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Coroutine

Overview

Boost.Coroutine provides templates for generalized subroutines which allow multiple entry points for suspending and resuming
execution at certain locations. It preserves the local state of execution and allows re-entering subroutines more than once (useful if
state must be kept across function calls).

Coroutines can be viewed as alanguage-level construct providing a special kind of control flow.

In contrast to threads, which are pre-emptive, coroutine switches are cooperative (programmer controls when a switch will happen).
The kernel is not involved in the coroutine switches.

The implementation uses Boost.Context for context switching.
Thislibrary isafollow-up on Boost.Coroutine by Giovanni P. Deretta.

In order to use the classes and functions described here, you can either include the specific headers specified by the descriptions of
each class or function, or include the master library header:

#i ncl ude <boost/coroutine/all.hpp>

which includes al the other headersin turn.
All functions and classes are contained in the namespace boost: : coroutines.

Boost.Coroutine depends on Boost.Context, Boost.Exception, Boost.FunctionTypes, Boost.M ove, Boost.M PL , Boost.Optional,
Boost.Preprocessor, Boost.Range, Boost.ResultOf, Boost.SmartPtr, Boost.StaticAssert, Boost.Tuple, Boost. TypeTraits as
well as Boost.Utility and requires Boost-1.52.0.
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Coroutine

Introduction

Definition

In computer science routines are defined as a sequence of operations. The execution of routines form a parent-child relationship and
the child terminates always before the parent. Coroutines are ageneralization of routines. The principal difference between coroutines
and routinesisthat a coroutine enables explicit suspend and resume their progress viaadditional operations by preserving local state,
e.g. a coroutine is a kind of continuation. A continuation is a object representing a suspended execution (registers, stack). Each
coroutine hasits own stack and local variables, sub-routine calls etc. In this sense coroutines are (actually) alanguage concept.

How it works

Functions foo() and bar() are supposed to alternate their execution (leave and enter function body).

void foo() void bar()
{
std::cout =< "a "; 1—} std::cout == "1 ";

2
std::cout =< "b "; "—/——}‘;_ std::cout =< "2 ";

4
..... 3

std::cout =<

¥ ¥

std::cout =< "3 ";

output:
alb2c3

int main()
{71

If coroutines would be called such as routines, the stack would grow with every call and will never be degraded. A jump into the
middle of a coroutine would not be possible, because the return address would have been on top of stack entries.

The solution is that each coroutine has its own stack and control-block (boost::contexts::fcontext_t from Boost.Context). Before
the coroutine gets suspended, the non-volatile registers (including stack and instruction/program pointer) of the currently active
coroutine are stored in coroutine's control-block. The registers of the newly activated coroutine must be restored from its associated
control-block before it can continue with their work.

stack of foo()

contral block
a bar
stack frame
} . } of fool)
H A lecal variables
suspend foof) | suspend bar() v

resume bar() | resume foof) ! stack of bar()

; ' stack frame
k4 : of bar()
} R local variables

The context switch requires no system privileges and provides cooperative multitasking on the level of language. Coroutines provide
quasi parallelism. When a program is supposed to do several things at the same time, coroutines help to do this much simpler and
more elegant than with only asingle flow of control. Advantages can be seen particularly clearly with the use of arecursive function,
such as traversal of binary trees (see example 'same fringe').
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Coroutine

Example: asio::io_stream with std::stream

This section demonstrates how stackfull coroutines help to use standard C++ 10-streams together with 10-demultiplexer like
boost::asio::io_sevice (using hon-blocking 10).

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

{

boost::asio::io_service io_service;
i 0_service. post (
boost : : bi nd(
& server::start,
server::create(
io_service, port) ) );
i o_service.run()

server accepts connection-requests made by clients, creates for each new connection an instance of type session and invokes ses-
sion::start() onit.
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Coroutine

class server : public boost::enable_shared_fromthis< server >

{
private:
boost::asio::io_service & io_service_;
boost::asio::ip::tcp::acceptor acceptor_;
voi d handl e_accept _( session * new_session, boost::system:error_code const& error)
{
if (! error)
{
/'l start asynchronous read
new_sessi on->start();
/1 start asynchronous accept
start();
}
}
server( boost::asio::io_service & io_service, short port)
io_service_( io_service),
acceptor_(
i o_service_,
boost::asio::ip::tcp::endpoint( boost::asio::ip::tcp::v4(), port) )
{}
public:
t ypedef boost::shared_ptr< server > ptr_t
static ptr_t create( boost::asio::io_service & io_service, short port)
{ return ptr_t( new server( io_service, port) ); }
void start()
{
/1 create new session which gets started if asynchronous
/1l accept conpletes
session * new_session( new session( io_service_ ) );
acceptor_. async_accept (
new_sessi on- >socket ()
boost:: bind( & server::handl e_accept_, this->shared_fromthis()
new_sessi on, boost::asio::placehol ders::error) )
}
b

