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- CppCon 2018 : Gor Nishanov “Nano-coroutines to the Rescue!”

- CppCon 2017 : Toby Allsopp “Coroutines: what can’t they do?”

- CppCon 2017 : Gor Nishanov “Naked coroutines live(with networking)”

- CppCon 2016 : Gor Nishanov “C++ Coroutines: Under the covers”

- CppCon 2016 : James McNellis “Introduction to C++ Coroutines”

- CppCon 2016 : Kenny Kerr & James McNellis “Putting Coroutines to Work with the Windows Runtime”

- CppCon 2016 : John Bandela “Channels - An alternative to callbacks and futures”

- CppCon 2015 : Gor Nishanov “C++ Coroutines - a negative overhead abstraction”

- Meeting C++ 2015 : James McNellis “An Introduction to C++ Coroutines”

- Meeting C++ 2015 : Grigory Demchenko “Asynchrony and Coroutines”

- CppCon 2014 : Gor Nishanov “await 2.0: Stackless Resumable Functions”
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-https://github.com/lewissbaker/cppcoro

-https://github.com/kirkshoop/await

-https://github.com/toby-allsopp/coroutine monad

-https://github.com/jbandela/stackless coroutine

-https://github.com/luncliff/coroutine
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-https://github.com/GorNishanov/await

-http://cpp.mimuw.edu.pl/files/await-vield-c++-coroutines.pdf

-Coroutines in Visual Studio 2015 — Update 1
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-https://llvm.org/docs/Coroutines.html / O| 22| = HHE A QlL|C}.
-https://luncliff.github.io/posts/Exploring-MSVC-Coroutine.html
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Function Routine

int mul(int a, int b);
int mul(int,int) PROC

mov DWORD PTR [rsp+16], edx
int mul(int a, int b) { mov DWORD PTR [rsp+8], ecx
return a * b; mov eax, DWORD PTR a$[rsp]
} imul eaX, DWORD PTR b$[rsp]
ret %)

int mul(int,int) ENDP

https://godbolt.org/
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_?_IE_lRoutine:
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int mul(intv{ﬁE;’;;;Z———_——
mov DWORD PTR [rsp+16], edx
mov DWORD PTR [rsp+8], ecx
mov eax, DWORD PTR a$[rsp]
imul eax, DWORD PTR b$[rsp] Ech!Eélnstruction:
ret 0 “\\\\§§-__‘ | o
int mul(int,int) ENDP - 7| AH| Q| S EfbehaviorZ = 2k} BF A
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int get_zero(void) PROC
xor eax, eax
ret (%]

int get zero(Vored—ENDP

Finalize (Return)
__formal$ = 48
__formal$ = 56
main PROC
$LN3:

Invoke (Call)

mov QWO [rsp+16], rdx

mov ORD PTR [rsp+8], ecx
sub rsp, 40

call int| get_zero(void)

add rsp, 40

ret %]

main ENDP
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“Subroutines are special case of ... coroutines” — Donald Knuth

g +_|'Operat|on A‘I E$ lE_l 5_-?— lE_l

D S5 Invoke O O Goto start of a procedure(call)

2= ZFinalize 0 0 Cleanup and return

S5 Ehsuspend X 0 Yield current control flow

XH 7f{Resume X 0 Goto the suspended point in the procedure
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http://www.tortall.net/projects/yasm/manual/ru/html/objfmt-win64-
exception.html

16 byte aligned
stack pointer

stack pointer
after call

frame pointer

integer
parameters

RO data  |4th

R&data |3nd

RDX data |Znd

ROCX data | 1st

16 byte aligned
stack pointer
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Coroutine
o Routine that holds its state (Function Frame)
o 4 Operations from its d&finition

_

Task Class \

o An organized data structure with its member functions
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Stackful Coroutine
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2= C++ Coroutine
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54 co_return

=l co_await, co yield // 1 & LbKfunary operator

XH7H coro. resume() // coroutine_handle<P>::resume()
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C++ Coroutine = HE A He| St=7}2
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o CO_await expression

o co_yield expression

o co_return statement

o for co _await statement
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MSVC
> Visual Studio 2015 O| & H| T vexproj 54 > ¢/C+
o fawait " .
~ Additional Options
%(AdditionalOptions) /await
Clang Family
> 5.0 0|2

o -fcoroutines-ts -stdlib=1ibc++ -std=c++2a

GCC
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C3783: ‘main’ cannot be a coroutine

#tinclude <ex imental/coroutine>

int main(int, char*[]) {
co_await std::experimental::suspend never{};
return 0;




#include <experimental/coroutine>

auto my first coroutine() {
co_awaitAstd: :experimental: :suspend never{};

int main(int, ch
my first corou
return 0;

* D) A

eQ); E0135:

class "std::experimental::coroutine_traits<<error-type>>"
has no member "promise_type"

promise type ??



Coroutine Promise Requirement

AL 2 ?ct =2 Efi(Promise Type)Oi| Ci S 2 L ArRS

ARE AT MHZ Qo T EpgjHeperyoe
I S

M

o coroutine handle<P> 29|

https://isocpp.org/files/papers/N4402.pdf
https://lewissbaker.github.io/2018/09/05/understanding-the-promise-type




Coroutine Promise Requirement (N4402)

Expression

P{}
p.get_return_object()

p.return_value(v)

p.return_value()

p.set_exception(e)

p.yield_value(v)
p.initial_suspend()

p.final_suspend()

Note

Promise must be default constructible

The return value of funtion. It can be future<T>, or sop er-defined type.

«Ssion. Similar to return_value(v).
If rexarn true, suspends at initial suspend point.

If return true, suspends at final suspend point.

https://isocpp.org/files/papers/N4402.pdf

https://luncliff.github.io/posts/Exploring-MSVC-Coroutine.html|




Coroutine Promise Requirement (N4402)

Expression

P{}
p.get_return_object()

p.return_value(v)
p.return_value()

p.set_exception(e) \

Z= 27 A-doli0f of= &=

p.yield_value(v)
p.initial_suspend()

p.final_suspend()

https://isocpp.org/files/papers/N4402.pdf
https://luncliff.github.io/posts/Exploring-MSVC-Coroutine.html|
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#include <iostream>

using namespace std;
namespace coro = std::experimental;

auto example() -> return ignore {
puts(“step 1");
co_await coro::suspend always{};
puts(“step 2");

}

int main(int, char*[]) {
example();
puts(“step 3");
return 0;

}

Expected output?



