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DyHKLUWOHaNbHble 06EKTDI

Yxe 3HaeM, 4TO QYyHKUMM B C++ ABNAOTCS «rpaXkgaHamMy NepBoro coptar - UMeHa QyHKLMK SBASHOTCA
OAHOBPEMEHHO NAEHTUPMMKATOPAMMN CO CMbIC/IOM «yKasaTensa Ha MYHKLMIO», X MOXXHO NpucBamBaTth U
nepefaBaTb B Apyrue QyHKUMK.

int my func(int foo, double bar, char* baz, float& bav) {return 0;}

int my func2(int foo, double bar, char* baz, float& bav) {return 2 * foo;}

using MyFuncPtr = int(*)(int, double, char*, float&);

void apply fn(MyFuncPtr fn) {
float val = 300.0;
fn(42, 1337.0, nullptr, val);

}

int main() {
MyFuncPtr func_ptr;
func_ptr = my_ func;
float val = -1.0;
int retval = func_ptr(9, 1, nullptr, val);
apply fn(func_ptr);
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DyHKLUWOHaNbHble 06EKTDI

[oMUMO yKasaTens Ha QYHKLUMKO U KOHCTPYKTOPa Kacca, B BbIPaXXeHWUW TUna naeHTnpukatop
(aprymeHTbl) MOryT TakXKe y4acTBOBaTb YHKLMOHasbHble 06bEKTbI ((PYHKTOPbI) - 06EKTbI KNacea,
KOTOpbIN nepeonpeaenset operator()

class MyFunctor {

public:
int operator()(int foo, double bar, char* baz, float& bav) {
return 0;
}
}s

int main() {
MyFunctor functor;
float val = -1.0;
int retval = functor(9, 1, nullptr, val);

}KOHCprVIpOBaHl/Ie nporpamMmmHoro obecneyexus « C++ Programming
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DyHKLUWOHaNbHble 06EKTDI

[oMUMO yKasaTens Ha QYHKLUMKO U KOHCTPYKTOPa Kacca, B BbIPaXXeHWUW TUna naeHTnpukatop
(aprymeHTbl) MOryT TakXKe y4acTBOBaTb YHKLMOHasbHble 06bEKTbI ((PYHKTOPbI) - 06EKTbI KNacea,
KOTOpbIN nepeonpeaenset operator()

class MyFunctor {

public:
int operator()(int foo, double bar, char* baz, float& bav) {
return 0;
}
}s

void apply functor(MyFunctor fn) {
float val = 300.0;
fn(42, 1337.0, nullptr, val);

}

int main() {
MyFunctor functor;
apply_ functor(functor);
}

KoHCcTpynpoBaHue nporpaMMHOro obecneyenus « C++ Programming
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@DyYHKLWOHaNbHble 06BEKTDI

YacTo Ana PyHKLUMOHaNbHbBIX 0OBEKTOB MCMOMb3YHT struct BMeCTo class - pa3HuLa /MLlb B TOM, YTO
Ans struct He 06a3aTeNbHO yKasblBaTb public:

struct MyFunctor {
int operator()(int foo, double bar, char* baz, float& bav) {
return 0;

}

¥

void apply functor(MyFunctor fn) {
float val = 300.0;
fn(42, 1337.0, nullptr, val);

}

int main() {
MyFunctor functor;
apply_ functor(functor);

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming
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CV-KBanupukKaTopbl

HanmeHoBaHue cv-qualifiers B cTaHaapTe MCnonb3yeTca Ans 0606LLeHNA KBannOnKaTopoB TMMNOB const r

volatile:

* const - COOTBETCTBYHOLWMI NAEHTUPUKATOP HENMBb3S MOANDULMPOBATL MOC/e CO3AaHNA

» volatile - 4OCTYNbl K COOTBETCTBYIOLLEMY NAEHTUMUKATOPY 3aMpeLleHO ONTUMNU3NPOBATbL UK
K3LLIMPOBaTb KOMMUMIATOPY

int main() {

int nl = ©; // non-const object
const int n2 = 0; // const object
int const n3 = 9; // const object (same as n2)

volatile int n4 = 0; // volatile object

nl = 1; // ok, modifiable object
// n2 = 2; // error: non-modifiable object
n4d = 3; // ok, treated as a side-effect
const int& rl = nl; // reference to const bound to non-const object
// rl =2; // error: attempt to modify through reference to const
const int& r2 = n2; // reference to const bound to const object