Each session communicates with the connected client and handles the requests. The application protocol in this example uses TCP-
sockets as channel and 'newline' to separate the messages in the byte stream. An application protocol is a set of rules for the order
in which messages are exchanged. std::istreamis used to extract the messages from the character stream . Message 'exit' terminates
the session.
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Coroutine

cl ass session : private boost::noncopyable

{
private:
void handle_read_( coro_t::caller_type & self)
{
/'l create streambuffer reading from socket
i nbuf buf( socket )
std::istreams( & buf);
/1 nessages are separated by 'new ine'
std::string nsg;
std::getline( s, neg);
std::cout << nmeg << std::endl
/1l term nate session for nessage 'exit
/'l else do asynchronous read
if ( "exit" == nBQ)
i 0_service_.post(
boost : : bi nd(
& session::destroy_, this) )
el se
start();
}
void destroy_()
{ delete this; }
boost::asio::io_service & io_service_;
boost::asio::ip::tcp::socket socket _;
public:
session( boost::asio::io_service & io_service)
io_service_( io_service),
socket ( io_service )
{ std::cout << "service(): " << socket_.renpte_endpoint() << std::endl; }
~session()
{ std::cout << "~service(): " << socket_.renpote_endpoint() << std::endl; }
boost::asio::ip::tcp::socket & socket ()
{ return socket_; }
void start()
{
/'l register on io_service for asynchronous read
i 0_service_.async_read(
socket _,
boost : : bi nd(
& session::handle_read_, this->shared_fromthis(), _1, _2) )
}
b

Function std::getling() returns only if a'newline' was read from the socket. Therefore the application will block until 'newline is
received by the socket. The stream-buffer used by the stream maintains an internal buffer which gets (re-)filled by its function
stream_buf::underflow(). stream_buf::underflow() does the read-operation on the socket. The C++ 10-streams framework does not
provide an easy way to create an continuation which represents reading bytes from the socket.

Coroutines help in this case to make the application non-blocking even if no 'newline' was received. Class session creates a coroutine
which uses session::handle read() as coroutine-function. On a new created session start() called starting the coroutine. In the
coroutine-function session: :handle_read() the messages are received via std::getling() in aloop until 'exit' is delivered.
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Coroutine

cl ass session : private boost::noncopyable

{ .
private:
void handl e_read_( coro_t::caller_type & ca)
{
/'l create streambuffer with coroutine
i nbuf buf( socket_, coro_, ca)
std::istreams( & buf);
std::string nsg;
do
{
/'l read nessage
/1 we not block if no newine was received yet
std::getline( s, neg);
std::cout << nmeg << std::endl
} while ( nmeg != "exit");
i 0_service_.post(
boost : : bi nd(
& session::destroy_, this) )
}
void destroy_()
{ delete this; }
coro_t coro_;
boost::asio::io_service & io_service_;
boost::asio::ip::tcp::socket socket _;
public:
session( boost::asio::io_service & io_service)
coro_(),
io_service_( io_service),
socket ( io_service )
{ std::cout << "service(): " << socket_.renpte_endpoint() << std::endl; }
~session()
{ std::cout << "~service(): " << socket_.renpote_endpoint() << std::endl; }
boost::asio::ip::tcp::socket & socket ()
{ return socket_; }
void start()
{
/'l create and start a coroutine
/1 handle_read_() is used as coroutine-function
coro_ = coro_t( boost::bind( & session::handle_read_, this, _1) )
}
}s

The stream-buffer is created with boost::coroutines: : coroutine<>::caller_type and handles suspend/resume of this code path de-
pending on if bytes can be read from the socket.
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class inbuf : public std::streanbuf,
private boost::noncopyabl e

{
private:
static const std::streansize pb_si ze;
enum
{ bf_size = 16 };
int fetch_()
{
std::streansize num = std::mn(
static_cast< std::streansize >( gptr() - eback() ), pb_size);
std:: nermove(
buffer_ + ( pb_size - num,
gptr() - num num;
/'l read bytes fromthe socket into internal buffer 'buffer_ '
/1 make coro_t::operator() as callback, invoked if sone
/1 bytes are read into 'buffer_ '
s_.async_read_sone(
boost::asio::buffer( buffer_ + pb_size, bf_size - pb_size),
boost::bind( & coro_t::operator(), & coro_, _1, _2) );
/'l suspend this coroutine
ca_();
/1 coroutine was resuned by boost::asio::io_sevice
boost::system :error_code ec;
std::size_t n = 0;
/'l check argunents
boost::tie( ec, n) = ca_.get();
/'l check if an error occurred
if ( ec)
{
setg( 0, 0, 0);
return -1;
}
setg( buffer_ + pb_size - num buffer_ + pb_size, buffer_ + pb_size + n);
return n;
}
boost::asio::ip::tcp::socket & s_;
coro_t & coro_;
coro_t::caller_type & ca_;
char buf fer _[ bf _si ze];
pr ot ect ed:
virtual int underflow)
{
if (gptr() < egptr() )
return traits_type::to_int_type( * gptr() );
if ( 0>fetch_() )
return traits_type::eof();
el se
return traits_type::to_int_type( * gptr() );
}
public:
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i nbuf (
boost::asio::ip::tcp::socket & s,
coro_t & coro
coro_t::caller_type & ca)
s (s), coro_( coro), ca_( ca), buffer_()
{ setg( buffer_ + 4, buffer_ + 4, buffer_ + 4); }
b

const std::streansize inbuf::pb_size = 4

inbuf::fetch() uses boost:: coroutines::coroutine<>::operator() as callback for the asynchronous read-operation on the socket and
suspends itself (ca_() jumps back to session::start()). If some bytes are available in the socket receive buffer boost::asio::io_sevice
copies the bytesto the internal buffer buffer _and invokes the callback which resumes the coroutine (ca_() returns).
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Coroutine

