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o N THEMUEIRFIREL, BEH XN —MUKBENFTK.
o . ME. BHKRE
o Bk HF. TH. KRESE

o FEEM—MUMNIE, BRHESEENRY,




o BRAEUEANSE, THUZEIMIERKT,
o EEDT XMFRAEENKEKE Result<T, E>.

enum Result<T, E> {
0k(T),
Err(E),

o T/ E BZEIKE,




EE
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iz BUEEHE

o EEDTZ ALK,
struct Point<T> {
x: T,
y: T,

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




o T BUEMIASESKETE XKUY, & impl RAGRHITFAFIAZEIREL.

impl<T, E> Result<T, E> {
fn is_ok(&self) -> bool {
match *self {
0k(_) => true,
Err(_) => false,




o o DIESGZBIREL, W eRENE AR KRSz,
@ <T, U> FHAT foo HREMEFBH,
o x: T, y: U AT FHNKESH,
o TIEME “WFMERE T M U, foo RPERNSE, 7l T KEH x 7 U KBY
y [e]

fn foo<T, U>(x: T, y: U) {
/) ...

}
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o —LRAMBABIMM, Flan, XFFEMITE. HIMHEE. ERANEDRE,
o X EMEAMATIARITITHN, EERZEMM,

struct Point {
x: 132,
y: 132,
}
impl Point {
fn format(&self) -> String {
format! ("({}, {})", self.x, self.y)

b

fn equals(&self, other: Point) -> bool {
self.x == other.x && self.y == other.y

b

XM BERFTENBZERAR

BFRITI%Z Rust %F
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RARTTR: FE

o ATHRAEILMMS, Rust SFAKFRE (trait) 89,
o £ trait REBKREXFE, JIHFERTEN A X,
o 5 impl REERE,
o REHFHEAIIMFENES, TEEEX,
trait PrettyPrint {
fn format(&self) -> String;
}

BERFTENBZERAR
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SRR

o ¥/ impl Trait for Type RIGERSLI4FEL,

o FREREFRIERE 6 A A#B AL
o XF—FpREISTI—FpRFE, ELRE—MINK impl KREDE,
o TEHFEIHY impl RALERDh, EMFTUER self /&self &,

struct Point {
x: 132,
y: 132,

impl PrettyPrint for Point {
fn format(&self) -> String {
format! ("({}, {})", self.x, self.y)

B3O BERETENBFEERAR
BFiRITI%Z Rust BERIES



L=l
0000800000000 0000O00000000O000O00000000000

2 BRI N KBS HM YR EK

o AMRENSED, ANRFENZENKAESHM—ENAR (B2 HE —ENK

o
o EMZZHIIREIN C++ £ CH++20 ZaT TR Az B RKE S B ITL R~ 4 M ZR1EN
i)

template <typename It>
// template <std::random_access_iterator It> from C++20
void my_sort(It first, It last) {
std: :sort(first, last);
b

int main() {
std::1list<int> a {3, 1, 4, 1, 5, 9};
my_sort(a.begin(), a.end());
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ZRENRIFERE R

309 17

In file included from my_sort.cpp:1:

In file included from .../usr/include/c++/v1/algorithm:701:

.../usr/include/c++/v1/__algorithm/make_heap.h:32:34: error: invalid opera
difference_type __n = __last - __first;

.../usr/include/c++/v1/__algorithm/partial_sort.h:35:12: note: in instanti

__wrap_iter<_Iterl> operator+(typename __wrap_iter<_Iterl>::difference_typ

~

11 errors generated.
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HIRA N RIFTEIRE B

16 17:

my_sort.cpp:13:3: error: no matching function for call to 'my_sort'
my_sort(a.begin(), a.end());

my_sort.cpp:7:6: note: candidate template ignored: constraints not satisfi

void my_sort(It first, It last) {

my_sort.cpp:6:16: note: because 'std::__list_iterator<int, void *>' does n

template <std::random_access_iterator It>

1 error generated.
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5 P RN 2GR 602 BY

