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8 KEPYBAHHS IIOTOKAMMU OJJHOI'O TA AEKIJIBKOX ITPOLECIB
8.1 Meta pobotu

Mertoro maHoi 1abopaTOpHOi pOOOTH € BUBUYCHHS CTBOPCHHS IPOIECIB Ta MOTOKIB

IPY BUKOHAHHI MPOTPaM.
8.2 Xix pobotu

OcCKUJIbKM MM BUKOPHCTOBYEMO oOmepaliifiHy cuctemy Linux, naHy jgaboparopHy
poOoTy Hamu OylIO0 BHMKOHAHO 13 BHUKOPUCTAHHAM KpOC-TUIATGOpPMHUX (YHKIIN
crangaptHoi 6i0miorekn C++, 3a BHUKIIOYCHHSIM OCTAaHHBOTO 3aBIAHHS, JUISI SIKOTO
oymo 3amissHo 3acobm POSIX API, amke crammapTHa 0i0moTeka He Hajgae 3aco0iB

CHHXPOHI3aIIil IPOIIECiB.
8.2.1 3amauga Nel

Mera pmaHoro 3aBlaHHS — pPO3pPOOUTH Tporpamy, B SAKIH JIEKIJIbKa
«BUPOOHUKIBY» (ITOTOKIB) OyIyTh 3HAXOAWUTHU IMeHa (haiiIiB 1 J0AABATH iX IO CHUIBHOI
«aeprumy. OIHOYACHO JEKUTbKA «CIIOKHUBAdiBy (IHIIWX IMOTOKIB) OpaTMMyTh IIi iMeHa
¢aiiniB 3 yepru 1 BUBOJUTUMYTH BMICT KOXKHOTO (haiiiy.

Jly1s mepeBipKu poOOTH MPOrpaMu BUKOPUCTAEMO 2 TIOTOKH BUPOOHUKA Ta 4 TTOTOKH

CIIOJKHMBAaua, K1 Oy1yTh 00po0isiTu 3 daiinu.

int main() {
std: :string prefix = "./task-1/files";

th_safe::queue<std::string> queue;

std: :vector<std::string> file list = {
prefix + "/filel.txt",
prefix + "/file2.txt",
prefix + "/file3.txt"

};

for (auto &&name : file list) {
std: :ofstream(name) << std::format("Hello from {}\n", name);

}

std: :vector<std: :jthread> producers;
for (std::int32 t i : std::views::iota(0, 2)) {
producers.emplace back(
workers: :producer,
std: : ref (queue) ,
std::ref (file_list),



i
)
}

std: :vector<std::jthread> consumers;
for (std::int32_t i : std::views::iota(0, 4)) {
consumers.emplace back (
workers: :consumer,
std: : ref (queue) ,
i
)
}

producers.clear () ;
queue.done () ;

J1st 3pyuHinoi poOOTH 13 YEProro 3 CTaHIAPTHOI O1010TEKU B 6araro-moTOKOBOMY
KOHTEKCTI CTBOPHMMO KJIac OOTOpPTKY, IO peajizye METOIU B3aeMOJIl 13 4eprorw 3

BUKOPHUCTAHHSIM M IOTEKCIB.

namespace th safe ({
template <typename T> class queue {
public:
void push(const T &value) ({
{
std: :lock_guard lock (mutex );
queue_.push (value) ;
}

cond var_ .notify one();

}

std: :optional<T> pop() {
std: :unique lock lock (mutex );
cond var .wait(
lock,
[this] { return 'queue .empty() || done ; }

)

if (queue_.empty())
return std::nullopt;

T value = queue_ .front();
queue_.pop () ;
return value;

}

void done () {

{
std: :lock_guard lock (mutex_ ) ;

done_ = true;

}

cond var .notify all();



private:
std: :queue<T> queue_;
std: :mutex mutex ;
std::condition_variable cond var ;
bool done_ = false;

};

} // namespace th_safe

BupobHuku 101atoTh (aiisiv B 4epry, a CrokuBayl 3YUTYIOTh IXHIA BMICT.

namespace workers {
void producer (
th_safe::queue<std::string> &q,
const std::vector<std::string> &files,
int id
) |
for (const auto &file : files) {
std::this_thread::sleep_for(std::chrono::milliseconds(lOO));

g.push (file) ;
std: :print ("Produced ({}): {}\n", id, file);
}
}

void consumer (th _safe::queue<std::string> &q, int id) {
while (true) {
auto item = q.pop();
if (!'item.has value())
break;

std::ifstream file(item.value())

if ('file) {
std: :print("Failed to open: {}\n", item.value());
continue;

