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[ lpMepHbIM MHTEpPdEC bte

template <typename F>
void asyncRead(int fd, std::span<std::byte> buf,
off_t offset, F callback);

template <typename F>
void asyncWrite(int fd, std::span<const std::byte> buf,
off_t offset, F callback);
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A
AsyncWrite D@

const auto res
= ::pwrite(fd, buf.data(), buf.size(), offset);
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A
AsyncWrite D@

std::move(callback) (ec, res);
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A
AsyncWrite D@

auto work = [=, callback = std::move(callback)]() mutable {
const auto res
= ::pwrite(fd, buf.data(), buf.size(), offset);
auto ec = std::error_code{errno, std::system_category()};
std: :move(callback) (ec, res);

};
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A
AsyncWrite D@

template <typename F>

void asyncWrite(int fd, std::span<const std::byte> buf,
off_t offset, F callback) {
auto work =

std::thread{std: :move(work)}.detach();
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Hebnokupytowme eoizosbl: open 1 O_NONBLOCK

O_NONBLOCK or O_NDELAY

When possible, the file is opened in nonblocking
mode.Neither the open() nor any subsequent | /O
operations on the file descriptor which is returned

will cause the calling process to wait.

Note that the setting of this flag has no effect on the

operation of poll(2), select(2), epoll(7), and similar,

since those inferfaces merely inform the caller about
whether a file descriptor is "ready", meaning that

an |/O operation performed on the file descriptor

with the O_NONBLOCK flag clearwould not block.

Y

e

Note that this flag has no effect for regular files
and block devices; that is, | /O operations will (briefly)

block when device activity is required, regardless

of whether O_NONBLOCK is set. Since
O_NONBLOCK semantics might eventually

be implemented, applications should not depend upon
blocking behavior when specifying this flag for regular

files and block devices.

For the handling of FIFOs (named pipes), see also

fifo(/). For a discussion of the effect of
O_NONBLOCK in conjunction with mandatory file
locks and with file leases, see fcntil(2).


https://man7.org/linux/man-pages/man7/fifo.7.html
https://man7.org/linux/man-pages/man2/fcntl.2.html
https://man7.org/linux/man-pages/man2/poll.2.html
https://man7.org/linux/man-pages/man2/select.2.html
https://man7.org/linux/man-pages/man7/epoll.7.html
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O_NONBLOCK or O_NDELAY

Note that this flag has no effect for regular files
and block devices:


https://man7.org/linux/man-pages/man7/fifo.7.html
https://man7.org/linux/man-pages/man2/fcntl.2.html
https://man7.org/linux/man-pages/man2/poll.2.html
https://man7.org/linux/man-pages/man2/select.2.html
https://man7.org/linux/man-pages/man7/epoll.7.html
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A
Hebnokupytowme Beizosbl: pwritev2 1 RWF_NOWAIT D@

RWF_NOWAIT (since Linux 4.14)

Do not wait for data which is not immediately available.

If this flag is specified, the preadv2() system call will return
instantly if it would have to read data from the backing
storage or wait for a lock. If some data was successfully
read, it will return the number of bytes read. If no bytes

were read, it will return = 1 and set errnoto EAGAIN

(but see BUGS). Currently, this flag is meaningful
only for preadv2().


https://man7.org/linux/man-pages/man3/errno.3.html
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A
Hebnokupytowme Beizosbl: pwritev2 1 RWF_NOWAIT D@

RWF_NOWAIT (since Linux 4.14)

Currently, this flag is meaningful

only for preadv2().


https://man7.org/linux/man-pages/man3/errno.3.html

[lonnuHur
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. select

File descriptors associated with regular files shall always select true
for ready fo read, ready to write, and error conditions.
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[lonnuHur Do
. select

File descriptors associated with regular files shall always select true
for ready to read, ready to write, and error conditions

- poll

Regular files shall always poll TRUE for reading and writing
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Asio random_access_file DO

auto file = asio::random_access_file{
ctx, "/dev/zero", asio::file_base::read_write};
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Asio random_access_file DO

auto file = asio::random_access_file{
ctx, "/dev/zero", asio::file_base::read_write};

file.async_read_some_at(0, buf, [](asio::error_code ec,
size_t 1len) {

});
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BcnomHmm 06 io_uring

ring
submission queue (sq)
sqg event (sge)
completion queue (cq)

cqg event (cqe)

