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I BHeceHHble UBME@HeHUsA

PacwunpeHuna aapa Aa3blka:

Multithreading
Uniform initialization
std::initializer_list
Move semantics
Variadic templates
noexcept

constexpr

POD-type
Range-based for loop
Auto/decltype
Lambda functions
Alternative function syntax

Default value for non-static class member

Delegate constructors

‘default’ / ‘delete’ specifiers
‘override’ / 'final’ specifiers
nullptr

enum class

enum underlying type
Explicit cast operators
‘'using’ for types

Relaxed rules for unions
extern templates

New string literals types
User-defined literals
static_assert
alignof/alignas

Attributes

PacwupeHunsa ctTaHoapTHOM

On6NNOTEKMU:

Updates to the existing components

std::tuple

Associative unordered containers

Smart pointers
std::function
std::reference_wrapper
Regex library

Random library

Chrono library



Multithreading



[1o C++11 popManbHO He cylecTBOBa/io MHOMOMOTOUHbIX MPUMOXEeHUA

Bce ropoannv cBou Marsnble apxXUTeKTypHble peweHna Ha ocHoBe WINAPI,
pthread, Cocoa, ...

C++11 nobaBun:

[TOTOKU BbINOJTHEHUS std::thread
MeXxaHU3Mbl CUHXPOHU3ALLUN std::mutex

std::recursive_mutex
std::timed_mutex
std::recursive_timed__mutex
std::conditional_variable

Moaenun u bapbepbl NnaMATH std::memory_order

std::atomic_thread_ fence

ATOMapHble nepeMeHHbIe std::atomic

ACUHXPOHHbIE BbIMUC/TIEHUS std::future
std::packaged_task

std::promise



#include <thread>

void threadFunction(int i, double d, const std::string &s)

1

std::cout << 1 << ", " k< d << ", " << s << std::endl;

}

int main()

{
std::thread thr { threadFunction, 1, 2.34, "example" };
thr.join();
return 9;

}



Uniform initialization



Kak Mbl MO)XeM MHULMANU3UPOBaTb O6bEKT 3HaueHneM B C++?

int i1; // (1) default initialization
int 12(42); // (2) direct initialization
int i3 = 42; // (3) copy initialization
int 14 = int(); // (4) value initialization

int arr[] ={ 1, 2, 3 }; // (5) aggregate initialization

struct Point { double x, y; } point { 0.0, 0.0 }; // (5)
std::complex<double> cmpl(0.0, 0.0); /] (2)
std::complex<double> cmpl = std::complex<double>(0.0, 0.0); // (3)



I C HOBbIM CUHTAKCUCOM C++:

int i1; // (1) default initialization
int 12 { 42 }; // (2) direct initialization
int i3 = { 42 }; // (3) copy initialization
int i4 {}; // (4) value initialization

int arr[] ={ 1, 2, 3 }; // (5) aggregate initialization

struct Point { double x, y; } point { 0.0, 0.0 }; // (5)
std: :complex<double> cmpl { 0.0, 0.0 ;}; // (2)
std: :complex<double> cmpl = std::complex<double> { 0.0, 0.0 }; // (3)



KoMnunupyeTcsa nm 3ToT KoAa?

struct Timer

{

Timer();

}s

struct TimeKeeper

{

TimeKeeper(const Timer &t);
int get time();
}s

TimeKeeper time keeper(Timer());
int time = time keeper.get time();



I KoMnunupyeTtca nm 3ToT KoaA? HeT :)

MSVC
<source>(13): error (C2228: left of '.get time' must have class/struct/union

Compiler returned: 2
GCC ° ° ° ° °
<source>:13:24: error: request for member 'get_time' in 'time_keeper', which is of non-class type
'TimeKeeper(Timer (*)())'
13 | int time = time keeper.get time();

NINININININI N

Compiler returned: 1

Clang

<source>:13:23: error: member reference base type 'TimeKeeper (Timer (*)())' is not a structure or
union

int time = time_keeper.get time();

1 error generated.

