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%2 (HiE: thread) BERFAZREBITTHEMRENT/NEN, KFELERLT, ©
WRESEHEZ P, BHAEPHIIREIERAM, FTURER ZRRE/THRER XEREA
BAE, —NHEBRPTUFLENERE, BXEAEHTHITRRNES.
SREBNAEMOIREREN, HER—H#HEBPHEKEEREREZZHEPHNLIT
AGTR, WEDGHIEFE, XHHAFRESAESESE, ER—H#EPHNENEESR
ZBHIAAK (call stack), B EHEFHF=HLTX (register context), B DHILER
M7 fE (thread-local storage) .

— NIRRT UEMREAERLLE, FREAEFTHITARNMES., WRHIRETZRHN
EEMREL, XHERLSEE, CLEBRARZEAN, ELHKHE CPU, =HXH#F Hyper-
threading # CPU L A £ &R ZITT RS T EFARITELZE, £#8 CPU #
BT EN L, FRSEEHRAK, apdE#Ed it /0 438, ANMREmEWAE
L E BERITENIO AT RT, MfERE CPU BRI A X,

SBREUATINAESEENZESREARARELR:
- BRETEMYY, MARFARBRNTIESE

- FRBFHRSERLERESFE, AARFHSINLERZTRBREULARS
Ao FE R

o PR RA B RE AR, 1R F H a2 (A

- BREMGER AR BEEBENFRTRE

« A—#RPAREZ AN T SC#EE F P2 2 B8 £ T XL EFE R
KARG BN R BEE:
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c KERNTURERED: ERSE, NARFTUERILERZ N #ENE DR
c AEFEAHFREG: STEHBLBRNIFTAFIERUTHRZE RS 8HE
AH, &RTUBARCMNELHZOKE, NfoXH#ITEE,

« SARFUEHBAR: B TAEAFHRNMATE, SRHTHIIRRRIETR
KEBANHEAR A, —MTAREFNEETRESTN AR TR £k

=
TRRALIE,
| code H data H files | ’ code H data H files ‘
’ stack | ’registers"registereregisters‘
{ stack H stack H stack ‘
thread —> ; ; ; ;«—— thread
single-threaded process multithreaded process

1.1. #ES54E

B —RIZIES, b SmallTalk, Ruby. Lua.Python &, X4 # thiZ (321E : coroutine)
B/NPRE B, hRER RMTEE, BEEMERMMER S ALK, MAREAEREW]
EREZ ISR, XEBREDEREF L EMIEFTH. A ENAENEREHR T XL
MHFE, BERSEAEHEITFL, GoBE %I T Goroutine WER/NMAE R T, BREA
FIBEFn coroutine F[F, EA goroutine SZI T A4FYAE AnPATHLE], ERIRT A
KEIECERfHEE—LNRAE,

TR —LE/NKREETWLFE (3EIE: Fiber), TRE—MEREMLNERE, BE—
AP A%E (user thread), N ARFE TR AT B CHWAREEWMAEE, BIEA
ZABLFEENE, AR ACHTRE. E—RNEE, FEFBE CHNFUEE,
BRARERBREERLESE (Cooperative multitasking) , MARRERE LR SIS
(Pre-emptive multitasking) o N AR AT UE —NEBIRPRIELZNARE, REF
MPITE. ARASEENWT, MNEBHNARRF B B EILEHT, SmsT—1
142, REABAL, AERAFTEREAAN T, ZF LA AESHEZLE TFIHE,
EAREAXAENHER — NN EX, B SXEFRRPNARRNZ R THRERX
Al, FIARRIBAR R BIEAE, LA Java 19 AT R M, BAYBLTE,
A A I,

& B YL, Rust SLIMH R WERENRZERE, BRIA —LFE =7 89E, tbin PingCAP
BIE MRS, T Stackful coroutine JE (may) f2 coroutine, # E A& —/ RFC(RFC
2033: Experimentally add coroutines to Rust) %3¢, 1B2Z Bl Rust & LM ER
FRERAEERIIN, WIERFALILE async/await 45, BITHER UAEMELH
A RNIBAT. FTAEA Rust AEARENE —F, BRNEALENBEENER,

10


https://crates.io/crates/may
https://docs.rs/coroutine/latest/coroutine/
https://github.com/rust-lang/rust/issues/43122
https://github.com/rust-lang/rust/issues/43122

1.1 BliE%F=

Rust #r# FEstd::thread crate 1t T &fZA XN REK, Ew E@AT, —4 Rust 27
HITHR B — R, XNHBEREE—NKE L NEE, Rust PHEREZ MR
HAZNLAE, A B CHERARS, REZEAE N AN channel, #% Go &
= T8 channel BYARAE, W LGAN —BEPRIE), XNRNSEETEHNET PEMK
N4,

1 pub fn start_one_thread() {

2 let handle = thread::spawn(]|| {

3 println! ("Hello from a thread!");
4 1)

5

6 handle.join().unwrap();

7}

XERAHATEN thread. spawn EHAEREF BT —NHHNERE, FHNEEE LN
14 Hello from a thread XA,

W RAE main REF A start_one_thread X%k, T4l &L EFEIXBEME
XK, (B2 EFEE handle.join.unwrap(); AR— A 89IE, A T REHAE B SUASTT BE
Tt REZY EEFR HARME, BIEXEHANSEORREERY, ArAa e
ZAREEEN join FAAXLARE TR, WERAEE thread::spawn R[EH] JoinHandle
{8, RLAXNTENRBEWRIRZ A detached , BB A JoinHandle 89 join #73%, A
AERAELRFFEENTRT .

XEREAIEZEFE A handle.join() .unwrap() , 52 E join() REH 2 Result
KA, WELKAE panicked T, AEELR Err, TMESEKRE k() , XHAEERT,
TREEETUBRERERENREE:

1 pub fn start_one_thread_result() {

2 let handle = thread::spawn(|| {

3 println! ("Hello from a thread!");

4 200

5 1)

6

7 match handle.join() {

8 Ok(v) => println!("thread result: {}", v),
9 Err(e) => println!("error: {:?}", e),
10 }

11 }

TEXEBERBERBRT /1N &E:

1 pub fn start_two_threads() {

2 let handlel = thread::spawn(|| {

3 println! ("Hello from a threadl!");
4 1)
5
6

let handle2 = thread::spawn(|| {

11


https://doc.rust-lang.org/std/thread/
https://doc.rust-lang.org/std/sync/mpsc/index.html
https://doc.rust-lang.org/std/sync/index.html

1 %72

7 println!("Hello from a thread2!");
8 1)

9

10 handlel.join().unwrap();

11 handle2.join().unwrap();

12}

{EZWREEN N NEAER? AUMER— Vector fRBELFER handle:

1 pub fn start_n_threads() {

2 const N: isize = 10;

3

4 let handles: Vec<_> = (0..N)

5 -map(|i] {

6 thread: :spawn(move || {
7 println!("Hello from a thread{}!", i);
8 1)

9 1))

10 .collect();
11
12 for handle in handles {
13 handle.join().unwrap();
14 }
15 }

1.2 Thread Builder

i#3¥ Builder /R¥ A AR M RSHATE £ 00454, HLImRBEARHER. AKX
INEF,

1 pub fn start_one_thread_by_builder() {

2 let builder = thread::Builder::new()

3 .name("foo".into()) // set thread name
4 .stack_size(32 * 1024); // set stack size
5

6 let handler = builder

7 .spawn (|| {

8 println!("Hello from a thread!");
9 b
10 .unwrap();
11
12 handler.join().unwrap();
13 }

CIRMT spawn FR—N&E, RENZEEMT spawn_scoped FF2 scoped thread
(FESW), —NERME AR spawn_unchecked , 34t B FTANKIE AR ZE,
RAEEHFRS ANNEERZRIAREN join —TEWAR, EFH static ERAA
#, BARLZRMENER BIMNAEENE, —ANRENGFOT:




1.3 HEiH%iE

© 0 N O Uk W

L e e
O N O Ul WN P O

#![feature(thread_spawn_unchecked) ]

use
let
let
let

&x;
let

};

// caller has to ensure ‘join()
// it is possible to access freed memory if ‘x
// dropped before the thread closure is executed!

thread;
builder = Builder: :new()

X =1;
thread_x =

handler = unsafe {
builder.spawn_unchecked(move || {

println!("x = {}", *thread_x);
}) .unwrap()

‘

handler.join().unwrap();

is called,

1.3 SRz

RAAXRERREAGR/INAE AZESE T, FTIA—BRRBHNRITRE TENEE, 0
(IR Y RIEAEYR? 33T thread: :current() BT UEKE, BLRE—A Thread

%, FRETLGARTIREFLAERN ID A2 name:

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

pub fn current_thread() {
let current_thread = thread::current();

println!(

)

"current thread: {:7},{:?}",
current_thread.id(),
current_thread.name()

let builder = thread::Builder::new()

.name("foo".into()) // set thread name
.stack_size(32 * 1024); // set stack size

let handler = builder

.spawn( || {

let current_thread = thread::current();

println!(

"child thread: {:?},{:?}",

current_thread.id(),
current_thread.name()
)
1)
.unwrap();

handler.join().unwrap();
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EZ, REFTLGAN UK unpark 7%, SEELFEZE (parked) AYL&AE:

1 use std::thread;

2 use std::time::Duration;

3

4 let parked_thread = thread::Builder: :new()
5 .spawn( || {

6 println! ("Parking thread");

7 thread: :park();

8 println! ("Thread unparked");

9 1)

10 .unwrap();

11

12 thread: :sleep(Duration::from_millis(10));
13
14 println! ("Unpark the thread");
15 parked_thread.thread().unpark();
16
17 parked_thread.join().unwrap();

park #1 unpark FiRFEZE R EE AR 0%, Al A SN UERKEAI A CPU, it ERER
RN ARE B T HUT,

1.4 ARBHSAIZEN

HEREHAR—MTR, — BB RMAFLNENE XNRE—RENTIHHENHA
AH CPU %k (BEMAEEI), EEEENMERIFRT, BFTUERN CPU &K
TREZ BIFRA], RFTLAE available_parallelism 3RER Y ETEIH & %K

use {io, thread};
fn main() -> Result<()> {
let count = thread::available_parallelism().unwrap().get();

1
2
3
4
5 assert! (count >= 1_usize);
6
7
8

0k(())

affinity (7~ %X 3F MacOS) crate =] A3t YR CPU A& $:

1 let cores: Vec<usize> = (0..affinity::get_core_num()).step_by(2).collect();
2 println!("cores : {:?}", &cores);

ELHHET, BAUEA num_cpus FKE CPU B3k (GBHEAX)

1 use num_cpus;
2 let num = num_cpus::get();

MEEREYMHBNERAEL, thind — LM NRIKERRNRE, R UE
A num_threads crate, SZFMIR num_threads % #¥F windows, FTUA/RY WUEH



https://crates.io/crates/affinityhttps://crates.io/crates/affinity

1.5 sleep 1 park

thread-amount &, (Rust £ASEREXHE, AIRL ThAEAE R SE KM crate, IR¥T
REE EL B TR AT I AL, RM2 Go £A5E, MEMEENE, WMREE, £5
B —RaA —NREINEENRENANETUER, BXmME, Rust £5E
AR LHE, X— S ESER T TITHRE MWL ENHRRAZHELYHAE, )

1 let count = thread::available_parallelism().unwrap().get();
2 println!("available_parallelism: {}", count);

3

4 if let Some(count) = num_threads::num_threads() {
5 println! ("num_threads: {}", count);

6 } else {

7 println! ("num_threads: not supported");

8 }

9
10 let count = thread_amount::thread_amount();
11 if !count.is_none() {
12 println! ("thread_amount: {}", count.unwrap());
13 }
14
15 let count = num_cpus::get();
16 println! ("num_cpus: {}", count);

ARRERBEMNBMNTER L RIOLSTFE—REE, TREXLEHFGATHL, K

spinlock, & AR TR APHATE LN %, 40 cron EWREF, XANRMERANTT AR
thread::sleep &K :

1 pub fn start_thread_with_sleep() {

2 let handlel = thread::spawn(|| {

3 thread: :sleep(Duration::from_millis(2000));
4 println! ("Hello from a thread3!");

5 1)

6

7 let handle2 = thread::spawn(|| {

8 thread: :sleep(Duration::from_millis(1000));
9 println! ("Hello from a thread4!");
10 1)
11
12 handlel.join().unwrap();
13 handle2.join().unwrap();
14 }

CEMRIEYAIZLRE sleep FEEMNERE, BACSHEELYRNNERE, FIAREERD
R FIEA T, WRNEREN 0, FRNFEAIEZR—HHE, Unix ENFEET
BUiREl, AR4<EM nanosleep A%, M Windows F& B ESAAKER Sleep
AGRA, WRMRREZALEHREE A, RARZREREN 0, MARA yield_now &
FXER

15
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1 pub fn start_thread_with_yield_now() {
2 let handlel = thread::spawn(|| {

3 thread: :yield_now();

4 println! ("yield_now!");

5 1)

6

7 let handle2 = thread::spawn(|| {

8 thread: :yield_now();

9 println!("yield_now in another thread!");
10 1)

11

12 handlel.join().unwrap()

13 handle2.join().unwrap();

14 }

WMEAERBREFAHENELT, FNELENREBRE, BEREENSESHLEZE
BENBEHEEYE, R UERBAIRIEN B park #2 unpark A&7 .

RAT AR B NERREE — NI (token ), BMANZSIERFIE:
* thread::park ¥fAE Y RILE, HIKENSHETA,

BB B R FHEAFRE R M, thread: :park_timeout TR KIEME, (ER
TriE E HIE AR R KA, f0 sleep RE, B AR KB RRBAALREE,

* thread.upark AU RFANESRTH (EMKTH) . B TORMBARRE
TE, unpark S K EEEN park A LERE

1 pub fn thread_park2() {

2 let handle = thread::spawn(|| {

3 thread: :sleep(Duration::from_millis(1000));
4 thread: :park();

5 println!("Hello from a park thread in case of unpark first!");
6 3

7

8 handle.thread() .unpark();

9

10 handle.join().unwrap();

11 }

WR%EAA unpark , £ T REARA park K3 BPR[E:

1

RIS A — RS unpark £k, REB—RMEEA park T R4T, W T AR

“Trust
let handle = thread::spawn(]|| {
thread: :sleep(Duration::from_millis(1000));
thread: :park();
thread: :park();

g W N e

16



1.6 scoped thread

thread: :park();
println!("Hello from a park thread in case of unpark first!");
1)
9 handle.thread() .unpark();
10 handle.thread() .unpark();
11 handle.thread() .unpark();
12 handle.join().unwrap();
13 °°°

[c-BERN I )]

BERERMT. BA—NEERAE N, INSHEBERFRESERE A, 2RAR
unpark 25— NS FTHNERE, LENREBESSRTENRNEE—ELT
parked KA,

RIBE A7 XA, park & EKASR A H AR RIEEEKTIRFF parked JRAS, R
& Rz NS X R R BEME

1.6 scoped thread

thread::scope B #k324t T A% scoped thread #®AEM, scoped thread R
BFL@m&EAIeIzZEHN thread, B UEH scope FMEIRAYIE ‘static’ #kiE. £ A
thread: :scope RIKIEMHEY Scope BEEK, "TABIZE (spawn) scoped thread. £l
#ZH KM scoped thread WERAFLTIAA join, EXMNRERERSHESY join,

1 pub fn wrong_start_threads_without_scoped() {

2 let mut a = vec![1, 2, 31;

3 let mut x = 0;

4

5 thread: :spawn(move || {

6 println!("hello from the first scoped thread");
7 dbg! (&a);

8 1)

9 thread: :spawn(move || {

10 println!("hello from the second scoped thread");
11 X += a[0] + a[2];

12 1)

13 println! ("hello from the main thread");

14

15 // After the scope, we can modify and access our variables again:
16 a.push(4);
17 assert_eq!(x, a.len());
18 }

R R TR HmIFR, EALEINY a %A A% move B|FA thread F, BIfE move
B|—A thread, /MR ERBNERAMNEBFERTE T AT RN, HATTLUER
scoped thread:

1 pub fn start_scoped_threads() {
2 let mut a vec![1l, 2, 3];
3 let mut x 0;
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4
5 thread: :scope(|s| {
6 s.spawn( || {
7 println!("hello from the first scoped thread");
8 dbg! (&a);
9 });
10 s.spawn(|| {
11 println! ("hello from the second scoped thread");
12 x += a[0] + a[2];
13 3
14 println!("hello from the main thread");
15 3
16
17
18 a.push(4);
19 assert_eq!(x, a.len());
20 }

XERAVAA T thread: :scope K3, FHER s 2230 T WA scoped thread, &
MER TN EE afox , BABAI a REEE, N x REELXENTE, FTIAFRAZE
JE&FHZ BB, thread: :scope REE, ANEREELEMITRE, FTAIMREILIE X 7T L
BEZET . WBEER scope hEEHRAH—FT R, FLLEBMTUER], EFHN
scoped thread, BI1EFREXRTABEIFH scope Kf2? XAELIMEM java — 8
Fork-Join XF%£&f2, FAWRMRAXNER, TTLGEN E=FHESLI,

ThreadLocal A Rust Ff F #® ## T thread-local storage 9 52 ¥,
TLS(thread-local storage) T U EFMEHKFEIN BT EF, FNEXEHAXNE
BEENAER, ABEASL/EXNEE, BAREERAEN, IXNEHNTENAEE
B 26, Java PHALMEEBELEHN, EZ Go BAFEINELI goroutine-local
storage,

thread-local key i CHE, HFEEXERH M ESWHES, HA11EH thread local!
%2 83E thread-local key, & ¥ LA &8 'static BB, B A with e REKEFME, 0
BEEAVEMBE, BAIEREBLE S Cell fo RefCell, XANERBNVEERAS RIEZF
BNE, YRR CEEREMNARTET ERFANIRTERME,

—A ThreadLocal #|-F40F :

1 pub fn start_threads_with_threadlocal() {

2 thread_local! (static COUNTER: RefCell<u32> = RefCell::new(1l));
3

4 COUNTER.with(|c] {

5 *C.borrow_mut() = 2;

6 1}

7

8 let handlel = thread::spawn(move || {

9 COUNTER.with(|c| {

18



1.8 Move

10 *C.borrow_mut() = 3;

11 1)

12

13 COUNTER.with(|c| {

14 println!("Hello from a thread7, c={}'", *c.borrow());
15 1)

16 1)

17

18 let handle2 = thread::spawn(move || {

19 COUNTER.with(|c| {

20 *C.borrow_mut() = 4;

21 1}

22

23 COUNTER.with(|c| {

24 println! ("Hello from a thread8, c={}!", *c.borrow());
25 1)

26 1)

27

28 handlel.join().unwrap();

29 handle2.join().unwrap();

30

31 COUNTER.with(|c| {

32 println! ("Hello from main, c={}!", *c.borrow());
33 1)

34 }

EXAMIFF, FATZEX T —A Thread local key: COUNTER, ZESMNIREKAZF0HANTF
SREPER with 152X 7 COUNTER, /B 212X COUNTER RS HALKE, TTILE
3RS /MER &M H 89 COUNTER WEE 2, RERNFEMAEEHKT COUNTER H{E
A 3 fo 4,

EREAGTFH, BINTUEINARMEALARA thread: :spawn BIEHME, A HMESEH
move , A BHMEZ A £ move

£ FR4E F move {RFARR B ] B2 T BRBIMREENATA R, MERRBINIEZEN
FrAM, N LARER move , KIEDIERATRINNSERAIIEREZE, FrLEXE move &
W

1 pub fn start_one_thread_with_move() {
2 let x = 100;
3
4 let handle = thread::spawn(move || {
5 println!("Hello from a thread with move, x={}!", x);
6 1)
7
8 handle.join().unwrap();
9
10 let handle = thread::spawn(move || {
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11 println!("Hello from a thread with move again, x={}!", x);
12 3

13 handle.join().unwrap();

14

15 let handle = thread::spawn(|| {

16 println! ("Hello from a thread without move");

17 });

18 handle.join().unwrap();

19 }

LEMNELKEPIRARE x B, #MUEA T move, HH/ITRIIAXE, JITVRMEA move

o

XEBA—NE, move FEE x WFIARRAT E—NFEET 4, ATLEZANTF
KIZRART L move FHER x B2

XERAN x TEE 132 XR, BELIT Copy trait, ZFr move BYRHESZFRE # B HY
BOME, R BN x B —NRZI Copy KR, B MBRBRITEZRET, BN
x WA RELEBLAE—NTERET:

1 pub fn start_one_thread_with_move2() {

2 let x = vec![1, 2, 3];

3

4 let handle = thread::spawn(move || {

5 println!("Hello from a thread with move, x={:?}!", x);
6 3

7

8 handle.join().unwrap();

9

10 let handle = thread::spawn(move|| {

11 println!("Hello from a thread with move again, x={:?}!", Xx);
12 3

13 handle.join().unwrap();

14

15 let handle = thread::spawn(|| {

16 println! ("Hello from a thread without move");

17 3

18 handle.join().unwrap();

19
20 }

MLEEFTABBFH, |ONOURAE AEIEFRICIZNTFEE, REBESHFTENIITR
HRBBEHPT, IRAEEPRIFILTE, HEEIFREFLE. Go 812K goroutine tA
EMEg R, B2 Go 2t T Context.WithCancel 1 channel , X goroutine = {{&
#%5F goroutine {5, Rust 7 DASZILEMAIASHI, AT LUE R AU HE] 89 mpsc
& spsc BE oneshot FEMME D RIBHAITIESH], WA UER XA crate:thread-

control:

20



1.10 REEREZMER

0 NOo 0 WN e

11
12
13
14
15
16
17
18
19

pub fn control_thread() {
let (flag, control) = make_pair();
let handle = thread::spawn(move || {
while flag.alive() {
thread: :sleep(Duration::from_millis(100));
println!("I'm alive!");
}
1)

thread: :sleep(Duration::from_millis(100));

assert_eq! (control.is_done(), false);

control.stop(); // Also you can ‘control.interrupt()’ it
handle.join().unwrap();

assert_eq! (control.is_interrupted(), false);
assert_eq! (control.is_done(), true);

println! ("This thread is stopped")

i make_pair A K — XX %£ flag,control , MEBREERNABRE T OO
HE RFEBRLATUHESHANET, HPF—NEFHNZMII—NDETFL
BRH, XB control RAXRFBHITES, IRTLAR stop AEMARE
B, XANBHE flag.alive() S E AN false, WMEF AR panickled, 7 AAN
control.is_interrupted() == true R¥|¥,

1.10 RELEEMER

3 crate thread-priority X% B &AM HR LR,

AN Rust (AR ZANBRIEARNR LR, IRNOBRERARNSEERE LR
R, AT UBRARARAFAARERLER, —— RIAFHREES MRIEARNF
BHRARNBFAEEL M, BAXMEFTFUTHFE:

Linux
Android
DragonFly
FreeBSD
OpenBSD
NetBSD
macOS

Windows
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REMARO A EBRE L.

1
2
3
4
5
6
7
8
9

10
11
12
13
14

pub fn start_thread_with_priority() {

let handlel = thread::spawn(|| {
assert! (set_current_thread_priority(ThreadPriority
println!("Hello from a thread5!");

3

let handle2 = thread::spawn(|| {
assert! (set_current_thread_priority(ThreadPriority
println! ("Hello from a thread6!");

3

handlel.join().unwrap();
handle2.join().unwrap();

1:Min).is_ok());

1:Max).is_ok());

HERE —MFERE:

1
2
3
4
5

use thread_priority::x;
use std::convert::TryInto;

.unwrap())).is_ ok());

assert! (set_current_thread_priority(ThreadPriority::Crossplatform(0.try_into()

RAE T AR B4 T & B9 B RIE:

1
2
3
4

use thread_priority::x*;

fn main() {

assert! (set_current_thread_priority(ThreadPriority:
WinAPIThreadPriority::Lowest.into())). is_ok());

:0s (

TRIRM T — ThreadBuilder, Z2itx# E B ThreadBuilder, R AR E R E ML K

HIREA -

1
2
3
4
5
6
7
8
9

10
11
12
13
14

pub fn thread_builder() {

let threadl = ThreadBuilder::default()
.name("MyThread")
.priority(ThreadPriority: :Max)
.spawn(|result| {
println! ("Set priority result: {:?}", result);
assert! (result.is_ok());
})

.unwrap();

let thread2 = ThreadBuilder::default()
.name("MyThread")
.priority(ThreadPriority: :Max)
.spawn_careless(|| {

22



1.11 % & affinity

15 println!("We don't care about the priority result.");
16 1)

17 .unwrap();

18

19 threadl.join().unwrap();

20 thread2.join().unwrap();

21 }

H#FE A thread_priority::ThreadBuilderExt; ¥ BAREEMN ThreadBuilder %
FREMER,

PRIZFT AR get priority FREX & RIAAZ ISR

use thread_priority: :x;

1

2

3 assert!(std::thread::current().get_priority().is_ok());

4 println! ("This thread's native id is: {:?}", std::thread::current().
get_native_id());

1.11 iRE affinity

PRI LUFEEPEE— M LEHBILME L, B NEER crate core affinity, (E28
R &R ER —IMLE, WREHEINZ ML L, TUMEHR crate affinity:

1 #[cfg(not(target_os = "macos"))]
2 pub fn use_affinity() {
3 // Select every second core
4 let cores: Vec<usize> = (0..affinity::get_core_num()).step_by(2).collect();
5 println! ("Binding thread to cores : {:?}", &cores);
6
7 affinity::set_thread_affinity(&cores).unwrap();
8 println!(
9 "Current thread affinity : {:?}",
10 affinity::get_thread_affinity().unwrap()
11 )i
12 }

AP YRR X MacOS, FrAEFEAR EIRZMEFER,
L EXAFHATIE S AT X2 BRI L,

HRRARREIRA MO ARTFERZ—, FEIVMRERMNONAER, =TI
XEZETRBEEBNOLSRS, BRHET CPU BURMRE, ®EAT AL,

REEAREHELR — NUMA T a9 L,



%5Bcore_affinity%20-%20crates.io:%20Rust%20Package%20Registry%5D(https://crates.io/crates/core_affinity)
https://crates.io/crates/affinity

1 %72

Rust 3R # BB B4 S KA panic, 13 panic BARAPUTREIR, BTH
B AR A N TREE, Rust 7T AMEHA catch unwind SZILEM try/catch 3R
panic BIZhEE, =& resume unwind HLEEHAT, R panic RAWIER, RALKER
43R Y, @ JoinHandle = UEE

XANMEIR, 20T EEARED:

1 pub fn panic_example() {

2 println! ("Hello, world!");

3 let h = std::thread::spawn(]|| {

4 std::thread::sleep(std::time: :Duration::from_millis(1000));

5 panic! ("boom");

6 1)

7 let r = h.join();

8 match r {

9 0k(r) => println! ("All is well! {:?}", r),
10 Err(e) => println!("Got an error! {:?}", e),
11 }

12 println! ("Exiting main!")

IR MEIEIR, JMERMY handle A& R F|3XAN panic BY:

1 pub fn panic_caught_example() {

2 println! ("Hello, panic_caught_example !");

3 let h = std::thread::spawn(|| {

4 std::thread::sleep(std::time: :Duration::from_millis(1000));
5 let result = std::panic::catch_unwind(|| {

6 panic! ("boom");

7

8

9

1)
println!("panic caught, result = {}", result.is_err()); // true
1)
10
11 let r = h.join();
12 match r {
13 Ok(r) => println!("All is well! {:?}", r), // here
14 Err(e) => println!("Got an error! {:?}", e),
15 }
16
17 dadaprintln! ("Exiting main!")
18 }

3 scope 4 B scope thread, 1F{T—AN&AZ panic, MR FEIHEIR, A4 scope R
EEHaREXMEIR,




1.13 crossbeam scoped thread

1.13 crossbeam scoped thread

crossbeam Wit T 8122 T scoped thread B9zhaE, Fokrf Y scope ThRESEML, B
ZEOIER scoped thread = IALLAI3E scoped thread:

1 pub fn crossbeam_scope() {
2 let mut a = vec![1, 2, 3];
3 let mut x = 0;
4
5 crossbeam_thread: :scope(|s| {
6 s.spawn(|_| {
7 println!("hello from the first crossbeam scoped thread");
8 dbg! (&a) ;
9 3
10 s.spawn(|_-| {
11 println!("hello from the second crossbeam scoped thread");
12 X += a[0] + a[2];
13 1)
14 println!("hello from the main thread");
15 1)
16 .unwrap();
17
18 // After the scope, we can modify and access our variables again:
19 a.push(4);
20 assert_eq!(x, a.len());
21 }

XEBERMONZET ANFERIE, FARAZE spawn WEHE, £33 7 —/ scope 1B, FIA
XA scope 1&

TR A F LA P A I AAR,

1.14 Rayon scoped thread

rayonscope in rayon - Rust (docs.rs)tiZ# 7 #o crossbeam ZEMBIHLE], FAREIZEID
%2, FTI&EAE:

1 pub fn rayon_scope() {

2 let mut a = vec![1, 2, 3];

3 let mut x = 0;

4

5 rayon::scope(|s| {

6 s.spawn(|_-| {

7 println!("hello from the first rayon scoped thread");
8 dbg! (&a);

9 1)

10 s.spawn(|-| {
11 println!("hello from the second rayon scoped thread");
12 x += a[0] + a[2];
13 1)
14 println!("hello from the main thread");



https://docs.rs/rayon/1.5.3/rayon/fn.scope.html
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15 1)

16

17 // After the scope, we can modify and access our variables again:
18 a.push(4);

19 assert_eq!(x, a.len());

20 }

B BY, rayon B4R MH T 7 /b—ANBhEE: fifo BY scope thread.
bbin T ' —E% scope fifo A5G :

1 rayon::scope_fifo(|s| {

2 s.spawn_fifo(|s| { // task s.1

3 s.spawn_fifo(|s| { // task s.1.1

4 rayon::scope_fifo(|t]| {

5 t.spawn_fifo(|_| ()); // task t.1

6 t.spawn_fifo(|_| ()); // task t.2
7 1)

8 1)

9 1)

.spawn_fifo(|s| { // task s.2

a

Q¢

10 S
11 1)
a// point mid

Q¢
Q¢
Qc

_
[\S]

Q¢
Q¢

a
a
a
a

Q¢

a
)

,ﬂ
o
“ Qx

; // point end

'E AR I R BT BT ST BT -

1 | (start)

2 |

3 | (FIFO scope ~s° created)

4 R + (task s.1)

5 o - + (task s.2) |

6 | | +---+ (task s.1.1)

7 I L

8 | | | | (FIFO scope “t° created)

9 | I + (task t.1)
10 | | | +---+ (task t.2) |

1 [ (mid) | | | | I

12 : | | + <-d--cecmecna-- + (scope “t° ends)
13 L

14 |<------ +-+---+ (scope “s” ends)

15 |

16 | (end)

1.15 send_wrapper

BARNEEXHELI Send, TR AFEFLREER, o T a9 Rad:

1 pub fn wrong_send() {




1.16 Go XiSHIBTHEATE

2 let counter = Rc::new(42);

3

4 let (sender, receiver) = channel();

5

6 let _t = thread::spawn(move || {

7 sender.send(counter).unwrap();

8 1)

9

10 let value = receiver.recv().unwrap();
11
12 println! ("received from the main thread: {}", value);
13 }

EA Rc RALI Send, FTIAEARREEZEELRERER. BARNEEZERLN Re 18
MAAR S AT EME, EAIREEFXNSI AT, FERAERRTFHE "Ta
KEREERIWIT AN, TUUAEN Arc KR EH Re B, W UERA—NE=H
B9, send wrapperhttps://crates.io/crates/send wrapper, X'E3#T R, DUESZI
Sender: Send .

1 pub fn send_wrapper() {

2 let wrapped_value = SendWrapper::new(Rc::new(42));
3

4 let (sender, receiver) = channel();

5

6 let _t = thread::spawn(move || {

7 sender.send(wrapped_value).unwrap();

8 1)

9
10 let wrapped_value = receiver.recv().unwrap();
11
12 let value = wrapped_value.deref();
13 println! ("received from the main thread: {}", value);
14 }

1.16 Go NIEHIBEhE&TE

PR RS Go B "7 MEMRMEMEN GoiEE, MELILEWIBHH goroutine By
F3EIEFNENE, B#it go func() {...}() BB T —A goroutine, FRMHAREH 891K
5, #HEFF NPT,

BA—NBZHBJE go-spawn, TR M Go SEMBIER B9 %

pub fn go_thread() {
let counter = Arc::new(AtomicI64::new(0));
let counter_cloned = counter.clone();

go! {
for _ in 0..100 {

1

2

3

4

5 // Spawn a thread that captures values by move.

6

7

8 counter_cloned.fetch_add(1, Ordering::SeqCst);



https://crates.io/crates/go-spawn
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9 )

10 }

11

12 assert! (join!().is_ok());

13 assert_eq! (counter.load(Ordering: :SeqCst), 100);
14 }

FEHRFE go! Bi—ANE&AZ, #FH join! B3 go_spawn BIZEMIKAE join 2R, FLk
HEFHNEIE, BRXIELRS, BEEREEBECE—NEETEBNE,

28



izt

KW E—MALRENRITERRN, ©d—AFLURZNEEAR, ATHITEZAME
%o AERMNIZFARAEESIRN, EAEMENARE, BOMEHOIRIHERE
2, NfifEm AN EAERTRFMAR, SEMBTATRELERERMESHHLK
ERONARF,

KRR DERE:

« BROGEVRMHBRETTH: SENUENHERE NS RNERE, SEMEY
BRKRERD TXEFH, 5T ARNREERERER,

« BHEFRE: AR FITUARGIENBITHEERE, NABBHARNIFLE,
B RN E RS

- ESREMRBNE: SROERESAIREEARERMSBRMES, Bk
ESFREEENT ANDRETRANERE, LIARBHERMLTTRMNA.

Rayon & Rust #8I—NHATHEE, ©ILUHRERS MRS FHTRE, UXLF A
LA FERE, Rayon 124t T —M{EHE M API, AVFIREEEREBMEFITL, Mo a2
RAEEIBEEE N, BT XEROThEEIN, BRREEMBEEBEIEE A,

rayon: :ThreadPoolBuilder & Rayon EFH—NEMIK, AT B E XFEE Rayon
SREMEIIT A, LfEME Rayon WAL, ©BEHTESHONIT, BAIER
ThreadPoolBuilder, #R¥]AARIEIREYE K EHl Rayon LIBMAEYITRH, LUEE 4T
ERRAFHATITERES ., ERlEZE&RMZE, RTUER Rayon REHFIERIFTH
TR, FAZZRAIEEN RS,




2 LREith

ThreadPoolBuilder & U RITE XN P MEEHE XA RITH, UTE— &
ThreadPoolBuilder BE &4 k!

1. new() A%k: BIZE—/N¥89 ThreadPoolBuilder 52/,

use rayon::ThreadPoolBuilder;

fn main() {
let builder = ThreadPoolBuilder::new();

g s W N

}

2. num_threads() Z’%: RE&KEMNEAEKE, RTLGAN XN IR ELREMN
R ARARER, DUEREIHATE . BRIAELT, Rayon MR CPU AR EBEMRE
RIZH,

use rayon::ThreadPoolBuilder;

1
2
3 fn main() {
4 let builder = ThreadPoolBuilder::new().num_threads(4);

5 }

3. thread_name() %5k: ALRBMPHEARRE DB, XTUFBIRER AR

BB 5 RB &A%,

1 use rayon::ThreadPoolBuilder;

2

3 fn main() {

4 let builder = ThreadPoolBuilder::new().thread_name(|i| format! ("

worker-{}", 1));

5 }

4. build() A&: B build AVEREIELEM, XNAEZRSKIRAINEERAT
A2 MH IR EI—A rayon: : ThreadPool 24,

1 use rayon::ThreadPoolBuilder;

2

3 fn main() {

4 let pool = ThreadPoolBuilder::new()

5 .num_threads (4)

6 .thread_name(|i| format!("worker-{}", 1))
7 .build()

8 .unwrap();

9 }

5. build_global #’%#i¥ build_global FixblZ— N2 AEN, REEMR
FRRAZXNTENB LR NEEN, ERARANEERLT, CELRNERE

5‘&R /ZA(%E ﬁél\'f’b_bf_\’o

1 rayon: :ThreadPoolBuilder::new().num_threads(22).build_global().unwrap();

30
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2.1 rayon Zf2ith

6. HfthZ’%: ThreadPoolBuilder £t 7 Hith—Le 3%, A TERESKEMNITA,
4n stack_size() ATFIRE&EAR KN,

7. CERRHT —HEARKNRE, start_handler() ATFiRELREE NG EA
K3, spawn_handler SCHLE HIMLEY KRR~ £ 842, panic_handler £#t%
panic &P EE XKk, exit_handler $2H#&2R HEEIA,

1
2
3
4
5

© 0 3O

10

12
13
14
15
16

X AMF| T8 R T 58 rayon &AZMAITE LR AR EKF
fn fib(n: usize) -> usize {
ifn==0 || n==1{
return n;
}
let (a, b) = rayon::join(|| fib(n - 1), || fib(n - 2));

return a + b;
}
pub fn rayon_threadpool() {
let pool = rayon::ThreadPoolBuilder: :new()
.num_threads(8)
.build()
.unwrap();

let n = pool.install(|]| fib(20));
println! ("{}", n);

« rayon::ThreadPoolBuilder FXRABIZE—N&AEHM, REFEA 8 N
* pool.install() ¥ &2 FE4T fib

* rayon:;join A FHATPUTANRKHFFFHENNER, CEFKRT AR NHITHA
MR ES, REFHENMER, UERENNEREH B -,

BN join FEN fib #)IES, SZIMHATIHE fib $3)|

5 B # spawn thread #tb, £ rayon BI&AEMA LT A:

- KREVER, BRMEE/HRERNITH
« SEHKTEE, —RARYE CPU IR E
« BRREBLAMRIERTIRTE A

BETXREFE—EER build_scoped BIMRAL:

1
2
3
4
5
6
7
8

scoped_tls::scoped_thread_local!(static POOL_DATA: Vec<i32>);
pub fn rayon_threadpool2() {
let pool_data = vec![1, 2, 3];

assert! (!POOL_DATA.is_set());

rayon: :ThreadPoolBuilder: :new()

31



2 LREith

9 .build_scoped(

10 \/\/ Borrow pool_data in TLS for each thread.

