IIoTOKH - mpogoIzKeHue
AHOpeill BopoBcKuii

Mps1 npogoszKaeM 3HaKOMCTBO C MHOTOIIOTOYHOCTRIO B Linux. B npensigyiien craTtbe
MBI HQY4YHJIMCh CO3MaBaTh MOTOKHU M JOCPOYHO 3aBepIllaTh UX. MH yKe 3HaeM, YTO €CIIU
3ampoc Ha JOCPOYHOE 3aBepIleHre ITOTOKA IMTOCTYIU/I B HETTOOXOOSIITUN MOMEHT, ITOTOK
MOZKEeT OTJIOXKUTH IOCPOYHOE 3aBepIlIeHNe [0 TeX IIOP, II0Ka He CTaHeT I'OTOB K HEMY.
MexaHU3M OTI0KEHHOTO JOCPOYHOTO 3aBEPIIEHUS OYEHD IOJIE3€H, HO I
OeicTBUTENILHO 3(p(PeKTUBHOTO yIIpaBlIeHUs 3aBepIlleHeM IIOTOKOB HE0OX0OUM eIlle 1
MeXaHH3M, OIIOBENIaloIK IIOTOK O JOCPOYHOM 3aBepuieHnuu. OOBeEIleHKe O
3aBepIleHUH IMTOTOKOB B Unix-cucTeMax peaJii30BaHO Ha OCHOBE TeX JKe MPUHIUIIOB,
YTO U OMOBEIIEHWEe O 3aBEPIIIEHUN CAMOCTOSITEJIPHEIX ITPOLecCcoB. EC/Tu HaM HYKHO
BBITIOJTHSITH KaKHe-TO CIlellMaibHble JefCTBUS B MOMEHT 3aBEPIIEHUS IT0OTOKa
(HOPMaJIbHOT'O MJIM OCPOYHOT'0), MBI YCTaHABIUBaeM (QYHKIHMIO-00pab0TUIHK, KOTOpas
OymeT BhI3BaHAa IIepe[ TEM, KaK ITOTOK 3aBEPIIUT CBOIO paboTy. [JIg MOTOKOB HaIUYHe
oO6paboTumKa 3aBepIlleHus faxe 00yee BayKHO, YeM [Jid mporeccoB. [Ipeamnonoxum,
YTO IIOTOK BhIfIeNIsieT OJI0K JMHAMUYECKOHN ITaMsTH U 3aTeM BHE3allHO 3aBepIIaeTCs II0
TpeOOBaHUIO APYTOro IMOTOKa. Eciii 6B ITOTOK OB CAaMOCTOSITEIIbHBEIM IIPOLIECCOM,
HUYero oco0eHHO HEMTPUSITHOTO He CIIy4YUJIOCh OBI, TaK KaK CUCTeMa caMa yOpasia Okl 3a
HUM MycOp. B ciydgae ke mmpoiiecca-ImoToka He BEICBOOOKIEHHEIN 010K MaMsATH TaK U
OCTAHETCS «BUCETH» B alpECHOM ITPOCTPAHCTBE MHOTOIIOTOYHOTO MPUIOXKeHus. Ecnu
IIOTOKOB MHOTI'O, @ CUTyaIlluH, TpeOymolllre JOCPOYHOI'0 3aBepIleHNs, BO3HUKAIOT YacTo,
YTEeYKH ITaMSTH MOTYT OKa3aThCs 3HAYUTEJIbHBIMU. Y CTaHaBIUBasi 00paboTYuK
3aBepIIeHUs TO0TOKAa, BEICBOOOKOAIONINH 3aHATYIO ITaMSATh, MBI MOXKEM OBITH YBEPEHHI,
YTO IIOTOK HE OCTABUT 3a OO0 6eCXO3HBIX O/IOKOB IMaMsTH (eCiiv, KOHEYHO, B CUCTEME
He CJIyYUTCSI KaKoro-To 6oyiee cepre3Horo c6ost).

