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Comprehensive Rust'a Hos
Geldiniz £

Bu, Google'daki Android ekibi tarafindan gelistirilen ticretsiz bir Rust kursudur. Kurs, temel
sozdiziminden genellestirmeler (generics) ve hata isleme gibi ileri diizey konulara kadar
Rust'in tim yelpazesini kapsar.

Kursun en son siiriimiine https://google.github.io/comprehensive-rust/ adresinden
ulasilabilir. Bagka bir yerde okuyorsaniz, liitfen giincellemeleri kontrol edin.

Kurs diger dillerde de mevcuttur. Sayfanin sag iist kosesinden tercih ettiginiz dili
secin veya tiim mevcut ¢evirilerin listesi i¢in Ceviriler sayfasini kontrol edin.

Kurs ayrica PDF olarak da mevcuttur.

Kursun amaci size Rust'1 6gretmektir. Rust hakkinda hicbir sey bilmediginizi varsayiyoruz ve
sunu umuyoruz:

* Rust s6zdizimi ve dili hakkinda kapsaml bir anlayis sunmayu.

* Rust'ta mevcut programlar1 degistirmenize ve yeni programlar yazmaniza olanak
saglamayu.

* Yaygin Rust kod kaliplarini gostermeyi.

ik dért kurs giintine Rust Esaslar1 (Rust Fundamentals) adin1 veriyoruz.
Buna dayanarak, bir veya daha fazla uzmanlik konusuna dalmaya davetlisiniz:

* Android: Android platformu gelistirme (AOSP) i¢in Rust'in kullanimina iligkin yarim
ginlik bir kurs. Buna C, C++ ve Java ile birlikte ¢alisabilirlik (interoperability) de
dahildir.

* Chromium: Rust'in Chromium tabanh tarayicilarda kullanilmasina iligkin yarim giinlik
bir kurs. Bu, C++ ile birlikte calisabilirligi ve ticlincii taraf kasalarin Chromium'a nasil
dahil edilecegini igerir.

* Yalin-metal: Yalin sistem (g6miilil) gelistirme i¢in Rust'in kullanimina iligkin tam giinlik
bir ders. Hem mikrodenetleyiciler hem de uygulama islemcileri kapsanmaktadir.

* Eszamanlhlik: Rust'ta eszamanhilik tzerine tam giinlik bir ders. Hem klasik
eszamanlhlig: (is parcaciklar: ve muteksleri kullanarak kesintili/gecisli zamanlama)
hem de async/await eszamanhhigini (future 6zelliklerini kullanarak isbirlik¢i ¢coklu
gorev) ele aliyoruz.
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Hedef Dis1

Rust genis bir dil ve birkac¢ giin icinde tamamini ele almamiz mimkiin olmayacak.
Asagidakiler bu kursun amaclar: diginda kalir:

 Makrolarin nasil gelistirilecegini 6grenmek: lutfen bunun yerine Rust Kitabi'na ve
Orneklerle Rust'a bakiniz.

Varsayimlar

Kurs, nasil programlanacagini zaten bildiginizi varsayar. Rust, statik tiir sistemine sahip
(statically-typed) bir dildir ve Rust yaklagimini daha iyi aciklamak veya karsilastirmak icin
bazen C ve C++ ile karsilastirmalar yapacagiz.

Python veya JavaScript gibi dinamik olarak yazilmig bir dilde nasil programlanacagini
biliyorsaniz, o zaman da gayet iyi takip edebileceksiniz.

Bu bir konusmact notu 6rnegidir. Bunlari slaytlara ek bilgi eklemek i¢in kullanacagiz. Bunlar,
egitmenin ele almasi gereken 6nemli noktalarin yani sira sinifta ortaya ¢ikan tipik sorularin
yanitlar: da olabilir.
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Chapter 1

Kursun Calistirilmasi

Bu sayfa kurs egitmenine yoneliktir.

Kursu Google'da dahili olarak nasil kullandigimiza dair biraz arka plan bilgisini burada
bulabilirsiniz.

Dersleri genellikle sabah 9:00'dan aksam 16:00'ya kadar yurutiiyoruz ve ortasinda 1 saatlik
0gle yemegi aras1 veriyoruz. Geriye sabah dersi i¢in 3saat, 6gleden sonra dersi i¢in ise 3 saat
kaliyor. Her iki oturum da 6grencilerin alistirmalar tizerinde calismalari icin birden fazla
ara ve zaman icerir.

Kursu calistirmadan once sunlari yapmak isteyeceksiniz:

1.

Ders materyaline agina olun. Onemli noktalarin vurgulanmasina yardimeci olmak igin
konugmaci notlar1 ekledik (liitfen daha fazla konusmaci notuna katkida bulunarak bhize
yardimc1 olun!). Sunum yaparken, konusmaci notlarini acilir pencerede actiginizdan
emin olmalisiniz (Konusmaci Notlar1”nin yanindaki kii¢iik oklu baglantiya tiklayin).
Bu sekilde sinifa sunacaginiz temiz bir ekrana sahip olursunuz.

. Tarihlere karar verin. Kurs en az dort tam giin stirdigiinden, giinleri iki haftaya

yaymanizi 6neririz. Kurs katilimcilari, kursta bogluk kalmasinin, onlara verdigimiz tim
bilgileri islemelerine yardimeci olmas: acisindan yararh bulduklarini belirtmiglerdir.

Katilmcilarimiz i¢in yeterince biytik bir oda bulun. Sinif mevcudunun 15-25 kisilik
olmasini 6neriyoruz. Bu, insanlarin rahatca soru sorabilecegi kadar kucuktur --- ayni
zamanda bir egitmenin sorular: yanitlamak i¢in zamaninin olacag: kadar da kucuktir.
Odada kendiniz ve 6grencileriniz i¢in masalarin oldugundan emin olun: hepinizin
oturup diziistii bilgisayarlarinizla ¢aligsabilmesi gerekir. Ozellikle egitmen olarak ¢ok
saylda canl kodlama yapacaksiniz, bu nedenle kiirsi size pek yardimci olmayacaktir.

Kurs gununuzde, isleri ayarlamak icin odaya biraz erken gelin. Dogrudan dizusti
bilgisayarinizda calisan mdbook serve komutunu kullanarak sunum yapmanizi
oneririz (kurulum talimatlarina bakin). Bu, sayfalar1 degistirirken gecikme olmadan en
iyi performansi saglar. Dizistu bilgisayarinizi kullanmak, siz veya kurs katihmecilarinin
tespit ettigi yazim hatalarini diizeltmenize de olanak tanir.

Insanlarin alistirmalar: kendi baglarina veya kiiciik gruplar halinde ¢ézmelerine
izin verin. Genellikle sabah ve 6gleden sonra alistirmalara 30-45 dakika harciyoruz
(¢c6zliimleri gbzden gecirme (review) zamani da dahil). Insanlara takilip kalmadiklarin
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veya yardimci olabileceginiz bir konu olup olmadigini sordugunuzdan emin olun.
Birkag kisinin ayn1 sorunu yasadigini gérdiigliiniizde bunu sinifa sdyleyin ve bir ¢éziim
Onerin; 0rnegin insanlara standart kittiphanede ilgili bilgiyi nerede bulabileceklerini
gosterin.

Hepsi bu kadar, kursta iyi sanslar! Umariz bizim i¢in oldugu kadar sizin i¢in de eglenceli
olur!

Kursu gelistirmeye devam edebilmemiz icin liitfen sonrasinda geri bildirimde bulunun.
Sizin igin neyin ise yaradigini ve neyin daha iyi hale getirilebilecegini duymak isteriz.
Ogrencileriniz de bize geri bildirim gonderebilir!

1.1 Kurs Yapisi
Bu sayfa kurs egitmenine yoneliktir.

Rust Esaslari

ik dort giin Rust Temelleri'ni olugturur. Giinler hizli geciyor ve ¢ok fazla yol kat ediyoruz!
Kurs programi:
* 1. Giuin Sabah (2 saat 10 dakika, aralar dahil)

Bolum Sture

Hos Geldiniz 5 dakika
Merhaba, Diinya 15 dakika
Tlrler ve Degerler 40 dakika

Kontrol Akis1 Temelleri 45 dakika

e 1. Giin Ogleden Sonra (2 saat 45 dakika, aralar dahil)

Bolum Stre
Demetler (Tuples) ve Diziler (Arrays) 35 dakika
Referanslar 55 dakika
Kullanici Tanimh Tirler 1 saat

e 2. Giin Sabah (2 saat 45 dakika, aralar dahil)

Bolum Siire
Hos Geldiniz 3 dakika
Desen Eglestirme 50 dakika

Metotlar ve Ozellikler (Traits) 45 dakika
Genellestirmeler (Generics) 45 dakika

+ 2. Giin Ogleden Sonra (2 saat 50 dakika, aralar dahil)
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Bolim Stire

Cevreleyiciler (Closures) 30 dakika
Standart Kitiiphane Tirleri 1 saat
Standart Kiitiiphanedeki Ozellikler (Traits) 1 saat

e 3. Giin Sabah (2 saat 20 dakika, aralar dahil)

Bolim Stire

Hos Geldiniz 3 dakika
Bellek Yonetimi 1 saat
Akill1 Gostericiler 55 dakika

e 3. Gin Ogleden Sonra (1 saat 55 dakika, aralar dahil)

Bolim Sure

Odiing Alma 55 dakika
Omuiirler (Lifetimes) 50 dakika

* 4. Gun Sabah (2 saat 50 dakika, aralar dahil)

Bolim Sire

Hos Geldiniz 3 dakika
Adimlayicilar (Iterators) 55 dakika
Modiiller 45 dakika
Test Etme 45 dakika

* 4. Giin Ogleden Sonra (2 saat 20 dakika, aralar dahil)

Bolim Stire

Hata Isleme 55 dakika
Emniyetsiz (Unsafe) Rust 1 saat 15 dakika

Derin Daliglar

Rust'in Esaslar1 hakkindaki 4 giinliik derse ek olarak, daha 6zel konulari da ele aliyoruz:

Android'de Rust

Rust in Android ayrintilhi incelemesi, Android platformu gelistirme icin Rust1 kullanma
konusunda yarim ginlik bir kurstur. Buna C, C++ ve Java ile birlikte calisabilirlik
(interoperability) de dahildir.

Bir AOSP kasasina ihtiyacimiz olacak. Ayni makinede kurs deposunu kontrol edin ve
src/android/ dizinini AOSP kasasinin kok dizinine tasiyin. Bu, Android inga (build)
sisteminin src/android/ icindeki Android.bp dosyalarini gérmesini saglayacaktir.
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adb sync emiulatoriiniizle veya gercek cihazinizla ¢calistigindan emin olun ve tiim Android
orneklerini src/android/build_all. sh kullanarak onceden inga (build) edin. Calistirdig:
komutlar1 gormek icin betigi okuyun ve bunlari elle calistirdiginizda ¢alistiklarindan emin
olun.

Chromium'da Rust

Chromium'da Rust'in ayrintili incelemesi, Rust'in Chromium tarayicisinin bir parcasi olarak
kullanilmasina iligkin yarim giinlik bir kurstur. Bu, Chromium'un gn yap1 sisteminde Rust'in
kullanilmasiny, tigiinci taraf kitapliklarin ("kasalar/crates”) getirilmesini ve C++ ile birlikte
caligabilirligini icerir.

You will need to be able to build Chromium --- a debug, component build is recommended for
speed but any build will work. Ensure that you can run the Chromium browser that you've
built.

Yalin-Sistem (Bare-metal) Rust

Yalin-Sistem Rust ayrintili incelemesi, yalin sistem (gomuli) gelistirme i¢in Rust kullanimina
iligkin tam gunlik bir derstir Hem mikrodenetleyiciler hem de uygulama islemcileri
kapsanmaktadir.

Mikrodenetleyici kismi i¢in BBC micro:bit v2 gelistirme kartini1 énceden satin almaniz
gerekecek. Herkesin karsilama sayfasinda acgiklandigy gibi bir dizi paketi yiiklemesi
gerekecektir.

Rust'ta Eszamanhhik

Rust'ta Eszamanlilik ayrintili incelemesi, klasik ve ayni zamanda async/await eszamanlilifi
uzerine tam ginluk bir derstir.

Yeni bir kasa (crate) kurulumuna ve bagimliliklarin indirilip kullamima hazir hale
getirilmesine ihtiyaciniz olacak. Daha sonra 6rnekleri denemek icin kopyalayip src/main.rs
dosyasina yapistirabilirsiniz:

cargo init concurrency

cd concurrency

cargo add tokio --features full
cargo run

Kurs programi:
» Sabah (3 saat 20 dakika, aralar dahil)

Bolum Siire

Is Pargaciklar: (Threads) 30 dakika
Kanallar 20 dakika

Send ve Sync 15 dakika
Paylasimli Durum (State) 30 dakika
Algtirmalar 1 saat 10 dakika

+ Ogleden Sonra (3 saat 30 dakika, aralar dahil)
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Bolim Stire

Async Temelleri 40 dakika
Kanallar ve Kontrol Akisi 20 dakika
Tuzaklar 55 dakika
Aligtirmalar 1 saat 10 dakika

Idiomatic Rust

The Idiomatic Rust deep dive is a 2-day class on Rust idioms and patterns.
You should be familiar with the material in Rust Fundamentals before starting this course.
Kurs programi:

* Morning (25 minutes, including breaks)

Bolim Stuire

Leveraging the Type System 25 minutes

Unsafe (Work in Progress)

The Unsafe deep dive is a two-day class on the unsafe Rustlanguage. It covers the fundamentals
of Rust's safety guarantees, the motivation for unsafe, review process for unsafe code, FFI
basics, and building data structures that the borrow checker would normally reject.

Kurs programi:

* Day 1 Morning (1 hour, including breaks)

Bolum Sure
Kurulum (Setup) 2 dakika
Motivasyon 20 dakika
Fonksiyonlar 25 minutes

Format

Kursun ¢ok etkilesimli olmas1 amaclaniyor ve sorularin Rust'in kesfini yonlendirmesine izin
vermenizi 6neririz!

1.2 Klavye Kisayollar:

Bu mdBook'ta birkag kullanish klavye kisayolu vardir:
+ Arrow-Left: Onceki sayfaya gidin.
» Arrow-Right: Sonraki sayfaya gidin.
* Ctrl + Enter: Odakli kod 6rnegini yurutin.

* s: Arama ¢ubugunu etkinlegtirin.
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1.3 Ceviriler

Kurs bir grup harika goniilliler tarafindan diger dillere cevrildi:

* Brezilya Portekizcesi yazanlar: @rastringer, @hugojacob, @joaovicmendes ve
@henrif75.

* Cince (Basitlestirilmis) yazanlar: @suetfei, @wnghl, @anlunx, @kongy, @noahdragon,
@superwhd, @SketchK ve @nodmp.

* Cince (Geleneksel) yazanlar: @hueich, @victorhsieh, @mingyc, @kuanhungchen ve
@johnathan79717.

» Farsca yazanlar: @DannyRavi, @javad-jafari, @Alix1383, @moaminsharifi,
@hamidrezakp ve @mehrad77.

* Japonca yazanlar: @CoinEZ-JPN, @momotaro1105, @HidenoriKobayashi ve @kantasv.

» Korece yazanlar: @keispace, @jiyongp, @jooyunghan ve @namhyung.

* Bengalce yazanlar: @raselmandol.

* Ukraynaca yazanlar: @git-user-cpp, @yaremam ve @reta.

Diller arasinda gec¢is yapmak icin sag st kdgedeki dil seciciyi kullanin.

Tamamlanmamis Ceviriler

Devam eden ¢ok sayida geviri var. En son giincellenen cevirilere baglanti veriyoruz:

* Arapca yazanlar: @younies

* Bengalce yazanlar: @raselmandol.

* Fransizca yazanlar: @Kooka$S, @vcaen ve @AdrienBaudemont.
» Almanca yazanlar: @Throvn ve @ronaldfw.

+ talyanca yazanlar: @henrythebuilder ve @detro.

Cevirilerin tam listesi ve giincel durumlari son giincelleme tarihi itibariyla veya kursun en
son strimuyle senkronize edilmis olarak da mevcuttur.

Bu cabaya yardimci olmak istiyorsaniz nasil baslayacaginizi 6grenmek icin litfen
talimatlarimiza bakin. Ceviriler sorun izleyicide tizerinde koordine edilir.
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Chapter 2

Cargo'yu Kullanmak

Rust hakkinda okumaya basladiginizda, Rust ekosisteminde Rust uygulamalarini inga etmek
(build) ve calistirmak icin kullanilan standart ara¢ Cargo ile yakinda tanisacaksiniz. Burada
Cargo'nun ne olduguna, daha genis ekosisteme nasil uyum sagladigina ve bu egitime nasil
uyduguna dair kisa bir genel bakis sunmak istiyoruz.

Kurulum

Liitfen https://rustup.rs/ adresindeki talimatlar: izleyin.

Bu size Cargo olusturma aracini (cargo) ve Rust derleyicisini (rustc) saglayacaktir. Ayrica,
arag¢ zincirlerini (toolchain) kurmak/degistirmek, capraz derlemeyi ayarlamak vb. igin
kullanabileceginiz bir komut satir1 yardimci programi olan rustup'a sahip olacaksiniz.

Rust'u kurduktan sonra editériintizii/diizenleyicinizi veya IDE'nizi Rust ile ¢aligsacak sekilde
yapillandirmalisiniz. Cogu editér bunu, VS Code, Emacs, Vim/Neovim ve digerleri i¢cin otomatik
tamamlama ve tanima atlama islevselligi saglayan rust-analyzer ile haberleserek yapar.
Ayrica RustRover adinda farklh bir IDE de mevcuttur.

* On Debian/Ubuntu, you can install rustup via apt:
sudo apt install rustup

* Mac igletim sisteminde Rust'1 yiiklemek i¢cin Homebrew'i kullanabilirsiniz, ancak bu
eski bir stirim saglayabilir. Bu nedenle Rust'1 resmi sitesinden kurmaniz onerilir.

2.1 Rust Ekosistemi

Rust ekosistemi bir dizi aractan olusur; bunlarin bashcalar: sunlardir:

* rustc: .rs dosyalarm ikili (binary) dosyalara ve diger ara bicimlere (format)
donustiren Rust derleyicisi.

* cargo: Rust bagimlilik yoneticisi ve insa (build) araci. Cargo, genellikle https://crates.io
uzerinde barindirilan bagimliliklar: nasil indirecegini bilir ve projenizi olustururken
bunlar1 rustc derleyicisine aktarir. Cargo ayrica birim testlerini yuriitmek i¢in
kullanilan yerlesik bir test caligtiricisiyla birlikte gelir.
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* rustup: Rust arag zinciri (toolchain) yiikleyicisi ve giincelleyicisi. Bu arag, Rust'in yeni
surimleri yayinlandiginda rustc ve cargo programlarini yiklemek ve giincellemek
icin kullanilir. Ek olarak, rustup standart kitaplik icin belgeleri de indirebilir. Ayni anda
birden fazla Rust siiriimiinii ytikleyebilirsiniz ve rustup gerektiginde bunlar arasinda
gecis yapmaniza olanak tanir.

Anahtar noktalar:

* Rust'un her alt1 haftada bir yeni siirimiinin ¢iktig1 hizh bir siiriim programi var. Yeni
suriimler; eski siirtimlerle geriye doniik uyumlulugu korur ve ayrica yeni islevsellik
saglar.

» Ug siiriim kanali vardir: “kararli (stable)”, "beta” ve “gecelik (nightly)”.

* Yeni 6zellikler ”gecelik (nightly)” kanalinda test ediliyor, beta” her alt1 haftada bir
“kararli (stable)” hale geliyor.

* Bagimhliklar ayrica alternatif olarak kayitlardan, git'ten, klasérlerden ve daha
fazlasindan ¢6zilebilir.

* Rust'in ayrica yayinlari (editions) vardir: mevcut yayin (edition) Rust 2024'diir. Onceki
yayinlar Rust 2015, Rust 2018 ve Rust 2021'di.

— Yayinlarin dilde geriye doniik olarak uyumsuz degisiklikler yapmasina izin verilir.

— Kodun kirilmasini (breaking code) onlemek icin yayinlar istege baghdir:
Cargo.toml dosyasi araciligiyla kasanizin (crate) sirimuni secersiniz.

- Ekosistemin boélinmesini 6énlemek icin Rust derleyicileri farkli sirimler icin
yazilan kodlar1 karistirabilir.

— Derleyiciyi cargo yoluyla degil de dogrudan kullanmanin oldukca nadir oldugunu
unutmayin (¢ogu kullanici asla kullanmaz).

— Cargo'nun kendisinin son derece gugli ve kapsamli bir arac¢ oldugunu belirtmekte
fayda var. Asagidakiler dahil olmakla ve bunlarla sinirhi olmamak tizere bircok
gelismis 6zellige sahiptir:

*

Proje/paket yapisi

¢alisma alanlari

Gelistirici Bagimliliklar: ve Calisma Zamani Bagimhilig1 yonetimi/onbellege
alma

build scripting

genel kurulum

Ayrica alt komut eklentileriyle de genisletilebilir (cargo Clippy gibi).

* ¥

* ¥ ¥

— Resmi Cargo Kitabi'ndan daha fazlasini okuyun

2.2 Bu Egitimdeki Kod Ornekleri

Bu egitimde cogunlukla Rust dilini tarayiciniz lizerinden yurutebileceginiz 6rnekler
uzerinden inceleyecegiz. Bu, kurulumu ¢ok daha kolay hale getirir ve herkes icin tutarh bir
deneyim saglar.

Cargo'nun kurulumu hala tesvik edilmektedir: alistirmalar: yapmanizi kolaylastiracaktir.
Son gin, bagimhliklarla nasil ¢calisacaginizi ve bunun i¢in Cargo'ya ihtiyaciniz oldugunu
gosteren daha buiyiik bir alistirma yapacagiz.
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Bu kurstaki kod bloklar: tamamen etkilesimlidir:

fn main() {
println!("Dizenle beni!");

}
Metin kutusu odaklanmigken kodu c¢alistirmak icin Ctrl + Enter tuglarini kullanabilirsiniz.

Cogu kod oOrnegi yukarida gosterildigi gibi diizenlenebilir. Birka¢ kod o6rnegi cesitli
nedenlerden dolay1 diizenlenemez:

* GOmiulu deneme alanlari (playgrounds) birim testlerini yiiriitemez. Birim testlerini
gostermek icin kodu kopyalayip yapistirin ve gercek Deneme Alaninda (Playground)
agin.

* GOmuli deneme alanlari, sayfadan uzaklastiginiz anda durumlarini kaybeder!
Ogrencilerin alistirmalar: yerel bir Rust kurulumu kullanarak veya Deneme Alam
araciligiyla c6zmelerinin nedeni budur.

2.3 Cargo'nun Yerel (Local) Olarak Caligtirilmasi

Kodu kendi sisteminizde denemek istiyorsaniz, dénce Rust'u yuiklemeniz gerekecektir. Bunu
Rust Book'taki talimatlari uygulayarak yapin. Bu size ¢alisan bir rustc ve cargovermelidir.
Bu yazinin yazildig: sirada en son kararh Rust siiriimii su siiriim numaralarina sahiptir:

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

Rust geriye donik uyumlulugu korudugu icin daha sonraki herhangi bir sirimu de
kullanabilirsiniz.

Bunu yaptiktan sonra, bu egitimdeki 6rneklerden birinden bir Rust ikili (binary) programi
olusturmak icin su adimlari izleyin:

1. Kopyalamak istediginiz 6rnegin tizerindeki ”Panoya kopyala” diigmesine tiklayin.

2. Kodunuz icin yeni bir exercise/ dizini olusturmak i¢in cargo new exercise
komutunu kullanin:

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

3. Ikili (binary) dosyanizi insa etmek (build) ve ¢alistirmak icin exercise/ dizinine gidin
ve cargo run komutunu kullanin:

$ 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 dosyasindaki hazir kodu kendi kodunuzla degistirin. Ornegin, énceki
sayfadaki 6érnegi kullanarak src/main.rs dosyasinin su sekilde goriinmesini saglayin

22


https://doc.rust-lang.org/book/ch01-01-installation.html

fn main() {
println!("Dizenle beni!");

}

5. Glncellenmis ikili (binary) dosyanizi insa etmek (build) ve ¢calistirmak (run) icin cargo
run komutunu kullanin:

$ 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. Projenizi hatalara kars: hizli bir sekilde kontrol etmek i¢in cargo check komutunu
kullanin, cahstirmadan derlemek icin cargo build komutunu kullanin. Normal
bir hata ayiklama insasinda (build) ciktiy1 target/debug/ iginde bulacaksiniz.
target/release/ icinde optimize edilmis bir siirim insas1 olusturmak icin cargo
build --release komutunu kullanin.

7. Cargo.toml dosyasini dizenleyerek projeniz i¢in bagimhiliklar ekleyebilirsiniz. cargo
komutlarini calistirdiginizda, eksik bagimhiliklar: sizin i¢in otomatik olarak indirip
derleyecektir.

Sinif katilimeilarin Cargo'yu yiiklemeye ve yerel bir metin diizenleyici kullanmaya tesvik
etmeye ¢alisin. Normal bir gelisim ortamina sahip olacaklari i¢in hayatlar: kolaylasacaktir.
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Part1

Gun 1: Sabah
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Chapter 3

1. Gun'e Hos Geldiniz

Rust Esaslari'nin ilk giinii. Bugiin ¢ok fazla konuyu ele alacagiz:

* Temel Rust s6zdizimi: degiskenler, skaler ve bilesik tiirleri, numaralandirma tiirleri
(enums), yapilar (structs), referanslar, fonksiyonlar ve metotlar.

* Tirler ve tiir ¢ikarimi (inference).

* Kontrol akig1 yapilar: (constructs): dongtler, kosullar vh.

 Kullanic1 taniml tiirler: yapilar (structs) ve numaralandirmalar (enums)

Zamanlama (Schedule)

Bu oturum 10 dakikalik aralar dahil yaklasik 2 saat 10 dakika siirmelidir. icerigi:

Bolim Siire

Hos Geldiniz 5 dakika
Merhaba, Diinya 15 dakika
Tiirler ve Degerler 40 dakika

Kontrol Akisi Temelleri 45 dakika

This slide should take about 5 minutes.
Litfen 6grencilere sunu hatirlatin:

* Sorular akillarina geldiginde sormalilar, sona saklamamalilar.
* Simifin etkilesimli olmasi amaclaniyor ve tartismalar ¢ok tesvik ediliyor!

— Bir egitmen olarak tartismalar: giincel tutmaya ¢alismalisiniz, yani Rust'in isi nasil
yaptig1 ve baska bir dilin isi nasil yaptigiyla ilgili tartismalar: siirdirin. Dogru
dengeyi bulmak zor olabilir; ancak insanlar: tek yonli iletisimden ¢ok daha fazla
mesgul ettifi icin tartismalara izin vermeyi tercih edin.

» Sorular ¢ogunlukla slaytlardan 6nce bazi seyler hakkinda konusacagimiz anlamina
gelecektir.

— Bu kesinlikle sorun degil! Tekrar etmek, 6grenmenin onemli bir parcasidir.
Slaytlarin sadece bir destek oldugunu ve istediginiz gibi atlamakta oOzgir
oldugunuzu unutmayin.
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ilk giiniin amaci, Rust'ta diger dillerle hemen hemen paralel olmas1 gereken “temel” seyleri
gostermektir. Rust'in daha gelismis kisimlari ilerleyen giinlerde gelecek.

Eger bunu bir sinifta §gretiyorsaniz, burasi programin iizerinden ge¢mek icin iyi bir yerdir.
Her bélimiin sonunda bir alistirma ve ardindan bir ara oldugunu unutmayin. Aradan sonra
alistirma ¢ozUimiuni tamamlamayi planlayin. Burada listelenen zamanlar kursun programa
uygun devam etmesi i¢in bir oneridir. Esnek olmaktan ve gerektigi gibi ayarlamaktan
cekinmeyin!
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Chapter 4

Merhaba, Duinya

Bu boliim yaklasik 15 dakika stirmelidir. Igerigi:

Slayt Stire
Rust Nedir? 10 dakika
Rust'in Faydalar: 3 dakika

Deneme Alani (Playground) 2 dakika

4.1 Rust Nedir?

Rust, 2015'te 1.0 stirimi ¢ikan yeni bir programlama dilidir:

* Rust, C++ ile benzer role sahip statik olarak derlenen bir dildir
— rustc arka tarafta (backend) LLVM'yi kullanir.
* Rust bir¢ok platformu ve mimariyi destekler:
— x86, ARM, WebAssembly;, ...
— Linux, Mac, Windows, ...
* Rust cok ¢esitli cihazlarda kullanilir:
— donanim yazilimlarinda (firmwares) ve 6énytiikleyicilerde (boot loaders),
akilli ekranlarda,
cep telefonlarinda,
masatsti bilgisayarlarda,
sunucularda.

This slide should take about 10 minutes.
Rust, C++ ile ayn1 alanda yer almaktadir:

* Yiiksek esneklik.

* Yiksek diizeyde kontrol.

* Mikrodenetleyiciler gibi ¢cok kisith cihazlara 6lgeklendirilebilir.

* Calisma zamani veya ¢op toplama 6zelligi yoktur.

* Performanstan 6diin vermeden guivenilirlik ve emniyete (safety) odaklanir.
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4.2 Rust'in Faydalari

Rust'in bazi benzersiz yok satan noktalari:
* Derleme zamani bellek emniyeti - derleme zamaninda tiim bellek hatalar: sitniflar1 énlenir

— IIklendirilmemis degisken yok.

— Adresi iki kez serbest birakma (double free) yok.

— Serbest biraktiktan sonra kullanma (use after free) yok.

— NULL gostericileri yok.

- Kilitli halde unutulmus hicbir mutex yok.

- Is parcaciklari (threads) arasinda veri yarislar: (data races) yok.
— Adimlayiciyinin (iterator) gecersiz kilinmasi (invalidation) yok.

* Tarumsiz ¢alisma zamant davranist yok - Bir Rust deyiminin yaptig1 sey hicbir zaman
belirtilmemis (unspecified) olarak birakilmaz

— Dizi erisiminde sinirlar kontrol edilir.
— Tamsayi1 tagmasi tanimhdir (panic veya wrap-around).

* Modern dil ozellikleri - Ust seviye diller kadar etkileyici ve ergonomik

— Numaralandirmalar (Enums) ve desen eslestirme.

— Genellestirmeler (Generics).

— FFI ek yuiki yok.

— Sifir maliyetli soyutlamalar.

— Miukemmel derleyici hata mesajlar:.

— Yerlesik bagimlilik yoneticisi.

— Test icin yerlesik destek.

— Miikemmel Dil Sunucusu Protokolii (Language Server Protocol) destegi.

This slide should take about 3 minutes.

Burada fazla zaman gegirmeyin. Bu noktalarin timi ileride daha derinlemesine ele
alinacaktir.

Sinifa hangi dillerde deneyime sahip olduklarini mutlaka sorun. Cevabiniza bagh olarak
Rust'in farkh 6zelliklerini vurgulayabilirsiniz:

* C veya C++ deneyimi: Rust, 6diing alma denetleyicisi (borrow checker) araciligiyla
tim ¢calisma zamani hatalarini(runtime errors) ortadan kaldirir. C ve C++'daki gibi
performans elde edersiniz bununla birlikte bellek emniyetsizligi sorunlari yagamazsiniz.
Ayrica desen eslestirme (pattern matching) ve yerlesik bagimlilik yonetimi (dependency
management) gibi yapilara sahip modern bir dil elde edersiniz.

* Java, Go, Python, JavaScript... ile deneyim: Bu dillerdekiyle ayni bellek emniyetine
(safety) ve benzer bir yliksek seviyeli dil hissini elde edersiniz. Ayrica C ve C++ gibi
hizli ve 6ngorilebilir performans (¢op toplayici yok) ve diisiik seviyeli donanima erigim
(ihtiya¢ duymaniz halinde) elde edersiniz.

4.3 Deneme Alani (Playground)

Rust Deneme Alani kisa Rust programlarini ¢calisirmanin kolay bir yolunu sunar ve bu
kurstaki ornekler ve alistirmalarin temelini olusturur. Deneme alaninda "merhaba-diinya”
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ile baglayan programi ¢alistirmayi deneyin. Deneme alani birka¢ kullanigh 6zellik ile birlikte
gelir:

* Kodunuzu ”standart” sekilde bi¢cimlendirmek i¢in ”Tools” altinda rustfmt secenegini
kullanin.

* Rust kodu olusturmak i¢in iki ana *profil” (profile) vardir: Hata ayiklama (ekstra ¢calisma
zamani kontrolleri, daha az optimizasyon) ve Sirim (release) (daha az ¢alisma zamani
kontroli, ¢ok fazla optimizasyon). Bunlara tist kisimdaki “Hata Ayiklama” bélimiinden
erisilebilir.

* Eger ilgileniyorsaniz, olusturulan asm kodunu gérmek icin ”...” altindaki "ASM”yi
kullanin.

This slide should take about 2 minutes.

Ogrenciler araya girerken onlar1 deneme alanini agmaya ve biraz deney yapmaya tesvik edin.
Kursun geri kalaninda sekmeyi acik tutmaya ve bir seyler denemeye tesvik edin. Bu 6zellikle
Rust'in optimizasyonlar: veya olusturulan asm kodu hakkinda daha fazla hilgi edinmek
isteyen ileri diizey 6grenciler icin faydalidir.
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Chapter 5

Turler ve Degerler

Bu boliim yaklasik 40 dakika stirmelidir. Igerigi:

Slayt Siire
Merhaba, Diinya 5 dakika
Degiskenler 5 dakika
Degerler 5 dakika
Aritmetik 3 dakika
Tir Cikarimi (Type Inference) 3 dakika
Aligtirma: Fibonacci 15 dakika

5.1 Merhaba, Diinya

Mimkiin olan en basit Rust programina, klasik bir Merhaba Diinya programina gecelim:

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

Ne goruyorsunuz:

Fonksiyonlar fn ile tanitilir.

main fonksiyon programin giris noktasidir (entry point).

Bloklar, C ve C++'daki gibi kiime parantezleriyle sinirlari belirlenmistir.

Deyimler (Statements) ; ile biter.

Rust arinmig/pak/izole (hygienic) makrolara sahiptir, println! buna bir érnektir.
Rust dilinindeki dizeler (strings) UTF-8 olarak kodlanmistir ve herhangi bir Unicode
karakteri icerebilir.

This slide should take about 5 minutes.

Bu slayt 0grencilerin Rust kodu konusunda rahat olmalarin saglamaya calismaktadir.
Oniimiizdeki dort giin icinde ¢ok sey gorecekler, bu ylizden asina bir seyle kiiciikten
bashyoruz.

Anahtar noktalar:
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* Rust, C/C++/Java gelenegindeki diger dillere cok benzer. Rust emirli bir dildir (imperative)
ve kesinlikle gerekmedikce bir seyleri yeniden kesfetmeye calismaz.

* Rust, Unicode gibi seyleri tam olarak destekleyen modern bir yazilimdir.

* Rust, degisken sayida argimana sahip olmak istediginiz durumlar icin makrolari
kullanir (fonksiyon yuklemesi (overloading) yoktur).

* Makrolarin 'arinmig/pak' olmasi, kullanildiklar: kapsamdaki (scope) tanimlayicilari
(identifiers) yanhglikla yakalamadiklar: anlamina gelir. Rust makrolar: aslinda yalnizca
kismi paktir (hygienic).

* Rust ¢ok paradigmali bir dildir. Ornegin, giiclii nesne yonelimli programlama
ozelliklerine sahiptir ve ¢esitli fonksiyonel kavramlar: (fonksiyonel bir dil olmasa da)
icerir.

5.2 Degiskenler

Rust, statik tiir sistemine sahip olmasiyla tliir emniyeti saglar. Degisken baglamalar: (binding)
let ile yapilir:

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

}
This slide should take about 5 minutes.

» Degiskenlerin varsayilan olarak degistirilemez (immutable) oldugunu géstermek icin x
= 20'in yorum satirini kaldirin. Degisikliklere izin vermek icin mut anahtar kelimesini
ekleyin.

* Bu slayt i¢in kullanilmayan degiskenler veya gereksiz mut gibi uyarilar (warnings)
etkinlestirildi. Dikkat dagitan uyarilardan ka¢inmak icin ¢ogu slaytta bunlar atlanir.
Atamayi iceren yorum satirini kaldirmayi deneyin, ancak mut anahtar sézciguini
yerinde kalmaya devam etsin.

* Buradaki 132 degiskenin tiriudir. Bunun derleme zamaninda bilinmesi gerekir, ancak
tir ¢itkarim (type inference) (daha sonra ele alinacaktir), programcinin bircok durumda
bunu atlamasina olanak tanir.

5.3 Degerler

Burada bazi temel yerlesik tiirler ve her tiiriin degismez degerlerinin (literal values) s6zdizimi
(syntax) verilmistir.

Tiirler Degismezler

Isaretlii8, 116,132, 164, 1128, -10,0,1_000,123_1i64
tamsaynar ze
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Tiirler Degismezler

Isaretsim8, u16, u32, u64, u12s, 0,123,10_ul6
tamsayuar ze

Ondaliki32, f64 3.14,-10.0e20,2_132
(floating

point)

sayilar

Unikod char ‘a','a’', '«

skaler

degerler

Boole'sddool true, false

Tirlerin geniglikleri/boyutlar: asagidaki gibidir:
* iN, uN ve fN tiirleri N bit genisliginde,
* isize ve usize turleri gostericinin genigliginde,
* char tiru 32 bit genigliginde,
* bool tiirt 8 bit genisliginde.
This slide should take about 5 minutes.
Yukarida gosterilmeyen birka¢ s6zdizimi (syntax) vardir:

* Rakamlardaki tiim alt c¢izgiler atlanabilir; bunlar yalnizca okunabilirlik i¢indir. Yani
1_000, 1000 (veya 10_00) olarak ve 123_164, 123164 olarak yazilabilir.

5.4 Aritmetik

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

}

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

This slide should take about 3 minutes.

ilk defa main disinda bir fonksiyon goriiyoruz, ancak anlami acgik: ii¢ tamsay1 alir ve bir
tamsayl geri dondurir. Fonksiyonlar daha sonra daha detayli olarak ele alinacaktir.

Aritmetik, benzer oncelik (precedence) kurallariyla birlikte diger dillerdeki aritmetige
oldukca benzerdir.

Peki, tamsay1 tasmasi ne olacak? C ve C++'da isaretli tamsayilarin tagsmasi aslinda tanimsizdir
(undefined) ve ¢calisma zamaninda bilinmeyen seyler olabilir. Rust'ta ise bu tanimhidir.

Bir hata ayiklama (debug) insasinda panige (kontrolli) neden olan ve bir siiriim (release)
ingasinda sarmalanan (wrap) bir tamsayl tagsmasini gérmek icin i32'leri 116 olarak
degistirin. Tagma (overflow), doyum (saturating), elde (carrying) gibi islemlerinin kontroli
icin bagka secenekler de vardir. Bunlara metot sozdizimi ile erisilir, 6rnegin (a *
b).saturating_add(b * c).saturating_add(c * a).
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Aslinda derleyici sabit ifadelerin (constant expression) tagmasini algilayacaktir, bu nedenle
ornek ayr1 bir fonksiyon gerektirir.

5.5 Tir Cikarimi (Type Inference)

Rust, tiirt belirlemek icin degiskenin nasil kullanildigina bakacaktir:
fn takes_u32(x: u32) {

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

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

}

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

takes_u32(x);
takes_i8(y);

}

This slide should take about 3 minutes.

Bu slayt, Rust derleyicisinin degisken bildirimleri ve kullanimlar1 tarafindan verilen
kisitlamalara (constraints) dayanarak tiirleri nasil gikarim (inference) yapabildigini gosterir.

Bu sekilde bildirilen degiskenlerin herhangi bir veriyi tutabilecek dinamik “herhangi bir tiir”
olmadigini vurgulamak ¢cok 6nemlidir. Boyle bir bildirim tarafindan olusturulan makine
kodu, bir tirin agik (explicit) bildirimiyle aynidir. Derleyici bizim i¢in isi yapar ve daha kisa
kod yazmamaiza yardimci olur.

Bir tamsay1 degismezinin (integer literal) tiirtini hicbir seykisitlamadiginda, Rust varsayilan
olarak tiirii 132 yapar. Bubazen hata mesajlarinda ”{integer}” olarak géruniir. Benzer sekilde,
ondalikli say1 degismezleri (floating-point literals) i¢in varsayilan tir f64'tur.

fn main() {
let x 3.14;
let y 20;
assert_eq!(x, vy),

5.6 Alstirma: Fibonacci

Fibonacci dizisi [@, 1] ile baglar. n>1 i¢in, n'inci Fibonacci sayis1 yinelemeli olarak n-1'inci ve
n-2'inci Fibonacci sayilarinin toplami olarak hesaplanir.

N'inci Fibonacci sayisini hesaplayan bir fib(n) fonksiyonu yazin. Bu fonksiyon ne zaman
panige (panic) ugrar?
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fn fib(n: u32) -> u32 {
ifn<2{
// Temel durum.
return todo! ("Bunu gerceklestirin (implement)");
} else {
// Ozyinelemeli (recursive) durum.
return todo! ("Bunu gerceklestirin (implement)");

}

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

5.6.1 Cozum
fn fib(n: u32) -> u32 {

ifn<2{
return n;
} else {

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

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

Kontrol Akis1 Temelleri

Bu boliim yaklasik 45 dakika stirmelidir. Igerigi:

Slayt Stire

Bloklar ve Kapsamlar 5 dakika
if ifadeleri 4 dakika
match ifadeleri 5 dakika
Déngller 5 dakika
break ve continue 4 dakika
Fonksiyonlar 3 dakika
Makrolar 2 dakika

Aligtirma: Collatz Sekans1 15 dakika

 Simdi, Rust'ta bulunan bircok akis kontrol (flow control) ¢esitlerini ele alacagiz.

* Bunlarin ¢ogu diger programlama dillerinde gorduklerinize ¢ok tanidik gelecektir.

6.1 Bloklar ve Kapsamlar

Rust dilindeki bir blok, {} parantezleri icine alinmis bir ifadeler dizisi (sequence of
expressions) icerir. Her blogun bir degeri ve bir tiirii vardir, bunlar, blogun son ifadesinin
deger ve tirudur:

fn main() {

let z = 13;

let x = {
let y = 10;
dbg!(y);
z -y

b

dbg!(x);
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Son ifade ; ile bitiyorsa, ortaya ¢ikan deger ve tir () olur.
Bir degiskenin kapsamui (scope) onu ¢evreleyen blokla (enclosing block) sinirlidir.
This slide should take about 5 minutes.

» ”dbg!”'nin, hizli ve basitce hata ayiklama i¢in verilen bir ifadenin degerini yazdirmaya
ve geri dondirmeye yarayan bir Rust makrosu oldugunu agiklayabilirsiniz.

* Bloktaki son satir1 degistirerek blogun degerinin nasil degistigini gosterebilirsiniz.
Ornegin, noktal1 virgiil eklemek/kaldirmak veya bir return kullanmak.

* y degiskenine kapsami (scope) disindan erismeye calismanin derleme hatasi olacagini
gosterin.

* Degerler, yigindaki (stack) verileri hala orada olsa bile, kapsamlarinin (scope) disina
ciktiklarinda etkili bir sekilde “tahsisleri geri verilir (deallocated)”.

6.2 if ifadeleri

if ifadelerini tam olarak diger dillerdeki if deyimleri (statement) gibi kullanabilirsiniz:

fn main() {
let x = 10;
if x == 0 {
println!("sifair!");
} else if x < 100 {
println! ("bldylkce");
} else {
println!("asiri buyudk");
}
}

Ayrica, if'i ifade (expresssion) olarak da kullanabilirsiniz. Her blogun son ifadesi if
ifadesinin degeri olur:

fn main() {
let x = 10;
let size = if x < 20 { "kucuk" } else { "buyuk" };
println!("sayinin boyutu: {}", size);

}

This slide should take about 4 minutes.

if bir ifade (expression) oldugundan ve belirli bir tiire sahip olmasi gerektiginden, her iki
dal blogunun da ayni tiirde olmasi gerekir. Ikinci 6rnekte "kliclik"ten sonra ; eklerseniz ne
olacagini gosterin.

Bir if ifadesi diger ifadelerle ayn sekilde kullanilmalidir. Ornegin, bir let ifadesinde
kullanildiginda, ifadenin ; ile de sonlandirilmasi gerekir. Derleyici hatasini gérmek icin
println!'den 6nceki ;'yi kaldirin.

6.3 match ifadeleri

match bir degeri bir veya daha fazla segenege gore kontrol etmek i¢in kullanilabilir:
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fn main() {

let val = 1;

match val {
1 => println!("biz"),
10 => println!("on"),
100 => println!("yuz"),
- =

println!("baska bir sey");

}

}
if ifadeleri gibi match ifadesi de bir degeri geri dondiirebilir (return);

fn main() {
let flag = true;
let val = match flag {
true => 1,
false => 0,
b
println!("{flag}'in degeri = {val}");
}

This slide should take about 5 minutes.

* match kollar1 (arms) yukaridan asagiya dogru degerlendirilir ve eglesen ilk kolun
karsilik gelen gévdesi (body) calistirilir.

* switch'in diger dillerdeki calisma sekli gibi durumlar (cases) arasinda asagiya gecis
(fall-through) yoktur.

* Bir match kolunun gévdesi tek bir ifade (expression) veya bir blok olabilir. Teknik olarak
bu ayn1 seydir, ¢linkii bloklar da bir ifadedir, ancak 6grenciler bu noktadaki denk yapiy1
(symmetry) tam olarak anlamayabilirler.

* match ifadelerinin kapsaml (exhaustive) olmasi gerekir, yani ya tiim olas1 degerleri
kapsamalar1 ya da _ gibi varsayilan bir duruma (case) sahip olmalar1 gerekir.
Kapsamlilik (Exhaustiveness) enumlarla gosterilmesi en kolay olanidir, ancak enumlar
hentz tanitilmadi. Bunun yerine, en basit ilkel tiir olan bool iizerinde eglestirmeyi
(matching) gdsteriyoruz.

* Bu slayt, desen eslestirmesinden (pattern matching) bahsetmeden match'i tanitiyor ve
ogrencilere ¢ok fazla bilgi yiiklemeden sozdizimine (syntax) asina olma sansi veriyor.
Desen eslestirmesi hakkinda yarin daha detayli konusacagiz, bu yiizden burada ¢ok
fazla detaya girmemeye ¢aligin.

Daha Fazlasim1 Kesfedin

* match kullanimini daha da motive etmek icin, 6rnekleri if ile yazilmigs esdegerleriyle
karsilastirabilirsiniz. Ikinci durumda, bir bool tizerinde esleme (matching) yapmak,
if {} else {} bloguna oldukca benzer. Ancak birden fazla durumu kontrol eden ilk
ornekte, bir match ifadesi if {} else if {} else if {} else ifadesinden daha
az ve 0z olabilir.
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* match ayrica eslesme filtrelerini (match guards) da destekler, bu da eslesme kolunun
(match arm) alinip alinmamasi gerektigini belirlemek i¢in degerlendirilecek keyfi bir
mantiksal kosul (condition) eklemenize olanak tanir. Ancak eslesme filtreleri hakkinda
konusmak, bu slaytta kaginmaya calistifimiz desen eglestirmesi (pattern matching)
hakkinda aciklama gerektirir.

6.4 Dongiler

Rust dilinde ti¢ dongusel anahtar kelime vardir: while, 1oop, ve for:

while

while anahtar kelimesi diger dillerdeki gibi isler ve kosul dogru oldugu siirece dongi
govdesini yuritir (execute).

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

X =X/ 2;
}
dbg!(x);
}
6.4.1 for

for dongusu deger araliklari (ranges of values) veya bir koleksiyondaki (collection) 6geler
uzerinde adimlama yapar (iterate):

fn main() {
for x in 1..5 {

dbg!(x);
}
for elem in [2, 4, 8, 16, 32] {
dbg! (elem);
}
}

» for dongiilerinin baghginin altinda, farkl tirdeki araliklar/koleksiyonlar iizerinde
adimlamay1 gerceklestirmek i¢cin ”“adimlayicilar” adi verilen bir kavram kullanilir.
Adimlayicilar (iterators) daha sonra daha ayrintili olarak tartigilacaktir.

* Ik for déngusinin yalnizca 4'e kadar adimladigini unutmayin. Kapali bir aralik igin
1..=5 s6zdizimini gésterin.

6.4.2 1loop

loop deyimi, bir break'e kadar sonsuz déner.

fn main() {
let mut i = 0;
loop {
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i+=1;

dbg!(1);

if 1 > 100 {
break;

}

* loop deyimi while true dongusi gibi ¢alisir. Baglantilara sonsuza kadar hizmet
edecek sunucular gibi seyler icin kullanin.

6.5 break ve continue

Bir sonraki adima hemen baglamak istiyorsaniz continue kullanin.

Herhangi bir dongiiden erken cikmak istiyorsaniz, break kullanin. loop ile, istege bagh bir
ifade yazilabilir ve bu ifade, 1oop ifadesinin degeri olur.

fn main() {
let mut i = 0;

loop {
i+=1;
if 1 > 5 {
break;
}
if 1% 2 ==0 {
continue;
}
dbg!(1);
}

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

loop'un 6nemsiz olmayan (non-trivial) bir deger geri dondiiren tek dongusel yap1 oldugunu
unutmayin. Bunun nedeni, en az bir break ifadesinde sonlanmasinin garantili olmasidir
(kosul basarisiz oldugunda da sonlanabilen while ve for déngilerinin aksine).

6.5.1 Etiketler

Hem continue ve break istege bagh olarak i¢ ice ge¢mis dongulerden ¢ikmak icin kullanilan
bir etiket (label) argiimanini alabilir:

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;
}

39


https://doc.rust-lang.org/reference/expressions/loop-expr.html#continue-expressions
https://doc.rust-lang.org/reference/expressions/loop-expr.html#break-expressions

}

}
dbg! (elements_searched);

* Etiketli break, keyfi olarak yazilan bloklarda da calisir, 6rnegin.
'label: {
break 'label;
println!("Bu satir gecilece");

6.6 Fonksiyonlar

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

fn main() {
dbg!(gcd(143, 52));
}

This slide should take about 3 minutes.

* Bildirim (declaration) parametrelerinin ardindan bir tir (bazi programlama dillerinin
tersi) ve ardindan bir geri donts tiru gelir.

* Bir fonksiyon govdesindeki (veya herhangi bir bloktaki) son ifade (expression), geri
doniis degeri (return value) olur. Ifadenin sonundaki ; isaretini silmeniz yeterlidir.
return anahtar kelimesi erken geri dénus (early return) i¢in kullanilabilir, ancak
fonksiyonun sonunda *yalin (bare) deger” kullanmak daha yaygindir (idiomatic)
(returnkullanmak i¢in gcd'yi yeniden diizenleyin - refactor).

» Bazi fonksiyonlarin geri donus degeri (return value) yoktur ve 'birim tiirdi (unit type)',
() geri dondururler. Eger geri donus turu yazilmazsa, derleyici birim tirinu ¢ikarim
(infer) yapacaktir.

» Fonksiyon ytiklemesi (overloading) desteklenmez -- her fonksiyonun tek bir uygulamasi
(implementation) vardir.

— Her zaman sabit sayida parametre alir. Varsayilan argimanlar (default arguments)
desteklenmez. Makrolar degisken sayida argiiman alan fonksiyonlar:1 (variadic
functions) desteklemek icin kullanilabilir.

— Her zaman tek bir parametre tiirii kiimesi alir. Bu tiirler genellestirilmis (generic)
olabilir, bu konuya daha sonra deginilecektir.

6.7 Makrolar

Makrolar, derleme sirasinda Rust koduna genisletilir ve degisken sayida argiiman alabilir.
Sonda olan ! isaretiyle ayirt edilirler. Rust standart kiutiiphanesi ¢esitli yararli makrolar
igerir.
* println!(format, ..), std::fmt'de agiklanan bi¢imi (formatting) uygulayarak
standart ¢iktiya bir satir yazdirir.
« format! (format, ..) tipkiprintln! gibiisler ancak sonucu bir dize (string) olarak
geri dondurur.
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* dbg! (expression) ifadenin degerini kaydeder (loggging) ve onu geri dondirtr.
* todo! () kodun bir kismini heniiz uygulanmamis (not-yet-implemented) olarak isaretler.
Eger yurutulirse (execute), panige neden olur.

fn factorial(n: u32) -> u32 {
let mut product = 1;
for i in 1..=n {
product *= dbg!(1i);
}
product
}

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

fn main() {

let n = 4;

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

This slide should take about 2 minutes.

Bu bolumden c¢ikarilacak sonug, bu ortak kolayliklarin mevcut oldugu ve bunlarin nasil
kullanilacagidir. Bunlarin neden makro olarak tanimlandigl ve neye genigledikleri 6zellikle
kritik degildir.

Kurs, makrolarin tanimlanmasini (define) kapsamaz, ancak daha sonraki bir bélimde derive
makrolarinin kullanimi anlatilacaktir.

Daha Fazlasim Kesfedin

Standart kiitiiphane tarafindan saglanan bir¢ok bagka kullanigh makro vardir. Ogrenciler
daha fazlasini 6grenmek isterse onlarla paylasabileceginiz bazi diger érnekler:

* assert! wve ilgili makrolar, kodunuza dogrulamalar (assertions) eklemek icin
kullanilabilir. Bu makrolar, test yaziminda yogun sekilde kullanilir.

* unreachable!, hichir zaman ulagilmamasi gereken bir kontrol akis1 dalini isaretlemek
icin kullanilir.

* eprintln! stderr'e yazdirmaniza olanak tanir.

6.8 Alistirma: Collatz Sekansi

Collatz sanisy, sifirdan biiyik herhangi bir n, icin asagidaki sekilde tanimlanir:

* Eger n; 1ise, dizi n;'de sonlanir.
» Eger n, cift ise, o zaman n;,, =n; /2.
» Eger n; tek sayrisen;,; =3 *n, + 1.

Ornegin, n, = 3 ile basalrsak:

* 3 tek sayidir; dolayisiylan, =3 * 3 + 1 = 10;
* 10 cift sayidir, dolayisiyla ny =10/ 2 = 5;
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5 tek sayidir, dolayisiylan, =3 * 5+ 1 = 16;
16 cift sayidir, dolayisiyla n, =16 /2 = 8;

8 cift sayidir, dolayisiyla n, =8/ 2 = 4;

4 ¢ift sayidir, dolaywsiylan, =4 /2 = 2;

2 cifttir, bu ylzden ng = 1; ve

sekans sonlandirilir.

Belirli bir baslangic n icin collatz sekansinin uzunlugunu hesaplayan bir fonksiyon yazin.

/// "n’'den baslayan collatz sekansinin uzunlugunu belirle.
fn collatz_length(mut n: i32) -> u32 {
todo! ("Bunu gerceklestirin (implement)")

}

fn main() {
println!("Uzunluk: {}", collatz_length(11)); // 15 olmali
}

6.8.1 Cozum

/// “n’'den baslayan collatz sekansinin uzunlugunu belirle.
fn collatz_length(mut n: 132) -> u32 {
let mut len = 1;
while n > 1 {
n=1ifn % 2 =0 {n/ 2 } else { 3 *n+ 1 };
len += 1;
}

len

}

fn main() {
println!("Uzunluk: {}", collatz_length(11)); // 15 olmalx1
}
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Part 11

Giin 1: Ogleden Sonra
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Chapter 7

Tekrar Hos Geldiniz

Bu oturum 10 dakikalik aralar dahil yaklasik 2 saat 45 dakika siirmelidir. Icerigi:

Bolim

Sure

Demetler (Tuples) ve Diziler (Arrays)
Referanslar
Kullanici Taniml Tiirler

35 dakika
55 dakika
1 saat
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Chapter 8

Demetler (Tuples) ve Diziler
(Arrays)

Bu béliim yaklasik 35 dakika siirmelidir. Icerigi:

Slayt Stre
Diziler 5 dakika
Demetler 5 dakika
Dizi Adimlama (Iteration) 3 dakika
Desenler ve Cozumlenme (Destructuring) 5 dakika
Alistirma: Igice Diziler 15 dakika

* Rust'ta (primitive) ilkel tiirlerin nasil ¢ahistigini gordik. Simdi yeni bilegik (composite)
turler olusturmaya baslamanin zamani geldi.

8.1 Diziler

fn main() {
let mut a: [i8; 5] = [5, 4, 3, 2, 11;
al[2] = 0;
println!("a: {a:?}");

}

This slide should take about 5 minutes.

* Diziler ayrica kisaltma s6zdizimi (shorthand syntax) kullanilarak da ilklendirilebilir,
ornegin [0; 1024]. Bu, tim elemanlar: ayni degere baslatmak istediginizde veya
manuel olarak baglatilmasi zor olan biiytk bir diziniz varsa yararh olabilir.

* Bir [T; N] dizi tirinin degeri , aym1 T tirdeki N (derleme zamani sabiti)
Ogelerini/elemanlarin1 tutar.  Dizinin uzunlugunun tiiriintin parcast olduguna
dikkat edin, bu da [u8; 3]' ve '[u8; 4] dizilerinin iki farkh tiir olarak kabul
edildigi anlamina gelir. Dilimler (slices), ki ¢alisma zamaninda belirlenen bir boyuta
sahiptir; daha sonra ele alinacaktir.
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 Sinirlarin disinda (out-of-bounds) bir dizi (array) elemanina erismeyi deneyin. Derleyici,
indeksin emniyetsiz (unsafe) oldugunu belirleyebilir ve kodu derlemez:

fn main() {
let mut a: [i8; 5] = [5, 4, 3, 2, 11;
a[el] = 0;
println!("a: {a:?}");

* Dizi erisimleri caligma zamaninda kontrol edilir. Rust genellikle bu kontrolleri optimize
edebilir; yani, derleyici erisimin giivenli oldugunu kanitlayabilirse, daha iyi performans
icin calisma zamani kontroliinu kaldirir. Bu kontroller, unsafe Rust kullanilarak da
atlanabilir. Optimizasyon o kadar iyidir ki, ¢calisma zamani kontrollerinin basarisiz
oldugu bir 6rnek vermek zordur. Asagidaki kod derlenecektir ancak ¢alisma zamaninda
panik (panic) ile sonuglanacaktir:

fn get_index() -> usize {
6
}

fn main() {
let mut a: [i8; 5] = [5, 4, 3, 2, 11;
al[get_index()] = 0;
println!("a: {a:?}");

* Dizilere deger atamak i¢in degismezleri (literals) kullanabiliriz.

* println! makrosu ? bicim (format) parametresiyle hata ayiklama gerceklestirimini/uyarlamasini
(implementation) ister: {} varsayilan ¢iktiy1 verir, {:?} hata ayiklama ¢iktisini verir.
Tamsayilar (integer) ve dizeler (string) gibi tiirler varsayilan ¢iktiy1 uygular (default
output), ancak diziler (arrays) yalnizca hata ayiklama ciktisini (debug output) uygular.

Bu, bahsi gecen kodda hata ayiklama ¢iktisini kullanmamiz gerektigi anlamina gelir.

» # eklemek, 6rnegin {a:#7?}, okunmasi daha kolay olabilecek “glizel yazdirma (pretty
printing)” bi¢imini (format) ¢agirir.

* Arrays are not heap-allocated. They are regular values with a fixed size known at
compile time, meaning they go on the stack. This can be different from what students
expect if they come from a garbage collected language, where arrays may be heap
allocated by default.

8.2 Demetler

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

}

This slide should take about 5 minutes.
* Diziler gibi, demetlerin (tuple) de sabit bir uzunlugu vardir.

* Demetler farkh tiirdeki degerleri bir bilesik tiir (compound type) halinde gruplandirir.
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* Bir demetin alanlarina (fields) nokta ve degerin indeksi ile erisilebilir, 6rnegin t.0, t. 1.

* Bog demet (), *birim tira (unit type)” olarak anilir ve, diger dillerdeki void'e benzer
sekilde, bir geri déniis degerinin (return value) bulunmadigini belirtir.

8.3 Dizi Adimlama (Iteration)

'for' deyimi (statement) diziler Gizerinde adimlamayi/dolagsmay destekler (ancak demetler
(tuples) izerinde desteklemez).

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.
Bu fonksiyonellik IntoIterator 6zelligini (trait) kullaniyor, ancak bunu heniiz ele almadik.

assert_ne! makrosu burada yenidir. Ayrica assert_eq! ve assert! makrolar1 da vardir.
Bunlar her zaman kontrol edilirken, debug_assert! gibi yalnizca hata ayiklama varyantlar:
sirim ingasinda (release build) hicbir seye derlenmez.

8.4 Desenler ve Coziimlenme (Destructuring)

Rust, bir demet (tuple) gibi daha buytk bir degeri, onu olusturan parcalara ¢oziimlemek
(destructure) icin desen eslestirmeyi (pattern matching) kullanmay1 destekler:

fn check_order(tuple: (i32, 132, i32)) -> bool {
let (left, middle, right) = tuple;
left < middle && middle < right

}

fn main() {
let tuple = (1, 5, 3);
println!(
"{tuple:?}: {}",
if check_order(tuple) { "siralanmis" } else { "sirali de" }
),
}

This slide should take about 5 minutes.

* Burada kullanilan desenler (patterns) “reddedilemez (irrefutable)”dir, yani derleyici =
sagindaki degerin desenle ayni1 yapiya sahip oldugunu statik olarak dogrulayabilir.

* Bir degisken adi, her zaman herhangi bir degerle eslesen reddedilemez (irrefutable) bir
desendir, bu nedenle tek bir degiskeni bildirmek i¢in 1et'i kullanabiliriz.

* Rust ayrica kosullu ifadelerde desenlerin (patterns) kullanilmasini destekleyerek
esitlik karsilagtirmasinin (comparison) ve ¢dziimlenmenin (destructuring) ayni anda
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gerceklesmesine olanak tanir. Bu desen eglestirme stili daha sonra daha ayrintih olarak
tartisilacaktir.

* Desenin (pattern) eglestirilen degerle eslesmediginde olusacak derleyici hatasim
gostermek icin yukaridaki 6rnekleri diizenleyin.

8.5 Alistirma: Icice Diziler

Diziler bagka diziler de igerebilir:
let array = [[1, 2, 31, [4, 5, 61, [7, 8, 911;
Bu degiskenin tiri nedir?

Bir matrisin devrini (transpose) yapacak (satirlar1 siitunlara cevirecek) transpose
fonksiyonu yazmak i¢in yukaridaki gibi bir dizi kullanin:

(11 2 3] [1 4 7]
"transpose"||4 5 6|| "=="|2 5 8]
(17 8 9]) [3 6 9]

Asagidaki kodu https://play.rust-lang.org/ adresine kopyalayin ve fonksiyonu gerceklestirin
(implement). Bu fonksiyon yalnizca 3x3'liik matrislerde caligir.

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

fn main() {
let matrix = [
[101, 102, 1@3], // <-- bu yorum, rustfmt'nin yeni satir eklemesini saglar
[201, 202, 203],
[301, 302, 303],
I

dbg! (matrix);
let transposed = transpose(matrix);
dbg! (transposed);

8.5.1 Coziim

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

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

for j in 0..3 {

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

}
}
result

}

fn main() {
let matrix = [
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[101, 102, 103], // <-- bu yorum, rustfmt'nin yeni satir eklemesini saglar
[201, 202, 203],
[301, 302, 303],

1

dbg! (matrix);

let transposed = transpose(matrix);
dbg! (transposed) ;
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Chapter 9

Referanslar

Bu béliim yaklasik 55 dakika stirmelidir. Igerir:

Slayt Stire
Paylasilan (Shared) Referanslar 10 dakika
Ozel (Exclusive) Referanslar 5 dakika
Dilimler (Slices) 10 dakika
Dizeler (Strings) 10 dakika
Referans Gegerliligi (Validity) 3 dakika
Aligtirma: Geometri 20 dakika

9.1 Paylasilan (Shared) Referanslar

Bir referans, degerin sahipligini almadan bagka bir degere erismenin bir yolunu saglar ve
”6ding alma (borrowing)” olarak da adlandirilir. Paylasilan referanslar (shared reference)
salt okunurdur (read-only) ve referans edilen veriler degistirilemez.

fn main()
let a
let b

~

|A|;
|B|;

let mut r: &char = &a;
dbg!(x);

r = &b;

dbg!(x);
}
T tiriine yonelik paylasilan referansin tiirti &T'dir. & operatoriiyle bir referans degeri
(reference value) olusturulur. * operatori bir referansin icerigine eristirir (dereference) ve
onun degerini verir.