X 3

Sq
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- int io_uring_queue_init_params(unsigned entries, struct
io_uring *ring, struct io_uring_params *p);

e int io_uring_queue_init(unsigned entries, struct io_uring
*ring, unsigned flags);

22
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[lonyueHnue sqe bie

- struct io_uring_sqge* io_uring_get_sge(unsigned entries,
struct io_uring *ring);

23
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[logrotoska sge

e void io_uring_prep_readv(struct io_uring_sge *sqge,
- void io_uring_prep_writev(struct io_uring_sge =*sqe,

YA

e

24
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sge submission N

« int io_uring_submit(struct io_uring *ring);

25
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Completion N

e int io_uring_wait_cge(struct io_uring *ring,
struct io_uring_cge **cges);

« unsigned io_uring_peek_batch_cge(struct io_uring *ring,
struct io_uring_cge **cqges, unsigned count);

« void io_uring_cqge_seen(struct io_uring *ring, struct
io_uring_cqge *cqge)]

26
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Asio n io_uring! N
standalone

asio >= 1.21.0
-DASTI0_HAS_I0 _URING=1

boost

boost >= 1.78.0
-DBOOST _ASI0O_HAS _I0 _URING=1

27
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A
[lpobnema DiO®

file.async_read_some_at(0, buf, [&](asio::error_code ec,
size_t 1len) {

file.async_write_some_at(0, buf, [&](
asio::error_code ec, size_t 1len) {

28
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A
[lpobnema DiO®

timer.async_wait([&] (asio: :error_code ec) {

file.async_read_some_at(0, buf,
[&] (asio::error_code ec, size_t 1len) {

});
});
});
});

29
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A
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e [axeno yntaTb
e [axeno NoOHMMATb

» Taxeno noanepxumBsaTh
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b

if you need more than 3 levels of indentation,

you're screwed anyway, and should fix your
program

LintaTa ms Linux kernel coding style
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A
Asio: Completion Token e

.operator() (CompletionSignature);
*asio: :use_future;

*aslo: :use_awaltable;

32
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Asio::use_future e

file.async_read_some_at(...) -> std::future<size_t>
timer.async_wait(...) -> std::future<void>

33
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Asio::use_future DO

auto f1 = file.async_read_some_at(0, buf, asio::use_future);

auto 1len2 = std::move(fl).get();

/] ...

auto f2 = file.async_write_some_at(0, buf,
asio::use_future);

auto 1len2 = std::move(f2).get();

/] ...

34
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A
Asio::use_future DO

- [locne kaxpoi onepaumnm Bce paBHO NPUXOAMTCH ONOKMPOBATHCS

«  Ecnm BosHukHET owmbka BpocKTcs ncknoueHue
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Yaclib::Future e

yaclib::Run(cpu_tp, [1 {
return ;

}).ThenInline([](int r) {
return r + 1;

}).Then([]1(int r) {
return std::to_string(r);

})

36
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. A
Yaclib::Future e

}).ThenInline

}).Then

37
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(AN
Yaclib::Future e

enum class [[nodiscard]] ResultState : unsigned char{
Value = 0,
Exception = 1,
Error = 2,
Empty = 3,

38
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A
Yaclib::Future e

- Then v ThenInline nossonaioT nepenats callback Bmecto Bnokmnposkm
Ha future

- Kpome oxunpgaemoro TMna pesynsTatom MOXeT ObiTb OLKMOKA

MCKIloYeHMe He OyaeT BHOPOLWEHO eCnu Bbl CAMM TOTO HE 3AXOTUTE

39
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Pewmm npobnemy e

auto f = file.async_read_some_at(0, buf, useYaclibFuture)
.ThenInline([&] (size_t 1len) {
/] ...
return file.async_write_some_at(0, buf,
useYaclibFuture);

)
/] ...

40
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Pewmm npobnemy e

.ThenInline([&] (size_t 1len) {
/] ...

return timer.async_wait(useYaclibFuture);

})
.ThenInline([&] {

/] ...

return file.async_read_some_at(0, buf,
useYaclibFuture);

});
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Kak 3acraeuts asio Bosspawats yaclib::Future? e

[ locMOoTpKM KaK 3TO NPOUCXOAMT B APYrMX CRyYasX
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Asio u std::future

template <typename Allocator, typename R, typename...
class async_result<use_future_t<Allocator>, R(Args...

