YKN3HEHHbIN UMK obbekTa



3afada: peanunsosartb knacc Optional<T>

template <typename T>
class Optional {
public:
Optional();
Optional(const T& value);

[Tpednoxcume peanugaluro

T& value();
bool has_value() const;

private: // 2??

Iy



[lonbiTKa 1: HaMBHOE npom3BeneHne TnrnoB

template <typename T>
class Optional {
public:
Optional() = default;
Optional(const T& value)
: value_(value), has_value_(true)

Hedoemamiu ,bemeuuﬂ?

private:
T value_;
bool has_value_ = false;

Iy



HanomunHaHue: Haw oTnagoYvHbin Tracer

struct Tracer {
Tracer() { std::cout << "Tracer::Tracer()\n"; }
~Tracer() { std::cout << "Tracer::~Tracer()\n"; }

Tracer(const Tracer&) { ... }
Tracer(Traceré&&) { ... }

Tracer& operator=(const Tracer&) { ... }
Tracer& operator=(Traceré&&) { ... }

I



nnocTpaumsa npobnemsl

Optional<Tracer> tracer_opt;
std::cout << std::boolalpha
<< tracer_opt.has_value() << '\n';

Kaxoi dydem Gorbod?



nnocTpaumsa npobnemsl

Optional<Tracer> tracer_opt;
std::cout
<< std::boolalpha
<< "has_value: " << tracer_opt.has_value() << '\n';

BbiBOA :

Tracer: :Tracer()

has_value: false

Tracer::~Tracer()

6 https://godbolt.org/z/cYhzWY35n



https://godbolt.org/z/cYhzWY35n

[Mpo6rnemMbl HaMBHOIO PELLIEHUS

1. Onsa T value_ 6e3ycnoBHO BbI3bIBAETCA KOHCTPYKTOP MO YMOSTYaHWIO.

2. [lpn atom has value = false.

=> HapyLlueH nHBapuaHT Knacca.



[MTonbiTKa 2: pointer-like

template <typename T> TODO: Pule of 5

class Optional {
public:
Optional() = default;
Optional(const T& value) : value_(new T(value)) {}

T& value() { return *value_; }
bool has_value() const { return value_ !'= nullptr; }

private:
T* value_ = nullptr;

Iy



[MTonbiTKa 2: pointer-like

template <typename T>
class Optional {
public:
Optional() = default;
Optional(const T& value) : value_(new T(value)) {}

Heaacmamka ,bemeHaH?

T& value() { return *value_; }
bool has_value() const { return value_ !'= nullptr; }

private:
T* value_ = nullptr;

Iy



[MTonbiTKa 2: pointer-like

template <typename T>
class Optional {
public:
Optional() = default;
Optional(const T& value) : value_(new T(value)) {}

Annokayuu

T& value() { return *value_; }
bool has_value() const { return value_ !'= nullptr; }

private:
T* value_ = nullptr;

Iy
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[IpOMEXYTOYHLIN UTOT: HeQOCTaTKN peLleHnn

[Mpon3BeneHne TUNOB:

- HapyleH nHBapmnaHT: 06bekT cyuecTByeT npu has_value == false
- [ns xmnBoro ob6bekTa OyayT Bbi3blBaTbCA BCE cneuunarbHble MeToab!

Pointer-like:

- Annokauuu

11



std::optional nuiweH aTnX HegoCTaTKOB

- optional handles expensive-to-construct objects

- no dynamic memory allocation ever takes place

12 std::optional



https://en.cppreference.com/w/cpp/utility/optional

Bpems Xun3Hm obbekTa

HaunHaeTtcs korga: Kpaine ynpowens, do ypobus cdmanra.

