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b7 B B AT

o RHIBEELELAEINE (closure). ELZRHFHERZ lambda REFMFETR,
e % Rust i85 ,@@5%ﬁWENE@mmo

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

o WEAHRIMEX TUREHZTE L, SHABWHERN, BaiTRiL,
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B 8918

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+y+z
s
let foo_v4 = |x: i32] if x == 0 { 0 } else
o MBEXKIEES REE XA,
o f || xEHEESH, ZERERERER,
o REFRZEATUZ {3 BM—HFKARN,

13}

o M let K% fn
o SHEMERLZ(E)
o HIFSETIE
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REHS

let square_v4

let square_v4
let square_v4

o SEHATME,

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

x| -> i32 { x * x }; // « unable to infer enough
[x| {x*xx1}; // ¢ type information!

AERFERIETSHEREENSEE,

o ERAERERBLEMSHIEHNKEN, NATURRIEE,
o XFREKM, FBEXETUFESERHNEXENEE, MNAEME, ZAMENEER,
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B KRR

o MBIUNUBEERENIE,

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

o AIfE%H %S, ME plus_magic A5 magic_num,
e magic_num ZEIZABHIREP,
o magic_johnson ZEHEM,
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e 55 A

o MREMBRTEEHELUIRUATNER, FRERFFHER,

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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MBS ERANER

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 #&JEZABHNBEERT magic_num,
® magic_johnson AHEMNEBERT, FILEMFBENTZZM,




i))
0000000@0000000000000
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o IEEFERITMBIIEMELBIEBEKER,

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 ABME LUEBEIAMNMLIETH,
o FHRIEMATREBER K,
o LUt move XEFIRBMBREIZTEENPIAN
o XT Copy 2k, "REMAN KrEN, T—EENZEBRIEN

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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o EAE f ZFEWHRENERBEEEAN, BEZATENAE,
o fln, ¥ f FRELE—NEE, AEN—NRERED £,
o move SEIFESIATAMAE,

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

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

o BiE, NEBMRMRBHRREEENMBENURREE M, EUTER, XMTASENEE
( R move ).

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

let ticket = || { lottery_numbers 7};

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

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

// = throw away unneeded ingredients

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

o WREKFERE Copy 8, EERNTERKH,
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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(Q) ;
alphabet_soup(); // use of moved value

o WMRABMBELIE, FEANTIREIRETHENNER, MAXFHNAELEHEEH—

/ko
o XFENERE move fTAM, FANRHME numbers MBS R,

%z Rust 4
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ABSREN: TUZXBRANER

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

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

alphabet_soup(); // Delicious soup

o MMALIEBAENEETEBNAEZ TS KIFHHN,
o XfpHBHTIBILSARLH,

%z Rust 4
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o MBMFEMBENERTR DAL T =FHF2. Fn. FnMut. FnOnce
o SLIXERFRMER T NHT IR BIRIE (FRTRBEAREF O )
pub trait Fn<Args> : FnMut<Args> {
extern "rust-call" fn call(&self, args: Args) -> Self::Output;
b
pub trait FnMut<Args> : FnOnce<Args> {
extern "rust-call"
fn call_mut (&mut self, args: Args) -> Self::0utput;

pub trait FnOnce<Args> {
type Output;
extern "rust-call" fn call_once(self, args: Args) -> Self::0Output;
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MBS EHXER

o Fn. FMmMBMIELE, T
MREREA,

o FnMut: ERAEBHNAIRETE,
TUREEA.

@ FnOnce: RMABHIRRELTEN
FRER, REEFEA—X,

FnOnce

FnMut

[ drop(v)

| x| v.push(x)

[x| x+1

|x| v.contains(x)
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A BB AR

o X=FFRIMXFIETFAIE self KA
o Fn &/ self, 2 &self,
o FnMut TR self, i EFH &mut self,
o FnOnce 3k18 self BIFFER
o Ak, Fn & FnMut 897 %, FnMut 2 FnOnce 897 &,
o I T IXKEFE,
o LfrL || {} ZTMBHBER—MEEWE, Rust SAABNKREMR—PMEMEE, L
B AR, REEM,
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K eENSH

o TPMRREIRF— LB AE,
o BIAIATNELRAR map BREL:

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

e map H— f: F 2%, XE F 23X FnMut FEHKE,
o TJFRLBERE, RALBRELIMT FnMut 5,
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o FHREEHMBIEARMMIKLIE,
o EEMBEFENR, ENAKNETHEN,

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[EFAE

o HitFE BT EETAREE AR,

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

error: missing lifetime specifier

° RELHMBETESGEAN, RASXEREINSIASILABASEREAR, BT REE
o
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e

o £/ Box ¥HILAFHTNEREH,

fn box_me_up_that_closure() -> Box<dyn Fn(i32) -> i32> {
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 TROMABKIMENIE, HEHIREGE, local EXHE,
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IR[EFAE

o BUEBIBEEREEXNE-,

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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T ARIR?

