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

=&

o

* Day 1 Morning (2 hours and 10 minutes, including breaks)

Segment Duration
Ne 5 minutes
Hello World! 15 minutes
el 9 7k 45 minutes
S E Ao 40 minutes

* Day 1 Afternoon (2 hours and 15 minutes, including breaks)

Segment Duration

wE 3l 35 minutes
2z 35 minutes
AF82F A9l €}l 50 minutes

* Day 2 Morning (2 hours and 55 minutes, including breaks)

Segment Duration
Ne 3 minutes
e o 1 hour
HAEe EYo]E 50 minutes
A 40 minutes

* Day 2 Afternoon (3 hours and 10 minutes, including breaks)

Segment

Duration

£ 2tolE222  1ho

Zatolnale 1ho

ur and 20 minutes
ur and 40 minutes

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

Segment Duration
Ne 3 minutes
o2y g 1 hour
2utE EZQlE 55 minutes

13
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* Day 3 Afternoon (2 hours and 10 minutes, including breaks)

Segment Duration

= 50 minutes
e 1 hour and 10 minutes

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

Segment Duration

Ne 3 minutes

Iterators 45 minutes
25 40 minutes
HAE 45 minutes

* Day 4 Afternoon (2 hours and 10 minutes, including breaks)

Segment Duration

=3 €] 55 minutes
o}ﬂ 52l &2 2 AE 1 hour and 5 minutes

SEL R

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

Rust in Android

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

AOSP ZEZ of2| 29| ZFFE o Al Zok2afof sttt 2™ thg, 2 AFE oA 2 A LS H 2o}

235t src/andr01d/ tjalg 8] & AQOSP F 9] ZFE Zo|5ghr} o]F A 5lH QtE 2ol E HIE A]

280 M Il g o2 271E Android.bp TS AAE 4 5Tt

adb sync g #oj7}t ol &0l g &2 AA F2] e} 2Est=Alg Ut 183 src/android/build_all.sh
£ YA E‘:OPCEOl‘: 0111113 gl Jes] EAlQ. 1 A AFHEE QJ31, 1 QoA 3= 1

Fol g5 T T 4 HHol 5 522 A= & = =2 Z2lstx l».

Chromium °j| 4] Rust A&

f
LrE

Chromium ©l| A Rust AF& o] 42 Chromium E2}$-# 2] dH & Rust £ AHE 3}% HhH of| 2hgl
UA 7-g Ayt o 7]o= Chromium o] gn ¥ = /\liE“Oﬂﬁ Rust *PROP“ Hit A = 1te]
ol 3 g (“crates”) & 7t = WH, C++ A4S 84 5o] 255 o] &Yt}

Chromium & H‘E"é T lofoF Pyt ‘3]“11 T3 EEE5=017] el HAEH AR

rln
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https://source.android.com/docs/setup/download/downloading
https://github.com/google/comprehensive-rust

Bare-Metal Rust

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

nfo| A2 AEEe] wtEE WeY5}t7] 9]5)A1= BBC micro:bit v2 7HE B E 2 o] g] ojsjokgct =
£ ArgAREA A o] A ol A E th2 7kE u) 7] x5 A2 sfok gt

Concurrency in Rust

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

A o] ES HYFT B 7 o EHE he2Es] Folof Fuith. 12tk oA src/main. s
ofl 2 AF/0] 9 7] Sfol Bl A E o & 29l &uTk

cargo init concurrency

cd concurrency

cargo add tokio --features full
cargo run

7ol g4
o] 71—_4 L 71-/&]-9]. l—/\g o]
HAES oy RES EY

1.2 ©=7]

&+, mdBook A|AF] (& Ato| E) oA /-8 D57]5 Yt
» Arrow-Left
: Navigate to the previous page.
* Arrow-Right
: Navigate to the next page.
 Ctrl + Enter
: Execute the code sample that has focus.
*s

: Activate the search bar.

1.3 oa&ddels

o] gL thE o2 A|FHUh LS ot HAo| =2 FAREJ U
* Brazilian Portuguese by @rastringer, @hugojacob, @joaovicmendes, and @henrif75.
* Chinese (Simplified) by @suetfei, @wnghl, @anlunx, @kongy, @noahdragon,
@superwhd, @SketchK, and @nodmp.
* Chinese (Traditional) by @hueich, @victorhsieh, @mingyc, @kuanhungchen, and
@johnathan79717.
* Korean by @keispace, @jiyongp, @jooyunghan, and @namhyung.
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https://google.github.io/comprehensive-rust/ko/
https://github.com/keispace
https://github.com/jiyongp
https://github.com/jooyunghan
https://github.com/namhyung
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https://google.github.io/comprehensive-rust/es/
https://github.com/deavid
https://google.github.io/comprehensive-rust/bn/
https://github.com/raselmandol
https://google.github.io/comprehensive-rust/fr/
https://github.com/KookaS
https://github.com/vcaen
https://google.github.io/comprehensive-rust/de/
https://github.com/Throvn
https://github.com/ronaldfw
https://google.github.io/comprehensive-rust/ja/
https://github.com/CoinEZ
https://github.com/momotaro1105
https://google.github.io/comprehensive-rust/it/
https://github.com/henrythebuilder
https://github.com/detro
https://github.com/google/comprehensive-rust/blob/main/TRANSLATIONS.md
https://github.com/google/comprehensive-rust/issues/282
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https://rustup.rs/ 2] Ax] FHS =24 2.
This will give you the Cargo build tool (cargo) and the Rust compiler (rustc). You will also
get rustup, a command line utility that you can use to install to different compiler versions.
Rust & A%/ Fol= Rust ¢ 8= =& HY 7| IDE & w‘““é%HOF duth 722 W3 7|= VS
Code, Emacs, Vim/Neovim 50l A5 ¢4 2 o] 2 o|F 7] 5& A5t rust-analyzer &+ 5415}
o] E%%ﬁqqRmmwwﬂbqémEE43£¢%*qq

o gEt/ =R *l*E*‘Oﬂf\ih apt & o] &3llA 7haL, B AE &4 HAE AUfE S éila
Utk 22t o] i uhE A9 34l 1o ohd A AE SAgAw e, 1 23t o4
AE A 45 AUt Ax Begol L ofele} gtk

sudo apt install cargo rust-src rustfmt

2.1 FHAEMEA

HAEQ AHA = o7 =352 F/dE o] Jlor
« rustc: .xs A B S Hio|H g F2 thE S A o 2 WS+ Rust Aot d 2yt
+ cargo: 2| 2E o] F4 Te|atol A WE Al AE] itk of2| Rl TR A Eo| YA H JEHES
https://crates.io oA AAF 022 ¥y I AAFEE rustc 2 AE5H] AEEA Y

oh Ea §4 HAES ARelt HAE HAUE T s
» rustup: the Rust toolchain installer and updater. This tool is used to install and update
rustc and cargo when new versions of Rust are released. In addition, rustup can also

download documentation for the standard library. You can have multiple versions of
Rust installed at once and rustup will let you switch between them as needed.
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https://doc.rust-lang.org/cargo/
https://rustup.rs/
https://code.visualstudio.com/
https://code.visualstudio.com/
https://rust-analyzer.github.io/manual.html#emacs
https://rust-analyzer.github.io/manual.html#vimneovim
https://rust-analyzer.github.io/
https://www.jetbrains.com/rust/
https://github.com/rust-lang/rustfmt
https://crates.io

« YAEE 6Tt Az Y2t EaEy o 2ot s S fAISHA lsyTh
« |2 3714 B o &2 AlFdytt: stable”, “beta” 12| 1L “nightly”.

« Z& 7|52 "nightly” -> beta” -(6 F3)-> "stable” 2 ¥ 74 gt}

« AEA 2 TFTFA G2, git TRAE, tE 2 SolM A3E 5 A5U

s HJAEEofdoz2 2R E Y d2iE Rust 2021 ol d Yt o] A ojt]jHd 2 2 Rust 2015
9} Rust 2018 ©] &4t

~ ot e oA oftj M} Egho] = %] 2 4 ALY

- otjdo] vt A T2 3580 o =] A A= ZAE 97| Yol 2 Z 252 Al o]
Ad oS YAIZ 2 & Cargo. toml ol x| 3l of ghict.

- HAE QAL ol 4 MR ShHE H RS 9] 98,
ol 8 SEEE e solis 2 R e £ 9EUT,
- cargo & AHESHA) 9T WA S Y AETHE AL Adele S AT T4 vk

=

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

* L 2AE /7] 2] FLx3}

* YIAH oA

* 7N/ EY S5/ we 2 AN
* HEAJHE
*
*

l>

ATt A e of

Az
cargo clippy 22 sh¢] ZejaQle g &4 7ts.
— 34] Cargo Book oA ZtM|SHALRHS- EQ15HA] 7] Bl U T},

2.2 ZooAxe RERE
o] ol AEo) G BE o A& Hep 3
S AT, BTS2 BN HAT SUAES 5] AFAY)
JHOIE $75h1, 710 (cargo) & A BAISHs A8 e AP o)) A Aol o £
U w4, 0o ol 9 £40] o)A 2 Y shA| B Hel, 1 gl ojxty] Ftust " e
Uch.

o] 7o 50| FE BESE HE A B P

fn main() {
println! ("$Hs FAL1");
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}
You can use

Ctr]l + Enter
to execute the code when focus is in the text box.

