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o N TEMUEIBFRE, BHN—MMAKNFEXK.
o . ME. BHKRL
o BL. HF. B, KRES

o FEREM—RUMNIG, BRBEEEMNNRI,




o BREMENSH, TAUZEIMERE,
o FIELUN HMRAEF 22 Result<T, E>:

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

o THl E 2iZEKE,
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o EEDTZRELEMIK,
struct Point<T> {
x: T,
y: T,

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




o T BUEMIAS A K AT XKUY, & impl RAGRHIFFAF AT BIRE.

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




o ol DIENZEIREL, KRB B MR NAZE.
@ <T, U> BFHAT foo RMIMETSH,
o x: T, y: UEATHFHNKESH,
o TRIEEE “NFFEXE T U, foo REBEMNSE, Male T XEH x A U £EY
y o

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

}
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o —LERAARFIM, Fltn, XFFERMITEN. HMBSE. LLRA/NEINEE,
o HINEMEMHTIIURITTH, BRRZEMM,

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

BERFIHENBZERARR

ust HIEES
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RARTTR: FE

o AT HRAEILMAHI, Rust FH4EE (trait) M,
o # trait REDESRE XHFE, FIHHFEMENSE,
o 5 impl REETRE,
o REWHZXAFIIEAENES, FEAEX,

trait PrettyPrint {
fn format(&self) -> String;
}

HERFHENNZ
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ST EY

o ¥/ impl Trait for Type RIBEESLIEFEL,

o FTEYFEIFTIEE N A& LK,
o XF—FpREILI—FpRFE, ELERE—MENA impl KREDE,
o TERFEIY impl REDERD, EFETIUER self/&self B4,

struct Point {
x: 132,
y: 132,

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

HERFHENNZ
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2 PRI N KBS H A RE K

o AEMZAENG ST, ANKFENZENEASHM—ENAR (el 2HE— 1K

o
o EMZZHEIIREIN C++ 7 CH++20 ZFTHFRENZ BN KB SEHITARM ™~ £ MR FH
)28

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

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++/v1l/__algorithm/partial_sort.h:35:12: note: in instanti

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

~

11 errors generated.

BERFIHENBZERARR
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FIRA B RIFERER

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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i R R 29 R0 BY

OTuﬁﬁ%mﬁiﬁm*mﬁﬁﬁﬁﬁﬁo
BEUE T NIET R R IR T BY SR BU R R B
0/£¢%%ﬁ%$7u5&fiﬂ%ﬁ%%ﬁmT:Sm@ﬁ&tﬁ%ﬁﬁﬁ%?ﬁ
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())

FHHNNZEERAR

i
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LR R R

o FAWMW T: Clone + Ord MIARKIETE L FFEIAR,
o HETAETNEEETEREFEAR,
o N, TREFSE—FPER T A% Clone 158,

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

BERFIHENBZERARR
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FrE AR B2 B (L B L B

o ERTTE X RARALRMZEEMARNREERE,
o REATENXEMAFANILI M MRIGERLIF impl RIS IPERS T BIKEL,
o A impl RIBERMNFFELIRE NIIEE M,

o TLINE—ZREBLAARFELARE inpl RIBEK,
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R B 2Y 3R )2 BY K B R f5)

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

b
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! ("Err({})", e.format()),

FHHNNZEERAR
1

ust HIEES
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. BEXR

enum Result<T, E> { 0k(T), Err(E), }
// This %is nmot 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

BERFIHENBZERARR

ust HIEES
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o HAZBIHFEBELNERXR,
o fflin, Eq FEHLI Partialkq, Copy FELLIN Clone,
o THMARIWF LI Child FEEL LY Parent FE,

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

}
trait Child: Parent {
fn bar (&self) {
self.foo();
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o FFAUTTPIEE BIAM T SL T,

o ATERESXUMLERE —HRBEXTERIATXNTE,
o HENTTEAERFHPRHUBRINLIAN, FEALHAPRFIABEXEN %,
o EXBIALIMM AN EE trait REBESH A EHNLH,

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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INTENHTE

o LA I I B EIN A B SE T,
o BR—TEEM/HH RN MNIEHXFFRM,
o fifn, EFMEX ne FBIERT eq  ne ZEMBIEXR, KUIHNBE—TEFEM,

HERFHENNZ
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KB R

o —ERRTIERILKREN, RBEFERITUBHTM
o £/ #[derive(...)] BMLRFFTAENEFENBENLH,
o X MBREES FahLPE M Clone XA MHFEL,

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

0k (T),

Err(E)

