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LLla610oHbI KnaccoB

Kak wabnoHbl BbIrAASAT B 06 bekKTHOM daiine

Kak KoMnuanpyroTcst LWabaoHsl

LLlab6s1oHbI «pa3gyBaoT» Kog!

MpriMepbl U3 CTaHAAPTHOW 6UBAMOTEKN
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Ob6blYHble Wab/oHbI

// O06blUHbIA Wa6IOH
template <class X, class Y>
class pair;

// 3HauyeHue Mo YMOMYAHWUIO
template <class T, class Allocator = std::allocator<T>>
class vector;

// 0Ba 3HAYEHWSA MO YMOAYAHWUIO
template <class Ch,
class Tr = std::char_traits<Ch>,
class Allocator = std::allocator<Ch>>
class basic_string;

// KoHKpeTusauusa wabnoHa (instantiation)
using string = basic_string<char>;
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LLIa6/10HBLI C KOHCTAaHTaMM

// mnapameTp-KOHCTaHTa
template <class T, std::size_t>
class array;

// napameTp-KOHCTAHTA C MPOM3BOJIbHbIM THUMOM
template <class T, T v>
struct integral_constant;

// KoHKpeTusauusa wabnoHa (instantiation)
using true_type = integral_constant<bool, true>;
using false_type = integral_constant<bool, false>;

// WwabnoH Ha OCHOBe ApYyroro wabnioHa

template <bool B>
using bool_constant = integral_constant<bool, B>;
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LLIa6/10HbI LLab1oHOB

// WabnoH u3 wabnoHa
template <template <class X, class Y> class Container>
struct FloatContainer:
public Container<float,std::allocator<float>> {
using base_type = Container<float,std::allocator<float>>;
// wcnonb3oBaHUe KOHCTPYKTOPOB 6a30BOro Kaacca
using base_type::base_type;

b

FloatContainer<std::vector> x(5, 1.f);
FloatContainer<std::list> y{1.f, 2.f, 3.f, 4.f, 5.f};
std::ostream_iterator<float> it(std::cout, "
std::copy(x.begin(), x.end(), it); // 1 11

D)5
11
std::copy(y.begin(), y.end(), it); // 12 3 4 5
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[TonHasa cneymanmnlayna

template <class T> struct atomic;

template <> struct atomic<int>; // nonHas cneuuwanusauus ana int
template <> struct atomic<char>; // nonHaa cneuuanusauua ana char

// nonHas cneuuanusauus gns shared_ptr,
// KoTopas cama sBAseTca Wab/ioHOM
template <class T>

struct atomic<std::shared_ptr<T>>;
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YacTtnyHaga cneymanmlayng

template <class T, class Deleter = std::default_delete<T>>
class unique_ptr;

// JYacTuyHaa crneuuanusauus Ond MaccUBOB
template <class T, class Deleter>
class unique_ptr<T[], Deleter>;

template <class T>
class default_delete {

void operator()(T* ptr) { delete ptr; }
i

// JyacTuuHaa cneuuannsauus And MaccuBOB
template <class T>
class default_delete<T[]> {

void operator()(Tx ptr) { delete[] ptr; }
i
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» [lonHas cneumanmsaumsa npeBpaLlaeT WabnioH B Knacc.
» YacTnyHas cneumanvsaums npespaLlaeT WabnoH B ApYroi LWabioH.

> YacTuyHas cneyyanmsaumsa wabnoHos GyHKLMA 3anpeLteHa. ObxogHoe
peLueHmne — Kaacc co CTaTuYeckMm MeTOZ0M.
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Komnunnaumsa 6e3 wabaoHoB

myclass.hh:

struct MyClass {
void mymethod();
s

myclass.cc:

#include "myclass.hh"

#include <iostream>

void MyClass::mymethod() {
std::cout << "Hello world\n";

}

KomaHza komnunsaumm
g++ -c myclass.cc -o myclass.o
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Mpenpoueccop:

g++ -E -c myclass.cc # 6e3 #include <iostream>
1 "myclass.cc"

"<built-in>"

"<command-line>"
"/usr/include/stdc-predef.h" 1 3 4
"<command-line>" 2

"myclass.cc"

1 "myclass.hh" 1

struct MyClass {

void mymethod();

H H A A e
[N QN

’
# 2 "myclass.cc" 2

void MyClass::mymethod() {
std::cout << "Hello world\n";

}
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CogepxrMoe 06beKTHOro parina:

$ g++ -c myclass.cc -o myclass.o # c #include <iostream>
$ nm -C myclass.o

__Cxa_atexit

__dso_handle
_GLOBAL__sub_I__ZN7MyClass8mymethodEv

U

U

000000000000005C t

000000000000001e t

0000000000000000 T MyClass::mymethod()

U std::ios_base::Init::Init()
U std::1os_base::Init::~Init()

U std::cout

r std::piecewise_construct

b std::__ioinit

U std::basic_ostreamé& std::operator<<(...)