Zojol A thREe] IE B L ok go] £ U4 YA T YR TELTHE I PL oG £HY 4
gleyh
+ §9 HAES U Seo] Leke=ol A Aado] YT 9| R EH o] 1etke = Abo] Eof Eof
of BlAEE AYstAl7] eyt
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https://google.github.io/comprehensive-rust/cargo/registries
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/

2lo|Lete =) AE wlo] 7] o] 54 HAHE BE Yo Aebd Uth, neby 27 37
Zojo| 12k = Ao Eo| HASEA 2 s datE Zlo] Uit

o
i
to i
T iy

BIoF HQ1 8 ZAFEolM ZES s elw WA o A=S AxIsjorgyth. Rust Book 9 2| o o}
e} rustc 9 cargo & @7 A shAlZIukITh A $ oo} AMES o) 2 S0 v 3ol @
2~ O

=~

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

o] HAHth i Alo] Hojojx At YGUTH A E= 59 S S A AU
A or 7L H Ao, Ao oA F SHUE 2 AE Hio|H g 2 Y Es|FA T
1. 9 A] E20j gl= "Copy to clipboard” HES 234 EAgch
2. Elu]doflA cargo new exercise & YA MEE exercise/ EEE TEUTh

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

3. exercise/ ZC 2 0|53 §, cargo run AMEZI =2 AP

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

4, src/main.rs o] ZEE AT UL o & Eo] oA Ho]AgAAE oz 7o)
src/main.rs o AUt
fn main() {
println! ("s$AsH FAL!I");
}
5. cargo run AMEZ AAE Hesta Ayt

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

6. cargo check AMEL w2 o 2] & 1% 4 915Ut} cargo build + A& glo] Antd
7k gttt o] 7 9-of target/debug/Zt oA output = &<l & 4 9l& Ut cargo build
--release AME = F2| 2 A& 2 A3 E AAHTASH target/release/E T ol A
2 & 4 syt

BAgol 7tng Axstn 27 W
obgt % o Ax%} H7ke AL 2EAHE 2

ol _|>

i


https://doc.rust-lang.org/book/ch01-01-installation.html
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Including 10 minute breaks, this session should take about 2 hours and 10 minutes. It contains:

Segment Duration
Ne 5 minutes
Hello World! 15 minutes
EfQl 9l gk 45 minutes
S E Ao 40 minutes

— As an instructor, you should try to keep the discussions relevant, i.e., keep the
discussions related to how Rust does things vs some other language. It can be hard
to find the right balance, but err on the side of allowing discussions since they
engage people much more than one-way communication.

» Aol Sefol=rtt g zkE MFS LU
— Sl QolA HrEL ol ZaFch SetolEt 1A B2 F ¥, Ut U2 Au
ol= gy},
OHE Adojoll A &= 232 Q1 #&d o] 1= Rust o' 7] 2AH} & H o =212} Yt} Rust 9f
< dthgol Als-d Yt
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32 o) 4ol ool YUk 74 & A
Lol PAUY3] A8 1Y A2

th 2R 7 B Q4247 9
219Ut} of 7|0 EAIE AIZHe BHY 2
o}, @ 2ol wheh g3t 245 7] wy .

22



Al 47

Hello World!

This segment should take about 15 minutes. It contains:

Slide Duration
HAEZ? 10 minutes
Rust 2] o] A 3 minutes

Zgjo]agl2 T 2 minutes

41 H2E=?

HAEE= 2015 HolHH 1.0 SR AER =
P PIAEE Crost AR A4 skl dofolity
- rustc £ LLVM & #ill= .
e AEL ot BB ol AHE AR
— x86, ARM, WebAssembly, ...
- Linux, Mac, Windows, .
« B AELE ThFe Ao AL 4 Y&yt
- Helolgt RER T (YuH =)
- AntE gazo,
- ADEE,
- gla3%
- AH.

Co+7} AL = o] o 4 AFE ZHsatch:

Hu
"
L
In)

it}
>
rr
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https://blog.rust-lang.org/2015/05/15/Rust-1.0.html

. -2 o] A S A7 Hupd Aol WA Y o

- 271357 &= b7t gladdh

- M &2} o]F A7 A Aoz 7ks Yyt

H &2 SA| & Al-go] d¥H oz =7t gy
- NULL ZRIE= ma‘fl‘i}
_BEAZ A =7 o

2
e

- /\31]1:7} o o] E-] HolAs —.PO}—E—LJE]-,
- WA} ] REs HE 397t fguc
) - Rust o] Agste A 2AHE A g2 Jel2 =4 &Y
o}.
- HiE H2A ZA A=
— A4 gl o] HegoA e HERQ YA A] T2ko] 2 HolE]o] )&},
. - g9 4% Qlojurd B ol Holt M T YU ch
- AAG T e v
- A9,
— FFI E—]E]-o] QH-] oﬂl: %
- vl 8o] £7) gt F43.

- Z1Hgh 74140131 2 FHAIA.

- g 54 BA

- WA HAE A9,

- LSP (Language Server Protocol, ?10] AH Z2EF) x| ¢o] ZEo9lS.

o710l A B2 AIZFE BEUlA] ohA| 2. o] RE AR Yol ARSIt Y o

S E0NA od 22 AojE AFE =R S0 B A7) v Ut ojE A o] & ARG L Lol wh
E} HAEO|A ofH Y FxofoF A& LTS EA L
. C/C++ HAEE= U HAIE OBHH’“O“ZOH A 4 e BE o2l E AATU g &
EE Co C++IpH| 3t 250 55 BoFHA L, I dojEolA S5 T st v =i
2%7} FUYt} =gk s ™ UH?‘OM 71 2A o g A FE = LT 2L dFQ dojo
NeES Xﬂ o
* Java, Go, Python, JavaScript: ©] doj51 54t DﬂEﬂ QHg /1t &, ' stol 2l loje]

28 =7 915Ut A7Iol 8, 7h] 2| Z2E|7L gl C/CH+e} FARRE S E w23 o] 2 7}
Lo A5 e 4 stk T3 Bed A9A4E shaslol g thRE RER 44T 4
2l & Ut

4.3 ZEdo|ag2E

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

o 'T' oA rustfmt A EAESHY] ' BE HA0 2 FE YA S .

 Rust o= ZEE AA317] Yot F 71A] 712 =29 o] QlEUch o (7HErY HAL &
At da) 4 % Al (H A2 HEeb] HAR 2 A skE7H AUk ATl o 2 o A AT 5
A5t

o TAlo] QoA ' o2 o' ASM' S AR5l A H oAl E'] ZESEQISHA Q.

24


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

As students head into the break, encourage them to open up the playground and experiment
a little. Encourage them to keep the tab open and try things out during the rest of the course.

This is particularly helpful for advanced students who want to know more about Rust's
optimizations or generated assembly.

25
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This segment should take about 45 minutes. It contains:

Slide Duration
Hello World! 5 minutes
H 4 5 minutes
4y 5 minutes
A Ak 3 minutes
=2 5 minutes
] & 3 minutes
ALEEA: o 2ux=] 15 minutes

5.1 Hello World!

74 sk B AE 2o 24, A A 9l Hello World £ 24 s 2215 U th:

o C/C++ o ORI 2 FB/S (12 B2 BAT
e main g5 T2 a3 AYAH AU

P S (hygienic macros) AlA®E 7kA] 2L g YTh println!s 2 AAIY

Y.
« YaEC] BAee UTE-8 2 29 s n o mxet 28 SUAE BAS LYY 4+ AsUth

This slide tries to make the students comfortable with Rust code. They will see a ton of it over

the next four days so we start small with something familiar.
7] ZQAE:

. E*]‘/_\_E

L C/Crfjava o 22 HE A THE Qlojg} nj9 SARIY T Bl AE
ok %= BRI 97t obehdl, B AELoln] EAshs A

a
« BAEL SUIE AU 22 A dofo] 42 AR A At

rr



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

F 22 (hygienic macro) & WA 27} A5 & AT T M Q) =X P 45 7F= A A

o} AHA B AE 32L& 93 38] hygenic 514 = EgUth 32415614 2.

£ e w2 che) Aol YUt o & Sof BRAH A 1o 75 A Askr)

53 2do]2 RREAL gAnEye el A hg .

r

78 %

ofl =
r:‘iﬁ

ol rSh

f
129 oﬂi

mlo I

AT
T

5.2 W&

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

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

}
o x = 209 F4 22| AAsto] W4Tl 7B o2 Bl LRk nut 7|9 =5 F7)e
o 43S 5 8gych
o of7]4'132' & H49] et d Ut o= utd AJ7to]] &2 &jof 5FA|TH EFQ 22 (LUFo) A )
& AgStEL RO} o 5 Y 4 e ATt BE
5.3 3Zr

Chee B 7bA Z1E WY ekl at 7t ehle) el g By o,

et 2 e g gt
B3SE= i8,i16,1i32,1i64,1128, -10,0,1_000,123_1i64
A4 isize
B3S3E=  u8,ul6,u32,ub4d, ul2s, 0,123,10_ulé6
A4 usize
BE44 32, f64 3.14, -10.0e20,2_f32
SU3IE char 'a','a', "' oo
=2}
=2d bool true, false

7 ebelo] A7) vheut Zg Ut
iN, uN, fN 2 =% N _HE Yt}
isize ¢t usize & ZIEe 22 I7]dYt},
char 32 H|E Yt}
bool 2 8 HIE Yt}
ol BAIEA] g2 B 7HA £Ro] AsH ok
» All underscores in numbers can be left out, they are for legibility only. So 1_000@ can be
written as 1000 (or 10_00), and 123_1i64 can be written as 123164.
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https://veykril.github.io/tlborm/decl-macros/minutiae/hygiene.html
https://doc.rust-lang.org/book/ch17-00-oop.html
https://doc.rust-lang.org/book/ch13-00-functional-features.html

5.4 <A+

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

}

fn main() {
println!("Z2%: {}", interproduct (120, 100, 248));
}

main o]2]e] g4 o] o] 3 gol g ojnli WHFTh Al el H4E AHE T H4s wHEY

o} g4 Uzl o AhAls hRala Yt

A& QLS THE Qlojoh U9 fAHSR] SAH4 97} B ST,

A4 oW B RE oA Hihe? C 8l Creol A HrolomERE A2 AolE on,
th2 g Eolut Autdelol q theaele Aae 4 &Y Rust oA E A4 o wZ2 Ale] Fat
JEEERREL

Change the i32's to 116 to see an integer overflow, which panics (checked) in a debug
build and wraps in a release build. There are other options, such as overflowing, saturating,
and carrying. These are accessed with method syntax, e.g., (a * b).saturating_add(b *
c).saturating_add(c * a).

