(self: &PngReader) -> u32;

fn width(self: &PngReader) -> u32;

fn read_rgba8(self: &mut PngReader, output: &mut [u8]) -> bool;

}

PngReader and ResultOfPngReader are Rust types — objects of these types cannot cross
the FFI boundary without indirection of a Box<T>. We can't have an out_parameter: &mut
PngReader, because CXX doesn't allow C++ to store Rust objects by value.

This example illustrates that even though CXX doesn't support arbitrary generics nor
templates, we can still pass them across the FFI boundary by manually specializing /
monomorphizing them into a non-generic type. In the example ResultOfPngReader is a
non-generic type that forwards into appropriate methods of Result<T, E> (e.g.intois_err,
unwrap, and/or as_mut).

Using cxx in Chromium
f£ Chromium 1, #X &DNFREAHH Rust B 5L, BATE SHSZ# [cxx: :bridge] mod, i@ #,
4 rust_static_library #E X RAE L. R

cxx_bindings = [ "my_rust_file.rs" ]
# list of files containing #[cxx::bridge], not all source files
allow_unsafe = true

IIMEEBIAW rust_static_library PAK crate_root 1 sources B HFRH,
C++ S AE A TR EAE AL, R A7
#include "ui/base/my_rust_file.rs.h"

KM, //base IR T~ KL, Al Chromium C++ 28815 CXX Rust 288U4H B 444, ]
4N SpanToRustSlice,

ARSI AR TFEE allow_unsafe = true?

SR, ZIEH M Rust Arit, IREEM C/C++ IEZ “Z 2"/, /£ Rust FREJA C/C++ AIRESN
WA HITIERIR(E, FFE K Rust B S8R RIAZ 2 R C/C++ HiRfEtEHhHiIl % K unsafe
KT, Al RES A F S HE P RUEMREL, I HLA7 75 5 (R, RTINS 51 Rust — 3l
XAFATRES S8 Rust HHHBIESIMT A,

The narrow answer lies in the diagram at the top of this page — behind the scenes, CXX
generates Rust unsafe and extern "C" functions just like we did manually in the previous
section.
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45.3 Exercise: Interoperability with C++

H—uk

o EIEZ ATAIEER Rust X, BRIN #[cxx: :bridge] RigE— MM C++ AHRIERE (N
hello_from_rust), RS EW AR EEAE,

o BRI hello_from_rust K%, BER extern "C" f1 #[no_mangle]. EifE, X HE—
FRUER Rust BREL

* BB gn BFRDMTEX G E,

o 78 C++ fURSH, #Fk hello_from_rust MIIEAIRE B, SRIGEINAE RSk S,

¢ Build and run!

R i

R E— T CXX XA B T E i i f#% Rust /£ Chromium ARG RIE M,
Some things to try:

o M Rust [BIJFZE] C++, EFFEHIT A N RIE:
— ANk, BAERTDAM cxx: :bridge X HH¥ET include! #fE, EFREEIXA
WSk s BT FH Y C++ BRIER
— fE#E— unsafe A, FHTIE R 2R eREL, thrl DAfE# [cxx: :bridge] H48& unsafe
KT, WILALFTIA,
- EBATRERFE R I#include "third_party/rust/cxx/vl/crate/include/cxx.h"
o ¥4 C++ FRFER M C++ {£1#5] Rust,
o BN C++ W5 HEES] Rust,
ZI71k Rust FREE4 S #[cxx: :bridge] RUCAL, HiZH 2GBTS 2RI B
ZIFL C++ BB R S #[cxx: tbridge] RULEL, F1EMAEE 2R,
BHEA AR std: junique_ptr M C++ £3EZ| Rust, PAE Rust fIERED C++ MR BIFTERG
Bl —> Rust I HLRE] C++, DUE C++ FIE BERATE N, $: BFRE[MH Box),
FEBHVE R HEAS C++ KB 757%, M Rust TR EA T,
o FARVEAZEA Rust KA T7 5 M C++ THHEAT,

H=in

WAE, BEL TR T CXX HHRIEERIEFRIR, 5851 Rust /£ Chromium AR 75, Hp
P2 1 R 8 fa] Al SR ARl SO% % o

LUFEE/S:1Ee1)

* The cxx binding reference
e rust_static_library gn iR

TERTRE 1B DL R R
o YIRARA Y WA X AR RN, BT WIaA iR, Hrh X F1 Y B2 BB, IX 2 R
[ C++ PRECEIS cxx: :bridge FIFEIAH AL —E,
o FRIHGRERAER C++ 5| #H Rust 51 XA SR UB KEIE? T CXX H_FEH_K
R BEFAE, HAENHARINAE AT CXX HEARR sk _HraE_S3 UB, (HEF CXX 1Y
TR, ZEHYEERE S BOXRE B AR5 B TR R
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% 46 57

Gy —J5 Crate

Rust FEWFR N crate, AJ{E crates.io 4%, Rust [ crate 2 [A19EH 2 5 HE BARH, S S2UFRH, {16
Sflig!

B C++library Rust crate

Build system 1R% fRf¥—%: Cargo.toml
BRIZERIR/N R /N

&I R Rz

%F Chromium TR, BRKEOER FLA L RIS

* ATE crate A EFMERS, XA TH AT LB S8 H Y2 Chromium H...
o . fHJZ, crate (@ HA GBI, K ATREFRE S| AZAE,

BATEITIE L RN
o WK crate #HNE| Chromium JE{CHS M
o Gufa R HEEIE gn FEEEL|
o QAT R LR ACRD DA R JE 5 1 22

46.1 HC¥ Cargo.tom XL crate

Chromium HA—HEHEMIER crate K, X LARBIHRE AT Cargo . tom]l XHFHITE
i

[dependencies]
bitflags = "1"
cfg-if = "1"
cxx = "1"

# lots more...

E{EmHAM Cargo. toml —#¢, 0] PAFRE A SCACHI 1) 3 2 R4S B i i WWAE, 187 2 e e 2AE
crate H/E Y features,

] Chromium F#00 crate I, 8% 75 ZAEM NS gnrt_config. toml A2t —EHIMUE R,
BATAE RS A4,
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46.2 PACE gnrt_config.toml

5 Cargo.toml —EffHKZE gnrt_config. toml, X% Chromium £ A s, /T
AbFE crate,

GHERERHIHT crate, Z/DEIRIEE group. AT LU LA RIENZ —:

# '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.

Bign:

[crate.my-new-crate]

group = 'test' # only used in test code

HR¥E crate JRACHAR)R, R REIE TR Z M X AFEEH LICENSE SXHFRIFRFERLE,
MG, BATRA BT EAE M S B A EAR A, DUEREAS R A,

46.3 P# Crate

—#h gnrt B TR, BA T crate URZAERL BUILD . gn RNIAYZIEE,
BIE, 1440 MR NPT Y crate:

cd chromium/src
vpython3 tools/crates/run_gnrt.py -- vendor

B gnrt THEZ Chromium JEARBH—H5, (BB Tt 2, AT DA crates. io
FEIFIBATEAMRBIN, A %R 2RI IS, IES FETH S5
12171 vendor i ATRES FEILLFNEA:
* Your crate

o B AR IR IR AR I
* cargo ZRAYHAM crate HIHTRA, F T#4T Chromium FrazHI4E6 crate,

Chromium £{&8%& —4& crate (9% T, HAGHLRAFAE/ /third_party/rust/chromium_crates_io/patches
H, RGt2s H AN EEHT A IXEEHN T, (HAN RN T R F R, S AT RE TR B T R ahiRME,

46.4 R gn FEERRN

T crate J5, #4177 BUILD . gn XX fF:
vpython3 tools/crates/run_gnrt.py -- gen
BTE, 1817 git status. BN IZ=FER:

 third_party/rust/chromium_crates_io/vendor HZE/VMu&—/NEif crate JH{CHS

e third_party/rust/<crate name>/v<major semver version> HZEDEE—NHM
BUILD.gn

* fHRfY README . chromium

The ”major semver version” is a Rust "semver” version number.
TEFINIEE, JLHIR third_party/rust AR,
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&K N semver, Fiil27E Chromium H, BRHEHZ N A3HAN crate iiAR, BARTE Cargo 4K
G EEIX AT 3, (EAE R E I R AZ R,

46.5 @R E

GRSRAIERI, ARERZ build. rs SCPFFREC XERF MBS R HIT TERRME XS gnfininja
AU SE AT, BT B TESCBUERS E MR, DA R R ISR R A THE R T B 1

KRG AT EHENHATHAE build. rs #4F; MiALETRZEITHIMOLLE :

SR A R R FATH) gn BRI SHF TR e AR

K rustc fRADMELE 2 Tc

J& R T RE

GE PR CPU DIELE 2 7

J& A= R D) 6e

Generating code b 52, f£ gnrt_config.toml
rhiEE

F5 C/C++ e HATHNT IBE

Arbitrary other 74 HATHN T IBE

actions

SEIBHZ, RZE crate A EREEIAA, 1 H K2 B 2 A A TR IR,

46.5.1 HEHTZERRBSRIIAA

W ninja #&nA XA, 1R E build. rs, AR SGE A T IR S,

R E, E B M gnrt_config. toml, ¥ build-script-outputs &M% crate, 41 HiX & —
AN % 328 A 481 T (R Chromium FURD A B B 42 40#8 Y MK 851 00, IE 22730 allow-first-party-
usage=false, ZXMHHEERA 7H T RH:

[crate.unicode-1linebreak]

allow-first-party-usage = false

build-script-outputs = ["tables.rs"]

PUTE, IEEHTIZLT gnrt.py -- gen, EHAERK BUILD. gn SXfF, PAUEA] ninja A2 H S92 H
VTGS A BRI

46.5.2 HEMTHE C++ BRPUTEZERIERIEA

L crate i cc crate SRAGEFSCHK C/C++ J&, Hith crate XEHMEMAHP A bindgen i@t
C/C++, Chromium FRSEFFASHEHTIXLESRE, RIABATI gn. ninja f1 LLVM M@ RSi1E RIS
R 2 I OEZR 7 LA IR ks BRI R,

(I, SRT DA £

o JEEFFIXLE crate
o Xf crate MAAN T,

T R ARfFAE third_party/rust/chromium_crates_io/patches/<crate> i, iES il
cxx crate IFN T HERA, B2 gnrt A% crate IS, K< BB N T SR
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https://source.chromium.org/chromium/chromium/src/+/main:third_party/rust/chromium_crates_io/patches/cxx/

46.6 KT Crate

IRINEE =77 crate HA RGN G, ¥ el A8 1% crate, 15#K&] rust_static_library H#F,
FH1E crate FRfY :1ib HER LI dep.

Specifically,
Fomm oo + e e eoo oo +
"//third_party/rust" | crate name | "/v" | major semver version | ":1ib"
e + R e it +
Bilgn:
rust_static_library("my_rust_1ib") {
crate_root = "lib.rs"

sources = [ "lib.rs" ]
deps = [ "//third_party/rust/example_rust_crate/v1:1ib" ]

}

46.7 Auditing Third Party Crates

I ZEZIESF Chromium AIPRIEEC, 24 SR BOE 7 22 2 AR, AT REAMYEL S | ABEA crate, T
HIRZE G | AL ISR, (K1 AT REFR 22 A K &, 79— 75T, Z2H Rust RIS ATRE™ £ EIVE G
RR o R QAT HEREA T A
& I RIAYHERS, Chromium HHXIBZA R LA cargo vet LAV EfAR,
5, B4R crate B, BATEBSARE DL A
o TR crate AR, crate ZHIFEEMTARR? RS crate WHERFEHES build. 1s
SO Z, EHE B A R, BA1EE S5 Chromium AYEFHE 7T HFR A,
o feEF crate 2GS EISHYER,
« f#H cd third-party/rust/chromium_crates_io; cargo review #:# X0 (&
ST EIZAT cargo install cargo-audit, & AEAMYE, XN REHTFEEMNERN FEK
R AHHI 2)
* HCRATE unsafe MESERRFE I AKIII AR
s AERGMAT fs 8 net API
o RATRetAF 4R A AOS, EHET AT REE TR AR, B SR A7, (EIsEH, A ATRENY
FETERE, FOVRHERERE KRERT,)
PIRHE s SN, 155 security@chromium. org MaiiZE S, FATKHEESHE(R crate %
HIERTT T,

46.8 Checking Crates into Chromium Source Code

git status MERPAFAA:

« //third_party/rust/chromium_crates_io ##J crate {5
» //third_party/rust/<crate>/<version> HJc#diE (BUILD. gn A1 README . chromium)

A, TETE I T A AL B AN OWNERS SCf,

TN KT IX SN %Y, AT Cargo. toml 1 gnrt_config. toml Ay M — 424 %| Chromium
CHER,

HEPOR: BFEMEH git add -f @4, B0 gitignore XA FIRER FEELE S AHIHL,
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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

ISR, EATRER LB T TR AEMIES, SEGRRATGE R X 2N Rust crate HiE{E
HEHE git 7o IR, TPF 2 I ESAE S A AFEE MRS, Hit, EFREDIT T a <

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 NI Crate

TEMEMS =75 Chromium MREIEI A&, N A2 2B E R, PRz AL T gk
Ao FiAl 1A B RERE RUPLSIRRN Rust crate HaIHTIIRAE, (H H A B STHIT, LB RHEMHARLSS
=TI —FE

46.10 £33

¥ uwuify #m#| Chromium, DU crate FIELIADIGE, (Ri%1% crate 2221+ Chromium W #f#H,
EARSH TR AN,

(£ R—NE S, BATKEE A Chromium H# uwuify; B AT ABRITIX—4, BRI 4A 1R,
5, AT DLOIE— MR uwuify B rust_executable FHx,

Students will need to download lots of transitive dependencies.
The total crates needed are:

instant,

lock_api,
parking_lot,
parking_lot_core,
redox_syscall,
scopeguard,
smallvec, and
uwuify.

If students are downloading even more than that, they probably forgot to turn off the default
features.

Thanks to Daniel Liu for this crate!
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https://chromium.googlesource.com/chromium/src/+/main/docs/adding_to_third_party.md#add-owners
https://chromium.googlesource.com/chromium/src/+/main/docs/adding_to_third_party.md#add-owners
https://crates.io/crates/uwuify
https://doc.rust-lang.org/cargo/reference/features.html#the-default-feature
https://source.chromium.org/chromium/chromium/src/+/main:build/rust/rust_executable.gni
https://github.com/Daniel-Liu-c0deb0t

47 Ho
Bringing It Together — Exercise

TEAZRS H, R IE ) Z AT R AR, @i — D4 Chromium MgE,

The Brief from Product Management

FEm AR IR, A IS — VS 2 BN 155 R PR BIE —30K R ik Chromium, 245/,
ZOREH Chromium fYFTA S 715 BB VR R 1.

T I A 5208, TETRSE R ERR R B (Ha2 i i, W R IG5 sBER 0L, AR |ATZ A — Rust
crate 7] DAHATILENF(TESS

HE b EEEE E—DEITFAT I crate,
(28, % Chrome HEATHERTG 4 AOBNIE, T 2SR EANBON 27 DAL 18 7152 (I )

SR

&% ResourceBundle: :MaybeManglelLocalizedString, f£ 2 /RZ BiX Ff G F4F B AT uwu
SEFR, FEIXANRFER Y Chromium kA, 21t mangle_localized_strings_ (I E (A, &5 8 1%
WEAPIT I ERLE,

QNSRAEIERASE AR 7K S FR TG R0, IR S E LN 73 R ik Chrome!

» UTF16 5 UTFS8, 224N R, Rust FAFHIAZ R UTFS 4id, BT RESELE C++ Ui fd i
base: :UTF16ToUTF8 i 7i&Hk, X5 F T L,

o WA PUETE Rust Wit T, WIFFEH B String: - from_utf16 7574, RN REHEIR
REPR FFRfEMRLE CXX SCRFRRIU AT DAL Hi K & ul6s,

o 2P AT DU 2 #0771 C++/Rust ISR, BIANH{ER IEFIR [ 745 6, SO0 = 4RF B R BT AR 5 |
MR E A2 H, CXX AlREtdn P AETREMA Pin 7715 nT RE TR MR “Pin” 1Y I,
PARCRA CXX RR BBk C++ Bt TrI 285 | F : JRIKZ C++ FRTCiES: Rust BUEANE H g
3], BRI REEL S B 5| RS

o XfFH1# ResourceBundle: :MaybeMangleLocalizedString [ C++ Hix, 75 2K T
rust_static_library HiR. FAERIRECEHUT T IHIRIE,

e rust_static_library HFRFRZEMXET//third_party/rust/uwuify/ve_2:1ib,
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https://crates.io/crates/uwuify
https://doc.rust-lang.org/std/string/struct.String.html#method.from_utf16
https://cxx.rs/binding/slice.html
https://doc.rust-lang.org/std/pin/

% 48 k5
23 )%

Solutions to the Chromium exercises can be found in this series of CLs.
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https://chromium-review.googlesource.com/c/chromium/src/+/5096560

BXI =
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% 49 K5
Welcome to Bare Metal Rust

X2 O BRHL Rust FF IR AV IR, I — K, T2 M A 242 Rust ELmliFTHR AN & (B 2452
Comprehensive Rust), &4 thA —LE0 HIHAMIE S (B C) HITRNI RIS 50,

SR, BATKEAED bare-metal Rust: BITERA#RIER G SHFHIE N FI21T Rust A, &k 7 £
HELTAA:

o 242 no_std Rust?

o IE AR E

o NN AR ERGRE 5| FIMERET | PIAZA .

o HEITHWL Rust FF&R—LE52H crate,

FEARRFE AR HIER30 70, BAT A H BBC micro:bit v2 fEA/RH, X2 —# 5T Nordic nRF51822
R HIERAY T 2, BA —2% LED FHZEH., 4% 12C AU D &, DU R E SWD IR,

B, RN EFREAZN—% T A, 1f gLinux 5{ Debian I:

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

)5, 1A plugdev R %5 micro:bit ZrtEds a7 AR :

echo 'SUBSYSTEM=="usb", ATTR{idVendor}=="@d28", MODE="0664", GROUP="plugdev"' |\
sudo tee /etc/udev/rules.d/5@-microbit.rules
sudo udevadm control --reload-rules

1£ MacOS E:

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/

&

50 #5

no_std

core

alloc

std

Slice, &str., CStr

NonZeroUs8...

