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IR LN

o RPXIBSEESAEME (closure). BEERIIER lambda HEFHRETLER,
o 7 Rust E5+, NEBSMEPERR TR,

let square = [x: 132 -> i32 { x * x };
println! ("{}", square(3));
/7 =>9

o MEKHHAIMEXTURTEHRE L, SHEHWERN, BiTREL,
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B EIEE

let foo vl = |x: i32] { x * x };
let foo_v2 = [x: 132, y: i32| x * y;
let foo_v3 = |x: i32| {

// Very Important Arithmetic
let y = x * 2;

let z =4 + y;

X +ty+z

};
let foo_v4 = [x: i32| if x == 0 { 0 } else
o MBEXKEESREE X,
o 7 || ZEHEESH, zERREFIAR,
o BEIFRERTUZ {} BEHN—HKRIER,

13}

o {FH let RE fn
o SHAEMERL (8]
o IESEIIEN
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REHS

let square_v4

let square_v4
let square_v4

o SEIAE,

= |x: u32| { (x * x) as i32 };

Ix] => 132 { x * x }; // + unable to infer enough
[x| {x*xx1}; // + type information!

HEREEEESHIREENSE,

o BRARIFRBILAIMSHIERNEEN, NATUBRIEE,
o XTHEKIR, FEEXRETUFEFHRBNEXENEE, MMHAEME, ZAMENEE,
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B KRS

o MEBTMUEEEMEMNIIE,

let magic_num = 5;
let magic_johnson = 32;
let plus_magic = |x: i32| x + magic_num;

o BIfERHEES, ME plus_magic thaU5|/M magic_num,
e magic_num FEZABKIKETF,
e magic_johnson EHHE M,
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o MREMBRBEFTHELUIRUAXER, FRERFEEIR,

let mut magic_num = 5;
let magic_johnson = 32;
let plus_magic = |x: i32| x + magic_num;

let more_magic = &mut magic_num; // Err!

println! ("{}", magic_johnson); // Ok!
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MESERANER

error: cannot borrow ‘magic_num’ as mutable because it is
already borrowed as immutable

[...] the immutable borrow prevents subsequent moves or mutable
borrows of "magic_num” until the borrow ends

e plus_magic #RIEMNBHNERHT nagic_num,
® magic_johnson REXEAEEAET, FLEHRMENAZE,
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o iR DIBELE MBI ERERES,

let mut magic_num = 5;
{

let plus_magic = [x: i32| x + magic_num;
} // the borrow of magic_num ends here

let more_magic = &mut magic_num; // Ok!
println! ("magic_num: {}", more_magic);
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o MBHMIMIEEENNLERR,
o BEMEERTREHREFE K,
o TIDUFHA move XEFERFNEFBURETEMNIFIN,
o XIF Copy EEKif, “SREMEN" RREN, T—ETENEREBIIEN,

let mut magic_num = 5;
let own_the_magic = move |x: i32| x + magic_num;
let more_magic = &mut magic_num;

%z Rust 4
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BEineBnN AR

o EME f FELUEENIEREETEEAN, EERATENTNE,
o fFln, ¥ f FR%S—PE&E, EMN—DREORE £,
o move SEIFESIATANE,

fn make closure(x: i32) -> Box<Fn(i32) -> i32> {
let £ = move |yl x + y;
Box: :new(f)

let f = make_closure(2);
println! ("{}", £(3));

%z Rust 4
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HESFrEX

o Hiff&, MEBUARGHRETENMENBRE EZM, EUTER, XTAREmRE
( ~E A move ).

o WRBEBHEMINREESR,
let lottery_numbers = vec![11, 39, 51, 57, 75];
{

let ticket = || { lottery_numbers I};

}
// The braces do no good here.
println! ("{:7}", lottery_numbers); // use of moved value

o HEEMEIEAMRINM
let numbers = vec![2, 5, 32768];
let alphabet_soup = || { numbers; vec!['a', 'b'] };