Inst ycTaHOBKY 00paboTYMKa 3aBEPIIIEHUS ITOTOKA MTPUMEHSIETCSI MaKpoC
pthread cleanup push(3). IToguepkuBaio XKUPHOU KPAaCHOU YEePTOH,
pthread cleanup push() - aTo Mmakpoc, a He pyHKIIUSI. HempaBuabHOE UCIIOIb30BAHUE
Mmakpoca pthread cleanup push() MoXeT IpuBeCTH K HEOXKUOAHHEIM CHUHTAaKCUYECKUM
omubkaM. Y makpoca pthread cleanup push() nBa aprymenTta. B mepBoM apryMeHTe
MaKpOCy [OoJI2KeH OBITh epefaH agpec GyHKIUM-00paboTyrKa 3aBepIIeHus IT0TOKa, a
BO BTOPOM — HETUITU3UPOBAHHKIN YKa3aTellb, KOTOPHIY OyOeT repegaH Kak apryMeHT
IIpU BHI30Be PyHKIIMK-00paboTurKa. ITOT YKa3aTe/lb MOXKeT YKa3bklBaTh Ha YTO YTOOHO,
MBI CAMU pelllaeM, KakKrue JaHHBIe OOJIXKHEBI OBITh ITIepemaHbl 00paboTYUKy 3aBEPIIEHUS
nmoTtoka. Makpoc pthread cleanup push() moMmemaet nnepemaHHble eMy aapec QyHKINU-
oOpaboTyumKa ¥ yKa3aTellb B CIIeUaIbHBIM cTeK. CaMO CIIOBO «CTEK» YKa3hIBaeT, YTO MHbI
MOKeM Ha3HA4YHUTh MOTOKY IPOU3BOIBHOE YHCIIO QYHKIIUH-00Pab0TYNKOB 3aBEePIIIEHHUS.
ITOCKONBbKY B CTEK 3allMCHIBAETCSI HE TOJIBKO agpec GPyHKIIMY, HO U €e apTyMEHT, MBI
MOZKeM Ha3HA4YUTh OJUH U TOT XKe 00paboTYUK C HECKOIIbKUMH Pa3HBIMU apryMeHTaMu.
B mpoiiecce 3aBepIlieHUs IMTOTOKA PyHKIIMKU-00PabOTYUKY 1 UX apPTYMEHTHI HOJI2KHBI OBITh
M3BJIeYEeHHl U3 CTEeKa U BHIITOJIHEHH. M3BnedeHne o0paboTYMKOB U3 CTEKa U UX
BBITIOJTHEHUE MOXKET IIPOU3BOOUTLCS TUOO0 SIBHO, MO0 aBTOMATUYeCKU. ABTOMAaTHUYECKU
00paboTYMKM 3aBePIIeHUS TOTOKA BHIIIOIHSIOTCS IIPU BEI30BE TOTOKOM (DYHKIIUH
pthread exit(), 3aBepiaroirieil paboTy IIOTOKa, a TaKXkKe IIPU BHIIIOJTHEHUU ITIOTOKOM
3arpoca Ha IOCPOYHOe 3aBepIeHne. ABHEIM 00pa3oM 00paboTYNKY 3aBEePIIeHU ST
IIOTOKa M3BJIEKAIOTCS U3 CTEKa C IMOMOIIbI0 Makpoca pthread cleanup pop(3). Bo Bcex
ciy4asix 00paboTUYMKM U3BIEKAIOTCS U3 CTeKa (M BHIIOIHSIOTCS) B IOPSIAKE,
ITPOTUBOIIOIOKHOM TOMY, B KOTOPOM OHU OBLIIM IIOMEIIEeHH B CTeK. Eciu MbI
Kcronb3yeM Makpoc pthread cleanup pop() ssBHO, MBI MOXKEM yKa3aThb, YTO 00paboTUUK
HeoOXOOMMO TOJIbKO M3BJI€Yh U3 CTEKA, HO BHIIIONMHSATHL €r0 HEe clIegyeT. MbBl pacCMOTPUM
MeTOo[dbl Ha3HaYeHHUS U BHIIOTHEHUS 00pab0TYMKOB 3aBEePIIEHMS IIOTOKA Ha ITPOCTOM
npuMepe (mporpamma exittest):



#include <stdlib.h>
#include <stdio.h>
#include <errno.h>
#include <pthread.h>

void exit func(void * arg)

{

free(arg);
printf("Freed the allocated memory.\n");

}

void * thread func(void *arg)
{
int i;
void * mem;
pthread setcancelstate(PTHREAD CANCEL DISABLE, NULL);
mem = malloc(1024);
printf("Allocated some memory.\n");
pthread cleanup push(exit func, mem);
pthread setcancelstate(PTHREAD CANCEL ENABLE, NULL);
for (1 =0; 1 < 4; i++) {
sleep(l);
printf("I'm still running!!!\n");

}
pthread cleanup pop(1l);
}

int main(int argc, char * argv[])

{
pthread t thread;

pthread create(&thread, NULL, thread func, NULL);
pthread cancel(thread);

pthread join(thread, NULL);

printf("Done.\n");

return EXIT SUCCESS;

