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1 Îïðåäåëåíèå

Ñåìàôîð - ýòî îáúåêò, îãðàíè÷èâàþùèé êîëè÷åñòâî ïîòîêîâ, êîòîðûå ìî-
ãóò âîéòè â çàäàííûé ó÷àñòîê êîäà. Ñåìàôîðû èñïîëüçóþòñÿ äëÿ ñèíõðî-
íèçàöèè è çàùèòû ïåðåäà÷è äàííûõ ÷åðåç ðàçäåëÿåìóþ ïàìÿòü, à òàêæå
äëÿ ñèíõðîíèçàöèè ðàáîòû ïðîöåññîâ è ïîòîêîâ. Ñåìàôîð ïðåäñòàâëÿåò
ñîáîé îáúåêò ñ öåëî÷èñëåííûì çíà÷åíèåì , êîòîðîå ìû ìîæåì ìàíèïó-
ëèðîâàòü ñ äâóìÿ ïîäïðîãðàììàìè; â ñòàíäàðòå POSIX, ýòè ïðîöåäóðû
ÿâëÿþòñÿ sem_wait () è sem_post () Ñåìàôîðû - ýòî òî, ñ ïîìîùüþ ÷åãî
ìîæíî ïîñòðîèòü

• Ëåãêîâåñíûå ìüþòåêñû

• Ëåãêîâåñíûå óñëîâíûå ïåðåìåííûå

• Ëåãêîâåñíûå read-write áëîêèðîâêè

• Ïðèìèòèâ äëÿ ðåøåíèÿ ïðîáëåìû îáåäàþùèõ ôèëîñîôîâ

• Ëåãêîâåñíûé ñåìàôîð

Åñëè ãîâîðèòü ïðîñòûì ÿçûêîì, òî ïîòîêè, êîòîðûå æåëàþò çàâëàäåòü
ðåñóðñîì, ìîæíî ïðåäñòàâèòü êàê áîëüøóþ î÷åðåäü â ãàëåðåþ, à ñåìàôîð
- îõðàííèê íà âõîäå. Îí ïîçâîëÿåò ïðîéòè âíóòðü òîëüêî êîãäà åìó äàþò
ñîîòâåòñòâóþùåå óêàçàíèå.

Êàæäûé ïîòîê ñàì ðåøàåò êîãäà âñòàòü â ýòó î÷åðåäü. Ïî ñóòè, êîãäà
ïîòîê âûçûâàåò ìåòîä wait, îí ñòàíîâèòñÿ â î÷åðåäü.

Âûøèáàëà íà âõîäå, ò.å. ñåìàôîð, äîëæåí óìåòü äåëàòü òîëüêî îäíó
îïåðàöèþ - V. Ïðè âûçîâå ýòîãî ìåòîäà ñåìàôîð ¾îòïóñêàåò¿ èç î÷åðåäè
îäèí èç îæèäàþùèõ ïîòîêîâ. (Ñîâñåì íå îáÿçàòåëüíî ýòî áóäåò òîò æå
ïîòîê, êîòîðûé âûçâàë wait ðàíüøå äðóãèõ.)
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Íî çà÷åì íóæíû ñåìàôîðû, ãðîìîñòêèé, íåóêëþæèé àíàëîã ìüþòåê-
ñà, åñëè ìû ãîâîðèì î ïðîãðàììíîé ðåàëèçàöèè. È êàêèå çàäà÷è îí äîë-
æåí ðåøàòü.

Âñå äåëî, êàê è âñåãäà, â èñòîðèè ñîçäàíèÿ. Ýäñãåð Âèáå Äåéêñòðà,
íèäåðëàíäñêèé ó÷¼íûé, âî âòîðîé ïîëîâèíå 1950-õ ãîäîâ â ïîèñêàõ ïó-
òåé îïòèìèçàöèè ðàçâîäêè ïëàò ðàçðàáîòàë àëãîðèòì ïîèñêà êðàò÷àéøå-
ãî ïóòè íà ãðàôå, ñòàâøèé èçâåñòíûì íûíå êàê ¾àëãîðèòì Äåéêñòðû¿.
Àëãîðèòì íà ãðàôàõ íàõîäÿùèé êðàò÷àéøèå ïóòè îò îäíîé èç âåðøèí
ãðàôà äî âñåõ îñòàëüíûõ, ñòàë òîëüêî íà÷àëîì. Âñëåä çà íèì, îäíà èç
íàèáîëåå èçâåñòíûõ ïðîáëåì ïàðàëëåëüíîñòè áûëà ñôîðìóëèðîâàíà è
ðåøåíà ïóòåì Äåéêñòðà, ýòà çàäà÷à èçâåñòíà êàê ¾Ïðîáëåìà îáåäàþùèõ
ôèëîñîôîâ¿.

