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Enumerations

 Name constants of values of the underlying type
 Pre C++11 (C-like) enums

- Underlying type is not fixed (implementation defined)
e C++11 enum class

- Creates own “namespace”
- Underlying type can be given

// underlying type is implementation defined
enum Color { yellow, green, blue, red }; // C style enum
enum class Color { yellow, green, blue, red }; // enum class

// underlying type is specified
enum class Color : char { yellow, green, blue, red }; // enum class
enum struct Color : char { yellow, green, blue, red }; // same as class

enum struct Color : char; // ok, complete type
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Enum classes (C++11)

enum Alert { green, yellow=5, election, red }; // traditional enum

enum class Color { red, blue }; // scoped and strongly typed enum

// no export of enumerator names into enclosing
// scope and no implicit conversion to int

enum class TrafficLight { red, yellow=5, green };

Alert
Alert

Color
Color

int
int
int
int
int

12
13
i4
15
16

compile error: no int->Color conversion

= static_cast<Alert>(i); // ok, if 1 in 0..3

a 7; //

al

c = 7; //

cl = Color::blue; //
= red; //
= Alert::red; //
= blue; //
= Color::blue; //

compile error: no int->Color conversion
ok

ok: automatic Alert->int conversion
compile error in C++98; ok in C++0x

compile error: blue not in scope
compile error: no Color->int conversion

static_cast<int>(Color::blue) // ok, 1
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Enum classes (C++11)

// by default, the underlying type 1s int
enum struct TrafficLight { red, yellow, green };

// specifying underlying type
enum class Color : char { red, blue, }; // compact representation,
// C++11 allows extra ,
enum E { E1 = 1, E2 = 2, Ebig = OxFFFFFFFOU }; // how big is an E?
// we are specific with the underlying type
enum class EE : unsigned long { EE1 = 1, EE2 = 2, EEbig = OxFFFFFFFOU };
enum class Color_code : char; // (forward) declaration, complete type

void foobar(Color_code* p); // use of forward declaration

// definition should exist in one source file
enum class Color_code : char { red, yellow, green, blue };
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Enum classes (C++11)

* Not named values in the underlying type are valid enum values
* List of the names can be empty

* This allows us to create new strong types

enum byte : unsigned char {}; // byte 1s a new type with size == unsigned char
byte x{Oxff}; // ok, but only {} works

byte y = OxfT; // error, no automatic conversion

byte z = byte{oxff}; // ok

byte w = byte{-1}; // error, narrowing conversion, forbidden

unsigned char uc{l};

W = uc; // error, no automatic conversion

enum unix_handle : int { Error = -1, Ok = 0 },

unix_handle_t f(int 1)

{
if (1 <0) return unix_handle_t::Error;
else if ( 1 == 0 ) return unix_handle_t: :0k;
else return unix_handle_t{1i};

}
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Enum classes (C++11)

 Names can be exported to the encapsulating class scope

enum Color : unsigned char { yellow, green, blue, red };

struct traffic t

{
Color s = Color::yellow;
i
void f(traffic_t t)
¢ t.s = Color::yellow;
b
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Enum classes (C++11)

 Names can be exported to the encapsulating class scope

enum Color : unsigned char { yellow, green, blue, red };

struct traffic t

{

using enum Color;

Color s = yellow;

/

3
void f(traffic_t t)
{

t.s = Color::yellow;

t.s = traffic_t::yellow;
b
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Aggregates

* Array
* Class type which has

— no user-declared or inherited constructor
— no private or protected data members
— no virtual or private or protected base class
— no virtual member functions
* Aggregates are basically “pure data”

— Old name for such classes: POD types

struct complex_t

{

double re
double im

©.; // default member initialization is ok
@.; // but only since C++14

i
complex_t c; // (0+01)
struct complex_t vectors[10]; // arrays are also aggregates
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Aggregates

e Elements:

- Array elements
- Base classes followed by non-static data members
* Aggregates can be initialized with list-initialization: { 1, 2, ... 9 }
- The length of list must not exceed the number of elements
— The list can have less or no elements
— Array initialization cannot “skip” element: {2}=5:461=3} C99 only!