I'maBHast GYHKIIMS ITPOrPaMMbl HE COIEPKUT HUYETO TAKOTO, UTO He ObUIO OB HaM
y2Ke 3HAaKOMO. MBI co30aeM HOBBIM ITOTOK U TYT XKe ITOChIJIaeM 3alpocC Ha ero
3aBeplieHue. Bce HOBBIE 371IEMEHTH IIPOrpaMMEI exittest cocpeqoToyeHsl B QyHKIIUY
notoka thread func(). IToTok HaunHaeT paboOTy C TOTO, UTO 3alpelllaeT CBOe JOCPOYHOE
3aBepIeHue. ITOT 3anIpeT HeoOXOOUM Ha BPeMS BHIIIOJTHEHUST BasKHBIX [JeHMCTBUMH,
KOTOPBIE HEJIL35 ITPeprIBaTh. ECIK 3ampoc Ha JOCPOYHOE 3aBeEPIIEHUE TTOCTYIIUT BO
BpeMs OeNCTBUS 3ampeTa, OH He IporafeT. Kak MbI yKe 3HaeM, 3aIllpeT JOCPOUHOTO
3aBepIeHUs] He OTMEHSET BHIIIOJITHEHUE COOTBETCTBYIOIET 0 3aIIpoca, a TOIBKO
OTKJIaAbkIBaeT ero. [Jajee IMOTOK BHIAENSAET OJIOK naMATHA. I Toro 4yToOs u30exkaTh
yTedeK MMaMsTH, MBI JOJI2KHBI TapaHTUPOBATh BEICBOOOXKIEHUE BHIOEJIEHHOTO GJI0Ka, [JIs
4ero, Kak BH y2Ke [I0TaflajiiCh, Mbl UCIIOIb3yeM (PyHKIINI0-00paboTUYMK 3aBepPIIEeHU
noToka exit func(). Met gob6asnsem pyukuuio exit func() B ctek 06paboTYNKOB
3aBepIIeHUs IIOTOKa C IToMoIIbio Makpoca pthread cleanup push(). O6paTture
BHUMaHNeEe Ha BTOPOM mapaMeTp MaKpoca. BTophiM mapaMeTpoM, KaK MBI 3HAeEM,
NO/IKeH ObITh HETUIIU3UPOBAHHHEIN yKa3aTellb. DTOT yKa3aTellb OyAeT mepenaH
pyHKIIMKH-00pabOTUYNKY B KauecTBe apryMeHTa. [IoCKonbKy 3amada ¢pyHKIuM exit func()
3aKJII0YaeTCsl B TOM, YTOOBI BEICBOOOAUTE OJI0K MaMsTH Mmem, B KaueCTBe apryMeHTa
dbyHKUIMYU MBI yCTaHaBIUBaeM yKa3aTeslb Ha 9TOT 6510K. OyHKius exit func()
BBICBOOOKIAEeT GJIOK IMaMsITH C TTOMOIIbI0 GyHKIMY free(3) u BEIBOOUT OUATHOCTUYECKOE
cooOb1ienue. ITocre yctaHOBKM 00paboTuMKa 3aBepIlIeHr s IOTOKa Halll ITIOTOK
pas3pelnaeT JOCPOYHOE 3aBeplleHue. Termeps BaM JOIKHO OBITh TOHSITHO, 3a4€M MBI
3alpeTUIIN JOCPOYHOE 3aBepIlIeHre ITOTOKAa BO BPEMSI 3TUX onepanuii. Eciu 65l TOTOK
3aBEPINUJICS II0CTIe BeIieieHrus 610Ka IMaMsATH, HO N0 Ha3HauYeHUus QyHKINU-
o06paboTumuKa, BhIAEIeHHEIM 010K He ObUT OBl yaoasnieH. [lajee MOTOK BEIBOOUT YETHIPE



OUArHOCTUYECKUX COOOIIEeHUST C MHTEPBAJIOM B OOHY CEKYH[Y U 3aBepIaeT paboTy.
[Tepen BEIxOOOM U3 (PyHKLMU IOTOKa MHEI BEI3bIBaeM Makpoc pthread cleanup pop().
9TOT MaKpoC HU3BIeKaeT PyHKIMNIO-00paboTUYUK U3 CTeKa. ApryMeHT MaKpoca
pthread cleanup pop() mo3BonsgeT yKa3aTh, CI€OYET JIU BHIIOIHATH (PYyHKIIUIO-
00paboTuuK, unu TpedyeTCcs TOIbKO YOAJIUThL €€ U3 cTeKa. Mbl mepemaeM MaKpocy
HeHyJIeBoe 3HaueHMe, YTO YKa3hlBaeT Ha He0OXOOUMOCTh BHIIIOTHUTh 00paboTuuk. Ecinu
BBl 3a0ymeTe nmocTaBuTh BEI30B pthread cleanup pop() B KoHIle GYHKIIUMK ITIOTOKA,
KOMITMJISITOP BHIOACT COOOIIeHNe O CUHTaKCUu4decKou omnoke. OObsICHSIETCS 3TO,
KOHEYHO, TeM, 4To pthread cleanup push() u pthread cleanup pop() - MaKpOCHI.
[TepBBIl MAaKpoOC, KPOME ITPOYEro, OTKPEIBaeT GUTypPHBEIE CKOOKM, KOTOPHIE BTOPOM
MaKpOoC AO/IKEeH 3aKPHITh, TaK 4YTO 4uCiI0 oOpatienuit K pthread cleanup push() B
(pyHKIIMY TOTOKa BCeTaa AOIXKHO OBITh PaBHO YUCILy OOpallleHul K

pthread cleanup pop(), uHa4de nmporpaMmy He yOacTCS CKOMIWINPOBATS.