Compiler returned: 1



struct Timer

1

Timer();

}s

struct TimeKeeper

1

TimeKeeper(const Timer &t);
int get time();
}s

TimeKeeper time keeper { Timer() ;};
int time = time keeper.get time();



std::initializer list<T>




std: :vector<std: :string> musicGenres;

musicGenres.push back("pop");
musicGenres.push back("metal");
musicGenres.push back("rap");
musicGenres.push back("jazz");
musicGenres.push back("reggae");
musicGenres.push back("folk");
musicGenres.push back("blues");



std: :vector<std: :string> musicGenres;

musicGenres.push back("pop");
musicGenres.push back("metal");
musicGenres.push back("rap");
musicGenres.push back("jazz");
musicGenres.push back("reggae");
musicGenres.push back("folk");
musicGenres.push back("blues");



std: :vector<std: :string> musicGenres

"pop”,

"metal”,

‘rap”,

"Jazz",

"reggae’,

"folk",

"blues”



include <vector>
include <initializer list>

template <typename T>
class MyStack

{

MyStack(std::initializer 1list<T> list)
{

m vec.reserve(list.size());
typedef std::initializer 1list<T>::const iterator list iter;
for (list iter it = list.begin(); it != list.end(); ++it)

m vec.push back(*it);

}

std: :vector<T> m vec;

}s



Move semantics



class MyString

{
char *m data;
size t m size;
size t m capacity;

MyString(const MyString &str)

: m data(strdup(str.m data)) { .... }
MyString(const char *str)

: m data(strdup(str)) { .... }

}s



std: :vector<std: :pair<MyString, int>> data;

data.reserve(1000000) ;
for (size t 1 = 0; 1 < 1000000; ++1)
myMap.push back(std::pair<MyString, int> { "Hello", i });



"Hello" -> MyString (new + memcpy)
MyString -> std::pair<MyString, int> (new + memcpy)
std: :pair<MyString, int> -> std::vector<...> (new + memcpy)



class MyString
1
{ std::swap(m data, str.m data);
MyString& operator=(MyString &&str) { .... }

char *m data;
size t m size;
size t m capacity;

}s



class MyString

1
{ std::swap(m data, str.m data);

MyString& operator=(MyString &&str) { .... }

char *m data;
size t m size;
size t m capacity;

}s

template <class T>
typename std::remove reference<T>::type&& move(T &&t) noexcept

{
return static cast<T&&>(t);

}



"Hello" -> MyString (new + memcpy)
MyString -> std::pair<MyString, int> (move)
std: :pair<MyString, int> -> std::vector<...> (move)



noexcept



void foobar();

void foo() throw(A, B)

1
foobar();

}



void foobar();

void foo() throw(A, B)

{
try

{
foobar();

}

catch (A &) { throw; }

catch (B &) { throw; }

catch (...) { std::unexpected(); }



void foobar();

void foo() throw()

{
try

{
foobar();

}
catch (...) { std::unexpected(); }

}



void foobar();

void foo() noexcept

1
}....

void foo() noexcept(compile-time-expr)

1
}....



class FastMove SlowCopy

1

public:
FastMove_SlowCopy(FastMove_SlowCopy &&);
FastMove_SlowCopy(const FastMove_SlowCopy &);

FastMove SlowCopy& operator=(FastMove SlowCopy &R&);
FastMove_SlowCopy& operator=(const FastMove_SlowCopy &);

}s



class FastMove SlowCopy

1

public:
FastMove SlowCopy(FastMove SlowCopy &&) 5
FastMove_SlowCopy(const FastMove_SlowCopy &);

FastMove SlowCopy& operator=(FastMove SlowCopy &&)
FastMove SlowCopy& operator=(const FastMove SlowCopy &);

}s



Variadic templates



int printf(const char * const format, ...);

int x = 10;
double y = 0.0;
printf("My beautiful string, x = %i, y = %i\n", X, y);



int printf(const char * const format, ...);

int x = 10;

double y = 0.0;

printf("My beautiful string, x = %i, y = %i\n", X, y);
// incorrect specifier, expected “%f” ~



template <typename >
void printf(const char * const format, const Args &...args);

int X = 10;
double y = 0.0;
printf("My beautiful string, x = {}, yv = {}\n", X, y);



template <typename >
void printf(const char * const format, const Args &...args);

int x = 10;
double y = 0.0;
printf("My beautiful string, x = {}, vy = {}\n", X, y);

printf< >(const char * const format,
int argl,
double arg2);



template <typename ...T>
struct tuple;

template <typename Head, typename ...Tail>

struct tuple<Head, Tail...>

template <>
struct tuple<> {};

. tuple<Tail...> {



Constant expressions (constexpr)




size t ArraySize() { return 42; }
int some value[ArraySize()];



size t ArraySize() { return 42; }
int some value[ArraySize()];

<source>:4:5: error: variliable length array declaration not
allowed at file scope

int some value[ArraySize()];

N\

INIINIINIINIININNINININNINI N

1 error generated.

