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std: :generator<int>) foo()

for (int i = 0; i < 10; i++) {
co_yield i;
}
}

std: :future<void>) bar()

auto n = co_await std::async(foo);
co_return;

}

VS stl::experimental
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co yield #

int main()

{
auto i : foo()) {

/—\

T

std:

:cout <<
for (int i

std::co ; i ;
K\5—11_;;;19I—4%—1_éé—5td*ﬁendl*_——__“““‘———~
¥

std:

:cout <<

"end"

"begin"
0; 1 < 10; i++) {

<< std:

<< std:

:endl;

:endl;



int main()

co yield #

/—\

T

std: :generator<int> foo()

{
std::cout << "begin"
for (int 1 = 9; i <

std::cout << "end" << std:

<< std:

0; i++

)

:endl;

:endl;



int main()

for (auto 1
iicout << i << std:

:endl;

co yield #

/—\

T

std: :generator<int> foo()

{
std::cout << "begin"
for (int i = 9; i

<< std::endl;

s i++) |



int main()

auto var = ba
/] ...
/] ...
/] ...
/] ...
/] ...
/] ...
/] ...
/] ...

var.wait();

co await TR
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HARRIBNIREBR 15

co_await std::string{ "hello" };

error C3312: no callable 'await_resume' function found for type 'std::string’
error C3312: no callable 'await_ready' function found for type 'std::string’
error C3312: no callable 'await_suspend' function found for type 'std::string’
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co awailizEHRO&EFes Future awaiter



template <class _Ty>
auto operator co_await(f
return experimental:

}

template <class _Ty>
auto operator co_await(f
return experimental:

}

ure<_Ty>& _Fut)
_Future_awaiter<_

Jly>{_Fut};



template <class _Ty>
struct _Future_awaiter {

future<_Ty>& _Fut;

cthen if and when future gets .then
d—waitingThread([& Fut ="_Fut, _ResumeCb]() mutable {
ut.wait();

_ResumeCb(); BENEAIHRITIRE
3
_WaitingThread.detach();
}
decltype(autq) await_resume()
return _Put.get();
}

}s

BEESERITER




1.

2.

3.

await suspendfy=Fhfz
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struct my_int_generator {};

my_int_generator foo()

{
for (int i = 9; 1 < 10; i++) {
co_yield 1i;

}

error C2039: 'promise_type': is not a member of 'std::experimental::coroutine_traits<my_int_generator>'



promise_type

R[EZRAIBE A EREE promise_type;

& B RN std experimental::coroutine traits<T>BEHBR

template <class... _ArgTypes>
struct coroutine_traits<future<void>, _ArgTypes...> {
struct promise_type {
/] ..
¥
}s5

S

Alpromise type,



promise type

struct my_int_generator {
struct promise_type {
int* value_ = nullp
my_int_generator get_return_objec
return (y_int_generator{ *this }

i=0; i< 10; i++) {
co_yield i;



promise_type St

struct my_int_generator {
struct promise_type {
int* value_ = nullptr;

/..

0 initial_suspend

ENTIENEENS, BT

co_await promist_type.initial_suspend();

co_await promist_type.final_suspend();

onst noexcep¥/ {

struct suspend_always {
bool await_ready() noexcept {
return false;
}
void await_suspend(coroutine_handle<>) noexcept {}
void await_resume() noexcept {}

3

/... s

struct suspend_never {
bool await_ready() noexcept {
return true;

s

}

[ 1R1Fco vieldREHNIETT BIR[EIS/528 void await_suspend(coroutine_handle<>) noexcept {}
void await_resume() noexcept {}
}s




schkmy int generator

struct my_int_generator {

int next() { ;(EtBEUQ%ggﬂE‘—’fﬁETﬁEE, Bixs%E
if (1 e_ || handle_.done()) { Lexpemmental/generator

return -1;
}
handle_();
return handle_.promise().value_;

}s

int main()

{
auto obj = foo();
std::cout << obj.next() << std::endl;
std::cout << obj.next() << std::endl;
std::cout << obj.next() << std::endl;



struct promise_type {
int value_ = 0;
/...