2 Ïîñòàíîâêà çàäà÷è

Ïÿòü áåçìîëâíûõ ôèëîñîôîâ ñèäÿò âîêðóã êðóãëîãî ñòîëà, ïåðåä êàæ-
äûì ôèëîñîôîì ñòîèò òàðåëêà ñïàãåòòè. Âèëêè ëåæàò íà ñòîëå ìåæäó
êàæäîé ïàðîé áëèæàéøèõ ôèëîñîôîâ.

Êàæäûé ôèëîñîô ìîæåò ëèáî åñòü, ëèáî ðàçìûøëÿòü. Ïðè¼ì ïèùè
íå îãðàíè÷åí êîëè÷åñòâîì îñòàâøèõñÿ ñïàãåòòè � ïîäðàçóìåâàåòñÿ áåñ-
êîíå÷íûé çàïàñ. Òåì íå ìåíåå, ôèëîñîô ìîæåò åñòü òîëüêî òîãäà, êîãäà
äåðæèò äâå âèëêè � âçÿòóþ ñïðàâà è ñëåâà (àëüòåðíàòèâíàÿ ôîðìóëè-
ðîâêà ïðîáëåìû ïîäðàçóìåâàåò ìèñêè ñ ðèñîì è ïàëî÷êè äëÿ åäû âìåñòî
òàðåëîê ñî ñïàãåòòè è âèëîê).

Êàæäûé ôèëîñîô ìîæåò âçÿòü áëèæàéøóþ âèëêó (åñëè îíà äîñòóï-
íà), èëè ïîëîæèòü � åñëè îí óæå äåðæèò å¼. Âçÿòèå êàæäîé âèëêè è âîç-
âðàùåíèå å¼ íà ñòîë ÿâëÿþòñÿ ðàçäåëüíûìè äåéñòâèÿìè, êîòîðûå äîëæ-
íû âûïîëíÿòüñÿ îäíî çà äðóãèì.

Ñóòü ïðîáëåìû çàêëþ÷àåòñÿ â òîì, ÷òîáû ðàçðàáîòàòü ìîäåëü ïîâå-
äåíèÿ (ïàðàëëåëüíûé àëãîðèòì), ïðè êîòîðîì íè îäèí èç ôèëîñîôîâ íå
áóäåò ãîëîäàòü, òî åñòü áóäåò âå÷íî ÷åðåäîâàòü ïðè¼ì ïèùè è ðàçìûø-
ëåíèÿ. Çàäà÷à ñôîðìóëèðîâàíà òàêèì îáðàçîì, ÷òîáû èëëþñòðèðîâàòü
ïðîáëåìó èçáåæàíèÿ âçàèìíîé áëîêèðîâêè (àíãë. deadlock) � ñîñòîÿíèÿ
ñèñòåìû, ïðè êîòîðîì ïðîãðåññ íåâîçìîæåí. È ðåøåíà îíà áûëà òîëü-
êî ïîñëå òîãî, êàê Äåéêñòðà ââåë ïîíÿòèå "Ñåìàôîð". Èíèöèàëèçàöèÿ
ñåìàôîðà (çàäàòü íà÷àëüíîå çíà÷åíèå ñ÷¼ò÷èêà):

init(n):

ñ÷¼ò÷èê := n
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Çàõâàò ñåìàôîðà (æäàòü ïîêà ñ÷¼ò÷èê ñòàíåò áîëüøå 0, ïîñëå ýòîãî
óìåíüøèòü ñ÷¼ò÷èê íà åäèíèöó):

enter():

ñ÷¼ò÷èê := ñ÷¼ò÷èê - 1

Îñâîáîæäåíèå ñåìàôîðà (óâåëè÷èòü ñ÷¼ò÷èê íà åäèíèöó):

leave():

ñ÷¼ò÷èê := ñ÷¼ò÷èê + 1

Ïðåäïîëîæèì, ÷òî åñòü òàêîé ó÷àñòîê êîäà:

semaphore.init(5);

// .....