AL AR A4 B A 0 BRE ZASHEE o ool At BEojg4vt W agydh

5.5 &x14d

Rust has two types to represent strings, both of which will be covered in more depth later.
Both always store UTF-8 encoded strings.

» String - a modifiable, owned string.
» &str-97] A8 BAAYYch B2 e R o] el g Y.
fn main() {

let greeting: &str = " <QIAFZ",
let planet: &str = ".7";
let mut sentence = String::new();
sentence.push_str(greeting);
sentence.push_str(", ");
sentence.push_str(planet);
printin! ("okA= &4 {}", sentence);
println!("{:?}", &sentence[0..5]);
//println!("{:?}", &sentence[l2..13]);

}
o] &eto| B EAE S AN of 7)o = BE W&2 YFol AMS| T EAA T S4& Letol =
o AFEA NN EALE S AHgshe Hle olAlezF Ut
o ZAFE Wol] 22H UTF-8 1290l A+ 22 Fo=#] g2 F2o|n, o] = et Rust ol A
€ o] &HA F5U
e String 2 842 (2 tnew()) ¥ s.push_str(..) 2 Z2 wiAq =7} Z3HE AR A} o] L)
Ay
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» &str o) & F2Y S YepdUth F2E UFohR o2 AL sstr &' 97 HERAY' S
B L ER B L

« 24 A E 22 Hlo|E g HE Bado] Al AT 12. .13 & Bt AA0)A ot
A ooz zao] iy Je7FE Ut 2F HAIA| o w2t Z2AF FACIM Eute ez =
B3kt

* Raw strings allow you to create a &stx value with escapes disabled: r"\n" == "\\n".
You can embed double-quotes by using an equal amount of # on either side of the quotes:

I

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

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

5.6 ElYdxE
BAEL W47} o) AR E A S B3 1 W40 Bl

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

ftlo

}

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

}
fn main() {

let x = 10;

let y = 20;

takes_u32(x) ;

takes_i8(y);

/1 takes_u32(y);
}
o] &eto|E=, HAE Hupd 7t Haprt o DA AAE o] Qi1 o YAAGE =X & A|F 202
ArotA] 0] BRQl S FE5t= BESEAqF UL
7|14 S2 AL, oA PAIAHR A S Aot AAE At sjA7ojd gfdrolete ot E2
4 A= BYol He A2 ofyets AAd Yo PAIAR] g Aol ld gld, Aot ej7t s o
NI = YT Haopd el &4 g A S ASFS ¢ JA=F jA 223w 7) o 7HE3hE
EE &S UEE 2ok Yyt
OLRAE 4 2|l R e} g Aot g F9 Rust & 7| RO 2§32 & ALgSTh dej @
F HlA Aol {integer}EFAE £ AEYTH PEIZIA 2 B 244 2 gH 7272 f64 A Y
o}.
fn main() {

let x = 3.14;

let y = 20;

assert_eq! (x, y);
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// ERROR: “{float} == {integer} ' F+3o| ¢l

5.7 AgEA: gEUH|

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

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

fn fib(n: u32) -> u32 {
if n <= 2 {
/1 712 A=Ayt
todo! ("Implement this")
} else {
/1 AH AREAY .
todo! ("Implement this")

}

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

57.1 Y

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

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

30
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5240}

This segment should take about 40 minutes. It contains:

Slide Duration
if 234 4 minutes
v} 7} for HHE & 5 minutes
break 2} continue 4 minutes
5 4 ¥ 5 minutes
EIga 3 minutes
3= 2 minutes
AE5EA: Z2k= =4 15 minutes

6.1 if T34

oh2 Qlofo] if B} B7ko] if HHA S LG
fn main() {
let x = 10;
if x == 0 {
println!("zexro!");
} else if x < 100 {
println! ("&");
} else {
println! ("AE");
}
}

Akt if & BHA 02 AHEE 45 YgUt o) ZEE JEAY
{

fn main()
let x = 10;

let size = if x < 20 { "Z2" } else { "tfg" };

println!("s=2b =27]: {}", size);

31


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

Because if is an expression and must have a particular type, both of its branch blocks must
have the same type. Show what happens if you add ; after "small" in the second example.

B if 7 AFEE A9 th2 B RS Y A0 ; o] lojof Syt Hutde e /R ER
2H println! 99l ; S AMAISHA Q.

6.2 ujid for HHE R

Rust o= while, loop, for 2= Al 74| BH5-7] Q1 =71 Q&4 th

while

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

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

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

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

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

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

}
}
* Under the hood for loops use a concept called ”iterators” to handle iterating over
different kinds of ranges/collections. Iterators will be discussed in more detail later.
+ for BhE 22 47bAu AYPUch opA e FSEFA I PO R 1. =59 e RS B
o FA 8.
6.2.2 1loop

The loop statement just loops forever, until a break.

fn main() {
let mut i = 0;

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

6.3 break 2} continue

th2 HHE S ZA] AJFSHH ™ continue SARE ST

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

fn main() {
let mut i = 0;
loop {
i+=1;
if i > 5 {
break;
}
if 1% 2 ==0 {
continue;

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

6.3.1 Labels
AR YT S F oA = Elo] &3 A AHEE 4= AFUTH
fn main() {
let s = [[5, 6, 71, [8, 9, 101, [21, 15, 3211;
let mut elements_searched = 0;
let target_value = 10;
'outer: for i in 0..=2 {
for j in 0..=2 {
elements_searched += 1;
if s[i][j] == target_value {
break 'outer;
}

}
}

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

* loop = non-trivial #tS ¥&st= f-Ads HEEJ U o]=while ¥ for ¥HEE3} 2]
1
—
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(=p)

22 29

=x

.4
22

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

fn main() {

let z = 13;

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

}

println!("x: {x}");
}
9] main g4 vhA et Ea A0 ; 2 B1}7] R oukeel i gt ekelo] () YulT,
« E5 A 25 pASHHA 552 Flol ofEA B 2] HAFA L. A& o, AR EES
YA wick=x], ob ™ return & AFESIEA Q.

6.4.1 ¢ (Scopes) 24l =% (Shadowing)
Wige] Mol A4S Eehels 2502 Ay

x
=
A el e waoh, v /ool e Ra B VM HI=Y) #AsUH:

fn main() {

let a = 10;
println!("o]d: {a}");
{

let a = "hello";
println! ("W® ®Hl: {a}");

let a = true;
println! ("WH& H M= X2H: {a}");
}

println!("°o]&: {a}");

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

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

* A shadowing variable can have a different type.

c AFo A=PE B ZEE o RoshA TETA A4 4 =S Ut 23y Az A=Y
2 °]-&5tH, oj" Mol A Lunwrap() ® S ME2L Hgol B2 F MER 052 AS2

2 Qlo] 71E o5& FAE 4 oA "yt
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6.5 4

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

if b >0 {

gcd(b, a % b)
} else {

a
}

}

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

SUch ol B3 Bl : 2 TEhy

o M7 SE AT djol= o] 58 WA 210, EFY S YFo
C b | 7] gty . U]—ﬂ-ﬂ-z]i 2] 8 g9l & oF2

ol -2l 54
of A Zrolobd 713 513 ol Azt
* The last expression in a function body (or any block) becomes the return value. Simply
omit the ; at the end of the expression. The return keyword can be used for early
return, but the "bare value” form is idiomatic at the end of a function (refactor gcd to
use a return).
- Whzhgro] gl d40] A9, fH B () S WU -> () 7HAZE A9 Antde s o)
5?%%?54E+
* Overloading is not supported - each function has a single implementation.
- P4 DR Ao iAESE AFS U )R st AdE gk B a2 s shu
P55 A o ALRT £ dSUct,
— Always takes a single set of parameter types. These types can be generic, which will
be covered later.