This slide should take about 7 minutes.

* Rust'ta referanslar hi¢hir zaman null olamaz, bu yiizden null kontroli (null checking)
gerekli degildir.
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* Bir referansin, atifta bulundugu (refer) degeri *6dung aldig1 (barrow)” sdylenir ve bu,
gostericilere asina olmayan 6grenciler i¢in iyi bir modeldir: kod, degere erismek i¢in
referansi kullanabilir, ancak deger yine de orijinal degisken tarafindan ”sahiplidir
(owned)”. Kurs, 3. giinde sahiplik (ownership) konusunda daha ayrintili bilgi verecektir.

* Referanslar gostericiler (pointers) olarak gerceklestirilir (implement) ve énemli bir
avantaj sudur ki, gosterdikleri seyin boyutundan ¢ok daha kiguk olabilmeleridir. C
veya C++'a asina olan 6grenciler referanslari gostericiler olarak taniyacaklardir. Kursun
ilerleyen boltimlerinde Rust'in, ham gostericilerin (raw pointers) kullanilmasindan
kaynaklanan bellek emniyeti hatalarin1 (memory-safety bugs) nasil onledigi ele
alinacaktir.

» Acik bir sekilde (explicit) & ile referans vermek genellikle gereklidir. Ancak, Rust
metotlar1 cagirirken referans verme ve referanstan ¢ikarma (dereferencing) islemlerini
otomatik olarak gerceklestirir.

* Rust bazi durumlarda, 6zellikle de metotlar: ¢agirirken (r.is_ascii()'i deneyin)
otomatik olarak referansin icerigine erisecektir (auto-dereference). C++'daki gibi -
> operatorine gerek yoktur.

* Bu Ornekte, r degistirilebilir (mutable) oldugundan ona tekrar atama yapilabilir
(reassigned) (r = &b). Bunun r'yi yeniden bagladigini (re-bind) ve béylece baska bir
seye atifta bulundugunu (refer) unutmayin. Bu C++ dilinden, bir referansa atamanin
(assignment) referans verilenin degerini degistirmesinden, farklidir.

» Paylasilan bir referans (shared reference), atifta bulundugu (refer) degerin
degistirilmesine (modify), bu deger degistirilebilir (mutable) olsa bile, izin vermez. *r
= 'X''i deneyin.

* Rust, yeterince uzun siire hayatta olmalarini saglamak i¢in tiim referanslarin émriilerini
(lifetime) takip eder. Emniyetli (safe) Rust'ta bosa cikan referanslar (dangling reference)
olusamaz.

» Sahiplige (ownership) gecince 6din¢ alma (borrowing) konusunu daha detayh
konusacagiz. Sahiplik (ownership) konusuna geldigimizde 6diin¢ alma ve bosa ¢ikan
referanslari (dangling references) daha detayl konusacagiz.

9.2 Ozel (Exclusive) Referanslar

Degistirilebilir referanslar (mutable reference) olarak da bilinen 6zel (exclusive) referanslar,
atifta bulunduklar (refer) degerin degistirilmesine olanak tanir. Ayn1 zamanda, &mut T
tirtine sahiplerdir.

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

This slide should take about 5 minutes.

Anahtar noktalar:
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» ”Ozel (exclusive)”, degere erigsmek icin yalnizca bu referansin kullanilabilecegi anlamina
gelir. Ayni anda bagka hicbir referans (paylasilan veya 6zel olsun farketmez) mevcut
olamaz ve 6zel referans (exclusive) varken atifta bulunan degere erisilemez. x_coord
hayattayken bir &point. @ olusturmay1 veya point. @1 degistirmeyi deneyin.

e Jet mut x_coord: &i32 ve let x_coord: &mut i32 arasindaki farka dikkat
ettiginizden emin olun. Birincisi, farkli degerlere baglanabilen (bind) paylasilan bir
referansi (shared reference) temsil ederken, ikincisi, degistirilebilir bir degere (mutable
value) 6zel bir referansi (exclusive reference) temsil eder (represent).

9.3 Dilimler (Slices)

Bir dilim (slice) size daha biiyiik bir koleksiyonun i¢inden bir gériinti verir:

fn main() {
let a: [132; 6] = [10, 20, 30, 40, 50, 60];
println!("a: {a:?}");

let s: &[i132] = &a[2..4];

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

* Dilimler (slice), dilimlenmis tlirden verileri 6diin¢ alir (borrowing).
This slide should take about 7 minutes.

* a'y1 ddung alip (borrowing) baslangic ve bitis indekslerini koseli parantez iginde
belirterek bir dilim (slice) olusturuyoruz.

 Dilim (slice) indeks 0'da basliyorsa, Rust'in aralik s6zdizimi (range syntax) baslangic
indeksini kullanmamaya izin verir; bu, &a[0. .a.len()] ve&a[..a.len() ]dilimlerinin
ayni oldugu anlamina gelir.

* Ayni sey bitis indeksi i¢in de gecerlidir, dolayisiyla &a[2..a.len()] ve &a[2..]
aynidir.

* Tlm bir dizinin dilimini (slice) kolayca olusturmak icin &a[ . . ]'1 kullanabiliriz.

* s,i32'lerin bir dilimine (slice) referanstir. s (&[132]) tiiriintin artik dizi uzunlugundan
bahsetmedigine dikkat edin. Bu bize farkh boyutlardaki dilimler tizerinde hesaplama
yapmamizi saglar.

* Dilimler (slice) her zaman bagka bir nesneden 6dtng alir (borrow). Bu 6rnekte a'nin en
azindan dilimimiz (slice) kadar 'canl (alive)' (kapsaminda) kalmasi gerekiyor.

* Bir dilimi (slice) olusturduktan sonra onu “buyltemezsiniz”:

— Dilim (slice), destekleyici arabellege (backing buffer) sahip olmadigindan, dilimin
Ogelerine ekleyemezsiniz.

— Bir dilimi (slice), destekleyici arabellegin (backing buffer) daha biiytik bir b6limunti
gosterecek sekilde biiylitemezsiniz. Dilim, temel arabellek (underlying buffer)
hakkinda bilgiyi kaybeder ve bu nedenle ne kadar buyttiilebilecegini bilemezsiniz.

— Daha biiyiik bir dilim (slice) elde etmek icin, orijinal arabellegi (buffer) kullanarak
daha biiyiik bir dilim (slice) olusturmalisiniz.
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9.4 Dizeler (Strings)

Artik Rust'taki iki dize (string) turuni anlayabiliyoruz:

&str, &[u8]e benzer sekilde, UTF-8 olarak kodlanmig baytlarin bir dilimidir (slice).
String, Vec<T>ye benzer sekildedir, UTF-8 olarak kodlanmis baytlardan olusan sahipli
bir arabellektir.

fn main() {

}

let s1: &str = "Dinya";
println!("sl: {s1}");

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

s2.push_str(sl);
println!("s2: {s2}"),

let s3: &str = &s2[2..9];
println!("s3: {s3}");

This slide should take about 10 minutes.

&str, bir bellek blogunda saklanan UTF-8 olarak kodlanmis dize (string) verilerine
degistirilemez (immutable) referans olan bir dize dilimi (string slice) sunar. Dize
degismezleri (string literals) ("Hello"), programin ikili (binary) dosyasinda saklanir.

Rust'in String tiird, baytlardan olusan bir vektoriin bir sarmalayic tiiridiir. Bir Vec<T>
gibi, bu tiirden veri String tiri tarafindan sahiplidir (owned).

Diger bircok tiirde oldugu gibi, String: : from() bir dize degismezinden (string literal)
bir string olusturur; String: :new() yeni bir bos dize olusturur ve dizeye veriler
push() ve push_str () metotlar: kullanilarak eklenebilir.

format! () makrosu, dinamik degerlerden sahipli bir dize olusturmak i¢in uygun bir
yoldur. Ayni bi¢imin println! () makrosundaki gibi ayni bi¢im tanimlamasini kabul
eder.

String'den &str dilimlerini (slices) & ve istege bagl olarak aralik secimi (range
selection) ile 6diing alabilirsiniz (barrow). Karakter sinirlarinin digini da kapsayacak bir
bayt aralig1 secerseniz, ifade (expression) panige neden olacaktir. chars adimlayicisi,
karakterler iizerinde adimlama yapar ve karakter sinirlarini dogru bulmaya calismak
yerine tercih edilir.

C++ programcilari icin: &stxr'yi C++'daki std: :string_view olarak diisiiniin, ancak
her zaman bellekteki gecerli bir dizeye isaret eder. Rust dilindeki String, C++'daki
std: :string'in kabaca esdegeridir (ana fark: yalnizca UTF-8 olarak kodlanmis baytlar
icerebilir ve asla kiiciik dize optimizasyonu / small-string optimization kullanmaz).

Bayt dizelerinden degismezler (Byte strings literals), dogrudan bir &[u8] degeri
olusturmaniza olanak tanir:

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

}
* Ham (raw) dizeler, kagis karakterlerininin devre dis1 birakildig1 bir &str degeri
olusturmaniza olanak tanir: r"\n" == "\\n". Dizenin icindeki cift tirnaklar, dizeyi

olusturan tirnaklarin her iki tarafinaa esit sayida # karakteri koyarak gorebilirsiniz:

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

9.5 Referans Gecerliligi (Validity)

Rust, referanslarin her zaman emniyetli (safe) kullanilmasini saglayan bir dizi kural
uygular. Bunlardan biri, referanslarin asla null olamayacagidir; bu da null kontroli
yapmadan emniyetli kullanilmalarini saglar. Simdi bakacagimiz diger kural ise, referanslarin
gosterdikleri veriden daha uzun émiirlii (outlive) olamayacaklaridir.

fn main() {

let x_ref = {
let x = 10;
&x

}

dbg! (x_ref);

}
This slide should take about 3 minutes.

* Buslayt, Rust'in referanslar icin diger dillerden farklh kurallari oldugundan, 6grencilerin
referanslarin sadece gostericiler (pointers) olmadigini disiinmelerini saglar.

* Rust'in 6ding alma (borrowing) kurallarinin geri kalanina, 3. giinde Rust'in sahiplik
(ownership) sisteminden bahsederken bakacagiz.

Daha Fazlasini Kesfedin

* Rust dilindeki null olabilirligin karsilif1 Option tiiridiiy bu tiir herhangi bir tiirti ”null
olabilir (nullable)” héle getirmek i¢in kullanilabilir (sadece referanslar/gdstericiler
degil). Ancak hentiz enum'lari veya desen eslestirmeyi (pattern matching) tanitmadik,
bu ylzden burada bu konulara fazla girmemeye calis.

9.6 Alistirma: Geometri
3 boyutlu geometri i¢in, bir noktay1 [f64 ;3] olarak temsil eden birka¢ yardimci fonksiyon
olusturacagiz. Fonksiyon imzalarini belirlemek size kalmais.

// Bir vektorin biylkluginid, koordinatlarinin karelerini toplayarak hesaplayin
// ve karekokinud alin. Karekoki hesaplamak icin “sqrt() metodunu kullanin,
// ornedin "v.sqrt() gibi.
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fn magnitude(...) -> f64 {
todo! ()

// Bir vektori, buyukligini hesaplayarak ve tim koordinatlarini bu buyukluge
// bdlererek normalize edin.

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

// Calismanizi test etmek ig¢in asagidaki "main’ fonksiyonunu kullanin.

fn main() {
println! ("Birim vektorinin buyuklugu: {}", magnitude(&[0.0, 1.0, 0.01));

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

println! ("{v:?} vektorinin blyukligu: {}", magnitude(&v));

normalize(&mut v);

println!("Normalize edildikten sonra {v:?} vektdrinin buyuklugu: {}", magnitude(&v)

9.6.1 Cozilm

/// Verilen vektorin buyiukligini hesaplayin.
fn magnitude(vector: &[f64; 3]) -> f64 {

let mut mag_squared = 0.0;

for coord in vector {

mag_squared += coord * coord;

}

mag_squared.sqrt()
}

/// Vektorin blyudkliglni, yonini degistirmeden 1.0'a degistirin.
fn normalize(vector: &mut [f64; 3]) {
let mag = magnitude(vector);
for item in vector {
*item /= mag;
}
}

fn main() {
println! ("Birim vektorinin buyuklugu: {}", magnitude(&[0.0, 1.0, 0.01));

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

println! ("{v:?} vektorunln buyuklugu: {}", magnitude(&v));

normalize(&mut v);

println!("Normalize edildikten sonra {v:?} vektdrinin biyuklugu: {}", magnitude(&v)
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* normalize fonksiyonunda her bir elemani degistirmek igin *item /= mag
yapabildigimize dikkat edin. Bunun sebebi, bir diziye degistirilebilir (mutable)
referans kullanarak dongu de dénmemizdir; bu da for dongusinin her elemana
degistirilebilir (mutable) referanslar vermesini saglar.

* It is also possible to take slice references here, e.g., fn magnitude(vector: &[f64])
-> f64. This makes the function more general, at the cost of a runtime length check.
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Chapter 10

Kullanici Taniml Turler

Bu béliim yaklasik 1 saat siirmelidir. Igerigi:

Slayt Sure

Isimli Yapilar (Named Structs) 10 dakika
Demet Yapilar1 (Tuple Structs) 10 dakika

Enumlar 5 dakika
Tiir Es Isimleri (Type Aliases) 2 dakika
Const 10 dakika
Static 5 dakika

Aligstirma: Asansor Olaylari 15 dakika

10.1 Isimli Yapilar (Named Structs)

C ve C++ dillerindeki gibi Rust'in da 6zel (kullanici tanimli) yapilara destegi vardir:

struct Person {
name: String,
age: u8,

}

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

}

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

peter.age = 28,
describe (&peter);
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let name = String::from("Avery");
let age = 39;

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

}
This slide should take about 10 minutes.
Onemli Noktalar:

* Yapilar C veya C++'daki gibi calisir.
— C++'daki gibi ve C'den farkl olarak, bir tiirti tanimlamak icin typedef'e gerek yoktur.
— C++'dan farkl olarak yapilar arasinda kalittim (inheritance) yoktur.

* By, insanlara farkl yapa tiirleri oldugunu duyurmak i¢in iyi bir zaman olabilir.

— Sifir boyutlu (zero-sized) yapilar (6rn. struct Foo;), bir 6zelligin (trait) bazi
tirlere gerceklestiriminde (implementing) kullanilabilir, ancak deger olarak
kendisinde saklamak istenilen herhangi bir veri yoktur.

— Sonraki slaytta alan adlar (field names) 6nemli olmadiginda kullanilan Demet
(Tuple) yapilar tanitilacaktir.

» Eger zaten dogru adlara sahip degiskenleriniz varsa, o zaman yapiy1 bir kisaltma
kullanarak olusturabilirsiniz.

* Yapi1 alanlar (struct fields) varsayilan degerleri desteklemez. Varsayilan degerler, daha
sonra ele alacagimiz Default 6zelligi (trait) uygulanarak belirtilir.

Daha Fazlasini1 Kesfedin

* Burada ayn1 zamanda yap1 guncelleme soézdizimini (struct update syntax) de
gosterebilirsiniz:

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

* Bu, eski yapinin (struct) alanlarinin ¢ogunu acikca tek tek yazmak zorunda kalmadan
kopyalamamiza olanak tanir. Bu her zaman son 6ge olmaldir.

* Bu, cogunlukla Default 6zelligi (trait) ile birlikte kullanilir. Default 6zelligi ile ilgili
slaytta yap1 glincelleme s6zdizimini (struct update syntax) daha detayl ele alacagiz, bu
yuzden 6grenciler sormadikca burada bahsetmemize gerek yok.

10.2 Demet Yapilari (Tuple Structs)

Alan adlar (field names) 6nemsizse demet (tuple) yapisini kullanabilirsiniz:
struct Point(i32, i32);
fn main() {

let p = Point(17, 23);

println!("({}, {})", p.0, p.1);
}

Bu genellikle tek alanli sarmalayicilar (single-field wrappers - newtype deseni olarak
adlandirilir) i¢in kullanilir:
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struct PoundsOfForce(f64);
struct Newtons(f64);

fn compute_thruster_force() -> PoundsOfForce {
todo! ("NASA'daki bir roket bilim adamina sorun")

}

fn set_thruster_force(force: Newtons) {

}

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

}

This slide should take about 10 minutes.

* Yeni tir (newtype) deseni, ilkel (primitive) bir tiirdeki deger hakkindaki ek bilgileri
kodlamanin harika bir yoludur, érnegin:

— Say1 bazi birimlerde 6l¢iliir: Yukaridaki 6rnekte Newtons.

— Deger, olusturuldugunda bir miktar dogrulamadan gecti, bu nedenle artik onu
her kullanimda yeniden dogrulamaniz gerekmiyor: PhoneNumber (String) veya
OddNumber (u32).

* The newtype pattern is covered extensively in the Idiomatic Rust” module.

* Yeni tiirde desenindeki tek alana erigserek bir Newtons tlriine 64 degerinin nasil
eklenecegini gosterin.

— Rust genellikle bir nesnenin degerinin otomatik c¢6ziilmesini (automatic
unwrapping) veya boole degerlerini tamsay1 olarak kullanmak gibi acik olmayan
seylerden hoslanmaz.

— Operator yiklemesi 3. giinde (genellestirmeler(generics)) tartisildi.

* Bir demet (tuple) yapisinin sifir alani varsa, () kismi atlanabilir. Béylece ortaya sifir
boyutlu (zero-sized) bir tiir (SBT/ZST) ¢ikar ve bu tiiriin yalnizca bir degeri vardir (tiiriin
ady).

— Bu, bazi davranisglar1 uygulayan verisi olmayan turler i¢in yaygindir (her zaman
EOF dondiiren bir NullReader hayal edin; okuma davranisini uygular ama veri
icermez).

» Ornek, Mars Iklim Yoriinge Araci hatasina incelikli bir ggndermedir.

10.3 Enumlar

enum anahtar s6zctigi birkac farkli varyanta sahip bir tiirtin yaratilmasina olanak saglar:

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

#[derive(Debug) ]
enum PlayerMove {
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Pass, // Basit (Simple) varyant

Run(Direction), // Demet (Tuple) varyanti

Teleport { x: u32, y: u32 }, // Yap1i (Struct) varyanti
}

fn main() {
let dir = Direction::Left;
let player_move: PlayerMove = PlayerMove::Run(dir);
println!("Siradaki hamle: {player_move:?}");

}

This slide should take about 5 minutes.
Onemli Noktalar:

* Numaralandirmalar, bir dizi degeri tek bir tiir altinda toplamaniza olanak tanir.

* Direction, varyantlariolan bir tiirdiir. Direction'inikidegerivardir: Direction: :Left
ve Direction: :Right.

* PlayerMove ¢ varyant: olan bir tirdiir. Rust, varyant ek yiikiine (variant payloads) ek
olarak, calisma zamaninda hangi varyantin PlayerMove degerinde oldugunu bilmesi
icin bir ayiricl (discriminant) da depolar.

* Bu, yapilar1 ve numaralandirmalari karsilagtirmak icin iyi bir zaman olabilir:

— Her ikisinde de, alanlar1 olmayan basit bir versiyona (birim yap1) veya farkli alan
tirlerine sahip bir versiyona (varyant ek yiikleri) sahip olabilirsiniz.

— Bir enum'in farkli varyantlarini ayr1 yapilarla bile uygulayabilirsiniz ancak o zaman
da hepsi bir enum'da tanimlanmigs oldugunda olacag: gibi ayni tiirde olmazlardi.

* Rust, ayiriciyl (discriminant) depolamak i¢in minimum alan kullanir.

— Gerekirse, gereken en kii¢iik boyuttaki bir tam sayiy1 depolar

— Izin verilen varyant degerleri tiim bit desenlerini kapsamiyorsa, ayiriciy1 kodlamak
icin gegersiz bit desenleri kullanir (“nis/oyuk/niche optimizasyonu”). Ornegin,
Option<&u8>, None varyanti i¢in bir tamsayiya gosterici veya NULL depolar.

— Gerekirse ayiriciyl kontrol edebilirsiniz (6rnegin, C ile uyumluluk icin):
#[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);

}
repr olmadan, ayirici tir 2 baytlik olur, ¢tinkii 10001 2 bayta sigar.

Daha Fazlasimi Kesfedin

Rust, enum'larin daha az yer kaplamasini saglamak i¢in kullanabilecegi ¢esitli optimizasyonlara
sahiptir.

* Null gésterici optimizasyonu: Bazi turlericin, Rust size_of: :<T>()'ninsize_of: :<Option<T>>()'ye
esit oldugunu garanti eder.
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Bitsel gosterimin pratikte nasil goriinebilecegini gostermek istiyorsaniz oOrnek
kod asagidadir. Derleyicinin bu gosterimle (representation) ilgili hicbir garanti
saglamadigini, dolayisiyla bunun tamamen emniyetsiz oldugunu belirtmek énemlidir.

use std::mem::transmute;

macro_rules! dbg_bits {
($e:expr, $bit_type:ty) => {
println!("- {}: {:#x}", stringify!($e), transmute::<_, $bit_type>(%e));
3,
}

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

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

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

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

10.4 Tiir Es Isimleri (Type Aliases)

Bir tir es ismi, bagka bir tiir icin bir isim olusturur. Her iki tiir de birbirinin yerine
kullanilabilir.

enum CarryableConcreteltem {
Left,
Right,

}

type Item = CarryableConcreteltem;
// Es isimler (aliases) uzun ve karmasik tirlerde daha kullanislidir:
use std::cell::RefCell;

use std::sync::{Arc, RwlLock};
type PlayerInventory = RwLock<Vec<Arc<RefCell<Item>>>>;
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This slide should take about 2 minutes.

* Bir yeni tiir (newtype) deseni genellikle farkli bir tiir olusturdugu i¢in daha iyi bir
secenektir. type InventoryCount = usizeyerinestruct InventoryCount(usize)n
tercih edin.

* Cprogramcilari bunun, typedef'e benzer oldugunu anlayacaklardir.

10.5 const

Sabitler (constants) derleme zamaninda (compile-time) degerlendirilir ve degerleri
kullanildiklar: her yerde satir ici (inline) olarak belirtilir:

const DIGEST_SIZE: usize = 3;
const FILL_VALUE: u8 = calculate_fill_value();

const fn calculate_fill_value() -> u8 {
if DIGEST_SIZE < 10 { 42 } else { 13 }
}

fn compute_digest(text: &str) -> [u8; DIGEST_SIZE] ({
let mut digest = [FILL_VALUE; 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'a gore bunlar kullanim sirasinda satir igidir (inline).

Sadece const olarak isaretlenen fonksiyonlar derleme zamaninda cagrilarak const degerler
uretilebilir. Ancak const fonksiyonlar ¢calisma zamaninda da ¢agrilabilir.

This slide should take about 10 minutes.

* const'un C++'1n constexpr'ina anlamsal olarak benzer davrandigini belirtin

10.6 static

Statik degiskenler programin tiim yuritmesi (execution) boyunca yasayacak ve bu nedenle
tasinmayacaklar (not move):

static BANNER: &str = "RustOS 3.14'e Hos Geldiniz";
fn main() {

println! ("{BANNER}");
}
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Rust RFC Kitabinda belirtildigi gibi, statik kullanimi satir i¢i (inline) 6zelligi vermez ve gercek
bir iligkili bellek konumuna sahiptir. Bu, emniyetsiz (unsafe) ve gomili (embedded) kod
icin yararhdir ve degisken, program yurutmesinin tamami boyunca yasar. Global kapsaml
(globally-scoped) bir degerin nesne kimligine (object identity) ihtiya¢ duymas i¢in bir nedeni
olmadiginda, genellikle const tercih edilir.

This slide should take about 5 minutes.

* statik, C++'daki degistirilebilir olan global degiskenlere benzer.
* static, Mutex<T> gibi i¢ degisebilirlige (interior mutability) sahip tiirlerin gerektirdigi
sekilde bellekteki bir adres ve durumu nesneye kimlik olarak saglar.

Daha Fazlasini Kesfedin

Cunku static degiskenlere herhangi bir is parcacigindan (thread) erisilebildiginden,
bunlarin Sync olmasi gerekir. I¢ degisebilirlik (Interior mutability) Mutex, atomik veya
benzer yontemlerle mimkindir.

ilk kullanimda ilklendirmeyi (initialization) desteklemek i¢in static icinde Oncelock
kullanmak yaygindir. OnceCell, Sync olmadig1 i¢cin bu baglamda kullanilamaz.

Is parcacigi icin yerel (thread-local) veriler std: : thread_local makrosu ile olugturulabilir.

10.7 Alhstirma: Asansor Olaylari

Bir asansor kontrol sistemindeki bir olay1 temsil etmek icin bir veri yapisi olusturacagiz.
Cesitli olaylar: yapilandirmak i¢in tiirleri ve fonksiyonlar: tanimlamak size kalmis. Tirlerin
{:?} ile bicimlendirilmesine (format) izin vermek i¢in # [derive (Debug) ] kullanin.

Bu aligtirma yalnizca, main'in hatasiz ¢alismasi icin veri yapilari olusturmay ve doldurmayi
gerektirir. Kursun bir sonraki kismi bu yapilardan veri almay1 kapsayacaktir.

#![allow(dead_code)]
#[derive(Debug) ]

enum Event {
TODO

}

#[derive(Debug) ]
enum Direction {
Up,
Down,

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

}
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/// Kabin kapilari ac¢ilmis durumda.

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

}

/// Kabin kapilari kapanmis durumda.

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

}

/// Verilen kattaki asansdr lobisinde yon digmesine basildi.

fn lobby_call_button_pressed(floor: i32, dir: Direction) -> Event {
todo! ()

}

/// Asansor kabininde bir kat digmesine basildi.

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

}

fn main() {

println!(
"Zemin kattaki bir yolcu yukari digmesine basmis durumda: {:?}",
lobby_call_button_pressed(0, Direction::Up)

)

println!("Kabin zemin kata ulasmis durumda: {:?}", car_arrived(0));

println!("Kabin kapisi ag¢ildi: {:?}", car_door_opened());

println!(
"Bir yolcu 3. katin digmesine basmis durumda: {:?}",
car_floor_button_pressed(3)

),

println!("Kabin kapisi kapandi: {:?}", car_door_closed());

println!("Kabin 3. kata ulasmis durumda: {:?}", car_arrived(3));

}

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

» Eger 6grenciler alistirmanin en uistindeki #! [allow(dead_code) ] satirini sorarlarsa,
bunun nedeni Event tiriyle yaptifimiz tek seyin onu ekrana yazdirmak olmasidir.
Derleyicinin 6li kodu (dead code) kontrol etme bigimindeki bir ayrinti1 nedeniyle, bu
durum kodun kullanilmadigini sanmasina yol agar. Ogrenciler bu satir1 bu aligtirma
0zelinde gérmezden gelebilirler.

10.7.1 Cozum
#![allow(dead_code) ]

#[derive(Debug) ]
/// Asansor sisteminde kontrolorin tepki vermesi gereken bir olay.
enum Event {

/// Bir digmeye basildi.
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ButtonPressed(Button),

/// Kabin verilen kata ulasmis durumda.
CarArrived(Floor),

/// Kabin kapilari a¢ilmis durumda.
CarDoorOpened,

/// Kabin kapilari kapanmis durumda.
CarDoorClosed,

}

/// Bir kat tamsayi olarak temsil edilir.
type Floor = i32;

/// Bir seyahat yond.

#[derive(Debug) ]
enum Direction {
Up,
Down,

}

/// Kullanicinin erisebilecedi bir dugme.

#[derive(Debug) ]

enum Button {
/// Verilem katta asansor lobisinde bulunan bir digme.
LobbyCall(Direction, Floor),

/// Kabinin ig¢indeki bir kat dugmesi.
CarFloor(Floor),
}

/// Kabin verilen kata ulasmis durumda.

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

}

/// Kabin kapilari ag¢ilmis durumda.

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

}

/// Kabin kapilari kapanmis durumda.

fn car_door_closed() -> Event {
Event::CarDoorClosed

}

/// Verilen kattaki asansdr lobisinde yon digmesine basildi.
fn lobby_call_button_pressed(floor: i32, dir: Direction) -> Event {
Event: :ButtonPressed(Button::LobbyCall(dir, floor))
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}

/// Asansor kabininde bir kat digmesine basildi.
fn car_floor_button_pressed(floor: i32) -> Event {
Event::ButtonPressed(Button: :CarFlooxr(floor))

}

fn main() {

println!(
"Zemin kattaki bir yolcu yukari digmesine basmis durumda: {:?}",
lobby_call_button_pressed(0, Direction::Up)

),

println!("Kabin zemin kata ulasmis durumda: {:?}", car_arrived(0));

println!("Kabin kapisi acildi: {:?}", car_door_opened());

println!(
"Bir yolcu 3. katin digmesine basmis durumda: {:?}",
car_floor_button_pressed(3)

),

println!("Kabin kapisi kapandi: {:?}", car_door_closed());

println!("Kabin 3. kata ulasmis durumda: {:?}", car_arrived(3));
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Part III

Gun 2: Sabah
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Chapter 11

2. Gun'e Hos Geldiniz

Rust" artik yeterince gordigimize gore, bugiin Rust'in tiir sistemine odaklanacagiz:

* Desen eslestirme (pattern matching): yapilardan veri ¢ikarma.

Metotlar: fonksiyonlar tiirlerle iligkilendirme.

Ozellikler (traits): birden fazla tiir tarafindan paylasilan davranislar.

Genellestirmeler (Generics): tiirleri diger tiirler tizerinden parametrelendirme.
Standart kiitiiphane tirleri ve 6zellikleri (traits): Rust'in zengin standart kiitiphanesinde
bir tur.

 Cevreleyiciler (closures): veriyle birlikte fonksiyon géstericileri.

Zamanlama (Schedule)

Bu oturum 10 dakikalik aralar dahil yaklasik 2 saat 45 dakika siirmelidir. icerigi:

Bolum Stre
Hos Geldiniz 3 dakika
Desen Eglestirme 50 dakika

Metotlar ve Ozellikler (Traits) 45 dakika
Genellestirmeler (Generics) 45 dakika
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Chapter 12

Desen Eslestirme

Bu boliim yaklasik 50 dakika stirmelidir. Igerigi:

Slayt Siire
Reddedilemez Desenler (Irrefutable Patterns) 5 dakika
Degerleri Eslestirmek 10 dakika
Yapilarin Coziimlenmesi (Destructuring Structs) 4 dakika
Enum'larin Céziimlenmesi (Destructuring) 4 dakika
Let'li Kontrol Akisi 10 dakika
Alistirma: ifade Degerlendirmesi 15 dakika

12.1 Reddedilemez Desenler (Irrefutable Patterns)

1. gunde, desenlerin bilesik degerlerini (compound values) ¢oziimlemek (destructure) i¢in
nasil kullanilabilecegini kisaca gormustik. Simdi bunu gézden gecirelim ve desenlerin
ifade edebilecegi birkac diger sey hakkinda konusalim:

fn takes_tuple(tuple: (char, 132, bool)) {
let a = tuple.0;
let b = tuple.1;
let c tuple.2;

let (a, b, c) tuple;

let (_, b, ¢) tuple;

let (.., c) = tuple;
}

fn main() {
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takes_tuple(('a', 777, true));
}

This slide should take about 5 minutes.

* Gosterilen desenlerin timii reddedilemezdir (irrefutable), yani her zaman sag taraftaki
degerle esleseceklerdir.

* Desenler, reddedilemez (irrefutable) desenler de dahil olmak iizere tiire 6zgldir (type-
specific). Demete (tuple) bir eleman eklemeyi veya ¢cikarmay1 deneyin ve ortaya ¢ikan
derleyici hatalarina bakin.

» Degisken adlar1 her zaman eslesen ve eglestikleri degeri bu isimle yeni bir degiskene
baglayan (bind) desenlerdir.

* _herzaman herhangi bir degerle eslesen ve eslesen degeri atan (discarding) bir desendir.

* .. aynli anda birden fazla degeri yok saymaniza olanak tanir.

Daha Fazlasini Kesfedin

* Ayrica, bir demetin (tuple) ortadaki elemanlarini yok saymak gibi . . 'nin daha gelismis
kullanimlarini da gosterebilirsiniz.

fn takes_tuple(tuple: (char, i32, bool, u8)) {
let (first, .., last) = tuple;
}

* Bu desenlerin timi dizilerle (arrays) de caligir:

fn takes_array(array: [u8; 5]) {
let [first, .., last] = array;
}

12.2 Degerleri Eslestirmek

match anahtar kelimesi, bir degeri bir veya daha fazla desene (pattern) gore eslestirmenizi
saglar. Desenler, C ve C++'daki switch'e benzer sekilde basit degerler olabilir, ancak daha
karmasik kosullar: ifade etmek icin de kullanilabilirler:

#lrustfmt: :skip]
fn main() {

let input = 'x';

match input {
'q' => println!("Cikiliyor"),
at | ‘st | 'w' | 'd! => println!("Etrafta hareket ediliyor"),
'Q'..="'9" => println!("Say1 girisi"),

> println! ("Kigik harf: {key}"),
println!("Baska bir sey"),

key if key.is_lowercase()

\%

}

Desendeki bir degisken (bu 6rnekte key) eslesme kolu (match arm) i¢inde kullanilabilecek
bir baglama (binding) olusturacaktir. Bunu bir sonraki slaytta daha ayrintil 6grenecegiz.
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Bir eslesme filtresi (match guard), kolun yalnizca kosul dogruysa eslesmesine neden olur.
Kosul yanlgsa, eslesme diger durumlari kontrol etmeye devam edecektir.

This slide should take about 10 minutes.
Onemli Noktalar:
* Bir desendeyken bazi 6zel karakterlerin nasil kullanildigina dikkat edin

— | bir veya (or) olarak

— .. gerektigi kadar genisleyebilir

— 1. .=5kapsayic1 bir aralifi (inclusive range) temsil eder
— _ bir joker karakterdir

* Ayri bir sézdizimi 6zelligi olarak eslesme filtreleri (match guards), tek basina desenlerin
izin verdiginden daha karmasik fikirleri kisaca ifade etmek istedigimizde 6nemli ve
gereklidir.

* Match guards are different from if expressions after the =>. An if expression is
evaluated after the match arm is selected. Failing the if condition inside of that block
won't result in other arms of the original match expression being considered. In the
following example, the wildcard pattern _ => is never even attempted.

#lrustfmt: :skip]
fn main() {
let input = 'a’;
match input {
key if key.is_uppercase() => println!("Uppercase"),
key => if input == 'q' { println!("Cikiliyor") 1},
=> println!("Bug: this is never printed"),

* Filtrede tanimlanan kosul, bir | iceren bir desendeki her ifade icin gegerlidir.

* Bir eslesme kolunda (match arm) mevcut bir degiskeni kosul olarak kullanamayacaginizi
unutmayin, ¢ciinkid bunun yerine bir degisken ad1 deseni (variable name pattern) olarak
yorumlanacaktir, bu da mevcut olani golgeleyecek (shadow) yeni bir degisken olusturur.
Ornegin:

let expected = 5;

match 123 {
expected => println!("Beklenen deger 5, gercek deder {expected}"),
_ => println!("Deger baska bir seydi"),

}

Burada 123 sayisiyla eslestirmeye calisiyoruz, ilk durumun degerin 5 olup olmadigim
kontrol etmesini istiyoruz. Dogal beklenti, deger 5 olmadif: ic¢in ilk durumun
eslesmeyecegidir, ancak bunun yerine bu, her zaman eslesen bir degisken deseni
olarak yorumlaniy, yani her zaman ilk dal alinacaktir. Bunun yerine bir sabit (constant)
kullanilirsa bu beklendigi gibi calisacaktir.
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Daha Fazlasini Kesfedin

+ Ogrencilere gosterebileceginiz baska bir desen s6zdizimi pargasl, bir desenin bir
bolumunt bir degiskene baglayan @ s6zdizimidir. Ornegin:

let opt = Some(123);
match opt {
outer @ Some(inner) => {
println!("dis: {outer:?}, ic: {inner}");
}
None => {}

}

Bu oOrnekte inner, c¢ozimleme (destructuring) yoluyla Option'dan cektigi 123
degerine sahiptir, outer ise tiim Some(innexr) ifadesini yakalar, bu nedenle tam
Option::Some(123)"icerir. Bu nadiren kullanilir ancak daha karmasik desenlerde
faydal olabilir.

12.3 Yapilar (Structs)

Demetler (tuples) gibi, yapilar (structs) da eslestirme (matching) yoluyla ¢6ziimlenebilir
(destructured):

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

}

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

2, x = {i:2}"),
=1, b ={b}, y={y}"),
{y}, diger alanlar yoksayildi"),

o 1

}
This slide should take about 4 minutes.

» foo'daki degismez (literal) degerleri diger desenlerle eslesecek sekilde degistirin.
* Foo'ya yeni bir alan ekleyin ve desende gerektigi gibi degisiklikler yapin.

Daha Fazlasini Kesfedin

* match &foo'yu deneyin ve yakalanan (captures) degerlerin tiirtini kontrol edin. Desen
s6zdizimi ayni kalir; ancak yakalananlar paylasilan referanslar (shared references)
haline gelir. Bu eslesme ergonomisidir (match ergonomics) ve bir enum uzerinde
metotlar uygularken match self ile genellikle kullanighdir.

— Ayni etki match &mut foo ile de meydana gelir: yakalanan (captures) degerler
0zel (exclusive) referanslar haline gelir.
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» The distinction between a capture and a constant expression can be hard to spot. Try
changing the 2 in the first arm to a variable, and see that it subtly doesn't work. Change
it to a const and see it working again.

12.4 Enumlar

Demetler (tuples) gibi, enum'lar da eslestirme yoluyla ¢6ziimlenebilir (destructured):

Desenler, degiskenleri degerlerinizin parcalarina baglamak icin de kullanilabilir. Tlrlerinizin
yapisini bu sekilde inceleyebilirsiniz. Basit bir enum tliriiyle baslayalim:

enum Result {
Ok (i32),
Exrr(String),
}

fn divide_in_two(n: i32) -> Result {
ifn%2==20 {
Result::0k(n / 2)
} else {
Result: :Exr(format!("{n} iki esit parcaya boliinemez"))
}
}

fn main() {
let n = 100;
match divide_in_two(n) {
Result: :0k(half) => println!("{n} ikiye bolindiginde {half}"),
Result::Exrr(msg) => println!("Uzgunim, bir hata olustu: {msg}"),

}

Burada Result degerini ¢oztimlemek (destructure) i¢in kollar1 (arm) kullandik. Ik kolda,
half, Ok varyantinin icindeki degere baglanir. Ikinci kolda, msg hata mesajina baglanir.

This slide should take about 4 minutes.

» if/else ifadesi, daha sonra bir match ile agilan (unpacked) bir enum geri déndiiriiyor.

* Enum tamimina tigtinci bir varyant eklemeyi ve kodu ¢alistirirken hatalar: gostermeyi
deneyebilirsiniz. Kodunuzun artik kapsayici olmadig1 (inexhaustive) yerlere ve
derleyicinin size nasil ipuclar1 vermeye calistigina dikkat cekin.

* Enum varyantlarindaki degerlere yalnizca desen eslestirmesi yapildiktan sonra
erisilebilir.

* Aramanin kapsayici olmadiginda (inexhaustive) ne oldugunu gosterin.  Rust
derleyicisinin tim durumlarin ele alindigin1 onaylayarak sagladigi avantaja dikkat
edin.

* Enum tanimina ve match'e bir tane ekleyerek yapi stili (struct-style) bir varyant i¢in
sozdizimini (syntax) gosterin. Bunun sézdizimsel olarak bir yap1 (struct) tizerinde
eslestirmeye (matching) nasil benzedigine dikkat ¢ekin.
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12.5 Let'li Kontrol Akis

Rust'in diger dillerden farkh olan birkac kontrol akis1 yapisi vardir. Bunlar desen eslestirme
(pattern matching) i¢in kullanilir:

 if let ifadeleri
» while let ifadeleri
* let else ifadeleri

12.5.1 if let ifadeleri

if let ifadesi, bir degerin bir desenle eslesip eslesmedigine bagh olarak farkhh kod
calistirmaniza olanak tanir:

use std::time::Duration;

fn sleep_for(secs: f32) {
let result = Duration::try_from_secs_f32(secs);

if let Ok(duration) = result {
std::thread: :sleep(duration);
println!("{duration:?} kadar uyunuldu");

}

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

* match'in aksine, if let tim dallar1 kapsamak zorunda degildir. Bu onu match'den
daha 6zlu (concise) yapabilir.

* Optionile ¢alisirken yaygin bir kullanim, Some degerlerini islemektir.

* match'in aksine, if let desen eslestirme icin filtre kosul grubu (guard clauses)
desteklemez.

* Bir else durumuyla, bu bir ifade (expression) olarak kullanilabilir.

12.5.2 while let Deyimleri

if let'te oldugu gibi, bir degeri tekrar tekrar bir desene gore test eden birwhile let gesidi
vardir:

fn main() {
let mut name = String::from("Comprehensive Rust £&");
while let Some(c) = name.pop() {
dbg!(c);
}
// (Bir dizeyi tersine cevirmenin daha verimli yollari var!)

}

Burada String: :pop dize bosalana kadar Some(c) geri dondurur, ardindan None geri
dondurir. while let tiim 6geler arasinda adimlamaya (iterating) devam etmemizi saglar.
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* while let donglsiinun, deger desenle eslestigi siirece devam edecegine dikkat ¢ekin.

* while let donglsuni, name.pop () icin acilacak bir deger olmadiginda kesintiye
ugrayan bir if ifadesiyle sonsuz bir dongii olarak yeniden yazabilirsiniz. while let
yukaridaki senaryo icin s6zdizimsel kolaylik saglar.

* Bu form bhir ifade (expression) olarak kullanilamaz, ¢iinkii kosul yanligsa hicbir degeri
olmayabilir.

12.5.3 let else Deyimleri

Bir deseni eslestirip fonksiyondan geri déndiirmenin yaygin durumu igin let else kullanin.
”else” durumu farkli olmalhdir (diverge) (return, break veya panic - blogun sonundan
¢ikmak diginda her sey).

fn hex_or_die_trying(maybe_string: Option<String>) -> Result<u32, String> {
let s = if let Some(s) = maybe_string {
S
} else {
return Err(String::from("None alindi"));

b

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

} else {
return Err(String::from("bos dize alindi"));

b

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

} else {
return Err(String::from("onaltilik bir basamak degil"));

b

Ok (digit)
}

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

The rewritten version is:

fn hex_or_die_trying(maybe_string: Option<String>) -> Result<u32, String> {
let Some(s) = maybe_string else {
return Err(String::from("None alindi"));
}i

let Some(first_byte_char) = s.chars().next() else {
return Err(String::from("bos dize alindi"));

Hi

let Some(digit) = first_byte_char.to_digit(16) else {
return Err(String::from("onaltilik bir basamak degil"));
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b

Ok (digit)

Daha Fazlasini Kesfedin

* Bu erken geri dondiirme tabanl kontrol akisi (early return-based control flow), Rust hata
isleme (error handling) kodunda yaygindir; burada bir Result'tan bir deger almaya
caligirsiniz ve Result Err ise bir hata geri déndiiriirsiinuz.

+ Ogrenciler sorarsa, gercek hata igleme kodunun ? ile nasil yazilacagini da
gosterebilirsiniz.

12.6 Alstirma: ifade Degerlendirmesi

Aritmetik ifadeler icin basit bir 6zyinelemeli degerlendirici (recursive evaluator) yazalim.

Kii¢iik bir aritmetik ifadenin bir érnegi, 30 olarak degerlendirilen 10 + 20 olabilir. ifadeyi
bir agac olarak temsil edebiliriz:

Daha biiyiik ve daha karmasik bir ifade, 85 olarak degerlendirilen (10 * 9) + ((3 - 4)
* 5) olacaktir. Bunu ¢ok daha biiytiik bir aga¢ olarak temsil ediyoruz:

---------------- | + | oo -
I PP |
Vv Vv
e NN EEELY el I IEES
IR | IR |
Vv Vv Vv Vv
| 10 | | 9 | R B B | 5 |
___________ | e | -
\Y} Vv
| 3 | | 4 |

Kodda, agaci iki tiirle temsil (represent) edecegiz:

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

}

/// AJag¢ seklinde bir ifade (expression).
#[derive(Debug) ]
enum Expression {
/11 1ki alt ifade lizerinde bir islem.
Op { op: Operation, left: Box<Expression>, right: Box<Expression> },

/// Bir de@ismez (literal) deger
Value(i64),
}

Box tiirdi burada bir akillh gostericidir (smart pointer) ve kursun ilerleyen boliimlerinde
ayrintili olarak ele alinacaktir. Bir ifade, testlerde goruldigi gibi Box: : new ile kutulanabilir
(boxed)”. Kutulanmuis bir ifadeyi degerlendirmek i¢in, onu “kutudan ¢ikarmak (unbox)” i¢in
referans kaldirma (deref) operatériini (*) kullanin: eval (*boxed_expr).

Kodu Rust deneme alanina (playground) kopyalayip yapistirin ve eval'i uygulamaya baslayin.
Son urin testleri gecmelidir. todo! () kullanmak ve testleri birer birer gegcmek yardimci
olabilir. Bir testi gecici olarak #[ignore] ile de atlayabilirsiniz:

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

/// 1Iki alt ifade (subexpression) lizerinde gerceklestirilecek bir islem.

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

/// Adag¢ seklinde bir ifade (expression).
#[derive(Debug) ]
enum Expression {
/// 1ki alt ifade lizerinde bir islem.
Op { op: Operation, left: Box<Expression>, right: Box<Expression> },

/// Bir degismez (literal) deger
Value(i64),
}

fn eval(e: Expression) -> i64 {
todo! ()

}

#[test]

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

}

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

#[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)),
1)
right: Box::new(Expression::Value(5)),
}
assert_eq! (
eval (Expression::0p {
op: Operation::Add,
left: Box::new(terml),
right: Box::new(term2),
)
85
),
}

#[test]
fn test_zeros() {
assert_eq! (
eval (Expression::0p {
op: Operation::Add,
left: Box::new(Expression::Value(0)),
right: Box::new(Expression::Value(0))
).
0

)
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assert_eq!(
eval (Expression::0p {
op: Operation::Mul,
left: Box::new(Expression::Value(0)),
right: Box::new(Expression::Value(0))
)
0
),
assert_eq! (
eval (Expression::0p {
op: Operation::Sub,
left: Box::new(Expression::Value(0)),
right: Box::new(Expression::Value(0))
1)
0
),
}

#[test]
fn test_div() {
assert_eq! (
eval (Expression::0p {
op: Operation::Div,
left: Box::new(Expression::Value(10)),
right: Box::new(Expression::Value(2)),
)
5

12.6.1 Coziim

/// 1Iki alt ifade (subexpression) lizerinde gerceklestirilecek bir islem.
#[derive(Debug) ]
enum Operation {

Add,

Sub,

Mul,

Div,

}

/// AJag¢ seklinde bir ifade (expression).
#[derive(Debug) ]
enum Expression {
/// 1ki alt ifade lizerinde bir islem.
Op { op: Operation, left: Box<Expression>, right: Box<Expression> },

/// Bir de@ismez (literal) deger
Value(i64),
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fn eval(e: Expression) -> i64 {
match e {
Expression::0p { op, left, right } => {

let left = eval(*left);

let right = eval(*right);

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

}
}

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

#[test]
fn test_value() {

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

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

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

#[test]
fn test_zeros() {
assert_eq! (
eval (Expression::0p {
op: Operation::Add,
left: Box::new(Expression::Value(0)),
right: Box::new(Expression::Value(0))
).
0
),
assert_eq! (
eval (Expression: :0p {
op: Operation::Mul,
left: Box::new(Expression::Value(0)),
right: Box::new(Expression::Value(0))
}).,
0
),
assert_eq! (
eval (Expression::0p {
op: Operation::Sub,
left: Box::new(Expression::Value(0)),
right: Box::new(Expression::Value(0))

#[test]
fn test_div() {
assert_eq! (
eval (Expression::0p {
op: Operation::Div,
left: Box::new(Expression::Value(10)),
right: Box::new(Expression::Value(2)),
).
5
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Chapter 13

Metotlar ve Ozellikler (Traits)

Bu boliim yaklagik 45 dakika stiirmelidir. Icerigi:

Slayt Sture
Metotlar 10 dakika
Ozellikler (Traits) 15 dakika
Turetme (Deriving) 3 dakika

Alistirma: Genel Kaydedici 15 dakika

13.1 Metotlar

Rust, fonksiyonlar: yeni tiirlerinizle iligkilendirmenize (associate) olanak tanir. Bunu bir
impl blogu ile yaparsiniz:

#[derive(Debug) ]
struct CarRace {
name: String,
laps: Vec<i32>,
}

impl CarRace {
// Alici (receiver) yok, statik bir metot
fn new(name: &str) -> Self {
Self { name: String::from(name), laps: Vec::new() }

}

// self'e 6zel (exclusive) o6din¢ alinmis (borrowed) okuma-yazma erisimi
fn add_lap(&mut self, lap: i32) {

self.laps.push(lap);
}

// self'e paylasilan ve salt okunur (read-only) o6din¢ alinmis (borrowed) erisim
fn print_laps(&self) {
println!("{} tur kaydedildi, {} ic¢in:", self.laps.len(), self.name);
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for (idx, lap) in self.laps.iter().enumerate() {
println! ("Tur {idx}: {lap} sn");
}

fn finish(self) {
let total: 132 = self.laps.iter().sum();
println!("Yaris {} bitti, toplam tur siresi: {}", self.name, total);

}

fn main() {

let mut race = CarRace::new("Turkiye Grand Prix");
race.add_lap(70);

race.add_lap(68);

race.print_laps();

race.add_lap(71);

race.print_laps();

race.finish();

}

self argumanlar: “aliciy1 (receiver)” ( metodun tizerinde igslem yaptigl nesne) belirtir. Bir
metot i¢in birkag yaygin alici vardir:

* &self: nesneyi cagirandan paylasilan ve degistirilemez (shared and immutable) bir
referans kullanarak édiing alir (borrows). Nesne daha sonra tekrar kullanilabilir.

* &mut self: nesneyi cagirandan benzersiz ve degistirilebilir (unique and mutable) bir
referans kullanarak 6diing alir (borrows). Nesne daha sonra tekrar kullanilabilir.

* self: nesnenin sahipligini (ownership) alir ve onu ¢agirandan uzaga tasir. Metot,
nesnenin sahibi olur. Sahipligi acgikca (explicitly) aktarilmadigl siirece, metot
geri donduginde nesne digirilir (deallocated). Tam sahiplik otomatik olarak
degistirilebilirlik (mutability) anlamina gelmez.

* mut self: yukaridakiyle ayni, ancak metot nesneyi degistirebilir.

« Alic (receiver) yok: bu, yap1 (struct) tizerinde statik bir metot haline gelir. Genellikle
geleneksel olarak new olarak adlandirilan yapicilar (constructors) olusturmak igin
kullanilir.

This slide should take about 8 minutes.
Onemli Noktalar:

* Metotlar1 fonksiyonlarla karsilastirarak tanitmak faydal olabilir.

— Metotlar bir tiirtin (bir yap1 veya enum gibi) bir érnegi Gizerinden c¢agrilir; ilk
parametre, 6rnegi (instance) self olarak temsil (represents) eder.

— Geligtiriciler, metot alic1 sozdiziminden (method receiver syntax) yararlanmak
ve onlar1 daha duzenli tutmaya yardimci olmak i¢in metotlar: kullanmayi
secebilirler. Metotlar1 kullanarak tim gerceklestirim (implementation) kodunu tek
bir 6ngorilebilir yerde tutabiliriz.

— Metotlarin, aliciy1 (receiver) acikca ileterek iligkili fonksiyonlar gibi de
¢agrilabilecegini unutmayin, 6rn. CarRace: :add_lap (&mut race, 20).

* Bir metot alicisi (receiver) olan self anahtar kelimesinin kullanimina dikkat cekin.
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— Bunun self: Self icin kisaltilmig bir terim oldugunu gosterin ve belki de yap1
(struct) adinin nasil kullanilabilecegini de gosterin.

— Self'in, impl blogunun i¢inde oldugu tiir i¢in bir tiir takma ad1 (type alias)
oldugunu ve blogun baska yerlerinde de kullanilabilecegini agiklayin.

— self'indiger yapilar gibi nasil kullanildigina ve bireysel alanlara (individual fields)
atifta bulunmak i¢in nokta (.) notasyonunun nasil kullanilabilecegine dikkat edin.

— finish'i iki kez caligtirmay: deneyerek &self'in self'ten nasil farkli oldugunu
gostermek icin bu iyi bir zaman olabilir.

— self uzerindeki varyantlarin 6tesinde, Box<Self> gibi alic1 (receiver) tiirleri
olmasina izin verilen 6zel sarmalayici tiirleri de vardir.

13.2 Ozellikler (Traits)

Rust, 6zellikler (traits) ile tiirler tizerinde soyutlama yapmaniza olanak tanir. Arayuzlere
(interfaces) benzerler:

trait Pet {
/// Bu evcil hayvandan bir cimle geri dondurin.
fn talk(&self) -> String;

/// Bu evcil hayvani selamlayan bir dizeyi terminale yazdirin.
fn greet(&self);
}

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

* Bir ozellik (trait), tiirlerin 6zelligi gerceklestirmek (implement) i¢in sahip olmasi gereken
bir dizi metodu tanimlar.

* Bir sonraki "Genellestirmeler (Generics)” bolumunde, bir 6zelligi (trait) gergeklestiren
tim turler Gzerinde jenerik olan fonksiyonelligin nasil olusturulacagini gérecegiz.

13.2.1 Ozelliklerin (Traits) Gerceklestirimi

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

fn greet(&self) {
println!("Ah sen ne sirinsin! Adin ne? {}", self.talk());
}
}

struct Dog {
name: String,
age: 1i8,

}

impl Pet for Dog {
fn talk(&self) -> String {
format! ("Hav, benim adim {}!", self.name)
}
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fn main() {
let fido = Dog { name: String::from("Fido"), age: 5 };
dbg! (fido.talk());
fido.greet();

* Typeicin Trait'i gerceklestirmek (implement) tizere bir impl Trait for Type { ..
} blogu kullanirsiniz.

* Go arayuzlerinin (interfaces) aksine, sadece eslesen metotlara sahip olmak yeterli
degildir: talk() metoduna sahip bir Cat tiird, bir impl Pet blogunda olmadig: siirece
Pet'i otomatik olarak karsilamaz.

+ Ozellikler (traits), bazi metotlarin varsayilan gerceklestirmelerini (implementations)
saglayabilir. Varsayilan gerceklestirmeler, 6zelligin tiim metotlarina dayanabilir. Bu
durumda, greet saglanir ve talk'a dayanir.

* Belirli bir tiir i¢in birden fazla impl bloguna izin verilir. Bu hem dogal imp1 bloklarini
hem de 6zellik (trait) impl bloklarin icerir. Ayn sekilde belirli bir tir i¢in birden
fazla 6zellik gerceklestirilebilir (ve genellikle tiirler birgok 6zelligi gerceklestirir!). impl
bloklar1 birden fazla modiile/dosyaya bile yayilabilir.

13.2.2 Ustozellikler (Supertraits)

Bir 6zellik (trait), onu gergeklestiren tuirlerin iistozellikler (supertraits) olarak adlandirilan
diger ozellikleri de gerceklestirmesini gerektirebilir. Burada, Pet'i gerceklestiren herhangi
bir tiir Animali da gerceklestirmelidir.

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"));
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println!("{}, {} bacaga sahip", puppy.name(), puppy.leg_count());
}

Bu bazen *6zellik kalitimi (trait inheritance)” olarak adlandirilir ancak 6grencilerin bunun
nesne yonelimli kalitim (OO inheritance) gibi davranmasini beklememesi gerekir. Bu sadece
bir 6zelligin gerceklestirmeleri tizerinde ek bir gereksinimi (requirement) belirtir.

13.2.3 Iiligkili Tiirler

Iigkili tiirler (associated types), 6zellik (trait) gerceklestirimi tarafindan saglanan yer tutucu
(placeholder) tiirlerdir.

#[derive(Debug) ]

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

struct MetersSquared(i32);

trait Multiply {

type Output;

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

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

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

« Iligkili tiirler (associated types) bazen *qikt1 tiirleri (output types)” olarak da adlandirilir.
Anahtar gozlem, bu tirt cagiranin degil, gerceklestirenin (implementer) se¢cmesidir.

* Aritmetik operatorler ve Iterator da dahil olmak tizere birgok standart kitiphane
6zelliginin (traits) iligkili tiirleri vardir.

13.3 Turetme (Deriving)

Desteklenen 0zellikler (traits), 6zel tirleriniz icin asagidaki gibi otomatik olarak
gerceklestirilebilir implemented):

#[derive(Debug, Clone, Default)]
struct Player {

name: String,

strength: u8,

hit_points: u8,
}

fn main() {
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let pl = Player: :default();
let mut p2 = pl.clone();
p2.name = String::from("EldurScrollz");

println! ("{p1:?} vs. {p2:?}");
}

This slide should take about 3 minutes.

» Tlretme (derivation), makrolarla gergekle§t1r1hr (implemented) ve bircok kasa (crate)
kullanigh fonksiyonellik eklemek i¢in faydali tiiretme (derive) makrolari saglar. Ornegin,
sexrde, #[derive(Serialize)] kullanarak bir yap1 (struct) i¢in serilestirme destegi
tlretebilir.

* Turetme (derivation) genellikle, cogu durum i¢in dogru olan yaygin bir basmakalipsal
(boilerplate-y) gerceklestirmeye sahip ozellikler (traits) i¢cin saglanir. Ornegin, bir
manuel Clone gerceklestiriminin (impl) 6zelli§i (trait) tiiretmeye kiyasla nasil
tekrarlanabilen bir yapida olabilecegini gosterin:

impl Clone for Player {
fn clone(&self) -> Self {
Player {
name: self.name.clone(),
strength: self.strength.clone(),
hit_points: self.hit_points.clone(),

}

Yukaridaki .clone()'larin hepsi bu durumda gerekli degildir, ancak bu, manuel
gerceklestirmelerin (impls) izleyecegi genel basmakalipsal (boilerplate-y) deseni
gosterir, bu da 6grencilere derive kullanimini netlestirmeye yardimci olmalidir.

13.4 Alstirma: Kaydedici Ozelligi (Logger Trait)

Bir 1og metoduna sahip bir Logger 6zelligi (trait) kullanarak basit bir kayit (logging) araci
tasarlayalim. ilerlemesini kaydedebilecek kod daha sonra bir &impl Logger alabilir. Testte
bu, mesajlari test kayit dosyasina (logfile) koyabilirken, bir Giretim (production) insasinda
mesajlar1 bir kayit sunucusuna (log server) gonderir.

Ancak, asagida verilen StderrlLogger ayrinti seviyesine (verbosity) bakilmaksizin tim
mesajlar1 kaydeder. Goéreviniz, maksimum ayrint: seviyesi tizerindeki mesajlar1 yoksayacak
bir VerbosityFilter tiri yazmaktir.

This is a common pattern: a struct wrapping a trait implementation and implementing that
same trait, adding behavior in the process. In the "Generics” segment, we will see how to
make the wrapper generic over the wrapped type.

trait Logger {

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

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

/// Yalnizca belirtilen ayrinti seviyesine kadar olan mesajlari kaydedin.
struct VerbosityFilter {

max_verbosity: u8,

inner: StderrlLogger,

}
// TODO: "VerbosityFilter icin "Logger 0Ozelligini (trait) gerceklestirin.

fn main() {
let logger = VerbosityFilter { max_verbosity: 3, inner: StderrlLogger };
logger.log(5, "Bilginiz Olsun");
logger.log(2, "Eyvah");

13.4.1 Coziim

trait Logger {
/// Belirtilen ayrinti seviyesinde bir mesaj kaydedin.
fn log(&self, verbosity: u8, message: &str);

}

struct StderrLogger;

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

/// Yalnizca belirtilen ayrinti seviyesine kadar olan mesajlari kaydedin.
struct VerbosityFilter {

max_verbosity: u8,

inner: StderrlLogger,

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

}
}

fn main() {
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let logger = VerbosityFilter { max_verbosity: 3, inner: StderrlLogger };
logger.log(5, "Bilginiz Olsun");
logger.log(2, "Eyvah");
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Chapter 14

Genellestirmeler (Generics)

Bu boliim yaklasik 45 dakika stirmelidir. Igerigi:

Slayt Stire
Genellestirilmis (Generic) Fonksiyonlar 5 dakika
Ozellik (Trait) Sinirlar: 10 dakika
Genellestirilmis (Generic) Veri Tirleri 10 dakika
impl Trait 5 dakika
dyn Trait 5 dakika

Alistirma: Genellestirilmis (Generic) min 10 dakika

14.1 Genellestirilmis (Generic) Fonksiyonlar

Rust, algoritmalar1 veya veri yapilarini (siralama veya ikili aga¢ gibi) kullanilan veya
depolanan turler Uzerinde soyutlamaniza olanak taniyan genellestirmeleri (generics)
destekler.

fn pick<T>(cond: bool, left: T, right: T) -> T {
if cond { left } else { right }
}

fn main() {
println!("bir sayi secildi: {:?}", pick(true, 222, 333));
println!("bir dize sec¢ildi: {:?}", pick(false, 'L', 'R'));
}

This slide should take about 5 minutes.

* Genellestirmelerin (generics) kod tekrarini nasil azaltabilecegini gostermek igin
genellestirilmis pick'ten 6nce veya genellestirmelerden sonra tek bigimli héale
getirmenin (monomorphization) nasil ¢alistifini géstermek icin pick'in tek bicimli héle
getirilmis (monomorphized) stirimlerini gostermek faydali olabilir.

fn pick_i32(cond: bool, left: i32, right: i32) -> i32 {
if cond { left } else { right }
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}

fn pick_char(cond: bool, left: char, right: char) -> char {
if cond { left } else { right }
}

Rust, argiimanlarin ve geri doniis degerinin tiirlerine dayanarak T i¢in bir tiir cikarir
(infers).

Bu 6rnekte T icin yalnizca ilkel (primitive) 132 ve char tiirlerini kullaniyoruz, ancak
burada kullanici taniml tiirler (user-defined types) de dahil olmak tizere herhangi bir
tiru kullanabiliriz:

struct Foo {
val: u8,
}

pick(false, Foo { val: 7 }, Foo { val: 99 });

Bu, C++ sablonlarina (templates) benzer, ancak Rust, genellestirilmis (generic)
fonksiyonu kismen de olsa aninda derler, bu nedenle bu fonksiyon kisitlamalarla
(constraints) eslesen tiim tiirler i¢in gecerli olmalhdir. Ornegin, cond yanlssa left +
right geri dondirmek icin pick'i degistirmeyi deneyin. Yalnizca tamsayilarla pick
Ornegi kullanilsa bile, Rust bunu yine de gecersiz kabul eder. C++ bunu yapmaniza izin
verirdi.

Genellestirilmis (generic) kod, cagrildigl yerlerde (call sites) genellestirilmemis
(6zellestirilmis) koda donustirilir. Bu, sifir maliyetli bir soyutlamadir: soyutlama
olmadan veri yapilarini elle kodlamis olsaydiniz alacaginiz sonucun aynisini elde
edersiniz.

