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(000DODDD 000 000D 000000 00 0 0000 0) 000000oO -
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https://microbit.org/

oooo ooo goo

ooooo oo Async 00000

0oooo 00 - Control Flow O 0000000

ooooo oo 00Pitfall

ooooo oo o0oooo o ooooooo
aooo
00 Rust 0000000 00 0000 00000 0000 00 00000 0 0000 000000 00000 00O 0ooo 0ooo ooo
10000 00000

gooo oooo ooooooooo - 1.2

:0000 0000 mdBook 00 0000 0000 0000 0000DD O0ODOO
.00000 00000 DODD 000D 00 :Arrow-Left o
.00000 D0OODO 000D 00DO 00 :Arrow-Right e
.Ctr]l + Enter: Execute the code sample that has focus
.00000 0000 0O 0oOOob DOooO s -

goooo 1.3

:000 000 00000 0000 0oo 0obo 0o booboo boo oboooooo 0o oo Ooboot oooo oooo ooo

Jhenrif75@ 0O rastringer, @hugojacob, @joaovicmendes@ 0000 OO00O0O0 0000000 e
Chinese (Simplified) by @suetfei, @wnghl, @anlunx, @kongy, @noahdragon, ¢
.@superwhd, @SketchK, and @nodmp

.Jjohnathan79717@ O hueich, @victorhsieh, @mingyc, @kuanhungchen@ 0000 (0000) 0000
.Japanese by @CoinEZ-JPN, @momotaro1105, @HidenoriKobayashi and @kantasv
Jjooyunghan@ 0O keispace, @jiyongp@ 0000 00 000

.deavid@ 0000 000000000

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

.0000 0000000 0boooo 000 0ooobooo 0000 0000 000 0000 0000 00 0000 0ooooooo oo

0ooo oooooooo

00 00000 00O 000 00 000 00000 00000 00 00 .0000 0000 00000 000 00 00000 00000 0000
:0000

Arabic by @younies

.-raselmandol@ 0000 00O00OD

.Farsi by @Alix1383, @DannyRavi, @hamidrezakp, @javad-jafari and @moaminsharifi
.vcaen@ 0 KookaS@ 0000 00000000

ronaldfw@ O Throvn@ 0000 000000

Jonaldfw@ O Throvn@ 0000 000000000
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https://google.github.io/comprehensive-rust/pt-BR/
https://github.com/rastringer
https://github.com/hugojacob
https://github.com/joaovicmendes
https://github.com/henrif75
https://google.github.io/comprehensive-rust/zh-CN/
https://github.com/suetfei
https://github.com/wnghl
https://github.com/anlunx
https://github.com/kongy
https://github.com/noahdragon
https://github.com/superwhd
https://github.com/nodmp
https://google.github.io/comprehensive-rust/zh-TW/
https://github.com/hueich
https://github.com/victorhsieh
https://github.com/mingyc
https://github.com/kuanhungchen
https://github.com/johnathan79717
https://google.github.io/comprehensive-rust/ja/
https://github.com/CoinEZ
https://github.com/momotaro1105
https://github.com/HidenoriKobayashi
https://github.com/kantasv
https://google.github.io/comprehensive-rust/ko/
https://github.com/keispace
https://github.com/jiyongp
https://github.com/jooyunghan
https://google.github.io/comprehensive-rust/es/
https://github.com/deavid
https://google.github.io/comprehensive-rust/uk/
https://github.com/git-user-cpp
https://github.com/yaremam
https://github.com/reta
https://google.github.io/comprehensive-rust/ar/
https://github.com/younies
https://google.github.io/comprehensive-rust/bn/
https://github.com/raselmandol
https://google.github.io/comprehensive-rust/fa/
https://github.com/alix1383
https://github.com/DannyRavi
https://github.com/hamidrezakp
https://github.com/javad-jafari
https://github.com/moaminsharifi
https://google.github.io/comprehensive-rust/fr/
https://github.com/KookaS
https://github.com/vcaen
https://google.github.io/comprehensive-rust/de/
https://github.com/Throvn
https://github.com/ronaldfw
https://google.github.io/comprehensive-rust/de/
https://github.com/Throvn
https://github.com/ronaldfw

00 000 000000000 00 booboooboo 0oooo 00 bOo ooboooo 0oDoo 0o oDooboo oobo ooooo
.0000 0000 oboooo

000 00000 000000 0000 00 00 ooobobooooooon 00O0ODO 00000 0O00 000 000 00 obobobobooo ooo
.0000 00 0O00D 0 000000 issue tracker 00 OO0 00000 .0000OO
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https://google.github.io/comprehensive-rust/translation-report.html
https://google.github.io/comprehensive-rust/synced-translation-report.html
https://google.github.io/comprehensive-rust/synced-translation-report.html
https://github.com/google/comprehensive-rust/blob/main/TRANSLATIONS.md
https://github.com/google/comprehensive-rust/issues/282

2 000

cargo 0 0000000

00 0000000000 00000 O Cargo OO 0O0O0 0000 00000 OO Rust 000000 000000 OO0 0000 0000
.00 000000 D000 0000 00 0000000 Rust 000 000000 00000 O 0000 D000 Rust 00000000 OO
0 Rust 00000000 00 OO0 000000 0000 000000 0000 00 00 00000 0000 0o 0oooobooo ooooo oo

.0000 0oooo ooooo 0oCb 0o 0o 0o ooooooooa

000 ooooood

ttps://rustup.rs 0000 00000 OO0 0000000O0DO 0000

00 (Rust (xrustc 00000000 O (Cargo (caxrgo 0000 DODOD 00 DOOOOOD DOOOD 000 OO 0OD 000
0ooooo 0o 0O (CL)OonDO 00 00000 0O 0000 Do00o0D 000000 00 rustup 000DDO 00O .O000 OO0
.0000 ooooooo oobbooooo 0oooo 0o0o 0ooo 0oo oooo oo oo

0000 .0000 00000000 Rust 00 000 0000 OO0 000 IDE 00 0000000CD 0000 ORust 000 OO OO
00000 DOO0OD 00 0000000 00000 rust-analyzer 00 00000 000000 OO 0O 00D 00O DOOODODOODOO
00 0DDO0D 0000 000000 £ VS Codell EmacsO Vim/Neovim 0000 00 00000 00 000 0 0000OOO

.000 00000 00 RustRover 000 00 00000C IDE OO 000000 .000

000 apt 0000 OO 000 OO0 Rust formatter 0 Rust 0 Cargo 00000000 OOOOOOOGO/00000 OO -
0000 000 D000 0 000 00 000 DOO 00 Rust 0O0OO OO0CD 0O OO0 00 0OO 0000 000 0o .0boo
:000 00O0DD 000 00D 0000 command .000 000000 000000000 0OOOOD 00

sudo apt install cargo rust-src rustfmt

00 OO0 0000 000 00000 0000000 Rust 000 D000 Homebrew 00 00000000 OmacOS 00 «
.0000 000 0000 0000 00 00 Rust 000 OO 0OO0O0O DOOOOCOO .0000 ooooo oooo

Rust 00000000 2.1

:00 0000000 000C 0000000 OO 00O 000 00000 00000 DO0000 00 Rust 0O0O0000O

00000 00000 000booo0C 0ooo 0 0bo0ooo 00 00 xs. 0000000 00 Rust 00000000 :xustc o
.00000

00 0000000 DOODOD 00 0000 00 Cargo .000 O0 build tool O Rust 0000000 0000 :cargo e
00000 0000 00000 0 00O 0o00OO 0000 D0 0000000 https://crates.io 00 0000000 OO OO0
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https://doc.rust-lang.org/cargo/
https://rustup.rs
https://rust-analyzer.github.io/
https://code.visualstudio.com/
https://rust-analyzer.github.io/manual.html#emacs
https://rust-analyzer.github.io/manual.html#vimneovim
https://www.jetbrains.com/rust/
https://github.com/rust-lang/rustfmt
https://brew.sh/
https://crates.io

00 000 00000 000 000000 OO0 00000 000000 Cargo 00000 00ODOO rustc OO0 OO OOOO
.000 00 0000000 unit test 00000 0OOO

000 00 0 00D 000D 00000 000 .00000 rustchain 00000 000 00 0 00000 OOO :'rustup’
0oooo .0oo 00 0000000 Rust 0000 000 0000 000000 00000 04 ”cargo” O ”rustc” 00000
.000 000000 000000000 0ooooooo oooo oo ooooo ooooo 00 000000 rustup” 0000 OO
00000 000 00 »rustup” O 0000 000 0000 00 00 00 Rust 00 0000 00000 0DO000O 00 000

.0000 00000 0000 000 0000 0D0b 0D 00 000 0o

:00000 0000

0000 0000 00 0000 00 00 0 0000 0000 0o0boo0o 0oo0oo o000 o000 oooooo o0 Rust
ooooo oo -- 000000 000 00 00000 00Cbooo0o 00 0000000 0ooo ooooooo .ooo oo ooooo
.000000 0000 0O 00oo boooooooo

snightly” 0 0”stable”0 ”beta” :0000 0000 000000 00OOO OO

“stable” 0000 OO0 00 OO 00O 0000 beta” 0 0000 0O 00OOODD "nightly” 00 0000 000 00000
.0oo oo

.000 00000 0000 00000 O git 0 0000DO Oregistries 00 00 00000DOOO DOOODOD 00ODOOO

0 Rust 2015 D000 OO0 0000 .000 Rust 2021 0000 0000 :0000 editions 0000 000000 Rust
.00000 Rust 2018

.00000 0000 00 backwards incompatible 0000000 00000 00 0O0OOD OO 000D -

-0000 000 :00 000000 000000 0000000 000000 Obreaking code 00 0000000 0OOO -
.000000 000000 Cargo. toml 000D 0000 OO 000 crate 0000 00O 0000

0oooo 0oooo 000000 00 Rust 0000COCOOOOD 0DOOOOOOOO 00 0000 00O 0000000 0000 -
.0000 00000 0o 0oooo 0oo 0ooo oooo ooo

0000 00 00 0 (rustc)DO0000 000 OO 00000DOCD OO0 0000000 OO0 000 boC 0o oooo -
(0000 000 0D 000 00D 0000 00ooDbDooD 0000) 000 00000000 00000 cargo

.000 0000 0 0000000 00000 00000 00 000 Cargo OO 0000 00O OO O0O0O 00O 0O0O -
:00 00000 00 000 0000 00 bO0oooo 000 00000 0o 00o0o0o 0o 0000 0o 0oo ooa

0000/00000 000000 =

workspaces *

Runtime Management/Caching 0000000000 0 Dev 000 0000000 =

build scripting =

global installation =

.000 00000 0000 (cargo clippy 00000) 0000 command plugin 00 000000 =
a

.0000000 00000 official Cargo Book 00 -

aoooo ooo oo 0o ooood

2.2

000 0o0000 0000 00 0000 00 00 0000 0000 0000 00 00 Rust 0000 00000 000000 000 o000
0000 0o 00000 0 000 00 0O 00O0 0O000 00 000000 000 000 000 .0000 00 00000 oooo oooo
.000 00 00000 000 0ooo oo

0o0.000 00 00 0000 000 0000 00 0000000 00000 00000 :000 0O 0000000 000000 Cargo 00O
0000000 0O 00000 000 00 0000 000 00 00 000 000000 00000 00 0000000 00000 oooo ooo
.00000 0000 Cargo OO0 OO0 OO0 OO0 DOOO O 0000 000 0o
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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/

:00000 (interactive)000000 000000 0000 000 00 0O DOD ODOD

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

.You can use Ctrl + Enter to execute the code when focus is in the text box

00 00 ooooo oot .ooooo oooooo booo oooo oo OO0 oooo oooo ooboo oo Oobo boboo oooo
:000000 000000 0bOo 0oooo ooooo

0 0000 000 00 0O .0000 0000 00 unit tests 000000 000 embedded playground0000000
.0000 0000 00 O unit tests 00 0000 000 0DODOO Playground 00 00 00

000 000000 000D 000D 00 000 0ODD 00 00 00 000D 00 embedded playgrounds 0000 00 o
0000000 00 00 0000000 D000 000000 D000 00 000 0000 0000 0O 10000 00 000 00 00
.0000 00 Playground 0000 00 00 local Rust installation 00

Cargo U0 00000 000C OO OO 0oooo - 2.3

00 000 000 .0000 000 00 Rust 0000 0OOCD 0O0ODO 000000 000 00000 000 00 00 000000 00 000
cargo 0 rustc 00 000 00 0000 000 .0DOO DOOOO instructions in the Rust Book 0000 00000 OO
:000 DO0version number 000 00000 Rust 000000 0000 00000 00000C 0000 0O .0000 DO00000

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

000 D000 00 0000000 Rust 0000 00000 0000000 0000 0O00 00 00 000000 00 00boooo ooo
.00o0o ooo oo oooo

Rust 000000 00 000000 00O 0000000 00O 000 00 00 0000 00000 00 00000 000 0000 ooo ao
:000000

.0000 0000 00000 oo0 oooooo 00 00 00 00000 oo 0000 0ooo 0o 000” 0000 000 1

000 00 D0O0OD 0000 /excerise O000000OCO DOOOO 0000 cargo new exercise 00 .2
:0000 00Oooooo

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

:0000 0000000 00O 000000 00000 0 0000 0000 cargo run OO0 O 00000 /exercise 00 .3

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

0000000 00 00000 0000 .0000 0000000 000 00 00 sre/main.rs 00 OO 0OO0OO O0O0OO OO 4
.0000 00 00 0000 00 sxc/main. rs 0000 000D OO 000C OO
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https://doc.rust-lang.org/book/ch01-01-installation.html

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

:0000 0000000 cargo xun OO0 000 000 000 OO0 000000 00000 000000 0000 .5

cargo run $
(Compiling exercise v@0.1.@ (/home/mgeisler/tmp/exercise
Finished dev [unoptimized + debuginfo] target(s) in 0.24s
"Running “target/debug/exercise
IEdit me

cargo 00 00000 DOO0ODD 00ODDD DODOD 00O 00000 0000 00000 0000 cargo check 00 .6

/target/debug 00 00 0OCOO .0O00 0000ODO OO0 0OOCO 0000 0OOOOOOO 0000 build

00 000 0000 00000 0000 00000 0000 .0000 000000 000000 00000 00000 0000 0ooo
.0000 0000000 cargo build --release OO0 /target/release

000000 .0O00 00000 00O 0000 00obo 00o00bD0ooD 0pboooon Cargo. toml OO0DOO OO .7
0ooo 00 0000 00ooo 000 oooooo0 oooo00 000 00 00000 00 0000 00 cargo 0OOOOOC OO
.00000 bOOOO00 0 0boooo ooo

0000 00000000 00 00O 0 0000 000 00 Cargo 00 0000 00000 OO 0OOO 0000000 0000 0000 000
0ooooo oooo ooooo oooo 00O 0000 0000 000 00 00 0000 OO0 0000 00000 000 .0000 0oooooo
.0ooo

22
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3 000

Juood ooo oo oo od

:000 000000 000D 00O 000000 0000 000000 00O0OOO 00 .000 Rust 00000 OO0 OO0 0DOO0O0 000

,00000 ,enums, structs ,0000 0000000 O 0000 0000000 ,0000000 :0000000 DO000ODO0O -
.0000o o,0h0o000

.Types and type inference

.0000 0 00 000 000 0000 :00000 00000 000000000 .

.enums [0 00000000 :00000 0000 000 00000 000 0000 .

.0000000 O enums, structs 00000 0 00000 :0000 00O00OO o

nooood oooooo

:0000 00 .0000 00O 0oobo 500000 2 0000 0000 ohoo 0oC obooooboo 0oeoo 10 OODOOO oo

0ooo ooo ooo
ooooo o ooooo ooo
0oooo oo 0ooo 0000
ooooo oo 000000 o oooooo

oooob oo 00000 00000 0000 0oooo

.This slide should take about 5 minutes
0000 0000000 ooooooooo oo oooo

.00000 00000 0oo0C 00 0o 0000 ooooooo oohoooo 0OOo 00 00 00 0000000 00O0O 0000 .
100000 00O 0000 00000 0000 00000 00000 0 0000 000000 000 0000 0oo0 -
00000 0oooo 0o 000000 0oo ooooo 00O 0Oooo o0oo 00O 0o0o ooboo 0o ooooooa -

00 0000 0000000 0000 00000 00 Rust 0000 00000 00000 0000 00 00000 oooooa
0000 00000 0000 00 000 00000 00C 00000 00 00000 0ooDD 0oDoD 0ooobo .0ooo bOoo
00 00000 00 00000 0000 00 000000 00 00000 0000 0000 00000 oboooo ooo oo
.0ooo

00 0000 000000 00 OO0 0000000 0000 00 00 0O 000 0000 000 00O 000000 0oooooag -

.0ooo
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0oooo ooooo ooo oo .0o0 ooooooo 00 0ooo ooo ooooo '00000 0O0000 0oooo ooa -
00 00000 000D 00 000 0O boooobb 0o bOO 0 0oooo 00b0o0o 00 000 booooboo oo
.0000 000 0oo oooo

000 0oDDODD 0000 000 0000 00 0000 00 000 Rust 00 700007 000000 0000 0000 00D 000 0000
.0000 00 0000 000 000000 0o Rust 00 OO000OO 00O 0000 .00000 00000 0ooo

0000 .000 000000 0000 0000 0oob booo bbooo bboooo oo booob 0oo 0o0oo oo o0 boo ooo
0000000 bOoo .0000 0000 0oooobo 0o 000 0 00000 00 000 00 00000 00 00 0oo0o 0oooo
0000000 OO0 00000 00 000 000 000 0000 .0000 0000 000000 b000000 00 000 00000 ooooo
00000 0000 00oCb 00 0 00000 0000 000000 0ooo 0oob 0o .000 oobooo oo oooo ooo oooo

10000
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4 000

gooo ,oood

:0000 000 000 .0O0 0O 00O0O 00000 0O 00O 000

oooo ooo goooooo

ooooo oo 00000 Rust 0000
0oboo0 0 Rust 0000 DOOODODO
goooo o Playground

00000 Rust 0000 4.1

:00 00000 2015 000 0O OO 1.0 ODOOD OO DOO OO0CD DOOODOODOOO 0000 00 Rust

0000 c++ 00000 0000 00 000 00000 000 0000000 0000 00 ,Rust 0000
.00000 0000000 000 00000 00000 00 LLVM OO0 rustc -

: 000 00 00000000 00000000 0 000000 00 000000 00 0o0a -
... ,X86, ARM, WebAssembly —
... ,Linux, Mac, Windows —

;00000 0000000 00000000 00 00000000 000 0000 Rust 0000
(boot loaders) 000000000 O (firmware) 000000000 -

,000000 0000000000

,00000 0000000

,000000 0oooooooo

0oooaad

.This slide should take about 10 minutes
:000000 0000 C++ 0000 0000 00 Rust

.0000 00000 ooooog .

.0000 00000 000

.000 000000000 0000000000000 00000 00000 00000 000000000 00 0ob0ooo
.000 (garbage collection) 00000 0000000 OO (runtime) 000000D 0000

.0000 00000 000000 0000 000000 0000 00000 0 0000000 Do000O 0O
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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

Rust 0000 0000000 4.2

:Rust 0000 000 00 00000 000 0000 00 0000
000 00 0000000 0000000 0000 00 00000 000 000 000D 00-0000000 0000 00000 00000 -

.00000 0000 (uninitialized) 000000 OODODODO DOOOO 0OOO -
.00000 oooo oooooooo oooooooo ooo -

.00000 0000 0obobooo 0o 0o bbooooooo ooo -

.00000 0000 NULL 0000000 0oo -

.00000 0000 oo0oo booooo 0000 000 ooooo oog -

.00000 0000 000000 00O (data races) 000000 DOOOO 000 -
.0000000 0000000 0OD000 (iteratoxs) DO0O00OOODDDO -

000000 0O0O 000 00 00000 Rust 00000 OO ODOC - 0O0O O0OOOO OOO0 o000 Ooooo ooog .
0000 000 0000

.00000 00 00o00oo 0oo0o 00 00000 00 obooog -
.(wrap-around 00 00000) 000 OO0 O0OOO 0OOO 0OOD 0O0OODO -

000 0booooooo 0 oboo booboo ooo 0obo oooo oboooo 0o - booo 0obo ooo ooooo .

.000000 00000 0 O0Enum -

.0oooooa

.00000 0000 FFI

.00000 oooo oooboooooo

.000000 0oDoboo booooo
.00000-0000 bO00000 oooo

.00000 000 00 00ooo-0000 bboooooa
.LSP 00 0000 00000000

.This slide should take about 3 minutes
.00 00000 0000 oooo ooobooo ooo 0o boooo oooo oo oooo .oooob ooo 0ooooo oo ooooe ooo

oooooooo oooooo oo 00000 00 0000 .00000 D0O0O00 00000000 00 00 0o 0ooo0O 0000 0o 0000
::0000 000000 00 Rust 00000

0000 00 00O0DO) 0000000 00000 00000 00 0000000 00 Rust 000D : C++ 00 CO0DDOOO -
0o0o00o0 t. 00000 000 00 00 0000 0000 000000 00 0000 000 00 0 (borrow OO ODODO DOO
000 0000 00 00000 .0000oo 00 00000 000O0O 000 000O00D 000 D0OOOD 00O C++ 0 C 00000
000000 DO000 0000000 oobooo 0 0000 0OoooD boooo 0oooboooooo 0o oooo oooo oo
.0ooooo

00 (memory safety) 00000 OO0OD 0000 OO0 :...JavaO GoO Python0 JavaScript 00 00000
00000 00 boooo oooo 0oo tooo 0ooob 0o ooooo 0o ooboooe booooo tooooo oo ooooo
00oo) C++ 0 C 00000 0000000 0000 0 0000 0o00oD 00D 0ODO OO0 DO00O .000 00oooo
000000 (D000 0000 00) 00000 000 00000000 00 000000 000000 O (garbage collector
.000000

Playground 4.3

00 000D 0000 00 00000 00O0O0D Rust 000 000000 0ODOCD 0000 0000 00O 00 Rust Playground
000 00 0000 00 00 00 00 ”Hello-world” 000000 .000 0OOD 00O 000 00ODDOD 0 00 0000 0o0o
:000 0000 00000 000 ooooo .0ooo oooo
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https://play.rust-lang.org/

»000000000” 000 00 000 00 0000 0000 0000 ”rustfmt” 00000 00 070000000~ D00 00
.0000 0000000

000000 0000 0000 000 0o000) Debug ;000 00 00000 0OOD OODO ”00000” 0O 0OOOO Rust
00 00000 .(0000 0000 00000 bOO0D 0000 0000 000 00000) Release O (D000 0OOO 000DO
.00000 000000 00oO booo 0O «00oooooooo» oooo

00o0ooo 0oo bbOooo 0ooooo 0o 0ooo ooee . boo 0o »ASM” 00 000000 OO0 00000 00g .
.0ooo

.This slide should take about 2 minutes

00 playground 00 0000 O00OOOD 00 0000 00000 0O 0000DCOD 000 00 000000 0000 00 000000
oooo 0ooo oo 0 ooooo 0oo 0ooo 0o 0ooo 00 0000 00000 00 o000 .0000 0oooo ooo ¢ oooo ooo
000000 00000000 00 00hOooob booobooboo 0oob 0OOooO 00 00O .0000 000000 00 obooooo

.000 0000 000000 00000 000 ooooo oohoboo 00 Rust 00000000OO0O0
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S Uid

guopod o oooooo

:0000 00 .0000 000 00000 0O 0000 0000 000 000

oooo ooo aooooo
aooooo o aooo ,oooo
goooo o aoooooa
gooooo o aooooo
ooooo o 0oooo oobooooo
ooooo o 0000 0ooo ooooo

0oooo o0  DO000000 oooooo :0o000

gooo ,oooo - 5.1

:00000000 DOOO0OD Hello World 000000 00 0ODO 0OOO Rust 000000 0000 0000 00 DOOOOO

} ()fn main
;("'@ 0000") !'println
{

:0000000 000 0o0oO

.000000 00000 fn OO0 0O0D0O

.000000 bOboo C++ 0 C 00000 0boo b 000 0bbbboooo 0o booooo

.000 000000 0000 0000 main 0000

.000 000 00 00000 00 println! OOOO hygienic 00000000 00000 Rust 0000

000000 0000000 oo 0000 00000000 0 00000 UTE-8 00000000 00000 Rust 0000000
.0oooo

.This slide should take about 5 minutes

00000 000 00 00 0000 .0000 00000 00000 Rust 00 OO0 0O00O0OO0O0O 00O OO 000 000000 000
.0000 0O 0000 0000 00O 00 00 00000000 0000 000000 0000 000 00 0000

:00000 oooo
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0000 000C 00.000 Java/C++/C DOOODOOD 0OO0DOD 0000 OO 0OOOD 00000 0000 ,Rust 0000
000000 000000 DO000 00000 00000D 00000 000 00 0000 000000 000 O (imperative) 000
.0o0

.000 000000 oo0oo 00hCO000 OO0 0000 DO000000 00 0000 0000 00 ,Rust 0000

00 000000 00000 00000000 00 0o0bOoo obooooo 0ooboobooo oooo 0oooooo 00 Rust
.(0000 00oooobob 0000) 00000 0hooD oo000ooooa

00 000O0DD DOODODO 000 00 D000 00 000 0000 000 00 00000 0000 (hygienic) «0000O0»
000 DOOD 00 Rust 00000000 .000000C0 00000 00000DOD DOODOOC 00 00 00 DO000D00C oo
https://veykril.github.io/tlborm/decl-macros/minutiae/hygiene.html)[000000 000 00]

.00000

00ooooo booooboo ooobo obooob ooooo oo .0oo boobooboo boo oooo 0o ,Rust 0000
0000 00000 (functional)lOOOODOOD 0OOO OO DO 0000 0O O 000 0COOOD 00000 DOOOOO
.000 DO0000Oo 0obooo oo bbooo ooo

goooooo 5.2

0ooooo oooo oo .obooob ooboo 0O ooo 0o0ooo ,0000000 0000 00000 0000 00 Rust 0000
:000 (immutable) «00000 OOOO 000» OO0 00 OO0 DOOOOO 00000

} ()fn main

;let x: i32 = 10

; ("{println! ("x: {x

X = 20 //
;("{println! ("x: {x //

{

.This slide should take about 5 minutes

»x =207 00000 000000 00000000000 000000 000 0O 0000DoD 00000 bobo 0000 0o0a -

.0000 00000 00 «mut» 00000 0000 O0OOOO0DO OO0 0000 0oobo oooo .oobo ooo oo

0000000 000 0000 00000o 00h0O00D 000D 00 0000 000 .000 00000 000 00000 00 «i32» «

00000 00 000000 00 00 DO0 00 00000 0000 0o000D 00 (00D 00 DOO0 0000 boDOo 00) boo
.000 000 00 0O

gooood 5.3

.000 000 0oooo ooo oo ooboob ooo booboo booo 0o 0 boobo 0oboo ooo 0ooo ooooo oo

0ooo ooooobo ooooo

-10, 0, 1_000, 123_i64 18,116,132, 164, 1128, 00000

isize 0000

-000aao

ooo

0,123,10_ul6 u8, ule, u32, ub4,ul28, 00000
usize 0000

oooo
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https://doc.rust-lang.org/book/ch17-00-oop.html
https://doc.rust-lang.org/book/ch13-00-functional-features.html

oooo oooooo ooooo

3.14, -10.0e20, 2_f32 32, f64 00000
oo

oooo

goooo

‘o' a' 'a’ chax00oooa

oooo

oooooo

true, false bool -00000

gd

:000 000 000 00 00000O bboboooo

,.000000 00000 00000 N O0OO0DD 00 N OiN, uN .

,000000 00000 00000 DODOOD00 00 000000 00 usize D isize »
,.000000 00000 00000 000 32 000000 00 char »

.000000 0oDob 00000 00D 8 000000 00 bool »

.This slide should take about 5 minutes
:000 0000 0000 0000 0000 00 00 00000 0000 00000 ooooo

.00ooo ooooooo oooo ooo ooboo bobo ooo 0ooooo oo oo _ boooo 0oooo 000 oooooa .
0000 00 D0O0OOO00D 123_1i64 0 00O 00000 (10_ee 00) 1000 0000 00 0O000DD 1_000»
.«000 00000 123164

goooo oooooood - 5.4

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

{

} ()fn main
s ((println! ("result: {}", interproduct(120, 100, 248

{

.This slide should take about 3 minutes

000 00 :0000 0000 0000 0O 0OO0 000 000000 00 *»main” 00 000 0OOOC OO 00O 0OO 00000 000
0ooooo 0ooD 0000 00000 0oooooD 0o ooooo 0oooo .0oooob 0000 0000 000 00 0 0000 0o 0000
.ao

.00000 000O 00 0oob booo 0ok booo 0o booo boooo ooooo

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

0000000000 0000 00 00 00 0000000 00 0000 000 00000 00 00 0000 00000 «i16» 00 00 «i32»
000000 00000 00000 0O0 00000 .000000 000000 0000 00 00 0 (00000 0o0o0) ooooo oooo
a *) 00000 00000 00 000000 000000 0000 000 000 00 00000 .0000 0000 000 0 00000

.(b) .saturating_add(b * c).saturating_add(c *a
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0o 00 0000 00 000 0000 0000 00 0000 00O 00000 00 000D 0ooooo ooooo 00000000 ooooo oo
.0000 0000 0000Doo oooo

gooo oooo oooog - 5.5

:00000 0O00 0O 00 0000000 DO00 OO0 00000 000 00000 0000 Rust 00O00

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

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

{

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

; (takes_u32(x

; (takes_1i8(y

; (takes_u32(y //
{

.This slide should take about 3 minutes

000000 Doooopbooo o oDopboo Do 0oDoo 0O Rust 00OOOOCOO DOOOO OO DOODO ODOO DOOODC ooo
.00000 00OOoooo 0o ooooo

0000 0o0» 00 000000 00000 0000 0oo 00 00 obooboobo 0ooo boooo oo 0oo 0ooo boooo
0000000 0000 0ooo 0oooo 0o o0 00 0000 .0o00o0 0ooo 0o 0ooboo 00 000000 «any 00000
000 00 0 00o0ob oboobo oooo oooo oo o0 oOoo 0o0o 0o ooo 0boooo ooooo 0ooo oo oooooo
00 00 00 00000000 0000 oooo ooooo 0o obooobo 0o oob .000oo0 obooo obooo oboo ooooo

.0000000 boOopoo oooo oo

0000 «i32» 000 000 000 000 00 Rust 0000 000 00000 00 0000 DOC 00 000 00O 000 00 0o0ooo
0ooooo 00O 00 .000 00 0000 0000 «finteger}» 0000 00 000 000 0000 OO0 00000 OO0C .0OOO 0o
.000 «f64» 000000 OOOOD 0000 0000

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

gooooooo oooooo -0ooot - 5.6

00 0000000 D000 00 n 00000000 000 On>1 0000 .000 00 0000 «[o01]» 00 00O00O0DO 000000
.000 00 000000 n-2 0 n-1 00000000 00000 00000 0oooo
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00 panic 000000 000 0000OD 0O .000 000000 00 n DO000000 000 00 0000000 (fib(n 0000 0O

oooo
} fn fib(n: u32) -> u32
}if n < 2
oooo oooos/
("O0 000000000 OO0 ooo"™)!'todo
} else {
goooooo oooo 7/
("O0 000000000 OO0 oOO0"™)!todo
{
{

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

{
goooo  5.6.1
} fn fib(n: u32) -> u32
}ifn< 2
;return n
} else {
;(return fib(n - 1) + fib(n - 2
{
{

} () fn main
;let n = 20
;((printIn!("fib({n}) = {}", fib(n
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6 000

goopo oobod oooio ooooo

:0000 00 .0000 000 00000 0O 0000 0000 000 000

0000 ooo oooooo
ooooo o if 000000
0oooo o 0ooooo
ooooo o continue 0 break
goooo o gopoooooo 0o oooooo
goooo o goooo
ooooo o 0oooooo

00ooD 00 Collatz DOOOOO :00000

if 000000 6.1

:000000 0000000 000000 0000 00000 00 00 if 0D00o boo

} ()fn main
;let x = 10
} if x == 0
;("1000") 'println
} else if x < 100 {
; ("println! ("biggish
} else {
; ("println! ("huge
{
{

0000000 00 00000 000000 000000 00 00000 00 00000 00 if 00 00000000 ,00000 000 0000 0o
:000 00O0ODODDD 000 0 00000 00O if 000D 00 00D 00000 00000 .00oo

} ()fn main
;let x = 10
;{ "O0000" } else { "OOOO" } let size = if x < 20
;(size ,"{} :000 DOODOO")!println
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https://doc.rust-lang.org/reference/expressions/if-expr.html#if-expressions

.This slide should take about 4 minutes

0000 (else 0 if) 0000 OO0 DO DODOO DOOOO 0OOO OO0 DOOO O 00O O0ODOO 0D if 00 000000 00
ooooo ; 000 0000 00 x / 20000000000 000000 000 00.0000000 000 00 000000 000 00
.0000 00 000000 oo 0oooo

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

goooot 6.2

’for” 0 while”0 ”1oop” :0000 0000 Rust 00 00 0OOO 0OODOO 0OOO 0O

while 0000000
.00000 00D D0OO0O00 0000 00 0000 00000 whiledOOODOOOO

} ()fn main
;let mut x = 200
} while x >= 10
X =X/ 2
{
;("{x: {x O0000")!println

for 6.2.1
:00000 00000 000000 00 00 00000 00000 00 000000 00 00000000 00 for 0000

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

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

00000 00 0OD0D 000000 D000 «000000000000» 000 00 000000 DO 00 «for» 0000000

000 0000 00000 DOO000 0O DDODD Iterators .000000 DOOCOOO 0OODOO/000000 OOOOO
.0000 000000 0ooo

000000 00 0000 00 5=. .1 000 .000 00 00000 4 00 000 foxr OODD O0 ODDOO DOOOD 0000 -
.0000 0000 oooooo

loop 6.2.2
.00000 0000 0000 00000 «break» 00 00 00000 00 000000 0000 loop

} ()fn main
;let mut 1 = 0
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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

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

{

continue [l break 6.3

.0000 0000000 continue OO O0ODDD OCOD O0 0ODC 0ODOD ODCOOOOCO DOOODCDOD OO0

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

} ()fn main
;let mut 1 =0
} loop
1ot
yoif i
;break

=1
> 5

{
Yif 1% 2 ==10
;continue

{
;(println!("{}", 1

{

.This slide and its sub-slides should take about 4 minutes

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

goooooo - 6.3.1

(label) 00000 000CDDO OO DDDOOOODDDOOODOOOO000OD DO breakd continue D0O0O00ODDD
:00000 DO0000O OO0 OO0 00 oDooooo 0o oooo booo oboooo oo booooo

} ()fn main
;[[let s = [[5, 6, 71, [8, 9, 101, [21, 15, 32
;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

{
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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

{

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

oooooooo 0o ooooot  e.4

0ooooo

00 .000 000 00000 «{3» 000000000 00 00 00C 000000 00 00 000000 0000 Rust OO0 0000 OO
:000 0000 00OOo0 000Ooo oo 0obo bOoo 00 0 00boo OO0 opboo oooo

} () fn main

;let z = 13

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

7 {

;("{println! ("x: {x
{
.000 () 0000000 000 0 00000 00000 00o0oo ; 00 00000 0oooo ooo

.This slide and its sub-slides should take about 5 minutes

00000 0o0oooo ooo 0 boooo 0ooob 0o0o 0o 0oooo oo ooooo 0o 0oooo 0ooo ooooooog .
0ooo booo 0o boobooo oo oo ; 00 booo 0ob 0o oooo boooo oo oobo obooo oo .ooooo
.0000 00000 00 0000000 retuzrn

0o00ooooo 0 bboooooo - 6.4.1

.000 00 0000CO00O00 0000 0O 00000 00000 00 (scope) 0O00DDD

00 0 00000 00o000.D ooobooooo 00 0o 0ooooo 0o oooooo bobo oo ooooooo oooooo oo ooo
:00000 00000 00000 OO0 00 ooboooooo

} ()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

00 00 00 000000 000D bODO 000 0 00000 0000 0O 00000 0000 0O «b» 00 0OOOOC OO .
.000 00000 bOOOoC 00 bOOooe o0 boOOoo oobo booeb 0o oooo
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Shadowing is different from mutation, because after shadowing both variables' memory
locations exist at the same time. Both are available under the same name, depending
.where you use it in the code

.0000 00000 0000000 000000 00000 00000 00 0000000 00000 0o .

.unwrap) ( 00 00 00DOOC 00OOOC 00O 0000 000 0000 00 000 00 0000 0OO0D 0O 000 00O .
.000 DO0oo

goood 6.5

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

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

.This slide should take about 3 minutes

0000 000000) 00000 000000 000 00 000 0 00 000 0 00000 0000000000 0000 00000 000 .
(00000000000 0000000 00
00000 000 00 000000 00000 00000 00 (D0o000 oooo 0o 00) 0000 0000 00 00000 0ooog .
.0000 000 00000 000000 00 000000 00 ; 00000 0000 00 .00000
Some functions have no return value, and return the 'unit type’, (). The compiler will o
.nfer this if the return type is omitted
.0000 000000000 00 000 0000 00 -- 000000 00000000 (overloading) 0000 0000OODOO
0ooooooo ooo ooo oobo coooooo .oooo oo oo boooooooo oo ooooo ooooo ooooo -
000 0000000 ooooo ooooo oo oooo00oo oooo oooobo oo 0o ooooo0o .oooo ooo
.000000 00 000000000 00000 00 0000 000000 00 ooooo -

goooood 6.6

-0000000 00 000000 00000 00000000 00000000 00000 Rust 00 00 0000000 000 00 0000ooa
0000 Rust 000000000 OOOOOOOO.0000 00 000000 «!'» 00 00 00000 00 0000 .000000 00 oo
.000 0000 00000000 00 00 0ooooo

000 0000 0000 0000 00 000 000000000 0oop0 o000 oood (.. ,println! (format
.000 00 00000 00 (std: : fmt] (https://doc.rust-lang.org/std/fmt/index.html] 00 000 0000

00 000D 00 00 00000 000 0000 00 000 'println OOODD OOOO (.. ,format! (format e
.000000 0000 Dooo

.000000 0000 00 00 0 0000 000 00 00000 00000 (dbg! (expression o

panic .00000 DOO000000OC 0000 0ODCODOOO 0000 00000 00 00 00 00 000000 () 'todo
.0oo oo

00000 000 .000 00 00000 00000 000000 0000000 00 00 00O 000000 () 'unreachable
.000 00 0000 OO0
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} fn factorial(n: u32) -> u32
;let mut product = 1
} for 1 in 1..=n
; (product *= dbg! (i
{
product
{

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

} ()fn main

let n = 4

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

.This slide should take about 2 minutes

0oooo.0ooo 0oob 0000 00 0000000 0000 0 oooo0 0oboooob bob 00 000 000 000 000 00b 000D
.0000 000 00000 000000 00 00000 oooo 0o 0o 0 booo 00 0bO00 DO000 00000 00 0000 000

000 0000 0000oooo 0o 0oooooo 0ooo 000 0o OO0 0ooo 0oo 0o0ObOoOoo 0oooo 0000 0000 0oo
.00 00000 0000 ooooo

Collatz 000000 :00000 6.7

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

.000000 00000 ;n 00 (sequence) 000000 00000 0 = ;n 000 »
.0/;n = ,,n 00ODD DODOD 000 ;n 000
.0+,n*0=,,n 0000000000000 ,7000 »

:0=,;n 00000000 00000 00000 00

;10=0+0*0=,n 0000000000
;0=0/00=,4n 00000000000
;16=0+0*0=,n0000000000
;8=0/00=,n00 000000000
;4=0/0=,n0000000000
;0=0/0=,n0000000000
0,;0=,n 0000000000
.00o000 0oooo 0o oboooo

.000 000000 00 000 0000 00000 n 00 0000 Collatz OOOOOD 00O 00 OOOOODD OODOD OO

. Determine the length of the collatz sequence beginning at "'n ///
} fn collatz_length(mut n: i32) -> u32
("OO OODDOOOO0 OO0 oop™)!'todo

{

} ()fn main
("00 D0DOOOO000 OO0 ooo')!todo
{
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https://en.wikipedia.org/wiki/Collatz_conjecture

goooo  e6.7.1

. 'Determine the length of the collatz sequence beginning at 'n ///
} fn collatz_length(mut n: i32) -> u32

;let mut len = 1
} while n > 1
A nNn=1ifn % 2 =0 { n/ 2 }else { 3 *n+ 1
;len += 1
{
len
{
[test]#

} ()fn test_collatz_length

;(assert_eq!(collatz_length(11), 15

{

} ()fn main

s ((println!("Length: {}", collatz_length(11

40
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7 000

goo oo

:0000 00 .0000 000 0O000 35 0 0000 2 0000 0000 0000 000 00000000 00000 10 bO0000 0o

oooo ooo aoo
ooooo oo 00 00000 0 00 0000
ooooo oo aooooo
ooooo oo ooo ooooo oobboooo

ooooo oooo
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8 00O

g0 opooo 0 oo oogd

:0000 000 .0000 0OO 00000 35 0000 0000 000 000

oooo ooo oooooo
goooo o ooooooo
goooo o oooooo
gooooo o Ooooo ooooo

goooo o 00000000 0oo 0 00boooo
ooooo oo 0000 0o oooboooo :0oooo

goooooo 8.1

} () fn main
;[let mut a: [i8; 10] = [42; 10
;al5] = 0
;("{?:println!("a: {a

{

.This slide should take about 5 minutes

T 0000D 000 00 0000 (00000oo 0ooo 0ooo 00) NOOoRD 1T, N[ 0DOOO 00O 00 00Doo oo
0 Ju8; 3[ 000000000 0000000000000 000000000 000 00 00oobo 00000 oooa .ooo
.000000 00ODOO 00O 00 000000 OO0 00 Ju8,; 41

0oooo 0oo 0ooooo .oooob oooob ooooob oooooo 0o o000 00000 0000 0o 0o 0ooo ooo
0o 0 00ooo 000 0o 0o 0o0ooooo 000 ooooooo 0oboooo 00O .000 00 00000 0ooo 0ooo oo
.000 0000000 0000 00 000000 Rust 00 000DDOO

.0000 0000000 0000000 00 000000 oooooo ooob oooo oobooo 0o 0bboooooo oo

000 0oooo y{ :000 00ODDOD 0000 00000 0ooeooo ? 000D 0000000 00 println! 00000
000000 0 0000 oooob boooo oobbooo .0oooo oo boooo boooo y:?{ 000000 OO0 0Ooo
0000 0oooD 00 00000 00ooo 000 bO0000o boo booooob 00oo 00000 00 000 0oo boooo

.0000 0000000 obobo 0oboo 0o 00Oboo 0o 00OCO 00 00 000000 0000 000 000000

0000000 00 000OOC 00000000 00 «booo 0o0» 0000 00 Oya:#?{ 00000 D# 0OOO DOOOO
.000 00 0000 00 0o obooooa
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gooooo 8.2

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

{

.This slide should take about 5 minutes
.00000 0000 000 00000 000 000000 0D000o0oo oooog .
.000000 0000 00 0000 0000 000 00 00 00 00000 00000 000000 000000 .

0t.@ 00000 000000 00000 0Oo0bD 0 0000 OO0 0ohOoob 0o bOoo 00 0bhooooo 0o oooooag -
.000 0000 opoooo t.1

00000 000D ooo ooooooooD 0 0000D 00O0O0O0OD unit type OOOOO OO () 0ODOC 00OQ -
.0000 00000DO 0O void ODDDO DODO DODOOOO

goooo ooooo - 8.3

.000 00 DOO00O0D (DO 00DOD 0C 00o) 00 00000 OO0 bO000 00 foxr DODOOO

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

{
{

.This slide should take about 3 minutes
0000000000 00 00 0000 00 000 000000 0000000 Intolteratox OOOOO OO OOOOOO 0OOO

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

gooooooo ooo 0 oooooo - 8.4

00000 000000 bobooon 00 000 00000 0oboooooooono oobobo 0000 0 00 0000 00 000 0000
00 000000 000000 0O 0000 0000 00O 0000 00 00 000 .0000 0000000 0000 oboooooo oo oo
:000 00000 00000 ooboooa

} ((fn print_tuple(tuple: (i32, i32
;let left = tuple.0
;let right = tuple.l
;("{println! ("left: {left}, right: {right
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000 00 000000 00000 00 00000 0000 0000 00000 00 0DO00000 00 000000 Rust 0000 OO0 OO
:000 00 0000000D 0O 0000 Doobo boo

} ((fn print_tuple(tuple: (i32, i32

;let (left, right) = tuple

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

.This slide should take about 5 minutes

00 000DDCDCD 0D 0000 000 0o 000000 »irrefutable” 00000 00 000 0OOOOOOD 0000000 -
.0000 0000 00000 ooooooo = 0000 ooo ooooo 00O 000 00000 000O0O 00O 00O 00000

000 00 00000 0ooooo oooooo 0o 00 oooo0 00 000 00000000000 00000 0o ooooo ooo .
.0000 0000000 00000 00 00000 0000 «let» 00 00000000 OO

000000 00000 0 00000 00bOoooo boobOo OO0 oobooo 0o bbooooo 00 000000 Rust .
0oooo 0ooo 00000 0o 000 000 .00000 00000 0000 0000 00 00 000000 00000 0 000000
.0000 00000 0000 000 0ooo oooooo oooooo oo

-000000 00000 00 0000 00 00000 00 0000000 0000 0o 0000 000000 00 o000 ooooooa e
.000 0000 0000 00000 0o0ooo ooo

00 00 00 oooooooo :ooood - 8.5

:00000 00000 000 00000 000 00000 000000 00 00 00000
;[[let array = [[1, 2, 3], [4, 5, 6], [7, &, 9
00000 00000 000 000

00 000000 00 00 0000 0D000D00D transpose 0000 00000 0000 0OOD 000D 00000 OOOO0OOO OO
(00000 00000 0oOooDD 0D 00 00bODDD) boCo0o0 0hooo

17 4 1] 113 2 17
| transpose"||4 5 6| "=="|2 5 8"
19 6 3] J19 8 7[1

:0000 00OOODOODODD 00 00000 O 0000 000 https://play.rust-lang.org/ 00 00 000 DO

0000 ooo oo oooo ooooooobooooo o0 ooooo oo ooo :Topo //
[ (allow(unused_variables, dead_code]!#

} [fn transpose(matrix: [[i32; 3]; 3]) -> [[132; 31; 3
()'unimplemented

{

[test]#
} ()fn test_transpose
] = let matrix
// ,[101, 102, 103]
,[201, 202, 203]
,[301, 302, 303]
oL
; (let transposed = transpose(matrix
)lassert_eq
,transposed
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https://play.rust-lang.org/

// ,[101, 201, 301]
,[102, 202, 302]
, [103, 203, 303]

i (
{

} ()fn main
] = let matrix
.000 00000 0000 00 00 rustfmt OOOOO OOOO OOOOO oOO --> //7 ,[101, 102, 103]
, [201, 202, 203]
,[301, 302, 303]

L

;(println! ("matrix: {:#?7}", matrix
; (let transposed = transpose(matrix
; (transposed ,"{?#:} :000 DOO 0OO0O0OO0")!println

goooo  8.5.1

} [fn transpose(matrix: [[i32; 3]; 3]) -> [[132; 31; 3
;[let mut result = [[0; 3]; 3
} for 1 in 0..3
} for j in 0..3
;[result[j]1[1] = matrix[i][]

{
{
result
{
[test]#

} ()fn test_transpose
] = let matrix
// ,[101, 102, 103]
,[201, 202, 203]
,[301, 302, 303]
i
; (let transposed = transpose(matrix
)lassert_eq
,transposed
1
// ,[101, 201, 301]
,[102, 202, 302]
,[103, 203, 303]

7 (
{

} () fn main
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1] = let matrix
.000 00000 0ooo oo o0 rustfmt OOOOO OOOO OOOOO oOO --> //7 ,[101, 102, 103]

,[201, 202, 203]
,[301, 302, 303]
ol
;(println! ("matrix: {:#7}", matrix

; (let transposed = transpose(matrix
; (transposed ,"{?#:} :000 000 00000")!println
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9 000

oo

:0000 00 .0000 000 00000 0O 0000 0000 000 000

oooo ooo goooooo

ooooo oo  0OOo0000o ooooo
ooooo oo 0Oo00ooo ooooo
ooooo ao ooooo
ooooo oo oooooo
0oooo oo 0oooo :00000

goooooo oooog - 9.1

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

} ()fn main
;'let a = 'A
;'let b = 'B
;let mut r: &char = &a
;(println!("x: {}", *r
;x = &b
;(println!("z: {}", *r

{

.000 00 DO0O00 & 00000 00 0000 DO000 00 .000 T& 000 00000 T 000 00 00 00000 0000 oo
.000 00 000 00 00 00 00000 0 000 0o »0000 ooooo” oo b0ooo oo * 0oooo

:00000 00000 00 (dangling) 000 0O0O00 OO0O0O 00000DO 0000 0000

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

{
.This slide should take about 10 minutes
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000 0 000000 (000) “borrow” 00000 0OOOOD O0 OO OO 0O DOODDO DOOD OO 0D 0DOOOC 0000 -

0000 00 0000000 00 :00000b 0000 bOooooooo 0o 0o boo bobobbboDbObbD 0000 0ooo boo

0ooo 000 .000 oooo 0ooob 0o 0ob0b 000000 000 oooo 0ooob0D coooO 00 cooooo oooo
.000000 oo0oo Do0O00 0000 00 bO0O000 000000 0o 3 000 oo

oooooo 0o oo 0ob 0ooo 0oooo 0000 00 0 0000 0O 0000 00000 00 00000 00000 00 00000 -
0o C 00 00 ooooobo oooo 0000 0o obooo oo 0o 0o 00000 0ooo 0o bboooo boooo
00 0000 0000 00booo .00o0 0O 00000 00 00000 00000 00 00 00000 000000 0000 ++C
00 0000000 00 0000 00000 00000 0000000 00 Rust 00000 OO 0000CODO 00000 000
.00000 0000000 OO0 boooooooo

.000 0000 0000 00000 & - 000 000 00000 00000 000 0000 000000 000 00 Rust .

00000000 00000 000000 000000 Dereference 00 000000 00000 00000 0000 OO0 00OQ e
.(0000 000000 00 ref_x.count_ones) () 00000

0000 .(r = &b) 000 000000 DOOOOO 00 00 0000CD 00 000 00000 000D x 00000 000 Og .
.000 00 000DC 00000 000D 00 0o 0o0o 00 0000 00 0ooo 000O00o 00 x O00 00 00000 00000
.000 00 00000 00 0000 boooo 0ooo 0o oo 0ooooo 0o 0ooo oooo oooooo ++Cc 00 boo

000 000 0Ooo 0oo 0o 0oo oo ooobo 0O 00 0o O0 0obooo obooo obooo ooooo oooe 0O - .
.0000 000000 0o »r =>X* .0000 00000 0000 00000 00

000000 00 0000 00 000 0000 000o0oo oo ooo 00 000000 00 00000 000 000 000 Rust .

00 x_axis .0000 00 0000 Rust 00 O00DOD 000 000000 0000000 000D OO 000 0ooo

0000 00000 000000000 0000 00 00000 «0000» 000 00000000000 point OO OOOOO
.000000 0000000 0Ooooooo oobooo

0ooooo 0000 «0000 0oo» 0000 00 00000 0000000 0000 0000 00 000000 00 00 000000 -
.0oo

ooooooo oooog - 9.2

0000 0o 0bobo 0oooo 0o ooobob boooo oooo ooooo bobob oo oooooo ooooooob ooooo
.00000 mut &T OO0 0OOOC .0000 00000 0000 00 00000 00 00 00 0o 0boboooo

} () fn main
; (let mut point = (1, 2
;let x_coord = &mut point.0
;Xx_coord = 20*
;("{?:println! ("point: {point
{
.This slide should take about 10 minutes
00000 0000

0000000 000oo 0o 000000 0000 0000 00 0000 00000000 000000000 000000000000 .

00000 0000 00oDoDooo 00000000 (00000ooD 0o boo bhbbb000000) 00000 0000 OO0 .000

0ooooo 0ooooooo ooooo oo 0000000 00000 0000 ooooooo 00oo 00 ooooo 0o 0 ooooo
.0000 00000 00 point.@ 00 000000 point.@& 0000 0000 x_cooxd 00 00000 .0000

0000 0000000 00 «let x_coord: &mut i32» O «let mut x_coord: &i32» 000 00000 00000 e
00 0000 0000 00000 000000 00 00000 00 00 000 00 0000 00 00000 0000 00 000 oooo
.000 00000 0000 00000 00 00 00o00ooD 0O0C0 00 00000 0000 0000 00 oooo
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goood 9.3

:00000 DOODOO 0OOO00 000000 00 00 (view) OO0 OOOOC 00000 00D OO0 000 OO

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

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

y("{?:println!("s: {s

.0000000 000 bobOooo 0ok 0o 00 booooo ooooo -
0000000 000000 00 0000 00000 s D00 00 000 DOO0 00 a[3[ OO0 :0000 -

.This slide should take about 10 minutes

00000 (slice) 000 0O0ODOOO DO DOOOCD O DOOD 0OCDODDO DOO0 0000 0a 000000000000 -
.0ooooo

000 00 0000 0000 boobO DO00ob 00 00 0000 000000 0O00 0000 0 0000 00 000 000 .
&a[..a.len)([0&a[@..a.1len) ([ 00000000000 OODOODDO OO 00D DOC O0ODO) 0OOO
.00o0oo ooooo

00000 &a[2..[ 0&al2..a.1len) ([ 00000000 OOOD 0OOOOOD 000 OO0 OOOC 0ODO OO -
.0oooo

.0000 0000000 &a] .. [ OO 00 000 000 000000 0O 000 0000 0000 000 00 -

00 00000 00D 0000 (&1432([) s DOO0 00 00000 00000 0000 .000i32 00000000000 s -
00000 0oo000ooo 00 0O0oooo 000 00 0000o00o oooo0 bO0oo 0o 00 000 .000000 ooo
.0000 00ooo

000000 00 00000 0000 a 00000 000 00 .000000C0 000 0000 0OO 00 00 00000 oo0ooo .
.00000 0000 (000000 0D) booC 000 00D 0o00oo

00 000 000 b0hOoOooo 000 0000 0000 00 0000 000 00 0000000 a[3[ 00000 0000 oo 0000 -
ooooo 0ooo 0o 00000 000 00 a 0000 00 00 000 000 000000000 0ooooo 0oooo ooooa oo
00 000 000 OO0 .0000000 0000000 00s 0D a 000000 D0 000000 0DO0O000DD 000 00000
000 0oo0oD0D 0000 000 00 00000 00000O 000 println! OO0 DOO OOODOOC O OOC 00000
.000 000000 00000 (the borrow checker) 0000000000000 000 OC 0000DOD 0OOOOO .00O

gooooo 9.4

:0000 000 0000 00 00 0o0o0o 0bo 0o ooobbooooo oooo

.000 &[u8] OO 0000 OUTE-8 O0OOOODOOODCD DOOOOOO O0 0O0OO00 &stx .
.<Stringis an owned buffer of UTF-8 encoded bytes, similar to Vec<T

} () fn main
;"ooo0" = let sl1: &str
; ("{println!("s1: {s1

;("0000")1et mut s2: String = String::from
; ("{println!("s2: {s2
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;(s2.push_str(sl
;("{println!("s2: {s2

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

.This slide should take about 10 minutes

000000 0000000 0o 00000 0oooooD 0000 00 00 000000 00000 0O 000000 000 00 &str .
String 000000 000 ODCOOO 00D 000 00000 00000 0000 0O 00 00 000 UTE-8 000000
.000000 00000 DODOO0 DO00O0 00 ("Hello™)

00 OVec<T< 00000 .00000000 OO0 0000OD 0O 00O OO wrapper 00 String 000 0000 OO «
.000 Owned 000

-00 00000 0000 000000 00 0O 0000 00 String: :from) ( 00000 O0DOO OO0 0OOODO DOOODO -
00000000 0000DO 0O0 0000 00 00000 00000 0OOD 0000 0000 00 String: tnew) (.000
.0000 00000 00 00 push_stx) ( 0 push) ( 000000 00 0DO00ODO OO

000 .000 0000 000000 00 Owned 0000 00 DOO0OO 0000 OOOC 000 OO0 format!) ( ODDOO -
.000 println!) ( OODODOD 0000 OOOOO 0000 ODDO

000 .0000 000000 bOoo0D 0000000 0 & 0000 00 String 00 00 stxr& 000000 0000DOOO -

.000 00 0000 00000 0ooooo oooo ooooo oooooo 00O 00 0000 oooooo oo ooooo oooooo

000000 000D 0000 000D 0000 00 0 00D 00 0oDooD 000000000 000 chars OOOOD 00000
.000 00 0000 00000 0oooooo

000 0000000 00000 C++ 00 const char* 00000 OO0 O0&str :C++ 000000000000 0OOO -
.000 00 00000 bo00o0 00 00000 0000 0O 00 0oooo 00 DO00 00 00 000 000 000 000 0o
-00 000 0D 00000 000 00) 000 C++ 00 std: :string 000000 ODOOOOString OO0 000D
0000000 Small-String 000000000 00 0000 0 0000 UTF-8 OOOODD 0000000 000D 00000
.(000 000

:0000 00000 &Ju8[ 00000 OO0 00000000 000000 00000 0O0 00 0000 0000000 -

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

{
:0000 00000 000000 0000 0000000 00 &str 00000 00 00000000000 00000000 0000000 -
0000000 000 00 0O # 00000 00000 00 0000000 00 00000000 000."r"\n" == "\\n

:0000 000000 00 00oboboob oooooooooo

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

goooo :0oood - 9.5

00000 00 00 00 0000 00 000 000000 o0b0oo0 0O00 00 00000 0000 0000000 00000 ooo oo
.00000 0000 00 000000 bOO000oD 0opoo .000 00 0000 [f64;3]
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oooo obooobo oo oooooo oboooo ooo oo o+ ooooo oo boooooo 77
“()v.sqrt® 000 DOODO OOOODOD OO0 OOD00D OooO “()sqrt™ OO0 DO .0000DOC OO 0O boo ooo a 7/

} fn magnitude(...) -> f64
()!'todo
{

00 oooooo oobo ooooo O oo boooooo ooooob oo oo ooooo oo o7/
.0oo0 ooboobooo boooboo oo oo 7/

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

.0000 0000000 OO0 000 0ODO 0ooo oob “main® OO 7/

} ()fn main
; (([magnitude(&[0.0, 1.0, ©.0 ,"{} :0000 00000 OO ODOOOOOO")!'println

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

((v:?y: {}", magnitude(&v} OOO0OO0")!println

; (normalize(&mut v

; ((magnitude(&v ,"{} :000000000 OO0 00 (?:v}y 0000000")!println

goooo 9.5.1

.0o00 oooooo OO0 ooo oooo ooooo ooooooo 777
} fn magnitude(vector: &[f64; 3]1) -> f64

;let mut mag_squared = 0.0

} for coord in vector

;mag_squared += coord * coord

{

()mag_squared.sqrt
{

.000 00000 00 000 0OOo00 0000 0000 ooooo 1. OO OO0 00000 ooooooa /77
} ([fn normalize(vector: &mut [f64; 3
; (let mag = magnitude(vector
} for item in vector
;item /= mag*
{
{

} ()fn main
; (([magnitude(&[0.0, 1.0, ©.0 ,"{} :0000 00000 OO OOOOOOO")!'println

;[let mut v = [1.0, 2.0, 9.0
;((v:?y: {}", magnitude(&v} O00000O0")!println
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;(normalize (&mut v
; ((magnitude(&v ,"{} :000000000 OO 00 {?:vy O0000000")!println
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10 000

guood oood oo ooood coobooo

:000 000 00000 0000 .0000 00000 000 00000 00 0ooo ooo ooo

oooo ooo oooooo
ooooo oo 000000 ooooooooo
ooooo oo 0ooooo oooooo
ooooo o Enums
ooooo o Static
ooooo o 0000 00o0oo oooooao

0oooo o0 0000000 ooooooooo -0boooo

gooooo ooooooooo - 10.1

:00000 00000000 000000 000000000 00 Rust 0000 O++C O C OO0O0OO

} struct Person
,hame: String
,age: u8

{

} (fn describe(person: &Person
; (person.name, person.age ,"000 0000 {} {}")!println

{

} ()fn main
;{ age: 27 ,("0O000")let mut peter = Person { name: String::from
; (describe(&peter

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

;("00000")1et name = String: :from

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

;{ avery.. ,("0O00")let jackie = Person { name: String::from
; (describe(&jackie

{

.This slide should take about 10 minutes
:000oo oooo

.000000 00D ++C 00 C 00000 Rust 00 (Structs) 000000ODDO o
.0000 typedef 00 00000 0OO DO OODOO 0OOO OC OODDDO O ++C 0DOOOO -
.00000 0000 000000 0ooooooo 000 Rust OO0 O++C 0ODDOO -
0000 00000ODOo 0O bbO000 bO000 00 0000 00000 000000 00 00 000 0oDO00D 0000 0oo .
.0ooo
00 0000 0000000 00o0DO 00D 0000 (; struct Foo 00000) 0ODDOO DOOO DOOOODODOD -
00poooo 0ooooD 00D 00000 000000000 00O 00 000 00 0O (trait) 000 OO0 0O0OODOD
.0000 00000 ooooo ooo oo ooooooo oo
00000 00 0OOO DO0OOO 00000 00 (Tuple structs) 0000 DOO00000D 0000 OO0O0OO -
.000000 000 000DoD 00D 0D 000000 boooooo
00 0000000 0O 00 000000 00000000 oooooo0 0oooo 0ooooo 0o 000000000 000 oo 0oo .
.0000 00000 oooooo ooo oo
0000 000 00000 000000 00 00 000000 0000 00 00000 00000 00 00 avery. . OOOOOO -
.0000 0000 0oooo ooooo ooob ooo 0000 0000 000000 0o oooo ooo ooooo oooo

gooooo oooood - 10.2

:0000 00O0O000D tuple 000000 OO 0OOOOOOO DOOOOD 0000000 OOOODD 000 00O
;(struct Point(i32, i32

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

:00000 0000000 (000000 000000 newtypes O0) single-field wrapper0000 0000 000

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

} fn compute_thruster_force() -> PoundsOfForce
("0O000 0000 00 0000 0000 oOoooooo oo oo"™)'todo

{

} (fn set_thruster_force(force: Newtons
//

{

} ()fn main
;()let force = compute_thruster_force
; (set_thruster_force(force
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.This slide should take about 10 minutes

000 00 00 000DOD 000O 00 00000 0000000 00000000 0000 00000 000 0O Newtypes ©
:0000 00000 00 0000 (primitive type) 00000
.0000 0000 00 Newtons :00000 0000 0O0O0OD 0O0COOD ODOD OC 000 000 -
0000 00000000 0000 D0OO000 00 00pooooo0o0 booboo 0o 00000 00 booooD oppoo -
(PhoneNumber (String :0000 00000 00 00 DOODOO 0OODDOO 000 00 00 0000 0000
.(0ddNumbexr (u32 00
0000 0000 000 0O single field 00 0DOO00OO 00 OO Newtons 000 00 f64 00000 000000 000D -
.0000
00 automatic unwrapping 00000 000000 0000 00 0000 000 000000 0000000 Rust -
.0000 00000 00000 0O DOboolean 00 0000000 0000O0OCDDOD
.(generics) 0000 OO 0000 OOC 0000 0OC 000 OO Operator overloading 0000 —
.000 0000 000000C 00000000 0000 00 00000 00000 00000 00 .

Enums 10.3

:000 00000 0000 0oo0O DODOOO 0O 000 00 00 000000 000 00000 00000 enum 00000 0000

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

[ (derive (Debug]#

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

{

} ()fn main
; (let m: PlayerMove = PlayerMove::Run(Direction::Left
;(m ,"{?:} :000 00O OO")!println

{

.This slide should take about 5 minutes
:00000 0000

00 000 0O 00000 DO0O0D 00 00000 0oO00o 00 00000000 0000 0O 0O00C 000 00 O0Enum -
.0000 0000 000 000
:0000 0000 Direction OOOOCO OO .000 O0OOO DOODCOO DO type OO Direction e
.Direction::Right ODirection::Left
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
:0000Enum 0 000OO000OCD 0O00OO 0DODO DODO 0000 0000 -
00000 0D0DOD 00 000 00 (unit struct) 0000 0000 0000 DOOO O0D 000000 DO OO0 DO OO0 -
.00000 00000 (variant payloads) 0000
0000 00000 00O000DD 0o000000D 00 00 Enum 00 00000 0OOOD 0O0O0DO 00 000 000 -
Enum 0000 DOOOO OODOC 00000 00 00 0000 0000 00 0oob 0000 00 00 00O 0oDoo
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.000 0oooooo
00000 0000000 (discriminant) 00000000000 000000000 0000 000 00000 00 Rust
00000 00000 00 0000 0000 000000 00000000 00 0000 000 00 00000 oooo o0 -
0000000 bit 0000000 OO0 000000 0000 00 bit 0000000 000 0000 00000 000000 ooo -
0000 .00000 0000000 (Pniche optimization” 00) 00000 000000 00000DOO 0000
00000 None 00O DOOO0 OONULL 00 0OOD 00O 0O OO0 0DODDOOO OO0 <Option<&u8 00000
.0oooa
C) discriminant 00 0000000 0000 00000 00000 00) 0000 0000 00 000000 00 000 -
:0000 00000 00
[(repr(u32]#
} enum Bar
A, /D
,B = 10000
C, // 10001
{

} ()fn main
;(println! ("A: {}", Bar::A as u32
;(println!("B: {}", Bar::B as u32
;(println!("C: {}", Bar::C as u32
{
0000 2 00 10001 0000 DOOOOO 00000 00000 0000 00 discriminant 000 Orepr 0000
00000 oo

aoooo oooo booo

O0EnumD000 000 00000 OOOD 000D 0000 0000000 000000000000000 00000 00000 Rust 0000
.000 0oooooo

size_of::<T<) (000000000000 RustOd0000000O0O000O000:NULL OOO0OO0O0OOOOO0OO0O0O e
.000 size_of: :<Option<T<<) ( OO0 OOOOO

00 000 0000 bO00o 000 00 000 00O 00O 0OO0O 00 0000 00hoo booooboo 0ooo ,00000 0o
00000 000 0000 o0 bOoo0o 000 obboooooo 00 00000 00000 0000 0Oo 0oob .0000 ooo
.000 000000 oooooo bob 0ohobooooo ooooooo

;use std::mem::transmute

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

} ()fn main
} unsafe
;("iprintln! ("bool
; (dbg_bits!(false, u8
; (dbg_bits! (true, u8

;(":<println!("Option<bool
; (dbg_bits! (None::<bool>, u8
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; (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

;("i<println!("Option<&i32
; (dbg_bits! (None::<&i32>, usize
; (dbg_bits! (Some(&0i32), usize

const 10.4

: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_or(Q); DIGEST_SIZE
} ()foxr (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

{

.0000 00 000 D000000 00000 00000 000 ORust REC 0000 000

00000 0000 0000000 0000 00 boooonb 0O 000 0OO 00000 00000 const OO OO0 00DOOO 00O
00000000 000o 0000 00 0000 0000 const 00000 0000 000 00.0000 00000000 const OOOO0OO
(0000 D0OOO000 00DDD 0000 00) 000

.00000 00O C++ 00 constexpr 0000 const 00 0000 00000 00OC OO0 OO -
00000oo oooo oooo oo 0o oboo boooo 0o 00 0o 000 0oo 0O 0o0o 0ooo 0oooo obooo oo - .
.00000 O0static OOOOOOOD OO0 OO 0000 O 00 0000 00O 000 0000000 const OO 00000

static 10.5

:0000000 00000 00000000 0 0000 000000 000000 00000 00 000 000 00 00000 00000000
;"00000 000 RustOS 3.14 00" = static BANNER: &str
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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

.This slide should take about 5 minutes

.++static is similar to mutable global variables in C
00 DO000 D000 0D 0oooDD 0 00000 00 00000 :00000 DDOO0 00 00 D000 static e
.0000 0000 00 Mutex<T< O0O0OD DOODO OOOOOOOOOO

0oooo oooo oooo

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

0000 oooood oooood - 10.6

0oooooo 00 000 00 000D 00 00 00O 00 000 .000 00 00000 0000 00O 0000 0000 Oalias 0000
.0oo

} enum CarryableConcreteItem
,Left
,Right

{

;type Item = CarryableConcreteItem

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

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

;<<<<type PlayerInventory = RwlLock<Vec<Arc<RefCell<Item

.This slide should take about 2 minutes
.000000 00000 typedef 00 0000 00 000 € 00000O0DDOOD

goooooo ooooooooo :ooooo - 10.7

.000 000000 00000 0o0000o 0oooo 0oooo oo 0o bobooo 0o ooooob oooo 0000 000000 oo oo
.0000 00000 00000 0oooooooo oooo 0000 0o oo0ooooo 0 boooo 0o oooob ooooo 0oo oo ooo
.0000 00OD0oooo {7:y 00O 00000 DOOO 00000 DO 0000 0000000 [ (derive(Debug]# 00

.000 0000 000 0000 main OO OODD 0ODD 000D 0OOODOOOO DOOO 0O 0 00000 00 000 0hOooo boo
.00000 0000 00 oooo00o0 0oo 00 DOO000 000000 0000 000 oooo ooo
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[ (derive (Debug]#
.An event in the elevator system that the controller must react to ///
} enum Event

TODO: add required variants //

{

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

,Up

,Down

{

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

() !'todo
{

.The car doors have opened ///

} fn car_door_opened() -> Event
()!'todo

{

.The car doors have closed ///

} fn car_door_closed() -> Event
()!'todo

{

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

()!'todo
{

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

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

{

} () fn main
)!println
,"{?:} :A ground floor passenger has pressed the up button"
(lobby_call_button_pressed(@, Direction::Up
i (
;((car_arrived(@ ,"{?:} :000 0O0O00O0 DODO OOOO DO DOOOO™)!'println
; (()car_door_opened ,"{?:} :00 000 DOOOO OO0")!println
) !'println
,"{?:} :000 DOOO 0000 OO 3 0000 oooo ooooo oot
(car_floor_button_pressed(3
i (
; (()car_door_closed ,"{?:} :00 0000 0OOOOO OO")!println
; ((car_arrived(3 ,"{?:} :000 00000 0O 0000 OO OOOOO"™)!println
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ooood  10.7.1

[ (derive(Debug]#
.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 = 132

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

,Up

,Down

{

.A user-accessible button ///

[ (derive(Debug]#

} enum Button
.A button in the elevator lobby on the given floor ///
, (LobbyCall(Direction, Floorx

.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 ///
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} fn car_door_closed() -> Event
Event::CarDoorClosed
{

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

((Event: :ButtonPressed(Button: :LobbyCall(dir, floor
{

.A floor button was pressed in the elevator car ///
} fn car_floor_button_pressed(floor: i32) -> Event
((Event: :ButtonPressed(Button: :CarFloor(flooxr

{

} ()fn main
) !'println
,"{?:} :A ground floor passenger has pressed the up button"
(lobby_call_button_pressed(@, Direction::Up
7 (
; ((car_arrived(@ ,"{?:} :000 00000 0000 0000 OO OOOOO"™)!println
; (()car_door_opened ,"{?:} :00 000 00000 O0")!println
)!'println
,"{?:} 000 0000 OOOO OO0 3 0000 bOoOo ooooo oot
(car_floor_button_pressed(3
 (
; (()car_door_closed ,"{?:} :00 0000 00000 OO")!println
; ((car_arrived(3 ,"{?:} :000 0OO0O0O0 O DOOO OO DODOO"™)'println
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11 000

guopo ooo o ooo od

000000 00000 Rust 0000 00000 000 OO0 00DOO 00OOO 0000 00 Rust 00 00000 00000 OO0 000DO
:000

.00000000 00 0000 0000000 ;0000 00000 .

