[leperpyska onepaTtopoB



TL;DR lNeperpys3ka onepartopos
[Nonb3oBaTensCckue TUMNbl HUYEM He XyXXe BCTPOEHHbIX.

struct Rational { int num_, denom_; };

Rational operator+(Rational 1lhs, Rational rhs);

Rational operator-(Rational lhs, Rational rhs),

Rational a{l1, 4},
auto b = a + a; // b = {1, 2}
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3agada

PeanunsoBatb TMn Rational onsa npeacraBneHns NnpocTbiX Apobent.

Z
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[MonbiTka 1: C-style

struct Rational { /7 v a a
int numerator_; OKPumuK-yume Imom nooxo

int denominator_;

3
Rational rational_add(Rational 1lhs, Rational rhs);

Rational rational_sub(Rational 1lhs, Rational rhs);

19



[Mpobnema 1: HapyLleHne NHBapMaHTa

Rational r{3, 4};

r.denominator_ = 0;
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[Tpobnema 2: icnonb3oBaHne B 0600LEHHOM KOfe

const std::vector rationals{
Rational{l, 2}, Rational{l, 4}, Rational{2, 8}};

// YKasaTenb Ha QYHKUMUI0

const auto sum = std::accumulate(
rationals.begin(), rationals.end(), Rational{0, 1},
rational_add);
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[Tpobnema 2: icnonb3oBaHne B 0600LEHHOM KOfe

const std::vector rationals{
Rational{l, 2}, Rational{l, 4}, Rational{2, 8}};

// Tpomo3gKkas namoaa
const auto sum = std::accumulate(
rationals.begin(), rationals.end(), Rational{0, 1},
[](auto 1lhs, auto rhs) {
return rational_add(lhs, rhs);

1)
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[Tpobnemsl

1. BbI30B oyHKUMM MO yKasaTento Harpyxaet CPU?
2. BbinucbiBaHmne 6onblunx namoa HarpyxaeT paspaboTymka

Mbl xoTenu Obl, YTOObI TN Ben ceba ecTeCTBEHHO U MOl UCMNOJS1b30BaTb
pa3yMHble ymonyaHus. [Npobyinte cpaBHMBaTbL CBOU TUMbI CO
BCTPOEHHbIMU (int).

' B npeablayuwem NnpuMepe BCE paBHO MOXEM ynepeTbes B BbI30B rational_add. YHuBepcanbHasa pekoMmeHgauust:
NPON3BOAUTENbHOCTb HYXXHO 3aMepsTh.
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[MonbiTka 2: C-style cokpbITUE AAHHbLIX

// Rational.hpp // Rational.cpp
struct Rational; struct Rational {
int numerator_, denominator_;
Rational* rational_new( };
int numerator,

int denominator), Rational* rational_new(int n,
int d) {
if (d == 0)
return nullptr;
// ..
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HenoctaTkn C-Style pelueHus

—_—

[nHamMmunyeckoe BblgerieHne namdaTy anga aksemnnspos Rational.
2. Rational* coxpaHsaeT nHtepdenc ykasatens:

auto* rp = make_rational(3, 4),

// Pa3peweHa agpecHasa apupmeTuka.
auto* rpinv = rp + 1;

// Pa3peweHo pa3biMeHOBaHue.
auto& r = *rp

// B MHOXecCTBe ABa 3JIEMEHTa
std::set s{make_rational(3, 4), make_rational(3, 4)};

Mbl XoTenn Obl orpaHNYNTbL NHTEPdENC.
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[MTonbiTKa 3: KNacc

class Rational {
public:
Rational(int n, int d)
: numerator_(n),
denominator_(d) {}

int numerator();

int denominator(); o
[Tokpumuryiime smo pewerue

private:

I
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[MTonbiTKa 3: KNacc

class Rational {
public:
Rational(int n, int d)
: numerator_(n),
denominator_(d) {}

[emmepor He meHawm

cocmoaHuUue akfemnnﬂ,ba.

int numerator() const;
int denominator() const;

private:

I
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[MTonbiTKa 3: KNacc

class Rational {
public:
Rational(int n, int d)
: numerator_(n),
denominator_(d) {

if (denominator_ == 0) {
throw ...;
3
normalize(); Ko.qcm,bykm Olb 3071)1(81-/

¥ yemanabruboms unbapuarm
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[MTonbiTKa 3: KNacc

class Rational {
public:
Rational(int n, int d);

+s

YVdodue nu nOﬂbfa&mch makum

koHcmpgkmopom?
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[MTonbiTKa 3: KNacc

class Rational {

public:

Rational(int n = 0, int d = 1),
i

Moxcem nu ctor Soimo €uizfan ¢ odrum aprymermom?
12 Py

Ymo ug smoro credyem?
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explicit KOHCTPYKTOP
void f(Rational r);
explicit Rational(int n =0, int d = 1),