14.2 Ozellik (Trait) Sinirlari

Genellestirmelerle (generics) calisirken, genellikle tirlerin bazi 06zellikleri (trait)
gerceklestirmesini (implement) istersiniz, boylece bu 6zelligin metotlarini ¢cagirabilirsiniz.

Bunu T: Trait ile yapabilirsiniz:
fn duplicate<T: Clone>(a: T) -> (T, T) {

}

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

struct NotCloneable;

fn main() {

}

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

This slide should take about 8 minutes.

* Bir NotCloneable yapip duplicate'e gecirmeyi deneyin.

* Birden fazla 6zellik (trait) gerektiginde, bunlar: birlestirmek i¢in + kullanin.
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+ Ogrencilerin kod okurken karsilagacaklari bir where yan tiimcesi gosterin.

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

T: Clone,
{

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

}

— Cok sayida parametreniz varsa fonksiyon imzasini (signature) sadelestirir.
— Daha giicli kilan ek 6zelliklere sahiptir.
* Birisi sorarsa, ekstra ozellik, ”:” solundaki tiriin Option<T> gibi keyfi
olabilmesidir.

* Rust'in (simdilik) 6zellestirmeyi (specialization) desteklemedigini unutmayin. Ornegin,
orijinal duplicate verildiginde, 6zel bir duplicate(a: u32) eklemek gecersizdir.

14.3 Genellestirilmis (Generic) Veri Tirleri

Belirli alan tirt (concrete field type) lizerinde soyutlama yapmak igin genellestirmeleri
(generics) kullanabilirsiniz. Onceki bélimun alistirmasina geri donersek:

pub trait Logger {
/// Belirtilen ayrinti seviyesinde bir mesaj kaydedin.
fn log(&self, verbosity: u8, message: &str);

}

struct StderrlLogger;

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

/// Yalnizca belirtilen ayrinti seviyesine kadar olan mesajlari kaydedin.
struct VerbosityFilter<L> {

max_verbosity: u8,

inner: L,
}

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

}
}

fn main() {
let logger = VerbosityFilter { max_verbosity: 3, inner: StderrlLogger };
logger.log(5, "Bilginiz Olsun");
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logger.log(2, "Eyvah");
}

This slide should take about 10 minutes.

* S:Neden L, impl<L: Logger> .. VerbosityFilter<L>'de iki kez belirtiliyor? Bu
gereksiz (redundant) degil mi?

— Bunun nedeni, genellestirilmis (generic) tur igin genel bir gerceklestirme
bolumu (generic implementation section) olmasidir. Onlar, bagimsiz olarak
genellestirilmistir (generic).

— Bu, bu metotlarin herhangi bir L icin tanimlandig anlamina gelir.

— impl VerbosityFilter<StderrlLogger> { .. } yazmak mimkindir.

* VerbosityFilter hala genellestirilmistir tirdir ve VerbosityFilter<f64>
tirinu kullanabilirsiniz, ancak bu bloktaki metotlar yalnizca VerbosityFilter<StderrLogger>
icin mevcut olacaktir.

* VerbosityFilter tirunin kendisine bir 6zellik sinir1 (trait bound)koymadigimiza
dikkat edin. Oraya da sinirlar koyabilirsiniz, ancak genellikle Rust'ta 6zellik sinirlarini
(trait bounds) yalnizca impl bloklarina koyariz.

14.4 Genellestirilmis (Generic) Ozellikler (Traits)

Ozellikler (traits), tipki tiirler ve fonksiyonlar gibi genellestirilmis (generic) de olabilir. Bir
0zelligin parametreleri, kullanildiginda belirli (concrete) tiirler alir. Ornegin, From<T> 6zelligi
tir dontgstmlerini (type conversions) tanimlamak i¢in kullanilir:

pub trait From<T>: Sized {
fn from(value: T) -> Self;
}

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

impl From<u32> for Foo {
fn from(from: u32) -> Foo {
Foo(format! ("Tamsayidan donustirildi: {from}"))
}
}

impl From<bool> for Foo {
fn from(from: bool) -> Foo {
Foo(format! ("Bool'dan doniusturildi: {from}"))
}
}

fn main() {
let from_int = Foo::from(123);
let from_bool = Foo::from(true);
dbg! (from_int);
dbg! (from_bool);

* From oOzelligi (trait) kursun ilerleyen bolumlerinde ele alinacakti, ancak std
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belgelerindeki tanimi basittir ve referans i¢in buraya kopyalanmistir.

+ Ozelligin (trait) gerceklestirmeleri (implementations), olasi tiim tiir parametrelerini
kapsamak zorunda degildir  Burada, Foo icin From<&str> gerceklestirmesi
olmadigindan Foo: : from("hello") derlenmezdi.

* Genellestirilmis (generic) 6zellikler (traits) tirleri ”girdi” olarak alirken, iligkili tiirler
(associated types) bir tiir “cikt1” tiiridir. Bir 6zelligin farkl girdi tirleri i¢in birden ¢ok
gerceklestirmesi (implementation) olabilir.

* Aslinda, Rust herhangi bir T tiirii icin bir 6zelligin (trait) en fazla bir gerceklestiriminin
(implementation) eslesmesini gerektirir. Diger bazi dillerden farkl olarak, Rust'in ”en
spesifik” eslesmeyi secmek icin bir sezgisi (heuristic) yoktur. Bu destegi eklemek icin
Ozellestirme (specialization) adi verilen bir ¢calisma vardir.

14.5 impl Trait

Ozellik sinirlarina (trait bounds) benzer sekilde, fonksiyon argiimanlarinda ve geri doniis
degerlerinde bir impl Trait s6zdizimi kullanilabilir:

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);

dbg! (many) ;

let many_more = add_42_millions(10_000_000);
dbg! (many_more) ;

let debuggable = pair_of(27);

dbg! (debuggable) ;

This slide should take about 5 minutes.

impl Trait, isimlendiremeyeceginiz tirlerle calismaniza olanak tanir. impl Trait'in
anlami farkh konumlarda biraz farkhidir.

* Bir parametre icin, impl Trait bir 6zellik sinirina (trait bound) sahip anonim bir
genellestirilmis (generic) parametre gibidir.

* Bir geri doniis tiirt i¢in, bu, geri dénus tirinin, tiri isimlendirmeden 6zelligi (trait)
gerceklestiren (implement) bir belirli (concrete) tiir oldugu anlamina gelir. Bu, genel bir
APT'de belirli olan tiri agiga citkarmak istemediginizde kullanigh olabilir.

Geri doniis konumunda (return position) ¢ikarim (inference) yapmak zordur. impl Foo
geri dondiiren bir fonksiyon, geri dondiirdiigii belirli olan tiirii kaynakta yazmadan secer.
collect<B>() -> B gibigenellestirilmis bir tlir dondiren bir fonksiyon, B'yi saglayan
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herhangi bir tiirt geri déndiirebilir ve ¢agiranin, let x: Vec<_> = foo.collect()
veya tlr belirteciyle (turbo balif1/ turbofish) ile foo.collect: : <Vec<_>>() gibi birini
se¢mesi gerekebilir.

debuggable'in tiirti nedir? Hata mesajinin ne gosterdigini gormek icin 1et debuggable:
() = ..'yideneyin.

14.6 dyn Trait

Rust, genellestirmeler (generics) yoluyla statik yonlendirme (static dispatch) i¢in 6zellikleri
(trait) kullanmaya ek olarak, 6zellik nesneleri (trait objects) yoluyla silinmis tiirle (type-
erased), dinamik yonlendirmeyi (dynamic dispatch) destekler:

struct Dog {
name: String,
age: 18,

}

struct Cat {
lives: 1i8,

}

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

impl Pet for Dog {
fn talk(&self) -> String {
format! ("Hav, benim adim {}!", self.name)
}
}

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

// Genellestirmeleri (generics) ve statik yonlendirmeyi (static dispatch) kullanir.
fn generic(pet: &impl Pet) {

println!("Merhaba, nasilsin? {}", pet.talk());
}

// Tir silmeyi (type-erasure) ve dinamik yonlendirmeyi (dynamic dispatch) kullanir.
fn dynamic(pet: &dyn Pet) {

println!("Merhaba, nasilsin? {}", pet.talk());
}

fn main() {
let cat
let dog

Cat { lives: 9 };
Dog { name: String::from("Fido"), age: 5 };
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generic(&cat);
generic(&dog) ;

dynamic(&cat);
dynamic(&dog) ;
}

This slide should take about 5 minutes.

* impl Trait de dahil olmak tUzere genellestirmeler (generics), genellestirmenin
olusturuldugu her farkl tiir icin fonksiyonun 6zel bir 6rnegini olusturmak tizere tek
bicimli héle getirmeyi (monomorphization) kullanir. Bu, genellestirilmis bir fonksiyon
icinden bir 6zellik (trait) metodunu ¢agirmanin hala statik yonlendirme (static dispatch)
kullandig1 anlamina gelir, ¢iinku derleyici tam tir bilgisine sahiptir ve hangi tirin
0zellik gerceklestiriminin (trait implementation) kullanilacagini ¢6zebilir.

* dyn Trait kullanirken, bunun yerine bir sanal metot tablosu (virtual method table)
(vtable) aracilifiyla dinamik yonlendirme (dynamic dispatch) kullanir. Bu, hangi tiirde
Pet gecirilirse gecirilsin kullanilan tek bir fn dynamic siirimu oldugu anlamina gelir.

* dyn Trait kullanirken, 6zellik nesnesinin (trait object) bir tiir dolayl yol (indirection)
arkasinda olmasi gerekir. Bu durumda bu bir referanstir, ancak Box gibi akilh gésterici
(smart pointer) tiirleri de kullanilabilir (bu 3. giinde gosterilecektir).

* Calisma zamaninda, bir &dyn Pet, “genisletilmis bir gosterici (fat pointer)” olarak
temsil edilir, yani iki gostericiden olusan bir ¢ift: Bir gosterici, Pet'i gergeklestiren
(implement) belirli nesneye isaret eder ve digeri o tur i¢in 6zellik gerceklestiriminin (trait
implementation) sanal metot tablosuna (vtable) isaret eder. &dyn Pet lizerinde talk
metodunu cagirirken, derleyici sanal metot tablosunda talk i¢in fonksiyon gostericisini
(function pointer) arar ve ardindan Dog veya Cat'e gostericiyi o fonksiyona gecirerek
fonksiyonu cagirir. Derleyicinin bunu yapmak icin Pet'in belirli olan tiiriint (concrete
type) bilmesi gerekmez.

* Bir dyn Trait, *silinmis tiir (type-erased)” olarak kabul edilir, ¢linkii artik somut tiiriin
ne olduguna dair derleme zamani bilgisine sahip degiliz.

14.7 Ahstirma: Genellestirilmis (Generic) min
Bu kisa alistirmada, Ord 6zelligini (trait) kullanarak iki degerin minimumunu belirleyen
genellestirilmis (generic) bir min fonksiyonu gerceklestireceksiniz (implement).

use std::cmp::0rdering;
TODO

#[test]
fn integers() {
assert_eq!(min(0, 10), 0);
assert_eq!(min(500, 123), 123);
}

#[test]
fn chars() {
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assert_eq!(min('a', 'z"), 'a');
assert_eq!(min('7', '1"), '1');
}
#[test]

fn strings() {
assert_eq! (min("merhaba", "hoscakal"), "hoscakal");
assert_eq!(min("yarasa", "armadillo"), "armadillo");

}
This slide and its sub-slides should take about 10 minutes.

+ Ogrencilere Ord ozelligini (trait) ve Ordering enum'ini gosterin.

14.7.1 Coziim

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,

}

#[test]
fn integers() {
assert_eq!(min(0, 10), 0);
assert_eq!(min(500, 123), 123);
}

#[test]
fn chars() {

assert_eq!(min('a', 'z'), 'a');
assert_eq!(min('7', '1"), '1');
}
#[test]

fn strings() {
assert_eq! (min("merhaba", "hoscakal"), "hoscakal");
assert_eq!(min("yarasa", "armadillo"), "armadillo");
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Part IV

Giin 2: Ogleden Sonra
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Chapter 15

Tekrar Hos Geldiniz

Bu oturum 10 dakikalik aralar dahil yaklasik 2 saat 50 dakika siirmelidir. icerigi:

Bolim Stire
Cevreleyiciler (Closures) 30 dakika
Standart Kitiiphane Tirleri 1 saat
Standart Kiitiiphanedeki Ozellikler (Traits) 1 saat
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Chapter 16

Cevreleyiciler (Closures)

Bu boliim yaklasik 30 dakika stirmelidir. Igerigi:

Slayt Stire
Cevreleyici S6zdizimi (Closure Syntax) 3 dakika
Yakalama (Capturing) 5 dakika
Cevreleyici Ozellikler (Closure Traits) 10 dakika
Alistirma: Kaydedici (Log) Filtresi 10 dakika

16.1 Cevreleyici Sozdizimi (Closure Syntax)

Cevreleyiciler (closures) dikey ¢ubuklarla olusturulur: |. . |
fn main() {

let double_it = |n| n * 2;
dbg! (double_it(50));

let add_1f32 = |x: 32| -> f32 { x + 1.0 };
dbg! (add_1f32(50.));
}

This slide should take about 3 minutes.

* Arglimanlar |..| arasina girer. Govde { .. } icine alinir, ancak tek bir ifade
(expression) ise bunlar atlanabilir.

* Argiiman tiirleri istege baghdir ve eger verilmezse tiirler cikarim (inference) yapilir.
Geri donts tiri (return type) de istege baghdir, ancak yalnizca gévdenin etrafinda {
.} varsa yazilabilir.

+ Orneklerin her ikisi de bunun yerine sadece i¢ ice fonksiyonlar olarak yazilabilir --
¢inki bulunduklar: s6zciiksel ortamdan (lexical environment) herhangi bir degiskeni
yakalamazlar. Yakalamay: (capturing) bir sonraki adimda gorecegiz.
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Daha Fazlasini Kesfedin

* Fonksiyonlari degiskenlerde saklama yetenegi sadece cevreleyicilere (closures) 6zgu
degildir, diizenli (regular) fonksiyonlar da degiskenlere konulabilir ve ardindan
cevreleyicilerle ayn sekilde ¢agrilabilir: Deneme alaninda (playground) érnek.

- Baglantis1 verilen 6rnek ayrica hichir sey yakalamayan (capture) ¢evreleyicilerin
(closures) de diizenli bir fonksiyon gostericisine (regular function pointer)
dontugtirilebilecegini (coerce) gostermektedir.

16.2 Yakalama (Capturing)

Bir ¢evreleyici (closure), tanimlandig ortamdan degiskenleri yakalayabilir (capture).

fn main() {
let max_value = 5;
let clamp = |v| {
if v > max_value { max_value } else { v }

b

dbg! (clamp(1));
dbg! (clamp(3));
dbg! (clamp(5));
dbg! (clamp(7));
dbg! (clamp(10))

I

}
This slide should take about 5 minutes.

 Varsayilan olarak, bir ¢evreleyici (closure) degerleri referans yoluyla yakalar. Burada
max_value, clamp tarafindan yakalanir, ancak yazdirma i¢in main'de hala kullanilabilir.
max_value degiskenini degistirilebilir (mutable) yapmayi, degistirmeyi ve degerleri
tekrar yazdirmay1 deneyin. Bu neden ige yaramiyor?

* Bir cevreleyici (closure) degerleri degistirirse, onlar: degistirilebilir (mutable) referans
yoluyla yakalar. clamp'e max_value += 1 eklemeyi deneyin.

* Bir ¢evreleyiciyi (closure), move anahtar kelimesiyle degerleri referans almak yerine
tasimaya (move) zorlayabilirsiniz. Bu, 6miirlerle (lifetimes) ilgili yardimci olabilir,
ornegin cevreleyici yakalanan degerlerden daha uzun yasamaliysa (6murler hakkinda
daha sonra daha fazla bilgi).

Bu, move |v| .. gibigoriniyor. Bu anahtar kelimeyi eklemeyi deneyin ve clamp'i
tanimladiktan sonra main'in hala max_value'e erisip erisemedigini goriin.

 Varsayilan olarak, cevreleyiciler (closures) dis kapsamdan (outer scope) her degiskeni,
yapabildikleri en az talepkar erisim bi¢imiyle yakalarlar (miimkiinse paylasilan (shared)
referansla, sonra 6zel (exclusive) referansla, sonra tasima (move) ile). move anahtar
kelimesi, degerle yakalamayi (move)zorlar.
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16.3 Cevreleyici 6zellikleri (Closure traits)

Cevreleyicilerin (closures) veya lambda ifadelerinin isimlendirilemeyen tiirleri vardir. Ancak,
0zel Fn, FnMut ve FnOnce 6zelliklerini (traits) gergeklestirirler (implement):

Ozel fn(..) -> T tiirleri, fonksiyon gostericilerine (function pointers) referans verir - ya
bir fonksiyonun adresi ya da highir sey yakalamayan (capture) bir ¢evreleyici (closure).

fn apply_and_log(

func: impl FnOnce(&'static str) -> String,

func_name: &'static str,

input: &'static str,
) {

println!("Cagriliyor {func_name}({input}): {}", func(input))
}

fn main() {
let suffix = "sendromu";
let add_suffix = |x| format!("{x} {suffix}");
apply_and_log(&add_suffix, "add_suffix", "son sinif");
apply_and_log(&add_suffix, "add_suffix", "appendix");

let mut v = Vec::new();

let mut accumulate = |x| {
v.push(x);
v.join("/")
}s
apply_and_log(&mut accumulate, "accumulate", "kirmizi");
apply_and_log(&mut accumulate, "accumulate", "yesil");
apply_and_log(&mut accumulate, "accumulate", "mavi");
let take_and_reverse = |prefix| {
let mut acc = String::from(prefix);
acc.push_str(&v.into_iter().rev().collect::<Vec<_>>().join("/"));
acc
b
apply_and_log(take_and_reverse, "take_and_reverse", "ters cevrilmis: ");

}

This slide should take about 10 minutes.

Bir Fn (6r. add_suffix) yakalanan degerleri (captured values) ne tiiketir ne de degistirir.
Sadece cevreleyiciye (closure) paylasilan bir referans (shared reference) gerektirerek
cagrilabilir, bu da c¢evreleyicinin tekrar tekrar ve hatta es zamanh olarak (concurrently)
yurittilebilecegi anlamina gelir.

Bir FnMut (0r. accumulate) yakalanan degerleri (captured values) degistirebilir. Cevreleyici
(closure) nesnesine 0zel (exclusive) referans yoluyla erisilir, bu nedenle tekrar tekrar
cagrilabilir ancak es zamanl olarak (concurrently) cagrilamaz.

Eger bir FnOnce'iniz varsa (0r. take_and_reverse), onu yalnizca bir kez ¢agirabilirsiniz.
Bunu yapmak, ¢evreleyiciyi (closure) ve tagima (move) ile yakalanan tiim degerleri tiketir.

FnMut, FnOnce'in bir alt turiddur. Fn, FnMut ve FnOnce'in bir alt tiurddir. Yani, FnOnce'in
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istendigi her yerde bir FnMut kullanabilirsiniz ve FnMut veya FnOnce'in istendigi her yerde
bir Fn kullanabilirsiniz.

Bir cevreleyici (closure) alan bir fonksiyon tanimladiginizda, yapabiliyorsaniz FnOnce (yani
onu bir kez cagirirsiniz), degilse FnMut ve son olarak Fn almalisiniz. Bu, ¢agirana (caller) en
fazla esnekligi saglar.

Buna karsilik, bir ¢evreleyiciniz (closure) oldugunda, sahip olabileceginiz en esnek olan
Fn'dir (3 gcevreleyici 6zelliginin (trait) herhangi birinin tiiketicisine gecirilebilir), sonra FnMut
ve son olarak FnOnce.

Derleyici ayrica, ¢evreleyicinin (closure) ne yakaladigina bagh olarak Copy (6r. add_suffix
icin) ve Clone (6r. take_and_reverse) cikarimi yapar (infers). Fonksiyon gostericileri (fn
0gelerine referanslar) Copy'yi ve Fn'yi gerceklestirir (implement).

16.4 Alstirma: Kaydedici (Log) Filtresi

Bu sabahki genel kaydediciden (logger) yola ¢ikarak, kayit mesajlarini filtrelemek icin bir
cevreleyici (closure) kullanan bir Filter gerceklestirin (implement), filtreleme kosulunu
gecenleri bir i¢ kaydediciye (logger) gonderin.

pub trait Logger {
/// Belirtilen ayrinti seviyesinde bir mesaj kaydedin.
fn log(&self, verbosity: u8, message: &str);

}

struct StderrlLogger;

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

// TODO: "Filter 'i tanimlayin ve gerceklestirin (implement).

fn main() {
let logger = Filter::new(StderrlLogger, |_verbosity, msg| msg.contains("berbat"));
logger.log(5, "Bilginiz Olsun");
logger.log(1l, "berbat, bir seyler ters gitti");
logger.log(2, "eyvah");

16.4.1 Cozum

pub trait Logger {
/// Belirtilen ayrinti seviyesinde bir mesaj kaydedin.
fn log(&self, verbosity: u8, message: &str);

}

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

/// Yalnizca bir filtreleme kosuluyla eslesen ginlik mesajlarini kaydet.
struct Filter<L, P> {

inner: L,

predicate: P,

}
impl<L, P> Filter<L, P>
where
L: Logger,
P: Fn(u8, &str) -> bool,
{
fn new(inner: L, predicate: P) -> Self {
Self { inner, predicate }
}
}
impl<L, P> Logger for Filter<L, P>
where
L: Logger,
P: Fn(u8, &str) -> bool,
{
fn log(&self, verbosity: u8, message: &str) {
if (self.predicate)(verbosity, message) {
self.inner.log(verbosity, message);
}
}
}

fn main() {
let logger = Filter::new(StderrLogger, |_verbosity, msg| msg.contains("berbat"));
logger.log(5, "Bilginiz Olsun");
logger.log(l, "berbat, bir seyler ters gitti");
logger.log(2, "eyvah");

* Ik Filter impl blogundaki P: Fn(u8, &str) -> bool sinirinin kesinlikle gerekli
olmadigini, ancak new ¢cagrilirken tir ¢ikarimina (type inference) yardimci oldugunu
unutmayin. Onu kaldirmayi gosterin ve derleyicinin simdi new'e gecirilen cevreleyici
(closure) i¢in tiir ek aciklamalarina (type annotations) nasil ihtiya¢ duydugunu gosterin.
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Chapter 17

Standart Kutiiphane Turleri

Bu boliim yaklasik 1 saat siirmelidir. icerigi:

Slayt Sure
Standart Kiitiiphane 3 dakika
Dokiimantasyon 5 dakika
Option 10 dakika
Result 5 dakika
String 5 dakika
Vec 5 dakika
HashMap 5 dakika
Aligtirma: Sayici 20 dakika

Bu boéliimdeki slaytlarin her biri i¢in, dokiimantasyon sayfalarini gozden gegirerek biraz
zaman ayirin ve daha yaygin metotlardan bazilarini 6ne ¢ikarin.

17.1 Standart Kutuphane

Rust, Rust kiitiphaneleri ve programlar: tarafindan kullanilan bir dizi ortak tirin
olusturulmasina yardimeci olan bir standart kiitiiphane ile birlikte gelir. Bu sekilde, her hangi
iki kiitiiphane ayni1 String tirtnu kullandigl i¢in sorunsuzca birlikte ¢calisabilir.

Aslinda Rust, Standart Kiitiphanenin birka¢ katmanini icerir: core, alloc ve std.

* core, libc'ye, tahsis ediciye (allocator) ve hatta bir igletim sisteminin varligina bagh
olmayan en temel tiirleri ve fonksiyonlari icerir.

* alloc, Vec, Box ve Arc gibi global bir dinamik bellek tahsis edicisini (heap allocator)
gerektiren turleri igerir.

* Gomili Rust uygulamalar: genellikle sadece core ve bazen de alloc kullanir.

17.2 Dokumantasyon

Rust, kapsaml bir dokiimantasyonla birlikte gelir. Ornegin:
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* Donguler hakkindaki tiim ayrintilar.
* u8 gibi ilkel turler (primitive types).
* Option veya BinaryHeap gibi standart kiitiphane tiirleri.

Dokiimantasyonu goruntiillemek icin rustup doc --std veya https://std.rs kullanin.
Aslinda, kendi kodunuzu belgeleyebilirsiniz:

/// 11k argiimanin ikinci argiimana b&liiniip bdliinemeyecedini belirle.
/111
/// Ikinci argiiman sifir ise, sonuc yanlistair.
fn is_divisible_by(lhs: u32, rhs: u32) -> bool {

if rhs == 0 {

return false;

}

lhs % rhs == 0
}

Icerikler Markdown olarak islenir. Yayinlanan tiim Rust Kiitiiphane kasalar (crates), rustdoc
araci kullanilarak docs . rs adresinde otomatik olarak belgelenir. Bir API'deki tiim genel
(public) 6geleri bu deseni kullanarak belgelemek, tercih edilen yaklasimdir (idiomatic).

Bir 6geyi, 6genin icinden (bir modiiltin i¢i gibi) belgelemek i¢in ”i¢ dokiiman yorumlar: (inner
doc comments)” olarak adlandirilan //! veya /*! .. */ kullanin:

//1 Bu modil, tamsayilarin bolinebilirligi ile ilgili fonksiyonellik icerir.
This slide should take about 5 minutes.

+ Ogrencilere https://docs.rs/rand adresindeki rand kasasi (crate) icin olugturulmus
belgeleri gosterin.

17.3 Option

Daha o6nce Option<T>nin bazi kullanimlarin gormisttk. Ya T tirtinde bir deger saklar ya
da higbir sey saklamaz. Ornegin, String: : find bir Option<usize> geri dondirur.

fn main() {
let name = "Lowe ZE[E Léopard Gepardi";
let mut position: Option<usize> = name.find('é');
dbg! (position);
assert_eq! (position.unwrap(), 14);
position = name.find('Z");
dbg! (position);
assert_eq! (position.expect("Karakter bulunamadi"), 0);

}

This slide should take about 10 minutes.

* Option sadece standart kitiphanede kullanilir gibi bir sey yoktur, yaygin olarak
kullanilir.

* unwrap, bir Option ic¢indeki degeri geri dondurir veya panige (panic) neden olur.
expect benzerdir ancak bir hata mesaj1 (error message) alir.
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— None durumunda panik alabilirsiniz, ancak None'r kontrol etmeyi *yanhgshkla”
unutamazsiniz.

— Bir seyler Uizerinde galisirken her yerde unwrap/expect kullanmak yaygindir,
ancak tiretim (production) kodu genellikle None'1 daha s1k bir sekilde ele alir.

* ”Nis/oyuk optimizasyonu (niche optimization)”, T'nin gecerli bir degeri olmayan
bir gosterimi (representation) varsa, Option<T>'nin genellikle bellekte T ile ayni
boyuta sahip oldugu anlamina gelir. Ornegin, bir referans NULL olamaz, bu nedenle
Option<&T> None varyantini temsil etmek icin otomatik olarak NULL kullanir ve bu
sayede &T ile ayni bellekte saklanabilir.

17.4 Result

Result, Option'a benzer, ancak her biri farkli bir enum varyantina sahip bir islemin
basarisini veya basarisizligini belirtir. Genellegtirilmistir (generic): Result<T, E>;burada
T, Ok varyantinda kullanilir ve E, Exx varyantinda gorunur.

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

fn main() {
let file: Result<File, std::io::Error> = File::open("gunlik.txt");
match file {
Ok (mut file) => {
let mut contents = String::new();
if let Ok(bytes) = file.read_to_string(&mut contents) {
println!("Sevgili gunlik: {contents} ({bytes} bayt)");
} else {
println!("Dosya icerigi okunamadi");

}
}
Exrr(err) => {
println! ("Gunlik acilamadi: {err}");

}

}
This slide should take about 5 minutes.

* Option'da oldugu gibi, basarili deger Result'in icinde yer alir ve gelistiriciyi onu
acikca (explicitly) citkarmaya zorlar. Bu, hata kontroliini tesvik eder. Bir hatanin
asla olmamasi gereken durumlarda, unwrap() veya expect () cagrilabilir ve bu aym
zamanda gelistiricinin niyetinin de bir igaretidir.

* Result dokiimantasyonunu okumaniz tavsiye edilir. Kurs sirasinda degil, ama
bahsetmeye deger. Fonksiyonel tarzda programlamaya yardimci olan bir¢ok kullanigh
metot ve fonksiyon icerir.

* Result, 4. Gunde gorecegimiz gibi hata islemeyi (error handling) gerceklestirmek
(implement) i¢in standart tirdur.
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17.5 String

String tird, biiytiyebilir, UTF-8 olarak kodlanmis bir dizedir (string):

fn main() {
let mut s1 = String::new();
sl.push_stxr("Merhaba");
println!("sl: uzunluk = {}, kapasite = {}", sl.len(), sl.capacity());

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

s2.push_str(&sl);

s2.push('!");

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

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

}

String, Deref<Target = str> Ozelligini gerceklestirir (implement), bu da bir String
uzerinde tim str metotlarini cagirabileceginiz anlamina gelir.

This slide should take about 5 minutes.

* String: :new yeni bir bog dize geri dondurir, dizeye ne kadar veri eklemek istediginizi
bildiginizde String: :with_capacity kullanin.

* String::len, String'in bayt cinsinden boyutunu geri déndirur (bu, karakter
cinsinden uzunlugundan farkh olabilir).

* String: :chars, gercek karakterler tizerinde bir adimlayici (iterator) geri donduriur.
yazibirim (grapheme) kiimeleri nedeniyle bir char'in bir insanin "karakter” olarak
kabul edecegi seyden farkl olabilecegini unutmayn.

+ Insanlar dizelerden (strings) bahsettifinde, ya &str ya da String'den bahsediyor
olabilirler.

* Bir tir Deref<Target = T>'yi gerceklestirdiginde (implement), derleyici T'den
metotlar: seffaf bir sekilde ¢agirmaniza izin verir.

— Deref 0zelligini (trait) hentiz tartismadik, bu yiizden bu noktada bu ¢ogunlukla
dokimantasyondaki kenar cubugunun yapisini (neden String tiriiniin altinda str
metodlarinin da goruldiguni) aciklar.

— String, Deref<Target = str> 6zelligini gerceklestirir (implement) ve bu ona
seffaf bir sekilde str'nin metotlarina erigsim saglar.

— let s3 = sl.deref(); velet s3 = &*s1; yazip karsilastirin.

» String, bir bayt vektori etrafinda bir sarmalayici (wrapper) olarak gerceklestirilmistir
(implement), vektorlerde desteklenen bircok islem String'de de desteklenir, ancak bazi
ek garantilerle.

* Bir String'e erimenin farkl yollarini karsilagtirin:

— imnin smirlar icinde veya disinda oldugu s3.chars().nth(i).unwrap()
kullanarak bir karaktere erismek.

— Bu dilimin (slice) karakter sinirlarina denk gelip gelmedigi durumlarda s3[0. .4]
kullanarak bir alt dizeye erismek.

* Bircok tiir, to_string metodu ile bir dizeye doéntustiiriilebilir. Bu 6zellik (trait),
Display'i gerceklestiren (implement) tiim tiirler icin otomatik olarak gerceklestirilir,
bu nedenle bigimlendirilebilen (format) her sey bir dizeye de donustiiriilebilir.
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17.6 Vec

Vec, standart yeniden boyutlandirilabilir dinamik bellekten tahsis edilen arabellektir (heap-
allocated buffer):

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

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

v2.extend(vl.iter());

v2.push(9999);

println!("v2: uzunluk = {}, kapasite = {}", v2.len(), v2.capacity());

// Bir vektori elemanlarla ilklendirmek (initialize) ic¢in standart makro.
let mut v3 = vec![0, 0, 1, 2, 3, 41,

// Sadece ¢ift elemanlari tut.
v3.retain(|x| x % 2 == 0);
println! ("{v3:?}");

// Ardisik kopyalari sil.
v3.dedup();
println! ("{v3:?}");

}

Vec, Deref<Target = [T]> 6zelligini gerceklestirir (implement), bu da bir Vec tizerinde
dilim (slice) metotlarini ¢agirabileceginiz anlamina gelir.

This slide should take about 5 minutes.

* Vec, String ve HashMap ile birlikte bir koleksiyon tiirtidiir. Icerdigi veriler dinamik
bellekte (heap) saklanir. Bu, veri miktarinin derleme zamaninda bilinmesi gerekmedigi
anlamina gelir. Calisma zamaninda buyuyebilir veya kiictlebilir.

* Vec<T>'nin de genellestirilmis (generic) bir tiir olduguna, ancak T'yi agikca belirtmek
zorunda olmadiginiza dikkat edin. Rust tiir cikariminda (type inference) her zaman
oldugu gibi, T ilk push ¢agris1 sirasinda belirlenmistir.

s vec![...], Vec::new() yerine kullanilacak standart bir makrodur ve vektore
baslangic elemanlar1 eklemeyi destekler.

» Vektoriun elemanlarina erismek icin [ ] kullanirsiniz, ancak sinirlar disindaysa panige
(panic) neden olurlar. Alternatif olarak, get kullanmak bir Option geri dondiirir. pop
fonksiyonu son elemani siler.

17.7 HashMap

HashDoS saldirilarina karsi korumali standart 6zet haritas: (hash map):

use std::collections::HashMap;

fn main() {
let mut page_counts = HashMap: :new();
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page_counts.insert("Fadis", 207);
page_counts.insert("Dede Korkut Hikayeleri", 751);
page_counts.insert("Ask-1 Memnu", 303);

if !page_counts.contains_key(”ince Mehmed") {
println!(
"{} kitap hakkinda bilgimiz var, ama Ince Mehmed hakkinda yok.",
page_counts.len()
)
}

for book in ["Ask-1 Memnu", "Keloglan Masallari "] {
match page_counts.get(book) {
Some(count) => println!("{book}: {count} sayfa"),
None => println!("{book} bilinmiyor."),

}

// EQer bir sey bulunmazsa bir deger eklemek i¢in .entry() metodunu kullanin.
for book in ["Ask-1 Memnu", "Keloglan Masallari "] {
let page_count: &mut 132 = page_counts.entry(book).or_insert(0);
*page_count += 1;

}

dbg! (page_counts);
}

This slide should take about 5 minutes.

* HashMap, baslangi¢ (prelude) kisminda tanimh degildir ve kapsama (scope) alinmasi
gerekir.

* Asagidaki kod satirlarini deneyin. ilk satir bir kitabin hash haritasinda olup olmadigina
bakar ve yoksa alternatif bir deger geri déondurur. Ikinci satir, kitap bulunmazsa
alternatif degeri hash haritasina ekler.

let pcl = page_counts
.get("Osmanli Cadisi")
.unwrap_or(&336);

let pc2 = page_counts
.entry("Gri Gokyuzu ")
.or_insert(374);

* vec!'in aksine, maalesef standart bir hashmap! makrosu yoktur.

— Ancak, Rust 1.56'dan beri, HashMap From<[ (K, V); N]> o6zelligini (trait)
gerceklestirir (implement), bu da bir 6zet haritasin1 (hash map) bir degismez
(literal) diziden kolayca ilklendirmemize (initialize) olanak tanir:

let page_counts = HashMap: :from([
("Osmanli Cadisi".to_string(), 336),

("Gri Gokyuzu ".to_string(), 374),

1),
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¢ Alternatif olarak HashMap, anahtar-deger (key-value) demetleri (tuple) iireten herhangi
bir Iterator'dan olusturulabilir.

* Bu tir, std::collections::hash_map::Keys gibi birka¢ “metoda 0zgiu” geri
donts turine sahiptir. Bu tiirler genellikle Rust belgelerindeki aramalarda gortinir.
Ogrencilere bu tirin belgelerini ve keys metoduna geri dénen yardimci baglantiy1
gosterin.

17.8 Alistirma: Sayici

Bu alistirmada ¢ok basit bir veri yapis1 alip onu genellestirilmis (generic) hale getireceksiniz.
Hangi degerlerin goruldigiini ve her birinin kag kez gériindigiini takip etmek icin bir
std::collections: :HashMap kullanir.

Counternilk sirimiu sadece u32 degerleriicin calisacak sekilde sabit kodlanmistir. Yapiyive
metotlariny, izlenen degerin tiri tizerinde genellestirme (generic) yapin, bu sekilde Counter
her tiir degeri izleyebilir.

Eger erken bitirirseniz, count metodunu gerceklestirmek (implement) icin gereken 6zet
(hash) arama sayisini yariya indirmek i¢in entry metodunu kullanmay1 deneyin.

use std::collections::HashMap;

/// Counter, T tirindeki her bir dederin kag¢ kez gorulduguni sayar.
struct Counter {

values: HashMap<u32, u64>,
}

impl Counter {
/// Yeni bir Counter olustur.
fn new() -> Self {
Counter {
values: HashMap: :new(),
}
}

/// Verilen degerin bir tekrarini say.
fn count(&mut self, value: u32) {
if self.values.contains_key(&value) {
*self.values.get_mut(&value) .unwrap() += 1;
} else {
self.values.insexrt(value, 1);
}
}

/// Verilen degerin ka¢ kez goruldugini geri dondir.
fn times_seen(&self, value: u32) -> u64d {
self.values.get(&value).copied().unwrap_or_default()
}
}

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

Counter: :new();

for i in 10..20 {
println!("{} deger {} e esit goruldu", ctr.times_seen(i), 1i);

}

let mut strctr = Counter::new();

strctr.count("elma");

strctr.count("portakal");

strctr.count("elma");

println!("{} elma alindi", stxctr.times_seen("elma"));

17.8.1 Coziim

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

/// Counter, T tirindeki her bir degerin kag¢ kez gorildigini sayar.
struct Counter<T> {

values: HashMap<T, u64>,
}

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

}

/// Verilen degerin bir tekrarini say.

fn count(&mut self, value: T) {
*self.values.entry(value).or_default() += 1;

}

/// Verilen degerin kac¢ kez goruldugini geri dondir.
fn times_seen(&self, value: T) -> u64d {
self.values.get(&value).copied().unwrap_or_default()
}
}

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

for i in 10..20 {
println!("{} deger {} e esit goruldu", ctr.times_seen(i), 1i);

}

let mut strctr = Counter::new();

strctr.count("elma");

strctr.count("portakal");

strctr.count("elma");

println!("{} elma alindi", strctr.times_seen("elma"));
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Chapter 18

Standart Kititphanedeki Ozellikler
(Traits)

Bu boliim yaklasik 1 saat siirmelidir. icerigi:

Slayt Stire
Karsilagtirmalar 5 dakika
Operatorler 5 dakika
From ve Into 5 dakika
Tir Dontgstirme (Casting) 5 dakika
Read ve Write 5 dakika
Default, yapi (struct) giincelleme sézdizimi 5 dakika
Algtirma: ROT13 30 dakika

Standart kiitiiphane tiirlerinde oldugu gibi, her bir 6zellik (trait) i¢cin de dokiimantasyonu
gozden gecirmeye zaman ayirin.

Bu bolim uzun. Ortasinda bir mola verin.

18.1 Karsilastirmalar

Bu ozellikler (traits), degerler arasinda karsilastirmalar: destekler. Tum o6zellikler; bu
ozellikleri gerceklestiren (implement) alanlar iceren tiirler i¢in tiiretilebilir.

PartialEq ve Eq

PartialEq, gerekli metot eq ve saglanan metot ne ile kismi bir denklik iligkisidir. == ve !=
operatorleri bu metotlar: ¢agirir.

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

Eq tam bir denklik iligkisidir (yansimali, simetrik ve gecisme) (reflexive, symmetric, and
transitive) ve PartialEq 6zelligini kapsar (imply). Tam denklik gerektiren fonksiyonlar, bir
6zellik sinir (trait bound) olarak Eq kullanir.

PartialOrd ve Ord

PartialOrd, partial_cmp metoduyla kismi bir siralama tanimlar. <, <=, >= ve >
operatorlerini gergeklestirmek (implement) i¢in kullanilir.

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

}

0rd, cmp'nin Ordering geri dondirdigi tam bir siralamadir.
This slide should take about 5 minutes.

* PartialEq farkl tiirler arasinda gerceklestirilebilir (implement), ancak Eq yansimali
(reflexive) oldugu icin gerceklestirilemez:

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

* Pratikte bu 6zellikleri (traits) tiiretmek (derive) yaygindir, ancak onlari gerceklestirmek
(implement) yaygin degildir.

* Rust'ta referanslar1 karsilagtirirken, gosterdikleri seylerin degerini karsilastirir,
referanslarin kendilerini DEGIL. Bu, gosterilen degerler ayniysa, iki farkl seye yapilan
referanslarin esit olarak karsilastirilabilecegi anlamina gelir:
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fn main() {
let a "Merhaba";
let b String: :from("Merhaba");
assert_eq!(a, b);

18.2 Operatorler

Operator yuklemesi (overloading), std: : ops'deki 6zellikler (traits) aracilifiyla gerceklestirilir
(implement):

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

X: 132,

y: 132,
}

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

fn add(self, other: Self) -> Self {
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 };

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

This slide should take about 5 minutes.
Tartisma noktalar::

* &Point icgin Add'i gerceklestirebilirsiniz (implement). Bu hangi durumlarda
kullanighdir?

— Cevap: Add:add, self'i tiketir. Operatori yiklediginiz T tiri Copy degilse,
operatoru &T icin de yuklemey yapmayi (overloading) diisiinmelisiniz. Bu, ¢agri
yerleride (call site) gereksiz klonlamay 6nler.

* Output neden bir iligkili tirdir (associated type)? Metodun bir tir parametresi
yapilabilir miydi?

— Kisa cevap: Fonksiyon tlr parametreleri ¢cagiran (caller) tarafindan kontrol edilir,
tarafindan kontrol edilir.

« Iki farkl tiir icin Add gerceklestirebilirsiniz (implement), érn. impl Add<(i32, i32)>
for Point, bu bir Point'e bir demet (tuple) eklerdi.

Not 6zelligi (! operatorii), C ailesi dillerindeki ayn1 operator gibi ”boole'lastirmadigl” igin
dikkat ¢ekicidir; bunun yerine, tamsay1 tiirleri i¢in sayinin her bitini olumsuzlar, bu da
aritmetik olarak onu -1'den ¢ikarmaya esdegerdir: !5 == -6.
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18.3 Fromve Into

Turler, tir donusumlerini kolaylastirmak i¢in From ve Into §zelliklerini gerceklestirir
(implement). as'in aksine, bu 6zellikler (traits) kayipsiz, hatasiz dontigumlere karsilik gelir.

fn main() {
let s = String::from("merhaba");
let addr = std::net::Ipv4Addr::from([127, @, 0, 11);
let one = i16::from(true);
let bigger = i32::from(123_116);
println!("{s}, {addr}, {one}, {bigger}");
}

From gerceklestirildiginde (implement) Into otomatik olarak gergeklestirilir:

fn main() {
let s: String = "merhaba".into();
let addr: std::net::Ipvd4Addr = [127, @, 0, 1].into();
let one: il6 = true.into();
let bigger: i32 = 123_1i16.into();
println!("{s}, {addr}, {one}, {bigger}");
}

This slide should take about 5 minutes.

* Bu ylizden sadece From'u gerceklestirmek (implement) yaygindir, ¢iinki tiiriniiz Into
gerceklestirmesini de alacaktir.

* ”Bir String'e donusturulebilen herhangi bir sey” gibi bir fonksiyon argiiman girdi
tird bildirirken, kural tam tersidir, Into kullanmalisiniz. Fonksiyonunuz From'u
gerceklestiren (implement) tiirleri ve sadece Into'yu gerceklestirenleri kabul edecektir.

18.4 Tir Donustiirme (Casting)

Rust'ta ortiik (implicit) tir donusumleri yoktur, ancak as ile acik (explicit) tiir donustirmelerini
(casts) destekler. Bunlar genellikle tanimlandiklari yerlerde C semantigini takip eder.

fn main() {
let value: i64 = 1000;
println!("ul6 olarak: {}", value as ulé6);
println!("i16 olarak: {}", value as 116);
println!("u8 olarak: {}", value as u8);

}

as'in sonuclari Rust'ta her zaman tanimlidir ve platformlar arasinda tutarlidir. Bu, isaret (sign)
degistirme veya daha kiicik bir tiire donustiirme (cast) konusundaki sezginizle uyusmayabilir
-- belgeleri kontrol edin ve agiklik i¢in yorum yapin.

as ile dénistiirme (cast), yanlis kullanilmasi kolay olan nispeten keskin bir aractir ve
gelecekteki bakim ¢alismalar: (maintenance work) kullanilan tiirleri veya tiirlerdeki deger
araliklarini degistirdikce ince hatalarin kaynag: olabilir. Tiir dniistiirmesi en iyi, niyetin
kosulsuz olarak kesmeyi belirtmek oldugu durumlarda kullanilir (6rnegin, yiksek bitlerde
ne olursa olsun bir u64'in alt 32 bitini as u32 ile se¢mek).
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Hatasiz tiir donustirmeleri (cast) icin (6rnegin u32'den u64'e), déonisimun gercekten hatasiz
oldugunu dogrulamakicin as yerine From veya Into kullanmayi tercih edin. Hatali olabilecek
donustirmeler (cast) i¢in, uyan ve uymayan dniistirmeleri (cast) ele almak istediginizde
TryFromve TryInto mevcuttur.

This slide should take about 5 minutes.
Bu slayttan sonra bir mola vermeyi disinun.

as, C++'daki bir statik doniistiirmeye (static cast) benzer. Veri kaybi olabilecek durumlarda
as kullanimi genellikle dnerilmez veya en azindan aciklayici bir yorumu hak eder.

Bu, tamsayilar: bir indeks olarak kullanmak tizere usize'a dontustiiriirken yaygindir.

18.5 Read ve Write

Read ve BufRead kullanarak, u8 kaynaklar: tizerinde soyutlama yapabilirsiniz:
use std::io::{BufRead, BufReader, Read, Result};

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

}

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

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

}

Benzer sekilde, Write u8 alicilar (sinks) tizerinde soyutlama yapmanizi saglar:

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

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

}

fn main() -> Result<()> {
let mut buffer = Vec::new();
log(&mut buffer, "Merhaba")?;
log(&mut buffer, "Dinya")?;
println!("Kaydedildi: {buffer:?}");
0ok(())
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18.6 Default Ozelligi (Trait)

Default 6zelligi (trait), bir tiir i¢in varsayilan bir deger turetir.

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

X: u32,

y: String,

z: Implemented,

}

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

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

fn main() {
let default_struct = Derived: :default();
dbg! (default_struct);

let almost_default_struct =
Derived { y: "Y ayarlandi!".into(), ..Derived::default() };
dbg! (almost_default_struct);

let nothing: Option<Derived> = None;
dbg! (nothing.unwrap_or_default());
}

This slide should take about 5 minutes.

* Dogrudan gerceklestirilebilir (implement) veya #[derive(Default)] aracilifiyla
turetilebilir.

» Tiuretilmis bir gerceklestirme (implementation), tim alanlarin varsayilan degerlerine
ayarlandig1 bir deger tiretecektir.

— Bu, yapidaki (struct) tim tiirlerin de Default'u gerceklestirmesi (implement)
gerektigi anlamina gelir.

 Standart Rust tiirleri genellikle Default'u makul degerlerle (6r. @, "", vb.) gerceklestirir
(implement).

* Kismi yap1 ilklendirmesi (partial struct initialization), default 6zelligi ile giizel caligir.

* Rust standart kiitiiphanesi, tiirlerin Default'u gerceklestirebileceginin (implement)
farkindadir ve onu kullanan kullanish metotlar saglar.

* .. sozdizimine yap1 glincelleme s6zdizimi (struct update syntax) denir.

18.7 Alhstirma: ROT13

Bu ornekte, klasik "ROT13” sifresini gerceklestireceksiniz (implement). Bu kodu deneme
alanina (playground) kopyalayin ve eksik kisimlar: gerceklestirin. Sonucun hala gecerli UTF-8
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oldugundan emin olmak i¢in yalnizca ASCII alfabetik karakterleri dondirin.

use std::io::Read;

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

}
// "RotDecoder’ ig¢in "Read’ 0zelligini (trait) gerceklestirin.

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

#[test]
fn joke() {
let mut rot =
RotDecoder { input: "B gnensn ineznx tnlrfvlyr!".as_bytes(), rot: 13 };
let mut result = String::new();
rot.read_to_string(&mut result).unwrap();
assert_eq! (&result, "O tarafa varmak gayesiyle!");

}

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

}

Her biri 13 karakter kaydirma (ROT13) yapan iki adet RotDecoder 6rnegini ardi ardina (biri
digerinin ¢iktisini okuyarak) ¢alistirirsan ne olur?

18.7.1 Qﬁzﬁm

use std::io::Read;

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

}

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

}
Ok(size)

}

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

#[test]
fn joke() {
let mut rot =
RotDecoder { input: "B gnensn ineznx tnlrfvlyr!".as_bytes(), rot: 13 };
let mut result = String::new();
rot.read_to_string(&mut result).unwrap();
assert_eq! (&result, "O tarafa varmak gayesiyle!");

}

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

Gun 3: Sabah
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Chapter 19

Welcome to Day 3

Today, we will cover:

* Memory management, lifetimes, and the borrow checker: how Rust ensures memory
safety.
* Smart pointers: standard library pointer types.

Zamanlama (Schedule)

Bu oturum 10 dakikalik aralar dahil yaklasik 2 saat 20 dakika siirmelidir. icerigi:

Bolim Sire

Hos Geldiniz 3 dakika
Bellek Yonetimi 1 saat
Akill Gostericiler 55 dakika
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Chapter 20

Bellek YOonetimi

Bu béliim yaklasik 1 saat siirmelidir. Igerigi:

Slayt Sure
Program Belleginin Gozden Gegirilmesi 5 dakika
Bellek Yonetimine Yaklasimlar 10 dakika
Sahiplik 5 dakika
Tasima Semantigi 5 dakika
Clone 2 dakika
Kopyalanan Tirler 5 dakika
Drop 10 dakika

Alistirma: Insa Edici / Yapic1 Tiir (Builder Type) 20 dakika

20.1 Program Belleginin Gozden Gecirilmesi

Programs allocate memory in two ways:
« Stack: Continuous area of memory for local variables.

— Values have fixed sizes known at compile time.
— Extremely fast: just move a stack pointer.

— Easy to manage: follows function calls.

— Great memory locality.

* Heap: Storage of values outside of function calls.
— Values have dynamic sizes determined at runtime.
— Slightly slower than the stack: some book-keeping needed.
— No guarantee of memory locality.

Ornek

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

}
Stack
—————————————— Heap
sl :
T [ T + :
| capacity | 5 | S L L L L LT
| ptr | otk W e |11 o | o
| len [ 5 S
F o a o [ + :

This slide should take about 5 minutes.

* Mention that a String is backed by a Vec, so it has a capacity and length and can grow
if mutable via reallocation on the heap.

* If students ask about it, you can mention that the underlying memory is heap allocated

using the System Allocator and custom allocators can be implemented using the Allocator
API

Daha Fazlasin Kesfedin

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

fn main() {

let mut s1 =

sl.push(' ');

sl.push_stxr("dunya");

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

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

// undefined behavior.

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

String: :from("Merhaba");

20.2 Bellek Yonetimine Yaklagimlar

Traditionally, languages have fallen into two broad categories:

 Full control via manual memory management: C, C++, Pascal, ...
— Programmer decides when to allocate or free heap memory.
— Programmer must determine whether a pointer still points to valid memory.
— Studies show, programmers make mistakes.
* Full safety via automatic memory management at runtime: Java, Python, Go, Haskell, ...
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— A runtime system ensures that memory is not freed until it can no longer be
referenced.
— Genellikle referans sayimi veya ¢6p toplama ile uygulanir.

Rust offers a new mix:

Full control and safety via compile time enforcement of correct memory
management.

It does this with an explicit ownership concept.
This slide should take about 10 minutes.
This slide is intended to help students coming from other languages to put Rust in context.

* C must manage heap manually with malloc and free. Common errors include
forgetting to call free, calling it multiple times for the same pointer, or dereferencing a
pointer after the memory it points to has been freed.

» C++ has tools like smart pointers (unique_ptr, shared_ptr) that take advantage of
language guarantees about calling destructors to ensure memory is freed when a
function returns. It is still quite easy to mis-use these tools and create similar bugs to C.

» Java, Go, and Python rely on the garbage collector to identify memory that is no
longer reachable and discard it. This guarantees that any pointer can be dereferenced,
eliminating use-after-free and other classes of bugs. But, GC has a runtime cost and is
difficult to tune properly.

Rust's ownership and borrowing model can, in many cases, get the performance of C, with
alloc and free operations precisely where they are required - zero cost. It also provides tools
similar to C++'s smart pointers. When required, other options such as reference counting
are available, and there are even crates available to support runtime garbage collection (not
covered in this class).

20.3 Sahiplik

All variable bindings have a scope where they are valid and it is an error to use a variable
outside its scope:

struct Point(i32, i32);

fn main() {

{
let p = Point(3, 4);
dbg! (p.0);

}

dbg!(p.1);

}

We say that the variable owns the value. Every Rust value has precisely one owner at all
times.

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

This slide should take about 5 minutes.
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Students familiar with garbage-collection implementations will know that a garbage collector
starts with a set of ”roots” to find all reachable memory. Rust's ”single owner” principle is a
similar idea.

20.4 Tasima Semantigi

An assignment will transfer ownership between variables:

fn main() {
let s1 = String::from("Merhaba!");
let s2 = s1;
dbg!(s2);

* The assignment of s1 to s2 transfers ownership.
* When s1 goes out of scope, nothing happens: it does not own anything.
* When s2 goes out of scope, the string data is freed.

Before move to s2:

Stack Heap
sl
Fom e oo Fommm o - + T
| ptr | O---t---t-----t->| H | e |1 |1 |o |! |
| len | 6 | : T e LT Tr ey
| capacity | 6 | :
Fom oo Fom oo + :
After move to s2:
Stack Heap
sl "(inaccessible)"
R e === + . . +----t+----t----Ft----F----F+----+
| ptr | O---t#---t--d-—t->] H | e |1 |1 |o | ! |
| len [ 6 | | R e e It T
| capacity | 6 | |
E T ——— Fomm oo - + |
| - - - e - e oo oo oo oo
s2 |
Fom e oo Fommm oo + |
| ptr | 0mmebmr
| len | 6 |
| capacity | 6 |
Fomm e - Fommm oo +
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When you pass a value to a function, the value is assigned to the function parameter. This
transfers ownership:

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

}

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

}

This slide should take about 5 minutes.

* Mention that this is the opposite of the defaults in C++, which copies by value unless
you use std: :move (and the move constructor is defined!).

* It is only the ownership that moves. Whether any machine code is generated to
manipulate the data itself is a matter of optimization, and such copies are aggressively
optimized away.

» Simple values (such as integers) can be marked Copy (see later slides).

* In Rust, clones are explicit (by using clone).

In the say_hello example:

» With the first call to say_hello, main gives up ownership of name. Afterwards, name
cannot be used anymore within main.

» The heap memory allocated for name will be freed at the end of the say_hello function.

* main can retain ownership if it passes name as a reference (&name) and if say_hello
accepts a reference as a parameter.

* Alternatively, main can pass a clone of name in the first call (name.clone()).

* Rust makes it harder than C++ to inadvertently create copies by making move semantics
the default, and by forcing programmers to make clones explicit.

Daha Fazlasini Kesfedin

Defensive Copies in Modern C++

Modern C++ solves this differently:

std::string s1 = "Cpp";
std::string s2 = s1;

* The heap data from s1 is duplicated and s2 gets its own independent copy.
* When s1 and s2 go out of scope, they each free their own memory.

Before copy-assignment:
Stack Heap
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T tommem - + : : R Lt
| ptr | omstestebeke>| Cp | p |
| len | 3 | : : oottt :
| capacity | 3 | : :
R R + : :
After copy-assignment:
Stack Heap

sl : :
Fom oo - Fom oo + : : g :
| ptr T e e e I N N I
| len | 3 | s SEE T T :
| capacity | 3 | :
Fomm - - - t------- + :
s2 :
R et R + I a s S o .
| ptr | ottt O p P |
| len | 3 | R L T :
| capacity | 3 | :
R Fo------ + :

Anahtar noktalar:

* C++ has made a slightly different choice than Rust. Because = copies data, the string
data has to be cloned. Otherwise we would get a double-free when either string goes
out of scope.

» C++ also has std: :move, which is used to indicate when a value may be moved from. If
the example had beens2 = std: :move(sl),noheap allocation would take place. After
the move, s1 would be in a valid but unspecified state. Unlike Rust, the programmer is
allowed to keep using s1.

* Unlike Rust, = in C++ can run arbitrary code as determined by the type which is being
copied or moved.

20.5 Clone

Sometimes you want to make a copy of a value. The Clone trait accomplishes this.

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

}
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fn main() {
let name = String::from("Alice");
say_hello(name.clone());
say_hello(name);

}

This slide should take about 2 minutes.

» The idea of Clone is to make it easy to spot where heap allocations are occurring. Look
for .clone() and a few others like vec! or Box: :new.

* It's common to ”clone your way out” of problems with the borrow checker, and return
later to try to optimize those clones away.

* clone generally performs a deep copy of the value, meaning that if you e.g. clone an
array, all of the elements of the array are cloned as well.

* The behavior for clone is user-defined, so it can perform custom cloning logic if needed.

20.6 Kopyalanan Turler

While move semantics are the default, certain types are copied by default:

fn main() {
let x = 42;
let y = x;
dbg!(x);
dbg!(y);

}

These types implement the Copy trait.
You can opt-in your own types to use copy semantics:

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

fn main() {
let pl = Point(3, 4);
let p2 = p1;
println!("pl: {pl:?}");
println! ("p2: {p2:?}");

+ After the assignment, both p1 and p2 own their own data.
* We can also use pl.clone() to explicitly copy the data.

This slide should take about 5 minutes.
Copying and cloning are not the same thing:

* Copying refers to bitwise copies of memory regions and does not work on arbitrary
objects.

* Copying does not allow for custom logic (unlike copy constructors in C++).

* Cloning is a more general operation and also allows for custom behavior by
implementing the Clone trait.
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* Copying does not work on types that implement the Drop trait.
In the above example, try the following:

* Add a String field to struct Point. It will not compile because String is not a Copy
type.

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

» Show that it works if you clone p1 instead.

Daha Fazlasini Kesfedin

» Shared references are Copy/Clone, mutable references are not. This is because Rust
requires that mutable references be exclusive, so while it's valid to make a copy of a
shared reference, creating a copy of a mutable reference would violate Rust's borrowing
rules.

20.7 The Drop Trait

Values which implement Drop can specify code to run when they go out of scope:

struct Droppable {
name: &'static str,

}

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

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

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

println! ("Exiting main");
}

This slide should take about 8 minutes.

* Note that std: :mem: :drop is not the same as std: :ops: :Drop: :drop.
* Values are automatically dropped when they go out of scope.
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* When a value is dropped, if it implements std: :ops: :Drop then its Drop: :drop
implementation will be called.

* All its fields will then be dropped too, whether or not it implements Drop.

* std: :mem: :drop is just an empty function that takes any value. The significance is that
it takes ownership of the value, so at the end of its scope it gets dropped. This makes it a
convenient way to explicitly drop values earlier than they would otherwise go out of
scope.

— This can be useful for objects that do some work on drop: releasing locks, closing
files, etc.

Tartisma noktalar::

* Why doesn't Drop: :drop take self?
— Short-answer: If it did, std: :mem: :drop would be called at the end of the block,
resulting in another call to Drop: : drop, and a stack overflow!
» Try replacing drop(a) with a.drop().

20.8 Alistirma: Insa Edici / Yapic1 Tiir (Builder Type)

In this example, we will implement a complex data type that owns all of its data. We will
use the ”builder pattern” to support building a new value piece-by-piece, using convenience
functions.

Fill in the missing pieces.

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

#[derive(Clone, Debug)]

struct Dependency {
name: String,
version_expression: String,

}

/// A representation of a software package.
#[derive(Debug) ]
struct Package {
name: String,
version: String,
authors: Vec<String>,
dependencies: Vec<Dependency>,
language: Option<Language>,

}

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

132



todo! ("1")

}

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

impl PackageBuilder {
fn new(name: impl Into<String>) -> Self {
todo!("2")
}

/// Set the package version.

fn version(mut self, version: impl Into<String>) -> Self {
self.0.version = version.into();
self

}

/// Set the package authors.

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

}

/// Add an additional dependency.

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

}

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

todo! ("5")
}

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

fn main() {

let base64 = PackageBuilder::new("base64").version("0.13").build();

dbg! (&baseb4) ;

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

dbg! (&log) ;

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

dbg! (serde) ;

133



20.8.1 Cozum

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

}

#[derive(Clone, Debug)]

struct Dependency {
name: String,
version_expression: String,

}

/// A representation of a software package.
#[derive(Debug) ]
struct Package {
name: String,
version: String,
authors: Vec<String>,
dependencies: Vec<Dependency>,
language: Option<Language>,

}

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

}

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

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

)
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/// 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.?.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.?.language = Some(language);

self

}

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

}

}

fn main() {
let base64 = PackageBuilder::new("base64").version("0.13").build();
dbg! (&baseb4) ;
let log =
PackageBuilder: :new("log").version("0.4").language(Language: :Rust).build();
dbg! (&log);
let serde = PackageBuilder::new("serde")
.authors(vec!["djmitche" .into()])
.version(String::from("4.0"))
.dependency (base64.as_dependency())
.dependency(log.as_dependency())
Cbuild();
dbg! (serde) ;

135



Chapter 21

Akill1 Gostericiler

Bu béliim yaklasik 55 dakika stirmelidir. Igerir:

Slayt Sure

Box 10 dakika
Rc 5 dakika
Sahipli Ozellik Nesneleri (Owned Trait Objects) 10 dakika
Alistirma: Ikili Agac 30 dakika

21.1 Box<T>

Box is an owned pointer to data on the heap:

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

}

Stack Heap
five :
to---- + : +o---- +
B R g I
+----- + : +----- +

Box<T> implements Deref<Target = T>, which means that you can call methods from T
directly on a Box<T>.

Recursive data types or data types with dynamic sizes cannot be stored inline without a
pointer indirection. Box accomplishes that indirection:
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#[derive(Debug) ]
enum List<T> {

Element (T, Box<List<T>>),

Nil,
}

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

Stack Heap

list

T TR e : : T T e T r——— TR e
| Element | 1 | O--4----+----- +--->| Element | 2 | o--+--->| Nil | // | // |
P, Fom et : : Fom oo oot Fom e - ot

This slide should take about 8 minutes.
* Boxislike std: :unique_ptr in C++, except that it's guaranteed to be not null.
* A Box can be useful when you:

— have a type whose size can't be known at compile time, but the Rust compiler wants
to know an exact size.

— want to transfer ownership of a large amount of data. To avoid copying large
amounts of data on the stack, instead store the data on the heap in a Box so only
the pointer is moved.

» If Box was not used and we attempted to embed a List directly into the List, the
compiler would not be able to compute a fixed size for the struct in memory (the List
would be of infinite size).

* Box solves this problem as it has the same size as a regular pointer and just points at
the next element of the List in the heap.

* Remove the Box in the List definition and show the compiler error. We get the message
?recursive without indirection”, because for data recursion, we have to use indirection,
a Box or reference of some kind, instead of storing the value directly.

Though Box looks like std: :unique_ptr in C++, it cannot be empty/null. This makes
Box one of the types that allow the compiler to optimize storage of some enums (the
“niche optimization”).
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21.2 Rc

Rc is a reference-counted shared pointer. Use this when you need to refer to the same data
from multiple places:

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

let a = Rc::new(10);
let b Rc::clone(&a);

dbg!(a);
dbg!(b);
}

Each Rc points to the same shared data structure, containing strong and weak pointers and
the value:

Stack Heap
+----- + R e i + .
a: | o---|---:1--+--:-->| count: 2 | value: 10 | :
oo + oo oo oo - + :
b: | 0---]---:--% :
+----- e T T P !

* See Arc and Mutex if you are in a multi-threaded context.
* You can downgrade a shared pointer into a Weak pointer to create cycles that will get
dropped.

