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Ccbinkun

X obj; // 06beKT
X& refl = obj; // cchinka
const X& ref2 = obj; // KOHCTaHTHasa ccbiKa
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Ccbinkun

X obj;
X& refl = obj;
const X& ref2 = obj;

X func();
X& ref3 = func();
const X& refs = func();

//
//
//

06beKT
CCbiNiKa
KOHCTAaHTHasa CcbinKa

// dyHKUMS

//
//

ownbKa
oK
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JleBble n NnpaBble 3Ha4YeHWA

Lvalue — 3Ha4eHVsa c MeHeM (c1ieBa 1 CcripaBsa oT =).
Rvalue — 3HayeHVs 6€3 MeHU (TONbKO CripaBa oT =).
X X, V, z; // oK

X = V; // oK

X*y = Z; // ouwnbkKa

Z = X*y; // oK
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CCHHKMPﬁﬂﬂEBHEb4ﬂpaBHe3HaquMﬂ

X obj; // 06beKT
X& refl = obj; // ccbinka
const X& ref2 = obj; // KOHCTaHTHasa ccbiiKa
X func(); // hyHKUMA

X& ref3 = func(); // ouwubka
const X& ref4 = func(); // ok
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CCHHKMPﬁﬂﬂEBHEb4ﬂpaBHe3HaquMﬂ

X obj; // 06beKT
X& refl = obj; // ccbinka
const X& ref2 = obj; // KOHCTaHTHasa ccbiiKa
X func(); // hyHKUMA

X&& ref3 = func(); // ok
const X& ref4 = func(); // ok
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[lpaBoe nny nesBoe 3HayeHme?

X& refl = obj;
const X& ref2 = obj;
X&& ref3 = func();

const X& ref4 = func();
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[lpaBoe nny nesBoe 3HayeHme?

X& refl = obj; Lvalue/Rvalue?
const X& ref2 = obj; obj 5>
X&& ref3 = func(); o

const X& ref4 = func();
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[lpaBoe nny nesBoe 3HayeHme?

X& refl = obj; Lvalue/Rvalue?
const X& ref2 = obj; :
! b lvalue
X&& ref3 = func(); 00J vald

const X& ref4 = func();
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[lpaBoe nny nesBoe 3HayeHme?

X& refl = obj; Lvalue/Rvalue?
const X& ref2 = obj; :
! ob lvalue
X&& ref3 = func(); fu%c() 77

const X& ref4 = func();
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[lpaBoe nny nesBoe 3HayeHme?

func() rvalue

X& refl = obj; Lvalue/Rvalue?
const X& ref2 = obj; :
! b lvalue
X&& ref3 = func(); o0J Vel

const X& ref4 = func();
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[lpaBoe nny nesBoe 3HayeHme?

X& refl = obj; Lvalue/Rvalue?
const X& ref2 = obj; :
! ob lvalue
X&& ref3 = func(); 'FUI?IC() rvalue
const X& refs4 = func(); refl .
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[lpaBoe nny nesBoe 3HayeHme?

func() rvalue
refl Ivalue

X& refl = obj; Lvalue/Rvalue?
const X& ref2 = obj; :
] lval
X&& ref3 = func(); 0b3 varle

const X& ref4 = func();
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[lpaBoe nny nesBoe 3HayeHme?

X& refl = obj; Lvalue/Rvalue?
const X& ref2 = obj; :
; ob lvalue
X&§& ref3 = func(); fuﬂc() rvalue
const X& ref4 = func(); refl lvalue

ref2 777
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[lpaBoe nny nesBoe 3HayeHme?

X& refl = obj; Lvalue/Rvalue?
const X& ref2 = obj; :
; ob lvalue
X&§& ref3 = func(); fuﬂc() rvalue
const X& ref4 = func(); refl lvalue

ref2 Ivalue
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[lpaBoe nny nesBoe 3HayeHme?

X&
const X&
X&&
const X&

refl
ref2
ref3
refs4

obj;
obj;
func();
func();

Lvalue/Rvalue?

obj
func()
refl
ref2
ref3

Ivalue
rvalue
Ivalue

Ivalue
77
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[lpaBoe nny nesBoe 3HayeHme?

X&
const X&
X&&
const X&

refl
ref2
ref3
refs4

obj;
obj;
func();
func();

Lvalue/Rvalue?

obj
func()
refl
ref2
ref3

lvalue
rvalue
lvalue
lvalue
lvalue
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[lpaBoe nny nesBoe 3HayeHme?

X& refl = obj; Lvalue/Rvalue?
const X& ref2 = obj; :
ob Ivalue
X&§& ref3 = func(); fuﬂc() rvalue
const X& ref4 = func(); refl lvalue
ref2 Ivalue
ref3 Ivalue

refs4 777
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[lpaBoe nny nesBoe 3HayeHme?