OTuﬁﬁ%Mﬂiﬂm*mﬁﬁLﬁﬁﬁo
BETE B NET IR T BY SR BV ok B
0/£¢%%ﬂﬁ¥TUE&T¥ﬂ%ﬁ%%ﬁﬁT:Sm@ﬁ&tﬁ%%ﬁﬂ%?ﬂ
where T: SomeTrait KIEE,

fn cloning_machine<T: Clone>(t: T) -> (T, T) {
(t.clone(), t.clone())
}

fn cloning_machine_2<T>(t: T) -> (T, T)
where T: Clone {
(t.clone(), t.clone())

REFEANRZSHAR
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ZHEFRILR

o [ T: Clone + Ord H9ARkIEE ZFIFEIAR,
o HAEEAREIEE R MFELAR,
o N, TREFSE—FPEA T X # Clone 2,

fn clone_and_compare<T: Clone + Ord>(tl: T, t2: T) -> bool {
t1l.clone() > t2.clone()
}

BERFTENBZERAR
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R ALY R B2 BV B R Y

o EFEEIUE X A BN RIZ BIEMARIMZKTE,
0 FEETE XN EMIRME KA M RADEL LI impl RADERLIPERF BT BIKEL,
o RF impl RILERHFFEILRENIIETEH,

o TUXNRE—ZEXBETHMARFELAFRA impl RILER,




L=l
0000000000000 00000000000O000O00000000000

A2 R AT B KBRS

enum Result<T, E> {
0k(T),
Err(E),
}
trait PrettyPrint {
fn format(&self) -> String;

3
impl<T: PrettyPrint, E: PrettyPrint> PrettyPrint for Result<T, E> {

fn format(&self) -> String {
match *self {
Ok(t) => format!("0k({})", t.format()),
Err(e) => format! ("Exrr({})", e.format()),

REFEANRZSHAR

B3O
BFRITI%Z Rust %F
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. EXR

enum Result<T, E> { 0k(T), Err(E), }
// This %is mot the trait Rust actually uses for equality
trait Equals {
fn equals(&self, other: &Self) -> bool;
}
impl<T: Equals, E: Equals> Equals for Result<T, E> {
fn equals(&self, other: &Self) -> bool {
match (*self, *other) {
O0k(t1), 0k(t2) => tl.equals(t2),
Err(el), Err(e2) => el.equals(e2),
_ => false

B3O BERETENBFEERAR
BFiRITI%Z Rust BERIES
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o HAZEHFEZBELNERFXR,
o i, Eq BEELLI PartialEq, Copy FEH LM Clone,
o THMARMMFI /AL Child HFE/E L LI Parent 458,

trait Parent {
fn foo(&self) {
/7 ...

}
trait Child: Parent {
fn bar(&self) {
self.foo();
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o FFAUT IS EBIAM I SE o

o ATERESEXUMLER A —MREXTEALAIRNN T E,
o HEANFTEAERFAEPRHUBRINLIN, FEAKAPRAABEXEN %,
o EXBUALIMHM AN EE trait REBESH A EHLH,

trait PartialEq<Rhs: 7Sized = Self> {
fn eq(&self, other: &Rhs) -> bool;

fn ne(&self, other: &Rhs) -> bool {
I'self.eq(other)
}

trait Eq: PartialEq<Self> {}
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BINTENNE

o SLIFAII I UK B RIA AR L,
o BR—EEM/HH RN IR I RM,
o fifn, EFHEX ne FBIERT eq Ml ne ZEMBIEXR, KUEINNBEE—EFEHR.

