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[InluemM CMHXPOHHbIN cepBep



CMHXPOHHbIN CcepBep

void naive accept() {

for (53) {
auto new socket = accept(listener);

std::thread thrd([socket = std::move(new_socket)] {
auto data = socket.receive();
process(data);
socket.send(data);

})s

thrd.detach();

¥
}
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CMHXPOHHbIN CcepBep
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Accept thread

AHaTOMMA acun HXPOHHbIX ABN>XKOB

OS
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Accept thread

OS

accept(listener);(
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Accept thread

OS

accept(listener);(

std: :thread(...);

AHaTOMMA acun HXPOHHbIX ABN>XKOB

17 /223



Accept thread

OS

accept(listener);(

std: :thread(...);
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Accept thread

OS

accept(listener);(

std: :thread(...);

accept(listener);{kr

AHaTOMMA acun HXPOHHbIX ABN>XKOB

New thread
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YTO TamM aenaeT HOBbIN NMNOTOK?



AHaTOMMA acun HXPOHHbIX ABN>XKOB

New Thread

OS
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AHaTOMMA acun HXPOHHbIX ABN>XKOB

New Thread

OS

receive();(*
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process(data);

AHaTOMMA acun HXPOHHbIX ABN>XKOB

New Thread

OS

receive();(*
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New Thread OS

receive();(*

process(data);

send(data);
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New Thread OS

receive();(*

process(data);

send(data);

Destroy thread :
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[110Cbl/MMHYCbI HAMBHOIO NOAX0AA
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[110Cbl/MMHYCbI HAMBHOIO NOAX0AA

[11roChbl:
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[110Cbl/MMHYCbI HAMBHOIO NOAX0AA

[1hrOoChl:
* Bcé NnpoCTO N Yntaemo
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[110Cbl/MMHYCbI HAMBHOIO NOAX0AA

[1hrOoChl:
* Bcé NnpoCTO N Yntaemo

MWHYCbI:
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[110Cbl/MMHYCbI HAMBHOIO NOAX0AA

[1hrOoChl:
* Bcé NnpoCTO N Yntaemo

MWHYCbI:
* He 3pPpeKTNBHO, NOTOMY YTO...
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«LUeHa» onepaunn

ithare.com Operation Costin CPU Cycles 10° 101 102 103 104 105 108

“‘Simple” register-register op (ADD,OR,etc.)
Memory write
Bypass delay: switch between
iInteger and floating-point units
“Right” branch of “if”
Floating-point/vector addition
Multiplication (integer/float/vector) 1-7
Return error and check 1-7
L1 read
TLB miss 7-21
L2 read
“Wrong” branch of “if” (branch misprediction)
Floating-point division
128-bit vector division
Atomics/CAS
C function direct call
Integer division
C function indirect call
C++ virtual function call
L3 read
Main RAM read
NUMA: different-socket atomics/CAS
(guesstimate)
NUMA: different-socket L3 read 100-300
Allocation+deallocation pair (small objects) 200-500
NUMA: different-socket main RAM read 300-500
Kernel call
Thread context switch (direct costs) EI

C++ Exception thrown+caught

Thread context switch (total costs,

including cache invalidation)

A
II |

100-300
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Kernel call / Context Switch

Allocation+deallocation pair (small objects)
NUMA: different-socket main RAM read
Kernel call
Thread context switch (direct costs) 2000
C++ Exception thrown+caught

Thread context switch (total costs,
Including cache invalidation)

10000 - 1 million
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Accept thread

OS

accept(listener);(

std: :thread(...);

accept(listener);{kr
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Accept thread
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std: :thread(...); F

accept(listener); E
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Accept thread

OS
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std: :thread(...);

accept(listener);{kr
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Accept thread

accept(listener);(

OS

std: :thread(...); [

accept(listener);{kr

AHaTOMMA acun HXPOHHbIX ABN>XKOB
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New Thread OS

receive();(*

process(data);

send(data);

-
Destroy thread tj
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New Thread OS

receive();(*

process(data); T
send(data); ;
Destroy thread I u
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[Inwem aCMHXPOHHbIN cepBep



bbino/cTaHeT
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bbino/cTaHeT

bblno:;
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bbino/cTaHeT

bbino:
* OTpaem ynpasnenHne OC npn CUCTEMHOM BbI30OBEe
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bbino/cTaHeT

bblno:;

* OTpaem ynpasnenHne OC npn CUCTEMHOM BbI30OBEe
* XXOEéM noka cobbiTne cnyymTcs
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bblno:;
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bbino/cTaHeT

bblno:;