HERFHENNZ

Tl%z Rust 4F
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2 B SRS H R

o REEBNKE IR URFE.
o Clone, Copy, Debug, Default, Eq,
o Hash, Ord, PartialEq, PartialOrd.
o TERAAERZEMBEXFENBNKGF.
° IR FENEMREFTEHETIIFMG.
o KEIWFTHRM REBEE B EhIR G E BIHFEL,
o fltn, Eq MEEAEBS £32 MEMEXE FaxITkE, BN £32 72 Eq 8,




2oL

L=l
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o BEMETHTH Rust B9 LEFEL.
Clone, Copy

Debug

Default

Eq, PartialEq

Hash

Ord, PartialOrd
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Clone

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

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

o Clone HEEX TWEEH T XEHN—ME,
o FRIRFFAEEN H —Fh 7%,
o mE—IMNR, MARKBRAENIEERAIEN.
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ne =ffl

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

x: 132,

#[derive(Clone) ]
struct Bar {
x: Foo,




15
0000000000000 000O000e000000000000000000
Copy

pub trait Copy: Clone { }

o Copy 4 EIFr—TAESHIEN, AL Rust BIANBINIEN,
o EEUNIET LB MR TN (185 F C 5ZPH memcpy)o
o BETEIMHRTTAELIL Copy BE ( RITEZIATL ),

o AT, RETHEMSE, RERLTH,
o —MKi, WR—FXATLIEN, RAZLH Copy HE,
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Debug

pub trait Debug {
fn fmt(&self, &mut Formatter) -> Result;

o EXAEHMEMA {: 7} A ®LmEi Tt
o FANERMATRANELES, TEENNMHE,
o —f&kiit, Debug HENIZBIL B RGN 7L,
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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 4is: Point { z: 0, y: 0 }
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Default

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

o A—FEBEN—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 == BIEFRFIMBSXARNRFE,

TEERFITEANR

ust HIEES
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Eq 5 PartialEq 89f#%

e PartialEq R #BHEMX R (partial equivalence relation),
o WM. Fa ==Db, Ilb == a
o B, Fa==bHb==c, Wa==
° ne EHMEA eq BBIALH,
e Eq RFEMXF (equivalence relation),
o BRMARMAGEMIN, EREHEARM,
o BRM: a == a
° Eq WAEXEZH L, B —MIRCHFE,

BERFIHENBZERARR
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Hash

pub trait Hash {
fn hash<H: Hasher>(&self, state: &mut H);

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

° %%THA%E’J**”
H XASHEMENEHIRE, AT TELHE,
° ﬂD%HHﬂE@LT Eq 8, FERCUNTEEMR.

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 FRox (TRE ) TTDUHITEER MR,

s e
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PartialOrd 8%

o XFEM a. by c, LLRIRIELTURE:
o RMFRME: FHa < b, U !(a>b); FHa>b, ] 1(a<b)
o ZiEM:. Fa<bHb<c, Ma<c; N==7>RFmMI,
o 1t. le. gt. ge EHET partial_cmp BIBIAEZI,
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pub trait Ord: Eq + PartialOrd<Self> {
fn cmp(&self, other: &Self) -> Ordering;

o IHIZKFEMNEBFEMEF XA (total order),

o EFXAFTEHENMFIRRIMMUFAEEMLN, EFBEHETEM:
o XYETEK af b, Ha <= b H b <= a i,

o AR T DURIERE BB RESIRF - FHS o
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REREAHFHK

o %[BT H Graph 4FE.

