N0 0

BBenoeHue B
POSIX threads

Alexey A. Romanenko
arom@ccfit.nsu.ru


mailto:arom@ccfit.nsu.ru
file:///C:/Users/ARom_2/Documents/Lections/ICaG/PP/

N0 0

O yem paspen?

 0O630p POSIX threads

« Cbopka nporpamm

e QYHKUMKM ynpaBNeHnUs NOTOKaMu
U np.
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'MoTOK

[TOTOKM CyLLLECTBYIOT BHYTPU NpoLecca u
MCNONb3YyOT Ero pecypchbi.

[ToToK (thread) — He3aBUCUMbIN NOTOK
MCMONTHEHUA KOMAaH, B paHKax npoLiecca.

[loTOK He npouecc!



User Address Space

Thread 2 routineZ ()} warl
stack varz
wvari
Thread 1 routinel {} wvarl
stack var2
main ()
text routinel ()

data

routineZz ()
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Mopagenb pasgensemMou namMmaTun

 Bce noTokn nmerT gocTtyn K
pasgensemou rrnoansHou
namsaTu

e JlaHHble MOIKT ObITb KakK _
NpMBaTHbIMU TakK N OBLLIMMMN

 O6LUMe AaHHble AOCTYMHbI BCEM il
noToKam

e [lpBeTHbIE — TONBLKO O4AHOMY

» TpebyeTca CMHXpOHU3aLUNA AN
O0CTyna K oowmm gaHHbIM

thread
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POSIX threads

« POSIX onpegenaet Habop nHTepdencos (PyHKLNN

3arosIoBOYHbIX doansioB) Ans nNporpaMmmMmnpoBaHus
NOTOKOB. 3TN peKkoMeHJaumm HocAaT Ha3BaHne POSIX

threads nnn Pthreads.
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ATpnbyTbl NOTOKOB

Oowwue Pa3nunyHblie
e process ID « thread ID (the pthread _t data
e parent process ID type)

. : e signal mask
process group ID and session ID (pthread_sigmask)
e controlling terminal :

« the errno variable

* user and group lds - alternate signal stack

» open file descriptors (sigaltstack)

» record locks  real-time scheduling policy
 file mode creation mask and priority
e current directory and root

directory
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Thread-safe doyHKUUN

« POSIX.1-2001 TpebyeT, 4TObOBLI BCE PYHKLUMUN BbINN
thread-safe, 3a ncknoveHne cnegyrowmx:

- crypi()

- ctime()

- encrypt()

— dirname()

- localtime()

- gethostbyname()

- etc. see specification.
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[lpenmyLlecTBa U HeJQOCTaTKN

* lMpeunmyuiecTBa:

* 3aTpaTbl Ha co3gaHue NOTOKOB MEHbLLE, YEM Ha
cosaaHue npoteccos (~ 2 ms for threads)

* MHOro3agadHocCTb, T.€., OOUH MPOLECC MOXET
obCcny>XnBaTb HECKOSNbLKO KIMEHTOB

* [lepekntovyeHne mexay notokamu ana OC meHee
HaKknagHo, YeM NepekntoyYeHne mexay npoueccamm

* HepocTaTKu:

* MHoronoto4yHoe nporpammupoBaHue TepbyeT bornee
aKkKypaTHOro noaxoaa K paspaboTke NOCKOSIbKY
- OTnagka crioxHee

— Co3gaHue HEeCKOSbKMX NMOTOKOB Ha
OHOMPOLECCOPHON MaLLUNHEe He 0bsiI3aTenbHO
npuBeadeT K YBENMNYEHMIO NPOU3BOANTESNTIBHOCTH
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POSIX Threads (pthreads)

 |EEE's POSIX Threads Model:

* Mopgenb nporpammupoBaHusa notokoB ansa UNIX
platform

* pthreads Bkno4aeT MexgyHapoaHble cTaHOapThl
ISO/IEC9945-1

* [lporpammHaga mogene pthreads onpegenser:
* Co3agaHue noToKkoB
* YnpasneHue UcnonHeHUem noToyoB
* YnpaBrieHue pasgensemMblMn pecypcamm npouecca



 main thread:

* CospaeTtcd korga pyHkuma main() (in C) nnu
PROGRAM (in fortran) Bbi3biBaebTCA 3arpy3y4mkom
npouecca

* OyHKUMA main() MoXeT co3gaBaTtb AnyepHuu threads

* Ecnn ocHOBHOWM NOTOK 3aBepLlaeT paboTy, npouecc
npepbiBaeTCA Aaxe ecnm BHYTpU npoLecca