11 |thread| POOL_DATA.set(&pool_data, || thread.run()),
12

13 |pool| pool.install(|| assert!(POOL_DATA.is_set())),
14 ) .unwrap();

15

16 \/\/ Once we've returned, “pool_data~ is no longer borrowed.
17 drop(pool_data);

18

19

20 }

X B Rust REGMEA T —& Rust FEREREEMNER AR ITEERE P EZFLE
AM A (TLS, Thread-Local Storage),

1. scoped_tls::scoped_thread_local! (static POOL_DATA: Vec<i32>); iX—
ITRAEER T scoped_tls FERIZE scoped_thread_local! EB|ZE—NESH
KA ARG T E POOL_DATA, HEA R Vec<i32>, XE®RE G /NEARE T LA
A B ©h POOL_DATA {H, fiXL(EAERREREZ B EMEIHLH,

2. let pool_data = vec![1, 2, 3]; £ main KKK, BIZEZT —/ Vec<i32> ¥k
HEEE pool_data, HPEETEH 1. 2513,

3. assert! (!'POOL_DATA.is _set()): X—{TRIEEA R EEREAMGERTETS
BEZ%E T POOL_DATA, TEWAMEIMER, BAVERA N CHEAEXELEE,
W iZ3RE false,

4. rayon::ThreadPoolBuilder: :new() X—/TH 4 E —/> Rayon &2,

5. .build_scoped E&ZMWEN Z /5, XEMA .build_scoped AEKRE X &2
MEYITH . ENFERER NGNS,

+ B—/HH |thread| POOL_DATA.set(&pool_data, || thread.run())
AT EXBNEEERHRZHTHERE, B pool_data KI5 AERENR
POOL_DATA My AMFAE(E, FFE— MR AAZE FIE/T thread. run(), X
ANEEH B RGN EE R ERERMGTE IR,

o BZARE |pool| pool.install(|| assert!(POOL_DATA.is_set()))
EX T &RBMBEEPATHERE, ©MEA pool.install AARMIREL
AP ENERE PRSI R B RREAMGEMENE, FERTT NS
SRISIE POOL_DATA FEXMNARH AR AU EM T EEWIRE,

6. drop(pool_data); FE&EMAERRERG, X—TREHXEIX pool_data
TE, XERAKRBAMEMPANESHREEEEN, FIUEXMERBRE RS,
BATEEF SR pool_data, UURRRT REBAEAERE N,
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2.2 threadpool FE

threadpool &— Rust &, ATRIZAERLEEM, FHTMESTERENES. &
MR —MERLRNNG, ETRENRARRFPERLRE, R ERELIZfE B
T, FATEERMERHTHES, TEEXT threadpool FER—LEARNAF:

1. AL threadpool A FERERMBIZELKIEM, = LAFEE &AM R/ (B
F S THAREKE) . XTUBRERSAER ZHNERE, NMBRRLENTT
M,

2. BRXAESE: — BB TE&ED, BT LLBEESRRIAXBMATHIT. XTUE
fFT5Z3LT FnOnce() HFRMIFIER, BEATEREEZEHTHITHN I/EE T,

3. AFRE: GRMRENKESAIRETRERE, HEESTRERKERE, X
EHEMAESTTUMER, XMESRETLURD K2 O ZAWRTTH, HE4 T
FAARZTR,

4. FHESRR: BRIUAFHFEBMFAAES TR, UHRERSPITE LN
2R, FIAEESHERK. I TEESFHFTESNERNIERELTER.

5. $8IRAIE: threadpool M T — LR AIBAS], DUEER LN Ao b IBAE S
PATHA 18] 7] B & £ BO BB IR o

THEE—/MELERARE, FErRWEAER threadpool EAIZE —NEEMHF RS

1 use std::sync::mpsc::channel;

2 use threadpool::ThreadPool;

3

4 fn main() {

5

6 let pool = threadpool::ThreadPool: :new(4);
7

8

9 let (sender, receiver) = channel();

10

11

12 for i in 0..8 {

13 let sender = sender.clone();

14 pool.execute(move || {

15 let result =i x 2;

16 sender.send(result).expect("&K# % K");
17 1)

18 }

19

20

21 for _ in 0..8 {

22 let result = receiver.recv().expect("# Kk K");
23 println! ("HF54%: {}", result);

24 }

25 }
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2 it
ERTECET —NEE 4 NMEAENERED, FRAEBMERT 8 MES, 8MEF
HE-MEFNREARERL R EE, K, CEFHMAESTRIATHNER,

BT RHBANIHFE — threadpool + barrier Bl F. FLXMITEZMES, #HBEEA
barrier £FATA WES TR FRELZH—EFRBERT worker W E, TNEEK

b9

1 // create at least as many workers as jobs or you will deadlock yourself
2 let n_workers = 42;

3 let n_jobs = 23;

4 let pool = threadpool::ThreadPool::new(n_workers);

5 let an_atomic = Arc::new(AtomicUsize::new(0));

6

7 assert!(n_jobs <= n_workers, "too many jobs, will deadlock");
8

9 // QlE—A barrier, %4 H WIE4 T

10 let barrier = Arc::new(Barrier::new(n_jobs + 1));

11 for _ in 0..n_jobs {

12 let barrier = barrier.clone();

13 let an_atomic = an_atomic.clone();

14

15 pool.execute(move || {

16 /] PAT—MREW TS

17 an_atomic.fetch_add(1l, Ordering::Relaxed);

18

19 /! EHFEMERE TR
20 barrier.wait();
21 1)
22 }
23
24 /] ERREAR TR
25 barrier.wait();
26 assert_eq! (an_atomic.load(Ordering::SeqCst), /+ n jobs = %/ 23);

2.3 rusty pool E

XZET crossheam Z A HEZEFHERELINBEN LB, CEAUTEA:

o B &AM A R R R AR AR R/

o BOERRBREEE, PUMER &R EUHLH

s IFE/FESERMRHMES

s BARERMESHACELE BRAFTREA

o UBEEAMH T A UEHIINEE

« M7 JoinHandle REFELER

« #18{£% panic,JoinHandle &3] —PNEBUY R

» FF /& asyncfeature B =] LAYE A futures executor % F
- spawn A1 try spawn ki X future, & H 5 polling
- EN AT complete H#FEZEMAT future




2.3 rusty_pool F

ZEARMIIMT B BE. ZREIK. B ESZIFEHEE
HESNBREHAESESHN I FEETUBRIITHE N RERAE, MPFRBTUHE R
MEZIKE, fEE3EH T crossbeam #IES Rust A mZHIERN TR, N2 FRERS,

FrAX Z—ANER L3t TR NSRRI, EERANEIEE, TURABRMNRES #it
fE4EH Rust H R A2 BRAFHER

1 pub fn rusty_pool_example() {

2 let pool = rusty_pool::ThreadPool::default();
3

4 for _ in 1..10 {

5 pool.execute(|| {

6 println!("Hello from a rusty_pool!");
7 1)

8 }

9
10 pool.join();
1 }

AN FRBIR T anfefE A 5 —/NRAEM rusty pool REZMHF &,
FESREHE:

* Al7E rusty pool &2, BRIARE

o JEIRER 10 NMTEES R &R

o EELAETIRA join, FHEKEMBRNIIAES TR
5 2 B8 threadpool 21, rusty pool Wit 7T —NAENXENIME, FHAERER
Bk,

TEXERGERER —MESEEBMETE, FRERRENMT:

1 let handle = pool.evaluate(|| {

2 thread: :sleep(Duration::from_secs(5));
3 return 4;

4 1)

5 1let result = handle.await_complete();
6 assert_eq!(result, 4);

T @XM FBR T 0% rusty pool &2t hHATHH £S5
FEEERMEEL N

al. BIZEZRIAM rusty pool A2t

a2. {# M pool.complete X[ HHIT— async

* JE async B3RP I LUEA await 35T HH R
 complete &FAE B B EA async HREK
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2 H3F)

o W BAFRER async 3REIR EME
bl. 1# /A pool.spawn K FH AT async 3

+ spawn &3 B3R El—A JoinHandle
* async RRELEM P RITHUT
o XE@EN Atomics TERBEHELER

b2, EXAETREA join, AR EEZ TR
b3. BRI EEZNER

#3¥ complete 7 spawn BI4ES, 7] DA RIEME A2+ [ 25 5k 0 AT Future £

%o

rusty_pool #EN N EHY async IZ{TH, RIFHZFFT Future based B 75 iz,
BAVT AR XA R REME RN EF L, AR EE EELE Future,

1 pub fn rusty_pool_example2() {
2 let pool = rusty_pool::ThreadPool::default();
3
4 let handle = pool.complete(async {
5 let a = some_async_fn(4, 6).await;
6 let b = some_async_fn(a, 3).await;
7 let ¢ = other_async_fn(b, a).await;
8 some_async_fn(c, 5).await
9 1)
10 assert_eq! (handle.await_complete(), 8);
11
12 let count = Arc::new(AtomicI32::new(0));
13 let clone = count.clone();
14 pool.spawn(async move {
15 let a = some_async_fn(3, 6).await;
16 let b = other_async_fn(a, 4).await;
17 let ¢ = some_async_fn(b, 7).await;
18 clone.fetch_add(c, Ordering::SeqCst);
19 )
20 pool.join();
21 assert_eq! (count.load(Ordering: :SeqCst), 12);
22}

BT R ESFBRUR K A &AM B 5 F

1 pub fn rusty_pool_example3() {

2 let pool = ThreadPool::default();

3 for _ in 0..10 {

4 pool.execute(|| thread::sleep(Duration::from_secs(10)))
5 }

6

7

8 pool.join_timeout (Duration::from_secs(5));

9
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2.4 fast_threadpool &

10 let count = Arc::new(AtomicI32::new(0));

11 for _ in 0..15 {

12 let clone = count.clone();

13 pool.execute(move || {

14 thread::sleep(Duration::from_secs(5));

15 clone.fetch_add(1, Ordering::SeqCst);

16 1)

17 }

18

19 /1 RAFM R ThreadPool WvE— 2Bl (L3els), SEEEWFE, AT EA
worker 7E 58 R 4 BT TAE JE iR B

20 pool.shutdown_ ]01n(),

21 assert_eq! (count.load(Ordering: :SeqCst), 15);

22}

2.4 fast threadpool E

IANKARM L NZ TR VRER R AMUIER . #5512, RIEREPUTREESZ AR
IAAERRERNRA. HERNETFLEN RENE” (fln, EREFILERE)
3 18] A FRo

E— T RE S RERNENRE “TH” TEEXERE, AT RAMLXMIBERA R X,
INEEMEFMERF—EBENTHIELRE (JRE),

BEANLIAFIRAR S A NEFFAESHRITER, BRI AFESR RS T
#) spawn_blocking &k,

1 pub fn fast_threadpool_example() -> Result<(), fast_threadpool::
ThreadPoolDisconnected>{

2 let threadpool = fast_threadpool::ThreadPool::start(ThreadPoolConfig::
default(), ()).into_sync_handler();
assert_eq! (4, threadpool.execute(|_| {2 + 2 })?);

0k (())

N O O~ W

IAMI|F B~ T fast threadpool crate B9 %o
FESREAHE:
{5/ default & E QI ZE &M
K EAZ M N sync handler, B TRPERIES
. ?E)«— NME BT EES R AR
FEREPIRELERILIE
EXANMIFRIBITESHO T, XERIUER T tokio WWHHITATH:

1 let rt = tokio::runtime::Runtime::new().unwrap();
2 rt.block_on(async {




2 Zigith

3 let threadpool = fast_threadpool::ThreadPool::start(ThreadPoolConfig::
default(), ()).into_async_handler();

4 assert_eq! (4, threadpool.execute(|_| { 2 + 2 }).await.unwrap());

5 1)

2.5 scoped_threadpool FE

TE Rust Z&AEMAZF,scoped B—/MFE IR, 18092 — MR EERRNERE,
scoped &AZH T EIFER:

o ZRENAEGRAMREE—MMERT, BFERAS BT
o KRR LE W RIINRIRST L E channel 5 mutex
- ERAREREARERELS

— AN scoped KAZMAEIT:

1 pool.scoped(|scope| {

2 scope.execute(|]| {

3 /7 T VL E B A IR S

4 1)

5 Y); /7 ERESZE R, KW Join

scoped &AZHIML B2
. RELEE, TEFIRN&E
o fERBIZH B sh B LA lifetime
. (ERRERERRZE
scoped &A2E A T:
s EERREZTRESNELS
o JEUUFRhEIRLAE lifetime B3R
s FARBRZEMERZNT R
scoped XAEFE Rust PR 7 —MERZSEFNZEAEER, EEBRITELEBEREF
ZRER,

X—F BRATRN B —E 18 scoped_threadpool .,

pub fn scoped_threadpool() {
let mut pool = scoped_threadpool::Pool::new(4);

1
2
3
4 let mut vec = vec![0O, 1, 2, 3, 4, 5, 6, 71;
5
6

// Use the threads as scoped threads that can reference anything outside this
closure

7 pool.scoped(|s| {

8 // Create references to each element in the vector ...
9 for e in &mut vec {

10 // ... and add 1 to it in a seperate thread




2.6 scheduled_thread_pool F

11 s.execute(move || {

12 xe += 1;

13 1)

14 }

15 1)

16

17 assert_eq! (vec, vec![l, 2, 3, 4, 5, 6, 7, 8]);
18 }

XAME|F R T 20T £ A scoped threadpool FE 8|z —/ scoped Az,

s BHAIE— scoped &AM, IBEMHEH 4 NkAE

o EX—/NMEE vec fEANNHEZTRS

 J£ pool.scoped ¥ BEN&AR, FE BT 7 LA EISMEIRAS vec
o BANEREIRER vec I—NUR, FELBERBRE

o FTA &BEHIT G vec ITTR AT +1

scoped ZAZ A E4F

o SRETUEEIMERRS, 7FZ channel = mutex
o IMRSHE AT B sh3HT
o SARMAERGE R, B SAEFTA &2 T
AE L4 R A2, scoped KRAZ MBI E T
o RELE@VE, TEFIRPIMERRS
. ERRERREELZS
o YERIRG B s B B LKA lifetime

scoped ZKfEMRME T —MELLHENHLER, REESAE Rust PEA,

scheduled-thread-pool &— Rust J&, B T —NMNZHFESRAENEEMEZN, T
mRERNEH T E LA A

« IFERNPUTES, TRECIIAER
s B’H—RMAESREFRMFTR
« ETAEMER, BeRBEES BIEHR
s ESFREREUN
pub fn scheduled_thread_pool() {
let (sender, receiver) = channel();

let pool = scheduled_thread_pool::ScheduledThreadPool::new(4);

let handle = pool.execute_after(Duration::from_millis(1000), move ||{
println! ("Hello from a scheduled thread!");
sender.send("done") .unwrap();

1)

© 00 J O U W
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2 Zigith

10

11 let _ = handle;

12 receiver.recv().unwrap();
13

14 }

XAMF|F B T Wfa{# A scheduled thread pool crate 41|z —ANw] 8 & B &A2 M,

« BlE—NEE 4 NEFAEH scheduled 25

+ {# A pool.execute after 7 1 ¥ RAE—MES
o (EEPITENE B 1A channel REZRIES

« TLAARE channel FEURGE S, BESFFES TR

scheduled A2 M B9 T E3hRE:

o P DORBEAESEARRBY I B QAT
« REREREEMERIRERT A R
« RAIELAEMER, #RAREREHK

ABEL L 38 4042, scheduled A2 R EET:

o ALURESERKEMPIT, TFE B DLIER R
c RESNRNELEMN TEECERLRE
< AUERERREIEX, B EREE

2.7 poolite F

poolite B—NIEFHRZRERHN Rust XABME, TEAH U TIFMH:
1. API Sl #.5 H
RAET EMNEIELT. MNESEFED:

1 let pool = poolite::Pool::new()?;
2 pool.push(|| println!("hello"));

2. X ¥F scoped 1EAEHL&IE
scoped T X B sh FFES T K-

1 pool.scoped(|scope| {
2 scope.push(|| println!("hello"));
3 1)

3. BRIAKAIEEAN CPU %K
T LAY Builder B & X &5

1 let pool = poolite::Pool::builder().thread_num(8).build()?;




4. o arc. mutex &&

2.7 poolite FE

T HATE WA FEZRIRAFE, poollite MR T MRIFHLIF, TEMNBIFREITEE
IRARTELF B FF B AR A

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

use poolite::Pool;

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

\/\/\/ ~cargo run --example arc_mutex"
fn main() {
let pool = Pool::new().unwrap();

let map = Arc::new(Mutex: :new(BTreeMap::<i32, 1i32>::new()));
for i in 0..10 {

let map = map.clone();

pool.push(move || test(i, map));

}
pool.join();

for (k, v) in map.lock().unwrap().iter() {
println! ("key: {}\tvalue: {}", k, v);
}
}

fn test(msg: 132, map: Arc<Mutex<BTreeMap<i32, i32>>>) {
let res = fib(msg);
let mut maplock = map.lock().unwrap();
maplock.insert(msg, res);

}
fn fib(msg: i32) -> i32 {
match msg {
0...2 => 1,

x => fib(x - 1) + fib(x - 2),

5. 2 mpsc WE&

6. = LU#E A builder &E #l1t pool

fn main() {
let pool = Builder::new()
.min(1)
.max(9)
.daemon(None)
.timeout (None)
.name("Worker")
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2 Zigith

8 .stack_size(1024%1024x2) //2Mib
9 .build()

10 .unwrap();

11

12 for i in 0..38 {

13 pool.push(move || test(i));
14 }

15

16 pool.join(); //wait for the pool
17 println! ("{:?}", pool);

18 }

poolite BANERA A 500 L4TRA, JEFFEE,
3|

.
poolite $2f# T —ME B AAR ML, BN MHEERTE, EFERTG A
B, WMRAEE NEBETHF,

WMREE—A/NMFEL Rust &A24, poolite — MR AY3EHF,

2.8 executor service F

executor service &—MEH&FE MWK A Rust /&, {5 Java B ExecutorService,
FEREWTF:

executor service £ —MEHEE ML Rust [, EEH&FEWT:
1. XFEEEFLEN
B AR R B A R K R B AR

// [ E &R AN
let pool = Executors::new_fixed_thread_pool(4)?;

/] EZHFEAEN
let pool = Executors::new_cached_thread_pool()?;

O s W N

B SRHENARMME BY, tRhEZMRZEERENLE, SARBELIEM,

ZHEEEBSREVUNREE, ENTARESWEFTER, RIAIBML 10 NEE, &
% 150 N&RR2, RALREENE E, FERRFBEMEK, EENBIILAERZIKAT UERN
B RHZERIRE, BHRAEAEE 150,

2. P TESED
X #HR . Future EESHR:

// AT H AL
pool.execute(|| println!("hello"));

// &= future
pool.spawn(async {

g W N e




2.8 executor_service &

7 1)

3. AFRBESLER
submit_sync =] XA [ 25 1 RAE 553 IR EGR EME:

1 let result = pool.submit_sync(|| {
2

3 return result;

4 b7

4. HTEOSROMER
"B E X &R MSEL

1 ThreadPoolExecutor: :builder()
2 .core_threads(4)

3 .max_threads(8)

4 .build()?;

XAMA|F B R T W0 A executor service IXANRAZ M B :

1 pub fn executor_service_example() {

2 use executor_service::Executors;

3

4

5 let mut executor_service =

6 Executors::new_fixed_thread_pool(10).expect("Failed to create the thread

pool");

8 let counter = Arc::new(AtomicUsize::new(0));

9

10 for _ in 0..10 {

11 let counter = counter.clone();

12 executor_service.execute(move || {

13 thread: :sleep(Duration::from_millis(100));
14 counter.fetch_add(1l, Ordering::SeqCst);

15 1)

16 }

17

18 thread::sleep(Duration::from_millis(1000));

19
20 assert_eq! (counter.load(Ordering: :SeqCst), 10);
21
22 let mut executor_service = Executors::new_fixed_thread_pool(2).expect("Failed

to create the thread pool");

23
24 let some_param = "Mr White";
25 let res = executor_service.submit_sync(move || {
26
27 sleep(Duration: :from_secs(5));
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2 Zigith

28 println!("Hello {:}", some_param);

29 println!("Long computation finished");
30 2

31 }) .expect("Failed to submit function");
32

33 println! ("Result: {:#?}", res);

34 assert_eq!(res, 2);

35 }

B RTY AT U

BlE—NEE 10 2N EEN

E’R 10 MES, 8MESE BB RE AT EEM 1
FEREEFRERIETTRENE

Bl3E—/NEE 2 RIZNERE

B’R—AMES, EESAITEVE R Y (%

FAEMER submit sync [ HUTESFH REBGER EME

2.9 threadpool executor [E

threadpool executor Z2—NBhAEFE BB Rust &Mt E, RHE T 2 E TR BN &N
le.to igﬁll\i‘)’zn —FZ

1. &R
BWINME R AT B E X EARMFTAR 7 854K

A e

ThreadPool: :builder()
.core_threads(4)
.max_threads(8)
.keep_alive(Duration::from_secs(30))
.build();

U s W N

2. AFRARNESRIATN
Z’. async 3k, EHRREKE:

1 // HA

2 pool.execute(|| println!("hello"));
3

4/ REESH

5 pool.execute(async {

6 /]

7 1)

3. £53RE Result XA A T2 FE
B £S5 HYT/E3R E Result<T, E>:




2.9 threadpool_executor =

let result = pool.execute(]|| {
0k(1 + 2)
D7

g s W N

let res = result.unwrap().get_result_timeout(std::time::Duration::from_secs(3))
assert!(res.is_err());
if let Err(err) = res {

matches! (err.kind(), threadpool_executor::error::ErrorKind::TimeOut);

© 0 3O

}

4. FHAESBURED
AT ARE B BROH B R A5

1 let mut task = pool.execute(|| {}).unwrap();
2 task.cancel();

5. WIAARMY Bfn= N EUK
®E o RAE, BaEKEREE.

threadpool executor &t 7 TR AMIFMN AR ML, EENERERERRA NG R,
CHERERAETEKN, EERNHAEIER,

XAMA|F B R T Wl A threadpool executor IXANEKRAZ M

1 pub fn threadpool_executor_example() {

2 let pool = threadpool_executor::ThreadPool::new(1l);

3 let mut expectation = pool.execute(|| "hello, thread pool!").unwrap()

4 assert_eq! (expectation.get_result().unwrap(), "hello, thread pool!");

5

6 let pool = threadpool_executor::threadpool::Builder::new()

7 .core_pool_size(1)

8 .maximum_pool_size(3)

9 .keep_alive_time(std::time::Duration::from_secs(300))

10 .exeed_limit_policy(threadpool_executor::threadpool::ExceedLimitPolicy::
Wait)

11 .build();

12

13 pool.execute(|| {

14 std::thread::sleep(std::time: :Duration::from_secs(3));

15 1

16 .unwrap();

17 let mut exp = pool.execute(|| {}).unwrap();

18 exp.cancel();

19 }

I FRTY AT U

1. Bl NEARAEMN, BR—MESHRIRER
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2 LREith

2. {£ /] Builder 8|2 —/NFELE M &ARM
o WERONEREHA 1, RAEEHAN 3
« REZRERFERE 300 &
o MBS R ANER
3. BR—NKEEMES R &EH
4. BR—MEL B ALEBCEE
threadpool executor fy— & & gE4FE:

. RELAEBMMBERMTHENERE
FFEIRME B ANESRR
{£453R Bl Result & T551R 4L FE

SIEL T AR RS0 N = UK B
RESBUEf X R &AM D

threadpool executor & 7 hEE R WAL, EEFEMAERH TR,
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2.9 threadpool_executor =

#HE CRNEME Go AR BELE, £\ Go B HNHLARE, BUEHAR!
https://cpgo.colobu.com/

IRAILIEGOJF i

MRIER|SLE, BEXAMBT

SLIREE (@Y58) %
: [
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async/await ssz=

3.1 REREESR

FTREE ML RERY, BRNEESPTHEAFAEESRNOTR, ERARNF
ReEAfa R, LT ERNR S RE, 7P RETUEFHILE /0 HERE S50
FRER, REAZNTLEMELE,

FHmERAUTIRE:

« BE AR R B ForR LR E

« BOEREMFRE, ERIRARER
« AALEKRENIFLRFERRIES

« XFERRNEHRR RN

s mET ZNRATUTER:

- ME&HRE: RERENHLZMEIRER

« /O BEMES: WXHERE. BEEFHNE

- AP RAEMERER: RFRAF R E RGN
« FTUHE: MREMTEESHOBT

3.2 Rust FRIFELREIZER

Rust EA—ITIARNARRREES, EERHEN. ZE2NOTENES REEA.
Rust ¥ RwENBARZLAEERE. TRERANFINARF, RNREEENE
EREENRDE,




3 async/await B RE

BB —1Z89Z Rust E A BRust F wEP

HXhR: Rust 7 HmiztE

BT HEAREEARTEREFEE, BLSNIRESHN B O LR HTIARE
BREAFEWRIT, Rust BEWAHFIS, TEMIRTUFBREEBLRHLERH

BRE:

0S &f2, CREHE, ULEXRTEMBEER (L E/REZLE), FIEEESE
RNBERRAFLZER, RIMNELZEEETHRAN, Rust BEF T RAE ZFX
BRI LRI, (ER, XMERMAR S, Flin&k2Ee R EEAEEmEgE,
LAZNE B T X mAR AR, FREEME—CRE ETLURAMERE, E2X
T 10 BENZREXRR, SBEAEXRLBE,

E4IR5) (Event driven), XMNZ AR RELLIRFEA, WRFFHIRENE & RE
i ( Callback ) —#fEH, HHEARERMRAKNIET ., XMHER A YT, B
KB R AR EAMRE NS : FELRMENERIRA AL RS RT HFERE
A REBRTAENER, RRERMRBE AL TR KIERER, KE58
R ]S B LA E R,

142 (Coroutines) 7 #E=Z BRI K AZER, Go i35 WIMERITRIEFEMLSE,
XAZ Go 1B S BB IR KR SRR FHZ—, MMEIRERZEM, TEXRERE
AR FE, SR async M, TUXFREBNESHLIEBET. EMEREE
R\, ERAPLEEMIEENAET, XNTAARREEMEEXFH B
TR LB Z W

actor A Z erlang R FHZ—, ©RAIAHLKITERFEK—N—NET, X
LB AR actor , BopZ AN BAEH I ABTRSAEIEEE, By
HARNAZIRITELSETHE, BT actor R FRILZBIEYT, FHbb e E#7
BRI, EE—EBIRZH., AKEREZEN, RETHARTH
async/await, ZEER MR, XEXIFRERE, REXBEEMAMERELE
N EWREREEE, BERAK/LGAEXK, async A AR E AIREZANH N T
S, XTFAPXRNR, EEMERERWEAESEMADERTRE, TEENER
MFEENELTE HRMNHELF, MEMRAOERERASEE, EEAZTRAEMBR
By Bl &L

, Rust ZAMEBREE, RASKFT ARREEZEERE async FHiz:

AMEREICEESH, HRLTFRLSOIFLN, FIOFEHTITEN, TTU&E
#E, MRELARANABRHITREES, SAEENEFE, XRANFEELE
ZERETHTIORANNE, FBEIR

BEBREBEETHME + EE + ZFENATAEI, ERFESHFL. 7P 1/0 i,
HREEHRTT

FH BT Rust FXFRP RENDTRNIE, AREEFSESOPTRE,
CRMETESRI. KM EAERSEMRE, FRTESHHFLPUTIEMHIR
N mIZRA, Rust RANEFPFAPTAMBEITH, TEH Rust 743 n/TH ©H#:

Tokio - Rust F /TR E L, WA RBRKNMREAMES ALK, Tokio Bt FH
TCP/UDP E#F. &2, ETESIhAE,
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https://rust-lang.github.io/async-book/
https://github.com/rustlang-cn/async-book
https://github.com/rustlang-cn/async-book/blob/master/advance/concurrency-with-threads/concurrency-parallelism.md

3.2 Rust RS IRIZER

. aS§>’nc -std - BHTE R TEWETH, $#HE5 Tokio XM FH MR, REDRE

/E, %a:—t%o
« smol - —/NRERINE/TH, MIE simplicity(B# ). ergonomics(Z A M) Ao/l
o

» futures/futures-lite
A futuresust T WIEMEMIME E, KL FEEATREMKH futures IREF P RIE,
SHLEZRZEANEFEA Rust BEHNAMELEATZ—, MAIEFRT —MuA1893E4T

Bfbytedance/monoio
Rust 3 FmERVEE T —LXBROAGFMS, B
o R RFfFH R EA async XBFEXNRET KRS Gk,

// “foo() iRE —A~ ‘Future<Output = u8>",
// YHF “foo().await W, % “Future “B#iz4T, YA L F EHRATEHE 2| —A
async fn foo() -> u8 { 5 }

fn bar() -> impl Future<0utput = u8> {
// THEH® ‘async i&4FHRE “Future<Output = u8>"

async {
let x: u8 = foo().await;
X + 5

}

}

async 1EA]RF0 async fn AKX BB EAE TEE NS HREE, EARL KR
HEAREA, BERYEE? —REAN, RBERAMRER:

async fn foo() -> Result<u8, String> {

0k(1)

}

async fn bar() -> Result<u8, String> {
0k(1)

}

pub fn main() {
let fut = async {
foo().await?;
bar().await?;
0k(())
b
}

U ERED G iF a2 IR

error[E0282]: type annotations needed
--> src/main.rs:14:9
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3 async/await B RE

|
11 | let fut = async {
| --- consider giving ~fut® a type

14 | 0k(1)
| "" cannot infer type for type parameter “E° declared on the enum “Resu

FRAETHIZELEENE Result<T, E> #8 E WA, mMARFZENET
consider giving fut a type fRLAEFFHHEE, REZR¥KR, RELRKE:
B RIIRE A AR async iEBA3RFE EREIE A,

R F R LRERT R, HERBEELSET, FTRER i< ... > BWFRKRE
IS RERE:

let fut = async {
foo().await?;
bar().await?;
Ok::<(), String>(())
b

s await XEF: ERPRKAIPMER await KBFEHFRTRIEZT Ko

async/.await & Rust i&820—%, TEBIIEERER (Fln 10) 2ibdH
LRI ARNAMAR A REAEYIAE, IERAT SRR EEPITEER
i, RASLIHK,

async 2B, ERWIITE poll & .await EA & FHAEIT, HPEER
BE AREEIT Future 0%, ¥ .await WA, ©4S%IAEIT Future B3|
TR, BER#EZ Future EAFRE, MAIEH SAIABENIEFIN, Y Future &
B & B/ — R ATH (I M socket BB T #dR), PUTERSFRBEM, FF
BORIBATIZ Future , WIEER, E 3| %Ko

o Future Trait: X RBEHFEE Future Trait, I#HESESHHITIRSETE,

pub trait Future {
type Output;

fn poll(self: Pin<&mut Self>, cx: &mut Context<'_>) -> Poll<Self::0utput>;

async fo await & Rust PR T RTRENXEF, async ATEXFEFT R, ®T-X
BERPEEFINREG, await A TERFFIRIETR, HREBRSBRENER,

s B REMEA async KBFEX, HRESZIMT Future Trait BIER, FH R
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3.4 Tokio

AT U H At 20 RETE A await X BESFHFE P RETR. AR FP R,
SIREI—ANEZILT Future Trait 8935, =GR AR await H7AEFER,

« FAREMEFDRBRFLZN BN FH ETX, TTRMER async XEF 6
2, AT REE— RS RBIRERNLTHNARN, THMER async XEF 6
2, AP BRI RAEATERY ETXHER await REFEFFFD R,

S5 REEGREIZEREE ZSZI T Future Trait B9 A, Future Trait £ ~—NEH
1%, BESIESHPITIRSETE, Rust tREEMBE = FETRMHETIFS T
Future Trait 8938 &, A FERR&EMFZIEBE,

B=AF, FaEXAMIFRE—MERBIF LT R TLHIFF:

fn get_two_sites() {
// BIEFAFEREPATES
let thread_one = thread::spawn(|| download("https://course.rs"));
let thread_two = thread::spawn(|| download("https://fancy.rs"));

/] FRETA LN TR
thread_one.join() .expect("thread one panicked");
thread_two.join().expect("thread two panicked");

}

WREBE—AVNNE RN ETEXH, XLEREEMAEA, BEE—ETFTHHGH
HEBERZEER, BR-—NPNTFTHEESEA—NEERNEIARKET, SREZRAEFH
I FE, BATTUMER async B4 KRR

async fn get_two_sites_async() {
// RIEWANFEW future, R AL future AR K A 3k FA 0 2 28 $AT 1T X F 5
[/ WA Cfuture WEIHPATE, CIRAXWETHESRTE
let future_one = download_async("https://www.foo.com");
let future_two = download_async("https://www.bar.com");

// B BEATHEAS future®, HE K
join! (future_one, future_two);

}

TR L\ R RE— N FFBTREZRIT, WERSBTHER —ZHRENEER
W X AR B35 4T,

BETREMNE I M RIS BTN EAZ S BITRETA.

3.4 Tokio

Tokio 2 Rust R RMEREZNZTNE, #HT 7P 10, ZFFEFRE. APRIE
FIHE,




3 async/await B RE

Tokio B9 E ZHHEIE:

s tokio - BWBATH, EESIRAE,I0 RE,
* tokio::net - 2% TCP. UDP B9S2,

* tokio:sync - A FE. ETEFHARIE,

* tokio::time - BfjR|JMEA T &,

* tokio::fs - &35 X4 10,

TIXEE| Tokio EBETMREZNTHE, BEFRIMARE. FLREF, IERNKE
EN—ZZ1INBE, X—THRINENBENFTBITHNER.

PRE] AT E X main R, © B ZFEEITIEER):

#[tokio::main]
async fn main() {
// EBATEHE RS PATES
tokio: :spawn(async {
// do work
1)

/1 ERES R R
other_task.await;

}

AMIF main IR async X F, F B #[tokio::main] B, AKX
AN main BRRFEFHIRITINEEAT,

PR e DAGE A B B S AT B B 7 0

pub fn tokio_async() {
let rt = tokio::runtime::Runtime: :new().unwrap();
rt.block_on(async {
println! ("Hello from tokio!");

rt.spawn(async {
println! ("Hello from a tokio task!");
println!("in spawn")

})

.await

.unwrap();

)

rt.spawn_blocking(|| println!("in spawn_blocking"));

}

BT AET —/ Tokio 3Z/TH rt. block_on FIEEZITH LT XFHIT—NEH
F5%, XERNBEMITER T —A)1E,
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3.5 futures

RIEER rt.spawn FEBTR PR PUT S —MES . XNMEZWMATER T JLA &, spawn
REI—AN JoinHandle, FFLUX EIfH . await REFESLER,

&Ja, fER spawn_blocking BT P HPUT—MNERBIAEMES, IMESIELRE
APIELT, MAREEBITH,

/‘é\%——Fiz/l\'f&IJ %Eﬁ; E/\J E‘/é\!