¥#% (concurrency) 2iRRFRNEL N EAETHLE (threads),
o HEZEUNAZHIE, MASINEE (WML, HEEBES ) HIFH,
o ZRRLLEMNHRERER,
o TEHMRRZ BIIRMNENRRS K E RFFHNBRIERS T Xk,
o SFEFH KM 4T (parallelism) ZEHXF,
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Hags&rz?

o LRRIESCHITHNET, MR
N—EHIENSIAXR (T iz
#£ZH ),

o FTXBHFE—HFFRNE. —
M, URHEMSSEHTLET L7 w32 Zhre

XHEHE S,
o BMEFELH AR, Si78

o HF—MARIHEEE (scheduler) |
REELENMIT, REMFAN l l l

RBETHAN A2,
o BFIUMEIRFNLE, BEE

B MTE T,




o XTI Rust KAY ( BEEFTANE 7 HHY 1R ).

let mut x = 0;

fn foo() {

let mut y = &mut x;

*y = 1;

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

let mut z = &mut x;

*z = 2;

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




o RIRAMN AR, —PHIT foo, H—THT bar,
o HERITUNERFTAEHMITIES

o Hitt, —HoJREMIMT

/* foo */ let mut y =

/* foo */ xy = 1;

TR & -

&mut x;

/* foo */ println!("{}", *y); // foo exzpects

/) => 1
/* bar */ let mut z
/* bar */ *xz = 2;

= &mut x;

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

/) => 2
o WRIFXMHHIT, &R

%z Rust 4
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o A, XHHNIITINFAESE REERILHN, EEHILAI—TFESKE,
o foo # bar THESMUEENFRAERT, FETRZINER.

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

/* foo

*/ let mut z = &mut x;

*/ *z = 2;

*/ let mut y = &mut x;

*/*y= 1;

*/ println! ("{}", *z); // bar ezxzpects 2
/7 => 1

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

o RE—TENNNFIRBRIBEHEBZ—ENINFRE, ZHETUETEZHHER,




TR BIENHER

o HIEHE. MRARNMLERNKENER—MNEIE, SFEHALER?
o PIENZ BIAAMIF X x BN,

° HIEZES. F—RRENTASENNTERER,
o BIAINZBIAR P F XS x BFLEURIE,




HERRENER (£7)

o FEF: WIRIEFTBLESBIERHY "HAW"?
o Bltn, A—HEREHZE—NEPX, BIMERE 1 K5 buffer[i], RBEIKEEIENE
X RRE T — a1k,
o TELREZBIAXEIEN, WMHHIAFEALIEE Ea AT TR T EHE,
o . WRELEEZEMIEZTHE, HREAEACSBEJEEIEIFDITA?
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o HEZNERIPPIE —HZHEN, TRSKERMN, SERER, IESSNEREBLES
k€7
o EPREFIUNHKMLE.
o Hff: HRMIFHZNEABE,
o HEHRR: &REFA—THER, FEBERAGRMLEFENRR,
o Jrith . FHHARNERESNSBEBERAR.
o HRHMH . FRHABFENLERZEEMILRER,
o ATERIEPIRE, RENTHW ERFHZ—,




— P EE BT 5]

N M EE2R4E—KEREE, RBMHTIZRNEE,
i/\*’?iﬁ—ﬁ?% WHEF FARIZIR, BE— /V\ﬁ N R#EF, 8RN EFRZEE—Ro
BERNTHBEEHEANT
o ERMAMMMRET (RBM—PERNY )
o EEMAMMNMRET (RBM—TERNY )
o IZIR (EMHER )
o BHWMHBEFMERL (FHRAFID )




o BB LERTA, SKEMHAER?

o 1 SHFRERMANNBIRET,

o 2 SERARERMAMMIIRETF

o 3 STHRERMAMNMBIRET,

o —(ER2FREBHXELEMNEMNBRET, REFEX—TE, REREFHAEFET,
o ey it kB R ST B

%z Rust 4
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Rust 9452

o Rust BItREEIRM T 47 std: :thread,
o BNE&IEE B CHIRIIRS,
o FRHMBFRIEELENTTA.

