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trait Renderer {

fn render(&self, input: &str) -> String;

struct Html;
impl Renderer for Html {
fn render(&self, input: &str) -> String {
format! ("<p>{}</p>", input)

struct Markdown;
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impl Renderer for Markdown {
fn render(&self, input: &str) -> String {

format! ("xx{}*x", input)

(cwb) generics pe ol @al guLg JKDI 2295 jhé .ailg b Ug guuLwi Win aagy U
((15aoliya) trait objects Glowl WK pe gl

" Qg™ " W jislg g pwl eull eleaiwll

fn print_rendered<R: Renderer>(r: &R, s: &str) {

println! ("{}", r.render(s));

fn main() {

let h

Html;

let m Markdown;

print_rendered(&h, "Hello");
print_rendered(&m, "Hello");

(qualialy quub) Jasabil cadg JEibi aass 1 (15aoliyall ele aiwll

fn print_rendered_dyn(r: &dyn Renderer, s: &str) {
println! ("{}", r.render(s));

fn main() {
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let renderers: Vec<Box<dyn Renderer>> = vec! [Box::new(Html),
< Box::new(Markdown)];
for r in &renderers {

print_rendered_dyn(r.as_ref(), "Hello");
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;{ eval() virtual } Expr class

{...} Expr : Mul class {...} Expr : Add class
: plhALWwL da Aol Koy

#[derive(Clone)]

enum Expr {
Num(i64),
Add (Box<Expr>, Box<Expr>),
Mul (Box<Expr>, Box<Expr>),

}
impl Expr {
fn eval(&self) -> i64 {
match self {
Expr::Num(n) => *n,
Expr::Add(a, b) => a.eval() + b.eval(),
Expr::Mul(a, b) => a.eval() * b.eval(),
}
}
}

fn main() {
let e = Expr::Add(Box: :new(Expr: :Num(2)),
— Box::new(Expr::Mul (Box: :new(Expr::Num(3)), Box::new(Expr::Num(4)))));
println! ("{}", e.eval());
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struct Cache {

items: std::collections::HashMap<String, String>,

impl Cache {
fn new() -> Self {
Self { items: std::collections::HashMap::new() }

fn insert(&mut self, key: &str, value: &str) {

self.items.insert(key.to_string(), value.to_string());

fn get(&self, key: &str) -> Option<&str> {
self.items.get (key) .map(|s| s.as_str())

fn main() {
let mut ¢ = Cache::new();
c.insert("lang", "Rust");
if let Some(v) = c.get("lang") {
println! ("{}", v);



o™’

|J.uS J=2u Lo Skl whgag &isloll agud dday JIgall gudlgsi gusei Rust (14
-Juioil) ALlé pe 'augild)l pe

Buuo adper ol Ay (nall o
tapiy U gag (gupaio C++ gwaiaa) adgo cuid)l 3a
Oldlallg Olpgiallg dewnll Gluslwi
(1405 (1gio yie OOP &alo -
.Olaopl dwaial dolell Clayell
:cllios el (Apiay
OEBUI/ clwlaill (JKbDI 3a%5 Glaglgl (el :00P (14 Ugd lwaa -
,C++ (14 jjlgoll &%log RAIT (1 dpA -
,elalll Juaig templates go Jolsill (na éaly
.Ul Ol Jaliog hgidll 83a2io okl pani bloll -
‘Rust (14 Wil Gllaioll
,&ypn &mut l3lolg S)leiwll/&sloll J gl paa -
,genericsg Glowwl J guulwi pladiwl -

G0l 16 daypn pfAj glg.iiﬁ Option/Result 6,54 *

API claalgl pronig Glasl gile @b jad) haa oalaall 038 apb yeiw Gkl aic

.design



alall (14 aidiuw (13l Lo

Modern C++ o cligs Jilas aab Rust dahil pwani gile al gosin cuidl 138 &l
13305 gdiw Rust 16 &lnl ol ¢<)g O0P

impl + struct pladiwl Rust (14 "@lini® T oo W
A0 wlaalgg «AdAla Culgd (Opdino ulei 3gan

A (ngiawoy Glowdl yile pild aypai .C
AayA; &)lozo Olidng dhgall glgill (Olawdl agrd

dyn (léo generies :JKibll aaei olayldo W
.enum pe daioil gl (1ioliyall gi culill cleaiwll jyiAl

dunn 69y &gl Jlawiwl €
.laioUl Glowg mewtype (Agail (s il

aanll Jal o enum (ile dosila)l aaiall .0
AST & liasg «polgUl QaloJ «©UgSgigpll Qilos Al ol

aiSlolb degdao wlaalg proni
.g1egy Re/Arc (Jldo T &mut (pldo &T (blao T pladiwl

ahuAiall a5 puiall Al adAlal Juasil ablall v
.OlAlaall pad 2o Rwlockg Mutexg RefCell pladiwl diol bhlosl

Windows (ile bhguiall diol &uiils Gjloso .A
.Qioljio puolni (1a Goljill ©lgalig Arc J 0 pladiwl

Windows) 2o @dlgio) lhgiall (ol '"éoad (ils™ " hai :6pAl daol

use std::sync::{Arc, Mutex};
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use std::thread;

trait Logger: Send + Sync {
fn log(&self, msg: &str);

struct MemLogger {

buf: Mutex<Vec<String>>,

impl MemLogger {
fn new() -> Self {
Self { buf: Mutex::new(Vec::new()) }

impl Logger for MemLogger {
fn log(&self, msg: &str) {
let mut g = self.buf.lock().unwrapQ);
g.push(msg.to_string());

fn main() {

let logger: Arc<dyn Logger> = Arc::new(MemLogger: :new());

let t1 = {
let 1 = Arc::clone(&logger);
thread: :spawn(move || 1.log("from ti1"))
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s
let t2 = {

let 1 = Arc::clone(&logger);

thread: :spawn(move || 1.log("from t2"))
s

tl.join() .unwrap();
t2.join() .unwrap() ;

Aoy goliy Gllod + daypn &80 + pupo agpad :Rust OOP acg ga 138
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.Drop/RAIl pe (raia «ylais tajlgall lol -

pub struct Point {
x: 132,
y: 132,
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impl Point {
pub fn new(x: i32, y: i32) -> Self {
Self { x, y }

pub fn x(&self) -> i32 { self.x }
pub fn y(&self) -> i32 { self.y }

pub fn translate(&mut self, dx: i32, dy: i32) {
self.x += dx;

self.y += dy;

fn main() {
let mut p = Point::new(10, 20);
p.translate(5, -3);
println! ("({}, {1", p.xO, p.yO);

Self 9 wwll i I
da.auwI Ul Jongll 81845 dalpn Rust cayllwi ajﬂ}
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#[derive(Clone)]
pub struct Counter {

value: ub4,

impl Counter {
pub fn new() -> Self { Self { value: 0 } }

pub fn value(&self) -> u64 { self.value } // Eself
pub fn inc(&mut self) { self.value += 1; } // Emut self

pub fn into_value(self) -> u64 { self.value } // self (moves/consumes)

fn main() {
let mut ¢ = Counter::new();
c.inc(Q);
println! ("{}", c.value());
let v = c.into_value();

println! ("{}", v);
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gyl bloslg Self
(gualy Juasi 99 gl lhas) Jhasill Ala) pé/dudull olaalgll (1é @ilb Self glyl

#[derive(Clone)]
pub struct Flags {
bits: u32,

impl Flags {
pub fn empty() -> Self { Self { bits: 0 } }

pub fn with_debug(self) -> Self { Self { bits: self.bits | Ox1 } }
pub fn with_trace(self) -> Self { Self { bits: self.bits | 0x2 } }

pub fn bits(&self) -> u32 { self.bits }
fn main() {

let f = Flags::empty() .with_debug() .with_trace();
println! ("bits={:#x}", f.bits());

dngpall Jiga)l P
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use std::path::PathBuf;

pub struct Config {
app_name: String,

data_dir: PathBuf,

impl Config {
pub fn new(app_name: impl Into<String>, data_dir: impl Into<PathBuf>) ->

Self { app_name: app_name.into(), data_dir: data_dir.into() }

pub fn for_windows_default(app_name: impl Into<String>) -> Self {

let base = PathBuf::from(r"C:\ProgramData");

let name = app_name.into();

Self { data_dir: base.join(&name), app_name: name }

fn main() {

let cl = Config::new("ForgeVM", r"C:\Temp\ForgeVM");
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let ¢2 = Config::for_windows_default("ForgeVM");
println! ("{} -> {:7}", cl.app_name, cl.data_dir);
println! ("{} -> {:7}", c2.app_name, c2.data_dir);

danlgll agang &9l 1 psail  E.
Lalial pjlng modules Glangll (ile pilé Rust (1é il
.oub ol o) bo &nla polisll -
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pub mod net {
pub struct Endpoint {
host: String,
port: ul6,

impl Endpoint {
pub fn new(host: impl Into<String>, port: ul6) -> Self {
Self { host: host.into(), port }

pub fn host(&self) -> &str { &self.host }



pub fn port(&self) -> ulé { self.port }

fn main() {
let ep = net::Endpoint::new("127.0.0.1", 8080);
println! ("{}:{}", ep.host(), ep.port());

pub(crate) :aojall (ngiwo yile agan

pub struct Token(String);

impl Token {
pub fn as_str(&self) -> &str { &self.0 }

pub(crate) fn sign_internal (input: &str) -> Token {

Token(format! ("signed:{input}"))

ojl@h] up o pani éale| :Facade danalg danlg

mod internal {
pub struct Engine {
pub(crate) state: u32,
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impl Engine {
pub fn new() -> Self { Self { state: 0 } }
pub fn tick(&mut self) { self.state += 1; }
pub fn state(&self) -> u32 { self.state }

pub use internal::Engine;

fn main() {
let mut e = Engine::new();
e.tick();
println! ("{}", e.state());