#include <iostream>

using namespace std;
namespace coro = std::experimental;

auto example() -> return ignore {
puts(“step 1");
co_await coro::suspend always{};
puts(“step 2");

}

int main(int, char*[]) { Output
example();
puts("step 3"); step 1
return 9, step 3

}

https://wandbox.org/permlink/fRebS2VGQHRdGepp




auto example() -> return ignore {
puts(“step 1");

puts("step 2"); <—

}
Output
example();
puts("step 3"); step 1
step 3
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#include <iostream>

using namespace std;
namespace coro = std::experimental;

O|F A BHHE...

auto example() -> return ig
puts(“step 1");
co_await coro::suspend never{};
puts(“step 2");

}

int main(int, char*[]) { Output
example();
puts("step 3"); step 1
return 0; step 2

} step 3

https://wandbox.org/permlink/PoX9rQzx0ulrTAx6




#include <experimental/coroutine>
#include <future>

Coroutine: =L

St

ctolk = M70SHE 7| CHEICE
auto async_get zero() -> std::future<inty {
co_await std::experimental::suspend always{};
co_return 0;
}
int main(int, char*[]) {
auto fz = async_get zero();
return fz.get();
} \
Subroutine: @ 5 EIO| Hr=2t5t4 7| CHEICT

(VC++ O Ay 0158 Deadlock



#include <experimental/coroutine>
#include <future>

auto async_get zero() -> std::future<int> {

co_await std::experimental::suspend always{};
co_return 0;

O| ZEO| EX|H?




#include <future>
auto async_get zero() -> std::future<int>

co_return 0;

Future= ghgteums 7| THOHCL,




#include <experimental/coroutine>

auto async_get zero() {
co_await std::experimental::suspend always{};

Of
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using namespace std::experimental;
using awaitable = suspend always;

auto routine with await(awaitable& aw) -> return ignore

{
}

co_await aw; // unary operator




using namespace std::experimental;
using awaitable = suspend always;

auto routine with await(awaitable& aw) -> return ignore

{
using promise type = return_ignore::promise_ type;
promise type *p;
if (aw.await_ready() == false) {
auto rh = coroutine handle<promise type>::from_promise(*p);
aw.await suspend(rh);
// ... return ...
}
__suspend_point _n:
aw.await _resume();
}

co await: ALY/ E=FE



using namespace std::experimental;
using awaitable = suspend always;

awaitable& aw

if (aw.await_ready() == false) {

aw.await_suspend(rh);

}
__suspend_point_n:
aw.await_resume();

Awaitablel| HH &+ =



using namespace std::experimental;
using awaitable = suspend always;

awaitable& aw

SN RFEIS| =g Q)
promise_type *p;

if (aw.await_ready() == falsej {
auto rh = coroutine handle<promise type>::from_promise(*p);
aw.await suspend(rh);
// ... return ...

}

__suspend_point_n:

await suspend &
coroutine handle<P>



using namespace std::experimental;
using awaitable = suspend always;

awaitable& aw

promise_type *p;

if (aw.await_ready() == false) {
auto rh = coroutine handle<promise type>::from_promise(*p);
aw.await suspend(rh);

// ... ret&rn ...
}
__suspend_point_n: EEﬂ I%X Cty I-: o1
J— L

A
— [ N

await suspend &
coroutine handle<P>



// <experimental/coroutine> // namespace std::experimental
class suspend_never

{
public:
bool await ready() {
return true;
}
void await_suspend(coroutine handle<void>){}
void await_resume(){}
}s
class suspend_always
{
public:
bool await ready() {
return false;
}
void await_ suspend(coroutine handle<void>){}
void await_resume(){}
}s

O|2] HO| =l Awaitable EI RS



class suspend _never

{
public:
bool await ready() {
return true;

}
void await suspend(coroutine handle<void>){}
void await_resume(){}

¥

await ready() == true



class suspend_never

{
public:
bool await ready() {
return true;
}
void await suspend(coroutine handle<void>){}
void await_resume(){} true@l A%, await_resumez= =
¥ ’ ~

if (aw.await_ready() == false) {

}
__suspend_point_n:
aw.await _resume();

Ready - Resume



class suspend_always

{
public:
bool await ready() {
return false;

}
void await suspend(coroutine handle<void>){}
void await_resume(){}

¥

await ready() == false



class suspend_always

{
public:
bool await ready() {
return false;
3oid await_ suspend(coroutine handle<void>){}
void await_resume(){} false Q| 4%, await_suspend 2= =2
& O|F ZEIOZ HO|EES Y ven

if (aw.await_ready() == false) {

aw.await_suspend(rh); <«
// ... Return ...

Ready — Suspend - Resume



struct wait for tuple

{
bool await ready();
void await_suspend(coroutine handle<void>);
auto await _resume() -> std::tuple<int, bool>;
}s




struct wait for tuple

{
bool await ready();
void await_suspend(coroutine handle<void>);
auto await _resume() -> std::tuple<int, bool>;
}s
auto routine with await(wait for tuple& aw) -> return ignore
{
auto t = co_await aw; // t == std::tuple<int, bool>
}

Ho| LrEX] HL..



struct wait for tuple

{
bool await ready();
void await_suspend(coroutine handle<void>);
auto await _resume() -> std::tuple<int, bool>;
}s
auto routine with await(wait for tuple& aw) -> return ignore
{
using promise type = return_ignore::promise type;
promise type *p;
if (aw.await_ready() == false) {
auto rh = coroutine handle<promise type>::from_promise(*p);
aw.await _suspend(rh);
// ... Return ...
}
__suspend_point_n:
auto t = aw.await _resume(); // t == std::tuple<int, bool>
}



struct wait for tuple

{
bool await ready();
void await_suspend(coroutine handle<void>);
auto await _resume() -> std::tuple<int, bool>;
}s

wait for tuple& aw

__suspend_point_n:
auto t = aw.await _resume(); // t == std::tuple<int, bool>



using namespace std::experimental;
using awaitable = suspend always;

auto routine with await(awaitable& aw) -> return ignore

{
}

auto v = co_await aw;

C3313: ‘v’: variable cannot have the type ‘void’

await resume()



using namespace std::experimental;
using awaitable = suspend always;

auto routine with await(awaitable& aw) -> return ignore

{
}

co_await aw;

T2 2jHe| ol
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°c await_ready
°c await_ suspend

°c await_resume

co_await= AFESH] ..
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Coroutine Promise Requirement (N4736)

Promise Type= F A Q7?2 0| LHEO| A& =712



auto routine_with_await( ) -> return_ignore
using promise type = return_ignore::promise_ type;

promise_type *p;

auto rh = coroutine handle<promise type>::from_promise(*p);

..promise type”?



