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REEENFTK

o NTFfEMMIREMIEEE
o WFRIR
o ERXNR. FRNBNNGFTZER, BFEHMHNHE, SRNE K,
o BENKR: HEAKLE, HENRBNHE, B RHE BT,
o HAXNR. HWMARL, BENIER, FTHRENDU,
o NEMNATRRHTANREAFTE? BEARE?
o AFIERE: B, HIESR, M
o hiiREIr. IR, RwEEE, MEEE
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C++ tafrx

o MR T C #HF M7,
o new/delete ¥R SWMENKRES, EHBRMEULZ [EHIE B SEAXN RIS ST,
o HINFIBHMMIEEX . RIEFEXAAFHBAENAELRL,
o B, AEBXEIU—IPHREFIHR,
o BEIMIE: EIBEX EXME—MNROTRHBLES — PR
o R B
o BB ERIEMEMHN RIBLF R,
o =I5H. BERM. NEBRMFEESBETHER,

%z Rust 4
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Rust 89f%

SINEFFEH (ownership) 894

o Rust EA—IREBSHANIMEFMRRE T EXHFEN,

o FIEM (JLFH ) AHENREE, FIETHHNFFHER,

o Rust M1ZEXAERIE CAM Rust FERNWEARERNSF, SHESREEBRF
B,
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PR

o Rust poyEMEEEHEZ (owner),
o FA—HZRABF - rEH,
o YFrEERY, EthEHER,
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BN SZEHRE

o LEHEMBLIENFIBI
o —MEIERANAEE—THESE,

o WMR—MHREBHIERE, EHENEIEHHE B,
o X FHEH ENENEIE, XERERKZHE,

fn foo() {
// Creates a Vec object.
// Gives oumership of the Vec object to wi.
let mut vl = vec![1, 2, 3];
v1.popQ);
vl.push(4);
// At the end of the scope, vl goes out of scope.
// vl still owns the Vec object, so it can be cleaned up.

%z Rust 4
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BaEX

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

// Oumership of the Vec object moves to v2.
let v2 = vi;

println! ("{}", v1[2]); // error: use of moved wvalue vl

@ let v2 = vi;

o BIBERMNEEH, THEBRIAZFRM,

o BIETHREZIMEE,

o BAAR. EHBMNAEMBIE v2, i vi BALTHHRS
e println! ("{}", vi[2]);

o BT vl EETHEARNTENE, B,
o Rust B ARFNLIXDERE, FEREEIR.
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BIENX (%)

o Baiff BN RENMNEN, TN REFETHNEIEL,
o BEBINTA (BEWE ), THFEKR C++ BHEA std: :move KEBHIEE,
o Rust 1 i@id std: :mem: : {replace, take, swap, drop} ZHIKLINSHRE
NEE,
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PR

o FARBIEMIFEEESZPIEN
o MRBAREBSHHELINEN, RESZERFTIEI,

fn vector_length(v: Vec<i32>) -> Vec<i32> {
// Do whatever here,
// then return ownership of v’ back to the caller
v

o IURUERIXFITAENRBTY Rito
o MRFEMNEBMS, REHHNEREEEEZHA,
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&

o 5HBZFEMN, TuwitirEA (borrow),

o YMBIXNEEMSIAREALEPNEENIAN, BNMBENESIFRERERK,
o H3|MBIEMAE, HAthEZER,
o FRNZEWARBENEIEBNIEN,

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

// v_ref is a reference to w.
let v_ref = &v;

// use v_ref to access the data in the vector v.
assert_eq!(v[1], v_ref[1]);
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&R (%)

o TWRMEM: RBFKRNTEZMRY,
o I—NEEHIIAHFEN, THEXEMBENEIENMAEN.
o HAMMBENBRRFEHSIMRK.

let v = vec![1, 2, 3];
// v_ref is a reference to wv.
let v_ref = &v;

// Moving ownership to v_new would invalidate v_ref.