CYLLECTBYIOT ApYrMe NoTOKWN, eCriv TONbKO He
npeanpuHATLI cneyuanbHble JencTBUS

* [1na ns3beraHus npepbiBaHUA rnpouecca MOXHO
ncnonb3oBaTb pthread exit()
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* MeToabl NpepbiBaHMSI NOTOKOB:
* implicit termination:
* iIcnonbHeHne PyHKUMN 3aBEPLUNHO
* explicit termination:
* Bbi3BaH pthread_exit() BHyTpu noToka
* Bbi3BaH pthread cancel() n3 ocHoBHOro noToka

* [na doyHKUMW, KOTOPbIE MHTEHCUBHO ncronbadytoT CPU
4YKCNO MNOTOKOB pekoMeHayeTCd AeniaTbh paBHbIM
KonunyectBy gocTynHbix aaep CPUs



[Mpumepbl Pthreads nporpamm
Ha C++ un Fortran 90/95

* Ha C++
— Heobxoanmo BkNOYUTL pthread.h

— OYHKUMN N TUMbl NMeT NpednKc
pthread (3a ucknroveHnem cemadopos)

— BaxHo YMETDb MOJ1Ib30BATBLCA YKa3aTeJIAMN.

* Ha Fortran 90/95
— Heobxoaumo Bkntountb moayne f pthread

- Y doyHKumn npedounke f pthread (3a
NCKNOYEHNEM cemMadopoB).
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oOoNOOULES, WN B

N****************************************************************

//  This is a sample threaded program in C++. The main thread creates

// 4 daughter threads. Each daughter thread simply prints out a message

//  before exiting. Notice that |'ve set the thread attributes to joinable and

/] of system scope.
N****************************************************************
#include <iostream.h>

#include <stdio.h>

#include <pthread.h>

#define NUM_THREADS 4
void *thread_function( void *arg );

int main( void )
{
int i, tmp;
int arglNUM_THREADS] = {0,1,2,3};

pthread_t thread[NUM_THREADS];
pthread_attr_t attr;

// initialize and set the thread attributes

pthread_attr_init( &attr );

pthread_attr_setdetachstate( &attr, PTHREAD_CREATE_J OINABLE );
pthread_attr_setscope( &attr, PTHREAD_SCOPE_SYSTEM );
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28 // creating threads

29 for ( i=0; i<NUM_THREADS; i++ )

30 {

31 tmp = pthread_create( &thread[i], &attr, thread_function, (void *)&argl[il );
32

33 if (tmp!=10)

34 {

35 cout << "Creating thread " << i << " failed!" << endl;
36 return 1;

37 }

38 }

39

40 // joining threads

41 for ( i=0; i<NUM_THREADS; i++ )

42 {

43 tmp = pthread_join( thread[i], NULL );

44 if (tmp!=10)

45 {

46 cout << "Joing thread " << i << " failed!" << endl;
47 return 1;

48 }

49 }

50

51 return 0;

52 }

53
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55 // This is the function each thread is going to run. It simply asks
56 // the thread to print out a message. Notice the pointer acrobatics.
58 void *thread function( void *arg )

59 {

60 int id;

61

62 id = *((int *)arg);

63

64 printf( "Hello from thread %d'\n", id );

65 pthread_exit( NULL );

66 }
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* Kak KomnmnupoBaTh:

* B Linux:
> {C++ comp} -D_REENTRANT hello.cc -Ipthread -o hello

* BoamoXxxHO Heobxoanmo onpeaennt
_POSIX C _SOURCE (to 199506L)

 Co3gaHue noToka:

int pthread create( pthread_t *thread, pthread attr t *attr, void
*(*thread_function)(void *), void *arg );

* thread —ykasatenb Ha ngeHTUPUKaATOP CO34aHHOIO NOTOKA

* attr — aTpubyTLI NOTOKA

* third argument — pyHKUMSA, KOTOPYIO NOTOK OyAET UCTOSTHATL
e arg — aprymeHTbl yHKUNKN (OBLIYHO CTPYKTYpa)

* returns O for success
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* OxunoaHwue 3aBepLIEHUSsT NOTOKa:
int pthread join( pthread t thread, void **thread return )

