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7.1 36\ fai




7.1.1 M A B EEZ S0

* AL ESTMTATIIE?
> HITEANRER (CPUMRE) MM (Fe. B2, WE. W
F) ZIEMRREE,
* MABENTENREMTA?
> BRI, Efle hEfmAML) . RFE. Mg
* WABLAS VA MLE?
> NEIES /LS . ZEHIEIEES / XAES
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7.1.2 fRIZIBS WA ML AR

* Unix &R4tR, —UIEXH, XHEEFTRFES (R).
 FERIARL . MENH. FEIMBIRE. WEERFEATMAX
AT KRR T

> 12fH open/close. read/write F ARGV AREEHIERT

* CIESIRIET stdio FE, NI AT HIT 7 H=E

> A FILE MM R G, FH fopen/fclose. fr‘ead/fwr'lte\
fscanf/fprintf FREIRENE,

* C++1ESIRIET iostream FE, XIXFH1T 7T K,

> FH std::cin/std::cout. std::ifstream/std::ofstream F3EFIXY
KRIRIEX A

* Rust IBES WA AELREO?

/

‘ o
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7.1.3 AT A Ay 45 B

1 pub trait Read {
2 fn read(&mut self, buf: Smut [u8]) -> Result<usize>;

3 /] EAEEZTIEAR read() £

4 }

5

6 pub trait Write {

7 fn write(Smut self, buf: &[u8]) -> Result<usize>;

8 fn flush(&mut self) -> Result<()>;

9 // EMAEBEITAA weite() M flush() LI

10 }

* RBELEEISTI T LAt 10 4588
> {540 File. TcpStream. Vec<T>. &[u8]
* = IR[EOIZEBZE std::io: :Result, MMANE std::Result,
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7.1.4 std::1i0::Read
use std::io;

use std::io0::prelude::*;
use std::fs::File;

let mut ¥ = File::open("foo.txt")?;
let mut buffer = [0; 10];

0o J o0 L1 A W NP

/| x%IEE 10 ™FTH
9 f.read(&mut buffer)?;

* puffer 2— TEH, RULFIDUERNSEAKESSEXEEFER,
* read AXINEIRENEENRNF T8N, KWENHREIRIEIRERER Ere,
> JR[EEN ok(n) BIYRIE n <= buf.len(), RIEEN 0k(0),
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7.1.5 IEE AT
/]] A%

fn read(&mut self, buf: Smut [u8)]) -> Result<usize>;

[/] ZEEIERALE

fn read_to_end(Smut self, buf: Smut Vec<u8>) -> Result<usize>;

[l REERAL, FA—TFF&H

fn read_to_string(&mut self, buf: Smut String) -> Result<usize>;

O 00 J o0 L1 A W N BB

10 /// ERBFEFXKENAR, SUIRE
11 fn read_exact(&mut self, buf: Smut [u8]) -> Result<()>;

* Read IR THERNABRIARRBIERTXAI A,
* HihH B read() BIERIASEIR,
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7.1.6 iEZBLEMR 23

1 fn bytes(self) -> Bytes<Self> where Self: Sized ' ® Rust |

* bytes /3754 Read FERF T 5 TV ERHRANIE 2R
* <HXHEY Item /& Result<u8>,
> A next() IR[E]AYZ Option<Result<u8>>,
&2 EOF i¥=X[3] None,
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7.1.7 IE a3 1EHC B3

1 fn chain<R: Read>(self, next: R) -> Chain<Self, R> ' ® Rust |
2 where Self: Sized

® chain BASS T/ MEERIRIEANTA, REIBVAEEITIAN self, BiX

1‘b hext,
1 fn toke<R: Read>(self, limit: u64) -> Take<Self> ' ® Rust |
2 where Self: Sized

* take BIERYIA{CEIHYIECIEE

SIS RAYE] init TNFT,

df
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7.1.8 std::i0::Write

1 pub trait Write { [® Rustj
2 fn write(Smut self, buf: &[u8]) -> Result<usize>;

3 fn flush(&mut self) -> Result<()>;