Culgill A 0.l
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#[derive (Debug, Clone)]

pub struct Username(String) ;

#[derive (Debug)]

pub enum UsernameError {
Empty,
TooLong,
BadChar,

impl Username {
pub fn parse(s: &str) -> Result<Self, UsernameError> {
if s.is_empty() { return Err(UsernameError::Empty); }
if s.len() > 24 { return Err(UsernameError::ToolLong); }
if !s.chars().all(lc| c.is_ascii_alphanumeric() || ¢ == '_') {
return Err(UsernameError: :BadChar);
}
Ok(Self(s.to_string()))

pub fn as_str(&self) -> &str { &self.0 }

fn main() {
let u = Username::parse("Ayman_1989") .unwrap();

println! ("{:?}", uw);
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#[derive(Copy, Clone, Debug)]
pub struct UserId(u64);

#[derive(Copy, Clone, Debug)]
pub struct OrderId(u64);

fn load_user(_id: UserId) {}
fn load_order(_id: OrderId) {}

fn main() {

let u = UserId(7);

OrderId(7);

let o
load_user(u);

load_order (o) ;

payi U &uigildll pé ollosll jpgi-ala hos
-Jasabiill cadg pllel 993 JoSgignll cuip gyl dulae ddjyn

use std::marker::PhantomData;

pub struct Disconnected;

pub struct Connected;

pub struct Client<State> {
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addr: String,

_st: PhantomData<State>,

impl Client<Disconnected> {
pub fn new(addr: impl Into<String>) -> Self {
Self { addr: addr.into(), _st: PhantomData }

pub fn connect(self) -> Client<Connected> {

Client { addr: self.addr, _st: PhantomData }

impl Client<Connected> {
pub fn send(&self, msg: &str) {
println! ("send to {}: {}", self.addr, msg);

pub fn disconnect(self) -> Client<Disconnected> {

Client { addr: self.addr, _st: PhantomData }

fn main() {

let ¢ Client::new("127.0.0.1:9000");

let ¢ = c.connect();
c.send("hello");

let _c¢ = c.disconnect();
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use std::fs::File;

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

pub struct LogFile {
f: File,

impl LogFile {
pub fn create(path: &str) -> io::Result<Self> {
Ok(Self { f: File::create(path)? })

pub fn write_line(&mut self, s: &str) -> io::Result<()> {
writeln! (self.f, "{}", s)

impl Drop for LogFile {
fn drop(&mut self) {
let _ = self.f.flush();

fn main() -> io::Result<()> {
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let mut log = LogFile::create(r"C:\Temp\rust_oop_log.txt")?;
log.write_line("hello from Rust RAII")?;
0k(O)

anlAall V.
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trait Serializer {

fn serialize(&self) -> Vec<u8>;

struct User {
id: u64,

name: String,

impl Serializer for User {

YA
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fn serialize(&self) —-> Vec<u8> {
let mut out = Vec::new();
out.extend_from_slice(&self.id.to_le_bytes());
out.extend_from_slice(self.name.as_bytes());

out

fn main() {
let u = User { id: 7, name: "Ayman".to_string() };
let bytes = u.serialize();

println! ("{} bytes", bytes.len());

goill go U dowl go Jolei :amalgly Iay arons

trait Clock {

fn now_ms(&self) -> u64;

struct SystemClock;

impl Clock for SystemClock {
fn now_ms(&self) -> u64d {
use std::time::{SystemTime, UNIX_EPOCH};
SystemTime: :now()
.duration_since (UNIX_EPOCH)
.unwrap ()

.as_millis() as u64



fn measure<C: Clock>(c: &C) -> u64 {

let tO c.now_ms();

let t1 c.now_ms();

tl.saturating_sub(t0)

fn main() {
let c = SystemClock;

println! ("delta={}ms", measure(&c));

awAlall Dl r.r
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trait Logger {
fn write(&self, msg: &str);

fn info(&self, msg: &str) {
self.write(&format! (" [INFO] {msg}"));



1A

fn error(&self, msg: &str) {
self .write(&format! (" [ERROR] {msg}"));

struct StdoutLogger;

impl Logger for StdoutLogger {
fn write(&self, msg: &str) {
println! ("{msg}");

struct PrefixLogger {

prefix: String,

impl Logger for PrefixLogger {
fn write(&self, msg: &str) {
println! ("{}{}", self.prefix, msg);

fn error(&self, msg: &str) {
self .write(&format! (" [FATAL] {msg}"));

fn main() {
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let a = StdoutLogger;
a.info("hello");

a.error("oops");
let b = PrefixLogger { prefix: "ForgeVM: ".to_string() };

b.info("start");

b.error("panic-like event");

Associated Types ahupoll glgill .M
sl (ugps 130 . Gub ylac JS 0lids Wl legs wjss ol Gowl) dlagial glgill pouws

ol padiwo Ul glgill Glloleo groa gda gioy aill gweill aLl Glaalg

150l quuib ade (1 o ggi

trait Source {

type Item;

fn next_item(&mut self) -> Option<Self::Item>;

struct Counter {
cur: u32,

end: u32,

impl Counter {
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fn new(end: u32) -> Self { Self { cur: 0, end } }

impl Source for Counter {

type Item = u32;

fn next_item(&mut self) -> Option<Self::Item> {
if self.cur >= self.end { return None; }
let v = self.cur;
self.cur += 1;

Some (v)

fn main() {
let mut ¢ = Counter::new(3);
while let Some(x) = c.next_item() {

println! ("{x}");

pladiwll &gaw dhgall glgill guuas 13l
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use std::fmt::Display;

fn join_with_comma<T: Display>(items: &[T]) -> String {
let mut s = String::new();
for (i, it) in items.iter().enumerate() {
if i '= 0 { s.push_str(", "); %}
s.push_str(&it.to_string());

fn main() {
let v = [1, 2, 3];

println! ("{}", join_with_comma(&v));

hgag ;T agud) where

use std::fmt::Display;

fn render_table<T>(rows: &[T]) -> String

where
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T: Display + Clone,

{
let mut out = String::new();
for r in rows {
out.push_str(&format!("| {} [\n", r.clone()));
}
out
}

fn main() {
let rows = vec!["A", "B", "C"];

println! ("{}", render_table(&rows));

o jas aqudll

.Clone gi Debug O Ua Jnda Display qling Cuis 13] .65l 2gud AR uini
Blanket Implementations dloln Olauhs 0.0
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trait HexDump {
fn hex_dump(&self) -> String;
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impl<T> HexDump for T
where

T: AsRef<[u8]>,

{
fn hex_dump(&self) -> String {
let bytes = self.as_ref();
let mut s = String::new();
for (i, b) in bytes.iter().enumerate() {
if i '= 0 { s.push(' "); %}
s.push_str(&format! ("{:02X}", b));
}
s
}
I

fn main() {
let a: Vec<u8> = vec![0, 1, 254, 255];
let b: &[u8] = b"Rust";
println! ("{}", a.hex_dump());
println! ("{}", b.hex_dump());

Extension Traits alaioll Gloaw
.e9il (hai 993 culwi dalAY Rust (16 yunll hadl ga haill 138

trait StrExt {

fn is_ascii_word(&self) -> bool;
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impl StrExt for str {
fn is_ascii_word(&self) -> bool {
Iself.is_empty() && self.chars().all(lc| c.is_ascii_alphanumeric() ||

— CcC == '_')

fn main() {
let s = "ForgeVM_2026";

println! ("{}", s.is_ascii_word());
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trait Area {

fn area(&self) -> f64;

struct Circle { r: f64 }
struct Square { s: f64 }

£9



impl Area for Circle {

fn area(&self) -> f64 { std::f64::consts::PI * self.r * self.r }

impl Area for Square {

fn area(&self) -> f64 { self.s * self.s }

fn print_area<T: Area>(shape: &T) {

println! ("area={}", shape.area());

fn main() {

Circle { r: 2.0 };
let s = Square { s: 3.0 };

let ¢

print_area(&c);

print_area(&s);

cdg cleaiwl Joa L__ni aagy U .Squareg Circle (o JS) &nnAio 6pauh papioll ¢l
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trait Transform {

fn apply(&self, x: f64) -> f64;
struct Scale { factor: f64 }
impl Transform for Scale {

fn apply(&self, x: £64) -> f64 { x * self.factor }

fn process<T: Transform>(t: &T, data: &mut [£64]) {

for v in data {
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*v = t.apply(*v);

fn main() {
let mut data = vec![1.0, 2.0, 3.0];
let scale = Scale { factor: 2.0 };
process(&scale, &mut data);

println! ("{:7}", data);