6.6 "=

P|aet i ol Rust RER S0 G o A48 8T SelGuch ol 12
Uch. Rust £ atolHefejol: of2)7bx) 88 o227t Ege o] &yt

F

* println!(format, ..) printsaline tostandard output, applying formatting described
instd::fmt.
format! (format, ..) 2 println!x3 SR WHAANE Ex1E 2 vhghshy o,

dbg! (expression) —S—Eﬁjf_,_l Zre 7]_,8}“1 lacigcia iy
todo! () = ¢ ZEE o4 Ao 2 FAF UG Adstd iy o] Ty g o
unreachable! () 2 4% I=& ATk EAG Yo A st sy o] Iy o
fn factorial(n: u32) -> u32 {
let mut product 1
for i in 1..=n {

product *= dbg!(i);

}
product

}

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

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

o] A Moj AL o] 2|5t AutA

Aol = o] ot 87 thae
JEEE R EEE R

6.7 A&

{}", factorial(n));

A: S22 44

doﬂ/ﬂ = uHY o T2 o Ab-gof sl A

The Collatz Sequence is defined as follows, for an arbitrary n

1
greater than zero:
» If*n

i

*is 1, then the sequence terminates at *n

i
*.
o If *n
i
*is even, then *n
i+1
=n
i
/2%,
o If *n
i
*is odd, then *n

+ 1%

For example, beginning with *n

1
*=3:

36
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https://en.wikipedia.org/wiki/Collatz_conjecture

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

3
*=10/2=5;

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

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

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

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

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

» sodo] FRPYCH

Zo]71 3 WA n ol il Zetx 4] Yol B A ISR
/17 “nolA AR Fetx 49 Zols AFTUL,

fn collatz_length(mut n: i

todo! ("Implement this")
}

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

}

6.7.1 SIY

/11 "nColM NFehe Btz fdde] Zolg AAFUL.
fn collatz_length(mut n: i32) -> u32 {
let mut len = 1;
while n > 1 {
nN=1if n % 2 ==0 {n/ 2 } else { 3 * n+ 1 };
len += 1;
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len

}

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

}

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

}
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A 7%

Welcome Back

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

Segment Duration
FE Ll 35 minutes
EA 35 minutes

=
ArE2F 9] 1) 50 minutes
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Slide Duration

i 5 minutes
FE 5 minutes
Cargo °ll 5§+ 3 minutes

IAY 2ol (Y3x3H) 5 minutes
: > | 15 minutes

8.1 H|¥

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

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

HelE dlojd v E 240f AMAS) BAlL. v E AA| A HEF] ol gl d Ut Rust & Lyt
0.2 o|2fst 2olg | Hskat 4 glom, ksl A] e Rust & AF&5I WS 2ol A o
4= QUTh

2 el g ALgato] Hjelol kg B 4 Ui

The println! macro asks for the debug implementation with the ? format parameter:
{} gives the default output, {:?} gives the debug output. Types such as integers and

strings implement the default output, but arrays only implement the debug output. This
means that we must use debug output here.

« #2 3715 ({a:#71) & T 971 412 7o) el 2 Seo] Yurt.

=

1)

2

o !
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8.2 w&

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

I} oA 2 BB 3% 2

o
=
EE 42 08 Yl USE Shie 2T YR Fan
=

o
]
)
oy
T
o

wammeH)mmmmmm%ﬂwmmtw@mﬂﬂyﬁ%ﬂmwmdammm
value, akin to void in other languages.

8.3 Cargools3g

for B2 ujel whg A olA W 5L A UakA] bk
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);

}

}

o] 7152 Intolterator E&alS AFE51A|9F o 7] Al &= o} Z] ThE 2| k&L Th

assert_ne! {327} oj7]of]l A= 27tElEYth assert_eq! ¥ assert! i 2= g5yt
oA 252 F4 4hS FlstA|Tt debug_assert! et 22 qﬂ.]:L]_% 32 A YoM 7
A 2] el A U ok

8.4 AAYEH (723

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

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

let left = tuple.0;

let right = tuple.1;

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

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

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

This works with any kind of structured value:

struct Foo {
a: 132,
b: bool,
}

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

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

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

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

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

8.5 HALEA: ZHuld

Mol b33t 2 ohe wido] Tk 4 gtk
let array = [[1, 2, 31, [4, 5, 61, [7, 8, 911;
What is the type of this variable?

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

X 123K 147
"transpose"X 4 5 6[X "==" 2538
X 789 3609
T34 rEPHo 7)=3x3 02 =AY gk
olgl Z &£ https://play.rust-lang.org/ o] ZAFs|A] LA HEH U
// TODO: 1&o] &E=™ o]& AAFYrct.

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

}

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

)
}

fn main() {
let matrix = [
[101, 102, 1@3], // <-- FAOo=& rustfmt 7} SHES Z7154rct.
[201, 202, 203],
[301, 302, 303],
1,

printin! ("= {:#?}", matrix);
let transposed = transpose(matrix);
println! ("d=3y=: {:#?}", transposed);

851 g

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

let mut result = [[0; 31; 31;
for i in 0..3 {

for j in 0..3 {

result[j][i] = matrix[i]l[j];

}
}
result

}

fn test_transpose() {
let matrix = [
[101, 102, 1031, //
[201, 202, 203],
[301, 302, 3031,
1,
let transposed = transpose(matrix);
assert_eq! (
transposed,
[
[101, 201, 3011, //
[102, 202, 302],
[103, 203, 303],
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fn main() {
let matrix = [
[101, 102, 1@3], // <-- FAO& rustfmt 7} S¥ES 27154},
[201, 202, 203],
[301, 302, 303],

1,
println! ("= {:#?}", matrix);

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

Duration

Slide

10 minutes
10 minutes
15 minutes
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println!("xr:
r = &b;

*r),;

{3,

println!("zr:

e

~ 3

o,

U o

Fopu]al S22

£

2| AE= 514 (dangling) F2 5 Huhd 2 DAA

{

i32)

-> &(1i32,

132)

(x:
let point

fn x_axis

(x, 2);

return &point;
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2 FAEH F2 ojf 2 7t27]+ iR 84 A2 #olvh= Adyth CE=
Y2 Iz 8 ZAHZIAFY o 4 o] FREFo M= Rust 7F L A] ZERAE A
=

* Rust = =S A5 22 PsHA] FeU &7t gy

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

e o ool Al 1 & W7 FhsetEE thal B £9UGUT(r = 8b). 0|37 5H7 1 o thAl bl
Jelojthe 21 2P Utk ol Fxo| Fste F2H gro] WAL Crect BT

=2
. BF AEOINE FE gol M7 Abs st o2 £8E 4 YUt rr = X' U B

F

ot

Asto] 5 0] Q2 A &5 =A< ot
th x_axis &= point o gt FEE whestA| g point &

alAl | 2 Znkel s x| ek,
th @ o] Wlof ok © 23] ojokl s A& Y

QI
)y 1
L -INv

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

}

7] ZQJE
"HERE] o] 2k grofl N AdhE o] o) FE T AFSE 4 &2 ouFUTE BA) ThE HE (R
weufEbd) 7H 22 4 glon], wEby G271 2A)sHE Skl FxHGo) YM AT S gl

*qqxcmmdﬂﬂNQQﬁmLﬁmanm:OEQEHmem:Q HAS) BA Q.

» Be sure to note the difference between let mut x_coord: &i32 and let x_coord:
&mut 132.The first one represents a shared reference which can be bound to different
values, while the second represents an exclusive reference to a mutable value.

=

397k fEYE P4E wsol BAGUC 33 Fole A e [f64;3] 02 U}

//ﬂ&&qq.

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

47

712 AT, Cv.sqrt() 9 Ze Csqrt()’ HIAESE A5

Aads



/1 WEY Ar)E AN RE HFEES HY D2 WA
/1 HEE FFskgc,

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

/1 t& "main’& ARESt] QS HIAESMUH

fn main() {
println! ("< =&l =7 {}", magnitude(&[0.0, 1.0, 0.0]1));

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

println!("{v:?} =7[: {}", magnitude(&v));
normalize(&mut v);

printin! ("A+e & {v:?2}° =7]: {}", magnitude(&v));

9.3.1 MY

/11 A" HEe] 375 Ay,
fn magnitude(vector: &[f64; 3]) -> f64 {
let mut mag_squared = 0.0;
for coord in vector {
mag_squared += coord * cooxrd;
}
mag_squared.sqrt()

}

/11 B A glo]l WE A7|E 1.0 202 HAFYH.
fn normalize(vector: &mut [f64; 3]) {
let mag = magnitude(vector);
for item in vector {
*item /= mag;
}
}

fn main() {
println! ("¢ ®#eel =7]: {}", magnitude(&[0.0, 1.0, 0.0]));

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

println!("{v:?} =27[: {}", magnitude(&v));
normalize(&mut v);

println! ("A4st & {v:?23}el 7] {}", magnitude(&v));
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This segment should take about 50 minutes. It contains:

Slide Duration
TZA 10 minutes
= 10 minutes
dAY 5 minutes
& M4~ (static) 2+ A4 (const) 5 minutes
B % 2 minutes
AL EA|: d2jH|o] g o]HIE 15 minutes

10.1 XA

C/Cr+ &} mP7IA 2 B AEE ALY 2241 AL
struct Person {

name: String,

age: u8,

}

fn describe(person: &Person) {
println! ("{}2 (=) {}AYdYct.", person.name, person.age);
}

fn main() {
let mut peter = Person { name: String::from("Z|E{"), age:
describe(&peter);

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

let name = String::from("ololH2]");

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

let jackie = Person { name: String::from("#i7|"), ..avery };
describe(&jackie);
}
7] ZIE.;
o FERA = C/C++ 2 FAFU T
— C++ & ZA T C o= 2 B2 4 o5t7] flsl'typedef’ 7} E 251#] gkt
- C++ ot &) 24 2 dE2 gy
» This may be a good time to let people know there are different types of structs.
— Zero-sized structs (e.g. struct Foo;) might be used when implementing a trait on
some type but don’ t have any data that you want to store in the value itself.
- U5 &folEoA = HE o]Fo] E S W AHE TS 4 Q= FREFZAE a7
* If you already have varlables with the rlght names, then you can create the struct using
a shorthand
* The syntax . .avery allows us to copy the majority of the fields from the old struct
without having to explicitly type it all out. It must always be the last element.
10.2 ®&

Zt e o] 5o] Fas5HA ot F&E F2AE AHEE = s Uth

struct Point(i32, i32);

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

FE FERAE 5 9 2= A (wrapper, 2 2 E0 A FEFY (newtype) °o]2tal 5) 2 AHEH
Lok

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

fn compute_thruster_force() -> PoundsOfForce {
todo! ("NASA 271 H}stxtol|A] EojHA Q")
}

fn set_thruster_force(force: Newtons) {
//

}

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

)
L e 7] Ehglol 2AHEQl Qu g Hsks $2 BH Ytk oSS
— SAbglel WIS BAY & 918: 919141 Newtons o] Zofgjuic,
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— The value passed some validation when it was created, so you no longer have to
validate it again at every use: PhoneNumbexr (String) or OddNumber (u32).