HiXpromise type

void return_value(Ipt value) {
e =V 1

}

:{ co_returnifBreturn_valuezi&return void

4___________,,,'

voi{d return_void() B
}



HiXpromise type

struct promise_type { (,Xﬂco_awehE@E%VE%ﬁHE??E%Ei&LEE
/] ... FROM:
awaitable @wait_transform(expr)e—f > CO_await expr;
return itable(e); TO:
} kco_await promise.await_transform(expr);
/] ...
eptFr——=—stdiseurremt_exception();
}

SRR S A T AR ]

T

co_await promise.initial_suspend();

Try {
/] ...
}

catch (...) {
promise.unhandled_exception();

}

co_await promise.final_suspend();
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stackless vs stackful
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coroutine_test.
coroutine_test.
coroutine_test.
coroutine_test.
coroutine_test.
coroutine_test.
coroutine_test.
coroutine_test.

stackless vs stackful SRR!

C++200MEB T Lixtiz, FEERMIKERIKAE,
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exe!foo$ ResumeCoro$l()
exe!foo$_InitCoro$2()

exe!foo() [Ramp]

exe!main()

exe!invoke_main()

exe! scrt_common_main_seh()

exe! scrt_common_main()
exe!mainCRTStartup(void * _ formal)

kernel32.dll!BaseThreadInitThunk()
ntdll.d11!RtlUserThreadStart()

coroutine_test.exe!foo$ ResumeCoro$1()
coroutine_test.exe!std::experimental::coroutine_handle<void>::re
coroutine_test.exe!std::experimental::coroutine_handle<void>: :op
coroutine_test.exe! awaitable_string::await_suspend':: 2'::<lamb
coroutine_test.exe!std::invoke< awaitable_string::await_suspend'’
mbda_1> && _0bj)
coroutine_test.exe!std::thread::_Invoke<std::tuple< awaitable_st
ucrtbased.dll!thread_start<unsigned int (__cdecl*)(void *),1>(vo
kernel32.dll!BaseThreadInitThunk()
ntdll.d1l1l!RtlUserThreadStart()



stackful

BiniERIEAMERYN: goroutine, fibers,
BEWERAEECIMERNE, PFILURSEHERIRALTIE;
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https://swtch.com/libtask/

https://code.google.com/archive/p/libconcurrency/

2. REEARERSER L,


https://swtch.com/libtask/
https://code.google.com/archive/p/libconcurrency/

stackful

BiEEY)R E N HISEING AR D A=
ucontext; (e.g. *boost.coroutine?)
sejmp/longjmp; (e.g. libconcurrency)

iLgmsCIl 3%, (e.q. libtask)

F=EFE Windows—f&{ERWindows Fibers API,



stackful

BixMiztreRly, ERROBITUIERIINA, RERZ:

- RESL LR ABERIEAIFERZEME,
- FESRFERZLI0 (. WEF) SEESD)
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https://qgithub.com/Tencent/libco

https://github.com/yyzybb537/libgo



https://github.com/Tencent/libco
https://github.com/yyzybb537/libgo

stackless

C++20 coroutines BV TARNEE |

EAREE T EENIRE— 1, PRLARIBEHEIE YR MERHRENE,

BRATFREEAMCPUSEFR LT, Hae L EET,;
C++20 coroutinesiRt T IFE RIFMRGRE OEANSEL, FREESAIRL,
BRIt RS E ST E

https://github.com/lewissbaker/cppcoro

https://think-async.com/Asio/



https://github.com/lewissbaker/cppcoro
https://think-async.com/Asio/

stackless $rpt

«  TiERMERSEINEGRE— MRS, Ligeneratoriafl:

int main() std: :generator<int> foo()
{ {
for (auto i : foo()) { for (int i = 0; i < 10; i++) {
std::cout << i << std::endl; co_yield i;
/] ... }
} }



stackless $rpt

T MERISEIME R E— MRS, Ligeneratoryafl:

« FE3kB: https://www.chiark.greenend.org.uk/~sgtatham/coroutines.html

int foo() {

static int i, sta

switch (state)
case 0:
goto LABELO;

HE—RAINEE

int foo() {
static int i, state = 0;
switch (state) {
case 0O:
for (i =0; 1< 10; i++) {
state = 1;
return i;
case 1:;

}


https://www.chiark.greenend.org.uk/~sgtatham/coroutines.html

stackless

© ERERA
- BERDXE, ERRIELAZXFR,

#tdefine crBegin static int state=0; switch(state) { case 0:
#tdefine crReturn(i,x) do { state=i; return x; case i:; } while (9)
#tdefine crFinish }
int foo() {

static int i;

crBegin;

for (i = 0; 1 < 10; i++)

crReturn(l, i);
crFinish;
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template <class _Ty>
struct _Future_awaiter {
future<_Ty>& _Fut;

bool await_ready() const {
return _Fut._Is ready();

}

void await_suspend(experimental::co

_Fut.wait();
_ResumeCb();