Coroutine

Each instance of coroutine has its own context of execution (CPU registers and stack space) or represents not-a-coroutine (Similar
to boost: :thread). Objects of type coroutine are moveable but not copyable and can be returned by a function.

boost: : coroutines::coroutine< void() > f();
void g()
{

boost: : coroutines::coroutine< void() > c( f() );

c();

S Note
Boost.Move is used to emulate rvalue references.

Creating a coroutine

A new coroutine is created from a coroutine-function (function or functor) which will be executed in a new context (CPU registers
and stack space).

@ Note
coroutine-function is required to return void and accept a reference of type
boost:: coroutines::coroutine<>::caller_type.

The template argument S gnature determines the data-types transferred to coroutine-function and from coroutine-function by calling
boost:: coroutines:: coroutine<>::operator () and boost: : coroutines:: coroutine<>:: get().

t ypedef boost::coroutines::coroutine< int( std::string const& > coro_t;

/1 void f( boost::coroutine< std::string const& int) > & ca)
void f( coro_t::caller_type & ca)

{
/1 access ar gunment
std: :string str( ca.get() );
ca( 7))

:

std::string str;

coro_t c( f);

/| pass argunent
c( str);

/'l returned val ue
int res = c.get();

The coroutine-function is started at coroutine construction (similar to boost::thread) in a newly created coroutine complete with
registers, flags, stack and instruction pointer. If coroutine-function requires some arguments (types defined by Sgnature) on start-
up those parameters must be applied to the coroutine constructor. A single arguments can be passed asit is.

10
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t ypedef boost::coroutines::coroutine< int( std::string const& > coro_t;

/1 void f( boost::coroutine< std::string const& int) > & ca)
void f( coro_t::caller_type & ca);

std::string str("abc");
coro_t c( f, str);

For multiple arguments boost: : coroutines: : coroutine<>::arguments must be used (it is a typedef of boost::tuple<>):

t ypedef boost::coroutines::coroutine< int( int, std::string const& > coro_t;

/1 void f( boost::coroutine< boost::tuple< int, std::string const& >( int) > & ca)
void f( coro_t::caller_type & ca);

std::string str("abc");
coro_t c( f, coro_t::arguments( 7, str) );

@ Note
The maximum number of argumentsis limited to 10 (limit defined by Boost.Tuple).

S Note
Parameters  bound  with  boost::bind() to coroutine-function will not be pat of the
boost: : coroutines:: coroutine<>::operator() signature.

boost: : coroutines:: attributes, an additional constructor argument of coroutine, defines the stack size, stack unwinding and floating-
point preserving behaviour used for context construction.

The coroutine constructor uses the stack-allocator concept to allocate an associated stack, and the destructor uses the same stack-
allocator concept to deallocate the stack. The default stack-allocator concept is stack-allocator, but a custom stack-allocator can be
passed to the constructor.

Calling a coroutine

The execution control is transferred to coroutine at construction (coroutine-function entered) - when control should be returned to
the original caling routine, invoke boost::coroutines::coroutine<>::operator() on the first argument of type
boost:: coroutines:: coroutine<>::caller_type inside coroutine-function. boost::coroutines::coroutine<>::caller_type is a typedef
of coroutine with an inverted Sgnature. Inverted Sgnature means that the return type becomes an argument and vice versa. Multiple
arguments are wrapped into boost: :tuple<>.

void f( boost::coroutines::coroutine< std::string const& int) & ca);
boost: : coroutines::coroutine< int( std::string const& > cl( f);

voi d g( boost::coroutines::coroutine< boost::tuple< X, Y >( int) & ca);
boost:: coroutines::coroutine< int( X X > c2( 9);

The current coroutine information (registers, flags, and stack and instruction pointer) is saved and the original context information
isrestored. Calling boost:: coroutines:: coroutine<>::operator () resumes execution in the coroutine after saving the new state of the
original routine.

