JlabopaTopHasi padoTa no kypcy ""OnepaunoHHbie cucTeMbI"
IMoToku B OC Linux

lIeJlb paﬁombt: 3HAaKOMCTBO C CUCTCMHBIMU BbI3OBAMU IJIA YIIPABJICHUS IIOTOKAMU B OoC LiIlllX.
1. ®ynkuuu 111 padoThl ¢ NOTOKAMH

[TpoTtoTuns! pyHKIMN pabOThI C MOTOKAMU U HEOOXOAUMBIE TUIIBI JAHHBIX COJEPXKATCS B 3aroJio-
BouHOM (paiinie <pthread.h>. OTu QyHKIIMU HE BKIIOUEHBI B CTAHAAPTHYIO OUOIHoTEKy si3bika C, OHU
HaxogaTcs B Oubnuoteke libpthread. [TosTromy npu KOMIIOHOBKE B KOMaHIHYIO CTPOKY JO0OaBbTE OM-
uuto —lpthread (cm. na6. paboty 2), nHanpumep: $gec -o prl prl.c -lpthread

Co3nanne noroka. [Totok co3naercs pynkuueii pthread_create (&tid, attr, func, arg), rae

&tid — ykazarens Ha nmepemeHHyto tuma pthread_t, B Hee Oyzaer 3amucan ID HOBOTO MOTOKA.

attr — ykazaTenb Ha aTpuOyTHI MOTOKA JAJs YHpPaBICHUs AETalIAMU (YHKIHOHMPOBAHUS IMOTOKA.
Ecnu napametp paBen NULL, To noTok Oyzaer co3aaH ¢ aTpudyTaMu 0 yMOTYAHHUIO.

func — ykazartens Ha (QyHKIMIO MOTOKA, KOTOpas NMPUHMMAET OJUH MapameTp THUIA yKa3aTellb Ha
void 1 Bo3BpalaeT 3HaueHUe TUIa yKa3aTesb Ha void.

arg — apryMeHT MoToka Tumna veid*. JTo 3HaueHue nepeaaercsi MOTOKY Kak apryMeHT B (DyHKIIHIO
MOTOKa. Yepe3 Hero MOXHO NepeiaTh HOBOMY IOTOKY MapaMeTphl.

@ynkius pthread_create Bo3Bpalaer HOJIb IpU ycnexe U He HOJb npu omubke. [locne co3na-

HUS KOKIBIA MOTOK BBITIONHSACT @yukyuio nomoka func(arg) — oObuHYI0 (YHKIUIO B MPOTpPaMMe
nonp3oBarens. Ilpu 3aBepimieHMM 53TOM (QYHKIMH TOTOK 3aBepiiaercs. Bos3Bpar u3 ¢yHKuun
pthread create npoucxoguT HEMEJIEHHO, U MCXOIHBIM MOTOK MPOJOJHKAET BBINOJHEHUE KOMAH]I,
cieayommx 3a Bbi3oBoM pthread_create. OIHOBpEMEHHO HOBBIM MOTOK HAYMHAET BBINOJIHEHUE
(YHKIIMY TIOTOKA.

3aBepmienune noroka. [Tpy HOpMaNbHBIX YCIOBHSIX MOTOK 3aBEPIIACTCS IBYMs ClIoco0amMu:

1. OGpIuHBIN BO3BpAT U3 PYHKIMM MOTOKA. BennunHa, Bo3BpaiaeMas return, OyJeT sSBISATHCS 3Hade-
HHUEM, BO3BPALAEMbIM TOTOKOM.

2. Bosepar npu nomomu ¢yskiuu pthread exit. OHa mMoxeT ObITh BbI3BaHA W3 JIFO00UW (PYHKIHH
JAHHOTO MOTOKA. APTyMEHT 3TOH (pyHKIMM OyJeT SABIATbCA 3HAUYEHUEM, BO3BPAILlAEMbIM ITOTOKOM.