.694y 6panill (uunig il 4alSs dlljlg apply grois pajiol) (Xay
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trait Render {

fn render(&self) -> String;
struct Html;
struct Markdown;

impl Render for Html {
fn render(&self) -> String { "<p>Hello</p>".into() }
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impl Render for Markdown {
fn render(&self) -> String { "**Hello*x*".into() }

fn render_all(items: &[Box<dyn Render>]) {
for item in items {

println! ("{}", item.render());

fn main() {
let items: Vec<Box<dyn Render>> =
vec! [Box: :new(Html), Box::new(Markdown)];

render_all(&items);
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trait CloneLike {
fn clone_like(&self) -> Self;

.ugolall Self gile aoiy eyl ggi ol Clonelike dyn £ dowwl 0ad pladiwl Loy U

P ol

trait CloneBox {

fn clone_box(&self) -> Box<dyn CloneBox>;
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enum Shape {
Circle(f64),
Square (£64),

impl Shape {
fn area(&self) -> f64 {
match self {
Shape: :Circle(r) => std::f64::consts::PI * r * r,

Shape::Square(s) => s * s,

fn main() {
let shapes = vec! [Shape::Circle(2.0), Shape::Square(3.0)];
for s in shapes {

println! ("{}", s.area());
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use std::collections::HashMap;
struct Metrics {
counts: HashMap<String, u64>,
impl Metrics {
fn new() -> Self { Self { counts: HashMap::new() } }
fn inc(&mut self, key: &str) {

xself.counts.entry(key.to_string()).or_insert(0) += 1;

fn get(&self, key: &str) -> u64 {
self.counts.get (key) .copied() .unwrap_or (0)
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struct Service {
name: String,

metrics: Metrics,

impl Service {
fn new(name: impl Into<String>) -> Self {

Self { name: name.into(), metrics: Metrics::new() }

fn handle(&mut self, route: &str) {
self .metrics.inc(route);

println! ("{} handled {}", self.name, route);

fn route_hits(&self, route: &str) -> u64 {

self .metrics.get(route)

fn main() {
let mut s = Service::new("api");
s.handle("/health");
s.handle("/health");
println! ("hits={}", s.route_hits("/health"));

&gl U clginll pe pladiwll 6ale] :Rust 16 raliall cadgoll ga |3a
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use std::fs::File;

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

struct LogSink {
file: File,

impl LogSink {
fn create(path: &str) -> io::Result<Self> {
O0k(Self { file: File::create(path)? })

fn write_line(&mut self, s: &str) -> io::Result<()> {
writeln! (self.file, "{}", s)

struct AppLogger {
app: String,
sink: LogSink,
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impl AppLogger {
fn create(app: impl Into<String>, path: &str) -> io::Result<Self> {
0k(Self { app: app.into(), sink: LogSink::create(path)? })

fn info(&mut self, msg: &str) -> io::Result<()> {
self.sink.write_line(&format! (" [{}] [INFO] {}", self.app, msg))

fn error(&mut self, msg: &str) -> io::Result<()> {

self.sink.write_line(&format! (" [{}] [ERROR] {}", self.app, msg))

fn main() -> io::Result<()> {
let mut lg = AppLogger::create("ForgeVM", r"C:\Temp\forgevm.log")?;
lg.info("start")?;
lg.error("something happened")?;
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trait Store {
fn put(&mut self, k: &str, v: &str);
fn get(&self, k: &str) -> Option<&str>;
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struct MemStore {

items: std::collections::HashMap<String, String>,

impl MemStore {
fn new() -> Self { Self { items: std::collections::HashMap::new() } }

impl Store for MemStore {
fn put(&mut self, k: &str, v: &str) {
self.items.insert(k.to_string(), v.to_string());
}
fn get(&self, k: &str) -> Option<&str> {
self.items.get (k) .map(ls| s.as_str())

struct TracedStore<S> {

inner: S,

impl<S: Store> TracedStore<S> {

fn new(inner: S) -> Self { Self { innmer } }

impl<S: Store> Store for TracedStore<S> {
fn put(&mut self, k: &str, v: &str) {
println! (" [put] {}", k);
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self.inner.put(k, v);

}

fn get(&self, k: &str) -> Option<&str> {
println! (" [get] {}", k);
self.inner.get (k)

fn main() {
let mut s = TracedStore: :new(MemStore: :new());
s.put("lang", "Rust");
println! ("{:?7}", s.get("lang"));
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#[derive(Copy, Clone, Debug, Eq, PartialEq, Hash)]
struct UserId(u64);
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#[derive(Copy, Clone, Debug, Eq, PartialEq, Hash)]
struct SessionId(u64);

fn load_user(_id: UserId) {}

fn load_session(_id: SessionId) {}

fn main() {

let u = UserId(10);

SessionId(10);

let s

load_user(u);

load_session(s);
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use std::fmt;
struct Secret(String);

impl Secret {
fn new(s: impl Into<String>) -> Self { Self(s.into()) }
fn expose(&self) -> &str { &self.0 }

impl fmt::Debug for Secret {
fn fmt(&self, f: &mut fmt::Formatter<' >) -> fmt::Result {

f.write_str("Secret (**redacted**)")
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impl fmt::Display for Secret {
fn fmt(&self, f: &mut fmt::Formatter<'_>) -> fmt::Result {

f.write_str("xxredacted*x*")

fn main() {
let x = Secret::new("top-token");
println! ("{:7}", x);
println! ("{}", x);
println! ("len={}", x.expose().len());
Iy
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trait Readable {
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fn read(&self) -> String;

trait Writable {

fn write(&mut self, s: &str);

trait ReadWrite: Readable + Writable {}
impl<T: Readable + Writable> ReadWrite for T {}

struct Buffer {

s: String,

impl Buffer {
fn new() -> Self { Self { s: String::new() } }

impl Readable for Buffer {
fn read(&self) -> String { self.s.clone() }

impl Writable for Buffer {
fn write(&mut self, s: &str) { self.s.push_str(s); }

fn use_rw<T: ReadWrite>(x: &mut T) {
x.write("hi");

println! ("{}", x.read());
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fn main() {
let mut b = Buffer::new();

use_rw(&mut b);
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trait A { fn f(&self) -> i32; }
trait B { fn f(&self) -> i32; }

struct X;

impl A for X { fn f(&self) -> i32 { 1 } }
impl B for X { fn f(&self) -> i32 { 2 } }

fn main() {
let x = X;
println! ("{}", A::f(&x));
println! ("{}", B::f(&x));
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#[derive (Debug, Clone)]
enum Expr {
Num(i64),
Add (Box<Expr>, Box<Expr>),
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Mul (Box<Expr>, Box<Expr>),

}
impl Expr {
fn eval(&self) -> i64 {
match self {
Expr::Num(n) => *n,
Expr::Add(a, b) => a.eval() + b.eval(),
Expr::Mul(a, b) => a.eval() * b.eval(Q),
}
}
}

fn main() {
let e = Expr::Add(
Box: :new(Expr: :Num(2)),
Box: :new(Expr: :Mul (Box: :new(Expr: :Num(3)), Box::new(Expr::Num(4)))),
)3
println! ("{:7} = {}", e, e.eval());
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#[derive (Debug)]

enum Status {
Ok,
NotFound,
Forbidden,

fn to_code(s: Status) -> ul6 {
match s {
Status::0k => 200,
Status: :NotFound => 404,
Status: :Forbidden => 403,

fn main() {

println! ("{}", to_code(Status::0k));
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#[derive (Debug)]
enum Message {
Ping,
Text { from: String, body: String },
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Move { x: i32, y: i32 },

fn handle(m: Message) {
match m {
Message: :Ping => println!("ping"),
Message::Text { from, body } => println!("from={} body={}", from,
< body),
Message::Move { x, y } => println! ("move to ({}, {H)", %, y),

fn main() {
handle(Message: :Text { from: "Ayman".to_string(), body:
< "Hello".to_string() });

pA o Ao ol JSub :diol pé pudi éalel U mull gpgad U adaw <llgai U
.glgsl

Rust (1o ol oll .0

Win Jy .ol oll Jybos ga &addill OOP (e enum laud §gaii gl okl aal
sl ol ados dpalial ollisly dduiv &l Wblnl go guulwl

dSqloo Ay dayn ol al

#[derive (Debug)]

enum ConnState {
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Disconnected,
Connecting { attempts: u32 },
Connected { peer: String 7,

struct Connection {

st: ConnState,

impl Connection {
fn new() -> Self {
Self { st: ConnState::Disconnected }

fn connect(&mut self, peer: &str) {

self.st = ConnState::Connecting { attempts: 1 };

self.st = ConnState::Connected { peer: peer.to_string() };

fn send(&self, payload: &str) {
match &self.st {
ConnState: :Connected { peer } => {
println! ("send to {}: {}", peer, payload);
}
ConnState: :Disconnected => {
println! ("cannot send: disconnected");
}
ConnState: :Connecting { attempts } => {

println! ("cannot send: connecting (attempts={})", attempts);
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fn disconnect (&mut self) {

self.st = ConnState::Disconnected;

fn main() {
let mut ¢ = Connection::new();
c.send("hi");
c.connect("127.0.0.1:9000");
c.send("hello");
c.disconnect();

c.send("bye");
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#[derive (Debug)]

enum Command {
CreateUser { name: String },
DeleteUser { id: u64 1},
ResetPassword { id: u64 },

fn execute(cmd: Command) {
match cmd {
Command: :CreateUser { name } => println!("create user {}", name),
Command: :DeleteUser { id } => println!("delete user {}", id),