11
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t ypedef boost::coroutines::coroutine< void() > coro_t;

/1 void fn( boost::coroutines::coroutine< void() > & ca, int j)
void fn( coro_t::caller_type & ca, int j)

{
for( int i =0; i <j; ++)
{
std::cout << "fn(): local variable i == " << i << std::endl
/'l save current coroutine
/'l value of local variable is preserved
/'l transfer execution control back to main()
ca();
/1 coroutine<>::operator()() was called
/1 execution control transferred back from nain()
}
}
int main( int argc, char * argv|[])
{
/1 bind paranmeter '7' to coroutine-fn
coro_t c( boost::bind( fn, _1, 7))
std::cout << "mmin() starts coroutine c" << std::endl
while ( c)
{
std::cout << "main() calls coroutine ¢c" << std::endl
/| execution control is transferred to c
c():
}
std::cout << "Done" << std::endl
return EXI T_SUCCESS
}
out put :
nmain() starts coroutine ¢
fn(): local variable i == 0
main() calls coroutine ¢
fn(): local variable i == 1
main() calls coroutine ¢
fn(): local variable i == 2
main() calls coroutine ¢
fn(): local variable i == 3
main() calls coroutine ¢
fn(): local variable i == 4
main() calls coroutine ¢
fn(): local variable i == 5
main() calls coroutine ¢
fn(): local variable i == 6
main() calls coroutine ¢
Done

O Warning
Calling boost:: coroutines: : coroutine<>:: operator () from inside the same coroutine results in undefined behaviour.

12
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Transfer of data

Sgnature, the template argument of coroutine, defines the types transferred to and returned from the coroutine-function, e.g. it de-
termines the signature of boost: : coroutines.: coroutine<>::operator() and the return-type of boost: : coroutines:: coroutine<>::get().

S Note
boost:: coroutines:: coroutine<>::caller_type is not part of Sgnature and coroutine-function is required to return
void and accept boost:: coroutines:: coroutine<>::caller_type as argument.

boost:: coroutines:: coroutine<>::operator() accepts arguments as defined in Signature and returns a reference to coroutine. The
arguments passed to boost::coroutines::coroutine<>::operator(), in one corouting, is returned (as a boost::tuple<>) by
boost: : coroutines:: coroutine<>::get() in the other coroutine. If coroutineis constructed and arguments are passed to the constructor,
the coroutine-function will be entered and the arguments are accessed thorough boost: : coroutines: : coroutine<>:: get() in coroutine-
function on entry.

The value given to boost: : coroutines:: coroutine<>::operator() of boost::coroutines::coroutine<>::caller_type, in one coroutine,
isreturned by boost:: coroutines:: coroutine<>::get() in the other routine.

13
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t ypedef boost::coroutines::coroutine< int( int) > coro_t

/1 void fn( boost::coroutines::coroutine< int( int) > & ca)
void fn( coro_t::caller_type & ca)

{
/1 access the integer argunment given to coroutine ctor
int i = ca.get();
std::cout << "fn(): local variable i == " << i << std::endl
/'l save current coroutine context and
/'l transfer execution control back to caller
/1 pass content of variable '"i' to caller
/1 after execution control is returned back coroutine<>::operator()
/'l returns and the transferred integer s accessed via coroutine<>::get()
i =ca( i).get();
/1 i == 10 because c( 10) in main()
std::cout << "fn(): local variable i == " << i << std::endl
ca( i);
}
int main( int argc, char * argv[])
{
std::cout << "mmin(): call coroutine c" << std::endl
coro_t c( fn, 7);
int x = c.get();
std::cout << "mamin(): transferred value: " << x << std::endl
x = c¢( 10).get();
std::cout << "main(): transferred value: " << x << std::endl
std::cout << "Done" << std::endl
return EXI T_SUCCESS
}
out put :
main(): call coroutine ¢
fn(): local variable i == 7
main(): transferred value: 7
fn(): local variable i == 10
main(): transferred value: 10
Done

coroutine-function with multiple arguments

If coroutine-function has more than one argument boost: : coroutines:: coroutine<>::operator() has the same size of arguments and
boost: : coroutines:: coroutine<>::get() from boost: : coroutines:: coroutine<>::caller_type returns a boost::tuple<> corresponding

to the arguments of Sgnature. boost::tie helps to access the values stored in the boost::tuple<>
boost: : coroutines:: coroutine<>:: get().

returned by

14
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t ypedef boost::coroutines::coroutine< int(int,int) > coro_t;

/1 void fn( boost::coroutines::coroutine< boost::tuple<int, int > int) > & ca)
void fn( coro_t::caller_type & ca)

{
int a, b;
boost::tie( a, b) = ca.get()
boost::tie( a, b) = ca( a + b).get();
ca( a + bh);
}
int main( int argc, char * argv|[])
{
std::cout << "main(): call coroutine c" << std::endl
coro_t coro( fn, coro_t::argunments( 3, 7) );
int res = coro.get();
std::cout << "main(): 3 + 7 ==" << res << std::endl
res = coro( 5, 7).get()
std::cout << "main(): 5+ 7 ==" << res << std::endl
std::cout << "Done" << std::endl
return EXI T_SUCCESS
}
out put :

main(): call coroutine ¢
main(): 3 +7 ==10
main(): 5+ 7 == 12

Done

Transfer of pointers and references

You can transfer references and pointers from and to coroutines but as usual you must take care (scope, ho re-assignment of const
referencesetc.). Inthefollowing codex pointstol ocal whichisallocated on stack of c. When ¢ goesout of scopethe stack becomes
deallocated. Using x after c isgone will fail!