« J& Tokio 3zfTH A block_on PUTHRISEE
« A spawn EETR PRI PUITIES

« F spawn_blocking ZE&EMPHATIAEMLS
« T awaitJoinHandle XEFHHELLER

Tokio EATEIRME T PUTARAE RS E S ENLIRThAE. BN EHMAS block on,
spawn #1 spawn_blocking, ¥ M4 1 Tokio B3R KAES], LIE M RIHE,

futures JE futures & Rust W RENEMMEE, ARSE 75 NERMAE T ZOH trait
FaEAR,

FREHR-T AT HE:

« Future trait - R R"—NEFITENHE, T .await RERE LR,

* Stream trait - Ron—NFHAHIER, TLUEN .await ERFEBRETE,
Sink trait - A& — AN AR EUWREIR Y B ARo

+ Executor - 4T futures BIZATHIRIE,

Utilities - —#£#0& . B|# futures AR %K

pub fn futures_async() {
let pool = ThreadPool::new().expect("Failed to build pool");
let (tx, rx) = mpsc::unbounded::<i32>();

let fut_values = async {
let fut_tx_result = async move {
(0..100).for_each(|v| {
tx.unbounded_send(v) .expect("Failed to send");
)
b

pool.spawn_ok(fut_tx_result);
let fut_values = rx.map(|v| v * 2).collect();

fut_values.await

b




3 async/await B RE

let values: Vec<i32> = executor::block_on(fut_values);

println!("Values={:?}", values);

A F R T WfAME A futures FnARMIHIT R Wig:

1. BlE—/N&FEM pool

L BIE—ANTTAFRE tx A1 rx FAREES BTSRRI

3. EX—NEFHHESE fut_values, ETE LA spawn_ok ELEM T F P AT
MES, INMES RN EIE K 3% 0-99 E’Jék—?-o

4. 4 F‘LL rx A map 8|z — Stream, oKUK B| Nk FEE 2,

5. Fﬁ collect Uaf Stream WIZEREF|—/ Veco

6. block_on ZE XL PHUTXNEIESHRIRE

XA E/RT futures FosfsE A9ZR -S4 A - 3830 RAZ I A3 AL I BRI
block_on 3&4T future MAEEE NBTRMBRFE,

futures :A3¥ F 0 A IBEKIER, T ASZINAEFE B XK E 7, XA E WML RS R mE TR
R, 5%, futures LB E FREME K,

XANEZ futures BI—NF&E, CHRIFRERT —NKER, 58T futures API FH
—E/NER, AN T —EIAENTEE, FERT BRI LZ2HRE,

fAifmeE 2z, XNENEMREL futures BER[F A, BAAIREHEZEFRE,

IEBATAB 2 —/NE BB Future ¥4, 7 Rust 2, Future 2E— X RmE S IHEN
traite AT 2Z2—ANRA:

use futures_lite::future;

async fn hello_async() {
println! ("Hello, async world!");

}

fn main() {
future::block_on(hello_async());
}

EXANEFo, BAVER futures-lite F ) future: :block on RFKIEITHRH K
¥ hello_async,

56



3.7 async_std

3.7 async_std

async-std Z2—/NA Rust BRESIEENE. ©F RT0EE, E/ERP LTX
AT /0. MARIFFES EEFRIEEMEHE,

CRE TR AERED, EURPWERN, HFEAETH T Rust 8 async/await

BRo
3

o PR MEFF4E5TRT std:: future #7 async/await MI3E, JRi%iR EARBR,

o PER: BRANNTENLEBEMRITRE T e ELEF T AN ARER,
s BV SAEERENERRERREEFEI K APL

o SEBT: VEUEAYSCRIAR T (R A48 B R R E 1 A 5P Rust MR,

use async_std::task;

async fn hello_async() {
println!("Hello, async world!");

}

fn main() {
task::block_on(hello_async());
}

XM FE A async_std::task,
RgEX—"N2F R ¥ hello async, H & R 2 & HEITEI—4)3F,

7E main REF, FH task::block on RKPATXANFH K EK, block on KFHE L AILAE,
EIEAE future 3BT Ko

HHERREE, RE hello async R EFFW, ERMNTUARFHANRAE, &~
EEZFshAIE future,

async/await 3BAFEHR T future Y4BT, AR H WmIEW R T R ABER|f&B) async_std,
FAVE U R BAAHE B async/await k%5 % Rust AL,

smol E—MNERERNFH BT (async runtime) E, FHEIFH Rust REBH
mEMIRIT. BRET —NEEMERNAREKRERRIES,

e
« REZK: smol NiRITERZ—ERER, UERRBSIFEFTRTHE,

« fE0E APL: $ZHREDVER API, ERFSESHNUE. ASSTEEENMEE,




3 async/await B RE

- BERE: TRERNRE, TUEEEIAN Rust ME PEA,
« ®#F 10 B XJFRIUF /0. NERIEF, EEFSREEMRIE,
X AMFIRER T A smol A mATRBUT 75 RAD IR FIF

pub fn smol_async() {
smol::block_on(async { println!("Hello from smol") });

}

3.9 try join. join, select fl zip

T Rust F, AANE LHE T UATRESAEZ A future:select 0 join,
select! AR5 2 A future, 7 R ALFE & %6 BV ARA future:

use futures::future::{select, FutureExt};

let futurel
let future2

async { /* future 1 %/ };
async { /x future 2 x/ };

let result = select! {
resl = futurel => { /x handle result of futurel =/ },
res2 future2 => { /* handle result of future2 =/ },

I
join! W LR REELA future, FHAIEFTAE future BILER:

use futures::future::{join, FutureExt};

let futurel
let future2

async { /x* future 1 %/ };
async { /* future 2 x/ };

let (resl, res2) = join!(futurel, future2);
join! RE—ANTTH, BEFTAE future ISR,

XANEEEE futures crate, FEREL ENEE, AMEAZRNE TEFahBIE—A Poll
kABE %A future,

FrbA select 0 join ZEACIEZ A future BFIEHE A€, select AT R AR & 48 52 Rk 8Y,join
T B2 F2FTA future,

try join! ZW A FREFZ future, ©5 join! £, BER2H—&AKRE:
try join! ZEAE(T—/ future R EEEZ T, MERAREE IR, AFAEAM future,
fil%n:




3.9 try join. join. select 1 zip

use futures::try_join;

let futurel = async {
Ok::<(), Error>(/*...%*/)
+;

let future2 = async {
Err(Error::SomethingBad)
b

let result = try_ join!(futurel, future2);

XEREA future2 RE T %, AT try join! &R EXANE IR, FE%EF futurel 5
Fio

XA ETF join!,join! KEFFATAE future 5K

Fr try join! B9 AR E RN 251 Z A future, (B2 BIEA—NERB L EIR E, # %
TRENERF, XETEHALEFRERRMEMALKNZERE A,

U EEEFATA future TWRIN IR, FRERFTA 4 RBEHE, BEA join!,

FrA try join! £0 join! ZRE[ LSS A future, BEIRAEIERBERE, HFHNERIE
SRR BIRE,

zip RE A join B future, HEFMAIITK. M try_zip RIS join AP, B
EREHFAN future F TR KA H F—4 Err N3RE:

pub fn smol_zip() {

smol::block_on(async {
use smol::future::{try_zip, zip, FutureExt};

let futurel
let future2

’

async { 1 };
async { 2 }

let result = zip(futurel, future2);
println!("smol_zip: {:?}", result.await);

let futurel
let future2

async { Ok::<i32, i32>(1) };
async { Err::<i32, i32>(2) };

let result = try_zip(futurel, future2).await;
println!("smol_try_zip: {:?}", result);
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SRES R

Rust EH X REHT A —LBANRIE, HRESEREZL2ESRNFLARE, RE
Z W JR1EZ —Z ownership system, EAFIRERAEHNIBERLTEEBANETR, W,
Rust R T —H L RENTREAFOREE, thin&f2. &2, HEEW (mpsc ).
BFEBESE, FUX—BRINANEXETENE, 2T IN EYEH, X—F
ML I H— L RIEELEREZFH—EFNFE,

HLZBEBRNERE, HRRE, X—ENE Cow. beef::Cow. Box., Cell. RefCell.
OnceCell. LazyCell. LazyLock fa Rc, HIBEAIMRIABTELHLRIE, FEET
AT A, EMNEERXNLEHIREHITEE, UEREHEME FZHTNEE

cow A& , & clone-on-write & copy-on-write %S,
cow(Copy-on-write) E— AL A FfRE HEENEAR, BERAETREZNGR,

HEAXBEE, YL NRAE (callers) [FBTiEKAR R B FIRE, AR EZ R —10 TR,
BIAARAERABBRERASZKH, AAT2EEE4—Hal A RAZARE, ME
13 F 2T R0 AR R SR B B R

Rust $# String fo Vec E£X A sA|H T COW, fl4n:

let sl = String::from("hello");
let s2 = s1; // sl # s2 £ZF—MAF

s2.push_str(" world"); // s2 2#A{T5&(E, TEAGLAH —HHNFLE s2
XAFAUBERERERNFHE, MEFNESHRAMER, EaAEFAH AR,




4 BEREDRE

cow MILRE: - AEAAERS, RAMTERA EH - ZERMEES 2NMERERER
— 3R

BRRE: - ERNTEEH, A—EMHAERKL - TARER

FERBELIZRREER, EXTHREKREMRRSBMIDROFZIER, EH cow
DA R EE MERER A,

POEEEY std::borrow::Cow XA E—/NFREIEE, BT 5% % (clone-on-write)
HIThEE: TR UEHEHFREERAKFEART R R, YT EHTERKIRERFTA XA,
© R DUE M Te FE K3

Cow 5LFLT Deref, XEWREMRT UEZEELICRNEIE LRRARTET A, WRE
BHTUE, W to_mut KIRERE|—NERANENTEII A, BERFTRE,

TEAREE origin FRABHEER— cow, R LILE borrowed K—A> &str,
HItwaULEEAE cow AR &str 3%, EAR Cow LMY Deref, TLLEHZNARS| A,
Ebin B #9ARA len fo into:

let origin = "hello world";
let mut cow = Cow::from(origin);
assert_eq!(cow, "hello world");

// Cow can be borrowed as a str
let s: &str = &cow;
assert_eq!(s, "hello world");

assert_eqg!(s.len(), cow.len());

// Cow can be converted to a String
let s: String = cow.into();
assert_eq!(s, "HELLO WORLD");

?%_FEK@C{I]E’J—/\'%’EJL clone B961F, FTHEXMIFEFHFEPHFHFLIEKEKRE F
&

// Cow can be borrowed as a mut str
let s: &mut str = cow.to_mut();
s.make_ascii_uppercase();
assert_eq!(s, "HELLO WORLD");
assert_eq!(origin, "hello world");

XEFEA to_mut BE—ANETESIH, —B s AR, ©aMNBRBHIETF clone —17,
T R B 3K3E _E BT8R,

B 0 B AR B IE F Le 3438 £ 5CF, copy-on-write/clone-on-write BThEE, ®TUAEE
{£F std::borrow::Cow,
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4.2 box

B3—F, beef FEIRME T —/NEMR, BREHN Cow ER, ©rMER A EZfbrEER Cow
185 A A 7R LM
pub fn beef_cow() {

let borrowed: beef::Cow<str> = beef::Cow::borrowed("Hello");

let owned: beef::Cow<str> = beef::Cow::owned(String::from("World"));
let _ = beef::Cow::from("Hello");

assert_eq!(format!("{} {}'", borrowed, owned), "Hello World!",);
const WORD: usize = size_of::<usize>();

assert_eq!(size_of::<std::borrow::Cow<str>>(), 3 * WORD);
assert _eq!(size of::<beef::Cow<str>>(), 3 * WORD);
assert_eq!(size_of::<beef::lean::Cow<str>>(), 2 * WORD);

}

XA F 89 L ERE T T &K beef::Cow B§=F %% Cow: :borrowed.Cow: :from.
Cow: :owned, #rBEE Cow AX=AF%, CAIWEXE|E: - borrowed: EHAEAER
JB - from: MBA RIRE #4122 Owned - owned: B BIEHFTRAR

XA F T 2RI TAREE Cow #n beef::Cow KUZ B XA beef::lean::Cow
FrE NI AN, TUERNTEHIER str X8 Cow, MEMNIREEL Cow =4
WORD, %0 beef::Cow ¥, st — E4EH beef::lean::Cow R & T H/ Word,

cow-utils $TXFRFEH Cow T thik, MEREELT,

Box<T>, B'E &#RA box, 324t T £ Rust T HREHEHBESEE R, Box XN ECIRAE
TAAR, HEBBIERBNBKREANR. Box LHRECNIFSLBEET isize: :MAX
FHHAT,.

CHERMBEE, TENGTFHELE val Mk EBahE]3%E .

let val: u8 = 5;

let boxed: Box<u8> = Box::new(val);

MABLREEMITZ? TENGFREZBIMS| RIEENE LB BIKRE:

let boxed: Box<u8> = Box::new(5);
let val: u8 = xboxed;

WRBMNEEX—NBTNEIELEH, gk, TENARNERTH, BEA List K
INREE, BMFRMEZLBELEES VAR

#[derive(Debug) ]
enum List<T> {




4 BEREDRE

Cons (T, List<T>),
Nil,
}

XANKEFL AT UEA Box T:

#[derive(Debug) ]

enum List<T> {
Cons (T, Box<List<T>>),
Nil,

let list: List<i32> = List::Cons(1, Box::new(List::Cons(2, Box::new(List::Nil))));
println! ("{list:?}");

B &7 Rust RBH— /NI ER ThinBox, BE—NEET, FERNLTEHNLER
i

pub fn thin_box_example() {
use std::mem::{size_of, size_of_val};
let size_of_ptr = size of::<xconst ()>();

let box_five = Box::new(5);

let box_slice = Box::<[132]>::new_zeroed_slice(5);
assert_eq!(size_of_ptr, size_of_val(&box_five));
assert_eq!(size_of_ptr * 2, size_of_val(&box_slice));

let five = ThinBox::new(5);

let thin_slice = ThinBox::<[i32]>::new_unsize([1, 2, 3, 4]);
assert eq!(size_of_ptr, size_of_val(&five));
assert_eq!(size_of_ptr, size_of_val(&thin_slice));

4.3 Cell, RefCell, OnceCell, LazyCell ] LazyLc

Cell f= RefCell & Rust ¥ A FWIRTTZE M (interior mutability) IR NEE LR,

Cell fo RefCell MERAHEEZNTELER, THEEZNTEEENHFEREAN T UZENS
KAVFTEM, BMERESZ5 A, Cell fu RefCell # A FEBEKRIIE T XM AR
#1T. RM, TiLRE Cell X & RefCell A RRZEELZEH (BA1%HF LI Sync) .

Cell<T> AFERERMERAMNEEIIRT, BRELLENE: - Cell FHEFRBEHRAFT
B, REERAIT get fn set AIEHIE], - set AIER AR RER TS| AE R TIBK




4.3 Cell, RefCell, OnceCell, LazyCell #1 LazyLock

Cell B, - ERTRIEMNBAERE, WEHRFH.

TEXAMIFUZT —A Cell, RELEZE x, TR x EATEHN, EERINEBEAR
set AVRMEKEHNE, FEREREN x 95| A y Rt B ERN1E:

use std::cell::Cell;

let x
let y

Cell::new(42);
&X;

x.set(10); // "R

printin!("y: {:?}", y.get()); // %l y: 10

RefCell<T> {7 B RIFW AR EME, AFABITROE G, FNRTHAE
FAERSZI: - 33 borrow 2 borrow_mut A AT AR AL T BER, - fEHAL
FIEAE R 4E R ATVAR, ENS panic, - ERATEESNFERNETE,

use std::cell::RefCell;

let x = RefCell::new(42);

{
let y = x.borrow();
/1 EXMEREN, REFEBLTES A
println! ("y: {:?}", xy.borrow());
}
{
let mut z = x.borrow_mut();
/7 BEEAMEREN, TURET LA
xz = 10;
}

println!("x: {:7}", x.borrow().deref());

WRARF BT #![feature(cell_update)], RIET L E HE:c.update(|x| x +
1)io

OnceCell 2 Rust AR —NER, HFRMIRME ANNETK, ©RAFER
ITEREERANE TS, (BR AT —KR, —BEHREAN, #—H 0B NEZRER L,
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4 BEREDRE

FEESFAR: - —RMEBEAN: OnceCell FARERNIMERBERE N—K, —BEEKE
AN, JEEE NBEE ARR, - Wit : OnceCell ¥FWimiaft, XE%RECRA
EEERASHTMEN. XEFEBEBTRAC ARG AENERTRAER. - %
BZ4e: OnceCell /P TEABELZEHN—RMEE AN, EZEEIFEF, CARRE—
LBV E NE, mEMEKEZENS ANZREW R,

TEXAMIFERT OnceCell ERAAE, BRMBIHEE, KIRWEHER None,
—B it A Hello, World!, BREREZ TR T :
pub fn once_cell_example() {

let cell = OnceCell::new();
assert!(cell.get().is_none()); // true

let value: &String = cell.get_or_init(|| "Hello, World!".to_string());
assert_eq!(value, "Hello, World!");
assert!(cell.get().is_some()); //true

A EHERATESZIE (B M) M b3kE, B4R lazy_static FE A ASEZIXPK
2, B2 Rust FREEHNEET — N ohEE, FHBRIZEATARENRS, KREELR
E #![feature(lazy_cell)] #EaE¥E,

TEE—MEREEF:

#![feature(lazy_cell)]
use std::cell::LazyCell;

let lazy: LazyCell<i32> = LazyCell::new(]|| {
println!("initializing");
46

1)

println! ("ready");

println! ("{}", =lazy); // 46
println! ("{}", *lazy); // 46

TREEMABME, WL EIRESR —RFEENREE S 2R AR BTG
o

BEEELAREAEZELEN WREBEERARELABZR2MWRA KRTXEAR
std::sync::LazylLock:

use std::collections: :HashMap;

use std::sync::LazylLock;
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static HASHMAP: LazylLock<HashMap<i32, String>> = LazylLock::new(|| {
println!("initializing");
let mut m = HashMap: :new();
m.insert (13, "Spica".to_string());
m.insert(74, "Hoyten".to_string());
m

1)

fn main() {
println!("ready");
std::thread::spawn(|| {
printtn!("{:?}", HASHMAP.get(&13));
}).join() .unwrap();
printtn!("{:?}", HASHMAP.get(&74));

Rc & Rust dRBEEFH—NEREIBEH LR, ©4 & std::rc::Rc, A5k “reference count-
ing”’, EATEZ MO EZAERLKIERN, B 5| AT HCRBITIAAEREE,

o ReEHSI AT HBCRERIERMEFENSI AEHE, Y5 HTBEANTN, BESHE
SR,

* Rc AFZA Re I EZHEANKIE, mLTEERFIARNERS,

s Rc NERAEMENBREARTLERN, MERFEZTE M, 7 UEHR RefCell 5 Mutex &
IR =] AL,

* Rc ELEBEHIANTEIINEIR, EARKIARSBEI RITRTEERE,

M SBER TR A THRXAER, STUER Weak 57,
TEXMIFERT Rc WEARERA A, BR clone AT LREHNHAZIIA,

use std::rc::Rc;

let data = Rc::new(42);

Rc::clone(&data);
Rc::clone(&data);

let referencel
let reference2

// data BB FHiTHAALER 3

// % referencel # reference2 # %3, 3| it b

IR Rc ATES M RZARAEHE, BRI RTHCREEMA R

4.4 rc



4 BEREDRE

R BB RERIE, LR TUER LE—FH Cell AAXER, tbin TaEAFIF, AN
{#F Rc<RefCell<HashMap>> R R HXANE K :

pub fn rc_refcell_example() {
let shared_map: Rc<RefCell<_>> = Rc::new(RefCell::new(HashMap::new()));

’

{
let mut map: RefMut<_> = shared_map.borrow_mut();
map.insert("africa", 92388);
map.insert("kyoto", 11837);
map.insert("piccadilly", 11826);
map.insert("marbles", 38);

}

let total: i32 = shared_map.borrow().values().sum();
println! ("{total}");
}

EEBMNRFTA AR TELER Re LI T HIEN TR M,

R Re AE&REZEHN, ST ELENEE, WRELNABLZENER, /R UEA
Arc, FEXANRBBATKRE T —ERTHENE.
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BitESRiE

RYRZERERFPHN—NEERS. EZAEORT, ZNERETRRNTEEANH
FHROR, XS BRBE R RELKER KW R, AT REERLE, FEHT
B #AE,

FIIWRELFREHE: - LF: AREERAZTIORN, A—RZRar—NEE7EH*
ERR E—NAREAN, HASBRTESS TREANGE, RELFTE, - RERE
By R 2 3 MR LR Z IR, TRTERA R —NZWRNERERK, - &REREE:
NMNEBRFEET I NEABENELERT BALSIUT, TELRRRE, - AFHE:
Xt F FIRBGV 1] T BRI #AT.

AT SAREASER, REBEARSRE. BANASRIALAY. B5E &
HEEE,

BT SURIE R — B R — MR T M R 5 R 1558 T bR B 1
SRR, KT R TASIRR ARG, RLF S FIF0 A ToE RS
B, W RIERA RS 22 ANRSRR,

Arc BERIRERI—ER, X—Fi L, RXBENBUREL X TR — TR,
REHBARENBEEFFILRIE, FRAERDEAEHE,
Rust #9 Arc %R ¥ 7 A1t % (Atomic Reference Counting) , —M A F £ &2
BT TR H. CAWESZ M MAREZRIE, FARAREEZEM, Arc HERE
std::sync::Arc, BTHFEEN—ID

fE Rust ¥, BFEFERLT, XEERFMAREEN, EARRBMITEES MUAHRE




5 EESRIE

ik, X2 Arc WARZ M, CENEE EABRAR, FHFERSIAITHCRRER E
WA ERE, HREREZNNREROELITIR,

TEE—NMILENGF, BRTWOEAEAR Arc:

use std::sync::Arc;
use std::thread;

fn main() {
/7 Bl — AT F R
let data = Arc::new(46);

/] BIEWAN%AE, £ Z data #5| A
let threadl = {
let data = Arc::clone(&data);
thread: :spawn(move || {
// ELEFE data
println!("Thread 1: {}", data);
)
¥

let thread2 = {
let data = Arc::clone(&data);
thread: :spawn(move || {
[/ ER—NEEFHER data
println!("Thread 2: {}", data);
)
b

/1 EHETAN G R R
threadl.join() .unwrap();
thread2.join() .unwrap();

}

Arc (RF3|AIT%R) f2 Rc (31 AITER) #8Z Rust FATZ A RNE RS, BE
ITA— LXK 5,

s XIBREME:
- Arc ZARZAEN, TURSHESEETRRIREE, CERARTFRIERE
ol AT, BRI RS NEREZ M,
- Rc FERE&RZ 2N, CRIERTELERE, BATNSIAITTERIERRZR
FH, THRSREZAEBFHNESKZGRRLZLITA,
o MEREFFEH:
- BT Arc FERBRFEEREHI AITER, BT Re, Arc BIPEEEFFEE E Ko
RTFEBIERELIERFBRIEER T,
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5.1 Arc

- Rc EEABIRE P HEEL, BACTKEEZHTRTFEE,
o WA
- Arc FEEATAEHEE,. WRFEELEAEARRPREZTIEHIE, AEXME
A Mutex. RwLock F [ JRiEf Arc,
- Rc WARBEA TRIR$IE, FAACTEREF LG ENNEZEMK,
o SRR EEIITA
- Y Arc 5| AR A ER, BTERRTHN, T©2EFMEREE TR
(bt £ a9 %k3E) .
- Re AR AP I ARV ATHSERBIRITR, BEELZEXEFTRSE
EEE, RACRAEZEHFRIEN.

RZMRBEELZEBENBERTER Arc, BEARENERLTER Rc BT T,

LREBELZEEFEPEZTTHEN, EERKEESMER Arc 2 Mutex, Mutex (B
FP) BATHEEEERZ RA —NRERES F RS ENEIE, T2 —NEENF
F, R TWAMER Arc fo Mutex REZ KRB HZ T HIE:

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

fn main() {
// Q| E— AT R R
let counter = Arc::new(Mutex::new(0));

/] GVESANERRG it B ENE
let mut handles = vec![];

for _ in 0..5 {
let counter = Arc::clone(&counter);
let handle = thread::spawn(move || {
// KRB, Bk R A &A% E T S A
let mut num = counter.lock().unwrap();
*num += 1;
1)
handles.push(handle);
}

/1 AR R
for handle in handles {
handle.join() .unwrap();

}

/7 ATE RSB S
println! ("Final count: {}", *counter.lock().unwrap());
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Arc fo RefCell ZEFERAMNZIRBELEESARTRERAZTIERS, EXFTE
LRH8%E. RefCell AVAEBTHATEALE, BRELARETERAN, ©
F2t& Mutex ARFETI ABIBIFTHH

LT 2—AMEHR Arc #7 RefCell IR BHIF, ER T ESZEREIFEPREEZTTRS, F
EAMMIFREARER, BAMIHFEAE num HRALLE R fo L@ egFlF—+:

use std::sync::{Arc};
use std::cell::RefCell;
use std::thread;

fn main() {
/] AT RFETRER
let counter = Arc::new(RefCell::new(0));

/1 A S A RAE KK it # s W E

let mut handles = vec![];

for _ in 0..5 {
let counter = Arc::clone(&counter);
let handle = thread::spawn(move || {
// R RefCell FKIFRGIA, #EKZITHMENRE
let mut num = counter.borrow_mut();
*num += 1;
1)
handles.push(handle);
}

/] FREPTR &AR TR
for handle in handles {
handle.join() .unwrap();

}

// FTE AT BB
println!("Final count: {}", *counter.borrow());

5.2 EK%ii Mutex

IRBAREA, ERZREES TEHA LN,

Mutex 5 Rust FEIEF8, A THRS &ARH L7 R ZHIE N 88 H I TS HF
Mutex $##4# 7 —fHLE, RAFRADBREL EH R DUE EIE, HARELMESF
NP E &




5.2 BRFHi Mutex

EFCEETR, Mutex LT std::sync B3RTF, TEE—ANEENFIF, ERT fEE
A Mutex:

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

fn main() {
/7 QE N EE TR EYK

let counter = Arc::new(Mutex::new(0));

/] QB ZNEERE T HENE
let mut handles = vec![];

for _ in 0..5 {

let counter = Arc::clone(&counter);

let handle = thread::spawn(move || {
/7 KRB, R R A —ANEAR AT 1
let mut num = counter.lock().unwrap();
*num += 1;

1)

handles.push(handle);

[y

for handle in handles {
handle.join() .unwrap();

/] FREPTH &AES

}

// ATE s 2 Hyit $as B
println! ("Final count: {}", =*counter.lock().unwrap());

}

EXANIFH, counter B— Mutex fRiF (BBE) AT ZEH, REEFER Arc X%
KEHE, EENKED, #EiX counter.lock().unwrap() 3RERB!, HR—KRAE—
NERREBE KT B E, X URREHF LB T AR EZSEMY.

FETEMNR, lock H3ARE—/ MutexGuard, ©E—/NEREFEST, SZILT Deref Ao
Drop trait, 3% MutexGuard #$HEKE, < BFRH, FRELFAIEL TEHRELERE
i€

XEFEEANMRE: - ATEXRERE, — & Mutex &F1 Arc BEEA, X Mutex
N EEGNEEPEBLZ S - lock ARRESEIT Deref trait B MutexGuard
F%, TS BsiMEa A, RTUEZERABERIF YR LA L - MutexGuard 352
T Drop, FTAPIS ENED, —BRATEEHAA drop £
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B Al nightly BRANEY rust 324 T —ANSZEMR A% unlock, shaefe drop —#F, M2

BB E R Bl

Mutex 8 try_lock A&%
FTRMAELERE, XINTEZE

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

fn main() {
/] RE—ATHEZHAR
let counter = Arc:

/7 RS B i R

let mut handles = vec![],

for _ in 0..5 {

.new(Mutex:

RIRRE, MR CLEHEMERRFE, NZEERE Err
R IRER S BB G R AR PR R A A

UT2—MERA try_lock BYfE 45 F

‘new(0));

let counter = Arc::clone(&counter);
let handle = thread :spawn(move || {
// ERIRE, R GR A K ORE 4k £ R B K
if let Ok(mut num) counter.try_lock() {
*num += 1;
} else {

println! ("Thread failed to acquire lock.");

1)
handles.push(handle);

/4

/] FREFTR &R TR
for handle in handles {

handle.join() .unwrap();

}

‘\ T (LL

// ATH S 4t it %

println!("Final count: {}",

}

EXANMAFH, try_lock ﬁ}i?ﬂiﬂﬂ:f’ =
ZOH B RTRA KEE| Bl

HBENE, TUNERITH—

xcounter.lock().unwrap());

WIRER . A RIREVR TN, SAZHL AT UERKIT

FEITEWNE, try_lock AJRRE—/ Result, WEKRERYIKIN, RE 0k B
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5.2 BRFHi Mutex

MutexGuard, ETNERE Err, XESMRE URIERERDIERPUIT AR 9ZLE,

7E Rust 9, poisoning Z—F A TAIELRE panic IR AIRE FPRSHNE, X
MEZREHE S5 Mutex F7 RwLock %k, U—NEREEFRFAEPNIERT panic B, XEh
LSEBPBA—F R —ROORES, BAPNARRSTRELWMBK, WEAENES
1TER, AT EBHRXMIER, Rust BFEEERA poisoning HLEl (£ Ak, BAK
kt, 7E Mutex fu RwLock 1, H—NEREEFFADIHEHE panic, BIRAESBEMRITA
poisoned, Mb/EEMTEEZIRKBEXANPIE, ERSBFE|—/ PoisonError, BRE—
MFRIRBUE B poisoned BIFRE, XA, KETLUSME|Z A1 panic, FHIHATHEM
BIALIE,

Mutex 3@3¥ & LockResult #H H&3* PoisonError XXM IF M. BEA¥R R,
LockResult 8 Err 9% 22— PoisonError, HEF 84—/ MutexGuard, #R= X
#N into_inner AVARIREX MutexGuard, RE%E#E,

LT 2 —ANEENAFF, ERT BB “poisoning”’, AR IN{T L3R :

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

fn main() {
// A — AN T R
let counter = Arc::new(Mutex::new(0));

// A L% AR kit g B e
let mut handles = vec![];

for _ in 0..5 {
let counter = Arc::clone(&counter);
let handle = thread::spawn(move || {
// REB
let result: LockResult<_> = counter.lock();

// ERFRBA, W R IK B K AT B4R iR 1 R
match result {
Ok(mut num) => {

*num += 1;
// EH panic
if *num == 3 {

panic!("Simulated panic!");

}

Err(poisoned) => {
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AN =]

// W "poisoned", 4 FE4LFE
println!("Thread encountered a poisoned lock: {:?}", poisoned);

// KB MutexGuard, #kZ:#1E
let mut num = poisoned.into_inner();
*num += 1;

}
1)
handles.push(handle);

// fj’j; ‘; /ﬂ ){i 7_1 ‘HN
for handle in handles {
handle.join() .unwrap();

}

/7 ATERA T BB
println! ("Final count: {}", *counter.lock().unwrap());

}

EXAEFH, HITERBAERAR 3 i, —PNEEKRESTI AT panic, HMEREEZR
KRERPIE R 258 —A PoisonError, FEH#RAEL X, BAITHE R ER, RAEHER
into_inner A AFRER MutexGuard, ABAMRBIARIEFFEIR, X HMEAET B KALL
IE 5 3thfsE A B,

AIEHTY, BEA MutexGuard 52T Drop T, FTABIAIABE K, " EWEBH
scope KK, BATERBRFEIR, ZELME?