.00 0000 00 00000 000000 00000

00000 00000 0000 00000 0000 00 000000000 :Traits

.0000 0000000 0000 00 000000 000000000000 :Generics

0000000 0 000000000 00000000 00 0000 00 :traits 0 000000 O0000000000000000
.Rust

Oooooo oooooo

:0000 000 .0000 000 00000 00O 0 0000 0 0000 0000 0000 0oo boboooObD 00000 00 000000 0O

oooo ooo ooo
ooooo o ooooo ooo
aoooo o gooooo

ooooo oo Dooooo o ooooo
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12 000

oo

:0000 000 .0000 000 0000 O 0000 0000 000 000

oooo ooo aooooo
aooooo oo oooooo ooooo
goooo o aoooooooo ooooa
ooooo o Enums 000000 00000
ooooo oo Let 00000 00000

0oooo oo oboob ooooobo -ooooo

gooooo ooooo - 121

.0000 000DOD 0000 0o 00 0D 0D 00 0000 00 0DooOO 0ooOoD 000 00 match 00000 OOOO
.00000 000000 bO000 00000 0 0ooooo ooooo 0oooo o0 0000 00 o00ooooo

:C++ 0 CO0 switch 00 0000 000000 00 0000 DOOOOD 000D0D 00 000000

[rustfmt: :skip]#

} ()fn main
;'let input = 'x
} match input

,("oooo ooot)y!iq! => println’
,("00000 OO oopo™ytat | 's" | 'w' | 'd! => println’
,("00000 DOoog™)!println <= '9'=..'0"

,("{key} :0000 DODO")!key if key.is_lowercase() => println
,("0000 0OO OoO0")!println <=

{

0000 0000 00ooooo .0000 0oo0oo 0oo0oo 00 00 00 000 (Wildcard) OO0 00000 00 _ 00000
00000 00000 0o boOo _ 0o0b0oooonb ooooo o0oo oo booooooo 0ooo 00 0000 000 o0 booooo
.00000 0000000 00000 ooooo oooo oooo oooo

0000 match 0000 0O 0if 00000 0OOOOO .000 0000000 00000 OO 0000D 00 0000000 match
00 .0000 00000 0000 00D 0000 000D 00 00DOD 00000 000D 00000000 0000 .0000 0o0o 0o 00
.000 () 0000000 0000 00000 oooo
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000000 000 00 00 00 000000 00 00000 00000 00000 0O (D000 000 00 key) DOOO 00 00DOO OO
.000 000000

00 000D 00000 000000 00000 00 000D 0000 00 00 00000 0000 match OOOOO OO0 guard OO
.0000 0ooooo ooo

.This slide should take about 10 minutes
:00goo oooo
000 0000000 DOOCD 00 000 0000000000 o0 000000 0O00O0 0000 00000 00 oOO oooa .

or 00000 0O |

0ooo ooooo oooooo 0o 0boo 0o 00 000000 00O 0oooo booa . .
000 000 0o0ooe 0o 0obobooOo 1..=5

000 0oooo oo oooooooo _

0 000 00000 ,000000 0000 00O0 0000O00 000000 0o00o 0O 0O00D 00 00000 000 guard
.0000 0000 0ooo ooooooo 0o o0 ooooob ooo oboo ooobooo 0o bboooo ooooo

00000 00 .000000 0DoDDo 000OoCb 00000 0000 0o 0000 00 0D 0DDDDOoD if 00000 0D 0000 .
000 000 .00000 000 000 D00 0000 000 00 0000 00 00 (=< 00 00) 0000 0000 booo oo if
.00000 0000 match DODOO OO0 0OOD 0000 0O 0000 00ODOOD 000000 if

.00000 00000 000D 0oDOO 00O 00D 00 | 00O 00 guard 00 000 00000 OO0 .

gooooooo  12.2

:000 00000 00000 00 0000 00 00C 00 000000 000 tuple 0ODOOO

} struct Foo
,(x: (u32, u32
, ¥y u32

{

[rustfmt: :skip]#

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

,("{Foo { x: (1, b), y } => println!("x.0 =1, b = {b}, y = {y
,("{?:Foo { y: 2, x: 1} => println!("y = 2, x = {1
,("0000 DODDD D0O00ODD DD0DOO oooo o {y = {y 00")!Foo { vy, .. } => println

{

.This slide should take about 4 minutes

.000000 0000 0O 000000 0000 foo OO OODDDOD DODOOO DOOOO .

.0000 0000 0ooooob 0oo0o 0 Foo OO 0000 000D OO 0000 000OO -

2 0000 000 .0000 0oboD 0000000 0000 00000 00 0 000000 00000 00 000 00000 0oooo .
00 00 00 00 .000000 000 00 000 000000 0 0000 00000 00000 00 00 000 0000 0o oo
.00000 D00 000ooo 00 00o 00oboo 0 0000 00000 const
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Enums 12.3

:000 00000 000OD 00 0000 00 000 00 00 enum 00O tuple 00000

0000000 000 000000 00 0000000 00 00Cco000 0000 0000 0000 ooo0oooo oooooo oocooo
000 00 00 000000 .0000 00000 00 000 00000 0o0000 00000 oo00C 000 oo 000 o000 .oooo
:0000 0000 enum O0OO0O

} enum Result

, (0k(i32
, (Err(String
{
} fn divide_in_two(n: i32) -> Result
}ifn % 2 ==
(Result::0k(n / 2
} else {

(("0O00 OOOO0 OODDD Doob 0o 00O 00O {n} 0OOOO OOO")!'Result::Err(format

{
{

} ()fn main
;let n = 100
} (match divide_in_two(n
,("{half} 000 OO0 OO OOOOO {Result::0k(half) => println!("{n
,("{msg} :000 OOOCO OO OOODOD DOOOODCOD OO0")!Result::Err(msg) => println

{

00 half DOOO 000OOD OO0 .0000000 0000000 Result 00000 00000 OODD DOOOOO OO OODOO
0000 000 0000 00 msg OOOO OOODD OO0 000 OO0 0O0O0 0OO0O0 0000 ok D0OOO 0000 0O 0booooO
.000 000

.This slide should take about 4 minutes

000 00 00 match 0O 00O00OC OO0 DOOOD OO0 0O0O0DO0DODDOO enum 000 00 if/else O0OOOO -
.00000

00000 00000 0 D000 00000 enum 00 None 0000 D000 OO 0000 DOOOC OO0 DOOOODC OO .
0000 o000 0 000 0000 00000 000 00 00 00 D000 0000 .0000 000 00 000 00000 00000
.0000 0000 00 000 00 00000 0oooo 0ooo oooooooo

.00000 0oo00o 0ooo 00OO0 00000 00 00 D000 enum 00000 00 000000 -

00000000 00 00000 00 .000 0000 (D0000D) 00000 0000 000000 000000 00 0000 0000 -
.000000 0000 0000 00000 000 00000 00000 0O 0000 000O0D DOCOO0 00000 Rust

0000 00 00 00 00 0 0000 00000 result 00000 OO OO0 divide_in_two 0000 000000 e
000000 00000 msg OOOO 0OODDD 00000OOD 00 000 .000C 00000 match 00 OODODOD OO
000 000 .0000 0000000 &result 00 result 000 OO0 00000 00O 00O O0OOD .00000 0OOO
match” 000 00 00 00000 000 .0000 0000 0 0000 00000 00 0000 00 msg 00000 0000
0000000 00 00o0ooooOD 000 .000 000 00ODO0O Rust 2018 00 000000 OOOOOO ergonomics
.0000 0000000 0000 00 ref msg 00 msg 000 00 00000 0OOOOOOD Rust 0000000
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Let 00000 0OOOO 12.4

oooooooo 0oo .0oo oboooo booooo oooo 0oo 00 0ooo ooooo oooob oooooo ooo Rust 0000
:000000 0000000 0o0b booooo booo

if let OOOOO »
let else 00000 e
while let 00000 e

if let 00000

00000 00000 0000 0O 00 00000 00 000 00000 00 0000 00000 0000 000 00 if let 0OOOC
:0000 0000 00 000000 ooooo

;use std::time: :Duration

} (fn sleep_for(secs: 32
} (if let Ok(dur) = Duration::try_from_secs_f32(secs
;(std::thread: :sleep(dur
;(println!("slept for {:?}", dur

{

} () fn main
; (sleep_for(-10.0
i (sleep_for(0.8

let else 00000

00 .0000 0000000 1et else 00 00000 00 000000 O 0000 OO OC 0OOOOCO OOOO DODOD OOOO
00 00000 00 000 00 - panic OO0 OreturnO break 00000) OO0 DOOOD 00O ”else” 0000 000000
.(000 0000 0000 0oopoo

} <fn hex_or_die_trying(maybe_string: Option<String>) -> Result<u32, String
} if let Some(s) = maybe_string
} ()if let Some(first_byte_char) = s.chars().next
} (if let Some(digit) = first_byte_char.to_digit(16
(Ok(digit
} else {
;(("hex digit OO OO")return Err(String::from
{
} else {
;(("0000 DOOOOD 000D string O0")return Err(String: :from
{
} else {
; (("0000000D" )return Exrr(String: :from

{
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} () fn main
; (((("hex_or_die_trying(Some(String: :from("foo ,"{?:} :00000")!println
{

00000) DO0D 00O 00 000D 00000 000000 00 0000 0000 while let DOODD DO Dif let ODOOC
:00000 00000 (0000000

} ()fn main
; ("4&% 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) //

{

00 0 0000000000 00 (Some (c 000D 000D 00DOD 00O DO 00DOC DO String: :pop 00000 OO
000 00 00 00000 00 00000 000 00 00 while let OO0 OODDOOCO.0DOOOCDD OO0 OO None OO OO
.0000 0000 00ooo ooo oooo oo ooooo

.This slide should take about 10 minutes

if-let

00000000 0000 000D D000 00 0OO0 000 0000 000 if let ODOOO match 0OODD DOOODO -
.0000 0000000 match 0O0OCD OO 0000 0000 OO0 0OOO 0OO 00000000 000 .0poboo

Option 00 000 00000 Some OOODODD OO 000000 0if let OOODOD OO 0000 0OO0OOOO OO -
.00o

.000000 0000000 0000 00000 0000 =< 00 if let 0OODD match OODOO DOOOOO o

let-else

000 0000 0000 00000 00 00 00h0000D 00000 0ooon0o 00 00 00 0OOO 00 DhOODDoO0 00 if-let
00 000000 00000 .00000 DO0C0O00C0 00 00 00 00000 000 0000 000 0O 1et-else O0DOOC 000
.000o0 oooooo oo 0o 0oooo ooooooo 0o oooo ooobboooo oooooobooo oooa

:000 000 0000 00 000 0ooooooob ooooo

} <fn hex_or_die_trying(maybe_string: Option<String>) -> Result<u32, String
} let Some(s) = maybe_string else
;(("0D000O0O00")return Exrxr(String: :from
7 {
} let Some(first_byte_char) = s.chars().next() else
;(("D0O00 D0DDDD DOOO string O0")return Exrr(String: :from
7 {
} let Some(digit) = first_byte_char.to_digit(16) else
; (("hex digit 00 0OO0")return Err(String::from
7 {

; (return Ok(digit
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while-let

00000 0000 0000 00000 000000 00 00000 00 while let OOOD OO 000OC 0OOOC 0DOOQ -
.0000 00000 00000 00000 000000 0oo) 0ooo

if 00000 00 0D 0000000 000D OO0 000D 00 00 while let O0DOD OOOOOOOO 0OO -
Oname . pop () 00 (unwrap) 0000 000 0000 0DOOCOO 0000 000 DOOC 0O 00 0000 00000000
.00000 00000 000000 00D 0000 Syntactic sugar 00 while let .000CC 00000

Ooooo ooooooo :.o0oood - 12.5

.0000000 00oo0oO DOOO0OO D000 0000000 0000 0ooooo oo oooooo

0000 00000 0000 0000 000 00 0000 00000 00 0 000 000000 0000000 00 00000 00 Box OO0
00000 00 00 0000000 0000 ”0000” Box: :new 00 0000000 00 0000000 0OOOO OO .0000 00000
”0000 0000 000” 0000 (*) deref 00000 OO0 DO0O00CO0 00000 00 0000000 0000 .00000 000000

.(eval(*boxed_expr :0000 0OODOOO

000000000 OO0 .00000000000 000 O 0000 0O000000 000000000 0Oo0o0OO0 OO0 oooo
((Ok(Value)OODDODOOOODDDOOOODDDOOOOD DOOODODD enum 00 <Result<Value, String
.000 00000 0000 0000 00 DOoDob 00000 00 00D 000 00 .000 ((Exrr(String) OO0 OO DO

00000 .0000 0000 00 eval 0000 000000000 0 0O0OO DOOO Rust Playground 00 0 000 00 OO
0000 00 00000 000DD0D O todo! () DO OOOOOOCO DOD 0OOOCO .000 DOD OO0 0OODD 0000 0oD0o
#[ignore] 00 00ODOOOO OO OO0 00D OO0 DDOO OOC OO0 0OODDODCD 000000 .0000 0000 00 00 0o

:000000 Dobooa

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

000 0oooo 00 000 00 bOooo 0o 0ooo 00 0000000 000 00 0000 000 ooooo0 0000 ooo0o ooo
00000 00ODO0D panic 000 00 Result 00 0000000 OO 00 00D 00000000 0OOOO .0OC 0000

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

,Add

, Sub

,Mul

,Div

{

.An expression, in tree form ///
[ (derive (Debug]#
} enum Expression
.An operation on two subexpressions ///
,{ <0Op { op: Operation, left: Box<Expression>, right: Box<Expression

A literal value ///
, (Value (164
{

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

[test]#
} ()fn test_value

i ((assert_eq! (eval(Expression: :Value(19)), Ok(19
{

[test]#
} ()fn test_sum
)lassert_eq
} eval(Expression::0p
,op: Operation::Add
, ((left: Box::new(Expression::Value(10
, ((right: Box::new(Expression::Value(20
, ({
(0k (30
7 (
{

[test]#
} ()fn test_recursion
} let terml = Expression::0p
,op: Operation::Mul
,((left: Box::new(Expression::Value(10
,((right: Box::new(Expression::Value(9

} let term2 = Expression::0p
,op: Operation::Mul
} left: Box::new(Expression::0p
,op: Operation::Sub
,((left: Box::new(Expression::Value(3
, ((right: Box::new(Expression::Value(4
, ({
,((right: Box: :new(Expression: :Value(5
R
) lassert_eq
} eval(Expression::0p
,op: Operation::Add
, (left: Box::new(terml
,(right: Box::new(term2
, ({
(0k (85
i (
{

[test]#
} ()fn test_error
)lassert_eq
} eval(Expression::0p
,op: Operation::Div
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, ((left: Box::new(Expression::Value(99
, ((right: Box::new(Expression::Value(0

 ({
(("000 OO0 DOODO")Err(String: :from

7 (

ooooo  12.5.1

.An operation to perform on two subexpressions ///

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

.An expression, in tree form ///
[ (derive (Debug]#
} enum Expression
.An operation on two subexpressions ///
,{ <0Op { op: Operation, left: Box<Expression>, right: Box<Expression

A literal value ///
, (Value(i64
{

} <fn eval(e: Expression) -> Result<i64, String
} match e
} <= { Expression::0p { op, left, right
} (let left = match eval(*left
L0k(v) => v
,e @ Exr(_) => retuxn e

7 {

} (let right = match eval(*right
,0k(v) => v
,€ @ Exrr(_) => return e

i {

} Ok(match op
,Operation::Add => left + right
,Operation::Sub => left - right
,Operation::Mul => left * right
} <= Operation::Div

} if right ==
;(("000 D0 DODOD")return Exrr(String: :from
1} else {

left / right
{

({
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{

, (Expression::Value(v) => Ok(v

{

[test]#
} ()fn test_value

i ((assert_eq! (eval(Expression: :Value(19)), 0Ok(19
{

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

[test]#
} ()fn test_recursion
} let terml = Expression::0p
,0p: Operation::Mul
, ((left: Box::new(Expression::Value(10
,((right: Box::new(Expression::Value(9

} let term2 = Expression::0p
,0p: Operation::Mul
} left: Box::new(Expression::Op
,op: Operation::Sub
, ((left: Box::new(Expression::Value(3
, ((right: Box::new(Expression::Value(4
 ({
,((right: Box::new(Expression::Value(5
7 {
)lassert_eq
} eval(Expression: :0p
,op: Operation::Add
, (left: Box::new(terml
,(right: Box: :new(term2
(o
(0k(85
7 (
{
[test]#

} ()fn test_error
)lassert_eq
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} eval(Expression::0p
,op: Operation::Div
, ((left: Box::new(Expression::Value(99
, ((right: Box::new(Expression::Value(0

(o

(("0O00 OO0 DOODD")Err(String: :from

(
{

} ()fn main

} let expr = Expression: :0p
,op: Operation::Sub
,((left: Box::new(Expression::Value(20
, ((right: Box::new(Expression::Value(10

7 {

;(println! ("expr: {:?}", expr

;((eval(expr ,"{?:} :00000")!println
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13 000

Jotopo O ooooo

:000 000 00000 0000 .0000 00000 000 00000 00 0ooo ooo ooo

0ooo ooo oooooo
ooooo oo ooooo
0oooo oo Traits
gooooo Deriving

00000 00 Generic 00000 :00000

goooo  13.1

00 000 000 .0000 00000 0oo 0000 0000 00 00 000000 00O 00000 00 00000 00O 000 00 Rust
:000000 00000 impl OOOO OO 0ODDDOO 0O

[ (derive (Debug]#

} struct Race
,hame: 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
; (self.laps.len(), self.name ,":{} 0OOO OO0 {} OOO0")!println
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} ()for (idx, lap) in self.laps.itexr().enumerate
;("println! ("Lap {idx}: {lap} sec
{
{

Exclusive ownership of self //
} (fn finish(self
;()let total: i32 = self.laps.iter().sum
; (self.name, total ,"{} :000 0000 OO DOOOO DOOOO DO {} 00O000O0")!println

{

} ()fn main
;("000000 D000 ODOOO")let mut race = Race::new
; (race.add_lap(70
; (race.add_lap(68
;()race.print_1laps
; (race.add_lap(71
; ()race.print_laps
; ()race.finish
; (race.add_lap(42 //
{

00000 .00000 000 00 00O 0D 000 00 0000 - 000000 0000 00 »000000” self 000000ODODOO
:0000 0000 OO0 00 000O 0oob booooo

000 00000 bO00000 0 0o0oo 0000 00 00 0000oooD 00 000000000 00 00 0000 :&self
.000 0000000 oooboo 0o00o ooooooo 0oo .0ooooo

00000 0000 0000 00 00000 0000 00 00 0000000 00 0000000000 00 00 000 :&mut self e
00000 00 0000 00 00000 00 000 ooobobo bboooo booooboo 0o 0o 00 00 .0ooooo 0oo
.0ooo

0000 000 .00000 00000 Do0000DDOO 0o 00 00 0 000000 0000 00 00 DO0 000000 :self .
0oooo 00 000000 00000 000 00D 00000 0oo booooD ooo 000 00 000000 000 .00000 0oo
.0000 0oooo oooooo ooooo 0O 0o0oo00 00000 0ooo oooooo .000 0o00o oooo

.000 00000 00 00D 0000000 000 000 0oODD 0000 00000 :mut self .

00000 0000 0000000 .00000 000000 00 0000000 000 00 00 00000 0o :000000 0000 -
.000000 000000 new 00000 0000CO OO 00000 OOOOOOC 000OCOOOO

.This slide should take about 8 minutes
00000 oooo

.0000 00000 00000 00 0000 0o00oo 00O 00 00000 00 000 0000 -
0 0000000 00000000 (enum 00 struct 00000) 00000 00 00000 00 00O 00 0OODOO -
.self 00000 0DOOOOOO 0O 0ODOO DOO 00OOOOO
oooooo ooo 0o 00 oooo ooooooo 0obooo 00 oooooo ooooo 0oo 0oob ooooooooooaa -
0ooooo oo ooobobo 0o .0ooo 00D 00 0oDD bhbOo0o0o 00O 0 0000 booooooooo ooo
.00000 000 0000000 booo booo 0o 00 00O 000000000 00000 0obob obbboooo
.0000 0000 00 000000 000 000 000000 0000000 00 Oself OODDD OCOOD OC 0ODODDOO -
0000 0000 0OO0 0 000 self: Self DOOOOODDOOOD DOOOODOD DO self 000000 DOOD -
.000 0000000 0000000 000 struct 000 00OOOO OO
0000 00 00 impl ODDO 0O OO0 DOOO D000 000 000000 000 00 Self 00 0OOO DOOOO -
.000 0000000 0000 000000 0000 0O boooooo o oooo
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Note how self is used like other structs and dot notation can be used to refer to —
.individual fields

00 self O &self 000 00000 0000 0000 O0O0OC 0000 OOOOOO 0O0OOO 00O 0000 000 -
.000 00 finish OO0 00000 000OCO 0O0O

00000 000D 000 special wrapper types 0000000 Oself 00000 0000000 00O 00O0OO -
.Box<Self> 00000 000000 0000 000000 0000000 0000000 00

Traits 13.2

00000 D0ODO00 000000 000 00 traits 00 0000000 OO0 00 00000 OO 00000 000 00O 0O 0000
:00000 00 interface 00000 0000 .000O

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

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

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

00 00000 DO0OD0 00 0000 0000 000000 00 00000 D000 00 00000 00 0000000 trait 00 «
.0000 000000000 00 trait 00 0000ODDO

00 000000 0000000 0000oooo 0oooo 0o 00D 00booOoD 000DD 00 0”Generics” 000 OO
.0000 00OODODODD 000000000 00 trait 00 00 DODODDD 0000 00O 00 generic

Traits 0000 00000 13.2.1

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

} (fn greet(&self
;(()self.talk ,"{} 0OOOO O0OO !'0O0OO0O OOOOD COOO 0O DOO")!'println
{
{

} struct Dog
,hame: String
,age: 18

{

} impl Pet for Dog
} fn talk(&self) -> String
(self.name ,"!000 {} OO0 00O Oformat!(" Woof
{
{

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

0000000 impl Trait for Type { .. }000000OTypeODOO TraitOOOOOOODOOODO e
.0ooooo

000 00 Cat 0O0OC :0000 OODC O0ODOODOOOOD O0DbOo boo 0booo 0DGo 00OODbOO oboooog .
0000 impl Pet OODO OO OO0 DOOOO OO0 ODDODODO DOOOOCD OO Pet ODDDOO 00000 talk()
.0000 ooooo

-000000000 .0000 00000 00000 00 0000 0000 000000 00000D0ooooo 00O 000 Traits «
00000 greet 00000 DOODD.00000 0O0ODOO trait 000000 00000 00 00OOCDDOODDDOO DOO
.000 000000 talk 0O O OO0 00O

Supertraits 13.2.2

traits 000000 00000DOD 00O0DDODOO DO 00 00 00000000 00 0000 00000 0o0C 00o0O00A trait 00
000000000 0O Pet 0O 0000 00 00DDOO OO .0OOC 0ODODOODOD 0OO 00 supertraits 000 00 00000
.000 000000000 000 00 Animal 0000 DOOO

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

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

{
; (struct Dog(String

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

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

} ()fn main

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

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

00000 000000 00000 0000000000 000 000000 000000 trait inheritance” 00000 0000 000
00000 00 0000 boo .0ooo (00) 00000D 00000000000 00 000ob 00000 0hoD0D 000 00 0oooa
.00000 0000 00 trait 00 00000000OOOD OO0 00 00000
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0ooooo bbboooo 13.2.3

.000000 00000 trait 0000ODDDO 0ODO OO OOCOD 0000000 DO00000C0 0000 ooboopoo

[ (derive (Debug]#

; (struct Meters(i32

[ (derive (Debug]#

; (struct MetersSquared(i32

} trait Multiply

;type Output

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

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

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

000 00000 0000 .000000 000000 000 00000 0000000~ 00000 0000 00000 0o00o0oag .
.00000 000000 OO 0Ooo boo bbooooooooo ob oobbooooo oo ooo

0000 00 000000 0O000 00OO00C0 00000 000000000 00000000 DOOtrait OO0 DOCOOO
Jterator 0 00000 0000000000

Deriving 13.3

000000000 000 00boooo 00O0ODD0D 000D 000000 00000 00000000 00000000000 000Trait
:000 000 00 0oooo

[ (derive(Debug, Clone, Default]#
} struct Player

,hame: 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("dog
"{?:}" Debug trait adds support for printing with //
s(printIn!("{:?} vs. {:?}", pl, p2
{

.This slide should take about 3 minutes
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OOcrate 00 000000 O OOOOO OOOOOOOOO OOOOOOO OO OOOOOOO OO (Derivation) 000000
goooo oo .oooooo ooooo ooooooo ooooooo00d 0ooo ooooo oooo ooooo oooooooo
00 0000000 00 000000 OO0 0000 00 00000 00 00000000 0000000 serde 00000

.000 00000 #[ (derive(Serialize]

Trait Logger :00000 134

0000000 log 000 00 Loggex 000 OO trait 00 00 00 DOOD 000DOD 0000 00O 0OOODOD OO 000000
00.000 000000 &impl Loggex OO 00O0OCO0 OO0 0OO OO 00OC 000000 000 OO0OO OO 00O .0o0
0ooooo 0oDo 00 00 0000 00 0000 0000 000 000 0000 00 00 000000 000 000D 000 0000 0000

.00000 00O0O0O0 0OO 00ooO 00 00 000000

000 00 0000 000O 00 000000 00000 0000 000 000O 00O 00 00 StderrLoggexr 0000 0OD OO
00000000 00 000000D 00 VerbosityFiltex 000 OO0 000 000 00D 0O0OOOO .0O000 000 00DOOO
.00000 000000 00 00000000 000 bo00oo 00 booooo oooooo ooo oo

trait 0000 0 000000 0O 00 00 trait 000000000 00 0DOOOOOCD OO0 :000 00000 00000 0ooo ooo
00 00000 000000 00 .00000 00000 bobooo 00 00 0Ooooo ooo 00 0 00000 0oooooooo oo
oooooo oooo ooo ooooo 0o 00 000 0o0o oobboooooooo

;use std::fmt::Display

} pub trait Logger

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

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

;struct Stderrlogger

} impl Logger for StderrlLogger
} (fn log(&self, verbosity: u8, message: impl Display
; ("{verbosity}: {message}=00000 0000000")'!eprintln
{
{

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

;("0000" ,logger.log(2
{

."TODO: Define and implement ‘VerbosityFilter //
} ()fn main

;{ let 1 = VerbosityFilter { max_verbosity: 3, inner: StderrlLogger
; (do_things (&1

goooo 13.4.4
;use std::fmt::Display
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} 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
; ("{verbosity}: {message}=00000 0000000")'!eprintln
{
{

} (fn do_things(logger: &impl Logger
; ("logger.log(5, "FYI
;("0000" ,logger.log(2

{

.0nly 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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14 000

goo oo

:0000 00 .0000 00O 00OboOO 00 0 0000 0 0000 0000 0000 000 0ooooooob oooboo 0o oooooo oo

0000 ooo ooo

00ooo oo Generics

oooo o 000000000 Dooooooao

ooooaoo

gooon oo o oooo o goooooooo oooooooo
Traits
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15 000

Generics

:0000 00 .0000 000 00000 0O 0000 0000 000 000

0000 ooo oooooo
00ooo o Generic 00000
00000 00 Generic 0000000 0000
ooooo oo Trait Bounds
goooo o impl Trait
ooooo o dyn Trait

ooooo oo Generic min :00000

Generic 00000 15.1

0000 000000000 0O 0000000000 DO000 0000D 000 00 00 00000 00000000 generics OO0 Rust
00000 0OCoOO0OOD 00 0000000000 0000000 000 00 00 (0bhoooo 0000 0o 0000000 ooooo)
.0ooo

. 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

; ((pick(97, 222, 333 ,"{?:} :000 0O0O0OOO0 OO0 OO0 0O0OOOO")!println

;(((2 ,"0000") L (1 ,"00") ,pick(28 ,"{?:} :000 OOOOOO OOOO OO")!println
{

.This slide should take about 5 minutes
00000 000CCOo 000oooo oooob 0 ooboooooo oooo oooo 00 OO T OOOO Rust o
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0000 0000 00 00000000 00 generic 0000 Rust 000 0000 C++ 00 0000000D 00 0000 DOQ -
000000000 o0 00 boooooob bboo oobo booo 0oboo 00 oobooobo booooo ooboooo
0000 00000 000D 00 pick 000D 0000 0OCD 00000 0OO0O0 0O 00D 00000 00000 0ooooo
0000 000000000 00O 00O 0Oo0 .0000onoo 00 even + odd 00000 00000 n == @ 00O OO
000 .000000 00b 00 00bobOoD 00 00 00000 Rust 0000 0000000 0000 OODCC 00 pick
.00000 000 00 00 000 000 00000 C++

000000 00 000 .00000D 00000 non-generic 00 00 00000000 000000 ODOD OO generic OO
000000000 0000 00 000000 000000 00 0000000 0000 000000 00o :000 0oo0O oooo
.0000000 0000000 0000 0000 00 bO0000 0000 00 0000

Generic 0000000 0000 15.2

:0000 0000000 0000 0000 0OO 000000 0000 00 generic OO0 00000ODOD

[ (derive (Debug]#
} <struct Point<T
xo T
yo 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
;("{?:float} O {?:println!("{integer
;(()println!("coords: {:?}", integer.coords

{
.This slide should take about 10 minutes

000000 00D 00D 0000 000 boRo 00000 impl<T> Point<T>{} O0OODO OO T 0OOO :0000 -
ooooo

.000 generic 0000 0000 generic 000000000 00O 00 000 00 00C 0000 00D OO 000 -
.00000 generic 00000 0OOCOOO DODO
.00o0000 0o0oo T 000 00O 0000 00000 000 00O oooooo 0o oo ooo -
.0000000 00 impl Point<u32>{ .. } 000000 DOOO 0DOOOO 000 -
000 00000 0000000 Point<fe4> 00 00000000 0 000 generic 00 0000 Point =
.000 000000 00000 00 Point<u32> 0000 OOOC 0000 0OC OO0 OODDC 000000

00 00 .000000 ;{ let p = Point { x: 5, y: 10.0 00 0000 0OOOD OO 0OOOC OOQ -
0000 o000 00 00000 00000 0000000 00 00000 0oooo 00 00000 OO0 0000 0ooooooooao
.UOT0O0000 000000 0000 0O 00 0000000 oo
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Generic Traits 15.3

00000 trait 00 000OOODDOO .00000 O 0000 DOOOC 0000 000000 generic 00000000 000 Traits
.000o000 0boo 0oooo 0ooooob 00oC0oo 0oooooo oo

[ (derive (Debug]#
; (struct Foo(String

} impl From<u32> for Foo

} fn from(from: u32) -> Foo
(("{integer: {from 00O OO0 DOOOO")!Foo(format
{

{

} impl From<bool> for Foo

} fn from(from: bool) -> Foo
(("{bool: {from 00 000000O0")'!'Foo(format
{

{

} () fn main

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

0000 std O0OCOCOCD 00 00 00000 DOC 000 0o0oCD 0000 0o0D 0000 0oooo 00 From trait
.0oo

000000 0O .000000 0000 0000 0000000000 0000 0000 00 00000 trait 000000000000
Foo 0000 From<&str> 000000000 0000 0O 0OOOOD DOOOOOO ("Foo: :from("hello
.00000 0000

00000 0000 00 0000 00 000000Doo »00000” 000000Oo 0h 000000 Generic O00Otrait
00000 0000000 000D 000000 DoCbO00000000 DoDoDDOoo trait 0O .00DODD »0D0O000” OO DOOD
.0000 ooooo oooooo

0opooo T 0000 00 0000 trait 00 00 O0O0OOOOOO OO 00OD0OD OC 0000 0000 Rust 00000 OO0
”00000000” 000000 0000 0000000 000 Rust 00000 0000000 0000 000D 00 .0000 00000
0o 0000 oooo 0ooooooo 0oo 000D ooooo 0oooD ooooooo ooooo ooo 0o .0oooo 0o ooooo

.0000000 Dooobooo bo oo

Trait Bounds 15.4

00 00D 0000 trait 00000 00 00000 00000 D000 00000000 0000000 000generic 00 000 00000
.0000 00000000 00 trait 00 DOOCOO DOODOOC OO 00000 DODO0OOOO0

:You can do this with T: Trait

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

(()a.clone(), a.clone)
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https://doc.rust-lang.org/std/convert/trait.From.html
https://rust-lang.github.io/rfcs/1210-impl-specialization.html

;struct NotClonable //

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

{

.This slide should take about 8 minutes
.0000 000 duplicate 00 OO0 00 O 00OODDO NonClonable 00 O0O0O0 OO0
0000 0000000 o000 oooob oooo + 00 0000 0000 0000 ooooo oo oooog -

00000 00 00 00 0O000O DO00b 0O000COobO 0oob 0hoooc 0o0o0 00 where OOOOO OO o
.00 000000

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

}

{

00000 00 00000 0000 where 00000 00 O0OOODD 0OODO 000D DOODOOODO 0ODDO OO0 -
.0000 0000000 © 0obooo booo
.00000 b0OCOO0000 00 00 0O 0boo boooo boooobooo boo -
000000 0booooo @ 00 000 00 0000 00 000 000 00000 00000 00o00O00 000 000 =
.Option<T> 00000 OOOOO

00 00000 0OO0D 00 .00000D 00 00000000 0O 00000000 (D0O0) Rust 00 00000 00000 0000
duplicate(a: O0OODD 0000000 0ODOOODOO OO 0000 0OODO OODDD duplicate 00 0000
.000 0000000 (u32

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

impl Trait 15.5

000000 0 0000 0000000000 00 impl Trait syntax 00 0000CO Otrait 0000000000 00 0OOOO
:000 0000000 Dobooooa

:Syntactic sugar for //

} fn add_42_millions<T: Into<i32>>(x: T) -> i32 //

} fn add_42_millions(x: impl Into<i32>) -> i32
X.into() + 42_000_000

{

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

} ()fn main
; (let many = add_42_millions(42_i8
;("{println! (" {many
; (let many_more = add_42_millions(10_000_000
; ("{println! ("{many_more
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; (let debuggable = pair_of(27
; ("{?:debuggable} :00000 0000")!println

{

.This slide should take about 5 minutes

0000 .00000 000 000000000 00 0000 000 00000000 00O 00000 00000 000 00 impl Trait
.000 000000 000 00000 000000000 00 impl Trait

000000D 00 00 00000000 generic 0000000 00 0O 0OOO impl Trait 0OO0DOOCD OC O0ODO e

.000 trait

00 trait 00 OO0 OODODCD OOOD OOOODODCD 0000 00 000000 000 00 00000000 0000 oooo
00 0000 0000 00000 0000000 0oo .00000 000 00 0000 00000 0ooo oooooo ooooooooo
.0000 0000 00000 API OO OO 0O DOOO 0000 0Oooooooo

0000 DODODODOO0OO 00 impl Foo OO 00000 .000 0OOOO 0OODOOD 000000 OO Inference
o000 o0 oooo ooo oo 0o 00 o00oo 0ooo oooooo oooooo oooooooooo oo 0o ooooo
0o0o0o0o DhDO00000DD 00 collect<B>() -> B OOODOO generic 0000 00 00000 .0000OO
00 0000 oooooooooooon 000 00oo 0 oooooooooo ooooo 000odoo 00 B 00 oooo oo
0000 ()let x: Vec<_> = foo.collect 00000 00000 00000 OOOO OO OO0 000000

.<_>turbofishll foo.collect: :<Vec>() 00 0000000

000 D000 000000 00 D000 000000 0O ‘et debuggable: ) = .. 0000 000 00000 debuggable 000
.00o000 0ooo 0o 0ooo oo

dyn Trait 15.6

000000 Rust D00generic 0000 00 0000000 00000000 0000 00000D 00 00DOOOO 0O 00000
trait 00000 OOCO 00 0DODOCOCD 00O0ODODDCD 00 00000000 00000000 0000 0oOoo 0o ooooooo oo
:00000 0Doooooao

} struct
,hame: String
,age: 18

} struct
,1lives: i8

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

} impl Pet for
} fn talk(&self) -> String

(self.name ,"!'000 {} 00 00O Oformat!(" Woof
{

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

.Uses generics and static dispatch //
} (fn generic(pet: &impl Pet

;(()pet.talk ,"{} 000000 OO OO0 OO0O0")!println
{

.Uses type-erasure and dynamic dispatch //
} (fn dynamic(pet: &dyn Pet
;(()pet.talk ,"{} DOODDO OO 000 0O000")!println

{

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

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

; (dynamic (&cat
; (dynamic (&dog
{

.This slide should take about 5 minutes

00000 0000D 00 00000 0000 monomorphization 00 Oimpl Trait 0000 00 OO0OGeneric
0000 000 .000000 0000000 000 000000000 00 00 00 000000 0000 00 0000 0000 0o
0000000 00000000 00000000 generic 0000000000 OO0 trait 000 000000000000 00000D
oooooooob ooboooo o booo 0o boob booo boboooo booooobo oooo ooooob ocoooooo
.000 0000 00 0000 00 00000 trait

0000 00 000o0ooO0D 0000D0oC 00 00 00000 000000 0000000 dyn Trait 00 OO0 0OOOQ -
00 0000 0000 00 00 000000 0000 000 .00000 0000000 (virtual method table (vtable 00
.00000 0000000 000000 0000 00 Pet 000D OO 0000 0000 00 DOOO 0000 fn dynamic

00000 0000 00DO 0000 00 00O 0000 trait 00 D0OODD 000000OD dyn Trait 0O OO0 00000 e
0000oo 0ooooooooo 0bbooon 00000 0000 00000 00 000D 0000 000 00o00O0 000 0o.0000
.(00 DOOOD 00D 0o0o 00D 00D 00 00000 000) 0000 0000000 bO0ooooD 000 Box OOOOO

000000 000000 (fat pointer) ”000 0000000 00 0000OD &dyn Pet 00 00000 0000 OO
000000000 00 Pet OO0 00ODDO OOO OO OODDOODOO OO OO0 :0000000 DO 00 D00 0O 0ooo
00000 .00000 00000 000 00 0000 000000000 0000 vtable 0O 00000 O 0000 0O0OOD 0OOOO
00000 vtable 00 OO0 talk 0000 0000 0O000ODOOO D&dyn Pet 000 00 talk 000 000O0OOOO
000 0000 00 00 0O Cat OO0 Dog OO0 OOOOOOO0 O 00000 0OOODOOO OO 0000 00O o oooo
.00000 000 000 00000 0000 Pet 0000 0OOD 0OOODOCD DO OOOODCD DOOOOOOO .000O00

0000 000D OD0DOD 00000 00D OO (type-erased) *000 000 00O0O0” 00O0ODOD dyn Trait OO e
.000000 0000 0000 0boooob obooooboo ooobooo oooo oo

89


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

Generic min :00000 15.7

00 00 00D0C 00 00D 000000 000000000 00 mingeneric 0000 OO0 OO0 00000OC 00000 0OO OO
.trait Ord 00 000000C 00 000000 00000 00 0oooo

;use std::cmp::0rdering
. TODO: implement the "min" function used in "main //

} ()fn main
;(assert_eq!(min(@, 10), ©
; (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

{

.This slide and its sub-slides should take about 10 minutes
.0000 0000 0000000000 0O 00 Ordering enum O Oxd trait o

goooo  15.71
;use std::cmp::0rdering

} fn min<T: Oxd>(1: T, r: T) -> T
} (match 1.cmp(&r
,0rdering::Less | Ordering::Equal => 1
,0rdering: :Greater => 1

{

} () fn main
;(assert_eq!(min(@, 10), ©
;(assert_eq! (min(500, 123), 123

'a

;('assert_eq!(min('a', 'z"),
Ill)’ |1

;(tassert_eq!(min('7"',

;("assert_eq!(min("hello", "goodbye"), "goodbye
; ("assert_eq! (min("bat", "armadillo"), "armadillo
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https://doc.rust-lang.org/stable/std/cmp/trait.Ord.html
https://doc.rust-lang.org/stable/std/cmp/trait.Ord.html
https://doc.rust-lang.org/stable/std/cmp/enum.Ordering.html

16 00O

nooooo oopotopod oobotobd

:0000 000 .0000 000 0000 O 0000 0000 000 000

0000 000 0ooooo
000000 DO00D00ODOD oobooooo
ooooo o 0oooooo

g0oooo oo Option
goooo o Result
00000 O String
ooooo o Vec
goooo o HashMap

00000 0o 0000000 00000

00 0000 O 0000 boooooo ooooo oobo 0ooo oooo 0ot oooo ooo obooooooo Lo oo 0o oooo
.0000 000000 00 ooooen booooo

goooooooo opooooot - 161

-0000000 0000 0000000 00 00000CDE 00000 00 00 000 000000oooD 000000oo oo 00000 Rust
oooooooo oooboooooD oo oobooo ooo 0o .LoDoo DOD Rust 000000000 0 0D0OOOOOOOCO 0000 000
.000000 00O00DO0D 000000 String OOOO OO OO0 0D 0000 00ODD 000 00 00 0000000

.std 0 corel alloc :000 000000000 OOCCOODD OO0 0OOC 00000 DOOC Rust 00000 OO

000 00 00000 0000000000 01ibce OO OO0 OO0 OOOOO 0 000000 00000000000 0000 core o
000000 000000 000000000 00 0000

00000 000000 0000 000000 00000 0000000000 00 00 00 000 00000000 0000 alloc -
Axc 0 Vecl Box

.000000 0000000 alloc 000000000000 core 000000 000000000000 Rustd00000000 »

goooooo - 16.2

:0000 00000 00 .0O0 00oooooo oooo0o0 0O000 Rust
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.000000 0O bO0oo booooo oooa .
.u8 00000 0000000 000oooa -
.BinaryHeap 00 Option 00000 OOOOOOOOOD 00000000 DODODOD .

:0000 00000 00 000 00 00000000 00O 0Ooooo 0o

.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
;xeturn false

{
lhs % rhs == 0
{

Rust 00000000 DOODOOOO0OOCO D0Ocrate 0000 .000000 DO0O0OO0 Markdown 0000000 00O0O0OOO
0000 0000 00000 .000000 00000 rustdoc 00000 00 00000DD 00 docs.xrs 00 00000D 0ODOO
.000 00000 0000 00000 booo 0oo 0b 0bbboooo OO API OO 00 00000 0oooooo

/*! .. */00//!000(O00O0CCD 0000 0000D) 0000 00D 0000 00 D000 00 0000 0o0o0C 0000
:0000000 00000 0000000 00000000~ 00 00 00 0000 000oooo

.This module contains functionality relating to divisibility of integers !//
.This slide should take about 5 minutes

0000 0000000000 00 https://docs.rs/rand 00 00 rand crate 0000 00000000 00O0OCOOO e
.0ooo

Option 16.3

00 0DODOOD OO 0000 00O .00D0OD0D 000000 DO option<T> OO0 DODODCOOOOD 0000 DOOOO OO
00 String::find 00000 00000 OO .00000C 00DOOD 00 0000 0OO 00 00000 00000 00 Toooo
.00000C00000 0D Option<usize>

} () fn main
;"let name = "Lowe g Léopard Gepardi
;('let mut position: Option<usize> = name.find('é
; ("{?:position}0000000 OO0 0000 0O00")!println
;(assert_eq! (position.unwrap(), 14
; ('position = name.find('Z
; ("{?:position}0000000 DOO ODOO O0O0O0")!println
; (assert_eq! (position.expect("Character not found"), 0

{
.This slide should take about 10 minutes

-000 00000 bODO000O0D 00000000 00 00O0 0 Obooo 0o000Ooo bob0O0000 00000 Option -
.0oo
00000 expect .00000 panic 000000 00000COCDO OO0 Option0000DODOOODODOOunwrap
.0000000 000 oo0oo 0oooo ooo ooo
000000 »000000” 00000 000000000 000 00000 panic None 00 000000 00 0ODDOOOD -
.0000 00000 None OO 0000
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https://doc.rust-lang.org/stable/reference/expressions/loop-expr.html
https://doc.rust-lang.org/stable/std/primitive.u8.html
https://doc.rust-lang.org/stable/std/option/enum.Option.html
https://doc.rust-lang.org/stable/std/collections/struct.BinaryHeap.html
https://docs.rs
https://doc.rust-lang.org/rustdoc/what-is-rustdoc.html
https://docs.rs/rand
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00 00O 000D 0000 0000 000D 0000 00000 00000 00 unwrap/expect 00 0000DOO -
.00000 D0OOOOO 0OoooDD 00ooooDo 00 None 0ODDOOO DOOOOO
0000000 T 00 00000 00ODDODDD 0000 Option<T> 00 OOOOOD 000 OO niche 000000000 -
.0ooo

Result 16.4

00 000000 000000 0000 00 000000 0D 000D 00 000000 00D 0000 Option DOOOO Result
Ok DOCOO OO T OO OO0 00 Result<T, E>:000 00000 000 DOC .00000CO enum 0O000 000 OO
.00000 0000 Exrx OOOOO OO E O O0OOOD DOOOOOO

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

} ()fn main
;("let file: Result<File, std::io::Error> = File::open("diary.txt
} match file
} <= (Ok(mut file
;()let mut contents = String::new
} (if let Ok(bytes) = file.read_to_string(&mut contents
; (" (contents} ({bytes} bytes} :0000 0O0ODOOOO0 O0OO")!println
} else {
;("00000 OO0 0000 DOOOOO ooooood")!println
{
{
} <= (Err(err
;("{err} :000 OO0 0OOOOOO OOOO")!println
{

{
.This slide should take about 5 minutes

0000 00 DO0000000D 0 0000 0000 Result 0000 0000000000 00000 OOption OOODOO «
0o0oo 000 00 00ooo 00 .00000 00000 00000 00000 00 000 .00000 00 0000 ooooooe oo
000000000 boo 000 00 000 ooooooo expect () O0unwrap() OO0 00ODDOCD OOOO OO 0OOODO
.000 000000O00ooo ooo

.000 DOOO000 00 000 0ob 00000 00D 00 00 00D 00000000 00ODDooo Result OOOODOO
00 00000000000 00 0O 000 0000000 00000 0 00000 00 bOooo.b oo0o oobooooo ooo
.00000 000 0o0b0h0o0oo0 0ooooo

0000 00000 0o 00 00 000 00000 000000 0o0000DDD 0000 000000000 000 Result -
.00o oooooo

String 16.5

:000 UTF-8 0000000 0D 000 b0DOD 0000 DD String

} () fn main
;()let mut s1 = String::new
;("0000")s1.push_str
;(()println!("sl: len = {}, capacity = {}", sl.len(), sl.capacity
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https://doc.rust-lang.org/std/string/struct.String.html

;(let mut s2 = String::with_capacity(sl.len() + 1
;(s2.push_str(&s1

;('1")s2.push

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

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

00000000 00 000000 000 0D 00 000D <Deref<Target = str O00O00OOOOO0000 String
.0000 00000000 String 000 00 0O stx OOODOO 0OOO

.This slide should take about 5 minutes

0000000 String: :with_capacity 00.0000000000 0000 0000 0000 OO String: :new e
.0000 00000 000D 00 00000000 D000 0000 0000000 DO 00000 0000
000 00 000 DO0OD 00) 0000000000 0000 000000 00 String 0O00 DOODOCO String: :len
(0000 00DOO00 DO00000 00oooo oo
0000 .0000000000 0O00C 0000O0000C DOO 0O (iterator) 0OO000O OO String: :chars o
000 00 ”0000000” 00o0DOD 00 00000 0O 00 0000 00 000 0000 chax 0O OO 00000 00000
.grapheme clusters 0000 00 0000 0000DD 0000000
.0000 String 00 &str 00000000 000 0000 0000000 DOO0D 000000 00 0000 00 DO00O -
000 000 0O DODDODDO 000000 000000000 00 Deref<Target = T> 00000 00 00 00OOO -
.0000 bOooboooo 0o T oooooo boob oobob oo ooooo oo ooooo
000oo 000 0ooob 000 00 00o000O0D 000000000 00000 00 Deref trait 0000 OO -
.000 DOO0DO0 00 00000 D000 000000 0o00oooooo
00 0DO00OD D000 00000 00 000 Deref<Target = str> 00000000000000 String —
.00000 00000 00 stx 000000
. 0000 000000 0 0000000 1et s3 = &*s1; O0let s3 = sl.deref(); -
.;let s3 = &*s10;()let s3 = sl.deref 0000 00000C O 0OOOODOD
:0000 000000 00 String OO0 000DO000DOO 000D 0ODOOC 000000 .
00 i 00 0000 Os3.chars().nth(i).unwrap() 00 0000000 00 0000000 OO 00 -
.000000 00 0000 00 000 0oboooo
000000000 000000 00 000 000 00 0000 0s3[0. .4] 00 0000000 0O 0000000 0000 -
.00000 oo ooo
.0000 00000 0000 00 to_string 00O OO DOOOODO OO DOCODODDO 000OOD DO0O 00 000000 .
0000000 000000000 00 bisplay 00 00000OOCOD DOOO ODOOD DOOOOD 0OODOD 0000 00O
0000000 000000 0000 00000000 000o0oo 00 0O0O 00 DOC0OD00 0000 000 0000onooo
.000 DOO0O 0000 00

Vec 16.6

:000 heap-allocated 0 000000 00000 0OOO 0000 Vec OO0

} () fn main
;()1let mut vl = Vec: :new
;(vl.push(42
;(Q)println!("vl: len = {}, capacity = {}", vl.len(), vl.capacity

;(let mut v2 = Vec::with_capacity(vl.len() + 1
;(()v2.extend(vl.iter
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https://doc.rust-lang.org/std/string/struct.String.html#deref-methods-str
https://docs.rs/unicode-segmentation/latest/unicode_segmentation/struct.Graphemes.html
https://doc.rust-lang.org/std/string/trait.ToString.html#tymethod.to_string
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; (v2.push (9999
;(O)printIn!("v2: len = {}, capacity = {}", v2.len(), v2.capacity

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

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

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

{

000 000000 00OO000DOCD 00 0000 000 00 0O0O0 <[Deref<Target = [T 00000COOO0OOOC Vec
.0000 00000000 Vec OO0 00O 00 OO

.This slide should take about 5 minutes

00000 heap 00000 O0 00 0OOOODO .HashMap O String 00000 00 0000 000000 0000 Vec
0 00000 0000000 0000 00 0D0000C 00 00000 oooooo 0ooooo oo oooob ooo oo .0obcoo
.000 0000 00 000 0000 0000 00 ooooooo

T 0000 00000 0O 00000 000 0000 generic 0000 DO OO0 Vec<T> 00 00000 00000 OOOO -
00000000 00000 0000 00 Rust O T OO0 0000 000OODOOOD OO 00000 00 0000000 .000000
.000 00D 0000 push

000000 00 0 000 Vec: :new( ) 00000 OOO0O0OO 0000 DOOOOOODO DODOO OO vec! [...] o
.00000 00000000 vector OO0 OO0OO 0OOO0OO

0000 0000 D000 000000 00 000 000 0000000 Doooooo [ ] 00 vector D0OOO0OODOD DOOO -
pop 0000 .0000000000 OO Option OO get OO0 0000OOD 00DDDOOD 000DC .0000C0 panic
.00000 000 00 0000 00000

00 000000 0000 0000 0000000000 00000 000 00.000000 0000 0000 000 000 00 00000 -
.0000 000000 000 00000 OO0 00000 000000 0000 00 Vec 0000 OO0 OO00O0 00

HashMap 16.7

:HashDoS 00000 00000 OO0 00000 OO0 000000000 hash 0000

;use std::collections: :HashMap

} () fn main
; ()1let mut page_counts = HashMap: :new
; (207 ,"0D0O0 0DOODDDD DODOOOOO")page_counts.insert
; (751 ,"00000 DDOOOO")page_counts.insert
; (303 ,"0000 O DODD")page_counts.insert

} ("if !page_counts.contains_key("Les Misérables
) !println
,".00 Les Misérables 000 000000 OO oOOOO {} oOOOOOO OO
()page_counts.1len
7 (
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} ["00000 000000 OO0 oooo ooooooooo™ 0000 0 ooood"] for book in
} (match page_counts.get(book
,("000000 {Some(count) => println!("{book}: {count
,(".000 DOOOOOOO {None => println!("{book

{

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

} ["00000 000000 00 0000 ooopoooooo" ,"oooo O oood"] for book in
; (let page_count: &mut 132 = page_counts.entry(book).or_insert(0
;page_count += 1*

{

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

.This slide should take about 5 minutes
.000 00DD scope 00 OOOCD O OOOC 00000 prelude 00 HashMap o

HashMap 00 0000 00 000 OO0 OODOO 00000 000 00D .0000 000000 00 00D oo oooooo -
0oooo 000 000 .0000000000 DO00000 0oooo 0O 0oo00o 0000 000 0 000 00 0000 oooo
.000 0000 000D 00D 00000 0000 HashMap 00 OO 0000ODOO

let pcl = page_counts
("0O000 000 O DOoDD boo™)get.
; (unwrap_or (&336.

let pc2 = page_counts
("entry("The Hunger Games.
; (or_insert(374.

.00000 0000 hashmap ! 000000000 0000CCD 0OCDDOOO Ovec! OOOOOD

000 <[From<[(K, V); NDOOCDOOOOOOOOOOOHashMap 0000 OO Rust 1.56 0000 00 -
:0000 00000 00000000 00000 00 00 00 HashMap 00 00OOOOCD 00000 DOOOD 000000

]1)1let page_counts = HashMap::from
,(to_string(), 336."0000 000 O 0000 000")
, (The Hunger Games".to_string(), 374")
(I
00000 00 key-value 000000 OO0 Iteratoxr OO0 00 0000ODCO HashMap 00000000 O0COO .
000 00ooo oooooo

0000 DODCDOO0 &stx 00 0OOOOOOD 00 0 000000 0O00CD 00 HashMap<String, 132> 00 «
00000 00000000 00 0D0oo00oo 0o obooooo .0o0o0 oboooo 0oboOoo oo oooooo oooooo
.000 0000 borrow checker 00 0000000 00 0000000 000 0000 0000

0000000 0000 OO0 0oD00O 0 000D 00000 00 0ohOoCb 0000 00 to_string() OO0 -
00000 ooooo obbbooo 0o 00 000 0000 00Ob0COO0O0 000 .000 00O 00000

.std::collections::hash_map: :Keys OO0000O00DO”00000000000000000” 000000000000 -
00 0000 000 0000000 .000000 0000 Rust 0000000 00000000 00 0000000 000000 000
.0000 00000 000 00 keys 000 00 000DOOC 00OO DOOOO O 0000 000D 0000000000 00
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goooooo :o0ood - 16.8

0o0o0Do 000 .000 000000 generic O0ODOD OO 000D OO0DCD DODO 0OOOOO 00 0OO D0OOOOO 000 00
0000000DDCDO00DDODDDD 0000000 0000000000000 0000 std: :collections: :HashMap OO
.00000 00O000DO boooooo 0boo Ooo ooo

0000000 oooooo.ooooob0o00000uw32 0000000000 000o0booD 0ob0n Countex DO0OO OOOO
00 000000 00000 0000D 0000 D00DO0 OO0 00 0C 000000 000D 0000 DO generic 0OOODOO OO0 OO
.000 000000 00 000000 0000 00 000D0C Counter

0000 00 00000000 0O000 00 0000 0000000 entry 00O OO 0DOOO OO0 00DCOO OOOC 000 000
.0000 0000 000 00 00 count 000 OOOO0ODOOO DOOO OOOO

;use std::collections: :HashMap

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

,<values: HashMap<u32, ub64
{

} 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) -> u64
()self.values.get(&value).copied().unwrap_or_default

{

} ()fn main
;()1let mut ctr = Counter::new
;(ctr.count (13
;(ctr.count (14
; (ctr.count(16
; (ctr.count(14
;(ctr.count (14
;(ctr.count(11
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} for i in 10..20
;(ctr.times_seen(i), i ,"0000000 0O {} OO0 00DOD {y 00OODOD")!println
{

;()let mut strctr = Counter::new

;("O00")strctr.count

; ("strctr.count("orange

;("O00")strctr.count

;(("000")strctr.times_seen ,"00000 {} 00000")!println

ooood  16.8.1

;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) -> u64
()self.values.get(&value).copied().unwrap_or_default
{
{

} ()fn main
;()1let mut ctr = Counter::new
;(ctr.count (13
;(ctr.count(14
; (ctr.count (16
; (ctr.count(14
;(ctr.count (14
;(ctr.count(11

} for i in 10..20
;(ctr.times_seen(i), i ,"0000000 0O {} 00 00000 {y OO0O0OOO")!'println
{
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;()let mut strctr = Counter::new
;("O00")strctr. count
;("strctr.count("orange
;("000")strctr.count

;(("000")strctr.times_seen ,"00000 {} 00000")!println
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17 000

Traits 000000000 OOO0O0OOO

:000 000 00000 0000 000 ooo .0boo 0oo 0booo OO 0 0000 0 0000 0000 ooo ooo

0000 000 00oooo
oooooa 0ooooo
oooooa ooooooooao
ooooo o From and Into
ooooo o Casting
ooooo o Read and Write
000000 Default, struct update syntax

0oooo oo Closures

00000 oo ROT13 :00000

.0000 traitD0 0000DDO 000D 000 00 0ODOOD 00COO00000 DO000000 OO 00000 00O0000 Dooooo
.0000 0000000 00 00 0ooooo 0o .00o 0oooboo ooo ooo

pooood 171

0000 000000 00 OOtrait 000 000O .000000 00000000 OODODD 000 000000 00 O0trait 00O
.0000 00000 0000000 000000000 00 DOtrait 000 00 00000 00000000 0000 00 00000000

PartialEq and Eq

.000000 ne OODDOOCD OO0 0 eq DOODDOO OO0 0OOOOC OC 00O DOOC ODOOOO O0DOO 00 PartialkEq
.000o00 0boooooo 0o 00000 0oo '=0==00000000

} 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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{

.00000 PartialEq 000D O (transitive 0 000000D 000000CO) DOO OOCO 000000 0OOOO OO Eq
.000000 0000000 trait bound 00 0000000 Eq OO 000000 0OOO 00OOO 0ODOODO OO0 O0 000000

PartialOrd and Oxd

00000 000 .000 partial_cmp 000 00000 O 0OOOOD DCOOOCD 00 ODOD OODODOD OO PartialOxd
.00000 0000000 < 0 =<0=>0> 00000000 000000000 oooo

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

{
.0000000000 00 Ordering OOOOO cmp OOO OO OO0 0O 0OO DOOO 0ODOO OO Oxd

.This slide should take about 5 minutes

0000000 0000 00D0oo0ob Eq D00 000D 000000000 00000 0000000 000 000000O PartialEq
:000

} struct Key
,id: u32
,<metadata: Option<String
{
} impl PartialEq<u32> for Key
} fn eq(&self, other: &u32) -> bool
self.id == *other
{
{

0000 00 00000 000 0000 00D 0o0000D 00000 000000 00000 O0trait 000 OOODDOO DOOD OO0
.0000 000000000 0000 ooooo

gooooooog  17.2

:000 000 000000000 std: :ops OO0 traits 0000 00 0D00000OC 0000 0OO0DOOO

[ (derive(Debug, Copy, Clonel#
} struct Point

, X 132

,y: 132
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{

} 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
{
{

} ()fn main
;{ let pl = Point { x: 10, y: 20

;{ let p2 = Point { x: 100, y: 200
y(printIn!("{:?} + {:?2}y = {:?2}", pl, p2, pl + p2
{
.This slide should take about 5 minutes
:000 0000

0000 00o0O 000 000 00OO0000ooD 0O 00 .0000 000000000 &Point 000D 0O Add 0OOOCDDOO
0000000000 OD000 000000 00T OD000DO.00000000000 selfO00Add: add:0000 -
000 .000000 000 00 000 &T 0000 00 00000 000000000 0000 000000 Copy OOOOOOO
.00000 D0obO00o 0ooooooo ooo 0o 0ooooooo 0boooo ooooo oo ooa
0000 00000000000 00 0000000 00 00 000O000 OO0 0000 0ooDo 0000 00 Output OO0 .
0000 ooooo ooo
000 0000000 00000 0000000000000 0000 0000 0000 ooboooooooo :0o00o00 obooo -
.000000 00000 trait 000000DD OOOO (Output O0OOO) 0O0OCD OOCOCOO
impl 0000 DOOOOOO 00000 000000000 00000 0000 00 000D 00 Add 00000000 000 -
.000 00000 Point OO OO OO tuple 00 0O0OOOOO Add<(132, i32)> for Point

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

Fromand Into 17.3

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

} () fn main
;("let s = String::from("hello
; ([let addr = std::net::Ipv4Addr::from([127, 0, 0, 1
;(let one = i16::from(true
; (let bigger = i32::from(123_i16
;("{println!("{s}, {addr}, {one}, {bigger
{

:0000 000 DOoboboot From OO0 DOOOO DOODODOOD DODOO ODOODO ODODO Into

} ()fn main
;()let s: String = "hello".into
;()let addr: std::net::Ipv4Addr = [127, @0, @, 1].into
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;()let one: il6 = true.into

;()let bigger: i32 = 123_il6.into

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

.This slide should take about 5 minutes

000000 00000 000 0000 0000 booobo boo0booo0o From 000D 0OOOCDDO DOOO OOOD OO .
.00000 0000OD 00O 00 Into OODOOOOOO

0”000 00000 String OO 0O O0OOOOD 0O 0000 O0” 00000 0000000000 0000 00000 000Dna -
00 00000 0000 00 0bC0oooo 000 0OO0 .0000 0000000 Into OO OOOO OOOD 0ODDO 00000
.0000000 000000000 00 Into OOO OO 0OOCOOOOO 0O0OOO O 00000 From OOOOOOO0OO

Casting 17.4

000 .00000 00000000 as OO0 0OOOOO0O0 OO0 0OOO 0OO00DOC 00 000 000000 implicit 000 Rust
.000000 DOOO0C 0000 OO0 00 0boOoo Cc opboo oobo boopboo ooooooo

} () fn main
;let value: i64 = 1000
;(println!("as ul6: {}", value as ulé6
;(println!("as 116: {}", value as 116
;(println!("as u8: {}", value as u8

{

000 .00000 0000 obooDooo 0oooo 0o O 000 00000 Rust OO0 00000 as 00 0000000 O000C
-- 0000 00OCOOO 0obboo boboboo booo 0D 00000 00 00000 bOo00 booo bbb 0bob 00 000 0ooo
.0000 000 00000 0000 0000 0 0000 00000 00 0oooooo

0000 00 00 000000 0000000 00 000 0000 booo0o 000000 as 00 0000000 OO0 0000 00000
00oo ooooo 0oooooo 0ooo 00 00000 0Oooo 0o 0oooo 0ooo 00hobooo 00 00000 0oobCOoo O 000
0000 000 0000 obooooo .000 0boooo 0o booooo obooo 00 0o0boooo oooo boooooo ooooo
000 32 000000 00000) 0000 000 0 00D OD0o 000 000D OD0o 00D 000 00 0000 000000O ooooo

.(0000 0O0C 0000 DoDOo00 00 0000 00 0000 0ooC Das w32 00 ue4 00 00 0ODDO

0000 as 00 Into DO From 00 0000000 O(u64 00 u32 00000 000OD) 000 DOOO 00OODOOOO DOOO
TryFrom 0000 OOCOODO OO0 00000000 0OOO .000 000 000D 0000 00 00000 00 000 00000 0o ooo
00 000000 000000 00 00 00 0oobooobo oooooboo 0o 0ooo obooo ooooo 00 TryInto O

.0000 000000 0oboooo bobooo 0o bboooo

.This slide should take about 5 minutes
.0000 0000000 000000 000 00 00 00 00000 00000 000 0o

00 000000 000 0000 00 000000 00 as 00 00D0DOO .000 C++ 00 static_cast 00 00000 as
.0000 0ooboo booooo oo 0ooo ooboo 0o oooooo obook boooooo ooooo ooo

.000 0000 000000 00000 00 0000000 0000 usize 00 0000 DOOOCD 0OODD OO 0O0OOCD 000

Read and Write 17.5

:0000 000000 w8 00000 00O 00 00000000 ODBufRead O Read 00 0OODOOOOCO OO
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;{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
i ((println!("lines in slice: {}", count_lines(slice

;72(?()1et file = std::fs::File::open(std::env::current_exe
; ((println!("lines in file: {}", count_lines(file
(())0k

{

:0000 000000 u8 0000D 00D 00 00 00000 00000 000 00 Write DODOOO DOO OO

;{use std::io::{Result, Write

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

{

} <()>fn main() -> Result
;()1let mut buffer = Vec: :new
;2("0000" ,log(&mut buffer
;2("0000" ,log(&mut buffer
;(println!("Logged: {:?}", buffer
(())0k

The Default Trait 17.6

.00000 00000 0000 0O 000D 000000 00000 00 Default OOOOO

[ (derive (Debug, Default]#
} struct Derived

, X1 u32

,y: String

,z: Implemented
{
[ (derive (Debug]#

; (struct Implemented(String

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

} ()fn main
i ()1let 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
(QO)printIn! ("{:#?}", nothing.unwrap_or_default
{

.This slide should take about 5 minutes

oooo 00 Oooboooo o0 0OO0 oobooobooo oooooo oob oo DOoooooo ooooo ooo e
.000 00000 DODO0O D000 00 #[ (derive (Default]

000000 000000 00 000000 00ooo 0o 0o 0o boboo boooo boooob 0oobooo boooooooo 0o .
.000000 00O0oO 00O

-00000 00 Default OOOO OO0 0OOODO 0O 0O0ODO DOOODOO 000D 0O 000000 0000 bog -
.00oo oooo

000) 000000 000000000 00000 000000 00 00 Default 0000 Rust 000000000 00OODOO -
(00000 "" 0o