int a[5] = {1,2,3,4,5}; // ok

int a[5] = {1,2,3,4,5,6}; // compile error

int a[5] = {1,2,3,4}; // ok, 4 elements are initialized, the 5% will 0
int a[5] = {}; // ok, all elements are value initialized to 0
int a[5]; // ok, all elements are value initialized to ©
int a5+ = HH4++=+0+=2-3+4+5%; // compile error, only in C, since C99
char s[6] = "Hello"; // for char[] only
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Aggregates

* Class types can use designated initializers

struct complex_t

{
double re = 0.; // default member initialization 1is ok
double im = 0.; // but only since C++14

¥

complex_t ci1{}; // ok, 0.+0.1i

complex_t c2{1.}; // ok, 1.+0.1

complex_t c3{1.,3.14%}; // ok, 1.+3.141

complex_t c2{.im=3.14}; // ok, 0.+3.141

complex_t c3{.re=1.0,.im=3.14};// ok, 1.+3.141

complex_t c4{.im=3.14, .re=1}; // compille error: designator order vs decl.ord

struct S : complex_t

t
int 1;
Iy
S s{ {}, 5} // ((0.+0.1), 5)
S s{ {1.}, 5}, // ((1.+0.1), 5)
S s{ {1.,3.14}, 5}; // ((1.+3.14.i), 5)
S s{ {.im=3.14}, 5%}; // ((0.+3.14.1), 5)
S
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Aggregates

* Class types can have member functions and static members

struct complex_t

{
double re = 0.; // default member initialization 1is ok
double im = 0.; // but only since C++14
std::string to_string() const;
i
complex_t operator~(complex_t c)
{
return { c.re, -c.im};
}
inline std::string complex_t::to_string() const
{
return std::to_string(re)+"+"+str::to_string(im)+"1";
}
inline std::string complex_t::to_string() const
{

return std::to_string(re)+"+"+std::to_string(im)+"1";

}

int main()

{
complex_t c{1,3.14};

std::cout << ~c << '"\n';
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Aggregates

* Class types can have member functions and static members

struct complex_t

{
double re = 0.; // default member initialization 1is ok
double im = 0.; // but only since C++14
std::string to_string() const;
i
complex_t operator~(complex_t c)
{
return { c.re, -c.im};
}
inline std::string complex_t::to_string() const
{
return std::to_string(re)+"+"+str::to_string(im)+"1";
}
inline std::string complex_t::to_string() const
{

return std::to_string(re)+"+"+std::to_string(im)+"1";

}

int main()

{
complex_t c{1,3.14};

std::cout << ~c << '\n'; // 1.0000+-3.14001
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Aggregates

* Class types can have member functions and static members

struct complex_t

{
double re = 0.; // default member initialization 1is ok
double im = 0.; // but only since C++14
std::string to_string() const;
i
complex_t operator~(complex_t c)
{
return { c.re, -c.im};
}
inline std::string complex_t::to_string() const
{
return std::to_string(re)+"+"+str::to_string(im)+"1";
}
inline std::string complex_t::to_string() const
{
return std::to_string(re)+(im<0.?"":"+")+std::to_string(im)+"1";
}
int main()
{
complex_t c{1,3.14};
std::cout << ~c << '"\n'; // 1.0000-3.14001
}
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Unions

#include <iostream>

union check

{
long 1;
unsigned char t[sizeof(1l)];
T
int main()
{
check c;
c.L = 12;
for(int 1 = 0; 1 < sizeof(c.t)/sizeof(c.t[0]); ++1)
std::cout << std::hex << int{c.t[1i]};
return 0;
}
$ g++ conv.cpp
$ ./a.out
CcOO00000
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Unions

* Union types also can have member functions

#inc lude <iostream>
#include <string>

struct complex_t

{
enum { CARTESIAN, POLAR} tag;
union
{
struct
{
double re = 0.; // default member initialization 1s ok
double im = 0.; // but only since C++14
} c;
struct
{
double r = 0.; // default member initialization 1is ok
double fi = 0.; // but only since C++14
y P;
T
std::string to_string() const; // member function
i
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Unions

inline std::string complex_t::to_string() const

{
switch( tag )
{
case CARTESIAN: return std::to_string(c.re) + (c.im<@ ? "" : "+")

+ std::to_string(c.im) + "i"; break;
case POLAR : return std::to_string(p.r) + "Ffi("
+ std::to_string(p.fi) + ")"; break;

default : return std::string{"IMPOSSIBLE"}; break;
3

}

int main()