B —M A NART LR A Z— N NI AE R (scope) KRB XM F5HFEIK Mu-
tex BIRKER, EFERB T, MutexGuard J5&E B FEREN B BKS, XEER
1E F 33k B 25 FF i i &2 89 Drop trait B9S2,

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

fn main() {
/] RE—ATREHTREY
let counter = Arc::new(Mutex::new(0));

// B2 %NEARKIE it BB E
let mut handles = vec! [1;
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5.2 B Mutex

for _ in 0..5 {
let counter = Arc::clone(&counter);

let handle = thread::spawn(move || {
/] HN—ANFAER S
{

// KRB

let mut num = counter.lock().unwrap();

*num += 1;

// MutexGuard 7E3X/MEJF 345 & it B 50 B k4
}

/] EXE, SEEWEK
// F B DL AT H A e

1)
handles.push(handle);

}

11 B A SR
for handle in handles {
handle.join() .unwrap();

}

// FTEI SR Wt 88 1A
println!("Final count: {}", *counter.lock().unwrap());

}
E_fhAERMEIS drop 3F unlock, U T E—ANERF5IFIK Mutex BIfF|F

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

fn main() {
/7 BlE—ATHF WA H
let counter = Arc::new(Mutex::new(0));

// BV S ANS%AE R T $ B iE
let mut handles = vec![];

for _ in 0..5 {
let counter = Arc::clone(&counter);
let handle = thread::spawn(move || {
// KRB
let mut num = counter.lock().unwrap();
knum += 1;
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/7 FRREALILIII
drop(num) ;
1)
handles.push(handle);
}

/] FRETR R AR TR
for handle in handles {
handle.join() .unwrap();

}

// FTEN SR A1t # i
println! ("Final count: {}", *counter.lock().unwrap());

}

Mutex ZREABD? NIZAE, BREE AL EIRCAREXNITA, FIARER
BER—NERTRRFRY, WREEERATEAND, HERARERENBNE=FH
HERE, ANEEIENERE B RWMutex,

5.3 1E5%i RWMutex

RWMutex & Rust FEIZE 8 (Read-Write Lock), A ZANEER N REREZHIEN
B RIAXFR, (BEAES NS, XERE 2 /N2 T R EEEE, ERAE—A
SRR E ANEIE, BB ARRAFEMEREIZERKE A,

REPR—RERETENZRT:

s MEEVWIER: YEANKERTERNEREZRIERE ANRERIE, #FH
RWMutex T A EH L MR, ZNEETURNREIZERY, mEABRESHE
AT,

o R NFRRPRNERL: WRERTFNZEF, SEBIRIEME NERE
B, RAME, IRLER RWMutex =] LUE 470 3 & M AE,

s RRLMARKME: YEEA—BRINEAARAFIRER, REES —BNEAR
VB AR, RWMutex o] AR & R IE M4

T Z1E A RWMutex B9F:

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

fn main() {
/] RlE—ANTIZH T AL, #)F RwLock &%
let counter = Arc::new(RwLock::new(0));



https://github.com/rust-lang/rust/issues/32260

5.3 EE i RWMutex

/7 Al S SRR K EBUT S E
let mut read_handles = vec![];

for _ in 0..3 {
let counter = Arc::clone(&counter);
let handle = thread::spawn(move || {
// KB
let num = counter.read().unwrap();
println! ("Reader {}: {}", thread::current().id(), *num);
1)
read_handles.push(handle);
}

/] BlE—NEEXRE N ITHENE
let write_handle = thread::spawn(move || {
/! HKBE N
let mut num = counter.write().unwrap();
*num += 1;
println! ("Writer {}: Incremented counter to {}", thread::current().id(), *num);

1)

/] FAEPTH BB AAR TR
for handle in read_handles {
handle.join() .unwrap();

}

/] R ENGRE E R
write_handle.join() .unwrap();

}
CHERMEFPEM, RARTFERA read() AVERFBEB, FEA write() &
RIFE Bl

BE YA U THME: - 2SR UERRERS, KIHLE - RAE-DEETUR
REH, ERMEH - mREZLRIMT #8, WAERRRE B, FEHEETS - R
ZIRRT 59, WA EFREBRBHE B, 5k ENHIEF LIRS

WR—ANEBELFAE D, MA —NEEBEREH, CAMEFLPRFER, Xk
S NBREHITH, RAEEMAREYRNTA R, SOHA T NEZHIENTS AR
B R AR & 8

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

fn main() {
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}
B t—

15k

/] QI E—ANTERZH T AL, #FF RwLock %

let counter

/7 4

Arc::new(RwlLock: :new(0));

| — A AR

let read_handle = {
let counter = Arc::clone(&counter);
thread: :spawn(move ||

};

//

)

il &

// FRIECEH
let num = counter.read().unwrap();

println! ("Reader {}: {}", thread::current().id(), *num);

/7 RERAE WL B 1E
thread::sleep(std::time::Duration::from_secs(10));

AR R B 4

let write_handle = {
let counter = Arc::clone(&counter);
thread: :spawn(move || {

};

)

/7 B~ NERE, RS E SRR
thread::sleep(std::time::Duration::from_secs(1l));

2R B G 4
// HE: XESEHATHHBEK
let mut num = counter.write().unwrap();
*num += 1;

println! ("Writer {}: Incremented counter to {}", thread:

/] ERHEFEWEREMENELE TR
read_handle.join() .unwrap();
write_handle.join().unwrap();

>,
7

//

EEPERE, ﬁﬁ%mu%mkﬁ%

ERRFHAE K, BFETENATF

Bl —

M ERFW T R B, #H Rwlock 3%

let counter = Arc::new(RwLock: :new(0));

/1 Rl EAEFR Y
let read_handle = {

scurrent().id()

CEESHFSHRKR? AREEER




5.3 EE i RWMutex

let counter = counter.clone();

thread: :spawn(move || {
/] RB Y
let num = counter.read().unwrap();
println! ("Reader#l: {}", *num);

// PRERE DA 1E
thread::sleep(std::time::Duration::from_secs(10));
)
b

/] Bl E—NERIEFERES B
let write_handle = {
let counter = counter.clone();
thread: :spawn(move || {
// RER—/NECEE ], AR AW AR
thread: :sleep(std::time::Duration::from_secs(1l));

/7 FRIKIE
let mut num = counter.write().unwrap();
*num += 1;
println!("Writer : Incremented counter to {}", *num);
)
b

// Bl —ANEARF R
let read_handle_2 = {
let counter = counter.clone();
thread: :spawn(move || {
// R —/NERETE, BRE 9B AR
thread: :sleep(std::time::Duration::from_secs(2));

/7 E R
let num = counter.read().unwrap();
println! ("Reader#2: {}", *num);
1)
b

/] FHEEREETENEE T K
read_handle.join() .unwrap();
write_handle.join().unwrap();
read_handle_2.join() .unwrap();

R —MIHF L mEFBE W, "TREA A RwLlock AR LN T, — MR
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MBI RE, — NEAEREFARBNERLTZRARRE S, A MEEFA5I0E

RIFEIED, FRELMEE S,
LT 22— AERNFF, ERT TRESE Rwlock FEBIEIIE:

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

fn main() {
/ Bl ATEENTEER, #7 Rwlock 4%
let counter = Arc::new(RwLock: :new(0));

/] QI BE—NEBEFAFES, ZREWE
let read_and_write_handle = {
let counter = Arc::clone(&counter);
thread: :spawn(move ||
// RN
let num = counter.read().unwrap();

println! ("Reader {}: {}", thread::current().id(), *num);

// ZRABEH, XoFHIALHN
let mut num = counter.write().unwrap();
*num += 1;

println! ("Reader {}: Incremented counter to {}", thread:

})
}s

/ BIE—NEEFA T, ZRRBUEY
let write_and_read_handle = {
let counter = Arc::clone(&counter);
thread: :spawn(move ||
// REEH
let mut num = counter.write().unwrap();
*num += 1;

println! ("Writer {}: Incremented counter to {}", thread:

// ZFRRBOEM, X2 F R
let num = counter.read().unwrap();

println!("Writer {}: {}", thread::current().id(), *num);

})
}s

/ FERHEERE TR

read_and_write_handle.join().unwrap();

rcurrent () .id()

rcurrent () .id()




5.4 —RMJIAML Once

write_and_read_handle.join().unwrap();

}

#1 Mutex —#f,RwLock 7 panic ST AT HE RS, ERIETE, RAE RwLock
Wik NE ANPUER & 4 panic, EX&FEF, WRAEE reader ¥4 4 panic, %
NASHE,

JREZ: - RwLock #F %/ reader [ B FREGES, 223 H 89, - R FE— reader
panic, EihiZHERRIFA LD, FIARBEERSIRCATH, - RA YRIAER SN
A E B4 4 panic, B T2 A HARFA D, X T ULZEMERSIRCAFE,

Frid4zt RwlLock R&&EM ERE A4 4 panic lfF%, i reader panic 745K
h#, XZfH RwLock 35 8 XURE W,

XAPHLE T B R A R ENTE, B SN ESZ BAREEPMH, R E—H
FA#E panic TR REAMIREE, RAMESHEEHFHREE,

std::sync::0nce & Rust PR —fMH LR R1E, A TFHREZMEEEERENMEFEGRA
NRPAT—R. Once TEH TEL LBFREPRITRMNAE, HARIZAEREHIT
—R, BIEAR ZANEEREZRAMITE,

UTE#ER Once B9—/M3lF:

use std::sync::{Once, ONCE_INIT};
static INIT: Once = ONCE_INIT;

fn main() {

// @it call_once FiE#HMFENEMERIAT—K
INIT.call_once(|]| {
/] X BEFEIAT R A R A
println!("Initialization code executed!");
1)
// ZJaFERA call_once, #iEMARA RS FRMAT

INIT.call_once(|]| {
println!("This won't be printed.");
1)
}

ERZR: - @RMEL: EEFENRNPT - L2BMBLERE flumsiteRE
B, mBEESF, - Wi EFENTRENEL, floRnike/EE, - 24
R #EH Once AIUEKALABLZLNEFRN, BMEENINIZERMEFEFRARAN
RPEAIR—Ro
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TEXAMIFEFREENAF, SAEHNHLR[EENDR:

use std::sync::{0Once, ONCE_INIT};

static mut GLOBAL_CONFIG: Option<String> = None;
static INIT: Once = ONCE_INIT;

fn init_global_config() {
unsafe {
GLOBAL_CONFIG = Some("Initialized global configuration".to_string());
}
}

fn get_global_config() -> &'static str {
INIT.call_once(|| init_global_config());
unsafe {
GLOBAL_CONFIG.as_ref().unwrap()
}
}

fn main() {

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

println!("{}", get_global_config()); // & =it 224 —n
}

FEXAMIFH, get global config & #k:# ¥ Once #fk init global config KRS
WA—R, MmEAT 2/KEE .

F—FHRNVFENLT OnceCell #n OnceLock, BAIERZ R —HE 89 E XA H &K R
&, FEXF|RE: - Once A THRGRENMREARNMER £ G RBRRPIT RHRIE,
CEATE2RMEN. WmRAEFIERNER R, - OnceCell 2 —NEHATEMEFELR
HITREAMMEBREE, TUEFERNPT ORMESENL, FEZ G REXNIEER
18], - OnceLock 22—/ N A TARLZE2NMMEARIE, EMTF OnceCell, EZE
a8, HAEAfE Copy XA MEUE,

OnceCell FE&BL4AH, M OnceLock B&IEZ LM, EE OncelLock R EEffiE
Copy XA E$k#E, M OnceCell W AFAEEE A B $kIE,

FRE—AES ZERNE=FE once_cell, BRMTARELZLMERBRLNAMN
EAH OnceCell, tbin FTEE —NEREL LB T

use once_cell::sync::0nceCell;

static CELL: OnceCell<String> = OnceCell::new();
assert!(CELL.get().is_none());
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5.5 R[E/HMi*Z Barrier

std::thread::spawn(|| {
let value: &String = CELL.get_or_init(|| {
"Hello, World!".to_string()

1)

assert_eq!(value, "Hello, World!");
}).join() .unwrap();

let value: Option<&String> = CELL.get();
assert!(value.is_some());
assert_eq!(value.unwrap().as_str(), "Hello, World!");

5.5 RIE/H1= Barrier

Barrier 2 Rust /o P —THF L RE, ATESZNERZEMUR—RP <. EL
WENGREENR LSS, BIMALRTIRZR, REENTURKNELERIT,

TEE2—MEA Barrier BYf]F:

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

fn main() {
// BlZE&—/ Barrier, #E 5 5F PN E&EHE
let barrier = Arc::new(Barrier::new(3)); // /055, H 3 422 5E 5

// Rl 2% NN%AE
let mut handles = vec![];

for id in 0..3 {
let barrier = Arc::clone(&barrier);
let handle = thread::spawn(move || {
[/ B — BT
println!("Thread {} working", id);
thread::sleep(std::time::Duration::from_secs(id as u64));

// EAEEF|EEF A
barrier.wait();

// PATRE ¥ B8 1%E
println!("Thread {} resumed", id);
1)

handles.push(handle);
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/] R SRR R
for handle in handles {
handle.join() .unwrap();
}
}

EZXANMFH, BlET —A Barrier, HEETSE5RPNEEHEN 3. RE, BE
T EAAEE, SNKREEN—®TIE, REAA barrier.wait() REFHMEKRE, Y
iR &RBEAR T wait /5, AR SLS$4T,

FERZE - FTHE: YTZRERENEEBEENE LAY, UERTEEITESRMES
B, WTLAMEM Barrier, - xRS BERF: A—LEEP, AEEESANISE, S4NF
B RTR T H P BHRZRK. Barrier TUA THEMAEXEZRYNPEE
BRET—F, - hRATENME: EZMENES ST, = EA Barrier XE#H &N
MR,

Barrier fy R EMHERCEMASNERNPUTRENIEE AR A,

A4, Barrier o AJEEME 1S ? — B FrA &KARERAN wait A IRX B &5, Barrier
WREE, TUBXER, XMEERERZEHN,

L TR LARERA A wait A3%5/5, Barrier IRIPRSSWEE, T—KIAHA wait 5%
i, XRESEFWAE, EIFFALAEBXRERARY &, XA, Barrier o UAEEIRME
B, ATZ#®HREY,

UTFZ2— M2, BT Barrier B9/EIRME :

let barrier = Arc::new(Barrier::new(10));
let mut handles = vec![];

for _ in 0..10 {
let barrier = barrier.clone();
handles.push(thread: :spawn(move || {
println! ("before waitl");
let dur = rand::thread_rng().gen_range(100..1000);
thread::sleep(std::time::Duration::from_millis(dur));

//stepl

barrier.wait();

println! ("after waitl");
thread::sleep(time::Duration::from_secs(1l));

//step2

barrier.wait();
println! ("after wait2");

86



5.6 4% & Condvar

}

for handle in handles {
handle.join() .unwrap();

5.6 4T = Condvar

Condvar & Rust /R EHPH&MHZE (Condition Variable), FBT&ES KR 84T
LRRENMEFERE, FETEATSESEEMITORMGRL, YREHER, &
2 7T LUWE P BE I 4K 40 04T

T & Condvar 89—/ MjlF:

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

fn main() {
// BlE—/~ Mutex #o Condvar, AT ZHhAF&AE W
let mutex = Arc::new(Mutex::new(false));
let condvar = Arc::new(Condvar::new());

/1 GE SN
let mut handles = vec![];

for id in 0..3 {
let mutex = Arc::clone(&mutex);
let condvar = Arc::clone(&condvar);

let handle = thread::spawn(move || {
// KB Mutex #f
let mut guard = mutex.lock().unwrap();

/] GRFHFLHLEN true
while 'sguard {
guard = condvar.wait(guard).unwrap();

}

/7 AAE R AT B AR

println!("Thread {} woke up", id);
1)

handles.push(handle);
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thread::sleep(std::time::Duration::from_secs(2));

{
let mut guard = mutex.lock().unwrap();
*guard = true;
condvar.notify_all();

}

for handle in handles {
handle.join() .unwrap();
}
}

EXAME|F, 8122 T —/ Mutex fo Condvar, H& Mutex B TRIFHZRES (&H),
M Condvar A T5AFforfE 542, £ NEARAE Mutex EhnBiUE, 3 condvar.wait()
FIRFERFEMHHRE, RREZEEPBREMSF, 3B condvar.notify all() “EE
Fra ¥ &AL,

ER%R - &RERY: Condvar TUATAREIBNEY, EEAREBFLFENK
HrE LA R IR E, - £ F-HRERY . ESARIEY, £ FAETLGE
REMATERMERELABANNEET £, - &M ELEMT, EFEERETUF
REGEE, FAMNESDANBRRERNT,

TEFENE, £/ Condvar i, BEEZES Mutex FH, UHRKESFHFOBERE
AT 2,

Condvar ®[ LB IAA notify_one() ARRALHBEST. 4 notify_one() AEMIA
FEF, Condvar KFENERE —NEEZFESHNERE, HBKIZEME, Condvar HFIX
FHRFA notify_all() AlEkRAHES., % notify_all() A=#AMAMK, Condvar
SRR EEEFE 5 N,

BAINET OnceCell F1 OnceLock, HRATENBHANEME A F MR+ LR B
LazyCell fo LazyLock,

Rust 8y LazyCell #7 LazyLock & Z R FHIE MBI F 8 TR, LazyCell A THiIE
Wia11E, LazyLock A -THiIE ¥ 1L TR,

=il 2B WAL AL KfEZe
LazyCell HUIB#I%LIE B — R 9] S
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i) A& PR LB AERS

LazyLock fiE#%1LITR FREEBY =
OnceCell BB ERE F—KAH get_or_init() A&
OncelLock MIBWBHERS F—XAH lock() A&

5.8 Exclusive

Rust F Y Exclusive Z2—MNATFHRIEENTRRBE—NEE T W ITHE, Exclusive
TGRS std::sync: :Exclusive R{EH,

let mut exclusive = Exclusive::new(92);
println! ("ready");
std::thread: :spawn(move || {
let counter = exclusive.get_mut();
println!("{}", *counter);
xcounter = 100;
}).join() .unwrap();

#1 Mutex A4 X3|? Exclusive (XIEHMNEEENTE GG, HRANEEENE
SE, ERARENEREENATEREZH,

BAXTREERREIASR A, (BT Y Exclusive TEAHSZEL Sync, B _E, Sync 8y
ZAEERE T Exclusive s, BAMT UL 2B EELE, Wl Z L, &Exclusive
BERARA RSN ERLN, B TRITEIE, &Exclusive SZAENT AP, EHTH,
ArEE FERRERE,

XANERT R — nightly BSCRRMERE, FTXABMNABEERESEEIFER,

mpsc & Rust FoBE R —/MESR, #ET ZE£7H. £H%FHE (Multiple Producers,
Single Consumer) BJH E{£33# 38, mpsc & multiple-producer, single-consumer
5, XAMMEIRET channel BETH BERAGEN, BAEEXT =R - Sender:
R#EE, AT RV AZXMR.-SyncSender: R# &% &, A TR A3%ME,-Receiver:
#lk#E, FATMME} channel 5% channel THEWKEE, REEA—NEEE,

Sender = SyncSender FF[a Receiver X% ##E, #ft sender &2 clone By (%
E7E), XEZNERER T LR E— receiver(BH % H) &,

XESRE A RMER: - K, TIRE P X BEE, channel RFIERE—A (Sender,
Receiver) o, HP A RKX KRR I CKAMEE), ZBEEMS LEA TIRINE
HX,- B8, ARMEE sync_channel R#JFREI—4 (SyncSender, Receiver)
TOH, FREEERNEREE—NEERINITLEREFTK, FTAEXZXKERERTHN, B
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RHEZEINAZRNEFTXEE, FERHERNG 0 WEAVFH, XEGERBETR A
“HE B, BNRET R REERRGEKT .

FERSE - HRHRER: ERATENERE (E7F) m—1&E CE%E) REBR
W37 R, - ESWE: A TR AN RIESHPITRE,

H Y EF3 rust B9 mpsc, FEEF Go B channel /ELLE, ZESZ L rust B9 channel /£
ARERMIEF R R,

— /MBI B8 channel Al F0 T :

use std::thread;
use std::sync::mpsc::channel;

// Create a simple streaming channel
let (tx, rx) = channel();
thread: :spawn(move|| {
tx.send(10) .unwrap();
1)

assert_eq!(rx.recv().unwrap(), 10);
NS EFEEHBENGT

use std::thread;
use std::sync::mpsc::channel;

// Create a shared channel that can be sent along from many threads
// where tx is the sending half (tx for transmission), and rx is the receiving
// half (rx for receiving).
let (tx, rx) = channel();
for i in 0..10 {

let tx = tx.clone();

thread: :spawn(move| | {

tx.send (i) .unwrap();

1)

for _ in 0..10 {
let j = rx.recv().unwrap();
assert!(0 <= j & j < 10);
}

—/NE# channel B945]F:

use std::sync::mpsc::sync_channel;
use std::thread;




5.9 mpsc

let (tx, rx) = sync_channel(3);

for _ in 0..3 {
// It would be the same without thread and clone here
// since there will still be one “tx" left.
let tx = tx.clone();
// cloned tx dropped within thread
thread: :spawn(move || tx.send("ok").unwrap());

// Drop the last sender to stop ‘rx° waiting for message.
// The program will not complete if we comment this out.

// *xxAllxx “tx° needs to be dropped for ‘rx° to have ‘Err’.
drop(tx);

// Unbounded receiver waiting for all senders to complete.
while let Ok(msg) = rx.recv() {
println!("{msg}");

println! ("completed");
KR IBRRIER T, receiver £UkZ| error:

use std::sync::mpsc::channel;

// The call to recv() will return an error because the channel has already
// hung up (or been deallocated)

let (tx, rx) = channel::<i32>();

drop(tx);

assert!(rx.recv().is_err());

£ Rust FroEE S, BHEDRA AR A A MPMC (Multiple Producers, Multiple Con-
sumers) 3B, std::sync::mpsc HEIREMAER—IHFHEE, TERH TR
Aot BERYE R,

it E, MPSC BE M SZIARX ARG 8, TUER S EIFTHMEEER, FRER
ZIERNTREHN, R, MPSC BENFERZRERNEIN, HlinEXREtPAE—AME
ZEAF, ZANEFBRESHEBRIF, MENETEE N TRITXEMES,

ARBRELTINETFNBE L W =7 ERMHN channel AR EMBREFRIE, 40

oneshot. broadcaster. mpmc %,

R mpmcHINEE, AATEY rust FOEENZESILT mpme, XANEREMEBIAR
P B R A,



https://crates.io/crates/mpmc

5 EESRIE

5.10 {§S& Semaphore

brAEEF IR A Semaphore BISZH, BEXNRERZIFEFRAN—NDHLRIE, EiLLE
RiZEXBNE,

EEX—FAFEERST, MBERMKE tokio PNAEFESH, E—NEIIHSEHIF
ERE (BTHEXEES), FIATEXNETEZIINET .

ANE T Z R E R FE B R REON R,

5.11 [FEF#E{E atomic

Rust P8R F#1E (Atomic Operation) Z—F4FFREGERITE, o DUE S KRRIRIEF R
FAHNHT, RS HMERRRIETE ., RFBRETCUREBEENEEZ M, &
TEBEEE

FE Rust 9, std::sync::atomic #HRME T — A5 A TFRFBENEB R, RTF
BIER — MR ERIE, TUEZ SBRIEPRMPIT, AT EEATIMIB

atomic W AR T &MIZ T, Flan: - MEEMEN—EKME, - LS ANERER B SRE
/l\'fﬁo - iﬂﬁﬁ%ﬁo

B BT Rust JR 72X AEES5C++20 atomictE R AN, BEARKIRHMZ atomic_ref, &
AL, 812 Rust RFERABN—NEZFIA HETE C++ PAE—/ atomic_ref;
LHZI|HNAESRERLE R atomic_ref AWM, (— MBI EBARECLTT
T3 A ER Rust RFER, FAMN C++ P “RFXNL”, BT ERRIERTF
BT, )

XANER A — B ERERAEXTRFRA, ®FE AtomicBool. AtomicIsize.
AtomicUsize. AtomicI8. AtomicUl6e %, R FRAE MM BIEEEAME R
DATE 242 B B 25 B 37,

AtomicBool A boolean type which can be safely shared between threads.
Atomicl8 An integer type which can be safely shared between threads.
Atomicl16 An integer type which can be safely shared between threads.
Atomicl32 An integer type which can be safely shared between threads.
Atomicl64 An integer type which can be safely shared between threads.
Atomiclsize  An integer type which can be safely shared between threads.
AtomicPtr A raw pointer type which can be safely shared between threads.
Atomicus An integer type which can be safely shared between threads.
AtomicU16 An integer type which can be safely shared between threads.
AtomicU32 An integer type which can be safely shared between threads.
AtomicU64  An integer type which can be safely shared between threads.
AtomicUsize  An integer type which can be safely shared between threads.

5.1. #IE54%%

AT R A —NOrdering2, L RZBIENATRENRE, XEHFS5C++20
BETFHFAER, £%{E R 1ES Hnomicon,



https://en.cppreference.com/w/cpp/atomic
https://doc.rust-lang.org/std/sync/atomic/enum.Ordering.html
https://en.cppreference.com/w/cpp/atomic/memory_order
https://en.cppreference.com/w/cpp/atomic/memory_order
https://doc.rust-lang.org/nomicon/atomics.html

5.11 [EFR{E atomic

RIZEBALREBRRZEHAT (ZIT Sync), BEARF FERHEIHFNA, B Rust B9%
R, AZ-PMRFEERENOFTRAZLECKE - Arc F (—DNRFII AT
B FHEE,

BFERGTUGMBERSTED, FH% AtomicBool: :new XHEEYF BRI B W44
., RFRASTERE A THIEN2BMAEL,

KMNMBEERT, XINMERA—BEARLREXT RFRA, ®IE AtomicBool.
AtomicIsize, AtomicUsize. AtomicI8. AtomicUl16 &, HSZ&—FEMAAEHR
ELEEMA, FTARATL AtomicI6d MM4E, "L pub const fn new(v: i64)
-> AtomicI64 5E|—A AtomicI64 X%, AtomicI6d EX T —&H% ATXHEREF
TEFHTERE, Flun:

// 164 F2 AtomicI64 9%k, VLK — X % 2 8] 8 4% i

pub unsafe fn from_ptr<'a>(ptr: smut i64) -> &'a AtomicI64
pub const fn as_ptr(&self) -> xmut i64

pub fn get_mut(&mut self) -> &mut i64

pub fn from_mut(v: &mut i64) -> &mut AtomicI64

pub fn get_mut_slice(this: &mut [AtomicI64]) -> &mut [i64]
pub fn from_mut_slice(v: &mut [i64]) -> &mut [AtomicI64]
pub fn into_inner(self) -> i64

/1 BF#eE

pub fn load(&self, order: Ordering) -> i64

pub fn store(&self, val: i64, order: Ordering)

pub fn swap(&self, val: i64, order: Ordering) -> i64

pub fn compare_and_swap(&self, current: 164, new: i64, order: Ordering) -> i64 //

pub fn compare_exchange(

&self,

current: 164,

new: 164,

success: Ordering,

failure: Ordering
) -> Result<ib4, i64>
pub fn compare_exchange_weak(

&self,

current: i64,

new: 164,

success: Ordering,

failure: Ordering
) -> Result<ib4, i64>
pub fn fetch_add(&self, val: i64, order: Ordering) -> i64
pub fn fetch_sub(&self, val: i64, order: Ordering) -> i64
pub fn fetch_and(&self, val: i64, order: Ordering) -> i64
pub fn fetch_nand(&self, val: i64, order: Ordering) -> i64
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pub fn fetch_or(&self, val: i64, order: Ordering) -> i64
pub fn fetch_xor(&self, val: i64, order: Ordering) -> i64
pub fn fetch_update<F>(

&self,

set_order: Ordering,

fetch_order: Ordering,

f: F
) -> Result<i64, i64>
where

F: FnMut(i64) -> Option<i64>,
pub fn fetch_max(&self, val: i64, order: Ordering) -> i64
pub fn fetch_min(&self, val: i64, order: Ordering) -> i64

WMRMRAE — SR TFERENEM, AR LR FREUARCININEMT: - store:
BFE A - load: JRFiEE - swap: JRF X - compare_and_swap: R FHLREH X -
fetch_add: RFIVA/E3REIBE

TEXAMIFERT Atomicled ByEARFiElE:

use std::sync::atomic::{AtomicI64, Ordering};
let atomic_num = AtomicI64::new(0);

/] BT in#E
let num = atomic_num.load(Ordering::Relaxed);

// BT hnsE 3R EH A
let old = atomic_num.fetch_add(10, Ordering::SeqCst);

/1 BT EH e
atomic_num.compare_and_swap(old, 100, Ordering::SeqCst);

/] BT R
let swapped = atomic_num.swap (200, Ordering::Release);

/BT A b
atomic_num.store(1000, Ordering::Relaxed);

LT HERE|T : - load: JR-FMME - fetch_add: JR-FhnAH3REIH/E - compare and swap:
JRF LRI XM - swap: BT X4 - store: BTk

XY RTFIREHTUARSERZ S, FT2HABETE.
AREE Ordering XTRWHFFARRBENFR, = DURIER 2i14F,
AtomicI64 $2M# T FEHRTHAM, FTUALILYH I L B A EIRLEM
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7£ Rust #, Ordering & H THH ERFERFENAANGERERE (memory ordering) , 3X
5 C++ WNEER PR FREINFEAE —SAENZL, Bt -2 R A2, TE
#Z Ordering I=NEERAUREAES C++ PHRAFINFHN R X A

1. Ordering::Relaxed

» Rust (Ordering::Relaxed) : ZRERNAGTRRE, ZAIBUITINFZ/TERS
HF. AFRERALERERTFREFARMTHESESR,

* C++ (memory_order_relaxed) : EAMAMAIEX, AFmFRMAGCIEZER
FRIERARE#ITRERNTESEH,

2. Ordering::Acquire

* Rust (Ordering::Acquire) : #HA—NRBRAGRERE, FFlLESNRBRIERKE
HEF B M RIREZ R, FALR B ATERME Z AURY TR SLERERVEARAE Y AT HAF Z RTPUAT

+ C++ (memory order acquire): £ C++ ¥, memory order acquire & <3k
ERIRME, HAfR Y ATHERAME Z AT A IR BRVEERE AU E Z AU BT,

3. Ordering::Release

* Rust (Ordering::Release) : #HA—MERAGTRERE, WL AINESBRIEHE
HEF R URIRIEZ G, MAGRYRIRIEIENATE SR EERE SR BT,
¢ C++ (memory_order_release): 7 C++ ¥, memory order release &

REAE, R AT G BRAEERE Y RIBIEZ EPUT,
4. Ordering::AcqRel

* Rust (Ordering::AcqRel) : #EA—NRBBEKRRNTRERE, Bk S AIRIEZR
BIFT R R ERIRVEARE S AU RMEZ RIPT, XAGRZIBIMFTA 5 R EERE L RiiR1E
Z T, XMAGFRERMET —M P4, SR TEERBRABKREREREHT
:RPZ/b=g

« C++ (memory_order_acq_rel) : H&RIRBBERZE, CRRBRMABEKNA
o FARY BRI ZATHIFTR IR BB FERE Y ATHREZ ATPUT, RIBTAARZ AR
FT R 5 #/FERE S R IEZ B ]IT,

5. Ordering::SeqCst

« Rust (Ordering::SeqCst): IEA—N2FAGFRERE, (RILFTA &EMEER—
ROBREINTF. EREBAAFRT, ATEHEFHRD,

+ C++ (memory order_seq_cst): £ C++ F, memory order seq cst &k
SFHE, RIETAXEREER —RNBREMF, 2 C++ PFHREBRNARFTIN
o

& I2¥6FE Ordering * UERAREIRE AL, RNRIEFEENANTRF AR,

B2 SIEHRE, XRBTAENERKNT, ERARTFHRENTEIS, #Hk
IERaHE$FIE 4 By Ordering, UARBETESKUFHRE LS,
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12 Go i8S, H¥MHFAT Ordering::SeqCst FEACHBRANNERE, FAEFER
RRBEACERET, ERFOREEFMUNER Ordering, WHRIR—Z M
B T AR EYRESZ 840 Ordering BYE X,

Ordering::Relaxed BEERRZERWANFINTF, AT IFHRALERERFRERARD
ITIRAEH, RIREBFOBUTIG . X3BE EXNERFPATRIRF A ZHREREER,
UIRIE B B P RE,

LT 2—AERNFF, BT Ordering::Relaxed BYF%:

use std::sync::atomic::{AtomicBool, Ordering};
use std::thread;

fn main() {
// GlE—NETFARE

let atomic_bool = AtomicBool::new(false);

/) GlE—ANEFHEERE, REMRMEN true

let producer_thread = thread::spawn(move || {
/] XEHEGEHEASEH, AR T Ordering: :Relaxed
atomic_bool.store(true, Ordering::Relaxed);

});

/] QI R, REA R A

let consumer_thread = thread::spawn(move || {
/) ZEBEALHHRASE, BAERAT Ordering: :Relaxed
let value = atomic_bool.load(Ordering: :Relaxed);
println!("Received value: {}", value);

1)

/] SRR R R
producer_thread.join().unwrap();
consumer_thread.join().unwrap();

Ordering::Acquire 7£ Rust P RITIEA—DNREBAFHFIE, #R L RIRIFZIATE9FT
A IRBREEE Y RRFZ AT, SNAFINFEFER TR A ZHIE, UmkRLRE
AERS IEAAIL LR B 2 AT 89 5 N 1E.

UTFZ—AMER Ordering: :Acquire BYfETEM4]F:

use std::sync::atomic::{AtomicBool, Ordering};
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use std::thread;

fn main() {
/7 BE—ANRT A RE
let atomic_bool = AtomicBool::new(false);

/] RlE—NEFHEE, REARMEN true

let producer_thread = thread::spawn(move || {
// KEATREN true
atomic_bool.store(true, Ordering::Release);

1)

[/ BlE—ANEFHLEE, BRA RENRAS
let consumer_thread = thread::spawn(move || {
// ERFEFEHE A RMEN true
while !atomic_bool.load(Ordering::Acquire) {
// EXEVH#ATE R, HEIKBE Acquire V)7 Hy A /R1E
// EE: EERNRAY, AR ESHRNEYEENAEE T

println! ("Received value: true");

1)

/] FERFEEAE TR
producer_thread.join().unwrap();
consumer_thread.join().unwrap();

Ordering::Release 7£ Rust PR REA—NMNERAFFERE, HBERIBNESAE
YRR Y ARIEZ EPUT, XNAEFINFRE R TR XFLHE, AR AINE A\#
YEX H At A2 7T Woo

U T Z—AMEH Ordering: :Release Bf& M5 F:
use std::sync::atomic::{AtomicBool, Ordering};

use std::thread;

fn main() {
/] AE—NEFH M
let atomic_bool = AtomicBool::new(false);

/] RE—NEFHEEE, KER/REN true
let producer_thread = thread::spawn(move || {
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// REAREN true
atomic_bool.store(true, Ordering: :Release);

1)

[/ RIE—ANERE SR, REARENRAS
let consumer_thread = thread::spawn(move || {
/) SAEHIEBEAREHN true
while 'atomic_bool.load(Ordering: :Acquire) {
// KB RRVEAT B e, HE|IRIE| Release ¥ H:
/) EE: EEBENRAYE, TUERE RN E L RIETFZ B T

println! ("Received value: true");
});
/1 TR AR TR
producer_thread.join().unwrap();
consumer_thread.join() .unwrap();

}

EXANMFr, £FFREHER store AR /RIEREN true, MEHEXRREMER
load A S EBA RENRS, BTMEMAT Ordering: :Release, HE4A & HL&AE
BREMREZE, SEABKRANERE, REREZRINATE S NRELRE YaREZER
1To XM T Y BHH RAZ RS ER LB 4 = H KRAZ B NIR1E,

Ordering::AcqRel 7 Rust PR TEA—NRBBERAFFERE, BIFEN &S RROF
TRIRIE, CHATR Y RIIRME Z AT A TR L ER R IEERE S AT RAE Z ATPAT, FHRAIRZRTRAT
ASNEFRELNBREIEIT. INMNARINFEER TR HZEHE, RERMGT
—se My, &R TR ER BT RERAZERERENZ R

use std::sync::atomic::{AtomicBool, Ordering};
use std::thread;

fn main() {
// Bl —ANR T A R ME
let atomic_bool = AtomicBool::new(false);

/] QN BE—NEFHERE, RERRMEN true

let producer_thread = thread::spawn(move || {
// REARMEN true
atomic_bool.store(true, Ordering::AcqRel);

)
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/7 RV SRR, B R S
let consumer_ thread = thread: spawn(move [l {
/] FHEEFEEE A REN true

while 'atomlc bool.load(Ordering: :AcqRel) {
T REHEAT e, EE|FRIE| AcqRel NAJT #y A7 /R (E
EEREAY, TUER TGRS E P RIET L Z 8 ik

println! ("Received value: true");

1)

/ AR R R
producer_thread.join().unwrap();
consumer_thread.join().unwrap();

}

EIANFH, £ FBEEFER store ARBEMRERENA true, MHEFEEEMEHR
load A ASAHIREAM REMRS, B TR T Ordering::AcqRel, T4 =& &FER
ERMREZE, SEARBBRANGERE, BRI AT IRBIREERAE Y RiEZ Al
PAT, RRFARZIBIHTE S ABRIERE LR EIEWIT, XHERTETELERS
IERA R 5| £ 7= KRB NBA1E,

Ordering::SeqCst ¥ Rust PR TEA—NEFAFRRE, RILATAXEEHETR—
REBEINT, XERBHAFINT, BERTENLRRY,

LT &—/M#H Ordering::SeqCst B4 {& B.45]F:

use std::sync::atomic::{AtomicBool, Ordering};
use std::thread;

fn main() {
/7 AE—ARFARE
let atomic_bool = AtomicBool::new(false);

/] QE—NEFEHEEE, KEHR/REN true

let producer_thread = thread: .spawn(move [l {
// ZEATMER true
atomic_bool.store(true, Ordering::SeqCst);

1)

// LJ % ‘/]\ Ljff*’z/“g” /H(TJ/" fl][l/\
let consumer_thread = thread::spawn(move || {
// FRHEAFEBE A RMEN true
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while 'atomic_bool.load(Ordering: :SeqCst) {

}

println! ("Received value: true");

1)

producer_thread.join() .unwrap();
consumer_thread.join() .unwrap();

}

EXMIFH, £FHAEERA store EREHRRMEREN true, THHRFREHER
load A RS ILEBARENRS, B THEMAT Ordering: :SeqCst, A& &R
WEMREZE, KEAFANGERE, BIRATESEEEE S —ROBRENF, X
fRTEFRE RS Rt IR B 4 & F X205 AN#BME, SeqCst BRBINEIF,
RHET &R& KA E P RIE,

FE Rust #,0rdering: :Acquire REM/FEE S Ordering: :Release EE&1E A,

Ordering::Acquire #n Ordering::Release Z|&]f4k happens-before % &, X
LIA R &EZBED,

HBRAER: - Y—NEAEMEA Ordering::Release 5 —ANLER, XA G HIEES—
MNEHRERE, - BM&2E A Ordering::Acquire X /NE I, XA IEEST —/NK
BRE, - RBREERAEIREANL EEBRBKRERZ G,

XML AL - EAREMARE K EEZIRNEMEIA - REARTURR&EINSG
NE

4N, Ordering: :AcqRel AR F 4R KR B A & HIE X,

%A happens-before #RX AMRNF)NF, B84 : - Relaxed: & H happens-before
%X % - Release: X TAENE M A, ZBiKIEIE happens-before 31 B, ¥ B i
BEZE A B ANERIME, fo Acquire BBEMF ., - Acquire: T4 E8IRERE A, %K
Ex3%1F happens-after 5#/F B, ¥ A LB ZE B 5 ANEH{E. A1 Release BLE(E
. - AcqRel: [EB# 2 Acquire A7 Release B4 happens-before % %, - SeqCst: FiH
8y SeqCst #1F Z [8]#R £ happens-before X &, Bk —NEF,

happens-before % & &KX EHNEIE A #1 B: - #n15& A happens-before B, AR
ARSI, RH%ET B PUT. - WRKRA happens-before X%, | A fo B
Z i8] F] pE A EHE A A el DL 1R R,

Release &35 Z HIfY happens-before %k %&,Acquire B2 EH kA, MELE
LS E N A RAE T .. SeqCst BHEI—NEF, FraREREAR T,
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EEXUVERMNEBEFTERAOKELE, Rust PRH/AT —LESEXT, b
Vec<T>, HashMap<K, V>, HashSet<T>, VecDeque<T>, LinkedList<T>, BTreeMap<K,
V>, BTreeSet<T> %, TAIM4FRLIT:

Vec - X Z— M A B AR/NYERAE, AFELTRRER 2B mfofiRoi. B8
A F C++ B vector =, Java B ArrayList,

HashMap<K,V> - X 2 — /A B, AP RN BREERE, ©EMUT C++ 1
unordered map =% Java # HashMap,

HashSet - X2 —NETHEAFNE, TUREAHAM—NMERTEEET . BEMT
C++ By unordered set % Java BJ HashSet,

VecDeque - 3XZ—PWRIAT, LSRN ESR & et mfafifrt i, ©X
AF C++ B deque = Java B9 ArrayDeque,

LinkedList - 3X B —MNEER IR LM, VP SLIRNE I RSB R MA R T &,
BTreeMap<K, V> - iX 2 —/NVA 7 B BRAY, 7T DGR BRE B, RRIFTEN
HFF, ©EA B MIEANREERFELEM,

BTreeSet - XZ2—MNARFNEE, TEREHHF. ©HEA B MEAREHRIES
o

FENRXUEURLRERRZEN, RANAEARTREER, AENE, RIT
UERRTENBNFLRIE, FXEEBHTER, EIRALELZEN,

6.1 ZIEELHY Vec

ZELNEAELLH Vec, TTUUER Arc (RT3 AT 2 Mutex (EFP) B4

AN
Arc AT EANERFIZRAMREKIFENFIAR, M Mutex A TEFGRIEIER TR D,

R RA —NEAARREB B REKIE,




6 FRES

AT B— /M RGF, BRI ZEARERZ L Vec:

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

fn main() {
// R Arc F1 Mutex 3% Vec
let shared_vec = Arc::new(Mutex::new(Vec::new()));

/1 AlE— MR, EEH Vec FARITE
let mut handles = vec![];
for i in 0..5 {
let shared_vec = Arc::clone(&shared_vec);
let handle = thread::spawn(move || {
// KRB
let mut vec = shared_vec.lock().unwrap();

// B Vec
vec.push(i);

1)
handles.push(handle);

}

/] FEREPTR &AR TR
for handle in handles {
handle.join() .unwrap();

}

// KE Vec, HFHH4ER
let final_vec = shared_vec.lock().unwrap();
println! ("Final Vec: {:7}", xfinal_vec);

}

EXAMI|FF, shared vec 22— Mutex B3 Arc, E55NEIIZREBILZNT Vec
BT AR BNERBEMK Vec AR BERERB, HRE R RA —NEEEHHE
7€ €78

6.2 Z%IEHL A HashMap

B MEIE L LM HashMap, TTUUER Arc (RF3IRITE) A2 Mutex (55 0
A&, HNEBEMEHA RwLock (581 RiBHEMNENHLIEH, UTREMER Arc 2
Mutex 8918 2R :




6.2 ZFZLZEM HashMap

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

fn main() {
// Rl Arc f1 Mutex % HashMap
let shared_map = Arc::new(Mutex::new(HashMap: :new()));

// GlE—WEARE, LEH HashMap 7 fngd{E 4t
let mut handles = vec![];
for i in 0..5 {
let shared_map = Arc::clone(&shared_map);
let handle = thread::spawn(move || {
// KB
let mut map = shared_map.lock().unwrap();

// %% HashMap
map.insert(i, i * 1i);
1)
handles.push(handle);
}

/] ERFE AR R
for handle in handles {
handle.join().unwrap();

}

1

// KB HashMap, Jf#rii4ER
let final_map = shared_map.lock().unwrap();
println!("Final HashMap: {:?}", =final_map);

PR&E IR ERRER Z — AN, SLREA Arc<Mutex<T>> S, 1# A Arc<Mutex<T>>
HER—MENNHTRNRLMEERENESER, ERRE ST, XMAEGHNE
ARBEMEA Arc RFIIAITE) REANLERENAANRKEE, M Mutex N4
TERY, HRREEFARZRAE —NEEBEBERETE,

J& T B JURT R & S RUER B DUX A = S0,

B TIRFTRMER Arc<Rwlock<T>> E&iE, AFEZNEERREREKE, ER
A—NEREBEAIE. EATRIRMENE. FRERINZR.
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6.3 dashmap

dashmap ZM&IRH) Rust & map ZI;,
DashMap Z— Rust ¥ 3 % %k B* array/hashmap B2,

DashMap R ESZH—NEMT std::collections: :HashMap 89f& £ 5 B 89 API, 34K
T LA R R AR &

DashMap M1 Bir 2 RAEFREZ A, 7T EHEEMR RwLock<HashMap<K, V>>, H5Z
X BAR, FrE A AR A &self MARMBKRAEZRA &mut self, XAFEE—N
DashMap FRA— Arc ¥, FELEZ BEZ Y, RNREEBBKE,

DashMap JEEEE AL, H BEERTHEMR,

let map = Arc::new(DashMap: :new());
let mut handles = vec![];

for i in 0..10 {
let map = Arc::clone(&map);
handles.push(std::thread::spawn(move || {
map.insert(i, 1i);
1))
}

for handle in handles {
handle.join() .unwrap();

}

println!("DashMap: {:?}", map);

E-F DashMap, B3I T DashSet

6.4 lockfree

HA—A lockfree F, HEEHT FENLELZLNESE, RABLAFRALY
T, BRAREBNEBET.