Compiler returned: 1



constexpr size t ArraySize() { return 42; }
int some value[ArraySize()];

I OrpaHunJyeHusa:

= Non-void ¢yHKUUK

W Teno 40O/MKHO COCTOATb U3 return expr
B expr O0/HKeH COCTOATb U3 KOHCTaHT UK BbISOBOB constexpr-QyHKLNK

B He MoOXeT ncnonb3oBaTbCA A0 onpeaeneHua (onepexxawuee
obbABNEHUE)



size t Factorial(size t n)

{

return n == 0 ? 1 : n * Factorial(n - 1);

}

size_t foo { return Factorial(8); }



C++source #1 X
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e
=

B Save/load = Add new.. ™

#include <cstddef:

JZ Cpplnsights C++

size t Factorial(size t n)

{

return n == 8 2 1

size t fool)

{
¥

return Factorial(g);

: n * Factorial{(n - 1);

O x| x86-64 gcc 9.1 (Editor #1, Compiler #1) C++ X

-

A~ O1010 0O .fa.out

2

W 0D o= oh W B L

18
11
12
13
14

¥86-64 gee 9.1

.L3:

.L4d:

foo():

Mo

test

]E

imul

sub
jne
ret

ret

moy
ret

-

® std=c++11-02 -m64

M.0: Olibf Htext B/

1 Factorial{unsigned long):

eax,
rdi,
L4

rax,
rdi,
L3

eax,

1
rdi

rdi

483128

O



C++source #1 =

A"lr

o I o B O o R o (R - W (6 B

e
=

B Save/load = Add new.. ™

#include <cstddef:

,@ Cpplnsights C++

cize t Factorial{size t n)

{
h

return n == 8 2 1

size t© ftoo()

{
¥

return Factoriall(g);

: n * Factorial(n - 1);

-------

¥86-64 gcc 9.1 (Editor #1, Compiler#1) C++ X

A.'

x86-64 gcc 9.1 * ® std=c++11-02 -mb4d

011010 O.Jjaout E.X0: Olibfs BEtext BEJ/

1 Factorial({unsigned long):

2

W0l o= ohoun B

18
11
12
13
14

.L3:

.L4:

foo():

mow eax, 1
test rdi, rdi
je L4

imul rax, rdi
sub rdi, 1

jne L3

ret

ret

mow eax, 483206

re

O



Al'r

[ B = B I i B o R R W N Y L

R
=

B Save/load < Add new.. > 2 Cpplnsights C++ -

#include <cstddef> T e

size T Factorial({size t n)

! 2

return n == 8 ? 1 : n * Factorial{n - 1);

size © ftoo()

{

return Factorial(9);

WD 80 = O W L

¥
18

11
12
13
14
15
16
17
13
1%
28

¥86-64 gee 9.1

L3

L4 :

foo():

.L&:

A~ O11010 0O ./a.out

1 Factorial({unsigned long):

mow
test

je

imul
sub
jne
ret

ret

Mo
Mo

imul
sub
jne
mov
ret

¥ ® std=c++11-02 -mb4

F.0: Olibfs BHtext B/

eax, 1
rdi, rdi
L4

rax, rdi
rdi, 1
L3

réd, 1
eax, 9

ra, rax
rax, 1
L8
rax, ra

O\s+



A~ BSave/load = Addnew.. ™ ,G Cpplnsights C++ b ¥Gb-bd gcc 9.1 b -@ —ctd=c++11 -02 -m&d

; #include <cstddet> A~ 011010 Djaout B.X0: Olbf Biext B Os+
3 Size_t Factorial(size t n) 1 foo():

Kl 2 mow eax, 362888

5 return n == 8 *» 1 : n * Factorial(n - 1); 3 ret

5}

7

8 size t© ftoo()

o

18 return Factorial(9);

11 § B



A~ BSave/load = Addnew..~ & Cpplnsights C++ - A~ [OWrap lines

1 #include <cstddef> <source>: In function 'size t foo()':

2 T {source>:10:34: in 'constexpr’' expansicn of 'Factorial(13)’
3 constexpr FEEtE}FiEl n) {source>:18:37: error: overflow 1in constant expressicn [-fpermissive ]
E 1 18 | constexpr auto fact = Factorial(l3);