- BbigeneHna namsaTb Cm. cmardopm.
- BbinonHeHa nHUumanusauus

3aBepLuaeTca Koraa:

- HauumHaeTtcs BbI30B AECTPYyKTOpaA UNK
- [lamaTtb ocBobOOXOeHa

13 [basic.life]


https://timsong-cpp.github.io/cppwp/n4868/basic.life#1

new

- operator New BblaerdeT naMdaTb

- placement new expression KOHCTPYUpYeT 0ObEKT B BblAENEHHOMN

NnamMmaTn

- Nnew expression BblgenseT naMmaTb U Bbi3biBAET KOHCTPYKTOP(bI)

14



[TonbiTKa 3: raw bytes

template <typename T>
class Optional {

public: Hem duramuueckoro €oidenerus namamu
private:

char data_[sizeof(T)];

bool has_value_ = false;

+s

15



[TonbiTKa 3: raw bytes

template <typename T>
class Optional {
public:
Optional(const T& value) : has_value_(true) {
new (data_) T(value);
} \

P/acement new

private:
char data_[sizeof(T)];
bool has_value_ = false;

I

16



[TonbiTKa 3: raw bytes

template <typename T> TODO: Pule of 5
class Optional {

public:
Optional(const T& value) : has_value_(true) {
new (data_) T(value);

} Hbuwiii boizof decmpykmopa

~Optional() { if (has_value_) value().~-T(); }

+s
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[TonbiTKa 3: raw bytes

template <typename T>
class Optional {
public:
~Optional() { if (has_value_) value().~T(); }

T& value() { return ??? data ; }

private:
char data_[sizeof(T)];

+s
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[TonbiTKa 3: raw bytes

template <typename T>
class Optional {
public:
~Optional() { if (has_value_) value().~T(); }

T& value() { return *reinterpret_cast<T*>(data_); }

private:
char data_[sizeof(T)];

+s
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[TonbiTKa 4: union-like knacc

template <typename T> class Optional {
public:
Optional(const T& value)
has_value_(true) { new (&value_) T(value); }

T& value() { return value_; }

private:
union { T value_; };
bool has_value_;

I

20



KrntoyeBas naes

- Mbl MmOXXeM pa3gensTb BblAeNeHne NnaMmaTn U KOHCTPYMpoBaHMe
oO0beKTa B HEn

21



3agada

Peanun3osatb knacc Vector.

22



[MonbiTka 1

template <typename T>
struct Vector {
Vector(std::size_t size)
: 1tems_(new T[size]()),
size_(size) {

}

~Vector () { delete[] items_; }

T* items_;
std::size_t size_;

Iy

23



[MonbiTka 1

template <typename T>
struct Vector {
Vector(std::size_t size) MY PeANU2AUUID
items_(new T[size]()), JP g4
size_(size) {

/70/<pu.m UKYd me

}

~Vector() { delete[] items_; }
T* items_;
std::size_t size_;

Iy

24 https://godbolt.ora/z/jsfx1Yh7s



https://godbolt.org/z/jsfx1Yh7s

HepocTtaTku

HeT cokpbITUS AaHHbIX, NErko HapYLUNTb MHBAPWUaHT.
CoKpbITUe JaHHbIX MNOBIIEYET 3a cobon peannsauunto nHTepdenca.

1.

2.

3. HapyweHo Rule of 5.

4. KoHcTpykTOp He explicit.
B

npoLecce yCTpaHeHUs 3TUX NPobrnem nosiBATCA HOBbIE.

25



[enaem explicit KOHCTpYKTOP

template <typename T>
struct Vector {
explicit Vector(std::size_t size)
: 1tems_(new T[size]()),
size_(size) {

}

~Vector () { delete[] items_; }
T* items_;

std::size_t size_;

Iy
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CKpblBaeM aHHbIe

template <typename T>

class Vector {

public:
explicit Vector(std::size_t size);
~Vector();

private:
T* items_;
std::size_t size_;

+s
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[lpeonoxute nHTepdenc

28



[lpeonoxute nHTepdenc

- [lony4eHune konnyecTBa dr1EMEHTOB
- ObpalleHure K arneMeHTy Nno UHAeKcy

29



Peanusyem nHtepdenc

template <typename T>
class Vector {
public:
std::size_t size() { return size_; }

+s
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Peanusyem nHtepdenc

template <typename T>
class Vector {
public:
std::size_t size() { return size_; }

Kpumuka.?

+s
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Peanusyem nHtepdenc

template <typename T>
class Vector {
public:
std::size_t size() const { return size_; }

K,bamuka?

