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O.dOOOOOOOOOOOOOOOOOOOOOOO

REEENFTK

o NEFFMHRETMRE

o NERE
o ERANR. BANMNAGTRER, BFEmNNE, SRIDUL,
o BEXNR. HEEKL, HAERBRE SR, LRIEMBERNEU,
o MANR. HiEkiftl, FENSE, TEENEU,

o NEMNANTFRRMAALANERNTE? BALIE?
o AFIERE. ZIEHEH, RIEELR, MiE
o Nk, IR, RIEEE, MHEE
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C++ Bk

o 1HIEERT C #HT T .
o new/delete ¥R SMEANRES, EHBFMELZ [EHE B ST KIS ST,
o HENFIBHMBIEEN : REFEXAAFTHBABNALTLRL,
o HIME: HEXEIHA—IHREFIMHR,
o BEiE. AEBEXETIB—IHRNABEBES — IR,
o RIATFAER BT
o fEEHFIS|I B ARIEFTIE MMM RIELEH R,
o Z¥5%t (null pointers). 2&EJEE (dangling pointers). WERH (double free) HnAMS
FETI IR,

%z Rust 4
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C++ B2 sEFESt

C++11 MFREESSINT E4EFEE (smart pointers):

@ std::unique_ptr: MEFFENNDEEIEH
@ std::shared_ptr. HZEFFBENNEEEIEE

XFDBCE IR A R IRIKIEIHIEAHL (Resource Acquisition Is Initialization, RAIl), fi%o:

class Foo { /* ... =/ };
auto p = std::make_unique<Foo>();
// When p is out of scope, the memory will be released.

B2 C++ ESHTHEERER, TREHNEASENEIMETEES,
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Rust 89f%

SIANBTE (ownership) 89

o Rust fEA—IHEIES HRANFFIERRE T BXAAENAEE,
o FIEM (JLFH ) ARIENLE, HUETHMIFER .
o Rust M1ZEXATEAIE CAEMN Rust FESNEARERIF, SHESREEDHZF

B,
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PR

o Rust FHIEMEEBFEZ (owner),
o F—HNZIBMAE—1IIEE,
o HrEERY, BEHER.
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B ESZEHRE

o REHTERMHLEBNIAEN
o —MEIERINARAE—THAEE,

o WMR—IHEBHMERE, HIBENEIREHE B,
o XTH ENENEIE, XRKREBRMZ(E,

fn foo() {
// Creates a Vec object.
// Gives ownership of the Vec object to vl.
let mut vl = vec![1, 2, 3];
vl.pop(Q);
v1.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];

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

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

@ let v2 = vi;

o HINBIERMEEH, THEBRINXERM,

o BETEBLZIIIES,

o MRAR. HOENMBENERS v2, 3 vl EALHHRE,
e println! ("{}", vi[2]);

o BT vl EXTHEERNETENTE, AtElk,
o Rust BERFERFIN ZILX A, =4 RBIFER.




B 1Y
00000000800000000000000000

RIFTHIRIE S

error [E0382] : borrow of moved value: “vi1°
--> src/main.rs:4:20
|
2 | let vl = vec![1, 2, 3];
| -—- move occurs because “vl1~ has type "Vec<i32>",
which does not implement the “Copy~ trait
| let v2 = vi;
| -- value moved here
4 | println! ("{}", vi[2]);
| ~ value borrowed here after move

help: consider cloning the value if the performance cost is acceptable

3 | let v2 = vl.clone();
| ++++++++
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BaENX (%)

o BEMBENERHENMEX, THREFRETHNEIESI,
o BmiREINfTA (BUMEIME ), F1EEHR C++ A std: :move KREBNIERE,
o Rust thaJli@id std: :mem: : {replace, take, swap, drop} SERIEKLUSHEE
WEE,
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PR R

o HAREMIEREIEZE BN,
o MRFREBSUHEMEBXIINEN, RESEF/TAED

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

o IPUBRIXFIERNREFTY R,
o MRFEMNEEME, RIMMNEREEEHRZHK,
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&

o SHBZMHEMN, TawiiTEA (borrow),

o TR EERSIAXREATEPNIIENIEN, ENENESHXBEREZRN,
o HS|MEBIEME, BAtEZER,
o FRMTEWAE X BRI FTEN

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

// 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]);




000000008000 0000000000

&R (%)

o TRME: RLBFRKNTEEMPRE,
o HI—NEEHSIAHFEN, THEXEMBENEIENIIEN.
o AAMERBRESEEIARM.