// .....

void DoSomething()

{

semaphore.enter();

// .......

semaphore.leave();

}

Òîãäà íå áîëåå ïÿòè ïîòîêîâ ìîãóò îäíîâðåìåííî âûïîëíÿòü ôóíêöèþ
DoSomething(). Íà âåðíåìñÿ ê çàäà÷å îáåäàþùèé ôèëîñîôîâ.
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Ýòà çà-
äà÷à Äåéêñòðû õîðîøî èëëþñòðèðóåò ïðîáëåìû âçàèìîáëîêèðîâîê è ãî-
ëîäàíèÿ. Êðîìå òîãî, ïðè ðåøåíèè äàííîé çàäà÷è ïðèõîäèòñÿ ñòàëêè-
âàòüñÿ ñî ìíîãèìè òðóäíîñòÿìè â îðãàíèçàöèè ïàðàëëåëüíûõ âû÷èñëå-
íèé. Çàäà÷à îá îáåäàþùèõ ôèëîñîôàõ ìîæåò ðàññìàòðèâàòüñÿ êàê òè-
ïè÷íàÿ çàäà÷à, âîçíèêàþùàÿ â ìíîãîïîòî÷íûõ ïðèëîæåíèÿõ ïðè ðàáîòå
ñ ñîâìåñòíî èñïîëüçóåìûìè ðåñóðñàìè è, ñîîòâåòñòâåííî, ìîæåò âûñòó-
ïàòü â êà÷åñòâå òåñòîâîé ïðè ðàçðàáîòêå íîâûõ ïîäõîäîâ ê ïðîáëåìå
ñèíõðîíèçàöèè. Åå ðåàëèçàöèÿ íà ÿçûêå C++

#include "stdafx.h"

#ifndef FUNCT_THREAD_H

#define FUNCT_THREAD_H

#include <iostream>

#include <semaphore.h>

#include <cstdlib>

using namespace std;

sem_t *sem_fork;

sem_t servant_sem;

// êëàññ îïèñûâàþùèé ôèëîñîôà

class Philosopher

{

public:
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char * name_str; //èìÿ

int left_fork, right_fork; // íîìåðà âèëîê

int eat_time, think_time;// âðåìÿ åäû è ðàçìûøëåíèÿ

void *life_philosopher(void *);

void philosopher_think();

void get_forks();

void put_forks();

void philosopher_eat();

Philosopher(const int&,const int&, char* );

static void *c_life_philosopher(void *arg)

{

Philosopher *f = static_cast<Philosopher *>(arg);

f->life_philosopher(arg);

};

};

// êîíñòðóêòîð êëàññà

Philosopher::Philosopher(const int& a,const int& b, char* s)

{

left_fork=a;

right_fork=b;

name_str=s;

}

// çàõâàò âèëîê

void Philosopher::get_forks()

{

sem_wait (&sem_fork [left_fork - 1]);

sem_wait (&sem_fork [right_fork - 1]);

cout<<name_str<<":ß çàõâàòèë âèëêè"<<left_fork<<"è"<<right_fork<<endl;

}

// îñâîáîæäåíèå âèëîê

void Philosopher::put_forks()

{

sem_post (&sem_fork [left_fork - 1]);

sem_post (&sem_fork [right_fork - 1]);

cout<<name_str<<":ß îòäàë âèëêè"<<left_fork<<"è"<<right_fork<<endl;

}

// ôèëîñîô åñò

void Philosopher::philosopher_eat()

{
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srand ( time(NULL) );

eat_time = rand () % 20 + 1;

cout<<name_str<<":ß êóøàþ"<<endl;

sleep(eat_time);

}

// ôèëîñîô ðàçìûøëÿåò

void Philosopher::philosopher_think()

{

srand ( time(NULL) );

think_time = rand () % 20 + 1;

cout<<name_str<<":ß ðàçìûøëÿþ"<<endl;

sleep(think_time);

}

// æèçíåíûé öìêë ôèëîñîôà

void *Philosopher::life_philosopher(void *)

{

sem_wait(&servant_sem);

cout<<name_str<<":ß âîøåë â ñòîëîâóþ"<<endl;

philosopher_think();

get_forks();

philosopher_eat();

put_forks();

sem_post(&servant_sem);

cout<<name_str<<":ß âûøåë èç ñòîëîâîé"<<endl;