}

std: :print("Consumed ({}): {}\n", id, item.value()):;
for (std::string line; std::getline(file, line);) {
std: :print("\t{}\n", line);
}
}
}

} // namespace workers

[TepeBiprMO MPaBUILHICTH POOOTH MPOTPAMHU



~[/D/n/s/0/1/src »)) make task-1
Produced (1): ./task-1/files/filel.txt
Produced (8): ./task-1/files/filel.txt
Consumed (1): ./task-1/files/filel.txt
Hello from ./task-1/files/filel.txt
Consumed (B8): ./task-1/files/filel.txt
Hello from ./task-1/files/filel.txt
Produced (1): ./task-1/files/file2.txt
Produced (B8): ./task-1/files/file2.txt
Consumed (3): ./task-1/files/file2.txt
Hello from ./task-1/files/file2.txt
Consumed (2): ./task-1/files/file2.txt
Hello from ./task-1/files/file2.txt
Produced (1): ./task-1/files/file3.txt
Produced (8): ./task-1/files/file3.txt
Consumed (1): ./task-1/files/file3.txt
Hello from ./task-1/files/file3.txt
Consumed (B8): ./task-1/files/file3.txt
Hello from ./task-1/files/file3.txt

PucyHnok 8.1 — Pe3ynbTaT BUKOHAHHS IPOrpamMu

8.2.2 3amaya Ne2

Mera naHoro 3aBAaHHS — CTBOPUTH MPOTrpaMy 3 TIOTOKAMHU «UHMTadiB» Ta
«UCbMEHHUKIB». [loTOKM-MMCbMEHHUKHM OyayThb J0/laBaTM HOB1 3alUCHU B KiHElb
CIUJILHOTO CIUCKY HOBUH. [lapanenbHO MOTOKHM-uMTa4yl OyAyTh OTPUMYBATH Ta YUTATH
OCTaHHIO JJ0JJaHy HOBUHY 3 IIbOTO 3K CITUCKY.

Js1st mepeBipku poOOTH TpOrpamMu BUKOPUCTAEMO | MOTIK MUChbMEHHUK Ta 3 TOTOKH
YHUTaYl.

int main() {

th_safe::vector<std::string> news;
std::atomic_bool done = false;

std: :jthread writer thread([&] {
workers: :writer (news, 10);
done = true;

)



std: :vector<std::jthread> readers;
for (std::int32 t id : std::views::iota(l, 4)) {
readers.emplace back (workers::reader, std::cref (news),
std: :ref (done), id);
}
}

JUis 3pyuHimoi poOOTH 13 BEKTOPOM 3 CTaHIapTHOi Oi0mioTeku B Oararo-
MTOTOKOBOMY KOHTEKCTI CTBOPHUMO Kjac OOrOpTKy, IO peasli3ye METOAM B3aeMOli 13

BEKTOPOM 3 BUKOPUCTAHHSIM M FOTEKCIB.

namespace th safe {
template<typename T>
class vector {
public:
void push back(const T& value) {
std: :unique lock lock (mutex );
data .push back(value) ;

}

std: :optional<T> back() const {
std: :shared lock lock(mutex );
if (data_.empty()) return std::nullopt;
return data_.back();

std::size t size() const ({
std: :shared lock lock (mutex );
return data_.size();

}

private:
mutable std::shared mutex mutex ;
std: :vector<T> data_;

};

[IuceMeHHUK Aoga€ HOBHHHM B BCKTOpP, a qHTaquQHTYKH% 3 BCKTOpPa OCTAHHIO

J0JIaHy HOBHHY.

namespace workers {
void writer (
th_safe::vector<std::string> &news_vector,
std::int32 t count = 10
) |
for (std::int32 t i : std::views::iota(0, count)) {
std::this_thread::sleep for(std::chrono::milliseconds (200));

auto news = std::format("News item {}", i + 1);
news_vector.push back (news) ;
std: :print("Writer: added '{}'\n", news);



}

void reader (
const th_safe::vector<std::string> &news_vector,
std: :atomic_bool &done,
std::int32_t id