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

// v_ref is a reference to w.

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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IEE AL EEA

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

o R v_ref FEFRHMLERE, NERBAFESIAFENTERZIIAENHNER,
o BR, £¥TEHEEHMER, v_ref NAEGEMRITMRINER,

IEEEE 4 AR (NLL, non-lexical lifetime)

o 2018 hREVEFME

o XMRIMSIANEGEAHEUATESIRE, mAREEERE,
° EBHEF/EAREENRE, ETRSEF.

o FAARBETZSMN The Rust RFC Book,



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

/// “length™ only needs “wvector  temporarily, so it %is borrowed.

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

vec_ref.len()

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

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

@ JIE length EMXE. vec_ref WS|IHMERER, KEE &Vec<ild2>,
o SIABMARTITEN, ELTELHEMNE,
o HBIIEME/E, BA%R (length LR ),
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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 TEXRIJMIBIIAES|ARFITHEMH: &mut vector
o XHFANSIAREN—1TITEHN Vec WEIH ( FZEEX Vec 9T ES(H ),
o XAE &mut Vec<i3d2>, MAE &Vec<i32>,
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ERE5HE

/// “push” needs to modify ‘wector® 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 HiR: THBUMSIAREHETLEE, XM SIEBIEBNIENES ( BI5| B
KR o
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&R (%)

o Rust ERZHERTEENMBSIH, ERFLBERAFTEERHESIA,
o FESIAENERESEANAR,
o RMeIRER5IREXNER,

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

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

&mut a;




0000000000000 0e0000000

Copy (E

@ Rust X 7T Copy #FE (trait), Fr—FpRETTINEN, MALABRINNBENIEX,
o BERXHMAUHSRERY, BINTARRKRUITYH (KR C++ fBIANENMETA
o REWEARKAE Copy X% (132, £64. char. bool %% ),
o BESIMMAEETE Copy £ (fltn, Vec. String s

let x: i32 = 12;
let y = x; // 432" 4s “Copy~, so it's mot moved :D
println! ("x still works: {}, and so does y: {}", x, y);
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&R AN

BEERNALEEE, A2 UTHHN.

FREE NN RIFEBHSERBI TSI,
—MHRIURNFESZ P ATERSIA (&T )
FHENE-PITESAH (gmut T

M EME RN T,
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BRNER

let
for

ZRERBNG S, EERESHRNFTERIGRISSIRIERE KL,
XFpRIB7AE C++ 0 Java EBS AR T S R,
o BEXSIKHEIR, it Java PEEFTHSM ConcurrentModificationException &
o
mut vs = vec![1, 2, 3, 4];
v in &vs {
vs.pop();
// ERROR: cannot borrow “vs  as mutable because
// it is also borrowed as immutable

pop BEEMNTTARER vs KBTI,
BE vs EAEMTT TN FTRABBEIER,

14

Rust 4
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EREER (5:)

o ERBMEMEA (use-after-free)
o XMEAE C++ EEEBEHEN, BEURISFEETHER,
let y: &i32;
{
let x = 5;
y = &x; // error: "z does mot live long enough

}
println! ("{}", *y);
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EREER (5:)

o EEMERER:

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 | 3
| - "x" dropped here while still borrowed
7 | println! ("{}", *y);
|

—-— borrow later used here

o BITE AN HIREBAEREINBARAZHHN AT R 2B,
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Bl @mE

o MERA=MERTN.

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

// Borrow immutably
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 = xv + 1;
println! ("I'm mutably borrowing {}.", v);
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Bl¥. mE (%)

// Take ounership of the whole vector

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

}

// “ws" 4is mo longer walid
o AT ZRAHEH
o MHEHANER
o RIFAAEM
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OOdOOOOOOOOOOOOOOOOOOOOOO.