}

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming



CV-KBanupukKaTopbl

HanmeHoBaHue cv-qualifiers B cTaHaapTe MCnonb3yeTca Ans 0606LLeHNA KBannOnKaTopoB TMMNOB const r

volatile:

* const - COOTBETCTBYHOLWMI NAEHTUPUKATOP HENMBb3S MOANDULMPOBATL MOC/e CO3AaHNA

» volatile - 4OCTYNbl K COOTBETCTBYIOLLEMY NAEHTUMUKATOPY 3aMpeLleHO ONTUMNU3NPOBATbL UK
K3LLIMPOBaTb KOMMUMIATOPY

int main() { CKoMmanpoBaHHas nporpamma B accembiep-npeacraBacHum
int nl1 = 0; main:
const int n2 = 0; mov1l $0, -4(%rsp) # volatile int n4 = 9;
int const n3 = 0; mov 1 $3, -4(%rsp) # n4 = 3;
volatile int n4 = 0; xorl %eax, %eax # return O (implicit)
ret

nl = 1; // ok, modifiable object
// n2 = 2; // error: non-modifiable object
n4d = 3; // ok, treated as a side-effect
const int& rl = nl; // reference to const bound to non-const object
// rl =2; // error: attempt to modify through reference to const
const int& r2 = n2; // reference to const bound to const object

}
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CV-KBanupukaTopbl 1 PyHKLUN
using MyFuncPtr = int (*)(int);

int wrong fn(int& arg) {return 0;}

int ok_fn(const int arg) {return 0;} cv-qualifiers B aprymeHTax @yHKLnn
int cv_arg ok fn(const volatile int arg) {return ©;} He ABNAOTCS YacTbto ee Tuna...

const int another_wrong fn(int arg) {return 0;}
const volatile int yet another_wrong fn(int arg) {return 0;}

int main()

... TaK)Ke MOryT 6bITb
yKasaHbl 415
BO3BpaLL@aeMOro 3HauyeHums,
HO 3TO He MMEET KakKoro-To

{ OCMbIC/IEHHOIO 3 heKTa

MyFuncPtr func_ptr;

// func_ptr = wrong_fn; // error C2440: '=': cannot convert from ...

func_ptr = ok _fn;
func_ptr = cv_arg_ok_fn;

// func_ptr = another_wrong fn; // error C2440: '=': cannot convert from ...
// func_ptr = yet another_wrong fn; // error C2440: '=': cannot convert from ...

}

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming
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CV-KBanupukaTopbl 1 PyHKLUN
using MyFuncPtr = int (*)(int);

int ok _fn(const int arg) {return 0;}

int ok_fn(int arg) {return 9;} // error C2084: function 'int ok fn(const int)’
// already has a body

int ok _fn(volatile int arg) {return 0;} // error C2084:

int main()

{
MyFuncPtr func_ptr;

func_ptr = ok_fn; // error C2568: '=': unable to resolve function overload

Mockonbky cv-qualifiers B aprymeHTax QyHKLUKU He SBNSHOTCA YaCTbHo ee TUNa, HeNlb3A Neperpyskatb
bYHKLMIO, MOMEHSIB NMULLIb CV-KBann@ukaTop ee aprymeHTa(-oB).

