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kE/a{ESEN/1ZE)

i x A —EHBHE, RECERISHIRR 7T 20 DA R AR

o UL RrERIBTIRE UK
o 3. WERRIFRENCH

FEAERA, M

HAET EEARAEARARNAEMIINE, RAREMER S ERI R,
o HAE" BHEMAE "HIRET AR (HAMAREER "HRY), TMAIMEREERNHEEEN D
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k/a{E5EN /%5
—RRTE, BATREEIEN, B,
o (BUNSRESEMRIERATA, BITABAEE RIS IUA(E,

/

class Message {
std::string m_contents;

public:
explicit Message(const std::string &contents) : m_contents{contents} {}
explicit Message(std::string &&contents) : m_contents{std::move(contents)} {}

1

std::string s1 = foo(), s2 = bar();
Message m1(sl); /] sl &3 contents #E#EDIZS m_contents
Message m2(sl + s2); // sl + s2 FHERIGBYEER#IZEHZE m_contents
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Pass-by-reference-to-const FHE4F 7!

FA1Ee& M T MERBIZE R BH N reference-to-const :

-

class Message {
std::string m_contents;

public:
explicit Message(const std::string &contents) : m_contents{contents} {}

1

-

(BRMRALRERINFIT R EHEH, EIARBFE I, SR EE?
—RMERT S AT DU I — B, 7l A ER G (E,
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Pass-by-value, ZAG#55h
PR

4 N

class Message {
std::string m_contents;

public:
explicit Message(std::string contents) : m_contents{std::move(contents)} {}
IE
N Y
B RN STEXNZEL contents BYRIERILH BaRE, TFEATATFTER contents 45 m_contents,
. N
std::string s1 = foo(), s2 = bar();
Message ml(sl); /] BBEE sl #1R1ES%% contents , XE#EN
Message m2(sl + s2); // FBA{E sl + s2 #J8A1L contents , XEHnf
- Y
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std: :move

std: :move(x) FFAZ5] x . (HERWA LA NEE:

void foo(T &); // (1)
void foo(T &&); // (2)

HE 2 F—1 7 R & x, foo(x) P UES (1), foo(std::move(x)) U (2)o

IR

std: :vector<T>::push_back il%ﬁi‘aéﬂéﬁ, %'J_'\E{E, FBaht{Es

/

std: :vector<std::string> wordList;

for (int i =0; i !'=n; ++i) {
std::string word; std::cin >> word;
wordList.push_back(std: :move(word)); // word #&#5zhi# wordList , TMOIFMEEI#HZE,
// word BS{ERREILLALE, FRUABRNINIZIEEB AN wordList , RARNIZIENE,

}

J
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O2/8F, mELE

struct X {
std::string s;
// /* bad */ X(X &&other) noexcept : s(other.s) {}
/*  good */ X(X &&other) noexcept : s(std::move(other.s)) {}
IE
- y

other B — N/ifH, EFEHL other.s 58| —PEH, HEXNFATEREHFEU,
o “LEFA, GENE: GESIAEK TAENA G, ARG ES RPN EAESH— S En

\E‘.
LE

(0]

FRER B other.s , AIE—JF std::move .
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SR

[B]Ji std: :make_shared A1 std::make_unique :

- N
auto sp = std::make_shared<std::string>(10, ); // "ccceecccec”
auto sp2 = std::make_shared<std::string>( ); // "hello"
auto up = std::make_unique<Student>( , );

. Y

B2, WREANGHE, el2BamEilihxdg:

auto sp3 = std::make_shared<std::string>(std::move(*sp));
std::cout << *sp << std::endl; // empty string

MRS 2405 — P RE, XEERFFEATRIESR AR EIESE 5 K (perfect forwarding)
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SR

std: :make_shared/unique<T>(..

PR, AERER
TR, WURNERVERIE T,
A ZEAR 22 PRI SCRFAIXFE R AE, AR gy

D) A= E
All, HNEX consto,

2 MERSE

RS, I

e 2t emplace FRAIFHAE:

-

std: :vector<Student> students;
students.emplace_back( ,

std::vector<std::string> words;

words.emplace_back(10, );