4

o NAR—MEREANSIA, ZrslAFINFH—THE.

o PIFMERNEAR &x[s..t], HF s A t TURUREBF R EEE,
o WATLUFEM &x[s..=t] BB %,

o MR SIANAREHXNY A REFEM,

let a = [1, 2, 3, 4, 51;
let slice = &al1l..3];
assert_eq! (slice, &[2, 3]1);
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SR

o Rust B BEMILEEEEE N 7.
o LMK struct. & C/CH++ IHNEMIEK, ATREFHE,
o 142 enum: 1% OCaml, ¥IBTUELFPER 2z —,
o MR E T IUELE FTLRIE impl, ATEXMENEENF A,
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LR B8

o KT C++ 89iB%
o fi name: type KRB HEMEHE (field), BRARATE. T,

struct Point {
x: 132,
y: 132,

o ZBIAR, LKA CamelCase & A, EWMIEA snake_case & Ao
o EMARATEH ARG (thiYSLFifk ),

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

%z Rust 4
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A uN= P

o LEMIKHEE A RICSEKIIE,
o HMIATRERIAHIEILT,
o WNEEIENGIENEME, WTMUEFB—IPRIBANENRE, BEBHTIEL,.
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 TR M

o MU T HHRH T TR H o
o TEMELTENTEHNEM, IREETLX,
o WEH LM ( AFITLM ) TTREIS Cell XKERIM, BEHESW,
struct Point {
x: 132,
mut y: i32, // Illegal!

%z Rust 4
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LEMIREY T AR

o HLMEEEMENERNEF=EE,

o Point HEEL&F (fully qualified name) 2 foo::Point,
o EMRNERINEREN,

o TLEIY pub XBEFEMAH,
o MHER RS 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
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SR ETEANER (5%)

mod foo {
pub struct Point {
pub x: 132,
y: i32,

// Creates and returns a new point

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

}

o K new F0LEME Point AR —PRIRA, HiLaTUJIEENMLEE,
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4k %
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o FEMENGHI T .. s M s PHRIMENHE A (FENEREF? )
o PR AEWMILIIFREIET NEMM BFRSIIEERE,
o PMNEMARNERNUIRE—EH,

o MNREIXEEMFIBERLENEHMEFITH.

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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TUAEE

o LALLM (tuple struct) EMAEN—FES, BEMAET, BEFENET,
o TLMETHEMFBIT I FRIFIOE, Hli x.0. x.1 %%,
o I LLEIT match SEFFTICA,

struct Color(i32, i32, i32);

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

%z Rust 4
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TCHEAH &

o TJAREGIBFHEKE, MANNXAZ—151%,
o WARA “FEE" R ( “newtype” pattern),
o MMAKBELEM FEMEHN, EEHAEN (FER—FKE ),

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

// May be compared using “==", added with “+7, etc.
type MetersAlias = 1i32;
type YardsAlias = i32;
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BRITEME ( TRNBIER )

o TIFE BT AR/NHLER,

o XHMEMIETHE,
AR E BT A BIE R,
B W AR EA KM EIREEMNIRC KR,

o Bltn, STRARIEER— B RIFHNEIEIIEE,

°
°
struct Unit;

let u = Unit;

BERFIHENBZERARR

%2 Rust Hi21ES 38 /65
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o 1% (enum), 2F%EA! (sum type), BERFTFTURSBE—HEIE,
o EXTHL, LEMARFITTAERIMKEER (product type)o
o Rust #9#2tt C/C++. Java HBS PR ERRS,
o MEHMEFEIL (variant) aTIL:
o HEHE ( BTEIN)
o HipBMEIRE ( EMETE)
o ARGEBMERLIIES (TAHTHK)

enum Resultish {
Ok,
Warning { code: i32, message: String 7,
Err(String)




4k %
0000000000008000000000

o MEHNTURGFEAETHHEASHNEZFZE P . Resultish: :0k
o TUF M use Resultish::* LB TESIALBNEZF=E,
o SHMKRME, oI HEEHTIITE,

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

o EHIMWIESE (constructor) T LMREE—HEAEA, B4 Resultish: :0k,
o EENABERBMANBNERE M,

%z Rust 4
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o ZIEHEEIE—FRLIRHA 2N List KT,

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




‘oioooooooooooooooo

° HIHHEXERENZHIL T KN M6,
o FHMANMAEBINER T EAKFMHN, HiTrEE,
o EMMTRERBR T AMEASIAREME, EIUERIEE,

enum List {
Nil,
Cons(i32, List),
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error [E0072] : recursive type “List” has infinite size
--> src/main.rs:2:5

|
2 | enum List {
| "o recursive type has infinite size
3 | Nil,
4 | Cons(i32, List),
| -—-- recursive without indirection
I
help: insert some indirection (e.g., a “Box™, "Rc”, or “&°) to make
"List” representable
|
4 | Cons(i32, Box<List>),

| ++++ +

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

BERFHENRIES

43
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Box &/t

@ Box<T> RIigmiE F WHMIES, (EANRNE—FIFS,
o Box BM—EEMEIE (T X3 ), FEMERS,

o Box 7TEBIIEREN< B,

o @i Box::new() &6l Box,

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

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

o EEHHEH N H—FH 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 };
let q = Point { x: 3, y: 4 };
println! ("{}", p.distance(&q));

o ZEMRFIMEH A AT ASLIMAE impl RAGHRE,
O%DUUFBH ﬁlﬂl SON=SIoR=srid TTlﬁllﬂo
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7ESPER