* OCHOBHOW NOTOK O0XMOAEeTCs 3aBEPLUEHNSA NOTOKA C
ngeHtTudunkatopom thread

* BTopoun aprymeHT — 3Ha4yeHne Bo3BpaLlaemMoe NOTOKOM
* returns O for success
* Cnepyert BCcerga ooXxunaaTbCca 3aBepLUeHUs NoToKa
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2 ' This is a sample threaded program in Fortran 90/95. The main thread
3 I creates 4 daughter threads. Each daughter thread simply prints out

4 I a message before exiting. Notice that I've set the thread attributes to
5 I be joinable and of system scope.

7 PROGRAM hello

8

9 USE f_pthread

10 IMPLICIT NONE

11

12 INTEGER, PARAMETER :: num_threads = 4

13 INTEGER :: i, tmp, flag

14 INTEGER, DIMENSION(num_threads) :: arg

15 TYPE(f_pthread_t), DIMENSION(num_threads) :: thread
16 TYPE(f pthread_attr_t) :: attr

17

18 EXTERNAL :: thread_function

19

20 DO i = 1, num_threads

21 arg(i) =i-1

22 END DO

23

24 linitialize and set the thread attributes

25 tmp = f_pthread_attr_init( attr )
26 tmp = f_pthread_attr_setdetachstate( attr, PTHREAD_CREATE_J OINABLE )
27 tmp = f_pthread_attr_setscope( attr, PTHREAD _SCOPE_SYSTEM )
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29 I this is an extra variable needed in fortran (not needed in C)
30 flag = FLAG_DEFAULT

31

32 I creating threads

33 DO i =1, num_threads

34 tmp = f_pthread create( thread(i), attr, flag, thread_function, arg(i) )
35 IF(tmp/=0) THEN

36 WRITE (*,*) "Creating thread", i, "failed!"

37 STOP

38 END IF

39 END DO

40

41 I joining threads

42 DO i =1, num_threads

43 tmp = f_pthread _join( thread(i) )

44 IF ( tmp /= 0) THEN

45 WRITE (*,*) "Joining thread", i, "failed!"

46 STOP

47 END IF

48 END DO
49
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51 I This is the subroutine each thread is going to run. It simply asks
52 ' the thread to print out a message. Notice that f pthread_exit() is
53 I a subroutine call.

55 SUBROUTINE thread_function( id )

56

57 IMPLICIT NONE

58

59 INTEGER :: id, tmp

60

61 WRITE (*,*) "Hello from thread", id
62 CALL f_pthread_exit()

63

64 END SUBROUTINE thread_function
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* Kak komnunuposartb:
* [1nga Unix cucrtem:

> (fortran compiler) -Ipthread hello.f -0 hello
* Komnunnatop gonxkeH obITh thread safe

* KoHuenuusa co3gaHua n oxxuagaHua 3aBepLleHns
NOTOKOB aHanornyHa C/C++.
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ATpnobyTbl NOTOKOB

 OTcoegunHeHHOEe COCTOSAHUE:

int pthread_attr_setdetachstate(pthread attr_t *attr, int
detachstate);

* detached — oCHOBHOM NOTOK MOXET HEe O0XXNAaTbCH
3aBEpPLUEHNA OOYEPHErO NoToKa

e Joinable — ocHOBHOW NOTOK AOIKEH A0XOaTbCS
3aBepLUEHNA JOYEPHEro NOTOKa

* Pa3smep cTeka, NPUOPUTET, ...
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[lporpamMmmMHan mogenb

* pipeline model — NOTOKM UCNONHATCA APYr 3a ApYyrom

* master-slave model — ocHOBHOW NOTOK pacnpenensaer
paboTy No 4OYEPHUM NOTOKaM

* equal-worker model — Bce NOTOKM 3KBaBaSIEHTHbI



MexaHn3Mbl CUHXPOHU3aLNU
NOTOKOB

* BsaumHoe cuknoyeHne (mutex):

* OrpaHn4ymBaeT OOCTYN MHOXeCTBa NOTOKOB K OAHOMY
pecypcy B pa3gensemMon namsaTu

* obecneumBaeT locking/unlocking KpuTU4eCcKoro y4HacTtka
Koda, rae pasgenaemMosin pecypc moanduunpyertcs

* Kaxabl NOTOK XAeT noka mutex oygeTt pa3bnokmuposaH
(MOTOKOM, KOTOPLIN ero 6nokupoBan) npexae Yem
BOUTUN B KPUTUYECKYHO CEKLMIO



* basoBble PyHKUUH:

int pthread mutex_init(pthread_mutex_t *mutex, const
pthread mutexattr_t *mutexattr);

int pthread_mutex_lock(pthread mutex_t * mutex);
int pthread _mutex_unlock(pthread mutex_t *mutex);
int pthread _mutex_destroy(pthread_mutex_t *mutex);