This slide should take about 5 minutes.

* Rc's count ensures that its contained value is valid for as long as there are references.

* Rcin Rustislike std: : shared_ptr in C++.

* Rc::clone is cheap: it creates a pointer to the same allocation and increases the
reference count. Does not make a deep clone and can generally be ignored when
looking for performance issues in code.

* make_mut actually clones the inner value if necessary ("clone-on-write”) and returns a
mutable reference.

* Use Rc: :strong_count to check the reference count.

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

21.3 Sahipli Ozellik Nesneleri (Owned Trait Objects)

We previously saw how trait objects can be used with references, e.g &dyn Pet. However,
we can also use trait objects with smart pointers like Box to create an owned trait object:
Box<dyn Pet>.
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struct Dog {
name: String,

age: 18,
}
struct Cat {
lives: 18,
}

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

impl Pet for Dog {
fn talk(&self) -> String {
format! ("Hav, benim adim {}!", self.name)
}
}

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

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

}
}
Memory layout after allocating pets:
Stack Heap
"pets: Vec<Box<dyn Pet>>" : "data: Cat" e e s
Fommmmeemos I — + S U R + | F |1 | d | o |
| ptr | O---t------- +--. ¢ | lives | 9 | AR LT,
| len | 2 | o] r Aeeeeee- Ho-m oo + A
| capacity | 2 | S A |
P Fomme o= + : | : | oo -
S | data: "Dog" |
: | | doommo o e I +
---------------- R I tomm |-t m -4 | name | o, 4, 4 |
--t-->] 00 | 0 0-|----->] age | 5 |
: T [ [ —— S . Fomme e - +
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| "Program text"

|

|

| | vtable

| | oo e e e oo - +

| Te---- >| "<Dog as Pet>::talk" |

| - +

| vtable

| S +

B >| "<Cat as Pet>::talk" |
oo e e oo o +

This slide should take about 10 minutes.

» Types that implement a given trait may be of different sizes. This makes it impossible to
have things like Vec<dyn Pet> in the example above.
* dyn Pet is a way to tell the compiler about a dynamically sized type that implements
Pet.
* In the example, pets is allocated on the stack and the vector data is on the heap. The
two vector elements are fat pointers:
— A fat pointer is a double-width pointer. It has two components: a pointer to
the actual object and a pointer to the virtual method table (vtable) for the Pet
implementation of that particular object.
— The data for the Dog named Fido is the name and age fields. The Cat hasa lives
field.
* Compare these outputs in the above example:
printIn! ("{} {}", 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>());
println! ("{}", std::mem::size_of::<Box<dyn Pet>>());

21.4 Alstirma: ikili Agac

A binary tree is a tree-type data structure where every node has two children (left and right).
We will create a tree where each node stores a value. For a given node N, all nodes in a N's left
subtree contain smaller values, and all nodes in N's right subtree will contain larger values.
A given value should only be stored in the tree once, i.e. no duplicate nodes.

Implement the following types, so that the given tests pass.

/// 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) ]
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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.insexrt(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’.
#[cfg(test)]
mod tests {
use super::*;
#[test]
fn len() {

let mut tree = BinaryTree::new();
assert_eq!(tree.len(), 0);
tree.insert(2);
assert_eq! (tree.len(), 1);
tree.insert(1);
assert_eq! (tree.len(), 2);
tree.insert(2); // not a unique item
assert_eq!(tree.len(), 2);
tree.insert(3);
assert_eq! (tree.len(), 3);

}

#[test]

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

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

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

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

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

check_has(&tree, &[true, false, false, true, truel);

}

#[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));

21.4.1 Coziim

use std::cmp::0xrdering;

/// 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.
vy
/// If the same value is added multiple times, it is only stored once.
#[derive(Debug) ]
pub struct BinaryTree<T: Ord> {
root: Subtree<T>,

}
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impl<T:

fn

fn

fn

f

=]

impl<T:

fn

fn

}

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

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

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

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

0rd> Subtree<T> {
new() -> Self {
Self(None)

insert(&mut self, value: T) {
match &mut self.0 {
None => self.0® = Some(Box: :new(Node: :new(value))),
Some(n) => match value.cmp(&n.value) {
Ordering::Less => n.left.insert(value),
Ordering::Equal => {}
Ordering: :Greater => n.right.insert(value),
b

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

}

match &self.0 {

None => false,

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

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

b

fn len(&self) -> usize {

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

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

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

#[test]

fn len() {
let mut tree = BinaryTree::new();
assert_eq!(tree.len(), 0);
tree.insert(2);
assert_eq!(tree.len(), 1);
tree.insert(1);
assert_eq!(tree.len(), 2);
tree.insert(2); // not a unique item
assert_eq!(tree.len(), 2);
tree.insert(3);
assert_eq! (tree.len(), 3);

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

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

}
assert_eq! (tree.len()

, 100);
assert! (tree.has(&50));
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Part VI

Giin 3: Ogleden Sonra
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Chapter 22

Tekrar Hos Geldiniz

Bu oturum 10 dakikalik aralar dahil yaklasik 1 saat 55 dakika siirmelidir. icerigi:

Bolim Siire

Odiing Alma 55 dakika
Omuiirler (Lifetimes) 50 dakika
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Chapter 23

Odiin¢ Alma

Bu boliim yaklasik 55 dakika stirmelidir. Igerir:

Slayt Stire

Bir Degeri Odiing Alma 10 dakika
Odiing Alma Kontrolii 10 dakika
Odiing Alma Hatalar1 3 dakika
i¢ Degisebilirlik (Interior Mutability) 10 dakika
Aligtirma: Saglk Istatistikleri 20 dakika

23.1 Bir Degeri Odiin¢c Alma

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

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

fn add(pl: &Point, p2: &Point) -> Point {
Point(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:?}");
* The add function borrows two points and returns a new point.

* The caller retains ownership of the inputs.

This slide should take about 10 minutes.
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This slide is a review of the material on references from day 1, expanding slightly to include
function arguments and return values.

Daha Fazlasini Kesfedin

Notes on stack returns and inlining:

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

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

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

p

}

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

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

* The Rust compiler can do automatic inlining, that can be disabled on a function level
with #[inline(never)].

* Once disabled, the printed address will change on all optimization levels. Looking at
Godbolt or Playground, one can see that in this case, the return of the value depends
on the ABI e.g. on amd64 the two i32 that is making up the point will be returned in 2
registers (eax and edx).

23.2 Odiin¢ Alma Kontrolii

Rust's borrow checker puts constraints on the ways you can borrow values. We've already
seen that a reference cannot outlive the value it borrows:

fn main() {

let x_ref = {
let x = 10;
&x

}

dbg! (x_ref);
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There's also a second main rule that the borrow checker enforces: The aliasing rule. For a
given value, at any time:

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

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

{
let c = &mut a;
*c = 20;

}

dbg!(a);
dbg!(b);
}

This slide should take about 10 minutes.

* The ”outlives” rule was demonstrated previously when we first looked at references.
We review it here to show students that the borrow checking is following a few different
rules to validate borrowing.

* The above code does not compile because a is borrowed as mutable (through c) and as
immutable (through b) at the same time.

— Note that the requirement is that conflicting references not exist at the same point.
It does not matter where the reference is dereferenced. Try commenting out *c =
20 and show that the compiler error still occurs even if we never use c.

— Note that the intermediate reference c isn't necessary to trigger a borrow conflict.
Replace c with a direct mutation of a and demonstrate that this produces a similar
error. This is because direct mutation of a value effectively creates a temporary
mutable reference.

* Move the dbg! statement for b before the scope that introduces c to make the code
compile.

— After that change, the compiler realizes that b is only ever used before the new
mutable borrow of a through c. This is a feature of the borrow checker called
“non-lexical lifetimes”.

Daha Fazlasini Kesfedin

» Technically multiple mutable references to a piece of data can exist at the same time
via re-borrowing. This is what allows you to pass a mutable reference into a function
without invaliding the original reference. This playground example demonstrates that
behavior.

* Rust uses the exclusive reference constraint to ensure that data races do not occur in
multi-threaded code, since only one thread can have mutable access to a piece of data
at a time.

* Rust also uses this constraint to optimize code. For example, a value behind a shared
reference can be safely cached in a register for the lifetime of that reference.

* Fields of a struct can be borrowed independently of each other, but calling a method on
a struct will borrow the whole struct, potentially invalidating references to individual
fields. See this playground snippet for an example of this.
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23.3 Odiin¢ Alma Hatalar1

As a concrete example of how these borrowing rules prevent memory errors, consider the
case of modifying a collection while there are references to its elements:

fn main() {
let mut vec = vec![1, 2, 3, 4, 5]1;
let elem = &vec[2];
vec.push(6);
dbg! (elem);
}

Similarly, consider the case of iterator invalidation:

fn main() {
let mut vec = vec![1l, 2, 3, 4, 5];
for elem in &vec {
vec.push(elem * 2);

}
}

This slide should take about 3 minutes.

* In both of these cases, modifying the collection by pushing new elements into it can
potentially invalidate existing references to the collection's elements if the collection
has to reallocate.

23.4 Ic Degisebilirlik (Interior Mutability)

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

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

This slide and its sub-slides should take about 10 minutes.

The main thing to take away from this slide is that Rust provides safe ways to modify data
behind a shared reference. There are a variety of ways to ensure that safety, and the next
sub-slides present a few of them.

23.4.1 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() {

let cell = Cell::new(5);
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cell.set(123);
dbg! (cell.get());

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

23.4.2 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.

These types perform dynamic checks using a counter in the RefCell to prevent existence of
a RefMut alongside another Ref/RefMut.

By implementing Deref (and DerefMut for RefMut), these types allow calling methods on
the inner value without allowing references to escape.

use std::cell::RefCell;
fn main() {

let cell = RefCell::new(5);

{

let mut cell_ref = cell.borrow_mut();
*cell_ref = 123;

}

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

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

* The extra block in the example is to end the borrow created by the call to borrow_mut
before we print the cell. Trying to print a borrowed RefCel1l just shows the message
"{borrowed}".

Daha Fazlasimi Kesfedin

There are also OnceCell and OncelLock, which allow initialization on first use. Making these
useful requires some more knowledge than students have at this time.
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23.5 Alstirma: Saghk istatistikleri

You're working on implementing a health-monitoring system. As part of that, you need to
keep track of users' health statistics.

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

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

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

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

pub struct HealthReport<'a> {

patient_name: &'a str,

visit_count: u32,

height_change: 32,

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

impl User {
pub fn new(name: String, age: u32, height: f32) -> Self {
Self { name, age, height, visit_count: 0, last_blood_pressure: None }
}

pub fn visit_doctor(&mut self, measurements: Measurements) -> HealthReport {
todo! ("Update a user's statistics based on measurements from a visit to the doc
}
}

#[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);
assert! ((report.height_change - ©0.9).abs() < 0.00001);
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let report =

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

assert_eq! (report.visit_count, 2);

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

assert_eq! (report.height_change, 0.0);

23.5.1 Coziim

#![allow(dead_code) ]

pub

struct User {

name: String,

age: u32,

height: 32,

visit_count: u32,

last_blood_pressure: Option<(u32, u32)>,

}

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

}

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

}

impl User {

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

}

(115,

76)

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,

height_change: measurements.height - self.height,
blood_pressure_change: match self.last_blood_pressure {

Some(lbp) => {

)

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

}
None => None,

}I
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b

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

}

#[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);
assert!((report.height_change - ©.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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Chapter 24

Omiirler (Lifetimes)

Bu boliim yaklagik 50 dakika stirmelidir. Igerigi:

Slayt Stre
Omuir i¢in Ek Agklamalar (Annotations) 10 dakika
Omiir Atlamasi (Elision) 5 dakika
Veri Yapilarinda Omiirler 5 dakika
Aligtirma: Protobuf Ayristirma 30 dakika

24.1 Omiir icin Ek Aciklamalar (Annotations)

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

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

Only ownership, not lifetime annotations, control when values are destroyed and determine
the concrete lifetime of a given value. The borrow checker just validates that borrows never
extend beyond the concrete lifetime of the value.

Explicit lifetime annotations, like types, are required on function signatures (but can be
elided in common cases). These provide information for inference at callsites and within the
function body, helping the borrow checker to do its job.

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

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

fn main() {
let pl = Point(10, 10);
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let p2 = Point(20, 20);
let p3 = left_most(&pl, &p2);
dbg!(p3);

}

This slide should take about 10 minutes.

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

Add 'a appropriately to left_most:
fn left_most<'a>(pl: &'a Point, p2: &'a Point) -> &'a Point {

This says there is some lifetime ' a which both p1 and p2 outlive, and which outlives the return
value. The borrow checker verifies this within the function body, and uses this information
in main to determine a lifetime for p3.

Try dropping p2 in main before printing p3.

24.2 Fonksiyon Cagrilarinda Omiirler

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

» Each argument which does not have a lifetime annotation is given one.

* If there is only one argument lifetime, it is given to all un-annotated return values.

o If there are multiple argument lifetimes, but the first one is for self, that lifetime is
given to all un-annotated return values.

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

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

fn find_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)));
Y,
}
nearest.map(|(p, _)| p)
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fn main() {
let points = &[Point(1, @), Point(1, ©), Point(-1, @), Point(0, -1)1;
let nearest = {
let query = Point(0, 2);
find_nearest(points, &query)
}s
println!("{:?}", nearest);
}

This slide should take about 5 minutes.
In this example, cab_distance is trivially elided.

The nearest function provides another example of a function with multiple references in its
arguments that requires explicit annotation. In main, the return value is allowed to outlive
the query.

Try adjusting the signature to ”lie” about the lifetimes returned:
fn find_nearest<'a, 'g>(points: &'a [Point], query: &'q Point) -> Option<&'q Point> {

This won't compile, demonstrating that the annotations are checked for validity by the
compiler. Note that this is not the case for raw pointers (unsafe), and this is a common source
of errors with unsafe Rust.

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

24.3 Veri Yapilarinda Omiirler

If a data type stores borrowed data, it must be annotated with a lifetime:

#[derive(Debug) ]

enum HighlightColor {
Pink,
Yellow,

}

#[derive(Debug) ]

struct Highlight<'document> {
slice: &'document str,
color: HighlightColor,

}

fn main() {
let doc = String::from("The quick brown fox jumps over the lazy dog.");
let noun = Highlight { slice: &doc[16..19], color: HighlightColor::Yellow };
let verb = Highlight { slice: &doc[20..25], color: HighlightColor::Pink };
// drop(doc);
dbg! (noun);
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dbg! (vexb);
}

This slide should take about 5 minutes.

* In the above example, the annotation on Highlight enforces that the data underlying
the contained &str lives at least as long as any instance of Highlight that uses that
data. A struct cannot live longer than the data it references.

* If doc is dropped before the end of the lifetime of noun or verb, the borrow checker
throws an error.

* Types with borrowed data force users to hold on to the original data. This can be useful
for creating lightweight views, but it generally makes them somewhat harder to use.

* When possible, make data structures own their data directly.

* Some structs with multiple references inside can have more than one lifetime annotation.
This can be necessary if there is a need to describe lifetime relationships between the
references themselves, in addition to the lifetime of the struct itself. Those are very
advanced use cases.

24.4 Alhstirma: Protobuf Ayristirma

In this exercise, you will build a parser for the protobuf binary encoding. Don't worry, it's
simpler than it seems! This illustrates a common parsing pattern, passing slices of data. The
underlying data itself is never copied.

Fully parsing a protobuf message requires knowing the types of the fields, indexed by their
field numbers. That is typically provided in a proto file. In this exercise, we'll encode that
information into match statements in functions that get called for each field.

We'll use the following proto:

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

1;

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

}

Messages

A proto message is encoded as a series of fields, one after the next. Each is implemented as
a ”tag” followed by the value. The tag contains a field number (e.g., 2 for the id field of a
Person message) and a wire type defining how the payload should be determined from the
byte stream. These are combined into a single integer, as decoded in unpack_tag below.

Varint

Integers, including the tag, are represented with a variable-length encoding called VARINT.
Luckily, parse_varint is defined for you below.
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Wire Types
Proto defines several wire types, only two of which are used in this exercise.

The Varint wire type contains a single varint, and is used to encode proto values of type
int32 such as Person.1id.

The Len wire type contains a length expressed as a varint, followed by a payload of that
number of bytes. This is used to encode proto values of type string such as Person.name. It
is also used to encode proto values containing sub-messages such as Person.phones, where
the payload contains an encoding of the sub-message.

Alstirma

The given code also defines callbacks to handle Person and PhoneNumber fields, and to parse
a message into a series of calls to those callbacks.

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

/// 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.
/1164, -- not needed for this exercise
/// The Len WireType indicates that the value is a length represented as a
/// VARINT followed by exactly that number of bytes.
Len,
// The 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),
//164(i64), -- not needed for this exercise
Len(&"'a [u8]),
//132(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>);
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}

impl From<u64> for WireType {
fn from(value: u64) -> Self {
match value {
@ => WireType::Varint,

//1 => WireType::164, -- not needed for this exercise
2 => WireType: :Len,
//5 => WireType::I32, -- not needed for this exercise

_ => panic!("Invalid wire type: {value}"),

}

impl<'a> FieldValue<'a> {
fn as_str(&self) -> &'a str {
let FieldValue::Len(data) = self else {
panic! ("Expected string to be a "Len’ field");
b
std::str::from_utf8(data).expect("Invalid string")
}

fn as_bytes(&self) -> &'a [u8] {
let FieldValue::Len(data) = self else {
panic! ("Expected bytes to be a ‘Len’ field");
b
data
}

fn as_u64(&self) -> ubd {
let FieldValue::Varint(value) = self else {
panic! ("Expected "u64" to be a “Varint® field");
b
*value

}

/// Parse a VARINT, returning the parsed value and the remaining bytes.
fn parse_varint(data: &[u8]) -> (u64, &[u8]) {
for i in 0..7 {
let Some(b) = data.get(i) else {
panic!("Not enough bytes for varint");
b
if b & 0x80 == 0 {
// This is the last byte of the VARINT, so convert it to
// a u64 and return it.
let mut value = 0Qu64;
for b in data[..=1].iter() .rev() {
value = (value << 7) | (b & 0x7f) as ub4;

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

// More than 7 bytes is invalid.
panic!("Too many bytes for varint");

}

/// Convert a tag into a field number and a WireType.
fn unpack_tag(tag: u64) -> (ub4d, WireType) {
let field_num = tag >> 3;
let wire_type = WireType::from(tag & 0x7);
(field_num, wire_type)

/// 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 {
_ => todo!("Based on the wire type, build a Field, consuming as many bytes as n
i
todo! ("Return the field, and any un-consumed bytes.")

}

/// Parse a message in the given data, calling 'T::add_field" for each field in
/// the message.
/17
/// The entire input is consumed.
fn parse_message<'a, T: ProtoMessage<'a>>(mut data: &'a [u8]) -> T {
let mut result = T::default();
while !data.is_empty() {
let parsed = parse_field(data);
result.add_field(parsed.0);
data = parsed.l;
}

result

}

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

type_: &'a str,
}

#[derive(Debug, Default)]
struct Person<'a> {
name: &'a str,
id: u64,
phone: Vec<PhoneNumber<'a>>,
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// TODO: Implement ProtoMessage for Person and PhoneNumber.

#[test]
fn test_id() {
let person_id: Person = parse_message(&[0x10, 0x2al);
assert_eq! (person_id, Person { name: "", id: 42, phone: vec![] });

}

#[test]
fn test_name() {
let person_name: Person = parse_message(&[
Ox0a, 0x0e, Ox62, Ox65, 0x61, 0x75, Ox74, Ox69, 0x66, 0x75, Ox6c, 0x20,
Ox6e, 0x61, @Ox6d, Ox65,
1),
assert_eq! (person_name, Person { name: "beautiful name", id: @, phone: vec![] });

}

#[test]
fn test_just_person() {
let person_name_id: Person =
parse_message(&[0x0a, 0x04, 0x45, 0x76, 0x61, Ox6e, 0x10, 0x16]1);
assert_eq! (person_name_id, Person { name: "Evan", id: 22, phone: vec![] });

}

#[test]
fn test_phone() {
let phone: Person = parse_message(&[
0x0a, 0x00, 0x10, 0x00, O0xla, 0x16, Ox0Qa, OxQe, Ox2b, 0x31, 0x32, 0x33,
0x34, 0x2d, ©x37, Ox37, Ox37, 0x2d, ©0x39, 0x30, ©0x39, 0x30, 0x12, 0x04,
0x68, Ox6f, Ox6d, OX65,
1),
assert_eq! (
phone,
Person {
name: "",
id: 0,
phone: vec![PhoneNumber { number: "+1234-777-9090", type_: "home" },1,

)
}

// Put that all together into a single parse.

#[test]

fn test_full_person() {

let person: Person = parse_message(&[

0x0a, 0x07, Ox6d, Ox61, Ox78, 0x77, @x65, O0x6C, Oxb6bC, Ox10@, Ox2a, 0Oxla,
0x16, @Ox0a, 0x0e, 0x2b, 0x31, @0x32, 0x30, 0x32, ©0x2d, 0x35, ©0x35, 0x35,
Ox2d, ©x31, ©0x32, 0x31, 0x32, 0x12, 0x04, 0x68, Ox6f, 0x6d, 0x65, 0xla,
0x18, @Ox0a, 0x0e, Ox2b, 0x31, O0x38, 0x30, 0x30, ©0x2d, 0x38, 0x36, 0x37,
0x2d, ©0x35, @Ox33, Ox30, 0x38, 0x12, 0x06, 0x6d, @Ox6f, Ox62, Ox69, Ox6C,
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0x65,
1),
assert_eq! (
person,
Person {
name: "maxwell",
id: 42,
phone: vec![
PhoneNumber { number: "+1202-555-1212", type_: "home" },
PhoneNumber { number: "+1800-867-5308", type_: "mobile" },

)
}

This slide and its sub-slides should take about 30 minutes.

* In this exercise there are various cases where protobuf parsing might fail, e.g. if you
try to parse an 132 when there are fewer than 4 bytes left in the data buffer. In normal
Rust code we'd handle this with the Result enum, but for simplicity in this exercise
we panic if any errors are encountered. On day 4 we'll cover error handling in Rust in
more detail.

24.4.1 Coziim

/// 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.
//132, -- not needed for this exercise

}

#[derive(Debug) ]
/// A field's value, typed based on the wire type.
enum FieldValue<'a> {

Varint (u64),
//164(i64), -- not needed for this exercise
Len(&'a [u8]),
//132(i32), -- not needed for this exercise
}
#[derive(Debug) ]

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

164



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,

//1 => WireType::164, -- not needed for this exercise
2 => WireType: :Len,
//5 => WireType::I32, -- not needed for this exercise

_ => panic!("Invalid wire type: {value}"),

}

impl<'a> FieldValue<'a> {
fn as_str(&self) -> &'a str {
let FieldValue::Len(data) = self else {
panic! ("Expected string to be a “Len’ field");
b
std::str::from_utf8(data).expect("Invalid string")
}

fn as_bytes(&self) -> &'a [u8] {
let FieldValue::Len(data) = self else {
panic! ("Expected bytes to be a ‘Len’ field");
b
data
}

fn as_u64(&self) -> ubd {
let FieldValue::Varint(value) = self else {
panic! ("Expected "u64" to be a "Varint® field");
b
*value

}

/// Parse a VARINT, returning the parsed value and the remaining bytes.
fn parse_varint(data: &[u8]) -> (u64, &[u8]) {
for i in 0..7 {
let Some(b) = data.get(i) else {
panic!("Not enough bytes for varint");
}
if b & 0x80 == 0 {
// This is the last byte of the VARINT, so convert it to
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// a ub4 and return it.
let mut value = 0u64;
for b in data[..=i].itexr().rev() {
value = (value << 7) | (b & 0x7f) as ub4;
}

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

}

// More than 7 bytes is invalid.
panic!("Too many bytes for varint");

}

/// 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)

}

/// 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);
let len: usize = len.try_into().expect("len not a valid ‘usize™");
if remainder.len() < len {
panic! ("Unexpected EOF");
}
let (value, remainder) = remainder.split_at(len);
(FieldValue: :Len(value), remainder)
}
i
(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.0);
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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> {

name: &'a str,

id: u64,

phone: Vec<PhoneNumber<'a>>,

}

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

}

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

}

#[test]
fn test_id() {
let person_id: Person = parse_message(&[0x10, 0x2al);
assert_eq! (person_id, Person { name: "", id: 42, phone: vec![] });

}

#[test]
fn test_name() {
let person_name: Person = parse_message(&[
0x0a, 0x0Qe, Ox62, Ox65, 0x61, 0x75, Ox74, Ox69, 0x66, 0x75, Ox6c, 0x20,
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Ox6e, Ox61, Ox6d, Ox65,
1),
assert_eq! (person_name, Person { name: "beautiful name", id: 0, phone: vec![] });

}

#[test]
fn test_just_person() {
let person_name_id: Person =
parse_message(&[0x0a, 0x04, 0x45, 0x76, 0x61, Ox6e, 0x10, 0x16]1),
assert_eq! (person_name_id, Person { name: "Evan", id: 22, phone: vec![] });

}

#[test]
fn test_phone() {
let phone: Person = parse_message(&[
0x0a, 0x00, 0x10, 0x00, O0xla, Ox16, Ox0Qa, Ox0e, Ox2b, 0x31, ©0x32, 0x33,
0x34, ©0x2d, 0x37, 0x37, 0x37, O0x2d, 0x39, 0x30, ©0x39, 0x30, 0x12, 0x04,
0x68, Ox6f, @x6d, 0x65,
1),
assert_eq! (
phone,
Person {
name: "",
id: 0,
phone: vec![PhoneNumber { number: "+1234-777-9090", type_: "home" },1,

)
}

// Put that all together into a single parse.
#[test]
fn test_full_person() {
let person: Person = parse_message(&[
0xQa, 0x07, Ox6d, 0x61, 0x78, Ox77, @Ox65, @Ox6¢C, Ox6C, 0Xx10, 0x2a, 0Oxla,
0x16, 0Ox0a, Ox0e, Ox2b, Ox31, 0x32, 0x30, 0x32, 0x2d, @x35, @x35, 0x35,
@x2d, ©x31, ©x32, ©x31, ©x32, ©0x12, 0x04, 0x68, Ox6f, Ox6d, OX65, OX1la,
0x18, @x0a, 0x0e, 0x2b, 0x31, @Ox38, 0Ox30, Ox30, ©0x2d, 0x38, 0x36, 0x37,
Ox2d, ©x35, ©0x33, 0x30, 0x38, 0x12, 0x06, Ox6d, Ox6f, 0x62, 0x69, 0Ox6¢C,
0x65,
1),
assert_eq! (
person,
Person {
name: "maxwell",
id: 42,
phone: vec![
PhoneNumber { number: "+1202-555-1212", type_: "home" },
PhoneNumber { number: "+1800-867-5308", type_: "mobile" },
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Chapter 25

4. Gun'e Hos Geldiniz

Today we will cover topics relating to building large-scale software in Rust:

* Iterators: a deep dive on the Iterator trait.

Modules and visibility.

Testing.

Error handling: panics, Result, and the try operator ?.

Unsafe Rust: the escape hatch when you can't express yourself in safe Rust.

Zamanlama (Schedule)

Bu oturum 10 dakikalik aralar dahil yaklasik 2 saat 50 dakika siirmelidir. icerigi:

Bolim Sure

Hos Geldiniz 3 dakika
Adimlayicilar (Iterators) 55 dakika
Modiiller 45 dakika
Test Etme 45 dakika
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Chapter 26

Adimlayicilar (Iterators)

Bu boliim yaklasik 55 dakika stirmelidir. Igerir:

Slayt Stire

Motivasyon 3 dakika
Iterator Ozelligi (Trait) 5 dakika
Iterator Yardimc1 Metotlari 5 dakika
collect 5 dakika
Intolterator 5 dakika

Alistirma: Adimlayici Metot Zincirleme 30 dakika

26.1 Adimlayicilara (Iterators) Motive Edici Seyler

If you want to iterate over the contents of an array, you'll need to define:

* Some state to keep track of where you are in the iteration process, e.g. an index.
* A condition to determine when iteration is done.

* Logic for updating the state of iteration each loop.

* Logic for fetching each element using that iteration state.

In a C-style for loop you declare these things directly:

for (int i = 0; i < array_len; i += 1) {
int elem = array[i];
}

In Rust we bundle this state and logic together into an object known as an ”iterator”.
This slide should take about 3 minutes.

* This slide provides context for what Rust iterators do under the hood. We use the
(hopefully) familiar construct of a C-style for loop to show how iteration requires some
state and some logic, that way on the next slide we can show how an iterator bundles
these together.

* Rust doesn't have a C-style for loop, but we can express the same thing with while:
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let array = [2, 4, 6, 8];

let mut i = 0;

while i < array.len() {
let elem = array[i];
i+=1;

Daha Fazlasim Kesfedin

There's another way to express array iteration using for in C and C++: You can use a pointer to
the front and a pointer to the end of the array and then compare those pointers to determine
when the loop should end.

for (int *ptr = array; ptr < array + len; ptr += 1) {
int elem = *ptr;
}

If students ask, you can point out that this is how Rust's slice and array iterators work under
the hood (though implemented as a Rust iterator).

26.2 Iterator Ozelligi (Trait)

The Iterator trait defines how an object can be used to produce a sequence of values. For
example, if we wanted to create an iterator that can produce the elements of a slice it might
look something like this:

struct Slicelter<'s> {
slice: &'s [132],
i: usize,

}

impl<'s> Iterator for Slicelter<'s> {
type Item = &'s 1i32;

fn next(&mut self) -> Option<Self::Item> {
if self.i == self.slice.len() {
None
} else {
let next = &self.slice[self.i];
self.i += 1;
Some (next)

}

fn main() {
let slice = &[2, 4, 6, 8]1;
let iter = Slicelter { slice, i: 0 };
for elem in iter {
dbg! (elem);
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}
This slide should take about 5 minutes.

* The SliceIter exampleimplementsthe same logic asthe C-style forloop demonstrated
on the last slide.

* Point out to the students that iterators are lazy: Creating the iterator just initializes the
struct but does not otherwise do any work. No work happens until the next method is
called.

* Iterators don't need to be finite! It's entirely valid to have an iterator that will produce
values forever. For example, a half open range like 0. . will keep going until integer
overflow occurs.

Daha Fazlasin Kesfedin

» The “real” version of Slicelter is the slice::Iter type in the standard library,
however the real version uses pointers under the hood instead of an index in order to
eliminate bounds checks.

* The SliceIter example is a good example of a struct that contains a reference and
therefore uses lifetime annotations.

* You can also demonstrate adding a generic parameter to SliceIter to allow it to work
with any kind of slice (not just &[132]).

26.3 Iterator Yardimci Metotlar:

In addition to the next method that defines how an iterator behaves, the Iterator trait
provides 70+ helper methods that can be used to build customized iterators.

fn main() {
let result: i32 = (1..=10)
filter(|x| x % 2 == 0)
.map(|[x| x * x)
.sum();

n

println!("The sum of squares of even numbers from 1 to 10 is: {}", result);

}
This slide should take about 5 minutes.

* The Iterator trait implements many common functional programming operations
over collections (e.g. map, filter, reduce, etc). This is the trait where you can find all
the documentation about them.

* Many of these helper methods take the original iterator and produce a new iterator
with different behavior. These are know as ”iterator adapter methods”.

» Some methods, like sum and count, consume the iterator and pull all of the elements
out of it.

* These methods are designed to be chained together so that it's easy to build a custom
iterator that does exactly what you need.
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Daha Fazlasini Kesfedin

* Rust's iterators are extremely efficient and highly optimizable. Even complex iterators
made by combining many adapter methods will still result in code as efficient as
equivalent imperative implementations.

26.4 collect

The collect method lets you build a collection from an Iterator.

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.

* Any iterator can be collected in to a Vec, VecDeque, or HashSet. Iterators that produce
key-value pairs (i.e. a two-element tuple) can also be collected into HashMap and
BTreeMap.

Show the students the definition for collect in the standard library docs. There are two
ways to specify the generic type B for this method:

» With the "turbofish”: some_iterator.collect: :<COLLECTION_TYPE>(), as shown.
The _ shorthand used here lets Rust infer the type of the Vec elements.

* With type inference: let prime_squares: Vec<_> = some_iterator.collect().
Rewrite the example to use this form.

Daha Fazlasini Kesfedin

* If students are curious about how this works, you can bring up the FromIterator trait,
which defines how each type of collection gets built from an iterator.

* In addition to the basic implementations of FromIterator for Vec, HashMap, etc., there
are also more specialized implementations which let you do cool things like convert an
Iterator<Item = Result<V, E>>intoaResult<Vec<V>, E>.

» The reason type annotations are often needed with collect is because it's generic over
its return type. This makes it harder for the compiler to infer the correct type in a lot of
cases.

26.5 IntoIterator

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

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

}

}

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

}

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

fn next(&mut self) -> Option<(u32, u32)> {
if self.i >= self.grid.x_cooxrds.len() {
self.i = 0;
self.j += 1;
if self.j >= self.grid.y_coords.len() {
return None;

}
}
let res = Some((self.grid.x_coords[self.i], self.grid.y_coords[self.j]));
self.i += 1;
res

}

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

This slide should take about 5 minutes.

* IntoIterator is the trait that makes for loops work. It is implemented by collection
types such as Vec<T> and references to them such as &/ec<T> and &[T]. Ranges also
implement it. This is why you can iterate over a vector with for i in some_vec {

1 but some_vec.next () doesn't exist.

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

* Item: the type to iterate over, such as 18,
* IntoIter: the Iterator type returned by the into_iter method

Note that IntoIter and Item are linked: the iterator must have the same Item type, which
means that it returns Option<Item>
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The example iterates over all combinations of x and y coordinates.

Tryiterating over the grid twice inmain. Why does this fail? Note that IntoIterator: :into_iter
takes ownership of self.

Fix this issue by implementing IntoIterator for &Grid and creating a GridRefIter that
iterates by reference. A version with both GridIter and GridRefIter is available in this
playground.

The same problem can occur for standard library types: for e in some_vector will take
ownership of some_vector and iterate over owned elements from that vector. Use for e
in &some_vector instead, to iterate over references to elements of some_vector.

26.6 Alhstirma: Adimlayic1 Metot Zincirleme

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

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

/// Calculate the differences between elements of “values offset by ‘offset’,
/// wrapping around from the end of ‘values  to the beginning.
/17
/// Element “n° of the result is ‘values[(n+offset)%len] - values[n]’.
fn offset_differences(offset: usize, values: Vec<i32>) -> Vec<i32> {
todo! ()
}

#[test]

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

}

#[test]
fn test_larger_offsets() {

assert_eq! (offset_differences(2, vec![1, 3, 5, 71), vec![4, 4, -4, -4]1);
assert_eq! (offset_differences(3, vec![1, 3, 5, 71), vec![6, -2, -2, -21);
assert_eq! (offset_differences(4, vec![1, 3, 5, 71), vec![0, @, @0, 01);
assert_eq! (offset_differences(5, vec![1, 3, 5, 71), vec![2, 2, 2, -6]1);

}

#[test]

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

/// Calculate the differences between elements of ‘values' offset by ‘offset’,
/// wrapping around from the end of “values®™ to the beginning.
/17
/// Element 'n° of the result is “values[(n+offset)%len] - values[n] .
fn offset_differences(offset: usize, values: Vec<i32>) -> Vec<i32> {
let a = values.iter();
let b = values.iter().cycle().skip(offset);
a.zip(b).map(|(a, b)| *b - *a).collect()
}

#[test]

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

}

#[test]
fn test_larger_offsets() {

assert_eq!?offset_differences(z, vec![1, 3, 5, 71), vec![4, 4, -4, -4]1);
assert_eq! (offset_differences(3, vec![1, 3, 5, 71), vec![6, -2, -2, -2]);
assert_eq! (offset_differences(4, vec![1, 3, 5, 71), vec![0, 0, 0, 0]);
assert_eq! (offset_differences(5, vec![1, 3, 5, 71), vec![2, 2, 2, -6]1);

}

#[test]

fn test_degenerate_cases() {
assert_eq! (offset_differences(1l, vec![0]), vec![0]);
assert_eq! (offset_differences(1l, vec![1]), vec![0]);
let empty: Vec<i32> = vec![];
assert_eq! (offset_differences(1l, empty), vec![]);
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Chapter 27

Moduller

Bu béliim yaklasik 45 dakika stiirmelidir. Icerigi:

Slayt Sure
Modiiller 3 dakika
Dosya Sistemi Hiyerarsisi 5 dakika
Gorunurluk 5 dakika
Kapsiilleme (Encapsulation) 5 dakika
use, super, self 10 dakika

Aligtirma: Bir GUI Kiitiiphanesi i¢cin Modiiller 15 dakika

27.1 Moduller

We have seen how imp1 blocks let us namespace functions to a type.
Similarly, mod lets us namespace types and functions:

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

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

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

This slide should take about 3 minutes.
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» Packages provide functionality and include a Cargo. toml file that describes how to
build a bundle of 1+ crates.

* Crates are a tree of modules, where a binary crate creates an executable and a library
crate compiles to a library.

* Modules define organization, scope, and are the focus of this section.

27.2 Dosya Sistemi Hiyerarsisi

Omitting the module content will tell Rust to look for it in another file:
mod garden;

This tells Rust that the garden module content is found at src/garden.rs. Similarly, a
garden: :vegetables module can be found at src/garden/vegetables.rs.

The crate rootis in:

* src/lib.xs (for a library crate)
* src/main.rs (for a binary crate)

Modules defined in files can be documented, too, using ”inner doc comments”. These
document the item that contains them -- in this case, a module.

//1 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.

» Before Rust 2018, modules needed to be located at module/mod.rs instead of
module.rs, and this is still a working alternative for editions after 2018.

* The main reason to introduce filename. rs as alternative to filename/mod.xs was
because many files named mod . rs can be hard to distinguish in IDEs.

* Deeper nesting can use folders, even if the main module is a file:

src/

— main.rs

— top_module.rs
L— +top_module/
L— sub_module.rs
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* The place rust will look for modules can be changed with a compiler directive:

#[path = "some/path.rs"]
mod some_module;

This is useful, for example, if you would like to place tests for a module in a file named
some_module_test. rs, similar to the convention in Go.

27.3 Gorunurluk

Modules are a privacy boundary:

* Module items are private by default (hides implementation details).
» Parent and sibling items are always visible.
» In other words, if an item is visible in module foo, it's visible in all the descendants of

foo.

mod outer {
fn private() {
println!("outer::private");

}

pub fn public() {
println!("outer::public");
}

mod inner {
fn private() {
println!("outer::inner::private");

}

pub fn public() {
println!("outer::innex::public");
super: :private();

}

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

}

This slide should take about 5 minutes.
* Use the pub keyword to make modules public.
Additionally, there are advanced pub( . . . ) specifiers to restrict the scope of public visibility.

* See the Rust Reference.

 Configuring pub(crate) visibility is a common pattern.

* Less commonly, you can give visibility to a specific path.

* In any case, visibility must be granted to an ancestor module (and all of its descendants).
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27.4 Visibility and Encapsulation

Like with items in a module, struct fields are also private by default. Private fields are likewise
visible within the rest of the module (including child modules). This allows us to encapsulate
implementation details of struct, controlling what data and functionality is visible externally.

use outer: :Foo;

mod outer {
pub struct Foo {

pub val: i32,
is_big: bool,
}
impl Foo {
pub fn new(val: i32) -> Self {
Self { val, is_big: val > 100 }
}
}

pub mod innexr {
use super: :Foo;

pub fn print_foo(foo: &Foo) {
println! ("{} buyluk mu? {}", foo.val, foo.is_big);
}

}

fn main() {
let foo = Foo::new(42);
println!("foo.val = {}", foo.val);
// let foo = Foo { val: 42, is_big: true };

outer::inner: :print_foo(&foo);
// println!("Is {} big? {}", foo.val, foo.is_big);
}

This slide should take about 5 minutes.

* This slide demonstrates how privacy in structs is module-based. Students coming from
object oriented languages may be used to types being the encapsulation boundary, so
this demonstrates how Rust behaves differently while showing how we can still achieve
encapsulation.

* Note how the is_big field is fully controlled by Foo, allowing Foo to control how it's
initialized and enforce any invariants it needs to (e.g. that is_bigis only trueif val
> 100).

* Point out how helper functions can be defined in the same module (including child
modules) in order to get access to the type's private fields/methods.

* The first commented out line demonstrates that you cannot initialize a struct with
private fields. The second one demonstrates that you also can't directly access private
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fields.

* Enums do not support privacy: Variants and data within those variants is always public.

Daha Fazlasini Kegfedin

 If students want more information about privacy (or lack thereof) in enums, you can
bring up #[doc_hidden] and #[non_exhaustive] and show how they're used to limit
what can be done with an enum.

* Module privacy still applies when there are imp1 blocks in other modules (example in
the playground).

27.5 use, super, self
A module can bring symbols from another module into scope with use. You will typically see
something like this at the top of each module:

use std::collections: :HashSet;
use std::process: :abort;

Yollar (Paths)

Paths are resolved as follows:
1. As arelative path:

* fooor self::foo refersto foo in the current module,
* super: : foo refers to foo in the parent module.

2. As an absolute path:

* crate: :foo refers to foo in the root of the current crate,
* bar: :foo refers to foo in the bar crate.

This slide should take about 8 minutes.

* Itis common to ”re-export” symbols at a shorter path. For example, the top-level 1ib.rs
in a crate might have

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

making DiskStorage and NetworkStorage available to other crates with a convenient,
short path.

» For the most part, only items that appear in a module need to be use'd. However, a trait
must be in scope to call any methods on that trait, even if a type implementing that
trait is already in scope. For example, to use the read_to_string method on a type
implementing the Read trait, you need to use std::io: :Read.

» The use statement can have a wildcard: use std::io::*. This is discouraged because
it is not clear which items are imported, and those might change over time.
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27.6 Ahstirma: Bir GUI Kutiiphanesi icin Modiuller

In this exercise, you will reorganize a small GUI Library implementation. This library defines
a Widget trait and a few implementations of that trait, as well as a main function.

It is typical to put each type or set of closely-related types into its own module, so each widget
type should get its own module.

Cargo Kurulumu (Setup)

The Rust playground only supports one file, so you will need to make a Cargo project on your
local filesystem:

cargo init gui-modules
cd gui-modules
cargo run

Edit the resulting src/main.rs to add mod statements, and add additional files in the src
directory.

Source

Here's the single-module implementation of the GUI library:

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

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

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

}

pub struct Label {
label: String,
}

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

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

pub struct Window {

title: String,

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

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

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

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

}

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

}

fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
let mut inner = String::new();
for widget in &self.widgets {
widget.draw_into(&mut inner);

}
let inner_width = self.inner_width();

// TODO: Change draw_into to return Result<(), std::fmt::Error>. Then use the
// ?-operator here instead of .unwrap().

writeln! (buffer, "+-{:-<inner_width$}-+", "").unwrap();
writeln! (buffer, "| {:Ainner_width$} |", &self.title).unwrap();
writeln! (buffer, "+={:=<inner_width$}=+", "").unwrap();
for line in inner.lines() {

writeln!(buffer, "| {:inner_width$} |", line).unwrap();
}
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writeln! (buffer, "+-{:-<inner_width$}-+", "").unwrap();
}

impl Widget for Button {
fn width(&self) -> usize {
self.label.width() + 8 // add a bit of padding
}

fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
let width = self.width();
let mut label = String::new();
self.label.draw_into(&mut label);

writeln! (buffer, "+{:-<width$}+", "").unwrap();
for line in label.lines() {
writeln! (buffer, "|{:Awidth$}|", &line).unwrap();
}
writeln! (buffer, "+{:-<width$}+", "").unwrap();

}

impl Widget for Label {
fn width(&self) -> usize {
self.label.lines().map(|line| line.chars().count()).max().unwrap_oxr(0)
}

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

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

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

Encourage students to divide the code in a way that feels natural for them, and get accustomed
to the required mod, use, and pub declarations. Afterward, discuss what organizations are
most idiomatic.

27.6.1 Cozum

SIC

F— main.rs
F— widgets
| | button.rs
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| | 1label.rs
| L— window.rs
L— widgets.rs

// ---- src/widgets.rs ----
pub use button::Button;

pub use label::Label;

pub use window: :Window;

mod button;
mod label;
mod window;

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

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

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

}

/! ---- 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.chaxrs().count()).max().unwrap_or(0)

}

// ANCHOR: Label-draw_into

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

// ---- src/widgets/button.rs ----
use super::{Label, Widget};

pub struct Button {
label: Label,

}

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

}
}

impl Widget for Button {
fn width(&self) -> usize {
// ANCHOR_END: Button-width
self.label.width() + 8 // add a bit of padding

}

// ANCHOR: Button-draw_into

fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
// ANCHOR_END: Button-draw_into
let width = self.width();
let mut label = String::new();
self.label.draw_into(&mut label);

writeln! (buffer, "+{:-<width$}+", "").unwrap();
for line in label.lines() {
writeln! (buffer, "|{:Awidth$}|", &line).unwrap();

}
writeln! (buffer, "+{:-<width$}+", "").unwrap();
}
}
/! ---- 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);
}
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fn inner_width(&self) -> usize {
std::cmp::max(
self.title.chars().count(),
self.widgets.iter().map(|w| w.width()).max().unwrap_or(0),

}

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

// ANCHOR: Window-draw_into
fn draw_into(&self, buffer: &mut dyn std::fmt::Write) {
// ANCHOR_END: Window-draw_into
let mut inner = String::new();
for widget in &self.widgets {
widget.draw_into(&mut inner);

}

let inner_width = self.inner_width();

// TODO: after learning about error handling, you can change
// draw_into to return Result<(), std::fmt::Exror>. Then use
// the ?-operator here instead of .unwrap().

writeln! (buffer, "+-{:-<inner_width$}-+", "").unwrap();
writeln! (buffer, "| {:Ainner_width$} |", &self.title).unwrap();
writeln! (buffer, "+={:=<inner_width$}=+", "").unwrap();
for line in inner.lines() {
writeln! (buffer, "| {:inner_width$} |", line).unwrap();
}
writeln! (buffer, "+-{:-<inner_width$}-+", "").unwrap();
}
}
// ---- src/main.rs ----

mod widgets;
use widgets::{Button, Label, Widget, Window};

fn main() {
let mut window = Window: :new("Rust GUI Demo 1.23");
window.add_widget(Box: :new(Label: :new("This is a small text GUI demo.")));
window.add_widget(Box: :new(Button: :new("Click me!")));
window.draw() ;
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Chapter 28

Test Etme

Bu béliim yaklasik 45 dakika stiirmelidir. Icerigi:

Slayt Sure
Birim Testleri 5 dakika
Diger Test Turleri 5 dakika
Derleyici Tuyleri (Lint) ve Clippy Aract 3 dakika
Alistirma: Luhn Algrotimasi 30 dakika

28.1 Birim Testleri

Rust and Cargo come with a simple unit test framework. Tests are marked with #[test]. Unit
tests are often put in a nested tests module, using #[cfg(test)] to conditionally compile
them only when building tests.

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

}

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

#[test]
fn test_empty() {
assert_eq! (first_woxd(""), "");

}
#[test]

fn test_single_word() {
assert_eq! (first_woxd("Merhaba"), "Merhaba");
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}

#[test]
fn test_multiple_words() {
assert_eq! (first_word("Merhaba Dinya"), "Merhaba");

}

 This lets you unit test private helpers.
* The #[cfg(test)] attribute is only active when you run cargo test.

28.2 Diger Test Tiirleri

Entegrasyon Testleri

If you want to test your library as a client, use an integration test.
Create a . s file under tests/:

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

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

}
These tests only have access to the public API of your crate.

Dokiimantasyon Testleri

Rust has built-in support for documentation tests:

/// 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");

/1117

pub fn shorten_string(s: &str, length: usize) -> &str {
&s[..std::cmp::min(length, s.len())]

}

* Code blocks in /// comments are automatically seen as Rust code.
* The code will be compiled and executed as part of cargo test.

» Adding # in the code will hide it from the docs, but will still compile/run it.

* Test the above code on the Rust Playground.
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28.3 Derleyici Tuyleri (Lint) ve Clippy Araci

The Rust compiler produces fantastic error messages, as well as helpful built-in lints. Clippy
provides even more lints, organized into groups that can be enabled per-project.

#[deny(clippy: :cast_possible_truncation)]
fn main() {

let mut x = 3;

while (x < 70000) {

X *= 2;

}

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

This slide should take about 3 minutes.

There are compiler lints visible here, but not clippy lints. Run c1ippy on the playground site
to show clippy warnings. Clippy has extensive documentation of its lints, and adds new lints
(including default-deny lints) all the time.

Note that errors or warnings with help: ... canbe fixed with cargo fix or via your editor.

28.4 Alistirma: Luhn Algrotimasi

The Luhn algorithm is used to validate credit card numbers. The algorithm takes a string as
input and does the following to validate the credit card number:

* Ignore all spaces. Reject numbers with fewer than two digits. Reject letters and other
non-digit characters.

* Moving from right to left, double every second digit: for the number 1234, we double
3 and 1. For the number 98765, we double 6 and 8.

 After doubling a digit, sum the digits if the result is greater than 9. So doubling 7 becomes
14 which becomes 1 + 4 = 5.

* Sum all the undoubled and doubled digits.
* The credit card number is valid if the sum ends with @.

The provided code provides a buggy implementation of the luhn algorithm, along with two
basic unit tests that confirm that most of the algorithm is implemented correctly.

Copy the code below to https://play.rust-lang.org/ and write additional tests to uncover bugs
in the provided implementation, fixing any bugs you find.

pub fn luhn(cc_number: &str) -> bool {
let mut sum = 0;
let mut double = false;

for c in cc_number.chars() .rev() {
if let Some(digit) = c.to_digit(10) {
if double {
let double_digit = digit * 2;
sum +=
if double_digit > 9 { double_digit - 9 } else { double_digit };

192


https://doc.rust-lang.org/clippy/
https://en.wikipedia.org/wiki/Luhn_algorithm
https://play.rust-lang.org/

} else {
sum += digit;
}
double = !double;
} else {
continue;

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

#[test]

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

}

#[test]

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

28.4.1 Coziim

pub fn luhn(cc_numbexr: &str) -> bool {
let mut sum = 0;
let mut double
let mut digits

= false;
=®,
for ¢ 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() {
// New: accept whitespace.
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continue;

1} else {
// New: reject all other characters.
return false;

}

// New: check that we have at least two digits
digits >= 2 && sum % 10 == 0
}

#[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! (!luhn("4223 9826 4026 9299"));
assert! (!luhn("4539 3195 0343 6476"));
assert! (!1luhn("8273 1232 7352 0569"));

}

#[test]

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

}

#[test]

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

assert! (!'luhn(" "));
assert! (!1uhn(" ")),
}
#[test]

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

#[test]

fn test_two_digit_cc_number() {
assert!(luhn(" 0 @ "));
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Part VIII

Giin 4: Ogleden Sonra
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Chapter 29

Tekrar Hos Geldiniz

Bu oturum 10 dakikalik aralar dahil yaklasik 2 saat 20 dakika siirmelidir. icerigi:

Bolim Siire

Hata isleme 55 dakika
Emniyetsiz (Unsafe) Rust 1 saat 15 dakika
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Chapter 30

Hata Isleme

Bu boliim yaklasik 55 dakika stirmelidir. Igerir:

Slayt Siire

Panikler (Panics) 3 dakika
Result 5 dakika
Try Operatori 5 dakika
Try Dontigimleri 5 dakika
Error Ozelligi (Trait) 5 dakika
thiserror 5 dakika
anyhow 5 dakika

Aligtirma: Result ile Yeniden Yazma 20 dakika

30.1 Panikler (Panics)

Rust handles fatal errors with a ”panic”.
Rust will trigger a panic if a fatal error happens at runtime:

fn main() {
let v = vec![10, 20, 30];
dbg!(v[100]);

* Panics are for unrecoverable and unexpected errors.

— Panics are symptoms of bugs in the program.

— Runtime failures like failed bounds checks can panic

— Assertions (such as assert!) panic on failure

— Purpose-specific panics can use the panic! macro.
* A panic will “unwind” the stack, dropping values just as if the functions had returned.
* Use non-panicking APIs (such as Vec: : get) if crashing is not acceptable.

This slide should take about 3 minutes.

By default, a panic will cause the stack to unwind. The unwinding can be caught:
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use std::panic;

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

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

1)

dbg! (result);

* Catching is unusual; do not attempt to implement exceptions with catch_unwind!
* This can be useful in servers which should keep running even if a single request crashes.
* This does not work if panic = 'abort' issetin your Cargo.toml.

30.2 Result

Our primary mechanism for error handling in Rust is the Result enum, which we briefly
saw when discussing standard library types.

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

fn main() {
let file: Result<File, std::io::Error> = File::open("gunluk.txt");
match file {
Ok(mut file) => {
let mut contents = String::new();
if let Ok(bytes) file.read_to_string(&mut contents) {
println!("Sevgili gunlik: {contents} ({bytes} bayt)");
} else {
println!("Dosya icerigi okunamadi");

}
}
Err(err) => {

println! ("Gunlik acilamadi: {err}");
}

}
This slide should take about 5 minutes.

* Result has two variants: Ok which contains the success value, and Exr which contains
an error value of some kind.

* Whether or not a function can produce an error is encoded in the function's type
signature by having the function return a Result value.

* Like with Option, there is no way to forget to handle an error: You cannot access either
the success value or the error value without first pattern matching on the Result to
check which variant you have. Methods like unwrap make it easier to write quick-and-
dirty code that doesn't do robust error handling, but means that you can always see in
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your source code where proper error handling is being skipped.

Daha Fazlasini Kesfedin

It may be helpful to compare error handling in Rust to error handling conventions that
students may be familiar with from other programming languages.

Istisnalar

* Many languages use exceptions, e.g. C++, Java, Python.

* In most languages with exceptions, whether or not a function can throw an exception is
not visible as part of its type signature. This generally means that you can't tell when
calling a function if it may throw an exception or not.

» Exceptions generally unwind the call stack, propagating upward until a try block is
reached. An error originating deep in the call stack may impact an unrelated function
further up.

Error Numbers

* Some languages have functions return an error number (or some other error value)
separately from the successful return value of the function. Examples include C and Go.

* Depending on the language it may be possible to forget to check the error value, in
which case you may be accessing an uninitialized or otherwise invalid success value.

30.3 Try Operatoru

Runtime errors like connection-refused or file-not-found are handled with the Result type,
but matching this type on every call can be cumbersome. The try-operator ? is used to return
errors to the caller. It lets you turn the common

match some_expression {
Ok(value) => value,
Exrr(err) => return Err(err),

}

into the much simpler

some_expression?

We can use this to simplify our error handling code:
use std::io::Read;

use std::{fs, io};

fn read_username(path: &str) -> Result<String, io::Error> {
let username_file_result = fs::File::open(path);
let mut username_file = match username_file_result {
Ok(file) => file,
Err(err) => return Err(err),
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b

let mut username = String::new();

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

}

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

}
This slide should take about 5 minutes.

Simplify the read_username function to use ?.
Anahtar noktalar:

* The username variable can be either Ok (string) or Err(error).
* Use the fs: :write call to test out the different scenarios: no file, empty file, file with

username.
* NotethatmaincanreturnaResult<(), E>aslongasitimplementsstd: :process::Termination.

In practice, this means that E implements Debug. The executable will print the Err

variant and return a nonzero exit status on error.

30.4 Try Donusumleri

The effective expansion of ? is a little more complicated than previously indicated:
expression?
works the same as

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

}

The From: : from call here means we attempt to convert the error type to the type returned
by the function. This makes it easy to encapsulate errors into higher-level errors.

Ornek

use std::error::Error;
use std::io::Read;
use std::{fmt, fs, io};

#[derive(Debug) ]

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

impl Error for ReadUsernameError {}

impl fmt::Display for ReadUsernameError {
fn fmt(&self, f: &mut fmt::Formatter) -> fmt::Result {
match self {
Self::IoError(e) => write!(f, "I/0 error: {e}"),
Self: :EmptyUsername(path) => write!(f, "Found no username in {path}"),

}

impl From<io::Error> for ReadUsernameError {
fn from(err: io::Erxrror) -> Self {
Self: :IoError(err)
}
}

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

}
This slide should take about 5 minutes.

The ? operator must return a value compatible with the return type of the function.
For Result, it means that the error types have to be compatible. A function that
returns Result<T, ErrorOuter> can only use ? on a value of type Result<U,
ExrrorInner> if ErrorQuter and ErrorInner are the same type or if ErrorOuter
implements From<ErrorInner>.

A common alternative to a From implementation is Result: :map_err, especially when the
conversion only happens in one place.

There is no compatibility requirement for Option. A function returning Option<T> can use
the ? operator on Option<U> for arbitrary T and U types.

A function that returns Result cannot use ? on Option and vice versa. However,
Option::ok_or converts Option to Result whereas Result::ok turns Result into
Option.
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30.5 Dinamik Hata Turleri

Sometimes we want to allow any type of error to be returned without writing our own enum
covering all the different possibilities. The std: :error: :Exrror trait makes it easy to create
a trait object that can contain any error.

use std::error: :Exrror;
use std::fs;
use std::io::Read;

fn read_count(path: &str) -> Result<i32, Box<dyn Error>> {
let mut count_str = String::new();
fs::File::open(path)?.read_to_string(&mut count_str)?;
let count: 132 = count_str.parse()?;
Ok (count)

}

fn main() {
fs::write("count.dat", "1i3").unwrap();
match read_count("count.dat") {
Ok(count) => println!("Count: {count}"),
Exrr(err) => println!("Error: {err}"),

}

This slide should take about 5 minutes.

The read_count function can return std::io::Exror (from file operations) or
std::num: :ParseIntError (from String: :parse).

Boxing errors saves on code, but gives up the ability to cleanly handle different error cases
differently in the program. As such it's generally not a good idea to use Box<dyn Error>in
the public API of a library, but it can be a good option in a program where you just want to
display the error message somewhere.

Make sure to implement the std: :exrroxr: :Exror trait when defining a custom error type
so it can be boxed.

30.6 thiserror

The thiserror crate provides macros to help avoid boilerplate when defining error types. It
provides derive macros that assist in implementing From<T>, Display, and the Error trait.

use std::io::Read;
use std::{fs, io};
use thiserror::Error;

#[derive(Debug, Error)]

enum ReadUsernameError {
#lexroxr("I/0 exrror: {0}")]
IoExrror(#[from] io::Error),
#[erroxr("Found no username in {@}")]
EmptyUsername(String),
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}

fn read_username(path: &str) -> Result<String, ReadUsernameError> {
let mut username = String::with_capacity(100);
fs::File::open(path)?.read_to_string(&mut username)?;
if username.is_empty() {
return Err(ReadUsernameError::EmptyUsername(String: :from(path)));
}
Ok (username)

}

fn main() {
//fs::write("config.dat", "").unwrap();
match read_username("config.dat") {
Ok(username) => println!("Username: {username}"),
Exrr(err) => println!("Error: {err:?}"),

}
This slide should take about 5 minutes.

* The Exror derive macro is provided by thiserror, and has lots of useful attributes to
help define error types in a compact way.

* The message from #[error] is used to derive the Display trait.

* Note thatthe (thiserror: :)Error derive macro, while it has the effect of implementing
the (std: :erroxr: :)Error trait, is not the same this; traits and macros do not share a
namespace.

30.7 anyhow

The anyhow crate provides a rich error type with support for carrying additional contextual
information, which can be used to provide a semantic trace of what the program was doing
leading up to the error.

This can be combined with the convenience macros from thiserror to avoid writing out
trait impls explicitly for custom error types.

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

use std::io::Read;

use thiserror::Error;

#[derive(Clone, Debug, Eq, Error, PartialEq)]
#[erroxr("Found no username in {0}")]
struct EmptyUsernameError(String);

fn read_username(path: &str) -> Result<String> {
let mut username = String::with_capacity(100);
fs::File: :open(path)
.with_context(|| format!("Failed to open {path}"))?
.read_to_string(&mut username)
.context("Failed to read")?;
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if username.is_empty() {

pbail! (EmptyUsernameError(path.to_string()));
}
Ok (username)

}
fn main() {

match read_username("config.dat") {
Ok(username) => println!("Username: {username}"),
Err(err) => println!("Error: {err:?}"),

}

This slide should take about 5 minutes.

* anyhow: :Exrror is essentially a wrapper around Box<dyn Error>. As such it's again
generally not a good choice for the public API of a library, but is widely used in
applications

* anyhow: :Result<V> is a type alias for Result<V, anyhow::Error>

* Functionality provided by anyhow: :Error may be familiar to Go developers, as it
provides similar behavior to the Go error type and Result<T, anyhow: :Error> is
much like a Go (T, error) (with the convention that only one element of the pair is
meaningful).

* anyhow: :Context is a trait implemented for the standard Result and Option types.
use anyhow: :Context is necessary to enable . context() and .with_context() on
those types.

Daha Fazlasini Kesfedin

* anyhow: :Error has support for downcasting, much like std::any::Any; the
specific error type stored inside can be extracted for examination if desired with
Error::downcast

30.8 Alistirma: Result ile Yeniden Yazma

In this exercise we're revisiting the expression evaluator exercise that we did in day 2. Our
initial solution ignores a possible error case: Dividing by zero! Rewrite eval to instead use
idiomatic error handling to handle this error case and return an error when it occurs. We
provide a simple DivideByZeroError type to use as the error type for eval.

#[derive(Debug) ]
enum Operation {
Add,
Sub,
Mul,
Div,
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/// AJa¢ seklinde bir ifade (expression).
#[derive(Debug) ]
enum Expression {
/// 1ki alt ifade lizerinde bir islem.
Op { op: Operation, left: Box<Expression>, right: Box<Expression> },

/// Bir de@ismez (literal) deger
Value(i64),
}

#[derive(PartialEq, Eq, Debug)]
struct DivideByZeroError;

// The original implementation of the expression evaluator. Update this to
// return a "Result’ and produce an error when dividing by 0.
fn eval(e: Expression) -> 164 {
match e {
Expression::0p { op, left, right } => {
let left = eval(*left);
let right = eval(*right);
match op {
Operation::Add => left + right,
Operation::Sub => left - right,
Operation::Mul => left * right,
Operation::Div => if right != 0 {
left / right
} else {
panic!("Cannot divide by zero!");
b
}
}

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

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

#[test]
fn test_error() {
assert_eq! (
eval(Expression::0p {
op: Operation::Div,
left: Box::new(Expression::Value(99)),
right: Box::new(Expression::Value(0)),
1),
Exrr(DivideByZeroError)
),
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#[test]
fn test_ok() {
let expr = Expression::0p {
op: Operation::Sub,
left: Box::new(Expression::Value(20)),
right: Box::new(Expression::Value(10)),
b
assert_eq! (eval(expr), Ok(10));

}

This slide and its sub-slides should take about 20 minutes.

* The starting code here isn't exactly the same as the previous exercise's solution: We've
added in an explicit panic to show students where the error case is. Point this out if
students get confused.

30.8.1 Coziim

/// 1ki alt ifade (subexpression) lizerinde gerceklestirilecek bir islem.