4 /] ERRE MG X

5}

* Write 4FBRIBFMNINISEHIRI A write() F fFlush(),
> BA AR E T XM AR ERASE I,
* write INENE buf ERNATEAEIB AP, FREIEAN (IIAKWER
ZPX) NFTE
* flush HRATE S5 ARNRIEH 2L EXB R,
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7.1.9 S NEIE

1 let mut buffer = File::create("foo.txt")?; '® Rust

2
3 buffer.write("Hello, Ferris!")?;

* EARE

[/]] EIXBENEAD buf '® Rust
fn write_all(Smut self, buf: S[u8]) -> Result<()>;

[/] BABAKFRH, —RAEZEBEA, A “write!®

1
2
3
4
5 fn write_fmt(&mut self, fmt: Arguments) -> Result<()>;

BFEigitlE (RustiEs) 2024—2025 FEEE THHA 11 / 67



7.1.10 write!

* FREFPEANN—RESERANEKR, BEREFERASEANRAIAKAE,
write! RIEI BIE% write_fmt IREAFRERINCHEE AT, KM

println!,

1 let mut file = File::create("foo.txt")?; ' ® Rust |
2
3 write!(file, "Hello {}!", "Ferris")?;

ERiIT%Z (RustiEs) 2024—2025 FEEEZTFH 12 / 67



7.1.11 10O BYEE o) §R

* MEEFAERIMAE, 10 HRIEFFRIE,
* WHEFANRIE—AZE/LTITHERE, AL,
* AFHRIE—RE/LETHTHER, BAYEl,
* 1O ®IERIEIR (MA&R W IO 5L RIKRIENTE) -

> RERE T2V R,

> BESHEREBMYRA.
* 10 RMESAERTNEFHE 3—7 TERIELE,
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7.1.12 10 22945l

* NAREFERERLA TRITHZEZRN,
* MHERNEBIRIEHIRERSIH (BIRFAEA) .,
> IR, JBERFTITRASUIREAZE, BRIEARAFECIEIZER
18, AREILBNARER.
> LB BIRFILE, XTIREIFRIE,
* MFRINFEBN B RERXFRIEZSREEIREE.
> RiZIES AR L EERE R HIRIZ S 1EEE.
» BRRB—ARATREIEIXE, RENREFREZEHITIA
8],
* EARIEHRIGRERL,
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7.1.13 BufReader

1 fn new(inner: R) -> BufReader<R>; ' ® Rust |

® BufReader BJLAZE{FERTIEENIT SR I0ZE A4l

1 let mut f = File::open("foo.txt")?; ' ® Rust |
2 let buffered_reader = BufReader::new(f);

® BufReader LI T Read 458Y, EULLRILAFERRIM(ER.,
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7.1.14 BufRead

BufReader MASLIN 7 — #7945 ES BufRead,

1 pub trait BufRead: Read {
2 /] BEEXLIMHB B E

3 fn fill_buf(Smut self) -> Result<&[u8]>;

4 fn consume(Smut self, amt: usize);

5 /] BEINEIMB B &

6 fn has_data_left(S&mut self) -> Result<bool>;

7 fn read_until(Smut self, byte: u8, buf: Smut Vec<u8>) -> Result<usize>;
8 fn skip_until(Smut self, byte: u8) -> Result<usize>;

9 fn read_line(Smut self, buf: Smut String) -> Result<usize>;

10 fn split(self, byte: u8) -> Split<Self> where Self: Sized;

11 fn lines(self) -> Lines<Self> where Self: Sized;

12 }
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7.1.15 BufReader SEAH A&
* BTF BufReader IRBENEEN T EZRIEUE, PILAMH—LHRBMNEE,
* EENXTANRIZEENAE, oIU—EHIEZBREMEENFT.

fn read_until(Smut self, byte: u8, buf: Smut
Vec<u8>)

' ® Rust |

-> Result<usize> { ... }
fn read_line(Smut self, buf: Smut String)
-> Result<usize> { ... }
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7.1.16 BufReader 2 iEMZ3
* BENXT ML SS,

1 fn split(self, byte: u8) '® Rust
2 -> Split<Self> where Self: Sized { ... }

3 fn lines(self)

4 -> Lines<Self> where Self: Sized { ... }
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7.1.17 BufWriter
® BufWriter BERBEANZR, BHEZ VI,