Option, Result

Display. Debug. write!...

Iterator

panic!, assert_eq!..

NonNull IR & WEIFEEHH < K%L

Future fil async/await

fence, AtomicBool, AtomicPtr, AtomicU32...
Duration

Box. Cow, Arc, Rc
Vec. BinaryHeap. BtreeMap. LinkedList. VecDeque
String. CString., format!

Error

HashMap

Mutex. Condvar. Barrier. Once. RwLock. mpsc

File 1 fs HYHRESY

println!, Read. Write. Stdin. Stdout PAK io MyHRH
Path, OsString

net

Command. Child, ExitCode

spawn, sleep fl thread HHARHE

SystemTime, Instant

HashMap i T RNG.
std £EHFH core fl alloc MINE
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50.1 H/PbH no_std #i)¥

use core::panic::PanicInfo;

fn panic(_panic: &PanicInfo) -> ! {

}

loop {}

ORI Sy i | B

std #4t T— panic {BEF; MEEAE, Bl L5 81754,

HAth crate (40 panic-halt) tia] DERAHZAIE T,

IR EFRARE, ATREF B panic = "abort" #f74mE, LUBGHELS eh_personality
LEPSE

o TEIER, RIEHE main REETAIEAMAN O A &0 DLEATE XN r 1B H T 2 F R ae A
—2EC R RS TIR B T.0E, DUE Rust IRASREBINFIZT,

50.2 alloc

R alloc, sl 2 )m (ME) 7T icds.

extern crate alloc;
extern crate panic_halt as _;

use alloc::string::ToString;
use alloc::vec::Vec;
use buddy_system_allocator::LockedHeap;

static HEAP_ALLOCATOR: LockedHeap<32> = LockedHeap::<32>::new();

static mut HEAP: [u8; 65536] = [0; 65536];

pub fn entry() {

// SAFETY: "HEAP® is only used here and “entry’ is only called once.
unsafe {
// 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 /&% =75 crate, Fl FSBIFL ALK P R G 53 BL dso 38 AT DAfE A H Ath
crate, Bl HITY9RE crate, BEE1E AN 7B B5.

* LockedHeap I &S 802 LA R AR ELG BIFEAFIH, B A2 2 2%*32 T AR/MY
B:jjjzo

o QIR R FTA crate BRI alloc, MIERARTE — kKSR RARGE L — N2 R 7ML
Ao JEH, TER 3 crate Hhog UL R(E,
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https://doc.rust-lang.org/stable/std/alloc/trait.GlobalAlloc.html

o T HAREENS R INSEEE panic_halt crate, DAEBATIAECE panic R, HU#H extern
crate panic_halt as _ Ak
o TATTAT DA IZoR B, (0 T AL, TEiRIBT T,
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% 51 85
il

cortex_m_xt crate 25 % Cortex M =l gs i & B AR E (DU HABANE).,

extern crate panic_halt as _;
mod interrupts;

use cortex_m_rt::entry,

fn main() -> ! {

loop {}
}

BT, BB B E TR ERARBHET, A5 [a) S E L
o cortex_m_rt::entry ZEEREEMEE N fn() -> |, KHNREIEBEGEEFSZLE

* {#iffl cargo embed --bin minimum Z1Ti%RH]
51.1 )5i4s MMIO
REZEE T a I N 10 5 [RIAME & BIAE IR & TS micro:bit Y LED $5/R47:

extern crate panic_halt as _;
mod interrupts;

use core::mem::size_of;
use cortex_m_rt::entry;

/// GPIO port @ peripheral address
const GPIO_POQ: usize = 0x5000_0000;

// GPIO peripheral offsets

const PIN_CNF: usize = 0x700;
const OUTSET: usize = 0x508;

250



const OUTCLR: usize = 0x50c;

// PIN_CNF fields

const DIR_OUTPUT: u32 = 0x1;

const INPUT_DISCONNECT: u32 = 0x1 << 1;
const PULL_DISABLED: u32 = Ox0 << 2;
const DRIVE_S@S1: u32 = 0x0 << §;

const SENSE_DISABLED: u32 = 0x0 << 16;

fn main() -> ! {
// Configure GPIO @ pins 21 and 28 as push-pull outputs.
let pin_cnf_21 = (GPIO_P@ + PIN_CNF + 21 * size_of::<u32>()) as *mut u32;
let pin_cnf_28 = (GPIO_P@ + PIN_CNF + 28 * size_of::<u32>()) as *mut u32;
// SAFETY: The pointers are to valid peripheral control registers, and no
// aliases exist.
unsafe {
pin_cnf_21.write_volatile(
DIR_OUTPUT
| INPUT_DISCONNECT
| PULL_DISABLED
| DRIVE_S@S1
| SENSE_DISABLED,
)
pin_cnf_28 . write_volatile(
DIR_OUTPUT
| INPUT_DISCONNECT
| PULL_DISABLED
| DRIVE_S0S1
| 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;
// SAFETY: The pointers are to valid peripheral control registers, and no
// aliases exist.
unsafe {
gpio@_outclr . write_volatile(l << 28);
gpio@_outset.write_volatile(1l << 21);
}

loop {}

* K GPIO O Y511 21 JE#£% LED FEFERYEE —F, ¥ 5 [ 28 BRI —17,
LR an 11T B :
cargo embed --bin mmio
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51.2 AhEIEE#E ViR crate
svd2rust i CMSIS-SVD XA NNTF a8 2R Ak T RER &2 21 Rust BI2EA LS,

extern crate panic_halt as _;

use cortex_m_rt::entry;
use nrf52833_pac: :Peripherals;

fn main() -> ! {
let p = Peripherals::take().unwrap();
let gpio@ = p.PO;

// Configure GPIO @ pins 21 and 28 as push-pull outputs.
gpio@.pin_cnf[21] .write(|w]| {
w.dir().output();
.input().disconnect();
.pull().disabled();
.drive().s0s1();
.sense() .disabled();

£ s =

1)

gpio®.pin_cnf[28] .write(|w]| {
.dir().output();
.input().disconnect();
.pull().disabled();
.drive() .s0s1();
.sense() .disabled();

=555 =

1)

// Set pin 28 low and pin 21 high to turn the LED on.
gpio®.outclr . write(|w| w.pin28().clear());
gpio®.outset.write(|w| w.pin21().set());

loop {}

» SVD (RGHLEHREIR) ScfFimE 2 it i BER R R AE19 XML S, TR & R
— XS IRANE B & A7 a FEORIE TG0 2K, Hrh B &8 205, WAHIA, kS5 (5
- M7 SVD XME HE RN AN, KNI E T2 IEH 2B 5 X LR, e iR
MHRAER, IR LR crate,
» cortex-m-rt fRffRER DS HAMMINRE,
o W& cargo install cargo-binutils, M A PLiZ4T cargo objdump --bin
pac -- -d --no-show-raw-insn, && 4K IS,

EH LR e 11T B :
cargo embed --bin pac
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https://crates.io/crates/svd2rust
https://www.keil.com/pack/doc/CMSIS/SVD/html/index.html

51.3 HAL crates

Y2zl asny HAL crate NS RNEIEFTRML T H LR 88, B, IX e i 2 28 n] PASEI embedded -
hal HRY& Al trait,

extern crate panic_halt as _;
use cortex_m_rt::entry,

use nrf52833_hal::gpio::{p@, Level};
use nrf52833_hal: :pac: :Peripherals;
use nrf52833_hal: :prelude::*;

fn main() -> ! {
let p = Peripherals::take().unwrap();

// Create HAL wrapper for GPIO port 0.
let gpio@ = p0::Parts::new(p.PO);

// Configure GPIO @ pins 21 and 28 as push-pull outputs.
let mut coll = gpio@.p@_28.into_push_pull_output(Level::High);
let mut rowl gpio®.p0@_21.into_push_pull_output(Level::Low);

// Set pin 28 low and pin 21 high to turn the LED on.
coll.set_low().unwrap();
rowl.set_high().unwrap();

loop {}

» set_low fl set_high /& embedded_hal OutputPin trait £/,
» HAL crate #i 72 Ti4% Cortex-M f1 RISC-V i%%%, flih&fF STM32. GD32. nRF. NXP.
MSP430, AVR #1 PIC 4zl 25,

(A R @ 43817 %ol

cargo embed --bin hal

51.4 Board support crates

9T B, BEHs crate AREETFRIIRIL T LR EHETAE,

extern crate panic_halt as _;
use cortex_m_xt::entry,;

use microbit::hal::prelude::*;
use microbit: :Board;

fn main() -> ! {
let mut board = Board::take().unwrap();

board.display_pins.coll.set_low().unwrap();
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https://github.com/rust-embedded/awesome-embedded-rust#hal-implementation-crates
https://crates.io/crates/embedded-hal
https://crates.io/crates/embedded-hal

board.display_pins.rowl.set_high().unwrap();

loop {}

o FEARRIH, ZMI SR crate (R T — LS YA FRFIOIEA L DIEE,
o BRIIEHIZSDAAR, 1% crate L& —Ln] H T & ISR .
— microbit-v2 G1&—Pu]HF LED A RIRSIFE .

fEH AR an 211710
cargo embed --bin board_support

51.5 ZALRZERBN

fn main() -> ! {
let p = Peripherals: :take().unwrap();
let gpio@ = p0::Parts::new(p.PO);

let pin: P@_01<Disconnected> = gpio®@.p0@_01;

// let gpio@_01_again = gpio@.p@_01; // Error, moved.

let pin_input: P@_@1<Input<Floating>> = pin.into_floating_input();

if pin_input.is_high().unwrap() {
Vo

}

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<Output<PushPull>> =
gpio@.p0@_03.into_push_pull_output(Level: :Low);

loop {}

o SIRITEIESEEL Copy 8% Clone, [Klitk, B40N5 [ R BETEE— AN S2 6, — BN 5 MG 450 (KRS
H, BB TCIEEE T,

o BH S| IR BL B2 [H A5 ISR, (R A Te i ek s (8 1H S,

o [ERRRFTREFTANIRES: Filan, A F, TR GPIO 5| IIES BIRS, #Id X fp 77 28, rlERIRES
WAL R R G, R AE AR IE RS A5 [ IVEC B 2 BT, A2 DA A 26 5 B, g3 i i 4R
THARRIRAS

o IEATDAERIAS I LV 1s_high, e 5 LA set_high, k2 NAR1T,

o % HAL crate #BEEH AR,
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51.6 embedded-hal

embedded-hal crate $2iF 218 T & WAEEH 28 /NE &1 trait,

* GPIO

* ADC

I2C. SPI. UART. CAN

RNG

T A

e N e

S5, Hift crate A] DURYEIX L trait SCERIKANTE T, BIANAERE H 3802 e Al R 2lid 12C 81 SPI &
LR,

o HIEH TV 2 fzstiles A A F & (Fi140 Raspberry Pi EA#Y Linux) BYSEEL,
o HATEEF & async BRAR) embedded-hal, {H H #iid R FEE M,

51.7 probe-xs fll cargo-embed

probe-rs 277 AR E I TEE, IR OpenOCD BAHML, 1H 55 H &,

o JEJ CMSIS-DAP, ST-Link f1 J-Link #5281 SWD (H4710) 1 JTTAG
» GDB H##1 Microsoft DAP CREIIEAD #$78) AR5 2%
» Cargo integration
cargo-embed 22— cargo Fan<, AT HEAIRE — RIS, 05k RTT (SERHE ) it AT
GDB, & n[ @3 W H H 3% Embed . toml X3 HHE{TECE,
» CMSIS-DAP J2—IiE T USB 1y Arm SR, G 15 B N A TR P RERS 12 A&/ Arm Cortex
Ab R CoreSight i1/ A%, BBC micro:bit FIARE AR A F B E 2 b,
 ST-Link J& F ST Microelectronics /=541, J-Link /& SEGGER 2%,
o YR TH I B N 5 JTAG #2108 2 Hafreiditiz o,
* probe-rs &—ME, A TFE, 7] DL HEREIER T A A,
o &8 Microsoft IAIRIEACE Y, VSCode FIEAM IDE 7] DA AR 52 2 R p iz il 28 _LIs1THY
(VTR
* cargo-embed /Z2{# i probe-rs FEM I IS,
o RTT (SEEMEHD) & —Rindid 2 NS MIX, £ IR B bRz B TEAR S LS,

51.7.1 ik

Embed.toml:

[default.general]

chip = "nrf52833_xxAA"

[debug.gdb]

enabled = true

f£ src/bare-metal/microcontrollers/examples/ H3t FHANKdH:
cargo embed --bin board_support debug

1E[Rl— H 5 N7 — &g

£ gLinux =X Debian L:
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https://crates.io/crates/embedded-hal
https://github.com/rust-embedded/awesome-embedded-rust#driver-crates
https://probe.rs/
https://arm-software.github.io/CMSIS_5/DAP/html/index.html
https://microsoft.github.io/debug-adapter-protocol/

gdb-multiarch target/thumbv7em-none-eabihf/debug/board_support --eval-command="target r«
£ MacOS F:

arm-none-eabi-gdb target/thumbv7em-none-eabihf/debug/board_support --eval-command="targ:
£ GDB 1, i ZIs T A R a4

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 Other projects

* RTIC
— ”Real-Time Interrupt-driven Concurrency”
— BRI REIB. AL UE B e N AR A
* Embassy
- BAMSEH THIEE. MLEH USB IR async HATHR
* TockOS
- DA% by RTOS, BAHE G NV D REFRSR A IR o S
* Hubris
- Oxide Computer Company F-& 5N RTOS, $R AT LR SRR SR 71 TPC I
AE
FreeRTOS 45
HLSE G DASEEL std, fildn esp-idfs,

RTIC "] #4128 RTOS S K HEZE,
- (B S HAL,
- EfiH Cortex-M NVIC (HE REAAP Iz &%) MEATUE B2, A2 e FH I & 1 N,
- {X[R Cortex-M,
Google 7£ Haven f#= il &% L H TockOS {4 Titan L& HNEIER A,
FreeRTOS FEffH CIESHE, (ARt T L H T 95 M AHH Rust #17E,
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https://rtic.rs/
https://embassy.dev/
https://www.tockos.org/documentation/getting-started
https://hubris.oxide.computer/
https://github.com/lobaro/FreeRTOS-rust
https://esp-rs.github.io/book/overview/using-the-standard-library.html

552 #5
>l

BATTRE N 12C B BT ), FHRFBEL SR B A T o
After looking at the exercises, you can look at the solutions provided.

