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[Mpnmep: nyn 3agau

struct Task { virtual void operator()() = 0; }

// Nyn 3agau

class TaskPool {
std::mutex mtx; // B3aumHOoe WCK/KYEHUe
std::queue<Task> tasks;

public:
void push(Task t) {
mtx.lock();
tasks.push(t);
mtx.unlock();
}
i ¢

Mutex — (cokp.) mutual exclusion.
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namespace std {

// cTopoxeBon 06beKkT (6M0KMPOBKA)

template <class Mutex>

class lock_guard {
Mutex& mtx;

public:
lock_guard(Mutex& m): mtx(m) { mtx.lock(); }
~lock_guard() { mtx.unlock(); }
lock_guard(const lock_guards) = delete;
lock_guard& operator=(const lock_guard§) = delete;

b
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namespace std {

// 6N0oKMpOBKA C BnagenblieM

template <class Mutex>

class unique_lock {
Mutex* mtx;
bool owner = false;

public:
unique_lock(Mutex& m): mtx(&m) { lock(); }
~unique_lock() { unlock(); }
void lock() { mtx->lock(); }
void unlock() { mtx->unlock(); }

b
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class TaskPool {
std::mutex mtx;
std::queue<Task> tasks;
public:
void push(Task t) {
// 6e3onacHas 6710KMPOBKA
std::lock_guard<std::mutex> lock{mtx};
tasks.push(t);

b
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Trnbl B3aMHbIX UCKHOYEHUW

Knacc

MeToAbl

std::mutex

std::recursive_mutex
std::timed_mutex

std::recursive_timed_mutex

lock
try_Tlock
unlock

try_lock_for
try_lock_until

PekypCcrBHY 6/10KMPOBKY OAMH U TOT e MOTOK MOXET CTaBUTb HECKO/IbKO pas.
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class TaskPool {
std::mutex mtx;
std::condition_variable cv; // ycnosHasd nepemeHHas

std: :queue<Task> tasks;
public:
void push(Task t) {
std::lock_guard<std::mutex> lock(mtx);

tasks.push_back(t);
cv.notify_one(); // onoBecTUTb OAWMH U3 XAYWMUX MOTOKOB
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class TaskPool {

std::atomic<bool> stopped{false}; // cocTosaHue
void loop() {
std::unique_lock<std::mutex> lock{mtx};
cv.wait(lock, [this,&lock] () { // Tonbko unique_lock
while (!tasks.empty()) {
Task task = tasks.front();
tasks.pop();
unlock_guard unlock{mtx}; // lock_guard Hao6opoT
task();
}

return stopped;

});
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class TaskPool {

std::vector<std::thread> threads{4}; // noToku
void start() {

stopped = false; // u3meHdaem cocTosiHUE

for (auto§ thr : threads) {

thr = std::thread{[this] () { this->loop(); }};
}

}
void stop() { stopped = true; cv.notify_all(); }
void wait() { // oxmpaHue 3aBepuweHUs NOTOKOB
for (auto§& thr : threads) {
if (thr.joinable()) { thr.join(); }
}
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ATOMapHble onepauunm

namespace std {
template <class T>
class atomic {
T number; // wHTerpanbHbiiA TUN WKW yKa3aTenb

public:
atomic(T n): number(n) {}
operator T() { return load(); } // atomapHas 3arpyska
T operator=(T n) { store(n); return n; } // coxpaHeHue

// ... ppyrue onepaTopbl
b

» Ec/iv aToMapHas onepauys He NoAAepX1BaAETCs MPOLLECCOPOM, TO OHa
3aMeHsIeTCs Ha onepawyto ¢ 610KMPOBKOIA.

> OTcyTcTBME 610KMPOBKM rapaHTMpyeTCs ToNbko Ans std: :atomic_flag.
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[Tpumep: cyeTumnK

std::atomic<unsigned long> counter{0}; // 6e30nacHbii cueTuuk
std::vector<std::thread> threads;
for (int i=0; i<10; ++i) {
threads.emplace_back([&counter] () { ++counter; });
}

for (auto§ t : threads) { t.join(); }
unsigned long value = counter;
std::cout << value << '\n'; // 10
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[Mprmep: urknnyeckas 6J10K1MPOBKa

class SpinMutex {
std::atomic_flag f = ATOMIC_FLAG_INIT; // false

public:
void lock() { while (f.test_and_set()); } // ycTaHoBka dnara
void unlock() { f.clear(); } // c6bpoc ¢nara

b
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class TaskPool {
SpinMutex mtx;
std::condition_variable_any cv; // ana nio6bix 6M10KMPOBOK

public:
void push(Task t) {
std::lock_guard<SpinMutex> lock{mtx};

}

void loop() {
std::lock_guard<SpinMutex> lock{mtx};
cv.wait(mtx, ...);

b
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namespace std {

void condition_variable::wait(unique_lock<mutex>& mtx) {
// CUCTEeMHble Bbi30BbI
}

template <class Pred> void

condition_variable::wait(unique_lock<mutex>& mtx, Pred p) {
while (!p) { wait(mtx); }