_WaitingThread.detach();
}

decltype(auto) await_resume() {
return _Fut.get();
}
¥

std:asyncAUIR[EHE, HERSTLERFIAY
“%FEih (PPL) , GCCHICLANGE
B HTLRTR.

routine_handle<>~ ResumeCb) {

PR TRz, IRBIE T TIFEAEF0IR
E512, BIRLAEIEREIRFEA,
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- (ER%ED, TeIERIMEIE.

template <class _Ty>
struct _Task_awaiter {
task<_Ty>& _Task;
/...
void await_suspend(experimental::coroutine_handle<> ResumeCb) {
threadpool::post([& Task = _Task, _ResumeCb]() mutable {
_Task.run();
_ResumeCb();

1)

}s
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Overlapped

ReadFileEx

Alertable wait

std::future
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class AsyncFileIO {
pu?}ic: FERSEIOF T, ]

bool Create(const char *filename, unsigned long flag) {
HANDLE handle =

CreateFileA(filename, GENERIC_READ

FILE_ATTRIBUTE_NORMAL

GENERIC_WRITE, @,
FILE_FLAG_OVERLAPPE]

ullp¥r, flag,
5 nullptr);

bool retval = handle != INVALID_HANDLE_VALUE;]
if (retval) {

shared_handle_.reset(handle, CloseHandle);
}

return retval;

}

ReadAwaiter Read(unsigned long offset, unsigned long length) {

retury’ ReadAwaiter{shared_handle_, offset, length);
}

Jrivate: AT SIS RERIR, R
. M= FEAATHRE Y= 5
std::shared_ptr<void> shared_handle_; Bk, FEco_awaitHIREA SEERAR,

}s




Demo $rpt

class ReadAwaiter {
public:
/...
bool await_ready() const { return false; }
void await_suspend(std::experimental::coroutine_handle<>_h
OVERLAPPED o0{9};
o.hEvent = this;
0.0ffset = offset_;
result_.resize(length_);
coro_ = h;
BOOL retval

{FFAReadFileEx o AN 44, ]

esult_.data(), length_, &o,
tine

f B GERETEABE&IEEA

Hretva 'L APCEIFEREL,
result_.clear()y

h();
}

std::vector<unsigned char> await_resume() const { return result_; }

void resume() { coro_(); }

void resize_result(const size_t real_number) {
if (real_number != result_.size()) {

result_.resize(real_number);

}

}

/...

}s

SNRERARM, MSZENRE
EAT,




Demo

static void OverlappedCompletionRoutine(unsigned long err_code,
unsigned long transfered_number,
LPOVERLAPPED overlaped) {
ReadAwaiter *awaiter = static_cast<ReadAwaiter *>(overlaped->hEvent);
if (awaiter
awaiter->resize Te
awaiter->resume();

ult(transfered_number);

ERIEF T REMIERT ]




Demo $rpt

std::future<void> ReadTestFile() {
AsyncFileIO reader;
reader.Create(R*(D:
auto vec =

co_awaithilf T3 HEEY, ]

T\Some_dats
co_await reader.Rea

bin)", OPEN_EXISTINGY;
d)e,—20 T * 1024);

std::cout << vec.size();

}

int main() {

auto f = ReadTestFile(); X ETEE R wait(; T, EE{FEHalertable wait,

Windows API SleepExBESSHITEBEEEF, BRItz 4h
MsgWaitForMultipleObjectskx, WaitForSingleObjectEx,
WaitForMultipleObjectsEx SEAPIERRI LA/ TEER2E S

leepEx(INFINITE, TRUE);
wait();

\ 4




. WIS
) Wl

Working Draft, Standard for Programming Language C++(N4800) [http://www?2.0pen-std.org/JTC1/SC22/WG21/docs/papers/2019/n4800.pdf]

C++ compiler support [https://en.cppreference.com/w/cpp/compiler_support]

Coroutines in C [https://www.chiark.greenend.org.uk/~sgtatham/coroutines.html]

Synchronous and Asynchronous I/0O [https://docs.microsoft.com/en-us/windows/win32/fileio/synchronous-and-asynchronous-i-o]

Boost.Coroutine? Introduction [https://www.boost.org/doc/libs/1 77 0/libs/coroutine2/doc/html/coroutine2/intro.html]

Libgo source code [https://github.com/yyzybb537/libgo]

Libconcurrency source code [https://code.google.com/archive/p/libconcurrency/]

Libtask source code [https://swtch.com/libtask/]
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