* Per-Object Thread-Local Storage

¢ Channels (SPSC, MPSC, SPMC, MPMC)
e Map

* Set

» Stack

* Queue




6.5 cuckoofilter

6.5 cuckoofilter

Cuckoo Filter 2 —MEFrafmHBIREEMN, ATENSREAMEERTIKLE, ©W
% it R &K BT Cuckoo Hashing, EZEMREfNE & AA A EFHERI, Cuckoo
Filter £ & A TARMMER IR — L0, W5 NG S AR X R FRIEE,

T@EaE—M™MEA cuckoofilter JE 895+

let value: &str = "hello world";

// Create cuckoo filter with default max capacity of 1000000 items
let mut cf = CuckooFilter::new();

// Add data to the filter
cf.add(value) .unwrap();

// Lookup if data is in the filter
let success = cf.contains(value);
assert!(success);

// Test and add to the filter (if data does not exists then add)
let success = cf.test_and_add(value).unwrap();
assert!(!success);

// Remove data from the filter.
let success = cf.delete(value);
assert!(success);

evmap (eventual map) Z— Rust &, THET —MH4.k80. ETFTE409BET (Map)
T, CAGFENEREH LIRS NS, R XIFNEEER, DFERNNT
1 ESE R IS T 28,

AT 2 evmap B — X BAFHAMS: - HXIEE: evmap AT S NEAEFH LM iLE AR
BEANBE, MATEERAD . XERIUEMRTONLZ M BERIAN, BN EETIL
JRITHIZERFE N, - EEAEAK . evmap AVFEBSTA T ESEMEA LR, Yugt
RETAHR, FHNBETESEME, NTIATAFPHYTE EXHEE, - @#fE:
SPMEAETURERERA, REC(ILIT Clone 1 Eq trait, X+ A~ #EH
BHEXEAEARAE, - FHPMAEMN: evmap XEFFTNE4AL, XEFESH
BERPIT—RRSESRAN TR,

AT R—NMETRERA, JERT W ER evmap:

let (book_reviews_r, book_reviews_w) = evmap::new();




6 FRES

// start some writers.

// since evmap does not support concurrent writes, we need
// to protect the write handle by a mutex.

let w = Arc::new(Mutex::new(book_reviews_w));

let writers: Vec<_> = (0..4)

.map(|i| {
let w = w.clone();
std::thread: :spawn(move || {

let mut w = w.lock().unwrap();
w.insert(i, true);
w.refresh();
1)
})
.collect();

// eventually we should see all the writes

while book_reviews_r.len() < 4 {
std::thread::yield_now();

}

// all the threads should eventually finish writing
for w in writers.into_iter() {
assert!(w.join().is_ok());

}

arc-swap =— Rust FE, 4t 7 X T Arc fo Atomic WEIELEM, ATELS KB
R REHIR, CHEITE R IRE MR A N R LI AR 6 5 IEE T,
BRI, IRTUIBEER Atomic<Arc<T>> & RwLock<Arc<T>>,

EWZERT, TREEE - LHELEN, XERFEEMNZEPRIMMRD B, —Lp
TFTIRRERSHNEE, Bk S/LoMEN RNELKENREBE,

EFAXERERLT, BE: - RE. MEFNSANEEBH L EBRPGEEMN L AME, - £
FE RO R NERBIELEMNERRE — RN ZBEEN—RBREAEE, $HiES
R2iZ i [HAR A RHTIR A MBS R B th, AR AER b, - X FRLEIERL T
1T B

F—NEEEFE A RwLock<T> HEENGIER B ARFIRD. EREFSEETAL
HEH TR, BEAFHNEIREE A RwLock<Arc<T>>, RGBS, i Arc A2
X2%3| CPU RAIEA (BiFr Arc B3I AITER) B¥M, NN RIE, RIFIZIMH
AR, $aE 8 reader AT RERFEE B I AR KT E,




6.7 arc-swap

TAMER ArcSwap B, CHRAT LR, AEEMEZTEFZET, HESESRRT
RwLock,

T@E=Z— arc-swap B9+

use arc_swap::ArcSwap;

fn main() {
let data = ArcSwap::new(1l);

// TS AT
println!("Initial Value: {}", data.load());

// BT
data.store(Arc::new(2));

/7 AHFHE
println! ("New Value: {}", data.load());
}

EZXAMFH, ArcSwap B85 —NEEK, HENETFH store HBIERH T #HI Arc, X
FE/ENER T UR LI L ZF0E I Arc,







FE Rust F, R UERREZEFTH std::process BIRRIMTHZRME, XAERIR
BT 0., BEf5 /AR T HNTNEE,

7.1 BIE#HIE

YRETLAEF std::process::Command LM RBIZFTEIHR, Bldn, BBIT—NINRG
4, AT LAXFRERL

use std::process::Command;

fn main() {
let output = Command::new("ls")
.arg("-1")
.output()
.expect("Failed to execute command");

println!("Output: {:?}", output);
}

BAMBIFEATT 1s -1 402, FHATERT S0,

7.2 FEHHES

PR UE ] wait ZIRREFFHBIUT TR XEEELALE, BRHETK.




use std::process::Command;

fn main() {
let mut child = Command::new("ls")
.spawn ()
.expect("Failed to start command");

let status = child.wait().expect("Failed to wait for command");
println! ("Command exited with: {:?}", status);

}
7.3 ECEHWAfL

[ A3 stdin, stdout fn stderr 77 3&RECE #HAZMARER A, AR H fobr B R

ILo

=

use std::process::{Command, Stdio};

fn main() {
let output = Command::new("echo")
.arg("Hello, Rust!")
.stdout(Stdio: :piped())
.output()
.expect("Failed to execute command");

println! ("Output: {:?}", String::from_utf8_lossy(&output.stdout));
}

ZABIFH, stdout WELEAEE, REHNEIMBENED

7.4 FIETS

R AR env AR RIREHARBNIEELE,

use std::process::Command;

fn main() {
let output = Command::new("printenv")
.env("MY_VAR", "HelloRust")
.output()
.expect("Failed to execute command");

println! ("Output: {:?}", String::from_utf8_lossy(&output.stdout));




75 1EETEFBR

AMEFH, ZRET 148 A MY VAR BT E,

7.5 IRETFEZ

L% & 3| Rust P A HERFR, RTRESBZREHAENT/FE R, Wt 20, ILHEE
HF E B A SO & P AT HRAE . 7E std::process::Command ¥, #R®[ LA{# B current_dir
FIEREREIFE R,

TaE—NMIRNGF, EWFTE Rust FIRE#BZNT/EEX:

use std::process::Command;

fn main() {
// B TAEE N 3820 XUk
let output = Command::new("1ls")
.arg("-1")
.current_dir("/path/to/your/directory")
.output()
.expect("Failed to execute command");

println! ("Output: {:?}", String::from_utf8_lossy(&output.stdout));
}

EXANMIFH, current dir FPEEATRE LB K, #HEKEEZOMXPHAT,
A2 % Al Rust 27 8 T/ B K.

TEH R & #e/path/to/your/directory 3 R5Z FrA8 24 A B9 A3t SO SR B9 BB A2

N THEARBEEAROICETITEE AR, LEES RBRBT AN BEZNOHRE
HTJ-Q

7.6 ixE#HEA UID ] GID

Z Rust F, EREHBHWAF IR (UID) FoA4xi8 (GID) , =T AMEA
std::process::Command A48 uid o gid &%,

UT2— M BFF, BERWAE Rust Bi% BEHAZR UID Ao GID:

use std::process::Command;

fn main() {
// KEHEN UID F GID
let output = Command::new("whoami")
.uid(1000) // N FTFHW UID
.gid(1000) // &K FTHEW GID
.output()




.expect("Failed to execute command");

println! ("Output: {:?}", String::from_utf8_lossy(&output.stdout));
}

EXAMFH, uid AiEf0 gid AR TR E#EH UID 2 GID, IREZE 1L
AREFRBEEHE UID #87 GID,

EF &, RE UID Ao GID A% FE45K, FWRTREEE UEIE R B 193E/T/RE Rust
TR R RIRAOAZ T B B 95 YA PR SR BB PR AZ AU FRIR

R INMERXERE, BN EN /e & 2| A A RA A IR A2 24 R &,

7.7 fRRAFHBEITNXHE

S FRAR R E ERF RS R | FHRBIT R AT SHOHEA nix FEH dup2 KK
BXHHAFESR B ERNTLE, UTE-AMETENMTF:

use std::process::{Command, Stdio};

use std::net::{TcpListener, TcpStream};

use std::os::unix::io::AsRawFd;

use nix::unistd::{dup2, close, ForkResult};

fn main() {
/] BlE—/FBEY TCP M4 2
let listener = TcplListener::bind("127.0.0.1:8080").expect("Failed to bind to ad

/] ETZ—NEE
let (stream, _) = listener.accept().expect("Failed to accept connection");

/] BRBEEFH X HHEAR

let socket_fd = stream.as_raw_fd();

[/ BHE XA, UER
let backup_fd = dup2(socket_fd, 10).expect("Failed to duplicate file descriptor

// EHEEEFLHTHE
match unsafe { nix::unistd::fork() } {
Ok(ForkResult::Parent { child }) => {
/1 ERFEY, XA ERE HRRF
close(backup_fd) .expect("Failed to close backup file descriptor");
println! ("Parent process. Child PID: {}", child);
}
Ok(ForkResult::Child) => {
// ETHEY, KEEET CHEHERF




7.8 1HIF#HiE

dup2(backup_fd, socket_fd).expect("Failed to restore file descriptor");

/7 E WA X R

close(backup_fd) .expect("Failed to close backup file descriptor");

/) THEPATEIWESE, Ll EEET

/) XEAREEMER—T

let mut buffer = [0; 1024];

let _ = TcpStream::from_raw_fd(socket_fd).read(&mut buffer);
println!("Child process. Received: {:?7}", String::from_utf8_lossy(&buffer))

}
Err(_) => {

eprintln! ("Fork failed");
}

}

EZAMFF, EA dup2 FEEFHXARRFEF &0 X HHRF (XE/EA 10
YEAE R B HRR, IR DUREE L B EF - IRER N XHHEAR) . KRR
i fork AT #HE, RBIBRXAEMXAHAN, fFHEEN dup2 FEHREIXMHF
WRF R B ER TR HHATTE,

7.8 I=HlFHiE

T Rust #, MR¥LUEA std::process::Child & k¥ &| F3 42, Child R 2
std::process::Command BY spawn A ARER], CRMHET —LHEZRS FHEHT
RE., SHEERURKREETE,

AR 2 — 8% DL B R AF -

use std::process::Command;

fn main() {
let mut child = Command::new("echo")
.arg("Hello, Rust!")
.spawn()
.expect("Failed to start command");

let status = child.wait().expect("Failed to wait for command");
println! ("Command exited with: {:?}", status);




7.8.2 [MFHEREES

use std::process::{Command, Stdio};

fn main() {
let mut child = Command::new("sleep")
.arg("10")
.stdout(Stdio::null())
.spawn ()
.expect("Failed to start command");

// WTFHELEFW RS
child.kill().expect("Failed to send signal");
}

7.8.3 BEItNERARES FHERE

use std::process::{Command, Stdio};
use std::io::Write;

fn main() {
let mut child = Command::new("cat")
.stdin(Stdio::piped())
.stdout(Stdio: :piped())
.spawn ()
.expect("Failed to start command");

if let Some(mut stdin) = child.stdin.take() {

stdin.write_all(b"Hello, Rust!\n").expect("Failed to write to stdin");

}

let output = child.wait_with_output().expect("Failed to wait for command");

println! ("Output: {:?}", String::from_utf8_lossy(&output.stdout));

}
7.9 SLHEE

echo "Hello, Rust!" | grep Rust XML EBNERANTHE, —MEREFF,
—MERERE, EFEFHESREBIEEANEE, MERERESNEE PR,

pub fn pipe() {

// AERATHAE, —MEHEFH, —MENH
/] EFH#AE
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7.10 MF#HEN /10 RE

let producer = Command::new("echo")
.arg("Hello, Rust!")
.stdout(Stdio: :piped())
.spawn()
.expect("Failed to start producer command");

/] HFH AR

let consumer = Command::new("grep")
.arg("Rust")
.stdin(producer.stdout.unwrap())
.output()

.expect("Failed to start consumer command");

/7 RBUH 552 o
let output = String::from_utf8_lossy(&consumer.stdout);
println! ("Output: {:7}", output);

}

YRWFUAPAT echo "Hello, Rust!" | grep Rust:

fn main() {
let command = "echo \"Hello, Rust!\" | grep Rust";

let output = Command::new("sh")
.arg("-c")
.arg(command)
.output()
.expect("Failed to execute command");

println! ("Output: {:?}", String::from_utf8_lossy(&output.stdout));
}

EXANFFP, BMNNERET —NEESEERFN shell 44 FFH, HER
Command::new(“sh”).arg(“-c”).arg(command) EHITE. PAT %4 &7 output
B, HBATE T FRHENERY,

HER, XHEWAT shell L TRESH R —LZ2NE, EAEAFE shell PHAT
RN GLSERE, BRRNERRAEZIATEMANT TR, FEELERF @A,

7.10 FF#FEA 110 X

Stdio::piped() & std::process::Stdio EW—NK R, BERRELZEFHZN
BlE—ANEE, HFBEHATIOERA. R AR IR,

BARERYL, YIREMEA Command: :new("command") BIZE-F#HA2R, #RAT AR stdin,




stdout. stderr A A E FHRAIMERA. IR B AFOEE IR, Stdio: :piped()
R T2 62T 8 G H A/EAERARER—F A N

LT 22— RFF, ErnfE{E A Stdio: :piped():

use std::process::{Command, Stdio};
use std::io::Write;

fn main() {
/7 BE—ATRE, IR R
let mut child = Command..new(“echo“)
.arg("Hello, Rust!")
.stdout(Stdio: :piped())
.spawn()
.expect("Failed to start command");

// MF RN E R BB
let mut output = Strlng.:new();

child.stdout.unwrap().read_to_string(&mut output).expect("Failed to read from s

println! ("Output: {:?}", output);
}

EXAMIFH, Stdio::piped() ATEIR—NMEE, HKHERD| THRENIOERE,
KRG, BATAFHZAFRER D 3 EREAE,

XE—MEXFHEZ MZETBENTN, BAFKFHET UATHZ M H R
*FEO

Stdio::null() & std::process::Stdio KEM B —NK R, BRF—MFHREFR
B, FOERERARER IR, BIEEE (null device),

¥ Unixlike 24F, FREBEEHRTABIRE S /dev/null, EI5 NE IR
HEWEFR, FTZRMNFPIRERAIEEER S ERE EOF CUESERA) .

FE Rust P, Stdio::null() TTAA PR, tER H SR A RERERERE,
BR B HE X BB NS H . XAEFEE R T TR A R, flin SRBELRFHEZNR
H AT,

AT 2 —MERAFF, ErmfFER Stdio: :null():
use std::process::{Command, Stdio};
fn main() {
/) RE—ATFHE, AR LB 2
let mut child = Command: :new("echo")

.arg("Hello, Rust!")
.stdout(Stdio::null())
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7.10 FFHPEN IO RE

.spawn ()
.expect("Failed to start command");

/] SRHTHEER
let status = child.wait().expect("Failed to wait for command");
println! ("Command exited with: {:?}", status);

}

EXAMIFH, FHENOERERERIZRE, BB ERERF. RBREFHFT
HRRER, FRHTFAEORERS,







channel &=

Rust $ 893 1# (channel) E—f A TAR&REZ BEEHEEHNG . TEHUTLA
A

o RERMET MELEZIELEERKENTN. AIRELEBELARERES
S, = BETA T Rust BIFTAE XA ZRFARE B R —NEIKE KRB
Y —AMEEINEIE LA, REE R K EXMERNFTA Ko

« FEALURE ARSI FH N, R REAERABEREEASTRSEELEE,
SARENSER EEPREIEAHER

s METURAARNKLARN, BRUFRBEREREA —NPEEKENEFX, 4
ZOPRIERIT R E W AE, To3 F3EE & A XA R,

o WIERIZRIM, T LUEB(EISZILT Send Fo Sync trait BIEHE,

I RIE SRR AR AEERANOKE, REFALRERZLNES RN, TR
Bt ) BHGENIER, RFEB K Mutex TTREE &2, BWIETE Rust PR ZRNATE
MEER. HRPRP, ERERTUAKEMNS RBRENEREFNRIS,

Rust BIFREEIRME T —A std::sync::mpsc #&3%, ATELINLZAETH,. BHBENEE,

mpsc(multiple producer, single consumer) 2 —f4FE XA HEE, A TES N EE
B ANEYE 2 BEEEE, BAUTIIANATERA:

* mpsc B R AR —NEWE, XEMLTFIAREE, BEASFRER R R E—
RE—K




8 channel ®i&

o EANKHEEFUUERME—N mpsc MELRXIEE, BESHMNUERSH L5
9],

s mpsc MBI HRD, LXIFHFP, AP BEFTERELVR (BPRN),

o BN mpsc KEMMELMEIN Send trait, XHRFR & 3% B R AT AL 2B KRARH]

%50,

o BWoRT AR BHHEFFEBOER. try_recv R2MEE, recv RIEEES|R
%%\qﬂﬁo

» mpsc BB L REIRX G, BEPSHESUKE]|—/ None JHE, RoniBE A G RIAL
Ro

s mpsc AERAFRARMBELREREANETHF HEEER, ZNE~FRAIREL
REHE, —INHRE BRI,

s BT RAENEKE npsc AER REHRABELNZ—, CAINEHET A
3R & BKFE,

BARRU, XMEREREH- T ETHENEE, BAEREXT =fMEA: - Sender -

SyncSender - Receiver

Sender 5% SyncSender A F[a Receiver &K% %¥kiE, Pft sender A2 T wEMN (&£
=), FTAZ ANEAR T AR B —A> receiver(BIE #8) &%,

XU BEAMMMER: - FH N, TIREPHAIE, channel RIFERE— (Sender,
Receiver) o4, HPFFAA LK XA EFH N (KFMAE), XNBEEMSLEA LR
HEFPKX, - P H, AR RHAE, sync_channel R ERE—/ (SyncSender,
Receiver) jo4l, ATHEBENGEME—NEER NN LEEFTXEK, A RE
HERDH, SEEEINAEPRERTH, SFELRARNTURERN 0, XEFRET
BR— A E” B, BNKES R TMIE—KEBELERT

B2, mpsc 13RI Sender. SyncSender fu Receiver =fpERIAAE, IRET 2 4
FERNSEE. RS MRY. TREPfA L REFERRF AL FIFO RAFIESHLE
TEE—NEEFELEFENGF

use std::sync::mpsc;
use std::thread;

fn main() {
// QE-ANRE, ATERNEEZ BEHEEE
let (sender, receiver) = mpsc::channel();

/] BH— N
thread: :spawn(move || {
let message = "Hello from the producer!";
sender.send(message) .expect("Failed to send message");

)

[/l EEBEREFE, BRCREAEFHLENHR
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let received_message = receiver.recv().expect("Failed to receive message");
println! ("Received message: {}", received_message);

}

EXAMFF, BAVEA std: :sync: :mpsc::channel() 8172 T —ANAE, o sender
ﬁ?kiﬁm,Nxﬂwr%$%%ﬁwo&ME—A%m%&¢ 2T ATE, B
ET—RHBE, MELKBEAEBERRFHHTXEHEE,

Wi R —MARRZENTR, Eﬁﬁ%’?/\%ﬁzl‘ﬂﬂﬁ}% BEBERRIZBETFF A
PR AR, AR AR E R EIUR R &AR 2 B B AR E A E

LT E2—/MEH Rust # std::sync::mpsc LML A =F. BHEBERERNH T, EX
MIF, EANERBEERE AR —ANAE, mBE/NEREMNEEPEBCXEE R,

use std::sync::mpsc;
use std::thread;

fn main() {
/] QE—AZEFE. BHSEENEE
let (sender, receiver) = mpsc::channel();

/] B =AEHEE
for i in 0..3 {
let tx = sender.clone(); // o[ ho, G2 A2 200 o iy A s
thread: :spawn(move ||
tx.send (i) .expect("Failed to send message");

1)

/[l ELBRENHEH, BBROREAEFTHFAENH,
for _ in 0..3 {
let received_message = receiver.recv().expect("Failed to receive message");
println! ("Received message: {}", received_message);

}
U 2—/MER R P EEHITES RRER D E LG F:

let (tx, rx) = sync_channel(3);

for _ in 0..3 {
let tx = tx.clone();
// cloned tx dropped within thread
thread::spawn(move || tx.send("ok").unwrap());




8 channel ®i&

drop(tx);

// Unbounded receiver waiting for all senders to complete.
while let Ok(msg) = rx.recv() {

println! ("{msg}");
}

println! ("mpsc_example4 completed”);

TR, XEB sync_channel REAET —MRLFHEE, CHEFRRNA 3, X
BeRE, YHEIETAR 3 XHEBN, KEFRWEE, BIAMEEERER. AT+,
BT 3NERE, eflamBEPLXME, MELRENEKE, FHEFAAH
BEEKER T,

WREZEENZTA 0, WBLAREEEIKE Z BT RARY, SREEERE
HAMEFERE B ETER, XHERLT, KEREFZERERZTLRAPH, 8NER
HR T B S RIAR BRI

UTE—/NRFEEESR 0 WEIELTF

use std::sync::mpsc;
use std::thread;

fn main() {
/1 RE-ARFRE, B 0
let (sender, recelver) = mpsc: :sync_channel::<i32>(0);

JB 5 A R A& AR
thread..spawn(move [l {
for i in 0..5 {
sender.send (i) .expect("Failed to send message");
println!("Sent message: {}", 1i);

1)

/! B &R
thread: :spawn(move || {
for _ in 0..5 {
let received_message = receiver.recv().expect("Failed to receive messag
println!("Received message: {}", received_message);

1)

/] FRTALRER
thread::sleep(std::time::Duration::from_secs(10));
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}

BE#RA mpsc, R4 BT ZER spme, BIE A= FH ZHFE, Wt 2 E092h8E; BX 2R
mpmc, BRZ 4 =& ZHHETNEER? B FZH spsc, BIER £ = F BIEHERNTheER?
BEERAN, BEEXRERIEERMEN, MEE = ERMEE, tbin crossbeam-channel,
XANVERM T mpsc. spmc. mpme. bounded. unbounded &% B R A, W LUK
EARRMER, mxTF spsc, AFEEZEPXATMALUEEE R, SREE—NED]
B9E AR oneshot By, HFIILIX/NThAE,

BETkXHREAENGB @B )E, LI crossbeam-channel. flume. tokio.
crossfire &, XLEMEBEFMREN, TLUHEERRNE K.

crossbeam-channel Z2—/ Rust &, #7244 = E L HBENEXERLEIE,

T EThREFSE S - 24t unbounded o bounded FAFiEiE, unbounded & 3E W] LR
Hil3h & 3% 08 B bounded BE TR ERE LR, - XFZAEFELHHEE, 2NEET
AR B & B BRI B - 124t select! &, TURKRAESAMEBE F#/TRE, BAREA
B B2 Go channel B9ER|? - 3124t T Receiver #u Sender 1%, Usage Ni&
RiFo

LT E2—NMETENG T, FEr I ERNEIZEZEEA crossbeam-channel #1735 :

use crossbeam_channel::{bounded, Sender, Receiver};
use std::thread;

fn main() {
[/ BlE—AKE R RE, FEH 10
let (sender, receiver): (Sender<i32>, Receiver<i32>) = bounded(10);

/1 R EF LA
let producer = thread::spawn(move || {
for i in 0..10 {
sender.send (i) .unwrap();

}
1)
/1 Bl RE R
let consumer = thread::spawn(move || {
for _ in 0..10 {
let data = receiver.recv().unwrap();
println! ("Received: {}", data);
}
1)
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}

/] EHEREER
producer.join().unwrap();
consumer.join().unwrap();

EXAMMFH, B41812T — MR (bounded) i, BEN 10, K5, Bah 7T —N
AEEARE, MEEAERT 039, AN, Beh T —ANEREERE, NREZKEKE
FITEH K, &E, FEANEKEN TR

LERALTAER, BENFEE L ERELRN, AFLREF—EAXBIREMAZRE,
EXFMERAT, XTRESSRAEEREIEK, REEEEE AL RRE,

DA = —AME TG 8 1 B9 e S5 5

use crossbeam_channel::{unbounded, Sender, Receiver};
use std::thread;

fn main() {

}

// AlE—ANTREN
let (sender, receiver): (Sender<i32>, Receiver<i32>) = unbounded();

/] RIE—NEFH &R
let producer = thread::spawn(move || {
for 1 in 0.. {
sender.send (i) .unwrap();
}
1)

/] RIE—AERE R
let consumer = thread::spawn(move || {
for _ in 0..10 {
let data = receiver.recv().unwrap();
println! ("Received: {}", data);
}
})s
/] TSR TR
producer.join().unwrap();
consumer.join().unwrap();

EXAMIFH, £ FLRETRML XBENRFI LT EE, MERELAEREK
Bl 10 NMRFHATHOH R, B TREZLRE, £FFLETU-BEREAHKE,

select! %% & crossbeam-channel I#HE£H—MA N, A TRKREWTEZAEENEHHFH
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THRNNEE, IFTARELRE ANBEREETER, TURERRNBEEFHITR
RHZ 3,

TEE—MIENFF, ERWEFER select! ZWRrRmNRE, FRIFBEHRITHEN
Bk

use crossbeam_channel::{unbounded, select, Sender, Receiver};
use std::thread;

fn main() {
// R/ NEE
let (senderl, receiverl): (Sender<&str>, Receiver<&strs>)
let (sender2, receiver2): (Sender<&str>, Receiver<&str>)

unbounded() ;
unbounded() ;

/7 R FEE R, BN R S
let producerl = thread::spawn(move || {
for i in 0..5 {
senderl.send(&format! ("Channel 1: Message {}", 1)).unwrap();
thread::sleep(std::time::Duration::from_millis(200));

)

/) QAR —ANEFHERE, 0EANEE R R
let producer2 = thread::spawn(move || {
for i in 0..5 {
sender2.send(&format! ("Channel 2: Message {}", 1)).unwrap();
thread: :sleep(std::time::Duration::from_millis(300));

}
})
/] GIE—NHERH LR, #EH select! FWWrwANE W E 10
let consumer = thread::spawn(move || {
for _ in 0..10 {
select! {

recv(receiverl) -> msgl => {
match msgl {
Ok(msg) => println!("Received from Channel 1: {}", msg),
Err(_) => println!("Channel 1 closed"),

}
recv(receiver2) -> msg2 => {
match msg2 {
Ok(msg) => println!("Received from Channel 2: {}", msg),
Err(_) => println!("Channel 2 closed"),
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}
)

A

/] FRFEAE TR

producerl.join().unwrap();
producer2.join().unwrap();
consumer.join().unwrap();

}

select! %% crossbeam-channel 2K —M AR, HATFRENEWTZANEBENEHHF
PUTHE R ERE, X TAELEE ANERIEE AR, o URIER R 608 E S HRUT
T RIEZ A,

TEE—MIENFF, BETROAER select! ZFRRANEE, FREFESAHITHE
R BgHRME, REZEREMET default 2% :

use crossheam_channel::{select, unbounded};

let (s1, rl) = unbounded();
let (s2, r2) = unbounded();
sl.send(10).unwrap();

// Since both operations are initially ready, a random one will be executed.
select! {
recv(rl) -> msg => assert _eq!(msg, 0k(10)),
send(s2, 20) -> res => {
assert_eq!(res, 0k(()));
assert_eq!(r2.recv(), 0k(20));
}
default => println!("not ready"),

}

FE crossbeam JE¥, after, at, never 0 tick & crossbeam channel FRiZHEHI—
LR TERRENREK, BIETS select! F—&MEA, ATAEBRENSHE
BB R BATINE,

bbin after BlZ—/NEHE, ZBEREIENRERE £ —NEL,

use crossheam_channel::{after, select};
use std::time::Duration;

fn main() {
let timeout = Duration::from_secs(2);
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let timeout_channel = after(timeout);

loop {
select! {
recv(timeout_channel) -> _ => {
println! ("Timeout reached!");
break;
}
default => {
// HAEAE
println! ("Performing other operations...");
}
}
}

}
at QUE—/NAE, ZBEEREEENNE QG E—NE4F:

use crossheam_channel::{at, select};
use std::time::{Duration, Instant};

fn main() {
let start_time = Instant::now();
let target_time = start_time + Duration::from_secs(2);
let timeout_channel = at(target_time);

loop {
select! {
recv(timeout_channel) -> _ => {
println! ("Timeout reached!");
break;
}
}
}

}
never BlZE—ANKAF= £ B HAYRIE:

use crossheam_channel: :{never, select};

fn main() {
let never_channel = never();

loop {
select! {
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recv(never_channel) -> _ => {
// XEAKBFSHPAT, EHBREALZL S EEH
unreachable! ();

}
default => {

// HApAE

println! ("Performing other operations...");
}

}
tick AlZ—NERMEANEE, SREEZNNE"E—NEH

use crossheam_channel::{tick, select};
use std::time::Duration;

fn main() {
let tick_interval = Duration::from_secs(1l);
let ticker = tick(tick_interval);

for _ in 0..5 {
select! {
recv(ticker) -> _ => {
println! ("Tick!");
}

flume E—/> Rust FHIFH LY L EFELHEE (mpme) BEE, X TRARM
RRNFFERE, EEAT MBI, EAESLEBIETIITHRRIFENTK,

s NBEEE: RELR. ARMEET

o PRIK: MAEEELL std::sync::mpsc R, AR crossbeam-channel &
o 24 AL E H % A £ unsafe fRAD!

» XJ&: Sender fu Receiver &I T Send + Sync + Clone

o RK: TALLERM std::sync: :mpsc

o BBK: UMK FFE MPMC fo &k 3% 8 B/8 L BB S 2 A

o R REUD, REDERRE, ik

o 3. X ¥F async, ARG RBRELREEHR

o AMEAL: AR AKH select NiEO




8.3 flume

LT 2—/AMEHR flume BIB]F:

pub fn flume_example() {
let (tx, rx) = flume::unbounded();

thread: :spawn(move || {
(0..10).for_each(|i]| {
tx.send (i) .unwrap();
1)
1)

let received: u32 = rx.iter().sum();

assert_eq! ((0..10).sum::<u32>(), received);

}

EXAMIFH, FAVEA flume 12T —NLREE, £ FRAILXEHIE, mmHE
F MRS IR BB 1T B An,

LE A flume FEOIZEA RSB, FRAUEMR bounded R#kIEEAIINEE, UTE
—ANE TS BT

use flume::{Sender, Receiver, bounded};
use std::thread;

fn main() {
/] BlE—NERWND, REN 3
let (sender, receiver): (Sender<i32>, Receiver<i32>) = bounded(3);

/] BAHEAKE, A BUEN = R
let producer = thread::spawn(move || {
for i in 0..5 {
sender.send (i) .unwrap();
println! ("Produced: {}", 1i);
std::thread::sleep(std::time::Duration::from_millis(200));

)

let consumer = thread::spawn(move || {
for _ in 0..5 {
let data = receiver.recv().unwrap();
println! ("Received: {}", data);

)
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/] FREEAR T K
producer.join().unwrap();
consumer.join().unwrap();

}

EZAMFF, HAVEM bounded(3) BT —MNERI, BEN 3, £ HLBEME
REREHE, EaTRIZERR, REEZ3INTE, BRES 4 RERAKRAN, £
FEEEKRIFEE, ERAZETA.