use std::thread;

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

3
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5 eIk

e thread::spawn iR[E JoinHandler XZ/HZF24G4 (handlers),
use std::thread;
let handle = thread::spawn(|| {

"Hello, world!"
1

println! ("{:7}", handle.join());
// => 0Ok("Hello, world!")

o join() =MHELFLREMNMNIT, EEUMNNMLELL,
0 join() RENNLRIREEN 0k, HERLELNRNNSHN Err,
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std: :thread: :JoinHandler

o LARMAMKEFRE, LBEETHINNSE (detached) KA, B, EEEETT,
o THERMEARAM, RE—NEEFMREMERNLE (join),
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o WMRARKERN, MAKLEMNZLEAMBRHAITRE
o Rust WLARIMRAELN, MERIMERENLETHEXR,
o ABRERRNERZH R,
o XNLBRIUTIHXNBETE, BFEEEMIE,
o HAthZ iR S5 BURM B Bo
o MRTLBREMAEZFLERTER, HtERBEUI WAL,
o IHRINEECERAMESHFHMBLRER,
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: :thread: :Thread

o YRFIEAZTMELRRTLIAM thread: :park () ke H CHHIT,
o BT LUBITLIEM unpark () A ARG EH 1T,

use std::thread;

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

@ JoinHandler 7 thread() AEARKBXINLZLEHN Thread W&,
o YPIEAZTHLRETISEIT thread: :current () #*5,
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o TMEIBEZNERE.
use std::thread;
for i in 0..10 {

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

B;
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LIz SPTAN

o HIRLENENFEEFTHANMN (BEAESAENHHN ).

use std::thread;

for i in 0..10 {
thread: :spawn(|| {
println! ("I'm #{}!", 1);
B

b

// Error!

// closure may outlive the current function, but it borrows 77,
// which is owned by the current function
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LIz SPTAN

o XB, AEFMPIITHABERE i,
o HItA move REEBMAER, FEBREIN

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 WEARGE S ERKEI RKEHNFE.

o Send: FINITNAELEELTEFHEHNER,

o Sync: FZTMELIER (BE5IA) ReEHZHKE,
o D EWMMIFRERITCHE, AFTREFE,

%z Rust 4
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pub unsafe trait Send { }

o Send EE TP EHIBENELRZRBHES,
o MR—FhRAESEZHLI Send, AT REBAERKNEIRZE,
o fl7m, Rc XEBEXLM Send,




pub unsafe trait Sync { }

e Sync %% (BISIA ) AN EREEBNARSIRAFR 2R,

o FTEEAKXAR Sync #, FTAREH Sync XBMNEEXAER Sync M,
o FOZHA (&T) 5 M4k& L EF (Box<T>) £ Sync #,
o FTENHHRIBE LMHLE L AFIKS Sync,




e X% T 2 Sync #, HHE{NHKE &T & Send #,

o MR, WRSIM &T T UELREIZR, A4 T oI INELERHEE,
o fEA—"NHE, R T £ Sync &9, 4L &mut T 2 Sync #,
o RAEAIITEMHKIRNZ Sync #,

o fflan, Cell<T> ZEARuIZ5| BT {NIAREBE RE P HIE,




0000000000

REZEHBELUM A, Send I Sync MISLIEBRE unsafe M,

B—HEEFROE N unsafe RAKUXMEFRFEHREF RRRIERFENAKE,
o thEREL, ﬁi%%%?ﬁ%%*‘ﬁ’m9’17?\“%75/%50

Send 1 Sync Bh%&H, HRERLELZEMIIAH Rust HIFSERKMRIL,
o XL, 100% MLiERs |ﬁR§E$T1§ﬂ?i§&fﬁﬂo

Ait, Send 1 Sync FEHXRE R A RERUEN—FEEERSE .