521 F#

BATRE I T2C 2 B0 5 1), FHORF SO S B BT 0m o A I R, 1 22 0:083d LED AT 53R 75 X, 8
(o FHAZHIR TR T T 1Al

e
 E2 1sm303agr fl microbit-v2 crate, BAM micro:bit f{fAHE SRS,
* LSM303AGR R ELEE S NER 12C B&HER,
o TWI 2 12C M5IFR, Rtk 12C FAMEIREFR N TWIM,
» LSM303AGR IRz 5 T 2 F A 77 15k 958 embedded_hal: :blocking: :i2c: :WriteRead

trait, microbit: :hal: : Twim EHIAER] DAUMEIX — A,
o EHIE— microbit: :Board G5k, HA L & &R0 5 | IFIAMNEL & 1T EL,
o WIHFES FIEA] AEEE nRE52833 £l 25, (B AL S R IEX A E A FE 1,
REGR SR FFE compass HRAHEKDL R XM,

sr¢/main.rs:

extern crate panic_halt as _;

use core::fmt::Write;
use cortex_m_rt::entry;
use microbit::{hal::uarte::{Baudrate, Parity, Uarte}, Board};

fn main() -> ! {
let board = Board::take().unwrap();

// Configure serial port.

let mut serial = Uarte::new(
board.UARTE®,
board.uart.into(),
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https://docs.rs/lsm303agr/latest/lsm303agr/
https://docs.rs/microbit-v2/latest/microbit/
https://tech.microbit.org/hardware/
https://docs.rs/microbit-v2/latest/microbit/hal/struct.Twim.html
https://docs.rs/microbit-v2/latest/microbit/struct.Board.html
https://infocenter.nordicsemi.com/pdf/nRF52833_PS_v1.5.pdf
https://google.github.io/comprehensive-rust/exercises/bare-metal/../../comprehensive-rust-exercises.zip

Parity: :EXCLUDED,
Baudrate: :BAUD115200,
),

// Use the system timer as a delay provider.
let mut delay = Delay::new(board.SYST);

// Set up the I2C controller and Inertial Measurement Unit.
// TODO

writeln!(serial, "Ready.").unwrap();

loop {
// Read compass data and log it to the serial port.
// TODO

}
Cargo.toml (FCFEXBLHEATHER)
[workspace]

[package]

name = "compass"
version = "0.1.0"
edition = "2021"
publish = false

[dependencies]
cortex-m-rt = "0.7.3"
embedded-hal = "1.0.0"
1sm303agr = "0.3.0"
microbit-v2 = "0.13.0"
panic-halt = "0.2.0"

Embed.toml GEFEXNIHATER

[default.general]
chip = "nrf52833_xxAA"

[debug.gdb]
enabled = true

[debug.reset]

halt_afterwards = true

.cargo/config.toml (JCFHEA AT :

[build]

target = "thumbv7em-none-eabihf" # Cortex-M4F
[target.'cfg(all(target_arch = "arm", target_os = "none"))'l]
rustflags = ["-C", "link-arg=-Tlink.x"]

BITA RS EE Linux BT
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picocom --baud 115200 --imap 1lfcrlf /dev/ttyACMO

s E7E Mac OS b, 41 FAR (& 24 V] RERS A AN -

picocom --baud 115200 --imap 1lfcrlf /dev/tty.usbmodem14502
i Ctrl+A Ctrl+Q JBH picocom,

52.2 ##Hl Rust FF4>)

E4
GE[FIZ5>])

extern crate panic_halt as _;

use core::fmt::Write;
use cortex_m_xrt::entry,
use core::cmp::{max, min};
use 1sm303agr::{
AccelMode, AccelOutputDataRate, Lsm3@3agr, MagMode, MagOutputDataRate,
b
use microbit::display::blocking::Display;
use microbit::hal::prelude::*;
use microbit::hal::twim::Twim;
use microbit::hal::uarte::{Baudrate, Parity, Uarte};
use microbit::hal::{Delay, Timer};
use microbit::pac::twim@: :frequency::FREQUENCY_A;
use microbit: :Board;

const COMPASS_SCALE: i32 = 30000;
const ACCELEROMETER_SCALE: i32 = 700;

fn main() -> ! {
let board = Board::take().unwrap();

// Configure serial port.

let mut serial = Uarte::new(
board.UARTE®,
board.uart.into(),
Parity: :EXCLUDED,
Baudrate: :BAUD115200,

)

// Use the system timer as a delay provider.
let mut delay = Delay::new(board.SYST);

// Set up the I2C controller and Inertial Measurement Unit.

writeln!(serial, "Setting up IMU...").unwrap();

let i2c = Twim: :new(board. TWIM®, board.i2c_internal.into(), FREQUENCY_A::K100);
let mut imu = Lsm30@3agr::new_with_i2c(i2c);
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imu.init () .unwrap();
imu.set_mag_mode_and_odr(
&mut delay,
MagMode: :HighResolution,
MagOutputDataRate: :Hz50,
)
.unwrap();
imu.set_accel_mode_and_odxr(
&mut delay,
AccelMode: :Normal,
AccelOutputDataRate: :Hz50,
)
.unwrap();
let mut imu = imu.into_mag_continuous () .ok().unwrap();

// Set up display and timer.
let mut timer = Timer::new(board.TIMERQ);
let mut display = Display::new(board.display_pins);

let mut mode = Mode: :Compass;
let mut button_pressed = false;

writeln!(serial, "Ready.").unwrap();

loop {
// Read compass data and log it to the serial port.
while ! (imu.mag_status().unwrap().xyz_new_data()
&& imu.accel_status().unwrap().xyz_new_data())
{}
let compass_reading = imu.magnetic_field().unwrap();
let accelerometer_reading = imu.acceleration().unwrap();
writeln! (
serial,
RS FES IS ANEE FEE RS R
compass_reading.x_nt(),
compass_reading.y_nt(),
compass_reading.z_nt(),
accelerometer_reading.x_mg(),
accelerometer_reading.y_mg(),
accelerometer_reading.z_mg(),
)

.unwrap();

let mut image = [[0@; 51; 51;
let (x, y) = match mode {
Mode: :Compass => (
scale(-compass_reading.x_nt(), -COMPASS_SCALE, COMPASS_SCALE, 0, 4)

as usize,
scale(compass_reading.y_nt(), -COMPASS_SCALE, COMPASS_SCALE, 0, 4)
as usize,
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Mode: :Accelerometer => (
scale(
accelerometer_reading.x_mg(),
-ACCELEROMETER_SCALE,
ACCELEROMETER_SCALE,
0,
4,
) as usize,
scale(
-accelerometer_reading.y_mg(),
-ACCELEROMETER_SCALE,
ACCELEROMETER_SCALE,
9,
4,
) as usize,
)
b
image[y][x] = 255;
display.show(&mut timer, image, 100);

// If button A is pressed, switch to the next mode and briefly blink all LEDs
// on.
if board.buttons.button_a.is_low().unwrap() {
if !button_pressed {
mode = mode.next();
display.show(&mut timer, [[255; 5]; 51, 200);

}
button_pressed = true;
} else {
button_pressed = false;
}
}
}
enum Mode {
Compass,
Accelerometer,
}
impl Mode {
fn next(self) -> Self {
match self {
Self::Compass => Self::Accelerometer,
Self::Accelerometer => Self::Compass,
}
}
}

fn scale(value: 132, min_in: i32, max_in: 132, min_out: i32, max_out: i32) -> i32 {
let range_in = max_in - min_in;
let range_out = max_out - min_out;
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cap(min_out + range_out * (value - min_in) / range_in, min_out, max_out)

}

fn cap(value: i32, min_value: 132, max_value: i32) -> i32 {
max (min_value, min(value, max_value))

}
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% 53 #ikar
AR PSS

FIHATN L, FATCETIe T ezl 85, #1140 Arm Cortex-M 241, 7, 221707 Cortex-A #i'’5 —44K
1, ey st UL, FATTAEH QEMU i aarch64 virt JF& i #HITHS

o IR, BRI R B MMU st 90 (i, Arm CPU HIHY RS, x86 HEIRTHSL
51 HOSIRE, S AL BB EL A X DB,

o QEMU S5 H 5 R A BB IR UM B SARARRY, “ Bl T R M8 FA T (e 5%
REAE, T 25 ML A,

53.1 ##{#EH Rust

TEFFARIBAT Rust RS2 /i, AT ZHEAT — L2 018R L IR B,
.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

X5 CIEFHEIAHER: FIaMEPEEIRAS, £ BSS 8%, A I E Hik Gt
- BSS (T ISR E, FRoOM AR HGEIGTT) I8 T RS — 87y, Hh &S i L &,
IXEEAF BN IR N T, BB B T IXLERF S, DOBE G KA i A A I 223 A, g e
(ERe)IE SRS YA I s
BSS AJRECAMHIEE, BRI T AFRIRIE L T 3 P BRI #07 3K, (EO8 T WO L, 2141
SRHFINEZ,
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o FANFZESLEH MMU 76, RIGA REEEE AMERTNAE, S
— AEXFFT RS S, BT aarch64 -unknown-none BAriyE: Rust U, i% Hine &
B +Strict-align DA RS as AR BAEX 551 A, R AE AR 5] A 0 3% 35 TRl R, A0 — 81

DURFHA—E N,

- WRBARDNFIBITZS L, AlRER FEEGRAF —BUENE, FEE T, REAUNLZ S &7
AIIE DL N BRI NAE, T ENLEA [F — N F R A7 3 4. RIVE BN A B A2 A 17,
FEPE YT A S T BUERATBIRTE, RIE RS PRE 7 BUE LS AR, (T — 77 TN
AT EBOR 2 B R (YRR HE SR R 9247, T VA 81 IPA,)

o DyfEi st O, AT EFI w73 TR (S0 dmap . S), Hodid B fyBEPREAT— 1 1 GiB f9th
hk=X A T A, BEE W 1 GIB i T DRAM, AA(EE & B T 1 GiB A HMIR R X5

QEMU f{EHIHINAEAT Rl — Lo

s BMCE T RERE (vbar_ell), S0 i TIEAM 4,
o SR TFFERBIEEE RN TAE R H P 1 (EL1) FiafT, R IEFRELEH MR H 0 Nz

17, TS BAER ) entry .

53.2  WiRiLYm

So

B, AR TCTAIE IS Rust (RS S B I L0 45 1, ATk 75 2248 F I g oK R O, 1 4, 4 75 % H HVC
(Hypervisor Vi) kfaREH A RS, IEHEH L Fam<:

use core::arch::asm;

use core::panic::PanicInfo;

mod exceptions;

const PSCI_SYSTEM_OFF: u32 = 0x84000008;

extern "C" fn main(_x@: u64, _x1: ubd, _x2: ubd, _x3:

// SAFETY: this only uses the declared registers

// 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

ERSESESE SRS SRS

),
}

loop {}
}

=>

vV Vv

vV V

I nnn
\

\%

I

, no;tack)

ubs) {
and doesn't do anything

(AN SRS AR S RE, 15 smecc crate, A E1E AT AT G X LR B B A 25, )

 PSCI 2 Arm HUJFIRSHARE O, I—HRiERi %L, H T EH ARG CPU HFIRESE AW Z RS
o, B EL3 @A Hypervisor RICENZ %L,
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o 0 => _ IBEFREBITRRICGRINIL 2 ATk 2 fF s I ia R 0, H 1 2 JG R S 17 4 H I N 2
BANFEMEH inout MidE in, REAIZVE FRE T RE SR ZZ BRI A

o FiiF main EELAUZ #[no_mangle] fl extern "C", [KAZM entry.S N SEH
PR

o _X0 —_x3 FRRFFFAr X0-x3 WIH, 5| SMNEAEFIEE (F FIX LA RIZ S SN A (Bl e E1%
BFNEFW) ARIERER aarch64 JEHMTE (extern "CUigE M HIINTE), HEM H I
X0-X7 Y01 8 MNBEULIBLA LY, NIt entry . S EFHITTAIRIERIEEIE, R ERMRAS HKIXLE
Ao

« £ QEMU 1, {# ] src/bare-metal/aps/examples H RN make gemu_psci i&f7i%
il

53.3 MMIO W5 RENLEIT

» {#f] pointer: :read_volatile 1 pointer: :write_volatile,
o Y1745 o
* {8 addx_of !, IR AN A R 5 | FH B AT IR ERES A AT B

o GOV ST EE ABRAERTRES AL RIVE T, TR RV B L 25 198 e R P X IX L R EA T EE
R, s A .
— BB, WEREEE ANRE, REEHATIRBURIE (BIAn@Ed rT 25 ), MgwiFas T RES
N IEBAHE R BT S ANRIE, A AT SRR A7 RBOE AR
o BARTEXTEFEST 2 R MEVIFI, —£2 crate fiSK SRS I, ERXRA L 2, LEAFES I H, i
Al I HAE TR S | R
o fiif] addr_of ! ZZn] DAMAEA AT E AR R ES AR 7 BT

53.4 %45 UART Wah#Ey

QEMU “[E#t” HA PLO11 UART, M7 N HIw 5 KFNHEF o

const FLAG_REGISTER_OFFSET: usize = 0x18;
const FR_BUSY: u8 1 << 3;
const FR_TXFF: u8 1 << 5;

/// Minimal driver for a PL@11 UART.
pub struct Uart {
base_address: *mut u8,

}

impl Uart {
/// Constructs a new instance of the UART driver for a PLQ11l device at the
/// given base address.
vy
/11 # Safety
iy
/// 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 {}

// SAFETY: 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 {

// SAFETY: We know that the base address points to the control

// registers of a PLO11 device which is appropriately mapped.

unsafe { self.base_address.add(FLAG_REGISTER_OFFSET) .read_volatile() }
}

o EERE, #/ Uart: inew HiEAZ S, MEMAENZ 2, REET, RE Uart: :new FIAHT
PRUET B H 222k (RIS E R UART A — MK P SLfl, HigA HibNA S Hitk 23617
HES), BLEEAH write_byte (2L 2N, RATA MR E T2 2 TR 50

o FAT AT DURAM R 7 X (BIHLR new &4, H write_byte £%&4), FidiXHE2R AT E,
R E Y4 write_byte WEBTEEHEWN B E %4,

o XBRRHEREARZ 2B E LSRRG . BI7E/DE0E AR i T2 2 K0E, A2 fERZ
77 HEA T

53.4.1 W% trait
EAJRAE T Debug trait, AR FSEEIE 2 trait, 2 KA,
use core::fmt::{self, Write};

impl Write for Uart {
fn write_str(&mut self, s:
for c in s.as_bytes() {
self.write_byte(*c)

&str) -> fmt::Result {

I

}
Ok(())

}
// SAFETY: “Uart® just contains a pointer to device memory, which can be

// accessed from any context.
unsafe impl Send for Uart {}

o JEISIIL Write, BATATDAK write! Flwriteln! %25 Uart RAEFEEFH,
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* £ QEMU H, {#[fl src/bare-metal/aps/examples H3 R make gemu_minimal i&4T

2Bl

53.5 H4fi) UART $ahfe)s

FSL B, PLO11 BATRZ AN 17 ds, (HIES AN ts A RS 1977 ZOR VI X Lz 24, BEA 2

B SOME DATRER IE AN, HFh A e A e R AR, AR R (T Sk 75 X7 Al
o A ¥ 22 -
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 NETERIL, BA1ElE 7L ID Fras.

53.5.1 Bitflags

bitflags crate IFHIEH T-4LH bitflag,
use bitflags::bitflags;

bitflags! {
/// Flags from the UART flag register.
struct Flags: ul6 {
/// Clear to send.
const CTS = 1 << 0;
/// Data set ready.
const DSR = 1 << 1;
/// Data carrier detect.
const DCD = 1 << 2;
/// UART busy transmitting data.
const BUSY = 1 << 3;
/// Receive FIFO is empty.
const RXFE = 1 << 4;
/// Transmit FIFO is full.
const TXFF = 1 << 5;
/// Receive FIFO is full.
const RXFF = 1 << 6;
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/// Transmit FIFO is empty.
const TXFE = 1 << 7;

/// Ring indicator.

const RI = 1 << §;

}

» bitflags! EXOIERLIT Flags (ule) RUHEER, DIN—FRIH TR BFRICH 77 7EK
Mo

53.5.2 ZAF1Eee

FATA] DAE F S50 R R R UART A7 a8 N AT Rl

struct Registers {
dr: ule6,
_Treserved®: [u8; 2],
rsr: ReceiveStatus,
_reservedl: [u8; 19],

fr: Flags,
_reserved2: [u8; 6],
ilpr: u8,

_reserved3: [u8; 3],
ibrd: ul6,
_reserved4: [u8; 2],
fbrd: u8,

_reserved5: [u8; 37,
lcr_h: us8,
_Treserved6: [u8; 3],
cr: ule,

_reserved7: [u8; 31,
ifls: u8,

_reserved8: [u8; 3],
imsc: ul6,
_reserved9: [u8; 2],
ris: ul6,
_reservedl®: [u8; 27,
mis: ulé6,
_Yeservedll: [u8; 27,
icr: ule,
_Teservedl2: [u8; 2],
dmacr: u8,

_reservedl3: [u8; 31,

LB T# [repr (C) ] an 4, fERgmiFas i@ fi B AT B, M5 S C B SAHRIATAIN, 1X 2
WPRESH IR B AT TN R A 45 1, RO BRI Rust FoRiETL VRS ey (DA HA A 128
HINGIER T REFHA 7B

53.5.3 T
HIEXS Y Registers LAk FRAMIIKNFLF,
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/// Driver for a PL@11 UART.
pub struct Uart {
registers: *mut Registers,

}

impl Uart {
/// Constructs a new instance of the UART driver for a PL@11 device at the
/// given base address.
Iy
/11 # Safety
iy
/// 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) {}

// SAFETY: We know that self.registers points to the control registers
// of a PL@11 device which is appropriately mapped.
unsafe {
// Write to the TX buffer.
addr_of_mut!((*self.registers).dr).write_volatile(byte.into());

}

// Wait until the UART is no longer busy.
while self.read_flag_register().contains(Flags::BUSY) {}

/// Reads and returns a pending byte, or "None' if nothing has been
/// received.
pub fn read_byte(&self) -> Option<u8> {
if self.read_flag_register().contains(Flags::RXFE) {
None
1} else {
// SAFETY: We know that self.registers points to the control
// registers of a PL@11 device which is appropriately mapped.
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 {
// SAFETY: We know that self.registers points to the control registers
// of a PL@O11 device which is appropriately mapped.
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unsafe { addr_of!((*self.registers).fr).read_volatile() }

o EEE, RfEH addr_of! / addr_of_mut! ZREGGAISNFERAIEE, MAQIEARSH, X4
Rz,

53.5.4 JHGEEM
B FIRETR PSS — > IMERFF, BT A A TR &, JFEL RAE AT 1T,

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 _;

extern "C" fn main(x@: u64, x1: u64, x2: ub4, x3: ub64d) {
// SAFETY: "PLQ11_BASE_ADDRESS® is the base address of a PL@11 device, and
// nothing else accesses that address range.
let mut uart = unsafe { Uart::new(PL®11_BASE_ADDRESS) };

writeln! (uart, "main({x@:#x}, {x1:#x}, {x2:#x}, {x3:#x})").unwrap();

loop {
if let Some(byte) = uart.read_byte() {
uart.write_byte(byte);
match byte {
b'\r' => {
uart.write_byte(b'\n');
}
b'q' => break,
— =>{}