1 let f = File::create("foo.txt")?; ' ® Rust |
2 let mut writer = BufWriter::new(f);
3 buffer.write(b"Hello world")?;

® BufWriter }XB1% BufReader HfESCINFTAYTEY
* EEEEZFMENSEALRIE, ERNBIIEMEEZFNAIEEW.
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7.1.18 Stdin

1 let mut buffer = String::new(); ' ® Rust |
2
3 dio::stdin().read_line(S&mut buffer)?;

* XE—THEPMImERA (Kini ) EZEBUEN A,
® jo::stdin() JR[EIZEEIZ Stdin EMREYE,
® stdin BEIESLINT read line A%, X B LI BufRead 458,
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7.1.19 StdinlLock

* ZNEABEMMERMNZEREUEE—TUERZ 0@, FENHI,
* FIEM read FIASTERNERIE self.lock(),
* AT BAGIEE stdinLock FH RN Ltock() ik,

fn main() -> io::Result<()> {

1
2 let mut buffer = String::new();

3 let stdin = io::stdin(); // LE&3X4E “Stdin®

4 {

5 let mut handle = stdin.lock(); // W4 3%K4F “StdinLock®
6

7

8

9

handle.read_line(Smut buffer)?;
} // kR EZF “StdinLock®
0k(())
}
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7.1.20 Stdout

* Stdout EANERITAVIERO,

* SCIY write 458Y,

* —MRIRASEHIZ(ER stdout, MM print! # printint,
* tRIBAEIT stdout: :lock() RIRTFHn/HS LAY,
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7.1.21 4§% IO 1=’AJ1¢

Rust MR H—LEREN, BE92IRMIIFEITNENEE/ EAN R,

® repeat(byte: u8): FTIRTEEMNMEEFTINZEENSR, AJA—HIE
BY,

* empty(): — 1TANEEN R, EEURER E21R([E] ok(e) AYIEENRY
%,

* sink(): BEIEEFNBEANR, EAR—"ER/"H,
MUER—1TTERE, ATFEMEFTMERNREZINZABEANE,

e copy(reader: Smut R, writer: Smut W) -> Result<ué4>
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7.2 FHIRENEEE




721 AT LABRFEZHIT?

* RERFES

iN[EE RS

» CPU ZE&E8 (CPU-bound) £5: XH&E4E. Msnzgis. ERZ4L

I

» 10 BEE! (IO-bound) £55: XIHFEE. MBIERKVIEFE

* CPU BREBESAUFIAZZ (BEEZ CPU, Zil) KIKFES
HUEZ (N EBE,

° 10 BERIEIMEIET 10 1XF, WEiRS CPU HERR?

> HERE

222

FEARL IO ERGE, EFF IO aIfFTmRIEESR, &

M CPU EMES.
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7.2.2 RIS ZZZRITRIONF
* BIFE=MESEIT 5 1. E52. 53
- Hep, {15 1 AR 10 3RIE,

BIE AN Z%iE (AF) AR
FR—DERE, OHIT: {ERM %z
l. £ 1 (PEE—ERAT(E)) * Hrh#FE 1 17
2. (552 L. £ 1 (PEE—ERAT(E))
3. £5% 3 ° G, Z&iE 2 H1T:

1. £552

2. (£53
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7.2.3 FHHATRIBIF
EFRZBIGIF, ERFTHIVHKRIT
FEAN

* {FH— %R, H1T:
L %51 (KRB 101ES), ABEEZHT IO EM
2. 552 (BIHMES 1 B9 IO BIEIEEEHRIT)
3. £ 1 (KB 10 &R H4MIE)
4. £ 3
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7.2.4 Web AR55 2309061+

[a] 2 SCINRYER = -

H—HT?U AN ﬁgﬂ\fi

ZeiEX: HNEMER, AER—
T™EK,
A B[],
— F#EREAMNS (AMB%ER) .

> iR AIERTLIES
> TRR: SIABMTA

— CPU 724ME 10 & 4bTF

THAOFF

— TR FTiEFTON

— yj_zi)z_ll/lj(lu\zx

— FEHL......