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming



CV-KBaJ'II/I(I)MKaTOPbI N MeTobl

#include <iostream>
#include <cmath>

class Point2D {
public:

}s

double x, y;
double get angle() {

return std::atan(y / x);
}
void rotate(double angle) {

double tmp x = x * std::cos(angle)
y * std::sin(angle);
-X * std::sin(angle)
+ y * std::cos(angle);
X = tmp_x; y = tmp_y;

n + 1

double tmp_y

Point2D pt_2d = {0.0, 1.0};

std::cout << pt_2d.get_angle() << '\n';
const double M PI 2 = 1.57079632679489;
pt_2d.rotate(M PI 2);

std::cout << pt_2d.get_angle() << '\n';

1.5708

6.12323e-17
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cv-KBanudukKaTopbl U MeTOAbI

#include <iostream>
#include <cmath>

Point2D pt_2d = {0.0, 1.0};

clas§ Point2D { std::cout << pt_2d.get_angle() << '\n';
public: const double M_PI_2 = 1.57079632679489;
double x, y; pt_2d.rotate(M_PI_2);
double get_angle() const { std::cout << pt_2d.get_angle() << '\n';

return std::atan(y / x);
}
void rotate(double angle) const {
double tmp x = x * std::cos(angle)
+ y * std::sin(angle);
double tmp y = -x * std::sin(angle)
+ y * std::cos(angle);

x = tmp_x; y = tmp_y; g error C3490: 'x' cannot be modified
} because it is being accessed through a
}s const object

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming



dyHKUNOHaNbHbIe KOHTENHEPbI, CV-KBaNN(UKaTOpPbl; KOHTEMHEpbI, Y. 2

cv-KBanudukKaTopbl U MeTOAbI

#include <iostream>
#include <cmath>

class Point2D {
public:
double x, y;
double get angle() const {
return std::atan(y / x);
}
void rotate(double angle) {
double tmp x = x * std::cos(angle)
y * std::sin(angle);
-X * std::sin(angle)
+ y * std::cos(angle);
X = tmp x; y = tmp_y;

n + 1

double tmp_y

}s

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming

const Point2D pt_2d = {0.0, 1.0};
std::cout << pt_2d.get _angle() << '\n';
const double M PI 2 = 1.57079632679489;
pt_2d.rotate(M PI 2);

i

error C2662: 'void

Point2D: :rotate(double)': cannot convert
'this' pointer from ‘const Point2D' to
"Point2D &'

note: Conversion loses qualifiers
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cv-KBanudukKaTopbl U MeTOAbI

#include <iostream>
#include <cmath>

class Point2D {
public:
double x, y;
double get angle() const {
return std::atan(y / x);
}
void rotate(double angle) {
double tmp x = x * std::cos(angle)
y * std::sin(angle);
-X * std::sin(angle)
+ y * std::cos(angle);
X = tmp x; y = tmp_y;

n +

double tmp_y

}s

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming

volatile Point2D pt_2d = {0.0, 1.0};
std::cout << pt_2d.get_angle() << '\n';

error C2662: 'double
Point2D::get_angle(void) const': cannot
convert 'this' pointer from 'volatile
Point2D' to 'const Point2D &'

note: Conversion loses qualifiers




CV-KBaJ'II/I(I)MKaTOPbI N MeTobl

#include <iostream>
#include <cmath>

class Point2D {
public:
double x, y;
double get_angle() const volatile {
return std::atan(y / x);
}
void rotate(double angle) {
double tmp x = x * std::cos(angle)
y * std::sin(angle);
-X * std::sin(angle)
+ y * std::cos(angle);
X = tmp x; y = tmp_y;

n + 1

double tmp_y

}s

volatile Point2D pt_2d = {0.0, 1.0};
std::cout << pt_2d.get_angle() << '\n';

oK

1.5708




CV-KBaJ'II/ICI)MKaTOPbI U rneperpy3Kka MetogoB

#include <iostream>
#include <cmath>

class Point2D {
public:
double x, y;
double get_angle() const {

Point2D pt_2d = {0.0, 1.0};

std::cout << pt_2d.get_angle() << '\n';
const Point2D pt_2d_c = {-1.0, -1.0};
std::cout << pt_2d_c.get_angle() << '\n';

, return std::atan(y / x); 1.5708
double get _angle() { Const
std::cout << "Non-const" << ‘\n'; ©.785398
return std::atan(y / x);
}; } Yka3zaHue cv-qualifiers ons MeToaoB Tak, Kak yKa3aHo BbllLUe, AeaeT COOTBETCTBYHOLLME