{
complex_t c1 = { .tag=complex_t::POLAR, .p={ 4.,3.14/2} };
complex_t c2 = { c2.CARTESIAN, .c={1.0,3.14} };
complex_t c3 = { complex_t::POLAR, {1.0,3.14} };
std::cout << cl.to_string() << '\n';
cl.tag = complex_t::CARTESIAN; // store that we change the union tag
cl.c = {1, 3.14 }, // store the value of (re,im)
std::cout << cl.to_string() << '\n';
return 0O;

}
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Variant (C++17)

Type-safe union with automatic discriminant
Holds one of the alternative types or no value

- No-value state is almost never happens
Variant does not allocate dynamic memory

— The contained object representation is inside the variant object
Can hold the same type more than once

Can hold the type with different cv qualifier
Default initialized variant hold the first alternative ( index() ==0)

Not allowed to hold a reference or an array
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std::variant

std::variant<int, std::string, double> v;
vV = 55,
try
{
std::cout << std::get<double>(v);
}
catch (std::bad_variant_access e)

{

std::err << "not a double'";
}

// also supports non-POD types (unions does

not)

Zoltan Porkolab: Basic C++
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std::variant

void f()
{
std::variant<int, float> v, w;
v = 42; // v contains int
int 1 = std::get<int>(v);
std::cout << 1 << "\n';
std::cout << std::get<O>(v) << '\n';
w = std::get<0>(v); // same effect as the previous line
W = V; // same effect as the previous line
// std::get<double>(v),; // error: no double in [int, float]
// std::get<3>(v); // error: valid index values are 0 and 1
try
{

std: :get<float>(w); // w contains int, not float: will throw

}

catch (std::bad_variant_access& e)

std::cerr << e.what() << '\n';

{
}
}
42
42

Unexpected index Zoltan Porkolab: Basic C++

19



std::variant

void f()
{
std::variant<int, float> v, w;
v = 42; // v contains int
int 1 = std::get<int>(v);
std::cout << 1 << "\n';
std::cout << std::get<O>(v) << '\n';
W std::get<0>(v); // same effect as the previous line
W = V; // same effect as the previous line

if ( auto pval = std::get_if<int>(&v) ) // pointer to variant!

{

std::cout << *pval << '\n';

}
else
{
std::cerr << "Other type" << '\n';
}
}
42
42

Unexpected index
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std::variant

void f()

std::variant<std::string, double> si("Hello"); // conversion works
std: :variant<std::string const char *> s2("Hello"); // choose const char *

sl = "Hallo"; // conversion when non-ambigous

std::cout << std::boolalpha
<< "variant holds double? "
<< std::holds_alternative<double>(s1) << '\n'
<< "variant holds string? "
<< std::holds_alternative<std::string>(sl) << '\n';
// << std::holds_alternative<int>(sl1l) << '\n'; // compile error

}

variant holds double? false
variant holds string? true
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std::variant

#inc lude <iostream>
#include <string>
#inc lude <variant>
#inc lude <vector>

struct complex_cart_t

{
double re = 0.; // default member initialization is ok
double im = 0.; // but only since C++14

3

struct complex_pol_t

{

double r = 0.; // default member initialization 1s ok
double fi = 0.; // but only since C++14

+s

using complex_t = std::variant<complex_cart_t,complex_pol_t>;

inline std::string to_string(complex_cart_t c)

{

return std::to_string(c.re) + "+" + std::to_string(c.im) + "i";

}

inline std::string to_string(complex_pol_t c)

{
}

return std::to_string(c.r) + "*fi( " + std::to_string(c.fi) + ")";

Zoltan Porkolab: Basic C++
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std::variant

#1include <vector>

// inline std::string to_string(complex_cart_t c);
// 1inline std::string to_string(complex_pol_t c);

int main()

{

std: :vector<complex_t> vec = {
complex_cart_t{1.,3.14}, complex_pol_t{ 4.,3.14/2}

i
for ( auto c : vec )
{
switch ( c.index() )
{

case 0: std::cout << to_string(std::get<complex_cart_t>(c)) << '\n'; break;
case 1: std::cout << to_string(std::get<complex_pol_t>(c)) << '\n'; break;
}

}

return 0;

}
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std::variant

#1include <vector>

// inline std::string to_string(complex_cart_t c);
// 1inline std::string to_string(complex_pol_t c);

int main()