* OTpaem ynpasnenHne OC npn CUCTEMHOM BbI30OBEe
* XXOEéM noka cobbiTne cnyymTcs
* OC byauT NoTOK

CTaHeT:
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bbino/cTaHeT

bblno:;

* OTpaem ynpasnenHne OC npn CUCTEMHOM BbI30OBEe
* XXOEéM noka cobbiTne cnyymTcs
* OC byauT NoTOK

CTaHerT:
* «3abnpaem» cayuusLumeca cobbiTna
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bbino/cTaHeT

bblno:;

* OTpaem ynpasnenHne OC npn CUCTEMHOM BbI30OBEe
* XXOEéM noka cobbiTne cnyymTcs
* OC byauT NoTOK

CTaHeT:

* «3abnpaem» cnyuyusLimnecs cobbiTmA
* BbinosiHAeM KoN1beKu, cBA3aHHbIe C 3TUM COObITUAMMN
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ACMHXPOHHbIN CepBep

void async accept() {
accept(listener, [](socket t socket) {
async accept();
socket.receive(
[ socket](std::vector<unsigned char> data) {
process(data);
socket.send(data, kNoCallback);

})s
})s
}
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ACMHXPOHHbIN CepBep

void async accept() {
accept(listener, [](socket_t socket) {
async accept();
socket.receive(
[socket](std::vector<unsigned char> data) {
process(data);
socket.send(data, kNoCallback);

})s
})s
}
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ACMHXPOHHbIN CepBep

void async accept() {
accept(listener, [](socket t socket) {
async_accept();
socket.receive(
[ socket](std::vector<unsigned char> data) {
process(data);
socket.send(data, kNoCallback);

})s
})s
}
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ACMHXPOHHbIN CepBep

void async accept() {
accept(listener, [](socket t socket) {
async accept();

socket.receive(
[socket](std::vector<unsigned char> data) {
process(data);
socket.send(data, kNoCallback);
IDF
})s

¥
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ACMHXPOHHbIN CepBep
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ACMHXPOHHbIN CepBep

void async accept() {
accept(listener, [](socket t socket) {
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[socket](std::vector<unsigned char> data) {
process(data);
socket.send(data, kNoCallback);

})s
})s
}
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Thread

OS

accept(listener);(
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Thread

accept(listener);(

OS

56 /223



Thread

accept(listener);(

OS

accept(listener); =
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Thread OS

accept(listener);(

accept(listener); =

-
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Thread OS

accept(listener);(

accept(listener); =

receive(new socket);
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Thread OS

accept(listener);(

accept(listener); =

receive(new socket);

A
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Thread

OS

accept(listener);(

accept(listener); =

receive(new socket);

process(datal); =

send(new_socket, datal);

A

<
accept(listener); I
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Thread

accept(listener);(

OS

accept(listener); =

receive(new socket);

process(datal); =

send(new_socket, datal);

accept(listener);
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Thread

OS

accept(listener);(

accept(listener); =

receive(new socket);

process(datal); =

send(new_socket, datal);

A

<
accept(listener); I

63 /223



Thread OS

accept(listener);(

accept(listener); = |

receive(new socket);

A

process(datal); =

send(new_socket, datal);

=— >

accept(listener);

receive(new _socket?); I
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ECTb HbKOQHC...



3anycK NoJib30BaTe/IbCKMX 3a4aY4

voild async_accept() {
accept(listener, [](socket t socket) {
async_accept();
socket.receive(

[ socket](std::vector<unsigned char> data) {
auto task = Async(processl, data);
process(data);
task.wailt();
socket.send(data, kNoCallback);

1)
1)
}
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3anycK NoJib30BaTe/IbCKMX 3a4aY4
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3anycK NoJib30BaTe/IbCKMX 3a4aY4

voild async_accept() {
accept(listener, [](socket t socket) {
async_accept();
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HY>XHbl oYyepean



AHATOMMNA ACMHXPOHHbIX ABMXKOB
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AHATOMMA ACMHXPOHHbBbIX ABUXXKOB




OS

Engine Thread pool[s]
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OS

Engine

Thread pooll[s]

FIFO Queue
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OS

Engine Thread pool[s]

Task

FIFO Queue
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Engine Thread pool[s]

Task

FIFO Queue
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OS

Engine Thread pool[s]

Task

FIFO Queue

Blocking Ops
Thread poolls]

FIFO Queue
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OS

Engine Thread pool[s]

Task

FIFO Queue

Blocking Ops
Thread poolls]

FIFO Queue
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OS

Engine Thread pool[s]

Task

FIFO Queue

Blocking Ops
Thread poolls]

FIFO Queue
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OS

Engine Thread pool[s]

Task

FIFO Queue

el

Blocking Ops
Thread poolls]

FIFO Queue
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A YTO C CMHXPOHM3aUMen?



