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B RS

o RPNIBELELMEME (closure). EZRIHER lambda sRHHRRETER,
o 7£ Rust 55+, WBSMATURERLAEH,

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

o WEKHHEMEXTMURTHREL, SHMEHBEAN, BMITREUR,
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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 MBEXKIEES REEXMEI,
o 7 || xEEESH, 2BRREFRIEAR,
o BEIFREARTUEZ {} BEHN—4HKER,

13}

o f#f let K% fn
o SHEMEKEL
o IS EIUEN
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KBS

let square_v4 = |x: u32| { (x * x) as i32 };

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

let square_v4
let square_v4

o SEIAE, MEFREEEESHUIREENHKE,
o BRARFSITAMSHIERNEEN, NATUBRIET,
o XTHEKIR, FEERETUFEFSHBNEXEINEE, MYHAERES, ZAUENEE,
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B KRS

o MEBTMUBEERAENIER,

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

o RAIfFEREES, ME plus_magic thaU3[A magic_num,
o magic_num 7EIZABHIRE S,
e magic_johnson EHEHE M,
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Mes5EHA

o MRAEMBBEFTHELUIRUWAXER, FRERFEHEIR,

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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MESEANER

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

o plus_magic ZEREABHNNEEMT magic_num,
@ magic_johnson X EEMNEBERE, RILEHNFFBENAZEN,
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B KRS

o IR PIBLE A BB 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 MBMITLUAFERAMNNMNIETT R,
o AHREMATREBERK,
o TLUEM move XEFRFIMNBRFHREZENIEN
o YT Copy HZUR, "REMEN” RFHEN, T—EENEEBIEN.

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

o BAB f ZFEWUEENERBIESEAN, EERIENNE,
o fFlIn, ¥ f ZRLE—PEKRE, WENM—PREURE £,
o move SEIFFSIATARE,

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

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

XM
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o B, MBUARGHAETENMENUBHRE EMN, EUTER, XMPTAZENRE
( RfFH move ).

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

let ticket = || { lottery_numbers };

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

o WEMMEIHMAMM T,
let numbers = vec![2, 5, 32768];
let alphabet_soup = || { numbers; vec!['a', 'b'] };

// " throw away unneeded ingredients

println! ("{:7}", numbers); // use of moved value

o MRAXETE Copy B, FERNEER K,
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MBSENR: RERA—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 MRABVMELIE, HEARITIEPRET BNNER, BAXFNNEAERER—
Ko

o XFERZMRE move TAN, FAREIE numbers MEFEIN T 828,

XM
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ABSREN: TUZXIBANER

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

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

alphabet_soup(); // Delicious soup

o MMAHBHAENERTEBNHEEITUL KIBAL,
o XFpHBMTLIBITSIAKLH,
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al2kspt

o MBMREBABNERAFRAFILI T =F4HFE. Fn, FnMut. FnOnce
o LILXLRRM KR T IHTIERBRE ( EHIXBEBREERF 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::0Output;

3
pub trait FnOnce<Args> {
type Output;
extern "rust-call" fn call_once(self, args: Args) -> Self::Qutput;
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ke RN

o X=FFEIMXFETLE self B
o Fn &/ self, Wt &self,
o FnMut T ZFHEH self, hHEFH &mut self,
o FnOnce #%%& self BIFFAEN,
e AL, Fn & FnMut 89#%, FnMut & FnOnce W%,
o BRI T IXKFE,
o IBrE || {F REWEMEEE —FIEEE, Rust £ AABNREER —PEMEK, L
AR AR, KRBT,

11142 Rust 4
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KBneErSH

o TURREIEH — LR,
o B TELIRAH map REL:
// self = Vec<A>

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

e map H— f: F 2%, XE F 2% FoMut HFEMEE,
o TMFRE @A, RALBRELINT FaMut £FE,
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1R [E 7FE

o AMRFERMEMEARIIREIE,
o EEMBEEFENER, ENXNETHEN,

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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1R [E 7FE

o HitFEBIEEAAKEE A,

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

}

error: missing lifetime specifier

o RELKMBIEEEGEAY, RARXERONSIAILHNBEAGESER, M T REE
o
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1R [E 7FE

o £/ Box KHZAMESHNEGEH,

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 BREMMBKMENINE, SEWEREGE, local EZHERK,
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1R [E 7FE

o BIEIHIMIBEERMEIEX NI,

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?