To, uto makpoc pthread cleanup pop() momkeH OBITH BEI3BaH CTOJIHLKO K€ pa3s,
CKOIBbKO U Makpoc pthread cleanup push(), oueHs yqoOHO B TOM CiIy4dae, eClId
00paboTYMK 3aBEPIIEHUS TOTOKA BEI3LIBAETCS SIBHBHIM 00pa30M, HO YTO ITPOUCXOOUT,
ecnu 00paboOTYMKY 3aBEPIEeHUS ITOTOKA BEI3LIBAIOTCS HEesIBHO? EcCiiyu HesIBHBINM BHI30B
00paboOTYMKOB IIPOUCXOOUT BCIEACTBUE OOCPOYHOI'O 3aBEPIIEHUS ITOTOKA, MEXaHUu3M
IOCPOYHOTO 3aBEPIIEHUS BEI30BET 00pabOTYMKU caM, a KO, HoOaBIeHHBN MaKpocaMu
pthread cleanup pop(), BeinmonHeH He OyneT. OnHako 00paboTYNKM 3aBEPIIEHU S
IIOTOKa MOTYT OBITh BHIIIOJTHEHH! U B pe3yibTaTe Bhi3oBa QyHKIUYU pthread exit().
Hanuuue Bri30oBa pthread exit() He u36aBUT Bac OT HEOOXOOUMOCTU HOOABIATHE MAaKPOCH
pthread cleanup pop(), Bemb OHM HEOOXOOUMEL I OXPaHEeHU s ITPaBUIbHOMN
CUHTAKCHUYEeCKOU CTPYKTYpH nporpaMMmel. Kak ke ¢pynkuusa pthread exit()
B3aUMOMENCTBYET C KOmoM, nobaBieHHHM MakpocaMu pthread cleanup pop()? Ecnu
BBI30B pthread exit() pacmonoxeH no BeI30BOB pthread cleanup pop(), moTok
3aBEePIIUTCS OO0 00OpaIeHusI K KOOy MaKpPOCOB, IIPU 3TOM BCe 00pabOTYUKM 3aBEPIISHU S
moTtoka OynoyT BeI3BaHHI pyHKIMeM pthread exit(). Eciy MBI pacrionoXuM BHI30B
pthread exit() nocne Bri30BOB pthread cleanup pop(), o6paboT4uKy 3aBeplIeHus OyoyT
BBITIOJTHEHEHI 10 BhI30Ba pthread exit(), u 9Tol PyHKUIMYU OCTAaHETCS TOJIBKO 3aBEPIIUTH
paboTy IMOoTOKa, He BEI3bIBAasi HUKAKUX 00pabo0TYUKOB. A HYKHO I BOOOIIle BEI3HIBATh
pthread exit() B KOHIIe PyHKIINU TIOTOKA, €CIIN BEI30OBEL MAaKpPOCOB
pthread cleanup pop() Bce paBHO HeoOxomumb? OTBET Ha 3TOT BOIIPOC 3aBUCUT OT
o6cTosaTenbcTB. [IoMUMO BEI30Ba 060pabOTYMKOB 3aBEPILIEHUS IIOTOKA, PYHKIIMA
pthread exit() MOXKeT BHIIIOIIHATH B BallleM IIOTOKE U OPyTUe BaXKHEIE OEUCTBUS, U B
9TOM CjIy4dae ee BhI30B HeoOxoguM. EIle oH TOHKHM MOMEHT CBSI3aH C BHIXOOOM M3
(pyHKIIMK ITOTOKa C IMOMOIILI0 oniepaTopa return. Cam mo ce6e Takol BHIXOA U3 GYHKIIUU
TIOTOKA He IPUBOAUT K BEI30BY 00pabOOTYMKOB 3aBepIllIeHusi. B HallleM npuMepe MbI
BBI3Ba/IX 00pabOTUYMKY IBHO C moMoibio pthread cleanup pop() HemocpenCcTBEHHO
neper BHIIOJIHEHUEM return, Ho paCCMOTPHUM Apyrou BapuaHT ¢GyHKIUU thread func():

void * thread func(void *arg)

{
int 1i;
void * mem;
pthread setcancelstate(PTHREAD CANCEL DISABLE, NULL);
mem = malloc(1024);
printf("Allocated some memory.\n");
pthread cleanup push(exit func, mem);
pthread setcancelstate(PTHREAD CANCEL ENABLE, NULL);

for (i =0; i < 4; i++) {
sleep(1l);
printf("I'm still running!!!\n");
if (i == 2) return;

}
pthread cleanup pop(1l);
return;



[IycTh 3TOT BapuaHT BHITISIAUT HECKOJILKO HEECTECTBEHHO, CyTh €r0 B TOM, UTO
Teneps B QYHKIIMU ITIOTOKA ONpPeesIeHO HECKOJIPKO TOYEK BbIXofa. [Ipu BHIIOTHEHUU
yCIOBUS i == 2 QYHKIIUS ITOTOKA 3aBEPIINTCS B PE3YJIbTAaTe BHIIIOTHEHUS OllepaTopa
return u o6pabOTYMK 3aBEPIIEHUS IIOTOKA ITPU 3TOM BBEI3BaH He OymeT. ATy mpobiieMy
HeJIb351 PelInTh JoOaBIeHueM ellle ogHoro Makpoca pthread cleanup pop(). BapuauT
pyHKIT

if (i == 2) {
pthread cleanup pop(1l);
return;

}
pthread cleanup pop(1l);
return;

BOOOIIle HE CKOMITUJIMPYETCS, IIOCKOJIBKY TUITHUM Makpoc pthread cleanup pop()
HAPYILIUT CUHTAKCUC IIPOTrpaMMEl. [IpaBuiIbHOE pellleHre 3aK/II049aeTcs B
K“crnonb3oBaHuM QyHKuMM pthread exit() BMecTo return:

if (i == 2) pthread exit(0);