{

std: :vector<complex_t> vec = {
complex_cart_t{1.,3.14}, complex_pol_t{ 4.,3.14/2}

Fi
for ( auto c : vec )
¢ std::visit( [](auto cc){ std::cout << to_string(cc) << '\n'; 3}, c);
ieturn 0;

}
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Any (C++17)

Type-safe container for a single value of any type
Namespace function any_cast provides access
type() returns type_info ( or typeid(void) )

Small object optimization is possible

- But only when move constructor is nothrow

Zoltan Porkolab: Basic C++
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Type safe access of Any

* any_cast checks the content run-time
 May throw std::bad _any cast

std::any a = 3.14,;

std::cout << a.type().name() << ' ' << std::any_cast<double>(a) << '\n';
a = 42,
std::cout << a.type().name() << ' ' << std::any_cast<int>(a) << '\n';
std::cout << sizeof(a) << ' ' << sizeof(int) << '\n';
try
{
std::cout << std::any_cast<double>(a) << '\n';
}
catch( std::bad_any_cast& e)
{
std::cerr << e.what() << '"\n';
}
d: 3.14
i: 42

i: bad_any_cast Zoltan Porkolab: Basic C++



Works with user types

struct MyStruct
{

int i;
double d;

I

std::ostream& operator<<(std::ostream& os, const MyStruct& s)

{

0S << u[ << S.i <<
return os;

1 << S.d << 1 ]ll;

/4

}
void f()
try
{
MyStruct s{1, 3.14};
a=s;
std::cout << a.type().name() << ": " << std::any_cast<MyStruct>(a) << '\n';
std::cout << sizeof(a) << " " << sizeof(s) << '\n';
}
catch (std::bad_any_cast& e)
{
std::cout << e.what() << '\n';
}
8MyStruct: [ 1, 3.14 ]
16 16
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Works with user types

struct MyStruct
{

int i;

double d;

char t[100];
Iy

std::ostream& operator<<(std::ostream& os, const MyStruct& s)

{

0S << u[ << S.i <<
return os;

1 << S.d << 1 ]ll;

/4

}
void f()
try
{
MyStruct s{1, 3.14};
a=s;
std::cout << a.type().name() << ": " << std::any_cast<MyStruct>(a) << '\n';
std::cout << sizeof(a) << " " << sizeof(s) << '\n';
}
catch (std::bad_any_cast& e)
{
std::cout << e.what() << '\n';
}
8MyStruct: [ 1, 3.14 ]
16 120
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any cast has multiple specializations

void f()

{
std::any a = 42;

if ( a.has_value() )

{

std::cout << a.type().name() << '\n';

int *ip = std::any_cast<int>(&a); // not any_cast<int*> !
std::cout << *ip << '\n';
}

a.reset();
If ( ! a.has_value() )

std::cout << a.type().name() << '\n';
}

1
\

Possible implementation without RTTI (LLVM Any): htltps://IIvm.org/doxygen/Any_8h.ht
m
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any cast has multiple specializations

void f()

{
std::any a = 42;

if ( a.has_value() )

{

std::cout << a.type().name() << '\n';
int *ip = std::any_cast<int*>(&a); // ERROR
std::cout << *ip << '\n';
}
a

.reset();

If ( ! a.has_value() )
std::cout << a.type().name() << '\n';
}

37: error: cannot convert int** to int* in initialization
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Optional (C++17)

Replaces return types like std::pair<T,bool>
Optional contains value

- Initialized/assigned with value of T
- Initialized/assigned with optional<T> which contains value
Optional does not contain value

- Default initialized or initialized with value of std::nullopt_t

- Initialized/assigned with optional<T> which does not contain
value

If optional<T> contains a value, than it is allocated as T

— Not a pointer based heap storage
Convertible to bool: true if contains value

No optional reference

Zoltan Porkolab: Basic C++
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std::optional<double> convert( const std::string& s)

try
{

return
}
catch (std
{

return
}
catch (std
{

return
}

int main()

{
}

double

std::optional

std::stod(s); // C++11

: :invalid_argument e)

{};

::out_of_range e)

{}/

d = convert("-3.14e-5").value_or(0.0);
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VO