XRERT A RS0, BERSRERGIN, £7ETRIFAE, E3FEBHN
FRET A, XX TESRFERSRENERRE R

flume %A 521 select X R A miRRA), A TIRMT Selecor LR, R LR B
B2 NRENEY, FRIBSHEPUTHEREERE, XTE—MEA select! KHHIT:

let (tx0, rx0) = flume::unbounded();
let (tx1l, rx1l) = flume::unbounded();

std::thread: :spawn(move || {
tx0.send(true).unwrap();
tx1l.send(42).unwrap();

1)

flume: :Selector: :new()
.recv(&rx0, |b| println!("Received {:?7}", b))
.recv(&rxl, |n| println!("Received {:?7}", n))
.wait();

— /N5 86|F,Sender 32 T send async, Receiver 27 recv async:

let rt = tokio::runtime::Runtime: :new().unwrap();
let (tx, rx) = flume::unbounded();

rt.block_on(async move {
tokio::spawn(async move {
tx.send_async(5).await.unwrap();

1)

println! ("flume async rx: {}", rx.recv_async().await.unwrap());

1)

8.4 async_channel

async_channel E— NI WL EFE LHBEREE ATRY Rust ®ig, £+
BEAHBRREWMTANAEEE PH— N R,




8.5 futures_channel

WA - ARZENA FAE, - TIREEWNLRAE,
—/N\#3EAH Sender #n Receiver Fidk, PIRERR T wER, TUESNERERILE,

LATA Sender =XFiA Receiver AR, BEMAXR T, BEXRE, FabBE L
SHR, BN LUK R EIHE B

WA LA A Sender::close() 3 Receiver::close() F51% 7,

let rt = tokio::runtime::Runtime: :new().unwrap();
let (tx, rx) = async_channel::unbounded();

rt.block_on(async move {
tokio: :spawn(async move {
tx.send(5).await.unwrap();

1)

println!("rx: {}", rx.recv().await.unwrap());

1)

8.5 futures_channel

futures_channel 25 — MNP L EFELHHEREE, AT Rust WEPRE,
BER—H, HAASENOWEEZERERGE, AMEBREESTRMEAMERIZINE: -
oneshot, —MAEFFRIAZEEANMEN G N, - mpsc, —MZE=FHBHFEWNRAE, B
FHEESBEARME, EUTIEEFRLZ M,

BEBANENE mpsc, FItEELEMU, RARERIN:

let rt = tokio::runtime::Runtime: :new().unwrap();
let (tx, mut rx) = futures_channel::mpsc::channel(3);

rt.block_on(async move {
tokio: :spawn(async move {
for _ in 0..3 {
let mut tx = tx.clone();
thread::spawn(move || tx.start_send("ok"));

}

drop(tx);
1)

// Unbounded receiver waiting for all senders to complete.
while let Ok(msg) = rx.try_next() {
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println!("{:?}", msg);
}

println! ("futures_channel_mpsc_example completed");

)

XEARADE R T 2] {8 A tokio 3mfTHYAn futures channel::mpsc BlZ2—NFHHE &
FEENRERE, REARRSESEMNT SNETHEMREREEE, Re S
R & E TR B AES T RRAE B

BETEFEUNE - EFP)RE: oneshot, oneshot E— MR HEEHER, |
FRATERSREPHTERMEN., BEMNEEEHE, CHNELMK “oneshot” &
REUCRBEEE —RKERB, & Rust #, BEEH tokio::sync::oneshot =%
futures::channel: :oneshot RLIXMBEEERN, RABUATERANRESTITH,

oneshot B94FIE: - BRI oneshot REEEHE—RHE., —EHERKE, BEKMHRHE
HXMNER, HEEENERBREZERKR, - EBEE: CREMBN, BMRENLR
SmABEPOREREE R, MRFEXQEE, THRFZEAAMFIBELEKRK, W mpsc
(ZEFHEHEE).

oneshot BEATUTER: - RFEEHERBMN: AR REP, —MESTREER
SRR —MESER, FEREXUVELSEKEIEE. oneshot o LA KRBAEFESH
T - T RFCRELER: ERPREP, ANBREESHERIRIETRIFRBRER,
oneshot B[ AFARERF RIEERER, - P TSR EREA: ERPESRE,
=] WA{# A oneshot K38 &1 H T 5 s & AR,

FA1E— futures_channel::oneshot BYfF:

use futures::channel::oneshot;
use std::time::Duration;

let (sender, receiver) = oneshot::channel::<i32>();

thread: :spawn(|| {
println! ("THREAD: sleeping zzz...");
thread: :sleep(Duration::from_millis(1000));
println! ("THREAD: i'm awake! sending.");
sender.send(3) .unwrap();

})s

println! ("MAIN: doing some useful stuff");
futures::executor::block_on(async {
println! ("MAIN: waiting for msg...");

println! ("MAIN: got: {:?}", receiver.await)
1)
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8.6 crossfire

X/ crate ML async-async B#& async-blocking RADZ (8] {E A AY3RsE, XFFFT
AHM, RITRZRT TP, KEET crossbeam-channel,

M ELTF std F 89 channel =k tokio F 8] mpsc Kt E R, B&1€F crossbeam &X& (EA
TE R TP SRR &L SRIERT ).

CiRM T mpsc 1 mpmc BzhEE, FERAAEEM, RAE mpsc HRESTF—E, AR
A — receiver,

LT 2 —AMER mpsc BfIF:

pub fn crossfire_mpsc() {
let rt = tokio::runtime::Runtime: :new().unwrap();

let (tx, rx) = mpsc::bounded future both::<i32>(100);

rt.block_on(async move {
tokio::spawn(async move {
for i in 0i32..10 {
let _ = tx.send(i).await;
println!("sent {}", 1i);

}
1)
loop {
if let Ok(_1i) = rx.recv().await {
println!("recv {}", _i);
} else {
println!("rx closed");
break;
}
}

1)
}

AETCERIPUTH, XEBIMMER T F 34T tokio,
UT2—/MER mpmc B9BIF:

pub fn crossfire_mpmc() {
let rt = tokio::runtime::Runtime: :new().unwrap();

let (tx, rx) = mpmc::bounded_future_both::<i32>(100);

rt.block_on(async move {
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let mut sender_handles = vec![];

for _ in 0..4 {
let tx = tx.clone();
let handle = tokio::spawn(async move {
for i in 0i32..10 {
let _ = tx.send(i).await;
println!("sent {}", 1i);

1)

sender_handles.push(handle);

let mut handles = vec![];
for i in 0..4 {
let rx = rx.clone();
let handle = tokio::spawn(async move {
loop {
if let Ok(_i) = rx.recv().await {
println!("thread {} recv {}", i, _i);

} else {
println!("rx closed");
break;

}

})s
handles.push(handle);

for handle in sender_handles {
handle.await.unwrap();

}
drop(tx);

for handle in handles {
handle.await.unwrap();




8.7 kanal

kanal EZ CSPCRfE)NFF#tAR) A EE K Rust SLH, BEEFBMER REAIZSKNH
RARFF. ZERMT BA SRR S &7 & 208 5 B8 fn{X7E 3 £ Bods H AR/
TP —RMEE, AFRRBEE, ZERATARARIRISFRHP API A E KL — Rust
RAD B R Fo 5 b 305 2 Bl B9H B AL, B IRIFE A,

canal At EHR? 1. kanal XA T 2 ERMMHNAERARERMN R, SEHFERIVNTF
RETHREANE, BRARSIML, FERIERD AT U, R, YHEANET I
K/NEY, I K A E ML Golang HwAZIBE Al ABIERS, AIAEERNG T RIMNEEE
iR E FI R RN EEE ABERE Nk, XMAESTERERT FRBENIEFH T,
TEBRT AR (0) BENEHE, 2. kanal AHBEPENGEER T —NEITRAKLH
ERFY, XEETRENTIONAIRDUE 8, WitZ, = UER Rust yREEF Bifa
std-mutex #M%, FEIZ4FMET Kanal I EHRESM T RS F, 3. A Rust & PEAEY
REANE AR LLVM B3R, 1T a BRI RE S R BRENE X,

kanal 5% 7 Go 18 & #J channel, RETUETFTUTHRAEAZIR kanal: - kanal @5
&K - kanal 7] LUGEN FF Ao Rt TG, EETER S RE 2 B, AARE
K& xEBRE IR th APL, - 53 fth Rust FEAE L kanal 124 T EEMAY APL, -
ZEMWF Golang, #R= L% iE] Close &%k, B = AR E BERISZB X FES, K
X BB BB, - kanal E—/ NP EBTRAE T & REAY MPMC #3E fo o a9 — R
I,

LT Z&—/MEH kanal 89/ F:

let (tx, rx) = kanal::unbounded();
thread: :spawn(move || {
(0..10).for_each(|i]| {

tx.send (i) .unwrap();

});

drop(tx)
1)

let received: u32 = rx.sum();

println!("received sum: {}", received);

XEEMRADER T kanal BlZEFWEE, E—NEARFAERT, REEFEET
B EHRFTHITECMNNER, KRB af, XE— HANLZEFELERED
B, HbhARFE2E3E N kanal 3B HTHEE,

K—ANFH 1 A kanal BT :

let rt = tokio::runtime::Runtime: :new().unwrap();
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let (tx, rx) = kanal::unbounded_async();

rt.block_on(async move {
tokio::spawn(async move {
tx.send(5).await.unwrap();

1)

printtn!("rx: {}", rx.recv().await.unwrap());
1)

kanal 4 7 T AFE FEEE, ELMENNRS RS EE, RTUREECHNE
K3%+%: - bounded - unbounded - bounded async - unbounded async

E Bt kanal X327 oneshot B4ZhEE, UREHFEHARA (oneshot_async), TEHE
—/NE B AR A B 51 F-

let (tx, rx) = kanal::oneshot();
thread: :spawn(move || {
tx.send(5) .unwrap();

1)

println!("kanal oneshot rx: {}", rx.recv().unwrap());
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E R 2%

Timer #n Ticker R A RAENEMEXESHWITE, BEERETER, BIMNEFRR
RAZIBESAMER T ITREARRNEZI, REENE—T 18—,

Timer(E R 28) AT I8 E BB 8] 6] fa 2 /5 BT A E 55

Ticker(itAts) BE A TUEZN N A EREEPUTES, XMUTENE, EEMET
EEPUT.

TE Rust B, #R=] LUE AR E B8 std::thread::sleep 8|22 —NEEHERE, XN
FIRVFARE Y R P B YT — B EE, AT 22—/ MaBaf]F:
use std::thread;

use std::time::Duration;

fn main() {
println! (" F#ESH");

// FRE 5B
thread: :sleep(Duration::from_secs(5));

println! ("5 &, F£HER");
}

E L EHFFH, Duration:from secs(5) ZFRF 5 #. XNAERIAELRILEN
AT, ST —AME AT R B




9 ERYEF

WRAFEZEERNENR, TUAZTRERE=F)E, i tokio, tokio E—MNRTH
TRmENE, CRHETEBROENENEE, UTE2—MEAR tokio HIFIF:

use tokio::time::{sleep, Duration};

async fn my_timer() {
printin! (" FH#HES");

/] FHE 5B
sleep(Duration::from_secs(5)).await;

println! ("5 # )&, %% K");

#[tokio::main]
async fn main() {
my_timer().await;

}

XAMEFH, tokio::time::sleep R[E—A Future, T 5 async/await —#2{E F,
I F 8 E BY B RUR

BT RBNNE LK Timer 2,

&

timer FEZ rust ¥ —MEEER BT,

usae timer;
use chrono;
use std::sync::mpsc::channel;

let timer = timer::Timer::new();
let (tx, rx) = channel();

timer.schedule_with_delay(chrono::Duration::seconds(3), move || {
tx.send(()).unwrap();

})

rx.recv().unwrap();
println! ("This code has been executed after 3 seconds");

XA Rust A RFIE R T timer 7 chrono B crate RS2, —AME B8 E IHE S

FTESEE: 1. BlE—A timer:Timer I, ATEEN ENEME, 2. FH
std::sync::mpsc::channel 8| —\3E (channel), XANEE LR A TRM.
3. 7 timer LM schedule_with_delay 7%, RRE—NERES, 4. ERNES
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9.1 Timer

Z—A closure,3 ¥ W HAT. 7 closure F, [ tx ImAE—HEE, 5. F&MERN
rx SRIEUCE B, recv 2—HEEIKIE B AL, KBPE BTG, ITERH H R B
iTo

EANNEAAT Rust f3REAERBEAZT —1A 3 DERNES, ERNESKES
KABRAT closure, EITFEE [ TRZLEE R

XE—NSEREERHESIMENB R TRA, timer E T RENERNELAE )
RE,chrono 24t T BYa] H #A#E/ERE /7,5td: :sync: :mpsc: :channel 124t &AE 8BS Ak
Ho 3mF Rust BYIX L4t v DY {E st S B, IHAE 55

ELANEAT, ENERBHUARNSENY AT, RERKEATEPEHTH
EHEARSH L FRPATEAN], BELAEARSAERSRERE (XTERR—ATRFA
RKEBNEFP), fAEERASE,

schedule_with_date $§ & & X /Nt E] AT closure £55:

pub fn timer_schedule_with_date() {
let timer = timer::Timer::new();
let (tx, rx) = channel();

let _guard =
timer.schedule_with_date(Local::now().add(chrono::Duration: :seconds(1)), move
let _ignored = tx.send(()); // Avoid unwrapping here.

1)

rx.recv().unwrap();
println! ("This code has been executed after 1 seconds");

}
A Y8R T E L RTET ] 1 B EHAT closure 1£55,
schedule_repeating & — Ticker, & H#A89HA4T :

use timer;

use chrono;

use std::thread;

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

let timer = timer::Timer::new();
// Number of times the callback has been called.
let count = Arc::new(Mutex::new(0));

// Start repeating. Each callback increases ‘“count".

let guard = {
let count = count.clone();
timer.schedule_repeating(chrono::Duration::milliseconds(5), move || {
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xcount.lock().unwrap() += 1;

})
b

// Sleep one second. The callback should be called ~200 times.
thread: :sleep(std::time::Duration::new(l, 0));
let count_result = *xcount.lock().unwrap();
assert! (190 <= count_result &% count_result <= 210,
"The timer was called {} times", count_result);

// Now drop the guard. This should stop the timer.
drop(guard);
thread: :sleep(std::time::Duration: :new(0, 100));

// Let's check that the count stops increasing.
let count_start = *xcount.lock().unwrap();
thread: :sleep(std::time::Duration::new(l, 0));
let count_stop = *count.lock().unwrap();
assert_eq! (count_start, count_stop);

XAMI|F4 5 ZKBXT counter ii—, & 1 #)5, counter B{ERIZE 190 3| 210 =
B, AEFiEEreE, B 1%, counter WENIZFAE,

futures-timer E—MNA FAEERBENE, TEE—NEENFF, BErwf4EH
futures-timer kA Z—NEE RUTH E TS :

pub fn futures_timer_example() {
use futures_timer::Delay;
use std::time::Duration;

smol::block_on(async {
for _ in 0..5 {
Delay::new(Duration::from_secs(1)).await;

println!(" ZEE TS ME! ");

)
}

EXAME|FF, Delay::new( Duration::from_secs(1l)) Bl T —NEHfEL —K
HERE, A5, HE Delay::await REFH AL EHE, LINELEPITHRER. L
BN FREEPITER,




async_io::Timer 2—MESFE 8] &~ £F 48 Future 2 Stream,
E BT ES B A BYAT H S8  Instant B9 Future,
E BT B2 BT LR HA M A Instant A9 Stream,

use async_io::Timer;
use std::time::Duration;

Timer::after(Duration::from_secs(1l)).await;
s never A — MR ERRA B E R EE

use async_io::Timer;
use futures_lite::prelude: :x;
use std::time::Duration;

async fn run_with_timeout(timeout: Option<Duration>) {
let timer = timeout
.map(|timeout| Timer::after(timeout))
.unwrap_or_else(Timer: :never);

run_lengthy_operation().or(timer).await;

// Times out after 5 seconds.
run_with_timeout(Some(Duration::from_secs(5))).await;
// Does not time out.

run_with_timeout (None) .await;

« after A& —NMEEANEEPATH E T2 :
use async_io::Timer;
use std::time::Duration;
Timer::after(Duration::from_secs(1l)).await;
« at FAENEERANRERBITHER S
use async io::Timer;

use std::time::{Duration, Instant};

let now = Instant::now();
let when = now + Duration::from_secs(1l);
Timer::at(when).await;

« interval =4 —ANEAHAMAITEEE:

9.1 Timer




9 EARSES

use async_io::Timer;
use futures_lite::StreamExt;
use std::time::{Duration, Instant};

let period = Duration::from_secs(1);
Timer::interval(period).next().await;

+ interval_at =4 —/NEEANBEG 1T EE:

use async io::Timer;
use futures_lite::StreamExt;
use std::time::{Duration, Instant};

let start = Instant::now();
let period = Duration::from_secs(1l);
Timer::interval_at(start, period).next().await;

set_xxx 2 EE TR RAH TR,

9.1.4 tokio
L1—F (8 13 EF) NN tokio ERHEHFH L EEA,

9.1.5 smol::Timer
ERNEAHLAR, BEARTUL LM Timer, 47 LY K Ticker,
TEE2— NIRRT, E W #ER smol:Timer X8| —NERES:

use smol::Timer;
use std::time::Duration;

fn main() {
let timer = Timer::after(Duration::from_secs(1l));

smol::block_on(async {
timer.await;
println! (" —FEX£T");
1)

9.1.6 async-timer

9.1.7 timer-kit

9.1.8 hierarchical_hash_wheel_timer




9.2 ticker

async-io 89 Timer 327 interval #BXB9A 7%, T ASZILREHAME AU & £S5, timer
FEBY schedule_repeating REFRWRHE T X MBIhEE, LA TIINELR ticker &
ITF3XANEIE,

ticker EE—ATAERAMESNERNEE, EAFRUBERE, M-I
BRBORR, SRERMME TR E,

ERANKE—ANEEBER Ticker EBIBlF. BRRFAE—NREEDRIT RNOES,
PRI UE A Ticker RN E RS,

use ticker::Ticker;
use std::time::Duration;

pub fn ticker_example() {
let ticker = Ticker::new(0..10, Duration::from_secs(1));
for i in ticker {
printin! ("{:?}", i)
}
}

XABIF, FAVBIEZET —A Ticker, BHEHPT R, BFHFPUT 10 R, EERPUT
B, FATITENH L AT a9 AROREK,

WREKTARL, WTAERET ..

use ticker::Ticker;
use std::time::Duration;

pub fn ticker_example() {
let ticker = Ticker::new((0..), Duration::from_secs(1l));
for i in ticker {
printin! ("{:?}", 1i)
}
}

XAMFF, BABEZET —/ Ticker, BEMPUT R, BUTLHEOR, EERPUTH,
FAVFTER Y & ATHRAROREK

tokio —EZ P HEASNE
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parking_lot sxze=

XANERM T L Rust v ER E/N, Bk, B RJ3EM Mutex. RwLock. Condvar #m
Once BYSZEL, U R —A X353V ReentrantMutex, TRAF T —AMEK API, A
TelzZE O EREF RIE,

TE x86 64 Linux EXF parking_lot::Mutex #/TMHRE, X IELESHNERLT EL
std::sync::Mutex Rk 1.5 &, EENERELANERLTRZ TR 5 %, RwLock ByPE
RAERABRMEAENREMANACR, E/LERZAREER RwLock Bk, X
BER T EE R 50 £,

ThEE
ZERMERIES Rust i E B9 RIEE A TLMER:

1. Mutex 7 Once REE 1 NFEFWHFAEEIE], @ Condvar #2 RwLock REE 1 4
FHEMEZR, 5—AE, tREERERZE—ANNSKHEE Box RIRGFHETH
YEA G R P RIE, X/NE Mutex A/, XA B TERAERE BURE & HTH,

2. BHTEMNRE—NMNRFEELAR AEENBRLERTEMAREE EHibX

WREIE T L AME static 2REE. MEEREZEZNDIMGML, BHEEH
lazy_static! 1&MEAE1L,

. T FE SN PURBAE R AT iR NEXBE R B, BATR T B2 —DNRFERE,

CBER (BAEXRERONE AP BERLREIR (spin) FRERBUERA KALIE,

5. XL R BEMNEY, /LR spin BIREABESHERERE, XEPRERATKEIRA
X (critical sections),

6. 5ixfEEMRAARE,Condvar. RwLock o Once B[ Windows XP Lt T1E,

7. RwLock & X FE G HIH KR (hardware lock elision) #9422 & tF| A
TREGPHER XX TEHELRETUTREKRNMEHRERA. XHMAN

B W
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hardware-lock-elision 4B M.
8. RwLock EAMES A TP ERM, CBAET reader F1 writer YUK, A EE
IRATAEARIE
9. fRiE Condvar A& A (AvREE, RA AR SR AR R BT, A2 4 W RER,
10. Condvar::notify_all RSWMEE—NERE, HEHKREKEEHHASFHEXN
Mutex, X# % T FrA &A2 B 2R 3R ERS  7~ 4 BB R RN 9] /L,
11. RwLock ZHFR TGS BiFER NI,
12. 7E5%F RAII 57 1 (guard) X £ B91EL T A Mutex fo RwLock BYJR1EAED,
13. Mutex<()> fu RwLock<()> AVFERA RAIl F B ZHIBER T REBUE,
14. Mutex fo RwLock X FHERANFM, CATT RER B BEAIE R T K AF,
15. ReentrantMutex & % )a%iE,
16. —/NX Mutex. RwLock fo ReentrantMutex A XK I T BUAM 28, th3hBEBRIA
2, WA deadlock _detection #FMEA,
17. RwLock Z#FR-FHAE “TTAR” ELBARAE Hlo
18. W3R serde X FF, 3T serde MR, FR! WXFMIEA T Mutex.
ReentrantMutex fo RwLock, ¥ B % #¥ Condvar o Once,
19. H2H send_guard 4P, T LUEBIF DA% 3| HMh&Ag,

AT RFFXERIENREN, FTESREHREEohaea %A T parking lot, XA
ABRE T Webkit 89 WTF: :Parkinglot £, © A t d1 93tk B parked (BEER) & AZBA
5| 89re A R BT A AR, Webkit 89 parking lot s 2 Linux futex BB X, {ELb
futex BB, ENE R FERAAIIBE-E A =R,

BRIXMAR, RIEAEREE—MRFEE, MAREHF park E/EN£3E4 park-
ing lot ik, XFEGRIET UIEFEE PR, B4 207 & R fE LB i fo A F
M, parking lot #3R 7 UMRIE R Z B & X2, WFArEFARE,

BT R, LBRNIN4 parking lot BIREENHLRIE, BEACIAREEFFRRER
NEEERSERAZA, FoURILREZERFZ T,

RTHRIFAZHEND FRE

XN RFESHEESFAPNARE. L F E 7 AR SR HEEA new iR K4
2, BANERFERA DR, RTERIPHEIE. REEERR lock f1 try_lock
R B RAIL B3P RV R ERE, XA R URIER B E B R B P =] DO 3] 4R

—MNER IR A TFHERE S B IXAFAIEI: — AR AR PR SR B A R R —
NEFE, RREEMEFERRZEFENEAERL, REXMTIARES T ELE (B
HERSE LR E EH RN RN EFERES LT X#H), BETRSBTE
kAR,

NG FEFERARARTFERBEDKA LRERZATHN, ANAELEETLE, X2E
RPHE 0.5 BUERH XA THEIREINN, XEBHBEIT —NEHFLFENE
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oh, MR 1 ZEONEAXSEREERAANTFMES, TRIRAXNOKE, INETE
RO T AR

ERPEFEN, RETLGER AR MutexGuard: :unlock_fair E3R&| A FARS, M
AEEEMEFR MutexGuard,

TEE—MER Mutex FIF: ERATANERE, SNKEXNAFHEN 1, KREITH
HER,

pub fn mutex_example() {
const N: usize = 10;

let data = Arc::new(Mutex::new(0));
let data2 = &data.clone();

let (tx, rx) = channel();
for _ in 0..10 {
let (data, tx) = (Arc::clone(&data), tx.clone());
thread: :spawn(move || {
// KRB
let mut data = data.lock(); // % MutexGuard
xdata += 1;
if xdata == N {
tx.send(()).unwrap();
}
/1 BEEE R

1)

rx.recv().unwrap();

println! ("mutex_example: {}", data2.lock()); //# B4, 1534 %

}
CIRIRMT try_lock BzhAE:
const N: usize = 10;
let mutex = Arc::new(Mutex::new(()));

let handles: Vec<_> = (0..N)

map(|i] {
let mutex = Arc::clone(&mutex);
thread: :spawn(move || {
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match mutex.try_lock() {
Some(_guard) => println!("thread {} got the lock", i),
None => println!("thread {} did not get the lock", i),

)
1)
.collect();

for handle in handles {
handle.join() .unwrap();

println! ("mutex_example3: done");

% Br L, Mutex 2 parking_lot::Mutex<RawMutex, T> B X B E X
parking_lot::Mutex &M T8 A BB A A, tbiin try_lock for. try_lock until
SR Th BE AU IE R BB A 0%

TaEE2—MER Mutex 8 force_unlock A &B9TM:

use parking_lot::Mutex;
let mutex = Mutex::new(1l);

// TER—NMERBEFYE mutex

7

mutex.force_unlock(); // 70t 272 v 5a 4l 4t mutex

force_unlock TTLAER A A Mutex B guard BB T RFIAES! Mutex, SXBE 2
FEEN, BAFRRSBRELES, EEXESRELTERTEN.

©5 mem::forget HEFERAN, XRAEH TUFAIMAZTELP —NEHHN
MutexGuard X%, fl4nkt3E FFI Bf, RA Y YRI&EEZE FHAE — MutexGuard,
{Bi% guard B23@T mem: : forget EF N, A LOARAM A%, WRETLRFEXRPUE
ERHEDL, ITARKE X B,

use parking_lot::Mutex;
use std::mem;

let mutex = Mutex::new(1l);

// ER mem::forget A 9 EH 2|4 R

:
let _guard = mem::forget(mutex.lock());

/1 — YA % mutex R H KRN R
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LR AT A4 mutex
unsafe {
mutex.force_unlock();

}

—ANBRATERRIE, TR TRP LTI,

INEFESMAESHFPNERE, ERETLURANEBSWRMAREER new H3E R 3K
B, SNERFEAREA —NERSH, TRERIFAHIE, RAEEEN lock fo try lock
R [EIBY RAIL B53P K375 8] 3k3E, XA DURIE R A E L F B LS = U3 el 335,

parking lot #H#HN LB T FEFAREALATHE (BN —BHEESKRAAXFER),
BRANFEREREEREAFFZSEHENRERII. A FEFERTRIE, BAR
EREN,

ERTFERETR FHEVR— /\FAEJ % REARYE Jo 8t 5 H BF R T ASI H T —
MNMERE, XA AR —ANERELRB R R EFRERPCR DI H M &AE,

WRAREATRANRLER RAATFEIRFETESZRAER (KPEMRARLERRE),
BT AR AE B E A0 Mutex X312, #4E— 2 RRRIEAFIE,

const N: usize = 10;

let data = Arc::new(FairMutex::new(0));

let (tx, rx) = channel();

for _ in 0..10 {
let (data, tx) = (Arc::clone(&data), tx.clone());

thread: :spawn(move || {
/7 KRB
let mut data = data.lock();// % MutexGuard
xdata += 1;

if xdata == N {
tx.send(()).unwrap();

// SEXE B BE®
1)
}

rx.recv().unwrap();

CHER A AR Mutex £, BN EA1ERZE parking_lot::FairMutex<RawMutex,
T> By AN E X LAY,
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=B PER A F AR E SA ZAELE (reader) B &S — N5 F (writer), 5 Bl
B AVBREELIE R Gy a), X ER990ERE AU R (EZ35E),

XANPUE F — PG 1L 38 Fo B Z VUK BTSN EPUE R BE, XA RE BIE P TAEDUIR
A ERAEARBRY RN RAEEE FESARRYESWEE, A, £EREE )T
FREIEZ P A BE S B B0

KRS T RREINPURIPOBIE, T EEWE Send FTREELAR | ZFo Sync T AE
AVFENIEE T LR, YA ERER RAII SFESZHLT Deref(X write & 7kiR 52
T DerefMut), UV R8I E 2 EIE,

INE— AR B FE N PR S H I AR AR I — AN B SR AR PR R 3 45 FRER fo i
BRE—MES P, XFEEMEFRBOZLE PINERERE,. REXMAFNRES T HH
£ (FACARSELER B EH RN NBEKAIELE Pietias BT X)), Bt
o H AR AR,

XA E HHE A RANTFHERAERD KA EEERZANTHN, AN FABEEETE, X218
N FHE 0.5 BRG] — R A FAEDUR I, OEREPHI T —NEHALE PN
2o

A, TN 1 ZERHNIEAXER2FERATFEY, ZRIGEAXNKE, XNEHE
B =] LA AR,

EMRPIEE PN, #RIE T LEX A A RwLockReadGuard: :unlock_fair =X
RwLockWriteGuard: :unlock fair R3g&|/AFAED, A =R EEFFF,

TEE—MEA RwLock Bf1F: EATNEAE, BHREENHFHEN 1, Tz
BRI FHIE TN EHE:

const N: usize = 10;
let lock = Arc::new(RwLock::new(5));

let handles: Vec<_> = (0..N)

.map(|i]| {
let lock = Arc::clone(&lock);
thread: :spawn(move || {

if i %52 =0 {
let mut num = lock.write();
*num += 1;
} else {
let num = lock.read();
println!("thread {} read {}", i, num);

})
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.collect();

for handle in handles {
handle.join() .unwrap();

}
RwLock 42t 7 try_read #2 try_write B9Zh4E,

try_read B&—HA% HATERAKRBEY, b try read. try_read_for.,
try_read_until.try_read_recursive.try_read_recursive_for.try_read_recursive_until,
try_upgradable_read. try_upgradable_read_for. try_upgradable_read_until,
XEBERABEFENBXEFEZNXGT, RECNESET EFELNEE &

A reader B FH writer HIRZEIREBGZ B AITHN, AN BIZEA read_recursive,
upgradable_read 7%,

try_write 27 try_write. try_write_for. try_write_until E7X%,

[ B e SRR T 3R IR ARSI 5% . force_unlock_read. force_unlock_read_fair.
force_unlock_write. force_unlock_write_fair, EN1—A%xA2 mem::forget &L

£/,

YFE, FRETBEXS mem::forget REIA THE, BAIEENET,
mem: : forget A FHEEF —AMEN[F B3 % fok & FATH R 2K
mem::forget 3% AT U TIHER:

1. ¥—AMENER ST Drop trait B, Rust & &R F/E B B 558 B 247
MR, EAREZERAIFFERR XAHBARNTHRE, X UERA
mem::forget,

2. YA —/ RAII R3#F (0 MutexGuard) B, IE%1EN T &E B F/E RS
BB, BnREZRAGR BERBXAERD, FTAAS mem::forget kREF IR
& MR IFDUE

3. BERHB B — MEARKAKE BREEMNEZEHRIFTAER. XNTUA
mem::forget 3 5o% 5 B AR A HTH

4, —HIFRAFEAIBERT, EZFHIEHENE DA, mem::forget 7] LU AT
B FACRS Pl X b AL 5 o

R mem::forget RWEETE, ¥ forget WENRANME, SEEME, ANEEHE
EEARBERXNMEEFNE,

Bz, mem::forget sEATEEZEMNEZFELE G RARITBEEINER. FERE
RENRBRRNLER,

AEANEFRIE, AR —ERE S RIRERD
XANERE Mutex R, FRT L TFJILR: - ANR—NEEZS RPUERKIESE TIF, A =5%0
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. - ReentrantMutexGuard R4 PiENEIENTES I H, WREETI A, FH
RefCell,

ME R E XA IAE B ERRIFLAR ID AR ETEA:

pub type ReentrantMutex<T> = ReentrantMutex<RawMutex, RawThreadId, T>;
TEE—/MEMA ReentrantMutexGuard B4 :

pub fn reentrantmutex_example() {
let lock = ReentrantMutex::new(());

reentrant(&lock, 10);

println! ("reentrantMutex_example: done");

}
fn reentrant(lock: &ReentrantMutex<()>, i: usize) {
if i == 0 {
return;
}

let _lock = lock.lock();
reentrant(lock, i - 1);

}

XY, const_fair_mutex. const_mutex. const_reentrant_mutex. const_rwlock

ZAIZE const HIAYEF] R %K,

LZE—‘/\_I AT RMERLNR Y R1E, N T2BEXE, FFI RMEXEN—
RETHRARE R,

Ffotr R Once AR :

static mut VAL: usize = 0;
static INIT: Once = Once::new();
fn get_cached_val() -> usize {
unsafe {
INIT.call_once(]||
println!("initializing once");
thread: :sleep(std::time::Duration::from_secs(1l));
VAL = 100;
})s
VAL
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let handle = thread::spawn(|| {
println!("thread 1 get_cached_val: {}", get_cached_val());

1)

println!("get_cached_val: {}", get_cached_val());

FHRERTHEHELBENEA, IHEFFEHARER, ERRHMAE CPU K, &4
REBESHFME RRIER) L FEMXEK, ERTAELMEEZR, FHELEE
IR ERIBATRIE,

use std::sync::Condvar;
use std::sync::Mutex;

let pair = Arc::new((Mutex::new(false), Condvar::new()));
let pair2 = Arc::clone(&pair);

thread: :spawn(move || {
let (lock, cvar) = &+pair2;
let mut started = lock.lock().unwrap();
xstarted = true;
cvar.notify_one();

1)

let (lock, cvar) = &xpair;
let mut started = lock.lock().unwrap();
while !xstarted {
started = cvar.wait(started).unwrap(); // block until notified

}

ERBANTE—NEEFLARIRT P, ERT &M (started=true), AT notify one
Fik, BREER—NEEPEREERS, XEAUYHN, EA Condvar By wait AAE
B, REEEREE B RRERB,

notify_all &eEEFT A BISE/F4A2, M notify_one REMEE —NEiF&RAE,

wait B JLANZF, 1= B EILE A S5 wait_until.wait_while.wait_while_for.
wait_while_until,
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crossbeam ;xze=

Crossbeam & rust # Z &EH LK REF TRHENE, CHMERTLHELHETE LN
patterns, {£ A2 KRB B HE, F% rust F LN HAE crossbeam #HERIE, FT
BUER rust FF&#, Ei8 crossbeam WA= ERAE L EN,

XA crate -t T —4HATHARENTE:

o JRFHAE
- AtomicCell, —NMN&RZE2WNTERNEMNE, (no std)
- AtomicConsume, A FTMARBEHE FEE L “consume” 7 i
B, (no std)
o HIRELEM
- deque, ATHMEMESRAE RN ITIEGBRIREAG],
- ArrayQueue, —/ME F-89 MPMC FA%|, EHMEZ R A BRE E R ENEHKX, (al-
loc)
- SegQueue, —PTLHH MPMC FA%|, #EFELE/NEFRX (), (alloc)
- NGEER
- epoch, E-TFERRBIIKIKESS, (alloc)
o &AW
- channel, A THRBEHNL £ E L HFHRE,
- Parker, —/N&#2 parking JRiE,
- ShardedLock, BEAIRZEIF KL F LS B,
- WaitGroup, AT RZFZEATEFHE LR,
« ZIATR
- Backoff, AT BEfERF HIELKEIR, (no_std)
- CachePadded, ATHEEARMNFTINEFITKE. (no_std)
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- scope, ATHEBRMERTERRIREEBNLAE.

crossbeam-skiplist SZH, 7 &£ F lock-free kX SZIEYFHF & map Fn set, B BIE 2 5L
oM,

ETRILBFMNE-—NBEN.