X& refl = obj; Lvalue/Rvalue?
const X& ref2 = obj; :
ob Ivalue
X&§& ref3 = func(); fuﬂc() rvalue
const X& ref4 = func(); refl lvalue
ref2 Ivalue
ref3 Ivalue

refs4 Ivalue
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[lepemelteHme c std: :move

template <class T>
typename std::remove_reference<T>::type&&
move(T&& a) {
return static_cast<typename std::remove_reference<T>::type&&>(a);

}
T Moand. Twun aprymeHTa
X& & X&
X&& & X&
X&  && X&

X&& && X&&
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[epecbinika c std: : forward

template <class T>

T&6 forward(typename std::remove_reference<T>::type& a) {
return static_cast<T§5>(a);

}

template <class T>
T66 forward(typename std::remove_reference<T>::type&& a) {
return static_cast<T§6>(a);

}
T Moand. Tun aprymeHTa
X& & X&
X6& & X&
X& &8 X&

X6& && X&6&
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KOHCTpPYKTOpP 1 onepaTop NpMcBaviBaHUS

template <class T>
class vector {
public:
vector(vector§s) = default;
vector& operator=(vector&s) = default;

b
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KOHCTpyKTOp C nepemeLleHuem (1)

template <class T>
class vector {
T+ first; T last;
public:
vector(vectorss x): first(x.first), last(x.last) {
x.first = nullptr;
x.last = nullptr;
}
~vector() { delete[] first; }

s
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KOHCTpPYKTOpP C nepemMeLleHmnem (2)

template <class A, class B>
struct pair {

A first;
B second;

// woeanbHasa nepecbinka (perfect forwarding)
pair(pair&& x):
first(std::forward<A>(x.first)),
second(std: :forward<B>(x.second)) {}
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[prcBaviBaHMe C NepeMeLLeHVEM

template <class T>
class vector {
T+ first; T* last;
public:
vector& operator=(vector&s x) {
first = x.first;
x.first = nullptr;
last = x.last;
x.last = nullptr;
return =*this;
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[MpricBaviBaHMe c 06MeHOM

template <class T>
class vector {
T+ first; T last;
public:
vector& operator=(vector&& x) { swap(x); return xthis; }

void swap(vectors x) {

std::swap(first, x.first);
std::swap(last, x.last);

b

void swap(vector§ a, vector§s b) { a.swap(b); }
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ObMeH c nepemeLleHem

template <class T>

void swap(T& a, T& b) {
T tmp = move(a);

move(b);

move(tmp);

a
b
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CpaBHeHune forward 1 move

X X, Y, Z;

X = std::move(y); // operator=(X&§)

y = z; // operator=(const X&)
z = std::forward<X&>(x); // operator=(const X&)
y = std::forward<x>(z); // operator=(X&§&)
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aeanbHasa nepecoblsika

template <class T, class Al>
std::shared_ptr<T>
make_shared(A18& al) {

return std::shared_ptr<T>(new T(std::forward<Al>(al)));
}
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YTO Takoe YMHbIV yKa3aTesb?
X* func() {
X* X = new X;

return Xx;
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YTO Takoe yMHbI yKasaTenb?

X* func() {
X* X = new X;

return Xx;
}

std::unique_ptr<X> func() {
std::unique_ptr<X> x(new X);

return x;
}

std::unique_ptr<X> x = func(); // rvalue
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YMHbIN yka3aTtens (CUDA)

template <class T>

T+ gpuAlloc(size_t n) {
void* ptr = nullptr;
cudaMalloc(&ptr, sizeof(T)=*n);
return static_cast<T*>(ptr);

}
struct gpuDelete {

void operator()(void+ ptr) { cudaFree(ptr); }
b

std::unique_ptr<float,gpuDelete> x(gpuAlloc<float>(100));
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N ckyccTBEeHHbIV NprMep

void func() {
std::shared_ptr<int> pl(new int);

{

std::shared_ptr<int> p2(p1l);

{
}

std::shared_ptr<int> p3(pl);

//
//

//
//
//
//

count=1

count=2

count=3
count=2
count=1
count=0
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[TprMep c acTeporgamm

void neigbours() {
std::vector<std::shared_ptr<Asteroid>> asteroids(100);

for (auto& ast : asteroids) {
// neighbour = ...
ast.setNeighbour(std::weak_ptr<Asteroid>(neighbour));

}

void collision(std::weak_ptr<Asteroid> p) {
std::shared_ptr<Asteroid> q = p.lock();

if (q) {
// CTONKHOBEHUE
} else {

// acTepoua yaaneH

}
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Ctatunctmka

MpoekT unique_ptr shared_ptr delete

Tungsten 270 442 69
Magnum 213 0 12
Vtestbed 10 0 0
Unistdx 7 0 1
QPP 1 0 0
EOS 1 0 0
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CCbINK®

» ANbTepHaTBHOe O0bbsAacHeHMe std: :move n std: : forward oT
cosgatenen ctaHgapTa C++ (pa3gen «Teachability»): N2951 (aHrn.).

» Eule ogHO 06bSACHEHWE Ha aHrAninckom: C++ std: :move and
std::forward.
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http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2009/n2951.html
http://bajamircea.github.io/coding/cpp/2016/04/07/move-forward.html
http://bajamircea.github.io/coding/cpp/2016/04/07/move-forward.html
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