BmonHe BO3MOXKHO, YTO BaM, YBaxKaeMbIM YUTATEJTh, KaK U MHeE, y?Ke HEeCKOIbKO pa3
XOTEJIOCh TOCPOYHO 3aBEPIIUTL 00CYXKAeHME TOCPOYHOI'0 3aBEPIIIEHUS IIOTOKOB.
[ToTepriuTe HEMHOI'O, MH yKe npubnuxkaeMcs K GuHuIiry. OCTaioCh OTBETUTD HE
BOIIPOC, 3a4eM HaM HyKHa BO3MOXKHOCTBb YCTAaHABJIMBATh HECKOIIBKO 00pabOTIMKOB
3aBepIIeHus moToka? OTBETOB Ha 3TOT BOIIPOC MOXKET OBITh MHOT'O, HO ST aM TOJIBKO
omuH. IIpegcTaBbTe cebe, UTO BB IPOrpaMMHUPyeTe CI0XKHYI0 QYHKITUIO ITOTOKA,
KOTOpasi MHTEHCUBHO padoTaeT c IMHAMHUYECKOU IMaMsaThi0. Kak TOIBKO B Balllei
(pyHKIIMY BRIIENsI€TCS HOBBIM OJIOK IaMSTH, B YyCTaHaBIMBaeTe 00paboTUYuK
3aBePIIEHUS ITOTOKA, KOTOPBIM BEICBOOOOUT 3TOT OJIOK B ClIydae HEOXKUOAHHOTO
3aBeplineHus. TyT CTOUT OTBJIEYbCS Ha CEKYHOY U 3aMETUTh, YTO YCTaHOBKA
o0paboTymnKa, BEICBOOOKIAIOIIEr0 ITaMsiTh BO BpeMsI 3aBepPIIeHHUs IOTOKa, He MelllaeT
BaM CaMOCTOSITEJIbHO BEICBOOOOUTH 3TY MaMsTh, KOTHa OHA IIepecTaHeT OhITh HyKHA.
[IpupmeTcs TOMBKO HEMHOTO MIOUT'PATh C yKa3aTelnsaMu (Ha AUCKe Bl HalgeTe IporpaMmy
exittest2.c, KoTopasi HEMOHCTPUPYET IBHOE BHICBOOOKOEHNE ITaMSITH B IIOTOKE
COBMECTHO C HCIO0JIb30BaHHEM 00paboTurKa 3aBepilieHust). Eciu 3aTeM B Ballle#
pyHKIIMY TOHAAOOUTCS BBIAEIUTEL HOBHIM OJIOK ITaMsATH, TOTPeOyeTcs elle OOuH
00paboTYuK OJIsd ero BEICBOOOXKOeHUsI. [laxke eciii BH 3apaHee 3HaeTe, CKOJIbKO pa3
Ballla IporpaMMa OyaeT BeIenaTh OJI0KYU MaMsITH, Ha3Ha4daTh 00pabOoTYuK s
BBICBOOOXKIEHU S KaXKOoTro 0JI0Ka MOXKHO TOJILKO IIOCJIE TOT0, KaK OJIOK BEIEJIEH.

CpedcmBa CUHXpOHU3AIuUu NOMOKOB

H3y4das B3auMOOeUCTBHE MEXAy IpollecCaMy, Mbl MHOTO BHUMAaHUS YOEIUIU
cpencTBaM CMHXPOHU3ALUU IIPOIECCOB. Y IOTOKOB TOXKE €CTh CBOU CIIeI[UaJIbHbEIe
cpefacTBa CUHXPOHU3aluu. BepHeMCs K IIepBOMYy IIpUMeDPY U3 Npenbiayllei cTaThy, -
nporpaMmMme threads. HamomMHI0, 9TO B TOM IpUMepe MEL CO30aBajiv ABa IIOTOKa,
HCIIOJIb3YS OOHY U Ty 3Ke (PyHKIMIO IOTOKa. B mpoliecce co3maHus KazKaoro IIoToKa
5TOU QPYHKLMU IIepefaBaioch [eJIOYNCIIEeHHOe 3HaYeHue (HoMep moToka). [Ipu sToM
U1 Iepenayy 3Ha4eHUs KaXOoMy IIOTOKY MCIIOIb30Balachk CBOS lepeMeHHas. B Tou
cTaThe 51 MOAPOOHO 0OBSICHUI, IIOUYEMY MCITIOJIb30BAaHKUE OJHOM U TOU K€ IIepeMeHHOU’
VIS Iepefayy 3HaueHusT GYHKUUSAM pa3HbIX IIOTOKOB MOXKET ITPUBECTHU K OIITUOKeE.
KopoTko rosopsi, - mpo6JieMa 3akK/Irodanack B TOM, YTO Mbl He MOTJIM 3HaTh, KOra
MMEHHO HOBHIU MOTOK HaYHET BHINOMHATHCA. C ITOMOIIBIO CPEACTB CUHXPOHU3AIUN
TIOTOKOB MBI MOXKEM PEIIUTh 3Ty IIPo0JIeMy ¥ HCII0JIb30BaTh OOHY IIEPEMEHHYIO s
nepefgaydy 3HaYeHUM 000UM IMOTOKaM. PaccMoTpuM MoaupUIIMPOBaHHBIM BapuaHT
nporpaMMsl threads, mporpammy threads2 (Ha gucke B HalifieTe ee B (aiine
threads2.c).