Promise Type2| &
EFQ AIA RIS AFRBH 2T A Zheomsiteime 24 A}
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o Operator new/delete

o SR/ B

o get return_object, get return_object on_allocation failure

|:|I_|-9I_|-return X—I E_l
° co_return: return_value, return_void

°c co _yield :yield value



#include <experimental/coroutine>
namespace coro = std::experimental;

auto example(int a, double b, char *c) -> return type

{
}

co_await coro::suspend never{};

Z4A 1L Ol =E|lS 0
2018/n4736.pdf El'LLl_ = E'-I 7|- —-T_l—_l_ - = I_l- L|-E




#include <experimental/coroutine>
namespace coro = std::experimental;

auto example(int a, double b, char *c) -> return type

{
// coroutine traits<R, P1, ..., Pn>
using T = coro::coroutine traits<return type, int, double, char *>;
using promise type = T::promise_type;
co_await coro::suspend never{};
}

coroutine traits<T...> = AFESH AL}



#include <experimental/coroutine>
namespace coro = std::experimental;

(int a, double b, char *c) -> return type

// coroutine traits<R, P1, ..., Pn>
using T = coro::coroutine traits<return type, int, double, char *>;




#include <experimental/coroutine>
namespace coro = std::experimental;

coro::coroutine traits
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template <class>
struct void t { typedef void type; };

template <class Tp, class = void>
struct _ coroutine_traits _sfinae {};

template <class Tp>
struct _ coroutine_traits sfinae< Tp,
typename  void t<typename Tp::promise type>::type>

{

using promise type = typename Tp::promise type;
¥
template <typename Ret, typename... Args>

struct coroutine traits
: public _ coroutine_traits sfinae< Ret>

{
}s

llvm/libcxx/release_70/include/experimental/coroutine#L75 Traits in |ibC++ 7.0




template <class Tp>
struct _ coroutine_traits sfinae< Tp

{

using promise type = typename Tp::promise type;
¥
template <typename Ret, typename... Args>

struct coroutine traits
: public _ coroutine_traits sfinae< Ret>

{
}s

SFINAE & FA|St4...



template <class Tp>

using promise type = typename Tp::promise type;

template <typename Ret
struct coroutine traits

Ret

{
}s




auto example(int a, double b, char *c) -> return type

using T = coro::coroutine traits<return type, int, double, char *>;
using promise type = T::promise_type;

return_type O| promise type & 7tX|11 JU=7f?

coroutine traits<T...»>



coroutine traits<> 2| &

A& return_typeO| promise_type= 7tA|1D QUX| EEELE,
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auto example() -> return_type HtE Al return_type: :promise_type

using T = cofo::coroutine traits<return type>;
using promise type = T::promise_type;



#include <experimental/coroutine>

auto my first coroutine() {
co_awaitAstd: :experimental: :suspend never{};

int main(int, ch
my first corouti
return 0;

*[]){

EO135:

class "std::experimental::coroutine_traits<<error-type>>"
has no member "promise_type"

F01357 23 E O| &7
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using namespace std::experimental;
auto example(int a, double b, char *c) -> return type

{
}

// ... programmer's code ...




using namespace std::experimental;
auto example(int a, double b, char *c) -> return type

{
using T = coroutine traits<return type, int, double, char *>;
using promise type = T::promise_type;
// ... programmer's code ...

}

Traits AA0|| =X 7F §ICHH...



using namespace std::experimental;

auto example(int a, double b, char *c) -> return type

{
using T = coroutine traits<return type, int, double, char *>;
using promise type = T::promise_type;

// return_type * _ return_object = ...
promise type p{ a,b,c };

* _return_object = { p.get_return_object() };
co_await p.initial_suspend();

try {

// ... programmer's code ...
}
catch (...) {

p.unhandled_exception();
}
__final suspend point:
co_await p.final suspend();
}

PromiseS &2F D E o



auto example(int a, double b, char *c) -> return type

{

// ... programmer's code ...




using T = coroutine traits<return type, int, double, char *>;
using promise type = T::promise_type;

promise type p{ a,b,c };

p.get _return_object()
p.initial suspend();

p.unhandled _exception();

p.final suspend();
{2 =0| promise typel| M 2k



auto example(int a, double b, char *c) -> return type

{
using T = coroutine traits<return type, int, double, char *>;
using promise type = T::promise_type;
promise type p{ a,b,c };
\ promise-constructor-arguments
} AH A

Promise: ‘S ‘&



auto example() -> return type

{
using T = coroutine_traits<return_type>;
using promise type = T::promise_type;
promise type p{};
O|X|—Argument7|— = AKX | |-E 70_?_
7| = ’é:”éiﬂ% Af%
} ‘en AH A
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#include <experimental/coroutine>

struct return sample
; urn_samp For general case

struct promise_type

{
promise_type();
~promise type();

promise_type(int, double, char *);
}s
¥

using return_type = return_sample;

For special case

Promise: ‘= Xp/A X} O A



using namespace std::experimental;
auto example() -> return type

{

using T = coroutine_traits<return_type>;
using promise type = T::promise_type;

// return_type * _ return_object = ...
promise_type p{};

* _return_object = { p.get_return_object() };
co_await p.initial_suspend();

try {

// ... programmer's code ...
}
catch (...) {

p.unhandled_exception();
}
__final suspend point:
co_await p.final suspend();

} .
Promise




using namespace std::experimental;
auto example() -> return type

{
// return_type * _ return_object = ...
promise_type p{};
* _return_object = { p.get_return_object() };
) H} & O| A A
Zh2k T | Of 2l



using return_type = return_sample;
auto example() -> return type

{

// return_type * _ return_object = ...
promise type p{};
*  return_object = { p.get _return_object() };

} Promise: return object



struct return _sample

{
struct promise type
{
auto get return_object() -> promise type*
{
return this;
}
static promise type *get return_object on_allocation failure() noexcept;
}s
return_sample(const promise type *) noexcept;
¥

using return_type = return_sample;
auto example() -> return_type

{

// return_type * _ return_object = ...

promise_type p{};
* _return_object = { p.get_return_object() };

} Promise: return object



HtE Al promise_typed o= QS

return_sample(const promise type *) noexcept;

promise_type p{};
*  return_object = { p.get _return_object() };




struct return _sample

{
struct promise type
{
auto get return_object() -> promise type*
{
return this;
}
static promise type *get pe€turn_object on allocation failure() noexcept;
}s
return_sample(const promise type *) noexcept;
¥

promise_type p{};
*  return_object = { p.get _return_object() };




struct return _sample

{
struct promise type
{
auto get return_object() -> promise type*
{
return this;
}
static promise type *get return_object on_allocation failure() noexcept;
}s \\\\\s
return_sample(const promise type *) noexcept;
¥

promise_type p{};
*  return_object = { p.get _return_object() };



struct return _sample

{
struct promise type
{
auto get return_object() -> promise type*
{
return this;
}
static promise type *get return_object on_allocation failure() noexcept;
}s
return_sample(const promise type *) noexcept;
¥
M| 2= operator new S AI2%H X &gt

promise type p{}; <

*  return_object = { p.get _return_object() };



struct return _sample

{
struct promise type
{
auto get return_object() -> promise type*
{
return this;
}
static promise type *get return_object on_allocation failure() noexcept;
}s
return_sample(const promise type *) noexcept;
¥
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promise_type p{};
*  return_object = { p.get _return_object() };



auto example() -> return type

{
promise_type p{};
try {
// ... programmer's code ...
}
catch (...) {
p.unhandled_exception();
}
}