5 return n == 8 ?» 1 : n * Factorial{(n - 1); | A

6 I Compiler returned: 1

7

a8 size © fool)

51

16 constexpr auto fact = Factorial(l3); -I

11 return fact;

e
fa
et






TpuBUanbHbIU KNacc:

T() = default;

T(const T&) = default;

T& operator=(const T&) = default;
T(T&&) = default;

T& operator=(T&&) = default;

~T() = default;

HeT BUpTyanbHbIX METOAOB
M BUPTYasIbHOIoO HacieaoBaHUSA

Bce HecTaTnueckue nona TpuBmasnbHb

Bce 6a3o0Bbie Knaccbhl TpBUaAsbHbI
(MpY HanUJUnun)

Knacc co ctTaHAapTHbIM
pPa3MELLEeHUEM:

Bce HecTaTuyeckne Nona uMetoT
OAMHAaKOBbIM AOCTYN (private, public,
protected)

HeT BUpTYyasibHbIX METOAOB
M BUPTYasibHOro HacrnegoBaHUA

HeT HectaTnuyeckKmnx nonen-cCcbinok

Bce HecTaTuueckue nonga v basoBble
KflacCbl CO CTaHOAPTHbLIM pa3MelleHuem

Bce HecTaTnueckme nond obbapeHbobl
B OIHOM KJlacce B nepapxumm
HacnenoBaHUA

HeT 6a30BbIX K/1TaCCOB TOIMO XXe TuUna,
UTO M NepBOe HecTaTnueckoe none






void foo(const std::vector<int> &nums)

1

for (int 1 = 0; i < nums.size(); ++1) // Only for 32-bit
// some computations with nums|[i]



void foo(const std::vector<int> &nums)

1

for (int 1 = 0; 1 < nums.size(); ++i) // Only for 32-bit
// some computations with nums|[i]

for (std::vector<int>::const iterator it = nums.begin();
it != nums.end();
++1t)
// some computations with *1it



void foo(const std::vector<int> &nums)

1

typedef std::vector<int>::const iterator const iterator;
for (const iterator it = nums.begin(); it != nums.end(); ++it)
// some computations with *it



void foo(const std::vector<double> &nums)

1

typedef std::vector<int>::const iterator const iterator;
for (const iterator it = nums.begin(); it != nums.end(); ++it)
// some computations with *1it



void foo(const std::vector« > &nums)

{

for ( it = container.begin(); it != container.end(); ++it)
// some computations with *it



int bar();

auto i = 0; // int
auto ul = Qu; // unsigned int
volatile auto ci = 1i; // volatile int

const volatile auto cvi = i; // const volatile int
auto j cvi; // int

i; // int &
i; // const int &

auto &ri
const auto &cri

auto &&fri
auto &&fcri

1; // int &
cri; // const int &

auto &&frv
auto &&frvt

0; // 1nt &&
bar(); // int &&






using namespace std;

void foo(const vector<int> &nums)

!
typedef vector<int>::value type v type;
typedef vector<int>::const iterator c 1iter;
for (c iter it = nums.begin(); it != nums.end(); ++it)
1

v type tmp = *it;
// some calculations with tmp

}
}



using namespace std;

void foo(const vector<double> &nums)

{
typedef vector<int>::value type v type;
typedef vector<int>::const iterator c 1iter;
for (c iter it = nums.begin(); it != nums.end(); ++it)
1

v type tmp = *it;
// some calculations with tmp

}
}



using namespace std;

void foo(const vector<double> &nums)

{
typedef decay<decltype(nums)>::type::value type v type;
typedef decay<decltype(nums)>::type::const iterator c iter;
for (c iter it = nums.begin(); it != nums.end(); ++it)
1

v type tmp = *it;
// some calculations with tmp

}
}



double foo();
double&& bar();

double v1 = 0.0; // double
const double &v2 = v1; // const double &

decltype(vl) v3
decltype((vl)) v4
decltype(v2) V5

vl; // double
(vl); // double &
vV2; // const double &

decltype(foo()) v6
decltype(bar()) v7

foo(); // double
bar(); // double &&



Range-based for loop



std: :vector<SomeClass> contailner;

for (const auto &obj : container)
// some computations with obj



std: :vector<SomeClass> contailner;

auto &&tmp = container;
for (auto it = std::begin(tmp); it != std::end(tmp); ++it)
{

const MyClass &obj *1t;