) |

std::size_ t prev_size = 0;

while (true) {
std: :this_thread::sleep for(std::chrono::milliseconds(200));

auto last = news_vector.back();

if (!'last.has value()) {
std: :print ("Reader {}: no news yet\n", id);

continue;
}
std::size t current size = news_vector.size();
if (current size == prev_size && !'done)
continue;
if (current size == prev_size && done)
break;

std: :print("Reader {}: reads '{}'\n", id, *last);
prev_size = current_size;

}

std: :print ("Reader {}: finished.\n", id);
}

} // namespace workers

[lepeBipuMO MPaBMIBHICTH pOOOTH TTPOTPaAMH



~fD/nfs/0f/1/src }}) make task-2
Reader 2: no news yet
Reader 3: reads 'News item 1'
Writer: added 'News item 1'
Reader 1: no news yet
Reader 2: reads 'News item 1'
Writer: added 'News item 2'
Reader 1: reads 'News item 2'
Reader 3: reads 'News item 2'
Reader 1: reads 'News item 3'
Writer: added 'News item 3'
Reader 2: reads 'News item 2'
Reader 3: reads 'News item 3'
Writer: added 'News item &'
Reader 2: reads 'News item 4'
Reader 1: reads 'News item 4'
Reader 3: reads 'News item 4'
Writer: added 'News item 5'
Reader 1: reads 'News item b'
Writer: added 'News item 6'
Reader 3: reads 'News item b'
Reader 2: reads 'News item b'
Reader 1: reads 'News item 6'
Writer: added 'News item 7'
Reader 3: reads 'News item 7'
2: reads 'News item 7'
1: reads 'News item 7'
: added 'News item 8'
: reads 'News item 8'
: reads 'News item 8'
: reads 'News item 8'
: reads 'News item 9'
: reads 'News item 9'
: added 'News item 9'
1: reads 'News item 9'
: added 'News item 18'
: reads 'News item 18’
: reads 'News item 18’
: reads 'News item 18
: finished.
: finished.
: finished.

PucyHnok 8.2 — Pe3ynbrar BUKOHAaHHS IpOrpamMu



8.2.3 3amaua Ne3

Merta naHoro 3aBAaHHS — pealli3yBaTH MPorpamy, sKa MOJEIIOE BiOMY MpoOiemMy
«obimarounx (dimocodiB» 3a IOMOMOror0 MOTOKIB. KoXXKEH IOTIK MPeACcTaBIsSATHME
dbinocoda, KK TPOXOAUTH TOBHUM LUK Aii: Tymae, 6epe 1o uep3i ABl BUACIKH, 001/1a€,
a TOTIM KJajie BUAEIKA Ha Mictie. Lleit ki Mmae mOBTOPIOBATHUCS 3aJ1aHy KUIBKICTh pa3iB
JUTs1 KOsKHOTO (histocoda.

Jlns mepeBipkd poOOTH MPOrpamMu BHUKOPUCTAEMO S5 MOTOKIB (inocodiB Ta 3
TTOBTOPCHHSI.

int main() {

const std::size_t num philosophers = 5;
const std::size t rounds = 3;

th_safe::forks table(num;philosophers);

std: :vector<std::jthread> philosophers;
for (auto id : std::views::iota(OUL, num philosophers)) {
philosophers.emplace back(
workers: :philosopher,

id,
std: :ref (table),
rounds

J1J1st 3py4HOi pOOOTH 13 «CTOJIOM» B 0araTo-moTOKOBOMY KOHTEKCTI CTBOPUMO KJIac,

10 peasii3ye€ METOAU B3aEMO/IIT 13 CTOJIOM 3 BUKOPUCTAHHSM M IOTEKCIB.

namespace th_safe ({
class forks {
public:
explicit forks(std::size t count) : mutexes (count) {}

std: :mutex &left(std::size t i) { return mutexes_ [i]; }

std: :mutex &right(std::size t i) ({
return mutexes [(i + 1) % mutexes_.size()];

}
std::size t size() const { return mutexes .size(); }

private:
std: :vector<std: :mutex> mutexes ;
};

} // namespace th_safe



10

Koxken 3 dinocodiB 1o yepsi 13 IEBHOIO 3aTPUMKOI0 BUKOHYE OJIHY 13 MOMJIMBUX

namespace workers {
void philosopher (
std::size t id,
th_safe::forks &table,
std::size t iterations = 3
) |
std::mtl19937 rng(id + std::random device{}());
std: :uniform int distribution<> think time (100, 300);
std::uniform int distribution<> eat time (100, 200);

for (std::size_t round = 0; round < iterations; ++round) ({
std: :print(
"Philosopher {} is thinking (round {})\n",
id,
round + 1
)
std: :this_thread::sleep for(
std: :chrono: :milliseconds (think time (rng))