YA

e

Args>

)>
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Asio n C++20 kopyTHHbl e
template <typename Allocator, typename R, typename... Args>

class async_result<use_future_t<Allocator>, R(Args...)>

template <typename Executor, typename R, typename... Args>
class async_result<use_awaitable_t<Executor>, R(Args...)>

44
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YactnuHas cneumanusaums async_result N

template <typename R, typename... Args>
class async_result<UseYaclibFuture, R(Args...)>

45
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Completion Signature bte

template <typename R, typename... Args>
class async_result<UseYaclibFuture, R(Args...)>

46
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Completion Signature async_write_some_at ine

return async_initiate<WriteToken,
void (asio::error_code, std::size_t)>(
initiate_async_write_some_at(this), token, offset,
buffers);

47
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Completion Signature async_write_some_at ine

void (asio::error_code, std::size_t)>(

Nunummpyiowlas dyHkups cneupanmanpyet Completion Signature

48
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Completion Signature async_wait bie

return async_initiate<WaitToken, void (asio::error_code)>(
initiate_async_wait(this), token);

49
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Completion Signature async_wait bie

void (asio::error_code)

50
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A
Completion Signature N

Ha ocHoee Completion Signature v Completion Token soiBOOMTCS
BO3BPALLAEMOE 3HAYEHME

file.async_read_some_at(Token) -> std::future<size_t>
timer.async_wait(Token) -> std::future<void>
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Async_result return_type bie

template <typename R, typename... Args>

class async_result<UseYaclibFuture, R(Args...)> {
public:

using return_type = yaclib::Future<?>;

52
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Completion Handler bte

template <typename R, typename... Args>
class async_result<UseYaclibFuture, R(Args...)> {
public:
using completion_handler_type =
MyCompletionHandler<R(Args...)>;
using return_type =
typename completion_handler_type::return_type;

};

53
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Completion Handler e

template <typename Signature>
class MyCompletionHandler A
public:

/* operator() according to Signature */

};

54
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Completion Handler operator() e

template <void(asio::error_code)>
class MyCompletionHandler A
public:

void operator() (asio::error_code);

};

55
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Completion Handler operator() e

void(asio::error_code)

void operator() (asio::error_code);

56
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Completion Handler constructor e

template <typename Signature>
class MyCompletionHandler A
public:
/* operator() according to Signature */

explicit MyCompletionHandler(CompletionToken);
}

57
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Async_result bte

template <typename R, typename... Args>
class async_result<UseYaclibFuture, R(Args...)> {
public:
using completion_handler_type =
MyCompletionHandler<R(Args...)>;
using return_type = ;

};

58
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Async_result constructor u get() e

template <typename R, typename... Args>
class async_result<UseYaclibFuture, R(Args...)> {
public:
using completion_handler_type =
using return_type = ;
explicit async_result(completion_handler_type&);
return_type get();

59
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A
Asio workflow e

»  VHumummpytouwas oyHkums onpeaenset Completion Signature

60
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A
Asio workflow e

»  VHumummpytouwas oyHkums onpeaenset Completion Signature

» bepet kak napameTp Completion Token
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A
Asio workflow e

»  VHumummpytouwas oyHkums onpeaenset Completion Signature
» bepet kak napameTp Completion Token
 [lepencet Completion Token 1 Completion Signature

B async_result
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A
Asio workflow e

»  VHumummpytouwas oyHkums onpeaenset Completion Signature
» bepet kak napameTp Completion Token
 [lepencet Completion Token 1 Completion Signature
B async_result
« Co3spoet obbekT TMNa async_result: :completion_handler_type

1 nepenaet Completion Token B €ro KOHCTPYKTOP
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A
Asio workflow e

»  VHumummpytouwas oyHkums onpeaenset Completion Signature
» bepet kak napameTp Completion Token
 [lepencet Completion Token 1 Completion Signature
B async_result
« Cospaet obbekT TMNa async_result: :completion_handler_type
1 nepenaet Completion Token B €ro KOHCTPYKTOP
- Cospgoet obbekT TMNa async_result v nepeacet Completion Handler

B €r0 KOHCTPYKTOP
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A
Asio workflow e

»  VHumummpytouwas oyHkums onpeaenset Completion Signature
» bepet kak napameTp Completion Token
 [lepencet Completion Token 1 Completion Signature
B async_result
« Cospaet obbekT TMNa async_result: :completion_handler_type
1 nepenaet Completion Token B €ro KOHCTPYKTOP
- Cospgoet obbekT TMNa async_result v nepeacet Completion Handler