=AY

Hi)ll% (RustiES)

T™BEXK,

FTHNZRFE K

~ |7F_Hj§1u\ o

HE M= FHE-,

I,

2024—2025 FEEEZ

AHE 28 / 67



7.2.5 5 Web IR55S

* 5 Web fRBas4EBTIBEKEL —TMES.
* HRZ T RIEAEES, I BRITHIESEIRT AR CPU
EH1T,
* MR
> BN,
» O RA CPU #IE,
* fRmE:
> B TS HIER,
- RIEER,
* BERTEMAFABIO)?
> RIERTEITRIAERIURAE, @S ERAZ1 CPU %,
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7.3 Rust B Bl




7.3.1 FHIRIZRIRIZE SIS

* LU RTRIZTRIIzI8 = BeIo 2T
> E—ERBERFIES.
> AR FTIESRIAIT,
* EAMILE, MESIKiTRARIED?
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7.3.2 LS
* {EF async IBEREBIZZFHAS:

1 async fn do_something() { /* ... */ } ' ® Rust |

® async fn IR[EIFNZERE— Future IR,
* FEAMITE: (executor) EQMH Future XI&,

ERiIT%Z (RustiEs) 2024—2025 FEEEZTFH 32 /67



7.3.3 PITHFE B

use futures::executor::block_on; ® Rust

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

fn main() {
let future = hello_world(); // BikiziT
block_on(future); // =17 HFTED

O 00 N O L1 A W N P
—

(BN
(AN
—
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7.3.4 FE AT EEE

async fn learn_song() -> Song { /* ... */ }
async fn sing_song(song: Song) { /* ... =/ }

async fn dance() { /* ... */ }

fn main() {

let song = block_on(learn_song());
block_on(sing_song(song));
block_on(dance());

O 00 J o0 L1 A W N BB

}

* ULERBINAZRTHITHN,
* FEMFER, ERINETEREMFTEE, PJRUREZFEE
RS,
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7.3.5 FH RG]

1 async fn learn_and_sing() {
2 let song = learn_song().await;
3 sing_song(song).await;

4 }

5

6 async fn async_main() {

7 let f1 = learn_and_sing();

8 let f2 = dance();

9 futures::join!(f1, f2);

10 }

11

12 fn main() {

13 block_on(async_main());

14 }
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7.3.6 SR A&

* AEFLMAIH, vJLMEA .await XFISFBIN—T Future IR,
* AR[ETF block_on, .await 2HFFTFE, FPEEZRIZ%IE, LLEIFIA

HEEMFTES,
* LIACREH,

> learn_song() Fl sing_song() hIiglNF &4
> T dance() BJLAF tearn_and_sing() B &4,
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7.3.7 async F .await

O 00 J O N A~ W N P

= =
w N P o

[/ “foo()' BUREIXHBZ—HMILIRT
// “Future<Output = u8>‘ Ry A

// “foo().await® R[] “u8® XHERME
async fn foo() -> u8 { 5 }

fn bar() -> impl Future<Output = u8> {
// “async® KEBEREERBEE—MLIT
// “Future<Output = u8>" Ry R

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

}

-
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7.3.8 dasync

* async ERIIEE:
> async fn iF— T REEER AN FHREL, IR[E] Future IR,
+ async BAERTBEBIE, BBEERNSSES, IR Future
R,
FEIES5 async BXRBIFABENFIE A B RARY(E)RE,
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7.3.9 Future
trait Future {

type OQutput;

1
2
3
4 fn poll(self: Pin<Smut Self>, cx: &mut Context<'_>)
5 -> Poll<Self::Qutput>;

6 }

5

8

9

enum Poll<T> {
Ready(T),
10 Pending,
11 }

® Future fF-_r AU 2 Rust #yéﬁ&ﬂ’]@(/b\
* Future WRE—INEDITEMES, 892 RE—T4ER,
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7.3.10 Future BYEZ[RIE

1 trait SimpleFuture { [® Rust]

2 type Output;

3 fn poll(Smut self, wake: fn()) -> Poll<Self::0utput>;