+ Newtons EF1e] Zholl f64 2H-< Clate S Hol A L
- YrEL Bysx) e g Aol o

Sw Ap5o

ro
=

2 unwrap stAY 22 %

A4 gro= ALgste A5l ag gy,
— AARE AA Ol 3 U AU REo A HE U
'quHﬂTﬂEMmMHﬂmmﬁmhwﬂJMﬁ% clog A B my Yo s W
olZ Yt
10.3 EAY
enum 7|9 =& H7Hx] ¥ (variant) 02 EAE = IAY et ST H
enum Direction {
Left,
Right,
}
enum PlayerMove {
Pass, /1 T ¥y
Run(Direction), /] FE HY
Teleport { x: u32, y: u32 }, // =4 #H&
}
fn main() {
let m: PlayerMove = PlayerMove::Run(Direction::Left);
println!("ol®l 2p=: {:?}", m);
}
7] ZRJE
* Enumerations allow you to collect a set of values under one type.
e Direction & ¥ & 71 A+ €43 gddYh o 7] ol = Direction: :Left ¢
Direction: .nght o] & Zrol =3ttt

PlayerMove is a type with three variants. In addition to the payloads, Rust will store a

discriminant so that it knows at runtime which variant is in a PlayerMove value.

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

— In both, you can have a simple version without fields (unit struct) or one with

different types of fields (variant payloads).

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

an enum.
* Rust = #8412 43 o ool 3742 ALY
- o3 A Fast 7 A A7)9 A& AU
_ 5|95 ¥a 7fo] BE H|E el S Talslx] O Ao FEE v EME S AFESlo] Thy
A& APk ( 5 H3). oS Sof Option<dus>e 4 7H 7l e EIE L
None 13 2] 4 NULL = x{%aqq
enum Bar {
A, /0
B = 10000,
C, // 1lo001
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}

fn main() {
println!("A: {}", Bar::A as u32);
println!("B: {}", Bar::B as u32);
println!("C: {}", Bar::C as u32);
}
repr 44| §Ithw 10001 o] 2 o] E 2 F#7b557] w2l o] el}) 27]% 2 v}
o|E7} Eyt},

Cl A m ’7]
Rust ©ll+= enum ©] & A2 It A2t & St © AHEE 4= e o2 H A5t Y
o dEQIE &5} o] HER] Sof s A B]lAE=size_of::<T>() 7ksize_of: :<Option<T>>()
e g Bty
ARz d2E HAS 7 A& H S et Aot ofe o oA ZE A sHA 8. F ol
2, o710l HojF= HE gidlo] Fupde7t A s = 22 ofYghs AUt of 7)ol 9
Z3hE 712 &3] unsafe gyt

use std::mem::transmute;

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

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

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

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

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

dbg_bits!(None: :<&i32>, usize);
dbg_bits!(Some(&0i32), usize);
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10.4 A A4 (static) 2Hd 4= (const)

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

A4 (const)

© Ankel @ o 3 go] WYk 3 1 ghe 1 44skALE S

rlr
H
rln
e
23
2
>
rO
i)
ro,
o

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

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

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

}

Rust RFC Book o] 2™ 4=

const g5 4443 mol= con
Ut B2 const @452 HEFY ol &5t A& 7

44 Miaps Z2ado] £35 = S FAZF U Qg2 E o & 4205 (move) HA| ¥&

static BANNER: &str = "Welcome to RustOS 3.14";

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

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

¢ YAECQ] const & C++2] constexpr It of¢ H] =gy,

« o] 2] AE 9] static & C++9] const Y 71 AW 4 (mutable global variable) ¢+ &
A o FARRY o

e static 2 Ao AAAF S FoFUch A olzt vl e]Jol Aol T4, 21 B AEE
oJuj gyt

» w23 4904 1 gtol AelA s A4t Bad AeE =gyt 2euagctn s, 44


https://rust-lang.github.io/rfcs/0246-const-vs-static.html
https://rust-lang.github.io/rfcs/0246-const-vs-static.html

£/ vl Elo] &:

&7 44 (static) H4 A+4= (constant)
g Aol o oty 2 (9lztel &)
Fa7k 9l

7}

Z23o] o of] e

YL 5
ok A4 Ao

o]\—]_

W7 7Hse o (e ohdskA] %) ot e
7}

AAA 1 o (Ao Al 2715 H of
2ol A4

=7}

AgEHER oo °l

o qlzkel &

=7}

o 2o K7

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.

EFe WA e ohE Belo) o B2 AT U F Bl AR uhA AFE TS &Y
enum CarryableConcreteltem {

Left,

Right,
}

type Item = CarryableConcreteltem;

/1 BAe ohg3 o] AT B ellolA o f8g
use std::cell::RefCell;
use std::sync::{Arc, RwLock};

type PlayerInventory = RwLock<Vec<Arc<RefCell<Item>>>>;
C =2 HE o= typedef o GAMSH 2o 2 Q1A G},

10.6 A&EA: AeulojejojHlE

Welwole] Alo] | A8e] o MES et Hlo|e) TEE THEol HAG Tk Lyt o MIES 74
s17] glof ekt 48 Holote Ao lEate] ATk AT e (12} BHE B 2T 43
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https://doc.rust-lang.org/std/sync/struct.Mutex.html

L2 #[derive(Debug)] & AH& AT}

o] d&olA=main &7t o2 glo] F&stES dio| g RSN Hyo o] 3o oh5
M= olggt L Xoj|A Hlo|El &7 = WS thEY T
/11 ZAEZE27} Hhg3ljoF sh= dejdo]g A|A®RIC] oHIEQILTH,
enum Event {
// TODO: "3t HYPES F7IshA L.
}

/11 0% WYY},
enum Direction {
Up,
Down,

}

/11 FEHolg7F A HH Fol =&=AEFYT.

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

}

/11 Aol o] ALYt

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

}

/11 FEHolg Zo] EREYT.
fn car_door_closed() -> Event {
todo! ()

}

/11 AE F9 deH|ole] ZH|oA BF HES E3EUT.
fn 1obby_ca11_button_pressed(floor i32, dir: Direction) -> Event {
todo! ()

}

/11 FEHolE oA F HEZ =35
fn car_floor_button_pressed(floor: i32) -> Event {
todo! ()

}

fn main() {

println!(
13 7o) 9% MES BASUL. (17},
lobby_call_button_pressed(@, Direction: :Up)

),

println! ("ZdeHlole7} 1 Zo =2gi&ych: {:?}", car_arrived(0));

println!("<deHolg Fo] dzlsuTh. {:?}", car_door_opened());

println!(
"so] 35 HEZ EXSUS. {:?7}",
car_floor_button_pressed(3)

),

55

Hm



println!("<daluole Fo| ZFFE5Yrk: {:?}", car_door_closed());
println! ("deuolEl7} 3 Zo] =&Y, {:?}", car_arrived(3));

}
10.6.1 I
/1] AEE8|7} Hh2sjof sl Aelwole] A|AEle] ojHlEQT).

enum Event {
/1] HESZ =35UT.
ButtonPressed(Button),

/17 Aol 7 Q" Foll =S YT.
CarArrived(Floor),

/11 A=Holg Fo] &
CarDoorOpened,

e
)3

SI=8

/171 dejHolE] Fo| &%
CarDoorClosed,

4t
jul)e
T
iu

}

/1] 2 A4 BAEUL
type Floor = i32;

/11 °% ¥FIUT,
enum Direction {
Up,
Down,

}

/1] AEAZE AMAS £+ Qe HEUYT.

enum Button {
/1] 54 %9 Aejujolel Zujo] 9 HEYLTH,
LobbyCall(Direction, Floor),

rl

/11 Aejwlolg Ro] = wEeUrt,
CarFloor(Floor),
}

/77 Auolg7t AAHH Fof =S YC.
fn car_arrived(floor: i32) -> Event {
Event::CarArrived(floor)

}

/11 FEHolg Zo] dREYT.
fn car_door_opened() -> Event {
Event: :CarDoorOpened

}

/11 FEHolg Zo] EREYT.
fn car_door_closed() -> Event {
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Event: :CarDoorClosed

}

/111 ARE Fo dejvoly 2o ¥BEF HEZ E3FUL.
fn lobby_call_button_pressed(floor: i32, dir: Direction) -> Event {
Event: :ButtonPressed(Button::LobbyCall(dir, floor))

}

/17 AHolEloA F HES =X EYH.
fn car_floor_button_pressed(floor: i32) -> Event {
Event: :ButtonPressed(Button: :CarFlooxr(floor))

}

fn main() {
println!(
"1% $7o] 9% vES EASUL. (17},
lobby_call_button_pressed(0, Direction::Up)
),
println! ("<dedole{7t 130 ==8l5UTh: {:?}", car_arrived(0));
printlnl("efsole Fof dFEYrk. {:?}", car_door_opened());
println!(
"so]l 3% HEZ =gy, {:?7}",
car_floor_button_pressed(3)
),
println!("dejso]e] Fo] &FHUTh: {:?}", car_door_closed());
println! ("ol E7F 3 Fo =&sisU k. {:?}", car_arrived(3));
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Al 11 &

2UzH 2

Now that we have seen a fair amount of Rust, today will focus on Rust's type system:

Pattern matching: extracting data from structures.
WA E: 342 eelat A2

Egal: o3 eldo A F53h= 532

A2 o2 ebel o) ebe) m w45}

HEF gholHelg] Bt ® E|Sl: Rust 9] FH3 HF 2holHejg E2{E 7]