%z Rust 4



bOOOO0.000000000

use std::thread;
use std::time: :Duration;

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

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

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

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

// datal[t] += 1;
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HZ LIRS RB 89 [a)

o WRENLBEEE data FFEN, 5% data HE MBS
o AT#Z data, FERBAELREELEHZHKT,
o HMEFE Sync E’]*ﬂo




0O0®@0000000

std: :sync: :Arc<T>

o FRFAZR. M Arc<T>, EFMHSIAITEIES (Atomic Reference-Counted
pointer),
o 0 Rc Rf%, EERBEEREFMHNITECRRIELREZ 2,
o hBE—FIRH Weak 2KE,

%z Rust 4
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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;
s

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




HELRRE
0000@00000

HZ LIRS RB 89 [a)

o BMEHERFBERE,

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

@ 5 Rc —#, Arc h NEHFRIFTE M,
o EHHARBENGFE—ESIARREHE| AN T 8EEH,
o Ml Arc SFERXPEK,




HZLERS
feYelelele] Jololele}

HSEIRRATH P 018 (5%

o Arc<T> RIZREHNARRE Sync &, BT EER,
o ILETthTEE[FA RefCell, EA RefCell FTRLARELREH,
0 ET(HMA Mutex<T> EMRIXA (515,

BERFIHENBZERARR
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B (mutexes) & Mutual Exclusion 8455,
ERPUREEFBENEER —NZRE - EREEBIHE,
ATIHRHERPRPOEE, SERSERAPHD,

WMREAEEEMN, BAHMATUERENFHEGEABEER, AEHESTEIVHRE
o




: :Mutex<T>

o f Mutex BR—MEN, FZEIFA lock AEFRKBXIEKNHIEAR,
e lock 7/AIREI—4 LockResult,
o WRERPEDEHIRA, lock FEASIHESES, HIPHER.
o ATLUFEMA try_lock FAMEESER, HEMINETUEE —1 MutexGuard, BiSHE
SIARFOBEmA T KEEIE,
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BRI PERS

o WMR—NEKBEMUET —NEFM, RELXET RN, L ZERYSHEARE (poisoned)
RS, BAXDMPASHERENT -
o HIt lock() REIHZ— LockResult:
o WRRE Ok(MutexGuard), MAERPCEAEFTE, TUEEFH.
o 1R ZE Err(PoisonError<MutexGuard>), BAERFLTPHIRE,
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HZ ARSI

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

fn main() {
let mut data = Arc::new(Mutex::new(vec![1, 2, 31));

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

thread: :sleep(Duration::from_millis(50));
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° BEiE (channels) TRUAREHLE 2 BHRTS
o BIBREBELIEEEEEE
° TUFH%&HEE@%&B@F&?E—E 2. BHEERESER,

o




::sync::mpsc

o LUMBLEfF, EHHENBEEE (Multi-Producer, Single-Consumer),
o HR=MFEAKA.

e Sender

e SyncSender

o Receiver

e H, Sender = SyncSender FAiF% Receiver KiX%E,
o Sender XHTNRIE, XEEZMNERELASETE,
® Receiver KFNRERIE, FILZRHHEE,




000e00000

::sync::mpsc

o A channel<T>() WREKEIE— T EEZEH (Sender<T>, Receiver<T>),
o Sender 2R $EiE, AXRFIENITSEELELRE,

o 1Y F Sender HE—IMELRAMETX,
o HEEEILIEMN Receiver BUEURN, WRHFEBEL LT, SRERE,
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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 += i;

¥

assert_eq! (acc, 45);
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[e]e]e]e]e] lelele]

::sync::mpsc

o {£f sync_channel<T>() R¥KkEE—XZEHEH (SyncSender<T>,
Receiver<T>),
@ SyncSender 2EFH, KIXESHNZRAEME,
o 18%F SyncSender E—NERMEFX, WREMPKH T KX EAE,
® Receiver FIZAIE—H#H, Fitth=FHE,
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o BEHRIE/BEUHRIEEBSIRE —1 Result,
o MRBEMNT —mERE, BRIESKEER,
*] _Eﬁﬁ%ﬁﬁ5 ?t%jfiﬁzﬁﬁ?%o
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TR BIENHER

o HIEHZ. @Y Send. Sync RIFCHZHITA, £ Arc I Mutex RKELMH=Z,
o ¥iETES. Sync

o B%. TNBIIBIERLIERE,

o . BT AIETURRI?




0O0000000e

LR (o) 8 i

7t BB RRME M IR EARE, TARIEREEHNERL,
Wt Eit, RETUHREEM, EXEL X8R ANEEFRR ( F1205e8 ),
/Xﬁgﬁ E’]ﬁg/j%j}/fo
N TFEZRBBEM, HFLERENIE.
° RI5— A*ﬁf‘%‘?ﬁﬁ#ﬁ}iﬁ’]ﬁﬁ%?ﬁ?o
o AEFFZEEB I, EECHMNTZRLT TUERHERT,
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