}

writeln! (uart, "Bye!").unwrap();
system_off::<Hvc>().unwrap();

o SGARRICG G4, M entry . S RO E SRS T main B 0T T REETS, IS DT

BT,
s £ QEMU H, il src/bare-metal/aps/examples H3 R make qemu i&fTi% M,
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53.6 H&idst

RIFREMEMEF 1og crate AV HE IR 2, nl DUEIE LI “Log” trait SRIMEIX — o

use crate: :pl@11l::Uart;

use core::fmt::Write;

use log::{LevelFilter, Log, Metadata, Record, SetlLoggerError};
use spin::mutex::SpinMutex;

static LOGGER: Logger = Logger { uart: SpinMutex::new(None) };
struct Logger {
uart: SpinMutex<Option<Uart>>,

}

impl Log for Logger {
fn enabled(&self, _metadata: &Metadata) -> bool {

true
}
fn log(&self, record: &Record) ({
writeln!(
self.uart.lock().as_mut().unwrap(),
"I {3,

record.level(),
record.args()

)

.unwrap();

}

fn flush(&self) {}
}

/// Initialises UART logger.
pub fn init(uart: Uart, max_level: LevelFilter) -> Result<(), SetlLoggerError> {
LOGGER.uart.lock() .replace(uart);

log: :set_logger (&LOGGER)?;

log: :set_max_level(max_level);
0ok(())

* f[] log #EATRE R 20, ROV 1EM set_logger ZHi#4A{L LOGGER,

53.6.1 JHRfEM
TESEIAL HRIL SR, REA REREE.,

mod exceptions;
mod logger;
mod ploll;
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use crate: :pl@1ll::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 _;

extern "C" fn main(x@: ub4, x1: ubd, x2: ubd, x3: ubd) {

// SAFETY: "PLO11_BASE_ADDRESS" is the base address of a PLQ11 device, and

// nothing else accesses that address range.
let uart = unsafe { Uart::new(PL@11_BASE_ADDRESS) };
logger: :init(uart, LevelFilter::Trace).unwrap();

info! ("main({x0:#x}, {x1:#x}, {x2:#x}, {x3:#x})");
assert_eq!(x1l, 42);

system_off::<Hvc>().unwrap();

}

fn panic(info: &PanicInfo) -> ! {
error! ("{info}");
system_off::<Hvc>().unwrap();

loop {}
}
« B, panic BEACEARFHIALER] PUCRA panic FF4HER,
» £ QEMU H, f#if] src/bare-metal/aps/examples H3X R make gemu_logger 1T
2l
53.7 5

AArch64 & X 7—1MEE 16 MRHNRERER, EH TR 4 /RS (AT EL 1] SPO, 47 EL
i SPx, %I EL #H AArché4, %X EL f/ AArch32) ~H 4 #h&# (A4, IRQ. FIQ. SError),
AT DU G 77 SN — 18 4F, DUEAET A Rust {2 B 2 KM F A7 e IR 2R

use log::error;
use smccc::psci::system_off;
use smccc: :Hvc;

extern "C" fn sync_exception_current(_elr: u64, _spsr: u64d) {
error!("sync_exception_current");
system_off::<Hvc>().unwrap();

}

extern "C" fn irq_current(_elr: u64, _spsr: ub4d) {
error! ("irqg_current");
system_off::<Hvc>().unwrap();
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}

extern "C" fn fig_current(_elr: u6b4
error!("fig_current");
system_off::<Hvc>().unwrap();

spsr: u6b4d) {

| A—

}

extern "C" fn serr_current(_elr: u64, _spsr: ub4d) {
error! ("serr_current");
system_off::<Hvc>().unwrap();

}

extern "C" fn sync_lower(_elr: u64, _spsr: u64) {
error!("sync_lower");
system_off::<Hvc>().unwrap();

}

extern "C" fn irq_lower(_elr: u64, _spsr: ub4) {
error!("irq_lower");
system_off::<Hvc>().unwrap();

}

extern "C" fn fig_lower(_elr: u64, _spsr: ub4) {
error! ("fiq_lower");
system_off::<Hvc>().unwrap();

}

extern "C" fn serr_lower(_elr: u64, _spsr: u64) {
error!("serr_lower");
system_off::<Hvc>().unwrap();

o EL #5872 HE90; BAIS K NI ~MIIETE EL1 205 Ria1T.

o Nfa B, FATIRA X 52410 EL SH AT SPO 1 SPX, & A X 5388k EL 55 A Y AArch32
1 AArch64,

o TEAIRGIH, RFRIERFHE T IR, ROFIH A2 Z AR 75,

o FBATAT AR S A ERAR AN BT B R SRRV ERAR, J83d Send #iT Sync #il &A1=z [E 7] BA
HEZRNE, UG SER THRE— . fli0, i1 RAAE R E A EEFAEFNERT 2 2 [H=E
FAME, B Send iMidE Sync, MFRERZEEREEIE N Mutex 2 RIINEH, HIRAFES

=
A E,

53.8 Other projects

* oreboot
— ”coreboot without the C”
— 5 x86. aarch64 #1 RISC-V,
— ffiF LinuxBoot, M A EIFZ MNFEF A&,
* Rust RaspberryPi #:/ERGHE
— W46tk UART Wahi2F. s [ SIEFEF. JTAG, P FE B, 7715k
— f£ Rust H, BLE TR MBF A RYIGILI IR A2 2, PG E R E R A,
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https://github.com/oreboot/oreboot
https://github.com/rust-embedded/rust-raspberrypi-OS-tutorials

* cargo-call-stack

— [ERERS D MR E AR & IR,

* £ RaspberryPi #/ERGFZGEY, F2i51T Rust KRG EH MMU %17, HARES IS A
WAF (B . A -

- WRAFH MMU FI2217, EXFiH S B, B H aarche4-unknown-none #1744
2, mERRE+strict-align ARG ikgwiEds A AR 55 R], BRI 175 A T, 15— %
TROL R FFA—E U,

- WRZBERNLPIBITIZM 2, ATRE R SEGA7 — BRI, [FIETE T, WL R A7
BT B4V RINAE, T ENLE A Rl —NTF A7 5 4. BME AR A AR T RIZ N T,
HEDPETT R 2 S BUERFPUE S, e A — 758 T IR AT Y BE SOt & & K PR3
W, RETE MR E R fH (RIEREME L B #1217 BJC Hypervisor) iIXFfifiz 2 rl17HY, HER
K, XFFAE—R R 47 R
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https://crates.io/crates/cargo-call-stack

54 5
Useful crates

RN crate, Al TAFREHLR IR A EY— L5 WA,

54.1 zerocopy

zerocopy crate (J5H Fuchsia)f2fit 7 trait #17%, FH THRIET T AR H MR T2 28
0,

use zerocopy: :AsBytes;

enum RequestType {
In=20
Out =
Flush

’

4,

-~

}

struct VirtioBlockRequest {
request_type: RequestType,
reserved: u32,
sector: u64,

}

fn main() {
let request = VirtioBlockRequest {
request_type: RequestType: :Flush,
sector: 42,
..Default: :default()
s

assert_eq!(
request.as_bytes(),
&[4, 0, 0, 0, 0, 0, 0, 0, 42, 0, 0, 0, 0, 0, 0, 0]
)
}
XAEMT MMIO (KDy e Z RGN, BSR4 (FIani@Eid DMA (g
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https://docs.rs/zerocopy/

RIXBNGNER R ) AT B STRA o

o TR DA BAT AR 3 AN A9 2R A, #ERT DASKEA FromBy tes J5i%, BRI Al AN A Z LI 77 7
FHAT 2 i,

o IRZHOVIXLERAIRA: FromBytes, BRI, KI2) RequestType A=K FrA AIRER u32
EREHBIFRIR, B DUFAIRRTA B = R E A R

* zerocopy: :byteorder fft T i&E M T 7 AR AT BT,

s il src/bare-metal/useful-crates/zerocopy-example/ H3% R cargo run iz
1T, (I T##7E crate MM, JTLi%7E Playground Hz{7i%n M, )

54.2 aarch64-paging

Hl) aarch64-paging crate, A H4E AArch64 BN RAGM Q- TR,

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();

o HAl, %775 MG ELL 491, (B0 ] DLE RS Hopth 52 3 2l IS R

* 1£ Android /1, 1%J7IRE M T2 R4 O UL £
o BT HOREIFRELEE LA LEE QEMU HIatT, KR A & s aia1 177 57 o

54.3 buddy_system_allocator

buddy_system_allocator /2% =7 crate, Fl T LB E AR R G5 B 8% [FII, th el = T
LockedHeap PASEEE GlobalAlloc, IXFEER] AEHIFRMER alloc crate (IEANEZ AT HFR),
B T o Bl EAth k=2 ), 5140, FATAT ERR 209 PCI BAR Z3C MMIO Z3/i] :

use buddy_system_allocator::FrameAllocator;
use core::alloc::Layout;

fn main() {
let mut allocator = FrameAllocator::<32>::new();
allocator.add_frame(0x200_0000, 0x400_0000) ;

let layout = Layout::from_size_align(0x100, 0x100).unwrap();
let bar = allocator

278


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

.alloc_aligned(layout)
.expect("Failed to allocate ©0x100 byte MMIO region");
println!("Allocated 0x100 byte MMIO region at {:#x}", bar);

* PCI BAR HIX 5777 RAGA S HAVMEZE,
o ffill src/bare-metal/useful-crates/allocator-example/ H3 ) cargo run
i2171ZR 0, (HT1Z1E crate {0, JoiATE Playground Hizf7i%RHil, )

54.4 tinyvec

AN, TE LR Vec —HEREMSAREA/NTRHE, (BIETRHEITHEMAC, tinyvec $24E T DATRReE: Btk
¢Hel slice STRIAVRE, XK BRI TR /M BCERMEMAC; AT ERER (IR T REE, IR TR &
I T AR, 2 i panic,

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 HRHE tinyvec ZK, TERBFT LI WIA Default,

* Rust Playground H% tinyvec, KA REIR: AN T R IE #1217,
54.5 spin

£ core 8¢ alloc HIEMEA std: :sync: :Mutex fl std: : sync FREEAMFEFIT, BE 2% U0{q]
EIE BN ER AT AR, BIANTERE CPU Z [AIFLIRAS?

spin crate AV ZEITRME T H T HIeBiFEI0T 5,

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 TEFRBTACERAR P A TRUE SR RIS TR R O ISR B o

* spin also has a ticket lock mutex implementation; equivalents of RwLock, Barrier and
Once from std: : sync; and Lazy for lazy initialisation.

» once_cell crate 2 fit 7 — LG H T REIR WAL RIS R E{15 spin: tonce: :Once il
7R A A,

* Rust Playground H 1% spin, KA REE: AR T IEH BT,
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https://crates.io/crates/tinyvec
https://crates.io/crates/spin
https://crates.io/crates/once_cell

= 55 ik

Android

NFEAE AOSP HAEAL Rust — ikl sefh, M A rust_ffi_static Soong MNIRFF%E: Rust 1%
1, AFIEIE cc_binary FEEEAR A A B EHISCHEA S, A raw_binary ¥ ELF ##iR]
PATE 1817 Y SR 46 — i S
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

*F1E aarch64 E#FH crosvm IZ1TRIEINL, vmbase FEHRML T BER2 B3I A S A A BRIAAG R U
DA A F 5. UART #5ll & HE D R EIEE,

use vmbase::{main, println};
main!(main);

pub fn main(arg@: u64, argl: u64, arg2: u64, arg3: ub4d) {
println!("Hello world");

}

e main! ZHTHRICFEM vmbase ALK main HEEL
» vmbase A S A FRBE S G044, FE main BRECR[EN % 1% PSCI_SYSTEM_OFF 4> A

KB
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https://android.googlesource.com/platform/packages/modules/Virtualization/+/refs/heads/master/vmbase/

% 56 o
>l

AR PLO31 SEiN I3 & 9m 5 IR BIFE 7
After looking at the exercises, you can look at the solutions provided.

56.1 RTC Wity

QEMU aarch64 ELLE 0x9010000 HiikAb Bigs 7 PLO31 SEIFIS B, X FARLRS, W% Ham S X3
2,

1. (A A Ba] R 2 B ) e H B BB AT B B AT DA chrono crate %8 H #/0 RIR% R,
2. JEHUCELE A7 e A R GG HR WK, 15 RGBS E RIS R N — B T 2T 75 (a0 3 #0)E).
(ENEEFYER core: thint: :spin_loop,)
3. Ty R AR« g A H RTC PRl ™41, if DA arm-gic crate H4@ A4t
IXENFE T RECE Arm 8 F izl es.
o IEMHH RTC Hbr, K HAER Intld: :spi(2) %I GIC,
o EHFWE, TLUE arm_gic: iwfi() B ARIRIRE, BRI CRE TGS,

TEEESIENIFHE rtc HRAPEIRPUR S,
sr¢/main.rs:

mod exceptions;
mod logger;
mod pl@ll;

use crate: :pl0ll::Uart;

use arm_gic::gicv3::GicV3;

use core::panic::PanicInfo;

use log::{error, info, trace, LevelFilter};
use smccc::psci::system_off;

use smccc: :Hvc;

/// Base addresses of the GICv3.
const GICD_BASE_ADDRESS: *mut u64
const GICR_BASE_ADDRESS: *mut u64

0x800_0000 as _,;
0x80A_0000 as _,;
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https://developer.arm.com/documentation/ddi0224/c
https://crates.io/crates/chrono
https://doc.rust-lang.org/core/hint/fn.spin_loop.html
https://docs.rs/arm-gic/
https://google.github.io/comprehensive-rust/exercises/bare-metal/../../comprehensive-rust-exercises.zip

/// Base address of the primary PL@11 UART.
const PLQ11_BASE_ADDRESS: *mut u32 = 0x900_0000 as _;

extern "C" fn main(x@: u64, x1: u64, x2: ub4, x3: ub64d) {
// SAFETY: “PLQ11_BASE_ADDRESS® is the base address of a PL@11 device, and
// nothing else accesses that address range.
let uart = unsafe { Uart::new(PL@11_BASE_ADDRESS) };
logger::init(uart, LevelFilter::Trace).unwrap();

infol ("main({:#x}, {:#x}, {:#x}, {:#x})", x0, x1, x2, x3);

// SAFETY: "GICD_BASE_ADDRESS" and 'GICR_BASE_ADDRESS" are the base

// addresses of a GICv3 distributor and redistributor respectively, and
// nothing else accesses those address ranges.

let mut gic = unsafe { GicV3::new(GICD_BASE_ADDRESS, GICR_BASE_ADDRESS) };
gic.setup();

// TODO: Create instance of RTC driver and print current time.
// TODO: Wait for 3 seconds.

system_off::<Hvc>().unwrap();

}

fn panic(info: &PanicInfo) -> ! {
error! ("{info}");
system_off::<Hvc>().unwrap();
loop {}

}

src/exceptions.rs (AFTAEALSIE 3 #o H ST |

// Copyright 2023 Google LLC

/7

// Licensed under the Apache License, Version 2.0 (the "License");

// you may not use this file except in compliance with the License.

// You may obtain a copy of the License at

!/

/1 http://www.apache.org/licenses/LICENSE-2.0

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 arm_gic::gicv3::GicV3;

use log::{error, info, trace};
use smccc::psci::system_off;
use smccc: :Hvc;

extern "C" fn sync_exception_current(_elr: u64, _spsr: u64d) {
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error!("sync_exception_current");
system_off::<Hvc>().unwrap();
}

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:?}");
}

extern "C" fn fiq_current(_elr: u64, _spsr: ub4d) {
error! ("fig_current");
system_off::<Hvc>().unwrap();

}

extern "C" fn serr_current(_elr: u64, _spsr: u6b4d) {
error!("serr_current");
system_off::<Hvc>().unwrap();

}

extern "C" fn sync_lower(_elr: u64, _spsr: ub4d) {
error! ("sync_lower");
system_off::<Hvc>().unwrap();

}

extern "C" fn irq_lower(_elr: u64, _spsr: ub4d) {
error!("irq_lower");
system_off::<Hvc>().unwrap();

}

extern "C" fn fiq_lower(_elr: u64, _spsr: ub4d) {
error! ("fig_lower");
system_off::<Hvc>().unwrap();

}

extern "C" fn serr_lower(_elr: u64, _spsr: ub4d) {
error!("serr_lower");
system_off::<Hvc>().unwrap();

}
src/loggerrs (FoM ILHATHEHD :

// Copyright 2023 Google LLC

/1

// Licensed under the Apache License, Version 2.0 (the "License");

// you may not use this file except in compliance with the License.

// You may obtain a copy of the License at

//

// http://www.apache.org/licenses/LICENSE-2.0

/1

// 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.