AHaTOMMA acun HXPOHHbIX ABN>XKOB

New Thread

OS
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AHaTOMMA acun HXPOHHbIX ABN>XKOB

New Thread

OS

lock();(
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AHaTOMMA acun HXPOHHbIX ABN>XKOB

New Thread

OS

lock();(

unlock();
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MbloTekKC

void async_accept lock() {
accept(listener, [](socket t socket) {
async_accept lock();
socket.receive(
| socket](std::vector<unsigned char> data) mutable {
mutex.lock([data = std::move(data), socket = std::move(socket)]() {

process2(shared resource, data);
socket.send(data, kNoCallback);

});
});
});
}
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MblOoTeKC

void async_accept lock() {
accept(listener, [](socket t socket) {
async_accept lock();
socket.receive(
[ socket](std: :vector<unsigned char> data) mutable {
mutex.lock([data = std::move(data), socket = std::move(socket)]() {

process2(shared _resource, data);
socket.send(data, kNoCallback);

1);
});
});
}
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BHYTPWM MblOTEKCa

template <class Functor>
vold lock(Functor f) {
auto lock = this->try lock();
if (lock) {
f();
} else {
wait for unlock(std::move(f));

¥
¥
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BHYTPWM MblOTEKCa

template <class Functor>
vold lock(Functor f) {
auto lock = this->try lock();
i1f (lock) {
f();
} else {
wait for unlock(std::move(f));

¥
¥
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BHYTPWM MblOTEKCa

template <class Functor>
vold lock(Functor f) {
auto lock = this->try lock();
if (lock) {
f();
} else {
wait for unlock(std::move(f));

¥
¥
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BHYTPWM MblOTEKCa

template <class Functor>
vold lock(Functor f) {
auto lock = this->try lock();
if (lock) {
f();
} else {
walt_for_unlock(std::move(f));

¥
¥
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OS

Engine Thread pool[s]

Task

FIFO Queue

el

Blocking Ops
Thread poolls]

FIFO Queue
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OS

Engine Thread pool[s]

Task

FIFO Queue

[ IpOCTaHOB/IEHHbIE

Tasks

el

Blocking Ops
Thread poolls]

FIFO Queue
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OS

Engine Thread pool[s]

Task

FIFO Queue

[ IpOCTaHOB/IEHHbIE

Tasks

el

Blocking Ops
Thread poolls]

FIFO Queue
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OS

Engine Thread pool[s]

Task

FIFO Queue

el

/

[ IpOCTaHOB/IEHHbIE

Tasks

Blocking Ops
Thread poolls]

FIFO Queue
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OS

Engine

Thread pooll[s]

||I|||||i%%%ﬁ|||||l!!!!

FIFO Queue

[ IpOCTaHOB/IEHHbIE
IESE

=

Blocking Ops
Thread poolls]

Task

FIFO Queue
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OS

Engine Thread pool[s]

Blocking Ops
Thread poolls]

[ IpOCTaHOB/IEHHbIE

Tasks
FIFO Queue r ‘ FIFO Queue
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[1110Cbl/MNHYCbI aCMHXPOHHOCTMW
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[1110Cbl/MNHYCbI aCMHXPOHHOCTMW

[11roChbl:
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[1110Cbl/MNHYCbI aCMHXPOHHOCTMW

[1hrOoChl:
* Bcé o4yeHb 3PpPeKTUBHO
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[1110Cbl/MNHYCbI aCMHXPOHHOCTMW

[1hrOoChl:
* Bcé o4yeHb 3PpPeKTUBHO

MWHYCbI:
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Hy naBaun, Npo4YTn meHs!

void async accept() {
accept(listener, [](socket t socket) {
async accept();
auto something = Async(processl, {42});
auto& socket ref = *socket; socket ref.receive(
[ socket = std::move(socket), something = std::move(something) ]
(std::vector<unsigned char> data) mutable {
auto task = Async(processl, data);
process(data);
task.wait();
auto& socket ref = *socket; socket ref.send(data, [data, socket =
std: :move(socket), something = std::move(something)]() mutable {
mutex.lock([data = std::move(data), socket = std::move(socket), something =
std: :move(something) ]() mutable {
process2(shared resource, data);
socket->send(data, kNoCallback);