* pthread_mutex_t TUM JaHHbIX ONMCbIBaOLWMIA mutex

* mutex Kak KN4 gocTyna K KpeTnyeckou cekummn. Tonbko
OOWVH NOTOK BnageeT Um

* aTpubyTbl Mutex MOXHO KOHTpONMpoBaTb OYHKLUUEN
pthread_mutex_init()

* lock/unlock doyHKUMM paboTaloT B TaHOEME
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#include <pthread.h>
pthread_mutex_t my_mutex;  // should be of global scope
Int main()
{
int tmp;

// initialize the mutex
tmp = pthread _mutex_init( &my_mutex, NULL );

/| create threads
pthread_mutex_lock( &my_mutex );
do_something_private();

pthread_mutex_unlock( &my_mutex );

return O:
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* Cemadopbi:

* OrpaHn4ymBaeT KONMMYEeCTBO NOTOKOB, MCMOJTHSAOLLMNX
Ofok koga

* aHanorm4yeH mutex-am
 HeobxoamMMo BKIHOYUT semaphore.h
* OYHKUMN UMEIOT NPeUKC sem_
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* OCHOBHblE PYHKLNN:

« CospgaHue:
int sem_init(sem_t *sem, int pshared, unsigned int value);
* MlHnumanmnampyet o0bLEKT sem

* Pshared - 3Ha4yeHue 0 o3Ha4aeT, YTo cemadop
fokaneH anga npotiecca

* HayanbHOe 3Ha4YeHne ana cemadopa
yCTaHaBNMBAETCH B value

* YHUYTOXEHNE.
int sem_destroy(sem_t *sem);

* OcBODOXAOEHME PECYPCOB, CBA3AHHbLIX C sem
* OObIYHO nocne pthread_join()

* Pesynbtat 4eUCTBUU C UCMNOSIb30BaHUEM
YHUYTOXXEHHOIo cemModopa He onpeneneH



* YnpaBreHune cemadopomM:
int sem_ post(sem_t *sem);
Int sem_wait(sem_t *sem);

* sem_post aTOMapPHO yBEIMNYNBAET 3HAYEHNE
cemadopa Ha 1

* sem_wait aTOMapHO YMeHbLLAaeT 3Ha4YyeHne cemadopa

Ha 1; NnpeaBapuUTENbHO AOXAABLUUCH MNOKa 3Ha4YeHne
He cTaHeT bonbwe 0
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#include <pthread.h>
#include <semaphore.h>

void *thread_function( void *arg );

sem_t semaphore; // also a global variable just like mutexes
int main()

{

int tmp;

// initialize the semaphore
tmp = sem_init( &semaphore, 0, 0 );

/| create threads
pthread_create( &thread[i], NULL, thread_function, NULL );

while ( still_has_something_to_do() )

{

sem_post( &semaphore );

}

pthread_join( thread[i], NULL );
sem_destroy( &semaphore );
return O;
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void *thread_function( void *arg )

{
sem_wait( &semaphore );
perform_task when_sem_open();
pthread_exit( NULL );

}
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NTtoru

* [lpu nporpammuposaHum SMP cuctem nonpobymnrte
CHavana:

* OpenMP directives

e SMP-enabled libraries

* ABTOMAaTM4eCKOE pacnaparnienBaHme ¢ NOMOLLbIO
KoMnunaTopa

* [lpumeHeHune Pthreds He rapaHTMpyeT nyyllyto
NPON3BOANUTENBHOCTb
* OTnapgka 3aTpygHeHa

* Tak nodyemy xe? B HekOTOpbIX Criyyasix 3T0 e AUHCTBEHHbIN
BO3MOXXHbIN Moaxoa.



JIlutepartypa

* Programming with POSIX threads, by D. Butenhof, Addison Wesley
(1997).

* Beginning Linux Programming, by R. Stones and N. Matthew, Wrox
Press Ltd (1999).

* www.opengroup.org/onlinepubs/007908799/xsh/threads.html
* www.research.ibm.com/actc/Tools/thread.htm
* www.unm.edu/cirt/introductions/aix_ xIfortran/xIflr101.htm

* www.emsl.pnl.gov:2080/capabs/mset/training/ibomSP/fthreads/fthreads.html
* Programming with Threads, by G. Bhanot and R. Walkup

* Appendix: Mixed models with Pthreads and MPI, V. Sonnad, C. Tamirisa,
and G. Bhanot
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