// ANCHOR: main

use crate: :pl@11::Uart;

use core::fmt::Write;

use log::{LevelFilter, Log, Metadata, Record, SetlLoggerError};
use spin::mutex::SpinMutex;

static LOGGER: Logger = Logger { uart: SpinMutex::new(None) };
struct Logger ({
uart: SpinMutex<Option<Uart>>,

}

impl Log for Logger {
fn enabled(&self, _metadata: &Metadata) -> bool {

true
}
fn log(&self, record: &Record) ({
writeln!(
self.uart.lock().as_mut().unwrap(),
"I {3},

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);
Ok(())

}

src/plo11.rs (FEFxf I TE ) :

// 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

/1
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// http://www.apache.org/licenses/LICENSE-2.0

/1

// Unless required by applicable law or agreed to in writing, software

// distributed under the License is distributed on an "AS IS" BASIS,

// WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
// See the License for the specific language governing permissions and

// limitations under the License.

use core::fmt::{self, Write};
use core::ptr::{addr_of, addr_of_mut};

// ANCHOR: Flags
use bitflags::bitflags;

bitflags! {

/// Flags from the UART flag register.

struct Flags: ul6 {
/// Clear to send.
const CTS = 1 << 0@,
/// Data set ready.
const DSR = 1 << 1;
/// Data carrier detect.
const DCD = 1 << 2;
/// UART busy transmitting data.
const BUSY = 1 << 3;
/// Receive FIFO is empty.
const RXFE = 1 << 4;
/// Transmit FIFO is full.
const TXFF = 1 << 5;
/// Receive FIFO is full.
const RXFF = 1 << 6;
/// Transmit FIFO is empty.
const TXFE = 1 << 7;
/// Ring indicator.
const RI = 1 << 8;

}

}
// ANCHOR_END: Flags

bitflags! {

/// Flags from the UART Receive Status Register / Error Clear Register.
struct ReceiveStatus: ul6 {
/// Framing error.
const FE = 1 << 0;

/// Parity error.
const PE = 1 << 1;
/// Break error.
const BE = 1 << 2;
/// Overrun error.
const OE = 1 << 3;
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}

// ANCHOR: Registers
struct Registers {
dr: ule6,
_Yeserved®: [u8; 2],
rsr: ReceiveStatus,
_reservedl: [u8; 197,

fr: Flags,
_reserved2: [u8; 6],
ilpr: u8,

_reserved3: [u8; 3],
ibrd: ulé,
_reserved4: [u8; 2],
fbrd: u8,

_reserved5: [u8; 3],
lcr_h: us8,
_reserved6: [u8; 37,
cr: ule,

_reserved7: [u8; 3],
ifls: u8,

_reserved8: [u8; 3],
imsc: ulé6,
_reserved9: [u8; 27,
ris: ule,
_reservedl®: [u8; 2],
mis: ulé6,
_reservedll: [u8; 2],
icr: uleé,
_reservedl2: [u8; 2],
dmacr: u8,

_Yeservedl13: [u8; 3],

}
// ANCHOR_END: Registers

// ANCHOR: Uart
/// Driver for a PL@11 UART.
pub struct Uart {

registers: *mut Registers,

}

impl Uart {
/// Constructs a new instance of the UART driver for a PL@11 device at the
/// given base address.
iy
/11 # Safety
11/
/// 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.
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pub unsafe fn new(base_address: *mut u32) -> Self {
Self { registers: base_address as *mut Registers }
}

/// Writes a single byte to the UART.
pub fn write_byte(&self, byte: u8) {
// Wait until there is room in the TX buffer.
while self.read_flag_register().contains(Flags::TXFF) {}

// SAFETY: We know that self.registers points to the control registers
// of a PL@11 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 {
// SAFETY: We know that self.registers points to the control
// registers of a PL@11 device which is appropriately mapped.
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 {
// SAFETY: We know that self.registers points to the control registers
// of a PL@11 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(())
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// Safe because it just contains a pointer to device memory, which can be
// accessed from any context.
unsafe impl Send for Uart {}

Cargo.toml (FCFEXIEHEATHER):
[workspace]

[package]

name = "rtc"
version "9.1.0"
edition "2021"
publish = false

[dependencies]
arm-gic = "0.1.0"
bitflags = "2.5.0"

chrono = { version = "0.4.37", default-features = false }
log = "0.4.21"
smccc = "0.1.1"

spin = "0.9.8"

[build-dependencies]
cc = "1.0.94"

build.rs (GoixfHHATEHSD :

// Copyright 2023 Google LLC

/1

// Licensed under the Apache License, Version 2.0 (the "License");

// you may not use this file except in compliance with the License.

// You may obtain a copy of the License at

/1

// http://www.apache.org/licenses/LICENSE-2.0

/1

// Unless required by applicable law or agreed to in writing, software
// distributed under the License is distributed on an "AS IS" BASIS,
// WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
// See the License for the specific language governing permissions and
// limitations under the License.

use cc::Build;
use std::env;

fn main() {
env::set_var("CROSS_COMPILE", "aarch64-linux-gnu");
env::set_var("CROSS_COMPILE", "aarch64-none-elf");

Build: :new()
.file("entry.S")
.file("exceptions.S")
.file("idmap.S")
.compile("empty")
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}
entry.S (FEFXfIHHITEN)

/-k

* Copyright 2023 Google LLC

*

* Licensed under the Apache License, Version 2.0 (the "License");

* you may not use this file except in compliance with the License.

* You may obtain a copy of the License at

*

* https://www.apache.org/licenses/LICENSE-2.0

*

* Unless required by applicable law or agreed to in writing, software
* distributed under the License is distributed on an "AS IS" BASIS,

* WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
* See the License for the specific language governing permissions and
* limitations under the License.

*/

.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

.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, 0x0 << 14

/* 4 KiB granule size for TTBR1_EL1l. */

.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, ©0x3 << 12

/-k

* Translation table walks for TTBR@_EL1 are outer write-back read-allocate write-alloc
* cacheable.

*/

.set .L_TCR_RGN_OWB, @x1 << 10

/-k

* Translation table walks for TTBRO_EL1 are inner write-back read-allocate write-alloc
* cacheable.
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*/

.set .L_TCR_RGN_IWB, Ox1 << 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

/* ELO and EL1 stage 1 MMU enabled. */

.set .L_SCTLR_ELx_M, 0x1 << @

/* Privileged Access Never is unchanged on taking an exception to EL1. */

.set .L_SCTLR_EL1_SPAN, @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 << 20) | (@x1 << 22) | (@x1 << 28) | (@Ox1 <<
.set .Lsctlrval, .L_SCTLR_ELx_M | .L_SCTLR_ELx_C | .L_SCTLR_ELx_SA | .L_SCTLR_EL1_ITD |
.set .Lsctlrval, .Lsctlrval | .L_SCTLR_ELx_I | .L_SCTLR_EL1_SPAN | .L_SCTLR_EL1_RES1

/-k-k
* This is a generic entry point for an image. It carries out the operations required t«
* loaded image to be run. Specifically, it zeroes the bss section using registers x25 .
* prepares the stack, enables floating point, and sets up the exception vector. It pre:
* for the Rust entry point, as these may contain boot parameters.
*/
.section .init.entry, "ax"
.global entry
entry:
/* Load and apply the memory management configuration, ready to enable MMU and cach
adrp x30, idmap
msr ttbr@_ell, x30

mov_i x30, .Lmairval
msr mair_ell, x30

mov_i x30, .Ltcrval

/* Copy the supported PA range into TCR_EL1.IPS. */
mrs x29, id_aa64mmfro_ell

bfi x30, x29, #32, #4

msr tcr_ell, x30

mov_i x30, .Lsctlrval

/*
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* Ensure everything before this point has completed, then invalidate any potential
* local TLB entries before they start being used.

*/
isb
tlbi vmallel
ic iallu
dsb nsh
isb
/*
* Configure sctlr_ell to enable MMU and cache and don't proceed until this has com
*/
msr sctlr_ell, x30
isb

/* Disable trapping floating point access in EL1. */
mrs x30, cpacr_ell

orr x30, x30, #(0x3 << 20)

msr cpacr_ell, x30

isb

/* Zero out the bss section. */
adr_1 x29, bss_begin
adr_1 x30, bss_end
@: cmp x29, x30
b.hs 1f
stp xzr, xzr, [x29], #16
b 0b

1: /* 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. */

2: wfi

b 2b
exceptions.S (TCFHEM HHITHEHRD :
/ *

* Copyright 2023 Google LLC

Licensed under the Apache License, Version 2.0 (the "License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at

* ok ok
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*

* https://www.apache.org/licenses/LICENSE-2.0

*

* Unless required by applicable law or agreed to in writing, software

* distributed under the License is distributed on an "AS IS" BASIS,

* WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
* See the License for the specific language governing permissions and

* limitations under the License.

*

* Saves the volatile registers onto the stack. This currently takes 14

* instructions, so it can be used in exception handlers with 18 instructions
* left.

*

* On return, x@ and x1 are initialised to elr_el2 and spsr_el2 respectively,
* which can be used as the first and second arguments of a subsequent call.

.macro save_volatile_to_stack
/* Reserve stack space and save registers x@-x18, x29 & x30. */
stp x@, x1, [sp, #-(8 * 24)]!
stp x2, x3, [sp, #8 * 2]
stp x4, x5, [sp, #8 * 4]
stp x6, x7, [sp, #8 * 6]
stp x8, x9, [sp, #8 * 8]
stp x10, x11, [sp, #8 * 10]
stp x12, x13, [sp, #8 * 12]
stp x14, x15, [sp, #8 * 14]
stp x16, x17, [sp, #8 * 16]
str x18, [sp, #8 * 18]
stp x29, x30, [sp, #8 * 20]

/*
* Save elr_ell & spsr_ell. This such that we can take nested exception
* and still be able to unwind.
*/
mrs x0, elr_ell
mrs x1, spsr_ell
stp x@0, x1, [sp, #8 * 22]
.endm

/-k-k
* 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]
1dp x4, x5, [sp, #8 * 4]
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ldp x6, x7, [sp, #8 * 6]
1dp x8, x9, [sp, #8 * 8]
1dp x10, x11, [sp, #8 * 10]
ldp x12, x13, [sp, #8 * 12]
ldp x14, x15, [sp, #8 * 14]
ldp x16, x17, [sp, #8 * 16]

1dr x18, [sp, #8 * 18]
ldp x29, x30, [sp, #8 * 20]

/* Restore registers elr_ell & spsr_ell, using x@ & x1 as scratch. */
ldp x@, x1, [sp, #8 * 22]

msr elr_ell, x@

msr spsr_ell, x1

/* Restore x@ & x1, and release stack space. */
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
restore_volatile_from_stack
msr spsel, #0

eret
.endm
/-k*
* This is a generic handler for exceptions taken at the current EL while using
* SPx. It saves volatile registers, calls the Rust handler, restores volatile
* registers, then returns.
*
* This also works for exceptions taken from EL@, if we don't care about
* non-volatile registers.
*
* Saving state and jumping to the Rust handler takes 15 instructions, and
*

restoring and returning also takes 15 instructions, so we can fit the whole
handler in 3@ instructions, under the limit of 32.

*

*/

.macro current_exception_spx handler:req
save_volatile_to_stack
bl \handler
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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@

.balign ©x80
irg_cur_spo:

current_exception_sp@

.balign ©x80
fiq_cur_sp0:

current_exception_sp®@

.balign 0x80
serr_cur_sp@:

current_exception_sp@

.balign 0x80
SYNnc_Cur_spx:

current_exception_spx

.balign ©x80
irg_cur_spx:

current_exception_spx

.balign ©x80
fiq_cur_spx:

current_exception_spx

.balign @x80
Serr_cur_spx:

current_exception_spx

.balign 0x80
sync_lower_64:

current_exception_spx

.balign ©x80
irg_lower_64:

current_exception_spx

.balign ©x80
fig_lower_64:

current_exception_spx

sync_exception_current

irqg_current

fig_current

serr_current

sync_exception_current

irq_current

fig_current

serr_current

sync_lower

irq_lower

fig_lower
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.balign ©x80
serr_lower_64:
current_exception_spx

.balign @x80
sync_lower_32:
current_exception_spx

.balign ©x80
irqg_lower_32:
current_exception_spx

.balign 0x80
fig_lower_32:
current_exception_spx

.balign ©x80
serr_lower_32:
current_exception_spx

idmap.S (TcFxf AT R)
/ *

*

Copyright 2023 Google L

Licensed under the Apac
you may not use this fi
You may obtain a copy o

https://www.apache.

Unless required by appl
distributed under the L

See the License for the
limitations under the L
/

o+ ¥ X F o+ F F * F ¥ * *

.set .L_TT_TYPE_BLOCK, ©x1
.set .L_TT_TYPE_PAGE, 0x3
.set .L_TT_TYPE_TABLE, ©x3

/* Access flag. */
.set .L_TT_AF, 0x1 << 10
/* Not global. */
.set .L_TT_NG, Ox1 << 11
.set .L_TT_XN, @x3 << 53

.set .L_TT_MT_DEV, @x0@ <<
.set .L_TT_MT_MEM, (@x1 <<

serr_lower

sync_lower

irq_lower

fig_lower

serr_lower

LC

he License, Version 2.0 (the "License");
le except in compliance with the License.
f the License at

org/licenses/LICENSE-2.0

icable law or agreed to in writing, software
icense is distributed on an "AS IS" BASIS,

WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.

specific language governing permissions and
icense.

2 // MAIR #@ (DEV_nGnRE)
2) | (0x3 << 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
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.set .L_BLOCK_MEM, .L_TT_TYPE_BLOCK | .L_TT_MT_MEM | .L_TT_AF | .L_TT_NG

.section ".rodata.idmap", "a", %progbits
.global idmap
.align 12
idmap:
/* level 1 */
.quad .L_BLOCK_DEV | ©x®@ // 1 GiB of device mappings
.quad .L_BLOCK_MEM | @0x40000000 // 1 GiB of DRAM
.fill 254, 8, 0x0 // 254 GiB of unmapped VA space
.quad .L_BLOCK_DEV | 0x4000000000 // 1 GiB of device mappings
.fill 255, 8, 0x0 // 255 GiB of remaining VA space
image.ld (FCHEXICHITER)
/ *
* Copyright 2023 Google LLC
*
* Licensed under the Apache License, Version 2.0 (the "License");
* you may not use this file except in compliance with the License.
* You may obtain a copy of the License at
*
* https://www.apache.org/licenses/LICENSE-2.0
*
* Unless required by applicable law or agreed to in writing, software
* distributed under the License is distributed on an "AS IS" BASIS,
* WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
* See the License for the specific language governing permissions and
* limitations under the License.
*/
/ *
* Code will start running at this symbol which is placed at the start of the
* image.
*/
ENTRY (entzry)
MEMORY
{
image : ORIGIN = @x40080000, LENGTH = 2M
}
SECTIONS
{
/*
* Collect together the code.
*/
.init : ALIGN(4096) {
text_begin = .;
*(.init.entzry)
*(.init.*)
} >image
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.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

/* 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
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. = 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 (FoiAIHHATEHSD :
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.

HHEHFHFEHHFHFEHFHFHFHFH

UNAME := $(shell uname -s)
ifeq ($(UNAME),Linux)

TARGET = aarch64-1linux-gnu
else

TARGET = aarch64-none-elf
endif
O0BJCOPY = $(TARGET)-objcopy

.PHONY: build gemu_minimal gemu qemu_logger
all: rtc.bin

build:
cargo build

rtc.bin: build
$(0OBJCOPY) -0 binary target/aarch64-unknown-none/debug/rtc $@

gemu: rtc.bin
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gemu-system-aarch64 -machine virt,gic-version=3 -cpu max -serial mon:stdio -display

clean:
cargo clean
rm -f *.bin

.cargo/config.toml (FCFEAIE#1THER)

[build]
target = "aarch64-unknown-none"
rustflags = ["-C", "link-arg=-Timage.1ld"]

& make gemu 7 QEMU H a7 Ag,

56.2 AT Rust: #EiE

RTC Wahfems
GRIAIZS))

main.rs

mod exceptions;
mod logger;
mod pl@ll;
mod pl@31;

use crate: :pl@31::Rtc;

use arm_gic::gicv3::{Intld, Trigger};
use arm_gic::{irq_enable, wfi};

use chrono: :{TimeZone, Utc};

use core::hint::spin_loop;

use crate: :pl@11::Uart;

use arm_gic::gicv3::GicV3;

use core::panic::PanicInfo;

use log::{error, info, trace, LevelFilter};
use smccc::psci::system_off;

use smccc: :Hvc;

/// Base addresses of the GICv3.
const GICD_BASE_ADDRESS: *mut u64
const GICR_BASE_ADDRESS: *mut u64

0x800_0000 as _,;
0x80A_0000 as _,

/// Base address of the primary PL@11 UART.
const PL@11_BASE_ADDRESS: *mut u32 = 0x900_0000 as _;

/// Base address of the PL@31 RTC.

const PL@31_BASE_ADDRESS: *mut u32 = 0x901_0000 as
/// The IRQ used by the PL@31 RTC.

const PL@31_IRQ: IntId = IntId::spi(2);

—

extern "C" fn main(x@: ub4, x1: ubd, x2: ubd, x3: ubd) {
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// SAFETY: "PLQ11_BASE_ADDRESS" is the base address of a PLQ11 device, and
// nothing else accesses that address range.

let uart = unsafe { Uart::new(PL@11_BASE_ADDRESS) };

logger::init(uart, LevelFilter::Trace).unwrap();

infol ("main({:#x}, {:#x}, {:#x}, {:#x})", x0, x1, x2, x3);

// SAFETY: "GICD_BASE_ADDRESS" and "GICR_BASE_ADDRESS ' are the base

// addresses of a GICv3 distributor and redistributor respectively, and
// nothing else accesses those address ranges.

let mut gic = unsafe { GicV3::new(GICD_BASE_ADDRESS, GICR_BASE_ADDRESS) };
gic.setup();

// SAFETY: "PL@31_BASE_ADDRESS® is the base address of a PL@31 device, and
// nothing else accesses that address range.

let mut rtc = unsafe { Rtc::new(PL®31_BASE_ADDRESS) };

let timestamp = rtc.read();

let time = Utc.timestamp_opt(timestamp.into(), 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);
irqg_enable();
gic.enable_interrupt(PL@31_IRQ, true);

// Wait for 3 seconds, without interrupts.
let target = timestamp + 3;
rtc.set_match(target);
info! ("Waiting for {}", Utc.timestamp_opt(target.into(), 0).unwrap());
trace! (
"matched={}, interrupt_pending={}",
rtc.matched(),
rtc.interrupt_pending()
),
while !rtc.matched() {
spin_loop();
}
trace! (
"matched={}, interrupt_pending={}",
rtc.matched(),
rtc.interrupt_pending()
),

info! ("Finished waiting");

// Wait another 3 seconds for an interrupt.

let target = timestamp + 6;

info!("Waiting for {}", Utc.timestamp_opt(target.into(), 0).unwrap());
rtc.set_match(target);

rtc.clear_interrupt();

rtc.enable_interrupt(true);
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trace!(
"matched={}, interrupt_pending={}",
rtc.matched(),
rtc.interrupt_pending()

),

while !rtc.interrupt_pending() {
wfi();

}

trace! (
"matched={}, interrupt_pending={}",
rtc.matched(),
rtc.interrupt_pending()

),

info! ("Finished waiting");

system_off::<Hvc>().unwrap();

}

fn panic(info: &PanicInfo) -> ! {
error! ("{info}");
system_off::<Hvc>().unwrap();
loop {}

}

pl031.rs:
use core::ptr::{addr_of, addr_of_mut};

struct Registers {
/// Data register

dr: u32,

/// Match register
mr: u32,

/// Load register
1r: u32,

/// Control register
cr: us8,

_Yeserved®: [u8; 3],

/// Interrupt Mask Set or Clear register
imsc: u8,

_reservedl: [u8; 37,

/// Raw Interrupt Status
ris: us8,

_reserved2: [u8; 3],

/// Masked Interrupt Status
mis: u8,

_reserved3: [u8; 317,

/// Interrupt Clear Register
icr: u8,

_reserved4: [u8; 3],
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/// Driver for a PL@31 real-time clock.
pub struct Rtc {
registers: *mut Registers,

}

impl Rtc {

/117
117
/117
/117
/117
/117
/117
/117
pub

}

/117
pub

111
1177
pub

/117
/117
pub

/117
/117
/117
/117
pub

Constructs a new instance of the RTC driver for a PL031 device at the
given base address.