Ol 2l X2|= oEA?



auto example() -> return type

{
promise_type p{};
// ... programmer's code ... Comp'le'Jl_ _'_7|_?—F -"I'cl" I O:”9| X-l El
}
catch (...) { 4_—______,,——"’////
p.unhandled_exception(); <
}
}



auto example() -> return type struct return_sample

{ {
struct promise type
{
void unhandled _exception()
{
promise type p{}; —> // std::current_exception();
std::terminate();
}
}s
try { ¥
// ... progyammer's code ...
}
catch (...) {

p.unhandled_exception();

}

Promise: Unhandled Exception



promise type p{};

co_await p.initial_suspend();

__final suspend point:
co_await p.final suspend();

Promise: initial/final suspend



struct return_sample

{
struct promise type
{
auto initial suspend()
{
promise_type p{}; return suspend never{};
}
auto final suspend()
co_await p.initial suspend(); {
return suspend never{};
}
}s
¥

__final suspend point:
co_await p.final suspend();

Awaitable Type= B2l



struct return sample

{

struct promise type

{

auto initial suspend()

{

promise_type piii””’——________f return suspend_never{};
t

co_await p.initial_suspend();

// ... programmer's code ...
}s
}s

Initial Suspend
HiE T2 02iHo| ZE=Z T AT




struct return sample

{ {
struct promise type
{
promise_type p{};
auto final suspend()
{
return suspend never{};
// ... programmer's code }
}s

}s

__final suspend pgint:
co_await p.final _suspend();

, - Final Suspend
co_return Ol ZFEl == mtofeh AQIT?



#include <experimental/coroutine>
using namespace std::experimental;

auto example() -> pack<int> {
co_await suspend never{};
co_return 0;

-1 O
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#include <experimental/coroutine>
using namespace std::experimental;

auto example() -> pack<int> {
co_await suspend never{};
co_return 0;

}

template <typename Item>
struct pack

{

ice LOIHE ESl| A
promise_type* prom; Promise 2B S Sofl 2

pack(promise type* p) :prom{ p } {};

auto get() -> Item

Item* ptr = prom->ptr;
return *ptr;




#include <experimental/coroutine> struct promise type
using namespace std::experimental; { B
. Item* ptr = nullptr;
auto example() -> pack<int> {
co_await suspend never{};

suspend never initial suspend(){ return{}; }
co_return 0;

suspend never final_suspend(){ return{}; }
auto get return_object() {
return this;

}

template <
struct pack

{

pename Item>

}
s

promise typs* prom;

pack(promise typ p) :prom{ p } {};

auto get() -> Item& { E2665: "pack<int>::promise_type" has

Item* ptr = prom->ptr; no member "return_value"
return *ptr;

}s

o
i
lo

+ Promise E}




#include <experimental/coroutine> struct promise type
using namespace std::experimental; { B
Item* ptr = nullptr;
auto example() -> pack<int> {
co_await suspend never{};
co_return 0;

// for co_return with value
void return_value(Item& ref) {
ptr = std::addressof(ref);
}
¥

o
co_return =
return_valu

M




#include <experimental/coroutine> struct promise type
using namespace std::experimental; { B
. Item* ptr = nullptr;
auto example() -> pack<int> {
co_await suspend never{};

suspend never initial suspend(){ return{}; }
co_return;

suspend never final_suspend(){ return{}; }
} auto get_return_object() {
return this;

}
s

E2665: "pack<int>::promise_type" has
no member "return_void"

OIX} 20| co_return SHCHH?



#include <experimental/coroutine> struct promise type
using namespace std::experimental; { B

. Item* ptr = nullptr;
auto example() -> pack<int> {
co_await suspend never{};

co_return;

// for empty co_return
void return_void() {}

s

co_return 2| Q!
return_void

-_——

Ok




#include <experimental/coroutine>
using namespace std::experimental;

auto example() -> pack<int> {

}

co_await suspend never{};

struct promise type

{

}s

Item* ptr = nullptr;

suspend never initial suspend(){ return{}; }
suspend never final suspend(){ return{}; }
auto get return_object() {

return this;

}

void return_value(Item& ref) {
ptr = std::addressof(ref);

}

void return_void() {}




#include <experimental/coroutine> struct promise type
using namespace std::experimental; { B

. ITtem* ptr = nullptr;
auto example() -> pack<int> {

co_await suspend_never{}; suspend never initial suspend(){ return{}; }

h suspend never final suspend(){ return{}; }
auto get return_object() {
return this;

}

void return_value(Item& ref) {
ptr = std::addressof(ref);

}

void return_void() {}

}s

C3782: pack<int>::promise_type: a coroutine's promise
cannot contain both return_value and return_void




#include <experimental/coroutine>
auto example() -> pack<int> {

co_return 0;

co_return 214 = AFESHH .



#include <experimental/coroutine>

auto example() -> pack<int> {
using promise type = pack<int>::promise type;
promise_type *p;

co_return 0; // programmer's code

__final suspend point:

co_await p->final suspend();
__destroy_point:

delete p;

}

co_return: ZLIE [ T L



#include <experimental/coroutine>

auto example() -> pack<int> {
using promise type = pack<int>::promise type;
promise_type *p;

int _tl1 = o;
p->return_value(_t1);
goto _ final suspend point;

A\\\\‘§"“‘—-—__;

__final suspend point:

co_await p->final suspend();
__destroy_point:

delete p;

co return 0; = FE MAEE A E



Promise Type2| &
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o coroutine_traits<T...>

ARE TR o) Wal/A Y

=T =
o Operator new/delete
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o get return_object, get return_object on_allocation failure
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° co_return: return_value, return_void

°c co _yield :yield value



Coroutine Handle
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Coroutine
o Routine that holds its state (Function Frame)
o 4 Operations from its d&finition

_

Task Class \

o An organized data structure with its member functions

T HlosieaRi Y AFR 2 = QUChH= o]




template <typename PromiseType = void>
class coroutine handle;

template <>
class coroutine handle<void>

{
protected:
prefix_ t prefix;
static_assert(sizeof(prefix t) == sizeof(void*));
public:
operator bool() const;
void resume();
void destroy();
bool done() const;
void* address() const;
static coroutine handle from_address(void*);
¥

<experimental/resumable> in VC++ . E O
github.com/llvm-mirror/libcxx/release 70/include/experimental/coroutine COFOUtlne Handle |- =




template <typename PromiseType>
class coroutine handle : public coroutine handle<void>
{
public:
using promise type = PromiseType;

public:
using coroutine handle<void>::coroutine_handle;

public:
auto promise() -> promise type&;
static coroutine handle from_promise(promise type& prom);

}s

. . E —_—
<experimental/resumable> in VC++ Promise e= -_lH;OI' |‘hand|e

github.com/llvm-mirror/libcxx/release 70/include/experimental/coroutine L




bool operator==(const coroutine handle<void>, const coroutine handle<void>);
bool operator!=(const coroutine handle<void>, const coroutine handle<void>);
bool operator< (const coroutine handle<void>, const coroutine handle<void>);
bool operator> (const coroutine handle<void>, const coroutine handle<void>);
bool operator<=(const coroutine handle<void>, const coroutine handle<void>);
bool operator>=(const coroutine handle<void>, const coroutine handle<void>);

<experimental/resumable> in VC++ .EE.’Q SEA
github.com/llvm-mirror/libcxx/release 70/include/experimental/coroutine

S
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template <typename PromiseType = void>
class coroutine handle;

template <>
class coroutine handle<void>

{
protected:

prefix_t prefix; > Compiler specific memory layout

public:
operator bool() const;
void resume();

void destroy(); > Compiler Intrinsic
bool done() const;

void* address() const;
static coroutine handle from_address(void*);

}s 7E:Ia- 9—I_|j_|.