KBaNMMUKATOPbl YaCTbo TMNa METOAA; METOMbI MOXHO Neperpy»aTb, MeHsIA NiLLb cv-qualifier
MeTOo/1a, 6e3 N3MEHEHWS apryMEHTOB 1 BO3BPALL@EMbIX 3HAYeHWNA. PaspeLleHne neperpysku
NPOUCXOANT COrNacHo cv-KBanudukaTopam 06beKTa, METO/] Y KOTOPOro BbI3bIBAETCH.
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const-KOppeKTHOCTb

ii:zizjz zizzzgfam> void print_angle(Point2D& pt) {
std::cout << pt.get _angle();
class Point2D { J
public: : i
double x, y; znt main()
double get_angle() { Point2D pt_2d = {0.0, 1.0};
return std::atan(y / x); print_angle(pt_2d); ’ ’
. } return 0;
}s }

CONSt-KOPPEKTHOCTb 3aK/IKOYAETCA B CBOEBPEMEHHOM M MOSTHOM YKa3aHUM KBanudukaTopa const
[N apryMeHTOB, KOTOPbIM He CneayeT MO CMbICY MEHATHCS B QYHKLWN, N METOAOB, KOTOPbIE
MO CMbIC/Y HE JOMKHbI MEHATb COCTOSAAHME TEKYLLIErO OObeKTa.

KoHCcTpynpoBaHue nporpaMMHOro obecneyenus « C++ Programming
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const-KOpPpPEeKTHOCTb

ii:iizjz zizzzgiam> void print_angle(Point2D& pt) {
std::cout << pt.get _angle();
class Point2D { }
public: : ;
double x, y; znt main()
double get_angle() { . const Point2D pt 2d = {0.0, 1.0};
return std::atan(y / x); print_angle(pt_2d);
. } return 0;
}) }

error C2664: 'void print_angle(Point2D &)':
cannot convert argument 1 from 'const
Point2D' to 'Point2D &'

note: Conversion loses qualifiers

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming
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const-KOpPpPEeKTHOCTb

ii:iizjz zizzzgiam> void print_angle(const Point2D& pt) {
std::cout << pt.get_angle();
class Point2D { }
public: : ;
double x, y; znt main()
double get_angle() { . const Point2D pt 2d = {0.0, 1.0};
return std::atan(y / x); print_angle(pt_2d);
. } return 0;
}) }

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming
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const-KOpPpPEeKTHOCTb

ii:iizjz zizzzgiam> void print_angle(const Point2D& pt) {
std::cout << pt.get_angle();
class Point2D { }
public: : ;
double x, y; znt main()
double get_ang%?() { . const Point2D pt_2d = {0.0, 1.0};
return std::atan(y / x); print_angle(pt_2d);
. b return 0;
}) }

error C2662: 'double

Point2D: :get_angle(void)': cannot

convert 'this' pointer from 'const
Point2D' to 'Point2D &’

note: Conversion loses qualifiers

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming
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const-KOpPpPEeKTHOCTb

ii:iizjz zizzzgiam> void print_angle(const Point2D& pt) {
std::cout << pt.get_angle();

class Point2D { }
public: . .

double x, y; z”t main()

double get_angle() const { const Point2D pt 2d = {0.0, 1.0};

return std::atan(y / x); print_angle(pt za)_ ? ?
. } return 9,
}) }
oK

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming
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const-KOpPpPEeKTHOCTb

template<class T>
class DynArray {

/* oo ¥/
const T& operator[](size t idx) const; = 4J/19 YTEHUS
T& operator[](size_t idx); g 117151 3anMcH
/* oo ¥/

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming
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std::unordered_map ana nonb3oBaTtenbCKUX TUMOB

#include <unordered map>
#include <string>
#include <iostream>

class RGBColor {
public: uint8 t r, g, b;
}s5

using ColorNameMap = std::unordered map<RGBColor, std::string>;
using ColorNameMapEntry = std::pair<RGBColor, std::string>;

int main() {
ColorNameMap color map = {
{{255, @, 0}, "Red"},
{{0, 255, 0}, "Green"},
{{255, 255, 255}, "White"}};