{

id f(bool b1)

std::optional<int> opt1;
std::cout << optl.value_or(-1) << '\n';

try
{

std::cout << optl.value() << '\n';
}
catch( std::bad_optional_access& e)
{

std::cerr << e.what() << '\n';
}

optl = b1l ? std::optional<int>(42) : std::nullopt;

std::cout << optl.value_or(-1) << '\n';
if ( optl )
{
std::cout << optl.value() << '\n';
*optl = 2; // access contained data, also ->
int i = optl.value();
std::cout << 1 << '"\n';

d optional access

Zoltan Porkolab: Basic C++
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Use of pointers

void f(bool b1)
{

std::optional<std::string> opt2;
*opt2 = "Hello";

std::cout << *opt2 << '\n';
std::cout << std::boolalpha << opt2.has_value() << '\n';

std::cout << opt2.value_or("no value") << '\n';
std::string s = *std::move(opt2);

std::cout << s << ", " << opt2->size() << '\n';

Hello
false
no value
Hello, ©

Zoltan Porkolab: Basic C++



Filesystem (C++17)

Path object
Directory_entry
Directory iterators
Support functions

- Info from path
- File manipulation: copy, move, symlink, ...
- Space, filesize, last write time, ...

-  Permissions
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Examples

#include <filesystem>
#include <iostream>

namespace fs =

int main()

{

std::filesystem;

fs::path pathToShow("/home/gsd/ftp/file/file.cpp™);

std: :cout <<
<<

<<
<<
<<
<<
<<
<<

}

"exists() = " << fs::exists(pathToShow) << "\n"
"root_name() = " << pathToShow.root_name() << "\n"
"root_path() = " << pathToShow.root_path() << "\n"
"relative_path() = " << pathToShow.relative_path() << "\n"
"parent_path() = " << pathToShow.parent_path() << "\n"
"filename() = " << pathToShow.filename() << "\n"

"stem() = " << pathToShow.stem() << "\n"

"extension() = " << pathToShow.extension() << "\n'";

$ g++ -std=c++17

Zoltan Porkolab: Basic C++
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Examples

#include <experimental/filesystem>
#include <jiostream>

namespace fs = std::experimental::filesystem;

int main()

{
fs::path pathToShow("/home/gsd/ftp/file/file.cpp™);

std::cout << "exists() = " << fs::exists(pathToShow) << "\n"

<< "root_name() = " << pathToShow.root_name() << "\n"
<< "root_path() = " << pathToShow.root_path() << "\n"
<< "relative_path() = " << pathToShow.relative_path() << "\n"
<< "parent_path() = " << pathToShow.parent_path() << "\n"
<< "filename() = " << pathToShow.filename() << "\n"
<< "stem() = " << pathToShow.stem() << "\n"
<< "extension() = " << pathToShow.extension() << "\n'";

¥

$ g++ -std=c++17 -lstdc++fs

$ ./a.out

exists() = 1

root_name() = ""

root_path() = "/"

relative_path() = "home/gsd/ftp/file/file.cpp"
parent_path() = "/home/gsd/ftp/file"
filename() = "file.cpp"

stem() = "file"
extension() = ".cpp" Zoltan Porkolab: Basic C++



Create filename

#include <experimental/filesystem>
#include <iostream>

namespace fs = std::experimental::filesystem;

int main( int argc, char *argv[])

{
fs::path pathToShow('"/home/gsd/ftp/file/file.cpp");

fs::path myPath{ argc > 1 ? argv[l] : fs::current_path() };

myPath /= "subdirili";
myPath /= "subdir2",
myPath /= "file";
myPath += ".cpp",;

std::cout << "myPath = " << myPath << "\n";
std::cout << "filename() = " << myPath.filename() << "\n",;
}
$ g++ -std=c++17 -1lstdc++fs
$ ./a.out

myPath = "/home/gsd/ftp/file/subdirl/subdir2/file.cpp"
filename() = "file.cpp"
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Recursive directory listing (1)

#include <string>

#include <jiostream>

#include <sstream>

#include <experimental/filesystem>

using namespace std;
namespace fs = std::experimental::filesystem;

std: :uintmax_t ComputeFileSize(const fs::path& pathToCheck)
{
if (fs::exists(pathToCheck) && fs::is_regular_file(pathToCheck))

{

auto err = std::error_code{};
auto filesize = fs::file_size(pathToCheck, err);
if (filesize != static_cast<uintmax_t>(-1))
return filesize;
b

return static_cast<uintmax_t>(-1);