// conversion from 'int' to non-scalar type 'Rational'’
Rational r = 1; // fix: Rational r(1);

// could not convert '1' from 'int' to 'Rational'’
f(1), // fix: f(Rational(1))

31 https://godbolt.org/z/GxGfnjba8



https://godbolt.org/z/GxGfnjba8

explicit(false) KoHCTpyKTOP
void f(Rational r);
Rational(int n = 0, int d = 1);

Rational r = 1; // 0Ok
f(1); // 0Ok

32

https://godbolt.org/z/Mjneebovo



https://godbolt.org/z/Mjnee6ovo

Peanunsyem apugpmeTtmnyeckme onepauumn

class Rational {
public:
// BapuaHT 1: mMeToj Knacca
Rational operator+(Rational rhs) const;

I

// BapuaHT 2: cBo6GopgHasa QyHKUMUA
Rational operator+(Rational lhs, Rational rhs);

33



MeTopg knacca HapyLlaeT KOMMYTaTUBHOCTb

const Rational ra(1, 4);

const auto rd ra + 1; // ra.operator+(1)

const auto re 1 + ra; // 1.operator+(ra);

34 https://godbolt.org/z/MT4GbEo4K



https://godbolt.org/z/MT4GbEo4K

KOMMyTaTI/IBHOCTb CINOXEHNA COXPaHAETCAH

Rational operator+(Rational 1lhs, Rational rhs),

const Rational ra(1, 4);

const auto rd ra + 1, // operator+(ra, 1)
const auto re = 1 + ra; // operator+(1, ra)

35 https://godbolt.org/z/TYehsfrfo



https://godbolt.org/z/TYehsfrfo

OObIYHO TUMbI pacnonaraTcsa B HEMMCNence

namespace mymath {

class Rational { ... };
Rational operator+(Rational 1lhs, Rational rhs);,

¥
const mymath::Rational ra(1, 4),

// HeT CuMHTaKcuca AnAa ykKasaHU NpocTpaHCTBa WUMEH
const auto rd = ra + 1;
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ADL: Argument-dependent lookup

Argument-dependent lookup, also known as ADL, or Koenig lookup, is
the set of rules for looking up the unqualified function names in
function-call expressions, including implicit function calls to overloaded
operators. These function names are looked up in the namespaces of
their arguments in addition to the scopes and namespaces considered by
the usual unqualified name lookup.

37 Argument-dependent lookup



https://en.cppreference.com/w/cpp/language/adl

OnepaTtop +=

class Rational {
public:
// 1
Rational& operator+=(Rational rhs);

I

// 2
Rational& operator+=(Rational& lhs, Rational rhs);
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OnepaTtop +=

// He cpaboTaeT. 00bLACHMTE, no4yemy.
1 += Rational(2, 1);
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Peannsauymnsa + yepes +=
Rational operator+(Rational lhs, Rational rhs) {

lhs += rhs;
return lhs;
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[lepexoq K wabnoHy

template <typename T>

class Rational {
private: CUrHamypa anepama/ba?

T numerator_, denominator_;

I

Kok upmerumcs

template <typename T>
Rational<T> operator-(Rational<T> lhs,
Rational<T> rhs);
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[lepexoq K wabnoHy

template <typename T>

class Rational {
private: meneps Heusbecmen

T numerator_, denominator_;

I

Paoe/we,b IK9eMNRIPO.

template <typename T>
Rational<T> operator-(const Rational<T>& lhs,
const Rational<T>& rhs);
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[lepexoq K wabnoHy

template <typename T>
class Rational {
private: ykafameﬂu?

T numerator_, denominator_;

I

Moxcre au uen on6908ame

template <typename T>
Rational<T> operator-(const Rational<T>* lhs,
const Rational<T>* rhs);
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[lepexoq K wabnoHy

template <typename T>

class Rational {
private: ons ykagamened

T numerator_, denominator_;

I

operafor— yxe onpedencH

template <typename T>
Rational<T> operator-(const Rational<T>* lhs,
const Rational<T>* rhs);

44



3a Kagpom

Elwe ecTb:

- buHapHbie + — * / % 1 napHblie um += ...
- YHapHble + —
- burtoBble | & M ~ << >>

Mbl He Byaem aeTanbHO paccmaTpuBaTh Kaxabld oneparop.
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[leperpyska MHKpeMeHTa

class Rational { [Tpegukcubiii u nocmpukcrold unkpemetm.
public: — [de kakoi?
— Savem wyxen gpukmuboii a,brymeﬂm?