}

#endif // FUNCT_THREAD_H

Êàæäûé ôèëîñîô, ñàäÿñü çà ñòîë, ñíà÷àëà áåðåò ëåâóþ âèëêó, à çàòåì
ïðàâóþ. Ïîñëå òîãî êàê ôèëîñîô ïîîáåäàåò, èñïîëüçîâàííûå èì âèëêè
çàìåíÿþòñÿ. Óâû, òàêîå ðåøåíèå ìîæåò ïðèâåñòè ê âçàèìîáëîêèðîâêå,
åñëè ôèëîñîôû, îäíîâðåìåííî ïðîãîëîäàâøèñü, âñå âìåñòå ñÿäóò çà ñòîë
è îäíîâðåìåííî âîçüìóò ëåæàùèå ñëåâà âèëêè. Â ýòîé íåïðèÿòíîé ñèòó-
àöèè èì ïðèäåòñÿ ãîëîäàòü.

// philos.cpp: ãëàâíûé ôàéë ïðîåêòà.

#include "stdafx.h"

#include "funct_thread.h"
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#include <iostream>

#include <pthread.h>

#include <fstream>

#include <string>

#include <unistd.h>

#include <sys/time.h>

#include <semaphore.h>

using namespace std;

class Philosopher;

// ìàññèâ ñåìàôîðîâ ïîä âèëêè

void init_semaf()

{

sem_fork =new sem_t[5];

for(int i=0; i<5; i++)

{

sem_init(&sem_fork[i],0,1);

}

}

int main()

{

init_semaf();

sem_init(&servant_sem,0,4);// ñåìàôîð î÷åðåäè íà 4 ôèëîñîôà â ñòîëîâîé

Philosopher Platon(1,2,(char*)"Ïëàòîí");

Philosopher Kant(2,3,(char *)"Êàíò");

Philosopher Dekart(3,4,(char *)"Äåêàðò");

Philosopher Gegel(4,5,(char *)"Ãåãåëü");

Philosopher Seneka(5,1,(char *)"Ñåíåêà");

// ïîòîêè

pthread_t thread_philosopher_1;

pthread_t thread_philosopher_2;

pthread_t thread_philosopher_3;

pthread_t thread_philosopher_4;

pthread_t thread_philosopher_5;

//ñîçäàíèå ïîòîêîâ çàïèñè

int result=pthread_create(&thread_philosopher_1,NULL
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,Philosopher::c_life_philosopher,&Platon);

if(result!=0)

{

cout<<"Tread write 1 not create"<<endl;

}

result=pthread_create(&thread_philosopher_2,

NULL,Philosopher::c_life_philosopher,&Kant);

if(result!=0)

{

cout<<"Tread write 2 not create"<<endl;

}

result=pthread_create(&thread_philosopher_3,

NULL,Philosopher::c_life_philosopher,&Dekart);

if(result!=0)

{

cout<<"Tread write 3 not create"<<endl;

}

result=pthread_create(&thread_philosopher_4

,NULL,Philosopher::c_life_philosopher,&Gegel);

if(result!=0)

{

cout<<"Tread write 4 not create"<<endl;

}

result=pthread_create(&thread_philosopher_5,

NULL,Philosopher::c_life_philosopher,&Seneka);

if(result!=0)

{

cout<<"Tread write 5 not create"<<endl;

}

// îæèäàíèå âûïîëíåíèÿ ïîòîêîâ

result = pthread_join(thread_philosopher_1, NULL);

if (result != 0)

{

cout<<"Joining the 1 read thread"<<endl;

return 0;

}

result = pthread_join(thread_philosopher_2,

NULL);

if (result != 0)

{

cout<<"Joining the 2 read thread"<<endl;
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return 0;

}

result = pthread_join(thread_philosopher_3,

NULL);

if (result != 0)

{

cout<<"Joining the 3 read thread"<<endl;

return 0;

}

result = pthread_join(thread_philosopher_4,

NULL);

if (result != 0)

{

cout<<"Joining the 4 read thread"<<endl;

return 0;

}

result = pthread_join(thread_philosopher_5,

NULL);

if (result != 0)

{

cout<<"Joining the 5read thread"<<endl;

return 0;

}

return 0;

}
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