1)
1)
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[1110Cbl/MNHYCbI aCMHXPOHHOCTMW

[1hrOoChl:
* Bcé o4yeHb 3PpPeKTUBHO

MWHYCbI:
* Heyntaemo...
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KOPYTUHbI CNeLlaT Ha NOMOLLb



ACMHXPOHHbIN CcepBEP C KOPYTUHAMM

coro_future coro_accept_stackles() {

For (55) {
auto new_socket = co_awalt accept(listener);

auto task = Async([socket = std::move(new socket)]() -> coro future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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ACMHXPOHHbIN CcepBEP C KOPYTUHAMM

coro_future coro_accept_stackles() {

for (53) {
auto new_socket = co_awailt accept(listener);

auto task = Async([socket = std::move(new socket)]() -> coro future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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ACMHXPOHHbIN CcepBEP C KOPYTUHAMM

coro_future coro_accept_stackles() {

For (55) {
auto new_socket = co_awalt accept(listener);

auto task = Async([socket = std::move(new socket)]() -> coro future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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ACMHXPOHHbIN CcepBEP C KOPYTUHAMM

coro_future coro_accept_stackles() {

For (55) {
auto new_socket = co_awalt accept(listener);

auto task = Async([socket = std::move(new_socket)]() -> coro _future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

s

task.Detach();

¥
}
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ACMHXPOHHbIN CcepBEP C KOPYTUHAMM

coro_future coro_accept_stackles() {

For (55) {
auto new_socket = co_awalt accept(listener);

auto task = Async([socket = std::move(new socket)]() -> coro future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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ACMHXPOHHbIN CcepBEP C KOPYTUHAMM

coro_future coro_accept_stackles() {

For (55) {
auto new_socket = co_awalt accept(listener);

auto task = Async([socket = std::move(new socket)]() -> coro future {
auto data = co_await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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ACMHXPOHHbIN CcepBEP C KOPYTUHAMM

coro_future coro_accept_stackles() {

For (55) {
auto new_socket = co_awalt accept(listener);

auto task = Async([socket = std::move(new socket)]() -> coro future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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ACMHXPOHHbIN CcepBEP C KOPYTUHAMM

coro_future coro_accept_stackles() {

For (55) {
auto new_socket = co_awalt accept(listener);

auto task = Async([socket = std::move(new socket)]() -> coro future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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ACMHXPOHHbIN CcepBEP C KOPYTUHAMM

coro_future coro_accept_stackles() {

For (55) {
auto new_socket = co_awalt accept(listener);

auto task = Async([socket = std::move(new socket)]() -> coro future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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ACMHXPOHHbIN CcepBEP C KOPYTUHAMM

coro_future coro_accept_stackles() {

For (55) {
auto new_socket = co_awalt accept(listener);

auto task = Async([socket = std::move(new socket)]() -> coro future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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ACMHXPOHHbIN CcepBEP C KOPYTUHAMM

coro_future coro_accept_stackles() {

For (55) {
auto new_socket = co_awalt accept(listener);

auto task = Async([socket = std::move(new socket)]() -> coro future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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ACUHXPOHHbIN cepBEP C KOPYTUHAMMU VS CUHXPOHHbIN

coro future coro accept stackles() { vold naive_accept() {
for (33) { for (55) {
auto new socket = co awailt accept(listener); auto new socket = accept(listener);
auto task = Async(/*...*/ { std: :thread thrd(/*...*/ {
auto data = co await socket.receive(); auto data = socket.receive();
process(data); process(data);
co_await socket.send(data); socket.send(data);
co_return;
IDF });
task.Detach(); thrd.detach();
} }
} }
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ACUHXPOHHbIN cepBEP C KOPYTUHAMMU VS CUHXPOHHbIN

coro future coro accept stackles() { vold naive_accept() {
for (33) { for (55) {
auto new socket = co await accept(listener); auto new socket = accept(listener);
auto task = Async(/*...*/ { std: :thread thrd(/*...*/ {
auto data = co await socket.receive(); auto data = socket.receive();
process(data); process(data);
co_await socket.send(data); socket.send(data);
co_return;
IDF });
task.Detach(); thrd.detach();
} }
} }
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ACUHXPOHHbIN cepBEP C KOPYTUHAMMU VS CUHXPOHHbIN

vold coro_accept_stackfull() { vold naive_accept() {
for (33) { for (55) {
auto new_socket = accept(listener); auto new_socket = accept(listener);
auto task = Async(/*...*/ { std: :thread thrd(/*...*/ {
auto data = socket.receive(); auto data = socket.receive();
process(data); process(data);
socket.send(data); socket.send(data);
}); })s
task.Detach(); thrd.detach();
} }
} }
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KOpYyTUHbI = KOJ16eKu