RGBColor color = {255, 0, 0};
std::cout << color_map[color];

} KoHCcTpynpoBaHue nporpaMMHOro obecneyenus « C++ Programming

Compile-time error:
error C2280: 'std::hash< Kty>::hash(const
std: :hash< _Kty> &)': attempting to reference a
deleted function
with
[

1

_Kty=RGBColor




dyHKUNOHaNbHbIe KOHTENHEPbI, CV-KBaNN(UKaTOpPbl; KOHTEMHEpbI, Y. 2

std::unordered_map

keys buckets entries
1 X Lisa Smith 521-8976
isa Smi -
_ 001 [et— "
John Smith
002 | X
. . ® John Smith 521-1234
Lisa Smith
151 |x ‘
Sam Doe E X Sandra Dee 521-9655
154 | X
Sandra Dee
X Ted Baker 418-4165
253 | X
Ted Baker e
B Sam Doe 521-5030
255 | |EX

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming
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std::unordered_map

keys
hash(key)

template< class Key, John Smith
class T,
class Hash = std::hash <Key>Lisa Smith
class KeyEqual = std::equal to<Key>,
class Allocator = ...> Sam Doe
class unordered_map;

Sandra Dee

Ted Baker

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming

buckets entries
000 | X , ,
5 "/' X Lisa Smith 521-8976
002 | X
’ John Smith 521-1234
151 |x ‘
- X Sandra Dee 521-9655
153
154 | X
X Ted Baker 418-4165
2337 [X
jz: :\ x| SamDoe 521-5030
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std::unordered_map

keys buckets entries
WSS SUR o X | Lisa Smith 521-8976
1Sa St =
: 001 [et— "
template< class Key, John Smith, SEo (13 key_equal(key, entry) == true
class T,
John Smith 521-1234
class Hash = std::hash<Key>lisa Smith = [ ?
class KeyEqual = std::equal to<Key>, o ¢
class Allocator = ...> Sam Doe x| SandraDee 521-9655
class unordered_map; 153
154 | x
Sandra Dee
X Ted Baker 418-4165
2531 [P
Ted Baker o
& x| SamDoe 521-5030
75 %

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming
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std::unordered_map

keys buckets entries
NESHESH OO X | Lisa Smith 521-8976
1Sa St =
- 001 [eT"
template< class Key, — 002 [ keyequal(key, entry) == FElEE
class T,
John Smith 521-1234
class Hash = std::hash<Key>lisa Smith = [ ?
class KeyEqual = std::equal to<Key>, o ¢ key_equal(key, entry) == true
class Allocator = ...> Sam Doe : x| SandraDee | 521-9655
class unordered_map; 153
154 | x
Sandra Dee
itteiis X | Ted Baker 418-4165
, 253 | x
Ted Baker o
‘ [ x| SamDoe 521-5030
255 | x

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming
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std::unordered_map ana nonb3oBaTtenbCKUX TUMOB

std::hash

std: :hash -knacc (B Buae struct),

g B W N

Defined in header <functional> onpegensatowumi operator() (const Key&) const;

template< class Key > Gikide G T onepaTop AOMKEH BbIYNCANTb XaLU NpuLLeaLlero
struct hash; obbekTa.

. Accepts a single parameter of type Key.

. Returns a value of type std::size_t that represents the hash value of the parameter.

. Does not throw exceptions when called.

. For two parameters k1l and k2 that are equal, std::hash<Key>()(kl) == std::hash<Key>() (k2) .
. For two different parameters k1l and k2 that are not equal, the probability that

std: :hash<Key>() (kl) == std::hash<Key>()(k2) should be very small, approaching
1.0/std::numeric_limits<std::size_t>::max() .