CATRE AL 240 1 B IE
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FriEEES 2309 emplace

e N
std: :vector<Student> students;
students.emplace_back( , );
std: :vector<std::string> words;
words.emplace_back(10, );
N y

emplace RYNTRIEAHE AR S ERFHAIE LA TNR, ARSI R U /BRI,

o fRRIAE

o KBTI RIS BRI — B R E, AER stotister> (BER) [ Crol1 ARHE 1 &L
PEUL RS ENERAE, USRI HIAT.,

o stdivector HITTEME CHKMER ARG, TEEERAHEI, RABHITE, RIFKR

== e
T IR
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FE D= RIRk 53

o FEUIMIIER%L copy constructor
o PEUURIEIZESF copy assignment operator
o BAMIE%EL move constructor

o BINMKEHIZELT move assignment operator
o iK%k destructor

BRENETEES “BI7, BT “copy control members”,

M HRIER C++11 FFaE -,

14/36



EIIEE

BT, A IR LRI,

o WAL B ERZEFINEAIRN, B EEHAIE R

o W{EZ— 2Ry, BLRERIBNF,

o FEFIREA —EMHRME, (BIFMREE RV H I ZA R R,
PBUURE, B, BREIREATH, GEBEFEL
ArAL) R TR R R E S R A an RIS

o BHIERIEIN, FRFAHE, LM delete/delete[] TIAT




AT
TESCBEN T (LA = defoute RIERID), SRVEHE AR BN TGP UL IR 5,

o BNINMT N JBAK, IRBCARRG, HAEIZEIINT, BT M A ERE,
o ML AE Fo

o FNIARURRBMTN: FERTHRE std: :move TEH TR A,
o FHAZW REAN AL BSCRAR R R SRR,
o RERSFNHIAEE, TRERSTIHLFE UL

GRBNAT AW RHAEM — D ERE TR IR H AT (REEBARTYTR),  IX A bR O 2 ] BR 3y

(deleted function),
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= delete

BRI R %Y (deleted function)

o RS HHEIIN,
o [HANEHILACE], $EiE error,
o (EABREER AT DUEMIFRAY, IR BR T4 5k Al 52 BRI 25

RGBSR ARG S A T — MMHPRIIBSI#RIE, EASS5EBRI, KX2N 7ILAESEE DL
[CWG1402] -

o (C++ Primer) fEIXAI LA S B,

->



https://cplusplus.github.io/CWG/issues/1402.html

=/BEN
C++11 DARTZ “=", C++11 PAfE2 “A7
RN E R E B € SOLHA PRI — 4, I8 HEIRE X MRERN I E o

"Define zero or five or them."
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=/RmEN

ARAE RN AR A RE R R ET—NEA P BE X (user-provided) HIRRA, gifaemi- A i
P& A EIREE F F 1505 7 SR PR

o EHHEBIIN: —PRABERBE N RE SR~
o H—MEIAN: FAIHIARY
o f£ C++98 WX, “"=JEN” FHARAEIEAFHIIT N LT DUATL,
o GNER—RA HE XHIPE VA IS R A AT BRI Y, vl B2 XHE DUREIZRARF, C++98 dilEas =5 i
FUUREIZ TR, (78 DU R A A )
o NI HRAEIAKINM, AREERZEIIZA TN, REEREHEN deprecated,




Dynarray B9#E D IR{EIZ E T

XA AKS?

/

class Dynarray {
public:
Dynarray &operator=(const Dynarray &other) {

delete[] m_storage;
m_storage = new int[other.m_Llength];
std::copy_n(other.m_storage, other.m_length, m_storage);
m_length = other.m_Llength;
return *this;
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Dynarray B9#E D IR{EIZ E T

XA AKS?

4 N

class Dynarray {
public:
Dynarray &operator=(const Dynarray &other) {
delete[] m_storage;
m_storage = new int[other.m_Llength];
std::copy_n(other.m_storage, other.m_length, m_storage);
m_length = other.m_Llength;
return *this;
}
I
\ J

IR ! AR H P L 4
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Dynarray B9#E D IR{EIZ E T

XA AKS?

/

class Dynarray {
public:
Dynarray &operator=(const Dynarray &other) {
auto new_data = new int[other.m_Llength];
std::copy_n(other.m_storage, other.m_length, new_data);
m_storage = new_data;
m_length = other.m_Llength;
return *this;
}
I
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Dynarray B9#E D IR{EIZ E T

4 N
class Dynarray {
public:
Dynarray &operator=(const Dynarray &other) {
// if (this != &other) { // MA¥IBTHETLA
auto new_data = new int[other.m_length];
std::copy_n(other.m_storage, other.m_length, new_data);
delete[] m_storage;
m_storage = new_data;
m_Llength = other.m_Llength;
/] }
return *this;
}
I
o J
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Dynarray BYISTHR(E

f N

class Dynarray {
public:
Dynarray(Dynarray &&other) noexcept
: m_length{other.m_length}, m_storage{other.m_storage} {
/] RABEEUTHD?
other.m_Llength = 0; other.m_storage = nullptr;
}
Dynarray &operator=(Dynarray &&other) noexcept {
if (this !'= &other) {
delete[] m_storage;
m_Llength = other.m_length; m_storage = other.m_storage;
/] RABEUTRL?
other.m_length = 0; other.m_storage = nullptr;