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

e X2, N f1E BZRXISE, ERE(IM Graph < BIHELR T8,
o WRBRHEMH Graph ¥, EXILE N 0 E 6928,

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

BERFIHENBZERARR
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o {EfKEREAR KR FPIRIT LB,
o EARFFAINRIBEREN type EXRFRFFEREKIZRER,
FEIE LI KB R SRR R B STRRIE R £ 2L,

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> { /*...*/ }

FHHNNZEERAR
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REREBH Y

o Blgn, FEAREET, EREEFE Iterator EFRFIE KEHXELKE Ttem,
@ E40 Iterator: :next XIFMKFE A= 1RE Option<Self: :Item> XKAEKI(E,
o UNAEMIEERRBBIIRENENRKE,
o KERKA T NALIFENIEEE LN ENHERKNEE, T2 EAZENEXES
ﬁo

AR EAR
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FrEMTE AR

o RRAERFPEXTEFFE Foo,
o 7 Rust &, STMIZEEMIEE FLPXFEFE, WEFBIREIKE,

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

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

°o XMHREEE, EREXE,

BERFIHENBZERARR

ust HIEES
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21 59 1E A AL

o KB IE BEHN T
o HE use EAMFERGRRE P HXMERTEXHITE, AECEENTERNTENRD
T RAREH,
o ATE-—MFEIIUMN impl KD, FEEAME (BRI ECHRIBREX ) &HF
B, ZAMBZEE, REELH—,

HERFHENNZ
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FrE A E RN =B 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 {} kT BmH T A,
o FATEWITEN, TeEE:KS.
o TLA write! ZERMEMAHII,

BERFIHENBZERARR
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pub trait Drop {
fn drop(&mut self);
}

o RNTITHERMFFE ( KR LEAEEE ),
o Drop #ZRMH drop 777k, BTHNRER, cHHEFHFENEM, FEENEA,
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Drop 894 =

o —MIERT, TFEXLM| Drop,
o BIAKMSLITTUIEE Tk,
o MARFEEABNKBIREL~4%,
o HANEBEEFNLI?
o WREXNZRHERNERFHKITA
o f40, Rust MBI BiTEIESTEE Re<T> B4 Drop MM . H3|HIHEKT 1 B,
drop REXITEES 1, B2YR 1 Z/E3I1BitEMA 0 5, ZEAOMERXD Re W&,




15
0000000000000 O000OO0O00OO00O00O0000000000000e
Sized #1 ?Sized

o Sized FTr—FhRBAERFNF O UAER BT KRN,
o M ?7Sized FRix—MREHKN/NITREETEEMN,
o BINERT, FABELREHE Sized, MIEE ?Sized TR X—ME,
o fBlfm, 1% [T] #0 str (7%F &) B2 7Sized i,
o —M&RIH, IRIESHERMZEMNXASHENFTRAYRSHI 7Sized, 40 Box<T> &t
ﬁT ?Sized,
o RUBRMFERAXMMFE, —RASAFEARTHIMN,

FHHNNZEERAR
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SRS EEIPN

o SRR HFEFILI.
trait Foo { fn bar(&self); }
impl Foo for String {

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

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




o TLRUBIIFBS XL (static dispatching) ARAERELR T: Foo WAERXE LAA
bar BIRERRA,
o RIDEFH, RFBSLEBNAEN bar LRI N NRFILRAE,
o XTFSLI Foo RGP, R N HRE,

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

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

blah(u);




RN R
0008000

o Rust tha ABIdHEITS (trait objects) #1781 % (dynamic dispatching),

o HEINZREM{E Box<dyn Foo> = &dyn Foo MR KMEM (#H T C++ PRI
o

o BEMEIELTESI Foo HEL,

o HEMMENKE, HEEEHNRBRNEIERIEHERE, TERS,




TR E AR AN R BRI

trait Foo { /*...%/ }
impl Foo for char { /*...*/ }
impl Foo for i32 { /*...x/}
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 “Foo~, found
198 => println!("i32"),

'c' => println! ("char"),

_ => println! ("Something else..."),




[e]o]e]e]e] o)