XM BERFTENBZERAR

BFRITI%Z Rust %F
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FE B ERE

o —ERRIIERILKREN, RERITUB TN
o £/ #[derive(...)] BMiLHZFETAENFFENBNLH,
o XM REER FEILIEW Clone XFFMFFE,

#[derive(Eq, PartialEq, Debug)]
enum Result<T, E> {

0k(T),

Err(E)

XM BERFTENBZERAR

BFRITI%Z Rust HE
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2 B SRS HPR

o REEBNKE IR UFFE.
o Clone, Copy, Debug, Default, Eq,
o Hash, Ord, PartialEq, PartialOrd.
o TTMEAAERTMEEXFENBENRE.
° IR WEHNBHMKES %ETEU,M#:
o KEYFTHEM REBEE B IR BIEE T,
o filtn, Eq TEEEES £32 MEMIKXM F 5aH3kE, EH £32 T2 Eq B,
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o HMETMTF Rust MtZUAFEL.
Clone, Copy

Debug

Default

Eq, PartialEq

Hash

Ord, PartialOrd
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pub trait Clone: Sized {
fn clone(&self) -> Self;

fn clone_from(&mut self, source: &Self) { ... }

o Clone HEEX TWfIEH T £EH—ME,
o MRRFTHENAL S —Fp 7%,
o mE—IMNR, MARKFEHENIEERMEN,
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ne =ffl

#[derive(Clone)] // without this, Bar cannot derive Clone.
struct Foo {

x: 132,

#[derive(Clone) ]
struct Bar {
x: Foo,
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pub trait Copy: Clone { }

o Copy HEIRF—FhREZHEIEX, MR Rust BUANBENIE N

o KApIME DB kTl (184 F C 1BS 4 memcpy),
o BATES|AMAENEELI Copy FE ( ATESI AT ),

o tRIDHFE. HALMEMAE, REIREITA.

o —MKiK, WR—FPRETTEN, ALK Copy HE,
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pub trait Debug {
fn fmt(&self, &mut Formatter) -> Result;

o EXAEHMEM {: 7} A ELmETH o
o FAMEATRHANAHER, TREUNAHER,
o —MgkKii, Debug AN ZBIL B RGN THLI,
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Debug =

#[derive (Debug) ]
struct Point {
x: 132,
y: 132,

let origin = Point { x: 0, y: 0 };
println! ("The origin is: {:7}", origin);
// The origin is: Point { z: 0, y: 0 }
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Default

pub trait Default: Sized {
fn default() -> Self;
}

o A—FEBEX—PERINME,
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Eq 5 PartialEq

pub trait PartialEq<Rhs: 7Sized = Self> {
fn eq(&self, other: &Rhs) -> bool;

fn ne(&self, other: &Rhs) -> bool { ... }

pub trait Eq: PartialEq<Self> {}
o EXBIY == BIEFRFHIMBERRIRFE,

XM BERFTENBZERAR

BFRITI%Z Rust %F
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Eq 5 PartialEq HIfR%E

@ PartialEq Rn#BHEMEX R (partial equivalence relation)s
o WM. Ea==b, b ==a
o EEM. Fa==bHb==c, lla==c
o ne REFA eq MEIATLI,
o Eq RTEMRXER (equivalence relation),
o FRMMMEFFZE M, EHEHEERIE,
o BHRM: a == a
o Eq RBHEXEZMFE, LR —MiredFE,

XM REFEANRZSHAR

BFRITI%Z Rust HE
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pub trait Hash {
fn hash<H: Hasher>(&self, state: &mut H);

fn hash _slice<H: Hasher>(data: &[Self], state: &mut H)
where Self: Sized { ... }

0$?T%%m*”
H XASHEMENEHIRE, BHTERLHE
o MRRBNWXMT Eq HE, FEFHEUTEEMR.

k1 == k2 -> hash(kl) == hash(k2)
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PartialOrd

pub trait PartialOrd<Rhs: 7Sized = Self>: PartialEq<Rhs> {

// Ordering is one of Less, Equal, Greater

fn partial_cmp(&self, other: &Rhs) -> Option<Ordering>;

fn
fn
fn
fn

1t (&self,
le(&self,
gt (&self,
ge (&self,

other:
other:
other:
other:

&Rhs) -> bool {
&Rhs) -> bool {
&Rhs) -> bool {
&Rhs) -> bool {

o Rox (TR ) ITAHATHLRMRFEL,

o e
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PartialOrd W&

o XATEH a. by c, LLEBIEMIHEE .
o RXIFRM: Ea <b, M !(a>b); a>b, M !(a< b
o ZiBM:. Fa<bHDbC<c, Ma<c; X==7%>EHFRI
o 1t. le. gt. ge EHBET partial_cmp KIBIALI,
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pub trait Ord: Eq + PartialOrd<Self> {
fn cmp(&self, other: &Self) -> Ordering;

o IMZHFANKAFAMELF XA (total order),

o EFXAFTEHRENMRRRIMMEAEEMLN, EFBHITEM:
o XFFEM af b, Ha <= bF b <= a i,

o ULHFEIT] MRIEX BB RE IS IR T R HED o
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e g

o %[BT H Graph 4#FE..

trait Graph<N, E> {
fn edges(&self, &N) -> Vec<E>;
// etc

e X2, N f1E BZHXESH, (BRE(IF Graph Z[8MEE R T,
o MREHEIEMA Graph i, EXFIHE N E #9528,

fn distance<N, E, G: Graph<N,E>>(graph: &G, start: &N, end: &N)
->u32 { /*...%/ }

BERFTENBZERAR




L=l
0000000000000 0O00O0O00O000000O000000e0000000

RERKE

o I KEREA R KRR AR IT LO0IBHE,
o EARFFAINRILEREN type EIXRRRFFEXIKNZEELR,
o HFELAE LR ks E RER KB LBRIER M KR,

trait Graph {
type N;
type E;
fn edges(&self, &Self::N) -> Vec<Self::E>;
}
impl Graph for MyGraph {
type N = MyNode;
type E = MyEdge;
fn edges(&self, n: &MyNode) -> Vec<MyEdge> { /*...#*/ }

XM BERFTENBZERAR

BFRITI%Z Rust HE
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REREAH Y F

o Bln, AtrfEED, BEREEFE Iterator RFHRFIIE XEHIXKEKKE Ttem,
@ E40 Iterator: :next XIFMFFE 57A%IRE Option<Self: :Item> KAHE,
o A EMIEERRBBITIIRGNENXE,
o KREXARATNALIIFEMNIEERLEFENAXREKNKE, MAZEMENZENRES
%)’ZO

BERFTENBZERAR




L=l

0000000000000 000O0O00O00000000000000e00000

R 2 59 1E P 4K

o RRAERFPEXT FEHFE Foo,
o 7 Rust &, TTMZEEMIEE FLXAEFR, BWEFRRENEKE,

trait Foo {
fn bar(&self) -> bool;

impl Foo for i32 {
fn bar(&self) -> bool {
true

o XMHMREEE, BEHEEER,

B3O
BFRITI%Z Rust %F

BERFTENBZERAR
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1 2 59 1E F ALY

o SKIUFEIMIEMEHMT
o HE use EAMFERNRREPHIMBFUEXNITE, AECEFTEENTEDNRT
TR,
o ATE-MFEIUMN impl KIDER, FEEAME (BT E CHRILEKTENX ) %H
B, ZAMBZEE, REELH—,
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T (E FRISHUNRG]. Display

pub trait Display {
fn fmt(&self, &mut Formatter) -> Result<(), Error>;
+

impl Display for Point {
fn fmt(&self, f: &mut fmt::Formatter) -> fmt::Result {
write! (f, "Point ({}, {})", self.x, self.y)
}

o EX {} B EmHBmHITH,
o FTEWITEN, NeEBMIKSE.
o T write! ZERMEMAHII,

XM BERFTENBZERAR

BFRITI%Z Rust %F
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pub trait Drop {
fn drop(&mut self);
}

o RNIHEHNFE ( LbrLEFrEEE ),
o Drop HERM drop 7%, ATRENRHER, SHRFSENEM, THEENFH,
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Drop 894 =

o —RIFAT, THELI Drop,
° EJUAE’]%—H_IUIE%IT/EO
o UAFEABMRBIEET4E,
° T‘FZHTTJE'ﬁ%%EEijLfA?
o MBAENZRHHRIFHEHHKTH,
o 40, Rust 895 AITEEES KA Re<T> Bt HFEE Drop MU H3IMIHHAT 1 &,
drop REXiT#Esm 1; BRYAE 1 2 BE3IAITE&EA 0 i, ZEMMERXD Re HR,