// = throw away unneeded ingredients

println! ("{:?}", numbers); // use of moved value

o MRAXMTE Copy B, RERNEES KM,
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MESMAEN. REEFB—RNER

let numbers = vec![2, 5, 32768];
let alphabet_soup = || { numbers; vec!['a', 'b'] };
// = throw away unneeded ingredients
alphabet_soup();
alphabet_soup(); // use of moved value

o MRANBMELYE, HEAEPITIREPRET IBNNER, BAXFHNHNEAEREHE—
Ko

o XFERZERE move fTAK, HAREHME numbers WA BT R,

%z Rust 4
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ABSREN: TUZXBRANER

let numbers = vec![2, 5, 32768];

let alphabet_soup = move || { println!("{:7}", numbers) I;
alphabet_soup();

alphabet_soup(); // Delicious soup

o MABELIEMENERTEBNABRITUL KA,
o XFpABMTLIBILSIAKLI,
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o MBMRFBABNERAFRAHILI T =F4HFE. Fn, FnMut. FnOnce
o SLTLXEAFRI N KA D] DIFHTTIARRRE ( ERITARBRIET O )
pub trait Fn<Args> : FnMut<Args> {
extern "rust-call" fn call(&self, args: Args) -> Self::0Output;
3
pub trait FnMut<Args> : FnOnce<Args> {
extern "rust-call"
fn call_mut(&mut self, args: Args) -> Self::QOutput;

3
pub trait FnOnce<Args> {
type Output;
extern "rust-call" fn call_once(self, args: Args) -> Self::Qutput;
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FnOnce fn call_once(self, [Args]) -> [Return]
FEURBERENAKT AR
fn call_mut(&mut self, [Args]) -> [Return]

FERAFRIBKM S| AT 8RR

fn call(&self, [Args]) -> [Return]

ATfkR05 | a4
BELDEAR

& f BT 50F-Rust REEF
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A B R ARE

o X=FFERIMXFIETFAIE self K97
o Fn &/ self, thzt2FH &self,
o FnMut UTTHRAMLH self, W E2FH &mut self,
o FnOnce #*& self HIFFE,
o Fitt, Fn & FnMut #H9#8%, FnMut 2 FnOnce HJ#8%,
o FEthIIN T XFEAFHL,
o IBrE || {F RERAEBMEEZE —TEZENE, Rust =AABNIREER —MEMEK, L
AR AR, REFEM,
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KneErSH

o TMRREIEH — LB,
o BT ELARAS) map HEL:
// self = Vec<A>

fn map<A, B, F>(self, f: F) -> Vec<B>
where F: FnMut(A) -> B;

e map H— f: F &%, X2 F 2L FnMut $FE KT,
o TNEAEBRE, AALTEBRELIT FuMut HE,
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o AMRFERMBMEANRINIREE,
o EEMEERFENER, ENANETHEN,

fn i_need_some_closure() -> (Fn(i32) -> i32) {
let local = 2;
x| x * local

}

error: the trait “core::marker::Sized” is not implemented
for the type “core::ops::Fn(i32) -> i32 + 'static~
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IR[E FAE

o HitFEBIEEAIRED AR,

fn i_need_some_closure_by_reference() -> &dyn (Fn(i32) -> i32) {
let local = 2;
[x] x * local

}

error: missing lifetime specifier

o RELHMBEEEG AN, RARXERONSIBRILABASEREXR, BT REE
o
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IR[E FAE

o £/ Box HZANMSNE S EFH,

fn box_me_up_that_closure() -> Box<dyn Fn(i32) -> 132> {
let local = 2;
Box::new(|x| x * local)

}

error: closure may outlive the current function, but it
borrows “local”, which is owned by the current function [E0373]

o BREMHABKMENINE, SEWERME/G, local EZHEHK,
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IR[E FAE

o BUEBIBEREEX N,

fn box_up_your_closure_and_move_out() -> Box<dyn Fn(i32) -> i32> {
let local = 2;
Box: :new(move |x| x * local)
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TARIR?

F% (concurrency) RIERFRNE LN EAEITHEIE (threads),
o LR EITMUHAZEIR, MASINBE (W, HEEEBES ) WFHE,
o LRELLHIMNHRRRRER,
o TELREZ BN RIS RERFHNIRIERS LT XHah{E,
o SEEFHEFFFT (parallelism) ZEHX 7,




Tt AR ZIE?