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

/// Adag seklinde bir ifade (expression).
#[derive(Debug) ]
enum Expression {
/11 1ki alt ifade lizerinde bir islem.
Op { op: Operation, left: Box<Expression>, right: Box<Expression> },

/// Bir degismez (literal) deger
Value(i64),
}

#[derive(PartialEq, Eq, Debug)]
struct DivideByZeroError;

fn eval(e: Expression) -> Result<i64, DivideByZeroError> {
match e {
Expression::0p { op, left, right } => {
let left = eval(*left)?;
let right = eval(*right)?;
Ok (match op {
Operation::Add => left + right,
Operation::Sub => left - right,
Operation::Mul => left * right,
Operation::Div => {
if right == 0 {

207



return Err(DivideByZeroError);
} else {

left / right
}

)

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

}

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

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

#[test]
fn test_ok() {
let expr = Expression::0p {
op: Operation::Sub,
left: Box::new(Expression::Value(20)),
right: Box::new(Expression::Value(10)),
b
assert_eq! (eval(expr), 0k(10));
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Chapter 31

Emniyetsiz (Unsafe) Rust

Bu boliim yaklagik 1 saat 15 dakika siirmelidir. Icerigi:

Slayt Stre
Emniyetsiz 5 dakika
Ham Géstericilerinin Icerigi (Dereferencing) 10 dakika
Degisebilir Statik Degiskenler 5 dakika
Birlikler (Unions) 5 dakika
Emniyetsiz (Unsafe) Fonksiyonlar 15 dakika
Emniyetsiz Ozellikler (Unsafe Traits) 5 dakika
Alistirma: FFI Sarmalayici 30 dakika

31.1 Emniyetsiz (Unsafe) Rust

The Rust language has two parts:

» Safe Rust: memory safe, no undefined behavior possible.
* Unsafe Rust: can trigger undefined behavior if preconditions are violated.

We saw mostly safe Rust in this course, but it's important to know what Unsafe Rust is.

Unsafe code is usually small and isolated, and its correctness should be carefully documented.
It is usually wrapped in a safe abstraction layer.

Unsafe Rust gives you access to five new capabilities:

» Dereference raw pointers.

 Access or modify mutable static variables.

» Access union fields.

 Call unsafe functions, including extern functions.
* Implement unsafe traits.

We will briefly cover unsafe capabilities next. For full details, please see Chapter 19.1 in the
Rust Book and the Rustonomicon.

This slide should take about 5 minutes.
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Unsafe Rust does not mean the code is incorrect. It means that developers have turned off
some compiler safety features and have to write correct code by themselves. It means the
compiler no longer enforces Rust's memory-safety rules.

31.2

Ham Gostericilerinin Icerigi (Dereferencing)

Creating pointers is safe, but dereferencing them requires unsafe:

fn main() {
let mut x = 10;

let pl: *mut 132 = &raw mut Xx;
let p2 = pl as *const i32;

// SAFETY: pl and p2 were created by taking raw pointers to a local, so they
// are guaranteed to be non-null, aligned, and point into a single (stack-)
// allocated object.
/1
// The object underlying the raw pointers lives for the entire function, so
// it is not deallocated while the raw pointers still exist. It is not
// accessed through references while the raw pointers exist, nor is it
// accessed from other threads concurrently.
unsafe {

dbg! (*pl);

*pl = 6;

// Mutation may soundly be observed through a raw pointer, like in C.
dbg! (*p2) ;

}

// UNSOUND. DO NOT DO THIS.

/*

let r: &i32 = unsafe { &*pl };
dbg! (1) ;

X 50,

dbg!(xr); // Object underlying the reference has been mutated. This is UB.

*/
}

This slide should take about 10 minutes.

It is good practice (and required by the Android Rust style guide) to write a comment for
each unsafe block explaining how the code inside it satisfies the safety requirements of the
unsafe operations it is doing.

In the case of pointer dereferences, this means that the pointers must be valid, i.e.:

* The pointer must be non-null.

* The pointer must be dereferenceable (within the bounds of a single allocated object).

* The object must not have been deallocated.

» There must not be concurrent accesses to the same location.

« If the pointer was obtained by casting a reference, the underlying object must be live
and no reference may be used to access the memory.
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In most cases the pointer must also be properly aligned.

The "UNSOUND” section gives an example of a common kind of UB bug: naively taking a
reference to the dereference of a raw pointer sidesteps the compiler's knowledge of what
object the reference is actually pointing to. As such, the borrow checker does not freeze x
and so we are able to modify it despite the existence of a reference to it. Creating a reference
from a pointer requires great care.

31.3 Degisebilir Statik Degiskenler

It is safe to read an immutable static variable:
static HELLO_WORLD: &str = "Merhaba, dinya!";

fn main() {
println! ("HELLO_WORLD: {HELLO_WORLD}");
}

However, mutable static variables are unsafe to read and write because multiple threads
could do so concurrently without synchronization, constituting a data race.

Using mutable statics soundly requires reasoning about concurrency without the compiler's
help:

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 {
dbg! (COUNTER) ;
}
}

This slide should take about 5 minutes.

* The program here is sound because it is single-threaded. However, the Rust compiler
reasons about functions individually so can't assume that. Try removing the unsafe
and see how the compiler explains that it is undefined behavior to access a mutable
static from multiple threads.

» The 2024 Rust edition goes further and makes accessing a mutable static by reference
an error by default.

* Using a mutable static is almost always a bad idea, you should use interior mutability
instead.
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» There are some cases where it might be necessary in low-level no_std code, such as
implementing a heap allocator or working with some C APIs. In this case you should
use pointers rather than references.

31.4 Birlikler (Unions)

Unions are like enums, but you need to track the active field yourself:
#[repr(C)]
union MyUnion {
i: us8,
b: bool,
}

fn main() {

let u = MyUnion { i: 42 };

println!("int: {}", unsafe { u.i });

println!("bool: {}", unsafe { u.b }); // Undefined behavior!
}

This slide should take about 5 minutes.

Unions are very rarely needed in Rust as you can usually use an enum. They are occasionally
needed for interacting with C library APIs.

Ifyoujust want toreinterpret bytes as a different type, you probably want std: :mem: : transmute
or a safe wrapper such as the zerocopy crate.

31.5 Emniyetsiz (Unsafe) Fonksiyonlar

A function or method can be marked unsafe if it has extra preconditions you must uphold to
avoid undefined behaviour.

Unsafe functions may come from two places:

* Rust functions declared unsafe.
* Unsafe foreign functions in extern "C" blocks.

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

We will look at the two kinds of unsafe functions next.

31.5.1 Emniyetsiz (Unsafe) Rust Fonksiyonlar

You can mark your own functions as unsafe if they require particular preconditions to avoid
undefined behaviour.

/// Swaps the values pointed to by the given pointers.

11/

/11 # Safety

vy

/// The pointers must be valid, properly aligned, and not otherwise accessed for
/// the duration of the function call.
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unsafe fn swap(a: *mut u8, b: *mut u8) {

// SAFETY: Our caller promised that the pointers are valid, properly aligned
// and have no other access.

unsafe {
let temp = *a;
*q = *b;
*b = temp;

}

}

fn main() {
let mut a = 42;
let mut b 66;

// SAFETY: The pointers must be valid, aligned and unique because they came
// from references.
unsafe {
swap(&mut a, &mut b);
}

println!("a = {}, b = {}", a, b);
}

We wouldn't actually use pointers for a swap function - it can be done safely with references.

Note that Rust 2021 and earlier allow unsafe code within an unsafe function without an
unsafe block. This changed in the 2024 edition. We can prohibit it in older editions with
#[deny(unsafe_op_in_unsafe_fn)]. Try adding it and see what happens.

31.5.2 Emniyetsiz (Unsafe) Harici Fonksiyonlar

You can declare foreign functions for access from Rust with unsafe extern. This is unsafe
because the compiler has to way to reason about their behavior. Functions declared in
an extern block must be marked as safe or unsafe, depending on whether they have
preconditions for safe use:

use std::ffi::c_char;

unsafe extern "C" {

// “abs® doesn't deal with pointers and doesn't have any safety requirements.
safe fn abs(input: i32) -> 1i32;

/11 # Safety

'y

/// s’ must be a pointer to a NUL-terminated C string which is valid and
/// not modified for the duration of this function call.

unsafe fn strlen(s: *const c_char) -> usize;

}

fn main() {
println!("Absolute value of -3 according to C: {}", abs(-3));
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unsafe {
// SAFETY: We pass a pointer to a C string literal which is valid for
// the duration of the program.
println!("Dize uzunlugu: {}", strlen(c"String".as_ptr()));

* Rust used to consider all extern functions unsafe, but this changed in Rust 1.82 with
unsafe extern blocks.

* abs must be explicitly marked as safe because it is an external function (FFI). Calling
external functions is usually only a problem when those functions do things with
pointers which might violate Rust's memory model, but in general any C function
might have undefined behaviour under any arbitrary circumstances.

* The "C" in this example is the ABI; other ABIs are available too.

» Note that there is no verification that the Rust function signature matches that of the
function definition -- that's up to you!

31.5.3 Emniyetsiz (Unsafe) Fonksiyonlari Cagirma

Failing to uphold the safety requirements breaks memory safety!

#[derive(Debug) ]
#[repr(C)]
struct KeyPair {
pk: [ul6; 4], // 8 bytes
sk: [ul6; 41, // 8 bytes
}

const PK_BYTE_LEN: usize = §;

fn log_public_key(pk_ptr: *const ul6) {
let pk: &[ul6] = unsafe { std::slice::from_raw_parts(pk_ptr, PK_BYTE_LEN) };
println! ("{pk:?}");

}

fn main() {
let key_pair = KeyPair { pk: [1, 2, 3, 41, sk: [0, 0, 42, 0] };
log_public_key(key_pair.pk.as_ptr());

}

Always include a safety comment for each unsafe block. It must explain why the code is
actually safe. This example is missing a safety comment and is unsound.

Anahtar noktalar:

* The second argument to slice: : from_raw_parts is the number of elements, not bytes!
This example demonstrates unexpected behavior by reading past the end of one array
and into another.

 This is undefined behavior because we're reading past the end of the array that the
pointer was derived from.

* log_public_key should be unsafe, because pk_ptr must meet certain prerequisites
to avoid undefined behaviour. A safe function which can cause undefined behaviour is
said to be unsound. What should its safety documentation say?
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* The standard library contains many low-level unsafe functions. Prefer the safe
alternatives when possible!

* If you use an unsafe function as an optimization, make sure to add a benchmark to
demonstrate the gain.

31.6 Emniyetsiz Ozelliklerin (Unsafe Traits) Gerceklestirilmesi

Like with functions, you can mark a trait as unsafe if the implementation must guarantee
particular conditions to avoid undefined behaviour.

For example, the zerocopy crate has an unsafe trait that looks something like this:
use std::{mem, slice};
/17 ...
/11 # Safety
/// The type must have a defined representation and no padding.
pub unsafe trait IntoBytes {

fn as_bytes(&self) -> &[u8] {

let len = mem::size_of_val(self);

let slf: *const Self = self;
unsafe { slice::from_raw_parts(slf.cast::<u8>(), len) }

}

// SAFETY: "u32" has a defined representation and no padding.
unsafe impl IntoBytes for u32 {}
This slide should take about 5 minutes.

There should be a # Safety section on the Rustdoc for the trait explaining the requirements
for the trait to be safely implemented.

The actual safety section for IntoBytes is rather longer and more complicated.

The built-in Send and Sync traits are unsafe.

31.7 Emniyetli FFI Saric1 (Wrapper)

Rust has great support for calling functions through a foreign function interface (FFI). We will
use this to build a safe wrapper for the 1ibc functions you would use from C to read the
names of files in a directory.

You will want to consult the manual pages:

* opendir(3)
* Teaddir(3)
e closedir(3)

You will also want to browse the std: : ffi module. There you find a number of string types
which you need for the exercise:
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Turler Encoding Use

strand String UTF-8 Text processing
in Rust

CStr and CString NUL-terminated Communicating
with C
functions

0sStr and OsString 0S-specific Communicating
with the OS

You will convert between all these types:

* &str to CString: you need to allocate space for a trailing \@ character,

* CStringto *const 1i8: you need a pointer to call C functions,

*const 18 to &CStr: you need something which can find the trailing \@ character,
&CStrto &[u8]: a slice of bytes is the universal interface for "some unknown data”,
&[u8] to &0sStr: &0sStr is a step towards 0sString, use OsStrExt to create it,
&0sStr to 0sString: you need to clone the data in &0sStr to be able to return it and
call readdir again.

The Nomicon also has a very useful chapter about FFL
Copy the code below to https://play.rust-lang.org/ and fill in the missing functions and methods:

// TODO: uyarlamaniz (implementation) bittiginde bu yorum satirini silin.
#![allow(unused_imports, unused_variables, dead_code)]

mod ffi {
use std::os::raw::{c_char, c_int};
#[cfg(not(target_os = "macos"))]
use std::os::raw::{c_long, c_uchar, c_ulong, c_ushort};

// Opaque type. See https://doc.rust-lang.org/nomicon/ffi.html.
#[repr(C)]
pub struct DIR {
_data: [u8; 0],
_marker: core::marker::PhantomData<(*mut u8, core::marker::PhantomPinned)>,

}

// Layout according to the Linux man page for readdir(3), where ino_t and
// off_t are resolved according to the definitions in
// /usr/include/x86_64-1linux-gnu/{sys/types.h, bits/typesizes.h}.
#[cfg(not(target_os = "macos"))]
#[repr(C)]
pub struct dirent {

pub d_ino: c_ulong,

pub d_off: c_long,

pub d_reclen: c_ushort,

pub d_type: c_uchar,

pub d_name: [c_char; 256],
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// Layout according to the macOS man page for dir(5).
#[cfg(all(target_os = "macos"))]
#[repr(C)]
pub struct dirent {

pub d_fileno: u64,

pub d_seekoff: u64,

pub d_reclen: ulé6,

pub d_namlen: ul6,

pub d_type: u8,

pub d_name: [c_char; 10247,
}

unsafe extern "C" {
pub unsafe fn opendir(s: *const c_char) -> *mut DIR;

#[cfg(not(all(target_os = "macos", target_arch = "x86_64")))]
pub unsafe fn readdir(s: *mut DIR) -> *const dirent;

// See https://github.com/rust-lang/libc/issues/414 and the section on
// _DARWIN_FEATURE_64_BIT_INODE in the macOS man page for stat(2).

//

// "Platforms that existed before these updates were available" refers
// to macOS (as opposed to i0S / wear0S / etc.) on Intel and PowerPC.
#[cfg(all(target_os = "macos", target_arch = "x86_64"))]

#[1link_name = "readdir$INODE64"]

pub unsafe fn readdir(s: *mut DIR) -> *const dirent;

pub unsafe fn closedir(s: *mut DIR) -> c_int;

}

use std::ffi::{CStr, CString, OsStr, 0sString};
use std::os::unix::ffi::0sStrExt;

#[derive(Debug) ]

struct Directorylterator {
path: CString,
dir: *mut ffi::DIR,

}

impl Directorylterator {
fn new(path: &str) -> Result<DirectorylIterator, String> {
// Call opendir and return a Ok value if that worked,
// otherwise return Err with a message.
todo! ()

}

impl Iterator for Directorylterator {
type Item = 0OsString;
fn next(&mut self) -> Option<OsString> {

217



// Keep calling readdir until we get a NULL pointer back.
todo! ()

}

impl Drop for Directorylterator {
fn drop(&mut self) {
// Call closedir as needed.
todo! ()

}

fn main() -> Result<(), String> {
let iter = Directorylterator::new(".")?;
println!("files: {:#7?}", iter.collect::<Vec<_>>());
Ok(())

}

This slide and its sub-slides should take about 30 minutes.

FFI binding code is typically generated by tools like bindgen, rather than being written
manually as we are doing here. However, bindgen can't run in an online playground.

31.7.1 Céziim

mod ffi {
use std::os::raw::{c_char, c_int};
#[cfg(not(target_os = "macos"))]
use std::os::raw::{c_long, c_uchar, c_ulong, c_ushort};

// Opaque type. See https://doc.rust-lang.org/nomicon/ffi.html.
#[repr(C)]
pub struct DIR {

_data: [u8; 01,

_marker: core::marker::PhantomData<(*mut u8, core::marker::PhantomPinned)>,

}

// Layout according to the Linux man page for readdir(3), where ino_t and
// off_t are resolved according to the definitions in
// Jusr/include/x86_64-1linux-gnu/{sys/types.h, bits/typesizes.h}.
#[cfg(not(target_os = "macos"))]
#[repr(C)]
pub struct dirent {
pub d_ino: c_ulong,
pub d_off: c_long,
pub d_reclen: c_ushort,
pub d_type: c_uchar,
pub d_name: [c_char; 256],
}

// Layout according to the macOS man page for dir(5).
#[cfg(all(target_os = "macos"))]
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}

#[repr(C)]
pub struct dirent {

}

pub d_fileno: u64,

pub d_seekoff: u6b4,

pub d_reclen: ul6,

pub d_namlen: ulé6,

pub d_type: u8,

pub d_name: [c_char; 10247,

unsafe extern "C" {

pub unsafe fn opendir(s: *const c_char) -> *mut DIR;

#[cfg(not(all(target_os = "macos", target_arch = "x86_64")))]
pub unsafe 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).

/7

// "Platforms that existed before these updates were available" refers
// to macO0S (as opposed to i0S / wearOS / etc.) on Intel and PowerPC.
#[cfg(all(target_os = "macos", target_arch = "x86_64"))]

#[1ink_name = "readdir$INODE64"]

pub unsafe fn readdir(s: *mut DIR) -> *const dirent;

pub unsafe fn closedir(s: *mut DIR) -> c_int;

use std::ffi::{CStr, CString, OsStr, 0sString};
use std::os::unix::ffi::0sStrExt;

#[derive(Debug) ]
struct Directorylterator {
path: CString,

}

dir:

*mut ffi::DIR,

impl DirectoryIterator {
fn new(path: &str) -> Result<DirectoryIterator, String> {

// Call opendir and return a Ok value if that worked,
// otherwise return Err with a message.
let path =
CString: :new(path).map_err(|err| format!("Invalid path: {err}"))?;
// SAFETY: path.as_ptr() cannot be NULL.
let dir = unsafe { ffi::opendir(path.as_ptr()) };
if dir.is_null() {
Exr(format!("Could not open {path:?}"))
} else {
Ok(DirectorylIterator { path, dir })

}
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}

impl Iterator for DirectoryIterator {
type Item = 0sString;
fn next(&mut self) -> Option<0sString> {
// Keep calling readdir until we get a NULL pointer back.
// SAFETY: self.dir is never NULL.
let dirent = unsafe { ffi::readdir(self.dir) };
if dirent.is_null() {
// We have reached the end of the directory.
return None;
}
// SAFETY: dirent is not NULL and dirent.d_name is NUL
// terminated.
let d_name = unsafe { CStr::from_ptr((*dirent).d_name.as_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.
// SAFETY: self.dir is never NULL.
if unsafe { ffi::closedir(self.dir) } != 0 {
panic!("Could not close {:?}", self.path);

}
}

fn main() -> Result<(), String> {
let iter = DirectoryIterator::new(".")?;
println!("files: {:#?}", iter.collect::<Vec<_>>());
ok(())

}

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

#[test]

fn test_nonexisting_directory() {
let iter = DirectorylIterator::new("no-such-directory");
assert!(iter.is_err());

}
#[test]

fn test_empty_directory() -> Result<(), Box<dyn Error>> {
let tmp = tempfile::TempDir::new()?;
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let iter = DirectoryIlterator: :new(
tmp.path().to_str().ok_or("Non UTF-8 character in path")?,
)7,
let mut entries = iter.collect::<Vec<_>>();
entries.sort();
assert_eq! (entries, &[".", ".."1);
0k(())
}

#[test]

fn test_nonempty_directory() -> Result<(), Box<dyn Error>> {
let tmp = tempfile::TempDir::new()?;
std::fs::write(tmp.path().join("foo.txt"), "The Foo Diaries\n")?;
std::fs::write(tmp.path().join("bar.png"), "<PNG>\n")?;
std::fs::write(tmp.path().join("crab.xs"), "//! Crab\n")?;
let iter = Directorylterator::new(

tmp.path().to_str().ok_or("Non UTF-8 character in path")?,

)7,
let mut entries = iter.collect::<Vec<_>>();
entries.sort();
assert_eq! (entries, &[".", "..", "bar.png", "crab.rs", "foo.txt"l);
ok(())
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Chapter 32

Welcome to Rust in Android

Rust is supported for system software on Android. This means that you can write new services,
libraries, drivers or even firmware in Rust (or improve existing code as needed).

The speaker may mention any of the following given the increased use of Rust in Android:
* Service example: DNS over HTTP.
* Libraries: Rutabaga Virtual Graphics Interface.
* Kernel Drivers: Binder.

* Firmware: pKVM firmware.
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Chapter 33

Kurulum (Setup)

We will be using a Cuttlefish Android Virtual Device to test our code. Make sure you have
access to one or create a new one with:

source build/envsetup.sh
lunch aosp_cf_x86_64_phone-trunk_staging-userdebug
acloud create

Please see the Android Developer Codelab for details.

The code on the following pages can be found in the src/android/ directory of the course
material. Please git clone the repository to follow along.

Anahtar noktalar:

* Cuttlefish is a reference Android device designed to work on generic Linux desktops.
MacOS support is also planned.

* The Cuttlefish system image maintains high fidelity to real devices, and is the ideal
emulator to run many Rust use cases.
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Chapter 34

Insa (Build) Kurallar:

The Android build system (Soong) supports Rust via a number of modules:

Module Type Description

rust_binary Produces a Rust binary.

rust_library Produces a Rust library, and provides both
rlib and dylib variants.

rust_ffi Produces a Rust C library usable by cc

modules, and provides both static and
shared variants.

rust_proc_macxro Produces a proc-macxro Rust library. These
are analogous to compiler plugins.

rust_test Produces a Rust test binary that uses the
standard Rust test harness.

rust_fuzz Produces a Rust fuzz binary leveraging
libfuzzer.

rust_protobuf Generates source and produces a Rust
library that provides an interface for a
particular protobuf.

rust_bindgen Generates source and produces a Rust library

containing Rust bindings to C libraries.

We will look at rust_binary and rust_library next.
Additional items speaker may mention:

 Cargo is not optimized for multi-language repos, and also downloads packages from the
internet.

* For compliance and performance, Android must have crates in-tree. It must also interop
with C/C++/Java code. Soong fills that gap.

* 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.
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34.1 Rust Binaries

Let us start with a simple application. At the root of an AOSP checkout, create the following
files:

hello_rust/Android.bp:

rust_binary {
name: "hello_rust",
crate_name: "hello_rust",
srcs: ["src/main.rs"],

}
hello_rust/src¢/main.rs:
//!' Rust demo.

/// Prints a greeting to standard output.
fn main() {
println!("Rust dilinden merhaba!");

}
You can now build, push, and run the binary:

m hello_rust
adb push "$ANDROID_PRODUCT_OUT/system/bin/hello_rust" /data/local/tmp
adb shell /data/local/tmp/hello_rust

Hello from Rust!
* Go through the build steps and demonstrate them running in your emulator.

» Notice the extensive documentation comments? The Android build rules enforce that
all modules have documentation. Try removing it and see what error you get.

* Stress that the Rust build rules look like the other Soong rules. This is on purpose to
make it as easy to use Rust as C++ or Java.

34.2 Rust Libraries

You use rust_library to create a new Rust library for Android.
Here we declare a dependency on two libraries:

* libgreeting, which we define below,
* libtextwrap, which is a crate already vendored in external/rust/android-
crates-io/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",

226


https://cs.android.com/android/platform/superproject/main/+/main:external/rust/android-crates-io/crates/
https://cs.android.com/android/platform/superproject/main/+/main:external/rust/android-crates-io/crates/

] I

prefer_rlib: true, // 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 {
format! ("Hello {name}, it is very nice to meet you!")

}
You build, push, and run the binary like before:

m hello_rust_with_dep
adb push "$ANDROID_PRODUCT_OUT/system/bin/hello_rust_with_dep" /data/local/tmp
adb shell /data/local/tmp/hello_rust_with_dep

Hello Bob, it is very
nice to meet you!

* Go through the build steps and demonstrate them running in your emulator.

* A Rust crate named greetings must be built by a rule called 1ibgreetings. Note how
the Rust code uses the crate name, as is normal in Rust.

* Again, the build rules enforce that we add documentation comments to all public items.
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Chapter 35

AIDL

The Android Interface Definition Language (AIDL) is supported in Rust:

* Rust code can call existing AIDL servers,
* You can create new AIDL servers in Rust.

« AIDL is what enables Android apps to interact with each other.

« Since Rust is supported as a first-class citizen in this ecosystem, Rust services can be
called by any other process on the phone.

35.1 Dogum Giinii Servisi Egitimi

To illustrate how to use Rust with Binder, we're going to walk through the process of creating
a Binder interface. We're then going to both implement the described service and write client
code that talks to that service.

35.1.1 AIDL Interfaces

You declare the API of your service using an AIDL interface:
birthday_service/aidl/com/example/birthdayservice/IBirthdayService.aidl:

package com.example.birthdayservice;

/** 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: {
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rust: { // Rust is not enabled by default
enabled: true,
b
I

* Note that the directory structure under the aid1l/ directory needs to match the package
name used in the AIDL file, i.e. the package is com.example.birthdayservice and
the fileis at aidl/com/example/IBirthdayService.aidl

35.1.2 Generated Service API

Binder generates a trait for each interface definition.
birthday_service/aidl/com/example/birthdayservice/IBirthdayService.aidl:

/** Birthday service interface. */
interface IBirthdayService {

/** Generate a Happy Birthday message. */

String wishHappyBirthday(String name, int years);
}

out/soong/.intermediates/.../com_example_birthdayservice.rs:

trait IBirthdayService {
fn wishHappyBirthday(&self, name: &str, years: i32) -> binder::Result<String>;
}

Your service will need to implement this trait, and your client will use this trait to talk to the
service.

* Point out how the generated function signature, specifically the argument and return
types, correspond the interface definition.
— String for an argument results in a different Rust type than String as a return

type.

35.1.3 Service Implementation

We can now implement the AIDL service:
birthday_service/src/lib.rs:

//1 Implementation of the "IBirthdayService  AIDL interface.
use com_example_birthdayservice::aidl::com::example::birthdayservice: :IBirthdayService:
use com_example_birthdayservice: :binder;

/// The "IBirthdayService  implementation.
pub struct BirthdayService;

impl binder::Interface for BirthdayService {}
impl IBirthdayService for BirthdayService {

fn wishHappyBirthday(&self, name: &str, years: i32) -> binder::Result<String> {
Ok(format! ("Happy Birthday {name}, congratulations with the {years} years!"))
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}
birthday_service/Android.bp:

rust_library {
name: "libbirthdayservice",
crate_name: "birthdayservice",
srcs: ["src/lib.rs"],
rustlibs: [
"com.example.birthdayservice-rust",
1,

* Point out the path to the generated IBirthdayService trait, and explain why each of
the segments is necessary.

* Note that wishHappyBirthday and other AIDL IPC methods take &self (instead of
&mut self).

— This is necessary because binder responds to incoming requests on a thread pool,
allowing for multiple requests to be processed in parallel. This requires that the
service methods only get a shared reference to self.

— Any state that needs to be modified by the service will have to be put in something
like a Mutex to allow for safe mutation.

— The correct approach for managing service state depends heavily on the details of
your service.

* TODO: What does the binder: : Interface trait do? Are there methods to override?
Where source?

35.1.4 AIDL Server

Finally, we can create a server which exposes the service:
birthday_service/src/serverrs:

//1 Birthday service.

use birthdayservice: :BirthdayService;

use com_example_birthdayservice::aidl::com::example::birthdayservice::IBirthdayService:
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,
binder: :BinderFeatures: :default(),
),
binder::add_service(SERVICE_IDENTIFIER, birthday_service_binder.as_binder())
.expect("Failed to register service");
binder::ProcessState: :join_thread_pool();

}
birthday_service/Android.bp:
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rust_binary {

name: "birthday_server",

crate_name: "birthday_server",

srcs: ["src/server.rs"],

rustlibs: [
"com.example.birthdayservice-rust",
"libbirthdayservice",

1,

prefer_rlib: true,

}

The process for taking a user-defined service implementation (in this case the BirthdayService
type, which implements the IBirthdayService) and starting it as a Binder service has
multiple steps, and may appear more complicated than students are used to if they've used
Binder from C++ or another language. Explain to students why each step is necessary.

1. Create an instance of your service type (BirthdayService).

2. Wrap the service object in corresponding Bn* type (BnBirthdayService in this case).
This type is generated by Binder and provides the common Binder functionality that
would be provided by the BnBinder base class in C++. We don't have inheritance in Rust,
so instead we use composition, putting our BirthdayService within the generated
BnBindexrService

3. Call add_service, giving it a service identifier and your service object (the
BnBirthdayService object in the example).

4. Call join_thread_pool to add the current thread to Binder's thread pool and start
listening for connections.

35.1.5 Dagitmak (Deploy)

We can now build, push, and start the service:

m birthday_server

adb push "$ANDROID_PRODUCT_OUT/system/bin/birthday_server" /data/local/tmp
adb root

adb shell /data/local/tmp/birthday_server

In another terminal, check that the service runs:

adb shell service check birthdayservice

Service birthdayservice: found

You can also call the service with service call:

adb shell service call birthdayservice 1 s16 Bob 132 24
Result: Parcel(

0x00000000: 00000000 00000036 00610048 00700070 '....6...H.a.p.p."'
0x00000010: 00200079 ©0V690042 00740072 00640068 'y. .B.i.r.t.h.d.'
0x00000020: 00790061 00420020 0062006 0020002c 'a.y. .B.o.b.,. .’
0x00000030: 006T0063 PV67006e 00610072 00750074 'c.o.n.g.r.a.t.u.’
0x00000040: 0061006Cc 00690074 006e006f 00200073 'l.a.t.i.o.n.s. .'
0x00000050: 00690077 V0630074 00740020 00650068 'w.i.t.h. .t.h.e.'
0x00000060: 00320020 00200034 00650079 00720061 ' .2.4. .y.e.a.r.'
0x00000070: 00210073 00000000 's.loL. ")
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35.1.6 AIDL Client

Finally, we can create a Rust client for our new service.
birthday_service/src/client.rs:

use com_example_birthdayservice::aidl::com::example::birthdayservice: :IBirthdayService:
use com_example_birthdayservice: :binder;

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_or(42);

binder::ProcessState: :start_thread_pool();
let service = binder::get_interface::<dyn IBirthdayService>(SERVICE_IDENTIFIER)
.map_err(|_| "Failed to connect to BirthdayService")?;

// Call the service.
let msg = service.wishHappyBirthday(&name, years)?;
println! ("{msg}");

}

birthday_service/Android.bp:

rust_binary {
name: "birthday_client",
crate_name: "birthday_client",
srcs: ["src/client.rs"],
rustlibs: [
"com.example.birthdayservice-rust",
1,
prefer_rlib: true, // To avoid dynamic link error.

}
Notice that the client does not depend on libbirthdayservice
Build, push, and run the client on your device:

m birthday_client
adb push "$ANDROID_PRODUCT_OUT/system/bin/birthday_client" /data/local/tmp
adb shell /data/local/tmp/birthday_client Charlie 60

Happy Birthday Charlie, congratulations with the 60 years!

* Strong<dyn IBirthdayService> is the trait object representing the service that the
client has connected to.
— Strong is a custom smart pointer type for Binder. It handles both an in-process ref
count for the service trait object, and the global Binder ref count that tracks how
many processes have a reference to the object.
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— Note that the trait object that the client uses to talk to the service uses the exact
same trait that the server implements. For a given Binder interface, there is a single
Rust trait generated that both client and server use.
» Use the same service identifier used when registering the service. This should ideally
be defined in a common crate that both the client and server can depend on.

35.1.7 API'yi Degistirme

Let us extend the API with more functionality: we want to let clients specify a list of lines for
the birthday card:

package com.example.birthdayservice;

/** Birthday service interface. */
interface IBirthdayService {

/** Generate a Happy Birthday message. */

String wishHappyBirthday(String name, int years, in String[] text);
}

This results in an updated trait definition for IBirthdayService:

trait IBirthdayService {
fn wishHappyBirthday(
&self,
name: &str,
years: 132,
text: &[String],
) -> binder::Result<String>;

* Note how the String[] in the AIDL definition is translated as a &[String] in Rust, i.e.
that idiomatic Rust types are used in the generated bindings wherever possible:
— inarray arguments are translated to slices.
— out and inout args are translated to &mut Vec<T>.
— Return values are translated to returning a Vec<T>.

35.1.8 Updating Client and Service

Update the client and server code to account for the new API.
birthday_service/src/lib.rs:

impl IBirthdayService for BirthdayService {
fn wishHappyBirthday (

&self,
name: &str,
years: 132,

text: &[String],
) -> binder::Result<String> {
let mut msg = format!(
"Happy Birthday {name}, congratulations with the {years} years!",
)i
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for line in text {
msg.push('\n");
msg.push_str(line);
}

Ok (msg)

}

birthday_service/src/client.rs:

let msg = service.wishHappyBirthday(
&name,
years,
&[
String: :from("Habby birfday to yuuuuu"),
String::from("And also: many more"),
I,

)7,

» TODO: Move code snippets into project files where they'll actually be built?

35.2 Working With AIDL Types

AIDL types translate into the appropriate idiomatic Rust type:

* Primitive types map (mostly) to idiomatic Rust types.

* Collection types like slices, Vecs and string types are supported.

» References to AIDL objects and file handles can be sent between clients and services.
* File handles and parcelables are fully supported.

35.2.1 ilkel (Primitive) Tirler

Primitive types map (mostly) idiomatically:

AIDL Turi RustTuri Note

boolean bool

byte i8 Note that bytes are signed.
char ulé Note the usage of u16, NOT u32.
int i32

long i64

float 32

double 64

String String

35.2.2 Dizi Tiirleri

The array types (T[], byte[], and List<T>) get translated to the appropriate Rust array type
depending on how they are used in the function signature:
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Position Rust Tira

in argument &[T]
out/inout argument &mut Vec<T>
Return Vec<T>

* In Android 13 or higher, fixed-size arrays are supported, i.e. T[N] becomes [T; N].
Fixed-size arrays can have multiple dimensions (e.g. int[3] [4]). In the Java backend,
fixed-size arrays are represented as array types.

» Arrays in parcelable fields always get translated to Vec<T>.

35.2.3 Nesnelerin Gonderilmesi

AIDL objects can be sent either as a concrete AIDL type or as the type-erased IBinder
interface:

birthday_service/aidl/com/example/birthdayservice/IBirthdayInfoProvider.aidl:

package com.example.birthdayservice;

interface IBirthdayInfoProvider {
String name();
int years();

}
birthday_service/aidl/com/example/birthdayservice/IBirthdayService.aidl:

import com.example.birthdayservice.IBirthdayInfoProvider;

interface IBirthdayService {
/** The same thing, but using a binder object. */
String wishWithProvider(IBirthdayInfoProvider provider);

/** The same thing, but using "IBinder . */
String wishWithErasedProvider(IBinder provider);

}
birthday_service/src/client.rs:

/// Rust struct implementing the "IBirthdayInfoProvider interface.
struct InfoProvider {

name: String,

age: u8,

}

impl binder::Interface for InfoProvider {}
impl IBirthdayInfoProvider for InfoProvider {
fn name(&self) -> binder::Result<String> {

Ok(self.name.clone())
}

fn years(&self) -> binder::Result<i32> {

235



Ok (self.age as 1i32)

}

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 .
service.wishWithErasedProvider (&provider.as_binder())?;

* Note the usage of BnBirthdayInfoProvider. This serves the same purpose as
BnBirthdayService that we saw previously.

35.2.4 Parsellenebilir Gonderme

Binder for Rust supports sending parcelables directly:
birthday_service/aidl/com/example/birthdayservice/BirthdayInfo.aidl:
package com.example.birthdayservice;
parcelable BirthdayInfo {

String name;

int years;

}
birthday_service/aidl/com/example/birthdayservice/IBirthdayService.aidl:
import com.example.birthdayservice.BirthdayInfo;
interface IBirthdayService {

/** The same thing, but with a parcelable. */

String wishWithInfo(in BirthdayInfo info);
}

birthday_service/src/client.rs:

fn main() {
binder::ProcessState: :start_thread_pool();
let service = connect().expect("Failed to connect to BirthdayService");

let info = BirthdayInfo { name: "Alice".into(), years: 123 };
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service.wishWithInfo(&info)?;

35.2.5 Dosyalarin Gonderilmesi

Files can be sent between Binder clients/servers using the ParcelFileDescriptor type:
birthday_service/aidl/com/example/birthdayservice/IBirthdayService.aidl:

interface IBirthdayService {
/** The same thing, but loads info from a file. */
String wishFromFile(in ParcelFileDescriptor infoFile);

}
birthday_service/src/client.rs:

fn main() {
binder::ProcessState: :start_thread_pool();
let service = connect().expect("Failed to connect to BirthdayService");

// Open a file and put the birthday info in it.

let mut file = File::create("/data/local/tmp/birthday.info").unwrap();
writeln! (file, "{name}")?;

writeln!(file, "{years}")?;

// Create a "ParcelFileDescriptor’ from the file and send it.
let file = ParcelFileDescriptor::new(file);
service.wishFromFile(&file)?;

}

birthday_service/src/lib.rs:

impl IBirthdayService for BirthdayService {
fn wishFromFile(
&self,
info_file: &ParcelFileDescriptor,
) -> binder::Result<String> {

// Convert the file descriptor to a 'File . "ParcelFileDescriptor’ wraps
// an “OwnedFd , which can be cloned and then used to create a "File’
// object.
let mut info_file = info_file
.as_ref()

.try_clone()
.map(File: :from)
.expect("Invalid file handle");

let mut contents = String::new();
info_file.read_to_string(&mut contents).unwrap();

let mut lines = contents.lines();
let name = lines.next().unwrap();
let years: i32 = lines.next().unwrap().parse().unwrap();

Ok(format!("Happy Birthday {name}, congratulations with the {years} years!"))
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* ParcelFileDescriptor wraps an OwnedFd, and so can be created from a File (or any
other type that wraps an OwnedFd), and can be used to create a new File handle on

the other side.
* Other types of file descriptors can be wrapped and sent, e.g. TCP, UDP, and UNIX sockets.
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Chapter 36

Android'de Test Etme

Building on Testing, we will now look at how unit tests work in AOSP. Use the rust_test
module for your unit tests:

testing/Android.bp:

rust_library {
name: "libleftpad",
crate_name: "leftpad",
srcs: ["src/lib.rs"],

}

rust_test {
name: "libleftpad_test",
crate_name: "leftpad_test",
srcs: ["src/lib.rs"],
host_supported: true,
test_suites: ["general-tests"],

}

rust_test {
name: "libgoogletest_example",
crate_name: "googletest_example",
srcs: ["googletest.rs"],
rustlibs: ["libgoogletest_rust"],
host_supported: true,

}

rust_test {
name: "libmockall_example",
crate_name: "mockall_example",
srcs: ["mockall.rs"],
rustlibs: ["libmockall"],
host_supported: true,

}
testing/src/lib.rs:
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//1 Left-padding library.

/// Left-pad s’ to "width'.

pub fn leftpad(s: &str, width: usize) -> String {
format! ("{s:>width$}")

}

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

#[test]
fn short_string() {

assert_eq! (leftpad("foo", 5), " foo");
}

#[test]
fn long_string() {
assert_eq! (leftpad("foobar", 6), "foobar");

}
}

You can now run the test with
atest --host libleftpad_test
The output looks like this:

INFO: Elapsed time: 2.666s, Critical Path: 2.40s
INFO: 3 processes: 2 internal, 1 linux-sandbox.
INFO: Build completed successfully, 3 total actions
//comprehensive-rust-android/testing:libleftpad_test_host PASSED in 2.3s
PASSED 1libleftpad_test.tests::long_string (0.0s)
PASSED 1libleftpad_test.tests::short_string (0.0s)
Test cases: finished with 2 passing and @ failing out of 2 test cases

Notice how you only mention the root of the library crate. Tests are found recursively in
nested modules.

36.1 GoogleTest

The GoogleTest crate allows for flexible test assertions using matchers:

use googletest::prelude::*;

#[googletest: :test]
fn test_elements_are() {

let value = vec!["foo", "bar", "baz"];

expect_that!(value, elements_are!(eq(&"foo"), 1t(&"xyz"), starts_with("b")));
}

If we change the last element to " ! ", the test fails with a structured error message pin-pointing
the error:
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---- test_elements_are stdout ----
Value of: value
Expected: has elements:
@. is equal to "foo"
1. is less than "xyz"
2. starts with prefix "!"
Actual: ["foo", "bar", "baz"],
where element #2 is "baz", which does not start with "!"
at src/testing/googletest.rs:6:5
Error: See failure output above

This slide should take about 5 minutes.

» GoogleTest is not part of the Rust Playground, so you need to run this example in a
local environment. Use cargo add googletest to quickly add it to an existing Cargo
project.

* Theuse googletest::prelude::*; lineimports a number of commonly used macros
and types.

* This just scratches the surface, there are many builtin matchers. Consider going through
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.

* A particularly nice feature is that mismatches in multi-line strings are shown as a diff:

#[test]
fn test_multiline_string_diff() {
let haiku = "Memory safety found, \n\
Rust's strong typing guides the way, \n\
Secure code you'll write.";
assert_that!(
haiku,
eq("Memory safety found, \n\
Rust's silly humor guides the way, \n\
Secure code you'll write.")
)
}

shows a color-coded diff (colors not shown here):

Value of: haiku
Expected: is equal to "Memory safety found,\nRust's silly humor guides the way, \nSecure
Actual: "Memory safety found,\nRust's strong typing guides the way,\nSecure code you'll
which isn't equal to "Memory safety found,\nRust's silly humor guides the way, \nSecur
Difference(-actual / +expected):
Memory safety found,
-Rust's strong typing guides the way,
+Rust's silly humor guides the way,
Secure code you'll write.
at src/testing/googletest.rs:17:5

» The crate is a Rust port of GoogleTest for C++.
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36.2 Taklit Etme (Mocking)

For mocking, Mockall is a widely used library. You need to refactor your code to use traits,
which you can then quickly mock:

use std::time::Duration;

#[mockall: :automock]
pub trait Pet {

}

fn is_hungry(&self, since_last_meal: Duration) -> bool;

#[test]
fn test_robot_dog() {

}

let mut mock_dog = MockPet::new();
mock_dog.expect_is_hungry().return_const(true);
assert!(mock_dog.is_hungry(Duration::from_secs(10)));

This slide should take about 5 minutes.

* Mockall is the recommended mocking library in Android (AOSP). There are other

mocking libraries available on crates.io, in particular in the area of mocking HTTP
services. The other mocking libraries work in a similar fashion as Mockall, meaning
that they make it easy to get a mock implementation of a given trait.

Note that mocking is somewhat controversial: mocks allow you to completely isolate a
test from its dependencies. The immediate result is faster and more stable test execution.
On the other hand, the mocks can be configured wrongly and return output different
from what the real dependencies would do.

If at all possible, it is recommended that you use the real dependencies. As an example,
many databases allow you to configure an in-memory backend. This means that you
get the correct behavior in your tests, plus they are fast and will automatically clean up
after themselves.

Similarly, many web frameworks allow you to start an in-process server which binds to
arandom port on localhost. Always prefer this over mocking away the framework
since it helps you test your code in the real environment.

Mockall is not part of the Rust Playground, so you need to run this example in a local
environment. Use cargo add mockall to quickly add Mockall to an existing Cargo
project.

Mockall has a lot more functionality. In particular, you can set up expectations which
depend on the arguments passed. Here we use this to mock a cat which becomes hungry
3 hours after the last time it was fed:

#[test]
fn test_robot_cat() {

let mut mock_cat = MockPet::new();

mock_cat
.expect_is_hungry ()
.with(mockall: :predicate::gt(Duration: :from_secs(3 * 3600)))
.return_const(true);
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mock_cat.expect_is_hungry().return_const(false);
assert!(mock_cat.is_hungry(Duration::from_secs(5 * 3600)));
assert!(!mock_cat.is_hungry(Duration::from_secs(5)));

* You can use .times (n) to limit the number of times a mock method can be called to n
--- the mock will automatically panic when dropped if this isn't satisfied.
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Chapter 37

Kayit Tutma (Logging)

You should use the 1og crate to automatically log to 1logcat (on-device) or stdout (on-host):
hello_rust_logs/Android.bp:

rust_binary {
name: "hello_rust_logs",
crate_name: "hello_rust_logs",
srcs: ["src/main.rs"],
rustlibs: [
"liblog_rust",
"liblogger",
1,
host_supported: true,

}
hello_rust_logs/src/main.rs:

//1 Rust logging demo.
use log::{debug, error, info};

/// Logs a greeting.
fn main() {
logger: :init(
logger: :Config: :default()
.with_tag_on_device("rust")
.with_max_level(log::LevelFilter: :Trace),
)
debug! ("Starting program.");
info! ("Things are going fine.");
error! ("Something went wrong!");

}

Build, push, and run the binary on your device:

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
The logs show up in adb logcat
adb logcat -s rust

09-08 08:38:32.454 2420 2420 D rust: hello_rust_logs: Starting program.
09-08 08:38:32.454 2420 2420 I rust: hello_rust_logs: Things are going fine.
09-08 ©8:38:32.454 2420 2420 E rust: hello_rust_logs: Something went wrong!

* The logger implementation in 1iblogger is only needed in the final binary, if you're
logging from a library you only need the log facade crate.
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Chapter 38

Birlikte Calisabilirlik
(Interoperability)

Rust has excellent support for interoperability with other languages. This means that you
can:

* Call Rust functions from other languages.
* Call functions written in other languages from Rust.

When you call functions in a foreign language we say that you're using a foreign function
interface, also known as FFI.

* This is a key ability of Rust: compiled code becomes indistinguishable from compiled C
or C++ code.

» Technically, we say that Rust can be compiled to the same ABI (application binary
interface) as C code.

38.1 Interoperability with C

Rust has full support for linking object files with a C calling convention. Similarly, you can
export Rust functions and call them from C.

You can do it by hand if you want:
unsafe extern "C" {

safe fn abs(x: 132) -> i32;
}

fn main() {
let x = -42;
let abs_x = abs(x);
println! ("{x}, {abs_x}");
}

We already saw this in the Safe FFI Wrapper exercise.
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This assumes full knowledge of the target platform. Not recommended for
production.

We will look at better options next.

* The "C" part of the extern block tells Rust that abs can be called using the C ABI
(application binary interface).

» The safe fn abs part tells that Rust that abs is a safe function. By default, extern
functions are considered unsafe, but since abs (x) is valid for any x, we can declare it
safe.

38.1.1 Basit bir C Kiitiiphanesi

Let's first create a small C library:
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) {
printf("+-------------- \n");
printf("| Happy Birthday %s!\n", card->name);
printf("| Congratulations with the %i years!\n", card->years);
printf("+-------------- \n");
}

Add this to your Android. bp file:
interoperability/bindgen/Android.bp:

cc_library {
name: "libbirthday",
srcs: ["libbirthday.c"],

38.1.2 Using Bindgen

The bindgen tool can auto-generate bindings from a C header file.

Create a wrapper header file for the library (not strictly needed in this example):
interoperability/bindgen/libbirthday_wrapper.h:

#include "libbirthday.h"

interoperability/bindgen/Android.bp:
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rust_bindgen {

}

name: "libbirthday_bindgen",
crate_name: "birthday_bindgen",
wrapper_src: "libbirthday_wrapper.h",
source_stem: "bindings",

static_libs: ["libbirthday"],

Finally, we can use the bindings in our Rust program:
interoperability/bindgen/Android.bp:

rust_binary {

}

name: "print_birthday_card",

srcs: ["main.rs"],

rustlibs: ["libbirthday_bindgen"],
static_libs: ["libbirthday"],

interoperability/bindgen/main.rs:

//1 Bindgen demo.

use birthday_bindgen::{card, print_card};

fn main() {

let name std::ffi::CString: :new("Peter") . .unwrap();
let card card { name: name.as_ptr(), years: 42 };
// SAFETY: The pointer we pass is valid because it came from a Rust
// reference, and the “name’ it contains refers to "name’ above which also
// remains valid. “print_card® doesn't store either pointer to use later
// after it returns.
unsafe {
print_card(&caxrd);

}

The Android build rules will automatically call bindgen for you behind the scenes.

Notice that the Rust code in main is still hard to write. It is good practice to encapsulate
the output of bindgen in a Rust library which exposes a safe interface to caller.

38.1.3 ikili Dosyamizi Cahstirmak

Build, push, and run the binary on your device:

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

Finally, we can run auto-generated tests to ensure the bindings work:
interoperability/bindgen/Android.bp:
rust_test {

name: "libbirthday_bindgen_test",
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sxrcs: [":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

38.1.4 Basit bir Rust Kiitiiphanesi

Exporting Rust functions and types to C is easy. Here's a simple Rust library:
interoperability/rust/libanalyze/analyze.rs

//1 Rust FFI demo.

#! [deny (improper_ctypes_definitions)]

use std::os::raw::c_int;

/// Analyze the numbers.

// SAFETY: There is no other global function of this name.
#[unsafe(no_mangle) ]

pub extern "C" fn analyze_numbers(x: c_int, y: c_int) {

if x <y {
println!("x ({x}) is smallest!");
} else {
println!("y ({y}) is probably larger than x ({x})");
}
}
interoperability/rust/libanalyze/Android.bp
rust_ffi {
name: "libanalyze_ffi",
crate_name: "analyze_ffi",
srcs: ["analyze.rs"],
include_dirs: ["."],
}

#[unsafe(no_mangle)] disables Rust's usual name mangling, so the exported symbol
will just be the name of the function. You can also use #[unsafe(export_name =
"some_name" )] to specify whatever name you want.

38.1.5 Calling Rust
We can now call this from a C binary:
interoperability/rust/libanalyze/analyze.h

#ifndef ANALYZE_H
#define ANALYZE_H
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void analyze_numbers(int x, int y);

#endif
interoperability/rust/analyze/main.c

#include "analyze.h"

int main() {
analyze_numbers (10, 20);
analyze_numbers (123, 123);
return 0;

}
interoperability/rust/analyze/Android.bp

cc_binary {

name: "analyze_numbers",

srcs: ["main.c"],

static_libs: ["libanalyze_ffi"],
}

Build, push, and run the binary on your device:

m analyze_numbers
adb push "$ANDROID_PRODUCT_OUT/system/bin/analyze_numbers" /data/local/tmp
adb shell /data/local/tmp/analyze_numbers

38.2 C++ile

The CXX crate makes it possible to do safe interoperability between Rust and C++.

The overall approach looks like this:

#[cxx::bridge] mod
description of boundary

Macro expansion Code generation
Safe
straightforward v v Straightforward
Rust APIs — Hidden C ABI — C++ APIs
Rust <—>[ Rust bindings ]4— ————— >[ C++ bindings ]<—> C++
code code

38.2.1 Kopru Modiilu

CXXrelies on a description of the function signatures that will be exposed from each language
to the other. You provide this description using extern blocks in a Rust module annotated
with the #[cxx: :bridge] attribute macro.

#[allow(unsafe_op_in_unsafe_fn)]
#[cxx: :bridge(namespace = "org::blobstore")]
mod ffi {
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// 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;

* The bridge is generally declared in an ffi module within your crate.

* From the declarations made in the bridge module, CXX will generate matching Rust and
C++ type/function definitions in order to expose those items to both languages.

* To view the generated Rust code, use cargo-expand to view the expanded proc macro.
For most of the examples you would use cargo expand ::ffito expand just the ffi
module (though this doesn't apply for Android projects).

» To view the generated C++ code, look in target/cxxbridge.

38.2.2 Rust Bridge Declarations

#[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);
}
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}

fn bar() -> Box<MyType> {
Box: :new(MyType(123))
}

¢ Items declared in the extern "Rust" reference items that are in scope in the parent
module.

* The CXX code generator uses your extern "Rust" section(s) to produce a C++ header
file containing the corresponding C++ declarations. The generated header has the same
path as the Rust source file containing the bridge, except with a .rs.h file extension.

38.2.3 Olusturulan (Generated) C++

#[cxx: :bridge]
mod ffi {
// Rust types and signatures exposed to C++.
extern "Rust" {
type MultiBuf;

fn next_chunk(buf: &mut MultiBuf) -> &[u8];

}
Results in (roughly) the following C++:

struct MultiBuf final : public ::rust::Opaque {
~MultiBuf() = delete;

private:
friend ::rust::layout;
struct layout {
static ::std::size_t size() noexcept;
static ::std::size_t align() noexcept;
}
b

cirust::Slice<::std::uint8_t const> next_chunk(::org::blobstore: :MultiBuf &buf) noexcep:

38.2.4 C++ Bridge Declarations

#[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);
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fn metadata(&self, blobid: u64) -> BlobMetadata;

}
}
Results in (roughly) the following Rust:
#[xrepr(C)]
pub struct BlobstoreClient ({
_private: ::cxx::private::0Opaque,
}

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"]

fn __put(
_: &BlobstoreClient,
parts: *mut ::cxx::core::ffi::c_void,
) -> u6b4d;
}
unsafe {
__put(self, parts as *mut MultiBuf as *mut ::cxx::core::ffi::c_void)
}
}
}
//

» The programmer does not need to promise that the signatures they have typed in are
accurate. CXX performs static assertions that the signatures exactly correspond with
what is declared in C++.

* unsafe extern blocks allow you to declare C++ functions that are safe to call from

Rust.

38.2.5 Paylasilan (Shared) Turler

#[cxx: :bridge]
mod ffi {
#[derive(Clone, Debug, Hash)]
struct PlayingCard {
suit: Suit,
value: u8, // A=1, J=11, Q=12, K=13
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enum Suit {
Clubs,
Diamonds,
Hearts,
Spades,

* Only C-like (unit) enums are supported.

* A limited number of traits are supported for #[derive()] on shared types.
Corresponding functionality is also generated for the C++ code, e.g. if you derive Hash
also generates an implementation of std: : hash for the corresponding C++ type.

38.2.6 Paylasilan (Shared) Enum'lar
#[cxx: :bridge]

mod ffi {
enum Suit {
Clubs,
Diamonds,
Hearts,
Spades,
}
}

Olusturulan (Generated) Rust:

#[derive(Copy, Clone, PartialEq, Eq)]
#[repr(transparent) ]
pub struct Suit {
pub repr: u8,
}

#[allow(non_upper_case_globals) ]

impl Suit {
pub const Clubs: Self = Suit { repr: 0 };
pub const Diamonds: Self = Suit { repr: 1 };
pub const Hearts: Self Suit { repr: 2 };
pub const Spades: Self Suit { repr: 3 };

}

Generated C++:

enum class Suit : uint8_t {
Clubs =0
Diamonds

* On the Rust side, the code generated for shared enums is actually a struct wrapping
a numeric value. This is because it is not UB in C++ for an enum class to hold a value
different from all of the listed variants, and our Rust representation needs to have the
same behavior.
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38.2.7 Rust Hata isleme

#[cxx: :bridge]
mod ffi {
extern "Rust" {
fn fallible(depth: usize) -> Result<String>;
}
}

fn fallible(depth: usize) -> anyhow::Result<String> {
if depth == 0 {
return Erxr(anyhow: :Error::msg("falliblel requires depth > 0"));
}

Ok("Success!".into())

* Rust functions that return Result are translated to exceptions on the C++ side.

* The exception thrown will always be of type rust: : Exror, which primarily exposes a
way to get the error message string. The error message will come from the error type's
Display impl.

* A panic unwinding from Rust to C++ will always cause the process to immediately
terminate.

38.2.8 C++ Hata Isleme

#[cxx: :bridge]
mod ffi {
unsafe extern "C++" {
include! ("example/include/example.h");
fn fallible(depth: usize) -> Result<String>;

}

fn main() {
if let Err(err) = ffi::fallible(99) {
eprintln! ("Error: {}", err),;
process::exit(1);

» C++ functions declared to return a Result will catch any thrown exception on the C++
side and return it as an Exx value to the calling Rust function.

* If an exception is thrown from an extern ”C++” function that is not declared by the CXX
bridge to return Result, the program calls C++'s std: :terminate. The behavior is
equivalent to the same exception being thrown through a noexcept C++ function.

38.2.9 Ek Tirler
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Rust Tiru C++ Tura

String rust::String

&str rust::Str
CxxString std::string
&[T]/&mut [T] zrust::Slice

Box<T> rust: :Box<T>
UniquePtr<T> std::unique_ptr<T>
Vec<T> rust::Vec<T>

CxxVector<T> std::vector<T>

* These types can be used in the fields of shared structs and the arguments and returns of
extern functions.
* Note that Rust's String does not map directly to std: : string. There are a few reasons
for this:
— std: :string does not uphold the UTF-8 invariant that String requires.
— The two types have different layouts in memory and so can't be passed directly
between languages.
— std: :stringrequires move constructors that don't match Rust's move semantics,
so a std: :string can't be passed by value to Rust.

38.2.10 Android'de insa Etme (Build)

Create two genrules: One to generate the CXX header, and one to generate the CXX source file.
These are then used as inputs to the cc_library_static.

// Generate a C++ header containing the C++ bindings
// to the Rust exported functions in lib.rs.
genrule {

}

name: "libcxx_test_bridge_header",

tools: ["cxxbridge"],

cmd: "$(location cxxbridge) $(in) --header > $(out)",
srcs: ["lib.xs"],

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"],

* The cxxbridge toolis a standalone tool that generates the C++ side of the bridge module.

Itis included in Android and available as a Soong tool.

* By convention, if your Rust source file is 1ib.rs your header file will be named

lib.rs.h and your source file will be named 1ib.rs.cc. This naming convention
isn't enforced, though.
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38.2.11 Android'de insa Etme (Build)

Create a cc_library_static to build the C++ library, including the CXX generated header
and source file.

cc_library_static {

name: "libcxx_test_cpp",

srcs: ["cxx_test.cpp"],

generated_headers: [
"cxx-bridge-header",
"libcxx_test_bridge_header"

1,

generated_sources: ["libcxx_test_bridge_code"],

» Pointoutthat 1ibcxx_test_bridge_header and 1ibcxx_test_bridge_code are the
dependencies for the CXX-generated C++ bindings. We'll show how these are setup on
the next slide.

* Note that you also need to depend on the cxx-bridge-header library in order to pull
in common CXX definitions.

 Full docs for using CXX in Android can be found in the Android docs. You may want to
share that link with the class so that students know where they can find these instructions
again in the future.

38.2.12 Android'de insa Etme (Build)

Create a rust_binary that depends on 1ibcxx and your cc_library_static.

rust_binary {
name: "cxx_test",
srcs: ["lib.xs"],
rustlibs: ["libcxx"1,
static_libs: ["libcxx_test_cpp"],

38.3 Interoperability with Java

Java canload shared objects via Java Native Interface (JNI). The jni crate allows you to create
a compatible library.

First, we create a Rust function to export to Java:

interoperability/java/src/lib.rs:

//' Rust <-> Java FFI demo.

use jni::JNIEnv;

use jni::objects::{JClass, JString};
use jni::sys::jstring;

/// HelloWorld::hello method implementation.

// SAFETY: There is no other global function of this name.
#[unsafe(no_mangle) ]
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pub extern "system" fn Java_HelloWorld_hello(
mut env: JNIEnv,
_class: JClass,
name: JString,
) -> jstring {
let input: String = env.get_string(&name).unwrap().into();
let greeting = format!("Merhaba, {input}!");
let output = env.new_string(greeting).unwrap();
output.into_raw()

}
interoperability/java/Android.bp:

rust_ffi_shared {
name: "libhello_jni",
crate_name: "hello_jni",
srcs: ["src/lib.rs"],
rustlibs: ["1libjni"],

}

We then call this function from Java:
interoperability/java/HelloWorld.java:

class HelloWorld {
private static native String hello(String name);

static {
System.loadLibrary("hello_jni");

}

public static void main(String[] args) {
String output = HelloWorld.hello("Alice");
System.out.println(output);

}
interoperability/java/Android.bp:

java_binary {
name: "helloworld_jni",
srcs: ["HelloWorld.java"],
main_class: "HelloWorld",
jni_libs: ["libhello_jni"],
}

Finally, you can build, sync, and run the binary:

m helloworld_jni
adb sync # requires adb root && adb remount
adb shell /system/bin/helloworld_jni

* Theunsafe(no_mangle) attribute instructs Rust to emit the Java_HelloWorld_hello
symbol exactly as written. This is important so that Java can recognize the symbol as a
hello method on the HelloWorld class.
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— By default, Rust will mangle (rename) symbols so that a binary can link in two
versions of the same Rust crate.
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Part X

Chromium
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Chapter 39

Chromium'daki Rust'a Hos
Geldiniz

Rust is supported for third-party libraries in Chromium, with first-party glue code to connect
between Rust and existing Chromium C++ code.

Today, we'll call into Rust to do something silly with strings. If you've got a corner
of the code where you're displaying a UTF8 string to the user, feel free to follow
this recipe in your part of the codebase instead of the exact part we talk about.
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Chapter 40

Kurulum (Setup)

Make sure you can build and run Chromium. Any platform and set of build flags is OK, so
long as your code is relatively recent (commit position 1223636 onwards, corresponding to
November 2023):

gn gen out/Debug
autoninja -C out/Debug chrome
out/Debug/chrome # or on Mac, out/Debug/Chromium.app/Contents/Mac0S/Chromium

(A component, debug build is recommended for quickest iteration time. This is the default!)

See How to build Chromium if you aren't already at that point. Be warned: setting up to build
Chromium takes time.

It's also recommended that you have Visual Studio code installed.

262


https://www.chromium.org/developers/how-tos/get-the-code/

Alstirmalar hakkinda

This part of the course has a series of exercises which build on each other. We'll be doing them
spread throughout the course instead of just at the end. If you don't have time to complete a
certain part, don't worry: you can catch up in the next slot.
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Chapter 41

Chromium ve Cargo
Ekosistemlerinin Karsilastirilmasi

The Rust community typically uses cargo and libraries from crates.io. Chromium is built
using gn and ninja and a curated set of dependencies.

When writing code in Rust, your choices are:

* Use gn and ninja with the help of the templates from //build/rust/*.gni (e.g.
rust_static_library that we'll meet later). This uses Chromium's audited toolchain
and crates.

* Use cargo, but restrict yourself to Chromium's audited toolchain and crates

» Use cargo, trusting a toolchain and/or crates downloaded from the internet

From here on we'll be focusing on gn and ninja, because this is how Rust code can be
built into the Chromium browser. At the same time, Cargo is an important part of the Rust
ecosystem and you should keep it in your toolbox.

Kiuciik bir alistirma

Split into small groups and:

* Brainstorm scenarios where cargo may offer an advantage and assess the risk profile
of these scenarios.

* Discuss which tools, libraries, and groups of people need to be trusted when using gn
and ninja, offline cargo, etc.

Ask students to avoid peeking at the speaker notes before completing the exercise. Assuming
folks taking the course are physically together, ask them to discuss in small groups of 3-4
people.

Notes/hints related to the first part of the exercise (“scenarios where Cargo may offer an
advantage”):

« It's fantastic that when writing a tool, or prototyping a part of Chromium, one has
access to the rich ecosystem of crates.io libraries. There is a crate for almost anything
and they are usually quite pleasant to use. (clap for command-line parsing, serde for
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serializing/deserializing to/from various formats, itertools for working with iterators,
etc.).

— cargo makes it easy to try a library (just add a single line to Cargo. toml and start
writing code)

— It may be worth comparing how CPAN helped make perl a popular choice. Or
comparing with python + pip.

* 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 makes it easy to add a tool via cargo install --locked cargo-vet.
— It may be worth comparing with Chrome Extensions or VScode extensions.

* Broad, generic examples of projects where cargo may be the right choice:

— Perhaps surprisingly, Rust is becoming increasingly popular in the industry for
writing command line tools. The breadth and ergonomics of libraries is comparable
to Python, while being more robust (thanks to the rich typesystem) and running
faster (as a compiled, rather than interpreted language).

— Participating in the Rust ecosystem requires using standard Rust tools like Cargo.
Libraries that want to get external contributions, and want to be used outside of
Chromium (e.g. in Bazel or Android/Soong build environments) should probably
use Cargo.

* Examples of Chromium-related projects that are cargo-based:

— serde_json_lenient (experimented with in other parts of Google which resulted
in PRs with performance improvements)
— Fontations libraries like font-types
— gnrt tool (we will meet it later in the course) which depends on clap for command-
line parsing and on toml for configuration files.
* Disclaimer: a unique reason for using cargo was unavailability of gn when
building and bootstrapping Rust standard library when building Rust toolchain.
* run_gnrt.py uses Chromium's copy of cargo and rustc. gnrt depends on
third-party libraries downloaded from the internet, but run_gnrt.py asks
cargo that only - -1locked content is allowed via Cargo. lock.)