F% (concurrency) RIERFRNES N EAZITHLE (threads),
o HEZETNAZHIR, MASINEE (WML, HEEBES ) HWHFH,
o HREILEMNARERER,
o TELRRZEIMBITHRRS &4 AT HIIRIER S L T XX,
o SEEFHEFIST (parallelism) ZEHIX 7,




HaRskiz?

SRREESHANLETY, RN —EHRN3IBER (TESESH ),
FTIXaE-ESHERNE. — M, UREMSYSEHGTE T XEX0EE,
SIEFELE— LR,

H—MERIES (scheduler) SEEBLIRNMIT, REHAMESTHNEE,
RETLARFNER, BRERARES.




FRMIT
o XTI Rust RES ( BBEPTANE 7 B ).

let mut x = 0O;

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 expects 2




Fe< AT EEIT

o RIEFWNL&IE, — 1T foo, Z—HT bar,
o FEETUMNEEFAXEBHHITIES,
o AL, —FhoJgEMHITINGZ .

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

/* foo */ xy = 1;

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

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

/* bar */ *xz = 2;

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

o WRIXFHMIT, EREMRIPH,
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o AT, XFENHTINF A2 REERILEN, EEBFI—ESKE,
e foo 0 bar TR MUERWARZENIT, FEMBIZINNLE

/* bar */ let mut z = &mut x;
/* bar */ *xz = 2;
/* foo */ let mut y = &mut x;

/* foo */ *xy = 1;

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

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

o RE—ENMBFIRBARRBEGEBZ—ENINFRE, IHTU=ETRZPHNER,




TR BIEHER

o HIlEAE. WRMNMNLERNIKENER—NEUE, SFEHTAER?
o Bl BIARNHIF X x HENERIE,

° HIEZS. F—RREBNTASENRITERLE X,
o Bl BIAR NG F XY x HEREURIE,
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FR@IEER (52)

o EF: WIMRIFAALESNFIERE “"HHRA"?
o Bltn, H—ALERZR—ITHEPX, 814E 1 2FT buffer[i], AEHERBRENE

X FORE T —FEhE,
o TEHFEZ BIRAEIEN, WIFHIAE LA EHNT T RE T 0k,
o . MRALREEBREMIZHE, HBREETCSHEYELIEHRTA?
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o HEMNEBIHEE— RRES, TTRESKERY . N KREG, FIESENERES L AN
B EHE
o NPKEFUNEME.
o BRR: REMNIEHZHREABIE,
o HERER AEME—IHE, FEERRBEMEERENTR,
o Iitdh. HHEARBENEAETSABRBEMAR,
o HEFMIR. HEH/RBNEEZEEMIRER,
o NTHRILPALE, REITH EREHZ—




— MR TP O,
N MER2FLE—KEREE, XBEMHETIZRNIE,
BMEZERFE-WEFARIZIR, BER—HAAE N REF, SAMEERZEHE R,
TERNTAHBEEHEANT .

o FRMAMMNMMREF (FRIM—1PREND )

o ERMAMMNMMRET (FRIM—THEND )

o IZIR (EMHERE o

o KMMHEFHMERL (BHMHRND )




o BB ERITAH, SREHATBR?

o 1 SERRERMAMMNMMRETF,

o 2 SEFFERMAMMNMMREF,

o 3 SEZFERMAMNAMRESF

o —UFFRMHEELEMNEMNNBRETF, REFEX—FR, REREFHEFET,
o nfe] Biit KBt % ST ?