// error: cannot move out of v  because it %is borrowed
let v_new = v;

// Cancel the effect of NLL (non-lexzical lifetime)
println! ("{:7}", v_ref);
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I EE o EEA

fn main() {
let v = vec![1, 2, 3];
let v_ref = &v;
let v_new = v;

o MR v_ref FEFNRHLERE, UERBAFESIBEFENTRBIFIANNER,
o BR, ¥FE&AEHEMHER, v_ref MNAEGAHTIRIIE R,

BEEEG AR (NLL, non-lexical lifetime)

e 2018 Fr¥FriFlE

o XHRISIANEGBAHEATESIRE, mMAREEERE,
o EBFSEAREENRE, ETHSER,

o FMAATSN The Rust RFC Book,



https://rust-lang.github.io/rfcs/2094-nll.html
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ERE R

/// “length” only needs “vector” temporarily, so it is borrowed.

fn length(vec_ref: &Vec<i32>) -> usize {
// vec_ref ts auto-dereferenced when you call methods on it.

vec_ref.len()

}
fn main() {
let vector = vec![];

length(&vector) ;
println! ("{:?}", vector); // this is fine

@ = length EMXE. vec_ref WS|AMERLE, KEE &Vec<ild2>,
o SIABINERATEY, S5TELEME,
o TBIIEMEG, BA%R (length MERE ),
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BESEE

/// “push® needs to modify ‘wector  so it is borrowed mutably.
fn push(vec_ref: &mut Vec<i32>, x: i32) {
vec_ref .push(x);
}
fn main() {
let mut vector: Vec<i32> = vec![];
let vector_ref: &mut Vec<i32> = &mut vector;
push(vector_ref, 4);

o TEXJRIBITAZS|Aki#t{TEMH . &mut vector
o XFEAMSIAEN—PITLH Vec BI3|H (HEEX Vec HWTESIA )
o XKFAIZ &mut Vec<i3d2>, MAZ &Vec<i3d2>,
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ERE5HE

/// “push needs to modify ‘vector  so it is borrowed mutably.
fn push2(vec_ref: &mut Vec<i32>, x: i32) {

// error: cannot move out of borrowed content.

let vector = *vec_ref;

vector.push(x) ;

fn main() {
let mut vector = vec![];
push2(&mut vector, 4);

o iR THEBIMSIAARGHTLEE, INHSSIREENANES (RN5IMAIER
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&R (%)

o Rust ERZHEAT=EEMESIH, ERFLBERAFTEEAMSIA,
o EMSIAMENERESANS,
o ReIERsIREXNER,

let mut a = 5;
let ref_a
*ref_a = 4;

println! ("{}", *ref_a + 4);
// ==>8

&mut a;
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Copy %(E

o Rust EX7T Copy ## (trait), Rx—FEETRHEN, MARABRINNBINIEN,
o BEXMMAIHERERY, BIITARRNHETH (KR C++ PEIANIENGETH )
o AEBHHEAKAE Copy #& (132, £64. char. bool %% ),
o BESIAMEETE Copy XE (i, Vec. String ),

let x: i32 = 12;
let y = x; // "i32° 4s “Copy~, so it's mot moved :D
println! ("x still works: {}, and so does y: {}", x, y);
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&R AN

BEERNAEEE, KT,

PREE NN R FERHEREN TSI A,
— I RITURNEFES N ATESIB (&T )
FHENE—PTESIA (&mut T

U ERERERNFHE,
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BRNER

o EBRERBHNI T EEUNESHRANHTERIFOZSIEIERIZRI,
o XFpRAGE C++ A Java FiE= PHEBR T IS H kM,
o BRESIAHER, Flin Java h A E T &M ConcurrentModificationException &
®o
let mut vs = vec![1, 2, 3, 4];
for v in &vs {
vs.pop(Q);
// ERROR: canmot borrow “wvs  as mutable because
// it is also borrowed as immutable

o pop FEMTEFAEH vs KB SEIE,
o BE vs EAEMUATENARNHEREA,
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ERNIER (5-)

o ERM/GER (use-after-free)
o XMEX(E C++ ERSBIHREN, ERYRISBETNER.
let y: &i32;
{
let x = 5;
y = &x; // error: "z does mot live long enough

}
println! ("{}", *y);
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ERNIER (5-)

o TEMIRER.:

error [E0597]: “x~ does not live long enough
--> src/main.rs:5:13

|
5 | y = &x; // error: “x° does not live long enough
| ~” borrowed value does not live long enough
6 | b
| - "x° dropped here while still borrowed
7 | println! ("{}", *y);
I

-— borrow later used here

o BIIEAYBIEBEREINBRAZHHAAFR 2B,
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Bl @mE

o MERA=MERTR:

let mut vs = vec![0,1,2,3,4,5,6];

// Borrow tmmutably
for v in &vs { // Can also write “for v in wvs.iter()"
println! ("I'm borrowing {}.", v);

}

// Borrow mutably

for v in &mut vs { // Can also write “for v in vs.iter_mut()"
v = kv + 1;
println! ("I'm mutably borrowing {}.", v);
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Bl¥. mE (%)