.00000 000 000D 00 Default OO OOODDDOO DOOO DOOOOOOD

-00000 00 Default 00000000 0ODDO 0OOOOOO OO OO0 0000 Rust 000O000DO 0OOOODOO -
.000000 DO0O0Ooo OO0 0O 00O 00000 00000 00 0000 000000 0 0000 oooo

.00000 00oo0Ooo 0Do0ooo 0ooooooooo oooooo ooo oo .. booooag -

Closures 17.7

0000 0000 ooo 0o .000 oooooooo boooooo ot boooo oboooooo 0boobo oooooo oo booooo
:00000 FnOnce 0O traits FnO FnMut 00 0000 000000000000

} (fn apply_and_log(func: impl FnOnce(i32) -> i32, func_name: &str, input: 132
((func_name} ({input}): {}", func(input} 00000000")!println
{

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

;()let mut v = Vec: :new
} |let mut accumulate = |x: i32
; (v.push(x
()<v.iter().sum::<i32
o
(4 ,"{} :00000" ,apply_and_log(&mut accumulate
(5 ,"{} 00000 ,apply_and_log(&mut accumulate
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;()<let multiply_sum = |x| x * v.into_iter().sum::<i32
; (apply_and_log(multiply_sum, "multiply_ sum", 3
{

.This slide should take about 10 minutes

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

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

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

00000 0o .000 FnOnce O FnMut OO0 0000000 OO 000 Fn .000 FnOnce 00 0000000 00 FnMut
00 0000 00 Fn OO0 O OO0O0 0ODDDOO 000 0000 FnOnce OO0 OOOO 00 FnMut 00 0OOODDDD 00000
.0000 0000D0D 0OD 0000 FnOnce OO0 FnMut

0000 0000000 FnOnce 00 0000 0000000 OO closure 00 00 000000 DOOOO 0OOOO OO 0OOOO
00 FnMut 00 OO0 0(0000C 0DOOO000 000 00 0OD0) 00O0ODO00 00000000 00 00 000 00 000 boo
0000000000000 0000 00 00ooooooooo ooooooo 000 000 .Fn 0O 00OOO0OD OO0 0 00000 000 000

.0oooo ooooa

00000 000OD 00000000 00 00hobOoooooo booooOoD 000000 closure OO 0O 00000 0ODOOD OO
.FnOnce 00000 00 O FnMut DOD O(DDCD 00000OOD DOOO OO0 00 0000000 0O) 000 Fn

The compiler also infers Copy (e.g. for add_3) and Clone (e.g. multiply_sum), depending on
what the closure captures. Function pointers (references to fn items) implement Copy and
.Fn

000 0ODODOD 00 00 00O000D 00000 00 00 00000 0O (closures) 0000000000 DOODOOO DOOD OO
capture (000000 00 000 00000000 00000 000 0DODOO 0000 000 00000 00000 00) D000 0oopoo
.00000 000000 value OODO OO OO0 capture 0000000 00 move 000000DO .000000

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

{
} () fn main

;(()1let hi = make_greeter("Hi".to_string
;("hi("Greg

ROT13 :00000 17.8
00 000 .000 000000 000000000 00 ROT13” 00000000 000000 00000000 000 00000 000 00

000000 000D 0000 .0000 000000000 00 0O 0000 000000 0 0000 000 Playground 0000 OO OO
.00000 0000 0000O UTE-8 000000 00000 00 00000000 00 ASCIL

;use std::io: :Read

} <struct RotDecoder<R: Read

106


https://en.wikipedia.org/wiki/ROT13

,input: R
,rot: u8
{

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

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

{

[(cfg(test]#
} mod test
;*¥:1:use super

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

{

[test]#
} ()fn binary
;()let input: Vec<u8> = (0..=255u8).collect
;{ let mut rot = RotDecoder::<&[u8]> { input: input.as_ref(), rot: 13
;[let mut buf = [0u8; 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

{

0o0oooo 00 0000 0O 00 0000 DOO0 0000 00 RotDecodex 00 00000 OO 00O 000CDDO 000000 OO
aooooooooo oo

goooo 17.8.1
;use std::io::Read
} <struct RotDecoder<R: Read

,input: R
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,rot: u8

{

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

{
(Ok(size

{

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

[(cfg(test]#
} mod test
;*¥1use super

[test]#
} ()fn joke
= let mut rot
;{ RotDecoder { input: "Gb trg gb gur bgure fvqr!".as_bytes(), rot: 13
;()1let mut result = String::new
;()rot.read_to_string(&mut result).unwrap
;("lassert_eq! (&result, "To get to the other side
{

[test]#
} ()fn binary
;()let input: Vec<u8> = (0..=255u8).collect
;{ let mut rot = RotDecoder::<&[u8]> { input: input.as_ref(), rot: 13
;[let mut buf = [0u8; 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

108



V 000

oo :0 oo

109



18 000

guopo ooo o ooo od

:000000 D0O0OOOO DO000 00 0O 0ooo0o

Rust 0000 00000 :(borrow checker) 0000000 0000000000 O 0OODD 00O 0OOOCD 0OOOOO -
.00000 0000 00h0O0Oo000 00000 0oooo oo
.000000000 00000000 00 000D0oo bObOoooo :000000 000Ooooa -

poooo oooooo

000 .0000 000 00000 00 0 0000 0 000D 0000 0ooo 000 000ooooo 0o 0000000000 oooooo oo

:0000 0000
aooo ooo goo
goooo o ooooo ooa
oooo o ooooo oooooo

0oooo 0o oO0ooo oboooooooo
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19 000

guood oooooo

:0000 000 .0000 000 0000 O 0000 0000 000 000

0000 ooa 0ooooo
ooooo o 000000 00000 ooooo
00000 00 00000 000000 0oooooooo
ooooo o 0ooooo
goood o Jooooooo oooooo
ooooo o Clone
ooooo o 000000 0000 oono
00000 oo Drop

ooooo ao 0oooooo ooboooo :o00o0oo

0ooooo ooooo ooooo - 19.1

:000000 00000 00O 00 0o 00 ooobo oooooooo

0000000 (D000 0O 0000) 0000 00000000 0000 0O 000OoO 00 00000000 0000 :Stack
.0oooo

.000000 0oO000 000o0o0o 0000 0o 00 00000 0ooo0o ooooooooo ooooo oooooo
.0000 00000 00 stack 0000000 00 0OO :0000 00000

.000 0000 00000000000 0000 :0000 oooooo

.00000 00 0000 ooobooo

.0000 00000000000 00 0000 000000 000000000 :Heap »

.000000 00000 0000 0O00 0O 00 00000 0000 00Oooooob ooooo obooog -
.0000 0000000 DooOo0oooo 0D 0000 00 0000 wstack 00 00000 00O -
.00000 00000 00 0000 ooobooo booo booooo ooo -

gooo

0000 00000 0oDDoC 00 0000 O stack OO0 0O 00OOD 000000 00 String metadata 00 00000
:00000 0000 heap 000 00 ODODOO DDOO
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} () fn main
;("0000")1et s1 = String: :from

{
Stack
Heap .- - - - - - - - - - - - - -
: sl
: : : Fom - R ettt +
R e e R s : : | capacity | 5 |
t | optr O-t---t----t-->[ H | e |1 |1 |o|
S S T ST SO : : | len | 5 |
: N L . Fo e e a o +

.This slide should take about 5 minutes

000 0 00000 00DO0D 00000000 00000 00000000 Vec 00 0ODO String 00 OO0 0OOOD OO0 -
.000 000 heap 000 0O0DO 000D 00DODO DODO 00 0DOOCOOO O0000D00DOOO 0OO0 0o 0 ooo

00 00000 00000 OO0 0000 00000 00000000 00000 0000 00 000000 DOo0obCoooo 000 -
000000 0000000000000 0 000 0000 000000 heap 000 00 System Allocator 00 0000000
0000 000000000 Allocator API 00 0000000 00 00000000

aoooo oooo booo

000 00 .0000 00000 00 00000 000000 0000 (unsafe) 0000D Rust 00 0000000 00 000DCOOO
1000 00000 00000 0O 000 000 00 0000 ooooo oooo oooo

} ()fn main

;("0000")1let mut s1 = String: :from

; (" ")sl.push

;("0000")s1.push_str

.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

0oooo oooooo ooooooood - 19.2

:000000 0oooo 0boobo oooo o0 oo oboboo boooo ooo oo

.. 0000000 0C++0 € :00000 D000 000000 0000 00 0000 00000 -
.000 000D 00 00000 00 heap OCODO 0OOOO OO 00 0ODCOD 0ODDD ODOOOOOOOO -

00000 DO00o 0oooo 00 booo ooooooo oo 000 00 000 0boooo 0ooo oooooooooa -
.00 00 0OOoo

.000000 00000 000000000 oboboooooooo 00O 00DhO0 0000 00opooon -
.. 00000 000 00O0ODOOD 00000 :0000 0000 00 00000 000000 000000 0000 00 0000 00000 .
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https://doc.rust-lang.org/std/alloc/struct.System.html
https://doc.rust-lang.org/std/alloc/index.html

00 00 000000 000D 00 00000 00 00000 00 000000 0000000 0000 0000 00000 00 -
.000000 0000 0ooo oobo ooooo
.Typically implemented with reference counting or garbage collection —

:00000 00000 0000 00000 00 Rust

.0000000 0000 00 00000 000000 0000 0000o 000. 00 00000 0 0000 boooo
.00oo0 0o0oo oooo 0booob 0oooo o0 boooooo oo Ot ooo ooa
.This slide should take about 10 minutes

00 00 Rust 00 000000 0OOOO 0DOCO0OO0O 00 00 000 00000000000 00 000 00000 00 0o00oo 0oo
.0000 0ooo ooooo ooooo

000000 .000 000000 free O malloc 00 0000000 0O DOOO 000OD OO heap 0O0ODODOOOC -
0ooooooo 0o 0o0o 00O 00000 00 00000000 Ofree OODDOOOO OOOC OODODDOD DODO DOOO
.00000 00000 0O 00 00 000 0000000 000 000C 00 00 0000000 00 0000 dereference 00

00 00 0000 (unique_ptr, shared_ptr) 000000 O00COOO0CODOD 00000 DOOOOOOOO C++

0000 00 00O0DOOoO 00OOC (destructor) 0000000000 00000000 OOOOOO 0OOOO DOOOOOOO

0000 0ooooD 0O 0obo oooo oot oo .ooobob oopboob ooob 0o oobooob ooobo oobooo ooo
.000 00000 € 0O 0O00Cb boooooo 0 0obo boopboo oobbooo oo 0bboooo. boo 0o oo ooo

-00000 0000000 0O0O (garbage collector) 00000 00DO0000CDDD OO O0ODOO O OO ODOOO -
00 00000 oo0ooo ooo ooo .0o000 oooo oo ooooo ooo 0 oboo ooooo oo oooo oo oo
00000000 0D 00 0000000 000000 0000 00 0 000 dereference 0000000 00OOOOOO OO
0000 0000 00 0000000 GC 000D .00oooD 0nooooo 000 0o00o0D 0000 O (use-after-free)
.000 00000 00 00000 0oooo o oooo

00000 00 000000 00 0000000 (Rust (ownership and borrowing 0000000 O 000000 OO0
00000 00 -- 0000 0000 0000000 00 000000 00000000 0 00000 000000000 00 00 € D00o0o
.00000 00000 00 Cc++ DO00ob bboooboooob oo bobooo ooboooooLo boooen .oooo boo 0o -- ooo
000 crates 000 0 0000O O00OO 00 OO0 00O0DOD O0ODO 0DOOO DOOOO 00000000 0000D 0ooo oo
0000 000D 00D 00 00) D00 00000 0000 0000 00 00000 0000000 00 00000000 0000 0oooo

(000000 oooo

goooot  19.3

00000 00 0oooooo 0 0boooo oboooo 00 0o oo 0booo ooooo Oob oooob oooob oooobooo oooo
:00000 00 0oboooo oo oooo

; (struct Point(i32, i32

} () fn main

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

.0000 0000 00 000000 0000 00 00 Rust 00 00000 OO0 .000 00000 DOCO 0O0OO 00 00OCo00o

-00 (destructor) 00000000 OO .COCCOO 0DOD 000000 O DODOCD OO0 00000 DooCoCD 00000 oo
.000 0000 00 00000 0o 000 0ooo 0oooo oo ooooo
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.This slide should take about 5 minutes

-000 00 00 00000 000000 000000 000D 00000 0000boo boboooobbooo 0o 00 ooooobboooo
0ooo 000000 0000 00000000 0000 00000 0ooo »000000” 00 00000000 00 00000 000000000
.000 000000 0000 Rust ”000000 0000OCO” 0000 .00O000

gooooooo oooooo - 19.4

:00000 0DO000 0oooooo ooo oo oooooo ,0ooooo

} ()fn main
;("10000")1et s1: String = String: :from
;let s2: String = sl
; ("{println!("s2: {s2
;("{println!("sl: {s1 //

.00000 D0ODOO 0O 000000 s2 00s1 000000 -
.0000 0000 0000 s1 000 :0000000 000000 000 ,000000 s1 00000 00 0000 00O 00000 -
.000000 0oob 0ooo bboboooo 000000 s2 00000 0D 0000 00 0oooa -

:s2 00000000 0o ooo

Stack Heap
: sl
. L Hi i e PP P o R R et +
;| 1] ptr | 0m--t--oteeo-te>|H o[ e |1 |1 o
: P —— : | len | 6 |
: | capacity | 6 |
. B I +

: "(s1l "(inaccessible
S : : . oo oo +

| ' | ptr O---+---+--+--+-->| H | e |1 |1 | o]

R e s T P ISP S | len | 6 |

| | capacity | 6 |

: : | Fom oo Fom oo +

L N |

| s2

| : L Ry S +

'--t---t---ptr | o

| len | 6 |

| capacity | 6 |
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0000 000000 0000 000000 00 00000 0000000 00000 0000 o0 00 00 oo000 00 00 booooo
:00000 00000 0O 000000 000 OO0 00 .0o000

} (fn say_hello(name: String
("{name} 0000")!println
{

} () fn main
;("0000")1et name = String: :from
; (say_hello(name
; (say_hello(name //

{

.This slide should take about 5 minutes

00000 000 boooo 00 00 0O 000 Cc++ 0000 booobo 0000 0o 0oDoo 000C 00O 0o 0O00C Oooog .
(0000 00 0O 00 0D 00000 00 00 ) DO0D 0000000 std: :move 00 OO 000

000 0000000 0000 000000 0o 0oo 0ob 0oooo .000 bOO000 DO0000 0O00 000 0000 000 -
00000 DO00000 0000 0 000 bOoo0ooo. 0ooo Dooooo 0ooo o0 0oobo ooooo oooooo
.000000 000000000 (aggressively) 000000

.(0000O00 0O 00DOO 00O000000) 000 Copy OOOOOD OO (DODO DOOOO OOOOO) O0DOD ODDODO -
.(clone 00 0000000 O0) OO0O0OO 0000 OOOO 000000 ORust OO
:say_hello 0000 OO

000 00 00 .00000 000000 00 name 000000 main 0000 Osay_hello 00000000 00000 OO e
.000 0000000 main 00 00000000 0000 name

00000 0000 say_hello 0000 O0OOODD 0O name OO0O0 OO0 OODO DOODDO 0OOOOO OOOOO

.oo

(&name) 0000 00 00000 OO0 OO0 00 00O 00O 000 00 name 000000 0000000 main O0O0OO

.000000 0000 000000D 00000 0o 00 0000 00 say_hello 00 OOODD OO0 O 000 00000

00 0000 00000 00000000 00 00 name 00 0000 00 0000000 main 00000 00000 00000 OO

.000 00000 (name . clone) () 00000 OO0 00O OO

00000 00 000000 0000 00 0o0,0000 00000 000 0000 00 000 C++ 0000000 Rust OOOD OO
0000 0000 00 000 0000 00 00 00 000 00000 0000 000000 0 000000 0000000 «0000o0»
000 00000 oo oooo

0oooo oooo oooo

0000 C++ 00 00000 0O0oooo

:00000 00 D0Doo0o 0ooo 00 00 0000 000 0000 C++

;"std::string s1 = "Cpp
.std::string s2 = sl; // Duplicate the data in sl

000 000 00 00000 00000 s2 0000 000 00000 000 00 s1 0000000 00 000000 oooooan -
.000 00000 oooo oo

115



o0oooooon 0ooo 0o 0000 0o 0oooD o000 boooooooon 0oooo 0o s2 00 s1 0000 00 0000 -

Stack Heap

: sl

: R T : : R g +
: | ptr O---#---%--+--+-—>| C [ p [ p |
: S | len | 3 |
: | capacity | 3 |
: [ o L +

:000 00000 000000 0o ooo
Stack Heap

: sl

: B 4 : : . oo oo +
;| ptr 0---t-s-tootaoto>| C | p | p |
: B S S | 1en | 3 |
: | capacity | 3
: +------- R +
: s2

. I it sEE I R R et +
| ptr | om-te-steocete>| C | p | p |
: S | len | 3 |
: | capacity | 3
: B R +

:00000 0ooo

.000000 obooo 0o oot ooooo

:000 00000 000000 0O 00O

00 000000 = 0000 .000 0000 00000 Rust 0000 OO DOOO OOODODO OO0 OOOO0DO C++ 0000 -
000 00000 00 0boo oo 0oooo 0oo ooo o0 .oooo 0ooo 0obo oboo ooooooo oooooo obo
.000 00 0oooo oboo booboooo ooboooo oooo oboo oo Ooboo booo 0oob oooo oo

.00000 0000000 000000 00 00DoOo0 boooD 00 000 std: :move 00000 C++ 0000 00 DOODDO -
s1 0000 0000000 0000 0oo00oD 00000 000 00O s2 = std::move(s1( OO 0DOD 00O
C++ 0000 OO0 ,Rust 0000 000000 0 0OOOOO 0000 0DO0O000 D0O0OO 00000 0oooo oo 0o

.000 0000000 s1 00 000000 00 000 000D 0o0boooooo

.000 0000000 0000 bhobOo 0D O 0000 000 0000 0000000 C++ 00 = ORust 0O0O0 OO e

Clone 19.5

.00000 00000 00 000 000 Clone DOODD .000OOD 0OOOCD 0O DOOC 0O DOOCDOOO 000 DOOOD 0000
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https://en.cppreference.com/w/cpp/utility/move

} (fn say_hello(name: String
("{name} 0000")!println
{

} ()fn main
;("0000")1et name = String: :from
; (()say_hello(name.clone
; (say_hello(name

{

.This slide should take about 2 minutes

00000 00 .000 000000 heap 00000 OOO0OO O0O0ODCOO DOOOOOO OO DOO 0OO Clone DOOOO o
000000 Box: :new 00 vec! 00000 0000 00000000 .clone()

000 00 (borrow checker) 0000000 0000000000 00 00000 OOODOD 0O 0OOOD 0000000 -
.0000 000000000 0o00o 0o 00 00000 00Oo0 o000 OO0 0O0 0 00000 0000000 oooo

00000 00 000 00 0000 000 00 000000 00000 00 00000 00 0000 000 00 0000000 clone
.00 000000 000 000 00000 00 0oooo ooob boooob 0oo OO0 0oDoo 0o oooo

0000 0oooD 0000 0o 0000000 00000000 0ooboo 0hooOD 00000 00RO clone OOOOO
.000 0000 00 000000 ooooooooo

gooooo oooo oot - 19.6

oooooo 0ooo 00 0oo 00D ooo 0ooo 0000 0o 0ooo 000000 0ooo 0o 000000 00000 00 oooo oo
:000000 000

} ()fn main
;let x = 42
;let y = x
println! ("x: {x}"); // would not be accessible if not Copy
;("{printlnt("y: {y
{
.0000000 0000ODooD 00 Copy 00000 DODDOOOOO DOO
:00000 00000 00 000 00000 00 0000000 00 0000000 0000 00boooo oo ooooa

[ (derive(Copy, Clone, Debug]#
; (struct Point(i32, 132

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

.00000 00 000 0OO00D 00O 0000000 p2 0 p1 00 OO0 OODOOOOOCD OO -
.0000 0000000 000000 0000 000 0000 pl.clone) ( DO DODOOODD OODODO -

.This slide should take about 5 minutes
:000000 00000 00000000 0 0000ooooao
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ooooo 0oooo 000 000 0 0000 00000 00000 00000 00 000 0o 00D 0ooooo oo ooooooooo -
.000000 00O 00D bobo 0o

.(C++ 00 constructors 000 0000 0O0) 000000 00 000000 0OOOD 00000 0OODDODOODO .

00000 00000 Clone OODDOO DOODDOOOD OO ODOOOD O OO0 ODDOOOD ODOODD 00 00DOOO0DO -
.00000 00000 00 oooooo

.000000 000 000 0000 0000 00000 00 Drop OO0O0O0 OO0 0OOO000OO 00000 000 000000000 -

:0000 0000oo 0O 000 0oboo boooo oooo oo

000 00 String 0000 000ODD 0OOOODD .0000 00000 struct Point OO0 Stxring OO0O OO
.0000 Copy

pl 0000 println! OO O0DOOOCD OODO 00000 .00O0 00O dexive OO0 OO0 OO0 Copy 0OOOD
.0oaoa oooo

.00000 DOC DO0OD 0boo 0O 00D D00 00 00 pl 000 00 0000 0000 -

0oooo oooo oooo

0000000 000 DO0O0D Copy/Clone OODOD OOOOO (shared references) 00000 OOODOOO e
Rust 00 000 000D 0OO 00 000 .000000 000000 (mutable references) 0O0OOO 0000
000 00 0000 00 00000000 000000 000 00 00000 00000 0000 000000D 00 0000 0000
oooooo ooooo oooo ooooo oo 0o ooo oo ooobo oooo ooooo ooooo ooooo oo oooo
.00000 000 00 Rust 0000000

Drop 00000 19.7

0ooo ooooo oo 0ooo oooo 0o 00o oooooooo ooooob oobooooooo oo Drop OOOOO OO OOODOO
:000 0000 0oooo oo

} 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: "a
}
;{ "let c = Droppable { name: "c
;{ "let d = Droppable { name: "d
;("println! ("Exiting block B
{
;("println! ("Exiting block A
{
; (drop(a
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; ("println! ("Exiting main
{
.This slide should take about 8 minutes

.0000 00000 std: :ops: :Drop: :drop 00 std: :mem: :drop OO0 00000 OO0O0O0 0000

.000000 000 0000000 0000 00000 00 00 00000 000000 000 00 0o0DOog .

000000000 OO std: :ops: :Drop O0OOOO OODODO OO0 DOD 00ODDOO 0OO 0ODDOO 00 00 00000 -
.00 00000 00000D0C 00 Drop: :drop OO0O00CDOO 0DOOOO OOOO

000000000 00 Drop 0OOODO DOOOCO OO OO 0OO 00O0ODDOD 000 DOO 000 0O 0000000 0000 -
.00 00 DOO0 0ooo

000 000 00 00 00000 .0000000 00 000000 00 00 000 0000 0000 00 std: :mem: :dxop
000 .00000 000 0000000 00000 00 00h00000D 0000000 D000 00 00 00000 000000 oo
0oooo ot boooooe oo 0ooo 0o boe oboooo boeb 0oo 0ooo ooboo 0oooo oo o0 0o ooooo
.00000 00000 bO0o0oo 0ooo

0000 :0000 0000 000000 00000 0000 drop 00000 0O 00 DOODOC DOOD DODOOOD 000 -
.0000 0 000000 D000 0o0ooo oooo

:000 0Oooo

00oooooo 00 Drop: :drop self OO0 o
00 0000 00000000 0000 00000 00 std: :mem: :drop 0000 O0ODOO 0OO 00000 DOOO -
stack overflow) stack) 00000 000D 00000 O Drop: :drop 0000 OOOOOODD OO 0000
10000
.0000 0000000 a.drop() 0000 (drop(a 0000000 e

gooood ooooooo :0oood - 19.8

0000000 0000 0O00 00 000 000000 000000000 00 0b0oo0o 0o0o 000 0O OO0 00000 000 oo
0oooooooo 0ooo 00 oooo 0oboD 0o 0000 00 0oo0oooo ooob »ooooon ooooo0” 0o 00 .000 000
.000 000000 ooooobo ooooo boooo 0o boooooo oo

.0000 0O 00 boob ooooo

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

[ (derive(Clone, Debug]#
} struct Dependency
,hame: String
,version_expression: String
{

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

,hame: String

,version: String

,<authors: Vec<String
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,<dependencies: Vec<Dependency
,<language: Option<Language

{

} impl Package

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

{

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

} impl PackageBuilder

} fn new(name: impl Into<String>) -> Self
("todo! ("2
{

.Set the package version ///

} fn version(mut self, version: impl Into<String>) -> Self
; ()self.0.version = version.into
self

{

.Set the package authors ///

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

{

.Add an additional dependency ///

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

{

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

("todo! ("5
{

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

{

{

} ()fn main

; ()let base64 = PackageBuilder: :new("base64: {base64:?}").version("0.13").build
;("{?:println! ("base64: {baseb4
= let log

; ()PackageBuilder: :new("log").version("®.4").language(Language: :Rust).build
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;("{?:println!("log: {log

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

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

goooo 19.8.1

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

[ (derive(Clone, Debugl#

} struct Dependency
,name: String
,version_expression: String

{

.A representation of a software package ///
[ (derive (Debug]#
} struct Package
,hame: String
,version: String
,<authors: Vec<String
,<dependencies: Vec<Dependency
,<language: Option<Language

{

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

{

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

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

({

{

.Set the package version ///

} fn version(mut self, version: impl Into<String>) -> Self
;()self.0.version = version.into
self

{

.Set the package authors ///

} fn authors(mut self, authors: Vec<String>) -> Self
;self.0.authors = authors
self

{

.Add an additional dependency ///

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

{

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

; (self.0.language = Some(language

self
{

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

} () fn main
; ()let base64 = PackageBuilder::new("base64: {base64:?}").version("0.13").build
;("{?:println! ("base64: {baseb4
= let log
; ()PackageBuilder: :new("log").version("0.4").language(Language: :Rust) .build
;("{?:println!("log: {log
("let serde = PackageBuilder: :new("serde
([()authors(vec!["djmitche".into.
(("version(String::from("4.0.
(()dependency(base64.as_dependency.
(()dependency(log.as_dependency.
; ()build.
;("{?:println! ("serde: {serde
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20 000

goopod oooooooooo

:0000 00 .0000 000 00000 0O 0000 0000 000 000

oooo ooo aoooooo
ooooo oo Box<T>
goooo o Rc

0000000 Owned Trait Objects
ooooo 0o obooooo oooo :ooooo

Box<T> 20.1

:000 heap 000 0000000 OO DODOD 0000000 DO Box

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

{

Stack Heap
: five
+-em-- + : +-em-- +
I R R B
tommm - + : toemm - +

00000000 00 000000 000 00 00 DO000D 000000000 00 Deref<Target = T> 00000 Box<T>
.0000 00000000 Box<T> 00O OO T 00OOOOO OO0OOO

0000 00 0000000 0o 0000000 000000000 0o 0Ooo oboooo oo 0oooboo ooooooo ooboooo
:000 00 000 0O Box 00 0000000 OC 0000DD OO0 0DDOD 00000 pointer indirection 0000 inline
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https://doc.rust-lang.org/std/boxed/struct.Box.html
https://doc.rust-lang.org/std/ops/trait.Deref.html#more-on-deref-coercion

[ (derive (Debug]#
} <enum List<T
.A non-empty list: first element and the rest of the list ///
, (<<Element (T, Box<List<T
.An empty 1list ///
,Nil
{

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

{

Stack Heap
list
R et (T + R T TR + : : R Lt (IR +
| // | // | Element | 1 | O--+----4----- +--->| Element | 2 | o--+--->| Nil |
R + B + : : S P +

.This slide should take about 8 minutes

000000 00 000 000 00000 00 00000 000 00 0000 C++ 00 std: tunique_ptx 00000 Box
.000 000000 (null) 000

:000 00 0000 0000 00b00D 0oooooo Box e

Rust 00000000 000 00000 0000 0000000 0000 00 00 0oooob 0o 0oooob oooo oo -
.0000 00 0000 0ooooo oooooo 0o oooo

0ooo 00o oo ooboboooD oooo .0oo0o 0oooon 0o 0ooo 0oo0o 00000 000000 0o0oooaa -
00000 Box 00 OO heap 00 00 0DOOOOD 0O 000 OO DODOO 00 0DOOOOO OO 00000 DOO
.000 00000 0000000 000 00 booo

List 0000 00 000000DD OO0 List 00 O0000OO0 000 O 00o0O00OODD 0D00000O Box OO OO0 .
000 000000 00000 00 000000 0000 00000 0ooooo0 0ooobboooo oooboooo boooo oooo
(00000 0000 000oDoD 0000Dooo List 0ooo

00 000 0 0000 0obo oboooob 0o 00 bopoo oboboobo oboo ooooo 00 0o 0DOoo OO0 Box .
.00000 00000 heap 00 List 0000 0000

recursive” 000 0000 .0000 00OOOC 00 000DOOODO 0OOO 0 0000 000 List 0DOOD 00 00 Box e

00 00 000D 000000 00000000 000D 0000 D000 000000 000000 00 ”without indirection

ooooooo 0oooo 0oo0ooD 0oooo 00O 00 00000 00 000000 00 Box OOOOO 0000000000 0OOO
.000o
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Oooooo oooo oooo

Niche 0000 000O0O

.0000 null/000C 0000000 000 OOO0OO0 000 0O C++ 00 std: :unique_ptr 00000 Box 00000
-00000 0DO000 00000 00000000 00 00 0000 00000000 00 000 Box OO 0000C 0000 00000 000
.000 000000000 00 00enum OO0 OOOO OOOO

00000 00 00000000 000D 0Box<T> 00 0000 00 000000 OOOD Option<Box<T>> 00000 0000
00000oooo”)y bbohoo 0oooooD 000 00 00 0000000 OO0 00 00 variant 000 00000 0DOOD NULL
(0000 boOooooo

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

i ((assert_eq! (size_of_val(&just_box), size_of_val(&optional_box
i ((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

Rc 20.2

00 00000 0000 00 0000 0000000 00000 000 00 .000 00000 00000 00 00000 0000000 00 Rc
:0000 00000 00000 0000000 00 00000 ooooooo

;use std::rc::Rc

} () fn main

;(let a = Rc::new(10
;(let b = Rc::clone(&a

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

.0000 0000 Mutex O Arc 00 000000 (multi-threaded) 000000-000 DODOD 00 00 000 -
00000000 00 D000 0DO000 Weak DOOO00OO 00 OO OO DOODOO 0DOOOCODD OO0 00000000 000
.00 000000 000 00000 00 00 booo boooo

.This slide should take about 5 minutes

0oooo 0ooo ooooobooo oo ooooo ooo 0o 0o 0ooo oboobo 0o oobooo ooooo Re OOOOO .
.000 0OOo00D boooo
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https://doc.rust-lang.org/std/option/#representation
https://doc.rust-lang.org/std/option/#representation
https://doc.rust-lang.org/std/rc/struct.Rc.html
https://doc.rust-lang.org/std/sync/struct.Mutex.html
https://doc.rust-lang.org/std/rc/struct.Weak.html

.000 C++ 00 std: :shared_ptr 00000 Rust OO Rc

00000 00000 (allocation) 00000 0DOO0 OO0 000O0O0OO OO 000D 00O :000 00000 Rc: :clone »
00 0 000000 DOOOO (deep clone) 0000 OO0 000 000 .00000 DODOOO 00 00000 00000 O
.0000 000000 00 00 000000 00 00 0000000 00000 0000 00000 00000 000 000

00 O (’clone-on-write”) 00000 000 OO0 00000 0OOOOO 0000 0000 OO 0000 00 make_mut o
.0000000000 (mutable reference) 00000 0000 00000

.0000 0000000 0000000 0ooob DOOO0D 0000 Re: :strong_count OO »

0000 00000 00000000 0O 0D0OO D0 00 0000 0000D 0000 00 000 0O Re: :downgrade o
.(RefCell 00000 OO0 OO0OOOOOD) OO OOOOOD DOO OOOODO OO OO

Owned Trait Objects 20.3

0000 0000000 0000000 0O (trait objects) 00000 0000000 OOO0DCD 0OOOO OO 00000 00OOOO
00000 000000 0000000000 OO0 00000 00000 00 00h0O0OOo00o 0ooo 000 0O .&dyn Pet OOOO0O
Box<dyn> :0000 00000 (owned trait object) 0000 00000 OO0 00 00 0000 00000DOD 000 Box

.Pet

} struct Dog
,hame: String
,age: 18

} struct Cat
,lives: i8

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

} impl Pet for Dog
} fn talk(&self) -> String
(self.name ,"!'000 {} 00O OO0 Oformat!(" Woof
{
{

} 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
L
} for pet in pets
;(()pet.talk ,"{} 000000 OO OO0 OOOOO")!println
{
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:pets 00000 00 00 00000 000000

Stack Heap
e e "pets: Vec<dyn Pet>" : : "data: Cat"
| F |1 | d | o] tommmo-- e + : tooooo - e +
R L | ptr | 0---+---+--. : | lives | 9 |
A e to-mooo- + 0| | len | 2 |
| A S | capacity | 2 |
[ ! | | : Fom oo Fom oo o +
| "data: "Dog | |
Fommmma - [--+------- + | |
| name | o, 4, 4 | oo +-]---+ [
| oo | oo0-|----- >| age | 5 |<--+--"
S Fom oo + +---|-+---|-+
| |
Do Do 4 oo 4o .o o-- | - - |- - -
| |
"Program text" | |
_________________ | - - |- - -
vtable | |
o e e e e oo + | |
| "Dog as Pet>::talk>" |<----- |
e + |
vtable |
oo o + |
| "Cat as Pet>::talk>" |<----------- '
R +

.This slide should take about 10 minutes

00000 000000 000000000 000 0000 000000 bo00000000 00 D000 00000 00 00000000 .
0000 0000 OO0 Vec<dyn Pet> 00000 O00000C 00OOOO OO0 OOODOD DOOO OOOOC 00O .00000
.0000 000oooo
00 0000 000000 00 00Oo 00 0o000o 00000000 00 0000 o000 D000 000 0000 dyn Pet
.00000 000000000 00 Pet OOOOO
00 .00000 heap 00 vector 0000000 O 00000 0000 00DDO stack OO pets 00000 00000 «
:00000 (fat pointers) 000 0000000000 vector 0000
00000 00 0000000 000 .000 DOO00 00 000 00 0000000 00 (fat pointer) 000 00ODOOO —
(vtable) 00000 0000 O00OOCDO OO OOOOOOO OO0 O 00000 000 OO0 0000000 oo :0ooa0
.000 000 00 Pet 00000OOOOO OOOO
0000 00000 Cat .000 age 0 name 0000000 0OOO Fido 00D OO0 Dog 00 00000 OOOODDO —
.000 1ives
:0000 000000 0000 0000 00 00 000 00000000 -
(O <println!("{} {}", std::mem::size_of::<Dog>(), std::mem::size_of::<Cat
() <printIn!("{} {}", std::mem::size_of::<&Dog>(), std::mem::size_of::<&Cat
() <println!("{}", std::mem::size_of::<&dyn Pet
;((O)<<println!("{}", std::mem::size_of::<Box<dyn Pet
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gooood oooo :0ooot - 20.4

0 00) 00000 00 000 00 0O 00 00 000 00000 0000 000000 00 (binary tree) 000000 0000 OO
000 00 0000 .00000 00000 00 0000 00 000 00 00 00 00 0000 00000C 0oooo 00 .oooo (booo
000 000000 0000 0 000 000000 0oooooD oooooo oobobo N 0D o000 00D 000000 0000 ON 0000

.000 000000 oooooo booooo 0o0oo N oooo oooo

.00000 0000booooo ooo oboo booooboob 0o oboo booboboot 0o obo ooooooo

00 00 DOO0OOC0 00 D000 D0000000D 0ooooo 00Ooo bOoO 0O (terator) DOO0ODD OO :00000 0DOODOO
.00000000 (in-order) 0O0OO

.A node in the binary tree ///
[ (derive (Debug]#
} <struct Node<T: Ord
,value: T
,<left: Subtree<T
,<right: Subtree<T
{

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

.A container storing a set of values, using a binary tree ///
/117
.If the same value is added multiple times, it is only stored once ///
[ (derive (Debug]#
} <pub struct BinaryTree<T: Ord
,<root: Subtree<T

{

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

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

{

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

{

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

{
{

. Implement ‘new’, “insert’, “len’, and “has’ for 'Subtree //
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[(cfg(test]#
} mod tests
;*::use super

[test]#

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

{
[test]#
} ()fn has
;()let mut tree = BinaryTree: :new
} ([fn check_has(tree: &BinaryTree<i32>, exp: &[bool
= <let got: Vec<bool
;()exp.len()).map(|i| tree.has(&(i as 132))).collect..0)
; (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, true
; (tree.insert (3
; ([check_has(&tree, &[true, false, false, true, true
{
[test]#

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

{
; (assert_eq! (tree.len(), 100
; ((assert!(tree.has(&50

goooo  20.4.1

;use std::cmp::0rdering
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.A node in the binary tree ///
[ (derive (Debug]#
} <struct Node<T: Ord
,value: T
,<left: Subtree<T
,<right: Subtree<T
{

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

.A container storing a set of values, using a binary tree ///
v
.If the same value is added multiple times, it is only stored once ///
[ (derive (Debug]#
} <pub struct BinaryTree<T: Oxd
,<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

o
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{

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

,None => false

} (Some(n) => match value.cmp(&n.value
,(Ordering::Less => n.left.has(value
,0rdering: :Equal => true
,(Ordering: :Greater => n.right.has(value

1

{

} 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.insexrt("bar
;(("assert! (tree.has(&"foo

{

[(cfg(test]#
} mod tests
;¥1iuse super

[test]#
} ()fn len
;()let mut tree = BinaryTree::new
; (assert_eq! (tree.len(), ©
; (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
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[test]#
} ()fn has
;()let mut tree = BinaryTree: :new
} ([fn check_has(tree: &BinaryTree<i32>, exp: &[bool
= <let got: Vec<bool
;()exp.len()) .map(|i| tree.has(&(i as 132))).collect..0)
; (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, true
; (tree.insert (3
; ([check_has (&tree, &[true, false, false, true, true
{

[test]#
} ()fn unbalanced
;()let mut tree = BinaryTree: :new
} for i in 0..100
i (tree.insert (i
{
;(assert_eq! (tree.len(), 100
;((assert! (tree.has(&50
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21 000

goo oo

000 .0000 000 00000 00 0 0000 0 000D 0000 0ooo 000 000ooooo 0o 0000000000 000000 oo

:0000
0000 000 ooo
0oooo 00 (Borrowing) 0000000
00000 0o ooooog
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22 000

(Borrowing) 0000000

:0000 00 .0000 000 00000 0O 0000 0000 00O 000

oooo ooo aoooooo
ooooo oo aoooo oo ooooooo
ooooo oo ooo oooo oo
gooooo o gooooooo oooooo

ooooo oo 00000 oooooooooo
00000 00 000000 oooo -ooooo

goooo oo ooooooo - 22.1

00 00000000 00000 00 00000000 00000 000000 Dooooo 00O 00 000000 oooob 0o ooooooo
:0000 00000 0oooo oo oooooo 00O oooo ooooo oooo

[ (derive (Debug]#
; (struct Point(i32, 132

} 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

.0000000000 0000 0000 00 0 0obo 00 00 000000 00000 add 0000 -
.00000 000 00O 0000000 000000 oooobooooooooo -

.This slide should take about 10 minutes

-0000000 0000 00 0000 000 00 00 000 000D 000 00 0000000 00 00booo 0obob 0000 000000 000
.000 00000 00000 ooooooo boboooo 0 0ooo 0oo
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Oooooo oooo oooo

:(inlining) 00000000 O stack 000000000 000D OO0 0000OOCDOOO

000000 0000000 0o0ooooo 000C 0000 00000 add 00 OOOODD 00 000 000D 0000 0000 -
0o00oD 00 000 00 Omain 0000 00 add 000000CD (inlining) 00000000 00 O0OOD 00O DO 0OO
00 000000 00 00 0000 0000 Playground 00 00 00 0 0000 000 0000 0OO0OODD 00 0OO0OO
0000 00 00000 00000 0ooOo 0ooo0O0 0”DEBUG” 000000000 00O 00 .0000 0000 Godbolt
:0000000 0000 ”RELEASE” 00000 00 00000 00 00

[ (derive (Debug]#
; (struct Point(i32, 132

} 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
("{?iprintln! ("{pl:?} + {p2:?} = {p3
{

0000000 00 0000 00000 (inlining) 00000000 0DOO0O0D 00000 0000000 Rust 00000000 -
.000 0000000 #[ (inline(never] OO0 OODD OO0 OO

00000 bO00000o0o oooo 00000 00 000 000 00booo0o bo0oo0ooo oooo Doooooo oo oo -

00000 00O 00 00 00D 000000 OPlayground 00 Godbolt 00 0000 0000 OO .000 000000

0o00D 00 0000 00 132 00 Damd64 00 0000 00000 00 00000 00000 ABI OO 00000 0OD0OOO
.00 000000 0000000DDD (edx O eax 00000) 000000 0O OO0 0OOOODOO

god oooo oo - 22.2

00o0ooD 00 0000 bOOO0D 000 00 00000000000 Rust OO (borrow checker) 00000 0000000000
:0000 00 00 0000 0oooo 0o 0ooo .ooboo ooooo

00 000000 00000 0boot 0o obooooo 0oobo 0Ooo 0o oo oobooooo ooo -
.00000 00000 0000O OO0 0oobooo obooo 0o opbooe oboooooa -

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

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

;C = 20*
{

;("{println!("a: {a
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https://play.rust-lang.org/?version=stable&mode=release&edition=2021&gist=0cb13be1c05d7e3446686ad9947c4671
https://rust.godbolt.org/

; ("{println!("b: {b

{

.This slide should take about 10 minutes

000000 0000 0000 o000 00 00000 0000000 oo 000 000 0000 00 DO00OD ooooo ooog -

.000 dereferenced 000 00 00000 OO0 0000 000 .00000

0 (c 0000 00) 00000 0000 0D00oO0D 0oo000 00000 a 0000 000000 ooooooo oooo oo
.000 000 0000 00000 (b 0000 00) 00000 0oooooo

c 00 00000000 00 000 00 b 00 00000 println! OOOOD OODD 0000000 OO 00000 DOOO
.0000 00000 000000 oo0oo oo

00 00000 0000 0000 00000 00 000 0000 b 00 00000 00000 00000000 000000 00 00 00
non-lexical lifetimes 000 00 00000 0000000000 00000 OO0 .00000 0000000 ¢ 000000 a
.0oad

-0000 0000 000 00 0000000 0000 00 00 Rust .000 000 00000 0000000 00000 ooooooo
0000 0000000 000 00 0000 000000 Rust .00000 0000000 (data races) 000000 00O
0000 00000 0000000 0000000 00000 00 000 00000 00000 00000 00 .000 00 000oboooa
.000 00 00000 00 000 000 0000 000000 00 00

ooo00ooo oo ooobo ooooooo oo coobobo 0o 00O 0obo ooooo oooooooo ooooo cooooooooo
.000000 00000 000000 00 00 00000 0000000 00 0000000 0000000 00000 00000 oooo
0000 0000 000 0 0000 00000 00000 0000 00000 00 000 0000 000000000 0000 0o oooo
.00000 ”borrow checker 00 000000 00

goooooo oooooo - 22.3

00 DO000C 000000 0oo oboo ooboo oobooo oo boooboo oobooo oD boooo booo 0o bbooo oo
:0000 0000 bOooo obOo 00 00bOo 00 00booooo 0o Ooob oo booooo 0o ooooo booo

} ()fn main

;[let mut vec = vec![1, 2, 3, 4, 5

;[let elem = &vec[2
; (vec.push(6
;("{println! (" {elem

{

:0000 0000 (iterator) 0000000 000 DOOOODD 0ODDD OC 0ODCOD OOOD OO0

} ()fn main

; [let mut vec = vec![1, 2, 3, 4, 5
1 for elem in &vec
; (vec.push(elem * 2

{

{

.This slide should take about 3 minutes

000000 ooooo ooooooo 0b 00 0000 00000 0000 00000 00 0ooooo oooooooooooooooo -

0000 00000 00 0000 000000 000 D000 0Oooo0.b oo 000000 00000 00 ooooo oboooao
.0000 ooooo ooooo
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goooo oooooooooo - 22.4

00000 0o (DhhD0D0o 000) 0000D0C 00000 00 000 boooooo 0D 000 000D 000000000 booo oo
0ooooo o oooo 00ooD 00 00O 0o0bD 000 0000 0000000 bOCD 000000 0o 00000 0oDoD 00 .0000
.000 0000000000 ooooooo oobbooo 0o 0o 0o boo

0000) 0000000 000000 00 00000 00000 (interior mutability) 00000 0000000000 DOOOO
000000 000000 bOo0oboooo 00bbooon .0Oooo 0o00. 0000 000000 000oo 0O 000 (Doooo
00 0000000 0ooDoo obooo 0o boooo obooob 0o booo 0o booboo obboo 00D DOo ooooo oooo

.0000 0000 0O bOooob 0o ooooo

Cell

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

;use std::cell::Cell
} () fn main

.Note that “cell” is NOT declared as mutable //
; (let cell = Cell::new(5

;(cell.set (123
(QOprintln!("{}", cell.get

RefCell

RefCell allows accessing and mutating a wrapped value by providing alternative types Ref
.and RefMut that emulate &T/&mut T without actually being Rust references

00 000000 00000 00 dynamic 00000000 RefCell 00 DO00O000 OO0 00 0000000 OO type OO0
.0000 0000000 0000 Ref/RefMut 0000 00 RefMut 0000 OO

000 00000 0o00000D 00000 Dooooo 000 O(RefMut 0000 DerefMut O) Deref 00000000D OO
.000000 00000 0000000 0000 00000 0000 0O 00000 00000

;use std::cell::RefCell
} ()fn main

.Note that "cell” is NOT declared as mutable //
; (let cell = RefCell::new(5

}
;()1let mut cell_ref = cell.borrow_mut
;cell_ref = 123%
.This triggers an error at runtime //
; ()1let other = cell.borrow //
;(println! ("{}", *other //

{
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;("{?:println! ("{cell
{

.This slide should take about 10 minutes

0000 0000 000000 Rust 00 000 000 000 000000 000000 000 00 0000 00 0obooo ooboooo
ooooo ooo ooooo 0000 oooooo oooooo .0oooo 00000 ooo00oo 0oooo 0o 000 ooooooo ooooo
.0000C 0000 00 00O0C0 00 Cell ORefCell O DDDOCD OOOO

(0000000 00000 0D 00 0000D0D 0000 0o00o 00) Rust 00000 00000 000000 RefCell
00000 00000 bbO0000 000 00000 000 0o .00000 00000 oooo oboo 00O ooooo 00 0o oo
.00000 0000h000000 0oooo 0000000 0oooooob 0ohboooo0o booooooo 0ooo 0 ooooo

00000000 0000 00 000000 00 0000 00000 0000 RefCell DODD OO OOOOOD DOOOD -
00 RefCell 00 000 ODOO OOQD .000 cell DOO OO OO0 0DOO OO0 0DOOC borrow_mut
.00000 0000 00 " {borrowed}" OOODO OOO ODODD 00D OOCD 0OCDD OOOOD OOOD OO

00 000 set OO0 00 0ODOD OODOOD 000 0OO :000 O0OD0D 00000 0000 000000 000 00 Cell -
000000 00 0000 000 00OO00D 0000 D000 00 00000 0O 0000 000 000 .0000000 00 &self
.0000 00000 00 000 0o0bOooo boooooe 0o 0ooo oooooo

-000 Cell& O &RefCell 00 OOOO 0OOO 00 000000 Sync! OO0O0O0 Cell O RefCell OO OO «
.00000 0ooo 00 00 00 000000 000000 00 0000 000 0ooo .00ooo 0oOoo booo 000 0ooooo

gooooo oooo -0oooo- 22.5

ooooo oooo 0ooo 000 oo 0ooo 0oooo oo .00000 00000 0000 00000 00 000000000 ooo 0o ooo
.0000 00000 00 000Dooo 0hbooo booo oo

000000 D000 User 000 OO0 struct 00000 0O 000000 O impl 0O0OC 0D DOODDOO 0000 00 0O 00O
.000 000 00000 impl 0000 0O 00 0OO struct User OO 0D0OOOCDO 0OO 000O0OODO 0OO OO0 .000

:0000 00D0D 00 0000 000000 0 0000 00O https://play.rust-lang.org/ 00 00 000 0O

.0ood ooo oo ooobo oooooooooooo oo oooooc oo ooo :Topo //
[ (allow(unused_variables, dead_code]!#

[(allow(dead_code] !#
} pub struct User
,hame: String
,age: u32
,height: f32
,visit_count: usize
,<(last_blood_pressure: Option<(u32, u32
{

} pub struct Measurements
,height: f32
, (blood_pressure: (u32, u32
{

} <pub struct HealthReport<'a
,patient_name: &'a str
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,visit_count: u32
,height_change: 32
,<(blood_pressure_change: Option<(i32, i32

{
} impl User
} pub fn new(name: String, age: u32, height: f32) -> Self
{ Self { name, age, height, visit_count: 0, last_blood_pressure: None
{
} pub fn visit_doctor(&mut self, measurements: Measurements) -> HealthReport
("0O000 00 DOD0OO0 0Oo0O00 Ooooooooon booboo O0 DOooOo0 00 0000 oO00O0oOoooO™)!'todo
{
{

} ()fn main

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

; (bob.name, bob.age ,"000 {} 00 00 O 0000 {y 0O0")!println
{

[test]#
} ()fn test_visit
; (let mut bob = User::new(String::from("Bob"), 32, 155.2
; (assert_eq! (bob.visit_count, 0
= let report
; ({ (bob.visit_doctor(Measurements { height: 156.1, blood_pressure: (120, 80
;("assert_eq! (report.patient_name, "Bob
;(assert_eq! (report.visit_count, 1
i (assert_eq! (report.blood_pressure_change, None
; (assert! ((report.height_change - 0.9).abs() < 0.00001

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

;(assert_eq! (report.visit_count, 2
; (((assert_eq! (report.blood_pressure_change, Some((-5, -4
; (assert_eq! (report.height_change, 0.0

goooo  22.5.1

[(allow(dead_code] !#
} pub struct User
,hame: String
,age: u32
,height: f32
,visit_count: usize
,<(last_blood_pressure: Option<(u32, u32
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} pub struct Measurements
,height: f32
, (blood_pressure: (u32, u32
{

} <pub struct HealthReport<'a
,patient_name: &'a str
,visit_count: u32
,height_change: f32
,<(blood_pressure_change: Option<(i32, i32

{
} impl User
} pub fn new(name: String, age: u32, height: f32) -> Self
{ Self { name, age, height, visit_count: 0, last_blood_pressure: None
{
} pub fn visit_doctor(&mut self, measurements: Measurements) -> HealthReport
;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(1lbp
((Some((bp.? as 132 - 1lbp.0 as i32, bp.1 as 132 - 1lbp.1 as 132
{
,None => None
A
A
;self. height = measurements.height
; (self.last_blood_pressure = Some(bp
report
{
{

} ()fn main

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

; (bob.name, bob.age ,"000 {} OO0 00 O 0O0OOO {} DO")!println
{

[test]#
} ()fn test_visit
; (let mut bob = User::new(String::from("Bob"), 32, 155.2
; (assert_eq! (bob.visit_count, 0
= let report
;({ (bob.visit_doctor(Measurements { height: 156.1, blood_pressure: (120, 80
;("assert_eq! (report.patient_name, "Bob
;(assert_eq! (report.visit_count, 1
; (assert_eq! (report.blood_pressure_change, None
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; (assert! ((report.height_change - ©0.9).abs() < 0.00001

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

; (assert_eq! (report.visit_count, 2

; (((assert_eq! (report.blood_pressure_change, Some((-5, -4
; (assert_eq! (report.height_change, 0.0
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23 000

gooooa

:000 000 00000 0000 .0000 00000 000 00000 00 0ooo ooo ooo

oooo ooo aooooo
aooooo oo 000 00o oooooooo
gooooo o 0oo ooo ooo
gooooo o 00000000 0oo ooa

0oooo 00 Protobuf 0OOOO :00000

000 000 oooooooo - 23.1

0000 00000 000 .0000 00000 00000 0000 0Ooo o0 00000 00 000 000 000 0000 booo oo
.00000 00000 boooo oooobooooo

0oooo 00C .0000000 000000 oooo oo 0o 0oo 0ooo oooo ooo - 0000 00o0o 0boooooo ooo ooo
0 000000 0000 ' 00 00000 000 .a PointD &'document str'&:00000 000 0000 00000DOO
000 00000 0000 OO0 0000 Point OO” ODDOD OO OO a Point'& .000 0000OD 0OOOOOOOO A

.0000000 »000 00000 a OO0

000 000 0000 000 00 obooooooo ooo :000000 00boooooD oboooooo bOoo 00000 ooooo ooo
0000 0000 00 00 0obooo obboo 0oobooobooo 0ooo ooob 0Ooo Doooooooo .0ooo oooooo oo
.0000 0000 0000 bbooo 0o 0o boOoo 0000C 0ooooooo 0boo boooo

-000000 000000000 00000 00 000000 booooo o boooo 0o 0oobob 0obo 00 00 0000 00000 000
.0ooooo oo

[ (derive (Debug]#
; (struct Point(i32, 132

} fn left_most(pl: &Point, p2: &Point) -> &Point
} if pl.o < p2.0
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} ()fn main
;(let pl: Point Point (10, 10
; (let p2: Point Point (20, 20
?let p3 = left_most(&pl, &p2); // What is the lifetime of p3
;("{?:println! ("p3: {p3

{
.This slide should take about 10 minutes

0ooo 00 0000 0000 .000 000000 00000 00 p3 000 000 00 0000000 00000000 00000 ooo 0o
p2 0 pl 000000000 p3 000 000 OO 000 000 0000000 0000 DO0O0 0000 00 ooooo oooo oooo
0 0000 0000000000 00 DO00o0 000 0ooo boooooo 0o 0ooo 0ooo boooooo ooboo ooo .ooo

.0000 000D00D bboooo

:0000 00000 00 e 00000 0000 00 1eft_most OO0O0 OO
} fn left_most<'a>(pl: &'a Point, p2: &'a Point) -> &'a Point

00000 0000000 000 0b00t a' 0000 00 p2 0 pl DOOOO OO DOOCD 007 00 000000 00O 0o ooo
.000 00000 boboo0 &' OO0 DOCD ooooooo

0000 000000 00 00 0000000 0O00 00000 000000 0000000 0000000 00O 000000 ooooo oo
.000 000 00oo ooooo

00000 oooooooo oo ooo ooo - 23.2

000 00000 0000 bobo boo 0o 00ob bbbO000 bOb00D 0 0000 000bO00oon 0o 0o0ooo oooooo
00000 000 .0000 00000 0o00o0o booo bobob 000 0o 00000 00000 00 00000 00000 00000 Rust
.000 00000 ooooooo bboooo 00 booo booo -- 0000 0000000

.00000 000D 000000 00 00 000 00 0000 lifetime annotation 00 0000 OO0 0000000 OO -

-00000 00 0000000 000000 0000 00 00000 00000 0000 0000000 0000 000 00 0000 000
.00000 0000 000000 0ooobooo boooo

0000 00 000 0O 00000 self O0ODO 0O 00ODOO O 000D DOODOD DOOC 00OOODDO 000 00000 000 -
.00000 0000 00hoODOoOO bOooooob ooboooooooo oo ooooooo oooooo

[ (derive (Debug]#
; (struct Point(i32, 132

} 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
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e

{
(nearest.map(|(p, _)| p
{
} ()fn main
) 'println
{7
)nearest

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

7 (
{
.This slide should take about 5 minutes

.000D00 000 000000 00D 0D cab_distance 00000 OO0 OO

00 0000 0oooooooooo 0o0 0oooo ooooooo oo 0o 0ot 0oooo O0 00000 0000 nearest OO0OO
.0000 0000 bboooooooo

:000000 0000 00000 00 0000000 000 000 000000 00000 »0000” 00 0000 00000 0000 00 0000
} <fn nearest<'a, 'g>(points: &'a [Point], query: &'qgq Point) -> Option<&'q Point

00000000 0000 000 0O0 000ooDob 00O 000 000 000000000 00 000 000000 0oboboo 0o boo
000 0000000000 0000 00000 000 00 00000 00000 0000 .000000 00000 0000000000 oooo
.000 00000 Rust OO 0O0OCD OO0OD ODCOOD OO 000 000 0000000 00O (0oooo)

00000 ORust 00 .000 0000000 0ODOC 0OCD 00 0000 00000 00 00 000000 000 0ooo oooooooooo
00 000 0000 OO0 00 000t bboooobo 0 000 bbooob boooo .0obo 0oob boo 0ob 0o0oo oooo
00 0000O0O0OOD 00O 000 00D0OD0O0D 000000000 00000 00 .0000 00000 000 000 bobob 00 000D
0000000 00 00 000 000000 00000000000000 oo00C 00 000000 00000 .0000 000 00000 00

.0000 0000 0ooo 0ooo 0o oo 0ooooo 0 0000 0oo ooooooooo

Lifetimes in Data Structures 23.3

:000 0000 0Oo 00O 00 0O 0ooo oboo ooooo oo boob boooooo obooo boob oo ooo

[ (derive (Debug]#
; (struct Highlight<'doc>(&'doc str

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

} () fn main
;(".1let 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

146



;("{?:println! (" {dog
{

.This slide should take about 5 minutes

&stx 00000 0ODODDO 00 00000 00000 Highlight OO0 OO0 0ODDOOOOOC 00000 O0DO 0O -
0000 000000 0000000 0000 0O 00 00O Highlight OO0 0000D OO0 OO0 00000 00000 000 00
.0oooo

(borrow checker) 000 00000000000 0000 0OOC (dog O0) fox 000 DOOCD 00 DOO textOOO o
.0oooo ooo

0000000 00 000000 00000 00 0000000 (borrowed data) 0000 0000000 00000 0OOOODO -
ooooooo 0ob 0ooo0o oooo 0oo oooooooo ooooo oooo ooooooo 0oo .00000 000 0o 0ooo
.00000 0000000 0oo 0O 00 0000 00 ooooooo

.0000 000000 ob0ooo 0oo 00 0D 0ob0bOoo booooob o0hoboo 0OO0 00 .

-00000 00000 00 0000 000 0000 bobbob 00000 00000 0000 00 0000 000000000 00O 0000 .
000 0000 00000 ooooooo oboo 00oooO 00000 0000000 000 000 .00000 00000 000 ooooo
0000000 00000 bO000 000 .0000 00000 000 D0O0000 000 00000 00 00 00000 00oooao
.0oooo

Protobuf 00000 :00000 23.4

0oooo .0o0o 00h0boD 00000000 0o0000 0bo00000 0ooo 0000000000 00 000 000000 000 00
0000 00ooo 00 000000000 0000 oo0o 'obooo 00D 00 00 000 00 00 000000 0OO 000 0000000
.0000000 00O 0000 0000 0000000 .000 0000 000000 0000 0000 00 000 000000 00000 0o

0ooo 00 00 ob0o0 oooooo 0oo oboooooo 0ooooo 0o booo ooobooooo oooo oo oboo ooooo
00 .00000 00000 proto O0OO0 OO OO O0OODDOO 00ODDOOD 0DOOD.0O0000 000000 0000 0000000
00000000 000o 00 0O00 00 000000 DOmatch 000000 ODOO 00 00 00OOODO OO0 00 000000 0oo

.000 000000 ooooooo obboooo

:000 000000 ooooooo 0oo booooooo oo oo

} message PhoneNumber
;optional string number = 1
;optional string type = 2

{

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

{

00 .00000 DoO0000D 000000 00 00 000 0000000 0o boobbooo 0oooo 00 00bbooooo 0ooo oo
2 00000) 000D 0ODOO 00Ooo 0O .000 000 00000Dooo 00 0o0oo 00oOoo 0o »00” 00 0o0O 00 0000
0000 000D 00000 00 00 000 00000 0000 00 000 wire type O (Pexrson 0000 OO0 id 0000 0000

.0oooo

00000000 VARINT 000 00 00000 000 00 0000000 00 o0ooooo 00 000 0000 o0 oooooo
000000 000 0000 00 .000 000 00000 OO0 0000 parse_varint 0000 0000000000 .00000O0
00000000 00 0000 00 00000 0 PhoneNumber 0 Person 0000000 000000 000D DOOOOODOOODOO

.00000 00000 00 00oooooooo oo 00O oboooooooo oo
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0 Person 0000 OO0 ProtoMessage 00000 O parse_field 0000 OO0 000 00O0COODOD 000 0000
.0000 000000000 PhoneNumbex

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

} enum WireType
.The Varint WireType indicates the value is a single VARINT ///
,Varint
The 164 WireType indicates that the value is precisely 8 bytes in ///
.little-endian order containing a 64-bit signed integer or double type ///
164, -- not needed for this exercise//
The Len WireType indicates that the value is a length represented as a ///
.VARINT followed by exactly that number of bytes ///
,Len
The I32 WireType indicates that the value is precisely 4 bytes in //
.little-endian order containing a 32-bit signed integer or float type //
I32, -- not needed for this exercise//

{

[ (derive (Debug]#
.A field's value, typed based on the wire type ///
} <enum FieldValue<'a

, (Varint (u64
I64(i64), -- not needed for this exercise//
,([Len(&'a [u8
I32(i32), -- not needed for this exercise//
{
[ (derive (Debug]#

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

,field_num: u64

,<value: FieldValue<'a

{

} trait ProtoMessage<'a>: Default
; (<fn add_field(&mut self, field: Field<'a
{

} impl From<u64> for WireType
} fn from(value: u64) -> Self
} match value
,WireType::Varint <= 0

WireType::164, -- not needed for this exercise <= 1//
,WireType::Len <= 2
WireType::I32, -- not needed for this exercise <= 5//

, ("{value} :0000000 OO0 000")!panic <= _

{

} <impl<'a> FieldValue<'a
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} fn as_str(&self) -> &'a str
} let FieldValue::Len(data) = self else
;("0000 Len 0O0ODCD DO OOOC D0 OOODCD DOOOOO™)!panic
A
("string O00OODOD")std::str::from_utf8(data).expect
{

} [fn as_bytes(&self) -> &'a [u8
} let FieldValue::Len(data) = self else
; ("00000 “Len” 0DOO OO DOOOOD DOOO DOOOODO™)!'panic
A
data
{

} fn as_u64(&self) -> ub4d
} let FieldValue::Varint(value) = self else
;("0000 “Varint® 00DO OO0 "uwed™ 00000 DOOOOO")!panic
A
value*

{

.Parse a VARINT, returning the parsed value and the remaining bytes ///
} ([fn parse_varint(data: &[u8]) -> (u64, &[u8
} for 1 in 0..7
} let Some(b) = data.get(i) else
;("0000 varint 0000 OOOO 0O0OO")!panic
A
} if b & 0x80 == 0
This is the last byte of the VARINT, so convert it to //
.a ub4 and return it //
;let mut value = Qub4
} ()for b in data[..=1].itex().rev
;value = (value << 7) | (b & 0x7f) as ub4

{
;([..return (value, &datal[i + 1

{

.More than 7 bytes is invalid //
;("varint 0000 0O0OODO OOCODOOD OO0ODO")!panic

{

.Convert a tag into a field number and a WireType ///
} (fn unpack_tag(tag: u64) -> (u64, WireType
;let field_num = tag >> 3
; (let wire_type = WireType::from(tag & 0x7
(field_num, wire_type)
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Parse a field, returning the remaining bytes ///
} ([fn parse_field(data: &[u8]) -> (Field, &[u8
; (let (tag, remainder) = parse_varint(data
;(let (field_num, wire_type) = unpack_tag(tag
} let (fieldvalue, remainder) = match wire_type
.000 0000 00 0000 0oooo o0 oooo ob obooooo oooo 00 0oooo ooD oooo oo")!todo <=
7 {
(".000000000 OO0 0000 0OO0OO0 Ooooo oo o opoo™)!'todo
{

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]) -> T
;()1let mut result = T::default
} ()while !data.is_empty
; (let parsed = parse_field(data
; (result.add_field(parsed.®
;data = parsed.1
{

result

[ (derive(Debug, Default]#
} <struct Person<'a
,hame: &'a str
,id: u64
,<<phone: Vec<PhoneNumber<'a

{

.TODO: Implement ProtoMessage for Person and PhoneNumber //

} ()fn main
1&)1let person: Person = parse_message
,0x0a, 0x07, Ox6d, 0x61, 0x78, Ox77, Ox65, @Ox6¢C, Ox6C, 0Xx10, 0x2a, 0Oxla
,0x16, Ox0a, Ox0e, 0x2b, 0x31, 0x32, O0x30, 0x32, 0x2d, ©0x35, 0x35, 0x35
,0x2d, ©0x31, 0x32, Ox31, @x32, 0x12, 0x04, 0x68, 0Ox6f, @Ox6d, Ox65, Oxla
,0x18, 0x0a, 0x0e, Ox2b, @Ox31, 0x38, 0x30, 0x30, 0x2d, ©0x38, @Ox36, Ox37
,0x2d, ©Ox35, ©x33, 0x30, 0x38, 0x12, 0x06, Ox6d, Ox6f, Ox62, 0x69, 0OX6C
,0x65
(I
;(println! ("{:#?}", person
{

.This slide and its sub-slides should take about 30 minutes

00000 0000 00 protobuf 00000 OO0 000D 0O 00DOD 0ODO 0D0DO00OD 00000 00000 00000 -
-0000 000D D0ODOD 00 0000 0 0D 0000 00 0oDoDo 00 432 00 0000000 000 00000 0000
000000 Result 00 OOOOOOOD OO0 00 OO0 0ODODOD Rust 00 00 .0000 00000 0O0OD 00000
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0o 000 0o 0o0oo 0o0oo 000 000000 0o 0Oo 0ooooo ooo 0o 00000 0000 000 ooooooo
00000 00 000000 00D 00 .000 000000 00000 DO 000000 00000 000000 Result OO OO
.000000 000000 Rust OO OO0 000OCOO OCOOOOO

goooo  23.4.1

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

} enum WireType
.The Varint WireType indicates the value is a single VARINT ///
,Varint
The I64 WireType indicates that the value is precisely 8 bytes in ///
.little-endian order containing a 64-bit signed integer or double type ///
164, -- not needed for this exercise//
The Len WireType indicates that the value is a length represented as a ///
.VARINT followed by exactly that number of bytes ///
,Len
The I32 WireType indicates that the value is precisely 4 bytes in //
.little-endian order containing a 32-bit signed integer or float type //
132, -- not needed for this exercise//

{

[ (derive(Debug]#
.A field's value, typed based on the wire type ///
} <enum FieldValue<'a

, (Varint (u64
I64(i64), -- not needed for this exercise//
,([Len(&'a [u8
I32(i32), -- not needed for this exercise//
{
[ (derive (Debug]#

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

,field_num: u64

,<value: FieldValue<'a

{

} trait ProtoMessage<'a>: Default
; (<fn add_field(&mut self, field: Field<'a

{

} impl From<u64> for WireType
} fn from(value: u64) -> Self
} match value
,WireType::Varint <= 0

WireType::164, -- not needed for this exercise <= 1//
,WireType::Len <= 2
WireType::I132, -- not needed for this exercise <= 5//

, ("{value} :0000000 ODOO 0OO")!panic <= _
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{

} <impl<'a> FieldValue<'a
} fn as_str(&self) -> &'a str
} let FieldValue::Len(data) = self else
;("0O000 Len DOOO OO 0OOOO OO0 00000 DOOOOO")!panic
7 {
("string O00ODODDOD")std::str::from_utf8(data).expect

} [fn as_bytes(&self) -> &'a [u8
} let FieldValue::Len(data) = self else
;("00000 "Len® DODO OO O0DODOD OOOO DOOOOOO")!panic
A
data

} fn as_u64(&self) -> ub4
} let FieldValue::Varint(value) = self else
;("0000 “Varint® 0000 DO “u64” 00000 ODOOOOO")!panic
A
value*

{

.Parse a VARINT, returning the parsed value and the remaining bytes ///
} ([fn parse_varint(data: &[u8]) -> (u64, &[u8
} for 1 in 0..7
} let Some(b) = data.get(i) else
;("0000 varint 0000 OOOO 0DOO")!panic

A

} if b & 0x80 == 0
This is the last byte of the VARINT, so convert it to //
.a ubd and return it //

;let mut value = Qu64

} ()for b in data[..=i].iter().rev
;value = (value << 7) | (b & 0x7f) as u6b4d

{

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

{

.More than 7 bytes is invalid //
; ("varint 0000 DODOO 0OOODDOO 0O0OODO")!'panic

{

.Convert a tag into a field number and a WireType ///
} (fn unpack_tag(tag: u64) -> (ub4, WireType
;let field_num = tag >> 3
; (let wire_type = WireType::from(tag & 0x7
(field_num, wire_type)
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{