15
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struct X

{
};

t ypedef boost::coroutines::coroutine< X*() > coro_t;

void g();

/1 void fn( boost::coroutines::coroutine< void( X*) > & ca)
void fn( coro_t::caller_t & ca) {

X | ocal ;

ca( & local);

}
int main() {
X * x = 0;
{
coro_t c( fn);
x = c.get(); // let x point to X on stack owned by ¢
/'l stack gets unwound -> X will be destructed
}
x->g(); // segnmentation fault!
return EXI T_SUCCESS;
}

Range iterators

Boost.Coroutine provides output- and input-iterators using Boost.Range. cor outi ne< T() > can be used via output-iterators
using boost:: begin() and boost::end().

t ypedef boost::coroutines::coroutine< int() > coro_t;
typedef boost::range_iterator< coro_t >::type iterator _t;

/1 void power( boost::coroutines::coroutine< void( int) > & ca, int nunber, int exponent)
void power( coro_t::caller_type & ca, int nunber, int exponent)

{
int counter = O;
int result = 1;
while ( counter++ < exponent)
{
result = result * nunber;
ca( result);
}
}
int main()
{
coro_t c( boost::bind( power, _1, 2, 8) );
iterator_t e( boost::end( c) );
for ( iterator_t i( boost::begin( c) ); i !'=e;, ++i)
std::cout << * | <<
std::cout << "\nDone" << std::endl;
return EXI T_SUCCESS;
}
out put :
2 4 8 16 32 64 128 256
Done

BOOST_FOREACH can be used to iterate over the coroutine range too.

16
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t ypedef boost::coroutines::coroutine< int() > coro_t;
typedef boost::range_iterator< coro_t >::type iterator _t;

/'l void power( boost::coroutines::coroutine< void( int) > & ca, int nunber, int exponent)
voi d power( coro_t::caller_type & ca, int nunber, int exponent)

{
int counter = O;
int result = 1;
while ( counter++ < exponent)
{
result = result * nunber;
ca( result);
}
}
int main()
{
coro_t c( boost::bind( power, _1, 2, 8) );
BOOST_FOREACH( int i, c)
{ std::cout << i << " "; }
std::cout << "\nDone" << std::endl;
return EXI T_SUCCESS;
}
out put :
2 4 8 16 32 64 128 256
Done

Input iterators are created from coroutines of type cor outi ne< void( T) >.

Exit a coroutine-function

coroutine-function is exited with a simple return statement jumping back to the calling routine. The coroutine becomes complete,
€.g. boost: : coroutines:: coroutine<>::operator bool will return 'false’.
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t ypedef boost::coroutines::coroutine< int(int,int) > coro_t;

/1 voi d power( boost::coroutines::coroutine< boost::tuple<int, int > int) > &ca, int nunber, O
i nt exponent)
void fn( coro_t::caller_type & ca)

{
int a, b;
boost::tie( a, b) = ca.get()
boost::tie( a, b) = ca( a + b).get();
ca( a + b);
}
int main( int argc, char * argv|[])
{
std::cout << "main(): call coroutine c" << std::endl
coro_t coro( fn, coro_t::argunments( 3, 7) );
BOOST_ASSERT( coro);
int res = coro.get();
std::cout << "main(): 3 + 7 ==" << res << std::endl
res = coro( 5, 7).get()
BOOST_ASSERT( ! coro)
std::cout << "main(): 5+ 7 ==" << res << std::endl
std::cout << "Done" << std::endl
return EXI T_SUCCESS
}
out put :

main(): call coroutine ¢
main(): 3 +7 ==10
main(): 5+ 7 == 12

Done

2 I mportant
After returning from coroutine-function the coroutine is complete (can not resumed with
boost: : coroutines:: coroutine<>::operator ().

Exceptions in coroutine-function

An exception thrown inside coroutine-function will transferred via exception-pointer (see Boost.Exception for details) and re-thrown
by constructor or boost: : coroutines:: coroutine<>::operator ().
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t ypedef boost::coroutines::coroutine< void() > coro_t;

/1 void fn( boost::coroutines::coroutine< void() > & ca)
void fn( coro_t::caller_type & ca)

{
ca();
throw std::runtine_error("abc");
}
int main( int argc, char * argv|[])
{
coro_t c( f);
try
{
c();
}
catch ( std::exception const& e)
{
std::cout << "exception catched:" << e.what() << std::endl;
return EXI T_FAI LURE;
}
std::cout << "Done" << std::endl;
return EXI T_SUCCESS;
}
out put :

exception catched: abc

2 I mportant
Code executed by coroutine must not prevent the propagation of the boost:: coroutines: :detail::forced unwind ex-
ception. Absorbing that exception will cause stack unwinding to fail. Thus, any code that catches al exceptions
must re-throw the pending exception.

try
{
/1 code that mght throw
}
catch( forced_unw nd)
{
t hr ow,
}
catch(...)
{
/'l possibly not re-throw pendi ng exception
}

Stack unwinding

Sometimesit isnecessary to unwind the stack of an unfinished coroutine to destroy local stack variables so they can release allocated
resources (RAII pattern). Thethird argument of the coroutine constructor, do_unwi nd, indicateswhether the destructor should unwind
the stack (stack is unwound by default).