FENE—NSE (BFA self ) REEXNAERTENFIENT X,

o &self. FAAMBANRMNE,

o —MERATREFEAXFTAR, £KMUF C++ PHEMRERE,
o &mut self. AAWTHERNRHNE,

o EFEFEBRIREFER, HMUT C++ THLBAR KL
o self. FEREBNRNFAEN,

o FEASEAERNR, RANTLLREHAHE,
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HESIER (6)

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 }




4k %
00000000000000000000e0

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

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

o XKEXHS AEEN, BREE self B8,
o ARANFEAZFRENE.: Point: new(), MA= Point.new(),
o KU CH+ PEIFESMREEL,

o —MECE—NEA new HIKEKREETME REHIER,
o Rust EHEABNMEREIEE, W ASEmEE,

%z Rust 4
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o A, KREKREFIRENEEEH,
o f40, Vec::new() #0 Vec::with_capacity(capacity: usize) #BR Vec HIHEH
£,
° TR REMARIK,
o Rust p&MEFI A EM (compose) BIFME,
o HFEU (trait) R HEANUKINEE,
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LR ILAD

o TP match IEEXIERPTTRRM,

pub struct Point {

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

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

3
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ZEMIRGI LA (£E)

o —LLEMRILE RIS,

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

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

}

o LR —EEIRBEMIAKE B HINF o

o BEMENEIILR, FINNNEELMIE,

o TLUFM struct_field: new_var_binding BB ERKBHRTHETESL,
o RN, £/ .. RBFFEXHRIEFHE,
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MsIAALE

o £f] ref INERERNRE—ILENSIA (TNEHE, BEEREHAEN )

let x = 17;

match x {
ref r => println! ("Of type &i32: {}", 1),

o bR SIS HNX A,
let x = 17;

match &x {
r => println! ("0f type &i32: {}", 1),

%z Rust 4
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MSI AR (%)

o M ref mut WMo B AR HETINE,
o NHHILARHMNT RZE mut #,

let mut x = 17;

match x {
ref r if x == 5 => println! ("{}", 1),
ref mut r => *xr = 5
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if let &4

o MRAFEENNE AR, A if let BESILRERE,
o MBIt Resultish XA 4.

enum Resultish {
Ok,
Warning { code: i32, message: String },
Err(String),
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if let &M (%)

o RRABEBAHBNREER, HMBER A BT,

match make_request() {

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

o T EARRIWA if let HEH.

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

o THE —PHKMH while let B4, EARBEINEREE LB &H KM,
let mut v = vec![1, 2, 3];
while let Some(x) = v.pop() {
println! ("{}", x);
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NEBLRE

o WAMBRNITLUEMEN—SNATE —1EE, PIELRSEENNK, TRIREILEH
KhrE; N TFEEXNEIESM, TUA e IR 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),
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000000000 e0000

foo(A: :None); // ==> x is A::None
foo(A::Some(B: :None)) ; // ==> a is A::Some(None)
foo(A::Some(B: :Some(5))); // ==> b is B::Some(5)




= ILAL
0000000000e000

R AN SR

@ match MFTE XX FELRIFHIMREST R,

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 #\ILAIE4E) match

o TEHE, 8IF let. if let. while let
o for fEIF

o HEMABHNSE
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for BN IR\ ITAED

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

o 7t for fE¥ K for A in Z EEREHS T 26T DUFEBEXLE,

%z Rust 4
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SR U IT AL

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

}

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

}

IR R A0S H0 BT DU AR UL AL

%z Rust 4
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° TENSER
o M EERNAEFEMUTALSIAZ—:
o ZNATESIA
o —IEs|A
o BFMSHEMEREESTEHNEHHNAEE,
o ML EEXTE
o ZEMK. —FpFAKE
o . —FhFIkE
o EXMEIILA

T tREE
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