// some computations with obj

}



struct SomeClass { std::vector<int> m vec;
SomeClass foo();

for (const auto &obj : foo().m vec)
// some computations with obj

}s



struct SomeClass { std::vector<int> m vec; .... };
SomeClass foo();

auto &&tmp = foo().m vec;
for (auto it = tmp.begin(); it != tmp.end(); ++it)
{

const auto &obj = *it;

// some computations with obj

}



Lambda functions



#include <vector>
#include <algorithm>

void foo()

1

std: :vector<size t> vec;

// Ascending order
std::sort(vec.begin(), vec.end());

// Descending order
std::sort(vec.begin(), vec.end(), ???);



bool IsLhsMoreThanRhs(size t lhs, size t rhs)
1

return lhs > rhs;

}

struct DescComp

1

bool operator()(size t lhs, size t rhs) const noexcept

{

return lhs > rhs;

}
}s

std: :sort(vec.begin(), vec.end(), IsLhsMoreThanRhs);
std::sort(vec.begin(), vec.end(), DescComp{});



void foo()

1

// Descending order
std::sort(vec.begin(), vec.end(),
[ ](size_t 1lhs, size_t rhs)

1

return lhs > rhs;

})s



[ lambda-capture](params) mutable -> ret type

!
lambda body

}

class LambdaInCompiler

{

private:
lambda-capture-members...
public:
ret type operator()(params) { .... }

}



void foo()
1

static size t 1 = 0O;
auto f = [&1i](size t lhs, size t rhs) -> bool

{
++1;
return lhs > rhs;

}s
decltype(f) g =

bool Is2 MoreThan 5 = f(2, 5); // false
}



Alternative function syntax



template <typename T1l, typename T2>
Ret Type sum(const T1 &lhs, const T2 &rhs)

{

return lhs + rhs;

}



template <typename T1l, typename T2>

auto sum(const T1 &lhs, const T2 &rhs) -> decltype(lhs + rhs)
1

return lhs + rhs;

}



Delegate constructors




class SomeClass

1
int *m p, *m q;
public:
SomeClass()

{
this->SomeClass: :SomeClass(NULL, NULL);

}

SomeClass(int *p, int *q) : m p{p}, m gq{qg} {}
}5



class SomeClass

{
int *m p, *m q;
public:
SomeClass()

1
new (this) SomeClass(NULL, NULL);

}

SomeClass(int *p, int *q) : m p{p}, m gq{qg} {}
}5



class SomeClass
{
int *m p, *m q;
public:
SomeClass() : SomeClass(NULL, NULL) {}

SomeClass(int p, int q) : m p{p}, m g{qgq} {}
¥



Default value for non-static class member




class SomeClass

!
int *p = NULL, *g = NULL;
public:

SomeClass(int *p, int *q) : m p{p}, m gq{qg} {}
}5



‘default’ specifier



#include <string>

class SomeClass

1

std::string m name, m surname;
public:
SomeClass() {}
SomeClass(const SomeClass &other)
: m name { other.m name }, m surname { other.m surname } {}
SomeClass& operator=(const SomeClass &other)
: m name { other.m name }, m surname { other.m surname } {}

}s



#include <string>

class SomeClass
{
std::string m name, m surname;
public:
SomeClass() ;
SomeClass(const SomeClass &other) ;
SomeClass& operator=(const SomeClass &other)

}s



'delete’ specifier



#include <string>

class SomeClass
{
std::string m name, m surname;
SomeClass(const SomeClass &other);
SomeClass& operator=(const SomeClass &other);
public:
SomeClass() = default;

}s

SomeClass a;
SomeClass b { a }; // compile-time error
a = b; // complle-time error



#include <string>

class SomeClass
{
std::string m name, m surname;
public:
SomeClass() = default;
SomeClass(const SomeClass &other) = delete;
SomeClass& operator=(const SomeClass &other) = delete;

}s

SomeClass a;
SomeClass b { a }; // compile-time error
a = b; // complle-time error



‘'override’ specifier



struct A
{

virtual void foo(int) { /* something special for A */ }

}s

struct B : A

{
void foo(long) { /* something special for B */ }

}s

A *p = new B;
p->foo();
delete p;



struct A
{

virtual void foo(int) { /* something special for A */ }

}s

struct B : A
{

// complile-time error
virtual void foo(long) override { /* something special for B */ }

}s

A *p = new B;
p->foo();
delete p;