Ilepenaya JaHHBIX B MOTOK. T.K. TUTIOM apryMeHTa, IEpeaaBaeMoro B MOTOK (YETBEPTHIH mapameTp
¢yukuuu pthread_create), spnsercs void*, To 171 nepeaun 0IHOTO NMapaMeTpa TUMA int ero MOXHO
npeobpaszoBate K tumy (void*). /i nepempayn GOJIBIIET0 KOJIMYECTBA MAPaMETPOB apTyMEHT IOTOKA
JIOJDKEH OBITh yKa3aTesleM Ha 00JacTh JaHHBIX MM CTPYKTYpY, COJAEpXallylo IepeaaBaeMble mapa-
MeTpel. HeoOxonnMo, 9T0OBI naHHBIE, MepenaBacMble HOBOMY MOTOKY, ObUIM eMy nocTymHbL [Ipn
9TOM HE Clle[yeT IepelaBaTh CTEKOBbIE IIEPEMEHHBIC, €CIM TOTOK, BbI3BIBAIOLINNM (PYHKLHUIO
pthread_create, MOXeT 3aBEpIINTHCS PAHEE, YEM CO3/IaHHBINA MOTOK.

O:xuanue 3aBepuieHHs NMOTOKA W BO3BPAT 3HAYEHHMH M3 NMOTOKA. B ciayuyae MOTOKOB aHajorom
¢byskmnn wait sBisiercst pynkius pthread_join: moTok, BbI3BaBIIMiA ATy (YHKIHIO, OYAET OKUAATH
3aBepILEHHs YKa3aHHOTo NMoToka. MyHKIMS BO3BpAILAET HOJb B CIy4ae HOPMAJIBbHOTO BBIITOJHEHUS, U
HE HOJIb B ciydae ommbOku. OyHkims umeet nBa mapamerpa: ID motoka, 3aBepiieHust KOTOPOro clie-
IyeT 0XHJaTh, U yKa3aTedb Ha void*, B yka3arenab OyJeT 3alucaHO 3HAYE€HUE, BO3BpAIllaeMoe MOTO-
koM. Ecnu 510 3HaueHune He Tpedyercs, To Bropoi mapamerp ¢yHkiuu pthread_join moxer ObITh
NULL. B kauecTtBe 3HaueHusi, BO3BPALla€MOIr0 MOTOKOM, HE CJIENYET NEPENaBaTh aIpeca CTEKOBBIX
MEPEMEHHBIX MTOTOKA, T.K. IIOCIIE €TO 3aBEPIIEHUS OHU OYIyT HEIOCTYITHEI.

[Ipumep co3naHus MOTOKA, NEpeNayu JaHHBIX B IIOTOK U BO3BpAaTa 3HaYEHUS U3 IOTOKA!
#include <pthread.h>
#include <stdio.h>
double b;
/* ®yHKLUMSA NOTOKa */
void *thread(void *varp) {
b = *(int*)varp/2.0; /* BrUMCIIeHMe pesyJsbTaTa b = 5/2.0 */



pthread exit ((void*)&b); /* 3BHauenHme, BO3BpamaeMoe IOTOKOM, -
yKasaTeJyib Ha [epeMeHHyIn b, coIepxamyiln pes3yibTar */

void main () {

int v1=5;

double *cl;

pthread t tid;

pthread create(&tid, NULL, thread, (void¥*)&vl); /* YkasarTesb Ha
nepeMeHHyin vl nepemaH B [NOTOK B KadyeCTBe apryMeHTa noroka */

pthread join(tid, (void**)&cl); /* B mnepemennyo cl OymeT 3ammcaHO
3HauyeHMe, BO3BpallaeMoe MOTOKOM (yKasaTesb Ha pesyiabTar) */

printf ("$1f\n", *cl); /* BymeT HamnedaraHo '2.5' */

}

3apanue 1. Hannmmure cneayromlyo nporpaMMy B COOTBETCTBHM CO CBOMM BapuaHToM. Pacneuaraiite
B KaxxioM notoke ID motoka (pynknuu pthread_self u gettid) u ID nmpomnecca (pynkius getpid). Orn-
peaenute ID co3naHHBIX TOTOKOB TAaK)K€ MPU MOMOUIM KOMaHAb! ps. Cpasnume nepeuucienHvle viuie
ID u 3anuwume ux ¢ omuyeme. BvisicHume u 3anuwiume ¢ omyeme 1) cKOIbKO NOMOKO8 U NPOYEccos
€030aH0 npocpammou? 2) Kko20a 3aeepuiaemcsi npoyecc: npu 3a8epuieHul 21agHo20 NOMOKA Ul npu
3asepuieHUlU 8cex NOMOKO8 npoyecca?’ 3) ocmaemcs iy 8 cucmeme UHGopmayus 0 3a8epuieHHbIX o~
moKax, eciu 0py2oll NOmox npoyecca He gvizvieaem yuxyuio pthread join? 4) ¢pyuxyus sleep, 6vi-
38aHHAS 8 NOMOKe, NPUOCMAHABIUBAEM BbINOJHEHIUE NPoYecca Uiy nomoxka?