#include <stdlib.h>
#include <stdio.h>
#include <errno.h>
#include <pthread.h>
#include <semaphore.h>

sem t sem;

void * thread func(void *arg)
{
int 1i;
int loc_id = * (int *) arg;
sem post(&sem);
for (1 =0; 1 < 4; i++) {
printf("Thread %i is running\n", loc id);
sleep(1l);
}
}

int main(int argc, char * argv[])
{
int id, result;
pthread t threadl, thread2;
id = 1;
sem_init(&sem, 0, 0);
result = pthread create(&threadl, NULL, thread func, &id);
if (result !'=0) {
perror("Creating the first thread");
return EXIT FAILURE;
}

sem wait(&sem);
id = 2;
result = pthread create(&thread2, NULL, thread func, &id);
if (result !'=0) {
perror("Creating the second thread");
return EXIT FAILURE;

}
result = pthread join(threadl, NULL);
if (result '= 0) {
perror("Joining the first thread");
return EXIT FAILURE;

}
result = pthread join(thread2, NULL);

if (result '=0) {
perror("Joining the second thread");
return EXIT FAILURE;

}

sem destroy(&sem);
printf("Done\n");
return EXIT SUCCESS;

B HOBOM BapuaHTe IpOrpaMMbI MBI UCIIOJIb3YEM OOHY IIepeMeHHYIo id oid nepemadu
3Ha4yeHUs 000UM IMOoToKaM. Ecjim BBl CKOMOIUJIMPYETE U 3allyCTUTe nporpamMmy threads?2,
TO YBUOUTE, YTO OHa paboTaeT KOppeKTHO. CeKpeT Halllero yclexa 3akK/Ilo4aeTcs B
HCIIOJIb30BAHUU CPEOCTB CUHXPOHU3AIUU. 719 CHHXPOHU3AIIUN IIOTOKOB MEI
3apericTBoBaIM ceMadophl. YuTaTenu 9TOU Cepuu cTaTel yxKe 3HAKOMEHL C ceMadopaMu
System V, npegHa3HadyeHHBIMU [J11 CHUHXPOHU3ALUU IPOLeCCOB. B JaHHOM Cily4ae MHI
npuMeHsieM ceMadopsl apyroro tumna — ceMadopsl POSIX, KoTophle crienuaabHO
npenHa3Ha4veHH oI paboTH ¢ ToTOKaMu. Bce 00baBIeHUS QYHKIIUN U TUIIOB,
OTHOCSMIIMECS K 3TUM ceMadopaM, MOKHO HalTH B ¢auie
/usr/include/nptl/semaphore.h. Cemadops POSIX co3pmaioTcst (MHUIIUATU3UPYIOTCS) C
nomMmoIinbio pyHKIMU sem init(3). [TepBriii mapaMeTp pyHKIMU sem init() — ykasaTens Ha



IIepeMeHHYIO Tula sem _t, KoTopas CIyKUT ugeHTuguKatopomM cemadopa. Bropou
napameTp - pshared - B HacTosiIiee BpeMsI He UCIIOIb3YETCSI, U MBI OCTaBUM €TI0
paBHBIM HyIIIO. B TpeTheM mapaMeTpe QpyHKIUU sem init() mepemaeTcs 3Ha4YeHUe,
KOTOPBIM MHULIMANIU3upyeTcs ceMadop. [JanbHelas pabora ¢ cemadhopom
OCYIIECTB/ISIETCS C MOMOIIBI0 QyHKIMY sem wait(3) u sem post(3). EZuHCTBEHHBIM
apryMeHTOM GyHKIUU sem wait() CIykuT yKa3aTesb Ha uneHTuduraTop ceMadopa.
dynknmsa sem wait() nprocTaHaBNIUBaET BHIIIOJIHEHVE BEI3BABIIIEIO €€ IIOTOKA OO0 TeX
1Iop, ITOKa 3HaueHue cemMadopa He cTaHeT OOJILIINM HYJIS, TTOCiIe Yero GyHKIIUS
yMeHbIIIaeT 3HaueHre ceMadopa Ha eqUHUIy ¥ BO3BpalllaeT ynpaBineHue. OyHKIUS
sem post() yBenuuuBaeT 3HadeHue ceMadopa, uaeHTUDUKaTOpP KOTOPOTo ObUI ITepenaH
el B KaueCTBe ITapaMeTpa, Ha eguHuily. [IpucBouB cemadopy 3HaueHue 0, Halla
nporpaMMa CO3faeT NepBhId IOTOK U BHI3BIBAeT (PyHKIUIO sem wait(). Ota pyHKIIUA
TIPAOCTAHOBUT BHIIIOIHEHUE QYHKIIMYU Mmain() 4o Tex mmop, moka pyHKIUS IIOTOKA He
BBI3OBET (PyHKIIUIO sem post(), @ 9TO CIy4YUTCS TOJIBKO IIOCJIEe TOTO KaK (PyHKUIMS IIOTOKAa
obOpaboTaeT 3HaueHUe nepeMeHHOM id. TakuM 00pa3oM, MBI MOXK€eM OBITh YBEPEHEHI, UTO
B MOMEHT CO3[JaHUs BTOPOT'O ITIOTOKA ITEPBHIM ITOTOK yKe 3aKOHYUT paboTy C
mepeMeHHOM id, ¥ MBI CMOKEM HCIIO/Ib30BaTh 3Ty IIEPEMEHHYIO VI ITepeaayvr OaHHbBIX
BTOPOMY ITOTOKY. [1oce 3aBepieHnss 000MX IOTOKOB MBI BEI3EIBaeEM (DYHKIINIO

sem destroy(3) onsa ymaneHusi ceMagopa ¥ BEHICBOOOXKIEHUS eT0 PECYPCOB.