Lol

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

Segment Duration
Ne 3 minutes
e o 1 hour
HAEel EFo]E 50 minutes
A g 40 minutes
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Al 12 &

o ol

This segment should take about 1 hour. It contains:

Slide Duration

Matching Values 10 minutes
AAY 23l (%3 10 minutes
SE Ao 10 minutes
ALEA: A H7F 30 minutes

12.1 Matching Values

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

C/C++2] switch ¢t B35 gh& &2 AFR S & A FYTh
fn main() {

let input = 'x';

match input {

'q' => println!("Quitting"),
|a| | lsl | IWI | |d| => pl'intlnl("o]axiﬂ O]%”)’
'9'..="9" => println!("&2 4="),

key if key.is_lowercase() => println!("&&2: {key}"),

println!("7]gt"),

\%

}

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

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

el o] 4 (o] ool M= key) & €| B2 oA AHEE 4 JleHRIg S Ty

-
U3 7hE L 2710] FQl FLolg Hio] AXHEF Uk,
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- [ror7l&dy
- o Hos v FAFY o
- 1..=5: 2 Z (71M = 5) & Z3bst= He & ved Yy
- gdestEdyn
o X 7hEE EEo] BR QA2 A o 2 2H5}7] o 54T 45 M5k &
stz & o {8y
o WX 9] 7t (F2 74A]) ol 2 if & ARES A} thE U oh viA] kA 9] => Hojl AbgH if
z2@A 28 A7 A" E T *‘0“9\4 .E}E} A 7] Al if Z2Zio] M st ete )
match o] O+& 7HA| = 1= A ek&U o
e 7tEo] Hojd 242 | & Z3detes HEHe REREF A A8HUT

TFZ2A

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

}

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

Foo { x: (1, b), y } => println!("x.0 = 1, b = {b}, y = {y}"),
Foo { y: 2, x: i} => println!("y = 2, x = {i:?}"),
Foo { vy, } => println!("y = {y}, ©& Ttk ZAE"),
}
}
gAY
F2AYG DAY 3o YRS s ojx| S 58 W4o) vrl e 9 &uch 2hkE enum B 2 A
Arm B ok
enum Result {
0k (i32),
Exrr(String),
}

fn divide_in_two(n: i32) -> Result {
ifn%2==0 {
Result: :0k(n / 2)
} else {
Result::Erxr(format! ("{n}< (&) & 719 =«

o
4
s
fe
f
L
r
A
EQ
u@
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}

fn main() {
let n = 100;
match divide_in_two(n) {

Result::0k(half) => println!("{n}S (£) 52 U+ #2 {halfidyct."),
Result: :Err(msg) => println!("#<Lduch, 277 ZASUCk. {msgr"),

}

match 2ol Al divide_in_two g0l A Ht& s = Result = F 719 Z (22 7HA) 2
(destructure) 5+l 54 th AHA oA half += Ok variant o] &1 Q

oA msg & 2% WA A Aol g gy},

« foo 2| 2| gte o2 el Yot =g WA
* Foooll f BEZ 271813 B ool met sfel & HMAG Yt
« WXt G4 FHA 2 TR ol E S AFYT FHA B2 25 MR HAS B &
=512 %= AL EQIsHH L. const = M A St TA] ZHEsl=x] Folshy
27
7] ZQE

« if/felse EAA 2 A2 vH&staL, o] k2 UFol match 2 #sid Y.

« @Al AR variant & F7bstal ZES AYPSto] LR EEAIS|EA Q. FE oL BZo
ol e, 22 AHupdert ofHA 02 JIES FEA] o] duEAL.

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

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

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

12.3 S E7A9]
Rust o] The Qlojohs the 8l /1] Ao} 58 3271 9lon sje Ax|ojAg g ch

o if let E3HA
* while let expressions
« match &4

if let TAA S ARESHA gho] sl AX|st=Alof et th e Z=5 Ay +ASUh
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https://doc.rust-lang.org/reference/expressions/if-expr.html#if-let-expressions

fn sleep_for(secs: f32) {
let dur = if let Ok(dur) = std::time::Duration::try_from_secs_f32(secs) {

dur
} else {
std::time: :Duration: :from_millis (500)
}
std::thread: :sleep(dur);
println! ("{:?} &< ¥EAFUC.", dur);

}

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

let else expressions
e S LA A 7|2 ol A Hhsh= AREA QI 74 o= let else EAFEE YT 'else’ Abell+= Y
o 7= & 3o]Ljof gt (return, break i 1Y - E5e| c}3 1% 2 o] Fah A% ol Hu]
o).
fn hex_or_die_trying(maybe_string: Option<String>) -> Result<u32, String> {
let s = if let Some(s) = maybe_string {
s
} else {
return Exrr(String::from("None & 7}F42"));

s

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

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

3

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

} else {

Err(String::from("16 “47} ofd"))
}
}

fn main() {
println!("Z2%}: {:?}", hex_or_die_trying(Some(String: :from("foo"))));

}
gt 2 2ot 22 BE = Toop 7I9 =7 syt

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

}
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https://doc.rust-lang.org/rust-by-example/flow_control/let_else.html
https://doc.rust-lang.org/reference/expressions/loop-expr.html#infinite-loops

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

}

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

if-let

« if let o] match 2t} o 7+2& 4 U454
match oA &= EE E%XV} %] 2] &| of o &
o AubA AR Optlon = A& o Som

e85k AUyt
s match ¢} ”E’J if let 2 oiel 442 9ot S AR Y5HA] &5t
let-else
QoA B AXY if-let & 2HT 4 Y5 Uh let-else LR =0 2¥H Ao PYHIE ¢
shyth I =7t o @A JHstst =AY E0] B 4 =S o] Mg S ThA] ZHAd5HAl .
Al 2 E M2 oh2 3 25yt

fn hex_or_die_trying(maybe_string: Option<String>) -> Result<u32, String> {
let Some(s) = maybe string else {
return Exr(String::from("None S 7}*3"));

b,

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

let Some(digit) = first_byte_char.to_digit(16) else {
return Err(String::from("16 Z57} ofd"));

}

return Ok(digit);
}
while-let

« while let & Zto] siedof wix] &= &t AlLH Y

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

124 ASEA: 24T}

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

o] 7] | Box B} & *U}E ERIEfolH o] A o] FrbRo| A AA S| THF U HIAEAM = 4 9
o] A2 Box: :new & AFESI"E AR FAPE £ QlEFUTH BHAR HAE HHAZ H7ts}
deref AAMR} (*) 2 AFE3lo] "8FA EA]S SiA|”gHUth: eval (*boxed_expr).
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https://doc.rust-lang.org/stable/std/string/struct.String.html#method.pop

>

AE A2 Yrtstk 4 glon @ &5 HiEgch EF Result<Value, String> EFYS 33
A& JEtl 7Y (Ok (Value)) HIAI A <k A @ FEUEREU T (Err(String)). YEoll ©] Result
E}Ql o] thal A] A}A| 5] Atm B A& o},

FEE FAFSHo] Rust S0 2k 2o 2099 eval FAS AU 2 F .

M5 AE
£ g7eloF FUTH todo! () BAESIT HAES by ERSIES a1 £gol B 5 AL
#[ignore] & ALgslol El2ES YA Mo 2 Afd SESgLTH
#[test]

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

AR ARG F 002 Y|y H4 euERt Syshs HAES AR 2. WY B
Result 2 o] 24|15 o7 4 g 4 927te?
/11 % 7o) 39 mRACIN Ay AUyt

enum Operation {
Add,
Sub,
Mul,
Div,

}

/11 E2) Fxe] AN,
enum Expression {
/11 % 709 Skel EAA ] dt ALY,
Op { op: Operation, left: Box<Expression>, right: Box<Expression> },

/11 FEE Z
Value(i64),
}

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

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

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

fn test_recursion() {
let terml = Expression::0p {
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https://doc.rust-lang.org/std/result/enum.Result.html

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

fn test_error() {
assert_eq! (

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

}).,

Exrr(String: :from("0 o= }57]"))

1241 g

/11 % A ske] EANIA A
enum Operation {

Add,

Sub,

Mul,

Div,

et
re
2
1A)
°
o

}

/11 E7 Ao E@AYULE,
enum Expression {
111 % 7N 9] ERAo] Bk AxkIuct,

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

/17 HEE 3%
Value(i64),

66
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}

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

b

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

s

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

if right == 0 {
return Err(String::from("0 22 w7]"));
} else {

left / right
}

H)
}

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

}

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

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

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

fn test_error() {
assert_eq! (
eval (Expression::0p {
op: Operation::Div,
left: Box::new(Expression::Value(99)),
right: Box::new(Expression::Value(0)),
).
Exrr(String: :from("0 o= }t57]"))
),
}

fn main() {

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

}

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

println! ("Z23: {:?}", eval(expr));
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ol 4 = ohE dlo] £

This segment should take about 50 minutes. It contains:

Slide Duration
H A = 10 minutes
E g9l (Trait) 15 minutes
Ed|al AF&s}7) 3 minutes

AL EA: ¥k min - 20 minutes

13.1 HAE=E

2l 2Eo]4 4118 efelof thal impl Sof

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

ol

18 Holstell HEE 47 8 4 dgyth

st

}

impl Race {
/1 FA7 Ye, AH sy
fn new(name: &str) -> Self {
Self { name: String::from(name), laps: Vec::new() }

}

/1 selfol gt S8 9Y g7l/27] Axaduct,

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

}

O

7] Hg WA AxadUrt.