Command: :ResetPassword { id } => println! ("reset password {}", id),

fn main() {

execute (Command: :CreateUser { name: "Ayman".to_string() 1});
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#[derive (Debug)]

enum Node {
Int(i64),
Str(String),

Pair (Box<Node>, Box<Node>),

fn pretty(n: &Node) -> String {
match n {
Node::Int(x) => x.to_string(),
Node: :Str(s) => format!("{:7}", s),
Node::Pair(a, b) => format!("({}, {})", pretty(a), pretty(b)),

fn main() {
let n = Node::Pair(Box::new(Node: :Int(10)),
— Box::new(Node::Str("hi".to_string())));
println! ("{}", pretty(&n));
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#[derive (Debug)]

enum AuthError {
MissingToken,
InvalidToken,
Expired,
Forbidden,
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fn check(token: Option<&str>) -> Result<(), AuthError> {
let t = token.ok_or (AuthError::MissingToken)?;
if t.len() < 8 { return Err(AuthError::InvalidToken); }

if t == "expired000" { return Err(AuthError::Expired); }
if t == "forbiddenX" { return Err(AuthError::Forbidden); }
0k(O)

fn main() {
for tok in [None, Some("short"), Some("expired000"),
< Some("good_token_123")] {
let r = check(tok);
match r {
0k(()) => println! ("ok"),

Err(e) => println!("err={:7}", e),
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#[derive (Debug)]
struct FileName(String);

impl FileName {
fn new(s: impl Into<String>) -> Self { Self(s.into()) }

fn into_windows_path(self) -> String {
format! (r"C:\Temp\{}", self.0)

fn main() {

let n = FileName: :new("log.txt");

let p = n.into_windows_path() ;
println! ("{}", p);
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use std::collections::HashMap;
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struct Cache {

items: HashMap<String, String>,

impl Cache {
fn new() -> Self { Self { items: HashMap::new() } }

fn insert(&mut self, k: &str, v: &str) {

self.items.insert(k.to_string(), v.to_string());

fn get(&self, k: &str) -> Option<&str> {
self.items.get (k) .map(|s| s.as_str())

fn main() {
let mut ¢ = Cache::new();
c.insert("lang", "Rust");
if let Some(v) = c.get("lang") {
println! ("{}", v);

}
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struct Greeter;
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impl Greeter {

fn greet(&self, name: &str) -> String {

format! ("Hello, {}", name)

fn main() {

let g = Greeter;

let s = String::from("Ayman")

println! ("{}", g.greet(&s));

)

println! ("{}", g.greet("World"));

struct Buffer {

data: Vec<u8>,
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impl Buffer {
fn new() -> Self { Self { data: Vec::new() } }

fn len(&self) -> usize { self.data.len() }
fn push(&mut self, b: u8) { self.data.push(b); }

fn as_slice(&self) -> &[u8] { &self.data }
fn main() {

let mut b = Buffer::new();

b.push(1);

b.push(2);

let view = b.as_slice();

println! ("len={} first={}", b.len(), viewl[0]);
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use std::collections: :HashSet;
struct Registry {
names: HashSet<String>,
impl Registry {
fn new() -> Self { Self { names: HashSet::new() } }
fn register(&mut self, name: &str) -> bool {

self .names.insert(name.to_string())

fn contains(&self, name: &str) -> bool {



self.names.contains (name)

fn main() {
let mut r = Registry::new();
let n = String::from("ForgeVM");
println! ("{}", r.register(&mn));
println! ("{}", r.contains("ForgeVM"));
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fn longest<'a>(a: &'a str, b: &'a str) -> &'a str {
if a.len() >= b.len() { a } else { b }

fn main() {

let x = String::from("abcd");
let y = String::from("xyz");
let r = longest(&x, &y);

println! ("{}", r);
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struct Table {

rows: Vec<String>,

impl Table {
fn new() -> Self { Self { rows: vec![] } }

fn push(&mut self, s: &str) { self.rows.push(s.to_string());

fn row(&self, i: usize) -> Option<&str> {

self.rows.get(i) .map(|s| s.as_str())

fn main() {
let mut t = Table::new();
t.push("r0");
if let Some(r) = t.row(0) {
println! ("{}", r);

anlAall 1.0
:clifoy Jnall 13a a2
Ol@algll 16 guowi aeni ué< &slall 20 Joleil -

2all pladiwlll ge 883 pei leiwl @udlgr WAl -



qr

«Jra=ilg ¢juuil Al self &mutg &self pladiwl -
184 &4l 1Ly diol 3gaa cliy -
LAl wlpbgoll/shared_ptr/unique_ptr 20 §gpdll pad -

-QlslL U &uidu pladiwll cgu gios Olaalg oo -



&< yiiuoll &xflallg UAII pgaill :V Jaall

Pl o sl d,98 &mut (g% boaic 1galall LV

clhily bl Gldlw gios — aalg (ulf of (j9aaeio chd — Rust 18 apaliall daclall
polnill Gaypn Adlio lod &X juoll aislallg interior mutability guAla)l pgaill ¢S .l
Aty gl

«caching ng.o LUJAJ .

Joguall w &Sjuuo -

a4 oldlhig danlg culgs (o @oladiwl aic diol lgall 0ia

q¢



Q0

RefCell g Cell .V

Quwill haiy uAla pgas Cell<T> LMWV

o @Al oydl) galo nei U .8uenll Copy glgill &self pe (hasill (o Cell<T> (X0
&l obly o)uis gioy b Lagig Ugaa adll Jéis

use std::cell::Cell;

struct Stats {
hits: Cell<u64>,

impl Stats {
fn new() -> Self { Self { hits: Cell::new(0) } }

fn hit(&self) {
let v = self.hits.get();
self .hits.set(v + 1);

fn hits(&self) -> u64 { self.hits.get() }

fn main() {
let s = Stats::new();
s.hit();
s.hit(Q);
println! ("hits={}", s.hits(Q);
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use std::cell::RefCell;

use std::collections::HashMap;

struct Cache {
map: RefCell<HashMap<String, String>>,

impl Cache {
fn new() -> Self { Self { map: RefCell::new(HashMap::new()) } }

fn put(&self, k: &str, v: &str) {

self .map.borrow_mut () .insert(k.to_string(), v.to_string());

fn get(&self, k: &str) -> Option<String> {
self.map.borrow() .get (k) .cloned ()

fn main() {
let ¢ = Cache: :new();

c.put("lang", "Rust");
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println! ("{:7}", c.get("lang"));
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Auill pguylg bl (né @il JaAll (nalal Guw (16 &5 il &lall (1eapo ac Re<T>
use std::rc::Rc;

#[derive (Debug) ]

struct Node {

name: String,

child: Option<Rc<Node>>,

fn main() {

let leaf Rc::new(Node { name: "leaf".to_string(), child: None });

let root = Rc::new(Node { name: "root".to_string(), child:

— Some(Rc::clone(&leaf)) 1});

println!("leaf strong={}", Rc::strong_count(&leaf));

.631=iall hgiAl) diol pé Re :pao
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(bauAll 6332i0) 45 pulo &uslo :Arc<T> [V

.Sync + Send T: @y boaic gl w bk jlivo goug Uja 1ae oadiug Arc<T>

use std::sync::Arc;

use std::thread;

fn main() {
let msg = Arc::new(String::from("hello"));
let t1 = {
let m = Arc::clone(&msg);
thread: :spawn(move || println!("tl {}", m))
s
t1.join() .unwrap();

Rwlock g Mutex E.V
dale paAlus B30 bod pe Jpasill  Kubo Waser guss U asuboll &sloll

.Arc<Rwlock<T>> gi Arc<Mutex<T>>

g Jad :Mutex<T> LE.V

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

use std::thread;

fn main() {

let counter = Arc::new(Mutex: :new(0u64));
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let mut threads = Vec::new();
for _ in 0..4 {
let ¢ = Arc::clone(&counter);
threads.push(thread: :spawn(move || {
for _ in 0..10 000 {
let mut g = c.lock() .unwrapQ;
xg += 1;

1)

for t in threads { t.join() .unwrap(); }

println! ("counter={}", *counter.lock().unwrap());

RAII GUadl o aagp aic Wlal Jadll jya, guard guylall

aalg wilk gf ()9a3=io clpd :Rwlock<T> [.E.V
oL o ST olelddl g%i boaic aho

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

fn main() {
let data = Arc::new(RwLock::new(vec![1, 2, 3]1));
{
let mut w = data.write().unwrapQ);

w.push(4);



let r = data.read() .unwrap();

println! ("{:7}", *r);

aalsilg olAayldall 0.V

fgayjlalo 1.0V
@Al galo liag U bloil 3930 1409320 aub a4l :Cell -
.aa)lanll aie panic ‘Jasuiill Cidg §yleiwl (ana :RefCell *
.Gl pe cypusi Jaial (gieapo ac dalss Re
.gilel &alS5 (A 2e tArc -

.deadlock jlaial Jlaialg Jad dals :Mutex/Rwlock *

Arc/Rc ©ljga cuinaj .0.V
.9l pus) Weak paAiwl

use std::cell::RefCell;
use std::rc::{Rc, Weak};

struct Parent {

child: RefCell<Option<Rc<Child>>>,

struct Child {



parent: RefCell<Weak<Parent>>,

fn main() {

Rc::new(Parent { child: RefCell::new(None) 1});
Rc::new(Child { parent: RefCell::new(Weak::new()) 1});

let p
let ¢

*p.child.borrow_mut() = Some(Rc::clone(&c));