Bapwuants! 1, 5, 9, 13, 17, 21, 25. Ilporpamma 3amyckaeTcs ¢ KOMaHIHOM CTPOKOM, coaepxKallel aBa
rmapamMeTpa: CJIoBO A U 11eJ0€ Yuciio k. [1aBHBINM MOTOK CO3/1aeT JBa MOTOKA, B MEPBBIN MOTOK Mepe/ia-
eT A u k, Bo Bropoii — k. IlepBrlii MOTOK meyaraeT ciioBO 4 k pa3 ¥ BO3BpAILlACT YUCIIO HalleYaTaHHBIX

k

CHMBOJIOB. BTOpO MOTOK BBIYUCISAET Zi M BO3BpalacT BBIYMCIEHHOE 3HA4Y€HHE. [ TaBHBIA MOTOK
i=1

MeYaTaeT 3HAYCHUS, BO3BpPAla€MbI€ MIOTOKAMMU.

Bapuanrtsl 2, 6, 10, 14, 18, 22, 26. ['naBHbIi NOTOK co34aeT N MOTOKOB, BBHITOJHIIOUUX OJIHY U Ty XK€
(YHKIHIO TTOTOKA, B KOTOPYIO TepenaeT ducio k;, i = 1, ..., N. (Uucno k; BBOIUTCS ¢ KJIaBUATYPHI.)
@DyHKIUSA MOTOKA BBIUUCIISAET k;! 1 BO3BpAIllaeT BHIYUCICHHOE 3HaYCHUE B BUJIE BEIIECTBEHHOT'O YUCIIa.
['1aBHBINM IOTOK NIEYaTaeT CyMMY ITOJIyYEHHBIX 3HAYCHHM.

Bapuants! 3, 7, 11, 15, 19, 23, 27. Beaute ¢ Ki1aBuaTypbl yucia m U n. I’ TaBHBIA MOTOK CO3/1a€T m
MOTOKOB, B KOTOpPBIE MEpPENaeT aapec i-Ol CTPOKH MATPHUIBI MXN U N — YHUCIO CTOJOLIOB MaTPHIIBL.
DYHKIUS MOTOKA BBIYUCIISAET CyMMY 3JIEMEHTOB CTPOKH M BO3BpAIaeT BHIYMCICHHOE 3HAYCHHE. | J1aB-
HBII OTOK BBIYUCIISIET CYMMY MOJTYUYEHHBIX U3 TOTOKOB 3HAUEHUI U MeYaTaer ee.

Bapuanrtsi 4, 8, 12, 16, 20, 24, 28. ['MaBHBIN MOTOK B IIUKJIE CYUTHIBACT C KJIABUATYPHI CTPOKY, CO3/1aET
MIOTOK M TNepeaeT B Hero crpoky. MyHkius notoka coznaer (aiin ¢ umeneM file<ID nomoxa>.dat,
3aMMChIBAET B HETO MOJYYEHHYIO CTPOKY M BO3BpaIlaeT KOJ BO3BpaTa: HOJb — IPH ycmexe, -1 — npu
Heyznaude. ['maBHas mporpamMma, B 3aBUCMMOCTM OT KOJa BO3Bpara, medaraer "ycnewno" wiu "neyc-
newno".

2. MBLIOTEKCHI B IOTOKAX

Ecnm HeckoJbKO TOTOKOB MOAM(DUITMPYIOT 3HAYCHHUE O0IIeH epeMEHHOM, TO BOBHUKAET COCTOS-
HUE 20HKu. PenieHre npoOaeMpl 3aKIF0YaeTCs B TOM, YTOOBI B Ka)IbIii MOMEHT BPEMEHHU JIOCTYI K
TaKOMY Y4acTKy IPOrpaMMBblI (TaKk Ha3bIBaeMON Kpumuueckou cexyuu, CS) nMen TOIbKO OJUH MOTOK.
DT0 MOXKHO CAENATh MPU IOMOIIH Mblomekcos (mutex, cokpamenue ot MUTual Exclusion).