Parse a field, returning the remaining bytes ///
} ([fn parse_field(data: &[u8]) -> (Field, &[u8
; (let (tag, remainder) = parse_varint(data
;(let (field_num, wire_type) = unpack_tag(tag
} let (fieldvalue, remainder) = match wire_type
} <= WireType::Varint
; (let (value, remainder) = parse_varint(remainder
(FieldValue: :Varint(value), remainder)

} <= WireType::Len
;(let (len, remainder) = parse_varint(remainder
000 00000 “usize® 00 len OO DOOOOOD")let len: usize = len.try_into().expect
} if remainder.len() < len
;("000000 000 panic! ("EOF
{
; (let (value, remainder) = remainder.split_at(len
(FieldValue: :Len(value), remainder)
{
7 {
(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]) -> T
;()let mut result = T::default
} ()while !data.is_empty
; (let parsed = parse_field(data
; (result.add_field(parsed.®
;data = parsed.l

{
result
{
[ (derive(PartialEq]#

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

,type_: &'a str
{

[ (derive(PartialEq]#
[ (derive(Debug, Default]#
} <struct Person<'a
,hame: &'a str
,id: ub4
,<<phone: Vec<PhoneNumber<'a
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{

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

{

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

{

} ()fn main

]&)1let person: Person = parse_message
,0x0a, 0x07, ox6d, @Ox61, ©0x78, ©0x77, ©0x65, @Ox6C, OX6C, OX10Q, OX2a, 0x1la
,0x16, Ox0a, Ox0e, 0x2b, 0x31, 0x32, Ox30, 0x32, 0x2d, ©0x35, 0x35, 0x35
,0x2d, ©Ox31, ©0x32, 0x31, 0x32, 0x12, Ox04, 0x68, Ox6f, Ox6d, 0x65, Oxla
,0x18, 0x0a, 0x0e, Ox2b, Ox31, 0x38, 0x30, 0x30, 0x2d, ©0x38, @Ox36, Ox37
,0x2d, ©0x35, 0x33, Ox30, 0x38, 0x12, 0x06, 0x6d, Ox6f, @Ox62, Ox69, OX6C
,0x65

(I

;(printIn! ("{:#?}", person

{

[(cfg(test]#
} mod tests
;*¥iuse super

[test]#
} ()fn test_id
; ([let person_id: Person = parse_message(&[0x10, 0x2a
;({ [1'assert_eq!(person_id, Person { name: ".", id: 42, phone: vec

{

[test]#
} ()fn test_name
1&)let person_name: Person = parse_message
,0x0a, 0x0Qe, Ox62, Ox65, 0x61, 0x75, O0x74, Ox69, 0x66, 0x75, Ox6¢C, 0Ox20
,0x6e, Ox61, Ox6d, 0x65
(L
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) lassert_eq
,person_name
{ [1!Person { name: "beautiful name", id: 0, phone: vec
i (
{

[test]#
} ()fn test_just_person
= let person_name_id: Person
; ([parse_message(&[0xba, 0x04, 0x45, 0x76, 0Ox61, 0x6e, 0x10, 0Ox16
;({ []l'assert_eq!(person_name_id, Person { name: "Evan", id: 22, phone: vec

{

[test]#
} ()fn test_phone
]&)1let phone: Person = parse_message
,0x0a, 0x00, 0x10, Ox00, Oxla, 0x16, OxQa, OxQe, Ox2b, ©0x31, ©x32, 0x33
,0x34, Ox2d, @Ox37, Ox37, Ox37, Ox2d, Ox39, 0x30, 0x39, 0x30, 0x12, 0x04
,0x68, 0Ox6f, Ox6d, Ox65
(L
)lassert_eq
,phone
} Person
,"." Tname
,id: 0
,[,{ "0O000" :_phone: vec![PhoneNumber { number: "+1234-777-9090", type
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24 000

Welcome to Day 4

:000 000000 0000 00 Rust 00 0000 00000 OO0 00000 000 0000 00 00000 ooooooo 0o ooooo

Jterator 00000 OO0 OO0O0O O0OO0OO :Iterators o

000000 000000 000 ooooa

.0000ooo

.? 0000 0000 D0OOO000 0 Result OO panics :000 00 00O0OOOO

0000 safe Rust 00 00 000 000000000 00 0DOOO OO0 00000 0000 00000 :Unsafe Rust 00
.0ooo

Oooooo oooooo

:0000 .0000 000 00000 00 0 000CO 0 0000 0000 o000 000 00000000 00000 00 bo000o0 0o

oooo ooo goa

00ooo 0 00000 ooo
ooooo oo Iterators
ooooo oo 0oooooo
ooooo oo ooooooo
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25 000

Iterators

:0000 00 .0000 000 00000 0O 0000 0000 000 000

oooo ooo oooooo
ooooo o Iterator
ooooo o Intolterator
ooooo o Fromlterator

00000 00  Iterator Chaining 000 :00000

Iterator 25.1

000 00 00 000 .00000 00000000 000000 00 00 DO000O0 00 0OO 00000 00 'Tterator' 00000
000000000 00000000 00000 0O DOOO00 .00000 00000 00 00000 000000 0 0000 0000 next
:0000 000000000 000000 00 00 0ooooooo 0oo 0oO 0 o00h0Coo0 000000000 OO0 ITterator

} struct Fibonacci
,curr: u32
,next: u32

{

} impl Iterator for Fibonacci
;type Item = u32

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

{

} () fn main
;{ let fib = Fibonacci { curr: 0, next: 1
} (for (i, n) in fib.enumerate().take(5
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;("{println! ("fib({i}): {n

{
.This slide should take about 5 minutes

OO0collection 000 OO0 0000 0OOOO 0000OCO0O0ODD OOOOOO 0OC OOOOOO Iterator OOOOO «

-00 00 OO0 OO0 OO0 00000 000 (0000 O,map, filter, reduce 00000) OO000 000CO0O0OD

00 00 00 0000 DOoooD 000 ORust 00 .0000 0000 00 0000 00 00000 00000 0000 oooooo
.0000 00000 0o00Cb booob bbobbooobooob booooo

(collection) 000000 000 .0000 000 DODOOOO DOOOO 0OOO OO OO0 DOOOO IntoIterator «
[T]& O <Vec<T& 00000 OO0OO0 OO 0OO0OODOOO O <Vec<T 00000 OOOOOO DOOOCOCO O0OO
-00 00 000 0DOO0 obOoo 0o .0OoooC oooo booo oo 000 Ranges 00000 O0OOOOOOOO
0000000 000 o0ooo ooooo € ..y some_vec 00 i 0000 OO 00000 OO0 00O oOOOOO
00000 0000( ) some_vec . next

IntoIterator 25.2

00000 .0000 iterate 000000 O0DOO OO0 0ODOOC OO0 0O DOOOOD 0O 0OCDDO 000 OO0 Iteratox 00000
000 00 .00000 0000 00 000 OO0 0000 00000 00000 00 00000 0000 IntoIterator OOOOO
.00000 0000000 fox DOOO DOOO DOOOOO

} struct Grid
,<x_coords: Vec<u32
,<y_coords: Vec<u32

{

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

{

{

} struct GridIter
,grid: Grid
,1: 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_cooxds.len
;return None

{
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{

;(([let res = Some((self.grid.x_coords[self.i], self.grid.y_coords[self.]j
;self.i += 1
res

{

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

.This slide should take about 5 minutes

00000 00000000000 IntoIterator 0OOOOOOOOO0O.0000O000 IntoIteratoxr0000000 OO0
:000

0i8 00ODDD 0000 00OODD 0000 00 0000 :ItemO

.000 000 000000000 into_iter OO0 OO OO0 000 DOOO «Iterator» OO0 :Intoltex o

0000 DOOO (iterator) 00000DDOOD :000000 link 00 00 ItemD IntoItex OO0 00000 000ODD 0OOO
.0000000000 00 <Option<Item 00 0000 OO0 OO0 OODDD ODDOO OO Itemtype

.00000 00000 y 0 x 000000 00Ooooo booo boo oooo

00000 0000 0000000 0000 00000 000 000 .0000 00000 main OO OO0OO0 OO0 OO0 OO0 000G 0OO
.000000 00 self 000000 IntoIlterator: :into_itexr OO OOOOO

00 Grid 000 00 reference 00 00000 O Grid& 0000 IntoIterator 00000 OO OO O0OO 00O
0000 00000 GridIter

some_vector 00 e 0000:000 00 000000000 00000000 00000 0000 0000000 OOOO oO00
.00000 00000 00000 00 00 00000 00000 000 0 000000 000000 00 00 some_vectoxr 000000
some_vector 00000 OO0 0000000 OO0 OO 00000 COO0 some_vector& 00 e 00 OO OO0 OO

0000 ooooooa

Fromlterator 25.3

Iterator](https://doc.rust-lang] 00 00 000 00 0OOOOO OO0 OO0 FromIterator 00000
.000000 collection 00 000000 OO (.org/std/iter/trait.Iteratorhtml

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

{

.This slide should take about 5 minutes

Iterator OOOOO0O0OO0O

fn collect<B>(self) -> B
where
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,<B: FromIterator<Self::Item
Self: Sized

:0000 0000 000 000 0000 BOOOOO 0OOO OO0 00

00 0000000 O( ) <turbofish”: some_iterator.collect: :<COLLECTION_TYPE” OO0 OO
000 00000 00000 Rust 00 00000 OO0 000 0000000 _ 00000 000 00 0 000 000 0000 0000
000 0000000 00 »Vee” 00000

.()inference: let prime_squares: Vec<_> = some_iterator.collect 000 OO
.0000 00000000 000 000 00 0000000 0000 00 0000 00O

00oooo .0000 0000 00O0o 0 Vec, HashMapOOOO FromIterator 00000 0OOOOOOOCDDOO
00000 00000 00000 000000 00000 00000 000 00 00 0000 0000 00000000 oooooooooooa
.0000 00000 <Result<Vec<V>, E 0000 <<Iterator<Item = Result<V, E

Iterator Chaining 000 :00000 25.4

0o0oo 00 000000000 0000 00 Iterator OO0 000 00000 000 0OD 00 DOOO OODD 000000 00O OO0
.0000 0oooooo oobbooo bo0ooo 0000 0o0o 00 0 booo oooa

00000 OO0 00 .0000 00oO 00 00 OO0 0 0000 000 https://play.rust-lang.org/00 00 000 OO0
0000000 00000 0O 0000 (collect) 0000000 OO DOOOOD OODO OOODDDDO (iterator) DO0O00OODOO
.000000 oo

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

}

()'unimplemented
{
[test]#

} ()fn test_offset_one
i ([assert_eq! (offset_differences(1l, vec![1l, 3, 5, 7]1), vec![2, 2, 2, -6
i ([assert_eq! (offset_differences(1l, vec![1, 3, 5]), vec![2, 2, -4
; ([assert_eq! (offset_differences(1l, vec![1, 31), vec![2, -2

{

[test]#

} ()fn test_larger_offsets
i ([assert_eq! (offset_differences(2, vec![1l, 3, 5, 71), vec![4, 4, -4, -4
i ([assert_eq! (offset_differences(3, vec![1, 3, 5, 71), vec![6, -2, -2, -2
i ([assert_eq! (offset_differences(4, vec![1, 3, 5, 71), vec![0, 0, O, O
i ([assert_eq! (offset_differences(5, vec![1, 3, 5, 71), vec![2, 2, 2, -6

{

[test]#
} ()fn test_custom_type
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)lassert_eq
, ([offset_differences(1, vec![1.0, 11.0, 5.0, 0.0
[vec![10.0, -6.0, -5.0, 1.0
7 (
{

[test]#

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

goooo  25.4.1

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

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

{

[test]#

} ()fn test_offset_one
i ([assert_eq! (offset_differences(1l, vec![1, 3, 5, 71), vec![2, 2, 2, -6
i ([assert_eq! (offset_differences(l, vec![1, 3, 51), vec![2, 2, -4
i ([assert_eq! (offset_differences(1l, vec![1, 31), vec![2, -2

{

[test]#

} ()fn test_larger_offsets
i ([assert_eq! (offset_differences(2, vec![1l, 3, 5, 71), vec![4, 4, -4, -4
i ([assert_eq! (offset_differences(3, vec![1, 3, 5, 7]1), vec![6, -2, -2, -2
; ([assert_eq! (offset_differences(4, vec![1, 3, 5, 7]1), vec![0, @, 0, 0
; ([assert_eq! (offset_differences(5, vec![1, 3, 5, 71), vec![2, 2, 2, -6

{

[test]#
} ()fn test_custom_type
)lassert_eq
, ([offset_differences(1, vec![1.0, 11.0, 5.0, 0.0
[vec![10.0, -6.0, -5.0, 1.0
i (
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[test]#

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

{

{} ()fn main
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26 000

gooopod

:0000 00 .0000 000 00000 0O 0000 0000 000 000

oooo ooo gooooo
ooooo o goooooo
ooooo o ooooooooo ooooo ooooao
ooooo o ooo oooooo

00000 0o use, super, self

goooo oo gooooooo ooobo oboooooooo 00004

0ooooon 0obooo 0ooo

gooooot  2e.1

00 00 DO namespace functions 00 000000 00000 OO 00 impl 00000C0OD 00000 OO0 00O0OODODO

.0000 00000 type

00000 0000 000 00 namespace type 0 00000 00 00000 00000 OO 0O mod O0ODOO 0OOO OO

:00000

} mod foo
} ()pub fn do_something

; ("foo 0ODOO0 OO")!println

{
{
} mod bar
} ()pub fn do_something
;("00000 00000 o0")!'println
{
{
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} ()fn main
; ()foo: :do_something
; ()bar: :do_something



.This slide should take about 3 minutes

000000 Cargo.tomlDD0O OO0 OODO O 0ODCDO OO0DO OO ODDDOOO DO0OPackage 00 0O0OOO
.00000 000 00 +1 00O0crate OO0 000000 0000 O0O0OO OO

000000 0000 00 000000 crate 00 OO0 OO0 00 00000 0000000 OO0 00000 DOCrate 0000 OO -
.00000 0000000 00000000 00 00 00000000 crate 00 0 00000 000OO

.000000 00000 00 000 000 00000 O OorganizationO scope 00000000 -

goooooooo ooooo ooood - 26.2

:000 00000 0000D 000D 00 00 00 00 000000 Rust OO 00000 0O0DDOO 0OO
;mod garden

000000 000 00.00000 0000src/garden. xrsO0 garden 00000 000000 00 000000 rust 00 000
.0000 src/garden/vegetables.rs 00 O000OC OO0 garden: :vegetables 00000

:00 crateOOno

(sxc/1lib.rs (for a library crate «
(sxc/main.rs (for a binary crate

«00000 00000 oooooooo» 00 0oboOooo 0o oboooo oo O0 ooboob 0o oboooobo oobooooo
.000000 0OO00oo 0bOoo 0o 0booo 0o bo - boo Ooob booo 0o 00 boooe obooo .ooo ooboo

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

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

.Sow the given seed packets ///
} (<pub fn sow(seeds: Vec<SeedPacket
()!'todo

{

.Harvest the produce in the garden that is ready ///
} (pub fn harvest(garden: &mut Garden
()!'todo

{
.This slide should take about 5 minutes

000000000000 module/mod. rs O0module. xrs 000 0000000000000 CORust201800000
.000 2018 00 000 0000000 OOOC oooboboo ooooooo 00 000 ooo o

00 000 000 filename/mod.rs 0000000 0000000 filename.xs 00000 O0OOO0 OOOO -
.000 00000 OOIDE 00 mod . xrs 000 00 000COOD OO 000O0OOO 00000

0000 00000 00O D00 0000 0000000 O0folder 0O DODOOOO DODOOO (nesting)0000ODOOO
:0000 0000 00

/sxc
main.rs —}
top_module.rs —}
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/top_module —L
sub_module.rs —!L

:000 00000 00000000 00000 OO0 000000 00 000000 0000000 00000 00 rust OO0 00000 -

["path = "some/path.rs]#
;mod some_module

some_module_test.rs 000000000000 000000DOOCDDO0D0O00000DO000OCOD 000000000000
.Go 00 (convention) 0000000 00 OOOO OODO 0OOOO 0OOOO 0OOO

goo oooooo - 26.3

:00000 00000 0ooo ooo oo oobooooa

.(00000 00000 00 0000 00000 0ooooo) 00000 private D00O0OD 000 00 00000 DOOODODOOO

.000 000000 000D 00000 sibling O sibling 00000000

foolOOOODD 000 OC 00000 0ODDDD 0000 foo DODOD OO 0OOO OO 000 OOOOC 00000 0O -
.000 000000 oooo

} 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
; (Jouter: :public
{
.This slide should take about 5 minutes
.0000 0000000 0000000 0000 public 0000 pub 00000 OOOO OO

0000 0ODoD 000 00000 000D 00000 0eoD (... )pub OOODDDD DOODCOOOOOOO 0OOD 00 DOD0D
.0ooo

.Rust Reference 000000 OO0 0000 OOO
.000 000D 00000 00 (pub(crate 0O0O0 OODODOD 0000 OODOODODO e
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.00000 000 DOO 0000 00 00 0o0oboob 000 0000 Dooooo 0OOoO0 oooo ooa .
.000 0000 (00 0000000 000 0) 0000 00000 00 00O 0000 0000 000000 00000 00 00

use, super, self 26.4
0000 0000000 000 .000 000000 0000 use 0D DOOOCD DOODO OO OO0 DOODOO DOCOOOOOD Obooo oo
:000 000000 00000 00 oOooo 0o oo oot oo oooo

;use std::collections: :HashSet
;use std::process: :abort

gooo

:000000 00 000 00D 00 (Paths) 000000
:0000 path 0O O0OOO OO 1

00000 00000 0000 00000 00 foo OO self: : foo OO foo OOOD OO o
.super: : foo refers to foo in the parent module

:0000 path 00 00000 OO .2

,0000 00000 0000 0000 0000 00 foo OO crate: : foo o
.0000 00000 bar crate 00 foo OO0 bar: : foo OO »

.This slide should take about 8 minutes

0000 000 1ib.xrs 0ODOD 0000 .000 00000 00OODOODOD 0000 00 000000 *re-export”000
0000 ooooo ooo 0000 crate 00 OO0

;mod storage

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

0000 00 00 DOcrate OOOD 0000 NetworkStorage 0 DiskStorage 0000 0000 OOOOO OO
.00000 0 0000

-000 00 .0000 use OOOO OOODOO DOCOO OO0ODOD OO OO OO0 DOoCOOO 00D ooooo0n coooo oo .
00000 00 000 00 00 method OO0 00000 OO0 0000 000000 OO 0000 (trait) 00000 OO0 0000
00 .0000 000000 00 00000 000 00 D000 00 00000 00 00 0000 000 000 0000 oooooooa
0000 00 Read 00000 OO0 0000 OO0 read_to_string OO0 00 000OOOOD 0000 DOOOD 00O0DO
.0000 0000000 use std::io::Read 00 0000 000000

000 000 00D 000 00000 .*: tuse std: :io:0000 00000000 O00CD OODOOOO0 use OOOOO -
.0000 00000 0000 000 00 000 0000 0 000000 import 00000 D000 0000 0000 0000

0o00ooo oooood 0ooo ootoouoo booo oobooooooe .0oood - 26.5

000 .000 000000 000000000 000000 00 0000 GUI 00000000 00ob00o00ob 0o oooooo ooo oo
00000 00main 0000 0O DOODDO O 0OOOC OO 00 000000000 000 0 WidgetDOODD OO DOOODOOO
.0oooo

00000 0000 000 00000 00 0O 00000 0b0o0Oo 00000 00 00000000 00 00O 00 0O 000 0o0oo
.0000 00000 00 000 000 00000 0000 0ooo 000 0o oooooooo
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Cargo Setup

00 00 Cargo 00OOD OC 0O0DO DODDOOCD DOOOOCD O0DOODDO DOOD OO0 00 00O Rust playground 00
:0000 00000 000 0000 oooo ooooo

cargo init gui-modules
cd gui-modules
cargo run

00 00000 0000000 0 0000 00000 00 mod ODOODD OO 0OOO 000000 OO0 0000 src/main. rs 000
.0000 00000 sxrc 000DDDDDOO 0O

aooo
:000 0000 GUI 00000000 0000O 00 oo0oo Doboo oo

} 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

; ()1let 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
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,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.itexr() .map(|w| w.width()).max().unwrap_ox (0

{

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

{

} (fn draw_into(&self, buffer: &mut dyn std::fmt::Write
;()let mut 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-? //

;(Ywriteln! (buffer, "+-{:-<inner_width$}-+", ".").unwrap
; (Ywriteln! (buffer, "| {:Ainner_width$} |", &self.title).unwrap
; (Qwriteln! (buffer, "+={:=<inner_width$}=+", ".").unwrap
} ()for line in inner.lines
; (Ywriteln! (buffer, "| {:inner_width$} |", line).unwrap
{
;(Ywriteln! (buffer, "+-{:-<inner_width$}-+", ".").unwrap

{

} impl Widget for Button
} fn width(&self) -> usize
self.label.width() + 8 // add a bit of padding

{
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} (fn draw_into(&self, buffer: &mut dyn std::fmt::Write

;()1let width = self.width

; ()1let mut label = String::new

; (self

.label.draw_into(&mut label

;(Qwriteln! (buffer, "+{:-<width$}+", ".").unwrap

} ()for line in label.lines

;(Ywriteln! (buffer, "|{:Awidth$}|", &line).unwrap

{

;(Ywriteln! (buffer, "+{:-<width$}+", ".").unwrap

(self.label.lines().map(|line| line.chars()

{

} impl Widget for Label
} fn width(&self) -> usize

.count()).max().unwrap_ox (0

{

} (fn draw_into(&self, buffer: &mut dyn std::fmt::Write

s ()writeln! (buffer

, "{}", &self.label) .unwrap

{
{

} ()fn main
;("let mut window = Window: :new("Rust GUI Demo 1.23
(".000 0000 0000 DODD GUI DODDDOD 0000 00 000")window.add_widget(Box: :new(Label: :new
; ((("!window.add_widget(Box: :new(Button: :new("Click me
; ()window.draw

{

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

00 0 000 00000 00O0DDDD 00 000D 00000 00000000 00 00 00 0000 00000 00 0000000000
idiomatic 0000organization 00 00000 0000 00 000 00 00 .0000 0000pub O0mod, use 00000000
.0000 000 ooooo
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goooo  26.5.1

main.rs —r
widgets —r
button.rs —}
label.rs —}
window.rs —L
widgets.rs —*

SIC

---- 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

;()1let 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

{

} 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 //
;(Jwriteln! (buffer, "{}", &self.label).unwrap

{

---- src/widgets/button.rs ---- //
; {use super::{Label, Widget

} pub struct Button
,label: Label

{
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} 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 //
;()1let width = self.width
;()let mut label = String::new
; (self.label.draw_into(&mut label

;(Ywriteln! (buffer, "+{:-<width$}+", ".").unwrap
} ()for line in label.lines
;OOwriteln! (buffer, "|{:Awidth$}|", &line).unwrap

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

;use super: :Widget

} pub struct Window

,title: String

,<<widgets: Vec<Box<dyn Widget
{

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

{

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

} fn inner_width(&self) -> usize
)std::cmp: :max
,()self.title.chars().count
, (self.widgets.iter().map(|w| w.width()).max().unwrap_ox(0
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} impl Widget for Window
} fn width(&self) -> usize
ANCHOR_END: Window-width //
Add 4 paddings for borders //
self.inner_width() + 4

{

ANCHOR: Window-draw_into //
} (fn draw_into(&self, buffer: &mut dyn std::fmt::Write
ANCHOR_END: Window-draw_into //
;()let mut inner = String: :new
} for widget in &self.widgets
; (widget.draw_into(&mut inner

{
;()let inner_width = self.inner_width

TODO: after learning about error handling, you can change //
draw_into to return Result<(), std::fmt::Error>. Then use //
.()the ?-operator here instead of .unwrap //

;(Ywriteln! (buffer, "+-{:-<inner_width$}-+", ".").unwrap
; (Ywriteln! (buffer, "| {:Ainner_width$} |", &self.title).unwrap
; (Qwriteln! (buffer, "+={:=<inner_width$}=+", ".").unwrap
} ()for line in inner.lines
; (Ywriteln! (buffer, "| {:inner_width$} |", line).unwrap
{
;(Ywriteln! (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
0000 0000 0000 GUI DO000D 000D DD DOO")add_widget(Box: :new(widgets::Label::new.

; ((("'window.add_widget(Box: :new(widgets: :Button: :new("Click me
; ()window.draw
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27 000

gooopod

:0000 00 .0000 000 00000 0O 0000 0000 000 000

oooo ooo aoooooo
gooooo o ooooooo ooo
goooo o 0oooo oooo ooooo

000000 Clippy O Lints 00000000
0000000 Luhn 00000000 :00000

(Unit Tests) 0000 000000 27.1

:000 00 00000 0000 0000 000 D0000D 00 00 Rust and Cargo
.Unit tests are supported throughout your code ¢
.000000 00000000 /tests 000000000 DOOC 00 00DOO0DODOOD 00DDOO .

0000 000000 tests 00OODD OO0 00 0OOCO 0000 0OODDD .0DODOD 0000000000 [test]+# 0000000
00000 00 0000 00DOD 0000 0D 00 000D 00 00DODD 0000000 [(cfg(test]# 000 000DDOO
.0000 0000000 00000 build

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

{

[(cfg(test]#
} mod tests
;¥ :use super

[test]#
} ()fn test_empty

(", (" ")yassert_eq! (first_word
{
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[test]#
} ()fn test_single_word

;("'opoot o, ("ooo0")assert_eq! (first_word
{

[test]#
} ()fn test_multiple_words

;('oooot o, ("000D DooO")assert_eq! (first_word
{

.0000 000000 00 private helper 00 00000 00000 000 OO 00O
.0000 0000 00 cargo test 00 000 0000 00000 0000 [(cfg(test]# 00000 »

.This slide should take about 5 minutes
.00000000 0D 0000 00000000 00 0000 0000 playground 00 00 00000

goood oooo ooooo - 27.2

Integration Tests

-0000000 000 0O 00000 000000 00000000000 00 00000 00 00 000 00000000 00000000 0OO
.0000 0000000 (integration test) 0000

:000000 /tests 000 OO0 xs. OOOO OO

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

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

{
.00000 000000 000 crate 00 00000 public API 00 000 00000000 000

goooo ooo

:000 000000000 bO0o00 0000 00000 00000000 00000 Rust 0000

.Shortens a string to the given length ///

/17

/17

;use playground: :shorten_string # ///

; ("assert_eq! (shorten_string("Hello World", 5), "Hello ///

; ("assert_eq! (shorten_string("Hello World", 20), "Hello World ///

/117

} pub fn shorten_string(s: &str, length: usize) -> &str
[(()s[..std::cmp::min(length, s.len&

{

.000000 0000 Rust 00 00000 0O 000000 OO0 00 /77 O0comment 00 OO0 0000000 -
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.00000 0000 0 0000000 cargo test 00 0000 00000 OO OO 00O -

0000/0000000 00 0O 000000 000 00OO00O 00000 0000000 00 00 00 OO0 00 # 000000 .
.0oooo

.0000 000 Rust Playground 00 00 0000 OO

Clippy U Lints 00000000 27.3

00 Clippy .00000 00000 000000 built-in lint 000000 O 0000 0OOC 0000000 Rust 00000000
00 00 00000000 0O 000000 DO0bCoooo 00000000 0O 00 000000 00000 00 booooo 0oO0lint
.0000 0000 ooooo

[(deny(clippy::cast_possible_truncation]#
} () fn main

;let x = 3

} (while (x < 70000
X F= 2

{

| 00000 vle OO DO DOODDDODD X'{} 0000 0000 0000 00000 wle DO OO DOOOOODOO println!(""X
{

.This slide should take about 3 minutes

000000 000D 00000 00 000 0000lint .0000 00000 00 000 0000 0 0000 0000 00 00 0oooo
0000 00 DOlint 00 00000 0000 .0000000 00000000 0000 000 DO0 0000000 00 00 000 000000
.00000 Playground

0000 clippy 00000000 0O 0000 0000 playground 0000 OO0 OO clippy O00Lint 000 OO0 OO
0000 00) 000D D0OOlint 00000 0 0000 000 000lint OO0 0DOODOOOD 0000000 Clippy .000 0OOO
.00000 00000 00 (default-deny lint

cargo fix 0000000000 ... :help OO0 DO0OO0OOODOOOOO DD OOODD OO0 0ODDOODOOD OOOO
.000 00000 000 0ooooooo oooo oo oo

Luhn 00000000 :00000 @ 27.4
Luhn 00000000

0ooooooo 000 00000 0000000 0000000 0000 00000000 0000000000 0000 Luhn 00OODOOO
00000 00ooooo 0ooo 00000 0000000000 0ooo 0 ooooo 000000 00000 00000 00 00 0000 0o
:00000 00000 00 000

Ignore all spaces. Reject numbers with fewer than two digits

012340 3 00000 0000 :0000 0000 00 000 00000 00 000 00 0000 0000 000 00 0000 00 -
.000000 0000 0O 8 0987650 6 0OOOO 000D .0O0O00OO 0000 OO 1

.0000 000 00 boooo boooo 9 00 000 00000 0Oo0 boo bob 0oooo 0o 0000 0ooo oo og .
.00000 000001 + 4 = 5000000000 0000014007 0000000000000000O0

.0000 000 00 000 00000 00 0 0000 0O000 00 bO000 0000 .
.000 00000 0oooooo ooob oooooO 0boo0o 00000 @ 00 00000 00O .
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00000 0000 unit test 00 00000 OO OO luhn 00000000 OO 000 000000000 OO0 OO0 OOO0OO 00
.000 000 000000000 00000 00 0ooboooob Doooo obooob bobooo oo boooo

and write additional tests to uncover bugs https://play.rust-lang.org/ Copy the code below to
.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 ¢ in cc_number.chars().rev
} (if let Some(digit) = c.to_digit(10
} if double
;let double_digit = digit * 2
=+ sum
;{ if double_digit > 9 { double_digit - 9 } else { double_digit
} else {
;sum += digit
{
;double = !double
} else {
;continue

{

sum % 10 ==
{

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

[test]#

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

{

[test]#

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

goooo  27.4.1

.This is the buggy version that appears in the problem //

[(cfg(never]#
} pub fn luhn(cc_number: &str) -> bool
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;let mut sum = 0
;let mut double = false

} ()for c in cc_number.chars().xrev
} (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 = false

;let mut digits = 0

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

;digits += 1
} if double
;let double_digit = digit * 2
=+ sum
;{ if double_digit > 9 { double_digit - 9 } else { double_digit
} else {

;sum += digit
{
;double = !double
} ()else if c.is_whitespace {
;continue
} else {
;xeturn false

{

digits >= 2 && sum % 10 ==
{

} () fn main
;"let cc_number = "1234 5678 1234 5670
) !'println
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,"{} 0000 00000 0000000 0000 oO0000 00 {cc_number} OOO"
{ "o0" } else { "OOO" } (if luhn(cc_number
7 (
{

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

[test]#

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

{

[test]#

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

{

[test]#

} ()fn test_non_digit_cc_number
;(("assert! (!1uhn("foo
;(("assert! (!1uhn("foo @ 0@

{

[test]#

} ()fn test_empty_cc_number
S((".")assert! (!1uhn
(" ")assert! (!luhn
;((" ")assert!(!1luhn

e "Yassert!(!1luhn

{

[test]#

} ()fn test_single_digit_cc_number
;(("assert! (!1uhn("0

{

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

{

179



VIII 000

oo oo bod :0oodb oo

180



28 000

goo oo

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

oooo ooo ooo

ooooo 000 oooooo
0oooo o oooogd 000000 Rust
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29 000

oo oooood

:0000 000 .0000 000 0000 O 0000 0000 000 000

00oo ooo oooooo
0oooo o O00Panic 0000 OO
goooo o Result
ooooo o Try 000000
000000 000000 00 (Conversions) 0000000 000

oooo
aooooo o Error Trait
goooo o anyhow 0 thiserror

0oooo ao Result 00 00000000 :00000

O0Panic 0000 00 29.1

.00000 00O00C »panic” 00 00 0000 0OOOOO Rust
:00000 panic 0OOOC Rust 0000 00 0OOOC 0000 0O 000000 0OCC 00 000

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

.000 000000000 0 00000 0000 000 000000 0000 O0Panic 00 0DO0O0O0O0DO o
.00000 000000 00 000 00000 0000000 -
000 panic 0000 0000000 O0failed bounds check 00000 0000 0000 00000000 —
Assertions (such as assert!) panic on failure -
.0000 0000000 'panic OOOOO OO DOOOOODD 00D OODOOOO -
.00000 000000 00000 00000 00D 0000 000D 000 00 000000 0 00000 *000” 00 panic 00
.0000 0000000 (Vec: :get O0000) panic 0000 DOODAPI OO0 00000 0000 0000 00000 000 e

.This slide should take about 3 minutes

0000 00)0000 000000 00 unwinding .00000 stack 000 unwind 0000 panic 0000000 000 OO
:(000 caught 00 OO 00000O OO 000 000 00000
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;use std::panic

} ()fn main
panic::catch_unwind
"{?:println! ("{result

;("10000 00000 DOOOO0" | |)let result
i (

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

s ({

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

-00000 catch_unwind 00 00 O0exception 00000 000 .000 00000 000 (Catching) 00000
10000 0000

0000 DO00DO0D 00 00O DO0D 0000 00 000 00 0000 0000 00000000 00 0000000 000 ona -
.0000 00000 00O 00O 0o

.000000 000 000D 000 00000 000 00000 000 «Cargo.toml OO0 'panic = 'abort OO0

Result 29.2

00000 00000 000 OO0 00 0000 Result OO0OOO ORust OO0 000 000000 0OOOO OO 0OOO ODOOOOO
.00000 000000 000000000 00o00000D 0000000 0o0o oo ooo

;use std::fs::File

;use std::io::Read

} ()fn main
;("let file: Result<File, std::io::Error> = File::open("diary.txt
} match file
} <= (Ok(mut file
; ()1let mut contents = String::new
} (if let Ok(bytes) = file.read_to_string(&mut contents
; (" (contents} ({bytes} bytes} :0000 000000 OO0OO")!println
} else {
;("00000 OO 0000 DOOOOO oooooog")!println
{
{
} <= (Err(err
;("{err} :000 D0DO 0OOOOO OOOO0")!println
{

{

.This slide should take about 5 minutes

Result has two variants: Ok which contains the success value, and Exr which contains e
.an error value of some kind

00000000000 D0DD 000 signature 00 000 00 000 00000000 OODCOO0OOOOD DD DOD OOOOO -
.00000 0ODDDDD Result OOOOOD 0000

00000 00 DO0D0OO00D 000 00000 bO0C 000 0000 000000 00OO0 0000 000 OOption OOODO -
00000 00 0000 0000 000000 Result OO DOODD 0OODD DOOOO 000D DOO O0DOOC 00 DOODDO
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0ooooo 0o 0000 0 0000 00000 00000 unwrapOOOO00 OOCOCOOOO .00000 00 000 0000 oooo
00000 0O 000 0000 000 00 00O bbooboo bbooo 0ooo 0o o0 000 0o0boo oo oooboo
.00000 00000 000000 000 0000 000000 000 00 00 000000 000 0000 00 00 booooooo

0oooo oooo oooo

0000 00 000 0000 0000000000 00 000 000000 0000000000 00 Rust OO 000 000000 000000
.0000 0000 000 0000 oooooo oooo oobobooooooo ooboooo

gooooooo

00000 OC++ .0000 00000 00 0000000 0000000 OO0exception 00 000000 OO DOCOOO e
.0ooooo

000 00000 b0OO0000 00b0O000o 000D 00 000 00 000 Dexception 00000 OOC0ODODD 0000 00 -

000 000 00 000 .0000 000000 0000 0O (signature)J0000 OO0 0O 0000 00000 00 0OO 0O

00 000 0O0OD 000 00 000000 000000000 000D 0D 00000000 00000 00 000 booo b0oo 0o
.000 00 000 0ODOO exception

0000 000 00 try 0000 OO0 00000 00 0 000oDD 00D 00 call stack 0000000 00000000 -
0000000 000000 DD 000 0000 00000 00000 call stack 00000 00 00 00000 .0000C0O 000DDO
.00oooo ooooo ooooo

000 oooooooo

000 00 (b0oo b0Do 00OO00 0OO0) 000 000 00 00 00000 000000 000Do 000000 00 0oOa .
Go 0 C OO 000D OO0 000D 00OOOO OO .00000000000 0000 0000000000 000000 0oooa 0o
.000 ooooo

0000 0000 00O 0O 00000 ooooo 00 000 ooooo ooboo oobooo ooo Ooooo bobo oo oooed .
.00000 0oboo booooo booooob oo obooboo booooo boooo oo oo ooo

Try 000000 29.3

-00 000000 «00000» 000 00 file-not-found 00 connection-refused 00000 0000 0000 000000
000000000 0000 ? 0000000 .0000 00000 0000000 0000 00 00 000 000 00000 000 00000
00 00000 00000 00 00000 00000 000 00 000 .00000 0000000 000000 0000 00 00000

.00000000ad

} match some_expression
,0k(value) => value
,(Err(err) => return Err(err

{
000000 ooooo

?some_expression
:0000 0000000 000 00 000000 OO0 00000000 0000 000 00 00000000

;use std::io::Read
;{use std::{fs, io
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} <fn read_username(path: &str) -> Result<String, io::Error
; (let username_file_result = fs::File::open(path
1 let mut username_file = match username_file_ result
,0k(file) => file
,(Err(err) => return Err(err
7 {

; ()let mut username = String: :new

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

{

} () fn main
;()fs::write("config.dat", "alice").unwrap//
; ("let username = read_username("config.dat
;("{?:username} :000 OO0 DOODOOOOOO")!println
{

.This slide should take about 5 minutes
.0000 0000 ? 00 0000000 0000 00 read_username 0000
:00000 0000

.0000 (Exrr(erroxr OO (Ok(string O0O00ODO OO0 usernamel0000

00000 0000 :0000 0000000 00000 000000000 000000 0000 fs: :write DODOOOOO OO -
.000000 000 0O 0000 bOoDOO 0000

000000000 00 std: :process: :Termination OO0 00000 00 main 00 00000 OO0DO 0OOO -
-00000 E 0O 000 0000 000D 000 0000 00 .00o0bbooo 0o <, ()>00000 0000000 oooo
0000 0000 00 0 00000 0ob 00 Exr OOOD OOOOOOOD 0OOC .0000000000 00 Debug 0000
.0000000000 00 (nonzero) 000 000 0ODO DODOO

0000 000000 00 (Conversions) 0000000 000 29.4

:000 00 000 00000 000o 0o ooboooooo ooo ? 0ooo ooooo
?expression
00000 DO0 00000 0O 0O

} match expression
,0k(value) => value
,((Err(err) => return Err(From::from(err

{

000 00 00 00C 000 0000 00 000 00 00 00D 0OO0 000 00 0000C 00 From: @ from 000OOOOOO
000000 000Ooob 0oob booboo ot boooo oo boooo oooo boo .0ooo ooboo booo booo ooobooo
.0aoo
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gooo

;use std::error::Exror

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

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

[ (derive (Debug]#
} enum ReadUsernameError

, (IoExrror(io: :Error

, (EmptyUsername(String
{

{} impl Error for ReadUsernameError

} impl Display for ReadUsernameError
} fn fmt(&self, f: &mut Formatter) -> fmt::Result
} match self
,("{Self::IoErroxr(e) => write!(f, "IO error: {e
"000 0000 0oooooo oood {pathy OO0 OO ,Self::EmptyUsername(path) => write!(f

{

} impl From<io::Error> for ReadUsernameError
} fn from(err: io::Error) -> Self
(Self::IoExror(err
{
{

} <fn read_username(path: &str) -> Result<String, ReadUsernameError
; (let mut username = String::with_capacity(100
;?(File: :open(path)?.read_to_string(&mut username
} ()if username.is_empty
; (((return Err(ReadUsernameError::EmptyUsername(String: :from(path
{
(Ok (username

{

} () fn main
;()std::fs::write("config.dat", ) .unwrap//
; ("let username = read_username("config.dat
;("{?:username} :000 00 DOODOOOOO")!println

nn

{
.This slide should take about 5 minutes

0000 000 00 DResult 0000 .00000000 0000 0000000 00O 00 000000 000000 0000 ? 00000
00000000000 00 <Result<T, ErrorOuterOO 00000 .00000 000000 OOCO OO0 OOOOO OO OOO
000 000 0000000 <Result<U, ErrorInner OO0OOOCOO OO OOOOOO OO ? OO 0OOOOOOO OOOO

.000 000000000 00 ‘00 ExrroxrOutexr OO0 00 OOOOO OO0 00 ExrrorInner O ExrrorOuter

00 00000 0000 00 0000 Result: :map_err 000From OODD OOOCD OOOD OOOD OOOODOC OO

186



.00000 00000 00o0o 00 00 000 ooooooa

00 000000 0000 00 <Option<T OO OOOOO .00DOCO DOOO Option 000DDOCD DOOO 0COOOOO OOO
.000 0000000U D T 000000 00000 0000 <option<U OO0 ? OOODO OO 0ODDO

.000000 0 000 0000000 Option OO ? 00 0ODODOOOD DOOOD DO0DOODDOCDO OO0 Result OO 0O0OO OO
Result::ok 000000 OO0 0D0OO0O 00000 Result 0000 OptionO0Option: :ok_oxr 0000000 OO
.00000 D0OODO Option OO OO «O0O0O0»

Dynamic 000000 00000 29.5

00000000 0000 00 000000 enum 00000 0000 0000 000 00000000000 000000D0CD 00000 0000
000 object 00 0OODOO std: :errox: :Exrrox 00000 .000 000000000 0OCCOO 0OOOD OO0 OODOOO
.00000 0ooo 00 0ooo D0ODoo 0O 0oO0OO boooooo oo oooo

;use std::error::Exrrorx
;use std::fs
;use std::io::Read

} <<fn read_count(path: &str) -> Result<i32, Box<dyn Error
;()let mut count_str = String: :new
;2(fs::File::open(path)?.read_to_string(&mut count_str
;?7()1let count: i32 = count_str.parse
(Ok (count

{

} ()fn main
;()fs::iwrite("count.dat", "1i3").unwrap
} ("match read_count("count.dat
,("{count} :00000")!0k(count) => println
,("{Err(err) => println!("Error: {err

{
.This slide should take about 5 minutes

std::num: :ParseIntErrox 00 (0000000000 0OO)std: :io: :Erroxr 0000000read_count 0000
.00000000 DO (String: :parse O0)

00000 0000 000oo 00 000000 0000000 00D 000D 00 00 DD 0000000C 0000 Boxing 000000
00 <Box<dyn Error 00 00OO0OCD ODOOO 000 OO .00O0O 0OO OO0 0OODDO 0O 0D0OOOOC 000 00 00
00 0000 00000000 00 0ooo 0oo0o Do0bo0D 000 00000 0000 0000 00000000 00 public API

.0000 00000 0000 0o 00 000 0000 oooooooo ooo

0000 00 std: :error: :Exrror 00000 OO O0OOCO OOODO 000OOOOD OOCOOD OO0 OO DOOOC OOOOO
000000 no_std 00000 0O 0000OODD 00 0000 000 000 .000 0000 0000 0000 00O 0000o oo 0ooo
nightly 00 no_std 00 0000 0OC OO0 std: :exrox: :Exrror 00000 OO 00000 OOOOO 0OOC OO

.000 DOOooo
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anyhow [ thiserror 29.6

0000000 000 00 000000 000. 0000 0000 00 000000 000 00 00anyhow crate 0 thiserror 000
.0o0oooo

thiserror is often used in libraries to create custom error types that implement ¢
<From<T

000000 0000 0h 000000 0O 000 00OOOo 00 DOO 0000 0000Do0D 0000 anyhow OOOO
.00000 0000000 o000 0ooboo oo 0obo ooooooo

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

;use std::io::Read

;use thiserror: :Error

[(derive(Clone, Debug, Eq, Error, PartialEql#
[("DDD DOOO {o} OO O0OOOOOOO OOO")errox]#
; (struct EmptyUsernameError(String

} <fn read_username(path: &str) -> Result<String
; (let mut username = String::with_capacity (100
(fs::File: :open(path
?(("000 OO0 {with_context(|| format!("{path.
(read_to_string(&mut username.
;2("000000 00 O000")context.
} ()if username.is_empty
;((()bail! (EmptyUsernameError(path.to_string
{
(Ok (username

{

} ()fn main
;()fs::write("config.dat", "").unwrap//
} ("match read_username("config.dat
, ("{username} :000000000")!0Ok(username) => println
,("{?:Exrr(erxr) => println!("Error: {err

{
.This slide should take about 5 minutes

thiserror

00000 0000 00000000 00000 000000 00000 thiserrox 0000 Exrrox 0000000 OOOOO
.000 00000 0000 00 000 00000 00000 00 000 oooo

00000 0000 000000 000 00 std: :errox: :Exroxr OOOO0O »

.00000 00O000DO Display 00O0OOD 0000000 0OOO [exrox]# 0000

anyhow
000 00 .000 <Box<dyn Error00000 OO (wrapper) 00000 000000 anyhow: :Exrox

000000 000 00 000 0o0oOo0 oboobooo 0o ooboo API 0000 0000 0000O0D booboob ooooo
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https://docs.rs/thiserror/
https://docs.rs/anyhow/

.00000 0000000 00000 000000000 00

.<Result<V, anyhow: :Erroxr000 OOOD 000000 type O0<anyhow: :Result<V

.000 0000000 00000 0000 00 00 0000 0o0oo 0000 00O 0o0O0O0 0000 0ooOo 0o .

0000 Go DOOOODODDDOOO OOOD OO0 0000 <anyhow: :Result<T 0000 OO0 00000 00000OO -
00000 Go OO (T, error) OO OO OOOOOD 0OOOOOOO O 0OOOODD DOODOOOD DDOC 00000
.0000o

Option O Result O0000ODDD OO0OOtype 0000 00 OOD DOOOO OO0 anyhow::Context o
0 ()context. 0000 OOOO 0000 use anyhow::Context .000 OO0 000000000
.000 00000 O0type 00 00 ()with_context.

Result 00 00000000 :00000  29.7

0o 0ooo 0oo 0O .00000 0o000o0oD 00boo 0Oooo 0o 0ooo 00hoo boooo 0obooooooo oo ooo oo
0000000 0000 000000 00 0D 00D 00 00 bODo 0oCDboDoo 0ob 00 .00D00 00000 0D 00O0O0D panic
0 thiserror 00 0000 0000 OO .0000 00000 main OO 00DOOD OO0 OO0 000000 0OCOOO 0OCOOOOO

.0000 0000000 anyhow

00 Tokenizer 0000 000 0O00O0OC OO OO 0O0OOO .0000 0000 parse 000000 OO 000 00O OC :0000
0000 0000000000 <<Iterator<Item=Result<Token, TokenizerErroxr 000000000 OOOO
.0000 00000 parser 0O OO OO 0O

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

.An arithmetic operator ///
[ (derive(Debug, PartialkEq, Clone, Copyl#

} enum Op
,Add
,Sub

{

.A token in the expression language ///
[ (derive(Debug, PartialkEql#
} enum Token
, (Number (String
, (Identifier(String
, (Operator(Op
{

.An expression in the expression language ///
[ (derive(Debug, PartialEq]#
} enum Expression
.A reference to a variable ///
, (Var(String
.A literal number ///
, (Number(u32
.A binary operation ///
, (<Operation(Box<Expression>, Op, Box<Expression

{

} fn tokenize(input: &str) -> Tokenizer
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; (()return Tokenizer(input.chars().peekable

7 (

{
<<struct Tokenizer<'a>(Peekable<Chars<'a

} <impl<'a> Tokenizer<'a

} fn collect_number(&mut self, first_char: char) -> Token
; (let mut num = String::from(first_char
} ()while let Some(&c @ 'Q@'..='9') = self.0.peek

; (num.push(c

; ()self.0.next
{
(Token: :Number (num

{

} fn collect_identifier(&mut self, first_char: char) -> Token
;(let mut ident = String::from(first_char

} ()while let Some(&c @ ('a'..='z"

_ .= = self.0.pee
1 1 l@l I9I)) lf@ k
; (ident.push(c
;()self.0.next
{
(Token: :Identifier(ident

{

} <impl<'a> Iterator for Tokenizer<'a
;type Item = Token

} <fn next(&mut self) -> Option<Token
;?()let ¢ = self.0.next
} match c

, ((Some(self.collect_number(c <= '9'=..'0"
,((a'..="z" => Some(self.collect_identifier(c'
, ((Some(Token: :Operatoxr(Op::Add <= '+

, ((Some(Token: :0Operatoxr(Op::Sub <= '-'

,("{c} DOOOOOOOC DODOOOO™)!panic <= _

{

} 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

;("00000 OO 0O0O0O0D00OD Oopoo')!panic

A
} let expr = match tok
} <= (Token: :Number (num

;("0000000 bit-32 0OO0O0 0OO0O0")let v = num.parse().expect

(Expression: :Number (v
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{
,(Token: :Identifier(ident) => Expression::Var(ident
,("{?:tok} OO0DDODOO OOOD™)!Token::Operator(_) => panic
i {
.Look ahead to parse a binary operation if present //
} ()match tokens.next
,None => expr
)Some (Token: :Operator(op)) => Expression::Operation
, (Box: :new(expr
,Oop
, ((Box: :new(parse_expr(tokens

/(
,("{?:tok} 000DDODOO OOOO™)!Some(tok) => panic

{

(parse_expr(&mut tokens

{

} ()fn main
;("let expr = parse("10+foo+20-30
;("{?:println! (" {expx

goooo  29.7.1

;use thiserror: :Error
;use std::iter: :Peekable
;use std::stxr::Chars

.An arithmetic operator ///
[ (derive(Debug, PartialEq, Clone, Copyl#

} enum Op
,Add
,Sub

{

.A token in the expression language ///
[ (derive(Debug, PartialEq]#
} enum Token
, (Number(String
, (Identifier(String
, (Operator(Op
{

.An expression in the expression language ///
[ (derive(Debug, PartialEql#
} enum Expression

.A reference to a variable ///

, (Var(String

.A literal numbexr ///
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, (Number (u32

.A binary operation ///

, (<Operation(Box<Expression>, Op, Box<Expression
{

} fn tokenize(input: &str) -> Tokenizer
; (()return Tokenizexr(input.chars().peekable

{

[ (derive(Debug, Error]#

} enum TokenizerError
[("0O0000 00 "{e}" O0OODOOOOOO OODOOOO")errox]#
, (UnexpectedCharacter(char

{

i (<<struct Tokenizer<'a>(Peekable<Chars<'a

} <impl<'a> Tokenizer<'a
} fn collect_number(&mut self, first_char: char) -> Token
; (let mut num = String::from(first_char
} ()while let Some(&c @ 'Q@'..='9') = self.0.peek
; (num.push(c
; ()self.0.next
{
(Token: :Number (num

{

} fn collect_identifier(&mut self, first_char: char) -> Token
; (let mut ident = String::from(first_char
} ()while let Some(&c @ ('a'..='z' | '_'" | '@'..='9")) = self.0.peek
; (1dent.push(c
; ()self.0.next

{
(Token: :Identifier(ident

{

} <impl<'a> Iterator for Tokenizer<'a
;<type Item = Result<Token, TokenizerError

} <<fn next(&mut self) -> Option<Result<Token, TokenizerError
;?2()1let ¢ = self.0.next
} match c
(Ok(self.collect_number(c <= '9'=..'0"'
=> Some(Ok(self.collect_identifier(c'

(((Some
1 | 1
(Some(Ok(Token: :Operator(Op::Add <= '+'
(
e

, 0
,(((a'..="z '
(
(
0

(
((Some(Ok(Token: :Operatoxr(Op::Sub <= '-'
k

,(((Some(Exx(T nizerkError: :UnexpectedCharacter(c <= _
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[ (derive(Debug, Error]#
} enum ParserError
[("{@} :00000000 ODOO")erroxrl#
, (TokenizerExrror (#[from] TokenizerError
[("O0O0OO0O OO0 ooOOooooO ooodoo"™)errox]#
,UnexpectedEOF
[("{?:0} 0D0O00OOOOO (token) OOOO")error]#
, (UnexpectedToken(Token
[("OO0DO00O0 DODOO™)error]#
, (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 <- (
;?7?7(let tok = tokens.next().ok_or(ParserError::UnexpectedEOF
} let expr = match tok
} <= (Token: :Numbexr (num
;?7()let v = num.parse
(Expression: :Number (v
{
, (Token::Identifier(ident) => Expression::Var(ident
,((Token: :Operator(_) => return Err(ParserError::UnexpectedToken(tok
A
.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
,0p
, (?(Box: :new(parse_expr(tokens
A
,(()Some(Exrr(e)) => return Err(e.into
, ((Some(Ok(tok)) => return Err(ParserError::UnexpectedToken(tok
({
{

(parse_expr(&mut tokens

{

} <()>fn main() -> anyhow: :Result
;?7("let expr = parse("10+foo+20-30
;("{?:println! (" {expr
(())0k
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30 000

Juoodl Rust

:000 000 00000 0000 0.0000 000 00000 O 0 0000 0 0000 0ooo ooo ooo

oooo ooo oooooo

goooo o oooooo
ooooo oo DOoO0booooooooo 00 ooooo 0oo
goooo o 0oooon oooo oooo ooobooooa

goooo o 0000000 0000 000
ooooo o 0oooo ooooo
ooooo o 00000 (Traits) 0000
ooooo oo FFI Wrapper :00000

0ooood Rust  30.1

:0000 000 00 Rust OO0O0O

.0000 0000 00000 000000 00000 00000 000 Omemory safe 00 0000 00000 :Safe Rust 00
.000 000000 00000 0000 DO00000 000000000 000 0000 00 :Unsafe Rust 00 »

.0000 Unsafe Rust 000000 00 000 000 00O 00OOOOO 0000 000 00 00 safe Rust 000000 OO0

0ooo 0o 00 ooooooo .0o0o 0oooo 0oo 0o 0000 0o 000 0 00D oooooo 0 0ooo 000000 ooooo oo
.00000 000000 0000 boooooo

:00000 00 D000 000000 000 00 000000 00000 000 00 Unsafe Rust 000

.000 0000000000 -

.0000 000000 00000 mutable static variable 00000000 00O e
.0000 0000 000000 union 0000000 OO

0000 00000000 00 extexrn OOO0O OOOO OO0 Ounsafe OO0OO0O »
.0000 0000 00 unsafe 00000000

00 00DODD 00000 000000 0000 .000000000 unsafe 000000000 00 00000 OO0 00 00000 OO
.Rustonomicon 0 Chapter 19.1 in the Rust Book

.This slide should take about 5 minutes
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-00000 0O 000 0000 0000 000 .000 000000 00 00 0000 0000 000 00 Unsafe Rust 0000000
000000 oo 0ooob 00 0000 b 0ooboob 00000 00 bobooooo boooob 0ooboooo 0o 0000 boboooo
.000000 0000 0O Rust 00000 00000 0DOO0 OOO00000O 00 000000 0000 000 .0000000

000 oDooooooooo oo ooooo ook - 30.2

:000 unsafe 00 «0000O» 0000 OO 00000 OOC 000 OODD 0000 DOOOOOO 0oooo

} () fn main
;("1000 0OOOD")1let mut s = String::from

;let rl = &mut s as *mut String
;let r2 = rl as *const String

SAFETY: 11 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

;(x1l* ,"{} :000 0DOOOO println!("rl

;("0000")rl = String::from*

;(xr2* ,"{} :000 0OOOOO0 println!("x2
{

.NOT SAFE. DO NOT DO THIS //
*/
;{ let r3: &String = unsafe { &*rl
; (drop(s
;(println! ("x3 is: {}", *r3
/ *
{
.This slide should take about 10 minutes

00 unsafe 0000 OO 0000 (000 OODD Android Rust 000 0000000 000 0) 00D 0000 0ODOOD 00O
00000 00 00 00booe 0bbooo 0bboo ooboooo oo bhboo 0o ooDoo 0o Ooo obooo 0 0opbooo ooo
00000 00ooboo boooo

:0000 000000 valid 000D OOCODOOO 0O 00O DOOO 0000 000 00000000 00000 000 000oo oo

.0000 non-null 00 000 000 0DODO OOOOODOO -

(000 DOOD 000000 object 00 00DOOCD 0O0) 000D dereferenceable 0000 0000000

.0000 00D 00000 00DDD object 00O

.0000 00000 0000 00000 0000 00 00 000000 oooooo

0000 live 0000 00000 object 00000 0OOC OO0 OO reference 00 0000000 OO 0DODOOCD 00O
.000 0000000 oooooO 00O oooobo 0ooo 00ooOoo 0Oo0 00 0Doboooo o

.000 0000 000O0Cb 0O 0bOoo ooo oboboob ooooob toooo oo

000 0000O x1* :00000 00000 00 UB 00000 00 D000 000 00 00 0000000 «NOT SAFE» 000
00000 s 000 00000000 0000 static String'& 000 00000 r3 00000000 0OOO static' OO0
.0000 00000 000 0o 0000 00 00000 0o 00 OOoo 0o ooooo .ooooo
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0oooo oooo oooo oooooooo - 30.3

:000 00000 0boobooooon oobooobo ooooo oo oooooo
;"10000 D0ODD" = static HELLO_WORLD: &str

} () fn main
;("{println! ("HELLO_WORLD: {HELLO_WORLD

{

00000000 000000 000000 0000000000000 000000 000000 00000 00 000000 00O ooboooooo
:000 00000 mutable static

;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
{
{

.This slide should take about 5 minutes

000000 Rust 00000000 DOOO 000 00 .000 single-thread 0000 000 000 00000 OO0 0O0O0OO -
00000000 00000 0oDOoC 0 0hOo 0ot 00 unsafe .000000 00O 0O 00 ODDOOODO O 000 0OO
.000 000D 00000 DODOO 00 thread 00000 OO0 static 00 000 00 00000 DO0OO

000000 OO0 0000 000 D000 000 000 00 (mutable) 00000 0000 static 00 OO 000OCOOO e
00 00000 0DoooD 0000 00000 no_std 00000 000 00000 OO 00D 000D 00 0000 0o0d
.C 0000 00 00000 DO0API OC 0000 00 000 00 heap allocator

goooooo oooo oot 30.4

:0000 000000 00 active field 000000 0000 000 000 DO0COOCD O0enum 00000 O0Union 0000000

[(repr(C]l#

} union MyUnion
,i: u8
,b: bool

{

} ()fn main
;{ let u = MyUnion { i: 42
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;({ println!("int: {}", unsafe { u.i
Iprintln!("bool: {}", unsafe { u.b }); // Undefined behavior
{

.This slide should take about 5 minutes

enum 00 00000000 00000OCD 0000 00000 0000 0000 0000 00 Rust 00 0D0Union 000 OO0 OO0
.00000 0000 0000 € oo0000oo 0ohoAPI 00 00000 0000 ooooo 0ooob oooo .oooo ooooooo

mem: : transmute](https://doc.rust-] 00000000 00000 00000 0000000 DDODOOOODD 00000000 00000000 boo 0oo
0000 00000 safe wrapper 00 00 (00000000 OO0 lang.org/stable/std/mem/fn.transmute.html
.(zerocopy(https://crates.io/crates/zerocopy]

goooo ooooo - 30.5

0oooon oooooo boboooooo

00000 000oDoooooOD Oo00O 00D 0000 0000000000 unsafe 0O0COD OO0 method OO function OO
:0000 00000 D0O0OO00 00000 00 0000000 0ooo 0ooo oo oooo

} "extern "C
;fn abs(input: 1i32) -> i32
{

} () fn main
P~ = 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
i ((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
;((C:o {}y", abs(-3 000 -0 0000 DOOOO"™)!println
{

INot 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

{
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0oooo oooooo boooo

-00 000000 0000 DO0o0 o0booo oo 0ooooo 00000 00 ooooooo 0ooo 0O 000 boooboooo ooo
.0000 0000000000 unsafe0000000 000DDOD

.Swaps the values pointed to by the given pointers ///
/117
Safety # ///
11/
.The pointers must be valid and properly aligned ///
} (unsafe fn swap(a: *mut u8, b: *mut u8
;let temp = *a
‘a = *py*
;b = temp*
{

} ()fn main
;let mut a = 42
;let mut b = 66

:SAFETY //
} unsafe
; (swap(&mut a, &mut b

;(println!("a = {}, b= {}", a, b
.This slide should take about 5 minutes

0oooon oooooo booooooo

000000 00 00D 000D 0000 00000 Dunchecked_ 0O0ODD OODD 00000 Oget_unchecked 0000
0000 00 000 :000 000000 00000 000D 00 abs .000 00000 UB OO 0OOOOOO 00000 O00DOO
0000000 00000 00 0O 000 0obooDo 00000 0O000on. Ooooo 00ooo 0O0ooDoo .000 (FFD 00O0OO
000 00 000 00000 000 00 Rust 00000 OO0 000 0000 00 000000 00000 00000000000 00 0o

.0000 00000 0000000 0O000 000000 00000 0o 000 000 0000 coooo oo ooo

.00000 00000 0o 000 0o0ot 0O0ABI .O00 ABI OOOO 000 OO0 "C* 00000000000 oooo

0oooon ooooboo boooo

00000 DOO0DCb 0O 000 000 - 0000000 0000000 swapOO00 OO0 OOOO OO0pointer OO 0000 0O OO
.000 00000 OO0reference 00 0000

00000000 00 .000 0000 unsafe 0000 0000 00000 0000 OO0 00 00000 00 00 00000 00000 0000
0000oD 00 00 0000 000 0000 0000000 [ (deny(unsafe_op_in_unsafe_fn]# 00 00 000 0OO
000 00000 00000 Rust 0000 OOOO OO 0oOOOOOOO 000 .0000 oo oooooob oo oooooo o oood
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00000 (Traits) 0000 0000 00000 30.6

0oooooo oooooo ooooob 00 0o 0ob 00000 00 0oCD 00000 0000 bobbo0000n 0oo 00o000D 00000
.0000 0000000000 unsafe OOODODO OO 0OCDD O0 0OODDOOOD ODOO

:000 000 00 0000 0000 00 0OO00 00000 00000 00 zexocopy crate 00000 0000

;use std::mem::size_of_val
;use std::slice

11/
Safety # ///
.The type must have a defined representation and no padding ///
} pub unsafe trait AsBytes
} [fn as_bytes(&self) -> &[u8
} unsafe
)slice: :from_raw_parts
,self as *const Self as *const u8
, (size_of_val(self

{

.SAFETY: "u32 " has a defined representation and no padding //
{} unsafe impl AsBytes for u32

.This slide should take about 5 minutes

0000 00DDD 00 0000 00000 0000 (trait) OO0 000 0000 Rustdoc OO0 Safety # 000 00 000D
.000 00DDD 00 trait 000 0000 0OO0O0 OODO

.000 00000000 O 000o0ooDo oo00Cb AsBytes 0000 00000 00000 00O
.00000 (unsafe) 00000 Sync 0 Send00000 00000000

FFI Wrapper 0000 000 30.7

foreign 00000 0000 OOOD 0000 OO0 00ODOO 0OOODDOOO 000D 000D 00000 00000000 Rust 0000
00ooooo 1ibe OODDD ODOOD OO0 0000 00 00000 0000 00 00 00 .0000 (function interface (FFI
.0000 00 0000000 ooooo 00 00 00 0000 000 0ooooo oobo c oo oo oooooo

:0000 000000 000000 0OD0o 00 booooooo ooo

(opendir(3 -
(readdir(3
(closedir(3 =

0000 0000 00 std: : £f1 00000000 000000

0oooooo 000oooog ooooo
Rust 00 000 00OOOO UTEF-8 StringOstr
C 00000 0C 0ooooo NUL-terminated CStr and CString
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gooooooo goooooooo aooooo

00 00oooo ooooooo aooooooooo ooooo OsString 0 OsStr
ooooooooo

:000 000000 00000 OOtype 00O OODO 00O 00O

,str to CString: you need to allocate space for a trailing \@ character&

,00000 0000 0000000 00 00 C 00000 00000000 0000 :const i8* 00 CString

,000 0000 00 @\ 0000000 000000 00 00000 0000 0000 00 :CStr& 00 const i8* 00

«00000000 0000000 o0o0» 0000 universal interface 0000 slice 00 :[u8] & OO0 CStr&

oooo

00000 0000 OsStrExt 00 0000 OsString OO0 OO0 0000 OsStr: &0sStr& 00 [u8]1& OO
00000 0000000 00

0sStr to OsString: you need to clone the data in &0sStr to be able to return it and& ¢
.call readdir again

.0000 FFI 0000 00 0000 00000 000 00 000000 Nomicon 000D
:0000 00 00 00O 00000 00 000DDD 0 00000 0 0000 00O https://play.rust-lang.org/ 00 00 000 OO

0000 ooo oo oooo ooooooobooooo 00 ooooo oo ooo :Topo //
[ (allow(unused_imports, unused_variables, dead_code] !#

} mod ffi
;{use std::os::raw::{c_char, c_int
[(("cfg(not(target_os = "macos]#
;{use std::os::raw::{c_long, c_uchar, c_ulong, c_ushort

.Opaque type. See https://doc.rust-lang.org/nomicon/ffi.html //
[ (repr(Cl#
} pub struct DIR
,[data: [u8; 0_
,<(markexr: core::marker::PhantomData<(*mut u8, core::marker::PhantomPinned_

{

Layout according to the Linux man page for readdir(3), where ino_t and //
off_t are resolved according to the definitions in //
.{usr/include/x86_64-1inux-gnu/{sys/types.h, bits/typesizes.h/ //
[(("cfg(not(target_os = "macos]#
[ (repr(Cl#
} pub struct dirent

,pub d_ino: c_ulong

,pub d_off: c_long

,pub d_reclen: c_ushort

,pub d_type: c_uchar

, [pub d_name: [c_char; 256
{

. (Layout according to the macOS man page for dir(5 //
[(("cfg(all(target_os = "macos]#
[ (repr(Cl#
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} pub struct dirent

,pub d_fileno: u64

,pub d_seekoff: u64

,pub d_reclen: ulé6

,pub d_namlen: ulé6

,pub d_type: u8

, [pub d_name: [c_char; 1024
{

} "extern "C
;pub fn opendir(s: *const c_char) -> *mut DIR

[((("cfg(not(all(target_os = "macos", target_arch = "x86_64]#
;pub fn readdir(s: *mut DIR) -> *const dirent

See https://github.com/rust-lang/libc/issues/414 and the section on //
. (DARWIN_FEATURE_64_BIT_INODE in the macOS man page for stat(2_ //

//

Platforms that existed before these updates were available" refers" //
.to mac0S (as opposed to i0S / wearOS / etc.) on Intel and PowerPC //
[(("cfg(all(target_os = "macos", target_arch = "x86_64]#

["1link_name = "readdir$INODEG64]#

;pub fn readdir(s: *mut DIR) -> *const dirent

;pub fn closedir(s: *mut DIR) -> c_int

{

;{use std::ffi::{CStr, CString, OsStr, OsString
;use std::os::unix: :ffi::0sStrExt

[ (derive (Debug]#

} struct Directorylterator
,path: CString
,dir: *mut ffi::DIR

{

} impl DirectoryIterator
} <fn new(path: &str) -> Result<DirectorylIterator, String
,Call opendir and return a Ok value if that worked //
.otherwise return Err with a message //
() 'unimplemented

{

} impl Iterator for DirectoryIterator
;type Item = 0sString
} <fn next(&mut self) -> Option<0sString
.Keep calling readdir until we get a NULL pointer back //
() 'unimplemented
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{

} impl Drop for DirectoryIterator
} (fn drop(&mut self
.Call closedir as needed //
() 'unimplemented

{

} <fn main() -> Result<(), String
;2(".")1let iter = Directorylterator: :new
;(()<<_>println!("files: {:#?}", iter.collect::<Vec

(())0k

goooo  30.7.1

} mod ffi
;{use std::os::raw::{c_char, c_int
[(("cfg(not(target_os = "macos]#
;{use std::os::raw::{c_long, c_uchar, c_ulong, c_ushort

.Opaque type. See https://doc.rust-lang.org/nomicon/ffi.html //
[(repxr(Cl#
} pub struct DIR
,[data: [u8; 0_
,<(marker: core::marker::PhantomData<(*mut u8, core::marker::PhantomPinned_

{

Layout according to the Linux man page for readdir(3), where ino_t and //
off_t are resolved according to the definitions in //
.{usr/include/x86_64-1inux-gnu/{sys/types.h, bits/typesizes.h/ //
[(("cfg(not(target_os = "macos]#
[(repr(Cl#
} pub struct dirent