}

void DisplayFileInfo(const std::experimental::filesystem::vl::directory_entry & entry,
std::string &lead, std::experimental::filesystem::vl::path &filename)

{
time_t cftime = chrono::system_clock::to_time_t(fs::last_write_time(entry));
cout << lead << " " << filename << ", " << ComputeFileSize(entry)
<< ", time: " << std::asctime(std::localtime(&cftime));
b
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Recursive directory listing (2)

void DisplayDirTree(const fs::path& pathToShow, int level)

{
if (fs::exists(pathToShow) && fs::is_directory(pathToShow))

{

auto lead = std::string(level * 3, ' ');
for (const auto& entry : fs::directory_iterator(pathToShow))
{

auto filename = entry.path().filename();
if (fs::is_directory(entry.status()))

{
cout << lead << "[+] " << filename << "\n";
DisplayDirTree(entry, level + 1);
cout << "\n";

b

else if (fs::is_reqgular_file(entry.status()))
DisplayFileInfo(entry, lead, filename);

else
cout << lead << " [?]" << filename << "\n";

}
}
}
int main(int argc, char* argv[])
{

const fs::path pathToShow{ argc >= 2 ? argv[l] : fs::current_path() };
DisplayDirTree(pathToShow, 0);

}

Zoltan Porkolab: Basic C++
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string_view (C++17)

basic_string_view<char>
Can refer a constant contiguous char-like sequence
Therefore iterator and const_iterator are the same types

Typical implementation is

struct string_view

{
Char *ptr;
size t len;

Iy
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String_view example

#include <iostream>
#include <string_view>

int main()

{
std::string s = "Hello world";
std::string_view sv = s;
std::string_view svil(s.data(),5);
std::cout << svl << '\n';
SV = sv.substr(6);
std::cout << sv << '\n';
std::cout << sv[2] << '"\n';
// sv[2] = 'R'; // ERROR, cannot modify characters
std::string_view sv2 = sv.substr(1);
std::cout << sv2 << '\n';
std::string_view sv3 = sv.substr(-1);
b
Hello
wor ld
r
orld
terminate called after throwing an instance of 'std::out_of_range'

what(): basic_string_view: :substr: __pos (which is 18446744073709551615) > this->size()
(which 1is 5)
Aborted (core dumped)
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String_view IS not owner

#include <iostream>
#include <string_view>

int main()

{

std::string_view sv5;

{
svb = std::string{"Hello world"};
std::string_view sv6 = "Hello world"s;
std::cout << sv6[3] << '\n';

b

std::cout << sv5[3] << '\n';
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Structured bindings (C++17)

#include <tuple> // C++11 tuple

auto get() // C++14 return type deduction
{
return std::make_tuple("hello",42);
}
int f1()
{
auto t = get(); // t 1is a tuple
std::cout << std::get<i>(t); // 42
}
int f2()
{
std::string s;
int 1;
std::tie(s,i) = get(); // C++11
std::cout << s << 1;
}
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Structured bindings
e Structured binding helps

#include <iostream>
#1inc lude <vector>

int main()
{
std::vector v = { 1, 2, 3 };

if (auto [s,it] = std::pair{ v.size(),v.begin() }; s > 0 && s < *it) {
std::cerr << "s < ¢" << "\n';
}

else {
std::cerr << "s == ¢" << '\n';
}

return 0;
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Structured bindings

#include <tuple> // C++11 tuple

auto get() // C++14 return type deduction
{
return std::make_tuple(“hello”, 42);
}
int f1()
{
auto t = get(); // t 1is a tuple
std::cout << std::get<i>(t); // 42
+
int f2()
{
std::string s;
int 1;
std::tie(s,i) = get(); // C++11
std::cout << s << 1;
b
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Structured bindings

* Binds the specified names to subobjects or members
- Array-like
- Tuple-like
- Member

#include <iostream>

int main()

{
int arr[] = { 1, 2 };
auto [Xx,y] = arr;

std::cout << X << y << arr[0] << arr[1] << ‘\n’;
return 0;

}
1212
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Structured bindings

* Array like

#include <iostream>

int main()
{
int arr[] = { 1, 2 };
auto [x,y] = arr;
--X;
std::cout << X << y << arr[0] << arr[1] << ‘\n’;
return 0;

