PyHKUMOHaNbHbIE OOBLEKTHI



TL;DR ®yHKUMOHanNbHbIE OOBLEKTHI

DYHKUMOHaNbHbIN 06BbEKT — 3TO OOBEKT, AN TUNa KOTOporo onpeaeneH onepatop ().

struct Greater {
bool operator()(int a, int b) const { return a > b; }

I

std::sort(items.begin(), items.end(), Greater());

Nambaa — 310 3K3eMNAsp Knacca ¢ neperpykeHHbIM onepaTopom ().

std::sort(items.begin(), items.end(),
[1(int a, int b) { return a > b; });



DyHKUNA — He OObeKT

- Afunction is not an object [...] [intro.object]
- BosHukaeT noTpebHOCTb UCnornb3oBaTbh PYHKLMIO Kak 0ObEKT
- Ykasatenb gaBngaeTca o0bLeKkToM

volid qsort(void *base, size_t nmemb, size_t size,
int (*compar)(const void*, const void*));


https://timsong-cpp.github.io/cppwp/n4868/intro.object#1.sentence-4

YKasaTenb Ha beHKLI,I/IPO VS ns=||\/|6p,a
bool int_less(int 1lhs, int rhs) { return lhs < rhs; }

// 1.3 times slower
std::sort(v.begin(), v.end(), int_less);

// 1.3 times faster
std::sort(v.begin(), v.end(),
[1](auto 1lhs, auto rhs) {
return lhs < rhs;

1))

4 Quick Bench: function ptr vs lambda



https://quick-bench.com/q/_pzBwFFtZr9MgI6jZZCUqa1_M54

YkasaTtenb Ha dyHKUMIO VS nsambaa

ﬂPuMB/b CUHmMmemuueckUuU: }72/14590. t{fgblmo%Ha.

// 1.3 times faster
std::sort(v.begin(), v.end(),
[1](auto 1lhs, auto rhs) {
return lhs < rhs;

1))



CopTupoBKa 4yncen
std::vector v = {3, 1, 4, 1, 5, 9, 2, 6, 5};

// Ncnonb3yeT onepaTtop <
std::sort(v.begin(), v.end());



CopTunpoBKa COCTaBHbIX OOBLEKTOB

struct Person {
std::string first_name_;
std::string last_name_;
int age_;

auto operator<=>(const Person& other) { ...

I

// Wicnonb3yeT Nnosib30BaTeNIbCKUA onepaTop <=>
std::sort(persons.begin(), persons.end());



Bo3amoxxHaa peanmsaumnga <=>

auto operator<=>(const Person& other) const {
if (const auto last_name_order
= last_name_ <=> other.last_name_;
last_name_order !'= 0) {
return last_name_order;

8 https://godbolt.ora/z/8435sdcxr



https://godbolt.org/z/8435sdcxr

Bo3amoxxHaa peanmsaumnga <=>

auto operator<=>(const Person& other) const {
using PersonView = std::tuple<std::string_view,
std::string_view,
int>;

const auto lhs = PersonView(

last_name_, first_name_, age_);
const auto rhs = PersonView(other.last_name_, ...);
return lhs <=> rhs;

9 https://godbolt.org/z/9EPzjbYEW



https://godbolt.org/z/9EPzjbY6W

[Tpobnema

- [Nonb3oBaTenbCKkMK ornepaTtop onpenenseTr eANHCTBEHHbIN KPpUTEPUI
COPTUPOBKN.
- B peanbHOM npunoxeHnm BO3MOXHO MHOXECTBO KOMMapaTopoB.
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C++03: Function objects

struct LastNameLess {
bool operator()(const Person& lhs,
const Person& rhs) const {
const int lnc
= lhs.last_name_.compare(rhs.last_name_);
if (1lnc '= 0)
return lnc < 0;

}
Iy

std::sort(persons.begin(), persons.end(),
LastNameLess());

1 https://godbolt.org/z/1G6he8KMa



https://godbolt.org/z/1G6he8KMa

MmMutauma sambikaHun (closure)

struct AddN {
explicit AddN(int n)
:n_(n) {}

int operator()(int b) const {
return n_ + b;

}

int n_;

+s

12



MmMutauma sambikaHun (closure)
const AddN add_2(2);
const int x = add_2(40);

std::cout << "x = " << x << '\n';
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MmMutauma sambikaHun (closure)

const AddN add_2(2);

std::vector numbers = {3, 1, 4, 1, 5, 9, 2, 6, 5};
std::vector<int> numbers_plus_2;

std::transform(
numbers.begin(), numbers.end(),
std::back_inserter(numbers_plus_2),
add_2);
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MoTtusauunsa namobn

struct AddN {
explicit AddN(int n) Boilerplate
tn_(n) {}

int operator()(int b) const {
return n_ + b;

} ﬂoﬂejﬂb/c‘i K00

int n_;

};
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JKBMBaneHTHaga nambaa

[n = 2](int b) -> int { return n + b; }

[ ] — cnucok 3axBata (capture list)
( ) — cnncok napameTpoB
-> T — Tun BO3BpaLLAEMOro 3Ha4YeHMs

{} — Teno dyHKkuMn
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JKBMBaneHTHaga nambaa