Stack unwinding assumes the following preconditions:

» The coroutine is not not-a-coroutine
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e The coroutine is not complete
* The coroutineis not running
» The coroutine owns a stack

After unwinding, a coroutine is complete.

t ypedef boost::coroutines::coroutine< void() > coro_t;

struct X

{
X()
{ std::cout << "X()" << std::endl; }

=X()
{ std::cout << "~X()" << std::endl; }
b

/1 void fn( boost::coroutines::coroutine< void() > & ca)
void fn( coro_t::caller_type & ca)

{
X X:
for (int = 0;; ++i)
{
std::cout << "fn(): " << i << std::endl
/'l transfer execution control back to main()
ca();
}
}
int main( int argc, char * argv|[])
{
{
coro_t c( fn,
boost: :coroutines::attributes(
boost: :ctx::default_stacksize(),
boost: : coroutines::stack_unwi nd) );
c();
c();
c();
c();
c();
std::cout << "c is conplete: " << std::boolalpha << c.is_conplete() << "\n";
}
std::cout << "Done" << std::endl
return EXI T_SUCCESS
}
out put :
X()
fn(): O
fn(): 1
fn(): 2
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3
4
5
o]

)
)
)
s conpl ete: false
)
e

2 I mportant

You must not swallow boost: : coroutines:: detail: :forced_unwind exceptions!

FPU preserving

Some applications do not use floating-point registers and can disable preserving fpu registers for performance reasons.

S Note

According to the calling convention the FPU registers are preserved by default.
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ClaSS coroutine

#i ncl ude <boost/coroutine/coroutine. hpp>

tenpl at e< typenane Signature >
cl ass corouti ne;

tenpl at e<
typenane R
typenanme ArgTypes. ..
>
class coroutine< R ( ArgTypes...) >
{
public:
t ypedef unspec-type caller_type;
t ypedef unspec-type argunents;

coroutine();

tenpl at e<
typenane Fn,
typenane StackAl |l ocator = stack_all ocator,
typenane Allocator = std::allocator< coroutine >
>
coroutine( Fn fn, attributes const& attr = attributes(),
St ackAl | ocator const & stack_alloc = StackAllocator (),
Al l ocator const& alloc = Allocator() );

tenpl at e<
typenane Fn,
typenane StackAl |l ocator = stack_all ocator,
typenane Allocator = std::allocator< coroutine >
>
coroutine( Fn fn, argunents const& args,
attributes const& attr = attributes(),
St ackAl | ocator const & stack_alloc = StackAllocator (),
Al l ocator const& alloc = Allocator() );

tenpl at e<
typenane Fn,
typenane StackAl |l ocator = stack_all ocator,
typenane Allocator = std::allocator< coroutine >
>
coroutine( Fn && fn, attributes const& attr = attributes(),
St ackAl | ocator stack_alloc = StackAllocator(),
Al l ocator const& alloc = Allocator() );

tenpl at e<
typenane Fn,
typenane StackAl |l ocator = stack_all ocator,
typenane Allocator = std::allocator< coroutine >
>
coroutine( Fn &% fn argunents consté& args,
attributes const& attr = attributes(),
St ackAl | ocator stack_alloc = StackAllocator (),
Al l ocator const& alloc = Allocator() );

coroutine( coroutine &% other);
coroutine & operator=( coroutine & other);

oper at or unspeci fied-bool -type() const;
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bool operator!() const;

voi d swap( coroutine & other);

bool enpty() const;

coroutine & operator()(A0 a0, ..., A9 a9);

R get () const;
b

tenpl at e< typenane Signature >
voi d swap( coroutine< Signature > & |, coroutine< Signature > & r);

tenpl ate< typename T >

range_iterator< coroutine< T() > >::type begin( coroutine< T() > &);

tenpl ate< typename T >

range_iterator< coroutine< void(T) > >::type begin( coroutine< void(T) > &);

tenpl ate< typename T >
range_iterator< coroutine< T() > >::type end( coroutine< T() > &);

tenpl ate< typename T >
range_iterator< coroutine< void(T) > >::type end( coroutine< void(T) > &;

coroutine()

Effects: Creates a coroutine representing not-a-coroutine.

Throws: Nothing.

tenpl at e< typenane Fn, typenanme StackAllocator, typenanme Allocator > coroutine( Fn fn, attributes
const& attr, StackAllocator const& stack_ alloc, Allocator consté& alloc)

Preconditions: si ze > minimum_stacksize(), si ze < maximum_stacksize() when ! is_stack_unbound().

Effects: Createsacoroutinewhich will executef n. Argument at t r determines stack clean-up and preserving floating-
point registers. For allocating/deallocating the stack st ack_al | oc isused and internal data are allocated by
Allocator.

tenpl at e< typenane Fn, typenane StackAl | ocator, typenane Allocator > coroutine( Fn & fn, attributes
const& attr, StackAllocator const& stack_ _alloc, Allocator consté& alloc)

Preconditions: si ze > minimum_stacksize(), si ze < maximum_stacksize() when ! is_stack_unbound().