XM
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Rust 9452

o Rust Bt EERM T 42 std: :thread,
o BNL&IEHH CHRINRE,
o FHMBFRIEELENTTA.

use std::thread;

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

1)
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@ thread::spawn iR JoinHandler XEMLFZEM (handlers),

use std::thread;

let handle = thread::spawn(|| {
"Hello, world!"
I9N

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

e join() ZHELFMARMNMNIT, EFUMNNHNLELL,
e join() BREMNLIZREEN 0k, HEHEZLFIES Err,
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std: :thread: : JoinHandler

o HLRNAMKERL, LIELTAKEK (detached) K. B, BEFEETT,
o THERELEAM, RE—NEEAVREMERZITSE (join).
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o MRLERELM, MARBTEMNZEERIRETKE,
o Rust WARUWRREDN, MEEXMERNLRIAEXR,
o ABRERRNETREZ AR
o ENARSHITHXNEETL(E, BIERNEMETRE,
o HthZi2 LA NRAIE R,
o MRFHBARHAFERLER, HibEBROI WL,
o THBINEECERZIESTHMEREER,
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: :thread: :Thread

o YBIEAEITHLIZT AN thread: :park() kE{EH T,
o Z/ETLUEIT4AZH unpark () JiARYEEHNIT,

use std::thread;

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

@ JoinHandler 7T thread() AANRIFENNLFER Thread XK,
o YFIEAIETHNLIET BT thread: :current () #5,
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%R

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

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

B;
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SRESEN

o fE&RNENFEETHMANMN (BEHNESHENM ).

use std::thread;

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

3

// Error!

// closure may outlive the current function, but it borrows i,
// which is owned by the current function




0O0000000e

SRESEN

o XB, &EFPFTHABERE i,
o HItA move REEBHMAE, FEFEI,

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 MRBERGEEERBEHAFEHFE.

o Send: RNUIUALEEBLEHBIKE,

o Sync: FRUUAELRER (BISIA) REHEFTMHRE,
o LXJ:%*E]J#%EE%BIEE*T_\'LE#%EE; ZIS%'Z:%T/\H/io
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pub unsafe trait Send { }

o Send XE TP EMRBENELREER,
o MRE—FHHXELHEILI Send, AT REBERFKNEIER,
o fl40, Rc MBI Send,




pub unsafe trait Sync { }

e Sync X% (BUSIAH ) EZMEREBFEANIARSIAAFTR SO,

o FTEREAXIE Sync ¥, FIAREH Sync XKEMEESXAER Sync 9,
o ATLAKA (&T) FfE L4k AT ERE (Box<T>) & Sync #,
o FTEARWHEMI LMK ZBFNKE Sync,
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0000000000

o XA T & Sync #), HHEMXHET &T 2 Send #,

o hEtEit, WR3IMA &T TUELREEIZR, L T T UELER®SE,
o 1EA—HL, WHR T & Sync 8, ML &mut T M2 Sync #,
o BRI ITLMHNEINZ Sync #,

o filtn, Cell<T> ZERT LS| AR{NARBMENE S HIE,




LEYN

0000000000

RERBFELIN AL, Send 0 Sync HLIEBRZ unsafe 8,

B—HEEARE A unsafe RNLIXMFEFTEHRF FRRIERFE KIS,
o WERIR, REBLTEIRNEFENKEESTH T,

Send I Sync AR 4H, HERRLREREMEAH Rust HiF2ERMFIL,
o T L, 100% M&BRREMRERNERALRAERIL,

Ak, Send 1 Sync FEHZERIEAEREN—FEERLH,

11142 Rust 4
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Sl

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

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

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

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

// error: capture of moved wvalue: “data’
// datali] += 1;
/7 T
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S Z SRR B o 69 5] R

o MRFNLIEEHE data FFEN, 25% data BEZ M ESE.
o NT#HE data, FERBELRELEHZHRE,
o LEEHEE Sync E’];’é’_ﬂo
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std: :sync: :Arc<T>

o MRFR: £ Arc<T>, FEFHHSIAITEIES (Atomic Reference-Counted
pointer),
o 0 Rc R, ERBEREFUHMNITECRRIELRE R 2,
o hE—FMIRHE Weak KF,