*c.parent.borrow_mut() = Rc::downgrade (&p);

bhaal diol OE woni .V

golito JAla + Jha=ill ALle pe danlg (@il yiloc haj
,&self padiws cwuwll -
,Mutex/Rwlock calad (Ja=ill ablaJl AJull -

Arc pe aS)uiall -

hagial diol &oaA

use std::collections::HashMap;

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

struct ConfigStore {

inner: RwLock<HashMap<String, String>>,



impl ConfigStore {
fn new() -> Self { Self { inner: RwLock::new(HashMap::new()) } }

fn set(&self, k: &str, v: &str) {
let mut g = self.inner.write().unwrapQ);

g.insert(k.to_string(), v.to_string());

fn get(&self, k: &str) -> Option<String> {
let g = self.inner.read().unwrap();

g.get (k) .cloned()

fn main() {
let store = Arc::new(ConfigStore::new());
store.set("mode", "dev");

println! ("{:7}", store.get("mode"));

C++ 1o ol wldlw go &jldo V.V

ulde (paoieo ((olii 993 bad pe Jaeill dble oWl asjlio dgauy Sy C+ (1a
‘Rust (n1a .blAill

.Syncg Send 1adn 13| Ul bguA pe ¢juis U dogdll -

.Gy diolio cllaiy ¢l Jasil
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.83lg aalisig ayn hiall sl (lalal pgail -

daowonil AnlAll
Openll Copy Al Cell padiwl -
Al nalal guala pgail RefCell padiwl -
.Glgall pusf) Weakg lnuall aalal pgull Re padiwl -

- J2a=ill Mutex/Rwlock g0 Jogdll (g &5)juikal) Arc padiwl -

Al AV

:clifoy Jnall 138 a2y
Ao JUAII pgall 9g%) Yo 3y -
JbgAll ollhio caua Arc gl Re jwial -
ol &5 o Jyasil abld ala aoni -
Jadllg (neqpoll a2l QIS5 paa -
Weak plaaiwl dreapall Gligall wia

.Jail ablag dnypng bhgual diol wlsls olaalg cly -+
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J1a paanill hloil &K éale] (A Jadll
Rust

(dyn (bldo Generic) Strategy culpuwll hai LA
O |_]lu3| hJLc Strategy lhoJ dw.; Rust 14

cdg &QAais dals gga static dispatch (S gy Gudai) (Trait T:) dole duwslpw] -
. l". & .”

.gwlaio pe (pjaig Jasuil cidg Jwidl (Trait dyn) dow (P8 -

(0SWw bny) dole Gawlpiw] LA

trait Compress {

fn compress(&self, input: &[u8]) -> Vec<u8>;

struct Identity;
impl Compress for Identity {
fn compress(&self, input: &[u8]) -> Vec<u8> { input.to_vec() %}

\.o



struct Pipeline<C: Compress> {

c: C,

impl<C: Compress> Pipeline<C> {
fn new(c: C) -> Self { Self { ¢ } }
fn run(&self, data: &[u8]) -> Vec<u8> { self.c.compress(data) }

fn main() {
let p = Pipeline::new(Identity);
println! ("{:7}", p.run(b"abc"));
7

aoallg clalll payg doagill cidg lagpeo @il €95 995 baic wglwll 133 PAALLY

.inlining

(15oliza hy)) dow PK Gl LA

trait HashAlgo {
fn hash(&self, s: &str) -> ub4;

struct Sum;
impl HashAlgo for Sum {
fn hash(&self, s: &str) -> u64d {
s.as_bytes() .iter().fold(0u64, |acc, &bl acc + b as u64)



struct Hasher {

algo: Box<dyn HashAlgo>,

impl Hasher {
fn new(algo: Box<dyn HashAlgo>) -> Self { Self { algo } }
fn run(&self, s: &str) -> u64 { self.algo.hash(s) }

fn main() {
let h = Hasher::new(Box: :new(Sum)) ;
println! ("{}", h.run("ForgeVM"));

}

aalall olgfall e Aol i Jusubiill cudg Hwiall dalall aic wglwll 138 padiuy
.plugins

Factory yuiuia)l A

aal U .olow olsls gl enum gi aayn LEIg.ii msz: ahyo ]Jlga Wke Factory ()95 Rust (14
.ajljgJ

(Adl20 Gecgoan) enum 349_: &no  L.I.A

enum Transport {
Tcp { addr: String 1},
Udp { addr: String },



fn make_transport(kind: &str, addr: &str) -> Transport {
match kind {
"tcp" => Transport::Tcp { addr: addr.to_string() },
_ => Transport::Udp { addr: addr.to_string() },

fn main() {
let t = make_transport("tcp", "127.0.0.1:9000");
match t {
Transport::Tcp { addr } => println! ("tcp {}", addr),
Transport::Udp { addr } => println! ("udp {}", addr),

(4agido degono) dow (pls ms?_: &no [.M.A

trait Sink: Send + Sync {
fn write(&self, s: &str);

struct StdoutSink;
impl Sink for StdoutSink {
fn write(&self, s: &str) { println!("{}", s); }

fn make_sink() -> Box<dyn Sink> {



Box: :new(StdoutSink)

fn main() {
let s = make_sink();

s.write("hello");

Observer cdlpoll hoi H.A
‘pe Bale (g.do;
JFAMut/Fn olaléls cps puio dosld -
«“ouw danlg gi .

.(baudll aa=io Arc/Mutex JauAll glalai Rc/RefCell) &Slol) qypn 3yaas 20 -

Al (sl wdlo LA

struct EventBus {

subs: Vec<Box<dyn Fn(&str)>>,
impl EventBus {
fn new() -> Self { Self { subs: Vec::new() } }

fn subscribe<F>(&mut self, f: F)
where F: Fn(&str) + 'static {



\RK

self.subs.push(Box: :new(f));

fn publish(&self, msg: &str) {
for s in &self.subs { s(msg); }

fn main() {
let mut bus = EventBus::new();
bus.subscribe(|m| println!("A {}", m));
bus.publish("tick");

}
Command poll hoi E.A
.match pe 0314iig enum S alyioj aic In Lm.h.: pyTay)
#[derive (Debug)]

enum Command {
CreateUser { name: String },

DeleteUser { id: u64 7},

struct App;

impl App {

fn execute(&mut self, cmd: Command) {



match cmd {
Command: :CreateUser { name } => {
println! ("create {}", name);
}
Command: :DeleteUser { id } => {
println! ("delete {}", id);

fn main() {
let mut app = App;

app.execute (Command: :CreateUser { name: "Ayman'.to_string() 1});

}
.Visitor lhai gl Guoc g9 Judwid &k U
enum pc State AWl hoi O.A
.l allall Jios ddnio ollhg gulwi dia Ja
#[derive (Debug)]
enum Door {
Open,
Closed,

impl Door {



fn toggle(self) -> Self {
match self {
Door: :0Open => Door::Closed,

Door::Closed => Door: :0pen,

fn main() {

let d

Door::Closed;
let d = d.toggle();
println! ("{:7}", d);

.Aealpal) dbldg daypng danlg Glgaill

Dependency Injection GbalaicUl (da 1A
:Olowwl pe WLe Aai
Sl ) Traie T: dole o lloleo *

.45 juiallg il cadg JKibDl aaeid Trait> Arc<dyn gl +

dole Gloleo pe gén LA

trait Repo {

fn save(&mut self, name: &str);



VY

struct MemRepo;

impl Repo for MemRepo {
fn save(&mut self, name: &str) {

println! ("saved {}", name);

struct Service<R: Repo> {

repo: R,

impl<R: Repo> Service<R> {
fn new(repo: R) -> Self { Self { repo } }
fn create(&mut self, name: &str) {

self.repo.save(name) ;

fn main() {
let repo = MemRepo;
let mut svc = Service::new(repo);

svc.create("Ayman") ;

use std::sync::Arc;

Trait> Arc<dyn pe da LA



e

trait Clock: Send + Sync {
fn now(&self) -> u64;

struct FixedClock;
impl Clock for FixedClock {
fn now(&self) -> u64 { 123 }

struct Controller {

clock: Arc<dyn Clock>,

impl Controller {
fn new(clock: Arc<dyn Clock>) -> Self { Self { clock } }
fn action(&self) {
println! ("t={}", self.clock.now());

fn main() {
let ¢ = Controller: :new(Arc: :new(FixedClock)) ;

c.action();
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Plugin Architecture cdualAall

Jad Ul ggLall doww wypei 1.9

contract behavioral stable jaiuo (1Sglw ade) Rust (14 &alall oligall dyjloeo 1
aalall oligoll en.u.xj loud pS1i) host-owned context Aol asloy Guwg (trait dow)
.ohadllg hlanyl dwlwg Yol (A48 dhdi (1a ol 3gaa .al Jongly

:auwlwl aoni aclgd

hy gl Qliai cus 13] object-safe (U diolg éuen (nalall g9fall dow J=al -

.alols Al alla ppos Jas (&duwd olaalg) capability objects Glad G ppos JAa

2923l pe panic wll ginlg Result pe &y 09soll clhAl Jeal -

U golg Iy (1alid] ggso ade

#[derive (Debug)]

pub enum PluginError {



Failed(&'static str),

pub struct HostApi<'a> {
log: &'a dyn Fn(&str),

impl<'a> HostApi<'a> {
pub fn new(log: &'a dyn Fn(&str)) -> Self { Self { log } }
pub fn log(&self, msg: &str) { (self.log) (msg); }

pub trait Plugin: Send + Sync {
fn name(&self) —> &'static str;
fn init(&mut self, api: HostApi<'_>) -> Result<(), PluginError>;
fn on_event(&mut self, api: HostApi<'_>, event: &str) -> Result<(),