Effects: Createsacoroutinewhich will executef n. Argument at t r determines stack clean-up and preserving floating-
point registers. For allocating/deallocating the stack st ack_al | oc isused and internal data are allocated by
Allocator.

coroutine( coroutine && other)

Effects: Moves the internal data of ot her to*t hi s. ot her becomes not-a-coroutine.

Throws: Nothing.
coroutine & operator=( coroutine && other)

Effects: Destroystheinternal dataof *t hi s and movestheinternal dataof ot her to*t hi s. ot her becomes not-a-coroutine.
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Throws: Nothing.
oper at or unspeci fied-bool -type() const

Returns: If *t hi s refers to not-a-coroutine or the coroutine-function has returned (completed), the function returns false.
Otherwise true.

Throws: Nothing.

bool operator! () const

Returns: If *t hi s refersto not-a-coroutine or the coroutine-function has returned (completed), the function returns true. Oth-
erwise fase.

Throws: Nothing.

bool enpty()

Returns: If *t hi s refersto not-a-coroutine, the function returns true. Otherwise fal se.

Throws: Nothing.

coroutine<> & operator() (A0 a0, A9 a9)

Preconditions: operator unspecified-bool-type() returns true for *t hi s.
[Effects:
Execution control is transferred to coroutine-function and the arguments ao0,..., are passed to the coroutine-
function.

Throws: Exceptions thrown inside coroutine-function.

R get () ()

Preconditions: *t hi s ishot anot-a-coroutine,! i s_conpl ete().

Returns: Returns data transferred from coroutine-function via boost::coroutines::coroutine<>::operator() of

boost: : coroutines:: coroutine<>::caller_type.

Throws: Nothing.
voi d swap( coroutine & other)

Effects: Swaps the internal datafrom *t hi s with the values of ot her .
Throws: Nothing.
T caller_type::operator()( R

Effects: Gives execution control back to calling context by returning a value of type R. The return type of this functionisa
boost: :tuple<> containing the arguments passed to boost: : coroutines: : coroutine<>::operator ().

Throws: Nothing.
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Non-member function swap()

tenpl at e< typenane Signature >
voi d swap( coroutine< Signature > & |, coroutine< Signature > & r);

Effects: Asif 'l.swap(r)'.
Non-member function begi n( coroutine< T() > &

tenpl ate< typename T >
range_iterator< coroutine< T() > >::type begin( coroutine< T() > &;

Returns: Returns arange-iterator (input-iterator).
Non-member function begi n( coroutine< void(T) > &

tenpl ate< typename T >
range_iterator< coroutine< void(T) > >::type begin( coroutine< void(T) > &);

Returns: Returns arange-iterator (output-iterator).
Non-member function end( coroutine< T() > &

tenpl ate< typenanme T >
range_iterator< coroutine< T() > >::type end( coroutine< T() > &);

Returns: Returns a end range-iterator (input-iterator).

Non-member function end( coroutine< void(T) > &)

tenpl ate< typenane T >
range_iterator< coroutine< void(T) > >::type end( coroutine< void(T) > &;

Returns: Returns aend range-iterator (output-iterator).
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Attributes

Classat t ri but es isused to transfers parameters required to setup a coroutines's context.

struct attributes

{
std::size_t si ze
fl ag_unw nd_t do_unwi nd
bool preserve_f pu;
attributes() BOOST_NOEXCEPT
size( ctx::default_stacksize() ),
do_unwi nd( stack_unwi nd)
preserve_fpu( true)
{}
explicit attributes( std::size_t size_) BOOST_NOEXCEPT
size( size ),
do_unwi nd( stack_unwi nd)
preserve_fpu( true)
{}
explicit attributes( flag_unwi nd_t do_unw nd_) BOOST_NCEXCEPT
size( ctx::default_stacksize() ),
do_unwi nd( do_unwi nd_),
preserve_fpu( true)
{}
explicit attributes( bool preserve_fpu_) BOOST_NOEXCEPT
size( ctx::default_stacksize() ),
do_unwi nd( stack_unwi nd)
preserve_fpu( preserve_fpu_)
{}
explicit attributes(
std::size_t size_,
flag_unwi nd_t do_unwi nd_) BOOST_NOEXCEPT
size( size_ ),
do_unwi nd( do_unwi nd_),
preserve_fpu( true)
{}
explicit attributes(
std::size_t size_,
bool preserve_fpu_) BOOST_NOEXCEPT
size( size_ ),
do_unwi nd( stack_unwi nd)
preserve_fpu( preserve_fpu_ )
{}
explicit attributes(
flag_unwi nd_t do_unwi nd_,
bool preserve_fpu_) BOOST_NOEXCEPT
size( ctx::default_stacksize() ),
do_unwi nd( do_unwi nd_),
preserve_fpu( preserve_fpu_ )
{}
}
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attributes()

Effects: Default constructor using ct x: : def aul t _st acksi ze() , doesunwind the stack after coroutine/generator iscompl ete
and preserves FPU registers.