Students may identify the following items as being implicitly or explicitly trusted:

* rustc (the Rust compiler) which in turn depends on the LLVM libraries, the Clang
compiler, the rustc sources (fetched from GitHub, reviewed by Rust compiler team),
binary Rust compiler downloaded for bootstrapping

* rustup (it may be worth pointing out that rustup is developed under the umbrella of
the https://github.com/rust-lang/ organization - same as rustc)

* cargo, rustfmt, etc.

 Various internal infrastructure (bots that build rustc, system for distributing the
prebuilt toolchain to Chromium engineers, etc.)

* Cargo tools like cargo audit, cargo vet, etc.

* Rustlibraries vendoredinto //third_party/rust (audited by security@chromium.org)

* Other Rust libraries (some niche, some quite popular and commonly used)
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Chapter 42

Chromium Rust policy

Chromium's Rust policy can be found here. Rust can be used for both first-party and third-
party code.

Using Rust for pure first-party code looks like this:

"CH+" Rust
Existing Chromium Chromium Rust
"CHt" : . code
oo - + L S +
| |- | |
| 0o----- ot - +-+->

D | : Language : |

e + : boundary i +---------------- +

The third-party case is also common. It's likely that you'll also need a small amount of
first-party glue code, because very few Rust libraries directly expose a C/C++ APL.

"C+t" Rust
Existing Chromium : :  Chromium Rust Existing Rust
"CH++" : : "wrapper" crate
oo oo + SR o + e +
| | | | | |
| 0----- totommm e +-+-> O-+---emmmma - +-->
o | : Language : | | Crate | | :
R EE R + : boundary i +---------------- + API R R +

The scenario of using a third-party crate is the more complex one, so today's course will focus
on:
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* Bringing in third-party Rust libraries (“crates”)
» Writing glue code to be able to use those crates from Chromium C++. (The same
techniques are used when working with first-party Rust code).
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Chapter 43

Insa (Build) Kurallar:

Rust code is usually built using cargo. Chromium builds with gn and ninja for efficiency -
its static rules allow maximum parallelism. Rust is no exception.

Adding Rust code to Chromium

In some existing Chromium BUILD.gn file, declare a rust_static_library:

import("//build/rust/rust_static_library.gni")

rust_static_library("my_rust_1ib") {
crate_root = "lib.rs"
sources = [ "lib.rs" ]

}

You can also add deps on other Rust targets. Later we'll use this to depend upon third party
code.

You must specify both the crate root, and a full list of sources. The crate_root is the file given
to the Rust compiler representing the root file of the compilation unit --- typically 1ib.rs.
sources is a complete list of all source files which ninja needs in order to determine when
rebuilds are necessary.

(There's no such thing as a Rust source_set, because in Rust, an entire crate is a compilation
unit. A static_library is the smallest unit.)

Students might be wondering why we need a gn template, rather than using gn's built-in
support for Rust static libraries. The answer is that this template provides support for CXX
interop, Rust features, and unit tests, some of which we'll use later.

43.1 Including unsafe Rust Code

Unsafe Rust code is forbidden in rust_static_library by default --- it won't compile. If
you need unsafe Rust code, add allow_unsafe = true to the gn target. (Later in the course
we'll see circumstances where this is necessary.)
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import("//build/rust/rust_static_library.gni")

rust_static_library("my_rust_lib") {
crate_root = "lib.rs"
sources = [
"lib.rs",
"hippopotamus.zrs"
1

allow_unsafe = true

}

43.2 Chromium C++'dan Rust Koduna Bagimlihik

Simply add the above target to the deps of some Chromium C++ target.

import("//build/rust/rust_static_library.gni")

rust_static_library("my_rust_1ib") {
crate_root = "lib.rs"
sources = [ "lib.rs" ]

}

# or source_set, static_library etc.
component("preexisting_cpp") {

deps = [ ":my_rust_lib" ]
}

We'll see that this relationship only works if the Rust code exposes plain C APIs which can be

called from C++, or if we use a C++/Rust interop tool.

43.3 Visual Studio Code

Types are elided in Rust code, which makes a good IDE even more useful than for C++. Visual

Studio code works well for Rust in Chromium. To use it,

* Ensure your VSCode has the rust-analyzer extension, not earlier forms of Rust support
* gn gen out/Debug --export-rust-project (or equivalent for your output

directory)
* 1In -s out/Debug/rust-project.json rust-project.json
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}

A demo of some of the code annotation and exploration features of rust-analyzer might be
beneficial if the audience are naturally skeptical of IDEs.

The following steps may help with the demo (but feel free to instead use a piece of Chromium-
related Rust that you are most familiar with):

Open components/qr_code_generator/qr_code_generator_ffi_glue.rs

Place the cursor over the QrCode: : new call (around line 26) in ‘qr_code_generator_ffi_glue.rs

Demo show documentation (typical bindings: vscode = ctrl k i; vim/CoC = K).

Demo go to definition (typical bindings: vscode = F12; vim/CoC = g d). (This will take

youto //third_party/rust/.../qr_code-.../src/lib.xs))

* Demo outline and navigate to the QrCode: :with_bits method (around line 164; the
outline is in the file explorer pane in vscode; typical vim/CoC bindings = space o)

* Demo type annotations (there are quite a few nice examplesin the QrCode: :with_bits

method)

It may be worth pointing out that gn gen ... --export-rust-project will need to be
rerun after editing BUILD. gn files (which we will do a few times throughout the exercises in
this session).

43.4 1Insa (build) kurallar1 ahistirmasi

In your Chromium build, add a new Rust target to //ui/base/BUILD.gn containing:

// SAFETY: There is no other global function of this name.
#[unsafe(no_mangle) ]
pub extern "C" fn hello_from_rust() {

println!("Rust dilinden merhaba!")

}

Important: note that no_mangle here is considered a type of unsafety by the Rust compiler,
so you'll need to allow unsafe code in your gn target.

Add this new Rust target as a dependency of //ui/base:base. Declare this function at the
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topofui/base/resource/resource_bundle. cc (later, we'll see how this can be automated
by bindings generation tools):

extern "C" void hello_from_rust();

Call this function from somewhere in ui/base/resource/resource_bundle.cc - we
suggest the top of ResourceBundle: :MaybeMangleLocalizedString. Build and run
Chromium, and ensure that Hello from Rust!” is printed lots of times.

If you use VSCode, now set up Rust to work well in VSCode. It will be useful in subsequent
exercises. If you've succeeded, you will be able to use right-click ”Go to definition” on
println!.

Where to find help

* The options available to the rust_static_library gn template
* Information about #[unsafe(no_mangle) ]

* Information about extern "C"

* Information about gn's - -export-rust-project switch

* How to install rust-analyzer in VSCode

It's really important that students get this running, because future exercises will build on it.

This example is unusual because it boils down to the lowest-common-denominator interop
language, C. Both C++ and Rust can natively declare and call C ABI functions. Later in the
course, we'll connect C++ directly to Rust.

allow_unsafe = trueisrequired here because #[unsafe(no_mangle)] might allow Rust
to generate two functions with the same name, and Rust can no longer guarantee that the
right one is called.

If you need a pure Rust executable, you can also do that using the rust_executable gn
template.
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Chapter 44

Test Etme

Rust community typically authors unit tests in a module placed in the same source file as the
code being tested. This was covered earlier in the course and looks like this:

#[cfg(test)]

mod tests {
#[test]
fn my_test() {
todo! ()
}
}

In Chromium we place unit tests in a separate source file and we continue to follow this
practice for Rust --- this makes tests consistently discoverable and helps to avoid rebuilding
.1s files a second time (in the test configuration).

This results in the following options for testing Rust code in Chromium:

» Native Rust tests (i.e. #[test]). Discouraged outside of //third_party/rust.
* gtest tests authored in C++ and exercising Rust via FFI calls. Sufficient when Rust code
is just a thin FFI layer and the existing unit tests provide sufficient coverage for the

feature.
* gtest tests authored in Rust and using the crate under test through its public API (using
pub mod for_testing { ... } ifneeded). This is the subject of the next few slides.

Mention that native Rust tests of third-party crates should eventually be exercised by
Chromium bots. (Such testing is needed rarely -— only after adding or updating third-party
crates.)

Some examples may help illustrate when C++ gtest vs Rust gtest should be used:

* QR has very little functionality in the first-party Rust layer (it's just a thin FFI glue)
and therefore uses the existing C++ unit tests for testing both the C++ and the Rust
implementation (parameterizing the tests so they enable or disable Rust using a
ScopedFeaturelist).

* Hypothetical/WIP PNG integration may need to implement memory-safe implementation
of pixel transformations that are provided by 1ibpng but missing in the png crate - e.g.
RGBA => BGRA, or gamma correction. Such functionality may benefit from separate
tests authored in Rust.
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44.1 rust_gtest_interop Kiitiiphanesi

The rust_gtest_interop library provides a way to:

* Use a Rust function as a gtest testcase (using the #[gtest(...)] attribute)
* Use expect_eq! and similar macros (similar to assert_eq! but not panicking and not
terminating the test when the assertion fails).

Ornek:

use rust_gtest_interop::prelude::*;

#[gtest(MyRustTestSuite, MyAdditionTest)]
fn test_addition() {

expect_eq! (2 + 2, 4);
}

44.2 Rust Testleriicin GN Kurallar:

The simplest way to build Rust gtest tests is to add them to an existing test binary that
already contains tests authored in C++. For example:

test("ui_base_unittests") {

ééﬁrces += [ "my_rust_lib_unittest.rs" ]
deps += [ ":my_rust_lib" ]
}

Authoring Rust tests in a separate static_library also works, but requires manually
declaring the dependency on the support libraries:

rust_static_library("my_rust_1lib_unittests") {
testonly = true
is_gtest_unittests = true

crate_root = "my_rust_lib_unittest.rs"
sources = [ "my_rust_1lib_unittest.rs" ]
deps = [

":my_rust_lib",

"//testing/rust_gtest_interop",
1
}

test("ui_base_unittests") {
déhs += [ ":my_rust_lib_unittests" ]
}
44.3 chromium: :import! Makrosu
After adding :my_rust_lib to GN deps, we still need to learn how to import and

use my_rust_1lib from my_rust_lib_unittest.rs. We haven't provided an explicit
crate_name for my_rust_lib so its crate name is computed based on the full target path
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and name. Fortunately we can avoid working with such an unwieldy name by using the
chromium: :import! macro from the automatically-imported chromium crate:

chromium: :import! {
"//ui/base:my_rust_1lib";
}
use my_rust_lib::my_function_under_test;
Under the covers the macro expands to something similar to:

extern crate ui_sbase_cmy_urust_ulib as my_rust_lib;

use my_rust_1lib::my_function_under_test;
More information can be found in the doc comment of the chromium: : import macro.

rust_static_library supports specifying an explicit name via crate_name property, but
doing this is discouraged. And it is discouraged because the crate name has to be globally
unique. crates.io guarantees uniqueness of its crate names so cargo_crate GN targets
(generated by the gnrt tool covered in a later section) use short crate names.

44.4 Testing exercise

Time for another exercise!
In your Chromium build:

* Add a testable function next to hello_from_rust. Some suggestions: adding two
integers received as arguments, computing the nth Fibonacci number, summing integers
in a slice, etc.

» Add a separate . .._unittest.rs file with a test for the new function.

* Add the new tests to BUILD.gn.

* Build the tests, run them, and verify that the new test works.

274


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

Chapter 45

C++ ile Birlikte Calisabilirlik
(Interoperability)

The Rust community offers multiple options for C++/Rust interop, with new tools being
developed all the time. At the moment, Chromium uses a tool called CXX.

You describe your whole language boundary in an interface definition language (which looks
a lot like Rust) and then CXX tools generate declarations for functions and types in both Rust
and C++.

[ #[cxx::bridge] mod ]

description of boundary

Macro expansion Code generation
Safe
straightforward v v Straightforward
Rust APIs Hidden C ABI C++ APIs
Rust 4—»[ Rust bindings ]4— ————— >[ C++ bindings ]<—> C++
code code

See the CXX tutorial for a full example of using this.

Talk through the diagram. Explain that behind the scenes, this is doing just the same as you
previously did. Point out that automating the process has the following benefits:

» The tool guarantees that the C++ and Rust sides match (e.g. you get compile errors if the
#[cxx: :bridge] doesn't match the actual C++ or Rust definitions, but with out-of-sync
manual bindings you'd get Undefined Behavior)

* The tool automates generation of FFI thunks (small, C-ABI-compatible, free functions)
for non-C features (e.g. enabling FFI calls into Rust or C++ methods; manual bindings
would require authoring such top-level, free functions manually)

* The tool and the library can handle a set of core types - for example:

— &[T] can be passed across the FFI boundary, even though it doesn't guarantee any
particular ABI or memory layout. With manual bindings std: :span<T>/ &[T]
have to be manually destructured and rebuilt out of a pointer and length - this is
error-prone given that each language represents empty slices slightly differently)
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— Smart pointers like std: :unique_ptr<T>, std::shared_ptr<T>, and/or Box
are natively supported. With manual bindings, one would have to pass C-ABI-
compatible raw pointers, which would increase lifetime and memory-safety
risks.

— rust::String and CxxString types understand and maintain differences in
string representation across the languages (e.g. rust: :String: :lossy can build
a Rust string from non-UTF8 input and rust: :String: :c_str can NUL-terminate
a string).

45.1 Baglamalara Ornek

CXX requires that the whole C++/Rust boundary is declared in cxx: : bridge modules inside
.I's source code.

#[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>;

Point out:

» Although this looks like a regular Rust mod, the #[cxx: :bridge] procedural macro
does complex things to it. The generated code is quite a bit more sophisticated - though
this does still result in a mod called ff1i in your code.

» Native support for C++'s std: :unique_ptr in Rust

* Native support for Rust slices in C++

* Calls from C++ to Rust, and Rust types (in the top part)

¢ Calls from Rust to C++, and C++ types (in the bottom part)

Common misconception: It looks like a C++ header is being parsed by Rust, but this is
misleading. This header is never interpreted by Rust, but simply #included in the generated
C++ code for the benefit of C++ compilers.

45.2 CXX'in Sinirlamalari

By far the most useful page when using CXX is the type reference.
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CXX fundamentally suits cases where:

* Your Rust-C++ interface is sufficiently simple that you can declare all of it.
* You're using only the types natively supported by CXX already, for example
std::unique_ptr, std::string, &[u8] etc.

It has many limitations --- for example lack of support for Rust's Option type.

These limitations constrain us to using Rust in Chromium only for well isolated *leaf nodes”
rather than for arbitrary Rust-C++ interop. When considering a use-case for Rust in Chromium,
a good starting point is to draft the CXX bindings for the language boundary to see if it appears
simple enough.

In addition, right now, Rust code in one component cannot depend on Rust code in another,
due to linking details in our component build. That's another reason to restrict Rust to use in
leaf nodes.

You should also discuss some of the other sticky points with CXX, for example:

* Its error handling is based around C++ exceptions (given on the next slide)
* Function pointers are awkward to use.

45.3 CXX Hata isleme

CXX's support for Result<T, E> relies on C++ exceptions, so we can't use that in Chromium.
Alternatives:

* The T part of Result<T, E> can be:

— Returned via out parameters (e.g. via &mut T). This requires that T can be passed
across the FFI boundary - for example T has to be:
* A primitive type (like u32 or usize)
* A type natively supported by cxx (like UniquePtr<T>) that has a suitable
default value to use in a failure case (unlike Box<T>).
— Retained on the Rust side, and exposed via reference. This may be needed when
T is a Rust type, which cannot be passed across the FFI boundary, and cannot be
stored in UniquePtr<T>.

* The E part of Result<T, E> can be:

— Returned as a boolean (e.g. true representing success, and false representing
failure)

— Preserving error details is in theory possible, but so far hasn't been needed in
practice.

45.3.1 CXX Error Handling: QR Example

The QR code generator is an example where a boolean is used to communicate success vs
failure, and where the successful result can be passed across the FFI boundary:

#[cxx: :bridge(namespace = "qr_code_generator")]
mod ffi {
extern "Rust" {
fn generate_qr_code_using_rust(
data: &[u8],
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min_version: il6,
out_pixels: Pin<&mut CxxVector<u8>>,
out_qr_size: &mut usize,

) -> bool;

}

Students may be curious about the semantics of the out_qr_size output. This is not the size
of the vector, but the size of the QR code (and admittedly it is a bit redundant - this is the
square root of the size of the vector).

It may be worth pointing out the importance of initializing out_qr_size before calling into
the Rust function. Creation of a Rust reference that points to uninitialized memory results in
Undefined Behavior (unlike in C++, when only the act of dereferencing such memory results
in UB).

If students ask about Pin, then explain why CXX needs it for mutable references to C++ data:
the answer is that C++ data can’t be moved around like Rust data, because it may contain
self-referential pointers.

45.3.2 CXX Error Handling: PNG Example

A prototype of a PNG decoder illustrates what can be done when the successful result cannot
be passed across the FFI boundary:

#[cxx: :bridge(namespace = "gfx::rust_bindings")]
mod ffi {
extern "Rust" {
/// This returns an FFI-friendly equivalent of "Result<PngReader<'a>,
/11 ()>
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;

fn read_rgba8(self: &mut PngReader, output: &mut [u8]) -> bool;

}

PngReader and ResultOfPngReader are Rust types --- objects of these types cannot cross
the FFI boundary without indirection of a Box<T>. We can't have an out_parameter: &mut
PngReader, because CXX doesn't allow C++ to store Rust objects by value.

This example illustrates that even though CXX doesn't support arbitrary generics nor
templates, we can still pass them across the FFI boundary by manually specializing /
monomorphizing them into a non-generic type. In the example ResultOfPngReader is
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a non-generic type that forwards into appropriate methods of Result<T, E> (e.g. into
is_err, unwrap, and/or as_mut).

45.4 Using cxx in Chromium

In Chromium, we define an independent #[cxx: :bridge] mod for each leaf-node where
we want to use Rust. You'd typically have one for each rust_static_library. Just add

cxx_bindings = [ "my_rust_file.rs" ]
# list of files containing #[cxx::bridge], not all source files
allow_unsafe = true

to your existing rust_static_library target alongside crate_root and sources.
C++ headers will be generated at a sensible location, so you can just
#include "ui/base/my_rust_file.rs.h"

You will find some utility functions in //base to convert to/from Chromium C++ types to CXX
Rust types --- for example SpanToRustSlice.

Students may ask --- why do we still need allow_unsafe = true?

The broad answer is that no C/C++ code is ”safe” by the normal Rust standards. Calling back
and forth to C/C++ from Rust may do arbitrary things to memory, and compromise the safety
of Rust's own data layouts. Presence of too many unsafe keywords in C/C++ interop can harm
the signal-to-noise ratio of such a keyword, and is controversial, but strictly, bringing any
foreign code into a Rust binary can cause unexpected behavior from Rust's perspective.

The narrow answer lies in the diagram at the top of this page --- behind the scenes, CXX
generates Rust unsafe and extern "C" functions just like we did manually in the previous
section.

45.5 Ahstirma: C++ ile Birlikte Calisabilirlik

Part one

* In the Rust file you previously created, add a #[cxx: :bridge] which specifies a single
function, to be called from C++, called hello_from_rust, taking no parameters and
returning no value.

* Modify your previous hello_from_rust function to remove extern "C" and
#[unsafe(no_mangle)]. This is now just a standard Rust function.

* Modify your gn target to build these bindings.

* In your C++ code, remove the forward-declaration of hello_from_rust. Instead,
include the generated header file.

+ Insa et (Build) ve ¢alistir!

Part two

It's a good idea to play with CXX a little. It helps you think about how flexible Rust in Chromium
actually is.

Some things to try:
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* Call back into C++ from Rust. You will need:
— An additional header file which you can include! from your cxx: :bridge. You'll
need to declare your C++ function in that new header file.
— Anunsafeblockto call such a function, or alternatively specify the unsafe keyword
in your #[cxx: :bridge] as described here.
— Youmay alsoneed to#include "third_party/rust/cxx/vl/crate/include/cxx.h"
* Pass a C++ string from C++ into Rust.
* Pass a reference to a C++ object into Rust.
 Intentionally get the Rust function signatures mismatched from the #[cxx: :bridge],
and get used to the errors you see.
* Intentionally get the C++ function signatures mismatched from the #[cxx: :bridge],
and get used to the errors you see.
» Passa std: :unique_ptr of some type from C++ into Rust, so that Rust can own some
C++ object.
* Create a Rust object and pass it into C++, so that C++ owns it. (Hint: you need a Box).
* Declare some methods on a C++ type. Call them from Rust.
* Declare some methods on a Rust type. Call them from C++.

Part three

Now you understand the strengths and limitations of CXX interop, think of a couple of use-
cases for Rust in Chromium where the interface would be sufficiently simple. Sketch how
you might define that interface.

Where to find help

* The cxx binding reference
* The rust_static_library gn template

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.

Some of the questions you may encounter:

* I'm seeing a problem initializing a variable of type X with type Y, where X and Y are both
function types. This is because your C++ function doesn't quite match the declaration in
your cxx: :bridge.

» Iseem to be able to freely convert C++ references into Rust references. Doesn't that risk
UB? For CXX's opaque types, no, because they are zero-sized. For CXX trivial types yes,
it's possible to cause UB, although CXX's design makes it quite difficult to craft such an
example.
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Chapter 46

Uciincii Taraf Kasalarn1 Eklenmesi

Rust libraries are called ”crates” and are found at crates.io. It's very easy for Rust crates to
depend upon one another. So they do!

Property C++ kutiiphanesi  Rust crate

Build system Lots Consistent: Cargo.toml
Typical library size Large-ish Small

Transitive dependencies Few Lots

For a Chromium engineer, this has pros and cons:

o All crates use a common build system so we can automate their inclusion into
Chromium...

* ... but, crates typically have transitive dependencies, so you will likely have to bring in
multiple libraries.

We'll discuss:

* How to put a crate in the Chromium source code tree
* How to make gn build rules for it
* How to audit its source code for sufficient safety.

All of the things in the table on this slide are generalizations, and counter-examples can be
found. But in general it's important for students to understand that most Rust code depends
on other Rust libraries, because it's easy to do so, and that this has both benefits and costs.

46.1 Configuring the Cargo.toml file to add crates

Chromium has a single set of centrally-managed direct crate dependencies. These are
managed through a single Cargo. toml:

[dependencies]
bitflags = "1"
cfg-if = "1"
cxx = "1"
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As with any other Cargo. toml, you can specify more details about the dependencies --- most
commonly, you'll want to specify the features that you wish to enable in the crate.

When adding a crate to Chromium, you'll often need to provide some extra information in an
additional file, gnrt_config.toml, which we'll meet next.

46.2 gnrt_config.toml'yi Yapilandirma
Alongside Cargo.toml is gnrt_config.toml. This contains Chromium-specific extensions
to crate handling.

If you add a new crate, you should specify at least the group. This is one of:

For instance,

[crate.my-new-crate]
group = 'test'

Depending on the crate source code layout, you may also need to use this file to specify where
its LICENSE file(s) can be found.

Later, we'll see some other things you will need to configure in this file to resolve problems.

46.3 Kasalarimn indirilmesi

A tool called gnrt knows how to download crates and how to generate BUILD.gn rules.
To start, download the crate you want like this:

cd chromium/src
vpython3 tools/crates/run_gnrt.py -- vendor

Although the gnrt tool is part of the Chromium source code, by running this
command you will be downloading and running its dependencies from crates.io.
See the earlier section discussing this security decision.

This vendor command may download:

* Your crate

* Direct and transitive dependencies

» New versions of other crates, as required by cargo to resolve the complete set of crates
required by Chromium.

Chromium maintains patches for some crates, keptin //third_party/rust/chromium_crates_io/patches.
These will be reapplied automatically, but if patching fails you may need to take manual
action.
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46.4 gn inga Kurallarinin Olusturulmasi

Once you've downloaded the crate, generate the BUILD. gn files like this:
vpython3 tools/crates/run_gnrt.py -- gen
Now run git status. You should find:

» Atleast one new crate source codein third_party/rust/chromium_crates_io/vendor

» Atleast one new BUILD.gn in third_party/rust/<crate name>/v<major semver
version>

* An appropriate README . chromium

The major semver version” is a Rust “semver” version number.
Take a close look, especially at the things generated in third_party/rust.

Talk a little about semver —— and specifically the way that in Chromium it's to allow multiple
incompatible versions of a crate, which is discouraged but sometimes necessary in the Cargo
ecosystem.

46.5 Problemlerin Cozulmesi

If your build fails, it may be because of a build.rs: programs which do arbitrary things at
build time. This is fundamentally at odds with the design of gn and ninja which aim for
static, deterministic, build rules to maximize parallelism and repeatability of builds.

Some build.rs actions are automatically supported; others require action:

build script effect Supported by our gn templates Work required ¥
Checking rustc version to configure features on and off Yes None

Checking platform or CPU to configure features on and off Yes None
Generating code Yes Yes - specify in g
Building C/C++ No Patch around it
Arbitrary other actions No Patch around it

Fortunately, most crates don't contain a build script, and fortunately, most build scripts only
do the top two actions.

46.5.1 Kod Olusturan Insa Betikleri (Build Scripts )

If ninja complains about missing files, check the build.rs to see if it writes source code
files.

If so, modify gnrt_config.toml to add build-script-outputs to the crate. If this is a
transitive dependency, that is, one on which Chromium code should not directly depend, also
add allow-first-party-usage=false. There are several examples already in that file:

[cxrate.unicode-1linebreak]
allow-first-party-usage = false
build-script-outputs = ["tables.rs"]
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Nowrerungnrt.py -- gentoregenerate BUILD.gn files to inform ninja that this particular
output file is input to subsequent build steps.

46.5.2 C++Kodunu insa Eden (Build) veya Keyfi Eylemler Gerceklestiren
inga Betikleri

Some crates use the cc crate to build and link C/C++ libraries. Other crates parse C/C++ using
bindgen within their build scripts. These actions can't be supported in a Chromium context
--- our gn, ninja and LLVM build system is very specific in expressing relationships between
build actions.

So, your options are:

* Avoid these crates
» Apply a patch to the crate.

Patches should be kept in third_party/rust/chromium_crates_io/patches/<crate> -
see for example the patches against the cxx crate - and will be applied automatically by gnrt
each time it upgrades the crate.

46.6 Bir Kasaya Bagimlihk

Once you've added a third-party crate and generated build rules, depending on a crate is
simple. Find your rust_static_library target, and add a dep on the :1ib target within
your crate.

Specifically,
"//third_party/rust" | crate name | "/v" | major semver version | ":1ib"

For instance,

rust_static_library("my_rust_1ib") {

crate_root = "lib.rs"

sources = [ "lib.rs" ]

deps = [ "//third_party/rust/example_rust_crate/v1:1ib" ]
}

46.7 Auditing Third Party Crates

Adding new libraries is subject to Chromium's standard policies, but of course also subject
to security review. As you may be bringing in not just a single crate but also transitive
dependencies, there may be a lot of code to review. On the other hand, safe Rust code can
have limited negative side effects. How should you review it?

Over time Chromium aims to move to a process based around cargo vet.

Meanwhile, for each new crate addition, we are checking for the following:
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* Understand why each crate is used. What's the relationship between crates? If the build
system for each crate contains a build. rs or procedural macros, work out what they're
for. Are they compatible with the way Chromium is normally built?

* Check each crate seems to be reasonably well maintained

* Use cd third-party/rust/chromium_crates_io; cargo audit to check for
known vulnerabilities (first you'll need to cargo install cargo-audit, which
ironically involves downloading lots of dependencies from the internet2)

* Ensure any unsafe code is good enough for the Rule of Two

* Check for any use of fs or net APIs

» Read all the code at a sufficient level to look for anything out of place that might have
been maliciously inserted. (You can't realistically aim for 100% perfection here: there's
often just too much code.)

These are just guidelines --- work with reviewers from security@chromium.org to work
out the right way to become confident of the crate.

46.8 Checking Crates into Chromium Source Code

git status should reveal:

* Crate code in //third_party/rust/chromium_crates_io
* Metadata (BUILD.gnand README . chromium)in //third_party/rust/<crate>/<version>

Please also add an OWNERS file in the latter location.

You should land all this, along with your Cargo.toml and gnrt_config. toml changes, into
the Chromium repo.

Important: you need to use git add -f because otherwise .gitignore files may result in
some files being skipped.

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:

infra/update_inclusive_language_presubmit_exempt_dirs.sh > infra/inclusive_language_pre:
git add -p infra/inclusive_language_presubmit_exempt_dirs.txt # add whatever changes ar

46.9 Kasalar: Giincel Tutmak

As the OWNER of any third party Chromium dependency, you are expected to keep it up to
date with any security fixes. It is hoped that we will soon automate this for Rust crates, but
for now, it's still your responsibility just as it is for any other third party dependency.

46.10 Alistirma

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.

(In the next exercise we'll use uwuify from Chromium, but feel free to skip ahead and do that
now if you like. Or, you could create a new rust_executable target which uses uwuify).
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Students will need to download lots of transitive dependencies.
The total crates needed are:

instant,

lock_api,
parking_lot,
parking_lot_core,
redox_syscall,
scopeguard,
smallvec, and
uwuify.

If students are downloading even more than that, they probably forgot to turn off the default
features.

Thanks to Daniel Liu for this crate!
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Chapter 47

Bringing It Together --- Exercise

In this exercise, you're going to add a whole new Chromium feature, bringing together
everything you already learned.

The Brief from Product Management

A community of pixies has been discovered living in a remote rainforest. It's important that
we get Chromium for Pixies delivered to them as soon as possible.

The requirement is to translate all Chromium's UI strings into Pixie language.

There's not time to wait for proper translations, but fortunately pixie language is very close
to English, and it turns out there's a Rust crate which does the translation.

In fact, you already imported that crate in the previous exercise.

(Obviously, real translations of Chrome require incredible care and diligence. Don't ship this!)

Steps

Modify ResourceBundle: :MaybeMangleLocalizedString so that it uwuifies all strings
before display. In this special build of Chromium, it should always do this irrespective of the
setting of mangle_localized_strings_.

If you've done everything right across all these exercises, congratulations, you should have
created Chrome for pixies!
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Students will likely need some hints here. Hints include:

* UTF16 vs UTF8. Students should be aware that Rust strings are always UTF8, and
will probably decide that it's better to do the conversion on the C++ side using
base: :UTF16ToUTF8 and back again.

o If students decide to do the conversion on the Rust side, they'll need to consider
String: :from_utf16, consider error handling, and consider which CXX supported
types can transfer a lot of u16s.

* Students may design the C++/Rust boundary in several different ways, e.g. taking and
returning strings by value, or taking a mutable reference to a string. If a mutable
reference is used, CXX will likely tell the student that they need to use Pin. You may
need to explain what Pin does, and then explain why CXX needs it for mutable references
to C++ data: the answer is that C++ data can't be moved around like Rust data, because
it may contain self-referential pointers.

* The C++ target containing ResourceBundle: :MaybeMangleLocalizedString will
need to depend on a rust_static_library target. The student probably already did
this.

* Therust_static_librarytargetwillneedtodependon //third_party/rust/uwuify/v@_2:1ib.
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Chapter 48

Alistirma Cozumleri

Solutions to the Chromium exercises can be found in this series of CLs.
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Part XI

Yalin Sistem (Bare Metal): Sabah
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Chapter 49

Welcome to Bare Metal Rust

This is a standalone one-day course about bare-metal Rust, aimed at people who are familiar
with the basics of Rust (perhaps from completing the Comprehensive Rust course), and ideally
also have some experience with bare-metal programming in some other language such as C.

Today we will talk about 'bare-metal’ Rust: running Rust code without an OS underneath us.
This will be divided into several parts:

* What is no_std Rust?

» Writing firmware for microcontrollers.

» Writing bootloader / kernel code for application processors.
» Some useful crates for bare-metal Rust development.

For the microcontroller part of the course we will use the BBC micro:bit v2 as an example.
It's a development board based on the Nordic nRF52833 microcontroller with some LEDs and
buttons, an I12C-connected accelerometer and compass, and an on-board SWD debugger.

To get started, install some tools we'll need later. On gLinux or Debian:

sudo apt install gdb-multiarch libudev-dev picocom pkg-config gemu-system-arm build-ess:t
rustup update

rustup target add aarch64-unknown-none thumbv7em-none-eabihf

rustup component add llvm-tools-preview

cargo install cargo-binutils

curl --proto '=https' --tlsvl.2 -LsSf https://github.com/probe-rs/probe-rs/releases/lat

And give users in the plugdev group access to the micro:bit programmer:

echo 'SUBSYSTEM=="hidraw", ATTRS{idVendor}=="0d28", MODE="0660", GROUP="logindev", TAG+:
sudo tee /etc/udev/rules.d/5@0-microbit.rules
sudo udevadm control --reload-rules

You should see ”NXP ARM mbed” in the output of 1susb if the device is available. If you are
using a Linux environment on a Chromebook, you will need to share the USB device with
Linux, via chrome://os-settings/crostini/sharedUsbDevices.

On MacOS:

xcode-select --install
brew install gdb picocom gemu
rustup update
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rustup target add aarch64-unknown-none thumbv7em-none-eabihf

rustup component add llvm-tools-preview

cargo install cargo-binutils

curl --proto '=https' --tlsvl.2 -LsSf https://github.com/probe-rs/probe-rs/releases/lat
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Chapter 50

no_std

core

alloc

std

Slices, &str, CStr

NonZeroUs8...

Option, Result

Display, Debug, write!...

Iterator

Exrorxr

panic!, assert_eq!..

NonNull and all the usual pointer-related functions
Future and async/await

fence, AtomicBool, AtomicPtr, AtomicU32...
Duration

Box, Cow, Arc, Rc
Vec, BinaryHeap, BtreeMap, LinkedList, VecDeque
String, CString, format!

HashMap

Mutex, Condvar, Barrier, Once, RwLock, mpsc

File and the rest of fs

println!, Read, Write, Stdin, Stdout and the rest of io
Path, OsString

net

Command, Child, ExitCode

spawn, sleep and the rest of thread

SystemTime, Instant

HashMap depends on RNG.
std re-exports the contents of both core and alloc.
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50.1 A minimal no_std program

#! [no_main]
#![no_std]

use core::panic::PanicInfo;

#[panic_handler]

fn panic(_panic: &PanicInfo) -> ! {
loop {}

}

This will compile to an empty binary.

std provides a panic handler; without it we must provide our own.

It can also be provided by another crate, such as panic-halt.

Depending on the target, you may need to compile with panic = "abort" to avoid an
error about eh_personality.

* Note that there is no main or any other entry point; it's up to you to define your own
entry point. This will typically involve a linker script and some assembly code to set
things up ready for Rust code to run.

50.2 alloc

To use alloc you must implement a global (heap) allocator.

#! [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();

const HEAP_SIZE: usize = 65536;
static mut HEAP: [u8; HEAP_SIZE] = [0; HEAP_SIZE];

pub fn entry() {
// SAFETY: "HEAP' 1is only used here and ‘entry  1is only called once.
unsafe {
// Give the allocator some memory to allocate.
HEAP_ALLOCATOR.1lock() .init(&raw mut HEAP as usize, HEAP_SIZE);
}

// Now we can do things that require heap allocation.
let mut v = Vec::new();
v.push("A string".to_string());
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* buddy_system_allocator is a crate implementing a basic buddy system allocator.
Other crates are available, or you can write your own or hook into your existing allocator.

* The const parameter of LockedHeap is the max order of the allocator; i.e. in this case it
can allocate regions of up to 2**32 bytes.

* If any crate in your dependency tree depends on alloc then you must have exactly one
global allocator defined in your binary. Usually this is done in the top-level binary crate.

» extern crate panic_halt as _ is necessary to ensure that the panic_halt crate
is linked in so we get its panic handler.

* This example will build but not run, as it doesn't have an entry point.
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Chapter 51

Mikrodenetleyiciler

The cortex_m_rt crate provides (among other things) a reset handler for Cortex M
microcontrollers.

#! [no_main]

#![no_std]

extern crate panic_halt as _;
mod interrupts;

use cortex_m_rt::entry;

#lentry]

fn main() -> ! {
loop {}

}

Next we'll look at how to access peripherals, with increasing levels of abstraction.

* The cortex_m_rt::entry macro requires that the function have type fn() -> !,
because returning to the reset handler doesn't make sense.
* Run the example with cargo embed --bin minimal

51.1 Ham MMIO

Most microcontrollers access peripherals via memory-mapped IO. Let's try turning on an
LED on our micro:bit:

#! [no_main]
#![no_std]

extern crate panic_halt as _;

mod interrupts;
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use core::mem::size_of;
use cortex_m_xt::entry,;

/// GPIO port @ peripheral address
const GPIO_PO: usize = 0x5000 _0000;

// GPIO peripheral offsets

const PIN_CNF: usize = 0x700;
const OUTSET: usize = 0x508;
const OUTCLR: usize @x50c;

// PIN_CNF fields

const DIR_OUTPUT: u32 = 0x1;

const INPUT_DISCONNECT: u32 = 0x1 << 1;
const PULL_DISABLED: u32 = 0x0 << 2;
const DRIVE_S@S1: u32 = 0x0 << 8;

const SENSE_DISABLED: u32 = 0x0 << 16;

#lentry]
fn main() -> ! {
// Configure GPIO @ pins 21 and 28 as push-pull outputs.
let pin_cnf_21 = (GPIO_P@ + PIN_CNF + 21 * size_of::<u32>()) as *mut u32;
let pin_cnf_28 = (GPIO_P@ + PIN_CNF + 28 * size_of::<u32>()) as *mut u32;
// SAFETY: The pointers are to valid peripheral control registers, and no
// aliases exist.
unsafe {
pin_cnf_21.write_volatile(
DIR_OUTPUT
| INPUT_DISCONNECT
| PULL_DISABLED
| DRIVE_S@S1
| SENSE_DISABLED,
),
pin_cnf_28 . write_volatile(
DIR_OUTPUT
| INPUT_DISCONNECT
| PULL_DISABLED
| DRIVE_S@S1
| SENSE_DISABLED,
),
}

// Set pin 28 low and pin 21 high to turn the LED on.
let gpio@_outset = (GPIO_P@ + OUTSET) as *mut u32;
let gpio@_outclr = (GPIO_P@ + OUTCLR) as *mut u32;
// SAFETY: The pointers are to valid peripheral control registers, and no
// aliases exist.
unsafe {
gpio@_outclr . write_volatile(l << 28);
gpio@_outset.write_volatile(l << 21);

297



loop {}

* GPIO 0 pin 21 is connected to the first column of the LED matrix, and pin 28 to the first
rOw.

Run the example with:

cargo embed --bin mmio

51.2 Peripheral Access Crates

svd2rust generates mostly-safe Rust wrappers for memory-mapped peripherals from CMSIS-
SVD files.

#! [no_main]
#![no_std]

extern crate panic_halt as _;

use cortex_m_xt::entry,;
use nrf52833_pac: :Peripherals;

#lentry]

fn main() -> ! {
let p = Peripherals::take().unwrap();
let gpio@ = p.PO;

// Configure GPIO @ pins 21 and 28 as push-pull outputs.
gpio®.pin_cnf[21] .write(|w]| {
w.dir().output();
.input().disconnect();
.pull().disabled();
.drive() .s0s1();
.sense() .disabled();

£ 25 £ =

1)

gpio@.pin_cnf[28] .write(|w]| {
.dir().output();
.input().disconnect();
.pull().disabled();
.drive().s0s1();
.sense() .disabled();

- 1

1)
// Set pin 28 low and pin 21 high to turn the LED on.

gpio@.outclr.write(|w| w.pin28().cleax());
gpio®.outset.write(|w| w.pin21().set());
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loop {}

* SVD (System View Description) files are XML files typically provided by silicon vendors
which describe the memory map of the device.
— They are organised by peripheral, register, field and value, with names, descriptions,
addresses and so on.
— SVD files are often buggy and incomplete, so there are various projects which patch
the mistakes, add missing details, and publish the generated crates.
* cortex-m-rt provides the vector table, among other things.
* If you cargo install cargo-binutils then you can run cargo objdump --bin
pac -- -d --no-show-raw-insn to see the resulting binary.

Run the example with:

cargo embed --bin pac

51.3 HAL crates

HAL crates for many microcontrollers provide wrappers around various peripherals. These
generally implement traits from embedded-hal.

#! [no_main]
#![no_std]

extern crate panic_halt as _;

use cortex_m_xt::entry,

use embedded_hal::digital: :OutputPin;
use nrf52833_hal::gpio::{Level, p@};
use nrf52833_hal: :pac: :Peripherals;

#lentry]
fn main() -> ! {
let p = Peripherals::take().unwrap();

// Create HAL wrapper for GPIO port 0.
let gpio@ = p0::Parts::new(p.PO);

// Configure GPIO @ pins 21 and 28 as push-pull outputs.
let mut coll = gpio®.p@_28.into_push_pull_output(Level::High);
let mut rowl gpiod.p0_21.into_push_pull_output(Level: :Low);

// Set pin 28 low and pin 21 high to turn the LED on.
coll.set_low().unwrap();
rowl.set_high().unwrap();

loop {}

* set_lowand set_high are methods on the embedded_hal OutputPin trait.
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* HAL crates exist for many Cortex-M and RISC-V devices, including various STM32, GD32,
nRF, NXP, MSP430, AVR and PIC microcontrollers.

Run the example with:

cargo embed --bin hal

51.4 Board support crates

Board support crates provide a further level of wrapping for a specific board for convenience.

#! [no_main]
#![no_std]

extern crate panic_halt as _;

use cortex_m_xrt::entry,
use embedded_hal::digital: :OutputPin;
use microbit: :Board;

#lentry]
fn main() -> ! {
let mut board = Board::take().unwrap();

board.display_pins.coll.set_low().unwrap();
board.display_pins.rowl.set_high().unwrap();

loop {}

* In this case the board support crate is just providing more useful names, and a bit of
initialisation.
* The crate may also include drivers for some on-board devices outside of the
microcontroller itself.
— microbit-v2 includes a simple driver for the LED matrix.

Run the example with:

cargo embed --bin board_support

51.5 The type state pattern

#lentry]

fn main() -> ! {
let p = Peripherals::take().unwrap();
let gpio@ = p0::Parts::new(p.PO);

let pin: P@_@1<Disconnected> = gpio@.p@_01;
// let gpio@_01_again = gpio@.p0_01; // Error, moved.

let mut pin_input: P@_01<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();

let _pin2: P@_02<0Output<OpenDrain>> = gpio0
.p0_02
.into_open_drain_output(OpenDrainConfig: :Disconnect@Standardl, Level::Low);
let _pin3: P@_03<0utput<PushPull>> =
gpio®@.p0@_03.into_push_pull_output(Level: :Low);

loop {}

* Pins don't implement Copy or Clone, so only one instance of each can exist. Once a pin
is moved out of the port struct nobody else can take it.

* Changing the configuration of a pin consumes the old pin instance, so you can’t keep
use the old instance afterwards.

* The type of a value indicates the state that it is in: e.g. in this case, the configuration
state of a GPIO pin. This encodes the state machine into the type system, and ensures
that you don't try to use a pin in a certain way without properly configuring it first.
Illegal state transitions are caught at compile time.

* You can call is_high on an input pin and set_high on an output pin, but not vice-versa.

* Many HAL crates follow this pattern.

51.6 embedded-hal

The embedded-hal crate provides a number of traits covering common microcontroller
peripherals:

« GPIO

« PWM

* Delay timers

* I2C and SPI buses and devices

Similar traits for byte streams (e.g. UARTs), CAN buses and RNGs are broken out into
embedded-io, embedded-can and rand_cozre respectively.

Other crates then implement drivers in terms of these traits, e.g. an accelerometer driver
might need an I2C or SPI device instance.

* The traits cover using the peripherals but not initialising or configuring them, as
initialisation and configuration is usually highly platform-specific.

* There are implementations for many microcontrollers, as well as other platforms such
as Linux on Raspberry Pi.

* embedded-hal-async provides async versions of the traits.

* embedded-hal-nb provides another approach to non-blocking I/O, based on the nb
crate.
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51.7 probe-rs ve cargo-embed

probe-rs is a handy toolset for embedded debugging, like OpenOCD but better integrated.

* SWD (Serial Wire Debug) and JTAG via CMSIS-DAP, ST-Link and J-Link probes
* GDB stub and Microsoft DAP (Debug Adapter Protocol) server
» Cargo integration

cargo-embed is a cargo subcommand to build and flash binaries, log RTT (Real Time
Transfers) output and connect GDB. It's configured by an Embed. toml file in your project
directory.

» CMSIS-DAP is an Arm standard protocol over USB for an in-circuit debugger to access the
CoreSight Debug Access Port of various Arm Cortex processors. It's what the on-board
debugger on the BBC micro:bit uses.

» ST-Link is a range of in-circuit debuggers from ST Microelectronics, J-Link is a range
from SEGGER.

* The Debug Access Port is usually either a 5-pin JTAG interface or 2-pin Serial Wire Debug.

» probe-rs is a library which you can integrate into your own tools if you want to.

* The Microsoft Debug Adapter Protocol lets VSCode and other IDEs debug code running
on any supported microcontroller.

* cargo-embed is a binary built using the probe-rs library.

* RTT (Real Time Transfers) is a mechanism to transfer data between the debug host and
the target through a number of ringbuffers.

51.7.1 Hata Ayiklama

Embed.toml:

[default.general]

chip = "nrf52833_xxAA"

[debug.gdb]

enabled = true

In one terminal under src/bare-metal/microcontrollers/examples/:

cargo embed --bin board_support debug

In another terminal in the same directory:

On gLinux or Debian:

gdb-multiarch target/thumbv7em-none-eabihf/debug/board_support --eval-command="target r
On MacOS:

arm-none-eabi-gdb target/thumbv7em-none-eabihf/debug/board_support --eval-command="targ:
In GDB, try running:

b src/bin/board_support.rs:29
b src/bin/board_support.rs:30
b src/bin/board_support.rs:32
C

C
@

302


https://probe.rs/
https://arm-software.github.io/CMSIS_5/DAP/html/index.html
https://microsoft.github.io/debug-adapter-protocol/

51.8 Other projects

* RTIC
— ”Real-Time Interrupt-driven Concurrency”.
— Shared resource management, message passing, task scheduling, timer queue.
* Embassy
— async executors with priorities, timers, networking, USB.
* TockOS
— Security-focused RTOS with preemptive scheduling and Memory Protection Unit
support.
* Hubris
— Microkernel RTOS from Oxide Computer Company with memory protection,
unprivileged drivers, IPC.
* Bindings for FreeRTOS.

Some platforms have std implementations, e.g. esp-idf.

* RTIC can be considered either an RTOS or a concurrency framework.
— It doesn't include any HALs.
— Ituses the Cortex-M NVIC (Nested Virtual Interrupt Controller) for scheduling rather
than a proper kernel.
— Cortex-M only.
* Google uses TockOS on the Haven microcontroller for Titan security keys.
* FreeRTOS is mostly written in C, but there are Rust bindings for writing applications.

303


https://rtic.rs/
https://embassy.dev/
https://www.tockos.org/documentation/getting-started
https://hubris.oxide.computer/
https://github.com/lobaro/FreeRTOS-rust
https://esp-rs.github.io/book/overview/using-the-standard-library.html

Chapter 52

Alstirmalar

We will read the direction from an I12C compass, and log the readings to a serial port.

After looking at the exercises, you can look at the solutions provided.

52.1 Pusula

We will read the direction from an I12C compass, and log the readings to a serial port. If you
have time, try displaying it on the LEDs somehow too, or use the buttons somehow.

Hints:

* Check the documentation for the 1sm303agr and microbit-v2 crates, as well as the
micro:bit hardware.

* The LSM303AGR Inertial Measurement Unit is connected to the internal I2C bus.

* TWI is another name for I2C, so the I12C master peripheral is called TWIM.

* The LSM303AGR driver needs something implementing the embedded_hal: :i2c::I12c
trait. The microbit: :hal: : Twim struct implements this.

* You have amicrobit: :Board struct with fields for the various pins and peripherals.

* You can also look at the nRF52833 datasheet if you want, but it shouldn't be necessary
for this exercise.

Download the exercise template and look in the compass directory for the following files.
sr¢/main.rs:

#! [no_main]

#! [no_std]

extern crate panic_halt as _;

use core::fmt::Write;
use cortex_m_xt::entry,
use microbit::{hal::{Delay, uarte::{Baudrate, Parity, Uarte}}, Board};

#lentry]
fn main() -> ! {
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let mut board = Board::take().unwrap();

// Configure serial port.

let mut serial = Uarte: :new(
board.UARTE®,
board.uart.into(),
Parity: :EXCLUDED,
Baudrate: :BAUD115200,

),

// Use the system timer as a delay provider.
let mut delay = Delay::new(board.SYST);

// Set up the I2C controller and Inertial Measurement Unit.
// TODO

writeln!(serial, "Ready.").unwrap();

loop {
// Read compass data and log it to the serial port.
// TODO

}
Cargo.toml (you shouldn't need to change this):

[workspace]

[package]

name = "compass"
version "0.1.0"
edition "2024"
publish = false

[dependencies]
cortex-m-rt = "0.7.5"
embedded-hal = "1.0.0"
1sm303agr = "1.1.0"
microbit-v2 = "0.15.1"
panic-halt = "1.0.0"

Embed.toml (you shouldn't need to change this):
[default.general]
chip = "nrf52833_xxAA"

[debug.gdb]
enabled = true

[debug.reset]
halt_afterwards = true

.cargo/config.toml (you shouldn't need to change this):
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[build]
target = "thumbv7em-none-eabihf" # Cortex-M4F

[target.'cfg(all(target_arch = "arm", target_os = "none"))']
rustflags = ["-C", "link-arg=-Tlink.x"]

See the serial output on Linux with:

picocom --baud 115200 --imap lfcrlf /dev/ttyACMo@

Or on Mac OS something like (the device name may be slightly different):
picocom --baud 115200 --imap 1lfcrlf /dev/tty.usbmodem14502
Use Ctrl+A Ctrl+Q to quit picocom.

52.2 Bare Metal Rust Morning Exercise

Pusula

(back to exercise)

#! [no_main]
#![no_std]

extern crate panic_halt as _;

use core::fmt::Write;
use cortex_m_xrt::entry,
use embedded_hal::digital::InputPin;
use 1sm303agr::{
AccelMode, AccelOutputDataRate, Lsm3@3agr, MagMode, MagOutputDataRate,
b
use microbit: :Board;
use microbit::display::blocking: :Display;
use microbit::hal: :twim: :Twim;
use microbit::hal::uarte::{Baudrate, Parity, Uarte};
use microbit::hal::{Delay, Timer};
use microbit::pac::twim@: :frequency::FREQUENCY_A;

const COMPASS_SCALE: i32 = 30000;
const ACCELEROMETER_SCALE: i32 = 700;

#lentry]
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,
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)

// Use the system timer as a delay provider.
let mut delay = Delay::new(board.SYST);

// Set up the I2C controller and Inertial Measurement Unit.
writeln!(serial, "Setting up IMU...").unwrap();
let i2c = Twim: :new(board.TWIM®@, board.i2c_internal.into(), FREQUENCY_A: :K1@0) ;
let mut imu = Lsm30@3agr::new_with_i2c(i2c);
imu.init () .unwrap();
imu.set_mag_mode_and_odr(
&mut delay,
MagMode: :HighResolution,
MagOutputDataRate: :Hz5@,
)
.unwrap (),
imu.set_accel_mode_and_odr(
&mut delay,
AccelMode: :Normal,
AccelOutputDataRate: :Hz50,
)
.unwrap (),
let mut imu = imu.into_mag_continuous().ok().unwrap();

// Set up display and timer.
let mut timer = Timer: :new(board.TIMERQ) ;
let mut display = Display::new(board.display_pins);

let mut mode = Mode: :Compass;
let mut button_pressed = false;

writeln!(serial, "Ready.").unwrap();

loop {
// Read compass data and log it to the serial port.
while ! (imu.mag_status().unwrap().xyz_new_data()
&& imu.accel_status().unwrap().xyz_new_data())
{}
let compass_reading = imu.magnetic_field().unwrap();
let accelerometer_reading = imu.acceleration().unwrap();
writeln!(
serial,
RS FESFESANEE PR RS A
compass_reading.x_nt(),
compass_reading.y_nt(),
compass_reading.z_nt(),
accelerometer_reading.x_mg(),
accelerometer_reading.y_mg(),
accelerometer_reading.z_mg(),

)

.unwrap();
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let mut image = [[@; 51; 51;
let (x, y) = match mode ({
Mode: :Compass => (
scale(-compass_reading.x_nt(), -COMPASS_SCALE, COMPASS_SCALE, 0, 4)
as usize,
scale(compass_reading.y_nt(), -COMPASS_SCALE, COMPASS_SCALE, 0, 4)
as usize,
).
Mode: :Accelerometer => (
scale(
accelerometer_reading.x_mg(),
-ACCELEROMETER_SCALE,
ACCELEROMETER_SCALE,
0,
4,
) as usize,
scale(
-accelerometer_reading.y_mg(),
-ACCELEROMETER_SCALE,
ACCELEROMETER_SCALE,
2,
4,
) as usize,
).
b
image[y][x] = 255;
display.show(&mut timer, image, 100);

// If button A is pressed, switch to the next mode and briefly blink all LEDs
// on.
if board.buttons.button_a.is_low().unwrap() {
if !button_pressed {
mode = mode.next();
display.show(&mut timer, [[255; 5]; 51, 200);

}

button_pressed = true;
} else {

button_pressed = false;

}
}

#[derive(Copy, Clone, Debug, Eq, PartialEq)]
enum Mode {

Compass,
Accelerometer,
}
impl Mode {

fn next(self) -> Self {
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match self {
Self::Compass => Self::Accelerometer,
Self::Accelerometer => Self::Compass,

}

fn scale(value: 132, min_in: 132, max_in: 132, min_out: 132, max_out: i32) -> 132 {
let range_in = max_in - min_in;
let range_out = max_out - min_out;
let scaled = min_out + range_out * (value - min_in) / range_in;
scaled.clamp(min_out, max_out)
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Yalin Sistem (Bare Metal): Ogleden
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Chapter 53

Application processors

So far we've talked about microcontrollers, such as the Arm Cortex-M series. These are
typically small systems with very limited resources.

Larger systems with more resources are typically called application processors, built around
processors such as the ARM Cortex-A or Intel Atom.

For simplicity we'll just work with QEMU's aarch64 'virt' board.

* Broadly speaking, microcontrollers don't have an MMU or multiple levels of privilege
(exception levels on Arm CPUs, rings on x86).

* Application processors have more resources, and often run an operating system, instead
of directly executing the target application on startup.

* QEMU supports emulating various different machines or board models for each
architecture. The 'virt' board doesn't correspond to any particular real hardware, but is
designed purely for virtual machines.

» We will still address this board as bare-metal, as if we were writing an operating system.

53.1 Rust'a Hazirlanmak

Before we can start running Rust code, we need to do some initialisation.

/**

*

This is a generic entry point for an image. It carries out the
operations required to prepare the loaded image to be run.
Specifically, it

- sets up the MMU with an identity map of virtual to physical
addresses, and enables caching

- enables floating point

- zeroes the bss section using registers x25 and above

- prepares the stack, pointing to a section within the image

- sets up the exception vector

- branches to the Rust "main’ function

* ok F o+ ok F F * ok F *

It preserves x@-x3 for the Rust entry point, as these may contain
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* boot parameters.
*/
.section .init.entry, "ax
.global entry
entry:
/*
* Load and apply the memory management configuration, ready to
* enable MMU and caches.
*/
adrp x30, idmap
msr ttbr@_ell, x30

mov_i x30, .Lmairval
msr mair_ell, x30

mov_i x30, .Ltcrval

/* Copy the supported PA range into TCR_EL1.IPS. */
mrs x29, id_aa64mmfro_ell

bfi x30, x29, #32, #4

msr tcr_ell, x30
mov_i x30, .Lsctlrval

/*
* 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
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0: cmp x29, x30
b.hs 1f
stp xzr, xzr, [x29], #16
b ob

1: /* Prepare the stack. */
adr_1 x30, boot_stack_end
mov sp, x30

/* Set up exception vector. */
adr x30, vector_table_ell
msr vbar_ell, x30

/* Call into Rust code. */
bl main

/* Loop forever waiting for interrupts. */
2: wfi
b 2b

This code is in src/bare-metal/aps/examples/src/entry.S. It's not necessary to
understand this in detail -- the takeaway is that typically some low-level setup is needed to
meet Rust's expectations of the system.

* This is the same as it would be for C: initialising the processor state, zeroing the BSS,
and setting up the stack pointer.

— The BSS (block starting symbol, for historical reasons) is the part of the object
file which containing statically allocated variables which are initialised to zero.
They are omitted from the image, to avoid wasting space on zeroes. The compiler
assumes that the loader will take care of zeroing them.

» The BSS may already be zeroed, depending on how memory is initialised and the image
is loaded, but we zero it to be sure.

* We need to enable the MMU and cache before reading or writing any memory. If we
don't:

— Unaligned accesses will fault. We build the Rust code for the aarch64-unknown-
none target which sets +strict-align to prevent the compiler generating
unaligned accesses, so it should be fine in this case, 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 when the cache is cleaned or the VM enables the cache.
(Cache is keyed by physical address, not VA or IPA.)

» For simplicity, we just use a hardcoded pagetable (see idmap.S) which identity maps
the first 1 GiB of address space for devices, the next 1 GiB for DRAM, and another 1 GiB
higher up for more devices. This matches the memory layout that QEMU uses.

* We also set up the exception vector (vbar_el1), which we'll see more about later.

» All examples this afternoon assume we will be running at exception level 1 (EL1). If you
need to run at a different exception level you'll need to modify entry. S accordingly.
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53.2 Inline assembly

Sometimes we need to use assembly to do things that aren't possible with Rust code. For
example, to make an HVC (hypervisor call) to tell the firmware to power off the system:

#! [no_main]
#![no_std]

use core::arch::asm;
use core::panic::PanicInfo;

mod asm;
mod exceptions;

const PSCI_SYSTEM_OFF: u32 = 0x84000008;

// SAFETY: There is no other global function of this name.
#[unsafe(no_mangle) ]
extern "C" fn main(_x@: u64, _x1: ub4d, _x2: ubd, _x3: ubd) {
// SAFETY: this only uses the declared registers and doesn't do anything
// with memory.
unsafe {
asm! ("hvc #0",
inout("w@") PSCI_SYSTEM_OFF => _,
inout ("wl") =>
inout("w2")
inout ("w3")
inout ("w4")
inout("w5")
inout("w6e")
inout("w7") _,
options(nomem, nostack)

[SESESESESESEN
1l
Vv

)
}

loop {}
}

(If you actually want to do this, use the smccc crate which has wrappers for all these functions.)

» PSCI is the Arm Power State Coordination Interface, a standard set of functions to
manage system and CPU power states, among other things. It is implemented by EL3
firmware and hypervisors on many systems.

* The @ => _ syntax means initialise the register to 0 before running the inline assembly
code, and ignore its contents afterwards. We need to use inout rather than in because
the call could potentially clobber the contents of the registers.

» This main function needs to be #[unsafe(no_mangle)] and extern "C" because it is
called from our entry point in entry.S.

— Just #[no_mangle] would be sufficient but RFC3325 uses this notation to draw
reviewer attention to attributes which might cause undefined behavior if used
incorrectly.

* _X0—_x3 are the values of registers x@—x3, which are conventionally used by the
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bootloader to pass things like a pointer to the device tree. According to the standard
aarch64 calling convention (which is what extern "C" specifies to use), registers
x@-x7 are used for the first 8 arguments passed to a function, so entry.S doesn't need
to do anything special except make sure it doesn't change these registers.

* Runthe example in QEMU with make qemu_psciundersrc/bare-metal/aps/examples.

53.3 Volatile memory access for MMIO

* Use pointer: :read_volatile and pointer: :write_volatile.

* Never hold a reference to a location being accessed with these methods. Rust may read
from (or write to, for &mut) a reference at any time.

» Use &raw to get fields of structs without creating an intermediate reference.

const SOME_DEVICE_REGISTER: *mut u64 = 0x800_0000 as _;

// SAFETY: Some device is mapped at this address.

unsafe {
SOME_DEVICE_REGISTER.write_volatile(0xff);
SOME_DEVICE_REGISTER.write_volatile(2x80);
assert_eq! (SOME_DEVICE_REGISTER.read_volatile(), 0xaa);

* Volatile access: read or write operations may have side-effects, so prevent the compiler
or hardware from reordering, duplicating or eliding them.

— Usually if you write and then read, e.g. via a mutable reference, the compiler may
assume that the value read is the same as the value just written, and not bother
actually reading memory.

» Some existing crates for volatile access to hardware do hold references, but this is
unsound. Whenever a reference exist, the compiler may choose to dereference it.

» Use &raw to get struct field pointers from a pointer to the struct.

» For compatibility with old versions of Rust you can use the addr_of! macro instead.

53.4 Let's write a UART driver

The QEMU 'virt' machine has a PL011 UART, so let's write a driver for that.

const FLAG_REGISTER_OFFSET: usize = 0x18;
const FR_BUSY: u8 = 1 << 3;
const FR_TXFF: u8 = 1 << 5;

/// Minimal driver for a PL@11 UART.
#[derive(Debug) ]
pub struct Uart {

base_address: *mut u8,

}

impl Uart {
/// Constructs a new instance of the UART driver for a PL@11 device at the
/// given base address.
/1]
/11 # Safety
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i
/// The given base address must point to the 8 MMIO control registers of a
/// PL@11 device, which must be mapped into the address space of the process
/// as device memory and not have any other aliases.
pub unsafe fn new(base_address: *mut 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 PLO11l device which is appropriately mapped.
unsafe {
// Write to the TX buffer.
self.base_address.write_volatile(byte);
}

// Wait until the UART is no longer busy.
while self.read_flag_register() & FR_BUSY != 0 {}
}

fn read_flag_register(&self) -> u8 {
// SAFETY: We know that the base address points to the control
// registers of a PLO11 device which is appropriately mapped.
unsafe { self.base_address.add(FLAG_REGISTER_OFFSET) .read_volatile() }

* Note that Uart: :new is unsafe while the other methods are safe. This is because as
long as the caller of Uart: :new guarantees that its safety requirements are met (i.e.
that there is only ever one instance of the driver for a given UART, and nothing else
aliasing its address space), then it is always safe to call write_byte later because we
can assume the necessary preconditions.

* We could have done it the other way around (making new safe but write_byte unsafe),
but that would be much less convenient to use as every place that calls write_byte
would need to reason about the safety

* This is a common pattern for writing safe wrappers of unsafe code: moving the burden
of proof for soundness from a large number of places to a smaller number of places.

53.4.1 More traits
We derived the Debug trait. It would be useful to implement a few more traits too.
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);
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Ok(())
}

// SAFETY: “Uart® just contains a pointer to device memory, which can be
// accessed from any context.
unsafe impl Send for Uart {}

* Implementing Write lets us use the write! and writeln! macros with our Uart type.

* Send is an auto-trait, but not implemented automatically because it is not implemented
for pointers.

53.4.2 Usingit
Let's write a small program using our driver to write to the serial console.

#! [no_main]
#![no_std]

mod asm;
mod exceptions;
mod pl@ll_minimal;

use crate: :pl@l1l_minimal: :Uart;
use core::fmt::Write;

use core::panic::PanicInfo;

use log::error;

use smccc: :Hvc;

use smccc::psci::system_off;

/// Base address of the primary PL@11 UART.
const PL@11_BASE_ADDRESS: *mut u8 = 0x900_0000 as _;

// SAFETY: There is no other global function of this name.
#[unsafe(no_mangle) ]
extern "C" fn main(x0: ub4, 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 mut uart = unsafe { Uart::new(PL@11_BASE_ADDRESS) };

writeln! (uart, "main({x@:#x}, {x1:#x}, {x2:#x}, {x3:#x})").unwrap();

system_off::<Hvc>().unwrap();

* As in the inline assembly example, this main function is called from our entry point
code in entry.S. See the speaker notes there for details.
* Runthe example in QEMUwithmake gemu_minimalunder src/bare-metal/aps/examples.
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53.5 A better UART driver

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 bit fields which would
be nice to access in a structured way.