[n = 2](int b) -> int { return n + b; }
[n = 2](int b) { return n + b; }

- Twn BO3BpaLLAEMOro 3Ha4eHnUsa MoXeT ObITb BbIBEAEH
- operator () no ymonyaHuto const
- UYro BHYTpM: hitps://cppinsights.io/s/f5a2416d
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https://cppinsights.io/s/f5a2416d

CoBMeCTMMOCTb C d3blkoM Cu

std::vector v = {3, 1, 4, 1, 5, 9, 2, 6, 5};

gsort(v.data(), v.size(), sizeof(int),
[](const void* lhs_ptr, const void* rhs_ptr) {
const auto lhs = *static_cast<const int*>(lhs_ptr);

const auto rhs = *static_cast<const int*>(rhs_ptr);
return l1lhs - rhs;

}
),

18 https://godbolt.org/z/44cGqj3hY



https://godbolt.org/z/44cGqj3hY

lcnonb3oBaHMe KOMMNapaTopoB B KOHTENHEpPAX

std: :set<Person, LastNameLess> persons{..};

19 https://godbolt.ora/z/ssMx3Esbo



https://godbolt.org/z/ssMx3Esbo

3axBaT Mo 3HAYEHMUIO

int x = 42;

[m_x = x]() { return m_x + 1; };
VRN

struct lambda {

int m_x;
lambda(int& x) : m_x(x) {}

+s
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//

I

auto m_x

X



3axBaT No 3HaA4YeHUIo

int x = 42; ﬂonycmumo, HO
U20bIMoUH o
[x = x]() { return x + 1, }; 5
YUAREN
struct lambda {
int Xx;

lambda(int& _x) : x(_x) {}

+s
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3axBaT Mo 3HAa4YEHUto
int X = 42;

[X]() { return x + 1; };
//

struct lambda {
int Xx;

lambda(int& _x) : x(_x) {}

+s
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Saxfam ¢ mem xe umerem



3axBaT No CCblfike

int x 42;

[ &m_Xx

X

x]() { return m_x + 1; }; // = auto &m_x

/]
struct lambda {
int& m_x;
lambda(int& x) : m_x(x) {}

+s
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3axBaT No CCbIfKe noa TeM >Ke MMeHeM
int x = 42;

[&x = X]() { return x + 1; };
[&x]() { return x + 1; };
/]
struct lambda {

int& X;

lambda(int& _x) : x(_x) {}

+s
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3axBaT Mo 3Ha4YeHUto: TONbKO Ncnosrb3dyemMmoe
int x = 42;

[=]() { return x + 1, },

/7]

struct lambda {

int Xx;
lambda(int& _x) : x(_x) {}

+s
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3axBaT Mo CCblfIKe: TONbKO ncnorb3dyemoe
int x = 42;

[&] () { return x + 1; },;

/7]

struct lambda {

int& Xx;
lambda(int& _x) : x(_x) {}

+s
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3axBaT No CCbIfike U NO 3Ha4YEeHU
int x = 40, y = 2;

[&x, y]() { return x + y; };

/]
struct lambda {
int& X;
int y;
lambda(int& _x, int& _y) : x(_x), vy(_y) {}

};...
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[Nepenaya nambabl B PyHKLUIO

struct Shelf {
template <typename Function>
void for_each(Function f) const {
for (const auto& book : books_) {
f(book);
b
b

std: :vector<Book> books_;

I

28 https://godbolt.org/z/7KiMMY 1T1



https://godbolt.org/z/7KjMMY1T1

Bo3Bpart nambasbl

auto make_f() {
return []() {
return 42,
Iy
b
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HecemaHTM4HOE ncrnonb3oBaHue ()

template <typename T>
class Matrix {
public:
const T& operator()(size_t 1, size_t j) const;

T& operator()(size_t i, size_t j);

+s
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a3

- PeanunsoBaTb COPTUPOBKY KHUI MO PEUTUHTY
- Cpenatb BbIOOPKY NokasaTeribHbIX NPUMEPOB
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AnpunopHble Beca

B books.csv — cpenHsasa oueHKka n KOrimy4ecTBO OLIEHOK.

[Mpumep:

id avg count
1 4.8 10000
2 4.9 8000
3 1.2 4000
4

5.0 16

32

Kax amco,bmu,bafamb?



AnpunopHble Beca

B books.csv — cpenHsasa oueHKka n KOrimy4ecTBO OLIEHOK.
[Mpumep:

id avg count

1 4,8 10000 4.8 * 10000 / 10000
2 4.9 8000 4.9 * 8000 / 8000
3 1.2 4000 1.2 * 4000 / 4000
4 5.0 16 5.0 * 16 / 16
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AnpunopHble Beca

B books.csv — cpenHsasa oueHKka n KOrimy4ecTBO OLIEHOK.

[Mpumep:

id avg count

4.8 10000 (4.8
4.9 8000 (4.9
1.2 4000 (1.2
5.0 16 (5.0
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8000
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16

34

15) / (10000
15) / ( 8000
15) / ( 4000

15) / (

16

+ 4+ + +



AnpunopHble Beca

B books.csv — cpenHsasa oueHKka n KOrimy4ecTBO OLIEHOK.
[Mpumep:

id avg count

4.8 10000 4.7991
4.9 8000  4.8988
1.2 4000 1.2022
5.0 16 4.5238

Hr WODN PR
W A EDN
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Q&A