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming
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std::unordered_map ana nonb3oBaTtenbCKUX TUMOB

Standard specializations for basic types

Defined in header <functional>

template<>
template<>
template<>
template<>
template<>
template<>
template<>
template<>
template<>
template<>
template<>
template<>
template<>
template<>
template<>
template<>
template<>
template<>
template<>
template<>

template< class T

struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct

hash<bool=>;
hash<char>;
hash<signed char>;
hash<unsigned char>;
hash<char8_t>;
hash<charl6_t>;
hash<char32_t>;
hash<wchar_t>;
hash<short>;
hash<unsigned short>;
hash<int>;
hash<unsigned int>;
hash<long>;
hash<long long>;
hash<unsigned long>;
hash<unsigned long long>;
hash<float>;
hash<double>;

hash<long double>;
hash<std::nullptr_t>;

> struct hash<T*>;

// C++20

KoHcTpynpoBaHue nporpamMmMHoro oéecredyenus « C++ Programming

Standard specializations for library types

std:
std:
std:
std:
std:
std:
std:
std:
std:
std:

:hash<std:
:hash=std:
:hash=std:
:hash<std:
:hash=std:
:hash=std:
:hash=std:
:hash<std:
:hash<std:
:hash<std:

istring= (C++11)
:u8string=> (C++20)
:ulbstring= (C++11)
:u32string> (C++11)
iwstring= (C++11)
:pmr::string> (C++17)
:pmr::u8string> (C++20)
:pmr::ul6string> (C++17)
:pmr::u32string> (C++17)
:pmr::wstring> (C++17)

hash support for strings

(class template specialization)

std: :hash - LWABMOHHbBIN KNACC, UMEROLLNIA
cneynanusaumm, npaBuibHbIM 06pPa30M BblYUCIAIOLLME
XaLL ANa 60NbLUNMHCTBA BCTPOEHHbIX TUMOB. 14
HecneumannanpoBaHHOro LWabnoHa operator() «yaaneH»
cneunanbHO, MOCKObKY ero AeNCTBME He onpeaeneHo.
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std::unordered_map ana nonb3oBaTtenbCKUX TUMOB
rgbcolor.hpp (BapnaHT

l&lass RGBColor {
public: uint8 t r, g, b;
bool operator==(const RGBColor& rhs) const {
return this->r == rhs.r && this->g == rhs.g && this->b == rhs.b;

}
}s
template<>

struct std::hash<RGBColor> {
std::size t operator()(const RGBColor& c) const

{
std::size t hl = std::hash<uint8 t>{}(c.r);
std::size t h2 = std::hash<uint8 t>{}(c.g);
std::size t h3 = std::hash<uint8 t>{}(c.g);
return hl » (h2 << 1) ~ (h3 << 2);

}

}s




std::unordered_map ana nonb3oBaTenbCKUX TUMOB

#include <unordered map>
#include <string>
#include <iostream>

#include "rgbcolor.hpp® // <- contains std::hash specialization too

using ColorNameMap = std::unordered map<RGBColor, std::string>;
using ColorNameMapEntry = std::pair<RGBColor, std::string>;

int main() {
ColorNameMap color map = {
{{255, @, 0}, "Red"},
{{0, 255, 0}, "Green"},
{{255, 255, 255}, "White"}};

RGBColor color = {255, 0, 0};

N, e
}
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std::unordered_map ana nonb3oBaTenbCKUX TUMOB
rgbcolor.hpp (BapnaHT

2<)lass RGBColor {
public: uint8 t r, g, b;
bool operator==(const RGBColor& rhs) const {
return this->r == rhs.r && this->g == rhs.g && this->b == rhs.b;

}
¥
struct MyHasher // instead of std::hash specialization

{

std::size t operator()(const RGBColor& c) const

{
std::size t hl = std::hash<uint8 t>{}(c.r);
std::size t h2 = std::hash<uint8 t>{}(c.g);
std::size t h3 = std::hash<uint8 t>{}(c.g);
return hl » (h2 << 1) ~ (h3 << 2);