CeMadopHl — He eIUHCTBEHHOE CPEOCTBO CUHXPOHU3AIIUU TOTOKOB. [I71s
pasrpaHUYeHHUs OOCTYIIa K I'7100ajiIbHEIM 00BbeKTaM MOTOKH MOTYT HUCIIOJIb30BaTh
MBIOTEKCH. Bce GYHKIMYM M TUIIH OAaHHBIX, UMEIOINe OTHOIIeHNEe K MbIOTEKCaM,
onpepesnieHsl B ¢dannne pthread.h. MproTekc co3maeTcss BHI30BOM QYHKINHT
pthread mutex init(3). B kauecTBe nepBOro aprymeHTa 3Tou (yHKLIUU IepefaeTcs
yKa3aTesib Ha epeMeHHy!0 pthread mutex t, KoTopas urpaet posib ugeHTu(UKATOPa
HOBOT'O MbIOTeKca. BTopsiM aprymeHnToM ¢dyHKIUU pthread mutex init() gomkeH O6BITH
yKa3aTeslb Ha IepeMeHHyI0 Tuma pthread mutexattr t. OTa nepeMeHHas MO3BOIIET
YCTAHOBUTH [OIIOJTHUTEIbHBIE aTPUOYTH MbIOTEKCa. Eciiu HaM HyKeH 0OBIYHBIN
MbBIOTEKC, MBI MOZKEM IlepeaaTh BO BTOPOM IapaMeTpe 3HadeHue NULL. [Iy1s Toro
YTOOH TTOJTyYUTh UCKITIOUUTEJILHBIN JOCTYI K HEKOeMY I'T00aTbHOMY Pecypcy, IOTOK
BeI3BIBaeT PpyHKIMio pthread mutex lock(3), (B aTOM ciiy4dae roBOpPsT, YTO «IIOTOK
3axBaTheIBaeT MbIOTEKC»). EnmHCTBeHHEIM nTapaMeTpoM ¢yHKIuM pthread mutex lock()
OOJI>KeH OBITh UAEHTU(MUKATOP MbIOTEKCA. 3aKOHYUB PabOTy C r11o0albHBIM PECYPCOM,
IIOTOK BHICBOOOIKIOAeT MbIOTEKC C ImoMoIibio pyHkImu pthread mutex unlock(3),
KOTOPOU TaKKe IepefaeTcs NAeHTU(OUKATOP MbIOTEKCa. ECIIM MOTOK BHI30BET (PYyHKIIHIO
pthread mutex lock() ons MpIOTEKCA, y?Ke 3aXBa4€HHOI'O OPYTUM IIOTOKOM, 3Ta
dbyHKIMS HE BEepHET yIpaBlIeHUe 0 TEX MOP, ITOKa APYTroi MMOTOK He BELICBOOOOUT
MBIOTEKC C ITIOMOIIBIO BEI30Ba pthread mutex unlock() (mocne 3TOro MpIOTEKC,
€CTEeCTBEHHO, ITepelaeT BO BlalleHEe HOBOT'O OTOKA). YaaleHe MbIOTEeKCa
BBITIOJIHAETCS C noMmoIbio ¢pyHKIuu pthread mutex destroy(3). CTOUT OTMETUTSH, UTO B
OT/IMYME OT MHOTHUX APYTruX GYHKIMM, IPUOCTAaHABIUBAIONINX PAaOOTy MOTOKA, BEHI30B
pthread mutex lock() He aBnIsieTcs TOUKOM OCTaHOBa. M lHade roBops, MOTOK,
HaXO[OSIIUNCS B peK1Me OTJIOKEHHOT'0 [TOCPOYHOI'O 3aBepIIleHUs, He MOXKET ObITh
3aBepIeH B TOT MOMEHT, KOI'la OH oXupgaeT BeIxofa u3 pthread mutex lock().

Ampuéymbsl NOMOKOB

Co3maBasi HOBBIM IIOTOK, BBl MOXKETe yKa3aTh PSAM OOIIOIHUTEIbHEIX aTPHUOyTOB,
oIpefensiommnx HEKOTOPLIe ero mapaMeTpsl. M3 Bcex 9Tux aTpubyToB OoJiee BCETO
BocTpeboBaH aTpubyT DETACHED, nmo3Bonsiomuii co3maBaTh omoejeHHbIe nomoku. Bo
BCeX PaCCMOTPEHHBHIX BHIIIIEe IPpHMepax MEL UCII0Ib30Bain QyHKIMIO pthread join(),
TIO3BOJIAIOUIYIO JOXKAAThCS 3aBEPIIEHUS II0OTOKA U ITOIy4YUTh 3Ha4YeHVe, BO3BpallleHHOe
ero ¢yukiuen. [Ins Toro uTo6s Gynkuus pthread join() Mmorna mony4yuTh 3HaUEHUE
(pyHKIMY TOTOKA, 3aBepIlIuBIIerocs A0 Bei30Ba pthread join(), cucrtema coxpaHseT
OaHHBIE O IOTOKE IIOCJIE ero 3aBeplIeHUs (3TO IIOX0XKe Ha IOSIBJIEHUS «30MOU» I1OCTIe
3aBepIIeHUsI CaMOCTOSTENIBHOT O IIponecca). Eciu Hallla IporpaMMa UHTEHCUBHO