B €r0 KOHCTPYKTOP

« Y obwvekTa TMNa async_result Bb3bBAET MeTOf get M BO3BPALLAET 3TO

3HA4YeHne
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Completion Token Completion Signature

return_type completion_handler_type

66
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Asio workflow e
asio::use_future void (asio::error_code)

std::future<void> promise_handler

o7
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UseYaclibFuture void (asio::error_code)

yvaclib: :Future MyCompletionHandler

68
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Asio custom Completion Token bie

async_result

o
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Asio custom Completion Token bie

async_result

« completion_handler_type typedef

70
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Asio custom Completion Token bie

async_result
« completion_handler_type typedef
« return_type typedef
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Asio custom Completion Token bie

async_result
« completion_handler_type typedef
« return_type typedef

e Constructor

72
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Asio custom Completion Token bie

async_result
« completion_handler_type typedef
« return_type typedel

e Constructor

« get()method
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Asio custom Completion Token bie

async_result
« completion_handler_type typedef
« return_type typedel

e Constructor

« get()method

Completion Handler

74
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Asio custom Completion Token bie

async_result
« completion_handler_type typedef
« return_type typedel

e Constructor

« get()method

Completion Handler

e Constructor
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Asio custom Completion Token bie

async_result
« completion_handler_type typedef
« return_type typedel

e Constructor

« get()method

Completion Handler
* Constructor

« operator()according to Completion Signature

76
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MHunupanmsaums io_uring Do

- int io_uring_queue_init_params(unsigned entries, struct
io_uring *ring, struct io_uring_params *p);

e int io_uring_queue_init(unsigned entries, struct io_uring
*ring, unsigned flags);

78
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e io_uring MOXHO MHWUMANM3MPOBATL C MPOU3BONBHOM MMYyOUHOM OYepean

¢ C nomoulbio GNaAros Npu MHALUMANM3AUMKM MOXHO MEHSTL NoBedeHue io_uring
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MHunumanmsaums io_uring

IORING_SETUP_SQPOLL

When this flag is specified, a kernel thread is created to
perform submission queue polling. An io_uring instance
configured in this way enables an application to issue
|/ O without ever context switching info the kernel.

By using the submission queue to fill in new submission
queue entries and watching for completions on the
completion queue, the application can submit and reap

|/ Os without doing a single system call

YA

e

80
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IORING_SETUP_SQPOLL

the application can submit and reap

|/Os without doing a single system call
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A
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[* ... %/

void io_uring_service::init_ring()

{
int result = ::io_uring_queuve_init(ring_size, &ring_, 0);
if (result < 0)

[* ... */

private:
enum { ring_size = 16384 };

[* ... %/

83
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A
Asio workflow e

« (Co3noem execution_context

85
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. AN
Asio execution_context e
« lo_context

« system_context
« thread_pool

86
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A
Asio workflow e

« (Co3noem execution_context

« Co3gaem io obbekT

87
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A
Asio io obbekTbl N

random_access_file
stream_file
steady_timer

88
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A
Asio workflow e

« (Co3noem execution_context
« Co3gaem io obbekT

- Cosepuiaem onepaumm ¢ io obbekTom

89
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Asio io 0b6bekThl

e async_wait

« async_read_some_at
« async_write_some_at
e async_read_some

e async_write_some

YA

e

Q0
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, A
Asio BHYTpM e

execution_context

Y Y

A

execution_context_service : |

execution_context_service
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. A
Asio BHYTpM e
template <typename Service>
Service& use_service(execution_context&);

template <typename Service>
void add_service(execution_context&, Servicex);

template <typename Service>
bool has_service(execution_context&);

Q2
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. A
Asio BHYTpM e

execution_context

A A

\ 4 \ 4

execution_context_service . |

— io_object

A
I

typedef implementation_type

. 1o_object_impl

Q3
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Asio BHYTpH

YA

e

10_context

{

scheduler

A

Y

1o_uring_service

A
Y

1o_uring_descriptor_service

class implementation_type

A

random_access_file

A

A

io_object_impl<> impl_;

Q4
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Scheduler

YA

e

10_context

{

scheduler

A

Y

1o_uring_service

A
Y

1o_uring_descriptor_service

class implementation_type

A

random_access_file

A

A

io_object_impl<> impl_;