coro_future coro_accept_stackles() {

For (55) {
auto new_socket = co_awalt accept(listener);

auto task = Async([socket = std::move(new socket)]() -> coro future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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KOpYyTUHbI = KOJ16eKu

coro_future coro_accept_stackles() {

For (535) {
auto new_socket = co_await accept(listener);

auto task = Async([socket = std::move(new socket)]() -> coro future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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KOpYyTUHbI = KOJ16eKu

coro_future coro_accept_stackles() {

For (535) {
auto new_socket = co_await accept(listener);

auto task = Async([socket = std::move(new _socket)]() -> coro future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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KOpYyTUHbI = KOJ16eKu

coro_future coro_accept_stackles() {

For (55) {
auto new_socket = co_awalt accept(listener);

auto task = Async([socket = std::move(new socket)]() -> coro future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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KOpYyTUHbI = KOJ16eKu

coro_future coro_accept_stackles() {

For (55) {
auto new_socket = co_awalt accept(listener);

auto task = Async([socket = std::move(new socket)]() -> coro future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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KOpYyTUHbI = KOJ16eKu

coro_future coro_accept_stackles() {

For (55) {
auto new_socket = co_awalt accept(listener);

auto task = Async([socket = std::move(new_socket)]() -> coro future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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KOpYyTUHbI = KOJ16eKu

coro_future coro_accept_stackles() {

For (55) {
auto new_socket = co_awalt accept(listener);

auto task = Async([socket = std::move(new socket)]() -> coro future {
auto data = co await socket.receive();
process(data);
co_await socket.send(data);
co_return;

1)

task.Detach();

¥
}
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[1110Cbl/MUHYCbl aCUHXPOHHOCTU C KOPYTMHAMM
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[1110Cbl/MUHYCbl aCUHXPOHHOCTU C KOPYTMHAMM

[11roChbl:
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[1110Cbl/MUHYCbl aCUHXPOHHOCTU C KOPYTMHAMM

[1hrOoChl:
* Bcé o4yeHb 3PpPeKTUBHO
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[1110Cbl/MUHYCbl aCUHXPOHHOCTU C KOPYTMHAMM

[11roChbl:

* Bcé o4yeHb 3PpPeKTUBHO
* [IpOoCTO N YnTaemo
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[1110Cbl/MUHYCbl aCUHXPOHHOCTU C KOPYTMHAMM

[11roChbl:

* Bcé o4yeHb 3PpPeKTUBHO
* [IpOoCTO N YnTaemo

MWHYCbI:
° [log KAaNOTOM XecCTb!..
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[1110Cbl/MUHYCbl aCUHXPOHHOCTU C KOPYTMHAMM

[11roChbl:

* Bcé o4yeHb 3PpPeKTUBHO
* [IpOoCTO N YnTaemo

MWHYCbI:

* [log KanoToMm XecTb!.. BnpoyeM, Takaa Xe XecCTb
npu Ntobon aCMHXPOHHOCTM

AHATOMMA AaCMHXPOHHbIX ABUXKOB 133 /223



[1110Cbl/MUHYCbl aCUHXPOHHOCTU C KOPYTMHAMM

[11roChbl:

* Bcé o4yeHb 3PpPeKTUBHO
* [IpOoCTO N YnTaemo
° [log KanOTOM XecCTb!..
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C++ xapakopuue!



MblOoTeKkC B KOPYTMHOBOM ABUXKe

struct Mutex {

void lock();
void unlock();

private:
std::atomic<Coroutine*> owner {nullptr};

}s
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

struct Mutex {

void lock();
void unlock();

private:
std: :atomic<Coroutine*> owner {nullptr};

}s
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

struct Mutex {

void lock();
void unlock();

private:
std::atomic<Coroutine*> owner {nullptr};

}s
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}

AHAaTOMMA aCUHXPOHHbIX ABUXXKOB 145 /223



MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

if (owner_.compare_exchange_strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1f (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl: :MutexWaitStrategy wait_manager(lock_waiters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while ('owner_.compare_exchange_strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait _manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

class Coroutine {
public:

/] ...
void Sleep(WaitStrategy& strategy);

/] ...
}s
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

class Coroutine {
public:

/] ...
void Sleep(WaitStrategy& strategy);

/] ...
}s
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

class Coroutine {
public:

/] ...
void Sleep(WaitStrategy& strategy);