Mpvromexc — 310 cnienalbHbIi Buj cemadopa, 6JI0KHPOBKa, KOTOPYIO B KaXKJblii MOMEHT BpeMe-
HU MOKET YCTaHABIUBATh OJIMH MOTOK. YTOOBI CO3/1aTh MBIOTEKC, HYKHO OOBSIBUTH NIEPEMEHHYIO THIIA
pthread _mutex_t u npucBouts eii HadasibHOE 3HaueHne PTHREAD MUTEX INITIALIZER. Ilepen
HavaioM CS cnenyer Be3Bath ¢yHkuuio pthread mutex_lock(), nmepenas eif mapamerp — ykasareib
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Ha MbroTekc. B konne CS crnenyet Bbi3BaTh (pyHKIMio pthread_mutex_unlock(), nepenas eii napa-
METp — yKa3aTelb Ha MBIOTEKC.

Ecnmu mproTexkc cBOOOMEH, T.€. HU OJWH W3 MOTOKOB He Haxoautcs B CS, TO mpH BHINOTHEHHUH
¢byuknun pthread mutex lock() MproTEKC MEpexoaUT BO BJIAJICHUE NAHHOTO MOTOKAa U W3 (DYHKITMH
pthread_mutex_lock() mpoucxonuT HeMeIUIeHHBIA BO3BpaT. Eciu ke MbIOTEKC yke OblI 3aXBauyeH
JIPYTUM TIOTOKOM, TO BbimoyiHeHHE (pyHkiuu pthread mutex lock() 6mokupyercs 1 BO30OHOBISETCS
TOJILKO TOT/a, KOT/Ia MBIOTEKC BHOBH CTAHOBUTCSI CBOOOAHBIM. Cpa3y HECKOJIBKO TOTOKOB MOTYT OXH-
JaTh 0CBOOOXKIeHMsI MbloTekca. Korja 3To coObITHE HAacTymaeT, TOJBKO OJWH U3 MOTOKOB (BbIOMpae-
MBI POU3BOJILHO) Pa30IIOKUPYETCS U MOIy4YaeT BO3MOXKHOCTh 3aXBaTUTh MbIOTEKC. OcTanbHbIE TO-
TOKU ocTtatorcs 3abnokupoBaHHbIMHA. DyHKIMS pthread mutex unlock() ocBoOOXmaeT MBIOTEKC.
OHa f1o/KHa BBI3bIBATHCS TOJIBKO U3 TOTO OTOKA, KOTOPBIA 3aXBaTHII MBIOTEKC.

3apanmue 2.
1. U3yuute paboty nporpamMmmbsl mutex.c (cM. [Ipunokenne), HaXOIANTyIOCS B KaTajore TaHHOHW J1a00-

patopHoii paboTel. Ckonupyiite ¢aiin mutex.c B Ball KaTaior.

2. Beimonnute nporpammy mutex. [IpoBepbTe, 4TO NepeMeHHasi cOmMmMoN U3MEHSET CBOIO BEIUUYUHY
ot 0 1o 100, mpu 3TOM Ka)blii TOTOK M3MEHSET 3Ty NepeMeHHyo poBHO 50 pa3. OOpaTure BHHUMA-
HUE, YTO B KaKIbII MOMEHT BPEMEHH NEPEMEHHAsl COMMON 4YUTAeTCsl, yBEJIUUNBaeTCs Ha 1 U 3areM
3anuchIBaeTCs 6€3 mpepbIBaHUs TOJIBKO OJHHUM IMOTOKOM. DTO 00eCreunBaeTCss MEXaHU3MOM MbBIOTEK-
COB, KOTOPBIM HCHOJB3yeTcs oOommu moTokamu (cM. ¢yuknuu pthread mutex lock() u
pthread_mutex_unlock()).

3. 3areM yJanuTe MEXaHU3M MbIOTEKCOB U3 IPOrpaMMbl mutex.c, IEPEKOMIMIUPYHTE €€ U BBIITOIHH-
T€ HECKOJIBKO pa3. OAMHAKOBBI JIM 3HAUYECHHUs NIEPEMEHHONM cOmMMON B pa3HbIX 3amyckax? Bcerma nm
MepeMeHHas common uMeeT KoHeuHoe 3HadeHue, papHoe 100? Oo6vsacnume pezyromamst 6 omueme.