paboTaeT c IOTOKaMM U CHHXPOHU3ALMs ITIOTOKOB C rmomouisio pthread join() Ham He
HYy?KHa, MBI MO2KEM COKOHOMUTH PECYPCHl CUCTEMBI, MCIIOIb3YysI OTAEJIEHHBIE TIOTOKH.
OToerneHHBIE IOTOKY OTINYAIOTCS OT OOBIYHBIX (NpucoeOuHAeMbIX) TIOTOKOB TEM, UTO
TI0CJie 3aBePIIEeHUsI OTOEJIEHHOI 0 IOTOKa CUCTeMa He coxXpaHseT HHPOpPMaLuio O HEM.
Ecnu BeI3BaTh pyHKIMIO pthread join() monst oToeneHHOTr 0 IOTOKA, OHA BEPHET
cooO1reHue 00 omubKe.

BBl MOzKeTe TIpeBpaTUTh IIPUCOEOUHSIEMBIN TOTOK B OTHOEJIEHHBIN C IIOMOIIBIO BEI30Ba
¢yukuu pthread detach(3), ogHako npumaTh MIOTOKY CBOMCTBO «OTOEIE€HHOCTHU»
MOXKHO U Ha 3Talle ero Co3hgaHus, C TOMOIILI0 JONoIHUTeIbHOTO aTpudbyta DETACHED.
[ Toro 4ToOB HAa3HAYUTh IIOTOKY AOIOTHUTEIbHEIE aTPUOYTH, HY?KHO CHadajia
co3maTh 00BEKT, cofepKaluii Habop aTpudyToB. DTOT 00BEKT co3maeTcss QyHKITUEen
pthread attr init(3). EnuHCTBEeHHBIN apryMeHT 3TOU (PyHKIIMU — YKa3aTellb Ha
nepeMeHHyio Tuna pthread attr t, kotopas cimykut ugeHTuduUuKaTopoM Habopa
aTpubytoB. ®yHkiusa pthread attr init() mHULManU3upyeT Habop aTpUOYTOB IIOTOKA
3HAYEHUSMHU, 3aJJaHHBIMU 110 YMOTYaHUI0, TaK YTO MBI MOXKEeM MOAUPUIIMPOBATH TOJIBKO
Te aTpuOyTH, KOTOPHIE HaC UHTEPECYIOT, U He OeCIIOKOUTHCS 00 OCTaNbHEIX. I
moOaBrieHusT aTpuOyTOB B HAOOP MCIIONb3YIOTCS CIenHuaibHble GYHKIIUM C UMeHaMU
pthread attr set<umsa aTtpubyta>. Hanmpuwmep, ans Toro, 4To06s fOOaBUTL aTPUOYT
«OTHEJIEHHOCTU», MBI BeI3bIBaeM (pyHKLMIo pthread attr setdetachstate(3). [lepBrim
apryMeHTOM 3TOM QYHKIIUK OOJIKeH OBITh agpec 00beKTa Habopa aTpuOyTOB, @ BTOPEIM
apryMeHTOM — KOHCTaHTa, Ollpedesisionias 3HaueHue atpubyra. KoncraHTa
PTHREAD CREATE DETACHED yka3bBaeT, 4TO CO3maBaeMblil IIOTOK [OJI?KEH OBITH
othesnieHHBIM, Torfna Kak KoHcTaHTa PTHREAD CREATE JOINABLE onpepensier
co3paHue nmpucoenuHsemMoro (joinable) moToka, KOTOPHIM MOXKET OBIThH
cuHXxpoHu3upoBaH pyHkIuM pthread join(3). [Tocne Toro, Kak Mbl 06aBUITH
HeoOxXoguMble 3Ha4YeHUs B HaOop aTpuOyTOB ITOTOKA, MBI BEI3bIBaeM (PYHKIIHUIO CO3MaHUS
notoka pthread create(). Habop aTpuOyToB ITI0TOKa IiepefaeTcss B Ka4eCTBEe BTOPOT O
apryMeHTa 3TOU QyHKIINH.

Ha 3ToM MBI 3aKOHYHUM JIUKOE3, IIOCBAIIEHHEIH ITOTOKaM. EC/IH BB JTIOOMUTE IIOTOKU
TakKKe CHUJIbHO, KakK JII00JII0 UX s, K BalllUM yC/IyraM HeucuepliaeMoe Mope CIielalbHOU
UTEepaTyphl (HanpuMep, KHura Pugapma CTuBeHCa) ¥ CTPAaHUIIBI man, B KOTOPBIX BB
HaWeTe BCe TO, YeMY He XBaTHUJIO MECTa Ha CTpPaHUIaX XKypHasa. Hy a mepen TeM, Kak
MIPUCTYTATh K YTEHUIO CJIeAyIoIel CTaThl 9TOU CepuH, 3alaCUTECh CEpPOM, 100 MHI
TIO3HAKOMHUMCS C JE€MOHAMH.
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