/] ...
}s
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

class Coroutine {

public:

/] ...

vold Sleep(WaitStrategy& strategy);
/] ...
}s

class WaitStrategy {
public:

virtual void AfterAsleep() = 0;
virtual void BeforeAwake() = 0;
protected:
~WailtStrateqy() = default;
}s
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

class Coroutine {

public:

/] ...

vold Sleep(WaitStrategy& strategy);
/] ...
}s

class WaitStrategy {
public:

virtual void AfterAsleep() = 0;
virtual void BeforeAwake() = 0;
protected:
~WailtStrateqy() = default;
}s
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

class Coroutine {

public:

/] ...

vold Sleep(WaitStrategy& strategy);
/] ...
}s

class WaitStrategy {
public:

virtual void AfterAsleep() = 0;
virtual void BeforeAwake() = 0;
protected:
~WailtStrateqy() = default;
}s
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

class Coroutine {

public:

/] ...

vold Sleep(WaitStrategy& strategy);
/] ...
}s

class WaitStrategy {
public:

virtual void AfterAsleep() = 0;
virtual void BeforeAwake() = 0O;
protected:
~WailtStrateqy() = default;
}s
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

class Coroutine {

public:

/] ...

vold Sleep(WaitStrategy& strategy);
/] ...
}s

class WaitStrategy {
public:

virtual void AfterAsleep() = 0;
virtual void BeforeAwake() = 0;
protected:
~WailtStrateqy() = default;
}s
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

struct Mutex {

void lock();
void unlock();

private:
std::atomic<Coroutine*> owner {nullptr};

}s
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

struct Mutex {

void lock();
void unlock();

private:
std::atomic<Coroutine*> owner {nullptr};
WaitList lock waiters ;

}s
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl: :MutexWaitStrategy wait_manager(lock_waiters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::ListNode<Coroutine*> node{current};

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

class MutexWaitStrategy final : public WailtStrategy {
public:
MutexWaitStrategy(WaitList& waiters, Coroutine* current)
. WaitStrategy(), waiters_(waiters), current_(current), lock (waiters) {}

void AfterAsleep() override {

waiters_ .Append(lock , current );
lock .unlock();

¥

vold BeforeAwake() override {
lock .lock();
waiters .Remove(lock , current );

}

private:

WailtList& waiters ;
Coroutine* const current ;
WaitList::Lock lock ;
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MblOoTeKC B KOPYTUHOBOM ABWMXKe

class MutexWaitStrategy final : public WaitStrategy {
public:
MutexWaitStrategy(WaitList& waiters, Coroutine* current)
: WaitStrateqy(), waiters_(waiters), current_(current), lock_(waiters) {}

void AfterAsleep() override {

waiters_ .Append(lock , current_);
lock .unlock();

¥

void BeforeAwake() override {
lock .lock();
waiters .Remove(lock , current );

¥

private:

WaltList& wailters ;
Coroutine* const current ;
WaitList::Lock lock ;
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while ('owner_.compare_exchange_strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait _manager);
expected = nullptr;

¥
}
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void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKC B KOPYTUHOBOM ABWMXKe

class MutexWaitStrategy final : public WaitStrategy {
public:

MutexWaitStrategy(WaitList& waiters, Coroutine* current)
: WaitStrategy(), waiters (waiters), current (current), lock (waiters) {}

voild AfterAsleep() override {

waiters_.Append(lock_, current_);
lock .unlock();

}

void BeforeAwake() override {
lock .lock();

waiters .Remove(lock , current );

¥

private:

WaltList& wailters ;
Coroutine* const current ;
WaitList::Lock lock ;
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::unlock() {
[ [maybe_unused]] const auto old_owner = owner_.exchange(nullptr);
assert(old owner == GetCurrentCoro());
WaitList::Lock lock(lock waiters );
lock waiters_.WakeupOne(lock);

¥
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

voild Mutex::unlock() {
[ [maybe_unused]] const auto old_owner = owner_.exchange(nullptr);
assert(old owner == GetCurrentCoro());
WaitList::Lock lock(lock waiters );
lock waiters_.WakeupOne(lock);

¥
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::unlock() {
[ [maybe_unused]] const auto old_owner = owner_.exchange(nullptr);
assert(old owner == GetCurrentCoro());
WaitList::Lock lock(lock waiters );
lock waiters_.WakeupOne(lock);

¥
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

vold Mutex::unlock() {
[ [maybe_unused]] const auto old_owner = owner_.exchange(nullptr);
assert(old_owner == GetCurrentCoro());
WaitList::Lock lock(lock waiters );
lock waiters_.WakeupOne(lock);