Offset Register name Width

0x00 DR 12
0x04  RSR 4
0x18 TFR 9
0x20 ILPR 8
0x24 IBRD 16
0x28 FBRD 6
0x2c LCR_H 8
0x30 CR 16
0x34 IFLS 6
0x38 IMSC 11
0x3c RIS 11
0x40 MIS 11
0x44 ICR 11
0x48 DMACR 3

» There are also some ID registers which have been omitted for brevity.

53.5.1 Bitflags Kasasl

The bitflags crate is useful for working with bitflags.
use bitflags::bitflags;

bitflags! {
/// Flags from the UART flag register.
#[repr(transparent) ]
#[derive(Copy, Clone, Debug, Eq, PartialEq)]
struct Flags: ul6 {
/// Clear to send.
const CTS = 1 << 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.
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const TXFE = 1 << 7;
/// Ring indicator.
const RI = 1 << §;

* The bitflags! macro creates a newtype something like struct Flags(ul6), along
with a bunch of method implementations to get and set flags.

53.5.2 Multiple registers

We can use a struct to represent the memory layout of the UART's registers.

#[repr(C, align(4))]

pub struct Registers {
dr: ule6,
_Treserved®: [u8; 2],
rsr: ReceiveStatus,
_Treservedl: [u8; 19],

fr: Flags,
_reserved2: [u8; 6],
ilpr: u8,

_reserved3: [u8; 317,
ibrd: ul6,
_Treserved4: [u8; 2],
fbrd: u8,

_reserved5: [u8; 31,
lcr_h: us8,
_reserved6: [u8; 31,
cr: ul6,

_reserved7: [u8; 31,
ifls: u8,

_Treserved8: [u8; 3],
imsc: ul6,
_reserved9: [u8; 2],
ris: ul6,
_reservedl®: [u8; 2],
mis: ul6,
_reservedll: [u8; 27,
icr: ule,
_Treservedl2: [u8; 2],
dmacr: u8,

_reservedl13: [u8; 3],

o #[repr(C)] tells the compiler to lay the struct fields out in order, following the same
rules as C. This is necessary for our struct to have a predictable layout, as default Rust
representation allows the compiler to (among other things) reorder fields however it
sees fit.
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53.5.3 Siuriucu

Now let's use the new Registers struct in our driver.

/// 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 with the
/// given set of registers.
11/
/11 # Safety
/1117
/// The given pointer 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(registers: *mut Registers) -> Self {
Self { registers }
}

/// Writes a single byte to the UART.
pub fn write_byte(&mut 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.
(&raw 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(&mut self) -> Option<u8> {
if self.read_flag_register().contains(Flags::RXFE) {
None
} else {
// SAFETY: We know that self.registers points to the control
// registers of a PL@11 device which is appropriately mapped.
let data = unsafe { (&raw const (*self.registers).dr).read_volatile() };
// TODO: Check for error conditions in bits 8-11.
Some(data as u8)
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fn read_flag_register(&self) -> Flags ({
// SAFETY: We know that self.registers points to the control registers
// of a PL@11 device which is appropriately mapped.
unsafe { (&raw const (*self.registers).fr).read_volatile() }

* Note the use of &raw const / &raw mut to get pointers to individual fields without
creating an intermediate reference, which would be unsound.

* The example isn't included in the slides because it is very similar to the safe-mmio
example which comes next. You can run it in QEMU with make gemu under src/bare-
metal/aps/examples if you need to.

53.6 safe-mmio

The safe-mmio crate provides types to wrap registers which can be read or written safely.

CanRead has no

readside-effects Read has side-effects

Can't ReadPure ReadOnly
write

CanWriteOnly ReadPurelWrite ReadWrite
write

use safe_mmio::fields::{ReadPure, ReadPureWrite, ReadWrite, WriteOnly};

#[repr(C, align(4))]

pub struct Registers {
dr: ReadWrite<ul6>,
_reservedd: [u8; 2],
rsr: ReadPure<ReceiveStatus>,
_reservedl: [u8; 197,
fr: ReadPure<Flags>,
_Treserved2: [u8; 6],
ilpr: ReadPureWrite<u8>,
_reserved3: [u8; 31,
ibrd: ReadPureWrite<ul6>,
_reserved4: [u8; 217,
fbrd: ReadPureWrite<u8>,
_reserved5: [u8; 3],
lcxr_h: ReadPureWrite<u8>,
_reserved6: [u8; 37,
cr: ReadPureWrite<ul6>,
_reserved7: [u8; 31,
ifls: ReadPureWrite<u8>,
_Treserved8: [u8; 3],
imsc: ReadPureWrite<ul6>,
_reserved9: [u8; 2],
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ris: ReadPure<ul6>,
_reservedl®: [u8; 2],
mis: ReadPure<ul6>,
_reservedll: [u8; 27,
icr: WriteOnly<ul6>,
_Treservedl2: [u8; 2],
dmacr: ReadPureWrite<u8>,
_reservedl13: [u8; 3],

* Reading dr has a side effect: it pops a byte from the receive FIFO.
Reading rsr (and other registers) has no side-effects. It is a 'pure’ read.

» There are a number of different crates providing safe abstractions around MMIO
operations; we recommend the safe-mmio crate.

The difference between ReadPure or ReadOnly (and likewise between ReadPureWrite
and ReadWrite) is whether reading a register can have side-effects which change the
state of the device. E.g. reading the data register pops a byte from the receive FIFO.
ReadPure means that reads have no side-effects, they are purely reading data.

53.6.1 Siuriucu

Now let's use the new Registers struct in our driver.

use safe_mmio::{UniqueMmioPointer, field, field_shared};

/// Driver for a PL@11 UART.
#[derive(Debug) ]
pub struct Uart<'a> {
registers: UniqueMmioPointer<'a, Registers>,

}

impl<'a> Uart<'a> {
/// Constructs a new instance of the UART driver for a PL@11 device with the
/// given set of registers.
pub fn new(registers: UniqueMmioPointer<'a, Registers>) -> Self {
Self { registers }
}

/// Writes a single byte to the UART.
pub fn write_byte(&mut self, byte: u8) {
// Wait until there is room in the TX buffer.
while self.read_flag_register().contains(Flags::TXFF) {}

// Write to the TX buffer.
field!(self.registers, dr).write(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
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/// received.
pub fn read_byte(&mut self) -> Option<u8> {
if self.read_flag_register().contains(Flags::RXFE) {
None
} else {
let data = field!(self.registers, dr).read();
// TODO: Check for error conditions in bits 8-11.
Some(data as u8)

}

fn read_flag_register(&self) -> Flags {
field_shared! (self.registers, fr).read()
}

The driver no longer needs any unsafe code!

UniqueMmioPointer is a wrapper around a raw pointer to an MMIO device or register.
The caller of UniqueMmioPointer: : new promises that it is valid and unique for the
given lifetime, so it can provide safe methods to read and write fields.

Note that Uart: :new is now safe; UniqueMmioPointer: : new is unsafe instead.

These MMIO accesses are generally a wrapper around read_volatile and
write_volatile, though on aarch64 they are instead implemented in assembly to
work around a bug where the compiler can emit instructions that prevent MMIO
virtualisation.

The field! and field_shared! macros internally use &raw mut and &raw const
to get pointers to individual fields without creating an intermediate reference, which
would be unsound.

field! needs a mutable reference to a UniqueMmioPointer, and returns a
UniqueMmioPointer which allows reads with side effects and writes.

field_shared! works with a shared reference to either a UniqueMmioPointer or a
SharedMmioPointer. It returns a SharedMmioPointexr which only allows pure reads.

53.6.2 Onu Kullan

Let's write a small program using our driver to write to the serial console, and echo incoming
bytes.

#! [no_main]
#![no_std]

mod
mod
mod

use
use
use
use
use
use
use

asm;
exceptions;
ploll;

crate: :pl011::Uart;
core::fmt::Write;
core::panic::PanicInfo;
core::ptr::NonNull;

log: :error;

safe_mmio: :UniqueMmioPointer;
smccc: :Hvc;
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use smccc::psci::system_off;

/// Base address of the primary PL@11 UART.
const PL@11_BASE_ADDRESS: NonNull<pl@11::Registers> =
NonNull: :new(@0x900_0000 as _).unwrap();

// SAFETY: There is no other global function of this name.
#[unsafe(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 mut uart = Uart::new(unsafe { UniqueMmioPointer::new(PL@11_BASE_ADDRESS) 1});

writeln! (uart, "main({x@:#x}, {x1:#x}, {x2:#x}, {x3:#x})").unwrap();

loop {
if let Some(byte) = uart.read_byte() {
uart.write_byte(byte);
match byte {
b'\r' => uart.write_byte(b'\n"),
b'q' => break,
_ => continue,

}

writeln! (uart, "\n\nBye!").unwrap();
system_off::<Hvc>().unwrap();

* Run the example in QEMU withmake qgemu_safemmiounder src/bare-metal/aps/examples

53.7 Kayit Tutma (Logging)

It would be nice to be able to use the logging macros from the 1og crate. We can do this by
implementing the Log trait.

use crate: :pl@11l::Uart;

use core::fmt::Write;

use log::{LevelFilter, Log, Metadata, Record, SetlLoggerError};
use spin::mutex::SpinMutex;

static LOGGER: Logger = Logger { uart: SpinMutex::new(None) };
struct Logger ({
uart: SpinMutex<Option<Uart<'static>>>,
}
impl Log for Logger {

fn enabled(&self, _metadata: &Metadata) -> bool {
true
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}

fn log(&self, record: &Record) {

writeln!(
self.uart.lock().as_mut().unwrap(),
"I {3,
record.level(),
record.args()

)

.unwrap();

}

fn flush(&self) {}
}

/// Initialises UART logger.

pub fn init(
uart: Uart<'static>,
max_level: LevelFilter,

) -> Result<(), SetLoggerError> {
LOGGER.uart.lock() .replace(uart);

log: :set_logger (&LOGGER)?;
log: :set_max_level(max_level);
0k(())

* The first unwrap in log will succeed because we initialise LOGGER before calling
set_logger. The second will succeed because Uart: :write_str always returns Ok.

53.7.1 Usingit

We need to initialise the logger before we use it.

#! [no_main]
#![no_std]

mod asm;

mod exceptions;
mod logger;

mod ploll;

use crate: :pl@11l::Uart;

use core::panic::PanicInfo;

use core::ptr::NonNull;

use log::{LevelFilter, error, info};
use safe_mmio: :UniqueMmioPointer;
use smccc: :Hvc;

use smccc::psci::system_off;

/// Base address of the primary PL@11 UART.
const PL@11_BASE_ADDRESS: NonNull<pl@11::Registers> =
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NonNull: :new(0x900_0000 as _).unwrap();

// SAFETY: There is no other global function of this name.

#[unsafe(no_mangle) ]

extern "C" fn main(x0: u64, x1: ubd, x2: ubd, x3: ubd) {
// SAFETY: "PLQ11_BASE_ADDRESS" is the base address of a PLQ11 device, and
// nothing else accesses that address range.
let uart = unsafe { Uart::new(UniqueMmioPointer::new(PL@11_BASE_ADDRESS)) };
logger::init(uart, LevelFilter::Trace).unwrap();

info! ("main({x0@:#x}, {x1:#x}, {x2:#x}, {x3:#x})");
assert_eq!(x1, 42);

system_off::<Hvc>().unwrap();

}

#[panic_handler]

fn panic(info: &PanicInfo) -> ! {
error! ("{info}");
system_off::<Hvc>().unwrap();
loop {}

* Note that our panic handler can now log details of panics.
* Runthe example in QEMUwithmake gemu_loggerunder src/bare-metal/aps/examples.

53.8 Istisnalar

AArch64 defines an exception vector table with 16 entries, for 4 types of exceptions
(synchronous, IRQ, FIQ, SError) from 4 states (current EL with SPO, current EL with SPx,
lower EL using AArch64, lower EL using AArch32). We implement this in assembly to save
volatile registers to the stack before calling into Rust code:

use log: :error;
use smccc: :Hvc;
use smccc::psci::system_off;

// SAFETY: There is no other global function of this name.

#[unsafe(no_mangle) ]

extern "C" fn sync_exception_current(_elr: u64, _spsr: u6b4d) {
error! ("sync_exception_current");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this name.

#[unsafe(no_mangle) ]

extern "C" fn irqg_current(_elr: u64
error!("irqg_current");
system_off::<Hvc>().unwrap();

| A—

spsr: u6b4) {
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// SAFETY: There is no other global function of this name.
#[unsafe(no_mangle) ]
extern "C" fn fig_current(_elr: u64, _spsr: ub4d) {

error! ("fig_current");

system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this name.
#[unsafe(no_mangle) ]
extern "C" fn serr_current(_elr: u64, _spsr: ub4d) {
error!("serr_current");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this name.
#[unsafe(no_mangle) ]
extern "C" fn sync_lower(_elr: u64, _spsr: ub4d) {

error! ("sync_lower");

system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this name.

#[unsafe(no_mangle) ]

extern "C" fn irqg_lower(_elr: u6b4
error!("irq_lower");
system_off::<Hvc>().unwrap();

spsr: u6bd) {

| A—

}

// SAFETY: There is no other global function of this name.
#[unsafe(no_mangle) ]
extern "C" fn fiq_lower(_elr: u64, _spsr: ub4d) {

error! ("fig_lower");

system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this name.

#[unsafe(no_mangle) ]

extern "C" fn serr_lower(_elr: ub4
error! ("serr_lower");
system_off::<Hvc>().unwrap();

spsr: ub4d) {

| A—

* EL is exception level; all our examples this afternoon run in EL1.

For simplicity we aren't distinguishing between SP0O and SPx for the current EL

exceptions, or between AArch32 and AArch64 for the lower EL exceptions.

 For this example we just log the exception and power down, as we don't expect any of
them to actually happen.

* 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
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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.

53.9 aarché64-rt

The aarch64-rt crate provides the assembly entry point and exception vector that we
implemented before. We just need to mark our main function with the entry! macro.

It also provides the initial_pagetable! macro to let us define an initial static pagetable
in Rust, rather than in assembly code like we did before.

We can also use the UART driver from the arm-pl@11-uaxrt crate rather than writing our
OWn.

#! [no_main]
#! [no_std]

mod exceptions;

use aarch64_paging: :paging: :Attributes;

use aarch64_xrt::{InitialPagetable, entry, initial_pagetable};
use arm_pl@ll_uart::{PL@11Registers, Uart, UniqueMmioPointer};
use core::fmt::Write;

use core::panic::PanicInfo;

use core::ptr::NonNull;

use smccc: :Hvc;

use smccc::psci::system_off;

/// Base address of the primary PL@11 UART.
const PL@11_BASE_ADDRESS: NonNull<PL@11Registers> =
NonNull: :new(0x900_0000 as _).unwrap();

/// Attributes to use for device memory in the initial identity map.
const DEVICE_ATTRIBUTES: Attributes = Attributes::VALID
.union(Attributes: :ATTRIBUTE_INDEX_Q)
.union(Attributes: :ACCESSED)
.union(Attributes: :UXN);

/// Attributes to use for normal memory in the initial identity map.
const MEMORY_ATTRIBUTES: Attributes = Attributes::VALID
.union(Attributes: :ATTRIBUTE_INDEX_1)
.union(Attributes: : INNER_SHAREABLE)
.union(Attributes: :ACCESSED)
.union(Attributes: :NON_GLOBAL) ;

initial_pagetable! ({
let mut idmap = [0; 512];
// 1 GiB of device memory.
idmap[0] = DEVICE_ATTRIBUTES.bits();
// 1 GiB of normal memory.
idmap[1] = MEMORY_ATTRIBUTES.bits() | 0x40000000;
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// Another 1 GiB of device memory starting at 256 GiB.
idmap[256] = DEVICE_ATTRIBUTES.bits() | 0x4000000000;
InitialPagetable(idmap)

P

entry!(main);
fn main(x@: ub4, 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 mut uart = unsafe { Uart::new(UniqueMmioPointer: :new(PL@11_BASE_ADDRESS)) };

writeln!(uart, "main({x@:#x}, {x1:#x}, {x2:#x}, {x3:#x})").unwrap();

system_off::<Hvc>().unwrap();
panic! ("system_off returned");

}

#[panic_handler]

fn panic(_info: &PanicInfo) -> ! {
system_off::<Hvc>().unwrap();
loop {}

* Runthe example in QEMU with make gemu_rtunder src/bare-metal/aps/examples.

53.10 Other projects

 oreboot
— ”coreboot without the C”.
— Supports x86, aarch64 and RISC-V.
— Relies on LinuxBoot rather than having many drivers itself.
* Rust RaspberryPi OS tutorial
— Initialisation, UART driver, simple bootloader, JTAG, exception levels, exception
handling, page tables.
— Some dodginess around cache maintenance and initialisation in Rust, not
necessarily a good example to copy for production code.
* cargo-call-stack
— Static analysis to determine maximum stack usage.

The RaspberryPi OS tutorial runs Rust code before the MMU and caches are enabled. This
will read and write memory (e.g. the stack). However, this has the problems mentioned
at the beginning of this session regarding unaligned access and cache coherency.
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Chapter 54

Kullanigh kasalar (crates)

We'll look at a few crates which solve some common problems in bare-metal programming.

54.1 zerocopy

The zerocopy crate (from Fuchsia) provides traits and macros for safely converting between
byte sequences and other types.

use zerocopy::{Immutable, IntoBytes};

#[repr(u32)]

#[derive(Debug, Default, Immutable, IntoBytes)]
enum RequestType {

#[default]
In = 0,
Out = 1,
Flush = 4,
}
#[repxr(C)]

#[derive(Debug, Default, Immutable, IntoBytes)]
struct VirtioBlockRequest {

request_type: RequestType,

reserved: u32,

sector: u64,
}

fn main() {
let request = VirtioBlockRequest {
request_type: RequestType: :Flush,
sector: 42,
..Default: :default()

b,

assert_eq! (
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request.as_bytes(),
&[4, o, o, o0, 0, 0, 0, 0, 42, 0, 0, 0, 0, 0, 0, 0]
),
}

This is not suitable for MMIO (as it doesn't use volatile reads and writes), but can be useful
for working with structures shared with hardware e.g. by DMA, or sent over some external
interface.

* FromBytes can be implemented for types for which any byte pattern is valid, and so
can safely be converted from an untrusted sequence of bytes.

» Attempting to derive FromBytes for these types would fail, because RequestType
doesn't use all possible u32 values as discriminants, so not all byte patterns are valid.

» zerocopy: :byteorder has types for byte-order aware numeric primitives.

* Runthe example with cargo rununder src/bare-metal/useful-crates/zerocopy-
example/. (It won't run in the Playground because of the crate dependency.)

54.2 aarch64-paging

The aarch64-paging crate lets you create page tables according to the AArch64 Virtual
Memory System Architecture.

use aarch64_paging: :{

idmap: : IdMap,

paging::{Attributes, MemoryRegion},
b

const ASID: usize = 1;
const ROOT_LEVEL: usize = 1;

// Create a new page table with identity mapping.
let mut idmap = IdMap::new(ASID, ROOT_LEVEL);
// Map a 2 MiB region of memory as read-only.
idmap.map_range(
&MemoryRegion: :new(0x80200000, 0x80400000),
Attributes: :NORMAL | Attributes::NON_GLOBAL | Attributes::READ_ONLY,
) .unwrap();
// Set 'TTBRO_EL1" to activate the page table.
idmap.activate();

* This is used in Android for the Protected VM Firmware.
* There's no easy way to run this example by itself, as it needs to run on real hardware or
under QEMU.

54.3 buddy_system_allocator

buddy_system_allocator is a crate implementing a basic buddy system allocator. It can
be used both to implement GlobalAlloc (using LockedHeap) so you can use the standard
alloc crate (as we saw before), or for allocating other address space (using FrameAllocator)
. For example, we might want to allocate MMIO space for PCI BARs:
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use buddy_system_allocator::FrameAllocator;
use core::alloc::Layout;

fn main() {
let mut allocator = FrameAllocator::<32>::new();
allocator.add_frame(0x200_0000, 0x400_0000) ;

let layout = Layout::from_size_align(0x100, 0x100).unwrap();
let bar = allocator

.alloc_aligned(layout)

.expect("Failed to allocate ©0x100 byte MMIO region");
println!("Allocated 0x100 byte MMIO region at {:#x}", bar);

* PCI BARs always have alignment equal to their size.
* Runthe example with cargo rununder src/bare-metal/useful-crates/allocator-
example/. (It won't run in the Playground because of the crate dependency.)

54.4 tinyvec

Sometimes you want something which can be resized like a Vec, but without heap allocation.
tinyvec provides this: a vector backed by an array or slice, which could be statically allocated
or on the stack, which keeps track of how many elements are used and panics if you try to
use more than are allocated.

use tinyvec::{ArrayVec, array_vec};
fn main() {
let mut numbers: ArrayVec<[u32; 5]> = array_vec! (42, 66);
println! ("{numbers:?}");
numbers.push(7);
println! ("{numbers:?}");

numbers.remove(1l);
println! (" {numbexrs:?}");

* tinyvec requires that the element type implement Default for initialisation.
» The Rust Playground includes tinyvec, so this example will run fine inline.

54.5 spin
std::sync: :Mutex and the other synchronisation primitives from std::sync are not

available in core or alloc. How can we manage synchronisation or interior mutability,
such as for sharing state between different CPUs?

The spin crate provides spinlock-based equivalents of many of these primitives.

use spin::mutex::SpinMutex;

static COUNTER: SpinMutex<u32> = SpinMutex::new(0);
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fn main() {
dbg! (COUNTER.lock());
*COUNTER.lock() += 2;
dbg! (COUNTER. lock());

* Be careful to avoid deadlock if you take locks in interrupt handlers.

* spin also has a ticket lock mutex implementation; equivalents of RwLock, Barrier and
Once from std: : sync; and Lazy for lazy initialisation.

» The once_cell crate also has some useful types for late initialisation with a slightly
different approach to spin: :once: :Once.

* The Rust Playground includes spin, so this example will run fine inline.
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Chapter 55

Android'de Yalin Sistem (Bare
Metal)

To build a bare-metal Rust binary in AOSP, you need to use a rust_ffi_static Soongrule
to build your Rust code, then a cc_binary with a linker script to produce the binary itself,
and then a raw_binary to convert the ELF to a raw binary ready to be run.

rust_ffi_static {
name: "libvmbase_example",
defaults: ["vmbase_ffi_defaults"],
crate_name: "vmbase_example",
srcs: ["src/main.rs"],
rustlibs: [

"libvmbase",

1,

}

cc_binary {
name: "vmbase_example",
defaults: ["vmbase_elf_defaults"],
srcs: [
"idmap.S",
1,
static_libs: [
"libvmbase_example",
1,
linker_scripts: [
"image.1ld",
":vmbase_sections",
]I
}

raw_binary {
name: "vmbase_example_bin",
stem: "vmbase_example.bin",
src: ":vmbase_example",
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enabled: false,
target: {
android_arm64: {
enabled: true,

b
b

55.1 vmbase

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: ub4d) {
println!("Hello world");
}

* The main! macro marks your main function, to be called from the vmbase entry point.
* The vmbase entry point handles console initialisation, and issues a PSCI_SYSTEM_OFF
to shutdown the VM if your main function returns.
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Chapter 56

Alstirmalar

We will write a driver for the PL.031 real-time clock device.

After looking at the exercises, you can look at the solutions provided.

56.1 RTC driver

The QEMU aarch64 virt machine has a PL031 real-time clock at 0x9010000. For this exercise,
you should write a driver for it.

1. Use it to print the current time to the serial console. You can use the chrono crate for
date/time formatting.

2. Use the match register and raw interrupt status to busy-wait until a given time, e.g. 3
seconds in the future. (Call core: :hint::spin_loop inside the loop.)

3. Extension if you have time: Enable and handle the interrupt generated by the RTC match.
You can use the driver provided in the arm-gic crate to configure the Arm Generic
Interrupt Controller.

* Use the RTC interrupt, which is wired to the GIC as IntId: :spi(2).
* Once the interrupt is enabled, you can put the core to sleep via arm_gic: :wfi(),
which will cause the core to sleep until it receives an interrupt.

Download the exercise template and look in the rtc directory for the following files.
sr¢/main.rs:

#! [no_main]
#! [no_std]

mod exceptions;
mod logger;

use aarch64_paging: :paging: :Attributes;

use aarch64_xt::{InitialPagetable, entry, initial_pagetable};
use arm_gic::gicv3::GicV3;

use arm_gic::gicv3::registers::{Gicd, GicrSgi};

use arm_pl01l_uart::{PL@11Registers, Uart, UniqueMmioPointer};
use core::panic::PanicInfo;
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use core::ptr::NonNull;

use log::{LevelFilter, error, info, trace};
use smccc: :Hvc;

use smccc::psci::system_off;

/// Base addresses of the GICv3.
const GICD_BASE_ADDRESS: *mut Gicd = 0x800_0000 as _;
const GICR_BASE_ADDRESS: *mut GicrSgi = 0x80A_0000 as _;

/// Base address of the primary PL@11 UART.
const PL@11_BASE_ADDRESS: NonNull<PL@11Registers> =
NonNull: :new(0x900_0000 as _).unwrap();

/// Attributes to use for device memory in the initial identity map.
const DEVICE_ATTRIBUTES: Attributes = Attributes::VALID
.union(Attributes: :ATTRIBUTE_INDEX_Q)
.union(Attributes: :ACCESSED)
.union(Attributes: :UXN);

/// Attributes to use for normal memory in the initial identity map.
const MEMORY_ATTRIBUTES: Attributes = Attributes::VALID
.union(Attributes: :ATTRIBUTE_INDEX_1)
.union(Attributes: : INNER_SHAREABLE)
.union(Attributes: :ACCESSED)
.union(Attributes: :NON_GLOBAL) ;

initial_pagetable! ({
let mut idmap = [0; 5127;
// 1 GiB of device memory.
idmap[0] = DEVICE_ATTRIBUTES.bits();
// 1 GiB of normal memory.
idmap[1] = MEMORY_ATTRIBUTES.bits() | 0x40000000;
// Another 1 GiB of device memory starting at 256 GiB.
idmap[256] = DEVICE_ATTRIBUTES.bits() | ©0x4000000000,
InitialPagetable(idmap)
1)

entry!(main);

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(UniqueMmioPointer::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, 1, false) };
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gic.setup(0Q);
// TODO: Create instance of RTC driver and print current time.
// TODO: Wait for 3 seconds.

system_off::<Hvc>().unwrap();
panic!("system_off returned");

}

#[panic_handler]

fn panic(info: &PanicInfo) -> ! {
error! ("{info}");
system_off::<Hvc>().unwrap();
loop {}

}

src¢/exceptions.rs (you should only need to change this for the 3rd part of the exercise):

// Copyright 2023 Google LLC

/1

// Licensed under the Apache License, Version 2.0 (the "License");

// you may not use this file except in compliance with the License.

// You may obtain a copy of the License at

/1

// http://www.apache.org/licenses/LICENSE-2.0

/1

// Unless required by applicable law or agreed to in writing, software
// distributed under the License is distributed on an "AS IS" BASIS,
// WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
// See the License for the specific language governing permissions and
// limitations under the License.

use arm_gic::gicv3::{GicV3, InterruptGroup};
use log::{error, info, trace};

use smccc: :Hvc;

use smccc::psci::system_off;

// SAFETY: There is no other global function of this name.

#[unsafe(no_mangle) ]

extern "C" fn sync_exception_current(_elr: u64, _spsr: u6b4d) {
error! ("sync_exception_current");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this name.
#[unsafe(no_mangle) ]
extern "C" fn irqg_current(_elr: u64, _spsr: ub4d) {
trace! ("irq_current");
let intid = GicV3::get_and_acknowledge_interrupt(InterruptGroup: :Groupl)
.expect("No pending interrupt");
info! ("IRQ {intid:?}");
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}

// SAFETY: There is no other global function of this

#[unsafe(no_mangle) ]

extern "C" fn fiq_current(_elr: u64, _spsr: ub4d) {
error! ("fig_current");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this

#[unsafe(no_mangle) ]

extern "C" fn serr_current(_elr: u64, _spsr: u6b4d) {
error! ("serr_current");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this

#[unsafe(no_mangle) ]

extern "C" fn sync_lower(_elr: u64, _spsr: ub4d) {
error!("sync_lower");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this

#[unsafe(no_mangle) ]

extern "C" fn irq_lower(_elr: u64, _spsr: ub4d) {
error!("irq_lower");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this

#[unsafe(no_mangle) ]

extern "C" fn fiq_lower(_elr: u64, _spsr: u6b4d) {
error! ("fig_lower");
system_off::<Hvc>().unwrap();

}

// SAFETY: There is no other global function of this

#[unsafe(no_mangle) ]

extern "C" fn serr_lower(_elr: u64, _spsr: ub4d) {
error!("serr_lower");
system_off::<Hvc>().unwrap();

}

src/loggerrs (you shouldn't need to change this):

// Copyright 2023 Google LLC
/1

// Licensed under the Apache License, Version 2.0 (the "License");
// you may not use this file except in compliance with the License.

// You may obtain a copy of the License at
1/
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/17 http://www.apache.org/licenses/LICENSE-2.0

/7

// Unless required by applicable law or agreed to in writing, software

// distributed under the License is distributed on an "AS IS" BASIS,

// WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
// See the License for the specific language governing permissions and

// limitations under the License.

use arm_ploll_uart::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<'static>>>,

}

impl Log for Logger {
fn enabled(&self, _metadata: &Metadata) -> bool {

true
}
fn log(&self, record: &Record) ({
writeln! (
self.uart.lock().as_mut().unwrap(),
"[{31 {}",

record.level(),
record.args()

)

.unwrap();

}

fn flush(&self) {}
}

/// Initialises UART logger.

pub fn init(
uart: Uart<'static>,
max_level: LevelFilter,

) -> Result<(), SetLoggerError> {
LOGGER .uart.lock().replace(uart);

log: :set_logger(&LOGGER)?;
log: :set_max_level(max_level);
Ok(())

}

Cargo.toml (you shouldn't need to change this):

[workspace]
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[package]

name = "rtc"
version = "0.1.0"
edition "2024"
publish = false

[dependencies]

aarch64-paging = { version = "0.10.0", default-features = false }
aarch64-rt = "0.2.2"

arm-gic = "0.6.1"

arm-pl@ll-uart = "0.3.2"

bitflags = "2.9.3"

chrono = { version = "0.4.41", default-features = false }
log = "0.4.27"

safe-mmio = "0.2.5"

smccc = "0.2.2"

spin = "0.10.0"

zerocopy = "0.8.26"

build.rs (you shouldn't need to change this):

// Copyright 2025 Google LLC

//

// Licensed under the Apache License, Version 2.0 (the "License");

// you may not use this file except in compliance with the License.

// You may obtain a copy of the License at

/1

// 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.

fn main() {
println!("cargo:rustc-link-arg=-Timage.1ld");
println!("cargo:rustc-link-arg=-Tmemory.1ld");
println!("cargo:rerun-if-changed=memory.1d");

}
memory.ld (you shouldn't need to change this):

* 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
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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.
*/
MEMORY
{
image : ORIGIN = 0x40080000, LENGTH = 2M
}

Makefile (you shouldn't need to change this):

#
#
#
#
#
#
#
#
#
#
#
#
#

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.

.PHONY: build gemu_minimal gemu qgemu_logger

all: rtc.bin

build:

cargo build

rtc.bin: build

cargo objcopy -- -0 binary %@

gemu: rtc.bin

gemu-system-aarch64 -machine virt,gic-version=3 -cpu max -serial mon:stdio

clean:

cargo clean
rm -f *.bin

.cargo/config.toml (you shouldn't need to change this):

[build]
target = "aarch64-unknown-none"

Run the code in QEMU with make qemu.
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56.2 Yalin (Bare) Metal Rust Ogleden Sonra

RTC driver

(back to exercise)
main.rs

#! [no_main]
#![no_std]

mod exceptions;
mod logger;
mod pl@31;

use crate: :pl@31::Rtc;

use arm_gic::{IntId, Trigger, irqg_enable, wfi};

use chrono::{TimeZone, Utc};

use core::hint::spin_loop;

use aarch64_paging: :paging: :Attributes;

use aarch64_xrt::{InitialPagetable, entry, initial_pagetable};
use arm_gic::gicv3::GicV3;

use arm_gic::gicv3::registers::{Gicd, GicrSgi};

use arm_pl011l uart::{PL@11Registers, Uart, UniqueMmioPointer};
use core::panic::PanicInfo;

use core::ptr::NonNull;

use log::{LevelFilter, error, info, trace};

use smccc: :Hvc;

use smccc::psci::system_off;

/// Base addresses of the GICv3.
const GICD_BASE_ADDRESS: *mut Gicd = 0x800_0000 as _;
const GICR_BASE_ADDRESS: *mut GicrSgi = 0Ox80A_0000 as _;

/// Base address of the primary PL@11 UART.
const PL@11_BASE_ADDRESS: NonNull<PL@11Registers> =
NonNull: :new(0x900_0000 as _).unwrap();

/// Attributes to use for device memory in the initial identity map.
const DEVICE_ATTRIBUTES: Attributes = Attributes::VALID
.union(Attributes: :ATTRIBUTE_INDEX_Q)
.union(Attributes: :ACCESSED)
.union(Attributes: :UXN);

/// Attributes to use for normal memory in the initial identity map.
const MEMORY_ATTRIBUTES: Attributes = Attributes::VALID
.union(Attributes: :ATTRIBUTE_INDEX_1)
.union(Attributes: : INNER_SHAREABLE)
.union(Attributes: :ACCESSED)
.union(Attributes: :NON_GLOBAL) ;

initial_pagetable! ({
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let mut idmap = [0; 5127;
// 1 GiB of device memory.
idmap[0] = DEVICE_ATTRIBUTES.bits();
// 1 GiB of normal memory.
idmap[1] = MEMORY_ATTRIBUTES.bits() | ©0x40000000;
// Another 1 GiB of device memory starting at 256 GiB.
idmap[256] = DEVICE_ATTRIBUTES.bits() | 0x4000000000;
InitialPagetable(idmap)
3

/// Base address of the PL@31 RTC.

const PL@31_BASE_ADDRESS: NonNull<pl®31::Registers> =
NonNull: :new(@x901_0000 as _).unwrap();

/// The IRQ used by the PL®31 RTC.

const PL@31_IRQ: IntId = IntId::spi(2);

entry!(main);

fn main(x0: 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(UniqueMmioPointer::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, 1, false) };
gic.setup(0Q);

// SAFETY: "PLO31_BASE_ADDRESS" is the base address of a PL@31 device, and

// nothing else accesses that address range.

let mut rtc = unsafe { Rtc::new(UniqueMmioPointer::new(PL@31_BASE_ADDRESS)) };
let timestamp = rtc.read();

let time = Utc.timestamp_opt(timestamp.into(), @) .unwrap();

info! ("RTC: {time}");

GicV3::set_priority_mask(0xff);
gic.set_interrupt_priority(PL@31_IRQ, None, 0x80);
gic.set_trigger(PL@31_IRQ, None, Trigger::Level);
irq_enable();

gic.enable_interrupt(PL@31_IRQ, None, true);

// Wait for 3 seconds, without interrupts.
let target = timestamp + 3;
rtc.set_match(target);
info!("Waiting for {}", Utc.timestamp_opt(target.into(), 0).unwrap());
trace!(
"matched={}, interrupt_pending={}",
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rtc.matched(),
rtc.interrupt_pending()
),
while !rtc.matched() {
spin_loop();
}
trace!(
"matched={}, interrupt_pending={}",
rtc.matched(),
rtc.interrupt_pending()
)

info! ("Finished waiting");

// Wait another 3 seconds for an interrupt.
let target = timestamp + 6;
info! ("Waiting for {}", Utc.timestamp_opt(target.into(), 0).unwrap());
rtc.set_match(target);
rtc.clear_interrupt();
rtc.enable_interrupt(true);
trace! (
"matched={}, interrupt_pending={}",
rtc.matched(),
rtc.interrupt_pending()
),
while !rtc.interrupt_pending() {
wfi();
}
trace! (
"matched={}, interrupt_pending={}",
rtc.matched(),
rtc.interrupt_pending()
),

info! ("Finished waiting");

system_off::<Hvc>().unwrap();
panic! ("system_off returned");

}

#[panic_handler]

fn panic(info: &PanicInfo) -> ! {
error! ("{info}");
system_off::<Hvc>().unwrap();
loop {}

}

plo31.rs:

#[repr(C, align(4))]

pub struct Registers {
/// Data register
dr: ReadPure<u32>,
/// Match register
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mr:
/17
1r:
/17
cr:

/117

ReadPureWrite<u32>,
Load register
ReadPureWrite<u32>,
Control register
ReadPureWrite<u8>,

reserved®: [u8; 3],

Interrupt Mask Set or Clear register

imsc: ReadPureWrite<u8>,

/17
ris:

reservedl: [u8; 3],

Raw Interrupt Status
ReadPure<u8>,

reserved2: [u8; 3],

711
mis:

Masked Interrupt Status
ReadPure<u8>,

reserved3: [u8; 3],

111
icr:

Interrupt Clear Register
WriteOnly<u8>,

_reserved4: [u8; 3],

}

/// Driver for a PL@31 real-time clock.
#[derive(Debug) ]
pub struct Rtc<'a> {

registers: UniqueMmioPointer<'a, Registers>,

}

impl<'a> Rtc<'a> {

vy
vy
pub

}

vy
pub

}

/117
/117
pub

}

/117
/117
pub

Constructs a new instance of the RTC driver for a PL@31 device with the
given set of registers.

fn new(registers: UniqueMmioPointer<'a, Registers>) -> Self {

Self { registers }

Reads the current RTC value.
fn read(&self) -> u32 {
field_shared!(self.registers, dr).read()

Writes a match value. When the RTC value matches this then an interrupt
will be generated (if it is enabled).

fn set_match(&mut self, value: u32) {

field! (self.registers, mr).write(value);

Returns whether the match register matches the RTC value, whether or not
the interrupt is enabled.

fn matched(&self) -> bool {

let ris = field_shared!(self.registers, ris).read();

(ris & 0x01) '= 0
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i
111
111
11/
pub

/1117
iy
vy
vy
pub

/117
pub

Returns whether there is currently an interrupt pending.

This should be true if and only if "matched™ returns true and the
interrupt is masked.

fn interrupt_pending(&self) -> bool {

let mis = field_shared!(self.registers, mis).read();

(mis & 0x01) !'= 0

Sets or clears the interrupt mask.

When the mask is true the interrupt is enabled; when it is false the
interrupt is disabled.

fn enable_interrupt(&mut self, mask: bool) {

let imsc = if mask { Ox01 } else { 0x00 };

field!(self.registers, imsc).write(imsc);

Clears a pending interrupt, if any.
fn clear_interrupt(&mut self) {
field! (self.registers, icr).write(0x01);
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Part XIII

Eszamanlilik: Sabah
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Chapter 57

Welcome to Concurrency in Rust

Rust has full support for concurrency using OS threads with mutexes and channels.

The Rust type system plays an important role in making many concurrency bugs compile
time bugs. This is often referred to as fearless concurrency since you can rely on the compiler
to ensure correctness at runtime.

Zamanlama (Schedule)

Bu oturum 10 dakikalik aralar dahil yaklagik 3 saat 20 dakika stirmelidir. I¢cerigi:

Bolum Sure

Is Parcaciklar: (Threads) 30 dakika
Kanallar 20 dakika

Send ve Sync 15 dakika
Paylagimli Durum (State) 30 dakika
Alstirmalar 1 saat 10 dakika

* Rust lets us access OS concurrency toolkit: threads, sync. primitives, etc.

» The type system gives us safety for concurrency without any special features.

* The same tools that help with “concurrent” access in a single thread (e.g., a called
function that might mutate an argument or save references to it to read later) save us
from multi-threading issues.
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Chapter 58

Is Parcaciklar1 (Threads)

Bu boliim yaklasik 30 dakika stirmelidir. Igerigi:

Slayt Siire

Temel Is Parcaciklar1 (Plain Threads) 15 dakika
Kapsaml Is Parcaciklar: (Threads) 15 dakika

58.1 Temel i§ Parcaciklar: (Plain Threads)

Rust threads work similarly to threads in other languages:

use std::thread;
use std::time::Duration;

fn main() {
thread: :spawn( || {
for i in 0..10 {
println!("Count in thread: {i}!");
thread: :sleep(Duration: :from_millis(5));
}
1)

for i in 0..5 {
println!("Main thread: {i}");
thread: :sleep(Duration: :from_millis(5));

» Spawning new threads does not automatically delay program termination at the end of
main.
» Thread panics are independent of each other.
— Panics can carry a payload, which can be unpacked with Any: :downcast_ref.

This slide should take about 15 minutes.
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* Run the example.

— 5ms timing is loose enough that main and spawned threads stay mostly in lockstep.

— Notice that the program ends before the spawned thread reaches 10!

— This is because main ends the program and spawned threads do not make it persist.
% Compare to pthreads/C++ std: :thread/boost: : thread if desired.

* How do we wait around for the spawned thread to complete?
* thread: :spawn returns a JoinHandle. Look at the docs.
— JoinHandle has a . join() method that blocks.

* Use let handle = thread::spawn(...) and later handle. join() to wait for the
thread to finish and have the program count all the way to 10.

» Now what if we want to return a value?
* Look at docs again:

— thread: :spawn's closure returns T
— JoinHandle . join() returns thread: :Result<T>

» Use the Result return value from handle. join() to get access to the returned value.
* Ok, what about the other case?

— Trigger a panic in the thread. Note that this doesn't panic main.
— Access the panic payload. This is a good time to talk about Any.

* Now we can return values from threads! What about taking inputs?

— Capture something by reference in the thread closure.
— An error message indicates we must move it.
— Move it in, see we can compute and then return a derived value.

» If we want to borrow?

— Main Kkills child threads when it returns, but another function would just return
and leave them running.

— That would be stack use-after-return, which violates memory safety!

— How do we avoid this? See next slide.

58.2 Kapsaml Is Parcaciklar: (Threads)

Normal threads cannot borrow from their environment:

use std::thread;

fn foo() {
let s = String::from("Merhaba");
thread: :spawn( || {
dbg!(s.len());
1)
}

fn main() {
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foo();
}

However, you can use a scoped thread for this:

use std::thread;

fn foo() {
let s = String::from("Merhaba");
thread: :scope(|scope| {
scope.spawn( || {
dbg!(s.len());
1)
1)
}

fn main() {
foo();

}
This slide should take about 13 minutes.

» The reason for that is that when the thread: : scope function completes, all the threads
are guaranteed to be joined, so they can return borrowed data.

* Normal Rust borrowing rules apply: you can either borrow mutably by one thread, or
immutably by any number of threads.
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Chapter 59

Kanallar

Bu béliim yaklasik 20 dakika siirmelidir. Icerigi:

Slayt Sure
Vericiler ve Alicilar 10 dakika
Sinirsiz Kanallar 2 dakika
Simirli Kanallar 10 dakika

59.1 Vericiler ve Alicilar

Rust channels have two parts: a Sender<T> and a Receiver<T>. The two parts are connected
via the channel, but you only see the end-points.

use std: .synciimpscy

fn main() {
let (tx, rx) = mpsc::channel();

tx.send(10) .unwrap();
tx.send(20) .unwrap();

println!("Received: {:?}", rx.recv());
println!("Received: {:?}", rx.recv());

let tx2 = tx.clone();
tx2.send(30) .unwrap();
println!("Received: {:?}", rx.recv());

}
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 Exrz, it means the counterpart Sender
or Receiver is dropped and the channel is closed.
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59.2 Sinirsiz Kanallar

You get an unbounded and asynchronous channel with mpsc: : channel():

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}");
}
println!("{thread_id:?}: done");

1)
thread: :sleep(Duration: :from_millis(100));

for msg in rx.iter() {
println!("Main: got {msg}");
}
}

This slide should take about 2 minutes.

* An unbounded channel will allocate as much space as is necessary to store pending
messages. The send () method will not block the calling thread.

» A call to send () will abort with an error (that is why it returns Result) if the channel
is closed. A channel is closed when the receiver is dropped.

59.3 Sinirh Kanallar

With bounded (synchronous) channels, send () can block the current thread:

use std::sync::mpsc;
use std::thread;
use std::time::Duration;

fn main() {
let (tx, rx) = mpsc::sync_channel(3);

thread: :spawn(move || {
let thread_id = thread::current().id();
for i in 0..10 {
tx.send(format! ("Message {i}")).unwrap();
println!("{thread_id:?}: sent Message {i}");
}
println!("{thread_id:?}: done");
1)
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thread: :sleep(Duration::from_millis(100));

for msg in rx.iter() {
println!("Main: got {msg}"),;
}
}

This slide should take about 8 minutes.

* Calling send () will block the current thread until there is space in the channel for the
new message. The thread can be blocked indefinitely if there is nobody who reads from
the channel.

» Like unbounded channels, a call to send () will abort with an error if the channel is
closed.

* A bounded channel with a size of zero is called a “rendezvous channel”. Every send will
block the current thread until another thread calls recv ().
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Chapter 60

Send ve Sync

Bu boliim yaklasik 15 dakika stirmelidir. Igerigi:

Slayt Stire
Marker Ozellikleri (Traits) 2 dakika
Send 2 dakika
Sync 2 dakika
Ornekler 10 dakika

60.1 Marker Ozellikleri (Traits)

How does Rust know to forbid shared access across threads? The answer is in two traits:

* Send: a type T is Send if it is safe to move a T across a thread boundary.
* Sync: a type T is Sync if it is safe to move a &T across a thread boundary.

Send and Sync are unsafe traits. The compiler will automatically derive them for your types
as long as they only contain Send and Sync types. You can also implement them manually
when you know it is valid.

This slide should take about 2 minutes.

* One can think of these traits as markers that the type has certain thread-safety properties.
* They can be used in the generic constraints as normal traits.

60.2 Send

A type T is Send if it is safe to move a T value to another thread.

The effect of moving ownership to another thread is that destructors will run in that thread.
So the question is when you can allocate a value in one thread and deallocate it in another.

This slide should take about 2 minutes.

As an example, a connection to the SQLite library must only be accessed from a single thread.
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60.3 Sync

A type T is Sync if it is safe to access a T value from multiple threads at the same
time.

More precisely, the definition is:
T is Sync if and only if &T is Send
This slide should take about 2 minutes.

This statement is essentially a shorthand way of saying that if a type is thread-safe for shared
use, it is also thread-safe to pass references of it across threads.

This is because if a type is Sync it means that it can be shared across multiple threads without
the risk of data races or other synchronization issues, so it is safe to move it to another thread.
A reference to the type is also safe to move to another thread, because the data it references
can be accessed from any thread safely.

60.4 Ornekler

Send + Sync

Most types you come across are Send + Sync:

» 18, f32, bool, char, &str, ...

e (T1, T2),[T; N],&[T],struct { x: T },..

String, Option<T>, Vec<T>, Box<T>, ...

Arc<T>: Explicitly thread-safe via atomic reference count.
Mutex<T>: Explicitly thread-safe via internal locking.

mpsc: :Sender<T>: As of 1.72.0.

AtomicBool, AtomicUs, ...: Uses special atomic instructions.

The generic types are typically Send + Sync when the type parameters are Send + Sync.

Send + !Sync

These types can be moved to other threads, but they're not thread-safe. Typically because of
interior mutability:

* mpsc::Receiver<T>
o Cell<T>
* RefCell<T>

!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.
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!Send + !Sync
These types are not thread-safe and cannot be moved to other threads:

e Rc<T>: each Rc<T> has a reference to an RcBox<T>, which contains a non-atomic

reference count.
* *const T, *mut T: Rust assumes raw pointers may have special concurrency

considerations.
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Chapter 61

Paylasimli Durum (State)

Bu boliim yaklagik 30 dakika siirmelidir. Icerigi:

Slayt  Stre

Arc 5 dakika
Mutex 15 dakika
Ornek 10 dakika

61.1 Axc

Arc<T> allows shared, read-only ownership via Arc: :clone:

use std::sync::Arc;
use std::thread;

/// A struct that prints which thread drops it.
#[derive(Debug) ]
struct WhereDropped(Vec<i32>);

impl Drop for WhereDropped {
fn drop(&mut self) {
println!("Dropped by {:?}", thread::current().id())
}
}

fn main() {
let v = Arc::new(WhereDropped(vec![10, 20, 30]));
let mut handles = Vec: :new();
for i in 0..5 {
let v = Arc::clone(&v);
handles.push(thread: :spawn(move || {
// Sleep for 0-500ms.
std::thread::sleep(std::time: :Duration::from_millis(500 - i * 100));
let thread_id = thread::current().id();
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println! ("{thread_id:?}: {v:?}");
1))
}

// Now only the spawned threads will hold clones of “v'.
drop(v);

// When the last spawned thread finishes, it will drop v 's contents.
handles.into_iter().for_each(|h| h.join().unwrap());

}

This slide should take about 5 minutes.

» Arc stands for “Atomic Reference Counted”, a thread safe version of Rc that uses atomic
operations.

* Arc<T> implements Clone whether or not T does. It implements Send and Sync if and
only if T implements them both.

* Arc::clone() has the cost of atomic operations that get executed, but after that the
use of the T is free.

» Beware of reference cycles, Arc does not use a garbage collector to detect them.

— std: :sync: :Weak can help.

61.2 Mutex

Mutex<T> ensures mutual exclusion and allows mutable access to T behind a read-only
interface (another form of interior mutability):

use std::sync::Mutex;

fn main() {
let v = Mutex::new(vec![10, 20, 30]);
println!("v: {:?}", v.lock().unwrap());

{
let mut guard = v.lock().unwrap();
guard.push(40);

}

println!("v: {:?}", v.lock().unwrap());

}

Notice how we have a impl<T: Send> Sync for Mutex<T> blanket implementation.
This slide should take about 14 minutes.

* Mutex in Rust looks like a collection with just one element --- the protected data.
— Itis not possible to forget to acquire the mutex before accessing the protected data.
* You can get an &mut T from an &Mutex<T> by taking the lock. The MutexGuard ensures
that the &mut T doesn't outlive the lock being held.
* Mutex<T> implements both Send and Sync if and only if T implements Send.
» A read-write lock counterpart: RwLock.
* Why does lock() return a Result?
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— If the thread that held the Mutex panicked, the Mutex becomes ”poisoned” to signal
that the data it protected might be in an inconsistent state. Calling lock() on a
poisoned mutex fails with a PoisonError. You can call into_inner () on the error
to recover the data regardless.

61.3 Ornek

Let us see Arc and Mutex in action:

use std::thread;
// use std::sync::{Arc, Mutex};

fn main() {
let v = vec![10, 20, 30];
let mut handles = Vec: :new();
for i in 0..5 {
handles.push(thread: :spawn(|| {
v.push(10 * i);
println!("v: {v:?}");
1))
}

handles.into_iter().for_each(|h| h.join().unwrap());

}
This slide should take about 8 minutes.
Possible solution:

use std::sync::{Arc, Mutex};
use std::thread;

fn main() {
let v = Arc::new(Mutex::new(vec![10, 20, 301));
let mut handles = Vec: :new();
for i in 0..5 {
let v = Arc::clone(&v);
handles.push(thread: :spawn(move || {
let mut v = v.lock().unwrap();
v.push(10 * i);
println!("v: {v:?}");

1))

}

handles.into_iter().for_each(|h| h.join().unwrap());
}
Notable parts:

* v is wrapped in both Arc and Mutex, because their concerns are orthogonal.
— Wrapping a Mutex in an Arc is a common pattern to share mutable state between
threads.
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* v: Arc<_> needs to be cloned to make a new reference for each new spawned thread.
Note move was added to the lambda signature.
* Blocks are introduced to narrow the scope of the LockGuaxrd as much as possible.
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Chapter 62

Alstirmalar

Bu boliim yaklagik 1 saat 10 dakika siirmelidir. Icerigi:

Slayt Stre

Filozoflarin Aksam Yemegi 20 dakika
Cok Is Parcacikli Link Denetleyicisi 20 dakika
Cozumler 30 dakika

62.1 Filozoflarin Aksam Yemegi

The dining philosophers problem is a classic problem in concurrency:

Five philosophers dine together at the same table. Each philosopher has their
own place at the table. There is a chopstick between each plate. The dish served
is spaghetti which requires two chopsticks to eat. Each philosopher can only
alternately think and eat. Moreover, a philosopher can only eat their spaghetti
when they have both a left and right chopstick. Thus two chopsticks will only
be available when their two nearest neighbors are thinking, not eating. After an
individual philosopher finishes eating, they will put down both chopsticks.

You will need a local Cargo installation for this exercise. Copy the code below to a file called
src/main.rs, fill out the blanks, and test that cargo run does not deadlock:

use std::sync::{Arc, Mutex, mpsc};
use std::thread;

use std::time::Duration;

struct Chopstick;

struct Philosopher {
name: String,
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}

impl Philosopher {
fn think(&self) {
self.thoughts
.send(format! ("Eureka! {} has a new idea!", &self.name))

.unwrap();

}
fn eat(&self) {
// Pick up chopsticks...

println!("{} is eating...", &self.name);
thread: :sleep(Duration: :from_millis(10));

}

static PHILOSOPHERS: &[&str] =
&["Socrates", "Hypatia", "Plato", "Aristotle", "Pythagoras"];

fn main() {
// Create chopsticks

// Create philosophers
// Make each of them think and eat 100 times

// Output their thoughts

}

You can use the following Cargo. toml:
[package]

name = "dining-philosophers"
version = "0.1.0"

edition = "2024"

This slide should take about 20 minutes.

* Encourage students to focus first on implementing a solution that “mostly” works.
* The deadlock in the simplest solution is a general concurrency problem and highlights
that Rust does not automatically prevent this sort of bug

62.2 Cok Is Parcacikli Link Denetleyicisi

Let us use our new knowledge to create a multi-threaded link checker. It should start at a
webpage and check that links on the page are valid. It should recursively check other pages
on the same domain and keep doing this until all pages have been validated.

For this, you will need an HTTP client such as reqwest. You will also need a way to find links,
we can use scraper. Finally, we'll need some way of handling errors, we will use thiserror.

Create a new Cargo project and reqwest it as a dependency with:
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cargo new link-checker

cd link-checker

cargo add --features blocking,rustls-tls reqwest
cargo add scraper

cargo add thiserror

If cargo add fails with error: no such subcommand, then please edit the
Cargo.toml file by hand. Add the dependencies listed below.

The cargo add calls will update the Cargo. toml file to look like this:

[package]

name = "link-checker"

version = "0.1.0"

edition = "2024"

publish = false

[dependencies]

reqwest = { version = "0.11.12", features = ["blocking", "rustls-tls"] }

scraper = "0.13.0"
thiserror = "1.0.37"

You can now download the start page. Try with a small site suchashttps://www.google.org/.
Your src/main.rs file should look something like this:

use reqwest::Url;

use reqwest::blocking::Client;
use scraper::{Html, Selector};
use thiserror::Exrror;

#[derive(Error, Debug)]

enum Error {
#[error("request error: {0}")]
ReqwestErroxr (#[from] reqwest::Error),
#[exror("bad http response: {0}")]
BadResponse(String),

}

#[derive(Debug) ]

struct CrawlCommand {
url: Url,
extract_links: bool,

}

fn visit_page(client: &Client, command: &CrawlCommand) -> Result<Vec<Url>, Error> {
println!("Checking {:#}", command.url);
let response = client.get(command.url.clone()).send()?;
if !response.status().is_success() {
return Err(Error::BadResponse(response.status().to_string()));

}

let mut link_urls = Vec::new();
if !command.extract_links {
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return Ok(link_urls);

let base_url = response.url().to_owned();
let body_text = response.text()?;
let document = Html::parse_document(&body_text);

let selector = Selector::parse("a").unwrap();
let href_values = document
.select(&selector)
.filter_map(|element| element.value().attr("href"));
for href in href_values {
match base_url.join(href) {
Ok(link_url) => {
link_urls.push(link_url);
}
Err(err) => {
println!("On {base_url:#}: ignored unparsable {href:?}: {err}");
}
}
}
Ok(1link_urls)
}

fn main() {
let client = Client::new();
let start_url = Url::parse("https://www.google.org").unwrap();
let crawl_command = CrawlCommand{ url: start_url, extract_links: true };
match visit_page(&client, &crawl_command) {
Ok(links) => println!("Links: {links:#?}"),
Err(err) => println!("Could not extract links: {err:#}"),

}

Run the code in src/main. rs with

cargo run

Gorevler

* Use threads to check the links in parallel: send the URLs to be checked to a channel and
let a few threads check the URLs in parallel.

» Extend this to recursively extract links from all pages on the www.google.org domain.
Put an upper limit of 100 pages or so so that you don't end up being blocked by the site.

This slide should take about 20 minutes.

* This is a complex exercise and intended to give students an opportunity to work on a
larger project than others. A success condition for this exercise is to get stuck on some
“real” issue and work through it with the support of other students or the instructor.
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62.3 Cozumler

Filozoflarin Aksam Yemegi

use std::sync::{Arc, Mutex, mpsc};
use std::thread;
use std::time::Duration;

struct Chopstick;

struct Philosopher {
name: String,
left_chopstick: Arc<Mutex<Chopstick>>,
right_chopstick: Arc<Mutex<Chopstick>>,
thoughts: mpsc::SyncSender<String>,

}

impl Philosopher {
fn think(&self) {
self.thoughts
.send(format! ("Eureka! {} has a new idea!", &self.name))
.unwrap();

}

fn eat(&self) {
println!("{} is trying to eat", &self.name);
let _left = self.left_chopstick.lock().unwrap();
let _right = self.right_chopstick.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 chopsticks = PHILOSOPHERS
Jiter()
.map(|_| Arc::new(Mutex::new(Chopstick)))
.collect::<Vec<_>>();

for i in 0..chopsticks.len() {
let tx = tx.clone();
let mut left_chopstick = Arc::clone(&chopsticks[i]);
let mut right_chopstick =
Arc::clone(&chopsticks[(i + 1) % chopsticks.len()]);
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// To avoid a deadlock, we have to break the symmetry
// somewhere. This will swap the chopsticks without deinitializing
// either of them.
if i == chopsticks.len() - 1 {
std::mem: :swap(&mut left_chopstick, &mut right_chopstick);
}

let philosopher = Philosopher {
name: PHILOSOPHERS[i].to_string(),
thoughts: tx,
left_chopstick,
right_chopstick,

b
thread: :spawn(move || {
for _ in 0..100 {
philosopher.eat();
philosopher.think();
}
1)
}
drop(tx);

for thought in rx {
println! (" {thought}");
}

Link Checker

use
use

use
use
use
use

std::sync::{Arc, Mutex, mpsc};
std: :thread;

reqwest::Url;

reqwest: :blocking: :Client;
scraper: :{Html, Selector};
thiserror: :Error;

#[derive(Error, Debug)]
enum Error {

}

#[error("request error: {0}")]
ReqwestExrror (#[from] reqwest::Error),
#[exrror("bad http response: {0}")]
BadResponse(String),

#[derive(Debug) ]
struct CrawlCommand {

url: Url,
extract_links: bool,
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fn visit_page(client: &Client, command: &CrawlCommand) -> Result<Vec<Url>, Error> {
println!("Checking {:#}", command.url);
let response = client.get(command.url.clone()).send()?;
if !response.status().is_success() {
return Err(Error::BadResponse(response.status().to_string()));

}

let mut link_urls = Vec::new();
if !command.extract_links {
return Ok(link_urls);

}

let base_url = response.url().to_owned();
let body_text = response.text()?;
let document = Html::parse_document(&body_text);
let selector = Selector::parse("a").unwrap();
let href_values = document
.select(&selector)
.filter_map(|element| element.value().attr("href"));
for href in href_values {
match base_url.join(href) {
Ok(link_url) => {
link_urls.push(link_url);
}
Err(err) => {
println!("On {base_url:#}: ignored unparsable {href:?}: {err}");
}
}
}
Ok(link_urls)
}

struct CrawlState {
domain: String,
visited_pages: std::collections::HashSet<String>,

}

impl CrawlState {
fn new(start_url: &Url) -> CrawlState {
let mut visited_pages = std::collections::HashSet::new();
visited_pages.insert(start_url.as_str().to_string());
CrawlState { domain: start_url.domain().unwrap().to_string(), visited_pages }

}

/// Determine whether links within the given page should be extracted.
fn should_extract_links(&self, url: &Uxrl) -> bool {
let Some(url_domain) = url.domain() else {
return false;

},
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url_domain == self.domain

}

/// Mark the given page as visited, returning false if it had already
/// been visited.
fn mark_visited(&mut self, url: &Url) -> bool {
self.visited_pages.insert(url.as_str().to_string())
}
}

type CrawlResult = Result<Vec<Url>, (Url, Error)>;
fn spawn_crawler_threads(
command_receiver: mpsc::Receiver<CrawlCommand>,
result_sender: mpsc::Sender<CrawlResult>,
thread_count: u32,

) {
// To multiplex the non-cloneable Receiver, wrap it in Arc<Mutex<_>>.
let command_receiver = Arc::new(Mutex::new(command_receiver));
for _ in 0..thread_count {
let result_sender = result_sender.clone();
let command_receiver = Arc::clone(&command_receiver);
thread: :spawn(move || {
let client = Client::new();
loop {
let command_result = {
let receiver_guard = command_receiver.lock().unwrap();
receiver_guard.recv()
b
let Ok(crawl_command) = command_result else {
// The sender got dropped. No more commands coming in.
break;
b
let crawl_result = match visit_page(&client, &crawl_command) {
Ok(link_urls) => Ok(1link_urls),
Err(error) => Err((crawl_command.url, error)),
b
result_sender.send(crawl_result).unwrap();
}
P
}
}

fn control_crawl(
start_url: Url,
command_sender: mpsc::Sender<CrawlCommand>,
result_receiver: mpsc::Receiver<CrawlResult>,
) -> Vec<Url> {
let mut crawl_state = CrawlState::new(&start_uxrl);
let start_command = CrawlCommand { url: start_url, extract_links: true };
command_sender.send(start_command) .unwrap() ;
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let mut pending_urls = 1;

let mut bad_urls = Vec::new();

while pending_urls > 0 {
let crawl_result = result_receiver.recv().unwrap();
pending_urls -= 1;

match crawl_result {
Ok(link_urls) => {
for url in link_urls {
if crawl_state.mark_visited(&url) {
let extract_links = crawl_state.should_extract_links(&url);
let crawl_command = CrawlCommand { url, extract_links };
command_sender.send(crawl_command) .unwrap() ;
pending_urls += 1;

}
}
Err((url, error)) => {
bad_urls.push(url);
println!("Got crawling error: {:#}", error);
continue;

}
}
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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Part XIV

Eszamanlilik: Ogleden Sonra
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Chapter 63

Hos Geldiniz

“Async” is a concurrency model where multiple tasks are executed concurrently by executing
each task until it would block, then switching to another task that is ready to make progress.
The model allows running a larger number of tasks on a limited number of threads. This is
because the per-task overhead is typically very low and operating systems provide primitives
for efficiently identifying I/O that is able to proceed.

Rust's asynchronous operation is based on ”futures”, which represent work that may be
completed in the future. Futures are “polled” until they signal that they are complete.

Futures are polled by an async runtime, and several different runtimes are available.

Karsilagstirmalar

» Python has a similar model in its asyncio. However; its Future type is callback-based,
and not polled. Async Python programs require a ”loop”, similar to a runtime in Rust.

* JavaScript's Promise is similar, but again callback-based. The language runtime
implements the event loop, so many of the details of Promise resolution are hidden.