// Take ownership of the whole vector

for v in vs { // Can also write “for v in vs.into_iter()’
println! ("I now own {}! AHAHAHAHA!", v);

}

// “ws™ is mo longer walid

o MUATEIHEH
o MEr& =5/
o REFFE
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4

o IR R—THIRILSNSEIA, %T%lﬁﬁﬁzﬂﬂlﬂﬂ’] R o

o MAMNEMIEERRE &x[s..t], Hd s 1 t T URIBEIL S,
-] ‘[‘f_j,T[//L’ffﬁﬁ &X[S —t] E/]-lrl:l/fo

o LMK SIAMNARZGEXNY A REFEM,

let a = [1, 2, 3, 4, 5];
let slice = &all..3];
assert_eq! (slice, &[2, 31);
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o Rust EFFPEIBEMIEIERIMN TR
o LMK struct. 1§ C/C++ BHNEMIE, Fﬁ?f%ﬁéﬂ}%o
o 2 enum: & OCaml, EIBTTIUR LIPEKE >

o EMANMAEE T UHHE T LIIR impl, ﬁﬁ?m)@l‘ﬁ}ﬁﬁéﬂﬁ’ﬂﬁ%o
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A N= Y

o EMF C++ tBE
o f name: type RFBHEMEHE (field), BIRARRTE. FEK,

struct Point {
x: 132,
y: 132,

o ZRIRM, LKA CamelCase &% A, BEEMIEHA snake_case sp& Ao
o EMAATEMN ARG/ (thiSLFifk ),

let origin = Point { x: 0, y: 0 };

%z Rust 4
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o HEMRHIE T A SIS kA El.
o ZEMRFRERIB VLI,
o WINTEBIENAFTBENEGIE, oI EFPE—MRBMHNEME, GEEBEHTHGEL.
let mut p = Point { x: 19, y: 8 };
p-x += 1;
p.y = 1;

let q: Point;
q = Point { x: 1, y: 2 };

%z Rust 4
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SRS

o MK THH RN T T MHIRH,
o TEMELTENTEHNEM, REETLRX,
o R T M (AL M ) TRBIT Cell KERILI, B,
struct Point {
x: 132,
mut y: i32, // Illegal!

%z Rust 4



LMK EY I [ AR

o HLMAEEMENERNEFTEE,

o Point #=EL&F (fully qualified name) 2 foo::Point,
o HEMRNERINEREN,

o TLAEIY pub XEFEMAH,
o MHER RSN BIRR AR

mod foo {
pub struct Point {
pub x: 132,
y: 132,
}
}
fn main() {
let b = foo::Point { x: 12, y: 12 }; // error: y is private




0000000000000 00

SR EIEANER (52)

mod foo {
pub struct Point {
pub x: 132,
y: 132,

// Creates and rTeturns a new point

pub fn new(x: i32, y: i32) -> Point {
Point { x: x, y: y }

b

o A new FLEMIK Point R —MERA, HILLTTRSEENRHE.
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SRR EINEL

o FEMENGHE TN .. s M s PRIMIARE £ IAE (FENERBF? )
o FrERBEHENIINSZREIETE NEE M B AR 181E 2IRE
o WNEMARNEI MR —EH,

o MAREEEMFRGBR LR BETITH,

struct Foo { a: i32, b: i32, c: i32, d: i32, e: i32 }

let mut x = Foo { a: 1, b: 1, c: 2, d: 2, e: 3 };
let x2 = Foo { e: 4, .. x };

// Useful to update multiple fields of the same struct:
x = Foo { a: 2, b: 2, e: 2, .. x };

%z Rust 4
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TLAEE

o LALLM (tuple struct) REMEN—FES, BEMEET, BEFENET,
o TLRUMEITAIMBITEF KA, Fin x.0. x.1 &%,
o A PU@EIT match FF(TICA,

struct Color(i32, i32, i32);

let mut ¢ = Color(0, 255, 255);
c.0 = 255;
match c {
Color(r, g, b) => println!("({}, {}, {H)", r, g, b)

%z Rust 4
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TCHEAH &

o T ASRGIEMANKE, MANNIAZE—1HE,
o MWARA “HFEKAE" X ( “newtype” pattern),
o MR ELEM FEMBEY, BER2HAEMN (FTER—FPKEL ),

// Not equatable
struct Meters(i32);
struct Yards(i32);