# Safety

The given base address must point to the MMIO control registers of a
PL@®31 device, which must be mapped into the address space of the process
as device memory and not have any other aliases.

unsafe fn new(base_address: *mut u32) -> Self {

Self { registers: base_address as *mut Registers }

Reads the current RTC value.

fn read(&self) -> u32 {

// SAFETY: We know that self.registers points to the control registers
// of a PL@31 device which is appropriately mapped.

unsafe { addr_of!((*self.registers).dr).read_volatile() }

Writes a match value. When the RTC value matches this then an interrupt
will be generated (if it is enabled).

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

// SAFETY: 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.

fn matched(&self) -> bool {

// SAFETY: We know that self.registers points to the control registers
// of a PL@31 device which is appropriately mapped.

let ris = unsafe { addr_of!((*self.registers).ris).read_volatile() };
(ris & 0x01) !'= 0

Returns whether there is currently an interrupt pending.

This should be true if and only if "matched’ returns true and the
interrupt is masked.

fn interrupt_pending(&self) -> bool {

// SAFETY: We know that self.registers points to the control registers
// of a PL@31 device which is appropriately mapped.

let ris = unsafe { addr_of!((*self.registers).mis).read_volatile() };
(ris & 0x01) '= 0
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}

Iy
i
i
vy
pub

/117
pub

Sets or clears the interrupt mask.

When the mask is true the interrupt is enabled; when it is false the
interrupt is disabled.

fn enable_interrupt(&mut self, mask: bool) {

let imsc = if mask { O0x01 } else { 0x00 };

// SAFETY: We know that self.registers points to the control registers
// of a PL@31 device which is appropriately mapped.

unsafe { addr_of_mut!((*self.registers).imsc).write_volatile(imsc) }

Clears a pending interrupt, if any.

fn clear_interrupt(&mut self) {

// SAFETY: 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) }

// SAFETY: "Rtc’ just contains a pointer to device memory, which can be
// accessed from any context.
unsafe impl Send for Rtc {}
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% 57 W5
W 1 i Rust IR

Rust 5823 A 5 BRNEE R E RS LA TH L,

Rust KRR GREF B IRNHEVF 2 H K bug Bt diFl] bug K458 HEEH . XBH MOV TR L,
BRI V] AR 58 2 18 g R i LRI A TN B IE R P

* 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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% 58 #ikor
2

Rust ZAERaE 77 305 HAE 5 P RISAESEEL:

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 SAEINFIRT AR, AT FRIX AL,
o LFEEREWR (panic) BN,
- BREIR A DB, 30T DU downcast_ref X #Efmidf T ESE,

Rust thread APIs look not too different from e.g. C++ ones.

* Run the example.

— 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 JuEIZkFE

HIMEERGEN IR R A E A
use std::thread;

fn foo() {
let s = String::from("Hello");
thread: :spawn( || {
println!("Length: {}", s.len());
1)
}

fn main() {
foo();
}

A3, URAT AR G FE R AR Se B E Y
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

« HIFHAET, /£ thread: : scope MEGEMUE, FIPRIEFTASAEEL QS (£ ik, 1S LAERENSIR
[ i FH RT3

o BEISZUE SFE AL Rust {8 FHRIN: YRAT DU — 2z AR 28 1 75 306, ] DU E B
SARAIAAT B 75 A
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% 59 5

Rust j#j& (Channe) E &M R4 : Sender<T> il Receiver<T>, XM MR E B IE 1 TIERE,
BRI REE 20 o

use std::sync::mpsc;

fn main() {
let (tx, rx) = mpsc::channel();

tx.send(10) .unwrap();
tx.send(20) .unwrap();

println!("Received: {:?}", rx.recv());
println!("Received: {:?}", rx.recv());

let tx2 = tx.clone();
tx2.send(30) .unwrap();
println!("Received: {:?}", rx.recv());

« mpsc REZNAEF7, B NMER T, Sender f1 SyncSender 58 Clone ([AL, fRAT PAKE
B2 MNEFE77), {H Receiver AESHL,

* send() f recv() <IRIE Result, AN ENTRIE Exx, MFRSAT M EY Sender 8¢ Receiver
EWER, HIEEC XMH,

59.1 JchtidiE

{RATDMEF mpsc: : channel () RS FTIAFR I FAPIEIE:

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 fNidiE

With bounded (synchronous) channels, send can block the current thread:

use std::sync::mpsc;
use std::thread;
use std::time::Duration;

fn main() {
let (tx, rx) = mpsc::sync_channel(3);

thread: :spawn(move || {
let thread_id = thread::current().id();
for i in 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 VA send FFHZE Y HTLAR, ERIEIE A R R 2 R E TR ISR TC A\ MIEIE SREEEE, Zd?
DWTCRR IR ZE,

« WGLEIESRH], A send Kbk FFIR [EIEE R (X2 E 2R [E] Result MR D SRR EFF
I, JE TR K A

* A bounded channel with a size of zero is called a "rendezvous channel”. Every send will
block the current thread until another thread calls recv.
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% 60 k57
Send #l1Sync

How does Rust know to forbid shared access across threads? The answer is in two traits:

o Send: WNREBLILFBE T 2L, MZRA T 2 Send,
o Sync: WRBLRLFBHRT 2L20, WA T 5 Sync,

Send il Sync ¥R AL 2 RHIE, RERANEE Send fI Sync 28 Jriasnt s B ol 2B ARAIX
FHRHIE, PR AT AT SEBLEATT (A SRR EfE IXAE RIS o

o DYPRIXERHEM N I S T2 i 22 2 B PERIRRIC.
o EATAT DAEZ LT SR AR H AURHE G

60.1 Send

ERK T ERShE S — DR Z 2/, MZEA T 2y Send,

KT BUEAL E ) — DN AR, “ WAl b A R CEAR N A s 1T (Rt ANSHE TR Ml m] DAFE —
MR IR ME, GRS — DR EH B E,

filan, 5 SQLite FERYER A REEIT B PMEARYIL,

60.2 Sync

AR FI N DA T ER 2R, W2 T 29 Sync,
FE R, SO

2 HANY &T 2 Send B, T4 Sync
BRI B —ME TR, RoRUN BN KA T H =R Z 20, AP L 30 %2R
(5| R SRR 2,
X2 NSRS KAY T Synce, MRS B R] DIE 2 MR 2 B A A 7R 8dE 4 F s AR R 45 A)
R RS, ] MR AR Bh 3 g — DNERAR B 2 2, M IZ AL 5 | FHRIFE AT DA R 3 3 o) — AR,
HE S HREEERT ANTEA A2 22 2 5 1R],
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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 Rfl

Send + Sync

RBEIRARHAET Send + Sync:

e i8, 32, bool, char, &str-

e (T1, T2). [T; N]. &[T]. struct { x: T }--
String. Option<T>, Vec<T>, BOx<T>-
Arc<T>: HHEEL F 75| TSR L 2,
Mutex<T>: BHERIE AR E LR L4,

mpsc: :Sender<T>: As of 1.72.0.

AtomicBool., AtomicUS8:---: ffFRkIIE 7452,

LRASHCH Send + Sync I, ZRIERAEE O Send + Sync,

Send + !Sync
IX BRI AT DURS B B H AR, (L BT R RFR R A1, I 2 AT Y 25 M 3 A -

* mpsc::Receiver<T>
* Cell<T>
* RefCell<T>

!Send + Sync
IXEERRRLAR 21, (HENRRERE)E) 5 — A

* MutexGuard<T: Sync>: Uses OS level primitives which must be deallocated on the
thread which created them.

!Send + !Sync
XA R LA L 21, NRER SN E HofthZk e :

o Rc<T>: B4 Re<T> #BEAX RcBox<T> B3| A, &R 75 L
* *const T, *mut T: Rust RRERGTE ATREAEFH A 77 A RFRITER I
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9 61 ¥y

LIRS

N\

Rust i 1SRRI RGO ARG R D 2R, IX E 2 8 S sC

o Arc<T> N T #TEFHEC A TAMERE 2 RINHEE, FIETHERE — D5 S E RN EIE 7
it T,
» Mutex<T>: BfRA T ERIE /T,

61.1 Axc

Arc<T> i@ Arc: : clone SEBfte=s LSRR :

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 REFEFIIHHEC, AR RN Re FZEL 2IRAE,
Arc<T> implements Clone whether or not T does. It implements Send and Sync if and
only if T implements them both.
Axc::clone() TEHUTIEFERIETTHA TN, (BEERZ G, T A BEEMH, MiA T,
EERT G, Arc A= RER W SIS | FHEER,

- std::sync: :Weak X tAFTHEE B,
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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 H)Fa(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());

}
HEEREBAWATIZE impl<T: Send> Sync for Mutex<T> B L,

* Mutex in Rust looks like a collection with just one element — the protected data.
— TEVIRIZ R AR 2 TS AT RE S IC AR 5 &
PRAT DB FREU, M &Mutex<T> Fi3kE&mut T, MutexGuard GERSHALE &mut T fFELERIHT
A2 EE R B IR TR B8 4G
* 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?
— WRFHA Mutex RZE2R4: panic, Mutex X “HE" I & INES, RIAHFTRIFHIEEE
AR FA—BUIRS M FENEFEEA lock () BEEM, H K ER PoisonError, &
waa], YRAT OIZEE IR VA into_innex () >R k& EdE,

61.3 5l

IEBRATES Arc 1 Mutex HYSERRR

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:?}");

}

RIREH AR T 56

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:?}");
}
{EfRFERRIE D :
* Arc fl Mutex FRERESR 1 v, KON ENRISE U2 IEAHY,
- # Mutex HAEAE Arc g —MIELiiE 2 A1 H = Al 2R RS A9 AR,
* v Arc<_> RIUETEREN v2, ARG A RERSENE] S — DAL IETER, lambda B4 HEN T
move,

o BATSIANTHL, DURATRESE/N LockGuard HI1ER 1,
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% 62 H5y
>l

PAE 8IS

o TERHBEROIPREG S BA T S BIRHR B 1Zon B2 SR I % TR,

o MRS X T RBUIH, FEMHA Cargo TEURMI, R/EHATRERERZ,
After looking at the exercises, you can look at the solutions provided.

62.1 PEZEINEIN)E

R ERBIZ — DB F A A

HNEFFRAER R T EHE S EFRERAMRE H RN, BN T Z F#EE —
X Fo ERISE AR — RO , 75 2 7 RENZ, BALE AR RRES S AT B
B AN, A ST AR RN Z 220145 H XA RERZIX N KA, Kit, HA 24
FPENNAEL S, MARERZE R, 1A REMEHNIE X 7 BT ERIZZE G, BT
FHRMIEX

TEARGRS] H, FTREfE A Cargo 24k, ¥ LA MRS E HIEI4 4 sTc/main. s B, HEE = H
(7, SRR cargo run REFEH]:

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
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.send(format! ("Eureka! {} has a new ideal!", &self.name))
.unwrap();

}

fn eat(&self) {
// Pick up forks...
println!("{} is eating...", &self.name);
thread: :sleep(Duration: :from_millis(10));

n

}

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
}

fERTDMEA LA Cargo. toml:

[package]

name = "dining-philosophers"
version = "0.1.0"

edition = "2021"

62.2 ZIRMHEEKIAN

iz I EIRAGHT RN O — D 2L BERAR & T B NJE MM AT, Fhke 2 0 07 _E R BERCR &5 A 2 % T
FLN DU 75 2AG A R — Wb A AR 0T, O B —E I TIERAE, E2IFTE W TS Ik,

For this, you will need an HTTP client such as reqwest. You will also need a way to find links,
we can use scraper. Finally, we'll need some way of handling errors, we will use thiserror.

Create a new Cargo project and reqwest it as a dependency with:

cargo new link-checker

cd link-checker

cargo add --features blocking,rustls-tls reqwest
cargo add scraper

cargo add thiserror

4 cargo add #fE & W ) & /R error: no such subcommand, i F 3 & %
Cargo. toml SZfF, BN A1 H AR,

cargo add A< Cargo. toml SCHEEH NN FAfR:

[package]
name = "link-checker"
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https://docs.rs/reqwest/
https://docs.rs/scraper/
https://docs.rs/thiserror/

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"

TEPRAE T DA BT T o 1 22 E A — /NG, 1140 https @/ /www . google . org/,
&1 sTc/main. rs UM RAR:

use reqwest::blocking::Client;
use reqwest::Url;

use scraper::{Html, Selector};
use thiserror::Error;

enum Error {
ReqwestErroxr (#[from] reqwest::Error),
BadResponse(String),

}

struct CrawlCommand ({
url: Url,
extract_links: bool,

}

fn visit_page(client: &Client, command: &CrawlCommand) -> Result<Vec<Url>, Error> {
println!("Checking {:#}", command.url);
let response = client.get(command.url.clone()).send()?;
if !response.status().is_success() {
return Err(Error::BadResponse(response.status().to_string()));
}

let mut link_urls = Vec::new();
if !command.extract_links {
return Ok(link_urls);

}

let base_url = response.url().to_owned();
let body_text = response.text()?;
let document = Html::parse_document(&body_text);

let selector = Selector::parse("a").unwrap();
let href_values = document
.select(&selector)
.filter_map(|element| element.value().attr("href"));
for href in href_values {
match base_url.join(href) {
Ok(link_url) => {
link_urls.push(link_url);
}
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Exrr(err) => {
println! ("On {base_url:#}: ignored unparsable {href:?}: {err}");
}
}
}
Ok (1link_urls)
}

fn main() {
let client = Client::new();
let start_url = Url::parse("https://www.google.org").unwrap();
let crawl_command = CrawlCommand{ url: start_url, extract_links: true };
match visit_page(&client, &crawl_command) {
Ok(links) => println!("Links: {links:#?}"),
Err(err) => println!("Could not extract links: {err:#}"),
}
}

FHH L R4 1T src/main. rs RS
cargo run

155

o EREETRERR: RERER ML AR NEE, A5 2 DRI TR EIX ML,
o ERTDON IR TY R, L7520 www . google . oxg WA I 1 Fh R B BEFZ . 15 I 0 b
BR (51141 100 ), PAGE AR R0t B o

62.3 JFik%mfE: LSS

e & k{0
OR[F1%5>])

use std::sync::{mpsc, Arc, Mutex};
use std::thread;
use std::time::Duration;

struct Fork;

struct Philosopher {
name: String,
left_fork: Arc<Mutex<Fork>>,
right_fork: Arc<Mutex<Fork>>,
thoughts: mpsc::SyncSender<String>,
}

impl Philosopher {
fn think(&self) {
self.thoughts
.send(format! ("Eureka! {} has a new ideal!", &self.name))
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.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()]);

{

// 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,
b
thread: :spawn(move || {
for _ in 0..100 {
philosopher.eat();
philosopher.think() ;
}
3
}
drop(tx);
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for thought in rx {
println! (" {thought}");
}