— PluginError>;

asiolysy (Jlao aislw adlha] cligfo .9

touuu) (A agod Rust peay

dole wllolzo pe W @aagil cadg AT (bl clall Jala gaas :aislw cliglo -
Jauwig gl tenum gl

«lalacll o cuoill ablé Trait dyn pe dale Jusuiill Cudg JiAT :axkioliya ligso *
ABI 2g48 g0 &51olipy Gliko (o djcoj adgq
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(Goapl cudg jwidl) &isw wlgso 1.M.9Q

pub struct Uppercase;

impl Plugin for Uppercase {

fn name(&self) -> &'static str { "uppercase" }

fn init(&mut self, api: HostApi<'_>) -> Result<(), PluginError> {
api.log("Uppercase init");
0k ()

fn on_event(&mut self, api: HostApi<'_>, event: &str) -> Result<(),
< PluginError> {
api.log(&event.to_ascii_uppercase());

0k ()

fn main() {

let log |s: &str| println! ("[host] {}", s);

let api = HostApi::new(&log);

let mut p = Uppercase;

p.init(api) .unwrap();

let api = HostApi::new(&log);

p-on_event(api, "hello").unwrap();
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il guai Jala (nalal ggsol dign huwi ga J<iiul 1aa

(dyn pe) ausSwolua wligSo r.M.9

fn registry(kind: &str) -> Box<dyn Plugin> {
match kind {
"uppercase" => Box::new(Uppercase),

_ => Box: :new(Uppercase),

fn run_pipeline(mut plugins: Vec<Box<dyn Plugin>>) -> Result<(), PluginError>
= {
let log = |s: &str| println!("[host] {}", s);

for p in plugins.iter_mut() {
p-init (HostApi: :new(&log))7;

for e in ["boot", "tick"] {
for p in plugins.iter_mut() {
p.on_event (HostApi: :new(&log), e)7;

}
0k(())

fn main() {

let enabled = ["uppercase"];



A

let plugins = enabled.into_iter() .map(registry).collect::<Vec<_>>(Q);

run_pipeline(plugins) .unwrap() ;

clall (Jldo dewgil aibla  P.9
:adoce b aclgd

.21 chbllg &t wligsall degano culs 13l gSw pajiwl -

ne lgp; alinig padiwall o dnaill ablé degonall culs 13] (Swolipy padwl -
.gwilaio

.vtable ()92 dispatch enum (14 jXaa @ddleo dlilell culs 13] -

Vtable ()93 Enum

enum BuiltinPlugin {

Uppercase (Uppercase),

impl BuiltinPlugin {
fn init(&mut self, api: HostApi<'_>) -> Result<(), PluginError> {
match self {
BuiltinPlugin: :Uppercase(p) => p.init(api),
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fn on_event (&mut self, api: HostApi<'_>, e: &str) -> Result<(),
<~ PluginError> {
match self {

BuiltinPlugin: :Uppercase(p) => p.on_event(api, e),

ololl agaa  E.9

:pe ololl pan .trust boundary adj an ga gralayl 09s0ll an
.639320 Wllosy HostApl ppoi :adud Gljag -
.diol ghldaog Jwllw paiiwl : plh Glpbgo pladiwl pac -
.Result acl :aayn clhAl -

.ol anlg J9so bhduy U (i :panic clgial -

panic clginl  I.E.Q

use std::panic::{catch_unwind, AssertUnwindSafel};
fn safe_call(p: &mut dyn Plugin, event: &str) -> Result<(), PluginError> {
let log = |s: &str| println!("[host] {}", s);

let api = HostApi::new(&log);

let r = catch_unwind(AssertUnwindSafe(|| p.on_event(api, event)));



Irr

match r {
0k(v) => v,
Err(_) => Err(PluginError::Failed("plugin panicked")),

adell jlan| 0.9
:a2ll (ngiwo gile ABI ade (e (ralall gg<all dow

.JIga)l gudilgs i ciai -
aalal alhad J5ua gl alow pe 63533 willhg @Al -

.object safety pus (yga additive evolution yalal jghi gile Khaly -
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.dyn pe daln gualiall dglull jags Glowl LS -
Loin alhdung Plugin> Box<dyn clloy dyiall lacll ahgs &slall +
.Result pe clhAll ppos :Olelidiwl U
.Sync + Send agud :aupn hguAll QLDi .
:Windows 4 anlh doao dAallo
o ABl wlhhi ddo=ll JAla DLL (Juwoas -«
#[repr(C)]g "C" extern pe C ABI aa pnu.u.; 1A ¢ pja)l pe pdiio pe Rust ABI ¢

gaa DLL ABI jldiwl Lol .in-process ddo=ll JAla dyjlaall bloill (e Kp dnall 13a
-JAluo (Lwaid £gAgo

Al V.9

:clifoy Jnall 138 sy
Qilg ade) PEU diolg pen (Ala] 9950 douw Wi *
oo (1eg) enum pe gi 1uolyall gi Sl gl juial -
(1381l W)l pang elalllg d=wgill &llé Gw djjlgall -
,panic clginlg daypn cllhilg AdwA Glhad pe lol agaa A -

.Windows (ile DLLg dawAliall C++ bloil aalall cligSall 19 Rust oluial by -
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clallu glg Qg0 LfLulS aoni il Jndll

a0g<)l lao guafall Ol LI

ule Lalial giyss mall pheo ol bayens Jd grunail &ouliwl 325 Rust g1a
Vecg Box (Jio 45)o Olpbdo pe daln heap &ogsll (e (punAill jalh) loiw stack guasoll
P8I 9o ol Loy (o adpeo (tisy clalll (1elgll Kl ppanil .Arcg Reg Stringg

=890 §)513 &daog (g Jawnds gwatall gile ngLo.o .

Olow G gl Bpblo pé daljl gl (1Siolisa pan gl dall aie :dogSl ile Xgloo -
.45 o @xslo gl (Trait dyn

oAl winig &slall Jai wiad lleiwo -

(anai )93) gwasoll e ¢gloo (8 LLI-

struct Accum {

sum: u6b4,

impl Accum {

\Yo
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fn new() -> Self { Self { sum: 0 } }
fn add(&mut self, x: u64) { self.sum += x; }
fn sum(&self) -> ub4d { self.sum }

fn main() {
let mut a = Accum::new();
for i in 0..1_000 {
a.add(i);
}
println! ("{}", a.sum());

spbloll pé aalillg lowdl Glsls) dogl e (aunAll (LI

G189 Wagyeo pé (uedll egill pan ol 6publo e aaljl dale Trait dyn Glawll OIS wlhis
.Qoqll

trait Op { fn run(&self, x: u64) -> ub4; }

struct Addi;
impl Op for Addl { fn run(&self, x: u64) -> uw64 { x + 1 } }

struct Mul2;
impl Op for Mul2 { fn run(&self, x: u64) -> u64 { x * 2 } %

fn main() {
let ops: Vec<Box<dyn Op>> = vec![Box::new(Addl), Box::new(Mul2)];
let mut v = 1ub4;
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for op in ops {

v = op.run(v);
}
println! ("{}", v);

Generic ol Jadl :oKoll aic dogsl uins LI

opbloll e aaljll ciau dolell ellolealld (ol cudg dagyeo Glloell dcgaao culs 13l
.inlining ahalb hJLc Qouig

trait Op { fn run(&self, x: u64) -> u64; }

struct Addl; impl Op for Addl { fn run(&self, x: u64) -> u64 { x + 1 } }
struct Mul2; impl Op for Mul2 { fn run(&self, x: u64) -> u64 { x x 2 } }

fn apply2<A: Op, B: Op>(a: &A, b: &B, mut x: u64) -> u64d {
x = a.run(x);
x = b.run(x);

X

fn main() {
let a Addi;
let b Mul2;
println! ("{}", apply2(&a, &b, 1));
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:dalide @iy hy oWl éac Rust yags
.aball &npa JAal vtable Ly doaydl caég auwn, :Static dispateh oS by -
1o pe eleaiwlg vtable pe @aljl :dyn 15olisa by -
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Monomorphizationg ahall .l

pe ahallg culgil juliish aou loo (lea ggi JS) &aniio Aui monomorphization i
«@alsil gyan 3yl gulwl 13ag — il oléyh

alall pillo gAlw juuo LI

trait Step { fn step(&self, x: u64) -> u64; }

struct XorShift;
impl Step for XorShift {
fn step(&self, mut x: u6d) -> ub4d {

X 7= x << 13;
X T=x > 7;
X 7= x << 17;
X

fn run<S: Step>(s: &S, mut x: ub4, n: u32) -> ubd {

for in 0..n {

i
]

s.step(x);

fn main() {

let s

XorShift;
println! ("{}", run(&s, 1, 1_000_000));
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.694) W@ipunig ddlal JAla step aljal pajiol) (Lo, --release cliy (14

g8l caladl pan juiel P

tom 095 gilol 02l alaj A6 Suis glgil 2o dolsll &Il cuoaiwl 13]
alallg acpul -
Aoyl goj *

.Oladeil bao heng wlall pan -+

dyn (pldo Enum E.I:

1098 LA enum pe gl 995 Aagpeog ddleo cpidiall degano gsi baic

Jbodl ¢pjaill aie dogsl yile (punAl dala U -

,vtable aagi U

.l gunell ofay )4

Enum JUuo LE.I

enum OpEnum {
Add1,
Mul2,
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impl OpEnum {
fn run(&self, x: u6d) -> u64 {
match self {
OpEnum: :Addl => x + 1,
OpEnum: :Mul2 => x * 2,

fn main() {

let ops = vec! [OpEnum::Addl, OpEnum::Mul2];

let mut v = 1u6b4;
for op in &ops {
v = op.run(v);

}
println! ("{}", v);

Hhdll 6acld
.vtable (92 gdgio clab & Plg degoanll GUel aic enum oAl

.dngianll dwgill Abld) aalall aie dyn padiwl -
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AU/ JAall e dw0j)lgall @hio Jndl
.oubd)l Jué warm-up lduy 345 -
gl gl sl aall @lg ¢ilpo éae Qud -

.ol ol gl &Jl (1a haa @ling Jilay gl -

(Windows 2o §algio) luuy cudgi Jsia  1.O.I:

use std::time::Instant;
trait Op { fn run(&self, x: u64) -> u64; }

struct Addl; impl Op for Addl { fn run(&self, x: u64) -> w64 { x + 1 } }
struct Mul2; impl Op for Mul2 { fn run(&self, x: u64) -> u64 { x = (x << 1) }
-}

fn bench_static<A: Op, B: Op>(a: &A, b: &B, iters: u32) -> u64 {
let mut x = 1ub4;
for _ in 0..iters {
x = a.run(x);

x = b.run(x);

fn bench_dyn(ops: &[Box<dyn Op>], iters: u32) -> u64 {
let mut x = 1ub4;

for _ in 0..iters {
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for op in ops {

x = op.run(x);

fn main() {

let iters = 200_000u32;

let _ = bench_static(ZAddl, &Mul2, 10 000);

let t0 = Instant::now();
let outl = bench_static(&Add1l, &Mul2, iters);
let d1 = t0.elapsed();

let ops: Vec<Box<dyn Op>> = vec![Box::new(Addl), Box::new(Mul2)];
let _ = bench_dyn(&ops, 10_000);

let t1 = Instant::now();
let out2 = bench_dyn(&ops, iters);
let d2 = tl.elapsed();

println! ("static out={} time={:7}", outl, d1);
println! ("dyn out={} time={:7}", out2, d2);
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Num/Add/Mul Cilaiio go Expr gulwi &id -
‘Rust (18 (ol

#[derive(Clone, Debug)]

enum Expr {
Num(i64) ,
Add (Box<Expr>, Box<Expr>),
Mul (Box<Expr>, Box<Expr>),

}
impl Expr {
fn eval(&self) -> i64 {
match self {
Expr::Num(n) => *n,
Expr::Add(a, b) => a.eval() + b.eval(),
Expr::Mul(a, b) => a.eval() * b.eval(),
}
}
}

fn main() {
let e = Expr::Add(
Box: :new(Expr: :Num(2)),
Box: :new (Expr: :Mul (Box: :new (Expr: :Num(3)), Box::new(Expr::Num(4))))
)3
println! ("{}", e.eval());
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Trait — gulwl &id daalg :agido Jha LI

Aajain gIgJIJJ Qouuig trait Wi «wypeil 6alelg Gaubl» Jay

trait Payment {
fn pay(&self, amount_cents: u64) -> bool;

struct Card;
impl Payment for Card {
fn pay(&self, amount_cents: u64) -> bool {
println! ("card charge {}", amount_cents);

true

struct Cash;
impl Payment for Cash {
fn pay(&self, amount_cents: u64) -> bool {
println! ("cash {}", amount_cents);

true

fn main() {

let p: Vec<Box<dyn Payment>> = vec! [Box::new(Card), Box::new(Cash)];

for x in p {

let _ = x.pay(500);
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Traits go AwAliall olaalgll aaao [l
yieq gyl wolwl jwidl way g5 Rust (10 traits opnlo @.;Uaj CH++ g8 aualpall olaalgll

.gwll — T) Trait>(x: i<T: fn :Static dispatch oSw by -

.Trait> Box<dyn (pjAi gi Trait) &dyn f(x: fn :Dynamic dispatch u'liuoLua hy -

oSl gl s 1O

trait Writer {

fn write(&mut self, s: &str);

struct Buffer { out: String }
impl Buffer { fn new() -> Self { Self { out: String::new() } } }

impl Writer for Buffer {
fn write(&mut self, s: &str) { self.out.push_str(s); }

fn emit<W: Writer>(w: &mut W) {
w.write("hello");
w.write(" ");

w.write("world") ;

fn main() {
let mut b = Buffer::new();
emit (&mut b);
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trait Writer {

fn write(&mut self, s: &str);

struct Stdout;
impl Writer for Stdout {
fn write(&mut self, s: &str) { print!("{}", s); }

fn emit(w: &mut dyn Writer) {
w.write("hello");
w.write(" ");

w.write("world");

fn main() {
let mut s = Stdout;

emit (&mut s);

Object Safety (P8l (lol @ani daila  P.r.II
1Pl &iol &anlgll cuils 13] lnda Trait dyn pladiwl <oy

Self glayl cuini
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trait JAla aolell Jlgall ciiay *

.Sized Self: Gllhio wiaj -

s Al Olpwdoll Jlagwl LI
d &<lall Rust (16 .olpbgall &slo @UUa Jga duro C+ OOP Glayoni (o pis
.auAlEall
Box<T> gl &Sglao daud — unique_ptr<T> LI
Bublo T gjA :dogl qini al gl
Box<T> paaiwl :Lfiola lan gi pblo peé daljl caial ol »

struct Engine { v: u64 }

fn main() {
let e = Engine { v: 1 };
let b = Box::new(Engine { v: 2 });
println! ("{} {}", e.v, b.v);

Arc<T> gl Re<T> — shared ptr<T> LIl
.Re<T> Al @l asjuiw -
Arc<T> :bbguall 63a=io0 45julo -

.Mutex/Rwlock gl RefCell :Jsa=ill abla &< uiwo
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Rc<RefCell<T>> Al L_pal:\i ¢ ypuo hlhAo

use std::cell::RefCell;

use std::rc::Rc;

#[derive (Debug)]
struct Node {
name: String,

next: Option<Rc<RefCell<Node>>>,

fn main() {

let a = Rc::new(RefCell: :new(Node { name:

< 1))

let b = Rc::new(RefCell: :new(Node { name:

< 1))

a.borrow_mut() .next = Some(Rc::clone(&b));

"A".to_string(), next: None

"B".to_string(), next: None

println! ("{:7}", a.borrow() .next.as_ref () .unwrap().borrow() .name);

Arc<Mutex<T>> :lhguall daa=io 45 o Al

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

use std::thread;

fn main() {

let ¢ = Arc::new(Mutex::new(0u64));
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let mut ts = Vec::new();
for _in 0..4 {
let cc = Arc::clone(&c);
ts.push(thread: :spawn(move || {
for _ in 0..10000 {

xcc.lock() .unwrap() += 1;

}
);
}
for t in ts { t.join() .unwrap(); %}
println! ("{}", *c.lock() .unwrap());

Oleio alo — T+ .M

unsafe (1a Pl Olubdoll padiwl .cljSallg Asluidig T &mutg &T Ja (ol Rust (14
vy

C++ gjghho uSip a=iub clhAal - E.ll

Jaoll 2305 Ja &5hgll el alel 11 taal  LELI
Adleoll ol enum padiwl
.@agiaoll Asuwgill traits paALwl *

Al pladiwl éatel ahgll Jau ool padiwl -
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.4dl%0 gl dagido degoanll g8 Gag enumg Trait dyng generics ¢ Jwiall gdm.wl .

.glob aloidl clagiillg el glgilllg dualgalll Jigall pladiwl guniwi -

duSloll 0agdi wlaalg pwonns  PLLIC
. opall pé gaunAill wiaiig (&[T] &str) GlAaa)l peiuws Ol@alg pwons glaiwl -
.yl 2wy loaie (sluidl &str &T) glob gjleioe yagye glayl guhiwl -
.82kl aie ppanill 8alelg clloll o Jobl yins ol gapa) gfay U lila) apb gihiwi -

Oleliiw Dl JSUa Jay daypn clhAl olalagig Result pladiwl giniwi -

as puuoll &slollg Al (basdl &bld  E.LIC
Jauall glal:i gualJl Jsa=ill RefCellg Copy Spsenll &l Cell plaAiwl pps gdcmul .
bguall 833210 &5)uirol) Arcg Al &alal bl ool Re pladiwl gihiwi

ol Arc<Mutex<T>>  plaAiwl Jaeil abld aSjuie A aani i i -
Jasll Gunj Juldi go Arc<Rwlock<T>>

Weak pladiwl galoll Gliga gio gahiwl

&jlozo bloil  O.LIC

(y150liya) dyn ol (¢)5¥lw) generics plaAiwl Strategy lhoj Auais gdau.ul .
AQualpall &gl Jsua dlljlg enum pe Stateg Command (laos Axdis gxhuul .
.GloaA @laano plajiwl (9 (Trait> Arc<dyn gl Trait T:) traits pe DI 3415 gaaiwl
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u1iog (&uSioliya plani trait OIS Box) bglh.o a0gS)l e JanAl jgss o el -
.JAaal guafall ()g%i

.13l clall pan gaig daniiall Awl adgig lallg daul dalss Julas giniwi -

2ol Joa Jjeg --release gAg (14 duan Olwlé il éubu.ul .