C++ Coroutine = ¢St Compiler Intrinsic

Intrinsic: At 2] LH& gt

MSVC 2} Clang 25 coroutine_handle<void> A= 25l intrinsica ==.
GCC It OftH MEd S ghx]...




C++ Coroutine = |2 Compiler Intrinsic

MSVC Clang

(o]
o

size t _coro_done(void *)
size t _coro_resume(void *)
void _coro _destroy(void *)

__builtin_coro_done
__builtin coro_resume
__builtin_coro_destroy
. __builtin_coro_promise

o
o

(e]
[¢]

o
[e]

o

CHZ IntrinsiceE = 2L AFRRIEHO| =28

<experimental/resumable> in VC++
github.com/llvm-mirror/libcxx/release 70/include/experimental/coroutine
https://clang.llvm.org/docs/LanguageExtensions.html#c-coroutines-support-builtins




Coroutine Intrinsic: MSVC

explicit operator bool() const {
return Ptr != nullptr;

}

void resume() const {
_coro_resume(_Ptr);

}

void destroy(){
_coro_destroy(_Ptr);

}

bool done() const {
// REVISIT: should return _coro done() == 0; when intrinsic is
// hooked up
return (_Ptr-> Index == 0);

}



Coroutine Intrinsic: Clang

explicit operator bool() const {
return _ handle ;

}

void resume() {
__builtin_coro _resume(__handle );

}

void destroy() {
__builtin coro _destroy(__handle );

}

bool done() const {
return _ builtin coro _done(__handle );

}



template <>
class coroutine handle<void>

{

protected:
prefix_ t prefix;




Coroutine FrameOf| Z2&tk| = A=

Frame == Routine’s state
MESFEIO] =2} H|==StX| B HILX| I =IH=ICE,.

CppCon 2016: “Introduction to C++ Coroutines”
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Promise Type = AtE2t I FEI | Y o| /ol Xl

N4736, 11.4.4

... The allocation function’s name is looked up in the scope of P
If this lookup fails, the allocation function’s name is looked up in the global scope. ...

... The deallocation function’s name is looked up in the scope of P,
If this lookup fails, the deallocation function’s name is looked up in the global scope ...

2018/n4736.pdf




class return type {
public:
struct promise type {
auto operator new(size t sz) -> void *;
void operator delete(void *ptr, size t sz);
}s
}s

auto example(Args... args) -> return type {
using T = coroutine_traits<return_type, Args...>;
using promise _type = T::promise_type;
using frame_type = tuple<frame_prefix, promise_ type, Args...>;

auto *frame = (frame type *)promise type::operator new(sizeof(frame type));
auto *p = addressof(get<1l>(*frame)); // promise type
// ... coroutine code generation ...

__destroy_point:
promise type::operator delete(frame, sizeof(frame type));

}
Frame 22| I =



class return type {
public:
struct promise type {

}s
}s Ch=F O| & Et 10| 4-gd=IC.
auto example(Args... args) -> return type {

using frame_type = tuple<frame_prefix, promise_ type, Args...>;

auto *frame = (frame type *)
} o) Ol

A0
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class return type {
public:
struct promise type {
auto operator new(size t sz) -> void *;
void operator delete(void *ptr, size t sz);

}s

}s

auto example(Args... args) -> return type { promise types =off 2t2|ot= 4F
using frame_type = tuple<frame_prefix, pr¢gmise type, Args...>;
auto *frame = promise type::operator new(sizeof(frame type));

__destroy_point:
promise type::operator delete(frame, sizeof(frame type));

)
Look up in the scope of P




class return type {
public:
struct promise type {

}s f\
}s

dophgle e,
auto example(Args... args) -> return type { Xn_-lg:! %-I'%I'/OHX'”E A"'g'ol_l'l:l'
using frame_type = tuple<frame_prefix, promise_ type, Args...>;
auto *frame = : :operator new(sizeof(frame type));

__destroy_point:
::operator delete(frame, sizeof(frame type));

Look up in the global scope



class return type {
public:
struct promise type {

}s
}s

using frame_type = tuple<frame_prefix, promise_ type, Args...>;

auto *frame = (frame type *)promise type::operator new(sizeof(frame type));
auto *p = addressof(get<1l>(*frame)); // promise type

Frame LIS 2| Promise 7HA]




_JI\_ECl):lLifetime & %Af/()l% o~ I:éﬂEIision

N4736, 11.4.4

When a coroutine is invoked, a copy is created for each coroutine parameter ...
... The lifetime of parameter copies ends immediately after the lifetime of the coroutine
promise object ends. ...

N4736, 15.8.3

in a coroutine, a copy of a coroutine parameter can be omitted and references to that
copy replaced with references to the corresponding parameters if the meaning of the
program will be unchanged ...

2018/n4736.pdf




auto example(Args... args) -> return type {

using frame_type = tuple<frame_prefix, promise_ type, Args...>;

O|X| O] &= 01l T3t A]...