Throws: Nothing.
attributes( std::size_ t size)

Effects: Argument si ze defines stack size of theinner cont ext . Stack unwinding after termination and preserving FPU registers
is set by default.

Throws: Nothing.
attributes( flag_unwi nd_t do_unw nd)

Effects: Argument do_unwi nd determines if stack will be unwound after termination or not. The default stacksize is used for
theinner cont ext and FPU registers are preserved.

Throws: Nothing.
attributes( bool preserve_fpu)

Effects: Argument preserve_f pu determines if FPU register have to be preserved if a cont ext switches. THe default
stacksize is used for the inner cont ext and the stack will be unwound after termination.

Throws: Nothing.

attributes( std::size_t size, flag_unwind_t do_unw nd)

Effects: Argumentssi ze and do_unwi nd are given by the user. FPU registers preserved during each cont ext switch.
Throws: Nothing.

attributes( std::size_t size, bool preserve_fpu)

Effects: Arguments size and preserve_fpu are given by the user. The stack is automatically unwound after
coroutine/generator terminates.

Throws: Nothing.
attributes( flag_unwind_t do_unwi nd, bool preserve_fpu)

Effects: Arguments do_unwi nd and preserve_f pu are given by the user. The stack gets a default value of ct x: : de-
faul t _stacksize().

Throws: Nothing.
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Stack allocation

A coroutine uses internally a context which manages a set of registers and a stack. The memory used by the stack is allocated/deal -
located via a stack-allocator which is required to model a stack-allocator concept.

stack-allocator concept

A stack-allocator must satisfy the stack-allocator concept requirements shown in the following table, in which a is an object of a
stack-allocator type, p isavoi d *,ands isastd: :size_t:

expression return type notes

a.al l ocate( s) void * returnsapointer to s bytesallocated from
the stack

a. deal l ocate( p, s) void deallocates s bytes of memory beginning

a p, a pointer previously returned by
a.all ocate()

I mportant

Theimplementation of al | ocat e() might include logic to protect against exceeding the context's avail able stack
size rather than leaving it as undefined behaviour.

2 I mportant
Calling deal | ocat e() with apointer not returned by al | ocat e() resultsin undefined behaviour.
E Note

The stack is not required to be aligned; alignment takes place inside coroutine.

S Note
Depending on the architecture al | ocat e() returns an address from the top of the stack (growing downwards) or
the bottom of the stack (growing upwards).

Class stack_allocator

Boost.Coroutine providesthe class boost: : coroutines: : stack _allocator which modelsthe stack-allocator concept. It appends aguard
page at the end of each stack to protect against exceeding the stack. If the guard page is accessed (read or write operation) a segment-
ation fault/access violation is generated by the operating system.

@ Note
The appended guar d page isnot mapped to physical memory, only virtual addresses are used.
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cl ass stack_al |l ocator

{ static bool is_stack_unbound();

static std::size_t naxi numstacksize();

static std::size_t default_stacksize();

static std::size_t mninmmstacksize();

void * allocate( std::size_t size);

voi d deal l ocate( void * sp, std::size_t size);
}

static bool is_stack_unbound()
Returns: Returnst r ue if the environment defines no limit for the size of a stack.
static std::size_t naxi num stacksize()

Preconditions: i s_stack_unbound() returnsf al se.

Returns: Returns the maximum size in bytes of stack defined by the environment.
static std::size_t defaul t_stacksize()

Returns: Returns a default stack size, which may be platform specific. If the stack is unbound then the present implementation
returns the maximum of 64 kB and mi ni num st acksi ze().

static std::size_t mninumstacksize()

Returns: Returns the minimum size in bytes of stack defined by the environment (Win32 4kB/Win64 8kB, defined by rlimit
on POSIX).

void * allocate( std::size_t size)

Preconditions: m ni mum st acksi ze() > size and! is_stack_unbound() && ( maxinmum stacksize() <
si ze) .

Effects: Allocates memory of si ze Bytes and appends one guard page at the end of the allocated memory.

Returns: Returns pointer to the start address of the new stack. Depending on the architecture the stack grows down-

wards/upwards the returned address is the highest/lowest address of the stack.

voi d deal l ocate( void * sp, std::size_t size)

Preconditions: spisvdid, m ni num st acksi ze() > sizeand! is_stack_unbound() && ( maxi mum st acksi ze()
< size).
Effects: Deallocates the stack space.
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Performance

Performance of Boost.Coroutine was measured on the platforms shown in the following table. Performance measurements were
taken using rdt sc and : : cl ock_getti me(), with overhead corrections, on x86 platforms. In each case, stack protection was
active, cache warm-up was accounted for, and the one running thread was pinned to a single CPU. The code was compiled using
the build options, 'variant = release cxxflags = -DBOOST_DISABLE_ASSERTS.

The numbers in the table are the number of cycles per iteration, based upon an average computed over 10 iterations.

Table 1. Perfomance of coroutine switch

Platform CPU cycles nanoseconds
AMD Athlon 64 DualCore 4400+ (32bit 58 65
Linux)
Intel Core2 Q6700 (64bit Linux) 80 28
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