4 }

* PAEIfChREY SimpleFuture B, BJBAEITIEA poll() AIEFRIRENE
SR,

> WIR1ESS TR, NR[E] Poll: :Ready(result),
> YNRIATEIESTA, NBRI[E] Poll: :Pending, [EIEYZHEEENG HER
B wake() BAZE
® wake() b *ﬂﬂilﬂﬁﬁﬂj HATEs=B/R poll() X Future K,
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7.3.11 ATEIHIFR
* PTERUHEF—

I EKIERNIEIT .
* BEZHIF—TIAS, RRIFIEEZTITRY Future IR,

» 3 Future W ZRIBITIR[D

INZNEY Future SNER, He1EHER, ERH poll()

Pending JASHY, FFEFZTIAG,

> = Future XJRIBAREY wake () FIAMIERET, 5P AREIEITHY

Future XJZRIN

O

BA,
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7.3.12 ZEENITHRTES
* H{FHZ&RENITasMN, NW%N%E%@E%EZ@%%O
> [FILb async FAZINZ = WIIE Send BY,

® std::sync::Mutex A __fﬁléé_—\\gﬁ_%fﬁlo
> {F futures::lock::Mutex,
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7.4 Rust BT ES




7.4.1 FERSZHr

® Rust A,
> async M .await 2ESTIFN.
> Future TEATEER,

* RBXNFHZESHITEERNITHIT.
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7.4.2 FHIBITH

* Rust FETIBITRRAE = FERIREH,
* —fgKiR, R IBITHNEES:

> — P EE (reactor), IEMHAXTIMB

BlIB(S. 1THI23E) .

> — P E ST HITEE, WIBESHIAREMNRIT,
* BITHNEEMNEIEEE:

> P HRIIE B TAERRES.

- ERESIHE.

- IREE(ESS, HESNESIAT,

SR EITLE (F0 10, Iz
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7.4.3 futures 8

* futures FIRHHEE F TN IBFTENSEIFIREN:
> Str'eam\ Sink. AsyncRead. AsyncWrite%

* ZRABES NI ERENA/RE D
. ﬁ?ﬂﬁ%ﬁ, (ERSZENSVES (reactor), ToiEN IF NI,
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7.4.4 SRS T IE1TH

* Tokio: — T EEBIMITHRIIMESR, XI5 HTTP. gRPCF.

* async-std: 1Eff *T/’EFEE:'—‘EZH#E’\JE*E?&BQH&ZIKO

* smol: —TRERNFFIBITH, EMH Async BRIFERILINFD
INgE,

* fuchsia-async: Fuchsia OS FR{EFRRITES,

N\
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7.4.5 Tokio FE
Tokio @—1 Rust R T 1E1TH, EEFXEMNZRSZIHIE, 23

* FITHFINIBNZSZBITH,
* WEERRD IR,
* HRZEXREARNESRY,

&—"1"F Tokio L EIfL AR B {EEHEEERIBI £
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7.4.6 B{EFUEE Redis 51T
* Redis (Remote Dictionary Server) — 1T"ANZH{E (key-value) %X
HEE
* FIAREEF. MEHUEE. XHEHEE. HERNES
* NEHEEI A ZMHFA MR
* XIERMEIERE, IFFE. BR. IR £5. BFEEM
JSON %

51130 -

1 > SET name "Tsinghua University"
2 > GET name
3 "Tsinghua University"
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7.4.7 Tokio: EZ<FH;

1 use mini_redis::{client, Result};
2

3 #[tokio::main]

4 async fn main() -> Result<()> {

5 // Open a connection to the mini-redis address.

6 let mut client = client::connect("127.0.0.1:6379").await?;
7 // Set the key "hello" with value "world"

8 client.set("hello", "world".into()).await?;

9 // Get key "hello"

10 let result = client.get("hello").await?;

11 println!("got value from the server; result={:?}", result);
12 0k(())

13 }
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7.4.8 Tokio: F=HES

1 #[tokio::main]
2 async fn main() {

3 // Bind the listener to the address

4 let listener = TcplListener::bind("127.0.0.1:6379").await.unwrap();

5

6 loop {

7 // The second item contains the IP and port of the new connection.
8 let (socket, _) = listener.accept().await.unwrap();

9 tokio: :spawn(async move {

10 process(socket).await;

11 });

12 }

13 }
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7.4.9 Tokio: SCINESHE

1 async fn process(socket: TcpStream) {
2 // The “Connection® lets us read/write redis *xfroames** instead of
3 // byte streams. The “Connection® type is defined by mini-redis.