,pub d_ino: c_ulong

,pub d_off: c_long

,pub d_reclen: c_ushort

,pub d_type: c_uchar

, [pub d_name: [c_char; 256
{

. (Layout according to the macOS man page for dir(5 //
[(("cfg(all(target_os = "macos]#
[(repxr(Cl#
} pub struct dirent
,pub d_fileno: u64
,pub d_seekoff: u64
,pub d_reclen: ulé6
,pub d_namlen: ulé6
,pub d_type: u8
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, [pub d_name: [c_char; 1024

} "extern
;pub fn opendir(s: *const c_char) -> *mut DIR

[((("cfg(not(all(target_os = "macos", target_arch = "x86_64]#

;pub fn readdir(s: *mut DIR) -> *const dirent

See https://github.com/rust-lang/libc/issues/414 and the section on //
. (DARWIN_FEATURE_64_BIT_INODE in the macOS man page for stat(2_ //

//

Platforms that existed before these updates were available" refers" //
.to mac0S (as opposed to i0S / wearO0S / etc.) on Intel and PowerPC //

;2(("{err}

[(("cfg(all(target_os = "macos", target_arch = "x86_64]#
["1ink_name = "readdir$INODEG64]#
;pub fn readdir(s: *mut DIR) -> *const dirent

;pub fn closedir(s: *mut DIR) -> c_int

{

IIC

{

;{use std::ffi::{CStr, CString, OsStr, OsString
;use std::os::unix::ffi::0sStrExt

[ (derive (Debug]#

} struct Directorylterator
,path: CString

,dir: *mut ffi::DIR

{

} impl DirectoryIterator
} <fn new(path: &str) -> Result<DirectorylIterator, String

,Call opendir and return a Ok value if that worked //
.otherwise return Err with a message //
= let path

;0000000 DDDO")!ICString: :new(path) .map_err(|err| format

.SAFETY: path.as_ptr() cannot be NULL //
;{ (()let dir = unsafe { ffi::opendir(path.as_ptr
} ()if dir.is_null

((path ,"000 OO0 OO {?:} DOODOOO")!Err(format
} else {

({ Ok(DirectorylIterator { path, dir

{

{

} impl Iterator for Directorylterator
;type Item = OsString
} <fn next(&mut self) -> Option<0sString

.Keep calling readdir until we get a NULL pointer back //
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.SAFETY: self.dir is never NULL //
;{ (let dirent = unsafe { ffi::readdir(self.dir
} ()if dirent.is_null
.We have reached the end of the directory //
;return None
{
SAFETY: dirent is not NULL and dirent.d_name is NUL //
.terminated //
;{ (()let d_name = unsafe { CStr::from_ptr((*dirent).d_name.as_ptr
;(()let os_str = OsStr::from_bytes(d_name.to_bytes
(()Some(os_str.to_owned

{

} impl Drop for Directorylterator
} (fn drop(&mut self

.Call closedir as needed //

} ()if !self.dir.is_null
.SAFETY: self.dir is not NULL //
} if unsafe { ffi::closedir(self.dir) } != 0

; (self.path ,"00000 00 {?:} OO0OOOOO0")!panic

{

{

} <fn main() -> Result<(), String
;7(".")1let iter = Directorylterator::new
;(()<<_>println!("files: {:#7?}", iter.collect::<Vec
(())0k

{

[(cfg(test]#
} mod tests
;*::use super
;use std::error: :Exroxr

[test]#

} ()fn test_nonexisting_directory
;("000000000 OO0 DODOO OO0")let iter = Directorylterator: :new
;(()assert! (iter.is_err

{

[test]#

} <<fn test_empty_directory() -> Result<(), Box<dyn Error
;?2()1let tmp = tempfile::TempDir: :new
)let iter = Directorylterator::new

,?2("0000 OO UTE-8 DOO DOOOO")tmp.path().to_str().ok_or

72
;()<<_>let mut entries = iter.collect::<Vec
;()entries.sort
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s rt.." " "1& ,assert_eq! (entries
(())0k
{

[test]#
} <<fn test_nonempty_directory() -> Result<(), Box<dyn Error
;?7()let tmp = tempfile::TempDir: :new
;2("n\ 000 Foo OOOOOO OOO"™ ,("std::fs::write(tmp.path().join("foo.txt
;2("std: i fs::write(tmp.path().join("bar.png"), "<PNG>\n
;2("std: i fs::write(tmp.path().join("crab.xs"), "//! Crab\n
)let iter = Directorylterator::new

,2("0000 OO UTE-8 OO0 DOOOO")tmp.path().to_str().ok_or
72
;()<<_>let mut entries = iter.collect::<Vec
;()entries.sort
;(["assert_eq! (entries, &[".", "..", "bar.png", "crab.rs", "foo.txt

(())0k
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31 000

00000000 Android 00 Rust 00

000000 00 00 000000 0000 000 .00000 00000000 0oboooo 0o system software 0000 Rust
0000 00 00) DOO0DO0 Rust 00 00 0000 00OOOODOO OO0 O0 00OOOCDOO 0000C0O000o 0ooonooo
(000000 00D0D 00 00000 00Doo 00oo

.0000 00000000 000000 00000000 00 000 0o 00 Rust 000 0DOOOCOD 00O DOOOO OO
0000 0oooooo o0 0oooD 0000 00 000 00 booo oo boboo 00oO 0000 00O D0obooooo
0000 0000 »exotic” 00000 O 0OOOOODDO OO 0O .0000 00DOC Rust 00 00 00 0OO0 OO0
00000 00 0000 000 00000 00 000 0000000 00 0000 00O 0000 .000 0000 oo oooa

.0oo

000 00000 00 000 OO 000 0ooo oooooo oooboooonb 00 Rust OO0 OODOOOC DOODOOO oOOOOOOO
:000 00000

DNS over HTTP :00000 0000 =
(Rutabaga Virtual Graphics Interface] (https://crosvm.dev/book/appendix/rutabaga_gfx.html] :0000000000 «
Kernel Drivers: Binder o

Firmware: pKVM firmware ¢
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32 000

oo

00000 .000 000000 00OO0D0O 000 00 000000 0000 Cuttlefish Android Virtual 000000 00 00 00
:0000 00000 o000 oooCo 00 00 ooooo oooooo oooo 0o 00o oo oo oooo

source build/envsetup.sh
lunch aosp_cf_x86_64_phone-trunk_staging-userdebug
acloud create

(Android Developer Codelab](https://source.android.com/docs/setup/start] 00 000000 0000 00000
.0000 000000

:00000 00oo

00000 000000 000 000000 000 00 000 0000 00 000 0000 Android device 00 Cuttlefish
.000 000 0000000000 000 MacOS 00 00000000 .000 000 00000

0000 0000000 0 D000 00000 000000000 00 000000 0000 Cuttlefish system image 000
.000 Rust 00 0000000 00000 00 000000 00000 oooo oo

208



33 000

gouon oooood

:00000 00000000 bOO00 000000 0000 00 Rust 00 (Android build system (Soong

aoooooo Module Type

.00000 00000 Rust binary 00O rust_binary

0 00000 00000 Rust 000000OCO OO rust_library
00000 00 dylib O0xlib 000 00 0O0O
.0000o

0000000 0000 Rust C 0000O0O0DO OO rust_ffi

0 00000 00000 cc 00000000 bOoa
00 share O static 00000000 00000
.00000 ooooa

00000 proc-macro 00000000 OO rust_proc_macro
000000000 00000 00000 .00oo00
00000 000o0ooa

00000 00000 Rust 000 000000 OO rust_test
0000 Rust test 000000000 OO OO
00000 0000oooo ooo

Rust fuzz 000000 1ibfuzzer OO rust_fuzz
.00000 ooooa
00 0 00000 00000 source 00O rust_protobuf

00 00 00000 00000 Rust 00000000
000 protobuf 00 0000 interface
.00000 ooooao

00 0 00000 00000 source 00O rust_bindgen
00000000 0000 Rust 00000000
00000 C 00000000000 00 Rust
noooo

.000 000000 0000 rust_binary 0 rust_binary 00 00000 OO
:000 DO0 000 0000 000000 00 00000 Doooo

00 00 OOpackage 000000 O 000 0000 000000000 00000000 OO0Orepo OODO Cargo
.00000 000000 0oooooo
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00 00 0000 000000 .0000 00000 crates in-tree 0000 0000000 0000000 O ODOOOO 0DOO -
.000 00 00 00 0000 00C Soong .0000 DODDD 0OOOOO C/C++/Java

Soong has many similarities to Bazel, which is the open-source variant of Blaze (used in ¢
.(google3

.Fun fact: Data from Star Trek is a Soong-type Android e

Rust Binaries 33.1

:0000 00000 00 000 000 D000 DAOSP 00 0000 00 .0000 0000 0000 000000 00 00 0000 0oooo
: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
; ("'Rust DO 0000")!println

{
:0000 0000 0 push 0OOOOOCO 00 000000 0O00ODDOD 0o0oo

m hello_rust
adb push "$ANDROID_PRODUCT_OUT/system/bin/hello_rust" /data/local/tmp
adb shell /data/local/tmp/hello_rust

IHello from Rust

Rust 00000000000 33.2

.000000 0000000 Android 0000 0000 Rust 00000000 00 00000 0000 rust_library OO OO0
:000000 00000 00 00oooooo 0o 00 0oooooo 0o 0o ooooo oo

,000000 00000 000 00 00 0000 ,1ibgreeting -
./1ibtextwrap, which is a crate already vendored in external/rust/crates -

:hello_rust/Android.bp

} rust_binary
,"name: "hello_rust_with_dep
,"crate_name: "hello_rust_with_dep
,["srcs: ["src/main.rs
] :rustlibs
,"libgreetings"”
,"libtextwrap"
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I [

.prefer_rlib: txue, // Need this to avoid dynamic link error

{

} rust_library
,"name: "libgreetings
,"crate_name: "greetings
,["srcs: ["src/lib.rs

{
:hello_rust/src/main.rs
.Rust demo !//

;use greetings::greeting
;use textwrap::fill

.Prints a greeting to standard output ///
} ()fn main

; ((println!("{}", fill(&greeting("Bob"), 24
{

:hello_rust/src/lib.rs

.Greeting library !//

. Greet "name ///

} pub fn greeting(name: &str) -> String

("'0000000 DOOOD 00O OO0 D0OOO0 00 O{name} OODO")!format
{

:000000 0000 0 push OO0OOO 0O 00O OODOO 0O 000000

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
Inice to meet you
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34 000

AIDL

:00000 00000000 Rust OO0 (Android Interface Definition Language (AIDL

,000 00000000 00 00000 AIDL 0000000 00000 00 Rust OO
.0000 00000 Rust 00 00 AIDL 0000 0000000 00000000 -

Birthday 00000 00000 34.1

00 Binder 0000 00000 DOOC 000OOOOC OC OBinder 00 Rust 00 0000000 0000 00OOOODDO 0OOO
00000000 o0 000000 00 00 0 000000 000000000 00 00000000 00000 00 000 .0000 ooooo
.00o00 oooo ooooo oo 0o oo

AIDL Interfaces 34.1.1

:000000 00000 AIDL interface 00 00 0000000 00 00 000 00000 API OO0
: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
A
A
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000 00 0000 /aidl DOOOOODODOD OOD 000000000 000000 0D OODDD 00000 0004 e
0000 0000O00000D D00O0OO DoO0OOO 0DOOOOO0 AIDL 0000 OO0 OO0 0000000 package
aidl/com/example/IBirthdayService.aidl 00000000000000com.example.birthdayservice
.00o

Generated Service API 34.1.2

.000 00000 00 0000 0000 0000 trait .00000 00000 interface 00000 00 00000 trait OO0 Binder
: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: i32) -> binder::Result<String

{

00 0000 0000 00000 000 0o 0oo 0ooooD 0 000 000000000 OO0 trait 000 0OOD OOD OOOOO
.000 00000 0oooooo obobooooo

out/soong/.intermediates/<path to 00 0O0O0OO0 0O OO0 0OOO 00000 OO0ODODOO e
.0000 /<module
0 0000000 000type 0000 OO0 DOOO DOOOO function signature 00000 OO0 0000 O0ODOO e
.0000 000000 interface 00000 OO 00DOOOOO
type 00000 00 String 00 0000 Rust 0000000 type 00 0000 0000000 00OC String -
.00000 0o00ooo

0000000 ooooooooo - 34.1.3

:0000 000000000 00 AIDL 00000 000boO0oooo ooooa

:birthday_service/src/lib.rs
irthdayservice::aidl::com::example: :birthdayservice: :IBirthdayService: :IBirthdaySexrvice
;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
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} rust_library
,"name: "libbirthdayservice
,["srcs: ["src/lib.rs
,"crate_name: "birthdayservice
] :rustlibs
,"com.example.birthdayservice-rust"
,"libbinder_xs"

I [

00 00 00 000 00 000000000 0 0000 00000 1BirthdayService trait 00000 0000 OO -

.000 00000 ooooo

0000 0000000 000 000000 00000 0000 00 binder: :Interface 000000 TODO: trait

rthdayservice::aidl::

(()binder: :add_service(SERVICE_IDENTIFIER, birthday_service_binder.as_binder

000000 source 00000 0000 override

AIDL Server 34.1.4
:00000 expose 00 00000 00 0000 00000 00000 000000 00 000000 OO0

:birthday_service/src/serverrs

.Birthday service !//

;use birthdayservice::BirthdayService

com: :example: :birthdayservice: :IBirthdayService: :BnBirthdayService
;use com_example_birthdayservice: :binder

;"const SERVICE_IDENTIFIER: &str = "birthdayservice

.Entry point for birthday service ///
} () fn main
;let birthday_service = BirthdayService
)let birthday_service_binder = BnBirthdayService: :new_binder
,birthday_service
, (Ybinder: :BinderFeatures: :default

; (

;("expect("Failed to register service.
()binder: :ProcessState::join_thread_pool
{

:birthday_service/Android.bp

} rust_binary

,"name: "birthday_server

,"crate_name: "birthday_server

,["srcs: ["src/server.rs

] :rustlibs
,"com.example.birthdayservice-rust"
,"libbinder_xs"
,"libbirthdayservice"

,[

.prefer_rlib: txue, // To avoid dynamic link error
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00 BirthdayService 000 0000 OO0 00) 0DOOOOD OOOD 00000000 00000 0O 0OCOOD O00DDO
00000 00D Binder OOODD OO0 OOCOOOOO DO 0000 0 (DDODCD 000000000 OO IBirthdayService
000 .0000 000 00 DO000O00 0000 00 00 0bb0oo0oon 0o0o 00 00000000 000 0000 O 0000
00 000D 00000 00oooboDoD 00 .00000 0oooooe 00000 0ooo 00 ++C 0000 Binder 00 0000

.000 0000 00000 0o ooo

.0000 00000 (BirthdayService) OO0 O0ODO OOD OC 00000O0D .1
.(BnBirthdayServiceOOOOOOODO0) 00000000 000000 Bn* type 00 00 service object 000 .2
0000 00 00000 00000 00 Binder OOOD 0OOOOO O 00000 00000 Binder 0000 000 000
0000000 inheritance 00 000000 Rust 00 00 .00000 0OOOO ++C 00 BnBindex 0000 0000
00 00 000 BirthdayService O 000000 composition 00000 00 OO0 OO 00OOOOOOO

.000000 0000 DOD 00000 BnBinderService

00) 00000 000 00000 00 0 00000 00000 0o 0o 0O b 0000 00000000 OO0 add_service .3
.(0000 00 «BnBirthdayService»

00000 Binder thread 00 00 0000 thread 00 0000 00000000 00 join_thread_pool .4
.0000 O0connection 0000 0000 00O 0O 000D O 0000

goooooo  34.1.5
:0000 0000 0 0000 push 0000000 OO DOOOO OO0OOODO 0ODOOO

m birthday_server

adb push "$ANDROID_PRODUCT_OUT/system/bin/birthday_server" /data/local/tmp
adb root

adb shell /data/local/tmp/birthday_server

:000 0000 booboo boo ot booo ooboo boooo ooooooo oo

adb shell service check birthdayservice

Service birthdayservice: found

:000000 0DOO0 00000 00 sexrvice call 00 000O0ODCDOD DOOOCO

adb shell service call birthdayservice 1 s16 Bob i32 24
JResult: Parcel

'.0x00000000: 00000000 00000036 00610048 00700070 '....6...H.a.p.p
'.0x00000010: 00200079 00690042 00740072 00640068 'y. .B.i.r.t.h.d
". .,.0x00000020: 00790061 00420020 0062006 0020002c 'a.y. .B.o.b
'.0x00000030: 0060063 V0V67006e 00610072 00750074 'c.o.n.g.r.a.t.u
'. .0x00000040: 0061006Cc 00690074 006e006f 00200073 'l.a.t.i.o.n.s
'.0x00000050: 00690077 00680074 00740020 00650068 'w.i.t.h. .t.h.e
' .0x00000060: 00320020 00200034 00650079 00720061 ' .2.4. .y.e.a.x
" |.0x00000070: 00210073 00000000 's

AIDL Client 34.1.6
.0000 00o0OO 00O 0000 00000 0000 Rust client 00 00000000 O0 0000ODOO

:birthday_service/src/client.rs

irthdayservice::aidl::com::example: :birthdayservice: :IBirthdayService: :IBirthdayService
;use com_example_birthdayservice: :binder
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;"const SERVICE_IDENTIFIER: &str = "birthdayservice

.Call the birthday service ///
} <<fn main() -> Result<(), Box<dyn Error
;(("let name = std::env::args().nth(1l).unwrap_or_else(|| String::from("Bob
()let years = std::env::args
(nth(2.
(()and_then(|arg| arg.parse::<i32>().ok.
; (unwrap_ox (42.

;()binder: :ProcessState: :start_thread_pool
(let service = binder::get_interface::<dyn IBirthdayService>(SERVICE_IDENTIFIER
;?2("map_err(|_| "Failed to connect to BirthdayService.

.Call the service //
;?(let msg = service.wishHappyBirthday(&name, years
; ("{println! ("{msg

{

:birthday_service/Android.bp

} rust_binary

,"name: "birthday_client

,"crate_name: "birthday_client

,["srcs: ["src/client.rs

] :rustlibs
,"com.example.birthdayservice-rust"
,"libbinder_xs"

A

.prefer_rlib: txue, // To avoid dynamic link error

{
.0000 000000 1ibbirthdayservice 00 client 00 00000 00000 0000

:0000 000D 0 0000 push 0000000 000 0000DD 00 00 DOOOOO

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 6@ years

00 000 000000 D0O0OOO0oDO 00 000 trait object OO0 <Strong<dyn IBirthdayService e
.000 000 0000 00 0O 0boooo
0000 000 ref 00000 OO .000 Binder 0000 000000 0OOCDO DODOODD 00O OO Strong -
global 0000000 00 0 00000 0OODDO trait object 00000 0000 OO0 (in-process) 0000000
.00000 000000 0O 00000 00000 object 00 00 OO 0ODCDDOOOD 000OC OO 0O Binder
0o0ooDD 0000000 DOOOO 00 0000 0000 000000 OO trait object 00 00000 0O0DOD O0OOO -
Binder 00 0000 .00000 O00DDOODOOO 0000 OO0 00000 0ODDDOO 00000 0000 00 oobooo
00 000D 00 0 000000 00 00 000 000 00000 Rust 00000 OC trait 00 00000 interface
.000000 0booooo oo
000 00 000 .0000 0000000 00000 000 00000 0O 000 000ooooo ooooo 0oooo oooo oo .
00 0o 000000 0o 0000 00 0 000000 00 0O 000 bOoO0o 00000 crate 00 OO0 0000 000000
.00000 000000

216



API 0000 00O0OOD  34.1.7

ooooo oooo boooo oooooooD 00 oooo0oooo -0o0o 0oooo 0ooboD 000000 00 00 API 0000 00000
:0000 0000 0000 0000 0ooo 0o oooo oo

;package com.example.birthdayservice

/* .Birthday service interface **/
} interface IBirthdayService

/* .Generate a Happy Birthday message **/

; (String wishHappyBirthday(String name, int years, in String[] text
{

:00000 IBirthdayService 0000 000 000 00 O0OOO 0ODOO OO0 00 000D OO0

} trait IBirthdayService
)fn wishHappyBirthday
,self&
,name: &str
,years: 132
, [text: &[String
;<binder::Result<String <- (

Rust 00 [String]& 00000 00 AIDL 00000 00[]1String 00000 OO 00000 00000 0OOOO -
0000 0O 0O0 00000 DOO0binding 00 idiomatic Rust type 00 0000 0000000 000000 0000O
:00000 0000000 000 0ooo oo
.000000 00O0OO O0slice OO in OODODD 000 OOODORD -
.000000 00000 <mut Vec<T& 00 inout 0 outO0O00000000 -
.000000 00000 <Vec<T 00000DOOOO OO DOOOOOO OO0OOO -

0000000 0 0bo0ooo ooopoooooo - 34.1.8
.0000 0oobo 0ooo AP 0000 0000 0000 00 0000 0 000000 ooooo oo

:birthday_service/src/lib.rs

} impl IBirthdayService for BirthdayService
)fn wishHappyBirthday
,self&
,hame: &str
,years: 132
, [text: &[String
} <binder::Result<String <- (
)!let mut msg = format
,"!Happy Birthday {name}, congratulations with the {years} years"
i (
} for line in text
;('msg.push('\n
;(msg.push_str(line

{
(Ok(msg
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{
:birthday_service/src/client.rs

)ylet msg = service.wishHappyBirthday
,Name&
,years
1&
, ("String::from("Habby birfday to yuuuuu
,("String: :from("And also: many more
o

;2

?TODO: Move code snippets into project files where they'll actually be built

AIDL 00000 00 000 34.2

:000000 00000 00000 Rust 0000000 00O 0O AIDL 00000

.000000 00000 idiomatic Rust type 00 (00000) Primitive types OO0 00000 OO0OOO e
.000000 0o000oOoC O0string type O VecOOOslice 00000 O0Collection OOOODO o

.000 00000 00OD0O0O 0 OOclient 000 DOOO0OO 0O 0OODOO 0OOO O AIDL objects OO0 00000 o
.000000 00000000 0000 000 00 00o00OO0ooo 0 oooo oooooog -

0oooo oopoo - 34.2.1
:000000 00000 idiomatically 0000 00 (O0C00O000) Primitive type 00 0000000 00000

oooa Rust Type AIDL Type

bool boolean00000D0O

0opooo oooo i8 byte
00 00000
000D ooopoo
.000000

00 0oooooo oo uleé char
g0ooboule
.u32 00 0000o

i32 int

i64 long

f32 float

f64 double

String String

00000000 0000000 34.2.2

Ofunction signature 00 0000 00 0000000 OC0ODO 0000 (<List<TO,[1T[]1,byte) 0000000000
:000000 00000 DO000 Rust array type 00
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Rust Type oooooo

[T]1& in argument
<mut Vec<T& out/inout argument
<Vec<T Return

[T[NOOOO OOOOODOD 0000000o bobo boboboo 00 0bhbo0000 0000000 00 00 0oooooC Oa -
- 00000) 00000 00000 000 00000 0Oo0000C 0000 000000 0O 00000000 .[T; N] 00
00000 array type 00000 00 0DOOD 000COD OO0 0OODOOOO OJava backend 00 .[int[3][4
.0o0oooo oooo

.000000 00000 <Vec<T 00 00000 parcelable 0000000 00 0ODOO 00000000 .

Sending Objects 34.2.3

000000 IBinder interface 00000 OO OO 0000 AIDL 000 00 000OOOOCD 00DOOO OO AIDL objects
:000 00000

: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  intexrface ///
} 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

{
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} <fn years(&self) -> binder::Result<i32
(Ok(self.age as 132
{
{

} () 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

 (
.Send the binder object to the service //

;?(service.wishWithProvider (&provider

"Perform the same operation but passing the provider as an "SpIBinder //
;?2(()service.wishWithErasedProvider (&provider.as_binder

BnBirthdayService 0000000000.00000C000BNBirthdayInfoProvider 00000000000
.00000 00ObOoo oo ooo

goooooooob  34.2.4

:Binder for Rust supports sending parcelables directly
:hbirthday_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
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;2({ service.wishWithInfo(&BirthdayInfo { name: name.clone(), years

000000 0oooo - 34.2.5

0000000/00000000 000 ParcelFileDescriptor 000 00 0000000 OO 000000 00 0O0ODDD
:000 00000 Binder

: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
;("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
2 ("{writeln! (file, "{name

;2("{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
)yfn 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_ref.

()try_clone.
(map(File: :from.
;("0000000 DOOO DOOoD™)expect.

;()let mut contents = String::new
;()info_file.read_to_string(&mut contents).unwrap

;()1let mut lines = contents.lines

;()1let name = lines.next().unwrap
;()let years: 132 = lines.next().unwrap().parse().unwrap
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(("!0Ok(format! ("Happy Birthday {name}, congratulations with the {years} years

00 00 00OO0OOD 00000000 0 DoCOO 00000 00 ownedFd OO0 ParcelFileDescriptor e
0000 0ooobOo 0 000 0oD0D (DOD00 0oooo 00 ownedFd OO 00 00000 DOD 00 OO) File
.000 0000000 D000 000 00 0000 File ODDOD OO 0ODDD

0000 .00000000000 0000 bbooo 0 0opboobo booo oo OO0 0oDo Dooooooooo 0ooo ooboa .
JUNIX 0 TCPO UDP 000
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35 000

Android 00 0000000

00000 00 .0o00oD DooDooD AOSP 00 OCunit test 000000 0000 00 00O00D OTesting 0000 OO
:0000 0000000 000 0000 OO0 000 0000 rust_test

: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
.Left-padding library !//

. Left-pad s’ to ‘width ///

} pub fn leftpad(s: &str, width: usize) -> String
("{$format! (" {s:>width

{

[(cfg(test]#
} mod tests
;¥ use super

[test]#
} ()fn short_string

i ("assert_eq! (leftpad("foo", 5), " foo
{

223



[test]#
} ()fn long_string
i ("assert_eq! (leftpad("foobar", 6), "foobar
{
{

00 00 000 000000 oo ooooo
atest --host libleftpad_test
:000 000 000 00 ooooa

INFO: Elapsed time: 2.666s, Critical Path: 2.40s
.INFO: 3 processes: 2 internal, 1 linux-sandbox
INFO: Build completed successfully, 3 total actions
comprehensive-rust-android/testing:libleftpad_test_host PASSED in 2.3s//
(PASSED 1libleftpad_test.tests::long_string (0.0s
(PASSED 1libleftpad_test.tests::short_string (0.0s
Test cases: finished with 2 passing and @ failing out of 2 test cases

00 0000000 oboo 0o 00oDo .0obobo 00O 00 bobooooo crate 0000 00O OOOOC OO O0OOC DOOO
.000000 0000 000oOoo ooboooboo

GoogleTest 35.1

0000000000 00000DD DODassert 00 00000 00000 matchers 00 0000000 00 GoogleTest 0000
:0000 0oooo oo

;*::use googletest: :prelude

[googletest: :test]#
} ()fn test_elements_are

;["let value = vec!["foo", "bar", "baz

s ((("expect_that!(value, elements_are!(eq(&"foo"), 1t(&"xyz"), starts_with("a
{

00 000 0O DOODO 000000 000D 00000 00 00 00b000D 00000 oohooo" o0 00 D000 00000 000
:0000 00 0000 000DOD pin-pointing

---- test_elements_are stdout ----
Value of: value
:Expected: has elements
"is equal to "foo .0
"is less than "xyz .1
"I'" starts with prefix .2
,["Actual: ["foo", "bar", "baz
"1" where element #2 is "baz", which does not start with
at src/testing/googletest.rs:6:5
Error: See failure output above

.This slide should take about 5 minutes

local 0000 DO ODOC 000D 00D O0OOODOOODOOC 00000 Rust Playground 00 0000 GoogleTest e
cargo add googletest 00 000000 Cargo 00000 00 OO 0000 0000DD 0000 .00OOOD ODOO
.0000 0o00ooo
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0000 00 00000000 D0OOtype O OO0OOOOO OO0 00OOQDD ;*: :use googletest: :preludedd «
.0oooo

This just scratches the surface, there are many builtin matchers. Consider going through e

the first chapter of "Advanced testing for Rust applications”, a self-guided Rust course: it

provides a guided introduction to the library, with exercises to help you get comfortable
.with googletest macros, its matchers and its overall philosophy

0000 00000 0D 0000 00 00D 000 DoOstring 00 00000 OO0 00 000 OO0 00D 000 OODOOO 00 .
:000 00 0000

[test]#
} ()fn test_multiline_string_diff
\let haiku = "Memory safety found, \n
\Rust's strong typing guides the way,\n
;".Secure code you'll write
)lassert_that
,haiku
\eq("Memory safety found,\n
\Rust's silly humor guides the way,\n
(".Secure code you'll write
i (
{
:(0000000 00000000 00000 00 00 000) 00000 0000 00 0000 00000

Value of: haiku

- to "Memory safety found,\nRust's silly humor guides the way,\nSecure code you'll write
"Memory safety found,\nRust's strong typing gquides the way,\nSecure code you'll write

0 "Memory safety found,\nRust's silly humor guides the way,\nSecure code you'll write
:(Difference(-actual / +expected

,Memory safety found
,Rust's strong typing gquides the way-
,Rust's silly humor gquides the way+

.Secure code you'll write

at src/testing/googletest.rs:17:5

.000 Rust 00 (/GoogleTest for C++](https://google.github.io/googletest] 0000 OO crate 000 o

Mocking 35.2

00 0000000 0000 .000 000 0D00O000 0000 00000 00000000 00 00 Mockall 00 mocking 0000
:0000 mock OO0 0000 0000 00 0000DDDD 000 000DD 00D0D 000000 00 000 00 0000 000trait

;use std::time: :Duration
[mockall: :automock]#

} pub trait Pet
;fn is_hungry(&self, since_last_meal: Duration) -> bool

{

[test]#
} ()fn test_robot_dog
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;()1let mut mock_dog = MockPet: :new

; (mock_dog.expect_is_hungry().return_const(true

; (assert_eq! (mock_dog.is_hungry(Duration: :from_secs(10)), true
{

.This slide should take about 5 minutes

mocking 00000000000 .000 (Android (AOSP 00 000 00000 mocking 00000000 Mockall

0000 .mocking HTTP 00000DDO OODOD 00 00ODOOD 00000C 00000 0O crates.io 00 00000

00000 0o 000D 000D OO0 0000000 000 Mockall 00000 0000 00 mocking 00000000000
.000000 0000 00 000 00000 00 mock OO 000000

00000 00000000 00mock:000 000000O_000D0 00000 00 mocking 00 O000O0DOO0DO0DO -

00000 000 0000 00000 .0000 000 00 00booooooo 0o booooo oo ooooo bo bboooo oo

00000000 0ooooo 00 0000 0D 00 0D0mock 00000 OO0 0O .0OD 000 0OOOOOOD 0000000
.00000000 00 00000 00 ooooo ooooo 000 00hboO000 0000 OO0 0000000 00000 0 000

If at all possible, it is recommended that you use the real dependencies. As an example,
many databases allow you to configure an in-memory backend. This means that you
get the correct behavior in your tests, plus they are fast and will automatically clean up

.after themselves

00 00 0000 0D 000000 0hooo 000 00 00 booframework 00 000000 000000 00000
00000 .00000 0000 1localhost 00 O00OOCD DOOD 0O 00 00 0OOC DOODDOOOCO 0OOO process
00 00 000 00 00000 000 000 00 0000 0000 00000 framework 0000 mock 00 00 OO0

.0000 000000 0000D booo

local 0OOD DO 00 00 0DOC 00O 0O0O DO0OO0OO 00000 Rust Playground 00 0000 Mockall
Cargo 00000 00 Mockall 0000 000D DO0OOO 0OOOO cargo add mockall 00 .0000 0OOO
.0000 0000000 00000

00 0000 00000 00 00h0O00000. 00000000 00000 00 .0000 000000 00000 000000 Mockall -
000000 D000 mock 0000 OOC OO0 OO 00000 0O .0OOD 00000 00D 00000 000 000000 00
:00000 00000 000 0000 000 00 00 00 0000 00OooD 00 00 0ooo 3 00 000000 0000000 cat

[test]#
} ()fn test_robot_cat
; ()let mut mock_cat = MockPet: :new
mock_cat
()expect_is_hungry.
(((with(mockall: :predicate::gt(Duration::from_secs(3 * 3600.
; (return_const(true.
; (mock_cat.expect_is_hungry().return_const(false
; (assert_eq! (mock_cat.is_hungry(Duration::from_secs(1l * 3600)), false
; (assert_eq! (mock_cat.is_hungry(Duration::from_secs(5 * 3600)), true

0000000 mock method OO 00 000000 00OCOD O0OODOOOO 0000 (times(n. 00 ODDOOOOO -
000 00 o0 00 00o0oo booo 0oo obooo 0oo oboo oo --0b0oo obooboo obo oobooboo nboo
.00000 panic 0000 000000 DOOOCD 0000
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36 000

aod

0000000 (host 000) stdout OO (OODOOO O00) logcatOO 000000 0000 0000 1og crate OO 0000
:0000

:hello_rust_logs/Android.bp

} rust_binary

,"name: "hello_rust_logs

,"crate_name: "hello_rust_logs

,["srcs: ["src/main.rs

] :rustlibs
,"liblog_rust"
,"liblogger"

|

,host_supported: true

{
:hello_rust_logs/src/main.rs

.Rust logging demo !//
;{use log::{debug, error, info

.Logs a greeting ///
} ()fn main
ylogger: :init
()logger: :Config: :default
("with_tag_on_device("rust.
, (with_min_level(log::Level: :Trace.
; (
;(".00000D OoOoD™) 'debug
;(".00000 OOD DODD Doooo™)!info
; ("lerror! ("Something went wrong

{
:00000 00 000 00000000 00000 O push 0OOOO

m hello_rust_logs
adb push "$ANDROID_PRODUCT_OUT/system/bin/hello_rust_logs" /data/local/tmp
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adb shell /data/local/tmp/hello_rust_logs
:000000 00000000 adb logcat OO0 000OO
adb logcat -s rust

.D rust: hello_rust_logs: Starting program ©8:38:32.454 2420 2420 08-09
.I rust: hello_rust_logs: Things are going fine ©8:38:32.454 2420 2420 08-09
IE rust: hello_rust_logs: Something went wrong ©8:38:32.454 2420 2420 08-09
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37 000

Juopoon oooood

000 00 000 00bO0 0000 000 .00000 booob00o0 0000 ooooooo 0O DO0oo0 000000 00 Rust
:00000000

.0000 00000000 0000 000 0000 00 00 Rust 0O00OO -
Rust 00 0000 000 0000 00 DO0 00000 0000 oooooooa .

)0000 000D 0000 00 00 00 0o0ooO0 0obboooOD 00000000 0oDooD 0000 00 00 00 000000 D0DD
.000000 0000000 000000 000000 000 FFIOODOD OO0 OO0 (foreign function interface

C 00 DOoooo oooooo - 37.1

000000 000 00 .0000 € 00000000 00 00 D00Cobject file 0000 link 0000 00000 DOD0D0OD Rust
.0000 00000000 € 00 00 0000 0 0000 export 00 Rust 00000 000000 00

:0000 00000 0000 00 000 000 00000000 00000 0000 00

} "extern "C
;fn abs(x: 132) -> 132
{

} ()fn main
;let x = -42
.SAFETY: “abs’ doesn't have any safety requirements //
;{ (let abs_x = unsafe { abs(x
;("{println! ("{x}, {abs_x
{

.00000 Safe FFI Wrapper 00000 OO 00 000 0OOOO 00
.000000 00000 production 0000 0 000 00O 000000 00 0OOO 00000 DOOOOD 000
.000 000000 00000 00 0000 oooboooo 0ooooo oo

Bindgen 00 0000000 0O 37.1.1
.000 00000 000000 000 0O € 000 D000 0O 00 00 00000DO bo00000 bindgen 00000
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:0000 00000 C 0000 0000D0DO 0o 0oooo
:interoperability/bindgen/libbirthday.h

} typedef struct card
;const char* name
;int years

;card {

; (void print_card(const card* card
:interoperability/bindgen/libbirthday.c

<include <stdio.h#
"include "libbirthday.h#

} (void print_card(const card* card
y("printf (M- e e e e o \n
; (printf("| Happy Birthday %s!\n", card->name
; (printf("| Congratulations with the %i years!\n", card->years
y("printf (M- e \n
{

:0000 00000 000 Android. bp 0000 OO OO0 0OO
:interoperability/bindgen/Android.bp

} cc_library
,"'name: "libbirthday
,["srcs: ["libbirthday.c

{
(0000 0000 0000 000 00 D000 OO0 O0) 0000 00000 00000000 0000 wrapper 000 0000 OO

:interoperability/bindgen/libbirthday_wrapper.h

"include "libbirthday.h#

:0000 00000 000000 000 00 00 (bindings) 0000000 DOODDO 0O DOODO
:interoperability/bindgen/Android.bp

} rust_bindgen
,"name: "libbirthday_bindgen
,"crate_name: "birthday_bindgen
,"wrapper_src: "libbirthday_wrapper.h
,"source_stem: "bindings
,["static_libs: ["libbirthday

{

:0000 0000000 DOO0 Rust 000000 00 0Obinding 00 00000000 0O0OOOO OO
:interoperability/bindgen/Android.bp

} rust_binary
,"0000_0000_000" :name
,["srcs: ["main.zrs
,["rustlibs: ["libbirthday_bindgen
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:interoperability/bindgen/main.rs

.Bindgen demo !//
;{use birthday_bindgen::{card, print_card

} () fn main
; (Junwrap. ("0O000")1let name = std::ffi::CString: :new
;{ 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
{
{

:00000 00 000 00000000 00000 0 push 00000

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

000000oD 00000oD 00 0000000 0000 00 000000 000 00000 000000 00000000 0o 0ooooo oo
:0000 0000 (bindings)

: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

Rust 00000000 37.1.2
:000 0000 C 00 Rust 00 000000 0 0DO00O Exporting 00 0000

interoperability/rust/libanalyze/analyze.rs
.Rust FFI demo !//
[ (deny (improper_ctypes_definitions]!#

;use std::os::raw::c_int

.Analyze the numbers ///
[no_mangle]#
} (pub extern "C" fn analyze_numbers(x: c_int, y: c_int
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Pif x <y
;("Tprintln! ("x ({x}) is smallest
} else {
;("000 ({x ({x OO DODDDO DOO00O00 ({y ({yooooo ")!println
{
{

interoperability/rust/libanalyze/analyze.h

ifndef ANALYSE_H#
define ANALYSE_H#

} "extern "C
; (void analyze_numbers(int x, int y

{

endif#
interoperability/rust/libanalyze/Android.bp

} rust_ffi
,"name: "libanalyze_ffi
,"crate_name: "analyze_ffi
,["srcs: ["analyze.rs
,["."]1 :include_dirs

{
:0000 00000000 € 00h0000 OO 00 00O 000 000000 00 oo0o0o

interoperability/rust/analyze/Android.bp

"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
{

:00000 00 000 00000000 00000 0 push 0O0OO

m analyze_numbers
adb push "$ANDROID_PRODUCT_OUT/system/bin/analyze_numbers" /data/local/tmp
adb shell /data/local/tmp/analyze_numbers

000 000 000 0000 0000 00000000 000000 0000000 00 Rust 0DOOOD 0OOOODOO [no_mangle]#
00 00000 0000 ["export_name = "some_name]# 00 00000000 000000 .000 0OOOO OOOO
.0000 0000Doo oooo
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++C 00 37.2

.00000 00000 00 ++C 0 Rust 000 000 000000 DOOOD CXX crate 00O
:000 0000 OO0 0O 000 oooooo
[ #[cxx::bridge] mod ]

description of boundary

Macro expansion Code generation
Safe
straightforward v v Straightforward
Rust APls — Hidden C ABI — C++ APlIs
Rust 4—»[ Rust bindings ]4— ————— >[ C++ bindings ]<—> C++
code code

oo ooooo 37.2.1

000 0000 00 0000 0000 00 000C 00 00 0D 00D 0000 O00signature 00 OOO0OO0O OO 0000 CXX
00000 Rust 00000 OO0 OO OODOO 0OOCOOO OO0 0000000 00 00 0booboo obo 0ooo .oooooo booo
.000 000 0000 00D [exx: :bridge]# 0000000 attribute 00 OO 000000

[ (allow(unsafe_op_in_unsafe_fn]#
[("cxx::bridge(namespace = "org::blobstore]#
} mod ffi
.Shared structs with fields visible to both languages //
} struct BlobMetadata
,Size: usize
,<tags: Vec<String

{

.++Rust types and signatures exposed to C //
} "extern "Rust
;type MultiBuf

; [fn next_chunk(buf: &mut MultiBuf) -> &[u8
{

.C++ types and signatures exposed to Rust //
} "++unsafe extern "C
; ("include! ("include/blobstore.h
;type BlobstoreClient
;<fn new_blobstore_client() -> UniquePtr<BlobstoreClient
;fn put(self: Pin<&mut BlobstoreClient>, parts: &mut MultiBuf) -> u64

; (fn tag(self: Pin<&mut BlobstoreClient>, blobid: u64, tag: &str
;fn metadata(&self, blobid: u64) -> BlobMetadata

.00000 00000 00O crate OOFF1 00000 00 OO OO0 OO0 00 0O -
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type/function 00 00000 000000 CXX 000 00000 00 000 DO0OO (declarations) 0000000000 «
.000 0000 0000 00 00 booo 0o 0o boboo 0o 00 00000 00000 00 C++ 0 Rust 00

00000 proc 00000 OOOOOO 0OOC OO cargo-expand 00 D00 00000 Rust 00 000000 0000 -
00000 0000 000 cargo expand ::ffi 00 0000000 000OO 0OOO.0000 000CDOOO 0O0OO
(00000 000000 Android OOOODOOO 0OOO DOO 0OOOO) OOOO DODOOOCO ff1 00000

.0000 0000 target/cxxbridge 00 000 00000 C++ 0O O00OOOO ODOO -

Rust 00 00 00000 37.2.2

[cxx::bridge]#
} mod ffi
} "extern "Rust
type MyType,; // Opaque type
“fn foo(&self); // Method on "MyType
fn bar() -> Box<MyType>; // Free function

{
; (struct MyType(i32

} impl MyType
} (fn foo(&self
;(println! ("{}", self.0
{
{

} <fn bar() -> Box<MyType
((Box::new(MyType(123
{

0000 D000 00000 000000 00 00 extern "Rust" reference 00000 00 000 00000 000OO -
.0oooo

oooo C++ 000 0000 00 00000 0O0OO 000 00000 "extern "Rust OO0 CXX 00 0000000000 -
0000 0O DOO0 00 00000 D000 00000000 header .000D0O 0OO0DDO DOODDO C++ 00OO00O0DO
.rs.h 0000 0000OD OO0 0000000 00 00 0000 00 00000 00 0000 Rust 0000

++Generated C 37.2.3

[cxx: :bridge]#
} mod ffi
.++Rust types and signatures exposed to C //
} "extern "Rust
;type MultiBuf

; [fn next_chunk(buf: &mut MultiBuf) -> &[u8

{
:000 000 00 C++ (000000) 00000

} struct MultiBuf final : public ::rust::Opaque
;MultiBuf() = delete~
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‘ust::

:private
;friend ::rust::layout
} struct layout
;static ::std::size_t size() noexcept
;static ::std::size_t align() noexcept
o
A

Slice<::std::uint8_t const> next_chunk(::org::blobstore: :MultiBuf &buf) noexcept::

C++ Bridge Declarations 37.2.4

[cxx::bridge]#
} mod ffi
.C++ types and signatures exposed to Rust //
} "++unsafe extern "C
; ("include! ("include/blobstore.h

;type BlobstoreClient

;<fn new_blobstore_client() -> UniquePtr<BlobstoreClient

;fn put(self: Pin<&mut BlobstoreClient>, parts: &mut MultiBuf) -> u64
; (fn tag(self: Pin<&mut BlobstoreClient>, blobid: u64, tag: &str

;fn metadata(&self, blobid: u64) -> BlobMetadata

{
:000 000 00 Rust (DOOOOO) DOOOO

[(repr(C]#
} pub struct BlobstoreClient
,private: ::cxx::private::Opaque_

{

} <pub fn new_blobstore_client() -> ::cxx::UniquePtr<BlobstoreClient
} "extern "C
["1link_name = "org$blobstore$cxxbridgel$new_blobstore_client]#
;fn __new_blobstore_client() -> *mut BlobstoreClient

{
{ (()unsafe { ::cxx::UniquePtr::from_raw(__new_blobstore_client

{

} impl BlobstoreClient
} pub fn put(&self, parts: &mut MultiBuf) -> u64
} "extern "C
["1ink_name = "org$blobstore$cxxbridgel$BlobstoreClient$put]#

yfn __put

,BlobstoreClient& :_

,parts: *mut ::cxx::core::ffi::c_void
;ubd <- (
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} unsafe
(put(self, parts as *mut MultiBuf as *mut ::cxx::core::ffi::c_void__

{
{

/1

000 0000 0000 00 0000signature 0000 0000 0000 OO0 0OOOO0O0 OO0 DOOOO OOOODOCOOO .
C++ 000000 00 000000 O0signature 00 000 00 00000 00 00000 0ODOOOO CXX .00000
.00000 0ooooo ooo ooooo

00 00000000 0000 00 00 C++ 00000 000000 00000 000 00 unsafe extern 0000000 -
.0000 00000 00 00000 000 Rust

goooo ooooo - 37.2.5

[cxx: :bridge]#
} mod ffi
[ (derive(Clone, Debug, Hash]#
} struct PlayingCard
,suit: Suit
value: u8, // A=1, J=11, Q=12, K=13

{

} enum Suit
,Clubs
,Diamonds
,Hearts
, Spades

.00000 00000000 C-like (unit) enums 000 o

.000000 00oooooD 00O00OD 00000 00[()derive]# 0000 OO0OO0OOO OO 0OOOOOD 0OO0OOQ -
0000000 00 Hash OO0 .0O00 000DO 0O 0OOO 0O bOooob Cc++ 00 0000 000 000000 0ooooo
.000D00 00D0D 000 000000 C++ 000 0000 std: :hash 000000000 000O0O

Shared Enums 37.2.6
[cxx: :bridge]#

} mod ffi
} enum Suit
,Clubs
,Diamonds
,Hearts
, Spades
{
{

:Generated Rust

[ (derive(Copy, Clone, PartialEq, Eql#
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[(allow(non_

;{ pub const Clubs: Self
;{ pub const Diamonds: Self
;{ pub const Hearts: Self
;{ pub const Spades: Self

} enum

[ (repr(transparent]#
} pub struct Suit
,pub repr: u8

{

upper_case_globals]#
} impl Suit
Suit { repr: 0
Suit { repr: 1
Suit { repr: 2
Suit { repr: 3

{
:++Generated C

class Suit : uint8_t

,Clubs = 0

,Diamonds = 1

,Hearts = 2

,Spades = 3
A

0ooo 00000 00 00 000 0o0oooo 0ooo 00 00000 enums 0000 000 00000 00 ORust 000 OO -
000000 000000 enum 0000 OO0 0O 000D C++ 00 UB 00 0000 000 0O .00000 bOOO0OOO oo
00000 0O00 00 000 0000 Rust 0000000000 O 0000 DOOOO 000 00000 00000 000 0o

.0000 00000 oooooo

Rust 000 000000 37.2.7

[cxx::bridge]#
} mod ffi
} "extern "Rust

;<fn fallible(depth: usize) -> Result<String

{
{

} <fn fallible(depth: usize) -> anyhow::Result<String

} if depth ==

; (("D0O0OD 000D @ < 000 00 return Err(anyhow: :Exrror::msg("falliblel

{

(()Ok("Success!".into

.000000 00000 C++ 000 O00exception 00 00000000000 00 «00000» OO0 Rust 00000 o
000 0000 0O 0O 000 00000 rust: :Exroxr OO0 OO 00000 DOODDO 0OOO OO0 exception 000
.00000 bisplayd00O 000 OO DOO OCDOO.00000 DOOO 000 0000 string 000000 0000 000D

.0000 00000 00000000 000000 00 00000 0000 00000 C++ 00 Rust OO panic 000 000
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C++ 000 000000 37.2.8

[cxx::bridge]#
} mod ffi
} "++unsafe extern "C
;("include! ("example/include/example.h
;<fn fallible(depth: usize) -> Result<String

{

} ()fn main
} (if let Exr(err) = ffi::fallible(99
; (eprintln! ("Exrror: {}", err
; (process: :exit(1

00000 0000 exception 00 OResult 000000O0OD OOCO (declared) 000 00000 C++ 00000
Rust 00000000 0O0O0 OO0 Exr 00000 O00OOO OO OO0 OO0 0 0000000 oo C++ 000 00 ooo
.0ooooocoooo
”00000” 000000 0000 €XX 00 0000 00 extern ”C++” function 00 00 exception 00 000
000 .00000 00000000 DO C++' std: :terminate 000000 0000 0ODOO OOOOD 0000 DOOOO
.00000 0000 noexcept C++ function 00 0000 00 OO0 000 exception 0000 00000 00000

goooo oobboooo - 37.2.9

C++ Type Rust Type
rust::String String
rust::Str str&
std::string CxxString
rust::Slice [T]/&mut [T]&
<rust::Box<T Box<T>
<std::unique_ptr<T <UniquePtr<T
<rust::Vec<T <Vec<T

<std::vector<T <CxxVector<T

O0extern function 0 000000000 0 00000 0OO0ODOODD DOOODOO OO0 000000 OO O0type OO0
.000 000D0oo
000 .000000 00000 std: :string 00 00D000DO Rust 00 String OO0 00000 00DOO 0000
:0000 000D 00O DOOC0 0ooo
.000000 0oooooob 00 0o0b 0000 00 00 String OO0 OO UTF-8 OOOO std: :string -
00 0000 DOO0DDO 00000000 0 00000 00000 00 0000000 0000000000 000 00 000 -
.000 00000 000000 000 0000Dooo
std: :stringrequires move constructors that don't match Rust's move semantics, —
.s0astd::stringcan't be passed by value to Rust

goooooob oo ooob - 37.2.10

CXX 000 00000 0000 0000 0 00D 0000 00 C++ 00000000 0000 0000 ce_library_static OO
.00oo ooooo
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} cc_library_static

,"name: "libcxx_test_cpp

,["srcs: ["cxx_test.cpp

] :generated_headers
,"cxx-bridge-header"
"libcxx_test_bridge_header"

[

,["generated_sources: ["libcxx_test_bridge_code

libcxx_test_bridge_codellibcxx_test_bridge_header 00 0000000000OOOOOCOQ e
00 00000 00000 0000 .00000 CXX 0000 000 00000 ¢c++ 00000000 0000 00000000000
000 000ooo oooo oooo oooooo oo

cxx-bridge- 00000000 OO 0000 CXX 0000 00O0ODOO OODOD 0000 00 000DD 00000 0000 -
.00000 000000 headex

0000 0000 0000 000 00 00000000 00 Android 00 CXX 00 0000000 OO0O0 0000 0000000 .
00 0000000 000000 00 0000 00 00 00000 00 0000000 000 0000 .the Android docs
0000 0000 ooobooo 0o ooooopoooooo ooo coooobooo oooboo 00 oo oooooo cooooooooo

goooooob oo ooob - 37.2.11

000 .CXX 0000 0000 00000 D000 00000 0 CXX 000 00000 0000 000 :0000 00000 0000 00o 00
.00000 0000000 ce_library_static 00000 00000 OO0 00000 OO0

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
,["sxrcs: ["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

Android 00.00000 0000000 000D0DO C++ 0000000000000 00000 00 exxbridgeDDOOO

.000 00000 00 Soong 00000 00000 00O 00O DOOOOOO

lib.rs.h OO0 header 0000 00000 1ib.xs 000 Rust 0000 0000 OO0 00000000 0OO -

0000 00000000 0000000 00O 0obooo .0000 00000 000 1ib.rs.cc OO0 OODD 0000 O
.000000

gopooooo oo ooog - 37.2.12
.0000 00000 000 cc_library_static O libexx 00 00 OOOO 00000 rust_binary0O
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} rust_binary
,"name: "cxx_test
,["srcs: ["lib.rs
,["rustlibs: ["libcxx
,["static_libs: ["libcxx_test_cpp

0ooo oo oooooo oooooo - 37.3

(Java Native Interface (JNI 0000 0000 000O0O] 000D OC OO0 00000 OCOOobject OOOCOCOOO 0000
.0000 00000 000000 00000000 OO 000 00 00000 000 00 jni crate .000 0000000

:000000 00000 Java 00 export 0000 Rust 0000 00 00000
: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 ///
[no_mangle]#
)pub extern "system" fn Java_HelloWorld_hello
,env: JNIEnv
,class: JClass_
,name: JString
} jstring <- (
;()let input: String = env.get_string(name).unwrap().into
;("!{input} ,0000")!let greeting = format
;()let output = env.new_string(greeting).unwrap
()output.into_inner
{

:interoperability/java/Android.bp

} rust_ffi_shared
,"name: "libhello_jni
,"crate_name: "hello_jni
,["srcs: ["src/lib.rs
,["rustlibs: ["libjni

{

:0000 00 00000000 0000 0O 00 000. 0o ooo
:interoperability/java/HelloWorld.java
} class HelloWorld

; (private static native String hello(String name

} static
; ("System.loadlLibrary("hello_jni

{
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} (public static void main(String[] args
; ("0000")String output = HelloWorld.hello
; (System.out.println(output

{
:interoperability/java/Android.bp

} java_binary
,"name: "helloworld_jni
, ["HelloWorld.java"DOOO 0000] :sxcs
,"main_class: "HelloWorld
,["required: ["libhello_jni

{

:0000 0000 0 0000 000000000 0oooooo 0o oooooo oobbbooo oooooo oo

m helloworld_jni
adb sync # requires adb root && adb remount
adb shell /system/bin/helloworld_jni
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38 000

gooopod

000 0 000000 0000 0000oo 00D 0o 00 00 000000000 00 00D 0o 00 :000 00000 00000 00 000
:0000000 00O .0000 00000 00 00 00 Rust 000000 OO000OO

.000000 0000 000 000 DO000 Rust 00 00 000000 OO0 000 AIDL DOOOO OO0 -
.0000 00000000 0o 00 0 D000 00000 Rust 00 OO0 OO0OO OO OO 0000 OO -

000 oooo ooboo 00 00OoO 0O :000 00O 0000 000 0000 000 0000 00000 00000 00 000000 ooo
.0000 00000 Rust on fly OO 00 00 000000 00 0O 0OOO OO 000D 00 00
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39 000

00000000 Chromium 00 Rust 00

000 000 glue code OO0 000000 OODOOOOD Chromium 00 0000 000 00OOOCCOOOD 0000 Rust
.Chromium C++ 00 00000 00 0 Rust 000 00000 00OOO

000 .000 0OOOD O0string 00 00000DO0D 000 0O DOODDDO DOODDO Rust OO0 00 00000
000 00 00000 00 00bo 00000 00 00 UTES 0000 00 00 00 00000 00 00 00 oobooo
00 000 0000 00 00 00000 00000 000 0000000 0000 00 0000 00 00 00o0o oooo

.0000 00000 00 0ooooo

244



40 000

oo

build 00 00000000 0 0O0DOO 0O .0000 0000 0 build 00 Chromium 00000000 00 0000 00000
commit 1223636 000000) 0000 0000 000000 000 00 00 00000 00 00000 0o0o 0000 0o flag
:(2023 000000 0O 00000 0000 0o

gn gen out/Debug
autoninja -C out/Debug chrome
out/Debug/chrome # or on Mac, out/Debug/Chromium.app/Contents/Mac0S/Chromium

0000 00 00O .00000 00000 00000 0000 00000000 0000 debug build 0000 00 component 00)
(‘000 DOOoOo

-000 :00000 .0000 000000 000000 Chromium 00000 00 00000COD 000DOD OO0 00 000 00 000
.00000 00000 0000 build Chromium 0000 000000

.00000 0000 00D 00 Visual Studio code 00 000 00 00000 0O00OO
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https://www.chromium.org/developers/how-tos/get-the-code/

qutonod oood oo

00 0000 00 .000000 bCOO00 000000 000 00 00 000 0000000 000 00 00000 0ooe 0o 0ooe ooo
00000 0000 000 .000 0ODo0o 000 oboo 000 00 00000 00000 00000 00 000 00000 000 oo
.0000000 000 00 0000 0ooooo 0o oooooo oo :000000 o0ooo 00hoOO00 000 bo0o oooo

246



41 000

Jooooood 0 Chromium 000000
Cargo

00 Chromium .00000 0000000 crates.io 00000000000 O cargo OO0 0000000 Rust 00000
.000 000 0000 0o0DooooOoo 00 0ooo0000 0 ninja 0 gn 00 0OOOOOO

:00 0000000 000 000000000 ORust OO0 00 00000 00000

00o00) 0OO0 D0OOO0O00 build/rust/*.gni// OO0000C0 OO0 OO ninja O gn OO e
O00crate O toolchain 00 000 .(O0 000000 0000 OO 00 00000 00 rust_static_library
.00000 0000000 Chromium 00000000

Chromium 00000000 OO0Ocrate O toolchain 00 00 000 OO0 00000 DOO00OOO cargo OO «
0ooo ooooo

-[0000000 00 000 00O000 DOOcrate] 00/0 toolchain 00 OO0 00000 0000000 cargo OO
.0000 000000 (/https://crates.io)

Rust 00 000000 0OOOCD 00D 00 0000 DOOD 0o0O00 00000 ninja O gn 00O DO 00O 0O 0OOCO 0O
0 000 Rust 00000000 00 0OOO DOD Cargo 0000 0OO OO .000 0O0ODO Chromium 000000 00 OO
.00000 000 000 0oooo 0ooo 0o 0o 00 Oooo ooo

aooood oooo

:0 000 00000 0ooo obobooo oo

0oooooo ooooo o ooo ooooo 0o 00000 000 0000 cargo 000000 0000 OOOOD DOOOOOOOO -
.000 0000000 00 oooooooo ooo

-00000000 00000000 000D 00 0000 0 000000 cargo Oninja O gn OO 00DOOCDO 0O0OODO -
.0000 000 00000 00 oooobooo b oo

000000 0000000000 00 0000 0000 o0 00000 obooo 00 000 00 0000000 boooboooooo oo
0ooooo 00 00 000000 000 00 000000000 00 0000 00 000000 00000 000 00 .0000 0000000
.0000 000 0ooo 0-0 0000 000 0000 00 0oooooo oooo oo

00000 00 00000 000 0000 Cargo 00 0000000000) 00000 000 000 00 00000 0000000/000000
:(*000
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https://crates.io/
https://chromium.googlesource.com/chromium/src/+/refs/heads/main/docs/rust.md#Using-cargo
https://chromium.googlesource.com/chromium/src/+/refs/heads/main/docs/rust.md#Using-cargo
https://rustup.rs/

00 Chromium 00 0000 0000ODODOD OO0 00000 00 00000 00000 00 000 000000 000000 -
00 DOO0 00 0000 0000000 .00oOoo 0o0DO 000000 crates.io DOOCOODDOOOO 00O ODOODOOO
00000 0000 clap) .000 0OO OOO O0ODOCD 0000 00 0000000 0000000 0 0000 0000 crate
itertools 000000 O0DOOOO 0OO/00 O0DOOOOODDOO/000000000 0OOO sexde 0OOODO OO
.(0000 O (iterators) 00000000DODOO OO 00O ODOO

00000 Cargo.toml 00 0O 00 000) DOCOO 0000 00 0OODOODO 00 0000 00000 cargo —
(0000 00 00000 00 0000 0 booo

000000 00 .000 000 perl 000DOO 00 CPAN 00000 00 0O0OC 00DOO 00 00O 000D DOOO -
.python + pip 00

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
tools (e.g. Mozilla provides cargo vet for streamlining and sharing security audits;
.(criterion crate gives a streamlined way to run benchmarks

cargo install --locked cargo-vetOOOO OO0 00 O0DOCOO OO00OO cargo -
.00000 ooooo

00 VScode 000000000 OO O0DO 000OOOC 0OOOOOODOD OO0 b0OOOCOD OOO0 0Ooo obog -
.0000 0o0oo

:0000 000000 000000 000 0000 cargo OO0 0OOOO0OO0OCO OO 0000CO O 000 00000000 -

00 00000000 DOODO 0000 0000 00 00 0000000 DOO 00 Rust OO0 0000 0OOODOO 0DOOO -
000000 0000 0Ooooo 0o 00000boooo 0obooooo 0 0000000 .0000oo 0oooob 0oooo
00000 00) boooo 0O0 00oono 0000 (Do0 00oon Do0D 000 00) 00000 DoooDooo 0ooo
(00000 00 0000 0obO0oo 0ooo oo

Cargo 00000 Rust 000000000 00DOO 00 DOODODOO O0OOOC0 Rust 00000000 OO DOOODO -
0000000000000 000D 000000 00000 000000000 0000000000 000000000000 .000
(Android/Soong 00 Bazel 0000 0000000 00 00000) 0OCO DOCOOOO Chromium 00
.0000 0000000 Cargo 00 0000 0000ODDD

:00000 cargo 00 00000 0O Chromium 00 00000 O0OCOOOO 0O DOOODOOOO .

O0DOPR OO O0DDO 0O OO0 0OOOOD Google O0ODO 00000OC O0) serde_json_lenient -
(.000000 000ODDD 00 00000 00
font-types 00000 0000 0DOODOODODODOD -
00000 00 0oooo 0000 00 (00 0000oo 000D 00 00 0000 00 0oo0o 00) gnrt ODODO -
.0000 00000 toml 00 0ODOOODOD OODODDD 000D O clap OO0
Disclaimer: a unique reason for using cargo was unavailability of gn when =
.building and bootstrapping Rust standard library when building Rust toolchain
gnxt.00000 0000000 rustc O cargo OO0 Chromium 000 00 run_gnrt.py =
0000000 0ooooD 0000000 0o 00 0ooD 00000 0o0oD 000 0oooooooood oo
0000 00 locked-- 000000 OO0 OO OOOOOO cargo OO0 run_gnrt.py 000
(.000 0000 Cargo. lock

:000000000 000000 o000 0ooO 00O 0000 000 00 00 000 00000 000 oooo ooooobcoooo

OClang 00000000 OLLVM 00000000000 00 000 0000 00 00 (Rust 00000000) rustc
0000 000000 (Rust 0OO0OOCD OO0 0000 DOO 00DOCO OGitHub 00 0000000) rustc 00000
000 000 (bootstrapping) 0000000 000000000 0000 00 0000OC Rust 00000000

/https://github.com/rust-lang 000000 000 000 rustup 00 OO0 000 00000 0O0O) rustup o
(D00 DO0DO 0OO00D rustc 000DOO -

.00000 0000,cargo, rustfmt o
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toolchain 00000 0000 000000 O0DOOODO rustc 000000CDO0) 0000000000 OCDDOOCDOO -
(0000 0 Chromium 0000000 000 000 00000DOO OO

.0000 0 cargo auditO cargo vet 00000 Cargo 00000

0000 000 ODODODD) 000 000 0000 third_party/rust// 00 Rust 00000000000 e
(security@chromium.org

(D0DOO0OC 0 00000 000000 0000 0000 0000) Rust 00000000000 0OOO -
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42 000

Chromium Rust 000000

Area Tech Leads 0000 00 0000 00000 00 00O 00O0ODOC 0000 OC 0OO 000 Rust 0000 Chromium
.000 000 0oooo

0000 Rust .000 000 0000 0OCDO 0000 OO0 00DOOOOO0OD 0000 00 Chromium 000000000
00000 000000 0ooo 000 00000 0ooo 00 0000 bobb oooo0 00000 b0ob 0000 00O boboooooooo
.00000 00000O 0oObOoo 00 000D DObOOoo 0o0o

(expose) 000 OOOO 00 00 ¢/C++ API 00 00000000 Rust 000000DOOOO OO0 OOD DODOD 00000
000 glue code 000 00000 00 000000DDOD OO0 000 0ODOOOO OO0 ODDD 000 0O O00ODODD 0000
.0000o oooo ooo

C++" Rust"
Existing Chromium : :  Chromium Rust Existing Rust :
C++" : : "wrapper" crate"
R + Fomm e + I +
| | | | b |
| D +-0----- B +-t+-> fo) |
D | Language : | | Crate : | |
e + boundary : +---------------- + APT @ +----mmmmmmmmo - +

00 0000 DOOOODD 000 DOOO0 00O crate OO DOOO DOO OO0 Rust glue OO
.000 0000000 third_party/rust/<crate>/<version>/wrapper

:00 00000 0O00OOo0 000 obooo 0ok 0o 000 00 DOobo obooo ooboo booooo

(”crates”) 0000 OO0 Rust 000 00000000 OOOOO e
0000000 Chromium C++ 00 O0crate 00 000 00 0000000 0OODD 0000 glue code 00000
.0ooo

0000 00 00 000000 00000 000000 00 0000 000 0000 0boooo 0ooo 0oo 00 0oobooo 0o0o ooo
.0000 00000 0o0oo
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https://source.chromium.org/chromium/chromium/src/+/main:ATL_OWNERS
https://chromium.googlesource.com/chromium/src/+/main/docs/adding_to_third_party.md#rust

43 000

Build 000000

000000 000 ninja O gn 00 Chromium .00000 00000 cargo 00 0000000 00 0000000 Rust 00
Rust .000000 000000000 00 000000000 000000 00 00ooooo obooo -- 00000 D0oO00 0ooao
.0000 0ooooo ooooo ooo oo ooo

Chromium 00 Rust 00 000000

:0000 00000 00 rust_static_library 00 BUILD.gn 00000 0000000 000000 OO
("import("//build/rust/rust_static_library.gni

} ("rust_static_library("my_rust_lib
"crate_root = "lib.rs
[ "sources = [ "lib.rs

{

00oooDo 0o0oD 000 00 00000 0000 00000 Rust 00O0OD 000D O0OC OO0 deps 00000000 000000
.000 000000 ooooooo oobo ooo oo oo

00 00 000 00000 crate_root .0000 000D OO0 00000 DODD OOODD O crate root 000 00 000D OO0
ooooo ooooooo --- 000 0000000 0000 0000 0ooo D0O0OboCooo0o 00 000Ooo 0000 Rust 0000000O
0000 ninja 00 000 OOOOC 0000DOD 0000 00 00000 DODDD sources 0000000 .000 1ib.xs

.0000 0000 oobo 00 ooooooo 0boo oooo 0ooo ooooa

0000000 0000 00 crate 00000 ORust 00 000D 000DDD 0000 Rust source_set 000 OO 0000)
(.000 0000 00000000 static_library .000

0000 gn 00000 O0OODOOOOD OO 00ODOOOC 000 00 000 00 0oooo DOoo 0Ooo oooob oboooboooo
CXX 00 0000 000 00 000 000 0000 .00000 0000 gn 00000 00 00 Rust 0000000 000000CCDOD
0000000 0000 00 0000 00 00000 00 00000 00000000 D000 000000 0 Rust 00000000 Ointerop

.000 000ooo

unsafe Rust 00 0000 43.1

.000000 0000000 -- 000 0000000 rust_static_library 00 000000 000 OO0 Rust 00000 OO
0000D).0000 00000 gn OO0 0000 allow_unsafe = true 000000 0000 unsafe Rust 0000000
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https://gn.googlesource.com/gn/+/main/docs/reference.md#func_static_library
https://gn.googlesource.com/gn/+/main/docs/reference.md#func_static_library

(.000 0000 00 00 00 000 000000 00 000000 00 0000 00
("import("//build/rust/rust_static_library.gni

} ("rust_static_library("my_rust_lib

"crate_xroot = "lib.rs
] = sources
,"lib.xs"

"hippopotamus.rs"

[

allow_unsafe = true

{

Chromium C++ 00 Rust Code 00 0000 43.2

.0000 00000 ++Chromium C 00000 00 0000 deps 00 00 000D 000 0OOOOD OO
("import("//build/rust/rust_static_library.gni

} ("rust_static_library("my_rust_lib
"crate_xroot = "lib.rs
[ "sources = [ "lib.rs

{

.0r source_set, static_library etc #
} ("component("preexisting_cpp

[ "deps = [ ":my_rust_lib
{

We'll see that this relationship only works if the Rust code exposes plain C APIs which can be

.called from C++, or if we use a C++/Rust interop tool

Visual Studio Code 43.3

00 .0000 Cc++00 000000 000 000 IDE 00 00000 0000 00 000 000 000 Rust 00 OO 000000
000 00 0O00ODD 000D 0 000 00 000 0000 00 Chromium 00 Rust 0000 0000000 0O0O0OO

000000 DD 0000 extension rust-analyzer 00000 000 VSCode 00 000D 0000 DOOOOOO -

Rust 00 00000000 0000

00000 00O0O0O0OD 0000 OO 00DODCD 00) gn gen out/Debug --export-rust-project o

(Doo
In -s out/Debug/rust-project.json rust-project.json e
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actual_version® #76 — matoh ~w cnda vaeedanl) T
pub struct QrCode { ¢

content: Vec<Color, Globals>,

Version::Micro

Version::Norma ar
version: Version,
ec_level: EclLevel,

h min_version width: usize,

None => (), ¥

Some(min_versi the encoded QR code symbol. /€

Some(min_versi

// If “act 2 implementations r

qr_code = QrCode::with_version(data, Version::
}

code 00000000 00 0OOC ODDDO DOOOO 0OODDD DODOO DOIDE OO 0000 00000 000 00 0000o ooo
.0000 00OOO 0000000 rust-analyzer 00 0000 0 annotation

00 00000 Rust 0000 OO0 OO0 00O OO0 000) 000 000 000000 0000 00 000 0000 boD 0oooo
:(0000 D000OD0D ODooo booO 0O 00 00000 00 Chromium

0000 000 00 components/qr_code_generator/qr_code_generator_ffi_glue.rs -«

qr_code_generator_ffi_glue.rs‘ 00 (26 00 0000) QrCode: : new 00000000 000 OO 00O 000D e
0ooo oooo

.(typical bindings: vscode = ctrl k i; vim/CoC = K) ** 0000000 00000** 000000 0O00O .