0000000000000000
0000000000000000

__static_initialization_and_destruction 0(...
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Komnunaumsa ¢ abnoHom

myclass.hh:

template <class T>
struct MyClass {

void mymethod();
};

myclass.cc:

#include "myclass.hh"

#include <iostream>

template <class T>

void MyClass<T>::mymethod() {
std::cout << "Hello world\n";

}
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Mpenpoveccop:
g++ -E -c myclass.cc # 6e3 #include <iostream>
1 "myclass.cc"
"<built-in>"
"<command-line>"
"/usr/include/stdc-predef.h" 1 3 4
"<command-line>" 2
"myclass.cc"
1 "myclass.hh" 1
template <class T>
struct MyClass {
void mymethod();
b
# 2 "myclass.cc" 2
template <class T>
void MyClass<T>::mymethod() {
std::cout << "Hello world\n";

}

H H A A A
PR R PR
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CozepxrMoe 06beKTHOro parina:

$ g++ -c myclass.cc -o myclass.o

$ nm -C myclass.o

000000000000003e
0000000000000000

0000000000000000
0000000000000000

U
u
t
t
U
U
r
b

__Cxa_atexit
__dso_handle
_GLOBAL__sub_I myclass.cc

__static_initialization_and_destruction 0(...

std::ios_base::Init::Init()
std::ios_base::Init::~Init()
std::piecewise_construct
std::_ _ioinit
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JlobaBunM KOHKpeTn3auuto WwabnoHa B myclass.cc:
template struct MyClass<float>;

CopepxrmMoe ob6bekTHoro darna:

$ g++ -c myclass.cc -o myclass.o
$ nm -C myclass.o

U __cxa_atexit

U __dso_handle
000000000000003e t _GLOBAL__sub_I_myclass.cc
0000000000000000 t  static_initialization_and_destruction 0(...
0000000000000000 W MyClass<float>::mymethod()

U std::ios_base::Init::Init()

U std::ios_base::Init::~Init()

U std::cout
0000000000000000 r std::piecewise_construct
0000000000000000 b std::__ioinit

U std::basic_ostream§& std::operator<<(...)
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Job6asum parin main.cc:

#include "myclass.hh"

int main() {
MyClass<float> x; // KoHKpeTu3auua wabrnoHa
x.mymethod();
return 0;

}

Cogepxrmoe ob6bekTHoro darna:

$ g++ -c main.cc -o main.o
$ nm -C main.o
0000000OOOOOENAO T main
U MyClass<float>::mymethod()
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Co6epeM NporpaMMy LEeNKOM:
$ g++ main.o myclass.o -0 myprog

$ nm -C myprog

00000000004006b6
0000000000400724

0000000000601040
00000000004007d0

cCHRwWmCCcC=H-

main

MyClass<float>::mymethod()
std::ios_base::Init::Init()@AGLIBCXX 3.4
std::ios_base::Init::~Init()Q@GLIBCXX 3.4
std::cout@aGLIBCXX 3.4
std::piecewise_construct
std::basic_ostream& std::operator<<(...)
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> TONbKO KOHKpeTM3aLmn LabsoHa NOSBASIOTCA B 06beKTHOM darine.
> Cneumanusaumns WabaoHa KOHKpeTn3aLen He aBnseTcs.

> Kaxabl yHUKaNbHbIA HAbOp apryMeHTOoB LWabioHa co3jaeT HOBYHO
KOHKpeTu3aLmo.
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[lBa 3Tana komnuaauunm

leHepauusa Koaa Komnunauns
13 LWabaoHOB Koza

template <class T>

void print(std::vector<T> x) {
// iterator — Tun wnyM WAGIOH?
std::vector<T>::iterator first = x.begin(); // owubka
typename std::vector<T>::iterator first = x.begin(); // ok

std::vector<int> x{1,2,3,4};
std::vector<int>::iterator first = x.begin(); // ok
print(x);
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[1priMep: peecTp KaccoB

template <class BaseType>
struct Registry {

template <class T> void register_class() { ... }
iie

class Object {};
class MyObject: public Object {};

template <class BaseType> void

register_my_classes(Registry<BaseType>& reg) {
reg.register_class<MyObject>(); // oumnbka
reg.template register_class<MyObject>(); // ok

}
Registry<Object> reg; register_my_classes(reg);
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LLlabnoHbI «pa3ayBatoT» Koa!

template <class T> void myprint() {
std::vector<T> x(10);
std::ostream_iterator<T> it(std::cout, "\n");
std::copy(x.begin(), x.end(), it);