¥
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::unlock() {
[ [maybe_unused]] const auto old_owner = owner_.exchange(nullptr);
assert(old owner == GetCurrentCoro());
WaitList::Lock lock(lock waiters );
lock waiters_.WakeupOne(lock);

¥
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

vold Mutex::unlock() {
[ [maybe_unused]] const auto old_owner = owner_.exchange(nullptr);
assert(old owner == GetCurrentCoro());
WaitList::Lock lock(lock waiters_);
lock_waiters_.WakeupOne(lock);

¥
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::unlock() {
[ [maybe_unused]] const auto old_owner = owner_.exchange(nullptr);
assert(old owner == GetCurrentCoro());
WaitList::Lock lock(lock waiters );
lock waiters_.WakeupOne(lock);

¥
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class MutexWaitStrategy final : public WaitStrategy {
public:
MutexWaitStrategy(WaitList& waiters, Coroutine* current)
: WaitStrategy(), waiters (waiters), current (current), lock (waiters) {}

void AfterAsleep() override {
waiters .Append(lock , current );

lock .unlock();
}

void BeforeAwake() override {
lock .lock();
waiters_.Remove(lock_, current_ );

}

private:

WaltList& wailters ;
Coroutine* const current ;
WaitList::Lock lock ;
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while (!owner_.compare exchange strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

void Mutex::lock() {
Coroutine* current = GetCurrentCoro();
Coroutine* expected = nullptr;

i1t (owner .compare exchange strong(expected, current)) return;
Coroutine* expected = nullptr;

impl::MutexWaitStrategy wait_manager(lock wailters_, current);

while ('owner_.compare_exchange_strong(expected, current)) {
assert(expected != current & & "Mutex is locked twice from the same task");
current->Sleep(wait manager);
expected = nullptr;

¥
}
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

struct Mutex {
void lock();
bool try_Llock_untill(Deadline deadline);
void unlock();

private:
std::atomic<Coroutine*> owner {nullptr};
WaitList lock waiters ;

}s
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

struct Mutex {
void lock();
bool try_lock_untill(Deadline deadline);
void unlock();

private:
std::atomic<Coroutine*> owner {nullptr};
WaitList lock waiters ;

}s
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MblOoTeKkC B KOPYTMHOBOM ABUXKe

struct Mutex {
void lock();
bool try_Llock_untill(Deadline deadline);
void unlock();

private:
std::atomic<Coroutine*> owner {nullptr};
WaitList lock waiters ;

}s
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A TanmayT?

class Coroutine {
public:

/] ...
void Sleep(WaitStrategy& strategy);

Epoch GetEpoch();
void Wakeup(Epoch epoch);

/] ...
}s

class WaitStrategy {
public:

virtual void AfterAsleep() = 0;
virtual void BeforeAwake() = 0;
protected:
~WailtStrateqy() = default;
}s
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class Coroutine {
public:

/] ...
void Sleep(WaitStrategy& strategy);

Epoch GetEpoch();
void Wakeup(Epoch epoch);

/] ...
}s

class WaitStrategy {
public:

virtual void AfterAsleep() = 0;
virtual void BeforeAwake() = 0;
protected:
~WailtStrateqy() = default;
}s

AHATOMMA ACUHXPOHHbIX ABUN>XXKOB 198 /223
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class Coroutine {
public:

/] ...
void Sleep(WaitStrategy& strategy);

Epoch GetEpoch();
void Wakeup(Epoch epoch);

/] ...
}s

class WaitStrategy {
public:

virtual void AfterAsleep() = 0;
virtual void BeforeAwake() = 0;
protected:
~WailtStrateqy() = default;
}s
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A TanMayT?

class Coroutine {
public:

/] ...
void Sleep(WaitStrategy& strategy);

Epoch GetEpoch();
void Wakeup(Epoch epoch);

/] ...
}s

class WaitStrategy {
public:

virtual void AfterAsleep() = 0O;
virtual void BeforeAwake() = 0;
protected:
~WailtStrateqy() = default;
}s
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A TanmayT?

class Coroutine {
public:

/] ...
void Sleep(WaitStrategy& strategy);

Epoch GetEpoch();
void Wakeup(Epoch epoch);

/] ...
}s

class WaitStrategy {
public:

virtual void AfterAsleep() = 0;
virtual void BeforeAwake() = 0;
protected:
~WailtStrateqy() = default;
}s
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A TanMayT?

class Coroutine {
public:

/] ...
void Sleep(WaitStrategy& strategy);