éy2no duloe gyito  .I0
culgillg JKib DI 32259 &xSloll agué dollo) craon . gLodl O dpenll aliroll 03a jail

-Windows go 444dlgiog hda duulidll &aisoll e aniss @leal . olidlg

DI) + (Strategy Glwluw Jawo :1 gguitoll  1.L.IC

.ol Alg sl aAww &0 034 JAla idng Logger ade 344i5 tdaall

use std::sync::{Arc, Mutex};
trait Logger: Send + Sync {

fn log(&self, msg: &str);

struct StdoutLogger;
impl Logger for StdoutLogger {
fn log(&self, msg: &str) { println!("[stdout] {}", msg); }

struct MemLogger {
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buf: Mutex<Vec<String>>,
Iy
impl MemLogger {
fn new() -> Self { Self { buf: Mutex::new(Vec::new()) } }
fn snapshot(&self) -> Vec<String> { self.buf.lock().unwrap().clone() }
}
impl Logger for MemLogger {
fn log(&self, msg: &str) {
— self.buf.lock() .unwrap() .push(msg.to_string()); }

struct Service {
log: Arc<dyn Logger>,
}
impl Service {
fn new(log: Arc<dyn Logger>) -> Self { Self { log } }
fn run(&self) {
self.log.log("start");
self.log.log("work");
self.log.log("done");

fn main() {

let mem = Arc::new(MemLogger: :new());
let svc = Service::new(Arc::clone(&mem)) ;
svc.run();

println! ("{:7}", mem.snapshot());



1 plaoll
.dyn 2o l&ijlag Logger> Service<L: dole dAwj WAl -

(08 + S p) Wllé ggi pladiwly by Gwlw @Al -

(Jolb Match + (Enum polgi Alleo :2 gguitall  [.1.IC
.enum alagi @leo (aljal polgl Jua Jlaiwl waall

#[derive (Debug)]

enum Command {
AddUser { name: String },
RemoveUser { id: u64 7},

RenameUser { id: u64, new_name: String 1},

struct App {

next: ub4,

impl App {
fn new() -> Self { Self { next: 1 } }

fn exec(&mut self, cmd: Command) {
match cmd {
Command: :AddUser { name } => {
let id = self.next;
self.next += 1;

println! ("add id={} name={1}", id, name);
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}
Command: :RemoveUser { id } => println!("remove id={}", id),
Command: :RenameUser { id, new_name } => println!("rename id={} ->

<~ {}", id, new_name),

fn main() {
let mut app = App::new();
app.exec(Command: :AddUser { name: "Ayman'".to_string() });

app.exec(Command::RenameUser { id: 1, new_name: ”AymanQ".to_string() B;

}
:pl@oll
.22 pio 4alAl aic match dlgaub cuilg A Julus a2 @Al -
.Userld Jio newtypes polaaiwb @ans @Al -
Pattern) State (Enum wlla &1 :3 ggpiwadl  W..IC
Ay oldiilg oUlhs JoSgigp juoy caaall
#[derive (Debug)]

enum Session {
New,
Authenticated { user: String },
Closed,
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impl Session {
fn login(self, user: &str) -> Self {
match self {
Session::New => Session::Authenticated { user: user.to_string()
- 1},

X => X,

fn logout(self) -> Self {
match self {
Session: :Authenticated { .. } => Session::Closed,

X => X,

fn main() {

let s = Session::New;

let s = s.login("Ayman");

let s = s.logout();

println! ("{:7}", s);

:polaall

Aalnll pe ol Error> Result<Self, ga,ﬂg clhAl alagi w@nl -

Qoapll goj Aallall pé Sleleanwll giod dalall aie type-state gl aga -



Yoy

(ol 3gan + (dyn GlALA] &l :4 gquitall  E.1.IC
.panic g clhAall Jieg olalAl dasild auai twaall
use std::panic::{catch_unwind, AssertUnwindSafe};

#[derive (Debug)]
enum PluginError { Failed(&'static str) }

struct HostApi<'a> { log: &'a dyn Fn(&str) }

impl<'a> HostApi<'a> {
fn new(log: &'a dyn Fn(&str)) -> Self { Self { log } }
fn log(&self, s: &str) { (self.log)(s) }

trait Plugin {
fn name (&self) -> &'static str;
fn on_event (&mut self, api: HostApi<'_>, e: &str) -> Result<(),

— PluginError>;

struct Upper;
impl Plugin for Upper {
fn name(&self) -> &'static str { "upper" }
fn on_event(&mut self, api: HostApi<'_>, e: &str) -> Result<(),
< PluginError> {
api.log(&e.to_ascii_uppercase());

0k ()



(0] o

fn safe_event(p: &mut dyn Plugin, e: &str) -> Result<(), PluginError> {

let log |s: &str| println!("[host] {}", s);

let api = HostApi::new(&log);

let r = catch_unwind(AssertUnwindSafe(|| p.on_event(api, e)));
match r {

0k(v) => v,
Err(_) => Err(PluginError::Failed("panic in plugin")),

fn main() {
let mut ps: Vec<Box<dyn Plugin>> = vec! [Box::new(Upper)];
for p in ps.iter_mut() {

let _ = safe_event(p.as_mut(), "tick");

:polaall
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.83nlg glol 393n go ClAlAl &bl 3y
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wlanllo Rust 16 (nalkoll C++ 14 pgaao

U0 1A £9020 £gJ «Jol match enum std::variant
.Ul anyall

421 a0gXS)l duAljial &xsloll | Box<T> gl é5glao daud unique_ptr<T>

ol kANl aaxhl dayn &kl

Arc<T> / Re<T>

shared_ptr<T>

Jhguall aasio
oo angao  Gleiwll  aclgd | ubdo ol T &mut &T oA pigo
.Qoqil unsafe (o pli
Jra=il abld pladinwb Ul (Jasi U &self const dlla
LAl
.alolbg dnypn (hind &aias | enum o E> Result<T, Oleliiiwl J<iua
2%
JKL DI 3225 dawlpiwl
Jpll Rust 14 haill gyl
.vtable ()92 @oqill (poj ugoul match + enum Glo Juls
uaiil (oj A8 ()93 generics + Trait Q9ido alaiol
pe Glegoao vtable pe gy Trait> Box<dyn | (p0j deuwgi  Qbld

P Ylol aclgd) gpw 2ap0 0 Galall

..U &iol trait JI cwlS 13] lnda Trait dyn pladiwl (Soy
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P Glol wlllnio
.Sized Self: a8l trait cllaw Uiy
.Self aoudll Jlgall aues Ui wiay -
.dole &uegi ailloleo yile Jigall (iging Ui cany

.(¢JUaiwll aic) Box<Self> gl self &mut gl &self Judiuwall Jlga)l padius ol caay -

P gol pe Jio

trait Bad {
fn make(&self) -> Self;

trait Good {

fn name(&self) -> &str;

dyn plaaiwl (b §any doild
il o) JEibl &y3395 (Ul trait Jl 03d qling Ja -
.panil acl a2 gl Séole Jlga aagi Ja -
.l o Uay dlnwpo oliiio padiwl i gl $Self =i Ja -

$6jS pog Ouen trait JI Ja -
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Trait agud (pAlo 13 Galoll

dpwlnf 3g48

fn £<T: Trait>(x: T) {}
fn g<T: Trait + Send + Sync>(x: T) {2}
fn h<T>(x: T) where T: Trait {}

audll go G)leiwll

fn print_all<T: std::fmt::Display>(items: &[T]) {
for i in items {

println! ("{}", 1);

anypoll glgsill

trait IteratorLike {
type Item;
fn next(&mut self) -> Option<Self::Item>;

(J,OLljJ .“- oo

trait Named {

fn name(&self) -> &str;
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impl<T: std::fmt::Display> Named for T {
fn name(&self) -> &str { "displayable" }

a=ilivl agudll (uilso

utizoll il

.glob bal gw ggill Jéi oSy Send

.ol bl gu galoll &5 juito <oy Sync

630 Jigh yiny ¢l ¢fay @il pé galo yile (1ging U 'static
.20l

.(?Sized pnmu oo L;_.dl;ibl) doapll (oj dgyRo pan Sized

&slall hloil gupw Jua 3 @alall

(gualall) a5glao doud

struct User { name: String }

fn main() {

let u = User { name: "Ayman".to_string() };

fn greet(name: &str) {
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println! ("Hello {}", name);

Jadl LU

fn consume(s: String) {

println! ("{}", s);

fn main() {
let s = String::from("x");
consume(s) ;

// s cannot be used here

(Al (nalal) &5 o &,5lo

use std::rc::Rc;

let a
let b

Rc: :new(5);
Rc::clone(&a);

(bauall aa2io) 45 puuo &slo

use std::sync::Arc;

let a = Arc::new(5);

let b

Arc::clone(&a);
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()l (nalal) adAlNI Juail &ubla

use std::cell::RefCell;

let v = RefCell::new(vec![1,2,3]);
v.borrow_mut () .push(4);
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use std::sync::{Arc, Mutex};

let v = Arc::new(Mutex: :new(vec![1,2,3]));

v.lock() .unwrap() .push(4);
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