4 let mut connection = Connection::new(socket);

5

6 if let Some(frame) = connection.read frame().await.unwrap() {

7 println!("GOT: {:?}", frame);

8

9 // Respond with an error

10 let response = Frame::Error("unimplemented".to_string());

11 connection.write_frame(Sresponse).await.unwrap();

12 }

13 }
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7.4.10 Tokio: HEIRE

use bytes::Bytes; ' ® Rust
use std::collections::HashMap;

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

v o W N B

type Db = Arc<Mutex<HashMap<String, Bytes>>>;
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7.4.11 Tokio: BIEHEIIRE

1 use tokio::net::TcplListener; ' ® Rust |

2 use std::collections::HashMap;

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

4

S #[tokio::main]

6 async fn main() {

5 Llet listener =
TcpListener::bind("127.0.0.1:6379").await.unwrap();
println!("Listening");

10 let db = Arc::new(Mutex::new(HashMap::new()));

11
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7.4.11 Tokio: BIEHEIIRE

12 loop {

13 let (socket, _) = listener.accept().await.unwrap();
14 // Clone the handle to the hash map.
15 let db = db.clone();

16

17 println!("Accepted");

18 tokio: :spawn(async move {

19 process(socket, db).await;

20 });

21 }

22 }
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7.4.12 Tokio: {EBHEEIRS

o N Ao W N P

10

use tokio::net::TcpStream; ' ® Rust |

use mini_redis::{Connection, Frame};

async fn process(socket: TcpStream, db: Db) {
use mini_redis::Command::{self, Get, Set};

// Connection, provided by “mini-redis’, handles
parsing frames from

// the socket
let mut connection = Connection::new(socket);
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while let Some(frame) =

11 connection.read frame().await.unwrap() {

12 // Process...

13

14 // Write the response to the client

15 connection.write_frame(&response).await.unwrap();
16 }

17 }
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LERE

Let response = match
Command: : from_frame(frame).unwrap() {

2 Set(cmd) => {
let mut db = db.lock().unwrap();
db.insert(cmd.key().to_string(),

7.4.13 Tokio: {EHFH1

' ® Rust |

4 cmd.value().clone());

5 Frame: :Simple("0K".to_string())

6 }

7 Get(cmd) => {

8 let db = db.lock().unwrap();

9 if let Some(value) = db.get(cmd.key()) {
10 Frame: :Bulk(value.clone())
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11 } else {

12 Frame: :Null

13 }

14 }

15 cmd => panic!("unimplemented {:?}", cmd),
16 };
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* mpsc: ZETE. BIHBEEF®EE, IR EZNME,

® oneshot: BBATE BBHFEHEE, REKXZBENE,

® broadcast: ZETE., ZLIHFEEBEE, JUREZME, 87T
F#EEREIFZME.

* watch: BA™E, LHFEEFEE, JUREZNME, BENMREHD
B, =W REFRSEHAENE,
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1 use tokio::sync::mpsc; \@ Rust !
2

3 #[tokio::main]

4 async fn main() {

S let (tx, mut rx) = mpsc::channel(32);

6 let tx2 = tx.clone();

.

8 tokio: :spawn(async move {

9 tx.send("sending from first handle").await;
10 });

11
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12 tokio: :spawn(async move {

13 tx2.send("sending from second handle").await;
14 });

15

16 while let Some(message) = rx.recv().await {

17 println!("GOT = {}", message);

18 }

19 }
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1 use tokio::fs::File; ' ® Rust |
2 use tokio::io::{self, AsyncReadExt};

3

4 #[tokio::main]

5 async fn main() -> io::Result<()> {

6 let mut f = File::open("foo.txt").await?;
7 let mut buffer = [0; 10];

8

9 // read up to 10 bytes

10 let n = f.read(Smut buffer[..]).await?;
11
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12 println!("The bytes: {:?}", Sbuffer[..n]);
13 ok(())
14 }
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7.5.1 N5

* I N\¥im

* FHRmIZEM

* Rust WFSEM
* Rust WHRTES
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