Rational operator++(int);

Rational& operator++();

I
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[leperpyska MHKpeMeHTa

class Rational { int x = 42;
public: auto a = ++x; // ?
auto b = x++; // ?
Rational operator++(int); // X

Rational& operator++();

I
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[leperpyska MHKpeMeHTa

class Rational { int x = 42;
public: auto a = ++x; // 43
auto b = x++; // 43
Rational operator++(int); // X

Rational& operator++();

I
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Peannsaynsa x++ 4yepes ++Xx

Rational operator++(int) {
const auto old = *this;
++(*this);
return old;

}
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OnepaTop BbIBOAA B NOTOK
#include <ios_fwd>

std::ostream& operator<<(std::ostream& o0s,
Rational r);

MoxeT ObITb TONLKO BHELLUHEW (PyHKLNEN.
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Honyctum, operator<< — meTtof...

class Rational {
public:
std::ostream& operator<<(std::ostream& 0S) const;

+s

Toraa B BbI30oBe onepaHabl 6yayT nepenytaHbl MECTaMM,
3TO BbIMMAANT KaK YTEHME M3 NOTOKa BbIBOAA:!

r << std::cout;
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OnepaTtopbl Npeocbpa3oBaHUsa TUMNa

class Rational {
public:

operator double() const;

+s
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KoHTporb 3a HesiBHbIMM Npeobpa3oBaHUSIMU

explicit operator double() const;

double x = r; // cannot convert from 'Rational' to 'double'
auto x = static_cast<double>(r); // Ok
auto y = r.operator double(); // OK, HO He nNuuuTe TaK

/* explicit(false) */ operator double() const;
double x = r; // Ok
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JNuTtepansbl

auto x1 42; // int

auto x2 = 42.0; // double

auto x3 = 42.0f; // float

auto x4 = 42ul,; // unsigned long

using namespace std::string_literals;
using namespace std::string_view_literals;

auto x5 = "42"s; // std::string
auto x6 = "42"sv; // std::string_view
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[lonb3oBaTenbckue nuTte paribl
namespace literals {

Rational operator"" _r(unsigned long long value) {
return Rational(static_cast<int>(value));

¥
¥
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[Tlpnmep ncnonb3oBaHUA

using namespace csc::literals;

auto r1 = 3_r; // 3/1

auto r2 =3 / 4_r; // 3/4
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CppCoreGuidelines

C.over: Overloading and overloaded operators

C.160: Define operators primarily to mimic conventional usage
C.161: Use non-member functions for symmetric operators
C.167: Use an operator for an operation with its conventional meaning

C.168: Define overloaded operators in the namespace of their operands

57


https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#cover-overloading-and-overloaded-operators

CppCoreGuidelines

C.over: Overloading and overloaded operators

C.160: Define operators primarily to mimic conventional usage
C.161: Use non-member functions for symmetric operators
C.167: Use an operator for an operation with its conventional meaning

C.168: Define overloaded operators in the namespace of their operands
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https://isocpp.github.io/CppCoreGuidelines/CppCoreGuidelines#cover-overloading-and-overloaded-operators

Conventional meaning

- CpaBHeHMe (==, 1= <, <=, > >= <=>)
- ApudmeTtnyeckue onepauum (+, -, *, /, %)
- Akceccopsbl (->, unary *, [])

- [TlpncBauneaHue (=)
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He Hago Tak

// ~my_string == my_string.size()

for (std::size_t i = 0; 1 < ~my_string; ++1i) ..

BigInteger X, Vy;

auto res = x N y; // Bo3BegeHue B cCTeneHb

Yem nnoxa makas neperpyska?
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The Functional Template Library: MoHagb!

shared_ptr<widget> foo(); shared_ptr<Gadget> ptr(nullptr);
shared_ptr<Gadget> bar(Widget w); auto ptrw = foo();
if (ptra) {

auto ptr = foo() >>= bar; ptr = bar(*ptrw);

61 FTL: Expanding The Standard Library



https://github.com/beark/ftl#expanding-the-standard-library

Ctano nanomaTuyHbIM
std::string a = “aaa”, b = “bbb";

// HapywaeTcsi KOMMYyTaTUBHOCTb CJIOXEHUS
auto res = a + b;
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Ctano nanomaTuyHbIM

std::filesystem: :path home_dir = "/home/username",
std::filesystem: :path readme_file_name = "readme.md";

// MumukpupyeTt nopg éopmart
auto readme_path = home_dir / readme_file_name;
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CTano ngmomMaTtuyHbIM

// MHorocTpaganbHble onepaTopbl << N >>
std::cout << readme_path << ‘\n’;
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BbiBOA

B C++ cpean NpoYnx MHCTPYMEHTOB AJIsi MPOEKTUPOBAHNSA TUMOB ECThb:

1. HesBHble NpeobpasoBaHust (C MOMOLLI KOHCTPYKTOpa U
orneparopos)

2. [leperpyska onepaTtopos

3. [lonb3oBaTenbckue nutepansl

OTO NO3BOMNSAET pa3paboTymnky cosgaBaTbh TUMbI, KOTOPbIE BeayT cebs
NpaKkTUYECKM KaK BCTPOEHHbIE.
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TODO: He 3abbITb NPO AOKNAA4YMKOB
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Q&A