}
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namespace std {
class condition_variable_any {
condition_variable cv;
mutex mtx;
public:
template <class Mutex>
void wait(Mutex& mtx1) {
unique_lock<mutex> lockl{mtx}; // 6noxkuposBka mtx
unlock_guard<Lock> unlock{mtx1}; // pas6nokuposka mtx1l
unique_lock<mutex> lock2{std::move(mtx)}; // HeT 6/0KUPOBKY
cv.wait(lock2);
// nectpyktop lock2: pa36bnokupoBka mtx
// necTpykTop unlock: 6nokupoBka mtxil
// nectpyktop lockl: Huuero
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Mopazepkka CTOPOHHMX 6I0KMPOBOK pean3oBaHa Yepes...
eLe ogHM 6nokmpoBKM!
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CncrtemMHbI cemadop

#tinclude <semaphore.h> // cuctemHbiii dann (POSIX)
class Semaphore {
sem_t sem; // UENOYUCNEHHbIA TUN
public: // 1 — HauanbHoe 3HaueHue
Semaphore() { sem_init(&sem,0,1); } // 1 — mutex
~Semaphore() { sem_destroy(&sem); } // 0 — condition_variable
void lock() { sem_wait(&sem); } // nexkpemeHT Ha 1
void unlock() { sem_post(&sem); } // wHKpemeHT Ha 1
void notify_one() { unlock(); }
void wait() { lock(); }
template <class Mutex> void wait(Mutex& mtx) { // nw6on
unlock_guard<Mutex> unlock{mtx}; wait(); // MblOTeKC
}

b
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class TaskPool {
Semaphore mtx; // wnnm SpinMutex
Semaphore cv;

public:
void push(Task t) {
std::lock_guard<Semaphore> lock{mtx};

}

void loop() {
std::lock_guard<Semaphore> lock{mtx};
cv.wait(mtx, ...);

b
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MNpenmyLiectBa Semaphore:
» std::mutex +std::condition_variable B ogHOM Kknacce.
» wait c ntob6bbIMU MblOTEKCAMM (B T.U. std: :mutex).
» 3TO MpPOCTO Lenoe Ymcno.

» CUHXPOHM3aLMsA 1 MOTOKOB, 1 NPOLLECCOoB.
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Future/promise

void long_running_task(std::promise<int> pr) {
/] ...
pr.set_value(11);

}

std::promise<int> promise; // ana apyroro notoka
std::future<int> future = promise.get future(); // ona Tekyuwero
std::thread t{long_running_task, std::move(promise)};

std::cout << "result=" << future.get() << '\n'; // 11

t.join();
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[lakeTHOe 3ajlaHne

int long_running_task() {
/] ...

return 11;

}

std: :packaged_task<int()> task(long_running_task);
std::future<int> future = task.get_future(); // onsa Tekywero
std::thread t{task};

std::cout << "result=" << future.get() << '\n'; // 11

t.join();
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ACUHXPOHHbI BbI30B

int long_running_task() {
//

return 11;
}

auto future = std::async(std::launch::async, long_running_task);
std::cout << "result=" << future.get() << '\n'; // 11
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std::future — 06beKT A5 MONyYeHUs pe3ynbTaTa aCUHXPOHHbIX
BblUMNC/IEHNIA.

std: :promise — 06beKT AN Nepesayn pesynbTaTa aCUHXPOHHbIX
BblUYNCIEHWN.

std: :packaged_task — 06bekT, cogepxalimin GyHKLMIO 1 pe3ynbTat
ee paboTsbl.

std::async — GyHKUMS, BIMOMAHSAOLLANA APYrYH GYHKLINKO aCUHXPOHHO.
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[yn 3agau 6e3 std: :packaged_task

struct Task { virtual void operator()() = 0; }

// onpepensem 3agavy
struct SumTask: public Task {
float a, b; float* result;
void operator()() override {
*result = a + b;
}

ji g

// oTnpaBnsem 3ajauyu Ha UCMOMHeHUue
TaskPool pool{s}; pool.start();
float resultl, result2;
pool.push(SumTask{10,20,&resultl});
pool.push(SumTask{20,40,&result2});

pool.stop(); pool.wait(); // xmaTb 3aBepueHUs 060MX 3agaHUR?

std::cout << resultl << ' ' << result2 << '\n';
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[yn 3agay c std: :packaged_task

// nepenuwem meTton TaskPool

typedef std::packaged_task<float()> Task;

// pe3ynbTaT Bcerpga float?

std::future<float> TaskPool::push(Task&& t) {
auto f = t.get_future();
std::lock_guard<std::mutex> lock{mtx};
tasks.push(std: :move(t));
cv.notify_one();
return f;

}

// oTnpaBnsem 3ajauM Ha MWCMONHEHue

TaskPool pool{s}; pool.start();

auto resultl = pool.push(Task([] () { return 10.f + 20.f; }))
auto result2 = pool.push(Task([] () { return 20.f + 40.f; }))
std::cout << resultl.get() << ' ' << result2.get() << '\n';
pool.stop(); pool.wait();
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[MTonblTka Ne2

// TUN ANA XpaHeHusa Mwbbix 3HAYEeHWN
// std::any B C++17

class Any {
void+ ptr;
int type;
b

std::future<Any> TaskPool::push(std

: :packaged_task<Any()> t);
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