.(go to definition (typical bindings: vscode = F12; vim/CoC = g d 000000 00 Demo 00000
(.0000000 third_party/rust/.../qr_code-.../src/lib.xs// 00 00 OO0 000)

0164 00 0000) 00000 QrCode: :with_bits 000 00 00000 OO O outline 0000000 OOOO
(typical vim/CoC bindings = space o 0000 vscode 00 file explorer 00000 00 OO0 000

QrCode: :with_bits 000 00 0000 OOOOO 0OO 0000) type annotations 000000 00000
(0000 booo

0ooopoo 00h0O000 0000 0000gn gen ... --export-rust-project OO0 0000 OOOD OO0 ODOO
.000 000D 000000 (000000 0000 000 00D 0000 00b 00000D0Ooo 000 0D 00) BUILD.gn

gooo ooooo ooooo - 43.4

:0000 00 0000 00000 ui/base/BUILD.gn// 00 0000 Rust target 00 0000 Chromium 0000 0O

[no_mangle]#

} ()pub extern "C" fn hello_from_rust
("!'Rust OO0 0O00O0")!println

{

type of) 000000 O0ODO Rust 00000000 O0OO 0OOOO 0O no_mangle O0 00000 0OODOO 0OOO :000
.0000 0000 00O gn target 00 00 unsafe 00 0000 0000000D 00O0ODOD O00OO OOOD OO (unsafety

00 0000 000 .0000 00000 ui/base:base// 00 0000000 00000 OO 00 Rust 0000 000 000
00 000 000000 0D0000) 0000 00000 ui/base/resource/resource_bundle.cc 00000 OO
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:(000 000000 bindings 00000 00000000 00 OO0 OO0 000 000OOD 00000
; ()extern "C" void hello_from_rust

- 0000 00000000 ui/base/resource/resource_bundle.cc 00 0000 00 OO0 0000 oOO
.000000 DODOOO00 OO0 ResourceBundle: :MaybeManglelLocalizedString 00000 0000 OO
.00000 000 00000 ”!Hello from Rust” 00 0000 00000 0 0000 0000 O Build 00 Chromium

.000 000 0000 00 VSCode OO0 00 OO0OO DODOD OO0 Rust 00000 OOOOOOO DODOODDD VSCode OO 000
0000 0000 00 DO000000 0000000 0000 000 .000 00000 0000 0000 00000000 00 000 ooo
.0000 0000000 'printlnO0 ”Go to definition”000

000 00OC0C help 000000 000

rust_static_library gntemplate 0000 00000 00DOOODODO o
[no_mangle]# 000000 OO0O0OOO

"extern "CO00O00OD OODODDOO

export-rust-project switch-- 000gn 000000 00000000
How to install rust-analyzer in VSCode

It's really important that students get this running, because future exercises will build on it

00000 .00000 00000 Cc00000o 0ooo 0oooLo 00 0o0ooo 0000 00 0000 OO0 bOooooo oooo ooo
.000 000000 000 Rust OO0 00000000 OO 00 C++ 00000 00

Rust 00 000 0000 [no_mangle]# 0000 00O DOOO O0O00 000OD OO0 allow_unsafe = true
0000 0000 00 000 00000 00000000 0000 Rust O 000 00000 00000 000 00 0000 00 000 00000
000 000 000ooooo ooo

00 0000000 00 00 000 000 00000000 000000 0000 0000 Rust 000000 0OOO0O OO OO0 000
.0000 00000 000 rust_executable gn00000
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https://source.chromium.org/chromium/chromium/src/+/main:build/rust/rust_static_library.gni;l=16
https://doc.rust-lang.org/beta/reference/abi.html#the-no_mangle-attribute
https://doc.rust-lang.org/std/keyword.extern.html
https://gn.googlesource.com/gn/+/main/docs/reference.md#compilation-database
https://code.visualstudio.com/docs/languages/rust

44 100

gooopod

0000 00 0000 0000 0000 00 00 00000 0000 00000 00 00 00 000unit test 0000000 Rust 00000
:000 0000 000 00 O 00O 0ob 0ooo 0obo 0ooo 00 00h000 0000 000 .000000 0000 0oooao

[(cfg(test]#

} mod tests
[test]#
} ()fn my_test
()!todo
{
{

000 000 000000 0 0000 0000 0oob0oo 000D 0000 00 00 00 O0unit test 0000 Chromium 00
0oo 0 0O000 0OO 00O0O 0000O 000 00 oo0oo 0o0b0o 0ooo 000 --- 000000 00000 Rust 0000 OO
.000 0000000 (test DODOOOOCD 0O0) OOOD O0CD 00O0CD xrs. OODOOCOD ODODOOO 0O 0ODOO

:00000 Chromium 00 Rust 00 000 0000 000 0OOOOOOO 0O DODO DOO

.0000 00000 third_party/rust// 00 OOOO .([test]# 0000) Native Rust 000000 o
.000000 00000 FFI 0000000 0000 00 00 Rust O 000000 00000 ++C O0 00 gtest 000000 -
0000 0000 0000 DOOO0D OCunit test 0 000 FFI OO 00000 0OOO 0O 00O Rust 00 OO 00000

.000 0000 0ooooo ooooo 0o oobbooooo

00000 APT D000 OO0 0DO000D 000 crate 00 O DOO00D 00000 Rust 00 00 gtest 000000000 e
goooodd « { ... } pub mod for_testing OO 0000 0000 0O0) 0OCOCOOO 0O0OOOO OO
.000 000 00000 000 0ooooo ooob oo 0oooo ooo .oooooo

00000000 D000 00000 00 0000 0000 000 O0O0crate 0000 00 native Rust000000 00 0000 000
00 00bODOD OO 00 00D -- 000 0000 000D 0000 00 0000000 0000) .00O0 00000 Chromium
(.0000 000 DOOcrate OODOOOOOOO

Rust 00000 OO0 C++ gtest 00 0000 00000 OO 00000 0O0O0OD OO0 000 0000 000000 00 oo0oo
:000 000 000 0000000 gtest

0 (000 00000 FFI OO0 00 000 0O0) 0000 00O 000 Rust 0000 00 000 0DO000 0ODDOO QR

00000 0000000 Rust 00000 O C++ 000000 0OOO 00000 C++000unit test 00 00000000

00 00 ScopedFeaturelList 00 00 DOOOO0O0 OO0 OO0 Rust 00 00000 0000000 00 000CD)
.000 0000000 00 0ooo

000000 00000000 00000 00 0000 bO0CODO00 00 0000 000 0000 Hypothetical/WIP PNG  «
00000 00 - 000000 0000 png crate 00 OO0 O000OOOD 0O0ODO 1ibpng 0000 00 0OOO 0ODOO
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000 0000 DOOO0O00 0000 .(gamma correction) 0000 0000000 00 RGBA => BGRA .0000
.000 0000000 000 OO0 00000 Rust 00 OO DOOOODODOD OO0 0ODOOO 0o

rust_gtest_interop Library 44.1

:00000 0O000 OO0 0000 rust_gtest_interop 00000OOO

gtest(...)]1#00000000000) 0000 0000000 gtest OO0 0000000 OO0 Rust 0000 0000
(attribute

0000 000 00000 00oO0O0DC tassert_eq OO0 00O00) 0DOOOC OOODCOOO O 'expect_eq OO o
(00000 00000 00 000 0 00000 panic 0000 OOOODD assertion

:0000

;¥ :use rust_gtest_interop: :prelude

[(gtest(MyRustTestSuite, MyAdditionTest]#
} ()fn test_addition

; (expect_eq! (2 + 2, 4
{

Rust 000000 0000 GN 00000  44.2

00 00 000 0000 000 0000oD 00 00 0000 000000000 build Rust gtest 0000 000 00000000
:0000 00000 00 .000000 00000 C++ 00 00 000 D0C0OO00C 0000 ooo

} ("test("ui_base_unittests

[ "sources += [ "my_rust_lib_unittest.rs
[ "deps += [ ":my_rust_1ib
{

00000 0D 0000 00D 000000 0oC 000 0000000 static_library OO 00 Rust 000000 00000
:0000 0ooo0o0o bbooooooooo 0o ooobooo oooa

} ("rust_static_library("my_rust_lib_unittests
testonly = true
is_gtest_unittests = true
"crate_root = "my_rust_lib_unittest.rs
[ "sources = [ "my_rust_lib_unittest.rs
] = deps
,'my_rust_lib:"
,"testing/rust_gtest_interop//"
[
{

} ("test("ui_base_unittests

[ "deps += [ ":my_rust_lib_unitteéfé

{
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https://chromium.googlesource.com/chromium/src/+/main/testing/rust_gtest_interop/README.md

chromium: :impoxrt! Macro 44.3

00 0000000 0 0000 0000 0000 0000 000000 OGN deps 00 my_rust_1lib: 000000 OO0 OO
0000 0000 crate_name 00 00.000000000my_rust_lib_unittest.rsO000my_xrust_lib
000000000 D000 00D 00000 0000 00 00 crate 000 00000000 0ODODODOOOODOOOmy_xust_lib
chromium 00 !'chromium: :impoxrt 00000 00 0000000 00 00000OODD OO0 000000000 .00000

:0000 00000 0000 0000 00 000 00 0000000 000000 0000 000000 00000 00 crate

} !chromium: :import
;"ui/base:my_rust_1lib//"
{

;use my_rust_lib::my_function_under_test

:0000 00 00000 000 00 0000 0000 00 0oooo oooooo ooo oo

;extern crate ui_sbase_cmy_urust_ulib as my_rust_lib

;use my_rust_lib::my_function_under_test
.chromium: :impoxrt 000000 00000 .0000 0000 doc comment 00 00000000 0000000 O000DOO

000000 00000000 crate_name0dO000 0000 OO DOOO OO0 OOOOC OO0 rust_static_library
000000 000 00 0000 crate 000 0000 0OO00OOO 000OCOCO OO OO0 O 000 00000 000 000 00000 000
00000000 000000 00000 00 000 DO00crate 000 0000 0O0O0DCOO0OCOO crates.io .0000 0000000000
(000 00O 000C 0000 0000 OO0 00 00 gnrt 00ODOOD 0000 000 0OOO0) cargo_crate GNOOOOO

.000000 0000000 00000 crate 000000 00O

gooo ooooo  44.4

1000 0000 00000 00 0oo
:0000 000 Chromium build00O

00000 :0000000 000 .0000 00000 hello_from_rust 0000 00 000000 ODOD 0ODD OO -
000 00O0On OO0ODOOO 000 0O000C 00000000 00000 00 000 boooob 0Oooo 0o 0o oooo
.0000 0 000 0O 00O 0000 00000

.0000 00000 0000 0000 0000 00O 00 00 0000000 unittest.rs_...0000OOO

.0000 00000 BUILD.gn OO OO 0000 000000 -

.00000 o000 ooooo 0o oooo ooo 000 00 0000 00000 0 0000 0oo0 0ooO0ooo oo ooooo -
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https://source.chromium.org/chromium/chromium/src/+/main:build/rust/chromium_prelude/chromium_prelude.rs?q=f:chromium_prelude.rs%20pub.use.*%5Cbimport%5Cb;%20-f:third_party&ss=chromium%2Fchromium%2Fsrc

45 000

C++ [0 000000 DOOood

00000 00DO000D 00 000000 00000 C++/Rust interop 0000 00 000000 00O00ODODOO Rust 00000
0000000 €XX 000 00 0obooo 00 Chromium OOOCO 000 OO .00000 DODOD 000 OC 00000 0O
.0oooo

0000 00000 00) interface 00000 0000 00 00 OO 000 (language boundary) 0000 000 00 00O
000000 0 00000 0000 0o 000000000 CXX 00000000 000 0 0oho 0O 00000 (000 00 000 00 Rust
.000000 00000 C++ 0 Rust OO

[ #[cxx::bridge] mod ]

description of boundary

Macro expansion Code generation
Safe
straightforward v v Straightforward
Rust APls Hidden C ABI C++ APIs
Rust «—————»{ Rust bindings | — - — — - > C++ bindings Je————» C++
code code

.000000 00 CXX 00000 00O 00O 0000000 0000 0000 0ooa

ooooo 0o 0000 0000 0ooooo 0oo 0oooo 000 0o 00 0000 00000 .0000 0ooo 0000000 oooo 0o
00000 000000 bOoobbooon oo booo booobo 0Ooo 000 00 .0oo0boo 00boo 0oooeb 0o boooo
:000 000 000000

000 00O0OOD) DO0OOO 0000 DO0DOO0 Rust O C++ 00000 OO 00000 DOOOO 0O0DOC OO0 e
00 0000000 00000 000000 000000 Rust OO C++ 00000 000000 OO [exx: :bridge]#
out-of-sync) 00000000000 000D 0OOODOOO 00 000 DO0000 00000 0000000 D0o0ooo
(0000 00DDDOD 000000 00000 00000000 (manual bindings
00 (000000 0 DC-ABI 00 000000 0OOOD 000000000) FFI OOOThunk 00000 0OOOOD OO0 -
000 00 (Rust 000000 00 FFI 0OOOOOD 000D 0000 0000 00000 00) € 000 00O 00000 0ooo
0 0000 000 000000000 0000 000oo o0 o000 0000 000 00000 0000 00 0oooo obooooo
.0000 0000 0ooo oo oooooo
0000 000000 00 (core types) 0000 00000 0O OOODDDOO 0DOOOOOOO 0ODOOOOO O 0OODOOO .
:0000 00000 0o -
00000 00 ABI 0000000 0000000 00O 000 0000 0000 FFI 000 00 00000000 [T]1& -
0000 [std: :span<T>/&[TOOOOO (bindings) 00000000 OO .0000 0OOOOD 00 O0OOO
00 - 000 0OOOCD 000D 0000 00 length O pointer 00 00 0 000 00000 OOOC 0ODDOD
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00000 0000000 00000D 0000 00OOO00D D00 00 0000 0D0slice DOOO OO 0O0DOOD 0O 0OOO
(000 0OO

00/0 <std: :unique_ptr<T>, std: :shared_ptx<T 00000 000000 00OOCO 00000 -
O(manual bindings) 0000 00000000 00O 0O .000000 00000000 native 0000 OO0 Box
00 000 000 0 00000 00000 00 0000 000 00 C-ABI-compatible raw pointers 0000
.00000 0000ao

-0000 00O 00 O0string 00000 00 00 0000000 CxxString O rust: :String 0000DOO -
Rust 00 0000000 rust: :String: :lossy 00000 00000 O0) 00COOD 00O 0 0O0C 0O
string 00 0000000 0 00000 rust: :String::c_str 0 UTF8 000 00000 OO 00 string
.(000 00000 NUL 00 0o

(00Binding) 0000000 DOOOD  45.1

00000 rs. 0000 OO0 00 exx: :bridge 0000DOOCD OO0 C++/Rust 000 00 OO 000 00 00O00OO CXX
.0oo

[cxx::bridge]#
} mod ffi
} "extern "Rust
;type MultiBuf

; [fn next_chunk(buf: &mut MultiBuf) -> &[u8
{

} "++unsafe extern "C
; ("include! ("example/include/blobstore.h

;type BlobstoreClient

;<fn new_blobstore_client() -> UniquePtr<BlobstoreClient
;<fn put(self: &BlobstoreClient, buf: &mut MultiBuf) -> Result<u64

{

Definitions of Rust types and functions go here //
:0000 ooooo

[cxx::bridge]# 000000 00000 OO0 00OOC Rust 000000 mod OO OO 0000 OOO OODOO e
00000 - 000 00 00000D 000 000 00000 00 0 00000 0ODODo 00 0000 00000000 0ooooo
.000 00 000 00 00 ff1 000 00 mod OO OO0 DOCC 000000 LOC 000

Rust 00std: :unique_ptx0000 C++ 00 Native 00000000

C++ 00 Rust Slices 0000 Native 00000000

(000D 0000 00) Rust 0000000 0 Rust 00 C++ 00 00000000

(00000 0000 00) C++ 0000000 O C++ 00 Rust OO0 00000000

00000 000 000 0OO00D 00000 Rust OO0O0 C++ 00000 DOOOC 0OOO 00 0000 000000 0ooo
C++ 0000 include# OODODD OO0 OOOD 0000000 OOOOD Rust OOOD 0000 0OOOOD OO0 .000 0ODDO
.000 C++ 00000000000 0000 0ooboooo
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cxxX oooooooooo - 45.2

.000 type reference 00000 CXX 00 000D0OOD 00000 DOOD 00000000 0OOOCD 00 0O
:00 000 000000 00000 000boooo exxX

00 00000 00 00 000 00000000 00 000 0000 0000 000000 00 000 Rust-C++ 00000000
.0000 declare

0000 0000000 00000000 CXX 0000 00000 o0 000000 cooo00o cooooooo oo 000 0oa .
.00000 [std: :unique_ptr, std: :string, &[u80000

.Option' Rust' 0000 00 0DOO0O0ODD 000 000D 000D --- 0000 00000 D00000000o 0ooo ooo

00”000 000000~ 0000 000 Chromium 00 Rust 00 00 000000 00000 OO0 00 000000000 00O
00 00000 000 00 00000 JRust-C++ 000000 00000 0OOO OO 000D 000OOOOC 000 000000 oooo
00000000 0000 000 00 00D 000 00D 0000 0000 00 OChromium OO0 Rust 0000 0000000 0000
0000 000000 00 000 000000 00 000D 0000000 00 (danguage boundary) 0000 000 0000 CXX

.000 0O 000 00 00O 0o oooo

In addition, right now, Rust code in one component cannot depend on Rust code in another,
due to linking details in our component build. That's another reason to restrict Rust to use in
Jeaf nodes

:0000 00000 00 00000 0000 €XX 00 00 0000 000 0000 00 0000 0000 oooooo

(DDO OO0 00000 D000 DODOOO 00) 000 C++ exceptiond000 00 00 0000 0OOOOO -
.000 000DD O0Function pointer00d 0000000

CXX 000 oooood - 45.3

00 00 00D000ODOC 00000000 0000 0000 C++ exception 00 <Result<T,E 00 0000COOD CXX
:00 0000000 00 00DOD00ooo .0o0o 0oobo0d Chromium 00

:0000 00000 00 <TO E>00000 00 T 0000 -

.000 000 000000000 (mut T& 0000 OO 0000 00000 0O) 00000 0000000000 0000 00 -
:0000 0000 T 0000 0000 - 000 0000 FFI OOO OO0 000000 T 00 000 00 000000 0oo
(usize 00 u32 00O00DO) OOOOO type OO *
(<UniquePtr<T D0000) 00000 00000000 cxx 0000 native 000 OO0 OO0 00000 =*
unlike) 000 00000 00000 00 0000000 0000 00000 000000 00000 00 00000 00
.(<Box<T
0000 000 000 .000 00000 0000 000 0000 00 0000 0000 00 0 000 000 Rust 000 OO -
0000 FFI 000 00 00000000 00 000 Rust 0000 OO0 T 00 0000 0000 0OOOCO 00000 000
.000 00000 <UniquePtr<T 00 00000 00O O 000

:0000 0000D0D <Result<T, EOOEDOOO e

false 0 000000 000CODOOO true OOOOO) 0O0OOD 0OOCDOOOO boolean 00 0000000 -
(000 DDDD 00 00DDDODDD

0oooo 0ooo booo 00O 0o 000000 000 0000 0000 00000 00000 0o 000 oooooo ooo -
.0ao
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QR 0000 :CXX 000 0ODODD  45.3.1

00 0000 O 0000 0000 00 000000 ooboooo 0ooo DoOoo 00 00 00O 000 0000000 QR 00 00000
:000 00 0000000 000 0000 FFI OOO 00 000000 00 0000 000000 ooooo

[("cxx::bridge(namespace = "qr_code_generator]#
} mod ffi
} "extern "Rust
)fn generate_qr_code_using_rust
, [data: &[u8
,min_version: i16
,<<out_pixels: Pin<&mut CxxVector<u8
,out_qr_size: &mut usize
;bool <- (

{

000000 000 .00000 0o000D out_qr_size OODOO DOOOOO 0000 OO OO 0OOO 000000 OOOO
000000 00D 0OD 000000 - 000 00000 00D 000000 0) 000 QR OO0 000000 0000 D0OOD 00000
.(000 000oo

00000 out_qgr_size 00000 O000CDDOO 00000 OC Rust 0000 0000CDOO 00 000 0000 O0OD 0DOO
00000 000000 0oooo oo 0oot bobooo 0oboo oboob boboo 00 0O Rust 0OOO OO0 DOODO .0OOO
(00000 UB 0O 0DOC DOOOOOC 0000 00000 000 000 0000 00 00000 OC++ bbooooo)

0000 0000000D 0000 CXX 000 00 0000 00000 0000000 0000 Pin DOOOOO DO0OODODDD 000
00000 000DO0D 00 Cc++0000000 00 000 000 0000 :0000 0000 00 00 Cc++ 000000D 00 00000
self-referential) 000000000 000000000 OOOO OOO 0OOOD DOOO 0000 000000 Rust 0000000

.0000 (pointers

PNG 0000 :CXX 000 000000  45.3.2

FFI 000 00 00000000 0000 000000 DOO00 0000 00 00000 0000 PNG decoder 00000 0O0OOO
:000 00000 0000 00 0000 0o 0 00O oooa

[("cxx::bridge(namespace = "gfx::rust_bindings]#
} mod ffi
} "extern "Rust
,<This returns an FFI-friendly equivalent of “Result<PngReader<'a ///
“<() 111
;<<fn new_png_reader<'a>(input: &'a [u8]) -> Box<ResultOfPngReader<'a

.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
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;fn read_rgba8(self: &mut PngReader, output: &mut [u8]) -> bool

{

000000000 000000 0O O0Dobject -- 00000 Rust 0000000 ”ResultOfPngReader” 0 ”PngReader”
out_parameter: 000000000 O0.0000 0000 FFI OO0 OO0 <Box<T 000000000 0000000 OOOO
000000 O0 00 Rust object 000000 00000 C++ 00 CXX 0000 0DOODOO 00000 &mut PngReader

.000 00000 00000

00000000 000000 DDOOtemplate O O0generic 00 CXX 000 000 OO0 OOOOO 0000 OOOO OOO
0000 0ooooD 00 0000 0 0000 0oRo FFI OO0 00 00 0000 oooooooo 0ooooo oo ooooooo
0000 00 .000D 00000 00000000 000 00 00 (specializing / monomorphizing ) 000000/00000
00000 00) <Result<T, EDOO00OOCDOOO0OOOOC non-generic 000 00 ResultOfPngReader

.00000 DO0OO «as_mut» O00/0 «is_err»0 «unwrap» 00 0000

Chromium 00 cxx 00 0000000 45.4

Rust 00 00000000 00 0OCOCD 000 00 0000 00000 exx: :bridge] mod]# 00 OChromium 00
.00000 000 rust_static_library 00 O0O0 0000000 000 .000000 0ODOO OO O0ODO 0OOOOOO
.000o ooooo ooo oo

[ "cxx_bindings = [ "my_rust_file.xrs
list of files containing #[cxx::bridge], not all source files #
allow_unsafe = true

.sources 0 crate_root 0000 OO 00000 rust_static_library 00000
00000000 000 00000000 000000 00000 00000 0000 00 00 C++ 000header
"include "ui/base/my_rust_file.rs.h#

00000 00 Chromium C++ 0000000 00/00 00000 0OOC base// 00 0O 0D000OOD 0DOCD 0O DOCO
iINnToRustS1ice](https://source.chromium.org/chromium/chromium/src] 0000 0000 --- 000000000 0000 CXX Rust
.(/+/main:base/containers/span_rust.h;1=21

000000 0000 allow_unsafe = true 00 0000 OO0 -- 000000 000 0OOO DOOOOCORODO

00000000 .0000 ”0000” Rust 00000 DOOOODOODOOOCO 00 C/C++ 00 000 00 00O 000 00D 0000
00000 0 000 00000 00000 0O 00 000000 000000 D00 0000 Rust 00 C/C++ 00 000000 0 0000
«00000» 0000 0Ooo0oo 0oooo oooob oooo .0oooooo ooo 00 OO0 Rust 000 0000000 ODOCDOOOO
000 0 000000 0O0o0 0OOo0.D 0000 0Oo0b 0Oooo 0O 000Oooo 0oOoo 0C 000boon c/c++ 0booo oo
00000 000 00 000 0000 (https://steveklabnik.com/writing/the-cxx-debate) [000000000000]
.000 Rust 000000 00 0000000DO 00DOC 0000 0000000 Rust 000000 OO0 00 00DOCO DO 00 00000

«00000» Rust 00000 CXX 00000 00O 00 -- 000 00000 0000 boD 0oo0b oo0000000 ooooo booo
.00000 0000 00ob bhoo b0 000 000 00 00000 0000 00 "extern "CO

C++ 00 000000 000000 00000 - 45.5

0oo oooo

0000 00 00 D000 00000 [exx: :bridge]# 00 0000DDODOO 0DOOOO DOOOO OO0 Rust D000 0O
0000 00000 hello_from_rust 000 OO0 000 00O0OODOCD C++00 0000 0O 00000 OOOO OO
.00000000 DObOOO 0OO 0 00b0hbooo 0boooo
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00000 [no_mangle]# 0 "extern "C OO0 0000 OO0 000 0000 hello_from_rust 0000
000 Rust 000000000 OOOO OO0 000 0ooo oooo .0ood

.0000 00000 (bindings) 0000000 000 0OOOD 0000 OO 000 gn 00O

0000 00 .0000 000 00 hello_from_xrust 0000 forward-declaration 0000 C++ 00 OO
.0000 00000 OO0 000 00000 00000 0000

Irun 0 Build -

ooo oooo

00 0000 000 000 00 00 000 00 000 000 00 000 .0000 0000 €XX 00 000 00 000 0000 0000
.000 000D 0oC00O 0000 00000 Chromium 00 Rust

:0000 000000 0O0O0 0O 0000000 00 0000

:0000 000000 0000 00O 0000000 .0000 00000000 C++ 00 000000 Rust OO »
.0000 000D 00 'include 000 cxx: :bridge 00 OOOOOOOO 0D 00000 0OODOD 0000 0O -
.0000 00000 0000 00000 0000 00 00 00 000 Cc++ 000o booo ooo
00000 000D 000000 00O 00 00 000000 0000 00000000 0000 unsafe 0000 OO -
.000 000 0000 00000 00000 00 00 0000000 000 [exx: :bridge]# 00 00 unsafe
"include "third_party/rust/cxx/vl/crate/include/cxx.h#0000000000000000O00O0ODO -
.0000 oooo oo
.0000 00000 Rust 00 C++ 00 0O C++0000 OO »
.Rust 00 C++ object 00 00 reference 00 00000
0 0000 000000 0000000 000000 [exx: :bridge]# 00 OO0 OO Rust 0000 DOODOOD 0OOOO
.0000 0000 DO00D 00 00 00hO00DO 0O
0 000D 000000 0000DDD 000000 [cxx: :bridgel# 00 00 OO C++ 0000 0OOOOOOD 00000 -
.0000 0000 ooooo oo 0o ooooooo oo
000000 Rust 00 000D DO 00000 0OODO Rust 00 00 C++ 00 0000 OO0 std: :unique_ptxr OO0
.0000 C++ object 00 00000
000 :0000) .0000 DO 0000 C++ 00 0000 00000 C++ 00 00 00 0 000D 00000 Rust object 00
(00000 0000 Box 0O OO
.0000 00000000 Rust 00 00 00O0C .0000 0O0DO C++ 000 OO0 OO0 000 DOO -
.0000 00000000 00 0oooD Cc++ 00 .0000 00000 Rust type 00 OO 000 OO0 o

aoo oooo

0000 0000000 000D 000 0O 0ODCO000 000 00 CXX interop 0000000000 0 000 000D 00O0OO
000 0DODDCD D000 .0000 0000 0000 0000O0D 00 0000 00 00 00 0000 000 Chromium 00 Rust
.0000 00000 00 oooo

000 0000 help 0ODOOD 00O

cxx binding reference 00 ¢
rust_static_library gn template 00 o

As students explore Part Two, they're bound to have lots of questions about how to achieve
.these things, and also how CXX works behind the scenes

ooooo 00 00 00D 0000 00O 0000000 00 0000:0000 00000 00 00 00D 0000 00O 0000000 00 0000
:0000
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0oo0yYOX0oo00o0oo0ooooooyoooooX0ooooooooooooooooo ooooooon oo oooooaoo .
cxx: :bridge 00 00000 00000 00 0OOOOCD 000 € ++ 0000 0O0ODD O00DO .00000 0000 00O
.00000 0o000O 00O

000 000 000 .000 00000 Rust 00000 00 0O C++ 00000 0DOOO0O00 0000000 00000 000 00 -
ooooooooo.oooooooooo oooooo 0000 0000 Dopaque CXX 0000000 OO0OO 0OOOOO OO UB
00 0000000 0000 0000 €XX 00000 00000 booo UB 0000 000 0000 0000 ¢XX 0000000
.00000 b0OOOo boooo
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46 000

0uoo ooo tooCrate DOOOOOOOO

O00crates 0OO0ODDOO .000000 000D crates.io 00 0 DOOO0D 000000 Rust ”Crates 00000000000
1000000 00000 00 000 000 0000 0ooooooe .000 0000 00000 0o0ooo oo Rust

Rust crate C++ library aooooo

Cargo.toml :00000000 00000 CCCOO Build system
oooo Large-ish 000000 000DO00D 0OOOCO

0oooo ooooo Few 0ooo booooooooo

:0000 00000 0 00000 000 OChromium 00000 00 000D

0000000 00000000 00000000 0oDoooo ooboooo 0oooo 0ooo 0oooD 00 00 OO0crate OO0 -
..0000 000000 00 Chromium 00 0000

000000 ooboo 00hbO0000 0OooooDo oooooo 0obo DhbOooooDo obobooo 00crate OOOO ... o
.0000000 00 booooboo ooboo ooo

:000 000000 0oo

Chromium 0000 00 0000 OO0 crate 00 D000 0000 0OOO
0000 00000 00 0000 gn 0000 0O0DODCO 0DOOO -
0000 ooooo 0o0o 00 0000 00O 00000 0000 -

All of the things in the table on this slide are generalizations, and counter-examples can be
found. But in general it's important for students to understand that most Rust code depends
.on other Rust libraries, because it's easy to do so, and that this has both benefits and costs

OOcrate 000000 0000 Carxgo. toml 0000 OOO0OOOD 46.1

.000 00000 000000 0O 000000 crate 000OODOOO0OC OO0 000D 0OOOOCD OC OO0CO Chromium
: 000000 000000 Cargo.toml OO 0000 OO0 00000

[dependencies]
"bitflags = "1
"cfg-if = "1
"exx = "1
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0000 000D 00 00O0DDDoCD 0000 00 00000 0obbob 00000000 0ooooo Cargo.toml OO 00000
.0000 0000 00 0000 0000 crate 00 DOOOCDOC OO0 OO «O000O0OODOO» ODOOOOOO OO0 DOOOODO -

0000oo oooo 0D 00 00 0oopD 0000O0OD 0000 0000 OChromium OO crate 000000 0OO0OOO
.00 000000 0000 00 00 00000 00 00 00000 00000 gnrt_config. toml

gnrt_config.toml 0000000 46.2

extension 000000000 0000 OO0 .00O0O0 0000 gnrt_config.toml OO0 Cargo.toml 0000 OO
.000 crate 000000 0000 Chromium 00000

:00 000 000 .0000 D000 00 groupdOOO0 OOOO 0OOOD OODDCD 0DODO crate OOO

.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' #

ooooo ooooo oo

[crate.my-new-crate]
group = 'test' # only used in test code

0000 00000 000 00000 0000 0000 000 00 0000 0000 000 0000 Ocrate 0000 OO0 OOO OO DOOD
.0000 0000000 00 0000 (ooo)

000000 0000 0OO 0o 00ooob 0oo0boooo oooo booooob 0o oboo 00 00 obooo obooo booooo
.00o oooooo

O0Crate U000 OOOOOO 46.3

00 BUILD.gn 00000 00000 O 000 O00CODOD 00 000000 00000 00 000000 gnxt 000 00 000000
.00o ooooo

:0000 000000 00OC 0000 00 00 000 000 0000 crate OOOOO 0OOOO

cd chromium/src
vpython3 tools/crates/run_gnrt.py -- vendor

0ooooo ooo ooobo 00 0000 Chromium 0000 OO0 00 O0OOD gnrt00OOD O0O0OOO
0000 00 00 0000 00O .00000C0 0000 0 000000 crates.io 00 00 00 0000000000
.0ooooo oooooo ooooo ooo

:000 0000000 000 0000 vendor command 000

000 0000000 (crates) OOOODOO

0000 0 000000 000D 0oooooo .

0oooooo oooo 0ooo0o 0000 00 0000 cargo OO 0000000 O0O0O0O O0Ocrate OOODO 0000000 -
.000 0000 Chromium 0000 0000

rty/rust/chromium_crates_io/patches//0000000000000000O0crate 00000000DDO000O0OOO Chromium
0000 0000 0000 000 000 0000000 00000 000000 000000 00000 00000 .000000 0000000
.00000 00000 0000 00000 00 0000 000
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gn Build 00000 00000 46.4

:0000 00000 000 00000 00 BUILD.gn ODOOOCD 0DOOODD 0OOODD OO crate 00 000000
vpython3 tools/crates/run_gnrt.py -- gen
:0000 0000 00 00000 000 0000 000 .0000 D000 00 git status 00000

third_party/rust/chromium_crates_io/vendor 00 0000 0000 000CO OO0 OO 00000 -

third_party/rust/<crate name>/v<major semver 00 0000 BUILD.gn OO OOOOO e
<version

00000 README . chromium OO o

.0000 000000 Rust 0000 OO0 OOOO
.000000 00000 third_party/rust 00 00 0000000 OC 000COCD 0O0OCDOOOO 0OOO 0O0O0

00000000 DOOCD 00DO0 00000 00000 Chromium 00 OO O00O 0OOCDD O -- semver 0000 00 000
0000 00D 00000 0oo Cargo OOOOOOOO OO OO0 DOOO DOD .0ODD DOOO 0OOD 0000 00 OOcrate 0O
.000 00000 0oooo

gooooo oo - 46.5

000000 00 000D00OoDo :0000 build. rs 0000 OO0 DOO O0DO 000 0OOOC 0OOO 00 00O build 000
ninja 0 gn 00000 00 0OOO 00 0OOOOCOD 000D 000D 000000 00000 build 0000 00 0O 0OOOOO
0000000000 0 000000000 000000 000000 00 0000 0000 000000 build 00000 DOODDO 00 000

.000 00build

:00000 00000 00 0000 000000 .000000 00000000 000000 000 00 build. xrs 0O0OODDO 00 0000

00o 0ooo oooo ooo 00000 00000000 00 gn DOCOOOO0O 0000 ooooooo oooo oooo

None ooo rustc 0000 00000
00000000 0ooo

0 000o ooooooo

aoooo

None aoo 00 oooooo ooooo
0ooooooo booo CcpU

0 0000 00000ooo

ooooo

00 - 000 ooo 00 00DO Doooo
gnrt_config. toml
oooo oooo

Patch 00 00 00000 ooo ++Building C/C
oooo

Patch 00 00 00000 ooo 00o0oono 0ooo

oooo oooooo

0000 O0build script 0000 O0O0000000C 0 000000 build script 0000 O0crate 0000 0000000000
.000000 bOOOo 00 0Ooo oob oo
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000000 00000 00 0o 00 bbbbooooooo ooob - 46.5.1

000 00 000000 0 0000 00000 00 build. xrs DOOO 000000 000000 DOOOCO 000000 ninja 000
.000000o 0o 0boo ooooo

crate 00 build-script-outputs 00 0000 00000 OO gnrt_config.toml 00000 000 OO
00000000 00000 Chromium 00 00 0000000 0000 DOOO 0000 000DDOOCD 00 00O 000 .000 00000
00000 .0000 00000 000 00 allow-first-party-usage=false 00 00000 000000 00 OO

:0000 0000 0000 00 00 000 00 0o0oo

[cxrate.unicode-1linebreak]
allow-first-party-usage = false
["build-script-outputs = ["tables.rs

0000 00000 000000 00 BUILD.gnOOOOOOOOOOOOO0O0O00O0000000gnrt.py -- gen 00000
.000 0000 build 00000 00000 000 0OOOO D000 D00 00 0000 00000 ninja 00 OO

00000 000000 0000DOoo 0O 00000 Build 00 C++ 00 0000OCDOOOCD OOOC 46.5.2
aooooao

.000000 00O0000C ++C/C 00000000000 link O build 0000 cc 00 000DODO crate OO0 OOcrate 00 0000
.000000 00000 000 build 0000000000 0O bindgen 00 000000C OO0 0O ++C/C OOOD OO0Ocrate
0 gn0 ninja 0000 00000 --- 000 00000000 Chromium 00000 00 000O0ODCD 00 0DOCOOOODOD OO0

.000 000 00000 O0build actions 000 00000 0000 00 00 LLVM

:00 0000000 000 0obooooo ooooooooo

0000 0O0ODD OOcrate 0OD OO
.00000 crate 000 (patch) 0000 OO

<third_party/rust/chromium_crates_io/patches/<crateOO 0000 (Patches) 000000
in:third_party/rust/chromium_crates_io/patches/cxx) [ 0000000 O0Patch] 0000 0000-0000 0000000
.00000 0O0D0C ‘gnrt00O00 0OOOOOD DODOD 0OOOO upgrade OO crate OO DOO OO0 O -

Crate 00 00 000000 46.6

000 00 0000 00 00 00000 00000 00 build 00000 0 0OO0D 0OOOC 0000 000 crate 00 00 000000
dep 00 0 0000 DOOC OC 00D rust_static_library 000 000CDOO.00O00 000D 0OOOODOD crate
.0000 00000 DOO crate 00 1ib: 000 DOD

oooooooooo
o e e e e — oo + Fomm e - +
"third_party/rust" | crate name | "/v" | major semver version | ":1lib//"
e e e - + oo +

0oooo ooooo oo

} ("rust_static_library("my_rust_lib
"crate_xroot = "lib.rs
[ "sources = [ "lib.rs
[ "deps = [ "//third_party/rust/example_rust_crate/v1l:1ib

{
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0000 000 O0OCrate OO0OOOO  46.7

00000 00000 00000 00D 0000 Chromium 00 00000 00000 0OOOD 0000 00000000000 DOOOoO
0000 0000000000 D000 Oerate 00 0000 00 OO0 0000 OO0 00000OD 00 .0000 0000 000 000000
safe 00000 00O 00 .0000 DOODO 0OOC 000OO 0OOD 00000 00000 0OO 000D 00000 0ono ooo ba

00o0oD 0o0ooD 00 00 0000 00000 00 .0000 0ob0O 000000 00000 00000 0000000 Rust code

.000 0000 cargo vet 0000 00 0000000 0O 0000 000 Chromium 00000 0000 OO
:0000 00 00000 00 000 00000 0000 00000 0000 crate 00 0000 0000 OOOOD OO

00 0000 00000 000 00000 O0crate 000 00000 .00000 0DOO0ODD crate 0O 000 OO0 000000
00 0000 0000 0000 (procedural macros) 000000 00000000 00 build.xrs 0000 O0O0O0O
built 0 00000 00DOO0 000 00 Chromium 00 0000 OO0 0000 0OO .00000 00OOO 00 0000 0OOO
000000 0ooooo ooooo

Check each crate seems to be reasonably well maintained

.0000 0000000 cd third-party/rust/chromium_crates_io; cargo audit 00O e
cargo install 0000 OOOOO) DOCOOOOOD DODCOOOOOOOD DODOO 0000 cargo 00000
(200000 0000000 00 00000 DhbODooDDE 000000 DoRh 000 00 00 cargo-audit

000 000 00 00000 0000 0000 000000 00 unsafte OO0 OO0 0OOOO0 O0OOOO e

0000 00OD0D 00 net OO0 fs OO0OAPI 00 0000000 0OOOOO

0000 000 00 000 0000 00 0000 00 00000 00 00 0000000 0000 000 00 00 0000 0000
00000 00000 00 000000 0000 000 00 000000 000 00000 00) .000000 00 0000 000 0000
(.000C0 000D 00D0oD 0D00o 0oDO 00000 00000 000

000 security@chromium.oxg 00 00000000OC OO --- 0OOOO 00D0OO0O000CDDOOO OO0 00OOOO
.0000 0000 crate 00 0000000 00OOO OODCOO OO0 OC 0o0OO

Chromium 0000 OO 00O O0Crate 00000 46.8

:000 000D 0000 git status

third_party/rust/chromium_crates_io// 00 Crate 00
<README.chromium)in //third_party/rust/<crate>/<versionOBUILD.gn) 0000000

.0000 00000 000 0000 0000 00 OWNERSOOOO OO 0OO0O0

0000 OO 000 gnrt_config.toml O Cargo.toml 0000000 OOODD OO OO0 OOOOO 000 ODOO
.0000 0000 Chromium

0000 gitignore. O0000CD ODOO OO0 OO0 00 0000 0OOO 0OCDOOC git add -f 00 0000 :0O0O
.000 DO0DOO OO0 000O 0Ooo oo oboo ooo

As you do so, you might find presubmit checks fail because of non-inclusive language. This is
because Rust crate data tends to include names of git branches, and many projects still use
:non-inclusive terminology there. So you may need to run

_language_presubmit_exempt_dirs.sh > infra/inclusive_language_presubmit_exempt_dirs.txt
| -p infra/inclusive_langquage_presubmit_exempt_dirs.txt # add whatever changes are yours

O0Crate 00000 000 00O OO 46.9

000000 00 00 0D bOOOO 000000 ODChromium 0000 000 00000OO OO OOOO 0000DOO OOO
Rust O00Ocrate 0000 OO 000 0OOO OO OC OO 00O 0OOO 00000 000 boooo bobobo obooooo
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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
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

00 0000000 00 0000 00 0000000 000000 0000000 000000 00000 OO0 00 000 0oooo oooooo
.00000 00 0000000 0ob 0obob bhboo boo

poooooo  46.10

Add uwuify to Chromium, turning off the crate's default features. Assume that the crate will
.be used in shipping Chromium, but won't be used to handle untrustworthy input

-00 00000 0000 00 000 0000 000000 0000000 Chromium 0000 uwuify 00 0000 00000 O0)
rust_executable'](https://source.chromium.org'] 000 00 0000C00CD 00000DO.0000 0000000000 000000000
00 00O D000 00000 0000 (/chromium/chromium/src/+/main:build/rust/rust_executable.gni

.(00000 0000000 uwuify

.0000 0ooooo oo oooo ooooobo boooo 0O0oo 0000 oooooooooa
:00 0000000 DOOO 0000 000crate 00

,2instant
,lock_api
,parking_lot
,parking_lot_core
,redox_syscall
,scopeguard
0,smallvec
.uwuify e

oooooooo oo boooooo 000000 ooooooo 0ooobooo booooo 0o 0o 0o0ooD 000 oooooooooo ooo
.0000 00000 00 0o0ooo

Icrate OO0 0000 Daniel Liu 00 0000 DO
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https://crates.io/crates/uwuify
https://doc.rust-lang.org/cargo/reference/features.html#the-default-feature
https://github.com/Daniel-Liu-c0deb0t

47 000

goon ooood --- 00 oooopod oood

0000000 000 0 0000 00000 00 Chromium 0000 000000 00000 OO 00O0DOOOO DOOODD 000 00
.0000 0000 000 0ooooooo 0oo 0oooo oo oo

0oood 0ooooo oo ooooooa

000 000 .0000 00 00000 000000 000 000000 0000 00 00 00 000 000 000 D0pixy 00 0000000
.0000 00000 0000 00 000 0000 00 00 00pixy 0000 Chromium OO

.0000 DO00O Pixie 0000 00 Chromium 000000 0000 000string 0000 00 000 000 000 00000

pixie 0000 00DOOO0O0O0 OO0 0OOOOO 0OOO 0ODOO DCOCO000C 0000 00000 00000 0000 ooooo
00000 00 00000 0O 0000 0000 00 Rust crate 00 00000 000 00 O 000 O0O0O0O00OD OO0 DOOOO OODOO
.0o0ooo

.00000 0000 D000 000Oo 00 00 crate OO OODCD DOO OODODO OO

0000 00O .00000 D00OO000DO0 D000 0000 00 0000 Chrome 00000 000 0OODD OO0 OO0 0O0DO)
(‘00000 DODOO 0o

aoood

00 OOstring 000 OO 0OOOD 00000 OO0 ResourceBundle: :MaybeMangleLocalizedString
0000000 00000 000 OO0 0000 OChromium 000 build 000 00 .000 0000000 0OOOO OO 00O
.000 00DDOD 00 00D 000 000D 00000 _mangle_localized_strings

00 Chrome 0000 00000000 00000 OO0 OO0 0O00OOOC 00DOO 0OOO OO O00D0O00O 000 000 ooo
10000000 00000 pixies 0OO0O
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https://crates.io/crates/uwuify

[ ] [ ] chwomium

e e

sign in to chwomium
get additionaw featuwes

aww youw devices stwongew secuwity back up data
easiwy pick up whewe you pwotect youw passwowds save youw bookmawks, (Hul)
weft off against phishing passwowds and m-mowe with

sync
D youw device is managed by youw owganization. éwd a-administwatows c-can access t-the data in a-any pwofiwe
on t-this device.

:Students will likely need some hints here. Hints include

00000 UTES 00000 Rust O00string 00 000000 0000 0DOO0DO00OOD .UTEF8 00000 00 UTF16 -
00 0000000 00 ++C 000 00 OO 00000 000 0000 00 0000 000000 00000 0ooooooo o
.0000000 DOODOO b 000D 00000 base: :UTF16ToUTFS8

0ooo 0o0OD 00000 Rust OO0 OO OO DOOOO OO 0OOOOO OOOOO DOOOOODDODD 000 .
String: : from_utf16](https://doc.rust-lang.org/std/string/struct.String.html#method]
000 0000 00 00DOO 0o0oo 0oo 00 0 000000 boO 00 00 000 00O00O .oooooo 0oo 0o 0o
.0000 DO0C0O 00 D0 uwl6e OO OODOD bOOOO O0DDODO 00 CXX 0O 000 0ooooooo ooo

.0000 00D0D 00 00000 0oDDD 00000 000 00o 00 00 C++/Rust 000 000 OODOD 0OODDOODOD
00 00 00000 0000 0000 00 00000 00 0oDooD 0ooo 00 OOstring 000000000 0 00000
000000 0O000OD0O 0O DO0ODDO0 CXX 0000 0000000 00obo 0OOo 000D 00 00 000 .string
000 0 00DoD 00 Pin 0ODD 00000 OOOD DOOOD 000 0000 .000 DoDDooo Pin OO DODO OO
:0000 0000 ++C 0000000 00 00000 0000 00000Oo0D 0000 0D 00 CXX 000 00 0000 0hooo
0000 000D 000000 Rust 0000000 00000 0000000 00 ++C 0000000 OO 00O 000 0000
.0000 (self-referential pointers) 000000000 000000000 000D 00O 0000

000 OO 0000 ResourceBundle::MaybeManglelocalizedString 0000 ++C 000 e
00000 00 000 00D 000 00 00000000 00000000 0000 000000 rust_static_library
.000 0000

third_party/rust/uwuify/v@_2:1ib// 00 0000 rust_static_library OO0 o
.000o0 oooooo
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https://cxx.rs/binding/slice.html
https://cxx.rs/binding/slice.html
https://doc.rust-lang.org/std/pin/

48 000

goopoo gooooood

.0000 0000 CLs 00 000 000 00 00000000 00 Chromium 0000000 00OCODOO
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https://chromium-review.googlesource.com/c/chromium/src/+/5096560

X1 000

000 :Bare Metal 00
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49 000

00000 000 Bare Metal Rust (1]

Rust 0000 00 OO0 000OOCD 00D 00 00 000 bare-metal Rust 0000 00 0000 00 00000 0OOOD 00 00O
00000000000 00OOoOoO 00e 00 000D 0000 00 O (Rust 0000 0ODD OOODD 00 00OOO) 00ODO0OD 0000
.000000 € 00000 000000 00 00000 0000 00 bare-metal

00 000000000 0000 Rust 00 00O0DO :000 0DOOOOO 0000 bare-metal' Rust'0000 OO0 OO 0O00O0O
:00 00000 00000 000 bOo oo ooboo

00000 no_std Rust OO0 »

.0000000000000 0000 firmwared0oo04d e

.000000 00000000000 0000 bootloader / kernel 00 00000 o
.Jbare-metal Rust 00000 0000 0000 O0Ocrate OO 0000 e

.000 0OODODOO 00O0C0DD 0000 00000 00 BBC micro:bit v2 00 00 0000 000000DDOOOC 000 0000
0 0000000 00000 0 LED 000 00 Nordic nRF52833 00000000000 OO0 000DO 00000 000 00 000
.000 000 000 SWD 000000 0o 012C¢ 00 0000 oooooo

00 000o0oo 0o .00o0 0oo o0ou oooooo oobo oooo Oo0 0oooo 00 0o oooobooboo ooooo oooo
:00000

tall gcc-aarch64-linux-gnu gdb-multiarch libudev-dev picocom pkg-config gemu-system-arm
rustup update

rustup target add aarch64-unknown-none thumbv7em-none-eabihf

rustup component add llvm-tools-preview

cargo install cargo-binutils
'/github.com/probe-rs/probe-rs/releases/latest/download/probe-rs-tools-installer.sh | sh

:00000 00 micro:bit 0000000000 0O O00ODOO 00000 plugdev 000D O0CODOO DO O

SYSTEM=="hidraw", ATTRS{idVendor}=="0d28", MODE="0660", GROUP="logindev", TAG+="uaccess
sudo tee /etc/udev/rules.d/50-microbit.rules
sudo udevadm control --reload-rules

:MacOS 00

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
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https://microbit.org/
https://tech.microbit.org/hardware/

rustup component add llvm-tools-preview
cargo install cargo-binutils
'/github.com/probe-rs/probe-rs/releases/latest/download/probe-rs-tools-installer.sh | sh
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50 [

[N

no_std

core

alloc

Slices, &str, CStr

..NonZeroU8

Option, Result

..1Display, Debug, write

Iterator

..Ipanic!, assert_eq

NonNull and all the usual pointer-related functions
async/await 0 Future

..fence, AtomicBool, AtomicPtr, AtomicU32
Duration

Box, Cow, Arc, Rc
Vec, BinaryHeap, BtreeMap, LinkedlList, VecDeque
IString, CString, format

Error

HashMap

Mutex, Condvar, Barrier, Once, RwLock, mpsc

File and the rest of fs

println!, Read, Write, Stdin, Stdout and the rest of io
Path, 0OsString

net

Command, Child, ExitCode

spawn, sleep and the rest of thread

SystemTime, Instant

.000 000000 RNG 00 HashMap OO
.std re-exports the contents of both core and alloc
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no_stdl0 000000 000000 00 50.1

[no_main] !'#
[no_std] '#

yuse core::panic::PanicInfo

[panic_handler]#

} ! <- (fn panic(_panic: &PanicInfo
{} loop

{

.00000 0000000 0000 DO0000 00 00 00O

.std provides a panic handler; without it we must provide our own

.000 0000 panic-halt DO0O00 00000 crate 0000 00 OO0 DOOODO 00DOOO

panic 00 eh_personality 0000 00 DOOOOOO 0OOC 0000 0000 OO0 DOOC 0000 00 0000

.0000 00O00000 "= "abort

00000 000 00 000 .00000 D000 00000 00000 0000 000 00 main 00 DOOOD O0OOO 0000
000000 O linker 0000000 00 DOCOD DO0DOODO 000 .0000 00000 00 000 0000 0000 00 0000
.000 Rust 00 00000 0000 0OOOCD 00000 00000 000D 000000 0o

alloc 50.2

.0000 000000000 00 global (heap) allocator 00 0000 alloc 00 0000000 0000

[no_main] !#
[no_std] !#

;extern crate alloc
;_ extern crate panic_halt as

;use alloc::string::ToString
;use alloc::vec::Vec
;use buddy_system_allocator::LockedHeap

[global_allocator]#
; ()static HEAP_ALLOCATOR: LockedHeap<32> = LockedHeap::<32>::new

; [static mut HEAP: [u8; 65536] = [0; 65536

} ()pub fn entry
.SAFETY: "HEAP" 1is only used here and ‘entry’ is only called once //
} unsafe
.Give the allocator some memory to allocate //
; ((JHEAP_ALLOCATOR.1lock().init(HEAP.as_mut_ptr() as usize, HEAP.len

{

.Now we can do things that require heap allocation //
;()1let mut v = Vec: :new
;(()v.push("A string".to_string
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https://doc.rust-lang.org/stable/std/alloc/trait.GlobalAlloc.html

buddy system 0000000000 00 00 OO0 third-party crate O0buddy_system_allocator
000 00 00000 0000 0oodoooo oo 0oooo 00000 oo 0000 o0O0crate 00000 000000000 OO
.0000 0000 000 00000 00000 00000 00 00 D0o0ooo oo

000 00 0000 .000 (allocator) 0000000000 00000 000000 const LockedHeap 0000000
.000 000000 00 0000 32**%2 00 000000 0000000 0000

-00000 00 000000 0000 00000 00000 alloc OO 000 000000CO OOO0O OO OO0 crate OO0 000
0000 000 binary crate 00 00O 000 0000000 .000C 00000 000 000000 OO 0OOOOCD 00000
.0agooo ooooao

extern crate 0000000 000D 000 000D panic_halt crate O00O0O0 OO0 0000000 DOOO
.000000 000DODD 00 00 panic handler 00000000 0000 00000 _ panic_halt as
.00000 entry point 0000 0000000 0000 000 00O 0O 0OOOO DOOO 00O
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51 000

goopotopotopd

Cortex 00000000000000 0DOOO reset handler0O (D000 000000 0000 O0) cortex_m_xt crate OO
00000 ooooo M

[no_main] !'#
[no_std] '#

;_ extern crate panic_halt as
;mod interrupts

;use cortex_m_rt::entry

[entry]#
11 <= ()fn main
{} loop
{
00000 00000b 000 000000 00 00 (peripherals) 00000 00000 00 DOOOOO 0000 OOOOO OO
.000 0o0ooo

cortex_m_xt::entry0000000000000O0OO0DO0O00OO0000O cortex_m_xrt: :entxrydooono e
.0000 00000 reset handler 00 000000 0000 00000
0000 0000 cargo embed --bin minimal OO0 OO0 0000 e
o000 MMIO 51.1

(peripherals) 00000 0000000 00 memory-map OOCOOO IO OOOO OO0 0O0OODDDOOOOOO OOOO
:0000 000D 000 micro:bit 00 00 LED 00 0000 0DOO ODODOO .00000 000000

[no_main] ! #
[no_std] !#

,_ extern crate panic_halt as

;mod interrupts
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;let pin_cnf_21
;let pin_cnf_28

SAFETY:

SAFETY:

;use core::mem::size_of
;use cortex_m_rt::entry

GPIO port @ peripheral address ///
;const GPIO_P@: usize = 0x5000_0000

GPIO peripheral offsets //
;const PIN_CNF: usize 0x700
;const OUTSET: usize = 0x508
;const OUTCLR: usize @x50c

PIN_CNF fields //
;const DIR_OUTPUT: u32 = 0x1

;const INPUT_DISCONNECT: u32 = 0x1 << 1
;const PULL_DISABLED: u32 = 0x0 << 2
;const DRIVE_SOS1: u32 = 0x0 << 8

;const SENSE_DISABLED: u32 = 0x0 << 16

[entry]#
Pl <- ()fn main
.Configure GPIO @ pins 21 and 28 as push-pull outputs //
(GPIO_P@® + PIN_CNF + 21 * size_of::<u32>()) as *mut u32
(GPIO_P@® + PIN_CNF + 28 * size_of::<u32>()) as *mut u32
The pointers are to valid peripheral control registers, and no //
.aliases exist //
} unsafe
)ypin_cnf_21.write_volatile
DIR_OUTPUT
INPUT_DISCONNECT |
PULL_DISABLED |
DRIVE_S@S1 |
, SENSE_DISABLED |

7 (
ypin_cnf_28 . write_volatile
DIR_OUTPUT
INPUT_DISCONNECT |
PULL_DISABLED |
DRIVE_S@S1 |
,SENSE_DISABLED |
7 (
{

.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
The pointers are to valid peripheral control registers, and no //
.aliases exist //
} unsafe
; (gpio@_outclr.write_volatile(1l << 28
; (gpio@_outset.write_volatile(1l << 21
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{} loop

.000 0000 000 0000 00 00 bO00 0 LED 000000 000 0000 00 00 0000 GPIO 0 00 -
:00 00 OOOO

cargo embed --bin mmio

Ooooo oooooo oo0Crate  51.2

memory- 00000 00000 0000000 0000 00 0000 000000 Rust D00wrapper 00 svd2rust 00000
.00000 00000 CMSIS-SvDOOO0oooo 00 map

[no_main] !'#
[no_std] '#

,_ extern crate panic_halt as

;use cortex_m_rt::entry
;use nrf52833_pac: :Peripherals

[entry]#

11 <= ()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
; (Jw.input() .disconnect
;(Jw.pull().disabled
;()w.drive().s0s1
;()w.sense() .disabled
W

(o

} |gpio@.pin_cnf[28].write(|w
;(Jw.dir() .output
; ()w.input().disconnect
;()w.pull().disabled
;()w.drive() .s@s1
;()w.sense() .disabled
W

({

.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
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https://crates.io/crates/svd2rust
https://www.keil.com/pack/doc/CMSIS/SVD/html/index.html

0000 DODO0DO0 00 00000 XML 0000000 D000 00 (SVD (System View Description 0000000
00000 00 000000 memory map 00 000000 00000 0O0OODODOODO O0OODOOCD 0DO0DOoOooo
.00oooo
0000 0 0000 00000000 0000 00 Ovalue O peripherald registerd field 0000 00 0000 —
.000000 0o0D0oonoo
0000 DOOD0D 0DO00000D 0000000 000000 0000 0 000 D000D 0000 SVD 0000000 -
O0Ocrate 0 000000 DOOOD 0O OODCO OODOOO 0DOOODOO ODOOC 00 booooooo oo oooo
.000000 ooooo 0o ooo ooooo
.00000 00000 DOOC0 00000 0000 00 00 000000 D000 cortex-m-xt o
cargo objdump --0000000000000DODOODODcargo install cargo-binutilsOOO
.000000 00 0000 000000 00 0000 0000 00 bin pac -- -d --no-show-raw-insn

:00 00 0ooo

cargo embed --bin pac

HAL crates 51.3

HAL](https://github.com/rust-embedded/wesome-embedded-rust#hal-  0O00Ocrate] 000
00000 00 00 00000000OD0D 0000000000000 00 000000 0000 (implementation-crates
00 embedded-hal 00000000 0OOOOOOO OOCOO .0OOOOO0 ODOOO OOOOO OOOOO OOOOOOO

.000000 000Doooooo

[no_main] !#
[no_std] !#

,_ extern crate panic_halt as

;use cortex_m_rt::entry

;use embedded_hal::digital: :OutputPin
;{use nrf52833_hal::gpio::{pd, Level
;use nrf52833_hal: :pac: :Peripherals

[entry]#
11 <- ()fn main
;()let p = Peripherals: :take().unwrap

.Create HAL wrapper for GPIO port @ //
; (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@.p@_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_lowand set_high are methods on the embedded_hal OutputPin trait e
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https://crates.io/crates/embedded-hal

0000 00 RISC-V O Cortex-M 000 000000 OO0 0DOOODO 0000 OOHAL crate 00 000000
.0000 0000 00000 PIC O STM320 GD320 nREO NXPO MSP4300 AVR 000000000000C0O

:00 00 0000

cargo embed --bin hal

Board support crates 51.4

.Board support crates provide a further level of wrapping for a specific board for convenience

[no_main] !'#
[no_std] !#

,_ extern crate panic_halt as

yuse cortex_m_rt::entry
;use embedded_hal::digital: :OutputPin
;use microbit: :Board

[entry]#
} I <- ()fn main
; ()let mut board = Board::take().unwrap

; ()board.display_pins.coll.set_low().unwrap
; ()board.display_pins.rowl.set_high() .unwrap

{} loop

00 00000 00000000 000000 0 000000 000000 000 000 00000000 crate 0000 OO0 OO -
.00000 boooo
000 0O 0000 00000 000000000 00 0ODO 0000 Do00bO000O 000D 000 0000 crate OO0 -
.0000 000 ooooooooooo
.000 LED 000000 0000 0000 000000 00 0000 microbit-v2 0 -

:00 00 0000

cargo embed --bin board_support

state pattern 0000 00 51.5

[entry]#

11 <= ()fn main
;()let p = Peripherals::take().unwrap
; (let gpio@ = p0::Parts::new(p.PO

;let pin: P@_01l<Disconnected> = gpio®@.p0_01
.let gpio@_01_again = gpio@.p@_01; // Error, moved //

;()let mut pin_input: P@_0@1<Input<Floating>> = pin.into_floating_input
} ()if pin_input.is_high() .unwrap
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//
{
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<0Output<OpenDrain>> = gpio0

po_02.

; (into_open_drain_output (OpenDrainConfig: :Disconnect@Standardl, Level::Low.
= <<let _pin3: PO_03<0utput<PushPull

; (gpio®@.p0_03.into_push_pull_output(Level: :Low

{} loop

0000000 000O 0O 0O DOO0O 00 00O DOO0DO0D 0o0o000. 0000 00 Clone OO Copy ODODO
000 0000 00 000 0000 OO 000D 0000 000DDoD 00 pin OO0 00 000000 .0000 00OOOCD 0ooo
.00000 00 00 0oooo

00 00 000000000 00000000 000000 0000 00 00000 pin 00000 Opin 0OODOOOO 0OOOQ -
.0000 0000000 00000 pin OO OO

000 00 .0000 00000 00 :0000 0000 00 00 00 00000 0000 00 state 00000 OO type OO0 o
00000000 type system 00 00 state machine 000 .GPIO 000 00 00000000 00000 00000
00000 D000 0DO00 0000000 00D 0O00 00 pin OO 00000 000 DO DOOOO 00000 0 0oooo
0000000 0000 00 0000000 state transition .0000 00000000 00000 OO DO 00 0OOOOO
.0o0o0o obooooo

00000000 00000 0000 00 00 00 set_high 0 00000 000 OO0 00 00 is_high 00000000 «
.0000 0000 0oooo ooooo ooo ooooo

.000000 00000 0000 000 00 DOHAL crate 00 000000 -

embedded-hal 51.6

0000 00000 0000D00O00000D 00 00000 0000 00 00000 000000 'crate 'embedded-hal 000
:00000 0000 0o

GPIO -

PWM -

0ooooo ooobooooag .