// May be compared using “==", added with “+7, etc.
type MetersAlias = i32;
type YardsAlias

i32;
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BRITEME ( TRNEIER )

o TFE AT R/NHLEIR,
o XFFMLEMEATHE,
o XFPLEAIAME T IASLHIMLE,
o B EHARMEAHMEIESWIIRCEE,
o g, TTANIET— I BHRTNEHEIIKE,

struct Unit;

let u = Unit;

BERFIHENBZERARR
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o 2 (enum), 2MERE (sum type), BERERTITURBIE—NEIE,
o BXTHL, LEMEAFITLHERIAEE! (product type)o
o Rust f#tzstt C/CH+. Java B FHBEEERRS,
o MEHMNBFEIL (variant) TR
o FHELUE (RLITEE)
o Hup& AR ( EMHETH)
OﬁT n& B R EERE ( THETE)

enum Resultish {
Ok,
Warning { code: i32, message: String },
Err (String)
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o MENTRGFAETHEAFGNELFZED: Resultish: :0k
o T use Resultish: :* IEFFEEAKSIANLRINEFEE,
o SHMAEMER, o ANEEFHITILER,

match make_request() {
Resultish::0k =>
println! ("Success!"),
Resultish::Warning { code, message } =>
println! ("Warning: {}!", message),
Resultish::Err(s) =>
println! ("Failed with error: {}", s),

o MHMIER (constructor) T UK EREL—HEfEH, 40 Resultish: :0ko
o TENBURBAHNBNZRER,

%z Rust 4



o EEHEGE—FRUREARBEN List K5,
enum List {
Nil,
Cons(i32, List),




o BIHMEXERENZHILEH A/NBIE]R,
o FEMFFIMERINER T EAEKFMHE, HiLFaeEA,
o ENMWTRERBA T MEMSIAREME, BaTUBERIET,

enum List {
Nil,
Cons(i32, List),
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AR RETER

error [E0072] : recursive type "List” has infinite size
--> src/main.rs:2:5

|
2 | enum List {

| ~Tommeemen recursive type has infinite size
31 Nil,
4 | Cons(i32, List),

|

—--—- recursive without indirection
|
help: insert some indirection (e.g., a "Box™, "Rc”, or &) to make “List” repr
I
4 | Cons(i32, Box<List>),
| ++++ +

For more information about this error, try “rustc --explain E0072°.




Box &/t

@ Box<T> RigMif W RHIEH, (EANRNE—FTESE,
o Box Mi—IHEMEIE (T X&), THEAUREINL,

o Box BT EREN<BIHE,

@ &Y Box: :new() k6% Box,

let boxed_five = Box::new(5);
enum List {

Nil,
Cons(i32, Box<List>), // OK!

o EEHES NS H—F M,
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impl Point {
pub fn distance(&self, other: Point) -> £32 {
let (dx, dy) = (self.x - other.x, self.y - other.y);
((dx.pow(2) + dy.pow(2)) as £32).sqrt()

+

fn main() {
let p = Point { x: 1, y: 2 };
p.distance();

o FEMAFIMEEM AT UL AE impl RIBRE,

o FNEARE, FiAthBIERILSHITIIIE,

o T pub KAEFHAAFH, impl REKASREEL pub H,
o X AEFNX LE A Z —HEH

%z Rust 4
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7ESIER

FENE—NZH (BFNH self ) REXN HETENENFRE

o &self. FAMBANZRHNE,

o —MEATREMFEBXFAN, £MUF C++ FHEM
o &mut self. FHAWZEHERAX RHE,

o EAEIFEBRIREFER, XMUTF C++ hHLBARFKE,
o self. FHEREBNRNFFEN,

o AASERERENER, ANTLLUREEMHNE,

R ﬁo

\]u




HESIER (B)

impl Point {

fn distance(&self, other: Point) -> £32 {
let (dx, dy) = (self.x - other.x, self.y - other.y);
((dx.pow(2) + dy.pow(2)) as £32).sqrt()

}

fn translate(&mut self, x: i32, y: i32) {
self.x += x;
self.y += y;

}
fn mirror_y(self) -> Point {
Point { x: -self.x, y: self.y }




impl Point {
fn new(x: 132, y: i32) -> Point {
Point { x: %, y: y }

}

fn main() {
let p = Point::new(l, 2);

o XERRBE FIAEM, BRETR self 35,
o AAMFEALZF=ENE%.. Point: :new(), MAE Point.new(),
o KU CH+ FHESMRRE,