IHopsiaok BbINOJHEHHUS J12a00PATOPHOI PadoOTHI
Brimoaaure 3amanus 1-2.
3aHecuTe B OTYET ONHCAHKE 33aJaHH C TPEOYEMbBIMH MOSICHEHUSIMHA U OTBETAMH Ha BOIPOCHI.
TpeboBanus
1. Ilpu noaroroBke k JabopaTopHOil paboTe (loMa) MOATrOTOBbTE KOHCIEKT, COAEpKAILUN a) KpaTKHUe
CBe/IeHUs O QYHKUUAX pabOThl ¢ MOTOKaMM; 0) TEKCT Imporpammsl 13 3aaanus 1. Tekct nporpaMMel
J0JDKEH OBITh NPOKOMMEHTHPOBAH.
CTylleHT JoJKEeH 3HaTh OTBETHI Ha CJIEeTyIOIME BOIPOCH:
Bonpocsl

N —

N

Yro Takoe nmoTok?

KaxoBa 1ienp 1cnonb3oBaHus IOTOKOB B IPOrpaMmax?

KaxoBa pa3zHuna Mexy NoToKaMu U Ipoueccamu?

Korna noToku MOryT BBIIOJIHATHCS AEMCTBUTEIBHO MapaJIEIbHO?

Kax M0xHO co31aTh B IporpaMMe HOBBIH ITOTOK?

Kak nepenath B IOTOK MapamMeTphl U MOJYYUTh U3 TOTOKA BO3BpaIllaeMOe 3HaueHHue?

Moxet a1 (QyHKIHsI, BBIOJIHsAEMas TOTOKOM, ObITh OMKMCaHa BHE IPOrpaMMBbI?

MoryT JIn IBa TOTOKA MCIIOIB30BATh OJTHY U TY K€ (PYHKIUIO?

YTto npon3oiaeT ¢ NIOTOKOM, €CJIH MTOTOK, CO3AABIINN €ro, 3aBEPIIUTCS?

0. BO3MO>HO J11 BBIIOJTHUTH MHOTOIIOTOYHYO ITPOrpaMMy Ha MHOTOIIPOLIECCOPHON cucteme?

1. BO3MOXHO M BBINOJHUTH MHOTOMOTOYHYIO NPOrpaMMy Ha HECKOJIBKUX KOMIIbIOTEpax, 00beau-

HEHHBIX B CETh?
12. Yto Takoe KpUTHYECKasi CEKLUS B MHOTOIIOTOYHOM ITporpamMme?
Hcrounuku uadopmanmnu

1. Mutuen M., Oyanem [Ix., Cambroon A. IlporpammupoBanue ans Linux. ITpodeccuonanbHblit
nmoaxon. — M.: Mznmarenbckmii gom "Bunbsamc", 2003. (I'maBa 4) (The original book (2001) is
available at http://www.newriders.com or http://www.advancedlinuxprogramming.com)

2. KoHcrnekT nekuui.
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http://www.advancedlinuxprogramming.com/

IIpunosxxenue. Tekct nporpaMMsl mutex.c
#include <stdlib.h>

#include <stdio.h>

#include <errno.h>

#include <pthread.h>

void do_one thing(int *);
void do another thing(int *);
void do wrap up(int);

int common = 0;

/* A shared variable for two threads */

pthread mutex t mut=PTHREAD MUTEX INITIALIZER;

main ()
{
pthread t threadl, thread2;
if (pthread create(&threadl, NULL, (void *)do one thing, (void *)é&common) !=0)
perror ("pthread create"),exit (1);
if (pthread create(&thread2,NULL, (void *)do_ another thing, (void *)&common) !=0)
perror ("pthread create"),exit (1);
if (pthread join(threadl, NULL) != 0) perror ("pthread join"), exit(l);
if (pthread join(thread2, NULL) != 0) perror ("pthread join"), exit(l);

do wrap up (common) ;
return 0;

}

void do_one thing(int *pnum times)
{
int i, j, x;
unsigned long k;
int work;
for (i=0;i<50;1++) {
pthread mutex lock (&mut);
printf ("doing one thing\n");

work = *pnum times;
printf ("counter = $d\n", work);
work++; /* increment, but not write */

for (k=0;k<500000;k++);
*pnum_times = work;
pthread mutex unlock (&mut) ;
}
}

/* long cycle */
/* write back */

void do_another thing(int *pnum times)

{
int i, Jj, x;
unsigned long k;
int work;
for (i=0;i<50;1++) {
pthread mutex lock (&mut) ;

printf ("doing another thing\n");

work = *pnum_times;
printf ("counter = %d\n",
work++;
for (k=0;k<500000;k++) ;
*pnum_times = work;
pthread mutex unlock (&mut) ;
}
}
void do wrap up(int counter)
{
int total;
printf ("All done,

counter = %d\n",

}

work) ;

/* increment, but not write */

/* long cycle */
/* write back */

counter) ;
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