Frame Prefix?




template <>
struct coroutine handle<void> {
struct Resumable frame_prefix {
typedef void(_ cdecl * Resume fn)(void *);
_Resume_fn _Fn;
uintle t _Index;
uintle t Flags;
¥
protected:
_Resumable frame prefix * Ptr = nullptr;

}s

<experimental/resumable> VC++ O-”A-l 9" %;l 9"



template <>
struct coroutine handle<void> {
struct Resumable frame_prefix {
typedef void(_ cdecl * Resume fn)(void *);
_Resume_fn _Fn;
uintle t Index;<—
uintle t _Flags; T
}; =L} X| A suspend Point O| |ndex?
protected:
_Resumable frame prefix * Ptr = nullptr;

}s

<experimental/resumable>



template <>
struct coroutine handle<void> {
struct Resumable frame_prefix {
typedef void(_ cdecl * Resume fn)(void *);
_Resume_fn _Fn;
uintle t _Index;
uintle t Flegs;
¥
protected:

_Resumable_frame_prgfix *_Ptr = nullptr; switch (frame->index) {

¥ case 2: // initial suspended
goto _ suspend point_ 1;
case 4: // suspended in point 1
goto _ suspend point 2;
// the other case ...
case 0: // final suspended
// resume is error !
<experimental/resumable> }



template <>
struct coroutine handle<void> {
struct Resumable frame_prefix {

typedef void(_ cdecl * Resume fn)(void *);
_Resume_fn _Fn; <F—_-~\\‘\\\\
uintle t _Index;

} uintle_t _Flags; cdecl + void(void*) ?

protected:
_Resumable frame prefix * Ptr = nullptr;

}s

<experimental/resumable>
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https://docs.microsoft.com/ko-kr/cpp/cpp/cdecl?view=vs-2017




template <>
struct coroutine handle<void> {
struct Resumable frame_prefix {
typedef void(_ cdecl * Resume fn)(void *);
_Resume_fn _Fn;
uintle t _Index;
uintle t Flags;

¥
protected:
_Resumable frame prefix * Ptr = nullptr;

}s
A= O] &+2| 2E2 goto 2F &Y SIHLt

<experimental/resumable>



template <>
class coroutine handle<void> {
private:
template <class PromiseT> friend class coroutine handle;
void* _ handle_;

}; k
O BE I §l&:

SHA| 2t ve++ S| 0| Clang-cl Aot 2| E AtE5IH
H._"EA' Crash7|' HEAH _Ll'i 7oz EO|‘
MSVCR}= CI2CI= 742 & 4= QAL

— A= TAA)\A

' A
libcxx/release 70/include/experimental/coroutine ||bC++ 70 O-”A-I 9—' O_lg-l




void* _ handle_;

using procedure t = void(__cdecl*)(void*);

struct clang frame prefix final

{
procedure t factivate;
procedure t fdestroy;
}s
static_assert(aligned size v<clang frame prefix> == 16);
Gor Nishanov “C++ Coroutines: Under the covers” EXI-_é_l'Kl — OF El_ |
https://github.com/luncliff/coroutine/blob/1.4/interface/coroutine/frame.h — - - Lo ’




void* _ handle_;

Resume 27} T A HyX| =ICF,
using procedure_t = void(__cdecl*)(void*); A Z=E[0Q| final suspended AMEf S [ =

Zr2 JIX|IC
struct clang frame_prefix final nullptr &= |- |_
{

procedure_t factivate;<—
procedure_t fdestroy;

}s

static_assert(aligned size v<clang frame prefix> == 16);

Gor Nishanov “C++ Coroutines: Under the covers”




void* _ handle_;

using procedure t = void(__cdecl*)(void*);

struct clang frame prefix final — = _ e
( oo |t g5 2 22X = Z #IL
/

procedure t factivate;
procedure t fdestroy; <

}s

static_assert(aligned size v<clang frame prefix> == 16);

Gor Nishanov “C++ Coroutines: Under the covers”




coroutine handle<void> = 7|77 X]

CS 2 coroutine_handle<promise_type>




static coroutine handle from promise( Promise&  promise) _NOEXCEPT {
typedef typename remove_ cv< Promise>::type RawPromise;
coroutine handle _ tmp;
__tmp. handle = _ builtin coro_promise(
_VSTD: :addressof(const_cast< RawPromise&>( promise)),
__alignof( Promise), true);
return _ tmp;

libcxx/release 70/include/experimental/coroutine#L252




from_promise( Promise&  promise)

coroutine handle _ tmp;
__tmp. handle = _ builtin coro_promise(
addressof( __promise)),
__alignof( Promise), true);

return _ tmp;
I __alignof returns 16 * N

__handle_ = _ builtin coro_promise(addressof( promise), _ alignof( Promise), true);
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static const size t ALIGN REQ = sizeof(void *) * 2;
static const size t _ALIGNED SIZE =
is _empty v< PromiseT>
? 0
: ((sizeof( PromiseT) + ALIGN REQ - 1) & ~(_ALIGN_REQ - 1));

_PromiseT &promise() const noexcept {
return *const cast< PromiseT *>(reinterpret _cast< PromiseT const *>(
reinterpret _cast<char const *>(_Ptr) - _ALIGNED SIZE));
}

static coroutine handle from_promise( PromiseT & Prom) noexcept {

auto FramePtr = reinterpret cast<char *>(_STD addressof( Prom)) + _ALIGNED SIZE;
coroutine handle< PromiseT> _Result;

_Result. Ptr = reinterpret cast< Resumable frame prefix *>(_FramePtr);
return _Result;

Ol 9 C
<experimental/resumable> VC++ | '




size t _ALIGN REQ = sizeof(void *) * 2;
size t _ALIGNED SIZE =
is _empty v< PromiseT>
? 0
((sizeof( PromiseT) + ALIGN REQ - 1) & ~(_ALIGN_REQ - 1)

SISIR| B 160] B4 S e
(clang@| alignof 1f &)

Align size

<experimental/resumable>




size t _ALIGN REQ = sizeof(void *) * 2;
size t _ALIGNED SIZE =
is _empty v< PromiseT>
? 0
. ((sizeof( PromiseT) # ALIGN REQ - 1) & ~(_ALIGN_REQ - 1));

__alignof( PromiseT)

Promise Type 2| A& 3

<experimental/resumable>




promise() {

return *
<char *>(_Ptr) - _ALIGNED SIZE)
}
from_promise( PromiseT & Prom)
auto _FramePtr = <char *>( addressof( Prom)) + _ALIGNED_ SIZE;
C oS AO| oH Al
<experimental/resumable> T ':'I-_I__ _Il-l —



| Promise | Frame Prefix | Local variables |

\

resumable handle<void>

promise() {
return *

<char *>(_Ptr) - _ALIGNED SIZK)

from_promise( PromiseT & Prom)
auto _FramePtr = <char *>( addressof( Prom)) + _ALIGNED_ SIZE;

<experimental/resumable> MSVCQ" DllEEl I:IH x|



__handle_ = _builtin coro promise(addressof( promise), _ alignof( Promise), true);

Clang’s Frame Qk7to| 2 M

:IOP

| Frame Prefix | Promise | ? | Local variables |

\

resumable handle<void>

Clang?2| M| 22| Hi K]




MSVC’s Frame | Promise | Frame Prefix | Local variables |

Clang’s Frame | Frame Prefix | Promise | ? | Local variables |

& AUt 22| Promise Type, Frame Prefix Hf X| 7} CHE Z4 0|
clang-cl compiler@t VC++ headerE AFE M= Crash 7} &’ d85t= O| 7 S Lt

? Ol = MSVCN & index”/t || X|BHEL (HB =l B2, resume() O| Al Crash 27d)
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coroutine handle<void> WNE =2l Sot= 8 E

o Promise Type
o= tHAO|M 215 7hs (get_return_object)

o void*
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o Awaitable Type
St HAOM 215 715 (await_suspend)



promise type & prom;