@5
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(AN
Scheduler e

myContext.run();

io_context::count_type io_context::run()
{

asio::error_code ec;

count_type s = sched_.run(ec);
asio::detail::throw_error(ec);

return s;

Q6
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A
Scheduler e

myContext.run();

Qo7
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A
Scheduler e

count_type s = sched_.run(ec);

@8
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A
Scheduler event loop N

« [lcnonHget task operation

«  30BeplIaeT ACUHXPOHHbBIE onepaumm scheduler_operation

99
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A
Scheduler task operation (N

class scheduler_task

{

public:

virtual void run(long usec,
op_gueue<scheduler_operation>& ops) = 0;

virtual void interrupt() = 0;



KACTOMU3NPYEM ASIO A/

lo_uring_service run(...) method e
int result = (usec == 0)
? ::io_uring_peek_cge(&ring_, &cqe)
[* ... %/
if (void* ptr = ::io_uring_cqge_get_data(cqge))
[* ... %/

io_queue* io_g = static_cast<io_quevex>(ptr);
io_g->set_result(cge->res);
ops.push(io_q);
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. . A
lo_uring_service run(...) method [N

class 1o_queuve : scheduler_operation

{
[* ... %/
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A
Scheduler ctor e

typedef scheduler_task* (xget_task_func_type)(
asio::execution_context&);

ASIO_DECL scheduler(asio::execution_context& ctx,
int concurrency_hint = 0, bool own_thread = true,
get_task_func_type get_task =

&scheduler: :get_default_task);
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A
Scheduler get_detault_task N

scheduler_task*
scheduler: :get_default_task(asio::execution_context& ctx)

{

return &use_service<io_uring_service>(ctx);

}
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A
Scheduler e

B koHTekcTax uto nayT 13 kopobkm ucnonbayetcs aedonTHuii get_task
npv nHnumanma3auym scheduler

« Het cnocoba nepeonpeaenvTs 370 3HAYEHME NOCNE MHMUMANM3aumu scheduler
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AN
Kactomnanpyem KOHTEKCTHI e

e ba3oBbIM KNacc execution_context

e ba3zoBbM WabnoH knacca exectuion_context _service_base
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. AN
Execution_context_service _base DO

virtual void shutdown() = 0;
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° ° A
Execution_context_service _base DO

/* Must be default constructible */

class implementation_type /* ... */

ASIO_DECL void construct(implementation_type& imp1l);
ASIO_DECL void destroy(implementation_type& impl);
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° ° A
Execution_context_service _base DO

/* Must be default constructible */
class implementation_type /* ... */
ASIO_DECL void move_construct(implementation_type& impl,
implementation_type& other_impl) ASIO_NOEXCEPT;
ASIO_DECL void move_assign(implementation_type& imp1,
io_uring_descriptor_service& other_service,
implementation_type& other_impl);
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Y
AN
Toykn KaCTOMU3AUMM 3AKOHYMITUCH DO




Xennepsl
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e A
Async_initiate e

auto async_initiate(Initiation initiation, CompletionToken
token, Args&&... args);
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A
Asio workflow e

»  VHumummpytouwas oyHkums onpeaenset Completion Signature
» bepet kak napameTp Completion Token
 [lepencet Completion Token v Completion Signature
B async_result
« Co3spoet obbekT TMNa async_result: :completion_handler_type
1 nepenaet Completion Token B €ro KOHCTPYKTOP
« Co3spoet obbekT TMNA async_result nepenoet Completion Handler

B €r0 KOHCTPYKTOP

« Y obwvekTa TMNa async_result Bb3bBAET MeTOf get M BO3BPALLAET 3TO

3HA4YeHne
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o A
Initiation D@

auto async_initiate(Initiation initiation, CompletionToken
token, Args&&... args);
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o A
Initiation D@

class 1nitiate_async_write_some_at

{

template <typename WriteHandler, typename

ConstBufferSequence>

void operator() (ASIO_MOVE_ARG(WriteHandler) handler,
uinté64_t offset, const ConstBufferSequence& buffers)
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o A
Initiation D@

initiate_async_write_some_at

void operator() (ASIO_MOVE_ARG(WriteHandler) handler,
uinté64_t offset, const ConstBufferSequence& buffers)
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o A
Initiation D@

self_->impl_.get_service().async_write_some_at(
self_->impl_.get_implementation(), offset, buffers,
handler, self_->impl_.get_executor());
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e A
Async_initiate e