11.1 [RFIRE

AtomicCell Z2—NRFEIELEH, B URIEX AR EIE IS BIER R T8,
FEWRE AR A T

o AtomicCell ENIFHET —NZAE THETE, REANAENT AR REXAN
TE, FREE B A SRR,

o RIEMNEEZIEEZR T Lo let cell = AtomicCell::new(10);

s M7 load. store AAXREFIEE HAIRME,

+ fetch_add. fetch_sub &A% LR FHILE NIRE, ©A1&KREIEH1E,

o clone AER UBIZE—ANFTHY AtomicCell, RERMEMR, TUELSEXEFER,

o from, into AJATAMN—NEEH T XA AtomicCell,

o SZIT Sync A7 Send trait, FT AR B[ AR HE KRR KL E,

THEXANMIFER T EREENIERLTHER AtomicCell BIHF:

pub fn atomic_cell_example() {
let a = AtomicCell::new(0i32);

a.store(1l);
assert_eq!(a.load(), 1);

assert_eq! (a.compare_exchange(l, 2), 0k(1l));
assert_eq!(a.fetch_add(1l), 2);
assert_eq!(a.load(), 3);
assert_eq!(a.swap(100), 3);
assert_eq!(a.load(), 100);
assert_eq!(a.into_inner(), 100);

let a AtomicCell::new(100132);
let v a.take();

assert_eq! (v, 100);
assert_eqg!(a.load(), 0);

}
TERAMITERT ES&ROILTEMA AtonicCell #fIF:

use crossheam::atomic::AtomicCell;




11.2 BUEEM

let atomic_count = AtomicCell::new(0);

// EEZNEAEFHEBH count
for _ in 0..10 {
let atomic_count = atomic_count.clone();

thread: :spawn(move || {
let ¢ = atomic_count.fetch_add(1);
println! ("Incremented count to {}", c + 1);
1)
}

/] ERHEBEER
while atomic_count.load() < 10 {}
println!("Final count is {}", atomic_count.load());

L@ERBIBIZET —/ AtomicCell, #M41b count A 0, RFHE 10 NEEFH A0
HITEMIEIE fetch_add(l), BNEREIRERYEME M1 EEAN. B TERT
AtomicCell, FTAENZ -G X - FHNRBERTHN, FBFERERES®. FTE&EREM
H count RAEMIAN 10,

AtomicCell 2 T — M Z &R ZLNRFHIER SR, TR EEXNOBIR R L,

FHETAEGERX AL,

XEHEEMRETRTIEGRIAESR, BRANRESRENEE, SMNEHEED
89 FIFO = LIFO FA%| (T/E#&, worker), 3H—/N2F8 FIF0 FA%| G A, Injector)
Fo— AN RES BT S B TIEZ BASI G| 9%k (4B, Stealer) o

BABEREES R FPIAR RS R @B EE FER—MES. BNTEELREE—
MEF R EFRS, BRI T —NEBTNES, REETE. A THIES, EELEE
BHAMTAEENI, REEBIANSHGRE,
BRIFGRAERFH—NEKRBLETZRRS, EESHRTNEBITHNES. BT
HRETRANES, ETRESPUTUTERE: - RRAEITAEER F i E —MES, -
ZRNEREABRI R GBR—HES, - TRNT —NERERGREIIRFHR—
MES

X R XA ARG BUR B B9S2 :

use crossheam_deque::{Injector, Stealer, Worker};
use std::iter;
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fn find_task<T>(
local: &Worker<T>,
global: &Injector<T>,
stealers: &[Stealer<T>],
) -> Option<T> {
/1 KA FI R —AMES, WRFH =
local.pop().or_else(|| {
/7 BN, BAIFEAELMN T ERES
iter::repeat_with(|| {
/] ERAE RN TG B— TS
global.steal_batch_and_pop(local)
/] BERAEAMEAE T G —MES
.or_else(|| stealers.iter().map(|s| s.steal()).collect())
)
/] FEERFGREMES BT BREFEEZRAER.
.find(|s| !'s.is_retry())
/! REGRENES, WRAWIE,
.and_then(|s| s.success())
})
}

BRMRA —"NEBAHM Worker, Injector #n Stealer RYAE 2, MK LA
find_task RFREHR T —NBIEFTHES, A TE—AERNEFF:

fn main() {
/7 RIEARHTAEH T
let local_worker = Worker::new_fifo();

/7 QAR FENELT
let global_injector = Injector::new();

/7 Al — LG R
let stealerl = local_worker.stealer();
let stealer2 = local_worker.stealer();

/] VEFTA  BE RN &
let stealers = vec![stealerl, stealer2];

// AR find_task EH T — M4

if let Some(task) = find_task(&local_worker, &global_injector, &stealers) {
println! ("Found task: {:?}", task);

} else {

println! ("No task found.");




11.2 BIEEM

ArrayQueue ZH FHZ 4 = EF ZHTENI,

ZRAFEEHBER DB — N NE E R ENEHX, ATHEMIEZNTER, AT RERMNET
ZHX AT TERE, ZRETEREEICHNAIPELIK, k&, force_push £
1FXANAB T A AER S X, TR B X AE /53X NAI LE SegQueue R4,

T2 —AMER ArrayQueue B R :

use crossheam: :queue: :ArrayQueue;
let queue = ArrayQueue::new(100);

/] EENEEFHKEF
for i in 0..10 {
let queue = queue.clone();
thread: :spawn(move|| {
queue.push(i).unwrap();
})
}
/] EEAEAR T I KOH B
for _ in 0..10 {
let queue = queue.clone();
thread: :spawn(move|| {
while let Ok(item) = queue.pop() {
println! ("Consumed {}", item);
}
1)
}

RS EFESHRENS

LB A — R EER, HPESNBREE—NTAUERADETER/NEPX, FA
SR AR EEL D TRZARE, Aft, B THMETENERXTENSOEE, X
ANBAFEL ArrayQueue F41E,

FERE—AMER SegQueue RS 477 % 4 R EHHI T

use crossbeam queue: :SegQueue;
use std::thread;
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fn main() {
// BlZE—1 SegQueue
let seg_queue = SegQueue::new();

/] BlE—AEFE R
let producer = thread::spawn(move || {
for i in 0..5 {
seg_queue.push(i);
println!("Produced: {}", 1i);
}
1)

/] BB —ANERE AR
let consumer = thread::spawn(move || {
for _ in 0..5 {
VA NN e S
let value = seg_queue.pop();
println!("Consumed: {:?}", value);
}
1)

/] FREE AN B AR R
producer.join().unwrap();
consumer.join().unwrap();

—~

EXAMMIF o, BAVBIZET —A SegQueue, RERH T —MNEFZEREBM—ANYHE
KAZ, &£ H AR THEXBIBAS, Mol B E AT MEAT ot X e F F HFTER R,

BT SegQueue ETLFFAS, FLURRIE RN TER,

11.3 AFEERE
ERIARRD, TR, XAEREBIRME T — IR E IR A,

11.4 Z£RERYD

11.4.1 channel

ZAEFELZEFHEEE, ATHEEEER,

% crate & std::sync::mpsc B§—NERKE, BBEE L EFERE.

YR AETHY std: :sync: :mpsc H1# A crossbeam #J channel &#t 7Y, crossbeam H




11.4 ZiERY

channel £ T mpmc BIEE A,

MERARAANREBIZEE: - bounded BIEZARAEMNRE, BIE—RTTURMEHE
B¥EAM, -unbounded BIETLRFEMNEE, BPETURNEANERELKENHEE.

XN RERERE— Sender #a—/\ Receiver, BA14% Bl & iR 00 ANE X B34

RAREEREE

use crossheam_channel: :bounded;

/] BIE—ANREE TR 5 FHLNEE.
let (s, r) = bounded(5);
/] TUERE 5 &
for i in 0..5 {
s.send(i).unwrap();

H R & T2

}

// BTRECHE, BREH ‘send” ¥4 HE
// s.send(5).unwrap();

XERMAME R T crossbeam channel crate F#) bounded R AIZET —NE RE
ERGEE, AT, RERZRNTUERN S5 XHR, BRAER, KIVEHA
s.send(i).unwrap() MEFELXT 0Bl 4 WERHEE., B THRENETER 5, AR
HEARASRKMAE, RE, TN s.send(5).unwrap() ZRERIAA send FEEIR
EE—NHBERE BF5), BEhTFREDRH, XNMMESKAE, BEIATRTUEN
FH B

AR AFE B -F B e pk T R 093 3
use crossheam_channel: :unbounded;

/] QB —ANEREEHEE.
let (s, r) = unbounded();

// TR ERRENH LT A2 HE,
for i in 0..1000 {
s.send(i).unwrap();

}

RHRENESAERE, ERRENEMMER. R, ATERXNIHEEEE, KiXfogk
WA RO IR B 42 A

use std::thread;
use crossheam_channel: :bounded;
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/] QE—NEEEHEE.,
let (s, r) = bounded(0);

/] REBALIEE, HEE R AR
thread: :spawn(move || s.send("Hi!").unwrap());
/7 BHERELWE, HEE S HAR B

assert_eq!(r.recv(), Ok("Hi!"));

X RAD S TT@FH crossbeam channel crate F# bounded XA EZ—NEZEN
B, AEREREP, KEMBRRELMENLE, B, Y thread::spawn 4l
BT —NHERE, ZE&ERA s.send(“Hi!”).unwrap() ZiA[FEE LXK R “Hil”, #H
THEEREANE, REBRFSHEERINAERRIEES —wEIN. £E5, FLERA
rrecv() ZIRMBEEZPOE . RAE R —Inh L2 HBME, BKBRIESKT), RELEE
A Ok(“Hi!"),

HERBBIF, A clone RIEFTIEX £

use std::thread;
use crossheam_channel: :bounded;

let (s1, rl)
let (s2, r2)

bounded(0) ;
(sl.clone(), rl.clone());

/1 ER—ANEAE, BHCHERERE—HE

thread: :spawn(move || {
r2.recv().unwrap();
s2.send(2).unwrap();

1)

/] B#E—NEHEREER—EE
sl.send(1).unwrap();
rl.recv().unwrap();

XEERALE R T crossbeam channel B/ NAE: - BIE—ANZEFEAN 0 B9F R channel
(s1, rl) - f£H clone() %f& sender #7 receiver, 83| (s2, r2) - EFEKE T,
W r2 BUCHE, BT s2 KEOUE - EXAMED, B s1 KEMA, HEN rn
BICHEE

XEERRSZIL T RANRAZZ HEOE B (53, T&RIEL send, FTXRAE recv 5H send, £
XERE recv,

crossbeam By channel FEFEE A TEEEFLEREEMBE, IMIFERT
EAREBAEHRERNERT R,

Y 5 —/ channel 8 XBKBIFT A & 3% 35 5 UK drop BY, i% channel &% 4 dis-
connected R, WERAEREAZ channel X354 8, (EEZMAT UKD = 51H 4
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11.4 ZiERY

B8 B, 7 disconnected #J channel 34T send #n receive ¥E/EE A SWAE,

use crossheam_channel::{unbounded, RecvError};

/] Rl IRE Ry A
let (s, r) = unbounded();

// HEERE =AW E

s.send(1). unwrap(),
s.send(2).unwrap();
s.send(3) .unwrap();
/] E—WRFEISEWHEF, WIT T W,

drop(s);

/7 T RABRCR R B E R

assert_eq!(r.recv(), 0k(1));
assert_eq!(r.recv(), 0k(2));
assert_eq!(r.recv(), 0k(3));

WP EHFELSHHE L

assert! (r.is_empty());

‘rorecv() fFaLE.
) > Bk El “Err(RecvError) "
assert_ eq'(r recv() Err(Rechrror)),

XEERASER T crossbeam channel crate F 8 unbounded R AIE T — NLIRE=E
BB, Ho s BRI, r 2R, B3 s.send(1).unwrap();. s.send(2).unwrap();
A1 s.send(3).unwrap(); [A3EELEX T =ZKBEE, K5, A drop(s); EF THE—HILE
i, X S EGRE WIIT, #:%F , @3 rrecv() ATERFIRIVCER, 252 1.2 fn 3.8, &
3t assert!(ris empty()); FIABREF LB ELSHER ., /5, B assert eq!(r. recv()
Err(RecvError)); ¥iEAHA rrecv() AFfEE, fmEZBPRE Err(RecvError), X2ZRE
NIEIE EAWTT, RA E S BE R U,

%Hkiﬁ‘ﬂﬂ’ﬁiﬂz‘iﬁﬁﬁﬁﬁ Blam, iter A kAlIE—MARE, i?Lﬁ%?%Hﬁ(?‘ﬁE\, H
FRBET TR R, T8, RRTRIEE, FHET-FELIK

use std::thread;
use crossbheam_channel: :unbounded;

let (s, r) = unbounded();

thread: :spawn(move || {
s.send(1l).unwrap();
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s.send(2).unwrap();
s.send(3).unwrap();
drop(s); // Wrii.

1)
/7 MR RO TR R
// EE, A “collect” £MZE, HEKEWWEF.

let v: Vec<_> = r.iter().collect();

assert_eq!(v, [1, 2, 31);

try_recv ALWMHEE, recv JRESHEIAE, WTREFSWHAZE WFH channel),
try_iter A&FE, R4SREHAE channel TR,

select! ZXIFLEM Go —HEH select 8%, T AR Z A channel, Hi%FH &
— channel REFEWCH &,

use std::thread;
use std::time::Duration;
use crossheam_channel::{select, unbounded};

let (s1, rl)
let (s2, r2)

unbounded() ;
unbounded() ;

thread: :spawn(move || sl.send(10).unwrap());
thread: :spawn(move || s2.send(20).unwrap());

/! &%= recv HIAT

select! {
recv(rl) -> msg => assert_eq!(msg, 0k(10)),
recv(r2) -> msg => assert_eq!(msg, 0k(20)),
default(Duration::from_secs(1l)) => println!("timed out"),

}

W ER A AEATIE R SATFHEBOY B, select! FMAE, BEIHPT A REEETEK
HR. WRBAEFEAEEELSITEBCEE, BERMHT default 2%, R4 select! B
AT default X, WRZHEATREEESITFEBCER, WWEARME default 2%, R
2\ select! BHJFHEE, BIHP—NREAZTERER.

WMRREBAENSOENREIRIEN R L /THEFE, FH Select K, select! ER
EXt Select B—AMEF| &3 :

use crossbheam_channel::{Receiver, RecvError, Select};

fn recv_multiple<T>(rs: &[Receiver<T>]) -> Result<T, RecvError> {
/] HEBEI XK.
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11.4 ZiERY

let mut sel =
for r in rs {
sel.recv(r

Select::new();

);
}

/] TR

let oper = sel.select();
let index = oper.index();
oper.recv(&rs[index])

}

crossbeam AN E T =455 89 channel, B8R 2R B —NEWBOHE A AR: - after: 8]
BE—ANE—EREEEHEEANYEREE, - tick: BlEZ—NEEAMEEN B REE, -
never: BlIE—/NKTAEEEHE B HYRE

use std::time::{Duration, Instant};
use crossheam_channel::{after, select, tick};

let start = Instant::now();
let ticker = tick(Duration::from_millis(50));
let timeout = after(Duration::from_secs(1l));

loop {
select! {
recv(ticker) -> _ => println!("elapsed: {:7}", start.elapsed()),
recv(timeout) -> _ => break,
}
}

T Rust E’H?Ziﬁ%ﬂﬂ Parking 2 —fPARIEEENG], TLUERESEENELRES
YkLLin

crossbeam F 8y Parker 2t 7 — /&2 Parking B9/R1E,

B2k, ¥/ Parker # X EE — token, MW EARTHMN: - park A 52 EY
BIARE, RIESKEHEZ token TH, T LB YEFEIX token, - park_timeout
A1 park_deadline A J&#fn park THEA NAERE, ERSET €& AR EFHEE,
unpark FARR-FHEMME token TR AARS, WRZ AR THEE, EA token
M= A, BT unpark FEE park %3k park M BEIRE, #eaiEd, SN
Parker AT —/NB 7S, ¥ LB park Ao unpark k34T “BiE” fo RS,

Parker 2 7 —MNRBHW AR EFAREN RN, TUARINE 5 RMNE P RiE4N
Mutex, BELEIFEEE % 5A CPU I, EATEESFARIN S ERET R,

use std::thread;
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use std::time::Duration;
use crossbeam_utils::sync::Parker;

let p
let u

Parker::new();
p.unparker().clone();

/] EAR R
u.unpark();

// LB BESF A A R
p.park();

thread: :spawn(move || {
thread::sleep(Duration::from_millis(500));
u.unpark();

1)

// % cu.unpark() " FRBEA SRR,
p-park();

— MR BRE Bl XAMBEMT RwLock, ERIRIFIEER, SHRIEEE,

ShardedLock ERIEH— ARSI H AR, BN HZ— RwLock, & A—/NEMMHE
AT, BRBEBRBELYNEELABEEY IR HPEE. SHETERABEFAEL
Fo BB R, REBIEATHLIBREEEERARNS R, it EH AR
ZHEAT, XA EMEAER, R, SHRETEMESN I/, RRILBEFTHELT EIE,
PR FREEBOR TR ERIE ARSI, PR RARIEEE 45 E 1R B,
{35 RwLock 2

use crossheam_utils::sync::ShardedLock;

let lock = ShardedLock: :new(5);

Ll 3k ol
HY 1240 o

// URRFEEERE
{
let rl = lock.read().unwrap();
let r2 lock.read() .unwrap();
assert_eq! (xrl, 5);
assert_eq! (xr2, 5);
Y /7 Bl b, ESBEK

A N o &k A =gy
// R, REEFHE— N5 8.

{
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let mut w = lock.write().unwrap();
*w += 1;
assert_eq! (xw, 6);

Y // BHEX BEWERK.

WaitGroup f# A2 RESE R AT HE Y FF B EE R,

Go EE F4A WaitGroup BJ#E&, Java & CountdownLatch B9, C++ T A
std::latch IS, XL R R —MRE P RIE,

Rust ¥o8 B R A XANREF JRIE, crossbeam FIRMT, LRMEE=ZAHEL wg
iR T EMAIThEE,

WaitGroup 5 Barrier %A1, 1BH —X5|: - Barrier £kt E 4038 K42
Bk E, M WaitGroup RIARFELUEM B % &AR, - Barrier I AEFTAEXRER IS EE
F, fWaitGroup REZFEE—K, - FiA AEHRFFHMERES]A Barrier, TEA
WaitGroup, BNEARETUAFSFEMERE, O OAFRLMAIEE,
TEE2—MEA WaitGroup BfIF:

use crossbheam utils::sync::WaitGroup;
use std::thread;

/] BIE—AFoF 4.
let wg = WaitGroup::new();

for _ in 0..4 {
/7 BIEEAAN T AT A
let wg = wg.clone();

thread: :spawn(move || {
// AT BT,

/) BB FEAF AT A
drop(wg) ;
1)
}

/7 HZE, ABTAERETKRIME,
wg.wait();
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T B R P PUTIEHOR K EOA R,
T BB P PUTREBHRIE AT UR D S M, IRE BRI RE,

XA AR APAT CPU B9 YIELD fu PAUSE $£4, B YR LB IEAZRAE
12/, F&E IR AR R RSB HLE R EXZANITFRHL, BEIR0E—5 KKELAT
— KB HI A,

use crossheam utils::Backoff;
use std::sync::atomic::AtomicUsize;
use std::sync::atomic::0rdering: :SeqCst;

fn fetch_mul(a: &AtomicUsize, b: usize) -> usize {
let backoff = Backoff::new();
loop {
let val = a.load(SeqCst);
if a.compare_exchange(val, val.wrapping_mul(b), SeqCst, SeqCst).is_ok() {
return val;

}
backoff.spin();

}

XERRAL{E A crossbeam utils crate ¥ Ay Backoff $/T B heiR#, ZRXERFEEF
PATTROR A, EMEIRR, BAMBRTE, RE#EH compare exchange 7 &R R
FHUEH L b, FER-FHEMERD, REJRBE, TNER Backoff #1T B iER#E,

snooze FEMAER/IAPHITRE, YBMNFEEFA —NEEREGHENR, ROZERX
fhAsk, ACFEEEVAE(E A YIELD = PAUSE 4 3/Tit#, YURIARETaEBENKFR
B ABRIERAGRERFHIT LN, WRTEENIE, £ is_completed K& E (T2
TUE AL (E AR, FHE AR [ 89 [ 25 AL FELE U AU AR

use crossbeam_utils::Backoff;

use std::sync::atomic::AtomicBool;

use std::sync::atomic::0rdering: :SeqCst;
use std::thread;

fn blocking_wait(ready: &AtomicBool) {
let backoff = Backoff::new();
while !ready.load(SeqCst) {
if backoff.is_completed() {
thread: :park();
} else {
backoff.snooze();

}
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}
EENE ready REA true BERAERIZMEA unpark() MEEKERAI&KAZ,

EHEEET, ARABRELXE T RINKER BT EKREER —NERITH. BEH—
NEFEEEREFBOENERITRN, X&EHHEM CPU RO EA—EFTHEA
BT RGN EBENE, 8 CachePadded = LUBR B 31— NEKIE A BB ARS8 H At
17 B9 ERIE L K

ZETHRKERBIZA N FF, BARBURTEEM: - £ x86-64. aarch64 Fo powerpc64
t, N =128, - £ arm. mips. mips64 #0 riscv64 £, N =32, - £ s390x k£, N =
256, - EEMFIAZEM L, N =64,

EEE, NRE—NESENEN, HRERIISEFBITHINRLREFTKEMT
B, TEILM Intel 2M L, FEIMERBEXIEER—I 64 FHWER/T, ERHBRIMTEN
WBRREFTHKERN 128 £H,

CachePadded A T EE AN FAERFITKE. EE—1MEER, CHERE—NE
FATH, HAEHABEELZ—EFY, UARECASHEMERXZFEAFT, TANREE—
AT

use crossheam_utils::CachePadded;

let array = [CachePadded: :new(1i8), CachePadded::new(2i8)];
let addrl = &+array[0] as xconst 18 as usize;
let addr2 = &+array[l] as *const i8 as usize;

assert!(addr2 - addrl >= 64);
assert_eq!(addrl % 64, 0);
assert_eq!(addr2 % 64, 0);

XEERAZET —NMEEFA 18 LR WA, SN TEHZRH CachePadded: :new &
B, URIECATERBETHRRBEFRSFER —NEEIT, BE, BRIERKATHANT
Haoihak, SRE T ez A E R, FREET BN R TIZE 64 FHH
fE¥T 55

BEARRMBEIT : -assert! (addr2 - addrl >= 64);: FBRHANTERIUEE R E D
A 64 FF, URREANERRNEEITF, -assert_eq! (addrl % 64, 0);: HfRE
— N TTERNHUE R 64 R AT, - assert_eq! (addr2 % 64, 0);: BEREBE-NTE
R UEIZ AR 64 FH X5,

XM BENEAR T LN TR EFER —E6/T, URVEETZRNES,

EBHNIZI— Queue $kIELEMEY, CachePadded BRAE A, & head 0 tail KEE
RFRNEGETH, XHEALXEEEHEZBEE TENARSEHNEFEITRIK:
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use crossheam_utils::CachePadded;
use std::sync::atomic::AtomicUsize;

struct Queue<T> {
head: CachePadded<AtomicUsize>,
tail: CachePadded<AtomicUsize>,
buffer: s«mut T,

Bl —MNH T ERERZH scope.

i %A FaiMmANTEEEARSAE R BORARERZAIB s, WRATA BEMARNL
FRARBR T SRR, MR E—/ NS f B3R E{ERY Ok, WREATEMANEIZEAL L T panic,
J3REIR SR B panic K2R Err, 1EFE, R panic BN RS, K
AR EME TR

use crossheam_utils::thread;
let var = vec![1, 2, 31;

thread: :scope(|s| {
s.spawn(|_| {
println!("A child thread borrowing “var~: {:?}", var);
1)

}) .unwrap();

11.6 crossbeam-skiplist

CEIT A TR LR FE S,

XA crate Mt T XA SkipMap o SkipSet, X IIELEM O RRMT LM T
BTreeMap 1 BTreeSet 8930, [BEEIXFESNEEZIRBRITRZL2HFH LT,

SkipMap fo SkipSet SZEN T Send #n Sync, EILENTA UBEMNHE LS NREZ BHLE,

FBRAT AT R B A 0%, bbn insert, #ZHE &self fAZ &mut self, XAFE
17T AR F & 3038 A o

use crossheam_skiplist::SkipMap;
use crossbeam_utils::thread: :scope;

let person_ages = SkipMap::new();

scope(|s| {




11.6 crossbeam-skiplist

/] WENEEHBAFEANFE .

s.spawn(|_| {
person_ages.insert("Spike Garrett", 22);
person_ages.insert("Stan Hancock", 47);
person_ages.insert("Rea Bryan", 234);

assert_eq! (person_ages.get("Spike Garrett").unwrap().value(), &22);

IOk
s.spawn(|_| {
person_ages.insert("Bryon Conroy", 65);
person_ages.insert("Lauren Reilly", 2);
1)

}) .unwrap();

assert!(person_ages.contains_key("Spike Garrett"));
person_ages.remove("Rea Bryan");
assert!(!person_ages.contains_key("Rea Bryan"));

XL E A crossbeam skiplist crate F 8y SkipMap Bl T —MNBkRBREY per-
son ages, 3 crossbeam utils crate F 8 scope Bll& T —NEESEE, REER
MNRREAR P IR MRt P iEAK B,

KE, BRNERET —LRFNER, BEEANERRRREEZT L2128,

/
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rayon =

rayon & Rust R HITE, CEFRER, TURWEIN T ITEZIRAFTIHE, ©
HARIERFD 3 e BB %o

12.1 #HIKRSE

rayon bR FERBHB/AFTERBEEERTHE: BERILT, REKFEHN
foo.iter() A EPKA foo.par_iter(), 2R/ Rayon SEHRWENE:

use rayon::prelude: :x*;
fn sum_of_squares(input: &[i32]) -> i32 {
input.par_iter() // 77177 %
.map(|&i| 1 * 1)
.sum()

}

FHATENRB RN TREWEDEBIERN D AES; CSHNEN UAEZINRRERE, WREE
EHiX B BIEMEIN, rayon FIZMET join Ao scope REk, A FEBE TRIEHATHE
%, MRBEE ZIRHR, BTUAUNEBEXEEM, MAEEHR rayon HERIALF %
F2M,

CAKA., WEENSES. Option. Rane. Result. Slice. String #n Vec 124t 7 34T
BERE, IS RERIEXEE SRR RBKEITHITHE R, LEEELEREHRE
BYEHE, T EMEA rayan .




12 rayon [%&

INRTR— M X-E9F (forkjoin) fERAER, TTUARERERHENES.

spawn % ATE fork-join fEFR self FAEK—IMES, WESEE fork-join 1EFART
FRZ AT EANRZIPT. EFUABHBRIEE, mbAEEBIERER self 851 A
YEASE. XFTRTE self FAHES.

ARNEA BT REERKECRERAE, RECINTUENERLNEHEE (WRX
BRENEFRAHER TEAS), FEIHZTREHTHERE,

T@2—MEA scope BIBIF:

let mut value_a = None;
let mut value_b = None;
let mut value_c = None;

rayon::scope(|s| {
s.spawn(|sl| {
// " x5 CsoRAMERERE; XA chandle® s1°
/I RATHEERGESFER,
/7 BEAERBRART RS &R R,

value_a = Some(22);

// ERE s HEMAREESFTRA 24K
sl.spawn(|_| {
value_b = Some(44);

1)
1)
s.spawn(|_| {

value_c = Some(66);
1)

1)

assert_eq!(value_a, Some(22));
assert_eq!(value_b, Some(44));
assert_eq!(value_c, Some(66));

XEERADEH Rayon FEAIZET —ANFHATIERABK (parallel scope), HEHEFAERT —
AP, ERATES TR

1. let mut value_a = None; FiEMFER T =ZANTEZE value_a, value_b fo
value_c, #4041 A None,

2. rayon::scope(|s| { ... }); €I T —/ Rayon HITIER . EXMERAS
B, WA RIFTIES,

3. s.spawn(|s1l]| { ... }); £RT —AMES, HERT —MERABAMTE sl XA




12.3 Thread i

£%%, value_a HHiZEA Some(22), ¥ &, sl BHEARNES ERHIER
AN, BEAERBREATR SR R,

4. EERWMESH, sl.spawn(|_| { value_b = Some(44); }); X&ERT —N
£%, ¥ value_b iREHX Some(44),

5. s.spawn(|_| { value_c = Some(66); }); EEERABTLERT 5 —MES,
¥ value_c REN Some(66),

6. BT Rayon fFABGKIEERHFTHNMAESERIAMNFAER, EE
assert_eq! Wig ¥, AUKREMESHIT/E value_a, value b fo value c 8y
ERTFEHA,

spawn_broadcast KR MWHNENEKE LER—NESESE. BESKEERIN LS
FERRFIET, XB®RETUTHSEBE YATAERERNE SRR - Blt, ©REEMRH
FHEARLOEMSI A (BTRHEESERABHAE), spawn_fifo XINMNRBEFE —MES
73| Rayon &ABMFH) static 3 global fERE T, MBIVEARE—K, XMES
5 YRIEEARERS A XBK, R TCAREBIFART REA 'static £ R IMEM
S A. WRREEER—NG| AERBIENES, TUER scope_fifo() REFKA!
B MEAR. XNRIKITAE spawn REFEAER, FRZAETRBER L2
BRI FIFO (&#thd) RF Lk,

ThreadPool REHAF A EN &M, £ H ThreadPoolBuilder 5 & &2
KAZ B E fo/K L MRe A ThreadPoolBuilder::build() Z /&, & LUEA
ThreadPool::install() EiZ&AEM T E ABITRI, L2 T, TE K Rayon RHK
(40 join()) K7E U RIZAR M P RRRPUT,

fn fib(n: usize) -> usize {
ifn=20 || n==1 {
return n;

}
let (a, b) = rayon::join(|| fib(n - 1), || fib(n - 2));
return a + b;

}

let pool = rayon::ThreadPoolBuilder: :new()
.num_threads(4)
.build()
.unwrap();

let n = pool.install(|| fib(20));

println! ("{}", n);

install() 7 ThreadPool B&BEFHIT— N, W, 7 install() KRR A B1E(T
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H A Rayon #/EHIEHE ThreadPool #Y_ETF X FHUAT,

% ThreadPool L EF I, MAXMEMERNEABELLENES, BIMEZRITELER
HEARIR TR, FEHNALE,

broadcast TE &R MAYENERE PIHATIRIE op. R, FAIZERMEH join. scope =
FATRAR R A IREEEE Z &R P T,

broadcast #B/EESNEEARE A TR Z EHUT, REZRANEMEREFETER
I, INFRNBEFEERNPUTHEEN, R YR TIEERAA TN, WWEE
Z, RERTEEEAME K E MR AR broadcast Mg,

use std::sync::atomic::{AtomicUsize, Ordering};

fn main() {
/1 tREs 5 MEBH AR
let pool = rayon::ThreadPoolBuilder::new().num_threads(5).build().unwrap();

[/ BT THEE, AENMNEBELPATHEARERFHERNET

let v: Vec<usize> = pool.broadcast(|ctx| ctx.index() * ctx.index());
// WEHKHNEHMEA [0, 1, 4, 9, 16]

assert_eq!(v, &[0, 1, 4, 9, 16]);

// AT LG HARMER LR E

let count = AtomicUsize::new(0);

// BT TERAEN LT AtomicUsize HHATHE gk
pool.broadcast(|_| count.fetch_add(1l, Ordering::Relaxed));
/) BRRILH TR AR BME, RIETTRENRLER 5
assert_eq! (count.into_inner(), 5);

}

BB 2R ERMTUER build_global Fik:

rayon::ThreadPoolBuilder: :new().num_threads(22).build_global().unwrap();
ThreadPoolBuilder =] IABL B &M, Hbn&RBHEIR. BRAXNESF,

join 3% % Rayon EEFH—/NhEE, A TFHATHIITEZ NMESHEFENET TR ©
BERATEREETH join 5% thread::spawn, {E3IF/TILARE E hnfey A foZ 2K,

BIRKME, rayon::join RRBZANHBERNSE, 2REANHTHITHES,
XFMELSTE Rayon &ARM T R RHUT, FFERMESH EREREEAIHER, X
K, LGB AT NME R KR, BESFEREATESNE S, Rayon ERRIET
RNARME D EMES, REFITHRE,




fl%n:

use rayon::join;

fn main() {

12.4 join

let result = join(|| expensive_operationl(), || expensive_operation2());

[/ RIEHRRAAMES 55 R
let final_result = result.0 + result.1;
println!("Final Result: {}", final_result);

fn expensive_operationl() -> 132 {
/] — VA H By A
42

fn expensive_operation2() -> i32 {
// 7 — MR AE
58

}

TR —MREFEFF

let mut v = vec![5, 1, 8, 22, 0, 44];
quick_sort(&mut v);
assert_eq!(v, vec![0, 1, 5, 8, 22, 44]);

fn quick_sort<T: PartialOrd + Send>(v: &mut [T]) {
if v.len() > 1 {
let mid = partition(v);
let (lo, hi) = v.split_at_mut(mid);
rayon::join(|| quick_sort(lo), || quick_sort(hi));

// Partition EHHF A “<="THET I E
// (RETRERERFNT R F0RE—I)
/7 BT . A ERE
/] BETHHKEN" HFA".
fn partition<T: PartialOrd + Send>(v: &mut [T]) -> usize {

let pivot = v.len() - 1;

let mut i = 0;

for j in 0..pivot {

if v[j] <= v[pivot] {
v.swap(i, j);
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i+=1;
}
}
v.swap(i, pivot);
i
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tokio =

Tokio 2—NETFTEMHIRsY. IEMAE /0 9F &, ATEA Rust mER P NARER. &
BERLE, CRMHET —BETEAMLF:

s ATRESSELSWNIE, aFRPRIE. BB, B8, EiRfAERE,

« BUTHF 1/0 #1/EH API, H3E TCP %1 UDP sockets. X & Zie/EUA R 342 40
55 &HE,

s ATRTE S RENETHR, 8RFESAER. A TREAZZMHIAZIA /0 IK
2R (epoll. kqueue. IOCP %), UK &EMEAEITEE,

RELRNA tokio HIFF /0. MAREFE, MEEINS tokio BRI EFRE
AR P RE,

13.1 BT

EE=FFTEENE,

A XIX B AN —A tokio IR EIETHAE, tokio::process::Command, & & Xt
std::process::Command BYA(%, TAFHHATH S

use tokio::process::Command;

#[tokio::main]
async fn main() -> Result<(), Box<dyn std::error::Error>> {
let output = Command::new("echo").arg("hello").arg("world")
.output();
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let output = output.await?;

assert! (output.status.success());
assert_eq! (output.stdout, b"hello world\n");

0k(())
}

W RBZRATIE AT RE -

use tokio::io::{BufReader, AsyncBufReadExt};
use tokio::process::Command;

use std::process::Stdio;

#[tokio::main]
async fn main() -> Result<(), Box<dyn std::error::Error>> {
let mut cmd = Command: :new("cat");

/7 AV 2R A B AT i DA A O 3R B 4 AT .
/] BROANBRT, A/ /8RS EAR (Flan, XBREMEMAK KB #E,
cmd . stdout (Stdio: :piped());

let mut child = cmd.spawn()
.expect("failed to spawn command");

let stdout = child.stdout.take()
.expect("child did not have a handle to stdout");

let mut reader = BufReader::new(stdout).lines();

[/ PR T I ARAEIBAT I A RK, VAR AR SE AR dar 09 TR AR DA L AT
tokio: :spawn(async move {
let status = child.wait().await
.expect("child process encountered an error");

println!("child status was: {}", status);

1)

while let Some(line) = reader.next_line().await? {
println!("Line: {}", line);

0k(())
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F— N a0 A B — DA

use tokio::join;
use tokio::process::Command;
use std::process::Stdio;

#[tokio::main]
async fn main() -> Result<(), Box<dyn std::error::Error>> {
let mut echo = Command::new("echo")
.arg("hello world!")
.stdout(Stdio: :piped())
.spawn()
.expect("failed to spawn echo");

let tr_stdin: Stdio = echo
.stdout
.take()
.unwrap()
.try_into()
.expect("failed to convert to Stdio");

let tr = Command::new("tr")
.arg("a-z")
.arg("A-7Z")
.stdin(tr_stdin)
.stdout(Stdio: :piped())
.spawn()
.expect("failed to spawn tr");
let (echo_result, tr_output) = join!(echo.wait(), tr.wait_with_output());

assert!(echo_result.unwrap().success());

let tr_output = tr_output.expect("failed to await tr");
assert!(tr_output.status.success());

assert_eq! (tr_output.stdout, b"HELLO WORLD!\n");

0k(())

13.2 [EA¥FIE
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XL AT A EBLT std: :sync: :Mutex, EARNEERXEH]: lock E—NgHH
%, AWARESMEE, FEYFT (lock guard) RITATER .await AfEFA,

5RTEMNSARR, EFP R RERROREETHEE Mutex ZF XK, MABRTE
R

FYERFPAENTRELFPURHVFIEZ B E await & ERIFDE, XE/FIE
FOHEEEFHERST, RbETUEREEEFHNELTNELEETFH. *
B E RPN EERGRRFEENREFEERES 10 FURNAFT LR, WREFH
BERERZHKIE, BFEFUERIORER parking lot FEFEET /8,

EEIEREEFZSFEAELEZABNIERL T, RiIFHEAFSFELLE std::Mutex 7E.await
BEERFEAETE, EESEY, XILFKEAXEREHRNF ARG, RACREZS
P,

—/NVE LB R 2 Arc<Mutex<. .. » BEE—NEHIART, ARTHHBIERMEES
F Ak, (REXEF AN EEF P, mini-redis ;RAIFRMAL T X AR R BB,

oAb, HMEZEFEX 10 WIRMATEZH Y, BERTER—MESKREEIZ IO K
TR, FERMEEHRSZESIITHRSE,

T@E2—/ Mutex B8] F:

use tokio::sync::Mutex;
use std::sync::Arc;

#[tokio::main]

async fn main() {
let datal = Arc::new(Mutex::new(0));
let data2 Arc::clone(&datal);

tokio: :spawn(async move {
let mut lock = data2.lock().await;
xlock += 1;

1)

let mut lock = datal.lock().await;
xlock += 1;

}

EBATRAIE, AILEESIENMATETE: - ERPEEEE Arc b, UATE
SEREE, - SNERNESESRENRE KRR BRD - BT A IRERAPIRS
ITHERFRDPRIFOFITRAORE, W% 13 fo 20 1TFHT.