}

}s




std::unordered_map ana nonb3oBaTenbCKUX TUMOB

#include <unordered map>
#include <string>
#include <iostream>

#include "rgbcolor.hpp® // <- without std::hash specialization, but with MyHasher

using ColorNameMap = std::unordered map<RGBColor, std::string, MyHasher>;
using ColorNameMapEntry = std::pair<RGBColor, std::string>;

int main() {
ColorNameMap color map = {
{{255, @, 0}, "Red"},
{{0, 255, 0}, "Green"},
{{255, 255, 255}, "White"}};

std::cout << color_map[color];



std::unordered_map

#include <unordered map>
#include <string>
#include <iostream>

#include "rgbcolor.hpp® // <- without std::hash specialization, but with MyHasher

using ColorNameMap = std::unordered map<RGBColor, std::string, MyHasher>;
using ColorNameMapEntry = std::pair<RGBColor, std::string>;

int main() {
ColorNameMap color map = {
{{255, @, 0}, "Red"},
{{0, 255, 0}, "Green"},
{{255, 255, 255}, "White"}};

std::cout << color_map[color];
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std::unordered_map - HBanugaumsa ntepaTopos

Operations Invalidated
All read only operations, swap, std: :swap Never
clear, rehash, reserve, operator= Always
insert, emplace, emplace;hint Only if causes rehash
erase Only to the element erased

KoHcTpynpoBaHue nporpaMMHoOro oéecneyeHust « C++ Programming
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std::unordered_map - HBanugaumsa ntepaTopos

Operations Invalidated
All read only operations, swap, std: :swap Never
clear, rehash, reserve, operator= Always
insert, emplace, emplace;hint Only if causes rehash
erase Only to the element erased

KoHcTpynpoBaHue nporpaMMHoOro oéecneyeHust « C++ Programming
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std::unordered_map - HBanupaunsa ntepaTopos

std::unordered_map<Key,T,Hash,KeyEquaI,AIIocator>::rehaSh

void rehash( size_type count ); (since C++11)

Sets the number of buckets to count and rehashes the container, i.e. puts the elements into appropriate buckets

considering that total number of buckets has changed. If the new number of buckets makes load factor more than
maximum load factor ( count < size() / max_load_factor() ), then the new number of buckets is at least
size() / max_load_factor() .

KoHcTpynpoBaHue nporpaMMHoro oéecrnedyenus « C++ Programming
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std::unordered_map - HBanupaunsa ntepaTopos

Hash policy

returns average number of elements per bucket
(public member function)

manages maximum average number of elements per bucket
(public member function)

reserves at least the specified number of buckets and regenerates the hash table
(public member function)

reserves space for at least the specified number of elements and regenerates the hash
reserve (C++11) table
(public member function)

load_factor (C++11)
max_Lload_factor (C++11)

rehash (C++11)

KoHcTpynpoBaHue nporpaMMHoro oéecrnedyenus « C++ Programming
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std::unordered_map - MHOXXUTENb Harpy3sKwu

float max_load_factor() const; (1) (since C++11)

void max_load_factor( float ml ); (2) (since C++11)
Manages the maximum load factor (number of elements per bucket). The container automatically increases the number
of buckets if the load factor exceeds this threshold.
1) Returns current maximum load factor.

2) Sets the maximum load factor to mL.

KoHcTpynpoBaHue nporpaMMHoro oéecrnedyenus « C++ Programming



std::unordered_map - MHOXUTENIb Harpy3Ku

int main()

{
ColorNameMap color map = {
{$25;;5@’@?}’";Re‘j",}:i Max load factor is:1
, , 0}, "Green"}, i
{{255, 255, 255}, "White"}}; tE: @.§75
std::cout << "Max load factor is:" o
<< color_map.max_load_factor() << '\n'; LF: 0.625
std::cout << "LF: " << color_map.load_factor() << '\n'; LF: ©.75
LF: ©0.875
for (size_t i =0; 1 < 10; i++) { LF:
uint8_t val = i; LF: 0.140625

color_map[RGBColor{val, val, val}] = std::string(""); LF:
std::cout << "LF: " LF:
<< color_map.load factor() << '\n'; :
LF:

}
LF:

.15625
.171875
.1875
.203125

%)
%)
%)
%)
1
%)
%)
%)
%)
%)

return 0;