}

myprint<int>();
myprint<float>();
myprint<std::string>();

LLlabnoHbl KomaHga Pa3mep, K6 nm -C myprint std::vector
3 g++ -00 42 239 3 42
3 g++ -03 14 46 3
3 g++ -03 -flto 14 45
1 g++ -03 -flto 9 42
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[Mprimep: 6a30BbIN KNacc 419 MOTOKOB

std::10s_base

std::basic_ios<Ch,Tr>

/

o~

std::basic_istream<Ch,Tr>

std::basic_ostream<Ch,Tr>

o~

/

std::basic_iostream<Ch,Tr>
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[Mprimep: 6a30BbIN KNacc 419 MOTOKOB

std::10s_base| ???

std::basic_ios<Ch,Tr>

/

o~

std::basic_istream<Ch,Tr>

std::basic_ostream<Ch,Tr>

o~

/

std::basic_iostream<Ch,Tr>
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Bel. Kak n36aBUTbCS OT «pa3fyBaHUsA» KOAA?

Bedywuli npozpammucm. BbIHeCT He 3aBuCALLMe
OT aprymMeHTOB LLab/oHa MeToAbl 3a Npesesbl
Knacca-wabnoHa.

Pykogodumesnb KOMAHObI. BbiHECTY BCe LWabIOHBbI
B OTAENbHY 6MBNMOTEKY 1 cAenatb NUX
KOHKpeTM3aLmnto B cc-painnax.
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Mpumep: std::1terator_traits

namespace std {
// obbsiBNeHue wabnoHa
template <class Iterator>
struct iterator_traits;

// 4YacTuUuHaa cneuuanusauus Ona ykasaTenen
template <class T>
struct iterator_traits<Tx> {
using iterator_category = random_access_iterator_tag;
using value_type = T;
using difference_type = ptrdiff_t;
using pointer = Tx;
using reference = T§;

b
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namespace My {
template <class T>
struct MyIterator { ... };
}
// JacTuuHaa cneuuanusauua ana MyIterator
namespace std {
template <class T>
struct iterator_traits<My::MyIterator<T>> {
using iterator_category = input_iterator_tag;
using value_type = T;
using difference_type = ptrdiff_t;
using pointer = Tx;
using reference = T§;
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[Mpumep: std: :hash

namespace std {
// obbsABneHne wabnoHa
template <class T>
struct hash;

// NoNHad cneunanm3dauna Ana NPpUMUTUBHBIX TUMOB
template <>
struct hash<int> {
size_t operator()(int x) const {
return static_cast<size_t>(x);
}

b
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namespace My {
struct Person { int id; std::string first_name, last_name; };
}

namespace std {
// nonHaa crneuyuanulauua ana Person
template <>
struct hash<My::Person> {
size_t operator()(const My::Person& x) const {
return static_cast<size_t>(x.id);
}

b
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Mpumep: pnaru

MonbiTka Nel:
enum class OpenFlag: int {

Append = 1,
Truncate = 2
ReadOnly = 4

WriteOnly = 8
};
OpenFlag flags = OpenFlag::Append | OpenFlag::WriteOnly; // owubka

MonbITka Ne2:
OpenFlag operator|(OpenFlag a, OpenFlag b) {

return OpenFlag(static_cast<int>(a) | static_cast<int>(b));
}

OpenFlag flags = OpenFlag::Append | OpenFlag::WriteOnly; // ok
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MonbITka Ne3:
template <class T> // SFINAE
struct flag_traits {}; // substitution failure
// is not an error
template <class Flag>
auto operator|(Flag a, Flag b) ->
flag_traits<Flag>::flag_type {
using tp = typename flag_traits<Flag>::int_type;
return Flag(static_cast<tp>(a) | static_cast<tp>(b));

}

template <>

struct flag_traits<OpenFlag> {
using flag_type = OpenFlag;
using int_type = int;

b

OpenFlag flags = OpenFlag::Append | OpenFlag::WriteOnly; // ok

29/31



BapunaHT c std::enable_if:
template <class T> struct is_flag: public std::false_type {};

template <class Flag>
auto operator|(Flag a, Flag b) ->
typename std::enable_if<is_flag<Flag>::value,Flag>::type {
using int_type = ...
return Flag(static_cast<int_type>(a) | static_cast<int_type>(b));

}

template <>
struct is_flag<OpenFlag>: public std::true_type {};

OpenFlag flags = OpenFlag::Append | OpenFlag::WriteOnly; // ok
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LLIa6IOHbI B APYrX A3bIKaxX

Makpochbl C LWabnoHbl C++ Makpochl LISP

Tunel
KnaccoB
Haskell
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