SPI 0 I2C 0OOOOOOOCD O 00O0OOOOO -

000 00000 0 RNG 0 CAN 000000000 O(UART 00000) 0000 00000000 0000 00000 00000000
00 rand_core O (embedded-io0 [embedded-can](https ://crates.io/crates/embedded-can 00
.0ooaad

.0000 00000 0O DbOooDb 00oO0D0O0O 0D0ooooo 00O 00O 00 00 00000000 0000 000crate OO0
.0000 00000 0000 SP1 00 I2C 000000 00000 00 00 OO0 0000 OO0 0000 0DO0000 00

00 0000 OO0 000DDDD 0000 (peripherals)00000 00000 OO 0ODODDD 00 000D00OD 000 -
000o0oo oooooooo 0 0oooo 0ooooooo boob bobbbooo 00000000 00 00000 Dooooooo
.0000 00000 000 oooooo oo

00000 00000 Doboooooo oooboo 0 00bbo0o0oo0ooob oo oooooo 00O0O DoOO000000000 -
.0000 0000 Raspberry Pi 00 000000
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https://crates.io/crates/embedded-hal
https://crates.io/crates/embedded-io
https://crates.io/crates/rand_core
https://github.com/rust-embedded/wesome-embedded-rust#driver-crates

.000 00 00000 DO O0trait 00 async 0000000 embedded-hal-asyncOOOO
00 000 00 00000 1/0 0000 00000 000 0000 00 00000 000000 embedded-hal-nb 0000 o
.000 nb](https:// crates.io/crates/nb) crate] 0000 OO

probe-rs and cargo-embed 51.7

OpenOCD 0000C 0000 00D 000000 00000 00O00CD 0000 000D 00000 000000 00 probe-rs OO
.000 000 0000000 oooo ooo oooo

J-Link 0 CMSIS-DAPO ST-Link 000 0000 0000 00 JTAG O (SWD (Serial Wire Debug -
Microsoft DAP (Debug Adapter Protocol) server 0 GDB stub
Cargo 00O0OO0O -

00 buddy system 0000000000 00 00 00O third-party crate O0buddy_system_allocator
00 000 00 00000 0000 oooooooo oo 0oooo 0ooooo 0o oooo o0O0crate 00000 DODOOODOO
.0000 0000 0oo boobo obooo boooo 0o 0o ooooooo

0000 DDO000 00 0000 00 000 USB 0000 00 ARM 000000000 000000 00 CMSIS-DAP
00000000000 00000 00000 00 CoreSight Debug Access 0000 00 000000 000 000OO
BBC 00 00000 000000 00 000 0000 0000 000 0 00000 000D 0000000 0000 Arm Cortex
.00000 0000000 0O 00 micro:bit

00 000000 J-Link 0000 ST Microelectronics 00 0000 0000 000000000 0O 0000 ST-Link
.000 SEGGER 00

.000 D00 Serial Wire Debug 2 00 000 JTAG 5 0000 00 00 000000 Debug 000000 0O0OO o

00000 000 00000000 00 00 00 00000000 00000 0000 00 00 D00 00000000 00 probe-rs ©
.0000

00000 00000 00000 DOIDE 0000 O VSCode OO0 0000000000 Debug 0000000 00OOOOO .
.0000 Debug OO0 00000000COD OODOOOOODDD O0 OO0 DOOOO

.000 000 00000 probe-rs 00000000 00 0000000 DO OO0 000 0OOODO OO cargo-embed 000 o

00 target O debug host 000 000000 000000 000D 00000000 (RTT (Real Time Transfers
.000 (ringbuffers) 000000 0000 000000 0000

(Debugging) 0000 00000 51.7.1

:Embed.toml

[default.general]

"chip = "nrf52833_xxAA

[debug.gdb]

enabled = true

:/sxrc/bare-metal/microcontrollers/examples 000 0000000 OO OO

cargo embed --bin board_support debug

:000000000 bOOooD 0o 0booo boooooo oo

:Debian 00 gLinux 00

‘ch target/thumbv7em-none-eabihf/debug/board_support --eval-command="target remote :1337
:MacOS 00

iJdb target/thumbv7em-none-eabihf/debug/board_support --eval-command="target remote :1337
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https://crates.io/crates/embedded-hal-async
https://crates.io/crates/embedded-hal-nb
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:0000 0000 0GDB 0O

b src/bin/board_support.rs:29
b src/bin/board_support.rs:30
b src/bin/board_support.rs:32
C
C
o

gooo oooooooo - 51.8

RTIC -
»0000000 0000 00 0000OD 0booog” -
00000 0O O(task scheduling) 000 00000000 00000 OODOD 000000 0D0OOOO OODOOO -
(timer queue)
Embassy ¢
USB 00000 00000000 0000000000 asyne 00OODDOOO 0OOO -
TockOS -
00 00000 D000 00 0bbOO0oDo 0 00b00bbOo 0000oooono 00 00000 00 000000 RTOS -
ooooo
Hubris
000000000 000000 00 protection 00 Oxide Computer 0000 00 Microkernel RTOS 00 —
IPC 0 OOODOOO
Bindings for FreeRTOS e
.esp-idf .0000 0000D OO0 00000D std 0000DO0ODOO 00000000 000000 -

.0000 000 00 (concurrency framework) 000000 000000 0O OO RTOS 0O 000000 0O RTIC -
.0000 HAL 000 0000 000 -
Nested Virtual Interrupt-000000 00000 0000 00OOOOODOCOD) Cortex-M NVIC 00O -
.00000 0000000 DOO000 0000 00 00O 00 00b0oooo 0ooO (Controller
.000 Cortex-M -
.00000 0000000 Titan 000000 000DOOOD DOOO Haven O0000000COO OO TockOS OO 0OOO -
00000 000D Rust 0000000 OO0 0OOOD 000 00000 € 0000 00 00000 FreeRTOS 000D OO
.0000 0000 000D 00D 00 0000oooo
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52 100

gooopod

.000000 000 00000 0000 00 00O 00 0000000 0 00000000 12C 0000000 00 00 000 00

0000 000 00000 (solutions-morning.md) [0000 000] 00 00000000 DOOOOOOO 0OOCD 00 00
.0ooo

gooood  52.1

000 000 .000000 000 00000 0000 00 00 00 0000000 0 0boboo 00 12€ 0000000 00 00 000 00
ooooooo 0ooooD oo 0oDe 0o 00 0000 00000 000 OOLED 000 0000 00 00 00 0000 000 000000
.0ooo

:000000

00 0000000 0000 00000 00 00 DOOcrate 00000 O0 microbit-v2 0 1sm3@03agr 0000000 «
.000000 00000 00 micro:bit hardware

.000 0000 I2C 00000 bus 00 LSM303AGR 0000 00 000000 0000000000 0000 e

.00000 000000 I12C TWIM 0000 00000 000000 00000000 0000 I2C 0000 00000 000 TWI »

0000 00 embedded_hal: :i2c::I12c 00000 00 0000 0000 0000 OO0 LSM303AGR 000000 e
00000 000000000 00 0000 000 microbit: :hal:: TwimdOOOOO .00O

00000 00000 0000000 O 00000 0000 00000000 00 'microbit::Board' 000000 OO OO0
.0oooao

00000 000 0000 OO0 00000 0000 000 nRF52833 datasheet 00 00000000 00000 OOOO OO
.0000 0000

.0000 00000 compass 000000000 0O 00 DOD 000000D 00000 000000 00 00000 0000 0oo
:sre/main.rs

[no_main] !'#

[no_std] '#

;_ extern crate panic_halt as

;use core::fmt: :Write
;use cortex_m_rt::entry
;{use microbit::{hal::{Delay, uarte::{Baudrate, Parity, Uarte}}, Board
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[entry]#

} ! <= ()fn main

; ()let mut board = Board::take().unwrap

.Configure serial port //

)let mut serial = Uarte::new
,board.UARTE®
, ()board.uart.into
,Parity: :EXCLUDED
,Baudrate: :BAUD115200

i (

.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 //

;(Jwriteln! (serial, "Ready.").unwrap

} loop

.Read compass data and log it to the serial port //
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TODO //

{
(00000 DO00C 00 0o0o) Cargo.toml

[workspace]

[package]

"name = "compass
"version = "0.1.0
"edition = "2021
publish = false

[dependencies]
"cortex-m-rt = "0.7.3
"embedded-hal = "1.0.0
"1sm30@3agr = "1.1.0

"microbit-v2 = "0.15.1
"panic-halt = "0.2.0

(0000 000 00000 OO0 00000) Embed.toml
[default.general]
"chip = "nrf52833_xxAA

[debug.gdb]
enabled = true

[debug.reset]
halt_afterwards = true



:(cargo/config.toml (you shouldn't need to change this.
[build]
target = "thumbv7em-none-eabihf" # Cortex-M4F

['(("taxrget.'cfg(all(target_arch
["rustflags

"arm", target_os = "none]
["-C", "link-arg=-Tlink.Xx

:00 000000 00 ooooo ooboo booooo

picocom --baud 115200 --imap 1fcrlf /dev/ttyACMO

:(0000 000000 000 000 0000 000000 000) 00 0000 0000 Mac 000000000 0O 00
picocom --baud 115200 --imap 1fcrlf /dev/tty.usbmodem14502
.0000 0000000 Ctrl+Q O Ctrl+A 00 picocom 00 0000 0000

Bare Metal Rust 0000000 00000 52.2

gooooo

(back to exercise)

[no_main] !#
[no_std] '#

;_ extern crate panic_halt as

;use core: :fmt: :Write
;use cortex_m_rt::entry
;{use core::cmp::{max, min
;use embedded_hal::digital::InputPin
}::use lsm303agr
,AccelMode, AccelOutputDataRate, Lsm303agr, MagMode, MagOutputDataRate
A
;use microbit::display::blocking: :Display
;use microbit::hal::twim::Twim
;{use microbit::hal::uarte::{Baudrate, Parity, Uarte
;{use microbit::hal::{Delay, Timer
yuse microbit::pac: :twim@: :frequency: :FREQUENCY_A
;use microbit: :Board

;const COMPASS_SCALE: i32 = 30000
;const ACCELEROMETER_SCALE: 132 = 700

[entry]#
} ! <= ()fn main
; ()let mut board = Board::take().unwrap

.Configure serial port //

)let mut serial = Uarte::new
,board.UARTE®
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, ()board.uart.into
,Parity: :EXCLUDED
,Baudrate: :BAUD115200

7 (

.Use the system timer as a delay provider //
; (let mut delay = Delay::new(board.SYST

.Set up the I2C controller and Inertial Measurement Unit //
;()IMU. .. ") .unwrap 000000 000" ,writeln!(serial
;(let i2c = Twim: :new(board.TWIM®, board.i2c_internal.into(), FREQUENCY_A::K100
; (let mut imu = Lsm303agr::new_with_i2c(i2c
;()imu.init() .unwrap
)yimu.set_mag_mode_and_odr
,mut delay&
,MagMode: :HighResolution
,MagOutputDataRate: :Hz50
(
; (Yunwrap.
Yimu.set_accel_mode_and_odr
,mut delay&
,AccelMode: :Normal
,AccelOutputDataRate: :Hz50
(
; ()unwrap.
;()let mut imu = imu.into_mag_continuous().ok().unwrap

.Set up display and timexr //
; (let mut timer = Timer: :new(board.TIMER®
; (let mut display = Display::new(board.display_pins

;let mut mode = Mode: :Compass
;let mut button_pressed = false

; (Junwrap. (".00000" ,writeln!(serial

} loop
.Read compass data and log it to the serial port //
(Jwhile ! (imu.mag_status().unwrap().xyz_new_data
(()imu.accel_status().unwrap().xyz_new_data &&
{}
; ()let compass_reading = imu.magnetic_field().unwrap
;()1let accelerometer_reading = imu.acceleration().unwrap
) lwriteln
,serial
e
, ()compass_reading.x_nt
, ()compass_reading.y_nt
, ()compass_reading.z_nt
, ()accelerometer_reading.x_mg
,()accelerometer_reading.y_mg
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,()accelerometer_reading.z_mg

(

; (Yunwrap.

;[let mut image = [[0; 5]; 5
} let (x, y) match mode
) <= Mode: :Compass
(scale(-compass_reading.x_nt(), -COMPASS_SCALE, COMPASS_SCALE, 0, 4

,as usize
(scale(compass_reading.y_nt(), -COMPASS_SCALE, COMPASS_SCALE, 0, 4

,as usize

.
) <= Mode: :Accelerometer

)scale
, ()accelerometer_reading.x_mg

,ACCELEROMETER_SCALE-
,ACCELEROMETER_SCALE
,0
4
,as usize (
)scale
,()accelerometer_reading.y_mg-
,ACCELEROMETER_SCALE-
,ACCELEROMETER_SCALE
,0
4
,as usize (
.
A
;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]1; 5], 200
{
;button_pressed = true
} else {
;button_pressed = false

{

{

[ (derive(Copy, Clone, Debug, Eq, PartialEql#
} enum Mode

,Compass

,Accelerometer
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} impl Mode
} fn next(self) -> Self
} match self
,Self::Compass => Self::Accelerometer
,Self::Accelerometer => Self::Compass

{

} fn scale(value: i32, min_in: i32, max_in: 132, min_out: 132, max_out: i32) -> 132
;let range_in = max_in - min_in
;let range_out = max_out - min_out
(cap(min_out + range_out * (value - min_in) / range_in, min_out, max_out

{

} fn cap(value: i32, min_value: i32, max_value: i32) -> 132
((max(min_value, min(value, max_value

{
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53 000

Application processors

000000 0000 .00000 0000 Arm Cortex-M 000 00000 0D000000000000CO 0OOO OO0 000OC OO
'QEMU's aarch64 'virtO0OO 00 000 00 000DOO 0000 .0000000 Cortex-A OOO0 0000 0OOO OO0
.0ooooo ooo

00 000000 DoDD) 00ODDDOD 00D 00000 00 MMU 00000 DO0O0000000000 000D 000 00 .
00000 000000 00000000000 00 D000 00 0000DDoo (x86 OO 000000 DArm OOOODOOODOOO
.00000 000000

oooooooo 0ooooo oo 000D 0oooo 0oD oooooo oo 0oooD 0ooboo0o 00000000 00 QEMU -
00000000 0o0oC00ooboo0booobo 0ooobo obbo 0oboob 00C0o000 000 00 'virt' 000 .000 DO
.000 000 00000 ooooo

Rust 0000 000 00000 53.1

00 00000 00000000 000000 0000 00000 0000 0O Rust 00 00000 0000000 00000 0O 000
.00o0o ooooo

"section .init.entry, "ax.
global entry.
rentry
*/
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
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msr tcr_ell, x30
mov_i x30, .Lsctlrval

*/

Ensure everything before this point has completed, then invalidate any *
.potentially stale local TLB entries before they start being used *

/*

isb

tlbi vmallel

ic 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

0000 000 000000000 bO00o0 D0000 0oooCoooo :0000 obob Ccoobo Ot 000 0000 00Ot oog -
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.stack pointer 00000 O BSS
0000 00 00D object file 00 0000 (D0COOOO DOOOO 00 00000 0000 DOOO) BSS 000 -
0000 .000 00D DOOO0 00000 DOOO0 00 00D DOO0O00OD DOOO00 00000 000ooooo
00000 DOC 00000000 .000000 000 00000 00 0000 000D 000 D00 00000 00 00ooooo
.00000 000000 0000 0000 000 00 0000 0O
000 00000 00000000 00000 00Oo0D 00000 00 0000 00000 000 000 00000 BSS 000 0000
.000000 0Oo 00 0o obooboo boob boo Doob 0oo booboobo obooo o
00 000 000 000 .0000 0000 00 cache 0 MMU 0000 000DCD 0O 0DOOO OO DOOOOD OC 00O -
:00000
aarché64-000 0000 OO0 Rust 00 OO .0000 00O0ODDO 0OOOD DOOO 0OOO DOODOOOOO -
0oooo o0 00 00000 00000 00 strict-alignt+ OO OOOOOOCO unknown-none
0000 0000 000 00 00000000 0000 0000000 00000000 0000 0000 0000 000000000
.0000 oooooo oboobo 0ooo ooboo boo
0000 .000 cache 000000 0ODOOCD OO 0OOO 0ODOOOO 00D 0OO DOOOCD 0000 VM 00 000 -
0000 0000DD 00000 00 000 0000000 cache 00000 00 000DDOOOO VM OO0 0OO 0OOO
000 .000 00000 0000 0000 cache 0000 000000 DOO 000OC host 00 0000 00 00OOCOD
00000000 000000000 00000 000000 000000 00000 00 0000 000 00 cache 0OO
0000 00 cache 0O0DD DOOD 000 OO 0OC 0 0000 cache OOOOO 0OC OO0 00 DOOD DOOCDOO
00 cache 00000) .000CD 000 00 00000 00D OO0 00 OOOOOOO OVM 0000 0OOOO 0000
(.IPA OO VA 00 0DOOOOD 0000 000000 000o
000000 idmap . SOO0) 0000 00 0000000 000 0000DOC pagetable 00 00 000 00 000000DO0O -
0000 00 0000 00000000 0 000000000 0000 00 0000 0000 000 00000000 0 00 (oooo
0ooooo oo ooo .ooooo ooooo ooooo ooooooooo oooo o0 booo booooooo & 0 DRAM
.0000 000000 00000 0o0boOoo QEMU OO0 ooooooo
0000 00 00000 00000 00 00 00000 00000 00 (exception vector (vbar_ell 00000000 «
.000 DOO0Do oo
000000 0000 (EL1) 1 000000 D00 00 00 00 000000 000 000 00 000 00000 000000 000 -
0000 000 00 D0entry. S D000 DODDOD 0OODOD 00OO0OOODO 000 0O 0000 00 0000 000 .000
.0000 ooooo

Inline assembly 53.2

ooooooo 0ooooo 0o 0ooo 00000 0000 00000 Rust 00 00 OO0 0000000 00000 0000 00000 0000
firmware 00 00 000 0000 (HVC (hypervisor call 00 0000000 0000 00000 00000 0O .0000
:000 00000 00 00000 oooooo

[no_main] !'#
[no_std] !#

;use core::arch::asm
yuse core::panic::PanicInfo

;mod exceptions

;const PSCI_SYSTEM_OFF: u32 = 0x84000008

[no_mangle]#

} (extern "C" fn main(_x0@: u64, _x1: u6d, _x2: ub4, _x3: ub4d

SAFETY: this only uses the declared registers and doesn't do anything //
.with memory //
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} unsafe
,"asm! ("hvc #0
,_ <= inout("w@") PSCI_SYSTEM_OFF
<= inout("wl") @
<= inout("w2") 0@
<= jnout("w3") 0
<= inout("w4") 0
<= inout("w5") 0
<= inout("w6") 0@
,_ <= inout("w7") 0
(options(nomem, nostack
7 (
{

{} loop
{

00 0000 0000000 smecc 000DOOO crate 00 00000 DOOOO OO0 00O OO0 000COOOCD 0OOOOO O0OO)
(.000 0OOO000C 000 000 0000 (wrapper)dO000COO 0OOOO

0000 000oo 00 000000000 0000DDDo 00 000 Arm Power State 0000000 0000 00 PSCT
0000 0ob 00 00000 0oooob 0000 00 0000 CPU O 00000 00 power 000O0OOOD 000000
.000 000 0000 00000 00ODDODO 00 000000 00 hypervisor 0 EL3 000000000 0000

00 000 0000 000000 00 0O00o 0o 00O 00 0o0hoo oD 0ot 0000 000 00 syntax _ <= @00 »
000 00 inout OO0 O0OO OO .00000C DOOOOO OO0 OO0 OOO0DC 00000000000 oobboooo o
00 00000000 b0O0000D 0oobooo 000000 000 0O 00h00000D 000 0000 000D 0ooboad in
.000 0oooo

00000 0000 00 000D 0000 "extern "CO [no_mangle]#0000 00 0ODO main O0O0O OOO -
.00000 00o0ooo0O entry. S OO0 OO (entry point)

0000 bootloader 0000 00000 OO0 OO0 OO DO0O0OD x@—x3 000000000 0O0OO0O x@—_x3_
00000000 0000000 000 .00000 DO000DOO device tree 00 0000000 0OO0D 0OOODOO OO0DO
000000 0000 0000000 0000 "extern “"C OO 000 00OOD ODOC O0) aarch64 000000000
0000000 0000000 0000 0o oD boo 0oooOD 00O 0000000 0 0000 xe—x7 000000000
00000 0oooo 0000 OO0 000D 0000 .000000 00000 0o 000 000 entry. S 00000000
.000000 boooo oo booboooo oboo boo 00 boou 0oboo boooo oo

0000 src/bare-metal/aps/examples 000 00 make gemu_psci 00 QEMU 00 00 0000 e
.0000

MMIO 0000 0000 00000 0o oooooo - 53.3

.0000 0000000 pointer: :write_volatile O pointer::read_volatile OO o

.000000 000 00 O0reference OOO0O o

00000000 00 00000000 000000 0000 00 00000 0000 00000 00000 000 00 'addr_of e
.0000 000000 oo

00000 00000 00000 00O D000 00000 00 000000 000000 :(Volatile access) 0000 000000
0ooo 000 0o 0oooooo 0oooo oooooooo oo 0obooooon 00 00000000 00 oooooooo ooooo
.0000 0000000
Oreference OO O0OC OO .0000 00000 OO0 00000OOOCO OO0 O OODODOOCD OOC DOOOOOO -
000 00000 00 000 000000 0000 000 000000 00000 00 000 000 00D 0000 000ooooo
.0000 00000 00 memory 000000 OOCO OO O 00O
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00000 00000000 00 (volatile access)00000 OO0ODOD OOOD 0OOOO OOOcrate 00 0000 -
00000 D000 reference 00 00 0000 0O .0000 0000 00000 DOO 000 000OOD DOOOreference
.000 000 00 00 reference 00 000 000000 000 000D 00O0DDOOO DOOOO

000000 00 00DD0OD 00 00 struct field 0000000000 000000 0000 'addr_of OOOOO OO «
.0000 00ooooo

0000000 UART 000000 0O 000000 53.4

00 0OODOD 00O0DODD 00 000000 0O DODOO UART 0000000 PLO11 00 'QEMU 'virt 00000 OOO
.000oooo

;const FLAG_REGISTER_OFFSET: usize

;const FR_BUSY: u8
;const FR_TXFF: u8

= 0x18
1 << 3
1 <<5

.Minimal driver for a PL@11 UART ///
[ (derive (Debug]#
} pub struct Uart

,base_address: *mut u8

{

} impl Uart

Constructs a new instance of the UART driver for a PLQ11 device at the
.given base address

Safety #

The given base address must point to the 8 MMIO control registers of a
PLO11 device, which must be mapped into the address space of the process

/1117
/1117
/117
/117
/117
117
/1117

.as device memory and not have any other aliases ///
} pub unsafe fn new(base_address: *mut u8) -> Self

{ Self { base_address

{

.Writes a single byte to the UART ///
} (pub fn write_byte(&self, byte: u8

.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 PLO1ll 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
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} fn read_flag_register(&self) -> u8
SAFETY: We know that the base address points to the control //
.registers of a PL@11 device which is appropriately mapped //
{ ()unsafe { self.base_address.add(FLAG_REGISTER_OFFSET) .read_volatile

0000 0000 D00ODODD 00 000D 00 000 unsafe 00 00000 Uart: :new 00 0D0OODD 00ODDD OOO0
00 000 00000 Uart: :new O0O0OOD 0000 OO 0OOOOD OO0 00 00D 0OO 000000 000 .00000
0000 UART 00 0000 00DO0D 00 DO0O0 00 000 0000) 000 000 0000000 00 bO000 00oooooo
000000 00000 00 0(00D00 0O 00 0000 0000 000000 000 00000 000 000 0 0000 0000
.0000 000 00 0000 000000000 00000000 0000 000 00000000 00000 D0 write_byte

000 00000 D000 00 new 0000 ) 000D 00000 00000 0000 OO 00 0DOD 000 00O0O00000D 0O .
00 0000 0000 00D0o oooooo 0o0Oo 0O 00 0000000 000 0(oD0o 00000 D0 write_byte
.000 DO0ODDOO safety OO 00000 0000 0O DOOD 00DDO DOO 00 write_byte OO0 00000

This is a common pattern for writing safe wrappers of unsafe code: moving the burden e
.of proof for soundness from a large number of places to a smaller number of places

00000 O00trait  53.4.1
.000 00000 0000 000 0000 00000 000 0000 .0000C 000000 00 Debug OOOOO OO

;{use core::fmt::{self, Write

} impl Write for Uart
} fn write_str(&mut self, s: &str) -> fmt::Result
} ()for c in s.as_bytes
; (self .write_byte(*c
{
(())0ok

{

SAFETY: “Uart  just contains a pointer to device memory, which can be //
.accessed from any context //
{} unsafe impl Send for Uart

Uart 0000 OO0 !'writeln O !'write 00000000 OO OOCOO OOOOO OO DOWrite OOO0DODDO e
.0000 00D0Ooo ooo

src/bare-metal/aps/examples 000 00 make qemu_minimal 00 QEMU 00 OO 0OO0O e
.0000 00oo

0000 UART 00000000 53.5

The PLO11 actually has a bunch more registers, and adding offsets to construct pointers to
access them is error-prone and hard to read. Plus, some of them are bhit fields which would
.be nice to access in a structured way

ooo  Obooooooo  oooo
12 DR 0x00
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000 0O00oooooo  oooo

4 RSR  0x04
9 FR 0x18
8 ILPR 0x20
16 IBRD 0x24
6 FBRD 0x28
8 LCR_H 0x2c
16 CR 0x30
6 IFLS 0x34
11 IMSC  0x38
11 RIS 0x3c
11 MIS 0x40
11 ICR 0x44
3 DMACR 0x48

.000000 00D 000000 0000 00 0000 0000 0000 ID register 00 0000 000000 e

(Bitflags) 0000 0000000 53.5.1

.000 000D bitflags 00 000 000 bitflags 0000 crate 000
;use bitflags::bitflags

} !bitflags
.Flags from the UART flag register ///
[ (repr(transparent]#
[ (derive(Copy, Clone, Debug, Eq, PartialEq]#
} struct Flags: ulé6
.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 indicatoxr ///
;const RI = 1 << 8

-00000 00O0DDD 00000 00 00 (Flags(ul600000 0000 0OOD 000 OO 'bitflags OOOOO
.00000 00000 D0flag 000ODD O DOOOOD 0000 000 0000
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0000000 0ooooo - 53.5.2

.0000 0000000 UART 000000 00 memory layout 000 00000 0000 0000OC O0 00 0000OOOC OO

[((repr(C, align(4]#

} struct Registers
,dr: ul6
, [reserved®: [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; 3_
,1cr_h: u8
, [reserved6: [u8; 3_
,CTr: ul6
, [reserved7: [u8; 3_
,ifls: u8
, [reserved8: [u8; 3_
,imsc: ul6
, [reserved9: [u8; 2_
,ris: ulé6
, [reservedl@: [u8; 2_
,mis: ulé6
, [reservedll: [u8; 2_
,icr: ulé
, [reservedl2: [u8; 2_
,dmacr: u8
, [reservedl3: [u8; 3_

0oo 0 00D 0000 ooo0o 0o 00 0000000 D0O00000 0O 0000 00 00000000 00 [(repr(Cl#
00 00000 D000 00 booooob booo oo 0oo 0oo .000 c 0obo 0o 0oboo 0obboo 0o boooo
00 000 00 D0ODOD 000000ODD 00 Rust 000000 OOOCD 0000 000D 00000 D0O0O000D 0000 00O

.000 0000 00000 0000 00 D000 00 0D 00 000DDD (DD0OD 00000 0000 00)

gooooo  53.5.3

.0000 0000000 000 000000 00 Registers 0000 000000 00 0ODOOO 0OO

.Driver for a PL@11 UART ///
[ (derive (Debug]#
} pub struct Uart
,Tegisters: *mut Registers

{

} impl Uart
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Constructs a new instance of the UART driver for a PL@11 device at the ///
.given base address ///
vy
Safety # ///
11/
The given base address must point to the 8 MMIO control registers of a ///
PLO11 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 PLO11l 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 PLO11 device which is appropriately mapped //
{ ()unsafe { addr_of!((*self.registers).fr).read_volatile

0000000 0000000 00 DOpointer 000000 0000 'addr_of! /addxr_of_mut OC 0000000 DO
.0000 000000 000 0000 00 00000 0000 00000 reference OO0 00000 0000
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00 00 Doooooo oo 53.5.4

uoooooo 0oooo boooo 000 00 0000000 0oD 000000 00 0000000 0O 0000 000000 0o oooooo
.0000 echo 00 00000 000000C O

[no_main] ! #
[no_std] !#

;mod exceptions
;mod pl@11l

;use crate::pl@ll::Uart

;use core::fmt: :Write

;use core::panic::PanicInfo
;use log::error

;use smccc::psci::system_off
;use smccc: :Hvc

.Base address of the primary PL@11 UART ///
;_ const PL@11_BASE_ADDRESS: *mut u32 = 0x900_0000 as

[no_mangle]#

} (extern "C" fn main(x@: u64, x1: u6d, x2: ubd, Xx3: ubd
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

;OQwriteln! (uart, "main({x@:#x}, {xL1:#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
{} <= _

{

;(Jwriteln!(uart, "Bye!").unwrap
;()system_off::<Hvec>().unwrap

0000 0000 main 0000 000 O(inline assembly](../inline-assembly.md] 0000 00 00 0000000

000000000 0000000000 000000 DO0DO0 0000 .00000 00000000 entxy . S 00 00 00OOOD
.000000 oooo oo oo

.0000 0000 sxc/bare-metal/aps/examples 000 00 make qemu 00 QEMU OO0 00 0000 -
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oot 53.6

000 00D 00000000 0o 000D 0000000 crate 1og O0 logging 00000000 OO0 0000000 OO 000 OOO
.0000 00000 Log OODOO OOODC OO OO

;use crate::ploll::Uart

;use core::fmt::Write

;{use log::{LevelFilter, Log, Metadata, Record, SetlLoggerError
;use spin::mutex::SpinMutex

;{ (static LOGGER: Logger = Logger { uart: SpinMutex::new(None
} struct Logger
,<<uart: SpinMutex<Option<Uart

{

} impl Log for Logger
} fn enabled(&self, _metadata: &Metadata) -> bool

true
{
} (fn log(&self, record: &Record
) lwriteln
,()self.uart.lock().as_mut().unwrap
Y ]

, ()record.level
()record.args

(

; (Yunwrap.

{

{} (fn flush(&self
{

.Initialises UART logger ///
} <pub fn init(uart: Uart, max_level: LevelFilter) -> Result<(), SetlLoggerError
; (LOGGER .uart.lock().replace(uart

;?7(log: :set_logger (&LOGGER
; (log: :set_max_level (max_level
(())0k

00000000 set_loggexr OOOODDDOD OO0 0OOD OO0 LOGGER 0000 0OC 0000 1ogOo OODC OOO
.00oooo ooooa

00 00 0ooopoo oo 53.6.1
.0000 00000 oboobooo 0obo oooo ok boooooo oo boo

[no_main] !#
[no_std] !#
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;mod exceptions
;mod logger
;mod pl@11l

;use crate::pl@ll::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 PLO11_BASE_ADDRESS: *mut u32 = 0x900_0000 as

[no_mangle]#
} (extern "C" fn main(x@: u64, x1: ubd, x2: ubd, x3: ubd

SAFETY: "PL@11_BASE_ADDRESS® is the base address of a PL@11 device, and //
.nothing else accesses that address range //

;{ (let uart = unsafe { Uart::new(PL@11_BASE_ADDRESS

;()logger::init(uart, LevelFilter::Trace).unwrap

(" ({Anfol ("main({x0:#x}, {x1:#x}, {x2:#x}, {x3:#x

;(assert_eq! (x1, 42

;()system_off::<Hvc>().unwrap

{

[panic_handler]#
} ! <- (fn panic(info: &PanicInfo

s ("{erroxr! ("{info
;()system_off::<Hvc>().unwrap
{} loop

.000 000 00 panic 000000 00000 00 00000 00 panic handler 00 00000 00000 0000 -
src/bare-metal/aps/examples 000 OO0 make gemu_logger 00 QEMU 00 00 0OOO e

.00oo oooo

gooooooo  53.7

synchronousl IRQO) 000000 000 0 0000 DOOOOO OO 0O 000DO0CD D0OODDO 0000 00 AArch64
Ecurrent EL with SPO, current EL with SPx, lower EL using AArch64,) 0000 0 00 (FIQD SError
00 D0DO0000 000000000 000000 00 DO 000 000 00 .00000 00000 (lower EL using AArch32

:0000 00000 stack 00 Rust 00000000 00 0OO OO0 (volatile) 0000 000000000

;use log::error
;use smccc::psci::system_off
;use smccc: :Hvc

[no_mangle]#
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} (extexrn "C" fn sync_exception_current(_elr: u64, _spsr: ubd
;("error! ("sync_exception_current
;()system_off::<Hvc>().unwrap

{

[no_mangle]#

} (extern "C" fn irq_current(_elr: u64, _spsr: ubd
;("error! ("irqg_current
;()system_off::<Hvec>().unwrap

{

[no_mangle]#

} (extexrn "C" fn fig_current(_elr: u64, _spsr: ub4d
; ("error! ("fiq_current
i ()system_off::<Hvc>().unwrap

{

[no_mangle]#

} (extern "C" fn serr_current(_elr: u64, _spsr: ub4d
; ("error! ("serr_current
;()system_off::<Hvc>().unwrap

{

[no_mangle]#

} (extexrn "C" fn sync_lower(_elr: u64, _spsr: ub4d
; ("error! ("sync_lower
;()system_off::<Hvc>().unwrap

{

[no_mangle]#

} (extexrn "C" fn irqg_lower(_elr: u64, _spsr: ubd
; ("error! ("irqg_lower
;()system_off::<Hvc>().unwrap

{

[no_mangle]#

} (extexrn "C" fn fig_lower(_elr: u64, _spsr: ubd
; ("error! ("fig_lower
7 ()system_off::<Hvc>().unwrap

{

[no_mangle]#

} (extexrn "C" fn serr_lower(_elr: u64, _spsr: ubd
; ("error! ("serr_lower
;()system_off::<Hvc>().unwrap

.000000 0000 EL1 00 00000000 00000 00 00000000 0000 .000 000000 OO0 EL -

AArch64 0 AArch32 000 00 00000 EL 000000000 0000 SPx 0 SPO OOD OO0 00000OD 000D -
.0000000 0000 00000 EL 00000 ooooboooo oooa

000000 0000 DOO000CD 00000 000 © 0000 log OO0 exception 000 OO0 00000 000 0OOO -
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.00000 00000 000000 0000 00 0O 000 000000

We can think of exception handlers and our main execution context more or less like ¢
different threads. Send and Sync will control what we can share between them, just like
with threads. For example, if we want to share some value between exception handlers
and the rest of the program, and it's Send but not Sync, then we'll need to wrap it in
.something like a Mutex and put it in a static

O0ooo oooooooo - 53.8

oreboot
”coreboot without the C” -
.RISC-V 0 x860 aarch64 00 00000000 -
.000 0000 LinuxBoot 00 00000 00000 00000 OODOOODOCD 000 0000D 0oo oo -
Rust RaspberryPi OS tutorial
000000 Dexception 0000 OJTAG 00000 bootloader 0 UART 000000 0000000000 -
O0page table O exception
0000 000000 ORust 00 00000 000000DDOD 0 000 DOOOOOO 0OOO 00 0000000 oooo -
.0000 production 00 0000 0000 000 0000 0OOO
cargo-call-stack ¢
.stack 00 0000000 000000 00000 0000 0000000 oooooboooooag -

0000 D00 00000 0 MMU 000 0000 00 000 00 Rust 00 ORaspberryPi 0000 00000 0O00O
-00000 .(stack 0000 DOOOD 00) 00000OOD OO 00O 0 0000000 00 memory 000 000 .00000
:000
Without the MMU and cache, unaligned accesses will fault. It builds with aarch64- -
unknown-none which sets +strict-align to prevent the compiler generating
unaligned accesses so it should be alright, but this is not necessarily the case in
.general
If it were running in a VM, this can lead to cache coherency issues. The problem is —
that the VM is accessing memory directly with the cache disabled, while the host
has cacheable aliases to the same memory. Even if the host doesn't explicitly access
the memory, speculative accesses can lead to cache fills, and then changes from
one or the other will get lost. Again this is alright in this particular case (running
.directly on the hardware with no hypervisor), but isn't a good pattern in general
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54 100

0000000 (crates) 0OOOOOO

00 00 bare-metal 00000000000 00 0000 000000 OO OOOD OO OOOCOCOOO crate OO0 OO OO
.0oooo

zerocopy 54.1

000000000 000 0000 00000 0000 00 0000000Do b 0000 (Fuchsia 00) crate zerocopy 000
.00000 00OOo0 000o ooobo b oooo

,use zerocopy: :AsBytes
[(repr(u32]#

[ (derive(AsBytes, Debug, Default]#
} enum RequestType

[default]#
,In =0
,0ut = 1
,Flush = 4

{

[(repr(Cl#

[ (derive(AsBytes, Debug, Default]#

} struct VirtioBlockRequest
,Yequest_type: RequestType
,reserved: u32
,sector: u6bd

{

} ()fn main
} let request = VirtioBlockRequest
,request_type: RequestType::Flush
,sector: 42
()Default: :default. .

o
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)lassert_eq
, ()request.as_bytes
(4, o, o, 0, 0, 0, 0, @, 42, 0, 0, 0, 0, 0, 0, Q0]&
7 (
{
0(000000 DO0O00O0 volatile 00 0000 00000 O 000000 OO0 0000) 0000 00000 MMIO 0000 000
00 00 ODMA 0000 .0000 0000 ooooo ooo 0o coooo ooooooooo oo obobo oooo oooobooo ooa
.00000 00000 00000 0000000 00 o000 oooo

-00000 D00 00000 0000 0000 00000 00000 00 00 000000 0000 000000 00 FromBytes o
00000 0000000 0000000 000000 00 00 0000 0000 00 000000 00000000 0 000 0000
.000

oood oooo ooooo oooooo ooobob ooo oooo FromBytes OOOOOOO OOOO OOOO e
0000000 DODDooD 00000000000 0000 00 w32 0000 000000 000 00 RequestType
.000000 00000 0000 DOO0DO0 000 0obooooo

.000 byte-order 00 OOOD 00000 0OOOC 0000 0OCOODOD DOOOO zerocopy: :byteorder

goob/src/bare-metal/useful-crates/zerocopy-exampleOOcargo run00000000 e
(.000000 0000 Playground OO0 crate 00 0000000 0000 0O0) .0000

aarch64-paging 54.2

00000 000000 00 00000 00 DOpage table 00000 OO0DOD 00O 00 crate aarch64-paging 000
.0000 00000 AArch64 00000000OO

}::use aarch64_paging

,idmap: :IdMap

,{paging: :{Attributes, MemoryRegion
i {

;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
; (Yunwrap. (
.Set 'TTBRO_EL1" to activate the page table //
; ()idmap.activate

0000 000000 0000 0000 00 00000000 000 000000 00000000 EL1 00 000 0000 000 00
.0000 00ooo

ndroid/platform/superproject/+/master:packages/modules/Virtualization/pvmfw] 0000 Android 00 0000 000
.00000 0000000

00 DO0O00D Doooboob 0Oo 0000 0000 0ooboo 0obo boob 0Oo opboo 0ooo 0oooo 0oo boa - .
.000 0000 QEMU 000
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buddy_system_allocator 54.3

00 buddy system allocator 00 00O 000 third-party crate 00 'buddy_system_allocator'
GlobalAlloc]-] DO0O0O0OOC OO0 'LockedHeap' 0000 OO0 OO OO0 000ODO .0000O OO0COOOOO
00000000 Oooooooo 000 0000000 ((https://doc.rust-lang.org/core/alloc/trait.GlobalAlloc.html
0000 0000 D000 00000 0000 00 (00000 00 000 00 0000000) alloc OOODOOOOC crate OO
000000 0DOPCI BAR 0000 00 MMIO 0000 0000000 000 DOOC 00000 00000 00 .0000 0o00ooo
:0000

;use buddy_system_allocator::FrameAllocator
;use core::alloc::Layout

} () fn main
;()1let mut allocator = FrameAllocator::<32>::new
; (allocator.add_frame(0x200_0000, 0x400_0000

; ()1let layout = Layout::from_size_align(0x100, ©0x100).unwrap
let bar = allocator

(alloc_aligned(layout.

; ("expect("Failed to allocate 0x100 byte MMIO region.
; (println! ("Allocated 0x10@ byte MMIO region at {:#x}", bar

.00000 000 000000 00 00000 0000 00000 DO00D DOPCI BAR @
/src/bare-metal/useful-crates/allocator-example 00 cargo run 00 00 0000 e
(.000000 0000 Playground 00 crate 00 0000000 0000 0O) .0000 0000

tinyvec 54.4

000 0000 000000 00000 Vec 00000 OO OO0 0OODD DO OOOODOOO OO0 0000 000D 0ooob 0ooo
00 :00000 00000 00 000 (tinyvec] (https://crates.io/crates/tinyvec] 00 heap allocation 0000
0000 allocate 00000 000000 0OOOOO0 00 00OOC 00O0ODODOD DOC OO 00OO0OD 0O 0000 0O 000000
00 00000 0000 000 000 0 00000 000000 00 000 0000000 00000 DO00D 00 stack 000 00 00O

.00000 panic 0000 0000000 OC 0000OOOODDODO OO 000D

;{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(1l
; ("{?:println! ("{numbexrs

.000 000D 00000 00000000 0000 00 Default OOOD OOCD OO 0000 0000 tinyvec o
00000 000D 00 00DODCD 0000 000 00000000 00000 tinyvec OOO0 Rust Playground
.0oooo oooo
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spin 54.5

00000 alloc OO0 coreO0std: :sync 00000000000 0DO00COOOODOOOOsStd: :sync: :Mutex
00000 000b0ooooooo boobo ooboou Dobooboobo 0o booooooooo ooboooboob boooo .oooooo
00000 000000 00 000OoO 0ooCcPU 00O

.00000 00000 00 00000 00000 000 00 000000 Dspinlock 00 00000 000DDOOO crate spin OO0

;use spin::mutex::SpinMutex
; (static counter: SpinMutex<u32> = SpinMutex: :new(0

} () fn main
;(()println!("count: {}", counter.lock
;counter.lock() += 2*
;(()println!("count: {}", counter.lock

0000000 (deadlock)000 00 00 00 00000 0ODDOD OOO0OOO 0OOC 0O0OO 0OOhandler OO 000

.0000

Once 0 RwLock, Barrier 00000000 .00O ticket lock mutex 00000 00000 000000 spin

Jazy 00000 00000000 0OOO Lazy O .std::sync 00

00000000 00000 00000000 0000 00000 00O000D 00000 000000 'crate 'once_cell 000

.000 spin: :once: :Once 00 000000 OO0 000000 OO

0000 000O0D 0000 0o 0000 OO D000 000 00O00DDDD 0000 spin OOOO Playground Rust
.00000
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55 U0

goooooo

0000 rust_ffi_static Soong 00 00 0000 DAOSP 00 bare-metal Rust binary 00 00000 0000
00000 0000 linker script 00 00 cc_binary 00 00 000 ODOOOD 0000000 000 Rust 00 0000
00000 raw binary 00 00 ELF 00000 0000 raw_binary 00 00 000 O 0000 0000C0OO binary

0000 00ooooo oooao

} rust_ffi_static
,"name: "libvmbase_example
,["defaults: ["vmbase_ffi_defaults
,"crate_name: "vmbase_example
,["sxrcs: ["src/main.xs
] :rustlibs

,"libvmbase"

! [

{

} cc_binary
,"name: "vmbase_example
,["defaults: ["vmbase_elf_defaults
] :sxcs
,"idmap.S"
al
] :static_1libs
,"libvmbase_example"
I[
1 :linker_scripts
,"image.1d"
,"vmbase_sections:"
/L
{

} raw_binary
,"name: "vmbase_example_bin
,"stem: "vmbase_example.bin
,"src: ":vmbase_example
,enabled: false
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} :target
} :android_arm64
,enabled: true
A
I{

vmbase 55.1

For VMs running under crosvm on aarch64, the vmbase library provides a linker script and
.useful defaults for the build rules, along with an entry point, UART console logging and more

[no_main] !'#
[no_std] '#

;{use vmbase::{main, println
;(main! (main

} (pub fn main(arg®@: u64, argl: u64, arg2: u64, arg3: ubd
;("println! ("Hello world
{
00000000 vmbase 00000 0000 O0 0O DOOOC 0O0DOO 00 00O 0OOC 0OOO0O!'main O0DOO0 OO0
.000
main 000000 0000 00 000000 00000 00 00000 00000 000 00000 vmbase OOOOO 0000 -
.00000 0000 VM 0000 00000 0000 PSCI_SYSTEM_OFF 00 Ofunction
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56 000

gooopod

.0000 000000 PLO31 real-time clock 000000 0000 000000 00 0O
.0oooooob ooooo 0oo 0obooo 0O 00000 00 00o0oobo oboooooo ooooo oo oo

RTC driver 56.1

The QEMU aarch64 virt machine has a PL031 real-time clock at 0x9010000. For this exercise,
.you should write a driver for it

crate chrono 00 00000000 .0000 0000000 00000 DOOOD 00 0000 000D 00D 00000000 1
.0000 0000000 date/time 00000000 0000
Use the match register and raw interrupt status to busy-wait until a given time, e.g. 3 .2
(.seconds in the future. (Call core: :hint::spin_loop inside the loop
00 00 0 0000 0000 00 RTC 00O0OD 00ODO OO0 DOO0O0 0000 :00000 0000 000 oooooooa .3
Arm 00000000 0000 crate arm-gic 00 000 00000 000000 OO 00000000 .0000 000000
.0000 0000000 Generic Interrupt Controller
.000 0000 GIC OO (IntId::spi(2 00000 OO OO0 0000 O0OOODDOO RTC DOOO OO -
()arm_gic::wfi 000000000000 DO0O0O0ODOOD OOD 0000 (interrupt) 0000 00 00O0ODODO
00 000 000000 0000 00 00000 00 000D D0OC00 0000 00 00000000 Sleep 0000 OO
.0000 0o0o

.0000 00000 rtc DODOOOODD OO OO0 000 0000000 O exercise template 00 000000
:sre/main.rs

[no_main] !'#
[no_std] !#

;mod exceptions
;mod logger
;mod ploll

;use crate::ploll::Uart

;use arm_gic::gicv3::GicV3

;use core::panic::PanicInfo

;{use log::{error, info, trace, LevelFilter
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;use smccc::psci::system_off
;use smccc: :Hvc

.Base addresses of the GICv3 ///

;_ const GICD_BASE_ADDRESS: *mut u64 = 0x800_0000 as
;_ const GICR_BASE_ADDRESS: *mut u64 = 0Ox80A_0000 as
.Base address of the primary PL@O11 UART ///

;_ const PL@11_BASE_ADDRESS: *mut u32 = 0x900_0000 as

[no_mangle]#
} (extern "C" fn main(x@: u64, x1: ubd, x2: ubd, x3: ubd
SAFETY: "PL@11_BASE_ADDRESS® is the base address of a PL@11 device, and //
.nothing else accesses that address range //
;{ (let uart = unsafe { Uart::new(PL@11_BASE_ADDRESS
;()logger::init(uart, LevelFilter::Trace).unwrap

(info! ("main({:#x}y, {:#x}, {:#x}, {:#x})", x0, x1, x2, x3

SAFETY: "GICD_BASE_ADDRESS® and "GICR_BASE_ADDRESS® are the base //
addresses of a GICv3 distributor and redistributor respectively, and //
.nothing else accesses those address ranges //

;{ (let mut gic = unsafe { GicV3::new(GICD_BASE_ADDRESS, GICR_BASE_ADDRESS
;()gic.setup

.TODO: Create instance of RTC driver and print current time //
.TODO: Wait for 3 seconds //

;()system_off::<Hvc>().unwrap

{

[panic_handler]#

} ! <= (fn panic(info: &PanicInfo
; ("{error!("{info
i ()system_off::<Hvc>().unwrap
{} loop

{

:(0000 00000 00000 000 000 0000 00 000 0000 000 000) src/exceptions.rs

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 //

/7

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 //
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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

[no_mangle]#

} (extexrn "C" fn sync_exception_current(_elr: u64, _spsr: ub4d
; ("error! ("sync_exception_current
;()system_off::<Hvc>().unwrap

{

[no_mangle]#
} (extexrn "C" fn irqg_current(_elr: u64, _spsr: ubd
;("trace! ("irg_current
= let intid
; ("GicV3::get_and_acknowledge_interrupt().expect("No pending interrupt
;("{?:info! ("IRQ {intid
{

[no_mangle]#

} (extexrn "C" fn fig_current(_elr: u64, _spsr: ubd
; ("error! ("fig_current
;()system_off::<Hvc>().unwrap

{

[no_mangle]#

} (extexrn "C" fn serr_current(_elr: u64, _spsr: ubd
; ("error! ("serr_current
;()system_off::<Hvc>().unwrap

{

[no_mangle]#

} (extexrn "C" fn sync_lower(_elr: u64, _spsr: ub4d
; ("error! ("sync_lower
;()system_off::<Hvc>().unwrap

{

[no_mangle]#

} (extexrn "C" fn irqg_lower(_elr: u64, _spsr: ubd
;("error! ("irqg_lower
;()system_off::<Hvc>().unwrap

{

[no_mangle]#

} (extexrn "C" fn fiq_lower(_elr: u64, _spsr: ubd
; ("error! ("fig_lower
;()system_off::<Hve>().unwrap
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[no_mangle]#

} (extexrn "C" fn serr_lower(_elr: u64, _spsr: ubd
; ("error! ("serr_lower
;()system_off::<Hvc>().unwrap

{
(0000 00000 00 0000 00D 0000 0000D) src/loggerrs

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 //
,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
yuse 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
) !lwriteln
,()self.uart.lock().as_mut().unwrap
Y ]

, ()record.level
()record.args

(
; (Yunwrap.

{
{} (fn flush(&self
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.Initialises UART logger ///
} <pub fn init(uart: Uart, max_level: LevelFilter) -> Result<(), SetlLoggerError

; (LOGGER .uart.lock() .replace(uart

;?2(log: :set_logger (&LOGGER
; (log: :set_max_level (max_level

(())0k

{

:(0000 00000 00 0000 00O 0ooO 0oDO0) sre/ploil.rs

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

/1l
/1l
/1
//
//
/1l
/1l
/1
/1
//
/1l
/1l
/1l

[ (allow(unused] !#

;{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 ///
[ (repr(transparent]#
[ (derive(Copy, Clone, Debug, Eq, PartialEq]#
} struct Flags: ulé6

.Clear to send ///

;eonst 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 ///
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;const RXFF = 1 << 6
.Transmit FIFO is empty ///
;const TXFE = 1 << 7
.Ring indicatoxr ///
;const RI = 1 << 8

{

{
ANCHOR_END: Flags //

} !bitflags
.Flags from the UART Receive Status Register / Error Clear Register ///
[ (repr(transparent]#
[ (derive(Copy, Clone, Debug, Eq, PartialEq]#
} struct ReceiveStatus: ul6
.Framing error ///
;const FE = 1 << 0
.Parity error ///
;eonst PE = 1 << 1
.Break error ///
;const BE = 1 << 2
.Overrun exror ///
;const OE = 1 << 3

{

ANCHOR: Registers //
[((repr(C, align(4]#
} struct Registers
,dr: ulé
, [reservedd: [u8; 2_
,rsr: ReceiveStatus
, [reservedl: [u8; 19

,fr: Flags

, [reserved2: [u8; 6_
,ilpr: u8

, [reserved3: [u8; 3_
,ibrd: ule6

, [reserved4: [u8; 2_
,fbrd: u8
,[reserved5: [u8; 3_
,lcx_h: u8
,[reserved6: [u8; 3_
,Cr: ulé

, [reserved7: [u8; 3_
,ifls: u8

, [reserved8: [u8; 3_
,imsc: ul6

, [reserved9: [u8; 2_
,ris: ulé

, [reservedl@: [u8; 2_
,mis: ulé6
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, [reservedll: [u8; 2_

,icr: ulé
, [reserved12: [u8; 2_
,dmacr: u8

, [reserved13: [u8; 3_

{
ANCHOR_END: Registers //

ANCHOR: Uart //
.Driver for a PL@11 UART ///
[ (derive (Debug]#
} pub struct Uart
,registers: *mut Registers

{

} impl Uart
Constructs a new instance of the UART driver for a PL@11 device at the ///
.given base address ///
vy
Safety # ///
11/
The given base address must point to the MMIO control registers of a ///
PLO11 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
} else {
SAFETY: We know that self.registers points to the control //
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.registers of a PLO11 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
{
(())0k

{

Safe because it just contains a pointer to device memory, which can be //
.accessed from any context //
{} unsafe impl Send for Uart

(00000 00000 00 0000) Cargo.toml

[workspace]
[package]

"name = "rtc
"version = "0.1.0
"edition = "2021
publish = false
[dependencies]
"arm-gic = "0.1.1
"bitflags = "2.6.0
{ chrono = { version = "0.4.38", default-features = false
"log = "0.4.22
"smccc = "0.1.1
"spin = "0.9.8

[build-dependencies]
"cc = "1.1.15

:(0000 00000 00 D000 0O0 0000 00000) build.rs

Copyright 2023 Google LLC //
/7
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; ("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
[("cfg(target_os = "linux]#
;("env::set_var("CROSS_COMPILE", "aarch64-linux-gnu
[(("cfg(not(target_os = "linux]#
;("env::set_var("CROSS_COMPILE", "aarch64-none-elf

()Build: :new
("file("entry.S.
("file("exceptions.S.
("file("idmap.S.
("compile("empty.

{

:(0000 0OO0D 00 0000 D00 0000 00000) entry.S

*/
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_1l, reg:req, sym:req.
adrp \reg, \sym
add \reg, \reg, :1lol2:\sym
endm.

macro mov_i, reg:req, imm:req.
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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.

/* .KiB granule size for TTBRO_EL1 4 */

set .L_TCR_TGO_4KB, @0x0 << 14.

/* .KiB granule size for TTBR1_EL1 4 */

set .L_TCR_TG1_4KB, 0x2 << 30.

Disable translation table walk for TTBR1_EL1, generating a translation fault instead */
set .L_TCR_EPD1, @x1 << 23.

/* .Translation table walks for TTBRO_EL1 are inner sharable */

set .L_TCR_SH_INNER, @x3 << 12.

*/

nslation table walks for TTBRO_EL1 are outer write-back read-allocate write-allocate *
.cacheable *

/*

set .L_TCR_RGN_OWB, @x1 << 10.

*/

nslation table walks for TTBRO_EL1 are inner write-back read-allocate write-allocate *
.cacheable *

/*

set .L_TCR_RGN_IWB, @x1 << 8.

/* .(Size offset for TTBRO_EL1 is 2**39 bytes (512 GiB */

set .L_TCR_T@SZ_512, 64 - 39.

set .Ltcrval, .L_TCR_TG@_4KB | .L_TCR_TG1_4KB | .L_TCR_EPD1 | .L_TCR_RGN_OWB.

set .Ltcrval, .Ltcrval | .L_TCR_RGN_IWB | .L_TCR_SH_INNER | .L_TCR_T@SZ_512.

/* .Stage 1 instruction access cacheability is unaffected */

set .L_SCTLR_ELx_I, @x1 << 12.

/* .SP alignment fault if SP is not aligned to a 16 byte boundary */

set .L_SCTLR_ELX_SA, @x1 << 3.

/* .Stage 1 data access cacheability is unaffected */

set .L_SCTLR_ELx_C, Ox1 << 2.

/* .EL® and EL1 stage 1 MMU enabled */

set .L_SCTLR_ELx_M, Ox1 << 0.

/* .Privileged Access Never is unchanged on taking an exception to EL1 */

set .L_SCTLR_EL1_SPAN, 0x1 << 23.

/* .SETEND instruction disabled at EL® in aarch32 mode */

set .L_SCTLR_EL1_SED, @x1 << 8.

/* .Various IT instructions are disabled at EL® in aarch32 mode */

set .L_SCTLR_EL1_ITD, @x1 << 7.

- .L_SCTLR_EL1_RES1, (@x1 << 11) | (@x1 << 20) | (@x1 << 22) | (@Ox1 << 28) | (@x1 << 29.
L_SCTLR_ELx_M | .L_SCTLR_ELx_C | .L_SCTLR_ELx_SA | .L_SCTLR_EL1_ITD | .L_SCTLR_EL1_SED.
set .Lsctlrval, .Lsctlrval | .L_SCTLR_ELx_I | .L_SCTLR_EL1_SPAN | .L_SCTLR_EL1_RES1.
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**/
leric entry point for an image. It carries out the operations required to prepare the *
lage to be run. Specifically, it zeroes the bss section using registers x25 and above *
 stack, enables floating point, and sets up the exception vector. It preserves x0-x3 *
.for the Rust entry point, as these may contain boot parameters *
/*
"section .init.entry, "ax.
global entry.
rentry
ad and apply the memory management configuration, ready to enable MMU and caches */
adrp x30@, idmap
msr ttbr0_ell, x30

mov_1i 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
*/

verything 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
*/
jure 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 :0
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b.hs 1f
stp xzr, xzr, [x29], #16
b 0b

/* .Prepare the stack */ :1
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 :2
b 2b
(0000 00000 0D 0000 00D 0000 00ODO ) exceptions.S
*/
Copyright 2023 Google LLC *
*
; ("Licensed under the Apache License, Version 2.0 (the "License *
.you may not use this file except in compliance with the License *
You may obtain a copy of the License at *
*
https://www.apache.org/licenses/LICENSE-2.0 *
*
Unless required by applicable law or agreed to in writing, software *
,distributed under the License is distributed on an "AS IS" BASIS *
.WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied *
See the License for the specific language governing permissions and *
.limitations under the License *
/-k
*-k/
Saves the volatile registers onto the stack. This currently takes 14 *
instructions, so it can be used in exception handlers with 18 instructions *
dleft *
*
*

,0n 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@0-x18, x29 & x30 */
'[(stp x@, x1, [sp, #-(8 * 24
[stp x2, X3, [sp, #8
[stp x4, x5, [sp, #8
[stp x6, x7, [sp, #8
[stp x8, x9, [sp, #8

* o+ o+ *
oo~ N
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[stp x10, x11, [sp, #8 * 10
[stp x12, x13, [sp, #8 * 12
[stp x14, x15, [sp, #8 * 14
[stp x16, x17, [sp, #8 * 16
[str x18, [sp, #8 * 18

[stp x29, x30, [sp, #8 * 20
*/

Save elr_ell & spsr_ell. This such that we can take nested exception *
.and still be able to unwind *
/*
mrs x0, elr_ell
mrs x1, spsr_ell
[stp x@, x1, [sp, #8 * 22
endm.

**/

Restores the volatile registers from the stack. This currently takes 14 *
instructions, so it can be used in exception handlers while still leaving 18 *
instructions left; if paired with save_volatile_to_stack, there are 4 *
.instructions to spare *
/*
macro restore_volatile_from_stack.

/* .Restore registers x2-x18, x29 & x30 */

[1dp x2, x3, [sp, #8 * 2

[1dp x4, x5, [sp, #8 * 4

[1dp x6, x7, [sp, #8 * 6

[1dp x8, x9, [sp, #8 * 8

[1dp x10, x11, [sp, #8 * 10
[1dp x12, x13, [sp, #8 * 12
[1dp x14, x15, [sp, #8 * 14
[1dp x16, x17, [sp, #8 * 16

[1dr x18, [sp, #8 * 18
[1dp x29, x30, [sp, #8 * 20

/* .Restore registers elr_ell & spsr_ell, using x@ & x1 as scratch */
[1dp x@, x1, [sp, #8 * 22

msr elr_ell, x@

msr spsr_ell, x1

/* .Restore x@ & x1, and release stack space */
ldp x@, x1, [spl, #8 * 24
endm.

*
This is a generic handler for exceptions taken at the current EL while using

SP@. It behaves similarly to the SPx case by first switching to SPx, doing
.the work, then switching back to SP@ before returning

~

Switching to SPx and calling the Rust handler takes 16 instructions. To
restore and return we need an additional 16 instructions, so we can implement

*F o+ F F * F X
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.the whole handler within the allotted 32 instructions *
/-k
macro current_exception_sp@ handler:req.

msr spsel, #1

save_volatile_to_stack

bl \handler

restore_volatile_from_stack

msr spsel, #0

eret
endm.
**/
This is a generic handler for exceptions taken at the current EL while using *
SPx. It saves volatile registers, calls the Rust handler, restores volatile *
.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 *
/-k

macro current_exception_spx handler:req.
save_volatile_to_stack
bl \handler
restore_volatile from_stack
eret
endm.

"section .text.vector_table_ell, "ax.
global vector_table_ell.
balign 0x800.
:vector_table_ell
:sync_cur_sp@
current_exception_sp@ sync_exception_current

balign 0x80.
:irq_cur_sp@
current_exception_sp@ irq_current

balign 0x80.
:fig_cur_spo
current_exception_sp@ fiq_current

balign 0x80.
:serr_cur_spo
current_exception_sp@ serr_current
balign 0x80.
}sync_cur_spx
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current_exception_spx sync_exception_current

balign 0x80.
:irq_cur_spx
current_exception_spx irq_current

balign 0x80.
:fig_cur_spx
current_exception_spx fiq_current

balign 0x80.
ISerr_cur_spx
current_exception_spx serr_current

balign 0x80.
:sync_lower_64
current_exception_spx sync_lower

balign 0x80.
:irqg_lower_64
current_exception_spx irq_lower

balign 0x80.
:fig_lower_64
current_exception_spx fiq_lower

balign 0x80.
:serr_lower_64
current_exception_spx serr_lower

balign 0x80.
:sync_lower_32
current_exception_spx sync_lower

balign 0x80.
:irqg_lower_32
current_exception_spx irq_lower

balign 0x80.
:fig_lower_32
current_exception_spx fiqg_lower

balign 0x80.
:serr_lower_32
current_exception_spx serr_lower

:(0000 00000 00 0000 000 0000 0ooO0) idmap.S

*/
Copyright 2023 Google LLC *
*

; ("Licensed under the Apache License, Version 2.0 (the "License *
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.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

F OoF ok o X o * F F * F

~

set .L_TT_TYPE_BLOCK, ©x1.
set .L_TT_TYPE_PAGE, ©x3.
set .L_TT_TYPE_TABLE, 0x3.

/* .Access flag */
set .L_TT_AF, 0x1 << 10.
/* .Not global */
set .L_TT_NG, 0x1 << 11.
set .L_TT_XN, @x3 << 53.

(set .L_TT_MT_DEV, 0x0 << 2 // MAIR #@ (DEV_nGnRE.
set .L_TT_MT_MEM, (@x1 << 2) | (@x3 << 8) // MAIR #1 (MEM_WBWA), inner shareable.
set .L_BLOCK_DEV, .L_TT_TYPE_BLOCK | .L_TT_MT_DEV | .L_TT_AF | .L_TT_XN.
set .L_BLOCK_MEM, .L_TT_TYPE_BLOCK | .L_TT_MT_MEM | .L_TT_AF | .L_TT_NG.
section ".rodata.idmap", "a", %progbits.
global idmap.
align 12.
:idmap
/* level 1 */
quad .L_BLOCK_DEV | 0x@ // 1 GiB of device mappings.
quad .L_BLOCK_MEM | ©0x40000000 // 1 GiB of DRAM.
fill 254, 8, 0x0 // 254 GiB of unmapped VA space.
quad .L_BLOCK_DEV | 0x4000000000 // 1 GiB of device mappings.
fill 255, 8, 0x0 // 255 GiB of remaining VA space.
(0000 00000 00 0000 000 0000 00000) image. ld
*/
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
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.WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied *
See the License for the specific language governing permissions and *
.limitations under the License *

/-k
*/
Code will start running at this symbol which is placed at the start of the *
.image *
/-k
(ENTRY (entry
MEMORY
}
image : ORIGIN = 0x40080000, LENGTH = 2M
{
SECTIONS
}
*/
.Collect together the code *
/*
} (init : ALIGN(4096.
;. = text_begin
(init.entry.)*
(*.init.)*
image< {
} . text.
(*.text.)*
image< {
;. = text_end
*/
.Collect together read-only data *
/*

} (rodata : ALIGN(4096.
;. = rodata_begin
(*.rodata.)*

image< {

} : got.

(got.)
image< {
;. = rodata_end

*/
Collect together the read-write data including .bss at the end which *
.will be zero'd by the entry code *
/*
} (data : ALIGN(4096.
;. = data_begin
(*.data.)*
*/
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The entry point code assumes that .data is a multiple of 32 *
.bytes long *
/-k
i (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
;4096 * 40 =+ |
; (ALIGN (4096 = .
;. = boot_stack_end
image< {

; (ALIGN (4K = .
; (. = PROVIDE(dma_region

*/
.Remove unused sections from the image *
/*
} : /DISCARD/
/* .The image loads itself so doesn't need these sections */
(gnu.hash.)*
(hash.)*
(interp.)*
(eh_frame_hdr.)*
(eh_frame.)*
(note.gnu.build-id.)*

{

:(0000 00000 00 0000 00D 0000 DDDOO) Makefile

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

HFHoHHHHH

http://www.apache.org/licenses/LICENSE-2.0
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Unless required by applicable law or agreed to in writing, software
,distributed under the License is distributed on an "AS IS" BASIS
.WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied
See the License for the specific language governing permissions and
.limitations under the License

HoHF o HHH

(UNAME := $(shell uname -s
(ifeq ($(UNAME),Linux

TARGET = aarch64-linux-gnu
else

TARGET = aarch64-none-elf
endif
OBJCOPY = $(TARGET)-objcopy

PHONY: build gemu_minimal gemu gemu_logger.
all: rtc.bin

:build
cargo build

rtc.bin: build
@$ OBJCOPY) -0 binary target/aarch64-unknown-none/debug/rtc)$

gemu: rtc.bin
| -machine virt,gic-version=3 -cpu max -serial mon:stdio -display none -kernel $< -s

:clean
cargo clean
rm -f *.bin

:(cargo/config.toml (you shouldn't need to change this.