)

std: :mutex &left fork = table.left(id);
std: :mutex &right fork = table.right(id);

if (std::addressof (left fork) < std::addressof(right fork)) {
std: :scoped lock lock(left fork, right fork);
std: :print(
"Philosopher {} is eating (round {})\n",
id,
round + 1

)

std: :this_ thread::sleep for(
std: :chrono: :milliseconds (eat time (rng))
);
std: :print(
"Philosopher {} finished eating (round {})\n",
id,
round + 1
) ;
} else {
std: :scoped lock lock(right fork, left fork);
std: :print ("Philosopher ({
} is eating (round {})\n", id, round + 1);

std: :this_thread::sleep for(
std: :chrono: :milliseconds (eat time (rng))
)
std: :print(
"Philosopher {} finished eating (round {})\n",
id,
round + 1

)



std: :print ("Philosopher {} leaves the table.\n", id);
}
}

[lepeBipuMO MpPaBUIBHICTH POOOTH TPOrPAMHU

») make task-3
thinking (round 1)
thinking (round 1)
thinking (round 1)
thinking (round 1)
eating (round 1)

is eating (round 1)
finished eating (round
is thinking (round 2)
finished eating (round
is thinking (round 2)
is eating (round 1)

is eating (round 1)
finished eating (round
is thinking (round 2)
finished eating (round
is thinking (round 2)
is eating (round 2)

is eating (round 2)
finished eating (round
is thinking (round 3)
finished eating (round
is thinking (round 3)
is eating (round 2)

is eating (round 2)
finished eating (round
is thinking (round 3)
finished eating (round
is thinking (round 3)
is eating (round 3)

is eating (round 3)
finished eating (round
leaves the table.
finished eating (round
leaves the table.

is eating (round 3)

is eating (round 3)
finished eating (round 3)
leaves the table.
finished eating (round 3)
leaves the table.

1
3
9
B
2
8
8
2
2
3
1
3
3
1
1
8
2
8
8
2
2
3
1
1
1
3
3
8
2
8
8
2
2
1
3
1
1
3

[ ]

PucyHok 8.3 — Pe3ynbTaT BUKOHAHHS IpOrpamMu
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8.2.4 3aBnaHHs HA HAWBHIILY OIIHKY

Meta naHoro 3aBHaHHS — CTBOPUTH OKpEMy Iporpamy, sika Oyae GararopazoBo
3aImycKaty OJHy 3 morepeaHix mporpaM. Lli 3amycku moBUHHI BiOyBaTHCS 3a TIEBHUM
3aJlaHUM PO3KJIaJIOM, BUKOPUCTOBYIOUH MEXaH13M, Takuil sik WaitableTimer.

Buxonaemo 3aBaansst 11 mporpamu Nel.

[IepeBipuMo poOOTY 13 3 OKpEMUM MPOLIECAMHU.

int main() {
constexpr std::int32 t runs = 3;
constexpr auto interval = std::chrono::seconds();

for (std::int32 t i : std::views::iota(0, runs)) {
std: :print ("\nLaunching: ./launcher/build/app (run {})\n", i +
1);

std::int32 t result = std::system("./launcher/build/app") ;
if (result != 0) {

std: :print("Run {} failed with code {}\n", i + 1, result);
}

std: :this_thread::sleep for(interval);
}

return O;

[I{o6 kisbka OKpeMHUX MPOIECIB MalH JOCTYI IO OAHIET Yeprd BUKOPUCTAEMO

dbyHKIII0 «mmapy. st CHHXpOHI3alii KIJTBKOX MPOIECiB CKOpUCTAEMOCS ceMadopaMu.

namespace ipc {

constexpr size_t MAX PATH LEN = 256;
constexpr size t QUEUE CAPACITY = 128;

struct shared queue ({

sem_t mutex;

sem_t slots;

sem_t items;

size_ t head;

size t tail;

char data[QUEUE_CAPACITY] [MAX PATH LEN];
bool initialized;