. Astomatmsauma pytuHel BeiseaeHus Completion Handler
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AN
ANnokaums dCUHXPOHHOM onepaumm N

class 1o_uring_descriptor_read_at_op

. public
io_uring_descriptor_read_at_op_base<MutableBufferSequence>
{
public:
ASIO_DEFINE_HANDLER_PTR(io_uring_descriptor_read_at_op);



KACTOMUN3NPYEM ASIO A/

AN
ANnokaums dCUHXPOHHOM onepaumm N

lo_uring_descriptor_read_at_op

ASIO_DEFINE_HANDLER_PTR(io_uring_descriptor_read_at_op);
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ASIO DEFINE HANDLER PTR |ﬁo

- sStruct ptr
. allocate method

. reset method
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ASIO_DEFINE_HANDLER_PTR Iﬁ‘

typedef 1o_uring_descriptor_write_at_op<
ConstBufferSequence, Handler, IoExecutor> op;
typename op::ptr p = { asio::detail::addressof(handler),
op::ptr::allocate(handler), };
p.p = new (p.v) op(success_ec_, impl.descriptor_,
impl.state_, offset, buffers, handler, io_ex);
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ASIO_DEFINE_HANDLER_PTR Iﬁ.

typedef l1o_uring_descriptor_write_at_op
0p;
typename op::ptr p = {
op::ptr::allocate(handler) };
p.p = new (p.v) op(
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ASIO DEFINE HANDLER PTR |ﬁo

*  ABTOMATM3ALMS ANNOKALMKM ACUHXPOHHOM Onepaumm
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AN
BeiBOoA HO npumepe yxe peann3oBaHHOTO MEXAHM3MA e

random_access_file 10_context

|
use_service
; )

io_object_impl<io_uring_descriptor_service> impl_

Y

service_->construct (impl_)
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AN
BeiBOoA HO npumepe yxe peann3oBaHHOTO MEXAHM3MA e
random_access_file UseYaclibFuture
async_read_some_at async_initiate
void (asio::error_code, size_t) Conpletion Handler
> Initiate_async_read_some_at
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BeiBog Ha NnprMepe yxe peannu3oBAHHOIO MEXAHW3MA

initiate_async_read_some_at

YA

e

|
async_read_some_at

|

io_uring_descriptor_service

)
handler.get_allocator(

!

io_uring_read_some_at_operation

Y

io_uring_service

io_uring_get_sqge

io_uring_prep_readv

io_uring_submit

scheduler.work_started()
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BeiBog Ha NnprMepe yxe peannu3oBAHHOIO MEXAHW3MA

io_context.run()

!

scheduler.run()

YA

e

v

io_uring_service.run()

io_uring_peek_cqges

lo_urilng_cge_seen

Y

scheduler_operation.complete
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AN
3akovyeHme DO

- Csepemn 1.21 Asio (Boost 1.78.0) ymeeT B ACMHXPOHHOCTb C OBbIYHBIMM
danamm 1 BIOUYHBIMKM YCTPOMCTBAMM MCNONb3Ys 1o_uring
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AN
3akovyeHme DO

« Ceepcun 1.21 Asio ymeeT B ACMHXPOHHOCTb C ODbIYHBIMM GANNAMM
1 BNOYHBIMM YCTPOMCTBAMM UCMONL3Ys 1o_uring

* Asio N03BONSET OTHOCKTENBHO NPOCTO A0OABKTL Completion Token
HO CBOWM BKYC
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AN
3akovyeHme DO

« Ceepcun 1.21 Asio ymeeT B ACMHXPOHHOCTb C ODbIYHBIMM GANNAMM
1 BNOYHBIMM YCTPOMCTBAMM UCMONL3Ys 1o_uring

* Asio N03BONSET OTHOCKTENBHO NPOCTO A0OABKTL Completion Token
HO CBOWM BKYC

« Asio NpefoCcTaBngeT ONPeaeNeHHoe KONMYECTBO TOYEK KACTOMM3ALMM
M Xennepos anq peanmaaumn cobereeHHoro backend’a
(HO cTOUT K OHO Toro?)
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AN
O yeM He cka3ane DO

« cancellation slots
e executors
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AN
Kog ¢ npumepamu e
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