SREIESHITNETX, MURN—EHENSIBXR (TEEHEN )
ETFXEE—E5FsE0NE. — Mk, UREMSSFHMTETXHEXNER,
BIREFELHE LR,

BE—1E&RREES (scheduler) kEBLERNMIT, REMFANREITH DR,
BRF T MEIEFTNLGRE, BEESENFRET,




FERHAT
o FET MY Rust K15 ( BB HNE @ H S ).

let mut x = 0;

fn foo() {

let mut y = &mut x;

Xy = 1;

println! ("{}", *y); // foo ezpects 1
}
fn bar() {

let mut z = &mut x;

*z = 2;

println! ("{}", *z); // bar ezpects 2




o RZRAMNLLE, — 4T foo, H—1 4T bar,
o FEBITUMNERATXEHMTIES
o AL, —MITRENMITINGFZ

/* foo */ let mut y = &mut x;

/* foo */ xy = 1;

/* foo */ println! ("{}", *y); // foo ezpects
/) => 1

/* bar */ let mut z = &mut x;

/* bar */ ¥z = 2;

/* bar */ println! ("{}", *z); // bar expects
/S=>2

o WREBRMHIT, BREMHIHH,

%z Rust 4



o AT, XHNPITINFAEERMBERILEN, BEEFR—E2KE,
o foo 1 bar FHRESMUEEN AN EMIT, FEMBIZINNG

/* bar
/* bar
/* foo
/* foo
/* bar

/* foo

*/ let mut z = &mut x;

*/ *z = 2;

*/ let mut y = &mut x;

*/ xy = 1;

*/ println! ("{}", *z); // bar ezpects 2
/) => 1

*/ println! ("{}", *y); // foo expects 1
/7 => 1

o FE—TMNBRBHRIBEHRBZ-—CHNINFRE, IHTUFERBZPHER,




TR BIENHER

o HIEHE. WRMNEERNKENER—MEEE, SFEFAER?
o BIENZBIANHIF 3T x MBENERE,

° HIEZS. F—RARBNTASENNTERE R,
o BIENZ BIARNGIF 3T x MEREURIE,




HERRENER (£7)

o E¥: WIRIEFTALIZEBBIEHE "HHRW"?
o fFlin, F—AHARHAZFE—ITENIX, BNERE 1 %5 buffer(i], AEHEFERENE

HRFORE T —FaEEo
o ELAEZ BIRAEIEL, WIHIAEtbLEIEAEETEIH R T 88,
o Wf. MRALREEREM‘ZTHER, HBREEANSHEMEEIESBTH?
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o UBNLERIFOE-—HZREN, THESKERD, RYPRER, FESSNEERTES
B EHE
o WHKEFNUNEZMY.
o B HEMNIEHEZMNHERBE,
o HERER AERE IR, FEERRSEMEERENTR,
o fitdh. BFEAREBNEAREASBRERENARR,
o ZHMI. SHFWENLEZAFEMILIKRER,
o ATERIPIKE, RETH EREHz—,




— PR HEITEH B
N T EZRLE—KEARER, RBEHMHTIZIRES,
i/l\ IR FE—WNEFAKIZR, BER—HAE N REF, 8RIE

s

KNITAAEEHRWT .
FRMAEMNGBREF (RB—NREH ),
ERtEUHBRETF (RI—1RFEHI ),
iR (fERZER )

BRREFREREL (BREIRNH o

AFR 2 [BEH 1R




o B LER{TH, SkEHAIER?

o 1 SERRERMAMMNMBREF,
° 2 SEFFERMAMMMMREF,

o 3 SEEFERMAMNMRES

o —UHFRAHXEEXEMMNEMNNMRET, R FEX—FPER, REESEFBEFET,
o nfe] Bii Skt R FE TP

HiJl%Z Rust 4
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Rust 9452

o Rust MIFREERME T 4 std: :thread,
o BN&IEHE C IR,
o FHMBFRIEELENITA.

use std::thread;

thread: :spawn(| | {
println!("Hello, world!");

1)
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o thread: :spawn iR[E JoinHandler X#ZK LG4 (handlers),
use std::thread;
let handle = thread::spawn(|| {

"Hello, world!"
B

println! ("{:7}", handle.join());
// => Ok("Hello, world!")

o join() ZFHELMARMNNIT, EFUMNNHNLELL,
e join() BRENNZAEREEN Ok, HEELMEMN Err,
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std: :thread: : JoinHandler

o LBREHAFHERN, BT HKE (detached) K7, UL, EEAETo
o TEEEBLRAM, RE— M TEEHRRMLRICS (join).
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o MRLERERN, BAKILEMZEREAIRATKE,
o Rust WARWRREDN, MEEXMERNLRTHEXR,
o ABRERRNARESA R
° lefﬁ SETEXHBELE, SERAEMER,
o HthZiZREBHBURRHIER
o MRTFHEILMHEERER, E(’éfﬂi’fﬂ Wb
o THRIMNEECERTIMESHFHMBERER,
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: :thread: :Thread

o YPIIEAEITHLIZT AN thread: :park () kKE{EE T,
o ZETLUEITLIEZN unpark () J7iARKEIT,

use std::thread;

let handle = thread::spawn(|| {
thread: :park();
println! ("Good morning!");
1)
println!("Good night!");
handle.thread() .unpark() ;