Tokio WERPIRAR BN FIFO (K%#&H) AN, A XS ERSIZECMIRT
BIRF Eke B, ERPELEIMALAINREIFETERE “AF BN, EESRE
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REBBRIFEF RIS, AELRL, SNEEBEESHRAIBINIINKE, BT
B, ELARBHNNNRFZBFE—ERTHNE, E—BefFwiEr, eftadT
PN R B 84T, &fE, BT EASERBERAE-MEROD, FrXAERERIFERSR
REZSHKM RN,

1EFE, 5 std::sync::Mutex A, HFAH MutexGuard BILFEL £ BFRE, IR
KETRFBIEA poison RS, EXMIFERT, EFIUEHAED . WRHBERT AR, X
TR EELF BRI RTEL TR —BRS.

XPRBAPAFRNFES NERERRE —NEAE, XNBUNE NFR2EE AWF
BRRESIE (b)), mREREEEAFREAE (KFFE),

2T, EFHFXSRBRBERREREAE, Bt SREFFBEEMESE LM
&Fo RwLock FAHERKENEIRERRY, RERAEANEFAI

Tokio BB HAILEZ R ZE AT FHmEEAN), UHIRIEEREREEES AEL
Mo IR —NEHEHAFRAR AT, ERINESAELLRIZERY, EE
PWFEK, X5 Rust #oBER std::sync::RwLock RE, EENHEREREBURTH
YER G SZH,

KRS T ZRUDFARIPOEKIE, BEEKREZEEE, EX THE Send, M\BIEH
JRIRE R RAII TESIT Deref GFFE NG ELSEZIM T DerefMut), LA R
BN o

use tokio::sync::RwlLock;

#[tokio: :main]
async fn main() {
let lock = RwLock::new(5);

// many reader locks can be held at once
{
let r1 lock.read() .await;
let r2 = lock.read().await;
assert_eq! (xrl, 5);
assert_eq! (xr2, 5);
} // read locks are dropped at this point

// only one write lock may be held, however
{

let mut w = lock.write().await;

*W += 1;

assert_eq! (xw, 6);
} // write lock is dropped here
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BB ZAMES R EMTEB TS,

use tokio::sync::Barrier;
use std::sync::Arc;

let mut handles = Vec::with_capacity(10);
let barrier = Arc::new(Barrier::new(10));
for _ in 0..10 {
let ¢ = barrier.clone();
// The same messages will be printed together.
// You will NOT see any interleaving.
handles.push(tokio: :spawn(async move {
println! ("before wait");
let wait_result = c.wait().await;
println! ("after wait");
wait_result

1))

// Will not resolve until all "after wait" messages have been printed
let mut num_leaders = 0;
for handle in handles {
let wait_result = handle.await.unwrap();
if wait_result.is_leader() {
num_leaders += 1;

// Exactly one barrier will resolve as the "leader"
assert_eq! (num_leaders, 1);

B B AME SRR,

Notify $2# 7 —frEANG, ATRMEMESKEEMH. Notify REREFALfTH
. AR, ERATHRA—MESEHPITERENES,

=X Notify MARA 0 MFTIERNIES E. notified().await FIEFAFFTIETA,
i notify one() ¥ %4 RIZA o AV T IEAT % B ¥ 3k,

Notify 89E 2 4R TF std F 89 thread::park 0 Thread::unpark, Notify {E& &
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— NE A RIE, notified().await S/FFEER A, EFEUFEIE, FHLEHIT, no-
tify one() WE WL, MEAFENTSE, MNREY,

YA notified().await Z HIAHA T notify one(), AR4 X notified().await B F— K
FILBRSERR, JHAEFRIE, {EfI/E 4R A notified().await JEFEFFFHT 9T Tk,

R notified().await Z RIZ RIAA T notify one(), N R A —MFHIE, X noti-
fied().await B9 T — KRB RKELEISE AR, 1BEH /S8R RS E,

use tokio::sync::Notify;
use std::sync::Arc;

#[tokio: :main]

async fn main() {
let notify = Arc::new(Notify::new());
let notify2 = notify.clone();

let handle = tokio::spawn(async move {
notify2.notified().await;
println!("received notification");

1)

println! ("sending notification");
notify.notify_one();

// Wait for task to receive notification.
handle.await.unwrap();

}
notify waiters BAIFTA SFHNES,

WRYE AT EESRS, RLAXMESESWELN, 5 notify_one() RE, FA&HFME
YFEEEE T — R notified().await £, WA E B EBEAFTA 2XMH
&% #XAA notified() R 3KEX Notified future 525, = LU A=k E &0,

use tokio::sync::Notify;
use std::sync::Arc;

#[tokio: :main]

async fn main() {
let notify = Arc::new(Notify::new());
let notify2 = notify.clone();

let notifiedl
let notified2

notify.notified();
notify.notified();
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let handle = tokio::spawn(async move {
println!("sending notifications");
notify2.notify waiters();

1)

notifiedl.await;
notified2.await;
println!("received notifications");

}

BEFRERI A Condvar {R1&7?

BUT 525 ¥ T IRB A5 5 B

FSELP—HWTIE, ATRINAZIRGTE, E5ESEFYAR, BRET
USRI AE R X ZE TR,

LBA acquire BE S EAR ARG TIEN, ZRIERE—AFE, A1, WREX
AFRFIET A, acquire (FFi) EfF, HIBK—ARERANTTIE, i, &
RV B2 B AR A A

WESERAFH, XEREFTIHRERECNNIAF L L. % acquire_many £5
Horr, XMAFEHNENA, EibinRRASRI#E AR acquire many I8 & K95 7T E
Z T YT AR E, X PSR acquire AR, BMEES A BB
K5 /X acquire A,

EAEBMRBFPERESE, " UER PollSemaphore SZAER o

use tokio::sync::{Semaphore, TryAcquireError};
#[tokio: :main]
async fn main() {

let semaphore = Semaphore: :new(3);

let a_permit = semaphore.acquire().await.unwrap();
let two_permits = semaphore.acquire_many(2).await.unwrap();

assert_eq! (semaphore.available_permits(), 0);

let permit_attempt = semaphore.try_acquire();
assert_eq!(permit_attempt.err(), Some(TryAcquireError::NoPermits));
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_$¢?£*i§‘éé@$ﬁ*§, N HE%)\—_

OnceCell ¥ A THEEEBREARVGML K, EXREEH#H S ERNLERTE, &
Tokio ¥, OnceCell A F IR ERF PN,

use tokio::sync::0nceCell;

async fn some_computation() -> u32 {
1+1

}

static ONCE: OnceCell<u32> = OnceCell::const_new();

#[tokio: :main]

async fn main() {
let result = ONCE.get_or_init(some_computation).await;
assert_eq! (xresult, 2);

}
HERBE—T

use tokio::sync::0nceCell;
static ONCE: OnceCell<u32> = OnceCell::const_new();

async fn get_global_integer() -> &'static u32 {
ONCE.get_or_init(|| async {
1+1
}) .await

#[tokio::main]

async fn main() {
let result = get_global_integer().await;
assert_eq! (xresult, 2);

13.3 @&
bi Tokio BFY, RENNRTERNREE LR, INMESRILET, FEBEILEHEE
SEHITRND ., XHEMATFARE ST HERS,

HEEHRERNBEIIN, BAEIIFN—NEFTEESLKRABERI NI NERE
f£55, Tokio 2Bt T JLAPARRERAEE, SPEEXBLIFRRBEBEEEN, &
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—NEEIFEANETEN, FERINESTUREHER, I—MAEIFLAER
FEH, WEARBIRIAES W AEEWOE &

BT ARBEREBERRBITERRR ML, Tokio #2417 HZ AREMMIEE,

mpsc B IFAENEFEFRENERELAS ME, XMEERETRTRHFIMELE
AESHFER S MTENLER,

WMREBNENEFFRENERELXSZHFEE, WNERLEE, RAE TR spsc
Wi,

use tokio::sync::mpsc;

async fn some_computation(input: u32) -> String {
format! ("the result of computation {}", input)

}

#[tokio::main]
async fn main() {
let (tx, mut rx) = mpsc::channel(100);

tokio: :spawn(async move {
for i in 0..10 {
let res = some_computation(i).await;

)

tx.send(res).await.unwrap(); // % 10 it s
1)

while let Some(res) = rx.recv().await { // &t 10 T E4 5, H 2| K& % H s
println!("got = {}", res);
}
}

mpsc::channel AR EBEENETE, XEEIA ER 8 7 UG HEERE P EFE
KRB R AR E, ERREMEN TENBENEFEXER, FAREREELE
EEA@REXEER.,

BORBE T IHFNENEFTEMEANERE R X EME, BF, XNBERTEHENS
RERXGFRE

use tokio::sync::oneshot;
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async fn some_computation() -> String {
"represents the result of the computation".to_string()

#[tokio: :main]
async fn main() {
let (tx, rx) = oneshot::channel();

tokio::spawn(async move {
let res = some_computation().await;
tx.send(res).unwrap(); // %~

)

// SITEFHTHEE, RNOTUH— LI FE
/] FRTE T K
let res = rx.await.unwrap();

PR E MRS AN H WS AR RE LIRS ME, SAERE ISR ME, B
BT AFRALAATHR TR RGP ¥ L B HRAER,

5 ¥R mpsc ARbL, XMBEERRD, EMRREEAM,

use tokio::sync::broadcast;

#[tokio::main]

async fn main() {
let (tx, mut rx1l) = broadcast::channel(16);
let mut rx2 = tx.subscribe();

tokio: :spawn(async move {
assert_eq!(rxl.recv().await.unwrap(), 10);
assert_eq!(rxl.recv().await.unwrap(), 20);

)

tokio::spawn(async move {
assert_eq!(rx2.recv().await.unwrap(), 10);
assert_eq!(rx2.recv().await.unwrap(), 20);

1)

tx.send(10) .unwrap();
tx.send(20) .unwrap();




13 tokio &

NEBELFNENEFEFRSNERELEX S ME, Rifn, BEPREERITE
LREFEN, BAERE, ERRREPERESE TR NE

MEEBRMTEEN 1 ) $FRHE,
MEBENRAOIEHE BREERILHEFRESEXNGES, FlniTiRs] X @R,

TEXNMIFERANERBERNESRE ELR, Elrfly, THRRERE X, 54X
frEAR, KEEE L HEE ERNES,

use tokio::sync::watch;
use tokio::time::{self, Duration, Instant};

use std::io;

#[derive(Debug, Clone, Eq, PartialkEq)]
struct Config {
timeout: Duration,

}

impl Config {
async fn load_from_file() -> io::Result<Config> {
// file loading and deserialization logic here
}
}

async fn my_async_operation() {
// Do something here

}

#[tokio::main]
async fn main() {
// Load initial configuration value
let mut config = Config::load_from_file().await.unwrap();

// Create the watch channel, initialized with the loaded configuration

let (tx, rx) = watch::channel(config.clone());

// Spawn a task to monitor the file.
tokio: :spawn(async move {
loop {
// Wait 10 seconds between checks
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time: :sleep(Duration::from_secs(10)).await;

// Load the configuration file
let new_config = Config::load_from_file().await.unwrap();

// If the configuration changed, send the new config value
// on the watch channel.
if new_config != config {

tx.send(new_config.clone()) .unwrap();

config = new_config;

1)
let mut handles = vec![];

// Spawn tasks that runs the async operation for at most “timeout’. If
// the timeout elapses, restart the operation.
//
// The task simultaneously watches the “Config" for changes. When the
// timeout duration changes, the timeout is updated without restarting
// the in-flight operation.
for _ in 0..5 {

// Clone a config watch handle for use in this task

let mut rx = rx.clone();

let handle = tokio::spawn(async move {
// Start the initial operation and pin the future to the stack.
// Pinning to the stack is required to resume the operation
// across multiple calls to ‘select!"
let op = my_async_operation();
tokio::pin!(op);

// Get the initial config value
let mut conf = rx.borrow().clone();

let mut op_start = Instant::now();
let sleep = time::sleep_until(op_start + conf.timeout);
tokio::pin!(sleep);

loop {
tokio::select! {
_ = &mut sleep => {
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// The operation elapsed. Restart it
op.set(my_async_operation());

// Track the new start time
op_start = Instant::now();

// Restart the timeout
sleep.set(time::sleep_until(op_start + conf.timeout));

}
_ = rx.changed() => {
conf = rx.borrow_and_update().clone();
// The configuration has been updated. Update the
// °“sleep’ using the new ‘“timeout value.
sleep.as_mut().reset(op_start + conf.timeout);
}
_ = &mut op => {
// The operation completed!
return
}

1)

handles.push(handle);
}

for handle in handles.drain(..) {
handle.await.unwrap();

13.4 [aiEx

R TERERN RS AT R,
GIEREH T —HXR, BT E-BREEERTRE,

+ Sleep: 2—/NESFTBRIE ST future, ARUTEMR TIE,

« Interval: 2—/NUEE AL KIENR. © X Duration #4411k, FESREN
BT IR E EE A K.

» Timeout: ®E— future i, REH A FRUTHRE LR, #1E future 3R
REEEAE RN ERR, WEREHBCE, FREHEIR,
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XA AR IR % 3 K B (Rl 937 =,
XA AR Tokio By Runtime B9 T X E A,

AR FLE BN,
A8 Y T sleep until(Instant::now() + duration), =& std::thread::sleep BJF ¥ X5,

E‘%‘?ﬁ sleep future mﬁ‘)@ETT PATHEM I, Sleep UZBW ANEIEIT, FRATEE
AR ERBENES =EEaFEN, —&F4E (K52 Windows) KiRAEH 1
%%"‘ik/ MHER B ZEH‘TE'EO

2RI RIEETEREAR, 72N interval,

sleep BB RIFLLETIE] N 68719476734 B (KA KN 2.2 F), MERFEE KNG, &
{# A tokio::time::delay for,

use tokio::time::{sleep, Duration};

#[tokio: :main]

async fn main() {
sleep(Duration::from_millis(100)).await;

println! ("100 ms have elapsed");
}

sleep_until F1¥E 3|48 /€ BOBTIE] &,

use tokio::time::{sleep_until, Instant, Duration};
#[tokio: :main]

async fn main() {

sleep_until(Instant::now() + Duration::from_millis(100)).await;
println! ("100 ms have elapsed");

BIZHTEY Interval, I ERIBTEIERARIE. B R EELEISEK.
Interval ¥ CIREAMBHTREE, EEMEE, TUEF Interval (H, XKBUHER,
WREEKRT interval_at(Instant::now(), period),

use tokio::time::{self, Duration};

#[tokio: :main]
async fn main() {
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let mut interval = time::interval(Duration::from_millis(10));
interval.tick().await; // ticks immediately
interval.tick().await; // ticks after 10ms

interval.tick().await; // ticks after 10ms

// approximately 20ms have elapsed.

}
interval_at 8|ZZ—/NTH Interval, Ui ENREERAERE. B RKEEERE
B4 B 8] 2 5 Ao

use tokio::time::{interval_at, Duration, Instant};

#[tokio::main]
async fn main() {
let start = Instant::now() + Duration::from_millis(50);
let mut interval = interval_at(start, Duration::from_millis(10));

interval.tick().await; // ticks after 50ms
interval.tick().await; // ticks after 10ms
interval.tick().await; // ticks after 10ms

// approximately 70ms have elapsed.

EHENFENEER A, FER future MR
R future EFLNE DR Z AR, MRETZREE, T, KR EHERFBCH

future,

WEE, ERA future Z AREER, EHWR future EHUTERER” 4, N future
] REFE SE AR I AR I B I ifg R [ R

MR FER B —A future, HiREIZEH A Result<T,Elapsed>, H & T 212 future
FEREIEA,

mREMHA future SLEISERK, AR 2 ML RBERE A future FRIESL BRI Ok TARSEHKR,
B PR A A3 L2 e (a] o e,

use tokio::time::timeout;
use tokio::sync::oneshot;

use std::time::Duration;
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let (tx, rx) = oneshot::channel();

// Wrap the future with a ‘Timeout  set to expire in 10 milliseconds.
if let Err(_) = timeout(Duration::from_millis(10), rx).await {
println!("did not receive value within 10 ms");

}

timeout_at 8 E MR A Z R, TEI future Ko
use tokio::time::{Instant, timeout_at};

use tokio::sync::oneshot;

use std::time::Duration;

let (tx, rx) = oneshot::channel();

// Wrap the future with a ‘Timeout = set to expire 10 milliseconds into the

// future.

if let Err(_) = timeout_at(Instant::now() + Duration::from_millis(10), rx).await {
println!("did not receive value within 10 ms");
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T

ERENETR, BMNTIBIERNNET EMNORDRIE, UEWAERENREZHF
BB, EAET, BITENB-LEEHNIFLE, BIEHMAT - ERRNREIDRIE,
ARECHEMANETF, FAUAREMRINT —F,

14.1 HFE

process_lock FEiRHt 7 EHZRBMTERIFTRINAEA, CENEHREZBHFT—AX
BRI E KB,

B4, process_lock RE—NMNAETH AN EBZE—NEXMH, XNXHR YDA
B, RE, ME—NHERBERED, CRREUHME RITHAXN . REXHBEL
WA —ANHARITH, WITH XM KK, AfSZIT ZFTE,

REPNARTEERREER TBUE X FF MR H, TN H#RETEER
8%, process_lock #£4t7 RAII 8 ProcessLock ZEMIARREIXNBIE, CAE
drop B B 5 % F 3 KRS

T &2 —/M# A process lock By & 5| F:

pub fn process_lock() {
let lock = ProcesslLock::new(String::from(".process_lock"), None);
let start = Instant::now();
loop {
if lock.is_ok() {
println!("lock success");
break;
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if start.elapsed() > Duration::from_millis(500) {
println! ("lock timeout");
break;

}
std::thread::sleep(Duration::from_millis(100));

}
std::thread::sleep(Duration::from_millis(500));
}

process lock & F AR E B A AR 6] [ 25 17 [l R RE S AR ABME A IPC sk EkIBE E S AL
HleFE. BE2, CHA—EFRME: - KRBT —ANIMERXHEAR B, RS RSN
MR, SR S ERBULEI LK. - HRRA T RIEX AN AT B KRR, - FIREHEES
FHRBER, MR ERAREEK, - ELANAAFTRERS.

Bt AFE 1% 11 B 5 B AR T process lock B9 R Fo BRI, BAARKE, ©H Rust 327 —
A fa] B A9 AR (8] B R HLA], o AE — 37 & TR A BB A,

named-lock FEWMEH T —METFXHNGEH. BERT —NXHERND, FETIL
EP S,

7 UNIX b, X233 A X 4F flock REHMB, BIEMNBXHNERKERE $TM-
PDIR/.lock, &M E% R E TMPDIR ¥EZ &, M| &/tmp/.lock,

— MR F-:
use named_Tlock: :NamedLock;

use named_lock: :Result;

fn main() -> Result<()> {
let lock = NamedlLock::create("foobar")?;
let _guard = lock.lock()?;

// Do something. ..

0k(())
}

14.2 oneshot

Rust ##) oneshot FEIR Mt 7 B K (one-shot) 3 3&E Y SZI,,
HOREERHRE T REEAZFIR—AME, KX NFERGRERE XA, X7 UARE
SREZEEZ—NMEETRE MATELET —NFEARE,

oneshot &7 Sender fn Receiver 4 M{AR &R REIREENFIK. KEAEHA
Sender, UK H & A Receiver,




14.2 oneshot

X B A —/M# A oneshot BIRHA:

pub fn oneshot_example() {
let (sender, receiver) = oneshot::channel::<i32>();
let sender = thread::spawn(move || {
sender.send (1) .unwrap();

1)

let receiver = thread::spawn(move || {
let v = receiver.recv().unwrap();
println!("get value {}", v);

1)

sender.join() .unwrap();
receiver.join().unwrap();

}

async_oneshot Z%# Rust fiE P — AV A {EEY crate, TR T HERFHHEE
By SZ3,,

5 oneshot R[,async_oneshot & T HF1E5F0 Future B, o[ A B AT F 25
ARARAY,

FERMTHINEMN: - Sender - £3£3% - Receiver - 3ZEUL3H
7 A\

pub fn async_oneshot_example() {
let (mut sender, receiver) = async_oneshot::oneshot();
smol::block_on(async {
sender.send (1) .unwrap();

1)

smol::block_on(async {
let v = receiver.try_recv().unwrap();
println!("get value {}", v);
1)
}

async_oneshot Byfhs&: - AEERTAEFELEEETHE. - HETRNPRIE A
await FW(EREE, - REERME T LRI, BRESHERERKR, BsiXr. - 555
IR TR

catty 12— oneshot E, bt futures::oneshot BIRE B ERZER, —AIF:

pub fn catty_example() {
let (sender, mut receiver) = ::oneshot();
let sender = thread::spawn(move || {
sender.send (1) .unwrap();

1)

199
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let receiver = thread::spawn(move || {
let v = receiver.try_recv().unwrap();
if v.is_some() {
println!("get value {}", v.unwrap());

1)
sender.join() .unwrap();
receiver.join().unwrap();

DashMap Z—NMN&RELZ LA &K, BIRM T £ M HashMap B3E 0, BEZTUAES A
LA PR EMFF L8], DashMap 1R B SZI— ML std::collections::HashMap #9{8
B2 AP, H T —LmMReI TR AEH 4,

DashMap W EMRERA —NEEFEHNEZFANIERE =TUEEER
RwLock<HashMap<K, V>>, A 7R RXEBix, FIAENEEER &self A2
f&e& A R E A &mut self, XA FEE—A DashMap 3 Arc F, HFELEZ EHE
RSB EKRE, —MIF:

pub fn hashmap_example() {
let map = Arc::new(DashMap: :new());

let mapl = map.clone();

let whandle = thread::spawn(move || {
mapl.insert(1l, 2);
mapl.insert(2, 3);

1)

let map2 = map.clone();

let rhandle = thread::spawn(move || {
loop {

if let Some(v) = map2.get(&1l) {
println!("get value {} for key 1", x*v);
break;

loop {
if let Some(v) = map2.get(&2) {
println!("get value {} for key 2", x*v);
break;




14.3 map

1)

whandle.join() .unwrap();
rhandle.join().unwrap();

}

flurry %% Java ConcurrentHashMap LI —PNERBLZLNEHF K. CRET
£ HashMap W30, (E 2T UE S NERE P LI LR, RREEERT —N
HashSet, —/MflF:

pub fn flurry_hashmap() {
let map = flurry::HashMap: :new();

assert_eq!(map.pin().insert (37, "a"), None);
assert_eq!(map.pin().is_empty(), false);

pub fn flurry_hashset() {
// Initialize a new hash set.
let books = flurry::HashSet::new();
let guard = books.guard();

// Add some books

books.insert("Fight Club", &guard);
books.insert("Three Men In A Raft", &guard);
books.insert("The Book of Dust", &guard);
books.insert("The Dry", &guard);

// Check for a specific one.
if !'books.contains(&"The Drunken Botanist", &guard) {
println! ("We don't have The Drunken Botanist.");

// Remove a book.
books.remove(&"Three Men In A Raft", &guard);
// Iterate over everything.

for book in books.iter(&guard) {
println! ("{}", book);

—/NMF
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pub fn evmap_example() {
let (book_reviews_r, mut book_reviews_w) = evmap::new();

let readers: Vec<_> = (0..4)

-map (|| {
let r = book_reviews_r.clone();
thread: :spawn(move || {
loop {
let 1L = r.len();
if 1 ==0 {
thread: :yield_now();
} else {
// the reader will either see all the reviews,
// or none of them, since refresh() is atomic.
assert_eq! (1, 4);
break;
}
}
})
1)
.collect();
// do some writes
book_reviews_w.insert("Adventures of Huckleberry Finn", "My favorite book.");

"Grimms' Fairy Tales", "Masterpiece.");
"Pride and Prejudice", "Very enjoyable.");
"The Adventures of Sherlock Holmes", "Eye lyked it alot."

book_reviews_w.insert
book_reviews_w.insert
book_reviews_w.insert
// expose the writes
book_reviews_w.refresh();

P

// you can read through the write handle
assert_eq! (book_reviews_w.len(), 4);

// the original read handle still works too
assert_eq! (book_reviews_r.len(), 4);

// all the threads should eventually see .len() == 4
for r in readers.into_iter() {
assert!(r.join().is_ok());




14.4 —LEEHRIF

14.4 —YEFEIE

async_lock =Mt T FHWREDRIE, &I - Barrier - A T EEEEBRNESIED,
- Mutex - 58, - RwLock - 58, AT ERHENIRKEANE, - Semaphore - R
R B ERE,

—/NMF-

pub fn async_lock_mutex() {
let lock = Arc::new(Mutex::new(0));

let lockl = lock.clone();
smol::block_on(async {
let mut guard = lockl.lock().await;
*guard += 1;

1)

let lock2 = lock.clone();
smol::block_on(async {
let guard = lock2.lock().await;
println!("lock2 {}", =xguard);
1)

pub fn async_lock_ rwlock() {
let lock = Arc::new(RwLock::new(0));

let lockl = lock.clone();
smol::block_on(async {
let mut guard = lockl.write().await;
*guard += 1;

)

let lock2 = lock.clone();
smol::block_on(async {
let guard = lock2.read().await;
println!("lock2 {}", =*guard);
1)

pub fn async_lock_barrier() {
let barrier = Arc::new(Barrier::new(5));

thread::scope(]|s| {




14 HEHEE

for _ in 0..5 {
let barrier = barrier.clone();
s.spawn(move || {
smol::block_on(async {
println!("before wait");
barrier.wait().await;
println!("after wait");
1)
})s
}
1)
}

— & B F ME K H E, b 4n atomicbox 32 fit T AtomicBox<T> Ao
AtomicOptionBox<T>;atomig Eif Atomic<T> IEMZ R, HFEMLHH std &
F#fE, TREFLZEMER (BFEFAH) UK B EXER —&MEH;sharded_slab
HENFFE LB T LR E T L RNEE, YFERENENEBNER, X
RELL B A BLENTE EAM. B TELERAIME X/ NER, RERER R, fl 2
FRFTIN B B9 R AL IR AR

waitgroup FMHEM Go EE K WaitGroup HIZH, ATEF—AEEZZK. — M
¥:

pub fn waitgroup_example() {
smol::block_on(async {
let wg = WaitGroup::new();
for _ in 0..100 {
let w = wg.worker();

let _ = smol::spawn(async move {
// do work
drop(w); // drop w means task finished
1)
}
wg.wait().await;
)
}
wg WE— PR ELRH Go 1B NI&EH) WaitGroup 2., T AFLEFF—HEE TR
—A .
Mg F-:

pub fn wg_example() {
use std::sync::atomic::{AtomicUsize, Ordering};
use std::sync::Arc;
use std::thread::{sleep, spawn};
use std::time::Duration;
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use wg::WaitGroup;

let wg = WaitGroup::new();
let ctr = Arc::new(AtomicUsize: :new(0));

for _ in 0..5 {
let ctrx = ctr.clone();
let t_wg = wg.add(1);
spawn(move || {
// mock some time consuming task
sleep(Duration::from_millis(50));
ctrx.fetch_add(1l, Ordering::Relaxed);

// mock task is finished
t_wg.done();
1}

wg.wait();
assert_eq!(ctr.load(0Ordering::Relaxed), 5);

“awaitgroup  #ET —ANFEF B WaitGroup HyEA:
“TTrust
pub fn awaitgroup_example() {

use awaitgroup::WaitGroup;

smol::block_on(async {
let mut wg = WaitGroup::new();
for _ in 0..5 {
// Create a new worker.
let worker = wg.worker();

let _ = smol::spawn(async {
// Do some work. ..

// This task is done all of its work.
worker.done();

)

// Block until all other tasks have finished their work.
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1)

14.5

wg.wait().await;

@

event-listener AR HELRER, XE—NRFRIE, EMTF Dmitry Vyukov &
BARJeventcounts, &7 LAEFH XA crate JEIEFEE B ERIE LML N F 20 Sk FEE 93K

TLE,

—MMilF

pub fn event_listener_example() {
let flag = Arc::new(AtomicBool::new(false));
let event = Arc::new(Event::new());

// Spawn a thread that will set the flag after 1 second.
thread: :spawn({

1)

let flag = flag.clone();

let event = event.clone();

move || {
// Wait for a second.
thread::sleep(Duration::from_secs(1l));

// Set the flag.
flag.store(true, Ordering::SeqCst);

// Notify all listeners that the flag has been set.
event.notify(usize: :MAX);

// Wait until the flag is set.
loop {

// Check the flag.
if flag.load(Ordering::SeqCst) {
break;

}

// Start listening for events.
let listener = event.listen();

// Check the flag again after creating the listener.
if flag.load(Ordering::SeqCst) {



https://www.1024cores.net/home/lock-free-algorithms/eventcounts
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break;

}

// Wait for a notification and continue the loop.
listener.wait();

}

println!("flag is set");
}

triggered A FAESAREZE—REE AL S, ZALH B FMEEAK, Trigger
fo Listener, BAMEA—XHIM. A RBBENLKREFHERE N, RXE—KREA
Trigger::trigger 7%, ©REFTA EMYT 8 EFHNES/ ARBREPIT, MYTEEL
BEARFPH Listener::wait A7k, WSZI T F 5 XM Future<Output = ()>,

Trigger Ao Listener #RE A TIE, B, [FEIKE AR A 2B L HIER 7T AR & AF B 5K
ESHANMTE. BT ZNNERE— Mk B AL B, FrA SRR
WARTRIEE, EELMANMNWE LEFSTERE, A, S0V 4L R /MPreE st R
W& —R,

—MaF-

pub fn triggered_example() {
smol::block_on(async {
let (trigger, listener) = triggered::trigger();

let task = smol::spawn(async {
// Blocks until “trigger.trigger() = below
listener.await;

println! ("Triggered async task");
1)

// This will make any thread blocked in °"Listener::wait()  or async task awaiti
// listener continue execution again.
trigger.trigger();

let _ = task.await;

)
}

barrage E—NMAEK RS FREE, CHBTRLX, TUNEAPITERER. B0
=T AR 4 4R A

pub fn barrage_example() {
smol::block_on(async {
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let (tx, rx) = barrage::unbounded();

let rx2 = rx.clone();
tx.send_async("Hello!").await.unwrap();
assert_eq! (rx.recv_async().await, Ok("Hello!"));
assert_eq!(rx2.recv_async().await, Ok("Hello!"));

14.6 [A%l

concurrent_queue B—NHERI S 4 FE L EFER,
FAZ|E AT - RIREENA R, - TREEHTFAG,

FAZI| =] AFEARART BHR % e KRS, TS REFE- 18] AU NI, (B3 5R 7T A3 ol R 77, 3X
LA MEE B XA crate 2 AR MT std::sync::mpsc HBETFRED .

—MMlF:

pub fn concurrent_queue_example() {
let g = Arc::new(ConcurrentQueue: :unbounded());

let gl = gq.clone();
let whandle = thread::spawn(move || {
for i in 0..10 {
gl.push(i).unwrap();
}

let g2 = gq.clone();
let rhandle = thread::spawn(move || loop {
if let Ok(v) = g2.pop() {
println!("get value {}", v);

} else {
println! ("queue closed");
break;

}

1)

whandle.join().unwrap();
rhandle.join() .unwrap();




14.7 scc

RTHEfmESRENE RS R ARFENES.

bt - RN R ERE S Ak, - EXKRIEE EBR L, - JLFRH T R,
- T B Epifnit g, - SIMD B U THBENKE, - BIRMEM crate, - Serde
i?%:features = [”Serdeu]o

H & A5 52 - HashMap & — NIk B9fn 70 ByrE % B AT, - HashSet 2 —/NHE& B
FFH e FEE, - Hashindex B — MR B F L FnF P EA BT, - HashCache
E—/NETF HashMap B9R A LRU &%, - Treelndex 2— MM ibi3t L fo %4 B+
Gl

—AMIF:

pub fn scc_hashmap() {

let hashmap: HashMap<usize, usize, RandomState> = HashMap::with_capacity(1000);

assert_eq! (hashmap.capacity(), 1024);

let ticket = hashmap.reserve(10000);
assert!(ticket.is_some());
assert_eq! (hashmap.capacity(), 16384);
for i in 0..16 {
assert! (hashmap.insert(i, 1i).is_ok());

}
drop(ticket);

assert_eq! (hashmap.capacity(), 1024);

pub fn scc_hashindex() {
let hashindex: HashIndex<u64, u32> = HashIndex::default();

assert!('hashindex.remove(&1));
assert!(hashindex.insert(1, 0).is_ok());
assert! (hashindex. remove(&1));

pub fn scc_treeindex() {
let treeindex: TreeIndex<u64, u32> = Treelndex::new();

assert!(treeindex.insert (1, 10).is_ok());
assert_eq!(treeindex.insert(1, 11).err().unwrap(), (1, 11));
assert_eq! (treeindex.read (&1, |_k, v| *v).unwrap(), 10);
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pub

pub

fn scc_hashset() {
let hashset: HashSet<usize, RandomState> =
assert_eq! (hashset.capacity(), 1024);

let ticket = hashset.reserve(10000);
assert!(ticket.is_some());
assert_eq! (hashset.capacity(), 16384);
for i in 0..16 {

assert! (hashset.insert(i).is_ok());

}
drop(ticket);

assert_eq! (hashset.capacity(), 1024);

fn scc_queue() {

let queue: Queue<usize> = Queue::default();
queue.push(37);

queue.push(3);
queue.push(1);

HashSet: :with_capacity(1000);

assert_eq! (queue.pop().map(|e| *xe), Some(37));

(
assert_eq!(queue.pop().map(|e| *xe), Some(3));
assert_eq! (queue.pop().map(|e| *xe), Some(l

assert!(queue.pop().is_none());

));

14.8 (ES=

tokio::sync::Semaphore B 2 & tokio —ENL T, XEFANE— AN
async_weighted_semaphore, async_weighted_semaphore B9{3|F:

pub

fn async_weighted_semaphore_example() {
smol::block_on(async {

let sem = async_weighted semaphore::Semaphore: :new(1);

let a = sem.acquire(2);

let b = sem.acquire(l);

pin_mut!(a);

pin_mut!(b);

assert!(poll!(&mut a).is_pending());
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assert!(poll!(&mut b).is_pending());

sem.release(l);
assert!(poll!(&mut a).is_ready());
assert!(poll!(&mut b).is_ready());
1)
}

async_lock HEH T — M5 EMELI, —MBIF:

pub fn async_lock_semaphore() {
let s = Arc::new(async_lock::Semaphore: :new(2));

let _gl = s.try_acquire_arc().unwrap();
let g2 = s.try_acquire_arc().unwrap();

assert!(s.try_acquire_arc().is_none());
drop(92);
assert!(s.try_acquire_arc().is_some());

14.9 singleflight

singleflight_async $###t 7 —4 SingleFlight Z&#fK, B UATFEEZA gorou-
tine PEZFRERITEL R, Go ¥ RBEHN SingleFlight A =2, —/MIF:

pub fn singleflight_example() {
smol::block_on(async {
let group = SingleFlight::new();
let mut futures = Vec::new();
for _ in 0..10 {
futures.push(group.work("key", || async {
println! ("will sleep to simulate async task");
smol::Timer::after(std::time::Duration::from_millis(100)).await;
println!("real task done");
"my-result"
1))
}

for fut in futures.into_iter() {
assert_eq! (fut.await, "my-result");
println! ("task finished");
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}

14.10 arc _swap

arc_swap 124t T 2T RwLock<Arc<T>> 5 Atomic<Arc<T>> B4R, XL A E
B AW RHT T b, BA — ARSI,

—/NMalF:

pub fn arc_swap_example() {
let value = ArcSwap::from(Arc::new(5));
thread: :scope(|scope| {
scope.spawn(|_| {
let new_value = Arc::new(4);
value.store(new_value);

3
for _ in 0..10 {
scope.spawn(|_| {
loop {
let v = value.load();
println!("value is {}", v);
return;
}
1)
}

}).unwrap()
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