11142 Rust 4
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Sized # ?Sized

o Sized RF—MABAERFNE T UIERBEEH AN,
o 1M 7Sized FFE—FPAEHN K/ NI REEH,
o BIANBERT, FABEAEHE Sized, MIEE ?Sized TRHEEX—HE,
o f4n, & [T] #0 str (7&F &) #=2 7Sized &,
o —M&RIH, ERIEFHERMZENXASHENTRARSHI 7Sized, 140 Box<T> &t
B T: 7Sized,
o RUEEMFAXMMFSE, —RASEFHARPIHIHN,

BERFTENBZERAR

%2 Rust %2185
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o R HFEIFISLIL.
trait Foo { fn bar(&self); }
impl Foo for String {

fn bar(&self) { /*...*/ }
}

impl Foo for usize {
fn bar(&self) { /*...#/ %




o TIBIIESNE (static dispatching) HWARERELR T: Foo MEEXE LA
bar HRERRA,
o RIHEN, RIEFBLLENTEHN bar £MI K HRFLIRA,
o T Foo HEMGER, LRI K EEL,

fn blah(x: T) where T: Foo {

x.bar()
}
fn main() {
let s = "Foo".to_string();
let u = 12;
blah(s);

blah(u);




o Rust Lo IBIS45 RIS (trait objects) #1784 % (dynamic dispatching),

o HEIMZRTH{Z Box<dyn Foo> 5 &dyn Foo MR E(EM (YT C++ hHX R
15t )o

o EEHEIEXEIE LI Foo HFE,

o HFEAMSHKN, HEBENEMNEIREIRHKE, TERS,




TR E R AN REYR B

trait Foo { /*...%/ }

impl Foo for char { /*...*/ }
impl Foo for i32 { /*...*/ }
fn use_foo(f: &dyn Foo) {

// No way to figure out <f we got a “char’ or an “t32°

// or anything else!

match *f {
// What type do we have? I dunno...
// error: mismatched types: expected
198 => println!("i32"),
'c¢' => println! ("char"),
_ => println! ("Something else..."),

“Foo", found
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GESSENES DI

o EARANRE, REEABTHNHTIENI R,
o MERTHMERES|IAEENIFER, XBEEELHEE,

o XMHHEHR—EWETHFH, EREAE-EFEANSER (FUmhSR/NEIER ),
o MR ERANRAERBIIIEHHTARMEMR, SBNFEMITEHN vtable,

11142 Rust 4
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NReEMH

o FEMBNFEESITUMFENRNEAREMER,
o 0, )& &dyn Clone =5|E4%HFHEIR, EA Clone FEXNFREHN,
o FRENRLLH, FEHREUTEY (T2, REALSEFM;M).
o FIEHFIESMENRREN,
o THEW Sized MEBHFEL,
o FrBXEAREREBMNFENRFTIK:
o THMEMEESHL,
o FABREWF (receiver) 5b, HihihFTHEREM Self £,
o W HESIAHEEMIEHFAHKE, 0 &Self. &mut Self. Box<Self> %,
o %A where Self: Sized ¥4,

11142 Rust 4
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& EHIREX

AlIE:

o EZEMUTER:
O FHHEMT —IWMHR,
Q ZHBEEISIAERT R ANXIE R,
O FAINXIIREEATE, MEHTEK,
Q ZHERBENXMPUENSIA, FHBERE,
@ ZJ?ET ......
o ZHIIREITMN EMIHFAE Rust b2 FRIFHI,
o FEANFIMILESE 3 FIAREASE 4 T

Rust 4
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& dp F IR B R

°o BEBAT, sIBRARIANEGEH, THEEIIE:

fn foo(x: &i32) {
/).

o EMEMNE, BWTUBHIEEEHEL.

fn bar<'a>(x: &'a i132) {
/).