@ JoinHandler 7 thread() AANRIKEN N LT EH Thread XK,
o YFIEAIETHNLIET BT thread: :current () %15,
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%R

o JMBIRZNERE.
use std::thread;
for i in 0..10 {

thread: :spawn(/|| {
println! ("I'm first!");

B;
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LIz SR

o fR&RENEMNBFEETHMATNIN ( BEHESIEREHN ).

use std::thread;

for i in 0..10 {
thread: :spawn(|| {
println! ("I'm #{}!", i);
DN

}

// Error!

// closure may outlive the current function, but it borrows <7,
// which is owned by the current function
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o XB, &KEFHTHABERE i,
o HILF move REEBMAE, FEREIN,

use std::thread;
for i in 0..10 {

thread: :spawn(move || {
println! ("I'm #{}!", i);

B;
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Send 5 Sync

o Rust MR RGEE TR EIF LKEFFE.

o Send: FTRITNMAELEBTEFHEHIKE,

o Sync: FIMELER (BISIA) ZeHZHKE,
o M EMAMEFRMEIFMCHE, AFTRHEFE,
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pub unsafe trait Send { }

o Send XETMBENIENELRENER,
o MR—FhHXELHEILI Send, AT RERBERFRNERER,
o fl4n, Rc B Send,




pub unsafe trait Sync { }

e Sync X% (BIISIA ) AN EREEAN ARSI RAFER L,

o FTEEAXIR Sync #, FIAREH Sync XEMEESXER Sync 1,
o FEEAA (4T) FGEHARTERD (Box<T>) £ Sync #,
o FIEARHNITEMMNAEES BFIKE Sync,




o XA T & Sync 8, HHEMNEHX &T 2 Send 8,

o thEtEUt, WRSIA &T TUELRERZS, 4 T U NELREEZ,
o 1EA—NE, WHR T £ Sync ¥, A4 &mut T 2 Sync #,
o RAEAITEMHEENE Sync #,

o a0, Cell<T> EARIXS|IANMAREBEENEPHE,
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RELBFELIMN A, Send A Sync HISLIARRE unsafe M,

B—MRFEFRTA unsafe RONTMXMIFLFTEHREF RURRIERFENXIE,
o thE R, FEFEBTINERFHNKERSH T,

Send # Sync EA%ZeH, HRRELEZES ML EAB Rust HiEEKMRIE,
o EIL L, 100% MLk ?t?ﬁp\ﬁﬁ%?(ﬁﬁﬁéﬁifﬁ'cﬁo

Ak, Send 1 Sync FEHLZERIEAEREN—FEERSLH,

%z Rust 4
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use std::thread;
use std::time: :Duration;

fn main() {
let mut data = vec![1, 2, 3];

for i in 0..3 {
thread: :spawn(move || {
datal[i] += 1;
s

thread: :sleep(Duration: :from_millis(50));

// error: capture of moved wvalue: “data’

// datal[i] += 1;




OOOOOO0.00000000

2 SRR R o 8 5]

o WRFNLEEEHE data FFEN, 25% data BEZ M ESE.
o ATHZ data, BEEREBAELEEREHZNER,
o MFEFEE Sync E’];’%ﬂo
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std: :sync: :Arc<T>

o MRFR: £ Arc<T>, JRFMM3IAIH4UESt (Atomic Reference-Counted
pointer),
o 0 Rc R, ERBERFHEMNITECRRIELRER 2,
o WY Weak K7,

%z Rust 4
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HZ LIRS B

use std::sync::Arc;
use std::thread;
use std::time::Duration;

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

for i in 0..3 {
let data = data.clone(); // Increment “data 's ref count
thread: :spawn(move || {
datal[i] += 1;
B

thread: :sleep(Duration: :from_millis(50));
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HZ LIRS RB 89 [a)

o BMERR R EBIRIE,

error: cannot borrow immutable borrowed content as mutable
datali] += 1;

@ 5 Rc —#, Arc th REHRIFITT M,
o EMARRBELENGEFE—IE3IBEXHEHS| BN A B M,
o MmME Arc £SFHERXPMEK,

BERFIHENBZERARR
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HSEIRRATH D 018 (5