Promise Off =2 = QCIH .



promise type & prom;

auto coro = coroutine handle<promise type>::from_promise( prom);

coroutine handle<promise_type>

Promise >> Coroutine Handle




promise type & prom;
auto coro = coroutine handle<promise type>::from_promise( prom);

auto& promise = coro.promise();

promise type &

Coroutine Handle >> Promise



void *ptr;

OB 7F UCHH



void *ptr;

auto coro = coroutine handle<void>::from_address(ptr);

& coroutine handle<void>

void* >> Coroutine Handle



void *ptr;
auto coro = coroutine handle<void>::from_address(ptr);

auto *addr = coro.address();

void *

Coroutine Handle >> void*



struct suspend_never

{

bool await ready() { return true; }
void await_suspend(coroutine handle<void>){}

void await_resume(){} &\\\\\\\\55--_
}s
OIXt2 ™ EH =LY,

Awaitable >> Coroutine Handle



coroutine handle<P>2| dgt
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o destroy
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Awaitable co_awaitQ| I HAFK}
° await_ready
°c await suspend, await resume
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— Coroutine Frame

— Handle — Awaitable

<«<——> from_address/address <«<—1— await suspend

<«<—r— done resume > await resume

await_ ready

from_promise/promise destroy

't‘ A

 bromise 4
romise )

<—— new/ctor delete/dtor

get return_object .
initial suspend

final suspend
return_void yield_value
return_value await_transform




— Coroutine Frame

— Promise

<€<—— new/ctor




Coroutine Frame

— Awaitable

— Promise

<€<—— new/ctor

get return_object

initial suspend




— Coroutine Frame

— Handle

<—— done

— Awaitable

— Promise

return_void
return_value

final suspend




— Coroutine Frame

— Handle
destroy
— Promise
v
delete/dtor




Coroutine Frame

— Handle

<—— done

— Promise

— Awaitable

— await suspend

await_ready

A

initial suspend
final suspend
yield value
await_ transform




— Coroutine Frame

— Handle

resume

— Awaitable

> await resume

await_ ready




— Coroutine Frame

— Handle — Awaitable

<«<——> from_address/address <«<—1— await suspend

from_promise/promise

i\

l

— Promise

Handle22| M2




— Coroutine Frame

— Handle — Awaitable

<«<——> from_address/address <«<—1— await suspend

<«<—r— done resume > await resume

await_ ready

from_promise/promise destroy

't‘ A

 bromise 4
romise )

<—— new/ctor delete/dtor

get return_object .
initial suspend

final suspend
return_void yield_value
return_value await_transform
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Coroutine Generator

Understanding co_yield



co yield AHAL

co_r‘etur'n9|' _IC_JI_A|-'C')'|.X| EII_I-’ Iil_l-g-returnE |:|- uspenswnO-” |:—| _1_7-”%
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auto subroutine(uint32 t sum = @) -> uint32 t

{

for (uint32 t v : example())

sum += Vv;

return sum;
}
auto example() -> generator<uint32 t>
{

uint32 t item{};

co_yield item = 1;
}

i H of Al =

2018/n4736.pdf co_yleld H |_=| L Ol M_ o El E




auto subroutine(uint32 t sum = @) -> uint32 t

{

for (uint32 t v : example())

sum += v;

return sum;
}
auto example() -> generator<uint32 t> o= o] AL

- S C

sromise type p{}; promise type::yield value &= MEHEICt

uint32 t item{};

co_await p.yield value(item = 1);
}

: Ol Ol A Semantics

2018/n4736.pdf co_yileld o| o|O| =




auto subroutine(uint32 t sum = @) -> uint32 t

{
for (uint32 t v : example())
sum += Vv;
return sum;
}
auto example() -> generator<uint32 t>
{
promise_type p{}; MsvC: 22| E HEl2 HdE= BREHE
uint32 t item{};
p.yield value(item);
co_await suspend_always{}; // this is not return!
}

<experimental/generator> in VC++



auto subroutine(uint32 t sum = @) -> uint32 t

{
for (uint32 t v : example())
sum += v;
return sum;
}

Generator: A2 A 2 E



auto subroutine(uint32 t sum = @) -> uint32 t

{
{
auto g = example();
auto it = g.begin();
auto e = g.end();
for (; it != e; ++it)
{
auto v = *it;
sum += v;
} } L EEE Ol input iterator( L 22 21t &<
// g is destroyed
return sum;
}

Generator>=2 | Ol i | —_|-|-7CSemant|cs



template <typename Ty, typename Alloc = allocator<char>>
struct generator

{

struct promise_type;
struct iterator;

_NODISCARD iterator begin();
_NODISCARD iterator end();

explicit generator(promise type & Prom); = L - —e) L
~generator(); —|A|'|_ E7|'O,O|o|_ 7|'o

generator(generator const &) = delete;

generator &operator=(generator const &) = delete;

generator(generator && Right);

generator &operator=(generator && Right);
private:

coroutine handle<promise type> Coro = nullptr;

s

<experimental/generator> in VC++ Ge ne rato I Ove rVieW



template <typename Ty, typename Alloc = allocator<char>>
struct generator

{

struct promise_type;

explicit generator(promise type & Prom)

_Coro(coroutine handle<promise type>::from_promise( Prom))
1}
~generator(){
if (_Coro)
_Coro.destroy(); <
} \
2~ BA0M ZRE =G )= M A
private:

coroutine handle<promise type> Coro = nullptr;

¥
. AH A |. A |.

<experimental/generator> in VC++ GeneratOr. o (DX /—'— EX



template <typename Ty, typename Alloc = allocator<char>>

struct generator .
{ Iterator tag

struct iterator { v””——————

using iterator_category = input_iterator tag;
using difference_type = ptrdiff t;

using value type = Ty; A L Ol &L S AB|C}

using reference = Ty const &;
using pointer = Ty const *;

coroutine handle<promise type> Coro = nullptr;

iterator() = default;
iterator(nullptr t) : _Coro(nullptr){}
iterator(coroutine handle<promise type> CoroArg) : _Coro( CoroArg){}

}s

_NODISCARD iterator begin();
_NODISCARD iterator end();

. Generator: lterator



template <typename Ty, typename Alloc = allocator<char>>
struct generator
{
struct iterator {
using iterator_category = input_iterator tag;

coroutine handle<promise type> Coro = nullptr;

_NODISCARD bool operator==(iterator const & Right) const{
return _Coro == Right. Coro;

}
_NODISCARD bool operator!=(iterator const & Right) const;

_NODISCARD reference operator*() const{
return * _Coro.promise(). CurrentValue;

}
_NODISCARD pointer operator->() const{

return _Coro.promise()._CurrentValue;