/1 selfo] tfst 3/ 9 2

fn print_laps(&self) {
println! ("= €< {33, {y 47]:", self.laps.len(), self.name);
for (idx, lap) in self.laps.iter().enumerate() {

println! ("{idx}s: {lap}zx");
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}

}

/1 selfol 584 AqH
fn finish(self) {
let total: i32 = self.laps.itex().sum();
println!("{} 2ol F=, & # AXF: {}", self.name, total);

fn main() {

}

let mut race = Race::new("Z2uz Izz=a");
race.add_lap(70);

race.add_lap(68);

race.print_laps();

race.add_lap(71);

race.print_laps();

race.finish();

// race.add_lap(42);

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

&self: SEA2HE 297153
S 52 FHolE AHgE % 9
&mut self: SESAZHE

S 5% Hoj= 88 4 A&
self: 2222 e] Ao 24U I LT A =TS 2 RE
ot AH & 2500 Hol e HEA o R 24 e o=
=29} 571|244 = drop(aiAl) BT,

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

YA glg: FERA S A A Ert Ut &2 BPAE TrEuiAbESHAl HH, A3t =
5| new 2t o] =YY}

2
&
FAT 7P A2 A o2 AN W &S LehdU Tk AR B4
P
=

ok

£ ot v uste] A7ekE Ax =0l 2 4 JdHYT

= FRAY EAF L T2 gl A

B) & JAEAZS self 2 E7|gch

- WA EE o] &35}H receiver 2 S AF2E £ Q1 FE

Yt} WA EE0] ol & 7Hsh ] Eofgle

H A = receiver ¢l self 7|9 &= AHE-Z AF ) FA7] viu o},
- oA AL self: &Self o] & HHYL a

YA =R BoFEs A E5YTH

FHAAHOR 3T 4 3

)

- impl £% W FolM= Self 7} sl F EF)I S| o] EHHE& = AHEE 4 Q52 LA 2.
- F2A BES HID Wl Y BV E AMESHRol self ol H&7|E AHEsto 7iE 25

= H2e A5y

— This might be a good time to demonstrate how the &self differs from self by
trying to run finish twice.

- self & AL 3He o] 22 a5 9o Box<Self>9} 2ol ZAlH Bl 023 S5
deteu efelo] sy
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13.2 E3 9! (Trait)
E Q2 Bd& 5443 st AR U I B o] A8} vl 3t ok
trait Pet {
/// Return a sentence from this pet.
fn talk(&self) -> String;
/// Print a string to the terminal greeting this pet.
fn greet(&self);
}

« EOlZ sl EAlE FASH7] 8l Bl o] 7hMof k= of 3] WA =24 gyt

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

13.2.1 Implementing Traits

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

fn greet(&self) {
println! ("2, 74! ofFo] #oF? {}", self.talk());
}
}

struct Dog {
name: String,
age: 18,

}

impl Pet for Dog {
fn talk(&self) -> String {
format! ("¥Y, A o5 {idytt.", self.name)
}
}

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

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

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

* Traits may provide default implementations of some methods. Default implementations
can rely on all the methods of the trait. In this case, greet is provided, and relies on
talk.
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13.2.2 Ed|9l (Trait)

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

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

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

}
struct Dog(String);

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

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

fn main() {

let puppy = Dog(String::from("=]A"));

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

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

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

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

trait Multiply {

type Output;

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

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

72



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

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

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

A9EE Eaole ohe it 2ol & Bl A5 o2 7
struct Player {

name: String,

strength: u8,

hit_points: u8,

sk
4>
32
ol
i
In}

}

fn main() {
let pl = Player::default(); // 7] b,ﬂ93% ‘default’ AQAE F7HEUTH.
let mut p2 = pl.clone(); // Clone E&|SlZ “clone’ HWAE=E F7kgtuch.
p2.name = Strlng :from("EldurScrollz"

~

)
i

// Debug EYL “{:?} EIZ A S ALFYct.

println! ("{:?} EH {:?7}y", pl, p2),;
}
FEL AR E Aot AT B2 Aol BV §-8% A& AR EAFSHY] F&F 7S F
7ttt o & E0] serde £#[derive(Serialize)] % AL 5Fo] LA 0] 2 H 3} | Y-S AFL T
& AFYh

13.4 Exercise: Logger Trait

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

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

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

use std::fmt::Display;
pub trait Logger {

/// Log a message at the given verbosity level.
fn log(&self, verbosity: u8, message: impl Display);

73



struct StderrLogger;

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

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

}

// TODO: Define and implement "VerbosityFilter' .

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

13.41 HF
use std::fmt::Display;

pub trait Logger {

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

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

struct StderrLogger;

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

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

}

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

max_verbosity: u8,

inner: StderrlLogger,

}

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

}

fn main() {
let 1 = VerbosityFilter { max_verbosity: 3, innexr: StderrlLogger };
do_things (&1);
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This segment should take about 40 minutes. It contains:

Slide

Duration

QIR (hEdo) s

Adlg dio|g g

Adlg el Agt (E S FA)
Eggl +33517] (impl Trait)
AL EA: LHF min

5 minutes
10 minutes
10 minutes
5 minutes
10 minutes

14.1 ¥ (HdE9]) g4+E

Rust supports generics, which lets you abstract algorithms or data structures (such as sorting

or a binary tree) over the types used or stored.
/1] "n°
fn pick<T>(n: i32, even: T, odd: T) -> T {
ifn%2==20 {
even
} else {
odd
}
}

fn main() {
println! ("A=st x2}:
println! ("Ad=d F&: {:?}", pick(28,

76

Zkoll et “event EE “odd E AU,

{:?2}y", pick(97, 222, 333));
(||7H||' 1),

("argelt, 2)));

FEAoRAnASER AoF 27
n == 09 732 even + odd &
AEASHIAIR S 2} &= Rust & o] &



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

14.2 AUE dlo] el Ere]

A Atgsto] BEo| Bl g 243 8 4 ey
struct Point<T> {

x: T,

y: T,
}

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

// fn set_x(&mut self, x: T)
}

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

. :impl<T> Point<T> {}olA T 7} off &= W ARSHU7t?

- A= ol dist Ald|g £+ o] 7] Wi 2d Y. o] T AuH 2 MESHAHJ Yt
- ol oo BE Tof thafjA] o] HlAEFo| HolHth= AZo vy,
— Itis possible to write impl Point<u32> { .. }.
# Point & oA 3] AU o] Point<f64>E AL S = AT o] B E o] HlAEE
Point<u32>% & £9l& Yt

o JjH4let p = Point { x: 5, y: 10.0 };
H4E AFESHo] ThE BFQl 9] R 487K ZRIEE

ol <
oro mlm

SCE
ses =

In =

P

14.3 A4

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

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

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

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

* The From trait will be covered later in the course, but its definition in the std docs is
simple.
* Implementations of the trait do not need to cover all possible type parameters.

Here, Foo: :From("hello") would not compile because there is no From<&str>
implementation for Foo.

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

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

14.4 AuvlE g A (EAZA)
o 2ol e

A2 o5t E#ole 7@ lofof st byt Tefof 1 g
== 7]

o]
Ao HMES &S =y
T: Trait &2 impl Trait & Ak8stH HHUh:

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

Hui&

| E
o]
H

}

// struct NotClonable;

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

* NonClonable & TH&50o] duplicate o &3l EA| Q.
« oj2] Egolo] g ¢ +&5 Agsto] Eols A
* where 292 AH2E 4

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

T: 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

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

o] &5tH Bl mhetu B 7 B2 ¢ S Al YA E M2 st Hl =5l |

Option<T>) & AF&g 4= d&UTh

E2)9 uhe B0k fAFSHA dmpl Trait B4e @4o) xtehiaziol = 4§ /s gtk

/1 B LU

/7 fn add_42_millions<T: Into<i32>>(x: T) -> 132 {

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

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

fn main() {
let many = add_42_millions(42_i8);
println! ("{many}");
let many_more = add_42_millions(10_000_000)
println! ("{many_mozre}");
let debuggable = pair_of(27);
println!("H¥ 1 7}5: {debuggable:?}");

}

r

impl Trait allows you to work with types which you cannot name. The meaning of impl

Trait is a bit different in the different positions.

¢ 4 Qo] Etelo 2 ALgH Sl S Aol dmpl Trait = E&SIAA 9 oo

ehel e o ml gt

« e B2 ARG HAE A folls, 2 EdAlE FAskE FAA AL,
T A A Fotthe A ngdy o] =1 FAA Q] B}l o] §2 API &2

2 7ol g8t

o

PN

EE

g of

75k

alll

&
£ o
2y

of I
52 fu

b7 el eis e o Mo Bt 22 o] & ol P49 Feleto] impl Foo 2 419l
}

ojtjoll = yett QA &t
BE Th=3ste ojW B = 2] E
foo.collect() UE EIA|

.. = AlEsto] @7 HAIZ] 7} of B A

=
o] A& A, L g7t AA RS = HY2 AL FE A
collect<B<() -> Be} ZolAvd 8BS 2dst= 4=
st lE UL o] H9, S5k SoAl= let x: Vec<_> =
EHS WA foo.collect: :<Vec<_>>() 2tZo] g &l E}US HA|H O 2 B Fofof st
A5

debuggable Bt #3117t 2? let debuggable: () =

FEA ] =A] gyt

79



14.6 Exercise: Generic min

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

use std::cmp::0rdering;

// TODO: “main o] AlgEE= °

3
’_l
>
ook
-+
|
4
rol
)
°
o

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

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

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

» Show students the Ord trait and Ordering enum.