L4 B (e [ S o e St g B Tl e 2 kR R A

]



Dynarray RY5ahiR{E

4 N
class Dynarray {
public:
Dynarray(Dynarray &&other) noexcept
: m_length{std: :exchange(other.m_Llength, 0)},
m_storage{std::exchange(other.m_storage, nullptr)} {}
Dynarray &operator=(Dynarray &&other) noexcept {
if (this !'= &other) {
delete[] m_storage;
m_length = std::exchange(other.m_length, 0);
m_storage = std::exchange(other.m_storage, nullptr);
}
}
I
\_ J
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Copy-and-swap

BENBES H— PRI EAHY swap PRIEL, ZZHRF Dynarray XN RHYE?

~

class Dynarray {
public:
void swap(Dynarray &) noexcept;

1
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Copy-and-swap

BENBES H— PRI EAHY swap PRIEL, ZZHRF Dynarray XN RHYE?

~
J

class Dynarray {
public:
void swap(Dynarray &other) noexcept {
std::swap(m_storage, other.m_storage);
std: :swap(m_Llength, other.m_length);
}
b
- J

B n_storage THEF, FUAT DARIEAZ LD “BhSEH”, XD swap HEJE noexcept B, ‘BImizdfid
RS auto tmp = a; a = b; b = tmp; H i,
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Copy-and-swap
WRRIEL = P UK + WERS: P UUHTIRIR, B SR IE0H M RE,
REAR R FH 5 UM Y BR ORI A R RS B — P DR (D& B %2
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Copy-and-swap
R{E = PEUAANE + BTAG: PEUUHTRORUE, BY5REE HIEUR,
N other BN, — DL tmp, ERKH AT tmp 2HH !

4 N

class Dynarray {
public:
Dynarray &operator=(const Dynarray &other) {
auto tmp = other;
swap(tmp) ;
return *this;
}
I

- J

o FEUIMIERER ATTEMFE UL other,
o tmp HYBTHL BRIELZ (EHAEH B I H Y B
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Copy-and-swap

BRI
e A

class Dynarray {
public:
Dynarray &operator=(const Dynarray &other) {
Dynarray(other).swap(*this); // C++23: auto{other}.swap(*this);
return *this;

}
b
- J

H PRE 2 =157
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Copy-and-swap

-

o

class Dynarray {
public:
Dynarray &operator=(const Dynarray &other) {
Dynarray(other).swap(*this); // C++23: auto{other}.swap(*this);
return *this;

}
1

AMUFE, EERBEZZ, &

@
B
YHO
30
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"Copy"-and-swap

Hit—w, EREELSHINEEET "I,

/

o

class Dynarray {
public:
Dynarray &operator=(Dynarray other) noexcept {
swap(other);
return *this;

}
b

HI8—ERSHIN AR A 1 # UE?
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"Copy"-and-swap

4 N

class Dynarray {
public:
Dynarray &operator=(Dynarray other) noexcept {
swap(other);
return *this;

}
1
- J

MRSERAE, other KREANWIGGIL, W2 WNHILHL,

e, XMREREARE M IURENEEN, 2 1Bz BT !
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Copy-and-swap

A S MHOR,  noexcept Y suap BREL, —2%%15,
FIRIXA swap SCIUR(EIZEAF: FFREHIMBAE AR,
o HFIRELS

o WL E (el Z2IRIE)
o [AINARTSHS VUREIZ BB IR EI BT
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B % Dynarray

BATRAEHE AL n_Length A m_storage “fEUECR”, HE X T &MR%H, GH24747

-

struct Dynarray { std::size_t length; int *storage; };
void createDynarray(Dynarray &array, size_t length) {
array. length = length; array.storage = new int[length]{};
}
void destroyDynarray(Dynarray &array) { delete[] array->storage; }
void dynarrayAssign(Dynarray &lhs, const Dynarray &rhs) { /* ... */ }

{ // EMfER: NOEE
Dynarray a;
createDynarray(a, 10);
Dynarray b;
dynarrayAssign(b, a);
destroyDynarray(a);
destroyDynarray(b);

—
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Dynarray B class invariants

A class invariant is a property that must always hold for an object of that class.

o {5%l m_storage H 2 S H5El, B AFEMIH new[] 2 HECHI— AR,
® m_length SRR m_storage fEMHINFIIKE, BFE (1E m_storage B ZEEIN) N,

AP HEEHHIRNEXWED, NEEERI P n_length BY m_storage , FTAAHER 5 WS class

invariants

o FH3E PR ECRIATAY BB X R BRI SR S B 2 A, BEINERIUE 1 iX— s, Rk 7 77
?%O