} N
b Promise 7HX| & &5l A
7o Zro|| =2 5tC}

}; HA




template <typename Ty, typename Alloc = allocator<char>>
struct generator
{
struct iterator {
coroutine handle<promise type> _Coro = nullptr;

iterator &operator++(){
_Coro.resume();
if (_Coro.done())
_Coro = nullptr;
return *this;

}
}s
_NODISCARD iterator begin(){
if (_Coro) {
_Coro.resume();
if (_Coro.done()) return {nullptr};

}

return { Coro};

}
_NODISCARD iterator end(){ return {nullptr}; } XI_-l II_|Advance —— XH7HResume

s



template <typename Ty, typename Alloc = allocator<char>>
struct generator

{
struct promise type {
Ty const * CurrentValue;
promise type &get return_object(){
return *this;
} A& A 0| =AO xS
bool initial suspend(){ return (true); } I-_"—_Ol yIEIdE'—l ETQ' _'__'_'—I- X‘| OI-O'—l-El-
bool final suspend(){ return (true); }
void yield value( Ty const & Value){
_CurrentValue = STD addressof( Value);
}
}s
explicit generator(promise type & Prom)
_Coro(coroutine handle<promise type>::from_promise( Prom))
{}
private:
} coroutine handle<promise type> _Coro = nullptr; Genel’ator: Promise






auto current_threads() -> generator<DWORD>

{

auto pid = GetCurrentProcessId();

auto snapshot = CreateToolhelp32Snapshot(TH32CS SNAPTHREAD, 0);
if (snapshot == INVALID HANDLE VALUE)
throw system error{GetLastError(),system category()};

auto entry = THREADENTRY32{};
entry.dwSize = sizeof(entry);

for (Thread32First(snapshot, &entry); Thread32Next(snapshot, &entry);
entry.dwSize = sizeof(entry))

if (entry.th320wnerProcessID != pid) // filter other process threads
co _yield entry.th32ThreadID;

CloseHandle(snapshot);
Ol ZLOo| &ZH[F>




auto current_threads() -> generator<DWORD>

{
_I_x —r
0Fof @ =X7} loopE RFOHA| RECH,
Of 2t2l 2 HAMEX| =0+ AR E Zo 2 A e/ ofu &)
for (Thread32First(snapshot, &entry); Thread32Next(snapghot, &entry);
entry.dwSize = sizeof(entry))
co _yield entry.th32ThreadID;
CloseHandle(snapshot);
}




auto current_threads() -> generator<DWORD>

{
auto pid = GetCurrentProcessId();
auto snapshot = CreateToolhelp32Snapshot(TH32CS SNAPTHREAD, 0);
auto h = gsl::finally([=]() noexcept { CloseHandle(snapshot); });
auto entry = THREADENTRY32{};
for (Thread32First\snapshot, &entry); Thread32Next(snapshot, &entry);
entry.dwSize =\sizeof(entry))
if (entry.th320wnerPrQcessID != pid)
co _yield entry.th3
}

2~ ZAS AtEe
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Switching Thread

Coroutine + Message Queue



struct coro _queue

{
virtual ~coro_queue() noexcept = default;
virtual void push(coroutine handle<void> rh) = 0;
virtual bool try pop(coroutine handle<void>& rh) = 0;
}s

auto make _queue() -> std::unique ptr<coro queue>;

https://wandbox.org/permlink/6FGKZjuzjNYoSmI1 ) .
https://godbolt.org/z/M4atrm I—et S asSsume there IS a queue...




auto program(coro queue& fqg, coro queue& bqg) -> return ignore;
void coro _worker(coro queue* q); // worker thread function

void main_subroutine()

{
auto fg

auto bg

make_queue(); // for foreground
make _queue(); // for background

// launch background worker
auto fb = std::async(std::launch::async,
coro_worker, bg.get());

program(*fg, *bg); // start the program

coro_worker(fg.get()); // run as foreground worker
fb.get(); // clean-up or join background thread

Main subroutine with 2 queue



auto program(coro queue& foreground, //
coro_queue& background) -> return_ignore
{
using namespace std;
print_thread_id("invoke"); <

auto repeat = 3;
while (repeat--)
{
co_await foreground; void print_thread _id(const char* label)
print_thread_id("front"); {
cout << label
co_awalt background; << "\t" << this_thread::get_id()
print_thread _id("back"); << endl;
} }
print_thread _id("return");
co_return;

Our coroutine



auto program(coro queue& foreground, //
coro_queue& background) -> return_ignore

{
Expression:
, Function selects its thread
while (repeat--)
{
co_await foreground;
co_await background;
}
co_return;
}

Semantics:
Send a handle through Message Queue



auto program(coro queue& fqg, coro queue& bqg) -> return ignore;

void coro_worker(coro queue* q); // worker thread function
{
auto coro = coroutine handle<void>{};
auto repeat = 10;
PopNext:
if (g->try pop(coro) == false)
std: :this_thread::sleep for(10ms);
else
{
if (coro.done())
coro.destroy();
else
coro.resume();
}
if (repeat--) // for some condition ...
goto PopNext; // continue

The worker thread function



auto program(coro queue& fqg, coro queue& bqg) -> return ignore;

void coro _worker(coro queue* q)

{
auto coro = coroutine handle<void>{};
PopNext:
if (g->try pop(coro) == false)
sleep for(10ms);
else
{
if (coro.done())
coro.destroy();
else
coro.resume();
}
}

Pop & Resume/Destroy



await transform

Providing type conversion for the co_await



struct return_ignore; // ... we already covered this type ...

auto example() -> return ignore {
co_await true;
co_await false;

}

https://godbolt.org/z/EnNBrL . o
https://godbolt.org/z/eCVc6I Can we use bool for CO_awalt .




struct return_ignore; // ... we already covered this type ...

auto example() -> return ignore {
co_await true;

co_await false; <
} \

E2660: this co_await expression requires a suitable
"await_ready" function and none was found




struct return _ignore;

auto example() -> return ignore {

co_await true; Simple awaitable type.
co_await false; . L
y The code is from suspend _if in VC++
__——
class suspend with condition {
bool cond;
public:
suspend _with_condition(bool cond) : cond{ cond} {}
bool await ready() { return cond; }
void await suspend(coroutine handle<void>») { /* ... */ }
void await _resume() { /* ... */ }
¥



struct return _ignore;

auto example() -> return ignore {
co_await true;
co_await false;

}

class suspend with _condition;

struct return ignore {
struct promise type {

/] ...

auto await_transform(bool cond) {
// return an awaitable
// that is came from its argument <«

return suspend_with_condition{cond};
}

}s If there is await_transform,
ZREX it is applied before co_await operator

}s



auto example() -> return ignore { auto example() -> return_ignore {

co_await true; promise_type *p;
} > auto aw = p->await_transform(true);
COo_await aw;

class suspend with _condition;

}

struct promise type {

auto await_transform(bool cond) {

return suspend_with_condition{cond};

}s