XM

11142 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;
b

thread: :sleep(Duration::from_millis(50));
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HZ LIRS RB 8 je)3R

o 1@3&% Z:IE/X/:E]E —ﬁﬁ'—o

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

o 5 Rc —#, Arc th REHFRANIPTT M,
o EMARA ﬁéﬁ?—?—f G RER = EEE N e
o MEME Arc £FERIXPENRK,

AFETENBZEHAR
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HSHRARRERHIPHEL (5)

0 Arc<T> RZREHARE Sync 8, FHTEER,
o IBFthREEfEE RefCell, EA RefCell FRERLIEREM,
o EE(FEA Mutex<T> RRRIXA a8,

XM BERFTENBZERAR
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B9 (mutexes) & Mutual Exclusion 8455,
ERPRIEEMESNEER —NZAB - NEREB T,
ATHEHERBRIPOEE, FEATERIPHI

WRAEAEEEY, BARMATUEFRAFEEDHER, IEMESFTEIIYHE
Mo




: :Mutex<T>

o F Mutex BE—MEN, EEIFA lock AEFRBTEMNIF IR,
o lock 7 AiRE—4 LockResult,
o MEERFIEIEHIRD, lock HESMHELRT, HIPHEM.
o MIATBMFMA try_lock AEBEEEERF, BIEHMETUSFE — MutexGuard, BiT#E
S| ARIFRIEEN T £EEHE,
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BRI PBRE

o WR—NEBYET —NERY, RELXET AN, KN ZERYSIHAREF (poisoned)
RE, BAXNPAISHRERT o
o At lock() REHZ—1 LockResult:
o WHRE O0k(MutexGuard), BMAERIEESTS, TUEEFH,
o MREE Err(PoisonError<MutexGuard>), AR THHIRS,
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HZ LIRS

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

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

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

thread: :sleep(Duration: :from_millis(50));
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o @& (channels) AT ARE D LR 2 BERS
° BERBHELAEZEEEER,
o TDAKREEBHEMARXTHIECEME. FHEERESE R,
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::sync::mpsc

o LUMBLEMF, EEHZNBEHE (Multi-Producer, Single-Consumer),
o WR=FhTEHKA.

o Sender

e SyncSender

o Receiver

e H, Sender = SyncSender AT% Receiver &iX%E,
o Sender X TMTIE, XAZMEBEINEEE,
@ Receiver XETHRETIE, HEERETRSE,
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::sync::mpsc

o £/ channel<T>() HEIKAIE—XZEHH (Sender<T>, Receiver<T>),
o Sender RS BiE, ARFIENASHELELRE,

o YT Sender HE—NLERAMETX,
o REEEILTEM Receiver BIREIEN, WREIELLE, S KEMEE,

Til% = Rust 4
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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 f£f sync_channel<T>() R#EKEE—XZEHEH (SyncSender<T>,
Receiver<T>),
e SyncSender 2R, KX HEENEKEHE,
o YT SyncSender B—MHMRMNEIPX, WREFTXH T KX SPHE,
@ Receiver fIzRIR—H#H, BEIHZPAZE,
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o BiEHRIE/BEWHRIFHSIEE— Result,
o WMRBEMS —miER, BIFZREHER,
o —EBEWIT, MAEXENER,
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TR BIEHER

=. ®1J Send. Sync RIRCHZHNTA, £ Arc 0 Mutex KL=,
o HIEFZS. Sync
o EH. TTBEIBIERIIBERG,
o Tt HHAETURR?
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[5] & 64 et

#t BRI M I R B R RE, TARIERBIRHUNERL,
WE 2, RETUHREEM, BERTEEEENZER ( FIEs )
HEG— BRI,
NFHZRFBIM, BF—LEREERNNE.
o RE—MEERAERNABRERT,
o AFFRZEEBE—TLH, EESMNTXRA IUEZHAERET,

11142 Rust 4
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