14.6.1 S

use std::cmp::0rdering;

fn min<T: Oxd>(1: T, r: T) -> T {
match 1.cmp(&r) {

Ordering::Less | Ordering::Equal => 1,
Ordering: :Greater => r,

}

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

assert_eq!(min('a', '

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

assert_eq! (min("hello", "goodbye"), "goodbye");
assert_eq!(min("bat", "armadillo"), "armadillo");
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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
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Al 15 &

Welcome Back

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

Segment Duration

EZgolE¥ g 1 hour and 20 minutes
FZFgolE8 8] 1 hour and 40 minutes
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A 16 %
EEeto|n

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

Slide Duration
EZ gtolHag 3 minutes
EASFA HAE 5 minutes
Duration 10 minutes
Option, Result 10 minutes
String 10 minutes
Vec 10 minutes
HashMap 10 minutes

AL EA: 7H2H 20 minutes

o] MM o] Zk Lefo] Eojl A& ZA] H|o] A & HESH Hit ARkl A =

i
jaiy

2og A

i)

By

=
S

16.1 EFelolH e

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

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

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

* alloc 2 Vec, Box, Arc 2 Zro] 3l gdo] " ost gtdS 23 ch

- JuHE BAE SEERIMS FE core W AHESHAY 7HE alloc & @7 ALEFYTH

16.2 ZEASFAMHAE

Rust comes with extensive documentation. For example:

» All of the details about loops.
- U8 TZL 7B B
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https://doc.rust-lang.org/stable/reference/expressions/loop-expr.html
https://doc.rust-lang.org/stable/std/primitive.u8.html

» Standard library types like Option or BinaryHeap.

A AL RS BMEFE 4 gy

/11 A WA JI+E = HA QA4=E s & A=A P,
/117

/1] 5 HA A4 0ol ZAyt= false Yy
fn is_divisible_by(lhs: u32, rhs: u32

if rhs == 0 {
return false;

=

-> bool {

}

lhs % rhs == 0
}
THz= oAb o2 A U AAE %%uﬁﬂﬂﬂﬂﬂiﬂﬂE%nmmmE¥%4%ﬂ
o] docs.rs ol AHF SR EASFE YT IRt o0& APl o] B E F7) FH- o] H{El-S AFE5to] 7 A]
she Yo
T UE C: 28 UR) o 55 ZAEstE ™ U REA FA o2kl Sk /7 S2/* L %/
£ AHgshA L.

~

/1 o] REole Ao T ke #Yd 7leel ZE sy

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

16.3 Duration

0Ption<T>~l YR A2 oln A syt T B4 9 g A st AU ofF A= A FskA FF
B = °1Strlng :find & Option<usize>Z Wk},
fn main() {

let name = "Lowe ¥J% Léopard Gepardi";

let mut position: Option<usize> = name.find('é');

println! ("find o] ¥r2Hgt {position:?}");

assert_eq!(position.unwrap(), 14);

position = name.find('Z");

println! ("find & w3k {position:?}");

assert_eq! (position.expect("&##t= 22 4 ¢l2"), 0);

* Optionis widely used, not just in the standard library.
* unwrap < Option 9] gt wrghstA U sy S vhekely ot expect = H| LSRR @ 7 W A] ]
7t EA Y,
— None 24 A] oY ez & 4 A9 A" 2 None & A Ist= AE A4+ ds5U
ct.
- BAZLE A AT off BE Lol A] unwrap/expec tE A
2yd Fes duitdo s o Y2 A 22 None 23| 2 gy
« EAf 2/ A3t Option<T>7F vz elol|A] T o 3717} 22 797} Wk A 9oyt

16.4 Option, Result

Result = Option 3} SAFSHA|E 2l o] A2 = A Sutetyo], 2H2} ebglo] th2 Ut} o] &= &
0‘-1/\] 0:]/\01]/\‘] X‘]——]Q Res 9]' A]—O]-X]U]’ X-“]:”EJ_ Resu1t<T' E>O]L’]r’]'. O:]7IA-] T%Ok %%Oﬂ }\}__g_
1 E = Err Wyo] AE Yt


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

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

fn main() {

let file: Result<File, std::io::Error> = File::open("diary.txt");
match file {
Ok(mut file) => {
let mut contents = String::new();
if let Ok(bytes) = file.read_to_string(&mut contents) {
println!("ttejojg]: {contents}({bytes}HI°|E)");
} else {
println!("otd ZH=E ¢& 4+ glgyd. ")
}
}
Exrr(err) => {
println!("ttolojglE & & gl&Uth. {err}");
}

* Option ot PF7EA| 2, /33t 73-9-2] gt2 Result WiFoll lgyt. A, iRk BAIH

O 2 o5 FEstojof Fuch o]F A oz kS 7] Aol & B o F5 WhEA] A5}
E5§ =5t YEUTh Bl 957k doh wgshA 9 4928 unwrap() ol expect ()
S ALEE 5 Qou] ol AAte] o) ( ;0 R b MAE 4 9e) S HAK O R g
#ol 7= gt

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

* Result = 27 225 AT 2E BFAAdU . 3 LA ol o5 UTh

16.5 String

String el 291 7b ol o] EZ UTF-8 24 wm ek
fn main() {

}

let mut s1 = String: :new();
sl.push_str("ergdsta L") ;
println!("sl: len = {}, €% = {}", sl.len(), sl.capacity());

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

s2.push('!");

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

let s3 = String::from(" ")
println!("s3: len = {}, &4 4 = {}", s3.len(), s3.chars().count());

String & Deref<Target = str>& @3t} o]=, String gtoll tisiA = str o] EEmA
EE S5 4 Ate 9] dYoh

e String: :new = M2 ¥l B2 S wh&E Yok String: :with_capacity & M2 T


https://doc.rust-lang.org/std/string/struct.String.html
https://doc.rust-lang.org/std/string/struct.String.html#deref-methods-str

A Hoo] 92 vlo]E A7 & & = Aol AR 4 s
» String::len 2 String o Hio|E 27| & HtggtUch (A A £4F | $ete T £ A5Y
o)
« String: chars = A A &4} (character) =°il gt o] g eo] g £ Y} char 2 ¢
£ 22 Y7 AR At AS St EAMeHE q%#%ﬁﬁ@ﬂiéﬁgi%ﬂ%

Ea}t@gﬂou“mnmqqcmﬂﬁﬁHLGmMWmedmmrgD Ik ) e
« AFESol EAolga B fq1°ﬂ &str o| AL Strlng F AFUh
« oj@ Et}io] Deref<Target = T>E7dsta o, 2 lﬂr"‘ e ool T HArEES
& 2UA EokE YT
- Deref Eﬂﬂ°‘°ﬂ sl A ob2] thR 2] ko B2 o] Alfo| A =0l Aoz FA 9] Ato]=nt
FE7FURE A¥ gy
- String 2 Deref<Target = str>g 7335 7| ol String o A = str
Mas5esEd 4 syt
— Write and compare let s3 = sl.deref(); and let s3 = &*s1;.
« String 2 Hio|E M H 9| gr 2 FHE o] syt HEZIA YstE oA 7HA] dAdES
String = A Yty ohet String 2 ¥7HA] B3 Wigo] o lsyth
« String & QYA R HIst=HHHES Hlﬂﬁﬂi*ﬂﬁi
- s3.chars().nth(i).unwrap() & °|-&3sto] gt EA& AHet=4 %, i glol HYEH
of'd uf, Hlojubx] g2 wl 2 AHshA
- 53[0..4] & ol &M ZAE S AR E AEst=], 2ol A7 FUIZE ZAE Al
o ubA] S 7<:3“T‘ ofgA == Xl“mowl
* Many types can be converted to a string w1th the to_string method. This trait is
automatically implemented for all types that implement Display, so anything that can
be formatted can also be converted to a string.

16.6 Vec

Vec = 9ol @38 E& 7 7] i dych

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

o

= {}", vl.len(), vl.capacity());

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

v2.push(9999);

println!("v2: len = {}, €% = {}", v2.len(), v2.capacity());

247t 9t WEE Z7shs BE ujazdud.
let mut v3 = vec![0, @, 1, 2, 3, 4];

/1 A5 QAR FARYT.
v3.retain(|x| x % 2 == 0);
println!("{v3:?}");

/1 A% S5 AA

v3.dedup();
println! ("{v3:?}");
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https://docs.rs/unicode-segmentation/latest/unicode_segmentation/struct.Graphemes.html
https://doc.rust-lang.org/std/string/trait.ToString.html#tymethod.to_string
https://doc.rust-lang.org/std/vec/struct.Vec.html

Vec & Deref<Target = [T]>EFFFUC ol:=Vec ollA] &etolAHINES 55 T 4+ JATh=
ojmjiyc.
* Vec is a type of collection, along with String and HashMap. The data it contains is stored
on the heap. This means the amount of data doesn't need to be known at compile time.
It can grow or shrink at runtime.
s Vec<T>& AU BFlo]7| = Fuch s T 2 2 ) 43)Z Bt glaUth o 49, gaE
Bt FEo] #WEfo] 2 F push st=HOlHZ T & & #AASHH.
svec![...] = Vec::new() tA & & A= XEMIAZEA, 27| HolHE F715H HH

it
oZ

[18 AH5tol QeI 22 Y 2T A2 W2 Hol s B4 o] By
o oAl get 2 AH&-SHH Option & WHHtU o pop &4 PRI 2 &5 ZM%MEP.

» Slices are covered on day 3. For now, students only need to know that a value of type
Vec gives access to all of the documented slice methods, too.

16.7 HashMap

HashDoS 3202 HE HS &= BF fA] gyt
use std::collections::HashMap;

fn main() {
let mut page_counts = HashMap: :new();
page_counts.insert("&|ZH| 2] wo| =" to_string(), 207);
page_counts.insert("19d &3} . to_string(), 751);
page_counts.insert("evtat HA" to_string(), 303);

if !page_counts.contains_key("&| olAzHE") {
println!(
"{}e M da AT mARES &¢x EIyo.t,
page_counts.len()
),
}

for book in ["@