};

class queue ({

public:
queue (const char *shm name) {
shm fd = ::shm open(shm name, O CREAT | O _RDWR, 0666)

if (shm_fd < 0)
throw std::runtime error("shm open failed");



if (::ftruncate(shm fd , sizeof (shared queue)) < 0)
throw std::runtime error ("ftruncate failed");

ptr_ = static cast<shared queue *>(
: :mmap (
nullptr,
sizeof (shared queue),
PROT_READ | PROT WRITE,
MAP_SHARED,
shm fd ,
0
)
)
if (ptr_ == MAP FAILED)
throw std::runtime error("mmap failed");

if (!ptr_->initialized) {
initialize();
ptr ->initialized = true;
}
}

~queue () {
::munmap (ptr_, sizeof (shared_queue)) ;
::close(shm_fd );

}

void push(const std::string &s) ({
if (s.size() >= MAX PATH LEN)
throw std::length error("path too long");
::sem wait (&ptr ->slots);
::sem wait (&ptr ->mutex) ;

std: :strncpy (ptr_->data[ptr ->tail], s.c_str(), MAX PATH LEN);
ptr_->tail = (ptr_->tail + 1) % QUEUE CAPACITY;

::sem post (&ptr ->mutex) ;
::sem post(&ptr_ ->items) ;
}

bool pop(std::string &out) ({
::sem wait (&ptr_->items);
::sem wait (&ptr_->mutex) ;

char buf[MAX PATH LEN];
std: :strncpy (buf, ptr ->data[ptr ->head], MAX PATH LEN) ;
ptr_->head = (ptr_->head + 1) % QUEUE CAPACITY;

::sem post (&ptr ->mutex) ;
::sem post(&ptr ->slots);

out = buf;
return true;

}

private:
int shm;fd_;

13



shared queue *ptr_;

void initialize() {
::sem_init(&ptr ->mutex, 1, 1);
::sem_init(&ptr_ ->slots, 1, QUEUE_CAPACITY) ;
::sem_init(&ptr_->items, 1, 0);
ptr_->head = ptr_ ->tail = 0;

~e

—

[IepeBiprMo poOOTY 3MIHEHOT MPOTPAMH.

Launching: ./launcher/build/app (run 1)
Produced: ./launcher/files/filel.txt
. flauncher/files/filel.txt
./launcherffiles/filel.txt
Hello from ./launcher/files/filel.
./launcher/files/filel.txt
Hello from ./launcher/files/filel.
. flauncher/files/file2. txt
./launcherffiles/file2. txt
.flauncher/files/file2. txt
Hello from ./launcher/files/file2.
Consumed: ./launcher/files/file2.txt
Hello from ./flauncher/files/file2.
: . flauncher/files/file3.txt
: .flauncher/files/file3.txt
.flauncher/files/file3. txt
Hello from ./launcher/files/file3.
Consumed: .[launcher/files/file3.txt
Hello from ./launcherffiles/file3.

: . flauncher/build/epp (run 2)

: .flauncher/files/filel.txt

: .flauncher/files/filel.txt

Hello from ./launcherffiles/filel.

: .flauncherffiles/filel.txt

: .flauncher/files/filel.txt

Hello from ./launcher/files/filel.

: .flauncher/files/file2.txt

: . flauncher/files/file2. txt
.flauncherffiles/file2. txt

: . flauncher/files/file2.txt

Hello from ./launcher/files/file2.txt

Hello from ./launcher/files/file2.txt

: . flauncherffiles/file3. txt
.flauncherffiles/filed. txt
./launcherffiles/file3. txt

Hello from ./launcher/files/file3.
./launcher/files/file3.txt

Hello from ./launcherffiles/file3.

: . flauncher/build/app (run 3)
: .flauncher/files/filel.txt
.flauncher/files/filel.txt
: .flauncher/files/filel.txt
Hello from ./flasuncher/files/filel.
./launcherffiles/filel.txt
Hello from ./launcherffiles/filel.
: . flauncher/files/file2.txt
: .flauncher/files/file2.txt
: . flauncherffiles/file2.txt
Hello from ./launcher/files/file2.
Consumed: ./launcher/files/file?.txt
Hello from ./launcher/files/file2.
Produced: ./launcher/files/filed.txt
Produced: .[launcher/files/file3.txt
Consumed: ./launcher/files/file3.txt
Hello from ./launcher/files/file3.
Consumed: ./launcher/Tiles/file3.txt
Hello from ./launcher/files/file3.

PucyHok 8.4 — Pe3ynbTaT BUKOHAHHS IPOTpamMu
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8.3 BucHoBku

[Tix gac ganoi 1aboparopHOi pOOOTH MU HABYMIIMCH BUKOPUCTOBYBATH MTPOIIECH Ta

MOTOKU MPU BUKOHAHHI TIPOTPAM.
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