GESSEESTDIN

o fEARFEIX REY, /\HEY_J:T‘JE‘JLLNH/%E’]&J\ZQO
o MERTHMERSIAEENERGFEE, XBMEEELHKE,

o MR —EMNETHIE, ERELAE-LEEANZTEA (HlUsSR/NEE ),
o LfF ERENRAERBIIIEH NI IRMER, FWIFEEITEN vtable,

%z Rust 4
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NERLe M

o TNEBNFRATMUMBENRNER L MFER,
o fBltn, fJE &dyn Clone S5REBFEHER, BA Clone FEXMZEZLZEH,
o FHAEIRNRZEH, BEUTES (A28, BRILSEFM ).
° Fﬁ;ﬁi_%””@%‘fﬁmﬁ%tcfﬁé’]o
o THELL Sized WEBHFEL,
o FTEXRBAEAEBNFENRH#AITHE .
o B S,
o FEBREWF (receiver) 5, HhihFREEFH Self KA,
o W HRSIAHEEMIEHFAMEE, 10 &Self. &mut Self. Box<Self> %,
@ ’%F where Self: Sized ¥4,

%z Rust 4
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o EIRMTER:
O FHHEMT —MAR,
Q ZHBEEISIAERAT B ANXIMER,
© BAXNEMEEEATE, NEHTEL.
Q HERBENRMPLRENSIA, FHABERE,
@ ZJ?ET ......
o HIREIEM ENHFEAE Rust PEFAIFHINE,
o FEANFIMRILSE 3 FAREESE 4 TZF,

%z Rust 4
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& ap F R B KRR

o BEBEAT, sIARERANEGEY, THEIUINE:

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

o EMEMNE, WoIUBHIEEEGEL.

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

%z Rust 4



EREGEHRNEX

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

o 'a (CEERHEIISINM, TLUEME ‘M a” HF EaA 2" ) B 1 aanEaRH
S5,
o <'a> BB FE AL G EARISEL
o &'a i32 XHE— i32 51, ENESGEHELE 'a ALK,
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ap [E HA60 FB 4b

o —RIERT, RmEBIUEMAEGEY, THREEXFH,
o AHREZNSIAAEEROSIANG RN, JRFESNIEEEG AT,
o RE/LNBIF.




ML EHSH

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

@ 7t borrow_x_or_y H#H, rEWANGLNSIABEERFENESEH,
o LRI, 51H x M y WAEGEMELSFRE S| BNESBH—HK,
o MAENE, RAEEBHNSIAERE, MASIA x A y BATEFE,
fn borrow_p<'a, 'b>(p: &'a str, q: &'b str) -> &'a str;
e 7 borrow_p k¥th, REIMS|IAMESGERRF p —HK,
e q & ap E R IS8, R P HEXR,
o p MEAEVEAIRE S| BEFEHREIRL,

%z Rust 4




H
00®00000

LRI K B9 A op B HS

o RN MEM R BT NRFEGEHRSL,

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




H
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SEMREXRN LG EE (42)

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]);
s2 = PizzaSlice { pizza: &p2, index: 2 };
// mo good - why?
}

drop(s2); // to undo NLL
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o B Bz [EH X R

o WMREMAFIMALENMRZSIA, NBFEXIETEEHEH,

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

o JLUEEAGEMZENXER ( E/LIRA" )o
o EXAGZEPHEFRARMEE. <'b: 'a> ('b AGEAMERE 'a £HEH )
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impl RAGER S 894 45 E HH

o ELEMGIF, #ELI Foo EMENTTAN BREIEEE S EH,.
o THMRWITUNA “"ME4EGEH 'a 7 'b 89 Foo FHMANSTIRFERE £ H
'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,
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BAadapEE] 'static

o 'static REENMEFWESGELR, WA 'static A EHINS BEENMEFETIRE
FEEY,
o Et2it, XHMEIBERF PRKEAS KA,
o FIBH &str FHEER 'static £ EHIM,

let s1: &str = "Hello";
let s2: &'static str = "World";
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o E I R

o WHEMBAMNEGER?
o WRSIA r RFAEGEL 'a, BESHR r ASLLEMRSIANEEE (LHE *r) WrES
EREX,
o HX, WTHMEMELEGALY 'a XK, BRBHRENEDM r FE X,
NS R R, FEEXRTARSTER,
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o ZH. E—MRIERTFAEHKE
o AL, IREUEEZ A8

o FFEIN R Rust PrEh7ssr&EISTINALEI
o AapEH. EHEIEIFEBA
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