‘final’ specifier



struct A
{

virtual void foo(int) const
{ /* something special for A */ }

}s

struct B : A
{

virtual void foo(int) const override
{ /* something special for B */ };



struct A

{
virtual void foo(int) const final
{ /* something special for A */ }

}s

struct B : A

1

// complle-time error

virtual void foo(int) const override
{ /* something special for B */ }

}s



struct A
{

virtual void foo(int) const
{ /* something special for A */ }

}s

struct B : A
{

virtual void foo(int) const override
{ /* something special for B */ }

}s



struct A
{

virtual void foo(int) const
{ /* something special for A */ }

}s

struct B final : A
{

virtual void foo(int) const override
{ /* something special for B */ }

}s

// compilile-time error
struct C : B { };






#include <cstddef>

class SomeClass

{

public:
void foo(int *) const;
void foo(int) const;

}s

SomeClass bar;
bar.foo(NULL); // SomeClass::foo(int *) or
// SomeClass::foo(int)?



#tdefine NULL (9)

#tdefine NULL (1 - 1)

#define NULL ((void*)®0)

#define NULL (static cast<void*>(100500 - 100500))

Tbicauum crnocoboB HanmcaTb NULLI



nullptr; // decltype(nullptr) std: :nullptr t

char *nl = nullptr;

1nt *p2 = nullptr;

SomeClass *p3 = nullptr;

bool b = nullptr; // b == false
p3->foo(0); // SomeClass::foo(int);

p3->foo(nullptr); // SomeClass::foo(int*);



#include <cstddef>

class SomeClass
1
public:
void foo(int *) const;
void foo(int) const;
void foo(std::nullptr t) const;

}s

SomeClass bar;
bar.foo(nullptr); // SomeClass::foo(std::nullptr t)






enum EHAlign enum EVAlign

{ {
LEft, TOpJ
Middle, Center,
Right Bottom
}s }s

void foo(EHAlign enuHAlign)
1

if (enuHAlign == Center)



enum EHAlign enum EVAlign

! {
LEft, TOp,
Middle, Center,
Right Bottom
}s }s
void foo(EHAlign enuHAlign)
1
if (enuHAlign == Center) // compile-time error
{
}

}



enum class EHAlign enum class EVAlign

{ {
LEft, TOp,
Middle, Center,
Right Bottom
}s }s

void foo(EHAlign enuHAlign)

{
if (enuHAlign == EHAlign::Middle) // ok

1

}....
}



enum underlying type



enum EHAlign

{
Left,

Middle,
Right
}s

void foo(size t num)

1

// Unspecified behavior
EHAlign align = static cast<EHAlign>(num);

}



enum EHAlign :

{
Left,

Middle,
Right
}5

void foo(size t num)

1

// oK
EHAlign aligh = static cast<EHAlign>(num);

}



enum EHAlign

{
Left,

Middle,
Right
}s

struct SomeClass

{
uint32 t rgba;
bool flag;
EHAlign align;
}s



enum EHAlign

{
Left,
Middle,
Right

;s

struct SomeClass // size: 12 bytes; align: 4 bytes
{

uint32 t rgba; // size: 4 bytes; align: 4 bytes

bool flag; // size: 5 bytes; align: 1 byte

EHAlign align; // size: 5 -> 8 -> 12 bytes; align: 4 bytes
}s



enum EHAlign : uint8 t
{

Left,

Middle,

Right
}s

struct SomeClass // size: 8 bytes; align: 4 bytes

{
uint32 t rgba; // size: 4 bytes; align: 4 bytes
bool flag; // size: 5 bytes; align: 1 byte
EHAlign align; // size: 6 -> 8 bytes; align: 4 bytes

}s



Explicit cast operators




template <typename T>

class unique ptr

1
T *m_ptr;

public:
explicit unique ptr(T *ptr) : m_ptr(ptr) {}
~unique_ptr() { delete m_ptr; }

operator bool() { return m_ptr != nullptr; }
}s

unique_ptr<int> ptr { new int };
int flag = ptr; // ok



template <typename T>

class unique ptr

{
T *m_ptr;

public:
explicit unique_ptr(T *ptr) : m _ptr(ptr) {}
~unique_ptr() { delete m _ptr; }

explicit operator bool() { return m _ptr != nullptr; }

}s
unique ptr<int> ptr { new int };

int flag = ptr; // complile-time error
if (ptr) { .... } // ok, bool implicit cast



To be continued...