0 Arc<T> RZREHARE Sync 89, BT EER,
o Bt REE(EA RefCell, AN RefCell FRLERLMH,
o EE(FH Mutex<T> EMHIX/N a1,

BERFIHENBZERARR

Tl%z Rust 4F 54 / 69
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B9 (mutexes) & Mutual Exclusion 81455,
ERPRIEEMEESNEER —NZABE - NEREB T,
ATHRHERUFRPORE, FEREERHUPND,

WREAEEEY, BARMATUEERAHEEDHRRR, IEMRETETUER
o




: :Mutex<T>

o F Mutex BE—EN, ZEZIFA lock AEFRBT{EMNIF IR,
e lock 7%xRE—* LockResult,
o WERBERFEIEHIRD, lock FESHEESRS, BIPHEN.
o thaTUEMA try_lock A AERAESES, BEMMEITUBE— MutexGuard, BIIHE
SRR EmmE T £REIE,
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BRI PERS

o WR—NEBYET —NERY, RELAETRN, L ZAEFRYSHAFF (poisoned)
RE, BAXNBASHERERT -
o HIt lock() REHZ—1 LockResult:
o HRZE 0k (MutexGuard), MAEFIEEDE, ITUEEFH,
o MRE Err (PoisonError<MutexGuard>), 4 EFHAFHIRE,
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HZ LIRS B

use std::sync::Arc;
use std::thread;
use std::time::Duration;

fn main() {
let mut data = Arc::new(Mutex::new(vec![1, 2, 3]));

for i in 0..3 {
let data = data.clone(); // Increment “data 's ref count
thread: :spawn(move || {
let mut data = data.lock().unwrap();
datali] += 1;
1

thread: :sleep(Duration: :from_millis(50));
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o iBJ& (channels) STIXARES Lf2 2 BIHPRZS
o BIEREBALEZEILEHER
° leiﬁﬁﬂ%hﬁiﬁﬁﬂ?&&%:]:éﬂ)%Eéﬁiﬁ%\ EHEZREZE R,




::sync::mpsc

o LUMBLEMHF, HHHENBEEE (Multi-Producer, Single-Consumer),
o WR=FhTEEA.

o Sender

e SyncSender

o Receiver

e H, Sender 5 SyncSender AT % Receiver KiX%iE,
o Sender XETNTIE, RAZMEBELNEETE,
@ Receiver BT, HREETEE,
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::sync::mpsc

o (M channel<T>() HREKAIE—ITZEEN (Sender<T>, Receiver<T>),
o Sender ER$BIE, KEFENTSHEELELRE,

o 1% F Sender HE— P ERAMEFX,
o HEEREITLTZEM Receiver BUTEIER, WMREIELLE, SKEHE,
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use std::thread;
use std::sync::mpsc::channel;

fn main() {

let (tx, rx) = channel();

for i in 0..10 {
let tx = tx.clone();
thread: :spawn(move| | {

tx.send (i) .unwrap();

DN

}

drop(tx) ;

let mut acc = 0;
while let 0k(i) = rx.recv() {
acc += 1i;

}

assert_eq! (acc, 45);
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::sync::mpsc

o £ sync_channel<T>() HREKOIE—XZEEH (SyncSender<T>,
Receiver<T>),
@ SyncSender 2EFH, KFFHINZRAEHE,
o 1Y F SyncSender H—1THRMEFX, WRETXH T KEHRSAE,
® Receiver fIZ A& M, EILHEHZE,
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o BiEH KL/ EIIRIEHSIRE — Result,
o MBBENT —HER, BHESREBE,
o —BEBEWIT, HIEAEHLERE,
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TR BIENHER

o ¥iEI*E. BT Send. Sync KIFCHZHITH, fEH Arc A0 Mutex KLU Z,

=

o HiiE=%. Sync

o B TWUBLEERRIER,
o T BHHAMETTUBR?
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b w il pesid

B B BT M I R B ARE, TARIERBEHNEIL,
Wt it, RETUHREEM, EXLT XS RAEHEFR- ( Fla5es ),
&ﬁ% B IR MR
NFEERHBERDM, F-LEAEERNIE.
°o RlE— Aﬁ*%%mﬁMﬁﬁ%$ﬁ¥o
o HEFFRZEEB P, EFCHMNTERS TUERHERT,
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