Epoch GetEpoch();
void Wakeup(Epoch epoch);

/] ...
}s

class WaitStrategy {
public:

virtual void AfterAsleep() = 0;
virtual void BeforeAwake() = 0O;
protected:
~WailtStrateqy() = default;

}s
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A TanMayT?

class Coroutine {
public:

/] ...
void Sleep(WaitStrategy& strategy);

Epoch GetEpoch();
void Wakeup(Epoch epoch);

/] ...
}s

class WaitStrategy {
public:

virtual void AfterAsleep() = 0;
virtual void BeforeAwake() = 0;
protected:
~WailtStrateqy() = default;
}s
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A TanMayT?

class Coroutine {
public:

/] ...
void Sleep(WaitStrategy& strategy);

Epoch GetEpoch();
void Wakeup(Epoch epoch);

/] ...
}s

class WaitStrategy {
public:
virtual void AfterAsleep()
virtual void BeforeAwake()

i1l
OO
e o \"

const Deadline deadline;
protected:

~WailtStrateqy() = default;
}s
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A TanMayT?

class Coroutine {
public:

/] ...
void Sleep(WaitStrategy& strategy);

Epoch GetEpoch();
void Wakeup(Epoch epoch);

/] ...
}s

class WaitStrategy {
public:
virtual void AfterAsleep()
virtual void BeforeAwake()

i1l
OO
e o \"

const Deadline deadline;
protected:

~WailtStrateqy() = default;
}s
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A TanMayT?

class Coroutine {
public:

/] ...
void Sleep(WaitStrategy& strategy);

Epoch GetEpoch();
void Wakeup(Epoch epoch);

/] ...
}s

class WaitStrategy {
public:
virtual void AfterAsleep()
virtual void BeforeAwake()

Il
OO
e o \"

const Deadline deadline;
protected:

~WailtStrateqy() = default;
}s
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A TanMayT?

class Coroutine {
public:

/] ...
WakeupReason Sleep(WaitStrategy& strategy);

Epoch GetEpoch();
void Wakeup(Epoch epoch);

/] ...
}s

class WaitStrategy {
public:
virtual void AfterAsleep()
virtual void BeforeAwake()

T
O O
o e o

const Deadline deadline;
protected:

~WailtStrategy() = default;
}s
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A TanMayT?

class Coroutine {
public:

/] ...
WakeupReason Sleep(WaitStrategy& strategy);

Epoch GetEpoch();
void Wakeup(Epoch epoch);

/] ...
}s

class WaitStrategy {
public:
virtual void AfterAsleep()
virtual void BeforeAwake()

T
O O
o e o

const Deadline deadline;
protected:

~WailtStrategy() = default;
}s
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A TanMayT?

class Coroutine {
public:

/] ...
WakeupReason Sleep(WaitStrategy& strategy);

Epoch GetEpoch();
void Wakeup(Epoch epoch);

/] ...
}s

class WaitStrategy {
public:
virtual void AfterAsleep()
virtual void BeforeAwake()

T
O O
o e o

const Deadline deadline;
protected:

~WailtStrategy() = default;
}s
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A OTMeHbl?

class Coroutine {
public:
/] ...
WakeupReason Sleep(WaitStrategy& strategy);
bool IsCancelled() const;
void Cancel();

Epoch GetEpoch();
void Wakeup(Epoch epoch);

/] ...
}s

class WaitStrategy {
public:

virtual void AfterAsleep() = 0;
virtual void BeforeAwake() = 0;
protected:
~WailtStrateqy() = default;
}s
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class Coroutine {
public:
/] ...
WakeupReason Sleep(WaitStrategy& strategy);
bool IsCancelled() const;
void Cancel();

Epoch GetEpoch();
void Wakeup(Epoch epoch);

/] ...
}s

class WaitStrategy {
public:

virtual void AfterAsleep() = 0;
virtual void BeforeAwake() = 0;
protected:
~WailtStrateqy() = default;
}s
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A OTMeHbl?

class Coroutine {
public:
/] ...
WakeupReason Sleep(WaitStrategy& strategy);
bool IsCancelled() const;
void Cancel();

Epoch GetEpoch();
void Wakeup(Epoch epoch);

/] ...
}s

class WaitStrategy {
public:

virtual void AfterAsleep() = 0;
virtual void BeforeAwake() = 0;
protected:
~WailtStrateqy() = default;
}s
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* KopyTtunHbl = callbacks
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* [loa KanoToM XecCTb, NPUKOJIbHAA XeCTb!
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* KopyTtuHbl = callbacks
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