[build]
"target = "aarch64-unknown-none
["rustflags = ["-C", "link-arg=-Timage.ld

.0000 0000 make gemu 00 QEMU 00 00 OO

Bare Metal Rust 0000000000 56.2

RTC driver

(back to exercise)
:main.rs

[no_main] !'#
[no_std] !#

;mod exceptions
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;mod logger
;mod ploll
;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 = 0x800_0000 as
;_ const GICR_BASE_ADDRESS: *mut u64 = 0x80A_0000 as
.Base address of the primary PL@11 UART ///

;_ const PLO11_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

[no_mangle]#
} (extern "C" fn main(x@: u64, x1: ubd, x2: ubd, x3: ubd
SAFETY: "PLQ11_BASE_ADDRESS® is the base address of a PL@11 device, and //
.nothing else accesses that address range //
;{ (let uart = unsafe { Uart::new(PL@11_BASE_ADDRESS
;()logger: :init(uart, LevelFilter::Trace).unwrap

(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: "PL0O31_BASE_ADDRESS®™ is the base address of a PL®31 device, and //
.nothing else accesses that address range //

;{ (let mut rtc = unsafe { Rtc::new(PL@®31_BASE_ADDRESS

;()let timestamp = rtc.read

;()let time = Utc.timestamp_opt(timestamp.into(), @).unwrap

;("{info! ("RTC: {time

; (GicV3: :set_priority_mask(0xff
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;(gic.set_interrupt_priority(PL@31_IRQ, 0x80
;(gic.set_trigger(PL@31_IRQ, Trigger::Level
;()irg_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(), @).unwrap
) Itrace
,"{}=matched={}, interrupt_pending"
, ()rtc.matched
()rtc.interrupt_pending
7 (
} ()while !rtc.matched
; ()spin_loop
{
) Itrace
,"{}=matched={}, interrupt_pending"
, ()rtc.matched
()rtc.interrupt_pending
i (

; ("info! ("Finished waiting

.Wait another 3 seconds for an interrupt //
;let target = timestamp + 6
;(()info! ("Waiting for {}", Utc.timestamp_opt(target.into(), @).unwrap
;(rtc.set_match(target
;()rtc.clear_interrupt
;(rtc.enable_interrupt(true
) Itrace
,"{}=matched={}, interrupt_pending"
, ()rtc.matched
()rtc.interrupt_pending
7 (
} ()while !rtc.interrupt_pending
s (Owfi
{
) !trace
,"{}=matched={}, interrupt_pending"
, ()rtc.matched
()rtc.interrupt_pending
 (

;("info! ("Finished waiting

;()system_off::<Hvec>().unwrap

{

[panic_handler]#
} ! <- (fn panic(info: &PanicInfo
; ("{erroxr! (" {info

335



;()system_off::<Hvc>().unwrap
{} loop
{

:)pl031.rs

;{use core::ptr::{addr_of, addr_of_mut

[((repr(C, align(4]1#
} struct Registers
Data register ///
,dr: u32
Match register ///
,mr: u32
Load register ///
,1r: u32
Control register ///
,Cr: u8
, [reserved®: [u8; 3_
Interrupt Mask Set or Clear register ///
,imsc: u8
, [reservedl: [u8; 3_
Raw Interrupt Status ///
,Tis: u8
, [reserved2: [u8; 3_
Masked Interrupt Status ///
,mis: u8
, [reserved3: [u8; 3_
Interrupt Clear Register ///
,icr: u8
, [reserved4: [u8; 3_
{

.Driver for a PL@31 real-time clock ///
[ (derive (Debug]#
} pub struct Rtc

,Tegisters: *mut Registers

{

} impl Rtc
Constructs a new instance of the RTC driver for a PL@31 device at the ///
.given base address ///
11/
Safety # ///
iy
The given base address must point to the MMIO control registers of a ///
PL@31 device, which must be mapped into the address space of the process ///
.as device memory and not have any other aliases ///
} pub unsafe fn new(base_address: *mut u32) -> Self
{ Self { registers: base_address as *mut Registers

{
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.Reads the current RTC value ///

} pub fn read(&self) -> u32
SAFETY: We know that self.registers points to the control registers //
.0of 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 ///
} (pub fn set_match(&mut self, value: u32
SAFETY: We know that self.registers points to the control registers //
.of a PL@31 device which is appropriately mapped //
{ (unsafe { addr_of_mut!((*self.registers).mr).write_volatile(value

{

Returns whether the match register matches the RTC value, whether or not ///
.the interrupt is enabled ///
} pub fn matched(&self) -> bool
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 ///

11/

This should be true if and only if “matched’ returns true and the ///

.interrupt is masked ///

} pub fn interrupt_pending(&self) -> bool
SAFETY: We know that self.registers points to the control registers //
.0of a PL@31 device which is appropriately mapped //
;{ ()let ris = unsafe { addr_of!((*self.registers).mis).read_volatile
ris & 0x01) != 0)

{

.Sets or clears the interrupt mask ///
/117
When the mask is true the interrupt is enabled; when it is false the ///
.interrupt is disabled ///
} (pub fn enable_interrupt(&mut self, mask: bool
;{ let imsc = if mask { 0x01 } 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 ///

} (pub fn clear_interrupt(&mut self
SAFETY: We know that self.registers points to the control registers //
.0of a PL@31 device which is appropriately mapped //
{ (unsafe { addr_of_mut!((*self.registers).icr).write_volatile(0x01
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{

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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57 000

Rust [0 Concurrency U000 OO
Jooooood

mutex 00 0000000 OO0 000000000 000 thread 000 00 concurrency 00 0000 000 00 Rust 0000
.00000 00O000D00D 00 channel O 00

0000 000000 00 concurrency 000000 OO0 000000 DOOOO OO 0000 OO0 0000 Rust 00000
(fearless concurrency ) 000000 0000000 0OODOOD 0000 00OCD OO0 .00000 DODD 0oooooo
(runtime) 0000 0000 0O 00O OO0 00000DO DOOO 0OOOOODD 00 0000D0D0OD 0000 0000 0oooooa

.00oo oooooo

goooo oooooo

0000 .0000 000 00000 00O 0 000000000 000D 0000 000 0000ob0D 00 0000000000 000000 00
:000 000 0oooo

oooo ooo ooo
ooooo oo 00ooo
ooooo oo 0oooooo
0oooo oo Sync 0 Send
ooooo oo ooooo oobobooo
00000 00 00000 o 0000ooo

:00000 00000 000000 0000 00000 0000000 00000000 OO0 0O 00000 00000 00 00 Rust -
.0000 0 0000OoDDDO DODO000OD0D O00thread

.00000 0000 00000 000 0000 concurrency 0000 0000 00000 OO 0O 0000 DOOOO OOO -

00000) 0000DD 000 0000 thread 00 00 concurrent 000000 00 00 OO0 00 0DOOOOCDDO 0OOO -
00 00 00 000000 00 000 00000 00 000o0Oo 00 000 oboo o0 000 Dooooooo oooo oo
.000000 0000 multi-threading 000000 00 00 00 (000 000ODO 00D 00OOOO 00OOO
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58 100

oo

:000 000 00000 0000 0 0000 000 0oooo 0o oooo oooo ooo ooo

aooo ooo aooooo

aooooo oo aooo oooooo
ooooo oo DOo00o 0oooooo

gooo oooooo - 58.1

:000000 000 0000 0000000 00 O0thread 00000 Rust D00thread

;use std: :thread
;use std::time: :Duration

} () fn main
} ||)thread: :spawn
} for 1 in 0..10
;("!M{thread: {i 0O0OOOOO0O")!println
; ((thread: :sleep(Duration: :from_millis(5
{
(o

} for i in 0..5
;("{println!("Main thread: {i
; ((thread: :sleep(Duration: :from_millis(5

00000 0O main OOOOD OO OO 000000 0OOOO DOCOOOD 000 DD 0000 00O0thread 00000 -
.000000000
.00000 000000 00 00000 00Thread panic e
000 «downcast_ref» 00 00 00 000000 OO 000 000 0O O0payload 0000000 O0Panic —
.o0oo

.This slide should take about 15 minutes
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00oo 0o ooo ++C 00 .0000000 000 00 0000 00000 00O 000000 0000 00 Rust thread API
.00o

.0000 0000 oo oooo

spawned 0 0000 thread OO0 00000 000 DOOODOOO OO OOODODOOO 5 DOOOOOOO -
.0000000 DO00D 000000 OOthread
00 000D 00 00000 00 thread spawned 00000 00 000 DOCOCD 00O 00000 0OOOOD 0000 -
100000 ooooo
000 00000 O0spawned thread O 000 000000 main 000000 00 000 0000 00 0OO -
.0000000 00 0DO0D oooo
.0000 00000 000 pthreads/C++ std::thread/boost::thread 00 000000 00 =

0000 00000 spawned thread 00 00 0000 000 0000 0000
.0000 0000 000 00 .thread: : spawn returns a JoinHandle
.000000 00 000 () join. ODOO JoinHandle -

00000 00 0000 DO00000 «Ohandle.join» 00 000 O «(...)let handle = thread::spawn» 00
.0000 00 00000 00 bO000 000000 000000o 0 000 0000 thread 00 000000

000 000000000 00 000000 0000000 000 oooo
:0000 0000 00000 00 000000

thread: : spawn's closure returns T —
<JoinHandle . join() returns thread: :Result<T -

.0000 0000000 D0o000D 00000 00 000000 0000 «QOhandle.join» 00 Result000 OO
aooooo oooo oooo oooo

.0000 panic main 0000 OO0 00 0OC 0000 .thread 00 00 panic 00 0000000D —
.Any 000 00000 000 00 OO0OOC 0000 0000 000000 .panic payload 00O 0O O000OO -

00000 0000000 00000 0000 00 'oobbb000o 000000 00 00 000000 oobobbooo ooooo

.0000 000 thread 00000000 00 reference 0000 00 00 0000 -

.0000 0oooo 0o 0o 0000 00 0oooo oooo ooo ooooo oo -

00000 00 000 0 0000 bO0000 000000 00 00 boooooo ooooo ooooo oobb o0 oo 0o -
.000000000 00 000 0000

00o0o 0ooooo (borrow) OO0 OOODOOO DOO

00000 D000 000 000000 00O 00 00 00000 D00thread 000000 00000 OO Main 0000 -
.0000000 0000 000 00 00 0000 0 00000 return

00 memory safety 00 000 return 00 00 0000000 stack 00 0000 0000000 0OO 00O -
100000 000

.000o00o0 0o 0000 0ooo ooooo ooooooo oo 00 ooooo -

g0oooo oooooo - 58.2

:000000 (borrow) 00D 00O 000D 0D O0ODOCDOOO 0OOODOD O0Othread

;use std::thread

} ()fn foo

342


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/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

;("0000")1let s = String: :from
} | ])thread: :spawn
;(()println!("Length: {}", s.len
s (4
{

} ()fn main
;()foo
{

:000000 scoped thread 0000 OO0 0000 00000000 ,0000000

;use std: :thread

} ()fn main
;("0000")1let s = String: :from

} |thread::scope(|scope
} | |)scope.spawn
;(Q)println! ("Length: {}", s.len
(o
(1
{

.This slide should take about 13 minutes

00000 DOthread 000 00000 000000 0000 «thread::scope» 0000 0000 00 000 000 000000
.000000000 00 0000 0000000 00000000 0000000C 00oooo

(mutable)000000000 000000 00000000 OO0 :00000 0DOO00 Rust 0000000 0000 OO00OO e

.000000 (borrow) 000 thread 00000 00 00 (immutable) 00000 0000000 00 thread 00 00
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59 100

gooopod

:0000 000 .0000 000 00000 00 0000 0000 000 000

oooo ooo goooooo

00000 00 Receivers O Senders
000000 0000000 00Oo0Ooooa
00000 0o 00000 000o0o0oo

Receivers [ Senders 59.1

channel 0000 00 000 00 00O .<Receivexr<T O <Sendexr<T:00000 0000000000 Rust 00000000

.0000000 OO (end-points) 000000 000D 000 0OC 000 0OOOOOO 0OOO OO DO

;use std::sync::mpsc

} ()fn main
;()let (tx, rx) = mpsc::channel

;()tx.send(10) .unwrap
; ()tx.send(20) .unwrap
;(()rx.recv ,"{?:} :00 0000D0O")!println
;(()rx.recv ,"{?:} :00 000DOO")!println
;()let tx2 = tx.clone
; ()tx2.send(30) .unwrap
;(()rx.recv ,"{?:} :00 00000O")!println
{

.This slide should take about 9 minutes

mpsc stands for Multi-Producer, Single-Consumer. Sender and SyncSender implement ¢

.Clone (so you can make multiple producers) but Receiver does not

send() and recv () return Result. If they return Exr, it means the counterpart Sender «

.or Receiver is dropped and the channel is closed
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goooooo ooooooog - 59.2

:0000 0D 000000 ()mpsc: :channel OO0 00000000 0 0000000 0OOCCCD 00 00O

;use std::sync::mpsc
;use std: :thread
;use std: :time: :Duration

} ()fn main
;()let (tx, rx) = mpsc::channel

} || thread::spawn(move
;()let thread_id = thread::current().id
} for i in 0..10
;()tx.send(format! ("Message {i}")).unwrap
; ("{println! ("{thread_id:?}: sent Message {i
{
;("00 00000 :{?:println!("{thread_id
(o
; ((thread: :sleep(Duration::from_millis (100

} ()for msg in rx.iter
; ("{println!("Main: got {msg
{

O0oooo oooooooo - 59.3

:000 00OO0OD 00 0000 thread 0000000 send 000000 O(bounded (synchronous 00000000 00

;use std::sync::mpsc
;use std: :thread
;use std::time: :Duration

} ()fn main
;(let (tx, rx) = mpsc::sync_channel(3

} || thread::spawn(move
;()1let thread_id = thread::current().id
} for i in 0..10
;()tx.send(format!("Message {i}")).unwrap
;("{println! ("{thread_id:?}: sent Message {i
{
;("00 00000 :{?:println!("{thread_id
(4
;((thread: :sleep(Duration::from_millis (100

} ()for msg in rx.iter

; ("{println!("Main: got {msg
{

345



.This slide should take about 8 minutes

00000 00000 0000 0000 0000 0000 00000 00 0000 0000 00 00000 00 send OOOOO0O00O e
000000 00 thread 00000 000000 0000 00000 OO OO0 OO0 .0000C 00000 00 00000 thread
.000 00000 0000000 000 oo

00 ResultO0O00 0000 00) 0000OD 0OO error 00 00 send 0000 0000 0000 0000 0DOOOOD 00O e
.00000 0000 00000 00 000 00 000 00 000000 00 000000 .0000000000

rendezvous” 00 000000 00000 0O 000 000000 00O (bounded channel ) 00000 00000 00 »
00000 0000 00 00000 00 00000 00000 00 0000 thread 000000 OO .0000000 ”channel
.00000000 00 recv
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60 000

Sync [l Send

:0000 000 000 .000 0O 0000 00000 0O 00O 000

000D 000 goopoooo
gopoo 0 DOOOOD oooooooo
goopoo O Send
ooooo o Sync
ooooo oo gooooo

gooood oooooooo - 60.1

trait 00 00 0000 000000 00000 00 0Othread 00000 0O 00000 000000 0O DOOOOCD 00000 Rust
:000

000 00 T 000D 00000 0000 thread boundary 000000 00 T 0000000 00 OOOOO OO :Send
.000 Send

T 000D 00 00000 0000 thread boundary 00 00000 00 T& 00 0000000 OO 00O0DO OO :Sync e
.000 Sync 000 OO0

00000 00000000 .(unsafe-rust/unsafe-traits.md/../..) DO000 [O0000 00000000O] Sync O Send
Sync 0 Send 00000 00000 000 00 00000 00 00000 0000 000 0000000 0000 00 0000 0o0000
00 0O 00000 0ooooe oboo 0oobo boobo boob 0ooo 0o 0o boob oooboo 0o oboooo boo .ooooo

.000 00000 00 00000 00000

.This slide should take about 2 minutes

thread-safety 00000 0000 00 0000 00O 0O DOOCDOODOO 00000 00 DO DO0trait 000 DOOOOO -
.0000 00 0ooo
.000 0000000 0000 trait 00000 OO generic 0000000000 OO0 DOOOOC 00 0OOO .

Send 60.2

.000 Send OO T 0000 00000 000 00000 thread 00 T 00000 000COOD OOO
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) 000OOOODDD OO0 000 000 0000 thread 00 OO (moving ownership) 000000 000000 00000
00 00000000 DOO0O 00 00 000 00D 0000 000Doooo .0000 0O 0000 thread O0 OO ( destructors
.0000 00000 0000 thread 00 00 00 0 0OOOC 00000 thread 00 0O 00 0DODDD

.This slide should take about 2 minutes
.0000 000000 0000 thread 00 00 0000 000 SQLite 00000000 OO 00000 OOOOC 00000 OO

Sync 60.3

00000 0ooo oo Tooooo 00 00 000000 00 000 0000 Sync 0000 0DDOO OO0 T 0000 OO
.0000 000 oooooo ooob oo oooo

:000 000 000 00000 0000000 0ooo oo
0000 Send 000 OO T& OO 00000 OO0 O OO0 SyncOOODOT
.This slide should take about 2 minutes

00000 DOODO0D 000D 0000 00 DO0 00 000 000 0000 0000 00000 0000 000 000 00 DO00O 000
.000 00O 000 DOthread OO 00 (pass references) 0000000 000000 00OOOOD 000

00 00 000000 00 000 0Doo 0oo 0o boooeb Ssyne OO0 OO0 OOOCD OO0 ODC 00 00DOOODCD 00 000
000000 00 Sync 00OOOOO DOOO OO 00OOO 00ODOCO DOOOO 0000 00 000 0000 thread 000 OO
00 00OO00C 0OO0 00O 000D 0O 00000 .000 000 0000 O0thread 00 00 000000 000OO0ODOO 0ODOOO
O0thread OO 00 00000000 00000 0OOOC OO0 00 0O 0DOOOOOCD 000D O0DO 0000 0000 O0thread

.00000 00000 oooooo 0obo oooo oo

gooood  60.4

Send + Sync

:00000 Send + Sync 0000 00 O0ODO 0ODO OO O0 000D0OD 000D

...,18, 32, bool, char, &str

W ,{ T1, T2),[T; NI,&[T],struct { x: T) e

w,{ T1, T2),[T; NI, &[T],struct { x: T)

...,<String, Option<T>, Vec<T>, Box<T

.thread-safe 00 atomic reference 00000 00000 0000 00 0000 000 O0:<Axc<T
.1.72.0 OO :<mpsc: :Sender<T

.00000 0000000 0000 atomic 000 0000000000 OO ... DAtomicBoold AtomicU8

Send.00000 Send + Sync 00000 0000000 generic 0000000 0000 0000000000 0000 O0DO OO
.+ Sync

Send + !Sync

0oooo ooo 00 .000000 0000 0000 000 0000 00000 0000 0000000 00 000000 00 0ooooo ooo
:(interior mutability)00000 0000000000 0OOOD 00

<mpsc: :Receiver<T e
<Cell<T -
<RefCell<T -
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Send + Sync!

These types are safe to access (via shared references) from multiple threads, but they cannot
:be moved to another thread

MutexGuard<T: Sync>: Uses OS level primitives which must be deallocated on the
thread which created them. However, an already-locked mutex can have its guarded
.variable read by any thread with which the guard is shared

Send + !Sync!
:000 00000 0000 000 0000 00 00 0000 0000 000 0 000000 0000 thread 000 00 000000 000

.000 atomic 000 00000 DDODODOD 0000 DD 000 *ReBox” 00 00000 OO 00000 *Re” OO :"Re” o
000 DOOO 000 00000 00000 00 000 00 Rust DOO 0000 :const T, *mut T* DOOOOO e
.00000 00000 oooo ooooobo boboooo
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61 000

ooopo oooooooo

:000 000 00000 0000 0 0000 000 0oooo 0o oooo oooo ooo ooo

oooo ooo  oooooo

goooo o Arc
gooooogo Mutex
ooooo oo aooo

Arc 61.1

:00000 0000 Axc: :clone 0000 OO0 00000 read-only 000000 00 00000 00000 <Arc<T

;use std::sync::Arc
;use std::thread

} () fn main
;([let v = Arc::new(vec![10, 20, 30
; ()let mut handles = Vec: :new
} for _ in 0..5
;(let v = Arc::clone(&v
} || handles.push(thread: :spawn(move
; ()1let thread_id = thread::current().id
;("{?:println! ("{thread_id:?}: {v
HUE
{

;(()handles.into_iter().for_each(|h| h.join().unwrap
("{?:println! ("v: {v

{

.This slide should take about 5 minutes

atomic 000000 00 00 Re 00 0000 O00OCO 0O 0000 ”Atomic Reference Counted” 0000 ”Arc” »
00000 ooooooa
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Sync 0 Send .000 00 0000 DOOOD 00O 00 000 00DOO T DOOD 00 ”Clone” 0OO OO0 OO ”Arc” »
.000 00Ooooboo oo oobo ooo oo T oo ooooo oobooboooo oboob 0o 000 0 0ooo oo
0000000000000 00000000 00 00000 0000 00 atomic 0000000000000 ()Axc: :clone «
.000 0000 'T' 00
0000000 D000 0000000 0000 garbage collector OO0 Arc 000000 O0reference cycle 00000 e
.000000
.0000 00DOD 0000000 std: :sync: :Weak —

Mutex 61.2

00 00 ”T” 00 (mutable) 00000 0000 000000 0O0OOCO O 00DOOD 0OO OO0 00DDO DO0DO <Mutex<T
.00000 00000 (00000 (mutable) 00000000CC 00 OOODOD 000) read-only interfacedd OO0

;use std::sync::Mutex

} ()fn main
;([let v = Mutex::new(vec![10, 20, 30
;(O)println! ("v: {:?}", v.lock().unwrap

}
; ()let mut guard = v.lock().unwrap
; (quard.push (40

{

;(Qprintlnt("v: {:?}", v.lock().unwrap

{
.00000 00 0000 00000 0000 <impl<T: Send> Sync for Mutex<T 00 00000 OO0 0000 0000

.This slide should take about 14 minutes

(protected) 000 000000 0OOODOOD --- 0000 00 000D 00 DOOOOOOO 0OOOO Rust OO0 «Mutex»
00000 ooo oo
00 mutex 000000 Oprotected 00 000 000000 0O0000OC0D OO 000DOO OO 0OO DOOOOOO -
.000 DOODoo
00000 MutexGuard.OOOO 000000 <Mutex<T& 00 00 mut T& 00000000 lock OOOOO OO
.0000000 00000 0000 00000000 000 00 00000 mut T&OO 00000
.000000 0000000 Send OO T (DOD 0 000) Sync iff 0 Send 0000 00000 000 00 <Mutex<T o
.RwLock :00000C 0 000000 000 0O00O
00000000000 ResultOO ()lock OO0
«poisoned/00000» Mutex 0000 panic 0000 000000 000 00 Mutex 00 O0thread OO0 —
0oooD 00 00D 0000 00000 ooDoDO 00 00000000 00O 000 D000 00 Doooo
PoisonError»]»] 00 00 00000 mutex 00 00 ()lock 0000000C .00000 000O0OOOOO
-00 .000000 DoOOOO ((https://doc.rust-lang.org/std/sync/struct.PoisonError.html
00 00 0000 0000 000000 0000000 0000 000 0000 00 00 ()into_inner 0OODOO
.0000 0ooooooo

good  61.3

:000000 00O 00 00 Mutex O Axrc OOOO O0ODOO
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;use std: :thread
;{use std::sync::{Arc, Mutex //

} ()fn main
;[let v = vec![10, 20, 30
} ||)let handle = thread: :spawn
; (v.push(10
(o
; (v.push (1000

; (Vhandle.join() .unwrap
;("{?:println! ("v: {v

{

.This slide should take about 8 minutes
:0000 00000

;{use std::sync::{Arc, Mutex
;use std: :thread

} () fn main
;(([let v = Arc::new(Mutex: :new(vec![10, 20, 30

; (let v2 = Arc::clone(&v

} || let handle = thread::spawn(move
;()let mut v2 = v2.lock().unwrap
; (v2.push(10

(4

}
;()1let mut v = v.lock().unwrap
; (v.push (1000

{

; (Yhandle.join() .unwrap

;("{?:println!("v: {v
{
:0000 0000 0ooooo

.000 00 00 OO00 0000 00000 0000 000000 00000 Mutex O Axrc O0Ov -

0ooo 0000 oooooo 0ooooo oo 0ooD 0ooo 0OooDD 00 Axc OO0 00 Mutex 00 0000 0000 -

.000 O0thread 000 (mutable) 00000

.000 00000 00000 thread OO0 00 OO 00000 0O 00D 0000 v2 ODOOO 00 0DODO <_>v: Arc -

.00 00000 lambda signature 00 move 0000
.000000 00000 00000 00 00 LockGuard 00000 0OOOD 00000 0OOOD 0ODDOO -
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gooopod

:000 000 00000 0000 000 ooo .0boo 0oo 0booo OO 0 0000 0 0000 0000 ooo ooo

aooo ooo aooooo
aoooo oo Dining 00000
0oooo o0 00000 000 00000 ooooooo
goooo oo gooo ooo

Dining 00000 62.1

:000 concurrency 000000 00000 00 0000 OC DOODOOOOC OOODO O0OOC oOoooo

00 00 000 000 000000 0boooo 00 .0000000 000 000 00 000 00 0000 00 000000 000
0000ooo 0ooo 0oooo 0000 00 00000 .0000 0000 00000 00 00000 00 000 .0000 ood
0oo 0ooooo ooo oo 0oooooo 000 000000 0o 000 00o0o0o 00000 00 0o 0ooo 0o ood
ooooo oo ooo ooooooo ooooooo 0oo oooooo 0o 0000 0o 00000 .00000 000 0 ood
000 00000 00 0obbooooo 0ooob 00000 00 0bOooo boooo 0D 0 00 bbooo 0o 00 0oooo
00 0 00000 0000000 000 0o 0000 00000 000000 00 00 000 00000 00000 00 0oooo
0oooo 0o 00O 0000 0000 00 00000000 bO000o 0o ooooo 00 00 .0oo000000 000 0o

.0oooooo obooo oo

000 OO0 00000 00 OO0 000 00 .00000 0000 0000 Cargo installation 00 OO0 00000 000 OOOO
00000 00 cargo run 00 0000 00000OD O 000C OO0 00 O0O0OO O0OOD O0O0DODO 00O sre/main.xs
:0000000 (deadlock)

;{use std::sync::{mpsc, Arc, Mutex
;use std: :thread
;use std::time: :Duration

;struct Fork
} struct Philosopher
,name: String

:left_fork //
:right_fork //
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:thoughts //
{

} impl Philosopher
} (fn think(&self
self.thoughts
((self.name& ,"'!'0000 0OOOO OO {} '0000")!send(format.
; (Junwrap.
{
} (fn eat(&self
...Pick up forks //

;(println!("{} is eating...", &self.name
; ((thread: :sleep(Duration: :from_millis(10

{

= [static PHILOSOPHERS: &[&str
;["Socrates", "Hypatia", "Plato", "Aristotle", "Pythagoras"]&

} () fn main
Create forks //

Create philosophers //
Make each of them think and eat 100 times //

Output their thoughts //

{

:0000 00O0DDOD 000 Cargo.toml OO 000000 OO
[package]

"name = "dining-philosophers

"version = "0.1.0

"edition = "2021

o000 000 obooo oooooot - e2.2

.0000 0000000 multi-thread 0000 0000000 00 00000 DOOO 000 0DOOO 0000 0D 0000 00000
oooo .ooooo 00000 0oo0o 00 0o0oo 0oboooo 0o 0ooo 00000 0 000 0OOoo 00 0000 00 00 0ooo
000 o0 00000 00 00 000 000 0 000 00boo booeo booo 0o 0o 0O00 00000 boooooo booooo

.000 00000 0000000 00000 0oooo

0000 0000 00 000000 000 .00000 0000 reqwest 00000 HTTP 000000 OO 0O OO0 000 0000
0000 00O 00 000ooo 0o .0000 0000000 reqwest OO0 000D0OOD OO 00 00OOOOD 0OO0O0O 00000D OOOOO
.000 000000 0000000 thiserrox OO0 O0DOOOO 00 00000 0000 0OOOO 00 DOOOOO 0000

:Create a new Cargo project and reqwest it as a dependency with

cargo new link-checker
cd link-checker
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https://docs.rs/reqwest/
https://docs.rs/reqwest/
https://docs.rs/thiserror/

cargo add --features blocking,rustls-tls reqwest
cargo add scraper
cargo add thiserror

0000 00000 DOO0 0ODOO00 error: no such subcommand 00 cargo addOdO
.0000 00000 00 000 00 000 000 0000000000 0 0000 000000 0000 00 Cargo. toml

:00000 0OODODDDOO 00D 000000 Cargo.toml 0000 OO OO0 cargo add 0000000000

[package]

"name = "link-checker
"version = "0.1.0
"edition "2021
publish = false

[dependencies]

{ ["reqwest = { version = "0.11.12", features = ["blocking", "rustls-tls
"scraper = "0.13.0

"thiserror = "1.0.37

/https://www.google.org 000000000 O000C00DO.0DO0DODOO0DODOO0OD 0000 DO00OOC 000DOOO
.0000 oooooo

:0000 000 00 0000 0000 0000 000 sxe/main. xs 0000

;use reqwest::blocking::Client
;use reqwest::Url

;{use scraper::{Html, Selector
;use thiserror::Exrrorx

[ (derive(Error, Debug]#
} enum Error
[("{error("request error: {0]#
, (ReqwestError(#[from] reqwest::Error
[("{exroxr("bad http response: {@]#
, (BadResponse(String

{

[ (derive (Debug]#

} struct CrawlCommand
,url: Url
,extract_links: bool

{

} <fn visit_page(client: &Client, command: &CrawlCommand) -> Result<Vec<Url>, Error

; (command.url | "{#:} 00000")!println
;?()1let response = client.get(command.url.clone()).send
} ()if !response.status().is_success
; ((()return Exrr(Error: :BadResponse(response.status().to_string

{

;()1let mut link_urls = Vec: :new
} if !command.extract_links
; (return Ok(link_urls
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{

;()1let base_url = response.url().to_owned
;?7()1let body_text = response.text
; (let document = Html::parse_document(&body_text

;()let selector = Selector::parse("a").unwrap
let href_values = document
(select(&selector.
;(("filter_map(|element| element.value().attr("href.
} for href in href_values
} (match base_url.join(href
} <= (Ok(link_url
; (link_urls.push(link_url
{
} <= (Err(err
;("{println! ("On {base_url:#}: ignored unparsable {href:?}: {erx
{
{
{
(Ok(1link_urls
{

} ()fn main
;()1let 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
,("{?#:0k(1inks) => println!("Links: {links
,("{#:err} :000 DOO OO OOOOD DOOOOOCO")'Err(err) => println

{
0000 0000 src/main. s 00 00 00 00O

cargo run

Task

00000 000D 0D 00 O00O0URL :0000 0000000 O0thread 00 000000 O0OODOO 0OOOOD 0000 -
00 OOURL 0OOOOD 000000 thread 000 0OOO 00000 O 0000 OODOD channel 00 00 0000
.0000 0oooo

00000 00 00 00000 000 00 00 DOOOo bOo00 0Doobooo oooobooo booo 0O o0 000 .
00 0000 000D 00D0D 00 0000 00D 0000 00 000D 00 .0000 0000000 «www.google.org»
.00000 00000 0000 oooo ooooo oo
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gooo ooo - 62.3

Dining 00000

;{use std::sync::{mpsc, Arc, Mutex
;use std: :thread
;use std::time: :Duration

;struct Fork

} struct Philosopher

,nhame: String

,<<left_fork: Arc<Mutex<Fork
,<<right_fork: Arc<Mutex<Fork
,<thoughts: mpsc::SyncSender<String

{

} impl Philosopher

} (fn think(&self

self.thoughts
((self.name& ,"!0000 0000 OO0 {} 'O000")!send(format.
; (Yunwrap.

} (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 //
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} <fn visit_page(client:

.either of them //
} if 1 == forks.len() - 1

;(std::mem: :swap(&mut left_fork, &mut right_fork

{

} let philosopher = Philosopher
,()name: PHILOSOPHERS[i].to_string
,thoughts: tx

,left_fork
,right_fork
i {
} || thread::spawn(move
} for _ in 0..100
; ()philosopher.eat
; ()philosopher.think
{
»({
{
; (drop(tx

} for thought in rx
; ("{println! (" {thought
{

Link 0000000

;{use std::sync::{mpsc, Arc, Mutex
;use std: :thread

;use regwest::blocking::Client
;use reqwest::Url

;{use scraper::{Html, Selector
;use thiserror: :Error

[ (derive(Error, Debugl#
} enum Error
[("{error("request error: {0]#
, (ReqwestError(#[from] reqwest::Error
[("{exror("bad http response: {Q]#
, (BadResponse(String
{

[ (derive (Debug]#

} struct CrawlCommand
,url: Url
,extract_links: bool

{

&Client, command: &CrawlCommand) -> Result<Vec<Url>, Error
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; (command.url ,"{#:} 00000")!println
;?()1let response = client.get(command.url.clone()).send
} ()if !response.status().is_success
; ((()return Exrr(Error: :BadResponse(response.status().to_string

{

;()1let mut link_urls = Vec: :new
} if !command.extract_links
; (return Ok(link_urls

{

; ()let base_url = response.url().to_owned
;?7()1let 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
} <= (0k(link_uzrl
; (link_urls.push(link_url
{
} <= (Erxr(err
; ("{println!("On {base_url:#}: ignored unparsable {href:?}: {err
{
{

{
(Ok(link_urls
{

} struct CrawlState

,domain: String

,<visited_pages: std::collections::HashSet<String
{

} impl CrawlState
} fn new(start_url: &Url) -> CrawlState
;()let mut visited_pages = std::collections::HashSet: :new
; (()visited_pages.insert(start_url.as_str().to_string
{ CrawlState { domain: start_url.domain().unwrap().to_string(), visited_pages

{

.Determine whether links within the given page should be extracted ///
} fn should_extract_links(&self, url: &Url) -> bool
} let Some(url_domain) = url.domain() else
;return false
|

url_domain == self.domain
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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
oo
; ((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
;()1let client = Client: :new
} loop

} = let command_result
;()let receiver_guard = command_receiver.lock().unwrap
()receiver_guard.recv

A

} let Ok(crawl_command) = command_result else
.The sender got dropped. No more commands coming in //
;break

o

} (let crawl_result = match visit_page(&client, &crawl_command
, (Ok(1link_urls) => Ok(link_urls
, ((Err(error) => Err((crawl_command.url, error

A

; ()result_sender.send(crawl_result).unwrap

s ({
{

)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

;()1let mut bad_urls = Vec: :new
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} while pending_urls > 0
;()let crawl_result = result_receiver.recv().unwrap
;pending_urls -= 1

} match crawl_result
} <= (0k(link_uxls
} for url in link_urls
} (if crawl_state.mark_visited(&url
; (let extract_links = crawl_state.should_extract_links (&url
;{ let crawl_command = CrawlCommand { url, extract_links
; ()command_sender.send(crawl_command) .unwrap
;pending_urls += 1

{
{
} <= ((Err((url, error
; (bad_urls.push(url
;(error ,"{#:} :00 DOO0OO crawling O000O0")!println
;continue

{
{
bad_urls
{

} <fn check_links(start_url: Url) -> Vec<Url
;()<let (result_sender, result_receiver) = mpsc::channel::<CrawlResult
; ()<let (command_sender, command_receiver) = mpsc::channel::<CrawlCommand
; (spawn_crawler_threads(command_receiver, result_sender, 16
(control_crawl(start_url, command_sender, result_receiver

{

} () fn main
;()let start_url = reqwest::Url::parse("https://www.google.org").unwrap
; (let bad_urls = check_links(start_url
;(println!("Bad URLs: {:#?}", bad_urls
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63 000

goooo ooo

00 000 00 00000 00 000000 DO0 00 000 00000 00 00 00 000 concurrency 000 00 ”Async”
00000 000 0000 00000 00000 0o 0oooo 000 00O 000 0 00000 o000 0000 ooooo oo ooooo
0000 000000 00 000000 ooooo ooo oo 0oo oooobo bbooo 00 0o0oo ooooo ooo ooo .ooooo
0000000 00000000000 b 000 0C 00000 0o0oooo task 00 0OOOOD OO0 0OD OOOO OO0 OO0 0 0ooo

.000000 0ooob 00000 0000 00 booCb 00 1/o 0000 0obbboCb 0000 0b 0oooooo

00 000 000D 0D 000 0000 000000000 00 0000 *futures” 0000 00 Rust asynchronous 000000
.000000 «polled» 000000 00 0000COD ODDD OCODO OO OOCOOD OO OO0future .000 DOOOO 00000

0oooo oo oooocb oobooooo ooooo 0 000000 00000 0ooooooo 0ooooooo oo oooo 00Future
.0oooo

gooood

00 00000 00 «Future» 0000 0OO000ODDD 0000 00O «asyncio» 00 00 000000 0OO 0O0O0OO
runtime 00 0000 «0000» 00 00 Async Python 000000000 .000 0000 poll O OOO callback
.00000 0000 Rust 0O

.000 callback 00 00000 00DOCO OO0 OO0 000O0OOO 000CO 00 *Promise” O0O0O0 DOOC 000
00 000000 00000000 000000 0000 00000 00 (event loop) OOODOO OOOO OOOD runtime
.000000 00000 Promise 00 0000 000000

pooooo oooooo

0000 .0000 0O0 bOopo 00 00000 00000 0bbo booo 0ot 00booDoo 0o booboooooo booooo oo
:000 000 0ooooo

oooo ooo aoo
ooooo oo Async 00000
g0oooo 00 - Control Flow 0 0000000
ooooo oo 00Pitfall
ooooo oo ooooo o goooooa
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64 000

Async 00000

:000 000 00000 0000 0 0000 000 ooooo oo oooo oooo ooo ooo

000D 000 ooopoo
0o0oo 00  async/await
aooooo o Futures
ooooo oo Runtimes
goooo oo Task

async/await 64.1

:At a high level, async Rust code looks very much like "normal” sequential code

;use futures: :executor: :block_on

} (async fn count_to(count: i32
} for i in 0..count
;("M{println! ("Count is: {i
{
{

} (async fn async_main(count: 1i32
;count_to(count) .await

{

} ()fn main
; ((block_on(async_main(10
{

.This slide should take about 6 minutes
:00000 0000

000000 000 .000 syntax 0000 0000 0DO0OO 0000 DOOO OO OO0 00 00000 00000 0000 .
100000 0000 0O 00 00000 (concurrency)0000000 OO0 00 0OC 000000
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00000 async call 00000 000 -

0000000 main OO0 ; (let future: () = async_main(1@ OO0 type 000DOO 0000 —
.oooo

00 00 00 0000000 000 00000000 .000 Rust 0000 syntax 0000000 »async” 00000 0000 -
.00000 0000000 future

00 000000 0000 0000 0D 00000000 00 00000 boho000000000 0oob 000000000 00 -
.0000 async 00 main 00000000 future

thread 00 block_on.00000 0000 (executor) 00000 0000 OO 0O 00000 00DOO 0O0DOOO OO -
.000D00 0000D 000 000DD 000 00000 future 00 O00DO OO 00 0000 0000

000000 .000 DO0C 0OO00D OO0 00000 00000 (asyn) 00O000DO OO0 OO await 0OOOO .
.000000 00000 00 0000 thread 0000000 await 00 block_on

00 000D 000 Oblock O0) 000 OOCOOOO async 000D OO0 0000 0O 0DOODOCOD DOO await. -
(000000 0oooo ooooo

Futures 64.2

000 0000 00 00000 000000O 00000 D000 00 00O00object 0000 00O 0OOO 0OOO trait 00 Future
.0000000000 00 Poll 00 poll 0 OOO poll OO future 00 0OOODD .0000 0000 0000 0000

;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

{

000000000 (00000000 000) 00000 000000 .0000000000 00 impl Future DO async 0000 OO
00 00O 000000000 JoinHandle 00000 0OOO .0000 0DOO OOC 000000 0O0DOOO DOOO Future
.000 00000 00 OO0 00 (oining) 000DDO DOOOO 00 DOOOO DOOOOOODD OO0 tokio: :spawn Future

00000 00 0000 asyne 0000 OO DOOOD 0OOC 000000 00000 Future 0000 00 await. O0OOO0 0OOO
.000 0000000 00O oo000 000 0 000 00000 000 00000 Future OO

.This slide should take about 4 minutes

0000 .0ooo 00 0000 00D 000 0000 0000 00 0000000 000000 Poll O Future 0OO0OOO -
.0000 0000 oo0ooo 0oo 0oo0oo 00 boooobooooo ooooo

00000 00 Dasync 00000 00000 00000 000 00 000D DOODD DOO0DO0 ContextOPinO0ODO
:00000 000 DO .000 000000 00000 asyne 0O0O00O

0000 00 000 0000 00 00 0000000 00 00000 00 00000 00000 Future 00 Context -
.000 0000000000 0000 poll
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https://doc.rust-lang.org/std/future/trait.Future.html
https://doc.rust-lang.org/std/task/enum.Poll.html

O00pointer 00000000 DOOOOOO DOOOOD OOOOO OO Future 00 00000 DOOOO Pin -
00000 0000 OO0reference OO 0000 00000 OOOCO 0OO .000DDOD DOOO 00000 future
.000 0000 await. DO OO0 DDDDO

Runtimes 64.3

00000 0 000 DO 00000000 (_a_reactor) 00 00000000 0000 00 00DOOOD 0DOOOO 0000 runtime OO
00 0000 00000 00000 000 000000 00000 runtime 00 Rust .000 (an executor) O0future 00000
000 0oooo

00000 00000 0o0o 00 000D 000000 00 DoCo0ooo 00 00 O(performant)000000 :Tokio
.gRPC 0000 (Tonic] (https://github) .com/hyperium/tonic] 00 HTTP 0000 Hyper 00000
00 00000 runtime 00 0000 O 0000 »std for async” 00 00 000 000 0000 ::async-std
.000 async: :task
000 000 0 0000 :smol

Fuchsia 00000 0000 .00000 00 000 00 00000 (runtime) 0000 0000 000000 0OCOOD 00000
.0000 runtime 000 00000

.This slide and its sub-slides should take about 10 minutes

playground 00 Tokio 000 0000 00O DOOO O00DCDO OOOO OO OO0 00000 0ODOOO 0OOO
0000 000 0O (I/0) 0000o/o000 0ob0o 000000 playground.00000 00000000 Rust 0000
.0000 0000 playground 00 0000000O0D 0000 asynce 000000 0OOOO 0OOOODOO

000000 000) 0000000 0oo0D 0000 000 00 00000 «(nert)000DO» 000 OOC OO0 OOFuture

polling 00 0000 00 000D DOOCD 000D (executor)D000 OO 00000 000 (DOOCDDO O0DDOOC /O

00000 0000000 0000 00D 000 00 00D 000000 JS Promises 00 000 00000 00000 0O .000
.00 000000 0000 000000 000 0000 ooooo oo

Tokio 64.3.1
:Tokio provides

.(asynchronous)00000000 00000 DOO0O 0000 multi-thread 000 00 runtime 00 ¢
.000 00O0DDDDDD 0000000000 asynchronous version 00 o
.0000000000 00 00000 000DoooO -

;use tokio::time
} (async fn count_to(count: i32
} for i in 0..count

;("!{task: {i 000OO")!println
;time: :sleep(time: :Duration: :from_millis(5)).await

{
[tokio: :main]#
} ()async fn main
; ((tokio: :spawn(count_to(10
} for i in 0..5
; ("{println! ("Main task: {i
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https://tokio.rs/
https://hyper.rs/
https://async.rs/
https://docs.rs/smol/latest/smol/
https://fuchsia.googlesource.com/fuchsia/+/refs/heads/main/src/lib/fuchsia-async/src/lib.rs

;time: :sleep(time: :Duration: :from_millis(5)).await

.0000 async 00 main 00000000 OODOD tokio: :main 00000 OO -

.00000 00000 000000 0 0000 “task” 00 spawn 0000 -

.0000000 000 count_to 00 00 await. 000 OCOOOOOO Future OO0 spawn :0000 o
:00000 Further

.000 async 000 OO0 OOOOOOO OO0 OODOOOOO OO OOODOD DO (OOOOO00) count_to OO0 -
.000 0000 0O 0000 00000 000D 00000D OO0 0000000000 00 handle OO0 tokio: :spawn

.0000 000000 00 «count_to(10@) .await 0000 spawn 000 OO o
.00000 tokio: :spawn 00 000000 OO0 0OOOO

Task 64.4

.000 000 000 thread 0000 0O 0000 task system 00 Rust

poll 00 00 000 00000 DOOO (executor) 0OO0OODDDD OO0 0000 OOOO 00O OO future 00 task OO
poll 00 00 poll 00O 00 0000 DOOOO 000000 future 000 OO 00 OO0 0000 future 00 .00000
task 00 00 0000OOO .0000 0OD0OO 00D 00000000 stack OO 00 0000C0DOO 0OO 0O O0 000000

.000 000000000 /O DODOO00 DO 0 0000C 00 00000 00000 Ochild future 00000 OO poll 0O

;{use tokio::io::{self, AsyncReadExt, AsyncWriteExt
;use tokio::net::TcpListener

[tokio: :main]#

} <()>async fn main() -> i1o::Result
;7let listener = TcplListener::bind("127.0.0.1:0").await
;(()println!("listening on port {}", listener.local_addr()?.port

} 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
; ("name}!\n} 00000000 DODOO ODOO O0")!let reply = format

; ("socket.write_all(reply.as_bytes()).await.expect("socket error

;({

{
.This slide should take about 6 minutes
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.0000 0000 0000 00 00 00 0 0000 000 00 000 0o0oO sre/main.xs 00 00 0OOO 00O
.0000 0000 00 0O telnet 00 ne 00000 TCP 00000 OOCCC 00 OO 0000 00O

Ask students to visualize what the state of the example server would be with a few
?connected clients. What tasks exist? What are their Futures

This is the first time we've seen an async block. This is similar to a closure, but does not *
.take any arguments. Its return value is a Future, similar to an async fn

.000oo 0oooo ? 00 0000000 00 00 000 000000 0 0000 00000 0000 00 00 00 asyne O0O0O0O -
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https://www.unix.com/man-page/linux/1/nc/
https://www.unix.com/

65 000

Control Flow [ 0000000

:0000 000 .0000 000 00000 00 0000 0000 000 000

0000 0oo oooooa
00000 00 Async 0000ODOOO
ooooo o Join
ooooo o Select

Async 00000000 65.1

:tokio 000D 00000 OO .00DDOD 00000000 asynchronous channel 00 crate 00000

;{use tokio::sync::mpsc::{self, Receiver

} (<()>async fn ping_handler(mut input: Receiver
;let mut count: usize = 0

} while let Some(_) = input.recv().await

;count += 1

;(".000 DOD DDODDOD ping 000 {count} O00000")!println
{

;("0000000000 println!("ping_handler
{

[tokio: :main]#
} ()async fn main
; (let (sender, receiver) = mpsc::channel(32
; ((let ping_handler_task = tokio::spawn(ping_handler(receiver
} for 1 in 0..10
;(".sender.send(()).await.expect("Failed to send ping
; (println! ("Sent {} pings so far.", i + 1
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; (drop(sender
; (".ping_handler_task.await.expect("Something went wrong in ping handler task
{

.This slide should take about 8 minutes
.0000000 00000 0000 0O 00000 00 000000 0 0000 00000 300 00 00000 000000 -
.00000 0000 0000000 0000 00 00 000 sync 000channel 00 0000 interface 000000000 o
0000 0000000 000000 00 .0000 000 00 std: :mem: :drop 0000 o

00 recv O async send 0 sync 00 000 000000000 00000 Flume 00 00000 crate OO0
CPU 010 00OOODDO DO0Otask OD 0DOOOCD 0OOOODDOO 000D 0OOODDO DOO 000 .000000 0000
.0000 00000 ooooo

0000 00 0000 00000 0000000 000000 00000 00 async 00000000 OO 00O 0O O0OO0O .
.000 000000 00000 00000 00000 0 0000 00000 0000 future

Join 65.2

00000000 0 0O0O0 00000 00future 00 00000000 0OOCO 0O 000000 0O0DO (join) 000000 000DOOD
00 JavaScript 00 Promise.all 00 0O0O0O0 OOC .0000000COO OO0 0000 DOOOO OO (collection)
.000 000000 00 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 = requwest::get(url).await
(()Ok(resp.text().await?.len

{

[tokio: :main]#
} ()async fn main
] = [let urls: [&str; 4
,"https://google.com"
,"https://httpbin.org/ip"
"/https://play.rust-lang.oxrg"
, "BAD_URL"

oL

; (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
;(Jurls.into_iter().zip(results.into_iter()).collect

;(println!("{:?}", page_sizes_dict

{

.This slide should take about 4 minutes
.0000 0000 0000 0000 0000000 OO0 000 000 00000 sxe/main. s OO0 OO0 OOOO 0OOO
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0000000 'std: :future: :join OO0 OOOO0OCD O0O00OD 000OOOO OO future 000 0OOO
0000 000 00 000 .0O00 000000 future 000 0000OOD 0OOO O0 00 0OOODO 0OOOD 00O 00000
.00000 00000 std: : future OO0 0000 OO 00 00O futures 000 00 crate) 0000 OO

0000 00000 00D 00000 resolve 0000 000 000D O0future 00 OO0 OO0 000 000 join OOO «
.000 00000 000 oooooo ooooo

000000 000D 00ODOO 0OO0000 0000D 00000 'join OO0 OO join_all DOOOOOCOD DOCOOO e
0000 00O 0000 000000 00000 00 000000 € http 00000 0O 0O 0DOODDOOOO 000 (!join)
000 .0000 00000 future 00 ! futures: :join 00 0000000 OO OO0 tokio: :time: :sleep
0000 (D0OO000 0000 00000 0000 000 00 0 0000 0000!'select OO0 00) 0000 timeout OO
.00000 0000 00 !join

Select 65.3

00000 00 0 000 00000 00future OO0 00000000 OO0 00 OO OO 0DO0OOOCD OOOOO 0000000 000000 oo
000000 00 0 000 Promise.race 00 0000 OODOO OO0 JavaScript 00 .00000 0000 future 00
000000 0000 (asyncio.wait(task_set, return_when=asyncio.FIRST_COMPLETED OO

.0000oo

00 00 000 0000 000000 DO0O00 pattern 0000 O(match statement) 000000 00000 00 00000
00000 future OO 000000 .00000 pattern = future => statement OOOCO 000 00 OOOO
0000 DO0ODOO000 00 statement 000 .00000 00000 pattern D000 OO0 0000000 00OOCO ODOO

.00000 !'select 00000 000000 statement 00000 00 .00000 0000

;use tokio::sync::mpsc
;{use tokio::time::{sleep, Duration

[tokio: :main]#
} ()async fn main
;(let (tx, mut rx) = mpsc::channel(32
} let listener = tokio::spawn(async move
} !tokio::select
,("{Some(msg) = rx.recv() => println!("got: {msg
,("sleep(Duration::from_millis(50)) => println!("timeout = _
A
(o
;sleep(Duration: :from_millis(10)).await
; ("await.expect("Failed to send greeting. (("!0000")tx.send(String: :from

; ("0O000 D000 DODDOO")listener.await.expect
{

.This slide should take about 5 minutes

00 async 000000000 OOOO 0OOOD :000 0000 000 00 000OO 00 asyne listener 0000 «
00 0000 00000 00000000 sleep 00 00 sleep .00000 OO0timeout 0000 0000 0000000
0opooooo ODoD 00000 00D 00 000 send 000 .0000O OO ODDOD ODOOD

select! is also often used in a loop in ”actor” architectures, where a task reacts to
.events in a loop. That has some pitfalls, which will be discussed in the next segment
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66 000

OO0Pitfall

concurrent asynchronous 00000 000000 0000 OO DOOO00O O 0000 DODODOOO Async / await
0 DOpitfall 0 000000 OO OO0 000 OO0 0OO Rust 00 async/wait 000 000000000 .00000 000OO
.000000 00000 000 000 00 00 0000 00 0000 .000 00000 o00footgun

:0000 00 .0000 000 0oboo oo 0ooo oboo ooo ooo

oooo ooo aooooo
00000 00  Executor 0000 0OO0OO
aooooo oo Pin
aooooo o Async 0000
ooooo oo oo

executor 0000 OOOOO 66.1

0000 (concurrent) 000000 ODODC 00 00 0OOODOD 00000 IO task 00 0000 O00async runtime 0000
0000000 0 executor 000 00000 0000 CPU 0000 block 000000 00 000 0000 0000 00O .0000O
00000 000000 00 00000 0000 00 00 000 000 0000 00 000 00.00000 00000 0000 00000 00

.0000 0000000 async

;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
7 (
{
[("tokio::main(flavor = "current_thread]#
} ()async fn main

;()let start = Instant::now
; ((let sleep_futures = (1..=10).map(|t| sleep_ms(&start, t, t * 10
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;join_all(sleep_futures).await

{
.This slide should take about 10 minutes

0000 OO0 00 0 0000000 00000 000000 000 00 O0sleep 00 000000 0O 0000 OOOO DO OO -
.(concurrent) 000000

00 00000000 000 .00000 0000 thread OO DOC OO0 O0task 000 "current_thread" OO0 «
.0000 0000 multi-threaded 00000 00 000000 00000 000 000 DOOOOO DOOOOCOO

.00000 00000 00000 00000 00000 tokio: :time: :sleep 0000 std: :thread: :sleep -

0 00000 00000 00000 thread 00 OO 000 tokio: :task: :spawn_blocking 0000 00000 -
.00000 00000 future 00 executor 0000 OOOOD 0000 OO 00 handle

0 00000 00 000D .000000 000 00 0000 00000 DO00thread 00000 O0 00 O0task 0OO0D 00O
00 000 000000 00000 O0task OO O0DOOC O0 O0executor 0000 O 00OOOOCD DOOODDOO O 0O
00 0000 DO0O00OOD0O 0O 0oono 0Ooon 000000 000 000 .000o DOO0 000o 0OO00O thread
00 thread 0000 000000000 0O 000 0OOD 0000OODD OO OO 0000 D000 0000000 FFI O0ODO
0000 0D .0000 00D0CD 00000 (CUDA 0oo0o) 00D 000000000 DOOthread 00 (map) 00000
.0000 0DD0DD 00 tokio: :task: :spawn_blocking 00000D

await. 00 000 mutex 00 00000 00O .0000 0000000 O0mutex 000000000 OO 00OOODO OO -
000 DO thread 0000 00 OO0 0000 task 00 0 000 00OOOD task 000 00000 000D OO0 0000
.00oo oooo

Pin 66.2

.000000 000000000 00 Future 00000 00 DOOO0OOODDOD DO 000000 Async 00000 D 000000
00 000 00000 000 0000 0O 00 0000 00000000 00 000 00000000 00000 00000 oooboo ooo
.000 00 00000 future

00 .00000 000 0000 oooboooo booob 0ooo 0o Doobooooooo oobooooo obooooo 0oo Do oooo
00 O0pointer 000 0000 0000 00OOCD 00OODO 0O0DOOO 0DOOO OO DODDO 0000 future 00000 OOOO
.00000 oboo

00 0000 00 000 000 pointer 00 0000 00 000 000000 DO future 0OOO 0OOODDO O0 0OODOOO DOOO
0000000 0O 0O 00OOOOCD 0000 00 000 reference 00 00000 00 wrapper OO0 Pin .000 00000 OO
.00000 00obo 0o 0oo 000ob bobooo 0O000 0000 00 0O boOoo 00000 00 00 0o 0o bbooooo

;{use tokio::sync::{mpsc, oneshot
;use tokio::task::spawn
;{use tokio::time::{sleep, Duration

A work item. In this case, just sleep for the given time and respond //
.with a message on the “respond_on channel //
[ (derive (Debug]#
} struct Work
,input: u32
,<respond_on: oneshot::Sender<u32

{

.A worker which listens for work on a queue and performs it //
} (<async fn worker(mut work_queue: mpsc::Receiver<Work
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;let mut iterations = 0
} loop
} !tokio: :select
} <= ()Some(work) = work_queue.recv
.sleep(Duration: :from_millis(10)).await; // Pretend to work
work . respond_on
(send(work.input * 1000.
; ("expect("failed to send response.
;iterations += 1
{

TODO: report number of iterations every 100ms //

{

.A requester which requests work and waits for it to complete //
} async fn do_work(work_queue: &mpsc::Sender<Work>, input: u32) -> u32
;()let (tx, rx) = oneshot::channel
work_queue
({ send(Work { input, respond_on: tx.
await.
; ("expect("failed to send on work queue.
("rx.await.expect("failed waiting for response

{

[tokio: :main]#
} ()async fn main
;(let (tx, rx) = mpsc::channel(10
; ((spawn(worker (rx
} for 1 in 0..100
;let resp = do_work(&tx, i).await
;("{i}: {resp} 00000 DOOO OO0 OOOOO")!println

{
.This slide should take about 20 minutes

.0000 DOOOC (actor pattern) 000000 00000 0O 00 DOOOO 000OCD OC OD OO0 OO0 ODDO 00O -
.000000 00D 000D 00 00 00 !'select O0000DD OOODOOOO

00 000 OO 000 0oo obooboob boob 0o 000 0ooo 0ob 0oo o0 Doooooo 0o Doooo oo ooa .
.0o0oo

(..)!sleep(Duration::from_millis(100)) => { println = _0000000OO -
0000 .000 000 0000 0000 0000 000 .0000 00000 !'select 0000 ¢

:0000 00000 loop OO 000D future OO 0000 timeout_fut OO0 000000 -

; ((let timeout_fut = sleep(Duration::from_millis(100
} loop
} l!select

oo .

{5 (..) timeout_fut => { println = _
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{

This still doesn't work. Follow the compiler errors, adding &mut to the timeout_fut -
:in the select! to work around the move, then using Box: :pin

; (((let mut timeout_fut = Box::pin(sleep(Duration::from_millis(100
} loop
} !select

{5 (..)!mut timeout_fut => { println& = _

{

00 0D00O 00000 00 00 O timeout 000000 OO0 00 OO0 000000 00000ODCD 0OOO 000 -
0000 Dooooooooo .(oohoo 00o 00000 000 00 000000 future) 000 Poll: :Ready
:00000 0DODODD 00 000 00 timeout_fut 00000000

; (((let mut timeout_fut = Box::pin(sleep(Duration::from_millis(100

} loop
} !select
} <= mut timeout_fut& = _
;(..)!println
; (((timeout_fut = Box::pin(sleep(Duration::from_millis(100
A
{
{

Box allocates on the heap. In some cases, std: :pin::pin! (only recently stabilized,
with older code often using tokio: :pin!) is also an option, but that is difficult to use
for a future that is reassigned

00000 00000 task 0000 DOOOOO 0OCODOO pin OO 000 OO0 OO OO0 000 OOO 0OOO 0000000 -
.00000 00000 oneshot 00000 00 00 0ODDOODOOO 100 0O OO0 0O0OOO

000000 (self-referential ) 000000 OO0 00O0OD 00D OC O00OOO0O0ODDO DOOO OO0 DOODOOOO -
0000000 000000000 0000000 0000000 00 Rust borrow checker 000000 000 00.0000 0O
0000 000000 0o000 0000 0o 0o ooboooob 0o Doooo ooobbooooo Doooo oooo oooooo
00000 borrow checker 0000 async 00000 0 000000 0000 0O 0DODOO 00OOOOOOOCO .0000OO
.0o0o0oo

00 0D 0000000 00 D00DOOO 0O object OO .000 reference 00 00000 00 wrapper OO0 Pin e
00 0000 00 00 00 000000 0O 0000 0000 DO0 00 .000 0000 000 D00 00 000 000 pointer
.000 00000 000 0000 pointer

00 00000 0000 mut Self& 000 00 <Pin<&mut Self OO0 Future 00000 OO0 poll OO0 e
00 00D 00 00 000000 000 0O 000 000D 0000 0O .00000 0000000 (instance) 00000
.000 00000000 ooo o000 ooooooo

Async 0000 66.3

0000 00000000 00 0000 0o .LO0OOD 00000 1.75 000000 00 000000 DOtrait 00 Asyne 000000
0000000000 0000 00000 00 00trait OO0 (impl Trait (RPIT O00OOOD OOOOOC OO OOOOOOO
.000<... = impl Future<Output <- 0000 async fn 0000 (desugaring)
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OO RPIT 0 async fn 0000 00 000000 0O 0DOOO DODOOO native 00000000 0O 000 0000OOD OO
:0000 0000 00boooo

00000000) 000 00 000 00 000000 DoDC 000000 000 0000 Return-position impl Trait
(D0ODO 0000 000000 000 (borrowing) 0000 000 DOOOODD OO 0000

-00 0000000 async 00 impl trait 0000000 000000 OC 0000 000000 00 000000000 -
.000000 000000 dyn 00 0000

If we do need dyn support, the crate async_trait provides a workaround through a macro,
:with some caveats

yuse async_trait::async_trait
;use std::time::Instant
;{use tokio::time::{sleep, Duration

[async_trait]#
} trait Sleeper

; (async fn sleep(&self
{

} struct FixedSleeper
,Sleep_ms: u64

{

[async_trait]#
} impl Sleeper for FixedSleeper
} (async fn sleep(&self
;sleep(Duration: :from_millis(self.sleep_ms)).await
{
{

yasync fn run_all_sleepers_multiple_times
,<<sleepers: Vec<Box<dyn Sleeper
,n_times: usize
oA
} for _ in 0..n_times
;("..println! ("running all sleepers
} for sleeper in &sleepers
;()let start = Instant::now
;sleeper.sleep() .await
(O println! ("slept for {}ms", start.elapsed().as_millis

{

[tokio: :main]#
} ()async fn main
]!1let sleepers: Vec<Box<dyn Sleeper>> = vec
, ({ Box::new(FixedSleeper { sleep_ms: 50
, ({ Box::new(FixedSleeper { sleep_ms: 100
oL
;run_all_sleepers_multiple_times(sleepers, 5).await
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{
.This slide should take about 5 minutes

000 00 00000 0000 00 00000 00000 0000 000 0000 0000 async_trait OO 0000O0OO «
000000 0000D 00000 heap allocation 000 .00000 0000000 O0heap allocation 00 000
.000

00000000 0 00000 0000 DOOOO Rust 0000 00 async trait 0000 00000DOCO 0000000 e
0000 00 00 0000 000 000 00 Niko Matsakis .000000 00 00000 0O 0000 00000 0000
.00000 00000000 00000 000 00 000 000 0ooo 0o .000 0ooo ooooo

00000 0oobooD 000000 0000 00O 0000 00 0000 00000 0000 0000 sleep 00 0000 0DOO
.0000 00000 Vec 00O

ood 66.4

0000 000 00 .000 poll 0O OO0 DOOODDCD 0000 LODOD 00 000 0000 000 00 future 000000 OOOO
0000 00000D 00 000000D 0o0o .000 00 await OOOD OO0 OO0 DOOOOOO 0 ODODOOO cancellation
00 000000 00o0O0D 00000 0000000 .000 0000 00000 00O 000future OO0 0000 DO ODO 00000

.0000 (deadlock) O0ODD 00 00 DOOO 0OO OO

;{use std::io0::{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
;?2(("map_exrx(|_| 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
{
(())0ok
{

[tokio: :main]#
} <()>async fn main() -> std::io::Result
; (let (client, server) = tokio::io::duplex(5
; ((let handle = tokio::spawn(slow_copy("hi\nthere\n".to_owned(), client

; (let mut lines = LinesReader: :new(server
;((let mut interval = tokio::time::interval(Duration::from_millis (60
} loop
} !tokio::select
,("!interval.tick() => println!("tick = _
} ?line = lines.next() => if let Some(1l) = line
(print!("{3", 1
} else {
break
o
{
{
;?()handle.await.unwrap
(())0ok
{

.This slide should take about 18 minutes

0 000000C 00 API 00000DD 000C .000000 0000 cancellation-safety 0000 OO0 00000O0OO «
.0000 000000 00 00D asyne fn 00 000000 000 00

(000 00 OO00O0O 0) 0000 00000 00000 00 0000 cancellation 00 000 0? O panic 0OOOOO e
.0o0

.00000D 000 00 00 string 00 DO000O0 0000 000 -
.0000 00 000 00 buf O ()next D000 D000 0OO ()tick 0000 OO0 0OOO DO -
:000 0000 0000DDO 00 0000 00 buf 0O0OC OO DOOOOO 0O LinesReader -

} struct LinesReader
,stream: DuplexStream
,<bytes: Vec<u8
,[buf: [u8; 1

{

} impl LinesReader
} fn new(stream: DuplexStream) -> Self
{ [Self { stream, bytes: Vec::new(), buf: [0

{
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} <<async fn next(&mut self) -> io::Result<Option<String
.prefix buf and bytes with self //
oo 1
;(let raw = std::mem::take(&mut self.bytes
(let s = String::from_utf8(raw
;2(("map_err(|_| io::Error::new(ErrorKind::InvalidData, "not UTF-8.
//

{

00000 tick OO0 000 OO0 00000 000000 0000 000 cancellation-safe 0000 'Interval::tick' e
.000 000 0000

00 0000000000 00 000000 0000 D00 cancellation-safe 0000 AsyncReadExt: :read e
.00000000

0000 .0000 cancellation-safe 0000 O 000 0000 00000 AsyncBufReadExt: :read_line e
.0000 000000 00 0000000 00 0000000 00000 0 000000
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:000 000 00000 0000 000 000 .0000 000 00000 00 0 0O00 0 0000 0000 00O 000

oooo ooo oooooo

ooooo oo Dining 00000
ooooo oo 0o oooooo ooo
ooooo oo oooo oo

Dining Philosophers --- Async 67.1

.0000 000000 dining philosophers 00 0000 00000 0000

.00000 D000 (Cargo installation](../../cargo/running-locally.md 00 00000 000 0000 0000 0OOOO
00 0000 000 D 0000 00 00 0000 00000 00000 000 sye/main. xs 000 00 DOOOO 0O OO0 000 0O
:0000000 (sxc/main.xs) 000 00 OO0 cargo run

;use std::sync::Arc

;{use tokio::sync::mpsc::{self, Sender
;use tokio::sync::Mutex

;use tokio::time

;struct Fork

} struct Philosopher
,nhame: String
:left_fork //

:right_fork //
:thoughts //
{

} impl Philosopher
} (async fn think(&self
self.thoughts
((self.name& ,"'!'0000 OOOO OO {3} '0000")!send(format.
await.
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; (Yunwrap.

{

} (async fn eat(&self
Keep trying until we have both forks //

;(println! ("{} is eating...", &self.name
;time: :sleep(time: :Duration::from_millis(5)).await

{

= [static PHILOSOPHERS: &[&str
;["Socrates", "Hypatia", "Plato", "Aristotle", "Pythagoras"]&

[tokio: :main]#
} ()async fn main
Create forks //

Create philosophers //
Make them think and eat //

Output their thoughts //
{

.00000 0000 tokio OOOO0OOO OO 00OOCDOO 00ODOCDOO Async Rust 00 000 000 OO 00000CO OO
:0000 0000000 00O Cargo. toml OO 0O0COOOO

[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
0000000 tokio crate 00 mpsc O Mutex 00000 OO0 0000 000 000 00 00000 00000 000D OOODOO

.00oo

.This slide should take about 20 minutes
00000 00 thread 00 00 000 000000000 0OODOOOOO 0OOO

00 oooooo ood - 67.2

broadcast chat 000000 00 0000 00000 000D 00D 000O 00OOO 00 00O0O000OD 00 000000 ooo oo
00 000 0000000 0 000000 oooo oo 00 boooooo oo ooooo 0O 0ooo oo 00 .0000 obooooo
0ooo 00 0o 000D 0 00000oo oooboooooob ooooo 0o oo ooobD ooooooo oo0000 .000000 ooooo

.00000 000 0000000 OO0 0000 0O000 00o0oo oo 0o 0oooo oo 00 0ooo .0oooo ooooo

000 000000 D000 tokio_websockets 0 0000 000 OO0 broadcast channel 00 0000 000 0000
.0000 0 0000oo

:0000 00000 00 000 0000000000 0 0000 00000 0000 Cargo OOOOO OO
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:Cargo.toml

[package]
"name = "chat-async
"version = "0.1.0

"edition = "2021

[dependencies]

{ ["futures-util = { version = "0.3.30", features = ["sink

"http = "1.1.0

{ ["tokio = { version = "1.40.0", features = ["full

iebsockets = { version = "0.9.0", features = ["client", "fastrand", "server", "shal_smol

0000 oooo 0D0DAPI

000000 0000 00 00000 00D 00000 0000 tokio_websockets O tokio 00 000 00000 OO 000
.0000 000000 API OO

00 00 000000 00000000 000000 0000 :WebSocketStream 0000 ()StreamEXxt::next e
.0000 00 00000

000000 00000000 00000 0000 :WebSocketStream 0000 000 000000000 ()SinkExt::send e
.Websocket Stream 00 00

.000000000 00000 OO0 00000 0000000 00000000 000000 0000 :OLines:next_line

Jbroadcast channel 00 00 000000 0000 :()Sender::subscribe e

uooooo oo

0000 00 O 0bbOooo ooooc 0o 000 oobooo 0O 0o0 OCargo OOOCOO OO0 OO bOOOO 0OO DO
000000 0000 000 .00000 0000 O00000 0o o0 00000 0oo 0o .0oo0o0 00000 sre/main.xs
0000000 Cargo 00000 OO OO0 OO O0OOO 00DOOOOOO DOOOODC 000 00 000 .0000 0000 obooa o
000 0000 .000000 0000 000000 00 00 0000 Cargo OOOOO OO0 OO OO0 0000 OO0 OO0 0000000
.(0000 000000 documentationdd) 00000 0000 src/bin 000 0000 0000 00 0 O0ODOO 0OOO

0000000 sxc/bin/client.xrsOsxc/bin/server.xrsO0000000000000O0000000OOOCOOOO
.0000 00000 000 000 0000 00000 000 00 00 0000000 00 000000 000 00 000 000 00O ooooo

:src/bin/server.rs

;use futures util::sink::SinkExt

;use futures util::stream::StreamExt

;use std::error::Exrror

;use std::net::SocketAddr

;{use tokio::net::{TcpListener, TcpStream

;{use tokio::sync::broadcast::{channel, Sender

; {use tokio_websockets::{Message, ServerBuilder, WebSocketStream

yasync 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 //
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{

[tokio: :main]#
} <<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
;("{?:addr} 00 DOOD OO0OO")!println
;()1let 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
et
{

:src/bin/client.rs

;use futures_util::stream::StreamExt

;use futures util::SinkExt

;use http::Uri

;{use tokio::io::{AsyncBufReadExt, BufReader
;{use tokio_websockets::{ClientBuilder, Message

[tokio::main]#
} <async fn main() -> Result<(), tokio_websockets::Error

= (_ ,let (mut ws_stream
(("ClientBuilder: :from_uri(Uri::from_static("ws://127.0.0.1:2000

()connect.
;?7await.

;()let stdin = tokio::io::stdin

;()let mut stdin = BufReader: :new(stdin).lines

.TODO: For a hint, see the description of the task below //

0o0o0oo ooooooooo

:00 0000000 00 D000 000000000 00 0000
cargo run --bin server

:00 00bO0DD 00O O
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cargo run --bin client

Task

.0000 000000000 sxc/bin/server.xrs 00 00 handle_connection 0000 -
0000000 000000000000 00 task 00 000000 000000000 'tokio: :selectO0:0000 -
(broadcast)000 00 0000 O 00000 DOOOOO 0O0ODOOO 0O O0 00000000 task OO .0000O
.00000 00000 00000 0000 0O 0o00 0000 000 000000 0booboo 0oooo .oboooo
.0000 00000 src/bin/client.xrs 00 00 0000 0000 e
000000 00000 D000 000000 0000 00 00 'tokio: :select OO0 0000 O0OOOO ;0000 -
00000 0 000000000 00000 00 00000 000 0000 000000 (0) :0000 0000000 task 00
.00000 0000 0o00 00000 0 0000 0O 0000 0boooo (o) 0 0000 0o oooo
00 00 000000000 000 0000 bOD0O0OO0 00 0000 00000 OO0 00 0000 0o00o 00 0O -00000040 .
.000 00000 00OO00O ooooooo

gooo ooo - 67.3

Dining Philosophers --- Async

;use std::sync::Arc

;{use tokio::sync::mpsc::{self, Sender
;use tokio::sync::Mutex

;use tokio: :time

;struct Fork

} struct Philosopher
,hame: String
,<<left_fork: Arc<Mutex<Fork
,<<right_fork: Arc<Mutex<Fork
,<thoughts: Sender<String

{

} impl Philosopher
} (async fn think(&self
self.thoughts
((self.name& ,"!0000 0000 OO0 {3} '0O000")!send(format.
await.
; (Yunwrap.

{

} (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
;()1let 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 //
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; (drop(right_fork
;time: :sleep(time: :Duration::from_millis(1)).await
;continue
A
} let Ok(right_fork) = right_fork else
If we didn't get the right fork, drop the left fork and let //
.other tasks make progress //

; (drop(left_fork
;time: :sleep(time: :Duration::from_millis(1)).await

;continue
A
; (break (left_fork, right_fork
A
;(println! ("{} is eating...", &self.name

;time: :sleep(time: :Duration: :from_millis(5)).await

The locks are dropped here //

{

= [static PHILOSOPHERS: &[&str

; ["Socrates", "Hypatia", "Plato", "Aristotle", "Pythagoras"]&

[tokio: :main]#
} ()async fn main

Create forks //

;[1!'1let mut forks = vec
; ((((PHILOSOPHERS .1len()).for_each(|_| forks.push(Arc::new(Mutex::new(Fork..0Q)

Create philosophers //
} = (let (philosophers, mut rx
;[1'1let mut philosophers = vec
;(let (tx, rx) = mpsc::channel(10
} ()for (i, name) in PHILOSOPHERS.iter().enumerate
;([let left_fork = Arc::clone(&forks[i
;([()1let right_fork = Arc::clone(&forks[(i + 1) % PHILOSOPHERS.len
} philosophers.push(Philosopher
,()name: name.to_string
,left_fork
,right_fork
, ()thoughts: tx.clone
(o
{
(philosophers, rx)
tx is dropped here, so we don't need to explicitly drop it later //

A

Make them think and eat //
} for phil in philosophers
} tokio::spawn(async move
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} for _ in 0..100
;phil.think() .await
;phil.eat() .await
{
(o
{

Output their thoughts //
} while let Some(thought) = rx.recv().await
; ("{thought} :0000 0000 0000 OO OOOOO OO0")!println

{

0o oooooo ooo

:src/bin/server.rs

;use futures util::sink::SinkExt

;use futures util::stream::StreamExt

;use std::error::Exror

;use std::net::SocketAddr

;{use tokio::net::{TcpListener, TcpStream

;{use tokio::sync::broadcast::{channel, Sender

; {use tokio_websockets::{Message, ServerBuilder, WebSocketStream

yasync fn handle_connection
,addr: SocketAddr
,<mut ws_stream: WebSocketStream<TcpStream
,<bcast_tx: Sender<String

} <<Result<(), Box<dyn Error + Send + Sync <- (

ws_stream
((()to_string."OOOD DODD DOOOD OO '00000 000 chat 0O0")send(Message: :text.
;7await.

;()1let 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(0Ok(msg
} ()if let Some(text) = msg.as_text
;("{?:println! ("From client {addr:?} {text
;?2(()bcast_tx.send(text.into
{
{

,(()Some(Err(err)) => return Err(err.into
,(())None => return Ok
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{

{
} <= ()msg = bcast_rx.recv
;7ws_stream.send(Message: :text(msg?)) .await

{

{

[tokio::main]#
} <<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
;("{?:addr} 00 D0DOO OOOOO")!println
; ()1let 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

P (L

{
:src/bin/client.rs

;use futures util::stream::StreamExt

;use futures util::SinkExt

;use http::Uri

;{use tokio::io::{AsyncBufReadExt, BufReader
;{use tokio_websockets::{ClientBuilder, Message

[tokio::main]#
} <async fn main() -> Result<(), tokio_websockets::Error
= (_ ,let (mut ws_stream
(("ClientBuilder: :from_uri(Uri::from_static("ws://127.0.0.1:2000
()connect.
;7await.

;()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
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} <= ((Some(Ok(msg
} ()if let Some(text) = msg.as_text
;(println! ("From server: {}", text
{
1
,(()Some(Err(err)) => return Err(err.into
,(())None => return Ok
{
{
} <= ()res = stdin.next_line
} match res
,(())0k(None) => return Ok
ome(line)) => ws_stream.send(Message: :text(line.to_string())).await
,(()Err(err) => return Err(err.into
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