}
0212
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Structured bindings

* |ntroduces tmp is a ‘uniquely named’ variable

 |f no reference initialization

#include <iostream>

int main()

{
int arr[] = { 1, 2 };
auto [x,y] = arr; // creates 1int tmp[2];int &x=tmp[1l];int &y=tmp[2]
__X;

std::cout << X << y << arr[0] << arr[1] << ‘\n’;
return 0;

}

0212
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Structured bindings

* If reference initialization happens, names bind to the initialization
object

#include <iostream>

int main()

{
int arr[] = { 1, };
auto& [x,y] = arr; // creates int &x=arr[1l], int &y=arr[2]
--X;
std::cout << X << y << arr[0] << arr[1] << ‘\n’;
return 0;
}
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Structured bindings

* If reference initialization happens, names bind to the initialization
object

#include <iostream>

int main()

{
int arr[] = { 1, };
auto& [x,y] = arr; // creates int &x=arr[1l], int &y=arr[2]
--X;
std::cout << X << y << arr[0] << arr[1] << ‘\n’;
return 0;
}
0202
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Structured bindings

* Works with std::array too

#include <array>
#1inc lude <iostream>

int main()
{
std::array<int,2> arr = { 1, 2 };
auto& [x,y] = arr;
--X,
std::cout << X << y << arr[0] << arr[1l] << ‘\n’;
return 0;

}
0202
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Structured bindings

* Tuple-like

- Std::tuple_size<Tmp>::value should be the number of ids

#inc lude <iostream>
#include <tuple>

int main()

{
int a=1;
double b = 3.14;
long c = 2L,

std: :tuple<int, double&, long&&> tpl{a,b,std::move(c)},;
auto [x,y,z] = tpl,

std::cout << x << " " <<y << "' << 7z << "\n';
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Structured bindings

* Tuple-like

- Std::tuple_size<Tmp>::value should be the number of ids

#inc lude <iostream>
#include <tuple>

int main()

{
int a=1;
double b = 3.14;
long c = 2L,

std: :tuple<int, double&, long&&> tpl{a,b,std::move(c)},;
auto [x,y,z] = tpl,

std::cout << x << " " <<y << "' << 7z << "\n';

}

error: tuple 1is not copyable
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Structured bindings

* Tuple-like

- Std::tuple_size<Tmp>::value should be the number of ids

#inc lude <iostream>
#include <tuple>

int main()

{
int a=1;
double b = 3.14;
long c = 2L,

std: :tuple<int, double&, long&&> tpl{a,b,std::move(c)},;
auto& [x,y,z] = tpl,

std::cout << x << " " <<y << "' << 7z << "\n';

}

1,3.14,2
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Structured bindings

* Tuple-like

- Std::tuple_size<Tmp>::value should be the number of ids

#inc lude <iostream>
#include <tuple>

int main()

{
int a=1;
double b = 3.14;
long c = 2L,

std: :tuple<int, double&, long&&> tpl{a,b,std::move(c)},;
auto& [x,y,z] = tpl,

std::cout << x << " " <<y << "' << 7z << "\n';

}

1,3.14,2

Zoltan Porkolab: Basic C++

56



Structured bindings

e Members

- May not have anonymous union
- Number of ids should the same as non-static members

#include <iostream>

struct C

{

int a = 1;

double b = 3.14;

+s
int main()
{
C obj;
auto [x,y] = obj;
std::cout << x << "," <<y << '\n';
}
1,3.14
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Structured bindings

Members

- May not have anonymous union
- Number of ids should the same as non-static members

#include <iostream>

struct C

L
int a =1,
static const int xx = 99; // static members are not considered
double b = 3.14;

¥
int main()
{
C obj;
auto [x,y] = obj;
std::cout << x << "," <<y << '\n';
}
1,3.14
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Structured bindings

#include <utility>
#include <map>

auto devide_reminder(int a, int b)

¢ return std::pair{ a/b, a%b };
b
void f()
{
auto [fraction, reminder] = divide_reminder(16,3);
std::cout << "16/3 == " << fraction << ", reminder 1s " << reminder;

std: :map<std::string, std::string> phone_book {
{"abel", "+36 30 123 4567"},
{"bela", "+36 30 234 5678"}

i
for ( const auto &[person, phone] : phone_book) {

std::cout << '"person " << person << ", phone " << phone << '\n';
b

}
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