0 —MRECE—NE A new HIKERREGERMIE REHIER,
o Rust HEHABNMERENEE, WA= BMEE,
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o JiiE. REXSEEFRENEEE R,
o 17, Vec::new() 0 Vec::with_capacity(capacity: usize) #@ Vec BIMIiEH
o
o JIEMTREWARIK,
o Rust FEMAFMMEANRZEMR (compose) HIFME,
o HFE (trait) EHEANUKINEE,
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LR ILAD

o T A match EGX EMAIITRM,

pub struct Point {

x: 132,
y: 132,
}
match p {

Point { %, y } => println!("({}, {H", x, y)

}
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ZEMIRGI LA (£2)

o —LEAAILEHIHRIT:

match p {

Point { y: y1, x: x1 } => println!("({}, {P)", x1, y1)
}

match p {
Point { y, .. } => println!("{}", y)

}

o LAY IS A —E EiR IR &M AF BAEIIUF o
o FEMEHEHIIHKk, FINNHNTELMLE,

o TLUFM struct_field: new_var_binding BB ERKBHRTHETESL,
o ABEII L. A .. RERBEXERYEFHE,
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MsIAAILE

o £f ref TNERRNRE—INEENSIA (SNEHE, BEEREAEN )

let x = 17;

match x {
ref r => println!("0f type &i32: {}", r),

o tEREMESIANXAI,

let x = 17;

match &x {
r => println! ("0f type &i32: {}", r),
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S| =ILE (%)

o £ ref mut WoJEsS| B A EITIE,
o NHMWILRMNITRE mut 89,

let mut x = 17;

match x {
ref r if x == 5 => println! ("{}", ),
ref mut r => *r = 5
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if let &4

o MRAFETHEANMANF, A if let BESLERERE,
o DIz HItY Resultish K& 4.

enum Resultish {
Ok,
Warning { code: 132, message: String },
Err(String),
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if let &M (%)

o RRMEBAHBNMREER, HBER A BT,

match make_request() {

Resultish::Err(_) => println!("Total and utter failure."),
_ => println!("ok."),

o U LARRILA if let HEA.

if let Resultish::Err(s) = make_result() {
println! ("Total and utter failure: {}", s);
} else {

println! ("ok.");
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while let iEf)

o XHE 1KY while let 184, (EARBHEREE LR EMH KM,
let mut v = vec![1, 2, 3];
while let Some(x) = v.pop() {
println! ("{}", x);
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REBLRE

o WAMBRHITLHEMEN—NAEE -1 EE, PIAERRSEENNR, TTRIREILEH
KhrE; NTFEEXNEIRESM, TUA e A TRNETENRTE,

#[derive (Debug) ]

enum A { None, Some(B) }

#[derive (Debug) |

enum B { None, Some(i32) }

fn foo(x: A) {

match x {

a @ A::None => println!("a is A::{:7}", a),
ref a @ A::Some(B: :None) => println!("a is A::{:7}", xa),
A::Some(B::Some(b @ 1..=2)) => println!("b is {:7}", b),
A::Some(b @ B::Some(_)) => println!("b is B::{:7}", b),




EERV U

000000000 e0000

foo(A: :None); // ==> x is A::None
foo(A::Some(B: :None)) ; // ==> a 1s A::Some(None)
foo(A::Some(B: :Some(5))); // ==> b is B::Some(5)
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RA LR85 R 1%

e match MFFE N X FELRIFEHMRZSTRH,

fn main() {
fn plus_one(x: Option<i32>) -> Option<i32> {
match x {
Some(i) => Some(i + 1),
// error: not exhaustive

}

let five = Some(5);

let six = plus_one(five);
let none = plus_one(None);
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RALENEASS

o A ILAIES match

o TELHTE, 8% let. if let. while let
o for {E&IF

o REFABHNSH
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for BRI\ ITAED

let v = vec![1, 2, 3];
for (i, x) in v.iter().enumerate() {
println! ("v[{i}] = {x}");

}
o 7 for fE¥H) for F1 in ZEHEREIR T 20 o UF AR LA,
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RS R LR

fn tuple_add((a, b): (i32, i32)) -> i32 {
a+b

}

fn main() {
tuple_add((1, 2));

+
IR R 02 40 =T DUE AR = L AL
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° FIENSER
o —MEERNABHFLEMUTHESIAZ—:
o ZNATES|IA
o — 3|/
o BPMBHMNREESTEHNENHNER,
o LM kEiEEE
o MR, —FpFAEY
o M. —FpFOKEY
o EZ:HutE(ILEL
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