Zamanlama (Schedule)

Bu oturum 10 dakikalik aralar dahil yaklasik 3 saat 30 dakika siirmelidir. icerigi:

Bolum Siire

Async Temelleri 40 dakika
Kanallar ve Kontrol Akis1 20 dakika
Tuzaklar 55 dakika
Aligtirmalar 1 saat 10 dakika
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Chapter 64

Async Temelleri

Bu boliim yaklasik 40 dakika stirmelidir. Igerigi:

Slayt Siire
async/await 10 dakika
Future Ozellikleri (Traits) 4 dakika
Durum Makinesi 10 dakika
Calisma Zamanlari 10 dakika
Gorevler 10 dakika

64.1 async/await

At a high level, async Rust code looks very much like "normal” sequential code:

use futures::executor::block_on;

async fn count_to(count: 132) {
for i in 0..count {
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.

Anahtar noktalar:
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* Note that this is a simplified example to show the syntax. There is no long running
operation or any real concurrency in it!

» The "async” keyword is syntactic sugar. The compiler replaces the return type with a
future.

* You cannot make main async, without additional instructions to the compiler on how to
use the returned future.

* You need an executor to run async code. block_on blocks the current thread until the
provided future has run to completion.

* .await asynchronously waits for the completion of another operation. Unlike
block_on, .await doesn't block the current thread.

* .await can only be used inside an async function (or block; these are introduced later).

64.2 Future Ozellikleri (Traits)

Futureisatrait, implemented by objects that represent an operation that may not be complete
yet. A future can be polled, and poll returns a Poll.

use std::pin::Pin;

use std::task::Context;

pub trait Future {
type Output;
fn poll(self: Pin<&mut Self>, cx: &mut Context<'_>) -> Poll<Self::Output>;

}

pub enum Poll<T> {
Ready(T),
Pending,

}

An async function returns an impl Future. It's also possible (but uncommon) to implement
Future for your own types. For example, the JoinHandle returned from tokio: : spawn
implements Future to allow joining to it.

The . await keyword, applied to a Future, causes the current async function to pause until
that Future is ready, and then evaluates to its output.

This slide should take about 4 minutes.

* The Future and Poll types are implemented exactly as shown; click the links to show
the implementations in the docs.

» Context allows a Future to schedule itself to be polled again when an event such as a
timeout occurs.

* Pin ensures that the Future isn't moved in memory, so that pointers into that future
remain valid. This is required to allow references to remain valid after an .await. We
will address Pin in the *Pitfalls” segment.
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64.3 Durum Makinesi

Rust transforms an async function or block to a hidden type that implements Future, using
a state machine to track the function's progress. The details of this transform are complex,
but it helps to have a schematic understanding of what is happening. The following function

/// Sum two D10 rolls plus a modifier.

async fn two_d1@(modifier: u32) -> u32 {
let first_roll = roll_d10().await;
let second_roll = roll_d10().await;
first_roll + second_roll + modifier

}

is transformed to something like

use std::future::Future;
use std::pin::Pin;
use std::task::{Context, Poll};

/// Sum two D10 rolls plus a modifier.

fn two_d1@(modifier: u32) -> TwoD10@ {
TwoD10: :Init { modifier }

}

enum TwoD1@ {
// Function has not begun yet.
Init { modifier: u32 },
// Waiting for first " .await’ to complete.
FirstRoll { modifier: u32, fut: RollD1@Future },
// Waiting for second " .await  to complete.
SecondRoll { modifier: u32, first_roll: u32, fut: RollD1@Future },

}

impl Future for TwoD10 {
type Output = u32;
fn poll(mut self: Pin<&mut Self>, ctx: &mut Context) -> Poll<Self::Qutput> {
loop {
match *self {
TwoD10: :Init { modifier } => {
// Create future for first dice roll.
let fut = roll_di10();
*self = TwoD10: :FirstRoll { modifier, fut };
}
TwoD1@: :FirstRoll { modifier, ref mut fut } => {
// Poll sub-future for first dice roll.
if let Poll::Ready(first_roll) = fut.poll(ctx) {
// Create future for second roll.
let fut = roll _dio();
*self = TwoD10::SecondRoll { modifier, first_roll, fut };
} else {
return Poll: :Pending;
}
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}
TwoD10: :SecondRoll { modifier, first_roll, ref mut fut } => {

if let Poll::Ready(second_roll) = fut.poll(ctx) {

return Poll::Ready(first_roll + second_roll + modifier);
} else {

return Poll::Pending;

}

}

This slide should take about 10 minutes.

This example is illustrative, and isn't an accurate representation of the Rust compiler's
transformation. The important things to notice here are:

* Calling an async function does nothing but construct and return a future.

 Alllocal variables are stored in the function's future, using an enum to identify where
execution is currently suspended.

* An .await in the async function is translated into an a new state containing all live
variables and the awaited future. The loop then handles that updated state, polling the
future until it returns Poll: : Ready.

* Execution continues eagerly until a Poll: :Pending occurs. In this simple example,
every future is ready immediately.

* main contains a naive executor, which just busy-loops until the future is ready. We will
discuss real executors shortly.

Daha Fazlasini Kesfedin

Imagine the Future data structure for a deeply nested stack of async functions. Each
function's Future contains the Future structures for the functions it calls. This can result in
unexpectedly large compiler-generated Future types.

This also means that recursive async functions are challenging. Compare to the common
error of building recursive type, such as

enum LinkedList<T> {
Node { value: T, next: LinkedList<T> 1},
Nil,
}
The fix for a recursive type is to add a layer of indrection, such as with Box. Similarly, a
recursive async function must box the recursive future:

async fn count_to(n: u32) {
ifn>0{
Box: :pin(count_to(n - 1)).await;
println!("{n}");
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64.4 Calisma Zamanlar:

A runtime provides support for performing operations asynchronously (a reactor) and is
responsible for executing futures (an executor). Rust does not have a *built-in” runtime, but
several options are available:

* Tokio: performant, with a well-developed ecosystem of functionality like Hyper for
HTTP or Tonic for gRPC.
* smol: simple and lightweight

Several larger applications have their own runtimes. For example, Fuchsia already has one.
This slide and its sub-slides should take about 10 minutes.

* Note that of the listed runtimes, only Tokio is supported in the Rust playground. The
playground also does not permit any I/O, so most interesting async things can't run in
the playground.

» Futures are ”inert” in that they do not do anything (not even start an I/O operation)
unless there is an executor polling them. This differs from JS Promises, for example,
which will run to completion even if they are never used.

64.4.1 Tokio Kasasi

Tokio provides:

* A multi-threaded runtime for executing asynchronous code.
* An asynchronous version of the standard library.
» Alarge ecosystem of libraries.

use tokio::time;
async fn count_to(count: 132) {
for 1 in 0. .count {

println!("Count in task: {i}!");
time: :sleep(time: :Duration::from_millis(5)).await;

}

#[tokio: :main]
async fn main() {
tokio: :spawn(count_to(10));

for i in 0..5 {
println!("Main task: {i}");
time: :sleep(time: :Duration::from_millis(5)).await;

* With the tokio: :main macro we can now make main async.
» The spawn function creates a new, concurrent *task”.
* Note: spawn takes a Future, you don't call . await on count_to.

Further exploration:
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* Why does count_to not (usually) get to 10? This is an example of async cancellation.
tokio: : spawn returns a handle which can be awaited to wait until it finishes.

* Try count_to(10@) .await instead of spawning.

* Try awaiting the task returned from tokio: : spawn.

64.5 Gorevler

Rust has a task system, which is a form of lightweight threading.

A task has a single top-level future which the executor polls to make progress. That future
may have one or more nested futures that its pol1l method polls, corresponding loosely to a
call stack. Concurrency within a task is possible by polling multiple child futures, such as
racing a timer and an I/O operation.

use tokio::io::{self, AsyncReadExt, AsyncWriteExt};
use tokio::net::TcpListener;

#[tokio: :main]

async fn main() -> io::Result<()> {
let listener = Tcplistener::bind("127.0.0.1:0").await?;
println!("listening on port {}", listener.local_addr()?.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();
let reply = format!("Thanks for dialing in, {name}!\n");
socket.write_all(reply.as_bytes()).await.expect("socket error");

).

}
This slide should take about 6 minutes.

Copy this example into your prepared src/main.rs and run it from there.
Try connecting to it with a TCP connection tool like nc or telnet.

» 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.

» Refactor the async block into a function, and improve the error handling using ?.
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Chapter 65

Kanallar ve Kontrol Akisi

Bu boliim yaklasik 20 dakika stirmelidir. Igerigi:

Slayt Stre
Async Kanallar1 10 dakika
Join 4 dakika
Select 5 dakika

65.1 Async Kanallar1

Several crates have support for asynchronous channels. For instance tokio:

use tokio::sync::mpsc;

async fn ping_handler(mut input: mpsc::Receiver<()>) {
let mut count: usize = 0;

while let Some(_) = input.recv().await {
count += 1;
println!("Received {count} pings so far.");

}

println!("ping_handler complete");
}

#[tokio: :main]
async fn main() {
let (sender, receiver) = mpsc::channel(32);
let ping_handler_task = tokio::spawn(ping_handler(receiver));
for i in 0..10 {
sender.send(()).await.expect("Failed to send ping.");
println!("Sent {} pings so far.", i + 1);
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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.
* Change the channel size to 3 and see how it affects the execution.
* Overall, the interface is similar to the sync channels as seen in the morning class.
* Try removing the std: :mem: :drop call. What happens? Why?

* The Flume crate has channels that implement both sync and async send and recv.
This can be convenient for complex applications with both 10 and heavy CPU processing
tasks.

* What makes working with async channels preferable is the ability to combine them
with other futures to combine them and create complex control flow.

65.2 Join

A join operation waits until all of a set of futures are ready, and returns a collection of their
results. This is similar to Promise. all in JavaScript or asyncio.gather in Python.

use anyhow: :Result;

use futures::future;

use reqwest;

use std::collections::HashMap;

async fn size_of_page(url: &str) -> Result<usize> {
let resp = reqwest::get(url).await?;
Ok (resp.text().await?.len())

}

#[tokio: :main]
async fn main() {
let urls: [&str; 4] = [
"https://google.com",
"https://httpbin.org/ip",
"https://play.rust-lang.oxrg/",
"BAD_URL",
1
let futures_iter = urls.into_iter().map(size_of_page);
let results = future::join_all(futures_iter).await;
let page_sizes_dict: HashMap<&str, Result<usize>> =
urls.into_iter().zip(results.into_iter()).collect();
println!("{page_sizes_dict:?}");

}

This slide should take about 4 minutes.
Copy this example into your prepared src/main.rs and run it from there.

* For multiple futures of disjoint types, you can use std: : future: : join! but you must
know how many futures you will have at compile time. This is currently in the futures
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crate, soon to be stabilised in std: : future.

* The risk of join is that one of the futures may never resolve, this would cause your
program to stall.

* You can also combine join_all with join! for instance to join all requests to an http
service as well as a database query. Try adding a tokio: :time: :sleep to the future,
using futures::join!. This is not a timeout (that requires select!, explained in the
next chapter), but demonstrates join!.

65.3 Select

A select operation waits until any of a set of futures is ready, and responds to that
future's result. In JavaScript, this is similar to Promise.race. In Python, it compares to
asyncio.wait(task_set, return_when=asyncio.FIRST_COMPLETED).

Similar to a match statement, the body of select! has a number of arms, each of the
form pattern = future => statement. When a future is ready, its return value is
destructured by the pattern. The statement is then run with the resulting variables. The
statement result becomes the result of the select! macro.

use tokio::sync::mpsc;
use tokio::time::{Duration, sleep};

#[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"),
b
})s
sleep(Duration: :from_millis(10)).await;
tx.send(String: : from("Merhaba!")).await.expect("Failed to send greeting");

listener.await.expect("Listener failed");

}
This slide should take about 5 minutes.

* The listener async block here is a common form: wait for some async event, or for a
timeout. Change the sleep to sleep longer to see it fail. Why does the send also fail in
this situation?

» 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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Chapter 66

Tuzaklar

Async / await provides convenient and efficient abstraction for concurrent asynchronous
programming. However, the async/await model in Rust also comes with its share of pitfalls
and footguns. We illustrate some of them in this chapter.

Bu béliim yaklasik 55 dakika stirmelidir. Icerir:

Slayt Siire
Yiriticinin/Calistiricinin (Executor) 10 dakika
Engellenmesi

Pin 20 dakika
Async Ozellikleri (Traits) 5 dakika
iptal (Cancellation) 20 dakika

66.1 Blocking the executor

Most async runtimes only allow IO tasks to run concurrently. This means that CPU blocking
tasks will block the executor and prevent other tasks from being executed. An easy
workaround is to use async equivalent methods where possible.

use futures::future::join_all;
use std::time::Instant;

async fn sleep_ms(start: &Instant, id: u64, duration_ms: u64) {
std::thread::sleep(std::time: :Duration::from_millis(duration_ms));
println!(
"future {id} slept for {duration_ms}ms, finished after {}ms",
start.elapsed().as_millis()
),
}

#[tokio: :main(flavor = "current_thread")]
async fn main() {
let start = Instant::now();
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let sleep_futures = (1..=10).map(|t| sleep_ms(&start, t, t * 10));
join_all(sleep_futures) .await;
}

This slide should take about 10 minutes.
* Run the code and see that the sleeps happen consecutively rather than concurrently.

* The "current_thread" flavor puts all tasks on a single thread. This makes the effect
more obvious, but the bug is still present in the multi-threaded flavor.

* Switch the std: :thread: :sleepto tokio: :time: :sleep and await its result.

* Another fix would be to tokio: :task: :spawn_blocking which spawns an actual
thread and transforms its handle into a future without blocking the executor.

* You should not think of tasks as OS threads. They do not map 1 to 1 and most
executors will allow many tasks to run on a single OS thread. This is particularly
problematic when interacting with other libraries via FFI, where that library might
depend on thread-local storage or map to specific OS threads (e.g., CUDA). Prefer
tokio: :task: :spawn_blocking in such situations.

» Use sync mutexes with care. Holding a mutex over an .await may cause another task
to block, and that task may be running on the same thread.

66.2 Pin

Recall an async function or block creates a type implementing Future and containing all
of the local variables. Some of those variables can hold references (pointers) to other local
variables. To ensure those remain valid, the future can never be moved to a different memory
location.

To prevent moving the future type in memory, it can only be polled through a pinned pointer.
Pin is a wrapper around a reference that disallows all operations that would move the
instance it points to into a different memory location.

use tokio::sync::{mpsc, oneshot};
use tokio::task::spawn;
use tokio::time::{Duration, sleep};

// A work item. In this case, just sleep for the given time and respond
// with a message on the “respond_on’ channel.
#[derive(Debug) ]
struct Work {
input: u32,
respond_on: oneshot::Sender<u32>,

}

// A worker which listens for work on a queue and performs it.
async fn worker(mut work_queue: mpsc::Receiver<Work>) {
let mut iterations = 0;
loop {
tokio: :select!
Some (work)

~

work_queue.recv() => {
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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 i in 0..100 {
let resp = do_work(&tx, 1i).await;
println! ("work result for iteration {i}: {resp}");

}
This slide should take about 20 minutes.

* You may recognize this as an example of the actor pattern. Actors typically call select!
in a loop.

* This serves as a summation of a few of the previous lessons, so take your time with it.

— Naivelyadda_ = sleep(Duration::from_millis(100)) => { println!(..)
} to the select!. This will never execute. Why?

- Instead, add a timeout_fut containing that future outside of the loop:

let timeout_fut = sleep(Duration::from_millis(100));
loop {
select! {

o

_ = timeout_fut => { println!(..); },

}

— 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)));

385



loop {
select! {

_ = &mut timeout_fut => { println!(..); },

}

— This compiles, but once the timeout expires it is Pol1: :Ready on every iteration
(a fused future would help with this). Update to reset timeout_fut every time it

expires:
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)));
I
}
}

* 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.

* Another alternative is to not use pin at all but spawn another task that will send to a
oneshot channel every 100ms.

» Data that contains pointers to itself is called self-referential. Normally, the Rust borrow
checker would prevent self-referential data from being moved, as the references cannot
outlive the data they point to. However, the code transformation for async blocks and
functions is not verified by the borrow checker.

* Pinis a wrapper around a reference. An object cannot be moved from its place using a
pinned pointer. However, it can still be moved through an unpinned pointer.

» The poll method of the Future trait uses Pin<&mut Self> instead of &mut Self to
refer to the instance. That's why it can only be called on a pinned pointer.

66.3 Async Ozellikleri (Traits)

Async methods in traits were stabilized in the 1.75 release. This required support for using
return-position impl Trait in traits, as the desugaring for async fn includes -> impl
Future<Output = ...>.

However, even with the native support, there are some pitfalls around async fn:

* Return-position impl Trait captures all in-scope lifetimes (so some patterns of
borrowing cannot be expressed).

* Async traits cannot be used with trait objects (dyn Trait support).

The async_trait crate provides a workaround for dyn support through a macro, with some
caveats:

386


https://docs.rs/async-trait/

use async_trait::async_trait;
use std::time::Instant;
use tokio::time::{Duration, sleep};

#[async_trait]
trait Sleeper {

async fn sleep(&self);
}

struct FixedSleeper {
sleep_ms: u64,

}

#[async_trait]
impl Sleeper for FixedSleeper {
async fn sleep(&self) {
sleep(Duration::from_millis(self.sleep_ms)).await;
}
}

async fn run_all_sleepers_multiple_times(
sleepers: Vec<Box<dyn Sleeper>>,
n_times: usize,
) |
for _ in 0. .n_times {
println!("Running all sleepers...");
for sleeper in &sleepers {
let start = Instant::now();
sleeper.sleep().await;
println! ("Slept for {} ms", start.elapsed().as_millis());

}

#[tokio: :main]
async fn main() {
let sleepers: Vec<Box<dyn Sleeper>> = vec!][
Box: :new(FixedSleeper { sleep_ms: 50 }),
Box: :new(FixedSleeper { sleep_ms: 100 }),
1.
run_all_sleepers_multiple_times(sleepers, 5).await;
}

This slide should take about 5 minutes.

* async_trait is easy to use, but note that it's using heap allocations to achieve this. This
heap allocation has performance overhead.

* The challenges in language support for async trait are too deep to describe in-depth
in this class. See this blog post by Niko Matsakis if you are interested in digging deeper.
See also these keywords:

— RPIT: short for return-position impl Trait.
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— RPITIT: short for return-position impl Trait in trait (RPIT in trait).

» Try creating a new sleeper struct that will sleep for a random amount of time and adding
it to the Vec.

66.4 Iptal (Cancellation)

Dropping a future implies it can never be polled again. This is called cancellation and it can
occur at any await point. Care is needed to ensure the system works correctly even when
futures are cancelled. For example, it shouldn't deadlock or lose data.

use std::io;
use std::time: :Duration;
use tokio::io::{AsyncReadExt, AsyncWriteExt, DuplexStream};

struct LinesReader {
stream: DuplexStream,
}

impl LinesReader {
fn new(stream: DuplexStream) -> Self {
Self { stream }
}

async fn next(&mut self) -> io::Result<Option<String>> {
let mut bytes = Vec::new();
let mut buf = [0];
while self.stream.read(&mut buf[..]).await? != 0 {
bytes.push(buf[0]);
if buf[0] == b'\n" {
break;
}
}
if bytes.is_empty() {
return Ok(None);
}
let s = String::from_utf8(bytes)
.map_exr(|_| io::Error::new(io::ErrorKind::InvalidData, "not UTF-8"))?;
Ok (Some(s))

}

async fn slow_copy(source: String, mut dest: DuplexStream) -> io::Result<()> {
for b in source.bytes() {
dest.write_u8(b).await?;
tokio: :time: :sleep(Duration: :from_millis(10)).await
}
0k(())
}

#[tokio: :main]
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async fn main() -> io::Result<()> {
let (client, server) = tokio::io::duplex(5);
let handle = tokio::spawn(slow_copy("hi\nthere\n".to_owned(), client));

let mut lines = LinesReader: :new(server);
let mut interval = tokio::time::interval(Duration: :from_millis(60));
loop {
tokio::select! {
_ = interval.tick() => println!("tick!"),
line = lines.next() => if let Some(l) = line? {
print!("{}", 1)
} else {
break
b
}
}

handle.await.unwrap()?;
0k(())
}

This slide should take about 18 minutes.

* The compiler doesn't help with cancellation-safety. You need to read API documentation
and consider what state your async fn holds.

* Unlike panic and ?, cancellation is part of normal control flow (vs error-handling).

* The example loses parts of the string.
— Whenever the tick() branch finishes first, next () and its buf are dropped.

— LinesReader can be made cancellation-safe by making buf part of the struct:

struct LinesReader {
stream: DuplexStream,
bytes: Vec<u8>,
buf: [u8; 17,

}

impl LinesReader {

fn new(stream: DuplexStream) -> Self {
Self { stream, bytes: Vec::new(), buf: [0] }

}

async fn next(&mut self) -> io::Result<Option<String>> {
// prefix buf and bytes with self.
/!l ...
let raw = std::mem::take(&mut self.bytes);
let s = String::from_utf8(raw)

.map_exrr(|_| io::Error::new(io::ErrorKind::InvalidData, "not UTF-8"]
/7
}
}
* Interval::tickis cancellation-safe because it keeps track of whether a tick has been
'delivered'.
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* AsyncReadExt: : read is cancellation-safe because it either returns or doesn't read data.

* AsyncBufReadExt: :read_line is similar to the example and isn't cancellation-safe.
See its documentation for details and alternatives.
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Chapter 67

Alstirmalar

Bu boliim yaklagik 1 saat 10 dakika siirmelidir. Icerigi:

Slayt Stre

Filozoflarin Aksam Yemegi 20 dakika
Yayimlamali Sohbet Uygulamas:1 30 dakika
Cozlumler 20 dakika

67.1 Filozoflarin Aksam Yemegi --- Async

See dining philosophers for a description of the problem.

As before, you will need a local Cargo installation for this exercise. Copy the code below to a
file called src/main.rs, fill out the blanks, and test that cargo run does not deadlock:

use std::sync::Arc;
use tokio::sync::{Mutex, mpsc};
use tokio::time;

struct Chopstick;

struct Philosopher {
name: String,
// left_chopstick:
// right_chopstick:
// thoughts:

}

impl Philosopher {
async fn think(&self) {
self.thoughts
.send(format! ("Eureka! {} has a new ideal!", &self.name))
.await
.unwrap();
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}

async fn eat(&self) {
// Keep trying until we have both chopsticks
println!("{} is eating...", &self.name);
time: :sleep(time: :Duration: :from_millis(5)).await;

}

// tokio scheduler doesn't deadlock with 5 philosophers, so have 2.
static PHILOSOPHERS: &[&str] = &["Socrates", "Hypatia"l;

#[tokio: :main]
async fn main() {
// Create chopsticks

// Create philosophers
// Make them think and eat

// Output their thoughts
}

Since this time you are using Async Rust, you'll need a tokio dependency. You can use the
following Cargo. toml:

[package]
name = "dining-philosophers-async-dine"
version = "0.1.0"

edition = "2024"

[dependencies]

tokio = { version = "1.26.0", features = ["sync", "time", "macros", "rt-multi-thread"]
Also note that this time you have to use the Mutex and the mpsc module from the tokio crate.

This slide should take about 20 minutes.

* Can you make your implementation single-threaded?

67.2 Yayimlamali Sohbet Uygulamasi

In this exercise, we want to use our new knowledge to implement a broadcast chat application.
We have a chat server that the clients connect to and publish their messages. The client reads
user messages from the standard input, and sends them to the server. The chat server
broadcasts each message that it receives to all the clients.

For this, we use a broadcast channel on the server, and tokio_websockets for the
communication between the client and the server.

Create a new Cargo project and add the following dependencies:

Cargo.toml:
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[package]

name = "chat-async"
version = "0.1.0"
edition = "2024"

[dependencies]

futures-util = { version = "0.3.31", features = ["sink"] }

http = "1.3.1"

tokio = { version = "1.47.1", features = ["full"] }

tokio-websockets = { version = "0.12.1", features = ["client", "fastrand",

The required APIs

You are going to need the following functions from tokio and tokio_websockets. Spend a
few minutes to familiarize yourself with the API.

» StreamExt::next() implemented by WebSocketStream: for asynchronously reading
messages from a Websocket Stream.

» SinkExt::send() implemented by WebSocketStream: for asynchronously sending
messages on a Websocket Stream.

* Lines:next_line(): for asynchronously reading user messages from the standard input.

» Sender::subscribe(): for subscribing to a broadcast channel.

Two binaries

Normally in a Cargo project, you can have only one binary, and one src/main.rs file. In this
project, we need two binaries. One for the client, and one for the server. You could potentially
make them two separate Cargo projects, but we are going to put them in a single Cargo project
with two binaries. For this to work, the client and the server code should go under src/bin
(see the documentation).

Copy the following server and client codeinto src/bin/server.rsand src/bin/client.rs,
respectively. Your task is to complete these files as described below.

src/bin/serverrs:

use futures util::sink::SinkExt;

use futures_ util::stream::StreamExt;

use std::error::Error;

use std::net::SocketAddr;

use tokio::net::{TcpListener, TcpStream};

use tokio::sync::broadcast::{Sender, channel};

use tokio_websockets::{Message, ServerBuilder, WebSocketStream};

async fn handle_connection(
addr: SocketAddr,
mut ws_stream: WebSocketStream<TcpStream>,
bcast_tx: Sender<String>,

) -> Result<(), Box<dyn Error + Send + Sync>> {

// TODO: For a hint, see the description of the task below.
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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?;
println!("New connection from {addr:?}");
let bcast_tx = bcast_tx.clone();
tokio: :spawn(async move {
// Wrap the raw TCP stream into a websocket.
let (_req, ws_stream) = ServerBuilder::new().accept(socket).await?;

handle_connection(addr, ws_stream, bcast_tx).await

)
}

src/bin/client.rs:

use futures_util::SinkExt;

use futures_util::stream::StreamExt;

use http::Uri;

use tokio::io::{AsyncBufReadExt, BufReader};
use tokio_websockets::{ClientBuilder, Message};

#[tokio: :main]
async fn main() -> Result<(), tokio_websockets::Error> {
let (mut ws_stream, _) =
ClientBuilder: :from_uxri(Uri::from_static("ws://127.0.0.1:2000"))
.connect()
.await?;

let stdin = tokio::io::stdin();

let mut stdin = BufReader::new(stdin).lines();

// TODO: For a hint, see the description of the task below.

Running the binaries
Run the server with:
cargo run --bin server

and the client with:
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cargo run --bin client

Gorevler

* Implement the handle_connection function in src/bin/server.rs.

— Hint: Use tokio: :select! for concurrently performing two tasks in a continuous
loop. One task receives messages from the client and broadcasts them. The other
sends messages received by the server to the client.

* Complete the main function in src/bin/client.rs

— Hint: As before, use tokio::select! in a continuous loop for concurrently
performing two tasks: (1) reading user messages from standard input and sending
them to the server, and (2) receiving messages from the server, and displaying them
for the user.

* Optional: Once you are done, change the code to broadcast messages to all clients, but
the sender of the message.

67.3 Cozumler

Filozoflarin Aksam Yemegi --- Async

use std::sync::Axc;
use tokio::sync::{Mutex, mpsc};
use tokio::time;

struct Chopstick;

struct Philosopher {
name: String,
left_chopstick: Arc<Mutex<Chopstick>>,
right_chopstick: Arc<Mutex<Chopstick>>,
thoughts: mpsc::Sender<String>,

}

impl Philosopher {
async fn think(&self) {
self.thoughts
.send(format! ("Eureka! {} has a new ideal!", &self.name))
.await
.unwrap();

}

async fn eat(&self) {
// Keep trying until we have both chopsticks
// Pick up chopsticks...
let _left_chopstick = self.left_chopstick.lock().await;
let _right_chopstick = self.right_chopstick.lock().await;
println!("{} is eating...", &self.name);
time: :sleep(time: :Duration: :from_millis(5)).await;
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// The locks are dropped here

}

// tokio scheduler doesn't deadlock with 5 philosophers, so have 2.
static PHILOSOPHERS: &[&str] = &["Socrates", "Hypatia"l;

#[tokio: :main]
async fn main() {
// Create chopsticks
let mut chopsticks = vec![];
PHILOSOPHERS
.iter()
.for_each(|_| chopsticks.push(Arc: :new(Mutex: :new(Chopstick))));

// Create philosophers
let (philosophers, mut rx) = {
let mut philosophers = vec![];
let (tx, rx) = mpsc::channel(10);
for (i, name) in PHILOSOPHERS.iter().enumerate() {
let mut left_chopstick = Arc::clone(&chopsticks[i]);
let mut right_chopstick =
Arc::clone(&chopsticks[(i + 1) % PHILOSOPHERS.len()]);
if i == PHILOSOPHERS.len() - 1 {
std::mem: :swap(&mut left_chopstick, &mut right_chopstick);
}
philosophers.push(Philosopher {
name: name.to_string(),
left_chopstick,
right_chopstick,
thoughts: tx.clone(),
1)
}
(philosophers, rx)
// tx 1is dropped here, so we don't need to explicitly drop it later

i

// Make them think and eat
for phil in philosophers {
tokio: :spawn(async move {
for _ in 0..100 {
phil.think().await;
phil.eat().await;
}
})s
}

// Output their thoughts

while let Some(thought) = rx.recv().await {
println!("Here is a thought: {thought}");

}
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Yayimlamali Sohbet Uygulamasi

src¢/bin/serverrs:

use futures_ util::sink::SinkExt;

use futures_util::stream::StreamExt;

use std::error: :Error;

use std::net::SocketAddr;

use tokio::net::{TcpListener, TcpStream};

use tokio::sync::broadcast::{Sender, channel};

use tokio_websockets::{Message, ServerBuilder, WebSocketStream};

async fn handle_connection(
addr: SocketAddr,
mut ws_stream: WebSocketStream<TcpStream>,
bcast_tx: Sender<String>,

) -> Result<(), Box<dyn Error + Send + Sync>> {

ws_stream
.send(Message: :text("Welcome to chat! Type a message".to_string()))
.await?;

let mut bcast_rx = bcast_tx.subscribe();

// A continuous loop for concurrently performing two tasks: (1) receiving
// messages from ‘ws_stream’ and broadcasting them, and (2) receiving
// messages on ‘bcast_rx' and sending them to the client.
loop {
tokio::select! {
incoming = ws_stream.next() => {
match incoming {
Some (Ok(msg)) => {
if let Some(text) = msg.as_text() {
println!("From client {addr:?} {text:?}");
bcast_tx.send(text.into())?;
}
}
Some(Err(err)) => return Err(err.into()),
None => retuxrn Ok(()),
}
}
msg = bcast_rx.recv() => {
ws_stream.send(Message: :text(msg?)).await?;

}
}
#[tokio: :main]

async fn main() -> Result<(), Box<dyn Error + Send + Sync>> {
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let (bcast_tx, _) = channel(16);

let listener = Tcplistener::bind("127.0.0.1:2000").await?;
println!("listening on port 2000");

loop {
let (socket, addr) = listener.accept().await?;
println!("New connection from {addr:?}");
let bcast_tx = bcast_tx.clone();
tokio: :spawn(async move {
// Wrap the raw TCP stream into a websocket.
let (_req, ws_stream) = ServerBuilder::new().accept(socket).await?;

handle_connection(addr, ws_stream, bcast_tx).await
)

}
src/bin/client.rs:

use futures_util::SinkExt;

use futures util::stream::StreamExt;

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()
.await?;

let stdin = tokio::io::stdin();
let mut stdin = BufReader: :new(stdin).lines();

// Continuous loop for concurrently sending and receiving messages.
loop {
tokio::select! {
incoming = ws_stream.next() => {
match incoming {
Some (Ok(msg)) => {
if let Some(text) = msg.as_text() {
println!("From server: {}", text);
}
I
Some(Err(err)) => return Err(err.into()),
None => return Ok(()),
}
}
res = stdin.next_line() => {
match res {
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Ok(None) => return Ok(()),
Ok(Some(line)) => ws_stream.send(Message: :text(line.to_string())).au
Err(err) => return Err(err.into()),
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Chapter 68

Welcome to Idiomatic Rust

Rust Fundamentals introduced Rust syntax and core concepts. We now want to go one step
further: how do you use Rust effectively in your projects? What does idiomatic Rust look like?

This course is opinionated: we will nudge you towards some patterns, and away from others.
Nonetheless, we do recognize that some projects may have different needs. We always
provide the necessary information to help you make informed decisions within the context
and constraints of your own projects.

I\ This course is under active development.

The material may change frequently and there might be errors that have not yet
been spotted. Nonetheless, we encourage you to browse through and provide early
feedback!

Zamanlama (Schedule)

Including 10 minute breaks, this session should take about 25 minutes. It contains:

Bolim Siire

Leveraging the Type System 25 minutes

The course will cover the topics listed below. Each topic may be covered in one or more slides,
depending on its complexity and relevance.

Foundations of API design

* Golden rule: prioritize clarity and readability at the callsite. People will spend much
more time reading the call sites than declarations of the functions being called.
* Make your API predictable
— Follow naming conventions (case conventions, prefer vocabulary precedented
in the standard library - e.g., methods should be called ”push” not *push_back?”,
”is_empty” not empty” etc.)
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— Know the vocabulary types and traits in the standard library, and use them in your
APIs. If something feels like a basic type/algorithm, check in the standard library
first.

— Use well-established API design patterns that we will discuss later in this class (e.g.,
newtype, owned/view type pairs, error handling)

* Write meaningful and effective doc comments (e.g., don't merely repeat the method
name with spaces instead of underscores, don't repeat the same information just to fill
out every markdown tag, provide usage examples)

Leveraging the type system

» Short recap on enums, structs and type aliases
* Newtype pattern and encapsulation: parse, don't validate
* Extension traits: avoid the newtype pattern when you want to provide additional
behaviour
» RAIIL scope guards and drop bombs: using Drop to clean up resources, trigger actions
or enforce invariants
» "Token” types: force users to prove they've performed a specific action
* The typestate pattern: enforce correct state transitions at compile-time
* Using the borrow checker to enforce invariants that have nothing to do with memory
ownership
— OwnedFd/BorrowedFd in the standard library
— Branded types

Don't fight the borrow checker

* ’Owned” types and *view” types: &str and String, Path and PathBuf, etc.

* Don't hide ownership requirements: avoid hidden .clone(), learn to love Cow

* Split types along ownership boundaries

¢ Structure your ownership hierarchy like a tree

* Strategies to manage circular dependencies: reference counting, using indexes instead
of references

¢ Interior mutability (Cell, RefCell)

» Working with lifetime parameters on user-defined data types

Polymorphism in Rust

* A quick refresher on traits and generic functions
* Rust has no inheritance: what are the implications?
— Using enums for polymorphism
— Using traits for polymorphism
— Using composition
— How do I pick the most appropriate pattern?
* Working with generics
— Generic type parameter in a function or trait object as an argument?
— Trait bounds don't have to refer to the generic parameter
— Type parameters in traits: should it be a generic parameter or an associated type?
* Macros: a valuable tool to DRY up code when traits are not enough (or too complex)
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Hata isleme

* What is the purpose of errors? Recovery vs. reporting.
* Result vs. Option
* Designing good errors:
— Determine the error scope.
— Capture additional context as the error flows upwards, crossing scope boundaries.
— Leverage the Exror trait to keep track of the full error chain.
— Leverage thiserror to reduce boilerplate when defining error types.
— anyhow
* Distinguish fatal errors from recoverable errors using Result<Result<T,
RecoverableError>, FatalError>.
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Chapter 69

Leveraging the Type System

Rust's type system is expressive: you can use types and traits to build abstractions that make
your code harder to misuse.

In some cases, you can go as far as enforcing correctness at compile-time, with no runtime
overhead.

Types and traits can model concepts and constraints from your business domain. With careful
design, you can improve the clarity and maintainability of the entire codebase.

This slide should take about 5 minutes.
Additional items speaker may mention:
* Rust's type system borrows a lot of ideas from functional programming languages.

For example, Rust's enums are known as algebraic data types” in languages like Haskell
and OCaml. You can take inspiration from learning material geared towards functional
languages when looking for guidance on how to design with types. "Domain Modeling
Made Functional” is a great resource on the topic, with examples written in F#.

* Despite Rust's functional roots, not all functional design patterns can be easily translated
to Rust.

For example, you must have a solid grasp on a broad selection of advanced topics to
design APIs that leverage higher-order functions and higher-kinded types in Rust.

Evaluate, on a case-by-case basis, whether a more imperative approach may be easier
to implement. Consider using in-place mutation, relying on Rust's borrow-checker and
type system to control what can be mutated, and where.

* The same caution should be applied to object-oriented design patterns. Rust doesn't
support inheritance, and object decomposition should take into account the constraints
introduced by the borrow checker.

* Mention that type-level programming can be often used to create ”zero-cost abstractions”,
although the label can be misleading: the impact on compile times and code complexity
may be significant.

This segment should take about 25 minutes. It contains:
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Slayt Siire

Leveraging the Type System 5 dakika
Tiir Durum Deseni 20 dakika

69.1 Tiir Durum Deseni

A newtype is a wrapper around an existing type, often a primitive:

pub struct UserId(u64);
Unlike type aliases, newtypes aren't interchangeable with the wrapped type:

fn double(n: u64d) -> ubd {
n=*?2

}

double(UserId(1)); KX

The Rust compiler won't let you use methods or operators defined on the underlying type
either:

assert_ne!(UserId(1), UserId(2)); KX
This slide and its sub-slides should take about 20 minutes.

» Students should have encountered the newtype pattern in the ”Fundamentals” course,
when they learned about tuple structs.

* Run the example to show students the error message from the compiler.

* Modify the example to use a typealias instead of a newtype, such as type Messageld =
u64. The modified example should compile, thus highlighting the differences between
the two approaches.

* Stress that newtypes, out of the box, have no behaviour attached to them. You need to
be intentional about which methods and operators you are willing to forward from the
underlying type. In our UserId example, it is reasonable to allow comparisons between
UserIds, but it wouldn't make sense to allow arithmetic operations like addition or
subtraction.

69.1.1 Semantic Confusion

When a function takes multiple arguments of the same type, call sites are unclear:

pub fn login(username: &str, password: &str) -> Result<(), LoginError> {

}

login(password, username);

The newtype pattern can prevent this class of errors at compile time:
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pub struct Username(String);
pub struct Password(String);

pub fn login(username: &Username, password: &Password) -> Result<(), LoginError> {
/1 [...]

}

login(password, username); // %KX

* Run both examples to show students the successful compilation for the original example,
and the compiler error returned by the modified example.

* Stress the semantic angle. The newtype pattern should be leveraged to use distinct types
for distinct concepts, thus ruling out this class of errors entirely.

* Nonetheless, note that there are legitimate scenarios where a function may take
multiple arguments of the same type. In those scenarios, if correctness is of paramount
importance, consider using a struct with named fields as input:

pub struct LoginArguments<'a> {
pub username: &'a str,
pub password: &'a str,

}

// No need to check the definition of the “login’ function to spot the issue.
login(LoginArguments {

username: password,

password: username,

)

Users are forced, at the callsite, to assign values to each field, thus increasing the
likelihood of spotting bugs.

69.1.2 Parse, Don't Validate

The newtype pattern can be leveraged to enforce invariants.

pub struct Username(String);

impl Username {
pub fn new(username: String) -> Result<Self, InvalidUsername> {
if username.is_empty() {
return Err(InvalidUsername::CannotBeEmpty)
}
if username.len() > 32 {
return Err(InvalidUsername::ToolLong { len: username.len() })
}
// Other validation checks...
Ok (Self(username))
}

pub fn as_str(&self) -> &str {
&self.0
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» The newtype pattern, combined with Rust's module and visibility system, can be used
to guarantee that instances of a given type satisfy a set of invariants.

In the example above, the raw String stored inside the Username struct can't be
accessed directly from other modules or crates, since it's not marked as pub or pub(in
...). Consumers of the Username type are forced to use the new method to create
instances. In turn, new performs validation, thus ensuring that all instances of Username
satisfy those checks.

* The as_str method allows consumers to access the raw string representation (e.g., to
store it in a database). However, consumers can't modify the underlying value since
&str, the returned type, restricts them to read-only access.

» Type-level invariants have second-order benefits.

The input is validated once, at the boundary, and the rest of the program can rely
on the invariants being upheld. We can avoid redundant validation and ”defensive
programming” checks throughout the program, reducing noise and improving
performance.

69.1.3 IsIt Truly Encapsulated?

You must evaluate the entire API surface exposed by a newtype to determine if invariants
are indeed bullet-proof. It is crucial to consider all possible interactions, including trait
implementations, that may allow users to bypass validation checks.

pub struct Username(String);

impl Username {
pub fn new(username: String) -> Result<Self, InvalidUsername> {

Ok (Self(username))

}

impl std::ops::DerefMut for Username {
fn deref_mut(&mut self) -> &mut Self::Target {
&mut self.0

}

» DerefMut allows users to get a mutable reference to the wrapped value.

The mutable reference can be used to modify the underlying data in ways that may
violate the invariants enforced by Username: : new!

* When auditing the API surface of a newtype, you can narrow down the review scope to
methods and traits that provide mutable access to the underlying data.

* Remind students of privacy boundaries.

In particular, functions and methods defined in the same module of the newtype can
access its underlying data directly. If possible, move the newtype definition to its own
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separate module to reduce the scope of the audit.
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Chapter 70

Welcome to Unsafe Rust

IMPORTANT: THIS MODULE IS IN AN EARLY STAGE OF DEVELOPMENT

Please do not consider this module of Comprehensive Rust to be complete. With
that in mind, your feedback, comments, and especially your concerns, are very
welcome.

To comment on this module's development, please use the GitHub issue tracker.

The unsafe keyword is easy to type, but hard to master. When used appropriately, it forms a
useful and indeed essential part of the Rust programming language.

By the end of this deep dive, you'll know how to work with unsafe code, review others'
changes that include the unsafe keyword, and produce your own.

What you'll learn:

* What the terms undefined behavior, soundness, and safety mean
* Why the unsafe keyword exists in the Rust language

* How to write your own code using unsafe safely

* How to review unsafe code

Links to other sections of the course

The unsafe keyword has treatment in:

* Rust Fundamentals, the main module of Comprehensive Rust, includes a session on
Unsafe Rust in its last day.

* Rust in Chromium discusses how to interoperate with C++. Consult that material if you
are looking into FFI.

* Bare Metal Rust uses unsafe heavily to interact with the underlying host, among other
things.
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Chapter 71

Setting Up

Local Rust installation
You should have a Rust compiler installed that supports the 2024 edition of the language,
which is any version of rustc higher than 1.84.

$ rustc --version
rustc 1.87

(Optional) Create a local instance of the course

$ git clone --depth=1 https://github.com/google/comprehensive-rust.git
Cloning into 'comprehensive-rust'...

$ cd comprehensive-rust

$ cargo install-tools

$ cargo serve # then open http://127.0.0.1:3000/ in a browser
This slide should take about 2 minutes.

Ask everyone to confirm that everyone is able to execute rustc with a version older that
1.87.

For those people who do not, tell them that we'll resolve that in the break.
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Chapter 72

Motivasyon

We know that writing code without the guarantees that Rust provides ...

“Use-after-free (UAF), integer overflows, and out of bounds (OOB) reads/writes
comprise 90% of vulnerabilities with OOB being the most common.”

-— Jeff Vander Stoep and Chong Zang, Google. ”Queue the Hardening
Enhancements”

... S0 why is unsafe part of the language?

Bu boliim yaklagik 20 dakika stirmelidir. Igerigi:

Slayt Siire

Motivasyon 1 minute
Birlikte Calisabilirlik (Interoperability) 5 dakika
Veri Yapilarinda Omiirler 5 dakika
Performance 5 dakika

This slide should take about 1 minute.

The unsafe keyword exists because there is no compiler technology available today that
makes it obsolete. Compilers cannot verify everything.

TODO: Refactor this content into multiple slides as this slide is intended as an
introduction to the motivations only, rather than to be an elaborate discussion of
the whole problem.

72.1 Birlikte Calisabilirlik (Interoperability)

Language interoperability allows you to:

+ Call functions written in other languages from Rust
* Write functions in Rust that are callable from other languages

However, this requires unsafe.
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unsafe extern "C" {
safe fn random() -> libc::c_long;
}

fn main() {
let a = random() as i64;
println!("{a:?}"),

}

This slide should take about 5 minutes.

The Rust compiler can't enforce any safety guarantees for programs that it hasn't compiled,
so it delegates that responsibility to you through the unsafe keyword.

The code example we're seeing shows how to call the random function provided by libc
within Rust. libc is available to scripts in the Rust Playground.

This uses Rust's foreign function interface.

This isn't the only style of interoperability, however it is the method that's needed if you
want to work between Rust and some other language in a zero cost way. Another important
strategy is message passing.

Message passing avoids unsafe, but serialization, allocation, data transfer and parsing all
take energy and time.

Answers to questions

» Where does "random” come from?
libc is dynamically linked to Rust programs by default, allowing our code to rely on its
symbols, including random, being available to our program.

* What is the “safe” keyword?
It allows callers to call the function without needing to wrap that call in unsafe. The
safe function qualifier was introduced in the 2024 edition of Rust and can only be used
within extern blocks. It was introduced because unsafe became a mandatory qualifier
for extern blocks in that edition.

* What is the std: : ffi::c_long type?
According to the C standard, an integer that's at least 32 bits wide. On today's systems,
It's an 132 on Windows and an 164 on Linux.

Consideration: type safety

Modify the code example to remove the need for type casting later. Discuss the potential UB -
long's width is defined by the target.

unsafe extern "C" {
safe fn random() -> i64;
}

fn main() {
let a = random();
println!("{a:?}");
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Changes from the original:

unsafe extern "C" {
- safe fn random() -> libc::c_long;
+ safe fn random() -> i64;

}

fn main() {

- let a = random() as 1i64;

+ let a = random();
println!("{a:?}");

}

It's also possible to completely ignore the intended type and create undefined behavior in
multiple ways. The code below produces output most of the time, but generally results in a
stack overflow. It may also produce illegal char values. Although char is represented in 4
bytes (32 hits), not all bit patterns are permitted as a char.

Stress that the Rust compiler will trust that the wrapper is telling the truth.

unsafe extern "C" {
safe fn random() -> [char; 21;

}

fn main() {
let a = random();
println!("{a:?}");

Changes from the original:

unsafe extern "C" {
- safe fn random() -> libc::c_long;
+ safe fn random() -> [char; 2];

}

fn main() {

- let a = random() as 164;
println!("{a}");

let a = random();
println!("{a:?}");

-~ + + 1

Attempting to print a [char; 2] from randomly generated input will often
produce strange output, including:

thread 'main' panicked at library/std/src/io/stdio.rs:1165:9:
failed printing to stdout: Bad address (os error 14)

thread 'main' has overflowed its stack
fatal runtime error: stack overflow, aborting

Mention that type safety is generally not a large concern in practice. Tools that produce
wrappers automatically, i.e. bindgen, are excellent at reading header files and producing
values of the correct type.
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Consideration: Ownership and lifetime management

While libc's random function doesn't use pointers, many do. This creates many more
possibilities for unsoundness.

* both sides might attempt to free the memory (double free)
* both sides can attempt to write to the data

For example, some C libraries expose functions that write to static buffers that are re-used
between calls.

use std::ffi::{CStr, c_char};
use std::time::{SystemTime, UNIX_EPOCH};

unsafe extern "C" {
/// Create a formatted time based on time “t°, including trailing newline.
/// Read "'man 3 ctime’ details.
fn ctime(t: *const libc::time_t) -> *const c_char;

}

unsafe fn format_timestamp<'a>(t: u64) -> &'a str {
let t = t as libc::time_t;

unsafe {
let fmt_ptr = ctime(&t);
CStr::from_ptr(fmt_ptr).to_str().unwrap()

}

fn main() {
let now

SystemTime: :now() .duration_since(UNIX_EPOCH) .unwrap();

let now = now.as_secs();
let now_fmt = unsafe { format_timestamp(now) };
print!("now (1): {}", now_fmt);

let future = now + 60;
let future_fmt = unsafe { format_timestamp(future) };
print!("future: {}", future_fmt);

print!("now (2): {}", now_fmt);

Aside: Lifetimes in the format_timestamp() function

Neither 'a, nor 'static, correctly describe the lifetime of the string that's returned.
Rust treats it as an immutable reference, but subsequent calls to ctime will
overwrite the static buffer that the string occupies.

Consideration: Representation mismatch

Different programming languages have made different design decisions and this can create
impedance mismatches between different domains.
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Consider string handling. C++ defines std: : string, which has an incompatible memory
layout with Rust's String type. String also requires text to be encoded as UTF-8, whereas
std::string does not. In C, text is represented by a null-terminated sequence of bytes
(char®).

fn main() {
let c_repr = b"Hello, C\0@";
let rust_repr = (b"Hello, Rust", 11);

let c: &str = unsafe {

let ptr = c_repr.as_ptr() as *const i8;

std: :ffi::CStr::from_ptr(ptr).to_str().unwrap()
i
println!("{c}");

let rust: &str = unsafe {
let ptr = rust_repr.0.as_ptr();
let bytes = std::slice::from_raw_parts(ptr, rust_repr.1);
std::str::from_utf8_unchecked(bytes)

b

println! ("{zust}");

72.2 Veri Yapilarinda Omiirler

Some families of data structures are impossible to create in safe Rust.

» graphs

* bit twiddling

* self-referential types

* intrusive data structures

This slide should take about 5 minutes.

Graphs: General-purpose graphs cannot be created as they may need to represent cycles.
Cycles are impossible for the type system to reason about.

Bit twiddling: Overloading bits with multiple meanings. Examples include using the NaN bits
in 64 for some other purpose or the higher-order bits of pointers on x86_64 platforms. This
is somewhat common when writing language interpreters to keep representations within the
word size the target platform.

Self-referential types are too hard for the borrow checker to verify.

Intrusive data structures: store structural metadata (like pointers to other elements) inside
the elements themselves, which requires careful handling of aliasing.

72.3 Performance

TODO: Stub for now

It's easy to think of performance as the main reason for unsafe, but high performance code
makes up the minority of unsafe blocks.
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Chapter 73

Fonksiyonlar

Some fundamental concepts and terms.

This segment should take about 25 minutes. It contains:

Slayt Sure

Rust Nedir? 10 dakika
When is unsafe used? 2 dakika
Default, yap1 giincelleme s6zdizimi (struct update syntax) 2 dakika
Actions might not be 2 dakika
Less powerful than it seems 10 dakika

73.1 What is “unsafety”?

Unsafe Rust is a superset of Safe Rust.
Let's create a list of things that are enabled by the unsafe keyword.

This slide should take about 6 minutes.

Definitions from authoritative docs:

From the unsafe keyword's documentation:

Code or interfaces whose memory safety cannot be verified by the type system.

Here are the abilities Unsafe Rust has in addition to Safe Rust:

* Dereference raw pointers
* Implement unsafe traits

¢ Call unsafe functions

* Mutate statics (including external ones)
¢ Access fields of unions

From the reference
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The following language level features cannot be used in the safe subset of Rust:

* Dereferencing a raw pointer.

* Reading or writing a mutable or external static variable.

* Accessing a field of a union, other than to assign to it.

* Calling an unsafe function (including an intrinsic or foreign function).

 Calling a safe function marked with a target_feature from a function that
does not have a target_feature attribute enabling the same features (see
attributes.codegen.target_feature.safety-restrictions).

* Implementing an unsafe trait.

* Declaring an extern block.

* Applying an unsafe attribute to an item.

Group exercise

You may have a group of learners who are not familiar with each other yet. Thisisa
way for you to gather some data about their confidence levels and the psychological
safety that they're feeling.

Part 1: Informal definition

Use this to gauge the confidence level of the group. If they are uncertain, then
tailor the next section to be more directed.

Ask the class: By raising your hand, indicate if you would feel comfortable defining
unsafe?

If anyone's feeling confident, allow them to try to explain.

Part 2: Evidence gathering

Ask the class to spend 3-5 minutes.

* Find a use of the unsafe keyword. What contract/invariant/pre-condition is being
established or satisfied?

* Write down terms that need to be defined (unsafe, memory safety, soundness, undefined
behavior)

Part 3: Write a working definition

Part 4: Remarks

Mention that we'll be reviewing our definition at the end of the day.

Note: Avoid detailed discussion about precise semantics of memory safety

It's possible that the group will slide into a discussion about the precise semantics of what
memory safety actually is and how define pointer validity. This isn't a productive line of
discussion. It can undermine confidence in less experienced learners.

Perhaps refer people who wish to discuss this to the discussion within the official
documentation for pointer types (excerpt below) as a place for further research.
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Many functions in this module take raw pointers as arguments and read from or
write to them. For this to be safe, these pointers must be valid for the given access.

The precise rules for validity are not determined yet.

73.2 When is unsafe used?

The unsafe keyword indicates that the programmer is responsible for upholding Rust's safety
guarantees.

The keyword has two roles:

* define pre-conditions that must be satisfied
* assert to the compiler (= promise) that those defined pre-conditions are satisfied

Further references

» The unsafe keyword chapter of the Rust Reference
This slide should take about 2 minutes.
Places where pre-conditions can be defined (Role 1)

» unsafe functions (unsafe fn foo() { ... }). Example: get_unchecked method on
slices, which requires callers to verify that the index is in-bounds.

» unsafe traits (unsafe trait). Examples: Send and Sync marker traits in the standard
library.

Places where pre-conditions must be satisfied (Role 2)

e unsafe blocks (unafe { ... })

* implementing unsafe traits (unsafe impl)

* access external items (unsafe extern)

* adding unsafe attributes o an item. Examples: export_name, 1link_section and
no_mangle. Usage: #[unsafe(no_mangle)]

73.3 Data structures are safe ...

Data structures are inert. They cannot do any harm by themselves.
Safe Rust code can create raw pointers:

fn main() {
let n: i64 = 12345;
let safe = &raw const n;
println!("{safe:p}");

}

This slide should take about 2 minutes.

Consider a raw pointer to an integer; i.e., the value safe is the raw pointer type *const 1i64.
Raw pointers can be out-of-bounds, misaligned, or be null. But the unsafe keyword is not
required when creating them.
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73.4 ... but actions on them might not be

fn main() {
let n: i64 = 12345;
let safe = & as *const _;
println!("{safe:p}");

}

This slide should take about 2 minutes.

Modify the example to de-reference safe without an unsafe block.

73.5 Less powerful than it seems

The unsafe keyword does not allow you to break Rust.
use std::mem::transmute;

let orig = b"RUST";

let n: i32 = unsafe { transmute(orig) };
println!("{n}")

This slide should take about 10 minutes.

Suggested outline

* Request that someone explains what std: :mem: : transmute does
* Discuss why it doesn't compile
* Fix the code

Expected compiler output

Compiling playground v@0.0.1 (/playground)
error[E®512]: cannot transmute between types of different sizes, or dependently-sized t
--> src/main.rs:5:27
|

let n: i32 = unsafe { transmute(orig) };
ANANAANNAN

note: source type: “&[u8; 4] (64 bits)
note: target type: “i32° (32 bits)

|
|
Suggested change

- let n: i32
+ let n: i64

unsafe { transmute(orig) };
unsafe { transmute(orig) };
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Notes on less familiar Rust

* the b prefix on a string literal marks it as byte slice (& [u8]) rather than a string slice
(&str)
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Part XVII

Son sozler
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Chapter 74

Tesekkurler!

Thank you for taking Comprehensive Rust £ ! We hope you enjoyed it and that it was useful.

We've had a lot of fun putting the course together. The course is not perfect, so if you spotted
any mistakes or have ideas for improvements, please get in contact with us on GitHub. We
would love to hear from you.

» Thank you for reading the speaker notes! We hope they have been useful. If you find
pages without notes, please send us a PR and link it to issue #1083. We are also very
grateful for fixes and improvements to the existing notes.
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Chapter 75

Sozluk

The following is a glossary which aims to give a short definition of many Rust terms. For
translations, this also serves to connect the term back to the English original.

h1#glossary ~ ul { list-style: none; padding-inline-start: 0; }

hil#glossary ~ ul > li { /* Simplify with "text-indent: 2em hanging” when supported:
https://caniuse.com/mdn-css_properties_text-indent_hanging */ padding-left: 2em; text-
indent: -2em:; }

h1#glossary ~ ul > li:first-line { font-weight: bold; }

« allocate:
Dynamic memory allocation on the heap.
* argument:
Information that is passed into a function or method.
* associated type:
A type associated with a specific trait. Useful for defining the relationship between
types.
* Bare-metal Rust:
Low-level Rust development, often deployed to a system without an operating system.
See Bare-metal Rust.
* block:
See Blocks and scope.
* borrow:
See Borrowing.
* borrow checker:
The part of the Rust compiler which checks that all borrows are valid.
* brace:
{ and }. Also called curly brace, they delimit blocks.
* build:
The process of converting source code into executable code or a usable program.
* call:
To invoke or execute a function or method.
* channel:
Used to safely pass messages between threads.
* Comprehensive Rust £&:
The courses here are jointly called Comprehensive Rust #&.
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concurrency:
The execution of multiple tasks or processes at the same time.

Concurrency in Rust:

See Concurrency in Rust.

constant:

A value that does not change during the execution of a program.

control flow:

The order in which the individual statements or instructions are executed in a program.
crash:

An unexpected and unhandled failure or termination of a program.

enumeration:

A data type that holds one of several named constants, possibly with an associated tuple
or struct.

error:

An unexpected condition or result that deviates from the expected behavior.

error handling:

The process of managing and responding to errors that occur during program execution.
exercise:

A task or problem designed to practice and test programming skills.

function:

A reusable block of code that performs a specific task.

garbage collector:

A mechanism that automatically frees up memory occupied by objects that are no longer
in use.

generics:

A feature that allows writing code with placeholders for types, enabling code reuse with
different data types.

immutable:

Unable to be changed after creation.

integration test:

A type of test that verifies the interactions between different parts or components of a
system.

keyword:

A reserved word in a programming language that has a specific meaning and cannot be
used as an identifier.

library:

A collection of precompiled routines or code that can be used by programes.

macro:

Rust macros can be recognized by a ! in the name. Macros are used when normal
functions are not enough. A typical example is format!, which takes a variable number
of arguments, which isn't supported by Rust functions.

main function:

Rust programs start executing with the main function.

match:

A control flow construct in Rust that allows for pattern matching on the value of an
expression.

memory leak:

A situation where a program fails to release memory that is no longer needed, leading
to a gradual increase in memory usage.

method:

A function associated with an object or a type in Rust.
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module:

A namespace that contains definitions, such as functions, types, or traits, to organize
code in Rust.

move:

The transfer of ownership of a value from one variable to another in Rust.

mutable:

A property in Rust that allows variables to be modified after they have been declared.
ownership:

The concept in Rust that defines which part of the code is responsible for managing the
memory associated with a value.

panic:

An unrecoverable error condition in Rust that results in the termination of the program.
parameter:

A value that is passed into a function or method when it is called.

pattern:

A combination of values, literals, or structures that can be matched against an expression
in Rust.

payload:

The data or information carried by a message, event, or data structure.

program:

A set of instructions that a computer can execute to perform a specific task or solve a
particular problem.

programming language:

A formal system used to communicate instructions to a computer, such as Rust.
receiver:

The first parameter in a Rust method that represents the instance on which the method
is called.

reference counting:

A memory management technique in which the number of references to an object is
tracked, and the object is deallocated when the count reaches zero.

return:

A keyword in Rust used to indicate the value to be returned from a function.

Rust:

A systems programming language that focuses on safety, performance, and concurrency.
Rust Fundamentals:

Days 1 to 4 of this course.

Rust in Android:

See Rust in Android.

Rust in Chromium:

See Rust in Chromium.

safe:

Refers to code that adheres to Rust's ownership and borrowing rules, preventing
memory-related errors.

scope:

The region of a program where a variable is valid and can be used.

standard library:

A collection of modules providing essential functionality in Rust.

static:

A keyword in Rust used to define static variables or items with a 'static lifetime.
string:

A data type storing textual data. See Strings for more.

426



struct:

A composite data type in Rust that groups together variables of different types under a
single name.

test:

A Rust module containing functions that test the correctness of other functions.
thread:

A separate sequence of execution in a program, allowing concurrent execution.
thread safety:

The property of a program that ensures correct behavior in a multithreaded
environment.

trait:

A collection of methods defined for an unknown type, providing a way to achieve
polymorphism in Rust.

trait bound:

An abstraction where you can require types to implement some traits of your interest.
tuple:

A composite data type that contains variables of different types. Tuple fields have no
names, and are accessed by their ordinal numbers.

type:

A classification that specifies which operations can be performed on values of a
particular kind in Rust.

type inference:

The ability of the Rust compiler to deduce the type of a variable or expression.
undefined behavior:

Actions or conditions in Rust that have no specified result, often leading to unpredictable
program behavior.

union:

A data type that can hold values of different types but only one at a time.

unit test:

Rust comes with built-in support for running small unit tests and larger integration
tests. See Unit Tests.

unit type:

Type that holds no data, written as a tuple with no members.

unsafe:

The subset of Rust which allows you to trigger undefined behavior. See Unsafe Rust.
variable:

A memory location storing data. Variables are valid in a scope.
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Chapter 76

Other Rust Resources

The Rust community has created a wealth of high-quality and free resources online.

Official Documentation

The Rust project hosts many resources. These cover Rust in general:

» The Rust Programming Language: the canonical free book about Rust. Covers the
language in detail and includes a few projects for people to build.

* Rust By Example: covers the Rust syntax via a series of examples which showcase
different constructs. Sometimes includes small exercises where you are asked to expand
on the code in the examples.

* Rust Standard Library: full documentation of the standard library for Rust.

* The Rust Reference: an incomplete book which describes the Rust grammar and memory
model.

* Rust API Guidelines: recommendations on how to design APIs.

More specialized guides hosted on the official Rust site:

* The Rustonomicon: covers unsafe Rust, including working with raw pointers and
interfacing with other languages (FFI).

* Asynchronous Programming in Rust: covers the new asynchronous programming model
which was introduced after the Rust Book was written.

* The Embedded Rust Book: an introduction to using Rust on embedded devices without
an operating system.

Unofficial Learning Material

A small selection of other guides and tutorial for Rust:

* Learn Rust the Dangerous Way: covers Rust from the perspective of low-level C
programmers.

* Rust for Embedded C Programmers: covers Rust from the perspective of developers
who write firmware in C.

* Rust for professionals: covers the syntax of Rust using side-by-side comparisons with
other languages such as C, C++, Java, JavaScript, and Python.
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* Rust on Exercism: 100+ exercises to help you learn Rust.

» Ferrous Teaching Material: a series of small presentations covering both basic and
advanced part of the Rust language. Other topics such as WebAssembly, and async/await
are also covered.

» Advanced testing for Rust applications: a self-paced workshop that goes beyond Rust's
built-in testing framework. It covers googletest, snapshot testing, mocking as well as
how to write your own custom test harness.

* Beginner's Series to Rust and Take your first steps with Rust: two Rust guides aimed
at new developers. The first is a set of 35 videos and the second is a set of 11 modules
which covers Rust syntax and basic constructs.

» Learn Rust With Entirely Too Many Linked Lists: in-depth exploration of Rust's memory
management rules, through implementing a few different types of list structures.

Please see the Little Book of Rust Books for even more Rust books.
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Chapter 77

Emekler

The material here builds on top of the many great sources of Rust documentation. See the
page on other resources for a full list of useful resources.

The material of Comprehensive Rust is licensed under the terms of the Apache 2.0 license,
please see LICENSE for details.

Rust by Example

Some examples and exercises have been copied and adapted from Rust by Example. Please
see the third_party/rust-by-example/ directory for details, including the license terms.

Rust on Exercism

Some exercises have been copied and adapted from Rust on Exercism. Please see the
third_party/rust-on-exercism/ directory for details, including the license terms.

CXX

The Interoperability with C++ section uses an image from CXX. Please see the third_party/cxx/
directory for details, including the license terms.
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