Link Checker

(back to exercise)

use std::sync::{mpsc, Arc, Mutex};
use std::thread;

use reqwest::blocking::Client;
use reqwest::Url;

use scraper::{Html, Selector};
use thiserror::Error;

enum Error {
ReqwestExrror (#[from] reqwest::Error),
BadResponse(String),

}

struct CrawlCommand {
url: Url,
extract_links: bool,
}

fn visit_page(client: &Client, command: &CrawlCommand) -> Result<Vec<Url>, Error> {
println!("Checking {:#}", command.url);
let response = client.get(command.url.clone()).send()?;
if !response.status().is_success() {
return Err(Error::BadResponse(response.status().to_string()));

}

let mut link_urls = Vec: :new();

if !command.extract_links {
return Ok(link_urls);

}

let base_url = response.url().to_owned();
let body_text = response.text()?;
let document = Html::parse_document (&body_text);

let selector = Selector::parse("a").unwrap();
let href_values = document

.select(&selector)

.filter_map(|element| element.value().attr("href"));
for href in href_values {

match base_url.join(href) {

Ok(link_url) => {
link_urls.push(link_url);
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}
Err(err) => {
println!("On {base_url:#}: ignored unparsable {href:?}: {err}");
}
}
}
Ok (1link_urls)
}

struct CrawlState {
domain: String,
visited_pages: std::collections::HashSet<String>,

}

impl CrawlState {
fn new(start_url: &Url) -> CrawlState {
let mut visited_pages = std::collections::HashSet: :new();
visited_pages.insert(start_url.as_str().to_string());
CrawlState { domain: start_url.domain().unwrap().to_string(), visited_pages }

}

/// 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;
b
url_domain == self.domain

}

/// Mark the given page as visited, returning false if it had already

/// been visited.

fn mark_visited(&mut self, url: &Url) -> bool {
self.visited_pages.insert(url.as_str().to_string())

}
}

type CrawlResult = Result<Vec<Url>, (Url, Error)>;

fn spawn_crawler_threads(
command_receiver: mpsc::Receiver<CrawlCommand>,
result_sender: mpsc::Sender<CrawlResult>,
thread_count: u32,

) {

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 = {
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let receiver_guard = command_receiver.lock().unwrap();
receiver_guard.recv()

let Ok(crawl_command) = command_result else {
// The sender got dropped. No more commands coming in.
break;

i

let crawl_result = match visit_page(&client, &crawl_command) {
Ok(link_urls) => Ok(1link_uxls),
Err(error) => Err((crawl_command.url, error)),

i

result_sender.send(crawl_result).unwrap();

fn control_crawl(
start_url: Url,
command_sendexr: mpsc: :Sender<CrawlCommand>,
result_receiver: mpsc::Receiver<CrawlResult>,
) -> Vec<Url> {
let mut crawl_state = CrawlState::new(&start_url);
let start_command = CrawlCommand { url: start_url, extract_links: true };
command_sender.send(start_command) .unwrap() ;
let mut pending_urls = 1;

let mut bad_urls = Vec::new();

while pending_urls > 0 {
let crawl_result = result_receiver.recv().unwrap();
pending_urls -= 1;

match crawl_result {
Ok(link_urls) => {
for url in link_urls {
if crawl_state.mark_visited(&url) {
let extract_links = crawl_state.should_extract_links(&url);
let crawl_command = CrawlCommand { url, extract_links };
command_sender.send(crawl_command) .unwrap() ;
pending_urls += 1;

}
}
Exrr((url, error)) => {
bad_urls.push(url);
println!("Got crawling error: {:#}", error);
continue;

}

}
bad_urls
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}

fn check_links(start_url: Url) -> Vec<Url> {
let (result_sender, result_receiver) = mpsc::channel::<CrawlResult>();
let (command_sender, command_xreceiver) = mpsc::channel::<CrawlCommand>();
spawn_crawler_threads(command_receiver, result_sender, 16);
control_crawl(start_url, command_sender, result_receiver)

}

fn main() {

let start_url = reqwest::Url::parse("https://www.google.org").unwrap();
let bad_urls = check_links(start_url);
println!("Bad URLs: {:#?}", bad_urls);
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B 63 i
525 Rust

AR RN A, AT DARIIN AT 2 MESS . AR R B I TESS R ZE, 285 VIR 55—
A DAR ST AIAE 55 B SR E A BREGE Y i BIZ T 24155, IR AIME T, B/ MES I HIE R IR
1%, H HRIERGHR A T HITRSPORAIBER I THY 1/0 155,

Rust FJ 3P ERT "Futures” SRSLHL, BIR/RASK AT RESZ Y TIE, RSN XY Future #1744
W7, BRI R E 52K,

H R APIa TN ATIZXEE Future MEATH1, I HA AN E RS TR AT HGE S,

B &573

* Python #J asyncio i thAJEIREARL, A, B Future KRBT [RIERSILTT X, MAR@T 4
o 52 Python R FFRELMT Rust BTN “JEIR” BATHEHL,

* JavaScript i) Promise 5220, {HFIFEEE T B A SN TT Ko 18 F BTN KB T HHEIR,
V25 Promise fHTAHSC AT HERE K .

63.1 async/await
MEREREE, 74 Rust RAS5 “IEH BN A IR H 20

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));

}
KB
o EER, R MARRRE], AT RRIER, B A KN R TR e E M B IR R4k |
o S ARIREIEARZ (47
— fE£ main ] let future: () = async_main(10); K&EHLRA,
* The ”async” keyword is syntactic sugar. The compiler replaces the return type with a

future.
o IRAREXE main FHBAR T KA, BRIAEAE Sn 3 28 I AN BRAMN 38 S Sk 25 1 & 4 n] {58 F R (8] 1Y
future,

* You need an executor to run async code. block_on blocks the current thread until the
provided future has run to completion.

e .await 2FPHERS —MEENTEN. 5 block_on [, .await TSBHZEYFIZE,
* .await can only be used inside an async function (or block; these are introduced later).

63.2 Futures

Future 22— trait, HF/RERTERIVERIEIIN SR FTSCEl, 7] P21 Future, 3+ H poll <iR[E —4>
Poll X%,

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,

}

LR 2IRE impl Future, X F H & XA HA] DLSZEL Future (HAHE WD, #la0, M
tokio: :spawn JR[EfY) JoinHandle &5 Future, PASRFINAIZIT S o

£ Future [ .await X# 7S SRR KEE (2, EFi% Future RS, AitEERH
Ho

* Future 1 Poll JMIRYSEHISE RN TR : 15 R iR &R SO AP A S,

o BANESAETHIE TP R0L, A BEEITN S ETT, B AS R Pin fl Context, W5
2z

- i#@id Context, Future 7EH{FRAEN AT BT ZHREBTH T,

— Pin W% Future A =BRINEH, DIESEHZ Future B RE L 8 T R A
.await ZJE5 I FMRARERY, AT HARIE,
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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

BT HERAPUTIRE D RS, ST Future (RI_#IT48), Rust %A “WE"IB1TH, H
A U LA I n] i £ :

* Tokio: MEREH o, #HA AR IIREAES RS, BlaniE A T HTTP i Hyper 8¢ &M T gRPC Y
Tonic,

* async-std: ETERCN “BHRIERIPRIERE", FF1E async: : task PEEEARBITH,

* smol: fajH Hig &

HLERBNHBA H ORI B4, Fuchsia A —MafThl,

o EIE, EAIHAIBTTINH, Rust Playground {X3¢#F Tokio, i% Playground A SHHEA I/0
BE, KR 28O B S P B E TR e 6 LiatT,

* Future 2 “B1E" 1, BRAFA BPUTR PN HE T8, SN e 2 UTEMREEER 285
I/0 #1%).3X5 JS promise [, F4n, j57 RIE AAREEH 252 iiaf Tid iR,

63.3.1 Tokio

Tokio provides:

o HTHITHRPRIEINZLIRIBITN,
* An asynchronous version of the standard library.
o ERHIFEAESTRS,

use tokio::time;
async fn count_to(count: 132) {
for i in 1..=count {

println!("Count in task: {i}!");
time: :sleep(time: :Duration: :from_millis(5)).await;

}

async fn main() {
tokio: :spawn(count_to(10));

for i in 1..5 {
println!("Main task: {i}");
time: :sleep(time: :Duration: :from_millis(5)).await;

}

o {&B) tokio: :main %, TATEIERT B main BN FH EELL
* spawn RESBIEFNIFR “HE57,
o R spawn i Future 75, MiA24 count_to JAA .await.
RARR:
» fa] count_to J@H ILILIHEE] 10?7 X2 — PRI BIHARA], tokio: :spawn ZIR[E—/1M4)
W, AT AR IZ AN B 2 HRRIE ST 585,
o 2R count_to(10) .await, MABIRETTE,
o ZHA%RF tokio: : spawn IR EIESE PAT5EEE,

329


https://tokio.rs/
https://hyper.rs/
https://github.com/hyperium/tonic
https://async.rs/
https://docs.rs/smol/latest/smol/
https://fuchsia.googlesource.com/fuchsia/+/refs/heads/main/src/lib/fuchsia-async/src/lib.rs

63.4 1%

Rust H—MEF RS, X2 Mt EREREEP A,

BAMES HH — K Future, 017 8% 200 AT R MEE A 5538, 1% Future FIRERL & — P Ek
Z M RER Future, 7] U H poll 757X EATREITEC 1, ZR00T U8 HI Ak, v DUB S22 D7
Future (404 FEN#8H1 1/O #4F) (EAES5 B SLHIIE R R 1E,

use tokio::io::{self, AsyncReadExt, AsyncWriteExt};
use tokio::net::TcpListener;

async fn main() -> io::Result<()> {
let listener = Tcplistener::bind("127.0.0.1:0").await?;
println!("listening on port {}", listener.local_addr()?.poxrt());

loop {
let (mut socket, addr) = listener.accept().await?;

println!("connection from {addr:?}");

tokio: :spawn(async move {
socket.write_all(b"Who are you?\n").await.expect("socket error");

let mut buf = vec![0; 1024];

let name_size = socket.read(&mut buf).await.expect("socket error");
let name = std::str::from_utf8(&buf[..name_size]).unwrap().trim();
let reply = format!("Thanks for dialing in, {name}!\n");
socket.write_all(reply.as_bytes()).await.expect("socket error");

).
}
}

K HoR B E BRI sTc/main. rs SXH, FEMIZSUFIZITE,
THZBE MR ne 5 telnet IXAERT TCP JE R T B TER,

o AR R, YIEZZ DR, IR 88 IR B EFAERPIRAS, FEMLE(E 55 BA L
Future?

* This is the first time we've seen an async block. This is similar to a closure, but does not
take any arguments. Its return value is a Future, similar to an async fn.

* Refactor the async block into a function, and improve the error handling using ?.

63.5 SAidiE

FLE crate SCHHEH A7 @IE, 10 tokio:
use tokio::sync::mpsc::{self, Receiver};

async fn ping_handler(mut input: Receiver<()>) {
let mut count: usize = 0;

while let Some(_) = input.recv().await {
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count += 1;
println!("Received {count} pings so far.");
}

println!("ping_handler complete");
}

async fn main() {
let (sender, receiver) = mpsc::channel(32);
let ping_handler_task = tokio::spawn(ping_handler(receiver));
for 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 ROEERNESDY 3, RIGEBNRIEHIT 2 E T A7,
o SRS, ZaRORLIT F AR R sync JfiE,
o ZIAFEER std: :mem: :drop WH. SHIMTLMEM? XERTA?

* Flume crate f & 7] PARIRSZEE sync, async send Fil recv HIRIE, ¥ & 10 fii k& CPU 4b
PS5 IS Ze B FHR AL T RO AR,

* /] async EIERLHALET, TATREMR R EA15 Hofth future Z5& R, MIMAIESE Z4HIHEHIR.
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¥ 64 35
Futures Control Flow

A BLRRZ Future A& £ 2L A HHETEL BN EL M 40 I 2R 552K,

o B
o

64.1 A

PR E 2 517 — 4 Future £ mLes, A5 R EIEATH S RE S, XL LT JavaScript H1 Y
Promise.al &{ Python ] asyncio.gather,

use anyhow: :Result;

use futures::future;

use reqwest;

use std::collections::HashMap;

async fn size_of_page(url: &str) -> Result<usize> {
let resp = reqwest::get(url).await?;
Ok (resp.text().await?.len())

}

async fn main() {
let urls: [&str; 4] = [
"https://google.com",
"https://httpbin.org/ip",
"https://play.rust-lang.oxrg/",
"BAD_URL",
1,
let futures_iter = urls.into_iter().map(size_of_page);
let results = future::join_all(futures_iter).await;
let page_sizes_dict: HashMap<&str, Result<usize>> =
urls.into_iter().zip(results.into_iter()).collect();
println!("{:?}", page_sizes_dict);
}
B REIE RIZ R sTc/main. rs XA, HMNZXHIEITE,
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o WNFEZNRAFHHZH Future, FTDMER std: : future: : join! BATALER, (A B HE /£
PR Future B9ECE, Hit, AI7E futures crate i FHI1ZIIEE, HRPFWMSTE std: : future #
1B & A

* The risk of join is that one of the futures may never resolve, this would cause your
program to stall.

« A DUKF join_all 55 join! Z5&EH, IHATAEEATA X http ARSS HIE RA1 &R 2R & i, 24l
Al futures::join! ¥ tokio: :time: :sleep #¥fNF| Future H, X2 — M@ /E (H
FEMEH select!, F—EIWMN), M2EER T join! BIEATH,

64.2 EFE

BRI 257 — 4 Future HEIEE — Db, JF 4t Future /A4 RS54 TWA B, /£ JavaScript
M, 1% # /F 22 8l + Promise.race, f£ Python H, T # * + asyncio.wait(task_set,
return_when=asyncio.FIRST_COMPLETED),

Similar to a match statement, the body of select! has a number of arms, each of the
form pattern = future => statement. When a future is ready, its return value is
destructured by the pattern. The statement is then run with the resulting variables. The
statement result becomes the result of the select! macro.

use tokio::sync::mpsc::{self, Receiver};
use tokio::time::{sleep, Duration};

enum Animal {
Cat { name: String },
Dog { name: String },
}

async fn first_animal_to_finish_race(
mut cat_rcv: Receiver<String>,
mut dog_rcv: Receiver<String>,
) -> Option<Animal> {
tokio: :select! {
cat_name = cat_rcv.recv() => Some(Animal::Cat { name: cat_name? }),
dog_name = dog_xrcv.recv() => Some(Animal::Dog { name: dog_name? })

}

async fn main() {
let (cat_sender, cat_receiver)
let (dog_sender, dog_receiver)
tokio: :spawn(async move {
sleep(Duration::from_millis(500)) .await;
cat_sender.send(String: :from("Felix")).await.expect("Failed to send cat.");
1)
tokio: :spawn(async move {
sleep(Duration::from_millis(50)).await;
dog_sender.send(String: :from("Rex")).await.expect("Failed to send dog.");
1)

mpsc::channel(32);
mpsc::channel(32);
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let winner = first_animal_to_finish_race(cat_receiver, dog_receiver)
.await
.expect("Failed to receive winner");

println!("Winner is {winner:?}");

o TEATRGIFR, A 2 3T T —1H %, first_animal_to_finish_race &FEIN WHTIXPN
MBI, FIEFRICENAA SRS TR 50 25, Mk 500 25, ji# (et e
Rk,

» {EARBI, FTAREFA oneshot i, ik e HAERK—IX send (5,
» SERONLBEIR BRI ], HURAI AR 2 Future,

o HHER, select! SEFAUCEL ST, X M AT Future 2sb 2 BUH, BB R IEZE, BIR
HUT select! RAIEHH Future,

- H—R7EREE &mut future M2 future A5, (HIXA]RES SFEURM, fTEALIAT H Y
“REET B AT T AN
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9 65 #kr

XF async/await [FiR[X

async / await AR R A AR AL T — R B SRR 75 1% 281, Rust HAY async/await £
RLAFAE — LRI AR R R A R N A

o PHZEHITHS
o [EE
o B trait

« B

65.1 FHIEITHR

REE I BITIN SR RIB1T 10 (5. XEWE CPU RIFHZEMAESS S FHFEHIT AR, HFH LT H A
55, M AR5, RAREMEH] #5807,

use futures::future::join_all;
use std::time::Instant;

async fn sleep_ms(start: &Instant, id: u64, duration_ms: u64) {
std::thread::sleep(std::time: :Duration::from_millis(duration_ms));
println!(
"future {id} slept for {duration_ms}ms, finished after {}ms",
start.elapsed().as_millis()
),
}

async fn main() {
let start = Instant::now();
let sleep_futures = (1..=10).map(|t| sleep_ms(&start, t, t * 10));
join_all(sleep_futures) .await;

o BTN, B EIRIRBERESZ LR, A T,

o "current_thread" MG FTE (S5 IAE B NERAR L IXAEMMR S IR, 2 bug hRETE
T2 AR R,

e ¥ std: :thread: :sleep UJ#fihy tokio: :time: : sleep, H-EF LR,
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s B—MBEHERE tokio: :task: :spawn_blocking, H &4 pk SLBREFE B AU L 0l
Future, B A HZERITER

o PRRHESMNIRIERGLAL, CATZ FIFFAE—X—RBL X R, I B RZ T ERER SRR
BIERFLIE FIB1TT 2 MES T HZEY FFI 5HMER TR, S8R5 HBLAE, K A7 FFI
FR, DRI 1226 AT BEARH T2 A2 A LA (o B 0t B R RO R4k (1411, CUDA) . 7EIX EE1E it
T, Bi% tokio: :task: :spawn_blocking,

o EEEMEH RS L FERE N await —EHTEFRIEER FB — MESHZE, 3 HiZE55]
RES HAER —£fE LiafTo

65.2 Pin

Async blocks and functions return types implementing the Future trait. The type returned is
the result of a compiler transformation which turns local variables into data stored inside
the future.