+s
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Peanusyem nHtepdenc
template <typename T>
class Vector {

public:
??? operator[](std::size_t i) { return items_[1i]; }

+s
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Peanusyem nHtepdenc
template <typename T>
class Vector {

public:
T& operator[](std::size_t i) { return items_[1i]; }

+s
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Peanusyem nHtepdenc

template <typename T>
class Vector {
public:
T& operator[](std::size_t 1) { return items_J[1]; }

const T& operator[](std::size_t 1) const
{ return 1items_[1i]; }

I
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[TpOMEXYTOYHbLIN UTOT

- OTOT BEKTOp YyXe nonesHee, yem C-style guHamunyeckuin maccus
- Ho Bce ewie MHOro npobnem
- https://godbolt.org/z/6hhf49461

36


https://godbolt.org/z/6hhf49461

Copy Ctor

Vector<int> v1(10);
Vector<int> v2(vl);

https://godbolt.ora/z/r67x7fnas

37


https://godbolt.org/z/r67x7fnas

Kak peann3oBaTb KOHCTPYKTOP KONMPOBaHUA?

38



[MonbiTka 1: Copy Ctor

Vector(const Vector<T>& other)
: 1tems_(new T[other.size()]()),
size_(other.size()) {
for (std::size_t i = 0; 1 < size(); ++1) {
items_[1i] = other[1i];
b
b
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[MonbiTka 1: Copy Ctor

Vector(const Vector<T>& other)
: 1tems_(new T[other.size()]()),
size_(other.size()) {
for (std::size_t i = 0; 1 < size(); ++1) {
items_[1i] = other[1i];
b
b

[Toxpumuryidme smo

,beweHue
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[MonbiTka 1: Copy Ctor

Vector(const Vector<T>& other)
: 1tems_(new T[other.size()]()),
size_(other.size()) {
for (std::size_t i = 0; 1 < size(); ++1) {
items_[1i] = other[1i];
b
b

Kakue onepayuu Coizpifaromes ong 77
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[MonbiTka 1: Copy Ctor

Vector(const Vector<T>& other)
: 1tems_(new T[other.size()]()),
size_(other.size()) {
for (std::size_t i = 0; 1 < size(); ++1) {
items_[1i] = other[1];
b
b

42 https://godbolt.org/z/oh13PTsse



https://godbolt.org/z/oh13PTsse

[Tpobnembl peanusauum

Vector(const Vector<T>& other) 5,0,430( KkoHcmpykmopol
: items_(new T[other.size()]()),
size_(other.size()) {
for (std::size_t i = 0; 1 < size(); ++1) {
items_[i] = other[i];
}
b

no y/wom{m/ufo

5bljog onepamopol npucfaubarus

43 https://godbolt.org/z/oh13PTsse



https://godbolt.org/z/oh13PTsse

icnonb3yem placement new

Vector(const Vector<T>& other)
: 1tems_(
static_cast<T*>(
operator new(sizeof(T) * other.size()))),
size_(other.size()) {

for (std::size_t i = 0; 1 < size(),; ++1) {
new (items_ + i) T(other[1]);
b
b

44 https://godbolt.org/z/bKMd7P46Y



https://godbolt.org/z/bKMd7P46Y

icnonb3yem placement new

Vector(const Vector<T>& other)
: 1tems_(
static_cast<T*>(
operator new(sizeof(T) * other.size()))),
size_(other.size()) {

std: :uninitialized_copy_n(
other.items_, other.size(), items_);

45 https://godbolt.ora/z/rAhnGEKqgz



https://godbolt.org/z/r4hnGEKqz

B necTpykTtope napHble onepauumm

~Vector () {
for (std::size_t i = 0; 1 < size(); ++i) {
items_[1].~T();
3

operator delete(items_),

}

46



B necTpykTtope napHble onepauumm

~Vector () {
std: :destroy_n(items_, size_);
operator delete(items_);

}

47



CMm. peanunsauuto

https://en.cppreference.com/w/cpp/memory/uninitialized copy

48


https://en.cppreference.com/w/cpp/memory/uninitialized_copy

Kak ObITb C UCKITIOYEHUSIMN B MOVE-KOHCTPYKTOPE?

Vector: :push_back(const T& other) {
if (size() == capacity()) {
T* new_buf = operator new(sizeof(T) * size() * 2);
for (std::size_t 1 = 0; 1 < size_; ++1) {
new (new_buf + 1) T(std::move(items_[i]));

}

49



nntocTpauna nepemMelleHns

Cmorau nepemecmums

V V V MONLKO Yacmb.

Ymo denams?

50



Q&A