XM

11142 Rust 4
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EREG NS X

fn bar<'a>(x: &'a i32) {
/).

° 'a CIREHSISHMNM, TEME M a” F "“EHEH ") E— 1 HENESEH
S8,
o <'a> FEZESHPFEREGEAHRSL,
o &'a i32 EEZ— i32 W5IH, ENEGAYMELE 'a BAK,
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5 B HAR A &

o —RIERT, HEBTURM LGB, FTEESRSH,
o FHREANIIANETROZ MNHBRN, TEEBERRIERE S AL,
o RE/LMEIF.
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[e]e]e]e]e] lelelele]e]e]

fn borrow_x_or_y<'a>(x: &'a str, y: &'a str) -> &'a str;

@ 7f borrow_x_or_y &P, FrEWMANGL NS BEERFENESG B,
o hEZiE, 3IA x My NAESAHELSIRE S| BHEG AR —HK,
o MANER, REREBINSIALEGFE, BASIH x A y BAIUEHFE,
fn borrow_p<'a, 'b>(p: &'a str, q: &'b str) -> &'a str;
o 7 borrow_p E¥ T, REWSIBHEGH BN p —HK,
o q WAEGEMRMIH, ]’ p BHEXR,
o p NEAELEMIRE S| BEFEREIRFL,

11142 Rust 4
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LEMEAE X B E B HA

o EARNLEAMRA R ET IR B L FHS .

struct Pizza(Vec<i32>);

struct PizzaSlice<'a> {
pizza: &'a Pizza, // <- references in structs must
index: u32, // ALWAYS have ezplicit lifetimes

let pl = Pizza(vec![1, 2, 3, 4]1);
{

let sl = PizzaSlice { pizza: &pl, index: 2 }; // this is okay




SEMREXR G EE (£2)

struct Pizza(Vec<i32>);
struct PizzaSlice<'a> {
pizza: &'a Pizza, // <- references in structs must

index: u32, // ALWAYS have ezplicit lifetimes
}
let s2;
{
let p2 = Pizza(vec![1, 2, 3, 4]1);
s2 = PizzaSlice { pizza: &p2, index: 2 };
// mo good - why?
}

drop(s2); // to undo NLL
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o WMREMAFHMALENMRZSIA, NWBIEXIETE EwEH,

struct Foo<'a, 'b> {
v: &'a Vec<i32>,
s: &'b str,

o TLHEEAGEHZEMNXER ( TEFLEMRA" )
o WMEEZEPHNFEFHARMER: <'b: 'a> ('b AGEPHERE 'a EGEH ),
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impl RAGER o 894 p 5

o EILmMGIF, LI Foo EMEMITANERERLTE LG AT,
o THHMRWEITUMA "AE4EGEY 'a f 'b 8 Foo EMIANLIENERAE L6 FH
'a I 'b’,

impl<'a, 'b> Foo<'a, 'b> {
fn new(v: &'a Vec<i32>, s: &'b str) -> Foo<'a, 'b> {
Foo {

v: Vv,
s: s,




BAaEapEH] 'static

o 'static RERENMEFWAGEY, #BE 'static A£G AN AEENEFSTERE
FEE,
o iR, XHMNEIEAERFPRKEFTSEM,
o FFEH &str FHIER 'static £ FHIM,

let s1: &str = "Hello";
let s2: &'static str = "World";
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£ dp EI R R

o WIEME ML EE?
o MRSIA r EFAGALY 'a, BEASHR r FSLLEFASIANEIE (hE2 *r) HFEE
ERER,
o HX, ¥THMEBMEBELESEL 'a TR, EBHBERENELHN r IEFE—HX.
o A RN ESILLEHNER, FEELRIASTIER,
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o ZH. E—MRIERTFAEHKE
o A, IREUEAZ (A8

o AR Rust hEhED % HSLIAH
o AapEH. EEMFRA

it MBEEESERE
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