Some of those variables can hold pointers to other local variables. Because of that, the future
should never be moved to a different memory location, as it would invalidate those pointers.

To prevent moving the future type in memory, it can only be polled through a pinned pointer.
Pin is a wrapper around a reference that disallows all operations that would move the
instance it points to into a different memory location.

use tokio::sync::{mpsc, oneshot};
use tokio::task::spawn;
use tokio::time::{sleep, Duration};

// A work item. In this case, just sleep for the given time and respond
// with a message on the ‘respond_on  channel.
struct Work {

input: u32,

respond_on: oneshot::Sender<u32>,

}

// A worker which listens for work on a queue and performs it.
async fn worker(mut work_queue: mpsc::Receiver<Work>) {
let mut iterations = 0;
loop {
tokio::select! {

Some (work) = work_queue.recv() => {
sleep(Duration::from_millis(10)).await; // Pretend to work.
work.respond_on

.send(work.input * 1000)
.expect("failed to send response");
iterations += 1;
}

// TODO: report number of iterations every 100ms

}

// A requester which requests work and waits for it to complete.
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async fn do_work(work_queue: &mpsc::Sender<Work>, input: u32) -> u32 {
let (tx, rx) = oneshot::channel();
work_queue
.send(Work { input, respond_on: tx })
.await
.expect("failed to send on work queue");
rx.await.expect("failed waiting for response")

}

async fn main() {
let (tx, rx) = mpsc::channel(10);
spawn (worker(rx));
for i in 0..100 {
let resp = do_work(&tx, 1i).await;
println! ("work result for iteration {i}: {resp}");

-

IEATREINNIX B P T A — Rl BT eHE & 28 E H select!,
o ARERS BN RITE LT RAY RS, R iE 2 BN R 0%,

- Hgiaithfs select! H%M_ = sleep(Duration::from_millis(100)) => {
println!(..) }, ZTMRAEEASHITEMIRIE X242

— EBONTE Loop AMEREINEL & 1% Future 1 timeout_fut:
let mut timeout_fut = sleep(Duration::from_millis(100));

loop {
select! {
;'= timeout_fut => { println!(..); },
}
}

— XA ENE AR R IR SR RS IR, (BT select! #HY timeout_fut E¥hN &mut
RO A, SR )5 Box @ :pin:

let mut timeout_fut = Box::pin(sleep(Duration::from_millis(100)));
loop {
select! {

= &mut timeout_fut => { println!(..); },

}

- A DA BN T, (HiE N Id HlE, BOOE A28 Poll: :Ready (fH{E& Future
BT Rt , OGBS BE, W EHEE timeout_fut,

o Box 7EME BT EC fEFLENE L, Wal DU std: :pin: tpin! (BaEAEER, &IH
RSB tokio: :pin!), EX FEHF /M ELH Future, {5 F L ITRER R HIE,

s H—MBRITEREEAMEH pin, MiR2ENKE —MES, ZTEFER 100 Z2H 52 kiR
oneshot j&jH,

* Data that contains pointers to itself is called self-referential. Normally, the Rust borrow
checker would prevent self-referential data from being moved, as the references cannot
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outlive the data they point to. However, the code transformation for async blocks and
functions is not verified by the borrow checker.

* Pinis a wrapper around a reference. An object cannot be moved from its place using a
pinned pointer. However, it can still be moved through an unpinned pointer.

* The poll method of the Future trait uses Pin<&mut Self> instead of &mut Self to
refer to the instance. That's why it can only be called on a pinned pointer.

65.3 RAFRHIE

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.

If we do need dyn support, the crate async_trait provides a workaround through a macro,
with some caveats:

use async_trait::async_trait;
use std::time::Instant;
use tokio::time::{sleep, Duration};

trait Sleeper {
async fn sleep(&self);
}

struct FixedSleeper {
sleep_ms: ub4,

}

impl Sleeper for FixedSleeper {
async fn sleep(&self) {
sleep(Duration::from_millis(self.sleep_ms)).await;
}
}

async fn run_all_sleepers_multiple_times(
sleepers: Vec<Box<dyn Sleeper>>,
n_times: usize,
) |
for _ in 0. .n_times {
println!("running all sleepers..");
for sleeper in &sleepers {
let start = Instant::now();
sleeper.sleep().await;
println!("slept for {}ms", start.elapsed().as_millis());
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}

async fn main() {
let sleepers: Vec<Box<dyn Sleeper>> = vec!][
Box: :new(FixedSleeper { sleep_ms: 50 }),
Box: :new(FixedSleeper { sleep_ms: 100 }),
1,
run_all_sleepers_multiple_times(sleepers, 5).await;

« async_trait BT, BIETE, BB HEDICORCINX — mo XA B 27 A PERETT .

« XTF async trait KIESSRFHEIBREUZIRA Rust 19, 7 HATREAMER IR ARIR, 41 R IR
AT fig%, Niko Matsakis 7EIX i SO FONE AT T REFHOMERE

o A —DHHY sleeper 4544, (EHBEHLIRIR — B 8], FRHE N2 Vec H,

65.4 (kR

%77 Future FEIRE JCIR X HUEATAL I, IXFRON BGH, (T await si#fna] RERE, 6552/ VOIETH,
WPRENE Future fE55BHH, RITBREIE FIa1T, HIN, REUHMIEBIE E LR,

use std::io::{self, ErrorKind};
use std::time: :Duration;
use tokio::io::{AsyncReadExt, AsyncWriteExt, DuplexStream};

struct LinesReader {
stream: DuplexStream,
}

impl LinesReader {
fn new(stream: DuplexStream) -> Self {
Self { stream }
}

async fn next(&mut self) -> io::Result<Option<String>> {
let mut bytes = Vec::new();
let mut buf = [0];
while self.stream.read(&mut buf[..]).await? != 0 {
bytes.push(buf[0]);
if buf[0] == b'\n' {
break;
}
}
if bytes.is_empty() {
return Ok(None);

}
let s = String::from_utf8(bytes)

.map_exr(|_| io::Error::new(ErrorKind::InvalidData, "not UTF-8"))?;
Ok (Some(s))
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}

async fn slow_copy(source: String, mut dest: DuplexStream) -> std::io::Result<()> {
for b in source.bytes() {
dest.write_u8(b).await?;
tokio::time: :sleep(Duration::from_millis(10)).await

0k(())
}

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(())

IR CIEIAIRIH IR E R 21 IEFRZE0 15 APL S0k, 375 & async fn ArpiRAS,
5 panic M1 ? RFE, BUHE T IEE RN — &5 (HIER IR ),
BRI ER T IR RS 55

- Y tick() DAEBHRIER, next() KE buf HS#ER,

— JEITK buf BEEFBILEMAH, ‘LinesReader nf DARARBUEERIER) 222k

struct LinesReader {
stream: DuplexStream,
bytes: Vec<u8>,
buf: [u8; 17,

}

impl LinesReader {
fn new(stream: DuplexStream) -> Self {
Self { stream, bytes: Vec::new(), buf: [0] }
}
async fn next(&mut self) -> io::Result<Option<String>> {
// prefix buf and bytes with self.
//
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let raw = std::mem::take(&mut self.bytes);
let s = String::from_utf8(raw)
//

}

* Interval::tickis cancellation-safe because it keeps track of whether a tick has been
'delivered'.

* AsyncReadExt: :readis cancellation-safe because it either returns or doesn't read data.

* AsyncBufReadExt: :read_line is similar to the example and isn't cancellation-safe.
See its documentation for details and alternatives.
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% 66 5y
>l

N TSR 7 Rust 5288, TN TR L TR
o TWEFHE: BANICEE LFER T IXA AL XRS5 Rust SRSEEIE,
o JUREINRRA A X2 NERIIE, SRS E & R Rust ifg.
After looking at the exercises, you can look at the solutions provided.

66.1 Dining Philosophers — Async

B HR DA S A

As before, you will need a local Cargo installation for this exercise. Copy the code below to a
file called src/main. s, fill out the blanks, and test that cargo run does not deadlock:

use std::sync::Arc;

use tokio::sync::mpsc::{self, Sender};
use tokio::sync::Mutex;

use tokio::time;

struct Fork;

struct Philosopher {
name: String,
// left_fork:
// right_fork:
// thoughts:

}

impl Philosopher {
async fn think(&self) {
self.thoughts
.send(format! ("Eureka! {} has a new ideal!", &self.name))
.await
.unwrap(),
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async fn eat(&self) {
// Keep trying until we have both forks
println!("{} is eating...", &self.name);
time: :sleep(time: :Duration: :from_millis(5)).await;

}

static PHILOSOPHERS: &[&str] =
&["Socrates", "Hypatia", "Plato", "Aristotle", "Pythagoras"];

async fn main() {
// Create forks

// Create philosophers
// Make them think and eat

// Output their thoughts

}

KONIX IR IETEAEAE A 548 Rust, LUK AR —1 tokio i, 5] PAEH AR Cargo. toml:
[package]

name = "dining-philosophers-async-dine"

version = "0.1.0"

edition = "2021"

[dependencies]
tokio = { version = "1.26.0", features = ["sync", "time", "macros", "rt-multi-thread"]

FAN EER, XIRIELAEFRH tokio K Mutex Fl mpsc ik,
* Can you make your implementation single-threaded?

66.2 JHEWIR R

EARGR S, BATTREE A BATEF RICR S — N 8RR N BT T8 — MR ARSS 3%, & e 2
FZIRSSERFE A A AT B 2 P im MR ER AL FIE B, FERE R X RI AR S 8% TR AR 5 23K UK
BN REET BT E & i,

For this, we use a broadcast channel on the server, and tokio_websockets for the
communication between the client and the server.

B —ANHTHY Cargo T H FHHS AN A MR

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 = "1.1.0"
tokio = { version = "1.37.0", features = ["full"] }
tokio-websockets = { version = "0.7.0", features = ["client", "fastrand",

i APT

You are going to need the following functions from tokio and tokio_websockets. Spend a
few minutes to familiarize yourself with the API.

» StreamExt:next() implemented by WebSocketStream: for asynchronously reading
messages from a Websocket Stream.

» SinkExt::send() implemented by WebSocketStream: for asynchronously sending
messages on a Websocket Stream.

 Lines:next_line(): for asynchronously reading user messages from the standard input.

« Sender::subscribe(): FHTFIT R #EHE,

ARG S

Normally in a Cargo project, you can have only one binary, and one src/main.xs file. In this
project, we need two binaries. One for the client, and one for the server. You could potentially
make them two separate Cargo projects, but we are going to put them in a single Cargo project
with two binaries. For this to work, the client and the server code should go under src/bin
(see the documentation).

Copy the following server and client codeinto src/bin/server.rsand src/bin/client.rs,
respectively. Your task is to complete these files as described below.

src/bin/serverrs:

use futures_util::sink::SinkExt;

use futures_util::stream::StreamExt;

use std::error::Error;

use std::net::SocketAddr;

use tokio::net::{TcpListener, TcpStream};

use tokio::sync::broadcast::{channel, Sender};

use tokio_websockets::{Message, ServerBuilder, WebSocketStream};

async fn handle_connection(
addr: SocketAddr,
mut ws_stream: WebSocketStream<TcpStream>,
bcast_tx: Sender<String>,
) -> Result<(), Box<dyn Error + Send + Sync>> {
// TODO: For a hint, see the description of the task below.

}

async fn main() -> Result<(), Box<dyn Error + Send + Sync>> {
let (bcast_tx, _) = channel(16);

let listener = Tcplistener::bind("127.0.0.1:2000").await?;
println!("listening on port 2000");
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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
3

}

src/bin/client.rs:

use futures_util::stream::StreamExt;

use futures_util::SinkExt;

use http::Uri;

use tokio::io::{AsyncBufReadExt, BufReader};
use tokio_websockets::{ClientBuilder, Message};

async fn main() -> Result<(), tokio_websockets::Error> {
let (mut ws_stream, _) =
ClientBuilder: :from_uri(Uri::from_static("ws://127.0.0.1:2000"))
.connect()
.await?;

let stdin = tokio::io::stdin();
let mut stdin = BufReader: :new(stdin).lines();

// TODO: For a hint, see the description of the task below.

}
Bl P ATSF

Run the server with:
cargo run --bin server
and the client with:

cargo run --bin client

155

e £ src/bin/server.rs 3L handle_connection F#L,
- $&R: A tokio: :select! TE—MESHEIR I L HITIHMES ., — MESS NEF i
RWOE BT TR EN. 5 — MES KRS SR WETH B R IR F i,
« 58K src/bin/client.rs HfY main BE%L,
— Hint: As before, use tokio::select! in a continuous loop for concurrently
performing two tasks: (1) reading user messages from standard input and sending
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them to the server, and (2) receiving messages from the server, and displaying
them for the user.

* Optional: Once you are done, change the code to broadcast messages to all clients, but

the sender of the message.

66.3 JFFRHfE: NS
Dining Philosophers — Async

(OR[EZ5>])

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;
}
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;

346



continue;

b
break (left_fork, right_fork);
b
println!("{} is eating...", &self.name);

time::sleep(time: :Duration::from_millis(5)).await;
// The locks are dropped here

}

static PHILOSOPHERS: &[&str] =
&["Socrates", "Hypatia", "Plato", "Aristotle", "Pythagoras"];

async fn main() {
// Create forks
let mut forks = vec![];
(0. .PHILOSOPHERS.1len()).for_each(|_| forks.push(Arc::new(Mutex: :new(Fork))));

// Create philosophers
let (philosophers, mut rx) = {
let mut philosophers = vec![];
let (tx, rx) = mpsc::channel(10);
for (i, name) in PHILOSOPHERS.iter().enumerate() {
let left_fork = Arc::clone(&forks[i]);
let right_fork = Arc::clone(&forks[(i + 1) % PHILOSOPHERS.len()1);
philosophers.push(Philosopher {
name: name.to_string(),
left_fork,
right_fork,
thoughts: tx.clone(),
1)

(philosophers, 1rx)
// tx 1is dropped here, so we don't need to explicitly drop it later

}i

// Make them think and eat
for phil in philosophers {
tokio: :spawn(async move {
for _ in 0..100 {
phil.think().await;
phil.eat().await;

)
}

// Output their thoughts
while let Some(thought) = rx.recv().await {
println!("Here is a thought: {thought}");
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}

7 RE0R B H

(RIE2:>])

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 => return Ok(()),
}
}
msg = bcast_rx.recv() => {
ws_stream.send(Message: :text(msg?)).await?;

}
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async fn main() -> Result<(), Box<dyn Error + Send + Sync>> {
let (bcast_tx, _) = channel(16);

let listener = Tcplistener::bind("127.0.0.1:2000").await?;
println!("listening on port 2000");

loop {
let (socket, addr) = listener.accept().await?;
println!("New connection from {addr:?}");
let bcast_tx = bcast_tx.clone();
tokio: :spawn(async move {
// Wrap the raw TCP stream into a websocket.
let ws_stream = ServerBuilder::new().accept(socket).await?;

handle_connection(addr, ws_stream, bcast_tx).await
1)

}

src/bin/client.rs:

use futures_util::stream::StreamExt;

use futures_util::SinkExt;

use http::Uri;

use tokio::io::{AsyncBufReadExt, BufReader};
use tokio_websockets::{ClientBuilder, Message};

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 => retuxrn Ok(()),
}
}
res = stdin.next_line() => {
match res {
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Ok(None) => return Ok(()),
Ok(Some(line)) => ws_stream.send(Message: :text(line.to_string())).au
Err(err) => return Err(err.into()),
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567 W
B!

Thank you for taking Comprehensive Rust £! We hope you enjoyed it and that it was useful.

LUK TIRARLEFRAT WO T 1R 2 IR, ARAEH AR5 2 T0HR, Kb, AR BT 3 IR B (AT A
W, IEAE GitHub ES5FATIR ARSI £ 58 W
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= 68 ik
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» 2 (allocate) :
TEHE_ AT B NAFE L
« 2% (argument):
B AT R EE T EH G R
* #Hl Rust (Bare-metal Rust):
JIKZE Rust H &R, BHBE T RERIERAN RS 1ES AL Rust,
o {58 (block):
B2 RS PR PR,
* f&H (borrow):
ES I,
o {EHKA S (borrow checker):
Rust Zrik s —at5, AT REREEAREREE R
» K55 (brace):
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o HE (build):
B IR L4 A AT A T RAS B T R e B A2,
o JEH (call):
VA BT R BRI T T
e JEjE (channel):
T2 il 22 2 AL IR TH R
* Comprehensive Rust & :
AIFFEGFR A Comprehensive Rust £,
* Jf% (concurrency):
RN P T ZME S5 SRR,
* Rust HJ3 % (Concurrency in Rust):
B2 Rust FIYIF L.
» H(constant):
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o #7% (control flow):
& MBI EFE S IHATIT o
* fAt (crash):
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#5153 (error)
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%% (function) :

FFHITREE 55 Bon] S A RS,
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please see LICENSE for details.
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